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ABSTRACT 
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The effect of strain rate, temperature and interstitial impurity 

concentratIon on the flow stress was investigated in a polycrystalline 

iron-2% manganese alloy. The tmperature dependence of the flow stress 

was ±bund to be independent bf the interstitial iiiurIty concentration, 

removal of interstitials merelydecreasing the athermal stress level. 

Belbw 160 0K, the large temperature dependence of the flow stress was 

interpreted in terms of the Donj-Rajnak theory of the Peierls mechanism 

of plastic deformation. Above ]60 0K, some other thermally activated 

intrinsic mechanism seems to be operating. 
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I. INTRODUCTION 

The strong temperature deendence of the flow stress of b.c.c. 

• iron at 'low temperatures has been studied by numerous investigators 

and interpreted in terms of several different thermally activated 

.d:Lslocation mechanisms. The fllowing mechanisms have been proposed: 

Interaction of dislocations with interstitial 
impurity atoms' ; or with solute atoms in general, 2  

Intersection of dislocations with clusters of 

• 	 impurity atoms, 3  

• 	 (c) Resistance to the motion of dislocations due 

to jogs on screw dislocations, 

Resistance to the motion of dislocations due to 

the Snoeck 'effet and, 

Interaction of dislocations with the intrinsic 

resistance of the b.c.c. lattice or Peierls' "hills". 68  

In previous work, 9  it wasfound that the plastic behavior of 

• 	polycrystalline iron containing 2 wt.% Mn (and 100 p.p.m. carbon + 

nitrogen) is in good agreement with predictions based on the P eierls t 

mechanism' 0  from 77 0K to 160°Kwhereas from l60°K to about 370 °K another 

as yet unidentified thermally activated mechanism is operative. 

The purpose of the preseni investigation was to determine the 

effect of interstitial impuritIes on the temperature dependence of the 

flow stress, by purifying the previously investigated alloy with respect 

• •,, 	to interstitial impurities. The investigation ievealed that removal 

of the interstitial impiritiesto a level that eliminated Cottrell 

locking and the Portevin-LeChatelier effect affects neither the strong 

temperature dependence of the flow stress at low temperatures nor the 
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general characteristics of thehigher temperature behavior. Such 

purification, hovever, loweredthe athermal yield stress. 

II. EXPERIMENTALPR0CEDUBE AND RESULTS 

The material used in thisinvestigation consisted of an iron 

2 wt.% manganese alloy having the following additional elements 

present: 0.0014% C, 0.006% N, 0.05% 0, 0.00 14% P and 0.001% Si. 

This was the same material as that studied in the previous investigation 

and will henceforth be referred to as the "impure material". The 

as received 3/8" x 3/14" hot rolled bars were cold rolled to 0.08" 

thickness; recrystallized under argon for 30 minutes at 800 0 c and 

further cold rolled to 0.053" thickness. Flat tensile specimens 1/14" 

wide having a 1.625" long gage section were machined from the sheet 

and then purified. 

The first stage of purifiOation consisted of holding the specimens 

at 850°C for 214 hours in a stram of hydrogen saturated with water 

vapor at room temperature. Material prepared in this fashion will 

subsequently be referred to as"wet hydrogen purified material'!.. It 

has been estimated that this type of treatment reduces the carbon. 

content of iron to less than 5p.p.m) 

The second stage of purification consisted of holding the specimens 

in a closed system through whih hydrogen was circulated past the 

heated specimens as well as a zirconium hydride getter. The specimens 

were held at 850°C and the getter at 8000c. The process was continued 

for 212 hours. The starting mteria1 for this process was wet hydrogen. 
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purified material. Material prepared in this manner will be referred 

to as "ZrH2  purified material"i The technique used was substantially 

1 the same as that described by Stein et al. who have shown that 

the carbon level at the end of the proceès is reduced toabout 5 

parts per billion. 

All tensile testing was carried out on an Instron Testing Machine 

either in controlled temperature baths or at fixed point baths such 

as boiling liquid nitrogen, etc... When fixed points were used the 

temperature was kept constant to better than ±1°C whereas in all other 

tests the temperature variation was less than ±2 0C. 

