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Silicone powder modified ultra-high molecular weight polyethylene and its melt-spinning processability
LIU Jie, GAO Yang, QIN Shengxue, ZHANG Hongbin,ZHOU Haiping
(College of Mechanical and Electrical Engineering, Shandong University of Science and Technology, Qingdao 266590, China)

Abstract : To improve the fluidity of ultra-high molecular weight polyethylene (PE-UHMW) during melt processing, silicone
powder was applied and a melt blending method was adopted. The distribution of silicone powder in PE-UHMW was characterized
by scanning electron microscopy (SEM) and energy dispersive spectroscopy (EDS), and the influence of silicone powder content on
the melt flow rate (MFR) and rheological properties of PE-UHMW was analyzed using melt rate testing and rotational rheological
testing. Modified PE-UHMW monofilaments were prepared by the melt spinning method, and the tensile strengths were tested. The
SEM and EDS results showed that with the increase of silicone powder, its dispersibility gradually deteriorates. The flow rate of PE-
UHMW melt first increases and then decreases with the increase of silicone powder content. When the mass fraction of silicone
powder reaches 4%, its MFR is the highest, and its complex viscosity and storage modulus are the lowest. The aggregation of 5%
mass fraction silicone powder in the PE-UHMW matrix is more obvious, and the MFR of modified PE-UHMW melt decreases. The
results of melt spinning experiments indicate that the modified PE-UHMW can be extruded into as-spun filament using a convention-
al single screw extruder, and high-strength monofilaments can be prepared by hot drawing. When the draw ratio is 36, the highest
tensile strength of PE-UHMW monofilament modified with 3 wt% silicone powder can reach 1 565 MPa. Therefore, considering
both processing performance and strength, it is more appropriate to use 3 wt% silicone powder to modify PE-UHMW.

Keywords : ultra-high molecular weight polyethylene ; silicone powder ; melting blend ; melt spinning ; tensile strength

E&UH: ILARE ARFEEESTH (ZR2021MEA234)

BIEMEE: BT W B WA/ A S0, P 1) S A i

YR B HA: 2024-02-01

SR XA, S P, B Th2F 55 R IRy S o 40 T SR M B B A 25 22 Jin TMERELD). TR MBI L2024, 52(3): 28-32.
LIU Jie, GAO Yang, QIN Shengxue, et al. Silicone powder modified ultra-high molecular weight polyethylene and its melt-spinning process-
ability[J]. Engineering Plastics Application, 2024,52(3):28-32.



RUZA 5 < RERRDM) DA e 4340k R 0 S H AR 24 n TPk g 29

AT R 2% (PE-UHMW ) £F 4 St 7L =
KEmtEfeer ez —, ) 2N TE T OB S22
S 5B AYE kYRR L, PE-UHMW 41 4
AT 0 L R LB, L B 0.97 g/
em’, HFT Tl AL % PE-UHMW £ 4 (1) )7 1 58
RIEERE Y7 2235 75 R R S A B R e T
AR A REFER FRBETT Y AR R SR AR
2 22 PIEARANTR B R ARG, HAT A 7 AR
A PERORE T R R T TS TR A
B RS . B2 T PE-UHMW 20 Tt 5,
SEREROR 2 e A O ORAS™, B L A%
MELLE AT o T, RIS T PE-UHMW 4355 K
SEYEGE 1 G S BT U R AR 4 Al
il Ty BRI NG . DRI, B A 4 1A 4 24
T ZMELIXS PE-UHMW JERMIEA 7 T, 7 a8 1 elobk
FARIR = PE-UHMW Jin T shtE.

PE-UHMW A48 R it gl M el e R h , JRTR v
S e AT K I AT 158 R i S I ads 42, 38 A S i —
s JLAP e fif PE-UHMW AH B 28 45 1) 73 K 55 38 43
i FF 00 0 JoT , DT oo I A AR 85 2, e s Tk
e, 2 PE-UHMW it sl 1 1y ele PR v iy o = 22
AARKE s ARFER AR , 401 %% B R 204 (PE-HD) %
R )4 (PE-LD) RN M (PP) R BEZ (PA)SE ; Uit
EPER, I E EERGY  ERER G AR £/

