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Table 2 Viscosity Ranges for AGMA Lubricants

AGMA lubricant no.

Viscosity range
Rust and Y &

oxidation EP gear (at 40°C), f’;;ﬁ}gto
inhibit(?d lubricants mm?/s(=cSt) grade
gear oils Min Max

1 414 50.6 46
2 2 EP 61.2 74.8 65
3 3 EP 90.0 110 100
4 4 EP 135 165 150
5 5 EP 198 242 220
6 6 EP 288 352 330
7 comp - 7 EP 414 506 460
8 comp - 8 EP 612 748 680
8A comp- 8A EP 900 1000 1000

+ Compound with 3~10% fatty or synthetic fatty oils.

Table 3 ASTM Viscosity System for Industrial Oils

Midpoint viscosity Vllis;(;zty
Table 1 SAE Automotive - Lubricant Viscosity Classifications . .
Viscosity B Approx. (at 407C),
ViSCOSity range grade (at 407T) SUs mmZ/S(:cSt)
SAE mPa - s(=cP) mm%/s(=cSt) mms . .

viscosity (at -187) (at 100C) (=cSt) equivalent Min  Max
grade max Min Max ISO VG2 2.2 33 198 242
Engine oil ISO VG3 32 36 288 352
5W 1,250 3.8 ISO VG5 4.6 40 414 506
10W 2,500 41 ISO VG7 6.8 50 612 748
20W* 10,000 56 ISO VG10 10 60 900 110
38 gg << 192'?5 ISO VG156 15 75 135 165
40 125 (s 18O vGzz 22 105 198 242
50 16.3 <219 ISO VG32 32 150 288 352
Axle and manual transmission lubricant IS0 VG46 46 215 414 506
Max temp for ISO VG68 68 315 612 748
150Pa - s°C ISO VG100 100 465 90.0 110
TEW 10 41 ISO VG150 150 700 135 165
OW _9g 70 1ISO VG220 220 1000 198 242
85W 12 110 ISO VG320 320 1500 288 352
90 135 < 24.0 ISO VG460 460 2150 414 506
140 24.0 < 41.0 ISO VG680 680 3150 612 748
250 410 ISO VGI1000 1000 4650 900 1100
* SAE 15W may be used to identify SAE 20W oils which ~ 1SO VGI500 1500 7000 1350 1650

have a maximum viscosity at ~18°C of 5.00 Pa - s(50P) 4 ASTM D 2422

b 150Pa - s = 1500P

FHIIHM LD Mo,

XNi5&, 2006
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Table 4 Typical Uses and Performances ¢f Synthetic Fluids
Pour Flash
Viscosity, mm2/s(=cSt) point  point
at at at o o .
Type 100°C 40T BAT C C Typical uses

silicones

SF-96(50)a 16 37 460 -54 316 hydraulic and dmping

SF-95(1000)a 270 650 7,000 -48 316 fluids

F-50a 16 49 2,500 =74 288 aircraft and missiles
organic esters

MIL-L-7808 3.2 13 12,700  -62 232 jet engines

MIL-L-23699 5.0 24 65,000 -56 260 jet engines

MIL-L-6085 3.2 12 10,000 -68 232 aircraft hydraulic and instruments
Synthetic 68b 75 65 -34 266 air compressors
phosphate

tricresyl phosphate 4.3 31 -26 240 fire-resistant fluids

Fyrquel 150c 4.3 29 -24 236  for die casting, air

Fyrquel 220c 50 44 -18 236  compressors and hydraulic systems
Skydrol 500B-4d 38 11 3,100 -65 182 aircraft hydraulic fluid
synthetic hydrocarbons

Mobil le 73 42 -54 236 auto engines

SHC 824e 6.0 32 -54 249 gas turbines

SHC 629 19 141 ~-54 238 gears
polyglycols

LB-300-Xf 11 60 -40 254  rubber seals

50-HB-2000f 70 398 -32 226 water solubility
polyphenyl ether .. . .