Test of Purity 

It was not possible to det:ermine the purity achieved at each 

stage of the purification because the resulting level of interstitial 

impurities was well below the limit of sensitivity of standard 

analytical techniques. It was possible, however, to obtain a qualitative 

measure of the extent of purification from the appearance of the 

stress strain curves for the thée materials. Figure 1 shows the stress 

strain curves for the three different materials tested at 300 °K It 

can be seen that the effect of wet hydrogen purification on the impure 

material was threefold. The upper yield point was entirely eliminated, 

the lower yield stress was. decreased and the extent of LUders b.nd 
a 

strain was reduced by about a factor of ten. The three effects provide 

strong evidence that a significant reduction of the interstitial content 

was achieved The effect of ZrH2  purification was to e1iminae all 

yield and Lüders band phenomena 1  These trends are in substantial 
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Figure 1. Stress-strain curves at 300 °K on original specimens. 
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Figure2, Stress-strain curves at 523 °K on oriina1 sDecimens. 
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agreement with those obtainec. by Stein et al. 

Figure 2 shows the stress-strain curves for the three materials 

tested at 523 °K. It can be seen that the impure and wet hydrogen 

purified materials exhibited a narkcd Port evi n-LeChat el i er effect 

indicating that interstitial impurities were still present in the wet 

hydràgen purified material. In contrast to these results, however, 

the ZrH2  purified material exhibited no sign of the Portevin-LeChatelier, 

effect thus indicating that the 'concentration of interstitial impurities 

was so low as to make dislocation-impurity interactions undetectable. 

xperimental Results 

For convenience in the theOretical analysis, the data are presented 

in terms of the shear stress for flow, T, the shear strain ?y' and the 

shear strain rate,y. Tensile secimens of the wet hydrogen and ZrH 2  

purified materials were prestrained at 423 1K at a shear strain rate of 

1.54 x 10 5 /sec to stress level of 3.61 x 108  and 3.21 x 108  dynes/cm2  

respectively. Immediately following this prestrain the temperature 

bath was changed and each specimen tested in tension at either y = 1.514 

x 10 5/sec or 1.514 x 10 3 /sec. IThe values obtained for the stress were 

within ±2% of the stated shear stress and ±5% of the reported values 

of the strain rate. The tensile stresses were converted to shear 

- 	 stresses using a factor of 1/2 and the shear strains obtained from 

engineering strains using a factor of 3/2. The shear stress for the 

initiation of flow at the test temperature was determined by taking a 

-y = 9.24 x 10 offset from the' modulus line at which good accuracy was 

achieved in determining y and the associated flow stress-c. 
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Figure 3. Diagraniatic representaLjori of testing proedure. 
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A scethatic representation bf the testing procedure is given in 

Fig. .3. Typical experimental stress-strain curves for the wet hydrogen 

and ZrH2  purified materials are hown in Figs. 4a and 4b respectively. 

The exDerimentally determined flow stresses for the wet hydrogen 

and ZrH2  purified fliaterials are blotted against temperature in Fig. 5. 

Similar data for the impure material, as determined earlier, 9  are given 

in Fig. 6 for comparison. 

The microstructures of the iet hydrogen and ZrH 2  purified materials 

were not noticeably different. liowever, both of these materials, showed 

a grain size that was about 5 tines larger than that of the impure 

material. In order to evaluate the effect of grain size on the measured 

flow stresses, some wet hydxogen purified material was grain-refined to 

produce a grain size similar to that of the impure material. Although 

the different grained samples had significantly different yield stresses, 

in accordance with the Petch equation, it was found that after a few 

percent prestrain the behavior o the two kinds of sample was identical. 

This effect is presumably due to the formation of cells of fixed size, 

independent of the original grain size. 	 . 

The ZrH2  purified material behaved in a brittle manner at temperatures 

below about lOO °K. Metallographic examination showed that twinning 

occurred in the immediate vicinity of the fracture. 	.. 

