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COMMERCIAL TRIAL ON METALLOCENE ADDUCT TECHNOLOGY

CHEN Wei, ZHENG Gang, WANG Ru’en, XU Xin and GUO Zifang
(SINOPEC Research Institute of Petroleum Processing, Beijing 100083, China)
WANG Hongtao, YANG Baozhu, HAN Yanqing and JING Xianghua
(SINOPEC Qilu Petrochemical Co. , Ltd. , Zibo 255410, Shandong, China)

Great effort was paid on the support procedure to obtain the supported catalysts. The supported catalysts
were evaluated in slurry, loop slurry and gas phase fluidized bed pilot plant of polyethylene processes
respectively. The metallocene adduct catalyst could catalyze the polymerization of ethylene as well as the
co-polymerization of ethylene with g-olefin. Based on the pilot plant experiment results the commercial
trial was carried out successfully in a 60000 t « a~! plant of gas phase fluidized bed polyethylene process for
the production of metallocene-based linear low density polyethylene. The resin-grade switching technology
between metallocene adduct and Ziegler catalyst was investigated. The influence of the supported catalyst
composition and the polymerization controlling parameters on the properties of the obtained polyethylene

resin was also studied. The processability and performance of the film-grade resin seem to be acceptable as

Metallocene catalyst was prepared based on the SINOPEC’s “Metallocene Adduct Technology”.

compared to the analogous materials in the commercial mLLLDPE market.
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B4 RS2 4k Ziegler fEALIA R IS 1) —F
BRMEIR R 5150 Ziegler AT 1 2
AR Z T TG L oA, Ziegler fEALFIA
ZIE ML Cactive sites), il 15 1) R & W4 654y
A S PE2E By TR A A, e m AR
MFE B —7E A7 (single site), RIS %E T &
SYATII A [R)E E 34 A 4 o e SR B4 1) 43 A
KA EAEARIERA RE T2 LN AR T Zie-
gler LRI R, TN TS T 4K Y
. BRI U . IS RE LR BIR RS
s, AR REIRING YRR, %
T XEA CHERE TR “drop-in” HAR, FfAH
IR B BIME VAR, RELFE P
R PIHR AR, & BN A R O (mLL-
DPE) RS PR AR IR L0 FHE AR S

1 K&EmadmA

hOR TR CIE YT HoR MR Z A TR
T HAPHMEHI AR, o] 5 AR £
AR, Jo s o B P 2. AL 50 ) f i 3% 3k 3]
9020l . CARZAE KA. Hk. A
Y BRG] A A R AR B AT R R E
P, XMERE TR BB m I 8 s e SR AR
TARKM T E, Wi H. i G 2 m ok i e
<5 A A TR A A AL M e IR A i & < R R L0
(mPE) 455 2 h R AR m AL RCR.

TE/NAR LR AT T T gum Wil . A&
AR APE-L S mimayy. Rt 7m
YA T AT B A5 . T se b 7
F14 T B 4 T A AL ) B T 2R LRI I T
WK TEULTARRAR T2l . R
TR AR HEACPERE, BT LIS B O 0. 917 ~
0.950 g« (em) *HYR ZHHM AR, FHAESTE A

60000 t « a VALK T 2038 S M 73 Bl
AT T b R . 3 e R 2 R AR
R CIERR.

2 IR A Tk R R

2.1 ZHEREESHRIRAK

KA Hoechst T2, FEAE ™ mEER LM
P BEEAERES 300 tea . M AR SR
& v APE-1S B TIRKR IR L, &
WA, S, R e K (B D,
REVMARMER =, ToAky, TR R s
WA CEE 2D, iR 5036 4 7T 35 3000 g PE « (g
cat) ', AJRMGH|EHEEN 0.930 g« (em) *ZEAH)
T B R R IR . FRZR RSN ]
TURBAORBGAL, TELRAF oSO 2R 9 s M A ) L il
o ATRABAOTAR B S PSS (EPDMD (3% D).
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Fig. 1 Polymerization time wvs ethylene absorption
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Fig. 2 Polyethylene density vs wax

percentage in polymer

Table 1 Properties of mPE modified PP resin for automobile bumper

. Fl 1 . .
MLy, 16kg Tensile strength  Elongation Izod impact Flexural exurd Heat distortion
Property /g e+ (10 min) ! /MPa at break/%  (23°C)/J +m™! strength/MPa modulus temperature/ C
g v atbrea’/ 7 et streng (23°C)/MPa perature/
PP basic resin 0. 60 17.4 348 542 11.1 486 —
mPE modified PP resin — 21.6 294 554. 4 21.6 1000 109.9
GB standard — =15 =300 =300 =15 =800 =85
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Table 2 Properties of mPE blowing film
Resin d - Density MI Dart impact MD tear TD tear Haze
esin description )
! /g+em®  / g+ (10 min)"! /g /g /g /%
SPmPE-62 0. 9185 1. 26 =>1400 352 467 13.0
SPmPE -60 0. 9190 1.29 >1400 363 461 11.9
reference sample 0. 9180 1.00 =>1400 240 427 3.0
SPmPE -58 0.9335 1. 84 65 57 258 22.5
SPmPE -52 0. 9365 1. 48 59 53 170 17.0
SPmPE -50 0. 9362 2.88 42 37 109 46. 2
2.2 ZHIMEREREDRIKAK EBREETT. I H LR Al/Zr BEIRLE, R
PEEPRES) 100 t+ 2ty APESIS HITF R WriffbtERe. LIRS 1- T4, 1Ot Rk

