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Foreword

This report is a result of the project “Mapping and development of alterna-
tives to chlorinated lubricants in the metal industry (KLORPARAFRI)”. The
project is initiated by the Danish Environmental Protection Agency under the
Programme for Cleaner Products. The overall objective of the project is to
promote substitution of chlorinated paraffins in lubricants for metal process-

ing.

The report contains a summary of the overall activities and conclusions of the
project. Following the summary, Chapter 1 describes the background as well
as the objective and course of the project. Chapter 2 gives an introduction to
the metal forming processes in focus in this project and to lubricant formula-
tions and present status of lubricant technology. Chapter 3 describes the tech-
nical demands and specifications for lubricants established in the project in
order to identify potentially suitable lubricants for the metal processes in focus
and for technical testing in the project. Chapter 3 also describes health and
environmental demands and specifications for proposed alternative lubricants
established in the project in order to define the scope for health and environ-
mental assessment of lubricants and to avoid technical testing of those with
known unwanted health and environmental properties. Chapter 4 describes
the strategy of the data search, while chapter 5 provides and discusses the
results of the mapping of non-chlorinated lubricants. Chapter 6 describes the
methods and results of the technical testing of selected lubricants. Chapter 7
describes the health and environmental assessments of selected substance
groups that are typically found in non-chlorinated lubricants for heavy-duty
metal working. Chapter 8 gives the results of a health and environmental
screening of proposed non-chlorinated lubricants, while chapter 9 contains
exposure assessments and risk characterisation at a screening level of two
critical substance groups commonly occurring in non-chlorinated lubricants
for heavy-duty metal working.
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Summary and conclusions

Background

Medium-chained chloroparaffins are used in substantial amounts as extreme
pressure (EP) additives in lubricants for metal working. Chloroparaffins are
persistent and bio-accumulating substances. They are found widespread in
the external environment and biota, including in food stuffs and human be-
ings. The substances are toxic to aquatic organisms and may have adverse
effects on human health. A health and environmental risk assessment has been
performed by the EU Commission for short-chained chloroparaffins, while a
risk assessment for medium-chained chloroparaffins is presently being pre-
pared. Short-, medium- and long-chained chloroparaffins are included in the
List of unwanted substances 2004 published by the Danish Environmental
Agency due to their serious health and environmental properties.

In the past decade, a number of projects have been carried out in the Danish
metal industry aiming at finding alternatives to chlorinated lubricants for
metal working. Thus, there has been a substantial reduction in the use of chlo-
rinated lubricants by Danish large-scale users in the metal industry. Chlorin-
ated lubricants for cutting operations as milling, screw-cutting and drilling
have been completely substituted. However, for non-cutting operations, par-
ticularly demanding processes such as forming in stainless steel and titanium,
chlorinated lubricants are still widely used. This is due to a lack of technically
satisfying alternatives so far. At the same time, the need for lubricants to be
used under very demanding production conditions is increasing due to de-
mands for material and energy saving, increased productivity and improved
quality.

Obijective

The overall objective of this project “Mapping and development of alterna-
tives to medium-chained chloroparaffins in lubricants in the metal industry
(KLORPARAFRI) is to promote substitution of chlorinated lubricants for
metal working. The focus of the project is on alternative lubricant systems for
heavy-duty metal forming, including deep drawing, punching and extrusion,
in stainless steel and titanium, where the use of chlorinated lubricants still per-
sists. The specific objectives of the project are to map existing non-
chlorinated lubricant alternatives for heavy-duty metal forming, to technically
test the lubricating performance of selected lubricant alternatives, to assess the
health and environmental properties of alternative lubricants and, if possible,
to develop promising lubricant alternatives for production.

Mapping of non-chlorinated lubricant systems

A mapping of existing non-chlorinated lubricant systems for heavy-duty metal
forming has been performed by contact to international lubricant suppliers,
including both large companies and smaller, highly specialized companies.
Approximately 50 lubricant systems have been proposed as alternatives to the
specified metal forming operations.
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Three types of lubricant systems have been mapped in this project.

The dominant type is traditional oil-based wet lubricants with extreme pres-
sure components added. Chlorinated lubricants are normally of this type. Wet
lubricants are applied to the metal surface without any drying step prior to the
forming operation.

A second type of alternative lubricants is the so-called dry lubricants, which
are also applied to the metal surface. However, they require drying prior to the
forming operation. Dry lubricants are water-based emulsions and may contain
polymers. The EP additives of wet and dry non-chlorinated lubricants are
typically combinations of sulphur and/or phosphorous compounds. Some
non-chlorinated lubricants may contain inorganic components as EP addi-
tives.

While the above-mentioned wet and dry lubricant systems require a single
lubricant layer on the metal surface, a third type of lubricant system has been
mapped which requires two lubricant layers on the metal surface: a carrier
layer and a lubricating layer. Prior to application of a lubricant, a carrier layer
is applied to the metal surface by phosphating or oxalating the metal surface.
The lubricant to be applied subsequently on the carrier layer can be either a
wet or dry lubricant as mentioned above or it can be soaps.

The mapping phase of non-chlorinated lubricants for heavy-duty metal form-
ing has shown that substitution of chloroparaffins in metal forming lubricants
requires a complete reformulation of the lubricant. It is not possible to substi-
tute chloroparaffins in lubricants with a single component. Most often the
composition of the lubricants becomes substantially more complex than the
traditional chlorinated lubricant.

Technical testing of non-chlorinated lubricant systems

The lubricating qualities of 19 of the proposed non-chlorinated lubricants
have been tested in simulating and process technical tests developed at the
Technical University of Denmark (DTU). Four of the lubricants exhibited
promising lubricating properties in these tests and were further tested in a full
scale production test at Danfoss A/S. None of the four tested alternative lubri-
cants exhibited sufficient lubricant performance. The production test
comprised a several-step sheet forming of a work piece in stainless steel, in-
cluding deep-drawing, extrusion and punching operations.

Not all proposed lubricant systems were technically tested in the project. This
was due to either failure to comply with technical or health and environmental
criteria established in the project or that the demands of application of the
lubricant could not be fulfilled in the test system. The last-mentioned includes
lubricants system that require an initial phosphating or oxalating of the metal
surface prior to the test.

Health and environmental assessment of non-chlorinated lubricants

A health and environmental assessment has been carried out for selected
components that typically occur in non-chlorinated lubricants. The objective
has been to obtain an assessment of the inherent health and environmental
properties of non-chlorinated lubricant components in addition to an over-
view of the data quality and availability for the substances.



As a substitution of chloroparaffins in lubricants normally implies a complete
reformulation of the lubricant, it was estimated in this project that the most
suitable frame of reference for comparison of the health and environmental
properties of chlorinated and non-chlorinated lubricants respectively, is com-
parison of total lubricants. Thus, the health and environmental assessments of
lubricant components has included not only components with a primary func-
tion as extreme pressure additives but also components with other functions
as lubrication-enhancing additives.

The result of the health and environmental assessment of non-chlorinated
lubricants indicates that especially the extreme pressure additives alkyl sul-
phides (polysulphides) and phosphorous compounds include substances
which may cause adverse health and environmental effects. The result also
demonstrates that substitution of chlorinated lubricants for heavy-duty metal
working implies a movement from a reasonable data platform regarding po-
tential health and environmental effects to a substantially poorer data plat-
form.

A combined health and environmental screening for non-chlorinated lubri-
cants has been performed for 14 of the 19 lubricants tested in the simulating
and process technical tests. This has been done with the aim to establish an
overview of the health and environmental properties of the lubricants at a
screening level in addition to identifying and eventually sorting out lubricants
with obvious unwanted health and environmental properties prior to a pro-
duction test.

The result of the screening, based on the sparse available data, is that non-
chlorinated lubricants seem to be better than chlorinated lubricants with re-
gard to health and environmental properties compared to chlorinated lubri-
cants. However, some of the lubricants suggested contain components
exhibiting a sensitizing potential. In addition, many of the lubricants contain
substances with an environmental hazard potential at the same level as chlo-
rinated paraffins. However, the substances are present in the lubricants at
substantially lower concentrations than chloroparaffins in the chlorinated lu-
bricants.

Several of the proposed lubricants contain substances for which no or very
limited data on potential health and environmental effects could be retrieved.

Worst case exposure assessments and risk characterizations in the working
environment have been carried out at a screening level for two polysulphides
and two phosphorous compounds considered to represent the most critical
substance groups in non-chlorinated lubricants for metal forming regarding
health and environmental effects. The result of these assessments indicate that
worst case dermal exposure or inhalation of vapours may involve a risk of
adverse effects on health for some compounds in these two groups. The risk
of adverse effects by dermal contact is, however, quite easily reduced by use
of personal protection equipment, especially gloves.

Discussion and conclusion
Four of the non-chlorinated lubricants have demonstrated promising lubricat-
ing qualities in an initial simulating test and a process technical test involving

deep drawing and extrusion in stainless steel. However, none of the four lu-
bricants showed satisfactory lubricating qualities in a full scale production test

11
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comprising a several-step forming of a work piece in stainless steel, including
deep-drawing, extrusion and punching. Thus, under the test conditions given
it was not possible to identify non-chlorinated lubricants capable of substitut-
ing chlorinated lubricants in full scale production involving several-step sheet
forming operations in stainless steel.

Very often production of work pieces in the metal industry implies several-
step operations, including various types of operations as in the full scale pro-
duction test. However, the demands on the lubricating properties of a lubri-
cant may vary considerably in various metal forming processes. It is known
that non-chlorinated lubricant systems exist which operate with satisfying
lubricating properties in individual forming operations. However, the limits
for these lubricants are that they are specially designed for a certain forming
operation and often also a certain customer. Thus, these lubricants can only
work under a narrow set of production conditions.

Not all alternative lubricant systems proposed were technically tested in the
project. In some cases, this was due to failure to comply with the testing con-
ditions available in this project. Danfoss A/S has previously developed a lubri-
cating system - the Extreme Pressure Lubricant System (EPL) - for cold forg-
ing of stainless steel. Cold forging involves high demands on the lubricating
performance of the lubricant due to large plastic deformation rates with high
energy release. The EPL system is a two-layer lubricating system comprising
a carrier layer and a lubricant. The new technology in the system is the appli-
cation of a phosphate carrier layer on stainless steel. A ordinary soap is subse-
quently applied on the metal surface as the lubricant. The EPL technique has
previously demonstrated very good results in production tests at Danfoss A/S
for the preparation of shell pipes in stainless steel. For financial reasons, Dan-
foss A/S has not implemented the EPL method as a standard technique in
their production. Their production is estimated to be too small to establish the
necessary production equipment. A market analysis of the sale of phosphated
stainless steel demonstrated surprisingly low interest.

Thus, technically satisfying alternatives to chlorinated lubricants in heavy-
duty metal forming may exist. However, they involve substantial costs due to
large investments in production equipment.

By contrast, chlorinated lubricants are multi-functional and can be success-
fully added to most metal forming processes. They have well-documented
lubricating properties and are cheap.

The health and environmental assessment of components in non-chlorinated
lubricants and the screening of proposed alternative lubricants indicate that
non-chlorinated lubricants seem to possess improved inherent health and en-
vironmental properties. However, they may contain substances that are poten-
tially sensitising and substances that may have adverse environmental effects
at a level corresponding to that for chloroparaffins though the substances oc-
cur in the alternative lubricants in substantially lower concentrations than
chloroparaffins in chlorinated lubricants. Furthermore, substitution of chlo-
rinated lubricants for heavy-duty metal working implies a movement from a
reasonable data platform to a significantly poorer data platform.

The overall conclusion of the project is that further development of non-
chlorinated lubricants for heavy-duty metal forming remains in order to



obtain technically satisfying alternatives while simultaneously improving the
health and environmental properties.
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Sammenfatning og konklusioner

Baggrund

Mellemkadede klorparaffiner bruges i betydelige maengder som hgjtryksaddi-
tiver i smgremidler til metalbearbejdning. Klorparaffiner er persistente og
bioakkumulerende stoffer. De forekommer vidt spredt i det eksterne miljg og
gkosystemer, herunder i fadevarer og mennesker. Stofferne er giftige for or-
ganismer, der lever i vand og kan medfare skadelige effekter pa menneskers
sundhed. EU-kommissionen har gennemfgrt en miljg- og sundhedsmaessig
risikovurdering af kortkeedede klorparaffiner, mens en risikovurdering af mel-
lemkadede klorparaffiner er under udarbejdelse. Kort-, mellem- og langkee-
dede klorparaffiner er opfert pa Listen over ugnskede stoffer 2004 fra Miljg-
styrelsen idet stoffernes anvendelse anses for at veere sundheds- og miljgmees-
sigt beteenkelig.

Indenfor de seneste 10 ar er der blevet gennemfart en raekke projekter i den
danske metalindustri med det formal at finde alternativer til klorerede smare-
midler til metalbearbejdning. Det har fart til en vaesentlig reduktion i brugen
af klorerede smgremidler hos stgrre danske virksomheder i metalindustrien.
Klorerede smgremidler til brug ved skaerende operationer sasom fraesning,
gevindskeering og boring er gradvist blevet fuldsteendig substitueret. Ved ikke-
skeerende operationer, iser kreevende processer som formgivning af rustfrit
stal og titanium, bruges klorerede smgremidler dog stadig i vidt omfang. Dette
skyldes, at der i dag ikke findes teknisk tilfredsstillende alternativer. Samtidig
er der et voksende behov for smgremidler til brug under meget kreevende pro-
duktionsforhold pa grund af krav om materiale- og energibesparelser, gget
produktivitet og forbedret kvalitet.

Formal

Det overordnede formal med projektet ”Kortleegning og udvikling af alterna-
tiver til mellemkaedede klorparaffiner i smgremidler i metalindustrien
(KLORPARAFRI)” er at fremme substitutionen af klorerede smgremidler til
metalbearbejdning. Projektets fokus er pa alternative smeresystemer til kree-
vende spanlgs metalbearbejdning herunder dybtrakning, stansning og ekstru-
dering i rustfrit stal og titanium, hvor brugen af klorerede smgremidler stadig-
veek fastholdes. Projektets specifikke formal er at kortlegge eksisterende alter-
native ikke-klorerede smaremidler til kreevende spanlgs metalbearbejdning, at
teste udvalgte alternative smgremidlers smgreevne, at vurdere alternative smg-
remidlers miljg- og sundhedsmaessige egenskaber samt, hvis muligt, at pro-
duktionsmodne lovende smgremiddelalternativer.

Kortleegning af ikke-klorerede smgresystemer

Der er sket en kortleegning af eksisterende ikke-klorerede smgresystemer til
kreevende spanlgs metalbearbejdning ved kontakt til internationale leverandg-
rer af smgremidler, bade store virksomheder og mindre, hgjt specialiserede
firmaer. Omkring 50 smgresystemer er blevet foreslaet som alternativer til
specificerede spanlgse metalbearbejdningsoperationer.

15
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Tre typer smgresystemer er blevet kortlagt i dette projekt. Den dominerende
type er traditionelle oliebaserede vad-smgremidler tilsat hgjtryksadditiver.
Klorerede smgremidler er normalt af denne type. Vad-smgremidler pafares
metaloverfladen uden nogen form for tarring forud for bearbejdningsproces-
sen.

En anden type alternative smgremidler er de sakaldte tgr-smgremidler, som
ogsa pafares metaloverfladen, men de kreaver en terring forud for bearbejd-
ningsprocessen. Tgr-smgremidler er vandbaserede emulsioner og kan inde-
holde polymerer. Hgjtryksadditiverne i ikke-klorerede vad- og ter-
smgremidler er typisk kombinationer af svovl og/eller fosforforbindelser. Nog-
le ikke-klorerede smgremidler kan indeholde uorganiske forbindelser som hgj-
tryksadditiver.

Mens de ovennavnte vad- og tar-smgresystemer indbefatter et enkelt smare-
lag pa metaloverfladen, er en tredje type smgresystem blevet kortlagt, som
omfatter to smgrelag pa metaloverfladen: Et barelag og et smerelag. For pafe-
ringen af et smgremiddel pafgres metaloverfladen et beerelag ved en fosfate-
ring eller oxalatering af metaloverfladen. Smgremidlet, som herefter paferes
pa beerelaget, kan veare enten et vad- eller et ter-smgremiddel, som navnt
ovenfor, eller det kan vere saber.

Kortleegning af ikke-klorerede smgremidler til kreevende spanlgs metalbear-
bejdning har vist, at substitution af klorparaffiner i smgremidler til spanlgs
metalbearbejdning forudseetter en fuldsteendig reformulering af smgremidlet.
Det er ikke muligt at substituere klorparaffinen i smgremidler med et enkelt
komponent. Som oftest bliver smgremidlets sammensatning vasentligt mere
kompleks end de traditionelle klorerede smgremidler.

Teknisk afprgvning af ikke-klorerede smaresystemer

Smgareevnen af 19 af de foreslaede ikke-klorerede smgremidler er testet i
simulerings- og procestekniske prgver udviklet af Danmarks Tekniske
Universitet (DTU). Fire af smgremidlerne viste lovende smgreegenskaber i
disse test og blev efterfglgende afpravet i en fuld produktionstest hos Danfoss
AJS. Her viste ingen af de fire smgremidler tilstraekkelige smgreegenskaber.
Produktionstesten omfattede en fler-trins pladebearbejdning af et emne
rustfrit stal herunder dybtraeknings-, stansnings- og ekstruderingsprocesser.

Ikke alle de foreslaede smaresystemer er blevet teknisk testet i dette projekt.
Dette skyldes enten, at smgremidlerne ikke overholdt de tekniske eller sund-
heds- og miljgmaessige kriterier, som blev fastsat i projektet, eller at smgremid-
lernes krav til pafering ikke kunne opfyldes i testsystemet. De sidstnavnte
inkluderer smgresystemer, som forudsetter en indledende fosfatering eller
oxalatering af metaloverfladen forud for testen.

Sundheds- og miljgvurdering af ikke-klorerede smgremidler

Der er gennemfgrt en sundheds- og miljgvurdering af udvalgte komponenter,
som typisk forekommer i ikke-klorerede smgremidler. Dette med henblik pa at
fa en vurdering af de iboende sundheds- og miljgmassige egenskaber af ikke-
klorerede smgremiddelkomponenter samt at fa et overblik over mangden og
kvaliteten af data for stofferne.



Da der ved substitution af klorparaffiner i smgremidler normalt sker en fuld-
steendig reformulering af smgremidlet, blev det vurderet i projektet, at den
bedste referenceramme til sammenligning af sundheds- og miljgmeaessige
egenskaber af henholdsvis klorerede og ikke-klorerede smgremidler er en
sammenligning af totale smaremidler. Derfor har sundheds- og miljgvurde-
ringen af smgremiddelkomponenterne omfattet ikke bare komponenter med
en primer funktion som hgijtryksadditiver, men ogsd komponenter med en
funktion som eksempelvis smgreforbedrende additiv.

Resultatet af sundheds- og miljgvurderingen af ikke-klorerede smgremidler
viser, at specielt hgjtryksadditiverne alkylsulphider (polysulphider) og fosfor-
forbindelser inkluderer stoffer med ugnskede sundheds- og miljgeffekter. Re-
sultatet viser ogsa, at substitution af klorerede smgremidler til kraevende span-
lzs metalbearbejdning indebaerer et skift fra en rimelig dataplatform vedrgren-
de potentielle sundheds- og miljgmaessige effekter til en vaesentlig ringere da-
taplatform.

En screening af de samlede sundheds- og miljgeffekter af ikke-klorerede smg-
remidler er gennemfgrt for 14 af de 19 produkter, som blev testet i simule-
rings- og procestekniske test. Dette med henblik pa at fa et overblik
smgremidlernes sundheds- og miljgmassige egenskaber pa et
screeningsniveau, samt at identificere og eventuelt frasortere smgremidler
med umiddelbart ugnskede sundheds- og miljgmeaessige egenskaber far en
produktionstest.

Resultatet af screeningen, baseret pa sparsomme tilgengelige data, er, at ikke-
klorerede smgremidler tilsyneladende er bedre smgremidler i miljg- og sund-
hedsmeessig henseende end klorerede smgremidler. Dog indeholder nogle af
de foreslaede smgremidler potentielt allergifremkaldende komponenter. Sam-
tidig indeholder flere af smgremidlerne stoffer, som er potentielt ligesa miljg-
skadelige som klorparaffiner. Dog forekommer stofferne i veesentlig lavere
koncentrationer end klorparaffiner i klorerede smgremidler.

Flere af de foreslaede smgremidler indeholder stoffer, hvor der ikke er fundet
data, eller kun meget fa data, om potentielle sundheds- og miljeeffekter.

Der er gennemfgrt worst-case eksponeringsvurderinger og risikokarakterise-
ring i arbejdsmiljget pa et screeningsniveau for to polysulphider og to fosfor-
forbindelser, som vurderes at repraesentere de mest kritiske stofgrupper i ikke-
klorerede smgremidler med hensyn til sundheds- og miljgeffekter. Resultatet
af denne vurdering indikerer, at worst-case hudeksponering eller indanding af
dampe kan medfare en risiko for ugnskede effekter pa helbredet. Risikoen for
ugnskede effekter pa helbredet ved hudeksponering kan dog forholdsvis let
minimeres ved brug af personlige veernemidler, specielt handsker.

Diskussion og konklusion

Fire ikke-klorerede smgremidler har udvist lovende smgreegenskaber i en ind-
ledende simuleringstest og en procesteknisk test, som omfatter dybtraekning
og stansning i rustfrit stal. Ingen af de fire smaremidler viste dog tilfredsstil-
lende smgrende egenskaber i en fuld produktionstest, som omfatter en fler-
trins pladebearbejdning af et emne rustfrit stal, herunder dybtreekning, ekstru-
dering og stansning. Det var, under de givne testforhold, saledes ikke muligt at
identificere ikke-klorerede smgremidler, som kan erstattet klorerede smgre-
midler i fuld produktion ved kraevende flertrins pladebearbejdning i rustfrit
stal.
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Produktion af emner i metalindustrien omfatter meget ofte flertrins operatio-
ner, herunder forskellige typer af operationer som i den fulde produktionstest.
Kravene til et smgremiddels smgrende egenskaber kan dog variere en del i
forskellige spanlgse metalbearbejdningsprocesser. Det vides, at der findes ik-
ke-klorerende smgresystemer, som fungerer med tilfredsstillende smgreegen-
skaber i individuelle bearbejdningsprocesser. Disse smgremidlers begraensning
er dog, at de er udviklet til en speciel bearbejdningsproces og ofte endog til en
speciel kunde. Derfor fungerer disse smaremidler kun under begrensede pro-
duktionsforhold.

Ikke alle alternative smgresystemer, som er foreslaet, er teknisk testede i pro-
jektet. Det skyldes i nogle tilfeelde, at smgremidlernes krav til pafaring ikke
kunne opfyldes under projektets tekniske testforhold. Danfoss A/S har tidlige-
re udviklet et smgresystem — Extreme Pressure Lubricant System (EPL) - til
massiv formgivning af rustfrit stal. Massiv formgivning stiller store krav til
smgremidlers smareegenskaber pa grund hgije plastiske deformeringsforhold
med store energifrigivelser. EPL-systemet er et to-lags smaresystem, som be-
star af et beerelag og et smgremiddel. Den nye teknologi i systemet er pafgring
af et fosforbaerelag pa rustfrit stal. En almindelig seebe pafares derefter pa me-
taloverfladen som smgremiddel. EPL-teknikken har vist gode resultater i pro-
duktionsforsgg pa Danfoss A/S ved fremstilling af baelgrar i rustfrit stal. Dan-
foss A/S har af gkonomiske arsager ikke implementeret EPL metoden som
standardteknik i deres produktion, idet deres produktion vurderes at vere for
lille til at etablere det ngdvendige produktionsudstyr. En markedsundersggelse
af salg af fosfateret rustfrit stal viste en overraskende lav interesse.

Der kan saledes veere teknisk tilfredsstillende alternativer til klorerede smare-
midler i kreevende bearbejdningsprocesser i rustfrit stal, men de involverer
store omkostninger pa grund af store investeringer i produktionsudstyr.

Samtidig er klorerede smgremidler multi-funktionelle og kan med stor succes
anvendes i de fleste spanlgse metalbearbejdningsprocesser. De har veldoku-
menterede smgreegenskaber og er billige.

Sundheds- og miljgvurderingen af komponenter i ikke-klorerede smgremidler
og screeningen af foreslaede alternative smgremidler viser, at ikke-klorerede
smgremidler tilsyneladende har forbedrede iboende sundheds- og miljgmaessi-
ge egenskaber. De kan dog indeholde stoffer, som er potentielt allergifremkal-
dende og stoffer med potentielt miljgskadelige effekter pa et niveau svarende
til klorerede paraffiner, dog i vaesentligt lavere koncentrationer. Resultatet
viser ogsa, at substitution af klorerede smgremidler til kreevende spanlgs me-
talbearbejdning indebeerer et skift fra en rimelig sundheds- og miljgmeessig
dataplatform til en veesentligt ringere dataplatform.

Projektets overordnede konklusion er, at yderligere udvikling af ikke-klorerede
smgresystemer til kreevende spanlgs metalbearbejdning forestar for at opna
teknisk tilfredsstillende alternativer og samtidig forbedre de sundheds- og mil-
jemaessige egenskaber.



1 Introduction

1.1 Background

The fields of application of chlorinated paraffins are many. One of the main
fields are as extreme pressure additives in metal working lubricants (1). The
chlorinated paraffins are chemically and physically stable and have excellent
lubricating properties at high pressure. These characteristics in combination
with low production costs make the substances technically and economically
well suited as high pressure additives in lubricants for metal working.

Chlorinated paraffins are complex mixtures of chlorinated n-alkanes charac-
terized by an average carbon chain and chlorination degree. The chain length
of commercially available chlorinated paraffins varies from 10 to 30 carbon
atoms. From the number of carbon atoms in the carbon chain, the chlorinated
paraffins are divided into three main groups: C, . — short-chained chlorinated
paraffins, C, ;. — medium-chained chlorinated paraffins and C , ., — long-
chained chlorinated paraffins (2). Both short- and medium-chained chlorin-
ated paraffins are used as high pressure additives in metal working lubricants.
Due to reduction initiatives for short-chained chlorinated paraffins in the EU,
there has been a change within the EU towards an increased use of medium-
chained chlorinated paraffins in metal working lubricants (3).

Chlorinated paraffins are suspected to cause harmful effects on human health.
The EU classification of short-chained chlorinated paraffins (alkanes, C10-
13, chloro, CAS No. 85535-84-8) regarding health effects is carcinogenic in
category 3 (Carc3) with risk phrase R40 ” Limited evidence of a carcinogenic
effect” (4). This classification is based on animal test data (5). A risk assess-
ment of medium-chained chlorinated paraffins (alkanes, C14-17, chloro, CAS
No. 85535-85-9) is presently being carried out in the EU. In the latest draft
for human risk assessment of medium-chained chlorinated paraffins it is
proposed that the substance group should be classified as toxic to reproduc-
tion in category 3 (Rep3) with risk phrases R63 ”Possible risk of harm to the
unborn child” and R64 ”May cause harm to breastfed babies” in addition to
R66 “Repeated exposure may cause skin dryness or cracking”. The classifica-
tion is based on animal test data (3).

The chlorinated paraffins are persistent and bio-accumulative substances.
This is reflected in the fact that the substances are found widespread in the
external environment, including sediments, aquatic organisms and marine
mammals. The substances have also been found in foodstuffs and mother’s
milk (2,3). In the EU, short-chained chlorinated paraffins (CAS No. 85535-
84-8) are classified as dangerous for the environment (N) with the risk phrase
R50/53 ’Very toxic to aquatic organisms, may cause long-term adverse effects
in the aquatic environment” (4). Medium-chained chlorinated paraffins (CAS
No. 85535-85-9) exhibit similar effects in the aquatic environment. In the
draft EU risk assessment of the substance group in the external environment,
an environmental classification N;R50/53 similar to that for short-chained
chlorinated paraffins is proposed (3).
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Long-chained chlorinated paraffins are currently undergoing a health and
environmental risk assessment in the EU.

Chlorinated paraffins, including both short-, medium- and long-chained chlo-
rinated paraffins, are included in the Danish Environmental Protection
Agency’s list of unwanted substances due to the serious health and environ-
mental properties of the substances (6).

In the past decade, a number of projects have been carried out in the Danish
metal industry aiming at finding alternatives to chlorinated paraffins in metal
working fluids. Thus, there has been a substantial reduction in the use of chlo-
rinated lubricants by Danish large-scale consumers in the metal industry.
Chlorinated metal working lubricants for cutting operations such as milling,
screw-cutting and drilling have gradually been completely substituted. Tech-
nically satisfying non-chlorinated lubricants for these types of metal working
processes are now readily available on the market. For non-cutting operations,
particularly demanding processes such as forming stainless steel and titanium,
chlorinated metal working lubricants are still widely used. The reason for this
is that so far there have not been technically satisfactory alternatives available
on the market (7,8).

Thus, chlorinated metal working lubricants are still used in the Danish metal
industry in demanding non-cutting operations in stainless steel etc. At the
same time, metal working processes making heavy demands on the lubricants
become more and more common in the industrial production due to demands
for material and energy savings, increased productivity, improved quality etc.
Therefore, the need for lubricants to be used under very demanding produc-
tion conditions is increasing (9).

1.2 Objective

The overall objective of this project is to promote the complete substitution of
chlorinated paraffins used in lubricants for metal working by technically ac-
ceptable and health and environmentally improved alternatives. As the use of
chlorinated lubricants continues especially in heavy-duty metal forming op-
erations in stainless steel and in other metals, the project concentrates on these
types of operations.

The specific objectives of the project are:

e Mapping of existing non-chlorinated lubricant technology alternatives
for heavy-duty metal forming, especially deep-drawing, stamping and
extrusion in stainless steel and other metals.

e Technical testing of alternatives

e Environmental and health assessment of alternatives

e If possible, production maturation of promising alternative lubricants

e Communication of project results to relevant target groups

1.3 The project
The project has been divided into five phases.

Phase 1 Setting up technical criteria for alternative lubricants



Setting up health and environmental criteria for alternative lubri-
cants.

Phase 2 Mapping of existing alternative lubricants by contact to interna-
tional lubricant suppliers and the chemical industries.

Phase 3 Testing of alternative lubricants in simulating and process techni-
cal tests.

Health and environmental screening of proposed lubricant alter-
natives.

Phase 4 Testing of selected alternatives in production.

Environmental and health assessment of compounds typically
found in non-chlorinated lubricants for heavy-duty metal work-

ing.

Exposure assessment in the working environment at a screening
level of critical compounds in non-chlorinated lubricants for
heavy-duty metal working.

Phase 5 Communication of project results.
Phase 1

In phase 1, technical criteria were set up for lubricants. This was done in or-
der to be able to identify lubricants with potentially suitable lubricating prop-
erties in the metal forming processes in focus and secondly to identify lubri-
cants with suitable properties regarding corrosion, stability, application and
degreasing etc.. A stepwise selection of lubricants was planned with an initial
identification of suitable lubricants based on supplier information, secondly an
identification of promising lubricants based on results in simulating technical
tests and thirdly an identification of the most suitable lubricants for testing in
the production equipment at Danfoss A/S.

Also in phase 1, health and environmental criteria for lubricants were set up.
This was done in order to define an acceptable lubricant in a health and envi-
ronmental context and to avoid production tests of lubricants with obvious
unwanted health or environmental properties.

Phase 2

A mapping of existing non-chlorinated lubricant systems for heavy-duty metal
forming in stainless steel was performed in phase 2 by contacting international
lubricant suppliers and suppliers of lubricant additives.

Phase 3

In phase 3, the non-chlorinated lubricants for which supplier information
showed that they possessed suitable lubricating properties in the metal proc-

esses in focus, and for which the supplier agreed to forward a test probe, were
tested in simulating and process technical tests.
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Simultaneously, a health and environmental screening of proposed non-
chlorinated lubricants was performed in order to get an overview of the health
and environmental characteristics compared to chlorinated lubricants and to
identify lubricants with obvious unwanted health and environmental proper-
ties prior to the production tests of selected lubricants.

Phase 4

Selected lubricants exhibiting promising lubricating properties in the simulat-
ing and process technical tests were tested in production at Danfoss A/S.

A health and environmental assessment of selected components typically oc-
curring in non-chlorinated lubricants was performed. This was done in order
to provide an overview of the health and environmental data platform for
components in non-chlorinated lubricants and to perform assessments of in-
herent health and environmental properties of the components based on avail-
able data.

In addition, exposure assessments at a screening level of selected components
in non-chlorinated lubricants were performed.

Phase 5
In phase 5, the project results were communicated.
Project partners

Partners in the project has been Danfoss A/S, Esti Chem A/S, the Department
of Chemistry of the Technical University of Denmark and CETOX (Centre
for Integrated Environment and Toxicology).

Danfoss A/S is the largest industrial group in Denmark and one of the leading
companies in the world within refrigeration and air conditioning, industrial
controls, heating and water and motion controls. Danfoss A/S produces a long
line of products by forming stainless steel.

Esti Chem A/S is part of the Dow Chemical Company. Esti Chem A/S has
specialised in development of synthetic ester based raw materials for formula-
tion of industrial lubricants. Substitution of chlorinated lubricants in metal
working has long been a high-priority development area for Esti Chem A/S.

The Department of Chemistry of the Technical University of Denmark is
working in the area of inorganic chemistry, molten salts chemistry and materi-
als chemistry including relations between chemical and lubricating
characteristics. For several years, the department has been engaged in projects
dealing with the development of non-chlorinated lubricants for metal working
and has expert knowledge on tribological tests. Tribology is the science of
lubrication, theory and technique.

