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1. A 2
AAL &= Af FAEZA 7]H/] hydrocarbon
EREY 72 F/HE A Ak VTeEE AR
B Z40) B2y viy, opRe) 2|3 energy SAHE &
oW, engined] sealingX ¥4, Y4V BEE A7

S BAAA Fol, A2 WRE WHAA F= JIBE
Bek. ol Zlsg 271 Fphdic L5 W) B X
g yEe) {4, A 5 2AE BHY FA7

99 ol el Be B7pAEe] Basich

R ARERA 7 %% 2599 (800 °F ©
*c})oﬂ*i R E FERE °JT°r AA ) oF 20% E A

95% 7} C20-C40 Ajol€] mineral
01101111 i EH—‘?——S_'—% paraffin§2} cycloparaffin&
(naphthene#| )7} ZAx|8t8] L Wi aromaticAl R
opte) 4, Az, KYHYEE PHEL

A7 24 viscosity index improver(VII, HEX|T
kA4 ), detergent-inhibitor, dispersant, antiwear
agent, oxidation—corrosion inhibitor, rust inhibitor %
o] Qom HrlFe FEF WA 5~10% B=/F B
Boln}.

VIIE 22 olefin copolymers(OCP), polymethacryl-
ates(PMA), hydrogenated styrene-diene copolymerZ]
223 22z AT 1o Areld HENsE AR}
XA Azl a8E o9&

Detergent inhibitor:= metal sulfonate, alkylated
metal phenates S22 AW A4 S M3 4=
& ZHA4719 dAY A4 HA
varnish £9] A4 AAA7] T 27HFA] ring stick-
ing5& WAISE 71we] Uk BARA
succinimidet} polymethacrylate

polyamine S & 715383 P EEA A

E<¢1 lacquer, carbon,

&= polyisobutenyl

9=

2 highly polar
A We soot

(carbon particles)e] A& o} R{IA  sH,
sludgee] AAE AABAG WA AT AlE ofel A
A% 713 Bl Sttt

zine dialkyl dithiophosphates 3
7 AZiv

inhibitors®  zinc

Antiwear agente
9] FFEZA] engined-

Oxidation-corrosion dialkyl
dithiophosphatest}, P,S; reacted terpenes, hindered
phenols 5¢] FFEZA HERK 185 EolH var-
nish formation, bearing A & ZAAIZIt}h. Rust
inhibitor= metal sulfonates, ethoxylated alcohols,
phenol $2] FEEA A YR F8 F% partd]
=9 out3irt. o2 HA7IAES 53 VII, dispersant
To R 2AEA FHug A0RY AF FEF DA
2] 5% ATl A= ghe F& AAFH 1EAE] 3
Ea 2 7A Aol 8§ RotzA Fosha sl
th 2 A4 FAAE 1940 el ARIA AYAHS A
Zsle] 1950 duioll= detergent, corrosion-inhibitor
So) AiAsh e BELASA 2ol Heltk. AFAE
S8R VIIZE Aoz oA Algg 497
311 FA)o] LMY oil thinning(AFESHE =5
o2 AAZELY multigrade oil & AR = A H
Ak EnoME E3 AEAF FAA (VID) #et

£o) vhug

a3
1974 Mg st Fgas
(=
1974 P2 FBT(AAD
1976~ KIST & 72 A7
1979
1984 Rutgers Univ. &3}
(Ph.D.)
1985~ Allied-Signal Inc., Research
1989 Scientist
1989~ (F)#%, HE71=4,
Az AT

-

Viscositylndex Improver for Engine Lubricants

(Z)8%, 7149 (Kwang Geon Kim, Daedok Inst. of Tech., Yukong Ltd., Yusung-Gu, Taejon, Korea)

DEXE D 7)1 A T7H 23 1996d 4¥
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o 7lgstden aFoME AFAREol 7 & EP
copolymerd] VIIE 4102 7)&313T).

