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Corrosion Resistance of Various Materials in Molten Metal

Mitsuo Naxracawa, Junji Saxai, Takahiko Ouxoucw and Hitoshi OukosHr

Synopsis :

Corrosion resistance of various materials such as iron and steel, cermet, cermet-coated steel, ceramics and ceramics-

coated steel was evaluated in molten zinc, molten aluminum-zinc alloy and molten aluminum at 470, 600, 700°C,
respectively. These temperatures are commonly used in continuous molten hot dip-plating line.

The results are summarized as follows :

(1) All iron and steel samples tested were corroded in metal baths. But the corrosion amount was found to depend
on sample composition and increased in the order Al> Al-Zn>>Zn bath. Especially, the samples were severely corroded

in the agitated Al bath.

(2) All cermet and cermet—coated steel samples tested were corroded. Corrosion amount varied with the composition

of metal bath, composition and amount of bonding metal for ceramic particles.

(3) All ceramics and ceramics-coated steel samples tested were neither corroded nor markedly reacted with molten

metals. However, vanadium carbide film was partially crazed and peeled off when tested in the agitated Al bath.
Keywords : hot-dip plating ; molten zinc; molten aluminum-zinc alloy ; molten aluminum ; corrosion; iron, steel; cermet;

ceramics, and coating.
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Table 1. A list of specimens.

1. Iron and Steel
: Chemical Composition (mass %) gth Heat
Matenals [ S Mn N Cr Mo (MPa)|Hv (GPa)| Treatment
Electrolytic Steel - - - - - - - 0.7 Anneal
FC 200 322 | 1.89] 0.70] 001 ] 0.04] 0.01| 220 | 25 | ditto
S45C 0.44 | 0.19]| 073 | 0.03 { 0.05] 0.02] - 1.6 | ditto
SUS 304 0.06 | 0.14] 0.85| 9.67 ]| 19.3] 003] 540 | 1.8 [ ditto
SUS 316 0.05] 0.34 | 0.93] 132] 16.9] 257 580 | 1.9 | ditto
2. Cermet
: Chemical Composition (mass %) _| Strength|Hardness| Density
Materials |5 oo T [ B T N [ & JoaPall @Pa) oy o)
WC/Co 88 | 12 - - - - 2000 | 14.0 | 143
MooNiB2 /Ni (1)] - - |528] 60 | 342] 020] 2100 102 | 9.43
Mo NiB2 /Ni (2)] - 38.0] 43 | 49.8] 0.04] 2400]| 7.1 9.40
3. Cermet Coating on Steel
. Chemical Composition (mass %) Bace | Coating |Thickness
Materials = CrCa] TiC | Co | Ni_| Cr_| Metal |Method | Tr(um)
WC-TIiC / Ni 50 - 33 - 17 | - [sasC | spray | 250
Cr; Co / Ni - 75 - - 25 S45C | ditto 150
4. Ceramics
. Chemical Composition (mass %) | Strength|Hardness| Density
Materials 1o 1A, [¥205 | AN [ SIC_]_C_|‘asMPallt (aPa) oy g’
Sialon 85 | 5 7 3 - 800 | 15.0 33
SiC - - - 99 1 500 | 24.0 3.2
Al,0 5 - 999 - - - - 300 | 15.0 3.8
Sic/C - - - - |73 25 80 - 29
cIC - - - |s0/50] 400 - 1.6
5. Ceramics Coatlng on Steel
Chemical Composition (mass %) | Base |Coating | Thickness
Materials AR O3] ZrOz | Cr MgO | SiOz | VC | Metal |Method | T, (xm)
ZrO2 - 92 - 8 . S45C | Spray | 150
Cr203 10 80 - 10 - | sa5c [epc M| so
VC - - | 100 | skD11| TRD 10

1) Chemical Densified Coaﬂng
2) Termo-reactive Deposition and Diffusion
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(a) Uncoated

(b) Coated

Fig. 1. Shape and dimension of test pieces.

YN ZHCTHERIZLI:OL, =470 X —-X%
THRZPHZE UERCH L, FIZ, EBRICEN-T, 7
+ b R THEERESFPITCAEDERE LI

2.2 #E ”

HIFROTHR IR EE LR R L TEBH T THEOFE
T, BEHR - EERERRME L F OFMEY T S 2 RBREE Y REL
72 REBEBTK, HWRMNBSFNOFMERBRP IR 2§
1k, 2RI BEIL LV OIRE L TR OFEME 2 FHE T 5
ZEDTES 5, 2OMEAEX Table 2 2R T, fix DA, &
HEE AP THREIEES0CE TORERY TRETH 5,
2.3 Hx

BIEE W Fig. 2 ¥ & 'Table 3 (iR T ik & U5M4-CHl
L. Thbb, HEIIMmMDREF RS vE—DH.Ldh

51

R 31 5 ZHEAMR O F R

Table 2. Specification of experimental apparatus.

