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A Study on the Aluminium Cementation to Steel

Surface using the Arc - spray Method

Jae - Hwan, Oh
Dept. of Marine Mechanical Engeering, Graduate

-heo! Korea Maritime University

ying is one of the most useful surface treatment

technique iu which a spraying material of excellent properties is
heated to the molten state by electric arc and then sprayed by carrier

s

Lae ip atomized formoonto a prepared substrate.

Bowevor, 1t s peinted cut dinothis metal arc spraying method that
the o v pooperties ot the spraved components are insu

Lo nnse af the Low adnesive strength between the coating

Ghatracte when St s used in the severe environment such
vemmercatae and [riction environment.
Tn the obber bard, setal cementation such as sheradizinag. alitierung

¢ adequete for making. the coated layer of the superior

proporties onto the substrate while its process is very complicate.
In this study. the experiments were carried out for the purpose of

catablishment of Aluminium cementation to steel surface by diffusible

heat treatment of ter making the ccated film onto the substrate by arc

L

spray method.

Alsn. the microstructure and mechanical properties of the
faver produced 1y this study were inspected for various heatl treatment

and spraying conditions.

Main results obtained are as follows;

L. The coating film characteristics which have excellent crosion-resist-
ance. hizh temperature oxidation-resistance are obtained by Aluminiun:
penetration heat treatment after making the sprayed Aluminum conting

{ilm onto the steel substrate.
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2. Aluminium diffusion penetration takes place at higher temperature
than 660°C, and the more heat treatment time and the higher heat
treatment temperature adopted, the deeper diffusion layer obtained.

3. Inert gas arc spraying using Argon gas as the carrier gas has
higher improvement of mechnical property than that of compressed
Air environment.

4. The coating film characteristics appeared to be improvement of
adhesive property, porosity plugging effect by heat treatment jin

Air environment.
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Aol AAETT Mmool #E B g Aue TR
s TAR AR Ol BB HME A U BES MEo Bl
gegs ook, olEi Bl st EAol ol EET MBS
P BERETOROTR T B theb e aaEel HXxe U gtk
E S Ha T B MEol ahet s 4ot ded, 2 FolA
W4Lor TR BT oh A ek B MRS ®Mol EEobe del
s T gk Selu oha@se BmRE BRHE AT AT Atelal
AR GV EMBEA EERBER, BEEZSEL 5o
GBS i el R (Brosion) JE bt o] e T obol fif Atkol Welals
del 2 mERoz dokdrk ol el% [IEEE mRSHZl SlehA T
Mt T A Ev mEN RHeR apolo] EEMEES W LAMVIT

1~ 16)

}ﬁ ir{:f OI mﬁ_‘f? 01 (\l. 7{'& [}, .

R G K  (Mecal comentation) S BB &S ol A KR Eoh A
sl wHE Y Wik, BE MBREE o =l WMk, TG R,
W, TEEEHR R mEE 2XY S+ AT o grepol e ek ol of sl
Muninivnd HET F. BREE Yobd MyE@mo 2 Tel AMI ALS
G e PN eAtEol 2% Aluniniwng BE A Bt U

war ALY GEAmLE ohIEAY of Carrier GasT M MRS
St S wel R b Argon Ges® FUMSRALE of MBE WK
@AM Kol oA Carrier Gosel W gol chshAd s Faobath
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2. RERHIE

2.1 myekE

°f REol MY EHRE: TRE B0 Wik ot KEIZAM o
BELE Fig.l3 o},

© © ®
(] D
©X:
i —
Mg
® ©® ®O6G @ ® ®

1) INPUT ( 220 v )
2) Earth

3) DC Electric Source
4) Nagative Cable

5) Control Cable

6) Positive Cable

7) Wire Feeder

8) Air Compressor

9) Compressor Air Controler
10) Argon Vessel

11) Arc Spray Gun

12) Base Metal

Fig. 1 Schematic diagram of the arc spraying.
EROSZ BMIE 5 MWired XBEEO Rollero] o sto] i Bicun
VEE FAAA £ fMWired] Fol WmECun WMAM —%P mms
R W, oh3vh BaEHo £ pmMWirest mRMSA Hol, o ol
Carrier Gasel o/3) BHAE AMLBME MHTFI WY Lo
BEE 958 G,
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ol WAIRE S RMER, FHERE Y EHTAE 2RWRY Botd &%
Skg/om? , 150mm, 25V, 8 110AmpE —FsbAl sholeh. e ol EFLolAE
EMTEA D w7l gshel  Fig.lol Bold wbeh 3ol (8) 2
RS (12)°] otz g A #eE Mg ol wpgstE T ahalth
ol el s kol olehM FRAR ZALel obEZE hAE &4 Carrier Gas¥ o} o
80T qrohol s HBS) WWAIMER b3 mfEoRsich

