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ABSTRACT 

Analytical+methods a r e  here in  ,given f o r  determining 

the composition and impur i t ies  of beryl l ium carb ide ,  A 

summary of' the experimental  work leading t o  these  proce- 

dures and support ing da ta  a r e  a l s o  presented.  

procedures f o r  the  determination of  f r e e  and combined 

carbon, mo i s tu re , ' n i t rogen ,  beryl l ium oxide,  s i l i c a ,  i r o n ,  

t o t a l  beryl l ium, and beryl l ium metal a r e  out l ined .  Dia- 

grams of spec ia l  apparatus  used are included. 

Analyt ical  

I 

. _  
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INTRODUCTION 

S tudies  t o  determine the  f e a s i b i l i t y  of beryl l ium carbide a s  a f u e l  rod 

component and moderator i n  a ~ proposed NEPA r e a c t o r  have required the  develop- 

4 

, 

ment of a n a l y t i c a l  methods t o  a s c e r t a i n  I ts  p u r i t y  and composition. 

Be2C i s  usua l ly  prepared by one of the  following methods: (1) by i n t e r -  

a c t i o n  bf Be0 and lampblack, ' or ( 2 )  by the  combination of  carbon and beryl l ium 

metal. High temperatures a r e  required I n  e i t h e r  case.  Major impur i t i e s  

introduced i n  i t s  prepara t ion  a r e  carbon, 'beryllium oxide,  and beryl l ium metal ; 

minor impur i t i e s  are s i l i c a  and i ron .  

also contain varying amounts of ni t rogen  and moisture. 

$ 1  

After  exposure t o  a i r  the  compound may 

After  heat ing i n  a i r  

t o  temperatures above 700°C,'the compound shows a decided increase  i n  n i t rogen  

and oxide. 
/ 

The p r i n c i p a l  material t e s t e d  I n  t h i s  l abora tory  was grade 46, mesh 200- 

-325 Be$, manufactured by Fans tee l  Corporation from Be0 and lampblack, A 

t y p l c a l  a n a l y s i s  of t h i s  matirial is: 
* ,  

'Be$ 80.13 $ I 

. ( t o t a l )  

Tota l  

2.17 

1.97- 
I 

1 9 . 3 0  

16.40 I I 

0.004 

110.17 p 

. ... 



I 
EXPERIMEM TAL 

Determination of Moisture 1 
1- 

Samples of Be$ were d r i e d  i n  a stream of i n e r t  gas a t  1 1 O 0 - 1 2 O 0 C  t o  de t e r -  - 
1 .  

:- &/ 
mine the  adsorbed moisture. ,Addi t iona l  moisture,  bel ieved t o  be I n  a hydrated B >  

' form, was a l s o  given o f f  a t  higher temperatures.  To t e s t  the p o s s i b i l i t y  of 

the ex is tence  of. the hydrated form, a sample of hydrated Be0 was prepared by 

r e f lux ing  Be$ i n  water f o r  22 , .  hours,  After por t ions  of t h i s  mater ia l  were 

d r i ed  a t  12OOC un t i l  no more water was l o s t ,  a sample was heated t o  var ious 

, g .I I 

f 
1 s  9 

i 
: ?. 

5 

I $ I 

temperatures i n  a stream of dry argon. 

sample of  approximately 0.5 g. 

The following da ta  were obtained on a 
8 

I TABLE I 
I 

Decomposition of Hydrated Beryllium Oxide 

Time (Hour) ' H20 Lost ($) 

1 120 0.0 

1 150-200 1.84 

1. . 315 36.94 

I ,  I 2 . 9 0  

0.68 
I 
I 

615 ' 0.42 

~ 

From the  above i b l e  formula for the hydrated oxide was found 
I I 

9 t o  be BeO-H20. It rom the  da t a  i n  Table I that samples must be I 

a * . dried a t  higher t e  determine the  t o t a l  .moisture.  Additional 
c - *4- \ 

t e s t s  'showed that  samples 1,Ost a l l  t h e l r  !water during a one- '?., 

F hour per iod a t  700°C. 

