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Fig.2 Spectral absorption curve of pigment
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Tab.1  Absorption spectra of photoinitiators

JEHIURFIRRIZE R /am R K /am
184 240~250,320~335  246.280.333
369 230~250,324~335 233,324
907 220~245,260~325 232,307
ITX 240~270,380~430 258.382
819 270~300,360~370 370,405
TPO 280~320,350~400 289.298.379.393

T35k, R T IRO T | A BT 5o UV-LED
TH S5 [ A0 R Y 52 ) 1 508 A A A ) BT A
N ITX2% . 4% 6% 8% . 10% F1 12% () UV-LED jii
BB R T PR 1.5 W/em?, P K43 91 K 365,385,
395 nm [ UV-LED SGIEFEF 748 5 [ Ak, I 25 /9
XU AR AR 25 A 3 B
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Fig.3 Influence of photoinitiator content on ink curing rate
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Tab.2  Composition and mass percentage of UV-LED inks

4 4y IR RTEAN H H
PELT(PR57:1) Bl 8.0% - - -
FikT5 W% (PB15:3) Bl - 10.0% - -
Bkt ! n
R (1274) Bl - - 8.0% -
ToHlk Bl - - - 8.0%
XUy A B4 DN I TR R A4 T - 25.0% - -
O SR TR N S R TSR A g Tz 11.0% - - 14.0%
WEY o
PPER E NG FR BRI T 15.0% - 29.0% -
FUSCPE R R N TR ER A g Tz - - - 13.0%
ik WR B Ik B 2T TAti 520%  50.0% - 50.0%
T TN R T - - 50.0% -
369 A H - - 4.0% 4.0%
184 A H - - 4.0% -
HE 17
ITX A H 3.0% 4.0% - -
TPO AH 5.0% 4.0% - 6.0%
TR A G R R ZEE R 5 R AW E S HGR BREN 1.2% 1.4% 1.2% 1.5%
IR YRR RS FHE 4.5% 5.0% 3.0% 3.0%
i il TR A 3R TN s R T FEHE 0.3% 0.6% 0.8% 0.5%
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Fig.4 Influence of light sources on ink curing rate
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Fis o
®3 REHEMHBELHENER

Tab.3  Relationship between light source power and ink curing time
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Fig.5 Printer color group structure
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Fig.6 UV-LED curing device
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Application research on expired unidirectional prepregs in UAV

Zhao Weichao , Zhao Jingli, Duan Guochen
(Xi’an ASN Technology Group Co.,Ltd.,Xi’an 710065, China)

[ Abstract] The comprehensive mechanical properties and heat resistance of UD (unidirectional prepreg) hot—
pressed tank samples were compared under different conditions at 0.6 MPa. The research results showed that UD
that did not exceed the cumulative exposure period had no significant effect on the reliability and stability of
product quality during a certain expiration period. After exceeding this time, the product quality could be
significantly affected.

[ Keywords Jepoxy matrix ; prepreg ; medium temperature curing; expiration; UAV

(L#5E36m)

Application research of UV=LED ink in gravure printing of flexible packaging

Pi Yangxue',Li Peng', Bao Yong®
(1.Zhongshan Torch Polytechnic, Zhongshan 528436, China;2.Zhongshan Zhongyi Ink Coating Co., Ltd.,
Zhongshan 528447, China)

[Abstract] A kind of UV-LED environmental protection ink and suitable UV-LED curing light source were
prepared, and the gravure printing machine was improved and designed. A set of gravure printing system using UV—
LED cold light source to solidify color ink was constructed , and the printing test of flexible packaging materials was
carried out. Under the conditions of printing speed 200 m/min, UV-LED wavelength 385 nm and single color group
minimum optical power 6 kW, UV-LED ink could be cured on PET (polyethylene terephthalate) , OPP (o-
phenylphenol) , CPP(casting polypropylene) , PE (polyethylene) and other substrates in only 0.1 s, and the printing
quality could meet the requirements of mass production. Solvent—free flexible packaging gravure printing technology
was advanced, environmental protection and energy saving, which could replace traditional solvent—based printing,
solving the VOCs governance problems of flexible packaging gravure printing enterprises from the source, and
promoting industrial transformation and upgrading.

[Keywords] VOCs; flexible packaging; gravure printing; UV-LED ink ; environmental protection and energy
saving
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(E#EE40m)
Effect of cleaning agent on anaerobic adhesive bonding performance

for high voltage switch

Liu Heng'?, Fan Yanyan',Li Baozeng',Li Yafei'”
(1.Pinggao Group Co., Ltd., Pingdingshan 467000, China;2.Beijing Pinggao Qingda Technology Development
Co., Ltd., Beijing 100085, China;3.Henan Pinggao Electric Co., Lid., Pingdingshan 467000, China)

[ Abstract]Different brands of anaerobic adhesives were selected for bolt bonding. Orthogonal test was carried
out to analyze the disassembly moment of different kinds of bolts under different cleaning agents. The influence of
various external factors on the bonding performance of anaerobic adhesives was obtained. The research results showed that
the bonding strength of hot—dip galvanized parts dried without oil and cleaned by alcohol was higher, while the anaerobic
bonding effect of oil-contaminated joints dried with gasoline and Loctite 755 was better.

[ Keywords Jhigh voltage switch ; anaerobic adhesive ; cleaning agent ; orthogonal test
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Research on the Construction of the “Double Tutor” Teacher Team
of Modern Apprenticeship in Higher Vocational Colleges

PI Yang-xue, CHEN Hai-sheng, FU Wen-ting
(Department of Packaging and Printing, Zhongshan Torch Polytechnic, Zhongshan 528436, China)

Abstract The modern apprenticeship training mode puts forward higher requirements for the quality of the teaching
staff. In this paper, various factors that restrict the construction of the “double tutor” team of modern apprenticeships
were analysed, and effective measures were taken, such as strengthening school-enterprise cooperation, improving the
guarantee mechanism, strictly selecting evaluation criteria, school-enterprise collaborative curriculum development,
and building a teacher growth platform. Take the construction case of the “double tutor” teacher team of modern
apprenticeship system in Zhongshan Torch Polytechnic for example, the construction of a long-term mechanism
conducive to the modern apprenticeship “double tutor” teacher team was explored for the higher vocational colleges
to successfully carry out the modern apprenticeship personnel training pilot work to build a high-level “double tutor”
teachers team.

