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AJISTHA( 'l' 

Rocrystnlli7.0d chromium, which i~ no 1'1 11 n,li y Iiril t 10. RhoWIl high ductilit,y at 
atmosphoric prcssure aftor 8ubjocl,ioll I.n " (,,\',(, 'os l n.l.i c 1''''''''''"'0 of 10' aLmo· 
sphoros. Tho pressurization dOPR 110 1. ,,!'Otluco ,ni C:I'OA(;o picaliy dot.oct,ablo 
doformation. but thero is a mark .. d dmp ill yiold Hln 'HH Ililllihtl' Lo I,hut found 
in iron (Bullon ct al. ]9(4); it is Rugg" ~ I f', l I,hat in onch Cl\SO Lito offoct is duo 
to tho appoarance of froo disloc,,1 iOliA timing proSlluri:;mLion. It is arguod 
that the stress at yield in prossUI'izod mill eri"l is insufficient to initiato cracks 
and that the stress requircd to initiat o (' mcks is substantially incrcasod by 
deformation. This accounts for tho hig h ductilit,y of prossurized spocimons, 
the brittle appearance of thoir fmchll'o oven aftor ~60% strain Ilnd the 
observation that specimens pro·stmil1ed during or subsequont to proBBuriza­
tion remain ductile after agoing or in fUl·thor straining at high strain rates. 

§ 1. INTRODUCTION 

DISLOCATION aTI'ays (e.g. Meakin and Peteh 1 D63), twins (e.g. Hull 1063) 
and segregates at grain boundaries (e.g. Low 1003) can act as stress 
concentrators to initiate brittle craekf) . Whatever the mechanism involved, 
there is abundant evidence (Low 10G:~) that yielding is a necessary con­
dition for brittle fracture. Hence solute locking, which increases both 
the magnitude of the yield stress and the inhomogeneity of yielding, will 
favour ' high local stresses and promote crack initiation. If the yield 
stress is sufficiently high, cracks once formed will propagate and lead to 
fracture. Since yielding is determined mainly by the shear components 
of the applied stress, whereas crack propagation is strongly dependent on 
the tensile stress components, the addition of a hydrostatic pressure should 
favour ductile behaviour by reducing the tensile stress components. Thus 
it is well known that many brittle materials may show ductility when 
tested in an environment of high hydrostatic pressure (Bridgman 1952) 
and this effect has been demonstrated in chl'Omium (Asai and Hayes 
1957), 

The present paper reports another effect of hydrostatic pressure on 
brittleness. Brittle chromium is not only ductile whilc under hydrostatic 
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pressure, but ductility cnn be retained at atmospheric pressure after an 
application of hydrostatic p l'N'sme during which no additional loads have 
been applied to the spccimen. Parallel experiments have shown that the 
yield point in iron can be eliminated by such a cycle of hydrostatic pressure 
(Bullen et al. 1964). 'rhus, in both chromium and iron the pressurization 
has depressed the yield stress; in chromium the reduction is to a value 
below the stress necessary for brittle fracture. 

§ 2. EXl'mtTMEX'fAL DETAILS 

Chromium rods were produced from arc-cast ingots by extruding and 
swaging. Nitrogen and oxygen were the main impurities and varied 
within the limits 0·0008- 0,005 and 0,015-0,03 wt. % respectively. 
Tensile specimens of 1 in. gauge length and 0·14 in. diameter were ground 
from swaged rod, electropolished, and annealed in vacuo at 1250°0 for 
1 hour. X-ray diffraction photographs obtained with a micro-focus 
source showed complete recrystallization. Specimens for each series of 
tests were made from a sUlgle rod. The results from different series are 
not quantitatively comparable because of slight differences in purity and 
strllcturo between rods. 

The high-pressure apparatus used for most of the experiments has been 
described elsewhere (Paterson] 064). Essentially, it consists of a working 
chamber in which the pressure can be raised to any value up to 104 

atmospheres, using an extcrJla.l intensifier and pumps. When strauling 
under pressure is required, an additional axial load can be applied to 
specimens by means of a pist,on which enters the pressure chamber. 
Later experiments involving pressurization only were done with a simple 
pressure vessel in which the pressure is raised hy pushing a piston into it 
with an hyGlraulic testing machu1C. In both cases, synthetic rubber 
O-ring piston seals have bcen used. The pressure fluid was either 
petroleum ether or kerosenc. 

