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Effect of Molecular Weight on Structural Evolution
During the Tensile Process of Nylon 12
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Abstract: The structural evolution of nylon 12 resins with different molecular weights during uniaxial
stretching was tracked in real time using wide-angle X-ray diffraction (WAXD). The results indicate that
the nylon 12 resins initially exhibit y-crystals at the beginning of stretching. When the tensile strain (&)
reached 20%, the interplanar spacings d(;) perpendicular to the stretching direction and d g0, parallel to
the stretching direction began to decrease. When 30% < & < 50%, d(go1) and do20) decrease significantly and
sharply, respectively. When ¢ is 50%—60%, the d-values reach a trough region, and a weak diffraction of
the transitional phase " appears near the (001) plane, indicating that the original y crystal was destroyed.
When 60% < & < 80%, the " diffraction gradually weakens with increasing strain, while dgo1) and d(g20)
increase sharply, and the relative crystallinity by X-ray also increases rapidly with strain, indicating that
the o" phase is gradually destroyed or rearranged, replaced by a mesomorphous phase that progressively
adapts better to tensile stress. The low-molecular-weight resin exhibited higher crystallinity under the
same strain, and it caused the a" phase to appear and disappear earlier at lower strains of 50% and 80%,
respectively, indicating that the low-molecular-weight resin promotes structural evolution. At 90% strain,
the " phase completely disappeared, and stretching reached a steady state, with the molecular chains
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highly oriented along the stretching direction. Moreover, under the same strain, the d(go;) and d(o29) of the

low-molecular-weight resin are clearly higher and lower than those of the corresponding high-molecular-

weight resin, respectively, and the low-molecular-weight resin significantly promotes the variations of

d(oo1) and d o290y With tensile strain. The relative crystallinities of the high- and low-molecular-weight resins

increased by approximately 7.6% and 10% after stretching, respectively.

Keywords: Nylon 12; Wide-angle X-ray diffraction; Structural evolution; Uniaxial stretching

SIA: BEER, AL S, W, ATB, YLK, B, BESREY . TR e 12 R R rh S5 A AR R R L &

F i@ 4R, 2026, 39(8), 1425-1433.

Citation: Xue, Z. R.; Du, G. C.; Hu, H.; Fu, L.; Fan, A. C.; Hu, J.; Xue, M. L. Effect of molecular weight on
structural evolution during the tensile process of nylon 12. Polym. Bull. (in Chinese), 2026, 39(8), 1425-1433.

Je e 12(PA12) MRS+ — k%, HAHAR 24
Tt e 25 P 2 ) )7 FR 2500 11, i g 7 A ok
REWE e o 2 2 MR A L A SRR % 1) e
- M S TR IR (AR B A K o UM T
— B SR S B R B LA R R
~FRG L BEL R T R R B A M R AR A, W
2N T IR E Tk 3DITER, 2845,
TR B ) 3 AT A R A BT, [N AE
WM R A S ).

PAIZ B HFR Z MM E, 5 IRIER a- o
as Ry 5 LR i B B0 (ELTE IR R ) 4
1R BEE R B AEAE AU o 2 Fib L U210, 7
I I AP A Ry i, 7R R R
(500 MPa) 5 22184 21 B, K PA12 A / .18
TR = AR R VOV B A B A AT B e T
AR 3 oo afhE 150 °C LL_FIR K AT #EAE gy i,
yERTE 70 °C UL LS AT #7258 Ky o iy Yo TE o
AT R B 1) 43 T DA AT 7 2UHES, I 3
R RAME, BTAf g =amR".
£t X-ray fi7 5t (WAXD)®? 3% 8 o A — A i T [
PE N 1.375 num (1) 55 7 55 06 0 2 A & T8I 8] 2643 730
0.44 F10.37 nm ¥ 58775506, 439153 B F 3 (002),
(200) F1(010) Tf1 o 1M y fifs 7 % BB 1 53+ B LA
47 75 HEF, H Bk EE 5 W T R T T
“27 IR R 600 f PV, B T R A i R P ki ph
N7 ik F P LR AR AT S 0 g — A o 1T I A
1.477 nm [ 55 177 5 06 R0 — A &b 1T 18] 2 0.42 nm
SEFTETIE , 43 BT BTy 41 (020) AT (001) i i MY

