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Table 1 The history of synthetic rubber industry

FER JBEFh RE¥ER Eypevn 3l
1914~1918 H AR B A FRE S
1931~1934 CKB, CKB (J}), CR (3§) TR WAIAERE, CREHNIAK
1937~1938 E-SBR NBR H A HWERE

1943 IIR FH B R RERE
1961~1963 BR. EPR, EPDM B (Z-N) BWRE
1962 ~1963 # IR BfLA (Z-N) BRRE

1964 S-SBR (LiR) o g 7 HRRE

1965 SBS (LiR) R i WHRE

1967 IR (Al-Ti) BLALE (Z-N) BWRE
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AL EPHFER, XN SEEAETFREASN
KIMBAL A R EARRK KR, XHA—
AUE 15 R A A 8 R R AT 95 Bk 30 E R AW
CKB, HiH&EE K5 LKA HEHERT HmEEK.
EFEL LR VEE HEFRSMETEEK, HRHX
MARREGH LY, WY SSME (KiE) Bal
AL, HEYIROREH S G R RERIER T =
A3, TWRERVEREBR, AR TR
Bl KM AR, HF S0 FM, Szwarc #£H
Li, LiIREH “WEW” MglkER, JFe EHEH
BIFROERARTHES . THALMESHEKR
(AR, =0, R, =0), HMGIH XM K&k R
AR P F RN RS TR AR, Fk
MR B G| B AR FR IR — i R 7 O 45 4
BB B | SE R Y h AR R S AR RE . FEIAR
XFE RS R E, R E T EaFikit.
Ko+ LEMBES R, “BERK” &8EN
PRt AL BE IR X (tailored polymer) JI 4 & # 3
Mo B, 60 FFA)G B, EBA LUE &S R
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AR B, (HGE S A RSB S, &
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IREIE>FRITHNEHIA
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S—SBR as an example to extend the freedom of polymer design
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PEBY, BB AR BE, TPE % 8 =ik BE s 1 #k
BIRY. NS LE, 20 FEEIRBEES.
B E, BRMX, UYHE (RS, 817, %
M) B 2EAER “ZZER”. TPE hn# i X f#

, ARBIBHEAORIEINL, BRiR R XK
X, HAMEMER, Fit, mIzgstmmik
T

m#%&2 A, Hi TPS =&k, H®&I Z,

FR2 1995 FRAMZ¥ TPE AR R HE (kt)

Table 2 The fields of application and consumption of TPE in European countries in 1995

Y. P 43, TPS TPO TPV TPU TPEE TPAE &t
KE 6 62 6 2 1 2 79
2R HL A 0 5 1 2 1 0 9
JBE B 47 0 0 7 1 1 56
R avut 11 3 3 - - - 17
JBE B 0 2 2 2.5 1 1 8.5
Tk i & 1 6.5 5 4.5 1.5 1 19.5
W s 30 0 0 0 0 0 30
fe:370) - 0 2.5 - 0 0 2.5
BEREF] . WOk 16 0 0 11 - - 27
W bt 0 0 0 1 0 0 1
HE 117 79 20 31 8 5 260
&3t 228 157.5 39.5 61 13.5 10 509.5 °

. TPS {3 SBS fl SEBS; TPO MMM RMEIE; TPU WMBHREAF MM ; TPEE AR AR MG, TPV A B

AR B I FALEE, 4 EPDM/PP; TPAE 2 3¢ Bt e 28 i 3 v 1

PP, BT HERTEE, T, &
AR R R EH ., 2% SBS M4, H 1965 4EH ™ U
¥, 1992 £ B 726 kt/a, 1995 FFEHHE OB
i 900 kt/a, & IISRP Fiill 2000 4E 1t 7 TPE #1)
HEKIAF] 1.126 Mt/a, 1995~2000 4E[a], 4 %
BILWK 29%, FHEHKH 5.8%. 1999 4
TPE {HFER 4 SR BHFERM 10%, RIEHE
BEMPF AR — BRI,

SBS HHTMfEE Ll OFHEfk, ek
B#; OMBREARL, HAEZPIRRE. #& T Hm
AR, J5E WS NEE B Bk B, 2
FAAS, WEEEERE REBROHIRE &
R BN

R, BHERTIENEGHER (Kwm-T
- RITME) =JuIERY (SIBR)., AEMNSE
YRR AR. KO TFHES. FIINH. %
285 1) B SRR AR 785 45 LA J7 TR U 3 DR AL AR S A
A, B IHISE. BIEEREL . BRI/
FLAHRERRIBK. XHERER, B3
. B, FRAHSEEAE, RILESK
BT — R H AR E, "SR, SIBR Bt
REP—IZK, BEREXSFRITEENKE, B
REWRIERM S, ] 3 5 SIBR B34 L5 45
B 5H S—-SBR. E - SBR M#EaE L, Llfits

