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ABSTRACT AND SUMMARY

Synthetic wax esters with properties similar to
those of sperm whale oil have been prepared entirely
from soybean and linseed oils. The synthesis re-
quired: (a) selective hydrogenation of the oils with
copper-on-silica gel catalyst, (b) hydrogenolysis of
fatty acids to fatty alcohols with copper-cadmium-
chromium catalyst, and (c) esterification of hydro-
genolysis products to yield predominantly long chain
fatty esters which contained unsaturation in both the
alcohol and acid moieties. Similarity of physical and
chemical properties indicate that these wax esters are
possible replacements for sperm oil. After sulfuriza-
tion, the wax esters also have potential as extreme
pressure lubricant additives.

INTRODUCTION

In 1970, the United States placed the sperm whale on
the endangered species list and, in 1971, banned the import
of its products. For this reason and because of shortages
and increased prices of petrochemicals, we have investigated
the preparation of sperm whale oil replacements from
renewable agricultural sources.

Previously (1,2) we described esters of commercial
partially hydrogenated soybean acids and of selectively
hydrogenated soybean (SHSBA) and linseed acids (SHLSA)
as possible replacements for sperm whale oil in lubricants.
The saturated alcohols used in the preparation of these
esters were derived mostly from petrochemicals.

This paper reports the preparation of wax esters entirely
from soybean and linseed oils. The synthesis required the
selective hydrogenation of the oils with copper-on-silica gel
catalyst (3) at 170 C and 600 psi pressure followed by
hydrogenolysis of the fatty acids, derived from the selec-
tively hydrogenated oils (2), at 300 C and 2500-3000 psi
pressure with a copper-cadmium-chromium catalyst. Con-
version of fatty acids to fatty alcohols was 35-99+% with
less than 5% increase in saturates and with 0-53% of diene
reduced to monoene. The main side product of the hydro-
genolysis was fatty alcohol-acid esters. Esterification of
reaction product with a calculated amount of the cor-
responding fatty alcohols or fatty acids produced all wax
esters. Kinematic viscosity data and smoke, flash, and fire
points indicate that the wax esters from SHSBA
(WESHSBA) and wax esters from SHLSA (WESHLSA)
would be possible replacements for sperm oil. After sul-
furization, these wax esters have potential as extreme pres-
sure (EP) additives. EP additives prevent destructive metal-
to-metal contact in Iubrication at either high pressure or
temperature or both. WESHSBA and WESHLSA were
sulfurized, tested, and evaluated as EP and antiwear
additives. '

EXPERIMENTAL PROCEDURES

Materials and Methods

Refined and bleached soybean and linseed oils came
from commercial sources. Fatty acid compositions of oils as
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determined by gas liquid chromatography (GLC) of methyl
esters were soybean: 10.7%, C16:0; 3.6%, C18:0; 25.2%,
C18:1; 53.2%, C18:2; and 7.5%, C18:3; and linseed: 6.7%,
C16:0; 3.7%, C18:0; 23%, C18:1; 15.6%, C18:2; and 51%,
C18:3. A 15% copper-on-silica gel catalyst was prepared
with copper nitrate trihydrate and heat activated as out-
lined by Koritala (3).

SHSBA and SHLSA were obtained from saponification
of the parent selectively hydrogenated oils.

Other Reagents

Girdler (Chemetron Corp., Louisville, KY) T-1057
catalyst (ca. 40.8% CuO, 19.7% CdO, and 14.3% Cr,03)
was used for hydrogenolysis. Topaz S105 paraffin oil
(Topaz S105) is produced by Atlantic Richfield Co.,
Philadelphia, PA.

Engine crankcase base oil (AA), automatic transmission
base fluid (BB), RGO-100 gear lubricant (CC), 100/100
viscosity solvent-extracted neutral oil (DD), and com-
mercial sperm oil replacements were provided by Southwest
Research Institute (SWRI), San Antonio, TX.

Hydrogenation

Soybean and linseed oils were selectively hydrogenated
with the copper-on-silica gel catalyst at 170 C and 600 psi
pressure as described in a previous publication (2). Selec-
tively hydrogenated soybean oil (SHSBO) contained 10.2%,
C16:0; 4.2%, C18:0; 76.2%, C18:1, 9.4%, C18:2; 0.0%,
conjugatable C18:3; and 37.3% isolated trans double bonds.
Selectively hydrogenated linseed oil (SHLSO) contained
6.2%, C16:0; 4.6%, C18:0; 37.6%, C18:1; 48.0%, C18:2;
3.6%, C18:3; 5.0%, conjugatable C18:2; 1.5% conjugatable
C18:3; and 44.4% isolated trans double bonds.

