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ABSTRACT 

Laboratory and simulated irt-use iubrican~ tests 
were performe.-I on sulf-arized jojoba oil and on :e- 
ference s~dfn:ri~ed sperm whaIr off. Data from these 
ccnr:prehensive tests indicated sulf-Jrized jojol3a oil 
prepared from heat- treatad filtered oil to  be compar- 
able or saperior  to sulfurized sperm whale oil as an 
exherne-pre_-sure additive fur ~notor oils, gear 
l-abricants, and automotive transmission fluids. 

INTRODUCTION 

The protected but still endangered sperm whal~ 
(Physete~ macrocephalus or P, catodu~ ) and desert-grown 
nuts from :ojoba ]guxus ciunensia (Link 1822), Simmond~ia 
cal(fornica (Nl.,ttall 1844), S:mmondsia c;',trietlsis (S::hnei- 
der  1907)] are the only major  sources of natural  Ihluid 
waxe~ (1.2}. The search for oils to replace sperm wlzMe oil 
in exl-eme-pressure lubricants  has led ~he U.S. Depar tmenl  
of Ag:lcLdture to conduct  m-depth evaluations on several 
sele~:ted agricahural  research FrOducts including jojoba oil 
and other  ester-type candidates.  Reqned jojoba oit per. 
formed very well in prefi l r inary screenir.g tests and was 
selected far evaluation of simulated in-ase performance in 
engine, automat ic  transmission, and differential gear 
labricatio~. Data summarized and reported here Iron. tests 
comparing jojobs and sperm whale oils indicate the feasi- 
bility of utilizing su;f .r ized jo joba  oll as an extreme- 
p~essuze lubricant  additive in place of  sulfur 'zed sperm 
whale oil. 

MATERIALS 

Jojoba Oil 

Nuts were harvested and dried at the San Carlos Apache 
Indian Reservation in Arizona. Six oil samples were pre- 
paJed it" this ,llil:lner: 

Sample 1 was clear supematan t  oil obtained by expeller- 
pressing dried nuts  and allowing the turbid oil to stand for 
one week before the clear superna tan t  was decanted from 
sedimented fine particles. 

Sample II was hexane-e•  oil that  had been 
washed with methanol ,  heated to 300 C, cooled, and 
filtered. 

Sample Ifl was 11 tha t  had been heated  to 300 C two 
additional t imes in the presence of activated charcoal and 
filtered each rime. 

Sample IV w~:s I heated to 250 C, cooled and filtered. 
Satnple V was l heated rapidly to 300 C with 8 g of  

activated charcoal (Darco G-60, ICI United States, Inc., 
Wilmington, DE) per 500 ml of  oil and filtered w~aile hot  
(250 C) through (?elite Filter Aid (Johns-Manville,  New 
York). 

Sample VI was V prepaled it, larger quantJly.  Working 
with 500 ml batct',es, p leparat ion of this <tmple required 8 
hr  per gallon. 

Surfurized aojoba and Sperm Whale Oils 

All samples, k~tcluding two  gallons of refined jo joba  oil, 

were suifurized t3y the same general proc.edvre. Oil was 
mixc:l with elemer.ta[ sulfur (1 '..0 • 0.5% by weight) under  
reduced pre_~sure (2138 mmL and the mix.ture was heated  
slowly to 12t C (250 F). ASter 30 r a i n . . h e  n i x t u t e  was 
heated siowly to 182 C (360 F) and allowed to react at lhat  
tempera ture  for 4 hr wife constant  stirring. The mixture 
was cooled to 93 C (200 F) and blown free of kydrogen 
sulfide and ocher ~ulf:,r-containir.g volatiles by drawing ah  
through the oil unti l  entraineC air gave a negative test w~tk 
,cad acetate paper. Snlfurized sperm whale oil was ptlr- 
chased t ,om blayco Oil & Chemical  Co., Bz-istol, PA. 

Dane Oils for Lubricant Tests 

Five ~ase oils used in lubricant  tests were: 
A. Mid-cont inent  30W crankcase r (Southwest  Re- 

search Inst i tute ,  San Antonio ,  Texas). 
B. Transmission fluid contaimng 6.5% by volume o~ 

I.nbrizol 3140 as viscosity index imp:over  (Scuthv, e.st 
Research Insti tute).  

C. RGO-100 reference gear lubricant oil (Southwes~ 
Research Inst i tute  ). 

D. Conuqercial  100/I  00 vis so!vent-extracted neutral  oil 
(Mayc~ Oil & Chemical  Co.: Br..-.lol, PennsylvaniaJ. 

F. Topaz S105 O1, similar to 102 pa_~a."fin oil (Atlant ic  
Ricl-.field Co., Philadelphia, PA). 

T, EST METHODS 

Preliminary Laboratory Tests 

Preliminary tests t-rat provided the basis for self'orion of 
candidates :for the s im~azed hi-use lubricant  evahnation 
,~ere: 

Solubilivy. C o m p a t i b i l i t y  of candidate oil with tease oJ] 
,Star 24 hr  at  1.7 C (35 F), 24 hr at room tempera ture ,  7.4 
hr a| 1.7 C (35 F), and 30 days at room temperature .  

