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ABSTRACT: The work aims to introduce tannic acid (TA) into the waterborne copolymer coating to anchor and improve coat-
ing properties by convenient mixing method so as to provide a novel and simple method of anchoring and reinforcing aqueous
polymer coatings. TA was mixed into a self-assembled nanoparticle solution of the synthesized zwitterionic polymer by simple
dissolution and dispersion method, and was deposited on bare titanium by cathodic electrodeposition to form TA composite
coatings. The morphology of the coating was analyzed by SEM and the thickness, roughness, hardness, bond strength and dura-

bility of NP-TA, composite coatings were evaluated by ultra-depth microscopy, pencil hardness test, cross-hatch test and im-
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mersion method. Finally, the effect of introduced TA on the antifouling performance of zwitterionic-based coating was evalu-
ated by antifouling test. The zwitterionic-based polymer PIDS was successfully synthesized and self-assembled into nanoparti-
cles with a spherical morphology and a particle size of about 184.8 nm. After nanoparticles were with TA, the composite coating
was successfully prepared on titanium by cathodic electrophoresis. The different thicknesses and surface microstructures of
composite coating could be obtained by adjusting the deposition voltage and time, which indicated that the preparation method
was simple and controllable. After the preparation of NP-TA, composite coating, TA improved the film formation of the coat-
ing, which made surface structure of composite coating more flat and uniform. The bond strength of coating increased from 2 to
0 level and the hardness increased from HB to 1H. The stability of the coatings was also greatly increased. Subsequent, the re-
sults of antifouling test showed that the TA composite coating still had good antifouling effect against proteins and bacteria,
which indicated that TA composite deposition would not affect the existing properties of coating. The composite deposition of

TA with aqueous nanoparticles for constructing coating can effectively enhance the overall performance of the coating and is

considered to be a novel, simple and effective way to anchor and enhance the coating.

KEY WORDS: cathodic electrodeposition; tannic acid; nanoparticles; composite coating; adhesion; antifouling
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Simples TA concentr'ill— Particle Polydis- Surface
tion/(mg-mL ") size /nm persity charge/mV
NP 0 184.8 0.135 43.75
NP-TA 0.1 186.1 0.110 40.56
NP-TAy 5 0.5 186.8 0.112 43.63
NP-TA, 1.0 188.2 0.137 42.49
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- 236 * wm #H R

2019 4 5 H

Cathode Anode
_—H,;+tOH" Hzo\ |-

® ,o@. H+0,
e

‘?\gpﬁgre;s;‘ 0 6 . .

@° Nanoparticles (NPs) * TA NP and TA mixture solution
a BIRHKTITBUR B

Ti alloy
Pt plate

*s

—_
(=]

35

7, 605 <--
g | %% 25V, 60 .,
ER: g% 125 é‘
3|
= 4 % 120 2
é Or /////: -->»Bare Ti |
A 0 15 20 25 30
Deposition voltage/V
10 bR 30
" %’% 25V,605 <--- _
2\ =
2.0 120 £
% 2t % /% {15
= %
0 ———>BareTi % o

5 15 30 45 6
Deposition time/s

c BE
s BAM B K DTEALEL R 2 RS R TR 4R 58

Fig.5 Mechanism diagram of cathodic electrodeposition and
exploration of different deposition conditions: a) cathodic
electrophoresis deposition diagram; b) voltage; c) time

(=
(=

VWK R M BAM, 1R A BHM, 7 IEH PIDS 44Kk +
FEAMME A E R T gk R R vk s, o T KB s
B B3k 7= 4= OH™, OH H1 il PIDS 44 K - 1F HL i,
I AR A DR 2R 220 . TR I3 8 SR BRLAE Bk L b 3%
. TA 5 PIDS KA+ 3R 18 A9 A B AF FH A ZE
BRI 50 A RNRZHIE L NP-TA, E A 1R)Z.
MR R AT LA, O DR HL A )3 P
MHESB ARG RERZ, B Sb, ¢ £TEAR
[FITRR E e TS )R, T il 48 1) NP-T A s 1 J2 14 ot 1t
FIHURE BEAS A I £ o v LA Y, Bl H HE RS ] ) 43
T, NP-TAgs )25 T 0, LR 3 AR 5L [
(S E R I > 7S S B O =17 R S AR RN 2B U
FURE BE T TE, i DA B Gk — 2 e R) e LR B R TR

