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Synthetic Lubricants Based on Esters Fluids
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A.2.1 Dibasic Acids

AHEElE F8 AHAF dibasic acidse The#t
EaL=
HO,C(CH,),CO.H adipic acid
HO,C(CH,),CO.H azelaic acid
HO,C(CH;)sCO,H sebacic acid
Adipic®} azelaic acids® ZAAY 1Aojth

oe{chstm ol oot 2fsfnt
223 A7
| F B
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yladipicite] o AHIZEL A Y td2HZ2E
BT} o e FEASE 2erh Pimelic, Su
beric 18]1 nonane-t]7}2EA| S AFYA

o2 BAEA ket

—6—



ERGRE A€

Appearance

Actdity, wel

Purity, wel
Ash, ppm
FE, ppa
Iodine value
20, weX
ICY color

Color APHA (40X in
SDA 3A-190)

Acid value

Color, X transmission,
440/550 nm mia (252
W/V in methanol)

Melting point, ©C

Boiling point at
760 =, °C

Particle density, ga/cc
Bulk densfty, 1b/fe3

Heat of vaporizatioa,
cal/gm

Heat of combustion,
cal/gn

Heat of fusion, cal/ga
Vapor pressure om Hg

(°c)

Sp. heat of solid,
Bru/1b-°F

Sources:

AMipilc acid: 4
Azelaic acid:
Sebacic acid:

Table 7

PROPERTIES OF STRAIGHT-CHAIN DIBASIC ACIDS

Adipfic Acid Azelafc Acid Sebacic Acid
(C531004: 146.142 mol wt) (CoH 04; 188.223 mol vt} (C1oH1804; 202.250 ool wt)
Trptecal Sales Typical Sales ‘Typical Sales

Value Specification Value Specification Walue Specificatioa
Whice, -— —_— -— -— Small white
cryszalline beads
solid
_— — -— -— 98.8 (as 98.0 (as

sedacice) sedbacic)
99.8 99.6 ain 90.0 —_ 95.0 b
5.4 10.0 max -_ -— 200 1,000 max
0.5 2.0 max -— -— <1.0 -
— -— -— -—_ < 0.5 -
0.06 0.2 max -— - 0.05 0.5 max
0-0.10 5.0 max — -_— - -
-— -— -_— -— 15 50 max
-_ - -— 589-598 548 544 ailn
- - — 95/99 -— -
152.1 -_— 101-102 - 1)4.5 -
330 vich -— >360 with - - -
decoaposition decomposition
1.3¢5 —_ -1.225 - 1.2705 -—
40 lcose _— — — -— —
50 paciked
130.9 -_ 1.3 - 108.7 -—
4,579 - 6,066 — 6,314 ot
27.4% -— - -— -—_ -—
10 (206) - 100 (287) - 100 (295) -
50 (245) ad 10 (225.5) - 10 (232) -
100 (265) -— — -—
0.533 -— -_— -— - —

29314
429336 and B-126
429310 and B-126

9
9.
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A.2.2 Alcohols A.2.3 o223} ke

AHeEe FE dA S ¢3ES ofdet 2 dibasic. acid esters= d27}x] RS ¢
t}(21).: & A=Y 5 Yot 2% EFHEY e B
55 A7E A3} dibasic acid7} FHHog &

Alcohol Typical Composition i‘g;j"}' '\jl"é‘sl‘t‘ —173 01]_":.5‘“?-__§]— '?_]‘%E'_]_'O] }E}'ﬁ
2-Ethylhexyl alcohol 99.5 wel 2-ethyl-l-hexanol 3’]_9._?. A}%%]_E]’"E‘ 7)-1—0——i L]'E}'.}ld']:}" 13“*’1 O]
Teooseyt srcotol 15 veX mechylol hepeanols AHA od2H =3} wgrte] nEEH A FUT