CETOX is a formal cooperation between the Danish Toxicology Centre
(DTC) and DHI Water and Environment. The working area of CETOX is
consultancy for industry and authorities in the area of integrated human toxi-
cology and eco-toxicology. Both DTC and DHI are independent, non-profit
technological service institutes approved by the Danish Minister for Science,
Technology and Development.



2 Metalworking — processes, materi-
als and lubricants

2.1 Introduction to chapter 2

The objective of chapter 2 is to give a short introduction of both the metal
working processes in focus in this project and the lubricant formulation
including the present status of lubricant technology for heavy-duty metal
working.

2.2 Processes and materials

Metalworking processes are normally separated into two main types, chip
removing (cutting) operations and chip-less (forming) operations. Chip
removing operations include milling, threading and drilling. Chip-less
operations are subdivided into sheet- and cold forging operations. Sheet metal
forming involves operations such as punching and deep drawing. Relevant
cold forging operations in this project are extrusion and backwards can extru-
sion.

This project focuses on chip-less machining of metallic materials and espe-
cially on sheet forming operations. Thus, lubricants developed for sheet form-
ing operations are the principal interest in this project. However, if lubricants
developed for cold forging operations show properties, which might contrib-
ute positively to lubrication in sheet forming operations, they will be included
in the project.

Danfoss A/S, a large Danish company, participates in this project as the metal
industry partner. Production tests of selected lubricants, described in chapter
5, are performed at Danfoss A/S. The metal working operations at Danfoss
A/S, where chlorinated lubricants are used at present, are forming operations
in stainless steel including:

o Deep drawing
o Punching
o Extrusion.

The forming processes may include combinations of the mentioned opera-
tions. The three types of forming operations are briefly described below.

In sheet metal forming, cutting intended for creating a controlled break in the
material, is the process most often used. Punching which is a process, where
holes of different shapes are made in the blank is an example of a metal form-
ing process including cutting (see figure 2.1).

Deep drawing is defined as a pull-pressure forming of a plane sheet to a hol-

low body, or a hollow body changing shape to a hollow body of a smaller cir-
cumference without changing the thickness of the sheet (see figure 2.2).
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Extrusion is a cold forging process where the body is severely deformed dur-
ing great heat generation. An example of extrusion is shown in figure 2.3
where a cup is formed with reduced wall thickness.

Figures 2.1, 2.2 and 2.3 illustrate the three forming operations.
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Figure 2.1 Sequence of punching: 1. Punch, 2. Sheet, 3. Support
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Figure 2.2 Deep drawing Figure 2.3 Extrusion

Materials for which chlorinated paraffins are required at Danfoss A/S in the
forming operations are:

o Highly alloyed steel with a chromium content larger than 4% (stainless
and acid proof steels)

o Titanium

o Different aluminium alloys, e.g. AIMg,

o Different combinations of metals, such as surface treatments

Figure 2.4 and 2.5 shows work pieces produced by Danfoss A/S. In the pro-
duction process of these work pieces chlorinated lubricants are required. The
shown work pieces and the forming operations are representative of the use of



chlorinated lubricants. To a less extent more extreme deep drawing, extru-
sions and punching forming operations are also conducted.
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Figure 2.4 Deep drawing in several steps with slight extrusion in final step. Performed
in a multistage deep drawing including slight extrusion in the last step. Produced in
a step press. 0,8 mm stainless steel (W.nr. 1.4306)
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Figure 2.5 The three work pieces are made in a step press at Danfoss A/S with up to
seven draws and a final calibration (extrusion to final thickness of material). The
materials are stainless steel (W.nr. 1.4301), acid resistant steel (W.nr. 1.4404) ,and a
copper coated acid resistant steel ((W.nr. 1.4404 / Cu).

The forming operations in focus in this project are divided in the following
groups:

Al Deep drawing of highly alloyed steel (>4% Cr)

A2 Deep drawing of aluminium

A3 Deep drawing of other metals

B1 Punching of sheets of highly alloyed steel (>4% Cr)

B2 Punching of sheets of aluminium

B3 Punching of sheets of other metals

2.3 Lubricants

2.3.1 Traditional formulation of lubricants for chip-less manufacturing

The traditional lubricants for use in chip-less processing of metals are nor-

mally based on mineral oil, polar additives and so-called extreme pressure
(EP) additives. EP additives in the lubricant prevents sliding metal surfaces
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from seizing under conditions of extreme pressure. At the high local tempera-
tures associated with metal-to-metal contact, an EP additive combines chemi-
cally with the metal to form a surface film that prevents the welding of oppos-
ing asperities and the consequent scoring that is destructive to sliding surfaces
under high loads (10). Other additives may also be present in the lubricant
such as biocides, de-foamers, yellow metal inhibitors etc.. However, these
additives do not contribute to the lubricating properties of the formulation.

The lubricants are most often used as straight oils (oil based wet lubricants).
However, water-miscible formulations (water miscible wet lubricants) and
dry-film lubricants (dry lubricants), which are applied in wet form and dried
up as a solid film before processing of the metal, are also seen in industrial

applications.

The traditional lubricants for chip-less manufacturing usually consist of the
following components:

Component no.

Description

Function

1

Mineral oil

Cheap base oil, lubricates and acts as carrying sub-
stance for other lubrication-active components,
forms a corrosion protecting film when storing the
subjects

2 Polar additives Improves lubrication and affinity for the metal sur-
face
3 Extreme Pressure Improves lubrication at high temperatures and pres-
(EP) additives sure in connection with heavy preparation
4 Corrosion protection | Improves the corrosion protection in connection with
agents storage of the subjects produced
5 Fillers Improves lubrication at high temperatures and pres-
sure in connection with heavy preparation
6 Emulgator Is added when the lubricant is mixed with water prior
to use or to improve cleaning of lubrication residues
from the finished subjects
7 Biocides and foam Normally only used in connection with water-miscible

inhibitors

lubricants

The below-mentioned parameters are particularly important in the design of
the qualities of the finished lubricant.

e Choice of the base oil viscosity regulates the strength of the lubrication
film and the floating characteristics of the lubricant. High viscosity
mineral oils are particularly used in lubricants for heavy deep drawing
operations, whereas oils with low-medium viscosity are used for the
formulation of stamping oils. Other important qualities, such as e.g.
solubility to additives, oxidation stability and environmental qualities
are functions of the oil’s chemical and physical qualities, i.e. the rela-
tionship between paraffinic, naphthenic and aromatic hydrocarbons,

distillation interval and molecular weight distribution.

Polar additives are used in most lubricants to improve the lubrication
qualities and the affinity towards the metal surface. Typical polar ad-
ditives include vegetable oils (natural or hydrogenated/oxidized), ester
oils, polyglycol esters, fatty acids etc. The choice of polar additive is
governed by the field of application for the oil, particularly the appli-
cation temperature at peak load and the viscosity in addition to the
price level.

The choice of EP additives partly depends on the work process and
partly on the type of metal. Typical EP additives contain organic



compounds of chlorine, sulphur and/or phosphor. Many EP additives
are functioning within a specific temperature interval. Therefore,
when formulating lubricants, a combination of several EP additives is
generally used in order to obtain a good EP functionality within a
broad temperature range.
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2.4 Metal forming and lubricants — technical development
2.4.1 Problems when replacing chlorinated paraffins

When replacing chlorinated paraffins, the following problems are particularly
encountered:

e Chlorinated paraffins are multi-functional, i.e. they can be successfully
added to most lubricants for chip-less processing

e Chlorinated paraffins are cheap raw materials with a good effect

e The lubricating properties of chlorinated paraffins are well docu-
mented.

One of the basic problems encountered when replacing chlorinated paraffins
is thus connected to their multi-functionality”” which cannot be found in any
other EP additive. Instead of using a single EP additive, the formulator is
often forced to choose a “package” of lubrication additives. Doing so, the
finished lubricant becomes much more complex than a traditional chlorinated
lubricant. Naturally, this causes increased expenses and subsequently prob-
lems when selling the products on a market where the use of chlorinated par-
affins is not directly banned.

Another problem is to document the technical properties of an alternative
lubricant to the customers. There is a lack of standardised lubricating test
methods where results from laboratory testing can be correlated with full-
scaled production trials.

2.4.2 Present status

Particularly in Western Europe, the producers of lubricants have worked in-
tensively to replace chlorinated paraffins in metal working lubricants. This has
been a success in most lubricants for cutting processing of ordinary steel,
copper, brass and aluminium and less demanding chip-less metal forming
processes. However, until today, it has been problematic to find technically
satisfying alternatives to chlorinated paraffins, for instance demanding chip-
less processing of stainless steel and titanium.

Non-chlorinated lubricant alternatives using new formulation technologies
such as inorganic fillers and polymers are now on the market. However, these
products are often developed for one particular process and one particular
client. Thus, the supply of products is huge and an overall view of non-
chlorinated lubricant alternatives is not possible. In addition, testing of new
chlorine-free lubricants is costly for the metalworking companies as it implies
breaking off in production, possibly repairs of tools due to breakdown of the
test lubricant, and increased scrap percentage of the final work pieces. Subse-
quently, this leads to downtime and increased costs. Thus, there is still a sub-
stantial need for development of new non-chlorinated lubricant alternatives,
especially for heavy-duty metal forming operations which are universal, reli-
able, economic, and possible to use in the existing production lines without
major modifications of the technical equipment.



3 Demands and specifications for
non-chlorinated lubricants

3.1 Introduction to chapter 3

The objective of chapter 3 is to describe the technical criteria set up by project
partners in this project in order to be able to identify non-chlorinated lubri-
cants exhibiting promising lubricating properties in the metal processes in
focus and to identify lubricants suitable for testing in simulating and process
technical tests and in production at Danfoss A/S.

In addition, the objective of chapter 3 is to describe the health and environ-
mental criteria set up by project partners in this project in order to define an
acceptable lubricant in a health and environmental context. Based on criteria
set up for acceptable lubricants, those with obvious unwanted health and envi-
ronmental properties could be deselected for production test.

3.2 Technical demands and specifications for non-chlorinated lubri-
cants

A three stage technical identification and priority of proposed alternative lu-
bricants has been performed in the project based on specified technical crite-
ria initially set up by project partners.

In the first step, an identification of lubricants was made based on technical
supplier documentation. The primary focus was on non-chlorinated lubri-
cants with promising lubricating properties in heavy-duty forming operations
in stainless steel etc. as specified in chapter 2. However, attention was also
paid to secondary lubricant properties such storage stability and
aggressiveness to common construction materials etc, in addition to the lubri-
cants’ compatibility with application conditions in the subsequent technical
tests and with conditions at Danfoss A/S.

In the second step, the technical efficiency of proposed lubricants that passed
step one was tested in two technical tests described further in chapter 6.
Lubricants exhibiting promising lubricating properties based on the results in
the technical test where selected for a full scale production test at Danfoss
AJS.

In the third step, lubricants selected in step 2 were tested in a full scale pro-
duction test at Danfoss A/S. The test, which is described further in chapter 6,
was performed without adjustment of the production.

Thus, lubricant systems which exhibited promising lubricant properties in
specified metal forming operations based on supplier information but did not
comply with the technical test conditions for instance regarding application,
were not technically tested in this project.
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For the selection of alternative lubricants, the following technical criteria were
set up:

Primary technical criteria:

e Technical performance in specified metal forming operations with the
materials focused on in this project

e Flammability: flash point > 100°C (lubricants must not cause any fire
hazard)

Secondary technical criteria:

e Corrosion of machines: When used, the lubricants must not cause cor-
rosion on machine parts or tools, or in any other way be aggressive to
regular construction materials. Corrosion caused by lubricants is often
seen in relation to materials made of plastics or rubbers and with
paints and lacquers.

e Stability: The lubricants must not cause growth to bacteria or fungus,
nor cause other problems due to oxidation.

e Storage stability: The lubricants must be stable during a storage period
of at least 3 months (20°C). If the lubricant is phase separated, it is a
demand that the properties of the lubricant can be regenerated by stir-
ring.

Demands specific for Danfoss A/S:

e Application: To obtain a simplified way of application, it is a demand
that the lubricant of the wet film type (see chapter 2) can be applied
with the existing equipment, implying that the viscosity must not be
too high (70-175 cSt at 40°C). Lubricants of higher viscosity (up to
600 cSt at 40°C) can only be tested in the simulative tests. Lubricants
of the dry film type (see also chapter 2) must be able to dry within 5 to
10 seconds.

e Degreasing: It is a demand that alkaline detergents can be used for de-
greasing of the formed work pieces (alkalic washing plants). During
the degreasing process, there must not be formation of foam.

e Disposal: it is endeavoured that the degreasing process water does not
contain any compounds requiring any special disposal technique or
process.

3.3 Health and environmental demands and specifications for non-
chlorinated lubricants

A health and environmental evaluation at the screening level was carried out
for proposed alternative lubricants that passed step 1 of the technical identifi-
cation and priority of suitable non-chlorinated lubricants and for which suffi-
cient compositional information had been obtained from the supplier. The
results of the screening of the proposed lubricants are described in chapter 8.



A health and environmental evaluation has been performed for components
commonly occurring in non-chlorinated lubricants for heavy-duty metal
forming. The results of the health and environmental assessment of represen-
tative lubricant components are described in chapter 7.

Both the screening of proposed lubricants and the assessments of representa-
tive lubricant components involve health and environmental rating systems.
The assessment methods including the rating systems are described in chap-
ters 7 and 8.

Exposure assessments have been carried out in the working environment for
four substances representing two types of components that typically occur in
non-chlorinated lubricants for heavy-duty metal forming. The method and
results are described in chapter 9.

In the project, criteria for an acceptable lubricant in a health and environ-
mental context were defined by the project partners. In the project, there is a
focus on the inherent health and environmental properties of chemical sub-
stances. The parameters, on which the health and environmental assessments
of the proposed non-chlorinated lubricants and representative lubricant com-
ponents are based, in addition to criteria for health and environmental accept-
able lubricants, are described in sections 3.3.1 and 3.3.2, respectively.

3.3.1 Health parameters and criteria for non-chlorinated lubricants
Health parameters

The following parameters are included in the health evaluation of proposed
non-chlorinated lubricants and representative lubricant components. As men-
tioned above, all parameters and criteria focus on inherent properties of sub-
stances and products.

Physical/chemical properties

Acute toxicity

Corrosive and irritating effects
Sensitizing effects

Carcinogenic effects

Mutagenic effects

Reproduction toxic effects

e Other effects from repeated exposure.

The health evaluation is based on principles in the EU health classification of
chemical substances and preparations (11).

Health criteria

Substances and products with the following effects, classifications and health
scores should be avoided:

e Carcinogenic, mutagenic or reproduction toxic substances in catego-
ries 1 through 3. This includes substances and products with a classi-
fication in categories Carc1-3, Mutl-3 or Rep1-3 corresponding to
health score 5 (see also chapter 7 for description of health score).

e Substances with a high acute toxicity or toxicity at repeated exposure.
This includes substances classified with the risk phrases R23-28, R39,
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R48 or R64 corresponding to health scores 3, 4 or 5 (see also chapter
7).

e Substances with corrosive effects or irritating to the respiratory tract.
This includes substances classified with the risk phrases R34-35 and
R37 corresponding to health scores 3 or 4 (see also chapter 7).

e Substances with sensitizing effects. This includes substances classified
with the risk phrases R42 and R43 corresponding to health scores 4 or
5 (see also chapter 7).

e Flammable products (flash point < 100°C).

Substances and products which, based on adequate data, do not comply with
the above-mentioned criteria and thus are assigned health score 1 or 2 are
considered as good alternatives to chlorinated lubricants in a health context.

3.3.2 Environmental parameters and criteria for non-chlorinated lubricants

As in the health assessment of lubricants and lubricant components, the envi-
ronmental assessment focuses on the inherent properties of substances and
products.

The following parameters are included in the environmental evaluation.

Ready biodegradability

Bioaccumulation or

Potential bioaccumulation (Log Pow)

Toxicity to algae, fish and crustaceans or other aquatic organisms
Physical and chemical properties.

The environmental evaluation is based on principles in the EU environmental
classification of substances and preparations (11) and the global classification
system (OECD 2001).

Substances and products with high toxicity to aquatic organisms (EC50 < 10
mg/l) and substances that are not readily biodegradable or bioaccumulate
(BCF > 500, Log Pow > 4) should be avoided. According the EU environ-
mental classification system, these substances are classified as dangerous to
the environment (N) with risk phrase R50: “Very toxic to aquatic organisms”
or R51: Toxic to aquatic organism” and risk phrase R53: “May cause long-
term adverse effects in the aquatic environment (N;R50/53 or N;R51/53).
These classifications correspond to environmental scores 4 and 5 respectively
(for a description of environmental scores, see also chapter 7).



4 Strategy of data search

4.1 Introduction to chapter 4

Chapter 4 describes the strategy of data search for retrieval of relevant and
sufficient information from suppliers of non-chlorinated lubricants and sub-
sequently to retrieve further health and environmental data on components in
non-chlorinated lubricants. This in order to be able to make an identification
of technically suitable lubricants, to perform a health and environmental
screening of proposed non-chlorinated lubricants and to perform health and
environmental assessments of lubricant components.

4.2 The strategy of data search

4.2.1 Retrieval of information on proposed lubricant alternatives

Initially, technical and compositional information on non-chlorinated lubri-
cant alternatives was obtained from the suppliers of the proposed lubricants.

If possible, the following documentation was requested from the lubricant
suppliers:

e Physical/chemical data for the lubricant such as flash point, boiling
point, kinematic viscosity, vapour pressure, pH value and miscibility.

e Documentation on technical performance of the lubricant

e Technical information on type of lubricant, application, degreasing
and disposal, compatibility with metals and surface coatings, stability

e Full composition of the lubricant down to 0.1% (weight), including
specification of internationally recognized chemical substance names,
CAS-numbers and weight percentage for raw materials in the product

o Classification of raw materials in the product according to the EU
regulations on classification, packaging and labelling of dangerous
substances (Council Directive 67/548/EEC with later amendments
and adaptations)

e Updated material safety data sheets for raw materials in the lubricant

e Any toxicological or eco-toxicological test data on the lubricant or its
raw materials

4.2.2 Retrieval of further health and environmental data
The health and environmental screening of proposed lubricants is based on

information from suppliers of the lubricants, a search in Annex 1 of Directive
67/548/EEC on classification and labelling of dangerous substances in addi-
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tion to a data search in well-recognized toxicological and ecotoxicological
handbooks and databases.

The health and environmental assessment of components typically occurring
in non-chlorinated lubricants for heavy-duty metal working is based on infor-
mation retrieved from suppliers of proposed alternative lubricants, on data in
well-recognized handbooks, reviews and databases of toxicological and eco-
toxicological relevance, on internet searches for the specified CAS Nos. and
substance names, on internet searches for home pages of raw material suppli-
ers in addition to personal communication with industry experts.

The strategy of data search is listed below:

e Annex 1 to directive 67/548/EEC on classification and labelling of
dangerous substances

e Toxicological and ecotoxicological encyclopaedias and hand books

e Toxicological and ecotoxicological databases (RTECS, HSDB, IRIS,
IUCLID, ECOTOX, Toxline, NTP Web Site, Chemfinder etc.)

e Internet searches for CAS-Nos. and substance names

e Internet searches for home pages of lubricant raw material suppliers

e Material safety data sheets and technical data sheets from raw material
lubricant suppliers

e Personal contact to industry experts

The health and environmental assessments of proposed lubricants and lubri-
cant components is performed at a screening level. The data quality is not
considered in details and rated though data is retrieved from common ac-
knowledged sources. The methods and results of the health and environ-
mental assessment of typical lubricant components in non-chlorinated lubri-
cants are described and discussed in chapter 7.

The health and environmental screening of proposed alternative lubricants is
based on information from the lubricant suppliers. The methods and results
of the health and environmental screening of proposed lubricants are de-
scribed and discussed in chapter 8.



5 Mapping of alternative lubricants

5.1 Method

In order to get an overview of non-chlorinated metal forming lubricant tech-
nology available on the international market, contact has been made to a
number of companies in Europe and the US. These are mainly larger compa-
nies with expertise in the field of metalworking lubricants and extreme pres-
sure additives. However, there are also a number of smaller, highly specialized
companies. Some of the companies contacted are Castrol, Henkel Surface
Technologies, Master Chemical Cooperation, Kliber Lubrication, Houghton,
Holifa, Rhenus Lub, Vulcan Oil & Chemical Products, Pfau Oil Products,
Fuchs DEA Schmierstoffe, Unigema, Chemetall, Quaker Chemical, Rocol
Lubricants, Hangsterfers and Dover Chemical Corporation.

In addition, contact has been made to a large steel supplier, Avesta Polarit.
This in order to clarify whether pre-coated steel plates are being marketed.
The purpose of the pre-coating of steel plates should be to diminish or re-
move the demand for lubrication in the subsequent manufacturing processes.

The lubricant suppliers have been asked about lubricants for deep drawing,
several step deep drawing, stamping, several step stamping, extruding, several
step extruding and calibration as well as ironing in stainless steel, acid-proof
steel, titanium, alloys and metal combinations — e.g. coatings (see also chapter
2).

Not only the process type and material define the technical demands to a
metal working lubricant. Also tools and application and washing conditions
influence the ultimate technical suitability of a lubricant. However, mapping
of alternative lubricants has mainly focused on compliance with technical de-
mands for the core property of the lubricant, namely the lubricating ability in
specified processes. Demands for application and washing etc. are considered
to be secondary properties of the lubricant, for which it is most often possible
to subsequently adjust.

Contact to lubricant and additive suppliers has been made in two steps. In
step one, a request is made to the suppliers for non-confidential sales informa-
tion such as use, technical suitability and capacity, physical/chemical data,
application, washing and removal as well as a material safety data sheet. Based
on the information obtained, an evaluation has been made of the technical
suitability of the lubricants for the manufacturing processes that are the focus
of the project. In step two, contact has been made to the suppliers who, based
on the forwarded information, will possess promising alternative lubricants.
This step to obtain information on product composition including any data on
effects on health and environment.

The lubricants suggested are divided into categories with regard to suitable

manufacturing processes and materials, type of lubricant based on chemical
composition and application of the lubricant.
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For manufacturing processes and materials, the following categories are used:

A Deep drawing, unspecified

Al Deep drawing in high alloy steel (> 4% Cr)
A2 Deep drawing in aluminium

A3 Deep drawing in other metals

B Stamping, unspecified

Bl Stamping in high alloy steel (> 4% Cr)
B2 Stamping in aluminium

B3 Stamping in other metals

C Extruding, unspecified

C1 Extruding in high alloy steel (> 4% Cr)
Cc2 Extruding in aluminium

C3 Extruding in other metals.

With regard to type of lubricant, the lubricants are categorized according to
their basic content.

Basic content:

. Pure mineral oil

. Solvent based liquid

. Emulsion of mineral oil

. Semi-synthetic liquid

. Synthetic oil

. Pure vegetable oil and/or animal oil

. Emulsion of vegetable and/or animal oil.

~NOoO o1k WDN P

Type 1 are lubricants based on various mineral oil fractions and free from
water. The agents are used undiluted.

Type 2 are solvent-based lubricants, free from water and used undiluted. The
agents have a high content of solvents.

Type 3 are emulsifiable lubricants with a mineral oil content of 20-30 %. The
agents are used diluted with water.

Type 4 are semi-synthetic lubricants with a mineral oil content of less than
10-15 %. The agents are used diluted with water.

Type 5 are lubricants based on synthetic oils and free from mineral oil. The
agents may be diluted with water prior to use.

Type 6 are lubricants based on vegetable and/or animal oils and free from
water. The agents are used undiluted.

Type 7 are emulsions of vegetable and/or animal oils. The agents do not con-
tain mineral oil and should usually be diluted with water.

In addition, the lubricants have been categorized as dry lubricants (D) or wet
lubricants (W), respectively depending on the type of application. See also
chapter 2.

5.2 Results

In step 1 of the mapping phase, contact has been made to approximately 50
international companies marketing either metal working lubricants or lubri-
cant additives. Of these, 16 companies have forwarded suggestions for ap-
proximately 60 alternative lubricants based on technical specifications on



manufacturing processes and materials. As contact has been made to suppliers
of both lubricants and EP additives, the suggestions for alternative lubricants
include finished products (off-the-shelf items) as well as products requiring a
certain production maturation.

A technical examination of the forwarded product information assessed that
15 of the 16 suppliers should possess lubricants that have a potential for being
technically suited for the processes and materials described in chapter 2. The
result of step 1 of the mapping phase is stated below in table 5.1. As can be
seen from the table, 53 products are estimated as potential alternatives to
chlorinated lubricants in the processes specified. Seven of the initially pro-
posed lubricants are not included in table 5.1 due to failure in complying with
technical criteria established in step 1 of the technical assessment of proposed
lubricants.

Supplier Product Application category | Lubricant type: com- Lubricant type:
position Use
1 1 Cc* 4 D
1 2 Al, A2, A3 4 D
2 3 A B 1 W
2 4 A B 5 W
2 5 A B 5 w
2 6 Al, Bl 5 w
2 7 Al, Bl 1 W
2 8 A B 5 W
2 9 A B 1 w
3 10 A B 1 w
3 11 B1 4 W
3 12 A 7 W
3 13 A 7 W
3 14 B 5 W
4 15 Al, A2, A3, B1, B2, B3 5 D
4 16 Al, A2, A3, B1, B2, B3 5 D
4 17 Al, A2, A3, B1, B2, B3 5 D
4 18 Al, A2, A3, B1, B2, B3 5 W
4 19 Al, A2, A3, B1, B2, B3 5 W
4 20 Al, A2, A3, B1, B2, B3 5 W
5 21 A B 3 W
5 22 A B 3 w
6 23 A 5 D
6 24 C 1 W
6 25 B, C Not specified W
6 26 B 5 W
6 27 Not specified 3 W
6 28 B2, B3 1 W
6 29 A 1 W
7 30 Not specified 5 W
8 31 Al, A3 1 W
8 32 A B 1 W
8 33 A B 1 W
8 34 Not specified 3 W
8 35 Not specified 5 W
9 36 Cutting operations 5 W
10 37 A B 1 W
10 38 A B 1 W
11 39 Al, A2, A3, B1, B2, B3 5 W
11 40 Al, A2, A3, B1, B2, B3 5 W
12 41 A B 6 W
12 42 A B 6 W
13 43 Al, B1, C1* Several options
14 44 B Not specified W
14 45 B 1 W
14 46 A Not specified W
14 47 A Not specified W
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Supplier Product Application category | Lubricant type: com- Lubricant type:
position Use
14 48 C Not specified W
14 49 C Not specified W
14 50 A2,B2,C2 Not specified w
14 51 A B 1 W
15 52 C 6 W
15 53 C 6 W

Table 5.1 Overview of proposed alternative lubricants for the metal working processes
in focus and described in chapter 2. An * indicates that use of the lubricant in ques-
tion depends on a preceding phosphating or oxalating of the metal surface.

W indicates a wet lubricant, D indicates a dry lubricant. See also chapter 2.

As can be seen from table 5.1, it varies how specifically the supplier has stated
the processes suitable for the lubricants.

Most of the lubricants suggested are traditionally formulated as wet lubricants
similar to chlorinated lubricants. Six lubricants are dry lubricants which
means that a drying step is needed in the manufacturing process, see also
chapter 2. Two proposed lubricating systems marked with an * require a pre-
ceding phosphating or oxalating of the metal surface prior to lubrication, see
also chapter 2. Wet lubricants are the dominating type of lubricants.

As regards chemical composition, the majority of the lubricants suggested are
based on either synthetic esters, polymers or on mineral oil. However, virtu-
ally all types of lubricants are represented, including a solvent-based lubricant
—type 2. The last-mentioned was dropped in step 1 of the mapping phase due
to a low flash point (< 100°C).

Supplier Product Application categories Lubricant type: Lubricant type:

composition use
2 5 W
2 8 0
3 10 A B 1 W
3 12 A 7 W
4 15 Al, A2, A3, B1, B2, B3 5 D
4 18 Al, A2, A3, B1, B2, B3 5 W
6 24 C 1 W
7 30 Not specified 5 W
9 36 Entering Operations 5 W
10 37 A B 1 W
10 38 A B 1 W
11 39 Al, A2, A3, B1, B2, B3 5 W
11 40 Al, A2, A3, B1, B2, B3 5 W
12 41 A B 6 W
12 42 A B 6 W
14 45 B 1 W
14 51 A B 1 W
15 52 C 6 W
15 53 C 6 W

Table 5.2. Overview of suggested alternative lubricants that are subsequently tested in
the simulating test in step 2 as described in section 5.1.

In step 2 of the mapping process, contact has been made to the 15 suppliers
who, based on the information forwarded, are in a position to offer lubricants
that are technically suitable for demanding forming operations in high alloy
steel and other metals, as specified in section 5.1. Product samples for testing
and detailed composition information for the relevant products are requested
at this stage.



As can be seen from table 5.2, 11 suppliers have forwarded a total of 19 lubri-
cants for testing. Of the 19 proposed lubricants, sufficient information regard-
ing the chemical composition has been received for 15 lubricants in order to
perform the health and environmental assessments of lubricants and selected
lubricant components. Despite our request for non-chlorinated lubricants, one
product turned out to contain polychlorinated alkanes. This product was
dropped. One dry lubricant is represented among the 15 products. Lubricants
based on mineral oil, synthetic esters as well as vegetable and animal oils are
represented.

As mentioned in section 5.1, contact has also been made to a large supplier of
steel during step 1 of the mapping phase. The supplier has been contacted in
order to clarify whether a preceding coating of steel plates can take place and
function as a lubricant in the subsequent metal working processes or reduce
the demand for subsequent lubricants. The result was that no coating of steel
plates takes place prior to resale to remove or reduce the need for lubricants
during steel work. No efforts are being made to develop such processes (12).
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6 Technical assessment of non-
chlorinated lubricants

6.1 Introduction

The objective of chapter 6 is to describe the methods and results of the testing
of proposed lubricants in technical tests and in production at Danfoss A/S, in
addition to a discussion of the test results.

6.2 Test methods

Below is a description of the test methods used to evaluate the technical per-
formance of the proposed lubricants for heavy-duty metal forming, which
passed step 1of the technical selection sequence described in chapter 3. A
description of the used reference lubricants is also enclosed.

Simulative test;

In previous projects involving the Technical University of Denmark as a co-
worker, several qualified test methods to evaluate the performance of lubrica-
tion were identified. Figure 6.1 shows different simulative tests (A-H) to be
used for characterization and scaling of the performance of a lubricant. The
most critical partial processes are: B) ”bend under tension” and H) “strip
reduction”. Strip reduction is mainly a cold forging operation, but is part of
the deep drawing process. H) ”’strip reduction” is chosen as the simulative test
method.
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Figure 6.1 Simulative technical test: Identified partial processes.

The equipment for strip reduction is shown in figure 6.2. Strip reduction is
carried out by pressing a tool with a polished surface (R, = 0,01 mm) into a
sheet material (strip) to a certain depth. The strip is pulled, while the tool is

being pressed into it, and the thickness of the strip is being reduced. The cy-
lindrical tool is not rotating during the reduction. In table 6.1, the most impor-

tant test parameters are summarized.

Table 6.1 Parameters for strip reduction

Tool material ASP23

Specimen material W.no. 1.4401
Length: 500 mm

Dimension of specimen Width: 15 mm
Thickness: 1,25 mm

Process speed 80 mm pr. second

Travel length 0-300 mm
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Figure 6.2 Set-up for strip reduction. (A) Strip, (B) Hardened steel rod, (C) Pressing
block, (D) Distance sheet, (F) Vertical piston, (G) Horizontal piston with claw, (K)
Tools

When the lubricant is breaking down in strip reduction, the strip and tool will
cold weld, and the soft material from the strip is welded to the hardened tool.
This material causes severe scratches in the strip parallel to the pull direction.
Few scratches can occur even with a good lubricant, but if the performance of
the lubricant is not satisfactory under the specific test conditions, these
scratches are developed due to a rise in temperature. The rise in temperature
will breakdown the lubricant further, and the scratches will develop to a larger
band on the strip.

Figure 6.3 shows strips reduced in strip reduction. On the top of the figure a
good lubricant is used and in the bottom, a bad lubricant is used. In the bot-
tom of the figure is seen that the scratches develop into to a wide band
(marked with the grey area). The band formation is defined as the position
from the start of the reduction (left side in figure 6.3) to the position where
the individual scratches cannot be separated under a stereo microscope.

The performance in strip reduction of different lubricants are determined by
comparing the results of a well known bad lubricant (pure mineral oil) and a
good lubricant (chlorinated paraffin). The lubricants are scaled according to
performance in the individual tests.

300 mm
<
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Figure 6.3 Strips reduced in strip reduction from left to right. In the top is seen some
scratches in the strip. In the bottom the scratches have developed to a wide band
(marked with a grey area)



Process technical test:

A deep drawing test is carried out with the selected lubricants using a press
and tool. This test includes severe process parameters. The test, which is
called backwards can extrusion, is carried out. A can is created by pressing a
blank over a punch. This process is illustrated in figure 6.4.
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Figure 6.4 Backwards can extrusion. To the left is shown a situation before forming
and to the right is shown the forming operation with the die pressing the blank over
the punch.

The ratio between the diameter of the punch and the blank is called the draw
ratio and the larger the draw ratio the more stressing for the lubricant. The
most important parameters for the tests are shown in table 6.2.

