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The Fabrication of Fe-carbide Composite Using Plasma-Powder-Melting
Method and It’s Properties

Masahiro ANZAI and Takeo NAKAGAWA

Synopsis :

In generally, particle composite alloy is fabricated by powder metallurgy. The other hand, Plasma Pow-
der Melting (PPM) method is being put into practice for welding machine in the field of surface hardening.
In this study, it is attempted to fabricate Fe-carbide composite materials using PPM method. The Fe
powder, CrsC, powder, NbC powder and WC powder are mixed respectively, which are directly melted by
plasma arc in the graphite mold so as to obtain Fe-carbides composite materials. The maximum bending
strength of the composite reinforced with 20wt% of Crs;C, particles was 1.2 GPa, and the strength value
was remarkably high in comparison with 0.8 GPa of the product without reinforcing under similar prepara-
tion conditions. In Fe-NbC composites, the maximum bending strength of the composite reinforced with
20wt% of NbC particles was 0.98 GPa, NbC particles were dispersed uniformly. In Fe-WC composites,
the strength value of this composites remarkably low in comparison with other Fe-carbide composites,
which was caused by difference of density between Fe and WC. In generally, with increasing the content of
carbide, the bending modulus of these composites decreased monotonously and hardness of these increased
monotonously.

Key words : plasma powder melting method ; Fe-CrsC, composite ; Fe-NbC composite ; Fe-WC composite ;

bending strength ; bending modulus ; hardness.
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Table 1. The chemical compositions of Fe powder.

Bulk density (kg/1) 4.2

Grain size (um) 40~100

Fe (%) 99.6

C (%) 0.04

O (%) 0.15

N (%) 0.01

Ni PPM 100

Cr PPM 100

Mo PPM 50

Table 2. The selected properties of carbides
powder.
Properties | Carbides — Cr3Cy NbC wC
Molecular weight 180.1 104.9 195.9
Bonded carbon (%) 13.34 11.46 6.13
Crystal Orthorhombic NaCl Hexagonal
a: 2.82 .2.90
Lattice constant (A) b: 5.53 4.46 a-é.
b:2.83
c:11.47
Melting point ("C) 1890 3800 2700
Density (g/cm?) 6.7 7.86 15.8
Hardness HV (kg/mm?) 1300 2 400 2400
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Table 3. The conditions of X-ray diffraction.

Target/Filter (Monochro) Mo
Voltage/Current 40 kV/15 mA
Slits DS/RS 1/0.3
Scan speed 1.2°/min
Step/Sampling 0.01°
Preset time Os
Smoothing 5
Differential 5
Peak hight 100
Peak width 0.1
Back ground (Sampling) 15
Back ground (Repeat) 10

Table 4. The melting conditions of powders.

Item Data
Plasma current 100 A
Shield gas 10 1/min
Plasma gas ] Ar 1.0 1/min
Powder gas 2.01/min
Powder supply 30 g/min
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Fig. 2. Bending strength, bending modulus, appar-
ent density and hardness of Fe-Cr;Cz composntes
as a function of Fe content.
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Fig. 3. Bending strength, bending modulus, appar-
ent density and hardness of Fe-NbC composites as
a function of Fe content.

bDEEZLNS,

WEREB, Uy 72 VREBEVY Y 71— 2B %
fTol, WTFhORERIZBEBNTH, Fe EHEDETIC
VWAL TWwS, $7:, BB EERDE
WISERY DT, IO XD BBV OSHE R
BAShEEICHA LML Tw 5,

3-2 Fe-NbC HAMEI ORI

Fig. 3 12, HI5REE, mrfns, R UEEB X
U2 RITY Fe EAFROREELRT. T HE R,
NbC # 20 wt% THRAK® 0.98GPa 2R %. Z#hIlfE
W Fe EFBOBMAICHEVERBICHILTEDY
Fe-CrsCy BAMEOYr & FMOMIT 2R LTV 2,
—77, BTHEMERE, HPEEOX ) h Y — s 2RES
Fe & DA ITEVERWIET LTS, Zhb
DFERICENIE, NbC /8y ¥ —% Fe HIZH#T 5 =
EICEDDLHPTHED E— 7 HH 5N 5755 NbC
BEEWASENIEHAE T VI L THD, T4,

?1.2 L] T T T T ¥ L4 T Ll T T T T T T T T '80
£ 1%
o o,
—10 170 &5
a N’
- b P
0 =
S08 160 —
=
—~ o
; T o
008 Wso‘
& 1 =
- -
S04 {209
hnd @
@ 1T m
0.2 0 1 l‘l L 1 L1 1 11 1 30
by Theoretical
- 13.0F pensity \/ ]
= 120_ y n
&11.0- ;
a
Esm.m 1
©% 90 -
©
a. 80‘ T
n. i1t A2 1 1 & 1 1 1 i 4 2 1 it
-g
80 1800
-t i
~~\
© 70 > 700
© | i} a
o ~
[}
N 1600 X
- | i N
>
= 50 4500 =
e —
40 1(1)01 A |8|0| 1 16|0L A1 4101 I lzbt 400
Fe Content (vol %)
Fig. 4. Bending strength, bending modulus, appar-

ent density and hardness of Fe-WC composites as
a function of Fe content.



