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a) Polyalphaolefins (PAO)
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c) Hindered Polyesters (PEO)
d) Polybutene (PB)
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[ E 1-3]1 3471/ €8

TRODICTS VIA
FROM NAPHTHA/GAS OILALPG CRACKING
POLYN.KYLEN: ETHYLENE OXIDE/
GLYCOLS PROPYLENE OXIDE
POLYALPHAOLEF NS LINEAR ALPHA
QLEFINS
AKYL BENZENES OLIGOMERISATION/
(C18-C24) ALKYLATION
ADIPIC ACID CYCLOHEXANE OR
PHEROL
PENTAERYTHRITOL NCETNDEHYDE
& FORMALDENYDE
HEPTANDIC (C7) 8 NPHA CLEFINS

PELARGONIC (C9) ACIDS

(HOENE-1, OCTENE-D)

FROM CY STREAMS (FCC OR ETHYLENE UNITS)

PALYBUTENES
YALERIC ACID (CS)

[SOBUTYLENES
N-VALERALDEHYDE
OXIDATION

FROM"PROPYLENE/SYNTHESIS GAS YIA 0XQ PROCESS

TRIMETHYLOLPROPANE

NZOPENTYL QLYCOL

(8.09.€10.C13 -
0X0 ALCOHOLS
BUTYRIC ACID (CW)

FROM ATMOSPIERIC OXIDATION (MAINLY CPE COUNTRIES)

N-BUTYRALDEHYTE
& [ORMALDEIMY:
1 SOBUTYRALDEHYDE
& FORMALDEHYTE
0X0 PROCESS }

X0 PROCESS

SYNTRETIC ACIDS

(C5-C6. (7-C9. (910

ATMOSPHERIC
OXTDATION

25

ETHYLENE/PROPYLENC

ETHYLENE
PROPYLENE/BENZENE

PROPYLENE/PENTENE

ETHANOL (ETHYLENE OR
FERMENTATION) & METHANL

ETHYLENE

BUTYLENES FROM C4
N-BUTYLEMES ALUS
0X0 REACTION

N-BUTANCL

g METHAKD.
1S0-BUTANCL
& METHANCL
PROPYLEFE 8
SYNTHESIS GAS

N-PARNFTHS
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[ F 1-4]
TYPES OF COMPANY
IN THE LUBRICANTS BUSINESS — WORLDWIDE *
Group Types of Company Number
A Blending and Market Companies 1700
B - Mineral Oil Base Stock Producers b5
C Synthetic Basa Stock Producers 80
D Additive Companies 15

(* Excluding Centrally Flanned Economies)
{(** PAO’s, Alkylbenzenes, Esters,PIB, PAGS)
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tee ztztel )
a) PAO
[E1-5)

USA

SUERY [MDUSTRIES
#OBIL CHEAICAL

CHEVAON CHESICAL
CRAY PROCESSHNG

w 8 ddssid

KNOWN POLYALPHOLEFIN CAPACITIES ~ 1987/8

{METRIC TONS)

LECATION

CHICHMATE
SEAUNORT
CEDAR BAYOU
LOS ANGELZS

CAPEITY

22.0%
23.8400
23.000
(9.5C0) Siur

TOTAL ‘74,390
CARADA
URIROYAL CHERICAL ONTARLO 3.000
HESTERN _EUROPE.
HORIL CHEAICAL GRAVENCIION 13.000
£550 CHEMICALS LE NAVRE 20.000
ETHYL CORPORATIGH FELUY -
TOTAL 33,000
GRAND TOTAL 110.009
T USA, WESTERN EUROPE AND JAPAN 1987/1988
([ x 1-61 207 .

UsA (1987)°

GASOLINE ENGINES
DIESEL ENGINES
[NDUSTRIAL LUBRICANTS
MILITARY USAGE

ESTIMATED POLYALPHAOLEFINS DEMAND BY END USE

(METRIC TONS)

AVIATION (PISTON ENGINES/HYDRAULICS)

WESTERN EUROPE (1988}

GASOL [NE ENGINES
DIESEL ENGINES

[HOUSTRIAL LUBRICANTS

AVIATION (PESTON ENGINES)
AUTOMOTIVE GEAR OIL (MULTIGRADES)

JAPAK (1983)
ALL USES

TOHHAGE

13.000
7.000
7.000
7.000
1.000

35.000

TONNAGE

21,500
2.500
§.000
1.500
2.000

36.500

1.500

73.000

27

PLARSATLIN
+ 60.000 (90)

+ 5.000 (30)

+ 65.000 (90)

END 1988

+

20,000 (90)

+

20.000 (90)

+

25.000 (90)



b) DAB

[ F 1 -7
KNOWN SOURCES OF ALKYL BENZENES FROM DDB AND
OLIGOMERISATION IN WESTERN EUROPE ~ 1987—
(METRIC TONS)
COMPANY LOCATIGY TOTAL PLANT ALK YL BERZENE
CAPACITY SOURCE

PETROSYNTHESE (CHEVRON) GONFREVILLE 100. 000 €24 BOTTOMS ***
£SSO CHIMIE LE HAV2E 40,000 "OLIGOMER[SATION
CHIMICA AUGUSTA PORTO TORRES (100.000) C24 BOTTOMS
WINTERSHALL IBBENBUREN 1,000 ** NOT KNOWN

* THOUGHT MOT TO BE OPERATING SINCE LATE 1870°s
**  DUALXYLBENZENES
*=> PLANT QPERATING AT ONLY 30% OF CAPACITY [N 1987/8

c) POE
[ 1-8]
POLYOL ESTER SYNTHETIC LUBRICANT BASE PRODUCTION
(ESTIMATED - 1987)
(METRIC TONS) .

