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Abstract: Cobalt powder was pressed into rings and pl ates wi th external 
pressures up to 660 MPa and the phase transfonnations and
ferromagnetic properties as functions of pressure were measured. 
Half widths of·X-ray profi les were analysed and some concl usions 
about stacking faults and i nternal strains were drawn. 

1 .. INTRODUCTION 

In our earlier examination of the i nfl uence of rapi d quenching from the 
liquid on the properties of Co-WC al loys , we were able to increase the 
carbide content up to 30 wt. pet. , i . e.  more than twice as much as the me­
tastable solmi11ty obtained by the cl assi cal quenching ( 1  ) . The high m1-
crahardness and coercive force of these al loys clea�ly showed the possible 
fields of application .. However,  the expl an�tion of these properti es is 
caaplex and riquires a speci al attention to the condi tions of quenching, 
such as the influence of the temperature and the pressure of the quenched 
CX111Xffl811ts. Also an iq,rovement of the mechanical properties of hard metals 
my be expected to rise primari ly from increasing the hardness of the cobalt 
phase .. lhe process of consoli dation and of the rapi d quenching of hard metals 
ftself requires also an expl anation of the influence of the external pressure 
an th� physical properties of pure cobalt. Thus , in this  work , we started 
a systellat1c investigation of structural and physi cal properties of pure 
cabalt for different conditions of pressure and teq,erature. In this paper 
are giwen pre1111fnar.y results of some structural and magneti c i nvestigations . 
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2. THE COBALT TRANSFORMTIONS

It is  known (2) that cobalt appears in two phases : face centered a
cubi c (f. c.c. ) and-hexagonal close packed e(h .c. p. ). The a1 1otrop1 c 
transfonnation: 

cooling 
a f.c.c. < � e h . c. p. 

heating 

with the thennodynamic equi l ibrium at 41 7°C was found (2) .  However, an
appreciable hysteresis is observed between the -heating and cooli ng trans­
fonnations (3) .  When the h . c. p. phase is generated from f. c.c. phase by 
cooli ng through the al lotropi c transfonnation range , some percentage of 
the parent f.c.c. phase is always retained. 

Whi le the temperature dependence of thi s  phase transformation was 
examined by many authors, as far as we know no systematic examination of 
the dependence of the phase transformation on pressure was made. Thus we ­
measured the fractional amount of the mass of each ph�se , present in samples 
whi ch were subjected to di fferent fonning pressures , using an X-ray method 
publ ished by M.Sage (4) . 

The - a � s  transfonnation i n  cobal t was found to be greatly infl uenced 
by local strain variations and by grain size. An electroni c contribution 
to the free energy di fference may also control the transformation. In 
order to evaluate the i nfl uence of i nternal strains , grain size and stacking 
faul ts on the cobalt transfonnation we perfonned the profi le analysis  of 
the pressed cobalt. 

3. EXPERIMENTAL PROCEDURE
3 

Cobal t powder (99 .76 pet.pure) was pressed i n  to pl ates (22x12x3 nm )  
with pressures up to 660 MPa at room temperature. Ave�age_ grain diameter 

was 1 . 5 J60· Experimental detai ls of consoli dation were publ ished earl i er (5 ) .

R1ng1 1ke samples (p0a22 nm, 11=15 11'11'1, da5 11111) , were also pressed in order 
to make simultaneous measurements of ferro�agneti c properties. X-ray powder­
-pattern peaks were measured with a diffractometer and Cu -K4 radiation .
monochromated usi ng a bent quartz crystal • whi ch  focused i t  on the entrance
sl it  of the scinti l lation counter. The radiation 11as registered usi.ng a
•s1emens• diffractometer, an osci l l ation attachment and a scinti l lation
detector. The i sochronal annea11_ng procedure in vacuum or i ne� gas was
used for anneali ng. The coercive fields were _measure.d from the magnetization
curves on ringl ike-samples .
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4. RESULTS AND DISCUSSION