2. X SAH

Ahoae 7Y FAE Aolol 2 g
Ao} webd exol ohg AE Wshe A el 4
Sold 718 298 WAk Ak AR ABAGE &
Qe sl 225 Wolof 2ol 2 £40] g, A
WRE Z T Solt A2 URE wsenh 1% *
A= Bt 283 Eolof #8F ARFS FolH
gaedel 82705, TegA 5 AN 15 8 £
th $889 AEE L% W3l ulet GAsHA W3k
7] get. B AEATE 254 e JE WIE ¢
Mol A2 BAEY] ste] FojE AeE ASTM D
22700 A= glov, B Jixe] DL Heso
Dean and Davists I3 oile] 40 C% 100 CY =
g 7120 sl ABAE AL

AEXF7L od oleel e Aol AUt AA, 1
oA HArrt EAH oile] AR7F HojAw, ANy
oz nE % HoZA "rt. X, Zii"ﬂ’ﬂ“ Azrt ¢
o}AA Heol, dRE] cold cranking B AFA AL, oll
pumpability &4}, A warm-upA] $& A8 48 5
o] go] A Hrh. ol9ge HAxo F84 wWie
Society of Automobile Engineers(SAE)ojAl= A&
8 SR BRE A wel B 13 22 FA=
st k. WE 713 27 AE(winter) 49

{1

rﬁ
Q
%5
:l

EA %V‘WH Fo% B4 o2 F5H (thicken-
ing power), B4, HAerYA)(shear stability
index)& B2 = vk HFHL &2 0.1 wt% F7}
Al 100 ColMe HE 5718 vBlE Ao 255
Fon, Bx7z, solventd] FF 5ol 23] FAeHcht
ALEH e AT} F83| Rol A Iy &Etee @
A} (weissenberg effect)o] glejo} sl -15C, -25°C
So| A cold cranking simulator(CCS)=E &A%t &
ey A e Bosch injectorof]A] 30 cycle £9] I 7HE
e % 2 e o2 TS o] FAIFE.

_ Vi—-Ve

SSI = e X 100

¥ 1. SAE J300 ; SAE Viscosity Grades for Engine Oils

- igh-sh
Low-temperature Low t empferau.xre Kinematic ng S ear
. L pumping viscosity, L. viscosity at
SAE  cranking viscosity, b viscosity at
cosit Pt cP 1007, 65t 150°C and
v1scozx y , 10571, P
grade -
Max Ma.\x. with no Min Max  Min
yield stress
oW 3250 at-30°C 30,000 at-35C 3.8 NA NA
5W 3500 at-25C 30,000 at-30C 3.8 NA NA

10W 3500 at-20C
15W 3500 at-15TC
20W 4500 at-10C
25W 6000 at -5TC

30,000 at-25°C 41 NA NA
30,000 at-20C 5.6 NA NA
30,000 at-15°C 5.6 NA NA
30,000 at-10C 9.3 NA NA

20 NA NA 56 (93 26
30 NA NA 9.3 (125 29
40 NA NA 125 (163  29°
40 NA NA 125 (163  3.7f
50 NA NA 163 (219 37
60 NA NA 21.9 (261 3.7

All values aresgritical specification as defined by ASTM D 3244
Note : lcp=1mPa.s : [cSt=1mm/s.

aASTM D 5293

bASTM D 4684. Note that the presence of any yield stress de-
tectable by this method constitutes a failure regardless of viscos-
ity.

CASTM D 445.

4ASTM D 4683. CEC L-36-A-90(ASTM D 4741).

eO0W-, 5W-, and 10W-40 oils.

115W-, 20W-, 25W-40 oils.

where Vo=kinematic viscosity of the oil before
addition of the polymer
Vi=initial kinematic viscosity of the oil with
the polymer
Ve=kinematic viscosity of the oil with poly-
mer after shear

ol9lefi= VIIZ} 7hAol & EAL Ralgt FAHEC
o], derA, A e Vel Fash B AUt
A} 24 WA sj2e AsRgo) glolok Bk,

