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Abstract: Highly reactive polyisobutylene (HRPB) is widely used as a lubricant additive and a fuel detergent. In this
study, HRPB350 was synthesized by cationic polymerization, and HRPB260 was obtained by distillation of the by-prod-
uct, for example, light polymer (LP), from the HRPB350 synthesis. Polyisobutenyl succinic anhydride (PIBSA) was syn-
thesized by the reaction of HRPB and maleic anhydride and then converted to polyisobutenyl succinimide (PIBSI)
derivatives by introducing heterocyclic moieties containing S and N atoms. The new PIBSI derivatives were expected
to act as friction reducing agents since these molecules contain S and N which strongly interact with metal surfaces. The
friction reducing properties in Yubase 6 and DB51 base oil were evaluated using a 4-ball tester. The wear scar diameters

with polyisobutenyl succinimide (PIBSI) additives are comparable to those with commercially available products such
as Zn-DTP.

Keywords: highly reactive polyisobutylene, polyisobutenyl succinimide derivatives, friction reduction, lubricant additives.
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ARE-3t dichloromethane 879} FASH 235 48 + 2
= WHIP ethylaluminum dichloride(EADC)/bis(2-chloroethyl)
ether(CEE) 22 1| & A3} hexanes &7 2 ARSsl=
o] MR EATES 2y o] AT e W] AE4
A#AZ AA 34 A8l BFssitt 2 ol Tl shrk,
3 98715 AL Y= stainless steel A5 59| St
2l Cr,0:¢h 2E Evll7t daatgslel 9F& 32, o)A o]
= exo-olefin AA A3lE op7|sl= ALz Tt AL
2 BF; 2H FulE AREE 739, exo-olefin o] 7Y =
Al F3EY tert-butyl chloridest 7+ 7HAIAl & BE 318}
EAES ¥A ¥okx =& FRol 7] wiEel BF; & %
wj 7} obd € FulE o83 Ao A= oFA7A] A4
el L= Zatal e Aol

TEE Fve dole TS 5 A EE el
shte] olFAshe AY L it FEFEle A M=
Al A Fske, DAk FEMA)F R8-S poly-
isobutenyl succinic anhydride(PIBSA)7} A4 =E™ o] RS th
Al o1z} REGAIZIH FHEZX 22 polyisobutenyl succinimide
(PIBSDZ 48 &= Ut} PIBSKE 98 HAAZ AREE o]
A AEAFE] FAE S JAlst AE ERES
AAS f3l w77k MEFS FAAAFTLEZA] AR}
o] 293} IS PINAT= 9L slar Ut B=gk PIBSI
© Axledel HrtEo] WutA|, A=A A 54 o

&Z opH, dsjuo] AEE st oY T8 EAA
g

Fyuglo] W el BESE she A 98-S &+ A
o} o] shekEe oF 275°C o) delld EEAI(C4) E91= Eal
w0} ZHFE0] HA] 2o} ashless dispersantstll = FE A 9
ch10 o] o= H2A|, AHE, M8 AAA|, A NE
A, Aol FO= AREFH AL STk

7171 o] mp 9 vl A7Re R0 2§l Wrle
AE H7rsh mage] e f8v]uto] FAdx|o] wpaz)
nRE Y Uk A4l dE] AREI e UrtEAR
£ Mo-DTC, Zn-DTP(Figure 1) 5°] J&Hl, o]&S Eg]H
o} o}dd} 22 Ty, HA7I w717k Bshg Fujjo
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Figure 1. Chemical structures of some commercial oil additives and
PIBSI derivatives in this study.

A3 vpeAe] spetrzd =ad ¢ Jons fee
HRPBo| MA®} WHAIZ] £ S, N A& dekr]of xghst
o1z} WHS-A]A PIBSI 25 o|F & M2 FES §

