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ABSTRACT 

This report concerns the production of 
potassium tetroxide by burning essentially pure 
potassium ic the liquid state by means of an 
aspirator type spray gun. 



AUTHORIZATION 

1. Bureau of ships Project Order 243/&?, ~77 -2 (275 )  
dated 30 September 1942 and Bureau Ships f letter 377-2 (275) 
dated 16 October 1942. 

STATEhBNT OF PROBLEM 

2 • Partial report on production and investigation of 
oxygen source naterials. --- Producing potassium tetroxide from 
potassium metal. 

INTRODUCTION 
1 

3 The burning of potassium-$odium alloys was attempted 
at the Naval Research Laboratory to see if the pure potassium 
and high potassium alloys being produced here could be converted 
successfully to pure potassium tetroxide or potas~ium tetroxide- 
sodium peroxide mixtures of high available oxygen content. The 
Mine Safety Appliances Co. of Pittsburgh, Pa., has been success- 
fully burning potassium-sodium alloys of lower potassium content 
for some time and on one occasion burned essentially pure potas- 
sium to give a good yield of oxide which liberated nearly the I 

theoretical amount of oxygen on analysis. It was suggested by 
Hr. Jackson of that concern that this method be tried at the 
Naval Research Laboratory with modifications necessary to adapt 
the process to the method of potassium manufacture being devel- 
oped. 

4 Two methods of burning potassium-sodium alloys have 
been employed. The metal can be burned in the vapor state by 
vaporizing it in a suitable container enclosed in a furnace. 
The vapor is carried in a stream of nitrogen into a large hopper 
where it is burned in an air stream. This method has the dis- 
advantages of requiring a high temperature to vaporize the metal 
and of involving a considerable loss of metal in the form of a 
"drip" of molten oxide which forms on the end of the vapor 
nozzle and is a total loss. Also the hard lumps of this material 
must be removed from the product before it is catalyzed and 
pressed. This is a bothersome procedure and necessitates han- 
dling the oxide more than is desirable. The loss of metal in 
this manner nay amount to as much as ten percent. 

5. The other method of producing potassium tetroxide, 
that which is reported here, consists of burning the metal in 
the liquid state in a stream of air. An aspirator type paint 
spray gun, manufactured by the DeVilbiss Co. of Toledo and 
modified at this Laboratory, vas found very satisfactory for 
this purpose. 

6. The apparatus used, results obtained and difficulties 
encountered in this process are reported. 



DESC RIPTIOI? OF APPAFiATTTS 

, 7. Alloy Container 

The n e t a l  t o  be burned was he ld  i n  the  container  
shown'in p l a t e  1. It i s  c y l i n d r i c a l  with a conical  bottom t o  
f a c i l i t a t e  emptying. It waz fab r i ca ted  from 1/8 inch black 

. i r o n  and i s  of cons t ruc t ion  throughout, The l i d  is  a 
9 inch d i sk  of 3/16 inch p l a t e  equipped with necessary f i t t i n g s  
a s  shown. The conta iner  has a capaci ty  of approximataly 225 
pounds of metal  and can be charged by means of the  f i l l i n g  hole  
shown while burning i s  i n  progress. 

8. An i n e r t  atmosphere of n i t rogen i s  kept above the  
metal  a t  a l l  times t o  prevent oxidat ion on the  surface. Normally, 
no pressure i s  appl ied above the metal  as  s u f f i c i e n t  vacuum i s  
produced a t  the  gun t i p  t o  suck the  a l l o y  i n t o  the  gun ( see  Table 
1). This vacuum decreases ,  hovever, as a t i p  becomes worn back 
and it has bean found t h a t  ni t rogen Dressure about equal  t o  t h i s  
decrease, when appl ied t o  t h e  metal, w i l l  insure smooth burning 
f o r  a longer period of time, It is important t h a t  the  pressure 
i n  t h e  conta iner  should never drop below atmospheric a s  stoppage 
%n t h e  gun w i l l  occur. 

9 The change of he ight  of t h e  metal in  the  conta iner ,  
from which the  r a t e  of burning can be followed, i s  determined 
by lowering t h e  contact  wire u n t i l  t h e  surface i s  touched a s  
shown by the i n d i c a t o r  l i g h t .  

10. Since high potassium a l loys  a r e  s o l i d  a t  POOR tem- 
pe ra tu re  ( see  P la te  9 ,  Appendix), the  metal must be melted. This 
Is done by means of a "~hromalox" ca r t r idge  hea te r  (El-1500, 500 
w a t t s ) ,  i n s e r t e d  through the  bottom. I n  addi t ion ,  a low flame 
from a Bunsen burner is kept under the  lead-out tube t o  prevent 
t h e  metal  from s o l i d i f y i n g  before reaching the  gun. P l a t e  2 
shows the  conta iner  i n  place. 

