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The Effects of Alloying Elements and Cooling Rates on the Formation of
Phosphide Eutectics of Wear Resistance CV Graphite Cast Irons

Heung-Il Park*, Myung-Ho Kim**

Abstract

The effects of the alloying elements and cooling rates on the formation of phosphide eutectics

of compacted vermicular graphite cast irons containing copper, tin, molybdenum for producing pe-

arlitic matrix, and also containing phosphorus and boron for increasing wear resistance, were in-

 vestigated.

The liquidus phosphide eutectic was found to solidify as a pseudo-binary phosphide eutectic, but

with increasing of the cooling rate non-equlibrium phosphide eutectic with needle type carbide co-

uld be formed. However, the liquidus phosphide eutectic containing both phosphorus and carbide-

forming boron was found to solidify always as a non-equlibrium phosphide eutectic with coarse

carbide, independent from the cooling rate. It was also confirmed that the tiny isolated phase ob-

served by SEM was gamma iron solid solution with phosphorus, silicon, molybdenum and the matrix

containing these tiny islands was phosphide phase containing manganese and molybdenum. The add-

ition of copper was found to decrease the tendency of forming ledeburitic carbides in the phosphide

eutectic.
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Table 1. Chemical analyses of specimens, wt.%
Specimen
C Si Mn P S B Cu Sn Mo Mg
No.
CV-P 3.84 1.52 0.62 0.20 0.009 — — — — 0.011
CV-PB 3.90 1.43 0.61 0.19 0.011 0.033 — — — 0.016
CV-PBA 3.90 1.60 0.66 0.20 0.014 0.037 1.51 0.06 N.20 0.016
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Fig. 1 Dimensional profile of the rounded step-

block(COz mold).
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Photo. 1 Microstructure changes of matrix structure with the alloying elements and

the section size of specimens(etched in 4% nital).
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Photo. 2 Microstructure changes of phosphide eutectic with the alloying elements and

the section size of specimens(etched in Murakami etchant).

SARNEEZF 9 cementited E 33 APzt A
ZEg. = A& 4 A 3=(rFe-Fe,C
-Fe;P) % 9] cementite/} a5 o] A & 4(C)
= ZIE AEI Zdo F5HI W@ EAD A
9 o224 FAIE  ZZ(pseudo-binary phos-
phide eutectic)g YEl Aoz oAAHATE L3
A% n@Eo] WYY FZAUCV-PBY 9
o] X FWHsto] WE FAHJAINES =F9 HEE
BZstH ledeburited o] destES Jas
E7F =R HESE 23 935S ¥t glon,
Yasert =HA5E G3tE Aol EAsie
AN3}ME Y = SIS R o= ©itw
WA} B4R EEO FHUlHE=RAE 9 Yyhse
HAEDE olF ©IEY I3ELS Eily
gl 23 HUY] YEroez AR
, 8, 74, F4 3 g Bu 5ol BHHsbE
A H(CV-PBA)9] A g®isle] W& FA 3}
Z2WH3E FEAH YAdEwr) mH A4S

Rho] H7te A #2E + %n: ledeburite
SRS Aol HHs
T Uth ol ZAZRAE

T2]7} Fe-graphite®] ¥# &

| =)
LU
alL

T A 3UFH

=
RLA

H

¢

A
g %

| —

L

(40)

37, Fe-cementite?] TALEE 330} free cemen-
tited] A2 S AR Y7 YRV 2 JAATH

a8 Yhg s g FAAsEY gt
2@ S5t ARy A5Y FRANY A
zA%o)A 72 CV-P ¢ CV-PB A
970°Cz 1087t 7t¥e & 3y 2 33y
AN3}E 29 mAIRZ A= YAEE
Bl & SEM A}& o] Photo. 3¢ e}
. oo 213t Agte] HrtA FRAIA(CV-P)
q2@gR oz BAY TAJUIE 2L

W -y A WAESTr #ddsE 34203
EY 9] rFe &A= vA 85 A rodde] pear-
lite(Photo. 4 FX)E HE g FA|o] A2 F
A el 3} B-(needle-like carbide)e] AH&3dt= F=UA
Aol FARIEE %A oR UYL o7 nF
o] B u 393ARI}EY FAHWNELE WS
ol RIZ3le], W&o et 0}75"0
Aabol FAHAIE ZHoE
Z dtd ey Q) BEo] BAsE AH(CV
-PB)¢] 7ol 34 Y Az Yase
7v @A A3EYe BEste rFe L&A
A oAt R e, <ivto] Hyl" AlHeA 9}

60mm

o o 2 o ap
N

x & 2 & gl
mIS

0.

2

2

tt'lﬁ-

A



JUujo Vol 9. No. 4 The Effects of Alloying Elements and Cooling Rates on the Formation of Phasphide Eutectics of Wear Resistance CV Graphite Cast Irons —315—

COOLING AS CAST AR COOLED WATER QUENCHED
RATE (~0.15°C/sec) (~3°C’sec) {~500°C/sec)

Cv—pP

Cv—PB
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Photo. 3 Microstructure changes of phosphide eutectic with the cooling rates.

rod-like peartite

Photo. 4 SEM microstructure of the rFe solid

solution transformed to rod-like pearlite.
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Photo. 8 X-ray mapping for phosporus of phosphide eutectic obtained from CV-PBA

specimen(etched in 4% picral).
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Table 2. Microsegregation of alloying elements in the phosphide eutectic.
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