TIAXTNRYF—ANT 4 ¥ THEICED Fe-FALMESHEOER L 2 D45 61

<MYy 7 ABEKOBE L) QEENFBEMT B D,
31 HOBE LFABFOBBIC L2 b0 EX BN,
R %R, Fe BOBDIHEVET LT 5.
NbC DEEZ 7.86g/cm®> TH VY, Fe DEEIIH 7.9¢g
/em® TdH % H 6 NbC mAHEM L THEHAEIXITIT—E 2
HAEEbLRDL., LAL, bTFridsmblTtnd,
i, NV —DPREOBIZ T T AT ABIUINY
F—F 3 YT —HA%2BERALBICEEL-EILED
BEBIIILbOLEEZLNDL. T, NDC EXHME
HLEHBEEIDEICTNRTLA, Zhid, Fe &k
NbC BORBOEREFEML -2 L ICERT2H0

LEZON, 341 HERBICHHATE S,
Sk, Fe EHEDET (NbC EOHM) 1TV 1
KLTVD, CryCo DA LB LTS IZIIEAY
FlLACHAB, NbC O & A CryCy D ZNDHK
DA —¥—THbHODOT Fe-NbC HE KD 5 H3HE & ¢
WY EBbNADPERIZZ ) Tidhv., IR, CrC,
MEEIC Fe PICEBETAZ LIZX DT MY » 7 ZANTR
fbahTnws e, b))y s 22t Ee ORBOAE
BMOEHRRNTHODEEZELOND,
3-3 Fe-WC HAEHMEIOFHISH

Fig. 4 {2, HTSREE, M MEs, REUEEB L

Fe content ; (A-1) : 90wt%

(C-1) : 80wt%

(A-2) : 80wt%
(B-1) : 100wt% (B-2) : 80wt%
(C-2) : 60wt%

(A-3) : 60wt% (A-4) : 40wt%
(B-3) : 60wt% (B-4) : 40wt%
(C-3) : 40wt% (C-4) : 20wt%

Photo. 2. Microstructures of Fe-Cr3C,(A), Fe-NbC(B) and Fe-WC(C) composites.



62 & W

56 76 4F (1990) % 1 &

OB S 12 /1T Y Fe GARDEELRT. MIFHRE R,
Fe S SO ITHECERBICEA T 5. FEkC,
TR S Fe AR OBAICFEVERYICET LTS
D, Fe-CrzC,, Fe-NbC ¥AME & X2 7% % MIA %R

L7.

CHRICEHE, BIHEO - SOBEESMEO LS RS
BRIt d 5 WV IREERILIC X B RS R w v T ki
%h. ZhiE, WC OHEH 15.8g/cm® £ K& { Fe
DENRO_FETHY, BRRETIoXIZKY, BH—IC
THLEVWI L ILEPHERTIRERTHL EEZLD
n, 202 E3MREEOETHMIIRNS.

R R, Fe B0 IfEVwHBRLTwa,
WC %KX 15.8g/cm® TH Y, Fe DFHERIH T7.9¢
Jem® TH %0 0Lk WC B4 8MT I FEE LT
H. T2, WCEZHIMEEL LHEREEIOEICT
NTL%B. i, Fe & WC BlOoREOAEKIZERT
HLDEEZOLND. BIZIORTIH, BEEIKKEWN
DTAY—LTMOEEL WD EELI LR,

sid, Fe SHENRT (WC B8N 1otk
KLTwh. L& L, Fe-NbC, Fe-Cry BHAEMEHCIL

LCTHMHTEL S WC BHFL 2 WIBEE A7 £ 25K
Vi, ZhiE, BIRLTWAL)IIEEDEIZLSE WC
DA~ HCERLTwASEEZI LN,

3-4 Fe-BAtPEEMEOME S L UBMERE

Photo. 2 12, Fe- kALY &ML O W H o K-SR
BHEHZRY. T4, MFRBREoREN 2 #HiFEs L,
lum DTNV IFTNIHBELA LT LD THSE. K
BRIZENREFAINVIBTHAEL TBERAB L LT L
7. EREFNRORKEE, (A)A Fe-CryC, %, (B)#S
Fe-NbC %, (C)7° Fe-WC %2 TH»%. #hFh D Fe
DEEEIE (A-1):90%, (A-2):80%, (A-3):60%,
(A-4) :40%, (B-1):100%, (B-2):80%, (B-3):
60%, (B-4):40%, (C-1):80%, (C-2):60%,
(C-3):40%, (C-4):20% THA. (B-1) OM&Ics