cohaty e peisas o] & AHolt}l. adipic acid®} tridecylalco-
Trononyl, sicohel 20 wiX mataly trimathyiol-haptanols hol& AMEE A o 28|23} ¥hg-9] oj7} o}z
et et et ot somsiogmus petoaty stemete 1 FO1A ATk
Tridecyl alcohol Mainly tetramethyl-l-nonanols HO,C(CH,),CO,H+2C,H,;0H - H,C,;0,C(CH,),CO.LC\sHy

adipicacid  tridecyl alcohol  di-tridecyl adipate
o 2 ¢S WPRhEo R o] ¥4

el 2E AREEE GVFOE REHE g grow wge] 948 olRoAA B
Zts A B djolct. ol ¢aEES] A t}. w324 dibasic acid esters9] HLoj= 2
dEE & 8ol Beigted epdsint. o] YRk FA o FLHL B AAC

oa W ol=ojAnh. AYol} Efalz

£ azeotroping agent= €°] Z7|38l= &

Table 8

PROPERTIES OF 0XO ALCONOLS

2-Ethylhexyl Alcohol 1sooctyl Alcohol 1soncnyl Alcobol Isodecyl Alecohol Tridecyl Alcohol
{CgH)70H; 130.2 {Cgityy0H; 130.2 (CgHyg0H; 144.3 (C gl OH; 158.3 (C3Hp70H; 200.4
mol wt) mol wt) nol wt) mol we) wol we)
Saies Sales Sales Sales Sales
Typical Specifica- Typical Spectfica= Typical Specifica- Typical Spectfica= Typilcal Specifica-
‘Value tion Value tion Value tion Value tion Value tion
Acidity as acetic acid,
veX 0.001 0.005 max 0.001 0.001 max ‘0,001 0.001 aax 0.001 0.001 max 0.002 0.003 max
Carbonyl number
(mg XoH/gm) 0.06 0.2 max 0.07 0.15 max 0.04 . 0.2 max 0.05 0.2 pax 0.2 0.4 max
Color (Pt=Co) <3 10 max <35 10 max <3 10 max <5 10 max <3 10 max
Distillacion (°C)
{10 =a Hg, 5% to 933)

Inirial 182 182 ain 184 184 min 202 200 nfn 216 215 adn 253 253 ain
Dry point 185 186 max 191 191 max 210 212 aax 221 223 max 263 263 max
Purity, wtl 99.5 99.0 oin 99.3 99.0 atn 97 -— 99.1 99.0 ain 99.1 99.0 min

Rydroxyl nuaber

(mg XOH/gm) 429 -— 428 -— an — 351 -~ 277 -—_—
Specific gravity '

(209/209¢) 0.834 0.832-0.835 0.832 0.830-0.834 0.834 0.833-0.837 0.838 0.835-0.840 0.845 0.843-0.848
Vater, wtl 0.03 0.1 nax 0.08 0.1 aax 0.05 0.1 max 0.06 0.1 max 0.03 0.1 max
Pour point (°F) <65 - <-65 - <-65 -_ <65 - <63 —_
Viscosity, centistokes

(20°¢) 12 -— 12 - 16 - 2 - A7 —_
Flash point (tag open

cup), °F 180 — 180 _ 200 -~ 215 - 250 -
Appearance (a) (a) (a) (a) (a) (a) (a) (a) (a) (a)

Note: (a) Clear and free of suspended macter.

Source: 429273 (Exxon Chemical Company).
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Table 9

PROPERTIES OF DIBASIC ACID ESTER SYNTHETIC BASE STCCKS

Evaporation

Viscositv, eSt Pour loss, (X)
Z10%F 1609F -40F -65VF Viscosity Point, OF Flash (6=-1/2 hrs @
(98.9%%) {37.8°¢C) (~40°%C) (-53.99C) Index (°C) Point, OF 40097 204.4°C) Reference

Adipates

Di~2-sthylhexyl 2,38 8.2} 810 4,900 121 -80 (-62.2) 390 (198.9) 34 429312

Di-isococzyl 2.77 9.64 960 5,770 147 -80 (~62.2) 400 (20%) k7Y 429312

Di~isononyl 3.47 13.1 -— - 162 =70 (~56.7) ~— -— B3-1264

Di-isodecyl 3.56 14.5 2,890 22,500 148 =80 (=62.2) 625 (213.3) 9 429312

Di-tridecyl 5.53 30.0 20,000 -— 150 =65 (=53.9) 4S50 (232.2) 5 429312
Azelaces .