1 
-De termina t i o n  of Carbon 

.- 

Methods for determining values f o r  t o t a l ,  combined and free carbon 



* .  
4 

1 

i . contained i n  B e 2 C  d ied .  It was found* that  conventional combustion 

6 

( . I !  methods o r  adaptat ions thereof f o r  carbon were not e n t i r e l y  su i t ab le  f o r  Be2C 

samples used. 

could not  be d i r e c t l y  $burned! i n  oxygen t o  q u a n t i t a t i v e l y  form C 0 2 .  

- I: 
The gr  e 46 mater ia l ,  being of an extremely r e f r a c t i v e  nature ,  1 , -  .- 

J )  ,a 
: 3 " '  

I 1 , 
, ,  1 . I  - ._ t - ,  €e 

Since the decomposition, temperature of Be$ (721OO0C) prohibi ted d i r e c t  
I 

' 
i g n i t i o n  of the mater ia l ,  preliminary s tud ie s  a t  NEPA were concerned wi th  

,methods employing the use of f luxes a t  temperatures between 900'and 140OOC. 

The f luxes  inves t iga ted  werei: l i t h a r g e ,  t i n ,  copper, cupric oxide,  and elec-  

t r o l y t i c  i ron .  A model temperature tube furnace f i t t e d  wi th  

high temperature McDanel 

3 

c 

i r .  

i 

the  following t e s t s .  

r a mixture; of t i n  and e l e c t r o l y t i c  i ron  as f lux  

uced i n t o  the furnace a t  temperatures between 

I 

Samples conta in i  

reacted v i o l e n t l y  whe 
I 

I 

< 

i .= "r 1100O- 135OOC and I t  tlmpossible t o  keep the mater ia l  i n  the c lay  o r  porce- 

1ain:boats. Litharge formed a lead g l a s s  with the  material, causing the boats  
! 

t o  fuse , to and rupture  t McDanel tubes.  
. ?  . I  - 1  

Copper, although somewhat b e t t e r ,  

f a i l e d  t o  completely decompo e the  carbide and 'creeping was of ten  evident.  

Cupric oxide, havi n t  than copper, gave smooth melts 

but  d id  not  b r i n g  Iron alone a l s o  gave smooth melts 

with a minimum of eaults were, still-low. Representative data are 

given i n  Table I1 be 

~ 

e t e  burning. 

c . I  'I 
/I 

t o t a l  carbbn value f o r  t h  s material was 34.2 

< percent.  :I 

93 II 

n i 

I 

1 t ' 

i; 

i l ' .  

* 11 
' E  

'I 

s 

w- ~ 

-7 
I 1 _ I '  

t 
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TABLE I1 

Tota l  Carbon VaIues Obtained by Combustion 
At Various Temperatures 
I 

I. 

- 
I ' 5 -  

6 ...e 

.* I j 

I . Weight of Time Temper a t u r  e Total  Carbon 
, Flux (hours) ( O O C )  Found ($1 

0.1100 None 1 900 
- 0.1044 None 1 1000 

0.1106 None 17 1300 
0.1021 ~ e - 2  g + Sn 012 g 112 1125 
0.1022 Fe-2 g + Sn 0.2 g 314 1225 
0.1019 Fe-3 g 
0.1057 , Fe-3ig . . +  

0.1091 cu-3 'g 1 1200 
0'. 1031 CUO-1 g 1 1200 

- 0.1065 CUO-1 g 1 1325 
' 0.1062 CUO-2 g 3 ' 1325 

0.1025 CUO-2 g + 2 g:. 2 l3UO 

1 1300 
1 1300 

n Alundum ** ,, 11 

, 2.83s 
3.84 

25;6 
32.40 
27 94 
33.64 
33.80 
31.24 
31.45 
33.88 
33.61 
34.21 

. ' ' *  This  i s  approximate f6ee carbon value. 
** To -p ro tec t  combustTon !boats and. increase  wetting of sample by f lux .  