III. DISCUSSION 	 . 	. 

Examination of Figs. 5 and 6 shows that the flow stress dependence 

on the temperature is independent of the concentration of interstitial 
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Figure 5. Flow stress vs. temperature curves for the wet hydrogen and 

Zn-i2  purified materils prestrained to 3.64 x 108  and 3.21 x 

10 8  dynes/cm 2  respectve1y at 123°K. 
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Figure 6. Flow stress vs. tempeature curves for the impure material 

prestrained to 6.89 X 108 dynes/cm 2  at 3000K. 
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1mpurites. In earlIer work, 9  tne impure material was testea 

aifferent strain hardened states and it was establisned that the temperature 

dependence Of the flow sU-ess did not depend on the strain hardened 

state. The 'data from the previous invest igat ion were analyzed in terms 

of the Dorn_Rajnak1O  model of dislocation motion controlled by nucleation 

of a pair of kinks over Peierls' barriers and were found to fit the 

model extremely well in the range 77 0  to 160°K. In view of the earlier 

success of that approach and of the observation that the temperature 

dependence of the flow stress is,independent of the concentration of 

interstitial impurities or of the strain hardened state (i.e. dislocation 

density), it is reasonable to apply the same analysis to the' present 

data. 

The Dorn-Rajnak Model 

It was first suggested by Peierls 11  that dislocations tend to 

lie in potential valleys parallel to close packed rows of atoms. When 

a dislocation is moved as a whole from the bottom of a potential (or 

Pe i erl s t) valley to the top of a,potential hill its line energy is 

'increased from F 
0 	C 
to F because of the straining of bonds in.the 

vicinity of the dislocation core. Thus the magnitude of the line energy 

of a dislocation is a function of its position, y, and can be written 

as Fy}. In the Dorn-Bajnak model, the shape of the potential hills was 

assumed to be of the form 	 ' 

F{y} 	
Fc + F0 + 	F 	

+ Cos 	 - 	 (i) 
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where a is the distance between parallel rows of close packed atoms 

and a is a shape factor. For a 	0; r y } becomes a simple cosine 

function of the displacement, whreas for positive or negative values 

of a the breadth of the potential hills is made either smaller or larger 

without changing the periodicity or the maximum and. rninimum values 

of the line energy. The stress T*  that is needed to move the dislocation 

• 	line to a position y, part of the way up the potential hills, is 

givenby 	•: 

	

2Ty 	 2Try = 	 - - (r - r ) in 	° {l - a cos 	
0} 	

(2) 
1y. 	•. 	a 	C 	o 	a 	 a, 

	

• 0 	 I  

where bis the Burger's vector of the dislocation. The Peleris stress, 

T, is the stress necessary to move a dislocation over the potential 

hills in the absence of thermal activation and is obtained by maximizing 

T*,

Tr 
Tb =16a 	

ci:1ro) [3 +(i + 8a)1/2][8a2 - 2 + 2(1 + 8a2)]1/2 () 

When a stress T* < T is applied, the dislocation will move up 

the PeierlsH hill to a point y as illustrated in Fig. 7. The model 

assumes that further motion of the dislocation occurs by the thermal 

nucleation of a double kink ovei the 'remaining portion of the barrier. 

• • 	as shown in the figure. In order todetermine the critical doutle 

kink configuration (i.e. the shape of the minimum energy double kink 

having equal probability of moving forward or collapsing back) an 

expression for the energy necesary to form a double kink is set up and 

minimized The energy to form a double kink can be written 
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Un 	y}ds - Fy }dx - T*b(y - 	)dx 	 () 

where the first term of the interand refers to the line energy of the 

thrrn11y displappd dipIpcatign y 	y{xi, thp øcfla term to tLC orgi. 

