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INTRCDUCTICH

The purpose of tiue work presented in this thesis was (a,) to
investigate the efleots ol high pressure alone on certain powdered
erystals in a vacuum, and (b) to determine the effects produced
on the powdered orystals by oscillating the compressing plunger

wnile, at the same time, the orysitals were subjected TO pressure.

Tost of the work in this general [ield nas, for obvious rea-

”
A

sons, oveen on powderec metals. Elamzﬁas summarized the ellects

of mechnenicei defvrmation of the strusture and properties i poly-

i1, The individual

:. The deformation takes place by gliding on tine crystal
pianese

3, The presence ol crystal boundaries strengthen the mate-
riale.

4. Thne orystals tend to take up certein definite orienta-
tions in reilation to the dercrmacion.

5. The type of crystal lattioce determines the orientation
Taken Upe

6. lechanical properties are changed DY plastic deformation.

7. There is a real hardening oi the neteriel, ic.s; deforma-~

tion tends to increase the resistance to further deforma-
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Ticn.
8. Chenge in orientation ocan only sccount for part oi tne ef-

feots ol mechanical deformatione

—

Jlark; Folan nd Sc"mi&a contend that the nlanes ol the crys-

i

e
)

3
tel are broken up into a system ol blocks which are nearly parallel

Taia e omam o Ve
WL DRV

3 Tatanmwed 1
s Ca - -

11

T amls 4 ~1
CaGOA LTSTax oon=

<t

sidered one of the pioneers of the crystal distortion fiela. Iis
researches have sppeered from 1322 onwards and ere the foundation
ol the tnecry of singie=-crysial derormation.

Considerable work on cerystal distortion due to very high pres-

i mar®  In one of his many works,; he found

ons by Sricgmant In one o2
R < v

1

jo 8]

T
&5 usen

2

surss
that NalCl, which under‘normak conditions at atmospi:eric pressure
breaks brittlely in tension on one oif its numerous cleavage planes,
maey be mads to support plastic cerormation under special condivions,
as when proverly supported or when in an agueous solution. IHe oon-
cluded that 2 crystalline substence; particuiarly if it is cubdic,
is more likely to become measureadbly plastic under pressure than an

amorpnous substance like glasse

Details of the present investigation now followe
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APPARATUS

CCuPRESSICHN ARPARATUS

The assembled apparatus is shown in fig. le This, along with
the diagram shown in rige. 2, will serve to illustrate the various
parts to be discussede.

Hyaraulic Fress

Pressure was supplied by a laboratory hydraulic press with an

L 2
avallable total ioud ol 40,000 pounds. ZThis load when epplied to a
plunger (die} having o diameter of 1/2 inch provided o moxwmn

pressure of 200,000 vounds per square inche

-

1S

“ne die, mede of a chrome-nioKel alloy, was oil-hardened to
withstand the maXximun pressure available from the hydraulic press.
The die consisted of three pieces, see ige 3, and its surfaces

.

L. L e o o e
To cbtain e Line Cinish, cour 3/18 inch

.

<

were ground and ia

(v

DG
radial holes thrcugh the side piece of the die, Dy, allowed tThe
region containing the crystal powder to be evacusTed.

by

Svipihon Zellovws

the sylphon bellows, Z; and B, of rig. 2, allowed for move-
nent of purts of the apparatus without disturbing tne vacuum. The
vertical beliows, S3s permitted tihe movement ol The die upon the
apprliication of tihe pressure. The horizontal bellows, 22, mage it

possible to cscillate, under pressure, the plunger, Lz of fige 3,
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wituin about ten degrees. It may be mentioned here that with the
arrangement ol ihe horizontal bellows as shown, & twisting effeot
was produced on the bellows causing it to orack under constant use,
Hence 1t was necessary teo replace tuis vellows Iroi time to tines
Roller Zeariag

a large roiler thrust bearing, capable of withstanding a total
force ol 40,000 pounds, was placed as shown in fige Le This made it
possible to oscillate the plunger under the nigh pressures usede
Springs

“ne upper portion of The apparatus was supported by springs.

see I'igs. 1, and prevented the vertical bellows Ifrom colilapsing un-

piunger avove tTne vacuum hules in the side piece ol the ale, 22’
so tuet region ccntaining crystael powder may De evacuated.

Osciliating Lever

The oscillaticn under pressure wes acoompiisiied with a 1 1/2
ioot lever connecteda through the norizontal beilows To The steel
cylincder, C of {ige 2, that is screwed with the plunger. ZTotal

N
angle thrcugn which the plunger could be rotated was about 1C.

Teeuum Svsten

The vacuuwm system is shown in tige 4. Iwo pumps were usea in
tandem. & large megavec [orepump was connected tiarough copper
tubing to a water-cooled, all-metel, two-siage, oil diffusion pumpe.
Heavy rubber vacuum tubing conrnected the oil diffusion pump with

The compressioll apraratus.
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The upper part of the apparatus was fastened to the lower pars
by boiting vwo brass plaves together as shown in fige. 2. This cone
nection was made vacuum tTight by means of a lead ring placed vetween
the two bress plastese The bottom plate contained a small groove ine

te which the lead ring was placed, after rirst covering the bottom

l's]
-~

a1
ol
lj 3
]

plate was tightened over the lead ring by twelve screws placeg sym-
metrically around the edge of the brass pletes. This ring seal was
the means by which samples {as well as internal parts; were intro-
duced and removed.

