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Effect of ferric nanoparticles on surface properties of methyl vinyl silicone rubber
Wu Xing', Tian Hong-jun?, Yin Shi-heng®, Chen Jian-yun', Li Jun', Wang Zheng-wen'

Abstract

BACKGROUND: X-ray image visible new composites can be harvested after ferric nanoparticles being mixed with methyl vinyl
silicone rubber (MVSR), however, surface properties of the composites still unclear.

OBJECTIVE: To explore the effects of ferric nanoparticles on surface properties of MVSR.

METHODS: Both previously prepared iron nanoparticle enhanced silicone rubber (INESR) and carbon-coated ferric nanoparticle
enhanced silicone rubber (Fe/CESR) were chosen to be experimental group, MVSR as a control group. The surface roughness,
topography, chemical components, water and diiodomethane contact angles as well as free energy of above-mentioned groups
were tested respectively.

RESULTS AND CONCLUSION: Compared with MVSR, the changes of surface property in the experimental groups including the
increase of both Ra and Ry values of roughness, the rise of Ry values was more apparent by adding into iron nanoparticles, more
nanoparticles existed among molecular chains of base rubber, atomic percentages of C, O and Si in the surfaces had been
altered with a big increase in carbon-based groups caused by carbon-coated ferric nanoparticles, small decreases of water
contact angles and surface free energy by adding nanoparticles and a small increase of that by adding carbon-coated ferric
nanoparticles, the polar components of free energy were promoted. MVSR added with iron nanoparticles or carbon-coated
nanoparticles resulted in changes of its surface property, but the changes caused by the two metal nanoparticles were not
completely similar, those attributed to the structure and chemical component differences existing between the nanoparticles.

Wu X, Tian HJ, Yin SH, Chen JY, Li J, Wang ZW. Effect of ferric nanoparticles on surface properties of methyl vinyl silicone
rubber.Zhongguo Zuzhi Gongcheng Yanjiu. 2012;16(3): 489-494.
[http://www.crter.cn  http://en.zglckf.com]

HE

B BRAORN RIEN T2 LG ERERR T ) X S8 R MR R A bt (B AR R I Pk B AN A
B PRI BRTAN (A0S HRE 2R RE AR I 3 T 2 1) 300

TR RS A (0 AP R A HE SR AR SRR L OB B SIS B AR SR AL, WY SRR ISR D o IR A L AR
MG

HREEL: SO RARRE LTI, SCRAF R AR G RN Ra (€M Ry ET15, 299K80 T & Ry
TEMBCRE W B o FHEZ IRIMARIBRIE 2. R C. O, Si HITH MR 4 R, ROk e &
E IR MR EOR: I INAK YR B T KA A NIRRT REEIRRAG, AN sk G by iR i /K Befih iy /Mg T s
RRENG AN I R RERIRRYE S d e LRI K Bk Bk Uk 2 5 B0 Ik 2R JEREAR BRI PR UK s, RARfh i 4 21
AL X AR EERI R A AURA A K

KR REIRILG BRBRAVKDONL BROBR; WL LG, Rt

doi:10.3969/j.issn.1673-8225.2012.03.024

RIE, WMPSE, P, A, B, EIE. BRI RN L LGSR R R I T S U] b B A28 TR,
2012, 16(3):489-494. [http://www.crter.org http://cn.zglckf.com]

Al FEARR IR IR S . ROWTES . R B
H B T AE R A ST B 0 47 NI 3L WL
TR T2 I 2% T REARR B A S S A

0 3l

it

e RERR B el L i AR B PR 5 K
M AR MBEE AR BV N REANAR
WA Ty EAC IR AR 2500 B 4 5 Vo0 LT fE
WL, Sk, AERyy BAR AR R
TR 2 N (HRERR IR 1 S X 2k
BELS R REANEE DL R R TR K PE L IR T fE
e Z R R S S AR T A0 R R P A
i PR A T B (L

ARG AT AR s R (AL PR,
ORI I AE AN R S R BRI 17 R 1 28

ISSN 1673-8225 CN 21-1581/R  CODEN: ZLKHAH

WEFTRN], AR IAR T ) I AT 4 4] . Bl
FHHARWIE RGN, ZEb RN,

IR ST PR, 45 B AR e, WK PR RE s R,
B AW AR S A ok, BA
BRI (R XS S BELSM P fie 5 Rk S0 AR
(methyl vinyl silicone rubber , MVSR)JLii 5,
Al gy g g oK Bk B 5 R AROIR (iron
nanoparticle enhanced silicone rubber,
INESR) #1 % 1, % % 3 & % R (ferric
nanoparticle enhanced silicone rubber, Fe/

