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Abstract : Polyamide 6/phosphogypsum (PA6/PG) and polyamide 6/phosphogypsum whisker (PA6/PSW) composites were
prepared by melt extrusion. The effects of PG and PSW on the non-isothermal crystallization kinetics of PA6 were investigated using
differential scanning calorimetry (DSC). The results show that the addition of both PG and PSW increases the initial crystallization
temperature and crystallization peak temperature of PA6, accelerates the overall crystallization rate, and shortens the crystallization
time. Jeziorny method analysis indicates that PA6, PA6/PG, and PA6/PSW composites exhibit three-dimensional crystal growth in
the early stage of crystallization, with the relative crystallinity (X)) of less than 80%. While in the secondary crystallization stage, the
crystal growth mode transforms into one-dimensional linear growth, with a relative crystallinity (X)) greater than 80%. At the same
cooling rate, the non-isothermal crystallization rate constants Z, and Z,, of PA6/PSW in the initial crystallization stage and second-

ary crystallization stage are both greater than those of pure PA6 and PA6/PG, which means that addition PSW can promote crystalli-
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zation of PA6. Mo method analysis reveals that in the initial crystallization stage, the crystallization kinetic parameter F(7) of PA6/
PG is smaller than that of pure PA6, indicating that addition of PG is beneficial to crystallization of PA6. However, when X, is 80%,
the F(T) value of PA6/PG is slightly higher than that of pure PA6, implying that when crystallinity reaches a higher level, PG inhib-
its crystallization of PA6 and slows down its crystallization rate. When X, is greater than 20%, PA6/PSW has a lower F(7) value and
a faster crystallization rate compared with pure PA6 and PA6/PG. Crystallization activation energy were calculated using Kissinger
model and apparent activation energy at different X; were calculated using Friedman differential isoconversional method. The non-
isothermal crystallization activation energy of PA6/PSW is —217.89 kJ/mol, which is lower than —213.09 kJ/mol of PA6/PG and
—200.57 kJ/mol of pure PA6. The average apparent activation energy of PA6/PSW is —122.71 kJ/mol, which is also lower than
—115.77 kJ/mol of PA6/PG and —104.59 kJ/mol of pure PA6. These results further confirm that PSW has a better nucleation effect
and can more significantly promote crystallization of PA6.

Keywords : phosphogypsum ; phosphogypsum whiskers ; polyamide 6 ; differential scanning calorimetry ; non-isothermal

crystallization kinetics
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£2 HPA6 K PAG/PG,PAG/PSW E 51 BIMIESRERSH
(Jeziorny i%)
Tab.2 Non-isothermal crystallization parameters of pure PA6 and
PA6/PG,PA6/PSW composites (Jeziorny method)

o/ Initial crystallization ~ Secondary crystallization
Samples  (°C- stage stage
min") g Z, Z n, Z, Z,

1 tl cl 2 c2

10 3.821 4906 1.172 1.043 2232 1.084
20 3812 27.079 1.179 1376 4262 1.075

PA6
30 3.876 64.942 1.149 1.629 6.824 1.066
40 3.785 108.370 1.124 1.789 9.861 1.059
10 3.501 4980 1.174 1.052 2177 1.081
20 3.596 26339 1.178 1.326 4.177 1.074
PA6/PG

30 3.525 57.853 1.145 1.540 6.773  1.066
40 3.558 105351 1.123 1.728 10.063 1.059
10 3.594 5886 1.194 1.051 2339 1.089
PA6/ 20 3.598 32370 1.190 1.354 4818 1.082
PSW 30 3.680 85.342 1.160 1.636 8223 1.073
40 3.484 121.660 1.128 1.769 12.223 1.065

Notes: , and n, are Avrami exponents at the initial and secondary
crystallization stage, respectively; Z, and Z, are crystallization rate
constants at the initial and secondary crystallization stages, respectively;
Z,and Z, are the crystallization rate constants corrected by Jeziorny

method at the initial and secondary crystallization stages, respectively.
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Ro 5 Ing X Ing BFDLE LR AUAHOC REC R T
0.96, BNtk 5¢ R RAT , KW SRR T2 9341 PA6 [
PA6/PG, PA6/PSW & G AP B AR A5 R4S i i
FRY.

