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Effect of Carbide Coatings by Salt Bath Immersion on Toughness !
of Steels
Tohru ARAL, Yukio OHTA and Noboru KOMATSU
Synopsis :

Various steels were carbide—coated by immersing in a molten borax bath. Dynamic and static bending
tests were made with these specimens in order to clarify the effects of kinds of carbide layers and substrate
steels, layer thicknesses and tempering temperatures on their rupture strengths and crack formations in
carbide layers.

(1) In dynamic bending, the absorbed energy for rupture of carbide coated steels are almost the same
as those of hardened steels.

(2) In static bending, the following three cases were observed. If substrate steels were grittle, rupture
load and strain were not decreased by carbide coating, because the substrate steels ruptured at smaller load \
and strain than those for cracks generating in the carbide layer. If the substrate steels were tough, the rup- #
ture load and strain were not decreased, because cracks generated in the carbide layer did not induce sub-

strate cracks. If the substrate steels had medium toughness, the rupture strength and strain decreased,
because cracking in the carbide layer induced substrate cracks.
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min OEECARF L, B Lc®&S 8D M, Efiflic®  Table 1. Chemical composition of specimens
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D-140B itk 5. e 1.56 |0.33|0.41 |12.25 |0.84 | — | 0.24
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Tempering temperature T (SKHS1 3-5he x3 Fig. 1. Effect of tempering temperature on

absorbed energy in impact test.
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Hardened SKD11 975T -8hr 0.Q.,
NbC coated(NbC:11m) _ {30min)
NbC coated(Notch bottom not | 560C ~1hr2 Tempering
VC coatedVC : 9um) coated)
Cr~C coated(Cr—C:10pm)

500 B
SKD 11 975C-8hr 0.Q.
(30min)
200C -1tr Tempering
(HRC 57.4~59.8)

600+

BEQ0E

05 7.0 20
Radius of notch bottom mm
(3 points bending)

Fig. 2. Effect of radius size of notch bottom on
rupture load in static bending test.
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SKS 3; 900C 1~48hr 0Q.

kg

20001 SKD11 (550¢ 1hm2  Tempering)

HRC 54.8-58.5
/0\x B .
1 1

1
SKD 11 (200¢C thr Tempering)
o0 \_W_LM

e SEN SR V. S M. §

SKS 3 (200C 1hr Tempering)
HRC 58.3-60.2

Load

1 -l 1
o0 10 20 30
VC layer thickness pm
(3 points bending)

Fig. 3. Effect of VG layer thickness on rupture
load in static bending test.
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\
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1800
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Load

1000C-8hr
0oAQ.
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NbC:6 pym |
=.'l 1 1T, 1 L i; 1 ! :', 1 1Ty L
200 400 600 200 400 600200 400 600 200400600 200 400 600
Tempering temperature c
(1C-10Cr steel: 1hx2, SKH5! V.Q.: 2h X2, others: 1hx 1)
(3 points bending, NbC coating)

1000

LIRSV, AN SN SR B S |

600
0

T T T T T T

-
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Fig. 4. Effect of tempering temperature on rup-
ture load in static bending test.

3-3 TREARREZAOCHTHR

3:3-1 MR
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i3, BHMEECBEREL BIE—EDEL it T\WH DM
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NbC HEML D IIEETH OIS, BANED EL
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© Rupture f Over the limits of
% Crack initiation in VC layer mesurement
under tensile stress <* Not ruptured
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1000C -6hr A.C. | 1000C~8he A.C. 1000% -8hr A.C
(VC:10um) (VC : 7um) (vemm
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ol AL LY e | T
.E ’ 7’
[]
< 0 Z /
1.0 - ——— I~ R
» gt f— - ——
0
2000 - -
o e}
X /
°
S 1000 ﬁ - u/
a — - FE- g o — T
Olel 1 1 1 ) ] 1

1 1
0200 400 600 0200 400 600 O 200 400 600
Tempering temperature C

(200°C : 1hx 1, 400~650°C : 1hX2)
(3 points bending, By use of AE monitoring)