Key words Higher vocational colleges; Modern apprenticeship; Double tutor; Construction research
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Abstract In order to promote the co-construction and sharing of high-quality curriculum resources, modern
information technology and Internet platforms were used to improve the teaching quality and efficiency of courses,
strengthen inter-school collaboration. In this study, the practice of “Internet + teaching and research” vocational
education curriculum reform was explored. By virtue of non-administrative forces, take the “Printing Color” course
as an example, a group of like-minded educational reform practitioners in the printing profession across the country
were convened to establish a self-organized teaching and research community with a common vision of setting
curriculum standards, developing curriculum textbooks, building curriculum resources, promoting information-based
teaching, and conducting teaching and scientific research. The teaching and research community has fully stimulated
the enthusiasm and internal drive of the team members, and united their strength, effectively solved the pain points
of teaching practice, and achieved good results and fruitful results. The teaching and research community provides a

new perspective and characteristic path for the construction of new teaching and research organizations in the Internet

WAH B H: 2020—04—10  f5w= B 2020-05-04
MAKR: FERRLEE FR2017T-2018FFHF AF HHME IR AT RR-ARENHFHERKRIAL (No.1710215)



BEPHE S “HIKM -+ HABOOREE 2 1 S bF 5

WL 35

era, and has high practical application value.
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BOPP

*
( s ,528436)
(BOPP) . . s
,BOPP N . BOPP .90 d
. C /O /) (50 C) 0.25  0.20,

DOI:10.3969/j. issn. 1004-3055.2017.02.011

The Development on the BOPP

Cigarette Film with Low Friction Coefficient
Zhang Liqiong  Liu Xiaoyan Zhao Sufen  Xiong Ligui  Tu Zhigang
(Institute of Packaging & Printing, Zhongshan Torch
Polytechnic, Zhongshan,Guangdong,528436)

Abstract: Three layer structure biaxially oriented polypropylene(BOPP) film was pre-
pared by adding the homemade smooth masterbatch. Compared with the conventional
products,the friction coefficient of film reduces. At the same time, the results show that
the mechanical properties, optical properties and other properties of BOPP film are not
negatively affected. The friction coefficient of BOPP film in production line within 90 days
was tested. The dynamic friction coefficient(outer/outer) are lower than 0. 25,and the dy-
namic friction coefficient(inner/inner) are lower than 0.20 at normal temperature and high
temperature (50 ‘C). The aging stability of BOPP film is ensured.

Key words:biaxially oriented polypropylene; cigarette film; slipping masterbatch;fric-

tion coefficient; mechanical properties
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: 2
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; 2.1 BOPP
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Influence of glycerol/sorbitol on poly(vinyl alcohol)-konjac
glucomannan packaging film

Zhang Liqgiong' Zhao Sufen' Chen Shan® Liu Xiaoyan' Li Xinfang Tu Zhigang'

(1. Institute of Packaging &. Printing,Zhongshan torch polytechnic,Zhongshan 528436
2. Guangdong Huaxin Products Testing and Inspection Technologh Co. ,Ltd. ,Dongguan 523400)

Abstract Sorbitol and glycerol used as the mixed plasticizer, poly(vinyl alcohol)-konjac glucomannan blend system
for mother liquid packaging film was prepared. The glycerin and sorbitol dosages on mechanical properties and optical prop-
erties of films were studied. The results showed that the mixed plasticizer can form new hydrogen bonding and mixing sys-
tem,when the glycerol dosage was 0. 3mL and sorbitol dosage was 0. 1g. the film performance was the best, the tensile
strength at this time was 8, 0MPa, elongation at break within the range of 140% to 160% ,light transmittance was 95 % and
the fog degree between 4% and 4. 5%.

Key words sorbitol, glycerol, packaging film,hydrogen bonding
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CPP heat sealing film with low-friction factor

Zhang Ligiong, Liu Xiaoyan, Zhao Sufen, Xiong Ligui, Tu Zhigang
(Institute of Packaging & Printing, Zhongshan Torch Polytechnic, Zhongshan 528436, China)

Abstract: The cast polypropylene (CPP) heat sealing film was prepared by adding the self-made
slipping masterbatch. The changes in friction factor of corona surface and non—corona surface of the film
were investigated. Results show that the friction factor of corona surface of the films which are heating at high
temperature for 24 hours are equal to that of the film in same thickness laying at room temperature for 30 days,
which means the friction factor measured at high temperature can be used to simulate the variation of the factor at
room temperature; the friction factor of CPP film made of homemade masterbatch decreases with time compared
with that of imported material, and the properties of the film meet the requirements of national standard.

Keywords: cast polypropylene; heat sealing film; slipping masterbatch; friction factor; homemade
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(LA KRR FE R b BRI 2, Wil 5284365 2. ARBTHOV ks, Hill 528436;
3B S GBS, T 511442)

B & AF5 8 4L ZLEE K R AZ A 5t BOPP YA B & @ af B M Ak 69 e, ik AR ALEE X AL 5 B
B 89 Az ), 8 A AT R IR B T AR A TR B ) AR 69 eh ;. xT BOPP A LA & 3 B B AT A B
Be B, MG TP AR M A X B, B PR R E R TR R AL, R LA ER
LA mBA e R EIRE e P, LEERETERAREE; 5 LRMmRZAGEEAL,
Y REA R B A 0.2%0, MBBEEAIT ZaG R KA EIR S T E 22.7%; ZEE)E, RAF BUR G 16
FERZHT 33.1%; b, MG mAHR LA AR A R K, R E B3t AT T EMAE5A
. & A9 BOPP WAL AL A T AR 5 2R PP A ey R @A &, JtE— 2R E Lk &7 BOPP #
JEE & B 64 e B A MR AR
FRAZF ; BOPP JARL; AR, @Bk
TQ322.2 A 1001-3563(2019)07-0103-04
DOI  10.19554/j.cnki.1001-3563.2019.07.015

Effects of Sorbitol Nucleating Agent on Scratch Resistance of
BOPP for Cigarette Package

ZHAO Su-fen!, TU Zhi-gang?, XIE Wen-bin!, LIU Xiao-yan®, ZHANG Li-giong’

(1.Institute of packing & printing, Zhongshan Torch Polytechnic, Zhongshan 528436, China;
2.Guangdong Polytechnic institute, Zhongshan 528436, China;
3.Guangzhou Vocational College of Technology & Business, Guangzhou 511442, China)

ABSTRACT: The paper aims to study the effect of nucleating agent on the scratch resistance of BOPP for cigarette
package. The effect of nucleating agent on BOPP for cigarette package with sorbitol and its compound on mechanical
properties was studied by comparison experiment. The thermal seal of BOPP was modified, and then the scratch resistance
was tested to indicate the scratch resistance through the change of the haze value of film on the plate. The sorbitol nucle-
ating agent and its compound could apparently increase the mechanical properties of the film, especially in hardness,
which was increased by nearly 22.7 % with the nucleating agent being 0.2%, and the haze value was decreased by 33.1%
compared with those of vigin BOPP, and there was no much change on other properties, which was no need to make spe-
cial adjustments to the production process. The nucleating agent researched for BOPP can increase the hardness of PP film
and improve the scratch resistance of BOPP film.

