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Abstract The terms '"nucleators", "nucleator compound (s)",

"nucleating agent", "

nucleating agents" generally mean any additive
to polymer, individually or in a combination, that produces
nucleation sites for polymer crystals in the transition from its molten
state to a solid, cooled structure. Any compound that exhibits such a
beneficial effect and property is included within this definition. Such
nucleator compounds more specially include dibenzylidene sorbitol
types, substituted aromatic phosphate, dehydroabietate—based
nucleators and the like. Aromatic carboxylic acids and their metal
salts, such as sodium benzoate, are an important type of nucleators.
This paper reviews the research and application of sodium benzoate
as nucleating agent of thermoplastic materials. Sodium benzoate is
made by the neutralization reaction of benzoic acid with sodium
bicarbonate solution, and as a dispersion type nucleating agent, it
can increase the crystallization temperature of polypropylene (PP)
and shorten the crystallization time of PP, and also can change the
crystalline form of PP under high —pressure crystallization. When
sodium benzoate is used in PET and PEN as a nucleating agent, it
plays its role by reacting with polyester (e.g. PET or PEN). It is

shown that the improving routes of sodium benzoate nucleating agent
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are as follows: increasing its purity, reducing its particle size and 3, :Dd s ;@ d
combining actions with other nucleating agents. 3 d . . .
Keywords sodium benzoate; nucleating agent; polypropylene; @ |,
polyester .
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1 Table 1 Effects of sodium benzoate content on
O ’ crystallizability of PP
, , ° 1% e e 1(J-g")
N / 0 105.66 165.77 106.46
, . 0.1 123.79 165.53 111.08
0.2 126.62 166.32 112.14
, 2 0.3 128.48 166.54 113.46
R . " 0.4 129.19 165.97 114.60
0 - ' 0.5 129.95 166.12 117.91
° ’ 2.2 PP
X ° B pp 1% ,  260C 0.75 GPa
’ ’ DSC 1, 1 3
’ ¢ (150,160  170°C), 3 ,
¢ 3 3 0 150°C vy
,160°C o R PP
1 WAXD , 170°C PP
(Sodium benzoate ) , PP
) N , pH )
2.5~4.0;pH 50 5% ds
ol
2 PP
2.1 PP B
1965 ,Michael Wales 19 =
1% N N
, 20 60
[11] PP )
, 1. 1 , PP :260°C,0.75 GPa; :1—5%C/min,
, 02% ,PP 2—10%C/min,3—20%C/min,4—40C/min
20°C. i 1 PP/ DSC
Fig. 1 DSC melting curves of PP/sodium benzoate
O ) : samples under high—pressure crystallization
, PP , . PP
. 02 IPP 3
N 25 , 3.1 PP
a d 3.1.1 TM-3
IPP d a ; a d , e 0~2% T™-3
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PP(S1004) ,
TM-3 PP
) TM-3 PP ,

[15]
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TM-3
, TM-3 2% ppP

o pp

. (@ PP/TM-3 ,
2% ;
1% o @ T™M-3 PP
( 2.5%),

pp ,
5 i . PP ,
pp ,
0.2% ;
05%
38%-.

15%
[11] (CaSt,)
(PP T30S, )
, CaSt pp ;
0.055 CaSt, PP N
53% 11% 5.3C, ,
PP ° s

PP o
3.1.2
116]
MTK-122( ) PP (EPF30R)
, DICPK s PP

0.3~0.4 phr( )

, - DICPK PP

DICPK 0.4 phr
DICPK
D
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MTK-122 PP
,PP o ,
MTK-122 , o
3.1.3
Zhang
) ;
, PP-R ,

(CRP)
2 PP-R

Table 2 Comparison of nucleation capability of
sodium benzoate and talc for PP-R

PP-R
2.027
0.0439

PP-R/
2.960
0.0949

PP-R/
2.095
0.0881

(CRC)
(CRP)

3.2 PP
[18]
(BOPP) s
BOPP (

[21]

3.3

[22]

(PET) ,PET .
: ,PET .
65% PET
PET
PET PET
PET . 3 ,
PET
, PET .
, PET ,
PET :
PET ,

DSC

PET ,

, PET .
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Table 3 Effects of nucleating agents on mechanical properties of biaxially—oriented films