Di-2~ethylhexyl 3.0l 11.10 1,164 7,147 144 =100 (-73.%) 415 (212.8) 41 P-1264

Di-iscoctyl 3.38 12.53 1,281 7,026 166 ~70 (=56.7) 425 (213.3) - B=1264

Di-isodecyl 4.34 18.59 3,643 25,330 164 ~75 (=59.4) 470 (243.31) - B~1264

Di~tridecyl 6.47 36.5 18,700 -— 144 ~70 (~56.7) 470 (243.3) - 429313
Sebacates

Di-2-echylhexyl 3.3 - 12,50 1,450 7,800 154 =75 (=59.4) 430 (221.1) 26 B-1264

Di-iscoctyl 3.79 14.67 1,769 10,080 171 -60 (-S1.1) 425 (2138.3) -— B3=~1264

Di-isonoayl 4.61 19,58 3,450 T?o 176 ~60 (-51.1) 450 (232.2) 10 1264

viscous
Di-isodecyl 4.7 20.83 4,191 28,860 161 ~75 (=59.4) 4635 (230.6) b »-1264

C. 9 539 HE

388724 AMR-EE= dibasic acid es-
tersol] I 535 s o B2 dA A
% ¢=ZE (7Y vZRsR) 3 sy o
olte] HIZFAIEE o838 1HHQ AH
olxE|23} 7leg Roli Yot olxEH|=3} W
& di7Iskstoll A =AU eH, Falu azeot-
roping agent®] EAu} H|ER St FPE ATt
HE EFEde 7R Zo] gAA U
At F AAE A% FES AEe xS
I UA @t} S EdAe] BE dTAES vt
AT 2= FHH3} Azrl gl AFEAF
ZA7) el o3t vSAYEES #Y3AY. ¥
7HA] AS-ENA HF FEFES IS H/HA

E€ 75T £l Az
D. ol AH| 23} "k ; Hhg-3

adipic acid(o}t]zAb) 2} tridecylalcohol( E
Zud E32E&) Alole] o xH =23} vhg-2

HO.C(CH),C0.H+2C,H:0H - HyCy0.C(CH,).COL.Hy+2H0

adipic acid  tridecylaleohol  di-tridecyladipate

AH% = -12.4kg—cal/gm-mol(-22,300 Btu/16-mol)

(25°C ; A olt=ZAt ; 9A Evd &=

g, dzHZ, & ; 29)

e Ee AAAEZREE AMEAY. o5&
A] Bensone] ¥ jsiA] oft]jZAl, Exud
&2E 28| o 2EH 2ol 3t FIlE2RE A
A= Aot

E. o 224 49 A=

oftZAbfl dig F7It Wl 2ExE+= Du
PontAle] oftjzZAbel] dhigh x}8. (22]2FH €
oJZtl. EdHA ¢3& HE Y o 2=
A5+ ExxonAle] 4 ¢35 25 (21]9 9
T &5 TELEZRE FHHARY. o 2H 2o
3 271t vs. 2228 E Rohm & HassAp
o] 54 J= ASTM ZHAERFE FAH
Uk F-4A HEREE (F)71S3HES
Du PontA}(22]2 BB ol &z &4
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g e 74zt 140Btu/1bg}t 96 Btu/1bgitt.
2%, ¥ 20 vdY 2L g gdse
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252 A2 ¥uste] 23U

V. &2 ollzezEA 4879
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A. ol 2B 24) 33
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gt A EA &R HHEEL A
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Figure 1 Processing
scheme

triglycerides

[crude fatty am]