%,
R3I FESRKDIEMEERES IR
Table 3 The comparison of physico-mechanical and

fatigue properties of different rubbers using LiR as

initiator
5 B @B S-SBR S-SBR E-SBR
SIBR-2 2305 SL552

IFE AR
HBEC A flBE 70 74 74 64
300 % 5E fi#l/MPa 15.8 13.1 12.3 10.6
{458 B/ MPa 19.2 22.2 22.0 25.4
kB R/ % 352 480 460 618
WMBE/KNm™! 45.3 50.5 49.5 60
HEWK AR/ % 8 12 12 14
55 A
Fol 52 R B/ om® 0.142  0.15%9  0.192 -
FERF/T 20 22 20.5, 26

E48 K AR/ % 2.34 3.0 2.8 -

H: S—SBR230S AW T E M MM LA k™% S SBR SL552
HHZ JSR Z BB T A8 ; E-SBR A HHAM SBR - 1500
i SBEER SIBR - 2 Nt stk Tk 2914 S0 ¥
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/AERE T MEH, HETRESNERESH
(~107°®), HEAMAEMRKET (~-100T) ¥
&, TREBES TR, B kA b
IR M, 70 LI J. P. Kennedy (XH) 5
T. Higashimura ( H %) 7E3X J7 M i i 7 %€ 51
ke MK FLEMNAFEHE, #T inifer 1 72,
A A R TR 7 T4, @ IO & 4 ]
KAFBIEM, o] HXE BN MEASE; b
S T [ T O 2 o 0 B TR A
W R TR 5 T4 v 8 T KT He a7l iy AL
4%, BTFE 100% A, S 5@ELFHEA, W
AT A RR AN RE, BRI
fRYERE . A R O 2 T U AT S K 4 1 3
tk, #—FBEFEZHANNTEY. HEEEETF
RANEHBHE CRZF-b-RTHE-b-%Z
i) kBB, HAiRE C AT ~23
MPa, HEWTHE R ~400%, o i 3 R X 5 ) i
Wik BAR S By, AFILARE, HE
BAS R &, A REE— 2 U

2.1.3 WEHHMERSE

EHERERASBEI A B—Z LA
(iniferter), Tempo. JR FH B EHH E R A (A-
TRP) KA #immMrNEmBEdERS
(RAFT), 4 %% B 1Y iniferter Ml % 3T H B 1Y
RAFT #4718

Bl iniferter Y HE & 5L 2 — Fh il 7 B 32 51
K. EEFERREZIEAER, BHLIEA RS H A5
G, IR EAEE&IERN.

M ATRP H# AR, BRI ERELHEE R
Th. ToHEMHRBEERY. EFERLHAY
RAFT e EHERS HHTH, HRVILAES
EYEREFRA VB, RAFT HARR T ZH
F 2k, WERKEE (60~70C) Fi#frs
. B BERMARRE, YN TREST
BAOMAE, Wi, AEEABkBELEREY, H
E BT M S AR & F R A=,

EHEEBERE, BREA M T IALE 5
B, (HehFH T R T M R SR 1 R
1, MR BT s &, HEn&esen
B

At W RFIER AR A, M L akk R
%, EEXRMTHAEERSMER, HHEIIE
AMTEE.

2.2 RERECERESKBKPIEAR

90 4£X, FH—AMMES + 2 EA AR A AL ik
ZF—XE B FE (metallocene), B FER Zr.
Hf. Ti %&R 5N SN IKZEED,
X WA 2 B

<= Ye ﬁ\zf _al
Zr-—--Cl ~
- é ~~ci A0} <4 o
MAO
1 nN=6~20 2
CpaZrCl,
2o ERIRB WAL
N S
~cl
4
3
iPr(CpXFIWZrCl,
EXIMEECts (60 390 X0 0 k. )
3 BB TR
< 1 /R=E\ 1
- Z\ B 5
B! R 6 Mo F F/a
MeiSi ZrCls
Rl R. §

