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F R PVA 2P g5 i e 2l i 22 Dl PE R 55 )

iR Tl k2 AR S ORGS0 %, WIS #kUM 412007)

W E. EREA 1.0 mol/L %9 HCI BRHEEAR T 4 %) m A ARAR A 0, 100, 200, 300, 400, 500 mL 49 & 4 PV A 7K
EWABG SR, RAATR, HALWEEEM e T ERER B> E, MXLAERSERTHES
Fo REFMNXLEREN, PVA 2B HRASAR LA BIFOEIRER, BHHRAMERAER, LR E
Mol BARECRAT, EEIRETIA 86.7%; MALW L FMKLE R A, PVA 25 545 ik 3t 448 LA 424569
ZARAER, BB R R, KRG BRI EEAD, ZERT, LERAE T g500; AW
FRBBEROHRONEREN, MEGHRAMERAIER, SRETAILRKZR Y, LR @RI
A, BAmAN 500 mL AR ET, AR @A TR, X SRR B A BT E kAR .
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Corrosion Inhibition of a Homemade PV A Antirust Liquid Applied to Pure Copper

HAO Xihai, GUO Jun, PENG Xiao
( Key Laboratory of New Materials and Technology for Packaging, Hunan University of Technology, Zhuzhou Hunan 412007, China)

Abgract: Thedow rdeaserate of pure copper in the mixed solution wastested by putting avolume of 0, 100, 200, 300,
400, 500 mL homemade PVA meta antirugt liquidinto acid medium HCI with concentration of 1.0 mol/L based on weight-loss
method, polarization curve method and surface analysis of scanning electron microscope (SEM). The weight 1oss method
showed that PV A water-soluble metal antirust liquid exerted a better corrosion inhibition on pure copper. With theincrease
in the volume of antirust liquid, the weight loss decreased with a better corrosion inhibition effect asthe corrosion rate was
86.7%; Polarization curve method suggested that PV A water-soluble metal antirust liquid demonstrated good corrosion
inhibition on pure copper, and with the increase in the volume of antirust liquid, the corrosion current of the system
decreased with the anti corrosion rate being 85.9%; Scanning el ectron microscope (SEM) surface topography analysis
indicated that the increase of antirust liquid resulted in the decrease in the number of holes on the surface of pure copper
with the reduced cavern area. With 500 mL antirust liquid added, pure copper surface tended to smooth, suggesting that
antirust liquid of pure copper had good corrosion inhibition effect.

Key words PVA antirust liquid weight-loss method; polarization curve corrosion inhibition
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1 FARE=

47 H AR s Bz, i
SRR VE R & A g 5 . e . B SE, fE
WA, EE A SEAT AR TR S T AR A o A E A
o — AR MR o, DR RS e R RE AR . AR,
MBS, G p R PR AR R M A BE R,
R AR i SR AR R HCI b, A — e Sl ol
WHET, #7E HCI B 25 CI- ik ES
K, Cl- (MR BRI , ] A ol Rl . — e 75
TEHCIH W, Cl- Bk EE H 24553 1.0 mol/L, JUH
TER SIS, B Sl it Gl ] 1 J5 ol s
HLEEPANF

Cu=Cu*+ e(th) ; Cu=Cu*"+e (12 );
Cu’+Cl- = CuCl; CuCI+Cl-=CuCl;;

CuCl; = CU*"+2Cl +e;

2Cu+0,+4HC1=2Cu* +4C1-+2H,0 ( B ).

LA AT DA 1, Cut S5 Cl- &
A2 J N e Cu? 5 CI- R R, TR PO R CuCl,
B2t T CuCl 1EM R Y & JI AR, 255
WML, ANREE A IR 2, LA RE
SRR ER] ;s B, CuCl 4RZefk Ak Ay mr LA
f# CuCl,, SR CuCl, BT ARE, ERlh4
E—2 0, R CuP ™, XA SN AN SR AN SZ F
Tl AR 2 A VS AR PP 2R R T AL, DT A ol
ML

HET, 25t £ . sk k% AW
WF5E T R i h A Z R X i Z i E R, 253
B, A SR I 7 T s AR B R IR vk B (R B R ok, 2
HAFEH 1 mol/L BF, X By 22 ik 73%. XA
R E TR I A2 3 B AR S s i AL R, i
B L B B BH R A oo AR . TRINE, 45 SR Y 28 it 1
FHBE WA pH A2 A8 40, 24 pH (BT HAFH
ST, SR A o I I AR N i A A
WFSE T MR AE A SE e H i i kB, S5 R, A
PRI B T AT 20 4%, T4 /o 4 5 e 110 22
PRERE, JUHXT GG ane, HssoE B2 . R
R NI T RR A TR A TR #H 2 P oK b 1
I PR — Pl R B 4 (B10) e 434K
N 3% (1) NaCl ik Py e ibbEfe, 455RRM], H—
RPN IR RAZBRXT 14 (B10) Y EA —&ny%2
P, o, CMEER AN T VR R 60 mg/L . R
FAGBR I TR T Jy 40 mo/L I}, LR b Rt
MR N 40 mo/L B, PR IR BRI B
BRI OR , H Y 3R A 2R 5 4 1R Ak 1) Jo £ VA

