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Href act 

Tills report presents the results of two conc.rrent 

investigations of titaniua-aluainuB-zircon!ua alloys* The first 

-nvestication imrolved the determination of the effects of 

¿uconium addition on the titaniun-aluninun T phase lattice 

pariaeters. The second part of the study was the determination 

oi tr.e phases present in the 50 atomic prece nt r»t» region 

01 Ti-Al-Zr ternary system* The lattice parameter 

determination and experimental procedures for the titanium rich 

portion of the phase study were performed by Captain Sandlin, 

^ e-eas the experimental procedures of the zirconium rich 

portions of the phase study were performed by Lieutenant Klung. 

T le conclusions based upon the data, however, are a joint effort. 

We wish to express our thanks to Mr. J. R. Holland of 

Materials Central, A3D, for his advice and his aid in getting 

t :e specimens prepared and analyzed, and to Hr. h. J. Garrett of 

the Aeronautical Research Laboratory for his demonstration of 

the teennique for preparing the glass tubing used in taking the 

De'rye-Scherrer photographs. And, we are especially indebted to 

Jaotain Ldward J. dyers, our thesis advisor, for the guidance, 

cnc orageraent, and patience shown to us throughout the course 

of te investigation. 

fo our wives, for their forbearance, we express our deepest 

a. predation, 

D.R.S. and K.A.K. 
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Abjtr.ict 

:'“c phase of the Pi-Ai binar;,' F;’ :ten is oi' interest 

crests as a single phase up to its neitint, te¡n| erat 

i o_ict has been shown by the Arnour nesearch Poundatior to 

c jlreugth to very high temperatures. Howrv'r, the 

oi the Y phase, w..ic i is b.lievcd to te ca:: V 
• 

- ^ iace-centered tetra ;onJ. cristal structure, hao 

' . ed its development as an eicv-.ted tençera4 ure mat -u-i. 

- * wioviid that if the c/a ratio of v e crystal struct’ c' 

red and the oraerin,; ies-royed, the brittlene: 

'*3 -ucd. Previous investigators iaavt reported a 

- c/a ratio to l.OOo ''t i5i circoni'jor t-nd 

. • ei c/a ratio of unity at 20,\i zirconium in the Y 

vt :;tigation was conaucted to det-.r-nine f e 

-inity could be obtained!. Data obtalr.e are o: 

•i -tom ?.C. Davies1 report in which the c/a ratio cf un 

'ted. The conclusions that are drawn fron this comparé' 

• - c o/a ratio of unity can not be obtained ar predictei, 

u phases other tlian the r phase are present in alloys et 

"'-liction was made. 

é.ie it with the lattice parameter deterrln.it.ion , a r: 

. the presence of phases in the region of tue li-. .-^r 

.-.t m between U5 and 55 ate .-nie pore-nt aiunLuun. ,--, 

.'V tnree, new phases are observ i, but '.heir '.u mtiiic ,. 

vfts not un ■ -. taken. The re . j.v .. 

. ' ' ‘--.in the report. 

vil 
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A mst STLLY OF A S^JJCm tCi :±ih Cf :>J, i.- .. - 

TMtARï Jizxzh. INCLUI ING LAillCt x'.'JtAhLT^ 

DKTc. Kl NATIONS >U. TKc, Ti-AiïrKlT 

1« Introouction 

The jr phase of aluniriun titaniur b&se alloys i 

c to its existence as a sin.jie phase up to its me. Lr.f 

•-or. * rai/ure (fig. 1). Tnt crjst.J. structurt cf thi • tha: 

' rttred tetraoonai. (c/a ratio e^ual oo 1.C20) v- V.. 

a r of alujninujn atoms alternating with like plane 1' 

-• atoms (Kig. 2). This rctrin, has be :. • 

• : - ’'.out the tenptrature range of the r phase (Reí 5). 

he lack of an allotropie phase transferuation .r 

-Jloys used in structural applications; hcw^V(.r, • y r 

..o .xrJbits a lack of ductility at and acove roor. t>. . - ; . 

ir rittleness is attrioutec to tne face-cente ed ■ t 

."l . tal structure. If the c/a ratio could be reduced to un t> 

>. tte atomic arr ngenent coulo be disordereu, the u.xt.. 

.. e f phase would probably be improved, nessler an1 - 

.r, . ranhlin Case Davies have investigated the posaibin- 

. r -.. . ng tne c/a ratio. With a cor.ositien of y.v .. :-. . 

titanium and lO/o zirconium, hes ltr '-na N j»'r». 

t .a r tne c/a ratio to i.C'12 Uef 5). (All rorpe :tt 

in ‘.'-i. report will be ex: ressed as ator_.- • eicent.a -rr 

1 
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Fig. 2 
: : : ;ramatic Representation of fhe ?rystr i-jc 
’’.Al Showing the Fareaneters c anc a. 
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:..t.rv.ee sutl«ci.J Lavies stated that he waj a'le to : 

r< uce the c/a ratio to 1,006 with a coar^osition of 50» 

J: « titanium and 15Á tirconium (Ref 2:?6), By ertraj lau . 

hi? c-ata, Uavies predicted a c/a ratio of unity with a 

. B .lion of §S$ aluironur., ■ and 20a u ■ ,ai 

• í :3ü;. navies dio not oet- -ine the nur'er of hr' 
• • • . • 

nt in hie alloy samples. 

i’he purposes of this investigation v» re: 

1) to deterndne if the c/a raUo o. v.f . 

* - .-cnal crystal structure of the Y phase cl ..-Ai 

u ce reduced to unity as predicted by Lavh.*-r; 

2) to determine the number and, if posn: .• 

hases present in twenty eipht specirens fren a 

tae ;d-Ti-Zr system (Fig. 3). 

Tnic particular range of t:.e al'jjninum, iniun, 

r. »ras selected: i) to include the conpc: _,i?ar ...v 

-. . ter and KcAndrew and by Davies, 2) to include t • c ...-. 

v. v .ch Davies predicted a c/a ratio of unity, t;._ 

' V nlnation of the extent of tne r phase in the t -. 

. i preparation of the specimens selected, x- -ay 

. i -'ere taken. The conclusions of thi? inverti .iti' 

r : rily on the x-raj data. The ta.J.O|T .phic -.: 

■c a secondary source of data. 

2 
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This report will be divided into fix cajcr par r: 

f r.lioys, 2) x-ray procedures, 3) n.ttailojr^pby, 4) 

oi c/a ratios of crjstal structure within the * phase, 

, examination of phases, 6) conclusions ana recorencncations,. 
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At this point, it would be well to discuss the system sed 

\n numbering the specimens. For convenience, a system was 

chosen such that specimen numbers yielded the nominal c • , .* ; -, 

^ch specimen designation consisted partly of either one or t,. 

letters. The first letter denotes tie aluminum conten : 

being aluminum, B is 50Í, and C- 55>. A ,eccn. let. 

A indicates an as-cast specimen, and an K is used for 

to indicate a special heat treatment. The number pr ?• 

tters indicates the percentage zirconium content. 

c3- •- iiidic-tes an as-cast specimen cf zirconium -nd 

1-■ nur; the remainder of the alloy is titanium. 

From the compositions shown in Fig, 3, the we: ,ht 

• ¿.teníais necessary to prepare an alloy button . -. 

r :::. ateij' 62 grans were calculated. (The weinnt c: : 

: ' is the amount of alloying material necenrary to c 1 

--1- the crucibles of the Zak furnace.) The pip ioc al.j.. t 

twined from the Aluminum Company of America, the ' cr ,-: 

^ jr. from the U. S, Bureau of Finer, and the churuu ' 

-rc.nium from the Reactive Metals Corporation. Table 

e impurities found in these retal, b, a spec trogra;hi 

rmed by the Bowser-Momer Testing Latcrarxirifr, .no, 

'yton, Ohio. 

h 
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Table 1 

I^mrltieg Found In Alloylnç Metals 

NOTE: Figures are in weight percent 

Silicon 

’ ar.'-jiese 

Copper 

Iron 

!-.a r.ccium 

ii 'DcJiiun 

lückel 

Al’jainuin 

Calcium 

Al Ti Zr 

.01 /.01 /.01 

/.003 .02 /.01 

.002 /.01 /.01 

.02 /.01 /.01 

/.002 /.01 /.01 

/.005 

/.01 /.01 /.01 

/.01 /.01 

/.001 

Hafnium .21 

Kelting of alloys was accomplished in a Zalc Button vrnact. 

the Hesearch Institute of the University of Bayten. Î ,e Zak 

mutton ídrnace is an arc furnace with a cylindrical wall a. • 

copper hearth on its floor. Both the hearth and the wall a- <. 

iti r cooled. The furnace is powered ty a 30-vclt D.C. e: »r-• . 

:r.e amperage of which is variable to 600 amps. Meltir. 

oc.rpxiched with a water-cooled, tungsten tipped, nen- 

1- rode which is fitted through . bx. joir.t at t • t. • 

rr.ace. fhe ball joint fitting p>. rrits r v.. . r.t oí t./ • 

y t e operator. 

5 
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The measured constituents of each al_oy were placed in 

four of the five water-cooled, copper crucibles in the hearth 

ci the furnace. Titanium sponge with a Brinell Hardness 

1'unber I3HNJ of 75 was placed in the fifth crucible. The 

furnace was sealed and evacuated to a pressure of one micrcn 

ar.. -.hen flushed with a helium-argon mixture up to a 

rre 5UT'. of one atmosphere. The chamber was evacuated and 

'1 ‘.heC several times to insure the renoval of J.1 reactive 

: e.; . The final pressure of the helium-ar^on atmosph're in 

rhe chamber was 3Õ0 mm Hg. 

‘ite/- the flushing operation, an arc was ctrucK : .. . 

i. r.'.e and a button of tungsten widch sits on the h-ar* 

V volts and 600 amps were used in tne melting operation.. :r.c 

i°c*roc!e was then held three quarters of an inch a ove t, • 

’jrlace of the crucibles, and the alloys were rrited *..■ ^ 

• -.ctrcde v/as slowly moved over their surface. The pure 

titanium was melted first in order to purify the atmosphere 

•thin the furnace. Each of the remaining alloys was recite: 

^ total of four times, twice fl*on each side, in order zo otta. :. 

or.o:¿neity. The furnace was then shut off, t..e melted t: . : 

r - ' :.ved, and an unmeltec1 set of specimens placee .n t 

■ .i: . mut-down the hardness of the pure titanium. b<v:o:. « 

6 
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: i ail cases loorv. not to exceed 70 5Hi . cir.-e har 

tctmiun is a function of the i po.ri;.es vá thin, thic c..* r. 

'.r.ucoated that the heliun-ar. on atr iiere in widen t; • .-¿ 

'Ac e relied was relatively fro- cl irreritic -. Ihcrei r- 

assuirption was made that the alloy , » re net ;ontar ' : tt-, 

roltint process. 

-¡.ectropraphic analyses >-;rc ; • • lorr.c'.' • r> ; -jv.i ■•m 

: aen because a) the pres;’.ire ; r ^n ' uc 

. -d sorve material from the crt.: -er tu.-', b; tr o ■. _rc: 

rich alloys were so brittle that they shattered va. r. • 

.1 removed from the me'it and r” ..1 pieces of t f 

tv tons flew from the crucibles. The results of the s 

■mal: ¿es, contained in Appendix A, reveal t.iat no11 cl ... 

rave a higher perc< ntage of aiurdr. -r. and :?• percent 

titanium and zirconiiun in the a t d compo ion.1 than 

nominal compositions. The dorr' of the r: • cd elf:/ • 

for chis fact. The initial pressure betvire ■ the arc 

.“.af.rials forceo more of the smaller, lirhtc pieces 01 

anr zirconium from the crucible? than the l-rrer, hc- vj-: 

■ifeces. 

After melting, the buttons we’e broken into smvl pic 

j.c of either a hanaier or a hydraulic press. The spec:;-. 

Ti it.-r han 20.5 zirconium, contct.t were relo ivtly ta.. 

V. re broken with a mmer. (Althou h t e ^'AUa.. 
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button v.as also broken with a hanmtr, it exliifcited a it rftu 

in toughness over the other zirconiun-ridi alioys.) The i’i- 

urt those buttons containing a small percentage oi zircor.iuip. v r 

cáiTicult to break and a hydraulic press was used to fracture v ■■ 

alloys. Small pieces of each specimen were encapsulated in r;c r 

uni r a pressure less than 0.1 micron to prevent the specin.:r.r; fit.' 

T-eeclini with the atmosphere at elevated températures. ? * 

tncapsiûated specimens were then homogenized in an electric iVr ce 

; ..it U inoicates for each specincn the tine, testera tur- , 

j. io"' of cooling used during homogenizing heat treatment. - r 

: the specimens had an oxide coating whi^h had formed car-: 

: 3t irtatments. This coatin0 was rrmovec by picklin' in t! ° 

-ution indicated in i’able II. 

e 



¿ . J¡ t>ch t? -ó 

Table II 

Homogenizing Heat Treatnent of Alloys 

I.vTL: 1) The alloys were inriersed in a solution of H?, 
50Í HNOj and HjO to renove a thin oxide coating 
which formed during annealing. 

2) All specimens were annealed at 2000 F. 

3) Specimen 50BH was a portion of specimen 50B w)j.ch 
was given additional heat treatment at 2192 F for :i7. v.c r , 

Specimen Annealing Time Coeling 

OA 
5A 
1QA 
15A 
20A 
29A 
35a 
1*5A 
50A 
55A 
OB 
5B 

10B 
15B 
20B 
25b 
30B 
35B 
UOB 
50B 
OC 
5C 

IOC 
203 
25C 
35-3 
U5C 

39 hrs 
39 hrs 
39 hrs 
39 hrs 
39 hrs 
li8 hrs 
U6 hrs 
U8 hrs 
U8 hrs 
1|8 hrs 
39 hrs 
39 hrs 
JjO| hrs 
hO- hrs 

hrs 
U8 hrs 
1Î8 hrs 
Uc nr- 
U8 hrs 
U8 hrs 
39 hrs 
39 hrs 
39 hrs 
39 hrs 
1*8 hrs 
1*8 hrs 
1*8 hrs 

Still air 
Still air 
Still air 
Still air 
Still air 

Water quenched 
Water qv.rchec 
Water .;ue:£hed 
Water quenched 
Water* qucnci.e ' 

Still air 
Still air 
Still air 
StiU air 
Still air 

.¿ater quenched 
Water :ue:xh' c 
Water quenched 
Wate-* quenciied 
Water quenched 

Still air 
Still air 
Still air 
SU11 air 

Water quenched 
Water quenhtl 
Water quenched 

9 
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III. X-ray : rccedure g 

• 

rrt ,¿ration of Powders 

In tí» preparation for x-raj' analyses, small portio:.. of 

each of the annealed specimens were ground to powder rit- 

p:ort--ir and pestle. The powder vas made fine ^nou£i To :. 

thrc'-jh a 32$ mesh screen in order to obtain r*idt.’ r . 

orientations. After grinding, some of the ¿ v-dered • 

vert ’.-.Tapped in molybdenum or tartalur. foil, encapa j. 

--icei' Ü.1 micron pressure, anu oven a lieat treatmer 

trt induced while rrindir . (Ko differ».nee v 

r-ray patterns of the powders wrapped in the tv< 

foils.) Some of the specimens were reduced 0 power :: 

* at it was not necessary to strer: -relieve cy heat tr 

(O ne rally, these specimens were f a hifh r. r conit 

i alie III indicates those sped. r»". that wer- stresr-r . 

.a tre time and tenperature of the stress-r-lief t • ' 

aven each specimen. 

1-ray Diffractometer Procedures 

A North American Philips X-ray Diffractometer (I: . 

corposed of 1) a water-cooled x-ray aiifraction unit, 

wide-range goniometer, and 3) a Drown strip c.art rec«' 

was used to obtain diffraction patterns of ail sanpi^ 

10 
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•wl1 • rr> "e e i 

f -il V 
• i'.- 

<r) Jli . A . 
-2 :...30, . 

-, olr.r. 1-U—ASli^^XIL Ií > Ã K.' . . 

C« 

10a 

so.; 
2jA 
33A 
-ÛÂ 
-■J4i 

X 
5E 

102 
S 

¿Ow 
?3C 
333 
50¬ 

0C 
53 

103 

:c 
9-5 

20n; 
¿0^0 
200C 
2o:o 
20:0 
2o:c 
2000 
¿o;r 
2000 
¿:?2 
1350 
2000 
20.:0 
2000 

2C'C 
2000 
2000 
2000 
2000 
2000 
2û;o 
2000 
200: 

;G nia 
45 f*in 
50 rin 

’ 0 ric 

; 0 ain 
1 hour 
30 nin 
30 rir 
30 rir. 
30 rir. 
15 min 
40 nir. 
¿0 r.in 
40 nia 
JO nin 
50 rãr. 
JO nin 
J.O nin 
JO rdc 
40 Tin 

11 
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ri2r-n. 

2) Differ«! sea ¿ : 
3t en diifrsc Les» 

2?. ni 

-> cir.r. 

G.. 
* 
. 

20:. 
• 

'¿i* 

-•J** 

32 
cp 

102 
1,5 
¿02 

¿0' 
X 
53 

103 
i :: 
'X 

O jn 

_ÇJ_._( ’?) i .. 

¿ J... 

¿0'0 
20ô: 
23:3 
2333 
2030 

.: » 

¢72 
1^0 
2003 
20.'- 

2003 

2C'C 
2003 
2033 
2000 
¿Jv ^ 
2-00 
2o;o 
2000 
230 : 

■ir. 

