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This report is issued as Part 1 4  of a ser ies  of reports on the 
corrosion studies for the Materials Testing Reactor*o 
here has been previously published in various Monthly and Quazterly Progress 
Reports of the Technical Division. 

The data included 

D u r i n g  the early months of 1949 vacuum cast and extruded beryllium 
seemed the logical  production choice for mLaL for the Materials Testing 
Reactor. 
however, several questions as to the effect of various metallurgical 
treatments on the corrosion characteristics as well as the m i a t i o n  f'rom 
end to end of a given billet, ConsequentJ-y, the tests reported here were 
perforned to investigate these variables and their effect on corrosion re- 
sistance. 

The reasons for this were reported in om-298. There were, 

* Other reports to date in this series are: 

Par t  I: Interim report on the Corrosion of Berylliwn in Simulated 
Cooling Water for the Proposed Development Reactor, 
James Le English, om-298, March 16, 1949, 

P a r t  I-A: Initial Corrosion Tests on Brush Process &Edi and QRM 
Beryllium, Arnold R4 Olsen, OE-733, July 14, 1950. 

Par t  1-3: The Corrosion of Beryllium in Sfnulated Cooling Water for 
the Materials Testing Reactor, ORNL-772, J w s  I,. English, 
JanuaTy 23, 19% 

Par t  11: The Corrosion of 356 Aluminum in Simulated Cooling Water 
for the Proposed Makerials Testing Reactor, James L. 
English, om-681, July 20, 195Qo 
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ABSTRACT 

A single vacuum cast  and extruded b i l l e t  of beryllium was divided 
into a nuniber of corrosion samples and corrosion tes ted i n  simulated 
Materials Testing Reactor coolant for  periods up t o  one year. 

The sanples were segregated as t o  position i n  the b i l l e t  and 
metallurgical treatment; i.e, leading end, center, and t r a i l i n g  end of 
the bi l le t ,  direct ly  machined, annealed and machined, and anneded- 
machined and annealedo 

It was found that there is no significant change i n  corrosion re- 
sistance throughout the length of the extrusion. 

Overall corrosion attack and p i t t i n g  rates increased d i rec t ly  w i t h  
the nmiber of anneals on short time exposures. 
attack on longer term eqosures,  
regardless of whether the saqple has been annealed or  not. 

However, the overal l  
t o  12 months, is almost ident ical  

Further proof of the extreme sens i t iv i ty  of beryllium t o  minor 
changes i n  the media was a lso found, 

COrcROSION TEST CONDITIONS 

A complete description of the conditions of tes t ing  and the reasons 
for  t he i r  establishment is  given i n  om-298. 

For the purpose of convenience, a resume of these conditions is 
included here: 

Medium Deaerated and demineralized water 

Temperature 

Hydrogen Peroxide 

Tot& Solids 
Fe 
A 1  
C a  
m 
Ma 
co2 
Si02 
G1 
s04 
CU 
B 
PH 

8.0 ppm 
0.05 " 

0.05 " 

0 4  
0 4  
1.0 
2.0 
5 eo 
0.2 (max) 
5*0 
0.04 
0.0 
5 5 4 . 5  - 

Specific Resistance 3.5 x lo> 
(o-lcc) 

85'~ a t  atmospheric pressure 
515'~ at 840 p s i  gauge 



TEST MTERIALS 

Types of Materials 

Unlike previous tes ts  reported i n  th i s  series, on ly  one piece 
of beryblium divided intm 8 large number of specimens was used, 
One carefully chosen extruded b i l l e t  was tested,  

Since the only  in%dmte con%act with a. dissimilar m e t a l  is  t o  

Previous 
be w i t h  the end boxesy and in order to decrease the total number of' 
tests,, only couples with 356 a l d n m  were investigated, 
reports have adequately covered the ef2ect of 2s ahaninurn-beryllium 
couples 

Casting and Extrusfon Rfstory 

B i l l e t  Eoe 785 vacuwn melted and east- from "pebble" supplied 
by Brush was used in this investigation, 
as cast  was: 

The analysis of the b i l l e t  

The 28 Pb, sound bLLLet, 601" i n  diameter, was jacketed and heated 
t o  1840°F and held two hours and %era minutes before being extruded. 
The extruded b i l l e t  m a s w e d  P 318" x 3 718" x bah13" i n  the jacket 
a f t e r  t r i m i n g o  TIE extrusion r a t t o  was 16&. 

Sectioning and Treatment of the Beryllium Bi l le t  

The b i l l e t  was deJacke%ed a% ORNL and cropped ends were deep 
etched and examined mhzeroseopicay to cheek the soundness of the 
extrusion, 

Subsequently the billet was divided as shown in Figure 1, which 
is a copy of the machining order fomrcled to the shop, 

1 

. 



FOR SAMPLES 

I 

Trailing 

Make cuts E and 2 ~n each b i l l e t  m&rkiw each piece with 
appropriate nwiber and positioning l e t t e r :  

L Leading end 
C Center 
T Trailing end 

- Note: 
b i l l e t  e 

The b i l l e t  nuuiber is  stamped on the t r a i l i ng  end of each 

&lake cut  A on al% sections - labell ing a l l  pieces as in step (1). 

