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Abstract: Highly reactive polyisobutylene (HRPB) derivatives were synthesized by introducing thiadiazole group con-
taining S and N elements into highly reactive polyisobutylene (HRPB). In order to study the friction reduction effect of
these derivatives, the WSD (wear scar diameter) of 1 wt% solution of HRPB derivatives in Yubase 6 (SK) was observed
by the ASTM D4172 method using a 4-ball tester. The friction reduction effect of the new HRPB derivatives was similar
to or higher than that of the commercial products such as Zn-DTP. The surface analysis of the wear scar was investigated
by using SEM-EDX and XPS. We observed that the sulfur content on the wear scar surface was dramatically increased
compared to pure surface, not rubbed. From the binding energy of S2p, it was supposed that sulfur made a complex with
iron and existed as FeS, on the wear scar. We concluded that the friction reduction effect of the new HRPB derivatives
containing thiadiazole group is attributed to a strong interaction between sulfur and iron on the metal surface.

Keywords: highly reactive polyisobutylene derivatives, 1,3,4-thiadiazole, lubricant additives, anti-wear, surface analysis.
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TAAYARE X)L Tt MolojrtololE(thiadiazole), W=
EZ]o}=(benzotriazole), WMo} (benzothiazole), W=o
1] T} (benzimidazole), ¥l =2 -S-AlZ(benzoxazole), #o] o}
(thiazole), EZ}oloF (triazine), Tho o] 27 P E (dithiocar-
bamate) A E°] 2 do|th A7 SAAEI E YAE



ek E4o] 931 Mololrjolol s ¥gsle IS ZTid F=A) 133

she 2871 Aidom F40)7) wle] 142

3 g3l BATL AR Iok & SAoITh. mebA
o 29l Yat galwE F7hI717] Slal vFEL 7
g dole] BA)E BAol =R Zo] olsh 7

29 o
[r o 2 o

HE Ao Aot PMA, polyethylene polyamine,
polyalphaolefin 5-¢] A} AlEo] Wwhial|e] 4L 7|2 A}
a

g5 o= BiE v Aok

ZEREle] ke 21S dukEom Folx 4kl A
s} GFHF(AICL), 2HE3t HE(BF;) 59 FvlE AMSshe
Fol g 27, o] FHA A& A= A Yol st
o] o] A 7L k. w79 o)A 18X
B ZFET R0l O A7) W] T oAU
Higgdll ko] S5 FejHdle] vhAdS AXAl "t
g gl geFol 10% PRI ¢yt E2] 78l (conventional
polyisobutylene)y> Q2 ZF-E] H2HA|, A, &2 A7t
A, A8 FHAR F= AR ek 1980 dH] o] F Hd
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Alek, B Aglox] A2-H isobutylene?} isobutane(Yeochun
Naphtha Cracking Center, YNCC)2 & A AE 3
molecular sieve 13X(UOPY} YA JE &L Fste] AL
-3} 3L, isopropyl alcohol(A7, 99.5%), BF;(Honeywell,
99.5%)= A §lo] AH&-3te] HRPBE A| %3+ th. HRPB
F=A S 918 hydrobromic acid(33% solution in acetic

acid, Adrich), di-z-butylperoxide(TCI), 5-methyl-1,3,4-
thiadiazole-2-thiol(TCI), 5-(methylthio)-1,3,4-thiadiazole-2-thiol
(TCI), 1,3,4-thiadiazole-2,5-dithiol(TCI) 5-& A5}

717]. NMR(AVANCE III 500, Bruker)S AH&-ate] v]dz]
q g edE fEAle] 72 B4 AAESlTh Bk 24
< 9J3le] MALDI TOF(Voyager-DE STR)2} GPC(VE2001,
Viscotek)5 AR5t} vlEule B4 £S5 £1351] 4-ball
vlZA|E 7] (Cameron PlinHE ARSI PlEEo] HE
218 $]13}e] Microscopes(OLYMPUS, U-MSSPG, JAPAN),
XPS(X-ray photoelectron spectroscopy, MultiLab 2000)<}
SEM-EDX(scanning electron microscope-energy dispersive
X-ray spectroscopy, Bruker Quantax200)& AR&-3}5iT}.