30 nia 
30 r.ir 
30 rrir. 
30 rir. 

40 nin 
¿0 r.in 
40 Tir. 
JO rir. 
30 rir. 
JO r.li. 
J.O rir 

40 rir. 
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-: i'roir. a copper tar-et t^e in tie c.fiv . . 

lccu?fd on the powdered specimen located at k cer 

vide-range gonionetcr. The diffracted x-raj,e ire i- 

> j • :r tube which rotater at constant spetc.. Cort j 

: i - rdcally to the Geiger tube is the Ercvn recoi'J : 

r :'': a graphical plot of int^nf ity of reflected i j: . 

rv.0 tines the angle of reflection). 

.tore any data were- taken, tie goniometer ’-.as 

. : tn<, diffraction unit in accorc.mce with the in. t- 

I-bed by the manufacturer, .ifter alignment, the uru.1 

calibrated by scanning the peakr ox a silicon standar-, .pc 

; . • rr the 20 angles au which ~J. . e peaks were obt : 

her. co;.. arint, the published value.*- of 20 with the otscr 

. - . The results cf tae cali*ration are included in 

(Valuta below 70 ie-xec« 20 are no catee in tills ti 

- Z., .e -nese an- ies were not useu 1: the latri.ee par-.v.i r 

rtnatilwia.) Farlodioailj - vri ■ tha inrestAgatlon t 

i’-i r. -.t was rechecked by resem ; the peaxs of the sil. 

stancard specimen. 

i.ach powdered specircn was pac-sc in ar. aluminum hoi. . 

riaced in the prop r position on the goniometer. Tif • 

titanium rich specimens were scarr :-1 at the rate of one ac,_ 

t r inute through a range of freír, li to loO degrees. 

12 
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i.'jxx E are the corrected valcea o! 2Ö, tne relative e:. 

i, ir no?t cases, the identity of pea>.s recorded for ther*' 

i:1 te.. specimens. Subsequently, all tiie specimens were sc i1 red 

■ tr.r rate of two degrees per minute through the range of 

Irem H to 160 degrees. For the phase determination portion of 

thi-c study only a range of 2© between 18 and 1*8 degrees vas us;<i 

bocr.a; ' : l) this range included the njost irtensr peak: of ¿u.1 

reuses presentí 2) a large number of indistinct peaxs nnc 

uir.' rdun lluorescence, which caused high background interriti : f 

^de ; nalysing of data above yO aegrecs 2© particular]y difi u.t: 

<) -n J :>st cases only one peak vas reflected in the ran; e c-v . - 

and 18 degrees; U) only a few weak peak" wer r f . 

ir e rruige of 2© between U8 and yu cegrtes; and b] in sonv 

err of the X-ray kowder Data File (ASÎT cards) used Lor i-..-» 

dxing peaks did not list those p^ ixs above 4> « : .. 

.. n. *es pictures of difiractometer patterns of ail . 

re of 2© between 18 and ht ar rrec. 

J.r. order to obtain more accurate measurements of 2- v . 

fo i r - sed in the détermination of precise lattice paj 

- crystal structure of alloys in the V phasa region, sc • ", ’ 

; •.••• of ten specimens (indicated in Fig. 3) veis se n ti cl -. 

’ •* r speed of one hall degree per minute. This ■’ate 

.. • ered with the recorder speed of one half inc*- per BLantfl 

-.. .> readings oi 2© antles to U.Uo oegreec with MtJjwtlflBl 

13 
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. /1 j:¿ 2“ó 

:Only those pea.s th¿t \iere to used 

... parajbeters were ecam.ed. In the ^election of 

•n atteint was rvide to i.... . iai'^e number of pea/:; ...j 

.h avove 90 degree since 1 * random and systoruil i 

e *oi approach zero aa 20 approaobta l60 degrees (Ref 

■ 1 data used for Lattice paraMtar determination nr? 

a" .. ' vc in Appendix C. 

'■Ipe-Scherror i take poud r pi 0g 

.: x-ray patterns of thirteen zircon, c r . speciaef.. • 

- • ' • techniques devel c whi . y, 

. r?: corrected . r f..^ c • relnt'. 

•‘"nm the film., nr. tabu! :: H. 

t '• laa of the : ; . eras V? ' not 

• : iaa: X) Ih Larg ■ linaa pan 

..-.,2 date difficu.lt o : iys r. • 2; , : *r. ' ' 

Lam-rich alloy, v r. r 

. r.'. f the zirconium-rich '1.'. _ . 

Hi 



ul-ó 

’o.' ease in handling, per’, c •: o. each of the • 

"•? ’fere mounted in bakelite. i !- 'it ' .'.'Tace up.' 

'.i specimen by use of a bej.t t ader. >ese r : ' - 

dished with successively f. -r - of pa- or 

Tit. Successively finer 3ra r of iish.a • 

lied by electrically driven T j nd'\. for ' ^ 

'Ü the find pclishing vras done or ... V\ ’ . 

an automatic poli-her, i: v/. ich <1 ' - 

3 vas used ao ‘."e rv:.^. _v . 

r polishing, vhe specia.'. 3 . etc* • 

indicated xn -foie ~. f1* etrhar.' va.' *•- : 

«•;o seconds, rinsed off \f.th water, then fie • 

r-à by uro of a colt ?.i bl 

roble IV 

Ecor.auj . • . 

,'C mens cent 

15 
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To augment the x-ray data, photomicrographs were ta¿en o* 

each specimen at rarying magnifications. Some pictures were 

t xlcen with photographic plates and the remainder with Polaroid 

film. These photomicrographs are in Appendix F, 
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V. ^ Phase Precise Lattice : aramf ters - etor.v. ait. i 

^ ^ ~^-3sion and Results 

;‘he specimens selected for precise lattice parapet-, 

at:-rnination include: 1) specimens CB throu'ii 20B (tv. : 

-nens were chosen to include the range of Ti-Al-rir 

' itions investi 'ated by Davies and the composition ■' - 

- vs predicted a c/a ratio of unityÿ and 2) specimens OC 

' . :h 20C (these specimens were chosen since th.'r i: t . 

"r-ed in the single phase Y reirion). Diffractio-. 

ef these specimens, as de.'oribe:1 in Chapter 1.. 

in the higher ranges of 2S angles coul ; be ej a ’ 

.. nguished and accurately read from the x-ray pa ten 

y. onp C specimens while only seven peaks in the hi, c ■ r 

angles were usable from group B specimens. 

Peaks of each specimen were scanned at the rate of 

i..trce per minute. All peaks were scanned in only the fo.~-. cd 

direction of 20, with particular care being taken ttiat the 

:-ray unit and Brown recorder were started in exactly the sam. 

. it for each run. This insured that any error being ir. : 

... be constant and would go to zero when values of or. 

.orapolated to 90 degrees. The voluec of angler ''or 

.. were recorded, ¿aid the calibration correction cere 

-hapter III was added. 

17 
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All peaks ware indexed by convertinj their correcteii * 

'»r. J.C5 to d spaclngs with the use of a table of d spacings 

f irnisiied by the manufacturer of the x-ray equipment. The..? 

d spacings were then compared to published values of d spacings 

f :»r . he ^ phase that are available in the ASTK card file (Ref Hi). 

’. cr? and iavies' graphical method of precise lattice parameter 

Ination (Ref 9) was used to analyze all data of this phase 

of t: investigation. 

diffraction data for the ten selected specimens and the 

o ¡r. -uted values necessary for the graphical determination of lattice 

, ■ ,. t is are given in tabular form in Appendix C. Appendix R 

ont .ans the graphs that were drawn from these data. Table 1 

list; the specimens that were analyzed and the values of c, a, 

arc c/a ratio determined from the graphical plots. 

Table 7 

Y Phase Lattice Parameters 

Composition Lattice,Parameters 
(Atomic %) _(_A)_ c/a 

Specimen ho. Al 

OB 51.3 
5B 52.5 

10B 52.2 
153 52.5 
20B 52.5 
OC ^8.2 
50 57.6 

ICC 56.3 
15C 56.9 
20C 57.8 

Ti Zr ç 

UÖ.7 0.0 U.079 
U2.7 li.6 h.097 
38.6 9.2 li.105 
33.6 13.9 h. 109 
29.1 Ib.li U.105 
1*1.8 0.0 1*.076 
37.6 1*.5 U.073 
31*.6 9.1 1*.H3 
28.9 H*.l U.113 
23.1* 18.8 U.115 

3.997 1.021 
1*.020 1.019 
l*.0l*2 1.016 
i*.0l*9 1.015 
1.01*2 1.016 
3.938 1.022 
3.986 1.022 
1*.033 1.020 
l*.0l*0 1.018 
1*.01*6 1.017 

18 
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Figure 6 compares Darles1 plot of c/a versus zirconiua content 

with a plot of values deterained by this investigation. 

The variation between the nominal and actual compositions of 

specimens offers a possible explanation for the differences in 

results obtained in the range of 0% zirconium to 5$ zirconium 

content. Dumz and Taylor show the c/a ratio in the binary 

f phase increasing almost linearly with increasing percent 

of aluminum. (Ref 3:71) Since the actual compositions 

examined in this study contain more aluminum than the nominal 

coi.1. 0citions, an increase in the c/a ratio would be expected 

iA the lower ranges of zirconium content. However, in the 

range of zirconium content greater than the differences 

in results are too large to attributed to increase in 

aluminum content. The only explanation for the differences in 

this range which can be offered is the different manner 

with which the specimens were handled in the two investigations, 

uavies did not encapsulate his alloys to prevent oxidation during 

the homogenizing heat treatment. Consequently, a thick oxide scale., 

which had to be machined away, formed on the surface of his 

specimens. Also, for stress-relief, Davies encapsulated his 

powders in Ryrex tubes and annealed them for one hour at 660 

degrees Centigrade. The possibility exists that the treatment 

given Davies' specimens was not careful enough to eliminate 

reaction with impurities such as hydrogen, nitrogen, and oxygen, 

19 
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and that the etress-reHef tenperature was not high enough to 

sufficiently sharpen the high angle peaks. The latter preraise 

is corroborated by the fact that Davies used only five angles 

for specinens with 10 and 15 percent zirconiun in his lattice 

parameter determinations, whereas, at least seven lines were useable 

in the present investigation. 

Evidence of the ordering of the tetragonal crystal structure 

of the Y phase was detected ty the appearance of two weak peaks 

( ï (201) and jr(H2) ). These peaks would not be presmt in '.he 

pattern of a face-centered tetragonal structure if the crystal v>s 

not ordered (Ref 6:3U9). Both these peaks were not present in 

,.o specimens with a zirconium content of 20¿ or greater. Their 

absence could be caused by either : l) disordering of the crystal 

structure or 2) by the decrease in percent of the ï phase causing 

; decrease in peak intensity and therefore, a disappearance of 

i peaks. The latter explanation seems most likely. 

■c<; u-acy 

r stated in Chapter III, goniometer speed and chart spe-ed 

p nr.~tted estimated reading of 29 angles to 0.01 degrees. .11 

s Ji ; lutations were performed on a desk calculator permitting 

-ccuracy to the fifth decimal place, five place trigonometric 

2 
tables were used to convert 2Ô angles to sin d values. Accuracy 

,r lines plotted in the graphical solution was to four 

i. püficant figures, and values of : at' ice r nrameters dettr 
t 

rounded off to the nearest C. 

20 



G. 'i'/y.ech 61-6 

VI. Phase Detc Tànations 

The x-ray patterns included in Appendix B were used to 

ùetemine the number of phases present in each specimer. The 

pattems of the aluminum-titarùur binaries were selected a; 

starting points in this phase of the investigation since the 

crystal structures of the phases in this region are avrliable in 

the literature. 

All of the peaks of the Ti-Ai binary compositions were index.d 

by use of the information container for the respective phases 

in the A5TM card files (Ref ll*/. As ejected, only the peahn cf 

the Y and o<1(TÍ2A1) phases were present in the pattern of 

specimen OA(51.i;Tj-hh.6Ai). All but tv?o peaks of specimen 

C'. ve .7TÍ-51.3A1) were identified as peaks of the Y phase. 

I'ne prak at U0.10 degrees 26, identified as the most intense 

perx of ck- titanium, appeared in specimen CB ar.d war not present 

in any of the succeeding 50,j Al specimens. Its presence irhica.aes 

a Jack of equilibrium and could prchatly have been eliminated 

by longer annealing time. Another peal' at 12.50 degrees 29 

appearing in specimens OB(ii8.7Ti-51.3Al), 152(33.611-52.5/51.-1:.5^), 

ana 2.B(25.iTi-52.5Al-l8.C4.hr) was not of the ï' phase and could 

r. i be identified (nor could it be attributed to tungsten 

e nturination of the copper target in the x-ray tube), apecir.or 

L:hia.wTi-58.2Al) was found to be sin. le phase ^ . 

I :e next step in tne investigation was to compare ti. .ii rr. 

f atteins with those of specimens having succeedirgly rre-t r 

21 
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.irconiun content. This comparison was r.ade by juxtaposing 

patterns of succeedintj specir.ens as shown in Appendix D. Tims 

the known peaks of the binaries could be traced into the ternary 

system. Figure 9 contains the diffractometer patterns of the 

specimens composed of U5/» aluminum. The patterns of this series 

indicate the following: 

1) a new phase $ is formed between 5 and 10¾ zirconium and 

extends to between 20 and 25a zirconium; 

2) the phase is replaced by a new phase 6 between 15 and 

20/j zirconium; 

3) tne € phase extends to between kS and 50¾ zircoriunj 

1*) t.ie Y phase extends tu between 35 and h5/ zirconium; rd 

5) possibly- a new phase S was detected at 25¾ tirconiur. 

-he S 'ra.se was hypothesised on the basis of the one strong peak 

of pattern 25A(30.2Ti-u0.2Al-23.cir; that otherwise could not be 

identified, and on the basis of aetallographic data (Fig. 26) 

* rach indicates that possibly three- phases exist in this speeinen. 

Peaks of pattern 35A(19.5Ti-h6.1Al-&.Ur) show that the 6 p;v.^ 

.so possibly- exist in this specimen; however, tr • 

investigators fe» 1 that it does not exist because r.‘toiiograohic 

■.oronati ,n (Fig. 27) indicates the presence of only t .-o r; . 

in this specimen. 

The patterns of 50¾ aluminum 'il y: are contained, in iig. 10. 

These patterns indicate the following: 

1) t ie 0 phase is present from between 5 and 10. - - 
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to between 25 and 30í zirconium; 

2) the £ phase starts between 10 and 1$% zirconium and 

extends to between U0 and 50/ zirconium; and 

3) the X phase extends to between 30 and 35/ zirconium. 

An anomaly exists in the patterns and metallography of specimen 

303(19.6Ti-51.3Al-29.1Zr). Weak unknown peaks exist in this 

pattern that can be either : a) weaker peaks of the C phase 

that appear because a larger percentage of this phase is present 

in this specimen than in the preceding specimen, or b) peaks 

of a new phase. The former hypothesis is supported by the 

increased intensities of the é peales over the same peaks in 

the other specimens of the B series (50/ Al) the latter hypothesis 

is supported by metallographic data (rig. 38) which indicates that 

three phases exist in this specimen. 

In pattern 35B(i3.6Ti-51.6Al-3ii.&Zr) the £ phase exists 

along with either one, or possibly two other phases. If one 

other phase exists, it is different from all other phases detected. 

If two other phases exist, one phase is possibly Z^Al^ (two peaks 

of this phase could be traced from specimens UOB to 35B), and the 

other phase is an unknown phase. Metallographie data (Fig. 39) 

dees not clearly indicate whether two or three phases exist in 

tliis specimen. 

The patterns of the 55/ aluminum specimens contained in Fig. .11 

indicate the following: 

1) the y phase extends to between 25 and 35/ zirconiuT ; 

23 
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2) the 0 pha— vie not presentí and 

3) toe £ phase extends frost between 5 and 109( zirconium 

to between 35 and UOt zirconium. 

Attests were made to index the peaks of the € and 0 phases 

by the use of published crystal structure data of the various 

Ti-Al and Zr-Al phases. No agreement was found between the 0 

phase and any of the other phases. The pattern of the € phase 

corresponded closely with the pattern of ZrA^; however, it appears 

unlikely that an inte metallic compound so near to the aluminum 

side of the Zr-Al binary phase diagram would extend this far into 

the ternary system. 

After the information obtained from the Ti-Al binary compositions 

had been extended as far as possible into the ternary system, a 

new approach was taken. Attempts were made to identify phases in 

the Zr-Al binary compositions and to extend this information into 

the ternary diagram. 

Since the Zr-Al phase diagram (Fig. 7) indicates that only 

Zr^Al^ and Zr^Al^ should be present in the patterns of the as-cost 

binary specimens, li5CA(56.OAl-là.OZr), 50BA(51.UAl-U&.6Zr), and 

55A(U6.2Al-53*62r) (Figs. 11(c), 10(c), and 9(c)), an attempt was 

made to index all peaks present in the diffraction patterns of 

these specimens witn the published crystal structure data of 

these phases (Ref 10 and 12). Many peaks in the binary, as-cast 

patterns could not be identified as Zti.AI and ZrJU but could 
U 3 2 i 

be identified as peaks of other Zr-Al intermetallies and A- 



• • 

ùAW/Mech 61-6 

zirconium. The presence of these latter phases in these particular 

binaries indicated that equilibrium had not been obtained in the 

melting operation. 

