
ABSTRACT 

The i n e r t  gas fusion method was extended t o  the d i rec t  

determination of oxygen i n  metal oxides on a milligram 

scale t o  take advantage of increased precision i n  measure- 

ment data. Sample s izes ,  depending on the molecular 

weights of the oxides, ranged from 50 t o  200 mg. About 

100 mg of Cop, produced by the procedure, was collected i n  

absorption weighing tubes and measured on a standard 
, I 

analyt ical  balance. I n  the analysis  of pure oxides ( ~ e  0 2 3' 
Si02, A1203, Cr203, U02, Ta203, and T ~ o ~ )  average recoveries 

of 99 t o  10049 of the  theoret ical  oxygen content were ob- 
i 

tained, with standard deviations from the means of about 

0 . s .  The same degree of precision was obtained i n  the 

analysis of standard samples of refractory oxide 'mixtures, 

g lass ,  and s i l i c a  brick. The temperature of the covered 

graphite crucible was controlled to  prevent the l o s s  of 

sample by entrainment during the carbon-reduction of the 

oxides. - 
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a PIacrog&pYationof- 

by-Inert Gas Fusion - -111-- 

BEN D.  HOLT and J0HN.E. STOESSEL 

Chemistry Div i s ion ,  ; ~ r ~ o n n e ~ a  t l o n a l  'Laboratory ,.' ' 

. . 
.Argonne , Ill. 

A s  experimental  work expands i n  s c i e n t i f i c  f i e l d s  

involving r e f r a c t o r y  nuc lea r  f u e l s , .  ceramics,  me teor i t e s ,  

r o c k s , . a n d  o t h e r  s o l i d  substances conta in ing  mixtures  

of metal  oxides,  the  need inc reases  f o r  a  method 

by which t h e  oxygen content  may be .  measured' d i r e c t l y  

r a t h e r  than by d i f f e r e n c e .  P re fe rab ly  the method should 

be a p p l i c a b l e  i n  a  macro range, s o  t h a t  t h e '  sample s i z e  

might be l a r g e  enough t o  favor  homogen,&oui :sampling of 
' 

, . 

heterogeneous m a t e r i a l s ,  and t h a t  the ,measurement da ta  

might conta in  enoygh s i g n i f i c a n t  f i g u r e s .  t o  a f f o r d  good 

. p r e c i s i o n  i n  the ca lcu la ted '  r e s u l t s .  
. .  . 

Two methods i n  c u r r e n t  use f o r  the. . 'd i rec t determinat ion 

of oxygen i n  .oxides a r e  the  bromine , t r i f l u o r i d e  method 

. with i t s  var ious  modif ica t ions  (1-4,8) ;  --  and the  i n e r t  gas 

fus ion  method. ' A .  r ecen t  paper by MacDonell ,.. Prosman, and 
\ -. 

Williams (6) , i n  which ' , they c i t e d  a  number' of r e fe rences  

t o  publ ished a p p l i c a t i o n s  of.. the  i n e r t  g a s  fus ion  method 



t o  low concent ra t ions  of oxygen i n  meta ls  and a l l o y s ,  

desc r ibes  t h e i r  work i n  determining oxygen i n  g l a s s e s ,  

r e f r a c t o r i e s ,  and r e f r a c t o r y  oxides.  These au thors  con- 

f i n e d  t h e i r  i n v e s t i g a t i o n  t o  a  sample-size,range of 2 t o  

10  mg., using conduct imetr ic  equipment f o r  measurement 

of the  C02 produced by the  procedure. I' 

This  paper desc r ibes  the  extension of the  i n e r t  

gas  fus ion  method toward the macro range. Sample s i z e s ,  

depending on the  molecular weights of the  oxides,  ranged 

from 50 t o  200 mg. The. q u a n t i t y  of C 0 2  produced by the 

procedure was about  100 mg. I t  was c o l l e c t e d  i n  weighing 

tubes  and measured on a  s tandard  a n a l y t i c a l  balance.  

Most of our i n v e s t i g a t i o n s  were confined t o  the  

a n a l y s i s  of oxides found i n  s tony meteor i t e s ,  a s  Fe 0 . 
2 3' 

Si02,  A1203, Cr203, MgO and CaO. Other analyzed oxides - 

have included U02, Ta205, a n d  T i 0 2  MgO, and CaO were 

the  only oxides t e s t e d  t h a t  gave .considerable d i f f i c u l t y .  