Hydrogenolysis

For a typical hydrogenolysis, a 1000 ml stainless-steel
Magne-Dash autoclave was charged with 600 ml of SHSBA
and 30 g of Girdler T-1057 catalyst per 100 ml acids. After
the vessel was purged with nitrogen and pressurized with
hydrogen to 3000 psi at room temperature, the charge was
heated with stirring to 300 C. Hydrogen pressure was then
maintained at 3000 psi for 5 hr. At this stage, hydrogen
uptake was nil over a period of 0.25 hr. After cooling the
autoclave to 80 C, the batch was filtered with filter aid and
the product was analyzed. When necessary, trace amounts
of metals (from catalyst) were removed by vacuum
bleaching with 1% activated clay (4). Analysis of product
(experiment 1, Table I) showed 97.9% fatty alcohols, 0.2%
free fatty acids, and 1.9% wax esters. This standard pro-
cedure (SP) was followed in all hydrogenolyses.

Esterification

A portion of the above hydrogenolysis product (472.3 g,
1.74 mole alcohols) and 446 g (1.67 mole) precursory
SHSBA were refluxed in the presence of 2 g of a catalyst
consisting of three parts by weight of calcium acetate and
one part of barium acetate with 500 ml of xylene. Theoreti-
cal amounts of water of esterification were removed by a
Dean-Stark trap. The reaction mixture was washed with
water, dried, and stripped of solvent. Infrared (IR) analysis
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TABLE 11

Physical Properties of Wax Esters of Selectively Hydrogenated
Soybean and Linseed Acids

Viscosityb .
SUs (¥) Viscosity Points (F)
Wax esters3 v 100 210 index Smoke Flash Fire
WESHSBA 112.6 135.7 47.8 211 320 536 698
WESHLSA 91.4 92.4 42.0 207 311 482 770
i1C 223 275- 490 655-
Sperm oil 82.0 109.0 44,8 328 e7s

AWax esters: WESHSBA, wax esters from selectively hydrogenated soybean acids;
WESHLSA, wax esters from selectively hydrogenated linseed acids.

bsys = Saybolt Universal viscosity.
CWinterized at 45 F.

measuring grid (Precision Scientific).

The following tests were made by SWRI: Sulfur analysis,
base oil solubility test, copper strip corrosion test ASTM
Method D 130 (7), API gravity at 60 F ASTM Method D
287 (7), lead corrosion test FTM 5321 (8), foam test ASTM
D 892 (7), emulsion test ASTM D 1401, N-pentane and
benzene insolubles ASTM Method D 893-52 T (7), viscosity
and viscosity index ASTM Method 2270 (7), and thermal
stability test FTM 2504-1 (8).

RESULTS AND DISCUSSION

Previously described, selectively hydrogenated soybean
and linseed acids containing increased amounts of monoene
and nonconjugatable diene have unusual thermal and oxida-
tive stability and yet retained sufficient reactivity to permit
sulfurization (2). These acids were reduced to the cor-
responding alcohols in 35-99% yield with less than 5% in-
crease in saturates and with 0-53% reduction of diene to
monoene. Analysis of hydrogenolysis products, SHSBA,
SHLSA, WESHSBA, and WESHLSA are given in Table .
The main side product of the hydrogenolysis was fatty
alcohol-acid esters. GLC analysis of products showed the
formation of trace amounts of hydrocarbons. However,
head gases were not collected and analyzed for hydro-
carbons. Because the selectivity of copper-cadmium catalyst
in the reduction of unsaturated acids to unsaturated
alcohols has been reported extensively (9-13), a comprehen-
sive study of the reaction conditions was not made. The
aim of this work was to prepare samples of wax esters
entirely from soybean and linseed acids for comparison
with sperm whale oil. Results of this work indicated that
optimum conditions for hydrogenolysis was 5 g Girdler
T-1057 catalyst per 100 ml of fatty acids, hydrogen pres-
sure of 3000 psi, and a temperature of 300 C for 5 hr.

