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Structure and properties of drawing grade coal-based polypropylene and petroleum-based polypropylene
LIU Guogang,ZHANG Xingxing, CONG Rongjuan, LIU Lin, REN Dongxue, CHEN Linfeng, YU Peigian
(National Institute of Clean-and-Low-Carbon Energy, Beijing 102211, China)

Abstract : In order to reveal the influence of various propylene sources on the structural characteristics and performances of
drawing grade polypropylene (PP). The process flowability, molecular weight and its distribution, rheological properties, isotactic
index, crystallization properties and mechanical attributes of five coal-based and petroleum-based drawing grade PP produced by
different processes were systematically assessed and characterized, providing a reference for the development of upstream products
and applications for downstream products. The results indicate that all grades of the five PP materials essentially satisfy the require-
ments for drawing grade materials. Furthermore, their molecular weight and molecular weight distribution show no correlation with
the propylene source. Both shear thinning amplitude and polydispersity coefficient increase proportionally with the molecular weight
distribution (the ratio of Z-average molecular weight to number-average molecular weight). The processing window for petroleum-
based PP is relatively broad; however, petroleum-based PP produced using ST liquid-phase bulk process exhibits a lower isotactic
index, resulting in lesser strength and rigidity, and its too wide molecular weight distribution is not conducive to the high-speed
drawing and forming of flat filament. Conversely, coal-based PP produced by Innovene gas-phase process has a higher isotactic
index, leading to greater crystallinity and rigidity, but limiting its processing window. By moderately increasing the processing
temperature, the elongation at break of the coal-based PP can be significantly enhanced to ensure the rapid and stable production of
flat filament, thereby endowing the product with better rigidity and toughness balance characteristics.
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IR PP PR A 7= T AR T B 7 A
BEFNN )z R T &7, FEA T T 2R
SRR RARAR AR AR -SARE A G T2,
W UL RS T30S, LSES9, S1003, 1102K, F401,
TO3 5. M AR - ZAFE A filE AR H
Bl = RIE B FRECEHK T AR R
RETEAE =) , A 1 IE 2 0 R 8 2 2024 4R, 3R
EE SR T REIAF 1 87277 t/a.

2024 4, 85% LA _F 19 PP A= = Al i85 M b 22 9%
PP R} = b 22 k= 129 1 100 7t HAG, PP A2
BME RS AT R, L I = fe ™ s 3,
TR A A P RO R . Sl A - 2F
J& 7 600 tex FIEFE A 0.15 mm Y i 225, 55 1 R
FERLE 73 915 3K 260 °C A1 170 °C, FE4EIT 10 /54 fif
FE R, 52 P07 Y 4 600 m/min = 5004E 72, R,
TN PP JGURHE B 5 2K, R A R hir 22 9% PP
Gy FRELE R RN FHPERERARIOC R I & ik e
P22 20 PPIATEJEIE . B35 %) 2 Fhofa vl B0 3 Rk
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VRS G (CEF) AU 92 LBk SR A 4540 , SR 7 2
TF 5% LR P RE AN T8 11 o 3 Ao XA [ TR 4 o
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AT RAR TR 2298 PP (ITERE 1R T IR K
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1 SEIERS
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Sk A T EIATT AN [R) DN SR U DL SO TR R T8
Fr 2224 PP (I Z5H SYERERIOC R , BEHIK A E N TH 5
- MFR=3.0 g/10 min (1Y) 3 FP AN [F] T2 (B 5E PP AT 2
Fh 9 T 20 A7 9 L PP, H: 4 3 PP 40 4% PPI
(81003, Innovene ‘< A 1. 7). PP2 (L5SE89, Unipol <,
FHTZ0) . PP3 (TO3, ST AHAMA T-20), Al AL PP
15 PP4 (T30S, t ZE /K Spheripol _I. Z5) #1 PP5 (T03,
STWAHAIR T Z),
1.2 ZENELHLE

T 981 : Systec80/420-200, B 4t F1| BLA% /R A FR
NGB

MFR 1 :7026, 5[ CEAST A Fl ;

DSCAY:Q2000, 3 [ TA {X 2§ /A 7l 5

HT GPC 1% : GPC-IR6, Vi Bf %' Polymer Char
N

CEF{Y : CEF-IRS, P§HE S Polymer Char /A A ;

M A0 LR I 1% (NMR) £ : Avance 111 400 MHz,
Hi+ Bruker A #

e A8 . DHR-2 , SE [E TA X ES 3wl

JTBE 1288 ML : 5965, 3 E INSTRON /A 7 5

e F1 R I HL : 9050, 25 [E CEAST 241 .