‘-E

¥
[ﬂde glycevinJ
| separation }{ distitlatian }-+[hydrogenation}{fractionation]
F—L_@ ¥

mono fatty acids
CeC2a

short chain mono acids C;-Cg
short chain di-acids Cg

liguid phase solid phase
{olain} {stearin)

g

fong chain di-acids Czs
tong chain tri-acids Cs«
branched chain mono-acid Cig

palymerisatiar

Figure 3

Influence of chain variations on ester properties
Influence of chain length Influence of side chains

vi vi

X\

Chain tength

Figure 4

so] Influence of processing
acid on hydrolytic stability

value Rolls-Royce 1006
'""eagg hydrolytic stability test

ester/water ratio - 10/1
test temperature - 80°C

20 Ester: .
Pentaerythritol
C5-Cg

10

A

48 96 192
testperiod in hours
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Table 10

The Relative Performance Comparatives

among Ester based fluid, Mineral Qil, and
Polyalphaolefin

Relative Mineral PAO Di~Est | Polyol
Performance 0il ers Esters
High Temp 00 000 000 00000
Properties

Low Temp. 0 0000 0000 000
Properties

Vis.-Temp. 00 000 00000 | 0000
Relationship

Volatility 00 000 000 00000
Biodegradability] 00 0 0000 | 00000
Lubricity 00 .0 0000 0000
Additive 0000 00 00000 | 00000
Solubility

Frictional 00 0 0000 | 00000
Properties

0 poor

00 fair

000 good

0000  very good

00000 excellent

24 47 @HS B4 EFE 3%
A7l Aol vk 2 AgH). ofHT AL
Ao oW Z79| dlaH2A teiMe 24l
ot 23y FHe 5 A5 dlxH=
A FAFE IA EAshe A FEASH
SRR QAT A7 BHA FAHeRE =
o5l A2 B FFRe Alglelt}. @] o
714 dEFRA = AL 100% 95 7RE
A AMEE e daHEE &R (8FA4
JAl24) ¥ T E JAHEZELS F{A V]
A PAOS}L &§ste AMg3lodof FTH(FA
xdEA )= AMle BE 4= . T A
L= o]E dxHEE BAAe £ gl
A7 A 9] 2HES PAOS Faig ZEe FE
3171 918 4 o|r}.

1. 1243

asl2A 4= I HHAF 18 B8
2o A (&3A)) ol BHAME det FHAR
o 453 53tk 28y daH2(a28n g
Al ZEgEE) = e WHE 237 9
& ArsR|Ale] F@ylF dasith o)A ol
gz Zejgdgyde & EEH vt
A gt FH= 2UEA e MR AsPAAE £
g3t ot FAEE ASPAAZE HEAy
o} A9l AshlessEefjo]ct.

2. 7|y

Az 24 4R FLEHL 2% &
& dzHEAE 9 AY ¥ g
100°CollA]l 4.4cSte] =g Zte &
2% Noack Testd] wt=H 2% 9] FAAS 2t
=

A
o
o A
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3. Y&y

224 el AHe 159 ARzl Aot
(F 11 %), AFedol} Aozl 5
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Table 11
Typical Biodegradation according to CEC L-33-T-82

Mineral Oil(Paraffinic) 20-30%
Polyalphaolefin(PAO 6) 10%

Di-esters 50-85%
Polyolesters 95%

e oE FHE dalide o3delA =9
& Aol

C. d| 2|24 A {889 Asm
1. B8 Uil Eoiwel kg

Wnle H7IAIES  Ashforming (383 A)
(o}dA A|2"l] &2 Ashless(ZF H|EA)
(F A28 ) = k. F7HA] e 2% =
d 54& et olAL A £8%1 ol
A B%/F% 135S LA 98 54 Z2HA
Eg oA st oz AALS A7) S8l

2oltt. dAHEE JA| FAFEE 7=
2 HSA 35 & ue vFA8e
HE Bty o £& 1fo e 4FE Zde
o} oleidt ¥4 F wolEozin. e
2f7HA] o AEIZA FARolA] WetrA Hot
Agel Aese &4 4A 922 5= gloh ol

T
ar

AP B4 ERlN TS A4 o

29} nte A HIIAE Ato]o] AA wjFolgt
I ABZHEL. ol g E4E 2ARH| fEiA o
H7HA] F79 FA7Ie FEA EF S8V
ol Al od2j7}A] ashless®} ashcontaining Wete
A BAMHEE Frketdoh (R 128 B,

Table 12
Results for Evaluations of Ashless and Ashconta-

ining Antiwear Additives in Various Base Fluids
and A Synthetic Base Fluid Blend.

