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Compressive Yield Strength and Fracture of High-carbon,
High-vanadium Iron Alloys
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Synopsis:

The present study was undertaketn to clarify the compressive yield strength and fracture of high-
carbon, high-vanadium iron alloys. Compressive testing and microscopic examination were carried out
on high-carbon, high-vanadium iron alloys prepared by melting and by welding-overlay-methods, in
order to study the effect of size and distribution of vanadium-carbide on the compressive strength of
the alloy. Vanadium-carbide in the materials was controlled from 21 to 55% in volume and from
26 ym to 100 gm in diameter. The measurement of the mechanical properties was performed using a

specially designed apparatus on specimens tempered at various temperatures.

The results obtained were as follows:

(1) On the compressive state, cracks in large carbides are not propagated to matrix whereas shear
cracks are initiated in matrix and grow up to the fracture.

(2) Yield strength is a little influenced by the amount of vanadium-carbide.

(3) Compressive yield strength does not depend upon the carbide size, even if the carbide size

varied from 26 pm to 100 pm,

(4) Yield strength is increased linearly with increase in the hardness of specimen and maximum
strength is increased in proportion to the amount of vanasium-carbide.
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Table 1. Chemical compositions of specimens.

Alloy Nl C % | Si 96| Mn%| Ni%| v % [venvor)Tergful  Note
38-1 |306|092\052|3.10| 12.47 | 21 | 100< | Hot moid cast
38-213.01|1.03|062| 291 12.61 | 2! | 26 |Deposit

58 |498|089 098|297 2257 | 355 | 46 .

68 |605092\1.90 298 2747 | 423 | 63 .

88 |8.31|068l051|201|37.62] 551 | &7 .
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Photo. 1. General view of compression: test
apparatus.
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Fig. 1. Examples of stress-strain curve on the
compression. (5B)
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(a) 3B-1, (b) 3B-2,

(c) 5B, (d) 6B, (e) 8B.

~  Photo. 2. Carbide distribution of each specimen.

B O 4/90 BEDIGNLL T CTELL S TED
IS BRI E T S F CIRERC LR L5 2
Ehbnn s, FEMERER I ooy By oFL it
EPL REL BOTERBEXELT55, AFRTIX
BECEEDCEBEDOETHOK

Photo. 2 W&RARID V RILGYHMHE R L. B
(3B-1) 3 EDOFEETHY, ToOMORBHIIEED E
FDOMBAERT. Thieks: M TthH5 3B-2 #
(VR E 21vol%)  CixRALHphiE HBRiyBRn 7 o3
5B # (VBALME 35.5vol%) i & asuc by
RABREL, Ibic 8B (VIRILYE 55 vol%) iig

5 EMBE LIEVRIED 242 D5 L5 1cies. Lo
HugE#EM O 3B-1 3 (ViR{LSE 21 vol) i1 3B-2
& VR EILR—220, IERE WV RILY T
ELTW5.

Photo. 3 13U} o B e & & 5 ¥ 4 0 4 i ke
s Lz, E o ZH iz 800°C » HEEA R L, 600
°C C2hEEL ELETORLDOTHS. CDLHIH
—DBEL & LR OB A I B e At R M oS35
AT 0B b5,

Fig. 2 12 [EXERERIRE (0.2%%8) & VRILKIE L o
BARE RD B 72D F—0 RI1ED 3B-1 & 3B-2 o

— 88 —

L SN

|
]
|
;




—

BRFE-E T VY A~ A& OEHERE & R 1443

(a) 3B-2,
Photo. 3. Micro photographs of matrix. (3B and 8B) (Tempered at 600°C)
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Fig. 2. Compressive yield strength at different
carbide size,
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Fig. 3. Compressive strength versus amount of
carbide.
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Fig. 6. Hardness versus elastic limit.
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(a) Crack happened at 0.6% strai
200°C. (x200)

n in 3B~2 (3%C-12.5%V~-Fe) which was quenched from 900°C and tempered at

(b) Many cracks happened at 1.1% strain in 3B-2. (x200)
(c) Cracks do not propagate to matrix in 3B-2. (x1000)
(d) Crack at 0.5% strain in 8B (8.3%C-37.5%V-5%V-Fe). (x1000)

Photo, 4. Cracks in V-carbide.