Comparison of the patterns of the above as-cast specimens with 

those of the annealed binary specimens allowed the indexing of a 

large number of peaks in the latter patterns. 

ihe appearance of and zirconium in specimen 

55A(U6.2Al-53.8Zr) indicated a lack of equilibrium} therefore, the 

possibility existed that specimens 50B(31.UAl-U8.6Zr) and ii5C(56.CAl- 

ùn.OTi) were also not in equilibrium. Specimen 50B was selected 

for further annealing at 1200 degrees Centigrade for six hours in 

an attempt to reach equilibrium. This specimen, number 

50BH( 5l.UAl-U8.6Zr), was ground to powder and an x-ray pattern- 

taken (Fig. 10(c)). 

A comparison of patterns 50BH, which was assumed to be in 

equilibrium, and 50B indicates a sharpening of the detail in the 

former, but no gross changes. Thus it was assumed that specimen 

5OB was in equilibrium as possibly was specimen U5C(56Al-UU.OTi). 

At equilibrium only and ZrAl phases exist in specimen 

50B(51.UAl-U8.6Zr)} therefore, all peaks not identified as 

^ Patern for this specimen are peaks of ZrAl, which 

has a previously unreported crystal structure. Pattern 50B 

was compared to the patterns of the other binaries, U5C(56.~A.l- 

UU.OZr) and 55A(U6.2Al-53*8Zr), and the peaks of the ZrAl phase 

were identified. This permitted identification of all major 

25 
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peaks of the binaries as peaks of Zr^Aly ZrAI and x- 

sirconiun. A few peaks still could not be identified* 

The following conclusions were drawn concerning the extent of 

the Zr-Al internetallic phases into the ternary spates: 

1) for the SS% aluninun specimens (Fig* 11) the Zr-Al existed 

to between 35 and 1*5% zirconium, while the Zr^Al^ extended to 

between 25 and 35% zirconium; 

2) for the 50% aluminum specimen (Fig* 10) both ZrAl and 

ZrgAl^ ex^eix^ bo between 35 and 1*0% zircon!umjand 

3) for the 1*5% aluminum series (Fig. 9) ZrAl, and 

ZrAl, all extended to between 35 and 1*5% zirconium, 
u 3 

Figure 6 summarizes the presence of phases in each specimen and 

also indicates exact, rather than nominal composition of the 

specimens, by the location of points marked ® . 

The extension of this information to the formulation of a 

ternary equilibrium diagram was not feasible since the rules 

elaborated by Rhines (Ref 11:207-209) could not be adhered to. 

Two reasons for this are offered. 

1. There is not enough information available from the data 

taken to make a determination of the phase relationships* ¿uch 

information as the co^ositions and crystal structures of the 

phases 0, € t and 6 would be extremely helpful* Also in some 

cases, more alloys need to be prepared in certain areas and 

analyzed in order to give needed information about phase relationships. 
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2« PhftM <T ms predicated on inconclnalTe x-ray and 

aetallographlc data. More infomation is needed to definitely 

deternine if this phase exists. 

There is a disagreement between the x-ray data and the 

Zr-Al equilibrium diagram. The phase diagram indicates that a 

large percentage of the as-cast specimens U5CA(56.Qil-Uli.OZr), 

50BA(51.1U1-U8.6Zr), 55AA(U6.2Al-53.8Zr) and annealed specimen 

it5C should be Zr^il^. If a large percentage of a phase is 

present in an alloy, the intensities of sos» of the peaks 

from that phase would normally be strong* Hoverer, in the 

patterns of these binary specimens, the peaks of Zr^Al^ were 

weak and in some cases did not appear. The investigators can 

offer no explanation for this disagreement. A closer investigation 

of this area of the phase diagram should prove fruitful. 

Generally, the conclusioas drawn from the diffraction 

patterns concerning number of phases present in any one specimen 

were supported by the metallographic data included in Appendix 

F. 

27 
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711« Concluslona and Reco—wndationg 

1« The e/e ratio of the face-centered tetragonal crystal 

structure of the y phase of Ti-Al base alloys can not be reduced 

to unity as predicted by Darles« The lowest value of the c/a 

ratio obtained was 1.015 at a composition of 5$ Al, 35$ Ti, 

and 15$ Zr. 

2. Figure 8 indicates the phases found to be present in 

the Ti-Al-Zr system at 1100 degrees Centigrade. Two phases 

( € and 0), and possibly a third phase (Í ), were detected 

which were previously unreported. The crystal structures and 

compositions of these phases were not determined. 

The following areas are recommended for further investigation. 

1) The region of the Ti-Al-Zr ternary system between hS and 

55 atomic percent aluminum and greater than 20$ zirconium should 

be further studied with particular attention given to the 

equilibrium heat treatments. The study should consider alloys 

having small composition differences in order that boundaries 

of multiple phase regions may be established. The proposed 

study should also determine if the & phase exists. 

2) A study should be conducted to determine the composition 

and crystal structure of the £ and 0 phases. 

3) Since x-ray data of the as-cast binaries of aluminum and 

zirconium were not in agreement with the appropriate portion of 

the binary phase diagram, a study should be conducted in which 

x-ray analysis is employed to verify the Zr-Al phase diagram in 
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t/if r^.¿e oi iiO to 60 atonde percent aiunsinum. 

4) A study should be conducted to determine the rercsJ ne'er 

c: t:.t ri-Al-Zr ternary phase dLagTair. 
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Appendix A 

Che ale al Analyaea of AHoya 

Table VI contain« a comparison of the nominal and actual 

compositions of the alloys investigated in this study» The 

weight percent figures were taken from Tables Vn through XII. 

The actual atomic percentages were calculated from the actual 

weight percentages by neglecting the impurities. The sums of 

the atomic percentages for a given alloy should add to 100.0$, 

but in some cases they do not due to losses in rounding off 

the figures to the first decimal place. 

The chemical analyses of all of the alloys studied are 

contained in Tables VII through XU. The amounts of all consti¬ 

tuents were determined by spectrographic analysis ; those marked 

by an asterisk (*) were determined by wet chemistry. All figures 

are in weight percent except the impurities in Tables X through 

XII which are indicated as parts per million (ppm). 

The symbol ¿ means "less than." 

Table 

VI 

VII 

VIII 

IX 

X 

XI 

ni 

Specimen No. 

Comparison of all specimens 

GA, 5A, 1QA, 15A, 2QA 

OB, 5B, 10B, 15B, 2OB 

OC, 5C, IOC, 15C, 20C 

25A, 35A, h5A, 5QA, 55a 

25b, 30B, 35B, liOB, 5CB 

25C, 35c, I’S: 

Page 

33 

35 

36 

36 

37 

36 

39 

% 
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TABLú VII 

"l^.r.on: 

Al 
"’i * X 
Zr 
Fa A w 

Si 
Cu 

Ni 

Hf 

Che ai cal Analyses fer ¿>pfeC'.!Tfcri3 l» through 2 OA 

Specimen Number 

OA 

65.07* 
.02* 
.06 
.06 
.06 
.009 

¿.01 
Trace 

5A 

32.15* 
57.30* 
10.30* 

.10 

.05 

.02 

.008 
¿.01 

Trace 
Trace 

1QA 

29.92-* 
U8.80« 
20.3Ü* 

.06 

.06 

.02 

.009 
¿.01 

Trace 
Trace 

ISA 

28.53* 
12.20* 
28.90* 

.07 

.03 

.05 

.01 
¿.01 

Trace 
Trace 

2 OA 

27.05* 
3b, 
37.01' 

.07 

.03 

.02 

.008 

¿•°1 Trace 
Ira '? 

oa ;ere performed oy Be. r-iiorner Testing lAboratu . j.. * > 
", )n, Ohio 

35 



GAK/Kech 61-6 

TABi£ VIH 

Cheidcal Analyses of specimens OB through 2OB 

Element 

Al 
Ti 
Zr 
Fe 
Si 
Cu 
Mn 
!:i 
Mg 
Hf 

OB 

36.90» 

62.75* 
.02* 
.09 
.OU 
.05 
.009 

¿.01 
Trace 

Specimen !?umber 

5B 

36.31* 
52.35* 
11.25* 

.08 

.03 

.03 

.009 
¿.01 

Trace 
Trace 

lOB 

3^.30* 
Ü5.05* 
20.12* 

.07 

.03 

.03 

.008 
¿.01 

Trace 
Trace 

15B 

32.89* 
37.I1O* 
29.I4O* 

.07 

.06 

.05 

.007 
¿.01 

Trace 
Trace 

20B 

31.35* 
30.90* 

37.15* 
.07 
.03 
.01 
.008 

/.01 
Trace 
Trace 

Analyses were performed by Bouser-Korner Testing Laboratories, 

Payton, Ohio 

TASTE IX 

Chemical Analyses of Specimens CC through 2PC 

Picrent 

A1 
Ti 
Zr 
Fe 
Si 
Cu 
Kn 
Ki 

Mg 
Kf 

_Specimen Number_ 

oc 5c 10c 15c 

1*3.75* 1*1.03* 
55.70* 1*7 .bO* 

.01* 10.9 * 

.07 .07 

.03 .01 

.01 .02 

.008 .009 
¿.01 ¿.01 

Trace Trace 
• Trace 

37.71* 36.23* 
1*1.15* 32.6O* 
20.55* 30.55* 

.07 .07 

.02 .03 

.02 .01 

.008 .009 
¿.01 ¿.01 

Trace Trace 
Trace Trace 

2 Co 

35.2Cv> 
25.35* 
38.7C- 

.07 

.03 

.01 

.005 
¿.01 

Trace 
Trace 

Analyses were performed by Bowser-Morner Testing Laboratories, ., 

Dayton, Ohio 
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TABLE X 

Chealcal Analyses of Sçocimena 2% through 

' lor.ont 

n 
Ti 
Zr 

(rpm) 
(ppm) 

C'. (rpm) 
ï..: (ppa) 
r-r {,4'Si) 
V ;ppra) 
; .! .prm) 

C-'3 (ppm) 
1 r. (ppa) 

\ppii) 
Mo prpn) 
:"c (ppm) 
Sn (ppm) 
Ac (npm) 
Co (ppm) 
B (ppm) 
En (ppm) 
■A (ppm) 

I (ppm) 
k (cpm) 
7i. (ppm) 
Cd (ppm) 

Analyses performed by 
Cleveland, Ohio 

Specimen Number 

32L h$k 50A 

National Spectrographic Labora tori , 1' » 
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TABLE H 

Chelical Analyses of Specimens 25E throaçh 50B 

71ef:wnt 

A1 
Ti 
Zr 
Si vopm) 
i’e .pern) 
Cu (ppm) 
ii vppn) 
Cp (pp«) 

(ppm) 
i .: (pm) 
Ca (p pn) 
I-2 (Ptra) 
-•> 
:.0 (pp.-.) 
- (ppn) 

Sr. (ppm) 
Ag (pp^) 
Co (ppn) 
3 (ppm) 
Zp (ppm) 
B:. (ppm) 
: ppa) 
K (ppn) 
Li (ppn) 
Cd (ppn) 

Specimen I .'umber 

¿ÇB 

26.68 
12.68 
50.58 

Anc?-7ses performed by National Spectrographic Laboratcr: r, 
Cleveland, Ohio 

38 
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TABLE XI! 

Chemical Analyses of Specimens 2$C through U$C 

_Specimen NurLer 

ZLeront 

Al 
Ti 

25Ç 35c U5Ç 

Zr 
Si (ppm) 
Fe (ppm) 
Cu (ppm) 
Ki (ppm) 
Cr (ppm) 
V (ppm) 
tin (ppm) 
Ca (ppm) 
Mg (ppm) 
Bi (ppm) 
Mo (ppm) 
Pb (ppm) 
Sn (ppm) 
Ag (ppm) 
Co (ppm) 
B (ppm) 
Zn (ppm) 
3a (ppm) 
La (ppm) 
X (ppm) 
Li (ppm) 
Co (ppm) 

Analyses performed by National Spectrographic Laboratories, Inc., 
Cleyelandi Ohio 

32.65 
19.20 
US.09 

30 
90 
70 

/10 
/20 

38 
20 
LO 
LO 

rzo 
LO 
LO 
LO 
LO 

^20 
LO 
LO 
LO 

27.32 
200 ppm 
72.Ó2 

35 
70 
35 

'10 
>0 
LO 

f20 
no 

LO 
LC 

'20 
LO 
LO 

no 
LO 

r20 

g 
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Appendix B 

Diffractometer Patterns 

This appendix contains the diffractometer patterns which 

vere used in the phase determination portion of the present 

study. All of the patterns were recordad under the folJovin:; 

conditions: 

X-ray tube - copper 

filter - nickel 

tube voltage - 50 kv 

tube current - 20 ma 

divergent slit - Io 

receiving slit - 0.003 in. 

scatter slit - Io 

multiplier - 1 

time constant 

all specimens except 50B - !i sec. 

specimen 50B - 8 sec. 

scale factor - li 

chart speed - 30 inches per hour 

goniometer speed 

Specimens OA - 20A 
OB - 20B 2° per minute 
OC - 20C 

2QA - 55A 
20B - 50B Io per minute 
20C - h5C 

Specimens 
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figure 

9'i) 

9(b) 

9(c) 
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10(b) 

10(c) 
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11(b) 

11(c) 
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OB, 5B, lOB, 15B, 2OB -5 

203, 25b, 30B, 353 U 
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U5C, U5CA ï- 
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Appendix C 

Tabulation of Diffraction Data 

Calculated Valuea for Graphical Determination 

of lattice Parameters 

Table 

nn 

m 

XV 

XVI 

mi 
mn 
m 

XX 

XXI 

XXII 

Specimen No« 

Ofi 

SB 

10B 

15B 

20B 

oc 
sc 

IOC 

15c 

20C 

Cong)osltions (atomic %) 

1*8.7 Ti-5l.3a 

1*2.7 Ti-52.5U-l*.8Zr 

38.6 Ti-52.2Al-9.2Zr 

33.6 Ti-52.5Al-13.9Zr 

29.1 Ti-52.5Al-l8.liZr 

1*1.8 T1-58.2A1 

37.6 Ti-57.8Al-li.5Zr 

3l*.6 Ti-56.3Al-9.lZr 

28.9 Ti-56.9Al-lli.lZr 

23J* Ti-57.8Al-18.8Zr 

52 

53 

51* 

55 

56 

57 

58 

59 

60 

61 

Two values of (a/c) and a2 are calculated to permit the line 

of the equation to be drawn. Plots of lines are included in 

Appendix D. 

51 
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lifiiz nn 

Diffraction Data 
anfl 

Calculated Yalnea for Oraphlc*rTe termination of lattice Paramo tars 

Specimon OB 
Compoaitîon 

Al 5l«3 Atomic % 
Ti US«? Atomic % 

Peak Plane Measured 20 Corr. „ 4 Sin20 h2+k2 
Mo* Angle 20 For Calib* 0 (deg.) SinZ0 7c7,t "HF” 

1 202 65.32 

2 113 77.91 

3 131 79.30 

U 313 112*61 

5 201* 115.97 

6 1*02 118*29 

7 1*22 11*0.1*6 

Peak Equation of Line 
No* 

65.32 32.660 

77.92 38.960 

79.31 39.655 

112.63 56.315 

115.99 57.995 

118.31 59.155 

11*0.1*6 70.236 

(«A)2 

.29126 .12273 1 

.39532 .071*03 2/9 

•1*0721* .6861*0 10 

.69236 .12966 10/9 

.71912 .07515 l/li 

.73713 .31060 1* 

.88563 .37318 5 

(a/c)2 a2 

1 

2 

3 

U 

5 

6 

7 

(•/c)2 

(•/c)2 

(t/c)2 

(a/c)2 

(a/c)2 

(a/c)2 

(a/c)2 

•12273a2-1.00000 .953 

.07l*03a2-.22222 .953 

.6861*0a2-10.00C00 .953 

.12966a2-!.mil .953 

•07575a2-.25000 .953 

.31060a2-!*.00000 .953 

.373l8a2-5.00000 .953 

15.913 .967 16.027 

15.875 .967 16.061* 

15.957 .967 15.978 

15.919 .967 16.027 

15.81*6 .967 16.066 

15.91*7 .967 15.992 

15.956 .967 15.990 

52 
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ÜBLE XIV 

Diffraction Data 
and 

Calculated Value« for Graphical*!?«termination of Lattice Parameters 

Specimen 5B 
Composition 

Al 52»5 Atomic % 
Ti 1*2.7 Atonic % 
Zr Ü.8 Atomic % 

Peak Plane Measured 26 Corr. 
No. Angls 26 For Calib. 

“I ?32 5!u93 503 

2 113 77.1*6 77.1*7 

3 Ijl 78.71* 78.75 

1* 313 111.72 111.71* 

5 201* 115.11* 115.16 

6 1*02 117.21 117.23 

7 1*22 138.68 138.6? 

Peak Equation of line 
No. 

? 4-Sin20 h2+k2 
6 (deg.) SiiT6 /*• “ 

“30155-¡2H81Í* .1211*1-T" 

38.735 .39150 .07331 2/9 

39.375 .1*021*8 .67838 10 

55.870 .68522 .12832 10/? 

