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Effect of hot isostatic pressing on corrosion resistance of
Zn-Al-Si alloy coating
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Abstract: The influence of hot isostatic pressing (HIP) on the corrosion resistance of arc spraying Zn-Al-Si alloy coating
was studied by electrochemical test, salt solution (3.5%NaCl, mass fraction) immersion test, scanning electron
microscopy (SEM) and energy dispersive spectroscopy (EDS). The results indicate that when the alloy is HIP-processed
at 150 MPa and 300 C for 1 h, the corrosion current of arc spraying Zn-Al-Si coating is greatly reduced, the passivation
phenomenon is promoted, and the corrosion resistance and protective life are improved. HIP treatment flats the surface,
improves the element distribution, greatly eliminates the pore structure. The porosity is decreased by 87.15%, occluded
cell corrosion and pore extension are avoided. Uniform element distribution, flat surface structure and dense internal
tissue are the main reasons to cause the reduction of corrosion current and passivation phenomenon.
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BALAEE, BRARI: PRI RR B R 2 AL
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JEHEATEAL, ARZILBRE TR T 89%, HAEREA T
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HAET, MJoA HAEF R BORFE Zn-Al RIR)ZE
FUBRA I . AR SOV ) FH PSS R B AR Ab #E L5k
WA Zn-Al-Si GaIRE, IR FURGE TR AL XY
JLA I bk RE PRI A

1 KL

1.1 RXEHE

FE PB4 2r 0 AR AL . AR T AR
W3R SR IERISVERAE, R 2RI ihyS Fl
JCARED, ARG XRFE R TR T AL ], miib
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Table 1 Technological parameters of arc spraying

Spraying Spraying Spraying Atomizing
voltage/V current/A  distance/mm  air pressure/MPa
38 170 170 0.6

1.2 PAEH#ELE

HIP I Z AR HTHE 45 P2 0 L 23 8 1R
WAARIR B BEAR S L) 92%~98%, ARG H N HIP
PEE AT, W, FHEEBEM R
TaEP, B HIP B R, LR AT R
Zn-Al-Si WR)ZABILBL, AR TALBRI A, RIA
AEFE R EETZ, HIP AH T E 55004 2 iy,
THBUE %34k 6 °C/min, HIP Ab3 58 15 B VA 21,
FETEA BN T(LE 99.99%), f A58 IRE 23 5l
RFE 1y 3R 2 FHAHE 3.

R2 Zn-Al-Si FEIRAAER RGBT 225
Table 2 Technological parameters of hot isostatic pressing on

Zn-Al-Si alloy coating

Sample Temperature/ Pressure/ Holding
No. C MPa time/h
1 200 60 1
2 250 100 1
3 300 150 1

1.3 KSR

Bl A7 A th 2t : R A CHI660D 2 Hifh 2 T
YEus, REERSF A 10 mm X 10 mm, SR+,
B R R AR S AR, A = ARk R G0 A A i Bh
R WRARTH R AR S L. )20 TAE L ))
TR NI TR R b Tk B E T il
A7, B R MR v rh AT R A 2,
1 IR EE N 3.5% (it 73 20O NaCl 7K AE A Hifig
JEORR o P AR RS TR AE B 2 30 min J5
PREATIINA, AR 0.01 V/s.

KR T RS JB/T 6073—1992
HE, EWIE M 3.5%NaCl (RIS HEA T, BE0E 6 d
e — IR, 58 W AR T i

URIZAUBRA I E < B 2 RS AR T T 4 AR
FE, SRIGAEFIHE LB X R FEREAT W5, R
Imagepro-plus B 7 AT A B R K FE AR A T /b 2 o
5, MERE LR

2 FHR51R

2.1 HREMUBLFIK D D
2.1.1 B

Q235 A IR Zn-Al-Si 754 =80
1) SEM B Uil 1 fivr. WESEREG S RL, J2/E
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Bl 1 Zn-Al-Si #2400 ¥ SEM &
Fig. 1 Cross section SEM image of Zn-Al-Si coating

%15, K225 200 pm.

X R R Zn-Al-Si & 494 )2 14 HIP Ab B 5
(¥R ZATHR B, A K 2 B,

Kl 2(a)~(d) T 53 o AR A B L R 1.
2 FRAAE 3 MR IS, R 2 WTLUE H, £ HIP
A JE R 2 A FL R R ST I i/, kA 2R
S INEE . KA Image pro-plus K55 Hr 44401
WIEALRRR, LR 3 Frol, K24 HIP AH 9%

JEFLBRRE R, A5 12.14%. 3 B HIP T.2(200 C,
1h, 60MPa; 250 °C, 1h, 100 MPa; 300 °C, 1h,
150 MPa)Z3 MER 2 LB 2 8.37%. 4.81%A1
1.56%, 1% & KA /E mid s R O E R = ERTR, TR
TGRS N, WOk R e EA YR, FLBR
FESZHI, AFAHRZFLBRRIN, e B,
KHH HIP(300 'C, 1h, 150 MPa)kbBR )5, ¥EFLE#*
BT 87.15%, FLBRIEAERR .

