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Abstract

It is well known that the aluminizing steel is excellent in corrosion resistance and heat resistance.
Therefore it has been used as boiler parts, heat exchanger parts and guide rails which are used
under comparatively simple conditions. Recently, it has been noticed that aluminizing steel has high
resistance to various atmosphere, high temperature oxidation and seawater resistance. So its usage
has been extended widely to the production of parts such as intake and exhaust valve of internal
combustion engine, turbine blade and pipelines on ships which required such properties.

It is considered that aluminium coated steel is excellent in wear resistance because of high hardness
on main ingredient Fe,Al; of Fe-Al alloy layer existed in diffusion coating layer. And it will be-
used as a new material taking wear resitance with seawater resistance in marine field.

However it is difficult to findout any report concering the wear behaviors or properties of alumin
izing steel.

In this study the experiment was carried out under the condition of rolling-sliding contact using
an Amsler~type wear testing machine at (.80, 0.91, 1.10, 1.25% of slip ratio and 55.43, 78.38,
110.85 kg/mm? of Hertz’s contact stress in run-in period for the purpose of service-ability test of
aluminizing steel as a wear resisting material and obtaining the available design data.

The followings are the obtained results from the experimental study;

1) The 2nd diffusion material has most excellent wear resistance. This material has brought out
about 18% decrease of wear weight in a lower friction load level and 40% decrease in a higher level
comparing to the raw material.

2) Satisfactory effect of wear resistivity cannot be much expected in 2nd diffusion specimens.

This is considered due to the formation of fine void in the alloy layer near the boundary to the
aluminium layer.

3) Fracture on friction surface of aluminizing steel by the rolling-sliding contact is spalling, and
spalling crack occurres initially beneath the specimen surface near the boundary in diffusion coating

layer.
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\ ——.__properties| tensile strength yield point ], elongation | Vickers hardness
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spemmens\ (kg/mm?) (kg/mmz) ( (%) (load 50g)
. S A bo—
raw material 40.75 29.07 40. 50 221
heat treat ed 44.55 31.25 39.60 232
aluminizing 39.15 28.05 41.10 ‘ 1100
2nd diffusion 41. 30 31,07 39,10 ! 1214

— 70



& 5]

raw material specimen(f&$) & MBHST M
82 e KKK | %3+ heat treated spec-
imen(REHEM) S KHE SF7olF o vtk

° 2 m#dtn A alumxmzmg specimen

F9) ol A @A S KHBA FFEEE FEH
%_ﬂ‘ﬂ- Aolv, 2nd diffusion specimen(2&
L g el AMEE R SRS A KeEH
ingstel = Fe-Al 688 ol 2l (void)o] K=
A ot WEU 680°Col A 2 KMl MR A 2R
Bl 7l 3 syl el

]

|
L. .. 308

] L8 _

Fig. 1. Shape and dimension of wear test
specimen,

3. AZ0jLio|A

AEEBR GF ol A B 2R B o FH]
vhol A RmBE Yy ohg st 2o

A=A @B Tel 2TH BiMABI& 20
%9 NaOH Bl A BIRT vh& AKEEstz o &
W HBow Bk ¥ kst BB Bt
% e R Bk o5 THwe] KR4
AEEe HERLEILE $std flkel stz
DR BHY MEENE d=d$(@nCl:NHCl=
87:13 wt%) e 80°C fafikumwe fluxz #Es+gl
2

HIRAS HB A& 680° Co HMYEo 5iniE <
ol A 64y ERAA WiEEHE stgon HpEs
wahke 2 RBEEA HEAEEE 705 Bkt
2 Z2dy 9 AKEeste el

4. BRRBE

ALY HB@o s Shimadzu g#o] Amsler

ol g el meRekstiel B Rl

type, rolling-sliding BEFEHERI (B AT H300k0) &
sl FEMO BT EEMS MEE &%
1690rpm, 26.53m/sec 2. [FHwzdtz 1.25, 1.10, 0.91
3 0.80%9] slip ratio® Fo] HEgstgow o«
el sl het AHMEE £4 0.33,
0.29, 0.24 & 0.21m/sec o] g} v},

AR P o BEMRHTE dol WAL Bmn&
Zhs ghke] EWRER Tl Wa g KB (LT
3% Hertz {70l el dheb) & BEMEE Hhoo2 o
o E& 209 FFHMeR It ol KR
WL @kl Hfol B3 Heriz o MAEERLS MR
gt H. Porisky o] #kste] w53 zbo] gHE= v}

2P
2l s 1
Prax="20p )
4P(kiAk)RR;
p= [ AP TRIRR, . 2
Vo oot @
1—y2 1=
k= 7B, k,= E,
%t pmax ¢ dwiEs Heriz 5
p B R
2b : BEfdm
R, R, : BEHY

v;,v; & Poisson’s ratio.
E, E,
BidwellZ e (1)%9) fipg Hertz fEhoz W
IRABYETHE o) R Ffiol A 0.78k8] Rell 0.34
Pma®) 272 BETE WES
EERR T —ish RREE e BRR S 10°
rev. 9 Moz [LBXFEE st FEstsle
LaMY T, EEME 2 HRHAE = micro

: Young's modulas.