VA'e,',~'ity. American Society for Testing and Materials 
(3) ASTM D-445. 

Viacosio, Index. ASTM D-2270. 
Pour and Preezing Pe, int.,. ASI-M D-9"7. 
Flash and bite Points. ASTM D-92 
Neutralization Num bet. A STM D-97.r 
API Gravig:, ASTM D-287. 
Copper Corrosion. ASTM D-130. 
Lead CompatTbihty. Federal Test Method (4) FTM- 

TABLE I 

Wax 'l~tet Compo~ition of Unlreated, Refined, 
and Boiled Jojobu Oils (GLC Area %) 

Number of 
Carbon aloms Refined Boiled 
in  wax ester tlntreute,J (300 C) (420 C) 

C 34 o,1 0.1 0,,3 
C36 2 2 r 
C38 7 7 9 
C40 3o 30 3;J 
C42 50 50 39 
C44 10 10 IO 
C46 1 1 c; 
C48 0.1 0.1 0.5 

765 
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TABLE II 

Properties of Sulfuriz~d Jojoba and Sperm WhM~ Oils and of 13~e Oils a 

lojoba Sperm 
Property Sample i Sample Vl whale A B C D 

gttlfur, % by weight 11 II 11 0,17 0.33 O,16 0.15 
Viscosity @ 38 C, SUS b . . . . . . .  534 2687 1051 103 
Viscosity @ 99 C, SUS 834 --- 260 6,6 i 70 95 40 
Viscosity Index . . . . . . . .  I on 104 103 112 
Pour point, C 12 17 I~ . . . . . . . .  

Free~ing point, C 9 15 15 . . . . . . .  
Flash point,  C 223  248. 240. 243 277  2~.7 192 
Fire point, C 293  262 280 . . . . . . . . . .  
Aniline point, C . . . .  119 125 116 102 
Saponification nttmber 81 t I g 167 . . . . . . . . . .  
Neutralization number 7.0 3,5 3.0 . . . . . . . . .  
Gravity, degrees APt c -- -- 29 2"/ 2'7 33 

abase Oilb: A = Mid-continen~l :lOW crankcase lubricant 0.it (Southwest Research bbstitttte, San ,~ntonio, 
Texas); B = Transmit, ion fluid containing 6.5% by volume of  Lubrizol 3140 as viscosity index improver 
(~louthw~t Research Insti tute); C -- RGO-IO0 reference gear lubricant oil (Southwest Research Institute); D 
= Commercial t00/'100 via solvent-extracted neutral oil (Maven Oil & Chemical Co-, Bristol, Pennsylvania). 

bsayholt Universal Seconds. 
CAmel/can Petroleum I n s t i t u l e .  

5321.1  
EmulsifiabiliO,. ASTM D-1401. 
Foaming. ASTM D-892. 
Wear Test r ASTM D-2267-67. 
Extreme-Pressure Test (Weld). ASTM D-2783. 
Thermal Oxidation StabiliO,. FTM-2504 

$imul~ed In-Use Performance Tests 

This part of  the ~valuation was designed to obtain 
comparative performance data between sulfurized sperm 
whale oil and its replacement candidate. Most tests were 
conducted whh reference base lubricants containing only 
10% by weighl of sulfurized oil. Exception to that  was the 
1970 Oldsmobile "'MS" Sequence IH C Test, which was 
conducled using the General Motors Reference lubr ican t  
72 A and 1% by weight sulfurlzed sperm whale oil or its 
replacement candidate. Procedures used in these simulate'l 
in-use performance evaluations are described briefly below. 

L-3 71) Htgh-Torque Gear 1-ttbrtean t Test (FTM-6506.1). 
' I r i s  evaluation is required under the Military Specifications 
for Multipurpose Gear Lubricant MIL-L-2105 (5) ro 
establish a lubricant's load-carrying wear and exlreme- 
pressure characteristics under conditions ol  high-speed 
low-torque and low-speed high-torque. The procedure 
employs a 3:4 ton truck hypoid rear axle in the farnihat 
T-shaped eqnipment layout with an engine driving the 
pinion gear. I,o:,1 L,; provided by dynamometers  coupled to 
each end of  Ihe axle. The test involves two sequences: 
Sequence l high-speed low-torque operation; 100 rain at 
440 rpln 1060 N ' tn  (9460 lb-inch) torque,  146--149 C 
( 2 9 5 - 3 0 0  F); Sequence 1 I - low-speed  hip~h-torque opera- 
t ion; 24 hr at 80 rpm, 4723 N-m (41,800 ]b-lnch) torque, 
135 C (275 F). 

Performance is assessed by a criticai exanlination tff the 
contact  surfaces of  the gear teeth for any distress character- 
ized by wear, ridging, rippling, pitting, or spalling. Base oil 
C was used in this test. 

