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Preparation and Properties of Superhydrophobic
Anticorrosion Surface Modification Paper
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Abstract The copolymerization of azide monomer and fluorinated monomer was achieved by visible light facilitated
atom transfer radical polymerization (ATRP), and the perfluorooctyl azide copolymer was obtained. This polymer was
applied to paper surface modification, and the superhydrophobic anticorrosion paper was made. The effects of
monomer types, monomer proportion and polymer molecular weight on the superhydrophobic anticorrosion were
studied. In addition, the surface microstructure of the modified paper, the connection between the polymer and the
paper were characterized. And the principle of superhydrophobic anticorrosion of the modified paper was explained.
When the molar ratio of phenyl-4-azide methacrylate to perfluorooctyl methacrylate was 1:4, the paper modified with
perfluorooctyl azide copolymer-80 showed strong hydrophobicity, and water contact angle reached 165° . The
modified paper maintained no significant change in strong acid (pH=1) or strong base (pH=13) environment for 72 h.
The polymer shows a good prospect in the application of water resistance , acid and alkali resistance.
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SO H, S RUR RS TR S SRR AR, AR IR R A R RO R BAL ERE , A B TR
FERPRHE I T | ZERPESE, Bilhn, =AM S QIR EERERY LR Y Lumiflon® 5 Zeffle® WA WM T
AR RS S TR WA R SO B A B> H S RS W R AL A e MR, ek L
by AR E TR AR R T, SECA SR A A, BRI AT PRk, il A R
FEVERE Y G KT RIS JRUR S A R AT B S

TR BEPITE = . R BE y HT R ECESNDE T REAE P R A, A SOV I R, 2 SRRy
AR, FEZ AR SN, AT LA (8 SR £ AH SRR AN, Harmer " 'Fll Akhrass & F 25 41
A I B FR LA 3 i S RHUMDRE AT LUK B B A S8 A T RerE . Ak, B B PTA W] LU 2o
i SN 5 R R BRE BNA B A RS R A T RE I R A3 AN, 20104E, Li'YTES IS ARG
JE AR O SR AR R ROV, G T TR G . BTG S AR S YRk A Ty
PR S AR R IR R A Y TN R & AR A EER G (B E R AL
AT RN AT 2 SO B S R EOR i S G . AR, AT IO R AR B RS AR T
IR N SN S5 R A 388 52 T . AN TR O R e T — e mT IR i T S A AR 5% 15
A ARG (ATRP) Jr ik, SCBL T S AR EYIMIRA 4 | BUAMRRRR & .

FET RIS, ASCR T WAL B ATRP 56 512, 4% B U T AR 5 LA kA T2
P30 E S AR RY), B R T AR, SR BEOC B B BBL A1 A0 . S W TAOIE LAk~ i R
g, T A B A K PR R AT T T B, DTS 3 FL AT R SR e R ) 0 7 T 7 B
BE. SZBNUEARTK SEIR 0 A A, ST ERIESE S S AR A W R B K S T BRI RE , AN SORE-4 9 i
B RORBRIL R YR T UK RIS HOK 3 fih £ i 84k, e SR PR AR AT R 007 Ay A A AR T 1 i
(1100 1 L0 R S A 7 N [ = R K 7 NN R X N S W I - 7/ = 0 A 4 A 91 S DS T A R
RERTSEIR , Uik 25 G PE BB aF AL SRA B . Ak, X se VAR TR ) R THOW S5 A R4 T 1 i ) i i
(AFM) FAHE L 7 BT (SEM) 3RAE , X RG Y SAUKIERE BT TL0ANRIE, R 7RG
AR AL 7K 5 T R i D
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1.1 RFI5EE

P LR . LN IEEEA . 4K B . 2-TR 2 . W RN IS IR A IS (2a) . FL N M IR
SRR (2b) . H LN IR 7S S N TR (2¢) A SR R 7S 0T R (2d) , o0 #rall, BRIk 2a AR (1
A BRA ] a-IRNEE LR ZBE (EBPA) FIBELT Y (Esion Y, 4l > 98%) , 2R AR AR (Fi) AR
Al WRERIR (/837 %) « WANIREN . ToKBRRREE . SA L. WL . AThlE . RO . —Of%
(TEA) . PUZWemg , H | SRR AN . B2 (5 i 5048 98% ) Al SR (i f 4348 70% ) , A dirali, [F24
SR R A ]