Table 6.2 Parameters for backward can extrusion.

Tool material ASP23

Specimen material W.no. 1.4401

Diameter: 90 or 100 mm
Thickness: 2 mm

Dimension of work piece

RadiusRundingsradius ( matrice/punch) 6 mm /6 mm
Pressing speed 40 mm pr. second
Draw ratio 1,80r2,0

During the entire operation (forming and following separation of the tool and
can) the affecting power is collected to computer. In this forming operation,
lubricant breakdown between the outer of the can and the die will occur often,
whereas it will occur more seldom between the inner side of the can and the
punch. The collected powers are:

F.. Forming force due to plastic deformation of the blank. Limited
sensitivity to lubricant breakdown, as changes in friction do
not influence the forming force.

Withdrawal power between can and die after forming. Very

sensitive to lubricant breakdown, due to critical tribological
conditions.
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F,.  Withdrawal force between can and punch after forming. Sec-
ondary parameter, due to critical tribological conditions.

F.,  Election force. Often is the can located on the punch after
forming but if the friction is very large, the work piece can be
locked in the die when the die is withdrawn. The ejection
power is the force removing the can from the die.

During normal process conditions, the can will often stay on the punch after
forming, but in case of severe lubricant breakdown, the can may be dragged
off the punch when the die is withdrawn. In this case, the force measurement
F,., (withdrawal force between can and die after forming) will actually be
measured as F,,, (withdrawal force between can and punch after forming). In
these cases the F . (ejection force between can and die) is the sensitive force
measurement. When dry film lubricants are used, it is observed that the can is
often located in the die after forming, which is probably due to a liquid viscose
lubricant causing the can to be sucked on the punch.

To evaluate the development of the involved forces and the development of
lubricant breakdown, a number of cans (more than 3) are formed. Scaling of
the performance for the tested lubricants will primarily be based on the men-
tioned force measurements, and secondary (if needed) on a visual inspection
of the cans.

Full scale production test:

In this project, the lubricants showing the best performances in the simulative
and the technical test are tested in full scale production at Danfoss A/S
(Nordborg, Denmark). In the production test, the lubricants are tested in a
multi stage tool forming a work piece as shown in figure 6.5. The work piece
is produced in seven process steps, including deep drawing, extrusion and
punching without any annealing of the work piece between each step.

As seen to the right in figure 6.5, the middle hole is flanged, which causes a
reduction of the thickness of the sheet.. Danfoss A/S has identified this flang-
ing as the most critical process in the production of the shown flange, because
the rim is torn off the work piece if lubricant breakdown occurs.
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Figure 6.5 Flange of stainless steel (W. no. 1.4301) produced by Danfoss A/S using of
lubricants containing chlorinated compounds. Shown in real size.

During the flanging process, the thickness of the sheet is reduced approxi-
mately 50%.



Scaling of the efficiency of the lubricants is based on number of produced
work pieces at a given production speed before a lubricant breakdown occurs.

Reference lubricants:

For the simulative test is chosen a well known bad lubricant, a pure mineral oil
mixture without any additives. The mixture contains 50 wt% Sunoco Sun
60N (low viscosity naphthenic mineral oil) and 50 wt% Houghton Plunger
CRS5 (high viscosity paraffinic mineral oil). A viscosity of 60 cSt at 40°C (8
cSt at 100°C) is obtained from this mixture. The lubricating properties of this
mineral oil mixture is only due to a physical separation of tool and work piece
and removal of heat from the deformation zone.

For both the simulative and the process technical tests is chosen a well known
good lubricant, Castrol lloform TDN 81 containing 80% of a medium-
chained chloroparaffin with a chlorination degree of 50%.

In the full scale production test at Danfoss A/S, a chlorinated lubricant (Holifa
HFF 13) is chosen as reference. This lubricant is usually used in the produc-
tion at Danfoss A/S. Holifa HFF 13 contains a medium-chained chloroparaf-
fin with an average degree of chlorination of 20%.

Table 6.3 Reference lubricants.
Product Chain length It?ggree of chlorina- Viscosity

40°C 100°C
Sunoco Sun 60N unknown - 10 cSt 3¢St
Houghton Plunger CR5 unknown - 660 cSt 35 ¢St
Castrol lloform TDN 81 C14-17 40% 161 cSt 11 ¢St
Holifa HFF 13 Cl14-17 =~ 20% 75 ¢St -

6.3 Test results
Simulative test:

As mentioned in section 6.1, simulative test, the performance of a lubricant
can be evaluated in the simulative test strip reduction” by comparing the
result with the results of a bad and a good lubricant. In this test, the perform-
ance of the lubricant is evaluated from two visual criteria, namely the distance
to lubricant breakdown (band formation) from the beginning of the reduction
and the amount of scratches at the end of the reduction (sliding length = 300
mm).

In strip reduction, a reduction of 45% (a strip is reduced 45% in thickness) is
the limit for the chosen test materials and this is only obtained when applying
the best lubricants. As a starting point, the lubricants are tested with 30% re-
duction, because this reduction is large enough to reject some lubricants to
further testing. In strip reduction, each lubricant was tested three times, ex-
cept lubricant no. 12, 39 and 40. The performance of these particular lubri-
cants was so bad that a repetition was not advisable.

For the simulative test, all results are presented as an average of the three
measurements for each lubricant with a standard deviation incorporated. Fig-
ure 6.6 shows the distance (in mm) from the start of the reduction until band
formation is visually observed in the stereo microscope for the reference lubri-
cants (MO - mineral oil mixture, CP1 - Castrol lloform TDN 81 and CP2 -
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Holifa HFF 13) and the tested lubricants. On the figure, the top limit is 300
mm (sliding length = 300 mm), which is the assigned value, if reduction has
occurred without band formation.

From the first three columns in figure 6.6 (the reference lubricants) it is seen
that the mineral oil mixture (well-known bad lubricant) breaks down after a
reduction length of 169+57 mm, and the two chlorinated lubricants (well-
known good lubricants) can be reduced in the entire length (300 mm) without
band formation.

350
3004 M 1O —
250 A
200 A | ]1 | }1 JE -

150 A M

100 -

50 -

Distance to band formation [mm]

Figure 6.6 Distance to band formation of the tested lubricants at 30%’s reduction.

It is seen from figure 6.6 that lubricant numbers 10, 15, 45 and 51 can be
reduced in the entire length (300 mm) without band formation, whereas the
remaining lubricants break down between 140 to 276 mm. Lubricants only
tested once (lubricant numbers 12, 39 and 40) all break down and create
band before 100 mm sliding.

From appendix 1 it is seen that lubricant numbers 42 and 53 only create band
in one of the three measurement, but since band formation is due to a severe
lubricant breakdown, these two lubricants were not chosen for further tests in
the project. Lubricant numbers 10, 15, 45 and 51 are the only lubricants,
which were identified by the strip reduction test as having good enough per-
formance to continue testing in the project.



A visual evaluation of the amount of scratches after reduction is only possible
for lubricants, which have not created band during the test. Figure 6.7 shows
the result of the counted scratches after 300 mm’s reduction for the tested
lubricants.
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Number of scratches after 300 mm reduction

Figure 6.7 Result of the simulative test: Number of scratches after 300 mm’s reduction
of 30%.

From figure 6.7 it is seen that after 300 mm’s reduction, only few scratches
were observed on strips reduced with CP1 (Castrol TDN81) compared to the
strips reduced with CP2 (Holifa HFF13). The fewer scratches are probably
due to the higher degree of chlorination of the CP1 chlorinated compound
(see table 6.3, section 6.2). The figure clearly shows that the number of
scratches in the tested lubricants, which do not create band is quite large (8 to
41 in average). Figure 6.7 also shows that the performance under the specified
test conditions is good for lubricant number 10 and especially lubricant num-
ber 51 compared to the two chlorinated lubricants.
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Figure 6.8 Result of the simulative test: Number of scratches after 300 mm reduction
(30 and 35 %) for lubricant numbers 10, 15, 45 and 51.

To further separate, and thereby scale, the performance of the four lubricants,
which did not create band at 30 %’s reduction, two additional measurements
were carried out in strip reduction with each of the four lubricants at 35 %’s
reduction. Even at 35 %’s reduction, none of the four tested lubricants created
band. The results from counting number of scratches after 300 mm’s reduc-
tion are shown in figure 6.8. From the figure it is seen that the amount of
scratches reduces at increased level of reduction for lubricant number 10, 15
and 45 and increases a bit for lubricant number 51. It is not expected that the
amount of scratches are falling at 35% reduction compared to 30% reduction,
since an increased reduction should cause more critical condition for the lu-
bricant and thereby more locally lubricant breakdown (increased amount of
scratches). The test result may be due to statistical uncertainty in the reduc-
tions. Another explanation could be that in case of very good EP additives, in
the lubricants, a change (increase) in pressure and temperature may cause an
increased activity of the EP additive, and consequently — an improved per-
formance of the lubricant.

A further increase of the reduction to e.g. 40 % in order to improve scaling of
the performance of these four lubricants is not advisable, since other condi-
tions may interfere with the results when approaching the technical limit (45%
reduction).

The performance of lubricant numbers 10, 15, 45 and 51 is far better than the
other tested lubricants. The performance of these four lubricants under the
chosen test conditions is quite good, not better, however, compared to the two
chlorinated reference lubricants. The performance of lubricant number 10
and 51 is slightly better than lubricant number 15 and 45.

Process technical test:



From the experiments carried out in the simulative test it was decided that
lubricant numbers 10, 15, 45 and 51 were to be tested in the process technical
test ”backwards can extrusion” where a deep drawing is carried out.

It was decided to test the lubricants with a draw ratio of 1.8 and 2.0. From
section 6.2 other process parameters can be found. It was decided to form ten
cans in the testing of each of the four lubricants.

In a previous investigation, lubricant number 15 has shown quite good per-
formance in backwards can extrusion. Therefore, it was decided not to test
this lubricant with a draw ratio of 1.8.
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Figure 6.9 Result of the process technical test

The upper graphs in figure 6.9 shows the development of the forming force
for lubricant numbers 10, 45 and 51, and the lower graphs show the devel-
opment of the withdrawal force at a draw ratio of 1.8 in backwards can extru-
sion (see section 6.2 for a description of the mentioned forces).

The forming force for the three tested lubricants at this draw ratio (1.8) starts
at the same level (about 150 kN). However, when more cans are drawn, the
forming force for lubricant number 10 is seen to increase up to about 180 kN.
at can number seven. The forming force for the other two lubricants (num-
bers 45 and 51) does not increase within the number of drawn cans.

The withdrawal force (lower graphs in figure 6.9) shows the same tendency in
force development, also here, an increase in force is observed for lubricant
number 10, but not for lubricant numbers 45 and 51. The lubricant film
breaks down for lubricant number 4 at the seventh drawn can. The maximum
number of cans, which can be drawn at a draw ration of 1.8, is six for lubri-
cant number 10. Lubricant numbers 45 and 51 can draw all 10 cans without
any lubricant film breakdown at this draw ratio.
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Figure 6.10 Result of technical test. Forming (upper graphs) and withdrawal force
(lower graphs) in backwards can extrusion for CP1 and lubricants number 6, 18 and 19
at adraw ratio of 2.0

At the draw ratio of 2.0, lubricant numbers 15, 45 and 51 and the chlorinated
reference lubricant, CP1, are tested. The results from this test are shown in
figure 5.10.

The forming force for CP1 and the lubricants numbers 45 and 51 are even
about 190 kN and does not increase with the number of drawn cans. The
forming force for lubricant number 15 is not as stable as the other lubricants,
but in return, the forming force are about 10 kN (about 5%) lower than for
the other lubricant. This observation is most likely due to the nature of lubri-
cant number 15, since this is a dry film lubricant, lubricating with a very low
viscous film and a efficient EP additive. The forming force for other liquid
lubricants (also lubricants tested outside this project) are almost independent
of the viscosity at the same level at the same test parameters.

From figure 6.10 it is observed that the withdrawal force for CP1 and lubri-
cant number 15 are at an even level (about 60 kN), whereas the withdrawal
force for lubricant numbers 45 and 51 is less stable and increases slightly with
the number of cans drawn, but without any sudden increase in force. The
only explanation for the slight increase in withdrawal force for lubricant num-
ber 45 and 51 is that the lubricating limit for these lubricants is a draw ratio of
approximately 2.0

The result of the technical test is that the performance of lubricant number 15
is equal to the chlorinated reference lubricant under the test conditions. The
performance of lubricant numbers 45 and 51 is slightly worse, although not
critical, but force development, which indicates that the lubrication limit is
reached at a draw ratio of 2.0 for these lubricants is observed. Lubricant
number 10 breaks down at a draw ratio of 1.8.

Full scale production test:



Lubricant number 15 has previously been tested in full scale at Danfoss A/S
in another project without showing good performance. It was concluded that
the bad performance was due to its nature (dry film lubricant), as previously
discussed. Therefore, this type of lubricants is not suitable for operations,
such as punching, where lubricants need to be pulled with the tool. Lubricant
number 18 is a liquid variant of number 15 (same producer and same EP
additive) and since lubricant number 15 has shown good performance in both
preliminary tests, it was decided to test lubricant number 18 instead of num-
ber 15 in the full scale production test.

In the full scale production, a work piece (described in section 6.2) is formed
in a progress tool at a production speed of 60 work pieces per. minute. The
usual production speed at Danfoss A/S is 120 work pieces per minute when
using lubricants containing chlorinated compounds.

The progress tool is adjusted, thus lubricant break down cause an emergency
stop. Unnecessary war of the tools is hereby avoided.

Under the chosen test conditions none of the four lubricants (numbers 10, 18,
45 and 51) could produce more than 40 work pieces before lubricant break
down occurred. This caused an automatic emergency stop of the test in all
cases. The attached pick-up to the tool prevented further automatic produc-
tion with the test lubricants, but it was possible to continue manual produc-
tion of more work pieces with all lubricants. This manual production (slow
and piece by piece) probably prevented elevated temperature (automatic work
temperature) and thereby continued building of pick-up on the tool.

Due to the bad performance of the tested lubricants in the full scale produc-
tion test, it was not possible to scale the lubricants individually.

6.4 Conclusions

The strip reduction test used to evaluate the lubricating performance of pro-
posed lubricants in this project causes severely demanding conditions due to
large surface expansion, high temperature and low speed. From the results in
the strip reduction test (30% reduction), it may be surprising that only four
lubricants (numbers 10, 15, 45 and 51) out of 20 tested showed satisfying
lubricating properties since all 20 lubricants were proposed by suppliers based
on a thorough description of test methods, test conditions and test materials
(both tool and sheet material). The results of the strip reduction test indicate
that it is difficult to design a lubricant to be used under severe conditions even
for a single forming operation.

Four lubricants (numbers 10, 15, 45 and 51) continued to the process techni-
cal test where they all demonstrated more or less the same lubricating proper-
ties.

In the full scale production test at Danfoss A/S, lubricants are stressed further
than in the simulating and the process technical tests due to several subse-
qguent forming operations. In this test, lubricant number 18 was tested instead
of number 15. Number 18 is a liquid variant of number 15. Number 15 had
been tested in the full scale production at Danfoss A/S in another project
without demonstrating a good performance, probably due to the fact that
number 15 is a dry lubricant. Even though three of the four lubricants tested
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in the full scale production test demonstrated promising results in the simula-
tive technical and the process technical tests, neither of the lubricants could be
used in the full scale production test.

Thus, none of the lubricants tested in this project demonstrated satisfying
lubricating performance in the full scale production test where a chlorinated
lubricant is currently used.

As mentioned in the introduction in chapter 1, non-chlorinated alternatives to
chlorinated lubricants already exist for use in less demanding metal working
operations such as drilling and milling.

For metal forming operations such as sheet forming, rolling and extrusion, the
demands on the lubricant are greatly influenced by the process conditions
including the degree of deformation, speed, temperature and other not as eas-
ily identifiable parameters. Experience shows that under moderate or less se-
vere metal forming conditions, some non-chlorinated lubricants developed for
forming operations such as sheet forming, rolling and extrusion show ade-
quate lubricating properties. However, the limits for these non-chlorinated
lubricants are that they are specially designed for a certain forming operation
and therefore only work under a narrow set of technical conditions. The lubri-
cants are mainly developed from the knowledge of the performance of existing
non-chlorinated EP additives present in commercially available lubricants and
are rarely produced with new types of additives.

The demands from the industry to produce faster and cheaper (material and
energy savings) with better tolerances causes more severe process conditions
and naturally greater demands on the lubricant.

Often a production line involves more than one single metal working opera-
tion such as cutting, bending, stamping, deep drawing etc. to produce a
specimen with the desired shape. The process conditions for all the single
forming operations can individually be gentle and non-chlorinated substitutes
may be available even though difficult materials such as stainless steel and
titanium are used. However, the successive forming operations in a produc-
tion line demands that the lubricant has to exhibit good lubricating perform-
ance not only in the individual forming operations but also during the entire
process. Thus, the lubricant film formed on the surface of the material has to
be able to sustain the entire process or rebuild in the same rate as it is
degraded.

The only way to obtain this high performance from a lubricant during very
severe process conditions is to use a proper (very effective) EP additive. So
far, chlorinated paraffins have shown superior performance in severe metal
forming operations compared to other tested EP additives. Other kind of ad-
ditives such as polar additives only have a minor impact on the lubricating
properties though large synergy effects sometimes improve the lubricity.

It is obvious from the technical tests that at the present state there are no non-
chlorinated lubricant alternatives commercially available for use in severe
metal forming operations.

Other metal forming operations such as cold forging cause severe conditions
for the lubricant due to large plastic deformation rates (with simultaneous
higher energy release). At Danfoss A/S, steel tubes are produced by forming



of a steel rod in a cold forging operation. The lubrication in this particular
forming operation on steel is conducted by a carrier layer of phosphate ap-
plied underneath a soap. Due to a demands to form these tubes in stainless
steel, this lubrication technique was tested on stainless steel. However, the
phosphate layer did not attach to the surface of stainless steel. In order to
solve the problem, a collaboration between Danfoss A/S and Department of
Chemistry (DTU) was established with the purpose of developing an
electrochemical technique capable of applying a phosphate carrier layer on
stainless steel. This collaboration resulted in the development of a technique
called the Extreme Pressure Lubricant System (EPL). The EPL technique
has previously demonstrated very good results in the strip reduction test and
the backwards can extrusion test described in section 6.2, in addition to in a
full scale production test (tube forming) at Danfoss A/S. The EPL method
was not tested in this project due to failure to comply with the testing equip-
ment in this project.

Danfoss A/S assess their own production to be too small to build equipment
to make use of the EPL method as a standard technique. A marked inquiry by
Danfoss AS/ to sell surface treated stainless steel has demonstrated surpris-
ingly low or no interest in the metal industry.

Based on test results of the EPL method, it is expected that the lubricating

method is a true alternative to chlorinated lubricants, at least for some heavy-
duty metal forming operations.
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7 Health and environmental as-
sessment of components in non-
chlorinated lubricants

7.1 Introduction

Chapter 7 describes the methods and results of the health and environmental
assessments of components typically found in non-chlorinated lubricants for
heavy-duty metal working. The assessments of the various substance groups
are performed on the basis of available data. The strategy for the data search
is described in chapter 4.

The primary function of chlorinated paraffins in metal working lubricants is
as extreme pressure additives. As described in chapter 2 it is not possible to
substitute the chlorinated paraffins with a single component. A total reformu-
lation of the lubricant normally takes place. It is estimated in this project that
the most suitable frame of reference for comparison of the health and envi-
ronmental properties of chlorinated and non-chlorinated lubricants, respec-
tively, is a comparison of total lubricants. Thus, the health and environmental
assessment of substance groups in non-chlorinated lubricants includes both
compounds functioning mainly as lubricant bases, compounds functioning
mainly as polar additives and compounds functioning mainly as extreme pres-
sure additives (see also chapter 2).

There is virtually no literature on the chemical composition of metal forming
lubricants. The selection of substance groups for the health and environ-
mental assessment is based on information retrieved from Iubricant suppliers
and raw material suppliers contacted in this project in addition to information
retrieved through an internet search for home pages of raw material suppliers
and by personal contact to industry experts. The chosen substance groups
generally occur in non-chlorinated lubricants proposed in this project and are
considered as representative of non—chlorinated lubricants. A health and envi-
ronmental assessment of medium-chained chlorinated paraffins is included as
a point of reference.



Table 7.1 provides an overview of the substance groups occurring in non-
chlorinated lubricants and for which a health and environmental assessment
has been performed and described.

Substance group Primary function

Mineral base oil Lubricant base

Calcium petroleum sulphonates (over-based) Extreme pressure additive
Alkyl sulphides (polysulphides) Extreme pressure additive
Vegetable and animal oils Polar additive/ lubricant base
Phosphorous compounds Extreme pressure additive
Sulphurized fatty compounds Extreme pressure additive
Synthetic ester oils Polar additive/ lubricant base
Soaps Polar additives
Medium-chained chloroparaffins Extreme pressure additive

Table 7.1 Overview of substance groups in non-chlorinated lubricants for which a
health and environmental assessment has been performed. Medium-chained chloro-
paraffins are included as a point of reference.

Some of the substance groups assessed commonly occurring in non-
chlorinated lubricants for heavy-duty metal working comprise a huge number
of substances. The health and environmental assessments of the substance
groups are performed at a screening level. The result of the health and envi-
ronmental assessments of selected components should only be regarded as an
indication of the health and environmental properties.

As described in chapter 2, there is only to a certain degree a general concept
of formulation of non-chlorinated lubricants. Lubricant formulation is also
based on the specific knowledge of the individual supplier. Besides the sub-
stance groups, which are chosen for health and environmental assessment due
to their common occurrence in lubricant alternatives, several of the non-
chlorinated lubricants proposed as alternatives in this project contain specific
substances. These substances only appear in the individual lubricant and can-
not be discussed further due to confidentiality. However, they are included in
the health and environmental screening and rating of the proposed alternative
lubricants described and discussed in chapter 8.

7.2 Health and environmental assessments of substance groups in
non-chlorinated lubricants

The health and environmental assessment of substance groups in alternative
lubricants focuses entirely on inherent properties. The use of lubricants for
metal forming is not considered. The parameters that are included in the
health and environmental assessment are described in chapter 3. Based on the
assessment of the individual substance groups, each substance group is as-
signed a health score and an environmental score. The scores are assessed on
the basis of a rating system developed by CETOX (Centre for Integrated En-
vironment and Toxicology). The system was developed as a tool to facilitate
the differentiation between chemical substances and between products with
respect to health and environment. The rating system is described in further
detail below in sections 7.3.1 and 7.3.2.

7.2.1 Assignment of health scores
Table 7.2 shows the rating system for the health assessment of chemical sub-

stances and products. The system was developed based on the EU classifica-
tion system for chemical substances which focuses on the inherent properties
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of substances. The rating system for the health assessment is based on five
health hazard groups.

Group 1 comprises substances with no or few less severe health hazardous
effects. The higher the group, the more serious the health effects are consid-
ered to be. Group 5 comprises substances that may cause the most severe
health effects.

Groups 4 and 5 include only substances classified according to the EU classi-
fication system while groups 1 through 3 include both substances classified
according to the EU classification system and substances for which the docu-
mentation available is too weak to make a proper classification. The latter is
true for group 3 - sensitizing which includes substances for which data is
available that indicate sensitizing effects but not sufficient documentation for
an actual EU classification. This is also the case for group 2 — sensitization
which includes substances for which data is available on a few, isolated cases
of allergy. Finally, substances exhibiting weak to no irritation to skin and eyes
are included in group 1 — irritation.

An additional group, ND, is included in the scoring system. This group com-
prises substances for which no data is available or for which the data available
is insufficient to place the substance in a health hazard group.

If a substance has more than one hazardous property, the most serious one
determines the assignment of the score for that particular substance.

The designations “health hazard group” (group) and “health score (score)
corresponds to each other.
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7.2.2 Assignment of environmental scores

Table 7.3 shows the rating system for the environmental assessment of
chemical substances and products. The system was developed based on the
EU classification system for chemical substances, which focuses on the inher-
ent properties of substances. The rating system for the environmental assess-
ment is based on five health hazard groups.

The following environmental data will typically be available: *ready biode-
gradability under aerobic conditions, *potential for bioaccumulation (deter-
mination of n-octanol/water partition coefficient, log K, or the bioconcen-
tration factor, BCF), *toxicity towards algae, *toxicity towards crustaceans
(Daphnia) and *toxicity towards fish.

The properties marked with an asterisk (*) form part of the basis of the envi-
ronmental hazard assessment of chemical substances according to EU Direc-
tive 67/548/EEC.

The environmental assessment is based on the principles used in relation to
the EU environmental hazard classification and the global classification sys-
tem (OECD 2001). Using the OECD harmonized system for classification of
chemical substances on the basis of their hazard towards the aquatic environ-
ment, the individual substances are given an environmental rating from 1 to 5
(groups 1 to 5), of which 1 is best. The rating is based on the biodegradability
and potential for bioaccumulation of the chemical substances and their toxic
effects on aquatic organisms. The environmental assessment is made for sin-
gle substances, if at all possible, or for groups of substances when similarities
in their chemical structure justify an analogous assessment.

Environ-

mental . Classifi-

hazard Explanations cation

group

1 The substance does not meet any of the above criteria and is not Possibly
assessed to be harmful to the aquatic environment on the basis of the | R52
available investigations

2 Acute aquatic toxicity: EC/LC50 < 1 mg/I. N; R50

2 Substances with low solubility in water, for which data on acute toxic- | R53

ity in concentrations up to the water-solubility are not available and
which are not readily degradable and have a potential for bio-
accumulation (log KOW > 4.0), are given this rating unless other
scientific documentation proves that this is not necessary. Such
documentation may include en experimentally determined bio-
concentration factor (BCF)

<500 or a chronic NOEC > 1 mg/Il or documentation of rapid degra-
dation in the environment

3 Acute aquatic toxicity: 10 mg/l < EC/LC50 < 100 mg/I. R52-53
The substance is not readily degradable and/or the substance has a
potential for bioaccumulation as log Kow > 4.0 unless the experimen-
tally determined bio-concentration factor (BCF)

<500 (unless the chronic NOEC values are > 1 mg/1)

4 Acute aquatic toxicity: 1 mg/l < EC/LC50 < 10 mg/I. N; R51-53
The substance is not readily degradable and/or the substance has a
potential for bioaccumulation as log Kow > 4.0 unless the experimen-
tally determined bio-concentration factor (BCF)

<500 (unless the chronic NOEC values are > 1 mg/I)
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Environ-
mental . Classifi-
hazard Explanations cation
group
5 Acute aquatic toxicity: EC/LC50 < 1 mg/I. N; R50-53
The substance is not readily degradable and/or the substance has a
potential for bioaccumulation as log Kow > 4.0 unless the experimen-
tally determined bio-concentration factor (BCF)
<500
N.D. Available data is inadequate

Table 7.3 Environmental rating system developed by CETOX (Centre for Integrated
Environment and Toxicology).

7.3 Mineral base oils
7.3.1 Function

Mineral base oils enter non-chlorinated as wells as chlorinated lubricants as
lubricant bases (13,14).

7.3.2 ldentification

The base oils are high boiling fractions of crude oil extracted by distillation.
Initially, the crude oil passes through a distillation at atmospheric pressure
followed by a further distillation of the distillation rest in vacuum. A range of
vacuum distillates are produced by this. The distillates are further treated by
solvent extraction and /or hydro-fining in order to increase viscosity index,
enhance the colour and to convert unwanted structures such as unsaturated
hydrocarbons and aromatics to less chemically reactive species. Finally, sol-
vent de-waxing is used to reduce the wax content of the base oils so as to pre-
vent wax crystals forming within the normal working temperature range of the
lubricant. High viscosity grades of lubricating oil base stocks are produced by
solvent de-asphalting of the vacuum residue and subsequent solvent extrac-
tion and/or hydrogenation (15).

All crude oils contain polycyclic aromatic hydrocarbons (PAH). Some of
these are known carcinogens. The content of PAH in the mineral base oil is
primarily dependent on the severity of the refining process, which the oil has
passed through. Severe solvent extraction and/or hydro-treatment substan-
tially reduces the total content of aromatics in the mineral oil including PAH
(15).

Mineral lubricating oils are described as paraffinic or naphthenic depending
on the dominating kind of hydrocarbons. Besides hydrocarbons, the mineral
lubricating oils also contain varying amounts of sulphur, nitrogen and traces
of metals. In the end, the composition of the base oils depends on the origin of
the crude oil and the refining process. The final base oil can be a blend of
lubricant base stocks and additives can be added (15).

Lubricating base oils found in non-chlorinated as wells as in chlorinated lubri-
cants for metal forming are severely refined mineral oils. They include a large
number of different CAS numbers. Table 7.4 states the CAS numbers which
are included in the health and environmental assessment of mineral base oils.



Substance name CAS number
White mineral oil (petroleum) 8042-47-5
Residual oils (petroleum), solvent de-asphalted | 64741-95-3
Distillates (petroleum), hydro-treated heavy 64742-52-5
naphthenic

Distillates (petroleum), hydro-treated light 64742-53-6
naphthenic

Distillates (petroleum), solvent-de-waxed light 64742-56-9
paraffinic

Distillates (petroleum), hydro-treated heavy 64742-54-7
paraffinic

Residual oils (petroleum), solvent-de-waxed 64742-62-7
Paraffin oils (petroleum), catalytic de-waxed 64742-70-7
heavy

Lubricating oils (petroleum), C17-32, solvent- 101316-70-5
extd., de-waxed, hydrogenated

Lubricating oils (petroleum), C20-35, solvent- 101316-71-6
extd., de-waxed, hydrogenated

Lubricating oils (petroleum), C24-50, solvent- 101316-72-7
extd., de-waxed, hydrogenated

Table 7.4 Chemical names and CAS Nos. of substances included in the health and envi-
ronmental assessment of mineral base oils.

7.3.3 Physical/chemical data

Mineral lubricating oils are complex mixtures of hydrocarbons. They are
composed of varying amounts of paraffins, naphthenes and aromates. The
number of carbon atoms in the single molecules varies from 15 to 30. The
boiling point of the oils ranges from 300 to 600°C. Mineral base oils have low
vapour pressures at room temperature and very low solubility in water
(15,16).

7.3.4 Health assessment
Acute toxicity

Highly refined mineral base oils have low acute toxicity by ingestion and skin
contact. As an example, LD, (oral, rat) > 5000 mg/kg bw for distillates (pe-
troleum), hydro-treated heavy naphthenic (CAS No. 64742-52-5), and LD,
(skin, rabbit) > 2000 mg/kg bw for CAS No. 64742-52-5 (16). There are
only few data regarding exposure by inhalation. These data indicate low acute
toxicity also by this route. LC,, (rat, 4 hours) > 4 mg/l for residual oils (petro-
leum), solvent deasphalted (CAS No. 64741-95-3) (16).

Irritation

Based on animal tests and experience from the working environment, highly
refined mineral base oils are in general not more than slightly irritating to skin
and eyes (16). Repeated and prolonged exposure to mineral oils may degrease
the skin and cause dermatitis and oil acne (17).

Sensitization

Highly refined mineral base oils exhibit a low potential for skin sensitization
by standard test in guinea pigs and by experience from humans. No data is
available on sensitization by respiration, but it not considered relevant consid-
ering absence of sensitizing potential by skin contact and general experience
from the working environment (15,16).
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Repeated dose toxicity

There are no data for the relevant mineral oils on toxicity by repeated oral
exposure.

Highly refined mineral base oils exhibit low toxicity by repeated exposure to
skin. In a standard test, rabbits were exposed five days a week for four weeks
of doses not exceeding 1000 mg/kg bw of five different paraffinic oils covered
by CAS Nos. 64742-56-9, 101316-70-5, 101316-71-6, 101316-72-7 and
64742-62-7. Minor dermal irritation was observed following prolonged expo-
sure but there were no treatment related effects observed by necropsy or clini-
cal observations and no effects on body weight. NOAEL (No Observed Ad-
verse Effect Level) for all five oils > 1000 mg/kg bw (16).

In another study, rabbits were exposed to two highly refined naphthenic base
oils three times a week for four weeks at doses of 200, 1000 and 2000 mg/kg
bw distillates (petroleum), hydro-treated light naphthenic (CAS No. 64742-
53-6) and distillates (petroleum), hydro-treated heavy naphthenic (CAS No.
64742-52-5). There were no deaths, and minimal to moderate irritation in
dose groups. Erythema and flaky skin were observed in all dose groups, oe-
dema in medium and high dose groups, and statistically significant lower
overall body weight gain were observed in medium and high dose groups.
NOAEL > 200 mg/kg bw (16).

The dominating effect of repeated skin exposure to highly refined mineral oils
in animal test is slight to moderate skin irritation (15).

There exists only a few data on effects of highly refined mineral oils by re-
peated exposure by inhalation. These indicate low toxicity.

In a study consistent with OECD Guideline 412, rats were exposes to aerosol
concentrations of 50, 210 or 1000 mg/m® of one of three different highly re-
fined mineral oils (CAS No. 64742-70-7, 64742-54-7, 8042-47-5). The ex-
posure period was 6 hours/day, 5 days/week for four weeks. Body weights and
clinical signs were not affected by treatment. A dose dependent increase in
wet lung weight and dry/wet lung weight ratio was observed. This was associ-
ated with accumulations of foamy alveolar macrophages in the lung tissue
(16).

In another study with rats consistent with OECD Guideline 412, a two week
exposure, 6 hours per day for 10 days of 55, 507 or 1507 mg/m’, resulted in
treatment-related clinical signs of central nervous system and dermal effects at
>500 mg/m® (16).

