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Table 5 Advantages of PAO Lubes

Table. 6 Compatibility of Polyalphaolefins

o Low Temperature Fluidity

o High*Viscosity Index

o Reduced Volatility

o Thermal and Oxidative Stability
o Chemically Pure

o Compatible with Mineral Oils

o Mineral Qil Systems
— Miscible
—Semi-Synthetic Formulations
—Conventional Additives
o Materials of Construction
—Seals
—Coatings
—Finishes
—Plastics
o Water
—Hydrolytically Stable
—Demulsifies Readily

Table 7 Cost Benefits of Polyalphaolefins

o Economics must justify use of PAO
Lubes

o PAO Lubes Cost User 4-6 Times
Conventional Lubes

o Benefits
—Less Frequent Lubrication
—Reduced Lube Consumption
—Reduced Maintenance
—Improved Productivity
—Longer Machinery Life
—Enhanced Performance

o Benefits OQutweigh Added Costs
=Cost Effective
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Table 8 Principal PAO Grades
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Viscosty PAOS| A §540) e e & 109
SMPES e s | w0 0| a ERe HR(00CAA) S AEAY Bh9
@100C(212°F) vmate] Jehigich Bol xstE EAES
- e Aw 3o 7% PAO9] ol2id w2
SUS @ZZT(;)}C«‘) 40 | 46 | 52 | 188 | 466 | SEAL AL A FZE ¢ 1 A
SUS @378C BHA }\]EE F J=E uigER SERES
(100°F) 100 | 150 | 250 |2,500 6,500 | =k 2= QA f:f;r/} o} %—A!ongﬂ o:leOl
Pour point C -79 | -68 | =57 | -34 | -21 :;;} elede SALAN FE& TREE £
(°F) (-110){ (90} | (-70) | (-30) | (-5) e
{r?;l:ios“y 121 | 136 | 138 | 142 | 165 2. 3L AEAF(E 118 2}
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Table 9 Synthetic Component Properties %§i]§7§; _;ji}iwjj°§}%;iliiji§j‘]:7:
o Lower Operating Temperatures & Ao FHAG 29l Mt BHAL
o Higher Oxidation/Thermal Stability O W HEAFPEAE A *AY Zayl
o Lower Volatility A7l g OF AE 859 ARE Ve
o Longer Life Azt PAOE 4879 O & A= A
o High Viscosity Index HMERg: A o] Bz Q1g kst 3 Ha) H
o Reduced Toxicity HEo Zraehs 0@ Zert
Table 10 Low Temperature Fluidity
PAO Mineral Oils
100 250
Fluid Grade 4cSt 6cSt Neutral Neutral
Viscosity 100C 212F 6.0 4.1 6.9
cSt -20 -4 820 2,360 3,220 63,900
-40 -40 2,520 8,000 Solid Solid
-54 =65 13,400 61,120 Solid Sohd
Pour point C -79 -68 -15 -10
F -110 -90 5 8
Table 11 High Viscosity Index
PAO Mineral Oils | (Paraffinic)
4¢St 8cSt 10cSt 4¢St 8cSt Bright Stock
(>65cSt)
Viscosity
Index 123 138 165 95 to 105
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Figure 5

EVAPORATION LOSS—ASTM D972
6.5 HRS AT 204DEG C(4CCDEG F)
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Figure 6

VOLATILITY vs VISCOSITY
PAO AND MINERAL OILS
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Table 12 Volatility DIN 51581

Noack Test 100N 200N
PAO Mineral Oil
4cSt| ¢+ 6eSt | 8eSt
Volatility Loss | >13] . >8 >4 |Greater than
wt.% 5
Typical
1Hour at 250C

VISCOSITY AT 100°C, ¢S1
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Figure 7

THERMAL STABILITY
PAO vs MINERAL OIL

168 HRS @ 135 DEG C - CATALYSED
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Figure 8
OXIDATION STABILITY
PAO vs MINERAL OIL

ROTARY SCWB TEST

ASTM D227
400 150 DEG. € AT 90 PSIG OXYGIN

3001

MEDIUM
NEUTRAL

LIGHT
100} NEUTRAL

_

POLYALPHAOLEFIN MINERAL OILS

PLUIDS ALL CONTAIN THE SAME ADDITIVES
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Table 13 PAO Lube Effect on Bearing

Temperature
Equipment Bearing Temp.,
PAO | C(°F)Mineral Oil|T Coller

Machine Tool )