Specimens were not mcchanically constrained during pressurization 
unless they were to be prc-Rt.J'ainC'(l lIncler pressure. The pressure was 
applied slowly, held for !) min (except when straining under pressure) and 
slowly released. After removal from the preSRl1re vessel, specimens were 
.stored in solid CO 2 until testeu in an 1nstron testing machine at a strain 
Tate of order 10- 3 per min. 

§ 3. EXPEltrMlm'J'AL OnsBRvA'rIONs 
3.1. Effect of Ilydmstatic P1'essnre on Brittleness 

At room temperature and pressure, the recrystallized chromium 
fractured without detectable plastic deformation. Mter pressurization 
at 104 atmospheres, strains of around 60% were commonly reached before 
fracture in subsequent testing at atmospheric pressure (fig. 1). However, 
the fracture of pressurized chromium had the characteristics of a ' brittle' 
fracture, viz. fracture ocelllTed suddenly at a given load and nearly every 
,grain in the fracture surface contamed cleavage facets. Figure 2 shows 
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Fig. I 
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Stress/strain curves for recrystallizrd chromium (dottcd curve) and chromium 
after pressurization at 104 ahl1o~phrres (full curve) . Tho stress has been 
corrected for the change ill cross-sectional area. with deformation; 
non-uniform deformation (nrcking) is responsible for the apparent 
decrease in strain hardening at In.rgo strains. 

Note that the yield stress of pressurized clu'omium is approximately 
half the brittle fracture stress of recrystallized clU'omium. 

Fig. 2 

Typical source of fracture in a specimen of clU'omium pressurized at 
104 atmospheres and fractured at 60% elongation ( x 750). 
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the origin of the fraet.mc ill l~ jln':,;slIrizl'(l Spt'Cilll('ll; (,he crack appears to 
have formed at illter~J'allular paxl icleH, llH has hrL'11 oiJscrved previously in 
brittle, rl'erystallizcd rhl'Olllilll11 (I look ami ,\dair I !In:l). The eITrct.ive­
ness of the ]ll'essurization is inci( ' lwnc1l'n(' or \\'hether kerosene or petroleum 
ether is used as the presS1lrr rIliid . This indieateR that t.he effect is due 
purely (,0 applied hydrostatic pressure l~ntl ]lot to shearing by ViHCOUS 

forces in the fluid; the lattrl' forces would be negligible in petroleum 

ethel' if not in kerosene. 
l)ressurized clu'omiulU yi<'lds at a,bOllt half the rraeture stress of re­

erystalli7.Cd chromium (fi~ . I ). This is highly fl ignific<tnt in view of the 
suggested close link ue(,\\"('('ll yi('ltl fl(,rl'SH ,LlId brit,tlcneHs (e.g. Stroh 11)57, 
Cottrell] 058) and in view 0" tlw influC'llcc of prr. ,'mizn,tion on yielding in 
iron (Bullen el al. HH(4) , FlIrtlH'r sil11ilarities exist between the effects of 
pressurc on iron and cl 11'0 III i 11111 , Arter prrssllrization, both metals 
show characteristic rOtI1lc1ed yield cw'vrs (fig. :l) antlload drops at yield 
which depend On thermrl,l n.el,i\'lLt.ion as shown by vlLrying tho temperature 
for iron n.nd strain 1'l1te for chroll1illlll (fig , :3) . Tho hrittleness of pres­
slI1'ized ehromillll1 at. Lilt' higll('I' s(. rn.ill mLl's (1\11<1 lH'llCO n.t higher yiold 
st,ress) n.1flO sllggeflLH t,Jl1\.t. fll'( 'HSlII'izllt iolt l'i'dl1(\('H 1/I·it.Llt'l1eAf:I by deeren,Hing 
tho yield stress, FIII't.Jwl'I 11 01'(' JlI'(·HH lIl'i~,(·d HI)('oill1(mR heeomo brittle 
after agoing at tempol'a.j.lIl'1·s or ·1:iO"(' or ahove at, which solute atoms oan 
diffuse to look froe dislocat,iOll s. 
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Stress/I:ILrn.i n curvos n.t Lli o Ht I' n. i Il 1':1.1 PH flhOll'1l 1'01' (:hl'olll iUIll HpocimollH pl'osHurizod 
at 101 n.tmoHplwn·H. 0p('c-illlCIl A \\'1~:i dlle(.ilo I~(' 0. fltl'l1in rate of 
O'005/min; n. Himillll' spt'eiltl(llt gavn It Hlight,ly higher yiold stress o.t tho 
samo stmin 1'111,0 (mel t'l"Iw(.\lI'('(l at, yiul(l. 