J8FA tH(Figure 1).
B =2 dYE Aol $5-3 HRPBE ARE-sle vl
A7¥e 4 9lE= PIBSI §-54] $8-6 HA7HAE sidsta
2} sl Aot
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Alef. B AgolA] ARE-H isobutylened?} isobutane(Yeochun
Naphtha Cracking Center, YNCC)& & A AZ ¢
molecular sieve 13X(UOP)7} AUA Qe #S E3ste] AL
4319 3L, isopropyl alcohol(2H4, 99.5%), BF;(Honeywell,
99.5%)= A glo] ARg3le] HRPBE A|Z313it}. HRPB
A S 2el ARESE A]2FS 2 hydrobromic acid(solution
33% in acetic acid, Adrich), di-t-butyl peroxide(TCI), maleic
anhydride(4} %), petroleum ether(4F74) 5-(methylthio)-1,3,4-
thiadiazole-2-amine(TCI), 5-ethyl-1,3,4-thiadiazole-2-amine(TCI),
2-aminothiazole(TCI), 2-aminobenzothiazole(TCI), S5-amino-
1,3,4-thiadiazole-2-thiol(TCI) 5= A $lo] ARSI &
g5 718 2 (base oil)?l Yubase 69} DB-512 ZFz} SKA}
of dE=RAl| A Wob ARG-EIiTt. mhE A7 RA Y] B
I vlasle] gR1617] f1sje] AgAAIER] RCI205, RC2540,
RC2516, RC93212 RheinChemieAloll 4]  Durad310M-=
Chemtura®l] ] Rropr] ARG8T
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717]. o)l Hghg-2 714 A=rRETE T (GC, 7890A,
Agilent)& AH&-3te] EA481 0, FAE ] I ==
viscometer(PROLINE PV15, LAUDA)Z, <1332 Pensky-
Martens(PM, APM-7, TANAKA)®} Cleaveland Open Cup
(COC, ACO-8, TANAKA)C. 2 #2513, NMR(AVANCE
I 500, Bruken= HEa|dl &5 2 FAHH F=Ae] 72
248 22819t MALDI-TOF 2 -4 7] (Voyager-DE
STR)®} GPC(VE2001, Viscotek)Z A3 £41-8 A A5
o}, vpEul 448 4-ball FFEA]E 7] (Cameron PlintAhHE
ARE-Ete] EA kAT

HRPB350(1)2] &. Isobutylene(54.8%), n-butane(4.4%),
1-butene(0.1%), cis-2-butene(0.2%), isobutene(45.5%)] 43
< 7= C4 £ d5E YR A gkl o
A 07 FQlalal, ARSI Al AT RS (EH] 1:1.6) F
& Zuj 2 713l AHEEREAE o]aRE tiY] 0.67 wt%
o]t} ¥He-7] 4HL 25kg/m’E, HHS =S -15°CE
ARSI et A FAIZEO] 500] HEE 513
H9hE &, 98 7] 278 e WES 5% AV E
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2 o8] H AT 25 torr, 230 °C ZANA A S
3l (light polymer, LPy A|AgH & ks Z2HdlS A
Atk

Isobutylene ZA3H& 90.0%, ¥I€2]dl s 86.0%, A= 34.5
cSt(40 °C), H+ BRI M,=349.

o]%A4% 99 “C NMR(CDCl;, ppm) & 114.6(vinylic
CH,), & 127.9(tri- C), & 135.6(tri- C), & 143.5(vinylic C).

o] 4%t 92 'H NMR(CDCl;, ppm) & 4.6(vinylic H), &
4.8(vinylic H), & 5.1(tri-H).

HRPB260(2) ¥ HRPB300(3)Q] £2]. 3L 47 5 u}
o ZE}2~Fol| HRPB350 A2 A 4 LP 2LE ¥,
T Y7l S Edo] xE SREAYES sl 1 9

o LA, BN, GAH S BRI Fekaol
e 478 ex 2470 Adsle] ex 24L o oY
3z A

S0 LA X5
WM E FREE seEse = 5
=5 A8 ST SF 2E AT 25E overhead
temperature2}al Sl=H, overhead temperaturedl] 74| ==
TR SRS ERehl Z47hE B S/ 20E ¢
ol BRE SighEe] &5 240 Ax Y #AHS &
%J519] HRPB260 2 HRPB300 grade®] A% 271& i3}
ATt

HRPB260 PIBSA(4)2} HRPB350 PIBSA(5)2| &HA.
500mL 3 w®FS-7]o MA(83.4 g, 0.851 mol), HRPB260
(200 g, 0.751 mol)S B AA=E FHsle] S 1.5kef

i
2 d

L
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em’e 2 SHHTH 255 AX3E] SEHA] 1200 ppmO= Wyt
NZA 447 & vkS-S £ 88 RSEE-S 500 mL &
= Hpek ZekT0l] 274 270°C, 10 torellA] 3087 29 &
Fale] kg MASH HRPB260S AAT & Z4)e] g &
(s AUk

PIBSA(4) 199.7 g, yield 73.0%, Ha EA1% 364.