L-42 High-Speed Gear Lubricant Test (I~'TM-6507.]L 
This is a high-speed shock bump test required under the 
MIL-L-2105 specification to estabhsh the minimum anti- 
score quality of hypoid lubricants, Performed on the same 
installation a~ Ire  L-37 Test, but with a different model 
nixie assemhly, the L-42 Test follows a four-sequence 
protocol.  

Sequence I -break- in ;  10 rain at 600 rpm, 54 N ' m  (480 
Ib.inch torqueL 107 C t.225 F); 4 cycles of 600-400-600 
rpm: same torque and temperature;  20 rain at 850 rpm, 71 

N ' m  (624 lb-inch) torque, 107 C;and  4 cycles of 850-700- 
g50 rpm, same torque and temperature;  Sequence lI--high 
speed operation; 5 cycles of 550-1100-550 rpm, i~ertial 
torque only, start at 93 C; Sequence IlI-.vislml inspection 
(optional);  Sequcnce IV-shock  operation; 10 cycles of 
550-650-550 rpm, 178 N,m (1572 lb-inch) torque, star ~. at 
138 C (280 F) or near final temperature of Sequence It. 

Lubricant performance meets test requirements if the 
area scored on the gear teeth during the sequences of 
accelerationldeceletatioa cycles is tess than that produced 
during reference tests with a borderline-pass oil. such as 
RGO 10-90. Test samples were formulated in base nit C. 

Dexron-H Automatic Transmission Fluid ,gpecificativn 
Tests (GM-6137-M). This specification (6) requires candi- 
date fluids to pass a series of chemical and bench tests 
analogous to our preliminary tests and to perform satis- 
factorily ~mtlet sitnulated fit-use and in-use conditions. 
Generally, candidate automatic transmission fluids are fully 
formulated with performance-improving additives; e.g., 
extreme-pressure agents, ar.tio• antisquawk agents, 
corrosion mhibitors,  dispcrsants, viscosity index improvers, 
pour point  depressants, and antifoarn agent~. Ou~ compari- 
sons were conducted with sulfur~zed jojoba oil or sulfurized 
sperm whale oil in base oil B. 

Performance testing included the Turbo Ifydramatic 
Cycling Text (THCT) to measure shift performance and 
friction retent ion as affected by oxidation of the fluid and 
the High Energy Friction Characteristics and Durability 
'feat (HEFCAD) to measure friction retention of lhe fluid. 
l h e s e  tests, conducted according to GM-6137-M, served as 
a nlinhnum requirement for comparison of sultur,.zed 
jojoba oil with sulfurized Sl;erra whale oil. Other tests of 
the DEXRON-II protocol would normally be completed 
before accepting a candidate for commercial use in auto- 
matic transmission fluids. 

1970 Oldsmobile "MS"Sequence II1 C 'lezt [ASTM STP 
315F:. This method describes an engine lest procedure for 
evaluating high temperature perfortn~u~ce chaxacteristics of 
motor  o~]s, such a$ oil-thickening characteristics, sludge, 
and varnish deposits, as well as engfne wear. It is designed 
to relate particttlarly to high speed turnpike operation 
under relatively lugh ambient conditions typical of the 
Southwestern and Southern United States, and ~t is most 
useful in evaluating the thickening characteristics of motor 
oils under the above conditior~s. The test engine iz operated 
for 64 hr at 3000 rpm ,nde r  a load of 100 bhp. Cooling 
jacket outlet and oil gallery ~emperatures are 118 C 1245 F) 
and 149 C (300 F), respectively. 
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TABLE [II 

Properties of  Sulfurized Joioba and Spernl Whale L~ls in 
I.'our Base Oil, S (10% by Weight in Base Oil) Values f~r ]ojoba 

are Averages of Samples I to V. Except Where Specified 

Test A 13 C D 

�9 qolubilit y 
Jcbioba OK OK OK OK 
Sperm whale OK OK OK OK 

Viscosity, SUS b 
lojoba, 38 C 76,0 298S 1278 166 
Sperm whale, 38 C 608 2491 1115 132 

]ojoba, 99 C 84 195' 116 47 
Sperm whaJe, 99 C 72 170 102 43 

Visco~it y Index 
Jojoba 112 119 116 138 
Sperm wha|e 10l 113 ] I0 122 

Gravity, degrees APt c 
Jojoba 28 26 26 32 
Sperm whale 28 26 26 31 

Copper corrosion d (class/. 
fteatton by ASTM D-130) 

Jojoba, Sample 1 3 a 3 b 2 r 2 d 
Sample II I h/2 a ! b /2  a 2 a 2 a 
Sample llI 1 b I b I b 1 b 
Sample IV t afb l b 1 b 1 b 
Sample V 1 a/b 1 b | a,tb 1 a/b 

Spetan whale 2 a 2 a 2 b 2 a 

Load corrosion (weight 
loom, rag/inch 2 ) 

Iojoha, ~mnple I 0.3 6.0 10.4 9,8 
Sample II 0.2 4.1 3.2 1.4 
Sample I]1 I 1.9 "25.6 30.'/ 9.1 
Sample IV 6.3 I ~..6 2 2.8 } t.O 
Sample V 13.2 21.4 27.6 18.9 

Sperm whale 22.5 12.7 19.0 12,9 

abase oils, see Table I1. footnote a. 
bSaybolt Universal Seconds. 
CAmeriean Petroleum Institute. 
dCotrosion: l a< l  b<2 a<2 d< 3a<3 b. 