1.3 XA &

3 o R IR MLE G AR T DR A%, T R
210~230 °C, VEHHTE 11 40~60 MPa, f4)% /% 11 60 MPa,
PRIEITE] 40 s, ¥ APIF(R] 18 s, IR 40 °C.

1.4 MgemlX 5 EAE

MFR 3% : #% 18 GB/T 3682.1-2018 #E4 73K,
MR 230 °C, f a7 2.16 kg
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160 °C, LA 1,2, 4- =G 2R ¥ 550 i Ao 4 43 %4
4 0.03% 1) 2, 6- —FUT X H B (BHT), it & -
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I3 RR CAEAE AT IS A e R B th 2t
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o 1610 mLIXFR MR R 2 8 mg RAEW ., A
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1,2, 4- =508, B FHRFER % 120 min Ji7,
H sl HE FE A8 ] 35 FE A 200 pL iR I, DL
30 °C/min M\ 160 °CF% % 100 °C, Fa5E 5 F-UA 2 °C/min
[ %2 35 °C; [R]HRAHZE L) 0.045 mL/min 1Y) 7% F 2% 18
MR T, R4 A RS, PR L) 4 °C/min M 35 °CT}
% 160 °C, %53 5~ 1.00 mL/min, i 57 Ik 1k 3 F
RAEE 798 CEF #h£k.
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AT e R o o A AR 10% 19 L K PP it
RV il T AR AR — & R ) b o R B
125 °C, ik hF 2 4 90° , ZEIR IS [A] A7 1 s, SRAFERT (7]
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mL/min) F , ¥ &£ & M 20 °C DA 10 °C/min T+ &

200 °C, PRFF S min LIJE BRI S, FELL 10 °C/min [

%0 °C, 1445 3 min J5 LA 10 °C/min T} % 200 °C, iC 5%
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i 2 TRIOS #4558 SR (G) DR I 7Y
wo A BT IR IR B (R 3 AS [R5 R A 26 1
LUk i i 3R AL, TEA SO R FE L TE 0=0.01 rad/s 5
0=100.00 rad/s X§ i 0" (4 ELAEY, T2 XK Q).
Z TR (L) G R RIFH T ARG

TR HHARIKE).
7" (0. 01 rad/s)
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VLR AYSE 7 Eict

J12 PR RE I - 7 A PR BEFE GB/T 1040.2-2022
HEAT I, B 3% N 50 mm/min; 25 i P fE i IR
GB/T 9341-2008 #4713t , 25 i 1% 4 2 mm/min;
i PEfETR IR GB/T 1043.1-2008 #EA T
2 #HR5FR
2.1 MFR & GPC M % R 547

I3 TR AN TR S PP BELEHA () AR
7 b N T R A Rl gl SRR L AR MR A
J12EPERR A W 25, AT BeAs MFR
M GPC ., —MEHL T, MFR S5 A% 7 BA
A S, B P = 24, F R T B AR
F-B, P22 2% PP () MFR — i 4% il 75 2.0~4.0 /10
min', A [A] PP ) MFR F1 GPC {45 5 L% 1,18 1
i GPC &k (Bl M R 53 F i)

#1 AEPPAIMFRE GPCliXEE
Tab.1 MFR and GPC testing data of different PP

Sample MFR/[g*(10 min) '] M, M, M, MM, MM,
PPI 3.2+0.01 5.6x10* 38.1x10* 131.8x10* 6.8 23.54
PP2 3.9+0.05 5.8x10* 35.2x10* 119.5x10* 6.1 20.60
PP3 3.4+0.01 5.8x10* 37.5x10* 128.6x10* 6.5 22.17
PP4 3.3+0.05 5.9x10* 36.9x10* 127.1x10* 6.3 21.54
PP5 3.240.01 4.7x10* 39.7x10* 169.0x10* 8.4 35.96

