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A study on the Bending Fatigue Strength of Die Steels coated with
VC(Vanadium Carbide)by Immersing in Molten Borax Bath

B. K. Lee, T. W. Nam

Dept. of Metal, Inchon Industrial Masters’college
Dept. of Metallurgical & Material Engineering, Han Yang University

ABSTRACT

Bending fatigue strength tests were made for VC coated die steels which were coated by immersing in a
molten borax bath and for hardened die steels which were quenched and tempered, in order to clarify the effect
of VC coating at 1000°C and 1025°C. The material used in this investigation was a representative cold and hot
die steels STD11, STD61.

The results obtained are as follows.

1) The endurance limit of VC coated die steels was a little lower than that of hardened die steels. It is
considered 1o be mainly due to the decrease of hardness in the substrates. Accordingly, the endurance limit re-
covered almost to the level of hardened die steels by an additional diffusion treatment.

2) The initiation point of fatigue fracture of VC coated die steels in reversed bening was on the substrate
just under the VC layer. Hence, the endurance limit is corrected to the hardness of this part.

3) But, there is a considerable scatter in this relationship and the endurance limit of VC coated die steels
was a litile lower than that of hardened die steels with equal hardness. These results suggest that the fatigue
strength of VC coated die steels is determined not only by the hardness but also by other factors. For example,
the residual stress in the substrate just under VC coating layer is one of the factors besides hardness which is
mainly related to the retained austenite(yg)
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(a) Rotating bending fatigue specimen.
(b) Two dimensional model bending fatigue speci-
men.

Fig. 1. Shape and dimensions of fatigue specimens.

Table 1. Chemical Compositions of Material(wt% )

Material| Size C Si Mn P S Cr Mo A" W Co

STD11 15¢ 1.42 0.33 0.40 0.025 0.003 11.81 0.85 0.24 — —
20" 1.46 0.33 0.42 0.024 | 0.002 11.68 0.83 0.25 — -

STD61 15° 0.34 1.02 0.43 0.023 | 0.012 5.14 1.31 0.82 - -
20" 0.36 1.04 0.42 0.025 0.014 5.16 1.26 0.86 - —

157 Rotating bending specmen, hardened and VC coated.

20" : Two dimensional model specimen VC coated.
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Photo. 1 MiCrostructure of VC coated specimen.
(STD11 10257, 8hr, 180 x 1hr tempering)
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Table 2. Treatment Condition, Hardness & Grain Size Mumber
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Treatment condition
VC coating or Grain
. e . Hardness )
Materiall lot. Treatment austenitizing Kind of Tempering temp. ('C) (HV) size
temp.('C) & holding | Cooling number
time(hr)
Hardening 1000°C * 1/2hr (0.4] 180°C * 1lhr 724 10
VC coating 1000C * 4hr 0oQ 180C * 1hr 730 9
. VC coating 1000°C * 8hr oQ 180°C * 1hr 746 9
Viufszz:it& 1000°C * 8hr | 0Q 180°C * lhr 263 .
. . . 1000C * 4hr NC 180°C * 1lhr
diffusion coating
Hardening 1025°C * 1/2hr 0Q 180C * 1lhr 756 9
VC coating 1025°C * 4hr 0oQ 180C * 1hr 722 9
STDIL| b Vif;t:it& 1025°C * 4hr | 0Q 180C * lhr 13 .
. . . 1025°C * 4hr NC 180C * lhr
diffusion coating
c VC coating 1025C * 4hr 0Q 530°C * 1.5hr * 2times 680 9
VC coating 1025C * 8hr 0Q 180°C * 1hr 671 9
d Vi:;;tiit& 1025C * 8hr | OQ 180°C * lhr . .
. . . 1025C * 4hr NC 180°C * 1hr
diffusion coating
e VC coating 1025C * 8hr 0Q 530°C #* 1.5hr * 2times 675 9
Hardening 1025°C * 1/2hr o 600°C * 1.5hr * 2times 518 8
VC coating 1025C * 4hr 0Q | 600C * 1.5hr * 2times | 476 6
stoet| ¢ V\éij::::;g& 1025C * 8hr oQ 600C * 1.5hr * 2times 454 6, 5
subsquent 1025C * 8hr 0Q 600°C * 1.5hr * 2times 195 .
T i 1025C * 4hr NC 600°C * 1.5hr * Z2times
diffusion coating

0Q : 01l quenching

NC : Nitrogen gas furnace cooling

Table 3. Condition of X-ray diffraction (XRD)

BAle] AEg#E X-ray diffraction] (XRD)ol} £j

) (1] APRRBT2E,

Rk

& PSPCH4&% XM 3¥Z Characteristic X-ray Cr-Ka
CN2905G3)&  AHgste  SAsAY. SHzUL Diffraction plane (211)
Table 331]' Zr} Voltage 30KV

