%5 8 1Y) E% ﬁf ﬁ: %é T& No. 8
2011 4F 8 J ACTA POLYMERICA SINICA Aug., 2011

ARENSRAGERELE
HEE KEL" K2E 4 BB

(RUUHT A B S TR FHER R 430070)

=
=
v

OE KA T BRI Y TN R R X SR LR T T SR AR K ) S TR R TR T L R W FL
WAL AR L6 (1/9,2/8,3/7,4/6,5/5) LR e B R A LR FLMAEER T (20C) BB EM LTRE, T
110°C/210°C T #h b B — B I} (8] 3 JH 42 fil #f1 ¥ , XPS AFM (SEM-EDX S5 VEAAWE 52 T H 38 FL IR e v &5 S AL 40 75
X B 2 ST AR R 45 A R R T R A S BT ST 4G R R W] SR IR R b A 4 B ) 30 wi% )
= IR R TR A R s AR A A R e R L ORE AR TS B ST TP T RORL T, 28 1T10°CIR K 2 h
i N5 2 S i T A SR A0 U R TR A T R T L UL O AR s R A T ) S D

FLR PR R E A FI R E R R R M

2 o T e R o R UL B R e e T R SR TR TR IR A W AL A AR & b G A S

/»\E“‘:J:

I ()

30 wt% , FT LB JE 5 1) b 2L 53 ) A R A RS O, (IS T A AT Y R S AT B i s
IR (<30 wt% ) B SR 2H oo 2 ok (00 68 v b JBE 5 4 S 0 5 T S MRS L

X TERNGIREE, H4Z, M,

SRNEIRE R W AR EE A e, B
WA K BRI B TS R
WORHAE AR Y TR S 25 M b B B
TEAR KRR BE b B o T 55 90 P 045 1 T 7L VA #) 8 1
A Al e 33— ) J5E 14 7 240 22, J0f 35 Rk
SER IR T N . A S
TR A P R TN A TR TR 5 G AR
W, TR A B A 10 TR I SRR AR AR, 2
FIHL K B 56 E SR 7 SR A IR FL WA 2 L WA
Sy AR 8 5T A0 A5, bR B4 UG S 4 B T RE Bk 4
e, A HE VR B [) B S 24 A L 3 5 B R A
Fe AR IR AR — 0 22 T L 45 5 SR S IR G 1
5, 53— 0 2 T L 4% 53— 2H 40 B 1 286 M g
T 6 B f VB 2 7 1) b 4L 4 ek 9, R B
ST, 356 B 3 A 280 A P L 3k )

BB H B BE AR £ 7 B B
L HRT%O S EE PR R A
AR ZE D R RE LR R, B TR AW
WeFL AL, AR [ B S W FL IR PE RE 22 BIAR /N,
e = B B I B 9 9K 3 7, T 20 A AR SE. Thomas
i 200 o 0 B T 3L VOB A% 114 22 A ) T R 4
Sy eI I R A AR R BN R A2
FLRRAE 121 W/W oo 3R 3Lk il i 7 b 5

FL LR, FLIBCKL

TAEN SR w4, i & 1 T S P A RN
T2 T D e B8 . L4 2R v gl vy 1Y) SR 2H 43 i, 0
WA AR TTERAS K, O B & U S R 0T
IR R I RE DG IR 77 A 5. PR AT
K TN s TR R L YRR D A TR T L AR LA )
P91 TR, S, B9 1 L ROk B P X 3R
VR TR T e R L S A 2 45 A % T Pk B 1Y 5
Mje] .