Return piece (119 111) for annealing, 

Machbe piece I t o  1" round stocka 

Machine specimens from round stock t o  size 1" diameter x 1/4" 
thick w i t h  a 1/14'' diameter hole in the center and place i n  
appropriately marked e;on%a%ner, 

When piece (11, 111) is returned i n  the annealed condition make 
cut B, again properly tagging each piecea 

Repeat steps fb and 5 for pieces I1 and IIL 



This alloy was subJeet to the 9-7 hea% treatment before exposure: 

2) Quench in boiling m%er 
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Test Apparatus 

T h e e  types of apparatus were meti in t es t ing  th i s  material. 

For the-mJority of the 6S-day tests at  8 5 ' ~ ~  the arrangement 
described 3nd picture& i n  O R I E - ~ ~ ~  was used, Briefly, t h i s  
consists of a five l i t e r g  %hPee-neeked d i s t i l l i n g  flask sup- 
ported on a transit-e box with a 375 w&t infra-red bulb f o r  
heating, The tenperatwe is ccntrolled with 5 005'C with a 
themoregulator-re1ay system, Ai l :  cooled reflux condensers 
prevent solution loss;  hydrogen peroxide adaitions are made 
per iod ied ly  f k ~ m  burettes installed on each t e s t e  

For the planned interval t e s t s  and fpr 60-day Be-356 Al couple 
tests, e l ee t r i cd ly  heated water baths holding three 16 l i t e r  
battery jars were used. 
4 1.0% and excessive solution boss is  prevented by aLwrcinum 
coverso 
holes i n  the  covers from pipettes,  

The -t;em,peraAxre is controlled to 

Hydrogen peroxide additions are  nade through small 

The high temperature, high pressure t e s t s  were made i n  a large 
autoclave f i t t e d  with three stainless s t e e l  containers, each 
separately sealed, 
the pressure mU is 5 3% which is  estimated as maintaining 
the inside temperatures a t  5 l°Fo 

Temperature variation on the outside of 

Types of Tests 

A l l  t e s t s  were conducted under essent ia l ly  s t a t i c  conditions, 
The only flow being causedby convection currents fromthe heating, 
which prevented the solution wound the samples from being completely 
s t apan t  

T e s t s  of beryllium alone were conducted by hanging each sample 

This assembly was then 

separately from a pwex glass hook, while couple t e s t s  were 
fashioned by bolting a piece of beqUiwn t o  a sample or' j5b aluminum 
using a bol t  and nut of the aluminum alloy, 
hung from a glass hooko 

NQ practical means of t o t a l l y  insulating the beryllium from the 
stainless steel was found fo r  the high temperature tes ts .  
it has been shown previously that coupling effects can be reduced to 
near extinction by the use of nichrone supporting wireso 

However, 

All tests were conducted with the sacnrples t o t a l ly  immersed i n  
the mediae 
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Solution Control and Maintenance 

The solutions i n  a l l  8 5 O C  tests were changed weekly t o  minimize 
corrosion product build up and specific ionic depletion. 
high temperature testsp the or iginal  solution was used fo r  the en t i re  
tes t ing period. 

With the 

pH checks and ad3ustnents were made daily. Control being the 
addition of 0.1 normal sodium hydroxide or  n i t r i c  acid. 

There was no hydrogen peroxide i n  the high temperature tests. 
A t  8 5 O ~  the concentration could not be perfectly naintained. 
periodic additions of 4$ H202 solution t o  type A tests and 3046 H20 
t o  type B tests held the concentration within reasonable limits, f n  
addition, each solution was analyzed daily and corrections made 
accordingly, 

However 

A detailed analysis of the decomposition variables f o r  hydrogen 
peroxide has been reported previously. 

CORROSIOE DATA FOR 60-DAY TESTS IN OeOOO!jH HpOp SOLUTIONS AT 85'~ 

Two samples from the leading end, center and t r a i l i n g  end of the b i l l e t  
were tested for each condition, 
for  60 days at  85% with the hydrogen peroxide Concentration a t  O,OOO5 
molarity. 

All t e s t s  were run i n  "A" type apparatus 

These data are l i s ted  i n  Table 1 and graphed i n  Figures 2 and 3. 
resu l t s  indicate tha t  the leading end of the b i l l e t  is  slightly superior 
from the overall corrosion standpoint, 
independent of location along the bi l le t .  
treatment, both the as-machined and annealed-mchined-annealed condition 
show better overall  corrosion resistance than the annealed-machined con- 
dit ion.  
conditions by annealingo 
factors of 2 t o  3 fo r  Conditions I1 and I11 over Condition I. 