I 
' I  

1 _ -  ;I 

Further  combustion s dt'es were postponed i n  favor of r e s u l t s  obtained 

by tlie :methods out1 l 
* I  

I <  I 

n of  Be0 and lamAblack u s u a l l y '  

conta ins  2-5 percent 

cornpiled on a n a l y t i c  

. ' ind ica ted  that the p 

A l i t e r a t u r e  survey 

n i n  similar materials 

on of t h i s  carbon t o  
1% 

- C02 i n  a ' s t ream of o iberated C 0 2  

u" - - 
'>.. l abo ra to r i e s  f o r  

* I  

e r i e s  of samples of grade 46 

" @  . of oxygen a t  various tempera- 

7 

t u r e s .  One-hour tes t  runs were made i n  the temperature range 820'- 960% 
I 

, ,  

n 
. 1  

. -  



1 
, -  

These da ta ,  a s  sho i n  Table 111, were \qui te  e r r a t i c .  

these values from mbustion were cons i s t en t ly  higher than those obtained by 

i g n i t i n g  the inso luble  carbon residue from s u l f u r i c  ac id  decomposition of 

samples p r i o r  t o  t o  

obtained by these t 

of the Be2C during combustion. 

from the data i n  Table I V .  

It was noted a l s o  th& 

. .  
beryll ium determinations.  The d i f fe rence  i n  the values 

5 -. methods suggested the  p o s s i b i l i t y  of a s l i g h t  breakdown 
. - I  

This was proved t o  be t h e  case,  a s  may be seen 
8 

r 

TABLE I11 
, .  

Free Carbon Values Obtained by Combus t l o n  
a t  Various Temperatures ' 

Weight o f .  $ Free Carbon 
' Temperature Free Carbon by Acid 

Insoluble  Method ( P I  
Sample . - 
( &am) 

0.1417 815 2.83 2.22 
i 2.26 * 

0,1241 2.35 I 2.20 

t . .  2.62 . ~ 1 . 6 0  

- 0;11g1 820 2.75 

0.1377 2.62 2.32 

As shown above 

exception of those 

chosen t o  decompose, 

- ' t o  a ' cons t an t  weight. Ign i t i on  of t h i s  res idue a t  850°C completeljr removed 

. . c  



s- 9 

, the carbon and' l e f t  

represents  the free 

changed. 

t e n t  of the sample, t r a c e s  of undissolved Be0 do 

Since the  l o s s  of weight af ter  i g n i t i o n  

" not  i n t e r f e r e .  Resul t s  of these  determinations,  using 1:l H C 1 ,  a r e  given In- 
I 

I 

the  t a b l e  below. 

b 

i TABL E I V  ' 
I , .  

Values Obtained by the HC1 Method 

Weight of I Weight of Free Carbon 
Sample Carbon ($1 

I (8) 

0.0050 2.22 
1 2-21 

9 2.15 
0.0060 
0.0055 

0.2605 0.0055 2.11 
I 0.2204 I 0.0047 2.13 

0.2026 ' .  ! 1 0.0043 2.12 
0.0107 2.12 
0.0111 2.20 0.5038 + .  

0.5026 i '# 

( B )  Determination of cp 
, 1  

. -  . ,  
It i s  s t a t e d  I t h a t  methane is l i b e r a t e d  

'irom'Be2C upon t r e  h so lu t ions  of mineral ac ids . -  Using t h i s  as a 



I ,  -- 10 

II . method were i n ' c l o s e  agr  merit wi th  calculated-  r e s u l t s  f o r  the  samples and 

w i t h  values  obtained by sub t r ac t ing  f r e e  carbon yalues from t o t a l  carbon values 
t 

' obtained by separa te  measur en t s .  Resul t s  from rep resen ta t ive  tests a r e  given 
lb 

3.- elow. Figure I shows a i l e d  diagram of the apparatus  used. 

! 

