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A study on the Erosion Behavior of the Ceramic Sprayed Coating Layer
in the Molten 55% Al-Zn
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Abstract

Sink roll has been used in molten 55%Al-Zn alloy bath of continuous galvanizing line for sinking and
stabilizing working steel strip in molten metal bath. In this process, the sink roll body inevitably build
up dross compounds and pitting on the sink roll surface during 55%Al-Zn alloy coated strip production,
and the life time of the sink roll is shorten by build up dross compounds and pitting. The present study
examined the application of thermally sprayed ceramic coatings method on sink roll body for improving
erosion resistance at molten 55%Al-Zn pool.

In this experiment, the stainless steels such as STS 3161 and STS 430F were used as the substrate
materials. The CoNiCr and WC-Co powder were selected as bond coating materials. Moreover Al,Os-
71r0,-Si0; and Zr0,-Si0. powders were selected as the top coating materials. Appearances of the
specimens before and after dipping to molten 55%Al~Zn pool were compared and analyzed.

As a result of this study, STS430F of substrate, WC~Co of bond spray coatings, Zr0,-SiO, powder of top
spray coatings is the best quality in erosion resistance test at molten 55%Al-Zn pool
(Received July 1, 1999)
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Table 1 Chemical compositions and physical characteristics of substrate
(STS316L and STS430F) in test specimens (wt%)

Substrate Chemical compositions Thermal expansion
steel Ni Cr Mo c Mn Si Fe coeff. , (X 10°/K)

STS316L 12 17 2.5 10.03 2 1 Bal. 19.3

STS430F - 16 - 0.12 1 1 Bal. 11.3

Table 2 Chemical compositions and physical characteristics of powders used

for coatings (Wt%)

Bond coating

Chemical -compositions

313

powder weC Co Ni Cr Al Ta Y
CoNiCr ~ bal. 10.5 26 7.5 5.5 0.8
WC-Co 83 17 - - - -~
Top coating _ Chemical compositions
powder AlLO, 710, Si0, Others
Al:Oy base 49.8 33.4 15.8 1
ZrO; base - 65.4 33.1 1.5
Table 3 HVOF spray conditions of under coatings
Parameters Conditions
Powder CoNiCr WC-Co
Kerosene(psi) 117 125
Oxygen flow rate(SCFH) 1700 1700
Spray distance(mm) 360 380
Thickness (¢m) 50 50
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Table 4 Plasma spray conditions of top coatings

Parameters Conditions
Powder ALO; ZrO,
Arc Current(A) 500 500
Arc Voltage(V) 64-70 80-70
Ar(psi) 100 100
Ha(psi) 50 50
Carrier Gas(psi) 37 37
Spray Distance (mm) 50-100 50-100
Thickness(um) 200 200
Table 5 Formations of test specimens
Spe;\cllor'nen Substrate | Under coating Top coating BN Sealer TinT:f}EIr.)
1 STS316L CoNiCr Al,Os base powder - 288
2 STS316L WC-Co Al,Qs base powder - 288
3 STS430F WC-Co Al;O; base powder|  treat. 432
4 STS430F WC-Co AlQO; base powder | treat. 936
5 STS430F WC-Co Zr(O, base powder treat, 936

Table 6 Chemical compositions(wt%) and temperature"X) of molten 55%Al-

Zn
Element Al Zn Si Fe |Pb, Cu, Sn| Temperature
55%Al-Zn | 54~58 | 40~43 | )2.0 | )0.5 Tr. | 873%5
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Specimens

No. Before erosion test

After erosion test Specimens
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T'est specimens appearance before and after erosion test in molten 556%Al-Zn
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(a) Cross section SEM image |(b) Cross section SEM image
of Specimen 3 of Specimen 5

Element wt% Element wt%
0 29.95 0 20.60
Al 31.59 Si 17.32 |
Sr 9.06 Zr 62.08
Zr 29.40

(¢) Chemical compositions of} (d) Chemical compositions of
AlLO; base layer ZrQ, base layer

Fig. 2 SEM micrographs of cross section and
chemical compositions of ceramic layer before
erosion test in molten 55A1%-7n of specimen 3
and specimen 5

BAsl B 28 F Ao], = 28 3
ﬂ%i‘%z—ﬂ}ﬂ o #go| B .
AR 13t 264 2 WOCo 334 ALO, %
B3 Apolo] <l FLol

2olHE A 13 2& A

AL 129 £§ 75 Oﬂ/ﬂ CONICI’ 22 600 C-4

AN AAA ggo] ofs) Etee] £ 3 SO

24 EAL gyl EAN WC-Co ¥ 600¢Ce] #

AZE AAA LA Bt BE AY F2E2H
> A& fA87) dEolga adEn.

Algd 3L A=A AF F A WC-Co Z Alo]dl
A Fde #FE £ QAT WC-Co 23 ALOs &
Atolofj A Bl Al o] AARE AL BEAE ¢ Ut I}
a W STS430Fe) & Bae] B 38 2¢ WC-
Co & €3A7NA & 0‘% YA 7 2 ALOs
o 4 WEkoz FES AT FE dEE
¥ B4 AFE. EW Wz+gk o STS430F9
Zezo| W WC-Co & ZAg 87 F&3X|
ALO; 2& FAE Hds AFHE 4§ 25 93

MR oo of%

7td A %?4 e 2 HEIX E3ti WC-Co
23} ALOs 3 Aboldl TE& *’é*ﬁhﬂrﬂ Atz H)
Flg 4= NEH 39 AA AE F g g 2