HRPB350(1)2] &4.* C4 &3 955 4HEsha-2(BF,)
o] A3 2 7-E(isopropyl alcohol)(&H] 1:1.6) 2HE FuljE o]
gato] AT AV TRAE AAT F AR E
255l HRPB350(1)& A 21th. Isobutylene 1 8H&-2 90.0%
olaz vdE|dl e 86.0%°1UTE A7 AE ()
EE= n=4 3%), n=5 (27%), n=6 (38%), n=7 (20%), n=8
(2%)° 1At

HRPB350-HBr(2)2] &4M. 250 mL 2+ 5 nle 22}
Z==1¢]] HRPB350(1)(20 g, 57.3 mmol)2} di-r-butylperoxide
(0.39 g, 27 mmol)E petroleum ether 100 mLe} A Y2 &
< =z Yz+sth HBr 33% oM EAE £4(28.1 g,
11.5 mmol)y& 3] Z7Fstt). 10~20 °CZ F-A18HEA 1
AIZE 9 S et 715S EE A ¥ 3
75 o83t SF{3k] HRPB350-HBr(2) 24.27 g(56.4
mmol, 98.5%)2 LAt

'"H NMR(CDCl;, ppm) & 1.9(m, 1H), § 3.3(dd, 1H), &
3.4(dd, 1H).

HRPB350-Thiadiazole F=H|(3-5)2] &41. 250 mL 5
viet k3o DMF 100 mLel 1,3,4-thiadiazole-2,5-dithiol
(524 g, 349 mmol), HRPB350-HBr(2)(10.0 g, 23.2 mmol),
pyridine(2.2 g, 27.9 mmolyS E3L 150 °CE 7FE 3T} 64
ZF g & &Ml E SRS WS £9ES hexane:ethyl
acetate = 10:1 Z7|&r] Ao AHIZrfET 9= GA|
3], F=A(3) 10.17 g(17.6 mmol, 75.6%)< LAtk 'H
NMR(CDCl;, ppm) & 1.9(m, 1H), 6 2.9(dd, 1H), & 3.1(dd,
1H), & 4.0(d, 1H), 8 11.6(s, 1H, SH). MALDI TOF: m/z
469.4[M-SH+O]", n=6[(C,HsN,S;-SH+O)" Theory: m/z
469.3]

ZHe- Mo 2 5.methyl-1,3,4-thiadiazole-2-thiol(0.92 g, 7.0
mmol)?} HRPB350-HBr(2)(2.00 g, 4.7 mmolyS WHS-A1A
=A4(4) 1.1 g(2.0 mmol, 42.2%)S At}

'H NMR(CDCl;, ppm) & 2.0(m, 1H), § 2.7(s, 3H, CH;),
d 3.1(dd, 1H), & 3.3(dd, 1H). MALDI TOF: m/z 469.4
[M+H]", n=6[C,;Hs,N,S,+H]" Theory: m/z 469.5]
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ZHe B O 2 5 (methylthio)-1,3,4-thiadiazole-2-thiol(0.57 g,
3.5 mmol)?} HRPB350-HBr(2)(1.00 g, 2.3 mmol)S HF-A]A
F=A(5) 0.75 g(1.3 mmol, 54.5%)S AU}

'H NMR(CDCl;, ppm) & 2.0(m, 1H), & 2.7(s, 3H, SCH;),
& 3.1(dd, 1H), & 3.2(dd, 1H). MALDI TOF: m/ 501.3
[M+H]", n=6[(C,;Hs;N,S;+H)" Theory :m/z 501.3]
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Figure 1. Synthetic scheme of HRPB350 derivatives.
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Figure 2. Micrographs of worn scars when lubricated (a) with base
oil only; (b) with 1 wt% of 4 in base oil at the load of 392 N and
time of 1 h.