RESULTS AND DISCUSSION 

Properties of Sulfurized dojobe and Sperm Whale Oils 

Proper t i e s  and  chemica l  c o m p o s i t i o n  o f  na t u r a l  j o j o b a  
oil have  been r e p o r t e d  earl ier  ( 1,7,8) .  R e f i n e m e n t  o f  j o joba  
oil p r ior  to su l fu r i z a t i on  b r o u g h t  no  changes  u p o n  the  wax 
es te r  c o m p o s i t i o n  and  l h e  v i scos i ty  o f  the  oil. Howeve r .  
w h e n  the  of] was hea t ed  to  its bo i l ing  po in t  and  pe rco la t ed  
for  15 rain, a s l ight  r a n d o m i z a t i o n  o f  the  a l coho l / a c id  
c o m b i n a t i o n s  was o b ~ r v e d ,  as ind ica ted  in Tab ie  I. Proper-  
t ies o f  su l fu r ized  j o j oba  and  s p e r m  whale  oils and  t h o s e  for  
fou r  o f  the  five base oils are l i s ted in Table  II. 

P re l iminary  L a b o r a t o r y  Lubr i ca t i on  Tes t s  

Resu l t s  f r om the  prel iminary,  t e s t s  on su l fu r i z ed  jo joba  
a n d  sperm whale  oils are l is ted in Tab le  II1. B o t h  s a m p l e s  
r e m a i n e d  so lub le  in every  base oil, even  a f te r  s t a n d i n g  for  
30  days.  Su l fu r i zed  jo joba  oil ~mpar t ed  a s l ight ly  g r ea t e r  
inc rease  in v i scbs i ty  to lbe  base oils titan did su l fu r i zed  
s p e m t  wttale oi l ,  a l t h o u g h  t he  or ig inal  n o n s u l f u r i z e d  oils  
had  ident ical  viscosi t ies ;  i.e., 35 • I ep a t  25 C. Grav i ty  
values ,  w h i c h  ate useful  in ca l cu la t ions  invo lv ing  s to rage  
and  sh ipp ing  o p e r a t i o n s ,  were essent ia l ly  tile s ame .  Jo joba  
caused  s l ight ly  less c o p p e r  co r ro s i on  t h a n  did s p e r m  wtmle,  
a n d  b o t h ,  at  10% by weigl l t  m base oil ,  p e r f o r i n e d  wi th in  
t h e  cri teria se t  for a l lowable  co r ro s i on .  B o t h  c o r r o d e d  lead 
wi th in  t he  range  e o m m o r d y  e x p e r i e n c e d  wi th  l ub r i ca t i on  
oils. T h e y  w o u l d ,  neve r the le s s ,  r equ i r e  an t i l ead  corros ior t  
add i t ives  to m e e t  t he  s t a n d a r d  for  exce l l en t  p e r f o r m a n c e ;  
i.e., less t h a n  0 . 1 6  rag /era  2 (one  rag / inch2) .  T he  puLrifica- 

TABLE IV 

EmuLsion Properties ot  Sulfurized Jojoba and Sperm Whale Oils 
in Vstiou.~ Lubrlcanl ~ Oils (ASTM D-t401 ya 

Phases A B C D 

Jojoba oil (Sample V) I In 1 I 
water l0  20 15 17 
Oil/Water Emulsion 69 50 64 62 

Sperm Whale Oil 1 9 8 12 
Water 0 24 I i 2 
Oil/Walez Emulsion 79 47 61 66 

alO% by weight in base oil. Starting with 40 ml each of oil and 
water, measurements are expressed as phase volume~ i~t millili~ler,,. 
T ~ t  time is 60 rain. Base oils are de~ribcd in Table ii, footnote u, 

[ABLE V 

Foaming Chasaeteristics of  Sulf~rlzed Jojoba and Sperm Whale O/h 
in Various Lubricant Base Oils (AS'I'M D-292) a 

Temperature 
Oil C A B h C D 

/oj~.ba, S~,tmple V 24 $,tO OJO 0[0 510 
93 20JO 0/0 0[0 1510 
~4 SI0 t)lO 0/0 S10 

Sperm whale 24 0]0 0J0 510/20 250/0 
93 40/0 0j0 I S0 /0  2010 
24 2OlO OlO = s o / o  8o io  

a l o ~  by wcight in bare oil. Measurements expressed as ralio~ of 
milliliters of  foam after s mira bubbling vs. milliliters of  foam after 
I0 rain settling. Maximum allowed at S rain bubbling, .300 ml ai 24 
C and .gO ml at ')3 C. Base oils. described in l'abie II, footnote a. 

bBase oil B contains ant i fonm agent. 

l ion  t r e a t m e n t  t ha t  l e ssened  c o p p e r  corrosiot t  i n s t ead  
t e n d e d  to  increase  lead cor ros ion ,  T h e  change  respons ib le  
for  th i s  inc reased  Icad a f f in i ty  has  n o t  been  iden t i f i ed ,  b u t  
pu r i f i ca t i on  h a d  no  o t h e r  obv ious  de l e t e r i ous  e f f ec t s  on  the  
lub r i can t  p rope r l i e s  o f su l fu r i zed  j o joba  oil.  