Carcinogenicity

All mineral base oils in the proposed non-chlorinated lubricants are highly
refined mineral oils with a content of PAH measured by DMSO extraction
(1P 346) less that 3 % by weight (Concawe, 1994, IP , 1993). Several skin
painting studies in mice show that mineral oils with a PAH content measured
by DMSO below 3 % are not carcinogenic by skin contact (15,16).

There are very few data regarding the carcinogenicity of highly refined min-
eral oils by oral exposure and inhalation. These data indicate, that the mineral
oils are not carcinogenic by these exposure routes (15).



Genotoxicity

Similar to carcinogenicity of mineral oils, a connection is observed between
genotoxic effects of the oils and the content of PAH. Highly refined mineral
base oils with a low content of PAH below 3 % (measured by DMSO-
extraction) do not exhibit mutagenic effects in various standard test systems
(15,16).

Reproductive toxicity
Very few data exist on effects of mineral base oils on reproduction and the
developing foetus. In a study, rats were dermally exposed to one of three

highly refined mineral oils from day 0-19 of gestation at levels up to 2000
mg/kg/day. No abnormal development was observed in the offspring (15).

Health rating

Mineral oils entering into proposed non-chlorinated lubricants are assigned
health score 1.

7.3.5 Environmental assessment
Aquatic toxicity

The few data available show that mineral base oils have a low toxicity towards
aquatic organisms. Available LC50 values are above 1000 mg/I.

Distillates (petroleum), hydro-treated light naphthenic (CAS No. 64742-53-
6) have an LC50(48h) towards Daphnia magna above 1000 mg/l (tested on
the water accommodated fraction (WAF)). A WAF can be made by rapid
stirring, ultra sound or other ways to ensure maximum concentration of test
substance in the water fraction. The test period was 21 days with WAF re-
placement every 3 days. No effects were observed.

The European Oil Industry Association (CONCAWE) refers in its report No.
01/54 similar results from short-term as well as long-term testing (15).

Environmental fate

All referred tests showed that base oils are not readily biodegradable, e.g., dis-
tillates (petroleum), hydro-treated heavy naphthenic (CAS No. 64742-52-5)
with 6% degradation in 28 days (OECD 301 B) (16). Similar results were
found for other base oils.

Bioaccumulation

All base oils contain compounds with log P, > 4 indicating that bioaccumu-
lation may be a potential concern (16).

Environmental rating

Based on the sparse available data on this large group of substances, base oils
are assigned environmental score 2.
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7.4 Calcium sulphonates (*over-based”)
7.4.1 Function

The function of sulphonates in metal working lubricants is primarily as ex-
treme pressure additives. In addition, they act as metallic dispersants and cor-
rosion inhibitors. Sulphonates may occur in the lubricant in such high
amounts, that they also partly make up the lubricant base (13,14,18).

7.4.2 ldentification

Sulphonates are produced by neutralization of a sulphonic acid group with a
metallic base — a divalent metal oxide (MO) or a divalent metal hydroxide
(MOH). By this process, a salt is formed.

R-SO,H + MO or MOH — R-SO,M + H.O

R represents an organic radical. The radical can be a straight-chained or
branch-chained alkyl group or alkaryl group.

There are two types of commercial sulphonates: petroleum sulphonates and
synthetic sulphonates.

Formerly, petroleum sulphonates were by-products of the sulphonic treat-
ment of oil fractions in the manufacture of white oils. Currently, with the high
demand for detergent oils, sulphonates rather than white oils have become the
principal product. The structure of the organic portion of petroleum sulpho-
nates are not completely known. Depending on the crude oil source, the struc-
ture can have varying aliphatic, naphthenic, and aromatic hydrocarbon
groups.

Synthetic sulphonates are metal salts of acids produced from the sulphonation
of alkylated aromatics by reaction with sulphur trioxide. In many cases, syn-
thetic sulphonates are derivates of benzene with long alkyl substitutes. The
structure is illustrated below in Fig 7.1, where R and R’ are aliphatic radicals
with a combined number of carbon above 20.

R

SO; M

R‘
Fig. 7.1 Synthetic sulphonate. R and R’ are aliphatic radicals with a combined number
of carbon above 20.

The molecular weight of the organic radical in commercial sulphonates is 350
or more. The radical is considered necessary for the oil solubility of the
sulphonate. The metal ion in the sulphonates, which are used as extreme pres-
sure additive in metal working lubricants, is most often calcium, however it
can also be sodium or magnesium. Oil soluble sulphonates containing metal in
excess of the stoichiometric amount are called over-based sulphonates. The
advantage of over-based sulphonates is a greater ability to neutralize acidic
bodies in addition to serving as dispersant for contaminants (18,19,20).



Calcium sulphonates in the non-chlorinated lubricants for metal forming are
mixtures of petroleum sulphonates and synthetic sulphonates. They are over-
based. Calcium sulphonates include a large number of different CAS num-
bers. Comparable substances can be sulphurized detergents as long chained
alkyl phenols and alkylbenzenes, which are included in the environmental as-
sessment.

Table 7.5 states the CAS numbers of substances which are included in the
health and environmental assessment of the over-based calcium sulphonates.

Substance name CAS number
Sulphonic acids, petroleum, calcium salts 61789-86-4
2-Methyl-1-propene, sulphurized 68511-50-2
Sulphonic acids, petroleum, calcium salts, over- | 68783-96-0
based

Dodecyl phenol, sulphurized, carbonates, cal- 68784-26-9
cium salts, over-based

Benzenesulphonic acid, mono-C16-24-alkyl 70024-69-0
derives., calcium salts

Benzenesulphonic acid, mono-C19-28-alkyl 70024-72-5
derives., calcium salts, over-based

Benzene, C9-13-alkyl derivs., distn., residues, 97675-24-6

sulphonated, calcium salts

Benzenesulphonic acid, C14-44-branched alkyl 91696-70-7
derives., calcium salts, over-based

C14-C24 alkaryl calcium salt, over-based deriva- | 115733-09-0
tive

Table 7.5 Chemical names and CAS Nos. of substances included in the health and envi-
ronmental assessment of calcium sulphonates, over-based.

7.4.3 Physical/chemical data

Over-based calcium sulphonates are dark coloured viscous liquids with very
high boiling points (> 500°C), high flash points (> 180°C), low vapour pres-
sures (< 0.001 hPa at 20°C) and low solubility in water (20,21).

7.4.4 Health assessment

There are very few data on sulphonates in common toxicological literature.
The health assessment of over-based calcium sulphonates is thus based on
information retrieved from suppliers and on the internet.

Acute toxicity

Calcium sulphonates exhibit low acute oral and dermal toxicity in animal
studies. LD, (rat, oral) > 5.000 mg/kg sulphonic acids, petroleum, calcium
salts (CAS No. 61789-86-4), sulphonic acids, petroleum, calcium salts, over-
based (CAS No. 68783-96-0), C ,-C,, alkaryl calcium salt, over-based deriva-
tive (CAS No. 115733-09-0) (20). LD,, (rabbit, dermal) > 2000 — 5000
mg/kg (16). Limited data indicate that calcium sulphonates (sulphonic acids,
petroleum, calcium salts, over-based (CAS No. 68786-96-0)) also exhibit low
acute toxicity by inhalation (16,21).

Irritation
Over-based calcium sulphonates (sulphonic acids, petroleum, calcium salts,
over-based (CAS-Nr. 68783-96-0)) do not exhibit irritating potential towards

skin and eye in standard tests with rabbits (16). There are no data on irritation
to respiratory organs.
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Sensitization

An over-based calcium sulphonate (sulphonic acids, petroleum, calcium salts,
over-based (CAS No. 68783-96-0)) did not exhibit a sensitizing potential in
the Guinea Pig Maximization test (16). There are no data available regarding
sensitization towards respiratory organs.

Repeated dose toxicity

Data on effects by repeated exposure indicates low toxicity of calcium sul-
phonates. In a four weeks study (OECD 407), rats were orally exposed to a
C,,.,,- alkaryl calcium sulphonate (Benzenesulphonic acid, mono-C _,-alkyl
derives, calcium salt (CAS No. 70024-69-0)) at dose levels of 100, 500 and
1000 mg/kg/day. Decreased serum cholesterol was observed at 1000
mg/kg/day. NOAEL was 500 mg/kg bw/day in this study (20).

In another four weeks study (OECD 410), rats were dermally exposed to an
over-based calcium sulphonate (sulphonic acids, petroleum, calcium salts,
over-based (CAS No. 68783-96-0)) at dose levels of 100, 300 and 1000
mg/kg/day 6 hours/day and under occlusion. A low incidence of erythema,
desquamation and scabbing was sporadically observed in treated animals. The
NOAEL was estimated at 1000 mg/kg/day in this study (20).

In a four weeks inhalation study with rats (OECD 412), the animals were
exposed to an over-based calcium sulphonate (CAS No. 68783-96-0) in con-
centrations of 49.5, 156 and 260 mg/m’ respectively. Signs of toxicity includ-
ing adverse effects on lungs were observed at the two highest dose levels.
NOAEL was 49.5 mg/m® in this study (20).

Data from standard tests in different cell systems for CAS No. 68783-96-0
and CAS No. 70024-69-0 indicate that calcium sulphonates do not exhibit
genotoxic properties (20,21).

Reproduction toxicity and carcinogenicity

There are no data for the assessment of the reprotoxic and carcinogenic po-
tential of calcium sulphonates.

Health rating

On behalf of the available data, over-based calcium sulphonates are assigned
health score 1.

7.4.5 Environmental assessment

Aquatic toxicity

Only few data were available on ecotoxicity and they mainly indicate low tox-
icity towards aquatic organisms with EC/LC50 values above 1000 mg/l. How-
ever, higher toxicity, EC/LC50 below 1000 mg/l, has been referred for the

following substances:

e Sulphonic acids, petroleum, calcium salts, over-based (CAS No. 68783-
96-0) have a LC50(96h) towards Pimephales promelas of 40 mg/l (16).



Benzenesulphonic acid, mono-C19-28-alkyl derivatives, calcium salts,
over-based (CAS No. 70024-72-5) have LC50(96h) values towards
Pimephales promelas of 15-25 mg/l (16).

Dodecyl phenol, sulphurized, carbonates, calcium salts, over-based (CAS
No. 68784-26-9) have a LC50(96h) towards Pimephales promelas of 72.3
mg/l and a LC50(48h) towards Daphnia magna of 4.9 mg/l (16).

Benzenesulphonic acid, C14-44-branched alkyl deriv, calcium salts, over-

based (CAS No. 91696-70-7) have a LC50(96h) towards Pimephales
promelas of 118 mg/l (16).
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Environmental fate

Two tests are referred and demonstrate that sulphonated petroleum is not
readily biodegradable. A test for ready biodegradability (OECD 301 B) with
sulphonic acids, petroleum, calcium salts, over-based (CAS No. 68783-96-0)
and benzene, C9-13-alkyl deriv., distu. ,residues, sulphonated, calcium salts
(CAS No 97675-24-6) showed 16% degradation in 28 days (16). The two
tests refer the same result and it is not possible determine whether one or two
tests have actually been made.

Bioaccumulation

No test data on sulphonated petroleum substances are referred. QSAR calcu-
lations of log P, show that sulphonated petroleum products contain com-
pounds with log P, > 4 indicating that these substances are potentially bioac-
cumulative.

Environmental rating

Based on the sparse available data on this large group of substances, sulpho-
nated petroleums and related substances are assigned environmental scores 2-
4. In general, these substances are scored 2 as they are not readily biodegrad-
able, they contain compounds with log P, > 4 and the EC/LC50 values are
above 100 mg/l. Some sulphonated petroleum substances are, however, more
toxic and will be scored 3 or 4.

7.5 Alkyl sulphides (polysulphides)
7.5.1 Function

Alkyl sulphides (also named polysulphides) are added to metal forming lubri-
cants as extreme pressure additives (13,22).

7.5.2 ldentification

The molecular structure of polysulphides are R-[S] -R, where x > 2, and R are
organic radicals (23). In alkyl sulphides, the R is linear or branched alkyl
groups. Alkyl sulphides entering into non-chlorinated lubricants for heavy-
duty metal working are generally of the type di-tertiary alkyl polysulphides.
Di-tertiary alkyl pentasulphides are dominating. This implies that the average
number of sulphur atoms in the molecules is five, however the number varies
between two and five (23,24).

Dialky! polysulphides are manufactured by reacting corresponding thiols with
sulphur: 2 R-SH + S —» R-S -R (22).

Figure 7.2 gives an example of the chemical structure of a dialkyl polysulphide
commonly entering non-chlorinated lubricants as an EP additive.



y Sx

Fig. 7.2 The chemical structure of the polysulphide; sulphurized trimethyl pentane

x=4-5 y=1

(CAS No. 68515-88-8).

Table 7.6 states the CAS numbers of substances which are included in the
health and environmental assessment of the substance group alkyl sulphides.

Substance name CAS number
Di(tert-dodecyl) pentasulphide 31565-23-8
1-(Tert-dodecylthio)propan-2-ol 67124-09-8
Di-tert-dodecyl polysulphides 68425-15-0
Di-tert-nonyl polysulphides 68425-16-1
Sulphurized 2-methyl-1-propene 68511-50-2
Sulphurized 2,4,4-trimethyl pentene 68515-88-8
Di-tert-butyl polysulphides 68937-96-2

Table 7.6 Chemical names and CAS Nos. of substances included in the health and envi-
ronmental assessment of alkyl sulphides.

7.5.3 Physical/chemical data

Di-tertiary alkyl polysulphides are clear, yellow liquids at room temperature.
They have high boiling points (> 200°C) relatively high flash points (85°C —
150°C) and low vapour pressure (< 0.1 hPa at 20°C). They are virtually in-
soluble in water (16).

7.5.4 Health assessment

There are few toxicological data available on alkyl sulphides in literature and
data bases. In addition to these data, the health assessment of the alkyl
sulphides is also based on information from suppliers of dialkyl polysulphides
used as extreme pressure additive in metal forming lubricants.

Acute toxicity

Dialkyl polysulphides exhibit low acute toxicity by ingestion and skin contact.
Acute oral toxicity data for di(tert-dodecyl) pentasulphide (CAS No. 31565-
23-8) was: LD, (mouse, oral) > 20000 mg/kg and LD, (rat, dermal) > 2000
mg/kg (16). LD, (rat, oral) > 5000 mg/kg for di-tert-butyl polysulphides
(CAS No. 68937-96-2) (16). LD, (rat, oral) was 19500 mg/kg and LD,
(rabbit, dermal) > 2000 mg/kg for di-tert-nonyl polysulphides (CAS No.
68425-16-1) (16).

Toxicity by inhalation is considered less relevant for the alkyl sulphides in
focus due to very low vapour pressures. However, data on acute toxicity by
inhalation for three di-tertio-alkyl polysulphides indicate low to moderate tox-
icity by this exposure route. LC,, (rat, 4 hours aerosol exposure) > 15.5 mg/I
for di-tert-nonyl polysulphides (CAS-No., 68425-16-1) (25). LC,, (rat, expo-
sure period not stated, aerosol exposure) > 5,6 mg/l for male rats and equal to
2.17 mg/l for female rats for sulphurized 2,4,4-trimethyl-pentene (CAS No.
68515-88-8). No treatment-related gross lesions were observed in surviving
rats (26). LC,, (rat, 4 hours vapour exposure) > 0.39 mg/l for sulphurized 2-
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methyl-1-propene (CAS No. 68511-50-2). No significant clinical signs were
observed after initial post-exposure observations at any dose level. No treat-
ment-related macroscopic or microscopic findings were observed (26).

Irritation

Di-tertiary alkyl polysulphides (CAS Nos. 31565-23-8, 68937-96-2, 68425-
15-0, 68425-16-1 and 68515-88-8) cause in general not more that slight irri-
tation to skin and eyes in standard tests (16). However a single compound
(CAS no. 68937-96-2) is stated to be irritating to skin in a study with rabbits
(27). The study is not specified in further details. There are no data on the
irritating potential of ditertiary alkyl polysulphides towards respiratory organs.

Sensitization

There are varying data regarding the sensitizing potential of dialkyl poly-
sulphides by skin contact.

The skin sensitizing potential of di-tert-butyl polysulphides (CAS No. 68937-
96-2) was tested in the Guinea pig maximization. The result of the test was
ambiguous, as the material (5 % solution in mineral oil) appeared to be a sen-
sitizer at challenge, but not at re-challenge (16). A supplier states that the
same CAS No. provoked sensitization in another test with Guinea pigs. There
are no further details regarding this study (27). The supplier classifies the
polysulphide as sensitizing by skin contact (Xi;R43) in accordance with EU
regulations on classification and labelling of dangerous substances and prepa-
rations (27).

Di-tert-nonyl polysulphides, (CAS No. 68425-16-1) is also stated to be sensi-
tizing by skin contact by a supplier. Test data are not further specified (25).

Di-tert-dodecyl polysulphides (CAS No, 31565-23-8) was examined in a
standard test with Guinea pigs performed in accordance with the maximiza-
tion method established by Magnusson and Kligman, the OECD 406 and
GLP. After challenge the substance caused an a-specific, weak skin irritation
in 4 of 20 animals. It was concluded in the study, that the substance may have
a weak skin sensitizing potential (16).

Repeated dose toxicity

B: In a 28-day study, rats were daily exposed to di-tert-dodecyl penta-
sulphides, (CAS No. 31565-23-8) by gavage at dose levels of 0, 50, 250 or
1000 mg/kg bw/day. There was a post observation period of two weeks. No
treatment related deaths occurred. Salivation was observed in all animals in
the highest dose group only during the treatment period. No treatment-related
effects were observed on the mean food consumption, the body weight gain,
the haematological and blood biochemical parameters, the urine analysis, the
organ weights, and the macro- and microscopic examinations. NOAEL was
defined as 1000 mg/kg/day in this study (28).

In another 28-day study with rats orally exposed to 1-(tert-dodecylthio) pro-
pan-2-ol (CAS No. 67124-09-8) at dose levels of 100, 300 or 1000
mg/kg/day, gross and microscopic observations at study termination showed
alterations in kidneys and liver. The effects in liver are considered an adaptive



response and the effects on kidney are not considered relevant to humans
(26).

A: Four sub-chronic dermal toxicity studies (in rats or rabbits) have been
conducted with either sulphurized 2-methyl-1-propene (CAS No. 68511-50-
2) or sulphurized 2,4,4-trimethyl pentene (CAS No. 68515-88-8). The pre-
dominant effect observed was dermal irritation at the site of the test material
administration. The lowest reported NOAEL was 50 mg/kg bw/day for a 13-
week rat dermal study with sulphurized 2-methyl 1-propene (CAS No.
68511-50-2) at dose levels of 10, 50, 100, 250, 500 or 2000 mg/kg bw/day. In
this study, a decrease in red blood cell number, an increase in neutrophils and
an increase in spleen size and pigments in spleen were observed at 250 mg/kg
bw/day and above, in addition to a decreased body weight gain in males. At
100 mg/kg/day and above, an increased production of white blood cells in
spleen and bone marrow was observed. There is no information on whether
these observed effects were reversible at cessation of exposure (26).

C: A 28-day inhalation study in rats has been conducted with sulphurized
2,4, 4-trimethyl pentene (CAS No. 68515-88-8) at dose levels of 15, 50 or
150 mg/m°. At dose levels of 15 mg/m’ and above there was a trend toward
lower body weight gain (all males and two highest doses in females); increased
kidney weights (males only); globular casts and hyaline droplets in the proxi-
mal tubule cells of the kidney (all males and recovery high dose males); in-
creased liver weight (high dose males and females and mid-dose males). At
150 mg/m® a decrease in hemoglobin concentration was observed. The
NOAEL was < 15 mg/m’. Effects on the liver are considered to be adaptive
responses and the effects on rat kidneys are not considered relevant to hu-
mans (26).

Thus the available data on alkyl sulphides indicate moderate toxicity by re-
peated exposure.

Genotoxicity

There are data on genotoxic potential for several dialkyl polysulphides.

CAS No. 68425-15-0, 68425-16-1, 31565-23-8 and 68937-96-2 did not ex-
hibit a genotoxic potential in a standard bacterial gene mutagenicity test
(Ames test), with and without metabolic activation or standard chromosomal
aberration test in human lymphocytes (16,25,28).

In another study of gene mutations of sulphides and polysulphides in the
mouse lymphoma assay, di-tert-nonyl polysulphides (CAS No. 68425-16-1)
produced a clear, dose-dependent mutagenic response while its homologue,
di-tert-dodecyl polysulphides (CAS No. 68425-15-0) was inactive. Only the
non-activated portions of the test was performed. The results of the total
study suggest that the mutagenic species may be the hydrosulphide ion. Thus,
the relatively stable alkyl mono- and disulphides are inactive, while the more
easily hydrolized sodium sulphide and di-tertiary-nonyl polysulphide are mu-
tagenic (29).

No further data is available, including tests for chromosome aberrations. The
mutagenicity of dialkyl polysulphides has not been fully investigated. To-
gether, there are discrepancy regarding mutagenicity data for di-tert-nonyl
polysulphides (CAS No. 68425-16-1), while data for the remaining poly-
sulphides indicate non-genotoxicity.
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Reproduction toxicity

There are test data on effects on prenatal development for a single compound
di-tert-dodecyl polysulphides (CAS No. 31565-23-8). In a standard study
(OECD 414), rats were exposed by oral route from day 6 to day 15 of preg-
nancy to dose levels of 0, 50, 250 and 1000 mg/kg/day of the polysulphide.
On day 20, dams were sacrificed, litter values determined and foetuses subse-
qguently examined for visceral or skeletal anomalies. No treatment-related ef-
fects were observed on the clinical signs, mortality, abortions or total re-
sorption, food consumption, body weight gain, macroscopic findings, post-
implantation loss, number of live foetuses per animal, foetal body weight, ex-
ternal anomalies or malformations, soft tissue malformations or anomalies,
skeletal malformations, anomalies and variations. The maternal and foetal
NOAEL was 1000 mg/kg/day in this study(30).

Carcinogenicity
There are no data on the carcinogenic potential of polysulphides.
Health rating

Di-tert-dodecyl polysulphides and di-tert-dodecyl pentasulphides (CAS Nos.
68425-15-0 and 31565-23-8) are assigned health score 1 based on the avail-
able data. Sulphurized 2,4,4-tri-methyl pentene (CAS No. 68515-88-8) is
assigned health score 2 due to acute toxicity by inhalation (LC,, for female
rats was 2.17 mg/l). Di-tert-nonyl polysulphides (CAS No. 68425-16-1) is
assigned health score 4 due to a skin sensitizing potential. Di-tert-butyl poly-
sulphides (CAS No. 68937-96-2) is assigned health score 4 due to a skin irri-
tating and sensitizing potential. Sulphurized 2-methyl 1-propene (CAS No.
68511-50-2) is assigned health score 1 -2 due to data which may indicate a
health hazard by repeated exposure to skin. In conclusion, the health score of
the polysulphides in focus varies from 1 to 4 based on sparse data.

7.5.5 Environmental assessment

Polysulphides are a large group of chemicals and only few environmental data
are available.

Aquatic toxicity

Of the few available data, most indicate low toxicity towards aquatic organ-
isms with EC/LC50 values above 1000 mg/l. However, EC/LC50 values be-
low 100 mg/L are not unusual either. Toxicity tests with EC/LC50 values
below 100 mg/l are referred for di-tert-butyl polysulphides (CAS No. 68937-
96-2) with an EC50(96h) towards Selenastrum capricornutum (now Pseu-
dokirchneriella subcapitata) of 29-39 mg/l and di(tert-dodecyl) pentasulphide
(CAS No. 31565-23-8) with an LC50(24h) towards Daphnia magna of 0.449
mg/l (16).

Environmental fate
Only one test concerning biodegradation is available for di(tert-dodecyl) pen-

tasulphide (CAS No. 31565-23-8) demonstrating 0% biodegradation after 28
days (Closed Bottle test) (16).



Bioaccumulation

No experimental data are available. QSAR calculations with the online estima-
tion program KowWin (100) state log P, values above 4 for pentasulphides,

e.g.:

e Di-tert-butyl polysulphides, (CAS No. 68937-96-2): Log P, 4.82
e Di-tert-nonyl polysulphides, (CAS No. 68425-16-1): Log P, 9.51
e Di(tert-dodecyl) pentasulphide (CAS No. 31565-23-8): Log P, 12.46

Based on calculated log P, values, it is assessed that pentasulphides bioac-
cumulate in aquatic organisms.

Environmental rating

Based on the sparse available data on this large group of substances and on
additional secondary data from material safety data sheets, in which some
products are classified N;R50/53 or N;R51/53, polysulphides are assigned
environmental scores 3, 4 or 5.

7.6 Vegetable and animal oils
7.6.1 Function

Natural oils of animal and vegetable origin enter lubricants for metal working
as lubricity improving additives (polar additives) and as lubricant bases (14).

7.6.2 ldentification

Rape oil and lard oil are the most frequent used oils in metal working lubri-
cants. Also used are, however, soybean oil, palm oil, palm kernel oil and castor
oil. Pure fatty acids extracted from the natural oils may also enter metal work-
ing lubricants. In addition, different types of modified natural oils including
hydrogenated, polymerized and epoxidized oils are used.

7.6.3 Physical/chemical data
The oils are liquids or solids at room temperature (16). In general, they have

high boiling points (> 200°C), high flash points (> 200°C), low vapour pres-
sures and very low solubility in water (16,31,32).
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Table 7.7 states the CAS numbers of substances which are included in the
health and environmental assessment of the substance group vegetable and
animal oils.

Substance name CAS number
Linoleic acid 60-33-3
Oleic acid 112-80-1
Erucic acid 112-86-7
1,2,3-Propanetriyl trioleate 122-32-7
Rape oil 8002-13-9
Soybean oil, epoxidized 8013-07-8
Lard oils 8016-28-2
Tallow, hydrogenated 8030-12-4
Tallow 61789-97-7
Fatty acids, tall-oil, low-boiling 65997-03-7
Fatty acids, rape-oil 85711-54-2

Table 7.7 Chemical names and CAS Nos. of substances included in the health and envi-
ronmental assessment of vegetable and animal oils.

7.6.4 Health assessment

Rape oil and lard oil are assessed here in a health context as representatives of
the vegetable and animal oils group.

7.6.4.1 Rape oil

Rape oil (CAS No. 8002-13-9) is obtained from several species of the cruci-
ferous genus Brassica. The oil is separated either by solvent extraction or by
cold or hot pressing. Cold-pressed rape oil is used for edible purposes whereas
refined oil is used as a lubricant. (33) Rape oil consists primarily of triglyc-
erides of the fatty acids linoleic, oleic and erucic acid (34).

Physical/chemical data

Rape oil is a yellow, oily liquid with a high boiling point (> 350°C), a high
flash point (> 300°C), a low vapour pressure (< 1 mbar (20°C) and it is in-
soluble in water (35).

Health assessment

It is well-known that high-erucic acid rape oil causes necrosis in the heart
muscle by repeated ingestion (36) and today high-erucic acid rapeseed oil is
produced only in small quantities for industrial non-food use. Rape oil for
human consumption usually contains less that 2 % erucic acid (CAS No. 112-
86-7) in the EU countries (37). Due to this effect of erucic acid, cultivation of
rape variants containing a low content of erucic acid now prevails. Rape oil
for human consumption may not contain more than 2 % erucic acid. Indus-
trial oils may have higher contents (37).

Acute toxicity

There are no animal test data for rape oil in standard toxicological literature
and databases. Fatty acids of rape oil exhibits very low acute toxicity by inges-
tion and skin contact. For oleic acid (CAS No. 112-80-1), LD, (rat, oral) is
64000 — 74000 mg/kg bw and LD, (Guinea pig, dermal) > 3000 mg/kg (16).
Rape-oil fatty acids (CAS No. 85711-54-2) typically contains 9 — 25 % of
oleic acid. Toxicity by inhalation is considered of minor relevance due to the
very low vapour pressure.




Irritation

There are several studies with rabbits and humans of the skin irritating poten-
tial of rape oil fatty acids (CAS No. 85711-54-2). In general, oleic acid (CAS
No. 112-80-1), linoleic acid (CAS No. 60-33-3) and erucic acid (CAS No.
112-86-7) caused no or slight to moderate irritation (16). However, there is
no indication that the fatty acids occurring as triglycerides in rape oil causes
irritation (35). Rape oil is used as a skin conditioning agent in cosmetic (38).

Fatty acids of rape oil (oleic acid CAS No. 112-80-1, linoleic acid CAS No.
60-33-3 and erucic acid CAS No. 112-86-7) caused slight irritation in rabbit
eyes (16).

Sensitization

Oleic acid (CAS No. 112-80-1) did not provoke sensitization in a standard
sensitization test with Guinea pigs. Rape-oil fatty acids (CAS No. 85711-54-
2) typically contain 9 — 25 % of oleic acid (16).

Repeated dose toxicity

As mentioned above, it is well-documented in animal studies that rape oil with
a high content of erucic acid causes necrosis in the heart muscle (36). The

NOAEL value for this effect has been estimated at 95 mg/kg bw in a two-year
feeding study with rats given rape oil fatty acids (CAS No. 85711-54-2) (16).

In a 24-week study, rats were exposed to oleic acid (CAS No. 112-80-1) in
the diet at a dose level of approximately 7500 mg/kg bw/day. The content of
erucic acid was not stated. Normal growth and general good health was re-
ported. The NOAEL was estimated at > 7500 mg/kg bw/day. Rape-oil fatty
acids (CAS No. 85711-54-2) typically contain 9 — 25 % of oleic acid (16).

Genotoxicity

The mutagenicity of oleic acid (CAS No. 112-80-1) has been tested in several
laboratory mutagenicity tests, some with and without metabolic activation,
with negative result. Thus, there is no indication of genotoxic effects. Rape oil
fatty acids (CAS No. 85711-54-2) typically contain 9 — 25 % oleic acid (16).

Carcinogenicity

The carcinogenic potential of oleic acid by oral and dermal exposure has been
studied in several studies in rats and mice exposed to rape oil fatty acids. The
results of these studies indicate that rape oil fatty acids including oleic acid
(CAS No. 112-80-1) do not posses a carcinogenic potential (16).

Reproduction toxicity

In a 16-week study, rats were orally fed to 7500 mg/kg bw/day of oleic acid
(CAS No. 112-80-1) in the diet. Rape-oil fatty acids typically contain 9-25 %
oleic acid. There are no further details on test conditions. No adverse effects
on fertility were observed in male rats, however the exposure appeared to im-
pair the reproductive capacity in female rats by interfering with parturition
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and mammary gland development. Mortality in the offspring was increased
(16).

There was no evidence of maternal or foetal toxicity and no teratogenicity was
observed in an older study with rats dermally exposed to 2000 mg/kg of a hair
dye formulation containing 15 % oleic acid (CAS No. 112-80-1) every third
day during pregnancy until day 19 of gestation. Rape oil fatty acids (CAS No.
85711-54-2) typically contains 9 - 25 % oleic acid (16).

In an older study, rats were fed 10 or 30 % erucic acid (CAS No. 112-86-7)
in the diet between 9-45 weeks for male and 9-28 weeks for female rats in a
pre-mating exposure period. Rape oil fatty acids (CAS No. 85711-54-2) may
contain 30 - 60 % erucic acid. Male rats fed 10 % became completely sterile
after 5 months due to degeneration of testes tissue and failure of spermato-
genesis. The female fertility was also affected. There was impairment of par-
turition, a high mortality rate in offspring and surviving pups were under-
weight due to deficient mammary gland development and lactation. Recovery
of fertility of rats returned to the stock diet proceeded slowly and may be lim-
ited. The rats were otherwise healthy and vigorous and there were no lesions
in organs other than those of reproduction. Rats fed 30 % erucic acid in the
diet for 5 months suffered only a temporary retardation in growth rate and
thereafter remained healthy and continued to grow at a normal rate (16).

Health rating — rape oil

Rape oil and the fatty acids oleic and linoleic acid occur naturally in human
diets in substantial amounts. Low-erucic acid rape oil is based on animal test
data for rape oil acids and general human experience assigned health score 1.
High-erucic acid rape oil is assigned health score 5 due to the effects on the
heart muscle and fertility by repeated exposure.

7.6.4.2 Lard oil

Lard oil (CAS No. 8016-28-2) is of animal origin. It is extracted by fractional
crystallization and cold pressing of lard. The main constituent in lard oil is the
triglyceride olein (CAS No. 122-32-7). Minor constituents are glycerides of
solid fatty acids, e.qg. stearin (39),(40).

There are very few data on lard oil in toxicological standard literature and
databases. Therefore, the health assessment of lard oil is thus based on sup-
plier data, long term experience and data for the main ingredient olein (CAS
No. 122-32-7) and tallow (CAS No. 61789-97-7) resembling the composi-
tion of lard oil to a high degree (40).

Acute toxicity

The acute toxicity of lard oil by ingestion is low. LD, (rat) > 2000 mg bw/kg
(41). The corresponding LD, for tallow is > 18.000 mg/kg (16). LD,, (oral,
rat) for the fatty acid of olein, oleic acid (CAS No. 112-80-1) is 64000 —
74000 mg/kg bw and LD, (Guinea pig, dermal) > 3000 mg/kg (16).

There is no further animal test data available on lard oil.

Genotoxicity



A standard mutagenicity test (Ames test) with tallow oil (CAS No. 61789-97-
7) indicates that tallow oil does not possess genotoxic properties (16).

