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A study on Adhesion and Wear Resistance of Vanadium Carbide
Coating on Die Steels by Immersing in Molten Borax Bath

B. K. Lee and T. W. Nam*
Seoul Jungsoo Polytechnic College, Seoul, Korea
*Dept. of Materials Sci. & Eng. Hanyang University, Ansan, Korea

Abstract A study on adhesion and wear resistance of VC(vanadium carbide) coating on die steels, STD11 and
STD61, has been carried out. The VC coating on the die steels was made by immersing them in molten borax bath,
a kind of TRD(thermo-reactive deposition and diffusion). Adhesion strength and wear resistance were investigated
using scratch test, indentation test and plate-disc test{Ogoshi type) respectively. The influence of sliding distance on
the amount of wear has been determined and dominant wear mechanisms has been characterized using optical
microscopy, scanning electron microscopy and EDS spectroscopy. The critical adhesion strength(L,) between VC
coating layer and substrate(STD11) was increased to 60N(L.) in the scratch test. In the case of STD61, the strength
increased to 24N. The wear resistance of VC coated die steels was excellent because the diffusion layer formed just
below the coating layer. The dominant wear mechanism was identified as adhesive wear for VC coating die steels
which were worn by combination of cracking and plucking of VC fragments and disc.
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Key words. VC(vanadium carbide) coating, die steels(STD11, STD61), adhesion strength TRD({thermo-reactive
decomposition and diffusion), wear mechanism
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Table 1. Chemical composition of specimens(wt%)

S ~O0mPO - g (Mn| P | S | Cr [Mo| V
peci.

STD11 |1.44{0.32|0.42]0.025{0.003|11.80|0.84| 0.25
STD61  |0.35(1.02] 0.43 [0.027]0.012| 5.18 {1.30| 0.85

Table 2. Conditions of the wear test
100, 200, 400, 600m

Abrasion distance

Final load 6.3kg
Abrasion speed 2.91m/sec
Contact pressure 200kg

None lubrication
SM20C Normalizing condition
Temperature 16°C

Lubricant feeding system|

Count material
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Fig. 1. Dimensions of the wear test specimen;(a) Test
piece (b) Revolving disc.
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Table 4. Standard condition of scratch adhesion test
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Table 3. VC coating treatment condition
Material VC coating Immersing Kind of Tempering(°C) Hardness of
ate Temp.(°C) Time(hr) cooling xhr substrate(Hv)
4 746
1000 0.Q 180°C x 1hr
8 763
STD11
4 722
1025 "
8 680
4 . 518
1000 560 x 1hr x 2times
8 526
STD61
4 512
1025
8 515
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Fig. 2. Optical microstructure of the VC coating layer at
1000°C, 8hrs; (a) STD11: thickness of the VC coating
layer 7.8 um (b) STD61: thickness of the VC coating
layer 5.0 um
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Fig. 3. SEM the fractured cross section of the test pieces VC coated at 1025°C 8hrs; (a) STD11: thickness of the VC
coating layer 15.5 pm (b) STD61: thickness of the VC coating layer 7.6 um
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Table 5. The thickness arrangement of VC coating layer on STD11 and STD61 for the test pieces: sliding speed 2.91 m/
sec, final load 6.3 kg, and count material as revolving disc SM20C normalizing condition respectively.

Test pieces maten'alsl VC(;:f)ated temp. Scattering thickness of hi ﬁveragei Ve Sliding distance Revolvmg (lllsc
(substrate) andIMMENSNE | ye coated layer (mm) thickness o (m) matenal
time coated layer(um) (count material)
100 SM20C
1000°C, 200 Normalizing condition
4hrs 3.9~44 42 400 Hardness:
600 Hv 150
100
1000°C, 200 "
8hrs 7.5~8.2 7.8 400
600
STD11
100
1025°C, 200 "
4hrs 7.7~84 8.1 400
600
100
1025°C, 200 "
8hrs 15.3~15.9 15.5 400
600
100
1000°C, 4hrs 21~26 24 e "
600
100
1000°C, 8hrs 48~5.1 5.0 g ‘
STD61 000
100
1025°C, 4hrs 5.0~5.4 52 P "
600
100
1025°C, 8hrs 75~78 76 o ‘
600
-~ 1400 -
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Fig. 4. Hardness distribution in substrate of the test pieces VC coated at 1025°C, 8hr; (a)STD11 (b)STD61.
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Table 6. Failures observed at each thickness of VC
coating layer in the indentation test

. Abrasion weight
Th1ckne§s of loss(10g)  [Failure| Failure
Substrate| VC coating lidi
layer(um) | . at sliding type | observed
distance 600 m
4.2 5.1 A
7.8 1.8 B, C T
STD11
8.1 1.9 B,C
15.5 2.1 D
2.4 54 E ~
5.0 31 EG|
STD61
5.2 28 EG
7.6 24 GH| &