11 . Burning gun 

The gim used t o  burn t h e  a l l o y  i s  the  same as t h a t  
uaed by )Cine Safe ty  Appliances Co. It i s  manufactured by the  
DeVilbiss Company of Toledo. The p a r t s  as  l i s t e d  i n  t h e i r  
ca ta log  a r e  a s  follows: 

F lu id  spray head Type P-I,BC-422 (The a i r  d i s t r i -  
but ing r i n g  and copper-asbestos gasket a r e  removed 
t o  permit maximum a i r  f low) 

AV-15-E F l u i d  t i p .  
No, 116 A i r  cap 
F lu id  cut-off cock 

The assembled gun i s  shown diagrammatically i n  P l a t e  3 and a 
photograph of a d iamet r i ca l  sec t ion  i s  shown i n  P la te  4. 



12 . TO adapt t h e  gun t o  t h i s  use, a  900, 3/8 inch 
Lunkenheimer f i t t i n g  was s o f t  soldered i n t o  the  a i r  i n l e t  In  
p lace  of the 1/8 inch pipe f i t t i n g  suppl ied,  One must be care- 
f u l  not t o  l e t  the f i t t i n g  extsnd beyond t h e  poin t  indicated 
a t  "An i n  p l a t e  3, so  a s  not  t o  c lose  the f i r s t  a i r  po r t ,  

13. One-eighth inch tight-wol~cd asbestos  cord i s  used 
f o r  the packing mater ia l  i n  the  needle packing gland. It is 
e s s e n t i a l  t h a t  t h i s  gland be very t i g h t  as  any a i r  sucked i n  
here  w i l l  cause immediate stoppage of the gun, 

14. Burning Hopper 

Diagramat ica l  f r o n t  and s ide  views of the  complste 
hopper a r e  shown i n  p l a t e  5. This cons i s t s  of a cy l inder  r o l l e d  
from 12 gauge black i r o n ;  length  48 inches,  r a d i u s  15 1/2 inches.  
A r e a r  p l a t e  of the  sane mate r i a l  i s  welded on and a  f r o n t  p l a t e  
i s  screwed i n  place,  A reinforced asbestos gasket makes t h i s  
l a t t e r  a i r .  t i g h t .  

I?. The f r o n t  p l a t e  is equipped with the  following 
attachments: 

( a )  Two cubica l  burning boxes, 4 inches on a  s ide .  
Each has a 1 1/2 inch hole cut  i n  the center  
of t h e  f r o n t  where the gun i s  inse r t ed .  This 
makes a  snug f i t  and reau i res  no f u r t h e r  pack- 
ing. A l/4 inch ho le  i s  cut  i n  the  s ide  of 
each box t o  s e r v e  a s  a  viewing por t ,  The flame 
can be vieved through t h i s  and adjusted t o  the  
proper burning speed without danger t o  the  
operator.  

( b )  An e i g h t  inch hole  leading t o  the  vent a tack 
f o r  the  e x i t  gas. This hole  i s  p a r t i a l l y  
blocked bg a  c i l?cular  8 inch b a f f l e  which i s  
supported 2 inches inward from t h e  f r o n t  
p l a t e ,  This serves t o  prevent l a rge  p a r t i s l e s  
of oxide from being c a r r i e d  i n t o  the  s t ack  w i t h  
the  e x l t  gas. 

( c )  A Weston b i -meta l l ic  thermometer, 0-300°C., 
~ k l . c h  extends i n t o  the  hopper 12 inches i n  a  
pos i t ion  approximately between the  two gun 
ports .  

( d )  Two turned bearings,  one i n  the  cen te r  of the 
p l a t e  which takes  the s h a f t  of the  Bcraper 
( t o  be descr ibed kelow), and the  o the r  t o  
support the  s h a f t  cf a h e l i c a l  screw located 
along the  bottom of the hopper. 



16 The e n t i r e  f r o n t  c r p  be rerrovsd i f  desired.  The 
f r o n t  p l a t e  w i t h  attachments i s  shown diagrammatically on 
P l a t e  5 and i s  pho togra~hed  with guns and a l l o y  conta iner  i n  
p lace  i n  p l a t e  6 .  

17 Emptying Device 

The hopper i s  provided with a th ree  vane scraper  
( s e e  P la te  5) which can be hand r o t a t e d  from the  rea r .  The 
vanes a r e  of 1 x 1/8 inch angle i r o n  and run the  length  of the  
hopper, There i s  approximately 1/8 inch clearance between the  
blades and the  hopper wall.  

