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INTRODUCTION

This report is issued as Part I-D of a series of reports concerned with
corrosion studies for the Materials Testing Reactor by the Corrosion Group
of the Reactor Experimental Engineering Division at Oak Ridge National
Laboratory.* Most of these data have been previously published in progress
reports and memoranda. Another report, Part I-E, will be issued at a later
date to cover the results of long-term tests made on representative samples
of beryllium used in the construction of the Materials Testing Reactor.

The technology of hot-pressed beryllium production had advanced rapidly
by the end of 1949. Additional corrosion informstion was needed to determine
the type of beryllium metal best suited for reflector naterial. The effects
of surface cold work, metal purity, and water quality on the corrosion
resistance required further investigation. Consequently, the beryllium
corrosion program was oriented to provide this informetion.

The test results given in this report have been divided into two parts.
Part I is devoted to corrosion studies made on hot-pressed and vacuum cast
extruded metal which was considered representative of production: Part II is
concerned with the results of tests made on special cast end hot-pressed
beryllium which contained added impurities.

* Other reports issued in this series include:

Part I: Interim Report on the Corrosion of Beryllium in Similated Cooling
Water for the Proposed Development Reactor, James L. English,
ORNL-298, March 16, 19k9.

Part I-A: Initial Corrosion Tests on Brush Process QM and QRM Beryllium,
Arnold R. Olsen, ORNL-733, July 1%, 1950.

Part I-B: The Corrosion of Beryllium in Simuleted Cooling Water for the
Materials Testing Reactor, James L. English, ORNL-TT72,

Januwary 23, 1951.

Part I-C: The Effect of Metallurgical Variables on the Corrosion of Extruded
Beryllium, Arnold R. Olsen, ORNL-1146.

Part II: The Corrosion of 356 Aluminum in Simulated Cooling Water for

the Proposed Materials Testing Reactor, James L. English,
ORNL-681, July 20, 1950.

Wy
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ABSTRACT

The results of stagnant tests to determine the effeets of production
method, surface cold work, water quality, and metal purity on the corrosion
resistance of beryllium to aqueous media are reported. Distilled water, with
and without added ionic impurities, containing hydrogen peroxide (0.005M) at
a temperature of 85°C was the corrosive medium,

The corrosion resistance of three types of hot-pressed beryllium and
vacuun cast extruded beryllium was almost identical after 12 months of
exposure. Corrosion rates of 0.007, 0.008, and 0.009 mils/mo. were obtained
for QM~V, QPT, and QRM hot-pressed samples, respectively. A rate of 9.008
mils/mo. was obtained for the vacuum cast extruded metal. The most significant

were 15.7 mils for the QRM, 7.1 mils for the QM-V, and 3.1 mils for the QFT.
The greatest pit depth obtained on the vacuum east extruded metal was 7.4 mils.
The greatest number of pits on the QRM metal was 6 pits/em®. Pit frequencies
for the other three types were, in most instances, lower than this value.

The effect of surface eold work produced by grinding and miiling on the
corrosion resistance of hot-pressed beryllium was studied. Surfaces produced
by grinding cuts of 0.005, 0.010, and 0,020" were equally corrosion resistant
for a period of 10 months. Cold-worked surfaces produced by milling cuks 1/8"
or less in depth exhibited about the same corrosion resistance as the ground
surfaces. Cold work produced by deep milling cuts of 1/k and 1/2" increased
the initial Gorrosion, but the long-term effect was less pronounced. The
pPitting on deeply ecld-worked metal (1/2" milling cut) was more loealized
after 10 months of exposure. Grinding improved the corrosion resistance of
deeply cold-worked surfaces.

The susceptibility of beryllium to pitting was greatly accelerated by
the presence of chloride, sulfate, and cupric ions in the corrosive medium.
In order to avoid excessive pitbing, the concentrations of these constituents
should be maintained as low as econcmically feasible. Tolerzble upper limits
are C.2 ppm chloride, 2.0 bpm sulfate, and 0.02 ppm cupric ions.

Tests were run to determine the corrosive effects of various impurities
normally present in beryllium. Cast beryllium containing additions of
aluminum, iron, and silicon exhibited no detrimental effects attributable to
these constituents after 13 months of exposure. The impurity concentrations
studied were as fellows: 0.30, 0.44, 0.73, and 1.05% A1; 0.23, 0.3%, and 0.40%
Pe; and 0.186 ana 0.201% Si. Hot-pressed metal containing 0.11, 0.23, and
0.26% BepC showed no significant difference in corrosion resistance alter
7 months of exposure.

H 5 -
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PART I

THE CORROSION RESISTANCE OF PRODUCTION
HOT-PRECOED AND VACUUM CAST EXTRUDED
BERYLLIUM

This part of the report covers corrosion studies made on hot-pressed
and vacuum cast extruded beryllium samples which were considered comparable
representatives of production during 1949. These studies were made to
determine the effect of production method, machining technique, and water
quality on the corrosion resistance of beryllium.

Test Materials and Treatment

The test samples of QM-V, QPT, and QRM hot-pressed beryllium metal were
procured from The Brush Beryllium Company in the form of small slabs having
the following dimensions: 1" x 1" x 1/k". A 3/16" dlameter hole was drilled
near one corner. Various maehining methods were used on all three types so
that the effect of surface cold work on the corrosion resistance could be
studied. The reported chemical analyses of these materials are given in
Table I.

A brief description of the chemical and metallurgical background of the
three typecaf hot-pressed beryllium is as follows:

1. QPT beryllium refers to powder metallurgy shapes produced from
less than 200 mesh powder which was made by crushing, rolling,
and attritioning pressure furnace primary grade pebbles. Primary
grade pebbles are produced by the pressure furnace reduction of
beryllium fluoride with magnesium. This materisl generally assays
98.5% or better.

2. QBRM beryllium refers to powder metallurgy shapes produced from
less than 200 mesh powder which was made by crushing, rolling, and
attritioning pressure furnace remelt beryllium pebbles. Remelt
beryllium is produced in a pressure furnace by melting beryllium
metal in the fluoride slag remaining from pressure furnace primary
reduction runs, This metal assays 98.5% or better. Its magnesium
and. slag content is lower than in QPT nmetal.

3. QM-V beryllium refers to powder metallurgy shapes produced from
less than 200 mesh powder made by chipping and attritioning vacuum

east billets.

o
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The general procedure used by The Brush Beryllium Compeny for machining
the test samples was as follows: After rough-machining the hot-pressed blocks,
slabs 1" in thickness were cut on a Peerless saw. These slabs were cut into
approximately 1" cross sections on a shaper and were then ground to size. The
ground 1" cross-section bars were cut into slabs of various thickness on a
Radiae. The two faces of these slabs produced by the Radiac euts were then
machined and/or ground by the various procedures given in the extreme left-
hand columns of Tables VII, VIII, and IX.

o

All milling machine outs were made with a 6" carbide-tipped end mill-
HA grade, 135 rpm, and 1.180" feeq per mimite. Coolant used was synthetic
turpentine. A11 grinding was done on a Brown and Sharpe surface grinder using
a crystalline wheel, No. 32A60-HSYBE, 10" x 1/2" x 3" hole. Table feed was
20' per minute. The wheel rotated at approximately 2300 rpm. The Radiac
cutting wheel used was type C-90, LRE-23, 10" diameter x 1/32" thieck.

Test samples of extruded metal were machined from a bar which was
produced by the extrusion of a vatuum cast billet. This billet was cast by
the Beryllium Corporation from metal supplied by The Brush Beryllium Company.
The billet was extruded at g temperature of 1800°F. The extrusion ratio of
the bar was 4.1:1. A gomplste analysis of this material was not available.
The reported. analysis for a few of the elements is as follows:

Element Determined Chemical Analysis

Fe 0.125%
Al 0.09%
Mg 4 25 ppm
Mn 235 ppm
Cr 180 ppm
Ni 195 ppm

The test samples, 1" diameter x 1/4m thick, from this bar were finish-machined
by lathe outs of approximately 0.005" in depth.

The samples were cleaned in cold, 25% nitrie aeid for 20 minutes, rinsed
in water, acetone, and alcohol, dried in an oven at 110°C for 15 to 20 minutes,
and weighed prior to exposure,

o R




TABLE I

CHEMICAL ANALYSES OF HOT PRESSED BERYLLIUM

Elements Lot No. Y4WT8BP Lot No. YWh60BP Lot No. Y4U83BP
Determined QH=V QRM QPT
In Wt. Per Cent
Ag 0.00005 a 0.00005 a 0.00005 a
Al 0.10 0.33 0.17
cd 0.00002 nd 0.00002 nd 0.00002 nd
Co 0.0001 nd 0.0001 nd 0.0001 nd
Cu 0.007 0.015 0.018
Fe 0.10 0.26 0.28
Li - 0.00003 0.00003 0.00003
Mg 0.013 0.042 0.02
Mn 0.008 0.013 0.012
Ni 0.023 0.02 0.012
si 0.038 0.068 0.055
Zn 0.006 & 0.006 a 0.006 a

The analyses given above are reported by National Spectrographic Laboratory.

Assay 99,28 98,87 99.0k
BeO 1.3k * 1.26
Slag 0.33 * 0.11
BeoC 0.16 * 0.29
Fe 0.117 0.18 0.199
Al 0.15 0.20 0.18
Mg * 0.10 0.02
Ni * 0.05 *

Cr * 0.009 *

The analyses given above are repgrted by Fhe Brush Beryllium Company,
Cleveland, Lasswtory.

a means approximately

nd means not deteeted at sensitivity of designated per cent

* nep snalysis was reported for these elements

Bl
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Description of Corrosion Test Method

Distilled water containing 0,005M hydrogen peroxide to similate the
effects of irradiation om the water was used as the test media. The temper-
ature of the test media was maintained at 85°C; the PH within the range of
5.5 to 6.5. An analysis is given in Table IT as representative of the water
quality used during the course of the tests.

Test samples were suspended in either 5 or 16 liter capacity jars. The
smaller jars, 5 liter 3-neck distilling flasks » Were supported on a transite
box containing a 375 watt infra-red buldb for heating. The temperature was
controlled by a Merc-to-Merc themoregula.tor—relay system. Reflux condensers
prevented solution loss. The larger jars were maintained at 85% in
eiectrieally heated water baths., Plasticecoated aluminum 1ids were used to
minimize solution loss and contamination of the water. The pH of the water
was adjusted three times weekly, if negessary, within the range of 5.5 to 6.5
by the use of either dilute nitric acid or sodium hydroxide. The hydrogen
peroxide concentration was maintained approximately 0,005M by the addition of
it A hydrogen peroxide every 4 hours. Peroxide analyses were made three times
each week. The test media were replaced weekly with fresh water.

A few tests were run to determine the effect of water quality on the
corrosion resistance of beryllium. For these tests » additions of known
troublesome impurities - chloride, sulfate, and cupric ions - were made to
the test media. These impurities were added weekly as sodium chloride,
sodium sulfate, and cupric sulfate. Tests were rmun which contained 0.5 and
1.0 ppm of chloride; 5, 10, and 15 ppm of sulfate; and 0.1, 0.2, and 0.5 ppm
of cupriec ions.