Although our  own experience (5 )  - a s  well  a s  t h a t  of 

MacDonell, prosman,: and Williams ( . 6 ) ,  - has shown t h a t  
. . 

acceptable  r e s u l t s  f o r  oxygen.can be obtained on MgO whe.n 
. . 

the sample i s  q u i t e - s m a l l ,  we were unsuccessful  i n . t h e  

ana lyses  of 100 mg. q u a n t i t i e s  of MgO and CaO by. the  

- method,, as app l i ed  t o  t h e  o t h e r  bxides.  . , 

The ch ie f  modif ica t ions  made t o  the  i n e r t  gas  fus ion  

procedure,  a s  i t  i s  u s u a l l y  app l i ed  t o  micro q u a n t i t i e s  



4 

of oxygen i n  meta ls ,  were the  c o n t r o l  of the  r a t e  of 

formation of CO i n  the  g r a p h i t e  c r u c i b l e ,  the  oxida t ion  

of CO t o  C02 by hot  copper ,oxide  r a t h e r  t h a n b y  rap id ly -  

deple ted  iodine-pentoxide o x i d i z e r s ,  and the  gravimetr ic  

( r a t h e r  than manometric o r  conductometric) measurements 

of the  C02. 

EXPERIMENTAL 

Apparatus. A s  i l l u s t r a t e d  i n  Figure 1 ,  the  a n a l y t i c a l  --------- 
t r a i n  censitsted of a '  souree e l  .pure i n e r t  gaa (he l ium or) 

a rgon) ,  a  water-cooled f u s e d - s i l i c a  furnace tube contain-  

i n g  a  covered g raph i t e  c ruc ib le  induc t ive ly  heated by a  

10-kw. genera to r ,  a  combined dus t  and cold  t r a p ,  a  copper 

oxide furnace ,  a des icca t ing  tube,  a  .weighing tube,  and 

an exhaust bubbler.  A s  a  convenient accessory,  a  mano- 

metr ic  t r a i n  ( a l s o  shown i n  Figure '1) was a t t ached ,  t o  be 

operated e i t h e r  i n  s e r i e s  with o r  i n  place of the  g rav i -  

met r ic  t r a i n .  It cons i s t ed  of a  Schutze' r e a g e n t '  (10)  - 
tube,  a  c a p i l l a r y '  t r a p  manometer, and a  vacuum l i n e .  

Although argon was used a s  the c a r r i e r  gas  f o r  most 
.. , 

of the  .analyses ,  helium was s u b s t i t u t e d  when. i t  was 

necessary  t o  remove i n t e r f e r i n g  gaseous i m p u r i t i e s  from 

the  gas  stream by immersing the  .dus t  t r a p  . in . .  l i q u i d  
. '  , 

n i t rogen .  This '  was ne,cessary,.-for ' oxide mixtures  conta in ing  
. . , . . ' .  * .  

7' ' s u l f i d e s  o r  phosphides . . .. , 



The fused s i l i c a  furnace tube has been descr ibed  

previous ly  ( 5 ) .  - The tantalum tube and fused s i l i c a  s h i e l d  

included i n  the  e a r l i e r  d e s c r i p t i o n  were omitted i n  t h i s  

procedure. For convenience, a  longer  tungsten rod was 

i n s t a l l e d  f o r  support ing t h e  c r u c i b l e  a t  about the  mid- , 

s e c t i o n  of the  furnace tube.  

Figure 2 i l l u s t r a t e s  the  c r u c i b l e  and l i d .  S ix teen  
I 

ho les ,  1/16-inch i n  diameter and equa l ly  spaced, were 

d r i l l e d  r a d i a l l y  i n t o  the  s i d e  of the  l i d  a s  shown. To 

f a c i l i t a t e  easy  assembly and disassembly, the  1 i d . w a s  . 

made t o  f i t  l o o s e l y  i n  the  c r u c i b l e  and i t s  lower edges 

were s l i g h t l y  rounded. The c r u c i b l e  and l i d  were f a b r i -  

ca ted  from a 3/4-inch diameter extruded g r a p h i t e  rod, 

grade AUC, suppl ied  by the Nat ional .  Carbon-.Co., N .  Y.  

S u i t a b l e  tongs were f a b r i c a t e d  f o r  . reaching i n  from the  

top  of the  furnace tube t o  remove the c r u c i b l e  and l i d .  