18. A 5 inch c a s t  h e l i c a l  screw is  loca t sd  in a "u" shaped 
trough which runs along t h e  bottom of the  hopper f o r  i t s  e n t i r e  
l eng th  and i n t o  an enclosed box loca ted  a t  t he  r e a r  of t h e  hopper 
which i s  d i r e c t l y  over a c o l l e c t i n g  b a r r e l .  

19 For the  f i r s t  experiments w i t h  t h i s  apparatus,  t h i s  
screw was operated by means of a motor and reduct ion &?it. It 
was l a t e r  found t h a t  the hopper could e a s i l y  be emptied by hand 
i n  a few minutes and t h e  motor un i t  was eliminated. 

20. A plunger device cons is t ing  of a t h i n  p l a t e ,  3 
inches i n  diameter, f a s t ened  t o  the  end of a l/h inch rod, i s  
loca ted  i n  t h e  s t ack  a t  a pos i t ion  i n  l i n e  w i t h  t he  e x i t  s t ack  
( s e e  p l a t e s  5 and 6 ) .  Any oxide which c o l l e c t s  i n  the  s tack ,  
as evidenced by pressure being b u i l t  up around the  gun p o r t s ,  
can be pushed back i n t o  t h e  hopper with th i s  device. 

I 

21. Immediately below the  plunger i s  loca ted  a cleaning 
pipe -- a shor t  l eng th  of 8 inch pipe with a cover -- which can 
be opened if the  plunger f a i l s  t o  remove a l l  t h e  oxide. 

2? oxide Col l ec t ing  System 

From previous experiments c a r r t e s  out a t  t h i s  Lab- 
o ra to ry  and a t  P i t t sburgh,  it was found t h a t  the  oxide formed 
was s o  l i g h t  and f l u f f y  t h a t  a l a r g e  percent  of it was c a r r i e d  
out of the  hopper wi th  the e x i t  gas. A r a t h e r  e l abora te  c o l l e c t -  
ing  system had t o  be devised t o  c o l l e c t  it. with t h i s  i n  mind, 
the  present system was constructed t o  provide f o r  one a d d i t i o n a l  
c o l l e c t i n g  b a r r e l  with long lead  pipes and a small  e x i t  hole i n  
the  s t a c k  t o  r e t a i n  as much of the  oxide a s  possible .  Mowever, 
i t  was found on burning the  metal  w i t h  t h i s  se tup  tha t  almost 
a l l  of the  oxide produced, which could be co l l ec ted  a t  a l l ,  was 
r e t a ined  i n  t h e  hopper i t s e l f  and could be r e a d i l y  emptied, 

2 3 Coollng System 

From previous experience a t  t h i s  Laboratory and a t  
Brown Univers i ty ,  it was known t h a t  a f t e r  an hour o r  so  of steady 
burning, the  hopper g o t  very ho t  (200-300°~, ). with  t h i s  i n  mind, 



t h e  present  hopper ~ s s  equippsd with a cooling s h e l l .  This 
cons ie t s  of a concent r ic  c y l i n d r i c a l  s h e l l  of 18 inch r a d i u s ,  
fabricated from 18 gauge galvanized iron. ~t completely en- 
c loses  the  burning hopper a t  the  $ i d a s  and r e a r  bu t  ends f l u s h  
with the  f r o n t  p l a t e  of the  l a t t e r .  It i s  proviCed : ~ i t h  a 9 
inch s tandard pipe a i r  in take  a t  the  r ea r  and e x i t  a t  the  t o p  
( see  P l a t e s  5 and 7) .  The cooling a i r  i s  suppl ied by a 990 c f m  
c e n t r i f u g a l  blower. 

24. nurning A i r  supply 

During the  f i r s t  pa r t  or these experiments, a i r  Ti$as 
supplied by the  r e se rva t ion  from a 100 cfm compressor. Later ,  
a separa te  100 cfm u n i t  was j n s t a l l e d  which would maintain a 
h igher  Dressure w i t h  l e s s  v a r i a t i c n .  

Since any moisture i n  the  burning a i r  w i l l  immediately 
r e a c t  w i t h  t h e  oxide,  it i s  des i rab le  t o  reduce the  r a t e r  content  
as much a3 possible .  This was a c c o ~ p l i s h e d  by using a potassium 
hydroxide pre-drying tower followed by an ac t iva ted  s i l i c a  g e l  
tower t o  remove the  l a s t  t r a c e s  of moisture. The potassium 
hydroxide tower was constructed of 4 inch p ipe ,  3 f e e t  long, w i t h  
a b l i n d  f l a w e  and gasket  on the  t o p  t o  f a c i l i t a t e  f i l l l n g  and 
cleaning. The s i l i c a  tower was of 10 inch p ipe ,  5 f e e t  long, 
l ikewise equipped with a b l ind  fIm@ga top. The potassium hydroxide 
tower had a capaci ty  of approximately 10 pounds of walnut s i z e  
m a t e r i a l  ( suppl ied  by the Niagara Alka l i  Go. ). The s i l i c a  
tower he ld  approximately 100 pounds. The drying system was 
constructed i n  dup l i ca te  s o  t h a t  e i t h e r  or  both s i d e s  could be 
used o r  one s i d e  could be regenerated and/or recharged while 
t h e  other  was i n  use. The s i l i c a  tower could be regenerated by 
passing a slow stream of a i r ,  e l e c t r i c a l l y  heated t o  l'j'O°C., 
through It u n t i l  the  e x i t  a i r  temperature reached a t  l e a s t  105OC, 