Samples were removed from eagh test beriodically for corrosion damage
‘evaluation. The samples were c¢leaned with a surgical brush, dried in an
oven at 110°C for 15 to 20 minutes » and weighed. They were then defilmed in
25% nitric acid for 20 minutes, dried, and weighed again. The pits were
counted and the maximm pit depth on each sample was determined with the aid
of a microsccpe. The Pit counts given in +his report include only the pits
whi¢h were readily observed. with the naked eye. The penetration rates were
based on the defilmed welght losses. A different set of samples was used
for each periodie corrosion damage evaluation.

-




ZABLE II

TYPICAL ANALYSIS OF DISTILLED WATER
USED IN CORROSION TESTS

Specifio resistance, ohms/em3 at 25°C
PH

Soap hardness ( CaCo03)
Dissolved COp
Dissolved solids
Non-volatile solids
Si0o

Fe

Al

Cu

Ni

Cr

Ca

Mg

Na

S0y

C1

CO3

HCO3

3 x 10°

5¢5

5.0 ppm

2.3 ppm

7.2 ppm

5.9 ppm

2.6 ppm

0.2 ppm

0.01 ppm
0.02 ppm
0.05 ppm
0.05 ppm
0.25 ppm
0.21 ppm
1.0 ppm
2.0 ppm
0.2 ppm
3.1 rpm

4.3 ppm



—
— - 36 -

Data and Discussion of Results

The daba and discussion have been divided into three sections based
on comparisons of the relative corroeion characteristics for different
production methods, different machining techniques, and minor differences
in water quality.

The Relative Corrosion Resistance of Hot-Pressed and
Vacoum Cast BExtruded Beryllium

Corrosion deta are given in Tables ITI, IV, V, and VI. These
results cover exposure periods of 1, 2, 3, 5, 7, 9, and 12 months
for samples of each of the three types of hot-pressed metal and the
vacuunm cast extruded metal.

The hok-pressed metal showed light corrosion damage throughout
the course of the tests. The average corrosion rates based on 12
months of exposure for the QM-V, QPT, and QRM beryllium were 0,007,
0.008, and 0,009 mils/mo., respectively. Comparisons of the weight
losses and corrcsion rates with respect to exposure time are shown
in Figures I and 2.. The weight losses and corrosion rates shown
on these plots are average values for the samples used for each
exposure period. The QM-V metal exhibited an almost constant rate
after the first month of exposure., The QPT material unexpectedly
exhibited a minimum rate of 0.006 mils/mo. after 2 months. The rate
increased to a meximm of 0.011 mils/mo. after 5 months then
decreased graduslly to an almost constent velue of 0.008 mils/mo. at
She corcliusien of the test. The corrosion rate for QRM metal was
erratic dnring ths first 7 months of exposure, reaching a maximum
value of 0.0L% mils/mo. after 3 and 7 months. During the latter
5 monthks, the rate deereased gradually to 0.009 mils/mo.

e moss noblcsable corrosion damage on all three types of
h@t-pré’ssed mebal was the formation of a fairly uniform distribution
of shallow pits. Tn general, the frequency and depth of the pits on
the QBRM metal were greater than those obtained on the QM-V and QFPT
maberial. The greatest pit depth ovbained on the QRM mebtal was 15.7
mils afber 7 months of exposure. The greatest number of pits observed
was 6.0 pits/cm® on a sample exposed for 2 months. The maximum pit
depths observed on the QM-V and QPT samples were 7.l and 3.1 mils after
2 and 12 months of exposure, respectively. The pit frequencies for
these materials, in most instances, were gpproximately one-half as great
as those observed on the QRM metal. Numerous extremely small pits

P
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gcu.rred on some of the QM-V and QPT samples after 12 months.

Tlle non~-homogeneity of the metal apparently caused the errstic
behavior of the pitting attack. In many instances, the greatest
number of pits, as well as pit depths » Were not observed on
samples exposed the entire 12 months. Photographs of samples
after various periods of exposure are shown in Figures 3, 4, and 5.

The corrosion rates obtained for the vacuum cast extruded
beryllium were low throughout the course of the test. The average
rate after 12 months of exposure was 0.008 mils/mo. A maximum
rate of 0.012 mils/mo. was obtained after 3 months of exposure
followed by a decreasing ratée for the last 9 months. The metal was
susceptible to light pitting. The pit depths were erratic. A
meximum pit depth of 7.4 mils was obtained on a sample after 7 months
of exposure. Pit frequencies were comparable to those obtained for
the QM-V and QPT metal. Fhotographs of samples after various periods
of exposure are shown in Figure 6.

These studies show no appreciable difference in the corrosion
resistance of hot-pressed and vacuum cast extruded beryllium after
1 year of exposure to distilled water (0.005M HoO2, pH 5.5-6.5, 85°C).
The corrosion rates were low, varying between 0.007 and 0.009 mils/mo.
The most significant corrosion was eaused by shallow pitting which
was slightly more severe on the QRM metal.
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TABLE ITL

THE CORROSION OF QM~-V BERYLLIUM (1LOT NO. Yhli'78BP) EXPOSED
TO DISTILLED WATER CONTAINING 0,005M HYDROGEN PEROXIDE AT 85°¢

Pi% Count Maximm Pit Weight Loss, Penetration Rate, Exposure Time,
per cmS Depth, mils Ame /mo* mils/mo Months
Neg. - 2.7 0.006 1
" - L.5 0.010 n
" - 3.6 0.008 "
" - 3.6 0.008 "
n - 4.5 0,010 "
n - 3.2 0.007 n
0.8 0.7 3.8 0.008 2
2.0 3.2 3.8 0.008 "
0.9 2.1 k.0 0.009 "
0.5 1.3 6.4 0.01k "
0.3 3.5 2.9 0.006 "
0.5 2.1 2.4 0.005 "
2.9 2.4 3.8 0.008 "
1.3 0.9 h.6 0.010 "
2.4 2.0 4.3 0.009 "
3.7 0.9 2.9 0.006 "
0.6 7.1 3.2 0.007 "
1.7 1.0 5.1 0.011 n
1.1 0.9 3.8 0.008 3
1.2 1.5 4.6 0,010 "
0.9 2.1 4.3 0.009 "
0.7 1.3 4,3 0,009 "
2,2 0.7 2.9 0.006 "
1e7 0.9 3.2 0.007 n
1.0 1.3 2.9 0.006 5
1.l 0.9 3.3 0.007 "
0.8 1.5 3.4 0.007 "
2.k 1.4 3.6 0.008 "
1.3 1.1 3.9 0.008 n
1.7 2.1 4.3 0.009 "
L. 2.3 2.6 0.005 T
.6 0.8 3.2 0,007 "
1.2 2.8 3.5 0.007 "
0.8 1.3 3.2 0.007 "
0.9 0.9 2.9 0.006 "
0.7 1.5 3.7 0.008 "




TABLE III (CONT'D)

THE CORROSION OF QM-V BERYLLIUM (LOT NO. Y4h78BP) EXPOSED
Mo DISTILLED WATER CONTAINING 0.005M HYDROGEN PEROXIDE AT ©59C

Pit Count Moximam Pit Weight Iﬁ: N Penetration Rate, Exposure Tine,

_per cm? Depth, mils ng mils/mo Months
1.9 1.1 3.2 0.007 9
2.3 0.9 3.7 0.008 "
0.7 1.7 3.3 0.007 "
1.9 1.2 2.9 0.006 "
4.3 3.2 4.3 0.009 n
3.1 1.5 3.9 0.008 "
0.6 1.k 3.1 0.007 ' 12
Num. 1.6 3.2 0.007 "

" 1.3 3.2 0.007 "
" 1.2 3.2 0.007 "
2.5 1.k 3.3 0.007 "

*mg/dm2/mo - Milligrams per square decimeter per mpnth
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TABLE IV (CONT'D)

THE CORROSION OF QPT BERYLLIUM (Lot mo. Y4483BP) EXPOSED ToO
DISTILLED WATER CONTAINING 0.005M HYDROGEN PEROXIDE AT 850C

Pit Count Meximm Pit  Weight Loss, Penetration Rate, Exposure Time,

L e

per cm® Depth, mils ng/dun” /me* mils/mo Months

1.7 1.2 2.7 0.007 9
3.9 2.7 2.8 0,007 "
2.7 1.9 k.o 0.009 "
3.9 2.2 h.a 0.009 "
3.1 l.1 - 0.009 "
5.1 3.0 k.o 0.010 "
1.Z 1.3 3.0 0.006 12
1. 2.0 3.7 0.008 "
Num, 1.8 3.5 0.008 "

" 3.1 3.8 0.008 "

" 1.7 b4 0.009 "
0.9 0.9 h,5 0.010 "

*mg/dn? /mo - Milligrams per square decimeter per month



TABLE V

THE CORROSION OF QRM BERYILIUM (LOT NO. Yih60BP) EXPOSED TO

DISTILIED WATER CONPAINING 0.005M HYDROGEN PEROXTDE AT ©50C

Pit Count Maximm Pit Weight Loss, Penetration Rate, Exposure Time,
per omS Depth, mils ug/am? /m* mils/mo - Months -
Neg. - b1 0.009 1
n - b, 0,009 "
" - 4.5 0.010 "
" - k.1 0.009 "
" - 3.6 0.008 "
" - 3.6 0.008 "
3.9 9.9 b7 0.010 2
3.7 12.2 6.2 0.013 "
4.9 .7 6.4 0.01k4 "
3.2 6.3 7.2 0.015 "
6.0 .7 6.4 0.01% "
4.5 2.8 6.0 0.013 "
.7 2.8 6.4 0.01% "
6.7 3.9 9.3 0.020 "
5.7 W7 h,1 0.009 "
3.1 3.5 5.7 0.012 "
3.9 10.6 6.5 0.01k4 "
kb9 2.8 L7 0,010 "
3.2 2.9 b1 0.009 3
.1 5.1 6.4 0.01k4 "
6.1 6.7 6.0 0.013 "
5.1 12.0 9.3 0.020 "
1.7 3.5 T3 0.015 "
1.9 .o 6.4 0.01k "
1.3 k.1 5.1 0,011 5
1.9 5.1 5.3 0.011 "
2.3 3.2 5.3 0.011 "
5.2 €.6 5.5 0.012 "
1 2.0 5.6 0.012 "
3.9 2.5 6.2 0.013 "
2.5 12.7 6.5 0.01k% 7
2.7 T 7.1 0.015 "
1.9 7.9 6.4 0,014 "
2.4 7.9 5.5 0.012 "
1.k T.1 7.3 0,016 "
1.2 7.9 6.7 0,014 "
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TABLE V (CONT'D)

THE CORROSION OF QRM BERYLLIUM ém NO. YMOBP! EXPOSED TO
DISTILLED WATER CONTAINING 0.00 HYDROGEN PEROXIDE AT 8500

Pit Count Maximum Pit Weight Loss Penetration Rate, Exposure Time,

per cmt Depth, mils ng/dn /mo%* mils/mo Months
2.1 4.1 4.1 0.009 9
3.2 3.9 5.2 0.011 "
2.8 k.9 6.2 0.013 "
3.9 7.1 5.1 0.011 "
3.1 7.6 .7 0.010 "
b2 2.9 5.6 0.012 "
3.5 1.6 3.6 0.008 12
4.8 2.4 3.8 0.008 "
2.8 2.0 ) 0.009 "
5.4 2.8 b1 0.009 "
o) 2.4 k2 0.009 n
4,8 k.2 b1 0.009 "