R?
5

R'=Me, R®*=Naph, RP=H

0 4% (] A58 ) ¥ 4L R

R
RE?D%;R / —(—Tf—o—)—n—
Y ‘—‘MClz MAO

Ry 7 nN=6~20

leo

M : Ti. Zr, Hf

R (F LEURE) : H, ik, Haibii

R, (BBrEUE) ke, WTTE, WRLRE
L (Rifr) Mk, BRE, B

Ry (RCfifk EEUARE) : WE, o, FERE
B2 He&BECHEREFELR LG
Fig.2 Examples of chemical structures of

metallocene system
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X 28 R M AL FR R — R 1 N A AL R
(SSC), Ml SLAKMERESI5R . X LM 2 TEHEK
Frigedn TR, o TRSARE, RYAH
WY S RAEER SR, Hk, AXa
TLRITERE, ERE—FRKARGREHFE,
K4 REBENHE Ziegler - Natta L FIHE R
&

Table 4 Comparison of metallocene and Ziegler —

Natta systems[zl

75 &R AL

Zieler — Natta fi# {b. 77

B & M S REIL ] (single
site catalyst SSC)

21 15 S AL (multi

— site catalyst)

P ik RS b

R A AR A — SR & i A RO A A
FAME T SHRREREAR WREREFRERR 53
Pay

=

RERIIEAREY

REWMARMA N o - HIEK
W2 45

ATHEATEERE

Ra
N RE ] 75 5] HL 2R & 0

REMRIMAN o - MHI2 K
.24 %

RS HATIEERE

AT SR BRI RSEITRIE SRk
& ®e

LA R A A AR A Ak R S T A R 4 A Y
BEAY HEREY

® 5 Dow AT] CGC - EPDM HKY4F4E
Table 5 The property of EPMD (Dow) by metal-
locene catalyst [2]

¥ OE K B
EIRERGBEAR AL, AAMREN HRMARS NS, 4TRSS
HBYLIRE N A%

Fam IR, BEMNT =

oy A4 3

BORHSY BUS o F o1 %

B ENB (Z X BV A #) '

B A © FoKEE TR R

5 1 B vk ToK geat B

A K A B4R 2T SRS

tand K¥ELTF, KeEtiks

Tg & 4T b ERERR
FAWMBESHAERBRE FHEIGHY

RBHRE LR S TFROGERS TR —
SR B R o F RO RS T —

KREREANETH - EHmUARE, 1
BRAES FRE&, YHPEIHHRESBAE
45% ~T75% B, PR AR

EREBEULERNIERT, ZEE5HFE
HE, BlmHEWNHREHEH LR, BRLEE
(EPO) N ¥:RH#4E, EPO 2 Tg it R Mk

Rk,
2.3 SRBEREH M

B T BB A AL X AR AT RE S R & MU B Tk,
Fap R ERIESS, BB B IR EA R
i 3 XTI F R E . Frig b2t (chemi-
cal modification) #t2&¥ O FH K& BB E H 2k
FAF, BUEREGYIMEELSH, SOEHIE—ITHEM
ERE, SRR E. EBEN N
INE (hydrogenation). X4k (halogenation). ¥4k
(cyclization) . & . (epoxidation). B 1 MW
Fo FERERARES FHIIANRAEERRA, W
-CO0~, -S0;5, RIFLAEEpFMmz, WA HHHE
A BRI B R AR (fonomer) o LA [a] 3R & g
HEPTINARPEZE, T8 SO0 AE 43 B R S B
B, HWmA¥EREERH— P UE,

AW & AR A A T BB (H-
NBR) 504 SBS (SEBS), T &K S A ifif iih B
F, A Z ST R E YRR KRR . I
HARKT 98% W™=, #E~200C fy R ik
BRI, HER$ZH 0.60, H - NBR 7EH
HH &, AKX, ERZ5ETUREIE
B BT & R BOR . SBS MRS, BT
REBERRT M, SAME, B5ek, FHZE
— MRS, SBSEjE, ZILrEaEi BiE.