Carcinogenicity

Carcinogenicity studies in rats, mice and hamsters of minor reliability indicate
that a life time high fat intake or an intake of heated fat may have a tumour
promoting effect in the experimental animals (16). The studies are considered
of less relevance in this context due to very high doses of exposure.

Reproduction toxicity

No repro-toxic effects were observed in a study with pigs which were daily fed
with 8 % tallow (CAS No. 61789-97-7) in the diet from day 90 of gestation
(16).

Health rating — lard oil

Lard oil is extracted from lard, which has been a natural part of human food
for several thousand years and which may occur in the food in substantial
amounts. Olein, which is the main constituent of lard, is a constituent of many
fluid vegetable and animal oils which are part of the human diet (40). Olein is
used as an ingredient in cosmetics and pharmaceuticals (40,42). Lard oil is
based on the available data and experience assigned health score 1.

7.6.5 Environmental assessment

Vegetable and animal lipids are a large group of chemicals. Environmental
data are available on oils, e.g. rape oil, soybean oil, castor oil, tallow fat and
their fatty acids. This group also includes hydro-treated (hydrogenated) and
epoxidized oils.

Aquatic toxicity

The most of few available data indicate low toxicity towards aquatic organ-
isms with EC/L.C50 values above 1000 mg/l. However, EC/LC50 values be-
low 100 mg/l are not unusual either. Toxicity tests with EC/LC50 values be-
low 100 mg/I are referred for the following oils:

e Fatty acid, tall oil, low-boiling (CAS No. 65997-03-7) with an EC50(72h)
towards Selenastrum capricornutum (now Pseudokirchneriella subcapitata)
above 10 mg/l (16), a LC50(48h) towards Daphnia magna of 70 mg/l (16)
and LC50(96h) towards Brachydanio rerio (now Danio rerio) of 50-100
mg/l (16).

e Tallow, hydrogenated (CAS No. 8030-12-4) with an EC50(96h) towards
Scenedesmus subspicatus of 13.3 mg/l (16).

e Soybean oil, epoxidized (CAS No. 8013-07-8), which showed the highest
toxicity with an EC50(72h) towards Scenedesmus subspicatus of 8 mg/I
(16).

Environmental fate

Several tests concerning biodegradation were available. All tests showed that
fatty acids and lipids are readily biodegradable (16).
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Bioaccumulation

No experimental bioaccumulation data were available but IUCLID refers log
P, data (21). All data show log P, higher than 4, which indicates that fatty
acids and natural lipids have a potential for bioaccumulating e in aquatic or-

ganisms.

Environmental rating

Based on the available data, this large group of substances is assigned envi-
ronmental score 1 but some epoxidized lipids can be assigned environmental
score 3 or 4.

7.7 Phosphorous compounds
7.7.1 Function

Organic phosphorous compounds enter lubricants for metal working as ex-
treme pressure additives. The compounds may have other functions, such as
corrosion inhibition and anti-wear (13,14,18,19).

7.7.2 ldentification

The phosphorous extreme pressure additives is a broad group of substances, -
including phosphate esters (mono-, di- and tri-ester compounds), salts and
amines of phosphate esters, complex phosphate esters, mono- and diester
compounds of phosphite, diphosphoric acid esters and trialkyl phosphines.
The organic radicals (R) in the phosphorous additives can be aliphatic as well
as aromatic groups. The aliphatic phosphate esters comprises C, - C -
compounds as well as polyethylene- and polypropoxylene oxide derivates
(18,43). Fig. 7.3 illustrates the chemical structure of some of the groups of
phosphorous compounds entering non-chlorinated lubricants as extreme
pressure additives.
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Fig. 7.3 Molecular structures for some of the groups of phosphorous compounds
used as extreme pressure additives in metal forming lubricants. A. Trialkyl phosphate
B. Triaryl phosphate C. Dialkyl phosphate D. Amine phosphate

Another type of phosphorous compounds — the phosphorous-sulphur com-
pounds, also enters lubricants as extreme pressure additives. Dialkyldithio-
phosphates — including zinc dialkyldithiophosphates, - are used as extreme
pressure additives especially in motor oils, but also in lubricants for metal
working (18). Fig. 7.4 illustrates the molecular structure of zinc dialkyldithio-
phosphates.
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Fig. 7.4 Molecular structure of zinc di-alkyldithiophosphates

Phosphate esters are produced by reacting phenols or alcohols with anhy-
drides or chlorides of phosphoric acid (18).

Zinc dialkyldithiophosphates are produced by reacting phosphorous pen-
tasulphide with the corresponding alcohols at 80 —150°C. The resulting dial-
kyldithiophosphoric acid is neutralized with zinc oxide at 25- 75°C (18).

Table 7.8 states the CAS numbers of substances which are included in the
health and environmental assessment of the phosphorous compounds.

Substance group Substance name CAS number
Triaryl phosphates and aryl
phosphites Tri-p-tolyl phosphate 78-32-0
Triphenyl phosphate 115-86-6
Phenol, isopropylated, phosphate (3:1)
(ITAP) 68937-41-7
Triphenyl phosphite 101-02-0
2-Ethylhexyl diphenyl phosphate 1241-94-7
Trialkyl phosphates Tributyl phosphate (TBP) 126-73-8
Dialkyl phosphites Dimethyl hydrogen phosphite 868-85-9
Didodecyl phosphite 21302-09-0
Dialkyl phosphates Bis(2-ethylhexyl) hydrogen phosphate 298-07-7
Monoalkyl phosphates 2-ethylhexyl dihydrogen phosphate 1070-03-7
Polyethoxy oleyletherphosphate (not
Complex phosphate esters EINECS) 39464-69-2
Zinc 0,0,0',0'-tetrakis(1,3-dimethylbutyl)
Zinc dialkyldithiophosphates bis(phosphorodithioate) 2215-35-2
Zinc bis[O,0-bis(2-ethylhexyl)]
bis(dithiophosphate) 4259-15-8
Zinc bis[O-(1,3-dimethylbutyl)] bis[O-
(isopropyl)] bis(dithiophosphate) 14548-64-2
Zinc bis(O,0O-diisooctyl)
bis(dithiophosphate) 28629-66-5
Phosphorodithioic acid, mixed O,O-bis(iso-
Bu and pentyl) esters, zinc salts 68457-79-4
Phosphorodithioic acid, O,0-di-C1-14-alkyl
esters, zinc salts 68649-42-3

Phosphorodithioic acid, mixed O,0-bis(1,3-
dimethylbutyl and iso-Pr) esters, zinc salts 84605-29-8

Zinc his[O-(6-methylheptyl)] bis[O-(sec-
butyl)] bis(dithiophosphate) 93819-94-4

Table 7.8 Chemical names and CAS Nos. of substances included in the health and envi-
ronmental assessment of phosphorous compounds.

7.7.3 Physical/chemical data

The assessed phosphorus extreme pressure additives are liquids at room tem-
perature. The substances have boiling points varying from about 50°C to
more than 200°C, flash points > 100 °C and low vapour pressures. The solu-
bility in water is varying (16).
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7.7.4 Health and environmental assessment

Health and environmental effects of phosphate esters and other phosphorous
compounds used as extreme pressure additives in metal working lubricants
show a great variation. Therefore, it is not possible to consider the phospho-
rus additives as a uniform group. The health effects of selected CAS Nos.
known to occur in metal working lubricants and representing some of the dif-
ferent groups of phosphorous extreme pressure additives are assessed below.

7.7.4.1 Triaryl phosphates and aryl phosphites
Health assessment
Acute toxicity

A triaryl phosphate — phenol, isopropylated , phosphate 3:1 (ITAP) (CAS
No. 68937-41-7) exhibits low acute toxicity by ingestion, skin contact and
inhalation in animal studies. LD, (rat, oral) > 5000 mg/kg) (16). LD, (rab-
bit, dermal) > 5000 mg/kg (16). LC,, (rat/4 hours) > 6350 mg/m°) (44).

Irritation

ITAP does not exhibit irritating properties to skin or eye in standard tests
(OECD 404 and 405) (16).

Sensitization

ITAP has been tested in Guinea Pigs in accordance with OECD Guideline
406. The test substance was not sensitizing in this model (16).

Repeated dose toxicity

A: A standard study with rats indicates moderate toxicity of ITAP by repeated
dermal exposure. In accordance with OECD Guideline 410, rats were der-
mally exposed to ITAP (Kronitex 50) 6 hours/day, 5 days/week for four
weeks at doses of 0, 100, 500 and 2000 mg bw/kg/day. There was a slight
inhibition of plasma cholinesterase activity in females receiving 500 mg/kg
bw/day as well as in both sexes of the 2000 mg/kg bw/day group. The eryth-
rocyte cholinesterase activity was significantly inhibited in the males treated
with 2000 mg/kg bw/day. Adrenal weights were increased in males receiving
500 and 2000 mg/kg bw/day. Microscopic examination of tissues showed a
slight fatty change in the adrenal cortex of 2/5 males receiving 500 mg/kg
bw/day and in 3/5 males receiving 2000 mg/kg bw/day. The NOAEL was 100
mg/kg bw/day in males and 500 mg/kg bw/day in females (16).

B: In an analogous study, rats were dermally exposed to ITAP (Reolube HYD
46) at doses of 0, 40, 200 and 1000 mg/kg bw/day. A slight inhibition of the
plasma cholinesterase activity was observed in the females receiving 1000
mg/kg bw/day. A decrease in absolute and relative testicular weight was ob-
served in the males receiving 1000 mg/kg bw/day. Microscopic examination of
the testes showed slight tubular atrophy in both controls and treated groups.
Slightly increased absolute and relative adrenal weights were observed in the
treated group but no microscopic findings were observed. There are no fur-
ther details for this study, however it was concluded that dermal application



over a period of four weeks at a dosage of 200 mg/kg bw/day did not produce
observable adverse effects. NOAEL was 200 mg/kg/day (16).

Neurotoxicity

C: Several studies with hens exposed to ITAP (Reofos 50, Reofos 65 and
Reofos 95) by ingestion have been performed. A number of these studies in-
dicate delayed neurotoxic effects including signs of ataxia and axonal degen-
eration. The lowest observed dose level for neurotoxic effects in hens by in-
gestion was 90 mg/kg/day in a 13 weeks study. However other neurotoxicity
studies with hens exposed to ITAP by ingestion at higher dose levels (up to
12000 mg/kg) did not result in neurotoxic effects (16).

In a study with rats exposed to ITAP in a single oral dose of 2 g/kg, a decrease
in serum cholinesterase in addition to significant inhibition of brain choli-
nesterase was observed in treated animals. However no clinical signs were
observed (16).

D: Hens were exposed by inhalation to ITAP in aerosol form (Reofos 50) in a
single eight hour period and the hens were examined for the next 21 day pe-
riod for signs of neurotoxicity. Actual does levels were 620, 2400, 2540 and
3090 mg/m°. Mild or modest ataxia was seen in 2/10 hens exposed to 2400
mg/m°® and in 4/10 hens exposed to 3090 mg/m°. Histologic examination of
nervous tissues confirmed that degenerative changes were observed at these
two dosage levels. No effects were observed at the 620 mg/m*® exposure level.
NOAEC was 620 mg/m’ (16).

A couple of epidemiological examinations of possible neurotoxic effects of
ITAP in the working environment are available. The results of these studies
are inconclusive (16).

Genotoxicity

Several studies of effects of ITAP on genes indicate, that the substance is not
genotoxic (16).

Reproduction toxicity and carcinogenicity

There are no data on effects of ITAP on reproduction, foetal development or
carcinogenicity.

Health rating

Some data indicate that ITAP may have neurotoxic effects by repeated expo-
sure at high doses. However, in total the available data are incomplete to make
an assessment regarding this effect. Thus, ITAP is assigned health score 1.

ITAP has been selected for the health assessment of aryl phosphates and aryl
phosphites. However, the toxicity of the group varies considerably implying
that the health score of individual substances in the group may be between 1 —
5.
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Environmental assessment
Aquatic toxicity

Tri-p-tolyl phosphate (CAS No. 78-32-0) and triphenyl phosphite (CAS No.
101-02-0) are classified as dangerous to the environment; N;R51/53 and
N;R50/53, respectively (4).

Toxicity tests with EC/LC50 values are referred for the following compounds:

e Triphenyl phosphate (CAS No. 115-86-6) with a LC50(96h) towards
Oncorhynchus mykiss of 0.27 mg/l and a LC50(96h) towards Pimephales
promelas of 0.66 mg/l (16)

e 2-Ethylhexyl diphenyl phosphate (CAS No. 1241-94-7) with a
LC50(48h) towards Daphnia magna of 0.15 mg/l and an EC50(72h) to-
wards Selenastrum capricornutum (now Pseudokirchneriella subcapitata) of
0.2 mg/l (45).

Environmental fate

Several tests concerning biodegradation are available. The referred tests indi-
cate both ready biodegradability and not ready biodegradability. It is not pos-
sible to find any relation between structure and biodegradability (16).

Bioaccumulation

All phosphate esters have log P, values above 4 and one test showed a bio-
concentration factor above 1000. E.g., 2-ethylhexyl diphenyl phosphate (CAS
No. 1241-94-7) had a BCF of 1241 (16). Many tests showed BCF values of
10-250. Based on the available data, phosphate esters are assessed to have a
potential for bioaccumulation in aquatic organisms.

Environmental rating

Phosphate esters in general are assigned environmental scores 4 or 5. How-
ever, it is expected that certain phosphate esters fulfil criteria for environ-
mental scores 3, 2 and even 1.

7.7.4.2 Trialkyl phosphates

Health assessment

Acute toxicity

A trialkyl phosphate — tributyl phosphate (TBP) (CAS No. 126-73-8) is clas-
sified as harmful by ingestion (Xn;R22) (4). LD,, (rat, oral) is 1500 - 3000
mg/kg (16,46). TBP exhibits low acute toxicity by skin contact and inhalation
(16).

Irritation

TBP is slightly irritating to skin and eyes in standard studies (OECD 404 and

405). However, other studies indicate moderate to strong skin irritation and
moderate irritation to mucous membranes (16,46).



Sensitization

There is no evidence of a sensitizing potential of TBP (16,46).
Repeated dose toxicity

TBP shows moderate toxicity by repeated exposure by inhalation.

A: Rats exposed to 5.1 or 13.6 mg/m’ TBP 5 hours/day, 5 days/week for 4
months showed decreased cholinesterase activity after 3 months in addition to
effects on physiological and biochemical parameters, especially in the liver, in
the high dose group. The effect retained to normal during a one-month post
exposure period. The NOAEC was 5.1 mg/m® (16).

Several studies in rats, mice and rabbits of TBP effects by repeated oral expo-
sure have been performed and indicate moderate toxicity (16,46).

In a 13-week study rats were daily exposed to TBP by gavage at doses of 32,
100 and 325 mg/kg bw/day. Mortality, salivation and muzzle staining were
observed in the 325 mg group and less severe in the 100 mg group. In addi-
tion, reduced body weight, body weight gain, reduced food intake and initial
weight loss were observed in the highest dose group. Motor activity test re-
sults were not significantly different between the groups. There were no ab-
normal gross pathology findings and the neuropathological assessment re-
vealed no effects of treatment (16).

B: In a 2-weeks study with rats exposed to 270 or 400 mg/kg bw/day by ga-
vage, no overt signs of toxicity were observed. However, reduction in conduc-
tion velocity of the caudal nerve was observed in high dose males. Electron
microscopic examination revealed morphological changes of the nerve. The
NOAEL was 270 mg/kg bw/day (16).

C: In another 2-weeks study with rats exposed to TBP by gavage at dose lev-
els of 136 or 400 mg/kg bw/day, no overt signs of toxicity were observed.
However in the high dose group microscopic degenerative changes were ob-
served in the seminiferous tubules of one of four male rats, in addition to
some changes in clinical chemistry, an increase in relative and absolute liver
weight and a decrease in spleen weight (female rats). The NOAEL was 136
mg/kg bw/day (16).

There are no data regarding repeated exposure of TBP by skin contact.
Genotoxicity

In mutagenicity studies, equivocal results have been obtained by using the
Ames test in the presence and absence of metabolic activation. However, all
other types of mutagenicity tests indicate that TBP is non-mutagenic (16,46).
Carcinogenicity

In a 18-week study, TBP was administered by gavage once a day, 5 days/week
to rats. Low dose animals received 200 mg/kg/day throughout the study, high

dose animals received 300 mg/kg/day for the first 6 weeks and 350 mg/kg/day
for the remaining 12 weeks. Histopathological examination revealed that all
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treated animals developed diffuse hyperplasia of the urinary bladder epithe-
lium (47).

D: In another study, groups of 50 male and female rats each obtained TBP
with their diet (up to 140 and 180 mg/kg bw/day respectively) for 2 years. In
this experiment hyperplasia and also neoplastic lesions dependent on the dose
(papilloma and especially for the males also carcinoma) were found in the
urine bladder. The male and female NOAEL was 9 and 12 mg/kg bw/day
respectively, assuming that TBP is a non genotoxic oncogene (48).

On the EU provisional list Existing substances for the 29" ATP Rev. 18, TBP
is classified as a carcinogen in category 3 with risk phrase R40: “Limited evi-
dence of a carcinogenic effect” (49).

Reproduction toxicity

E: In a single two-generation reproduction study, rats were daily exposed to
TBP in food at dose levels of 200, 700 and 3000 mg/kg diet (approximately
15, 53 and 225 mg/kg bw/day). Reduction in body weight, weight gain and
food consumption were observed during FO and F1 pre-bred dosing periods
in the two highest dose groups. In the 200 mg/kg dose groups, transient ef-
fects on body weight and food consumption were observed. No signs of toxic-
ity and no treatment related mortality were observed in any dose group. There
was no evidence of reproductive organ histopathology at any dose level and
no effect on pre- and postnatal mortality. A NOAEL for reproductive toxicity
could not be established. LOAEL (reduced pup weight) was < 15 mg/kg
bw/day (16).

Two studies in rats and two studies in rabbits do not indicate embryotoxic or
fetotoxic effects of TBP (16).

Other effects

TBP is a weak plasma cholinesterase inhibitor in rats and causes toxic effects
to the peripheral nervous system at high dose levels (1000 mg/kg bw) (16).

TBP is readily absorbed through the skin (16,40,46).
Health rating

Based on the available data, TBP is assigned health score 5 due to the poten-
tial carcinogenic effect.

TBP has been selected for the health assessment of trialkyl phosphates. How-
ever, the toxicity of the group varies considerably implying that the health
score of individual substances in the group may be between 1 - 5.

Environmental assessment

Environmental rating

Based on available data on triaryl phosphates (section 7.7.4.1), phosphate
esters in general are assigned environmental scores 4 or 5. However, it is ex-

pected that certain phosphate esters fulfil criteria for environmental scores 3,
2 and even 1.



7.7.4.3 Dialkyl phosphates, dialkyl phosphates, monoalkyl phosphates and com-
plex phosphate esters

Health assessment
Health rating - dialkyl phosphates

The dialkyl phosphate — bis(2-ethylhexyl) hydrogen phosphate (CAS No.
298-07-7) -exhibits low acute toxicity by ingestion (40). The substance is
harmful by skin contact (LD, rabbit, dermal > 1250 mg/kg) and corrosive to
skin and mucous membranes. The substance is assigned health score 3.

Health rating - dialkyl phosphites

The dialkyl phosphite — didodecyl phosphite (CAS No. 21302-09-0) - exhib-
its low acute toxicity by ingestion, inhalation and skin contact (44). Based on
the limited data, the substance is assigned health score 2 due to a skin irritat-

ing potential.

Dimethyl hydrogen phosphite (CAS-No. 868-85-9) exhibits low acute toxic-
ity by ingestion and inhalation (44). The substance should be classified as
harmful by skin contact (LD,, (rabbit, dermal) = 681 mg/kg) (44). Dimethyl
phosphite is mildly to moderately irritating to skin and eyes (44). Limited
evidence from animal studies indicates that the substance may have a carcino-
genic potential. IARC classifies the substance as carcinogenic in category 3
(40,44). The compound is assigned health score 5 due to a carcinogenic po-
tential.

Health rating — monoalkyl phosphate

The monoalkyl phosphate — 2-ethylhexyl hydrogen phosphate (CAS No.
1070-03-7) exhibits low acute toxicity by ingestion and skin contact. The
substance is strongly irritating to eyes (44). A supplier classifies the mono
alkylphosphate as corrosive (C;R34) (50). The substance is assigned health
score 3.

Health rating — complex phosphate esters

There are virtually no toxicological data available on complex phosphate es-
ters, including polypropylene and polyethylene oxide derivates. Polyethoxy
oleyletherphosphate (CAS No. 39464-69-2), which is used as an extreme
pressure additive for metal working lubricants, should not be classified as
dangerous to the health based on the available supplier information (51,52).
This corresponds to health score 1. The compound is used in cosmetics (42).

Environmental assessment

Environmental rating - dialkylphosphates, dialkylphosphites and monoalkyl-
phosphates

Based on available data (section 7.7.4.1), phosphate esters in general are as-

signed environmental scores 4 or 5. However, it is expected that certain phos-
phate esters fulfil criteria for environmental scores 3, 2 and even 1.
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7.7.4.4 Zinc dialkyldithiophosphates

Zinc alkyl thiophosphates are a large group of chemicals. The database 1U-
CLID (16) contains 10 zinc alkyl thiophosphates that are used as lubricant
additives. However, only little data is available for these substances especially
concerning biodegradation and bioaccumulation.

Zinc dialkyldithiophosphates are manufactured and commercially distributed
in highly refined lubricant base oil (IP 346 DMSO extractables < 3%). The
zinc dialkyldithiophosphates are never isolated from base oil at any time dur-
ing their life cycle. Hence all testing for environmental and health effects are
performed on zinc dialkyldithiophosphates in highly refined lubricant base
oils.

Health assessment
Acute toxicity

In general, commercial zinc dialkyldithiophosphates exhibit low acute toxicity.
Acute oral LD, in rats ranges from 2000 - 3500 mg/kg. Acute dermal LD, in
rabbits > 2000 mg/kg (53).

Irritation

Zinc dialkyldithiophosphates (CAS Nos. 4259-15-8, 28629-66-5, 68457-79-
4) are moderately to strongly irritating to skin and eyes implying a risk of seri-
ous eye damage (16).

Sensitization
There is no indication of a sensitizing potential (53).
Genotoxicity

Several standard mutagenicity tests have been performed for a number of zinc
dialkyldithiophosphates. Findings indicate that commercial zinc dialkyldithio-
phosphates have a low potential for inducing genetic toxicity (53).

Repeated dose toxicity

Data from several repeated-dose toxicity studies of commercial zinc dialkyldi-
thiophosphates have been reviewed. Repeated dermal exposure of experimen-
tal animals results in moderate-to-severe dermal irritation, behavioural dis-
tress, body weight loss and emaciation, reduction in haematological parame-
ters and adverse effects on male reproductive organs. Oral administration
causes significant gastric irritation and related gastrointestinal disturbances,
signs of distress but no evidence of adverse effects on male reproductive or-
gans (53).

Reproduction toxicity
Data from a study on zinc bis[0,0-bis(2-ethylhexyl)] bis(dithiophosphate)

(CAS No. 4295-15-8) indicates a low concern for reproduction/ developmen-
tal toxicity. Furthermore, an epidemiological study on workers exposed to oil-



based zinc dialkyldithiophosphates (range C4-C8) in an additive manufactur-
ing plant revealed no adverse effects on worker reproductive health (53).

Carcinogenicity
There are no data regarding the carcinogenic potential of zinc dialkyldithio-
phosphates.

Health rating

Based on available data, zinc dialkyldithiophosphates are irritating to skin.
The eye irritating potential of zinc dialkyldithiophosphates ranges from mod-
erately irritating to risk of serious damage to eyes. This classification implies
that zinc dialkyldithiophosphates are assigned health score 2 — 3.

Environmental assessment
Agquatic toxicity

Few data indicate low toxicity towards aquatic organisms with EC/LC50 val-
ues above 1000 mg/l. Most of the data indicate EC/LC50 values below 100
mg/l. Toxicity tests of zinc dialkyldithiophosphates showed the following
EC/LC50 values:

e Zinc bis[O-(1,3-dimethylbutyl)] bis[O-(isopropyl)] bis(dithiophosphate)
(CAS No. 14548-64-2) with a LC50(96h) towards Cyprinodon variegatus
of 11 mg/l, a LC50(96h) towards fathead minnow of 19 mg/l and
LC50(96h) values towards Mysidopsis bahia of 6.9 mg/l and 11 mg/I (16).

e Zinc bis[O,0-bis(2-ethylhexyl)] bis(dithiophosphate) (CAS No. 4259-15-
8) with LC50(96h) values towards Pimephales promelas of 10-35 mg/l, 11
mg/l and 1-5 mg/l, a LC50(48h) towards Daphnia magna of 1-1.5 mg/I
and an EC50(96h) towards Selenastrum capricornutum (now Pseu-
dokirchneriella subcapitata) of 1-5 mg/l (16).

e Zinc bis(O,0O-diisooctyl) bis(dithiophosphate) (CAS No. 28629-66-5)
with a LC50(96h) towards Crassotrea virginica of 0.25 mg/l (16).

e Zinc O,0,0',0'-tetrakis(1,3-dimethylbutyl) bis(phosphorodithioate)
(CAS No. 2215-35-2) with LC50(96h) values towards Pimephales prome-
las above 100 mg/l and of 25-50 mg/l, a LC50(48h) towards Daphnia
magna of 4-6 mg/l and an EC50(96h) towards Selenastrum capricornutum
(now Pseudokirchneriella subcapitata) of 1-5 mg/l (16).

e Zinc bis[O-(6-methylheptyl)] bis[O-(sec-butyl)] bis(dithiophosphate)
(CAS No. 93819-94-4) with a LC50(96h) towards Cyprinodon variegatus
of 11 mg/l, a LC50(96h) towards Mysidopsis bahia of 11 mg/l and a
LC50(96h) towards Crassotrea virginica of 0.25 mg/l (16).

e Phosphorodithioic acid, mixed O,0O-bis(iso-Bu and pentyl) esters, zinc
salts (CAS No. 68457-79-4) with a LC50(96h) towards Cyprinodon
variegatus of 4.6 mg/l (WAF), a LC50(96h) towards Pimephales promelas
of 25-50 mg/l, a LC50(96h) towards Daphnia magna of 4-6 mg/l and an
EC50(96h) towards Selenastrum capricornutum (now Pseudokirchneriella
subcapitata) of 1-5 mg/l (16).
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e Phosphorodithioic acid, O,0-di-C1-14-alkyl esters, zinc salts (CAS No.
68649-42-3) with LC50(96h) values towards Pimephales promelas of 10-
35 mg/l and 11 mg/l and a LC50(48h) towards Daphnia magna of 1-1.5
mg/l (16).

e Phosphorodithioic acid, mixed O,0-bis(1,3-dimethylbutyl and iso-Pr)
esters, zinc salts (CAS No 84605-29-8) with a LC50(48h) towards Daph-
nia magna of 0.1-1 mg/l (16).

Environmental fate

No test results for biodegradation were available. In a MSDS, the used zinc
additive 2-ethylhexyl zinc dithiophosphate was referred to as not readily bio-
degradable according to an OECD 301 D test (5% degraded).

Bioaccumulation

No experimental data were available. The information on the structure of the
zinc salts was considered insufficient for QSAR calculations to be made.

Environmental rating

Based on the sparse available data on this large group of substances and on
additional secondary data from one MSDS, in which the zinc additive is clas-
sified R51/53, zinc additives are assigned environmental scores 4 or 5.

7.8 Sulphurized fatty compounds
7.8.1 Function

Sulphurized fatty compounds are added to lubricants for metal working as
extreme pressure additives (13,14).

7.8.2 ldentification

Sulphurized fatty compounds are obtained by reaction of unsaturated com-
pounds such as triglycerides from soy, rape seed or lard oil or synthetic esters
produced from natural fatty acids, e.g. rapeseed methyl ester, with elemental
sulphur at high temperatures or with hydrogen sulphide. By this, sulphur is
added to double bonds forming sulphur links or ring structures. Fig. 7.5
shows an example of the chemical structure of sulphurized compounds used
as extreme pressure additives in non-chlorinated lubricants.
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Fig. 7.5 Sulphurised fatty acid



The function as extreme pressure additives depends on the degree of
sulphurization. There are compounds with active and inactive sulphur on the
market. The more active sulphur the compound contains the lower is the re-
sponse temperature for the extreme pressure function (18,54).

7.8.3 Physical/chemical data

Sulphurized fatty compounds are liquids at room temperature with high flash
points (> 110°C to 200°C), negligible vapour pressures and very low solubil-
ity in water (55,56,57).

7.8.4 Health assessment

There are virtually no health data in literature and databases on sulphurized
fatty compounds. Thus, the health assessment of the group is based on sparse
supplier information for a mixture of sulphurized rape seed oil and vegetable
fatty acid methyl esters and a mixture of sulphurized animal oils and vegetable
fatty acid methyl esters, in addition to conclusions by analogy from health
data on starting materials for sulphurized fatty compounds.

Acute toxicity

Supplier data are available from studies in rats of acute oral toxicity. These
data indicate low acute toxicity. LD_-values range from > 2000 mg/kg - >
5000 mg/kg (55,56,57). There are no data on acute dermal toxicity or toxicity
by inhalation. Hydrogen sulphide may be formed by decomposition due to
heating above 150° to 180°C. Hydrogen sulphide is very toxic by inhalation.

Irritation

Standard irritation tests (OECD Guideline 404 and 405) in rabbits of the
mentioned mixtures of sulphurized vegetable or animal fatty oils and vegeta-
ble methyl esters indicate that the compounds are not irritating to skin and
eyes (55,56,57). There are no data regarding inhalation.

Sensitization

Standard sensitization tests with Guinea pigs (OECD Guideline 406) have
been performed for the compounds. The sulphurized fatty compounds do not
possess a sensitizing potential based on the results of the tests (55,56,57).

Repeated dose toxicity
There are no further toxicological data on the sulphurized fatty compounds.
Health rating

There are very sparse data regarding the health effects of sulphurized fatty
compounds. However, there exists considerable experience and knowledge of
health effects of the starting materials, fatty vegetable and animal oils, esters
synthesized from natural fatty acids and elemental sulphur. See also section
7.6.4. This knowledge indicates that health effects of sulphurized fatty com-
pounds are limited. Sulphur dust is irritating to skin and mucous membranes
(40,48). Thus based on the available supplier data and conclusion by analogy,
sulphurized fatty compounds are assigned health score 1.
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7.8.5 Environmental assessment
Aquatic toxicity

Only few data are available. According to a few material safety data sheets
(MSDS), sulphurized oils and esters show EC/LC50 values above 100 mg/l.

Environmental fate

Very few data are available. According to a few material safety data sheets
(MSDS), sulphurized esters and oils are readily biodegradable.

Bioaccumulation

No experimental bioconcentration factors were available. Based on the general
structure of sulphurized oils, it is expected that log P, is above 4 for many
compounds in this group.

Environmental rating

Based on these very sparse data, sulphurized natural and synthetic oils and
esters are assigned environmental score 1.

7.9 Synthetic ester oils
7.9.1 Function

Synthetic ester oils, predominantly aliphatic ester oils, enter into lubricants for
metal forming as lubricity improving additives (polar additives — see also sec-
tion 2.2) and as lubricant bases (13,14).

7.9.2 ldentification

As mentioned above, aliphatic ester oils are the most frequently used type of
synthetic ester oils in metal forming lubricants. Thus, the health and environ-
mental assessment of synthetic ester oils will focus on this group of esters
(13,14).

An ester is the condensation product of an acid, most often an organic acid,
and an alcohol. Aliphatic ester oils are produced in a condensation process at
120-240°C under water cleavage (14).

Aliphatic ester oils are a large and varying group of substances. They are syn-
thesized from relatively pure and simple starting materials as natural fatty ac-
ids and alcohols (monoalcohols, glycols and polyols). There is an incredible
versatility in the design of ester molecules due to the large number of com-
mercially available acids and alcohols, from which to choose. A large number
of esters can be designed with different chemical structures selected for spe-
cific desired properties. Performance properties, which can be varied in the
ester design include viscosity, viscosity index, volatility, biodegradability, lu-
bricity, hydrolytic stability, additive solubility, high temperature coking ten-
dency and seal comparability (58).



Synthetic ester oils for metal working lubricants can be divided into five
groups:

1) monoesters

2) diesters

3) polyglycol esters
4) polyol esters
5)complex esters

Monoesters are used primarily as lubricant base oils. The function of diesters,
polyglycol esters, polyol esters and complex esters in lubricants for metal
working are mainly as lubricity improving additives (polar additives). How-
ever they can also enter as lubricant base oils. The polyglycol esters also have
emulsifying properties which are used in water based lubricants (14,18).

7.9.3 Monoesters
7.9.3.1 Identification

Monoesters are synthesized from natural or synthetic carboxylic acids and
monoalcohols. Typical starting materials for monoesters in lubricants are oleic
acid, palmitic acid, cocos fatty acids and methanol, isopropanol, isobutanol, 2
—ethylhexanol, n-octanol/n-decanol and isotridecanol (14). Fig. 7.6 illustrates
the chemical structure of an aliphatic organic monoester.
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R—C—0O—R'

Fig. 7.6 The chemical structure of an organic monoester. R and R’ are aliphatic radi-
cals.

Table 7.9 states the name and CAS number of substances which are included
in the health and environmental assessment of monoesters.