* mg/dme/mo - Milligrams per square decimeter per month
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TABLE VI

THE CORROSION OF VACUUM CAST EXTRUDED BERYLLIUM (HEAT NO. 164)
EXPOSED TO DISTILLED WATER CONTAINING O.005M HYDROGEN PEROXIDE AT C

Pit Count Maximm Pit Weight Loss, Penetration Rate, Exposure Time,

per ome Depth, mils am2 /mo%* mils/mo Months

Neg. - 3.9 0.008 1

" - 5.2 0.011 "

" - 4.5 0.010 "

" - 4.5 0.010 "

" - 3.9 0,008 "

" - 2.6 0.006 "
Neg. - L7 0.010 2

" - 5.4 0.012 "
0.2 2.8 b1 0.009 "
Neg. - .1 0.009 "
0.5 2.4 bl 0.009 "
0.3 0.8 S.lt 0.012 n
1.1 3.2 T.1 0.015 n
O.lt 2.4 k.1 0.009 "
0.3 S 1.k 5.k 0.012 "
Neg. - 6.1 0.01k n
0.3 2.4 b7 0,010 "
CeT 3.5 5.h 0.012 "
0.5 3.7 5.k 0.012 3
1.2 .1 o1 0.009 "
1.3 2.9 6.4 0,014 "
2.3 1.2 Te2 0,015 n
0.9 1.7 6.0 0.013 "
3.1 0.9 5.2 0.011 "
2.1 1.9 b b 0.009 ' 5
1.9 k.1 k.5 €.010 "
3.1 2.3 4.6 0.010 "
3.2 5.6 k.9 0.010 "
2.9 3.2 5.2 0.011 "
5.2 3.7 5.3 0.011 n
6.1 5.5 k.9 0,010 7
5.1 Tkt h.2 0.008 "
Num. 7.0 7.2 0.015 "
1.2 6.3 5.0 0.011 "
6.1 0.9 Y 0.010 n
3.3 0.8 2.7 0,006 "

s




|-

THE

CORROSION GF -VACUUM

TABLE VI (CONT'D)
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CAST EXTRUDED BERYLLIUM (HEAT NO. 164

EXPOSED TO DISTILLED WATER CONTAINING 0.005M HYDROGER PEROXIDE AT %5°G

Pit Count Maximum Pit Weight Loss, Penetration Rate »  Exposure Time,
per - Depsh, mils am? /mo* mils/mo - Months
3.2 2.7 5.0 0.011 9
1.9 1.9 L)y 0.009 "
4.6 4.2 3.8 0.008 "
2.7 5.5 k2 0.009 "
5.5 3.2 hh 0.009 "
Num, 7.0 5.3 0.011 "
Num, 1.6 3.1 0.007 12
2.0 5.5 3.8 0,008 "
0.1 Te2 3.8 0.008 "
6.9 1.9 3.4 0.007 "
2.1 5.5 4.6 0.010 "
0.9 3.1 b1 0.009 "

* mg/dw?/mo - Milligrams ver square decimeter per month
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The Effect of Surfage Cold Work on the
Corrosion Resistanee of Beryllium

Corrosion date are given in Tables VII, VIII, and IX which
show the effegt of surface gold work on the corrosion resistance
of hot-pressed beryllium. These results gover exposure periods of
1, 2, and 10 months for samples of QM-V, QPT, and QRM beryllium.
The final maghining operations listed in the above-mentioned tables
were made on surfages produced by a Radiac wheel, A cemplete summary
of the machining techniques used is ingluded in a preceding seetion,
Test Materials and Treatment.

An examination of the data shows that the initial gerrosion
resistange is affected by surface cold work. In general, surfages
produced by grinding euts of 0.005, 0.010, and 0.,020" exhibited
about the same ecorrosion resistange after 2 months of exposure. The
high penetration rates obtained for the QRM samples are not believed
+o have been csused by machining teghnique. The numerous small pits
on these samples were distributed uniformly over the entire surface.
The sides of all the samples were machined by the same procedure, yet
no comparsble pitting was observed on the other samples. Surfages
produged by milling cuts of 1/8" or less in depth exhibited about the
same corrosion resistance as the grgund surfaces. Higher weight losses
were obtained as the depth of milling cut was increased. The corrosion
rates, based on 2 months of exposure, for surfaees produced by 1/2"
milling suts were 2 %o 3 times higher +han those obtained for ground
surfaces. Grinding improved the corrosion resistance of these deeply,
cold-worked surfaces. However, the improvements due to shallow
grinding decreased as the depth of milling cut was inereased. No
severe damage @fpurred on any of the samples as evidenced by the low
weight losses, '

A eomparison of the weight losses after 10 months of exposure
shows ne appregiable differences in the overall corrosion rates. The
pitting was more localized on the surfaces produced by 1/2" milling
cuts. This phenomenon was probably caused by the non-uniformity in the
depth of surface cold work. Consequently, many of the pit diameters
were larger although no significant difference in pit depths ocourred.
4 more uniform distribution of pits oceurred when these surfaces were
Pinish-machined by light grinding. ographs of QPT samples after 10
months ef exposure are shewn in Figures 7, 8, and 9. = =~ .

Tt is eoncluded Ffrom the results of these tests that the gorrosion
resistance of beryllium is not appreciably influensed by gold work
produged by grinding or shallow milling cuts. However, surfesges produced
by milling cuts of l/h" or greater in depth were more susceptible to
corrosion during the initial 2 months of exposure. After 10 months of
exposure, the overall ocorrosien was sbout the same for both milled and
ground surfaces. The only long-term difference in gorrosion behavior
observed was the uneven distribution of pitting on surfaces produced by

1/2" milling cuts.
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THE CORROSION OF QM~V -BERYLLIUM (LOT NO.
BY D2FFERET WAYS EXPOSED TO DI
~ 0.005M HYDROGEN PEROX

TABLE VII

Final Moghining Pit Count Haximm Pit Weight Loss,

Y-11i78BP) MACHINED AND/OR GROUND
ITIED WATER CONTATNING
OX IDE AT B50C

Penetration Rate,

Exposure Tiue,

Operation Depth, mils mg/dme /mo* mils/mo Monthe
0.005" grinding out - 5.1 0.011 1
7.2 9.9 - 0.022 2
b, 7 L7 0.010 2
2.6 4,3 0.009 10
4.3 4.1 0,009 10
0.010" grinding cut - 5.1 0.011 1
5.1 7.0 0.015 2
i 7.6 0.017 2
4.3 b7 0.010 10
: 4.3 4.5 0,010 10
0.020" grinding cut - 6.1 0.013 1
3.7 5.0 9.1 0.020 2
L7 5.5 7.6 0.017 2
7.7 2.8 5.9 0,013 10
- : 6.2 2,2 5.9 0.013 10
0.020" single milling Neg. - 8.7 0.019 1
mathine cut 3.7 5.0 13.1 0.029 2
5.3 7.1 12.0 0.026 2
2.7 4.3 4.9 0,013 10
- 2.4 3.5 - L4 0.011 10
0.125" singie milling Neg. - 3.6 0.008 1
machine out followed 3.2 4,5 10.2 0.017 2
by light grinding cut 3.2 5.1 5.6 0.012 2
0.1 1.5 4.0 0.009 10
0.2 2.8 3.9 - 0.008 10
0.250" single milling Neg. - 9.7 0.021 T
machine cut b,k k.9 18.9 0.0k1 2
2.0 5.9 1k.9 0.032 2
1.7 3.9 3.6 0.008 10
1.7 L7 3.3 0.007 10

.-
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TABLE VII (CONE'D)

THE CORROSION OF QM~V BERYLLIUM (LOT NO. Y-4478BP) MACHINED AND/OR GROUND
BY DIFFERERT WAYS  EXPOSED TO DISTILLED WATER CONTAINING
0.005M HYDROGEN PEROXIDE AT B50C -

Final Machining Pit Count Maximum Pit Weight Loss, Penetration Rate, Exposure Tine,
Operation per -cm> Depth, mils ng/am? /mo* mils/mo Months

0.,250" single milling Neg. - 5.1 0.011 1
machine cut followed 2.0 5.0 8.2 0,018 2
by light grinding cut 1.6 6.5 114 0.025 2
0.2 1.9 3.7 0.008 10
- 0.3 1.6 3.6 0.008 10
0.500" single milling Neg. - .7 0.019 1
machine cut 3.9 5.9 25.4 0.056 2
3.7 4.7 20.1 0,04k 2
3.1 3.9 3.2 0,007 10
1.4 3.5 3.7 0.008 10
0.500" single milling Neg. - T+0 0.016 1
machine cut followed by 3.1 4.0 8.8 0,019 2
light grinding cut 0.8 4.8 7.6 0.017 2
0.2 1.3 k.0 0.008 10
1.0 2.8 4L 0.009 10

- )€ -

¥mg/dm?/mo - Milligrams per square decimenter per month



TABLE VIIT

ZHE CORROSTON OF QPT BERYLLIUM (LOT NO. Y-4483BP) MACHNED AND/OR GROUND
~ BY DIFFERENT WAYS EXPOSED TO DISTIIIED WATER CONTATNING

e ——————na——

0.005M HYDROGEN PEROXIDE AT B50C

-eg-

Final Machining Pit Count Maximm Pit Weight Loss s Penetration Rate, Exposure Tine,
Operation per o Depth, mils mg%iﬁ/m* mils/mo Months

0.005" grinding eut Neg. - 7.1 - 0.015 1
9.2 4.3 9.4 0.020 2
9.9 5.9 8.2 0.018 2
3.3 3.2 5.9 0.013 10
C- 2.2 2.k 6.1 ' 0.013 10
0.010" grinding cut Neg. - 6.6 0.01k 1
5.2 ) 11.9 0.025 2
2.3 k.5 11.0 0.023 2
3.7 2.0 5.6 0.012 10
- 3.7 2.0 5.4 D 0.012 10
0.020" grinding cut 8.4 1.1 7.1 0.015 1
1.3 5.1 8.9 0.019 2
2.1 B.l 9.6 0,021 2
1.6 3.1 5.3 0.011 10
~Lolt 2.4 5.8 0.012 10
0.020" single milling Neg. - 8.7 0.019 1
machine cut 2.4 5.5 8.5 0.018 2
' 2.k k.3 8.9 0.019 2
2.0 3.2 5.6 0.012 10
) 3.k k.5 5.7 0.012 10
0.125" single milling Neg. - 9.2 0.020 1
machine cut k.9 k.9 6.6 0.01k 2
k.2 k.3 8.9 0.019 2
2.0 2.6 hL 0.009 10
: 1.5 3.2 L6 0.010 - 10
0.250" single milling Heg., - S 0.019 1
machine cut 2.8 6.2 12.6 0.027 2
2.7 b7 11.9 0.025 2
k.3 3.2 6.7 ' 0.01k 10
3.6 6.7 6.2 0.013 10

ey
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TABLE VIIE (CUONT'D)

THE CORROSION OF QPT BERYLLIUM (LOT NO. Y-4483BP) MACHINED AND/OR GROUND
BY DIFFERENT WAYS EXPOSED TO DISTILLED WATER CONTAINING