Item Specification
Method Resistance
Heating Capacity D250xH150
Temperature 800C
Loading Air  Cylinder | 10-100 N
Rotating Servomotor 20 -800 rpm
Displacement 2mm
Measurement | Torque 2N-m
Temperature 1200C
Environment Gas Air, Argon, etc.
Liquid Oil, Metal, etc.
|
(¢g1o)
|

! rotating shaft

=) (sialon)
outer backet ‘ - ¢ 18°)V
(SUS 316) inner backet T.P. holder P. hold
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Fig. 2. Schematic drawing of test piece setting in
corrosion tests.
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Table 3. Experimental condition in corrosion tests.

molten metal Zn [Al-Zn| Al
temperature (C) 470 | 600 | 700
immersion time (h) 5
velocity [ stationary 0
(m/min) [ agitation 15.7

-
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Fig. 3. Corrosion amount and corrosion rate of iron
and steel in stationary metal bath.
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Fig. 4. Corrosion amount and corrosion rate of iron
and steel in agitated metal bath.

52

ALDHH 3 & IV 1- 5 BRI L 72 sRBRUT oS %
Fig. 5 (R T B2 00 TR 5 L BREEY B 5 MR
ORI % 2 L, BN ORI (2 1Al AT =
HLTC 3, —F, ERBT AL QT T o
B ENBICOCTR S LEAS mmORAERF IXFC200% & 3
FTRTHEML, MLOBALL LD LB bR S,

Fig. 5 (R LB TR E LIcRRBR I O TR IE® T
v 5 FC2005088 1 Wi = 0 T, 3SR T35 4% O SEMAR
EDX iz & 2 Al¥ & UFeDHthFER #Fig. 6 2R T, 24
X b, Fen VERALT i U, Fer ~IERIAID %5 k08
2o Tl BT, EEANCH L TENZL C ek L1
2BD75774 FDL I HTFet AIDKIBHHIH 3 L3

Fig. 5. Appearance of iron and steel after 5h-
immersion in stationary and agitated alumi-
num bath at 700°C

SEM micrographs and X-ray images of
cross section at surface of FC200 cast iron
after Sh-immersion in agitated aluminum
bath at 700°C.

Fig. 6.



729, By OB S TEEBEY D LoD L
Bbirs,

ERLTRSN I & 2 SRl DA TE IX Daniels?, T 5235 &
CFEHLIC L - T, 2RIERMT7 v I = v 210 & 588008
DBEBIIIMEOVC L > THMIIFAI N T E2DT, 22
TR FT—X L L TORBHDAIZILED 5,

3:2 Y—Ay bBLIUY—Sy MEEW

F—R v b I L CHHEMBORR Y — 2 v PTHEL
RO TENAHRCRIE LIZFEE S L (NEHEE Y
Fig. T 2R T — 2 » b3 X U — 2 v M REMIE, MK
LIV ERDEBDDET I v 7 RKFREALTV2E
B LIERER L P RD L THEEPR 5, FHEEMSE
BOMMLY— Ay MIEINIERORMEL ZOBIZL
V&R B, LU, ¥—R v F FOLBOE IR £

Corrosion Amount (mm)
0 02 04 06 08 1.0 1.2

(2) A
WC-TiC/Ni [ 2zn (470C)
on S45C 2:-Zn ((;sgg:g))

CracuNi s gt

0 40 80 120 160 200 240
Corrosion Rate (uxm/h)

Fig. 7. Corrosion amount and corrosion rate of
cermet and cermet coated steel in agitated
metal bath.

Fig. 8. SEM micrograph and X-ray images of cross
section at surface of Cr;C,/Ni cermet coat-
ed steel after Sh-immersion in agitated zinc
bath at 470°C.