As general ly known , duri ng reduction of cobal t oxi de pO'dder, consi de•
rabl e  amount of metastabl e  a -f. c. c.  cobal t  is retained in  the metal l i c  
powder whi ch i s  produced. Structural transformations of  so  obtained a-co­

bal t wi th fanning pressure are presented in Fi g . 1 . · The f. c. c. phase trans­
forms rapi dly to h . c. p. phase at rel ati vely low. pressures (up to 20 MPa ) .  
At  hi gher pressures transfonnation is s lower, ·and at  the highest pressure 
at 660 MPa only 1 7  wt. pet. of f. c .c .  cobal t remai ned. 
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The rapid ini tial  increase of s tructural transfonnation occured in  
the period when no  si gni ficant vol ume di stortions of  parti cles yet took 
place ,  and shoul d be attributed to the - spati al rearangement of the parti­
cles .  In this  stage l ocal contacts of parti cles were h<Mever pl asti cal ly 
deformed and cold wel ded, and i t  seems that the transformation begi nning 
in the l oci at the surface propagated rapi dly i nto interior of parti cles . 

Coercive fiel d He {curve a) and remanent magneti zation Br (curve b )  as 
functi ons of pressure are gi ven in Fi g. 2. As seen from this fi gure external 
pressure �tr�ngly infl uenced the growth of magneti c hardness , which shows 
that a deaper investigation of i nternal stress�s would be usefu� . 
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in Fi g .  3 (curve a) the phase transfonnation measured after the 
process ·of isochronal anneal i ng (24 hours ) of cobalt pl ate is gi ven. 
Thi s  cobal t  pl ate was previous ly pressed at 660 MPa . In the same 
fi gure (curve b and c) the coerci ve fi el ds of two ri ngl i ke samples 
(pressed at 155 Pa and non pres·sed samples ) after the process of the 
i sochronal anneal ing are gi ven. 
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Temperature· of.the phase transfonnati on ( Fi g . 3 ,  curve a) and the tem­
perature .of dra$t1 c decrease of magneti c hardness are i n  the same i nterval 
(723-713 K) • . rn . . the process of the new phase nucleation i nternal stresses 
di sappeared and consequently magneti c hardness decreased. Comparing Fi g . 2  
and Fig .  3 we may cone 1 ude that the mechanism of  the temperature trans for­
mation i s  aui te . di fferent from the mechanism of defonnati on transforma­
tion. 

The profi le  analysis is  in progress . On Fi g .4  are presented the 
resul ts of the hal f-wi dth measurements of our pressed samples . Curve 1�a 11 

presents the half-widths of· the refl exfon 1011 and curve 11b11 half-wi dths
of the reflexion 200 as the function of the pressure. We suppose that 
the 1P11 . reflexion in curve 11a 11 is mostly i nfl uenced by the stacking
faults . whi l e  the reflex 200 in  curve 1

1b 11 by i nternal strai ns . Thus the
curve 11b 11 i ncreases l i nearly with the pressure .  whi l e  the curve 1

1a 11 has a
maximum� whi �h may be explai ned wi � the dominant role of stacking faul ts at
these pressures . and at the hi gher pressures the i nternal stresses are 
domi nant. This  observation is supported also by the resul ts represented 

213 



on the Fig .3. So we may deduce that in  our saq,les the appeareance o.f 
stacking faults slows down the fX -+ 8 transformation. However, detai led 

coq,uter analysis of profi les ,  which is in  p�gress,. could better expl ain
these ass1m1>tions . 

5. CONCLUSION

A quantitative dependence of _ phase �ransfonnations of cobalt powder
on the pressure is eval uated. The �gnetic hardness was found to be greatly 
influenced by the temperature and the defonnation dependent transfonna­
tions". The presence of stacki_ng faults and intemal str»sses at di fferent 
pressures was eval uated. There is an indication that stacki ng faults· 
influence the f. c .c. to h .c. p. phase transfonnation. 
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