— ————p——— —————  ———————— _ _e——

Final Machining Pit Gount Maximum Pit Weight Loss, Penetration Rate, Exposure Time,
Operation per om Depth, mils mg/amC /mo* mils/mo Months

0.250" single milling Neg. - 5.l 0.011 1
machine cut followed 3.k .7 8.9 0.019 2
by light grinding cut 1.6 3.7 8.7 0.019 2
0.8 2.8 4.8 0.010 10
- 1.7 h,7 - k.9 0.011 10
0.500" single milling Teg. - 9.2 0.020 1
machine cut 2.9 4,3 12.h 0.026 2
3.4 k.3 12,k 0.026 2
b b 2.8 5.7 0.012 10
- 2.9 5.8 5.1 0.011 10
0.500" single milling Neg. - 6.1 0.013 1
machine cut 2.0 h,7 10.8 0.023 2
Pollowed by light 0.2 7.3 - T.1 0.015 2
grinding cut 3.1 3.2 5.4 0.012 10
- - 3.1 6.3 6.2 _0.013 - 10

*mg/dnP /mo - Milligrams per square decimeter per month
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TABLE IX
THE CORROSION OF QRM BERYLLFUM (LOT NO. Y-U460BP) MACHINED AND/OR GROUND
BY DIFFERENT WAYS EXPOSED TO DIOTILLED WATER CONTATNING
0.005M HYDROGEN PEROXIDE AT 850G

-011—

Final Machining Pit Count Maximm Pit Weight Loss, Penetration Rate, Exposure Time,
Operation per cm? Depth, mils mg/dm2 /mo* mils/mo Months

0.005" grinding cut Neg. - 7.6 0,016 1
3.8 9.9 8.6 0.018 2
2.1 ho1 6.2 0.013 2
3.1 4.3 7.5 0,016 10
: 1.3 6.3 7.5 0.016 10
0.010" grinding cut Teg. - 6.1 0.013 1
Num, 8.3 16.9 0.036 2
Num. 3.9 15.8 0.034 2
1.3 k.0 7.7 0.016 - 10
1.1 L7 8.5 0.018 10
0.020" grinding cut 9.5 10.2 6.6 0.01k 1
4.0 2.9 7.0 0.015 2
4.0 5.1 6.2 0.013 2
2.4 6.3 5.8 0.012 10
- 3.0 2.4 6.6 0,014 10
0.020% single milling Neg. - 7.6 0.016 1
machine ecut followed 4.5 9.4 8.6 0,018 2
by light grinding cut 6.3 6.7 8.0 0,017 2
3.5 7.1 6.2 0.013 10
: 4.5 - },2 6.1 0.013 10
0.125" single milling Neg. - 7.1 0.015 1
machine ecut followed 5.7 13.8 6.7 0.01k4 2
by light grinding cut 2.7 - 5.4 0,011 2
3.7 5.5 5.9 0.013 10
: 2.0 b7 5.9 0.013 10
0.250" single milling Neg. - 5.1 0.01T 1
machine cut followed 3.8 5.1 11.2 0,024 2
by light grinding cut 2.9 4.3 10.k 0.022 2
13.5 5.9 7.8 0.017 10
2 3.5 6.2 0.013 10

Sy
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THE CORROSION OF QRM BERYLLTIUM (LOT -NO. Y-MJ-GOBP) MACHTINED AND/OR GROUND

T —————T—  S—— —C—— ey ——

TABLE -FX (CONE'D)

Final Machining Pit Count Maximum Pit Weight Loss, Penetration Rate, Exposure Time,
Operation per cm? Depth, mils mg/dm? /mo* mils/mo Months
0.500" single milling 1.0 3.5 8.1 0.017 1
machine eut followed 3.8 4,5 10.9 0.02h4 2
by light grinding cut 3.7 7.1 9.6 0.021 2
h.3 h.3 11.5 0.025 2
5.1 5.5 11.2 0.024 2
2.3 7.3 7.0 0.015 10
2.8 3.3 7.2 0.015 10
0.7 3.9 6.2 0.013 10
1.3 3.2 6.3 0,013 10

|

*mg/dme/mo - Milligrams per square decimeter per month
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The Effect of Water Quality on the
Corrosion Resistance of Beryllium

Previous studies have shown that the corrosion resistance of
beryllium to aqueous medla was greatly influenced by eertain ionic
constituents. The presence of the salts of heavy metals (espeecially
copper), chlorides, and sulfates is generally detrimental. In order
to study further the effects of these ions, samples of QREM beryllium
were exposed to distilled water containing additions of these

impurities.

Corrosion data for samples exposed for 153 days to distilled
water containing 0.5 and 1.0 ppm chloride ions, added as sodium
chloride, are given in Table X. The large weight losses obtained
were caused by severe pitting. The pits on the samples exposed to
1.0 ppm chloride grew in diameter to encompass the entire exposed
surfaces. The removal of the white corrosion products revealed
deeply etched metal. The average corrosion rates obtained for the
samples exposed to water containing 0.5 and 1.0 ppm chloride ions were
0.15 and 0.38 mils/mo., respectively. Photographs of exposed samples
are shown in Figure 10.

The results obtained from tests containing sulfate ions, added
as sodium sulfate, show that these ions accelerate pitting to a
lesser extent than chloride ions. These data are given in Table XI.
The average corrosion rates for samples exposed to water containing
5, 10, and 15 ppm sulfate ions were 0.031, 0.042, and 0.04: mils/mo.,
respectively. All of the samples were covered with numerous pits
accompanied by voluminous corrosion products. The maximm pit depth
observed was 5.8 mils after 182 days of exposure. FPhotographs of
exposed samples are shown in Figure 11.

Corrosion data for samples exposed for 75 days to distilled
water containing cupric ions, added as cupric sulfate, are given in
Table XII. These results show that the presence of cupric ions in
water greatly accelerates the pitting of beryllium. The average
corrosion rates for samples exposed to water containing 0.1, 0.2,
and 0.5 ppm cupric ions were 0.048, 0.053, and 0.110 mils/mo.,
respectively. Photographs of exposed samples are shown in Figure 12.

The corrosion data for similar QBRM metal exposed to distilled
water containing no added impurities are given in Table V. The water
used for these tests contained approximately 0.2 ppm chloride, 2.0 ppm
sulfate, and 0.02 ppm cupric ions. The pitting attack on these
samples was greatly diminished by the use of high purity water.

e
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Summarizing, the corrosion resistance of beryllium to oxygen-
saturated water is greatly influenced by the presence of chloride,
sulfate, and cupric ieons. These ions accelerate corrosion, especially
pitting. In order to avoid excessive pitting, the concentration of
these ions should be maintained as low as economically feasible.
Tolerable upper limits are 0.2 ppm chloride, 2.0 ppm sulfate, and
0.02 ppm cupric ions., The water in contact with beryllium metal is
much more influential in controlling the rate of attack than minor
changes in the composition of the metal.
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TABLE X

THE EFFECT OF CHLORIDE IONS ON THE STATIC -CORROSION

"OF HOT-PRESSED BERYLLIUM EXPOSED FOR 153 DAYS TO
0.005M HYDROGEN PEROXIDE SOLUTION AT B5HoC

Chloride Conecentration, Pit Count  Maximmm Pit Weight Toss, Penetration Rate,
ppm per Depth, mils mg?:az/m mils/mo
0.5 Numerous 3.9 kol 0.10
0.5 Numerous 2.0 107.2 0.22
0.5 Numerous 3.0 T7.0 0.16
0.5 Numerous 3.1 49.7 0.10
0.5 Numerous b7 78.2 0.16
0.5 Numerous 4.9 2.6 0.15
1.0 Numerous * 186.4 0.38
1.0 Numerous * 181.5 0.37
1.0 Numerous * 196.0 0.40
1.0 Kumerous * 177.5 0.36
1.0 Numerous * 175.8 0.36
1.0 Numerous * 202.2 0.k2

* Removal of thick deposit of corrosion products revealed an etehed surface.
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i TABLE XI

" THE “EFFECT OF F_SULFATE IONS ON THE STATIC CORROSION
' OF HOT-PRES BERYLLIUM EXPOSED FOR 192 DAYS TO
‘% 0.005M By HYDROGEN PERCXTIDE SOLUTION AT 85°C

i}

Sulfate Concentrat i{,‘m P Pit Count Maximm Pit Weight Loss, Penetration Rate,

- ppm i per em® Depth, mils ng/cene /mo mils/mo

5 Numerous £.8 13.0 0.028

5 Numerous 3.4 15.7 0.034

10 Numerous 5.0 18.2 0.039

10 Numerous 3.9 20.9 0.045

15 Numerous 3.9 19.2 0.0k1

15 Numerous 3.k 21,2 0.046

TABLE XII

THE EFFECT OF CUPRIC TIONS ON THE I _STATIC CORROSION
OF HOT=-PRESSED BERYLLIUM EXPOSED FOR 75 DAYS TO
0.005M HYDROGEN PEROXIDE SOLUTION AT 850C

Copper Concentration, Pit Count Maximm Pit Weight Loss, Penetration Rate,

ppm per cme Depth, mils mg/cm?/mo mils/mo
0.1 7.3 7.5 43.2 0.0hk9

0.1 11.1 6.1 k1.2 0.046

0.2 Numerous 5.5 .8 0.050

0.2 Numerous 10.4 49,6 0.056

0.5 Numerous 6.4 85.5 0.096

0.5 Numerous 5.5 108.8 0.122

POy
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PART IT

THE -EFFECT OF -IMPURITIES ON THE CORROSION
RESISTANCE OF BERYLLIUM

Previous corrosion studies have shown that it is difficult to evaluate
the o sion effeects of one of several different impurities normally present
in production beryllium. For this reason, studies were made on special
vacuum cast and hot-pressed samples prepared by the Brush Beryllium Company
which econtained various concentrations of added impurities gonsidered most
likely ¥0 influence the ocorrosion resistance. These impuri¥ies, consisting
of aluminum, iren, siligon, and beryllium carbide, were added to portions of
the same base maberial prior to casting or hot-pressing. The same matrix was
used in an effort to minimize differences in chemical compositions due to
impurities other than the added oonstituent.

Test Materials and Treatment

Pest specimens used to determine the effect of aluminum, iron, and silicon
were machined from a series of 11 vacuum cast billets. Control specimens were
machined from 2 of these billets which econtained no added impurities. The
following castings were produced with impurity additions as shown:

Tmpurity Content

Casting No. Impurity Added of Casting

B-15 None -

B-16 None -

B-17 0.2% Al 0.30% Al
B-18 0.4% a1 0.44% A1
B-19 0.6% A1 0.73% Al
B=-20 0.8 A1 1.05% Al
B-21 0.1% Fe 0.23% Fe
B-22 0.2% Fe 0.34% Fe
B-23 0.4% Fe 0.40% Fe
B-28 0.1% si 0.186% Si
B-29 0.2% si 0.201% Si

The castings were rough-machined on a lathe and then cut into discs, 1 1/4"
diameter x 1/4" thick, on a Radiac. These discs were polished on No. 80 grit
followed by No. 180 grit emery cloth. Chemical and spectrographic analyses of
these samples are given in Tables XIII through XVIII.
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Test specimens containing beryllium earbide additions were produced by
the Q-Process. Hot-pressed discs were produced from less than 200 mesh powder
which contained additions of beryllium carbide. The analysis of the base
material determined by the Brush Beryllium Company is as follows:

o

Constituent Determined Chemical Analysis

Assay 99.26%

BeO 0.58%

BeoC 0.14%

Al 200 ppm
Pe 1100 ppm
Mn T6 prm
Cr 168 ppm
Mg 100 prm
Ni 275 ppm

Berylliium carbide determinations made on chips of hot-pressed rods are as
follows:

BeoC Additions BeoC Content
to Powder of Chips
0.10% 0.11%
0.24% 0.23%
0.50% 0.26%

The hot-pressed shapes were machined in the form of dises , 1 1/%" diameter
x 1/4" thick. These dises were polished on No. 80 grit followed by No. 180
grit emery eloth.