KEY WORDS: nucleating agent; BOPP for cigarette package; hardness; scratch resistance
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BOPP 3
PP PP 4 GB/T 1040.3—2006
3~5 pm 5 GB/T 2410—2008
6 QB/T 2358—1998
2 @RS
2.1
[
[2—3]
8]
[4] (0]
[5—7]
A
BOPP 0.2% B
C 21 pm
s 3
1 iRI& s .
PP
1.1 [10—11] A B
Exxon BOPP
3 g/10 min 230 C 22.7% 8.6% 3.1% 4.0% 10.3%
PP Exxon
6.0 g/10 min 230 C 3.4- C
2.2
PT-D
PFT-F PP
XLVV PC WGT-S
/ RTD-R2 1
1
1.2
1 JB/T 6072—92
o PP
2 GB/T 3398.1— PP
2008-2
3 GB/T 10006—1988
1 BOPP
Tab.1 Effect of nucleating agent on mechanical properties of BOPP film for cigarette package
EiEg 7 BREGHERE  PiffomfE/MPa iR )E/MPa B HIBLE/GPa BB RO v IR E/(J-m™)
e (ARE) 44+1.64 35.0+1.43 38.3+1.72 1.49+0.08 26.1+1.29
F il A% ] (BASE) 544231 38.0+1.57 39.5+1.68 1.55+0.07 28.8+1.25
FEHE O AZ R (ClE)  53.3+2.23 38.3+1.65 39.3+1.79 1.58+0.08 26.4+1.26
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2
Tab.2 Changes of haze value before and after friction

His  PEETIEEY%  BEEREE/%  FER

AR 1.2 2.56 1.36
B/ 1.2 2.11 0.91
2
PP B
33.1%
BT A% n) & x SE 2R PP AR 45 e
Figl Effect of nucleating agent content on hardness of co- PP
polymerization PP [14_15] BOPP
0.2% 2] 0.2%
[13]
PP
2.3
PP  BOPP
A 24
BOPP B BOPP PP
A B BOPP
A
2 B 3
3 BOPP
Tab.3 Effect of nucleating agent on properties of BOPP film for cigarette package
frid R W ik PN
g BE/MPa SREE/MPa fCH/%  4i%/% 25 C 50 C gpe, OO IEF 3R/ s
FE/%  (N-(15 mm)!) #i/MPa
MD TD MD TD MD TD MD TD # 3 # 3
AJE 190 295 93 245 165 68 4.9 41 036 026 0.72 043 1.2 94.6 3.4 2465
B 190 308 94 244 168 74 5 43 035 027 0.7 043 1.2 94.5 3.4 2590
3 BOPP 2
3
5%
PP
SE 30K
&g
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BEF  OER, NIBEHE,HxH, KHFT ,HER
(L. Pk IEBR B AFR LR E, &, P 528436;2. AR N SRS, &,/ # 511442,
3. FEBIRLESR,S K, Pl 528436)
BE:UASGREERCHAFEAE AR A LEEFH FotlpRAilRdatTdH REFEh— L
el R AR B PERAMNE AN ABFTAENILS AL TPERALSGARILERE AN T, X4
W ELAEMNELAAFPERMNEOFR AHMELARRA0.15~-0.25, FLEA TCTAAGRLBAT FRAHIL
FRFEFE FAINELSBOAHZAGRHAEG NS mm A L, #ERAFRMEL 2.2 N/15S mm ¥4 £ ,60 pm PE # 31 Bt
Wik kAT AN AH0.840.23,548F 8¢5l PE B 69 £ 3542 v, & 4 4 CB/T 10004—2008 & i fit 1+ ft
HEE BETAIRLAFNEHFEAENIS FRRBEAHETAYAL,
XA AZMILSPER ;FRAMABRAUTMN; M
R3S TQ320.674 ILEEIRIDE:A XEHS 1001 -9456(2019)03 - 0016 - 03

Analysis the Friction Coefficient Performance and Application of the

PE Film for Solvent Free Composite
ZHAO Sufen', LIU Mengliang' , LIU Xiaoyan’ , XIE Wenbin' , ZHANG Ligiong' , TU Zhigang'
( 1. Institute of Packing & Printing, Zhongshan Torch Polytechnic, Zhongshan, Guangdong 528436, China;
2. Guangzhou Vocational College of Technology & Business, Guangzhou, Guangdong 511442, China;
3. Guangzhou Vocational College of Technology & Business, Zhongshan, Guangdong 528436, China)

Abstract: No amine slip agent, opening agent and antioxidant were added to no adding LDPE to granulate slipper
masterbatch, and PE blown film was produced with a certain proportion slipper masterbatch, and the PE film was performed by
solvent-free compounding. The change of the friction coefficient with solvent free composite was lested. Results showed that the
friction coefficient kept at 0. 15 ~ 0.25 within the 40 °C ripening temperature and the heat sealing strength of the film
membrane kept above 63 N/15 mm, the peel strength kept above 2. 2 N/15 mm, and the transparency and haze with 60 pm
PE film were 90. 8 and 0. 23 | they were the same as the normal thickness of the PE. The PE film for solvent free compsite fully
meeted the requirements of GB/T 10004—2008 film performance, and solved the phenomenon that the friction coefficient of

the solvent-free composite produet increases with the use of amines slip agent masterbatch.