line energy of the dislocation when it was displaced to y = yo under the 

stress T*  and the third term to the work done by the stress as the double 

kink is formed. By using the Euler. equation of variational calculus it 

• 	 is possible to determine the shae of the dislocation y = yx} for which 

the energy is a minimum The inbegral, however, could not be solved 

analyticaliy so that a numerical li solution had to be obtained. This 

numerical solutionirelates Un ana r. The energy of an isolated kink 

under zero stress, U,, was obtained by the same variational technique, 

• 	 using this value of the kink eneigy and the value of T obtained from 

Eq. (3), the numéricalrelationsip between Un and T*  was expressed 

in dimensionless form as 

() 

where f1  is not known analytically but is available from the numerical 

solution of Eq. (h). Eq. (5) is : plotted in Fig. 8 for three values of the 

shape factor a ranging from -1 to + 1 	It is interesting to note that 

the relationship between Un and 	is not much affected )y  the shape 

of the Peierls hills in the range investigated. The calculated values 

of T and Uk  can be compared as follows 
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• 	. 	 2U 	ab\h/ 2  
K = 	

k/( 
T 

_ rf 	 (6). 

It is found that the quantity K iG only mildly dependent on a t  

taking on values between 4 and 6 for values of a ranging from +1 to -1. 

The model also predicts the activation volume v = _aUn/T*, which is 

obtained by numerical differentiation of Eq. (5). 

• 	 It is worthwhile comparing the Dorn-Raj flak model to other recent 

models on Peierls' controlled deformation due to Seeger12  and to Friedel 13  

who also asume that long range islocation motion takes placo,, by the 

thermally activated nucleation of a pair of kinks over Peierls' barriers. ,,  

In' their models, both Seeger and Friedel assume a shape for their 

critical configurations. Seeger considers the critiáal configuration to 

be a pair of half kinks separated by a straight dislocation segment 

and Friedel takes his kinks to be straight lines joined at a pôint. 

Dorn and Rajnak actually calculate the shape ,  of the double kink from 

minimum energy considerations. Another drawback of the Seeger and 

Friedel models is their assumptiOn that the dislocation remains in the 

Peierlst valley even under an applied stress, although this approximation 

is not too serious in the case of Seegerts model since he only considers 

the situation in the limit of T* << T. • Seeger explicitly includes in 

this calculation the effect of 1ink-kink interactions in a form which 

may not be valid for small kink separations. Friedel and Dorn and 

• 

	

	Rajnak include the knik-kink interactions indirectly via the line energy. 

In their model, Dorn and Rajnak have allowed for deviations from a 
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purely sinusoidal potential and have shown that this only slightly 

affects the form of Eq. (5).  Ce can argue that the fiily of functions 

represented by Eq. (I) is restrictive; however, more recently Dorn and 

14 have recalculatpd the eneray for the o4ao of 

potential hills and find once again that the shape of the potential 

hills is of secondary importanc. Although Seeger's model allows for 

deviations from a sinusoidal potential, his final equations are solved 

only for the simple case. Friedel restricts his model to the sinusoidal 

case 

There is little doubt that the calculation of the ene±'gy to form 

a double kink is treated most rigorously and in the greatest detail by 

the Dorn-Rajnak model; it does rot, however, entirely take into account 

the kink-kink interactions 

The next part of the Dorn-Rajnak model concerns itself with 

relating the strain rate to the energy Un. Here the usual approximate 

Boltzmann approach is used with the result that 

-Un/kT 	 .,. 
y = pab - i ye  

where y is the shear strain rat, p is the dislocation density, L is 

the average dislocation length swept out by a pair of kinks, w is the 

critical separation of an embryánic pair of kinks and kT has its.usual 

meaning of the Boltzmann constart and the absolute temperature. In 

deriving Eq. (7) the simplifying assumption is made that w is inaependent 

of the stress; however, the effect that this assumption.may have is difficult 

to evaluate. It is further assumed that even at very low stress all 
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the pairs of kinks are nucleated in the direction of the applied stress 

thus giving rise to strain. This is not true in the limit of very small 

stresses and consequently in that limit one might expect a slight 

ovprptmte pf t h p strn 	 thb moai fldb aieaQj teen 

compared with experiment in the cases 01 Ag2A1, 15  Agg, 1  3ndtantalurn, T  

and in all those cases agreement between experiment and theory was 
n 

:2 found over the whole range of stress including the low stress region in 

question. In the case of molybdnurn18  a slight deviation from the 

theoretical line was observed but only in the range below 1/T 	0.02. 