AL w4k 5 36 $E 0l ik 4500 g PE « (g
cat) ', AILMSENE LN 0.919 g« (em) LM
% B IR R O PR, WS40k . BR
HERFE TS RARTE S B V)R P A Gk, B
BIEF AT T, PR, BBt S
K8 mLLDPE —#¢ (58 2).
2.3 SHERHKKEZEIEHXE T ERIRE
%6 B K Unipol SAHRALIKE G T2, Hik
BEEAETERE S 200 t o a !, TALAT=HERES
60000 t « a ‘. K BRI G TR A A Ak
APE-1G WHFZTE, EEEH . etk &
TRUS. AT BRI ARSI ALR R O il B

BRI (75 0.920 g« cem IR LIHERT, TH/
LK =0.07 mol » mol™t, B4/ L% =0.019 mol
«mol '), I LAIAE B EETE 0.917 ~0.949 g -
em IR (Fe3~F 6, E3~K 5. Tk
PRSI, BT T Ziegler #4651 5 APE-1G
[ A3, Tl e 5 ok 0 55 B 47
AL R B, 193] 100 22— SRR RS 1 156
&8 ORI IR B R IR . R R4
JEHEALTN S Ziegler AL M VI HL AR L B AR R
SR (B 6. B 7 LUK TN AR
(7. F£98).

Table 3 Influence of homo-polymerization temperature on catalytic activity of APE-1G

Temperature Activity Mla1. 6 kg Density Bulk density
/C /g PE « (g cat)™! /g + (10 min) ! /g cm? /g cm3
85 1887 2. 24 0. 9470 0. 44
88 1980 2.30 0. 9473 0. 46
90 2080 2.37 0. 9461 0. 46
95 2381 3.53 0. 9489 0.49
Table 4 Influence of 1-butene to ethylene ratio on polymer properties
Cr : Cr Density Activity MIo1.6 kg Bulk density
/mol *» mol ! /g cm? /g PE « (g cat) ™! /g ¢ (10 min) ! /g cm @
0.05 0. 9302 2128 8.3 0. 466
0. 06 0. 9230 3125 9. 45 —
0. 065 0.9215 3704 13.1 0. 465
0.07 0. 9202 5000 14.93 —
0. 08 0.9172 6667 18. 3 0. 460
Table 5 Influence of 1-hexene to ethylene ratio on polymer properties
Cy : G~ Density Activity M1, gkg ML, 16kg Bulk density
/mol * mol ! /g cm ? /g PE « (g cat) ! /g + (10 min) ! /g + (10 min) ! /g cm?
0.014 0.9251 2000 10.1 — —
0.019 0. 920 2778 13.1 0.71 0.491
0.021 0.9184 3704 15. 6 0.77 0. 490
0.023 0.9172 5556 16.9 0. 84 0.491
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Table 6 Influence of hydrogen to ethylene ratio on polymer properties

H; : C /pmol « mol ! M. 61g/g * (10 min) ! MLz, 16kg/g * (10 min) ! Density/g » cm™*
2 17.1 0. 88 0.9176
250 21.4 1.22 0.9182
1500 46.5 2. 66 0.9170
2000 60.0 3.43 0.9179
0.936 20
0.932 £ 16f
v :
g 0.928 < L2}
50 20 L
< 0924 Y 0.8
z 504
5 0.920 S . . ‘
0916 0 10 20 30 40
time after catalyst switch/h
0912 505 0.06 0.07 0.08
. . X . . . ,
1-butene : ethylene/mol- mol ™' Fig.6 Control of mPE’s MI
Fig. 3 Influlence of 1-butene to ethylene

ratio on polyethylene density

0.928
mg 0.924 +
% 0.920 . . .
g 0 10 20 30 40
T} 0.916 time after catalyst switch/h
0912} Fig. 7 Control of mPE’s density
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Fig. 4 Influlence of 1-hexene to ethylene (MQL) B2 3 B B A% T 65 L #E 5 1 LL103AA,
ratio on polyethylene density X ULE: mPE Bt 4448 LLDPE i A 3] LDPE
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. $. TSMIA mPE AT BLAE R R HE | 3 WA
g @W@ﬁﬁf 3ok — A T L4 72 AR 1 £ 7
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BN FIE P[] o PR AR R R JEE 8 v g B B 5 119 7 1A
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Fig. 5 Hydrogen responsibility of APE-1G W (B )
Table 7 Properties of blow film
. B Tensile strength Elongation Tear strength .
Sample Thickness /MPa at break/ % /KN -+ ! Hc;lze Dart impact
/I_,Lm /A /g
M T M T M T
QL 50 32.4 39.3 582 813 101 138 12.6 333
MQL 50 28.8 29.4 708 951 119 143 13.2 176
reference sample 50 24.7 23.6 557 894 114 149 20.5 103
LL103AA 50 41. 6 25.5 812 900 119 137 25.3 120
{ilm product in market 80 17.0 16. 3 358 450 76. 1 81.1 31.2 <297.9
QL: unmodified.
MQL: 50% Q281LDPE was added into QL.

Reference: the sample contains 50% marketing mLLLDPE and 50 % Q281LDPE.
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Table 8 Properties of cast film

Thick Dart i Tensile strength Elongation Tear strength
Sample ickness  Dart impact /MPa /% SNem Hage/%
/pm /g T T
M M T M T
QL/ QL 30 169 28.2 282 678 86. 9 143 13.0
103/103 20 26.3 22.2 443 789 75.8 108 15.2

QL/ QL: both layer are made with QL; 103/103: both layer are made with LL103AA.
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