1 SLBEs

1.1 [ER R A
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18 A BEFE ) PMMA-co-BA FLfg P iR & 495
TR ICRILM, R A B )7 WA 1K 35/ 7
BEIRUR ORI 24 h DL b IO R 25 B K Rk
Zit BT 5 L 7R %R (20°C) T R FLl
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A5 2 IR FLB M. 22 ) R 7 2 AR Ak B 7L R A
FEdh A B2 A R, A E Bl E R
(110°C/210°C ) iIB Kk — @B [A] (2 ~ 6 h) , B A
ooty XE S AR P48 1 45 ) B AR R #) PSS AR

Table 1 The recipe of blend

PF MBA PMMA -co-BA

(5 wt% , 60 nm*, 53°C") (5 wt% , 223 nm*, 18C")

Sample 1 4 mL 36 mL
Sample 2 8 mL 32 mL
Sample 3 12 mL 28 mL
Sample 4 16 mL 24 mL
Sample 5 20 mL 20 mL

*Average particle Size; " T,

1.3 #mrRIE

BRAEWMILWEHBEZEW, JH zeta Sizer
Nano-S( Malvern Instrument Co. , UK) i T FL %
RSP BEPRE AR RORL AR 23 A 5 585 W LR %) B 38 Ak
AR RE (T) R R AT (A HE RN 50
mL/min) F] TA-Q10 7 2 H # & # it (TA Co.
USA) M 5E 3 58 G W) S 1R LM 1 e 285 3 fl £y 2
53391 LA 7K R R e SR AR, Y JC2000A
I 4 ik A/ STk B AR (C R T R A R T
JE ,JFil i Fowkes J7 #2315 L e (9 2R 100 B h
AE 5 IR L MR I A 1T 9 T 2K A 1 B
it SEM-EDX ( EDAX 250, Horiba Co. , Japan) il
. DL AIKa 26 K605 , 76 300 W R ] VG Multilab
2000 #IS%H T AERE{Y (V. G. Scientific Ltd. , UK)
Xof 7L BB R 3 T AT 4 3% 45 4 FIORS A3 R LK
B4 D1 3 S U 43 A R A BRI R SR et
1% 2 ] Nanoscope IV JR F J1 i i % ( Veeco Co. ,
USA) A7 WL, 45 2 FF it 2% 10 04 8 550 181 A AH o7
.
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9 2 43 500 10 wi% .20 wi% .30 wi% ,40 wi% |
50 wi% , B> 81 £, 38 i 43 B Sample 1-5 i) 3
T R P FBIE B 245 44 R R 1T DL T A R
5 R R AR R MR OC R

2.1 RKREFEHESHT

A PFOMBA F1 AL (19 F ¥ k042 2 60
nm, PMMA-co-BA | ¥ #9~F H4R 42 24 223 nm (£
1) T AFM s 1 g Lo 3L TR 5 = il i ) B, A
FJE S E AL an & 1 . d 1 (a) 7] L
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AR ] AT 21— DL b Y DXCSsoA7 B 8 A9 58 Y kL 1
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KL AR A — & I B — A — > 10 (5] = A [
B, B S 188 1 B AR 5 PMMA-co-BA F, ¢ L
M EAR A Y, BT LR A R PF MBA FLK & 2 ik
) 20 wt% B, & LR R F-A T S T
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) PMMA-co-BA Hi—f 22 8] () 25 B &l 4 PF MBA i
T, A OB T = BE S PMMA-co-BA Hi 128
BRI . B 1(d) R, PR MBA FLHR & &
Wi 2 40 wi% 1) Sample 4 [ F-A T 5827 AH B .
e Sample 3 HEF 2 9% H 8 22 £, PFMBA k1
Z B A B I 25 B W] R /b 18] 1 (e) #Y Sample 5
/MR T LT 58 42 8 PF MBA KL (5 5, PF,MBA
KL 2Z 6] 19 25 BOLT A BB, OF B RN T
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T RS B A R HE S AR 53 /NRL - B AR ROREL T 2Z ()
(23 B L, A AR K — A8 o3 Bl K o3 B 35 R AR
B 33 3 A RORE 1 19 25 B g % SR R 3R i, BE A
KT UREEAR S, W AT 38 HE S, -2
R/ IRE T HE AR IR B b T 2R &R kLA FL
JEERE - f A I, RORL T 2Z T 9 25 B A LA
ST A5 B L RS /R A Y T R T R K
KRBL T Z 0] 1 25 B, 38 A 22 A% 1Y /N RL - Bl 7K 53
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B 1(f) J2 Sample 3 19I5 55 3¢ 55 42 ik 7 ( F-
G), JLF & A B K T M, % ¥ Sample 3 1