PRODUCER TONNAGE 7 OF TOTAL
NYCO 2000 (217)
CIBA-GEIGY 2000 (213
UNICHEMA 1600 (1770)
HENKEL 1400 (15%)
BASF 1000 (100
OTHERS * 1500 (162)
TOTAL 9500 (1002)

SOURCE:  INDUSTRY DISCUSSIONS 1988
* OTHERS COULD INCLUDE -

DEGUSSA, FRANKFURT
DS [NDUSTRIES., COPENHAGEN
(HEMIE LINZ. LINZ
OLEOFINA. OELEGEM
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d) PB

[ E 1 - 9 ] f(_N‘f'ﬂN POLYBUTENE CAPACITIES - 198&?
(METRIC TONS)
COMPANY LOCAT I CAPACLTY EXSAS LONS
HESTERIL ER0IE
AIDCO - FINA ANTUERP 25.000 ¢+ 20,000 (1990)
B CHERIEALS GRAGEAOUTH ) 100,000
B CHINC LAVERA ) + 15.000 (1990)
EXXON CHERICALS. COLOGHE 40000
LUBRLZOL LE HAYRE 30.000
BASF LUDY | GSHAFE N 3.000
TOTAL 203.000 + 35.000
usA
ATOCO CHEAICAL TEXAS CITY 110.000
AMOCO CHEATCAL WHITING 75.000 **
CHEYRON CHEAICAL RICHPOND. CAL (25.000) ShuT
XXM CIEAICALS BAVIAY 95.000
LIBRT70L HOUSTON/PORT ARTIUR 70.000
COSDEN BIG SPRING (10.000) 5H7
ToTAL 350.000
JAPALL —— —
ATCIRE CHEMICAL 0l TA 2.060 ' ot ;.
ALS3EKY RESIH UK TSI LA 13.000 X ,
(ORI TSI PETROCHENICAL TOKUY AMA 4,900 SOMRCE €1 nDHLTOR
“s SatG PLANT |
ToTAL 5000
e) DE
DIRASIC ACID RSTER SYNTHETIC LUDRICANT BASE
[ X 1-101] PRODUCTION (ESTIMATED~1987)
{METRIC TONS)
PRODUCER LOCATION TONNAGE X OF TOTAL
YEBA HULS/ANDEROL MARL 3000 (297)
UNICHEMA 60UDA 2600 (251)
CIBA-GEIGY MANCHESTER 1500 (151)
BASF LUDWIGSHAFEN 800 ( 81)
HOECHST (DYNAMIT) WITTEN 600
HOECHST GENDORF 500 (111
OTHERS * - 1200 (1270
TOTAL 10.200 ’ (1001)
SOURCE:; * QTHER PRODUCERS COLLD INCLUDE
[NDUSTRY DISCUSSIONS (1988) 8P CHEMICALS. HULL
CHEMIE LINZ. LINZ |
DEGUSSA. FRANKFURT
iICi CgP. WILTON & BALEYCOURT

RHQUE POULENC. CHALAMPE

29



£f) POLYGLYCOL

ESTIMATED POLYGLYCOL SYNTHETIC LUBRICANT BASE OIL PRODUCTION

F1-11 ]
IN 1987
(MMB
PRODUCER TOUMASE T 0F TOTAL
BP CHEMICALS 5.000 192
[CI (INC. SORMER ATOCHEH OPERATION) 4,500 17%
HOECHST 3,700 142
MONTEDISON (AUSCHEM) 3,400 121
BASF 3,000 11%
RAYER 1.800 71
SHELL 1,600 6%
OTHERS * 4,000 141
TOTAL , 27.000 1002

* COUPANIES [NCLUDE DOY. BEROL, HARCRGS CHEMICALS AND UNION CARBIDE (IMPORTS)

SOURCE OF FIGURES: INDUSTRY LiSCUSSIONS (1988)
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[

Xz 1-12 ]

KNOWN PHOSPHATE ESTER PLANT CAPACITIES - 1987

WESTZREN EURCPE

COMPANY
CIBA-GEIGY

COALITE
BAYER

NOTE:

(METRIC TONS)

LOCATION

MANCHEST
BOLSOVER
LEVERKUS

NITRO, W
MEWARK,

MONSANTO ZPRODUCTICN?