A Tesla coil appiied to 2 discharge tube; piaced betiwveen the
diffusicn pump anc the compression epparatus, supplied general ine
Tormation conoerning the vacuum conditione.
ihe purpose of The vaouum system was to eliminate mosty o1 The
moisture and occluded gases in the powderea crystalse It has been
found that crystals compressed at atmospheric pressure never be-
ccme completely clear,

- > e

ANALYSIS APPARATU

U

4wRay Diffrection Zouipment

The compressed samplies were enalyzed with tThe Horth american

e shown in t'ig. 5. The machine
contains four window outlets, and peruitted four pictures to be
tvaken simulteneously. & molybdenum target tube, operated at 0
kilovolts and 18 millieamps was used. 4 zirconium filter elimina-

ted pracvically all radiation except the désired kuhline of molyb-
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denute
fhe pinhecle transmission cemere shown in fige § was used Ifor
general investigations of the compressed sampliese Four of these

were constructed end used sdmulianeoudly to take advantage of'the

four window cutlets cof the tubes The X-ray film was conteined in

served to remove the main beame

The dirfraction patterns contained in this thesis were taken
with the flat camera shown in fige 7. IT incorporates Two Lfilm
cassettes (for transmission end back reflection), a specimen hoider,
“npérted on 2

) . . .
systom, and a bsam removal tube, all

10

macnined tracke Use was made only of the transmission cassette,
whioh was mounted to & holder longitudinelly translatabie along

e, per-

09

the tracke 4 sSpecimen post is mounted on the Trask carria
nitting the atteinment or a desired relationship between the speci-
men and the transmission cassette. & one mme pinhcle was used in
the coliimeting systems

The aiffraction patterns were taken with Kodek medical xX-ray

£iim and were developed and rixed with liguid x-ray developer and

I'ixer respectively.

The sharp ring difrraction patterns were further investigated
with a Zeiss microphotometer. Super penohro-press type B film was

used end developed with LUK 6C &e.
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3

ENERAL PRCCEDURE

5 kY

he potussium chloride was rCirst ground in a mortar %o a fine

3

powder anda passed tnrough a sieve to oovtain a fairly uniform grain
size of between SC~80 mioronse

About .1 gram of the fine powder was pleced on the top surrace

of dis pisce, Dj. ~his was Ithnsn looaved insids of the apparatus
as shown in t'ig. 2 end the supporting surings set up. The top part

of The epparatus { inciuding the roller bearing, stesl piecs With
the oscillating lever, norizontal bellows, the plunger, and the
top brass plate; was adjusted in place. al'ter the screws were
tightened te insure a good vacuum seal, the mechanical forepumg
wes operated for about 10 minutes; after which the oil dairfusion
pump was put into operation and the pressure meintained at about
107% mm. Hg for about 15 minutes before compressing tne powdered
crystale.

The pressure was tnen applied as stated velowe The resulwting

. navdemed
sample { in the form or atdisc ol 1/2 incn in aigmeter ana irom

N

13«18 mils thieck, was tThen analyzed by X-ray diifraction metnouse

Compression alone

Samples were subjected to pressures { without oscillation,
ranging {rom 5,000 1bs./in% %o 200,000 1bs./in% The time of com=
pression was retained at approximately two minutes throughout, al=~

though experimentation proved the time element was not criticals
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vompression with UOsceillation

Samples were then made by oscillating the plunger while the
powder was subjected to pressure. Six samples were thus madte at

0,000 1bs./in% and for 1, 3, 5, 10, 20,

9]

a oonstant pressure of
and 40 oscillations of the plunger respectlully.
Six samples were made for a constant number of 40 oscilla=-

ticias of tne plunger and for pressures of 5,000, 10,000, 20,000,

with the surimce of thne sample perpendicular To the unaeviated
Xx-ray beam. <_he snaerp ring ciffraction patterns reguired rurtaer
analysis witin a microvhotometers

Difiracticn pattern of m sample of IC1l compressea at 50,000

cscilletions ol The plunger was Iurtner anaw

[

1bs./in¥ und for 4
iyzed for tihe vurpose ol determining The prererred orientation.
Tiims were taien with the surfece of the sample rotvated at ailf-
© © < -

ferent augles, 0=-50 in steps oi 10, with respect to the undeviae
ted X-rey bDeam. <—ue specimen holder or tine flat camera Wwas of’
sucn type That allowed rotation ol The sanple about & vertical axis
to desired angle without requiring its removal Irom the hoider or
tne removal oi the holder from its positione

Diffraciion patterns were taken of samples of KCl, ﬁaCl, and

- : . I - . o R ;
¥Br {compressed under the same conditions of 50,000 ibse./in. ard

for 40 oscillations of the plungerje
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INTERPLANAR SPaCING

(0]

The x=ray pattern produced on the film was a2 series of Debye
‘ 5
rings whioch were concentric with the undeviated x-ray beame. The

engle between the incident x-ray beam and the family of crystal

plenes wnioch refliect to f'orm the parvicular Lebye circle under

PP { o e - R = bl - - 2 [ T R e ]
consiusration is callied © and is given LY wne reiavion
r
ten 28 I we- (1)
ia)
1%
where r is the redius of the Debre ring and D is the perpendiocular

distance from the sample to tne filme. The interplianar spacing may
be Icund rrom Zraggis Law

. 4 ad
i sin 8 L2

A&A

where A is the wavelength of X-rediation used, n is the order of

o,

TR
.the dirfraction ring, © is the angle mentioned ebove and referred
te as tue Bfagg angle oi incidence.

4 spacing value is obtained for each Debye ring and denotes
essentially the distance between the family of planes which re-
fiect to form the particular ebye ringe. ZFor a cuble system, tThe

is given by
- <9

I (3)

Ve % 1
where hi, K, 1 are the ilillerian indices of planes, and &, is the

length of one ocell of atomic structure of the crysvale
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The values ol thirveen interplanar spacings oi KUl as obtained

fron the overegposed dii'fraction pattern of fize. 8 are given in rig.
- (&3 — [Se] [«
and the Xx-rediation

