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Scattering of X-Rays by Metals at Yery Small Angles
B. M. Rovinsky und V. M. Genkn

The scattering of x-rays at very small angles (1< 1° or 27) to the
incident beam 1s due to submicroscopie regions in the scatter.ng substance
having di{ferent electron densities. ‘The fluctuations of the electron density
in a solid and in particles which are distributed at distances greater than
their own dimensions cause a “gas-type’ scattering, characterized by a mono-
tonically decreasing intensity as the angle 7 increases; on the other hand,
tightiy-packed particles cause a “lifquid-type’” scattering, whose pattern 1s a
diffused ring with a diameter determined by the everage distance between the
scattering centers.

The theory of the scattering of x-rays at very smail angles,l'? based on
the theory of scattering by sases and }iqunds,1 has not yet been fully
developed. liowever, a iarge number of inve:stigations in this field, concerned
with determining the size and shape of part.cles of various substances and
their submicroscopic defects,” have given quite satisfactory results. This
fac*. served as a basis for the study of scattering by pure netals, descrived
in this paper.

(1) In order to obtain a picturc of scattering at very small angles (@ <
10'), we assembled an apparatus with two slits 0.014 mm wide end 60 mm apart.
We found that the intensity distribution across the incident beam passing
through the slits was of the type e 9*” and that its angular width ¢ (Letween
the points of hal f-maximm intensity) was about 25”. Such a distribution of
‘ntensity, resulting probably from the profile of the slits and tne passage
of the rays through their edges, offers many opportunities for studying the
scattering at very small angles.

In our werk we uvsed the radiation from an x-raytube having a molybdenum anode
and operated at the sctabilized voltage of 37 kv, this voltage provides an advan-
tageous ratio between the intensity of the monochromatic radiation and the
accompanying white radiation.

Short-wave radiation, which scatters within a s ller range of angles @ than
long-wave radiation, was used because of the high absorption of the latter.

In order to obtain the scattering pattern at very small angies, the x-ray
plate was placed 170 em from the sample. At this distance, the layer of air and
the metallic sample itself wesken sufficiently the long-wave part of the white
radiation, which introduces the largest error in detewmining the lower limit
of the size of the particles (20 to S0 percent),‘ usually found from the
approximate formula
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Here Id\ 1s the wnteusity of the radiation scattered at the angle o, N s the
numbero f the seattering particlesarofidetects of size B, and no1s the number
of electrons 1n one particle.

(2) We studied sarples of pure electrolytic copper rolled intn sheets
0. 11 mn thick, some not annealed, others annealed on racuo at 800 degrees for
4 hours; samples of very pure cast aluminum (99.99 percent) 1.5 mn thick,
similar samples of cold-worked aluminum;, and samples of wluminum of commercial

purity, prepared by sintering.

a b c d e
Fig. 1. \-ray photngraphs (;,hnzugraﬂ;hx(' enlarge-
ment 1.5). a, Jirect beam withont sample; b, sample

of rolled copper, sxais of rotling parallel to shit,
¢, ax1s8 of rnS]ing perpendicular to sliv, d,
annealed sample of rolled copper axis of rolling
parallel to slit; e, axis perpendicular to siit,

Fig. 1 shows x-ray photographs of the direct heam of rays taken without a
sample and with copper swaples exposed with the axis of rolling parallel and
perpendicular to the slit. They distinctiy show the diffusion of the incident
beam, consisting in the widening of the bean and the monotonic decrease of
intensity, which extends as a weak Lackprouud into a relatively large angular
range.

Figs. 2 and 3 show the microphotometer curves
giving thie angular dependence of the intensity
of the direct beam I and of the beams 2, 3, and
4 that have passed through the samples. The
areas under these curves are equal because the
ordinates have been multiplied by the proper
coefiicrents. lhus, ihe effect of the absorption
il 1s ararctically eliminated, and the areas
bordered uy the curves 1 and 2 or 3 and 4 (cross-
hatched 1n Fig. ?) are determined by the addi-
tional absorption 1’ due to the scattering at
-matl angles, which, as has been shown bv Warrenf