An extremely sha.rp tl'a.m;iLion in Ht.rain to rmctltl'e exists; specimens 
either failed at barely-deLect.n,ble pln.!>Lio sLminH or at strains in excess of 
50% (fig. 3). The trn.m;it iOll to t,ho cluctile range is associated with a 
marked inerease in (trlle) fra.cture strcss, I peeimenR just on the ductile 
side of the transition (e.g, A in fig. 8) wero examined metallographically 
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Fig. " (conti1ll(('(l) 

(r.) 

Longitudinal sections of pn'sslIl'iz('(l Chl'OI11iulll flporimon deformed 60% in 
tonsion. (a) UndufurJlH'd sitOllltlor, x 300. (b) Gauge longth, x 300. 
(c) Gauge length, x 1000. (> Direction of applied stress. 

after fracture. No cracks ot,h('l' Lhan hl'anclH's of tho crack responsible 
for the fl'l1cture were detecLed, hut marked ' tearing' around inclusions 
was observcd in longitudinal HC'cLionR (fig. 4). 

Repeated pressurization (fivo applicat iOllS of I O~ n,tmospheres) and pro­
longed pressurization (l01 atmoHphc]'('H 1'01' 1 hOll1') produced tho samo 
results n,R tho normal pl'eHHlIl'izaLioll. 

Finally, chromium of t.l1O lowl'st nitrogen contcnt (which WIlS also tho 
finest gmined) rcmained briLLle afLer preHHlIl'izn,tioll Itt 101 atmospheres. 
Apparently pressurizn,tion di(l not decrease the yield stress sufficiently to 
induce ductility. This result is analogous to the offect in iron (Bullen 
et al. 19(4) in which the yiekl point was removed more readily the lower 
the purity and the COl11'ser the grain size. Further work is required to 
establish the threshold pressure for achieving ducility at room pressure 
by pressurization. It is expcctcd that this thrcshold value will be a 
function of purity, grain size and subsequent initial strain rate. 

3.2. Examination of Pressurized Specimens 

The following are the results of various attempts to observe changes 
produced by pressurization: 

(i) No surface deformation markings were detected by phase-contl;ast 
microscopy. 
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(ii) No misorientation or ]'('Hidll:l I ,, 11'e'RH lI'aR l'C'ven.kd by x-ray diffrac­
tion, 

(iii) No change in x-ray line' hl'();uleniHl! was [ouml with a Geiger­
counter diffractometer, TJIIIH 11Ie1'0 appcarcd to be no chango in 
the stacking faults although th(',v 1l('l'd not have Lhe same density 
of packing as tho matrix in i>oci.v-ccntl'cd cuhic cl·YHtals. 

(iv) No change in bulk dC'lIHiI,v was dekctcli (l'll'lIHiLivity of measure­
ment 0·001 g cm- 3 ). 

(v) Dislocations in recryst.lll1i1.('d ('hl'omillill [0 ill'l , Obl'll'rved by trans­
mission elcctron mic)'ol-ot'oP.\·, arc normally imlllobile. Free 
dislocations wcre ohHcrvC'd in onc pl'cRHllt'izccl foil, but in many 
others examined all dislocn,liow; were stationary, Hcnce any free 
dislocations produced by pn·HHl1l'izat.ion must be distributed very 
inhomogeneously. 

We conclude that any changl's during pressurization are extremely 
localized and thcrefore difficult to detect. 