1Department of
General Surgery,
Affiliated Hospital of
Hainan Medical
College, Haikou
570102, Hainan
Province, China;
Department of
General Surgery,
China-Japan Union
Hospital of Jilin
University,
Changchun
130033, Jilin
Province, China;
3Analyti(:al and
Testing Centre of
South China
University of
Technology,
Guangzhou
510640, Guangdong
Province, China

Wu Xing*, Master,
Department of
General Surgery,
Affiliated Hospital of
Hainan Medical
College, Haikou
570102, Hainan
Province, China
wohsien@
yahoo.com.cn

Supported by: the
National Natural
Science Foundation
of China, No.
30860077*

Received: 2011-07-27
Accepted: 2011-09-17

489



@27;52 WWW.CRTER.Org

R, B ST A PR IFFEGERR IR T T 50

Vi EFIEWRE

4 BB E R
EAIME, EH
¥ A&# 130033
Shpm I RFy
AR F s, TR
B

510640

Z¥ %, F, 1962
ok, Rk
WA, Xk, 2002
FERRF R,
Ht, £ E2MEL
@ S A R AR
o B 1 AR g5 A
AT
wohsien@
yahoo.com.cn

hE43245:R318
kbR B
4 5 :1673-8225
(2012)03-00489-06

HiAs B #: 2011-07-27

4= B #: 2011-09-17
(20110427021/D - C)

490

CESR)E &KL, M 3 BEAE RSB (KX 5 2k BH
SHEE S, SR AT S R ARy
PR 1053 T REAS R AR T P BE TR K AR AN 4

ARSI 15 AL RE R R T K K T R 2 A
BIE S FPRER IR TS, AR 9K Bk
AR AL ER IR 73 HOW AR IR R AR 2« Ak 2oT
ALK BOWESN B e e, It
RIE—2D MY BREIE TS OB -

1 MEFTE

Wit MR RS

FHE R AS: T-2010-10/2011-037E R
FET R 2E 7 ATt A 0 58 B o

MRl GRS R AR Bk . mef ek
W BTN SR KA R R A ], 8k
JEAN AN R O REAS IR I i 2% 2 WL SCHR[B] - 3
BEICJTEE H95 1 10, 90 : 10, 85: 15K &
MOEME Sz 4. 55141 8 INESR, #241%
Fe/CESR; *F M4 AMVSR, #ELR~FH#K
20 cmx15 cm. FEE ZAF A ey Tl A
] H AT B A WU T .

18-

P I 0~180°, MIERE 20 C,
TBAE40%RH, R4 A3 k2B K. it
FRGE I TR R, AN SR TR 3
AN S N VR e A P O A i 1135
AR R A e i (00 e, sk 00 A1
FUB IR, MR 4 Young-Dupre J7 f it 45 Hi 46
E A, BrE Rl &Y, Ay
oL(1+cosB)=2(osdolLd)"?+2 (ospolLp)'?, Hi
Ol M, oL, oLpMoLd/& A Zim [t
fe M L MERI (o B, A LB T /Kol=
72.8 mN/m, oLp=50.7 mN/m, oLd=22.1 mN/m;
B $Eol=50.8 mN/m, olLp=6.7 mN/m,
oLd=44.1 mN/m, os. osd FloLp/&> ikt El
(1) 2 T R S SR PR AN A 0y B

FEMEIEIR: A BRI . B
SRS LA R A e R 5

it FE o4 {ISPSS 13.048 i K fF
AT GV 2 A3, SR 5 2240 BT K 56 512 56 4
of PR A A e 00 (X B 2 e ks SR
BCTt 50 UL 5 P 156 4 2 TA] 2 fis £ 000 5 A1 %)
B2 e, P <0.05 WA ZERA REERE X

FENE KR

Expert 4 3D F i 51X

Leo-1530Vp #uz K4
ERE K5

Axis Ultra DLD X-4f4;
L BRI

OCA 40 Micro B & i
P A 53 AT A

f [ BMT 2
TFE-SEM, f&[H ZEISS /A7)

XPS, #i[H Kratos A ]

4% Dataphysics /]

Fik:

ExpertBI3DREMF AU E : X 341 R 1
AT, PR mm, BN
IMAFIALE, AR 45 R R B AR 3
i 2% (Ra) FH#E B B K =1 (Ry)

Leo-1530Vp#uAik SHAMBERE: A&
FIMWE 4 WEER B, BN Tk A
Fro IEEHLR: 5KV, HEIIHE4 pA~10 nA.

