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Production of uniform nanocomposite coating of polypyrrole carbon nanotube/

cadmium oxide to protect corrosion of austenitic stainless steel 304

Mohammad Ali Sarfejoo, Ali Reza Mahmoudian”, Daryoosh Afzali Goroh
Department of materials engineering, Graduate University of Advanced Technology, Kerman.
*P.0.B. 76315-117, Kerman, Iran, a.mahmoudian@kgut.ac.ir

Keywords Abstract

Polarization In this research, a uniform film of polypyrrole/CNT/cadmium oxide nanocomposite was produced to protect the
Carbon nanotube/Cadmium austenitic stainless steel 304 against corrosion in 0.5 molar hydrochloric acid medium. For this purpose, the
Oxide chemical deposition method was used for CNT / CdO synthesis. Electrochemical synthesis method was used to
F’\‘A‘J('))r’gr)]’;g;ey coat the stainless steel and to find optimal coating conditions. Electrochemical impedance spectroscopy test was

used to find the optimum amount of reinforcement nanocomposite. Optical microscope and scanning electron

microscope (SEM) were used to study the morphology of coating. Results showed that the final nano composite
had a remarkable corrosion resistance and the presence of CNT / CdO reduced the porosities in the final polymer
film. Also coating results showed that the optimum amount of apply current density and pH for
electropolymerization were 4mA/cm? and 9 respectively. The 0.5% weight-volumetric functionalized carbon
nanotube with Cadmium Oxide was determined as optimum amount of nano composite reinforcement using a
polypyrrole matrix. Polypyrrole Carbon nanotube/Cadmium Oxide nanocomposite coating on the surface of
austenitic stainless steel 304 protected more than 92.5% against corrosion in a 0.5 M solution hydrochloric acid

doddio-1

Saal ool ol Sle 8 suusS oS SO . . .
2 el oal R il i ol 53 (658 0aSs TSl ke a8 00 p3l amd sz o aS Cuslle; el SO g b

£ oo ooliial ] jegise (gl STy alowl (gl g il : o 5515 -

33,5 0 oLl Bl yogige Dgemli s el sln 5[ r]* (535 mlio dorl Gl mlio ;5 yesh ol ol €555 i
Bloy sloyork 7w oloactiy oIl 3y, (7,62 o ol el o . -

Goges e & Uy loyoly Fiw ooty 2SI (3, Sy lS Sy 5l clitbre sly Coio o 3l Gl s g (Suis S

5 1831(s fos a5 el Jiley Jlosl 6] slas 12 (g2l

4 o) segise GleST L Jsm b Oseslimely (1]l wiily ool

OB ey g Sl Sl (6 gy sinsS Dol Sz Jesl (54 Lol [3] lers o0l d2] bt aloml sSsS (sl s,

shls a5 loauSast e s a9 38 b o el

Please cite this article using: 10y Lod oolisiw! y ) wyle 1 dllio cpl s gl yl 6l 0
Sarfejoo, M. A. Mahmoudian, A. R. and Afzali-Goroh, D., “Production of uniform nanocomposite coating of polypyrrole carbon nanotube/ cadmium oxide to protect

corrosion of austenitic stainless steel 304”, In Persian, Journal of Science and Technology of Composites, Vol. 5, No. 3, pp. 377-386, 2018.


www.sid.ir

Ve 5 9348 jo Slede=xe

o yogise olyor 4 gyl 528k by 5 Ui b Gselin yorkis 2SI
SO 3l bl sl 304 (mnul ()5 S35 Y58 s 4 sy
ol oaooliasl )]