The sample to rilm distance was 4.95 cme

1
L]
¥

The interplansr spacings

was moliybdenum K 3+¥07 angstrom unitse

. e . >
wers found To agres very closely with those given by QPRQULL_

<
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X tan 26 =] sin & d

AU,
1.135 «2%83 6 2Te37 W11Z4E 3,140
1.538 =3308 2 ¢ 213902 2:220
£e040 04120 11 11.5! »15408 1.820
24412 «4870 iz 55 ! 22467 1.572
2760 « 3580 14 34.5° 25185 1,402
3.085 6235 15 38.5° £27522 1.282
30720 0 7520 18 258 ! «31675 i.115
44075 «B240 15 4405° #3378 1045
4,410 «B9LE 20 5led! «35606 V994
4750 29600 21 35 237356 o948
54125 3.0350 22 5545 035060 0505
54500 11110 24 5! 440687 £870
54850 1.1810 24 5245° 22064 4841
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ANALYSIS OF COMPRESSED SAMPLES
Sumples compressed at pressures ol 5,000, 10,000, 20,0C0,
30,000, 40,000, 50,000, 100,000, 150,000, end 200,600 1bs./in%,
respectively, are shown in rig, 10, It is seen-that the samples
are in the f{orm of hardened disks 1/2 inch in diameter and sbout
15-18 mils tiick. The genersl appearance o' the compressed same

Ples ranges Irom & wnive disk to a completely transvarent disk at

around 123,000 lbs./ins

X0l samples conpressed under above mentioned pressures are shown

ii~id. ihese were taken with the x-ray beama directed through

in {ige
the sample near its edge; the reason for this will become evident

later.

The powder sempie gives a spotty pattern, fige il, indicating

e grain size (60=80 microns as’ determined from sieve). Fig.

&

12 Tfor patvern of a sample compressed at 5,000 lbs./iné snows fewe

er spots indicating a decrease in grein sizee. Nig. 13 shows tnat
<

- . R . . . . o s
10,000 lbse/ine is.sufficient,to give sharp rings which indicate a

3 - [l - q~ » - Ve V-3 - - —
grain size siightly less than 5X 10 3 zme The remaining fige i13=1i5

(o]

show that with aaditional pressure the rings remain sharpe
Theoretically, as the grein size continues to decrease to De-

low 2)(15-4 MMe s tixe rings in the patterﬁ pegin to lose their sharp-

ness and show signs of oroadening and "fuzziness’, Decause such

crystals laock the necessary resolving power Lo produce sharp ringse

Since tThis broadening of the rings on the diffraction patterns
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Jirure 15. Pattern o I Szl igurs 1% ern of
- - . ~~ N 79~ - ! - S
Compressed at 100,000 1lbs./in% Corpressed at 200,000 lbs,./in%
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was not evideut by the eye, The Detterns were rurther investigated
with a microphotemeter. The results for the dirrfraction patterns
ror the 10,000 lbs./in%, 100,000 lbs./in¥, end £00,000 lbs./in%

coipressed samples are shown in fige 17-1%, These intensity {ilms

superimpose on each otner and indicate no appreciable line broade
eninge

Sproull staves that between 5 )(1003 mme ana £ X10™% mm., the
X-ray patiern is insensitive to grain size., Therelore when a
sample yislds a sharp ring pattern, one can only say that its
grain size lies within this ranges Grain size or samples compressea
from 10,C00-800,00C 1bs./in? must iie Detween 5 KIC “mm. and 2¥W10 4
Hine

It can also be concluded from the fact that the Tebye rings
retained uniform density tnroughout this phase ol tie investigation,
no preferred orientation seemed Tto eppesr in the samples compressed

only.
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ANALTSIS OF SAMFLES CGIPRESSED WiThH OSCILLATICH COF PLUNGER

It was found tiiat with oscillation of the plunger wanile the
sample is subjected tec pressure, the sample became complevely
transparent at a pressure of arcund 40,000 lbs./in%,qs ocompered
to around 1leg5,000 lbs./iu? required ror complete clearness rtor

. - . -
COMPresSsSicll {LAONC. +Lie expaoanaviol

may be thut the oscilliatory

motion of tie plunger aided in filling in the micrescopic voics

<

more eifectively then the wmpression alonse Ii thls is to be

Then

the Thickness of the samples or each ¢ase should vary.
easurements ol scme of the samples revealed thwat the thickmness ol

the sempies cobbtainsd with osecillation of the plungsr were grounc

2 mils thinner then samples obtained by ccupression onlye
X-ray diflraction patterns of the samples compressed witn os—

cillation of the piunger proved very interesting. wnhen the X-ray

Deam was directed through the center of the sample, & sharv ring

»
7 <

iNe

—

pattern, similar to one or compression oniy, was obteined
Gicating that nere tne oscillatory motidén nad no effect)s Dut-
wapen the x-ray deam was directed through\the sample mear 1ts eage,
tne pattiern indicated thed the oscillatory motion introduced &
preferred orientaticn, evident from the enhanced arcs on the De-
bye ringe So in this work on preferred orientation, tne patterns

were taken with the x-ray besm direated through the sample near

its eages
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Fig. 20-25, showing tne elfect oif 1, 3, 5, 10, 20, and 40
osoillations oi the plunger, respeciively, ror a counstaunt pres-
sure of 50,000 lbs./in%, indicate thet en inecrease in tne degree
Piace. xore than 40U coscliliia-

tions ol the plunger, under the conditions ol tne present ex-

-

@

noct seem tTo chenge apprecilably the degree of pre-

0.

neriments, 4i
CiaimlCilvy Wi

Q
(1]

ferred orientasions

Samples compressed I'or varying pressures of 5,000, 10,000,
20,000, 350,000, 40,000, and 30,000 ibs./in%¥, respectively, and
for a constant 40 osciliations of tne plunger are shown in Ii'ige

Zoe Here it is evidaent tnat tne sampie vecomes completely trans-

narsnt &8 craAanrna A0 OO0 'l"ns AR S e OF RO chauvrdineg tha oaffont
MeA Tl G v Ra UGN T gVLVU o LdG e/ Lile Lage LimoSy SAlwilyg T Taaineb

of increasing tThe pressure rrom 5,000-350,000 lbs./in? Ifor & conw-
stant 40 oscilletions of the pilunger, indicste an increase in the
degree of preferred orientatione Uscilletion ol the plunger 2%
pressures avove 50,000 1bs./in? usually injured the horizonval
pellows, thus limiting this pnase of the investigatione