PF MBA ki 32 2 43 A 76 B A A & 1 F-A T, H
WEPEVER SRAETERR F-A 10, A F-A il 3 5 F-G
T PF MBA KL 1] GE A7 76 Ve 2B

Fig. 1 The AFM height image (left of every image) and phase image (right of every image) of sample 1 (a), sample2 (b), sample 3 (c,
f), sample 4 (d) and sample 5 (e) (Scanning range =2 pm,(a), (b), (¢), (d), (e): F-A; (f): (F-G))

2.2 REBESH

WH T & NI R B FL IR T, Sy 53°C
FLBE B 2 11 B 2 20. 12 mN/m 5 R 5 5509 45 1R i
MRTMEEN 37. 55 mN/m, T, Jy 18°C . i 1 % iR
J 1) LS B 2 JEEF 110°C /210°C 3R K J5 it F-A T
K F-G (R TRE. 14k 2 s,

T 110°C $A b B, J55 e T A5 11 4 43 4B b 1 2
PRAS 4y FHE S AT RE B B (HOR BRI T AN
THEERIE AL, AR IEATRL TP WO 415 7T LAAE IR
JERL T B RS . T 210°C $ab 30, B8 AT 41
SYHBAL FRETLAS , REIEAT 0 FHE I RS LIRS S i
AR5 T B A B YN ] BRI BE R B[R] X
14 2% 1A Mk BE (4 5% R, % Sample 1 ~ 5 #544 #H 7] 1
AL, AF = 0 B B, B F-A T 3R I RE AE
PF,MBA % Jfi §§ 55 PMMA-co-BA 2 [ii] , iX A fig &
T T, @A i PF,MBA R 76 5 3% 1 Y
AL TP W AW 4 45 ) {1 B % T i Lk PMMA-co-BA I%.

SRR F-G T R T REAR = T PMMA-co-BA
HyRIETAE R W F-G I BR T PMMA-co-BA i B n]
REIE A FLALH B 4R 3R 2 BB I8 2 Ak PR S
J5E F-ATH R T REAR T R T, OF ELBE A 1B JCIn i)
F% SEE < R K3t JEE ) T e e 2% 4 AT 5 9 TR 0 TR
Tt A4 3 T RE , 2R DI FA Ak PR F-A TE AORL 5 Ry
B FLIBORLY R R R SR T Y R B B ] 3R
T AE AR ) S F-A TG B8 JF 5 4R Wk B2 TF i O
BENE AL X T F-G T, B K5 2 T AE R RO 4
T PMMA-co-BA 193 Ifi g , i/ — 2 5 W M i =
ZEH PMMA-co-BA (5 45, 3% THI B 4 {1 7T BE 2 1B K
i LA 700 T 7 1 N 3 5 2

B 5] L3¢ Sample 1 ~5 [ R 1H AE (3R 2) Wl A1,
2 M I, FLORE R F-A T R W ORE R N A
PF,MBA < Sample 5 < Sample 4 < Sample 3 <
Sample 2 < Sample 1, Jl & 5 g 41 70 & BB %,
JEF-A T T AE UG, 3 RT RE 2 A O AR AR P R
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FLBORL L 2 | 15 2% THT 5 46 1) 290 K 2 7L 150k 0 3t
2, (7 3% TR B 32 9 0, 5 BRI R IR b
PRI [ S AR R TR R, AR TR A B AR AT
Sample 1 (YR F-A /1Y 2 I fE & K, Sample 2 [
0 BE Y KX T PF,MBA, Sample 3, Sample 4,
Sample 5 (1Y) F-A Tai R I EEAH Z R /N, FEE K &R
GEH Sy R ORY BE hnomk A REIR, HOER R T T
PF,MBA (3R IH fE. W], K 2 b g 20 70 3 i ik 3
30 wt% J , 4K S 3G 0 G2H S 10 R F-A T Y
10T B 1Y R ARRAE AR /N 3 IR F-G il 5 A HE
RMAEAH 22 R /M. 110°C 3B k 2 h J5 Sample 4 ~5

