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Corrosion-wear resistant performance and mechanisms of
tungsten and H13 steel in molten aluminum
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Abstract: The corrosion-wear resistant performance and mechanisms of tungsten and H13 steel in molten aluminum
were investigated through static corrosion in molted aluminum, friction-wear tests in air at high temperature, and
corrosion-wear experiments in molten aluminum. The results show that the average corrosion rate of tungsten in molten
aluminum is about 1/14 of H13 steel’s, and the performances of these two materials at high temperature friction-wear
condition are nearly the same. The loss rate of tungsten under corrosion-wear condition is only about 1/24 of H13 steel’s,
demonstrating that the corrosion-wear resistance of tungsten is much superior to that of H13 steel. Abrasive wear occurs
in the corrosion-wear tests of these two experimental materials. In addition, the matrix is well protected by reaction

products of tungsten on the corrosion-wear surface. The interaction behavior of corrosion and wear under corrosion-wear

condition is the main reason for the rapid increment mass loss of the test materials.
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Fig. 1 Schematic diagram of high temperature test rig for
corrosion-wear in molten metal: 1—Electromotor; 2—Force
loading system; 3—Furnace lifting device; 4—Frame; 5S—Pressure
sensor; 6—Rotating shaft; 7— Loading lever; 8 — Cuboid
specimen; 9—Annular friction pair; 10—Furnace; 11—Molten

metal; 12—Crucible
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Fig. 2 Shape and dimension of friction pair (Unit: mm)
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Table 1 Test results of static corrosion, friction-wear and

corrosion-wear

Mass loss rate/

Test condition Test material

(102 mmh ™)
) . Tungsten 0.258 7
Static corrosion
H13 3.5296
L Tungsten 0.603 8
Friction-wear
H13 0.666 7
. Tungsten 19.876 0
Corrosion-wear
H13 488.5299

Under corrosion-wear condition, the corrosion out of the
corrosion-wear surface was ignored, only the area of the
corrosion-wear surface was calculated.
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Fig. 3 Cross-section morphologies after corrosion test in

molten aluminum: (a) Tungsten; (b) H13 steel
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Fig. 4 XRD patterns of interface between molten aluminum

and tungsten (a) or H13 steel (b)
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Fig. 5 Wear surface and corrosion-wear surface

morphologies of tungsten and H13 steel: (a) Wear
surface, SEM, tungsten; (b) Corrosion-wear surface,
BES, tungsten; (c) Corrosion-wear surface, SEM,
tungsten; (d) Corrosion-wear surface, SEM, higher
magnification, tungsten; (¢) Wear surface, SEM,
H13 steel; (f) Corrosion-wear surface, SEM, H13
steel; (g) Corrosion-wear surface, SEM, higher

magnification, H13 steel
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Fig. 6 Relation between friction coefficient and time: (a) Tungsten, friction-wear; (b) Tungsten, corrosion-wear; (¢) H13 steel,

friction-wear; (d) H13 steel, corrosion-wear

A, EAG M, T LUV R - B SRR T AR,
JEE DR E IR B N

TR 25 AR, O e P AL PR A AR Rt e
KT Bl S 5 PP 1) 5 o P 3 B PRI A R .
R, TR - BEBUAAT N, SR 5 B AS HAE H 2
ARSI P A2 2 S DR, RS b 2 5% P [ o s 3 A
DT .

O ol i B A D DRI T2 AR g A
WA RLR T fh S A Sl A L 2 e sk, 1%
KT MBS G, AARLR A 2 B
B B B A ) B Tl A R PR A
YICNHT SCEREIR WAL, WAL, Fll Fe,Als 45), £xidi,
MARFR RS, I FLB = A0 B i B0 5 e ) ARG
A IO AR E I 25 2 DORAARH 2 1 3t % T s s
Ny iRy p )= i

FE DN JE b P B DRI T SN T AR 1
JEE =T, AT IR AN R 52 57 T i
o, REERE R R AR R . RIS R R Y. ) R EY
VIN A TAE R T B SR B IRA S J =) 5 2

WREG LB ARG R RER AT AL, BN
WU o SE T DR k. AERRSE AT
B TG ol SN FRIEAT AT s 0 R e S Vi B
SRR Pt o DR B N, 3
BRI FE R, A5 S I A<t o (FLRE A
g R T, KRR IS AN W 32 BIH LB
PER, NI T A% Sl e, AT S, (e
P R T .