D24 gl mEde] B, ALeSH 5 HE
ollg] Fgke thg) Zo] AuEn. FEe
a3zt A8 BAT k. EP copolymer.J 35,
Zo]R fHoe] Ll = ethylene unite] a3} back-
bone Wo4]2] arrangemento]] 28] ZAFACE. VI
EP copolymer: &3] 44-60 wt% (& 50-70 mole%)
9] ethylene® 7}X|9 2& ethylene content®] 7-$- ©
9 =AY WEelo] Bon] ASAYAE Wolct,
UE o uiA7) crystallines| 2o wjely 83l=
7} "olzw VIIgoz HAFs It b ethyl-
ene arrangement: X-&; IL2oA] ] EXE
Z, normal-, iso-paraffinst} aromatics £3}¢] inter-
actiono] et B &2 ZaTol| JFE vt

(2}
o
1
Ir
¥
5 K
i
B
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Effective Volume in Oil Flow (Hydrodynamic Volume) =
Volume(Polymer Molecule) + Volume ( Associated Oil)

Molecule
O1l Assclated .
© e@) . ‘ @ With Polymer

Polymer

SOLUBILITY
POOR = » GOOD
LOW —e TEMPERATURE —HIGH
7%l 1. Expansion mechanism of viscosity modifier in oil.

T3, 43" 3829 A= hydrodynamic volume BrlSo] Mz oz Huyy] ot Az
3} @o| 9ith. Hydrodynamic volume® 37} 2 o) dpebgqe EAdel AQ4S o vwrh of &
¢} volumex}t A%E £ volume?] ol L8 & A& TSSIL PSSIvE Zo] ufehdrt. mats HEe.e
ol me} 298, zoln) MUIHAE FA aw VI nEAe] 728

a8 10 29l upe} go] 2x7F Y-SR, W solubil- 223} slojo) 3l 53] 2AHT B BEE A
ity7} W24 & hydrodynamic volume(H.V., Hxo) 0} A 22 Fart Yot ol AfE FHuFTLoRE

3} effective volume)& Zolx|11 L7} =&FFE, IE
solubility7} ARA42 HV.= AR HV.7 #AXH 2
golo| shear flowoll wigh A&e F7eiAl ot ol
3 oo st TS BHS mechaaismol &Js] VII
£ A ) 23 Aedlel BT valE Aol

T I+
3, AR 715 Al AX B oil& & shear stress

i

£ UAEHY dAE EE 97 HEAEE e
o]2] 3} shearol] 9|3+ G- A4 (shear stability
index) o2 TAJECH

o7& A% 2z} (permanent shear stability loss,
PSSI)= 2 shear stressol|A] £xte] A (7|AAE £
ol 93 Ao F QlRA] shear stress7} Z FH
(piston-cylinder bore clearance or jounnal bearings
Syl dolt} Bas WE7h Aok neolAE
FEREAY 715 s "o

B2 BolxR] ¥ & ] Y@ shear stressofAles
B2 dAF 2 HEE ¢l 7% (temporary shear
stability loss, TSSI)7} A&t o]= EA7} shear
stress WO Z v o] dojubr, stress7} ARIAH
ChAl BREC U 2 BEdshs BAZE A% ok
o] Ashz AFE Fo fuel economyd vFEZE tdE
Jch. A=wo duly o g Bxjgke] S48 Fo,
oty A2 22 thickening efficiencyE Holy 39
MWD7} §.& 297} §& 7950 shear stressdlol| A
Mg go] FA3s] "o, 2 olf&= EXlEe] &

DR e JlE A 78235 19963 49

EPRe] VIIgoz HAFS L2lo] Hw T3
¢ EPR9 MWD 2.0-2.5¢1 VII& OCPRT}

ol A 714 & shear, 443} 502 £2p7} Aoy
7 Bol A Hug AL VA k. 1
L} olQlol=, 18X} &3l chemical, thermal oxida-
tive breakdownol] &JsiAE Dojulm, oju]= crosslink-
inge] Yo £ QUrt. ol WA= ARAZFY M
BARE-S sludge builld-upely 84 48 &3/ ¢

1.

