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Effects of Atmospheric Pressure Cold Plasma Treatment on Surface Properties of Polypropylene
Sun Gang, Zuo Lizeng
(Shanghai Kingfa Science & Technology Development Co., Ltd.,
Shanghai Engineering Research Center of Functionalizing Engineering Plastics, Shanghai 201714, China)

Abstract : Polypropylene (PP) boards were prepared by using co-PP and treated by atmospheric pressure cold plasma. The
effects of plasma treatment process on the plasma temperature, surface topographies, elements, surface wetting tension and contact
angle of PP were characterized by infrared imager, optical microscope, corona pen, contact angle tester, respectively. The results
show that lower input pressure and working distance cause higher plasma temperature. After plasma treatment, particle sensation and
roughness of PP sample surface are enhanced. PP sample surface wettability can be adjusted by adjusting the working distance input
pressure and scanning speed. The contact angle of PP sample is a comprehensive reflection of the wettability tension and roughness
of the sample surface, i.e. higher wetting tension and higher surface roughness resulting smaller contact angle.

Keywords : atmospheric pressure cold plasma ; treatment process ; polypropylene ; wetting tension ; surface roughness ;

contact angle

RN (PP) B AR R A JOTE R PR AR L 7K
AR H N T RS R M S O ) iz
TG VR AR O, AR IR R R AR
5o BEETH S R A e Al T L S SE L R
AFE T, d et PP AR B T 2045 21 1 42 1 Bz 2
17 EME LA A T 2% 2 A ol 58 AL SRR 25K, T 2
BBk P AL S A R AR
{ELER T PP A AT A e A 245 ot B2 RSB0 4 ok
Wk, R R ", UK eI Tl

BRVER NN, 1L, R g TR, 5005 [ A IR N IR SRR

i B 2021-08-12

SIS I, Zer 3 . W AR A5 8 T H T 20 SR I

R Fz N, SRR IR A e Re 22 P PP gk
FHAEREA T RO ST 5 , By i B AR AN
WIS I 26 FL AN TR S R PR, o ke ik PP st
FraRmiAt B, 4 i HER AR, st O IBORG 1) L3
R 1 T P 8 B Y B T SCRN S P o A
{H.

PP AR 1T AP 2 FH P B sl fh T 3 %ok ek
ATAL R, FORDRE Fie 18 in 1, 3% ThT AR P DA 4
T A G5 JRORK ) -2 fh AT BR T B2 o 0 JEOHS 51

Wi (7). TAZSRLRFH ,2021,49(11) : 84-88.

Sun Gang, Zuo Lizeng. Effects of atmospheric pressure cold plasma treatment on surface properties of polypropylene[J]. Engineering

Plastics Application,2021,49(11) : 84-88.



NN, 45« 5 AR S5 25 A A BT X BRI 3 M RS2 ) 85

R EBE , PR R g R RE M BRI T H
(8 KA B i U AR RCR AR T5 YR b 2 bk
ZEAF AN AT E R ) R R e, R Tl
LT

S B R SR T B ARJE — B SR R K
SR TRAN T2, AT A RSO A R R T
H HBE R RE gL et oK M SRR, BT R
IR AR R AT T A R AN U AR
PERERI L M Hop W RAGR S B AR R
o LB ) s BB, AT TEAR e A 7 4k b S %
ST, N AT R Y MR — s AL
(AT A SR R | 45 8 AR SR G ) R et Tl
CL A A0 2 22 0 R A 2, (H H AE AR A5 5 1
PARKE 3 T Z5%F PP A R I 2 5K 7 2 kA ) AT
FRH/DAHGE . EH LU RS SON RO A 1 H
HEAT IR 55 25 IR A0S AE T PP MR THT, BF5E
TORIR] % 8 T AR AL R T2 %F PP A} 38 i KRS Ji2 |
TR K 7 LA fih #5200
1 ZWES
1.1 EZ&RMF

L PP AR BT  2) i %22 30 g/ 10 min
(230°C,2.16 kg), Hifgrehfia it TAHBRAF .
1.2 B FRE