Advance IIT HD 400 BIA% % FE9% I 151 (NMR) 1 MultiMode 8 % 57 7 S i85 (AFM) , 5[5 £ & 75
/5l 5 Nicolet 6700 T LS 2T AN EFE(L (FTIR ), 38 EIFEBR KR A OCA1SEC BIRL B 2= i
A EAY, FEEFEIEER A ] 5 S-4800 Fliz & SHAH T B (SEM) , HAS H bkt
1.2 EEiE
12,1 &R BEeH & SHOCGIR31DrES & 2B . 440,045 mol 4-Z AW | 50 mL/KF1 10
mL I ER BN A ZE 250 mL B 7E 0 “CTIEFES min; #70. 05 mol WANFRENYE T 10 mL K5 IMAKEM 1,
F0 “CIHEFE 15 min; £40. 05 mol B A ALENIAMAE 30 mL/K R, ARSI (T2 . Mg B, wef i
Pede & A A L), F0 CHiE 1. 5 hy THEEZWE, RN 12 h, F30 mL AP LK BU N, AHLE
FATCK B BREE T, 8 A 250 mLEEHH, HIA 0. 04 mol = ZJi%, £E0 “C i1 0. 04 mol H 3L P4 45 ik
A, THRZEZEW, SV 12 hy F150 mLAKZEB WV, - B AP, e 28 ke b 47 e e RS o s T
50°C, BB AL AR ) , AR RA B, AR B VOaThE)  V(ZEROER)=10:1], 5557
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B R AR TP LN IR -4- B A AR (La) ARG, 1 g, 72K R T5%, AiFE > 98%. 0. 025 mol 4-F3%E
IR F EEAT 0. 033 mol 2-78 £ FEAREE 4- 20 3L R Wy, R AR ] 1) 125 ol 4 FR 5k TR M TR -4- Tk 31k 28 UK R
(1b) FTH BN IR & A LB (1c).

122 F R H# %4  1E25 mL Schlenk 4 H i A 0.5 mmol 15 4 1a F1 0. 0035 g (0. 005 mmol)
Eosin Y, SR )5 FHA k-5 -RlA TG IRBLA, (SO 48 PR 4F FLZS RAS , SRJS A 0. 005 mmol TEA . 0. 005
mmol EBPA | 2 mmol H! 3 N 5 R 4> - ik (2a) A1 1 mL PUSIKIR , 76 5 W 5 €0 LED kT BE ST 48 #1 5 i
12 h, SNSRI EIA T EE T, A0 5 R G, Sl T8 (TR 565 T 50 °C, B k&
RIEH MR ), 5B SR RS Z RS R Y-80(3a) , A ML U Scheme 1 F7/% . FH HI LN IER — 41
LR (2b) . LGRS TR I IR (20 ) R BE AR IR 7S 980 T B )AL A 2a, 25 AH LAY & #lS
RARBEILRY) . A, R AREE R (ny,in,, =101, 138, 1:10) 45 T 2 9E S AR LR
Y1-50 . FCEBEE A AR AR )-89 Fl 4 v S AR ER IR 91,
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Scheme 1 Synthesis route of copolymer 3a
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Fig. 1 'H NMR spectrum of polymer 3a
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2.2 A[E)ERfR R H b 151 %oF 3R 0 o M AR S A I K i B L 14 B ) 2 M

R & J A T 2 ERDE M B R R SR IE R, (R S RERS K 1]
FAAETARGKIRTAT, 10035 JR MR T SR AL TR B IERE . RS K I PR Bk RER A R &9, R
P AR B AR | SR S B L I A T TR
22,1 FEERAEENZE o, DHEENGR RO & HAE, BEARZAAMA(a, 1b,
Lo) X IE SRy 108 Pl P RE A RZ 0 . RV JE b YR o8 FH R R (pH=1) , B804 8 ke i fe P 20 44k B 7 9 (pH=
13). H1 3 FAN [ 254 28 R B AATES B it H SR 0 fh 1y D SR AR 1 s . T 8 AR 1b JE B A 2
RS T BUR MRS , (BRI RRIRSCR 7 SB AR S W22, T RERY SRR 2 S i A7
EREY S AGKIER LS ) 2 BRI . BB R A 1T U R G W AR REIR BB K 25K , i
PRIBMEREN 22 . IR E I AL R 1a M LR A

