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Effects of sequence distribution of micro-chain structure on crystallization and melting properties of polypropylene
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Abstract : To reveal the underlying mechanism for the significant differences in crystallization and melting behaviors of poly-
propylene (PP) samples with highly similar macroscopic parameters, and to clarify the essential regulatory laws of micro-chain struc-
tures on material crystallization, industrial homopolymer PP sample 17 (Y2600) and sample 2" (Z30S) as the research objects were
systematically characterized from multiple dimensions, including single-chain conformation, chain segment mobility, stereosequence
distribution, and bulk aggregate structure. The results indicate that although sample 2* exhibits slightly higher isotacticity and pentad
isotactic content than sample 17, its stereosequence [tetrad (mmmr), triad (rmmr)] are unevenly distributed. Consequently, sample 2"
shows a faster nucleation rate and a higher crystallization temperature (7)), but forms crystals with numerous defects and poor ther-
mal stability. It displays no obvious melting-recrystallization behavior, resulting in a lower final melting point (7). In contrast,
sample 1" features a more uniform distribution of stereosequence and a richer abundance of medium-length stereosequences, leading
to higher chain segment mobility. Although its 7, is lower, significant melting-recrystallization occurs during the heating process,
forming highly perfected crystals with a higher final 7. The study confirms that, given similar macroscopic parameters like isotactic-
ity, the sequence distribution uniformity of stereosequences in the micro-chain structure are the fundamental factors determining T,
T, and melting-recrystallization behaviors of PP. These factors primarily regulate the crystallization pathway and crystal perfection,
whereas isotacticity determines the upper limit of relative crystallinity. This study indicates that the final performances of a material
cannot be determined solely based on isotacticity and molecular weight distribution, but should also be combined with the sequence
distribution of the micro-chain structure, providing theoretical support and new insights for the precise molecular design and control-
lable regulation of crystallization properties in high-performance PP specialty materials.

Keywords : polypropylene ; sequence distribution ; crystallization behavior ; melting recrystallization

EEWH: EREES AR H (XIHG-2025-02)

BIEIERE : T, \E S 20 TR, ERRT T SR A SRR A 7 BOR Bog™ i T &

WeRs B HA: 2026-02-09

SR BHEA SRR HIER, 45  OWEESS 8 17 51 5370 X6 SR DS A 25 db s AR RE A 52 (], TRERLIT H L 2026, 54(5): 172-179.
HUANG Moujie, ZHANG Xingxing, YANG Tingjie, et al. Effects of sequence distribution of micro-chain structure on crystallization and
melting properties of polypropylene[J]. Engineering Plastics Application, 2026, 54(5): 172-179.



B, 5  OULBEES A Y 91 23 A 0 SR DTS s B RE A 52 173

RN (PPYE N — I T B & 2T 4 5Ok, B
B E AR (T R T Al O S R TP R
KPS, CAEgi8 a3 RS2 Tl
SRR

AR 221K 22 (BCF) T. 2. 4F 4 R 2 9 2 i
i S i AR T A5 T 4 1 i & 2T 4, BT
EERNEE R YRR ISR TSR R s kR
D8 R L [RL e BE 2 Y | W7 000 5y B £ R e S
ST N T O 7RG N 2 A
IR PP HL A S5 AR K 22 i T3 iy vk i T
il 158 SRR PR Ui e R R 47
TR A SR S5 R [ s EL A ] et B ) 98 K T
100% [R5 ReE:  JE 58 LS U B i &, L+
BT SE R, HLBI RS ARG ek, bliE T
Frse & A TRAMET, PP BCF £F 4B 7EHE 5K 3%
22 T AT A IO FH RS I R T PP Y4
S A TP RE B G BCF 2748 I T3 i 1, fe&
P H BCF £F 4 (5 | [mIgp SEAA R, =
A7 S R R R

KPR AT b 2 AR A58 Ak 2425 PP Y
S T VERE 2 R SRR M TR AR R T L
TR, 20 T4 ST R R R, 4% A O B TR, 1
PP W AR BE (T,) 45 il B2 (T) (45 o B (X))
)5 24 AL RE AR T A, 43 i o A A B Y 35 S PP
LA B 0 7,70 kT e SR R A AL iR
T (°C NMR) 4t HICAL 51 43 A it 4 A SR
SIER TR 4 A5 7,0 NI, S PERE PP BCF
£ Y JFURMIE 2 22 3 A5 TR S5 R s o 8 38 R

W SR A P KT ) (RSB AR = ik R b
o0 I UL IR 45 S B8ORS N T 5 4 R M e 3
AR TG G - 5 0 M5 AR T 31 1858 (MFR) A5 L BE
GRS ATAE R R, 25 22 A2 Ve )2k ne &
PABEZ S . SR WA 2 LS B %
VIR (=% s E R SOE SRYAY 30 s | 1| 1B W s 2| s B}
S S ERRZ IR, X 7 00 S B0 AR R 465 b s
A7 0 i 2 22 5 1 MDA A ik = R G ML R, uf LA
Ff R S LB Al (IR 77, B = ) B B, o bk
fie PP & HUEHAS M R AL e s o S 4

