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ABSTRACT 

A l o w  temperature  vapor phase c a t a l y t i c  o x i d a t i o n  

u n i t  u s ing  Ardox c a t a l y s t  has  been designed,  b u i l t  and 

t e s t e d  f o r  i t s  a b i l i t y  t o  o x i d i z e  o rgan ic s  e n t r a i n e d  i n  

vapor from t h e  vacuum d i s t i l l a t i o n  of u r ine .  

Performance da ta  f o r  t h e  u n i t  a r e  included i n  t h i s  

report, and e s t i m a t e s  a r e  made for c a t a l y s t  l i f e ,  power 

requirements ,  and c a p a b i l i t i e s  of the u n i t .  
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SUMMARY -- 

A l o w  temperature ,  vapor phase c a t a l y t i c  ox ida t ion  u n i t  

us ing  Ardox c a t a l y s t  h a s  been developed. It  c o n s i s t s  of  a 

hea ted  c a t a l y s t  bed (conta in ing  a thermistor, temperature  con- 

t ro l le r ,  and thermocouple) and an i n s u l a t e d  h e a t  exchanger. 

The u n i t  has  been t e s t e d  and was found t o  operate s a t i s -  

f a c t o r i l y  i n  the temperature  range 140F t o  250F. It is  f e l t  

t h a t  lower ope ra t ing  temperatures  may a l s o  be e f f e c t i v e ,  and it 

i s  known t h a t  tempera tures  t o  350F a r e  t o l e r a b l e .  

The u n i t  is  used i n  conjunct ion  w i t h  simple labora tory  

glassware,  w i t h  which u r i n e  is d i s t i l l e d  through t h e  c a t a l y s t  

bed i n  the  presence  of a i r ,  and the vapors  condensed. 

The c a t a l y s t  reduces  the  l e v e l  of organics  i n  u r ine  vapor,  

a s  measured by COD and TOC va lues .  Ammonia is n o t  e f f e c t i v e l y  

oxid ized  by the  c a t a l y s t ,  b u t  when a p re t r ea tmen t  of the  u r i n e  

i s  c a r r i e d  o u t  t o  p reven t  hydro lys i s  of  urea t o  ammonia, a 

h igh  q u a l i t y  water  i s  recovered.  Es t imates  of  c a t a l y s t  l i f e  

have been made from t h e  da t a  c o l l e c t e d .  

Power requi rements  and capac i ty  o f  t h e  u n i t  have been 

es t imated .  It  is  be l i eved  t h a t  minor modi f ica t ions  i n  des ign  

i n  c a t a l y s t  composition may be introduced to  g r e a t l y  inc rease  

capac i ty  of t h e  u n i t  and c a t a l y s t  l i f e ,  w i th  only  modest in- 

c r e a s e s  i n  weight.  

a nd 

the  
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INTRODUCTION 

The recovery of  po tab le  water  from urine,wash water  

and o the r  sources  i s  e s s e n t i a l  for long d u r a t i o n  space 

missions.  

A number of  promising approaches t o  p u r i f i c a t i o n  

appear  f e a s i b l e ,  inc luding  a i r  evapora t ion ,  membrane vapor 

d i f f u s i o n ,  vacuum and compression d i s t i l l a t i o n ,  electro- 

d i a l y s i s ,  w i t h  e l e c t r o l y t i c  p re t r ea tmen t  and r eve r se  

osmosis . 
Vacuum d i s t i l l a t i o n  of  water  from space wastes  e f f e c t s  ' 

a s u b s t a n t i a l  improvement i n  q u a l i t y  of such wastes ,  b u t  a lone  

i s  i n s u f f i c i e n t  t o  y i e l d  a po tab le  product .  Three major po l lu-  

t a n t s  may occur  i n  such recovered water:  1) b a c t e r i a ,  2) ammonia, 

and 3 )  v o l a t i l e  o rgan ic  contaminants whose o f f ens ive  odor and 

t a s t e  make t h e  product  non-potable. 

Charcoal  has  been used t o  t r a p  these od i f e rous  compounds, 

b u t  does n o t  have s u f f i c i e n t  capac i ty  nor e f f e c t i v e n e s s .  High 

temperature  c a t a l y t i c  ox ida t ion  may be used e f f e c t i v e l y ,  b u t  

in t roduces  a weight p e n a l t y  due to  t h e  power r equ i r ed  and 

weight  of thermal  i n s u l a t i o n  needed t o  s h i e l d  t h e  cab in  from 

excess  hea t .  

A low temperature  c a t a l y s t ,  Ardox was developed a t  ARDE 

which e f f e c t i v e l y  removes these organics  wi th  l o w e r  p o w e r  

requirements .  

- 3- 
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Under a c o n t r a c t  wi th  NASA (NAS 1-7025) t h i s  c a t a l y s t  

was incorpora ted  i n t o  a designed l igh t -weight  piece of hard- 

ware c o n s i s t i n g  of a l o w  temperature  c a t a l y s t  bed wi th  an 

i n s u l a t e d  h e a t  exchanger. This u n i t  was then  tested by 

d i s t i l l a t i o n  of aqueous s o l u t i o n s  of va r ious  organic  

compounds, aqueous s o l u t i o n s  of ammonia, and u r i n e  through 

t h e  c a t a l y s t  bed. 