it is also an implicit assuption of the model that all dislocations 

are lined up with the Peierls sills and that no macroscopic strain occurs 

before some.dou'ole kinks are nucleated over Peierls' barriers. In 

materials such as iron, electron microscopic studies have not shown 

dislocations lying parallel to close packed directions. The average 

randomly oriented dislocation in a slip plane will therefore contain some 

preexisting kinks which can move; at low stresses giving rise to some 

strain before it is necessary to nucleate new pairs of kinks. Let us 

briefly examine the maximum magn itude  of the strains that  dould be 

contributedby such preexisting kinks. Consider a.simple Frank network 

with all dislocations.lying in slip planes in a square array. Further,  

consider that the free length of a dislocation is k and the distance 

between slip plane.s populated with dislocations is also X. The total 

length of dislocation line in a unit area of slip plane will then be. 

2/9. and the dislocation density p = 2/2. 2 . If we assume that in the 

extreme case the straightening out of preexisting kinks will cause 
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the total area of each populated slip plane to be swept put, then the 

shear strain is simply 

1/2 
' i Tu1 2  

For b = 	cm and p 	l08/cm 2 , 	l0. This implies that the 

contribution to strain due to sweeping out of preexisting kinks is small, 

and that taking an offset of y 102,  as was done here, will yield 

flow stresses related to the nucleation of double kinks. It is interesting 

to note that in their investigaion of the microstrain region in iron, 

ossowsky and Bro 19  have identifiea the ±ow stresses requred to move 

preexisting kinks. Their work is discussed in greater detail telow. 

Analysis of the Results 

The stress which must be applied to cause plastic flow is given 

by 

T = T + '
A 	 (8) 

where T* is the effective stress discussed above and 
'A  is the stress 

reuired to overcome the atherml dislocation interactions and will 

conseuentiy decrease with incrase in temperature in the same way as 

the shear modulus of elasticity. 

Recalling the definition o±i the activaiton volume and using 

• Eq. (7), one obtains 

v 	
')T 	

kT 	
kT ()T 

The activatin volumes dethiced from the data of Fig. 5 by means 
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of Lq (9) are plotted in Fg 9 in ters of t'ie stress t 	Activatiot 

Volumes for the ilpuie xrtater...al in t ree cifferent strati hardened 

states are also inludd in the fiue. The stress ages wer6 displaced 

with respect to each other in order to bin all pointto a single dUrve .  

and to correct for the various values of TA The extent of the relative 

displacement nessary for the points to coincide was found to be closely 

related to the differences in the flow stresses of the five states at 

3O0 ° C 

The apparent activation energy U, cri be tr.ttn 

= I 	[ 	 ( 10) 
L 3  ThT-J 	LkTJ 

T 

U was calculated for all five states and plotted against the stress 

in Fig. 10, with the stress axes aisplacea. as in Fig 9 	Althougi 

bcatter is apparent the tendencies snowi by the three materials are 

reasonably similar. 

The analyses ofFigs. 9 and 10 suggest that the Peierls' mechanism 

is superseded at low stresses (high temperatures) by some other mechanism. 

in order to conpare experiment and theory it is necessary to find a 

theoretical expression for the dependence of the stress t*  on the 

temperature. At high temperatures, thermal fluctuations with energy 

become so frequent that plastic deformation takes place even as 

approaches zero. The temperature, Tc 1,, at which this takes place 

for . given strain rate, y,  is d.fin.d by 
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-2U. /kTc 
• 	 y = y e 	K 	

(II) 

where we have written y = pabLy/w. Comparing Eqs. (II) and. (7) we 

see that 

• 	 - 

	

 u TI  fl 	
rfl

: 	

- 

	

 2U, 	Tc 	 2 
- 

	

K 	 - 

- or referring to Ea. (5), 

ub 	T 
- = f1  

	

-- 	 p 

Both Uk and T change with temperature in the same way as the shear 

modulus but this effect is small, and has been neglected here. The 

• 	
theoretical T*/T  versus T/Tc curves of Ea. (13) are therefore identical 

to the relationships given for T/ -r versus Un/2U 1  as shown in Fig. 8. 