2.2 @AM B MER

7 81 1 ¥ (Spraying material) T4 99.5% L1 1ol @it Aluminium Wire 3
WSRl T, Fe M (Substraled® ol BEEHC SSAL@H S BN

wER S mfmE Mo T v el Fie2eh R PHOS Y Hg o) A
foskedek

Al coating film

MAAAAAAAAANAAAAAN l
TS
50
o B (b) heat freatment
g{__ T specimen
wy
L 120 ]

(3) base metal

Fig.2. Shape of base melal and heat
) treatment specimen
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Figz. (a)t BHIAH m@mme 5 X 100x120mm¥] A Eigin T3 % Aol x
MLL: REme MEift sk, RiE-E MELY % Ao 24p5
RIRA 21 @I T Mol T s A, WA ZE BRel 2 1045
BiRgel 55l @M 4m A (pass) = HHE A wEN i,
Fig2(b)o} X2 %o BEMEN MR & WRECSH ).

2.3 MBW FHit Y MBRBHE BREFE

BBEAE RAMMEE 1100 °Cco) mE&mE HMETYT  mERE e
MG drgeo]l 25% AEEAZich. ol of 7ol RE& Mol Y2 #%
ARFEKAM Table. 13t & ofe)7ba) fpro = MBEE RS ALY
Feol MM R BERDS FEstyct. oA7lof A MBI e
KL M MMBHT RBREY ALY mE-S EEso] gEstyrt.

ol MBET £ BEM ALKEBol lkg/emz o] B gy i %t
ARTE o A #] 5} gf et

Table. 1 Heat treatment condition for experiment

Condition Carrier Gas Temperature| Hour
Specimen No. in Arc Spray ( °c) (h)

1 As sprayed

2 Compressed Air | 600 4 .

3 800 0.5,1.5,4

4 As sprayed

5 600 4

6 Compressed Ar | 660 4

7 700 0.5,1.5,4

8 800 0.5,1.5,2.5,4
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R % & REAC Hol £EBEEI W RS (Canbridgedt B,
Sterescan-100) & FIISkol ALab Feo] JRABEMS LEF s U RRKBWS
78 &9 ). el o, EDX(Energy dispersive X-ray microanalyser,
Link?b %) 2 FISHol WAGRERS TEMRS o AL Fedl ME RBE 2
A obolvh. E3H Micro-Vickers W MEAol oMM WEM & B3
ALFE B MR SERBol tisld BEEES MiEstel wAt&kad sERHE K
w2 RKBERY BEEWLE TRMOT MESACH

ALIZE ROl vh3t MR (Erosion) % ¥E-g HZESHY SlshAd &K BN
Fig.33} & MM (Erosion) REAKE ST HX, ®Esdth KRBT
Fig.30] (4) &F 7ol g@cte WBADEHR FolM REBARENA
ALI@H Mol fEk B (Chamber)o)l  wubeizb o pEiRel  dojubTH B,
500rpmo & 24B§ME QT [mMEAl Zith.  olgh 2 ME %, R
Col MRS HEAESY & @HMH R SBHEEAo w2 M BEK(Erosion)
kg WAEsHAcH

®

v e

=1, g

@
. @ e 3
@ S

1Y Hearing a) Motor input switch
2) Sea water chaniber 7Y Motor (AC 1i0OW)

3) “pecimen asscmbly fanig) “) OV Velt

id Specimen 5) Suppoert barv

) Red

Fijp. 3 Schematic dilaaran ol the crosion test apparatus
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Scanning electro-microscope
photograph of heat treatment
specimen ( 800°C, 90min,

1Kg/cm? )

specimen ( 800°C, 30min,

1Kg/cm? )

.