Vickers Wil #H 2 {# st o vk
KEgR
1. ERARRR

Bk, BOuEM, 4FVIel A ¥ 2KEE
el gt (DRez M fE Hertz EHS
55.43, 78.38 B 110.85kg/mm? 2 fEHIA 7] 1 1.25,
1.10, 0.91 & 0.80%¢] 4 EPg slip ratio & o]
R4l rolling-sliding BEEEHES SR vh.  A£HBH
Bz mEadrer HREEEA e BEEREE W
2 KRE Table 3,4,5 3 63 e,

—-71 =



*

Table. 3. Wear test data on raw material specimens.

i

5

No. of total revolution(3X10° rev,)

F T e e S ) e
1.25 0. 0028 0. 0054 0. 0082 0.0109 0.0136
1.10 0.0025 0. 0050 0. 0075 0.0100 0.0125
5543 0.91 0. 0022 0. 0044 0. 0066 0. 0088 : 0.0110
0.80 0. 0020 0. 0040 0. 0059 0. 0080 \ 0. 0100
J e
1,25 0.0033 0. 0064 0. 0093 0.0123 0.0156
1.10 0. 0028 0. 0055 0. 0086 0.0113 0.0142
7838 0.91 0. 0024 0.0048 0.0072 0. 0097 0.0119
0. 80 0. 0020 0. 0041 0. 0063 0. 0085 0.0106
1.25 0. 0050 0. 0095 0.0142 ,‘ 0.0187 0.0231
1.10 0. 0044 0. 0086 0.0131 | 0.0175 | 0.0217
110. 85 ‘
0.91 0. 0039 0.0078 0.0117 0. 0155 0.0194
0.80 0. 0033 0. 0070 0.0107 ! 0. 0143 0.0182
Table. 4. Wear test data on heat treated meterial specimens.
Hertz's  stress slip ratio - g N 9;,,g£,f9t2‘,1,£¢},’ 31!1§591;LQ§},054F§Y-),‘ —
PmaxChg/mm?) e(%) weight of wear(g) ~
1.25 0. 0025 0. 0048 0.0073 0. 0097 0.0122
1.10 0. 0023 0. 0046 0. 0068 0. 0091 0.0113
5.4 0.91 0. 0021 0. 0041 0. 0062 0. 0082 0.0103
0. 80 0. 0019 0. 0038 0. 0057 0. 0076 0. 0095
i 1.25 0.0030 0. 0056 0.0083 0. 0109 0.0137
1. 10 0. 0027 0. 0050 0. 0074 0. 0099 0.0123
7838 0.91 0. 0022 0. 0043 0. 0064 0. 0085 0. 0107
0. 80 0.0018 0. 0037 0. 0056 0. 0076 0. 0096
|
i 1.25 0. 0043 0. 0085 0.0125 0.0165 0. 0203
1.10 0. 0038 0. 0075 0.0113 0. 0149 0. 0187
110. 85
0.91 0. 0032 0. 0064 0. 0097 0. 0130 0. 0152
( 0. 80 0. 0027 0. 0053 0. 0086 0.0116 0. 0148
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Table, 5. Wear lest data on aluminizing material specimens.

Hertz’'s strress ’ slip ratio —— ,i,,,‘,,,,,N,O' ;)f totalvr@yo;qtjgn(xlos rev.)
N VN
1.25 0.0021 | 0.0044 " 0.0066 ! 0. 0088 0.0115
o 1.10 omm} 0.0041 amo]omm 0.0105
o4 | 0.91 0. 0018 [ 0.0026 | 0.0054 < 0. 0072 0. 0093
0. 80 0.0016 } 0. 0023 E 0. 0049 ’ 0. 0066 0. 0084
1.25 § 0. 0026 0. 0051 0. 0080 ! 0. 0100 0.0139
N 1. 10 0,002 0. 0045 0. 0072 0. 0090 0.0126
e 38 0. vl 00019 0.0039 +  0.0062 0. 0079 0.0110
0. 80 § 0.0016 0.0034 | 0.0056 0. 0071 0. 0097
1.25 L 0.0035 a0%9‘ 0.0100 |  0.0131 0.0177
1.10 ! 0. 0030 0. 0059 0. 0091 0.0121 0. 0160
110. 85 |
0.91 ‘ 0. 0025 0.0051 | 0.0077 0.0104 0.0139
0. 80 | 0.0020 0. 0045 ! 0.0070 . 0.0094 0.0125

Table. 6. Wear test data on 2nd diffusion maierial specimens.

No._ of total revolution(X10° rev.)

Hert's stress slip ratio i T R
; i 2 3 4 5
2 0, : R
A N _weight of wear(s)
: S
1.25 | 0. 0021 ' 0. 0041 0. 0062 0. 0081 0.0103
|
1. 10 ! 0.0018 r 0. 0057 0. 0055 0.0074 0. 0095
53.43 ! :
0.91 0.0013 0. 0026 0. 0047 0. 0064 0. 0080
0. 8 0,004 0. 0022 0. 0051 . 0058 0.0073
: | | ‘
1.25 0. 0025 . 0. 0049 | 0. 0074 0.0099 0.0124
110 00021 | Uv0dd 0. 0065 0. 0088 0.0110
78. 38 | ;
0.91 “ 0. 0017 0. 0035 0. 0054 0. 0072 0. 0093
0. 80 i 0. 0013 u. 0029 0. 0046 0. 0062 0. 0079
- e S R
1.25 0.003 0. 0063 \J 0. 0093 0.0119 0.0148
|
1. 10 0. 0027 0. 0054 0. 0081 0. 0107 0.0134
110. 85
0.91 0. 0022 0. 0045 0. 0068 0. 0090 0.0114
0.80 0.0019 | 0. 0040 J 0.0061 0. 0081 0.0102
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