REgrsBERArak 4184 $33E, 20004 61

EDS Tiq_. ‘Hx!.‘}"-'l é:‘l}"% L]’ﬂ"?ﬂ ZiOlU‘r. (a) oﬂ}\-‘ Ales%‘
of 2A43he d49 UYR7HA 2gF (d)dA EDS
W BEAE Zn FEi7t 9Xse AR Hop ALOs
d ZAse AAY YRR BFL §4FELR
e ojAe d B o FAE ALOs £ TY
o2 & %0 AFT AR Badr,
AW 39 AlE 3 AA AW g #EE AS
ALO; 29 BEHo R 7L 9o 3 97t #Ey
2}1‘/} Flg. he “21 ﬁ H'fl‘q' 7\51 ""?"—04 ALOs
25 A998 e BAA ALO:FY F F9(a, )
A B9 (h, Ao ¥ 4 TF 2 EDS A E 54
AHE vehd Aoltt. Fig. HolA & #4(a)& 8AL
oxte] AFAG mkol ~Z(splat) FFE 3
DAL H & ‘M(b)” AZYo] RFo| ol W3ty
Atte A& & F Aok E=F AR A gl HA
A A c)JJr -r( )& vwaE Al F Al Znel &
3] F7 et ANAECRE Si, Zro] Aag Ao
Hol &§ F&0] ALOs & WE JF3 ALO; T
EFANATE A& FHE F U

NEE 48 AR AR F WC-Co 33 ALO: & A
ol A ALOs 39 &4 8l & 4 Stk o] AL A
& 394 FAE WC-Co 3 AlLOs & AboloA
P8 Fdol Ax A Azte AFH wt ALOs
Fd A&3te OVJ % ?H:— S g dAg
AlLOs %ol C'*"'T o ]E} Fig 6'9‘ A ﬁr”'} 401
A ALOs 9] 8 & -"‘&:( o AL FEb, ) 44
91 g ¥4 #2 9 EDS A¥ £4 Z3E Uil
lU} Ay F A ga Abﬂﬁ‘r‘“EDsfé ik

nuo AY A(Fig. 2 a, ¢)3 A Wt

glon AL FE AR HladA ALOs Tl &
2 Z7sta Si R Zro] Fasy
7] 2o &g F£0) ALO; FoB AR Ao
e,

AEdH 29 3, 48 njmalRd STS430F7% ]
STS316LARY d3FEo| &7] WE] ALO: &

< om-

2 WC-Col Hald Axst=d QoM $Fdte
Ae & < it
AEH 58 AA A F WC-Co 3% ZrO, $ol

&394 stk Fig. 7€ A8R 59 A A8 A
(a, )& (b, )9 & ¥4 9 7r0, 3¢ EDS A
B9 Jebd Aotk AW 54 A A F =27
Wzt A ZrO, %ol —é*&lﬂ 4L AT F e
o EDS A% Hmold &8 I549 FAEA Al %
7n AEol A2HRA & Ao Kol 7r0, TLE
29 229 AEE Qe Ao E Hdd,

7r0, & @ W3 A7t ALO; TET 21 E=

316



Specimens

No. Before test

After test Specimens

AlLO,
base

CoNiCr

STS316L

ALO;
base

WC-Co

STS316L

ALO;,
base

STS430F

ALO,
base

WC-Co

STS430F

ZI'OQ
base

WC-Co

STS430F

Fig. 3 Cross section SEM micrographs before and after erosion test in molten 55%Al-Zn
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(a) Cross section SEM
image (X300)

(b) Al mapping image of (a)

(¢) O mapping image of (a)

(d) Zn mapping image of (a)

(a) SEM image of white ALO;
base layer cross section

(b) SEM image of black ALOs
base layer cross section

Fig. 4 SEM image and EDS-mapping images of
cross section after erosion test in molten

55%Al-Zn of specimen 3

Element wt% Element wt%
|0 28.81 0 30.28
Al 28.54 Al 51.84 |
Si 8.64 Si 2.28
_Zn 1.01 Zn 4,79
[ rrrrrr 7r 33.64 | o 10.82

(c) Chemical compositions
of (a)

(d) Chemical compositions
of (b)

Fig. 6 SEM micrographs and chemical compositions
of white ALO; base layer and black AlLO;
base layer of cross section after erosion test
in molten 55%Al-Zn of specimen 4

(a) SEM image of white
part (X300)

(b) SEM image of black
part (X300)

Element wt% Element wt%
O 25.91 (O 29.34
Al 32.02 Al 51.66
Si 9.11 Si 1.35
Zn 1.79 Zn 8.06
Zr 31.17 Zr 9.30

(¢) Chemical compositions
of(a)

{d) Chemical compositions
of (b)

Fig. 5 8EM images and chemical compositions of
middle-face (a) white part and (b) black
part in ALO; base layer after erosion test in

molten 55%Al-7n of specimen 3
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(a) Cross section SEM]|(b) Cross section SEM
image before test image after test
Element wt% Element wt%

0 20.60 0 21.28
! 17.32 Si 17.31
Zn 62.08 Zn 61.41

{c) Chemical compositions of
ZrQ, base layer before test

rlo
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!
Jel =

(d) Chemical compositions of
7r0, base layer after test

Fig. 7 SEM micrographs and chemical compositions
of cross section before and after erosion test
in molten 55%Al-Zn of specimen 5
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Fig. 8 Schematic diagram of erosion process of the thermally sprayed
ceramic coating layers at erosion test in molten 55%Al-7n
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(d) Al mapping image of (¢)

Fig. 9 SEM images and EDS mapping images of
cross section of spray coating layers edge
after erosion test in molten 55%Al-Zn of
Specimen 2 (a, b) and Specimen 3 (c, d)
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