05-1244 13 373 4 288 radiation resistance and high temp.
silicate . . .

Coolanol 45d 39 12 2,400 68 188 aircraft hydraulic and cooling
fluorochemical 37 30 -18 none qugen COMpressor,

11-21g liquid oxygen systems

FSHMIIHAME - MoA, H5Z, 2006
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Table 5 Fields of Application of E.P. Additives

"Moderate” or
High Activity Intermediate

Addivites Activity Additives

Straight Hypoid gear oils Worm gear oils

cutting oils (e.g. .
. Spiral bevel gear
. multi-purpose h
Drawing oils

d gear
compounds lubricants)

"Mild” or Low
Activity Additives

Manual gear box

Metgl forming Industrial gear oils
lubricants il .
ouls Motor oils
Some hypoid (e-g. "open gear” o
. i1s) Steam turbine oils
gear oils ous

Jet aircraft
turbine oils

Industrial gear
oils for

general applicationGaS turbine oils

Automatic
transmission fluid

2.2. 79 7 ¥ HE &t

2.2.1. 2 HIIH (Extreme Pressure Additives)
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Table 6 Relative Performance of Zinc Dithiophosphates
Substrate

Performance

Anti- Hydrolytic Anti- Bearing
Oxidancy Stability Wear Protection

2 2 2 2

Alcohol

Secondary-1
Secondary-2
Primary-1
Primary-2
Aromatic-1

O AW o
g O W b =
O W
[S1 NG EERGC RIS

Aromatic-2

x40
1 o

ZDDP Z7HA1S] @A7)ef wE

Salgick

Table 6 +

2.2.3. 24 U g™ HIIH| (Corrosion & rust
inhibitors)
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organic phosphite
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1) Dithiophosphates: metal diorgano dithiophophates

i) Dithio carbamates: metal diorganodithio carbamates

iii) Sulphur products: sulphurized terpenes
(sulphurized dipentene)

iv) Phosphorus—sulphur products: phospho-sulphurized
- terpenes(phosphorus pentasulphide-treated tur-
pentine)

v) Trazoles and chelating agents: Benzotriazole,
Benzothiazole &

vi) Dimercapto thiadiozole derivaaditives

Triazole compds®} dimercapto thiodiazole %)
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(engine copper-lead #-2 lead-bronze bearing)2] H]
A¥Y (Non—ferrous surface)™t 38+ oz wkgal=
715E Zvth olHe RIEE Holy Wy Az
Wie RHo) st FatEol ¥4 BV AtstE
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b F7HEC] e, EEA FAgel o8 7
s FAsted oA Fdl g Ags g
Z old# 75E BREAIIE Vee B, olE
Al 8 H7HA949] compatibilityS Z#d Ho
ek
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L)
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D) Alkenyl succinic acids and derivatives
ii) Alkyl thioacetic acids and derivatives
iii) Substituted imidazolines

iv) Amine phosphates

v) Suphonates, neutral or low base

2.2.4. &Ml (Emulsifier)

AR o7 {AE water in ol T oil in
waterd F 71A HEY oEA (emulsion) o2 FAF
Al7ieH AMREE shetEdolty Hale A A
£ ArgEw aleknyl succinimide type, fatty ester 5
o] et AR FAhE AAE W g S84
9] Aoy gFE F8A7t ole sFsch f3t
A ol&FEHN, dolt iz, HE gz 2
oxygenated chemicals 53 %2 nonionic compdsE
F £50 ug A== Ao] v 18y &
Sl FSRIBAEE Mo EA doX& HLB
(Hydrophlic-Lipophtic Balance)2] Ztel wal 2&®ch
TE ol AHEHE f3AES ted o

1) Sodium sulphonates

i) Tall oil amides

iii) Ethano! amines

iv) Quaternary ammonium, salts

v) Poly alkylene phenol ethers and associated
oxygenated products .