3.3. Effect oj Pre-8lmin (iw'iny Pressuriznlion 

Recrystallized chromium cou](l he dcformed plastically to largo strains 
while under pressure if the pressure was not less than a value somewhat 
below 2 x 103 atmospheres, dc-pending on the plU'ity of the cJU'omium. 
At pressures below about 103 atmospheres, the specimens were brittle. 
Most of these tests under pres. nrc \\'('re done at a strain rate of 0'02 per 
min. At lower strain rates, ductility was shown under slightly lower 
preSSlU'es. A pronounced yield point effect was shown in tests under 
pressure and the stress/strain elU'ves were similar in magnitude to those 
obtained at room pressure. 
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The effect of pre-strain under 104 aLmospheres pres uro on fracture at atmo­
spheric pressure. The solid 'Points and dottcd lines show the total 
elongation to fracturo (including tho pre-strain) as a function of the 
amount of pre-strain; the opcn points and solid line show the variation 
of elongation 'at atmospheric pressure with pre-strain. 
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Stress/strain curves for spccimolU; prcs:mrizcd at ] O'L atmospheres and pre­
stra.ined under pres:mro by t he tUnounj·s Rhown. Pre-strain under 
preBBure did not significant.ly n. ffoct the Rtrain.ho.rdening. 
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The effect of strain.ageing on pressurizcd specimens: Curve (a): Pressurized at 
10' atmospheres. Curve (b): Deformed 5·8%, agcd 1 hour at 400°0. 
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The illrluence of pre-stmin lIlld,,1' pr('SSlIl'<' 01l duct ilit,Y in subseqnent 
tests at room pressure waR illV('st l ~ll t('(I (fig. ,i). P)'('ss lIl'izution without 
pre-strain gave the greatest elcm)!a t ifln (,0 [mctul'e. I'rc-strn.in up to 5% 
reduced the ductility, which OH'lI 111'1'111111' illS('llSi('iv(' (0 [:,'l·C'ltter pre-strain. 
'fhllR the elongation to fl'l1cturC' (im'lll<l ing t 11(' pre-Htra,in) incren.sed after a 
minimum at 6% pro-strain. PrC' -stmin 1m!! 1 it tiP drect, on OIC stress/stmin 
roln,ticlllshi J1R Itt atmospheric 1>)'('H>l I1I'<' (fig. (i). . 

aA. NJJecls oj A {fein(f mui j~'I/'if i ll /(((11' Oil 1'/'(,-81I'11ill('rI Sjl('cilllen,y 
I 'JlllcimcllH were defol'lllc'd VHri'lliH n,1ll0111lLI; ci t 11 1' 1' dllring Ot' n,ft.eL' 

}1l'(!Rf.illL'i>'.ntion and then Itg('d j)(,/,ol'(, t.PRLing Itt n(,ll1oRpheric preS8l1re. 
Pl'eRsuri>'.ed specimens which 11110<1 HOt. becn prC'-H lmilwd became lJrittle 
on ngeing Itt 460°0 (§ 3.1). HpccillH'llH pn'-HtminC'd C'von It fow p Ol' cent 
were nged up to 1260°0 withou t IORH of (Illctility; recovcry occmred at tho 
highor tempemtures and 1'0cl'YH(,alli7.ation at 1 :300°0. Large yiclds 
occurl'edafter ageing at tompcmtuL'es 118 low as 4-00°0 (fig. 7), suggesting 
that sufficient solute was present to lock the disloclttions. Provided no 
recovery occurred, ageing had little influence on fracttu'e stross or elonga­
tion to fmcture of pressurizod Rpccin1C'lls. 
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Illustrates that pressurized chromium can be dcformcd at high strain rates 
after preliminary slower deformation. Pressurized chromium is brittle 
at initial strain rates greater than 0'005jmin (fig. 3). 

The effect of strain rate was investigated on pressurized specimens. 
After pre-strains of 1-2 % at the standard testing rate at atmospherie 
pressure, specimens could be deformed plastically at rates far higher than 
that at which pressurized specimens (without pre-strain) became brittle 
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(figf.!. 8 Itnd :1). Fracturc 8tl'(,:4:4('/i lIlIIl el(llIgaLiom; 10 I'l'll,ctmc could not bc 
measured Itt thc high f.!tl'n.in I'll (.ps I )('eaus(' I ho largo IIow strcsses induccd 
failurc at thc spccimcn gl'iJl:4. 

