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ABSTRACT

Lad»oratory and simulated ir-use lubricani tests
were performed on sulfarized jojoba oil and on re-
ference sulfurived sperm whale oil. Data from these
comprehensive tests indicated sulfurized jojoka ol
orepared from heat-treated riltered oil to be compar-
able or saperior to sulfurized sperm whale oil as an
exirere-pressure  additive for motor oils, gear
lakricants, and automotive transmission fluids.

INTRODUCTION

The protected but still endangered sperm  whale
(Physeter macrocephaius or P. catodon) and desert-grown
nuts from ‘ojota {Buxus chinensis (Link 1822), Simnondsia
californica (Nuttall 1844), Simmondsia chiriensts (Schnei-
der 1907;] are the only major sources of natural liquid
waxes (1,2}, The scarch for oils to replace sperm whale oil
in exireme-pressure lubricants has led the U.S. Department
of Agriculture to conduct in-depth <¢valuations on several
selected agricaliurd research products including jojoba oil
and other ester-type candidarves. Refinad jojeba oil per.
formed very well in preliminary screening tests and was
sclected for evaluation of sinulated in-use performance in
engine, autometic transmission, and differential gear
lubricatior.. Data summarized and reported here trom tests
comparing jojoba and sperm whale oils indicate the feasi-
bility of uulizing suifurizeé jojoda ol as an extreme-
pressuze lubricant adiditive in place of sulfuriaed sperm
whale oil.

MATERIALS

Jojoha Oil

Nuts were harvested and dricd at th¢ San Carlos Apache
Indian Reservation in Arizona. Six oil samples were pre-
pared in this maaner:

Sample | was clear supernatant oil obtained by expeller-
pressing dried nuts and allowing the turbid oil to stand for
one week before the clear supernatant was decanted from
scdimented fine particles.

Sample [l was hexane-extracted oil that had becen
washed with methanol, heated to 300 C, cooled, and
filtered.

Sample [H was 1l that had been heated 1o 300 C two
additional times in the presence of activated charcoal and
tiltered each time.

Sample 1V wes 1 heated to 250 C, cooled and filtered.

Sample V was I heated rapidly to 300 C with 8 g of
activated charcoal (Darco G-60, ICI United States, lnc.,
Wilm:ngton, DF) per 300 m? of oil and filtered while hot
{250 C) through Celite Filter Aid (Johns-Manville, New
York).

Sample VI was V prepared in larger quantity. Working
with 500 ml batches, preparation of this sample required 8
hr per gallon.

Surfurized Jojoba and Sperm Whale Oils
All saraples. itcluding two gallons of tefined jojoba oil,
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were sulfurized by the zaine peneral procedure. Oil was
mixcd with elemertal sulfur {11.01 0.5% by weight} under
reduced pressure (2083 mm), and the mixture was hezted
scawly to 121 C (250 F). Alter 30 min, the nixture was
heated siowly to 182 C (360 IF) and zllowed to rsact at thai
temperature for 4 hr witt. censtant stirring. The mixture
was cooled tc 93 C (200 F) and blown free of hydrogen
suliide and c*her sulfur-containirg volatiles by drzawing air
through the il until entrainec air gavs a negative test with
.ead acetate paper. Sulfurized sperm whale oil was pur-
chased from Mayco Oil & Chemical Co., Bristol, PA.

Base Qils for Lubricant Tests

Five base oils used in lubricant tests were:

A. Mid-continent 30W crankcase ¢il (Southwest Re-
search Institute, San Antonio, Texas).

B. Transmissior fluid centzining 6.5% by volume of
l.ubrivol 3140 as viscositv index improver (Scuthwszst
Research Institute),

C. RGO-100 reference gear lubricant oil (Southwes:
Research Institute).

D. Commercial 100/100 vis so’vant-extracted ncutral oil
{Maycc Qil & Chemical Co., Br.stol, Pennsylvania).

E. Topaz 81035 oil, similar to 102 pazaifin cil (Atlantic
Rickfizld Co., Philadelphia, PA).

TESTMETHODS

Preliminary Laboratary Tests

Preliminary tests t:iat provided the basis for selectien of
candidates .for the simulated in-use lubricant evaiuation
were:

Solubiliry. Compatibility of candidate oil with base il
47ler 24 hrat 1.7 C {35 F), 24 hr at rocm temperature, 24
hr at 1.7 C (35 F), and 30 days at room temperature.