57.580 .71258 .07506 l/à 

58.615 .72871* .30707 1* 

69.3l»5 .87560 .36895 5 

(a/c)2 a2 (a/c)2 a2 

1 

2 

3 

1* 

5 

6 

7 

(a/p)2 • .12U*la2-1.00000 

(a/c)2 » .07331a2-.22222 

(a/c)2 - .6838a2-10.00000 

(a/c)2 • .12837a2-!.UU1 

(a/c)2 - .07506a2-.25000 

(a/c)2 - .30707a2-!*.00000 

(Vc)2 • .36895a2-5.00000 

.956 15.913 .967 16.027 

•956 15.875 .967 16.061* 

.956 15.957 . 967 15.978 

.956 15.91? .967 16.029 

.956 15.81*6 .967 16.066 

.956 15.91*7 .967 15.992 

.956 15.956 .967 15.990 

53 
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lABUS Z7 

Diffraction Dato 
and 

Calculated Values fer ûraphlcaï tietaraination of lattice Parameters 

Al 
H 
Zr 

Peak Plane Mensurad 
Mo* Angla 20 

1 202 6lu60 

2 113 77.17 

3 131 78.70 

h 313 111.08 

5 20b llb.60 

6 b(£ 116.30 

7 1*22 137.27 

Peak Equation of Line 
No. 

Speclaan 108 
Composition 
52*2 Atonic % 
38.6 Atonic % 
9.2 Atonic % 

20 Corr. 
For Calib. 0 (deg.) 

6b.60 32.300 

77.18 38.590 

78.21 39.105 

U1.10 55.550 

lib.62 57.310 

116.32 58.160 

137.28 68.6b0 

(a/c )2 a 

„ 4 Sin20 h2+k2 
sino 

.28550 .12030 1 

.38903 .07285 2/9 

.39789 .6706b 10 

.68000 ,1273b 10/9 

•70826 ,07b6l l/b 

•72170 .30bl0 b 

.8673b .365b7 5 

(a/c)2 a2 

1 (a/c)2 • 

2 (Vc)2 • 

3 We)2 ■ 

It (*/c)2 • 

5 Wc)2 - 

4 We)2 • 

We)2 • 

.12030.2-1.00000 

.0728S»2-.22222 

2 
.6706U -10.00000 

.1273ba2-l.lllll 

•07b61a2-.25000 

•30bl0a2-b.00000 

.365b7a2-5.00000 

.962 16.309 

.962 16.256 

•962 I6.3b6 

.962 16.280 

.962 16.2b5 

.962 16.317 

•962 I6.313 

.97b I6.b09 

.97b I6.b20 

.97b 16.36b 

.97b 16.37b 

.97b 16.b05 

.97b 16.357 

•97b I6.3b6 7 
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usa m 
Diffwctlop Data 

~ and 
Calo«>»-Ai< VmIh— for GraphicalTatrainatlon of lattlca Paraactara 

Spaoiaan 15B 
Composition 

il 52.5 Atóale % 
Ti 33.6 Atoaio % 
Zr 13.9 Atonie $ 

2 2 2 
Peak Plana Maasarad 20 Corr. 2 h ** 
Ho* Angla 20 For Callb# 0 (dag.) Sin 0 t*- 

1 202 6U.55 

2 113 77*12 

3 13L 78.12 

h 313 110.8$ 

5 2Qli Ul* .1*5 

6 1*02 116.15 

7 1*22 336.75 

Peak Equation of Line 
No. 

61* *55 32.275 

77.13 38.565 

78.13 39.065 

110.87 55*1*35 

111* .1*7 57.235 

n6.17 58.085 

136.76 68.380 

(•/o)2 

28513 .12011* 1 

38861 .07278 2/9 

39717 .6691*2 10 

67816 .12700 10/9 

70713 .071*1*9 lA 

72056 .30362 1* 

861*26 .36I1I7 5 

(a/c)2 a2 

1 (^c)2 ■ 

2 (a/c)2 • 

3 U/c)2 • 

1* (a/c)2 • 

5 («/c)2 • 

6 (a/c)2 • 

7 (a/c)2 - 

,12011*a2-1.00000 

.OT278a2-.22222 

.669l*3a2-10.00000 

.12700a2-1.11111 

,07l*l*9a2-.25000 

.30362a2-l*.00000 

,36l*17a2-5.00000 

.966 16.361* 

.966 16.326 

.966 16.381 

.966 16.355 

•966 16.321» 

.966 16.356 

.966 16.382 

•980 16.1*61 

.980 16.519 

.980 16.1*02 

.980 16.1*65 

.980 16.512 

.980 16.1*02 

.980 16.1*21 
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ZiBLE mi 

Difffctiop Dat* 
í mT" 

Calcqltted Valúas for Graphical botana!nation of Lattice Parapetara 

Specimen 2QB 
Coapoaitioo 

Al 52*5 Atóale % 
Ti 29*1 Atcadc % 
Zr l8Jt Atóale t 

Peak Flana Maaaured 26 Corr. „ f Sin^Q h^+k^ 
Ho. Ansie 20 For Callb. 0 (deg.) Sinz0 

1 202 6lt.52 

2 113 77.12 

3 131 78.15 

h 313 110.86 

5 2oa 11h.38 

6 Uo2 116.15 

7 122 136.90 

Peak Equation of Line 
No. 

6b .52 32.260 

77.13 38.515 

78.16 39.080 

110.68 55.bb0 

lib.bO 57.200 

116.17 58.085 

136.91 68.b55 

(Vc)2 .1 

•28b90 .120Q5 1 

.38861 .07277 2/9 

•397bb .66989 10 

.6782b .12702 10/9 

,70660 ,07bb3 lA 

72056 .30362 b 

865L6 .36b55 5 

(a/c)2 a2 

1 (a/c)2 - .12005a2-1.00000 

2 (a/c)2 ■ .07277«2-.22222 

3 (Vc)2 ■ .66989a2-10.00000 

b (a/c)2 ■ .12702a2-!.11111 

5 (a/c)2 • .07bb3a2-.25000 

6 (a/c)2 • .30362a2- b.00000 

7 (a/c)2 • .36b55a2 - 5.00000 

.963 16.358 .975 I6.b58 

.963 16.287 .975 I6.b52 

.963 16.365 .975 16.383 

.963 16.329 .975 I6.b58 

.963 16.297 .975 16.b58 

.963 I6.3b6 .975 16.386 

.963 16.357 .975 16.390 
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ZiBU zvzn 
Diffraotion Pat* 

4111- 
Calculate Valúa» for Qrmhic»rB»tendnatlpn of lattio» ParMitT» 

Specimn # OC 
Coqpoaitién 

il 58.2 itoàLc % 
Ti la.8 Atoldo % 

Peak Plane Meaeured 26 Corr. 2 2 2 2 
No. AngLe 26 For Calib. 6 (deg.) Sin4« f Sin « h »k 
_"TT^-.ZZT 
1 202 65.35 65.35 

2 113 77.91* 77.95 

3 131 79.1*1* 79.1*5 

1* 313 112.80 112.82 

5 331 111*. 1*2 lll*.l*l* 

6 2Ql* 116.07 116.09 

7 1*02 118.58 118.60 

8 1*22 11*1.01 liil .01 

Peak Equation of Une 
No. 

32.675 *29150 .12283 1 

38.975 .39558 .071*08 2/9 

39.725 .1*081*3 .6881a 10 

56.U10 .69396 .12999 IC/9 

57.220 .70690 1.1911*9 18 

58.01*5 .71992 .07581* l/l* 

59.300 .73930 .31153 1* 

70.505 .88866 .371*1*6 5 

(a/c)2 a2 (a/c)2 a2 

1 

2 

3 

1* 

5 

6 

7 

8 

(Vc)2 ■ .12283a2-1.00000 

(a/c )z - .07l*08a -.22222 

(a/c)2 • .6881*la2-10.00000 

(a/c)2 - .12997a2-1.11111 

(a/c)2 - 1.19H*9a2-l8.00000 

(a/c)2 - .07581*a2-.25000 

(a/c)2 - .3H53a2- 1*.00000 

(a/c)2 - .37l*l*6a2- 5*00000 

.950 15.876 .962 15.973 

.950 15.821* .962 15.986 

.950 15.906 .962 15.921* 

.950 15.858 .962 15.951 

.950 15.905 .962 15.915 

.950 15.823 . 962 15.981 

.950 15.889 .962 15.928 

.950 15.890 .962 15.922 
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TABLE XU 

Diffraction Data 
anZT 

Calculated Values for Graphicanfetewiinatiop of Lattice Parameters 

Specimen # $C 
Compos it Ion 

A1 57*8 Atonic 
Ti 57*6 Atonic 
Zr U.5 Atonic 

Peak Plane Measured 20 Corr. 
No. Angle 20 For Calib. 

1 202 6U.68 61*. 68 

2 113 77.30 77.31 

3 131 78.81* 78.85 

U 313 1H.75 U1.77 

5 331 113.35 113.37 

6 201* Hi*. 91 Hi*.93 

7 1*02 117.1*0 117.1*2 

8 1*22 139.10 139.10 

Peak Equation of Line 
No. 

1 (a/c)2 - .12125a2-1.00000 

2 (a/c)2 - .07307*2“.22222 

3 (a/c)2 - .67982a2-10.00000 

1* (a/c)2 • .12837a2-!.11111 

5 (a/c)2 - 1.17709a2-l8.00000 

6 (a/c)2 • .07l*87a2-.2$000 

7 (a/c)2 - .30771a2-l*.00000 

8 (a/c)2 • .36995a2-5.00000 

58 

% 

% 
2 .2 2 

o 4-Sin 0 h 
0 (deg.) Sin 0 "TF T*“ 

32.1*1*0 .28771* .12125 1 

38.655 .39031* .07307 2/9 

39.1*25 .1*0333 .67982 10 

55.885 .6851*6 .12837 10/5 

56.685 .69836 1.17709 18 

57.1*65 .71071* .071*89 lA 

58.710 .73025 .30771 1* 

69.550 .87795 .36995 5 

(a/c)2 a2 (a/c)2 a2 

.952 16.099 .961* 16.198 

.952 16.070 .961* 16.231* 

.952 16.110 . 961* 16.128 

.952 16.072 .961* 16.365 

.952 16.101 .961* 16.111 

.952 16.055 .961* 16.215 

.952 16.093 .961* 16.132 

.952 16.089 . 961* 16.121 
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TâBU XX 

Dlfirmtlon Data 
and 

r.m'iHn’imt.ià Vain— for GraphicaTDiitandJaatlon of Lattlco Pawotera 

Speclwn # 10C 
Coapoaitlon 

il 56.3 ¿tóale * 
Tl 3U*6 Atóale % 
Zr 9.1 Atonie £ 

2 2 2 
Poak Plano Measorod 20 Corr. 2 4 Sin 0 h ♦k 
No» Angla 20 For Calib» 0 (dog») Sin 0 tf-/,1- l*' 

1 202 61u68 6U.68 

2 113 77 .U 77.12 

3 131 78.1(1 78.1(2 

h 313 111.15 111.17 

$ 331 112.50 112.52 

6 20U 111(.51 Ul(.53 

7 1(02 116.58 116.60 

8 1(22 137.70 137.71 

Peale Equation of Lino 
No. 

1 (Ve)2 • .12057a2-l.00000 

2 (a/c)2 • .07276a2-.22222 

3 (a/c)2 • .67365a2-iO.OOOOO 

U (a/c)2 ■ .127U6a2-l.lllll 

5 (a/c)2 ■ 1.1651(6a2-18.00000 

6 (a/o)2 - .07U5U2-.25000 

7 (Ve)2 • .3050U2-1(.00000 

8 (a/o)2 • .3665U2-5.00000 

5P 

32.31(0 .28611( .12057 1 

38.560 .38852 .07276 2/9 

39.210 .39967 .67365 10 

55.585 .68056 .1271(6 10/9 

56.260 .6911(6 1.165U6 18 

57.265 .70758 .071(51( lA 

58.300 .72390 .30501( U 

68.855 .86986 .36651( 5 

(a/c)2 a2 (Ve)2 a2 

.956 16.223 .968 I6.323 

.956 16.193 .968 16.358 

.956 16.261( .968 16.262 

.956 16.218 .968 16.312 

.956 16.265 .968 16.275 

.956 16.179 .968 I6.3I1O 

.956 16.21(7 .968 16.286 

.956 16.21(9 .968 16.282 
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lABIE ZC 

Diffraction Data 
and 

Calculated for Graphical Pateralnatl on of lattice Parana tere 

Spec Inen # 1$ 

Conpoaltlon 
Al 56.9 Atonic % 

Ti 28.9 Atonic % 
Zr lh.1 Atonde % 

Peak Plane Meaaured 20 Corr. 
Ho. Angle 20 For Callb. 

2 2 2 
o 4 Sin 0 h ♦k 

0 (deg.) Sin 0 ¿u1- 

1 202 6b .63 

2 113 77.08 

3 131 78.31 

U 313 110.99 

5 331 112.25 

6 20b 11b .35 

7 b02 116.32 

6 b22 137.27 

Peak Equation of line 
No. 

6b.63 32.315 

77.09 38.5b5 

78.32 39.160 

lll.Ql 55.505 

112.27 56.135 

llb.37 57.185 

116.3b 58.170 

137.28 68.6bO 

(a/c)2 a 

2857b .12 Obi 1 

38827 .07272 2/9 

,39882 .67222 10 

,67928 .12722 10/9 

,689b6 1.16209 16 

,70636 .07bbl l/b 

,72185 .30bl7 b 

,8673b .365b8 5 

(a/c)2 a2 

1 (a/c)2 - .12Obla2-1.00000 

2 (a/c)2 - .07277*2-.22222 

3 (a/c)2 • .67222a2-10.00000 

b (a/c)2 - .12722a2-!.11131 

5 (a/c)2 - 1^6209a2-18.00000 

6 (a/c)2 - .07bbla2-.25000 

7 (a/c)2 - .30bl7a2-b.00000 

8 (n/c)2 • .365b8a2-5.00000 

60 

.958 16.261 .970 

.958 16.230 .970 

.958 16.301 .970 

.958 16.26b .970 

.958 16.33b .970 

.958 16.23b .970 

.958 16.300 .970 

.958 16.302 .970 

16.361 

16.395 

16.319 

16.358 

16.32b 

16.396 

I6.3b0 

16.335 
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TARTE TTTT 

Diffraction Data 
" and 

CalcttlaUd Vainas for GraphicalTetarBlnation of Lattica Paraaetara 

Spacinen # 20C 
Composition 

A1 57.6 Atomic % 
Ti 23.1* Atcmie % 
Zr 18.8 Atomic % 

2 2 2 
Peak Plana Maasured 20 Corr. 9 4. Sin 0 h+k 
No. Angla 20 For Calib. 0 (dag.) Sin 0 

1 202 61* .^5 61i.U5 

2 113 77.00 77.01 

3 131 78.12 78.13 

1* 333 110.7? 110.81 

5 331 111.98 112.00 

6 201* Hi* .26 111*.28 

7 1*02 116.10 116.12 

8 1*22 136.81 136.82 

Paak Equation of Una 
No. 

1 (Vo)2 ■ .11983a2-l.00000 

2 (a/c)2 • .OT259a2-.22222 

3 (a/c)2 • .66766a2-10.00000 

1* (a/c)2 • .12692a2-!.11111 

5 (a/c)2 - 1.1581*5a2-18.00000 

6 (a/c)2 • .07l*33*2-.25000 

7 (a/c)2 • .303l*6a2-l*.00000 

8 (a/c)2 • .361*33»2-5.00000 
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32.225 .281*38 .11983 1 

38.505 .38759 .07259 2/9 

39.065 .39612 .66766 10 

55.1*05 .67768 .12692 10/9 

56.000 .68730 1.1581*5 18 

57.11*0 .70561* .071*33 1/k 

58.060 .72016 .3031*6 1* 

68.1*10 .861*62 .361*33 5 

(a/c)2 a2 (a/c )2 a2 

.960 16.357 .972 16.1*57 

.960 16.286 .972 16.1*52 

.960 16.1*16 .972 16.1*31* 

.960 16.318 .972 16.1*13 

.960 16.367 .972 16.377 

.960 16.279 .972 16.1*1*0 

.960 16.31*5 .972 16.361 

.960 16.359 .972 16.392 
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Ippendlz O 

Graphical Solutlona for the Detemination of Lattice Parameters 

Figure Specimen Composition (Atoedc %) Page 

12 
13 
lit 
15 
16 
17 
18 
19 
20 
21 

OB i*8.7Ti - 51.3*1 3 
5B U2.7T1 - 52.5*1 - U.ÔZr 

10B 38.6TÍ - 52.2A1 - 9.2Zr 
15B 33.6TÍ - 52.5a - 13.9Zr 
20B 29.1TÍ - 52.5a - lö.liZr o? 
X la.eii - 58.2a 
5C 37.6TÍ - 57.8a - lu5Zr 3c 

IX 3U.6TÍ - 56.3a - ÿ.lZr yr 
15C 28.9TÍ - 56.9a - lit.lZr 71 
2X 23.UTÍ - 57.8a - lb.8zr 72 
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Graphie*! Solution 
for Determination of 
L&ttiee Parameters 

Specimen No* 08 
Composition ( at) 
48.7Ti-51.5Al 

-_._1 

. 1 
CO • 

♦ 
» 0 

so 

N 

i . , 

-I«© 
oj 
u 

« +. 