WESHSBA was obtained by the esterification of a calcu-
lated amount of SHSBA with reduction products from
experiment 1. WESHLSA was obtained by the esterification
of a calculated amount of alcohols from experiment 5 with
reduction products from experiment 4. Also shown in
Table 1 are the hydrogenolysis products from experiments
no. 2, 3, and 6. These products were not used in evaluation
work. Reduction products from experiment 6 contained
7.2% free fatty acids, 4.0% free fatty alcohols, and 88.8%
wax esters. When this mixture was refluxed with xylene,
and water of esterification was azeotropically removed, a
product containing 97% wax esters and 3% Fatty acids was
obtained.

The unusual chemical composition and physical proper-
ties of sperm oil make it useful in such diverse applications
as cutting oils, fine cosmetics, leather-softening agents, and
spinning lubricants in the textile industry. One large com-
mercial source of oleyl alcohol in this country has been
from the saponification of sperm whale oil. Oleyl alcohol

TABLE III

Physical Properties of Sulfurized Wax Esters?

Property WESHSBA WESHLSA SSO
Sulfur, % 10.5 10.8 11
Pour point, F 82 73 64
Freezing point, F 717 68 59
Flash point, F 468 460 464
Fire point, F 514 525 536
Saponification number 97.1 98.4 166.8
Neutral number 3.25 5.46 3.05
Viscosity at 210 F, SUSP 243 537 331

aSulfurized wax esters: WESHSBA, wax esters from selectively
hydrogenated soybean acids; WESHLSA, wax esters from selectively
hydrogenated linseed acids; SSO, sulfurized sperm oil.

bgys = Saybolt Universal viscosity.

has many established uses and many more potential uses
could be realized if it were more readily available on a large
scale (13, 14).

In particular, oleyl alcohol is an intermediate for bio-
degradable detergents and in different types of surface
active and detergent applications for household or indus-
trial use. Although unsaturated fatty alcohols described in
this work have geometrical and positional isomers, they
should be considered as a source of monounsaturated
alcohols. Physical properties of WESHSBA and WESHLSA
(not winterized) were studied and compared with sperm oil
winterized at 45 F (Table II). WESHSBA have smoke, flash,
and fire points higher than those of sperm oil. WESHLSA
have smoke, flash, and fire points comparable to those of
sperm oil. WESHSBA and WESHLSA also have high vis-
cosity indices (uniform viscosity over a broad temperature
range).

In the lubrication of certain gear elements in automotive
vehicles and various industrial machines, high pressure can
cause a film of lubricant to rupture with subsequent
damage to the machinery.For this reason, EP lubricants are
fortified with additives to augment lubricity at either high
pressures or temperatures, or both. EP lubricants should
have good lubricity, good cooling properties, high film
strength, good load-bearing ability, and miscibility with the
usual types of base oils. Sulfurized sperm oil (SSO) satisfies
these requirements and has been used extensively in EP
additives. For this reason, WESHSBA and WESHLSA was
sulfurized for evaluation as EP and antiwear additives,

The pour and freezing points of the suifurized wax esters
were higher than those of SSO (Table III); however, these
values are comparable with those of several commercial
sulfurized sperm oil replacements and may be improved by -
winterization.

The sulfurized wax esters were evaluated in base oils
used in EP automotive and industrial applications. Per-
formance of SSO replacements were compared (Table V)



VOL. 54

JOURNAL OF THE AMERICAN OIL CHEMISTS’ SOCIETY

‘weoy oy) Swisde)jod 19138 4 $L 18 II1 44 00T 38 “IT {4 S4 1@ °[ :urnu o7 3uras pue utur § Sunqqnq Jo 3dusnbas ‘268 4 POYIGIN LSV 1593 Weoq;

"INIISUT WN2J0I)ad UBOHAWY = [dVy

‘S 01S1IUA)) .won

*UOTSOLI0D ‘b {ysiure] YIep ‘¢ {ysture) wnipaw ‘g fysrurel 3y3is ‘1 :69-0€ 1 d POYIdN INLSV 1591 uolso13od diys yaddo),
‘g 9ININSgNS [BPOIWWOI ‘g qng

WO {V 2INISYNS [BIAWWOI 'YV NG WO ISP Paasul| PeIBUIZoIpAy A[SAIIO3[9S WOIY SI31S8 XBM “YSTHSHM SPIOR UB2qA0S PaleuadoIpAy AJOAND9[9S WO SID)S Xem ‘VISHSHM :SSAIIppE pazrnyngq
(jro urgyesed zO1 03 Jeqrwuis) yro uigjered sors zedoy ‘s01S zedo] (o