TABLE V 

Combined kcarbon Values Obtained by Burning 
Methane : I r  After  Acid Decomposition ,of Be2C 

' 

v ,  

Weight of GO2 f Combined 
' Formed Carbon 

0.0921 0.1075 31.85 
0.1009 0.1185 32 .O5 

Weight of  I 

Be$ ' 

32.02  

ve determinat ions was a r b i t r a r i l y  set a t  95 

ccjmin. Lower oxyge t e s  produced explosive mixtures o r  incomplete 

a1ys i s : t ime  i n  each .ca,se was th ree  hours. 
I 
I/ 

The de termlna ylliumll oxide content Be$ was a t tacked  i n  
P i 

d i f f e r e n t i a l -  s o l u b i l  y method employing 

of s l i g h t l y  a c i d i c  ,sa t s ,  and ( b )  by removal 

m t h e :  Be0 by the  a c t 1  n of elemental  ch lor ine ,  

1 andibammonia. 

ne was found t o  be s 

und t o  be s l i g h t l y  s 

. (  

the ,following mann 4 
I 

. of combined and fr 
# 'I 

'I O f  tqe  var ious methods t e s t e d  
ii 
;I 

c e r t a i n  organic 
/I 

e.g., Be(NOg)2. This f a c t  having been 

e s t ab l i shed ,  the p r e f e r e n t i a l  d i s so lu t ion  of Be2C over Be0 by so lu t ion  of 

.weakly a c i d i c  s a l t s :  





\ 

- 

The sal ts  chosen d i f f e r e n t a i l  s o l u b i l i t y  tests were t o  serve a 

o serve a s  complexing agents  f o r  the  dissolved .twofold purpose: t he  

beryl l ium and t o  a l u t ion ing  medium. For t h i s  purpose the ammonium% 
, :  

-, s a l t s  of formic an d s  were u t i l i z e d .  Solu t ions  of 10 percent  H C 1  
- >r _- 

and hydroxylammoni weke 'a lso t e s t ed .  The l a t t e r  compound was 

expected t o  g l v e ' a  m a c i d i t y  by v i r t u e  of i t s  slow l i b e r a t i o n  of 

. - 0  
," 

I I f  

' H c ~  i n  so lu t ion .  1 1  

f 

-7 

I 

I n  each case 20 

w i t h  weighed por t ion  
' 1  

contained CaC12, N H 4 C 1 ,  NaCl r Ca(N0,3)2 a s  s a l t i n g  agents  t o  lower the  solu-  

b i l i t y  of the -0. 

or  inso luble  BeO. 

f , a  10 'percent so lu t ion  of t h e  reagent  was ref luxed 

eo; Be$ o r  hydrated oxide. 

-. I 

Several  t r i a l s  a l s o  

After re f lux ing ,  each sample was t e s t e d  f o r  dissolved and4 
p i  

Re I ts  ffom these  experiments a r e  tabula ted  below. 

i r e l i m i n a r y  expeTi 

or Be0 ind ica t ed  t h a t  a 9 

a two-hour r e f lux ing  per  t h  10 percent  ammonium formate so lu t ion .  Since 

the grade 46 Be$ under 

which was I n  a hydrated f rm!  i t  was necessary t o  a s c e r t a i n  the  percentage 

recovery of both oxidel' f'o msffor  5-10 mg quantk t les ,  a s  t h i s  amount more 

s ing  100 mg samples of Be2C and var ious grades 

percent  recovery of the  oxide was poss ib le  a f t e r  
6 

I 

i g a t i o n  contained 5-10 percent  BeO,, p a r t  OF 
J 

I 1 -  
.' . 

6 

( 1  L 
i 

y approached cal  range. As shown I n  the  following t ab le ,  re- 
t 

cover,les of Be0 In dropped about 10  percent ,  while samples of 
I* I 

t .  . I  
'1 

I 
20)$were a e l y  soluble .  Additional t sts employing s a l t i n g  

r l e s  only t o  a s l i gh t  degree. 
I /  

increased Be 
I 

I 

J 

- - i  
- "  5 

I 
/t 

. '  
- . y  0 

. 1  

i 1 

'I 
It I f  

r I 
I * *  

-i'nj 8 c 1.1- 
I 

- .. - 
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TABLE VI 

i f f e r e n t i a l  S o l u b i l i t y  Tests 
t h  Ammonium Formate 

r: . 
~ .Y'. 

Sample Reflux 
Sample W eJgh t T i  me Percent 

Soluble Remarks No: ' Material (gwm) ( hours 1 
t 

, i  ' . .-1 Be0 3 2.91 Fluorescent Grade Be0 

11 " 2  Be 0 3 2.90 

3 Be0 5 12.77 

.' 