2 6 .  A i r  Heaters 

It was n e c e s s a q  t o  hea t  the  a i r  above the  f r eez ing  
poin t  of t h s  a l l o y  being burned t o  prevent i t s  s o l i d i f i c a t i o n  
i n  the  efin t i p .  Yoreover, it was found by Tar. Jackson of Mine 
Safe ty  Appliances Co. t h a t  heat ing the  burning a i r  improved the  
product considerably.  It was found t h a t  hea t ing  the  a i r  t o  
100-llOOc. gave sat . isf  a c t  ory r e s u l t s .  Fur ther  hea t ing  g r e a t l y  
reduced the  quan t i ty  of a i r  f1owin.g through the  t i p .  I n  any 
event ,  l75Oc. could no t  be exceeded without danger of melting 
the  soldered p a r t s  of the  gun. The e f f e c t  of t h e  heated a i r  
on the  flame temperature was not inves t iga ted ,  but  i t  i s  pro- 
bable t h a t  the  hea t  put i n t o  the a i r  tends t o  balance the hea t  
l o s t  when i t  expands a t  t h e  t i p  of the  spray gun. 

27 The a i r  was heated by passing it  through a 9 f o o t  
s e c t i o n  of 1 inch p i p e ,  i n su la ted  and wound w i t h  Chrome1 wire 



(Chrome1 A ,  3/16 x ,0285 inches ,  ,102 ohms per  f o o t  ). About 
350 wat t s  vraa found s u f f i o i e n t  t o  main ts in  t h e  a i r  a t  l l O ° C I  
dur ing  burning. 

28. p re s su re  c o n t r o l  

The a i r  is suppl ied  a t  90-100 pounds per  square  
inch.  There i s  about a 20 p.sY.i. drop i n  t h e  drying system 
per  gun, A F i s h e r  l e v e r  type  reducing valve (Globe p a t t e r n )  
was i n s t a l l e d  i n  t h e  l i n e  near  t h e  burner  i n  o rde r  t o  reduce 
t h e  a i r  p r e s su re  t o  t h e  optimum f o r  burning. It was found, 
however, t h a t  th i s  valve d i d  no t  f u n c t i o n  proper ly  and t h e  
downstream p re s su re  f l u c t u a t e d  markedly with t h e  r a t e  of flow, 
By f a s t e n i n g  a  threaded rod t o  t h e  a d j u s t i n g  l e v e r  of t h e  va lve  
and secur ing  it t o  a support  through which it could be r a i s e d  
o r  lowered, a f i n e  ad jus txont  could be obta ined and, moreover+ 
the  pressure  could be changed a t  w i l l ,  The p re s su re  drop 
ac ros s  th i s  dev ice  was about 15 pounus. 

29,  A i r  Flow Dete m i n a t  ion  

It i s  d e s i r a b l e  t o  k ~ o w  f a i r l y  a c c u r a t e l y  t h e  
q u a n t i t y  of a i r  f lowing through the  gun. A s tandard  o r i f i c e  
was i n s t a l l e d  f o r  t h i s  purpose. This i s  a  s tandard  pipe  f l a n g e  
o r i f  i c e  supp l i ed  by t h e  P i t t s b u r g h  Equi tab le  Meter Company, An 
e i g h t  f o o t  l e n g t h  of 2  h c h  pipe l e d  from t h e  o r i f i c e  on b o t h  
t h e  upstream and downstream s i d e  t o  i n s u r e  non- turbulent  flow, 
The o r i f i c e  was 3/8 i nch  dianleter on t h e  lead ing  edge and t h e  
specifications suppl ied.  by t h e  P i t t s b u r g h  concern were c l o s e l y  
followed i n  i ts  cons t ruc t ion .  The f l a n g e s  were equipped w i t h  
p r e s su re  t a p s  which l e d  t o  a mercury manometer, Downstream 
p re s su re  was read from a  gauge loca ted  a t  t h e  downstream pres-  
s u r e  tap .  It i s  ea t imated  t h a t  t h e  a i r  f low could be determined 
i n  th is  manner t o  w i th in  25,  . 

