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Preparation and characterization of polyethylene with low
entanglement and ultra-high relative molecular mass
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Abstract: In order to solve the problems of high entanglement and difficult processing of ultra-high relative
molecular mass polyethylene (UHMWPE) prepared at the catalysis of traditional Ziegler Natta catalyst (Z-N
catalyst), low entanglement UHMWPE was synthesized from slurry polymerization using magnesium dichloride
supported Z-N catalyst catl (or cat2), which was prepared from chemical reaction of MgCl,, TiCly, isooctanol,
tetracthyl orthosilicate (or dihexyl phthalate), as main catalysts and triethylaluminum as co catalyst. The particle
size distribution and metal element mass fraction of catl and cat2 were analyzed. And the influence of
polymerization temperature and time on the catalytic activity of catl and cat2 as well as the viscosity-average
relative molecular mass (M,) of UHMWPE were investigated, with the entanglement degree of UHMWPE
characterized by rheological analysis and DSC thermodynamic annealing. The results showed that the catl and
cat2 obtained were consistent with the design. Under the polymerization reaction temperature of 65 and 70 °C,
and reaction time of 5 h, the catalytic activity of catl and cat2 reached 27700 and 37700 g PE/g cat, respectively.
The M, of prepared UHMWPE was 6.01x10° and 5.03x10°, and the initial storage modulus was 0.21 and
0.13 MPa, respectively. The entanglement degree was lower than that of commercial UHMWPE.
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ALK 5 R A T 22 A W O AE 25 14 Fil
ZWMEHERE R L8, BHRr, HTH % UHMWPE
ML F A Ziegler-Natta ( Z-N ) #4LF] . /AR 4
JRAEAE T Z-N A ) AT 1 A BRI R L 24 IR
Tiif 3% P DA R AR 6 1 e A i U vz v
F UHMWPE ) Tolb A= 7= (HFh Z-N e 2 A
2D R, AL SRR A HLEEME L 5
BY, — Bl , AR T TiCl, Sk ids 44
BRGSO . CHEALIE ATE BRI | 5
REWEERRE 3 LB, Z-N R G 15 d
D FEBARR I R AL R B Hl, WS THAS
KA AT AR LS, G AE L I TR X S )
il OSICHOW ZEUTER I T N-= 5L e 3k
B AR KR B P, ZEHEAL ) 5 A B
KA B A T DL BEE I SRR A R
UHMWPE, HA7 B W ARG 454k, (H D SR Al
ik (5 °C) FEAMMIEHEM, Tk fbni HZ MW
RONCA ZEUSIEM AR R AW (0 °C) FRHY
IR FRHREE (8 umol/L ) AYAE ML —TF1 1k
FH 45 TR 445 UHMWPE, (HIEE RS WEE | 4
PERCRAR . AR AR A, am i e, OB FI
AT RN B AL ) 2R BUR R 30K ([ TiO, . ZrO,.
FRIEWE IR AT . BRAKAT (CNT)) |, fHil4 T g
FLAEALF], 7E500 T B % T L2845 UHMWPE,
AL TG PEAR , ASHTF TV AR I o 38 A ifF 5T 120
BB BB A2 mE A ke (POSS ) 51 A B 6 g /MgCl,
BHBEERE Z-N EEF, Hl7F SiO/MgCly
POSS/TiCly AEIARMEALT , 381 38 A A7 [ B 1
Wl FRERIAIE A, AT LA & K445 UHMWPE,
B4 R T 2802 24 DAL 2520 N, <51 A% Z-N
HEACR ZR T, 38 A fC I 5 A ) ORI 5 % fh -
JU BRI R O MRAR A R, RRAIREERI R, Ik
HELE LTRSS TRgE%S UHMWPE, A%
X N S8 AT AR LR AR i 25 B A B

I RAE VAR BEWEHES . M
PERELF, BABRKMAFLENSE, &2 UHMWPE
Tolb ey B A= WK RA B LS ke
KIEFNRA, FEMARBARURG] & LIHRE,
BRI REWEIZETHERT, AR RZIRER,
W, REREEEREEE (60~100 °C) FikfT,
RAE VI IR N 57 F 4l 1R R THELS TR

SHUG R A YIEEAR A RS, HAGEZE, hnalsE
wEk I RPN, BT, LAB—3RR Z-N AL N
JERk, WAL R G 1 B O m IR KR A T
LA AR D) A= & UHMWPE B 28 45 ] 75
firf A 2