It 'i 

3 1.99 Be0 high f i r e d  a t  
I l l O O ° C  f o r  50 hrs .  

4 Be0 

) 

II 5 Be0 4-11/2 2.96 

.. I 3 l  8.93 Be0 heated t o  900°C 
I f o r  5 hrs .  

5a Be0 ~ 

'/ It 
I 1  Be0 1 0.0096 3 6.25 . 

JI 
, 5b 

4-1/2 0.47 Be0 high-f i red a t  
1 1 4 O O 0 C  f o r  40 h r s ,  

o ..0066. 

Be Metal 4 0.0055 

r . 13a Be Hetal 0.1007 

3 13.64 Be0 prepared by heat- 
i ng  hydrated oxide 
5 hrs. a t  900°C, 

1 -  

t 
5 '  75.00 Prepared by re f lux ing  

1 .  Grade 46 Be2C With 
I H20 fo r  25 hrs .  

tl I 
24 !I 93.22 

, 
60g cac12 as s a l t i n g  
agent.  I 3 

I 

gained 1.36* lOOg Ca(N0 1 a s  
I 

I 
(1 

sa 1 t ing agZnT.. 
3 fl 

I1 

I1 * F  

. 3  $1 gained 3.9;. agent 60g N H 4 C 1  a s  s a l t i n g  

lOOg -NaC1 a s  s a l t i n g  
agent 

'I 
I 

F 
gained, 2.39* 3 1  

3 54.55 

3 47.22 I 

( continued) adsorpt ion of s a l t i n g  agents .  



4 Sample *Ref lux  
Sample * Weight Time Percent 

No. Material  (hours ) Soluble Remarks 

14 , Be$ 3 5.68 
I 

15 Be2C 4-1/2 9.31 

15a Be2C 4-1/2 20.50 

Be2C '0.0045 3 15.56 Be2C previously heated 

13.87 Be2C previously heated 

a t  900°C f o r  5 h r s .  

a t  900°C f o r  5 h r s ,  

16 

so lu t ions  of ammonium ace t  and hydroxylammonium chlor ide.  These too were 
. B  

found t o  be urisuitable for  q u a n t i t a t i v e  est imat ion of Be0 i n  Be$ samples. 
4 

Resul ts  from these t e s t s  a given i n  Table V I I .  

TABLE V I 1  

D i f f e r e n t i a l  S o l u b i l i t y  Tests  
- ,With Various Reagents 

I 

Remarks 

Solut ions adjusted t o  p m  
before re f lux ing  

Be0 f i r e d  a t  1100°C f o r  
50 hrs .  , , 

Solut ion adjusted t o  pH7 
before  re f lux ing  

(10% H C 1 )  

Be0 0.0938 2-3/4 9.08 



1 
* a  

(B)  Attempts t o  q 

metal from Be0 by t 

temperatures were unsuccessful. *Gaseous iodine i n  a sealed tube o r  under 

pressure i n  a stee1,bomb r e i d i l y  a t tacked the 'Be$; however, inherent  d i f f i c u l -  

vely remove the combined beryll ium and beryll ium 

on of iodine,  chlor ine and *anhydrous HC1 a t  e levated 
T -  i 

I t  
* I  Q 

ri 1 "  

. I  ' . 
e .  - t t i e s  encountered i n  separat ing the Be12 from the unreacted Be0 prohibi ted 

q u a n t i t a t i v e  work. 

the Be2C and m e t a l l i c  berylSium t o  form the more soluble n i t r i d e  was found t o  

be too slow f o r  q u a n t i t a t i v e  work. 

The ceact ion of anhydrous ammonia t o  p r e f e r e n t i a l l y  a t t a c k  
' - 1  

.1 i 

, 
I i 

c r  1 
Dried samples of  gradel46 Be$ were heated i n  a stream of anhydrous HC1 1 1 1 .  

a t  temperatures The reac t ion  was i n i t i a t e d  only a f t e r  a temper- 

a t u r e  of 850Oc No fu r the r  reac t ion  occurred a t  temperatures up 

of f luorescent  grade Be0 were found t o  be 
i 

I 

'1 

appreciably a t  e r a tu re  of 950°C. 
' 'I 

found toi r e a d i l y  a t  ack Be2C a t  1000°C. The Gaseous c h l o r l n  
I .  