ANALYSIS OF THE AVAILABLE OXYGEN CONTENT OF THE OXIDE 

30 The p u r i t y  of t h e  oxide produced was determined 
according t o  i n s t r u c t i o n s  g iven  i n  Memorandum t o  t he  D i r e c t o r  
$ ~ / d 3 8 { ~ ~ ~ : h s l )  of January 26,  194.2, I n  b r i e f ,  t h i s  method 
c o n s i s t s  of adding water t o  t he  oxide i n  t h e  presence of a 
c a t a l y s t  such a s  manganese d iox ide  and measuring t h e  volume of 
oxygen 1 ibe  r a t  ed. 

PRODUCTIOV OF POTASSITTM TTETROXIDE 

31. Source of ~ e t a l  

A l l  of t h e  potassium-sodium a l l o y  xn ich  has  been 
burned and r epo r t ed  h e r e  was ?-rodaced a t  the  Raval Research Lab- 
Oratory i n  a semi-commercial appara tus  making use of  t h e  r e a c t i o n  



This  process  i s  descr ibed  i n  a l a t e r  r epo r t .  

32 p u r i t y  of v e t a l  

The only c o n s t i t u e n t s  of t h e  a l l o y  burned dur ing 
t h i s  i n v e s t i g a t i o n  were sodium and potassium. By t h e  na tu re  
of i t s  p repa ra t ion  t h e  a l l o y  conta ined  no v o l a t i l e  s a l t s ,  
s c a l e  from t h e  r e a c t i n g  v e s s e l s  o r  hydroxides. Because of t h e  
method of f eed ing  t h e  guns during t h e  burning,  any oxide f i l m  
formed on t h e  s u r f a c e  of t h e  metal  i s  r e t a i n e d  i n  t h e  a l l o y  
con ta ine r .  

J 3  . The a l l o y  analyzed 94-96 mol percent  potassium 
(97-9 weight pe rcen t ) .  This  composition a l l o y  was used dur ing  
the  p re sen t  i n v e s t i g a t i o n  a s  a l a r g e  supply of it was on hand 
and it was thought adv i sab le  t o  o b t a i n  necessary  d a t a  w i t h  it 
r a t h e r  t han  t h e  more va luab le  pure potassium. The r e s u l t s  pre-  
s en t ed  h e r e i n  can be reasonably app l i ed  t o  t h e  burning of pure 
potassium. 

340 S u c t i o n  Avai lab le  f o r  ~ e e d i n g  G u ~ B  

It was suspec ted  t h a t  t h e  determining f a c t o r  i n  t h e  
l i f e  of t h e  burning t i p s  was t h e  decrease  i n  t h e  s u c t i o n  which 
i s  produced by a s p i r a t o r  a c t i o n  and by means of which t h e  
l i q u i d  a l l o y  i s  drawn i n t o  t h e  t i p .  Table 1 presen t s  da t a  which 
was obtained i n  o rder  t o  c o r r e l a t e  t h i s  informat ion w i t h  t h e  
s e r v i c e a b i l i t y  of  t h e  t i p s .  P l a t e  7 shows t h r e e  t i p s  of d i f f e r -  
e n t  degrees of wear. T ip  A i s  a new t i p ;  B has  been used  approx- 
Fplately 16 hours  (80 pounds of a l l o y )  ; and t i p  c has  been 
completely burned down by f o r c i n g  meta l  t o  t h e  t i p  w i t h  p r e s su re  
on t h e  a l l o y  con ta ine r .  T h i s  l a s t  t i p  was used a t  t he  beginning 
of t h e  i n v e s t i g a t i o n  be fo re  it was known how t o  use  t h e  gun 
prope r ly  f o r  s a t i s f a c t o r y  burning. 

Table 1 (Note 1) 

292 A i r  P ressure  Cm. Hg. Sucti.on 

E 
1 

e 1 a 5  

so 12.5 
22 16.5 

( n o t e  2 )  

- 7 -  



Note 1 - It i s  t o  be noted t h a t  these  da ta  were 
obtained by t h i s  Laboratory, using guns modified 
t o  meet the  requirements of t h i s  inves t iga t ion .  
They may or  may not be cons i s t en t  ~ 4 t h  data  of 
of a s imi la r  nature obtained by the DeVilbiss 

\ 

Company under more exacting conditions.  

Note 2 - Tip C was burned so badly t h a t  there  
was ac tua l l y  a high pressure area a t  the  o r l f i c e  
and a l r  blew i n t o  the a l l oy  chamber. 

35 ~ e s c r i p t i o n  of Earning 
< 

Before s t a r t i n g  t o  burn, it i s  advisable t o  r o t a t e  
t h e  scraper t o  such a pos i t ion  t h a t  ne i t he r  vane w i l l  be d i r e c t l y  
i n  the path of the  flame from the  gun. 