~ .I. I) J se; USS [{l N 

4. 1. J~l.r'r/ld PI'I'88/1 I'iz(f l ion 

J>l'cssll1'iz('d cIuomillJ1l yi( 'ld :4 al St,I'(,SS('S 1l1llCh 101\'('1' tha,n thc brittle 
fmctul'c HtrcHH of rccI'Yf:!L:Llli z( ·tI !'lIt'Oll1il"" (fig, 1) , TIlc yield point in 
iron iH a.lso n.lTccted by pr('sslII'izat i!l1l (Bulkll (I I (1/, 1%4) a11d pl'csslll'izetl 
iron a.1l(j chrumium show simila,r yil'ld pltt'llOll1 l'll:L (s :1.1). Hcnce we 
COllClllll<' t,]mt, ItS in iron, "1,,'(·ss lll'iza.l ion modifies th C' propcrLiC's of chrom­
ium th ro1lgh tho forll1atiOlI or ('n'I' d i/i1oclI,t,inw; at. (.]a:4t. ic inhomogeneitie/i, 
Tho PI'CH(,lIt work It<ichi littl( , to thiH illkl'pn·t,nt.ioll; t,llU remaincior of the 
disCIIHHioll will deal with I'l'l\,c:t.IIl'( · hi pJ'CIiH llI'ized dll'Olllilllll. 
~oveml authors (e.g, CoLtl'('l1 II)/;H, PoLoh Ill!)!)) ]mve l'lllphasized the 

clof:!(1 ItsHoein.t,ion })('(,W('('l1 y i('ld pointH u,lId 1"'iLLlf'1lf'HIi, Tho condition 
for hl'iWnneHs iii tlmt tho yi('lcl Hl,I'('SH lllllHt bn s ldli(:i('nl; hoth to illitiate 
/1,nd to Pl·opn.gn.te cl'acks; Hoillt.<' l(l{'kin~ jll'Ol1lol.eH I>l'it.t.klWRS hy J'n.i8ing 
tIl() yield stI'ORS. Hence Pl'CSH III:iZlLt io11 ilJ(lll Cl'S dlieLilit.,V by rcducing the 
yield str08R; conversely prcssIII'iz('d eIlI'Olllilitn iii (,l11iJl'iLtlcd jf tho yield 
strcRS is miRcd by ageing 01' h,v t('sl,ing at n. high Rtrain rn.to, 

4,2. Effect oj Y1't>!rl /::JIJ'(I.~8 on the It'mctuTe PTocess 
The above gencral explmHl,t,iolt HlI ggOStS that pl'cRsurization favolli's 

ductility by lowering the yirld Htrr'HR. To cxplain other ohservations, e,g, 
the similarity in appearance l)('t.wel'n tll(' fracturcs at In.rge strains and 
brittle fmctures, or thc cITec!'R of prC'-Rtrain (§ 3.4) , wc nced to understand 
how fmcture is prevented during deformaLion. 

The tmnsition from bl'itil C'llC'HH to dllct.ility in rccry,'tallized body­
centrcd cubic metals almost c(,rtainly oecms when thc applied stress can 
no longcr propagate cmcl<:s ng:Linst the increasing plastic relaxation. 
Mctallogmphic examination of iron and steel testcd neal' thc transition 
shows that micro-cracks form l)llL do not propagate, and that thc fracture 
surfacc becomcs increasingly fi brow; with incrcasing strn.in to fmcture 
(e.g, Halm et al. 1959). On t,ILc brittlc s ide of the transition, the yicld 
stress is sufficient for both initiation n,nd propagation of cracks so that 
there is no information on thc rclative difficultics of these processes, 
Pressurization affords a uni.que opport llnity to obtain such information 
since it provides a means ofrcclneing the yield stress, and thereby obtaining 
ductility, without drastically affecting t he crystal structure or changing 
thc testing conditions. The structural change is so slight that it can 
only be detected by the change in yield point and it is unlikely that 
pressurization affects the flow stress bcyond the yield point (Bullen et al. 
1964). 

The main difference between f racture in pressurized and reCI'ystaUized 
chromium is that the stress is initially high for recrystallized chromium 
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when the dislocation dl'llsiLy is n'bLinly luw, rmd fl'n.cLIIl'e commonly 
occms a.t yield; a.fter pl'esH\Il'izn l iUII, s ill1illtr sLn'sHPH art' noL l'cache(lllntil 
the dislocation density JutS risen by sev('ral ordcl's or 1lla.:-''lliLllde. Since a 
metal is ductile only if cmcks arc not illi LiaLed or if cl'ltcks which have 
initiated are unable to propagaLc, the p!'oblC'lU is \\"11('t11e1' the increased 
dC11sity of dislocations affects illit,in,t,ion ur propagation. 