AL 3 MgCl, g8 A Z-N e, ik i
KRETESE, MEMARS A, FBRIR
BOIIRETE A G e 22, DIBITE Tk A== 5040 T
il & 1K 2525 UHMWPE., #F— 25 Bl e 5% i A2 A SCORn
DSC #I121R KA 7k, TRITAS [ 3% 2R G IR
XTYRZEFE R RE ], A X R M BE UHMWPE M EHR
TSI R BAEMRE XM TS EZME,

1 SCISERSY

11 KFIE5NE

MgCl, (AR ), TiCl, (AR), F¥E (AR), =
ZHESR (AR), 4A 3o . IERERRIU TR (AR ), 2
KR Ol (B8 97% ). IKBERREN (AR ),
VBB T A RHE D A BRA R &A% (AR ),
Tk (AR), HEZERLAKFIABRA R LM
(B 4199.9% ), LI EMFEFSIEARA R 1E
Bkt (AR), TFCkE (AR), TLIRBRIEINAEIL 7 5B
WAEBRAF; fl Z-N 4R . Bk UHMWPE
(M=400 77 ), EiAL THF5EReA RA T,

Mastersizer 2000 I FERL AL, il H EH AL
WAGAHBRN ] ; Agilent 5110 %I H R 4 45 55 14
K EETEL (ICP-OES ), “GHESRHE A BRI 7 ;
GNO020 9 S [CEE T, i sem A A3 R A
Universal V2.3C B 2Z2/R i m#UY (DSC ), IRFFH
W E A BRZA 7] 5 MCR302 HBURERL AR, 24 ( 1
) FRARAA,
12 EAFINHEE

SR P BN 76 P i 46 MgCl, 12878 Z-N ik
) catl F cat2,

5, ¥ 2.38 g (0.025 mol) MgCl, 5 11.40 g
(0.0875 mol ) S ([ n(MgCl,) : n(FE)=1.0 :
3.5) A #E NN, fF 30 mL IECkerP i E
120 °CogaiFfi, T MgCL BEA%, A 31.20 g
(0.1500 mmol ) IFAEERRIUZHE ([ n(MgCly) : n(1FRE
PRI TR)=1: 6 ) I, # 30 mL IECKEM 475 ¢
TiCl n(TiCly) : n(MgCl)=10 : 1 JILA 2# i %8,
JFEHIZE-20°C. JJa, B 1#E0 MeCL EEWIREG
WAL E 26 M 28h, Hhnsese, Lho.s °C/min
FHEZE 100 °C, PRFFZIRERFERNL 1 he Ny
Fidug, FWIECREVERIEDE, THJEM3] MeCl, fi

A Z-N L5 (catl ),
W5 b3 iy e AR R ) T ik R DY 2 T B e A AR [
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Fig. 1 Schematic diagram of ethylene polymerization unit

TER Y IFIRET, KRS ES T 2 h DL,
WIEBEAT N, B 3 K, ISR N ag Ko Fl
O, SEffrm A . B, P IRKIR BT 2
RERE, IREmMABETEER 1.2 L 1EPHE A
0.294 g (3 mmol ) BhfEfLT = 2340, HEfkabBE 5~
10 min, DAVREERBRZE NI, RS MMA 10 mg f#
B (catl 3% cat2 ), FTIF 4K I8 ) 22 114 1%
i, CIHREG RN, RNEEN 2~5 h, BER
o 25 RS S A S AR IR, A8 RS N 22 R Y
IR BMAEL, TP RN I, RElH6
BRSO, T 50 CRFEAMA T 120 UL,
HEEE, 531 UHMWPE &5 T 0T 2 10E

B RERN, TEM catl. cat2 AL ZHERE
RN G . BB AIRE (RN 3 h) DL
NEEFE] (catl | cat2 AR 35120 65, 70 °C) Xf
1AL TE M . UHMWPE Ry M, OS2I

X R L Z-N AR 54 S0 MgCl, 78 Z-N
HEALFIME IR R A T 2Eih 2, F—2 R
BTk AR ) 223R KA A2 il £ ) UHMWPE 4§
SRR, BERA T X TGS M5
14 WiXERIE
1.4.1 UHMWPE # M, al &

FRELZ) 6 mg () UHMWPE £ i 5 29 20 mg B4
AL CRBERREN ), #IHEIA 25 mL 2550, 0
Al +TEAZE, HET 150 CHREmG®ZE
UHMWPE &% fE, MERRZ 135 °«C, TR
ZEER, HEH R ORI R R R (p, 1072
mg/puL )o FCHl FOhAR R &+ S ER W i, A
5 [RFHBE T3 30 28 R W TN 25 VS WRAE 135
CHFHE- 4t B ], 435124 ¢ (min) Fl 45 (min ).
A= (1) 758 UHMWPE /) M,