Deseription of Corrosion Test Method

The corrosion test method was the same as previously described in Part I
of this report with the exception that the same sanmples were used throughout
the course of the tests, The four samples of each impurity group were
removed periodically from the test media, washed gently in distillied water,
dried, weighed, and examined for corrosion damage. The samples were not
defilmed since corrosion damage was light, resulting in no significant weight
changes due to corrosion product accumilations.

F e red
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Elements Casting No. B-15 Casting No. B-16

Determined C* S*% C*

Assay % 98.59 99.49

BeO " 0.9 0.140

BesC " 0.21 0.14
Al ppm 1000 920 900 380
Fe ppm 1800 1900 1700 1500
Mn ppm 2ko 200
Si ppm 437 bho 48k b0
Ag ppm -1 -1
Cd ppm -0.02 : -0002
Co ppm -~ 1lnd -1
Cu ppm 80 T0
Li ppm -0.03 -0.03
Mg ppm 80 a Lo
Ni ppm 100 60
Zn ppm 60 a 60

*C - Analysis determined by chemical methods

%S - Analysis determined by spectrographic methods
nd - means not detected at sensitivity of designated per cent

- 51 -

TABLE XIII

a - means approximately

CHEMICAL ANALYSES OF CAST BERYLLIUM
CONTAINING NO ADDED IMPURITIES

nd
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TABLE XIV

CHEMICAL ANALYSES OF CAST BERYLLIUM

CONTAINING ADDIFIONS OF ALUMINUM

Elements Casting No. B=1l7 Casting No. B-18
Determined 0.2% Al Addition 0.4% Al Addition
T C¥ S*¥% c* S%*

Assay % 99.45 99.41

BeO " 0.36 0.62

BeoC " 0.30 0.15
Al ppm 3000 4600 400 7300
Fe ppm 1700 1600 1900 1700
Mn ppm 24h0 2ho
Si ppm 513 370 520 400
Ag ppm -1 -1
Cd ppm «0.02 =0.02
Co ppm = 1 nd - 1lnd
Cu ppm 70 90
Li ppm -0.03 =0.03
Mg ppm 20 a 10 a
Ni ppm 8o TO
Zn ppm 60 a 60 a

*C ~ Analysis determined by chemical methods

*#8 - Analysis determined by spectrographic methods
nd - means not deteeted at sensitivity of designated per cent
a - means approximately




.-

Elements
Determined

Assay %

BeO

Beac
Al
Fe
Mn
Si
Ag
cd
Co
Cu
Li
Mg
Ni
Zn

nd

L4
"

ppm
ppm
ppm
ppn
ppm
ppn
ppm
ppm
Prm
pm
bpm
rpn
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TABLE XV

CHEMICAL ANALYSES OF CAST BERYLLIUM

CONTAINING ADDITIONS OF ALUMINUM

Casting No. B-19

0.6% Al Addition

c* S*x
99.45
0.33
0.20
7300 15600
2100 1900
250
586 450
-1
=002
- 1mnd
90
"'0003
70 &
50
60 a

Casting No. B=20
0

0.8% A1 Addition
c* S¥¥
99.06
0.55
0.1h4
10,500 17,800
1800 2100
2ho
490 490
-1
=0.02
-1lnd
130
«~0.03
- 10
50
60 a

Analysis determined by chemical methods

Analysis determined by spectrographic methods
means not detected at sensitivity of designated per cent

means approximaetely




Elements
Determined

Assay %

BeO "

BeoC "
Al ppm
Fe ppm
Mn ppm
Si ppm
Ag ppm
Cd ppm
Co pmm
Cu ppm
Li ppm
Mg ppm
Ni ppm
Zn ppm

*C -
*%g

nd
a -

TABLE XVI

CHEMICAT, ANALYSES OF CAST BERYLLIUM
CONTAINING ADDITIONS OF IRON

Qasting No. B-21 Casting No. B=22
0.1% Fe Additden 0.2% Fe Addition
c* S%* ox g¥%¥

99.36 99.13
0.32 0.45
0.3% 0.19
430 430 900 k60
2300 2300 3400 2700
216 200 192 190
300 370 137 350
-1 -1
0,02 -0.02
- 1l nd - 1 nd
90 90
-0.03 -0.03
50 a 30 a
50 ity
60 a 60 a

Analysis determined by chemieal methods

Analysis determined by spectrographiec methods
means not detected at sensitivity of designated per cent
means approximately

R
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TABLE XVII

CHEMICAL ANALYSIS OF CAST BERYLLIUM CONTAINING

Elements
Determined

*%3
nd

¢

ADDITIONS OF IRON

Casting No. B-23
0.4% Fe Addition

Cc* TS%%
99.37
0.57
0.11
1000 370
4000 2600
236 2ho
739 300
la
«0,02
- 1 nd
T0
«0.03
ho a
50
60 a

Analysis determined by chemieal methods

Analysis determined by spectrographic methods
means not detected at sensitivity of designated per cent
means approximately
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TABLE XVIII

CHEMICAL ANALYSES OF CAST BERYLLIUM
CONTAINING ADDITIONS OF SILICON

Elements Casting No. B-28 Casting No. B-29
Determined 0.1% Si Addition 0.2% Si Addition -
o c* g% c* S¥¥

Assay % 99.24 99,12

BeO " 0.61 Oulth

BeoC " 0.1k 0.23
Al ppm 800 500 900 450
Fe ppm 1900 2170 1900 1620
Mn ppm 220 190
Si ppm 1860 2500 2010 3150
Ag ppm 1 la
Cd ppm -0.02 -0.02
Co ppm
Cu ppm 30 iTo)
Li ppm
Mg ppm 10 - 10
Ni ppm 60 ko
Zn ppm - 30 - 30

¥C = Analysis determined by chemical methods

¥%S « Analysis determined by spectrographic methods

a - means appreximately

Lt
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Test ‘Results and Discussion of Data

Corrosion data for the impurity samples are included in Tables XIX
through XXXII. These results cover an exposure period of 13 months for
the samples containing additions of aluminum, iron, and silicon and the
first 7 months of exposure for the samples containing beryllium carbide.

A comparison of the corrosion behavior of the various groups of cast
beryllium reveals no detrimental effeets attributable to any one of the
impurity constituents. The average corrosion rates after 13 months of
exposure for the four samples of eagh group containing additions of aluminum,
iron, and silicon varied between 0.0058 and 0.0076 mils/mo The average
corrosion rates for the two groups of eontrol samples were 0.0062 and 0.0064
mils/mo., The corrosion rates obtained during the first four months of
exposure, in many instances, were erratic, but were low. During the latter
9 months of exposure, almost constent average rates were obtained which
generally fell within the range of 0.0060 to 0.0070 mils/mo. These small
differegces in corrosion rates cannot be attributed to any single
constituent. In meny instences, the differences in ecorrosion rates for the
four samples of the same group were greater than the differences in the
average corrosion rates of the several groups after the same exposure period.
Plots of weight losses versus exposure time are shown in Figures 13 through 16.
The weight losses shown on these plots are average values for the four samples
of each impurity variation.

The most significant corrosion damage observed on the east material was
the formation of shallow pits after several months of exposure. The pit
densities for the control samples and those containing additions of iron and
silicon averaged, in most instances, less than 3 pits/cm®. after 13 months of
exposure. The samples containing additions of aluminum, with the exception of
the group containing 0.73% Al, exhibited a greater susceptibility to pitting.
The highest pit densities were obtained on the group of samples containing
1.05% Al, averaging 7.8 pits/em? after 13 months of exposure. The maximmm
rit depths obtained for all of the samples after 13 months of exposure were
generally less than 2 mils,

A comparison of the corrosion data for the hot-pressed samples contalning
additions of beryllium carbide reveals no significant differences in corrosion
behavior. The average corrosion r&bes after 7 months of exposure for the
groups containing 0.11, 0.23, and 0.26% BeoC were 0.0064, 0.0072, and 0.00Th
mils/mo, respectively. The corrosion rates increased slightly with increasing
carbide content. However, the differences are too small to be considered
significant. These tests are still in progress and longer exposure periods
may reveal marked changes in the corrosion behavior. A plot of weight loss
versus exposure time is shown in Figure 17. Numerous small pits formed on all
of the samples during the second month of exposure. The maximm pit depth
obtained after 7 months of exposure was 2.4 mils. This pit occurred on a
sample containing ’\.O.,]_'L% BepC, The hot-pressed samples showed a greater

A
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susceptibility to pitting than the cast samples. This phenomenon may be
due to differences in metallurgieal background rather than to variations
in chemical compositions. Many of the cast samples contained impurities B
including BeoC, in greater coneentrations than were present in the hot-
pressed samples.

From the results of these tests, it is coneluded that no single
constituent can be identified as being debrimental to the corrosion resistance
of beryllium. Although the same base material was used, all of the various
groups of samples contained many common impurities present in variable
coneentrations. This mekes it difficult to determine the corrosion effect
of the added constituent. However, a comparison of the data with the chemical
eompositions of the cast samples shows no sigpificant detrimental effects
attribvutable to aluminum, iron, and silieon in concentrations below 1.05,
0.40, and 0.20%, respectively. The maximm concentrations of these elements
in the two groups of conirol samples were as follows: AL 0.10%, Fe 0.18%,
and Si 0.048%, Thus, ‘the maximm impurity concentrations tested were tenfold
greater for aluminum, twofold greater for iron, and fourfold greater for
silieon.

