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Synergistic modification of crystallization and mechanical properties of
PET by compounded nucleating agents
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Abstract : A compounded nucleating agent (HABP-Znst) was prepared by mixing zinc stearate (Znst) with adipic acid diphe-
nyl dihydrazide (HABP). Then, via melt blending, PET/Znst, PET/HABP,and PET/HABP-Znst blend systems containing a nucleat-
ing agent with a mass fraction of 0.5% were prepared respectively, and their crystallization behavior and mechanical properties were
investigated. The results indicated that the combination of HABP and Znst is physical, which does not alter the molecular structure
of HABP. As an effective nucleating agent for PET, HABP significantly increases its crystallization temperature and crystallinity,
accelerates the crystallization rate, and shortens the half-crystallization time. Meanwhile, the crystallization performance of the
blends show the same trend. After compounding, due to the lubricating effect of Znst, the dispersion of HABP in the PET matrix was
improved, significantly enhancing the synergistic effect of the two. Specifically, compared with pure PET, the crystallization rate of
ET/HABP-Znst is increased by approximately 14 times, the tensile strength is enhanced by 7.1%, and the flexural modulus is
increased to 2 502.39 MPa. The synergistic effect of compound nucleating agents significantly enhances the performance of PET and
offers a notable cost advantage over single nucleating agents, providing a new approach for the application of compound nucleating
agents in polymers.
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Tab.1 Non isothermal crystallization related parameters of PET and

its blends
Samples T/°C T /°C T/, C T /°C X /%
PET 78.89  137.94 185.74  248.59 28.5
PET/Znst 78.01 131.38 189.84  250.79 31.3

PET/HABP 77.58 130.96  197.83 250.97 31.9
PET/HABP-Znst  76.69  126.56  199.42  251.32 32.2

Notes: 7, is glass transition temperature; T is cooling crystalliza-
tion temperature; 7, is crystallization temperature; 7 is melting tempera-

ture; X is crystallinity.
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Tab.2 Isothermal crystallization kinetics parameters of PET and
its blends at 225°C

Samples n K t,,/min
PET 2.26 1.6x107° 14.26
PET/Znst 2.15 4.2x107° 10.46
PET/HABP 2.20 1.2x107? 6.19
PET/HABP-Znst 2.17 2.3%x107? 4.79

Notes: n is avrami index; K is crystallization rate constant; ¢, is

half crystallization time.
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Tab.3 Isothermal crystallization parameters of PET and its blends

Samples T/°C T /°C TY/°C
221 2475

PET 223 248.0 261.4
225 248.9
221 247.8

PET/Znst 223 248.5 269.2
225 249.6
221 248.5

PET/HABP 223 249.6 271.1
225 250.3
221 2483

PET/HABP-Znst 223 249.8 278.8
225 250.4

Notes: 7, is isothermal crystallization temperature; 7' is melting

temperature; T° is equilibrium melting temperature.
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BEAR , Wi R S0 5 R AR R X PR TR RS,
HABP Fl Znst & Bt )5 38 i 25 75 PET JE 44 b (1) 23k
P FLIE B 58 35 1 A AR S5 4, DN TTT AR AR T 2 1
REH ML/ PET A1

2.4 ERKZRGAFHEESH

10 R ILIRIA R 1Y F1 2R RE AR LIS O, Kb
i R 2 A | b o SR I (S Tk 4
. ABECT PET, JLIRIA R B h s B A BTt 7t
{H PET/Znst {9 7 it 58 B {48 =5 T 3.3%, 1ii PET/
HABP 5 PET/HABP-Znst 7 52 55 T 4.7% F17.1%.
TG0 SRR R A AR | hh R AR A
AR —2. 4HPET A5 AT Al i 5 B 4331
411 988.64 MPa il 1.83 kJ/m*, PET/Znst (125 fH 15
F e 9 B 4R FF 2 2 111.37 MPa #12.01 kJ/m?, T
PET/HABP 5 PET/HABP-Znst 43 7| £ & % 2 478.34
MPa, 2.23 kJ/m* F1 2 502.39 MPa, 2.38 kJ/m’, X —
SEILLW, Znst A B SEAE 7E PET JE0R 7 n] fEHE A
(R VE AR AR T o0 e, BRAK T 43 T5Eiz 8h
BB HRORABR . 11 HABP AE Ry S AH il 7 fig
WE L HE PET A945 5, R i 2 3 T H SR 45 4y 1)
R SFaE M, PET 3240 1 88 L2 A9 sl A7 45,
i 758 A HE BN AT )y, H HABP-Znst 3t
TRAIRF i T Znst (AR R A VR ] B A
i )5 HABP 7€ PET SR /3 il i s il PET 2k
TRAR R INIE PR35 75 3 5 2 $2 7, A & A DB 1
(1Y) SEM HE J-th I B6IE 13X — 45

—=— Tensile strength/MPa
—=— Flexural modulus/MPa 12 600

sl o 5 12.6

) Impact strength/(kJ-m E)//E 12500 o

= = =
56l 124002 124 F

54 £ (23008 laag

=}

g 12200 & 5

w52 / 2%

2 E/ 42100 5 5

550 E/ 2 sk

S : 12000&= |'° E
48 ‘ 1900 1.6

Py ‘ AY s
vt X,@TI'L“ ?Y‘:U&\P&?‘“QP&Y’Z“
v

Samples
10 PET K HALRIKFR I J12#4kfE
Fig. 10 Mechanical properties of PET and its blends
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Tab.4 Mechanical properties of PET and its blends

Tensile Flexural Impact strength/

Samples 5

strength/MPa  modulus/MPa (kJ*m™)
PET 51.24 1 988.64 1.83
PET/Znst 52.95 2 111.37 2.01
PET/HABP 53.67 2478.34 2.23
PET/HABP-Znst 54.89 2502.39 2.38
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