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Synopsis :

As a new product in the chemical field, Kawasaki Steel Corp. has developed styrene
oligomers, KSTO, which are different from conventional ones both in average molecular
weight and the degree of unsaturation. The technical base is a new application of a solid
acid catalyst, Nafion-H supplied by Du Pont, to bulk polymerization of styrenes. The
number-average molecular weight of KSTO is between 250 and 800, and the iodine
value ranges from 20 to 70. KSTO is clean, faint both in color and odor, and harmless.
Owing to its high compatibility with other resins and good dielectric properties, KSTO
can be widely used as a modifier of polymers and a UV coating material. Furthermore, a
functional group can be introduced to these oligomers because of their olefinic double
bond, and as a result, a new application such as a high performance epoxy resin

hardener is expected.
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Synopsis:

As u new product in the chemical field, Kawasaki Steel Corp. has
developed styrene oligomers, KSTO, which are different from con-
ventional ones both in average molecular weight and the degree of
unsaturation.

The technical base is a new application of a solid acid catalyst,
Nafion-H supplied by Du Pont, to bulk polymerization of styrenes.
The number-average molecular weight of KSTO is between 250 and
800, and the iodine value ranges from 20 to 70. KSTO is clean,
faint both in color and edor, and harmless. Owing te its high com-
patibility with other resins and good dielectric properties, KSTO can
be widely used as a modifier of polymers and a UV coating material.

Furthermore, a functional group can be introduced to these oligo-
mers because of their olefinic double bond, and as a result, a new
application such as a high performance epoxy resin hardener is ex-
pected.

WMES, 7o ARBRSCLLFOoHLES, AAVEE (V=
*VES, AFAVES) BFELBRTVS, FUaArEREL R
BREU~—F LTEEAHK) AF L OTENBEEL LTALR
WhRT VB, T, BEAAL LT LiBdBEYRvioaFy
VvOT = vESICLY, STFEDETL Y EV IR T4
oz epmbhtyay,

—F, A+ YEOSF A vEHLOVTE, FEBEBELY
LolRL R TS, TEANBELaAFL1AFLYD
BIR2BEHEDATED, CORR2ESHI L 7 ¥ vA 14D
Ear LT sh, SEOBEEIREIN TV, R,
AFL VLTS, AT —FHROEVAF L VBBETED
SRR B LR TH . Fla, PO RBETAF VD
TR 2 Sy BIRMC AT A HEY, A & vidasiErAv2
FEID, g ARSRMEY AL SRR, BT AV B &
REIRCTD, 44 v ZEBREELACIERDOFESS 2E
BEDAF L VRTHSBRESBET2L0THY, BULLEH

— §5 -



350 AFUYRA Y T - DREE LS OfHE

Ml oThAF vy EREINTFOMMELHE TS, SiaMsT
BER L7z, Nofion iz L5 A7 Ly OBESITDOTTH Y, EH
THRORVGEEERTHE,

2.2 hF+vBS

AFVVEOIF A vESRECELTE, B BI0EHD
BB CHE L AR TWEDT, Do CREDEADLIEZEN
L, 2B GHOBERCRLFREOA Y o= - DiEErE
HDETOEET LI, AFVYDAFAVERITOAAEED
XOnEmATRERY (FVAFry) 2hExhv, FOBMHE L
T, A RFEEEESTARERA A VATREETHL I LB LUK
(1), (2) &Rtise, HRRGE X CARKIGCEER Gt
B) o +y MmrHEETEALTHD, H1 4+ v M- iR
HBERR (3) DLSCHEARIEOEE, TosmizosEgn
B3, CORITBESBECHERIBEETHD, AEREOELR
A (3) PR (4), (5) kT X5%, BCEPEE (F=
P OB, = —-~OBBEE CEMEL) Xa5,

B s R CH;=CHph+HM-CH;C*Hph----M~- {1}
Q_EEFI‘:\ Pz*...-M_-{—CHg=Cth—>P;+1....MH (2)
=1L IS P.CH.C*Hph----M~—P,CHCHphM (3)

HEBBRIE P:CH.C Hpho-M-—P,CH=CHph+HM (4)
=/ —BERG
P:CHC*Hph----M~+CH;=CHph—P.CH—CH, (35)
r%T/chh
N

Ffil, phix7 =g, Pl aflioz,v— X0 atgn
FAYEERT S,

PEDREEE 502585, 254 vBESRECTILS o
vEA—FT=Av (M) ORBESEELRHYRUTED, otk
HeZE22, 2o rsobicl s, AL 7= b v
Th-Th, BHhHERBONTELHTFRSFIELES,