Viscosizy, American Socicty for Testing and Materials
(3} ASTM D445,

Viscosity lndex. ASTM D-2270.

Pour and Freezing Pointe, ASTM D97,

Flash and Fire Points. ASTM D-92

Neurralization Number. ASTM D-974.

API Gravity. ASTM D-287.

Copper Corrosion. ASTM D-130.

Lead Compatibihiry. Federal 'lesi Method (4) FTM-

TABLE 1

Wax Ester Composition of Unireated, Refined,
and Bailed Jojoha Qils (GLC Area %)

Number of

Carhon atoms Refined Boiled

in wax ester Untreated {300 C) 420C)
C34 0.1 0.1 03
Q36 2 2 ¢
Cas 7 7 9
C49 30 30 33
C42 50 50 39
Ca4 10 10 10
C46 1 1 4
48 0.1 0.5

0.1
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TABLE I
Properties of Sulfurized Jojoba and Sperm Whale Oils and of Base Qils3
Tojoba Sperm
Property Sample { Saiople VI whale A B C D

Sulfur, % by weight 11 11 11 017 0.33 0.16 0.15
Viscosity @ 38 C, SUsb - - 534 2687 1051 103
Viscosity @ 99 C, SUS 834 e 260 66 170 98 40
Viscosity Index - - 100 104 103 112
Pour point, C 12 17 18 -
Freezing point, C 9 1S 15 -— - .
Flash poind, C 223 244 240 243 277 227 192
Fire point, C 293 262 280 - s
Aniline point, C - - - 119 125 116 102
Saponification nitmber 81 118 167 -— - -—
Neutralization numhber 7.0 3.3 30 - -
Gravity, degrees APIC - - 29 27 27 33

9Base Oils: A = Mid-continent 30W crankcase lubricant oil (Southwest Research Institute, San Antonio,
Texas); B = Transmission fluid containing 6.5% by volume of Lubrizol 3140 as viscosity index improver
(Southwest Research Institute); C = RGO-100 reference gear lubricant vil (Southwest Research Institute); D
= Commercial 100/100 vis solvent-extracted neutral oil (Mayco Oil & Chemical Co., Bristol, Pennsylvania).

bSayholt Universal Seconds.

€American Petroleum Institute,

5321.1. N+m {624 lb-inch) torque, 107 C:and 4 cycles of 850-700-

Emulsifiability. ASTM D-1401.

Foaming. ASTM D-892.

Wear Tesr (Scar). ASTM D-2267-67.
Extreme-Pressure Test (Weld). ASTM D-2783.
Thermal Oxidation Stability. FTM-2504

Simulated In-Use Performance Tests

This part of the cvaluation was designed to obtain
comparative performance data between sulfurized sperm
whale oil and its replacement candidate. Most tests were
conducted with teference base lubricants containing only
10% by weight of sulfurized oil. Exception to that was the
1970 Oldsmobile *MS” Sequence III C Test, which was
conducted using the General Motors Reference Lubricant
72 A and 1% by weight sulfurized sperm whale oil or its
replacement candidate, Procedures uscé in these simulate:d
in-use performance evaluations are described briefly below.

L-37D High-Torque Gear Lubricant Test (FTM-6506.1).
This evaluation is required under the Military Specifications
for Multipurpose Gear Lubricant MIL-L-2105 (5) to
establish a lubricant’s load-carrying wear and extreme-
pressure characteristics under conditians of high+speed
low-torque and low-spced high-torque. The procedure
employs a 3/4 ton truck hypoid rear axle in the famihai
T-shaped cquipment layout with an engine driving the
pinion gear. l.oad is provided by dynamometers coupled to
each end of the axle. The test involves two sequences:
Sequence | high-speed low-torque operation; 100 min at
440 rpm 1060 N-m (9460 lb-inch) torque, 146--149 C
{295-300 F); Sequence Il —low-speed high-torque opera-
tion; 24 hr at 80 rpm, 4723 N-m (41,800 lb-inch} torque.
135 C (275 F).

Performance is assessed by a critical examination of 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 (FTM-6507.1).
This is a highspeed shock bump test required under the
MIT.-E-2105 specification to establish the minimum anti-
scare quality of hypoid jubricants, Performed on the same
installatian ay the L-37 Test, but with a different model
axle assembly, the L42 Test follows a fourscquence
protocol.