3. X5 SHAE IEXte|

|
B
Jm

V1improver x5 AAE 7% 7%
= #7I7dY Seixeln gk
gk FAZE Atk EFER9 ARR717F F<QF phase separa-
tiono} ojubx] 1 B} A7HSl Salo) AYaFE vl
A goto g},

VIIZ AIE5H = 322 =2E polyesterd| &} hydrocar-
bonAlZ E&EW hydrocarbonAlE= tHA] EP copoly-
merA], hydrogenated styrene-diene copolymer 5-©

TRECH(OY 2).

PMAA$} hydrocarbon#] IEA}e] FRAQ E4,
SEBY 54 5 F 20 712U

Zztel 79 A Aol 972 Yvel A $4 A5
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Ethylene-propylene copolymer

/ A -
Ccty LHZ);—(CHZ (I}H ;-
CHs

Elhylene—propylene—diene terpolymer
——(CHZ—CHZHCHZ—({HHCHz—?H%—
CH; CH,
CH3—CH=—CH

Hydrogenated diene~styrene copolymer

——(CHZ—CHZ—CHZ—CHZ—);—(—CHZ——CH)M—

or
—{-CHZ—CHZ—CH—?HZHCHZ—CH-}T
CH
: TR
)

Polymethacrylate copolymer

(|:H3 (|7H3 CH,
oot ot

C=—0 c=0 C=—0

0 0 )
(‘:3”2 ) 3 ((:3H2 )n ((:IH; )17

CH; CH, CH,

3@l 2. Chemical structures of various viscosity index(VI) im-
provers.

o] 1ol = EP copolymer#] 7} side branch7} &7] uj
ol 714 st Ao T FF5H 7 aaA
72 linear backbone #%<1d] EP copolymer®] 7%
221ek2} 80% 7} backbonedloll vls], PMAE= 13%%
backbone Fz0]7] wjZoltt. 22y, A& S 3l
Az PMAAIZE €4 Fol §54 @4 (pour point
depressant) 24} ol ApgHEct. HAd AL
hydrocarbon#j7} £9m 53] hydrogenated, star-
branched polyisopreneo] ¢4t} A& EAJo|A 2]
ale}. oo ulg-& E 3o Feslgitt.

EP copolymerA] VIl E/P ratio, E/P sequence
distribution, MW, MWDe]| uje} dZda) g 4ol
F&gS wert. EP copolymere] £} 7349 W=
E/P ratio, MW, MWD, ethylene propylene sequence
2 functionality F-o] lom Z}zte] B4 &S

B 2. Effects of Polymer Architecture on the Thickening Power
of VII

lymer Hryl:;"iy‘ Side Chain Backbone ~ M.W. s;i‘:;riy‘;f
Shape Length Flexibility Backbone Total SAE 10W-40

ocp
it lexible 100, 125,000 0.84
(Hy o Col Short  Flexible ,000 12 %
PMA Rod Long  Semirigid 115,000 890,000 3.10%
(Polyester)

E 3. Viscosity Modifier®] Polymer £&oll wb2 E4Jv]a

Tem-
Thickening Low Tem Shear Thermal
perature st

Efficiency Propert Stability Stability
o

Methacrylates X

Styrenated
Hydrocarbon*

Olefin

Copolymers*

X 1 ATE SAdE oo,
* Styrenated H. C., OCPE Low Temperature Flow Improver
(PPD) Zg.

X X X

E 4. Structure/Property Relations of Ethylene/Propylene Co-
polymers

Physical Property

Thickening Efficiency

Low Temperature Property
M. W. Thickening Efficiency
Shear Stability

Thickening Efficiency

Low Temperature Property
Shear Stability

Thickening Efficiency

Low Temperature property

Chemical Structure
E/P ratio

M. W.D

Sequence Distribution

Cleanliness
Antiwear, etc.