31

ER

EN

VA

MN.J.
GALLIPOLIS FERRY,

W.Va

33,3CC0
2,000
18,000



CHEA-—13 ) 2ojo F4H7& 23

POLYALPHAOLEFINS

ALKYLBENZENES -

POLYOL & DIBASIC ESTERS

POLYBUTENES -

POLYALKYLENHE GLYCOLS

PHOSPHATE ESTERS

Emery Industries
Chevron Chemical$
Mobil Chemical

Vista Chemical

Monsanto

Emery Industries
Hatco Chemicals
Hercules Chemical
Mobil Chemicatl
Pacific Veg 0i1 (PVO)
Rohm and Haas

Akzo America

Tenneco (Anderol) *

Amocou Chemicals
Exxon Chemicals
Lubrizol
Lubrizol

BASF Corporétion
BASF Corporation
BASF Corporation
Dow Chemical
Jefferson Chemical
0lin Corparation
Union Carbide
Union Carbide

FMc
IMC

Akz0 America

*  Now sold to Veba-Huels (?)

32

Cincinnati, Ohic
Cedar Bayou, La
Beaumont, Tex

Baltimore, Md/Lake Charles,

Carson City, Nev
Chocolate Bayau Tex
Cincinnati, Ohio
Fords, NJ

Louisiana, Mo

Edison, NJ

Boonton, NJ
Philadephia, Pa
Gallipolis Ferry, W.Va
Chestertown, Md

Texas City, Tex
Bayway, NJ
Hougton, Tex
pPort Arthur, Tex

Geismar, LA
Washington, NJ
Wyandotte, Mich
Midland, Mich
Austin, Tex
Brandenburg, Ky
Institute, W.Va
Seadrift, Tex

Nitro,,%.Va
Newark, MJ
Gallipolis Ferry, W.Va



(81-14]

PRODUCT

POLYTALPHOLEFINS

ALKYLBENZENES

POLYOL&**
DI-BASIC ESTERS

POLYISOBUTYLENES

POLTALKYLENE
GLY COLS’

PHOSPHATE ESTERS

*  Planned

MFde #A4371% T3

COMPANY

Ethyl Corporation
Exxon Paramins
Mobil Chemicals

Exxon Paramins
Petrosynthese
Wintershall

BASF

8P Chemicals
Ciba-Geigy

0S Industries
Esso Chemicals
Henkel SA
Hoechst/Oynamit
ICt

Societe Nyco SA
Oleofina
Unichema

Veba Huels/Anderol

Amoco Fina

BASF

Lubrizol

Exxon Chemicals
BP Chemicals

8P Chimie

BASF

Bayer

8erol Chemie
Harcros Chemicals
Dow Chemical
Hoechst

BP Chemicals

1CI Wilton
Montedison (ROL)
Shell Chemicals
Veba Huels

Ciba Geigy
Coalite

HEADQUARTERS

Brussels
USA/Belgium
USA/Lohdon

U3A
Paris
Kassel

"Ludwigshafen

London
Manchester
Copenhagen
Brussels
Ousseldorf
Frankfurt
Wilton
Paris
8russels
Gouda

Marl

Geneva
Ludwigshafen
London

USA

London
Lavera

Ludwigshafen
Leverkusen
Stenungsund
London
Horgen
Frankfurt
London
Wilton
Milan
London

Marl

Manchester
Bnlsover

** QOther ester producers in lubricants could now include

Chemie Linz, Cegusse

and Esso Chemicals

33

PLANT LOCATION

Feluy *
Le Havre
Gravenchon

Le Havre
Gonfreville
{bbenburen

Ludwigshafen
Hull

Manchester
Copenhagen
Rotterdam **
Ousseldorf
Gendorf/Witten
Baleycourt/Wiltor
Conflan St.Honori
Oelegem
Gouda/Bromboro'
Gelsenkirchen

Antwerp
Ludwigshafen
Le Havre
Cologne
Grangemouth
Lavera

Ludwigshafen
Leverkusen
Stenungsund
Manchester
Terneuzen
Gendorf

Hythe & Lavera
Wilton & Chocque
Priolo

Pernis & Carring
Gelsenkirchen

Manchester
Bnlsover
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a) PAO
dal PAOAIZGe o™s] FFA of7 ¢l ESSO A :
T3~ Le Havreor A A%oluw MobilAl: Gravenchon
ol 13,000MT wxme] Fgol 1989 d%ol rt5" of o]}
ETHYL Atel 4 = Feluy ol 20,000M/T tme] F&o] 1990
dell 7HE = o,

b) Di-and POE
esterAdles &&F od W& SxdE A gHs o o
ddo] HJAdHolt, esterAeo FMAAzE= CIBA GE-
IGY, NYCO, UNICHEMEo|n #HZ 9 rewole] CHEMIE
LINZ 323 5de9 Degussailzt M2 A Fol 3o s

G F2 gu9 Hod I9F ICIAE Jyg@d YEe

2Ale HIZ o] AFAM 71Ax R Water -
glycol Types POEZREH e 859 {EF A¥e m
X7lm AAFel &x; Utk aY oz " IME B§o