" reac t ion  was " i 10°C and increas  d l i n e a r l y  with an increase 
I 

15 minutes, a f t e r  which It slowly decreased. 

Examination of sa r i n a t l o n  indicated t h  t the reac t ion  had'taken 1 

I 
he materlkl. ' Dispersion of the 'sample i n  the 

ques t o  increase the surface a rea  were unsuccess- 

t h  lampblack a s  a f i l l e r  !to give g r e a t e r  surface 

t tacked a f t e r  six-hour ce lor ina  t ion per iods a t  

les of ,dluorescent gra e Be0 were . , ,  r e a d i l y  

r e a c t i o n  boat and 
1 
i It 

i 

' 
i 

exposure were not  

- y  1000°C~. On the o 
I. 

- I  
impurity of Be2C ,can b q u a n t i t a t i v e l y  

I 

ique.  '! I n  addi t ion  t o  !,accurate Be0 measure- 

e anal'yst t o  make.a rap id  est imat ion of the 

on contents  of the'ma e r i a l  under inves t iga-  

t 

I 

1 t l on .  I n  the absen'ce: of moisture the reac t ion  may be represented a s :  

Be2C + Be0 + 2Br2--> Be0 + 2BeBr2 + C .  
I j  

148 ( p i  * .  

I - .  
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- 
1 , 

c -  , 
$ 3 .  

s. :a I 

Loss 
Recovered Percent 

4 
?" 

5 

Data showing 

I 



. .  . 

. .  
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TABLE IX 

on'Spiked Samples of Be$ After 
U t e  Bromination a t  825"-85O0C 

- I  

I Weight of 

( gram 1 . (gram).  

0.1453 0.0275 18 .s93 
0.1421 0.0268 18.86 

0.1443 j! 0.0274 19.01 

Weight of Re covered Be0 
Sample Oxide Percent 

0.1491 $ L _  0.0283 18.98 

F i n a l l y  t e s t s  were made t o  prove t h a t  the  bromination method gave quan t i t a t ive  

r e s u l t s  when the carbide sa les  contained beryll ium n i t r i d e  as  an impurity. 

For these tests a sample ofltBe3N2 was prepared from Bureau of Standards ana- 

lyzed beryll ium metal by re c t ion  wi th  a mixture of anhydrous ammonia and 

ni t rogen.  

Be3N2 were then brominated according t o  the  procedure given-above. 

of 5 runs ind ica ted  t h a t  the  n i t r i d e  was q u a n t i t a t i v e l y  at tacked during a 30- 

minute bromination period 

Determination of Nitrogen 

l /  . "  

Synthet ic  sample prepared from Be2C and containing UP t o  20 percent 
I 
;i 

il 
ji 

A s e r i e s  
1 

gave no in t e r f e rence  t o  the  Be0 determination. 

I 

As previously mples of B,ezC. heated. in a a t  r e l a t i v e l y  high 
I 

temperatures conta c i ab le  a m o d t s  of 'n i t rogen Specimens of impure 
i 

- beryl l ium carbide abora t o r i e  s we found t o  contain from 

1 t o  '14. percent  Be onventional Kjeldahl meth using 50 percent  

so lu t ion  of sodiu 

r e f r a c t o r y  sample 

pot as si um hydroxi 

, r ep lace -  the caust  

e 'I 
was found ko produce' r e l i a b l e  r e s u l t s .  -If more 

t e r e d ,  fu:sion of the  'sample II w i t h  a quant i ty  of 
I 

:I . 
2 -  

1' li 

mes the weight of  the carbide could 

n was e f fec ted  i n  an i r o n  tes t '  tube 
1 - 

The evolved ammonia i n  e i t h e r  case was absorbed i n  a measured quant i ty  of 

standard su lphur ic  ac id  andi.the ammonia determined by back t i t r a t i o n  with 
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standard base,  R 

Kjeldahl method 

I *  l e n t  t o  1.,98 pe 

ve samples of grade 46 Be2C analyzed by the  

o contain 1.01 percent n i t rogen ,  which was equiva- 

A por t ion  of t he  grade 46 mater ia l  was in t ima te ly  

mixed with a quan t i ty ' o f  BebN2 t o  make a syn the t i c  sample which contained 7.75 

I 
4 .  