HEEDRCoREYRENCHATAZ LTk h, #FBAHE
TRAMEOCRLBEATREAF L v 4 ) =7 —DMERATEY L
70, RPE TR D TR 2 R8T 2 BESE, FhER
A (4) BLEZ (5) CXBERBTHL, & (2) DEERED
BERL)Y, TFELHTENENRLS,

3 Nafion ghigt

Nafion (2268 Du Pont #0-5— 7 Ak s RS T4 # + 35iik
DEMETH Y, 1962 FicFED Dr. Grow {2 X h R I fup-to,
THOWH & LTBRREHhENE 2 Shis, F o B
OB ENL, AETHL-ECREOBIRIC I D 1y —
FRERO M4 BB E L THGHRTL S, Nafon itikic 5
TA—TF AR RS Ly RBIVEOREGOEKBELETES,

#CF;=CF2+CF; =CF- (O-CF;CF-CFy}g— - Nafion
OCF-CF,-SOF

1A BB L LTk, WRES N-117, N-324 (@srama)
EMNT g NRTRGBRTED, BRI R 2t Nafion-H
VIR S UToF A 2 B F an T3, Naflon 12 100% B
AEORMELE T EHSERCH 50, BEBREL Lo
AR ST &7, Table 1 iw B2 B 5 W TR
Rl RT, ChboRIGOEBREOEEE T - h 4 Nafion
TRBEE L THATA Z LABH SR T3, 20T TR, £0
Du Pont gtoofpge £ #iz, G.A, Olah NEEETHY, B0

IS B RS Vol. 21 No. 4 1989

Table 1 Important industrial reactions

Alkylation

CsHs+ CH,=CH,——C,H;Et
Amination

{CH3):C=CH: + NHy—— (CH;3)sCNH,
Esterification

CH,=CHCO:H + CH3;CH,OH—~CH;y =CHCOQ.CH.CH;3+ Hy0»
Etherification

(CH3):C =CH;+ CHyOH—— (CH;3):COCH;
Hydration

CHyCH=CH;+H,0— {CH;);CHOH
Nitration

CeHs + HNOy——CgHNO: + H,O
Oligomerization

(CH3):C=CH:—dimers, trimers and tetramers

BRI RPE N A T T LA, Uik l, BECr Nafion %
BRIV T Y e AREER T, ¥io, AL TEEHR
DEWCEHE oAbzl A FEBRTL Aol

4 KSTO Lg% 0O8HE

4.1 WWRE

4.1.1 EEEHF
(1) # %

Fvofoihigtir Table 2 1R+ 3 BB TH D, 3EEL L 38
CHAS L KREEETHDA, N-324 2Lt oL 7
A MAT, FCH ey —FOBECHGBRTWE, NR-
50 MR R S h, MR THBES N-117T £ i s,

Nafion-H ¢ Ht BliZ f #+ v I T3 2%, —3 K+ 43
BELCTkbh, WMELLT, BHC XI55S HCliers
4 v EBRERT o0, AF v v OBRSEIETH, OB
WEiz s A S B LI, B (flaE 7oz afber
Sk Tl o THEABEOE 3 Clie Bk s R LA
WiBELHD,

Table 2 Catalysts used in the present process

Nahon-117 . Nafion-324 ! Nafion-NR-50

I 1

Type ' Membrane | Membrane i Granule
Reinforcerment ! No ' Yes i No
Yonic form i H+ | H+ | H+

. ' i |
Acid equivalent ! |

weight | 1100 | 1100 ‘ 1100
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Fig. 1 An example of gel-permeation chromatogram of reac-
tion product
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Fig. 2 Relationships between reaction temperature and styrene
conversion and unsaturation degree of product in the
2 h reaction with a calalyst of 0.8 wt.04 N-324
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Fig. 3 Effect of reaction temperature on molecular weight
(0.8 wt.% N-324 vs styrene; reaction time, 2 h)
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Fig. 5 Effect of reaction time on conversion of styrene {0.3
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Fig. 6 An example of the continuous reaction at 100°C (0.3

wt.% untreated N-117 vs styrene; residence time,
4.8h)

I OEECLAREELDL L CEDTRETH S 1o, HOs
g Lz,

Fig. 5 12, $iofk (15~35%) mifch s NR-50 % 0.3 wt.% v,
40~200°C T 1~dh IS RABEDAF Vv K IGBOEREE
T, Fig. 2 55 E N-117 i DR & HEF LT, NR-50
TR . LasL, NR-50 ORI - LTEEKRIEEBC
HOeaB8aBENED bhte i, NR-SO CELALF Y o
DMyt 1000 BEZTTE 15,