Sblax p5ailse S olnl b 09 iU Jlasl s @ blo) sla oy
S ol 3 o rocly al Ll oS o 555l (S5 5| s
S e Gl Al Spgen 5w Sl (osllae
Sone 5 S15SG mali8l slp (5995 slge 5l eslatul 1 WS jls 95 5
o938l ol (Bl e S 4 g0 o (S el
00,5 o s oal S S o, ) ol et L5 oolizals 5o
SeaSTLoad I Jole (c0)8 sladlglgls 5 dios ol ) jslate (raes
Sl lls ool SO lgieds puoolS aeST .l sadoslaswl guosls
2 sl (Sl s (Sl el sl egdle Ul jaes (Soal o
Orizmen el o)y Slaiz aekd) by (Susle, 4 iy
4 Lgmead Gopat) Sy Skl b sl (05 sladgdel
iled S8 iligy (SIS0

g 9 dlge-2
L 0.987 gricm3 oz p,> 5 CaHN Jgo,8 b consoslaul Jgym
e oS Shulpd o b )3 S pe o858 51100% (oo sE osl>
ot Byas 5l U oo olml (SYsb Sloj aidy o tlej] el
b oS pptlgmannl Jold (Bras olge plo adioo jehali )b 9o ot
5 37% _psls b Suyu Sl 184 oz oy 5 98% ogls
Fo poliredy Grizren Nad dd Sy OS50 ) (Ses palls ge
oyl iz o,S delgl 5l CNT/pweslS oSl o jaalSsils
Sl Sad g el olae ¢l Glasdos S 0 ) sad gylay >
sadosliiwl zu,al ¥ 5,8 SYsams 5| CA(NO;)y wosls
oo 3 Bl G5 Oyson 304 il 5 K55 oYgE
5T iged aled oS5l lebl Jsax gl wd 4
sadosls lis 1 ojleds Jgoz ;0 o] 4t aS ab alol (g tegiilsS
&8 55 iy b1l 304 5 55 o¥s8 51 IS 0 xSl c Ll Lol
oot s 5955 2 5 0 SELIMLEM? Sl L plag e S
£S5 e 5l osliul b ol azg sy o9z ann 0,5 Bl s ol &
1200 800 500 220 (glooslams s zlaws inalss b 5 il aslo|
Ao 53 )5 09 i8Il o 512185 2 ln e, LG 4 2000 4
b oslizl Jilil sl 1 ey 1 Jslms 51 L

oBws by Jorm b lroadg 2SI (gl poidy sl 25Ty
Siales PGSTAT 302 s AUtolab cliwlslgl/liolsmls,
Ohsy Gl B b b oolawl 1.8 5,6 NOVA I58ls 5 L oo
lords S Ggemli S sesl oy Soge Sl plyr Jles!
Sl S5 0555000 V50 0.5 Lazms 50 olSiws (yeed Lawgi 5o A6
b el

Lol el yocls @2 sl (LS B, 50 b glize SLlS” 5L
092 05bsS oles os Lls s 4 Josm [7]cal sasanslis
lize glie 0 g o5 B (Gl @l (o ol
Sl g (Foys5 5 cdibls )L BB slag Sl dagils el
e opl s lewdgiSI gy [10-12] el asly
07 @Bl s Jom Gk sty Jolo it ot jenls
15-] ol oaosliinl (Sl 13 936 g 00,5 Gilire slacg gl
[12

Sygodr oS Sl 518 5l GanSS Gyl S S dglsil
o)lpd Wiz boojlps S Wlgie g 935 o0 JoSid slailgiul 315
A ol ez sl s Pl gLl eyl [13]asl
(18] Sl (plsm LS psbar 5 s G okl i piyllasl
Fp g s clie (S pSIl Bl 5 [17-15] plest (oly>
3 [DAIVL (S xSl bl )08 4dlsiee (25 sladlglyil ols>
i 4 als oS 0905 o)Ll lag] [18]L) (gysme e olyr JSz
st Sl Wl g aien Gl g0 1S slagdl Gl enr
2 gl oS @ealdel odaanie ol ol [19]assl,
5ol (sla )T o 20l lons 125 5z S5UsS slaojy>
Sllae [22]suns 3 sla Jsho 18,71 S5 150 5t [21] ooy,
Sy o linios ag, aslsl (s sl 03505 3,05 g [23] So35)5m
5l oslaal b1, oles cnl wlos,S 3 oliie )5 sloalglgil
S a8 sl 093 el o 4y 0lge S0 ol e a5 byl 10,5 CojeualS
ysbteds PAMAM/CNT 550556 oy 4 o)lg5 o o il ol
Cospalsl i [24] Ml T ) K 3l slapyg i
Gl o Gz Llidl jslaieas MNOy/acid-treated CNT
Sgai 0,Lil .5 [25.16,15] g5 5l oS 0,053