Notes: M is number-average molecular weight; M is weight-average molecular weight; M, is Z-average molecular weight.
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Fig. 1 GPC curves of different PP
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R B ARG I, I s I BE 22 S PP 45 RLHR BT
95.00% , 11 i F CEF £E AN [R)BE T a £:00 4 JC L2
A3 FNAEHRA 43 04 e, A FLZE 40 R b o e (9L 3 ]
S 2 ML S B S RILZE 0 1) A RS A, TR 0 {3 R
15, SE AL A i A AR B80T, H CEF Rk s I B
ANZZ AN A% 75 A B 3] B4 5 ), ] B VA b S B PP
43 ik 25 6 48 PR B B2 I, Shi 0] A
K F AT Y v AN CEF 43 50 #5 — B 2R Al i
Yo AT L o i, SR WIP & A 2 i)
MR, HFFEAK@).
X=0.8068 X S, (4)
Kb X IR B i S, o N CEF 7
35 °CHY Y AT I 4 0 5 it

K FH PC-NMR G 2o ) £ F 5 3 AR 1 TS 9 =0T
2[RI R 750 5 LU B Ak PP 435 0 v MRS B | 3
P HAE 245 %0, NMR 5 CEF il it 45 5 —
AT & P as R O A @) AR Wk
2, HFR2 MR VTH, LAY PP1, PP2 A1 PP3 HAY
32 5 O SRR FE B, A1 2L 1Y PP4 FI PPS 1Y S5 LS 4L
AERFBAR , X% CEF 78 35 °CH i il ¥ 40 70 5
B, VWA A7 Il 3 PP4 F1 PPS J3 4% 1 ST ke BB 28
R . PP ISR RIS B = , M 96.50% , CEF
MR 35 °C R4 53 5 B e Ik, oM 2.91%, Ik 0
(B I B B 85 R 115.7 °C 5 PPS 1 A5 H 48 B i A%
94.88% , CEF £ 35 °CH} {1 1] % 24 /3 5135 7.03%, ik
B R f Al 114.1 °C, £5 12 ,NMR 5 CEF lj
A EAT — 0, BEER BRI R B AR A 7 1Y
R V7 R T B ZE AR ) A AL R S s, A
T A B e S5 RILAE ) PP
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Tab.2 NMR and CEF data of different PP

NMR CEF ]
Sample .. Mass fraction of crystal-  Elution crystalline peak Mass fraction of solu- Mass fraction of
Isotactic index/% line fraction/% temperature/°C ble fraction at 35 °C/% xylene soluble/%
PP1 96.50 97.09 115.7 291 2.35
PP2 95.64 95.96 114.5 4.04 3.26
PP3 95.60 95.17 114.7 4.83 3.90
PP4 95.56 95.06 114.7 4.94 3.99
PP5 94.88 92.97 114.1 7.03 5.67
2.4 SRRl 2E R 5T PPl
. P ﬂ\\ﬁ
PP [ RS AT N BRI AN T T 2R PP2
A} N 23 H) 4ED A 7, - ﬁﬁ
PR T PP AN T B4 Tt i N
SRS EEAS IR, PP AR S A A & i D
R 1 8, FHR B0 S A, T N~
BRI fiitr LA IR T A RS, SRHIDSC
LT 5 PP IR EIERE , 1] 5 R Ik s - o - "
THESARLANRERSS S I ARRA A 5 Wk 3. Temperature/°C
A i (a) Secondary heating curves
SEE R S R 3RAE  MESLR PPL, PP2 fI PP3 A
AR B2 S BE A I BRI PP4 R PPS (1445 i B2 AR
XPBAR . Hor, PP HAR S5 A4S R e Rl it 2 F PP4
B % R B, PPS FLAT IR 10 285 5 B A L :{ .
J |, X6 T4 R O (1 PP2 T P4, PP2 HAT #5 -
AL b RS R A6 45 Fh LR , PP4 AT SR AY 45
RE s RS 0 45 R E AL TR IR T 5 ML —

Kok, PP2 HATRARI o0 T S I T i A I
PRAp g kB, o3 7 EE Iz S, PR H 45 &
I A AR A AR

Temperature/°C
(b) Cooling crystallization curves

Es K[ PP ¥ DSC ih4k
Fig. 5 DSC curves of different PP
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3 R[E PP DSCMIAIARLLS B HIR
Tab.3 Melting and crystallization data of different PP by DSC test

Melting Crystallization
Sample AH/(J- AH/(J-
P Tl °C T/ C fl(J XJ% Tol°C Tul°C fl(J
" g) " g)
PP1  157.01 165.16 120.58 57.69 120.44 116.57 120.02

PP2  156.11 163.61 117.63 56.28 120.65 117.94 116.60
PP3 15453 16429 114.10 54.59 118.01 113.07 112.13
PP4 15433 16425 112.50 53.83 116.30 111.43 110.63
PP5  153.74 163.33 114.08 54.58 11947 116.54 111.40

Notes: T, . is onset temperature of melting or crystallization;

T 1s peak temperature of melting or crystallization; AH is enthalpy of

melting or crystallization; X, is crystallinity.

