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Corrosion inhibition of hot dipping Zn-Al alloy coated steels by
heterocyclic compounds in diluted HCI solutions
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2. Graduate School, Chinese Academy of Sciences, Beijing 100039, China)

Abstract: In order to find chromate-substituting inhibitor in finishing process of hot dipping coated steels, the inhibition
effects of nicotinic acid, acridine and berberine on the corrosion of hot dipping 5%Al-Zn and 55%Al-Zn alloy coated
steels in diluted HCI1 solution were investigated using mass loss test, electrochemical measurement, and scanning
electronic microscope analysis. The results indicate that these three heterocyclic compounds, especially berberine, can act
as good inhibitors for both kinds of Zn-Al alloy coatings in HCI solutions. These compounds can adsorb on the coating
surface by chemical adsorption with single molecular layer by following Langmuir adsorption isotherm. Nicotinic acid,
acridine and berberine, therefore, are effective and environmental friendly corrosion inhibitors for 5%Al-Zn and
55%Al-Zn alloy coated steels in diluted HCI solutions.
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S0 AT FHAE R T HGR B 5% 55 —FE(Galfan, GF)
1 55%55—FE(Galvalume, GL)& &4E 2800, A4 5
WAREREN . o 5% ER—FF & S0 2 AL S R 2.0
mm, PEE 15 um; 55%50—FE A I ANAORE B R
1.0 mm, H)ZJE 25 pmo JUE 2k 525 B A R
S 52 emx52 em, iR, EVE. TR PR TR
Ji, P IRZ B0, A o 5 B 1) AR 1
¥J745.0 emx5.0 eme LA R B R 1.5
emx1.5 cm, WG, VL. T REHRE, T/
AR (1) 2 F TR 1.0 emx 1.0 em, &8 PR 1 PR IS G
THE &R .

1.2 RF

JH TR N DAL AL A IR w) S, 2l Bk
99%; MYIE M Sigma-Aldrich 28 7%, 415 A 98%:
ZINBER EH T B B 2 BR A mI AL, 4l 99%LA
by BRI A T AR IR B R (37%) -

1.3 FFEEEALMNR

A8 v BT FH 3R M HRG2 0% 5% iR —FERT 55% -
G G S AN A [ R 155 R 8 v 19 16 et HLAS7 (OCP)
BEET IR AR . TAE AR R PR A S8 4N
B, SRR A B G B4 MR T R F k. Eh R
W 205 0.05. 0.104 0.204 0.50. 1.00. 1.50
F12.00 mol/L.

14 REWBENMIR

FUEB RIS U K bR GB10124-88 $14T .
SRRV DL SR I T FR B OCP il abAf o2 5 2%
AP TR EEYE LA 1.0x107°~1.0x1072 mol/L.

TR BRI B BR MBS UG T AR
o ARFEAEAEINA IS P)JE I FURAR m, A1
FURIBH BT R mo 1% TSR 9

moy —m;

M = %100% (1)

mg

15 ®BFEiR

H AL 2 AR ] EG&G Parstat 2273 Hi AL 225
REGACEW NIAT, SRR BRI A PR ]
JFEBU MR SR AR R, RS 4
BEZANBCN TAEHAR, AR A % A, R H R
Wk 2t 24T % P AV RS S AT LR 2 BT
X, LA R 10 mV, FZIEHIY 95 kHz~0.050 Hz.
2 PR AL i 241 1 9 Bl (vs. OCP)A—20~20 mV, 14
HEEHR 0.166 mV/s. MRAEFEAEIAZLIME SV I
WAL HLBE Ry, A R P AR AL LR R, o 4% F 3T
R EE