Z R 38, SRR, Xu Q. A AR A
s, WE9E TARIRR A 2207 XS B05 (HSn70-1)
HIME BB IMAT Ry, S50, IR 1 R 2 T I
T2 AR, H A A7 BRSO T B 2 1
HUZ R, RINFRS A &4 T IER . 74, HE
PRy T B T Y LS 5 A5 T T S AU g fh 27 W
46 Langmuir T fFHAs

AUSEARSE T —Fh A Hil AR IR (polyvinyl
alcohol, PVA) /K4 JE B85 ot sl 22 i RE Y
M, LB B EIME, AR RTE, AR
4R Fm A AT —2 PVA I, #1548 3k
AEME 2 2 BLAF AP, ] Bt s i fige ke 35 455 A P )i
MET WAL, i HZB R T IEE R, &
TEERER

2 SLIEES

2.1 FERFANEMNSE

1) 5

PVA, 1799, 4i#rali, bilgs—ikil) 4™,

RO TR, FULF OP-10, IN=EE, PR, 1
NAETAE, i 80, fhegal, My KRR
A BRA ™

=B AT =AM 1H-benzotria-zole, BTA ),
B kot sl, +hemmReh, ke, ¥k
AT A BR A W A7

aiygok, Al

aid, T

IR, SyHral, BRI AR PEAT R A A

2) X%

MR, IY-302, LipHEITRARAH;

Hi Ak 22 T AR, CHI 6608, Jb it iRk a2 Al;

Fii T 2 5% ( scanning electron microscope,
SEM ), HITACHI S-3000N, ENRA{U#% ( 1)
PR

TR EY, HH, TLHEIET KA.
22 PVASEMHHERNEIE

PR B — 2 it 0 5 8 K, B2 4153 1Y)
TR R B TR, ARSI R
fifes SRIGHL—Bedr, AR ELINA —E 5 PVA
MEBEFK, FABRIRERZE 95 C, IFKFaprE
Tk, s R, FH PVA
PSR E IR, PR BEAR 5L i Ak i 80 A
ML R e b 0+ B AR B IR A K W, A
OOrE; HIGHEBEAR P IMAFT R . — LA
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=R, TSRS S R BUR B, T
TEZ R TR AT E B, PVA &8 B85 i i 4 L
ZUAEUNE 1R

PVA

T BRRIR

_ﬁﬁ{mmﬁﬁkﬂmm%%ﬁﬁ

BRI

E1 PvABSRNHEIZHE
Fig.1 Diagram of PVA antirust liquid preparation process

2.3 MEBEIENERE

1) REHT

RESIHR—FIRIA . B ARSI
Dy, FL A AR R A S i S 5 A 114 25 A A ) DR S oy
WIsREE, Prid AR bR, VLRI iRk 3, B AR
i/, L N

AR E U M 1.0 mol/L i HCHA W P (S
JHFARMAE TR . 43514 HCl W I AR
0, 100, 200, 300, 400, 500 mL B 45 ., ik 2didil 75 42
B RER, B, RGO 2l i
FE CIRFER ST 10 ecm x 10 cm) M 74T B A0 3
RIE, R LB FK . oK CREXTATE G5 i 4k
BAFE R TG U WS, BT TR NI T TR
SRR, A5 SEEHT, MR IE AR 30 min, DA
PRIEW IS RIE, 765 £ 1) CHRHET, ¥
F RGBT R A iR 72 h, BUH S S
R FTREAR K SR BRI 1l ™y, IFSe e k. W
M K DK CREEE, WHUEE TR RS, REIFIC
SR CEE o Sl T h s e i TR A B

v=Am/(S x t).

Ao vOREEET B hE R, mg/m7h;

Am R BT K SR SR A B A 5 s 2 11
Jii, mg;

SAAHIRFER R IR, m?;

t Ay SR R AR T B R R R, o

FEARAE AN AKX R R, R T
WNRZE, T2, BCOE B EE .