Sequence I-break-in; 10 min at 600 rpm, 54 N*m (480
Ihinch torque), 107 C (225 F); 4 cycles of 600400600
rpin, same torque and temperature; 20 min at 850 ipm, 71

850 rpin, saine torque and temperature; Sequence 1I--high
speed operation; 5 cycles of 550-1100-550 rpm, inertial
torque only, start at 93 C; Sequence II{--visual inspection
(optionat); Sequence 1V -—shock operation; 10 cycles of
550-650-350 rpm, 178 Nem (1572 Ib-inch) torque, start at
138 C (280 F) or near final temperature of Sequence [I.

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

Dexron-II Automatic Transmission Ftuid Specification
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 under sioulated in-use and in-use conditions,
Generally, candidate automatic transmission fluids are fuily
formulated with performance-improving additives; e.g.,
extreme-pressure agents, antioxidants, antisquawk agents,
corrosion inhibitors, dispersants, viscasity index improvers,
pour point depressants, and antifoam agents. Qui compari-
sons were conducted with sulfurized jujoha oil or sulfurized
sperm whale oil in base oil B.

Petformance testing included the Turbo Iydramatic
Cycling Text (THCI)} to measure shift performance and
friction retention as affected by oxidation of the fluid and
the High Energy Friction Characteristics and Durability
Test (HEFCAD) to measurc friction retention of the fluid.
These tests, conducted according to GM-6137-M, served as
a minimum requirement for comparison of sulfur:zed
jojoba oil with sulfurized sperm whale oil. Other tesls of
the DEXRON-II protocol wauld normally be completed
before accepting a candidate for commercial use in auto-
matic transmission fluids.

1970 Oldsmobile “MS™ Sequence 11 (' test (ASTM STP
315F). This method describes an engine fest procedure for
evaluating high temperature performance characteristics of
motor oils, such as oil-thickening characteristics, sludge,
and varnish deposits, as well as engine wear. It is designed
to relate particularly to high speed turnpike operation
under relatively high ambient conditions typical of the
Southwestern and Southern United States, and it is most
usefut in evaluating the thickening characteristics of motor
oils under the above conditions. The test engine is operated
for 64 hr at 3000 rpm under a toad of 100 bhp. Cooling
jacket outlet and oil gallery iemperatures are 118 C (245 F)
and 149 C (300 b)), respectively.
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TABLE Il

Properties Qf Sulfurized Jojoba and Spermi Whale (vils in
l'our Base Oils3 (10% by Weight in Base (il). Values for Jojoba
are Averages of Samples I to V, Except Where Specified

Test A B C n

Solubility

Jojoba OK OK OK OK

Sperm whate OK OK OK oK
Viscosity, SUSP

Jojoba, 38 C 760 2588 1278 166

Sperm whale, 38 C 604 2491 1118 132

Jojoba, 99 C 84 197 116 a7

Specm whale, 99 C 72 170 102 43
Viscosity Index

Jojoba 112 119 116 138

Sperm whaie 101 113 ito 122
Gravity, degeees APIC

Jojoba 28 26 26 a2

Sperm whale 28 26 26 31

Copper corrosiond (classi-
fication by ASTM D-130)

Jojoba, Sample 1 3a 3b 2¢ 2d
Sample Il 1 hf2a 1b/2a 2a 2a
Sample 111 1b 1b [ 1b
Sampie IV 1afb th td 1t
Sample V 1ab 1b lafb 1afb
Sperm whale 2a 2a 2h 2a
Load corrosion (weight
loss, mgfinch<)
Jojoha, Sample I 0.3 6.0 104 9.8
Sampie 11 0.2 4.1 3.2 L.a
Sample 111 11.9 25.6 30.7 9.1
Sample IV 8.3 18.6 228 11.0
Sample V 13.2 21.4 2%7.6 18.9
Sperm whale 22.5 12.7 19.0 12.9

ABase oils, see Tadle II, footnote a.
bSayholt Universal Seconds.

€American Petrofeum Institute.
dCorrosion: 1 a<1 h<2 a<2 d< 3a<3 b.