W, BUEGE/S—F A (35 HEBR) Thh, A

WEIE T T4 FThD. H— R ARG RESH
12 0.04% LIEVCDIZH P HDSTERD I~ 1 b
HPHERLTWES. CRHBERT B, 7977
1 b CRIRES 2k, F7, RICWOSRIC L AR
EEPANORZOEBICIAbDEBRDbAS. F7-,
Fe 100% A OTEEE DS, MK L THVOR~< MY »
TANN—=5 4 MuEEL D EEbRS.

BEMEER L (A-2) T3 CryCy DS 7 HE]
FanY, SHRICEFLZEBEZEL TS, Lizdss
T, ZORTOMEDEBUL, M Cr;C, D4EEB &

UCEBEHILIC XD bDEEZ 6N 5. —F, CrCy B
PHRTDICHCERERERE L CrC, 25HML T
5.

(B-3), (B-4) #AKH DOWiiH Tid NbC #539—12 538 L
TED, TOIZ L3 NbC DHLHEA Fe LML TS
ZEEERLTWAS, LaL, 8 LTS NC ok
FEIEA 100 um & K& L, TD2-DICEESHEEM CrC,
SRR

(C) IEBWTiE, CrsCy NbC OBAITH L ThkfE
POFHOREHICBVTHE, 572, 2 hid, (C-1),
(C-2) ILABNDB XHIZ, WC DRHIREEDS R — 12
720, WCHEWESEZF) TRVWETD BT %
LEIBPELDZ LILBRTHLEZONS. ZOZL
EBRE SIS HAIE L TW 5,

Photo. 3 12, Fe-iRALWHEEM A O i i ABRE OBEMT
WD SEM BEEY/RT. REICAv s a—~F1 7L T
BEABE LTt L 2hshosxtE i (A) »
Fe-CrsC; %, (B) #% Fe-NbC %, (C) #% Fe-WC %
Thsb. (A-2) OBWEHIMEREZELTBY, 2o
MBOBEORBICHOZ LICEELTBY, #hlll
12 CrsCy EAHER U 7238 T BRI 7 IS PE B T 18T %
BLTWS, ZHUIMTHEEROBREE BV —HERL
Twb,

(B) OBEWIEIC BT, 2L Twv5 NbC hin%
CHFevwhY) v 7 2L DORECHKT A &2 HE
AW LTS, RFTHROBEEM T, v M)y
o A ERAF OFRMETOMENER AT 2356, FICHE
MoORTCHBTHEELONS, L7odo5T, Fe &
NbC DI G, WMEBOBEEBIBRYFTHL I L % Lid
DHFEEIRLTVDS, HIZZDRTIE, CrC, WCIZ
HLTOThoREGRHICBLTHIE—IIHHLTEY,
Fe & NbC OFEEMEML TWB I LIZERLTWA.

(C) T, MBBYLZREHEKEL*ZLCBY, 20
FCOBERTIHIE L TW5D,

3:5 Fe-RALMEAMHEO X RERAE

Fig. 512, Fe-iRALYWREME O XM IriflEii R %
Y. ZhZFhoR B E(A):Fe 100%, (B):CrC,
100%, (B’):Fe-Cr3C, 20 wt%, {C):NbC 100%, (C’):
Fe-NbC 20 wt%, (D):WC 100%, (D’):Fe-WC20
wt% TH%. (A), (B), (C), (D) wEkH*tz0Z
T XA EBE L T 5.

(A iZBWVTid Fe 0¥ — 27 LhBE S hk w2, (B)
Tid CrsCy, Cr;Cs, CrosCe & =FEIED 7 1 & H— N
A FDOE—= PBIEE SN CryC, —HEO XS Wiz
FZTiHWV, L2L, TITIEREHIKEW CrC, 27



TG LI F— ANT 4 Y TIEIC LB Fe- RALMESHMBOER L 2 045

63

Fe content ;

(A-1) : 100wt%
(B-3) : 40wt%

Photo. 3. Fracture surfaces of Fe-Cr;C;(A), Fe-NbC(B) and Fe-WC(C) composites.
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