Table 1 Water contact angles(°) of the paper modified by trifluoroethyl methacrylate azide copolymer

prepared with different azide monomers

Water contact angle/(°)
Compound Azide monomer pH=1 pH=13
Uncorroded
24 h 48 h 72 h 24 h 48 h 72 h

0]
la )\”/ \©\ 151+2 150+1.7 149+2 148+1.7 146+1.7 135+1.7 129+2.6
(6]
N;
)ﬁ‘/o
1b 0 \©\'(N 155+1.7 153+1.7 144+2 139+2 143+1.7 135+1 121+1.7
3

(0]

le )\H/O\/\M 131226 130£1.7  126%2 119+1.7 12443 11143 1032

o

222 FEAARLEGYH  LMEEY 1la BB RM, RABNRDPIEDITE TR S AT IR
Yyt FE i e RERY 2R, S5 RS TR 2. TERIEATIR ISR, A IR AR AR HAT B s K BOR
{E B 2b (32 2 0 Entry 1)1 2¢ (322 H Entry 2) il # YL SR YU (LR AL 7 48 h )5 4RIk il f T RES) T
150° LR, AT B2 PR A i 28 35 Sl B A B 35 o /b, R 8 B0 Ut AN RE A T DR SR 5 Wk 24
ASER AR I A g E i, B A TR . 3220 Entries 271 3 it FH AR & U AR, (HFT1S
SR VERERNA TR, AT RESE th TP S5 AN [ i . B 2¢ A JEUBE (0] PSR TT , X 8RR PR3P
0%, MEA 2d AR RIS, AT LA s LRI 3G T2, P LA BRTMASCR S . W] B, 3227 Entry 4
LA 2a BURE SRR, TSI ERY ORI BOR Bty R 2 AT R, FRIRW A HUORE S Tk R BCR 22 TR
PEIERRAIEOR | X AT BRI DN S Bk i 3L SR My v A B A, L SR R S AR R AR B, Btk R
T BT K S A BB . 25 A, R A 2a il 5 2 S TR B UK TR LR Y
Table 2 Water contact angles(°) of the paper modified by fluorinated phenyl-4-azide methacrylate copoly-

mer prepared with different fluorine-containing monomers

. o Water contact angle/(”)
Fluorlne—cﬁntaln]ng

Entry pH=1 pH=13
monomer Uncorroded
24 h 48 h 72 h 24 h 48 h 72h
1 2b 151+1.7 150+1.0 149+2.6 148+2.0 146+1.7 135£2.6 129+2.0
2 2¢ 150+2.0 150+2.0 148+1.7 145+1.7 145+1.7 141+3.4 133+3.0
3 2d 154+3.0 153£2.0 151+1.7 150+2.0 150+1.7 145+2.6 137+2.0
4 2a 165+1.7 164+1.7 162+2.0 162+1.0 160+2.6 153+1.7 149+1.7

223 FREAREELE S ZE  HTEUEE R 1a 55 PR 2a BB L, & R [R] LA
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T S 56 A K B A, 4% SRR T R 2 5 100] S b,

3. Yng,in =1 TEE, IR RY 2R SR & .

HRMEAL IS0 BLKPERLT , (HZE TR TE S50 guE Y

Hh, FTRER A SRR A D AR i £ B R Tl 5 140k 5 s,

[T B 4 T A 024y, 2y =128 T 12 10, =

84 A R RG-89 4 L W N

e T L B LT im

ARPIEERA-O1 S PEARSK Y T MR PERE L B 7 Fig.2 Water contact angles of t;e paper modified by
TESE T2 h iR v PR T 4K il M AR AR L 1 perfluorooctyl azide copolymer with different
n,:n,=1:10 B} % fil £f1 o0 140° , AR B R B K molar ratios of momomer 1a to 2a

P, X AT RESE T KRS AR T B R R Maity,: @ 1315 b 1345 ¢ 1:85 . 1:10.