The 

P i t t ing  susceptibil i ty is apparently 
As for  the effects  of heat 

Susceptibility to p i t t i ng  attack i s  markedly increased under these 
Both p i t  frequency and p i t  depths were higher by 



CORROSION OF MACHIRED AmD HEAT TREATED EXTRUDED BERYLLIUM 
IN 0.000% H202 SOLUTIONS AT 85 '~  FOR 60 DAYS 

Weight Loss (Mw Max.  P i t  
Depth (mils) 

Material 
Condition 

P i t  count 
per sq cm 

2.6 

Sample 

A-7 4+6 2.4 I: 

5.6 1.6 1.0 I A-17 

7.0 3.5 

2.2 

2+1 I c-7 
6.0 

8.5 

I C-17 

3.2 

5.7 

12.0 

2.1 I D-7 
8.1 

6.5 

12.1 

2.0 

7.4 

5.6 

5.6 

5.7 

6.0 

I 0-17 

I1 F-7 

5.8 

6.6 

I1 F-17 

10.1 I1 G-7 
10.2 4.5 

3.0 

6.5 

1.8 

10.5 

2.6 

I1 G-17 

7.9 

L O  

1.6 

0*3 

8.6 

8.5 

8.6 

I1 H-7 

3.7 

3.9 

4 4  

4.8 

4 07 

3.2 

3.4 

I1 H-17 

I11 5-7 

J-17 111 

I11 R-7 
5.0 

10.0 

I11 K-17 

I11 L-7 

L-17 1.7 7 .o I11 

M 



~ E R Y L L I U M  I N  0.0005 M H 2 0 2  50LdT10NS 

T E M P f R A T I I R f  -85OC 
T I M E  1462 HOURS 
D U P L I C A T E  S A M P L E S  

L C T 
POSITION 

C O N D I T I O N  
28 

- r 
0 
I c 

L C T 
P O S I T I O N  

20 

4 
:(: I O  
J 

0 
L 

PO 

20 

- 1  - -  
- - - . A  

C T 
S I T  IO N 

AV E RAGES 

I- 
I 
13 
W 
3 

L E G E N D  
L - L E A D I N G  E N D  
C - C E N T E R  
T - T R A I L I N G  E N D  
I - AS M A C H I N E D  
E- A N N E A L E D -  M A C H I N E D  
a- ANNEALED - MACHINED-ANNEALED 



Y 

V 

CONDITION I 

P O  S I T  ION 

CONDIT ION m 

L C T AVE 
P O S I T I O N  

LEGEND 
L - L E A D I N G  E N D  
C - C E N T E R  
T - T R A I L I N G  END 
1 - A S  MACHINED 

m - A N N E A L E D - M A C H I N E D - A N N E A L E D  
-ANNEALED-MACHINED 

C O N D I T I O N  IT 

L C T AVE 
PO S l T l O N  

P IT  D E P T H S  
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CORROSION DATA FOR ~O-DAY TESTS IN 0.005M HpOp SOLUTIONS AT 85 '~  

9 3 0  samples from each of the three positions i n  each of the three con- 
dit ions vzre exposed i n  type "A" appaxatus t o  0.005 molar hydrogen per- 
oxide concentrations a t  85% for  60 days. 

The resu l t s  of this ser ies  of tests are listed i n  Table 2, and Figures 
4 ana 5 graphically i l l u s t r a t e  t h i s  data. 
def ini te ly  higher i n  this higher peroxide solution. 
from leading end t o  t r a i l i n g  end axe completely msked by the variations in 
samples, These results indicate, however, t ha t  the overall at tack is more 
severe i n  the case of annealed samples (Condition I1 and III)* Pi t t i ng  
fkequency increases from Condition I t o  I11 t o  11, with the maximum pit 
depth being nearly equal, but s l igh t ly  decreasing f'rorn Condition I t o  111. 
Comparison with p i t t i n g  attack i n  the lower H202 solution shows a marked 
decrease i n  frequency with l i t t l e  change i n  the depth of p i t s  for the higher 
peroxide content. 

Overall corrosion rates are 
The ef fec ts  of position 



TABU 2 

CORROSION OF MACHINED AND HEAT TREATED EXTRUDED BERYLJ;m 
IPJ 0.OQ5M EgOp SOLUTIONS AT 85OC FOR 60 DAYS 

Material Pit Count Max. P i t  Weight Loss 
Sample Condition per sq cm Depth (mils) (Mw 
A-6 I l e 0  10.7 12.1 

A-16 I 0.8 5.8 13.4 

C-6 I 1.2 10.0 5.8 

c-16 I 0.6 6.3 9.1 

D-6 I 0.2 4-00 6.4 

D-16 I 0.3 6.5 10.6 

F-6 I1 5.1 7.5 10.0 

F-16 I1 2.6 5*6 14.0 

17.1 G-6 I1 2.6 4.9 

G-16 I1 3.5 5*0 7.3 

E-6 I1 3.5 9.7 10.4 

H-16 I1 3.6 4.4 18.0 

J-6 I11 0.7 8.0 8.8 

J-16 I11 1.7 6*5 6.4 

K-6 I11 3 e o  6.0 16.5 

~ ~ 1 6  I11 1,8 3.7 7.8 

L-6 I11 2.9 7.7 18.2 

L-16 I11 1.4 4.7 18.9 
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I 

CORROSION DATA ON AS4tACHIIpED AND ETCHED BERYLLIUM IJS OeOOgM H202 SOLUTXOPIS 
FOR 60 DAYS AT 85Oc 

I n  an ef for t  t o  determine the effect  of the worked surface OR coirosion 
behavior of extruded berylliwn, two samples f’rom the leading end, center, 
and t r a i l i n g  end of the b i l l e t  i n  the as-machined condition were t reated w i t h  
the Battelle Etch before exposure. 