36 The a l l oy  i s  heated t o  abou$ 100°C. and the copper 
l ead  tube i s  warmed above the  melting point  of the a l loy  with 
a Bunsen burner. Af ter  opening the ga te  i n  the  e x i t  s t ack ,  t he  
hea te r  i s  turned on and a slow stream of a i r  i s  heated t o  about 
100°C. The a i r  pressure i s  then increased t o  60 p.s . i .  f o r  
burning. 

37 The burning commences imrrediately on pul l ing  baak 
t h e  cont ro l  needle of the gun. A f a s t  hot  flaxrie i s  desired a t  
f i r s t  u n t i l  the hopper ge ts  up t o  the desired temperature. 

38 The he igh t  of the  a l l oy  i n  the  cbntainer i s  measured 
w i t h  the  contact  wire and recorded with the  time a t  the begin- 
ning of the  burning period. 

Determination of the  Optrmum ~ u r n i n g  Temperature 
, . ... - 

As noted in a previous s ec t i on ,  a Weston 3 0 0 ° ~ ,  
thermometer i s  loca ted  a t  a posi t ion  approximately betwe.en t he  
two guns and sxtends 12 inches i n t o  the hopper. This loca t ion  
i s  of course a r b i t r a r y  and the temperature read a t  t h i s  point  
is aeaningless  i n  absozute terms. It has been found, however, 
t h a t  t h i s  i s  the bes t  means of following the r a t e  of burning. 

40 The flame is  maintained large  and hot f o ~  approxi- 
mately 15 minutes duripg which time the hopper w i l l  have 
reached about 200°C. It i s  then usual ly necessary t o  coo l  
t he  flame down by c los ing  th9 con t ro l  needle yn t i l  an equi l ib-  
rium temperature of 190-210° is a t ta ined.  I.% i p  yery important 
t o  maintain t h i s  temperature throughout the bwn&ng period t o  
g ive  s a t i s f a c t o r y  r e su l t s .  Following are  the r e s u l t s  of s evera l  
burnings periods which w i l l  serve t o  i l l u s t m t s  t h i s  point :  

December 71, 1942 

"The gun s t a r t e d  smoothly and burned fo,r l/2 
hour. Af ter  t h i s  time we not iced t h a t  a$r wa.8 leak- 



ing out  around the  re ta in ing  r ing  so re closed 
dawn t o  r epa i r  t h i s .  In  the  meantime the hopper 
cooled dovm t o  l55O. S t a r t i ng  again we burned 
f o r  another hour when we noticed the potassium 
hydrozide a i r  dryer  was bubbling and r e a u i ~ e d  
changing. r e  stopped again t o  r e f i l l  t h i s  and 
again the h o p e r  cooled t o  about 100". Over a 
burning period of 6 1/2 hours v7e vlere never able  
t o  keep  the hopper temperature up t o  200° f c r  more 
than a  few minutes because of in te r rup t ions  of one 
s o r t  o r  another." 

Analysis of Oxide - - 227 zc./g. 
Theore t ica l  - - - - - 23L C C . / ~ .  

4.1. It was not iced during t h i s  day f s  operat ions,  and 
likewise on o ther  days when. f o r  some reason it was necssesry to 
s t op  the  gun giving the hopper a chance t o  cool ,  t h a t  on s t a r t i n g  
the  gun a@;ain, the  f i r s t  oxfde formed was brown ir: color.  It w a s  
previously thought t ha t  t h i s  ma te r i a l  was a hydrate of the  oxide. 
This seems unl ike ly  i n  the  l i g h t  of t h i s  inves t iga t ion ,  however, 
as the brown oxide v~ould be formed regardless  of ivhether the 
hopper had been l e f t  unused f o r  severa l  days previorls o r  v.as h a l f  
f i l l e d  with high qua l i t y  oxide from burning jus t  completed. Its 
formation seems t o  depend only on the temperature of the  burning 
flame. The brown color  would tu rn  t o  yellovl a f t e r  s tanding i n  
the proaence of dry a i r ,  t h i s  change being accelera ted  by heat .  
Invar iably  the  broevn oxide vrould analyze considerably below 
t h e o r e t i c a l  i f  removed from the h o ~ p e r  i m e d i a t e l y  as formed, 

January 6, 1943 

 leven en and four  t en ths  pounds of a l l o y  was 
burned over a period of 1 7,/4 hours ( r a t e  of 6.5 lbs /  
hr.)  vdth the ecruilihrium honper temnerature of 250°C. 
Ssventeen pounds of oxide was removed from the  hopper. 
The oxide vfas auf te  badly s i n t e r ed  and contained 
l a rge  spongy lumps n s r t l y  broken by the emptgfng 
scrow. 