Functionality

E 40 V1&g, ojzg #x72d 2082 dA
Wl A 7K 83, &, &%, shear rate, shear stress S
of Wi} Mol th2A &S vzt EP copolymerd]
79 1LHT= MW, MWD 93] #-$=A% 24
== MW, MWbEE} compositional homogeniety 2}
sequence distribution®] AT ¢ Z JFL v
QUct. 2 ol R Z1HUY waxote] AEAE wET
wax® £&, @&, flow improving agent®] &z 2
EP copolymeré] type 5ol 93] #5282 $& T&
e s Qo

EP copolymer®] ¥x+#%% E/P ratio7} A254]
o] & 94&& v|x|=0| ethylene content’} E7}31H =
2ol HEvt 323 Aol A2 LRHUTHS o
A 4% 2EAHQA ARV Yoy quasi-crystal-
line regiono] &< ol FAHHE AoF BAT
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Star-branched polymer: shear resistance’} lin-
ear polymerol] Hlal] AN 302 A 7HEAl B2 2
o] th3t resistance, = AYFPAHL AN o] Zckd 1
2t o] A AEYo] ¥ He 9Rle] o

4. VII 18X Y

VIIE 12 X371 g4 F4o] random3dtAl 9
2)3}H= atactic polymerEelth. ojeig F#A4F <l TEA
=g ek 2 Az A2 4 lew, 4gHes
£ neAe) Aol Wt 5.70% 7180l el o4y
2 #iElA Y powder, pellet = bale 5] TAIHE]
2 BjEre gt 23 A AFo xFatet 37
Ao LS AHL® VIE uExtE= polyisobutylene,
PMAS$} alkylated polystyreneo|Qith. %10 &z} Aqisl
¥ VII= 3A] hydrocarbonA ¢} polyesterAl J1EALZ
s ¢ Ao

4.1 HydrocarbonA| 12X}

A 5lE AT =2 polyisobutylened], EP copoly-
mer#] 2 hydrogenated diene-styrene#| copolymer®]
o.

4.1.1 Polyisobutylene|

Butenel isobuteue® FZ§sle} FAHGE AZF
4= YRTH(MW =300~2500), VI§& nEZE 22}
o] 50,000-150,000 L7} Hojob stm TEJuTh=
isobutylene®] homopolymerization© 2 7}&slc}. 5%
L2 -80~-100°CY] A4 BF;59] cationic catalyst
g AHgste) Rt e

C|H3
€ CHZ—C|I ¥

CH,

4.1.2 EP Copolymers
EP copolymerAle &84 A3l 19701373 vlud =
A 2@sF o, dxl AR BREL P F AFoIH.
%3+ coordination EulE AMSsle] FAE Y wRAE
ddon Zuj: th7l homogeneous systeme] VOCI;9}
Et;ALCL 9 EF o2 A)z3hc}.18
23] o3l o MW, MWDY VII& EP copoly-
mer?] A g0 BE E5)7} Exxon,'*'® Texaco,?>?
DuPont, 2 Mitsui®?’ @ =8 Zo|A A& i
glom™ catalyst”} criticaldt RO = &4HA Yot.2
A4 $4& s 2¥ 7|&9 ViE continuous
stirred tank reactor(CSTR, 18 3)clA A Z2E+=

DEXE J1E A 7H2E 199%6d 49

<« CHZ_CHZ ')_ﬁ“(_ CH_(sz ')_n
CH,

ethylene propylene copolymer @4 ethylene content
= 40~60%, 1,500-4,500 7}¢] ethylened} propylene
unitE 187} chainol random distribution A]Z1 A}
Fzolt}, oA A3 H$ 2xke] MWD via3
Fom meta] SSIV} Blwd whe ks ZtAl "ok

2o ExxonellA 7HLH T e AR 3P tu
bular reactor®] AF£0.2 CSTR 712 27b% AW
Bz}7z9] tailoringo] 7Fs8] R0 ethylene/propyl-
ene?| sequence distributiong& 24 £ AA HAT
(38 9).

a4 side stream feedo|Al= £HF monomer
7} =¢j7it}t. Product molecule& ethylene content”}
low-high-low® ®vl®l 72E 7k ethylene con-
tent= 55% AHxoltt. CSTR#} 2] back-mixing©]
oo oj$ F2 B REE M 9 A FH o
= 2EH A% 4 oA SlEE A I & 22
MWolME o] £& SSI, CCS & Z2A =9 o] @2
T2 2t olFo] Urta ExxonolAls F34tt.

EP copolymer# VIIe] A& ethylene/propylene
gte] 32BA ol ojeliA ER) TFRAE A
zolo] #@e BaE AEsEoM, 1 HEHY AL
slzhet eh.