Aol 2Hl 28 &3] wujsizen 7oz A BAF
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dAMA Hgen e Albrightabst Wilsonale o4
8 ok,
d) POLYGLYCOL
HI 7M4 A3ste EoreA Ao EaUd.
Bayerahe 4 - sgddot o] Ard®ofe]l #HojgEm BPAN:
UCCALel F8€¢ dFsted ¥l A3yghe Hsln Ao
e) DAB
DABE 4 fe H¥8d AZNFEM Ba oldeg A3
s A7tAd Detergente fuz AEEHs wEo SF o
M SG Gradez A= A YHAAN Af %ol wa Yok
2% olf& Alkylbenzeneg A z3s MAZTFYM S|
A2 o] AlFe Hdslele AYSo] THEIH AYHm 9o
F.# e
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£

23
A 2l
& Ethylene 3 C4f¥#e 7z we 47189 713
°f ZAHY =¥ HH YRS A FgL vHs] wRoly,
S5 3o SHELLAL 2 BPAloA] Fxgo silwkd VH-
VIA 3#4 OILe] g uj ol
(2) VERY HIGH VISCOSITY INDEX(VHVI) BASE OIL

A)x 9
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VHVI OIL& VIZ} 120~ 1503 =9 #HA OILojt}
£ % VHVI 0il & Hydrocracking ¥% o & AjAksle] SHELL
Atel A & EXTRA HIGH VI(XHVI) & 9wy slm 1o BP A}
A+ Lavera Hydrocracked(LHC) 2 X =3 gt}
B) Mgl 73
- 19739, 19799 2o HFA d x3 ol F AFA A
Aol A Aol HH AH=ER7 g7d. (9 F CAFE:
: coporated average fuel efficiencys} AA)
- FYoAd MddE ¥E 2= (160~ 180T ) A TdH =
TurBo charge Typeso] dxo] UM L Absiey
=7 879.
- AdxE AF ALEed mE & Noack Volitility(DIN
51581) & w371 98
- ¥4/ Type A1F/7E WUF 7tFd o] ®iMdge olfE VHVI
Type ol Z1&7F /Bg¢sHA  =HAUck
C) 7} : U$ 850 ~ 1000 /MT (PAO 7} ] 1/2, a8lx ABA 1}
B %)
b)) & <]

+ VHVI SPEC

HYDROCRACKED VHVI
100 VI BASE OIL| TYPE 1| TYPE 2|TYPE 3 | PAO

VISCOSITY C/S at 100C 4 3.6 4.2 3.7 4
VISCOSITY INDEX 100 129 130 128 130
POUR POINT, T -9 ~-28 -9 =7 =57

NOACK VOLITILITY % wt. 30 20 8 17 10
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. Additive Solubility

BASE OIL COMPATIBILITY
Mineral OIL(C100VI) Excellent
Alkylated aromatic Excellent
Polyalphaolefin Fair/good
Dibasic ester Fair/good
Polyol ester Poor/good
VHVI base oil Fair/good
E) F¢3
o A . APl 3
. e Noack Volitility
- ¥& VI
«+ Yo Form¥Hy
- FAHAFETDG e
o wd - 9% e HEW AL (I0NH=E)

. olfe olf &EJ AT

. gH4RET Ee

« BHHHEYE

. Re AU &AMA

F) VHVI7| & & ol &% AF

. MOTOR OIL

. AFNH

37
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© FAFAFR
v 71
W ol F

AFH &)

- SHELL (PETIT COURONNE, =&}

[

)
BP (Lavera Dunkirk, T &)

[

. MODERICA  (BOSANSKI BROD, i)
UNION FUCHS(WESSELING, X %)
3) ¥4 AAH
A. 4—cycle dAF
®ujx]gy & o]v] BIG 3 (GM, FORD, CRYSLER)d|A o7 &
& 5W30, 5W400] factory £ill (1986 ol F MAk] 75

94 factory fillatg ) @ service fillz #8531

1+

o, FYPANE AR L VFAFTE 40N BAvED
ek ey fHARY AAHF F B F I50VE F A
~5NEFE( 3R, AdH o 2gduiolg H £} EF
219, 59, =282 FANM HIFTH Ytk

2 PAO basegAdoAAn 7t 5de dAH F&35 AEFHo
=718t3 gloey PAOx A 2& seal swelling Ex71 oW
4 ql7] wWge Diesterd XEH7&n Uk

FPAFE Fz #8§ makerql AGIP(SINT 2000 ;¥of 3

19 ), MOBIL(MOBIL 1 ; wuja 29 ), CASTROL,ESSO,TOTAL,
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ELF Fol 98 Fz=sz 3lch

3 PORSCHE”}
53 A ZAIFo]A LANCIAN="3tmHoz gARE P43
oAz, 8§ AxANHE FHAARE SUsm Ak
=% SHELL# BPAle] Fxsle] VHVIE o83 AAR7}
FgA e AAstn Yon FHANFE Yoz 54 4

H HesFol A 2wy FY Aoz "G

(E3—-1] BFst FAAIF4 JHFHvn

1988
£ per litre

U.X. Germeny . Frence
Min.0il Synthetic Min.0il Synthetic Min.Cil Synthetic

Raw pateriel L5 170 51 170 L6 170

Cther costs 83 84 163 166 117 119

TOTAL 128 254 214 336 163 289

Selling Price

(ex. tax) 298 521 589 881 462 702
O MARGIN 170 247 375 545 299 413
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(%3—2) &4, v+g4 formula