R F-G T 2R T8 BE A T34 0, H Sample 5 340
82 {0 Sample 1 ~3 BA7T XFERIBLGL. X 0 fig 12
K}y Sample 4 ~5 i F-G Tt 47 /D i % 7L K
hL 3B Al AR Rl LA B B R R F-
G 1A & 4, 1M Sample 1 ~3 & F-G 10 JL-F- %A & 9
FLIE R, B8 F-G i 7L Ak R & A B e 2 Y SR A
AkeliR ok 5 ASRER I F-G a1 2 T RE AR 22 RN,
HLABIE K F 5 235 F PMMA-co-BA ¥ 18 B , Ui
W IR A F-G T 32 222 4 79 M R i 41 4, HL L1k
F /NGy - B AL BB B BSR4y T8 2
[z BRh £ T .

Table 2 The surface free energy (mN/m) of the films before and after heat treatment

1 2 3 4 5

Sample

F-A F-G F-A F-G F-A F-G F-A F-G F-A F-G

As-dried 36. 74 45.32 34.55 45.68 32.12 45.34 29.94 44.88 29.86  43.45
Anneal 2 h at 110°C 28.98 41.28 26. 47 42.96 24. 64 43.15 23.58 46. 56 22.34  47.78
Anneal 6 h at 110°C 26.22 40. 15 24.27 38.12 22.74 39.22 22.12 38. 82 21.32 38. 82
Anneal 2 h at 210°C 25.35 39. 44 22.01 36. 44 20. 52 38.32 20. 56 38.57 20.83  37.25
Anneal 6 h at 210C 25. 18 37.82 22.12 38.46 20.28 39. 18 19. 82 36. 64 19.84  39.16

PN s ) i e
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2.3 RERSSH 20 _SampleS Jw
S . N pye 0 T L 1 1 L
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XPS TR 70 A, &G K an i 2 frzs. i I nl A,
Sample 1 JERYFE T XPS F F E2H 2 Cls #1 Ols (1
e, JLF- B4 0 3K Y 8, Sample 2 ~ 5 B9 &1 3 1
AT LI L E F) Cls . 01s . Fls Y, HFEE K R
o PR MBA 5 5 A1 2, SO0 3R A 6 5 3 72 R, ik
SR 3R W R B AT

XF XPS 45 1 110°C iR K 2 h By fiE F-A 1T
FObE A0 BEAT T A ALY, OF BR LA & J0 R B9 BUR A
F, A DA & JT R AR XS B i, b T &R 1A
XF g A 3 o B 2k s . A BE T A R Y SRR
FHUS P E (B 3 oM B2k, 3K T Y 580
T AR, ELREE R A b AL o 5 kg,
2 T FU it 7 e DR R e, B 4 O 30
wt% F I, JIE 2 T 9 1 ik B 25% , 1R &
T RZE Gy R I Ak G T, X R R T £ 9R A

T 0 BT RRAE D

Fig. 2 XPS spectra of sample 1 ~5 that dried at 20°C and
annealed for 2 h at 110°C

—=— Anneal 2 h at 21
40 - —o— Anneal 2 h at 21
—A— Anneal 2 hat 11
—— Anneal 2h at 11
—— Theoretical value
I —®— From XPS, F-A