Keywords:solvent free composite; PE slippery masterbatch; friction coefficient; no amine slip agent; application
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Tab.1  Factor and level of orthogonal experiment

Ko HEA EEY] W% WED
FORFEAY RALE(p) RAEF/ (memin”) FHRIEE/C
1 13 300 6 75

2 1.5 400 8 85

3 1.8 500 10 95
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Tab.2  Design and result of orthogonal experiment

B ABCD  ZRMHK 1/ (mN-m™)  HIEEEE (1 MPa)/wm

1 1111 30.00 1.87
2 1222 33.00 2.26
3 1333 34.00 2.35
4 2123 36.00 2.46
5 2231 35.00 2.34
6 2312 38.00 2.88
7 3132 40.00 3.76
8 3213 41.00 4.52
9 3321 40.00 3.74

x3 EXHBERSHH

Tab.3  Result and analysis of orthogonal experiment

Fmok /1/(mN-m™) A B C D

B 1 3233 3533 3633 35.00
fE 2 36.33  36.33  36.33 37.00
A3 4033 3733 3633 37.00
2= 800 200 0 2.00
HUREE (1 MPa)/pm A B c D
¥t 1 216 270  3.09  2.65
¥l 2 256 3.04 282 297
¥ 3 401 299 282 3.11
22 1.85 034 027 046

HI 126 2 R38R 3R] - 4% PR 200 4 2 I 3 T
5K 1 04 5 W AR IR D9 ASB=D>C, LB LA & M



- 12 -( 686 )

t B8 g% #

HosEE 12

AsB;C 123D 85 TRIZS R FE RS2 AR YR i A>D>B>C
HIAR LA R AsB.C\D;.

F 5 D) SR A /N, TGk X A 8 B ) 2 T 45 A s
DR IR, B AR S 1 2 T 7k A BRI Y R
ik F1 4 SR Z 2 00 B RS BE R B OB B R R
B 7K AR X B 25 U 2 R T (R MR ED R ) o
A 2 B A A A R T AR 2 T 1, S
R VR AT R D U R B TR VR R B SR 1
ShE AR BRI S B R . A RN
A, o IR A RS R BOR A AL S R
AR o M e R T R R R A T 1 e
—HEXR, THREERORZE TEBRATES) A
TR TR R L, B (A R K, 52 e 4 R Ep
TSRS A P ek R R 4 A A T o A G
B UR YRS B B 2 T 5K 0 1 AR AR S A —
T L PN it 3% T 5 T 800 T 188 O, A 224 3 T 5K ) R i
38 mN/m B BB Bt 2 & A kR =S K (O R
R T R i i 2 MR K A B R 1Y) 3R T 45
A, S0l L 3 THTREDRE B 3% 0, T Ao o A R RS 3 i
S RE A ENRIASCAR ) o

SR AV SRR R A A T
ZMEh ABSCiD, B2 T 585 1.5 kW I SUAR TR A
EH 500 Ipi Uk A1 B FE 5 6 m/min AT 1R IR EE R
85 Co TEMLARF FIRAGG , A3 5K J7 0 38 mN/m.,
FLARE BE 4 2.88 pum IO TR 2, BRI & 1 R 9 5 45 A Ep
il F4 B2 3R, SR B T RERR AR H Y .

2.2 SREBFEEN M & A R F 1% RE
2.2.1 FHWiAE

{687 FH RS BRI HLED I GATF i v 28 2% 40 9 s
AT, DUJ L] 5 T8 BT B2 1 SROUE T B A 1 1 s

L5 L18
L1 L19

128
130

L9 12 128
125

127
124

E1 GATFHEELFZHRBARK
Fig.1 Microscopic photos of GATF vertical and horizontal lines

HH L L R] R B T BN S, R AR W] B A
TG LR 2%, B0 JEORLRE B2 AR XT8N 5 22 1T SR AR I 4
2% B H (DR 1.03) $23E F 1.00, i BA 45 98 5 B A &y
1) T3 BT P82 AF R 448 15 o
222 @B

4 9 R B (5 PO T 00 4 SR G 8] 2 R

a) Ea# b) 200 K&
a) Blank sample b) After friction for 200 times
B2 $RZEREED R fm BT B 1%
Fig.2 Wear resistance of aluminum—plastic film printing

B2 o] 0. Y C RS COh 1 ke B R &
200 YOk ol BEE I, OF T i s B K BE SR B, Ui
U 8 D) 4 T P IR
223 WEA

BB ETT R ity 64 B T 0 E 4 SR AN TR 3 TR

a) E @t b) W& A e
a) Blank sample b) After testing adhesion
B3 $REEREENRIRAIHE D

Fig.3 Adhesion of aluminum—plastic film printing
H 18] 3 m] R R 22 B i m ol 2R B
2, UL R 36 BOR R4, B 37T 35 5B

3 & 5

(1) F 5 Ak PR R 0 R A AT A B 18 TF L H
P18 2 A T 0 98 14 4 T 1 45 4 B = T 5K T A
PER MG 1 S R T — e (E R RS T
REAE , SR T 40 90 5K 1) 6 T 45 40, 5068 0 0 11y
FEURE J32 35 A, 5% ) R 550 2R o P9 SO 1 A 4 e
FE TR A R, AR B R VR T2 S R A AN
K B2 FEORZ TSR AF T 42 5 )5 22 00 505
EJR 2 o VR A R, TR S, 5 kA
IR ARSI s A i 18 SRR AE P20 . T4
TR EE Y TR IR AR R AR 5 S 8T
JE R AR, T I PR S v S A AR I A R
IO DAAS B i 4 ek 1) R AR R R L

(2) R FHIE 3SR 50 72 1t 1+ 0 9 S 0k A 1) e A
T 2R BT 1.5 kW, S0 4 1 2 5k
4 500 Ipi, %4 A 3 5N 6 m/min, T4 1R B 4 85 C.,



5525 4 1239 B Mk A L a4 BB AR SR AR (687 ) -13-

I ES) B 8 RS VR T R A L S MR R M T (3K FLPERESS IR BB SE 0] 025 TR, 2014,35(21) : 118-122.
S5B)E T, S AT R A b EI R S B T2 Bk [10] Ji ot b . 5 52 B R T2 00 5 o, SR K S H 1R B 5 A ) F
Y0 A0 TR, 2016,37(9) : 152-155.

