
AD-A128 690 X-RAY TOPOGRAPHY OF HYDRIDE OOMAINS(U) ILLINOIS UNIV AT 1/1

UNL~IIU URBANA MATERIALS RESEARCH LAB S R STOCK ET AL. APR 83

mNLiSFED N E04-hEI-EE/ 74 L :



WUQ 12.2

211111 L4 1.

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS- I963-A

'4k



Dnr1 sio Classification AD A 12 8 690
DOCUA

(Seuaaty classificati of title. body of abstract and index~ing annotation mnust be entered whein the overall report is cilesJO
I. ORIGINATING ACTIVITY (Corporate author) as. REPORT SECURITY C LASSIFICbI.@N

Department of Metallurgy and Mining Eng. Unclassified
University of Illinois at Urbana-Champaign 26b GROUP

3. REPORT TITLE

X-ray Topography of Hydride Domains

4. DESCRIPTIVE NOTES (Typo of report and inclusive dateo)

5 AUTHOR(S) (Lost ants. fine amen. Initial)

Stock,S.R., Chasnov, R, Chen,H and Birnbaum,H.K.

6. REPORT DATE70TOANOOFPGS 7.o.ppmr

Be. C:ONTRACT OR GRANT NO. 9a. ORIGINATOR'S REPORT NUM411R(S)

USN 00014-75-C-1012
h6 PROJECT NO.

C. 9b. OTHEIRMPORT NOMS (Any othetnunb.e that may bewmsed

d.

10. AV AIL AUILITY/LIMITATION NOTICES PmDUTJIUTIN BTATE)M A

I 1. SUPP..EMENTARV 140TES 112. SPONSORING MILITARY ACTIVITY

Office of Naval Research

I I 3ASISACt

X-ray topographic techniques were applied to the study of twin related
domains in niobium hydride and deuteride crystals. It was shown that contrst betwe n
the domains results from the small differences in orientation. The procedure has

* the advantages of not requiring as careful surface preparation as required
optical methods and of being a relatively rapid technique. The method can be appli ?d
to any of the single crystal hyd-ides.,-

C:1

Ux DTIC
-z LECTE

8MA 02 12 018
4'. *.

** -4,A~. .-. --S*



V. i , i" - LINK A LINK 9 LW

ROLE WT ROLE INY ROi.. wI"

Hydrides
Niobium hydride
X-ray topography
Domain boundaries
Twins

11MTRUCTIONS

. ORIGINATING ACTIVITY Enter the neme end address imposd by security classification, using standard statements
of the contractor, uubcontractor, grantee, Department of Do- such Is:

ase activity or other organization (cotpotato author) issuing (1) "Qualified requesters may obtain copies of this
the report. report from DDC."

2. REPORT SECURTY CLASSIFICATION: Enter the over- (2) "Foreign announcement and dissemination of this
all security classification of the report. Indicate whether
"Restricted Data" Is included. Marking is to be in accord- report by D)C Is not arithorized."
aace with appropriate security regulations. (3) "U. S. Government agencies may obtain copies ofthis report directly from DDC. Other qualified DO)C
2b. GROUP. Automatic downgrading is specified in DoD Di- users shall request through

rective 5200.10 and Armed Forces Industrial Manual. Enter

the group number. Also. when applicable, show that optional
markings have been used for Group 3 and Group 4 -a author- (4) "U. S. military agencies may obtain copies of this
12.d. report directly from DDC. Other qualified users

3. REPORT TITLE Enter the complete report title in all shall request through
capital letters. Titles In all cases should be unclassified.
If a meaningful title cannot be selected without classifica.
tion, show title classification in all capitals in parenthesis (5) "All distribution of this report is controlled, Qul-
immediately following the tie. ified DDC users shall request through

4. DESCRIPTIVE NOTES: If appropriate, enter the type of __

report. e.g., interim, progress, summary, annual, or final. If the report has been furnished to the Office of Technical
Give the inclusive dates when a specific reporting period is Services, Department of Commerce. for sale to the public, indl-

-covered. cate this fact and enter the price, if known.
S. AUTHOR(S): Enter the name(s) of author(s) as shown on 11 SUPPLEMENTARY NOTES Use for additional explana.
or In the report Enter last ne firt name, middle initial tory notes.

'I riiliterye show ank branch of service, The name of
the principal .uthor is an absolute minimum requirement. 12. SPONSORING MILITARY ACTIVITY: Enter the name of

the departmental project office or laboratory sponsoring (paY-
6. REPORT DAT7" Enter the date of the report as day, Ing for) the research and development. Include address.
month, year. or month, yan If more than one date appears 13. ABSTRACT: Enter an abstract giving a brief and factual

summary of the document indicative of the report, even though
7e. TOTAL NUMBER OF PAGES: The total page count It may also appear elsewhere in the body of the technical re-
should follow normal pagination procedures, Le., enter the port. If additional space Is required, a continuation sheet shall
number of pages containing information, be attached.