0°C
0°C
0°C
0°C

F/(F+C+0) (at%)
[\*) (o8]
(=] o

(=4
T

Content of fluorinated latex (wt%)

Fig. 3 The content of fluorine on the surface of sample 1 ~5

anneal 2 h at 110°C
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JE F-A T G0R 7 M R AR EL 110°C 34 23 34
JIEs F-G 1 95T 4R AH EE 110°C $4ak B s [ I

0.15
Sample 2 anneal 2 h at 110 °C
~ 0.12n
O
+
o
L 009
=
R
S
2 0.06F
L
s
o
-
0.031
0.00L0 ! ! ! !
0 10 20 30 40 50
Distance from film-air interface (um)
0.30
Sample 4 anneal 2 h at 110 °C
8
+
o
+
&
=
Gy
)
5
k=
2
“
0.00 . .

0 10 20 30
Distance from film-air interface (Lm)

40

Sample 5 anneal 2 h at 110 °C

0.08
Sample 1 anneal 2 h at 110 °C
© 0.06
+
@)
+
&
= 0.04
)
=
L
£
© 0.02
0.0012 . . \ . ,
0 5 10 15 20 25 30 35
Distance from film-air interface (um)
0.25
Sample 3 anneal 2 h at 110 °C
~ 0.20
&
+
<
= 0.15
=
[
=}
= 0.10
Q
=S
o
@]
0.05
0.00 L€ I ! L
0 10 20 30 40
Distance from film-air interface (um)
0.30
0.25
? 0.201
g0
+
&
= 015
Gy
)
g o.10f
=
2
~ 005+
0.00L€ )
0 10

1 1
20 30 40

Distance from film-air interface (um)

Fig. 4

The content of fluorine in the film transect of sample 1 ~5(a ~e) after annealing 2 h at 110°C
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AR B AR e A B, o> T BERE 2 A h T
By, A AR R T Y A R E— 2D i s R
RE ST F-G T [m) 1% 3% T AE S 0 F-A T IE 7% 7Y 45
B
2.4 HNEBESEHESH

HI SEM-EDX I35 1 fi 7 17 H5% J5 J7 1) 1) 0 3%
TR IR L B A R TR LR RS
A RAE 43 B LU R (5 5 & i 1 8
SRASA S ROC R O ht B4 R R T IR B 7 1)
FIOLE SHEZIAE. Sample 1 ~5 7£ 110°CiB k2 h
S S T TR 9 2R % e AT s, 2 R G )
H 10 wt% B FAL 3 A B b o A 3 ) 1A 6 4R
A T A E] 20 wi% i E R F-A AT G ZH
oy, B A O e B IR F-A AR N 2 5
pom R S A0 B A A, R 5 ) B DA v B F-G
11 541 93 JLF- 53 A 150 5 Sample 3 5 AL 0 7
HIME] 30 wi% , firh F-A AT & WA 7w 4R,
HRE F-G 1A 3 38 P 0 TR 1 2H 0 4R, T R
] FESE T A PO T 29 S pom PR B AT 9070 28 e JEE b
JE BRI 1) b R o R AR R, HL
FLH 43 i NJBE F-A T B B F-G T 8 ek 2D 5 3
Sample 4, & F 4 73 & 1 K F] 40 wi% | Y
VU TET 79 43 0 03 e A, L JRE T 1) b G R
JEZ AR VR R P YR TS o, 5T [6] 5 v 1] 24
A 20 wm BRI Gy 24 5 53 A1 JZ 3 Sample 5 bR
204y & 1 50 wit% |, [A] Sample 4 A1 Sample 3 —
R 5T TR AN [R) 2 73 4 P i 58 V2 77 1] i 7
ST TR B BE vk BE B R Sample 3 )
5 wm BEZE 10 ~ 15 pm. iy DL A4 AT %0, 24 4k
AP E A & Rk R 30 wi% J5, BF R I &