SAE ratings

SYNTHETICS
10W-50
20W-50
5W-20 to 156W-50

SEMI-SYNTHETICS
5W-30 to 20W-50
5W-30 to 10W-30
10W-30 to 15W-40
10W-50

10W-50 to 20W-50

Mineral oil

%

Nil
Nil
Nil

50-70

Not known
60-70

70

50-70

40

Type of synthetic base

Polyol ester
Diester
PAQ 4 diester

PAQ

PAQO + diester
PAQO + polyol.ester
Polyol ester

Diester



(¥3-2)

ol % OFE AR

MAKER BRAND z A
MOBIL OIL Mobil 1t PAO, POE

u] | CHEVRON Subzero Fluid PAO, POE
CONOCO DN-600 DAB
EMERY Frigiid Go Diester
PENZOIL PZL g4+, BH EF
PACER PETRO EON 20 POE

Z | GULF OIL Super G PAO
SHELL CANADA - PAO, 3%
AGIP Sint 2000 POE, 2%

# | CASTROL Syntron X PAO, POE
CASTROL TXT PAO, B &
ESSO Ultra PAO, B &

g ELF Super Synth PAO, 3 &
TOTAL Quartz PAO

*» VHVI ENGINE & *»

MAKER BRAND z A
SHELL GEMINT, TMO VHVI, % &
BP VHVI, ¢ &

ASTRA, VISCO 2000 PLUS
l
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(289 Hd) - ESPECIALLY IN SEVERE SERVICE

BETTER FUEL MILEAGE
GREATER LUBE ECONOMY
EXTENDED LUBE DRAIN PERIODS(A GREATER CONVENIENCE)
CLEANER ENGINES
LOWER HYDROCARBON EMISSIONS
CLEANER INTAKE SYSTEMS
FASTER COLD START(PARTICULARLY IN SUB-ZERO TEMPER-
ATURE)
(LESS WEAR AND TEAR ON BATTERIES
AND STARTERS)
IMPROVED HIGH TEMPERATURE OPERATION
LESS MAINTENACE(LONGER TIME BETWEEN TUNE-UPS)
BETTER ENGINEE PROTECTION-LONGER LIFE
2 - CYCLE <1z &
gyl Q9 Ewulo]l9} 28z A FerxE Polyisobutene(PIB)
o} Diesters, PAO7} 2z}7] ©g ©E ARgdes Fa A
A ATh
Computer-typee] 2 stroke oiz:AFoA = PIBA FA
A=l &7}, Sport-motor cyclealAoAy & 7173 L PIBHU H
)M x| vt Diesters 7}, =g Motor boatolrx & AMEs EA
2 DiesterAds} Alg€=x grch

PIBA HAHAAN{E 1A Depolymerizes]r] of Eoj
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e HEAA FAY F A3z ARSA daHHe #|AHo
2 #gsid, 713 AAYEx Ayl gl Diester A, PAOH
€ 43 AF¥Ho=z uUAMH Roz Adadacn

vl xe]A SilkoleneA}, PJ Harvey A}, Bel-RayA}, Barde
ahlAtzb AdsA AAstn deow HHPANA = PETROFINM}
(NMEd=)7t FxHolo

2o SHELLA}elM = VHVIA “ Quattro "l o]E9 A
21§52, CASTROL Al “ CASTROL 545, 747 "o]@& %A Motor
cycledx g2 o AFo (EFHz gt}

19903712 5,000-10,000 8 HA=xeol A FFa7F A8
C. TRANSMISSION &

32 transmission§ Non-drain 3z wAEE 7 3ol
AuviEF, 2 8A9 A, Non-drainsgl, Z oo A4S
9gd olfF= #FH 80W90 = 85W 1400914 T75W90 (&
) @ 75W1l40(truck) ez WztElr] Al

=3, 75W90 H  B0WI40 & ARH(5W30 )9 @b 2.7%
oldxt WX & 4-10%9 aAv HAaH Ude Hez ¥
HA 3 Qo

T0W90 R 80W140 9] HRAY A&L Rear axleseo] 43
MIREAE fdsdan @9 olegd BAHE A Qs u

3Rz FHAN 20-25%9 esterdA FAHAFE T A

~3

SW90 & TEAY FfA PIBE ol g3t 80WI40L u

i

Iz A
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i
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1)
Le]
14
@]
2

doz HyH9

Al 2

A dsta

NICO, Mobil

ol o} agituulop ) oo A

o

Fz Al8dd, $YIME N-

75W90 ] A A 4 ( PAO/Est-

Qew, Uniroyal A} PAO base<¢] 75W

1ok
Abg-el

R

3} 5l o PAO base”} o]
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&=
o
ol
)

2o

dEEERe 2¥ AEIFH A Sol HAAHA AEda £8
£9AE Awstzm <Yrd =, NYCO, MONSANTO, STAUFER CHEM-

ICAL, CHEVRON, SHELL $°] o]E #lajolnd, 32 wdxd BPA
E O¥ITEER A &g ddd
V2E AW EHH HolddMd = PAOAISY JRHE THS M2E