TE o AR SC PR AR SR AR FH e e DO B e R S AR RS 32
s X6 IO F18 FEL R R R S, RO e R A TR R 3 43 Ry
15V #1160 s, RMWHE N, X #egh 53¢ B A H o vk
AR &WE, RGBS A DR A RN R R
T AEERT TR ZRRE, TR 2 & =8 T T4

BEVRZE NP-TA, R £ Pk TR S5 il £
WL SEM Xf NP-TA, &A% 2 F#ER 7 XTI 4 R 1w
WORTE SR BEAT AL, WE 6 Ffk . MIE 6a AT LI Hi,
PRAEK T A A HELRE , Ry MR (1) 4 J R T 4 5 LYK
VR , VR 2 AR RS B2 B S RRAIG, b NP VR 2 (E
6b ) FA KA AL, X i TR UTRE R H g K
PR, W T IRE WS, TA E4/)5, NP-
TAo; il NP-TAs TALIER, JRPFZE TA BRI
KE T B BT R A = A2 i OH, B T BB FL Pk AR
AR, WiH TA @it 5 PIDS 94Kk 2 1 5 A E i
PR AR, SRR T U2 I st DA 538
TREMREEEREE TA SR, ik —B L. ok
HARE RS, TAWEDS (>1.0 mg/mL) &5
DURUR A Fere — BEW ) 5 OB, AH TRk TR 36 o 6
kA, BEEMN TA 5 KUCERZRIIEN.

2 NON[ERERE SR E M S MR RE Y ST S
W WLEH, TA BIMAM NP-TA, IR)ZERE & #
o, AREREREAR, #F—03RM TA e DI
FERNBE IS o AR PERR AR ik, TR Z B
M NP fi) HB 3435 5] NP-TA,s A 1H, B35 71 NP )
2 HETEF] NP-TAes 19 0 9%, i TA 22b5IA )5,
WOk T IR ZPLMERE . X2 T, TA b EA
ZAWIER ST B, B TA &, WRZEEEREn;
FEF, TA &A RKarBEs, nlma b maa 51
Ml e RS R, R VEUR 2 S5 R RE 1. 1
Gh, WIERREMENNASE R EM, JC TA B9 NP IR)Z2
HRE, 5IA TA 4 FIaiRZm AE RiEd s, miH
BiE TA S, w2 AERERm. hTar
i R G Y Wik e 11, FON AU A
KR, DR SR PR PP B T ALR R A BB AR bR .
T2 BT R T IR B, AR NP U2, NP-TAgs
BAURZELE PBS 2 3 JRIBHAAE R 1A (60+£5)%,
PR KMEREE FRREN S, TA BE& U EHEHE
TUWRIZMERYE . AUk 2 TR PR RN £ i) 448 5 2
T TA iR R 524 PIDS 9Kk TR AR (5
Wl RE AT | M e A ) ) A U A S A A
FH, TR = 2 PR RS I 4%, 3 Aoh 32 T A 85 A s 34
INTWRIZ R EE . BEEESE, X EIRELS AR
IRAEHCRA 35, [IRE, TA 2642 R BRI A
W%, SEOKPERS OGN, 3% T R LI A
IR, BAERD, TA EAERZESATEME TA
G IR

2 FRTR, KMERE YRR T PIDS 7] LI it
5 TA Z AU R e e p &m, FH TA S5



st HESW

HES . BRI TA B HLE SR 2 Mg

© 237 -

7.7mm x20.0k SE(U)

— 2.0kV 7.4mm x20.0k SE(U)

a Mk b NPRJE

3.0kV 8.3mm x20.0k SE(U)

¢ NP-TA0.1% 2

d NP-TA, %2

7mm Xx20.0k SE(U)

Ko HIKIRIZMERIIEH (FBAETURUEME: 20V, 60s)
Fig.6 Surface morphology of electrophoretic coatings (optimum deposition conditions: 20 V, 60 s):
a) bare Ti; b) NP coating; c) NP-TA | coating; d) NP-TA 5 coating
R2 RUMARRERMIEXIERE