[e1IN0U POIORIIXD JUIA[OS (SIA 00T/00T) 5,004 ‘A ‘IuedlIgn] 183 (00 1-OOU) NAMS ‘DD pPINY oseq UOoISSIUSUBY) [YMS ‘A {10 958q a5eOURID (1UMS) $.0101ISU] YOIBSSOY }SOMUINOS ‘VV :SIIO aseqy

262

0L9°0 087 g qug wop %01

96S°0 0£e € qng wod %s

0080 [1}4 V qng wopj %01

9090 072 V qng wo) %s

€29°0 00¢ 0SS %0t

855°0 0£T O8S %S$

€$S°0 08?7 VISHSAM %01

899°0 09T VISHSAM %$

SL9°0 08T VASHSIM %01

Tr9°0 087 VASHSHM %S
- - - - - - - - — - - - v6L°0 ozl 3UON SO1S
zedoj,

0-007 0-0¢ 0-08T SL 0 S "1¢ S¢I 60°S 89°LT 891 d1 079°0 oLt g qng wod %01

0-001 0-0T 0-022 e €1 €€ €1t ovt 9T'§ wLe 92°T1 a1 €IL0 09¢ Vv qng wod %01

0-08 0-0T 0-0ST 99 4 4! v1€ (44} $0°S 8L°LT 6°C1 da1 L6970 00¢ 0SS %01

0-56 0-0T 0-001 09 L €l I'1¢ SET £L°S 20°z¢e (AR &4 Ve 0L9°0 087 VSTHSAM %01

0-0 0-0t 0-ST 144 0¢ 9€ 0°1¢ LIt +0°S v9°LT 00z qae §99°0 08T VASHSAM %01
- - - - - - - - - - - - 020°1 ort SUON aa

00171 0-08 0-0€S 09 st 9 9T s8Il SL°0T 9L 6ET 4 Ve €190 oLt g qng wWop %01

0-0T1 0-0971 0-0Zp 147 0z 9 65T en 06°0T 6L'¥YT P I1E de SL9'O 08¢ V ang o) %01

0-081 0-0ST  0Z-01$ 19 I 8 9T ort t6°0T LLove 061 Ve 90 097 OSS %01

0-0 0-0 0-0¢C 29 6 6 1'9¢ ort LLee 6S°TLT 9°87 qe 0990 097 VSTHSIM %01

0-0 0-01 0-0 S€ 6F 97 1'92 (4%} LS 1T 0€°0S7 1'9¢ Ve 00t°0 (1) 44 VASHSIM %01
- - - - - - - - - - - - €09°0 otl SUON 20

0-0 0-0t a-0 € LE av (A4 €07 LESE 00 6¥S L'ty qat 1650 (244 € qn§ wo) %01

0-0 0-0 0-0 £S (44 S 6°ST 121 60°9€ ZS'EPS vLe VE £$9°0 (1143 Vv Qng wod %01

0-0 0-0 0-0 Ly 144 6 LSt €11 20°'9¢ 08°LES Lzt Vi 8790 08T OSS %01

0-0 0-0 0-0 184 144 ST 1'ST (44 v lY Yo EY9 [ 4 a€ 06570 092 VSTHSIM %01

0-0 0-0 0-0 149 ST | ¥4 €8T 8Tl 0€°S€E T9°8ES 8°'S i ¥4 $L9°0 ot VESHSAM %01
- - - - - - - - - - - g1 §29°0 0TIl SUON a4

0-0T 0-0T 0-01 6L 0 SL Lt €Il 0Tl Le'LTT S°€E vi SLS'O (144 g qus wo)d %01

0-0 0-0¢ 0-Sp 6L 0 I 9°LT (RN 19°E1 61°bE] €'0€ ve 0840 08T V qng wopd %01

0-0 0-0% 0-0 6L 0 1 8'LT 10T LS'ET 61°'TET szt a/v1 €858°0 00€ 0SS %01

0-0 0-0T 0-0 0L 8 4 8°LT 611 gTst 81°€ST 9°8€ VE 0§5°0 092 VSTHSIM %01

0'0 0-01 0-0 SL v T 087 611 LSEl pzer 0 Ve SLSO ovT VASHSAM %01
- - - - - - - - - - - q1 $€9°0 ovl auoN vv

111 11 1 mwy OtH 1o (409 xoput 017 001  (guy/3w)  uorsorrod (ww) 108 (31) gPATHPPE glto aseq
() 3501 weoq (Tw) 503 14V 23180p) AJISOOSIA FRTES :o_wotoo sleddo) Ieam o8eioAY  jujod plam pezunying
uorsjnuy Auaesd pANSOISIA peaT JeaM ainssald
oldVv Snewaury swenxg

