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Fabrication of Cr,0;/Mo Composite Powders and
Tribological Properties of Plasma-sprayed Coatings

I. W. Lyo, H.-S. Ahn and C. H. Kim

Tribology Research Center, Korea Institute of Science and Technology

Abstract—Various compositions of Cr,0s/Mo composite powders were fabricated using spray-drying method
and plasma-spray coatings of these powders were prepared to understand their tribological properties. Experi-
ments were conducted using a reciprocal type tribo-tester at room temperature under dry sliding condition.
The worn surface of coated specimens were observed using SEM (Scanning Electron Microscopy) and
chemical compositions were analyzed using XRD (X-ray Diffractometry) and XPS (X-ray Photoelectron
Spectroscopy). The results showed that friction coefficient of the Mo added specimens were lower than that
of Cr,0; specimen. However Cr,O; specimen showed the lowest wear loss. Wear protecting layer were
observed at the worn surface of coated specimens with Mo addition. From the XPS analysis, the mixed
phases of Cr,Os, CrO; and MoO; were founded in the wear protecting layer.

Key words—plasma-sprayed coatings, Cr,0,;, Mo, XRD, XPS, friction and wear, protecting layer.
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Fig. 1. The flow chart of spray drying process.
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Fig. 2. Schematic diagram of spray dryer.
Table 2. Spray drying conditions
Parameters Values

Inlet temperature 200°C

Outlet temperature 100°C

Atomizer R.PM 9000~9300 R.PM

Slurry feeding rate 1 Vhour

Table 3. Chemical compositions of substrate materials
Composition (wt%) C Si Mn P S

Boron cast iron 323 207 070 0.16 0.08
SS 41 <03 - <16 <005 <0.05

C CM5 CMI10 CM20 Composition (wt%)  Cr Cu B Fe
Cr,0; 100 95 90 80 Boron cast iron 0.19 024 0065 bal
Mo - 5 10 20 SS 41 - - - -
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Table 4. Plasma spraying parameters used in this

study

C CM5 CMI10 CM20 443NS
Gun type Miller(SG-100)
Arc gas (Ar, psi) 60 60 50 50 50
AUX gas (He, psi) 100 100 100 100 100
Hopper RPM 32
Nozzle 730
Rod 120
Gas ring 112

Power Amperage (A) 900 900 900 887 900

Voltage (V) 237 237 237 235 235
Spray distance (mm) 90
Gun traverse rate 1000

(mm/sec)

Joumal of the KSTLE

oQle - kEY - AFE

H]

e

AlEe] Al AA o] EEE AAFI
AHE 3 F abE AEE Sk v
A7l 99 Plint & PartnersAtollA] #|ZHs 31
HErpd A g9 TET7TS ARgslaen 2 A

€ Fig. 4914 EXo] IA4Ho gle ZHoE
He] o fAIANHE LHES F t]az9)
AFY Fo o} e "ol 3 5o AgdEHY
REHERE A3 JH ol AL TI9 y23a
g dles At d¥LEs 00C7HA 44

o > o > fo
E oo, oot S AN

P

o

X,

T 3eH DC BHY &E MR FELF I
T54E oz 2488 4 ok

AYPz7e A2 3% 80 N, A54 20 Hz,
v 18 77 A (stroke)= 1.5 cm 2T AFHAIZH
RO E FHA L2 A9 EHoES YraEs
#o 2 3l 3 2AF A 39 dgsgon 4
AT FFHE 10° A &4 75 vEAE

2 24 vusly nfEEs A T3 A

2 AiAY shEs AREY] 98 ZE=FE U
235 AN 7t 279 FYoles e A
9] vEAEE st

23. §4H7}

Zehzul FYT AE ¥HslE AR 98
BEE 79 A#WE XRD 402 AAHS
st ol EFIoE Cu K4S ARSI FA}
E-(scanning rate)2 10 deg/minE HH = 20=20~
70°2 i)

Zy) mEWHe] 71AR AL Itstr] 93 Al
47 & (microhardness)E F7838IHth. A EE vl
g AR Q] e E4EE A 247 2
A= E0)2A 3FF 100 g AT 1029 270

OSCILLATING

Disc
SPECIMEN

CONTAINER ey B8

f==m9 THERMOCOUPLE

TORQUE
METER

HEATER
BLOCK

|
__

Fig. 4. Schematic diagram of the high frequency
friction and wear tester.