PA12 (125 i ik P2 9 B A0 T 45 it i 5 St
1 F S ¥ 700RT S g 25 2R 358 (R R T4 24230 0 fif
TWAEMARE MM E RN FERFE L —, X
AR BRI AHOUE &5 R R T 548 FH A e = A S o, A

LATE A [RIBIF 5T A FE AT et i3 PO 5 2,
Ishikawa 25 "7 % 3L PA 12 76 3 5 f BT Fir {1 ] %
Ay dh ) a AR, B AR ) LT 5 ok e
T2, AHL R TR Al B A A B, AR AR R AR
FIT 5% 100 5 /I B A L 0 8 55 e ek 5 K T 48 o
Hiramatsu 25 "84 38 y 54 78 50 °C DL _E iy fd £ 4 4
TRy 5, T a B TE 70 °C LA b Hr it B 4745 gy
ft. Wang 25 WSRO 7 A [ 25 4 S S B 0 17 40
TR AZ % T PAL2 5 TR A I A, I P A O AH
AT NI R A AR B VR AR T X 35, R WAL i .
PRI A R S5 M AR AR B DI R TR
WA AR T P B 380t IR 25 o S VA, 77 A bl
PR T AR . R BT B F AL
B FE I, I UE A o AH B SR I OK, B AR
A BB A T T B A A T A o A
#6725 gy Ao Kamal 28 P2t S FI T £ [ 25 4 )
WAL T R B J 0 12 R B & W0 AE S i i
TP SR . RIS E & D BB P6333
JECRN 545 K R BB P2533 R AE AE AR IR S N 7
Jiy d, B AT AT AR B e N A [R] . R g A
P6333 Ji i PA12 [ (001) i A A 2K, HLAN )28
K 3 BT 1 AH AR RS o S E A, (H
AR FLRE 7 B AN §L 0 P2533 i rf PAL2 B & ks RS
ARG EIBERS o AH I

BT 08 12 45 AT N5 PR RE M R 0K R
FRIRIE 7 75 R, A TR B2 T 4F R B 2% 8 T 12 22 4 Y
(PP ASE & AN P L G- A N E R L Bum e
Mg E A PVIT R T R R . ST TR
S TR R 5 e LA JE e 12 &5 b Y B AR
FHs AR 43 JE e 12 i) i i 48 A i 4k -1 2 4R
BN, ARWFFIEH T RARF 20 S e
e 12, K WAXD SER PRI 7 LR i 72 b 1 &5



8 3] BEEIREE: TR IR 12 St 72 o S5 M AR (2 1427

A, DUHISE IR 1 A7y 1800 JE g 12 frfifi i
e P 4 B AT RN S5 R AR R S0 o

1 SCIEE5y

1.1 FEEFER

=1 &G (W5 L-3000) F1 {i & (8 5 L-1000) J&
e 1284 Jig, T3 A B B A A PR A | A .
L-3000 1 #3473 1 & (M) R EL 1) 7 7 8 (M) 7
5l 4 2.04x10*F14.48x10* g/moL; L-1000 ] M, I
M, 4y 5 9 1.01x10*H11.57x10* g/moL. M, 1M,
515K F 3k 1B 1% 35 10, 1% A (GPC) R AE: W B AH N
N g A, R 2 A (50+5) °C, Wl i
0.3 mL/min, Ff &5 2K E N 1 mg/mL, £ b3
BA N Empower 3,
1.2 FEMNHFEREE

AR 1L (Haake PolyLab OS), Thermo Fisher
Scientific; [k /7 B % Hl: XLB-0400x400x2H,
WL 2R 7 MU B A 7] Xeray fTHX: Xeuss
2.0 8, % [H Xenocs 2 7], Fi £ TST250v 8 47 A%
A1 Pilatus300k £ #5%, 1% 7% K FH Cu/Ka #, TAEH
WAN0.6 mA, TAFHEAS0KV, 1K 50.15412 nm;
B BE (O 35 E Waters A 7], Waters Alliance
€2695 74, {4143y Shedox (1) HK-404L 7Y {4 343:
1.3 #H@mElE