PR B |

=Y %100% -
Yo

s vy v 435I R SR R R SRR A S5 A AN
B B %, mg/m7h,

2) WAkt

KR =R, MRRFER S R R, =

AR RO IERBIEAL . SRR T R, A
Scger, SRAAEVE N TAESS B sk, R
TR H R AR AE 2 e, SR A il ) 0 e AR
YER TAEM AR . SCE0HT, W CAE AR H AT AT
JETV, RIEREUEE /K. NERFAIJGK CBEE
VET VG NG I T W o B — B R R OCE T
WL 30 min, i RGEABIR IR . EFFEE AL
(open circuit potential method, OCP) & -150~150 mV
S, S TS A TR Ze I, AR
FHL0omV/s, BRMAZEDER 3R, DMRIELER
BAm e e Y R ATk . WSS m , RSN
THAA AR A BH BHAR S bl e 3 26 B (ANl 2 Fas, [l
b,, b, 5 F R Ak Hh £ b i BF AR F0 BH AR 3% JE R &
), IR AR A 2RO Al () 27 il

15:%_unM%o

0

K 3, F1 3 535 SR RAEAEA AT AR 85
EF (18 JE ok F I B, wA e’

bc

corrosion potential
E

E/(V vs.SCE)

corrosion current density
J

log(J/(LA + cm™2))
B2 SMERTEFERHRREERMED, b). Bl
B (E)REMEREEQ)
Fig. 2 Extrapolation method applied for measuring T afel
slopes, corrosion potential and corrosion current density
3) SEM 43#r
K 7 BB R R TES, Jr
AR RSSO, R R B A A S A
0, 100, 200, 300, 400, 500 ML B4 . &% 1.0 mol /LI
HCHEAH W, 72 gl R, Jela Z&mi .,
TOK WL £ B FKIEVE G T, iCE T A
NS HRTIEAN

3 GRS

3.1 REEXWERSHWH

I F P TR S 75 B S AT (V) 43
%140, 100, 200, 300, 400, 500 mL F7RA VTR H A28 [t
N 1R
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Tablel Corrosion rate of pure copper in the mixed
solution by weight loss method

VvimL Am/mg v/ (mg-m-2-h) 1,/%
0 6 750 93.8 -
100 4 256 59.1 36.9
200 3142 43.6 53.4
300 2161 30.0 70.0
400 1 056 14.6 84.3
500 895 12.4 86.7

b LOIAL, ARMA BT, ARF okl
e/ () RSN 6 750 mg, T4 HIA 100 mL B
I, Hos B BRI 2 4 256 mg, XS4 T B
IR REAR T Al £ HCI YRA VA TR P (0 85 ki
K, W BSOS AT RN, Sl D )
AN, B ER A IR TR 500 mL B, RO
AR B R 895 mg, 2R 36.9% ([
WA INARF R 100 mL B 922 i ) 34N %) 86.7%, 2%
PRI RiR R, HIEHEEZ . 1) BiBRmA KD,
ANRER PGP G AVE R, TIRE % B 5 AR TR Y 1
T, B S s B R A, B A R REAS B4
KIFEERAR S . 2) BRI & A 2R 0F — e, Hff
FA feAE: pH {EE Bl A AP v sl vk A iR, — A
N, RIE R Al 1 G2 (i AL R PR I e
TR IR e R, 5—MisEFRAER, B
B[Cu* BTA 1AL, IR (kA k4, 4R,
TERMEA T, BTA 2L BTAH Bl FRIE
KAFAE, SLI )8 0RO IE R, BTAH (1)
B 400 5 A 0] 2 1T P R Y BB 0 s, AT 3O
ERRMEA T h 2 o e Re 2R R DS, Bk, AT
ARSI, A Rerh A IR, s H B 55 14 AE
LR .

3.2 BUMEREXRERSHW
Sl LR TR B T T R AR Ak 2R ] 3 R o

= -4
E
s
<
?5 6 1—0 mL;
o 2 2—100 mL:
-7r 3—200 mL;
4—300 mL;
-8+ 5—400 mL;
6—500 mL

! | I ! |
-04 -02 0 02 0.4 0.6

FAV vs.SCE)

E3 #ZiRERABREPHRELBSLE
Fig. 3 Polarization curvesof pure copper
in the mixed solution

HiPE 3 AT, Bl B AnA , HXF A A
B (=R BAME ) 65 il b 3 2% 3 B S /N, ol
HL A7 AL B 5 B AR A A & AR B B T RS . SR 25 AR
R, BIEEWREINE HC A P Al s i &, B
AT Hp ] ) s 3k e 9 5 R LA B S T2 9 TR A L
B b, Mgy -0.8~-0.6 (V vs.SCE) i,
AT IR 5 AR R BB AR, DR S FA TR,
X1k B 157 % YR 40 I A AT S T BF R ) T R T
FRO-16T o BHAR AR AL B 2R TR AR AL R, aX R
575 475 A B4 I A EACAE T 4 g PR et AR, RN
JEVK 7 5 YR A S 2 T RE e A W R, A A R
KA YSRE AW, DA BEAR A J ol sz 2040 i 7

