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Dj#2 200 W+ 10 min ALFERAF T, BEIRERREIREIAS] 1B 55, @ T R4 PDMS/CIR iR%/Z (5B
20 BAN, ININRE )G, EEMEKZEAER M 0.0637 g/(m2-24 h)[% 2 0.0321 g/(m?-24 h)(ZIFEK 50%),
EAIBERL R BN 42.65 cm¥(m2-24 h-0.1 MPa)f4 2 35.06 cm®/(m2-24 h-0.1 MPa)(ZIF&AK 18%), WM 0.026
FE22 0.011, Tt RIFIPRSEFIN R BHBRYERE . A 70y s E 2 a8 CIIR JERHRR IR 2 Bt i
PR S
KRB SUL TR, AR TR, R I

ST EARR (CIR) B AA MRS A ERae v, B 2 VR 2) e A Ut s v B B kL .
SR, LE ety 59 771 B U R K I A7 26 AF R, CTIR A7 AR AR I T e A Fa il . —J5Tl, CIR A
PRECS TR0 (R TEA RN AR, B0 W RGBT HUT BE N2, SN T $EH A mT
B (B&L) W0 F—J71, *FTFsmitE2iyk & G2 mslRD, H5 CIR haEl s selRlz mmT
BeRERELSE RN, 51 KRR TBER Cl, & &M P2 T/ iR B B2 E
MR R e M 5 22 a0l R Bk KRS, fE250 5 CIR Z (el —ERe . et H AA R
KRR LRI DI REIR E BONRIE 7 5. Horh, R HIERESESE (PDMS) R RIFMA et Wt
SETE R BERBYERE, IE R CIR I DI REFELIR IR Z TS EMRL. JRTH, SRALJE ) CIIR B A2 I HAR T
Wt RS, AMERMAK. 1HiEMH%, PDMS IREMEHRE S HOUSHEA L . FHm i E 2 = 2%
I R, JE I R OME TR CIIR 210 5| AR I BE AL A, SR Re S, 1E5% PDMS IR)Z 1)
VB S A A VE R, NI SRR AR E 1 SRR R . R CIIR R eietExs T 'PDMS )= 5 CIIR G
FARE 2L,

BE5%F CIIR R e, Lawson S HRAM N =S FIREE (TCICA) AL/ CIIR £, XPS
A TCICA B RFR B, RIS CIIR JLPANKAE TCICA S EN B REL RN, Bk CIIR
RIS O R . 2 R ARA AL CIIR 706 CIIR RETHH TR, FRK S SRR/ 71

doi: 10.16865/j.cnki.1000-7555.2026.0095
ks H393: 2025-12-24
HIRBERN: R, EEAFE R TR TERE L S DI RE LT ST, E-mail: rongchen@scu.edu.cn



BRFHHNESIE

POLYMER MATERIALS SCIENCE & ENGINEERING

BB AF IR E & . SRR, 120750 BE3RTT CIR MUNGEAR S IR o, (Bt 7o AR T
FHETRGHE, RN CIIR RIHRE . FOHTEE S5 A HY/KMnOLSA BN CIR #EATEZh, SIS SR
RS b R 1], AR bRl BRIk, B35 5271 1 CIR S REMARZE B A Ik g, (HL
TR 12 475 2R 38 1 AN S 0 ORG $E R SEBL, R IR JE HLAE S CIR W3R AS BN 00 7T . 53 41,
Martinez-Martinez! SEEH FIAL 22 A TTRE ANB IR LRI 2 1 S E CR RIS 49K 1 SiO A,
BERTRIGKMEAEHEE, (HAVEXT CIR BRETERESETT. 28 TR, PR M Thift)s CIR &
T (1 £ EL PR ORI TG A 7 1 S BEL B 2 A R T Ay B

RS TSR —FPICHE R R AT R 2R SE It AR AL B i, WIAEAN 3 S S AR g
IR T, XA RLR ZE 2R AL A AR , BTTERI, S B ARSI R A
RMIIN-OH. C=0. C-O TFEEMNEREE], IfEREEE S g D i RRE R, AT 3 e T REAN A g%
f AR, S MY SRR 2 B R SR AR R RE DR LS, A AEAN 2 RN CIIR SEARTERERI SR 1F T, SEBILR
T A E BERIRE R ST R R oA RS, 4T 22 PDMS/CIIR [RHIR 5 4 &, Am#Ert
PDMS/CIIR 542 ORGSR B A SRR TERE, (H H AT A R KA ST FTIGE T X b o

DRI, AR SRS B 1A CIIR i RIEEATIE AL, REwt FEAL PR S E]xT CIIR Rl
LR OIS SRR . AESLREAL b, FEPE CIIR SR E PDMS Dhigln/z, B8R
HPEXS PDMS/CIR SR HE58 5 B AR = FHFR TERE AU SUMT UL, R S5 & TR AL S 4—CIR K1
FilE—PDMS/CIIR FHifi i SRR PERE Rk, N5 CIIR RZER TS E PDMS ThitZiR et
IR T 248

1. SEI4
1.1 FERER

FA T HAZI (CIHR): A, JEFE 5 mm, FIICIE R 22 A PR A m) $2 44, 5 — 345 (PDMS):
2B, KRN 4000 mPars, WSET-2 KK Zhermack AH] . /K 2 (AiF5:99.9%) K& Z.FRZ.HE (4l
[:99.5%) WL RAR T RIBEAL F A BRA T . DA AL2E R — kg4l

12 AR

CIIR Ji¢ 3% T 4800 300300 mm, B T FEA 1:1 FIFK LB L8R B IR A Usert i, 48 100 W
P P 30 min JFEUHIEHET, AT S IRE RN B TR AL B e % (H I, A 13.56 MHz, %A
AUEY 10 mUmin, B TAEIRSEA 2 Pa, BSRIREENEIRD BHTA SR FARMEL. 735 R A FE LT
R (100W, 200W, 300 W) FILLFEHFE] (5min, 10 min, 20 min) XFRESIEATRE AT,
1.2.1 PDMS R ih) &« Wi IRBEERE (H5) AD Sk rEE BRI A LR R AR (4
7> B) M HR LB b 5:1:5 BILLBR &, K HAEAT B A B R BL 1000 r/min FIFESRE 10 2041,
53 PDMS TR -
1.2.2 PDMS/CIIR £ &6 A 51 &« RFA/NUBHOEE & PDMS TR AIRBHR T A5 B TR 5
1) CIIR figfv b, 1 120 °Co AR T 10 min, 733584 [E16 ) PDMS/CIR Ffitio &)1 CIR # fi H
PDMS FUERARIERAATN S mL, FHARFFBTRCE. WEREE SRIE AL % —30  DMRIE SRR E BN
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20 ekt HEAHIF—.
1.3 W SRAE
131 BE#eF2Mskie: RASHE T B8 (SEM, NovaNano SEM 450 %4, [ FEI A7) XA
IR 4 AR B A FR R S R TR OO T S A T 8% . IR W R TR 2R AT 05 A B, st FL Rl 20 KV
1.3.2 BAARE M AL RABOCERERMEE (CLSM, LSM700 %Y, fEE%LH]), 50 A8t
i 2 THAE A R AT I
133 X HEA TR E AT KH X HEAOCHETREE (XPS, K-Alpha &, 3%[H Thermo Scientific)
X EFEREAT ORI, HXRER Ols BEREAT SRR 0 U b2, DAy MR i A5 18 TR b B AT 5 3R T AL
FLER AR . DL AL AlKa 5 (Mono AlKa) 2 X SHT2kIE, AR 1486.6 eV, HLE 12kV, Wil 6 mA.
1.3.4 KaEf A MK FEERT S CIIR PR AE R b, A DG Rl il 2 4 (DSA30 A,
T8 KRUSS) XFEMRMEKEAL A (WCA) BT, WA 2B 77K, SRS EUR F AL
5, BUPHIME.
1.3.5 b3 P AemiX: 4% GB/T 9286-2021 FrifE, KA ZIEEN 1 mm H)Z 7JY0%IJI7E PDMS/CIR A EXI]
TR, SNSRI S XIETE Tk, TEDIRIX ORI AR e s F 48 8, #E 1 min J5°F
T, WA VA TSIl 1% GB/T 9286-2021 YRR Z M5 1155 2% «
1.3.6 MARMAEM K SRA/KZEELMIR{L (Labthink C306H #, FFEg206) W EAIRIZERI/KZES R
PEREATIS,  MARES IR E R GB/T 1037-2021, WIAFEH EARHN 35 mm, W% MFH 38 °C, 90% RH.
BARERIT 3 YGRS, 4RACTAME.
1.3.7 FRAMEREM K : KRB RIMAL (Labthink VAC-V2 B, g2t X & A2 A PR T
REHEATING, AR HES IR E RS GB/T 1037-2021, JFBURE U EAR DY 50 mm, 5%AF 38 °C, 90% RH.
FEHAE AT 3 R, 25 REBCF M
1.3.8 HE A MK : KB F A4 CIIR A1t 200 W 10 434 4bFE 51554 PDMS F CIIR B 52 BN
/> 100 mL AETEHE Y, B 50 mL £ &K, BifRbEM e eIR, &b s o8, RARERER, 15
BIPA SRR IR, KRB kAR s EOO BRI T INR . SRATEE AN O TR UVT B, SR MR
FERIZ )0 F3dR PR IR IR B AT, b v 2 I A € [ 24 892020 A7 35 DU ¥R 38 0] 040148
H-RT WA GV, RHAREREHT 3 UK, e Eh BRI, S5 RECTIE.

2. ER51E
2.1 EEETFAHETZS CIIR REHSHKEMH

WP B TR AL BITh 20N 200 W, BT FUANF AR BRI [A)%) CIIR SR IHTESIFE, 45540 Fig.1 Pis.
ARALPE CIIR KBRS TE, (AT WADEIN TR, A2 5 min Ja, 65 FREMESGRMENR, &
P e m] L/ 23 B NIRRT N MY AN XA ARPRI RN AE 22 10 min I, R ETHURE E3E— 48,
BB BRI AN LR 20 min I, SXESREOZATIEL I FIEM, EIEOVESLKI PRI ZIEE. B8
KE, BHALBIRTAIZEL:, CIR i f-P 0 rflhe . 2 ERIEIEAS, SIS B o0 RIS AA &

FHR



BRFHHNESIE

POLYMER MATERIALS SCIENCE & ENGINEERING

Untreated 5min 10min

Fig.1 SEM images of CIIR surface with different treated time at O, plasma treated power of 200 W
EPEE B T ARAC I (8] 29 10 min, WFFEAN RGBS TR DD F%T CIR RIHTESIFW, 45500 Fig.2 B

Ne 100W AL, SR IVEMEMRNRIIRAL, ] BN, ThEETHE 200 W I,
RIMMRERERE— PN, RECHEEAKEV SIS L, IR ILE; 300 W &4, K5
PR R R, S AT WAECK RS REU Rt . SAKE, BSR4 &, CIR £
EHAFDR PR IZT I AL A . 22 BRI 2 GRIATIE SN, 3 I [B) AN D) 2y HAR T S A AT B TR E S

Untreated 100w 200W 300w

200pm

Fig.2 SEM images of CIIR surface with different treated powers at O; plasma treated time of 10 min
N T R AR B TN CIR R R ZIMAREE, RO R AR & R TR A
Fig.3 JNAEBETE] Y 10 min I, ARIZJZET CIR BA =450 SRS REAR L. AT, RACHRE
RERE /)y, PG ALERD)ZE 100 W F215 % 300 W, SRIHRE EERFEE K, Ra i1 2.035 um _FF+% 2.808 um.
TEEEBS AR R Th R [ 52 200 W i) (Fig4), ACFERFAIH 5 min ZEHK %5 20 min, FETAPHLRE E [FIRE S 5
TS CREBOCILREERN SEM HISE R AT, 5B 1A Th 2 AN AL BRI (R FR MG 5y 2 s CIIR 2R
ZIRIRERE L, A3 AR P BB e A KRS, JFH I 2
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Fig. 3 Surface morphology images of CIIR treated with different treated powers at O, plasma treated time of 10 min ((a)
untreated: 2.035 pm; (b) 100 W, 10 min: 2.436 pm; (c) 200 W, 10 min: 2.523 pm; (d) 300 W, 10 min: 2.785 pm); (e) roughness

variation trends with different treated powers at O plasma treated time of 10 min in a column chart
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Fig. 4 Surface morphology images of CIIR treated with different treated time at O, plasma treated power of 200 W ((a)
untreated: 2.035 pm; (b) 200 W, S min: 2.338 pm; (c) 200 W, 10 min: 2.523 pm; (d) 200 W, 20 min: 2.808 pm); (e) roughness

variation trends with different treated time at O, plasma treated power of 200 W in a column chart

22 HAEETFAETSS CIIR REFELEH K

Tab.1 Relative content of each element on the surface of CIIR with different plasma treatment powers and time

C (%) 0O (%) Si (%) Ca (%) Mg (%)
Untreated 70.7 16.6 9.4 1.7 1.6
100W 10min 70.9 17.1 10.0 1.6 0.3
200W 5min 65.8 19.0 14.1 0.6 0.5
200W 10min 65.1 20.0 13.1 0.9 0.9
200W 20min 70.8 17.7 10.5 0.7 1.0

300W 10min 63.0 18.3 14.6 31 1.0
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Fig. 5 (a) Total XPS spectra of the surface of CIIR with different plasma treatment powers and time; (b) O 1s spectra of the
surface of CIIR with different plasma treatment powers and time

NIRRT B AR B CIIR R AL A2 SR, SR FH XPS XA [RIAL RS4RI i AT 1 3RALE,
4540 Fig.5 Fl Tab.1 iz . Fig.5(a) WA A% & AR AL PR S Z RIS T 2644 CIIR K1) XPS Juzig K, nf
FEH ARG CIR RIMFEZH C. O, Siv Mg M Ca FEnEiE M, KREINHHIIGER . B ALEE T2 A [F] (1)
Han, R O LERTEEATE, O/C LEIK. Xt Ols Mo PHEdk T &1L A (Fig.5Ob) T A, HaE
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EHTHE (MgSisO1o(OH))« C-O Fl Ca-O =FBre k. ARAELFEMH C-O Ao Ll EAR (£ 5.8%),
100 W 4bFE 10 min B} C-O & ETFEL) 6.3%, 7F 200 W AFE 10min FHE R KE (£ 19.8%), 20 min
RFFIER =K 300 W ALFE 10 min B C-O S &I8H N, s T AR, HIkFEE, 300 W b2
10 min £ Si Al Ca M5 F7- 8000 IR, UEHIH 2 oL FOR R EE TR M. 254 SEM. BotILERER
XPS Z5 Al 1, B EAE B TR T ER I IR EE I AE K, CHIR RN A= LoDk AL, AR SR 7
ARHRE . ZREOES. RN RS EEE (C-0. C=0) HEMN, FEEb— R TR .
TAEILEMER, A CIIR I P ARAR R 120 ) KRS AR M 568, Ay J5 28 PDMS ¥R 25 (R il f A
IR L T A %A

23 FRAEESETAAE TSN CHR REEE R

Fig.6 J&7R 1 ANFAS B TR B T CIR B /K Eefih fAeA o ARACFRRE S Fefih 1 111.9°, 3%
DL R BRI, SRR TR 5 min J5, KAl R 93.4°; BEE AN [ASEK 2 10 min, 7Kk
Fit— PP A 86.0°(Fig.6(a)). {HAEALTE 20 min /K FEfl A [ 22 106.2°, Bon H 26k 5 ARG . X
S RN 7K ek fy 2 AR R T 2 SO RO T Sk Rl e 06181, 4045 39 1A AL B AT 7E CTIR R 5 A3 4
4 e T T4 s v ) o 3 b (AP i e e A3 i P b i O e s
gl FLIFEEA(Fig. 1), EARPEREAIEIRIRGS, Dbl Tt . 7EACERRS (8] [E 2 10 min B, BEALFET)
EH 100 W 2152 200 W, 7KEEfilA i 92.6°1E— P FE 2 86.0°(Fig.6(b)). 4TNZTH4 300 W I, 7K3zfih £
B2 93.7°, [FIRE L ISERE G TR RS o S [RIRE R H T AR BRI R h R AR M 5 3 22 5 3 2 e [
TER 3 fEPSETheaki 8] F, SR EEMRMERR (0 Cc-0) HIEEIIE (Tab.1), [Hibdefifh NEE;
T 24 Th i iR kAL BRR R, R R T ZI e BRI E (Fig.1~Figd), HARMEIERIIERTE, #
Fefubfy LRI, PR He A AR S T4 S AR A B AR A R B A 5N S R TEZ 5 G 5T
B, SR TR ALER R RE S B A A R T R AL AR, DRSS R AL B RS AT AR T CIIR 1
TR
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Fig. 6 (a) Effects of different treatment powers on wettability at a treatment time of 10 min; (b) effects of different treatment