Scanning electro-microscope
photograph of heat treatment
Specimen ( 800°C, 4hours,

1Ka/em 2 )
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Fig. 41 riBi+l Carrier Gas3 A Argon Gas & FFstol WA & 1TEF 2,
GO0 Coo] . lkp/om? o) pnMEMEAF ol Al IR AR MR FEEE R U of wh
BMAGRERO Lolo WD BERMMESI RET Holth of of 2 5k
AR Byl miel EACBEMS Holv vlel MRS Ll

RS R

500
£
o
o 0
Qs -
> L0001+ 7
- | o] ///
S ra
2 3001 i
S -7 0
s (o]
£
. 200t
(o]
=
QQJ.
S 100+
| § 1 I )| 1 1 ! 1
60 120 180 240

Heating time (min)

Heat freufmeg! condition:
in Ar, 800 C, lKg/cm‘?

Fig. 4 . Variation of the diffusion layer

in relation to heating times

Lol mgs foshy, &M kmol ALE ofZ@EM AREBHEK
ol Y ReBELT 7l s w, ALWEEEE Y 660 cCLL Lol A IR AR E S o
HEE T, ol e BB ERBY WEBH Figb5sh Fol AAMW2E Lhebd
soolrh. o FEBIEF 660 cCBl ol SR MR IE ol A MF et ALFEAIR O
SBEao ool iy e e REREBO tol Fig.5(b)eh e
Waksl o oelel® dne mIEel L. mrmel et uie o (c), () &b 3o
M W ALEMNRBBELR mE RAE Soizbal ¥t o] uy
Mg Hxo e waA sy oo s RBER MEST Ao s mEAT Y CH
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1Y MERREES Mol AolM, Mo RBEHBERAM Bna
RAcRER ol st e MEs  opw % d.2BFMeZ
BEREI ST ol= WIR WEAVFRH ARERA T Mg shod FEF Y Ato]zt glon}
KRl fFRSHE B WEKE BRI Ao —mb- RAE ¢ = drt.
A7IM HERE Y BFRBES HisFol Aikshoict.

Pressure
Al (Liguid )
(a) As sprayed
Fe (Solid) oxide film
g
= Beginning
— O~~~ —O—— (b) diffusion layer
Lt
'
] ¢ . 7 (c) Growth
4 g J

W (d) finish

Fig.5. Growth behavior of diffusion layer




Copdtel o sh M famiot o ALUMINUMRE Eell B4 #1752 311

3.2 GEEM S ALY AT ¥R < MR MY TRRBEED

Fig.B, 7, 89 @A Carrier GasZ M MEMERE Fpobol mate vt
s ol vhol, s RMMRAEOl o ER@oI Mo Fest ALl RUMEES
EDX &y 4o of o) BES #Rolch. oi7lA Fig.62 WHEHBRMT ITohl
sl Aol MEAN O WY RReIH, Fig.7, Fig.8% &4 600 °C %
800 ° ol 4 Apgm %o SRIET B N o oItk o ®E
o stul  EAtRIEY  sbrvh 600 ColiA moRms HmBdE HABOAA
Feiogk ol ALTLRS MEMRARS of Fo120 ofouj, 800 °CofH SRS
o ol MAEMAC ol Foix AdFE Rl oth. ofel ¥ KMRERT

3ol M EM MMREEDY Y —HOD d&s o + Jrh
Fig.9%x pmai+] Carrier Gas 8. 4] Argon Gas B FIMstoel @wa R (] A

800 ccol M ARFe  HAESE  MEBET  MEJ il DX
ARSIt olol elol¥, Fig.ne EMEEAE AMAT BmHI foHS
gRM D T MmAe wEstel Txe MERMEBA U MK
Gebh, BRBEEO WeolZh #F A thekuk gl

ool R Argon GasE BA T 1Y BB BEEKI WAHE GT
Gy o EMETe mYAD maHel RIFSHL KM ek LT el
RLEBEE o Hold e MEmMol EAsl deiurl mEe A
LR P