The d u s t  t r a p  fol lowing the  furnace tube was con- 

s t r u c t e d  of a  2 rnrn. &way stopcock ( f o r  by-pass ing  when 

necessa ry ) ,  an. enlarged s e c t i o n  (18 mm. 0.d.  ) conta in ing  

a  g l a s s  wool d u s t  f i l t e r , ,  and s tandard t a p e r  j o i n t s  t o  

f a c i l i t a t e  c leaning .  The U-tube s e c t i o n  was 12  inches 

long and 2 inches i n  over -a l l  width.., This  t r a p  served t o  

remove metal  d u s t  produced i n  the  reduct ion .  r e a c t i o n .  

When metal  oxide-sul f ide  o r  metal  oxide-phosphide mixtures  
, 

were analyzed, the  t r a p  was immersed i n  l i q u i d  n i t rogen  



f o r  the  removal of gaseous impur i t i e s  such a s  CS and CS2, 

which otherwise would i n t e r f e r e  i n  the  measurement of CO.  

(&uan t . i t a t ive  r ecover ie s  of oxygen i n  known mixtures  of 

FeS and Fe203 ind ica ted  t h a t  t h e r e  was no l o s s  of oxygen 

as oxides of s u l f u r  under the  condi t ions  of the  procedure.)  

The s i l i c a  tube ( 3  cm. 0.d.  x 25 cm. long)  conta in ing  

wire-form CuO was maintained a t  450° , C  . oxygen was 

introduced v i a  the  3-way stopcock a t  the  ent rance  of the  

tube f o r  r eox ida t ion  of reduced copper. 

The C 0 2  weighing tube ( ~ c h w a r t z  absorpt ion  type ,  

wi th  b a l l  and socket  'side t u b e s ) ,  manufactured by Corning 

Glass  Works B8250,  was f i l l e d  t o  3/4 i t s  volume w i t h  

Asca r i t e , . fo l lowed  by 1/4 volume of Anhydrone. Glass 

wool plugs were i n s e r t e d  a t .  each end, and g l a s s  wool o r  

exploded mica .was i n t e r s p e r s e d  with. the  Asca r i t e  t o  

minimize clogging o f ' g a s  flow a f t e r  seve ra l  hundred m i l l i -  

grams of C02 had been absorbed. It was a t t ached  t o  a  

by-passing 4-way stopcock by b a l l - j o i n t  l inkages  f o r  

convenient i n s t a l l a t i o n  -and support .  The b a l l  j o i n t s  
. . 

touching the  weighing tube contained no grease .  The tube 
. . 

was preceded by an  i d e n t i c a l  one f i l l e d  w i t h . D r i e r i t e  and 

Anhydrone, and was followed by an  exhaust 'bubbler  by 

which the  r a t e  of gas  flow was monitored. 

The components' o f .  t he  manometric t r a i n  shown i n  the  

diagram a r e  modified u n i t s  of equipment descr ibed  e a r l i e r  

by Smiley (2 ) .  



Platinum capsules ,  i n t o  which oxide samples were 

weighed before dropping i n t o  the  c r u c i b l e ,  were 0.344 

inch  i n  l e n g t h  and were made from 0.180-inch 0.d.  tubing,  

0.005 inch  i n  wall  th ickness .  One end of each capsule  

was c losed  by a metal-spinning process .  Af te r  weighing 

i n  the  s 'mple ,  the  o t h e r  end was c losed  by crimping 
.. - 

with p l i e r s .  I . . 

The output  power .of a 10-kw. induct ion  hea t ing  

generator ,  manu'factured by Xndyction.Heating Corp., N .  Y., 

c o n t r o l l e d  by a Variac . t ransformer  on the  220 v o l t ,  

s ingle-phase c i r c u i t ,  feeding the  ,p r imary .co i l s  of the  

i n p u t  t ransformer.  . The power was continuous1.y v a r i a b l e  

i n  a range s u f f i c i e n t  t o  produce c r u c i b l e  temperatures 

Procedure. Place a c r u c i b l e  and l i d ,  which have been 
CI-ZZZC- 

previous ly  baked ,out f o r  5 minutes a t  2000" C .  i n  an 

i n e r t  atmosphere , ' on a tungsten wire support  
. . 

furnace tube and add 7 grams of platinum. 'Heat f o r  10  

minutes a t  about 2000" C .  wi th i n e r t  gas .  f lowing through 

the  t r a i n  and out  ' the  bubbler ,  but  by-passing the  .weighing 

tube .  Heat an a d d i t i o n a l  1 0  #minutes with t h e  gas  'stream 

flowing through t h e  weighing tube.  Disconnect and weigh 

the  weighing tube ,  us ing  e s t a b l i s h e d  techniques common t o  
. . 

gravimetr ic  carbon a n a l y s i s .  . . 
. . 