165° n (A) 164° n (B) 162° n ©

Fig.3 Photographs showing the water contact angle of the paper modified by perfluorooctyl
azide copolymer-80 in 0 h(A), 24 h(B) and 48 h(C)

AR, Mny, iy, =140, UK 165°, TEE 72 h 5 ARKEE A M ARG B, (ARG KR
A, HEUK S BRI RERRR L. #n,, i n,=1: 4 B TS 2R BR S UK LR Y-80 M2 A PEfE e s
23 L HFEHRBRFOLRY-80 5 F 25T E UMLK B F K M BL 5 BE B 22

WHE T REW /T alm i ER M fE ik r , (AR AW FaoK K, HEmiEz 35
M), BOKE B ARR R R CTE I 51 A, TR T e . R Waters 1515 781 Z2 K B I (43543, LA
DMF-Li-Br(5%10™ mol/L) MU shAH, Wi~ 1. 0 mL/min, 1£35 °CFIE 2R FERE S AR LR Y-80 1)
G FiE (M, o) FGTFRE5340, DAZE S AT ROR S (PS) AT R G o0 Tt A T IOE . 5T 4
FoEHE S A RN AL IR -804 15 (21563000, 10682000, 2167000 ) % H i i i GE 520 . 4nf&] 4 i
7N, AR S A R G L IR -804 11 M 10682000 1 21670008 , i AR Bk AEAS BRAR . 244 R F
fit B R ARTR L 4)-80 431t R 21563000 B, HAE SRR ik (pH=1) N 422/l fy JL-F-JCAE Ak, S il 4% 1)
R ETRS R IRRR LR Y-80 4T 420000000 £247 4.

65— a
I b - — %
T OI60F ¢ e — —
E R
g 155 Mugre: N
g a. 21563000 T
S B0 5 10682000 N
c. 2167000
145
1 1 1
0 24 48 72
Time/h
Fig.4 Correlation between corrosion resistance Fig. 5 Superhydrophobic effect of the paper
and M, ;. of the perfluorooctyl azide modified by perfluorooctyl azide copoly-
copolymer-80 mer-80

24 EHFFIEE XL REY-80 BUiE LR K AT K i ER T 1% A8
Vel B R AR AR AT, A 42 0 TR B R BR ISR W -80 Je el M4k, ot 4Rk HAT i i K 3R
(K5). SERAWETE T PR AR R AEAS R i T B3 f A2k, S5 RN 3 Fr7n . 11383 ' Entries 1~4
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AU, A dRr R R R MR L R 80 MM AR YL AE R 47, MACEARSK AURE A IR PR E5AE 150° AL . SRtk
JEE TR L , BBCE B kiR (3 3 P Entry 5) MMM T RV, T REJE Iy 9 s A RN LR H-80
HAEAE R IR, RO TSR SR v 0 /K AR, SRITAS A BT BRI 3% 3 0 Entry 6 W] 4 B 0K
R SR M-80 1A HILI 7] L INF 1] A T PR BB ACRAR Y, (EL R JE ok b () S, A PR AR R T 2 ok £
W, ATRE T R AW SRR BEANGS , (I () 7EA ML R B R i sl eoh, 7E R 450 (3
H Entry 7) T, BPEARK A RO IE REZR L R 4T

Table 3 Contact angles(°) of the paper modified with perfluorooctyl azide copolymer-80 under different

corrosion

) ) Contact angle/(")
Entry Corrosive fluid

Oh 24 h 48 h 72 h
1 HCI1(0.1 mol/L) 165+2.0 163+1.0 163+1.7 161+1.7
2 H,50,(0.05 mol/L) 164+1.7 163+1.7 161+2.0 161+2.6
3 HC10,(0.1 mol/L) 165+1.0 165+1.7 162+2.0 161+2.0
4 H3P04(0.033 mol/L) 166+2.0 165+2.0 164+1.7 163+1.7
5 NaOH (0.1 mol/L) 164+2.0 160+2.6 158+2.0 152+3.0
6 CH,CL, 165+1.7 162+3.0 156+3.6 153+2.6
7 NaCl(10%, mass fraction) 163+2.0 163+2.6 162+1.0 162+1.7