’'inj •• 

! fe 
VJnO 

-|«j4 

?i5. 12 
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Graphical Solution 
for Determination of 
Lattice Parameters 

Specimen 5B 
Composition (at#£) 
42.7Tl-52.5Al-4.82r 

Extrapolated Value 

(VcH * .9626 
(c/a)2 » 1.03Ê9 

a2 » 16,162 
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Graphical Solution 
for Oatormlnatlon of 
Lattloa Faramatora 

Spaclman 10B 
Composition (at.£) 
38.6Tl-52.2Al-9.2Ir 

■jctrapolated Values! 
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Speolmen 15B 
Composition (at* %) 
33.6Tl-52.5Al-13.9Ir 

dated Values 
• .9712 
• 1.0297 

*= 16.392 

octrai 

Graphical Solution 
for Determination of 
Lattice Parameters 

'6 
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Graphical Solution 
for Detoralnatlon of 
Lattleo Parameters 

Specimen 208 
Composition (at. %) 
29.1T1-52*5^1-18*4Ir 

lated Values 
■ .9695 
- 1.0315 

» 16.337 
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i Graphical Solution 
for Datarmlnatlon of 

< Lattice Parameters 

Specimen OC 
Composition (at. i) 

41.8T1-58.2A1 

»»***» 

lated Values 
■ .9568 
- 1.0U52 

- 15.908 
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Graphical Solution 
for Ootarainatlon of 
Lattloa Paraaetara 

? Spaolaan IOC 
Compoaltlon (at* %) 
34,6Tl-56,3Al-(.12r 

Extrapolated Values 

Tig 19 
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Oraphlcftl Solution 
for Ootornination of 
Lattloo Paraaotora 

Spoclnon 150 
Composition (at. f) 
28.9Ti-56.9Al-l4.lZr 

.xtrao^lated Values 
(a/c)' - ,961j0 
(c/aK - 1.0370 

a2 • 16.321 
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Oraphloal Solution 
for Determination of 
Lattloo Parameter» 

Speolaen 200 
Ooapoaltlon (at. 
23.4Ti-5T.8Al-l8.82r 

Extrapolated Values 

» 
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Appendix £ 

Tabulation of 20 Angle«, Intendtics, and Identitle« of Peakj 

Recorded Ftm Difflractoneter Pattern« of Fifteen Ti»-n*v< »p . 

Rich Specineng 

Table SpeclMUi Conposition (Atonic 4) 

mu QA 
5a 

mv 1QA 
15a 

XXV 20A 
XXVI OB 

5B 
XXVII 10B 

15B 
-OCVIII 2QB 
XXIX oc 

5c 
XU IOC 

15c 
XXXI 20C 

51.UTÍ - lití.bAl 
liT.ÖTi - 1*7.6U - l*.5Zr 
U3.3TÍ - U7.2A1 - 9,5Zr 
39.0T1 - U6.9A1 - lli.lZr 
33.2T1 - ÜÖ.QA1 - l8^8Zr 
li3.7Ti - 51.3A1 
U2.7TÍ - 52.5A1 - li.bZr 
38.6TÍ - 52.2A1 - 9.2Zr 
33.6X1 - 52.5A1 - 13.9Zr 
29.1T1 - 52.5A1 - le.liZr 
la.ßTi - 58.2A1 
37.6T1 - 57.8A1 - k.SZr 
3l*.6Ti - 56.3A1 - y.lZr 
28.9Ti - 5G.9A1 - lii.lZr 
23.UT1 - ?7.tAl - iS.bZr 

NC'r¿: 1) In the following tables, peaks with a dash in the 
identity column were not identified. 

2) The intensity symbols have the following meanings; 

WS, most intensej VS, very strong; S, strong; 
M, medium; W, weak, VW, very weak. 
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Angles, intensities! and ¿dentities of teaks for ôpecimcm, oA _ 

Sneciroen OA Specimen 5A 

leak 2W /uue Intensity Identity Feak 2© Value Intensity 
Ko. _No« _ 

1 
2 

i 
u 

5 
r 

i 
e 

9 
10 
U 
12 
13 
—w 

Ji 
1C’ 
17 
Jt 
1? 

23 
2lt 
2S 
2i. 
21 
2c 

2; 
30 
ji 
32 

21 
31 
35 
iC' 

ä 
hb 
50 
>4 

■} OU 
ó; 

i - 
76 
7 7 

of; 

J. ^*4 
! 1 t 
i_5 

Uv 
lió 

-i ^ 

i23 
123 
12k 

13? 
iAO 
L.f. 

15 
'ï 

Õ0 
65 

55 
75 
CO 

50 
Uo 
50 
Cü 
ko 
30 
33 
‘-,vy 

50 
30 
10 

?3 
c J 

12 
: 

20 
50 
20 
70 
W 

33 
30 

25 
20 
30 

W 
w 
M 
/VS 
VS 
M 
S 
« 
M 
M 
K 
M 
M 
K 
H 
W 
W 
M 
W 
S 
ÎJ n 

K 
M 
H 
H 
W 
W 
w 
K 
S 
M 
ni 
M 

riooi) 
r(no) 
*,(200) 
'(ni) 

*¿201) 
y'oo2) 
y<200) 
r(2Ci) 

*U202) 
oft(220) 
r(202) 
T(220) 

^ zi 205 ) 
r(n3) 
TU31) 
7[222) 
rjo 
^Uco) 

rv3i3) 
r(3 i) 
T(20u) 

*z(22L) 

A 402) 
T(120) 
r(i¿2) 

y(22U) 
r(U22) 

A±k'¿2) 
rui5) 

-02 ) 

1 21.70 
2 31.1i0 
3 35.70 
li 36.UO 
5 iiO.80 
6 iii;.30 
7 Ui.yo 
6 50.I1O 
9 53.60 

10 ÓÍI.20 
n 6Ii.85 
12 65.ko 
13 71.20 
11; 77.UÖ 
16 76.60 
16 62.30 
17 97.50 
18 95.70 
19 10k. 00 
20 111. 0 
21 n2.00 
22 115.10 
23 n^.to 
2i 116.80 
25 117.30 
2c 122.30 
27 125.30 
26 126.00 
29 13..50 
3C 131.00 
3: 152.:0 
32 15'. 30 
33 i39.‘00 

M 
W 

ws 
VS 
K 
S 
U 
w 

K 
U 
fl 
K 
ïi 

1. 
11 
1*1 
M 
* 

M 
* r 
*4 

• « 

r(... . 
Y U 

•’i 
fU-*; 

*V ¿'- J. 
r 
JT( 
Y' -Oi) 

rU'A. 
r(22C 

<*A\ 
r(ii3) 
r 13: 

r(( 
rc. ... 
7. 
r 
n 3. i 
A. • 

Y 
m 

--V.; ' 

i-i 

.1 
V 

n 
-* ^ iS 

Ih 
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TABLE XXIV 

20 Angles, Intensities, and Identities of Peaks for ipecinens 1ÛA ara i 

Spec leen 10A Specisen ISA. 

Peak 20 Value Intensity Identity Peak 20 Value Intensity Identity 
_ Ho, 

1 21.70 
2 26.00 
3 27.i;o 
h 31.30 
5 33.30 
6 3U.50 
7 35.70 
8 35.80 
9 38.1*0 

10 39.30 
11 U0.1*5 
12 1*0.75 
13 1*1*. 20 
11* 1*!*.90 
15 50.30 
16 53.50 
17 61*. 2$ 
18 61*. 80 
19 6^.30 
20 71.30 
21 77.35 
22 78.35 
23 82.15 
21* 103.90 
25 111.28 
26 112.30 
27 111*. 82 
28 115.62 
29 116.50 
30 117.00 
31 135.50 
32 137.50 
33 11*1.1*5 
31* 11*3.1*9 

w 
w 
w 
w 
vw 
M 
M 
M 
VS 
w 
N 
s 
H 
S 
w 
w 
w 
M 
W 
w 
w 
N 
VW 
w 
s 
M 
N 
M 
M 
h 
w 
M 
S 
M 

/(001) 

i 
r(no) 

ort( 200) 
/(ni) 

0 
0 

Oft.( 201) 
r (002) 
/(200) 
r(2oi) 
«t(202) 
¢/^(220) 
/(202) 
/(220) 
«»(203) 
r(ii3) 
/(131) 
/(222) 

«»(1*03) 
/(313) 
/(331) 

/(201*) 
«»(221*) 
7(1*20) 

1 21.60 
2 27.75 
3 31.05 
1* 33.00 
5 31*. 35 
6 35.60 
7 38.25 
8 39.10 
9 1*0.20 

10 1*0.65 
11 1*1*. 20 
12 1*1*. 55 
13 50.00 
H* 55.00 
15 57.35 
16 62.50 
17 63.90 
18 6I*.55 
19 77.20 
20 77.80 
21 81.80 
22 110.80 
23 111.25 
21* HI*. 75 
25 115.70 
26 135.00 
27 135.95 

/(221*) 
/(1*22) 

«c(li2^) 

H 
M 
M 
W 
M 
X 
WS 
V 
M 
W 
K 
S 
W 
VW 
w 

vw 
X 
w 
M 
VW 
S 
S 
s 
s 
w 
S 

/ (oc.) 
0 

7 (110) 

0 
g 0 

/(Ill) 
0 
0 

«tí 201) 
/(002) 
7(200) 
/(201) 

/ (220) 
/ (202) 
/(h 5 
y ( 3 
/ (2? j; 
/(313) 

/(i'20j 
y(',?,i^ 
/(4:21 

75 
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ZABL2 XXV 

20 An&U«, InttnaltiM. and Idantltlea of Faaka for Speclnen 20A 

Speolaen 2QA 

Peak 20 Valúa Intanaltj Identity- 
No. 

1 12.75 
2 21.58 
3 27.70 
U 31.00 
5 33.00 
6 33.60 
7 3U.25 
8 35.55 
9 36.50 

10 38.19 
11 39.06 
12 39.58 
13 1*0.20 
11* 1*1*.10 
15 1*1*. 50 
16 57.30 
17 57.1*0 
18 61.50 
19 62.35 
20 62.50 
21 63.85 
22 6U.U0 
23 6i*.70 
2li 77.20 
25 77.75 
26 110.60 
27 113.00 
28 Hlu55 
29 135.90 
30 136.60 

w 
M 
N 
M 
N 
V 
K 
M 
V 
WS 
w 
w 
s 
M 
s 
V 
w 
V 
w 
w 
w 
V 
w 
V 
V 
M 
M 
w 
V 
M 

r(ooi) 
0 

r(iio) 
0 

$ 

Tdii) 

0 
r(oo2) 
r(2oo) 

y(202) 
r(ii3) 
r(13i) 
n3i3) 

*(22k) 
y (1*22) 
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TABLE mi 

20 Angles, Inimitié», end Identitiea of Peeks for Specinens OB and ¿8 

Specimen OB Specimen 5B 

Beek 20 Value Intensity Identity Peek 20 Value Intensity Identity 
-Mo* _ No, 

1 12.90 V 
2 21.75 M 
3 31.65 M 
1* 3Ö.75 WS 
5 UO.IO N 
6 l*li.35 S 
7 1*5.35 S 
8 50.90 W 
9 55.55 V 

10 65.32 S 
11 66.08 M 
12 66.25 V 
13 77.92 M 
H* 79.31 M 
15 83.08 V 
16 100.86 M 
17 112.1*6 VS 
18 113.98 M 
19 llu.l*5 M 
20 115.85 M 
21 II8.18 M 
22 119.1*1 M 
23 137.21 M 
21* 11*0.32 S 

1 21.66 
*(001) 2 31.1*3 
y(no) 3 38.51 
r(ni) i* ui*. i9 

5 1*5.06 
y(002) 6 50.51* 
y(200) 7 55.20 
y(201) 8 61*.93 
*(112) 9 65.60 
*(202) 10 77.1*7 
*(220) 11 78.72 

- 12 82.53 
*(113) 13 91.10 
*(131) ll* 100.22 
*(222) 15 111.91 
*(1*00) 16 113.26 
*(313) 17 115.35 
*(331) 18 117.1*1 
*(201*) 19 118.Q5 

20 136.18 
*(1*20) 21 138.89 

22 156.36 
*(22ii) 
*(422) 

M 
K 
WS 
M 
S 
W 
w 
s 
M 
M 
M 
W 
VW 
M 
VS 
M 
M 
M 
M 
M 
S 
M 

*(001) 
*(no) 
*(in) 
*(002) 
*(200) 
*(201) 
*(112) 
*(202) 
*(220) 
*(113) 
^(131) 
r(222) 
*(312) 
*(1*00) 
*(313) 
*(331) 
*(201*) 
*(1*02) 
*(1*20) 
*(221*) 
*(1*22) 
*(115) 
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table xrvn 

20 /Ingles, Intensities, and Identities of Peaks for Specimens iJb i 

Speoiaen 10B Speolaen 15B 

Peak 20 Value Intensity Identity Peak 20 Value Intensity Identity 
No. Mo._ 

1 21.65 
2 31.28 
3 3ii.5o 
h 36.37 
5 U0.39 
6 hlx.12 
7 lá.85 
Ö 50.36 
9 55.05 

10 6ii.60 
11 65.28 
12 77.16 
13 78.21 
1U 62.15 
15 90.1*6 
16 97.20 
17 99.35 
18 111.08 
19 112.25 
20 nl*.58 
21 116.30 
22 131*. 95 
23 137.29 
21* 154.70 

M 
M 
VW 
ws 
VW 
M 
s 
VW 
VW 
s 
w 
M 
M 
w 
w 
w 
w 
s 
M 
M 
M 
M 
S 
w 

t(001) 1 12.80 
y(llO) 2 21.65 

0 3 27.85 
y(m) 1* 31.20 

0 5 33.20 
V(002) 6 33.80 
Y(200) 7 34.1*5 
y(201) 8 36.55 
Y(112) 9 38.30 
V(202) 10 39.75 
t(220) 11 40.30 
T(113) 12 U0.45 
r(131) 13 44.00 
7(222) 14 1*4.75 
7(312) 15 50.15 
7(004) 16 64.60 
7(400) 17 65.10 
7(313) 18 77.15 
7(331) 19 78.10 
7(204) 20 82.00 
7(402) 21 99.10 
7(224) 22 110.90 
Y(422) 23 112.00 
7(115) 24 114.50 

25 116.10 
26 116.60 
27 118.60 
28 134.70 
29 136.80 

VW 
K 
W 
M 
W 
M 
W 
M 
VS 
M 
M 
N 
M 
S 
VW 
Vi 
w 
w 
w 
w 
w 
s 
K 
K 
K 
M 
M 
W 
M 

7(001' 
0 

7(110} 

0 
£ 

0 
£ 

7(111) 

0 
e - 0 

0 
7(002) 
7(200) 
7(201) 
7(202) 
7(220) 
7(113) 
7(131) 
7(222) 
7(400) 
7(313) 
7(331) 
7(204) 
7(402) 
7(420) 

7(224) 
7(422) 
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TABL<¿ XZmi 

20 Anglea. Intaoaltiea and Identltlaa- of Feaka for Specimen 2CB 

Speclnen 20B 

Peak 20 Value Intensity Identity 
No. 

1 12.85 W 
2 19.30 ¥ 
3 20.38 W 
h 21.63 M 
5 21.69 ¥ 
6 27.87 ¥ 
7 28.32 ¥ 
8 31.25 M 
9 33.20 W 
10 33.77 M 
11 3U.U5 W 
12 35.70 W 
13 36.59 S 
li* 38.35 VS 
15 39.20 U 
16 39.75 S 
17 1*0.35 S 
18 1*0.55 W 
19 1*1*.08 M 
20 1*1*.78 S 
21 61*. 52 M 
22 61*.58 W 
23 67.30 W 
21* 70.92 ¥ 
25 76.90 ¥ 
26 76.16 K 
27 82.00 W 
26 82.55 ¥ 
29 97.00 M 
30 102.00 M 
31 101*. 10 M 
32 107.00 M 
33 117.00 M 
31* HI*. 30 M 
35 116.30 M 
36 116.70 M 
37 131*. 70 ¥ 
38 135.90 M 

€ 
£ 

ï(001) 
€ 

0 
e 

r(uo) 
0 
e 

0 
e 

*(m) 

Eor (f) 

0 
Y(0r>2) 
/(200) 
/(202) 
/(220) 

*(H3) 
'(131) 
V(222) 

r(313) 
/ (201*) 
' (1*02) 
*(1*20) 
'(221*) 
*(1*22) 

79 
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TABL¿ UH 

20 Angles, Intensities, and Identities of feaks for Speclnena OJ 

Specimen 0C Specimen 5C 

Peak 20 Value Intensity Identity Peak 20 Value Intensity 
Mo. _ No. 

1 21,72 M 
2 31.65 M 
3 36.75 WS 
Ü Ui.32 S 
5 b.36 VS 
6 50.85 W 
7 55.1*9 VW 
8 65.35 M 
9 66,17 W 

10 77.95 M 
H 79.U5 S 
12 83.15 W 
13 91.73 Vrf 
14 96.07 W 
15 iui.il W 
16 112.78 VS 
17 111*. 1*3 S 
18 llo.02 M 
19 118.57 S 
20 n9.U3 S 
21 121*. 26 V«' 
22 137.52 M 
23 11*1.01 VS 
21* 151.69 M 

r(ooi) 1 21.61 
y(no) 2 31.1*7 
r(m) 3 38.53 
Y(002) 1* l*l*.05 
/(200) 5 1*5.09 
r(201) 6 50.53 
Y(112) 7 55.15 
Y(202 ) 8 61*. 88 
Y(220) 9 65.72 
Y(n3) 10 77.30 
Y(131) 11 78.81* 
*(222) 12 82.58 
Y(312) 13 91.05 
*(001*) 12* 101.38 
*(l*oo) 15 m.71* 
*(313) 16 n3.35 
*(331) 17 nl*.95 
*(201*) 18 117.37 
*(1*02) 19 H8.22 
*(U20) 20 122.90 

21 135.85 
*(221*) 22 138.08 
*(1*22) 23 155.30 

M 
M 
WS 
M 
S 
a 
VW 
M 
W 
W 
M 
V 
V\/ 
w 
VS 
M 
M 
H 
K 
W 
w 
vs 
w 

80 

and 50 

Identity 

*(001) 
V(110) 
7(111) 
*(002) 
*(200) 
*(201) 
*(112) 
Y(202) 
*(220) 
*(113) 
*(131) 
*(222) 
*(312) 
*(1*00) 
*(313) 
*(331) 
*(201*) 
*(1*02) 
*0*20) 

*(224) 
*(1*22) 
*(115) 
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ÏABLL XXX 

20 a.-!¿i.e3f Intensities and .identities of Peaks for Specimens iQO snd j¿g 

Specimen IOC Specimen 15C 

reak 20 /alue Intensity Identity Peak 20 Value Intensity Identity 
-fo*_No. 