AARF7 NAF AHAIHoz HJuslm gen], PAOE w3 T8

dere FF oz A Fe]l ¥ AW Roz ogiFy
PAOS} DiesterAE 7z=z wAY zHolu

(5) Arsd
M A Bkl FARE AR KoM Rel 2d&xIolF 5W
30, sWalste FAR7E H8sdE R e IFHY Wuge

AR wA

tlo

oo f

AR dRA TokolM Heold AdFEe #HY F de I

ol

9e W oee 6r7xz BRI
A

Gear, Circulation and Bearing Lub,

w

Compressor cof all type

C. Hydraulic and fire resistance fluids
D. Functional fluid

E. Metal working fluids

F. Grease
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A. Gear,Circulation System, Bearing Lub.
a)zlo &
PAG type @AHE AdE 7o fdFH=zAM FHA AHEH
o] KEd 2 olfe 2 TEEF FAAAM wigd JFEFE A
A wrl gEolg, g PAO type@AHe 54 EP Additi-
vest zgstd 50T - 180 TAtole 2R SANM ARG HE I QlTh
David Brown,High field,JH Fenner,Moss Gear § A A 3
¢l makero)x PAOA AEFLE wF3z Utk PAOAH A FLS
Packed-for-life Gear boxeo] A FH oz olg&xH1 dor
2l bavid Brown & Drain pluggle] 43 Gear box &
Z AAstn o A Zlelfd FHLe AW ANFzASAA
T EARAdeol e AHoln
b ) CIRCULATION SYSTEM
223 ¥ Mixings|Al, Ax ¥ Drying cylind-

er SZoA A€ E Gear boxes oA SHFAE oE

PAGAl€ zgdlMe Azt Aol $£3te weol AgHm 8l
on, AAaE£e Polypropylene glycoloejt}

Agodd Arg"HE AS, F YEAY, FHIF FelAM= AB
2 PAOZE gy ol&Hm Utk
C ) BEARINGS

* glA€g g AASeE e Calender wachineo)X

ki
fr
[

Lol

__r'J‘
ts = bulk oil &% 200 coliel ol=A 3

2

g

flo

=)
s
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15 c7txl= BRI AHgE R

PAO,PIB7} Atgslm Utk o2 PAO9 PIB7 28 A

o2 dAagElit, Diesterd =

drzae

PAG7} ¥ F AdH AN

YA, 2 olFe] & PAG

SN

230 *o] ol N AbEH T ok

7H8 destsel AR G

Al BFoe PAGE wriste A Fel &¥Y ez Jided

a2y A 2A PAOJ A

4E371 A% BHEEHoI

AAH AN FAFY #e A S5d€ 2 Fez F

AR MHFHAA FavFe

E. COMPRESSOR OIL

10,000 8 o] <3x gt

o] #ol& Compressore uwgs £E B = B A

Folth. 789 F& Compressorg Fg EF94 APAFLS o

Bl U

Cgé§-1)

Classification

Refrigeration

Air

Oxygen
Ethylene {for polyethylene)

Natural gas transmission
LNG {on board ship)

49

Types of synthetics used

Mainly alkyibenzenes. Some PAQOs

Diesters and polyol esters
Atkylbenzenes
PAQs

Phosphate esters

P1Bs and PiB/white oil blends
PAGS
PAQ/white oil blends

Polyol esters (sometimes)
PAGs



ajdds dE7H
FEHo2 dEAF7IFe 22 F5Hd d@d Fad o
of Naph.oilg o]&3la] gt} (SUN OIL;SUNISO series)
dEo] Alkylbenzeneg 7tAlm ¥E7H A& 537 9
g =832 g ok AWML Fae Pof (R-22,R-502)
49l F& EEAWESND BE& JAL=E Az U] (-60 T-
Sl0TH)YFEE ol FRAAN vEd 4357 o Folt
(AB typesl ¥ : Chevron;Zerol.ExXon;Zerice S,Dupon;
Zephron)
w3 Dupont (F# & E3A)E& Mobilel x=gagd Ay
o] (Mobil;gargoyle ARTIC SHC)PAOA oilza #H13d
£ gt
a5y dF FH2 P (R-12,R-1D 5L 2EF w3 &4

E A @duf 2 R-123,R~-141b,R-134a7} AL E 9o, PAG 3 POE?} A}

2 Yool ulz} R-22, TERNARY BLENDS ( R-22 + R124 + R152a )&
FAN A R-134% PAG Y POEV} o A HE F2EY R22 of4Hct.
b ) AIR/GAS =7 §
dE7lolMe g@el EAPL, ¥& AEeEd ©HE Degr-
adation(Cracking) @4, depositdy F Asletygy &4,
oil® gasste] H&HA Zw9®AY, oild gas o9 sisturs
ol A4 Hedge I steA, W2 gAFol £AFH A

&% A9 W@ EBAYsID
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wetd  FErtxe) EFRHA we A7 eFHe @it o
Foith EE FH7] AFe RSN we wEeEs Awy
Q1 FAUY FEFHomRE Vaneoj} Screw-typez e
xAs ¥A NEHow WEn Ut
- BAAEH

1960 @ &, EXXON 3 TENNECO(ANDEROL) ] o]3 Di-
esters @447t AU HIelE PAOA R DAB 7
7t Jhgsiol Diesters Atolo] @ujAAo] Fstch =P

MFAFAE dFAUA A Fo] €748tz Utk Ingersoll

M

Rarde PAOSt esterg E¥% UARE ¢HFE(HEY

o

:I-R) o g o xoln, Broom wade A z7]4E=Z PAO
9} VHVIE &3 wgAdfsS stz Ud. ATLAS COP-

COx Hydrocarbon(PAO % DABYA A FL $9U3t4

!