( /(Nemm?)  10% ( /(N-mm?) 1%
50 59 67 50 59 67 50 59 67
79.9% PP
1 20% 3480 3930 4510 65 83 110 5.7 5.9 7.0
0.1%
79.75% PP
2 20% 3560 3910 4460 68 84 107 49 5.6 7.2
0.25%
80% PP
1 ‘ 3250 3690 4100 62 78 100 45 53 6.9
20%
2 100%PP 2270 2600  — 50 64 — 23 2.7 —
4 PP

Table 4 Effects of contents for sodium benzoate on mechanical properties of PP films

0" 0.015 0.025 0.050 0 0.015°  0.025
8:1 91 36 41 48 11 16 5
% 9:1 — 100 — — — — 93
O o) — 150 150 150 150 150 150 145
4:1 2.6 32 2.8 33 35 2.5 3.1
5:1 5.8 5.7 55 4.8 59 4.8 5.2
6:1 8.4 8.1 75 6.8 8.2 7.0 6.6
7:1 9.5 8.3 8.2 7.1 9.7 7.6 7.7
8:1 8.6 7.8 7.6 6.6 9.7 7.4 7.3
9:1 — 6.8 — — — — 6.6
4:1 4.51 4.25 424 4.23 4.30 4.18 422
5:1 5.78 5.57 5.52 5.79 5.56 5.69 5.54
6:1 6.93 6.95 6.95 721 6.90 6.85 6.82
/(g-den™) 7:1 7.24 6.62 6.78 6.19 6.90 6.46 5.97
8:1 5.58 5.83 5.80 5.91 5.27 5.78 5.33
9:1 — 5.77 — — — — 5.57
4:1 26.59 26.93 25.65 27.52 27.48 25.12 2545
5:1 38.36 39.12 38.69 42.49 39.01 38.88  40.04
5%Elong 6:1 49.17 50.97 49.85 55.11 50.34 4924  50.77
/(g-den™) 7:1 59.39 61.78 60.78 63.84 60.63 5845  60.78
8:1 70.29 72.50 69.19 74.84 72.17 68.76  70.01
9:1 — 81.42 — — — — 81.02
4:1 432 45.54 46.11 51.33 45.07 38.61  49.01
5:1 28.85 30.95 33.03 30.01 27.84 28.62  30.28
6:1 24.85 25.66 26.10 25.31 24.27 2639  24.53
% 7:1 18.22 16.13 18.85 1435 17.47 17.14  16.64
8:1 13.62 11.97 12.72 10.41 10.40 179  11.22
9:1 — 10.09 — — — — 11.47
cH— PP PP 100 0.001 00005 a— , ;

b— je— B
Notes: #: Base formulation (parts by weight), polypropylene homopolymer power 100, primary anti—oxidant 0.001, secondary anti—oxidant 0.000 5; a: a
polypropylene base formulation except a secondary anti—oxidant and nucleator; b: a polypropylene base formulation except a secondary anti—oxidan; c:

polypropylene base formulation except a secondary anti-oxidan.
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Avrami n 1~2 s PET n 5
. PET -3 DSC, (POM)
54, 5 , PET (T.) (SALS) 2,6— (PEN)
) ; PET , , PEN . ,
PET - NMR PEN s
o PET , , PEN , PEN
, 0 ,SB PEN
50%, PET , . , PEN
PET-Na, , T, )
2.57% T. 237.6°C, , PEN o
T. 225.7°C, PET PEN SALS N ,
T. 222.6°C, PET T, PEN -
202~206C PET-Na o 1 PEN 2,6—
=1 1% . N (DMN) (SOCB) ,
\ \ 6 PET DSC FTIR | (HPOM) HPLC S
, PET DMN  SOCB . DSC
o HPOM ,PEN  SOCB ,
PEN “ 7
5 PET PEN , PEN
Table 5 Effects of different nucleating agents on ’ ’ °
PET crystallizability
4
T/C 20 60 ,
Ji i 20 90 ,
0 79 000 202~205
0.7 57 000 226.2 O ' ’ ’
2.57 28 000 237.6 ' ’
3.25 51 000 231.0 ’ ’
15.65 32 000 224.0 ’ ’
0.72 74 500 201.3~205.3 )
3.53 22 000 229 ° ) ,
. : ,
29 Gutzow N . 99% ., .
PEG( ) PET , ) ’
i . L . ® .
(DSC) N Surlyn ) )
, Ozawa . @ 3 .
o 3
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