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Extensional rheological properties of heat-resistant phase

change wax/polypropylene functional particles
WEI Haijiang's JIANG Li*, ZHANG Shunhua'
(1. College of Materials and Textiles, Zhejiang Sci-Tech University, Hangzhou 310018, China;
2. Zhejiang Henglan Technology Co., LTD., Hangzhou 311200, China)

Abstract: In order to study the spinnability and processing performance of polypropylene ( PP)
functional particles modified by heat-resistant phase change wax(PC-WAX). PC— WAX/PP blends were
prepared by melt blending with twin-screw extruder. The twin — bore capillary rheometer and Haul-off
drafting equipment were used to analyze extensional rheological properties and thermal stability of PC-
WAX/PP functional particles. The results showed that the PC— WAX/PP samples belonged to extensional
thinning-type fluid. And the extensional stress and viscosity of samples decreased with the increase of
temperature. Increasing the extensional strain rate was beneficial to decrease the extensional viscosity and
extensional flowing activation energy of samples. PC— WAX would reduce the flow resistance of samples,
and the extensional stress, extensional viscosity and extensional flow activation energy of samples reduced
with the rise of additive content. Under the extensional stress rate of 52 62 s™', 180°C, the extensional
stress, extensional viscosity and extensional flow activation energy of samples with 20% mass fraction of
PC-WAX decreased by 60. 9%, 48 2% and 20. 6% respectively compared with the pure PP. The addition
of PC—WAX had no influence on the thermal stability of PP, but it would reduce the tensile ratio of PP
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and the strength of melt to a certain extent. The experimental results have reference value for the

formulation and optimization of melt spinning process of PP modified by phase transformation function.

Key words: phase change wax; polypropylene; blending modification;  extensional
rheology; spinnability
0 1
R 1.1
, PP : 25 g/10 min,
, ; PC-WAX: ,
b2 (PP) 28 °C 22°C, 200 C,
. . 1.2 PC-WAX/PP
i [l PC-WAX PP ,
PC-WAX 5%.10%.15%
20% , TSE-30 A
( 180~205 C, 175 C)
N PCG-
() WAX , 1,
1 PC-WAX/PP
. N . i
[7-8]
’ ° PP PC-WAX
) 150 C 1 100 0
[9-10] , , 2% 95 5
( 37 90 10
). i . 4i 85 15
5% 80 20
s [ °
200 °C (PC- 1.3
WAX)H2, . PC-WAX/pP L3 1
i , RH7 ( Rosand
) ) s
, (0. 3 MPa) (10 min)
o 175,180 C
185 C, 0.5 mm, 16.
Cogswell
(1] , °
[} Oe [SEEN
° ’ 776 Eq l
PC-WAX/PP 3 ¢
, PC-WAX a(,:§(n+1)APo @D)
PP . . . s
¢ =4y, — 2
N s € e 3(n +1)AP, (2)
PC-WAX/PP . AP,?
/ 70=9(n + 1) —— (3)

329.7°



588 ( ) 2019 41
_ ne
er =5 303rT T 184 “
:n 5 Ya ;Y
H AP() ;A ;R
132
Haul-off
0 0. 3
MPa) (10 min)
’ ’ 1 180 C
500. 0 mm, L 0 mm., 2.2
16,
L33 2 180 C
PP  20% PG ’ ’
WAX s
(0. 3 MPa) (10 min) ’ ¢ ' Oe e
20,40 min 60 min s ° € e ’ 3
180 C, 0. 5 mm, 16, ’ ’
’ 7](; H D
2 , 7e 2
2.1 é ,
1 180 °C , 13 > e
, i . . e PC-WAX
4 9 PC7 Oc 77" pPp ’ s O¢
WAX PP \ 7 PP ¢ 52625
PP , ,209% PC-WAX o e PP
i PC-WAX 60. 9% 48 2%, 2 ; PC-
, WAX PP
, e : PC-WAX . PP
2 180 C