RESULTS AND DISCUSSION

Properties of Sulfurized Jojoba and Sperm Whale Oils

Properties and chemical composition of natural jojoba
oil have been reported earlier {1,7,8}). Refinement of jojoba
oil prior 1o sulfurization brought no changes upon the wax
ester composition and the viscosity of the oil. However,
when the 0il was heated to its boiling point and percolated
for 15 min, a4 slight randomization of the alcohol/acid
combinations was observed, as indicated in Table 1. Proper-
ties of sulfurized jojoba and sperm whale ails and those for
four of the five base oils are listed in Table 1I.

Preliminary Laboratory Lubrication Tests

Results from the preliminary tests on sulfurized jojoba
and sperm whale oils are listed in Table III. Both samples
remained soluble in every base oil, even after standing for
30 days. Sulfurized jojoba oil imparted a slightly greater
increase in viscusity to the base oils than did sulfurized
sperm whale oil, although the original nonsulfurized oils
had identical viscosities; i.e., 35 £ 1 cp at 25 C. Gravity
values, which ar¢ useful in calculations involving storage
and shipping operations, were essentially the same. Jojoba
caused slightly less copper corrosion than did sperm whale,
and both, at 10% by weight iy base oil. perforined wilhin
the criteria set for allowable corrosion. Both corroded lead
within the range commonly cxpcrienced with lubrication
oils, They would, nevertheless, require antilead corrosion
additives to meet the standard for excellent performance;
i.e., less than 0.16 mg/cm2 {one mg/incn2 ). The purifica-

MIWA ET AL: JOSOBA AND SPERM WHATLE LUBRICANTS 767

TABLE IV

Fmulsion Propertics of Sulfurized Jojoba and Sperm Whale Oils
in Various Lubricant Base Oils (ASTM D-1401 )7

Phases A B C b
Jojoba oil (Sampte V) 1 10 1 1
Water 10 20 15 17
Oil/Water Emulsion 69 S0 64 62
Sperm Whale Qil 1 9 8 12
Water 1] 24 | B 2
Oil/Water Emulsion 79 47 61 66

210% by weight in base oil. Starting with 40 ml each of oil and
water, measurements are expressed as phase volumes i milliliiers,
Test time is 60 min. Base oils are des¢ribed in Table 11, footnote a.

TABLE YV

Foaming Characteristics of Sulfurized Jojoba and Sperm Whale Qils
in Various Lubricant Base Oils (AST'M D-892)2

Temperature
0il [ A Bb ¢ D
Jojuba, Sample V 24 5/0 0f0 0/0 5/0
93 20/0 0/0 ofo 15/0
24 5/0  0/C ofo sjo
Sperm whule 24 0/0 0/0 510/20 250/0
93 40/0  0j0 150/0  20/0
24 2040 0/0 180/0 80/0

410% by weight in basc oil. Measurements expressed as ralios of
milliliters of foam after 5 min bubbling vs. milliliters of foam after
10 min settling. Maximum allowed at $ min bubbling, 300 m) at 24
C and SO ml at 93 C. Base oils described in iable If, footnote a.

PRase oil B contains antifoam agent.

tion treatment that lessened copper corrosion instead
tended to increase lead comrosion, The change responsible
for this increased lcad affinity has not been identified, but
purification had no other obvious dcleterious effects on the
lubricant properties of sulfurized jojoba oil.

Bolh oils were also very similar in emulsifiability , as seen
in ‘Table 1V, Normally, a good emulsion is required for
Jubricants used in marine and industrial applications,
whereas a good de-emulsification property is necessary for
lubricants used in engine gears and transmissions.

Foaming characteristics of sulfurized jojoba oil were
slightly superior to those of sulfurized spem whale oil
(Table V). Excessive foaming is undesirable. MIL-L-2105
for gear lubricants specifies foam limits after § min of
bubbling as: Sequence | at 24 C (75 C)—300 ml; Sequence
IT at 93 C (200 F)-350 ml; Sequence T at 24 C--300 ml.
Sulfurized sperm whale oil failed to meet these standards in
oil C, but both oils performed ¢xcellently in the transmis-
sion fluid base (oil B). In every base oil, sulfurized jojoba
oil was totally defoamed in less than [0 min, wheseas
sulfurized sperm whale oil failed in one (oil C) of its twelve
tests.