FE e TR AR N, B IR AAT R B LE H13 4
AU TERE s TOMAP R R IR R LG, R
b — BT PRI AR P 22 S DA 28 8 At £
14 fFHREN T 24 1% HIRDIWTREAE T, BE AR
B e, TR SR 0B k™ ) SV B B R ] R
SEARRIPE, B8 s 4 (R gl RO HBAT ) 6 ok
RIS LA AT, AT 85 £ S e — B 3 2 1 T
R A o B OIL S RTINS 4 VB0 o —
REANDON TRER B AL T —FibrRE S, B filt s
s SRRl i E R R e L
B, RIDRE B ik s P 2 — PRI AR, AT



523 %5 11

WRYET, 45 BRI H13 SRR 60 5 e — 45 1 e S LB

3133

ARG e g P ) AL FLAE AR EAT

3 Zig

b=}

1) LEAR B b R — B 451 ARG 4 11, 45
HRL I LL H13 S AF (1ERE, U H A I b P 45
AT BRI BRI RA LA HI3 4N 1/24, £511
frn it T EE BRI RE 5 H13 AWM IAH Y .

2) RIS AR - B 4 AR rh B R AR T B L
1, H HI13 ANAE BB B e I E T, J b P 45
T ALV BRI s 1770 P JE — B 401 3R 1
W BE MG BN 2 (1 AT AL BRI

3) ARl B A A B 2R T ) B
TARUF MR AR VE R, XA AT BT (i
VS il P i 1 T A

4) LR T R - B AR R I AR R ORI S
AL HAE G SRk 2K R R 32 S A

REFERENCES

(1] XUBR), EEA, B, WG B i B STt e ()], i
B2 LB HAR, 2001, 13(5): 275-278.

LIU Shu-xun, LI Pei-jie, ZENG Da-ben. Research progress of
liquid metal induced corrosion[J]. Corrosion Science and
Technology Protection, 2001, 13(5): 275-278.

[2]  YAN M, FAN Z. Durability of materials in molten aluminum
alloys[J]. Journal of Materials Science, 2001, 36(2): 285-295.

[31 WANG D, SHI Z, ZOU L. A liquid aluminum -corrosion
resistance surface on steel substrate[J]. Applied Surface Science,
2003, 214(1/4): 304-311.

[4] SUMANTH S, DIRAN A. Die soldering: Mechanism of the
interface reaction between molten aluminum alloy and tool
steel[J]. Metallurgical and Materials Transactions B, 2002, 33(3):
465-476.

[5] B, EREREFER & G b S VRS T S R S b AN
ERUIIED]. M b EREBEREPTFUT, 2000: 73-96.
HUANG Xu-qiang. Study on materials with corrosive wearing
resistance to ceramics in molten zinc-aluminum alloy[D].
Shenyang: Institute of Metal Research Chinese Academy of
Sciences, 2000: 73-96.

[6] ZHANG K, TANG N Y. On the wear of a cobalt-based
superalloy and Materials

Transactions A, 2003, 34(10): 2387-2396.
[77 ZHANG K. Effects of test conditions on the tribological

in zinc baths[J]. Metallurgical

behaviour of a journal bearing in molten zinc[J]. Wear, 2005,
259(7/12): 1248-1253.
(8]  SKENAR, WWEM], a4 A0 A AT R A B U R

[10]

[11]

[12]

[13]

[15]

[16]

[17]

(18]

[19]

PEEEIVEREREFL[I]. RIEIR, 2006, 35(1): 22-24.

ZHANG Li-min, CAO Xiao-ming, MA Rui-na. Sliding wear
performance of several materials in molten-zinc against ALO3[J].
Surface Technology, 2006, 35(1): 22—-24.

W, SRR, A, JEAKTE. BIEA SR P IR
BERERE[T]. RHEA 24243], 2008, 41(12): 1485-1491.

CAO Xiao-ming, MA Rui-na, WANG Yan, FAN Yong-zhe.
Corrosive wear performance of cobalt-based alloys in molten
zinc[J]. Journal of Tianjin University, 2008, 41(12): 1485-1491.
HOU Hua, YANG Rui-feng. Study on stainless steel electrode
based on dynamic aluminum liquid corrosion mechanism[J].
Journal of Environmental Sciences, 2009, 21: S170-S173.
BALLOY D, TISSIER J C, GIORGI M L, BRIANT M.
Corrosion mechanisms of steel and cast iron by molten
aluminum([J]. Metallurgical and Materials Transactions A, 2010,
41(9): 2366—2376.

R, WA, ANEEITER R P R RS )], JE
5By, 2012, 33(3): 216-217

YU Yan, XIE Hai-dong. Corrosion of stainless steels in melting
aluminum alloy[J]. Corrosion & Protection, 2012, 33(3):
216—217.