.I 1 .  * 
I 

! 
? <- 

* pepcent Be3N2. The analysi's of  5 a l i q u o t s  weighing approximately 250 mg each 

0 

..: t I. 
gave an average value of 7.26 percent  Be3N2. 

, I  1 

Determination of I ron  ' * I  
, j : '  

:Small q u a n t i t i e s  of' irion a s  impurity i n  Be2C a r e  conveniently measured 
1 ,  j /  

co lo r ime t r i ca l ly  using a lpca ,  a lpha '  -dipyridyl .  Traces of  i r o n  a r e  quant i ta -  
, / '  1 

I 

t l v e l y  separated f rom large1 amounts of 'Iberyllium by d i e t h y l  e t h e r  e x t r a c t i o n  

pr;or t o  the  co lor imet r ic  measurement. 
I 

- 11 

/I 

', I I  
* i  S i l i c a  may be determined i n  the  B e 0  from the  bromination method or i n  the  
. =  

ignited lnso lub le s  a f t e r  u t ion ing  samples 'with s u l f u r i c  ac id .  It i s  
I I I .  

determined by l o s s  of weig a f t e r  f d n g  with hydrofluoric  and s u l f u r i c  ac ids  
!i 

e .  and r e i g n i t i o n .  

hydroxi de  w i  t h  N&OH a f t e r  de compo si t i o n  

he Be(OH)* precipitate is Ignited for 
, 

jJ 

? 

Weighed quan t h  beryl l ium e t a 1  have been analyzed 
. I .  

, r  by decomposition 1 sur ing  the hy rogen l i b e r a t e d .  .. 

shown t h a t  hydrogen c-an be converted- q u a n t i t a t i v e l y  
" .  

I/ 
h is a l s o  l i b e r a t e d  by the ~" ac id ,  b y  

ted t o  31OoC.,' I: The water is absorbed 
, -  

I . I i n  magnesium perchlora te  and weighed. Inves t iga t ions  using p l a t i n i z e d  
0 

. asbes tos  a t  lower temperatures in s t ead  of the-CuO a r e  planned. 
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I 

I\ 
; PROCEDURES 

I Combined Carbon i 

A diagram of  t he  apparatus1 used f o r  t h i s  determination i s  shown i n  
I 

Figure I. t 

I 

An oxygen flow ra t e  of 95 cc/min. i s  maintained throughout the  determi- 
I 

na t ion.  I 

t 

A 0.1 g sample i s  weighed { in to  a 2 ml beaker and placed i n  the  dry 

r e a c t i o n  f l a s k ,  

and the  mixture I s  heated slowly t o  bo i l ing .  

moderate b o i l i n g  f o r  3 hours, a f t e r  which the  a s c a r i t e  tube i s  disconnected 

and weighed. 

F i f t y  m l  of  concentrated H3P04 i s  added through the  b u r e t t e  

The r eac t ion  is continued w i t h  
I l 

I 

I 

Calculation: 
I 

W t .  of C02 i 27.29 
W t .  of sample 

= $ Combined Carbon 

Free Carbon 

I 

solved. 

a t  110°C for one hour, and weighed. 

c r u c i b l e  i s  again weighed. 

A 0.1-0.2 g sample of Be2C i s  refluxed i n  1:l H C 1  u n t i l  completely d i s -  

The carbon and in so lud le s  are f i l t e r e d  on a f r i t t e d  c ruc ib l e ,  d r i ed  
I 

After i g n i t i o n  a t  6oo0c f o r  one hour the 
I i  

c a1 c Ula t  Ion : 

= $ Free Carbon 

Nitrogen ' 

A '0.2 g sample percent N a O H  f o r  one hour, The 

evolved ammonia i s  ca  . The ac id  ' is  b a c k - t l t r a t e d  with 

0.1. N NaOH using me 

Calculation: 

2.752 (ml H2SO4 x N H2SO4 - m l  NaOH x M N a O H )  
= $ E ~ ~ N Z  Wt. of sample 
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I Beryllium Oxide 

A diagram of the  apparatus  used f o r  t h i s  determinatkon i s  shown i n  Figure 2. 