Ester Blend PAO 6 | Mineral
Base Fluid TMP (20% TMP C9 oil
C9 |[80% PAOG 160 SN
Viscosity 44 5.3 5.9 5.4
@100°C, mm?/s
Viscgsity 20 26.4 31 33
@40C, mm?/s
Viscosity Index, 140 138 136 95
Vi
Pour point,C <-50 <-50 -66 -15
Flash point, 250 244 240 220
CO0L,C
Noack Volatility, 3 6 8 15
%wt.
. Alguns

JAee AHoz zidsn @3 HlLo
Falex nlRA|d712 SIS AAE AL
ANEA] odz =28 49 1" & V-
blockse] thate] A= FEoz = Ho
FAEo] it} virE AFshs B9t 4 5
g fA7] Y5t Ed0] "o H niE FY
vk A (FUukRe] 9848 WA FA)
o] & o (X2h) 9 FEX ZRHI 715H
t}. 7B 2xle] 7 GeeE o 220
o Ase JellAl gk Alge ASTM D-
26709 webx 700TRE=e] BkEolA 1583t
Qe

« Mz

H7HERE wdy] AsiA §EA E&VIRE
oA Z+ AriAlY “ERH FE7F 2FHA
o Uimlng H7Ale] Aol Be 999 54
o] o]FojH&u “aHH F="E 102

olate] Falex AE@Z#E F7] 93 874
79 =24 Fo=d).
the 22 ashless UrtRA A HAIEo] 3

e
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7H= A
A) triphenyl phosphorothionate
B) amino phosphate derivative
C) dialkyldithiophosphate
D) thiodiazole derivative
E) tricresyl phosphate

2138 ceb gATIREANA Yol
Falex A82%8¢ Uehin glon telun
B7HAle “a2RE B2 8 Yehin oot

Table 13

t}. TMP C9 dlxg|2e] £& Urles4e 3
7H4) C)st D)) &zol]l HAl 7]t ol&
ol B8 W7 ¥ Fof Fr1HA dPe=A o
74 A7) 6A A ashocontaining 7|
Bo] vheg 7] 93 8L FUsE 3
712 g8 AdgE vz F7HAEL primary
alkyl zinc dithiophosphate F)$¢} diaryl zinc
dithiophosphate G)

Table The Characteristics of both Additives
(Primary Alkyl Zinc Dithiophosphate F and
Diaryl Zinc Dithiophosphate G)

The Falex Test Results obtained with the Additive F G
Various Base Fluids. (the “effective concen- Chemical Type | Primary alkyl | Diaryl ZnDTP
tration” of the anti-wear additives) ZnDTP
Base 20% TMP C9 Mineral Zn, %wt. 10.6 3.1
. TMP C9 PAO 6 .
Fluid 80% PAO 6 0il P, %wt. 9.5 2.7
Falex 50 Fail Fail Fail S, %wt. 20.0 5.6
Wear, Qoln AEL F 140 Aestel e
teeth th.
“Effective Concentration,” %wt.

Anti - Table 14
wear Al 3 4 * 8 Test Results obtained from both Additives in
additive B| 020 | 015 | 025 | o015 | Various Base Fluids

d o7 0.5 4 3 Base | TMPCO [ TWPCS[ | Mineral

Dl 005 | 020 | 0% | 030 Fluid 80% PAO6 Oil

i >6 6 . 4 Falex 50 Fail | Fail | Fail
% : not compatible Wear,

teeth
# 427H 252 TMP CodllzH 2= ¥ “Effective Concentration,” % wt.