Bolh  oils were  also very  s imi la r  in em~dsi f iab i l i ty ,  as seen  
ut Tab le  IV. N o r m a l l y ,  a good  e m u l s i o n  is reqt l i red for  
l ub r i c an t s  used  in m a r i n e  and  indus t r ia l  app l i ca t ions ,  
whe rea s  a good  de -emul s i f i c a t i on  p r o p e r t y  is necessa ry  for  
l ub r i c an t s  used  in engine  gears  and  t r a n s m i ~ i o a s .  

F o a m i n g  cha rac t e r i s t i c s  o f  su l fu r i zed  jo joba  oil were 
s l ight ly  s u p e r i o r  to t hose  o f  sul fur~zed s p e r m  whale  off 
(Table  V). Excess ive  f o a m i n g  is undes i r ab l e .  MIL-L-2105  
for  gear  l ub r i c an t s  specif ies  f o a m  l imi ts  a f t e r  5 ra in  o f  
bubbh r tg  as: S e q u e n c e  I at  24 C (75  C ) - 3 0 0  m l ; S e q u e n c e  
II a t  93 C ( 2 0 0  F ) - 5 0  m l ;  S e q u e n c e  I l l  at 24 C - - 3 0 0  ml.  
Su l fu r i zed  spe rm  whale  off failed to  m e e t  these  s t a n d a t d s  in 
oil C, bu t  b o t h  oils p e r f o r m e d  exce l l en t ly  in t he  transmi.~- 
s tun  f luid base (off B). In  every  base oil,  su l fu r ized  j o j o b a  
oil was to ta l ly  d e f o a m e d  in less t h a n  I0  ra in ,  w h e l e a s  
su l fu r i zed  spe rm whale  oil failed in o n e  (oil C) o f  i t s  twelve 
tests .  

Wear  and  e x t r e m e - p r e s s u r e  tes t  resu l t s  i nd i ca t ed  the  
equ ivaJency  o f  su l fu r i zed  j o joba  and spe rm  whale  oils. Th e  
va lues  f r om c o n v e n t i o n a l  4-ball wear  scar  a n d  load  weld 
d e t e r m h l a t i o n s  are g iven m Table  VI.  Scars  o f  less t h a n  0.7  
m m  and  e x t r e m e - p r e s s u r e  welds  a p p r o a c h i n g  th ree  h u n d r e d  
k i l og rams  are desLred w h e n  10% by we igh t  o f  the  addi t ive  is 
u sed .  

U n r e f i n e d  su l fu r i zed  j o j o b a  off ( S a m p l e  I) at 5% c o n c e n -  
t r a t i o n  carr ied  to  a 260-Kg  weld load,  bu t  it also p r o d u c e d  
large wear  scar  ( 0 . 620  r am) .  Re f in ing  t h e  oil  genera l ly  
i m p r o v e d  wear  p e r f o r m a n c e s  ca. 2 0 - 2 5 %  whi le  r educ ing  
load ca r ry ing  capab i l i ty  ort[y 5 - 1 0 % .  

T h e  f inal  s t ep  in o u r  p r e l i m i n a r y  t e s t i ng  a p p r o a c h e d  
in -use  cond i t i ons .  L u b r i c a n t  s t ab i l i ty  and  e f fec t iveness  were 
assessed  s i m u l t a n e o u s l y  in a h e a t e d  (163  C or  325  F)  
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TABLE VI 

Four-Ball Lubrication Tests on Sulfurized Jojoba anti Sperm Whale Oils in Topaz SlOS Base Oil (El 

% by lo)oba oil ~amples Sperm 
weight in whMe Topaz 

Test base ell I-V a VI oil SI05 

+Wear Test, ASTM D-2266.67 
Scarin mm 0 0.803 

5 0.465--0.650 0.50~ 0.558 
l0 0.565~0.705 0,590 0,623 

Extreme. pressure weld point. 
ASTM D-2783 
Weld load in Kg 0 

5 240--260 240 230 
lO 280 280 300 

120 

aRange of data for Samples [ through V. 