1) Ethylene3} higher a-olefin®] &g

2) Terpolymers of ethylene/a-olefins including pro-
pylene/non-conjugate diolefins such as 5-ethylidene-
2-norbornene(Z, EPDM ; ethylene-propylene -diene-
monomer )28:30:31

3) Polyisobutene®} copolymers of ethylene/propyl-

ene = terpolymers®] 35323

VII& EP copolymer= ZE3 MW, MWDE 28
2 sl=d 7|& 15§ EPDM 43 L @2 MW,

Ethylene

Propylene™ _‘“'1!

&—t——— Catalyst

L——> Polymer
% 3. Schematic of a CSTR.
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Catalyst/Solvent/Monomer . Side-Stream " Weasirrers cewried

* ‘:feed S e Stream
)_.f??d
( ; Side-Stream
1 feed Side-Stream
feed
, Side-Stream
y feed -
P Product

%] 4. Exxon tubular reactor process.

MWD A& A4+ Alole 2HE a9l B¢ ols sticky
Al T3 linedl] ojg]gel AARTE wapa o] A
Sl 71& EAHNA AFE high MW, MWD #|&9
MW 2 MWDE 744417171 $18F mechanical deg-
radation = mastication2 ¥ O] A= 73%7} 2t
t}. Masticationo] ¢J&] MW, MWD7} Zolz-e-
Hog 4A EIPEHE VI AF Tz 53
PSSI A& A3+ "ﬁ*“"* o2 Akl 34
ol & (drying 3A%)el U7l W&o, BE &%
S Aol fEl3h] “Hr‘ﬂl | o] ol AR
tt. 4% EP copolymere] MW, MWDE
A3l AHEEE FAE WHE 3A 27E oiE
o), LEAE Lo el thg FASElA 2K
BB SAMTON Lojgio] 2ok WEAE
3l £-8Ho|36-38 o) Hz] HA:= Texaco S
Fah= Exxonoll 448 ¥ NS

Melt processdllAe LAE S8 “JEjollA extruder
Y mixer UjoA] 713 A 23)AIFIH FHO R SAE
9] &4n] AFE, pellet A2 Y175, L YA So]
ith. Solution processo| 4]= homogenizer & AF3-3}
o 9—°“—4 high shear stress z}olj4] 2ajAI7H Ao
2= HE 87 A=RA solid dissolving stepo] AJekx]
1} hqu1d AZEo 7 AFAZI] 7E, =& 54 59

HHE gt ol Zo] FRET ol AFHE TE,

% Ayt controle] B 837 W&o VIIE EP co-
polymer:= 15§ EP rubbergl i
Chemical” 2 255},

4.1.3 Copolymers based on Conjugate Dienes

EP copolymer®} A2l A2l 1970 @7 hydrogen-
ated butadiene(or isoprene)-styrene copolymer
(PBSH)7} 2178 vkt

o] AZ=5L AlA o)A powder, granule typeo]L}t EE‘,:
oilof] 5~10% =<1 §A o2 & & gir}. FHL
THF £ butyllithium$2] anionic cat.alystE A}—
2351 ZHF ©1%7]= Ni 2= Co 0 slollA] 95% o4
#439AZITh BxE e 50,000-120,0000] 7 Lol &

“Specialty

€ CHy—CH,—CH,;—CH, » 7+ CHZ—C|H >,

Butadiene o

(_CHZZ_CIHZ_CHZ_CH2+ m_‘(_CHZ_CiH +p

CH; J
Isoprene
z=5lo)7] wjRo)| ExGFEEE= v £ Holrl. Buta-

diene?] 3ere Edjo] ulgl 30~65% 2 thokajrh.ilA
3] we} ran-
dom, alternate 722 7} 4 9lo,*® w3} isoprene
IL} styrene copolymer$} polyisobutene®}2] EgHE4 £

= EP copolymerste] Zjteo] @5l S8 Hrh.®
ShellO!]H\_ star copolymer® 53E W=t oJ7|A
= polydieneo|t}
divinylbenzene £-¢] polyalkenic coupling agent$} Hb
2471 & hydrogenationA|Z1t}h4 Polymer?] T+%&&
olzll¢} 7},

o] A% comonomer distribution®

diene-styrene copolymer &

R1—CH—CH,— R1, R2, R3, R4
‘ =Diene/Styrene

@ Copolymer.
|

R3—CH—CH,—

4.2 Polyester#| 1&2X}

7] monomere ©}2f&} 22 dicarboxylic mono-t%E
= /B olefinic estere]|t}.