i R 0
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2 HEREHE

21 FMEREEEREN OCP ik

S TR AR AN AL S MR Y S0 4, AR
FURE SR T PR EEER B B R AR AN [V P R IR
Hf OCP—t gk, ULIE 1. BH g nr 43y 3 AN X 5k
PRSI, R 2 N TF % AL R -1.0 V 2247,
ST R B G H AR SE Al B i e AR
PR, B2 b R ER AR [ I A B S S RN R [ IS
WA IX I, BT 4E—0.6~—0.7 V N A8k . SIMPSON!!
FEDE JZAPRE RN FEg ol S 56 vt 75 B SR AL 25 2R
HRAE OCP ML, I, W o ot 45 2 S0 P e A 45 A1
N S%E-REE SR, RIS 0.20 mol/L, %
HI A4 1.0 hy S5%EE—EEA 4082, EhFRIEER 0.50
mol/L, FEHIINFAI2Y 1.5 he
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Fig.1 Open circuit potential—time curves for hot dip coatings
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in hydrochloric acid with different concentration: (a) 5%Al-Zn

alloy coating; (b) 55%Al-Zn alloy coating
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Table 1 Inhibition efficiency obtained from mass loss test (/%)

CIBH, 3 PR A I R EEes & &858 2 a0 3
A RIFIIZZMAER . B R IMb SR EE I n, 9%
JEEA R o 458 SRS T 2 Tl A U A BT 1
ISR E T 1.0x107° mol/L I, 22
BN R N o MIREIAS] 1.0x1072 mol/L Y, 2%
MUSCRIE B . T S%R—EEA SRS, R 2%
TR B s 88%, T WY W /N BRE R Py 5t vy % b 43 %
BRI 94%; ST S5%ER-Br a2, v
PR EAR, JHER Y B B R IA 2 93%, 1T RY e R
AINBER 1) B o 8 R TR 97 %

S 1.0x107° mol/L 24Kk &M ERiR T,
JEX PR A 8 2 2 SR M g i 1] 2 FE 3
Pise LA, BEEELEER TS 3 Fhae b &40
ZECR AR . IXLTIX 3 bk & I i W B A2
ERLRT I 75 A 2R GE JB vh A FH o ik T v
I, ZREME G5 T BRI, W AR AR R
I 2% IR & 5 F 9D, SRR BRAK . ald
Arrehenius 23 3R] H TS 2 L T TR AL E,:

E

1chorr =1gA—m (3)

K Reow NEPURSLIAT R R MIEZ; 4 4
Arrehenius #15; R AEEREMEE, T ALHEE,
3 MR AWILE SYbE—5F A S 2 R TR B s AL
REZM N s JHAR 42.3 kJ/mol;  WYBE 51.2 kJ/mol; /NEE
fi, 55.0 kJ/mol. TMI{E 55%H—8F 7 495 22 R it 1)
TEALBEN Yy MR 48.8 kJ/mol; MY BE 54.1 kJ/mol; /s
BEB 54.8 kJ/mol o FH 3 T WS FRHS A0 BE 1 28005 w] LAAHE T -
TR WY 52 A0/ INBE R, 231 45 0 3o A2 B g Q2T
TEPRFIEEER A S AN R R T

5%Al-Zn alloy coated steels

55%Al-Zn alloy coated steel

¢/(mol-L™")
Nicotinic acid Acirdine Berberine Nicotinic acid Acirdine Berberine
1.0x107° 57.18 13.20 46.08 5.40 59.64 54.70
1.0x107* 71.80 33.80 79.70 30.19 88.56 83.97
3.2x107* 78.54 62.70 86.52 54.49 88.84 88.61
1.0x107° 85.43 86.98 91.64 87.31 90.75 91.52
3.2x107° 86.94 92.28 91.74 93.34 94.57
1.0x1072 88.24 93.71 93.60 93.23 97.23 97.35
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Fig.2 Effect of temperature on 7 of 5%Al-Zn coated steels
immersed in 0.20 mol/L hydrochloric acid containing 1.0x107

mol/L inhibitors: (a) Nicotinic acid; (b) Acridine; (c) Berberine
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Fig.3 Effect of temperature on 5 of 55%Al-Zn coated steels
immersed in 0.50 mol/L hydrochloric acid containing 1.0x107>

mol/L inhibitors: (a) Nicotinic acid; (b) Acridine; (c) Berberine
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Fig.4 Nyquist diagram of 5%Al-Zn alloy coated steels
immersed in 0.20 mol/L hydrochloric acid containing inhibitors
with different concentrations: (a) Nicotinic acid; (b) Acridine;