An important voint which shoula be mentioned is the follow=-
inge hen the x-ray beam was directed through tne sample near
its edge at some peoint &, as shown below, a pattern similar To
fige 352 was ovteinede iinen tne veam was dirested Thr
point 3 (see below,, the same pattern was displuced in respect
to pattern obtained for point ze If, however, tne sample was ro=
tated so that point B codnecided with the original point 4 position,

a pattern similar to one ior originael point 4 was repeated with no
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Gisplacemente. Ihis indicated symmetry in tne samples. The ref-
erence direction selected ror the ensuing work on preflerred orien-

tation was the direction of shear. as is evident from the dia-

'8

rams below, this direction is pervendicular te the radius cof the

sampie. The patterns in this work were obtained with the X-ray

- . . < e . P . PR e L s R S,
m oF -~ 4. - =2
3eam sirected ‘Cﬂ:‘cugn a 501:‘“. colnclialing Wit &£ LIl Ve disgranm

belowe

| Seam T
- S IRECTION
Dca%‘i‘sc.;‘ne%l : ; o i \OF SHEAR
K=-RAY .ﬁ_ Y xS i |
BERM | \
- SO N
]
1]
i
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PREFERRED CRIENTATICN

oy .

referred corientation results from the tendency of the crys=
7

Tals Co gilde or siip along certain crystallographic planes. Osuon

4]

planes oif slip are usuelly among the most densely populated sets,
ie.y sels ol planes naving more atoms per unit area than other
nocs The spscial
and sliy resuits in the fragments acquiring preflerred orientation
with respect to ocertein directions of the working process, ice,
with the direction of shear in this cased

Inis preferred orientation may De beneficial or dectrimentale.

8

. Goss.,nas found that the electrical properties of silicon sheet
steel Tor transformer laminae are improved by allowing it to re-
tain its prelerentdal orientation. 3Sueh steel has a considerably
nigher magnetic permeabiiity in the direction ol roll. o. Snoek7
has found tihat the resistance of nickel steel to corrosion im=-
proves when the orientacion is prerferentials. In general, nowever,
preferred orientation is objectionable, tecause it weakens = metal
end reduces its ability to withstand further delormations

The intensity of the Debye ring will range I'rom uniform den=-
sity [or completely random orientation of the crystalline grains
in the sample to spots of maximum density separated by regions of

o

zero density for periect orientetion of a single crystal sumple.

Lne ICL sanple coapressed with oscillation ol the plunger contains
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an unknown ccndition ci' preferred orientaticn between that of =a
single crystal and randowm orientation. Therefore, tihe intensities

of the Jebye ring will range between above-mentioned 1limits (see

lige ©2)s Hegardiess of the orystalline crientations present in

the samplie, the intensity at any one point ol the Debye ring is

PR . - o e? T
W ORI HIWIHWOL Uk EIAELE

r
Q
fot-
b
s
o

ar

o
Q
[
-

;I
]
=

reflect rays to the pointe

2t must now be attempted Te correiate the positvicns of the
enhsnced arcs or spots ol the Jevye rings with the chosen axis or
relerence of the specimen.

Consider a orysvellogrephic plans whose normal LT makes an
angle of with the vertiocel axis o' the sample {(see fiz. 33;. A
crystaliographic plane will be in position to satisl'y the 3ragg
concition, and a rsflection will cocur tc give a spot on the ap=-

propriate Debye ring, the azimuthal position SB at which it occurs

o

s . : A . -~
being 2 runcticn of ©{ and the oragg angle € .

-

iz 12S is Qdothe crystallograpnic plane lies paraliel to khe
axis {vertical, in which cése only TWo SpPOTS can appear on Tae
ena points oY the horizontal Qxis. ii the normal of the crystal-
iographic,coincides with the axis ol the sample, the X-ray oeam

et 3 a3 P s e e atalles
VA 41T il Wil COYOLALLTE

e and the condition ior a re-

3
A - - L]

bt

Ilection will never ve atiained. ZIhere is aiso tne possibiliity
that O will juss equal the Zragg angie 8. 1In such a case 9_‘; G

and two reflection spots appear diamesrically opoosite each other

G the vertical axise
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it is evident then that the orientations ol the lattice planes
in the speociuen can be I'ound by measuring the azimuthal positions

of tie intensivy maxima in the Debye arce The relaticn between €9,

O‘(, and g taliies a very simple forn

cos @ = T oo (4)

which may be cbtained readily by use of spherical Trigonometrys

with hard radistion such as MeKee used in this case, the re-
lection sngies 8 for low orders are smali, IHence, we mey write
@ -0k, since in such cases sosine € 1s approximately cne.

from the difrraction patvtern, a 1ist of reflection haloes ana
approximate velues of Q for The pesitions oI Thne 1lntensity maxima
in the intensicied mres iIs obtained.
which orystallosrapnic axis {uww; lies parallel tc the oxis.: 1t is
reguired to know the angle between Tne normal To the lattlce plLane

{hkl) and the zone axis (uvw). £&or a cubic lettice,this angle is

given Dby

un 4 VK 4 Wi

Talues of ©4 for the (1G0) end the (110) lattice planes od=-
12
tainsd from Bozorth are given below.

Zone axis

Tattice rlane 100 110¢
100 0, 90 45, 90
110 45, 90 Gy 60, 9C
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1)

L3

fige V% shows a dirfrection pattern ol a {Cl sample conpresscd
with oscillation d the plunger taken with MoK , radiation. It wiil
be observed that radial streaks extend outwards from the cenve:r to-
wards each refiection arc on the Debye rings. "“hess are produced
by the continuous, or wnite radistion, wnien is ref'lected mirror-
13
like Irom the prelferentinmliy oriented lattice pisnss. The siiect
ol varying wavelengih is to change ail the dimensions or the Ligure
which otiierwise retains the same symmetry. Lhe white rediation has
its peak value at +4 angstrom unite. It therelore proauces a streak

pointing towards each spot Iormed by te Mok line with a wavelength

1
-~

<
v
(¢

I? a norizontel axis, corresponding vo the direction of shear, is

seledated as a reference, angles P ror the 100 rerlections are 43

& - s o i . . - N
and 90e. Either Irom egquation (5) or table above, ror @ engies ol
0 e . . ae e e . A e e an
45 end 90 related To tne plane, we find them azainst zpne aXis \1i0/.
Hence tne (110) axes are paraliel to the dairection of shear. zor

- - , @ A_\‘Q Ry ,r\no
thhe 110 reilection we obtain angie values of O, 60, ana 30.