S[IO 9SBg UI SSANIPPY PAzLININS JO uosueduro)) 3dULWIOIIeg

Al 3714VL



JUNE, 1977

in base oils AA, BB, CC, DD, and Topaz S 105. SSO and
two commercial SSO substitutes (Com Sub A, Com Sub B)
are included for further comparison. Most commercial sul-
furized replacements are sold as “packages” containing a
number of additives, such as viscosity improver, metal
deactivator, antioxidants, and EP agents. The sulfurized
wax esters from hydrogenated fatty acids contained no
additives nor were they winterized before sulfurization.
SSO replacements were added to each base oil at 10% by
weight concentration levels. The blended oils were stored
for 24 hr at 35 F, 24 hr at room temperature, 24 hr at
35 F, and then 1 mo at room temperature. All sulfurized
materials had good solubilities in all the base oils.

Both wear and EP test data were obtained with sul-
furized WESHSBA and WESHLSA as 10% by weight con-
centration in all base oils. Wear and EP tests for $SO, Com
Sub A, and Com Sub B on the basis of 10% by weight
concentration in all the base oils are given for comparison.
Although data suggest that Topaz S 105 was a reasonable
choice for screening candidate materials, replacements
performed differently in each of the base oils; therefore,
the choice of a given additive will depend on its intended
application. All sulfurized products showed both EP char-
acteristics and antiwear properties. At 5% concentration in
Topaz S105, sulfurized additives WESHSBA and WESHLSA
exhibited EP properties better than those of SSO or of Com
Sub A and B. SSO, Com Sub A and B showed better anti-
wear properties than the wax esters,

Although the sulfurized wax esters appeared to be ef-
fective EP agents, they gave a copper corrosion test of 2B
to 3B. EP additives should have a copper corrosion rating of
2C or better. The higher than desired corrosion ratings and
antiwear values may have been caused either by a too high
sulfurization level or by sulfur-contained impurities, or
both. Copper corrosion tests run with wax esters as 10%
blend in base oils AA, BB, CC, and DD showed near accept-
able values as did SSO in base oil CC, and Com Sub A in
base oils AA, BB, and CC. Perhaps with proper adjustment
of either sulfur concentration or addition of metal-deactiva-
tors, or both, the additives would possibly improve greatly
in antiwear, and anti-copper corrosion properties.

Sulfurized WESHLSA had higher than expected lead
corrosion in base oils AA, BB, and CC; comparable to that
of Com Sub A. In base oils AA and BB, sulfurized
WESHSBA exhibited lead corrosion tendencies much less
than did SSO or Com Sub A and B.

Values of kinematic viscosity data, viscosity indices, and
API gravities of all materials tested as 10% blends in the
four base oils are within most industrial and military spe-
cification for lubricants containing EP additives.

In summarizing emulsion test data of additives as 10%
blends in the four base oils, all additives form stable emul-
sions with the four base oils and are suitable in this regard
for marine engine lubrication and cutting oils. Candidate
additives in base oils BB and CC exhibit excellent de-
emulsification properties and should find application in
forced-feed circulating lubrication systems, provided that
the other physical and chemical properties required of such
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systems are also met.

Foam test data of additives as 10% blends in the four
base oils demonstrate that all candidate additives met test
requirements. Sulfurized WESHSBA and WESHLSA
showed less foaming tendencies than did SSO or Com Sub
A and B in base oils AA, CC, and DD. In base oil BB,
sulfurized WESHSBA and WESHLSA, SSO and Com Sub A
showed no foam tendencies.

Thermal stability test FTM 2504-1 was made with 10%
by weight additives concentration in base oil CC. The sul-
furized WESHSBA blend failed the test because the increase
in viscosity was higher than permissible (100%). The
sulfurized WESHLSA blend polymerized after 40 hr of test.
“Although this material is apparently not suitable for engine
gear application, it did seem to perform reasonably well
otherwise and may find application as an industrial
lubricant requiring lower than 300 F operating temperature
or thermal stability.

Since most lubricants are formulated with a number of
additives, each having certain performance characteristics,
sperm oil replacement candidates could not be expected to
meet all lubricant specifications. However, the sulfurized
candidate additives have good EP properties and are
superior to SSO and commercial additives in foaming
tendencies. Thermal stability and copper and lead corrosion
tendencies exhibited by the wax esters are less than desired,
but can be improved by including either an appropriate
metal deactivator or antioxidant, or both.
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