Substance name CAS number
Methyl laurate 111-82-0
Methyl oleate 112-62-9
Butyl stearate 123-95-5
Isopropyl palmitate 142-91-6
Decyl oleate 3687-46-5
2-Ethylhexyl 2-ethylhexanoate 7425-14-1
2-Ethylhexyl laurate 20292-08-4
Fatty acids, C16-18, 2-ethylhexyl esters 91031-48-0
Fatty acids, C6-10, Me esters 68937-83-7

Table 7.9 Chemical names and CAS Nos. of substances included in the health and envi-
ronmental assessment of monoesters in metal working lubricants.

7.9.3.2 Physical/chemical data
The monoesters are liquids at room temperature. They have high boiling

points (< 200°C), high flash points (> 100°C) and low vapour pressure. The
solubility in water is generally low (16,59,60).
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7.9.3.3 Health assessment
Acute toxicity

Monoesters of higher fatty acids (C12 or more) in general exhibit low toxicity
and a number are cleared for use in the food industry (59,60). In addition, the
majority of the monoester compounds included in this health assessment is
used as skin conditioning agents in cosmetics (38,42).

Data for acute toxicity by ingestion (LD, rat, oral) for the specified CAS
Nos. are in the range of more than 2000 mg/kg to 27000 mg/kg. Data for
acute toxicity by skin contact (LD, rabbit or rat, dermal) are in the range of
3000 mg/kg to more than 5000 mg/kg (16,44,61,62). Inhalation exposure at
toxicological significant levels is not expected due to the low volatility of the
mentioned monoesters.

Irritation

The monoesters have varying irritating properties. Methyl oleate (CAS No.
112-62-9) is moderately irritating to rabbit skin. Methyl laurate (CAS No.
111-82-0) is stated as slightly irritating to rabbit skin in an unspecified test.
However the substance is stated as highly irritating to rabbit skin when tested
in accordance with EU Directive 84/449/EEC, B.4. The same substance is
stated as non-irritating to human skin in the Epicutan test according to
Burckhardt (16). The remaining monoesters exhibit slightly irritating proper-
ties on rabbit skin (16,44).

Methyl laurate (CAS No. 111-82-0) and 2-ethylhexyl laurate (CAS No.
20292-08-4) are non-irritating in rabbit eyes, while 2-ethylhexyl-2-ethyl hex-
anoate (CAS No. 7425-14-1) is moderately to strongly irritating in rabbit eyes
(16).

Sensitization

Data for sensitization potential of the monoesters indicate that they do not
possess this property. Methyl laurate (CAS No. 111-82-0) did not provoke an
allergic response when tested in Guinea pig (test method not specified), while
2-ethylhexyl laurate (CAS No. 20292-08-4) and decyl oleate (CAS No.
3687-46-5) were non-sensitizing in the Guinea pig maximization test (16,61).
Methyl oleate (CAS No. 112-62-9) was not sensitizing by skin contact in a
test with volunteers, exposed to the substance in 10 % petrolatum solution
(16,61).

Repeated dose toxicity

A 28-day oral gavage study in rats with decyl oleate (CAS No. 3687-46-5) at
doses of 100, 500 and 1000 mg/kg showed no toxicity as observed with re-
spect to clinical symptoms, biochemistry, hematology, gross lesions or tis-
sue/organ histopathology (16). The NOAEL was 1000 mg/kg.

In a corresponding 28-day gavage study of 2-ethylhexyl laurate (CAS No.
20292-08-4) in rats, the NOAEL was 1000 mg/kg (16). The findings support
a low order of toxicity of monoesters by repeated exposure.



Genotoxicity

Genotoxicity has been studied in bacterial cells for three of the mentioned
monoesters (decyl oleate (CAS No. 3687-46-5), methyl laurate (CAS No
111-82-0) and 2-ethylhexyl laurate (CAS No. 20292-08-4)). The test results
were negative in all three cases. In addition, 2-ethylhexyl laurate has been
tested in vivo in mice in the micronucleus assay with negative result (16). The
findings indicate that the monoesters do not posses a genotoxic potential.

Reproduction toxicity

Fertility, litter size and survival of offspring were normal in rats fed diets con-
taining 6,25 % (approx. 3125 mg/kg bw/day) of butyl stearate (CAS No. 123-
95-5) for 10 weeks. However, growth was reduced in offspring during the
pre-weaning and post-weaning periods. No gross lesions were observed
among the offspring killed at the end of the 21-day post-weaning periods.
These results indicate that long-chain fatty acid esters do not cause reproduc-
tive toxicity to rats (59).

Assessment of developmental effects for long chain fatty acid monoesters is
primarily based on data for C16-18, 2-ethylhexyl ester (CAS No. 91031-48-
0). In oral gavage studies in rats administered doses of 100, 300 and 1000
mg/kg during gestation, the maternal NOAEL was 1000 mg/kg and the NO-
AEL for foetal effects was 1000 mg/kg (59). The findings indicate that long
chain fatty acid monoesters do not posses a foetotoxic potential.

Carcinogenicity

There is data available from carcinogenicity studies of a single monoester,
methyl oleate CAS No. 112-62-9. Studies in mice exposed to the substance
by oral ingestion, dermal application or injection under the skin for a life long
period indicate, that methyl oleate may have a weak tumour promoting activ-

ity (16).

Health rating

Monoesters used in metal working lubricants are based on the available data,
assigned score 1. However, some monoesters as methyl oleate (CAS No. 112-
62-9) and 2-ethylhexyl-2-ethylhexanoat (CAS No. 7425-14-1) exhibit an eye
irritating potential and are thus assigned health score 2.

7.9.3.4 Environmental assessment

Environmental data are available for methylesters of different fatty acids.
Aquatic toxicity

Few data are available for this group of chemicals. The available data indicate
low toxicity towards aquatic organisms with EC/L.C50 values above 1000
mg/l. Two toxicity tests with EC/L.C50 values below 100 mg/l were referred,

i.e. fatty acid C6-C10 methyl esters (CAS No. 68937-83-7) with LC50(48h)
towards Leuciscus idus of 95 mg/l and 88 mg/l, respectively (16).
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Environmental fate

Several biodegradation tests are available. All tests indicate that fatty acids
methyl esters are readily biodegradable (16).

Bioaccumulation

No experimental bioconcentration data are available but many log P, data
are referred in IUCLID (16). All data showed log P, values above 4, which
indicates that fatty acid methyl esters have a potential for bioaccumulating in
aquatic organisms

Environmental rating

Based on the available data, fatty acid monoesters are assigned environmental
score 1.

7.9.4 Diesters
7.10.4.1 Identification

Diesters are ester compounds of diacids and monoalcohols. Starting materials
for diesters in metal working lubricants are fatty acids as adipic acid, sebacic
acid and dimer acid and monoalcohols as methanol, isopropanol, isobutanol,
2-ethylhexanol and isotridecanol (14). Adipates are the most widely used
diesters in lubricants (58). Fig. 7.7 illustrates an example of the chemical
structure of an aliphatic organic diester.
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Fig. 7.7 The chemical structure of an organic diester. R,and R’ are aliphatic organic
radicals.

Table 7.10 states the name and CAS number of substances which are in-
cluded in the health and environmental assessment of diesters.

Substance name CAS number
Bis(2-ethylhexyl) adipate 103-23-1
Diisotridecyl adipate 26401-35-4
Diisodecyl adipate 27178-16-1
Dimethyl sebacate 106-79-6
Bis(2-ethylhexyl) sebacate 122-62-3
Diisooctyl adipate 1330-86-5
Diisopropyl adipate 6938-94-9
bis(tridecyl) adipate 16958-92-2
Diisononyl adipate 33703-08-1
Dihexyl adipate 110-33-8

Table 7.10 Chemical names and CAS Nos. of substances included in the health and
environmental assessment of diesters in metal working lubricants.

7.9.4.1 Physical/chemical data

Short-chain alkyl (e.g. methyl, isopropyl and butyl) diesters are generally
more water soluble and more volatile than the corresponding long-chain alky!l




(C7-C13 alcohol) diesters. The diesters included in the assessment are liquids
at room temperature with high boiling points (> 200°C), high flash points (>
100°C), low vapour pressures and moderate to very low solubility in water
(16,59).

7.9.4.2 Health assessment
Acute toxicity

The diesters in general demonstrate a low order of acute toxicity. Oral rat
LD,, values range from > 2000 mg/kg to > 45.000 mg/kg (16,59). Dermal
rabbit LD, values for diisodecyl adipate (CAS No. 27178-16-1) > 5000
mg/kg and for bis(2-ethylhexyl) adipate (CAS No. 103-23-1) > 8.000 mg/kg
(16). Inhalation exposure at toxicological significant levels is not expected due
to the low volatility of the diesters in focus.

Irritation

Standard skin and eye irritation test with rabbits are available for several of the
diesters in focus. The results mainly indicate slightly irritating properties.
(16).

Sensitization

Sensitization data are available for bis(2-ethylhexyl) adipate (CAS No. 103-
23-1) and diisodecyl adipate (CAS No. 27178-16-1). Bis(2-ethylhexyl) adi-
pate was not sensitising in Guinea pig tested by the Draize test and two un-
specified tests, and when tested in rabbits in a Patch test. Diisodecyl adipate
was not sensitising in the Guinea pig maximization test (16). Thus there is no
dating indicating a sensitising potential of diesters in metal working lubricants.

Repeated dose toxicity

There are a number of animal studies of repeated exposure to bis(2-
ethylhexyl) adipate (CAS No. 103-23-1). In 90-day sub-chronic dietary stud-
ies, the NOAEL was approximately 300 mg/kg /day in rats and 230 mg/kg/day
in mice. The LOAEL was approximately 600 mg/kg/day in rats and 460
mg/kg/day in mice. Hepatic hypertrophy and increased peroxisomal enzyme
activity occurred in rats and mice (16,59).

Data on repeated dose toxicity have also been reported for diisononyl adipate
(CAS No. 33703-08-1) and bis(tridecyl) adipate (CAS No. 16958-92-2). In
90-day toxicity study, rats were administered diisononyl adipate in the diet at
levels equivalent to 0, 50, 150 and 500 mg/kg/day. The NOAEL was 500
mg/kg/day. Feeding studies were also carried out in beagle dogs for 13 weeks
at dietary concentrations of 0, 0.3, 1 and 3 % of diisononyl adipate (increased
to 6 % at week 9). The NOAEL was determined to be 1 % in the diet or ap-
proximately 274 mg/kg /day. In another 13-week study, bis(tridecyl) adipate
was well tolerated in rats given dermal doses of 800 and 2000 mg/kg/day (59).

Overall the findings indicate a low order of toxicity by repeated exposure to
the diesters in focus. Several of the adipates and sebacates have Indirect Food
Additive Status for use in food wrapping materials (63). In addition, several
of the adipates and sebacates are used as ingredients in cosmetic (38,42).
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Genotoxicity

Bis(2-ethylhexyl) sebacate (CAS No. 122-62-3), bis(tridecyl) adipate (CAS
No. 16958-92-2) and diisononyl adipate (CAS No. 33703-08-1) were shown
to be negative in the Ames assay. Bis(2-ethylhexyl) adipate (CAS No. 103-
23-1) has also been evaluated for mutagenicity and was found to be negative
in both the Ames and mouse lymphoma assay (59).

Regarding chromosomal aberration, bis(tridecyl) adipate (CAS No. 16958-
92-2) has been tested in the micronucleus assay, and bis(2-ethylhexyl) adipate
(CAS No. 103-23-1) has been tested in the Chinese hamster ovary cell with
negative results (16,59).

Thus the available findings do not indicate genotoxic properties of the diesters
in focus.

Carcinogenicity

Bis(2-ethylhexyl) adipate (CAS No. 103-23-1) was tested for carcinogenicity
by oral administration in one experiment in mice and one experiment in rats.
In mice, liver adenomas and carcinomas were produced in both males and
females. No treatment-related tumours were observed in rats. The Interna-
tional Agency for Cancer Research (IARC) evaluates that there is limited evi-
dence in experimental animals for the carcinogenicity of bis(2-ethylhexyl)
adipate. According to the IARC evaluation criteria, the substance is not classi-
fiable as to its carcinogenicity in humans (Group 3) (64). There are no fur-
ther data on carcinogenicity of the diesters in focus.

Reproduction toxicity

Bis(2-ethylhexyl) adipate (CAS No. 103-23-1) has been evaluated for repro-
ductive effects in a one-generation study. Male and female rats were adminis-
tered the substance in their diets at same levels (0, 28, 170 or 1080
mg/kg/day). After 10 weeks on the diet, the animals were mated to produce
one generation of offspring. Test diets were administered continuously
throughout the study (18 —19 weeks of exposure). No effects were seen on
male or female fertility. However, at the highest dose, there was a reduction in
body weight in the dams, and reduction in offspring body weight, total litter
weight and litter size. The NOAEL in this study was 170 mg/kg/day. The
LOAEL was 1080 mg/kg/day (59).

A developmental toxicity/teratogenicity study in rats is available for bis(2-
ethylhexyl) adipate (CAS No. 103-23-1). In accordance with OECD Guide-
line 414, rats were exposed to the substance in the diet during the gestation
period at dose levels of 28, 170 and 1080 mg/kg/day. A significant reduction
in the maternal body weight gain and feed intake was observed in the highest
dose group, however no maternal toxicity was observed at 28 and 170
mg/kg/day. The foetal weight, litter weight and number of external and inter-
nal abnormalities were not influenced by the treatment. However, a dose de-
pendent fetotoxicity was observed as minor skeletal defects in the groups re-
ceiving 170 and 1080 mg/kg/day. It was concluded that bis(2-ethylhexyl) adi-
pate caused a dose-related foetotoxic effect, however no teratogenic effect
(16).



A newer study support the observation of foetotoxicity of bis(2-ethylhexyl)
adipate (CAS No. 103-23-1). In rats orally exposed to pre- and postnatal
doses of 0, 200, 400 or 800 mg/kg bw/day of bis(2-ethylhexyl) adipate, a pro-
longed gestation period was observed at a dose level of 800 mg/kg bwi/day,
and an increased frequency of pre- and postnatal death of pups was observed
at dose levels of 400 and 800 mg/kg bw/day. Bis(2-ethylhexyl) adipate at a
dose level of 800 mg/kg bw/day also decreased the pup weight and the de-
crease in body weight persisted until adulthood. The NOAEL was 200 mg/kg
bw/day in this study (65).

In 13-week dermal studies with bis(tridecyl) adipate (CAS No. 16958-92-2),
no sperm morphological changes were observed in rats treated at levels of
2000 mg/kg. Increase in organ weight of the epididymides and uterus was
observed at dermal exposure to 2000 mg/kg but not at 800 mg/kg (59).

In a 19-week oral feeding study with bis(2-ethylhexyl) sebacate (CAS No.
122-62-3), no adverse reproductive effects were reported for this substance
(59).

There are no data on developmental toxicity/ teratogenicity for the remainder
diesters in focus.

Health rating

Bis(2-ethylhexyl) adipate (CAS No. 103-23-1) is assigned health score 5 due
to an indication of a foetoxic effect. Based on the available data, the remaining
diesters in focus are assigned health score 1.

7.9.4.3 Environmental assessment

Aquatic toxicity

Few environmental test data are available on adipates. Some of these data
indicate EC/LC50 values below 1 mg/kg. Toxicity tests of diesters showed the
following EC/LC50 values:

e Bis(2-ethylhexyl) adipate (CAS No. 103-23-1) with a LC50(48h) to-
wards Daphnia magna of 0.66 mg/l (16,45).

e Dihexyl adipate (CAS No. 110-33-8) with an EC50(96h) towards Sele-
nastrum capricornutum (now Pseudokirchneriella subcapitata) of 0.04-0.052
mg/l (16).

Environmental fate

Several biodegradation tests are available. All the tests show that adipates are

readily biodegradable except one test result for diisotridecyl adipate (CAS No.

26401-35-4) (16).

Bioaccumulation

Only few test data were available. Test results were found for the following
compounds:
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o Bis(2-ethylhexyl) adipate (CAS No. 103-23-1) showed BCFs of 27 (21)
and 250 (45).

e Diisononyl adipate (CAS No. 33703-08-1) showed BCFs of 1102-11000
(16) and 250 (45).

On this basis, adipates are assessed to have a potential for bioaccumulating in
aquatic organisms.

Environmental rating

Based on the available data on this large group of substances, adipates are in
general assigned environmental scores 4 or 5. This assessment is based on the
few available data on bioaccumulation (diethylhexyl adipate and diisononyl
adipate).

7.9.5 Polyglycol esters
7.9.5.1 Identification

Polyglycol esters are ester compounds of mono- or dicarboxylic acids and
polyglycols. Typical starting materials for production of polyglycol esters for
lubricants are co-polymers of ethylene oxide, propylene oxide and butylene
oxide, eventually with glycerine, trimethylol propane (TMP) or pentaerythri-
tol (PENTA) as starters, and carboxylic acids as oleic acid, palmitic acid, co-
cos fatty acids, adipic acid, sebacic acids and dimer acid (14). Fig. 7.8 shows
an example of the chemical structure of an aliphatic polyglycol ester.

o

1
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Fig. 7.8 The chemical structure of an aliphatic polyglycol ester. Rand R’ are aliphatic
radicals.

Short chain aliphatic glycol esters are included in the health and environ-
mental assessment of polyglycol esters. Table 7.11 states the name and CAS
number of substances which are included in the health and environmental
assessment of polyglycol esters.

Substance name CAS number
2-Hydroxyethyl stearate 111-60-4
Ethylene distearate 627-83-8
Propyleneglycol monostearate 1323-39-3
Triethyleneglycol diheptanoate 7434-40-4
Polyethyleneglycol monooleate 9004-96-0
Propylene dilaurate 22788-19-8
9-Octadecenoic acid (Z)-, ester with 2,2-dimethyl-1,3-propanediol 67989-24-6
1-Methyl-1,2-ethanediyl diisooctadecanoate 68958-54-3
9-Octadecenoic acid (Z)-, ester with 2-ethyl-2-(hydroxymethyl)-1,3-

propanediol 70024-57-6
PEG-4 heptanoate 70729-68-9
2,2,4-Trimethyl-1,3-pentanediol heptanoate 71839-38-8
EMKAROX HV from Unigema (polyoxyalkylene glycol) Not specified
ESTIMOL TE 1100 from Esti Chem A/S (polyethyleneglycol ester) Not specified
ESTIMOL TE 1000 SS from Esti Chem A/S (polyethyleneglycol ester) Not specified

Table 7.11 Chemical names and CAS Nos. of substances included in the health and envi-
ronmental assessment of polyglycol esters in metal working lubricants.




7.9.5.2 Physical/chemical data

The polyglycol esters and short chain aliphatic glycol esters in focus are lig-
uids at room temperature with high boiling points (> 250°C), high flash
points (> 200°C) and very low vapour pressures. The solubility in water var-
ies from completely soluble to very limited solubility (16,59,66,67).

7.9.5.3 Health assessment
Acute toxicity

Polyethyleneglycol monooleate (CAS No. 9004-96-0) exhibits low acute tox-
icity by oral exposure (LD, rat > 2000 mg/kg) (68). Data from rat studies
with shorter chain aliphatic glycol esters also indicate a low order of toxicity
(LD, values ranging from 2000 mg/kg to 34600 mg/kg) (59).

Irritation

Polyethyleneglycol monooleate (CAS No. 9004-96-0) exhibits mild skin and
eye irritating potential in standard tests with rabbits (44). A polyoxyalkylene
glycol (56 % solution in water) (CAS No. not specified) is stated to be non-
irritating to rabbit skin and eyes by the supplier (67). A short chain aliphatic
glycol ester, triethyleneglycol diheptanoate (CAS No. 7434-40-4) is non-
irritating to rabbit skin and eyes in standard tests (16). Polyethyleneglycol
monooleate (CAS No. 9004-96-0) and a number of the short chain aliphatic
glycol esters in focus are used as ingredients in cosmetics (16).

Sensitization

There is no data available regarding the sensitizing potential of polygly-
colesters or short chain aliphatic glycol esters.

Repeated dose toxicity

There are no data available on repeated exposure for polyglycol esters. How-
ever, sub-chronic studies have been carried out with short chain glycol esters.

In a 28-day oral gavage studies in rats exposed to PEG-4 heptanoate (CAS
No. 70729-68-9), the NOAEL was determined to be 1000 mg/kg. No clinical
signs of toxicity were observed and no treatment-related changes in hematol-
ogy or clinical chemistry were reported (59).

Propylene glycol monostearate (CAS No. 1323-39-3), which was adminis-
tered for 13 weeks at dietary concentrations up to 7.52% (approx. 3760 mg/kg
bw/day), showed no signs of toxicity in rats (59). Similarly, in 6-month oral
studies, no signs of toxicity, gross or histological pathology were observed in
rats and dogs fed diets containing up to 10% propylene glycol monostearate
(CAS No. 1323-39-3) (59).

Doses up to 1000 mg/kg/day (approx. 5000 mg/kg bw/day) of 2,2,4-
trimethyl-1,3-pentanediol heptanoate (CAS No. 71839-38-8) were well toler-
ated in rats that were orally (gavage) administered the test material for 28 days
(59).
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The findings indicate a low toxicity by repeated exposure of short chain ali-
phatic glycol esters and polyglycol esters as the toxicity of the last-mentioned
are expected to be lower than that of the short chain aliphatic glycol esters.

Genotoxicity

There are no data on the genotoxic potential of polyglycol esters. Four short
chain aliphatic glycol esters, PEG-4 diheptanoate (CAS No. 70729-68-9),
2,2,4-trimethyl-1,3-pentanediol heptanoate (CAS No. 71839-38-8), triethyl-
eneglycol diheptanoate (CAS No. 7434-40-4) and propyleneglycol monoste-
arate (CAS No. 1323-39-3) have shown to be negative in the Ames assay
(59).

PEG-4 diheptanoate (CAS No. 70729-68-9) has been tested in the Chinese
hamster ovary cell assay and did not cause chromosomal aberrations. 2,2,4-
Trimethyl-1,3-pentanediol heptanoate (CAS No. 71839-38-8) has also been
evaluated in the in-vitro cytogenetics test using human peripheral lympho-
cytes with negative result (59).

Together, these findings indicate that glycol esters do not cause gene muta-
tions or chromosomal aberrations.

Carcinogenicity and reproductive toxicity

There are no data on the carcinogenic, reprotoxic or teratogenic potential of
polyglycol esters or shorter chain aliphatic glycol esters.

Health rating

CESIO (The European trade organisation for manufacturers of surfactants
and their intermediates) recently concluded in a report that ethoxylated fatty
acids should not be classified with respect to health hazards according to the
Dangerous Substances EU Directive (69). Polyethylenglycol esters are based
on the available data on polyglycol esters and short chain aliphatic glycol es-
ters, assigned health score 1.

7.9.5.4 Environmental assessment
Aquatic toxicity

The few available data showed that polyglycol esters have a low toxicity to-
wards water-living organisms. All available EC/LC50 values are above 100
mg/l, e.g. (60):

e 9-Octadecenoic acid (Z)-, ester with 2,2-dimethyl-1,3-propanediol (CAS
No. 67989-24-6) and 9-octadecenoic acid (Z)-, ester with 2-ethyl-2-
(hydroxymethyl)-1,3-propanediol (CAS No. 70024-57-6) with
LC50(96h) values towards Oncorhynchus mykiss above 5000 mg/I

e PEG-4 diheptanoate (CAS No. 70729-68-9) with an LC50(96h) towards
Leucicus idus of 720 mg/I.



Environmental fate

All referred tests showed that polyglycol esters are readily biodegradable, e.qg.
(60):

e A mixture of 9-octadecenoic acid (Z)-, ester with 2,2-dimethyl-1,3-
propanediol (CAS No. 67989-24-6) and 9-octadecenoic acid (Z)-, ester
with 2-ethyl-2-(hydroxymethyl)-1,3-propanediol (CAS No. 70024-57-6)
was degraded 68-78% in 28 days (Modified Sturm test).

e PEG-4 heptanoate (CAS No. 70729-68-9) was degraded 98% in 28 days.

Bioaccumulation

All assessed polyglycolesters have log P, below 3. Polyglycol esters made by
long-chained acids may have log P, above 4 (60).

Environmental rating

Based on the sparse available data on this large group of substances, polygly-
col esters are assigned environmental score 1.

7.9.6 Polyol esters and complex esters
7.9.6.1 Identification

Polyol esters are ester compounds of poly-functional alcohols and monocar-
boxylic acids. Starting materials for manufacture of polyol esters are neopen-
tylglycol (NPG), trimethylolpropane (TMP) and pentaerythritol (PENTA) in
addition to oleic acid, palmitic acid, cocos fatty acids and isononanoic acid
(14).

Complex esters are ester compounds of poly-functional alcohols and mono-
and dicarboxylic acids. Starting materials for manufacture of complex esters
are the same as for polyol esters in addition to dicarboxylic acids, such as
adipic acid, sebacic acid and dimer acids (14). Fig. 7.9 gives an example of
the chemical structure of an aliphatic polyol ester using pentaerythritol as a
starting materials.
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Fig. 7.9 The chemical structure of an aliphatic polyolester using pentaerythritol as
one of the starting materials. The R’s are aliphatic radicals.

Complex esters can be considered a subgroup of polyolesters. As both ester
groups to a great extent are manufactured from the same raw materials, they
are considered as one substance group in the health and environmental as-
sessment. There are very few toxicological data on longer chain (C16 and
more) fatty acid polyol esters, and consequently data on shorter chain (<
C11) will be included in the assessment.
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Table 7.12 states the name and CAS number of substances which are in-
cluded in the health and environmental assessment of polyol esters including

complex esters.

Substance name CAS number
2-Ethyl-2-[[(1-oxononyl)oxy]methyl]propane-1,3-diyl dinonan-1-oate 126-57-8
Decanoic acid, ester with 2-ethyl-2-(hydroxymethyl)-1,3-propanediol

octanoate (TMP ester (C8, C10 acid) 11138-60-6
Fatty acids, C5-9, hexaesters with dipentaerythritol 67762-52-1
Fatty acids, C5-9, tetraesters with pentaerythritol (PENTA tetraester,

C5-9 acids) 67762-53-2
Hexanedioic acid, mixed esters with decanoic acid, heptanoic acid,

octanoic acid and pentaerythritol (PENTA mixed esters, C6,7,8,10

acids ) 68130-55-2
Heptanoic acid, ester with 2,2,4-trimethyl-1,3-pentanediol (TMP esters,

C7 acids) 71839-38-8
TMP and other alcohols mixed, C6 dioic acids (Hexanedioic acid,

mixed esters with C10-rich C9-11-isoalcs. and trimethylolpropane) 180788-27-6
TMP esters of heptanoic and octanoic acid (TMP ester (C7, C8 acid)) Not stated
Heptanoic acid, ester with 2,2,4-trimethyl-1,3-pentanediol Not stated
hexanedioic acid, mixed esters with C10-rich, C9-11 isoalcohols and

TMP Not stated
Fatty acid, C6-10, tetraesters with PENTA Not stated

Table 7.12 Chemical names and CAS Nos. of substances included in the health and en-
vironmental assessment of polyol esters and complex esters in metal working lubri-

cants.

7.10.6.2 Physical/chemical data

Polyolesters and complex esters are large molecules with molecular weights
above 400. They are liquids at room temperature with high boiling points (>
200°C), high flash points (> 200°C), very low vapour pressure and very low

solubility in water (59,70).
7.9.6.2 Health assessment

Acute toxicity

Oral LD, -values from studies with rats indicate a low order of toxicity (LD,
> 2000 mg/kg) for a number of polyol esters (CAS Nos. not stated) (59).

Irritation

A single polyol ester (CAS No. not stated) was not irritating to rabbit skin and
eyes (70).

A polyol ester, (PENTA mixed esters, C6,7,8,10 acids (CAS No. 68130-55-
2)) applied to the skin of rats five days a week for four weeks at dose levels of
0, 125, 500 and 2000 mg/kg/day caused no visible signs of irritation. How-
ever, microscopically treated skin of rats in the two highest dose groups exhib-
ited a dose-related increased incidence and severity of hyperplasia and hy-
perkeratosis of the epidermis and sebaceous gland hyperplasia. The effects
were reversible (59).

Sensitization

There are no data available on the sensitizing potential of polyol esters or
complex esters.



Repeated dose toxicity

Data from five 28-day oral toxicity studies in rats and one 28-day dermal tox-
icity study in rats are available for polyolesters designated a) TMP esters of
heptanoic and octanoic acid, b) heptanoic acid, ester with 2,2,4-trimethyl-1,3-
pentanediol, ¢) hexanedioic acid, mixed esters with C10-rich, C9-11 isoalco-
hols and TMP, d) fatty acid, C6-10, tetraesters with PENTA, e) hexanedioic
acid mixed esters with decanoic acid, heptanoic acid, octanoic acid and
PENTA. No CAS Nos. are stated.

The polyol esters a) through d) were well tolerated by rats in the 28-day oral
studies. The NOAEL for these studies was 1000 mg/kg/day in rats. The
polyol ester a) did not produce signs of overt systemic toxicity at any dose
level tested (100, 300, and 1000 mg/kg/day). There were no treatment-related
changes in clinical symptoms, functional observation battery or gross post
mortem findings. There were no treatment-related mortality, no adverse ef-
fects on body weight, food consumption, clinical laboratory parameters, or
organ weights. However, an increased number of hyaline droplets in kidneys
of the 300 and 1000 mg/kg/day in male rats was observed. Based on these
findings, the NOAEL was established at 100 mg/kg/day for male rats. The
observed hyaline droplet formation is considered to be of little relevance to
humans (59).

The polyol ester e) was applied to the skin on groups of 10 (male and female)
rats for five days a week for four weeks at dose levels of 0, 125, 500 and 2000
mg/kg/day. Treated animals exhibited no signs indicative of systemic toxicity.
No visible signs of irritation were observed at treatment sites. Microscopically,
treated skin (500 mg/kg/day or more) exhibited a dose related increased inci-
dence and severity of hyperplasia and hyperkeratosis of epidermis and seba-
ceous gland hyperplasia. These effects were reversible. None of the minor
changes in hematology and serum chemistry parameters were considered bio-
logically significant. High dose females (2000 mg/kg/day) exhibited a signifi-
cant increase in relative adrenal and brain weight in the female animals. The
NOAEL in this study was 500 mg/kg/day for systemic toxicity and 125
mg/kg/day for skin irritation (59).

A TMP ester (C8, C10 acid) (CAS No. 11138-60-6), was evaluated for re-
peated dose toxicity in a 28-day dermal study. Dose levels in the study are not
stated. The effects observed as a result of treatment (decrease in body weight
and serum protein values) were insignificant and of little toxicological con-
cern. No evidence of microscopic changes was observed in the histopathologi-
cal evaluation. Thus, the NOAEL for the TMP ester (C8, C10 acid) was
2000 mg/kg bw (59).

Together, the findings of the repeated dose toxicity studies suggest that polyol
esters exhibit a low order of toxicity following repeated application.

Genotoxicity

Standard bacterial cell mutagenicity tests (Ames test) and chromosomal aber-
ration tests have been carried out for a number of polyolesters (TMP esters,
C7 and C8 acids (CAS No. not stated), TMP esters, C7 acids (CAS No.
71839-38-8), TMP and other alcohols mixed, C6 dioic acids (CAS No.
180788-27-6), TMP ester, C8, C10 acid (CAS No. 11138-60-6), PENTA
tetraester, C5-9 acids (CAS No. 67762-53-2), PENTA mixed esters,
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C6,7,8,10 acids (CAS No. 68130-55-2) (59). The results are in all studies
negative, indicating that polyol esters do not possess a genotoxic potential.

Reproduction toxicity and carcinogenicity

There are no data available on the toxicity of polyol esters towards reproduc-
tion and foetal development or the carcinogenic potential.

Health rating

Based on the available data, polyol esters are assigned health score 1.

7.9.6.3 Environmental assessment

Aquatic toxicity

The few available data indicate that polyol esters have a low toxicity towards

water-living organisms. All available EC/LC50 values are above 100 mgl/l.

Toxicity tests of polyol esters showed the following EC/LC50 values (16,60):

e PENTA tetraester, C5-9 acids (CAS No. 67762-53-2) and fatty acids,
C5-9, hexaesters with dipentaerythritol (CAS No. 67762-52-1) with a
LC50 (96h) towards Oncorhynchus mykiss above 5012 mg/I

e TMP ester (C8, C10 acids) (CAS No. 11138-60-6) with a LC50(96h)
towards Mysidopsis bahia above 5014 mg/l and a LC50(48h) towards
Daphnia magna above 2570 mg/I

e 2-Ethyl-2-[[(1-oxononyl)oxy]methyl]propane-1,3-diyl dinonan-1-oate
(CAS No. 126-57-8) with a LC50(96h) towards Cyprinus carpio above
1000 mg/l.

Environmental fate

Referred tests of ready biodegradability showed variable results, e.g. (60):

e A mixture of PENTA tetraester, C5-9 acids (CAS No. 67762-53-2) and
fatty acids, C5-9, hexaesters with dipentaerythritol (CAS No. 67762-52-
1) was degraded 5.2% in 28 days (OECD 301C)

e TMP ester (C8, C10 acids) (CAS No. 11138-60-6) was degraded 64-
67% in 28 days

Bioaccumulation

All assessed polyol esters have log P, above 4 (60).

Environmental rating

Based on the sparse available data on this large group of substances, polyol

esters are assigned environmental scores 1 or 2.

7.10 Soaps

7.10.1 Function

The function of soaps in lubricants for metal working is as lubricant improv-
ing additives (polar additives) and corrosion inhibitors (14).