3.3 MARER #Hl ¥ Ry

Photo.9% REEZe 42 Carrier Gas® stol WA 2 {78k 800 ° ol 4

apspel SR B E MEHE 03w wf, HEH
BARERC MGRES (DETHHE 5 (b) & EERK
B Mol Tk

ol A Y
o Wy
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10+~

Concentration, (El.%)
S
[
T

l'IIlTlllXI|lllllllflillnlllllllllfi
LAs scrayed ] i

® Fe element

O Al element

i TN Ry ]
B l I 1 ] B | I J | l J N l L1 1 I Ll 1 l i i 1 IALA I
1000 800 600 400 200 0 200 400 600 800
Mild steel base «——i—s Al coating film
Oisrance from boundary surface. ( ym)
Fig.6. Diffusion behavior of the element in substrate and
coating film by E DX (arc sprayed by compressed Air)
X702 L. T 7 T 1T 71T 7 ¥ T T T LA 1 P rTrTrTY LORNE SURE BEEN e M g rmrrrr oT
101~ .ﬁ_‘\ro_va ® Fe element ]
B O Al element T
*
3 4
g Heat freatment condition
= Temp. | Time | Pressure
gos+ (CC)| th) | (Kg/7em? )|
g | 600 | 4 1.0 4
: .
s | ]
o o_@-a/J ""0/\—0
L i 1 l 1 A1 L ' 1 L 1 l 1 L 1 ] 1 1 L I L A i ! 1 1 1 l L 1 1 l il A 1 I bl
1000 800 600 00 200 0 200 400 600 800
Mild steel base Al coating film
Distance from boundary surface/( pm )
Fig.7. Diffusion behavior of the elements in. substrate

and coating film by EDX [arc sprayed by compressed Air)
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(a) Microstructure of the diffusion (b)

Microstructure of the diffusion

la hot hel :
Yer photographed by S E o layer photographed by metallugical

microscope (X 200 )

Photo.9 Microstructure of the diffusion layer
( arc Sprayed by compressed Air

800 °C, 4hours, 1Kg/cm? )
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°l#l ¥t Spectrumo R YHE R, REBBEBANE TRAEMES ALol
65-70%, Fer} 30-35%e] LT ubebyivh.  upapa REIZ BB AP Fehl,
o Feahls, B FeAls 3 HH Tt o3 AL3}Fe) eBRMtame] ERe
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r¥

Fe-AlLff FHREE EolM thex 2ol Bogd & oo,
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0 R 800°C, 4h, IKgremd |
e °
- [ & 600°C, ih, 1grend
400 i ® As sprayec =
3 |
¢ I
300 F : i
o
<
2 .
S0 f ] i
N : /
s 00k ° °‘; = 5;:‘“"—“"’ e\ _
£ \\ oo
\"W‘\a_d
Diffusion
0+ crec
Mid steel base T ———Al coating film 1
i 1 1 L L 1 L L 1 J. 1 i 4. 1 1 1 1 L 1 1 1 1 1 L 1 1 L L 1 i
08 06 04 02 0 02 04 06

Distance from boundary surface(mm)

Fig.12. Distribution of micro-Vickers hardness in heat

Micro-vickers hardness ( 259 )

treatment conditions [ arc sorayed by compressed

Air)
800
700 O 800°C, 4h, 1Kg/cm?
& 600°C, 4h, 1Kg/em?
® As sprayed
6001 -
5001~ -
400~ 1
300+ ks
200}~ -1
.\‘*\.
100497 =
Oiffusion g - .f.g.?te
O Milg steet base ~— area — Al coating film -
S N N S T T T O B | ;I S S W IS S I B | B S SO W N |
08 06 04 02 [ 02 04 06

Distance from boundary surface (mm)

Fig. 13 Distribution of micro-Vickers hardness
in heat treatment conditions( arc
sprayed by compressed Ar gas)
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700 TCol FOBTEAIE MR F ol RRAEM Y ML) P mRm T

By BT E R AR N ol A
SR T MEA A el TAMAMARE EDXel  osi EmAoF okt

i.

kel 98 @ tolvh. o, Table. 23 700 °CO

MEIR= ofof  ofslwl B o) Mibol ubE TSRO 14y Lk 8}
e el B B o LA SR Bl

. A3

500+ =
5

400 .

“:J

.:5 ;
300t } .

2001 -

Micro-vickers n

100 -

] AWl |
30 90 1% 210

Heating time({min)

Fig 14 Micro-vickers hardness distribution
according to heat ftreatment fime
in 700°C

Tahle.? Variation of amount of diffusion element
according to each heat treatment time

in 700°C (arc sprayed by compressed Ar gas)

\‘~;£}we 30min QBEi;A 240min
Elomont(lﬂ.%f
Al 45.7 44.9 42.2
Fe 52.7 53.7 S5€.4
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3.4.2 i B% 0% (Erosion) % ¢