MYT=2"2[10/t — In(t/t0)]"*/(6.67p) x 10 (1)

1.4.2 UHMWPE 44 %2 4 #2 & | %2

anm I I R TR WA e o (= S Q7R e
UHMWPE #4481 25 fi i 1201

AR S BT SR I B T A G AT I, Sl A
PREFREE R AR (0.5Hz), HE (160 °C) F
N 73 % UHMWPE  #F 17 2l 245 B 6] 5 4, i
UHMWPE 55 g8 452 B s IO 521R K2k 2278
FARFEHAL (DSC) AT, Ead /TR LM
IR TR, M UHMWPE 275 5 fif 4
SRS N FE o A IR LU TR k. B HIZ
b FHE S B
1.43 R E M

N AR A (PE) Bl m (g), fE4LF]
JiE N m, (g)o ML (BN ¢ PE/g cat)
ﬂ‘j m 5 my E/‘J H:{Eo
1.44 MEAREE ., TERESEN T

SR IO BE AR, catl FT cat2 FRLAR K/ B
Hori . i ICP-OES, K i a8 A fi 4k 77 F Ak 243k
A (HEORIR & HoO, ) WG, S5 hRHEVE WO He I
catl il cat2 )4 B ICE im0 %0

2 GRSt

21 fEHFIMRLE
2.1.1 KBS

Kl 2 4 catl Fl cat2 FPRIFR A0 B 2% . 2 1 2 catl
Fl cat2 PRI BHRIC B

1 catl I cat2 BRI R ELIE

Table 1 Particle size data of catl and cat2
AL Dio/um  Dsy/um  Deg/um PDI  D(4,3)/um
catl 2.33 3.60 5.64 0.92 3.83
cat2 4.13 5.86 8.38 0.73 6.10

e Dso FAEALFIN T 3RIAE ;. Doo oAb IBURE B2 11 R0
A3 AR B B 0%t T it B AREAR 5 Do A Ak 70 JBURL B 31k BE 43
A HGER B 10% BT X R A ARLAR 3 40425347 ( PDI ) = (Dog—D10)/Dso’s
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Fig. 2 Particle size distribution curves of catl and cat2



56 M

PESEIH, A5 (RS i AH X 231 BT i 2R 20 A ] 4 S R AE

© 1265 ¢

MNE 1 5R 27 UEH, catl 5 cat2 B Dsy 4y
Wk 3.60, 5.86 um, [AR} catl 55 cat2 Rt i T
JE (PDI) 23514 0.92. 0.73, RiAR/MA0 Ta AL A
212 ERBAFRESESH

22 ML A 48 JC F B R s R

22 catl Ml cat2 4B ICRE T E

Table 2 Mass fraction of metal elements in catl and cat2

AR 2.97x10° (55 8), LI E45REH, BEIRE
X} catl 5 cat2 YHELLIEPEF UHMWPE [ M, 5200
AR —00
222 BB STRALE T 64 B vl

% 4 AR SN ETE TR catl, cat2 L LR

ERVEE

F 4 RFERVEE catl. cat2 b 2GR A L

AL JCE R % Table 4 Ethylene polymerization results of catl and cat2 at
Ti Mg different reaction time
catl 430 17.39 ol ®E& R LR PR BRI M
cat2 4.37 18.08 2K RBEE/SC Bff)/h FEJ/MPa g (gPE/gcat) 10°
Mg 2 AT, catl T, Ti BB AME0h 4.30%. 1 catl 65 2 0.40 132 13200 4.66
2 catl 65 3 0.40 165 16500 4.88
b S o s . _
Mg Eﬁﬁ%ﬁ@\j‘j 17.39%, ’lfr%‘“ n(Ti) = n(Mg) 3 catl 65 4 040 233 23300 5.90
1: 8, [AlkE, 2315 cat2 /1, n(Ti) : n(Mg)=1 : 8.1, 4 catl 65 5 040 277 27700  6.01
22 HUZHERERMEHRNEE 5 catz 70 2 045 107 10700  4.48
221 BAIBEITIEAE Rk 6 cat2 70 3 0.45 190 19000 475
2% 3 & catl. cat2 TEARBRESBENLERE 7 cat2 70 4 045 330 33000 4.85
8 cat2 70 5 0.45 377 37700 5.03

