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Surface alloying using TiC, TiB, and VC ceramic particles on carbon steel has been performed using high

voltage electron beam. Each type of ceramic particles was mixed with flux of Al and MgF: in 1 to 4 ratio. The micro-

structures of the surface alloyed layers consisted of melted region, interface region, heat affected region and the unaf-
fected matrix. The surface layer of the TiC surface alloyed had a cubed primary and a eutectic type of TiC. TiB. in

surface layer of TiB, surface alloyed were incompletely melted with TiB, particles as observed before the alloying. On
the surface layer of the VC surface alloyed, very well defined cell structure was observed with VC on the cell bounda-

ry. In addition, ~50 nm in diameter VC particles in high density were ubiquitous in the matrix. Those fine VC parti-
cles prominently improved the hardness and wear resistance of the surface layer of the VC surface alloyed.
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Table 1. Properties of the particles alloyed
melting hardness density
point ('C) (HV) (g/cm?) structure
TiC 3200 3000~3200 493 FCC
TiB, | 3225+20 ~ 2600 452 HCP
VC | 2699+50 | 2400~3000 548 FCC
22mA o] HF % 245cm/secd] $EE xS AW F
ol FA}sto EHE 454120 F self-quenchingA1A &
Rg2s Ame Azsisic
Agd Eue wnhey, ey, BRAgel $5a
TiC, TiB,, VCelx, Ztzte} b3t &4 Al+MgF.(1:4)
T0wt% & AAEFT F 1A =23 |, 7Iskek &

e AW T WAL FASACh. MeF.ol $3%
U= 2zt 1248°C3 3.148g/cm’olT,

B Aol Ad 717 sazk BAe 37l 100%
50 X 10mm’el i, &AL Fe-0.06C- 0.25Si- 1.2Mn-
0.004P- 0.003S- 0.02A1- 0.06Nb- 0.05Ti- 0.003V-
0.01Ni- 0.01Mo- 0.01Cr(wt%) o™, A=t &+F &£
o) 44 Table 13+ 2},
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Fig. 1. X~ray spectra of the alloyed melted regions.
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Fig. 3. Optical micrographs of the surface alloys(melted and interface layers); (a,b) TiC, {(c, d)

TiB,, (e,f) VC surface layer.
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Fig. 4. SEM micrographs of the surface alloys (melted and interface layers); (a,b) TiC, (c, d)

TiB,, (e,f) VC surface layer.
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Fig. 5. TEM image of surface layer; (a) TiC surface layer, (b) TiB, surface layer. (c) VC sur-

face layer

="
STALE Bz} & 90um745‘;i-1_ A AA F
A Z7 (~ 2m) & TiBy7t ZUEE BEZbgch (Fig. 4
(¢), @). el A FARA] TiBo -&871X el 2=
A &% - TE2HA FII ol 3] AAAR HAY
B 7o BokEth VC 229 A$ 2 228 zky,
A ZAE w2t 4" AFE moke] HEEe] A3t
o, °|F9 Aol 05~omAEER tikslz, FAE

500nm (Fig. 4(e), (f)) BZgich. olzid AAA N &
e HEEL £84) 71Ae 24, VOr 2] 4
A vehd Ao 2 HekHrt.

TEM B4 Fig. 514 B nje} o] Zoigs
Fol sz A2 SBM SN Sk
TiCe TEM A=Y E42 F 71X Yo & & F
Fod AATFZE Az ~4.32A Ars XRDe Az}

9} dXslgt) (Fig. 1, Fig. 5(a)). TiB, E8¥ZF29 &
<+ TEM &% (Fig. 5 (b)) o= SEM ZAEA A et
ot oule} o], FHPFS SA45tE TiB. 29 YA}
7} 2 ~2mE e Z7)e)xn, ¥FF FAVF 274

stei, oAl AEade] REFA ¥z, AN AZAA
TiB. $i#te] HA Fo] yepted], °]258 TiB. 1§

T35l sl A A 2] FAle]l o8] TiB.o) ¢
A g-go] dojix] ke o TWrig = ). AR
TiB.o] 4§42 3220°C o|do= Al43 B FollA 7}
A Eor, ¥ Ux 2 qls) 48 skt 7P EEY)
o3 zAolt}.

VC ®93tEsle] A4 TEM Z=4}12 Fig. 5(c) <l 1}
ehd ule} 7o), TEM #2S 58 AAAE we} AA &
o1zl Hefo] 2ok VCoF FWel VC nZd&o] &3 1,
SEMellH: #25% 99kq ~50nm ©l8+e] u)4) 73
VC7t 7)Aol mHE R Ex3ks 7o) e, =0
g VCeE 24 HEEo]3, v|A VCE 1% 7)A|elA



908 dxAasIA A12d A12x (2002)

IET o SAHAAE0] ST YA HES A
HtE}, o] VCEHo] vlud 93] 4§49 %
TA} AAA VCE &3y, YAl wE 5
Qlgt T-of Ao wikE o]z o2 s, 2AYR SV
Ceol ZA ol entrap H AT 259 AL Yz
Well VCE 127 4%d 7oz #Adsg &, VO
Lol A4 §-53L, 57 ATSH A EREHASE ¢
A},
3.3. Zx U otz AlE
Vickers microhardness testerg AH&-3}e] 500g9) 3}
o2 dwell time 10sec® F9, AW, 71429 AEE
05mm Ao EAstgdct. A TAFZFI Zo4
71 A e, A"EA 435 dolAs HEHE
Btk (Fig. 6). 2R3 29 vA4=E TiCe TiB,
S 243 A 255 TR )29} u]iWstod o7t F}
vk Az VCEHEFF A9 Asd giA= =
A F7181A] ekokrt. ol EX3 Algte Eute] Ar e =
2"k, 7)1217F gk H2ho| B 2 olgbe Zo] JiS- whof
A 7B %2 AR ggc). 28y VCAS X
AT} ol vlzulAjol, Hdulo]e Za]o] 3= Z|
WL, &g FHzpolE A ZA YT Bt 50048 %
E 7|A5c} 2~25v AT EA4 debgrt

g3 2o WeEA Age 279 A|HE 26X
50X 10mm*e. & Awslz, WS «dvlgk 3 dry sand/
rubber wheel abrasion test H& AH-slo] 815 20kg,
o] =27] ¢228mm, 3XHEE 200rpm, vFEA 2] 200mE

H Lo

o K o oo ¢
©

4 He o

A @etsict. A

o PhEAIY 3 Ao ey vlRAjY vbeke) ghee
500 — ek TIC
l\l/ ! - - -TiB2

_ 4504 | | \i l —a—-vC

5 400 \

(=]

9, 350 '

I

= 300

g 2

§ 250- l-\é-.-l-_@:;_ o

E 200 * 458 AV

s g Y S
1504 metted region HAZ matrix
1002 > < > ’

2o =7)E 500~800m HE e
o, A1g AFHE Table 2o wlmzeke] HH2 fepfod

0 1

2 3 4 5 6

7 8

depth from the surface (mm)

Fig. 6. Vickers microhardness test (load 500g).

Table 2. Result of wear test

wear wear resistance relative to
loss(mg) (1/wear loss(g)) matrix
matrix 780 12 1
TiC 600 1.6 1.33
TiB. 670 14 1.16
vC 500 2 16

crack of VC

Fig. 7. SEM micrographs of the surface alloyed specimen after wear test; a) matrix, b) TiC,

¢) TiB; and d)VC
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