51(124 54(129 3(5
Spindle Bearing (124) (129) ®)
Blower Bearings |82(180) 104(220) 22(40)
Electri
leetric Generator | - 1170 s4120) | 712)
Bearings
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Table 14 Principal PAO Synlube Uses

o AUTOMOTIVE
—Crankcase Oils
—Gear Oils
— Transmission(Tractor) Fluids
— Aircraft Piston Engine Oils
—Greases

o INDUSTRIAL
—Compressor Oils
—Gear & Bearing Oils
—Hydraulic Fluids
—Gas Turbine Lube
—Qreases

o MILITARY
—Crankcase Qils
—Hydraulic Fluids
—QGreases
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Table 15 Benefits of Automotive Synlubes . “SE” OILS .
o Better Fuel Mileage 6 PARTIL B
® SYNTHETIC -
o Extended Lube Drain Periods £ o 1o /45
(a Greater Convenience) Z ALL PAO
| o s
o Lower Hydrocarbon Emissions : L
o Faster Cold Starts % I
(Particularly in sub-Zero Temperatures) ° L
o Less Maintenance .
(Longer Time Between Tune-Ups)
o Greater Lube Economy Figure 10
o Cleaner Engines OlL THICKENING IN
HIGH TEMPERATURE ENGINE TEST
o Cleaner Intake Systems 2000~ (WD)
o Improved High Temperature Operation ;E; 1500}~
o Better Engine Protection-Longer Life % Ty e
Especially in Severe Service §
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ENGINE STARTS

Table 16 European OEM Requirements

o Dominated by D-B and VW

But Low Vis M.O. Volatilizes o High Temp./High Shear-Synthetic Use
* vw 500.00/501
o Volatility Limits vw 500,000-Synthetic
EXCESS: o Fuel Economy Oil vw 500.00/vw 501.01

® Oil Consumption
® Oil Thickening
® Catalyst Poisoning

Viscosity grades need synthetic
o Extended Drain-Synthetic

® 02 Sensor Fouling DB 228.2/3-Scheduled 1988

[ -60,000km Drain

THEREFORE MUST DB 229  -not Defined yet

-Sae 10W/30 or 10W/40
OR , Long Drain
—EPLACE LN PAO no Longer Regarded as
USE HEARTCUT « : ” _
N WITH PAO 4 cs Unconventional” by D-B

I I &3] OEM#£&x A3k Volkswageni)
Y Daimler-Benz Atolol] oja} o33ke uh=r}. o
EASIER TO START B F IRES #1600 Helnleh 2 AlgES
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Table 17 Commercial Vehicle Engines
Desing Trends

* Improved Economy-Synthetics
* Turbocharging
* Intercooling
* Extended Oil Drain
30,000km — 60,000km
% Wider Range Multigrades-Synthetics
End Result
High Performance Lubricants

Table 18 Future Passenger Car
Lubricant Trends

Gasoline Diesel

API SF-SG SHPD(?)
SAE 10W/30 SAE 10W/40
Lower ASH Higher TBN
Lower Phosphorus

Long Drain Long Drain

Fuel Economy Fuel Economy

UNIVERSAL PASSENGER
CAR OIL
(CONTAINING SYNTHETIC)
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Table 19 PAO EP Gear Lubricants

Mineral Oil
SAE Grade | 75W-90 | 75W-140 | 80W-140 | 80W-140 90
AGMA 3-4EP SEP 5-6EP 6EP 5EP
Grade
Viscosity 100C(212) 14 25 25 27 17
cSt 40°C (104) 86 179 217 262 205
cp 26C( 15) - - 80,000 139,500 Solid
40°C( 40) | 31,800 118,400 Solid Solid
Viscosity 17 169 148 136 94
Index ‘
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Table 20 Synthetic PAO Grease vs. Typical Automotive Grease NLGI No.1 Grade

Properties All PAO Mineral O1l
Polyurea Grease Lithium Grease
Dropping Point D-2265, C 301 198
Penetration D-917
Worked 60 strokes 325 330
Worked 100,000 strokes 352 348
Evaporation D-2595 22Hrs 177°C % 4.9 -
Water Washout D-1264 Loss at 79.4C % 0 6.0
Timken EP Test D-2509 OK Load LBS 45 b5
4-Ball EP Test D-2596
LWL 56.4 45.5
Weld Point kg 400 250
High Temp. Performance FTMS 791-333
177°C Life Hrs 724 56
Fafnir Friction GM Method Weight Loss Mg 0.9 8.8
Low Temp. Torque D-1478 at 62C
Starting Torque g-cm 6,343 too stiff
Running Torque g-cm 835 too stff
polyurea-PAO7A 18jo]=9] 478 J§= & Table 22 Typical Benefits of Synlubes in
209 Brh. L2olAMef o 2 1, AR Industrial Applications
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Table 21 Industrial Lubricant Trends for
Synthetic Qils

o Hydraulic Oils

o Gear and Bearing Qils
o Compressor Oils

o Greases

o Less Frequent Maintenance

o Higher Productivity-Lower
Manufacturing Costs

o Lower Product Rejection

o Longer Machinery Life

o Extended Performance of Machine

o Reduced Fire Hazard
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Table 23 PAO AW Hydraulic Fluids

ISO VG 32 46 68
Viscosity ¢St, 37.8C 30 42 68.5
Flash Point, C 241 260 270
Pour Point C Below -54
Anti-Rust(665) All pass
FZG 13 stages All pass
Vickers Vane Pump All pass
35VQ25 and 1-286-S
Cincinnati Milacron

All pass
P-68, 69, 70
Denison HF-0 All pass
Warner and
Swasay H-36 All pass
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Table 24 PAQO Based Hydraulic QOils