AHHGE AR 535S L[ MFR (Z 1)
M) FEW S FEWM,) B8 TFEWM)
I3 A1 (PDI) 45 &k 8 73 L (CEF) Y 25 i 000 &
(CF). Wm0 (XS)] i JE AR A Toll X 5%
PP FE M, FEHERR 73 SR (CF XSS TR R
() SEAh L, SR A THOURARE 285 4 7 9 43 A 25 57, IR 55T
FAF 0 53 A0 15 501 LU AR B TR AR B b R PP T,
T 5 R E 45 AT oA 5 B B850 40 A 1) rh A B ST
4 1 20 B 3 ()R 4 A, T 3 Ao A7 i 4 S A
R A FRTEE AR & T, 5 DX 48 i BRI 45 (T, B
¥ S5 X R e RIS R A - PERe
PRI Z2 5 Bt DA ST ARG 3 SRS R4 SR A 00 ) i P
A PP L BT A7 S8 % , S BCF 21 4555 (5 i 7 i
W HR AR S H AR T 1)
1 LWES
1.1 E=ZRH

PR PP AL 17 2R UE T b B A AL TR AT
FRAE] L AHRE B IR 1.

F1 MEPPHAER

Tab.1 Information of homopolymer PP samples

MFR/ Isotactic Tensile yield Flexural 1zod impact Lo
1 Ash 9 Appl
Sample Grade [g+(10 min) '] index/% sh content/% strength/MPa  modulus/MPa  strength/(J-m™") pplication
1" Y2600 26.0+2.5 296.0 <0.02 231.0 =1 300 >15.0 Fiber
2" 7308 26.0 96.0 0.03 29.0 1500 30 Fiber
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Tab.2 MFR and macroscopic statistical information of polymer chains of PP samples

MFR/ GPC QC CEF C NMR
Sample o (10min)"] M (<109 M. (109 M (<105 PDI V. XSme  SFM% 7/°C CEp  lSotactic
z W n (dL-g 1) ¢ index/%
G 2549 5472 19.04 399 477 120 1.80 291 11490 97.09 96.09
2 25.00 5385 18.60 390 470 118 2.09 3.13 11490 96.87 96.49

Notes: M, is number-average molecular weight; M is weight-average molecular weight; M, is Z-average molecular weight; PDI is polydispersity

index; IV is intrinsic viscosity; XS is xylene soluble content; SF is soluble fraction content; 7, is elution temperature; CF is crystallizable fraction

content.
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Fig.4 Cooling crystal curves of PP samples at different cooling rates
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(e) 2%-126.6 °C (f) 2%-123.3 °C

(g) 2%-120.0 °C (h) 2-110.0 °C
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Fig. 5 Spherulite growth of PP samples during cooling from 200 °C to 110 °C at 10 °C/min following isothermal holding at 200 °C for 10 min
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Tab.3 T,T,,X, and FWHM of PP samples at different cooling rates

Program T,/°C T,/°C T /I°CT,,"°CX, /%X,/%FWHM,/CFWHM,/C
Cooling: Ramp 10.00 °C/min to 0.00 °C, Heating: Ramp 10.00 °C/min to 200.00 °C 110.56 118.19 165.10 163.55 45.35 46.92  5.35 4.45
Cooling: Ramp 20.00 °C/min to 0.00 °C, Heating: Ramp 10.00 °C/min to 200.00 °C 106.17 115.40 165.48 163.80 45.21 46.55 7.67 6.34
Cooling: Ramp 40.00 °C/min to 0.00 °C, Heating: Ramp 10.00 °C/min to 200.00 °C  99.75 109.27 165.92 163.06 45.19 45.81  11.69 10.69
Cooling: Ramp 60.00 °C/min to 0.00 °C, Heating: Ramp 10.00 °C/min to 200.00 °C  97.52 106.50 166.00 162.62 45.11 45.63  12.86 11.94
Cooling: Ramp 100.00 °C/min to 0.00 °C, Heating: Ramp 10.00 °C/min to 200.00 °C 97.61 106.37 166.00 162.39 45.13 45.63  12.86 11.94

Notes: 7 is crystallization temperature; 7, is melting temperature; X_is relative crystallinity; FWHM is crystallization half-peak width; subscript 1

m

and 2 represents sample 1% and sample 2 respectively.
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Fig. 6 Reversible and irreversible heat flow curves of PP samples
during heating process
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Tab.4 Pentad (mmmm),tetrad (mmmr), triad (rmmr) and
random sequence contents of PP samples
%

Sample mmmm mmmr rmmr random
1 92.16 3.30 0.63 391
2 93.13 2.96 0.40 3.51
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