Different crystallization mechanism in Polypropylene-nanoclay nanocomposite with different weight percentage nanoclay additives
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Supporting information
Figures
In this research, linear low-density polyethylene (LLDPE) based maleated wax was used as a compatibilizer between polypropylene and Closite Na+. Schematic of possible interaction between the clay platelet, PP chain and maleated wax is shown in Figure S1


99-101 ADDIN EN.CITE . 

[image: image1.png]CHCH,

swove CHy—— CHy—— C——CH g

T T CH,CH, TH—CH
ofc\o/c—o + v CH 3= CH,;——CH——CH g > 0—C C=—o0
maleic anhydride (MAH) LLDPE LLDPE-g-MAH
m oHHs CH,CH,
" oH e CHy— CHy— G CH g o CH 3~ CH ;—— G——CH g
s=—= + c‘nfcn —_— CH—CH
OH NH 0=t gm0
Ny 0=—C Cc=—o0
‘ I‘IH OH
H
Clay LLDPE-g-MAH I
()
NH OH e CH g CH 3= C——CH g (l‘ll\
) }
= CH—CH “He—C
v|:1_—_l‘:| + + ,\__E(“_ (“3\,«/
OH NH ) n
\o/
PP
Clay LLDPE-g-MAH

CHy

n

¢ CH,CH,

|
«\‘Ecl 1—Ct 13\,‘,\,\ CHy— CHy— ‘C‘fcmw

CH—CH
0—=C c—o
|
‘ NH OH
H = —




Fig. S 1 Schematic of reaction between (a) maleic anhydride, LLDPE, (b) clay platelets and maleated wax and (c) clay, maleated wax, PP100.
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Fig. S 2 Schematic of TEM microtomy sample extraction from the injection molded composites.
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Fig. S 3 Photographs of concentrates at (a) PP, (b) PPN1, (c) PPN2, (d) PPN3, (e) PPN10, (f) PPN15 250°C, bright areas indicate the existence of clay tactoids, and the dark areas indicate the molten PP matrix (crystallization conditions are included in experimental section).
Influence of 5wt% maleated wax in PP concentrate on the crystallization and crystallinity wt. % was investigated. Difference in crystallization behavior is not significant. Crystallinity wt. % is slightly lower for PP with wax. This might be due to the hindrance to chain mobility by the maleated wax. 
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Fig. S 4. Peak crystallization during cooling segment.
Table S 1. Heat of fusion values.

	Sample
	Heat of fusion (J/g)

	PP
	98.44

	PPM
	95.41


Tables

Table S 2 Crystallization kinetics results for Control PP
	Sample
	Temperature (°C)
	n
	exponent
	K
	t 1/2 (min) 
	G(1/min)-exp

	PP
	120
	2.1
	-0.9
	0.13
	0.3
	3.3

	 
	123
	1.9
	-0.6
	0.25
	0.4
	2.5

	 
	125
	1.9
	-0.3
	0.48
	1.6
	0.6

	 
	128
	2.4
	-0.3
	0.49
	1.2
	0.8

	 
	130
	2.6
	-1.0
	0.11
	2.0
	0.5

	 
	135
	 
	 
	 
	 
	 


Table S 3 Crystallization kinetics results for PPN1.
	Sample
	Temperature (°C)
	n
	exponent
	K
	t 1/2 (min) 
	G(1/min)-exp

	PPN1
	120
	2.2
	-0.2
	0.63
	0.7
	1.5

	 
	123
	2.4
	-0.4
	0.37
	1.3
	0.8

	 
	125
	2.4
	-0.9
	0.12
	2.0
	0.5

	 
	128
	2.3
	-1.3
	0.05
	4.0
	0.3

	 
	130
	2.7
	-2.3
	0.01
	6.5
	0.2


Table S 4 Crystallization kinetics results for PPN2.
	Sample
	Temperature (°C)
	n
	exponent
	K
	t 1/2 (min) 
	G(1/min)-exp

	PPN2
	120
	1.9
	-2.7
	0.002
	1.7
	0.6

	 
	123
	2.0
	-2.8
	0.002
	1.7
	0.6

	 
	125
	2.1
	-0.1
	0.724
	1.0
	1.0

	 
	128
	2.4
	-0.9
	0.126
	1.9
	0.5

	 
	130
	2.5
	-1.7
	0.020
	4.4
	0.2


Table S 5 Crystallization kinetics results for PPN3.
	Sample
	Temperature (°C)
	n
	exponent
	K
	t 1/2 (min) 
	G(1/min)-exp

	PPN5
	120
	1.8
	-0.5
	0.32
	0.5
	2.2

	 
	123
	2.0
	-0.2
	0.49
	0.7
	1.5

	 
	125
	2.2
	-0.3
	0.49
	1.2
	0.8

	 
	128
	2.2
	-0.9
	0.13
	2.2
	0.5

	 
	130
	1.8
	-1.0
	0.10
	3.3
	0.3


Table S 6 Crystallization kinetics results for PPN10.
	Sample
	Temperature (°C)
	n
	exponent
	K
	t 1/2 (min) 
	G(1/min)-exp

	PPN10
	120
	1.9
	-0.9
	0.11
	0.3
	3.8

	 
	123
	2.0
	-0.8
	0.15
	0.3
	3.2

	 
	125
	2.0
	-0.4
	0.36
	0.5
	2.0

	 
	128
	2.3
	0.0
	0.98
	0.9
	1.2

	 
	130
	2.4
	-0.5
	0.35
	1.4
	0.7


Table S 7 Crystallization kinetics results for PPN15.
	Sample
	Temperature (°C)
	n
	exponent
	K
	t 1/2 (min) 
	G(1/min)-exp

	PPN15
	120
	2.0
	-1.1
	0.08
	1.3
	0.8

	 
	123
	2.0
	-1.0
	0.10
	0.3
	4.0

	 
	125
	1.8
	-0.8
	0.16
	0.3
	3.8

	 
	128
	2.0
	-0.3
	0.49
	0.6
	1.7

	 
	130
	2.3
	-0.1
	0.78
	1.0
	1.0


( Corresponding author; Gajanan Bhat, Professor, Department of Materials Science and Engineering�205 TANDEC BUILDING, The University of Tennessee, Knoxville, TN 37996, Phone: 865-974-0976, Fax: 865-974-5236�Email: � HYPERLINK "mailto:gbhat@utk.edu" �gbhat@utk.edu�








