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Preparation of POSS-containing fluorinated polyacrylate hybrid copolymer and its coating’s hydrophobicity

/I WANG Peng, PI Pi-hui*, LIAO Da, WEN Xiu-fang, XU Shou-ping, CHENG Jiang
Abstract: A POSS (polyhedral oligomeric silsesquioxane)-containing fluorinated polyacrylate copolymer was synthesized via
free radical solution polymerization with methyl methacrylate (MMA), n-butyl acrylate (BA), 2-hydroxyethyl methacrylate
(HEMA), 2-(perfluorooctyl)ethyl methacrylate (FMA), and methacrylisobutyl-POSS (MAPOSS) as monomers, and
azobisisobutyronitrile (AIBN) as initiator. Hydrophobic coatings were formed on glass plate and stainless steel mesh by dip
coating method in a mixture of xylene and trichlorotrifluoroethane dissolved with the hybrid copolymer. The effect of POSS
content on coating’s hydrophobicity was studied. The surface morphology and chemical compositions of the coatings were
characterized by field-emission scanning electron microscopy (SEM), atomic force microscopy (AFM), and X-ray
photoelectron spectroscopy (XPS). The results revealed that POSS contained in the hybrid copolymer can self-aggregate into a
defined rough structure on the surfaces of glass plate and stainless steel mesh. The surface roughness caused by the
aggregation of POSS is increased with the increasing of POSS content, resulting in larger water contact angle of the coating.
When the content of POSS is 20wt%, the surface average roughness (R,) of POSS aggregation reaches 209 nm, and the
surficial mass fraction of low-surface-energy fluorine is 25.70% on the coating. The combination of the above two factors and
the inherent micron-scale porous structure leads to a highly hydrophobic surface of the coated stainless steel mesh, whose
water contact angle is 144°,
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R AE AR R T RE AR AF I B K L), Ganesh 50N AL ¥ POSS 5 R G WIRE, SRAIFH Y1 L2 ¥ )7 )
FERIEL, BRI POSS MU, ¥RIEHIGK M i s eIk 157°. POSS HIA HLEEE W] LU S NV REM], Aeil
SRR G, PR RS RN, Yang MR 7R B fiA 54 7% (ATRP)
T A ANA POSS BN IR, BRI BOR A . 458K, B POSS &ML, IRBR I
K, FIRFERAKPERGE. Gao Z5M2SINI{H F & £ B e HI1 POSS & MU =L 54, POSS FEILERY PR A
PG, AR5 IEN R AR SRR LG 1 ARG MEANE KB R R . ARSGE T E H R
ok, RIS EREE POSS MRk, AT B POSS I ik 45 44 (1 510 A s IR e L 8 4 (fRTFR & POSS & il
WAL, L/ POSS AN A AIAIBH . ESL RV B — B REBURHE, 70 MIfER DG I A
5 BRUNLAEMIIER ARG 7 — BEKRIREAT X, FFRAE VIR RS . A0S0 TAEXSF A POSS
ST R R KSR T DS i 28 AE DR L ST K 70 8 By BB A .
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1.1 ERIREMSER X

FEETN MG R R (MMA) | INI& IR IE T R (BA) « RN IE IR —B—F2 LB (HEMA) , i 46524k, {8 T 20%
(1] NaOH 7KK, A5 LB FREEZE R, M CaCly T4, WUEZEMMAlk 2 k. 2—(&FFE)
LHEFEENIHIREE (FMA), Tk (>95%) , M /RIET FERAEEA 7324, F 20% NaOH /KIFPeEEIKR, BRI
TtE, RIGHEETFKRERS M, B CaH: TEEEIE, (REHHRA. HE 5 TH (AIBN), 24l
2 95% L IE E 45 4 2 UG H . HDI =584k Desmodur N3300, 4:#74li, Bayer Aw); HRENIERREGHRE F T 3\
& SR A5 2 REE BT (Methacrylisobutyl-POSS, MAPOSS) , 32 [ Hybrid Plastics A #; =3 =& L he (F113) . —H
Ky LSBT, otra, Bihr ] AR &4 Bl o0ral, RERFEERESF AR B 2omx2cm) . A
BANUEM (200 H, 2emx2cm), T, YITE BV R S E DR SEAE
1.2 & POSS &AL AKBRIEHLRINER

& POSS &M N IR RIS SL R VIR G B 1 om . RARREE Y 10 1 AR T I 5 — WP 28 BIR S I T #%
o ERA ARt EHRMEER . AR EFR N2 38 150 mL DU BB 12.000 g W& %7,

B 5B No, FHE 2 85 °C FH/A %k 30 min; #2564 2.700 g MMA. 4.000 g BA.2.000 g HEMA 5 0.100 g AIBN
IR e IR S, 7E 300 r/min (FGE T 2 h NIESER 0TS PRI RS 1 h 5 7R E R SFH N 0.026 g AIBN.
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Figure 1  Scheme of synthesis of POSS-containing fluorinated hybrid copolymer via free radical solution polymerization
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1.300 g FMA A1 2.600 g F113, 10 min N2JiE 58; 448:0/0R 1 h, sk —E &1 MAPOSS. HH N &1
31 55 AIBN FIR & 77 (MAPOSS I & 43 il o b 5 8 544 57 £ 1 0% 5% 10% 15% 20%F11 25%, MAPOSS
VAT B4 R 209%, AIBN HIHIN (5 POSS Ji £ 1) 1%) ; {515 2 h J5 AN BTG SR B4 iR B 2% 51 %& 771 AIBN
F112.000 g IRETER, kSR 4 h 55 IR RRIR 2 25 °C. FERIZIE R 24 T 44 S N VR WGZ g e N3] 5 4%
THAE R A EEFRI IV &5 0 VRED) =1 30]H, 25 B QIR DTTE - £ 35 °C MRITiE A5 T4 48 h,
B & P —5 POSS &AL LY.
1.3 REEMHIE

F113 & SRR IR, WA EHINIGEREE AR A, HPE % MAPOSS. el
ERRLE 10 1 WO GV, AR POSS &b LRy, Ml ot & 20 %L 0.5% MV . A=t )+ OH
FE AN [E L7 N3300 H NCO £ [#4% n(NCO) : n(OH)=1.1: 1.0, 437 FKHEL N3300 2% B i F , 78 100 Hz
SRR R 20 min, WEARSIEREE 12 h, SEIFERWIEI, ARG R FNRGHRRETE SR I8 W AN g5 b b il #3
—EBSIRIE . BARERE: BT AR M PRI NIETR 5 s J5 PP AR B ok, SR SEAE 3~ 4 K,
SR G R UE I A 3R BT 100 °C MEFEH SN 2 h,  3RAF 58 AT BRI AL 1R
1.4 AR BRI

K FH PerkinElmer 23 &) ({4 B A8 #e 20 AMGREAL (FT-IR) 20T I 450, Kbe i 5 81 KBr 787> W,
Hl R A JETE(25 £ 5) °C M, R ECH 32 k. KH 3 [E Agilent /A 7] [#] 1100 series &t (4% (GPC) Wl &
IR 5y i e Hor A, AR VRS, oK LR b RER IE itk . R A9 E Kratos 73 & ) Axis Ultra
DLD 4 X 286 1 RE A (XPS) Ml 3% 2 1T 1 70 2 4Rk » A8 [ LEO 1530VP A7 & 414 i+ i sk % (SEM)
WUELRTH AN, WG BT iR R T s A B o A AR Ji 28 /) CSPMIS000 R 6T i B (AFM) 43 BT i ik T
FRERE, PN . R & DataPhysics 2w 1) OCA20 3 [ #z i A 2 (R AEHR IR I /K B2 A
2 #R5iHR
2.1 HEBYINRIE
2.1.1 Mt E S

Kl 2 24l MAPOSS F1# POSS & <L IL MM A 4b ik . Hodt MAPOSS $5A 1) Si—O—Si £ [ {f 47 P
BN ETE 1109 cmt Abs 2 953 om T BT ) B IR Y R L I FR RS R R B IE s 1735 emt Ab & i A
C=0 M 4itRshi. fEHLRYMAIMEE Y, BT FdRJUANESS, 3530 em ™ BHE 1§ HEMA H1¥25E (—OH)
AR IR BN IE s 738 cm ™ fil 1 244 cm ™t &b FMA H [1J—CF, FI—CF [RFIER g 534k, 7T 1 635 cm™
)i T XUBER TR WAL U 7E. MAPOSSS A B A R 3L, 17 7 3 Sl B v 2k, Xk B 548 MMAL BAL HEMA, FMA
FMAPOSS KA T35, IESEm AR & POSS & A b L) .
2.1.2 BIRE&ENH

Kl 3 B AN POSS & L RMMERISIE Bil, o My FoREI 7/, My FoRE09 515, PDI R
SIHEREL(PDI = Mw/Mn) o FITA HTE EI#S SR th i, JF HILZRYI PDIFE 1.5 ~ 1.7 ZJa], X RHIHI &R

\ MAPOSS w (POSS) / % Mn PDI
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Figure 2 FT-IR spectra for MAPOSS and the Figure 3 Gel permeation chromatogram of the hybrid
POSS-containing fluorinated hybrid copolymer copolymers with different POSS contents
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FLiesl, FRarimmiE R R A RIRHIE. 2445 POSS I, A% 4T84 26 860; 1Mk POSS fF &1
%, MRV B R IRERNES N 25%01) POSS I, 4T &2 7 19 150 g/mol. XH[HE
R ABE POSS &N, 25 R Pif) POSS #imtiii £, T POSS i FAGEIIR A, HoFRIEE 4T
S 2 B AL BHALN, (155 H B R R Y FER M @ Al R A OISR & R, LB T 3R o
TR
2.2 7[E POSS FHEXTREGRK MRS D

Bl 4 JE/n TAE POSS & & L SRYIFE B35 B g M B iR B i Bk M o DR A BL B 36 1 T3 () 3R T
FEWAS B R AFAERCK AL, ZEAHLRE, BT AR IRAEJE N Bk #R B s TR B A L. AN POSS I, R
TE 35 75 Py ANE R (R 7K 2 A 20 3 112°F0 127°. 111 & POSS 124 Ak 3t SR W A 1 5 /K P 20 31 A S (R & POSS
(PR, JEHBE POSS &g, #AKIEZAMAANIE K, £ POSS & &IAZ] 20%IN, 8/ 15 2 KoK H i
f1 (L 5), N 144°, 4 POSS &K 25%I;, &R 9K FE i 1 H B8/ B 5 100
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Figure 4 Effect of POSS content on water contact angle of the Figure 5 Photo showing the biggest water contact angle on
coating on stainless steel mesh and glass plate stainless steel mesh

2.3 A[E] POSS iFMEXT A IERE 2 RAR M
R T RFCIX PR, 4T TANE POSS & B3 YA R R TS . K] 6 ARS8 M A3 3 A
) SEM HE J.

(@) VEM, 0% POSS (b) JEM, 10% POSS (c) JEM, 20% POSS (d) #ERI, 25% POSS
(a) Stainless steel mesh, 0% POSS  (b) Stainless steel mesh, 10% POSS (c) Stainless steel mesh, 20% POSS  (d) Stainless steel mesh, 25% POSS

(e) BEFI/r, 0% POSS (f) BI)/, 10% POSS (9) &m5)r, 25% POSS
(e) Glass plate, 0% POSS (f) Glass plate, 10% POSS (9) Glass plate, 25% POSS
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Figure 6 SEM images of the coatings with different POSS contents on stainless steel and glass plate
POSS & &y 0%, JEMIRIM —EH IR EYOEAE (LK 6a) , BLI iR IE R B KM 32 ZRIE TR A
Y WOK G ) FL A5 R AR B 2 T T 3l SR IR R I Be L R o ORISR I, RH LUK S, AR R IR RLRE 2
A RGN R B /K P B K 1 22 R R D 08), R e M PR /K Fe i f B . 3R & POSS Y,
POSS HITEHLES 4> 5 3L A ML 2 IR M 22 0K, POSS 7 BB R Fh 2 H R IR R THI SR 4, I8 KSR
FHRERZ . M SEM [ AT s, [ POSS &M%, MR AU RREMURIBCR BRI 2 . 24 POSS &84 10%0,
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LYK RE I POSS 1 562 AR 50 ~ 400 nm Bk B8 SOtk AR (UL 6b PIAGIED) , X e SRAE AR TG AL Hh
SIATEIEM G @2z b, RORIEIN 1 M 9 RARE RS, DRI /K # A ffy e 38K 3 136°, EAERNIE, 7EE 6b
AR E 1~ 5 um BRI, X EERIR B %2 POSS BIAN KN R B Ktk — L BIR B . A 6¢ n] %0,
2 POSS (1) # sk 3] 20%0F, {EJEM EIITHOK FIZR BRI 2, M 6¢ (19 NARIEIT R, 40K SRER IR 0 b T 5 1)
S A HEANAE B I ARG, X PR A AT A SR T A FLR 4544, 50 nm 7o 45 35150 JROBE I SEERARAE JLRCK 1) X
HHEINER, BRI NE, X5EMMMKERLEGWEE T RIS, R
Fr A /KBl AR 144° (WLIE 5) o 4RTM, 24 POSS &1k F 25%0) (ULIE 6d) , #E— 53 £ [1) POSS 5 ik
[ 10 um 76 45 HORL, X SEEORL R AR E M R 22 b, TR REEM LN, GIEEILIRES . POSS i)
TE IR ) 1R A 5 5 0 DA B REARTE SR b (R TS B 5 JE I AL A AR LF 25 A ek, AR ILAE F K B fih f3 T
GEREE, Sh 1400,

POSS TEHHS I I REENE LS FEJEMN - K AARAH A A% T45 POSS B, TG POSS (1 R T 47 5 (LK 6e)
7E POSS % &4 10%I (WLIE 6f) , AT HA S & 3] POSS TEiR B H R A2 5K 300 ~ 450 nm [f145 f ki, 3R H A4S
FRE, S8 T IR B KM 4 Sk 2 25%0 (WL 69) , 7T LAE B K 1) POSS &R, 1 H
WIRARAE 2 ~ 5 pm K/NP BRI . X AN [F] RST RN A8 % A, IF B SRR R ARG, AR IR 1
TERRE, RIUGIR AR EE b B oK /22 B POSS £ &4 iy — BLIZHTIE K.