Lloy sroeh slogitin (53,55 @ Cwglia o059 5o Slisios
bogi b 05 S5 Vs ghe 5 ¢ el bt Fie b
less onl g,y aelsl 5 cdl anugi e 5 an LT g0
b CojemalS 4 i oo dlge Koo blapyT (40,8 Coenels ) oliiss
5 omtbe Jom b9 OlestS J)sS pesisS n) ST o
O3 Jemgd [S15 )3 39290 ;10U slogygl AT 9 (b oeizmen
GrSslr Sll 55)95 5198% b Wals a5 5,5 0,Lsl o) Sigilgus
[29-26]a5los g0

sladglyls I Qliime ol (cwjp 4 G (npalie 5o
5 Sigml il Gogy 4 FHAP GLoS 5 b oads oj5pels momdens
Ohey A eudady Jom b oY (e 4 gl S e
Skl sl phaiems Ssde il by b aleerdy Sl
loala! ;o solituls,ge 316 mw] 5 55 oVgs (5,65
ol 5o [30]axil, s 97% oblas (o po 4 g Wleo,S oolatul
OS5 Sajeels ln plesd g, @ osle By, Sl S
odle By 5l Geizmes g S aenST L (on)S laalglel
Jole 53 00l Jls Jole ()8 Sladlgdgll (53,5 o s (slal> 0SS

rogiilS 5IUT 5l saelcwsay a4l 304 il 5 K55 oY bt oS 5 1 Jguo
Table 1 Result of EDS analyses of basic austenitic stainless steel 304 composition

Others Co Ni Mo Cr

Si C Fe Element

<0.81 0.19 10.1 0.29 18.2

0.24 0.05 68.4 Concentration
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Fig. 5 Equivalent circuit used to match the impedance diagram
obtained from the control sample
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Table 2 Parameters of the equivalent circuit components obtained from the control sample and the coated samples with different
current densities

Rs (Q.cm?) C.(f.cm?) R (Q.cm?) Rt Q PE(%)=e=Fero 4 100
2
(KQ.cm’) n Y(ufcm? Ret
Blanksample 14.7 - - 1475 0.8 8.27*10° -
2mA/cm? 13.23 6.64*10® 15.84 395.8 0.8 6.67*10° 62.7
4mA/cm? 12.5 5.48*10® 16.45 1234.1 0.89 26.4*10° 88.04
6mA/cm? 12.92 8.23*10® 7.45 1049 0.84 40.4*10° 85.93
Alcm? 11.56 1.92*107 9.76 599.7 0.81 9.91*10° 75.4
1%
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Fig. 13 Image of a scanning electron microscope from a cross
section of a sample coated with a nanocomposite
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Fig. 11 Scanning electron microscope image
magnification of 2000 for samples covered with: a) pour
polypyrrole & b) polypyrrole Carbon nanotube/Cadmium Oxide
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Fig. 12 Nyquist chart for samples coated with pure polypyrrole and
polypyrrole containing different percentages of carbon nanotube /
cadmium oxide
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Table 3 Parameters of the equivalent circuit components obtained from the control, a sample coated with pure polypyrrole and samples coated
with polypyrrole containing different percentages of carbon nanotube / cadmium oxide

R (Q.cm?) Cc(f.cm?) R(Q.cm®  Rg(KQ.cm?) Q PE(%) :—RC:RM *100
n Y (uf.cm?) “
Blank Sample 14.7 - - 1475 0.8 8.27*10° -
Pour polypyrrole 125 5.48*10°® 16.45 1234.1 0.89 26.4%10° 88.04
0.02%CNT/CdO 11.8 3.96*10° 17.69 1432 0.8 18.8*10° 89.7
0.1%CNT/CdO 11.12 4,59*108 20.22 1817 0.8 15.9*10° 91.88
0.5%CNT/CdO 131 1.49*10° 23.99 2038.3 0.8 15.8*10° 92.76
1%CNT/CdO 12.36 2.83*10° 21.48 1870.99 0.8 19.3*10° 92.1
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