4k

%3 AEBEIEE catl, cat2 L LIGER G
Table 3  Ethylene polymerization results of catl and cat2 at
different polymerization temperatures

fitfe REWE 2hmIEH 8 A/

= 6
L 7 °C MPa g (g PE/g cat) M.10
1 catl 60 0.40 125 12500 5.52

2 catl 65 0.40 165 16500 4.88
3 catl 70 0.40 296 29600 4.12
4 catl 75 0.40 368 36800 2.72
5 cat2 65 0.45 145 14500 4.77
6 cat2 70 0.45 190 19000 4.75
7 cat2 75 0.45 230 23000 4.33
8 cat2 80 0.45 324 32400 2.97

Ve RBLAPE 1.2 L IEBER, AL 10 mg, R 3
h, AL = 2748 3 mmol,

M 3 AT, BRI TR, R AL
TEPEB T o catl 7 60 °CHELLIGTE A 12500 g
PE/g cat (J¥'%5 1), FHRZE 65~75 °CHf, fEfbiGPE
FEE & 16500~36800 g PE/g cat ( JF5 2~4 ), HJ5 A
Al BB R A RLEE TE R R T L R A
A BYF 20 PR EC A2 38 A o i cat] 45 i UHMWPE
B M,, A 60 °CHFFY 5.52x10% 5 1 AR E 75 °C
Y 2.72x10° (5 4 ), UHMWPE ) M, BE%E B4
TR THE M EAL, RUNRET S T LG AT
RPN BERE RS, UHMWPE 19 M, FiZ TR, 28
LI, cat2 78 65~80 °CAAL G M Bl & b FHimi 4k &,
65 °CHH AL %K 14500 g PE/g cat (JF5 5), 80
C AL I PE 4R 5 2 32400 g PE/g cat( J¥5 8 ), cat2
AL TS UHMWPE () M, [t 54 1B T i i
ik, M 65 °CHIY 4.77x10° (J¥5 5) FE{KZE 80 °C

e UM AMR 1.2 L IEPERE, AR 10 mg, BifELH =
L FEE 3 mmol,

M 4 0TI, catl fEJNETEICY 2 h B, fi#fk
6K 13200 g PE/g cat (JF5 1), BEZE AT H
e = S h B, fEfRIE TR 27700 g PE/g cat (JF
5 2~4), catl EALIEPETERG 5 h W—EIRFRHE K
B R ARG PEREOE R R ] . BbAh,
UHMWPE 1 M, fifif5 A B RIE B E TR . R
RMEHE] 2 h BF, M, N 4.66x10° (F5 1); 5hHf,
M, %3] 6.01x10° (JF5 4),

AHRHL, cat2 DS E]A 2 h B R A P
10700 g PE/g cat( J¥'5 5 WEHHMZE 5 h B 37700
g PE/g cat (J¥'5 6~8), UiHAMEALTI RS E ME 80T S
bl R AR B R, cat2 #E{LETIH UHMWPE [ M,
Fhir, M 2 h B 4.48%10° (JF%5 5) FHEE S
h B9 5.03x10° (JF5 8 ),

DL ESERFRI, OWIFE X catl 5 cat2 BfELL
A UHMWPE 1) M, 5 W B — 200 o
23 BEIEX UHMWPE 472 BRI
2.3.1 MEALH B A F b R

B 3 & 3 Mk Z-N AR (1 RIS
TR, 2. 3 WAFRRERRAHE TR ) Mk O
G i, B 4. 5 25052 catl Fl cat2 FEAN[H]
FR IR fEAL M R A B 12 4R

ME 3 LA H, Bl Z-N AR R A0
(10 min 2247 ) G PEPRBUR L, SO AR TR 2 A Ik s
LT A, ARG AR TR MR R, AR 4
K5 FIE 3 BN AT UL, MgCl, 8 BU4AL 5 catl |
cat2 TERGRIAMALRIE AL, #HNEHZZE -
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Fig. 3 Kinetic curves of ethylene polymerization catalyzed
by commercial Z-N catalysts
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Fig. 4 Kinetic curves of ethylene polymerization catalyzed
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Fig. 5 Kinetic curves of ethylene polymerization catalyzed
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Fig. 6 Variation curves of commercial UHMWPE energy
storage modulus
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Fig. 7 Variation curves of storage modulus of UHMWPE
prepared with catl at different polymerization
temperatures
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Fig. 9 DSC annealing temperature variation program diagram
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