From table we again rind that {11¢) zone axis wili give These direc-
tion velues. This coniirms that the {110, lattice direction lies
paraliel to the direction o Shears.

Towever, tne above zives no detailed or overall information

as to The character and degree ol prelferred orieantation. {nly

feasibile metnod for studying preferment in This manner is To meke
e poie figure for the specimens. Such a pole rigure is a summery
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Dy stereograpiiic projection of tne date obtained for one set of
crystal planes from s series of x-ray piotograpns taken with tne
sample at different engles to the x-ray beam. s pole Iigure is a

circle wnichh is the stereographic projection of an lmeginary sphers
{10

ical surfece at the center of which is placed a crystale ZSach
poini on the sphere is represented by a point on The projection.

&a0 each nossible orientaticn of a plane in the crysval is repre-
sented by a point on the sphere ( loccated at the intersection with

A o o
phers of the normal to the plane which passes

1]

the suriface of tae
through the center of the spherejs. Thus each point on the pols

T

ure corresponds to definite orientation of & set of crystal

[

g
planes being studied., for random orientation ol tne graias in
the specimen, uhe pole figure wili be of uniform low density.
The pole figure i sin
points of maximum densivy, with the remainder of tTne igure have
ing zero density. <“he pole figure of a iCl cryétal, workea &as
indioated earlier, snows by its varying density the extent and
directions of deviations Irom ideal single crystai orientation.
Diffraction patterns obtained I'or diiferent velues ol i;
{ the angle between Xx-ray veam anc tne normal to the suriace or

, e . . " -
the sample) for a ZCi sample, compressea at 504000 1bse/in% and

k]

for 40 oscilletions of the plunger, are shown in Tige 55=40.

Correction for Chanze in the lntensity due TO Kovation of the Sample

Since the x-ray bemin passeg through tae sample before failing

on the protograpnic fdlm, the intensity is decreased by absorpvion
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within the sample. With daisk mamples upon rotavion, absorpiien
is not the same {or all the points on the Debye ring, since tne
difiractel rays traverse paths of unegual lengtins. llaximun ab-
sorption occurs Lor tie beam diifracted to The point oi The
ring nearer voruion of the sauple inolined woward the fLilm, while

- - oy _ 5

minimum absorption occurs for the beam diffracted

o
¥

¢ &he opposite
point or the Debye ringe. The variation considerea here is for
ranpdon orlentation and any veriation dud to prelerred orientation
is superimposed on thise

The correction for the change in intensity_q; { the anzie bLe=-

tween the x-ray Deam end the normal to the surface oif The sanpie;

10
is determined as follows,

Tige 54@§h0ﬂs tihie sample with The x-ray beam airrractea in
passing vhrough its The sample is or thicxness T, and maxes an
angie with the plane normal to the x-ray beam. oonsider a ray
2370, which is aiffracted at B Turough an angle <P and sTrikes Tue
film at I, the film being perpendiculur to the direction oi Tle
originel x-ray beam. <he azinuth angle ZEJ is denoted bylgz. S
is the intersectioéon with the sample surface of tne direct X-ray
beem. and I is the point where The ray under consideration inter-

{5 shows the Lebve ocircle
VL) SHUWRS ViIC wowy o wiaviw

hv

sects tne suriucee ~rige 34
The direct x-ray beam is perpendicular To The pliane of’ the figure
and passes through D; therefore the portion of this Debye circle
above the horizontal line through I lies inside the sample, The

t&

lower portion iies outside, and the plane of tThe circle maxes an
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~i

angle é with the somple {(that is angle DUC is % Je S ana §B
in Cige 34 (B) are parallel to HE and JE, respectively, in I
o

34 (8. Thus angle FDG = P.

Let 4 be the tetel distmnce traversed b7y the diffracted ray

in passing tarougn the samples Then

x 50 4 CD
2 = AT A& M £t L = — T\ T LY e -
a = sbw-Dp Lo A0 T ee— [ DE Z [Q=¥
cosS ~6' cos <©
sinoce G is pervendicular to the direct beam ABCDE. also
T - X
3¢ = (9) Ci = G tany = rb cos q:ts.nié'
cOs ‘5“
3 h Thereflore

Comoining (8), (9}, anc (10), we get

T e X

& Br sin 29 cos tan
cos ¥ b £ - x (")

cos =& cos Tcos 26 o sinvsin 26 cos?

oF =

From equetions (8), (7). ana (11)

X t - X
(22)

a =

cos\g cosfcos 20 o= sin b-sin 2¢ cos <P
Ine intensity At &I due To the ray aBrid will be

£ ar’) e
A

P = coefTricient of absorption of the material

)

t
%
~—~
)
(%2]
N

2

3
o
k3
1]

B
$-1
0,

(¢

io = constant depenaing on the initdal intensity of the x~ray beam
and the Craction of the original beam that is difrracted

To get the totaul intensity at H, this function must be integrated

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



from x = 0 to X = t, since rays are diffracted to i Ifrom all points

along aAC. Thus,

¢ A .
Ipn= Io&/fﬁcxdx s Ig = (e Pt — 1) (14) where
? 'o B
1 i
Az e ™ Bz —wp(6—— —C) C=
oos};' cos \6-003 2T e sznxg’sin?.e cos P

b5
o n
I, =Io (PP T = 1)
¢ B
and I is the maxinum intensity Ior the same film (97T is the
TT b
point on the rilm away Irom the incliinetion ol the sample) =and is

given LY A

then oiig corrsecTl
2@ x 100 (15)

