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In orLler In ohsl'r\'c lhe lexlure inhonH)~elleiIY of Ihe Zn-22e¡(, wl Al alloy, polar li~llfl's ror lile n-phase (111) :llld ..J-phase ((l02) rct1cclions
Wl'n: lTleasurl'd hy X-ray diffraction at four diffcrenl deplhs in a hol rolled sheet s:l111plc.Abo a samplc in lhe fmm of a cuhe wa.s assl'lllhled
\\'ilh several pÍl'ces {Jf lhe sheet. wilh Ihe same Jegree 01"Jelúrmatioll. lO rnake il suitahh: I"orIhe meaSllrellll'nlllf ils polar l¡~ure:-.hy l11eans
uf neulron diffraclioll. In holh rhases, Ihe corresponding typical rolling lcxture was ohser\'cd. Therefnre, il dOl'S 1101seem tn ('xisl any strong
corrclalion hclwl'en preferred orientations in hoth phases, as illllight he cxreclel!. j.phase polar I1gures •.h(1\\'a homogcneous te'(lure. with a
\ery smal! inc.:rcasing orienlalion di •.pcrsion rdalcd to deplh. Tlle n-rhase pol~lr ti~ure' arl' \L'fy weak and lhcy \";ny :-.talistically huI n.:taining
lhe rnain charac.:lerislics nf hot rolling polar figures. i\elltron dillraction polar ligures Wl'rCalso ohtallled amllhe lC.\ulh are in good agrcemcnt
with tl1('X-ray polar ti¡;ures. Probably. casy grain houndary sliding. \\'hich is one 01 lllc 1I1;linlllechanislllS 01 supl'rplaslicily in Ihis alloy. is
abo responsihle ror:1 hOl1logcneous distrihlltion of strain and slress in lhe huI" oillle ...:II11[1le.

¡':c\"h'ords: Texlure: Zn.22o/rAL X-ray ami neutron diffraction

Par;l observar la inholllogelleidad de la lextura de la aleación Zn-22Q en peso Al. se midieron las Ilguras polares de las retlexiones (111)
de la fase o y la W(2) de la fase ,13 por difracción de rayos X, :1cual ro profundidade\ diferentes en una mue ...tra laminada en caliente.
Tamhién se construyó un cubo con varias láminas con el mismo grado de deformación p:\ra poder medir la., figuras polares por difracción de
11l'ulroncs. En arnhas fases se observaron las correspondientes lexluras típicas de lal1lill:H:iúll.Por lo tallto. IHlp<lrl'l'eexistir alg.una correlación
luerte enlre las orienlaciones prcferencialcs de ambas fases, COIllOpodría hahersl' l'sperado. Las I¡~llra:-.pobres de la fase d lllllC."lran una
tnlura homo~enL'a, con dispersión tic orientación ligeramente crccicnte corno fllllciún de la profundidad Las li~uras polare.' de la fase (1

aparecen muy déhiles y varían estadísticamente pero retienen las caraclerísticas principalc.' de la texlura lk lall1in~lciún. 1.;1' tiguras polare:-.
ohtenidas con la difracciún Je neulrones prcscntanun huen acuerdo con los resultado' de 111\rayns.\ Prohahkllll'ntc. el desli/;llllil'nlo fkil
de [as fronteras tic ~rano. lIue es UIlOdc los pril1l'ipalcs lllec.:;Lnislllosde 1:1'upclplastlCidad en esta :lle;Kil'lILl;llllhién el;,re:-.pon...ahlc de una
dislrihucilÍn h{111l0~L;rK';1del esfuer/o y la deformación en el interior de la mUl'stra.

lh-slTipton'.\': Textura: ZIl-22%A1: difracci(lIl de IlClltrone~y de rayos X

mes: x¡-lOeF

1. In!roduction

I'reh:rred cryslallill' orientations, or (exIme, anJ lhe Illi-
croslrllclure in poly(ryslals, are very imporlant characleris-
li(s of allmatcrials. hecallse thcy cOIllrollheir physkal pmp-
L'nies and spl~cially. Ihc Illcchanical ones. Textme is IIlcasllrl'd
through lhe so called polar figures.

A polar figure is a slcreographk plot 01"Ihe inlcnsity 01'
a Bragg rctlec(ioll. as a function of sample oricntation ex-
presseJ hy 1\\'0 <Ingles, one mcasured as a mtation arounJ all
axis normal to Ihe samplc facc, varying !"mm 0° 10 3GO°. and
the other one measured as a rolalioll arollnd an axis in lhe
dillraclioll pl,me, varying from 0° 10 approximatcly 80° [11,

Polar tlgures have also hcen J11casured hy neulron and
l'kctron diITraCli{lIl. The ncutron lechlliquc is advantagC(HIS
rOl"largc grain siles amI hlllk characlcristics anu Ihe clcclron
(lile is suitahle f<JI"IOl'al JIlicrolcxtl1n~ de(enninalioll.