7o WP o 2 MA(66.7 g, 0.680 mol)$} HRPB350(210 g,
0.602 molyS WH-AIA ZAe] A ZEw(5)E AUt

PIBSA(5) 214.1 g, yield 79.6%, B B2 447.

'H NMR(CDCl;, ppm) & 2.3(dd, 1H), & 2.7(dd, 1H), &
2.8(dd, 1H), & 3.0(dd, 1H), & 3.3(m, 1H), & 4.9(s, 1H).

HRPB260 PIBSI fF=X|(6~9)2] &A. 500 mL 5= wvj=t
Zgt~30] PIBSA4)(3.00g, 8.2mmol), 5-(methylthio)-
1,3,4-thiadiazole-2-amine(1.34 g, 9.1 mmol), O-xylene 200 mL
= Y7 wH¥Hth Dean-Stark XS Z&sle] 160 °C, 54

= ©°

7F ihgete] b 5 AR EE ES AlASSH vk &
T 2] RbEEFE] FAIRIS Ho] HhgalA] ek ofvl
= ASAA AAGL Fe Bl E SR8k AAS T 24
2] PIBSI F=4](6) 3.25 g(6.6 mmol, 80.0%)S A1t}

'H NMR(CDCl;, ppm) & 2.3(dd, 1H), § 2.7(m, 1H), &
2.8(s, 1H), & 2.9(dd, 1H), & 3.0(dd, 1H), 6 3.2(m, 1H), &
4.9(2 peaks cis/trans mixture, 1H).

2o WO 2 5 (methylthio)-1,3,4-thiadiazole-2-amine T
Al 5-ethyl-1,3,4-thiadiazole-2-amine (1.17 g, 9.1 mmol)2 Wt
SAA ZAede] PIBSI F=A(7) 243 g5.1 mmol,
62.1%)yS LAk

'H NMR(CDCL, ppm) & 14(t, 3H), & 2.3(dd, 1H), &
2.7(m, 1H), & 2.9(dd, 1H), & 3.0(dd, 1H), 3.1(g, 2H), &
32(m, 1H), & 4.9(2 peaks cis/trans mixture, 1H). MALDI
TOF: m/z 490.5 [M+H]", n=5 ([CysH4N;O,S+H]" Theory :
m/z 490.34).

2o WO 2 5 (methylthio)-1,3,4-thiadiazole-2-amine T
21 2-aminothiazole(1.5 g, 15.1 mmol)g WHE-A|A 72 9 A
] PIBSI +%=A4I(8) 1.86 g(4.2 mmol, 30.4%)S LUt}

'"H NMR(CDCL;, ppm) & 2.3(dd, 1H), & 2.6(m, 1H), §
2.9(m, 1H), 6 3.0(dd, 1H), & 3.2(m, 1H), & 4.9(2 peaks cis/
trans mixture, 1H), & 7.3(d, 1H), & 7.8(d, 1H). MALDI
TOF: m/z 461.5 [M+H]", n=5 ([CyHyuN,O,S+H]" Theory :
m/z 461.37).

7o B 0 2 5. (methylthio)-1,3,4-thiadiazole-2-amine TH
Al 2-aminobenzothiazole(2.3 g, 15.1 mmol)S WH-EA]A 72
2] PIBSI f=4](9) 3.81 g(7.7mmol, 55.9%)S At}

'H NMR(CDCl;, ppm) & 2.3(dd, 1H), § 2.7(m, 1H), &
2.9(m, 1H), 6 3.0(dd, 1H), & 3.2(m, 1H), & 4.9(2 peaks cis/
trans mixture, 1H), & 7.4(t, 1H), & 7.5(t, 1H), 8 7.9(d, 1H),
§ 8.1(d, 1H). MALDI TOF: m/z 5115 [M+H], n=5
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([C5HyN,O,S+H]" Theory : m/z 511.33).

HRPB350 PIBSI ®=#[(10~13)2] &4M. 500mL <
vl FEi30) PIBSA(5)(3.00 g, 6.7 mmol), 5-(methylthio)-
1,3,4-thiadiazole-2-amine(1.09 g, 7.4 mmol), O-xylene 200 mL
S Y3 wHTh 170 °Coll A 4x17F whg-stSle=d] ofwf A
A== &2 Dean-Stark FXZ A ASIALE v F85 & &

2ol FAIQlS Yol WhgakA] %2 ovls AEAA A=
A e 8ulE SRS & PIBSI 5=4(10) 3.53 g(6.1 mmol,
91.3%)= AUrt.