TABLE VIl 

Thermal Oxidation Stability at  Sulfurized lojoba and Sperm Whale Oils in Gear Lubricant Test (FTM.2504)a 

Jajoba oil samples 

Tests i I1 lII IV v VI Sperm whale oil 

Viscosity at 99 C, cenfistokes 
o Hr 

IO Hr 
20 Hr 

30 Hr 
r  Hr 
SO Hr 

% Increase, 50 Hr 

Aaalysis of  50 hr sample 
Acid number 
n-Pentane in~olubles, % weight 
Benzene iasoluhles, % weight 
Catalyst weight loss or gain, gram 

Bearing clearance increase, mm 
Gear backlash increase, mm 

25 25 22 21 23 21 21 
26 26 22 22 24 22 25 
28 30 24 22 25 24 29 

32 39 24 23 27 28 34 
43 63 26 Z4 30 32 43 

138 fig 30 ~9 39 36 ~4 

45~ 169 34 36 68 ~1 108 

4.3 10.2 
4.3  0.2 
1 .~ 0.1 

--0.004"/ ~-0.0051 
( -o .o s i%)  (+0.059%) 

O,OLO 0.002 
0.005 O.OOa 

a10% by weight in base oil C (RGO-IOO reference gear lubricant). 

gearcase wi th  t w o  spu r  gears  ope ra t i ng  u n d e r  toad  and  wi th  
air b u b b l e d  t h r o u g h  the  lub r i can t .  U n d e r  these  c o n d i t i o n s  
( F T M - 2 5 0 4 ) ,  su l fu f i zed  re f ined  jo joba  oil (Sample  VI)  
easLiy m e t  t he  MIL-L-2105  cr i te r ion  o f  n o t  n lo re  t h a n  100% 
viscos i ty  inc rease  at 50 hr ,  w h e r e a s  su l fu r i zed  spe rm  whale  
oil p e r f o r m e d  at the  border l ine  o f  approva l  (Table  VII) .  
P e n t a n e  i n so lub l e s  f r o m  j o j o b a  e x c e e d e d  the  MIL-L-2105  
L imi t  (3%) s l ight ly ,  bu t  b e n z e n e  in so lub le s  were be t t e r  t h a n  
spec i f i ca t ion  (2%), 

In t h e  p re l imina ry  tes t s  w i t h  the  first five j o joba  
s amp le s ,  the  v iscos i ty  o f  u n r e f i n e d  suKur ized  j o j o b a  oil 
(Sample  It increased  460% while t ha t  o f  t w o  pur i f ied  
s a m p l e s  inc reased  on l y  35% at  50 hr.  Ref in ing  is t h u s  
benef ic ia l  to  t h e r m a i  s tab i l i ty  as weal as to wea r - r educ ing  
p rope r t i e s ,  P e n t a n e  and  b e n z e n e  Lasolubles were also 
dras t ica l ly  r e d u c e d  by  pu r i f i ca t i on ,  while  inc reases  in gear  
back lash  and bear ing  c learance  were ins ign i f ican t  and 
or~,dously n o t  re la ted  to  purif icat ioN.  

Simulated In-Use Performance Tests 

Only  s u m m a r i e s  o f  the  da ta  on  c o n d i t i o n s  and  resu l t s  
f r om t h e s e  c o m p r e h e n s i v e  tes ts  are r e p o r t e d  he r e  because  
o f  t he i r  ex tens ive  and  de ta i led  na t u r e ,  A few of  the  ob-  
se rva t ions  are l is ted. in  Tab le  Vl l t .  

L-37D High Torque Axle  Te.~'t. M e d i u m  to heavy  wear  
was  obse rved  wi th  bo t h  su l fu r i zed  j o j o b a  and  spe rm  whale  
oils, b u t  it  was  n o t  excess ive  and was w i t h i n  t he  l imi ts  o f  
the  eva lua t i on  cri teria for  the  test ,  Detai ls  o f  t he  tes t  
s h o w e d  su l fur ixed  . jo joba  oil to be s l ight ly  be t t e r  t h a n  
su l fu r i zed  spe rm whale  oil. 

L-42 High-Speed Axle Test. In ozder to  pass  this  tes t ,  
wh i ch  s i m u l a t e s  speeds  as h igh  as 160 k p h  (100  m p h  L 
scor ing on t h e  coas t  side gear  t o o t h  sur face  m u s t  be less 
t h a n  18%; w h e r e a s  on  the  dr ive side,  scor ing  in excess  o f  2% 
m a y  c o n s t i t u t e  failure.  Su l fu t i zed  j o joba  and  sperm whale 
oils b o t h  failed the  test  w h e n  f o r m u l a t e d  in base oit R G O -  
100 w i t h o u t  o t h e r  addit ives.  Spe rm whale  resu l t s  wexe less 
sa t i s fac to ry  t h a n  t hose  for j o j o b a ;  it ope ra t ed  at a m u c h  
h ighe r  t e m p e r a t u r e ,  and  its t e s t  had  to be t e r m i n a t e d  at the  
end  o f  S e q u e n c e  2 i n s t ead  o f  Sequence  4 because  a loud  
noise  deve loped  at  the  r ea l  axle  uni t .  in a ful ly f o r m u l a t e d  
tes t ,  b o t h  oils  s h o u l d  p e r f o r m  sa t i s fac tor i ly  because  the  
marg in  o f  fa i lure  was smal l ,  desp i te  the  90 to  100% scoring 
o f  gear sur faces .  