¥ PA127E 85 CHUAAHHET-4 h, Z J5R &
71 HLAE 200 °C e il B 0.35 mm &% fr, H
T Xeray RAE. T Bl R e 72 o 25 0 AR 1
7 X-ray FREF A o 75 3808 %08 # K x
P 930 mm x 4 mm K& A
1.4 X-ray &R{E
1.4.1 /A X-ray RAE

R FE i FH e LA R e B (TR X K
&9 15 mm), MR BE A 25 °C, FE i SERIEE 2
() FF PR 25 0 2513 mm, BESGES [R5 360 s K S2e
JIT A5 (R B 9 P (q) 1R AT I A B it AR e, 19 34
st [ — 4 L1 %55 FEAH DG R 4, AAH DG Bk Bt 22 T
CLTS BIHE X BB LA R L, A4 B 5 2
L.=L-1L,.
1.42 T ff X-ray F4E

HE A A 2% FH R 5L [ 5 FE R A 36 B 2 [], 72
25 °C "~ BA 50 mm/min ) $57 48 3 22 hi7 i 22 A [F] 1)
AR g, LA PR ERAE S CE B FE R K WAXD {5
Fo ACE I TAEX KB N 15 mm, Ff 5552

Z [A) R BE B O 180 mm, YGRS [H] 2240 s. —4E
A 43 h 26 K FH Foxtrot (3.2.7 hit, 74 & Soleil 23 ] )
A N Y X-ray fiT 5 BIRE R 32
X-ray FH X 45 i LRI 0 R ) Xeray fiT
SF R ] 2 Wi Ab B AG 2. ] Origin B AF3E4T 20
W, BRI, 285 H Gaussian pf B3I & JF & 14 A
ghiimli. WadssmBE TR AR Q) THER .
¢ YA +A,
v, X, 9 il i) X-ray R0 45 B2, A, N & AT
W U T AR 2 AT, A, DR 85 R ERIEE (RIS TR 2 AT, A,
RS 7 06 10 Ve T AR 2 AT, THD R] BB o 3@ ik Bragg
AR ESE.
2dsind = n. @)

2 HFER51TiR

21 SFEXNREI12ZHMRITIZER WAXD ER
A
BT FE S W AR IR ZS 0 B AR 15 S 1 B AR
SO, AE SC I ERER AN [R] 43 B PA12 B A i
FEZ W, B 5 K F SAXS i 43 1 & AN [ f) v 26
& PA12(FR1C 9 PA12-1) A B B4 S PA12(FRiC 9
PA12-2) HIEE AR HEAT 7R AE (K] 1). MR 45 2 Fh
P RERT 46 IR 25 1 SAXS Ui (5 5, & I (8 B i
7 46 BUHE Kb T A5 PA12-1 AT PA12-2 (1K J& B L.
F e JE B LA R & X R B L, 43 AR IR R 913,
3.48.5.65f18.32.2.97. 5.35 nm. AJ U, K> T &
WG H @8 0 3> S 085 /N T A L 4 2
fEo JR PR ] RE AR T E MG 0 7 TR, §
W EEHT S, FEUT JE R A R .

Intensity

PA12-1

PA12-2

05 1.0 I 2.0
g (nm™)

1 AFEZZTREERE 12 FRPIIREH—4E SAXS izt

Figure 1 One-dimensional SAXS fitting curves of nylon 12

with different molecular weights in its initial state
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Figure 2 2D WAXD images of PA12-1 at indicated strains during stretching
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Figure 3 1D WAXD curves of PA 12-1 at different strains
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Figure 4 The fitted curve of PA12-1 at 60% strain during

stretching
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Figure 8 Variations of the crystal plane spacings of (001)

(a) and (020) (b) planes for two nylon 12 resins during

stretching, respectively
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