v 1 . . cy. F.D.Shearin‘5-16-6g‘¥i a
, : e — g

-_— AIMD66051581200 -
UNITED STAT

ATOMIC ENERGY COMMISSION

WASHINGTON, D.C. 20545

IN REPLY REFER TO:

GCP:RAA May 12, 1966

Dr. John F. Eichelberger
Monsanto Research Corporation
Mound Laboratory

P. O. Box 32

Miamisburg, Ohio L5342

Subject: PATENT REVIEW - PAPER
Dear Dr. Eichelberger:

Please be advised there is no objection fram a patent view-
point to declassification and publication of the following
paper which was submitted for review by copy of your letter
of May 6, 1966 to Mr. H. F. Carroll:

"Autoradiographic Studies of the Penetration of
Tritium in Stainless Steel™ by J. D. Braun and
G. L. Downs

which you desire to present at the Twentieth Meeting of the
Metallography Group at Denver, Colorado on May 18, 1966.

Very truly yours,

Willesn. G20

Roland A. Anderson
Assistant General Couneel
for Patents

ce: H. F. Carroll
T. W. laughlin, DTIE
Attn: Fhilip Rosser
D. W. King
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May 6, 1966

Dr. L. M. Redman

University of California

Los Alamos Scientific Laboratory
P. O. Box 1663

Los Alamos, New Mexico 87544

Dear Doctor Redman:
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Enclosed is & copy of a letter to Mr. H. F. Carroll
requesting declassification of a paper which Mound
Laboratory wishes to present at "The Twentieth Meeting
of the Metallography Group" which is to be held in

Denver on May 18, 1966.

I would like for you and Dr. D. W. Sherwood, ALO, to
review this paper for reasons which are made clear
in the letter to Mr. Carroll. A copy of the paper
is enclosed for your use. I have asked Dr. Sherwood
to inform Mr. Carroll of your opinions.

Thank you for your assistance in this matter.

Very truly yours,

Original Signed
By J. F. Eichelberger

J. I xicbalborger?‘
Coordinating Organization Director
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M. D. W. King, Patent Attormey
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Albugquerque Operations Office

Albuquerqus, Sew Mexizo 87113

Dear Mx. King:

Enclosed is s sough draft copy of a paper entitled “Auto-
WW““MMM“&&M&W:

by J. D. Bysun and G. L. Dowas which we wish to present
u*“hm of the Metallography Growp” which is
to ba beld at Damwver, evedo, May 18, 1968.
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ment mitt;
arcolly Original Signad
CTED A By § © Ficka'larcer
J. r. Eichelbergex
Enclosure
cec: Me. B. F. Caxxoll
mi ‘0 A' m bc; ko Gc A- 35813
Mr. ¥. B. Cxoamss Mr. F. D. Shearin
File . 7

When Sepérated From Enclosures, Handle

m']' This Document AsU NCLASSIFI ED -




é” i MELURD L/‘».BSR/\\TGT?’Y LiONSANTO
.,; 2 H S ) ' . (\‘

R 7 Sy )

May 6, 1966

Dr. D. W. Sherwood
Albuquerque Operations Office
U. 8. Atomic Energy Commission
P. O. Box 5600

Albuquerque, New Mexico 87115

Dear Doctor Sherwood:

Enclosed 1is a copy of a letter to Mr. H. F, Carroll
requesting declassification of a paper which Mound
Laboratory wishes to present at 'The Twentieth Meeting
of the Metallography Group” which is to be held in
Denver on May 18, 1966. Your copy of the paper is
also enclosed. Would you please give this paper a
thorough review for reasons which are made apparent

in the letter to Mr. Carroll.

I am sending a copy of the paper to Dr. L. M, Redman,
LASL. Perhaps you can discuss the paper with him or
Dr. Krohn. 1 would appreciate your telephoning your
comments to Mr. Carroll.

Very truly yours,

Original Signed
By J. F. Eichelber~s-

J. F. Eichelberger «t~®
Coordinating Organization Director
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Autoradiographic Studies of the Penetration o
Tritium in Stainless Steel T -F \

Japnell D. Braun and Gene L. Downs ™y

Introduction:
1}

The use of autoradiography as a tool for measurement of the
penetration of gases into metals is relatively recent. Although
tritium has been used widely for autoradiography in biological
systems, it has not been used extensively in metallurgical systems.
Huber et al.(l)'studied the distribution of‘hydrogen in titanium
using tritium as the tracer for autqradiographs, and Cupp and’
Flubacher(z) reported their work of autoradiographic measurements
of the diffusion of tritium in zirconium. Other related work

repbrted in the literature is by Gomberg(3) on copper alloys and

by Bruk and Nikolaev(%4) on titanium and zirconium.

The penetration of tritium in stainless steel has been investi-
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tration. Salmon and Randall, (5f6) who studied the diffusion of °
hydrogen and tritium in stainless steel and in palladium at elevated ~*

temperatures by radiocounting, reported activation energies and
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diffusion coefficients for tritium and hydrogen.