1 21.52 M 
2 31.U0 M 
3 33.yo W 
1* 36.70 W 
5 36.10 WS 
6 3?.$C W 
7 Ui.OC M 
6 Ui.55 S 
9 50.I1O W 

10 55.05 W 
11 66.66 M 
12 65.4O W 
13 77.12 W 
11* 76.62 N 
15 66.20 ^ 
16 *7.20 W 
17 59.60 W 
16 111.20 S 
19 112.55 M 
20 116.60 M 
21 11Ó.60 K 
22 117.30 M 
23 135.00 K 
26 137.72 S 
25 156.65 M 
26 161.30 M 

t(001) 1 iy.31 
t(llO) 2 20.36 

€ 3 21.59 
€ 6 21.87 

t(ni) 5 28.20 
€ 6 31.31 

Y(002) 7 33.82 
*(200) 8 36.56 
7(201) 9 38.35 
Y(U2) 10 39.22 
r(202) 11 39.60 
A22O) 12 60.63 
nil3) 13 61.35 
ÍU31) x6 66.03 

15 66.68 
y ( 004) 16 50.^ 
Y(600) 17 55.00 
A 313) 18 62.27 
Y(331) 19 66.62 
/(206) 20 63.36 
/(602) 2i 67.35 
Y(620) 22 77.05 
/(226) 23 78.32 
y(U22) 26 82.06 
r(H5) 25 96.68 

26 99.1*5 
27 100.50 
28 102.10 
29 106.16 
30 106.90 
31 110.95 
32 112.25 
33 116.35 
31* 116.65 
35 110.91 
36 126.32 
37 136.70 
36 137.28 
39 153.85 

W 
W 
M 
W 
V 
M 
M 
S 
VS 
VW 
S 
v.r 
V/.' 
w 
s 
y 
VW 
w 
K 

w 
y 
w 
w 
w 
K 
W 
M 
PI 
W 
0 
K 
Pi 
M 
M 
W 
H 
S 

e 
e 

Y (001) 
£ 
£ 

/(110) 
£ 
£ 

/(111) 
£ 
£ 
£ 

/(1.2) 
¡0 : ; 
/(201) 
/(112) 

Y(2C2) 
/(2/0) 

/(113) 
/(131) 
/(222) 

/(006) 
Y(600) 

/(313) 
/ (133' 
/(206} 
/(60:.. 
/U2C0 

/(22:.) 
A .22) 
/(115) 

81 
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TART.K r/YT 

20 Angles, Intensities, and Identities of feaks for Specir^ p 

Specimen 20C 

reak 20 Value Intensity Identity Peak 20 Value Intensity 
do* _ No. 

1 19.30 
20.32 
21.SÖ 
21.65 
28.15 
31.30 
33.76 
36.55 
36.32 
39.20 
39.72 
1*0.55 
Ui.h2 
1*4.00 
uh» SO 
56.35 
60.35 
62.18 
61*. 38 
61*.55 
65.18 
67.30 
70.97 
77.00 

M 
N 
N 
V 
M 
H 
VS 
VS 
v;s 
w 
vs 
s 
V 
w 
s 
w 
V 
M 
M 
N 
M 
V 
V 
w 

€ 25 77.25 
€ 26 77.65 

Y(001) 27 78.20 
€ 28 81,96 
€ 29 82.60 

y(110) 30 96.90 
£ 31 97.20 
6 32 99.1*5 

7(111) 33 100.35 
£ 31* 102.02 
€ 35 102.37 
£ 36 101*. C2 

37 110.68 
7(002) 38 112.07 
7(200) 39 113.00 

1*0 111*. 32 
Ul 116.17 
1*2 116.65 
1*3 117.22 

7(202) 1*1* 120.Jj* 
7(220) 45 121.60 

46 126.04 
47 134.51 

r(H3) 48 136.40 

V 
w 
if 
w 
w 
rt 
V 
K 
K 
M 
V 
n i> 
5 
M 
M 
X 
V Ai 
X 
H 
X 
1-/ 
X 
w 
n 

20J 

Identity 

7(131) 
Y (222) 

7(400) 

7(313) 
7(331) 

7(204) 
7(402.' 
Y(420) 

7(221) 
7(422) 

62 
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Appendix F 

PhotoMlcrographa of W-Al-Zr Aliara 

Ihla appendix oontalna the photoaicrographe of 

ilia alloye studied in this investigation. 

Figure Speclaen Coapositlon (Atonic í¿) 

22 
23 
2k 
2$ 
26 
27 
2Ô 
29 
30 
31 
32 
33 
31* 
35 
36 
37 
38 
39 
1*0 
i*i 
1*2 
1*3 
1*4 
1*5 
1*6 
1*7 
1*8 
1*5 
50 
51 

QA 
5A 

15A 
20A 
25a 
35a 
1*5a 
5QA 
55a 
55AA 

OB 
5B 

10B 
15B 
20B 
25B 
30B 
35B 
1*0B 
50B 
5obh 
5oba 
50B 
5oba 
20C 
20CA 
25C 
35c 
l*5c 
1*5ca 

5l.l*Ti-l*8,6Al 
l*7.8Ti-l*7.6Al- 4.5Zr 
39.0Ti-46.9Al-lli.12r 
33.2Ti-l*8.0Al-l8,8Zr 
30.2Ti-li6.2Al-23.62r 
19.5Ti-l*6.1A1-31*. l*Zr 
9. OTi-46. óAl-lili. liZr 
l*.OTi-li6.4Al-li9.6Zr 

l*6.2Al-53.8Zr 
l*6.2Al-53.8Zr 

l*8.7Ti-51.3Al 
1*2.7TÍ-52.5A1- li.SZr 
38.6Ti-52.2Al- 9.2Zr 
33.6Ti-52.5Al-13.92r 
29.1Ti-52.5Al-l8.1iZr 
26.3Ti-50.9Al-22.82r 
19.6Ti-51.3Al-29.12r 
13.8Ti-5l.6Al-3l*.6Zr 
9.3Ti-51.QAl-39.7Zr 

5l.liAl-ii8.62r 
5l.l*Al-li8«6Zr 
5l.l*Al-li8.6Zr 
5l.l*Al-li8.6Zr 
5l.l*Al-li8.6Zr 

23 .l*Ti-57.8A1-1Ö. 6Zr 
23.1*Ti-57.CAl-l8.8Zr 
l8.7Ti-56.6Al-2li.7Zr 
9.6Ti-56.1Al-31i.2Zr 

56.0Al-lili.0Zr 
56.QAl-lili.0Zr 

most of 

P&ge 

81* 
81* 
85 
85 
86 
86 
87 
87 
88 
86 
69 
69 
50 
90 
91 
92 
92 
93 
93 
9k 
9h 
95 
96 
9ò 
97 
97 
98 
98 
99 
59 

63 



OAV/Mech 61-6 

co g> 
h*3 Si 0) 

o 
On 
K\<0 

u5 . 

<2 œ o 
tu £ œ 

O ® H 
O 4J 
O -P • 
O oj P 
OJ D» G 

• <D 
^ O 
rH e< ® 
C t. t. 

00 
<r . 

i 
1 

co 
® 
n 

H HJS 
■»too, 

• O 
*r °>~ if\ 
w «d 

355 

su 



OAVAîÂch 61-6 

(4 a 
o"'E 
O ® 
O 43 
O *3 
C\J Cd 

♦> 
c 
® 
a 

® 
D. 

P, ® 
• O 

Sïu 
• >< VU 

00 
H • 'ô 

I -O C 
H ® aJ 
C H 
O O • 

• o-e- o ^ 
s 

I «<v 
«H 
h •< ® 
CM ® 

• • 43 
K> ® ® • 
K> U O K 

«H O 
«d o 

O On C 00 
(\J KN^t H 

P 
.O • 
<Vh 43 

r ® C Cm C ® 
o P ® 

O +3 P< 
C\J d 

A ® 
• ® 

^ ® 
P cd cd 
N P ^ 

2^ 
r-4 • 

I Tí Tí 
H © ß 
^ H cd 
ON O 

• o * 

■«t v 
I u • 

s*® 
• ».p 

On O © • 
»O k O K 
wXl -4 O 
-d TîO 
Un On C CO 
rd -H r—C 



GAV/M*ch 61-6 

£ 

tß 
£ 

U 
(X 

a 
« 
CD 
OS 

o ES 

h +> • 
O c9 *5 
O P,C 
O « 
O ►. « 
(VJ o) « 

U 
• I 

~x 
U 
N 
■ft TJ 

• © - 

•*t Xi £ 
KV O P, 

» r 
© \j 
3 
o"o 
, ß 
ß a 
© 

i -p>- 
•H © 
H > © 
in © 

• • -p 
Ov © d 
H P O 
'-'X! <H 
^ *0 inco c 
Kv^r -h 

H 

H 

VO 

VO 
(VI 

tú 

O 
O 
o 

U ß • 
O M P 
^ © c 

4-3 © 
k. 43 œ 

O cô © 
“ P.^ 

P. 
t>» 

(VJ © CD 
U 0 

• I 0 

h*% N • P, 
vo •a 

• ©^ 
J^VXJ 
(VJ o <0 

I ß ß 
© © 
3 
o* » 
u * 
© • 

• 4 >» 4H © 
* 0 

C 
• • P 

O 0 © 
KV ß O • 
— Xi *H K 

•O O 
00 ß lO ■‘t »H f— 

% 

'S 

si 
C\J‘ 



QAV/Meoh 61-6 

o\ 
c\j 

60 

u Z 
O ft) 

V« H 

l»« <ö C* 
O P.N 
O 
o ►»'d 
o bj c: 
(VJ (4 0] 

• » 
^ KA 

• H 

vo <M 

O N 0\ - 
-* c: 
i 

? 

« 
3 KN 
0*H 

(4 
VO ® Í4 O 
•«t ^ N O 

I o) CM 
4-t O 
S® • 

• -P P 
• ® aJ r3 

•4 ^ O <D 
'-'A p œ 
<< -d ® 
OCO ß t4 

—i n. 

Ë (4 Í4 O 
o ® ® 

V< P œ 
P ctj 

p>4 ® x: 
p* a o 

o 
o 
o 

►»Vil 

CM P TJ 

• ><; § 

&x) •dH 
■¡t ® << 

• x: i 

tz* 
8 * 

H 3 KN 

K 
P -&D 
® (4 CM 
P M KN 

I a CM 
P> « 
H ® • 
O • *J P 
. « ® c 

Ov (4 o ® 
wÄ P ® 
< d ® 
unco e p 
■sr p o. 

i 

VO 

i 

WP 
3 

í’g 

H ® 
o o 

P 
o 

® 
X5 ►» 
P H 

H 
Vt ctf 
O 3 

n 
® p 
0 > 
O 
n a 

® 
d œ 
3 cj 
«J P 

P. 
® 
m K-t 
® o 

P P 
« 

V. p 
O 0 

3 

£ß 
« « 

US 
j3 ® 

p 
® cö 
P o 

d • 
: 3 m 
,P2 

) œ d 
» P P 

!§•§ 

i&i 
32S 
> O 3 
3 P O 
4 ß P 

O H 
P 

II 

7 



au0(«ch 61-6 

Oi 

r\ 

60 
■H 
WI 

2 . 

.¾ 
v> % o 
«MO 
« OJ 
o •> 
I IO« 
«HP 
<< c 

-¿J" 
b 
N o 
oo ® 

• p 
KN « 
in o 

I «H 

SË 
w © 

^p tJ 
in cu c 
in p, d 

® 

o, 

6 

c 
o 
o 
U 
H 
M 
I 
y 



GAW/Mech 61-6

K\to

to

U

£ C • £ X 
h <D O 

O -P O 
O PCO 
O Cfl H 
O ft 
CVJ • 

►*+2

^>!:
CO 

• *
•=t tJ 

I ®
So -
in O .d
• Oft

d V
Jt ^ n
E-. ®
t- «P
• CO Q 

CVJ d O

®
GO
®
U
ft
®
COa

CVJ
to
to
s:

®
d a 
d ®

p 
On ®
to O

•rH
^■2fiS

o'-fi
o ® •
OP K 
O P O 
CM ® O 

ftCO
• H

^ ►»
gp*

to •
I TJ 

«H ®
^•5®

• o ®
CD O ®i^-ass-

®
o
®

ft

89



<U¥/Í(»ch 61-6 

ir> 

w 
£ 

u • 
O 4* 
^ C 
b. R 

O ® ® 
o ♦* t» 

CVJ cxe 

• ►» o 

N I (X 
o\X 
• Vb 

ro • 
H rí 
I © c 

rH H flJ 

Â§ - 
cí0^ 
m t. - 

•H 
E-t « 
VO • (D 

os +> 
r^i 
r» 

) b oS 
o 

sr 

M 

TJ o 
ß CO 

•H rH 

to 

£ 

o 
Ë 

K 
O 
O 
CO 
H 

{*«©♦> 
O 4» Ö 
O P ® 
O rt ® 
Oft® 
(VJ h 

►> ft 
• © 

^ ß ® 
ß i ® 
NK® 
cvt ë 

• • J3 

<ri^ 
H H-Ö- 

(3 O TJ 
• O C 

cm a 
m h 

• «jv «H -< 
E-< o 
VO • ® 

• OS p 

»SS 

90 



(UV/M*ch 61-6 

a 
fe S œ 

© 
U 
O, 

Vû 
IO 

fcû 

O © 
O -P 
O 4J 
O © 
OJ fe en 

© 
• >» © 

^ cd © 
U U A 

• VI/ 
oo • 
H <0 *0 

I © ß 
rH CÖ 

S 3 O 
in o 

CVJ ^ in fn « 
» -H >. 

H a 
H • © 

• CQ +> 
0\ ß Cd 
cvj Jq o • 
^ *H H 
cq rjoixí o 
O O ß CVJ 
CVJ-«* «H Í- 

91 



aAVA(«oh 61-6 

co 

w 

¿E8 
©OJ 

. U< 4J • 
O a) 43 
O ftfi 
O © 
O ►. « 
(VJ © 

b 

*►<1 
a 

• © 

2 
P. 

,¾ 
o 
© 

H -0 
• © - 

ckx: x: 
(VJ O ft 

i p 

SS* 
KV cT'Ô 

H (.g in « 
i -py 

•H et! 
E-t* <0 
KO « 

• • 43 ov © © 
H P O 

-H 
(P <0 
O co c 
kv-<F 

KV 

60 

& 

« 



(UV/k*eh 61-6 

s 
to 

b £ B 
O ® • Vi 4» « 

U.ÏS o ex O. 
8 ►»H 

S2Í 
.>iN 

^ tí 
h • tí 
Ñ-0 <* 
t^- ® 

• r] « 
0\ O 
^ tí H 

I ® ◄ 
H tí OJ 
◄ O* tí . 
O N H 

• tí O 
H C «Q 
ir>4î ^ o 

I c6 OJ 
-H > tC 
H œ • 
»O • 43 ♦> 
. « oj C 

ON tí O ® 
— £} «H ce 
m -o ® 
Q 00 ß tí 
■íf «f ^ p, 

0\ 
10 

• 
tú 

3 

irvm ß 
to-? .H 

93 



<UI0f#ch 61-6 

oi 

w 

• o 
• 
U 4 

XJ o 

VO *3 

U 5 
O ♦» 

Eg 
U< ® to 

0 -P © 
OJ p b 
On 4 Pi 
H 0, 
01 o 

►> « 
• 0) o 

^ P 4 

1¾ k: ft 
NO 

• • K\ 
00 -O H 
•cf © W 

I X! 01 
HOP 
◄ ß N 
■4 © 

• 3 •O 
H O ß 
in 4 

p 
K © H 
CQ P <5 
O 4 P 
in> N 

O 
O 
o 

to 
• © • 

4 P K 

5S8 
H O 

œ «o oi 

«H • 
p p 
O ß ß 

Vl p © 
© n 
p © 

o P P 
- 4 ft 

ft 
© 

Ol ►>© 
4 © 

• P 4 

vo • m 
• H H 

I O P 
H ßN 
-< © 

o* ß 

P - 
w © h 

U-N> M 

!n 

9li 



GAV/Meoh 61-6 

-«i- 

to 

£ 

•ö 
►» c 
o) d 
U 

OJ 

• Í 
•P K> 
ca 
o) N • 
o » K 
I l<X3 

CD rH IA 
< Jt- 

CVJ 
• tl • 

— N ^ 
tj a 
M o) œ 
vo ® CD 

• -P ® 

SS ' 
I -H 

H Ö 
in E 
^ c 
S4Ï 

4Î 
“ a 

u 
(X 

c 
o 
o 

I 
P. ï 



OAV/Meoh 61-6 



(UV/M«oh 61-6 

O 
4» 
« 

O 
I œ 
< 

$ 

tû 
£ 

00 K • in 
00 (VJ 
h m 

I H 

®Ê 
K- O 

ITi*» 
I -P ^ oî 

H 0. 
•4 

• >» 
in a 
(VJ u 
< K 
g O 
(VJ » 

vo 
■4 

to 

vt G 
« 

fr« d co 
o C © 
o © M 
§iö 
(VJ 4 © 

P.« • © 
'T' ►»© t, © .C 
N Q Q. co i 
• K vu co 

H • ^ 
I <0 G 

H © ctf 

5¾ - 
•g-6- 

t; 
I Qw 

H ◄ © 
•4 « 

• • P KV © 4 
(VJ Q o • 

p y, B TJ C 
cri ccj eu mp t» 

97 



OAW/Meeh 61-6 

i 

« 

On 

60 

£ 

OJ 

1 

'Ü 

n 

/ 

5 

60 

(4 
ft 

(0 
0» 
CO 
a) 

X 

o c lT\ 
Vt © 

♦> 
ft • 
O © -p 
O ftfi 
o © 
O ft© 
CVi © © 

fr. 