'H NMR(CDCl;, ppm) & 2.3(dd, 1H), & 2.7(m, 1H), &
2.8(s, 3H), & 2.9(dd, 1H), & 3.0(dd, 1H), & 3.2(m, 1H),
4.9(2 peaks cis/trans mixture, 1H).

2o WHO 2 5 (methylthio)-1,3,4-thiadiazole-2-amine T
Al 5-ethyl-1,3,4-thiadiazole-2-amine(0.95 g, 7.4 mmol)2 Wt
SAIA 2 9] PIBSI 54 (11) 3.44 g(6.2 mmol, 91.8%)
< AUt

'H NMR(CDCl;, ppm) & 1.4(t, 3H), & 2.3(dd, 1H), &
2.7(dd, 1H), & 2.9(dd, 1H), 6 3.0(dd, 1H), & 3.1(q, 2H), &
3.2(m, 1H), & 4.9(2 peaks cis/trans mixture, 1H).

2o WH O 2 5 (methylthio)-1,3,4-thiadiazole-2-amine T
41 2-aminothiazole(0.74 g, 7.4 mmol)S ¥H-SA|H 24 QU 9]
PIBSI -=4](12) 3.13 g(5.9 mmol, 88.1%)S AJT}.

'H NMR(CDCl;, ppm) & 2.3(dd, 1H), § 2.6(dd, 1H), &
29(m, 1H), & 3.0(dd, 1H), & 3.2(m, 1H), 66 4.9(2 peaks
cis/trans mixture, 1H), & 7.3(d, 1H), & 7.8(d, 1H). MALDI
TOF: m/z 5174 [M+H]", n=6 ([C;;Hs;N,O,S+H]" Theory :
m/z 517.38).

e WH O 2 5-(methylthio)-1,3,4-thiadiazole-2-amine T
21 2-aminobenzothiazole(1.11 g, 7.4 mmolyS WH3A]A 724
Qo] PIBSI -#=A1(13) 2.99 g(5.2 mmol, 76.9%)S AT},

E?‘J oL, ﬂJl

<]

Table 1. Composition (%) of LP, HRPB260 and HRPB300

AR A28 PIBSI 24 393 887 7= ARSSIS o wiEAzt a3 397

'H NMR(CDCl;, ppm) & 2.3(dd, 1H), & 2.7(dd, 1H), &
2.9(m, 1H), 6 3.0(dd, 1H), & 3.2(m, 1H), & 4.9(2 peaks cis/
trans mixture, 1H), & 7.4(t, 1H), & 7.5(t, 1H), & 7.9(d, 1H),
& 8.1(d, 1H). MALDI TOF: m/z 5674 [M+H]', n=6
([C3sHs5,N,O,S+H]" Theory : m/z 567.39).

Ay o =2

HRPBZSE MZ2 PIBSI R=A &, niz A7A 2
ARE-3E71el 2 gh PIBSI freAl] §43-2 913, isobutylene
S 9 55% FHote AEEREH UYolL F3S El
HRPB3502 A|Z38}31t}. Isobutylene®] #3h&-(conversion)©]
90% ©°]7el AF}E AR T, HRPB35S0 A|EF F&
40~50%°1 =3 TE. o] A= YA oF 40%0l| 3l gst
= FAHEQ] 22 ExlEke] RAKLP)E AR ESFEIA] ¢S
H iR 3] Fdst s FEteitie As
=t B71 HRPB2602 3ol 242 wAbake] Jiakes
isobutylene®] ol TL Tl AHH R A& 7T 8l
Atk wepr B Aol s HRPB3SO 55 Fakee] w7}
3= 98l T3 FAHES BHSF3Sle] HRPB260, 300 A%
S A T e 212 st 294 2 F HRPB350,
300, 26021 Al 7K slglEe] BT ddst 7FsshAl Eict.