24 PAO 6 47149 #8A 71980 H [
£& Unirds 54€ 2=tk A7 B4 [wear F| 025 0.25 10 9
71 A A WekR AL A)et E)S} B3= agditive 6| 050 | 075 12 14

wolth, ol& H7M 25+ PAO 69 tisliA
815 A ekt whA FHrkA E)ol disiAe
F4uH a2 HYHo = e
&3 Atk RAFHT A7 B)o thek &
F3E RE 7)HoA BEEJ o vEH At
A C)&t D)& d2H =29} 2B 2E £33 =
E7)folA of - & vke-g BT A7
D) 94 A 7fdlM=E 2 A £%

diaglzel PAO/dlxHZ &7l &
7 F)ek G)ofl tisiy E& H7H 54 w8
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Table 15
Solubility with PAO 6

V.1 improver PMA MA/OCP
A | B C
Temperature :

. 100C + + +
40C - +/— +
24C - - +/—
4C - - +/—
-25C - - +/=

+ : compatible
+/— . borderline compatibility (hazy/turbid)
— ! not compatible

HAERF A A)9 B)= o 2 £3)
EE Yellilth olE SFEES 238 4
uzg_ ojdtt. EF IEARI C)ol gt §3l=
E @R 37123 LERTE o 5L LE4
RS2 298 YEA.

Talbe 16

Solubility of VI improver A with PAO 6/
TMP C9 blends

PAO 6, % 100 97 95 90 80
Ester TMPC9,% - 3 5 10 20
Temperature:
100C + + + + +
40°C — - |+/-| + +
24°C - - - | +/=] +
4C — - - | +/—-| +
-25C - -~ - |+/=] +
Table 17
Solubility of B with PAO 6/TMP C9 blends
PAO 6, % 100 97 95 90
Ester TMPC9, %| — 3 5 10
Temperature:
100°C + + + +
40°C +/= + + +
24°C - + + +
4T - — +/~ +
-25C - - +/— +
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Table 18
The viscosities and chemical compositions of
the selected fluids
Miner| PAO Polyol esters |Di-esters
aloil
160 |14 6 8|]A B C D E{F G H
SN
Visco. | 5.3 |3.9|5.8|7.8(4.416.2|13(18(6.9| 3 |5.3|13
@ 100C
imm?/s
A-TMP ester of short chain fatty acids
B-PE ester of short chain fatty acids
C-TMP ester of long chain iso fatty acid

D-PE ester of long chain iso patty acid

E-TMP ester of mixed short/long chain fatty acid

F-di 2-ethyl hexyl ester of medium short chain di
carboxylic acid

G-di isotridecyl ester of short chain dicarboxylig
acid

H-di 2-ethyl hexyl ester of long chain dicarboxylic

acid
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Table 19

The application areas where esters, PAO’s
and ester/PAQO’s blends

L Ester
Application Areas Esters | PAO
/PAO
Gas Turbine Engine Oils + - -
Aviation Hydraulic Fluids - - +
Automotive 4-Cycle Oils + (+) +
Gear Box Oils(Automotive) - - +
2-Cycle Engine Oils + (+) +
Industrial Gear Oils + (=) +
Refrigerator Fluids - + —
Compressor Qils + - +
Transformer Fluids + - -
Chain Oils + + +
Hydraulic Fluids + — —
Metal Working Fluids + - -
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Table 20

ADVANTAGES OF LUBRICANT ESTER BASED FLUIDS

High temperature properties

Low temperature properties

Volatility properties

© O ©0 o o©°

Lubricity
Biodegradability

(=]

o

o Frictional properties

Viscosity of temperature relationship (Viscosity index)

Engine cleanliness/coke technology
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Table 21

APPLICATION AREAS OF ESTERS AND PAO’S

Esters PAO Ester/PAO

+

Gas turbine engine oils
Aviation hydraulic fluids
Automotive 4 — stroke olls
Gear box oils (Automotive)
2 —stroke engine oils
Industrial gear oils
Refrigerator fluids
Compressor oils
Transformer fluids
Chain oils