BLORALEN, WA R AR SR ST, H
B R SR R T Ry S — R A% P AN R
BENE N o i el L I W
(PDMS) , ATHEALOR S A THERE , IfBERkcE ™ i 1Y
T AN SR PR BT BE PR PR 250 AN 555 A )R, i
TREERY 0T 23 2 M- SR M IR R I TR 3h
PEN, Wang 5544 PDMS 5| A £ 3L 5 PP(PP-B) | T
MG — AR BT S i, PDMS 78R B A I
FAW RIS, $2 5 T PP-B MR S, Lin 550
I AR FR S k2% T PE-UHMW FOA IR R S |, R AR
T HARRSREE , I & T kA% PE-UHMW
WK L, 2345 75 P LB A X PE-UHMW il T
L sl Pk R e AL A ) SR AL BR 2R A RS M PE-
UHMW 22K LG 22 I T
1 SLIERSY
1.1 E2&RMH

PE-UHMW : GUR 4113, 431 350 J1~450 J7 ,
F[E Ticona N7 ;

FERR A - KI-BO1, *F- Y4642 200 nm, 73 F & 50
1 HUNIUR BRI R A FR A ]
1.2 B RERE

AR ARAY . XSS-300, RIS B &
HIRAF];

SEAT AU AT L : LSSHI-20, |7 R84 28

BB A A R 7] 5
FEATET AL LSI-20, iR LIS 5
ARAF]

YIRAL : SG-20, G RHIAZIBHLIR I 285 R A
Al

FEE IR RN GH-10, L 5t SR

HL PG XT84 - DHG-9001A , | ik 7 52
WA A PR

Y5 AR 81 18 2K (MFR) Y : Gottfert MI-4, 7 ] =
FEtE ]

T 7 25 A . Haake MARSIII, 7% [ Haake 3 A
AR

P IRL : A2 L 1~100, A6

JTREM BHR AL . UTM4104 5, 1 = ARk
BHE A A BR AT 5

I 7 33085 (SEM) : ISM-6610LV, H 7K i,
T &4t
1.3 XA A&

4 80°C T 8¢ A T4 4 h AU AL # 5 PE-UHMW
HARHBOA i IR ARHL TR 20 min, Bt S R E R F
[ HR 3 B0 R 2%, 3%, 4%, 5% IR AR R, i@
I RCBATBT AL EAT 4 ml R R DR, ol 25 ek
P PE-UHMW f0fs . SSURFTHF AL 6 Bl B2 73 51l A
120,200,280, 285,290, 290°C , # 3k I J& 285°C , i2,
FFH3 10 r/min, PE-UHMW 2k P 50k 25 P2 AT 4%
AL B R g5 22 ) A 24, SBAT B ML = B
JE 4390 R 120,230, 290°C , A5 3k I BE 285°C , BEFT 4%
10 r/min, #) 4 22 K% A 5], H 4% N (3£0.05)
mm,

PE-UHMW FA.2238 Pt R g ML 7 = i
FERrAR A8 o Hh ]S o030 s v A R 2 95°C, A2 1|
AR R AR ] I AL ol v U0 8 e H A
5 PIDIRER G AR . W1 52
LR Sk L ERZ2 A LT R
1.4 w5 E&4E

fik B A9 76 PE-UHMW HE 4 Hh i) 43 1501 190 38 ek



30 AR

2024 4E 55 52 4 45 3 1

B % fie B {0 HRE T E AY SEM g A7 4E . Pk PE-
UHMW #) 4= 22 FE R I 1 h DA PR DR i g
S JE AU .

e PE-UHMW 44 4 3t 2 3 2% (MFR) 2k H]
MFR A, bR 7R ASTM D1238-2010, il
TR B 230~250°C ., MR 4l DR 2 I 28 55, 3k
AR 21.6 kg

PE-UHMW it 28 M 2R HE e it A2 13m0, il
BWOPAT AR B AR 20 mm. 20 HE PE-UHMW il 3t 3t
FE 28 T S0k SR AE BT R AILET A4 A i A 1.5
mm J5 AR, AR 5 AT EL v R B E A 20 mm 1Y
o 4l PE-UHMW i20H il B B 1.5 mm, HA2
20 mm I RKRE | AR ASUIE 3 - 5 1 B TR B 1
mm, FE ] 0.01~100 rad/s, MIRIEE K 260°C.,

PE-UHMW F2z 5 fifisis SR FH T e pr B4
i 1 GB 19975-2005 3. 4k B B 250 mm, $i7
i3 B R 500 mm/min, P I B Ok % 0, 25 X PE-
UHMW B 22 7575 550K B X 0] Y B 24 19 5 7k S 504
i, WOFHIME
2 #ER5IE
2.1 EEA# & PE-UHMW F 53t oL