HEFANL: EMS0-V RIS AN FR A Fl

G B T A 8 1 Ak B KL : Plasma clean-PL—5010
R IR INBEE AR PR A F 5

LLAMSARIMIRAY : Fluke Ti32 8, 36 EIARAR T
GF

R 3D Jt2F BAEE . DVM6A #Y, e gz sk ( |
) AR T

B %2 2 . 15 [H{H 28 ~ 60 dynes /cm, 3 [E 2 V&
NCIF

P2 f A AL . OCA25 7Y, [E Dataphysics 2y
A,
1.3 % &

¥ PP A B R S, 7E 200 °C 7 83 B RS
100 mm x 100 mm x 3 mm FE A, B 73 98 )5 RE AR
FEIRFE 23 °C W0 50% 55 FE 48 h 5 & T
AR S5 B TR R AL EEAL (B AR 220 V,
B AR 0.05 ~0.20 MPa) |, % 5 A< (0.05
~0.15 MPa, Z IR T R4 R, | m Tk
7 0.15 MPa), TAER B (5~ 12 mm) ., 55 5 714k
Y 4745 33 R (20 ~ 100 mm /s) DA Rz Ab BB (1 ~

3R SER PP FEAR R TR AL B, SR FRALBE T
FAFLVRE * TAERE * PRI 8w, 4
1 0.15%5%20 B R< 45 2 AL 3 T 200 i AU
0.15 MPa. TAEFEES 5 mm. 255 7 kG il %
20 mm/s.
1.4 mR5&A4E

ER TR 765 B PR B & iR
SRR — 4R P, B A S TR A 1Y
S WAE (0.05 ~0.15 MPa) UL MG 3k 2 4 )8 #5110
FEES (1 ~ 12 mm), SRIFLEAMNSAR MR AR 4 8 4%
T B AR Tk B P i B e (B R 4 B AR S Ui
.,

PP FEMRRIHTE S RAL - K PP FEMR 142 B Tk
3D EF BAMEEAE G L E A RO SRR

DGES Y 20
PP AF AR R K 71 SR L2 A T
Mgk 7

PP R fi A It K PP FEAR & T A 2Nk
Hef i A RERL & b LUK BT, R AR s
AT E BRI 5 A R SO (E
2 HREHE
2.1 F & TR AR

SR T A AR R AT B Y s
WO R RZANR PR R R A IR ™ 2 e ]
T T AR T P A [R] IR, AR [ A A ]
2. LA S T A B A T =
<o LIS AT E B2, R Ll A R A B AR
TAIRLEE . A5 A ORIELE 55 TARBE Y Ui
KEME 1B BRI, S B TR
RBEREAT. AR ), AR TR R R
2 LRI, A5 B A B A R IR AE E L B0 A
P 25 B AR Dol , 5 B AR PEE AT, DA T R o
o 7351, B T AR RS K, 45 B 7R R IR B A
BT B A RS E AR A i R R AN

320

2801 D\@\E
£ 240] I'mm
~
il
= 200 -
. 2 mm
160 - 5 mm
8 mm
120 ‘ ‘ 2 12 mm
0.05 0.10 0.15

TAESJHE / MPa

P SRR S TARI R DL SRR R 2



86 TAESER

2021 4F 45 49 4,45 11 1

Wrlsl 205z 3, % SU R T S B S 8 T EBE A,

SRR BERE A, 1 TR BE A

2.2 FB TR LR E TR A
DIATR] 9 45 8 RS B T 2/ T PP A

M2, S AEMCR DS W 2 iR . RZAE PR

PP BRI 4 T2 R It A2 o) T AL 1T

BRI oAb B S AE AR 3 TR ORI 0, [ s 23R

B FETE S HIE 2a 8 2b K 2c AT AR H, S5 5
FARSR LMIGEE (20 mm /s) A1 3E (50 mm /s) XF
PP AN T4 5 AR AR R TR 30 TC A d 2 55 1
SEB TR AR (100 mm /) 333 PP FENUR ,
FENR R T ROR BERS A 38 n . B &l 2d~ [ 2h ATLLE
W, Bl S RS R AL B B, Ab B S PP AEAR
) TERELRE B2 35, B0k RT3 K. ] 2e~ & 2¢g