Fig. 5. Relation between load and strain for
rupture and those for crack initiation in VC layer
under tensile stress in static bending test.
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Deflection at which micro-cracks
were detected by microscope

2z
*K__Deflection at which micro-cracks

were not detected
SK 4 ] SKS 21 | SKD11 | SKD61
900°C-3hr 0.QJ 900G-3hr0.Q. 1000C~-6hr0.Q. 1000C-8hrO.Q.
§30C~-1hr 660°C—1hr 650C-1hr 660°C
Tempering| Tempering | Tempering Tempering
£ HRC HRC HRC HRC
£ 38.4~40.8 | 40.4-446 41.3¥43.0 42.7-45.8
c Under tensile stress
° é
°
2 :
-
[
[a]
»R— Under compression stress
1 I 1 1

1 1 [ 1 1 I
VC NbCCr-C VC NbC CrC
8 (100 (19 ® (@ a3

11 i .
VC NbC Cr-C  VC NbCCrC
11) (9M2) (15) (10411)(8~11) (13)

Kind of carbide (layer thickness um)

(4 points bending)

Fig. 6. Effect of kind of carbide and substrate
steels on deflection for crack initiation in carbide
layer in static bending test.
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SKDI1 0B A, fori—>0 Fiste UTHERM LY
BIEED MO H NI TehBRETYZ 5 7B FE L.

s LOBIE iR ELL 7 7 5 71T, Th
FREREOEEN R bR, SR il RE L s
5 » ZIXNBCIRER T LW EMMT, thadik
X< 7B LEEEHS L BETHORKL, EMACH
BLIZ 5y 238, RIRTHLHoBETE LR
X ThHolk. YMEOBEHETE, 77 7 ILEM
fl, BIEEDHIE ST _NTRHMETEL TR BE
RO TTHVNKISHE, TobRh T2 5y 7 0RETHHE
B, RibsmEre 120~230 kgf /mm? o K ¥ 7x F#E G
DTN LRI B EELDRD.

BEd S LIREERE 2 - VO BERBF oW, AE
CElE Y@l VC Birr 5., 73R ETLEOTRE &
kDR Y Fig. 7 i+, BH#EOEEL Fig
6 DEL LRABETH 20% 0ETHY, B LEE
DEWIE X 5 PHERZIRD bhichok. EORBRRA
3 0.7~1.0% DOTHETHEE Mo VC B 75
v ZFE L.

ke, MBEREIRTEE2T VO BoEIR E2 i

vC HRC
SK4 900C-4hr 0.Q. 9.5pm 39.3
SKD11 1000C-6hr AC. 10 pym 407~607
SKD61 1000C-8hr AC. 7 ym 464~524
SKH51 1000C-8 hr AC. 8 ym 5434548
“ * —-V.Q. 61.9~62.2

(v.Q.:1180°C-10min G.C))

1.0~ SKH51
e e e e e 3 SKD 61

08| = SK4
@ SKD11
0.6 SKH51VQ.

%

Strain
=)
>

J

02

OLS’ 1 1 1 1 1 1
7200 300 400 500 600 700

Tempering temperature C

(200°C : 1hx1, SK4 530°C : Ihx 1, 400~650°C : 1hx2)
(3 points bending, By use of AE monitoring)
Fig. 7. Effect of tempering temperature and
substrate steels on crack initiation strain in VG
layer under tensile stress in static bending test.

SKD11 1000C 1~48hr A.C.

200C 1hr Tempering HRC 60.6~61.5
560C thr x 2 Tempering HRC64.1~58.5

%

20

Strain

Rupture strain of specimens

tempered at 200C
10 “*‘3\0
; = Sgrm ety

/ """""""""" fee

Strain for VC layer cracking of
specimens tempered at 550C
1

5 1
(0] 10 20 30
VC layer thickness um

Fig. 8. Comparison of rupture strain and crack
initiation strain in VG layer under tensile stress
in three points static bending test on specimens
coated with VC in different thickness.