U 
N • 
t'-'O 

• © _ 
■il- Xi X! 
OJ o ft 

C 
© vu 

< 3 
vo O"0 

• , ß 
VO ß © 
UV « 

I -p >- 
•H © 

© t- © 
• • *3 

CO B © 
H ß O 
^J3 «h 
^ ■Ö 

I 

98 



<U¥/M*oh 61-6 

V^ 

t ^ -m 

t * * 

ÎO 

tc 

K'* 
>*< 
• (M 

ŸÂ 
X 
• (D 

<p a 
ta £ 
aJ P. 
o 
I « 
"Ö 

c 
^ a 
hi CD 
O « 
• •P 

< a 
< o 
I -H 

H *d 
<! C 
O -H 

»E W 0) • 
-< P X 

-4- Plt^ 

» 
¢0 

u 
• 0) 

CD +> 
U eS 
A o 

si 
«H 

p • 
O P K 
V. E o 

a> in 
t*« p h- 

o P 
o 4 • 
O P.P 
O Ö 
<VJ X® 

S a 
« 

^ I h 
PK ft 
N 
o • m 

• •OH 

■tf J3 CJ 
I o P 

H C N 
<! ® 
O 3¾ 

• a* C 
VO aJ 
m 

m aJ p 
ON 

99 



' '‘'’%^nn^''

Fig. 52

Debye-Scherrer Camera
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Appendix 0 

Debye-Scherrer Cañera Techniques 

î :e ^•i.-icra 

rj_L of the alloys containing or more zirconium ver« 

initially investigated by use of two llii«6 mm diameter Debye- 

ocJicrror cameras. Inis type camera (Fig. 52), made by North 

American Philips as an accessory to their x-ray diffraction 

unit, employs the Straunanis film loading technique (Ref 1:Ifj;. 

The initial step in the use of the cameras was to ali> u tl 

wit.i t.ie x-ray tube. The target of the x-ray tube is so a.rrar."<'. 

on the diffraction unit that four beans are emitted approximately 

in a plane perpendicular to the tube axis with right angles betwerr 

beams. The goniometer was placed to utilize one beam while the 

cameras utilized two of the other beams* The two cameras were 

aligned with the x-ray tube in accordance with the manufacturer ' 

instructions. Each camera was used only with a particular beam 

throughout the investigation in order to minimize necessary 

iealignmenb. However, the alignment was checked periodically. 

There are a number of suggested methods for mounting the 

powder specimens in the camera. After two methods proved un¬ 

successful (the method of roiling a mixture of the powder end 

collodion between two glass slides, and the method of extruding 

a mixture of the powder and collodion), it was decided to er.clr- 
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Uie I'ovder In thin vailed P^Tex capillary tubes. TJ'.e tii i 

wore rc.juired so that tre intenjity of t.ve reflected x-ray be ..-. 

would not be significantly reduced by the glass. As ready-.^iua 

tubinj of this type was not available to the investigators, a 

hand; ¡ale type of capillary* was used. The procedure for maicing th: 

capillaries will now be described. 

M -Mn,- the Thin Wailed Capillaries. 

The center of a piece of lóran diameter standard waxl i'yrcx 

tubing about 10 inches long is held in a small gas flame. ('A:'a 

investigator used a hand torch,mounted on a work bench, er. I 

natural gas and oxygen. ) Satisfactory results were obvai: ■. i 

a fiai.x height of about U inches with the intense part of t.;t > u > 

beinj. about three fourths of an inch long. Both ends of ;.v; 

are rotated at equal rates so that the center portion i" /c ; ^ 

heated. A strong even puli on the ends of t’-e tube, bex 

tecor os too plastic, will cause the tube to neck slowly-. i e; 

the diameter is about tlirec fourths to one ’iaj_f of the or;; ' 

tube ci arete;, the pull on the ends of the tube is eace-d; :: i 

the rotation is continued until the neck becomes fairly 

(Great care must be exercised at this point to ensure e.v;n 

rotation of the tube ends. Uneven rotation of the ends causes 

tvist which ruins the tube.) A very rapid puli on both ends 

lOd 



Fig. 53

Breaking Glass Tubing
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or the cabe Wili now draw t;-. necK down to lew t:.an 0.. -.-. :f 

dianettr a;J cavse the tubin. to break. 2ach of the halvor 

be used ic: Eir*LTie epfcir.cn. A straight portion of the cafii-i 

about cr'»- :. .if inch lor.?, is found and alJ excess ¿lass on t-v? 

end of 0.0 tv.U is broken off as shown in fig 53. It is inF^rt.n 

at t :• lingers act as a cushion for the capillary tc pot< 

:-.he täte fron being shattered. U Knife edge nay be- used on 

piece of a fingernail.) Insertion of the end of the capilla 

int«, a fiene seals the end of the tube. 

hom.tii' • the . owder Soccinen 

A niece of copper wire, approximately the sane diureter as -:/ 

hole ia vix braes.fitting of the camera, is placed in a vertical 

position in a vise so that about one eighth inch of the wt.re 

r/.Ui*:«- above the jaws, fhc brass fitting is then placed or. - 

uire, and a srall anount cf beeswax is put on trie tco of t c 

f /t tii. '. 

ïh.e capillary is now fii.'ed with powder. (The large >.r o . 

t„0 cubing was not broken off previously so that it ccuid r.c - ; ' 

a funnex iVr the capillary.) 'Tapping the larger end of tie tube 

v,ith toe finger will settle the powder into tue capillerj*. 

it is filled, about one half inch of the capillary is broke': s-i, 

ar - reviav sly described. The specimen rrust be handled by f-. • * 

only. Thf capillaries are so weak that twee sen* wiii 

r^hc. T i . w .cr naj- be eoaj.ee in t..e capL!-i.nry by 

the tu . vi. vdiich ic vxxted bj use of a scldcrinr iron. .. - 

102 



J : > A LCi; ul-0 

cíin nu/ be Inserted rerticaUj/ into the fitting as the wax ic 

fceinç .~oited. (The reason that ti.e copper wire was used was that 

it prevents the beeswax fro« running through the hole in the 

fitting.) The fitting is now removed fío« the wire. 

The fitting containing the powder specimen is then placed 

in the holder in the center of the camera. By gently melting 

the wax around the specimen with the soldering iron while the 

fitting is in the camera, the specimen can be moved about until 

it is parallel to the axis of the camera. By following the 

manufacturer's directions, the axis of the tube can be made 

coincident with the camera axis. The camera is now read„ to be 

loaded with film. 

faKing Exposures 

¿if ter inserting the film, the came . as were placed on the 

ciifTac.ion unit. IVelve hour exposures were taken of each 

specimen at a power setting of 20 kv. and 15 ma. Higher settings 

uere oiirinally tried but the zirconium fluorescence fogged the 

iilm. hiring the exposures the specimen was rotated inside the 

camera by means of a rubber belt connection between the specimen 

holder i'/.ait and an electric motor. 

The film used was Kodak, Ledical, l.o-screen. X-ray film. 1] 

patwf mo weie developed with Kodak liquid X-ray Developer and fi.\r ' 

vitt Kodak liquid X-ray Fixer using the manufacturer's su zested 

developing and fixing tines. 
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After the fUa dried, the North Aaericen-Phllipe illa reader 

was used to Measure the position of all lines on each pattern« A 

correction factor, which averaged 1.003, was applied to correct 

for the shrinkage of the film in the developing process. The 

observed lines and intensities are listed in Appendix H. 

Results of Panera Data 

As can be noted from the data of Appendix H, nan;/ more lines 

were obtained from the camera patterns than from the diffractometer 

patterns« This was due to the long exposure times used for 

the photographs, and to the decreasing of the background level 

brought about by low x-ray tube power. 

Since not only the angle and intensity of a reflection 1W 

are important but also the shape of the peak, it was difficult to 

trace lines between the different camera patterns as was done in 

Chapter VI of this report. This difficulty was compounded by the 

complexity of the film patterns. Attempts to correlate the camera 

film and diffractometer patterns proved to be difficult because of 

a fhift in 20 values of peaks. The shift in some cases was as much 

as 0.3 degrees but was not constant for different peaks of a single 

specimen or for the same peaks of different specimens. Also the 

relative intensities of lines did not match the relative intensities 

of peaks as can be seen ty coiparing for specimen 50B tahulated 

peak intensities in Table XXXVIII to observed values in Pig. 10(c). 

Because of these difficulties difiractometer patterns were taken 

of all specimens. These patterns yielded the information already 
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r -iv.i .c to in the body oí the report. 

If tine bad permitted the data obtained from these film 

patterns might hare permitted the determination oí the 6 ar c fs 

crystal structures. 

Jfr:cIuslons 

The investigators reached some conclusions regarding t .c use 

ci' the x-rayr equipment which may prove useful to later invest-gs cor 

1) For precise measurement of single phase lattice para-.. 

te camera techniques are probably more accurate than those ci t.io 

.xiiractoneter. More x-ray reflections fron planes are rc-corcec a: 

-.iin ti an on the diffractometer patterns and these reflection:; can 

be pore accurately measured particularly at high 20 angles. The 

alignment of the camera is simple, but the techniques for mounting 

t ie specimen, developing film, eta are time consuming and sometimes 

Lodious. 

2) For phase determination study the diffractometer is 

recommended over the camera because diffractometer patterns i~r 

oafferent specimens are easier to compare than are film pati-.inr, 

relative intensities are easier to determine from diffi*actom<n.cr 

patterns ano such useful information as peak size and shape can 

cnly be determined from diffractometer patterns. 
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Appendix H 

Tabule ted 20 Angle« and Intenaitlea of Lines Recorded ire*: 
üebye-Scherrer Photograph« for Twelve Zlrcõnlua^lcb Alloys 

The foil wing tables Hat the diffraction lines observed on 

Debye-Scherrer photographs of selected Ti-Al-Zr alloys containir/* 

2½ or more zirconium. (For chemical analyses of these specimens, 

“eo Appendix A.) Table II indicates the initial homogenizing 

treatment given each of the specimens. The stress-relief tri??i~ 

ment may be found in Table III. 

i.any lines Wiich could not be accurately read on the fi In 

reader were not listed in this appendix. The omitted lines vere 

f weak intensities (VWV or weaker). 

All of the patterns were obtained by use of llii.ónn diar .U- ' 

jobye-3cherrer cameras. Twelve hour exposures were requireo r 

.: .*kel filtered copper radiation at a power setting of 20i;v. • : 

IÜiä. 

i:0T¿: The intensity symbols have the following mean:. 
VS, veiy streng; M, medium; W, weak; VW, ver 
Additional V'e indicate decreasirjg intend ■ e 

1C». 



Vaolf Specltn Mo» Coapoaition 

XX/ŒI 

aXXIII 

.CùŒV 
XXJC7 

.(a/i 

.amu 

35i 
ii5i 
5Câ 
551 
554a 
25b 
30B 
35B 
JiQB 
50B 
50BH 
5QB4 
25C 

5c 
Sc 

USCA 
i 

lS,5îi-it6.Ul-3l».liZr 
9.0Ti-U6.6Al-l^.liZr 
¿w0n-lj6.UAl-ii9.6Zr 

Uö.2Al-53.8Zr 
U6.2Al-53*8Zr As-cast 

26.3Ti-50.9Al-22.1Zr 
19.6n-5l.3Al-29.lZr 
13.8n-5l.6Al-3U.6Zr 
9.3n-5l.QAl-39.7Zr 

5l.UAl-U8.6Zr 
5l.UAl-U8.6Zr Special 
5l.UAl-U8.6ZR As-cast 

18.7Ti-56.6Al-2U.7Zr 
9.6X1-56.lAl-3U.2Zr 

56.9Al-UU.OZr 
56.9Al-UU.Cv'r As-csst 
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TABLE HUI 

«» 

*•£ .‘-»slga and Intenaities of Lines for ¿peclacna 35A md U5& 

Speclasn 3SA Specinen It'- 

Line 20 Intensity Line_20 Iv^enslty 

1 12*89 WW 
2 19*li9 VW 
3 20.57 W 
h 21.95 VW 
5 27.75 VW 
6 28.28 VW 
7 33*76 MS 
6 3ÍJ.29 VW 
9 36.70 S 

10 38.15 M 
11 39.11 WW 
12 39.7U VS 
13 Ù0.51* M 

kl J# Wa' 
15 >0.59 vw 
16 56.U6 vw 
T? S6.97 m 
18 60.18 W 
19 62.09 MS 

D 63.50 VW 
a* .20 m 
67.26 M 

23 70.68 M 
C.'. 77.1*6 M 
25 79.77 W 
26 .:2.18 M 
27 '5.65 VWW 
28 55.25 WW 

.: .1.76 VW 
^ .9.51 w 

:::.33 w 
3- :,.38 W 

..:-.-3 w 
r 1 6,3.!* W 

i<36 M 
‘ J.?3 W 

3-' 1 --5.70 K 
•-:0,75 W 

1 
2 
3 
1* 
5 
6 
7 
8 
9 

10 
11 
12 
13 
11* 

15 
16 
17 
16 
J.9 
20 
21 
22 
23 
21* 

25 
26 
27 
29 
29 
30 
31 
32 
33 
31* 
35 

21*.79 
25.62 
26.52 
27.60 
32.72 
33.53 
31*. U 
35.09 
36.67 
37.1*0 
37.87 
38.50 
39.66 
1*0.93 
1*1.96 
1*3.; 
1*6.:. 
1*7.96 
50.42 
52..1)3 
51*09 
56.56 
59.71 
60.7? 
61.67 
62.VÎ- 
63.53 
65.2' 
68.0'; 
70.16 
72.;? 
76.39 
77.50 
79.00 

.06.. 

< / 76. 

VWW 
wvw 
ww 
WW 
wow 
s 
w 
w 
K 
M 

■, . / 

77 vW 
. W 

VWW 
• nr 

.'WW 

r, 
r- 
• « 

*» r * ¥ • X 
■ r - 7 V ^ 
•V 
>• 
»• • » 

V 

V w 

10 
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TABLE mill 

29 Angl»« and Intinaltl«» of Lin»« for Specinena 50A tul SU 

Speoiaen 5QA Speciasn 5'C A 

Lin» 29 Intenaity Line 29_Intensity 

1 
2 
3 
k 
5 
6 
7 
8 
9 

10 
11 
12 
13 
:ii 
15 
16 
17 
16 
19 
20 
21 
22 

it 

i 

12.50 
19.68 
22.72 
25.50 
26.80 
27.36 
32.Ob 
33.10 
33.82 
3U.78 
35.16 
36.7U 
37.56 
38 .U8 
39.28 
39.81* 
1*2 JO* 
1*7.72 
U9.76 
52.18 
511.18 
55.01* 
56.01* 
57.30 
60.1*6 
60.96 
62.50 
66.56 
71.88 
75.71* 
76.56 
80.00 
81.22 
81.76 

132.86 

VW 
VW 
VWW 
W 
H 
W 
W 
w 
H 
M 
N 
V 
VS 
w 
MS 
M 
M 
W 
W 
VW 
w 
w 
w 
M 
w 
w 
w 
VW 
w 
w 
w 
w 
VW 
VW 
VW 

1 
2 
3 
1* 

5 
6 
7 
8 
9 

10 
11 
12 
13 
ll* 
15 
16 
17 
18 
19 
20 
21 
22 
23 
21* 

25 
26 
27 
28 
29 
30 
31 
32 
33 
ja 
35 

16.36 
19.52 
a.88 
22.58 
25.28 
26.56 
26.98 
27.82 
31.78 
32.98 
33.60 
3lu20 
35.01; 
36.51* 
37.32 
36.26 
38.72 
39.26 
39.68 
1*2.36 
1*7.31* 
1*9.81* 
50.31* 
51*.76 
55.50 
57.32 
59.1*2 
60.17 
61.83 
65.36 
66.21 
65.. ;' 
70.. 0 
71. : 
72. ?;. 

w 
VWW 
VW 
ww 
VW 
S 
VW 
ww 
w 
M 
M 
M 
VS 
M 
VS 
VWW 
K 
w 
ww 
MS 
VWW 
VWW 
wvw 
M 
VW 
N 
ww 
Ñ 
M 
WVW 

« 

ICV 
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TABI£ XXXIII Continued 

Speclwn 50A Specimen 55A 

Line_20 Intensity Line_20 Inteneity 

36 133.62 W 
37 137.71* W 
38 136.1*8 WW 

36 75.22 VW 
37 76.16 WW 
38 77.76 VW 
39 79.96 VWW 
U0 80.02 VWW 
la 81.12 Wlv 
1*2 61.66 VW 
1*3 122.66 VWW 
1¿ 130.3-: WW 
1*5 137.70 VW 
1*6 151:.3¾ W 

I 

1. 0 
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1 
2 
3 
¡i 

7 
ô 
O ✓ 

10 
11 
12 
13 
U 
15 
16 
17 
13 
19 
2? 
a 
22 

TABLE um 

20 Angl>« and Intangltlna of Linea for Spec inen 5$1A 

Specinen $$AA 

Idnrt 20 

17.53 
22.08 
2U.68 
26 .U8 
26.73 
33.09 
33.6U 
3U.21* 
35.11» 
36.59 
37.29 
38.89 
39.39 
liZXh 
51i.70 
55.55 
57.20 
60.05 
61.90 
66.20 
69.1»0 
70.36 

Inteneity 

WYW 
VWW 
WVW 
N 
VWW 
vw 
ww 
s 
ww 
vs 
M 
M 
K 
M 
VW 
M 
M 
W 
WW 
ww 
VW 
ww 

Line 

23 
21» 

25 
26 
27 
26 
29 
30 
31 
32 
33 
31» 
35 
36 
37 
36 
39 
1»0 
U1 
1»2 
1»;: 
hh 
1»5 

20 

71.1»1 
72.86 
75.21 
81.61 
85.31 
86.71 
87.86 
88.56 
90.17 
91.32 
92.52 
91».0- 
95.1'/ 
97.2, 
99.5? 