PLATE
SPECIMEN




Fetzut SAME a2 /gl E

= IRER uisie 203 AAlEe Hdigd H
23g A9 WA el YFog ALEich
A8 JVZe ¥ Simazrte] vlo]FAZB]FA 2 (micro
AE &4 FAHEMV-200005 AHE-3HATh
50~2000 g7HAl &740] 7hsstes A2

vickers)
o] 7171=
1A it

upEAIE $-0] wpEH S AFsy] 93 SEME A}
S3ton wpdHo] 318y S dolry] 5
o XPS ¥4& AAEAch XPS 42 ALK, X-
ray radiation(1486.6 eVy source® ARSI )
AZrg 2HEE HE Zole Si0, EEAHE 7E
o & of °oF 80 A/minolth.

< - -

31. B2 BAFEY OMFE  2IAEH 5
Eefzvt &} I AMgETe BYgs) =77
34 FaF ULE AL Wi AzE ¥
wo] moful =71E SEM9} Buhler Omimet T A

©

B3R Az SAR9) w1 - npE B 187

24718 olgdled @ Fig. s& & 249
2o gt SEM Abzlejtt.

SR dxel e Z71e o 50 umelhor A}
Agr & ¢ i%e) Foy w8 dlud ,,Hns}
R, AR 7L FABL o] £ a7 &
Hrzzel 48ge & F ’9,315} 23y Mo9 Z*
7}3*011 2t Bge] Bl MEE ¢ UG

8 Cr,0,%] Fig. 5() C% Mo 5 wi% 7M€
(b) CM59] AS- 7ol Bl & 4 o Mo
7F 7z 10, 20 wi% B7FE () CMI10, (d) CM20
o A 1FY 2N FEE RIS UERS
U+ Urh £ BW F=T Mo FHrpgkl e}
g9eAe #FE £ vk ¢9f AfHrks Mot
7t ol BeldgE HHo] XE3) He AL &
T AN
Fig. 6= A8lagd] 2z} 22]8d0] 0, 5, 10 B
20 wt% H7HE B3RS ol g8 Se=vl §A12
B3 A¥el XRD £4425 HolZ it
Fig. 6914 B¥o] Z2a8d ul=9] 7wt Art

(D
Fig. 5. Scanning electron microscope images of the spray-dried powders; (a) C, (by CMS5, (¢) CM10 and (d) CM20.

Vol. 15, No. 2. 1999



188
Mo
J 1

\Cr.0, + Mo
0
&) R
%" cr,0,+ Mo 1 J 1
s
£

1,0, + Mo Swi%, L t \ \ JE

°’1°J_JLJLA.A_A
20 3‘0 4’0 5‘0 6’0 70
Angle(26)

Fig. 6. XRD patterns of the plasma-sprayed specimens.

o wet 7K 2 4 Aok o]2H giFE
Eglddio] Fet=ul SALEEA AbstEA] oa
B3 adi2 EATE ¢ F U

Fig. 72 7zt AJHe] wEAIES npEwe] w4
Z3E JERdT

AEzke A% Eyrdo]
£ 2RO B4t EEde) Hrre AstaE
Eglid EFALE el A=t 258 & 7
At ol Axgrol EL 4ElAE Axghe] ¥
L ZgEde Frigte g EgHd FHrlo nE
ArZre] A BAS o Azt E8Ed
of Artd AHEEL & Aol glo] 1000~1100 A=
o] ¥l&3 AEHS Holx vt zy EgEd
o] 10 wi% F7ME Z"e &3 A|HCMI0 7
S Azt g 22 Aoz FFHAL AstaE
o] BEAIEFE CrO,¢F CrO29] 2Adste}l CrO,9]
ZA9] 98t AxZ77F RaEa drH9l CM10¢]

1

277 e A8

Hardness(H )
S L . . D

Fig. 7. Vickers microhardness of worn surfaces.

