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Abstract: Isotactic polypropylene (iPP) and N, N'-bis (benzoyl) sebacic acid dihydrazide (TMC-300)
composite materials were prepared by means of melt blending method. The effects of nucleating agent
TMC-300 on the crystallization and melting behaviors, crystal structure and mechanical properties of iPP
were studies by DSC, XRD, SEM, POM and mechanical test. The results showed that the addition of
TMC-300 had a significant nucleation effect on iPP. The composite material containing 0.6% TMC-300
(mass fraction) exhibited a crystallization temperature of 126.9 °C, higher than pure iPP (117.2 °C), and the
nucleation efficiency reached 56.3%. When the sample was isothermally crystallized at 130 °C, half-time of
crystallization (#,,) of pure iPP was 4.85 min, however, that of the composite material containing 0.2%
TMC-300 was only 0.52 min, which was a decrease of 89%. Moreover, the introduction of TMC-300 did
not change the crystal structure of iPP, on the contrary, made the impact fracture surface of iPP show
obvious characteristics of multi fold ductile fracture. When the content of TMC-300 was 0.2%, the
elongation at break of the composite material was 833.2% and the notched impact strength was 43.2 J/m,
which was higher than the corresponding value of pure iPP (674.8% and 32.5 J/m). Finally, the effects of
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TMC-300 on the crystallization and mechanical properties of iPP were compared with that of nucleating

agent TMC-328 and HPN-68L. The crystallization temperature of the composite material containing 0.2%

TMC-300 was 126.2 °C, which was slightly higher than that of the composite material containing 0.2%
TMC-328 (125.2 °C). And the notched impact strength of the composite material containing 0.2%
TMC-300 was 43.2 J/m, which was an improvement of 15.8% compared with that of the composite material

containing 0.2% HPN-68L (37.3 J/m)

Key words: isotactic polypropylene (iPP); nucleating agent; crystallization; mechanical properties;

functional materials
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Table 1 Non-isothermal crystallization and melting parameters of pure iPP and iPP/TMC-300 composite materials
w(TMC-300)/% TJ°C Tonse/°C AH,o/(J/g) Tw/°C AH,/(J/g) Xo/% NE/%
0 117.2 121.7 86.1 164.3 82.3 412 —
0.2 126.2 129.5 96.3 165.9 94.8 46.1 52.0
0.4 126.4 129.8 93.1 165.4 92.5 445 53.2
0.6 126.9 130.0 90.9 165.7 90.2 435 56.3
0.8 126.5 129.9 90.3 166.2 90.4 432 53.9
J\ i EETTROTE WAL (1):
w(TMC-300/iPP)=0.8% AH
T _ j X, /% =——"C—x100 (1)
1| wirme-300Ppy-0.6% (1-w)AHY,
2l w(TMC-soo/iPP>=o.4%J\ K AHy B IES AEE, Vg (W3R 1); 4H,
§ w(TMC-300/iPP)=OM EE e M PP ME R, Je, HBUE N
HES AN 209 J/g!; w SEHSR AR A TR, %,
B4 TMC-300 Ji e 7r B 3g fn, PP (45 & e b
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El 1 4l iPP % iPP/TMC-300 & &+ B A 45 v 46 it £

Fig. 1 Non-isothermal crystallization curves of pure iPP
and iPP/TMC-300 composite materials
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Fig. 2 Melting curves of pure iPP and iPP/TMC-300
composite materials
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Fig. 3 DSC cooling thermograms of pure iPP at different
annealing temperature
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Fig. 4 Avrami analysis of pure iPP and iPP/TMC-300 composite materials
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2 iPP J% iPP/TMC-300 B &R SR 45 Fhsh J12- 250