Fig .15 mKEJs O0.lkg/em2 , [@§48% 600rpmeo = BRKBRF FolA
MO (Brosion) MERY MR hebd Zolth.  ErosionMERJH  MESL
ALEMEIR 2 0.3m YEE mshol oY, MEK BIETE 0.01g7
FIE WY KESZ SAREE REt 92 Zolth. oy (a)s
BEBEMS FMEHIZ, (b BH & BREMS KB, (O° B &
600 cColl 4mmiel MBEE T MEKE, (D: BM % 800 “Col 4
WERIS BT MBEE 7Y MBS BRolth MES BRI o
# 4% vheh Yol MMM (Erosion) IEHiEel  ARANY B
(@, (), (), () 8] £22 thebih gtk of7]4 800 °C A4Sl SpEe
T BB WM (Erosion)tkel i Ehidel Y = me oo
Y ohsh Do ERMEEERO 4T mEe wmn s ez
A E 600 °C ABMS MBEE T MBS MEmo o
HEREHR T ¥ BN th MREAMY KB mEHLO
BicHol 4 Aoz AUAt. mMEMO MEEC Y 2 B gemol
4Y BM OFHS T ROl WAt i MK (Brosion) Mol UM o=
BHECh. =Y Carrier Gas® Argon Gas® BME /7% BE7t MERES
Y SBLcH MWW (Erosion) JEhiko] REFT 2 o5 Hmd wo
ol MEHS BHMT. HFSH T Aol WUy, maito] mEs
RUEBBRBRC Feld T HERKe WMt ERE  Es
LML AMO BRI A7 W2 oz mpdct,
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Heat treatment conditions of the specinens
(a) HBasc metal
(b) As sprayed specimen
(c) 600°C, shours, 1Kg/cm®
Heat treatment specinmen
(d) 800°C, 4hours, 1Kg/em’
Heat treatment specimen

Fig.15 Abrasion amounts at the result of ernsion teect
{ pPressurcs 0.1kg'cm’, Time; 24hours, 600 rpm.

Sea water )

3.4.3 R Srtol Zol o Ri@ERIMA Biwl

WA ARl o mmolA e HKMES HEohyl S, MERSSFH

500 cCc7ba] ot kdshE  sabol & KMotol Mmool uh @BES
uo M@ Bt WiEE MEsholch
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Fhoto.10 (a), (b)& B3y Carrier Gas§ Argon Gas3?® stol mae
RESH, 800 °Col4 4prpg, lkg/cm? 4 BELE: BEsMBREE G
MBSOl uisl  Fig.163 o] 500 °cy gty Kmste shabo]l g
RMstol 40m Wg Wmstole uo HBWLE Satol T Mol %13
WRstol vhEbd Zoluvk. oo o spm, (@)#hstol 3 Minptel  #4g
L®stel (D)% Atol B¢ 40m K@stol M %ol RBE Yo
MR ZE hetux] ogee o 4 AL, Fest ALY RAIBE S 3

MEMEEE] BWFEMoAN FIME A of L) dAEE ¢ + Ao
L Fig. 17 800 °C 4#§[ o) # R v -& B MR Fig 163 e

REAHol 22 MM B\ MEA o ojA Feof ALe 358033, )
MEHM BMBETE Y BE WEAC e waw gpe vhERuf 2
ek T REEHE 10[m, 20@, 30@E, 40@3 WEAMIE HBAL
WS WILsA 3 7o w43 BMS el 9ot

(a) Diffusible heat treatment specimen (b) Cyeclic heating specimen after diffusible

before cyclic heating (X 200 ) heat treatment (X 200 )
[ cyclic heating temp. ; 500°C
cyclic heating interval : 30min

nunber of cyclic heating ; 40 times ]

Photo. 10 Microstructure of diffusible heat treatment specimen

and cyclic heating specimen
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LLES e #EZ gesty, mgmREY 1T BB RARERE
% REMmAbol e M HIR 25 @B Aol HLA Y 45 P ol M L7t
dojuba] Qb gtrt. ol MEMBEBOl ol oAl R
REE s mWipe we FolAs nke REY LSRRI KA I R
agestetE A e @y Aol

diffusion heat
treatment condition

§00°C
cychc heating condition
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s . . .
g | | 1 1 J '
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Fig.16 =~ Schematic diagram of cyclic
heating condition

o diffusion layer
800 |- a substrate -
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0 700 ° o
; fe} o] O
é 600
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[
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L
2 300 v
>
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b 100 b | ] 0] .o O
0 1 1 1 i i
(before 0 20 30 40
cyclic
heating) Number of cyclic heating

(cyclic heating interval, 30min)

Fig 17 Distribution of micro-Vickers
hardness at diffusion /ag/er and
substrate by cyclic heating
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