Journal of the KSTLE

ololg - ke - 73
2% e A" Hag 48aBe szl
CoSIA Cro,28) Wsbh ol AT ol
e} ojarEgle] 2718 Aow Sy

32 &A20IMel olHAIE

e A9 taze EHO|ES Ho 2 Ao
A uEA S-S ¥ Fig. 8% Fig. 99 zt Al
Ae| vpAAFS} v S YeER T

npEAge] A EEdle] A ER] e CY
ARt EERo] A7 CMS9 CM200] W
e 1Y cM109] A= ¥ HsEAY B2
o 2A SRS B ey e A4S & A
°]Z YehiizlEe A9 cAEEY Eg)Bulo] 3
7t A EEe] mpE o] Sk Adge JYERIA
. ol 22Ul YUl e IR F AR 7
& il Ao Az, CMioe Hade s

(a)

(b)

T T T T Y
20000 o o "o voenoo
Number of opsive

Fig. 8. Coefficient of friction vs. number of cycles for
Cr,0,/Mo coated pair; (a) C, (b) CMS5, (¢) CM10 and
(d) CM20.



Felaot $AH U8R /B

0.008

MR Disc
0.007 R Piate
0.008
0.008 j
)
]
§ 0.004
g
003 -
; 0.
0.002 -
0,001 -
0000
[+ CM§ cM10 CM20

Fig. 9. Wear loss of specimens at room temperature.

o] 73 A ew Fig. 7914 1<l ule} o] v}
209 NEEA B8 w2 A= JHH 7
| EHlo|EE AEgho] do} T o] 5T
AxAtel7t e 2AE His At mEhA et

Fe AijHes F/15U8E ¢ & Ak

& ®gAY Aol
F Uaag 08w MEAEARE na
CAHEY AL t2amdry & wdag Holw 9
ghd EE]Hdlo] Hrle ZgolE A|HF o)
tzze] 7%l cABH o) B tiadurt
e opEae Yehdth EF CMSSH CM20
Ze cA Y vwaty g7te) &
A Holx ztolel] Hlg|
Z7}eo] uj$- Atk we) cMI0e] E#olE v}
gge vf$ zol WupdAo] tgE 2 H[3F

"oide usich

lo gt (i L
rx .
e

N
it
T
38
o
=
o i
i

0.08 - M Cr-plated disc

R Plate

Wear loss{g)
2
i

.02 -

0.01

©0.00

< cMs cM10 cM20
Fig. 10. Wear loss of Cr-plated disc/coated-plate at
room temperature.

3R Azt SAkEYl v - ohd B 189

e ARE olsisk] sk wEANE ¥ o
232] ¥HS SEME o83l TAsIqT Fig. 11
ezt 24E2 vEAd 3 epEE S #29 SEM

Fig. i@y G2vhd @ 848 & 4 ek 2
Hu ), (), (S Afolle rPEEHY FegE
k2 o] PAHY Y-S & & Aok oldt nf
A PA FAE o] ulEdALE Hojmen mpd
FE ZaAYE EE Vet AZETH9,10]
gt AFEF U23E o888 AlgAaA &2
A8 AUre AtslaE A9E FHolEd FEE U
239 mpE o] HAshe A4 ZHo)E HEH
o ¥48 3o gFoE AUT 4 Uk CMI0
& CMS, CM20AHo] Hole g Heojui gl
th o]& Fig. 12914 HFo] BhE AUE] Hig)
CM10 £ 0|E9] Z¥ZFo] £ 7] FE(porosity)E
7R 3 BAeke] AfE FX kol A=
o2 Aztdnt

ulgAl Y & Fgwe] g4 o) B 38
A AL 2Hur) 98 Xps 44 AA ST
Fig. 132 Mo 5 wt% F7F CMS A|#9| opEAg
% AE wg XPSE FEA3 Aijoltl. XpS #4
Al ol2E AWEFYL 5Z, 5§, 308 A ®
HoMEE Zlole] wtE FJEHUSE AHHIA} 3}
Rk, dolofl wE Aie sZolA 30FlM Y
Fol zpole Holx vk H|sdk AEgS Ueplal
th = Eelddlel 7S 308 AWEHT Folz At
38 5 Holk Aow Hol wEAFA ®H

ZAWszb Zo) wgko 2 Ags] AYHAS S
A

[e]

.