% ik [11] ZHAI D D,ZHANG T Y, GUO J B, et al. Water—based
[ 1] XS0k, 5k & 4, 25 SCHI.SBR 64 7 T4 58 7 e 1t ultraviolet curable conductive inkjet ink containing silver
LiFePO, IEM FIHFFE[I]. o E AL 7, 2016,25(6) : 5-9. nano— colloids for flexible electronics[J]. Colloids and Surfaces
[2] Z=iENy, BB Y AAS 45 K BHAE HL M FH EVA 25 i Ji A': Physicochemical and Engineering Aspects, 2013, 424
A PERERT ST, P I A7, 2016, 25(4) : 22-25. 1-9.
[3] JAJW,VEB s, akap i, & . A AT il kb i 25 % [12] i, oU v, B e, 55 T T/ M il s A oK
PERERTTEN]. H EBORS 57, 2016, 25(3) :45-51. HLOEIOH ) # (D], 2% TR, 2013,34(13) : 102-105.
[47] sk&il, sS85, £ . M (E TR RS (0 W ED ik BB A0 & [13] LEE Y I, CHO H J. Metal nanoparticles and method for
R R AR ZE ). P RORG 71, 2016, 25(1) : 51-55. producing the same: US,2 007 018 140[P].2007-01-25.
[5] R, R, EA I, GRSl A& A ], [14] CHERRINGTON M, CLAYPOLE T C, DEGANELLO D,
A = EI R 5 A B 9E, 2010, 2(38 ) 1) . 358-361. et al.Ultrafast near—infrared sintering of a slot—die coated
[6] Wi . b PR B 40 RE XTI S 55 A2 - 1K R W [T]. £ nano—silver conducting ink[J].Journal of Materials Chemistry,
BT HE,2016,37(9) : 144-147. 2011,21(1):7562-7564.
[7] SkmsIE, skmete, T, 5 FEE1 o b AR 98 42 5 TR [15] LI'W W,MO L X,FU J L, et al.Preparation of water—based
B T AMER ). #Un T T2 ,2016,45(7) : 167-170. nano— silver gravure conductive ink used for printed
[8] &, & . A a i e i AR 38 B A I HAE T 4842 ). electronics[J]. Applied Mechanics and Materials, 2013,
WM 2014,24(6) :7-9. 262:523-526.

(9] FFaehl, JEZEte B, S A E00 o Xk R Sl B S [16] GB/T 9286—1998 {07 AT MR LAY KA 1K 43S
Study on influence of anilox coating process on printing quality of aluminum—plastic film

Gao Yanfei
(Zhongshan Torch Polytechnic,Zhongshan 528436, China)

Abstract: With corona power, line number of anilox coating, coating speed and drying temperature as
experimental factors, surface tension and roughness as evaluation indexes, the optimal process conditions of anilox
coating of aluminum—plastic film for encapsulation of lithium battery were preferred by orthogonal experiment. And
the digital printing on coated aluminum-plastic film was implemented , meanwhile, the definition, wear resistance
and adhesion of printed product were tested. The research results showed that the optimal process conditions of
anilox coating of aluminum—plastic film were obtained when corona power was 1.5 kW, line number of anilox roller
coating was 500 lpi, coating speed was 6 m/min, and drying temperature was 85 “C. Here, the surface tension and
roughness of coat were 38 mN/m and 2.88 pm respectively, and the printed product of aluminum-plastic film had
the higher definition, the good wear resistance and the better adhesion (5B) , it could be used for the encapsulation
process of lithium battery.

Keywords: aluminum- plastic film; lithium battery; encapsulation; coating; digital printing; orthogonal

experiment
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Study on Evaluation Model of Coatability of
Coating Liquid for Aluminum Plastic Film

Gao Yanfei
( Zhongshan Torch Polytechnic Zhongshan Guangdong 528436 China)

Abstract: Five kinds of special coating liquids with different properties were selected for
the determination of viscosity solid content fineness surface tension and moisture retention.
The TO2 cold—press die—cutting machine was applied to coat the surface of the aluminum-
plastic film and the microstructure of the aluminum —plastic film before and after coating
process was observed by metallographic microscope. The gloss of coating was measured by the
gloss tester. The smoothness of the coating was measured by the smoothness analyzer. The ad—
hesion of the coating was measured by using the 3M adhesive tape. The main factors influen—
cing the performance of the coating liquid were analyzed by the principal component analysis
method. The influence coefficients of the different factors were determined. The comprehensive
evaluation function model between the basic properties and the coating quality characteristics
(e.g. gloss smoothness and adhesion) were established by the multiple regression analysis
method. The rationality of the model was verified by experiments. When the evaluation model
was used to evaluate the performance of the coating solution it was not necessary to carry out a
proofing test on the coating solution which had the advantages of high efficiency and practical—
ity as compared with the conventional evaluation method.

Key Words: aluminum—plastic film; coating; principal component analysis; multiple re—

gression analysis
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Table 1 Performance of five coatings

SPSS17.0
1# 2# 2# 4# 5#
’ /s 12 29 40 48 60
/% 5 18 23 25 38
’ /um 3 2 6 5 10
2 /
(i + ) 18.6 22.5 35.2 38.4 41.8
1 /% 35.4 27.6 21.8 14.7 10.5
5 1 .
1 SPSS 2

2

Table 2 Total variance and principal component contribution rate

1 4. 662 93. 245 93. 245 4. 662 93. 245 93. 245
2 0. 237 4.737 97. 981
3 0. 090 1.790 99.772
4 0.011 0.228 100. 000
5 1.897x107"*  3.795x107" 100. 000
(1) —1~5

2 5 4

1 93.245% Table 4 Composite value of principal components
of coating liquid
° 1# 2# g# 4# 5#
3 . F2.80 42.91 80.37 99.45 135.99
3 3 . .
Table 3 Weight coefficients 0.97.
Z 0.991 0.977 0.901 0.974 —0.983 4 5 5>4%>3"
XX XXX >2">1%,
A

3 : .

F=0.991X, + 0.977X, + 0.901X, + 0.974X, -
0. 983X, (1)
(F )
1 (1) 5
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Table 5 Surface performance of coating films

. 5 38% 60
S o
2.2 /Gu 7.2 7.5 7.9 8.3 8.5
1 /s 185 208 234 256 289
/% 87 95 100 100 100
5 5
1 5
Fig.1 Surface microstructure of aluminum—plastic film before 5
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and aiter coating freatment (Y) L 97.12. 120.23. 146.41. 173.28.
! 212.91.
° 5%>4"53"52"> 1%,
2.4
’ F
2.3 v 6

6
Table 6 Regression model

b 87.229 7.522 0. 985 11.597 0. 001

F 0. 868 0. 088 0. 985 9.885 0. 002
6 r=0. 985 Y =87.229 + 0. 860 2X, + 0. 848 0X, + 0. 782 1X,
1 + 0. 845 4X, - 0.853 2X, (3)

o ( 3) Y N
F 0.860 1. 0.848 0. 0.854 5.
Y SPSS -0.853 2
b 87.229 0. 868
Y = 87.229 + 0. 868F (2)

(1) (2)
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New Printing and Packaging Process of Lithium Battery with Aluminum Plastic Film

GAO Yan-fei
(Zhongshan Torch Polytechnic, Zhongshan 528436, China)

