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Effect of Electrolysis Factors on the Formation of Poly(2-vinylpyridine) Coatings Electropolymerized on Zn

Sang-Pil LEE, Hiroaki NAKANO, Satoshi QUE, Tetsuya AKIYAMA,
Hisaaki FUKusHIMA and Jeong-Mo YOON

Synopsis :

The effects of electrolysis factors on the formation of poly(2-vinylpyridine) coatings electropolymerized on Zn substrate have been investi-
gated by cyclic voltammetry technique. The amount of poly(2-vinylpyridine) coatings electropolymerized by cyclic voltammetry was signifi-
cantly dependent on the pH of the bath and the maximum amount of coating was obtained at pH 5. This result suggested that the specific
amount of proton in the bath should play an important role in the electropolymerization of 2-vinylpyridine. The morphology of the coatings
was evidently affected by the hydrogen evolution. Under the electrolysis conditions where the hydrogen evolution rate was increased, the
coatings contained many pits and streaks caused by vigorous hydrogen evolution. The poly(2-vinylpyridine) coatings produced by cyclic
voltammetry were fine in the bath of pH 5 at 20 to 30°C. On the other hand, the current density for polymerization by chronoamperometry
was abruptly decreased in the initial stage of two-dimensional coating formation, then it was subsequently decreased with an increase in the

thickness of sound coating. The anode and cathode current density of Zn plate in 3% NaCl solution was decreased by poly(2-vinylpyridine)

coating formation on it.
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Table 1. Conditions of electropolymerization.

Item Range
2-vinylpyridine (mol/L) 0.25
Bath | Ammonium perchlorate (mol/L) | 0.05
composition | yater:Methanol (volume ratio) | 9: 1
pH 22, 5.0, 7.5[5.0]
Potential range| -0.9~-1.8
Cyclic (V vs. NHE)
voltammetry Sweep rate 10, 50, 100
(mV/s)
Operating | Potentiostatic | Potential N |-12~-28
conditions | electrolysis
Temperature (°C) 20~50[20]
Agitation by stirrer (r.p.m) 300
Duration(min) 1.8~60
Cathode Zn, Cu(10mm @)
Anode Pt

[ ]:Standard conditions
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Fig. 1. Cyclic voltammograms for electropolymerization of 2-vinylpyridine on Zn substrate (a) and Cu substrate (b) at pH 7.5.

(Scan rate: 10mV/s)
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Fig. 2. SEM images of poly(2-vinylpyridine) coatings
formed on Zn (a) and Cu (b) by cyclic voltammetry
at pH 7.5 for 1 h. (Scan rate: 10mV/s)
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Fig. 3. Cyclic voltammograms for electropolymerization of 2-vinylpyridine in the baths of pH 7.5 (a), 5.0 (b) and 2.2 (c). (Scan

rate: 100 mV/s)
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" () pH7.5, Coating thickness 2.9 4m

Sum

(b) pH5.0, ” 9.0 4m Sum
(c) pH2.2, ” 2.8 um
Fig. 4. SEM images of poly(2-vinylpyridine) coatings obtained at pH 7.5, 5.0 and 2.2 by cyclic voltammetry for 0.5 h. (Scan rate:
100 mV/s)
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Fig. 5. Cyclic voltammograms for electropolymerization of 2-vinylpyridine at various potential sweep rates in the bath of pH 5.
(2) 100mV/s, thickness 9.0 ym, (b) 50 mV/s, thickness 10.0 um, (c) 10 mV/s, thickness 13.0 pm.
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Fig. 6. Cyclic voltammograms for electropolymerization of 2-vinylpyridine in the bath of different pH at scan rate of 10mV/s.

(a) 30°C, 8.7 ym, (b) 50°C, 10.1 um.
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Fig. 7. Effect of cathode potential on the time-dependence
of current density during potentiostatic electro-
polymerization of 2-vinylpyridine at pH 7.5.

MIIZARBATHD, SBELIRAPBETH S, —FH,
—12VOEBMBTI, BREEIOH L 0K, BREFH
AWML T, VIHBREEOEXIRT—EL L7,
Fig. 3(a) 12N d B ABEAD 1B HOERAFENIBT S CV
ok 3 &, pH 7.5 DB TIE, —14VEIROEBLICE
W, BEAEOERENAMNT 5 THEENS, T4
bbb, —12VOEEMERTIZ, EAEERFITEKZ
EFEATOBEMICEL T ST, YL DEAEOEKE
BhlknwktEILND,

Fig. 8 {2 pH 7.5 D2 6 DE BN ER GAER 10°C/m?)
ZknBohA-EAEOERPEL KUEEL&ELI L
IZRT, MhoAafsi:, i XML -8 O TEABED
EEAEWI AR LTS, B —12V ICBIT2EA
8 (a) REEICEDEBRELE->TED, ZORENENT
LERIBLTWS, —F, B —1.5VAE25DKAR (b) i,
P CERERRBEE 5D, BOBM2ASDEDIZHNERD
Blotr, FRICKLT, —18V (c), 2.8V (d) 5D
R, BAMICEVWERPED SR, REARY—IC
KoTWaZenbhrd, ZOLSIZEBENERI-LDE
Lh-EAEOERMEE, Fig. 7 DEREE - R R
Y PHRINBHBEORELIZIT-H LTS, BlEXD,
22KV Y VEREAEOMEL, BREMIZKES

517 I



. 518

$5 & 4@ Tetsu-to-Hagané Vol. 88 (2002) No. 9

RIFL, EORILAHZ 5 B HEKO TRENR A 2%
WEAEBMICBWTRIFICESEEZEZIOENS, L2 AT,
BN RS | EEN BRI K A EAEA BT
5L, —ICEENIREREIC X B1E S BEL W — s R
BRONBIEMECNTNEY, LarLl, KIfETHEGN
7-E A (Fig. 4(a), Fig. 8(b)) DE X | JEHEIZIZ, MiEME
K BHEIRICRAD O, 572,

—1.5V OEBMNEMRICB T 2 EBLBEVHORRIZE4
Fig. 9 IR ¥, &%, RPOAGHIE-RTH D, HEAL
HEEEETH S, BAVIM, BB um B0 £ B DR
Kok, l4ORIREIEA 2 XU BN LR E LE

WEAHEL B Z:0bhs, ER 10s LIFRICEABIT,

Eih A BE LIk B, Fig. 7 OEREE —BeRghIZ B0
T, EBN 1.5V TRYHEREE L 10s Al F T2
K TFLTHD, ZOKRTRENS, EABSRFRE L 5
BLEDIETORBEIXETHEL TS, T45bb, &
AVIOEREEORB AKX T, BEAEN IV -A, £
MERAEHRETEZILIZLZ2EDEELILAS,

. R S e

(@) -1.2V, Coating thickness 1.4 4m 20um
(®) -1.5V, Z 3.04m —
(c) -1.8V, Vi 2.7u4m

(d) -2.8V, Y 21um

Fig. 8. SEM images of poly(2-vinylpyridine) coatings ob-
tained by potentiostatic electrolysis at different po-
tentials.
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Fig. 9. SEM images of poly(2-vinylpyridine) coatings obtained by potentiostatic electrolysis at —1.5V for 5s (a), 10s (b) and 30s
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