THEBE (IIR) 22—k, TEERFH
B, (HRE MR ERERE, 5HARFAMHEAE
(compatibility) 2, KiZtEZE, XEHEBL XS
HEREIRR ., BHRMEN SRR FFRNEZE.
To A i ¥ 2 BT P S gt R TR AL SRR AL T 2B
BEMFAELEATERKHLECELE T ER
JBEHg 70% LA Lo BEFIHER T AR B T 1999 4
WEER™, MELTERKREMBEZEH. B
B, REFRXEA/RETERKERYFZ 2.
7E IR FPIRMELRE, X - FER WA
TR, WHTRERERL, ARBEKSHEYY
HiME#— PR, ARFRERE bt
oS, BEILRY AR & A, Wy sIRRIE
Mo

KRR L IFUSE TR S P e
®E, =N HBRBEFENGE, AI1E IR ERE
VAR, B30 T LA — 2l A o R A I &
MEmAEY . 48, R, RS Ut aTiE
AR BB (A& R I AR A A LR
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F1%

B (green strength) ZF¥EEERH B0,

WA, S RIEE A RO BER ML AL 22 e,
BOR RIS, BEERBUTHEANFE: ORE
WAL (TPV), ¥BA SR MR L HE
RS LA B B O IR S AL A A, SEATRE R
R, FRSH AR, VIR SR T
SIHL 4> HOAZE A IR FE SR AR . Bl n, 80 E AR
EPDM/PP & TPV, 90 41X # NBR/HNBR/PVC
B TPV, JG# 05 R RS A 0 B S Bk b 22 45
HFEPVC L, TR0 FE R, BRI 48 A8 B /N,
SR . SRR RS2 EREM R, FTLE
HiX—2 TPV Ml & AR T REVM 5 Fi&itS
AR S, OMEEREE&ME (EA), RH
AN TR AR B R A - & E B A Bk (S0
YEGR) HFATRRILIR, B ABFA EAR RN RS
%, ERHERARR EA, EA i FXFIMMELIL
M, REFFEIBRALRIE, 18] B 1780 3B URR
H ik EA. #li0, ENR (FFEALRKARBK) TS
XNBR (R#ETH®REK) SRR, AdHaEs
WA, PEABERBM 4%, ENR 5 CR LR,
AR A A B AE R4 A A ) ENR/CR &
&, HRmEESR. XHEE NRIERM LG
fE5 NBR. CR /M MtEeESE S T,

3 GABBRIZEAENER

304/, AMBELY, RltET HhERR
ELEARMERE, SEEAGIRF RS -9
fib R AL R i R 5 BOK BN F LR ER MR B Z
WA, EBERAR, B 5o m LR A i A
ARALBRR A MBRAE &M, X RERE L
FI B ATR F—A R E TR &Y 0 b5l
KRR &, RAHER, & 2B,
B vAF R s B TF, RBARKFEL. W
B, SAEAARSR G IR LIS T A B JRA
3.1 SHERE

FEEEVE (IMRARK) 1, SHEEGELM
WL XA R TR, B kHs LS
HRMYNREE EXRERK. B, HSHEREL
ZEHIhHE M T =L 2B B (Unipol EPDM,
1992 4F), = AR E (4=0.6~0.7 mm),
UCC & JRit &l 1997 4247 Tk 4k, A KR 90
kt/a (HWRE. WHWLE 3. K 4),

KEPiM/ M) & UK R i/ A (BEIR HL

LAEY PN -F: 8 £33
ol |

1 mameaun

v
IR R W
¥/

TR HF ¥t HL

B3 Bk EPDM EER S 4~
B zhit "'*E[ZJ
Fig.3 Automatic feeding scheme of continuous

powdered EPDM production

ERHL %

e

= i Bt R 4
RRZ WAL

Y
BEAH

% AR ZXMKN R

B4 ZAKK UCC SERBEZE
amrE
Fig.4 Polymerization scheme of UCC — EPDM
by gas fluidized bed process

1.2/1/0.08/0.125) KW zhBhfI B (EEA,
GP#), BARMEFH: ALK H=ZBEENR
MB TR L (0.5 mol/kg), B—R _ZEEH
Froke, FMAREN =R B, HERLN
z (AIEt,Cl)/ z (Cls;CCOOH)/ z (V) (acac); = 68.42/
14.38/1.0; W 35C, IMETE S /N, X
NFEF7 2.04 MPa, #ELFIZIE. K. HLH A 1747
kg/mol, FEH)Z 4L TRIE 13.83%, il Bk ik
BEHRBAE15~25%. HTFRABMN, HE
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ZIEWET AR ATEOE, MR KRL.
Gh, B FYRBRR, W E B SR AL,
IR [ R K 46 4, TR A R KX aE Bt KuE T
RE, SEDRLOM RGOS O ER B4R S FHOBUBBAT BF FE ML
"] H S RHESR A

4k, Bayer 5 kK Tk ok 2 % 4y T 1,
1994 X T M0y AR & o B AT 7 ALl 0 X
M ARLHFIEMN, LA SO ki/a BT 4 NER, H
HANBMELN . IMHREHMAKMEE, SGHRE
. SHRAMWEBRHIEBRESEMR 2%, F
HE P R AR B 9% 1240,