The results of t h i s  t e s t  as shown i n  Tsble 3 and Figure 6, indicate that 
the metal has been activated corrosion-wise. 
p i t t i ng  frequency nor the maximum p i t  depth but the overall corrosion r a t e  
is.approximately three times as great under t h i s  condition as compared t o  
the rates reported i n  previous section. 
f o r  long periods of time, unfortunately, could not be determined with the 
available mount of material. 

There i s  no difference i n  the 

Whether th i s  activation is effective 

CORROSION OF E4ACHIPJED AmD ETCKED ExTRuDED-BEBYT.,LIUM IN 
OeOO5M H202 SOLUTIONS AT 85°C FOR 60 DAYS 

Material 
Condition 

IV 

IV 

IV 

IV 

IV 

IV 

P i t  count 
per sq cm 

3.3 

2.6 

2.7 

2.7 

2.4 

1.8 

I?faxb P i t  
Depth (mils) 

6.8 

9.5 

7.3 

8*3 

11.8 

14.3 

weight Loss 
(MDM) 

31.3 

28.7 

28.0 

29.8 

29.6 

29.4 
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FIGURE 6 

CORROSION ATTACK ON EXTRUDED BERYLL IUM Dwg. 13601 
IN T H E  MACHINED A N D  ETCHED C O N D I T I O N  
IN 3 0 0 5  M H 2 0 2  SOLUTIONS 
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LONG TERM CORROSION TESTS IN O.OO5M HpOp SOLUTIONS AT 85'~ 

Since the chief variable i n  many forms of corrosion is  time, a tes t  
was conducted in  which s i x  samples of each of the nine variables were 
tested for periods ranging from two months t o  twelve months. 
interval type of test, even using so f e w  samples, should give a result 
which shows the trend of the corrosion rates and any changes i n  type of 
attack with time. 

The planned 

The resu l t s  of th i s  series are tabulated i n  Tables 4, 5, and 6, 
Figures 7, 8, and 9 are graphs of the three conditions of working and 
three positions i n  the bi l le t .  It would be best t o  note tha t  each point 
represents a single sample and thus is not an exact report of the attack 
t o  be expected i n  the given period of exposure. 

Figures 10 and 11 compare only the conditions of metallurgical 
treatment w i t h  each point representing the average rate of attack for  a l l  
three positions i n  the b i l le t .  It can be clear ly  seen from these that up 
t o  one year's exposure the rate of attack, as w e l l  as p i t t i ng  suscepti- 
b i l i t y , i s  l ea s t  for  the as-machined condition and increases w i t h  the 
number of anneals 

Figures 12y 13y 14, 15, 16, and 17 are photographs taken of the 
samples as they were removed from the corroding medium. 
show the differences i n  susceptibility. 
three b l i s t e r s  forrned on the samples after one year of elrposure. 
blisters are the reason for  the dotted l ines  i n  the previous graphs. 
should be noted that one b l i s t e r  occurred on an annealed-machined sample, 
while two annealed-machined-annealed samples were blistered. None of the 
as-machined samples were so effected during the 12 months exposure. 

These clear ly  
Figure 18 shows views of the 

These 
It 

1 



Sample 

A-1  

A-2 

A-11 

A-12 

A-21 

A-22 

c-1 

c-2 

c -11 

c-12 

c-21 

(2-22 

D-1 

D-2 

D - l l  

D o l 2  

D-21 

D-22 

CORROSION OF EXTRUDED BERYLLIUM IN THE AS-MACHINED CONDITION 
IN O.OO5M H202 SOLUTIOMS AT 85 '~  FOR PERIODS Up T O  12 MONTHS 

Exposure 
Duration ,Yaterial No. of P i t s  Max. P i t  Weight Loss 
(Months) Condition per specimen Depth (mils) (WM) 

2 

4 

6 

8 

10 

12 

2 

4 

6 

8 

10 

12 

2 

4 

6 

8 

10 

12 

I 

1 

-. I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

2 

1 

1 

4 

None 

2 

2 

1 

2 

4 

4 

4 

2 

4 

1 

1 

3 

2 

2*5 

5.8 

5.2 

5.5 

4.3 

3.2 

9*6 

2.0 

4.8 

8.6 

6.9 

13.6 

7.4 

296 

0.8 

2.4 

12.8 

0.2 

0.5 

2,6 

1.3 

2.7 

11.1 

10,o 

10.6 

13.2 

11.2 

1.4 

1.6 

7.6 

1.9 
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CORROSIOI? OF EXTRUDED BERYLLIUM IN THE --MACHIPIED 
CONDITION IR OeOO5M H202 SOLUTIONS AT 

85OC FOR PERIODS U p  TO 12 M O m S  

Exposure 
Dwat ion 
(Months) 

Material. 
Condition 

Weight Loss 
(mM) 
11.0 

Max. P i t  
Depth (mils) 