7.10.2 ldentification

Soaps are metal salts of fatty acids. They are produced by reaction of fatty
acid esters from animal or vegetable fats heated with aqueous alkali as potas-
sium or sodium hydroxide. Glycerol is produced as a by-product. The reac-
tion is called a saponification. An example of a saponification is stated below
(71).

Ex.: (C,H,CO0) ,CH, +3NaOH — 3C_H,COONa + C,H.(OH),

The health assessment of soaps focuses on potassium and calcium soaps of
long-chain fatty acids (C > 16). Experiments have shown that the behaviour
of an acid and its salt is very similar in a physical, chemical and toxicological
context (72). Thus, the health assessment of the soaps is based on animal and
human test both on soaps and on the pure fatty acids of the soaps in addition
to experience.

Table 7.13 states the name and CAS number of substances which are in-
cluded in the health and environmental assessment of soaps.

Substance name CAS number
Stearic acid 57-11-4

Oleic acid 112-80-1
Lauric acid 143-07-7
Sodium oleate 143-19-1
Decanoic acid (capric acid) 334-48-5
Fatty acids, C18 and C18-unsatd., potassium salts 68647-90-5
Fatty acids, C16-18, calcium salts 85251-71-4
Fatty acids C18-22)

Cuphea oil (76 % capric acid)

Table 7.13 Chemical names and CAS Nos. of substances included in the health and envi-
ronmental assessment of soaps in metal working lubricants.

7.10.3 Physical chemical data

Soaps seen in lubricants for heavy-duty metal forming are typically potassium
and calcium soaps of longer-chain fatty acids (C > 16). These soaps are solids
with melting point above 100°C (16). Sodium soaps are so-called hard soaps,
while potassium softs are soft soaps. Both types of soaps are water soluble.
The so-called metallic soaps (aluminium, calcium, cobalt, lead and zinc) are
not water soluble. (71,73).

7.10.4 Health assessment
Acute toxicity

Test data with rats indicate a low acute toxicity of longer-chain fatty acid salts
of calcium and potassium. Oral LD, -values range from > 2000 mg/kg for
C18 and C18-unsaturated fatty acid salts of potassium (CAS No. 68647-90-
5) to > 10.000 mg/kg for C16-18 fatty acid calcium salts (CAS No. 85251-
71-4) (16). Dermal LD -values in rats, rabbits or guinea pigs for long-chain
fatty acids and their salts and a single inhalation study in rats for decanoic acid
(C10) (CAS No. 334-48-5) also indicate low acute toxicity by these exposure
routes (72).
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Irritation

Tests in animals and humans show that the skin irritating potential of fatty
acids and their salts decrease with increasing chain length, to the effect that
medium chain lengths (C10) are irritants, whereas C12 is minimally irritant
and the longer chain lengths, C14 and above, are not irritant (72). To some
extent, soaps degrease the skin and make the surface of the skin alkaline. This
may increase the skin permeability of substances, which are irritating (74).

As with skin irritation, animal test data show that the eye irritation potential of
fatty acids and their salts decrease with increasing chain lengths, to the effect
that chain lengths C10 and C12 are irritant, whereas the longer chain lengths,
C14 and above, are not irritant (72). There are very few reports on eye dam-
age in humans caused by soaps. The effects have been transient (75). Soaps
in commercial detergents with free alkali and high alkalinity may cause severe
and irreversible eye damage (76).

Sensitization

Soaps are based on test data for fatty acids and their salts notoriously not sen-
sitizing by skin contact. However soaps degrease the skin and make it more
permeable for substances as perfumes and preservatives, which may provoke
an allergic response (72,74).

Repeated dose toxicity

Available tests demonstrate a low toxicity of fatty acids and their salts by re-
peated exposure. This is consistent with the long history of safe use in foods
for both fatty acids and glycerides (72).

In a 24-week oral study, rats were fed doses of 15 % oleic acid (C18) (CAS
No. 112-80-1) (approximately 7500 mg/kg bw/day). Normal growth and gen-
eral good health were reported in the rats and the NOAEL was reported to be
7.500 mg/kg bw/day (16).

A formulation bath soap and detergent” containing 10-25% sodium stearate
(C18) was used to conduct a dermal toxicity study in rabbits. Formulations at
a dose of 2000 mg/kg bw were applied daily for three months to the skin by
syringe, five days a week. No untoward reactions were observed (72).

Together the available data indicate low toxicity of fatty acids and their salts
by repeated exposure.

Genotoxicity

Potassium salts of fatty acids, C18 and C18-unsaturated (CAS No. 68647-
90-5) has been tested in a standard bacterial mutagenicity assay (the Ames
test), with and without metabolic activation, with negative result (16).

The fatty acids, capric acid (C10), lauric acid (C12), stearic acid (C18), oleic
acid (C18) and fatty acids (C18-22) have produced negative results in the
Ames test (72).

There is no data available regarding the potential to cause chromosome aber-
ration.



Based on available data, there is no indications that fatty acids and their salts
possess a genotoxic potential.

Carcinogenicity

Numerous studies of mechanisms for the role of dietary fat in tumorigenesis
have been studied. In a two-year study, groups of male and female rats, ini-
tially 7 weeks old, were given sodium oleate (C18) (CAS No. 143-19-1) for
108 weeks at concentrations of 2,5 and 5,0 % in the drinking water. The con-
clusion of this study was that sodium oleate did not cause cancer in rats ex-
posed to the substance through the diet (72).

Reproduction toxicity

15 % oleic acid (C18) (CAS No. 112-80-1) in the diet (approximately 7.500
mg/kg bw/day) for 10 to 19 weeks did not affect the fertility of male rats but
appeared to impair reproductive capacity in the female rats by interfering with
parturition and mammary gland development. Increased mortality in the off-
spring was observed. No further information is available (16).

In a three-generation study in mice, which were reared on semi-purified diets
containing 8.6 % (approx. 12900 mg/kg bw/day) Cuphea oil (contained 76 %
capric acid (C10)), no adverse effects on reproductive parameters or any tis-
sue pathology were observed (72).

Soap (not specified further) was examined for foetotoxic potential following
percutaneous administration. Groups of rats and mice were treated with con-
centrations of 0.3, 3 and 30 % (corresponding to 50, 500 and 5000 mg/kg/day
in mice) of a standard soap solution. The formulated solutions were applied
to the skin at the rate of 0.5 ml/rat or mouse per day with rats being dosed on
days 2 —15 and mice on days 2 —13 of gestation. There was no evidence of
reproductive or foetotoxic effects (72).

Health rating

Fatty acid esters in the form of triglycerides are occurring in substantial
amounts as a natural part of the human diet. Several of the fatty acids are
normal degradation products of fats in the human metabolism. Their degra-
dation pathway and fate in the organism are well-known. Potassium, calcium
and sodium are all essential nutrients in the human diet. Several of the fatty
acids are approved as direct and as indirect food additives. Long experience
with safe use of fatty acids and their salts in foods and available test data dem-
onstrate that soaps do not posses carcinogenic, reprotoxic or teratogenic po-
tential (72).

Long chain fatty acid soaps of potassium and calcium are assigned health
score 1.

7.10.5 Environmental assessment
Aquatic toxicity
Most of the available data indicated low toxicity towards aquatic organisms

with EC/LC50 values above 1000 mg/l. However, toxicity tests with
EC/LC50 values below 100 mg/l and even below 1 mg/L were referred (soap
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with chain length C ,-C,,) with a LC50(96h) towards Oncorhynchus mykiss of
0.6 mg/L (the geometric mean of five tests) (16).

Environmental fate

Several biodegradation tests are available. All tests show that soaps are readily
biodegradable (16).

Bioaccumulation

No experimental bioaccumulation data are available. QSAR calculations show
log P, values from 0.3 (C,) to 4.7 (C,,) (95).

Environmental rating

Based on the available data, soaps are assigned environmental scores 1 or 2.

7.11 Reference point — medium-chained chlorinated paraffins
7.11.1 Function

The function of chlorinated paraffins in lubricants for metal working is mainly
as extreme pressure additives. In addition, the chlorinated paraffins may con-
stitute a substantial part of the lubricant implying that the compounds also
function as a lubricant base (1).

7.11.2 ldentification

Chlorinated paraffins are produced by adding chlorine gas to n-alkane frac-
tions (straight-chained saturated hydrocarbons). The general structure of
chlorinated paraffins is CH ..., Cl.., The chain length of commercial chlorin-
ated paraffins is normally between 10 and 30. Chlorine content varies be-
tween 40 —70 %. The chlorinated paraffins are divided into three groups:
Short-chained chlorinated paraffins (C,, — C,,), medium-chained chlorinated
paraffins (C,, — C,,) and long-chained chlorinated paraffins (C, - C,). There
may be a further classification of the chloroparaffins depending on their
chlorination degree. Low chlorinated paraffins have a chlorination degree <

50 %, whereas high chlorinated paraffins have a chlorination degree > 50 %

).

There exist more than 200 different grades of commercial chloroparaffins.
They are all complex mixtures of n-alkanes characterized by an average chain
length and chlorination degree (2,3).

Table 7.14 states the names and CAS numbers of substances which are in-
cluded in the health and environmental assessment of medium-chained chlo-
rinated paraffins.

Substance name CAS number
Alkanes, C14-17, chloro (MCCPs) 85535-85-9
Alkanes, C10-13, chloro (SCCPs) 85535-84-8

Table 7.14 Chemical names and CAS numbers of substances included in the health and
environmental assessment of medium-chained chloronated paraffins.




7.11.3 Physical/chemical data

Chloroparaffins are viscous, colourless or yellow liquids. Chloroparaffins with
a chain of more than 20 carbon atoms and high chlorination degree (70 %)
are solids. Chloroparaffins are chemically very stable, but decompose above
300°C forming hydrogen chloride. The substance group have very low va-
pour pressures at room temperature, high flash points and are virtually in-
soluble in water (2).

Due to risk reduction measures in the EU for short-chained chlorinated paraf-
fins (SCCPs), medium-chained chlorinated paraffins (MCCPs) are the
dominating type of chloroparaffins in lubricants for metal working (3).

7.11.4 Health assessment

The health assessment of MCCPs are based on data for MCCPs (CAS No.
85535-85-9 (alkanes, C14-17, chloro)) and the similar SCCPs (CAS No.
85535-84-8 (alkanes, C10-13, chloro).

Acute toxicity

MCCPs have very low oral acute toxicity when ingested. LD, (rat) > 15.000
mg/kg (16). Animal test data for SCCPs indicate low acute toxicity by skin
contact and inhalation. Based on data for SCCP, which is structurally very
similar to MCCP, MCCP may also have a very low acute toxicity by skin con-
tact and inhalation (3).

Irritation

Studies in rats and rabbits have demonstrated slight irritation at most to the
skin caused by MCCPs. However, there was some potential for cracking of
the skin following repeated dermal application of liquid MCCPs, probably
caused by de-fatting properties (3).

Studies in rabbits indicate that MCCPs have low eye irritation potential (3).

There are no data on respiratory irritation of MCCPs. As there are no reports
relating to this endpoint and due to the widespread use of chloroparaffins, this
suggests a lacking potential to cause such an effect. The low skin and eye irri-
tation potential and the generally unreactive nature of the substance group
lends further support to this (3).

Sensitization

There was no evidence of skin sensitization in standard tests in Guinea pigs.
These data and the generally un-reactive nature of MCCPs indicate that they
do not possess a sensitizing potential (3).

Repeated exposure

A number of studies in rats, mice and Guinea pigs in addition to a single
study in dogs examine the effects of MCCPs by repeated oral exposure.
These studies demonstrate that liver, thyroid gland and kidneys are the target
organs. Only some of the observed effects are considered to be of toxicologi-
cal significance to humans. However, in rats, single cell necrosis was observed
in the liver at 360 mg/kg/day. In addition, in the same study minor effects
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were observed in kidney tissue at dose levels of 4 mg/kg bw/day and 10 mg/kg
bw/day and considered of toxicological significance to humans (3).

Genotoxicity

Studies of genotoxic effects of MCCPs and the structurally similar SCCPs in
bacterial and mammal cell systems and rats and mice indicate that MCCPs do
not possess a genotoxic potential (3).

Carcinogenicity

There are no data on the carcinogenic potential of MCCPs. Rodent carcino-
genicity studies using a SCCP (60 % chlorination) produced toxicologically
significant dose-related increases in the incidence of several tumour types.
Due to the underlying mechanisms of these tumours, they were considered of
little or no relevance to human health. However, kidney tubular call adenomas
were seen in male rats as a result of exposure to the SCCPs. The underlying
mechanism for the kidney tumours has no yet been fully elucidated. The car-
cinogenic potential to humans cannot be entirely excluded based on the avail-
able data. However, recent mechanistic evidence strongly suggests that the
mechanism of the kidney tumours are probably not of toxicological signifi-
cance to humans. This is supported by the general un-reactive nature of chlo-
roparaffins and the fact that MCCPs do not exhibit a mutagenic potential (3).

Reproduction toxicity

There is no data available in humans regarding effects of MCCPs on fertility
and foetal development.

One limited animal study is available in relation to the effects of MCCPs on
fertility. The administration of a MCCP (52 % chlorination) to rats in a 2-
generation reproduction study at up to 384 mg/kg/day for females and 463
mg/kg/day for males in the diet had no apparent effect on fertility (3).

No adverse effects during gestation were produced in two reproductive stud-
ies with rats and rabbits orally exposed to a MCCP in doses up to 5000 and
100 mg/kg/day respectively (3).

In contrast, exposure of rats (dams) to a MCCP (52 % chlorination) at ap-
proximately 400 mg/kg/day in the diet produced internal haemorrhaging and
deaths in the pups. A mechanistic study has indicated interference of the
MCCP to the vitamin-K-dependent neonatal blood clotting system. It is con-
sidered that either direct exposure to the MCCP via transferral to the pups in
the breast milk disrupted the vitamin-K-dependent clotting system or the
pups received less vitamin K in the breast milk due to treatment-related ef-
fects upon their mothers. This would appear to be a phenomenon specific for
neonates as there is no indication of haematological effects in adult animals in
conventional repeated-exposure studies. From the studies available, a NO-
AEL of 8 mg/kg/day as a maternal dose can be identified for this effect (3).

In summary, based on limited animal data, MCCPs do not exhibit an effect
on fertility or foetal development when administered to rats up to approxi-



mately 400 mg/kg/day in the diet. However, MCCPs may present a hazard to
the neonatal offspring via the lactating mother (3).

Health rating

MCCPs are based on the available data proposed a classification as reproduc-
tion toxic in category 3 with risk phrase R63 ’Possible risk of the unborn
child”, risk phrase R64 ’May cause harm to breastfed babies” and risk phrase
R66 Repeated exposure may cause skin dryness or cracking” (Rep3;R63
R64 R66) (3). The substance group is assigned health score 5.

7.11.5 Environmental assessment
Aquatic toxicity

The medium-chained chlorinated paraffins (MCCPs) seem to have low acute
toxicity towards. Data refers LC50(96h) towards fish above 5,000 mg/l.
Long-term tests also showed little effect on fish (1).

Studies show, however, that MCCPs are very toxic to daphnids. In a short-
term toxicity test, LC50(48h) was 6-8 ug/l. Results from long-term tests with
NOEC of 10 ug/l are, however, conflicting with the results from the acute test.
Other short-term studies show LC50 values of approx. 1 mg/l (1).

Environmental fate

More tests indicate that biodegradation of MCCPs is limited. BOD, values of
<10 and 20 mg O,/g have been reported for a MCCP (41% CI) and MCCP
(49% CI), respectively. Other experiments show a decrease in biodegradability
with increasing degree of chlorination (1).

Bioaccumulation

A large number of studies concerning bioconcentration from water are re-
ported in the EU risk assessment of MCCPs (CAS No. 85535-85-9). How-
ever, in a number of these studies, calculated test concentrations exceeded the
solubility, and it could be suspected that not all of the MCCPs were truly dis-
solved. A BCF(fish) of 1087 measured for Oncorhynchus mykiss is referred as
a reliable result (1).

Environmental rating

In the draft for EU’s environmental risk assessment of MCCPs (CAS No.
85535-89-5), it is proposed that MCCPs are classified as dangerous to the
environment: very toxic to aquatic organisms, may cause long-term adverse
effects in the aquatic environment (N;R50/53) (1). Based on this proposal,
MCCPs are assigned environmental score 5.

7.12 Conclusion
7.12.1 Results
The chosen representative substance groups of non-chlorinated lubricants for

metal forming are assigned a health and an environmental score. The scores
are based on a health and environmental rating system developed by CETOX
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(Centre for Integrated Environment and Toxicology). The system is devel-
oped on the basis of the EU classification system for chemical substances
which focus on the inherent properties of substances. The higher the score,
the more adverse health or environmental properties of a compound. Thus,
score 5 implies the most serious health or environmental effects while score 1
implies the least adverse effects. The rating system is described in further de-
tail in section 7.2. Table 7.14 provides an overview of the result of the health
and environmental assessment of representative components in non-
chlorinated lubricants.

Substance group Subgroups Health Environ- Notes
score mental
score
Mineral base oil 1 2
Calcium petroleum 1 2 The general env. score is 2,
sulphonates (over- however some petroleum
based) sulphonates are assigned
env. score 3 or 4.
Alkyl sulphides 1-4 35
(polysulphides)
Vegetable and 1 1 High-erucic acid rape oil is
animal oils assigned health score 5.
Some epoxidized oils are
assigned env. score 3 or 4.
Phosphorous Aryl phosphates | 1 1-5 The health scores are
compounds and aryl phos- based on health assess-
phites ments of individual
Trialkyl phos- 5 substances known to occur
phates in lubricants for metal
forming. Organic phos-
phates and
Dialkyl phos- 3 phosphates exhibit a great
phates variation in toxicity. Thus
the health score can be
between 1 -5.
Dialkyl phos- 2/5
phites
Monoalkyl 3
phosphates
Complex phos- | 1
phate esteres
Zinc dialkyldi- 2-3 4-5
thiophosphates
Sulphurized fatty 1 1
compounds
Synthetic ester oils | Monoesters 1-2 1
Diesters 1-5 4-5
Polyglycol 1 1
esters
Polyol and 1 1-2
complex esters
Soaps 1 1-2
Medium-chained 5 5

chloroparaffins

Table 7.14 The result of the health and environmental assessment of representative
substance groups in non-chlorinated lubricants for metal forming. Subgroups are
assigned a health and environmental score respectively. Assignment of health or
environmental score 5 implies the most serious health or environmental effects,
while health or environmental score 1 implies the least adverse effects. For further
details see section 7.2.

7.12.2 Conclusion

In the EU human risk assessment draft of medium-chained chloroparaffins
(MCCPs) it is proposed, that MCCPs should be classified as toxic to repro-




duction in category 3 (Rep3) with risk phrases R63 ”Possible risk of harm to
the unborn child” and R64 ”May cause harm to breastfed babies” in addition
to R66 “Repeated exposure may cause skin dryness or cracking” (3). This
classification implies that MCCPs are assigned health score 5.

The substance groups mineral base oils, over-based calcium petroleum sul-
phonates, vegetable and animal oils, sulphurized fatty compounds, synthetic
ester oils and soaps enter non-chlorinated lubricants for metal forming lubri-
cants as lubricant bases, lubricity enhancing additives (polar additives) or ex-
treme pressure additives. The health assessment of these substance groups has
resulted in an assignment of health score 1 or 2 (except for synthtetic diest-
ers). This indicates that these compounds do not possess properties which
may cause serious adverse health effects.

The substance groups alkyl sulphides (polysulphides) and phosphorous com-
pounds are added to non-chlorinated lubricants primarily as extreme pressure
additives, while synthetic diesters are added as lubricity improving additives
and lubricant bases.

The three substance groups are assigned health score 1 -4,1-5and 1 -5,
respectively. This implies that there is a considerable variety in the toxicity of
individual substances in the groups. The substance groups includes sub-
stances which posses properties which may cause adverse health effects. Some
of these substances have the potential to cause adverse health effects as serious
as assessed for MCCPs.

In the EU environmental risk assessment draft of MCCPs it is proposed that
MCCPs should be classified as dangerous to the environment (N) with the
risk phrase R50/53 ""Very toxic to aquatic organisms, may cause long-term
adverse effects in the aquatic environment” (1). This implies that the sub-
stance group is assigned environmental score 5.

The environmental assessment of mineral base oils, over-based calcium petro-
leum sulphonates, vegetable and animal oils, sulphurized fatty compounds,
synthetic ester oils (except for some diesters) and soaps result in assignment
of environmental score 1 or 2. This indicates that these substance groups pos-
sess properties which may cause less severe effects in the environment.

Similar to the health assessment of the selected substance groups in hon-
chlorinated lubricants, the environmental assessment indicates that alkyl sul-
phides (polysulphides) and phosphorous compounds possess properties
which may cause the most severe environmental effects. These two substance
groups are assigned environmental score 3 — 5 and 1 — 5. Thus the eco-
toxicity of especially phosphorous compounds may vary considerably. Both
substance groups include substances which may cause severe environmental
effects at a rating level as assessed for MCCPs.

Finally, the health and environmental assessment of selected substance groups
in non-chlorinated lubricants demonstrates that the health and especially the
environmental data platform is poor for a number of the substance groups
generally occurring in non-chlorinated lubricants. This includes alkyl sul-
phides, some of the phosphorous compounds, sulphurized fatty acids and
some of the synthetic ester oils. Thus, substitution of chlorinated lubricants to
the currently available non-chlorinated lubricant alternatives imply a move-
ment from a reasonable health and environmental data platform to a substan-
tially poorer data platform.
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8 Health and environmental screen-
Ing of non-chlorinated lubricants

8.1 Introduction

A health and environmental screening of proposed non-chlorinated lubricant
alternatives has been performed in phase 3 of the project. This was done with
the aim to establish an overview of the health and environmental properties of
the proposed non-chlorinated lubricants at a screening level in addition to
identify and eventually sort out lubricants with obvious unwanted health and
environmental properties prior to full scale production test.

The original objective of this project was merely to focus on the extreme pres-
sure additives (EP additives) of non-chlorinated alternatives, as the primary
function of chlorinated paraffins in metal working lubricants is as EP addi-
tives. However, this quickly showed to be difficult. Substitution of chlorinated
paraffins in lubricants for metal forming implies a complete reformulation of
the lubricant. Most often it is impossible to precisely point out which of the
components in non-chlorinated lubricants substitutes the chloroparaffins.
Together, the individual components of the non-chlorinated lubricant form a
complex chemistry resulting in lubrication during the metal forming process.
Thus, it was rather quickly estimated in the project that the best basis for
comparison between health and environmental effects of chlorinated and non-
chlorinated lubricants was obtained through an evaluation of not only the en-
tering components but also the entire lubricant.

The health and environmental screening includes lubricants which possess
promising lubricating properties in the focused metal processes based on sup-
plier information and at the same time, where satisfactory compositional in-
formation has been obtained. In total a health and environmental screening
has been performed for 14 non-chlorinated lubricants.

The objective of chapter 8 is to describe the methods for the health and envi-
ronmental screening of the proposed non-chlorinated lubricants and to pro-
vide and discuss the results of the screening.

8.2 Method for health screening of proposed non-chlorinated lubri-
cants

As in the health assessment of entering components in non-chlorinated lubri-
cants, the health and environmental screening of alternative lubricants focuses
entirely on the inherent properties of the components contained in the prod-
ucts. This means that the use of the product is not considered in the assess-
ment.

The screening of the proposed alternative lubricants is based on information
retrieved at the suppliers (see also chapter 4) in addition to a search in Annex
1 to the EU Directive 67/548/EEC on dangerous substances and toxicological



and eco-toxicological data in well-recognized handbooks and databases. The
quality of the data is not rated. Thus, the screening of proposed non-
chlorinated lubricants should be regarded only as an indication of the health
and environmental properties.

Based on the health and environmental classification of the individual sub-
stances entering into a lubricant in a concentration above 0,1 %, each sub-
stance is assigned a health and an environmental score respectively. The
scores are assessed on the basis of a health and environmental rating system
developed by CETOX (Centre for Integrated Environment and Toxicology).
The system is developed as a tool to facilitate the differentiation between
chemical substances and products with respect to health and environment.
Both the health and the environmental rating systems comprise five hazard
groups — health or environmental groups 1 to 5. Group 5 includes substances
with the most severe health or environmental effects, while group 1 includes
substances with no or few less severe health or environmental effects. The
designation score corresponds to hazard group. The rating systems are de-
scribed further in section 7.2 of this report.

No or insufficient data (Score ND)

Both the health rating and the environmental rating systems include an addi-
tional group comprising substances for which no data is available or for which
the data available is insufficient to place the substance in a hazard group.

For components in a lubricant placed in group ND there is either no or
insufficient information available for a health or environmental assessment
resulting in a classification and subsequently a rating.

Score ND - health

Assignment of a health score of a component demands as a minimum the
availability of test data from animal studies on acute oral toxicity as well as
data for skin and eye irritation and sensitizing potential by skin contact.
Alternatively, a health score of a component can be established based on data
from long term experience with human exposure by relevant routes.

Score ND - environment

Assignment of an environmental score demands as a minimum data for
aquatic toxicity in addition to data on biodegradability. If there are no data on
bio-accumulation, this effect can be evaluated on experimental or calculated
data for water-octanol distibution.

Health and environmental assessment of total lubricants

Based on health and environmental classifications for the individual
components in a lubricant, the product classification is calculated in
accordance with the EU classification principles for preparations described in
EU Directive 99/45/EC on classification, packaging and labelling of
dangerous chemical preparations. A product health and environmental score
respectively are assigned based on the product classification.
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Reference point

A chlorinated lubricant (approximately 50 % CI) used by Danfoss A/S in rele-
vant metal forming processes at the time of this project is used as the refer-
ence point in the health and environmental screening of alternative lubricants.
The lubricant contains 80 % of a medium-chained chlorinated paraffin.

8.3 Results of health and environmental screening of proposed lu-
bricants

A health and environmental screening has been performed for 16 non-
chlorinated lubricants. Below are stated the results of the health and environ-
mental screening of the proposed non-chlorinated lubricants in addition to the
results of a health and environmental screening of a reference lubricant - a
chlorinated lubricant.

The figures representing the individual products illustrate the percentage con-
tent of components placed in the individual health and environmental hazard
groups. The designation score corresponds to hazard group.

The product health score and the product environmental score is stated in the
text below the figures.

8.3.1 Product no. 10

Product No. 10

@ Environmental @ Health

100
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Weight percent

Environmental and health score

Fig 8.1: Relative content of components in product no. 10 assigned the individual
environmental and health scores

As can be seen from fig. 8.1, 5.0 % of the components in product no. 10 is
assigned environmental score 1, 85.0 % is assigned score environmental 2, 5.0
% is assigned environmental score 3 and 5 % is assigned environmental score
4. All components in product no. 10 are assigned health score 1. The total
product is assigned environmental score 3 and health score 1.



8.3.2 Product no. 12

Product No. 12
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Fig.8.2: Relative content of components in product no. 12 assigned the individual
environmental and health scores.

As can be seen from fig. 8.2, 99.8 % of the components in product no. 12 are
assigned environmental and health score 1, respectively. 0.2 % of the
components are assigned environmental score 4 and health score 5. The total
product is assigned environmental score 1 and health score 1.

8.3.3 Product no. 15

Product No. 15

@ Environmental @ Health
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Fig 8.3: Relative content of components in product no. 15 assigned the individual
environmental and health scores.

The individual environmental and health scores for product no. 15 are
illustrated in fig. 8.3. As regards environmental hazard, 80.2 % of the
components in product no.15 is assigned score 1, 3.8 % is assigned score 2,
and 0.9 % is assigned score 4. Regarding health hazard, 80.4 % of the
components in product no.15 is assigned score 1, 0.9 % is assigned score 2,
and 2.9 % is assigned score 3. For 15.1 % and 15.8 % respectively of the
components in product no. 15 it is not possible to assignh an environmental
and health score due to insufficient data. Based on available data, the total
product is assigned environmental score 1 and health score 1.
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8.3.4 Product no. 18

Product No. 18
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Fig. 8.4: Relative content of components in product no. 18 assigned the individual
environmental and health scores.

The individual environmental and health scores for product no. 18 are
illustrated in fig. 8.4. As regards environmental hazard, 25.2 % of the
components in product no. 18 is assigned score 1, 0.7 % is assigned score 2,
0.8 % is assigned score 3 and 3 % is assigned score 5. Regarding health
hazard, 26.8 % of the components in product no.18 is assigned score 1, 0.9 %
is assigned score 3 and 0.7 % is assigned score 4. For 70.3 % and 71.6 %
respectively of the components in product no. 18, it is not possible to assign
an environmental and health score due to insufficient data. Based on available
data, the product is assigned environmental score 4 and health score 1.

8.3.5 Product no. 24

Product No. 24
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Fig 8.5: Relative content of components in product no. 24 assigned the individual
environmental and health scores.

The individual environmental and health scores for product no. 24 are
illustrated in fig. 8.5. As regards environmental hazard, 47.0 % of the
components in product no. 24 is assigned score 1, 50.0 % is assigned score 2
and 3.0 % is assigned score 4. All components in product no. 24 are assigned

health score 1. The total product is assigned environmental score 1 and health
score 1.



8.3.6 Product no. 37

Product No. 37
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Fig.8.6: Relative content of components in product no. 37 assigned the individual
environmental and health scores.

The individual environmental and health scores for product no. 37 are
illustrated in fig. 8.6. As regards, environmental hazard 99.0 % of the
components in product no.37 is assigned score 2. 99.0 % of the components
in product no. 37 is assigned health score 1, and 1 % health score 2. For 1 %
of the components in product no. 37, it is not possible to assign an
environmental score due to insufficient data. Based on available data, the total
product is assigned environmental score 2 and health score 1.

8.3.7 Product no. 38

Product No. 38
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Fig. 8.7: Relative content of components in product no. 38 assigned the individual
environmental and health scores.

As can be seen in fig. 8.7, 80 % of the components in product no. 38 is
assigned environmental score 2 and 5 % are assigned environmental score 5.
95 % of the components in product no. 38 is assigned health scorel and 5 %
is assigned health score 4. For 15 % of the entering components it is not
possible to establish an environmental score due to insufficient data. Based on

available data, the total product is assigned environmental score 4 and health
score 4.
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8.3.8 Product no. 39

Product No. 39
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Fig. 8.8: Relative content of components in product no. 39 assigned the individual
environmental and health scores.

The individual environmental and health scores for product no. 39 are
illustrated in fig. 8.8. As regards environmental hazard, 62.1 % of the
components in product no. 39 is assigned score 1, 21.2 % is assigned score 2,
3.8 % is assigned score 3 and 6.3 % is assigned score 5. Regarding health
hazard 64.5 % of the components in product no. 39 is assigned score 1, 0.5 %
is assigned score 2, 6.2 % is assigned score 3 and 22.2 % is assigned score 4.
For 6.6 % of the components in product no. 39 it is not possible to establish
an environmental and health score due to insufficient data. Based on available
data, the total product is assigned environmental score 4 and health score 4.

8.3.9 Product no. 40
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Fig. 8.9: Relative content of components in product no. 40 assigned the individual
environmental and health scores.

As can be seen in fig. 8.9, 66.7 % of the components contained in product no.
40 is assigned environmental score 1 and 18.3 % is assigned environmental
score 2. 67.0 % of the components in product no. 40 is assigned health score
1 and 18.0 % is assigned health score 4. For 15 % of the entering components
it is not possible to establish an environmental and health score due to
insufficient data. Based on available data, the total product is assigned
environmental score 1 and health score 4.



8.3.10 Product no. 41
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Fig. 8.10: Relative content of components in product no. 41 assigned the individual
environmental and health scores.

As can be seen in fig. 8.10, 81.0 % of the components in product no. 41 is
assigned environmental score 1, 1.5 % is assigned score 3 and 15.5 % is
assigned environmental score 4. 96.5 % of the components in product no. 41
is assigned health score 1, 2.0 % is assigned score 3 and 1.5 % is assigned
health score 4. For 2 % of the entering components it is not possible to
establish an environmental score due to insufficient data. Based on available
data, the total product is assigned environmental score 3 and health score 1.

8.3.11 Product no. 42

Product No. 42
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Fig 8.11: Relative content of components in product no. 42 assigned the individual
environmental and health scores.

As can be seen in fig. 8.11, 54.5 % of the components entering into product
no. 42 is assigned environmental score 1, 17.5 % is assigned environmental
score 3 and 28 % is assigned environmental score 4. All components in
product no. 42 are assigned health score 1. The total product is assigned
environmental score 4 and health score 1.
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8.3.12 Product no. 45
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Fig. 8.12: Relative content of components in product no. 45 assigned the individual
environmental and health scores.

The individual environmental and health scores for product no. 45 are
illustrated in fig. 8.12. As regards environmental hazard, 22.0 % of the
components in product no. 45 is assigned score 1, 32.0 % is assigned score 2,
25.0 % is assigned score 3 and 21.0 % is assigned score 4. Regarding health
hazard 89.0 % of the components in product no. 45 is assigned score 1 and
11.0 % is assigned score 2. The total product is assigned environmental score
3 and health score 1.

8.3.13 Product no. 51
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Fig 8.13: Relative content of components in product no. 51 assigned the individual
environmental and health scores.

The individual environmental and health scores for product no. 51 are
illustrated in fig. 8.13. As regards environmental hazard, 33.0 % of the
components in product no. 51 is assigned score 1, 32.0 % is assigned score 2,
15.0 % is assigned score 3, 19.0 % is assigned score 4 and 1 % are assigned
score 5. All components in product no. 51 are assigned health score 1. The
total product is assigned environmental score 4 and health score 1.