Tk W By 32 B 43 2 PDMS, &1 1 4 7=
EH R W REER R A A DL, R IRV SRL Y
I B, AR BB R R i 3 HUE Ol B 35
i) 3 A TR 1) VI T B . BT 2 ki I R 7E PE-
UHMW 14380 SEM Bt | o INE 2 W] LA Y,
A% B 2 I A B I OB R~ 2 2 4 T 34
1, Ul I T o e T 2 P G 1T 5 R 4 ke
HH 5, 0 8 5% 1 Ak T R 2501 PE-UHMW Hr
RIWARH HERRKIEHT 4 1.6 pm, 8% PE-
UHMW EDS [ 5 4nf& 3 i, T LVE H,0 5 Siot
E B34 5 SEM F AR5 T —3, 5 2wt ik B 5 2
P4 PE-UHMW #H Lt , £ il 1% 12 - 4wt% Y 2 14 PE-
UHMW 1 O JCE 5 Si e 40 /i B4, WK 3(d)
AL B BT R AT RS .

|
\Si/o\<Si/O s‘i/
| | /|

E1 PDMS4rT45taE
Fig. 1 PDMS molecular structure
2.2 M PE-UHMW BARA S L 7T Ak
F 1 N ARR B KS & 5 PE-UHMW i MER, )
1 0] LLA A D L B Y LY, PE-UHMW 1)

(c) 4% (d) 5%
2 ANFEREE & PE-UHMW Y SEM 4 H-
Fig. 2 SEM images of PE-UHMW with different silicone

powder contents

(a)2% O (b) 2% Si
(©4% O (d)4% Si

B3 ORFEGERT & & PE-UHMW 11O 5 SiJe# 4311 EDS R A
Fig. 3 EDS images of O and Si elements scattered in
modified PE-UHMW

MEFR Pifi 75 Fef: By 5 o 380 2% & J5 B AIG, 41 PE-
UHMW 5 R85 BERR 5, 5 T st , MFR 4 0, 247
TR K53 I 2t 53 B8R 4% B, I S S, AR 4 o ek T
i, MFR FFURRRAR . 1 T R B R 1 43 i
TR P AR G B G ), R R, ] LA SR A 9
PR B T TRERVE M, (EREE REER R o 3
i, B SEM F1 EDS 45 5L ml %01, £ i # 4£ PE-UHMW
SRR, SO SO AR R AR
FHAR SNt T A R 48 P S i i i 4 K. )
N EE R R E TR i D B =B a2 Y | A
AR FHE 03z 8h, i ARG Ry 7 1 1
—BHEN, AR R PG AR S AR 2%

4, B IR EE R TR B0 PE-UHMW B AT
T BRI S S BRI T A U S e



RUZA 5 < RERRDM) DA e 4340k R 0 S H AR 24 n TPk g 31

SRR AR BT IR, W I PE-UHMW 3 IR ik X
(78

F1 A REEMYEEPE-UHMW # MFR
Tab.1 MFR of PE-UHMW with different silicone powder contents

2/10 min
- Extrusion temperature/°C
Silicone powder contents/%

230 240 250
0 0.00 0.00 0.00
2 0.23 0.33 0.38
3 0.62 0.71 0.76
4 0.87 0.90 0.92
5 0.54 0.60 0.63

K] 4 Tk By £ fE %) PE-UHMW 37 28 1 BE 52 i
Mk, X T Hetk PE-UHMW , 76 T BFSE (4 451 2 515 [l
PN B ek R 5 S A 0, LA B (G F 4K
BHRE (") (B 35 BH S0 R AT, o ek TR I i 40 455 4%
B, 35 2 5 AIG, 28 B R B 4 0 A7 A nT DL PE-
UHMW 3 FHE g E5 R, AT e ok vl in T
PEC R BB BT B 40 B 4k S 1 B 5%, ok Pk PE-
UHMW fiff e e 5 52 8080 B T S AR sl ik 22

- N
% 35 MFRZ5 R
107 —ae 0%
—— 2(%
—h— 3%
106F e 2;
0 i e
g ———————————— :: ::l:: - -
b '.—r—v—v’r’" /xj’IFx
s v gooee=
10 S =2 ===
104, | | |
N 1 10 100
o/(rad - s1)

(a) Storage modulus

w/(rad * s1)
(b) Complex viscosity

B4 AEIEERTE) & 1K) PE-UHMW i fiE
Fig. 4 Rheological properties of PE-UHMW with different silicone

powder contents
2.3  EE# A PE-UHMW JEAR 25 269 % 7R
P 5 AT R A & e PE-UHMW ) 4= 22 522
I 14 A5 A B 22 A 88 B e Ry 5 AR AR 2K
KL AP B A 22 BE AR, JEBEE REFR A 7