Tho answer to this problem e:m 1m ohlain('(l hy cOlls ilkl'ing the case of 
propagation. Tho mctallogmpll ic ol>scrntt.iolls Oil Jll'C'ss1II'iz('d specimcns 
are tho antithcsis of those fOll lld I Il l( 1(,1' cOlld it ion>; wlH'l'l' pla>;tic relaxation 
damps out crack propagat iOlI ; lIUll -pl'o paglttillg Illi('/'o-cmcks have not 
bccn detcctcd and tho fillal fl':lel 'lIl'(, s llrf/w('s sllOlI' almost complote 
cleavago even afLer nO(/,o sl mill. '1'1](' il1('J'{,;ts(' ill fral'llll'e stl'CRS at tho 
brittle/dllctile transition is H 1:-;0 n'l('Vall I, sinee it (,Olll JlItl'('S the stresses 
for fmeturo at low and higll d('ll :-; il if's of disloeatiOlls. Tho fmetmo stress 
on the duetilo sido of the Lra.lIHil ion in ]H'l'SSlI l'iz('d chromium (fig. :3) is 
,.., 2t timcs tho value on LII O briLt.lo s ide. 'I'hiH incl'('lLse is considerably 
greater than thoso for reel',Ysj,alliz(,d r]ll'(lll1iIl111 ('" q-~, Weaver 1 D(lL) 
and reorystallized iron (,...,1 1, IIn.lm cl (fl. I!H;!I) ; hilt it cn.n hal'dly ho 
atLributed to gl'eater Jlln.~ 1 it: rl'lll.xa(,i01t :tI'OlIlHI e l'ac' kH ill Pl'llHHlIl'izcd 
ehl'omium for tho followin g I'C'a~() ll H. 'l'lIO daLa J'OI' l'('(]I'YHLnllized metnls 
refor to tho tn111Hition from el('ILVago 1,0 dll ct. il e ('1'1I.r.L lIl'll; no cornpamblo 
chango in modo of fmctlll'e orolln; at Lhe tmllHi (,ion i1l1)J'('HH III'izetl citro III i 1I m 
(fig. 2). Tho low valilo ( ,..., 7) of' tho ox ponOllL ill tho dislocation­
vcloeity/driv)ng-stress r0ll1Liom.:h ip ('01' ch 1'0111 i 11m Itt room tempemturo also 
suggests that freo disloofttiolls will not gn·rttly afl'ecL cmek propagation 
(Ha1m and Jaffeo ]!)O:3). 

Theso considerations, whi ch slI gg('st LlmL Lho ill Cl'ertSe in fmcture stre. s 
at tho transition is greater LImn eOllld reslllt, from clam ping-out of emck 
propagation, and tho lack of l1wt.n.llogmphic evid enoe Llmt cmck propaga­
tion is dampod out, lcad to the con eillsion tlmt the high ductility of 
pressurized chromium is not dlle to the difTi cnlLy of jlropagating cracks. 
Heneo the brittle to ductile tmnsition in ]1rcSRlIl'izod chromium must be 
due to failure to initiate cracks in contmst to tho Lmnsition in recrystal­
lized chromium in which cmck propagation is tho limiting criterion. 
Stroh (H)57) has predicted RC'pn.l'ltte LmmliLiol1H dllo to cmck initiation and 
propagation; usually tho tmnHiLi on due to propagation occurs fil'st and is 
the only one doteeted. 

4.3. Orack In·;t ;alion in P'res8U1'izcrl8peci11lens 
Since initiation is more d i mCll It than propagation, it follows that the 

fracture stress is a measure of tho stress for crack initiation. Pressurized 
chromium becomes brittle when tho yield stresFl is slightly increased by 
ageing or by testing at higher sLmin rate, so that the stress to initiate 
cracks at yield is not much above tho yiold stress under our standard 
testing conditions. Aftor s111all pre-strains, howevor, the flow stress can 
be increased by much larger amounts by ageing or by increasing the 
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stl'll,in rate without causing hl'it tIP fl'lwLul"('. Thus pl'e-stmin has con­
siriern,lJly increILHeu the dilli("lIlty ol"init ia( illg cmeli;;. ObS('rvlLtiollF! on 
t,110 effecL of pre-strain 11[, ('It-va( ell (('1111)('ro.(,'"·('H on d llcLility at room 
temperature have also leu Ilook ;1l1(1 1\d; ~ ir (IDli:l) to the conclusion that 
crackf! are 110t readily initi a(ed in 11111cl"Oscopically dpfo1"ll1ed chromium. 