£3 Zn-AlSi REILBER
Table 3 Porosity of Zn-Al-Si coating

Sample No. Porosity/%
Untreated 12.14
1 8.37
2 4.81
3 1.56

2,12 FKIHEH

Kl 3 (a) F(b) T 7~ 23 ) Jhy o Ak B S FILEE 150
MPa, 300 C. 1 h HIP A3 5 £ 5 R TTESUR G %
I3A. tHIE 3 ATLUE Y, ARAERRE S R RS 5 )2
WALV RIS, 252 2 A S BRRIALI o

| (©]

El2 HIP A PG E TR Zn-Al-Si iR 1H SEM {2111 5% 00

Fig. 2 Influence of HIP pressing process on cross section SEM image of Zn-Al-Si arc coating: (a) Untreated sample; (b) Sample 1;
(c) Sample 2; (d) Sample 3
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B3 Zn-Al-SiERETESR IR A

Fig. 3 Surface morphologies((a), (b)) and element distribution((c), (d)) of Zn-Al-Si coating: (a) Untreated sample; (b) HIP-treated

sample; (¢) Al; (d) Zn
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HIP 4L FEFT 300 °C 1 h. 150 MPa HIP 4b B X4 2 fiif
JE Bl RERE R, AL E B, AEAH R AL AL R,
JE b A LK R B . WIES LR, RACBEFE S
F1200 C. 1 h. 60 MPa HIP KbBEAE Hh AR AL 2k K
PR & ARk L 2 R R A FAST P 8 K PRt
ETF, A AT IA F-0.75 V BTN, WAk Bl s T
T ZE . 250 'C. 1 h. 100 MPa HIP AbFEFI
300 C. 1.5 h. 150 MPa HIP 4bFEAE AR AL h £k AE
—0.7 V T R BT A, ARk A B T U R
BT, ML T RIS, X5 HIP ABSET
Al-Zn-Si VR A LR E5R R 153 3 DA G o



2886 A G A R

2013 4£ 10 H

Untreated sample

HIP (200 °C, 1 h, 60 MPa)

HIP (250 C, 1 h, 100 MPa)

HIP (300 C, 1 h, 150 MPa)

4 FEAL B HLRL AR AL 2k

Fig. 4 Potentiodynamic polarization curves of samples

F 4 Zn-Al-Si IR)ZAE NaCl Wi (AR Ak i RFAE
Table 4 Characteristic value of Zn-Al-Si coating’s

polarization curve in NaCl solution

Sample Ocort! Jeon! Jo! Jp/
No. \Y% (Aem?)  (Aem?)  (Acem?)
Untreated 46 1 75% 1078 - -
sample

1 -0.900 0.25%10°8 - -

2 -8.883 0.09X107° 1.58X107° 5.01X10°

3 -0.858 0.07X107° 1.25X107° 3.97X10°

2.3 #K(B.5%NaC) L2

Kl 5 B Al-Zn-Si ¥RJZAE 3.5% NaCl K
B as gk, LS harUE Y, R il 25 ith 2%
R AV e AR A PR HLIP 30582 T et RO 1 1) S 7
#5). UWHIZ HIP L3S, RS e SR K i 5 e i
R, TR AR, X S Ak g o ATl R
o NGRS, REBFEMAIZ 200 C. 1h,
60 MPa HIP AbFEFF 5 7120 K20 20 d J5, Jot & 2 i
LIRLETFUG NI, XA RN Al-Zn-Si G802
FRD JE = A0 (i e TR B 7K £ 25 ) 1 i LB B A
M, XL IR EF R K SR T K, ZE S (e
JER BT ZFUBAL, FEASSART K7
BB B A TP S PR (0 gy A3 O™, A ke
FOBHIE R, s R R R, (FUE P — EAL T il
IR, UL AR AL EEFE & F1 200 “C L1 h, 60 MPa
HIP Ab#RE S = B IN S,  IXAES) Fa A il AL i
LT LUESE . 24250 °C. 1hy 100 MPa HIP 4t
FEAIZE 300 ‘C. 1.5 h. 150 MPa HIP AbHEFE & A 65 il

WIUEHT Bod A 5 R A BERE RO AT, BN TRZ 25 d e
FE IR TR TR, IR TrgE. XR N R A
TS, X CAERA 2 b A RESE, Bl
MRS A: T BR e, B TR E— 2D b,