Since T  and Tc are not directly available from the data, the data were 

compared to master plots of the theoretical relationship for different 

values ofT and Tc. All of the, data was examined in this way, this 
 

included a reanalysis of the data for the impure material winch ;ielded 

essentially the same parameters as had been determined earlier (c.f. 

reference 9). The values of T, '  Tc and TA  obtained in this way are 

listed in Table 1. The data poihts suitably reduced by means of the 

parameters of Täbl,e 1 are given in Fig. 11 where the theoretical curve-

for the case a = 0 is given by the solid line 	It can be seen that the 

upper temperature limit for agreement with the Peierls mechanism has 

- not been significafitly affected by the reduction of the interstitial 

j m -pi-i ri tr collc(utrl.t)on 	The vLluLs of Uk  in Tab]e 1 were obtained from 
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exp(2U /kTc1 ) 

= exp(_2Uk/kTc2) 	
(ia) 

The kink energies obtained in this way from the different purity mterials 

agree fairly well among thniselves. The scatter in the values obtained 

is due to the high sensitivity of Eq. (ib) toerrors in the determination 

of the critical temperatures Tc 1: and Tc 2  This same effect is reflected 

by the scatter in the values of J given in Fig. 10. The line energy is 

related in terms of the theory to the parameters Uk and Tby Eq. (6). 

For the case a = 0, K = 5. 67. Substituting this value of K into Eq (6) 

we can obtain the values of F listed in Table 1 These values vary 

between 1.3 and 1.9Gb2 thus shoing reasoale values of the line energy. 

Tale1 	 . 

T dynes/ 	 TA dynes/ 	Uk F .. erg/ 
cm8 Tc 0K Tc °K 	cm2 	ergs 

0 cm 
x 10 	

1 	2 	
x 1013 	x 10 13 	x io 

Impure, high state 	47.5 	220 	25 	13.9 	5.46 	7.53 

Impure, medium state 	47.5 	220 	215 	9.0. 	5.6 	7.53 

Impure, low state 	45.0 	230 	255 	4.9 . 	5.98 	9.51 

Wet H2  puified 	 45.0 	210 	22 	3.0. 	5.07 	. 6.85 

ZH2  purified 	 45.0 	215 	250 	2.8 	4.93 	6.18 

In view of the above analysis one can summarize the behavior of 

iron below about l60 °K as fbI1os. At very low temperatures, below 

70 0 i( to i00 °K aepending on purity, twinning appears to be amajor 

mode of deformation as has also been observed by Stein et al. 1  At 
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temperatures above the twinning raige and up to about 160 ° K the temperature 

dependence of the flow stress is independent of the strain hardened 

• 	state and independent of the condentration of interstitial impurities. 

This suggegts an ;nr;nc latti-po 	 tO thb motion of 

Furthermore, • the. independence of the activation rolume and activation 

energy on the strain hardened stte or impurity content provides additional 

evidence to the operation of a dislocation mechanism independent of these 

variables. Finally, the good fi of the data with the theoretical predictions 

of the Peierls mechanism confirths that this most probably,  is the rate 

controlling mechanism of deformation 

It is also possible to show that the other proposed mechanisms 

• 	described in the introduction are inconsistent with the results reported 

here. 	 • 

Stein., et al. 1  have.proposed that deformation in iron is controlled 

• 	by the interaction of dislocations with interstitial impurity atoms. • 	• 

They have proposed no quantitative model but regard the: decrease in the 

strong temperature dependence of the flow stress with decrease in 

interstitial impurity concentration as conclusive evidence for their 

point of view. In the present work, no such decrease in temperature 

dependence of the flow stress was observed on purification. The 	• 

discrepancy between the results of Stein et al. and the present work 

• 	are further discussed below. 	 • 	 • • 

Fleischex 2  has proposed a quantitative moael for the interaction 

of dislocations with tetragonallattice distortions (whatever the 	 1: . 	 • 

nature of the impurity causing the distortion). Although Fleischer • 	• 
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has not applied his theory to the case of interstitial impurities in 