?b. NUMBER OF REFERENCE& Enter the total number of It is highly desirable that the abstract of classified reports
references cited in the report. be unclassified. Each peragraph of the abstract %hall end with
Be. CONTRACT OR GRANT NUMBER: If appropriate, enter an indication .of the military security classification of the in-
the applicable number of the contract or grant under which formation I* the paragraph, represented as (TS). (S). (C), er (tC).
the report was written. There is no limitation on the length of the abstract. how-

8b, Be, & 6d. PROJECT NUMBER: Enter the appropriate ever, the suggested length Is from ISO to 225 words.
military deprtment idqitification, sch as project number, 14. KEY WORDS: Key words are technically meaninglei tessu b p ro je ct nu m b e r, . ey t en s u b S ,t M ts nu m b er, etc. 1 . K Y W R S e o d r e h i a l e n n ~ I t m

or short phrases that characterize a report and may be uned as

9. ORIGINATORI REPORT NUMBE(SI6IP'otef the offi- index entries for cataloging the report. Key words must be
clal report number by which the document vilk %e identified selected so that no security classlficetion is require. Ideati-
and controlled by the originating ActivWJ*. T1W numLrr must tiers, such as equipment model designation, trade nme, umta
be unique to this report. project code name, geographic location, may be used as key

9b. OTHER REPORT NUMBER(S): If thq report has been words but will be followed by an indication of technical co-tet The assi nmen ofPRI links,) miss andee~ hasgt beepio al
* .I assigned any othn repot numbers (either by On originator text. The assignment of links, rules, and weigts is ewieoan.

or by the sponsor), also enter this number(s).

10. AVALABILITY/LIMITATION NOTICES: Enter any tie-
itations on further dissemination of the report, other than those

Unclassified
Security Classification

.. .I,-"- -- I I I.



W loa

TECHNICAL REPORT

OFFICE OF NAVAL RESEARCH

Contract USN 00014-75-C-1012

j X-Ray Topography of Hydride Domains

by

S.R. Stock* R. Chasnov, H. Chen and H.K. Birnbaum

Department of Metallurgy and Mining Engineering and Materials
Research Laboratory, University of Illinois at Urbana -Champaign

Urbana, Illinois 61801 USA

April 1983

Accession, For
NTTS GRA&I

Dist ribut icn/-

Availabltity Codes

Avauil and/or
Dist Special I WR13WflN STATEMEN4T A

Dptae for public release;s

Distfibution Unlimit ed

Presently at: Department of Materials Science and Engineering and Materials
Research Center, Northwestern University, Evanston, Illinois 60201 UiSA

THIS DOCUMENT IS UNCLASSIFIED. DISTRIBUTION AND REPRODUCTION IS PERMITTED FOR ANY

* PURPOSE OF THE U.S. GOVERNMENT



ABSTRACT

X-ray topographic techniques were applied to the study of twin rela d

domains in niobium hydride and deuteride cyrstals. It was shown that coitrast

between the domains results from the small differences in orientation. %e

procedure has the advantages of not requiring as careful surface preparation

as required by optical methods and of being a relatively rapid technique. The

method can be applied to any of the single crystal hydrides.

1. INTRODUCTION

The attention focused on metal-hydrogen systems in recent years has

resulted in the development of a number of techniques for examining the

structure and morphology of the hydride phases (Schober and Linke 1976a). The

orthorhombic O-NbH phase has been shown to consist of six twin-related

orientations of the hydride which derive from the ordering of the hydrogrn

interstitials in the original b.c.c. structure. Schober and Ltnke (1976k) and

Birnbaum et al (1976) have used optical microscopy with polarized light t

reveal the inter-relationship between differently oriented domains of tht

hydride phase and the domain structure has also been examined with TEN

(Schober 1975). Based on these observations, it appears that arrays of marrow

twin-related domains are energetically more favorable than large blocks of a

single orientation. While both the optical metallography and TEN have proven

to be useful techniques to elucidate the hydride structures, they require

extensive specimen preparation prior to viewing the domains.

t I"
1 2. EXPERIMENTAL

The present work describes the use of x-ray diffraction topography to

* image domains in O-NbH and 0-NbO crystals. Relatively little surface

preparation was required, aside from an ordinary metallographic polish. The
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time required to produce a topograph on dental film with a double crystal

camera and with radiation from a conventional sealed tube source was less than

one hour.