Remove the-optical-window cap on:the furnace tube 



and,  with i n e r t  gas flowing ou t ,  reach i n  with appropr ia t e  

tongs 'and remove the c r u c i b l e .  Replace the  cap on the  

furnace tube and s e t  the c r u c i b l e  i n  an a p p r o p r i a t e l y  

designed g l a s s  holder ,  placed on a  c l ean  shee t  of aluminum 

f o i l  on . the l abora to ry  bench. L i f t  t he  c r u c i b l e  l i d ;  

in t roduce  a  weighed sample, contained i n  a  platinum 

capsule;  and then r e t u r n '  the  c losed  c r u c i b l e  t o  the  

tungsten support  i n  the  furnace tube.  Locate the 

support ing member of a  viewing mi r ro r  ( f o r  o p t i c a l  pyro- 

meter readings)  over the furnace tube ' cap  i n  such a way 

a s  t o  hold i t  down secure1y:during the  subsequent 

procedure. 

Manipulate the  stopcocks t o  d i r e c t  a  s t ream.of  about 
, . 

150 cc./minute through the  r e a c t i o n  tube,  d u s t  t r a p ,  CuO 

furnace ,  des icca t ing  tube ,  weighing ' tube,  and bubbler .  

O r ,  i n s t e a d  of using the  bubbler ,  the  manometric t r a i n  may 

be opera ted ,  i n  s e r i e s  with the  ,gravimet'ric t r a i n ,  a s  a  

precaut ion  a g a i n s t  incomplete removal o ' f  Cog  i n  the  

we igh ing tube .  I n  t h i s  case ,  the  gas  f low shou ld 'be  

t h r o t t l e d  a t  the  i n l e t  stopcock of the  c a p i l l a r y  manometer. 
.. . 

Cautiously,  inc rease  the  power t o  the  induct ion  

hea t ing  c o i l  u n t i l  t he  temperature of the  c r u c i b l e  l i d  

i s  r a i s e d  t o  a p o i n t  which by previous c a l i b r a t i o n  

corresponds t o  a  temperature i n s i d e  t h e  c r u c i b l e  of about 

-I-$7O0 C . (mel t ing  p o i n t  of platinum) .  h he c a l i b r a t i o n  



i s  convenient ly made by temporari ly  using a l i d  with a 

v e r t i c a l ,  52-mil.. peep h o l e  d r i l l e d  i n  i t .  Simultaneous 

readings  can be made of the  i n s i d e  temperature and of the 

l i d  temperature f o r  var ious  s e t t i n g s  o f ' t h e  Variac t h a t  

c o n t r o l s  the inpu t  vol tage  t o  the  induct ion  hea te r .  ) 

I f . ,  before such a temperature i s  reached, smoke i s  seen 

t o  be evolved from the  c r u c i b l e ,  immediately, decrease the . 
I 

i npu t  power u n t i l  the  'smoking i s  diminished almost t o  

extin~tien~ H ~ l d  at this setting f'sr 29 minutea. Raise 

t he  temperature of the' l i d  about 100' C .  and hold f o r  

5 minutes.  F i n a l l y  boost  the  .power such a s  t o  produce 

a temperature of about 2000' C .  i n s i d e  the  c r u c i b l e ,  and 

hold f o r  5 minutes. Shut o f f  t h e  power t o  the  work c o i l  

and t u r n  o f f  the  cool ing  water t o  the  furnace tube.  

 h his i s  t o  ensure t h a t  the  ins ide ,  wa l l s  w i l l  be warm 

when the  furnace .  tube i s  subsequently opened f o r  the' 

a d d i t i o n  of the  ,next'  sample. ) Allow the  l i n e  to. , f l u s h  ' 

5 minutes before ,'removal of the  weigh'ing tube.  

Wipe the weighing tube ,  f i r s t '  wi th a damp c l o t h  and 
. . 

then with chamois l e h h e r ,  Remove s t a t i . c  charge on the 

tube by exposing i t  t o  a Tesla  spark c o i l .  , L e t  i t  hang'  

i n  t h e  open a i r  f o r  10  minutes before weighing. From 

the  t o t a l  amount of Cop t h a t  i s  measured, deduct the  pre-  , 

v a i l i n g  blank ( u s u a l l y  about 0.3 mg. ) t h a t  , i s  obtained .by 

proceding through a l l  t h e  s t e p s  of the  a n a l y s i s ,  using an  



empty platinum c'apsule f o r  the  sample. 