The BepC oontent of the cast samples ranged from 0.11 to 0.34% while
this constituent in the hob-pressed samples, intended as the group to study
the effect of BepC, only ranged from C.1l to C.26%. This is unfortunate as
the intended carbide contents of the latter material were 0.2, 0.4, and 0.6%.
If Be2C is detrimental to corrosion resistance, then the almost uniform pitting
of both east and hot-pressed beryllium may be caused by this eonstituent.

e
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WABLE XIX
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THE CORROSION OF CAST BERYLLIUM (CASTING NO. B-15) CONTATN ING NO IMPURITY
APDITIONS EXPOSED TO DISTILLED WATER (0.005M fpOp) AT 859G

Sample Pit Count Maximmm Pit Weight Toss, Penetration Rate, Exposure Time,
No. per om~ Depth, mils mg/dme /mo* -~ mils/mo Months
A - - 2.99 0.0064 1
B - - 6.97 0.0149 "
C - - 2.99 0.0064 v
D - - 4,08 0.0106 "
A - - 2.69 0.0058 2
B - - 3.43 0.0073 "
¢ - 3.18 0.0068 "
D - - 2.94 0.0063 "
A - - 3.05 0.0065 3
B - 3.53 0.0076 "
c - - 3.36 0.0072 "
D - - - 3.21 0.0069 "
A - - 2.64 0.0057 L
B - - 3.70 0.0079 "
p . - 3,24 0.0069 "
D - - 3.2h 0.0069 "
A - - 2.97 0.006k 5
B - - 3.49 0.0076 "
c - - 3.21 0.0069 "
D - . e 3.12 0.0067 ..m
X - - 3.25 0.0070 ©
B - - 3.42 0.0073 "
c - - 3.h2 0.0073 "
D - “ 3.26 0.0070 "
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THE GORROSION OF CAST BERYLLIUM (CASTING NO. B-15) CONTAINING NO IMPURITY
ADDITIONS EXPOSED TO DISTILLED WATER (0.O005M HzOp) AT 850C

TABLE XIX (CONT'D)

agg-

Sample Pit Osunt Maximum Pit- Weight Loss, Penetration Rate, Exposure Time,
No. per -qum Depth, mils _mg/am2 /mo* mils/mo Months
A - - 3.33 - 0.0071 7
B - - 3.21 0.0069 "
C - - 3.14 0.0067 "
D _ - 2.95 0.0063 "
A 1.7 1.0 3.33 0.00T1 8
B 2.0 1.3 3.28 0.0070 "
c 1.5 0.9 3.21 0.0069 u
D 1.1 0.7 2.93 0.0063 "
A 1.7 1.0 3.26 0.0070 9
B 2,2 1.h 3.37 0.0072 "
c 2.1 0.9 3.26 0.0070 "
D 1.1 . 0.8 2.95 0.,0063 "
A 1.7 1.0 3.15 0.0068 11
B 2.4 1.6 3.48 0,007k "
¢ 3.2 1.0 3.23 0.0069 "
D 1.1 0.8 3.23 0.0069 "
A 2.1 1.0 2.98 0.0064 13
B 2.7 1.7 3.31 0.00TL "
c 3.3 1.0 3.06 0. 0066 "
D 1.5 0.9 3.10 0.0066 "

*mg/dm2/mo - Milligrams per square decimeter per month

ey
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THE CORROSION OF CAST BERYLLIUM (CASTE\IG NO. B-16) CONTAINING NO: BD?URI‘I’Y
ADDTTIONS EXPOSED TO DISTLILLED WATER (0,005M Ho0o) AT 8500

TABLE XX

-o99v-

Sample Pit Count Maximam Pit - Weight Loss, Pene‘tratlon Rate, Exposure Time,
No. per em® Depth, mils mg/dm? /mo%* mils/mo Months
A - - 1.9 0.0032 1
B - - 1.99 0.0043 "
c - - 1.49 0.0032 "
D - - 1.00 0,0021 . "
A - - 3.18 0.0068 2
B - - 2.44 0.0052 "
c - - 2.4k 0.0052 "
D - - 0.98 0.0021 "
A - - 2.40 0.,0051 3
B - - 2.88 0.0062 u
c - - 3.21 0.0069 n
D - - 1.92 0.0041 "
A - - 3.01 0.006k 4
B - - 3.00 0.0064 "
c - - ll-.O’-l- O-OO% "
D - - 2.89 0.0062 "
A - - 2,84 0.0061 5
B - - 2.7h 0.0059 "
c - - 3.78 0.0081 "
D - - 2.83 0.0061 "
A - - 2.95 0.0063 6
B - - 2.95 0.0063 "
c - - 3.73 0.0080 n
D - - 2.88 0.0062 "




TABLE XX (CONT'D)

THE CORROSION OF CAST BERYLITUM (CASTING NO. B-16) CONTAINING NO IMPURITY
ADDITIONS EXPOSED PO DISTILLED WATER (0.O0O05M Ho02) AT G59C

-L9-

Sample Pit Count Maximm Pit Weight Loss, Penetration Rate, Exposure Time,
No. per om? Depth, mils mg72m2/m* mils/mo Months
A - - 2.95 0.0063 T
B - - 2.62 0.0056 "
c - - 3.84 0.0082 "
D - - 2.76 0.0059 "
A 0.7 0.7 2.87 0.0061 8
B 0.9 0.6 2.58 0.0055 "
c 1.2 0.7 3.90 0.008k "
D 2.5 1.0 2.70 0.0058 "
A 0.8 0.7 2.85 0.0061. 9
B 0.9 0.7 2.69 0.0058 "
c 1.4 0.8 3.88 0.0083 "
D 2.5 0.9 2.75 0.0059 "
A 0.8 0.7 2.89 0.0062 11
B 0.9 0.8 2.68 0.0057 "
c 1.9 0.8 3.83 0.0082 "
D 2.7 0.9 2.93 0.0063 "
A 1.3 0.9 2.85 0.0061 13
B 1.1 0.8 2.57 0. 0056 "
c 2.0 0.8 3.52 0.0076 "

D 3.k 0.9 - 2.85 0.0061. "

*mg/dmz/m - Milligrams per square decimeter per month

f
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TABLE XXI

THE CORROSION OF CAST BERYLLIUM CONTAINING O.30%
ATUMINUM EXPOSED TO DISTILLED WATER (0.005M Bp02) AT 85°C

Sample Pit Count Maximugn Pit Welght Toss, Penetration Rate, Exposuye Time,
No., per cme Depth, mils mg/dm? /mo* mils/mo Months
A - - 6.48 0.0139 1
B - - 3.49 0.0075 "
c - - 5.48 0.0117 "
D - - 1.49 0.0032 "
A - - 3.67 0.0079 2
B - - 2.45 0.0052 "
c - - 3.h2 0.0073 "
D - - 1.22 0.0026 "
A - - 3.37 0.0072 3
B - - 2.45 0.0052 "
c - - 3.69 0.0079 "
D - - 2.1 0.0052 "
A - - 3.29 0.0070 L
B - - 2.95 0.0063 "
c - - 2.72 - 0.,0058 "
D - - 2.61 - 0.,0056 "
A - - 4,28 0.0092 5
B - - 3.54 0.0076 "
p _ - 3.4h 0.00T7h "
D - - 3.16 0.0068 "
A - - 3.01 0.0064 6
B - - 3.16 0.0068 "
c - - 3.08 0. 0066 .
D - - 2.62 0.0056 "




TABLE XXI (CONT'D)

THE CORROSION OF CAST BERYLLTUM CONTAINING 0.30%
ALUMINUM EXPOSED TO DISTILLED WATER (0.005M HoOo) AT 85°C
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Sample Pit Count Maximm Pit Weight Loss, Penetration Rate, Exposure Time,
No. per cm® Depth, mils ane /mo¥* mils/mo Months
A 2.3 0.7 3.22 0.0069 T
B 1.9 0.7 3.02 0.0065 "
c 2.9 0.6 2.89 0. 0062 "
D 0.9 0.9 2.70 0.0058 n
A .k 0.9 3.15 0.0067 8
B Y7 1.2 2,87 0.0061 "
c b4 0.6 2.81 0.0060 "
D 1.9 0.8 2.70 0.0058 "
A k.9 1.1 3.27 0.0070 9
B 5.2 1.2 3.02 0.0065 "
c 5.1 0.7 2.87 0.0061 "
D 2.1 0.9 2.77 0.0059 "
A 6.9 1.3 3.48 0.0075 1
B T.5 1.3 3.32 0.00T1 u
c 7.0 1.0 2.99 0.0064 "
D 2.4 1.1 3.07 0.0066 "
A 8.9 1.k 3.22 0.0069 13
B T.6 1.3 3.07 0.0066 "
c 7.0 1.0 3.11 0.0067 "
D 2.8 1.4 2.96 0.0063 "

*mg/dm®/mo - Milligrams per square decimeter per month



TABLE XXII

TEE CORROSION OF CAST BERYLLIUM CONTAINING O.%hd
ALUMIN: EXPOSED TO DISTILLED WATER (0.005M HaOn) AT 3500

"'OL'

Sample Pit Count Maximom Pid Weight Loss, Penetration Rale, Exposure Tinme,
No. per em* Depth, mils mg/dme /mo* mils/mo Months
A - - 1.99 0.0043 1
B - - 3.49 0.0075 "
p _ - 4.48 0,009 "
D - - 3.98 0.0085 "
A - - L4 0.00%k% 2
B - - 5.63 0.0121 "
c - - S.1h4 0.0110 "
D - - 5.38 0.0115 "
A - - .82 0.0103 3
B - - 4,33 0.0093 "
c - - 4,97 0.0106
D - - 3.69 0.0079 "
) - R 2,72 0.0058 L
B - - 2.38 0.0051 "
c - - 3.63 0.0078
D - - 2,04 0,004k "
A - 3.72 0.0080 5
B - 3.26 0.0070 "
C - - 3.91 0.0084 "
D - - 2.79 0.0060 "
A - 347 0.00T4 6
B - - 2.93 0.0063 "
¢ - - 3.70 0.0079 "
D - - 2.39 0.0051 "

L
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TABLE XXII (CONT'D)

.oy

THE CORROSION OF CAST BERYLLIUM CONTAINING 0.l
ATUMINUM EXPOSED TO DISTILLED WATER (0.005M Hp0p) AT 85°C

-'[L-

Sample Pit Count Maximum Pit Weight Loss, Penetration Rate, Exposure Time,
No. per Depth, mils mg/dme /mo* mils/mo Months
A 4,2 0.6 3.21 0.0069 7
B 1.7 0.6 3.08 0.0066 "
c 2.7 0.7 3.54 0.0076 "
D 2.0 0.6 2.64 0.0057 "
A 7.0 0.7 3.27 0.0070 8
B 2.9 0.8 2.98 0.0064 "
c k.1 0.9 3.49 0.0075 "
D 2.5 0.7 2.70 0.0058 "
A 7.2 0.7 3.17 0.0068 9
B 3.7 0.9 2.87 0.0061 "
c b Y 1.0 3.42 0.0073 "
D 2.7 0.8 2.77 0.0059 "
A 7.5 0.7 3.19 0.0068 11
B 5.5 1.1 3.03 0.0065 "
c 5.9 1.3 3.41 0.0073 "
D 3.1 1.1 2.91 0.0062 "
A 3.7 0.8 3.03 0.0065 13
B 5.5 1.1 2.96 0.0063 "
c 5.9 1.1 3.28 0.00T70 "
D 3.3 1.3 2.89 0.0062 "

*mg/dm?/mo - Milligrems per square decimeter per month



TABLE XXTIT

THE_CORROSION OF CAST BERYLLIUM CONTATNING 0.73%

ATUMINUM BXPOSRD 70 DISTILLED WATER (0.005M Ho02) AT 859C

-cl -

Sample Pit Count Moximm Pit Weight Loss, Penetration Rate, Exposure Times,
Wo. ~  per cmf Depth, mils mg/ame /mo¥* mils/mo Months
A - - 1.99 0.0043 1
B - - 1.99 0.0043 "
c - - 5.48 0.0117 "
D - - b7 : 0.0096 "
A - - 1.98 0.0042 2
B - - 2.69 0.0058 "
c - - 3.67 0.0079 "
D. - - 3.18 0.0068 n
A - - 1.61 0.0034 3
B - - 2.57 0.0055 "
c - - 2.89 0.0062 "
D - - 3.69 0.0079 "
A - - 2.0k 0.004k L
B - - 2.93 0.0063 "
¢ - - 3.18 0.0068 "
D - - 3029 000070 "
A - - 2.79 0, 0060 5
B - - 3.16 0.0068 n
C - - 3-26 000070 "
D = - 3.72 0.0080 "
A - - 2.87 0.0061 6
B - - 2.87 0.0061 "
c - - 4.03 0.0086 "
D - - 3.56 . 0.0076 "