Antiwear(AW) Hydraulic Applications Be-
cause | —
% Wide Temperature Operation
* Better Thermal Stability------
* Better Oxidation Resistance:--Longer Life
* Reduced maintenance

Application Areas | —
% Marine Hydraulic Systems
—Controls, Pumps, Variable
Pitch Propellers, Stabilisers
—on Deck Equipment for TRAWL
net Retrieval, Cranes, Hatch-Covers
* Military
—Fire Resistant Fluids for Air-Craft
Hydraulics and Tanks
% External/Exposed System-Cranes, Oil-Rig
Systems
* Refrigeration/Cold Store Equipment
* Statistically Controlled Automatic Hydra-
ulic Assemblies
E.G. ROBOTS

ek Hgollx 53] aapFolct. A Agd]
24 Beloit A|AFFANA FdH oz HEH
F5A ISO 15057 7]olf+ 1000~30004]
e} FFEARY 3 wgs gevl PAOA ISO
150 gHd7101fr 40 uto]zge] FE a4 Al
flo] 12,000A12F FF HEAY ARLHE &
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Table 25 PAO Gear and Bearing Oil Wide Temperature—MiId EP

ISO VG 32 46 68 150 220 320 460 1000
Viscosity ¢St, 40°C 30 46 67 152 202 296 455 994
Flash Point, C 232 254 255 257 260 265 274 232
Pour Point, C Below -54 -54 -46 .| -46 -37 -29 -20
Rust D-665 All pass

Timken OK Load LB All 50

FZG 13 Stages All pass




TR e R

B @ANA e & 9tk E 266 PAO &
F 7loifst aglola) BAX $-82 Yehigl
o

Tabie 26 Gear Qils and Greases

More Stringent Requirements | —
—Increased Loading
~Increased Temperatures
—Higher Speeds
—Sealed for Life Systems
—Lower Toxicity

—24 Hr. Continual Operation

Application Areas . —
* High Temperature Gear/Bearing Oils

—Paper Machines

—Steel Strip and Tin Plate Mills
— Wire Drawing Machinery
—Cement and Rock Grinding

Machinery
* High Temperature Greases

—Qven Door Hinges and Rollers
—Roller Bearings in both Hot and Cold
Applications E.G. SERVOMOTORS
—Conveyor Belt Cogs and Drives

Sealed for Life
—Mvilitary Greases Aircraft and

Marine

Table 27 Synthetic Compressor
Lubricants with PAQO

Provide : —
% Longer Life of Compressor(screw,
vane and reciprocating)
% Reduced Down Time due to Wear
% Reduced Maintenance E.G. FILTER
CHANGE, TOP-UP
* Higher Productivity due to non-Stop
Use
% Improved Economics-Lower Produc-
tion Costs
* Less Toxic Vapour
% Plastic Component Compatibility
% Approved by OEM’S
—ATLAS COPCO
INGERSOL RAND
BROOM AND
WADE
E.T.C.
* Reduced Fire Hazard
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o MIL-G-81322D glojx, 37| dut £5
2. A% 2% M9 (Wheel bearings, ai-
lerons flaps and other exterior moving
parts of most military aircraft and many
non-military aircraft)
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o DOD-G-24508 Grease, High Performance
Ball and Roller(Naval version of 81322D
for shipboard use).

o MIL-G-81827 Grease, Aircraft, High
Load capacity, Wide Temperature Range
(A molybdenum disulphide solids fortified
version of 81322D).
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Table 28 Synthetic Military Lubes and
Fluids Based on PAO

Established
MIL-L-46167 OW/20 Arctic CD/SE En-
gine Oil/P.T. Fluid
MIL-L-46152B 5W/30 CD/SF Engine Oil/
P.T. Fluid
MIL-H-83282B Fire Resistant
Fluid
MIL-H-46170B Fire Resistant Hydraulic
. Fluid Rust Inhibited
MIL-G-81322D & 24508A
Wide Temperature Greases
MIL-G-81827 High Performance Grease
MIL-L-63460B Lubricant, Cleaner and Pre-
servative for Weapons and

Hydraulic

Weapons Systems

o MIL-H-83282B—Fire Resistant Hydraulic
Fluid. This "has replaced the formerly
used, more flammable kerosene-based
MIL-H-5606 in all but a few very high
flying U.S. Military aircraft. NASA also
uses 832B in the space shuttle.

o MIL-H-46170B—Fire Resistant Hydraulic
Fluids, Rust Inhibited. this antirust fluid is

put into all new tanks and other ordnance
units. The 46170B fluids was developed to
replace the long used MIL-H6083 kero-

sene baesd fluid.

461703} 83282 HA<9 714 PAOA #%¢
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MIL-L-46167S PAO#A SAE OW-20/
API SF/CD 911 293} Caterpiller TO2/Al-
lison C-3 power transmission fluidel] th3t o
Z Folth ol ¥ SAL Fe 55
214 &8Fol F-UAE Al2E, power steer-
ing 18]1 SAE 5W, 10W && 20Wgo] &
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