Table 1= HRPB350 =% ¥4 & @AE FAHEQl 242
WA ALEAHLP) A o] FAHES SR e
¥ HRPB260Z} HRPB3002] 48 GCE #4151 el
o]t} Isobutylene TH¢](n)7} 20014 70] FAI <] LP7} &
HSFE 538 n=4,57} F4E< HRPB2603} n=6,70] 4
21 HRPB300S.Z #2]HS ¢ UATh °]= HRPB350
Az FAREQ1 LPO 50% H=7t AFSF 7R3k, °F 30%
£ HRPB2602.E ¢F 20%%E HRPB300LZ A28 4= ot

[o

Number of monomer unit (n) 1 2 3 4 5 6 7 8+
LP 2.9 20.7 16.7 16.8 17.1 13.6 83 39

HRPB260 1.2 34.6 52.3 11.3 0.6
HRPB300 4.0 59.3 335 3.0

Table 2. Product Spec. and Properties of HRPB260, HRPB300 and HRPB350

Flash point

Viscosity (40 °C)

Water content

) (cSD) APHA Color (ppm) MyPDI

Spec. Result Spec. Result Spec. Result Spec. Result
HRPB260 >82(*PM) 100 5.8~7.2 6.0 <50 10 <40 100 266/1.03
HRPB300 >138(*COC) 180 24~30 28 <15 24 <40 110 323/1.02
HRPB350 >130 (*COC) 170 31.5~37.5 34.5 <50 50 <40 16 349/1.6

*PM: Pensky-Marten method, COC: Cleaveland open cup method.
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Figure 2. Synthetic schemes of HRPB and PIBSI derivatives.
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Table 2= HRPB260, 300, 35001 tist 91814, =, APHA
Al R 9 R A e Aotk o7]o4, &9
(Spec.y> A|F3}3t7] 28l FPH R Q4= B4 ©
Q& YeRd Flolal Axte B Aol S AR &
A AHE veRd Zlolth. W+t AT TR S (poly-
dispersity index, PDI)= GPCE 7431921, HRPB 2603}
300 8 SF] AAEo|BR vg F& A EEES
HoFloh, e ko] S7kshiM S7iEe 435 B
oFdem ol 23S i diddes e U
Ao, -t HRPB3002] 27Z0] 2-2lof T u]
214 Z3l3det. ol AFANA 7] =28 FHoA S/
282 7] wlFol L, closed systemS! F7gollM= A7z 7]
T T Tl se AlFol AlxE AoE oS
At

AMEoA] AFS ule}l 7to] HRPBY MAE WHSslo] L2
PIBSA?] o}17]& =33k 3}3H=<2] PIBSI= ©|v] -85 &

&

A7HZ &85 Alee ofF] gidlen=, viEAt a3-E
HPBRol| F{517] 98} S, N 945 dfsle slelzvd =
PIBSIY| =9i8hs 4 AAIE sl9len 39S a8l
Figure 2= HRPB Mdol thgt 7heel viAYEZ -7t
A E3Hh= A2¢ S, N sle|2 58] PIBSI S=Ao] s &
A4S A Zott gt dH =z 18E sk ofvl
(RNH,)& ¥H3-A171H A Z-& PIBSI 54 6~132 &
4 9+ 6~9= HRPB2602] PIBSI frx=A0] 1, 10~13:=
HRPB3502] PIBSI -%=A|°|t}. PIBSA 31329 gt &
A= Figure 394 HolF== v} Zbo] 'H NMRZ HA B
UEE8 4 20g=d HRPB7F MAS}H WES-&HA] HH 7}o)
2+ Z4(chiral center) B4 a7} AT vl2 & b9} ¢ B

Zyzko] AELS A =E diastereotopic 3te] 5 A Q1 A
e HAFA A} 84 ool 2 Fhe 318 ©)F 33

ppmoll YERIH, 233} 2.7 ppmol|lA] B4 cof] BS 4 F
77} 22} 01%0]%4 (doublet of doublet)>Z, 2.8%} 3.0 ppm
oA BhA boll B2 A T N7E 4 olFolFA o= e

Zay, Al4398 A33, 20193
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Figure 3. '"H NMR spectrum of 4 and peak assignments.

o}, oekst slElE are] PIBSI fieAl|e] Aol o]} 7t
2 AR FEHE AEPEA] SHIE g Fao] AU o
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Figure 4. MALDI-TOF mass spectra of 7 (left) and 8 (right) with 2,5-dihydroxybenzoic acid matrix.
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Table 3. WSD (Wear Scar Diameter) with PIBSI Additives
(1 wt%) in Yubase 6 and DB-51 (Yubase 6:DB-51=7:3) Oil
Mixture

(unit: mm)
Additives 4-ball WSD 40 kgf, 75 °C

Blank 0.790
RC 9205(Zn-DTP) 0.530
RC 2540(Activated S) 0.460
RC 2516(Inactivated S) 0.482
RC 9321(Triazoles) 0.832
Durad 310M(Phosphate esters) 0.423
6 0.550
7 0.500
8 0.510
9 0.597
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