@ ®)

(d

(2 (h)
RIS a—ARAL T ; b—0.10%8%20 ;¢—0.10%8%50 ;d—0.10%8*100 ;
e¢—0.05%12*100 ; £—0.10*12*100 ; g—0.15*12*100 ; h—0.15*8*100
K2 ST IARAHETS PP AR R MIESDGE BT e

FTLAE e, B A SRR T 0350, A 25 PP AEAR
) R THT OB RS 52 e K W/ N e 3
2.3 FBTHRAENSERIKAGH

PP FEMR AN [A] T2 00 45 B8 AR St A 385 1Y
FEER I S WA 1. FTLUE AR T AR AL 3 PP
FENR, 25 8 TR AL BES PP AR M 15 5K 7 52 B0A [+H)
FERE RN . X — P0G B N 2 i T A Ab PR
Je FEMR R T B AR R AR S 5T Ak,
i 25 15 - PR AT PP R A AT 47 T (10 28 i, R AR
IR IR T B WK (27~ 47) 5 B B TR
SR BB T, R A T TV 5K i T RAAI (57 ~
7% 5 BESE B TR AL BRI B (3 K, PP REAR A
TR TR (47 A1 6%, 7" F1 8%, IbAh, A 2 FiEk 1
AT LAE Y, 45 8 R AL HLS PP OREAR 1Y 2 1T i
Tk 1 SRR 2 A TG AR

®1 SHTEMEHE PP AT R AN D TEME

FERG S 25 8 PRI 12 913K )1 / (dynes - om ) Befr /(%)

1 ARALHR 28 94.3
2° 0.10%8*20 30 98.5
3% 0.10%8*50 48 76.3
4 0.10%8*100 56 71.0
5* 0.05*12*100 38 71.9
6 0.10%12*100 36 71.8
7* 0.15*12*100 32 74.5
8" 0.15*8*100 50 71.6

2.4 FBFHRAAETEAA QTR

PP MR A [F] T2 M 45 B IR < b B s
Ml A UL 3R 1. AT DL, R AR 26 55
TR A B 5 o A AT R TR SR KPR RS s
0.10%8*20 T. ZAbH = AEMR I il F A A 1S K, ml g
VA PR T LA A i 3 7 7 D R Ay A Ak 1) ks R
L FBOT KRR S Rk 12t~
FEAR AT LU H, Bl 55 25 7 IR0 RT PP AR AR 414
JEE AR 0, AR ik A 2 T/ )N, 6 AR AR 2 T T
PEZHE R, X5 2" ~ 47 BERUIEIR 5K T YR AL i H
—F, AR R A SR H 0.05 MPa 3
F 0.15 MPa (5"~ 7%), FEMu Bz M f 18 K, e IAREA R
TR ARG, X S RESOEYR 7K 1 AR T A —2
M 4%,6" AT LA 47 BRI RSk 1 3 KT 67 A
M AH G F el A TC 22 5 . SR R, il RBI 2,
RO =2 TSR TE AN Wl Nt D £ B
YA RN, BB TR AL B PP OREAR A 22 fnk £y S
P AR Al 2 T ¥ e 5 ) R 32 R 1)

Sk B RO M43 M PP ORE AR Y W 5K T 5 B ol
M52 K 2 1 FRREAR G TR 3k AR A f 22 1 1



AN, S - 8 RIS 1 U4 BT 20 SRR 3 T P RESE 87

3op, ATLAMY WA Y AR AR R ok B R (>
48 dynes / cm), FEAR 4 fil M 4K (< 76.3°) 5 124
FE AR 125K 7 BAIRHT (32 ~ 38 dynes / cm), FEHRK
SR LA B BAR M il A (< 74.5°) (BFEAR KT
UKL RS0 MRS BE = o e m] UL, PP AR AL 42
fid £ AR AR R TETVE W 5 T DR AR B 2 5 AR B
10