Turbo Hydrametir Transmission Cycling Test. In this  
tes t ,  s u l fuAzed  jo joba  0il also p roved  supe r io r  over sul- 
fur ized spe rm whale  oil. With  the  la t ter ,  t he  tes t  las ted  for 
on ly  850 cycles  be fo re  t e r m i n a t i o n  due  ;o excessive 
foaming ,  i~x~mina t ion  o f  t he  su l fu r i zed  spe rm  whale  oil Zest 
par ts  i n d i c a t e d  s o m e  wear  and  s o m e  depos i t  f o r m a t i o n .  In 
con t ra s t ,  suKur i zed  jo joba  oil lasted f o u r  t imes  longer  and 
gave lower  wear  and  less depos i t s .  C h a n g e s  in t r ansmis s ion  
sh i f t  t imes  at var ious  tes t  cycle  in tervals  were less for j o jo b a  
t h a n f o r  spe rm  whale.  

Fu l ly  f o r m u l a t e d  t r a n s m i s s i o n  f luids tha t  pass  t he  T H C T  
comple t e  2 0 , 0 0 0  sh i f t  cycles  and  p e r f o r m  acco rd ing  to  the  
fo l lowing tes t  l imi ts :  

1 - 2  Shif t  t i m e  0.35 - 0 . 7 0  sec  
2 . .3  Shif t  t ime  0 . 2 5 - 0 . 5 0  sec  
V i scos i t y  at  99 C (210  F)  5.5 cSt m i n i m u m  
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TABLE VIi i  

Simulated in-Urn Evaluations of  Sinfurized Jojoba and Sperm 
Whale Oils as Ex t r eme  Pressure Lubricant  Additives 
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Sulfufized jojoba oil Sutfurized 
Evaluations (Sample VI) sperm whale oil 

L - 3 7 0  High torque axle test (F'I 'M-6506. l )  
Scq~ten~:e 1. High s~eed, low torque  

Gear tooth  surface condit ion 

Sequence II. 1.0w speed, high to rque  
Gear tooth  surface went 
Rippling on pinion gear 

Scratches, pitting, spelling 
Ridging 

Scoring, discolora~itm, corrosion, deposits 
Back]osh increase, n]~t 

Stahi l [ Iy  Of plnlt~n shaft 
Torq,]r before ~'lnd a f l ~  test, II)-in. 

to break:  
*o turn : 

b 4 2  High speed axte lest (FTM-6507.1)  
Scoring o n  r i n g  and pinion gears 

Axle backlssh iuerease~ mnl 

Luhrication t~m pera~ure, C 
Sequence 2 
Sequence ~- 

Turbo hydramat ic  tran.s~ds~[on cyr test (GM-6137-M) 
Cycles corn pleied 
Shift time, see.; I-2 shift at 250 cycles 

850 cycles 
2000 cycles 
3780 cycles 

2-3 shift at 25:0 eye]us 
850 cycles 

2000 cycles 
3780 cycles 

Viscosity, cSL 38 C; at 0 cycle 
850 cycles 

3780 cycle5 
Viscosity, cSt, 99C; at O cycle 

850 cycles 
37~,0 cycles 

Acid number  increase 
Cazbonyl group absorbance increase, OO 
Copper content  at end of  test. ppm 

High energy friction characteristics end durabihty  test 
(GM-6 t 37-M) 

Engagement  tlme. see.: 0 hi, I 0 cycles 
24 hi, 4,375 cycles 
50 hr, 9 ,000 cycles 

t00 hr, tS ,000  cycles 
])ynslnic torque,  N ~  0 hi, 10 cycles 

2r hr, 4,375 cycles 
50 hr, 9 ,000 cycles 

100 hr, 18,000 .zycies 
Clutch plate condition,  eompos[ t ion 

1970 f)Msmobile " 'MS" sequence II] C teat 
(ASTM-STP-3 t 5 F) 

Viscosity charge :  0fi[inal, cSt, at 0 hr 
% increase at 8 hr 

]6  ILr 
40 hr 
56 hr 
64 hr 

Piston varnish (no varnish ~ 10,00) 
Oil ring laud deposit (no deposit - 10.00) 
Sludg~ (no sludge = 10.00) 
Ring and lifter ~ticking 
No. of  paris h scuffed and/or  worn  
Lifter plus cam wear,  ram- ~vetage 

maximuol  
Rod bearing weight  loss, my. ; average 

S'~ tie facto ry S ati~ facto r y 

Medium heavy 
80% of  too th  

steel-8 ce 
Nil 
Nil 

INIOHe 
0.064 

45, 15 
40, l0 

90 t 00% 

0.140 

126 
140 

3,780 
0.70 

(0.70) 
0,?0 
O.79 
0.45 

0.62 
0.89 
59 

55 
9.6 

8.8 
1.34 
0.16 
5.6 

0,711 
0.83 
0.89 
0.88 
i25 
I06 

96 
94 

Light glazing 
Lighl flaking 

I44 ,94  
+ 21 
+ 3 4  
+ 110 
+ gO6 
+ 3971 
9.32 
6,28 
9.54 
None 
13 
0.010 
0.018 
116.l  