Hstn g4

FAt waA AR APe oil maF s #1E
(1000HTS) ol 4] 3= (4000Hrs) 2 long drainsglgmgxy F
MRS FWdM fFyside Aotk

2 SHELLo|M& VHVIA 471858 AAstd COMP-
RESSOR A] &o #od3stm glth (Corena SR)
* LDPE}Z7I

1970 dfel &= 2 Polyglycolr <A&F7IFE At&sie
Y 3z Sl PAG,PBiWhite o0il,PAO typeo] A 43tz 3l

o o oplA g@AE FDA el sFHm Yok
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© AEFFINH
T AEAHE Sol7] AN AdolxH=ZE ArEITL
- LNG,LPG¢] Shipboard &7)&
oilz gase gL %7 AN gasete gAo] A
& PAG7} olgHT,
cl)@e
MAoNe 4F71%e F52E 950,000M/Tolr o3 3
AHA dF71FS @eFe 5,000 - 6,000M/T Fxojch &)<

FAZ Mol 1990d7x & 10,000M/To] o8 oz dAgch

AAHA FH FH7#

3 A3 A = 3
BP ENERGOL Rs-S32

Evva SYNTH 5032 OR 5046

GULF SUPER COMPR. 46

MOBIL RARUS SHC

NYNAS MERETA 32

TENNECO ANDEROL 3046

SYN-FLO SYN-FLO 100

SYNECO CLEANAIR 320 or 460
TEXACO SYBTHETIC COMPR.OIL EP-VL 32 or 46
TOTAL CORTUSA SR 32
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C. Hydraulic and Fire Resistant fluids

a) AT H

A FFAA Jbg 2 AFE RE AFl AIAEHoIL

A27H e FHA KR/ Bl AgHJoH HE dEH

oIl Wax®2 AAF Para. oile HEal$¢

S3A &

AN w<Hd @eizk Fotstn dH 83 dEAAME 22

duulol Ade F&as AW x=HHn Ut PAOE ¥} F

FERAFHAR o8 xn DABE ol &F {FIFATH
Me ®el A&Hn doh

* CONOCO #<u4#AEFH SPEC

5o

SPECIFIC GRAVITY, 15/4°C 0.8708
FLASH POINT 163
VISCOSITY -40 %, cSt 2600

100 °C 3.3
VI 160
POUR POINT, C -60
VICKERS VANE PUMP TEST PASS

b) Fire resistant fluid

gutxl oz water/glycol fluids HIe gy p-

olyesterzl o] A Eo] A A=iolm water-in-oil emuls-

iong Apeaol o

a2y Aoz JleAd FAJ siFdgd™d 199049 ol F
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e AAdd

FA A Z3l

s dgue

additive

7] w

tlo

A43E ¥ Fx UAE

packge &

¥ 90/10

Aol o,

MEyPolH e water/glycol fluidse] o s

18,000 M/ To}m

A 2dH 25 ¢

Polyol ester @iojate W3t

"oixvt 1980329 =

gHge A,

ted EE
o} o,

(¥ 4-2 1
Characteristic

Specitic gravity

Fire resistance

Max operating temp
Open fire point

Auto ignition temp
Lubrication properties

Characteristic

Specific gravity

Fire resistance

Max operating temp
Open fire point

Auto ignition temp
Lubrication properties

ds9

#AH A

Mineral
oil

0.85
None
80°C
170-250°C
330°C

Good

Water in oil
emulsion

0.93

Fair
65°C
Nohe
400°C
Good

54

1,000M/ T
NFA ol F oA

5
9. 28y olme e GHA (PAOS ) of Almel Helw

4,000M/ Tojt}

Phosphate
ester

1.3
Excellent
90°C
320°C
500-600°C
Good

Oil in water
emulsion

1.0
Good
65°C
None

Poor

4z Fa¥

AaEgA T

: water/oil fluidsy}t 9

tlo

g43les Ao

=
oy

< 94 BFRAF dH xR

Water/glycol

0.90 -

Excelle"nt'zi
65°C
None
600°C
Fair

Ester
products

0.90
Good
100°C
340°C
460°C

E xcellent



D.