8.3.14 Product no. 53

Product No. 53
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Fig 8.14: Relative content of components in product no. 53 assigned the individual
environmental and health scores.

The individual environmental and health scores for product no. 53 are
illustrated in fig. 8.14. All components in product no. 21 are assigned
environmental score 1 and health score 1 respectively. The total product is
assigned environmental score 1 and health score 1.

8.3.15 Chlorinated lubricant

Chlorinated lubricant
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Fig. 8.15: Relative content of components in the reference product, a chlorinated
lubricant, assigned the individual environmental and health scores.

As can be seen from figure 8.15, 80 % of components in the reference
product, a chlorinated lubricant, is assigned environmental and health score 5.
This is due to the content of a medium-chain chlorinated paraffin. Medium-
chain chlorinated paraffins (CAS-No. 85535-85-9) are proposed a
classification as reprotoxic in category 3 with risk phrases R63: “Possible risk
of harm to the unborn child*, R64: “May cause harm to breastfed babies”,
R66: “Repeated exposure may cause skin dryness or cracking” and dangerous
to the environment with risk phrase R50/53: “Very toxic to aquatic organisms,
may cause long-term adverse effects in the aquatic environment”. This
classification is proposed in the EU Risk Assessment on medium-chained
chlorinated paraffins (CAS-No. 85535-85-9) human health draft February
2002 (3) and environment draft August 2000 (1). 11.0 % of the entering
components are assigned environmental score 1 and 9 % is assigned
environmental score 2. 14.0 % of entering components are assigned health
score 1 and 6 % is assigned health score 2. The total product is assigned
environmental score 5 and health score 5.
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8.4 Conclusions

The total product environmental scores of the proposed alternative lubricants
are illustrated in fig. 8.16. The reference product — a chlorinated lubricant — is
marked with an asterisk.

Total product environmental score
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Figure 8.16 Total product environmental scores for proposed non-chlorinated lubri-
cants in addition to the product environmental score for the reference lubricant - a
chlorinated lubricant - marked with an asterisk ( *).

Based on the available data, the results of the environmental screening of the
suggested alternative lubricants show that five non-chlorinated lubricants are
assigned a total product environmental score 1, one lubricant is assigned a
total product score 2 and eight non-chlorinated lubricants are assigned a total
product environmental score 3 or 4.

The total product health scores of the suggested alternative lubricants are il-
lustrated in fig. 8.17. The reference product — a chlorinated lubricant — is
marked with an asterisk.
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Figure 8.17 Total product health scores for proposed non-chlorinated lubricants in
addition to the product health score for the reference lubricant — a chlorinated
lubricant - marked with an asterisk (*).

Eleven non-chlorinated lubricants are assigned a total product health score 1
while three non-chlorinated lubricants are assigned a total product health
score 4. The reference product, a chlorinated lubricant, is assigned a total
product health score 5.

It can be concluded, that with reference to the health and environmental crite-
ria established in section 3.3.1 and 3.3.2, apparently the majority of the non-
chlorinated lubricants have acceptable health qualities based on available data



while a substantial number of the same lubricants have environmental proper-
ties which should be avoided based on available data.

Three of the proposed alternative lubricants are assigned a total product
health score of 4 due to a content of component classified as sensitizing by
skin contact. In the two cases, this classification is due to an organic amine
and in the third case due to a polysulphide.

Eight out of fourteen of the non-chlorinated lubricants are assigned a total
product environmental score of 3 or 4. These environmental scores are due to
a content of polysulphides, phosphorous compounds and/or calcium sulpho-
nates. The health and environmental properties of all three substance groups
are discussed further in chapter 7.

The products considered as the best alternatives in a total health and envi-
ronmental context based on criteria established in sections 3.3.1 and 3.3.2 are
stated in table 8.1.

Product Product health score Product environmental
score

Product no. 10 3

Product no. 12

Product no. 15

Product no. 24

Product no. 37

Product no. 41

RN [N [N [N (I I PN
WWIN|—| |-

Product no. 45

Product no. 53 1 1

Table 8.1 The proposed lubricant alternatives considered as the health and environ-
mentally best alternatives.

For about half of the proposed non-chlorinated lubricants, there are no or
insufficient data available for a number of entering components. This implies
that there is no or insufficient data regarding potential health effects including
data on acute oral toxicity, skin and eye irritation and sensitizing potential by
skin contact. Regarding potential effects in the environment, this implies, that
there is no or insufficient data available on aquatic toxicity and
biodegradeability.

Thus, assignment of a health and environmental score only implies that there
is a minimum data set available concerning health and environmental effects.
For a substantial part of the components in non-chlorinated lubricants there
exists very limited data on health and environmental properties compared to
chlorinated paraffins. See also chapter 7 on health and environmental
assessment of components in non-chlorinated lubricants.

It can be concluded that based on the sparse available data, non-chlorinated
lubricants seem to possess improved inherent health and environmental
properties compared to chlorinated lubricants. However, it should be kept in
mind, that a number of the proposed non-chlorinated lubricants contain sub-
stances which are assigned environmental score 3 or 4 or even 5, though in
lower concentrations than the typical concentration of chlorinated paraffins in
the chlorinated lubricants. Further, substitution of chlorinated lubricants to
the currently available non-chlorinated lubricant technologies implies a
movement from a reasonable health and environmental data platform to a
substantially poorer data platform.
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9 Exposure assessment in the work-
Ing environment of selected compo-
nents in non-chlorinated lubricants

9.1 Introduction to chapter 9

The health and environmental screening of proposed non-chlorinated lubri-
cants and the health and environmental assessments of components typically
found in non-chlorinated lubricants focus on the inherent properties of
chemical substances and products. The use of the lubricants is not consid-
ered.

In order to also consider the use of the lubricants and thereby the health risk
involved when using the non-chlorinated lubricants in the working environ-
ment, exposure assessments have been performed for four substances. To-
gether these substances represent two groups of components typically found
in non-chlorinated lubricants for heavy-duty metal working with the main
function as extreme pressure additives (EP additives).

The exposure assessment and evaluation of the health risk in the working en-
vironment for the use of non-chlorinated lubricants are very much performed
at a screening level and only provide an indication of the health risk involved
by use of the products.

The exposure assessments only consider exposure in the working environ-
ment. Exposure of the specified substances may also occur in other spheres —
for instance by diffuse exposure via the environment. Exposure in other
spheres than the working environment is not considered in this project.

Chapter 9 describes the method and results of the exposure assessments and
discuss the results.

9.2 Substances in focus

Organic phosphorous compounds and alkyl sulphides (polysulphides) are
considered to be the two most critical substance groups found in non-
chlorinated lubricants with respect to potential adverse health effects in the
occupational environment. This evaluation is based on the health assessments
performed in this project on components in non-chlorinated lubricants. Both
organic phosphorous compounds and polysulphides are typically entering
non-chlorinated lubricants primarily as EP additives. The inherent health and
environmental properties of the substance groups are discussed in chapter 7.

Exposure assessments in the working environment have been performed for
two organic phosphorous compounds and two polysulphides. The substances
selected for the exposure assessments are the organic phosphates; tributyl
phosphate (TBP) (CAS No. 126-73-8) and phenol, isopropylated, phosphate



(3:1) (ITAP) (CAS No. 68937-41-7), and the polysulphides sulphurized,;
2,4, 4-trimethyl-pentene (CAS No. 68515-88-8) and di(tert-dodecyl) pen-
tasulphide (CAS No. 31565-23-8). The health assessment of the four sub-
stances is described in sections 7.5.4 and 7.7.4, respectively. The choice of
these four substances were determined by the availability of physical/chemical
and health data for the individual substances. The selected substances demon-
strated the best data platform.

9.3 The exposure scenario

Today, chlorinated lubricants are used at Danfoss A/S for metal forming op-
erations, such as extrusion, stamping and deep drawing in stainless steel. Ex-
posure conditions at Danfoss A/S during these forming operations are used as
scenarios in the exposure assessment.

The relevant exposure routes for chemicals in the working environment are
skin contact and inhalation.

At Danfoss A/S, metal forming operations are performed by machines in ma-
chining rooms, which are generally fenced from the working areas.

The degree of dermal exposure to the lubricant may vary depending on the
type of forming operation. However, in general dermal exposure occurs dur-
ing continuous surveillance and regulation and mounting of the machines,
cleaning and renovation of used tools, and control of finished work pieces.
This may imply skin exposure of hands and underarms, in addition to drip on
shoulders and hair. The oil is heated to 70 —80°C during some of the forming
operations. Thus, dermal exposure to metal forming lubricants occurs
through non-dispersive use with direct and extensive handling.

Hot vapours may be generated during intentional heating of the lubricant to
70 — 80°C to adjust the viscosity, but also during friction heating generated at
the metal surface under the forming operations. There is no data on the tem-
perature at the metal surface under the forming operations. However, pre-
sumably it may reach the decomposition point of the substances in focus
which are informed to be > 200° C. Decomposition products of TBP may be
toxic fumes of phosphor oxides (31). There is no information on decomposi-
tion products of ITAP, while decomposition products of the polysulphides
may be toxic fumes of hydrogen sulphide and sulphur oxides (30).

Metal forming operations do not give rise to mechanically produced mist
(aerosols). Mist may be formed by condensation of hot vapour. However, the
exposure to mist during metal forming is considered to be very limited. Expo-
sure to lubricants by inhalation of vapours and mist occurs in the machining
room during surveillance and regulation, shift of tools and manual emptying
of boxes containing finished work pieces.

9.4 Dermal exposure
A worst-case assessment of dermal exposure is calculated for the four sub-

stances in focus by use of the EUSES EASE model (77). The use pattern is
non-dispersive use and direct and extensive handling.
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In addition, skin absorption estimates of the four substances are, if possible,
calculated using three different skin absorption models. The models used are
SkinPerm (78), DermWin (79) and the method described by Sartorelli (80).

9.4.1 Worst case dermal exposure calculated by EUSES EASE model

The calculated worst case dermal exposure for metal working lubricants with
direct and extensive handling using the EUSES EASE model lies in the range
of 1- 5 mg/cm’/day (3). The estimated exposure area (hands and underarms)
is 2700 cm” and the average human body weight is 70 kg. Thus, the calculated
exposure of the total lubricant will be approximately 39 — 193 mg/kg bw/day.
The calculated worst case range of dermal exposure for the four substances in
focus are stated below in table 9.1.

Substance CAS No. Typical concentration range | Worst case exposure
(% weight) (mg/kg bw/day)

Tributyl phosphate 126-73-8 1-15 0,4-29

(TBP)

Phenol isopropylated 68937-41-7 1-15 0,4-29

phosphate (3:1) (ITAP)

Sulphurized 2,4,4- 68515-88-8 3-30 1,2 - 58

trimethyl pentene

Di(tert-dodecyl) pen- 31565-23-8 3-30 1,2-58

tasulphide

Table 9.1 Calculated worst case dermal exposure concentrations for four non-
chlorinated lubricant EP-additives estimated by the EUSES EASE model (77).

9.4.2 Dermal absorption calculated by various skin absorption models

Skin absorption estimates of the four substances are, if possible, calculated
using three different skin absorption models. The models used are SkinPerm
(78), DermWin (79) and the method described by Sartorelli (80).

All three models are developed based on data set for a limited number of sub-
stances. Thus, the sensitivity of the models varies depending on the physi-
cal/chemical characteristics of the chosen substances. In addition, all three
models are based on skin absorption of substances in aqueous solution. This
is indeed not an optimal absorption model for components in metal forming
lubricants as they are most often mineral oil based. However to our knowl-
edge, there are no skin absorption models available at present, which are de-
veloped on the basis of substances in oil-based solutions. The three skin ab-
sorption models underestimate the skin absorption of substances with very
low water solubility.

A scenario with an exposure time of 8 hours/day and an exposure area (hands
and arms) of 2700 cm” is used in the three models. Mean average human
body weight is 70 kg.

The calculated total absorption in/through the skin for the four substances in
focus are stated in table 9.2. The Sartorelli model is not suitable for calcula-
tion of skin absorption for substances with a Log Pow above 6. Thus a skin
absorption estimate calculated by the Sartorelli model is only available for
tributyl phosphate (TBP) having a Log Pow below 6 (16).




Substance CAS No. MW Log Pow | Water solubil- | Skin absorption (mg/kg bw/day)
ity (mg/1) SkinPerm | Derm- | Sarto-

Win relli

Tributyl phosphate (TBP) 126-73-8 266,3 | 4(16) 280 3,03 5,01 0,42

Phenol isopropylated 68937-41- | 452,5 9,07* 2,58 x 10°* 0 50x10 | -

phosphate (3:1) (ITAP) 7 4

Sulphurized 2,4,4-trimethyl | 68515-88-8 | 143,3 7,56 * 7,825 x 1073 0 50x10

pentene 2

Di(tert-dodecyl) pen- 31565-23-8 | 498,9 | 11,86* 5,36 x 10%* 0 7,3x10°

tasulphide

Table 9.2 Calculated total dermal skin absorption for four non-chlorinated lubricant
EP-additives using three different skin absorption models. Log Pows marked with an
asterisk (*) are estimated by EpiWin (81). A (-) indicates that the absorption model is
not applicable for the specific substance.

9.5 Exposure by inhalation

The EUSES EASE model (77) has been used to calculate the vapour concen-
trations of the substances in focus in the working environment during condi-
tions as described in the exposure scenario. An operating temperature of ap-
proximately 80° C are used in the model. Decomposition products are not
considered.

Below in table 9.3 are stated the vapour concentrations at a process tempera-
ture at 80°C calculated by the EASE method in addition to the saturated va-
pour concentrations of the four substances in focus.

Substance CAS No. Vapour Vapour concentration Saturated vapour
Pressure at 80°C calculated by concentration (SVC)
(80°C) the EASE method (mg/m?) (80°C)
(Pa)* (mg/m?)

Tributyl phos- 126-73-8 1,42 554 — 1110 153

phate (TBP)

Phenol isopropy- | 68937-41- | 0,00068 0-1,88 0,12

lated phosphate 7

(3:1) (ITAP)

Sulphurized 68515-88-8 | 14 298 -596 810

2,4, 4-trimethyl

pentene

Di(tert-dodecyl) 31565-23-8 | 0,00027 0-2,08 0,05

pentasulphide

Table 9.3 Vapour concentrations and saturated vapour concentrations at a process
temperature on 80°C for four EP additives in non-chlorinated lubricants for metal
forming. * Estimated by EPIWIN (81) and EUSES/EASE (77)

9.6 Discussion of exposure results and risk characterization

9.6.1 Introduction

A risk characterization has been performed in the working environment for
the four substances in focus — two phosphorous compounds (TBP, CAS No.
126-73-8 and ITAP, CAS No. 68937-41-7) and two polysulphides (sulphur-
ized 2,4,4-trimethyl pentene, CAS No. 68515-88-8 and di(tert-dodecyl) pen-
tasulphide, CAS No. 31565-23-8).

The risk characterization has been performed by comparison of the calculated
exposure levels by dermal contact and inhalation and the NOAEL, LOAEL
or NOAEC for critical health effects of the four substances by repeated expo-
sure. Critical health effects of a substance is the effects observed on health at
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the lowest dose/concentration levels. NOAEL is an abbreviation for the “no
observed adverse effect level” while LOAEL is the “lowest observed adverse
effect level”. NOAEC is the “no adverse effect concentration”

9.6.1.1 Tributyl phosphate (TBP) (CAS No. 126-73-8)
Dermal exposure

The worst case dermal exposure scenario for tributyl phosphate (TBP) esti-
mated by EASE is 0,4 — 29 mg/kg bw/day (table 9.1), while the calculated skin
absorption estimates for TBP using three different skin absorption models
range from 0,42 — 5,01 mg/kg/day (table 9.2). It can be concluded that there
is reasonable consistency between the magnitude of the skin absorption esti-
mates in the three models. There is also a reasonable consistency between the
magnitude of the skin absorption estimates and the worst case dermal expo-
sure calculated by EASE. Thus the calculated worst case exposure seems to
be a reasonable estimate of the internal exposure of TBP by skin contact.

Exposure by inhalation

The calculated vapour concentration of TBP at 80°C is in the range of 554 -
1110 mg/m’, while the saturated vapour concentration (SVC) of TBP at 80°C
is 153 mg/m’ (table 9.3). The SVC is the theoretical maximum in a steady
state environment and will rarely, if ever, be achieved in practice in an indus-
trial situation. The actual vapour concentration of TBP is therefore likely to
be lower than the SVC. Thus the worst case vapour concentration of TBP in
the working air calculated by EASE is obviously an overestimate. The contri-
bution from aerosols to the inhaled exposure is considered to be very limited
and is, thus not included in the exposure assessment.

Risk characterization

There are no data on the health effects of TBP by repeated dermal exposure.
Available data on effects by repeated oral exposure, indicate that the critical
effects seem to be effects on the peripheral nerve system, effects on the
seminiferous tubules, effects on reproduction (reduced pup weight) and pos-
sible carcinogenicity in the urine bladder. It should be emphasized that the
importance of these results to humans are not thoroughly assessed. Health
effects by repeated exposure of TBP assessed as critical are summarized be-
low in table 9.4. The studies and results mentioned are also described in the
health assessment of TBP in section 7.7.4.2 (studies A, B, C, D and E).

Substance CAS No. Effects by repeated dermal or Effects by repeated inhalation
oral exposure

Tributyl phos- 126-73-8 No data for dermal toxicity by A: Rat, inhalation, 4-month-

phate (TBP)

repeated exposure.

B: Rat, oral, 2-weeks gavage
study: Effects on peripheral

nerve at 400 mg/kg bw/day.
NOAEL: 270 mg/kg bw/day
(16).

C: Rat, oral, 2-weeks gavage
study: Degenerative changes in
seminiferous tubules, increase
in liver weight and decrease in
spleen weight at 400 mg/kg
bw/day. NOAEL: 136 mg/kg

study: decrease in choli-
nesterase activity, effects on
physiological and biochemical
parameters of the liver at 13,6
mg/m®. The cholinesterase
activity retained to normal in
the post-exposure period.
NOAEC: 5.1 mg/m?® (16).




Substance CAS No. Effects by repeated dermal or Effects by repeated inhalation
oral exposure

bw/day (16).

D: Rat, oral, 2 year, dose levels
up to 140 mg/kg bw/day for
males and 180 mg/kg bw/day
for females: Dose-dependent
hyperplasia and neoplastic
lesions in urine bladder (papil-
loma and for the males also
carcinoma). NOAEL: 9 mg/kg
bw/day for males and 12
mg/kg bw/day for females,
respectively (48).

E: Rat, oral, two-generation
reproduction study: A NOAEL
could not be established. A
LOAEL for reproductive toxicity
(reduced pup weights) was 15
mg/kg bw/day (16).

Table 9.4 summarizes critical health effects of tributyl phosphate (CAS No. 126-73-8) by
repeated exposure.

Effects on peripheral nerve system and seminiferous tubules are observed at
400 mg/kg bw/day, whereas effects on reproduction (pup weight) and car-
cinogenic effects are observed at lower exposure levels. LOAEL for effects on
pup weight was 15 mg/kg bw/day while NOAEL for neoplastic lesions in the
urine bladder was 9 mg/kg bw/day for males and 12 mg/kg bw/day for fe-
males, respectively. Comparison of these effect levels with the calculated
worst case dermal exposure level for TBP (0.4-29 mg/kg bw/day) indicates
that a worst-case dermal exposure scenario to lubricants containing TBP
(CAS No. 126-73-8) at a common lubricant concentration levels implies a
risk of adverse effects on health.

In a 4-month inhalation study with rats exposed to TBP, effects on choli-
nesterase activity and liver were observed at 13,6 mg/m°. The vapour
concentration of TBP at 80°C will never exceed the SVC at the same
temperature. Thus the theoretical maximum vapour concentration of TBP
will be 153 mg/m”. In reality, the vapour concentration will be considerably
lower than SVC. Comparison of the theoretical maximum vapour
concentration of TBP (153 mg/m®) with the effect level of 13.6 mg/m®
indicates that the vapour concentration of TBP at 80°C may reach levels
during metal forming operations implying a risk of adverse effects on health.

9.6.1.2 Phenol isopropylated phosphate (3:1) (ITAP) (CAS No. 68937-41-7)
Dermal exposure

The worst case dermal exposure scenario for I'TAP estimated by EASE is 0,4
— 29 mg/kg bw/day (table 9.1), whereas the skin absorption estimate using two
skin absorption models ranges from 0 to 0,5 ug/kg/day (table 9.2). There is
considerable inconsistency between the magnitudes of the calculated skin ab-
sorption estimates and between the skin absorption estimates and the worst
case dermal exposure estimate. The calculated water solubility of ITAP is
very low (2,58 x 10®° mg/l). The suitability of the skin absorption models for
calculation of skin absorption of non-water soluble substances is limited. The
calculated skin absorptions are underestimations. The actual internal exposure
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of ITAP by skin contact are presumably somewhere between the worst case
dermal exposure calculated by EASE and the estimated skin absorption.

Exposure by inhalation

As illustrated in table 9.3, the calculated vapour concentration of ITAP at
80°C is in the range of 0 — 1,88 mg/m°, while the saturated vapour concentra-
tion (SVC) of ITAP at 80°C is 0,12 mg/m°. As mentioned for TBP, the SVC
is the theoretical maximum in a steady state environment and will rarely, if
ever, be achieved in practice in an industrial situation. The vapour exposure
of ITAP is therefore likely to be lower than the SVC. The contribution to ex-
posure by inhalation from aerosols is considered to be very limited.

Risk characterization

Two 4-weeks dermal exposure studies of triisopropylated phenyl phosphate
(ITAP) (CAS No. 68937-41-7) with rats indicate that the critical health ef-
fects by repeated dermal exposure are slight inhibition of plasma choli-
nesterase activity in both sexes and effects on adrenals in males. The lowest
NOAEL for inhibition of plasma cholinesterase was 200 mg/kg/day, while the
NOAEL for adrenal effects in male rats was 100 mg/kg/day. Studies in hens
and epidemiological studies are inconclusive with respect to toxicity of ITAP
to the peripheral nerve system. The critical health effects of ITAP are summa-

rized below in table 9.5. The studies and results are also described in the
health assessment of ITAP in section 7.7.4.1 (studies A, B, C and D).

Effects by repeated dermal or oral
exposure

Effects by re-
peated inhalation

Substance CAS No.
Phenol isopropylated | 68937-41-
phosphate (3:1) 7

(ITAP)

A: Rat, dermal, 4-weeks study (test
substance = Kronitex 50): slight
inhibition of plasma cholinesterase
activity in both sexes at 2000
mg/kg bw/day. Increased adrenal
weight and slight fatty change in
adrenal cortex in males at 500
mg/kg bw/day. NOAEL = 100
mg/kg bw/day for males and 500
mg/kg bw/day for females (16).

B: Rat, dermal 4-weeks-study
(Reolube HYD 46): slight inhibi-
tion of plasma cholinesterase
activity in females at 1000 mg/kg
bw/day. A decrease in absolute
and relative testicular weight in
males receiving 1000 mg/kg.
NOAEL =200 mg/kg bw/day (16).

C: Some studies with hens ex-
posed to ITAP by ingestion in
addition to a couple of epidemiol-
ogical studies in the working envi-
ronment indicate neurotoxicity of
ITAP. However, results regarding
neurotoxicity are inconclusive (16).

D: Hens, inhala-
tion of aerosols
(Reofos 50), single
8-hour exposure,
21-day post expo-
sure period: mild
to moderate ataxia
observed in 2/10
birds at 2400
mg/m?and in
4/10 birds at 3090
mg/m?®. NOAEC =
620 mg/m? (16).

Some studies with
hens exposed to
ITAP by inhalation
indicate neurotox-
icity of ITAP.
However, results
regarding neuro-
toxicity are incon-
clusive (16).

Table 9.5 Critical health effects of triisopropylated phenyl phosphate (ITAP) (CAS No.
68937-41-7) by repeated exposure.

Comparison of the lowest NOAEL from a 4-week dermal exposure study
with rats (100 mg/kg bw/day) with the worst case dermal exposure estimate of
0.4-29 mg/kg bw/day for ITAP (table 9.1) indicates that the rise of adverse
health effects in the working environment due to dermal exposure of lubri-



cants containing I'TAP should be considered limited. Dermal exposure from
vapour concentrations of ITAP contribute to the dermal exposure. However,
this contribution is considered to be negligible compared to direct dermal con-
tact.

Available inhalation data for ITAP from studies in hens indicate that inhala-
tion of ITAP in aerosol form may cause harmful effects on the nervous sys-
tem. However, the contribution from aerosols generated during metal forming
operations is considered to be very limited. An estimated NOAEC for the
effect was 0,12 mg/m°. This indicates that the risk of harmful effects on health
caused by inhalation of ITAP vapours and aerosols is considered to be mini-
mal at expected concentrations during metal forming.

9.6.1.3 Sulphurized 2,4,4-Trimethyl pentene (CAS No. 68515-88-8) and di-tert-
dodecyl pentasulphide (CAS No. 31565-23-8)

Dermal exposure

As can be seen from table 9.1, the worst case dermal exposure range of the
polysulphides estimated by EASE is 1,2 - 58 mg/kg bw/day, whereas the skin
absorption estimates using two skin absorption models ranges from 0 to 5,0 x
10 mg/kg bw/day for sulphurized 2,4,4-trimethyl pentene and from 0 to 7,3 x
10”° mg/kg bw/day for di-tert-dodecyl pentasulphide (se table 9.2). There is
considerable inconsistency between magnitudes of the skin absorption esti-
mates, and between the skin absorption estimates and the worst case dermal
exposure. The calculated water solubility of the two polysulphides are very
low (7,825 x 10°mg/L and 5,36 x 10°mg/L). The suitability of the skin ab-
sorption models for calculating skin absorption of non-water soluble sub-
stances is limited and underestimates the skin absorption. The actual internal
exposure of the polysulphides by skin contact is presumably somewhere be-
tween the worst case dermal exposure estimate and the skin absorption esti-
mates.

Exposure by inhalation

As summarized in table 9.3, the calculated vapour concentration for sulphur-
ized 2,4,4-trimethyl pentene (CAS No. 68515-88-8) at 80°C is 298 — 596
mg/m°, while the saturated vapour concentration (SVC) at 80°C is 810
mg/m°. Thus the calculated vapour concentration of sulphurized 2,4,4-
trimethyl pentene is possible in the working environment under metal forming
operations.

For di-tert-dodecyl pentasulphide (CAS No. 31565-23-8), the calculated va-
pour concentration at 80°C is 0 — 2.08 mg/m® while the saturated vapour
concentration (SVC) at 80°C is 0.05 mg/m°, as can be seen from table 8.3.
The SVC is the theoretical maximum in a steady state environment and will
rarely, if ever, be achieved in practice in an industrial situation. The actual
vapour exposure of di-tert-dodecyl pentasulphide is therefore lower than the
SVC.

Risk characterization
Limited health data are available for polysulphides, especially data by repeated

exposure. Sensitization by skin contact seems to be one effect of some poly-
sulphides. Systemic effects by repeated exposure includes decreased body
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weight gain and effects on the blood and immune system. Four sub-chronic
dermal toxicity studies in rats and rabbits have been conducted with either
sulphurized 2,4,4-trimethyl-pentene (CAS No. 68515-88-8) of sulphurized
2-methyl-1-propene (CAS No. 68511-50-2). The predominant effect ob-
served was dermal irritation at the site of the test material. The lowest re-
ported NOAEL for systemic toxicity in a 13-weeks rat study was 50 mg/kg
bw/day for sulphurized 2-methyl-1-propene (CAS No. 68511-50-2). The
critical health effects of polysulphides are summarized below in table 9.6. The
studies and results are also described in the health assessment of polysulphides
in section 7.5.4 (studies A, B and C).

sulphurized 2-methyl-1-propene
(CAS No. 68511-50-2): decreased
body weight gain (males), de-
crease in red blood cell number,
increase in neutrophils, increase in
spleen size and pigments in
spleen and decreased body weight
gain in males at 250 mg/kg
bw/day. Increased production of
white blood cells in spleen and
bone marrow at 100 mg/kg/day
and above. NOAEL for systemic
toxicity = 50 mg/kg bw/day (26).

B: Rat, 28-days gavage-study, di-
tert dodecyl pentasulphide (CAS
No. 31565-23-8): Salivation was
observed in all treated animals at
1000 mg/kg/day only during the
treatment period. NOAEL = 1000
mg/kg bw/day (28).

Substance CAS No. Effects by repeated dermal or oral | Effects by repeated inha-
exposure lation
Polysulphides Various A: Rat, dermal, 13-weeks study with | C: Rat, inhalation, 28-day

study, sulphurized 2,4,4-
trimethyl pentene (CAS
No. 68515-88-8):

Effects: > 15 mg/m®:
Reduced body weight
gain, increased liver
weight, increased kidney
weight, histopathological
changes in kidney.

> 150 mg/m?®: decrease
in haemoglobin concen-
tration.

NOAEC < 15 mg/m?.
Effects in the liver were
considered an adaptive
response, while effects in
kidneys were considered
irrelevant to humans
(26).

Table 9.6 Critical health effects of polysulphides by repeated exposure.

Comparison of the worst case dermal exposure estimates on 1,2 - 58 mg/kg
bw/day for sulphurized 2,4,4-trimethyl pentene and di(tert-dodecyl) pen-
tasulphide calculated by EASE with the estimated NOAEL on 50 mg/kg/day
for systemic toxicity by dermal exposure of another polysulphide, sulphurized
2-methyl-1-propene (CAS No. 68511-50-2) indicates that repeated dermal
exposure to some polysulphides may involve a risk of adverse effects on

health.

In addition, data indicates, that some polysulphides exhibit a sensitizing po-

tential by repeated skin contact.

Available inhalation data for sulphurized 2,4,4-trimethyl pentene from a single
study in rats indicate that inhalation of the substance may cause systemic ef-
fects (reduced body weight gain) below 15 mg/m®. The maximum vapour
concentration of sulphurized 2,4,4-trimethyl pentene at 80°C was calculated
to be 596 mg/m’, which is well below the calculated SVC on 810 mg/m°®. The
maximum vapour concentration of di-tert-dodecyl pentasulphide at 80°C was
2.08 mg/m°® which is considerably above the SVC for this substance at 0.05
mg/m°. Comparison of the NOAEC < 15 mg/m® with maximum vapour con-
centrations at 80°C of 596 mg/m® for sulphurized 2,4,4-trimethyl pentene
indicates that there is a risk of harmful effects on health caused by repeated
inhalation of vapours of sulphurized 2,4,4-trimethyl pentene during metal
forming operations. As the possible vapour concentration of di(tert-dodecyl)
pentasulphide at 80°C (the SVC at 0.05 mg/m®) is considerably below 15



mg/m’, the risk of adverse health effects caused by inhalation of ditert-dodecyl
pentasulphide during metal forming operations is considered very limited.

9.7 Conclusion

Exposure assessments and risk characterization in working environment have
been performed at a screening level for two phosphates representing the sub-
stance group phosphorous compounds and two polysulphides representing
the substance group polysulphides. Both substance groups typically occur in
non-chlorinated lubricants as extreme pressure additives and are considered
to be the most critical substance groups in non-chlorinated lubricants regard-
ing health effects. This evaluation is based on the results of the health and
environmental assessment of components in non-chlorinated lubricants de-
scribed in chapter 7.

Dermal exposure

The results of the exposure assessments and risk characterizations indicate
that worst-case dermal exposure to lubricants containing tributyl phosphate
(TBP) (CAS No. 126-73-8) at common lubricant concentrations involve a
risk of adverse effects on health, while the risk of adverse health effects due to
dermal exposure of lubricants containing phenol isopropylated phosphate
(3:1) (ITAP) (CAS No. 68937-41-7) at common lubricant concentrations
should be considered limited.

Worst case dermal exposure estimates of polysulphides indicates, that re-
peated dermal exposure to some polysulphides may involve a risk of adverse
effects on health including skin sensitisation. However, the actual dermal ex-
posure levels in the working environment are presumably lower than the worst
case estimations as the exposure time and especially the exposure area are
lower. Further, the dermal exposure to metal forming lubricants can easily be
reduced substantially by use of personal protection equipment, in particular,
gloves.

Exposure by inhalation

Regarding exposure by inhalation, the results of the exposure assessments
indicate that the vapour concentration of TBP at 80°C may reach levels dur-
ing metal forming operations implying a risk of adverse effects on health. The
risk of harmful effects on health caused by inhalation of I'TAP vapours is con-
sidered to be minimal at worst case estimated vapour concentrations.

Based on worst case estimates of the vapour concentration at 80°C, there is a
risk of harmful effects on health caused by repeated inhalation of sulphurized
2,4,4-trimethyl pentene (CAS No. 68515-88-8). The risk of adverse health
effects caused by inhalation of di-tert-dodecyl pentasulphide (CAS No.
31565-23-8) at 80°C is considered to be very limited.

The exposure assessments do not consider exposure from decomposition
products of the four substances in focus formed due to friction heating at the
metal surface during forming operations. Decomposition products of phos-
phorous compounds may be toxic fumes of phosphor oxides, while decompo-
sition products of polysulphides may be toxic fumes of hydrogen sulphide and
sulphur oxides. Thus decomposition products of phosphorous compounds
and polysulphides may involve an additional risk of adverse health effects.
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In addition, only exposure in the working environment is considered in the
exposure assessments. Exposure from other spheres — most probably diffuse
exposure via the environment - may involve an additional exposure.
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