] 5 H HERRPR NSRS o, IR 15 2] F(T),
HAGH T3, mEI AL, Fi#E X T+ 5, PAG.,
PA6/PG Fl PA6/PSW & & M K F(T)E I3 K, &
BF 75 AH [ 4 3 5 % R, PAG6 .PA6/PG Fll PAG/PSW &
B R RE IR B — 22 5 R T I ) AE K B R 4
A AU BE X TR T RS X, < 80% I, PA6/PG [
F(DE/N T4l PA6, {UHE X=80% i, H: F(T){E A 1
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F5 PA6J PA6/PG,PA6/PSW & 45 MRHI Ing-Ine 1 2%
Fig. 5 Ing-Int curves of PA6 and PA6/PG,PA6/PSW composites
&3 HIPA6K PAG/PG,PA6/PSW S &M RINIEERERSH (Mo %)
Tab.3 Non-isothermal crystallization parameters of pure PA6 and

PA6/PG,PA6/PSW composites (Mo method)

X/%
Samples Parameter
20 40 60 80
F(T) 2.6828 3.6154 45284 63111
PAG6
a 1.6098 1.6391 1.7087 1.7885
F(T) 25205 34301 43668 64024
PA6/PG

a 1.5474 15758 1.6386  1.6865
F(T) 25816 34187 42470 59243

PA6/PSW

a 14855 15193 15798  1.6402

Notes: F(T) is crystallization kinetics parameters characterizing

polymer crystallization rate; « is the ratio of Avrami exponent to Ozawa

exponent.

= T4l PAG6, X R PG WA, TEWI A 45 S B B A
FIT PAG LG i, (H R 45 Sk 21 5 IR BL, 25 b
KRG, T PG HAT RAF MR A LR RE, — &
FEEE AW T PAG6 HU4S & , filf PAG (145 il AR
X=20% s} , PA6/PSW 1Y F(T){i W A1k T4l PA6, 15
% 25 T PAG/PG, 24 X>20% I}, PA6/PSW () F (T){H
B A 46 PAG FI PAG/PG : 1] g W 74 o) 4]
(IR X)), PG 1) #0035 1T AT 2 (4L 2% 4 A% o7
R PSW /5 3 F-HE VR 7 [n] , it LA PA6/PSW 4]
WZs A2 A S LA B3 . WED R PSW
AL PAG6 73 T-45 58 S HEA S AS , AT 425 T PAG 1
ShanE RS R 3R, PR G AR
() o {H 34 7N T 4l PA6: 4l PA6 Y o {4 1.6098~
1.7885, 1fii PA6/PG 1 o fH & 1.5474~1.6865, PA6/
PSW 1) affih 1.4855~1.6402, « F/nah A% e
KAy 5 259, 1] LRI PG AT PSW 7E — E R JE 3%
M) T PAG 4 R Rl A A K
2.5 ELAR

FH Kissinger 5 515 5 JE 45 YL 25 ff i 72 PA
J PA6/PG, PA6/PSW & & #1445 i i AL e i 1
30T, BAR A7)
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oS ™)

K o HREIREA, B4 2 °C/min; T, 2 fhik
I, B R oC s RAAUARHE B, HAE A 8.314 J/(mol -
K); AE R 45 s AL RE , 567 4 kI/mol.,
Pln (/)% UT VEEL, S5 R a01E 6 s . M
6 1 H In (@/ THX 1T A SRR, hilE B
LRRPRNRAG AE, BAREES T3 4,
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Fig. 6 ln((p/sz)-l/Tp curves of PA6 and PA6/PG,PA6/PSW composites
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(PA6)>AE (PA6/PG)>AE (PA6/PSW)., AEFKREE
WAL S R b o T B HES RO ME ) FE I . PAG/
PSW I PA6/PG I AE #{Ik T2l PA6, H PAG/PSW 1Y
AE TG, 2¢HH PSW H1 PG 7F PAG A 24k 5] T 7R
UFB AR FH , I T PAG 45 & , i PAG 73 T4 T
Dy HEA SIS | RS & T s s AL RERE AR . Horpr,
PAG/PSW E &M BHK) AE B Ak, 25 s R At
%4 i Kissinger #ZIF0 Friedman 77125 2| AE
Tab.4 AE obtained from Kissinger model and Friedman equation

AE/(kJ-mol ")

Samples — N ;
Kissinger method Friedman equation
PA6 —200.57 —104.59
PA6/PG —213.09 —-115.77
PA6/PSW —217.89 -122.71

K F Friedman 7 #2°" [ (8)] 1155 PA6 2 PA6/
PG, PA6/PSW &G M RH e TG AL BE -

A\ . AE,

Kb dxyde, T,V AE, 43 5k — 52 W AH X 45
JEE X WA R A 1R 5 48 i T8 48 O TR B R 3R WL
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1 5B PA6 K PA6/PG, PA6/PSW & & ¥4 Bl A ) 4%
AL AE, O, 25 551 T 4. PA6 X PA6/
PG,PA6/PSW B A MK AE, 5 X EFR, WIE 7.

-80 + —=—PA6
_9oL —=—PA6PG
——PAG/PSW
= -100 |
g -110 |
2 120 ¢
w130 |
<
—140 -
-150 -
~160 . . . . |
0 20 40 60 80 100

X,/%

[#17 PA6 % PA6/PG,PA6/PSW A FEHY AE, -X 12k

Xt

Fig. 6 AE -X curves of PA6 and PA6/PG,PA6/PSW composites
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