Hydraulic fluids

Metal working fluids

<+>

<+>

++ 0+
HESERE R

A4
L+ 1+ +++4+1

l

+ 4+

Table 22

PROPERTIES ESTER BASED FLUIDS

Di-esters A B c D
Viscosity 100°C mm?3/s 3.6 4.3 5.6 12.6
V., 148 163 188 144
Pour point, °C -70 -70 -40 -45
Flash point, °C 220 230 245 300
Volatility, % wt 14 9 6 1
Nitrile seal swell, % vol. 17 10 5 "0
Polyol - esters E F Q H
Viscosity 100°C mm?/s 3.4 4.3 4.5 13.2
V., 120 160 140 143
Pour point, °C -70 -22 -50 -30
Flash point, °C 235 245 250 300
Volatility, % wt 8 8 3 1

Nitrile seal swell, % vol. 24 5 9 0
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Table 23
PARTLY SYNTHETIC ENGINE OILS (SAE 10W40)

A B c
ESTER 16 - -
PAO - 16 -
Mineral oil 66 63 81
Additives 18 21 19
Viscosity 100 C, mm?/s 15 16 : 15
Viscosity -18 C, mPa. 1380 2020 2100
V.l.e 222 208 214
Coke formation, mg 20 600 17
Viscosity increase 100C % 2 140 43
T.A.N. increase 1 .4 2
Oil consumtion, g 600 780 950
Viscosity increase 40C, % 34 82 113
Exterior skirt 9.3 8.8 89
Interior skirt 9.9 9.7 9.6
Oiiring rating 10 8 10
Ring slicking 10 10 10
Bearing wt. loss, mg 14 82 23

File: \DIDEZ\GDW7A.DIS Creation Date-Time: Wed Nov 02 16:42:00 1988
Table 24

PARTLY SYNTHETIC OIL VS. MINERAL OIL

Visc. increase 40°C Composition,%wt
12 o A B
0 Ester 6 -
requirement Additives 18 19
X
SAE 10W40
50 7
0 T 1 T
36 72 108
hours
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Table 25

PARTLY SYNTHETIC ENGINE OIL

Synthetic base fluid ESTER/PAO
SAE classification 10W40
specification

Viscosity 100°C, mm?/s 13.9 12.5-16.3
Viscosity -20°C, mPa.s 2600 3500 max
HT/HS 150°C, mPas 3.9 3.5 min
Volatility, % wt 1 13 max
Caterpillar 1H2 MIl-L-461528

Top groove filling, % 1 45 max
CRCL-38

Bearing wt. loss, mg 16 40 max
Oldsmobile seq. IID

Average rust 8.83 8.5 min
Oldsmobile seq. llID

Visc. increase 40°C (64 hrs.) % 77 375 max
Ford seq. VD

Average sludge 9.66 9.4 min

Table 26

BIODEGRADABLE OUTBOARD ENGINE OILS

Johnson 4 HP screening test (50 hours)

Base fluid ESTER Min.oil
A B
Fuel/oil ratio 501 100/1 50/1
Crankcase bearing - G G B
Conrad bearing G G B
Cylinder wall VG VG VG
Piston varnish 9.5 9.5 9
Ring sticking 9 9.5 9
Port blocking 5 2 7
Biodegradability 85% 70% 20%
BIATC-W Pass Pass Pass

VG = Very Good G = Good

B = Borderline
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Table 27

LUBRICITY/ANTI - SCUFFING PERFORMANCE ESTERS

Drop in torque
(mm N)