ERER T 3017 5 SEMR O FHEME

ZWER b, SEH X v IER A v, WC/Co, WC-TiIC/
Ni, Cr;C,/Nild, $k8i# & FARIZAL Al-Zn, ZnifDJET
B3 L5 v »%, Mo, NiB,/Nilk, Al& b bZn3¥s L (FAl-Zn
WHTHEE» Z E->Tv 53, TOBHAREZ>3 O LRV
P, NIOBPIE»DF—R v McHh~<T£L, NioFEFF
B IUBREMEIALL Y ZnlGEBL Ty 30 IliE
LB )V v 2R THs25I v 272 APESCHET
BIELLY, BRMZnPTIYEIBHELCVDOEREDLN
5, 212, KRBRLEPONIBML TEMEBORI51C
ZCTHNIDERIC L Y NIOERESHAECET I L
e EBbis DTN LRGSR TERT 2 EBHEILE
WMo TIRFBFRELTVRL,

CrsC,/NitB U 1: B % Zn@is T aBk L 1RO BRER
Fr W O3 b RS DSEM% L EDXIC & 3Fe, Cris & UF
ZnDHE S HHERFFig. 8 2R T., T L b, CrCo/NifkhE
~DIEMZnD W B, CrC, 2 #a L TV 5 Nidv R
MED GIEHT 512D CryCop R ICBTE L TV 2 8-HDT R
bid, > T, ¥F— Ay b2 ERBBPFTHEHAT 2 L
TRY— Ay FhOLRBIE, HEMER AT 2 IEBEIIK
CHDERREY, Lr»rb 20BRLERPMMREECIEDBS
Ths,

3:3 53w IRELUET I v RAEEM

Sialon, SiC, ALO,, SiC/C, C/CtZ I v 27 A¥ & '8k
D EE % Zr0,, Cry0;, VCE 5 I v 2 R THELL
HEHZ DV TZn, Al-Zn¥ & CAIERSPCRE L, 3UBK
HOBE LIEEBORERT- 12, 2 DR, REWICE
BB O EILED O NIz, T ROBA I b SRS R
CRonsm, BEBAECEMEBYET 5 LIS
BT 5 LCIHARB RO o0, IBfZnIs & NiEH
All, RBP L2 2 v 27 ABTTFEI A {LERR
2T, JANAFOBR¥HR 2 SH I L TEHELIRIBIC &
> THET 2 EEABT ANV —DE(LLBEDORMZRYFig. 9
% & 'Fig. 10427587, Fig. 9 » G AR Znic B L T, 3Zn+
4Cr,0,—2Cr+3ZnCr,0. 2 2 oI Z 6 v LB b
b, BHL, ZnORAIIE T —FR—21ZL I FHEEL
Tuv, 372, Fig10% 6 EBANCEI L T, 4A1+SisN,
—3Si+4AIN ¢ 2A1+Cr,0,—2Cr+ AL, O:; D 2 DD InhiHE
ZhrbDtBEbNRBHL, Sialonld F—FR— 22K V12
DHSLN, & LTEER LI, 70, AFEHBRTIEISICH4
Al=>ALC, +3SID it 2 v 2 L 547, BERIALY
ISIHTAREL, LD biIERMAITOSIEE»ECEA, TR
b b, SIDFERIMECEHE IR EERDORIBHEAALCHE
KT 5., 272, AED A A =X A TALSIC,OER bH 2 6
N5, B, VCRZ2DMDRALtZ I v 2 RAIZD0 T
FRIE e IGHHE 2 A WTREMEDSH b, EERORIGIIEHEC

BbOLEbNE,

AlFNAHFTRER L 72SICIm 2w TRERE OB, RE DK

SR B B s L FEDXIC & 5 REGEIZEDSI £ AIDKRSTHT

229 N



BB 230 & & $BVol. 82(1996)No. 3

500
2Zn+Zr0, =Zr+2Zn0
= -
g 400 |_3Zn+0.5SigN,=1.5Si+ZnsN,
i 1.5Zn+0.5A1,03=Al+1.5Zn0
= 300F
o)
o
C
8
O 2001~ 4/3A1,0, +Z0n=2/3A ZNAIO4
>
>
o 3Zn+Crp O3=32n0+2Cr
< 100
w
o 2VC=V, C+C
4]
b
L 0
g /____._——-—-—'6"’—‘
-8 3Zn*4(;rzo3=20r+32n0r2 4
g -100—
[7)
1 | 1

700 800 900 1000 1100
Temperature ( K)

Fig. 9. Reaction product and temperature depend-
ence of standard free energy change of each
reaction between liquid zinc and ceramics
tested.
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Fig. 10. Reaction product and temperature
dependence of standard free energy change
of each reaction between liquid aluminum
and ceramics tested.
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Fig. 11. Appearance, optical photogragh of cross
section and X-ray line profile at interface
between Al and SiC after 5Sh-immersion in
agitated aluminum bath at 700°C.
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Fig. 12. X-ray line profiles of cross section at sur-
face of ZrO, and Cr,0O; ceramics coated
steel after Sh-immersion in agitated alumi-
num bath at 700°C.
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Fig. 13. Optical and SEM photographs, and X-ray images of cross section at surface of VC ceramics on steel
after 5h-immersion in agitated aluminum bath at 700°C.
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