vi) Ethoxylated fatty acids

2.2.5. 75X Z&H (Pour point depressants)
dutdo g JEFE crude ollEFE ANFRHEE

RAIIAKEL HMOA, M55, 2006

A A AN 2BH $4 oleigo] WAE
% Aedd 29% PEZF A EA: sehug
Ko B BAEE 4859 5 AR ¥

5l

=tk "etd 8824 AL f5ARE Az
AsiMe T gAF AW 2R v':_'—\j/] (Deep
dewaxing) ¥3L AXH JlsaAw &
E ASAIIERE AZeA &8HF F5E F e
Moz 22443 4 BEAF] g8 ASH
= Ao {54 st §54 FaAe
29 A9 AL delaaARA ZEd gl
4
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1) Alkyl methacrylate polymers and copolymers

ii) Vinyl carboxylate-dialkyl fumarate copolymers

iii) Alpha-olefin polymers and copolymers

iv) Friedel-craffts condensation products of chlo~
rinated wax and aromatic compds such as
naphthalene or phenol

v) Products as polymers: others maintain that they
are relatively low molecular weight polymers
having a plurality of aromatic rings and paraffin
wax radicals.

Q“ gie) FHAHA
rystallizing) 82 £ 4 lateral
crystal growthE %X]Alﬁvz—‘: A9gg jht} o)A
&8 A EAEA g2 Ao e

' plateletl"i_‘;]' 22 A4 A4S AT, ol |

= 8859 s etk 929 3HAS ¥4
871 98ke] overlapping &< interlocking}7] $13)
g8 FYHE LA

2.2.6. HHA| (Detergents)

ARAA L 71e2 A7 YEY 9PEAS AT
£ AE Qo AP AFES FIAA 0 IR &
o7 Bl H9ER v dukFow AAA =
xpEko] 2 ehelera 7Y (tail) B89 ‘polar group’
9] Wa (head) FEOZ TAEHo] 9od ma R
2 7% (base ci)oll E3lA| (solubilizer)® =8-3h=
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HHE polar groupd ®E FEE S8H £9 298
A% AU 9B B0k @A FEE oIF 9t

organo metallic compds® sulphonates, phenates 5]
Qo 7)o neutral barium, calcium¥ magnesium
salts 0] Edrh oked E5& ¥ phos-

e vl B i)

phonate, salicylates & @] AMg-¥t}

“mahogancy’ acid (the mahogancy-
coloured petroleum sulphonic acids obtained as a
by product during white oil manufacture)®] #=
AE metal sulphonates= 22} AAA Zo =
3 AlolAa#e ARZAR AFEEYCH sulphonates
of E3HE= F5L barium, calciumo|t}h o]5L

ARAZA 5T By ofyet BRI ZA &
3 71%5& AYx ok

i) sulphonates:
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\I:._‘/:

phenates: §7A] &Rt olrg} AFBRIYA 75

& etk F5e e 2t

- calcium and barium phenates of tertiary phenol
sulphide and tertiary-amyl Icohol sulphide

-calcium phenates of teriary-amyl phenol-
formaldehyde condensatian products

- calcium and barium phenates of paraffin wax
substituted phenol

Fho 2L w5

£ gHs AN S

Aol A HZA L] &7 F
NE = QAT HFsd SuolA
soap micelles®] EAZ ojdE 4 itk 1 o]FEA

F %ol A7t AR AE aqueous soap sol'n
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N
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lﬂd we ¥y 9899 FolA
AM EAE ‘cold sludge’ S
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free organic compds®] 7§EtE$loH, 01—‘5
of X3 gle 44 2HES &4
gt EAHAlE EAbgo r:_‘ el _T’_E]"ﬂ polar
group®] interlocking® ¢l 0.2 polar groupS @Y
3 270 ol A4, Ak ¢ So] 2