Niobium crystals grown by a strain-anneal technique were spark machined

to produce (110) surfaces which were then mechanically polished. Hydride and

deuteride crystals having the compositions NbHo.78 and NbDo.75 were grown by

slow cooling of the niobium crystal from 700*C under controlled pressures of

hydrogen and deuterium gases, respectively. X-ray topographs were taken of

the niobium-hydride (deuteride) crystals using asynmetric crystal topography

(ACT), a variant of double crystal topography (Boettinger et al 1976), in the

non-dispersive Bragg configuration. Sealed tube x-ray sources having spot

focuses were used to provide the characteristic 14o K or Cu K radiation. The

g = [220] diffraction vector was used for the reflection topographs which were

recorded on Ilford L4, 50 Wn thick nuclear emulsions, or on Kodak double sided

OF-S7 dental film. The.former provides much better resolution whereas the

latter requires considerably less exposure for adequate contrast (exposures of

about 45 minutes were required using Mo K radiation produced at 45 kV with a

i tube current of 20 mA).

3. RESULTS AND DISCUSSION

Back reflection Laue photographs of the NbHo.78 and NbOo.7 5 crystals

showed splitting of the diffraction spots which was not present before the

introduction of hydrogen or deuterium and which indicates the formation of a

domain structure within the crystals. The spatial arrangement of domains in a

deuteride crystal is seen in the optical micrograph of the WbD0.75 crystal

(Fig. 1a) and in the corresponding reflection topographs (Figs. lb and c). As

shown by the optical micrograph (Fig. la), which was taken with oblique

illumination, the structure of the hydride crystal consists of sets of domains

fJ
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arranged in a plate morphology. Each region, such as those marked A - F,

contains at least two sets of domains. This structure has been shown (Schober

1975, Schober and Linke l976a and b, Schober and Wenzl 1976, Birnbaum et a]

1976), to consist of sets of parallel, twin related domains or regions where H

ordering on subsets of interstitial sites has produced elastic distortions of

the cubic structure such that the resulting orthorhombic structures are twin

related. In the optical micrographs the contrast is due to the surface tilts

associated with the twinning. (Similar contrast may be obtained using

polarized light and results from the optical anisotropy of the orthorhombic

structure).

Domain structures, identical to those spen in the optical micrographs,

were obtained using reflection topography as shown in Figs. Ib and ic. In this

case the contrast is due to the variation of the diffraction conditions between

the different domains. A rotation of the specimen crystal by a fraction of a

degree resulted in a redistribution of diffracted intensity as may be seen by

comparing topographs shown in Figs. lb and 1c. The twin related domains within

regions such as A were oriented for diffraction in Fig. lb but not in Fig. Ic

while the reverse was true for the domains in regions such as F. All regions

of the crystal could be brought into a diffraction condition by varying the

orientation of the crystal. The observed contrast cannot be caused by surface

irregularities or topology as it is extremely sensitive to the crystal

j orientation. The contrast and its dependence on the orientation of the crystal

was consistent with the crystallography of the twin related domains (Schober

and Wenzi 1976) which form on hydrogen ordering from the a' solid solution to

form the 0 hydride phase. Minor differences between the optical micro-graphs

and the topographs were due to the depth of penetration of the x-rays and the

resulting observation of the domain structures beneath the surface of the

crystal.
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An example of the domain structure in a hydride crystal of comosition

NbHo.78 is given in Fig. 2. This topograph, taken with No K6 radiation,

diffraction vector j- [220] and an L4 emulsion shows finer details than are

visible in the topographs recorded on the OF-57 emulsions. Optical microscopy

with oblique lighting and with polarized illumination was unsuccesssful in

revealing the domain structure due to relatively poor surface preparation.

Nevertheless, the absorption depth of the Mo K radiation was sufficiently

large to minimize the effect of surface damage and allow the domains to be

imaged.

Two types of boundaries between neighboring domains were evident In the

topographs of the NbHo.78 and NbO 0 .75 crystals. As discussed by Schober and

Linke (1976b), the straight boundaries correspond to coherent twin boundaries

between hydride (deuteride) domains, and the irregular boundaries correspond to

incoherent twin boundaries. Trace analysis of the coherent boundaries revealed

by. x-ray topography is consistent with the interface planes identified by Schober

and Linke (1976b): 1100 c, f11tc, 1111c, 12101c and {2111c.

As indicated by observations similar to those discussed above, x-ray

diffraction topography provides a practical alternative to optical

metallography for the study of hydride domain structures. This technique has

the advantages of requiring minimal surface preparation and of being a

relatively rapid procedure.
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FIGURE CAPTIONS

Figure 1. Optical micrograph and corresponding ACT x-ray topographs

showing the domain structure in a NbDO. 75 crystal. Fig. la

is the optical micrograph taken with oblique illumination.

Figs. lb and 1c are x-ray topographs with the crystal in

different orientations to bring different domains into a

diffracting orientation. The images were recorded using

Cu K radiation and g = [220) on double sided Kodak OF-57

film. The double sided film resulted in a loss of resolution

but allowed images to be recorded in 45 mintues. The

magnification for all images is as indicated on Fig. 1c.

Figure 2. ACT topograph of a NbH 0.78 crystal taken with No K radiation

and j = [2201. The image was recorded on Ilford L4, 50 pm

thick emulsion which improved the resolution as compared to

the results obtained with the double sided film (Figs. lb and

c).
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