Table 1. WSD (Wear Scar Diameter) with Anti-wear Additives
(1 wt%) in Base Oil

Additives 40 kgg-ggleVZSrlit: mm)
Blank 0.924
RC 9205 (Zinc DTP) 0.536
RC 2540 (Activated S) 0.613
RC 2516 (Inactivated S) 0.578
RC 9321 (Triazole series) 0.858
Durad 310M (P series) 0.534
3 0.630
4 0.575
5 0.574

WSD(wear scar diameter)®] YwX]S 3T} Figure 2(a)
= A7 e 71l A5E viREd a5 A4 A
715 B Z10]3L Figure 2(bys F=A| 45 71l 1% 3
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27 Al 79l rRE(WSD) 3hS 33 Zolth. Table 19]
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91 Zn-DTPE X&3t 2 (PyAl 7ol v]s] HRPB350 =
A(3~5)= HedtAd o Fe 5S HAFAR, Egjo}t
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Figure 3. Chemical structures of thiadiazole derivatives in the pre-
vious work.

Z(Triazole)A S E3F3 T2 A} AF R o] 9573 v}
2 A7k g YeR AL ok 53] 49} 59] WSD A=
71E 4Y AES UAT 7FsA o] AdokeE RS HoFh
HRPB350 54| (3~5)9} gl HEe taxw 22 5
2] AojojrtololE(thiadiazole) ©F12]E Eish= shet
& 6, 7, 8 (Figure 3)° th& mpz 23+ 345 B3 vy
At} o] 54 DB-51, Soybean, 100N2] 3%2] T} 7]
o] s A4S o, vkt Xiﬂ TIE AR A
qu'“E‘ o= WA|A] X33t olE 9, Yubase 6(SK)2t Hl
ek T/ 71491 100N(S- OIL)°ﬂ LOWt% TEE 6-8%
7z} 247}0}93~ o], H7FIA] %S wHT} 20 kef, d=2] =
ZollME= WSD7F 16~37% z.&io}oq w2k A7k a3
g 2107 H{riEQleh. 2euh 7 =] A 2791 40 kgf
75 °CollM = A7F8IA] kS wioll Blsl WSD7F 0~20% 7+
28] 1 g37F A T ©]of H]3| Table 191]A4] Ko
FE 3-59] WSD 24 &3 32-38%= ¢ 3 Aow,
o] Axt= gES vFA FiEQl &AL AME B E
(HRPB350)°] v} 2|7+ a3ol] $23F J3S mxlvke A
S e

vz A7 a3 7S] S(S) T Exdgh Hol
3 UREH o g 3K(S) FEFol Frtshd whd A7k 2t
7Fhe @l o, BK(S) Tl AuAAl Stk w54
FHO| 728 ek Wlo] Q7] u’HTOH A7HA 9] At
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FE=A 3, 4, 59] B(S) FFE A7 16, 11, 16%:18] vhi
(WSD)& Z+2}F 0.630, 0.575, 0.574 mm=z 3 shakat uhﬂ
(WSD)ze] 53 *PﬂrﬂrﬁlL e Zo= AoEn 18
U G54 30] 4 =& st vt g3y Fe e 3
A, 304 = 37} SH e 2 &st=o] npaA 7 a3t
HUls 3952 982 o 34 7] Wil 59 &
A 49} 5lM1= 3KS) Tel 11%01A 16%2 57 HEIA]
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Figure 4. (a) EDX spectra; (c) SEM images of the wear scar surfaces lubricated with the base oil containing 1.0 wt% of 4 (b) EDX spectra;

(d) SEM image of the pure surface, not rubbed.

Table 2. Atomic Concentration of Some Typical Elements in
Pure Surface and Worn Surface Lubricated with the Base Qil
Containing 1.0 wt% of 5

Element composition (wt%)

Surface
C N (0] S Fe
Pure 72.1 0.8 23.7 04 2.2
Wear scar 58.1 0.7 32.3 2.1 4.6
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Figure 5. XPS spectra of S2p on (a) worn surface; (b) pure surface lubricated with the base oil containing 1.0 wt% of 5.

Table 3. Binding Energy of S2p of Reference Compounds

Compound Binding energy (eV)

Ferrous sulfide (FeS) 160.8
Iron disulfide (FeS,) 161.6
Ferrous sulfate (FeSO,) 168.8
Ferric sulfate (Fey(SO,);) 169.1
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