1) Acrylates

€ CHZ—C|H+n
C=0

|
OR

2) Methacrylates
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3) Maleates, Fumarates

?OOR
+CH—$H+n

COOR
4) Itaconates

COOR
|

€CH,—C>,
|
CH,COOR

o] Zo| A} polymethacrylateA|”} 743 & Laix o
o o] 4E3} soigict, R groupe % C1~C200
2 FAHEY E3) C12-Cl4 portione] 713 B}, B
Ex}Ek-e 150,000- 500,000 =]},

AA A AL peroxidelt azoic ZWAIAE ARSI
free radical W og wWLe Qo= toluene =2
hydrocarbon solvent o]} light minenal = 9hA
#2 et olul gule] 24, SE Hol 44 nEA)

o] Q& At o2 S, olefinic copolymere)
B A}o| A E‘_P% 171" EP copolymer®] 4ol ther-
mal stalility 5& 7FHA] ZX|of] 12LojA] o]
g 9 rruxmg%L ) dojvts BE8A4E 2
AEE AT 5 Yol B HojUrhY” Dieneolit
diene-styrene®} divinylbenzene hydrogenated star
copolymer SHojME oj#gt yhgo] ThgEe] LA

At

e

4> -{n
¥kl
fr Ao

5. Muitifunctional VII

1980 Aol 9}A4 multifunctional VII(mf-VII)7}
QA= ol 71EY R A7 FA7IF o1l
A 71, AR V), ViblR Vs 5& 31
At VIIo]r} 14850

AW Ve M2 2E20] AT 84 71 1
ZFe] modification= BT F, amine E2E 2
AlA *}7]‘_ & = phenold] £2& Z@3Hd A3}
A715g 7F & A "o 71EY ARAAGY 2
A 5 BX}"’*"“ upE} el A Z1stE A FEkAy
20w FAY= 29 ek¥o] QrhSt o83t BAE 7Y
Ask7] $s5ted B*}Zﬂ‘f} AEPLA A 2R DR S0
AFAIZ 3% 252 monomeric form € WET 6%
23 888 B £ A8l By Hoiok! wkehy VI
AR FHe AEERAA, 4 5E graftAlA

multifunctional VIIZ ftEo 24 88 formulation

2L A ook

oF ¥ ML

A

-~

ox I

IEANED g A 7H 235 1996E 49

I .

EP-OCP

+ R—NH, 0

‘e\ )/[ EPSA
A~ “TR-NH,
T .
oﬂi =
R

@l 5. General Reaction scheme for polymer functionalization.

>~

o] 355 FA FAYE o FL AFE W

]
£ St

5.1 Hydrocarbon#| T&X}

5.1.1 EP Copolymers

Ao A 71E3 v Zo] AZ2P HEA 5L
VII= dispersant 7%, antioxidant 7] &
X)= multifunctional VIIZ 7§A% 5 glon o]#dh
A7E 19704 ol % @ Mg Holx YUtk 2Fol|A
A]—OJ 24 oz 7}2}— x%g-s]. .J_;G 0 _/;_7”3].01 o].;q]

1) Amine Ex5}ollA] 7|AF B2

2) Maleic AnhydrideEZ 182} F4jd] free radical
vl2 o2 graftingAlZ]l & amineC % imidationA]7|#
1} alcohol® esterificationA| 024 HAb|eg F7}
Shz of2i71A el Rmslo} giThAS Qulael g
He Ol 5¢) yebd vie} Zo] maleic anhydride
grafted EP copolymero] N-containing compound
(2-amino-4-(ethylsulfonyl) phenol% )& HH&-Al71T).