0.12
0.10
£ 008}
&
€ 0.06f
on
3 L
S 0.04
=—Untreated sample
0.02f e—HIP (200 °C, 1h, 60 MPa)
a—HIP (250 °C, 1 h, 100 MPa)
. _ v—HIP (300 °C, 1h, 150 MPa)
0 5 10 15 20 25 30

t/d
5 Zn-Al-Si VRJZHE 3.5% NaCl ¥ i il 2 i 26
Fig. 5 Corrosion mass gain curves of Zn-Al-Si coating in
3.5%NaCl solution
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P FLBR A BRIZ A, FLBR AR oin ), 46 2
TEAH TR AR E, LR A2 Ay P 2 v b o ol 4] 6(b)
Fi7m 2e 300 'C 1 h. 150 MPa HIP ZbFAE G 1 i ik
TES, AHLEARACERE S, AN A R DA LB
240, HL HIP ALFEMK Zn-Al-Si #5408 2 AL Sk 4
B MARRAZNRZ AT, ot B R AR T
HHAT. XEF N HIP AH S, Zn-Al-Si S48 20
FUBREEAE R, o B P A R s T, VR
AR AFURFNSERGUR ok, T JE P B B

2.5 HIP AIEBXF Al-Zn-Si & E IS % e B &2 M
HIE
1) Al-Zn-Si R ZAT HK AR AT, 6 il
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B 6 MmO ES & EDS e i

Fig. 6 Cross section corrosion morphologies((a), (b), (c)) and EDS analysis: (a) Untreated sample; (b), (c) Treated samples; (d)

EDS analysis of signed zone shown in Fig. 6(c)

WA e A R v ol B R R A BT L L, T e 2,
BB E B RAER], REZR)Z I, AR A BT
XTEF RS HR Z LR G, SEORZ K AEHZEH
M B 7 FoR o Al-Zn-Si 2 P 2E Ha it g ol
RUREE. W7 PR, BRI ES, U
WANERBERIRZE, AMBAY TR 5 4, B TR
T FERIIR S AT AN EAT : 2H,0+0,+4e=40H
BHAR SN AE N BB3EAT: Zn=Zn*'+2e. AI=AI+3e.
THERN- A2 EBME T, ERBEHT, 4t
o CLIL R BISLER N8, (RIS <6 a8 25 1 R A K fie -
Zn*+2H,0—Zn(OH),+2H"; AP"+2H,0—Al(OH);+3H’,
s HOUKRBERG I, pH (A R, MIZEX AN CI & H'YE
HEG R R R, S CLUITRE RS I, pH (i — P FAK,
PR RSO 2Y, A R g 1 5 i AL R AN T i ¢
Wb RIZFLBRIRS R i e . BHRIRIZ R
TR AN T2 5 R A CLRORBEA 27 35 S ol = ) J = TR
FFEAL-Zn-Si B a8 2R AR 6 8 E80% 15
b P T B A B

n%t mﬁyg
0 s

Matrix

B 7 Zn-ALSi ¥RJZ 1 JE B R R R ]
Fig. 7 Schematic diagram of occluded cell corrosion model of

Zn-Al-Si coating

2) K PEEF RN Al-Zn-Si V& R EA T Ab B,
fHFFR A SR VAL, AR T B 8 =i %
BRSERE BRI B SIR)E Zn SR AT, Zn ()
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Kb P ZE LB ok, FRAIR T R Bk, HAT R B4
BRI, S TR PR .

3 Zig

b=}

1) X%H HIP (200 ‘C. 1h. 60 MPa). HIP(250 C.
1 h. 100 MPa)f1 HIP(300 ‘C. 1h. 150 MPa)%{Hi3Kk
iR Zn-Al-Si GBURIZ AT B, FRAS T URIZ LB
K, A REER B I T R AR BRI, FLBRUR R T
Ftash, 245K 300 'C. 1h, 150 MPa HIP AbHijR )2
I, SLBRRAA 1.56%, BRIGRZ LR TR T
87.15%, FLBRFIEAEFR; 300 'C. 1 hy 150 MPa HIP
Kb PR Zn-AL-Si VR 2 T HE DR SR S by e Ay 50 1
Ly, S TIRIZAR iU

2) K% HIP AbHHLYNBTR Zn-Al-Si & E0R)=
1t 3.5%NaCl #H AL, BRI T iRZ 1B
FrkRE. FLERARSUN R i e . PUBTRIR Z R 1)
AP BEGER R CU IR 8B E ], =R T 5
Al-Zn-Si GEIRIZRTANGE Y e RS 1) J6 ™)
JEC T = A Bl AL IS

3) 300 ‘C. 1h. 150 MPa HIP b3 (&% T 1208
TR AR, VRIE PR st RE KRR . HIP &b
HEE TIRIZNR IS M, (2df AlL Zn JOZRBEAR L
351 A (L AL JCEAE Rl R AR B ), R4S
B IR P S A I Zn-Al-Si & 4027 Ak
WA ELERER.
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