To Illcasurc a polar figure. lhe \ample is placed at Ihe ren-
ler of a special goniollleler, \\'hidl rolales around holh axes,
as Illentioll ahnve, al {he sallJe lilllc as the diffractioll inlen-
sities arc hcing rL'L.orded, As Ihe dillraL'lolllclL'r is pl.Ked al a
certain dillradilln angle. tW(\ (lleta, only a family of planes is
explored. Here only 1\\'0 p];¡nc familics \\"cre studicd, namely.
the n-phasc (111) and the j-phase (OU2).

Unfortllllalcly. X-rays are slrongly aosorhed hy maltcr
,and only a SII1:1II/.0I1Cin Ihe Ilcighborhood of Ihe surfacc can
he Illeasurcd. This is a prohlelll \\'hcn Icxlure is inholllogc-
IlCOllS: it varics \\'ilh (he sampiL' dcpth. This is l10t ;In un-
comTllon '>ilualioll, sinee hOI rolling lkformatinll of the sam-
pIe sOlllelillles alTecls Ihe surfacc in a diffcrcnt \Vay Ihan Ihe
hulk. Olller minor agell{s. a..; dynamic and kinemalic recrys-
tal1i/alioll. could also 1Tlodify'llw lexlurc. Ohviously, physical
propenies 01 alloys dcpcnd Jllainly on (he hulk ra(ller Ihan on
sllrface lexlme.
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4. Conc!usions

Pn:fcrred crystallilc oriclllations for lhe hot mUed Zn-229(' Al
are. to a largc extenl, homogeneolls in depth, specially in lhe
,/3-phase, although a very small orienlation dispcrsion is ap-
parenl al Ihe cenler 01' lhe sample. o-rhase vades statislically
hUI, in the average, jt relains lhe same rolling realUrcs. Neu-
lmn polar flgures, which lake into accounl lhe average over
the hulk, eontinn this ohservation. On Ihe olher hand, thosc
polar figure varialions I'mm X-ray dilTraction, could indicatc
;¡ slllall amounl 01"orientatioll tlispersion along lhe depth.

Normally, it is difficult lo ohtain a homogeneous tcxlUrc
hecause slrain is J110dilicd in lhe hulk ol' lhe sample. On Ihe
olher hand, this allo)', preparcd for superplasticity, is fine
grained and il is ver)' Iikely lhal easy grain boundary slitl-
ing, which is one 01' Ihe main lllechanisms of supcrplaslic
derormalion. could also he rcsponsihle for a homogeneous
dislrioution of strain and stress in Ihe bulk. Also, since hoth
phases show lheir chal'acterislic rolling texturcs, no slrong
corrclation seems 10 exisl hclween ooth phases orienlalions
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FIGURE l. Zn-22% Al X-fay díffractogram.

.~~
~ 3()()(};-E I
- 2000-

I
'1

~I ~ __ --
~ 40 ~

From Figs. 2 'ovecan sce lhe lypical rolling texlure orlhe purc
Zn policrystals, COllsisling of lwo peaks along Ihe rolling di-
reclioll. about 1:3° .m.'ay fmm lhe origino Very clear delails
can he seen here since Ihis relleclion is very strong:. A ver)'
small peak hmadening can he ohserved for decreasing .,,-
vallles indicaling that in lhe middle 01"the sample a slighl ori4

enlalion dispersion lakes place. This can be betler observed
lhrough a plOl of the ma.xirnuITI of Ihe peaks vs. deplh, as
shmvn in Fig. 5, with the assumplion thal lhe volumc lInder
lhe peaks is conslan!.

From Figs. 3. 'ovesce the n-e 111) polar flgures, which are
weak mainly due (o lhe I"act that Al peaks are very smal!.
f{owe\'er, lhe main details of lhe roUed aluminum can he rec-
ognizcd. Here wc can lind noticcahle differences, but Ihere is
110 clear evollllion in a spedal direclion: c.g. lo dynamic re-
cr)'stallization. Figs. 4a and 4h show Ihe neulron diffraclion
results. Figure 4a is the 0-(111) rellection and Fig. 4h is the
{J-({)()2) rclleclion. \Ve observe herc features very similar to
Ihe X-ray results.

2. Experimental deiails

Ikc<luse lhe neutrons are ol1ly \\/cakly absorbed by mal-
la, polar ligUfCS measurcd with Ilcutron diffraction Jclivcr al1
average v¡¡lllt: of lhe nulk 01' Ihe s<lmplc. For t!lis reason \Ve
llIeasurcd Ihe lexlme also wilh Ihis tcchniquc.