h

3) Dialkylaminoalkylmethacrylate ¥ & vinylpyri-

i

=

dine $ nitrogen compoundZ A& graftingAl7]=
W 6163 = glycidylmethacrylate® graftingAl7) &
epoxy groupd aminotetrazole-g ¥-&-A]7] 6

4) EPDM¢] diene unsaturation®l| chlorosulfonyl
isocyanate g graftingAlZ] 3 amine®} ¥He-A)F)1= W%
5ol vk,

1 9e Gl s g o B
FARGEM o] & TR ZpAg Wi g2 MarsdenA re-
view papero] _/,\_7]}5]01 gjct. 2

5.1.2 Conjugate Dienes

o] Ael WEAE A PHOR
2 ol aviEle] gtk

1) Conjugate diene3 monoalkenyl pyridineo]t}t

2 olg 2

methacrylonltrlle 5L & alternate copolymerE YHE
% hydrogenation A]7]& ¥ .56

2) Linear ¥ star hydrogenated diene/
vinylarene copolymero] Y= polybutadiene®} nitro-
gen compound& grafting A]7):= ¥ 67-69
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3) Hydrogenated diene/vinylarene alternate co-
polymer EE star copolymerdl maleic anhydrideE
AFAZ] & amino = polyol compound9} ¥HE-AIHA
imidet} esterZ M=z 3l= ¥ So| Y707

5.2 PMAH 12X}

7] multifunctional VIl PMAAIE »E o
Z7t5l 1 9lor E3| detergent/dispersant VI 7$-
of @o] &} B4 122 ol oxygenated §%
nitrogen groupZ Ao 2H 7Hgdich. FGaE
24  N-vinylpyrrolidoneej\}  N-vinylimidazole=}
alkyl methacrylate®} Z&EA1Z1 2571 dtt. o] el
T BEA7} nEA FEY EE= grafting 502 2

—_

[+

=L

TE 5 U PO FHE FH7E Ut Yrk7 ol
el tEA) whgA e ojelsh Bon] APl wet
ok 2ol BRY 4 AU
CH, |CH3
m CH,=C+n CHZ:(T‘H—»[—CHZ—(lzjm—[CHrCH— 1—
|
C=0 C=0 COOR1 COOR2
| |
OR1 OR2

1) Methacrylate®} other ehylenically unsatunated
carboxylate®] F&%

where, R2=Hydroxyalkyl, —CH, —CH, —OH
Glycidyl, —C— C —C

\O/

, etc.

2) Methacrylate®} heterocyclic vinyl comonomer

99l 353

R2=Vinyl pyridine, —C—C—
|

©

]
N— Vinylpyrrolidone

, ete.

3) Methacrylate®} nitrogenous vinyl monomer$}
o FF%

4) Maleic anhydridet} methacrylic acid®} &%
AlZ1 & hydroethylmorpholine
pound®} W&

TEol} graftinge] &lsl] A|Z=F nitrogen com-

pound?] <¢HgAHE % WHEE  polyalkeneo]i}

2] amino com-

dialkylbenzene mediumol4] 4o7jAL} succinimide
2o 2§ uhgol A7ME 5 gie B4 H7H EAsl
uhgA) 7 AALdED® miRgtez PMAA
multifunctional ~ VII  thickening, anticongealing,

2o 7]% oo, PMA 80| sulfur,
phenolic ™= phosphorous groupg ZBEAZLLEZH
antirust, antiwear, antioxidant 58] t}3$ 715% 7}
2+ e ABL AZE 5 YT

dispersant

6.d £

TER] Az FERY HEL B
u, Az Hal(d;drle i’%ﬂ, A7) AR
237} vjE) AAFREES 4 A= E%—U}‘ 13‘]"}‘
84 BoAAe) 2FAFSE 741 %3 7
=3t 122} E-star shape, comb shape, hyperoran—
ched, sequenceregulated copolymer structures-gto}
oA S AujE Zojnt. ole @ SF4EAE £AHE TN
5 2 vje R & D orientedo]™ o]z{§ &R}
71&0] g0 LFHER ATE 2uAelA FIE
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