ABSTRACT: The work aims to research a new process of aluminum-plastic film printing and packaging to improve the
production efficiency of lithium battery packaging. The process of aluminum-plastic film packaging, which was coated
firstly, then printed and encapsulated, was used to replace the traditional process of packaging lithium battery with alu-
minum plastic. The chemical resistance, abrasion resistance, adhesion, gloss and other indicators of aluminum-plastic
printing film were tested under the new process. The new technology can not only broaden the printing type and improve
the production efficiency, but also can achieve high-precision printing operations and improve the printing quality of
aluminum-plastic film. Tests showed that, under the new process, the chemical resistance and abrasion resistance of alu-
minum-plastic printing film were excellent, the adhesion could be up to 100% and the average gloss was 8.4. Compared
with the traditional technology, the new technology has a strong advanced nature, which can be applied to alumi-

$F38E FH1W

num-plastic film packaging and packaging operations of lithium battery for mobile phones.
KEY WORDS: aluminum plastic film; lithium battery; printing and packaging
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Numerical analysis on cold storage characteristic of nanoparticle-enhanced
phase change material for energy saving
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Abstract: The cold storage characteristic of nanoparticle-enhanced phase change material ( NEPCM)
was investigated by using numerical simulation method with Fluent software. The influence of Grashof num-
ber and particle concentration on the cold storage performance was discussed . The numerical results indi—
cate that the cold storage characteristic of the NEPCM largely depends on the volume fraction of nanoparti—
cles while exhibits little sensitivity to Grashof number. As the volume fraction increases the freezing time of
the NEPCM is lowered for a given initial Grashof number. The total freezing time of the NEPCM can be low—
ered by 16.3% with Cu nanoparticles volume fraction is 1.0% . The reduction of the freezing time is attrib—
uted to the higher thermal conductivity of the NEPCM. At the same time less energy per unit mass of the
NEPCM is needed for freezing the NEPCM because of the lower latent heat of fusion.
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16.3%

1 Introduction

Because the conventional energy sources are quick—
ly depleted and the demand of energy is growing more
and more researchers pay attention to renewable energy
sources and energy storage systems. Soliddiquid phase
change provides considerable advantages such as high
storage capacity and nearly isothermal behavior during
the melting/freezing processes. During these years re—
searchers have tried to find new way to develop energy
storage system. Using nano technology to enhance the
heat transfer indicates great opportunity in storage sys—
tem. Because the thermal conductivity of conventional
heat transfer fluids is low nanotechnology is considered
to enhance thermal characteristics with substantially
higher conductivities. The presence of the nanoparticles
in the fluids increases appreciably the effective thermal
conductivity of the fluid and consequently enhances the
heat transfer characteristics. Masuda et al. = reported
that the thermal conductivity was enhanced by dispersing
ultraine( nanosize) particles in liquids. Soon thereaft—
er Choi ’

thermal conductivity as

first designated the new fluids with higher

! Khanafer et al. *

"naofluids" .
simulated heat transfer characteristic of the nanofluids in
a two-dimensional enclosure for various pertinent param—
eters. Khodadadi et al. * were the first to report the im—
proved functionality of phase change material ( PCM)

with nanoparticles. They found that the nanoparticle-en—
hanced phase change materials( NEPCM) exhibit higher
thermal conductivity than the base fluids. Zhu et al. °

simulated the thermal energy storage behavior of SiC-
H, O nanofluids in a two-dimensional enclosure. Ranjbar
studied the solidification behavior of the
They found the

nanofluid heat transfer rate increases with the increase in

et al. ¢

NEPCM and the relevant parameters .

the nanoparticles volume fraction. Also it was found

that the temperature gradient in the liquid is too small to

cause a significant natural convection in the liquid.
Thus heat conduction is dominant in heat transfer of
both solid and liquid "* .
the NEPCM was studied.

In this study the freezing of

2 Mathematical formulation

A physical model of two-dimensional enclosure is
shown in Figure 1 in which the side H is filled with
nanofluid. The physical dimension of the enclosure H is
chosen to be 10 mm. The horizontal walls are assumed
to be adiabatic not conductive and impervious to mass
transfer. The NEPCM in the enclosure is incompressible
and the flow is laminar. The particle shape and particle
size distribution are uniform and both the nanoparticles
and the base fluid are in a thermal equilibrium which is
consistent with the flow velocity The nanoparticles are
assumed to have a uniform shape and size. Moreover it
is assumed that both the fluid phase and nanoparticles
are in thermal equilibrium state and they flow at the
same velocity. The left vertical wall is maintained at a
high temperature ( T;;) while the right vertical wall is
kept at a low temperature ( T.) . The thermophysical
properties of the NEPCM are assumed to be constant ex—

cept for the density variation in the buoyancy force

which is based on the Boussinesq approximation.

Fig.1 Physical model of two-dimensional enclosure

Under these assumption the governing equations are:

Continuity:
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du  Jv

ou  ov

Jx  dy
X-momentum equation:

Gl+u8l+val =
ot ox dy

=0 (1)

L ap 2
pnf(_aix+lumfv u+(pﬁ)n[‘gx(T_Trer)) (2)

Y-momentum equation:

Jv Jv v
—4+u—+v—
Jat 0x dy

L o
[Tnf( - aiy +/~Ln['v21j + (pﬁ)nfg,( T - Tmf)) (3)

Energy equation:
o 0T ot i( b ﬂ)+i( s ﬂ)
ot ox ay I\ (pcInf dx] ¥\ (pc,)  ay
(4)

The above equations can be cast in non-dimension—

al form by incorporating the following dimensionless pa—

Oy = %
O v/H (6)

HV - v

U= m

T-T,
0 = 7TH 7, (7)

The density of the NEPCM is given by:

Put = (1 - d))pf + d)pp (8)

Whereas the heat capacitance latent heat of fusion
for the NEPCM and part of the Boussinesq term are:
Purc,mr = (1 - d))plcpf + d’PpC,)p (9)
Puly = (1 - d))Pfo (10)
PuBu = (1 = PIpB: + dp,B, (11)
With ¢ is the volume fraction of the nanoparticles
and subscripts f nf and p stand for base fluid NEPCM
and nanoparticles respectively.
In addition the thermal conductivity of the NEPCM
was measured by a Hot Disk Thermal Constants Anlys—

rameters:
. er and the viscosity of the NEPCM was measured using
Oy = = . .
DX H capillary viscometers.
5 . . . .
%}' oy (3) The pertinent thermophysical properties are given
H in Table 1. The present processing method can be found
elsewhere *7*
Table 1 Thermophysical properties of the nanoparticle water and NEPCM
Property Cu Water $»=0.1% $b=1.0% ¢$=5.0%
p/( kg/m®) 8 954 999. 80 1 000. 68 1 008. 64 1044.22
w/(Pass) - 1.55 %1073 1.55 %1073 1.60 x10 73 1.66 x10 73
(rp/( J/kg « K) 383 4201 4197 4163 4018
k/(W/m * K) 400 0.562 5 0.622 7 0.668 8 0.792
BI/(1/K) 1.67 x107° 7.00 x10 % 7.00 x10~° 6.95x107° 6.76 x10~°
L/(J/kg) - 3.35x10° 3.35x10° 3.32x10° 3.19 x10°
Pr - 11.58 10.45 9.96 8.42

The initial and boundary conditions for the present

investigation are presented as Table 2.