5 2 FIE7R R W Ak iy 28 035 T 45 4 ) 7 VR A T R
HH 2R %
K2 BUBKUNRFGSU4FEREAERDPHERR

Table2 Corrosion rate of pure copper in the mixed
solution by polarization curve testing

V/mL E/(V vs. SCE) (WA _J(/:m_z) (mVl?:i/eC'l) (mV-thct/acJ) /%
0 -0.040 3.190 44 174 -
100 -0.151 2.010 39 173 37.0
200 -0.200 1.432 35 171 55.1
300 -0.754 0.925 27 172 71.0
400 -0.284 0.558 22 173 82.5
500 -0.310 0.450 15 175 85.9

YT 20T H, BEE BN, HbF AR R
(A ok R 3 2 R R A B ARk, 4V A B T
BF, A 22 199 8 ol b 3 28 B A 3.190 pA/em?®, 24l A 100
mL BT, R AR il % R 2.010 pA/em?,
/0 T 1.180 pAlem?, B B 5B IAFR B34 i,
SRR ZR 11 JE ol b 370 285 B AR S BRI, (R R R A ) g 32
g as;, XIEE R BEE SRR RS,
Bi 5 W AR AR R P B A T A, 5 Sl 27
PhERE Y B N E A PRI B AR, Bk
R B AR IR g g e . k215
I, SR A R 92 il e i Kk 85.9%, BB
SR IR 500 mL 2l g 28 i

W 5% T 7 55 M A 4 3 S % ol o6 T A 2 SR E
Fixd b, HAHCEE W% 3.

R3 RELFERUHMEENRNZEMELE R

Table3 Comparison of corrosion inhibition rate of
weight-loss method and polarization curvetest %

77 8 WS A AR T mL

100 200 300 400 500
&K E L 36.9 53.4 70.0 84.3 86.7
M Ak i 28 1k 37.0 55.1 71.0 82.5 85.9

WA 5k
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2 3RIAI, JEE AR AL 4 i i) 22
RGO —F, 2HR/N . RE LIRSS R0
/IME A 36.9%, feKMH A 86.7%; Ttk Ak fi 275
S50 i/ IME R 37.0%, R KAE R 85.9%. 2Fh 7kl
TRITAF B TCIE I\ eR B A I R BUE s
HSASWI A, DRI, (RYE 2 185 Fn] I, B mAE
B A J5T Xl LA R R 2 R e
3.3 ARRBRREXBERSSW

Sl 7E B S5 A AT 240, 100, 200, 300, 400, 500
mL FIR AR RRIRIN 72 h )5 R T B
i 3 iR

b) 100 mL

a) 0 mL

1134 um

c) 200 mL d) 300 mL

80 pm

e) 400 mL f) 500 mL
3 4FEEREBRAPTERAEEHNARBERER
Fig. 3 The SEM morphology of pure copper
in mixed solution for 72 h

H 3 FTLAAS AT, BEE B, i %
AT A4 FLAIA R /NBR S A /0N, i LS AT sl .
HY G S A AR i E) 500 mL B, SR IABE
TRAH L, 2 2 T A FLR B B B b, HHALTR
/NI B AR /N, Gl Fe Tk TP . X ULE TR
VBB I BE A A 5 KRR B I 0 o i S ol 1
A, X5 RS AR IR 2Rk S g 4 R
WA -

4 Zig

TEWJE 4 1.0 mol/L il HCLERYEA J5t B 43 B AA
FH40, 100, 200, 300, 400, 500 mL Y H PV A4 & B 45
W, RARED . Wb 2 M B+ B s %
BT, MR A fETR G R . S
SEIRRH], 3P LIRS B 5 O i BT R
UF Gl RE R 2518

1) REFMALE R LI, PVA KBS RIS
WO Al B R A g e Ve, BB ik
R, HAREMN, ROy, g R a]
1% 86.7%;

2) WAL LML R R, PVA KSR
B 55 0 i B AR I gz o e, BB S
TIARBRR A, AR 04 5 ol H 5 R AN, Rl R
, HEMRAT A 85.9%, X —450 54 LS IR
SRR

3) A F REEER IR Iras KRR, bl
95 55 WO AR A 388 K, i 2 1T 194 F LR 5 0l
A SRR, JCHS A 500 mL B S5,
R TR R TP, ST W B B VX At e LA AR A
(BT E

% 3k
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