Analysis of oxide - - 22 cc./g. 
Theore t ica l  - - - , -  - 23 t C C . / ~ .  

42 Clbviously thf j  optimcm burning t empe~s tu r e  i s  i n  the 
ne i~hborhood of 200°C. Table 2 summarizes the ds ta  gathered 
over a period, of aparoximately two weeks of burning. The 
ind iv idua l  I s u rn l~g  periods rangod from 2 t o  11 hours. The pro- 
cess had t o  be in te r rup ted  f recuen t ly  because of f b i l u r e  In the 
a i r  supsly and bocsuse of lack  of t i p  i*eplacements. A t  no time 
during t h i s  period vras i t  necessary t o  close down due t o  f a i l u r e  
i n  any part of the  a ~ ~ ~ a r a t u s  nor was there any i n d i c a t l m  that 
t h i s  method cc, i l ld  not  he csed f o r  continuous twenty-four hours 
per day production. 



43 ji prac t i ce  was made of cranking the  oxide i n t o  t h e  
rece iv ing  b a r r e l  every two hours and emptying the  b a r r e l  every 
six hours. This could be done while burning was i n  progress. 

444 This inves t iga t ion  showed t h a t  the  cooling system 
which -was co~ i s t ruc ted  .was unnecessary. The i n t e r n a l  h o p ~ e r  
temperature depended on t h e  r a t e  of burning only and could not  
be g r e a t l y  influenced by mod'erate e x t e r n a l  cooling. On the  
o the r  hand, it i s  qu i t e  possible  t h a t  the  dead a i r  space between 
the hopper and the  outer  a h e l l  provided i n s u l a t i o n  f o r  the former 
so t h a t  it could be heated up rapidly.  I f  t h i s  s h e l l  were t o  
be removed i t  might be advisable  t o  s u b s t i t u t e  some o the r  means 
of insula t ion .  This would requ i re  f u r t h e r  inves t iga t ion .  

Table 2 

weight cf Analysis cc  ./g. Equilibrium 

Oxide - (Theo. 234) Hopper Temp. Remarks 

407 1/2 - 232-? 34 190-200 Frani long burning per iods  

205 1/4 230-232 190-200 From s h o r t  burning per iods  

68 1/2: 227 2 5.0 q u i t e  badly s in te red .  

Tota l  oxide - 681 1/4 lbs .  
To ta l  metal burned (95 rnol % K) - lba. 
Rat io of metal  burned t o  oxide made - 1.54 
~ o t a l  time burned - 86 1/2 hours 
Rate of burning - 5.2 lbs . /hour  

45 lphe Determinritio~l of A i r  FIqw and Oxygen Content 
of Ex i t  Gas. 

:[t i s  important t h a t  a quant i ty  of a i r  considerably 
i n  excess of t h a t  required t o  r e a c t  w i t h  the a l l o y  be supplied 
t o  the  gun. Followin@ a r e  a i r  flow measurements made on the  
burnlng a i r  and oxygen ana lys i s  of the a x i t  gases: 

a om position of a l l o y  burned - 95 mol $ K  (97 w t .  5 )  
JC = mols of K burned per hour 
3r = mols of Na burned per hour 

x + = mols of oxygen consumed per hour 
3 
L. 

61 = t o t a l  a i r  flow i n ,  i n  mols per hour 
2: = mols of oxygen i n  burning a i r  per hour (tising 

the experimental value of 20.6% for room a i r )  

z - ( x  + f )  = mols of oxygen l e f t  i n  e x i t  gas per hr. 
( c a l c  t d )  



& - ( x  + g) = t o t a l  ruols of e x i t  gases per hour 
L 

, - ( X  + Y j ( 5  o q g e n  found i n  e x i t  ga s )  = mols z I 
4 

of oxygen l e f t  i n  e x i t  gas per hour 
determined by analys is  

46 , The oxygen Pound i n  the  e x i t  gas by chemical ana ly s i s  
should equal the  amount ca lcula ted  t o  be t he r e  by measuring the 
flow i n  and subt rac t ing  the amount used i n  the  react ion.  Four 
measurements were made over a period of f ou r  hours of steady 
burning during which time 18.6 pounds of metal was burned and 28 
pounds of oxide was produced. The oxide analyzed 23L cc/g which 
is theoret icrs l  f o r  t h i s  composition a l loy .  The r e s u l t s  of t he se  
measurements a r e  presented i n  Table 3 below. 