Table 2  Crystallization kinetic parameters of iPP and
iPP/TMC-300 composite materials
w(TMC-300)/% T./°C n k/min™" t1»/min
0 126 261 23x10" 1.53
128 273 47x107 2.69
130 2.73 9.3x107° 4.85
0.2 126 2.58 19.1 0.28
128 2.59 8.5 0.38
130 2.73 4.0 0.52
0.4 126 2.66 16.0 0.31
128 2.58 8.7 0.37
130 2.68 4.1 0.52
0.6 126 2.55 11.8 0.33
128 2.51 6.7 0.41
130 2.68 32 0.57
0.8 126 2.57 10.6 0.35
128 2.56 5.8 0.44
130 2.56 2.7 0.59
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Fig. 5 XRD patterns of pure iPP, TMC-300 and iPP/TMC-
300 composite materials
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Fig. 6 POM photographs of isothermal crystallization of
pure iPP and iPP/TMC-300 composite materials at
130 °C
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a—w (TMC-300)=0; b—w (TMC-300)=0.2%

Kl 7 4 iPP } iPP/TMC-300 & &A1k Wi i) SEM

MR
Fig. 7 SEM images of fracture surface of pure iPP and
iPP/TMC-300 composite materials
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Table 3 Non-isothermal crystallization and melting parameters of iPP/TMC-300, iPP/TMC-328 and iPP/HPN-68L composite
materials
w(TMC-300)/% w(TMC-328) /% w(HPN-68L) /%

0.2 0.6 0.2 0.6 0.2 0.6
T./°C 126.2 126.9 125.2 126.7 130.6 131.8
A Hyo/(J/g) 96.3 90.9 88.0 96.8 98.1 95.6
Tw/°C 165.9 165.7 165.6 168.2 166.1 165.8
X/% 46.1 43.5 42.1 46.3 46.9 45.7
NE/% 52.0 56.3 46.2 55.4 77.7 84.6

ik 3 Fron, fEMFEREET, iPP/TMC-300
82 A FRL Y 4 IR AL RR S iPP/HPN-68L
EEMBIIMENZ, HILL iPP/TMC-328 541
MIEE, B, 24 TMC-300 [543 450h 0.2%0),
iPP/TMC-300 &AM RHZ5 SR 46.1%, S AHIF]
TS B0 HPN-68L (46.9% ) AHIE, {HI¥E T4
[R] B4 B TMC-328 (42.1% ); 24 TMC-328 )
A EUR 0.6%0), iPP/TMC-328 &4 MHEHI 25 &
B R 46.3% , 5 FUE 0K 0.2%19 TMC-300( 46.1% )
I 46, 24 TMC-300 MR350 0.2%0) Y
NE 4 52.0%, LUAH[R] B 50401 TMC-328 (46.2% )
A, X UL TMC-300 AT LIVE K iPP 1 —FF & FH A
¥, I BSR4 5 HPN-68L #23T, [t TMC-328
Giky/ez

iPP/TMC-300 . iPP/TMC-328 J}% iPP/HPN-68L
BAEMBE 1 2E RS BULE 4.

R 4 firoR  AEAR TR 0 BT £ 43 20K iPP/TMC-300
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TMC- 300, TMC-328 #l HPN-68L 14 Jii 43 5#8 M
0.2%M}, iPP/TMC-300 & & #4825 ih i B F iy f
PR 91R 72.5 MPa #l 39.4 MPa, iPP/TMC-328 &
AR RE Y S 5 B AR AR BE A 73.1 MPa I
39.0 MPa, Ifii iPP/HPN-68L & & A1 Z5 il i & Al
PSR E A9 67.5 MPa Fl 35.6 MPa, X %H]
TMC-300 Fl TMC-328 X 1 Fh i 42 77 7 34 538 iPP 1) W1
P A Py T 208 F 5T HPN-68L. 24 TMC-300
) SBT3 B0k 0.6% T 2L 2 (832.2% ) LEAH
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Table 4 Mechanical performance parameters of iPP/TMC-300, iPP/TMC-328 and iPP/HPN-68L composite materials

Ww(TMC-300)/%

Ww(TMC-328) /%

w(HPN-68L) /%

0.2 0.6 0.2 0.6 0.2 0.6
25 [t 5 )% /M Pa 72.5 72.8 73.1 74.3 67.5 72.8
P A5 B2 /MPa 39.4 41.7 39.0 36.1 35.6 34.9
Wy AT /% 804.8 832.2 735.2 542.4 745.6 743.3
e 11 w5 BE/(J/m) 43.2 34.2 34.2 36.5 37.3 43.3
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