Hoe of Pits 
per specimen 

2 

6 

Sa;rqple 

3.2 F-1 2 I1 

I1 

I1 

I1 

I1 

11 

I1 

I1 

I1 

I1 

11 

I1 

I1 

I1 

I1 

I1 

I1 

I1 

6.% 4 F-2 

6 5 

6 

3.5 

13*3 

11.2 

5.8 

2.6 

11.5 F-U. 

F-l.2 8 11.2 

3 

4 

13.5 F-21 10 

F-22 12 

12.4 1 G-1  

G-2 

G-11 

G-12 

6-21 

G-22 

H - 1  

H-2 

H - l l  

H-12 

H-21 

H-22 

8.5 

6.0 

12.4 3 

5 10.3 

24.4 

9.6 

1*8* 

5.5 

6.6 

4 10.9 

8.5 2 10 

2 5.1" 12 

12.9 5 

9.6 2 

9.7 3 10*2 

15.2 8.3 3 

25.6 

28.0 

10.7 LO 2 

W 7.1 12 2 

*Blister formation 1, 
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3 

Nax. P i t  Weight Loss 
Depth (mils) (mM) 

Ho* of P i t s  
per specimen 

a 11.7 13.2 2 11% 

111 

111 

111 

I11 

111 

111 

III 

n1 

I31 

I11 

I11 

111 

111 

T I 1  

I11 

111 

111 

3.4 5.9 2 J-2 

6 3.5 5.8 1 J-1% 

1.2 2.4 

1.9 

8 2 

10 None J-2% - 
5.8 

12.0 

4 .o 

8*9 

24.6 

13.6 

4,6* 

7.0 

ll* 3 

7.5 

29.4 

13.6 

9.6* 

2.5 J-22 12 

11.8 K - l  

K-2 

11.4 IS-la, 

4 21.1 

8,0 

K-12 

K-21 10 

19 

8 

5.2* 

2 ~ 5  

K-22 12 

L - l  

7 

14 

8 

27.2 

37.4 

13.2 

14.7 

4.8* 

L-2 

L-11 

L-12 

10 3 

2 

L-21 

F 12 L-22 

*Blister formation 
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FIGURE 7 
CHANGE IN CORROSION RATE WITH TIME FOR 
EXTRUDED BERYLLIUM IN THE AS- M A C H I N E D  

CONDITION I N  0.005 M H,O, SOLUTIONS 
T E M PE R ATU R E  -85OC 

L E A D I N G  E N D  

4 6 0 10 12 
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C E N T E R  
20 
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4 6 8 I O  

EXPOSURE TIME (MONTHS) 
I2 

T R A I L I N G  END 



FIGURE 8 
C H A N G E  IN CORROSION R A T E  WITH TIME FOR 

EXTRUDED BERYLLIUM IN THE ANNEALED- 
MACHINED coNmicr~  I N  0.005 M H ~ O ~  SOLUTIONS 

T E M P E R A T U R E  -05OC 



FIGURE 9 R 
Dwg. 336f;4 CHANGE IN CORROSION R A T E  W I T H  TIME FOR 

E X T R U D E D  BERYLLIUM IN THE A N N E A L E D  - M A C H I N E D  
A N N E A L E D  CONDITION IN 0.005 M H 2 0 2  SOLUTION 

TEMPERATURE - -  85OC 

2 4 6 8 
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FIGURE I I  
C O M P A R A T I V E  PIT DEPTHS WITH TIME F O R  
EXTRUDED BERYLLIUM IN 0*005M H202 SOLUTIONS -- 

I 1 I 

I 
I 

-- , -  
20- 

E G E N D  1 

, 
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X - I  A S  MACHINED 
0-II  A N N E A L E D - M A C H I N E D  

:.-ID ANNEALED - MACHINED-ANNEALED 
=-=I I 1 I 

15 

E X P O S U R E  TIME (MONTHS) 







-34- U N C L A  SSI F I E D  
P H O T O  NO. 6 - 2 8 6 1  

A-I I c- I I 
AS MACHINED 

D-I I 

F-I I G-I I H-I  I 
AN N EALED - MACH I NED 

J-11 K- l  I L- I 1 
ANNEALED-MACH INED-ANNEALED 

FIGUSE 14. PHOTOGRAPHS OF EXTRUDED BERYLLIUM 
SAWLES AS RE!VOVED,A~TECi EXP0SUF;IE TO 0.005 !'v! 

07. SOkUTIOVS AT 8 5 O G  FOR 6 MONTHS. (MAG. 1.5~).  



3 -35- U NC LAS S I F I E 0 
PHOTO NO. 6-2862 

A-12 c-12 0-12 
AS MACHI N ED 

F-12 G-I2 
ANNEALED- MACHINED 

H-I2 

J-I2 K - I 2  L-I 2 
ANNEALED-MACH I NED- ANNEALED 

FIGURE 15. PHOTOGRAPHS OF EXTRUDED BERYLLIUM 
SAMPLES AS REMOVED, AFTER EXPOSURE TO 0.005 M 
H2Op SOLUTIONS AT 85°C FOR 8 MONTHS (MAG 1.5~). 



J -36- U NCL ASSlFlED 
P H O T O  NO. 6-2063 

3 

A-2 I 

F-21 G-21 
ANNENLED- MAC 

D-2 I 

H- 21 
ED 

J-21 K-21 L- 21 

FIGURE 16. PHOTOGRAPHS OF EXTRUDED BERYLL- 
IUM SAMPLES AS REMOVED, AFTER EXPOSURE TO 
0.005 M H20E SOLUTIONS AT 85OC FOR 10 MONTHS 
(MAG. 1.5 x ). 