Axis Ultra DLD X-§F4& & B FREIENCIE: X
F A RPFR T R A BT B =T, M4
R BORUEATKa, BER1486.6eV, JEHL T
YHHh90°, FEiEHH s aeE K A1 eV,
T H0.1 eVo

OCA 40 MicroZ! K m Rl i3 9 #T (L 9 477
Owens ¥ I 5t 51 56 21 S JRZH A 3R 1
2 B T KA R P g Bt ™ W

21 ARmAEAEIE AR R TR RS
& Rafii MRy H 1) i 243 ) WK1, 2.

1 [ |—+—INESR

—8—Fe/CEIR
0.8 || a—wrvse %—A
06F L

04 F

Ra values

0.2 F

0 L L L J
100:0 95:5 90:10 85:15
Formula ratios

Figure 1 Arithmetic mean deviation of profiles of
tested composites
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Figure 2 Maximum heights of profiles of tested
composites
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MVSR: methyl vinyl silicone rubber; INESR: iron nanoparticle enhanced
silicone rubber; Fe/CESR: carbon-coated ferric nanoparticle enhanced
silicone rubber; TFE-SEM: thermal field emission scanning electron
microscope

Figure 3 TFE-SEM image of tested composites surface
K3 iltkifLm TFE-SEM B}

f: Fe/CESR (%20 000)

ISSN 1673-8225 CN 21-1581/R  CODEN: ZLKHAH

23 R@mAFAEAR ZAMERTIFICEDR
XPS 73 #r 45 B 43 5l W 4~6, M & A 3R ATMVSR .
INESR. Fe/CESRiAff&IMFEEAC. O. Si 3flit
ESIEIR

58.5 [ orEm

58.0 [|mFeicESR

57 5 | CMVSR

57.0 |

56.5

56.0 |

555 |

55.0 |

545 . . .

100:0 95:5 90:10 85:15
Formula ratios

Values of C 1s

MVSR: methyl vinyl silicone rubber; INESR: iron nanoparticle enhanced
silicone rubber; Fe/CESR: carbon-coated ferric nanoparticle enhanced
silicone rubber

Figure 4 X-ray photoelectron spectroscopy quantitative analysis
of carbon element on the surface of tested composites
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MVSR: methyl vinyl silicone rubber; INESR: iron nanoparticle enhanced
silicone rubber; Fe/CESR: carbon-coated ferric nanoparticle enhanced
silicone rubber

Figure 5 X-ray photoelectron spectroscopy quantitative analysis
of oxide element on the surface of tested composites
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MVSR: methyl vinyl silicone rubber; INESR: iron nanoparticle enhanced
silicone rubber; Fe/CESR: carbon-coated ferric nanoparticle enhanced
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Figure 6 X-ray photoelectron spectroscopy quantitative analysis
of silicon element on the surface of tested composites
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Figure 7 X-ray photoelectron spectroscopy image of iron
nanaparticles in the surface of iron nanoparticle
enhanced silicone rubber
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MVSR: methyl vinyl silicone rubber; INESR: iron nanoparticle enhanced
silicone rubber; Fe/CESR: carbon-coated ferric nanoparticle enhanced
silicone rubber
Figure 8 Surface water contact angles of tested composites
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MVSR: methyl vinyl silicone rubber; INESR: iron nanoparticle enhanced
silicone rubber; Fe/CESR: carbon-coated ferric nanoparticle enhanced
silicone rubber

Figure 9 Diiodomethane contact angles of tested composites
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Figure 10 Surface static droplet shapes of tested composites
(a—c were water droplet and d-f were
diiodomethane droplet)
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Prescription components
rate
Fe/ Fe/ Fe/
INESR CESR MVSR INESR CESR MVSR INESR CESR MVSR
100:0 22.07 0 22.07
95,5 19.70 22.35 0.57 0.03 19.13 22.38
90:10  20.71 22.47 0.18 0.01 20.53 22.46
90:15 21.75 22.61 0.01 0.06 21.74 22.55

MVSR: methyl vinyl silicone rubber; INESR: iron nanoparticle enhanced
silicone rubber; Fe/CESR: carbon-coated ferric nanoparticle enhanced
silicone rubber; Dispersion component mean value was increased than
that of MVSR, and increase with the polar component decrease
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MVSR: methyl vinyl silicone rubber; INESR: iron nanoparticle enhanced
silicone rubber; Fe/CESR: carbon-coated ferric nanoparticle enhanced
silicone rubber

Figure 11 Surface free energy of tested composites
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MVSR: methyl vinyl silicone rubber; INESR: iron nanoparticle enhanced
silicone rubber; Fe/CESR: carbon-coated ferric nanoparticle enhanced
silicone rubber

Figure 12 Polar components of surface energy of
tested composites
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