103.5V 
112.3; 
122.58 
136.70 
137 .V: 
15Ù.01. 
155.2 
156,8- 

Inteneit-y 

WW 
W 
w 
vw 
vw 
TTH 
V . f /V 

Ww 
vw 
w 
VWW 
r: 
w 
V.' 
V.; 
w 
V ,• ; 't¡ 

ww 
M 
M 
W 
w 
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TABU zm 

20 Angle» id Inten»ltl»8 of lines for Speclaens 25B and ¿03 

Sp*Omn 25B Specimen 3CB 

y»08 20 Intensity EAP* 20 Intensity 

1 19.1|2 VW 
2 20.58 W 
3 22.00 VW 
U 28.16 VW 
5 33.70 3 
6 3lj.60 WVW 
7 36.66 S 
8 38.38 N 
9 39.12 VS 

10 39.72 M 
11 I*0.1i2 WVW 
12 ijO.52 W 
13 Ui.US WW 
là 50.¿6 W 
15 56.52 vw 
16 60.08 M 
17 62.01* M 
18 61*.ll* M 
1? 67.30 M 
20 70.32 " 
21 77.51* M 
22 79.68 WVW 
23 82.10 w 
21* 11*7.61* WW 
25 11*8.71* WVW 
26 158.28 w 
27 159.82 VW 

1 
2 
3 
I* 
5 
6 
7 
8 
9 

10 
11 
12 
13 
U* 
15 
16 
17 
13 
19 
20 
21 
22 
23 
21* 

25 
26 
27 

13.00 
19.1*7 
20.63 
21.98 
26.00 
26.00 
33.37 
33.87 
3li.!*7 
35.78 
36.73 
38.39 
39.19 
39.81* 
1*1.69 
1*2.78 
1*8.67 
50.73 
53.18 
56.55 
57.55 
60.36 
60.96 
61.61 
62.16 
62.67 
61*.27 

W 
VW 
vw 
vw 
WVW 
w 
WW 
s 
w 
WW 
4*« o 
vs 
WW 

WVW 
vw 
WW 
WW 
WW 
WW 
Vi 
WW 
WVW 
M 
vw 
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' ZABLE JDDC7 Continued 

Specimen yjs 

Line 20_Intensity 

28 67.1*3 
29 70.8? 
30 73.1*5 
31 77.62 
32 79.67 
33 80.63 
31* 82.53 
35 96.73 
36 99.91* 
37 101.59 
38 103.60 
39 106.51 
1*0 112.88 
la 121*.62 
1*2 136.21 
1*3 11*1.38 
1*1* 11*5.29 
1*5 150.15 
1*6 161.59 

V 
vw 
wv 
M 
VU 
VW 
w 
W 
VW 
Vw 
W 
VW 
m 
v\r.; 
w 
vw 
F/W 
M 
S 
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TABLE ravi 

20 Angl»» and lafaalti— of Liaaa for Sptciaena 3$B and UCB 

Spaelaan 35B 

Una_20_latanaity 

Spaelaan IOB 

Lina 20 Intensll 

1 
2 
3 
h 
5 
6 
7 
8 
9 

10 
n 
12 
13 
Ui 
15 
16 
17 
18 
19 
20 
21 
22 
23 
2h 
25 
26 
27 
28 

12*90 
19*28 
20.53 
21.78 
25.75 
27.75 
28.26 
33.02 
33.57 
3U.23 
35.M 
36.58 
38.19 
38.99 
39.51* 
1*0.25 
1*1.1*5 
1*6.02 
1*8.U2 
50.38 
52.79 
55.55 
56.30 
57.10 
58.01 
58.77 
60.62 
61.22 
61.87 

V 
ww 
w 
m 
w 
M 
vww 
ww 
M 
M 
w 
s 
vs 
ww 
s 
MS 
VWW 
vww 
vw 
ww 
vw 
ww 
w 
w 
vww 
vww 
vw 
vw 
M 
M 
M 
M 
w 
w 
w vw 
M 

1 
2 
3 
1* 
5 
6 
7 
8 
9 

10 
11 
12 
13 
11* 

15 
16 
17 
18 
19 
20 
21 
22 
23 
2U 
25 
26 
27 
28 
29 

h 

I! 
37 
36 

?o 

23.01 
25.81* 
27.06 
27.76 
32.11* 
33.75 
3l*.27 
35.26 
36.86 
37.71 
38.11 
39.97 
1*8.17 
50.03 
50.88 
52.73 
51*.51* 
55.39 
56.69 
57.1*9 
60.09 
61.00 
62.00 
63.30 
6l*.20 
67.1*0 
70.1*6 
72.1*6 
71* .36 

82*18 
133.10 
133.80 
135.15 
136.09 
136.00 

w w 
vww 
m: 
w 
w 
MS 
K 
W 
s 
w 
s 
s 
WVJ 

VT/ 
VA 
VW 
vw 
w 
#r 
w 
M 

•n.f *• 
w 
rr*5r ' . 
V V • • 

KS 
VW 
vw 

/ 
sMn I • . 
Viv' 
vv«. 

M 
Va 
VW 
W>! 
VW 
V,' 
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table mm 
20 Angl»« and InUngitUs of Linee for SpccIjmd $0B 

SpoelMB 50B 

Line_20 Intanalty Line_20 Intensity 

1 
2 

i 
I 
7 
8 
9 

10 
II 
12 
13 
U 
Ip 
16 
17 
16 
19 
20 
21 
¿2 
23 
21 
25 

I6J16 
19.62 
21.81» 
22.66 
25.30 
26.71» 
31.78 
33.00 
33.62 
31» .28 
3l*.92 
36.58 
37.31» 
37.81» 
38.30 
38.70 
39.30 
39.76 
h2¿2 
1*9.78 
50.1á 
51» .10 
51*.66 
55.16 
55.56 

wvw 
ww 
wvw 
ww 
ww 
s 
w 
M 
w 
w 
M 
w 
vs 
wvw 
wvw 
w 
wvw 
w 
w 
wvw 
ww 
wvw 
wvw 
vw 
wvw 

26 57.22 
27 57.92 
28 59.38 
29 60.06 
30 61.02 
31 61.91» 
32 66.32 
33 67.50 
31» 69.1»0 
35 70.1»2 
36 71.36 
37 71.92 
36 72.86 
39 71».02 
1*0 75.18 
la 76.1»8 
1*2 79.91» 
1*3 81.03 
1*1» 81.96 
1*5 132.91» 
1*6 133.58 
1*7 13l*.30 
1*8 137.70 
1*9 138.50 
50 11*9.60 
51 151*. 36 

WW 
MS 
WVW 
WW 
w 
ww 
vw 
vw 
vw 
ww 
vw 
wvw 
wvw 
W7W 
wvw 
wvw 
TV uv 
ww 
vw 
wvw 
ww 
vww 
w 
wvw 
wv 
ww 
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ufiu mnii 
20 

Line 

1 
2 
3 
k 
5 
6 
7 
8 
9 

10 
11 
12 
13 
11* 

15 
16 
17 
16 
19 
20 
21 
22 
23 
21* 

25 
26 
27 
28 
29 
30 
3L 
32 
33 
31* 
35 
36 
37 
36 
39 
L0 

Apgl08 and Intniitl— of Lineo for Spocineno $0BH and SOBA 

Speciaen 5(®H Specimen SOBA 

20 Intenaitj Line_20 Intensity 

16.61 
19,71 
20.56 
22.22 
22.77 
26.82 
32.08 
33.18 
3l*.13 
35.19 
36.79 
37.59 
38.01* 
38.91* 
39.06 
1*0.09 
1*1.05 
1*2.50 
5U.81* 
57.27 
59.37 
60.22 
60.88 
62.08 
62.68 
61*.93 
66J*1* 
67.69 
69.31* 
70. lib 
71.61* 
72.95 
71* .15 
75.35 
76.65 
77*80 

137.70 
151* .03 
155.23 
167.1*0 

WW 
wvw 
mw 
ww 
wvw 
MS 
WW 
M 
vw 
vs 
s 
s 
ww 
ww 
M 
w 
ww 
M 
w 
s 
wvw 
ww 
wvw 
ww 
ww 
wvw 
ww 
w 
w 
w 
w 
w 
wvw 
ww 
ww 
w 
vw 
M 
w 
H 

1 
2 
3 
1* 
5 
6 
7 
8 
9 

10 
11 
12 
13 
11* 
15 
16 
17 
18 
19 
20 
21 
22 
23 
21* 

25 
26 
27 
28 
29 
30 
31 
32 
33 
31* 
35 
36 
37 

19.77 
22.81 
2l*.7l* 
26.1*5 
27.00 
32.07 
32.75 
33*23 
35.03 
36.26 
37.22 
37.57 
38.09 
39.93 
1*9.97 
53.93 
51*09 
55.31* 
58.15 
61.16 
67.08 
67.61* 
70.1*0 
72.20 
71*01 
76.67 
80.13 
81.29 
82.1!* 

121*. 80 
125.30 
126.31 
126.96 
132.98 
133.61* 
137.80 
138.55 

ww 
vw 
vw 
Vw 
vw 
vw 
ww 
w 
w 
ww 
vs 
vs 
M 
s 
ww 
vw 
ww 
wvw 
rj w 
ww 

. vw 
vw 
vw 
vw 
vw 
w 
vw 
ww 
wvw 
VWa 
vw 
•Tv.. 

wvw 
ww 
ww 
VY.v 
wvw 
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TA IS ÁXÁIX 

29 Anglis and Intanaltiea o£ Linea for Speciav:n 

Specimpn 25C 

Line 

1 
2 
3 
U 
5 
6 
7 
8 
9 

10 
11 
12 
13 
Hi 
15 
16 
17 
13 
19 
20 
21 
22 
23 
2h 
25 
26 
27 
28 
29 
30 
31 
32 

2» 

19.$k 
20.70 
22.02 
23 ,U‘ 
MÁ9 
31.95 
36.78 
33.53 
39.3 
39.86 
40.70 
ia.65 
U4.i!l 
C'.*; . wó 
50.7 
56.58 
5ïto-4 
60 M 

. . 

^ ' r 
•: .5"- 
7.4.7 
7/3 
Vo,-. 
79.79 
r.-, ^ 

i .4.6: 
1-5.L3 

.2? 
Hi 2.12 
Hi9.99 
151.H 

Intensity 

VW 
V7/Í 
VV 
VW 
VWii 
s 
s 
>ÎS 
VW 
vs 
M 
vm 
Wrf 
v.v 
vvw 
w 
vvw 
w 
M 

M 
M 
M 
W 
7W 
H 
VW 
VW 
H 
w 
M 
W 

11? 



QAV/fcech 61-6 

TIBIE XL 

26 Anglia and Intargitlea of Lines for Spaciaen 

Specinan 35C 

Line 20 Intanaity 

V 
M 
M 
H 
WW 
w 
w 
vww 
WW 
s 
wvw 
m 
vs 
M 
VS 
K 
WW 
WW 
VW 
vr 
VW 
WW 
M 
w 
M 
WVW 
KS 
WW 
M 
M 

Line 26 I ota ns .i.'Cy’ 

31 71.12 
32 77.5ii 
33 79.73 
Ä 82.61 
35 92.99 
36 96.80 
37 99.36 
38 100.26 
35 101.91 
iiO 103.87 
hi 106.39 
ii2 112.70 
h3 116.96 
'ah 119.87 
35 125.03 
i|6 125.69 
47 135.22 
45 136.07 
49 136.7/ 
50 140.79 
51 141.89 
52 142.81 
53 145.45 
54 D46.35 
55 150.97 
56 152.07 
57 158.69 
58 160.40 
59 162.50 
60 164.56 

1 
2 
3 
4 
5 * 
0 
7 
8 
9 

10 
11 
*! ■> 

* r 

if 

24 
2^> 
26 

<3 
29 

12.81 
19.41 
20.41 
21.97 
25.73 
27.66 
26.26 
30J12 
32.88 
33.88 
34.18 
35.33 
36.61 
38.07 
39.87 
40.63 
41.33 
46.09 
48.20 
50.66 
52.66 
53.92 
56.37 
56.98 
60.39 
61.14 
62.29 
63.40 
64.45 
67.41 

M 
M 
M 
WW 
VW 
w 
VW 
VW 
w 
w 
w 
w 
w 
V 
VW 
Ta 

A 
VW 
Vv 
. : 

*+ » 
V>v 

XV ' 
>iS 
w 
ii 

K 

i/* 

ne 
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TABLE XLI 

29 Anglas and latanaltlaa of Linea for .ipeciaana lt$CA and 45C 

Speolaen l&l Speclwn hSC 

U»_29 Intensity Line 20 Intensity 

1 W.61 M 
2 22.62 M 
3 2l*Ji3 WW 
U 26.25 VW 
5 26.83 M 
6 31.85 M 
7 33.02 HS 
8 3Ü.83 M 
9 36.06 WW 

10 37.01* m 
U 37.1*1* VS 
12 37.91* M 
13 39.79 S 
11* 1*3.1*5 WVW 
15 1*6.36 vww 
16 1*9.72 W 
17 50.77 WW 
18 51* .23 W 
19 55.13 W 
20 57.19 M 
21 57.91* wvw 
22 59.35 WW 
23 61.00 VW 
21* 63.1*1 WVW 
25 61* .06 WVW 
26 121*. 71* WVW 
27 I25.3I* WVW 
28 126.35 WVW 
29 132.87 WVW 
30 133.62 WW 
31 137.73 WW 
32 138.1*8 WVW 

NOTE: The intensity synbols have 
the following neeiings: VS, very 
strong i M, medium; W, weak; VW, very 
weak. Additional V's indicate 
decreasing intensities. 

1 
2 
3 
1* 

7 
8 
9 

10 
11 
12 
13 
H* 
15 
16 
17 
18 
19 
20 
21 
22 
23 
21* 

25 
26 
27 
28 
29 
30 
31 
32 
33 
31* 
35 
36 
37 
38 
39 
1*0 

19.66 
22.71* 
26.71* 
31.96 
33.H* 
35.02 
36.60 
37.50 
37.91* 
39.32 
39.82 
1*2.1*1* 
1*3.50 
1*6.36 
1*9.70 
51*.20 
51*.81* 
55.30 
57.18 
57.86 
59.36 
60.06 
60.96 
61.92 
67.38 
67.71* 
69.31* 
70,1*1* 
76.1*6 
79.98 
80.98 
81.98 
87.80 
97.1*8 

132.90 
133.60 
13U.21* 
135.15 
137.80 
139.56 

VW 
VW 
>13 
W 
M 
ii 
V 
vs 
w 
VW 
>1 
M 
WVW 
WW 
VW 
VW 
VW 
WW 
s 
wvw 
v7W 
wvw 
w 
WW 
VW 
w 
VW 
w 
w 
w 
w 
w 
wvw 
M 
VW 
w 
WW 
WW 
w 
WW 
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nu 

Doral R* Sandlin, the son of Mr. and Nrs. J.R. Sandlin, 

was born in * The Sandlin family moved to 

vest Texas, and Doral started to school at Leveiland, Texas* 

During the years that he was in high school the family lived 

in Lubbock, Texas where he finished high school and attended 

Texas Technological College for two years. In 1950 he entered 

the United States Naval Acadeuy and was graduated in June 

with a Bachelor of Science degree in engineering. Assignments 

prior to the Institute of Technology included pilot training 

and duty as a fighter pilot with the ij56th Fighter Interceptor 
e 

Squadron at Castle Air Force Base. 

Permanent address:  

Henry Albaum Klung, Jr., the son of Henry A. and Margaret 

£. Xlung, was born in . After graduation 

From George Washington High School in San Francisco, he studied 

mechanical engineering for a year at the university of California. 

In 1951 he entered the United States Military Acadeiry and 

graduated In June of 1955 with a Bachelor of Science degree. 

/After conpleting pilot training, he was sent to the United States 

120 



GAW/Mech 61-6 

Naval Air Station, Dallas, Texas, as a pilot for the Air Force 

Reserve Navigation Training Progran. He entered the Graduate 

Air Weapons Program in August 1959» 

Permanent address:  
 

This thesis vas typed by Mrs. Nellie M. Weaver. 
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