ANNEALED-MACHINED-ANNEALED 



4 
U N C L A S  S IF I E D 

P H O T O  NO. 6 - 2 8 6 4  

A-22 

F-22 

-3?- 

E 

c-22 
AS MACHINED 

0-22 

G-zz n-cL 
ANNEALED- MACH I NED 

J-22 K- 
ANNEALED-MACH 

22 
I NED -AN NE A LED 

L- 22 

FIGURE 17. PHOTOGRAPHS OF EXTRUDED BERYLL- 
IUM SAMPLES AS REMOVED, AFTER EXPOSURE 
TO 0 . 0 0 5 M  H,O, SOLUTIONS AT 85OC FOR 12 
MONTHS (MAG. 1 . 5 ~ ) .  
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HIGH TEMPERATURE CORROSION OF ExTRuD3ED BERMS_(XU?? AT 515OF AND 840 PSI 
FOR SEVEN DAYS IN DISTILLED WATER 

I n  hopes of reducing the tes t ing time on a l l  beryllium, the group 
The results of duplicate used the large autoclave shown i n  Figure 19. 

samples of a l l  forms are included i n  Table 7. 
22 are photographs of these specimens as removed f romthe test. 

While Figures 20, 21, and 

The high rates of weight Loss and wide variation i n  samples clear ly  
indicate tha t  t h i s  procedure is not a satisfactory substi tute for  the 
standard tes ts .  
defects i n  the metal* 
shown by other t e s t s  and previously reported. 

However such autoclaving is useful i n  pointing out gross 
Although th i s  is not apparent here, it has been 



CORROSION OF IiXTRUDED BEFELLIUM I M  DISTILLED 
WATER AT 525oF'AND 840 PSI FOR 7 DAYS 

Weight LOSS 
Saqple Condition (MDM) 

A-8 I -717 

A-18 I -152 

c -8 I -827 

c-18 I -552 

1118 I -439 

D-18 I -357 

F-9 I1 - 23 

F-18 I1 a 9 8  

G-8 I1 -371 

G-18 I1 -108 

H-8 I1 - 72 

H-18 I1 - 53 

5-8 I11 -171 

5-18 X I 1  -254 

K-8 I11 -306 

K-18 I11 -367 

L-8 I11 -290 

2-18 I11 -533 



-41- UNCLASSIF IED 
PHOTO NO. 6-2866 

I 

FIGURE 19. LARGE AUTOCLAVE INSTALLATION FOR HIGH 
TEMPERATURE CORROSION STUDIES. SHOWING AUTOCLAVE 
AND T W O  TYPES OF STAINLESS STEEL LINERS FOR 
VARIOUS SIZE SAMPLES. 
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J-8 J-I8 
LEADING 

K- 8 
CENTER 

K-18 

L-8 L- I8 
TRAILING 

FIGURE 22. PHOTOGRAPHS OF EXTRUDED 
BERYLLIUM I N  THE ANNEALED-MACHINED- 
ANNEALED CONDITION AFTER SEVEN DAYS 
EXPOSURE TO DISTILLED WATER AT 525°F 
AND 840 I? S.I. 
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The couple tests of the extruded beryllium i n  various conditions were 
conducted i n  Type B apparatus. 
16 l i t e r  bat tery jar, 
because the results given i n  Tables 8 and 9 and the photographs i n  Figures 
23, 24, 25 and 26 show clear ly  the decided ef fec t  that environment changes 
have on the r a t e  of a t tack of beryllium. 
shown because of the duplication i n  appearance of the samples i n  both per- 
oxide concentrations, 
of the data. 

That is, nine couples were placed i n  a 
The method of tes t ing  is important i n  th i s  case 

O n l y  the 0.005M 

Figures 27, 28, and 29 are graphical representations 

tests are 

The l b i t a t i o n  of nine sanples per jar led t o  one sanple from each 
portion of the b i l le t  i n  the annealed-machined condition being i n  test  
together with the  as-machined samples and the other i n  test with the 
annealed-machined-annealed samples. In the latter case, it was necessazy 
t o  make more additions of n i t r i c  acid t o  maintain the proper pH range with 
the higher rate of corrosion. 
the O.OO5M H*02 solutions as was the overal l  a t tack on aU- srullples. 
surfaces of annealed samples i n  the higher peroxide solution were so 
attacked tha t  no def in i te  p i t t i ng  frequency could be assigned. 

This effect  was magnified i n  the case of 
The 

The tests indicate that the corrosion rates for  beryllium coupled with 
356 alwninm will be much higher than fo r  insulated beryllium and again 
stress the f ac t  that annealed samples a re  more susceptible t o  attack. 
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CORROSION OF EXTRUDED ~ m ~ ~ ~ r n 4 - 3 5 6  ALUMINUM C0UPI;ES 
I N  O.OO5M H202 SOLUTIOHS AT 85% FOR 60 DAYS 

S€LElpP€! 
NO 0 

Material 
Condition 

Weight Loss P i t  Count Max. P i t  
per sq cm Depth (mils) 