B LMK, 2k 95°CIM 14 5 hifi i , PE-
UHMW FR.22 iy i B SR, IRl e Ry 7
(R 38 0 5 T i I BTG o S e T R ot 43 B3R 3%
i, PE-UHMW R 22 $i7 {15 5 v, BP0 2B 22 19
25.82 MPa | J+%] T 851.14 MPa, JF5 2 33 1%, 1
e i A sk R e R RS % 0 VR O B T PE-
UHMW K53 FBEMRaZs | AT ™A 38 2 147 )7L
] YRR R T A Bk S8 N 3] 4% , PE-UHMW
P22 WP BT IR T R X0 B TRl A I S B )
SRR AN, E AR PE-UHMW s FH i (HE K
) S R~ 23 IR r A Ao e b ) 559 L, 2 B 22
PR A . ARSER LR A & &, LA RS
JEEE, PE-UHMW BA.22 ()7 {56 B 22l A

850 - §

& 800+

2

< 750  -=— Monofilament

g —e— As-spun filament !

2 700} P

o

g -

S 25 ¢ *\i\Q
20 L L L L

2 3 4 5

Silicone powder contents/%
F5  AREGERDE & b PE-UHMW 1) 4: 22 5 822 [ hy i J
Fig. 5 The influence of silicone content on the tensile strength of

PE-UHMW as-spun filament and monofilament

P 6 Ay fif: I 53[5 k73 %4 3% #Y PE-UHMW FRL22
PR B BERL A AR At 2. 22 AR
BEHL A% AR B 1S R SE T Ja BRI, ZE R % 38 36 )
iK% 1565 MPa, /&) AE 22 hi s B2 1Y 60 245, X
S th TR R AT SRR R AN, B 22 I B 45
FERR i, AR RO AR 1o i T e A v )
G35 RS A R T B 1 A AR S R U DR
P o B BERL AR R T Tk o (HALAR A R AT
— AR BRAA , 25 A A% 3 e B PR A, 22 i fif
SN Ak ST ST R T B, R T
16007
14001
1200 1
1 000
800

600
400

Tensile stength /MPa

0 5 10 1520 25 30 35 40 45 50 55 60
Draw ratio
K6 JiEE 3% MAERIF PE-UHMW S22 [l il L A dir feh i i
Fig. 6 Tensile strength of 3% silicone powder modified PE-UHMW

monofilaments with different draw ratios



32 AR

2024 4E 55 52 4 45 3 1

VAP I o A R R A 17 g it v, 1
IRT BBt B, DA (7 B 22 A 98 7 A 1 R Y ke
T B2 S ERR A R
3 2* e
K RERA A 5 PE-UHMW X5 Al R 45 55

T PE-UHMW I T3 st , I 0 HIE 14 25 22 HoR

#1457 ek PE-UHMW #2258 LU T 4518 .

(1) fERRI#Y7E PE-UHMW #4 filljin i F rprmg 1

P SR S, AL R B . W& Rk E A

PRGN, PE-UHMW A5 (0 sl v 5 2 s Se 7t

o P RRATG BRI RS 23 24 5 PRS2 32 2 PE-UHMW

FERTL SRR OCER R . YRkl B BT i 73 H0h 4%

i, et PE-UHMW B AR sh e bf

(2) BERR A et i) PE-UHMW HLA Al gtk Bl

P PE-UHMW 22 [1)-437 4 56 J5£ [ ke A3 5 2k 114 3

INSET i J5 BEAR , fEBRAS HAT (2 PE-UHMW 43 ¥

R GRS B9 VE T, AT Bl B A I 18 7 A B

[], i v B 22 5 JBE |, (ELAE DAy 5 JBORE 1 [+ I 2 28 A1 2

22 RLBREE . MR 95°C, FLRAT A 36

F, Ak F R o 1 53 K5O 3% A U PE-UHMW B2

PSR R R AT 3K 1 565 MPa.

) EEEH G Ty sh itk 5 P 2258 B, v] LG

T A Jot f 350 5 D 3%

& % X

(1] Fhiliwde A2, PR RL R 20 T 5 R ST e M RE 5 BT
] 4L T 5%, 2019, 7:97-98.

SUN Shanfeng, DAI Shiwei, XU Shaokui. Properties and applica-
tion of ultra-high molecular weight polyethylene fiber[J]. Modern
Chemical Research,2019,7:97-98.