14 pro ortional to the radius of the defects or
Gt of the particles and to the density p within
7 . ; 2
0 82 04 Q6 Q8 (0 12 (4 (6.mm  hoge replons:; in fact, w' = 0.108 A kp.
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Fig. 2. Microphotometer (3) the x-ray photographs and the distribution
curves. {, direct beam without . g of the intensity of scattering at very
sample; 2, recrystallized cop-
per; 3, cold-worked copper. small angles shaw that pure metals, whether

defomed, cast, recrystallized, or obtained by
sintering, give a ‘gas scattering’ pattern. Our interpretation of this pattern
is that the scattering results from the difference in electron densities in
the metal itself and in the defects (micropores and cracks), which are voids
with zero electron density. This interoretation 1s based particularly on the
fact that the scattering by porous aluminum (and other metals) obtained by
sintering becomes particularly conspicuous, judging by the decrease of the
area bordered in Fig. 3 by the curves f and 4 before their intersection. The




fact that volled copper scatters more and at larger angles 9 when the

rolling axis of the samples 1s paralle! to the slit than when it is perpen-
dicular shows that the defects are elongated and are oriented in the direc-
tion of tie axis of roliing. 'This phenomenon agrees with the concepts con-

5 (3]
cerning the nature of the strength of metals.

The data on the scattering by rolled and
recrystal lized copper show that the defects
(the lower limit of whose size 1s estimated
as 300 A in the case of a cold-worked metal)
grow to 400 A upon recrystallization,
probably because of the general lowering of
the saturation of the copper by smaller de-
fects, and because of the decrease 1n the
randomness of the orientation of their axes,

In cast aluminum, the lower lLimt of the
size of the defects 1s about 300 A. tinder
plastic deformacinn, this limt 1s reduced
in aluminum to about 250 A with the general
decrease of saturation of the metal by *he
larger defects, probably due to their
healing.

In the aluminum obtained by sintering,
the lower limit of the size of the defects
coincides with the limit for cast alumirum.
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Fig. 3. Microphotometer
curves. 1, direct beam with-
ot sample; 2, cast aluminum;
3, cold-worked aluminum; 4,
gluminum obtained by aintering.

The former differs from the latter by a greater saturation with defects of

a considerable size, probably more than 1000 A

1¥e. A. Porai-Koshita, Uapekhi fiz. nauk, 39, 573 (1949).

[ 2R. Dzheims [James), Opticheskiye printsipy djff
ysi,

Optice] Principles of the Diffraction of X

raktsst rentgenovsiikh luchei
1950.

3Ye. A. Porai Koshits and Yu. G. Sokolov, Doklady Akad. Neuk SSSR, 72, 477 (1950).

SB. Warren, J. Appl. Phys., 20, 96 (1949).

81, 38 (1947).

Machine Practice Institute, USSR Academy of Science
Received August 7, 1952; presenced by Academician G,

.. Shull and L. Roess, J. Appl. Phys., 18, 295 (1947).

Khollomon and K. Ziner [J. H. Hollomon and C. Zener], Uspekhi fiz. nauk,

S. Lsndaberg February 7, 1953

AEC, Oa} Ridge, Tenn,, W36897



;—44_"".,,..

4
¥

{rmed Services Technical Information Agency

Because of our limiled supply, you are requested to return this copy WHEN IT HAS SERVED
YOUR PURPOSE so that it may be made available to otker requesters. Your cooperation
will be appreciated.

Al

o

R

{UNCLAS

NOTICE: WHEN GOVERNMENT OR OTHER DRAWINGS, SPECIFICATIONS OR OTHER DATA
ARE USED FOR ANY PURPOSE OTHER THAN IN CONNECTION WITH A DEFINITELY RELATED
GOVERNMENT PROCUREMENT OPERATION, THE U. S. GOVERNMENT THEREBY INCURS

NO RESPONSIBILITY, NOR ANY OBLIGATION WHATSOEVER; AND THE FACT THAT THE
GOVERNMENT MAY HAVE FORMULATED, FURNISHED, OR IN ANY WAY SUPPLIED THE

SAID DRAWINGS, SPECIFICATIONS, OR OTHER DATA IS NOT TO BE REGARDED BY
IMPLICATION OR OTHERWISE AS IN ANY MANNER LICENSING THE HOLDER OR ANY OTHER

USE OR SELL ANY PATENTED INVENTION THAT MAY IN ANY WAY BE RELATED THERETO.

Reproduced by

DOCUMENT SERVICE CENTER
KNOTT BUILDING, DAYTON, 2, OHIO

SIFIED.

“%
e
>

l?("in—-

PERSON OR CORPORATION, OR CONVEYING ANY RIGHTS OR PERMISSION TO MANUFACTURE,

g

YOS G St LV PP N e

T Dl oo e T

-

PN U A T S OB, WS

L SPEN R e

e

Wedan o




	0001
	0002
	0003
	0004
	0005