Fige 41 shows the grapn of lg /i X 100 as & funection of the

%) - \ < - s - © .
azimuthal angle QP Tor the 100 rellections { © = G446 , an

or TWO

x) 3 ‘—uo g ~«° . 3 M > ey -
values of % of 30 snd &0. iiote increase oi avsorption for terger

s

values of %. Fig, 42 shows the same graph piot for the 110 rerliec-
2 14 -
Tions ( © =

K- I . A SN - . .2 . -
Sel5 ;) for walues o é of' 3C ana 30s:as5 can De seen DY

comparing %_’: 30 for both graphs, Tthere ks more absorption for Ttae

110 reflections than for the 100 reflectionsi
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construction of role Jigure Chart

ine labor eof plotting a pole figure is made easier ir a chart

is made up in whieh the series of reflection ocirocles are shown the

maekes the plane of speoimen coinciae with the plane or the basic

CLTCLiGe . QiITersent shars

e

5 reguired, ol

ferent value of © that is used, thus ror different wavelengths,

ifor different s pecimen materials, and dirferent reflecting planes.
c

The pole figure charts were made in the following menners

4 stenderd stvereographic net { 14 cme. in diameter) of size

A piece of rairliy

&
3
s
.

desired [or pole figure was chosen (f{ige

arent paper was placed over the net and onto it was Traceg

1.

Tue eguaior, vertical meridien, ana tne boundary circle or tne
netas
2a! 2 i f ‘ o) - . Y 4 e
The date obtainea from the proper bebye ring on the O r'iim;
iee; the il taken with the specimen at rigat angres to the un-

-~ - - . N <
devigted x-ray besm, was recorded on a circle knowvn as the U re=-
fiection circlee Ihis circle must be concentric witvn tne boundary
circle of tne pole figure and was drawn with & radius of 90 - ©

degrees as measured on the eguator of the net.

ho M PRI SR S S T iUt T TP TP < 1 At aeia st o RBam I
JO0r Une QeUeIrTiillRLICIL OL LT pDAlALICLISo Vi A8 UVIiuvUwuo awe viiv

- o . “ . 3 ey
pole figure chart, each cuadrant or O circle Jjust constructea was
- - ~ - . - ° - . S - < -°» - "
divided into 10 ares by drawing radial lines at 10 intervals eand

extending them to the boundary circle. The intersections ol thne

=

o . e . - P
redial lines with the U circie represented points wnere tane 10
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W
(&}

C e o v e 4 s ; n s o .
paralliels of latituae for the vole iigure chart cut the O circle.

parullels of latitude were drawn in, complete to the boundary

circle, oy tracing them ircm those of the stereographic net.

o

bt tine north ana south poies ol U circie, it

consuruct tangent circies wnich contalnea the

ilatitude

of’

stereograpiiic projection the center ot

s

be on the extended vertical meridiane.

P - R el
oL i1liae¢ y 11

'(’J
b
(6]

to

wiith

must

pass tnrougn the cenver of the desired cirole.

was desired to

<. -
U - o D

-

s orf

!

ralie

o

-

ru or

o8

these tangent circles uust

The perpendiocular bisector

o

e &4, which is arawn from pole, o, oithre C circle
P . - . N P i - o . = - - = .
tne latersection, a, of the 50 - v parallels or latitude ol net

the boundery cirecle and thus is a chord of the uangent oircle.

Theref'ore poinu

Ry where The perpendicuiar interseots The verticsl meridian, is

-

T aesired tangeal circise.

s ; - )
vnE ceanver o4 ULag

R U .
por tae ocase ol the U refiection TIIrcLe,

pye ring on tie fiiw is perallel to the plane

- - ° ~
suppose the sample is rotated Tnrough n avout

by The vertiozl mericidn on the pole r'igure chart.

Ueoye ring is stili circular, 1t is no longer
Ine fact thnav the stereograpnic projection of
the n° riim Gate will De reccrded on circles.

the sampie to Tthe Lfilm is such as to vhrow
outside tie boundary circle, the data will be
arcs, one representing the portion within the

the other tutne refiection oi Ttne portion wiich

tihie plane ol the e
oL tne semple. oW
an axis represented

althougn tTne

to the sampiee

paraliel
8 circle is a circle,
wnen the inclinevion
Tne circle
recordea on circular
boudary circlie and

iies outside the boundary.
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Tuese were determined es Lollowse
Jy stersographic projection rules, centers of’ 811l circles

. N

must lie on the equater ( or equatoer extended;. In left hall, cne

(-4 L, -
circle intersects equactor et po#nts losated n e the right of the

(-]

— - N

O ciradle, &s measured on the nets, In the right hell of the chart,
Ad P N . ., \

a mey exceed the number of degrees on the eguator of the net o

e PN Y o. N oy N . 1 + . 0 d
the right of the U circle, in which case tThe desired polint 18 f'oun
oy retracing
to tTie leit for a degree distance equal To the dirference between

e 1 . - - o i 3 Y e .~ ey
n end the number of degrees on the eguator ol the net velwsen ths

o o - . . . . R .
O cirele and the Doundery oircle. ZThus it is evident that waen 1%
is necessary to retrace the puth To locate tihe intersecting point
on the eguator, tne result is Two circular arcs instead ol & com=
riete cirele,

Ti.eory oi stereograpnic projection reguires tnat e circlie
{ or circular arcs) be tangent to each ol the tangent circlese.