2.4 JERABER AFM 34

MZHTHIBHR AT, 2 POSS [3L SR nl $& i I i (P AR B, 1 Bl & s AE LR R 3 n, POSS 738
W SR RS RSt & 0 . it — 2B e B Hrd N POSS 45 1R I 3R THI B 35 RRDRE FE iy SR 84k, R
F AFM 235434t POSS & &4 5% 20%I1) 34, 45 Rk 7 fios.

(a) 5% POSS (b) 20% POSS
7 EF_EFRE POSS 2 EMRER AFM

Figure 7 AFM images of the coatings with different POSS contents on stainless steel mesh

Bl 7a A1 7b A 35t IR B AR AR HES B (L) , AN SEM 43 AT il AH1IX 28 ™k & POSS A 51, 1
HEAZR T HRERE TS0 85 BRI e ™A . ] 7a bR RTERTA 0 ~ 373 nm, [ 7b s R TGy 0 ~ 2 488 nm,
X UL BTEA R POSS & &AL R, RERSTHEAF. 7E 5%MIEN T, POSS RIEPIK N RLE; 1l
20%¥6, BEAEFEE— B BIRMBRM ORI, XA KREPRIONFMNE, X5 SEM B ML R —5. @it
AFM AT EAGH1: POSS 75 &N 5%, Z M- A RS B2 (Ra) AR T 25 77 HRAHEFE (Ry) 437914 18.4 nm 1 28.8 nm,
B IN#] 20%F, Ra Al R AR N1 K F] 209 nm F1 284 nm. [Ktk, Bf POSS & &%, H POSS B4 KKK
FHREEESG N, K ¥ ful A th 2 3G K.
2.5 JERGAREER XPS SR

KEMFFRY, PR A RRE LS M AVIC SR I A2 R M RS B s /K M B K R IR 2 AN JEAR 16281,
2 POSS & &4 20%INf, FEUEM b BIRIEA BT Ak = S RE S . ik — PR TR, A EXN R TT
FATE RSN, B 8 RIZIRIENE T REE . K 8 FI AN, JRIERINISE C. O, F F1Si JuZ (H JLRATE XPS
(kT Rl ), Horb Si JCEKRIET POSS, F oz sk B T3 (0 & sl NG PR BERE B . eh oo 2% B U (1) AR
YRR RBUEH i S e R R E S E078: C47.50%, O 20.40%, F 25.70%, Si6.40%. [fitR4E LR
FRZEL R B R N2 PR S T R R 0 B4 i : € 58.00%, O 27.20%, F 9.90%, Si4.90%. XfELAI L, XPS
MWAFPRRFACKR AR TR F NS BEWEERFIESRZ, XEHTHRTRAAIRRmGENE, £ RS
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Figure 8 XPS spectrum of the coating on stainless steel mesh
H ORI & AR BRI, A D5l b AT R AR 1) 35 A e T e e, M0 IR B . 4k, Si TERIIER
T BB AT RAARME, X AT REZ Ky POSS BAT — i I ) [l SR AE (1 g /g0 290,
3 g
KB AR SR E L T & POSS & AN IR IR IR ILIEY), ARSI Mg _L il il R mi iR 4
il 2t — R AR Bk Ak H K VR BRI . POSS 7EIL IR b i & 20 HER AR A A S IR IR SR TH T S0 A B 25
Wi, FHEEANE POSS (TG, & POSS AfbILERM) 22K POSS 1E IR MR T SR AL i 45 R My R KRS, THifE POSS
SR, WERRREE R OR, KA A kR (2, HEZH) POSS JRAELTHIEIEMI ML, (EKEZ
fi f N o JERY _E POSS I SRR TEAS AR LR T 9 & X Bk M B JUEMEAE T . 24 POSS & & 20%H, 8
W < 22K 9 POSS R4k, X rHAEREDY 200 nm, [RIIN SR M9 2 A& &IA 25.700%, 35 U8 AR B O TOK A
FERHLE A, R K Bl A 5] 144°, B
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