The system i s  swept with dry  argon (150 cc/min.) throughout the  determina- 
* 

t i on .  , 
.. Line a 4n v i t r o s i l  b o a t  with pu r i f i ed  SiO2 t o  a depth of 1/4". Spread 

\ 
A 

evenly over the  surface of the . .  s i l i c a  ag0.2 g sample of beryl l ium carbide.  

Place the  boat  i n  the  cold bromination tube a n d , r a i s e  the  temperature r ap id ly  

t o  82OoC. 

-9 
I 

Brominate* the sample f o r  30 minutes. After  the  tube i s  swept f r e e  

of Br2,  raise the  t empera tde  t o  90Oo-95O0C and sweep f o r  another  30 minutes. 
, '  

Cool, remove the  sample and'weigh. Place the  boat  i n  a muffle furnace a t  900°C 
< 

, f o r  one hour. Cool i n  a des icca tor  and again weigh. 

- Calculat ions:  - 
I 

( a )  ( W t .  of Sample) - ; ( W t .  l o s s  during bromination) = CombinCd Be 
> 

! 

(b  1 x 100 = 8 Tota l  Carbon 

( c )  W t -  Of oxide ' x 100 = $ Beryllium Oxide 
c .  W t .  ,of o r i g i n a l  sample 

'Hydrated Beryllium Oxide <' 

Hydrated b e r y l l i k n  oxide i s  ca lcu la ted  from the  value obtained f o r  water 

l e n t  of the ca l cu la t ed  hydrate should of course be 
I 

' E  

1 %  1 

I/ 

'I 

I 

1. ._ 
of hydrat ion.  The 

' subt rac ted  from t h  etermined above. 
(I 

I .  // 
l cu l a t lon :  , 

._ f water of hydration ia2jq9 00 = f BeOoH20 
L 

f' '. 1 _-- 1 

I 
.Water ~ 

,- 
d 

i e d  a t  11Oo712d0C f o r  one 

ed water i s  c a k h t  i n  M g ( C  
5- i 

i 
' a .  I 

1 

The addi t ion  of 5 g of anhydrous AIBrJ per  

' ,  

. * The bromine must be anhydrous. 
pound of bromine was found t o  be s a t i s f a c t o r y  f o r  the purpose, 



1 4  ( b )  Water of  Hydration 

again dr ied  I n  a s 

water i s  co1lec ted ;as  above and weighed. 

The sample used i n  the above determination i s  

eam of. dry argon fo r  one hour a t  7'00°C. The 

1 -  

1. c 

I The sum of these two values represents  the  t o t a l  water i n  the sample. 

J 

1 

Free Beryllium (Preliminary 

A su i t ab le  apparatus f ing the sample is shown i n  Figure 1, The \* 

c 
1 

evolved gases,  a f t e r  drying; a r e  passed i n t o  a pyrex tube,  containing CuO, 
i I( 

which I s  heated t o  310" 5 2qC. I Hydrogen is q u a n t i t a t i v e l y  converted t o  water 
I 

I 

while the methane passes d o u g h  the system unaffected.  The wate-r is absorbed 
( 

i n  Mg(ClO4)2 and we1 
/ 

Calculation: f 
I 

= $ Be metal W t .  of H20 x 0 . 5 0 0 7 ' ~  100 
, W t .  of Sample 
' i  

a r e  determined by conventional methods found 

ence works. Outlines f o r  these measurements 
I 

I 

After the i r o n ,  y l  e t h e r  ex t rac t ion  it , 

I s  measured spectrop pha, alpha'  -dipyridyl .  A discussion 

of t h i s  procedure 
! 

I '  

emisthy (Analyt ical  Edi t ion)  - -  14, 862, 
11 

I 

- 
d 4 

F 

- .  
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