(a) Shear crack pass through the matrix. (x200)
(b) Appearance of shear fracture. (x1.5)

Photo. 5. Shear fracture in 3B-2 (3.095C-12.59%V-Fe),

MLTWBD0n5.

4. & &

RERBLE A NI —E DEMEE Y 5 2 51519
Elnwtvnbhtky, EhcRIEWE DD EF 0
BAHVER U CHBNE S IEREAE L, £oiah

EhREIIRIEHOREEFHOR XD /2 Fi2 k45 &\
bhTw39, Zhboz LglEY ik L
HOBERSCIL I A TUTE LD, KERD X 5 KE
KEIEIC s L RE R X BB LA K
e b isote (Fig. 2). &2 5T BT
B, Ry bhi WSO L 2EMOB) Z

— 9] —



1446 #ko& i

w65 4 (1979) %9 %

Photo. 6. Many cracks in V-carbides form a line
on the 8B alloy. (x200)
(8.39,C-37.69V-Fe)

VR R R AL A S R UCiRAL L — TR TR Ligas
SEET A w5 By-Pass® #i 2 Cross Slip 12 X
DT TEITCEIBAROBY 3B 5.

S DB, AME oL Ly DEoXER BTN
SEEELTB S DTIER T By-Pass 25 Cross
Slip wrkoCcHEBTHLLyd EBETSEEBbh
5. COBETH g PEORY TS LIciEAs
Dipole % {E» iz Wi BESICHEE T EIRWEEEDOR
Ba32EBbhbd., & LA WOV R
BENE LI AR OEH b K& 2 LA B
ot —JR e EOFER R LI-DH Fig. 3 TH
BH, & OBAWCEILEC Lo TERRL i B
ERIEETH 505, 2 h DO ERT 5 -
CYLARORERDRIEE LI DL BERLTH
b, F7- 800°C DinBuc X b HHNC LiFAT N F YT
AEVTRY 0.6% LITFTEIRARWITI,. 2Rk
GHAF T ABIL BRTE LD Tcd, WK
(LT BB Lo TEb b EWvz 5.

Fig. 4 1cR LicBEd & UBBESTIRURIME Ci3sd T2
e By, 600°C CBED & LIcBE OB IDEIL LTV
FA FOPROBEDE X D LPMRIYEDOEC LD
BERRE WL Bbh5.

BP0 LT 5 A48 Ti— BB REE (Zy) &
KA TREINZW,

Zy=Zo+Z4

772U Zo B ORBRRIBIE TH D, Za x5BT
X B BRIBEE DN CTHB. Za % LHHE LR
HO4E B, Texture 7o &% HE L LT Hilifhc
I B b &R E L T huE biswnD, RERDOY
£; carbide [OFEMic X >C Mean, Free, Ferite,
Path 73 % % DT SRS 3b T VBRI &5
% bhp. FoC Fig. 3 m LIcKRBREE D23 He
VB AeEDEIC S £V T 24 KFEL TV 2D TR

e EE L 5, FREOBEXSERNCENT 5 &
ARBREE & E G gingT % = 21 Fig. 5,6 TH LA
w Lichs, FEfmsgogaidheinge bh st e A
WG TH B DT, FREIITAMBRICLSd0
Lz B, ZORAMEHINZ 7 L OBE)
Lo X EL D ENTETEMDE v 7 VOREL
B, EBELCWATMBET, SHIIRVRIED LS
B BB E e EABIR LT B,

— R X PE R T b AR ER O— xR e A MET
XL D, TAMBHIEHEL b 2B LT
R LFE—Th 5. TODEIEL L EfEH S
DLEARHE LCHAS 2 L3 SR cEbh b, UL
WZEOBN L B—m e\ 5 &% 5 Tikis\. LThik
LA O FEHERBR B b ICEREDNOE R EHEE D
BiR A RD oD L, BIFEMTH H0ERUEE
TER X CEOEHEMUETEHLTHE. ZDEIT
L OTESHCIEET D VR OF 5 OREHEDT
B EBbhb. D% b EREIICKT 5 VRO
Btk RS & CEM 8 558 00 RUET £ T D
BB LV RELSEETLEELROINLTHS. &
D L5 ieE LB ER—FERETOMB TR VRIS RED
b DIREEEYTRTEVCOIBRILISHBATES.