)
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TABLE XXIIT (CONT'D)

THE CORROSION OF CAST BERYLLIUM CONTAINING 0.73%
ALUMINUM EXPOSED TO DISTILLED WATER (O.O005M Ho0n) AT 85°C

-EL-

Semple Pit Count Maximm Pit Weight Loss, Penetration Rate, Exposure Time,
No. per cme Depth, mils dme /mo* mils/mo Months
A 1.5 0.9 3.02 0.0065 7
B - - 2.83 0.0061 "
C 0.8 0.7 3.73 0.0080 "
D 2.2 0.8 3.73 - 0.0080 "
A 2.2 1.1 2.82 0.0060 8
B 0.8 0.6 2.93 0.0063 "
c 1.k 0.7 3.54 0.0076 "
D 2.3 0.7 3.54 . 0.00T6 "
A 2.3 1.2 2.82 0.0060
B 1.1 0.8 2.97 0.006L "
c 1.4 0.8 3.52 0.0075 "
D 2.3 0.8 3.2 0.0073 "
A 2.8 1.4 3.07 0.0066 11
B 1.k 1.0 2.86 0.0061 "
c 1.5 0.9 3.57 0.00T6 "
D 2.3 1.0 3.65 0.0078 "
A 2.8 1.5 3.22 0.0069 13
B 1.k 1.2 3.00 0.0064 "
c 1.6 1.0 3.50 0.0075 "
D 3.1 1.0 3.50 0.0075 "

*mg/dm/mo - Milligrams per square decimeter per month

|



TABLE XXTV

THE_CORROSTON OF CAST BERYLLIUM CONTAINING 1.05%
ATUMTNUM EXPOSED TO DISTILLED WATER (0.005M Hp0s) AT 859G

-1-‘1'-

Sample Pit Count Maximum Pit Weight Loss, Penetration Rate, Exposure Time,
No. per cm2 Depth, mils mg/dme /mo* mils/mo Months
A - - 2.59 0.0055 1
B - - 3.k9 0.0075 "
c - - 4,98 0.0106 "
D -~ - 3:59 OQOOW "
A - - 1.7 0.0037 2
B - - 2.45 0,0052 "
c - - 2.94 0.0063 "
D - - 2.45 - 0.0052 . "
A - - 2.73 0.0058 3
B - - 2.4 0.0052 "
c - - 3.21 0.0069 "
D - - 1.77 0.0038 "
A - - 2.04 0,004} L
B - - 1.93 0.0041 "
c - - 2.h9 0.0053 "
D - - 1.13 0.0024 "
A - - 2.98 0.006k 5
B - - 2.78 0.0060 "
c - - 3.89 0.0083 "
D - - 1.39 0.0030 "
A - 2.64 0.0056 6
B - 2.64 0.0056 "
c - - 3.1 0.0073 "
D - - 1.32 0.0028 i

l'
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TABLE XXIV (CONT'D)

THE CORROSION OF CAST ‘BERYLLIUM -CONTAINING l.O'_)'_%
ALUMINUM EXPOSED TO DISTILLED WATER 0.005M HnOp) AT 85°C

-SL-

Sample Pit Count Maximum Pit Weight Loss, Penetration Rate, Exposure Time,
No. per am® Depth, mils mg/dme /mo% mils/mo - Months
A 1.3 0.9 2.70 0.0058 7
B 2.7 0.9 2.57 0.0055 n
c 1.3 0.5 3.47 0.007h "
D 3.1 0.k 2.38 0.0051 "
A 3.6 0.8 3.04 0.0065 8
B 3.9 1.1 2.81 0.0060 "
c 3.6 0.8 3.71 0.0079 n
D 5.7 0.6 2.76 0.0059 "
A 3.9 0.9 3.22 0.0069 9
B k.o 1.2 2.97 0.0064 "
c .1 0.8 3.82 0.0082 "
D 6.3. 0.7 2.76 0.0060 "
A 6.9 1.0 3.52 0.0075 11
B T.h 1.4 3.32 0.0072 "
c 7.9 0.8 3.90 0.0083 "
D 8.4 0.8 3.18 0. 0068 n
A T.2 1.3 3.57 0.0076 13
B 7.8 1.1 3.25 0.0070 n
c 7.9 0.9 k.00 0.0086 "
D 8.4 1.0 3.36 0.0072 "

¥mg/dm?/mo - Milligrams per square decimeter per month
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THE CORROSION OF CAST BERYILIUM CONTALNING 0.23% g 2
TRON EXPOSED TO DISTILLED WATER (0,005M H202) AT 85°C
Sample Pit Count Maximmm Pit Weight Loss, Penetration Rate, Exposure Tine,
No. per eme Depth, mils mg/ am? /mo¥* mils/mo Months
A 2.99 0.0064 1
B - 099 0.0021 "
c - - 1.98 0.0042 "
D - - 1.98 0.00k42 "
A - - 1.47 0.0031 2
B - - 1l.22 0.0026 "
c - - 2.91" 0.0(63 "
D - - 1.71 0.0037 "
A - - 1.93 0.0041 3
B - - 2.57 0.0055 "
c - - 2.24 0.0048 "
D - - 2.4 . 0.,0052 "
I\ - 1.63 0.0035 L
B - 2,56 0.0055 "
c - - 2.79 0.0060 n
D - - 3.25 0.0070 "
A - - 2,25 0.0048 5
B - - 2.h3 0.0052 "
c - 3.37 0.0072 "
D - 3.28 0.00T70 "
A - - 2.36 0.0051 6
B - - 2.88 0,0062 "
c - 3.29 090070 "
D - , - 3.37 0.00T72 3 "




| .

TABLE XXV (CONT ‘D)

T
=

THE CORROSION OF CAST BERYLLIUM CONTAINING 0.2%
TRON EXPOSED TO DISTILLED WATER {O.OO5M Ho02) AT 5°C

Sample Pit Count Maximum Pit Welght Toss, Penetration Rate, Exposure Time,
No. per cme Depth, mils dm? /mo* mils/mo Months
A - - 2.h2 0.0052 T
B - - 2.88 0.0062 "
c - - 3.21 0.0069 n
D - - 3.h7 0.00Th "
A 1.3 1.1 2.43 0.0052 8
B 1.6 0.9 2.89 0.0062 n
c - - 3.h2 0.0073 "
D 0.7 0.8 3.65 0.0078 "
A 1.3 1.1 2.4 0.0052 9
B- 1.6 0.9 2.91 0.0062 n
c - - 3.37 0.0072 n
D 0.7 0.8 3.58 0.007T7 n
A 1.4 0.9 2.50 0.0053 11
B 1.6 0.9 2.98 0.0064 "
c - - '3.19 0.0068 "
D 0.7 0.8 3.32 0.0071 "
A 1.6 0.7 2.45 0.0052 13
B 1.6 0.9 2.91 0.0062 "
o - - 2.9h 0.0063 "
D 0.8 0.8 3.01 0. 0064 "

*mg/dm?/mo - Milligrams per square decimeter per month




TABLE XXVI

THE CORROSION OF CAST BERYLLIUM CONTAINING 0.34% -
TRON EXPOSED TO DIOTILLED WATER {0.005M Hp02) AT 050C

Sample Pit Count Maximm Pit Weight Loss, Penetration Rate, Exposure Time,
No. per c Depth, mils mg/dm= /mo* -~ mils/mo Months
A - - 3.28 0.0085 1
B - - 2.h9 0.0053 "
c - - 1.99 0.0043 "
D - - 3.49 0.0075 "
A - - 3.18 0.0068 2
B - - 1.% 0.00&‘2 "
c - - 2.45 0.0052 "
D - - 3.67 0.0079 "
A - - 2.73 0.0048 3
B - - 2.08 0.0045 "
c - - 2.88 0.0062 "
D - - 4,48 0.0096 "
A - - 2.56 0.0055 4
B - - 2.09 0.0045 "
c - - 2.67 0.0057 "
D [od - 308"" 000082 "
A - - 2.34 0.0050 5
B - - 2.06 0.004k4 "
c - - 2.62 0.0056 "
D - - 3.28 0.0070 "
A - - 2.35 0.0050 6
B - - 2.27 0.0049 "
C - - 2,51 0.005k% "
D - - k.00 0.0086 "

f
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TABLE XXVI (CONT'D)

THE CORROSION OF CAST BERYLLIUM CONTAINING O.3L

IRON EXPOSED TO DISTILLED WATER (O.O005M HzOp) AT 85°C

Sample Pit Count Maximum Pit Weight Loss, Penetration Rate, Exposure Time,
No. per cm? Depth, mils mg%lmz/m* mils/mo Months
A - - 2.h9 0.0053 T
B - - 2.29 0.0049 "
¢ - 2.49 0.0053 "
D - - 3.3 0.0072 "
A 0.5 0.6 2.66 0.0053 8
B 2.0 0.7 2.78 0.0060 "
c 1.2 0.7 2.78 0. 0060 "
D 0.6 0.8 3.24 0.0069 "
A 0.5 0.6 2.70 0.0058 9
B 2.0 0.8 2.80 0.0060 "
C 1.2 0.8 2.75 0.0059 "
D 0.6 0.8 3.22 0. 0069 "
A 0.6 0.6 2.64 0.0057 11
B 2.0 1.1 2.76 0.0059 "
c 1.2 1.0 2.76 0.0059 "
D 0.6 0.8 3.19 0.0068 "
A 0.7 0.6 2.52 0.005% 13
B 2.1 1.1 2.52 0.005k4 "
c 1.3 1.0 2.66 0.0057 "
D 0.6 0.8 3.05 0.0065 "

*mg/d.ma/mo - Milligrams per square decimeter per month

f
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TABLE XXVII

THE CORROSION OF CAST BERYLLIUM CONTAINING 0.4%0%

TRON EXPOSED T0 DISTILLED WATER {0.005M Ho0p) AT 850

f‘
3

Sample Pit Count Maxirum Pit Weight Loss, Penetration Rate, Exposure Time,
Vo, per oms Depth, mils J am? /mo%* mils/mo Months
A - - 1.00 0.0021 1
B - - 2.97 0.0064 "
c - - 2.49 0.0053 "
D - - 3.99 0.0085 "
A - - 1.22 0.0026 2
B - - 2.08 0.0045 "
c - - 2.45 0.0052 "
D - - 2.69 0.0058 "
A - - 2.4 0.0052 3
B - - 2.73 0.0058 "
c - - 2.88 0.0062 "
D - - 3.21 0.0069 "
A - - 2.56 0.0055 L
B - - 2.79 0.0060 "
c - - 2.90 0.0062 "
D - - - 3.37 0.0072 "
A - - 2.90 0,0062 5
B - - 3.18 0.0068 "
c - - 3.30 0.0071 "
D - - - 3.18 000%8 "
A - - 30% 000%5 6
B - - 3.29 0.0070 "
p - - 3.13 0.0067 "
D - - 3.61 0.0077 "
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TABLE XXVII (CONT'D)