(c) Berberine
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Fig.5 Nyquist diagram of 55%Al-Zn alloy coated steels
immersed in 0.50 mol/L hydrochloric acid containing inhibitors
with different concentrations: (a) Nicotinic acid; (b) Acridine;

(c) Berberine
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Fig.6 Equivalent circuit for 5%Al-Zn and 55%Al-Zn alloy

coated steels in HCI solution
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Table 2  Electrochemical parameters for 5%Al-Zn alloy coated steels in free and inhibited 0.20 mol/L HCI solution

o o Eeon(SCEY/ R,(EIS)/ Cq (EIS)/ n(EIS)/ R,(LP)/ n(LP)/
Inhibitor c/(mol- L) mv o F 9% o 9
Blank 1015 9.40 3.69x107° - 10.8 -

1.0x107° 1010 14.0 2.68x107 33.0 14.9 273

1.0x107* 1 008 17.4 1.79x107° 46.1 17.2 37.3

Nicotinic acid 3.2x107 1001 27.3 1.18x107° 65.6 30.3 64.4
1.0x107° 1 000 33.5 9.42x107¢ 71.8 34.9 69.0

3.2x107° 999 42.8 5.28x10°° 78.0 425 74.6

1.0x1072 996 57.2 4.55%10°° 83.6 57.1 81.1

Blank 1010 9.40 3.69%107° - 10.8 -

1.0x107° 1010 13.3 2.83x107° 29.4 14.6 26.0

1.0x107* 1007 19.4 2.67x107° 51.5 19.5 44.6

Acridine 3.2x107* 1 007 25.8 1.25x107° 65.6 27.0 60.0
1.0x107° 1 004 40.5 5.21x107¢ 76.8 40.7 73.5

3.2x107° 1002 56.2 4.50%10°° 83.6 56.5 80.9

1.0x1072 998 58.3 4.15%107° 84.0 59.1 81.7

Blank 1010 9.40 3.69%x107° - 10.8 -

1.0x107° 1010 29.3 1.71x107° 67.9 28.8 62.5

1.0x107* 1 004 39.2 9.74x107¢ 76.0 40.9 73.6

Berberine 3.2x107* 1 002 43.7 4.75%10°° 78.5 442 75.6
1.0x107° 1002 47.7 4.60x10°° 80.3 492 78.0

3.2x107° 999 56.8 4.50.x107° 83.4 57.0 81.1

1.0x1072 998 56.9 4.49x107° 83.5 57.3 81.2
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F 3 S5%EFEYE A A AR NG MR 190.50 mol/L BRI K 4% 1 JEC 85 it ) LA 2 S 8
Table 3 Electrochemical parameters for 55%Al-Zn alloy coated steels in free and inhibited 0.50 mol/L HCI solution

o o E.n(SCE)/ R,(EIS)/ Cy(EIS)/ #(EIS)/ R,(LP)/ n(LP)/
Inhibitor c/(mol- L) mV 0 F % o %
Blank 995 124 5.10x107° - 12.5 -

1.0x107° 994 28.1 9.80%10°° 56.1 29.8 57.9

1.0x107* 988 35.2 8.10x107° 64.9 37.9 66.9

Nicotinic acid 3.2x107* 991 48.5 7.82x107° 74.5 48.5 74.2
1.0x107 991 70.2 6.03x107° 82.4 70.2 82.1