We can estimate the relativc difliculty or initiating cmcks I1t yield and 
thereafter from the inc),ellse in fro.ctlll"e Htn'sH aL the britLle/(luctile 
transition in pressurized c]lJ"()I11illlll, viz. '" 2,1 timCfl. However, even this 
vo.lue may be an underefltinw ( ' bCCl1l1He the cra.clu:I responsible for the 
final fracture of ductile s}l<'CimellS ])robauly fo)'m hy 11 . ductile' mech­
anism. Irinal fracture is preccded by . necking' (fig. 1); at this stage 
wide voids form around oxide pl1l-t.icles iJl chromium deformcd at 4-00°c 
(Weaver 106]) and eVOJl in d lid ik metals slIch as copper (Rogers 1050). 
Voids can be detected whcn emck propngaLion cmmot, occur, i.e. at elcvated 
temperatures or when the c1inH'Jlsion of (.11(' Lear t,rmu:iverse to the applied 
stress is small. However, at low tem pcmturcs (.he voids will initiato 
brittle cracks when their Lrl1nsvcl'Sp. dinwllsiOll incrcascs, i.e. at the onset 
of necking. The observation Lha,t the fi nal fracLuL'es frequently form at 
inclusions supports tIllS interpretation. 

Dislocation locking cannot. he the only reason for the comparative ease 
of crack initiation at yield. f-Ipecimens aged after pre-strain (e.g. fig. 7) 
show large yields but no 108S of ductility; a simihr effect has been found 
by Hook and Adair (1063). The most powerful influence is probably the 
increase in dislocation density with pre-strain. Cottrell (1063) has pointed 
out that the limiting value of thc local stresses around stress concentrators 
during yielding depends on the dislocation density. When no dislocations 
are close to the stress concentrator, the local stress can rise even to the 
theoretical shear strength before plastic relaxation occms. At higher 
densities of dislocations, the local stresses will be relaxed upon reach.ing 
the value required to unpin dislocation.'. Since the theoretical shear 
strength and the theoretical cohesive strength are of similar magnitude, 
which is considerably highC'J' than the unpinning stress, crack initiation 
is far more lilwly at low densitie of dislocations. 

It is frequently found, e.g. in iron at low temperatures (Hahn et al. 1950), 
that cracks are continuously gC'Jwrated during deformation. This is not 
so for chromium deformed at room temperature. When cracks are 
prevented from forming dming yielding, h.igh ductility is observed even 
under conditions where cracks can propagate readily. 

§ 5. CONCLUSIONS 
l. Recrystallized chromium, normally brittle at room temperature, 

is highly ductile ('" 60% strain) after pressurization at 104 atmospheres. 
2. Pressurization reduces the ' yield stress' of recrystallized chromium 

considerably, probably by the creation of free dislocations at elastic 
inhomogeneities. 

.. 
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3. rl'essuri7.ed chromium lwc()lllcS hrittl(· if L]l(' :viC'lel stress is raised by 
ageing or by increasing the rate of L<-s(,ing. T11 ill s]l<Jw:-j that the reduction 
in yield stress is directly l'C'sp()ll si I ol e for the d II ctility of pressurized 
specimens . 

4. Specimens pre-strained c1l11'ing or a,ftt'r pressurizat ion do not become 
brittle on ageing or on test ill),! at, m ll eh higher strain rates than that 
required to embrittle pre.'slIriz(·d chromillm . 

5. Even after flO % strain ~ UlP fractures in prC'ss lirized chromium 
have the same appearance af! a hritt/le fmcture. 

6. The final fracture and the dfect, of pre-strain on pressurized elU'omium 
aro explained on the basis that, crack initiation, which is the limiting 
condition for fracture under om LC'f!t conditions, only occurs readily at 
yield or during necking. 
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