40 ) Ester A Ester B Mineral oil
30
20
10
0o - } T ' l Fuel/oil
1001 2001 40011 501 100/1 50/1 100/1 ratio
Ester A Viscosity 100°C %13 mm?/s
e Ester B Viscosity 100°C »6 mm?/s
1 Mineral 0il Viscosity 100°C %14 mm?/s
(400N + 10% Brightstock)
Table 28
ENGINE PERFORMANCE ESTER vs. MINERAL OIL
ESTER MINERAL OIL
FueL oilL 50/1 100/1 200/1 50/1
Rine sTICKING 7.5 9.5 9.5 7.5
EXTERIOR SKIRT 9.1 9.6 7.1 8.4
AVERAGE LANDS 2.4 6.9 3.4 0.8
PLuc CHANGES NIL NIL ONE ONE
FueL/o1L raTiO  50/1 100/1 50/1
RinG sTICKING 9.5 8.9 9.1
P1sTON SKIRT 9.5 7.0 7.0
Piston peposits 8.6 9.0 8.6
EXHAUST PORT
CLoGGING 9.8 9.8 9.8
Prston scurrine 10.0 10.0 10.0
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Table 29
FULLY SYNTHETIC GEAR OILS

Formulation, % wt 1 2 SpEC.

PAN 100 35 -

PAO 6 58 48

Low visc. ESTER - 30

HieH Visc., ESTER - 15

E.P. Additive 7 7

Viscosity 100°C, mm?/s 16.3 16.4 13.5-14.0

Viscosity -40°C, mPa.s 73,000 52,000 150,000 max

AT 150 182 -

‘Formulatim“l, % wt 1 2 3 SPEC.

PAO 100 28 - -

PAO 6 17 34 11

Low visc. EsTER 30 30 30

HieH visc. EsTeER - 1 22

V.l. Improver 18 18 -

E.P. Additive . 7 : 7 7 :

Viscosity 100°C, mm"/s:‘ 26.6 26.2 26.2 24.0-41.0
. Viscosity -40°C, mPa.s = 350,000 106,000 125,000 @ 150,000 max
- Vg ‘ 180 192 185
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ESTERS FOR

Table 30
HYDRAULIC FLUIDS

Viscosity grade ISO 32 ISO 46 ISO68 . 1SO 100
Ester code A B C D
Viscosity 100°C, mm?/s 6.6- 9.9 11.8 13.8
Viscosity 40°C, mm?/s 30 49 65 88
Vi, 185 190 191 147
Flash point, C.0.C.,°C 280 315 300 300
Fire point, °C 325 375 375 365 ’
Auto ignition temp,°C 400 430 440 425
Pour point, °C -25 -25 -20 -25
Table 31

BASE FLUID CHOICE RELATED TO PERFORMANCE

Performance

p » A- O .

ESTER/PAO

» HIGH

ESTER
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Table 32

TYPICAL CHARACTERISTICS BASE FLUIDS

Min. oil XHVI PAO Oi - Polyql -
Ester Ester
Viscosity 100°C,mm?/s 6.3 6.2 5.9 5.6 6.5
Viscosity 40°C,mim?/s 42.2 34.9 31.2 23.8 34
V.l 96 127 138 188 147
Pour point, °C -18 -14 -66 - 40 -10
Flash point, °C 228 229 240 245 290
Volatility, % wt 10 9 8 & 2
Table 33
Advantages Disadvantages
XHVI's V.l (Add. compatibllity)
(Thermal stability)
BAO s Vi Add. campatibility
Thermal stohiilly Lubricity
Pour point A0d. ragponse
Fianh point Segl shrinkage
Yolatiity
Esters L AP {Soal sweill)

Therral siabiily
Pour point

Franh pnodrd
Yesdutility
Lubrinily

Biodegradability

Mydrolytic stability
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Table 34
RELATIVE PERFORIMANMCE

Di-  Polyol-

Min.oil PAO  Esters Esters
High temperature properties XX XXX XXX XXXKX
Low temperature properties X XRKX XAXK XXX
Viscosity temperature relationship  xx - XXX KXKKK RAXX
Volatility XX WX XXX XK
Biodegradability XX x XX 20006,
Hydrolytic stability XXX XXXXX XX XXX
Additive solubility XXX XX XOK XXAX*
Frictional properties XX X XXXX XXXXX
X = poor xx = fair xxx = good xxxx = very good xxxxx = excellent
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