3.2x107° 987 75.4 5.61x10°° 83.6 75.6 83.4

1.0x1072 985 80.6 5.50x107¢ 84.7 80.6 84.5
Blank 999 12.4 5.10x107° - 12.5 -

1.0x107° 995 33.1 8.30x10°° 62.5 34.8 64.1

1.0x107* 995 81.0 6.69x107¢ 84.7 80.2 84.4

Acridine 3.2x107* 991 106.4 4.51x10°° 88.3 105.4 88.1
1.0x1073 989 118.6 3.83x107° 89.5 119.0 89.5

3.2x107° 987 168.3 2.90%x107° 92.6 169.9 92.6

1.0x1072 978 256.8 1.90x107° 95.2 264.3 95.3
Blank 1010 12.4 5.10x107° - 12.5 -

1.0x107° 1010 32.3 8.42x107° 61.6 33.5 62.7

1.0x107* 999 78.8 6.08x10°° 84.3 79.1 84.2

Berberine 3.2x107* 995 93.6 5.10x107¢ 86.7 95.9 87.0
1.0x1073 992 125.3 420%10°° 90.1 123.0 89.8

3.2x107° 991 171.4 3.00x107° 92.8 170.0 92.6

1.0x1072 991 271.6 2.24x10°° 95.5 273.9 95.4

VB 22 ol R i A 55 B 0 0 & i i B 45 il
A M 40 FE Frumkin, Langmuir, El-Awady Al
Freundluich S5 780G . 45 R ARIIX 3 Fhog i /14
JERRIR RN Langmuir WP 200, WE 7
FE 8 Fio. BHUbrT LAAENT: HER . WY e Fl/NEERR AT
S%ER—FER 55% -1 G R R R R TR
WR R LR B 23 2 TB) AR ELAE T 0 AT DA g ANt

[FJIRY,  SRAEMR B 737~ < Je R T AH ELAE T R s v
A e T d R A AR

AG®
K=——exp| - 5
55.5 p( RT ] )

X 55.5 7K T IEEIREG R OWEE/RURTEG K

WP I FR T H R B 7 RN 8 e 4 (B IR
P SAS s T 0 298 Ko 3 FiZ¥IR LA #7E 0.20 mol/L
ERIR T 55 SRR A E A HAE F AR AT T A
HHAEST 0 A HHPR—33.63 kI/mol; Y BE—33.75 kJ/mol;
/NEERH—36.76 kJ/mol. 7E 0.50 mo/L 2+ 5 55%%—
B AR A ELAE R bR UE S AT A B Re o o .
1%—32.40 kJ/mol; M BE—34.14 kJ/mol; /NEETH—35.05
kJ/mol. H AN H tHBEMEE R, 3 P HLgE i) 53
T AE PR A G 2 3R T 1 VR B Ay 1 5 11 40 27 IR
I}ﬁ[lz, 15]o

24 FREFFRIFBERS
PRI AR o 2 WU AR IR NN I G2 b ) ) S 1R
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Fig.7 Langmuir adsorption isotherm fitting for heterocyclic

compounds on surface of 5%Al-Zn alloy coated steels: (a)

Nicotinic acid; (b) Acridine; (c) Berberine
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Fig.8 Langmuir adsorption isotherm fitting for heterocyclic

compounds on surface of 55%AIl-Zn alloy coated steels: (a)

Nicotinic acid; (b) Acridine; (c) Berberine
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Fig.9 Surface morphologies of 5%Al-Zn alloy coated steels immersed in 0.20 mol/L hydrochloric acid with and without 1.0x107
mol/L inhibitor for 1 h: (a) Blank; (b) Nicotinic acid; (c) Acridine; (d) Berberine

Bl 10 55%FH—BF A G BRI 1.0x107° mol/L 2B 711K 0.50 mol/L #h1% J2 % I1JRHK 1.5 h Ji5 (¥ i 3
Fig.10 Surface morphologies of 55%Al-Zn alloy coated steels immersed in 0.50 mol/L hydrochloric acid with and without
1.0x10"* mol/L inhibitor for 1.5 h: (a) Blank; (b) Nicotinic acid; (c) Acridine; (d) Berberine
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