()n Ihe oliler hand, lhe Zn-:!:!(YrJ wl Al ¡¡1Ioy has also heell
wi(\l.'ly sludicd nccausc DI' ilS supcrplastic propcrtics. Several
studies llave heen pcrformcd [2, :11 rclating lexlure \vith su.
p,,'rplasticit)'. hUI Ihey have been slmngly criticized [.11.Thcsc
lcxtllrc sludies have been madc maioly \"'¡lh X-fa)' difTraction
and il would he ver)' inlcrcsting 10 sce if texture is actually
hOlllogcncous in dcpth.

In lhis work. \Ve inlcnd lo t:l1araelerize texture inhomo~
gL'nejty with deplh for the Zn-22% wl Al alloy which could
rL'StJlI rmm dcfonnation 01' l!le samplcs when prepared to ex-
hibil superplasticily. This means Ihal a very tine graill struc-
lurc. k.ss lhan lO microns in average grain size, is presenl in
llll' wholc allo1' sample.

J. Reslllls ami disclIssinn

r\n ingol was prepared with cOll1l11ercially pure Al and Zn
bars al Ihe desired proporlion, namely 22% weight Al and
7S(!t wcight Zn; and homogenized for 72 h al 350°C in an
e[eclric furnace. The ingol was lhen mlled 93% at 240°C in
sleps ofahoul ,1%, down to a sheet IhicknessofO.751ll1ll.

I\n X-ray diffractogram revcaled a supcrposition of the
chi¡raeteristic Bragg peak s from the cuoic Al o-phase and
IIHhL' I"rolll the hexagonal Zn ¡':I-phase. indicating lhat the
'iamrk was the inlended two rhase alloy.

A pieee of ahoul 2 cm:? was then cut from lhe sheet ano
;lllackcd with diluled HNO:l, in slagcs 01"several hours in or-
del" to L'xhihil several depths. In cach slage, the sample 'ovas
ptllishL'd amI the n-(111) and ,i:I-(()02) polar figures 'o\'cre Illea-
smed.1\ lincar dCplh pararncter ....;' was deflncd as 1 al lhe
surfal'l.' afl(1 () at the middle nf ils thickness. Polar figures were
reconlcd wilh our updatcd Philips P\V 1078/24 lexture go-
niolllcler. Iklails ol' Ihis inslrumenl are gi\'en clsewhcre [;j l.

Nl'lItron Illeasurelllenls \\'ere made at the pO\vder dilfrac-
¡ollleler 01" the :"Iineralogy Inslilute in the rescarch reactor
I)IDO al lhL' Research Cenler in Jülich, Gcrmany [G].

t\ lc.xturelcss powdcr sample, wilh the samc phase COlll4

posilion \\'as prepared ror absorplion anJ defocusing correc-
Ijlll1'i. From this sample, spectra ol' n-e 111) anJ ¡3-(002) re4

Ilcctiol1s wcre 'lIso measuretl. Polar figure evaluation was
nl<ldc using thL' poPLA (prcferretl orielltalion Package Los
A[amos) software [7J.

Figure I is an X-ray diffractogram 01' the rolled Zn422(k
Al sheet, sho\l,'ing a superrosilion of Ihe euhic o-rhase an
lhe hexagonal U-rhase. Figures 2a lo 2t1 sho\\' the polar fig-
ures of lhe ¡.:I-(002) reneclioll at four dilTerent derlhs: .•• =
1, :1/1, 1/2 and 1/4 respeclivcly. and Figs. 3a lo 3d show Ihe
\..orresponding polar figures rOl" the n-( 111) reneclion.
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FIGURE .1. (111) o-rhase polar ligurcs al dilfcrcllt dcrths:
(o)., = 1. (b), = o/l.lc) , = 1/2. a"d (d), = 1/1.
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hy simu!tancolls t1cfonnatioll. Neverthcless. an actual corre.
I;¡lion funclion should he tklCrmined hy Illcasuring nthcr n>
l1ecti(lIl'\.

IIP. KIllg and L.E. r\lcxanuer. X-Ha.\" /h!lrucliofl Procf'd/lrt>.\"

ti)r Pl!lrcr-",~l(Jllit/(> (/1/(1 Al1Iorf'hOlH Malaia!J. 2nd Editioll
Uohn Wiky & Sonso 1974).

:2. O.A. Kaihy~hc\'. 1.V. K:I/achkov. and S, Y¡1. Salikhov. Aclll Mel-
a!ll/l~~im 2f. (197S) IXX7.

:~. O.A. Kaihyshc\'. B,V. Rouioll(lV. and R.Z. Valicv. Aeta .\1t'ral-
!I/rgim 2(, (llJ7X) IS77.

1. K.A. I'admanahh;¡n amI K.l.iickc. Z. Mf'tl/llkdf'. 77 (llJXh) 7h5.

Depth

f-1(;URI: 5. Hcigh! 01' {he peaks l'.\'. dcpth pararnctcr ,'l from Fig. 2.
shmving lha! al lo\\' v;tllles 01' ..•Ihe peak s are lower. ano thcrcforc
slightly hroauer than rOl'.l, = 1.
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