RESULTS 

It  was necessary t o  a d j u s t  and con t ro l  the c r u c i b l e  

temperature more p r e c i s e l y  i n  the determinat ion o f '  

mil l igram amounts of oxygen than i s  normally r equ i red  

f o r  microgram q u a n t i t i e s  by the  i n e r t  gas  fus ion  method. 

To i l l u s t r a t e  the  n e e d - f d r  the  c'ontrol of the r a t e  a t  

which CO i s  produced i n s i d e  t h e  ' c ruc ib le ,  i t  may be 

pain ted  o u t  t ha t  an oxide smple of sufffefent ~ i z e  t o  

produce the  convenient ly weighable q u a n t i t y  of 100 mg. 

of Cop i s  converted t o  about 350 cc.  of C O ,  n o t  inc luding  

the  volume of gaseous metal  vapor, which must escape 

from the  i n t e r i o r  of t h e  c r u c i b l e  ( a t  1600' c . )  through 

the  ho les  i n  the  l i d .  Cer ta in ly ,  i f  the  temperature i s  

r a i s e d  too high o r  too r a p i d l y ,  the  gas  pressure  i n s i d e  

the  c r u c i b l e  can '  increase  s u f f i c i e n t l y  . to  d i s l o c a t e  the 

l i d  and t o  blow unreacted sample p a r t i c l e s  ou t  of the  

c r u c i b l e .  The e f f e c t  of c r u c i b l e  temperature con t ro l  on 

the  a n a l y s i s  of UOg i s  ' i l l u s t r a t e d  i n  Table I .  The 

va lues  i n  the f i r s t  columri were obtained'  by fol lowing 

the  unmodified procedure f o r  analyzing oxygen impuri ty  

i n  meta ls  by the  i n e r t  gas  f u s i o n .  method ( 7 , 9 ) ,  - -  making 

l i t t l e .  e f f o r t  t o  a d j u s t  the  temperature f o r  a c o n t r o l l e d  

r a t e  of reduct ion .  The o t h e r  column g ives  r e s u l t s  

obtained by fol lowing the  procedure of t h i s  method. 



Table I. Effect  of Temnrature Control on 
CCw4.ZISIc.cc.vIIICSCS- C I W I S S Y Y C C C I I I Y I  

,Recovery ( 8 )  of Oxygen i n  UO -- -,,Ic.,,Ic. 2 

Complete Reduction Pa r t i a l  Reduction 

a t  1900' c.' a a t  1750' C .  b 

Average 81 

Std. dev. + 20 
. , 

:+ ,O.6 
:> 

. . 
I . .  . ...' 

a 
Completed within 10 minutes. ' 

Twenty minutes a t  1750' C .  and 10 'minutes a t  

1g0o0 c., 



Several  a t tempts  were made t o  c a r r y  ou t  t h e . r e a c t i o n  

with no l i d  on the  c r u c i b l e .  The obvious advantage t o  

such an arrangement would be t o  al low an unobstructed 

view of the  sample, during reduct ion ,  by which the  

temperature and the  progress  of the  r e a c t i o n  could be 

monitored. However, i t  prov,ed t o  be imprac t i ca l  t o  

a d j u s t  the  temperature, of the  c r u c i b l e  p r e c i s e l y  enough 

t o  e f f e c t  a  s u i t a b l y  r a p i d  reduct ion  r e a c t i o n  w i t h o u t ,  

entailing loss of sample by entrainment of oxide particles 
. 1. 

i n  the  e f f l u e n t  gas ,  and/or by s p a t t e r i n g  of the  molten 

ba th  by bubble formation.from.CO produced beneath the 

su r face  of the  l i q u i d  metal .  I n  Table I1 a  comparison 

i s  'made of the r e s u l t s  obtained on. Fe 0  and Si02,  with 
2  3 (.., 

and without a  l i d .  By covering the ' c ru .c ib le  the  p r e c i s i o n  

was considerably improved f o r  both.oxide's ,  and the  
. . 

accuracy was g r e a t l y  improved f o r  Si02.  . 

Table I11 shows recovery. percentages on A 1  0  
2  3' 

Cr203, Ta 0  and Ti02. Al though the  average recovery 
2  5' 

va lues  f o r  some of these  oxides and f o r  ' ~ e  0 and S1O2 of 
. . ,. 2 3 

Table I1 show d e f i n i t e  b i a s ,  the  p r e c i s i o n s  a r e  such 

t h a t  c o r r e c t i v e  b i a s  f a c t o r s  can be app l i ed  t o  reduce 

t h e  r e l a t i v e  e r r o r  t o  wi th in .  l$. 