time on wettability at a treatment power of 200 W

24 AEEESETFELAETE N PDMS/CIR 2RI
N T AP S TR S ) CIIR 5 PDMS [FFLRIFRTF AR, K PDMS TSR AR 4 7E S5 5 kb
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RIS CIR i, HEAGHE AL 120 °C 30 min 2 PDMS 5241k, 45840 Fig.7 Fin, REAEE Tub
H ) CIIR 1H L) PDMS )2 L 7 RTHAR RO, Uo W 99 () i) SR 5 BERUAIG, 2% bR GB/T
9286-2021 AJANHANELIREE Y SB. —J7 I, X FIAMMALE ) CHR KRR B (Fig.3(b)), W11
B, ok ZIE B R R R BAR 2R () PDMS A B, 5T R CHIR i FT 21
AP R b AR TR G R B R R 3 1), (815 CHIR JKr RIIFHEEEERAIE (Fig2). S5k
ST R A A LG, (RTDZ (100 W) ALEE CIIR 155 PDMS FHHKGHEERER %, 100 W S min
PSRRI AN SB 4, U BRI AR 2R 1 A3 T2 PDMS 5 CIIR [8] 1 RGB ML RESR TH AN S
BEA AL BRI [B] FUSE RS, CIIR 5 PDMS FPRSHEEIREEA TG A, 100 W 10 min A4 A1 100 W 20 min £ 5 7351
REISF 4B 2R 3B 2, 1WA B TR AL PDMS/CIR 22 8] (RkG B2 A — @ R T RCR, VA TiX P
FhALFR T 250 CIIR R AACFREE ALREEE (2.035 pm) 23 HHRTH T 0.431 pm 1 0.626 um (Fig.4), C-O
TR AT T 5.55%M 6.97%, BEAFITE PDMS AR IR

BT, AT IRABAENEE R TALIEITZ, A5 3% CIR BT T 200 W ASERS (AL FE.
Fig.8 fii7~, 200 W 10 min XbFE T 2%} CIIR 5 PDMS HIRHEERT R #, KR AEsiA %) 1B 2, £
C-O #EE=IL 19.8%, XIHFET mAgs H hREMBASE D 73&d CIIR £, 33 CIIR EKHE!E C-H
PRI, ARRGRTE L, X B SRS AT EERE R (O, 0P B, fE CIIR RGNS
AEREHE], RIS ZERIN, RMAEIRT, AT 5 PDMS Mk R R A, [R5 2R 21
RBURAE CHR R TROAHRERESE N, A RCGEARTIARY K, U [ 808 . ST, 4555 B A AL BT
Rt el A K, CIR R IEBRD (PR A FRRE R TR R & B, IR R, %
YLk CIIR/PDMS H AR MRS IR, Kibethae NRE, X nl 82 i B 55 8 & ¥ CIIR &
TR AR SR, FREWTRINGE], TR T RS ECR 914 542, PDMS iR)= SEPRREHEAEIX M 59 1K FAL
B b, X FEGIAFEE R ER TERER, AIMAE4S PDMS/CIR 2 (BTG 7E B HE . X 540 G SCHkA
B 518 —30 B4 Ohkubo S5 AR FEFR BN, EIT FAH B SE 25 A0 B mT DL 4R Mt IR kL 5 PTFE
(PRSEESREE, HWLES RE5 R E (WBL) MZIh 5 RImACHAT A, R AL & F 3510 722
FARETERE, X 54T IS R Id B A S B A RS CHR SR E AW 2L T BOR R E T~ B AOHLEE
— 3. PRI R ) 2T & 45U B I 5 N RIDR R B2 T /2 1 5 PDMIS/CIIR ST AH ELAE F R OCE RT 3R