.. .- o R . - R
Foint of tangency is located at & point n To the right obL Tne Ver-
tical meridian, as determined by the intTersection ol tne n raaia
iines ol thne tangent circle with its peripnery. ./hen these unree
points ( point of intersection on the eguator and points cf tangen-—
ey witih tie tangent circles; are found, the center ol ©ne n circle
cen be determined in similar menner that was used in Tinaing Tne

centers of tne tangent circles. in The case ol Two circular arocs,

the left arc is constructed first, and the intersecticns it mekes

witin the boundary circle along with proper point on tae eguator are
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h JEA % e AT S . G : s} 3 28} ) e £t
used to devermine the center oithe right arcs The other n refleoc-

ol K - ~ N . P . : N (-]
cion circle is located in a sikilar manner to the lerft of the O

circlee

Fge 45 shows a peole ri

=
——

u stereographio net aud nst removed for the 1lUQ planes of* the KC1

sample., Iige 48 shows a similar poie iligure onarts ior

of the KC1 semple for the same LioK  radistione 45 oan be seen rrom

o
the charts, reflection circles at intervals ol 10 were dravme

Construction of Zols Fisurs

Upon the completion ol the pole r&gure chart for the proper &

and the necessary number of dirrraction petterns ol tie

PRSRRU, ST
SGiip+© TAKIN

the conscruction of the pole rigure is possibles

First tne film must be interpreted ror the necessary data in
the rollowing waye. Ihe intensity distrivbution around the circle

e

is devermined by The use of a S-zone rating { Cs 1s 24 3, &and 4

where O indicates zero intensity end 4 indicates meximum incensity/e.

The zone boundaries are recorded in degrees with respect to some

reference point on the Jebye circie witn +ne use of & polar netve

.psorption corrections had To be made ror the variation arouna the

Debye circle on tne filme

To make a poie figure, tracing paper was placed over the pole
10 .
figure ohart and on it was traced the bouandery oirclee Lhe data

taken irom eacn Lilm as describea above must be recorded on the

proper reflection circles of the pole figure charte Consider for
U - RN - . e e
example tihe KC1 30 rilm for the 110 planes. Data from This fiim
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see Tig. 47)e. <he

3 Ry . ﬁo - 3 : - s

must be recorded on the 30U reliection cirocles 4
- . N N . .. .. . . .
airsction ol rerisrence selected is mar<Ked U and corresponas Lo tne
Cn the f'ilm there is & region of inten-

(-4
f O; thereiore
fier=

poiknt A on the vele rigure,.
Tl ide of

N

{]

¢
k

intensity zone are
[~

)

the secele

entimtion shown in fige
e&lso bounderies of 2 intensity zones whoss other boundearies lie 35
Cn the pole figure thess boundaries lie 35 on either
t

o . ®
on either of C.
side of 4, and the region betwseen the boundaries or 2 intensity zones
iesignated for intensity & on

5 G
ese regions are boundea by 3 intensity zones

T4

Py
& R

until The arc is compietede
arcur

I}

Th

-4

are marked with plus signs a
FECOTrae

of dirferentiation.
K3 ,«0 LAy + Y . -
to 60 on either side ol 4, €TCe,
Linstead of Ay The same qata 1S 3
The arcs designated by prime letters correspond
- o-. s
sample n in a di-

[*2

Tarting Irom &
oi' the
oate

S

ken wi
rection opposite to that for which {iim snown above was takene

ut as the

it is noticed that the diffraction pattern is symmetrical to both
°siim.

[#3]

to a il
for eamch f'ilm waes recorded in the same menner on the corresponding

reflection circlese.
% {ocr the

the vertigal and norizd
sample is rotated around the vertical direction, the vattern becomes

more and more unsymmetrical with respect to the vertical direction
‘igure; like

but retains its symmetry to the horizontal or shear direction.

4After all of the date has been recorded on the pole &
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zone boundaries are jokned with saooth ourves. The pole figure is
thus divided into dirrerent intensity zones. The interpretation
of' these were simplified with the filling in of the zones with dif-

ferent oross—hatoiinges

Pole figures I'or thne 100 and the 110 planes of the &C1 sampls,
COmpresse

Ty 17 T4 Aan
wilni OSClids

ation of the

£

a
'_J
}.h

¥ Gesor

s i
ulger in tne nanne

[
fuite
N

-

De

earlier, are shown in rige 48 and fig. 49 respectively.
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INTERPRETATION O FOLE FIGURES

a general scheme for interpreting pole 11l

A

&y

followed by specific resulits from the pole figures obtained for tails
cases. The eguator ol the pole rigure corresponds to the diredtion
or' sneer. The orientations of the normals to the planes under con-

sideraticn whi Fauk veriou

. n . ! . - -] C et

be found as tollowse LIetermine the colatitude, n 4 of the spoly
- s PR - 2 o °\ 3

and the meridian engle, iy { wWiere w & 20 ; besiwesn The 8po

boundaery circle of the pole figure. The nermael To The planes res-

L 32 ke | “ 2 - c- .l . 3
vonsible for this spot will mmke en engie n to the nortih-soutn di-—
rection ( perpendicular to the shear direction)e
H

From the above, rules ror specilic pcints may Ve written downe
Lo Central point of the pole I'ipure - normsl to the crystal planes
is pervendaicular To the piane of Tne specilinene.
S. Points on tihe circumi'erence ol the pole figure ~ normal To The
ecryscal planes lies in the plene ol The specimene
fe Foints at the north and south poles - normal To tne crystal
pianes lies perpendicular to tne direction oi SheaTe
b. Points on the equator - normal to the crystel planes lies
parallel to the direction of sheare
- . '. . ., o - - -
Co Foints with colatitude n - normal to the crystal planes

o Py P N . .. L.
makes an angle n witn the north-scuth directions

o .
C. Points on the equator m from the boundary circle - normal to the
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crystal piunes is perpendicular to tie northe-south direction and
- L, _© - . . . s
makes an angle of m to tne direcTion of sheare
- e Ly s - 2o o P a o a
Je Foints on tne vertical meridian with colatitude n - normal to the
orystval planes 1s perpendicular to the direction ol shear and

. - o L. L P
makes an angle n to northesouth direction.