Table 3 

mols 9, mols 0, 
Elurning %on i n  i n  ex i t  i n  e x i t  

pressure rDate,  Q e x i t  gas @;a3 
on gun #/hr. mols gas 

% - ( c a l c rd )  c(f ound) dev ia t ion  

These checks a r e  excel lent  considering the condit ions under 
which the  measurements were made. It i s  seen t h a t  about 1400 
mols of a i r  per hour (18.3 cfm a t  S.T.D.) i s  s u f f i c i e n t  t o  burn 
completely 4.65 pounds of potassium per hour. 

47 - Appearance of the  Oxide 

The oxide produced by t h i s  method of burning i s  of 
exce l l en t  qua l i t y ,  It contains no t r a ce s  of f r e e  metal, hard 
lumps, specks, s c a l e  o r  fo re igh  p a r t i c l e s  of any kind. It i s  
of uniform t ex tu r e  and co lo r  and would be i dea l l y  s u l t e d  f o r  
e i t h e r  c a n i s t e r  or  s h i p  use. 

48 Apparent Density of Oxide 

The dens i ty  was determined by weighing an amount 
necessary t o  juzt  f i l l  a  cy l i nd r i ca l  can 11 inches long and 3 
inch radius .  Some packing undoubtedly takes place during the  
emptying process so it is  d i f f i c u l t  t o  compare the observed den- 
s i t y  v i t h  t h a t  obtained by other  methods. The average dens i ty  
the  oxide produced i n  the  manner described i s  0.2 grams per c c ,  
It can be hand packed t o  0.4 grams per  cc. It i s  of i n t e r o s t  



that  this product i s  about twice as dense as  the  oxide made a t  
t h i s  Laboratory by the  vapor method and a l s o  i s  considerably 
more dense th~an t h a t  being produced by Mine Safety Appliances 
Company. The reason f o r  t h i s  has not been determined, previous 
work has indicated t h a t  pure potassium s i n t e r s  a t  a considerably 
lower tempera.ture than oxide containing a considerable proport ion 
of sodium pertoxide. It is  qu i t e  possible  tha t  the burning temper- 
a t u r e  approaches c lose  enough t o  tile s i n t e r i ng  temperature t o  
s t a r t  the  gathering of the  pa r t i c l e s ,  The f a c t  t h a t  nearly a l l  of 
the  oxide is  re ta ined Ln the  hopper ins tead  of going i n t o  the  s t a ck  
bears  out t h i s  f a c t ,  

C ONC LUS 1 ONS 

49 The spray-gun method i s  a clean,  sa fe  and economical 
means of burn.ing esaent i a l l y  pure potassium t o  potassium te t rox ide  
which w i l l  r e l ease  t h e o r e t i c a l  ava i l ab le  oxygen content on de- 
composition, 

50 The metal can be burned a t  a r a t e  of about 5 pounds 
, pe r  hour per gun. The t o t a l  r a t e  of production i s  l imited only 
by the  _number of guns which can be put i n t o  operation a t  once, 

51. The product i s  of exce l l en t  qual i ty .  It i s  of uniform 
color  and t ex th r e ,  f r e e  from lumps and fore ign  p a r t i c l e s  and can 
be e a s i l y  catalyzed,  pressed and ground f o r  c an i s t e r  use or used 
a s  produced f o r  submarines. 

52 A y i e l d  of 86% has been obtained burning sporadical ly.  
This can be increased considerably by continuous burning, 

LINES FOR FURTHER INVESTIGAT'IQN 

5 3 Although two guns have been s e t  up t o  be used 
imultaneous13y, the  a i r  supply k~as not  been s u f f i c i e n t  t o  supply 
0 th  guns a t  the reaui red  pressure.  The p r inc ipa l  f a c t o r  doter- 

mining how many guns can be used per hopper i s  the h o p ~ e r  temper- 
a tu re ,  It i s  qu i t e  reasonable t o  assume t h a t  an equilibrium 
temperature w i l l  be reached with two guns which i s  not  too 
d i f f e r e n t  from t h a t  with one as  the a i r  flonr through the h o p ~ e r  
i s  doubled, 

54. f ' t  might be desirous t o  increase the y i e ld  beyond 
t he  point  which can be rea l i zed  v i t h  mechanical co l l e c t i ng  
devices,  A C o t t r o l l  p r e c i p i t a t o r  has been t r i e d  a t  t h i s  Lab- 
o ra to ry  and found very s a t i s f a c t o r y  f o r  r e ta in ing  t he  oxide 
o rd ina r i l y  l o s t  as  smoke, This device presented severa l  mechan- 
i c a l  d i f f i c u l t i e s  however,and was abandoned, Further  invest iga-  
t i o n  might relsult i n  an e f f i c i e n t  rlorkable un i t ,  

55. O f  t h e o r e t i c a l  i n t e r e s t  vould be the study of the 
na ture  of the Lrown mate r i a l  formed by s lov ,  cold ,  sporadic 
burning, 
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