{EFERAR, SR ST CIR 5 PDMS K% i seiomt 7uieb, 2469 T CIR S5 HAbA R (n
SIBBIERD FIRBERE . ABFFCIEAN TIX—25 [, N AR S B AR R A R AR AL,
RN T R TIAREARRE FE DR PR RE SR, S T A FAERR AR R T SO E R R B AR S itk

Untreated 100W 10min 200W 10min 300W 10min
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Fig.7 Effects of different treatment powers on adhesion performance at O, plasma treatment time of 10 min

Untreated 200W 5min 200W 10min 200W 20min

Fig.8 Effects of different treatment time on adhesion performance at O; plasma treatment power of 200 W

2.5 AREEETALETZX PDMS/CHR FHRE BRI

IR FEA A S5 B TR AE T2 PDMS/CIR A4 2 BHR M REAUREMA 5% 35 B i dhAT BELAK B A1
AEMR . 0 Tab.2 s, 5 ARACFERE S AH EL GE/K & 0.0637 g/(m?2-24h), 1B 2% 42.65 cm?/(m?-24h-0.1MPa)),
PRI 2 G e B B K R B S M e A A R AR T SR A Hi T WL, SR FH 200W. 10min 55 25144k
T ZAPRIBERG IR TR O B3, 1B /KEFEE 0.0321 g/(m?-24h), BRI FFRL) 49.6%; B ZBEE 31.43
em?/(m?24h-0.1MPa), BORALBEFEMKL) 26.3%. HD)ZRHE— 0 m sl FRIN (A GBI, BELRG 1 RE SR TH 1 2
IS H LB HES . —&F Dy PDMS feE U EHE T HARMIRER RS (£ 20~22 mN/m) 55ggikt,
RAMFRAS AR I, FR PDMS 332 Al 78 CIIR IEARE MG S, EKIBERE, Witk
JRBH Ao —EPNTE S Th A A] (40 200W 10min) F, XPS f7R CIR & S MR B N (Tab. 1)
A fAIEMC (Fig.6), PDMS EIRAHRIGE, IR I&EOH R s S NI &R, (HR)2 5 CIIR St
SEE RS, NMEZEKESESIREELD T M. AHESCRIMIES: PDMS K& HATEVITED R, fii5e
g i B RELIP IR R T B L PR TERE . AR, m DR B (B A B S iR T 1k, SEM A L2
g, FLIRSEEEIG 2, S0 5 US4 G BRSBTS B TR, PHRR M RESETHIE RS .
A BEL R P R PR AR A S e T SR TR P R (A1 5 N SRS B AR A )P4, A AE A T2

Tab.2 Barrier properties of PDMS/CIIR composite coatings treated with different oxygen plasma treatment processes

Sample Water permeability g/(m?-24h) Vapor permeability

coefficient(cm?/(m?-24h-0.1MPa))

Pure CIIR 0.0637+0.0045 42.65+1.75
100 W 10 min 0.0493+0.0027 36.75+0.89
200 W 5 min 0.0356+0.0011 35.06+0.96
200 W 10 min 0.0321+0.0020 31.43£0.63
200 W 20 min 0.0467+0.0016 35.21+0.75
300 W 10 min 0.0488+0.0009 35.97+1.08
2.6 RIEERRK