In this study we are attempting to measure tritium penetration by
autoradiography and corfelate this data with concentration-penetration
data obtained by radioéounting methods. Meésurement of the amount
and location of tritium in a metél‘samplé by autoradiography is a

valuable addition to usual analytical methods and in some cases

affords measurement of tritium concentration unobtainable by the




¥ ,
usual radiocounting techniques which required the removal of
samples by precision machining in increments of 0.002 - 0.005
inches. An autoradiograph, however, can show the variation in

. o.0ooé R
tritium concentration over incremental sample depths of 10 microns

or less and may be the only cozvenient method, for obtaining-pene-—

,{:a.zw hen .00 4 -

—tration information .
Experimental:

All of the autoradiographic measurements were made on type
304 stainless steel. The samples were sectioned from the test
sampl o . |
iggzaiﬁer. Prior to mounting in plastic they were electroplated
ﬁith nickel for edge preservation during polishing. They were
then mounted in Bakelite, wet-ground through 600 grit SiC papers,
rough polished with 1 micron Al703 on silk, and finally polished
with Cr203 on microcloth. The polished saﬁples were 1ight1y
electro-etched in a solution of 12% HCLl in ethyl alcohol at 12
volts for approximately 5 seconds. For best results in auto-
radiography a light etch is preferred; furthermore, some etching
is necessary as the photographic emulsion does not adhere well to
a highly polished surface.

Eastman Kodak Cempany liquid.nuclear tracking emulsions were
used. These-emulsions are solid.at rbom'temperature and below;
they must‘be warmed to be applied to a sample and should be stored
under refrigeration. Both the NTB-2 and NTB-3 emulsions were used -

successfully.. The NTB~3 is a more sensitive emulsion; however,

the background is usually highg

than for type NTB=2. Lengths of



exposure varied from a few minutes to as long as 24‘hours;'depend-
ing on the concentration levels of tritium in the samples.

From the data furnished by Kodak on the range of various -*
particles in the emulsion it waS'determined that a coating three
microns thick would trap all of the beta particles from tritium
decay. Coatings one micron thick would still contain all but a
small percentage of the beta particles and would give improved
resolution for photomicrographic measurements.

In discussing the techniques used a few remarks on emulsion
coating techniques should be made. - It is impdrtant to get an
even coating, without passing over any part of the sample more
than once. We finally adopted a method of dipping a small glass
rod in emulsion and rblling it smoothly acfoss the sample surface
perpendicular to the direction of tritium penetration to avoid
dragging any surface contamination from the higher concentration
level to the lower one. The emulsion thickness, measured micro-
graphically, was between 1 and‘B.microné.

" After the samples were coated with emglsion, they were placed
in a light-tight box and exposed for Qa?ying periods of time. The?*

samples were refrigerated while exposures were being made.

The emulsion was developed in place.' Both coating and developing

were carried out under limited, dark red lighting using a series 2
Wratten filter. Developing procedures were those recommended by

Kodak: develop 2 minutes in Dektol(l:i); stop in distilled water, .

A
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fix 5 minutes in Kodék Fixer F-5, wash in distilled water 5
minutes, and dry slowly ih a dust-free atmosphere.

The sampleé were then photographed at 100 and 1000X to show
the location and intensity of exposed emulsion grains as related
to the underlying grain structure of thg sample.

Results: | .

Figure 1 shows photOmicrographsmat 100X of typical samples

after 22 hours exposure using NTB~2 emulsion. Penetration in

these samples vafied between 15 and 20 mils, which agreed well with
radiocounting data for these samples.
. - -

To obtain quantitative measurements from the autoradiographs =7
for the concentration of tritium, a method for determining the
amount of exposure of the emulsion must be applied. The general
procedure used by Cupp and Flubacher(z)“in their work on:tritium .
penetration in zirconium was modified for this study. Photomicrdé'
graphs were taken at 1000X (using Polaroid P/N film) at various
points across the sample. These points were chosen to correspond
with given concentration leQels in-the sample determined from
radiocounting measurements. The exposed emulsion grains were then
counted on each photographic.hegative using a light box with a
‘grid marked in 10 millimeter Squares. ‘Fof a 1000X negative this
resulted in a count of exposed emulsion grains per 100 square micrbns;
For the high intensity photographs_éxposed grains in at 1east 20

squares were counted. The remainder were counted over the entire

area of the photomicrograph.

~.
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For each exposure time a standard of 304 stainless steel was
run simulteneously and a background ceunt obtained for that
particular run. This was subtracted from the counts obtained for
the samples. Background counts averaged about 2 counts per 100
square microns on the samples studied. Figures { and gzshow
representative samples at the various cqnceﬁtration points.

Table 1 shows the results of counts over the entire concentretion

range for two samples and two exposure times. <E}gure 4 shows the

concentration of tritium expressed as exposed grains of emulsion

per 100 square microns vs. distance on the samples. In these 4&524§ﬁ::"

curves no correction has been applied for overlap of exposed
‘emulsion spets; a much iarger number of- data points must be ob-
tained before an accurate concentration-penetration curve can be
determined by this method;>¥Hewewef5/£rom these preliminary quant
tative measurements the methed appeers premising for the study of

tritium penetration in metals at all concentrations of tritium.
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