SKDI1 REBRA % HAWT, 5O flD 7 5 » 7 BECT
ZBERTHBEIOEEY RO IERY Fig. 8 xR
T. 75,21 VC BEIAREWEGEENS L OTAHRE
TRETLHEATH O, EI0NIVHEHATOENLL
BHKk X <, Bigho Fig. 6 X Fig. 7 K@dHbh
TS, RICBREEC LA, ESOEC LY
BLADTWHEELZLRS.
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P EDEBRE R I o CR L E BN & FEARBED &
LS HlE, 2% b W3 2 RILH B O BT,
B RECRED S LBREC Lo TEMECE LD & L
LoDt ThbO¥BI&EMET 51X, RILWE
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! Over the limits
of mesurement

<> Not ruptured

e Rupture of hardened steel

oRupture of NbC coated steel

® Crack initiation in VC layer
under tensile stress

SK4 SKD11 SKD 61 SKH 51

%

3 il o= ¢

20 f - S . - 4
YRV VRV
1oj —ate [ 8 puppe | T [ By
73 | 1 1 1 1 1 L 1

0 kgt t—L—Lgs 5 5
0 200 400 6000 200400 600 0 200 400600 O 200 400 600

Strain

Tempering temperature °C

(Rumumsumnmunnumuunqhxx Others— {200°C 1hx 1 )
Crack initiation straine SK4 : lhl €IS 1400~700°C 1hx 2

(3 points bending)

Fig. 9. Relation between rupture strain and crack
initiation strain in carbide layer under tensile
stress in static bending test.

LRMERZTHhER TS 75, 7 DRELEEROEN D
BRETTRELEZ DRD. RIEHBI—e, @icic
AT TR DD EEL BN TED, 727y 7DR
Bt kEh=a A ¥ —2B LKW THAH D LEESh
e FREBHTHLIMLMANED & LEIRCRED T
H@»XETHhDDT, AEOZ E1AnELBIRS LI,
= AT F A MMERRILMIIE E A SR U&ETREAR
Bed & LatrbhicR—#MER T Thh T 50
T, BREE TN S, 7 0RBEERCRET S
28, Thbbs I, 7 REROME, thik, BED
L FEDFHCE L T B0 THRERREBH /L TH
A5

Aifac Fig. 5 ik, 5l o VC B 75, 753
RAELLMERSIOCOTREL, BHEOLThObE—D
DR CEEMCEE Lo Ry, ¥ Fig. 8 iz
B RD iR R L Th B2, ECBMFORdIE
Fig. 9 #fEg L 7. Fig. 9% Fig. 4 T Hh i NbC
BEROBW L EN D, RENLRBA VTR
Bt Lh-OTFHBR LBV THEKOT42E % KD,
Zhic Fig. 7T THOLALFIERY filo VC B 75,
IHRRELICOTABELEE M2 K THSD. ARTIL
ek NbC B, 75, 7 R4EwrwownwTiz VC
BofixHAvTw5h, Fig. 6 Rl VC &
NbC DBEEY BN LB 7 5 7 RET LB ZIE
LN ERD, EELEL CRIEEC SR L. F
7-iEE® Fig. 8 12, ThZ-UFHERc X v Bk
bHRENLRDIEMHOTLESY, ERLLZ75. 7F
HEOTLRECHE L DO THS.

Fig. 5, 8 KXO0 9w IhiX, FofEc s\ T

500°C LI EoEiREE D & Logaril, 55D floRk
MBI 5y VDBRELTHLERKELRO TR AL
THDTHEETHZEVHELNTHD. Thiex LT
SKDI11, SKH51 3 X0t Fig. 5 4L 4 o SKD6l
o 200°C KRBED & LI, RtwEe 275, 250
RELICEHB IR DD EE LY, BB T HTH
KRE bR EFIOTLETHER L T\ 5. SK4
o 200°C Bed &L OHE Y, EREEYEE LT
WA & 0T8T, RICWB 7 5, 7503\ F4ET
L0/, DEYRILHBL 7 5 5 7 BRET B
HMCBHOBE AL s Er bR 5.

NEDRREN L, RICWED 7 5 » 7 RELRBHT O
WWHNIRD X 5 BN T 52 & p3CE S, 200°0C BEZ
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