H1 T CIR 7RI T RE b ] RS B AR R T BB SRR BA a4y, XYL H
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FIKJE 2 B RO ARG AR A, PR AR e P T A i A A0 2 I R AR [
Bbre OGRS, W RUARTINR YIS EilE. NRIEBHR PDMS IREX CHR 12 HAT NI,
XHBER PDMS JRJ2 5 ) CIIR £ LL R4l CIIR BET TR EEMIR. 40 Tab.3 fivR, A (EE1K) i)
JEEEA 0.001, TIARZALERKZE CIIR OGN 0.026, B T28 AR, 1XERILE CIR KA HAAEES T
BB A S A ELIEETR PDMS G ARZHIBOEE N 0.011, iXKE] PDMS IREH
k> T CHR i il F2 vh ik B AR > 724 0 IR, R 454 200 W, 10 min 4055 25 1 A0 21 5 1)
PDMS/CIIR & & EM KA S FHBGTERE (Tab.2) [ WBIZIRE B SR EFRIE R, e RaR i
FEM PR R e HERIfL 2 e A, FE24 B B o B S AL

Tab.3 Absorbance of pure CIIR film and CIIR film coated with PDMS after oxygen plasma treatment of 200 W for 10 min

Sample Absorbance
Blank sample 0.001+0.001
Pure CIIR 0.026+0.001
200 W, 10 min 0.011+0.002

3. &k

EEnf e 2 a3 CHR &S MORMEEVEFEIR ARG HL TR P ARCHE LA SE IR B RS I 2 A RoRs #2114
W, A U I R R B T A A T R S I TR X CTIR SR AT U RIS A ek, IF /e Bl
PDMS FHFR)Z, TEORIEISAAIEIERE 525 H 2 2R T, ST CHR Sk 5 BH R L AE Y 2
FITt. ARRMY, EEEEE AN/ CIR KI5\ & M B B e R H Uk &1 A
HRAEZE R, Forh 200 W 10 min ARIE T 22, Fif§ PDMS/CIIR 2 &REMFHE JJ5EHK AL 1B, KA
FEI R H4l CIIR 19 0.0637 g-m2-24h 'f& 4 0.0321 gm2-24h!, A/S0E 2% 42.65 (4% 35.06
cm*m2-24h-0.1MPa™!, WJGLFEH 0.026 [ 0.011, RIREAA BPEMRINFOKZESAASIRAN, &
TR TRASHNZH, ST WANURIBHRG . AT 78R i e 24 35 AT CTIR iR R A2
(¥ PS5 R N A AR AL T T B ER AT T AT I L 20&4%
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Structural Design and Performance Regulation of Functional Surface Coatings

for Chlorinated Butyl Rubber
Yuan Li, Chunlin Tian, Rong Chen, Shaoyun Guo

(State Key Laboratory of Advanced Polymer Materials, Polymer Research Institute, Sichuan University, Sichuan
Provincial Engineering Research Center of Plastic/Rubber Complex Processing Technology, Chengdu 610065,
China)

ABSTRACT: Low molecular weight residues in chlorinated butyl rubber (CIIR) medical stoppers can leach into
polar pharmaceutical solutions, leading to drug degradation and significant safety concerns. While applying a
coating to the CIIR surface presents a potential solution, the highly crosslinked structure and low surface polarity
make coating adhesion difficult. In this study, oxygen plasma treatment was used to activate and modify the surface
of CIIR, enabling the subsequent deposition of a polydimethylsiloxane (PDMS) barrier layer. The influence of
plasma power and treatment time on the performance of the PDMS/CIIR composite coating was systematically
evaluated. Under optimal conditions (200 W, 10 min), the composite coating achieves a bond strength rating of 1B,
which is a marked improvement over the unmodified PDMS/CIIR coating (5B).  Furthermore, after modification,
the water vapor transmission rate of the composite decreases from 0.0637 g/(m?-24 h) to 0.0321 g/(m?-24 h)
(approximately 50% reduction), while the oxygen transmission rate decreases from 42.65 cm*/(m?-24 h-0.1 MPa)
to 35.06 cm*/(m*24 h-0.1 MPa) (approximately 18% reduction), the absorbance decreases from 0.026 to
0.011,demonstrating excellent adhesion and bidirectional barrier performance. This study provides new insights
and technical support for designing CIIR-based barrier coatings in high-end pharmaceutical packaging.

Keywords: chlorobutyl rubber; oxygen plasma; polydimethylsiloxane; interface
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