Wear and extreme-pressure test results indicatcd the
equivalency of sulfurized jojoba and sperm whale oils. The
values from conventional 4-ball wear scar and load weld
determinations are given in Table VI. Scars of less than 0.7
mm and extreme-pressure welds approaching three hundred
kilograms are desired when 10% by weight of the additive is
uscd.

Unrefined sulfurized jojoba oil (Sample I) at 5% concen-
tration carried to a 260-Kg weld load, but it also produced
large wear scar (0.620 mm). Refining the oil generally
improved wear performances ca. 20-25% while reducing
load carrying capability only 5—10%.

The final step 1n our preliminary testing approached
in-use conditions. Lubricant stability and effectiveness were
assessed simultaneously in a heated (163 C or 325 F)
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TABLE VI

Four-Ball Lubrication Tests on Sulfurized Jojoba and Sperm Whale Qils in Topag 5105 Base 0il (E)

% by ; : Sperm )
weight in Iojaba oil samples whale Topaz
Test base ofl I-va Vi oil 5105
‘Wear Test, ASTM D-2266.67
Scar in mm 0 0.803
5 0,465-0.650 0.503 0.558
10 0.5650.705 ¢.5920 0,623
Extreme. pressure weld point,
ASTM 2783
Weld load in Kg 0 120
5 240260 240 230
10 280 280 g0
aRange of data for Samples [ through V.
TABLE V11

Thermal Oxidation Stability of Sulfurized Jojoba and Sperm Whale Gils in Gear Lubricant Test (FTM-2504)2

Jajoba oil samples

Tesis 1 » II1 v v VI Spercm whale oil
Viscosity at 99 C, centistokes
O Hr ) 25 25 22 21 23 21 21

10 Hr T 26 22 22 24 22 25

20 Hr 28 30 24 22 15 24 29

30 Hr 32 A9 24 23 27 28 34

40 Hr 43 63 26 24 30 32 43

50 Hr 138 67 30 A 39 36 44

% Inecrease, 50 Hr . 457 169 4 36 68 71 108
Analysis of 50 hr sample

Acid numbar 4.3 10.2

n-Pentane insolubles, % weight 4.3 0.2

Benzene insolubles, 9% weight 1.7 0.1

Catalyst weight loss or gain, gram —0.0047 +0.0051

{—0.051%) {+0.059%)
Bearing clearance increase, mm 0.010 0.0021
Gear backlash increase, mm 0.005 0.002

21 0% by weight in base oil C (RGO-100 reference gear lubricant).

gearcase with two spur gears aperating under load and with
air bubbled through the lubricant, Under these conditions
(FTM-2504), sulfurized refined jojoba ocil (Sample VI)
easily met the MIL-1.-2105 criterion of not more than 100%
viscosity increase at 50 hr, whereas sulfurized sperm whale
oil performed at the borderline of approval (Table VII).
Pentane insolubles from jojoba exceeded the MIL-L-2105
Limit (3%} slightly, but benzene insolubles were better than
specification (2%:).

In the preliminary tests with the first five jojoba
samples, the viscosity of unrefined sulfurized jojoba oil
(Sample 1) increased 460% while that of twe purified
samples increased only 35% at 50 hr. Refining is thus
beneficial to thermal stability as well as to wear-reducing
properties, Pentane and benzene insolubles were also
drastically reduced by purification, while increases in gear
backlash and bearing clearance were insignificant and
obviously not related to purification.

Simulated In-Use Performance Tests

Only summaries of the data on conditions and results
from these comprehensive tests are reported here because
of their extensive and detailed nature, A few of the ob-
servations are listed in Table VIIL.

£-37D High Torque Axle Test. Medium to heavy wear
was observed with both sulfurized jojoba and sperm whale
oils, but it was not excessive and was within the limits of
the —evaluation criteria for the test, Details of the test
showed sulfurized -jojoba oil to be slightly better than
sulfurized sperm whale oil.