A58 2He VCRL AANART X4S %3}
Current 10mA

AA AR FALNA, W AEHE F9R 7
o ~ Divergence angle 0.69deg

gZolty. A4yl 2 STDEL) A9 2ol
BAHE 2499 +8 F7M71906 AQEE 9 rrandiated area 3 14m?
HAA =gHAct. Time constant 25sec
oll, ¢4 K=—318MPa/deg (—32.44kg-f/ Filter V foil
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Table 4. Retained Austenite(yR) in substrate

(STD11)
Material VC coating Freatﬂment & Yo%)
tempering(C)
1000°C, 4hr, 1807C x 1 19.11
1000°C, 8hr, 180T x 1 20.88
1000°C, 8hr, 530C x1.5x 2 6.28
STD11 |10257C, 4hr, 180°C x 1 25.6
1025C, 4hr, 530C x1.5x 2 6.87
10257, 8hr, 180°C x 1 28.57
1025°C, 8hr, 530C x1.5x2 7.67
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VC layer

(a)
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Photo. 2. Fractographs of fatigue tracture surfaces (1025C, 4hr VC coated)
(a) STD1 (180 x 1hr) (b) STD61 (600 x1.5x2)
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VC layer

Sk

Photo. 3. Fatigue crack observed on side surface of two dimensional specimen (STD11, 1025°C
4 hr) , ,
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Table 5. Residual tress in substrate

Y2 Y A= FY A7

Material VC Coating treatment condition Endurance limit Residual stress
ow MPa o MPa
VC coating(1000°C, 8hr, 180x1) 554 324
VC coating and subsequent diffusion soaking 612 76
STDI11 (1000°C, 8hr, 180x1-—— 1000°C, 4hr, 180x 1)r
VC coating (1025, 4hr, 180x 1) 610 260
VC coating and susequent diffusion soaking 695 38
(1025C, 4br, 180 x1 —— 1025°C, 4hr, 180 x 1)
VC coating(1025°C, 8hr, 600 x 1.5x2) 449 —333
STD61 VC coating and subsequent diffusion soaking 550 249
(1025, 8hr, 600 x 1.5x% 2 —— 10257, 4hr, 600x1.5x2)

2)ske] 7)1 "He] VC coatingZ 2lat A S &<l
st airt.

3.5. ZIRSH I

VC coatingx2]3+ A3} VC coating® 2} & 414
213k A9 VC coating® st =A¢] »ELd L X-
ray difraction'j (XRD)o & &3 3sld -1 A2 a2
9l 34 Table 5of veblitt. X4 B = = VCH
o] gl 4ol sl 50%Hx 2Bkt HAE 2A
%= VC coatingZo] fli= 3¢9 vlmsiA g5
of A7} glcky #eE At

STD11¢} A% 423 AL &R ¢k-e Za v
wale] ZHFEH (1)o@ F(78~67% PRI
Zasty o, STD619] A $& #REH(4F)ol
P42 (30%)38t Ul S #e AFolA] 2 AF
Hy e PgEE uists factorz nslx] o
W QrET T JekEch

N

o d

4. 82 B

289 Ao 23 VC coatingdt 23 &%
(STD113} STD61)2] W+3(endurance limit)-& ¢
& 0 2 hardening?dt A, VC coatingx#]3F 7, VC

& 2423t 2 S Austenitefh&
2o YR E S HHAIA ARSI oW, © 23
HEARO R AIFES P 29 vhga g2 3

coating &} ¢} g}

HE 4 ASvh

(1) VC coatingde]dt 38732 AwrA<l har-
deningdF Z H} W 75ke] 2|5kE Q. VC coatingZ
o] Fste] pEetAo]l £o)FZ % o™ VC coating
AMe]Alzkel At hardening ¥t} Fuj FA|7E 7} o)
FEL ol VC coating® 8} 24 £A)E)e] o3
ol 71918 Ao g AtEeh. (EE 2o AwAs)
= XF Austenited] =7}9lT BEIFECH) a@lay
A E Yol 2s) ssd T At hardening
gk Aol 71gA 3 EE A

(2) VC coating 2872] reversed 3§31 22 s}
#7148 & VC coatingZ Agte] 2ajeln Ayzrgic)
et 1 R2e] FEAste WFseBAzE ok
werEnh el o8] Hrvt 3EE AL ui
FEt F7Vel

ol 9lsfl VC coatingZ 7“?5}/] GH-2elo] 7hAasie]
o AL WP AL FE Aoletn wrkdr).
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