3

role rigurs Io

i

Tine

¢

00 planes saows a not tou consenirated
L e ) g =2 =2
maximum invensity bancd spreading aoross poie figure at®£ 35«35 cow

lavitude To nortih-southn direction, with rairly concentrated intensiuvy

R} =

o

« - - 3 - - (_3 B Iy Q - e “
bands spreacing across rigure at+1lU coiavitude and £30 - 35 colati-
“uae To north-south direcuione

Fole rigure ror the 110 planes reveals a very concentrated maxe

(Jio

SNi€aIly WiWlii LS55 CONleI~

e

Snim e an g
Bl 1S bk WAL

e a4 A S -
Waadah AW el v A9

1 - ~ . - - o 3 o o
tretved intensity bands spreading across poie Cigure at £10 colati-

. . e e . . . X . L .
tude and i&;o - 435 coiatitude t0 the nortne-south directione
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fraction pattsras for waCl, KCl, snd EBr samples
compressed with osciilacion of the plunger under same conditions
are snown in fige S0=-52. as indiocateda by the patierns, Nall shows
tne least degree of preferred orientation, focilowed by XCl and KBr
in That ©

it is pelieved that the above result ( tendency of some crystals
To snow & greater degree oi prelferred orientation ror the same con-
ditions than cothers, is correlated with the iattice energies oi the
crysvalse

Zorn and llayer have establisned a calculation of the lattice

. . i3 . 4
energlies upon a ratiner rirm basise. Their expression for tThe energy
per gram molecule is )

= &° C
U (r/’=(- -— — 4= 3(T) 4 € ) B
]

r r

wnere A is the ladelung consvant (l.747)
C is a constant sush that C/r6 represents the eifect of the Van der

waals forces oi &tiraction

3

-

ex exnonential expression based on the assumption of

2(r; is =2 com

.

I
;

A

a. poTential due tTo & repulsive force between Two ions
3 3 e 2 ST S —— 2 > : B 7 1
& is the zero-point energy of the lattice and is egual to 9/4 hw -
where YV 0, 1s the highest Irequency of oscillation associated witih
the lattice

e“/r is the electrostatic energy which disappears as ions come together
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X-RAY DIFFRACTIOR PATTERYS OF Fall, XC1, awd KBr SAPISS
40 OSCILLATIONS OF PLUSGER)

(COMPRESSED AT 80,000 bs./ins WIS

Figure 50. ImCl Pigure Hle EC1

?igum 52, Xr
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layer and Ielmnoltz calculated the lattice energies of the
above alkaline halides on this basis and their results ror the en-

ergy pver gram molecule in k. cal. per gram-atom are haCl { 183.1;,

4
1

(31 { 165.4); and IBr { 1859.3). These agree with pattern results.

]
2}
o

was noticed in some oi the preliminary experimentation that Ksr

|
ct
Fd .

had a greater tendency to clear up at lower pressures than that re-
gquired ror tihe ovinerse in fect a completely clear sample or all

was ne

54
[&]
3
1
o
(3
by
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SULMMARY OF RESULIS

It was possible in this investigetion to obtain completely
transparent samples of ACl powder compressed in & vaocuum. Chese

resulted either by the appliocation of high pressure alone ( around

125,000 1bs./in$) to the powdered LGl or by the application of &

Y meen = 7 s A S R
iowsr pressurs { arcund £0,000 iGse/

ing} = ks N
tion of tiie plunger piece of the dies It seems thereflore that the
oscillatory motion of the plunger served to i{ili in the mloroscopic
voids more efiectively than the compressicn alcone.

The x-ray aiffraction patterns of KCl samples ranged Irom &
very spotty ring pattern for no pressure to & sharp ring pettern
for a pressure of 10,000 lhs./in%, indicating & deorease in the

grain size from between 50-80 microns to sligntly less than 3X10 °

e Ae-ray diflraction patiérns of samples compressed Irom 10,000

e

ibse/ine to 2C04000 lbs./in? showed no changese <Lhis is clearly

indicated by‘the microphotometer tracings of Ifige 17~-2%. Thereiore,
the grain size of ZCl samples compressea Lrom 10,000-200,000 1bs./in%
must iie in "snarp ring® pattern range between SX 10 ° nm.vo 2 K10 4
mme Since the Debye rings reveined uniform density throughouv this
phase of the investigetion, it appears that no preferred orientation
prevailed in the seamples with compression onlye

Xeray diffraction patterns of XCl compressed with oscillation

of the giunger phece of The die rsvealed that the oscillatory motion
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introduoed a preferred orientation in the sample, lee., & tendanoy
of the orystals to align themselves. The patterns indiocated thais
an increase of pressure up to 50,000 lbs./in% for a constunt nunber
of osecillations of the piunger or an increass in tThe number or oS-
cillations of the plunger up Tto 40 f'or a constant pressurs both
served to inorease the degree of preferred orientation.

A study of this preferred orientation revealed thet the 110
AxeS
Exmmes of the sample tended to align themselves parallel to the

restion of shear. .« more detailed description of the lining up
of the plenes was obtained througn the construction of pole Iigures
for the 100 end 110 planes. Ihe pole figure f'or tne ilU planes
snowed @ not voo concentrated maximun inteénsity sand sprsading ac
the pole figure at approximately 435 ~55 colatitude to north-soutn
dirsction, with fairly concentreted intensity dands spreading across
figure at+10 colatitude ana£30 - 55 colatitude to north-south di-
rectione Pole Ifigure Ior the 110 plenes revealed a very concentrated
maximum intensity bana atE13 to airection of shear, with less con-
centrated invensity bands spreaaing across pole Iigur at+1C colatie

© e S 5

tude and $25 «45 colatitude to north-south direction.

A comparison of the diriraction patterns for aCl, ZC1l, and Iifr
samples all ocompressed at 50,000 lbs./in% and for 40 oscillations of
the plunger revealed s gresaver degres ol preferred orientution tfor
By, followed by ¥CLl and 7all in that orders 4 comparison of lattice

energies foi these three crystais showed The energy per gram molecule

for Hell greater tnan ICl or Kbr {in thet order)e Therefore, there
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seemed to be & correlation between the lattice energies ior ocertaln
orystals and the degree ol prelerrea orientation obtained for these

same crystals under the same conditionse
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