L-42 High-Speed Axle Test. In order to pass this test,
which simulates speeds as high as 160 kph {100 mph),
scoring on the coast side gear tooth surface must be less
than 18%; whereas on the drive side, scoring in excess of 2%
may constitute faflure. Sulfurized jojoba and sperm whale
oils both failed the test when formulated in base oil RGO-
100 without other additives. Sperm whale results were less
satisfactory than those for jojoba; it operated at a much
higher temperature, and its test had te be terminated at the
end of Sequence 2 instead of Sequence 4 because a loud
noise developed at the rear axle unit. In a fully formulated
test, both oils should perform satisfactorily because the
margin of failure was small, despite the 90 to 100% scoring
of gear surfaces,

Turbe Hydramatic Transmission Cyceling Test. In this
test, sulfurized jojoba oil also proved superior over sul-
furized sperm whale oil. With the latter, the test lasted for
only 850 cycles before termination due to excessive
foaming. Examination of the sulfurized sperm whalc oil test
parts indicated some wear and some deposit formation. In
contrast, sulfurized jojoba oil lasted four times longer and
gave lower wear and less deposits. Changes in transmission
shift times at various test cycle intervals were less for jojoba
thanfor sperm whale.

Fully formulated fransmission fluids that pass the THCT
complete 20,000 shift cycles and perform according to the
following test limits:

1 -2 Shift time

2. .3 Shift time
Viscosity at 99 C (210 F)

(.35-0.70 sec
.25-0.50 sec
5.5 ¢St minimum
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TABLE V11

Simulated In-Use Evaluations of Sulfurized Jojoba and Sperm
Whale Qils as Extreme Pressute Lubricant Additives

Sulfurized jojoha oil

kyvaluations

(Sample V1)

Sulfurized
sperm whale oil

L-3713 High torgue axle test {FTM-6506.1)
Scquence L High speed, low torque
Gear tocth surface condition
Sequence II. Low speed, high torque

Gear tooth surface weat
Rippling vn pinien geur

 Satisfactory

Medinm heavy
80% of tooth

surface
Seratehes, pitting, spalling Nil
Ridging Nil
Scoring, discoloration, corrosion, deposits Mone
Back]ash in¢rease, mm 0064
Stability of pinion shaft
Torgue hefore and after test, 1b-in.
to hreak: 45, 15
o turn: 40, 10
L-42 High speed axle test (FIM-6507.1)
Scoring on ring and pinion gears 90-100%
Axle baclklash increase, mm 0,130
Lubrication temperature, C
Sequence 2 126
Sequenecc 4 140
Turbo hvdramatic {ransmission cycling test (GM-6137-M)
Cyeles completed 3,780
Shifi titme, sec.; 1-2 shift at 250 cycles 0.70
850 cycles {0.70)
2000 cycles 0.7¢
3780 cycles 0,79
2-3 ghift at 250 cycles 0.45
850 cycles —
2000 cycles 0.62
3780 cycles 0.5%
Viscosily, ©St, 38 C; at O cycle 59
850 cycles —
3780 cycles 53
Viscosity, e3¢, 99C; at G evole 4.6
850¢ cycles -
3780 cycles 2.8
Acid number increasc 1.34
Carbonyl group ghsorbance increase, OT 016
Copper content at end of test, ppm 56
High energy friction characteristics and durability test
{GM-6137-M)
Engagement time, sec,: 0 hr, 10 eyceles 070
24 hr, 4,375 cycles 0.83
50 hr, 9,000 cycles 0.89
~ 100 hr, 15,000 cycles 0.38
Dynamic torgque, N m; 0 hr, 10 cyeles i25
24 hr, 4,375 oycles i0e
50 hr, 9,000 cycles 96
100 hi, 18,000 <ycles 94
Clutch plate condition, cemposition Light glazing
Light flaking
1970 Otdsmabile “MS* sequence 11T C test
(ASTM-5TP-315F) '
Viscosity change: original, o8t, at 0 hr 144,94
% increase at 8 hr + 21
16 hr + 34
40 hr + 110
56 hr + BO6
64 hr + 3971
Piston varnish (no vainish = 10.00) 9.32
Oil ring land deposit {(no deposit = 10.00) 6,28
Sludge {no sludge = 10.00) 9.54
Ring and lifter sticking None
Ne. of partsP scuffed and/or woin 13
Lifter plus cam wear, fim: average 0.010
maxinium 0.018
Rod hearing weight loss, mg. ; average 1i6.1

Satisfactory

Heavy

30% of contact
4req

Nil

50% of teeth,

L0% of cuntact
ares

None

0.089

a5, 18
40, 10

1005

Nat measuredd

179
Not measured?®

850
Q.67
.74

0.67
0.82
.81
1.61
132
29
108
58
Heavy glazing
Heavy flaking
Moderaie pitting

141.32
+ 21

+ 114

+5218
9.27
6.41
9.47
None
28
D.010
0.020
36.4

4Test terminated at end of Sequence 2.