WANG De-qing, SHI Zi-yuan, ZOU Long-jiang. A liquid
aluminum corrosion resistance surface on steel substrate[J].
Applied Surface Science, 2003, 214(1/4): 304-311.

HO W'Y, HUANG D H, HUANG L T, HSU C H, WANG D Y.
Study of characteristics of Cr,O;/CrN duplex coatings for
aluminum die casting applications[J].
Technology, 2004, 177/178: 172—-177.
T, HkE, Rt HI3 G AR R IR G AP
BB ERE LR J]. 4 AL BE, 2003, 28(12): 5-8.
WANG Rong, MIN Yong-an, WU Xiao-chun. Comparison of

Surface and Coatings

static anti-melting-loss ability of H13 steel with different surface
treatment[J]. Heat Treatment of Metals, 2003, 28(12): 5-8.
RIGEFR, R, MG, EIRI7. HI3 GRS & RiE
E MRS, PR AR 2EHR, 2011, 32(1): 97-102.
WU Xiao-chun, WU Tian-rong, YANG Hao-peng, WANG
Qing-fang. Melting-loss resistance of HI13 steel with low
temperature plasma boride layer in liquid aluminium[J].
Transactions of Materials and Heat Treatment, 2011, 32(1):
97-102.

KOMAROV S, KUZNETSOV D. Erosion resistance and
performance characteristics of niobium ultrasonic sonotrodes in
molten aluminum[J]. International Journal of Refractory Metals
and Hard Materials, 2012, 35: 76—83.

TANAKA M, KASHIWAGI K, KAWASHIMA N, KITAOKA S,
SAKURADA O, OHYA Y. Effect of grain boundary cracks on
the corrosion behaviour of aluminium titanate ceramics in a
molten aluminium alloy[J]. Corrosion Science, 2012, 54: 90—96.
IBARRA CASTRO M N, ALMANZA ROBLES J M, CORTES
HERNANDEZ D A, ESCOBEDO BOCARDO J C, TORRES



3134

A G A R

2013 4F 11 H

[20]

[22]

(23]

TORRES J. The effect of SrSO4 and BaSO, on the corrosion and
wetting by molten aluminum alloys of mullite ceramics[J].
Ceramics International, 2010, 36(4): 1205—-1210.

MRder, wbe, o, DUtE, S b e ERUE
o= B S A RO W ST RE R D). AR A (e, 2012,
32(4): 324-329.

CHEN Wei-ping, YANG Shao-feng, XIAO Hua-qiang, LUO
Hong-feng, WU Jing. Process in materials in molten aluminium
tribocorrosion environment[J].
Alloys, 2012, 32(4): 324-329.
ZHU Yu-long, SCHWAM D, WALLACE J F, BIRCEANU S.

Special Casting & Nonferrous

Evaluation of soldering, washout and thermal fatigue resistance
of advanced metal materials for aluminum die-casting dies[J].
Materials Science and Engineering A, 2004, 379(1/2): 420—431.
XIAO Hua-qiang, CHEN Wei-ping, LIU Zhe. Corrosion
resistance of 91W-6Ni-3Fe refractory metal, TiAl compound and
iron based alloys in molten aluminum(J]. Transactions of
Nonferrous Metals Society of China, 2012, 22(9): 2320-2326.

PR B AT BCETRE T e Stk J e B UL ER KT SR [D).

[24]

[26]

AL BHL TR R, 2003: 28-42.

LU Shu-yuan. The development of new materials and the
behavior of corrosion-abrasion of the liner of wet-grinding
machine in metallurgical industry[D]. Hefei: Hefei University of
Technology, 2003: 28—42.

ZIOMEK-MOROZ M, MILLER A, HAWK J, CADIEN K, LI D.
An overview of corrosion-wear interaction for planarizing
metallic thin films[J]. Wear, 2003, 255(7/12): 869—874.

SHIBLI S M A, CHACKO F, DIVYA C. ALOs-ZrO, mixed
oxide composite incorporated aluminium rich zinc coatings for
high wear resistance[J]. Corrosion Science, 2010, 52(2):
518-525.

WRAES:, 5% &, Dokig. Al i SR 8 - B BUR I LA
JEN I, R A (42, 2012, 32(10): 883-885.
CHEN Wei-ping, WU Jing, LUO Hong-feng. A new high
temperature test rig for corrosion-wear in molten metal and its
application[J].
32(10): 883—885.

Special Casting & Nonferrous Alloys, 2012,

(4mig  fIF48)