[2] XUH, AnM, LvY, etal. Structural development of gel-spinning
PE-UHMW fibers through industrial hot-drawing process analyzed
by small/wide-angle X-ray scattering[J]. Polymer Bulletin, 2017,
74(3):1-16.

[3] WANG X,ZHANG L, LIU M, et al. Preparation and properties of
a modified fe2o3pigment for dope dyeing ultrahigh molecular
weight polyethylene (PE-UHMW) fibers by melt spinning[J].
Fibers and Polymers,2021,22(12):3 343-3 350.

[4] RIR, WAL, EPCHR ARG 22 FIBERL 27 22 PE-UHMW £T 41451
Xt UL B4 TR R RS TR, 2017,33(9):101-105, 111
ZHANG Qiang, ZHANG Jun, WANG Qingzhao. Comparison of
structure of PE-UHMW fibers prepared by the melt spun and gel
spun[J]. Polymer Materials Science & Engineering, 2017, 33(9):
101-105, 111.

[5] LIU J, QIN S, WANG G, et al. Batch foaming of ultra-high
molecular weight polyethylene with supercritical carbon dioxide:

Influence of temperature and pressure[J]. Polymer Testing, 2021,
93. DOI:10.1016/j.polymertesting.202 0.106974.

[6] XIE M, LIU X, LI H. Influence of poly (ethylene glycol) contain-
ing additives on extrusion of ultrahigh molecular weight polyethyl-
ene/polypropylene blend[J]. Journal of Applied Polymer Science,
2006,100(2):1 2821 288.

(7] Xm0 i 2R LR MR A R S R 27 22 B Y [D].
At AR TR, 2019.

LIU Lichao. Study on rheological properties and melt spinning of
modified PE-UHMW material[D]. Beijing: Beijing University of
Chemical Technology,2019.

[8] ZWNHH. Dow Corning Fif: i Bl 5 28 K

2009,37(1):99-100.

NEFHI] AL TR B R

MIAO Lijing. Introduction and application of silicone master batch

of Dow Corning[J]. New Chemical Materials, 2009 ,37(1):99-100.

[9] Tk, deid, 2, 5 RRIRME- R LRk A b L R il &
X R BRIR R A SO [T]. w8 20 T ORRL 2% 5 TR, 2017,33(2):
164-166,171.

WANG Jian, XUE Feng, LI Baixue, et al. Preparation of
polycarbonate-polydimethylsiloxane copolymer and its modifica-
tion on polycarbonate[J]. Polymer Materials Science & Engineer-
ing,2017,33(2):164-166,171.

[10] 1152, G & R BRAEbk, % . EVA-g-MAH X} EVA/fE B B} 52 4 b
FHERERYRZ AL SRRHE , 2013 ,41(10):57-62.

FU Meng, TANG Yumin, CHEN Fulin, et al. EVA-g-MAH effect
on the properties of EVA/silicone powder composites[J]. Plastics
Science and Technology,2013,41(10):57-62.

[11] WANG M, MA J, CHU R, et al. Effect of the introduction of
polydimethylsiloxane on the foaming behavior of block -
copolymerized polypropylene[J]. Journal of Applied Polymer
Science, 2011, 123(5):2 726-2 732.

[12] LIU J, WANG G, QIN S, et al. Enhanced foaming behavior of
ultrahigh molecular weight polyethylene by blending silicone
powder in microcellular foaming[J]. Advanced Engineering Mate-
rials,2022,24. DOI:10.1002/adem.202101137.

[13] QIN S,JIN T, ZHANG H , et al. Optimization of hot drawing
process of ultra-high molecular weight polyethylene monofila-
ment prepared by melt spinning[J]. Journal of Applied Polymer
Science,2022. DOI:10.1002/app.53075.

[14] WANG X, WU Q,DONG J, et al. Characterization of polyethyl-
ene e/kaolin composites by polymerization filling with Cp,ZrCk/
MAO catalyst system[J]. Journal of Applied Polymer Science,
2002,85:2913-2 921.

[15] LIUL,ZHAO H,WANG F, et al. Rheological behavior and flow
instability in capillary extrusion of ultrahigh-molecular-weight
polyethylene/high-density blends[J].
Journal of Applied Polymer Science, 2019, 136(26). DOI: 10.
1002/app.47713.

[16] WANG F,LIU L C, XUE P, et al. Crystal structure evolution of
PE-UHMW/HDPE blend fibers prepared by melt spinning[J].
Polymers,2017,9(3). DOI:10.3390/polym9030096.

polyethylene/nano-SiO,