Fig. 5. Topography of the lateral crack patterns made by 150 kgf indentation on VC coated STD11; (a) 1000°C, 4hrs,

{b)1000°C, 8hrs, (c) 1025°C, 4hrs and (d) 1025°C, 8hrs
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Fig. 6. Topography of the lateral crack patterns made by 150 kgf indentation on VC coated STD61; (a) 1000°C, 4hrs,

(b)1000°C, 8hrs, (c) 1025°C, 4hrs and (d) 1025°C, 8hrs



78 o - dehe

had il T T T
a)
70 i
) I/K_\I
z
< 50 —~
3
| .
I |
20} E
101 R
o 1 " 1 i
(] 2 4 8 s 10 12 ] 18
VC Layer Thickness{um)
40 — T
35 i
.0 _
Z 25 _
L]
¥ n _
1o
sk _
1. i i 1 J. —

[} 1 2 3 4 5 6 7 [}
VC Laywr Thickness{um)

Fig. 7. Critical load of VC/STD11, STD61 layer with the
change of VC coating thickness (a) STD11 (b)STD61

g Aolth (aE STD11Y] FAA|Zl VC 2EZ9]
FA et A F3hY ¥ vehd Rojh
VC ZEZFS FA7} 42 um W 9A dEgke] 50N
Aol 7.8 um, 8.1 umT Z713) we}l ONFYEE
dA Fgkel FUHIATh VC 2”E9 A7)
155 um¥ Wis A ate] it AAd s6NPER
et VC ZEZe FAIET % A sisgke
8.1 utAle F7BIEeY VC 283 FAV} o
F71tel wE) A IFEE F7BIAE 4t b)E
STD619] -2 VC Z®ZFS T/ 24umY
NAEe) A 35akE VERIE 7.6 um 74X VC
FRFo| FAZE S7V W lA Fgke 2Ed)
F7151e 24N =E Jehdh. 23X APl =28
Zo| EAZRE goid Jdn A9 wE o)
A At 23] A8} STD11L 349 W&
o] ozt AR AlHE UA FEhoz e
o AAFEe] 80Ndl| olZHME AN HE X

i
P X

EN 28KU  Soum

KirmM R ZekU ﬁ =588

Fig. 8. Scratch channel (@)STD11 (b)STD61

A% W3lE YehlR] st

Fig. 89 (a)= STD119] scratch channets eld
Aolw (b} STD619) 23X B2E Jehlch
Hilo] FRFNE vinHAAN LYske 237X
728 CVDY PVDAEd 28] ¥AHY TINTHZ9
23R Al Jehle S4udely 9ungs
o] mraji15]el YENGA] kol = FE(STDIY,
STD61) B5 Watge] 531 Aoz Jehgr), ot
STD619] 79 STDI1Et} 845} e XZo] Wiz}
7} Aok

oldol A AFF ApEA FHF YA sEgkel 2A
ol olzigol glo] e Ay nime Tdsxg
VC I=AF 5 ZF, STD11# STD61¢] HE Q)
Aivlme 71eslgen Holx STD119] A=FR)A)
Hol) 23t YAHL STD6E1S] 254 ooz vehd
i VC Z8Z A7 slum7tAle 548 25
23x] BAo| FyI% A2 FAEC

3.4. Lotz y
Fig. 9= wk=AE)7F 100, 200, 400, 600 m2 =7}



45 A Al 2ls) F34 7ol AR VC coating®e] WaAa} ViukmAlel Bt} A7 79

*=% Y€ 100G C {dhrs) a)
0~ VC 1000 C (Bhrs)
sp O-01 VC 1025 C (dbrs)
O-O VC 1030 C (Bhes)

Ws Speciffc Abrasion {mm?/g)

Sliding Distance (m}

Ws Speciffc Abrasion (mm?/kg)
%

o

° w ] r- ] [ )

Sliding Distance (m)

Fig. 9. Relation between the weight loss and the sliding
distance; (a)STD11/VC ()STD61/VC

gl W2 vpRdE WFe vhuge vERd Zolth
(@x= STD11E 1000°CoA 4hrs VC 8 Xldt R
< v A7}t 71 wE vpREw okm A
Hlglsia @A 7RI ot ofe VC ZHF9)
42pum=z gkt viRAYYL 715kl ue niEgE
2718 Aoz detdo). 1000°ColA 8hrs, 1025°Ce]|
Al 4hr, 8hrs A& 2L wiRALR7} FUBIE et
g o] FUME JER 0] VC ZH 39
FA7} vk A JEE F AoE Holw 4
7b 8um ©)3Y wis vtEAY] HE viRFe A9
U AFgS Jehla k. by STD61S W=zt
Zg vehd Ao® 1000°CoI- 4hrs VC IH 2
3 AL vk AEs} 200, 400, 600mE F7}HEH)
we} vlEziEe] F7P) oS ZA JEhges ole
VC ZEF9 A7} 24umE gk ol 7|93y
viR o] niEAg|e] F7tel wEt AASHA 718 A
oz . &3] vl2A7F 400 melA 600 mE

et

®-% yC 100D C (4hre)
O-0O VT 1000 C (Bha)
00 vC 1025 € (4hrw)
[ -0 vC 1020 € (Bbr)

L=

o = br——
100 = [ L] " [ E

a) |

5 8 8

Ws Speciffc Abrasion (mm?/kg)
8

°
N

Sliding Distance (m)
0° - . - —
b)
1" # 00 0% ] ﬁ k.