L

THE CORROSION OF CAST BERYLLIUM CONTAINING O.ko%
IRON EXPOSED TO DISTILLED WATER (0.005M H20p) AT 85°C

-'[8-

Sample Pit Count Maximum Pit Weight Loss, Penetration Rate, Exposure Time,
No. per cm? Depth, mils ame /mo* mils,/mo Months
A - - 2.95 0.006 T
B - - 3.08 0.007 "
c - - 3.01 0.006 "
D - - 3.21 0.007 "
A 0.3 0.6 3.01 0.0064 8
B 0.9 1.5 3.13 0.0067 "
c Ollt 0.6 2.89 0.0062 "
D 1.1 0.8 3.13 0.0067 "
A 0.3 0.6 2.95 0.0063 9
B 0.9 1.5 3.11 0.0067 "
c Okt 0.6 2.95 0.0063 "
D 1.1 0.8 3.16 - 0.,0068 "
A 0.3 0.6 2.95 0.0063 11
B 0.9 1.5 3.15 0.006T7 "
c 0.5 0.6 2.89 0.0062 "
D 1.1 0.8 3.15 0.0067 "
A 0.3 0.6 2.80 0.0060 13
B 1.3 1.3 2.98 0.0064 "
c 0.5 0.6 2.83 0.0060 "
D 1.1 0.8 2.91 0.0062 "

*mg/dme/mo - Milligrams per square decimeter per month
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TABLE XXVIII

THE -CORROSION OF CAST BERYLLIUM CONTAINING 0.186% '
SILICON EXPOSED TO DISTILLED WATER (0.OO5M Hp0o) AT 85° ¢

-38-

Sample Pit Count Maximm Pit Weight Loss, Penetration Rate, Exposure Time,
No. per cme Depth, mils mg/dm? /mo* mils/mo Months
A - - 3.98 0.0085 1
B - - 3.98 0.0085 "
c - - 3.98 0.0085 n
D - - 4,48 0.0096 n
A - - 4,16 0.0089 2
B - - 3.91 0.008L "
c - - 3.43 0.0073 "
D - - 3.43 0.0073 n
A - - 3.85 0.0082 3
B - - 3.20 0.,0068 "
c - - 3.21 0.0069 "
D - - 2.4 0.0052 n
A - - 3.69 0.0079 4
B - - 2.80 0.0060 "
c - - 2.65 0.0057 "
D 0.2 1.1 1.97 0.0042 "
A Okt 1.3 3.67 0.,0079 5
B 0.3 1.3 3.13 0.0067 "
c - - 2.78 0.,0060 "
D 0.2 2.6 2.86 0.0061 "
A 0.7 1.k 3.69 0.007 6
B 0.4 1.1 3.47 0. 00T "
c 0.6 0.8 3.09 0.0066 "
D 0.5 1.9 3 2.94 0.0063 "
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TABLE XXVIII (CONE'D)

THE CORROSION OF CAST BERYLLIUM CONTAINING 0.126%
SILICON EXPOSED TO DISTILLED WATER (0.005M HoOo) AT

59

Sample Pit Count Maximum Pit Weight Loss, Penetration Rate, Exposure Time,
No. per cm? Depth, mils ame /mo* mils/mo Months
A 1.k 1.0 3.52 0.0075 7 1/2
B 0.8 1.1 3.27 0.0070 "

c 1.7 0.9 3.02 0.0065 "
D 1.1 1.1 2.96 0.0063 "
A 1.8 1.0 3.12 0.0067 10
B 0.8 1.7 3.12 0.,0067 "
C 1.8 1.0 3.08 0.0066 "
D 1.2 1.7 2.90 0.0062 »
A 2.0 1.0 2.99 0.0064 12
B 3.3 1.7 2.98 0.0064 "
¢ 2.4 1.0 3.18 0.0068 "
D 1.8 1.7 3.03 0.0065 "
A 2.1 1.1 3.02 0.0065 13
B 3.3 1.7 3.16 0.0068 "
c 2,8 1.1 3.16 0.0068 "
D 2.1 1.9 3.06 0.0066 n

*mg/dma/mo = Milligrams per square decimeter per month

-28-
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TABLE XXIX

THE_CORROSION OF CAST BERYLLIUM CONTAINING 0.201%
SILICON EXPOSED TO DISTILLED WATER (0.005M Ha0p) AT 55°C

o

k4
X
e

Sample Pit Count Maximum Pit Weight Loss, Penetration Rate, Exposure Time,

—1-‘8-

No. per cme Depth, mils mg/dm= /mo* - mils/mo Months
A - - 4,98 0.0106 1
B - - 4,148 0.009% - "
c - - 2.99 0.0064 "
D - - 7.48 0.0160 "
A - - 2.94 0.0063 2
B - - 4,89 0,010k "
c - - 4,65 0.0100 "
D - - 5.38 0.0115 .oo"
A - - 2.h1 0.0052 3
B - - 4,01 0.,0086 "
c - - 4,02 0.0086 "
D - - 4,33 0.0093 "
A - - 108 0.00’-I-O ll-
B - - 2. 0.0051 "
C 0.2 1.0 3.00 0.006% "
D 0.1 2.2 3.11 0.0067 "
A - - 2.39 0.0051 5
B - - 2.T1 0.0058 "
c 0.3 2.0 2.95 0,0063 "
D. 042 S 1.9 3.08 0.0066 = . "
A 0.7 0.6 2.49 0,005 6
B - - 2.72 0.005 "
c 0.5 1.7 3.16 0.0068 "
D Q.3 1.9 3.54 . . 0.0076 i . u




TABLE XXIX (CONT'D)

THE CORROSTON OF CAST BERYLLIUM CONTAINING O.201
SILICON EXPOSED TO DISTILLED WATER (0.005M Ho05) AT g5°c

- §g

Sample Pit Count Maximum Pit Weight Loss, Penetration Rate, Exposure Time,
No. - per em Depth, mils mg%]mz/nn* mils/mo Months
A 1.k 0.9 2.1 0.0052 71/2
B 0.6 0.9 2.72 0.0058 "

C 0.9 1,0 3.09 0.0066 "
D 0.6 1.7 3.39 0.0073 "
A 1.6 0.9 2.58 0.0056 10
B 0.7 0.9 2.83 0.0061 "
¢ 0.9 6.1 2.94 0.0063 "
D 0.6 1.7 3.03 0.0065 "
A 1.8 1.0 2.85 0.0061 12
B 0.7 0.8 2.9 0.0063 "
c 0.9 6.1 3.14 0.0067 "
D 0.6 1.7 2.99 0.006k "
A 2.0 1.1 3.05 0.0065 13
B 0.9 0.9 3.16 0. 0068 "
c 1.0 6.2 3.08 0.0066 n
D 0.7 1.9 3.19 0.0068 : "

*mg/dm?/mo - Milligrams per square decimeter per month



TABLE XXX

THE CORROSION OF HOT-PRESSED BERYLLIUM CONTAINING

0.11% BepC EXPOSED T0 DISTILLED WATER (0.005M HpOp) AT 85°C

Sample Pit Count Maximm Pit Weight Loss, Penetration Rate, Ixposure Time,
No. per om® Depth, mils ng/dm? /mo* mils/mo Months
A - - I Te 0.009%6 1
B - - 3.46 0,007k "

C - - k.15 0.0089 "

D - - 2.32 : 0.0050 n

A Numerous 0.6 3.78 0,0081 2

B " 0.5 2.83 0.0061 "

c " 0.k 3.21 0.0069 n

D " Okt 2,17 . 0,0046 n

A " 1.7 3.85 0.0082 3 3/
B " 0.9 3.21 0.0069 n

C " 0.7 3.9 0.0085 "

D " 0.6 3.48 0.00Th - "

A " 2,1 3.54 0.0076 L 1/2
B " 0.9 3.64 0.0078 "

c " 0.9 k.09 0.0087 "

D " 0.6 : . : n

A " 2.1 3.42 0.0073 5 1/4
B " 1.3 3.0h4 o.oon "

c " 0.9 3.57 0.00TT "

D " - 1.0 3.64 0.0078 "

A " 2.4 3.18 0.0068 T

B " 1.6 2.73 0.0058 "

c " 1.0 " 3.06 0.0065 "

D " 1.1 3.10 0.0066 w

*mg/dm® /mo - Milligrems per square decimeter per month
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TABLE XXXTI

THE CORROSTION OF HOT-PRESSED BERYLLIUM CONTAINING

0.23% BepC EXPOSED TO DISTILLED WATER (0.O005M Hy05) AT 85°C

Sample Pit Count Maximm Pit Weight Loss, Penetration Rate, Exposure Time,
No. per cm? Depth, mils am2 /mo* mils/mo Months
A - - 4.8 - 0.0104 1
B - - 3.45 0.00Th n
c - - 3.97 0.0085 "

D - - 2.59 -0.0055 "
A Numerous Ok 3.90 0.0084 2
B " 0.5 3.21 0.0069 "
¢ . 0.5 3.44 0.007k "
D " Ok 2.48 . 0.0053 "
A " 0.7 4,32 0.0092 3 3/’"‘
B " 0.9 3.85 0.0082 "
c " 0.9 4,00 0.0086 "
D " 0.9 3.k2 0.0073 "
A " 0.9 5.13 0.0109 4 1/2
B " 1.1 y, 27 0.0091 "
c " 0.9 4,79 0.0102 "
D " 0.9 4.53 0.0097 "
A " 1.4 4,07 0.0087 5 1/4
B " 1.3 3.73 0.0080 "
c " 1.1 3.72 0.0080 n
D " l.1 3.86 0.0083 "
A " 1.6 3.58 0.0077 7
B " 1.3 3.06 0.0065 "
c " 1.2 3.48 0.0075 "
D " 1.3 3.26 0.0070 "
*mg/dm®/mo - Milligrams per square decimeter per month
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TABLE XTI

THE CORROSION OF HOT-PRESSED BERYLLIUM CONTAINING

0.26% BepC EXPOSED TO DISTILLED WATER (0.005M Ho0p) AT 85°C

Sample Pit Count Maximm Pit Weight Loss, Penetration Rate, Exposure Time,
No. per em Depth, mils mg/ame /mo* mils/mo Months
A - - 64 0.0078 1
B - - <97 0.0106 "

c - - 3.97 0.0085 "
D - - )'l'¢22 0.0090 "
A Numerous 0.6 k.16 0.0089 2
B " 0.5 4,52 0.0097 "
c " Ot 4.88 0.010k "
D " 0.k 4,26 o 0.0091 "
A " 0.7 4.10 0,0088 3 3/h
B " 0.8 k.10 0.0088 "
C " 0.7 5.12 0.0109 "
D " 0.7 4.63 © 0.0099 "
A " 0.9 L bk 0.0095 h1/2
B " 1.3 4,70 0.0100 "
C " 0.7 5.40 0.,0115 "

D " 0.9 k.96 0.0106 n
A " 1.3 3.86 0.0083 5 1/4
B " 1.k k,07 0.0087 "

c " 0.9 k.73 0.0101 "
D " 1.0 L1k 0.0089 "
A " 1.5 3.21 0.0069 7
B " 1.6 3.42 0.0073 "
c " 0.9 +160.5 ———— "
D " 0.9 3.79 0,0081 ] } "

*mg/d.me/mo - Milligrams per square decimeter per month
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