Heavy 
90% of  contact  

aFe~ 
NiJ 
50% of  teeth,  
90% of  contact  

areta 
None 
0.089 

a s ,  15 
40, I0  

lO0% 
Not me~sure(l a 

179 
Not  measured a 

850 
0.67 
0,74 

0.52 
0.62 

- .  
47 
S3 

7.5 
9.0 

1.10 
0,'72 
115 

0.67 
0.82 
0,81 
1.61 
132 
99 

108 
5g 

Heav y  glazing 
Heavy flaking 
Moderate  pitting 

141.3'2 
4- 21 
+ 34 
+ 114 
+ 889 
+ 5218 
9.27 
6.4 1 
9,47 
None 
28 
I).010 
0.020 
3'6,4 

aToM terminated at end o f  S~quence 2. 
bparts include cam lobes, lifters, valve stems, r eeke r  arm pads, and/or  r eeke r  a rm pivots. 
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Acid number  increase 6.0 maximum 
Carbonyl absorbance increase 0.70 OD maximmn 

Shift t imes for suifudzed jojoba oil without  full formula- 
tion deteriorated beyond these limits by the t ime the test 
was terminated at 3780 cycles due I;o foaming, but  on a 
comparative basis, sulfurized jojoba oil performed signifi- 
cantly bet ter  than sulfurized sperm whale oil. At termina- 
tion o f  the tests, carbonyi group absorbance was still within 
limits for jojoba bu~. not  for sperm whale, There was no 
viscosity increase with sulfurized jojoba oil at 3780 cycles, 
whereas the viscosity of  sulfurized sperm whale oil in- 
creased 19% after only 850 cycles. 

High Energy Frictfon Characteristics and Durability 
Test, Proper formulation with other transmission fluid 
additives, particularly a foam suppressor, would have 
allowed a more thorough comparison of  extended per- 
formance via the THCT. Such formulation,  however, was 
beyond the scope of  these studies, instead, extended 
performance in transmission use was estimated by deter- 
mining higil energy friction characteristics and durability in 
a sealed clutch pack during 24 t00  hr of testing as follows: 

Engagement time 0 .45 -0 .75  sec 
Dynamic torque 115 183 N ' m  

(85 135 lb-ft) 
Static t o r q u e - d y n a m i c  torque <14  N ' m  

(10 tb-ft) 
Clutch plate condition ~< light glaze, flaking, 

and/or  discoloration 

Neither fluid met these specifications, but test results 
indicate that  sulfurized refined jojoba oil outperforms 
stdfurized sperm whale ofl~ For example, whereas the engage- 
ment time in the sperm whale test increased 100% from the 
9,000 cycle check to the 18~000 cycle check, there was no 
significant change (+12%) in the jo2oba test. Fur thermore,  
the dynamic torque at 18,000 cycle dropped to half  that at 
9,000 cycles in the sperm whale test, but there was essen- 
tially no change ( -3%)  between the two points  in the 
jojoba test, The clutch plate condit ions at the end of  the 
tests also indicated the superiority of sutfurized jojoba oil 
over sulfurized sperm whale oil. 

1970 Oldsmobile "MS" Sequence IH C Test, The 
General Motors Reference Engine Lubricant 72-A gives 
results that  are borderline-fail in terms of  viscosity increase 
at 38 C (100 F) and 40 test  hours, The same is true in tests 
for varnish development,  sludge, ring and lifter sticking, 
scuffing, and wear. Average results from four trials with this 
reference lubricant compare as follows with criteria for the 
III C test : 

72-A Pass 
Performaflce Limits  

Viscosity increase at 38 C and 
40 test hours 

Maximum 3 S 1% r 
Average engine ratings at 64 test hr 

(Maximum score = 1 O) 
Piston varnish, minimum 9.2 

CRC Manual No.  1 9.S 
CRC Manual No. 9 9.3 

Oil tin g I an d deposit, minimum -6.7 6.0 
Sludg~, minimum 9-2 9.0 
Ring and lifter sticking None None 

Valve lifter and camshaft lobe com- 
bined wear 

Average, mm 0.018 0.02S 
Maximum, mm 0.030 0.051 

As shown in Table VIII, addition of  ]% by weigtat of 
sulfudzed jojoba oil to the 72-A reference oil dropped t h e  
latter's viscosity increase at 40 hr to 141%, and sulfurized 
sperm whale oil dropped it to 146%. Beyond 40 hr, the 
unsupplemented reference oil usually thickens too much 
for viscosity measurementsk Yet both  sulfurized oils kept 
viscosity within measurable limits. Both oils were essen- 
tially equal in terms of sludge and deposit formation. The 
jojoba test engine contained fewer scuffed and/or worn 
parts, but it sustained relatively high rod bearing weight 
loss. This weight loss is difficult to explain in the absence,.of 
other  signs of  wear, it may be related to the negative effect 
of refining on the compatibili ty of  suifurized jojoba oil 
with lead (Table 11I). 
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