1) Copolymers: Carboxylic ester-function® amine,
amide, hydroxyl, ether, epoxide phosphorus ester,
carboxyl, anhydride ¥ nitrile 22 polar function
& ¥33l= copolymers HAMAY AL Adt)
a1 olgst FHES AEAGFT A (visco-
sity improvers)d A4S AYPRZ EFHL A}
A2 AHEET A AMEHI Sl AEAS
A4 FAAE  poly methacrylates, styrene-
maleic ester copolymer, ethylene-propylene copo-
lymer Folth

ol

=

ii) Substituted succinimides: ©] H7FAE I Alo]

&8 &8Fo FE @ol AHgEr

iii) Amides: Z¥AEFE 7HE amides$} poly amides
v HYdZdolnld AAate] wh-go o8 Az

"} o5 URE 283 dAE S8Fel A
A}
iv) 7|E}

- Poly and benzyl amines

- High molecular weight esters which used for
emulsification purposes

- amine salts of high molecular weight acids

2.2.8. #t5l oFHH| (Anti oxidants)

A AE G2 F79 FARG FHEA
AMHEEE H7HAR 33 AolA oY, A-HEE o
Y o]9le] ZAAEW o4, AFA EWRAMA 24, 7]
of 29, Arag, TEjolA U FUAEH B AMgH
ok AP Al &A2L {&A|7L Abxe 9F oA
He Atk 9 =38 2R3 g3 g i F
peroxides® -+ 5% free radicals &2 peroxidesE 3
Y3k 7l5E #A=rh

S8A F2 go] AHEEHE AlgdAE HEs
%%, sulphurized polyolefins ¥ ZDDP Soi9, #l&3}

FHINANL MOA, M55, 2006



&

HA R A (chain breaking agent)® 715
O A7AES IAts B&A (peroxides)
= 715E Atk d4A3AAE R + 0

e o
7w
53] 3}
ROO -, ROO -
oo, Baks RajAs

— + RH — ROOH + R- 2] 44
A Yy

9 Al&3] wEL3lo] free radicalo] P&
=

hydro peroxide
584 39

1) Dithiophosphates: zinc diorganodithio phosphates
i) Hindered phenol:

- 2,6 di—tertiary-butyl-methyl phenol

-4-4'" methlylene his (2, 6-di-tertiary butyl

phenol)

+ 4~4' thiobis (2-methyl-6-tertiary butyl phenol)
iii) Nitrogen Bases:

- N-phenyl-alpha-naphthyl azine

+ N-phenyl-beta—naphthyl amine

- Tetramethyl diamiao diphenyl methane

- Anthanilic acid

- Zine phenothia and alkylated derivatives
iv) Sulphrised polyolefines

AuEOoR WEHYA F ZDDP7 ks A
HAPAL 01F 715& AUDZ 3B AolxR,
FLAER, 71oM% 5ol BN AgH At
GEE A7) AHgol Thd oHOR AUATH, B
109 So gol AgET

o

SHIIAME M9A, X553, 2006
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2.2.9. X Al (viscosity improvers)
ATAT AAE S84 -2 A4AE
ANAFE Edoln, dwtA o2 50,000~100,000 ‘%H—J
%%* Eew oty F99 #Ae &89 HEF
S 5 £879 AT 4FE Frkh &8 AlaH
o 257t oW =

stability)o] ¥%2 Fot Ad HIHLS E
o] F71ete) wet 724dth o= Zur} A
o 23 mechano chemical reactiong #ol¥ C-C %
o] Aol AuHy| wiioelct uiebx EFjve doh
WP FAFTY BAHE B ESY wEAbgol
02N Fhett I3EE FEH A A F
g 7= V8
Afete

A3} Bapel daN nREAS
S AT AAHOZE ATAS BYAS
o] ol7o] 9lck.

@A) Zol AH8H T
3 2,

P HEAS

A o

i) Polyisobutene

i) Alkyl methacrylate and acrylate copolymer

iii) Rubber type chemicals such as olefine copoly-
mers and butadiene-styrene copolymer
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