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ABSTRACT 

DTA was used to lnvebtlgate phase transformationa taking place 
during malting and crystallization of 9-O-2 hLgh-speed steals con- 
taining 0.3 - 5% Si and to develop paeudotinary phase equilibrfun 
dlagraae for steels with variable Si contents. 

INTRODUCTION 

In the course of search for most aconoricel high-speed steals 

with the proplertee not inferior to conventional grades attempts 

were made to develop materials with cheap coapaninte substituted 

for expensive alloying elements. Especially Interesting are works 

concerned with W-V steels without molybdenum with part of tungsten 

substituted with silicon. 

Since quality of finished high-speed steel tools depends to a 

large extent on the type, site and distribution of primary carbl- 

des, It seemed worthwhile to Investigate phase traneforaatlone 

which occur during cryetallitatlon of such steels. To date a number 

of works [l-lo] was concerned with cryetalllration in laboratory 

conditions simulating processes In industrial Ingots. 

The aim of this work was to use differential thermal analysis 

(DTA) to investigate that part of pseudobinary equilibrium diagram 

which corresponds to crystallization of 9-O-2 high-speed steel 

with various concentrations of silicon. 

EXPERIMENTAL 

The experiments were carried out on saaplee taken from 6 labo- 

ratory heats containing approximately l.OS%C, S.S%W, 2.5%V, 4.5%Cr 

and Si between 0.3 and 5% in 1% steps. Mottler TA-1 differential 

thermal analyzer was used; the sensitivity was 4yV/ca. The eamp- 

lee were heated and cooled in hellun with a rate of lO’C/min. A 
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aamplo of the stool being atudied wee 

pieced in a thin-welled eluadua cruolbla 

and hoatedor cooled l iaultenaoualy with 

an a-Al203 reference l arple in another 

crucible. Temparatura wee recorded with 

the USI of a aecro DTA Pt-PtRhlO terw- 

couple. The experiaenta ware comploaen- 

ted with retallograph~c exaeinationa of 

poliahed and etched aectiona of as-cast 

and annealad l pecimene, analyaea of the 

carbide phases under an X-ray microena- 

lyter and qualitative and quantitetlvo 

x-ray diffrrction analyses of bulk epe- 

clams and carbide residues separated 

by an eloctrolytlc method [ll]. 

DISCUSSION OF RESULTS AND CONCLUSIONS z 

Cryatalliration of 9-O-2 high-speed y 

steel begins at the liquldua teeperatu- 

ra (144O’C) with formation froa the li- 

quid (L) of dendrltlc crystal8 of high- ~ 

temperature alloyed ferrite ac(a) accor- 

ding to reaction lc In Fig.lb 

L- oz (8). 

At tauperaturea balow’1370°C a three- 

phase paritectic reaction 2c begfna 8 
‘. 

L+ac(8)-$ 

1.8. euatenite is foraad fro8 the rix- 

tura of liquid phase L and c&a) ferrite. 

Peritectic reaction does not run to 

completion. At 131O’C the non-cryatalt- 

zed liquid transform8 directly to aua- 

tenite according to reaction 3c 

L-- ?s- 
After further decreaee of teeperature 

to 1255’C the llquld rralning’ In intac- 

dendrltic l pacoa and at primary crystal ,lLlD mm 1ml 14x 
bounder&e8 ie traneforred by en eutactic Temperature oc 

1 Heamgl 
Fig.1 Fregeenta of DTA eurvaa for 9-O-2 high-speed l taale wfth va- 

rious eillcon contentar a. heating, b. cooling 
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ro*ct ion (4c) into a rlxturb of 

rustmite t and carbides C 

L- %+ C. 

Crystallization is brought up to 

an end with completion of this re- 

action at tha solldus terperatu- 

re of 1205’C aarked 5c in Fig.lb. 
The character of transforaa- Y’ 

tlons rerains the saae in 9-O-2 i _ 

steel with silicon content incre- < F 

abed to approxlaatsly 3%. However, 5 5 

liquidus temperature (lc) and tea- ,!z - 

perature of the begining of perl- 

tectic transforration (2c)are l uch 

reduced, to 1385 and 1285’C, res- 

pectivaly. Another effect of in- 

creasing ailicon content is radu- 

ct ion of the diffsrsnce between 

the teoperaturss of the begining 

of direct crystallization of aus- 

tanlte from the liquid (3~) and 

of eutactic toaction (4c). It 
eeams that during eolidlfication 

of steels containing more than 

3%Si both reactions occur slrul- 

tansously. Granular form of 8~0 

of MC type carbides suggests that 

they are produced directly from ,U 

the liquid. i?!- 
The results were used to coa- $ g 

pose a fragrant of cooling equi- Ei 

llbrium diagram for 9-O-2 steels P - 

with variable allicon contsnts 

(Fig.Pi). 

Melting of conventional 9-O-2 

*tee1 bagine at the solidus taa- 

per8ture of 122O’C (lh in Fig.la) 

and Is related to the boglning of 

reverse eutectic reaction: 
qf+ C-L. 

1350 

1300 

1250 

llrnoLL J 
123456 

Sllrcon content, wt % ’ 

Sbn content , wt % 

Fig.2 Fragaenta of pseudo-binary l ystor for 9-0-2+Si stmsl 
a. heating, b. cooling 
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On heating to 1305’C direct melting ofauatenlta grain8 begin8 (2h) 

=is -L. 

At 136O’C revereo three-pheae peritectlc reaction baglne (3h) 

‘d - cc(S) + L. 

Thermal effect8 marked at 1405’C (4h in Flg.18) are probably rela- 

tad to a reverae four-phare parltectlc reaction: 

$+ c~-oz(f?) + L. 

It seem8 that in thia reaction only thoae cerbldaa (C,) take part 

which have not been converted to the liquid in revaraa eutactic re- 

action (lh). High etability of lnteretitlal phaeea l uggeete that Cl 

carbides are in the rain of the MC type. 

Malting of high-temperature ferrite (5h in Fig.18) 

cc(B) -L 

begin6 at 142O’C; thla proceoe 18 terminated at the llquldue teepe- 

ratura or 144O’C (6h in Fig.ls). 

Increased ailicon content8 shift downward8 all temperature8 of 

react lone taking place during heating and aowetlaea change their 

ch&acter. With sillcon contents up to approximately 2% four-phaae 

perlteclic reaction (7h In Fig.la) 

‘6+ c--a:($) + L 

begina before reverea eutectlc reaction (lh) lscoapleta. It is poe- 

alble that the forwar reactlon ia accompanied by direct eelting of 

auatenite (2h in Fig.18) 

9-L. 

It la aleo poaaible that four-phaae peritectic reaction (4h) terai- 

natea before threa-phaae peritectic reaction (3h) doea l o. In ate818 

containing more than 4%!5lthareia a100 a revere8 reaction Involving 

direct diesolution of carbide8 in the liquid phaea (8h in Fig.la) 

C-L. 

Flg.2b ehowe a fragaent of the equilibrium diagram coapoaed on the 

basis of DTA data obtained on heating. 
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