Four samples ,of  i r o n  ox ide - su l f ide .mix tu res  were 

analyzed t o  i n v e s t i g a t e  the i n t e r f e r e n c e  of s u l f i d e s  i n  



0 
Table 11. Effec t  of Crucible Cover on Recovery 
CSCCCC-ClllrCCCC--M4-*-.c.c*-.c- - 

of -- Oxsen -C11152-C3CC--TI i n  Fe 0 and Si02 

Without  Cover With Cover 

Average 96 91 97.0 97.8 

S td .  dev. + 4 3 k 0 .7 '  + 0.6 



Table 111. R- 
CZ-Y-CSUZ54LI 0-s - 

Average 99.3 
. . .  

Std. dev. + 0.4 + 0.5 . 



the determinat ion of oxygen i n  oxide mixtures  such a s  

0 stony meteor i t e s .  The Fes/Fego3 r a t i o  was va r i ed  from 

1/5.  t o  1/9. The average recovery of oxygen from the  

t h e o r e t i c a l  amount p resen t  i n  the  mixtures  was 100.5% 

with a s tandard dev ia t ion  from the  mean of + 0.8 .  

During the  course of the  i n v e s t i g a t i o n  more and 

more e f f o r t  was devoted" toward opera t ion  a t  the  minimum 

temperature e f f e c t i v e  i n  the  reduct ion  of a given oxide 

wi th in  a 20-minute per iod .  A s  might be .expected ,  t h i s  

minimum var ied  from one .oxide  t o  another ,  being con- 

s i d e r a b l y  lower f o r ' F e  0 and C r  0 than f o r  A 1  0 
I 2 3 - 2 3  2. 3' 

Also 

i t  was noted t h a t  the  v i s u a l  d e t e c t i o n  of smoke during 

the  reduct ion  of the  oxides of i r o n  o r  chromium was 

usua l ly  accompanied by low r e s u l t s . ,  whereas the complete 

reduct ion  o f  A 1  0 always produced p l e n t i f u l  swirls of 
2 3 

white smoke. This may be explained on the b a s i s  of the 

h igher  v o l a t i l i t y  of aluminum metal .  It i s  l a r g e l y  bo i l ed  

out  of the  c r u c i b l e  a s  white "smoke" whereas i r o n  and/or 

chromium remain i n  the  c r u c i b l e ,  a l l o y e d , w i t h  the  

platinum f l u x .  when smoke appears  i n  ' the  case of these  

two meta ls ,  i t  may be assumed t h a t  CO i s  being r e l e a s e d  

too r a p i d l y  and t h a t  some of the  oxide d u s t  p a r t i c l e s  a r e  

, being c a r r i e d  away by. entrainment .  
. . 

With these  added' precaut ions  i n  mind,' more oxides 

of i r o n  and chromium were analyzed. Table I V  shows the  
. . 



Table I V .  Improved Recovery Data Obtained on Fe,O, Samples by 

Batch 
No. 

Reacting a t  Lower Temperatures Than prescr ibed  by the  
- - 5 - - Z Y Y V W C C 4 S S S - C I . C - * C I M - - M I  

General Procedure 
5---55H_- 

Oxygen Content ($) Deviation b Recovery 
($1 

I 
ca lcu la teda  I n e r t  Gas 

Fusion . 
Analysis 

S.D. 
a ~ a l c u l a t e d  b y  d i f f e r e n c e  .(from~~~avenage of d u p l i c a t e ,  volumetric 
i r o n  ana lyses )  . , . 

b ~ e v i a t i o n  from calcu1ate.d value.  



l a t e r  r e s u l t s  on Fe 0 with a  mean recovery value of 
2  3 

100.2 + 0.4$, S.D., a s  compared t o  the  previous mean of 

97 .0  * 0.7%, S.D.,   able' 11. S i x  samples of C r  0  2  3' 
a l s o  reduced more slowly a t  lower temperatures,  ( n o t  

t abu la ted )  averaged 100.0 + 0.4% recovery.  