AL S B\ TENC X RREA T B R AL 7
5 2 DFAETHOITIEH & R OEHRDOE X %
borBEbhs. Ticbhb VR X b kR
<, EHRED D I o D BT Uic B &R
B ADERT 59, AR BB RBLThiE i
B L0o0d LMV RIS EE L UL IR
LR O TR EREE Lic b\ 5 Z EBRTE S, R
BN EEMOEHE S E T AERAREL 5.
Vo 2 EE R BB T Alsfncx T A EEE L LT
DIHEHRTHDDT, EVEECTRIEYOBPIEL,
LhDEEbhE. ERA—0R{tYEL RN E LM
DO BEBNENRTHLENLI T » ZNAX— |
T5EFTCOEMOBRIIAE S IeB L-BbID. FIRD
ETO T CRRIEYFD 7 5 » 2 3HEORM L LTE
AT 25, BAWIGHOL & CIIEENRBECE LI\ T
BER AWIG g TR T nWE T A D
s EEbhb. '

5. #& &

EC-&V-Fe 4o T V R{kipEs 20~55vol
% whx, SOLICEBOEIEY BxlcddreoZ EfE
R & T\ R DR R 1S 7.

(1) RAYHSECHUHERRARIGI T TLE

.92




e

+

"."—""—;l"-' s SRR R “——T———r

R &

BRE-TAFIVA-SALOEMERE & uE 1447

WEREER R L, ZOBEAED §S0OEHEEREE 0.2%
) VR OBC b EIh5.

(2) 2p U Ebo@qivER{emr a3 555 VR
LA EDIE L & VRILIFh 26p~100p wZEfb L
THEIOFELVAM CIIERBRERBEXS TV EDLD
FAQN

(3) HEHEREREREIFRI O I I % L ERN
L, XV R{IEHENSE M ERRHED 3T 20k
EL D, BFLVEIDOES TCVRICHEN R D285
VR DA T O DT HERELFT .

(4) EMERBRCEZRARETRTTERKRIEYFT
B 52, ThiZEEE L. BEORRE S
75y 7i3EMh A Ul d R X2 THE LS.

B ICBEAERELIT 5 Ch o2 THE ROt
LOWHIRE T X072 HlFEK, EFK, NIKizoh
DR OBEYELET.

1)

2)
3)

4)
5)
6)
7)
8)
9)
10)

11)

12)

X B
RO@EXR, B #: BxE&E%EH, 34
(1970), p. 120
AR ZE: gk L@, 66 (1979), p. 254
W. G. JuonstoN and J. J. GiLman: J. Appl.
Phys., 30 (1959), p. 129
MIER A BAERSE 4, 165 (1962) 523,
p.1076 )
E. OrRowAaN : Symposium on Internal Stress in
Metals and Alloys, Ist Metals, (1948), p. 451
M. F. AsBBY : Z. Metallk, 55 (1964), p. 5
REE—: BAEEE A, 8 (1969) 1, p.49
WRE=: HARLBEE S|, 12 (1973) 6,
p. 401
R. R. Zuprp, D. A. STEVENSON: Trans. AIME,
236 (1966), p. 1316
H. WEVER, R. E. BELING: Arch. Eisenhiittenw.
40 (1967) 7, p. 551
SFEREE: 14 BEIMORRE & pHEE NS Y v
R AFHLE, (1961), p. |
RBWRE: RAR4&BY¥ 4, 35 (1971), p. 339

— 93 —