2.5 EMEERIKMAM LS
R T B UE S AR K R B K LR, o T S AR R R S AR X PR AR K TR G g i
It . 6 R el 4K B ARM B . il TR AL 54Kk R & A R, RE SRR nE B
Y FEETCE: H RN, YT LB T R, aRsk R IR AL, S R A B AS I
B, ST, A2 A ML E I E G450 . Mn, n, =1 1, MOPEAREK R 254
W[ E 6(A) |, X AT g2 B A S R i sClg™ 5, Bl 7 REPOKRG R, 4tk
FeTh HA BB KYERE . Mn,in,=1:4, 1:8F11: 100 [[K6(B)~(D) ], Hi# & AL S RAMAL, dobk4t
SR FLIA EARAFAE , (R, RIATE S AR T, Bl A B Z BT (LR 2) , et
TR E KPR IR BT K B 2 — M s KRR, T RBIE: F T S RS sl A il 28 1 D i 2
T e AR A e 1oy 36 R VR FTE B LR R 2 1 e 4Rk S i sk RIOR: , X e fL IR — %
A)

©

va
0.4

0.6 2.0 L5 m
um 0.8 . i

Fig. 6 AFM images of the papers modified with perfluorooctyl azide copolymer-50(A), perfluorooctyl azide
copolymer-80(B), perfluorooctyl azide copolymer-89(C) and perfluorooctyl azide copolymer-91(D)
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NINKGALT (E7), FLITREELE 10 nm ZeAy, SRR SO AL PEARsK R R I . i EI 8 rI LI, 44
K AL AN A E AP ARSK R IR BERIL . 2923004, 5 B FEIAE 10~-10 nm Z (8], 2P 405K A5 Ak 1)
B K PEFEA R — 2

5 : : 9.5 nm
7\ [~ o i i
\ “ﬁ‘\ﬁ\w
0 \ /\/_/\'—\/—'-/‘
g / 1
= !
'ﬁ) =S b ‘ =
K | | ! 3
I |
~10+ \1 ; ‘ jas|
| 1
_15 1 ! 1 1 i
0 0.5 1.0 1.5 2.0
Length/um 0 50um -9.2nm

Fig.7 Hole size of the paper modified with Fig.8 AFM image of the paper modified with

perfluorooctyl azide copolymer-80 perfluorooctyl azide copolymer-80

P97 B PE ARSI I 4R SEM IR F . XS LEIE 9 (A) FI(B) AT AR, i 4R sk £ G thi ik o 3%
SR, TR, 29 iE R RRR IR Y -80 I B REIL A, SR 4E It~ i
AR MR, ARsKRATE R AEN, IR B B 40K T 4E , (KGR ok S 4Rk, A
HAT G

50" um

Fig. 9 SEM images of the paper modified with the perfluorooctyl azide copolymer-80(A) and
the origin paper(B)
2.6 HEMEXKMEEATR
SEEG UL IR Y 5 K 0 4 7 FUR R R S A B R, DADRUEIL SR S W RS 1 N IR O
TEARSK AT . A8 B AR 4 2T A0 S 1 {SCR I 2 F 7 T 8 SR R L SR -80 A4k sk R I L3R Wy . oy
B0 LAE 1, S4UkiEENTE , RPN F 1750 em™ A7 IHLLAMEAR LRI, IR BR T & &Lk,

1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000 500

Pem?
Fig. 10 FTIR spectra of perfluorooctyl azide copolymer-80(a) and the paper modified with
perfluorooctyl azide copolymer-80(b)
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HRY SR BAT KA, TAUK LR YITE 3000~3500 em™ v FE Y H AR TE 04, 3RS A5
fift 5 ARHR AT Y B Y U S W I AR RIE D, FLFE 2100 em™ b2 U 14 145 132 B S /N IR L SR P i)
RN, XL SR LAAL i 7 505 AR R T A [ 45

3 &

SRR ILEAE HERYIE I ATRP YA G B T RV IR B RUOR IR R Y, JFTSE T AR 4Rk R mi ke v
AR, K RO K R R BB RE A R2 MR R 3R S I . S5 RSN, v RS ROR R IL R Wik T AR5k SR
IR, FERAEYE P BRI R, SRR 3, Al PR ER I Bk 5 IR, il &
T RBHK I RIS AN, KA TR E] 1657, i TRl S AR ER LR Y) 5 40K R H2 S
A, HILRY b S RS A, SO EARSRXTIR | BRI B ] (72 h) BT IR IR . 4296
R B ORI L SR Y 0 il 2 e P WG AT RIATSE B, Segid R (UERR, SRARMRIA, Dyl s ik
MR PRBR P E ARSI T R, ATk .
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