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Abstract PET nucleating agents are used to improve the crystal structure, increase the crystallization rate, improve the physical —
mechanical properties and shorten the forming period. The most common PET nucleating agents fall into three groups: inorganic nucleating
agents, organic nucleating agents and composite nucleating agents. Inorganic nucleating agents including clay (montmorillonite, layered
double hydroxide, etc.), metallic oxide (SiO,, MgO, ZnO, TiO,, etc.), non—alkali metal hydroxides (AI(OH),, Mg(OH),, etc.) and inorganic
salts (Na)COs;, NaHCO;, BaSOs, etc.) are the earliest nucleating agents to be used and enjoy the advantages of being cheap, easy to obtain
and easy to be use. They are heterogeneous in PET, and are difficult to disperse uniformly. Organic nucleating agents include organic acid
salts  (benzoate, sodium formate, sodium acetate, etc.) ionomer and others. They are easy to disperse in the polymer, with good
performances. Composite nucleating agents possess both advantages of organic and inorganic nucleating agents. The synergistic effect is
obvious and the performances are excellent. Therefore, the composite nucleating agents will become a focus of researches for the
mechanism and applications.
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Table 1 Crystallization parameters
of PET with different amount of HT
w(HT)/%  T,JC A T./)C Al AT JC s
/(J-g™) /(J-g™")
0 19239  38.72 254.07 33.63 61.68 170.22

0.5 201.99 4475 25461 40.93 52.62 105.93
1.0 204.66  46.56  255.12  40.94 50.46 101.39
3.0 206.53 4530 256.02 43.30 49.49  88.10
5.0 206.99 4733 255.66 43.88 48.67 100.23
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’ : 2% Table 3 Mechanical properties of PET/ZnO composites
’ 8i0, ’ w(Zn0)/% /MPa 1% /(Jom?)
’ ° 0 53.01 5.32 133.20
1.3.2 MgO I 59.42 291.21 138.52
H MgO  SiO, PET 2 61.36 377.28 160.42
S ,PET s 3 54.42 360.27 98.41
, MgO Si0, PET 4 53.39 253.90 44 .38
. 2 PET
i i MgO i S S PET
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, TiO, PET .
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Table 2 Mechanical properties of PET under o Ti0,
different processing temperatures PET . 3%
PET/  / / PEV [ / 25%;
Si0, VO TiO, PET 1%
60°C 80°C 60°C 80°C 10%; ’ Ti0,
/MPa 26.7 25.4 242 28.4 PET ° Ti0, 1%
/(kJ-m?2) 0.91 0.66 0.91 0.83
/(kJ-m?) 521 573 61.6 59.4 ) PET/  TiO,
/N 86.8 9.2 102.7 92.4 , PET
/GPa 47558  4.8309 48122 5.1814 , 10~20°C; Ti0,
PET . TiO, ,
1.3.3 ZnO ,PET/TiO, s
13 7Zn0 PET/ZnO o TiO, s s
s Zn0O PET o s TiO, PET
. Zn0 (PEG) o
. Zn0O 1.4 BaSO,
PET s Zn0 18] PET/ BaSO,
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PET . i i 1%
. Zn0 PEG  EG . BaSO, PET 6.8°C, BaSO,
S /n0 s . BaSO, PET BaSO,
, , s 2% ,PET/ BaSO0,
. PET
14 ZnO/PET 16% 18.6%,
3. 3 Zn0  ,PET 32% 14%, o
. 7m0 2% | 15
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Table 4 Nucleation effect of non-alkali metal hydroxide
5 PET
T/ K Te(n=05) Table 5 Nucleation effect of organic salts in PET
AI(OH), 215 0.54 217
Cu(OH), 208 0.68 212 ) m TC
Ni(OH 204 0.64 207
In((OH;j 209 0.55 211 0 79000 202-205
Ba(OH), 195 0.73 199 0.7 57000 2262
Mg(OH), 208 0.44 203 2.57 28000 237.6
Co(OH), 206 0.44 203 3.53 22000 229
La(OH); 189 0.74 192 3.25 51000 231
189 0.51 188 15.65 32000 224.0
16 PET m 0.90. 0.72 74500 201.3~205.3
Notes: The concentration of nucleating agent is 1%; 1 of PET with out
nucleating agent is 0.90. 22
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Table 6 Thermodynamic parameters of PET with the addition of nucleating agents
Avrami
/°C AT/C AH/(J-g™) DIC 1 1/min K n
PET 163.1 90.6 16.6 37.2 1.32 0.196 2
198.2 56.6 37.4 9.2 0.4 2.54 2.682
Zn0 189.2 64.6 42.6 12.3 0.76 0.705 2.17
BaSO4 196.1 48.8 34.8 11.9 0.7 1.1 2.7
200.4 532 43.7 9.6 0.4 0.375 2.81
207.0 413 28.5 16.4 0.8 0.642 2.05
201.2 535 34.7 8.5 0.35 2.04 1.75
Surlyn 202.4 — 39.86 7.3 0.31 4.47 2.82
FH1* 210.1 — 42.54 8.7 0.37 3.43 1.74
FH2** 211.7 — 46.74 7.3 0.32 4.21 2.28
FH3%s* 211.3 — 41.24 10.3 0.43 2 2.39
FH4 #sesek 210.9 — 43.12 12.4 0.49 1.89 1.89
PBT 182.8 — 51.5 11.8 0.44 1.64 2.35
o Surlyn: DER 732=1:3:0;%%; Surlyn: DER 732=1:3:1 ;%%* | Surlyn:
DER,732=1:1:0; %%+ Surlyn: DER 732=2:3:1, :PET 130°C 5h
1% Hakke 90 , 240°C.,

Notes: *, Sodium Benzoate:Surlyn:DER 732 =1:3:0; **, Sodium Benzoate:Surlyn:DER 732 =1:3:1; *** Sodium Benzoate:Surlyn:DER 732 =1:1:0; *##%,
Sodium Benzoate:Surlyn:DER 732=2:3:1. Preparation conditions: PET is dried under 130°C for 5h, 1% of nucleating agents are added and mixed by

torque rheometer (Hakke 90) at 240°C.
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