100}«

Bk / °)
R

~
(=}

6025 3‘0 3‘5 4‘0 4‘5 5‘0 5‘5 66
WNEIK ) / (dynes - em-)
[%1 3 PP HEMRRTHIE N TK J7 54 il

2.5 FBTHRABIERENSN

R[] A S TR AR BT 26 PP A A T R
BERE E R 5K 7 052 AR ] 32 B T A B RS
T A AR 4 RIS 2 TR 5 BRI B BRI A HH A
iy, RPHOR T4 B RS RV LTI
e A5 B TR IR B O R R T
i, A RO IR e S T R A
A A B R AR e T A SRR R 5, T
J B R R A, SRR R SRR T
DA S AR R (B R A A M o o i e A 1
- AL T NGENS fﬂﬁ,%%u/\mﬁiﬁjﬂ%
1%, D) 27 R AT, R gt 2 7 A 1 A I i
W% AV URUR EE RS I, ] e 4 2 A<t i
Fh oo A B ARV B R, XA A 3R T 0 1
5HR , 29 TET 1 3 K 0 R R[] e v 1) AR YRR
S FECR A BRI AR T 45/ Nk Tk i

AR R AR T T EE R B A S B A, S BRI

Tt B R 5K TR
3 &g

(1) FBEFIREIR
A m v A AT 5

(2) B TR IR TR R B, PP
(R TESTE IR R SN

(3) Bififfs A AR T B, Ab B S PP AR Y
OB R T 52 S8 R 18 N 3

(4) 55 B PR B R O, PP AR AR R 1T
TG AF N

(5) SER TR TARRE BBOR g A AR B AU B

i AR T AR B

K, PP AR IR 5K ST ]

(6) PP A% fih £ JE AT AR 3 1 T A2 5 g FIRE A
JEBIZRA PR B, 5K IR LS J3E B8 gy , D422 f
FIN

2 % ok

[1] Wang X, Yuan H, Pan Y, et al. Creep behavior and mechanical
properties of isotactic polypropylene composites via twice melt
injection molding[J]. Advanced Industrial and Engineering Polymer
Research,2019,2(3):102-109.

[2] Haque M M, Goda K, Ito H, et al. Melt-viscosity and mechanical
behaviour of polypropylene (PP) / wood flour composites:Effect of
pulverization of wood flour with and without water[J]. Advanced
Industrial and Engineering Polymer Research,2019,2(1):42-50.

[B] REWE, &5, 0, 55 . BRI E K 22 8 i (R

FAHT (7). TR T, 2017,45(3):134-137.
Wu Guofeng, Lei Liang, Yang Bo, et al. Analysis on influence
factors of linear expansion coefficient of automotive polypropylene
materials[J]. Engineering Plastics Applications,2017,45(3):134—
137.

[4] BRAEZE WREETS 90K, %5 . HDPE / POE Wplalt B E R P4 (7.
YRR, 2016(4):35-39.

Chen Yanan, Chen Guiji, Sun Gang, et al. Study on synergistic
toughening of PP by HDPE and POE[J]. Shanghai Plastics,
2016(4):35-39.

[5] W BRB, 2k, 45 RGP R Ik R 20

BFSE (9], SACHENIN T 0% FH,2013,25(2):26-28.
Luo Zhongfu, Chen Rui, Li Yonghua, et al. Reseach on coefficient
of linear thermal expansion of polypropylene composites for
automobile[J]. Modern Plastics Processing and Applications,2013,
25(2):26-28.

[6] PRI, 2Rk, RS2, 55 . —FMIRENE MK RECR IR 2 A0 S H:
4 )71 :CN201110351905.X[P].2012-06-20.

Sun Gang, Li Xin, Chen Yanan, et al. Polypropylene composite
with low linear expansion coefficient and preparation method
thereof:CN201110351905.X[P].2012-06-20.