;B

P

4

Ws Speciffc Abrasion (mm?/kg)
5 5 -

=
2

o
Sliding Distance (m)

Fig. 10. Relation between the specific abrasion and the
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Fig. 11. SEM topography of wear scan of STD11 VC coated at 1025°C, 8hrs: sliding speed 2.91 m/sec, final load 6.3 kg,

sliding distance 600 m.
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Fig. 12. SEM topography of wear scan of STD61 VC coated at 1025°C, 8hrs: slicing speed 2.91 m/sec, final load 6.3 kg,

sliding distance 600 m.
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Fig. 13. SEM micrographs and EDS spectroscopy of wear scan of the test piece VC coated at 1025°C, 8hrs: sliding speed
2.91 m/sec, final load 6.3 kg, sliding distance 600 m, A~D EDS spectrum (a) STD11 (b)STD61
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Fig. 14. SEM micrographs and EDS spectroscopy of cross section of the test piece VC coated at 1025°C, 8hrs: A-Sub-
strate, B-Just below the VC coating layer, C-VC coating layer (a) STD11 (b)STD61

STD11clY}, STD61 25 Fil5o] EAEE ERIY
U3 o] FaEow Q3 WAy wxiohl}
YWele e 481t ARR et

4.d B

Fukg A&l dFQ &89 FAH o3
2388 7} STD11# STD61d VC IZBAA FHZS<]
2 9 YeleAe 485 dve the 2

1 934 Ageg 2zix AgdAs} STD11E]
7% VC ZEZFe $A7} 3715l wet critical load
v F77F 81um¥ W 60No2 FHujrl =Hiow
15.5 pme] FAGIAE A3} At STD61] 745
= EA7 &7 wEk 24N7HR) F7HE e
STD11& STD61:Rt} 258145 P ] ZA Yelst
1=

2. SF& A1827 STD11S FEZFe| FAVL F71st
of et ¢E FHol YA E @ hair cracke]
=3 2A) B8l STD61S AEFRS o B4
Hejo] FFo] g ARFIe] A LA v

T AR it

3. Uvl=. A18ds 85A7) F7H] et vpe
& ZFrlslgen, STD11S] A$+= IHE FAUL
42ume) AL FFAR F7lo we} vl =7
Z71 o1} 7.8 umel g wiE e Wsl}t A el
2 stttk STD61Y A9+ ¥5FA) 7185
vpRgke ZrRlgoen, I8S FAY VS
R AA Vet

4. VC ¥ FF7STD11, STDe1S Awj &<l
vl e 2& rlRely VC Z®E Ad EAd
Fikzo] EAES BRI 4 AU

5. 3TE#

films and

—

. Vladimir Sedlacek; Metallic surface,
coatings, Elsevier, (1992) 211.
2. K. L. Mittal; Adhesion measurement of flims and
coating vsp (1995) 26.
3. R, FTFE ;B E i, 68, (1982) 16.
4. FOEE, RE, AR, SBRERM, 32. 5 (1981)
16.



84 o3 - ele

5. MRE, WHE, KiBIEE; BREREEIE, 39, (1975)
247.

6. BAMF, WHAR, BEERL, FHE; HE 36
(1989) 85.

7. S. A. Plumb, H. C. Child; Heat Treat. 310 (1984) 51.

8. H. C. Child; Metal Finishing, 6, (1989) 111.

9. FHHE; U TR =5 (1994)

10. WLEAE ) AR, HRIE— ; #L #60.1 (1974
85.

11. A. E. Pavaras, A. N. Popanolpulo; Met. Sci. Heat

Treat. No. 11 (1982) 36.

12. Bofors Handbook, steel and its Heat Treatment
(1976) 21.

13. Jen Fin Lin, Jeng Haur Horng; wear 171 (1994) 59.

14. C. Quaeyhaegens, L. M. Stals, L. De Schepper, M.
Van Stappen and B. Malliet; Surf. Coat. Technol., 45
(1991) 193.

15. 74, AL, o1AF; ¥ S5%3A, 35 (1997)
1553.

16. Q. E Peng; Wear, 129 (1989) 198.



	DFS: 
	DSA: 
	SDA: 
	RET: 
	FD: 