Tab.2 Related parameters of bare titanium and different coating samples

Cpating Thickness/ Roughness/ Hardness  Adhesion Contac: angle/ Durability/d Dielectric(salt) resistance
simples pm pm () 1 week 3 weeks
Bare Ti 0 255 99.6+3.4
NP 18.8+5.1 22.8 HB 2 76.9+1.8 3 0% 0%
NP-TA 25.7+3.3 17.4 1H 1 74.7+0.6 21 88+4% 3+2%
NP-TAy 5 31.5+6.2 11.6 1H 0 65.8+£2.6 >30 98+2% 60+5%

BT b B 2% Jr i R A2 B AR A DR B SR R =
PUBREE L, KRR TI IR MRA R o [ ki b [ %€ 75
ARHATTE  E T, AOUE T A S P
BT IYRKLT PIDS, 5 TA WM EAERREY
gk T, B a5 G
VKA, b PR SR IR SR A RIS B2 i 4 A4 m]
BEEMREE BREXR, 5 TA ZEUTREEERZ
LRA TERE R — R AT AL IR A

2.3 NP-TA.E545EB TR
K 7 AWMEEFRIE AUR)Z NP-TAx BGT5 1T

fE. MK 7a WTLAE Y, AN TRREL, NP-TA, Z &R
J2 U S AR 2 M3 A AR B, SR B i A
7o Al ¢ RS ARG B2 S AT, BRERER AT K
RN E ORI R ) FE 22 IR (4
B OMA KR ) KK, M NP-TA ZGRIERE, 1
MGG A 48 h e, A B ARG IR 2 R
X R TR T T A T R B VR AR A
VERT, AR 1 228735 W FRORG BEE o 0k 22 PIT  E
THRIGERKLT NP 5 TA B5FEASUUERIZ YUK
B, T TA 2502 A SEUERZ R
EEMERT, SRR AT A EIRZ Tk

0.20 820000 el G20000 e
g 0.1486 215000 215000
S 015} g g
N
@ 210000 £10000
g 010 g s000} g 5000
S k) 1 | B 1
 0.05 £ 400] [ £ 400
- - =
§ Tog} 62 § 10g 31
BareTi  NP-TA,;, NP-TA,; & BareTi NP-TA,, NP-TA,; & BareTi NP-TA,;  NP-TAgs
coating coating E coating coating = coating coating
a FIEEA b KRIGFFE c &EMOHEIRE

Bl 7 NP-TA, &4 U2 X 40 115 25 1 20 B 1 B s 1 e
Fig.7 Antifouling performance of NP-TA, coatings against: a) BSA protein; b) E. coli; ¢) S. aureus

3 it
1) TA IS 5IATIRESY, GBS A e =P
VRS 1 RV R S A B B R D L BERE R AR
LSRR RE

2) BRI Rk g g 9 AR L R ] kA
WRIRRE . MRS, HiREw &R fn ., TA 2

G 7RG A UK TR AR, ST —Fh 3 B i) S5 KM
RIZ MR . A ARk

3) WES TA BAJG, A SERMR)IZEXSbriE
A RAB RN B 5 R, A TA 1 Rk 23
gy AT A

4) 5 TA RAEMEAERNRAWRZ, FIHIL
AR R 2 HA — R A IE A



+ 238 -

EN TR NN

2019 4 5 H

SE -

(1]

ZHL mESE, INEE. PR TREYIEIRIZVIE
HER[T]. & bELEAL S R, 2018, 47(3): 94-99.

LI Qi, GAO Chang-lu, SUN Xiu-hua. Research progress
of zwitterionic polymer antifouling coatings[J]. Synthetic
materials aging and application, 2018, 47(3): 94-99.
SCHLENOFF J B. Zwitteration: coating surfaces with
zwitterionic functionality to reduce nonspecific adsorp-
tion[J]. Langmuir, 2014, 30(32): 9625-9636.

XNZLHs, Ffd. Y TR AR EY ).tk
Ji%, 2012, 24(11): 2187-2197.

LIU Hong-yan, ZHOU Jian. Biological applications of
zwitterionic polymers[J]. Progress in chemistry, 2012,
24(11): 2187-2197.