[71 Kwon O J. Surface characteristics of polypropylene film treated
by an atmospheric pressure plasma[J]. Surface and Coatings
Technology,2005,192(1):1-10.

[8] RIERK . A WIARGB - 5530 FR DB 2L (1] L SHG G,
1995(4):239-241.

Xu Xiaoqiu. Adhesion of polymers:the importance of weak
boundary layer[J]. Chemistry and Adhesion, 1995(4):239-241.

[91 A FH, X SCUH . R 2R Y 2 a1 AL B[], fE 2 5 A



88

TSR

2021 4%, 47 49 42,55 11 4]

2002(4):190-191.

Bao Chunyang, Liu Wenjuan. Surface modification for hard

development of modified polypropylene for vehicle at home[J].

Engineering Plastics Application,2017,45(6):145—148.

bonding plastics[J]. Chemistry and Adhesion,2002(4):190-191. [13] B, FME . RARARE B AR AR KT 27 4 2% 1T Bl iy i
[10] B . SRNRVRJZ 19 RN MR B PERE MBI SE (D). 7 5% - 7 FLHERE [J]. P781541, 2020(8):53-57.
BPRTR2,2019. Zhao Xintong, Yan Jun. Research progress of fiber surface
Pu Rui. Study on modification of adhesion between polyuria modification by non-thermal plasma at atmospheric pressure[J].
coating and polypropylene substrate[D]. Qingdao:Qingdao China Textile Leader,2020(8):53-57.
University of Technology,2019. [14]  EHRE, B A Z KRS TR R 2 e itk
[L1] BT . BREF AR 25 25 A b BN HEER IR i 52 6 R S it BIRIFFERENE [J]. ENFEBFHI,2007(9):7-11.
PEREMITISE [D]. 1ifg: ARAHEK2%,2020. Wang Chengqun, Wang Chen, He Yunyun. Research
Di Zhe. Low-pressure plasma treatment on carbon pressure developments of the low temperature plasma technology and
plasma treatment on carbon fiber and its reinforced polypropylene the fiber surface modification therewith[J]. Textile Auxiliaries,
resin composites’ interfacial properties[D]. Shanghai:Donghua 2007(9):7-11.
University , 2020. [15] w2k ARES BRI ST [D]. 195 « W92 R}
[12] SRS, i 4, AR dtat . [ P 2 P SO SR A 0 A 5 AR Rt e HR2,2015.
[3]. TRE¥EEN T, 2017,45(6):145-148. Meng Lingfei. Study on the low temperature plasma sterilization
Hu Zhiqing, Zhou Quan, Xiong Jianwu. Research status and equipment[D]. Xi’ an:Xidian University,2015.
(EEESIT)
[13] Mukras S M S, Omar H M, Al-Mufadi F A. Experimental- Netshape Forming Engineering,2010,2(6):19-23, 50.
based multi-objective optimization of injection molding process [16] L, i, 24 68 . H T Moldflow RYLRIFLA R Be it R GE
parameters[J]. Arabian Journal for Science and Engineering, BT [J]. K2 B T2, 2011, 3(2):68-72.
2019,44(9):7 6537 665. Tan Anping, Xiang Yu, Li Caineng. Optimizing analysis of gating
[14] Davide M, Jitendra R, Marco S, et al. Analysis of the shrinkage system for injecing bumper based on Moldflow[J]. Journal of
of injection-molded fiber-reinforced thin-wall parts[J]. Materials Netshape Forming Engineering, 2011, 3(2):68-72.
& Design, 2017, 132 :496-504. [17] Z&id . eSO s ) 08 e 2 T2 R BRI [D).
[15] REEEMRTE . L T2 SHO B IS R 5T (1], K% PR - L PREGE R, 2014:23-38.

JE LA ,2010,2(6):19-23, 50.
Wu Mengling, Wu Taibin. The research of molding process

parameters on the plastic warpage's influence[J]. Journal of

Qin Haitao. Thin-wall plastic parts warp controlling by researching
forming process and mold optimization[D]. Chongqing:Chonggqing

Jiaotong University,2014:23-38.