body centered cubic metals, it has been suggested that this could be 

done. 1  The equations of Fléischer however make the flow stress a 

function of impurity concentration and this has not been observed in 

this work. The same type of objection applies to the suggestion of 

Mordike and Haasen that the deformation Droáess is controlled by inter-

actions of dislocations with clusters of impurity atoms. 

Schoeck has proposed that deformation in iron may be controlled 

by jogs on screw dislocations. If this is so one would expect the 

activation energy for deformation to be close to the activation energy 

for self diffusion. The activation energies derived experimentally 

and reported in Table 1 are only about one quarter of the energy for 

elf diffusion thus making this mechanism unlikely. 

Schoeck's earlier, suggestion 5  that Snoeck type interactions of 

interstitial impurity atoms with dislocations might account for the 

large temperature dependence ofthe flow stress was shown to be incorrect 

by Schoeckand Seeger. 2°  On making a detailed analysis, they concluded 

that this type of interaction was athermal. 

The data for iron above about l60 °K could not be interpreted. The 

results are characterized by both a temperature and a strain rate 

dependence of the flow stress thus indicating a thermally activated 

• dislocation mechanism. The data derived from the impure material and 

wet H2  purified matérial could not be examined in detail at temperatures 

above 	OO°K because of the superposition of both dynamic and static • 

strain-aging effects. The data for the ZrH2  purified material, however,. 
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seems to snow an atera1 region oegiing at 	70 0 a for y = 1. 54 x 10 

.Throughout'the high temperature region )  the activation volume increases 

rapidly with decreasing stress (see Fig. 9) but this characteristic 

is affected neither by the strain hardened state nor by the purity of 

the material The change in acivation volume with strain at a particular 

temperature was determined by a strain rate change experiment at 30 °K 

and is given in Fig. 12. It c an be seen that the activation volume 

remains constant and is unaffeced by strain hardening. The evidence 

is inconsistent with the intersction mechanisni and any other known  

mechnisth. The data seem to indicate the operation of dislocation 

structural barrier other than the interactions with some intrinsic  

Peierls hills, the barrier being such that the activation volume increases 

rapidly with a decrease in stress to very high values It was thougrt 

that magnetic domains might provide this kind of intrinsic barrier. 

In order to test this possibility a simple experiment was carried out. 

Identical specimens were tested with and without an applied magnetic 

field large enough to magnetically saturate the specimen 030 Kilogauss) 

and hence to introduce essentially a single magnetic domain in each 

grain of the specimen. The tests were carried at about 2O °K where 

the presence of a magnetic effect should have been most apparent. The 

application of a magnetic field was found to have no effect on the flow 

sfress or the activatiox volume. The nature of the intrinsic.barrier 

is yet open to speculation. 
A 

eturning to the Peleris cbntrolled temperature region, the 

results of this investigation are found to be in disagreement with those 
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required in the case of cross slip of an u - ssociatea aslocatior 

Kossowsky and BrowYs secona stage proo±j  n'erely represerts a 

transition between straightening out of existing kinks and nucleating 

new ones 

IV C0CLUSI0NS 

The results obtained can be stharized as folloWs 

The te'tperature aepenc.ence of tne flow stress is indepena.ent 

of the strain hardene state or the interstitial impurity 

cocent rat ion 

Below 160 °K, the largo temperature dependence of the flow 

stress can be èxplaind on the basis of the Dorn-Rajnak 

theory of the Peierls mechanism of plastic deformation. 

Above 160°K, some other thermally activated intrinsic 

mechaxism seems to be operating. 

Removal of interstitials merely decreases the athermal stress 

level. 
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