SINGH P K, SINGH V K, SINGH M. Zwitterionic polye-
lectrolytes: A review[J]. E-polymers, 2007, 7(1): 1-35.
YANG W J, NEOH K G, KANG E T, et al. Polymer
brush coatings for combating marine biofouling[J]. Pro-
gress in polymer science, 2014, 39(5): 1017-1042.
ALSWIELEH A M, CHENG N, CANTON I, et al. Zwit-
terionic Poly (amino acid methacrylate) Brushes[J]. Jour-
nal of the American chemical society, 2014, 136(26):
9404-9413.

XUAN F, LIU J. Preparation, characterization and appli-
cation of zwitterionic polymers and membranes: Current
developments and perspective[J]. Polymer international,
2009, 58(12): 1350-1361.

XU L Q, PRANANTYO D, NEOH K G, et al. Synthesis
of catechol and zwitterion-bifunctionalized poly (ethylene
glycol) for the construction of antifouling surfaces[J].
Polymer chemistry, 2016, 7(2): 493-501.

CHEN L, THERIEN-AUBIN H, WONG M C Y, et al.
Improved antifouling properties of polymer membranes
using a 'layer-by-layer'mediated method[J]. Journal of
materials chemistry B, 2013, 1(41): 5651-5658.
VAN-BUREN J P, ROBINSON W B. Formation of com-
plexes between protein and tannic acid[J]. Journal of ag-
ricultural and food chemistry, 1969, 17(4): 772-7717.

KIM S, GIM T, KANG S M. Versatile, tannic acid-
mediated surface PEGylation for marine antifouling
applications[J]. ACS applied materials & interfaces, 2015,
7(12): 6412-6416.

TAKEMOTO Y, AJIRO H, AKASHI M. Hydrogen-

[13]

[14]

[16]

[20]

[21]

bonded multilayer films based on poly (N-vinylamide)
derivatives and tannic acid[J]. Langmuir, 2015, 31(24):
6863-6869.

SHUKLA A, FANG J C, PURANAM 8§, et al. Hemostatic
multilayer coatings[J]. Advanced materials, 2012, 24(4):
492-496.

XU G, PRANANTYO D, ZHANG B, et al. Tannic acid
anchored layer-by-layer covalent deposition of parasin I
peptide for antifouling and antimicrobial coatings[J]. RSC
advances, 2016, 6(18): 14809-14818.

AR, PhNARGE, Rt A STRM T IRE A AR
T 45 B ThEE IR EWTSE (0], THEEM L, 2017, 48(5):
5042-5047.

SHI Tian-tian, SUN Jia-di, ZHU Ye, et al. Multifunc-
tional coatings fabricated from electrophoretic deposition
of chitosan/tannic acid nanoparticles[J]. Journal of func-
tional materials, 2017, 48(5): 5042-5047.

REN P F, YANG H C, LIANG H Q, et al. Highly stable,
protein-resistant surfaces via the layer-by-layer assembly
of poly (sulfobetaine methacrylate) and tannic acid[J].
Langmuir, 2015, 31(21): 5851-5858.

BSRA L, LIU M. A review on fundamentals and applica-
tions of electrophoretic deposition (EPD)[J]. Progress in
materials science, 2007, 52(1): 1-61.

SUN J, LIU X, MENG L, et al. One-step electrodeposi-
tion of self-assembled colloidal particles: A novel strategy
for biomedical coating[J]. Langmuir, 2014, 30(37): 11002-
11010.

SUN J, ZHU Y, MENG L, et al. Electrophoretic depos-
ition of colloidal particles on Mg with cytocompatibility,
antibacterial performance, and corrosion resistance[J].
Acta biomaterialia, 2016, 45: 387-398.

MENG L, L1 Y, PAN K, et al. Colloidal particle based
electrodeposition coatings on NiTi alloy: Reduced releas-
ing of nickel ions and improved biocompatibility[J]. Ma-
terials letters, 2018, 230: 228-231.

AL, B, B, L BT TR REM BHIF 5T
HE[T]. w5 FiEHE, 2017(9): 10-20.

LI Dong-dong, CAI Chao, YANG Meng, et al. Progress
in the application of tannic acid to functional materials[J].
Chinese polymer bulletin, 2017(9): 10-20.

RIVERO S, GARCIA M A, PINOTTI A. Crosslinking
capacity of tannic acid in plasticized chitosan films[J].
Carbohydrate polymers, 2010, 82(2): 270-276.