Fig. 139 (@t Cr 2p». =HEF AAZ ZAH
YA 576.6 eVE 7HFAe Cr* #l39) 5783 eVE 7}t
A= " I)AE HolX Ar} ol= 7 CrO:8
Cr0:2 Yellle a2 ntEAyY & A4Ee o
2 oA Cr,0t FEFSE Cro:E WElshe A
S & 4= At} Fig. 139 (b= Mo 3d ~HEH 2
2 doublet YAE Ho]I Stk Mo 3dsS “YEF
We A WA 3= 2323 eV AEE YeEpiE 9l
I Mo 3dippg VERME F A H3e axt) 32
eV BE ¥ 2354 eVE HolA gt ol &
Mo 3ds,®] AZNURHT} 48~50 eV A% &
ZO® MoO:9l AfoiAE WERAAL gloth. meEh
A Qe e sz B4 BB AEE A%

Vol. 15, No. 2, 1999



190 &g - ¢kEA - AFY

——— i ) SOp——
2 ; A0

Joumnal of the KSTLE



Eezo} §A1§ AelAE /B2l ¥

size) olfo] WA Hom AztHETh wEAEA
AA% XRD AHNM TRl EAjshe Bajud
Sao) gz EAST A0, DG XPS &

—C_‘
Hog de HEAY F AHE e o) ZAs
1 O A0 =M= ]
£ BEgrde F&9 g7t obd thFEE Mo0:2
(&)
cr,0,
cro,
- S secion gun
;_Q sputtering
c
=’
£ €0,
< 1,0
> 5 min ion gun
‘@ sputtering
c
[
2
£
cro, 1,0,
30 min lon gun
sputtering
v ¥ T T v L) T T —
584 582 580 578 576 574 572 570
Binding Energy (eV)
(b)
Raw Intensty~ fi | 1 5 500 on gun
Y YN sputtering
=
c
2
o
=
< 5 min lon gun
s sputtering
=
@
=4
o
2
=
30 min ion gun
Sputtering
L T v T LA | T 1 LN | T L
242 240 233 28 234 282 20 228 228 224
Binding Energy (eV)
©)
cr0
Mo-0
— § secion gun
2 sputtering
=
)
o
=
< § min ton gun
S sputiering
‘B
=4
2
£
30 min ion qun
sputtering
——T

538 538 5:;4 53’2 " 51;0 5";6 ” 52'6 554
Binding Energy (eV)

Fig. 13. X-ray photoelectron spectra of the smooth film

formed in the worn surface of CM5; (a) Cr 2p;sp, (b)

Mo 3d, and (c) O 1s.

StEwk 229} SALEE o) vl - nhg 191

FHZ SATS &+ AT 5% ok=EE £¥H
FE AFelA MoO, #7F ofzt Mo0,o] EA=
LA F APk ol BRFLE 44E wlE
YA Yshe mtRE d3) %2 228 7R
7] & MoO:HETE & 25 yeoA A4
E{11] Mot 9% EAlshs Zo2 428 Hg.
139 (ox= Ols =HEY Z3E & & Ut o}
23 2¥EH] 30271 JAEe ZE AT
A Mo-OZ¥ Cr-O A%l SA3laL le-& &
F Stk E3 Mo-0 Z2¥¢E Yeile 329 Cr-0
AE Veplle v=e] "HAHIE F4 EgHEdo]
AEtEe AxE 92T F CEE Fg 1309
A z24e vus E W gHFes s ERE
g9 Azt S7HE S 4 4 AT wekA iy
JEo o FAEE S Fole wEHE T
3184 H1-g-(tribo-chemical reaction)®] &EH1H 13
ol A Wiyl BAES & 4 Urtk ®#Ed
ZA4E 71 B V1S eaESgF R Ant
FE & TS -7—1—‘:‘ Ao Aztdr},

F drelMe 7 A wE aEdAEFE ot

gee] WalE Usine Aol Yasithz Az
Aewst ozl 2e B 4BEANNY vEAY
of We WHE FAlsel ANaEELY Bez
5} g4 9e) v wpEEAe] B g AR
g A7 @
48 B
ERAZYS o8] Bz SAERE B
2 439 A8ag/2dud 2gEns Azsdn.