110°CIR K 2 h J5 A F-A T & JRZL 73 o5 4, s
F-G i g4l 70 & AR D, 4l 0 IR F-A i )
HiEF-G T e BE A B2 D D, B B AR &R b s AL oy
b, AT DU R JRE Oy 1] b G2 ) ik R B EE 45 R R
JEE R HE— 2R W] T T B4R E

3 &g

B /INRLAR ) PF,MBA (60 nm) L5 KR4
) PMMA-co-BA (232 nm) L& L — & ) (179,
2/8,3/7,4/6,5/5) LR, JF e &= i T R, 78
110°C/210°C #4 4b B8, FH £z filk /1 75 . XPS | AFM |
SEM-EDX , A T & (1) 2 1 & 55 FN 36 i o0 R &% &
FNTBICE A AR, SR R il o &
KF] 30 wi% J& , & LRI E B F-A TR 4, B
LT 1) 43 A 7 5 4 AN BEE F-A T, T A1 42 v
T T, R E 110°CR K 2 h 5 F-A T 9
Ry e, B F-G AL E AR R A,
4153 IR F-A T8 2 B F-G T v B2 B B O /0. 1 n
T Z R G AL oy B i, T DA RS IR iy 1) b R G 11
WP R R A 2l F-G T R I A
B A F v L A3 R R b B A R K
VT S P AN B S T A A R o8 S Y A T
PR U] HREFE L BT K. KT 30 wi% & A
Ol R ZR 2 IR R T AL 4 i T, HRAh B S kg
ST ) A5 ELAT VR T S ) RPN A TR TR 5 A
FEE, A i — 2545 48 A 1) [ B 082 5 e 81 B )
fiE, BT i A P BB AE 2 21 R ST BAT T
12 1 o FH
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EFFECT OF FLUORINATED POLYACRYLATE CONTENT
ON THE GRADIENT STRUCTURE AND SURFACE
PROPERTY OF FLUORINATED/NON-FLUORINATED
POLYACRYLATE LATEX BLEND FILMS

HU Yuanyuan, ZHANG Chaocan, CHEN Yanjun, HU Liang, FAN Yanan
(School of Materials Science and Engineering, Wuhan University of Technology, Wuhan 430070 )

Abstract In order to obtain the gradient fluorinated/non-fluorinated polyacrylate latex blend films as cheap
as possible, the fluorinated polyacrylate emulsion with small particle size was synthesized by bulk emulsion
polymerization method, the acrylate copolymer emulsion with big particle size was synthesized by
semicontinuous emulsion polymerization method, and then the fluorinated polyacrylate emulsion and the
acrylate copolymer emulsion were mixed with a series of ratios (1/9,2/8,3/7,4/6,5/5). The blend latices
were dried on clean glass at 20°C and then annealled at 110°C /210°C for some time (2 ~6 h). The effects of
the fluorinated polyacrylate content on the gradient structure and surface property of the blend films were
discussed. The content of fluorine on the film surface and the film section was analyzed by XPS,SEM-EDX.
The surface properties and morphology were characterized by contact angle measurements and AFM. It was
found that,while the content of fluorinated polyacrylate latex in the blend system was up to 30 wt% ,the small
and hard fluorinated polyacrylate particles were selectively gathered on the film-air interface after film-
formation at room temperature , and the fluorine content increased from the film-glass interface to the film-air
interface gradually in the blend films annealled 2 h at 110°C. The obtained gradient film has low surface free
energy as the pure fluorinated polyacrylate and strong adhesion as the pure polyacrylate. The further increasing
of fluorinated polyacrylate in the blend system helped the formation and enlargement of gradient structure, but
the adhesion of film was decreased a little. The emulsion system with the content of fluorinated polyacrylate
latex under 30 wt% was hard to form gradient structure.

Keywords Fluorinated polyacrylate, Self-organization, Gradient, Latex blend, Emulsion particle