FI, MARBBAEE M T ARE. B, &
B, TCEERMI B — R R, MK RE.
3.2 RERME

BB EE S B, B MESRBIN R
BOBRE—RE RN R. Hb “BRTH
Wi LR 48 " R TAERAH AN, (HARGE
REEERA M T 1990 F55 9 B, JRIRBCRHBB
HtSFEEAMAAMNER TR VEARKT
25K, A=E%E, E7.5~40 M, MEIL
THRIT; MABKK “RBFTHimiR Y EE", 7
MR ER AT, HA0.02~0.06 LK, H
UL+, EA—RIIGME: EED 15~
20% . FERID 10~15% . bR &L 35~50%,
B ERKHEB R KA IRA o 3 B 5 I 2 R T
PiFEFRSY, WRBEAEE, KNVYTE RN X e B ]
AEER TV 1% ~10% . X — R R
ER RN A, BARIATE, HYEHEM, ©
RATRE B — IR & AR E R R A,

4 HEESRBIR T LT IR
R

g +FEARUE R RBR, 7 T Had)
195 AR BRI T A& rh g i R A R Bk 2 K T
ZHHEEER THIHRHAE

OWAEHERE . TERGHPR. MHAET
REHA. HE TR S8 B/ Lewis BRIK R .
HHERS ATRP fil RAFT &G R &4 2 1%
&R RE AL TR i R LA HEAT IR AN 2T A BT 5T,

HRENZ MM LSS S, HESRIRK
Wit R KA FLBFEAEEKR. FHHAEEE
H, JERBBR

QERALZLBE, SHREMFLEK
B, MEOREMREE (WA KB
TRt IER, HHEANTHNE; SR EE
PRI SO RTE IR L, Bl RE. FRFE. i
By hn T3R8

QUEF & BRI b 2E SHUMAL 2 45 & /et T
1B, XUBRERE “H” BRI M.

@FBARYP TAEBRERZEANMENR, O
He 7 ok R A = A R R IR A o

OMEEHRIFRSHENR, HEWER
LM FE, HREEEFAERKHE, Wa
WL A (BiK. BEE). BT, iR
G L E R H B BT, _

©HIE Mk (SBS, SIS) EHEREINA
P SRR, A AR N A Tl B A [ R 4
MR, AP KHABREFERES. HERMM N
e, T RERECRIINE, 0670 B KR B R
MR, EEAREYRE (L 80% K HEIR), IF
WAL E (<1. 6MPa) T#4E,

QEMERBRBHIPF, SIBS kA 1, 4%
I IR B SR [R] B 4T, BR S — SBR %EAT
LHEBREAT, RERES, SIBS kRAX 1, 48
S I R 43 B #EAT R R olk Ak

%% Xk
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Advance in the Study on the Insect in Tibet

Wang Baohai!, Huang Fusheng?, Li Baohai', Wang Cuiling', Wang Chengming!
(1. Agricultural Research Institute, Tibetan Academy of Agricultural
and Anima Husbandry Sciences, Lasa 850002, China; 2. Institute of
Zoology, The Chinese Academy of Sciencese, Beijing 100080, China)

[Abstract]  This paper summarized the advances and progresses in the investigation, classification,
evolution of fauna, vertical distribution and evolution of adaptation of insect in Tibet, since 50s in this
century. A new understanding and vision of fauna in Tibet were discussed in further. It was suggest-
ed that the Qinghai — Tibet Plateau can be regarded as a separate geographical region of fauna as equal
to palaearctic region and oriental region.

[Key words]  insect; advance in study; Tibet
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The Progress on Chemistry and Technology of
Synthetic Rubber in 20th Century

Wu Guanying
(Beijing University of Chemical Technology, Box 52, Beijing 100029, China)

[Abstract]  The present review is related to the progress of synthetic rubber industry in this century with spe-
cial emphasis on the synthetic chemistry, which is the theoretic ground of synthetic rubber. It is forecasted that
the living/ controlled polymerization of all kinds, their transformation and matallocene system will still take the
leading trend in the near future. The progress of the corresponding technology for the manufacture of synthetic
rubber will be the gas polymerization process and the polymerization reactor will remain a hot topic to be investi-
gated.

[Key words]  synthetic rubber; synthetic chemistry; living/controlled polymerization; gas phale polymer-

ization process
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