Pure s i l i c a  was n o t  reanalyzed by the  improved 

technique,  a l though i t  , is  presumed t h a t  about the  same 

accuracy and prec is ion- 'might  be expected as was obtained 

i n  the onalysgs o f  NBS #102 '9111sa brick  (93.9$ S1Q2' 

1.9@ A1203, 2.29% ~ a ~ ) , . ' T a b l e  V, i n  which the  average 

I t  recovery,"  based on chemical a n a l y s i s  suppl ied by the  

Nat ional  Bureau of Standards,  was 99.4% with a  r e l a t i v e  

s tandard  dev ia t ion  of + 0.5%. Other r e s u l t s  on mixed 

oxides a r e  shown i n  Table V. The major c o n s t i t u e n t s  of 

NBS n6 a r e  : 54.7% SiOg, F37.7% A1203, 2 - 4 6  Fe203, 2  8 
&I 0 

T i O p ,  and 1.54$ K20j ,,NBS #77:* 32.4% S i 0 2 ,  59.4% 

A1203, 2.9% Ti02, and 2.11% K 2 0  The d i r e c t  oxygen 

r e s u l t s  onNBS &3 ( 8 0 . w  Si02, 12.8% B203, 1.9% A1203, 

and 4.2% N ~ ~ o )  d i f f e r e d  more from the  c a l c u l a t e d  value 
. . 

(based on chemical ana lyses  of the  other: .elements) , . than 

d i d  the  r e s u l t s  of the  . o t h e r  s tandard m a t e r i a l s .  The 

average value of 52.3% 'may be low due t o  g e t t e r i n g  by 

t h e  r e l a t i v e l y  l a r g e  concent ra t ion  of a l k a l ' i '  metal  i n  
. - 

t he  sample. Generally,  g e t t e r i n g  i s  n o t  a problem 

a s s o c i a t e d  with i p e r t ' g a s  f u s i o n , . a s  i t  i s  w i t h  vacuum 
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Table V. A n a = i s _ p m a a r d  Oxide Mixtures -------- CSWH-II'C--4CICC 

NBS N O .  76 
alumina 

r e f r a c t o r y  

4 8 - 5  

48.7 1 

48.6 

S e r i e s  oP r e s u l t s  
(% oxygen) 48.7 , , 

48.4 

48.5 . 

NBS No. 77 
alumina 

r e f r a c t o r y .  

47 = 5 

NBS No. 9 3  NBS No., 102 
high-boron s i l i c a  

g l a s s  a b r i c k  

Average 
(% oxygen) 48 ..6 47.5 ' 5 2 - 3  51.7 

Rel .  S t d .  Dev. 
, ($1 + 0.3 . . . zk 0.3.: . . + 0.5 + 0 . 5  

Calcd. from 
NBS a n a l y s i s  ' 49.2 47.8 53.8 52.0 

(% oxygen) . . .  . ' . . 
'._ . . . . 



fus ion .  Where the re  i s  an apprec iable  q u a n t i t y  of 

a l k a l i  metal  o r  a l k a l i n e  e a r t h  metal  being evolved with 
' 

CO from the  hot  zone of a  g raph i t e  c r u c i b l e ,  however, 

the re  appears  t o  be a  p o t e n t i a l  d i f f i c u l t y  t h a t  i s  hard 

t o  overcome. Presumably g e t t e r i n g  was the  major cause ' 

of our f a i l u r e  t o  g e t  ,acceptable r ecover ie s  of oxygen 

i n  mil l igram amounts .of MgO and CaO by t h i s  method. . . 
I 

DISCUSSION 

A f,ew experiments were made t o  i n v e s t i g a t e  the 

n e c e s s i t y  of using a  metal  ba th  i n  the  c r u c i b l e .  I n  

some b a t h l e s s  runs the  sample was covered with g raph i t e  

ch ips ,  and i n  o t h e r s  the  sample was confined t o  a  

covered c r u c i b l e  made of very porous g r a p h i t e .  Most 

r ecover ie s  obtained under these  condi t ions ,were  low by 

more than 2%. A s  might be expected, the  reagents  

(oxide and carbon) i n t e r a c t e d  much slower i n  "dry" con- 

t a c t  than when wetted by f l u x  i n  a  l i q u i d  ba th .  

Furthermore, the re  was probably more l o s s  by entrainment 

i n  the  absence of l i q u i d  metal  which may be presumed 

t o  wet down the  sample p a r t i c l e s  and re'ta'in them by 
. . 

surface  tens ion .  . . 