bParis include cam lobes, lifters, valve stems, rocker arm pads, and for roeker arm pivots.
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6.0 maximum
0.70 OD maximum

Acid number increase
Carbonyl absorbance increase

Shift times for sulfurized jojoba oil without full formula-
tion deteriorated beyond these limits by the time the test
was terminated at 3780 cycles due to foaming, but on a
comparative basis, sulfurized jojoba cil performed signifi-
cantly better than sulfurized sperm whale oil. At termina-
tion of the tests, carbanyl group absorbance was still within
limits for jojoba but 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 Friction Characreristics and Durability
Test, Proper formulation with other transmission f{luid
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
performarice in transmission use was estimated by deter-
mining high energy friction characteristics and durability in
a sealed clutch pack during 24 3100 hr of {esting as follows:

Engagement time 0.45-0.75 sec
Dynamic torque 115-183 N*m
(85—135 1bft)
Static torque-—dynamic torque <14 N*m
(L0 ib-ft)

< light glaze, flaking,
and/or discoloration

Clutch plate condition

Neither fluid met these specifications, but test results
indicate that sulfurized refined jojoba oil outperforms
sulfurized sperm whale oil. 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 jojoba test. Furthermore,
the dynamic torque at 18,000 cycle dropped {o half that at
9,000 cycles in the sperm whale test, but there was essen-
tially no change (—3%) between the iwo points in the
jojoba test. The clutch plate conditions at the end of the
tests also indicated the superiority of sulfurized jojoba oil
over sulfurized sperm whale oil.

1970 Oldsmobile “MS' Sequence [II € 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 1ests
for varnish development, sludge, ring and lifter sticking,
scuffing, and wear. Average results from four trials with this
reference lubricant compare as follows with eriteria for the
IT C test:

VOL. 56
72-A Pass
Perfarmance Limits
Viscosity inecrease at 38 C and
40 test hours
Maximum 381% 400%
Average engine ratings at 64 test hr
(Maximum score = 10)
Piston varnish, minimum 9.2
CRC Manual No. 1 9.8
CRC Manual No, 9 9.3
Qil ring 1and deposit, minimum 6.7 ©.0
Sludge, minimum 9.2 2.0
Ring and lifter sticking None None
Valve lifter and camshaft lobe com-
bined wear
Average, mm 0013 4.025
Maximum, mm 0.030 0,051

As shown in Table VIII, addition of 1% by weight of
sulfurized joioba qil to the 72-A reference oil dropped the
latter’s viscosity increase at 40 hr to 141%, and sulfuriced
spermn whale oil dropped it to 146%. Bevond 40 hr, the
unsupplemented reference oil usually thickens too much
for viscosity measurements. 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 andfor worn
parts, but it sustained relatively high rod bearing weight
loss. This weight loss is difficult to explain in the abseneg.of
other signs of wear, It may be related to the negative effect
of refining on the compatibility of sulfurized jojoba oil
with lead {Table 111).

ACKNOWLEDGMENT

Measurements for pour, freezing, flash, and fire points, saponifica-
tion and neutralization numbers, and four-ball wear and weld point
tests were conducted at the Eastern Regional Research Center, 11,3,
Department of Agriculture, Philadelphia, FA.

REFERENCES

Miwa, T.K., JAOCS 45:259 (1971).

Spencer, G.F., and W.H, Tallent, Ibid. 56:202 {1973).

. American Society for Testing and Materials, Part 17, Revised

to 1967, Philadelphia, PA.

4, Federat Test Method Standard, No. 7918, January 15, 1969,
Federal Supply Service, General Services Administration,
Washington, DC 20407,

5. Naval Publications and Forms Center, 5801 Tabor Avenus,
Philadelphia, PA 19120,

6. Engineering Standard Section, General Motors Corporation,
Detroit, M1

7. Miwa, T.K., and J.W. Hagemann, Proc. Sec. Int. Conf. Jojoba
snd Iis Uses, Ensenada, Mexico, Feb. 10-—12, 1976, pp.
245-252.

%, Miwa, T.K., G.F. Spencer, and R,D, Platiner, Ibid.  pp.

187—-197.

[0 = W

[Received February 26, 1979]