FUNCTIONAL FLUIDS

a) d71dad &

il gAAgel e 9§ WYl

DR

ir

Jo

di#l A= Naph. oile] HAFHo =z AE=Ho Koy, 2
&30/ % Naph.oilse FF BF¥o=z <3, azglxz high
voltage& wWijtrzlel Fu F& H#A7AH EA, JHAHAY ol
QT g w2, zalm AP 3 ale] packed-for-life ( g
73 AFODELE UEI A d@e =z dHWAIH Naph,
0il g E&F w7t M=o Amzgz doh. (Ex:
92 NOC KANSAI TECH ) yvdA #Hg7§=2+& Silicon

0il ( Polydimethyl siloxane ) o] Fg Al& 5 =4

Dow corning, Bayer, Rhone poulenedx Hvjsizm gl
o}

MFEHY ®HgZIf FAAAR d=2& 150,000M/ T (Factory
fill % Top-up)eoly o/ F @4 HE& 1,000-2,000M/T
A2 Hridgan Ao

CONDNSER OIL : 1970 ddie] <dgdfiadol @Wol Atg=HAUoY
g7t HAANA PE or PP filmez wmAy F S-
welling 2xls PXE ( phenylxylglethane )¢ Diben-
zyl Toluene %o A4 f{7F AF Ag=Hlz 3k (PXE
type : 42 NOCA}, Dibenzyl Toluene : 3~ Prod-
elec A} )

O/F CABLE OIL : §% CABLE®9 #HA$( 66KV o/ 4)

55



dZdAA "AAHeoz F{H4 mAH AEHT JUTH
ool SHELLA} % =g A9 Prodelec (& =g A
Abdol HF¥EARE FxIau Jdow ofAoddME A9
NOC, wlmulAlf3F Fo| A4gz Aok #FeA & Pipe
cableo| #=2 AgHd PB+AB7I i€ A=z A
€5v CHEVRONo| o A#Z Fxstzu o
b) g &
Aol A Fo] 489 yrES initial fillojm Aol T-
op-upez AgHz Ak MHYAMHE 10,000 M/ To] v
Hz ded 250C - 280 C7HAY F{HAVE AEHz AT 3
o]3°lx & Diphenyls} 'Diphenyloxide E@&d 71x3 %
AAFol A_F1m 9t ( Dow chemical, MONSANTO, Z¢ B-
AYER A} )
azln FFAIs Diphnyl oOxide E#E Alol9 g xelA
e 48y AAZE AL AFe FFsn A
a2l: esterAl ot PAOA 7 dB A #AHy eown Unir-
oyal s} Ethyl Corp.7} PAOE H&s3lzm gt
c) Metal Working Fluid
Moo Metal working fluide <o 450,000M/T A
Zoltt, A HARZE PAGe PIBy} F2 8 o/&d Lo ¥

£ Metal working fluide =H9 AZFRE R
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(®4-33

Estimated totsl voli:me of
sales (all products) Types of svnthetic

Cstegory

Soluble cutting oils
Neat cutting oils

Rolling oils (steel,
aluminium, copper)

Quenching fluids

Drawing, forging and
stamping fluids

d) GREASE

Be #$AHadgolxe

ABE 71HF2 Al&3lxn

(thousands of tons)

150

80

40
30

vsed

PAGs
None

C12-C18 esters
PIBCs

PAGs

PAGs, PIBs,
alkylbenzene:

PAO, Diesters, POE, PAG 2m1 D-

XA g4 /7 A Bzl

Diester A a9

AgsH, PAGAE FEA49

ZelX Atgdn. DABA &

A delld  wol AHgd

L
ol =

o

a4 HAEHY adelxe

N3y Ro= suE

=4
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I. gidrer % 3%

A EERAAY ARTHFE dA33Ide AL FA o3 Hdolth
FdeA T 5000 Hxe HMEAESo NIy FAHE Yolw AAF
A BWolxdgs 2&d 2zl o FopdMe FHA Fgwz)
= eagETh

ZAF AR RFEAM HARFE HugsE AFoz FEHHA 2 A
o}, Fuchs, Motul, Nynas, Olifiat a2z Yaccos} e #H
2x9 t©r»ol AGIP, Castrol, E1lf, ESSO, Mobil, OMV, Petr-
ofina a8l Total X9 3IAE9 BHH wHoz PAOS e-
ster 7l &8 AFo Pz zHYHAT Ao

28714 % PIBo]l FEE Aoln F2e 2 J&HA odRE
of Buk & A8 ¥d 7iolrl. Manual Transmission$= 75W90(PAOHA )
S} 80W140(PIBA )AXLE OIL®] AF&o] Hxp Zvhst 7 9l 2ud, AUTO TRANS-
MISSION$-Z & PAO, 2 31 Brake2of 9lo] PAGS ] #-2 xpokaol =+ m
DOT 4 Specification fluid’} 7 X8 olof2t# = Zo|t}.

Ad A AZe FAAC UM HdAHA HZFE =¥ F Y B

53 AdE& TR @A RF(FHzHA DA YoM FAA
o AT Aol AAFE Rez dyd,

E7IFolre AzHE dHold FHeoA, Functional fluid,M-
etal working fluid, azlz Ad& 8ol AS$E AEA9

olffE UWUFWES AFol oiddc
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36 Bote o/n AAHez AR AAZE Fofo| ot

pulV]

1990 d7ixl e Ae =& AEsl7t polyol esterA A Fel A

e

49 Aoz NI
Aol 19909 E AP F 2 YHA, TRHHAL T AR
4ol A de FRstA & Zelnt. AT YHAG 2 xH = FHAY

£5% Tes) ¥ W o= 1092 ¥V¥ol 2YHo gtk 2t
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