' When the  reduct ion  r e a c t i o n  produced s w i r l s  of 

smoke emanating from t h e  c r u c i b l e ,  most of the  t i n y  metal  

p a r t i c l e s  making up t h i s  smoke were swept away by the  



c a r r i e r  gas  t o  be f i l t e r e d  out  on the  g l a s s  wool i n  the  

dus t  t r a p .  A considerable  amount a l s o  s e t t l e d  ou t  on 

the  g l a s s  su r faces  between the  c r u c i b l e  and . t r a p  imparting 

a d i r t y  appearance t o  the  g l a s s  l i n e  i n  t h a t  a r e a .  Other 

than i n  appearance, however, t h i i  d e p o s i t  apparen t ly  had 

no de t r imen ta l  e f f e c t  upon the  analyses  of the  oxides 

r epor ted  i n  t h i s  paper.i 

Another phenomenon observed during the  reduct ion  

of A1203 samples' was' a  r e e n  corona discharge i n  the  

r e a c t i o n  tube extending'  from the  c r u c i b l e  t o  the  top end 

of the  tube.  This  'was pb t  observed f o r  the  o t h e r  oxides 
. . 

and was apparently':  un re la ted ,  t o  the  success  of the  

method . 
It was noted t h a t  i n  t h e  . ana lys i s  o,f i r o n  oxides 

i t  was d e s i r a b l e  t o  prevent  t h e  platinum-to-iron weight r a t i o  

i n  the  b a t h  f l u x ' f r o m  dropping.below 10.  With excessive 

i r o n  concent ra t ions  the re  was a tendency,  f o r  i r o n  vapor 

t o  condense on the  coo le r  su r faces  of the  l i d ,  the reby  

plugging up the  vent  holes  'and causing the  l i d . t o  s t i c k  

t o  the  c r u c i b l e  a t  the' terminat ion of the.. hea t ing  per iod .  

The photograph. i n  Figure 3 i l 1 , u s t r a t e s  the  condi t ion  
. . 

of a  g ~ a p h i t e  c r u c i b l e ,  grams of platinum, 

a f t e r  i t ' h a d  been used i n  t h e  a n a l y s i s  of . . oxide samples 

which produced a t o t a l  of 0.3968 grams of Cog. The 



i r r e g u l a r i t y  of the  i n s i d e  diameter of the  c r u c i b l e  - .  

r e s u l t e d  from the  dep le t ion  of g raph i t e  i n  the  r e a c t i o n  

, MO + C + M  + C O ' .  

The bubble, v i s i b l e  i n  the  c e n t e r  of the  mel t ,  doubt less  

contained entrapped CO which had n o t  completely,emerged 

a t  the conclusfon of the  a n a l y t i c a l  run.  Such a  

q u a n t i t y  of CO was i n s i g n i f i c a n t  , however, when compared 

t o  the  t o t a l  weighable q u a n t i t y  converted t o  C 0 2  f o r  

gravimetr ic  measurement. 

Exposure of the  c r u c i b l e  and of the  upper s e c t i o n  

of the  furnace tube t o  the  atmosphere during the  time 

(about  1.5 minutes) requi red  t o  load  the sample was found 

t o  have l i t t l e  e f f e c t  on the  over -a l l  blank of the  pro- 

cedure.  Atmospheric contamination was found t o  increase  

the f i n a l  gravimetr ic  'measurement by only' .about 0 .2  mg., 

an amount which i s  small compared t o  t h e  q u a n t i t i e s  of , 

. . 

about 100 mg. . u sua l ly  measured f o r  each sample. 

Most of the gravimetr ic  measurements i n  t h i s  inves- 

t i g a t i o n  were made with weighing tubes having l2/5 

ground b a l l  j o i n t s  f o r  connection t o  the  a n a l y t i c a l  

t r a i n .  Near the  end of the  work, however, these  were 

replaced  by ba.11 j o i n t s  of the  same s i z e  but  with rubber 

O-rings embedded i n  the  c e n t e r  of the f ace  of the  male 

s e c t i o n ,  and with the  female s e c t i o n  smooth (unground). 



m As a result of this change an improvement in the precision of 

weight dat.a was noted. It is probable that there had been 

minor misfits in the ungreased, ground ball joints that had 

connected the regular-type weighing tubes to the analytical 

train. The o-rings eliminated this potential source of error. 

.It may be concluded that .although,a general procedure 

is applicable to the analysis of a variety of oxides, minor 

modifications to the procedure may be necessary to give 

the best' results for specific oxides. The ultimate degree 

of accuracy and precision attainable by this method clearly 

depends upon the .art of the analyst in successfully.carrying 

out the oxide-reduction step without the loss of sample. 
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FIGURE mGENDS 

Figure 1. Analy t ica l  Tra in  

Figure 2. Crucible  and Lid,  Diag~?am 

Figure 3. Crucible  and Lid Af te r  Use 
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2 3 

Table 111. ,Recovery ($) of Oxygen i n  Pure 
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Fe 0 Samples by. Reacting a t  Lower 
2 3 , 
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General Procedure. . 
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