Table 2 Initial and boundary conditions

Initial conditions Boundary conditions

lt:L':%TZO at y=0 H and O0sx<H
y
u=v=0
atx =0 and O<y<H
T =Ty
w=v=0
atx=H and 0sy<H
T=T,

3 Numerical methods

Starting at time ¢ =0 the temperatures of both ac—
tive left and right walls were lowered by the same a-—
mount such that the cold right wall was held 10 C below
the freezing temperature of the base fluid( T}, =273. 15
and T, =263. 15 K) . Consequently the NEPCM will
start freezing on the right wall and the solid front travels
to the left. The remaining boundary conditions were un—
changed in comparison to the conditions prior to ¢ =0.

The SIMPLE method within version 6. 2 of the com—
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mercial code Fluent was utilized to solve the governing
equations. For all the cases reported here uniform grid
spacings for both x and y directions were utilized. The
calculating time step was 1s. The Quick differential al-
gorithm was used to deal with the momentum and energy
equations whereas the PRESTO algorithm was used to
deal with the pressure correction equation. The under—
relaxation factors for the velocity components pressure
correction thermal energy and liquid fraction were 0.5

0.3 1 and 0.9 respectively. In order to satisfy conver—

gence criteria( 10~ for continuity and momentum and

10~ for thermal energy) the number of iterations for
every time step was set to 1 000.

In order to verify the numerical code comparison of
the average Nusselt number along the hot wall with pre—

" for different Rayleigh numbers is shown

vious works
in Table 3. This table shows an excellent agreement be—
tween our results and those of other benchmark solu—
tions which suggests that our calculation method is ade-
quate to describe the phase change process of the

NEPCM correctly.

Table 3 Comparison of present numerical simulation with previous works

Average Nusselt number

Different Rayleigh numbers

Present De Vahl Davis * Barakos and Mitsoulis '° Fusegi et al. '!
Ra =10° 1.122 1.118 1.114 1.105
Ra =10* 2.324 2.243 2.245 2.302
Ra =10° 4.733 4.519 4.510 4.646

4 Results and Discussion

Starting with steady natural convection within the
Cu-H,0 NEPCM that is inside a differentially-heated
square cavity freezing of the Cu-H,0 NEPCM was in-
vestigated. The temperatures of the left and right walls
were lowered by 10 C. In effect the cold right wall was
held 10°C lower than the freezing temperature of the
base fluid( 273. 15 K) . Consequently the NEPCM will
start freezing on the right wall and the solid front travels
to the left. The other boundary conditions remained un—
changed. Solid particle volume fractions of 0 0.1%
1.0% and 5.0% were considered for two initial Grashof
numbers of 10* and 10°. The pertinent properties are
given in Table 1. Contours of the volume fraction of the
NEPCM during freezing at various time instants are
shown in Figure 2 and Figure 3 for an initial Grashof
number of 10*. The time instants in Figure 2 are 100
and 600 s the time instants in Figure 3 are 1 200 and
2 400 s. Color gray is used to identify the liquid phase
whereas color black is indicative of the frozen solid
phase. In general the sharp liquid-solid interface is
nearly vertical with a mild misalignment toward the col-
der wall early on thus favoring a longer wetted length on

the top insulated wall. This can be attributed to the

buoyancy-driven convection in the cavity that was al-
ready at full strength at ¢ =0 in the form of a clockwise
( CW) rotating vortex. For ¢ >0 the strength of this vor—
tex diminishes whereas a second counter-elockwise
( CCW) rotating vortex is created next to the left wall
( see Figure 4) .

For this Grashof number( Gr = 10*) it is observed
that as the solid particle volume fraction is raised the Cu—
H,O NEPCM will freeze more rapidly. There are two pos—
sible reasons to explain the behavior of the quicker freez—
ing rate. One is the higher thermal conductivity for the
NEPCM because the crystal growth mainly depends on
heat transfer. At the process of freezing a large amount of
heat will be discharged. If the heat can’t be released in
time the freezing process will be hindered. After adding
the nanoparticles to the base fluid the fluid has higher
thermal conductivity. Therefore the freezing speed of the
NEPCM is able to be accelerated. Another reason may be
the Cu nanoparticles acting as a nucleating agent. It is
known that the freezing process of pure water has a super—
cooling degree about 4 °C. When the nanoparticles are
added into water the supercooling degree of water is de—
creased according to the mechanism of heterogeneous nu—
cleation. The beginning of freezing time is ahead. This is

also helpful to save the freezing time.
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Fig.2 Contours of volume fraction of NEPCM at various time instants during freezing course( Gr =10*)
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Fig.3 Contours of volume fraction of NEPCM at various time instants during freezing course( Gr =10*)
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Fig.4 Streamline patterns of Cu-H,O NEPCM at various time instants for initial

15 s during freezing course( Gr =10* ¢ =1.0%)

The instantaneous streamlines within the NEPCM
for the initial 15s during the freezing of the NEPCM for
an initial Gr =10* and a solid particle volume fraction of
1% are shown in Figure 4. The streamlines at ¢t =0 cor—
respond to a similar case studied by Khanafer et al. °
and Khodadadi et al *

clearly observed. As a result of the sudden lowering of

and a CW rotating vortex is

the temperatures of the two active walls at t >0 the CW
rotating vortex diminishes in strength and spatial cover—
age due to formation of a CCW rotating vortex next to the
left wall. The creation of the dual-vortex flow pattern
was examined in greater detail by lowering the time step

to 0. 1 s for this case. Note that the formation growth

and equilibration of the CCW vortex during the initial
15 s involves a dynamic interaction with the initially
strong CW vortex. At the ¢ =1045 s instant two vorti—
ces rotating in opposite directions and nearly equal in
size are observed squeezed between the left wall and a
thin frozen layer next to the right wall. For the remain—
der of the freezing process the dual-vortex structure will
persist however due to the leftward movement of the
freezing front the vortices will shrink in coverage space
and their strength will decay. It should be noted that the
actual Grashof number for this unsteady freezing problem
decreases with time due to the continuous shrinking of

the distance between the left wall and the liquid-solid
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interface.