ARl E/EE R B3RS o] &3 Zg=u} §
AP FR9 AL mhEAE Ade o 2o

AzE B olgste Aupd AL siH =
ghze} g4 THE 9L 4 AT

ge viEAEAn 298 PR A9 482
E/28HY 23 Iy A|H9 upHFo] &4 2
3ag IYAHEe vl gt Frlslgn, vEAs
L aglmEnos FY ¥ AWED Bo e o
oot b 2lHdL Ariste 24 FE el Wn}

AL o7 A5kt S5 nlEA R EAE 2
< ¢ F AN

SAIEYE ZYolEY AEEIULAR AFPT
As} 239 npgego] AslaE/ZeRy 23 3

o o

Vol. 15, No. 2, 1999



192

]

92 Edo=t 422 IR B4 &

oz =9d FdolEg} 4L ol

r

ol >
e

AsfagEEd 53 2gd A9 A
Agtagvto 2 FHE A|Ho| H)3) D}%% E
A= gk ule] WAo] yon o] go] £
HFE95S 7RI o] wnE FFA] vpEA
BE Hol= Aow Wt

FAY g 23aEo] oY Cro:2 FH=E
8oL SISl BBl Aee F& EE
2+gtElo] Mo0s9] FElZ EAlstz Uit

o jt) 2 r-b

fo ot 2

Ul

i

(%, ol
L

go=s

1. Bratton, R. J. and Lauy, S. K., “Zirconia Thermal
Barrier Coatings, Advances in ceramics,” Vol.3, pp.
226-240, 1981.

2. Ahn, H.-S. and Kwon, O. K., “Wear behavior of
plasma-sprayed partially stabilized zirconia on a
steel substrate,” Wear, Vol.162-164, pp.636-644,
1993.

3. Ahn, H.-S,, Kim, J. Y. and Lim, D. S., “Tribologi-
cal behavior of plasma-sprayed zirconia coatings,”
Wear, Vol.203-204, pp.77-87, 1997.

Journal of the KSTLE

10.

11.

. OEY, A4, ddie, <SRkt 84 Al EY

o) A9y o AL 8 shREELAT,”
A AEXTEI =R, A1, 28, pp.89o-102,
1993.

. Bryzik, W. and Kamo, “TACOM/Cummins Adiabatic

Engine Program,” SAE Paper 830314, 1983.

. Thermal barrier coatings for reciprocal engines,

Newsletter, Surface Architecture, ANAPS-Materials
Publication, Vol.2, No.3.

. Sheppard, L.M., “Reliable ceramics for heat engines,”

Advanced Materials and Processes, Vol.130, pp.54-
66, 1986.

. Cuetos, J. M., Fernandez, E., Vijande, R., Rincon,

A. and Perez, M. C., “Plasma-sprayed coatings
treated with lasers : tribological behavior of Cr.0s,”
Wear, Vol.169, pp.173-179, 1993.

. Ahn, H.-S. and Kwon, O. K., “Tribological behaviour

of plasma-sprayed chromium oxide coating,” Wear,
Vol.225-229, pp.814-824, 1999.

Komvopoulos, K. and Li, H., “The effect of tribo-
film formation and humidity on the friction and
wear properties of ceramic materials,” J. Tribo.,
Vol.114, pp.131-140, 1992.

Roth, R. S., Dennis, J. R. and McMurdie, H. E,
“Phase equilibria diagrams,” The American Ceramic
Society. Inc, Vol.6, pp.47, 1987.