ﬁgﬁm,%ME@Ndnﬁﬁ%ﬁbt$ﬂﬁﬁﬁﬁmi5ﬁ
MEBOBREYT . 2 oBE 3 WEER V-2, BROE
BEELEREBAAEETL, H203BCEA)AsLy
(My>30000) DAEBRHEGL i L, AMAEL & Btz R
IS, EREIHE L CRETD C ENREI N,

4.2 01hERRGERROBES S U I —REH|

4.2.1 BRipwmE

Nafon ff% v 5 AF Vv OBERBESIC X 54U v~ —8
B RL, LEHARORE, Ar—A7 ., 7%, TEbchEr
FROEZETEF - 2 BE IR ok, 37, BRBsE»
DIEIh, FLESRBOH VY IANBEL RS S, 104h o
WHRRICEBL UL T EUSFE R BB Ly, Fig. Tty e — 5
1777 2%5F, CORBC I 2MABRONSII L LTES
TH, =/ v—EULTRE Uiz, R DDC HhS# o = 5 4
TRHALTED, #v/oRBs Lo arnlnsg, vy
FHUADERER TN THES T 45,

4.2.2 W& @
(1) “—ApRA Y T~—

BUGKM%, B 0.3 wt.%, FUGEE 100°C, ¥
B5h & LBE0RSRERILH 6% TH 1, £RMD My
WL 520 Th ot DR A F LIRS,

(2) WAV a~-—

BEmrs vy, ELACHIRAYEMTs- L0k,
GTRATEHETEL Z Akt CoBLm L
T, 100°C, fhik 0.3 wt.%, ¥ 3 4 ORME 6 wi.%, Th
WEER] 4h CHBEER LT ot ERUMC R 5250 vE
LR L EfH ST ROBHFT{LL Fig. 8 iTRT. # 20 Y
T Myi2 300210 81, RIERIP65% TEE Lie o0
BIGT@R bt U &= — 1B A 10°C, BETHETH D,
2R 67T Thotea ThE E 24 720, Kok, &
BRmT E 21 FL A AEHTRETES,

Condenser  Vac.pump

Preheater

Tank Reactor Flush
{menomer) drum

> .

Receiver

Evaporator Tank
(recovered monomer)

Fig. 7 Block diagram of the 10 //h continuous reaction equipment
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Fig. 8 A result of styrene oligomerization in the continuous reaction equipment (100°C; catalyst,

0.3 wt.%: residence time, 4 h)
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Bt A LR THD, B2 & 4 713 2 v Rl A X L,
WETEHIECLESTH Do

ok h—REEofic, BRERERR, 2EEREOHE
HHHE, BACHTIRRERR ALTERBELT -2,
oI THEBS RS ONEF % Table 4 i+, Ev (XM E
AF Uy ORMERETEI i), BEEXETLTVEHA, B0
ISR AF VY oY k00T ChBRAEREY L2,

Tuble 4 Dielectric properties of KSTO

5.2 —MREONMER & FEHE | E Es
Wih gigRIGEBEcE bR KSTO 2%, £EORRET Dielectric constant at 20°C 2.7 2.6
Ve, — R E A THE L7z, Table3 R ks X U BIEMEY Dielectric loss at 20°C (%) 0.16 0.026
Tt HEREEE TR 10g ORET My 600~1000 D ) == Volume resistivity at 20°C  (Qecm) 5.7 x 102 1.8x 10
—LREL TV B A, Table 3 e+ D, By, E: 03 MRERREIS Dielectric strength at 25°C (kV) 65 42
Table 3 Characteristics of KSTO and characterization method
Product
Method
D E; E:
Specific gravity (d3") 1.030 1.005 1.012 HS K 2249
Gardner celar No. 1 <1 <1 JIS K 5400
Viscosity
at 100°C (Poise} 6.5 0.1 0.3 Viscometer
at 23°C {Poise) — 3.0 205
Softening point (°C) 43 — - Ring and ball
MEt 520 310 340 GPC
M3*M, 1.7 1.2 1.3 GFC
Dimer (%) 12 38 25 GC
Monomer 23) ‘ 0.3 tr. tr. GC
Polymer %) | 1.040.5 1.040.5 1.040.5 GPC
Unsat. dimer/sat. dimer | 81/19 86/14 B8/12 GC
Todine value i 34 62 67 JISK 0070
Acid value i 0.03 0.01 0.03 i JISK 0070

*M, : Number-average molecular weight
#2M . Weight-uverage molecular weight
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