The freezing times for pure water and Cu-H,O
NEPCM for initial Grashof numbers of 10* and 10° are
summarized in Table 4. The liquid volume that continu—
ously decreases from the start of the freezing exhibits lit—
tle sensitivity to the value of the initial Grashof number.
On the other hand the volume of the NEPCM is strongly
dependent on the solid particle volume fraction of the
dispersed nanoparticles. For a given initial Grashof
number( Gr = 10*) The whole freezing time of distilled
water is 3 and 130 s 0. 1% NEPCM is 2 and 820 s
1.0% NEPCM is 2 and 620 s and 5.0% NEPCM is 2
and 210 s and the whole freezing time of the three
NEPCM can be lowered by 9. 9% 16. 3% and
29.4% respectively. It reveals that the higher the nan—
oparticle volume fraction is the faster the decrease of the
liquid volume fraction and the shorter the whole freezing
time. The reduction of the freezing time is attributed to
the higher thermal conductivity of the NEPCM. At the
same time less energy per unit mass of the NEPCM is
needed for freezing the NEPCM because of the lower la—
tent heat of fusion. This phenomenon is in agreement
with the study of Liu > who experimentally investigated
Ti0,-BaCl,-H, O suspensions for thermal energy storage
respectively. Thus the application of NEPCM in the
cooling industry can improve the performance of refrige—
ration systems and save the running time for refrigeration

systems.

Table 4 Freezing time of Cu-H,0 NEPCM

Volume fraction ¢

Freezing time ¢

0.0% 0.1% 1.0% 5.0%
1, ( Gr=10%) 3130 2 820 2 620 2210
1,( Gr=10°) 3 160 2 860 2 660 2230

5 Conclusions

In order to solve the imbalance of electrical demand
in summer and save energy using the thermal energy
storage of phase change material is one of the effective i—
deas. The potential of Cu-H,0 NEPCM as a new PCM
was investigated numerically in this study. Probably due

to the enhancemant of thermal conductivity the freezing

rate of fluids is enhanced. The whole freezing time can
be saved by 9.9% 16.3% and 29.4% at the 0. 1%

1.0% and 5.0% NEPCM. The reasons for this phe—
nomenon may be the higher thermal conductivity for the
NEPCM and the Cu nanoparticles acting as a nucleating
agent. In summary the calculated quicker freezing rate
of the NEPCM is a clear indicator of its great potential

for thermal energy storage applications.
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Fig.1 The illustration of the computational model of n-hexacosane
molecules confined in carbon nanotubes: (a) nine molecules; (b) eighteen
molecules; (c) thirty-six molecules
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Fig.2 The structures of n-hexacosane molecules confined in
carbon nanotubes: (a) nine molecules;
(b) eighteen molecules; (c) thirty-six molecules
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Fig.3 The radial distribution function of carbon atoms around the axis
of the tube for n-hexacosane molecules confined in a CNT: (a)nine
molecules; (b)eighteen molecules; (c)thirty-six molecules
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Fig.4 The global orientational order coefficient as a function of
temperature for n-hexacosane molecules confined in a CNT
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Fig.5 The self-diffusion coefficient as a function of temperature
for n-hexacosane molecules confined in a CNT: (a) nine molecules; (b)
eighteen molecules; (c) thirty-six molecules
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Effect of alkane filling degree on the microtructure and diffusion of

nanocapsule

Li Xinfang®’,

Tong Xuan?, Wu Shuying? and Fu Wenting*
(1. Zhongshan Torch Polytechnic, Zhongshan 528436, China)

(2. School of Mechanical Engineering, Xiangtan University, Xiangtan 411105, China)

Abstract: The effect of alkane filling degree on the microstructure and diffusion of nanocapsules were investigated using molecular

dynamics (MD) methods. The filling degrees of n-hexacosane are 9 molecules, 18 molecules and 36 molecules, respectively. The

MD simulation results indicated that three kinds of nanocapsules exhibited an orderly structural distribution near the inner wall of the
CNTs, and formed a continuous semi-circular surface, continuous single-layer circular surface and double-layer circular surface,

respectively. Three kinds of nanocapsules gradually turned disorderly with increasing temperature. The ordered degree of

nanocapsules filled with 36 alkanes was lower than that of the system filled with 9 alkanes and 18 alkanes in solid state; while the
ordered degree of nanocapsules filled with 9 alkanes was lower than that of the system filled with 18 alkanes and 36 alkanes in liquid
state. The phase change temperatures of three kinds of nanocapsules are 325 K, 325.3 K and 325.8 K, respectively. The self-diffusion

coefficients of three kinds of nanocapsules decrease with the increase of filling degree. The extreme confinement of CNT is the main

factor for the decrease of the self-diffusion coefficient.

Keywords: carbon nanotubes; filling degree; microstructure; diffusion coefficient; molecular dynamics
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Synthesis and phase change characteristics of nano-composite

Li Xinfang' Zhao Sufen’ Wu Shuying® Fu Wenting'

(1.Zhongshan Torch Polytechnic,Zhongshan 528436 ;
2.School of Mechanical Engineering, Xiangtan University, Xiangtan 411105)

Abstract Four types of nanocomposite PCMs were prepared by mixing paraffin with multi-wall carbon
nanotubes(MWCNTSs) , graphitized MWCNTSs and nanographenes with different layer numbers (GNP-B, GNP-C).The
SEM images analysis showed that the carbon nanofillers were well coated with multiple layers of paraffin. Moreover, the
surface of the composites showed different images due to the difference of tubular and flaky structures of the carbon
nanofillers. The FT-IR spectrum proved that it was a physical interaction between paraffin and the carbon nanofillers
and there was no chemical reaction in the infiltrating process. There was no clear relationship between the phase change
temperature and the type and loading of the carbon nanofillers.It showed that phase change enthalpy of nanocomposite
PCM decreased gradually with the increasing of the loading of carbon nanofillers. Among the four kinds of carbon
nanofillers,at the highest loading of 3 mass% for MWCNTs, G-MWCNTs, GNP-C and GNPB, the melting enthalpies
were lowered by 7. 3%,13%,12% and 12 8% compared with pure paraffin for 196, 2]J/g, respectively. Similarly, the
freezing enthalpies were lowered by 11. 2% ,19. 9% ,17. 8% and 11. 4%.

Key words paraffin,carbon nanofiller, heat storage composite material, phase transition characteristics
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