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The mechenicm of plastic deformavion of mormesive axide and Llthimm
3 dowa A o () e (l"b) Y e oynd 4 Y oy e
Fluoride has been studicd by etch pi and transmission cloetron mwi-
. (G""'g) tac s - A ey e P e . g
crescowy techuiques. Az a rezult of thene exporimenis,

suips between the behavior of individuol dislocnbtions and flow and frocture

charactoristics are provably bebier undorstoed Tepr LAF and EzC than for

sny metals : Boweveyr; even Tor these moterials; thers romsin questions

that ore wiresolved.

.

Por cuzeple; in order to be able to ciube yielding to the strass

Py

dependence of dislocabtion veloclity, witheut meking arbitrexry cosuwuptions,

5

it is mecess&ry'%o know the total lengtlh of moving dislocation line and

how 1t varies with increccing gbroin,  Dhls porcwmoter hos neh yeb been

A <

zhch pmcb aiter

reasured. For emonple, 1t coannot be oLhoinod Ly oo
o given strain. The ltronomissgion eleciron microscone ohzervations zhow
that a lazge fvo LulO“ of the etehr plis within o gliy bond sust correspond

oo gh ” Y g ] R S Xy Mo iy sy e L e
cation loops. Thae eteh pit dencliy is & meosure of the domaze thev wns

s

becn left L dind by moving diszlocations s well & 28 L the moving dlglow

e
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Ag hes been pointed ocutl previously, Plustic defornmtion in nove
nesluwn oxide ig concentrated at eny lngtant ob the surfoce of growing

(6,16)

)

slip bands. The rate at which the lcnpth of moving dislocation

can incresse in this materdial must therelors be dnlflienced by the moech-

amdan that opereves to spread clip fron one plane to, o mearby borosllel

one. The double-cross-sliy mechanism ls the one most olfuen propozed, '

,o -
. —oa s e - . .o e e
Towever, there ere octher poasiulthles.( ) Tor cxemplc, if wyy region

-

of the glide ploge iz cul Uy a larpe cnough nuwber of axccsns dislocablouns

-~ P .
<

of cne slgn, there may be no need for double«cross-plin. Noving disloe

- PR

cabions in this cage can find helical pathe that lesd to spread of olip

contiaucusly to new parits of ithe crysital wituoub

crons-slip planc., Tals possibllity ceews porticulsyrly likely for spoeiw

3 )

mens conbalining o network of subgrala boundaries.
& 8 o - - " eyt ":3 . LI o T JR, F PR B o
The object of the prezsent cuper meaos( ) wvas to further stvdy the

oL

mechanicn of s1lip bend grovwth in mopmesiva oxlde. Dy using an oliorznae

ting applicd strass, veyy wilde #1ip bunds con b ptrors aboub
egual to the yield stress as neasured in o tensd Interacs
tions botween widendng =1lip bands secting systoens con be stulled

s -

withovt the develomment oOF stress concentraiticons. severe enough to cause

SR EET I

TOAT YT LRI C
TAL ERCINTIIUR

T fontt s R

3Ty o S P oy ¢ UPPRPE R apd s LT IPHPRIN. [P DL P R , e
Tain sheets of wognzcive oxice (approximetely LY x L/2Y = 0.0L

F R N N T NNy Py
Tmom the Soeton G

- - - R y ke Gy PR S I S Yo T e T SR et
Theoe gpecimens were subsequently chomicaldly polished with OODH orcho-

.
e e, - o P B OO e s o ey e ) e 2. SRR VU S Y o n g e
paccihorice acid ob 1O0°C, to xewove the deness i cod by cleaving and
o RSO I o iy ot g o o 1 ST, 2 - s maty #Y o e ey 4 B
t0o eliminste cleavare stepo. Do epecinens were deformed in fatipue by
gy ofa PR 4 » P, - B ra e a f g e eyele I3
catilever bendinr. Yo thoso coerinonis of
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tands were slways formed. After

etched in bolling nitric acid
plts Tor optical obzervatiocas.
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Thin foills for transriosi

methed that hos been deseribed previously.

using a Hitachi HU/-10 elect

wmluhmmmom:owwﬁmdxt

Fins

during cach cyele.
%4 “ .o -
C.1% per cycle. Houne of .

verious numbars of cycles,

for 3 zeconds to produce dislaoc
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~type ‘as that found :'..n slip 'ba.mls that a.re rOl‘ﬂTﬁd dur:lng unidirectioml

o | vas‘ low compared to typical slip bands formed at 20°C by wnidirectionsl

. betieen the deformed material within the band and the unstrained exystal

: - tionss .

The damage within the 359 ba.mis, &t revealed. by tmnwission elec- ‘ '

e e apperheping =

'v".-.v;‘tron mieroecopy, 18 shown in Figures 5 am 6. e demage is of the same .

strain- (9’10) i.e. edge d.islocation paira B i elonga*ted prisr.mtic locps
of va.rious leng'bhs w:l.th the spa.cing 'betwen ‘h w» two dislacations of oppo«—
 site sign vaxying fron & fow angetrons to & fer hundred angstroms. The
| N mechanim of formation of this* kind of dislocat:ﬁ.on substructure has been -
discussed iu previous pa.per:a(g’lo' 11,12) The .t'otazl density of dislocetions
stiess applicatioxi. -Also, & greater fraction of the dislocations present
were.-ixx"sém or nearly screv orientatibnf In f‘igs. 5 and 6 the Adisloca-
tion pairs. extending in thée horizontal vdirectign are in édge orientation.
| ) Dislocation lines in the vei‘ﬁic;aa. dii'ection'witﬁ ends *términating.é.t top
v; and bottom su.ri‘acea oi’ the foll lie in screw: orientation. Even these vere
' pften paired as a'z'. "A" in Fig. 6. \ | | | )