9, 4.4 
oe6 5.4 

Material 

24.3 
1.7 

A-3 Be 
Al 

I 

I 22.5 
1.0 

A513 Be 
A1 

0.3 4.6 
1.0 9.7 

22.2 
l e 3  

c-3 Be 
Al 

I 

0.3 3.5 
3. pit 15.3 

30.7 
5.3 

c -13 Be 
Al 

I 

19.6 
+0.3 

0.3 3.1 
1 p i t  4.3 

I D-3 Be 
Al 

8 

, *  
24.0 
0.33 

D-13 Be 
Al 

I 

300 
1 12.2 

2.7 
F-3 Be 

Al 
I1 

20.6 
5.3 

I1 F-13 Be 
A1 

2.8 
1.3  4.6 

1 23.3 
0.99 

I1 (3-3 Be 
A 1  

1*6 8.6 
2.6 2000 

98.0 
41.2 

I1 G-13 Be 
Al 

2.6 6.7 
0.6 60.0 

94.9 
87.0 

H-3 Be 
Al 

I1 

2.3 6.8 
142 60.0 

136.6 
85.8 

I1 H-13 Be 
0 

157.6 
63.1 

2.0 7.4 
6*6 60.0 

5-3 Be 
AJ. 

I11 
8 

a 
0.6 9.0 
8.2 40.0 

96.1 
65.0 

111 5-13 Be 
A1 
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TABU3 8 (COW'D) 

COFEKISION OF EXTRUDED BEXYLLmf-356 -UWNup.II COUPLES 
IN OeO05M H202 SOLUTIONS AT 85% FOR 60 DAYS 

Sl%Rl-pL€? Material Pit. Count Max4 Pit Weight Loss 
P J ~ ,  Material Condition per sq crn Depth (mils) (mM) 

L-3 

L-13 

Be 
A1 

I11 0*8  
4.6 

807 
4*5 

197J3 
51.3 

Be I11 004 5.7 204.0 
Al 494 5J- 29.7 

Be 
Al 

111 

I11 

a.*3 9.2 171.0 
1.5 40,O 66.8 

a. 
607 

ao,5 
60,o 

Entire contact area pftted 

143.0 
89.3 

3 



- 4 8 -  UNCLASSIFIED 
PHOTO NO. 6 - 2 0 7 0  

c -3  c-I 3 

FIGURE 23. CORROSION OF EXTRUDED BERYLLIUM I N  THE 
AS-MACHINED CONDITION COUPLED WITH 356 ALUMINUM 
EXPOSED 60 DAYS TO 0.005M H202 SOLUTION AT 85OC. 





J-3 

K-3 

L-3 

FIGURE 25. CORROSION ( 

ANNEALED-MACHINE D-ANI 
356 ALUMINUM EXPOSED 
SOLUTIONS AT 85OC. 



ALUMINUM 
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-51- UN2 L A S  S ! F I ED 
PHOTn NO. 6 - 7 A 7 . 3  

BERYLLIUM 

AS MACHINED 
/-- de;-. . U. 

ANNEALED- MACHINED 

- I  / \-./ 

ANNEALED- MAC HI N E 9  
..I_ w 

--/  

ANNEALED-MACHI NED-ANNEALED 

FIGURE 2 6. EXTRUQED BERYLLIUM- 
3% ALUVINUV COCIDLE I N'EFACE S 
AFTER 60 DAYS EXPOSURE TO 0.005 
M HZO, SOLUTIONS AT 85OC. 



n 
2 
n 
z 

* 2 ,e:- .- .-91 
h,g. 1:36sc 

COMPARATIVE CORROSION R A T E 5  OF EXTRJ-DED 
BERYLL IUM -356 ALUMINUM COUPLES I N  

0.005 M H202 SOLUTIONS 
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TABLE 9 

S-le 
No . 

A-5 

A-15 

c-5 

(2-15 

D-5 

D-15 

F-5 

F-15 

G-5 

G-15 

H-5 

H-15 

J-5 

J-15 

CORROSION OF EXTRUDED BWUUIUM-356 ALuMIMuE11 COUPLES 
I N  0.0005M H o b  SOLUTIONS AT 85% FOR 60 f3AYS 

Material 
Material 
Condition 

Be 
Al 

Be 
A1 

Be 
Al 

Be 
Al 

Be 
Al 

Be 
AI. 

Be 
A1 

Be 
Al 

Be 
Al 

Be 
Al 

Be 
Al 

Be 
Al 

Be 
BL 

Be 
Al 

I 

I 

I 

I 

I 

I 

I1 

I1 

I1 

I1 

I1 

I1 

I11 

111 

Pit Count 
per sq ern 

15 
20 

4.5 
10.1 

3.7 
6.5 

4.5 
4.5 

0.8 
5.1 

2.6 
6.4 

8.2 
6.4 

5.7 
4.5 

7.5 
6.7 

24-00 
14 

13.6 
1 

14.2 
2.5 

5.0 
14.0 

6.8 
7.6 

Max. P i t  Weight Loss 
Depth (mils) (mN 

l e 2  
2.6 

2.2 
2,k 

1.6 
3 4  

1.1 
1.2 

l e k  
2.9 

1.0 
3.2 

2.7 
3.3 

3.2 
0.8 

3.4 
1.8 

2.6 
1.2 

3.7 
4.8 

3.3 
1.7 

3.5 
3.4 

4.2 
3.0 

12.2 
14.9 

10.1 
+5.9 

10.3 
14.2 

9.3 
11.0 

10.4 
13.9 

+6.0 
17.2 

21.1 
18.2 

13.6 

17.2 

26.5 
4.9 

28.5 
11.9 

3 4 J  
9.6 

18.2 
11.2 

19.0 
13.5 

14.7 

21.4 
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TABU 9 (CONT'D) 

CORROSIOF? OF EXTRUDED BERYLLIUM-~~~ ALUMINUM COUPLES 
IN Oe0O05M E909 SOLUTIONS AT 85% FOR 60 DAYS 

S€UEple Material 
No, Material Condition 

K-5 Be 111 
AI. 