DSC il 2 (1) J2& PP AR I st P BE 95 T
3T SRR RIS IR0 A5 A s A 7 R ), A
[bZ N, CEF B H 55 FHE 4 p 48 S bERE i 2
i), CEF i) RAE H PP A B4 S TR o 5 53K PP Y
CEF WH R E 5 DSC I al I8 B /E R, ik 6 i,
AL H DSC A4 fil U6 15 )3 L 7S Bl CEF 1) 0 L
ST A, 20 5 3K PP A RS AT E A7
FIERAE B R
2.5 A FHEARMGR L R

PP (1) 124 BB 5 HL A3 75k &5 #4 PN kSR AS 254
W UIAH G, 5 & B R R, 7 2 T AR ORI AP
Qo200 s A AR el i R VT IU AA AR I $57) T A
() PR B, TR 3 5 PP hr 2261 hn T Mg

165.5
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163.0 L L L ]
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Fig. 6 Curves of peak temperature tested by CEF (7, by CEF) versus

melting peak temperature tested by DSC (prk by DSC) of different PP

BEBEYIN K Z , PPIER AT 145 AT 32 B 51
HELE RIS A Z FE 0, 520 PP 22 1 Wi 244K
R F T e AR, 8 PP AW 2L KR I, 7R
AR A R b R W 2 G TR ST
e T, Hoirh GB/T 126702008 5K F7 22 2% PP 11
P A58 B >29.00 MPa, Wi 2414 % >150.00%. Hif
T 2RI T T AT 21 210 °)C RS AL, T
222749230 °CTI TE S Y)WV S OB R ity g A
AEISZ I, 230 °C 1 1 5 B TRAE i 1) ) 27 1 i DL 2%
4, T T 25 ) A R i PR R 5 A R b 22
R 7 FR

R4 FTREPPFE230 CTES MBI N FIERE
Tab. 4 Mechanical properties of different PP samples by injection molding at 230 °C

Tensile properties

Flexural properties Notched impact

Sample - - -2
Tensile strength/MPa Elongation at break/%  Flexural strength/MPa  Flexural modulus/MPa strength/(kJ-m™)
PP1 35.37+0.72 646.13+66.83 45.32+0.28 1 674+65 3.69+0.16
PP2 33.55+0.30 573.53+42.38 42.76+0.19 1 535+60 3.73+0.12
PP3 33.16+0.40 565.70+37.25 40.54+0.26 1 466+63 4.36+0.26
PP4 33.92+0.43 592.67+35.59 41.06+0.20 145732 3.97+0.20
PP5 32.05+0.24 579.17£27.92 38.04+0.24 1325+34 4.36+0.24

AR 58 H KR 22 9% PP Y hir A5 >32.00
MPa W 2L 2£2250.00% 75 K N5 bR, 3 4 7]
DL, 7E 230 °C T {5314 5 3K PP FE S 3945 G 4 24
9% PP B J1 2R RE R . 1 Ta FNIE] 7o W, 16 AN ]
FESHREE T, 53K PP B R 15 A fhi A 2 i ow
R [ AE b R B, I o DRI B A [ T o R 25 55,
FL PP AN PP2 LA 45 1y (4580 B MR £, A7 ¥l 3 PP4
1) 58 85 AR S S AR 5 TR PP3, Tz =5 T PPS.
Pl 7 2R B AEAS [R50 I B 1 D R4 A 4 220k 2 4%
KL PP AE 210 °C T GBI S (9 W7 24P
A 169.31%, {H 7E 230 °C T () i 24 | R 3k 3

646.13%, L Z T , A3 PPS FEAR RN TR T,
P 5 m Wi R oR  (HJRAE 230 °CF BUEIEE S Y
R B (L 32.05 MPa, 25 i 5 5 {U A 1 325 MPa,
5 B L S IR AN AL

GhA 2 3 3 MR S5 B PP Y Sy i bR
GBS, SRR (I A —B, LIPP1 N
FRERAYIEEE PP, S5 B 5 , 45 fi R AR, 25
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