/ 589
R 2(b) , & 200 s !
’ 77(‘ ’ 7]c 1S
N 400 57", .
2.3
3 ,17
PP,4% 15% PC-WAX/PP s s
304, 03 s7! 175 C
185 C,17 3L 4%, 47
22. 0%, PC-WAX 3
, . 4 Arrhenius
° 4) PC-WAX
2.4 ,
. ’ . 20
4 PC-WAX
2 8 8% 20.6%, PC-WAX
kJ/mol s ’
/s7! i
52. 62 134, 94 304, 63 402, 85 5 5
1% 6L 71 55. 53 19, 08 45, 92 180 °C ’
3% 56. 27 51 56 46. 80 44, 18
5° 48, 97 47, 91 43. 73 40, 44 ’ ;
4 2 s s ,
’ 91# ‘3# 5:\: (a) (b) ) N
402, 85 s~ 56, 62 s 1* ;
25. 6% .21 5% 17 4%. . 57
0 [} 60 min
. , 20 min , PC-WAX
, ’ PP s

5262 s ' ,3% 57

1#



590 ( ) 2019 41
5 180 C
2.6
180 C ) , :
10 min, 1 m/min , a) PC-WAX/PP s
Haul-off , PC-WAX PP )
(10~200 m/min) , ;
, 6 . 6 , ; PG
30 m/min, WAX s ,
, ) , N
, o
, ) ) b)
., 17 37 120 m/min ,PC-WAX PP .
85 m/min , 1. 40 cN c)
0. 63 cN, PC-WAX PP , PC-WAX PP
o , , )
, , , .
[1] LuX M. Sun Y T. Chen Z. et al. A multi— functional
textile that combines self-cleaning, water-proofing and
VO;,-based temperature-responsive thermoregulating
[1]. Solar Energy Materials and Solar Cells, 2017, 159
102-111.
[2] . , ,
[J. , 2018, 39(8): 22-26.
[3] , , . /
[l . 2016, 24(5) ;1-4.
[4] . ; . /
Ll s
6 180 C 2018, 39(4): 429-435.
[5] Chen X L., Wang W D, Jiao C M. Para— aramid fiber
3 modified by melamine polyphosphate and its flame
retardancy on thermoplastic polyurethane elastomer[ ] ].
PC-WAX PP RSC Advances, 2017, 7(84); 53172-53180.
, Haul-off [6] Ren Y. Ding Z R. Wang C X. et al. Influence of DBD



591

L7]

[8]

(9]

plasma pretreatment on the deposition of chitosan onto
UHMWPE fiber surfaces for improvement of adhesion
and dyeing properties [ J ]. Applied Surface Science,
2017, 396 1571-1579.

Karaipekli A, Bicer A, Sari A, et al. Thermal
characteristics of expanded perlite/paraffin composite
phase change material with enhanced thermal
conductivity using carbon nanotubes [ ] ]. Energy
Conversion and Management, 2017, 134, 373-381.
Zhang P, Meng Z N, Zhu H, et al. Melting heat
transfer characteristics of a composite phase change
material fabricated by paraffin and metal foam []].
Applied Energy, 2017, 185; 1971-1983.

Konuklu Y, Paksoy O H, Unal M. Nanoencapsulation
of n—alkanes with poly(styrene-co-ethylacrylate) shells
for thermal energy storage[ J]. Applied Energy, 2015,

150:335-340.

[10] Fang Y T, Wei H, Liang X H, et al. Preparation and

thermal performance of silica/ntetradecane
microencapsulated phase change material for cold
energy storage[ J |. Energy and Fuels, 2016, 30(11):
9652-9657.

’ ’ ’

6 L. , 2018, 39(4): 1-8.

[12] Zhang G Q, Cai C W, Zhu G C, et al. Preparation and

properties of high thermo stability phase — change

material microcapsules[ C]// Yi L, Ling G, Wei L X.

The 11th Textile Bioengineering and Informatics

Symposium. Manchester: Textile Bioengineering and

Informatics Society, 2018 840-847.

, , » . PA6/Mica
. , 2015, 23(5):1-3.
[M].
, 2014, 87-88.