K-15 Be I11 
Al 

L-5 Be I11 
A1 

L-15 Be 1x1 
A1 

Pit Count 
per sq cm 

10.6 
7.5 

4,O 
6.1 

7.6 
6.8 

7.1 
5.7 

Max. P i t  
Depth (mils) 

4.0 
5.2 

3.8 
2.1 

6.4 
2.9 

3.9 
6.0 

Weight Loss 
(mM) 
21.4 
12.6 

10.9 
10.6 

25.1 
13.3 

26.2 
8.6 
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BERYLLIUM -356 ALUMINUM COUPLES I N  
0.0005 M H202 SOLUTIONS 
T E  MP E R A T U R E  - - 85OC 
T I M E  _ - _ _ _ - _ - -  1440 HOURS 
DUPLICATE SAMPLES 

C O N D I T I O N  I 

L I 

POSITION 

n 

0 
2 

,I, 
cn 
v) 
0 
-J 

t- 
I 
(3 

W 
3 



COMPARATIVE P ITT ING RATES OF E. X T  2UDE-D 
BERYLLIUM - 3 5 6  ALUMINUM COUPLES IN 

0.0005 M H20, SOLUTIONS 
T E M P E R A T U R E - 8 5  C 
T I M E -  1440 HOURS 
DUPL IC AT E S AM P L  E S 

CONDITION I 

3 
0 
0 

k 
a 

20 

1 

3 

c) 
0 10 

I- - 
a 

L C T AVE 
POSITION 

LEDGEUD 
L - L E A D I N G  END 
C -  CENTER 
T - T RAIL ING END 
I - AS MACHINED 
1 -ANNEALED-  MACHINED 
n -ANNEALED -MACHINED - A N N E A L E D  

P I T  DEPTHS 

CONDlT ION 
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DISCUSSION OF RESULTS 

In  general, it was found that for V&CUUIIL cast  and extruded beryllium, 
s ~ s e q u e n t  anneaLing increased the suscept ibi l i ty  of the metal t o  cor- 
rosion by 8 5 O ~  demineralized water containing O.OOO5 arid 0.005 molar 
hydrogen peroxide. 

The results of these t e s t s  can be summarized In  a f e w  brief  statements: 

With meum cast  and extruded beryllium there is no def ini te  
variation i n  corrosion characterist ics *om the leading t o  
the t r a i l i n g  end of the extruded billet. 

An increase i n  hydrogen peroxide concentration from 0.0005M 
t o  0,OOW w i l l  markedly decrease p i t  frequency and increase 
overall corrosion attack. 

Removal of the surface layer of a saqple, machined i n  the 
as-extruded condition by chemical etching, w i l l  ac t ivate  
th i s  m e t a l  corrosion-wise. 
elrposure only. 

This is based on a 60-day 

Comparison of metd  i n  the as-extruded condition and 
subsequently annealed material shows a much higher in i t ia l .  
rate of corrosion for the latter. Tests extended t o  a 12- 
month period, however, show both rates t o  be comparable within 
the spread of attack on samples ident ical ly  treated. 

H i g h  temperature, short time autocalve t e s t s  (516Oc at 840 psi 
for seven hys)  are  not reliable i n  p red ic thg  the corrosion 
behavior of beryllium i n  demineralized water at 8 5 O ~  fo r  one 
year. 
in the quality of the metal .  

The attack is  so severe tha t  it t o t a l l y  masks variations 

Susceptibil i ty of beryllium t o  the formstion of blisters i n  a 
year% exposure is  increased i n  d i rec t  proportion t o  the nuniber 
of anneals the m e t a l  receives, 

Beryllium coupled d i rec t ly  with Tgpe 356 alminu~ in &miner- 
alized water containing bydrogen peroxide is =re rapidly 
attacked than separately exposed metal.. 
attack increase w i t h  increased %02 concentration. 
it was found that coupled saqples which started t o  accumulate 
corrosion products or which were i n  the 6am.e solution as 
rapidly corroding beryllium samples, corroded a t  a rapid rate. 

The rate o f  corrosion 
In  addition, 

Under the conditions of these tests, this maybe emlained as 
a combination effect. 
r a t e  of corrosion attack is higher i n  water with a pB above 605. 

It has previously been shown tha t  the 



In these tests the accumulation of beryllitam hydroxide tended 
t o  raise the pH above the specified. lbn€t ,  requiring the 
addition of more than the usual amount of d i lu te  nitric acid. 
These additions resulted i n  a decrease i n  the specific re- 
sistance of the solution which, i n  turn, accentuated the 
couple action. 
rapidly and the more res i s tan t  material, sub3ect t o  an in- 
creased couple action, &so corroded rapidly. 

Thus the poor material continued to corrode 
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