- Distribution of ghesxr strain: The mode of deformation in these speci-

- mens énggests that even during fatigue ‘straining moving ‘dislocé‘cions are

‘concentrated‘. at the surfaces of the slip bands, i.c. (at ‘the interfacés
to eiﬁher side). Thia conclusion 18 supported by the. i‘ollowing obsem--

. (1) In:BPecimans that were observed af‘tver-_various nmnbvers. of stress

cyeles, 1t was found that the muiber of groving aug:.bagae'ténded'ﬁo cem
' main constants As the crystal beceme nearly £1lled with 8lip by the

gxmring together of bands on the 45° systems, then narrow bends on the 90°

systems that had not previmmly been active, s‘tarted to viaen, resu.ltiné,

"'--.«1n the irregular sbaped 90° banaa shawn in mgs. 2,3 and 1&-.
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that gtoets to a4 hald oyele in ofben
L
N o 4 o .\z_ . s e, . 2. I % NP e R N, L. 3 wn 2 e T B el
0ot guite able o veturn to 1t originod position on The second hell of

the first ¢yele. On the acxt forvard hold cyele it weachesm gome otill

vasveps pares of the glide plane and the procens vepents
PRy IS (LTS D P b 1 - e 4 ahe "y ima e e o
arca of the pw,m hes beon transverced.  8lip must then spvesd Lo o neage

by porellel piane.

The rm:u_? A RE R o) sard to the wmecheniem of

band widening. In ordeyr for slin to svrcod Drom one plone 1o

off o 2lip bond, sone sepme
d.J; »

of an e n,“-mzin lc;cw wmaot move o o disdance off the c:a.":i.gim'. plide plonc

D aatane Cad

Jlev) %

}.

where ¢ is the shesy mod aJL.u, b oin

-

ratio and T 18 the applied stressz. 0 the stress ic 10 kp/ma”™, this

"

dipbenee, h, for z0 is cbout

3 [YOUTE ;Q"\.‘l‘ﬁ
G c..[x..r Lle Sl e

the originznl ploane the op)

W5 vmate oy tenem it o] PR e,
ipteraction with bhe

~F w1 ST ." ~
old g¢lide plans. Whe expet
O SR . ) « K Re . - oy P Saoy g2 A o R RN R
mecl:;a aism by which port of an u.J-f)»«‘iQJ.l?J' loon reaches & pocliion m
[ SR R e g 4 oL P B % JEOIC I VIR S T A IR ] N} TS g \ R4
digtences gray Dran 1ts indtlel plave of glide fs 23ill not defi-

nitely kuowm alt huw L numerous pousibilitics hove been 41

- St
GUUE e

a revicr, see refercnces 11 and B25).

FiSY e o e o goen vl S g FCI S 2 227 o
Tmee regulbe guggest s the o the specimen
Y - " o . PRI NN | o . 4 Ty ory

play o more imporiont role hen weuslly been

va e
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AV b comle w il

videning of 90° ba

thaoe wlcefomsed




auswmed th.,, , froeguently bthe ordy place tha

enough off the criginal glide planc to start o novw

an external surface {thet is parallel to the Rurgers vector. In the :
- i L O P " ” . LAY

case of 45° bande, this croee wouldd be et the edpes of the spoecimen,

Therefore, when an uvndelor wed sordp is ot off Trom Ty Soe

. A - adte - ~ g ~ R . 3 VAP R o pameggn Y ac A RTINS 1
velopmont of h@@.\ry onovgh 90° bands, thore is no wey Tox 1t to be filled

E] op E - - e fol g9 en e ey pust afedman e - . e s sd 9
in by further w im ning of the 45° bands, Whe foct that thesc strips

often did not £I1L din with 45° olip is cleor

sites om 2 g8lip hond interloce oi wivich a new Ioyrer of sllp can be staxrted

is not lavrge. Eince thece vadelormed girips were alvoys in reg

were cut o

o~

the widening of 5° Londs uwsuslly

~

7bo i1l in thesc &n:'zefcmﬁc»d

ta

+

Whereas the 45° bands cowld nob

volunes, the S0% buonds often did prow resuliting in the kind of lavm_
widening illustrated by Pigs. 2, 3, 4, ond 7. Thin elso would bz erpece

£ ) 2 ampe e XN - T R B R 3 AN
ted according to the guvieoece igethecis beeomuse Lo thooe a{mw:. the

Whe fact that -

Buxrg ov vector wos

8 et D e s g S P T G Y TN
wide parts of pends oy propagoted inbo the

L@ ey s b T ' P SPPRNEIC JU e
45% bonds on elthey side is ewotly sy

.

t- T L T PRt PR g AP g e el - st -, .y 7.
of the uvndefomned stidp av the suelace ghe

Pisce within the wdeformed ¢ j»ﬁ;wl arnil very neax ‘1;0 the @

(m’uc undeforued glab of cyvyabtel projects below the suriface
AYI"(‘;“.’*’l 2 L 2o o oalde eyl e rCEILe BTl ek
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the top of the photoaderopregh o very regular epacing
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Fig. 5
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, '"person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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