The d i s t i l l a t i o n  of d i l u t e  s o l u t i o n s  of  pure  organic  

compounds through the bed y i e l d s  informat ion  on t h e  expected 

behavior  of c o n s t i t u e n t s  of u r i n e  dur ing  d i s t i l l a t i o n .  It  

a l s o  po in ted  o u t  necessary  modi f ica t ions  i n  the labora tory  

te  s t s e t-up . 
The d i s t i l l a t i o n  of u r ine  was then c a r r i e d  o u t  under 

v a r i e d  cond i t ions  of d i s t i l l a t i o n  temperature  and c a t a l y s t  

bed temperature ,  and t h e  recovered water analyzed. This  work 

c o n s t i t u t e s  t h e  main s u b j e c t  mat te r  of t h i s  report. 

-4- 
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DESIGN 

C a t a l y s t  Bed  

The c a t a l y t i c  ox ida t ion  u n i t  can be broken down 

i n t o  t w o  component s e c t i o n s ;  a hea ted  c a t a l y s t  bed; and 

an i n s u l a t e d  h e a t  exchanger whose purpose is t o  minimize 

power requirements  for the u n i t .  

The c a t a l y s t  bed c o n s i s t s  of  an annular  c y l i n d r i c a l  

v e s s e l  which con ta ins  a h e l i c a l  bed hea te r ,  thermocouple, 

t he rmis to r  c o n t r o l ,  and approximately 130 grams of  supported 

c a t a l y s t  . 

Heat Exchanqer 

The h e a t  exchanger c o n s i s t s  of  a bundle of t e f l o n  

tubes h e l d  between t w o  aluminum p e r f o r a t e d  p l a t e s .  Tef lon  

was used t o  p reven t  a x i a l  h e a t  loss i n  t h e  exchanger tubes  

through conduction. The enttering vapor pas ses  around the 

h e a t  exchanger tubes, through the hea ted  c a t a l y s t  bed, and 

down through the exchanger tubes  o u t  i n t o  a plenum chamber. 

The h e a t  exchanger i s  housed i n  a t e f l o n  cy l inde r .  Around t h e  

t e f l o n  c y l i n d e r  i s  conta ined  a powdered i n s u l a t i o n  c o n s i s t i n g  

of f i n e l y  d iv ided  aluminum power and san toce l .  The o u t e r  

aluminum j a c k e t  i s  sea l ed  to  the h e a t  exchanger v i a  "0" r i n g s  

a t  t h e  top and bottom of the exchanger. The annular  i n s u l a t i o n  

chamber i s  evacuated dur ing  use t o  complete the  i n s u l a t i o n  system. 

-5- 
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EXPERIMENTAL 

A. Assembly and S t a r t  Up of Uni t  

A f t e r  completion of f a b r i c a t i o n  of the  c a t a l y t i c  o x i d a t i o n  

u n i t ,  t h e  u n i t  was assembled, and the  c a t a l y s t  bed charged with 

g r a n u l a r  alumina (8 t o  14 mesh). Alumina is t h e  c a t a l y s t  sub- 

s t r a t e ,  and was i n s t a l l e d  for t h e  sake  o f  running c o n t r o l  

experiments.  

I n s u l a t i o n  was poured i n t o  t h e  vacuum j a c k e t ,  and the u n i t  

s ea l ed .  A d i s t i l l a t i o n  appara tus  was assembled f r o m  convention- 

a l  l abo ra to ry  g lassware  t o  a l low vacuum d i s t i l l a t i o n  of t e s t  

s o l u t i o n s  and u r i n e  through t h e  c a t a l y t i c  u n i t  (see Figure  1). 

The d i s t i l l a t i o n  appa ra tus  used i n  i n i t i a l  tests c o n s i s t e d  o f  

a three-neck f ive -ga l lon  pyrex evapora to r  w i t h  p r o v i s i o n s  for 

a i r  i n l e t ,  thermometer, en t ra inment  s e p a r a t o r  and vapor tube 

t o  t h e  c a t a l y s t  u n i t .  The c a t a l y s t  u n i t  was mounted on a 

convent iona l  l a b o r a t o r y  "f lexaframe" support .  The e x i t  por t  of 

t h e  c a t a l y s t  u n i t  was connected t o  t w o  Graham-type condensers  

i n  series, which l e d  t o  a r e c e i v i n g  f l a s k  c h i l l e d  i n  ice-water.  

The o u t l e t  of t h e  r e c e i v i n g  f l a s k  was connected t o  a l i q u i d  

n i t r o g e n  t r a p ,  followed by a vacuum pump. A i r  was fed i n t o  

t h e  evapora tor  through a gas-flow meter t o  a s c e r t a i n  f l o w  r a t e  

of a i r  e n t e r i n g  t h e  u n i t .  

A thermocouple, h e a t e r  and temperature  sens ing  probe a r e  

p a r t  of t h e  c a t a l y s t  bed make up, and served  to  monitor and 

c o n t r o l  t h e  c a t a l y s t  bed temperature .  

-6- 
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During s t a r t  up, d i f f i c u l t i e s  w e r e  encountered w i t h  a 

l eak  i n  the vacuum jacke t .  Rather  than de lay  t e s t i n g  t o  f i n d  

t h i s  leak ,  m o s t  of t h e  t e s t i n g  was c a r r i e d  o u t  wi thout  vacuum 

i n s u l a t i o n .  I n  a d d i t i o n ,  a f t e r  some h e a t e r  r e p a i r s  and rep lace-  

ments, t e s t i n g  was c a r r i e d  o u t  w i thou t  powdered i n s u l a t i o n ,  

which was t e d i o u s  and t i m e  consuming t o  i n s t a l l .  S ince  the  

objective of these i n i t i a l  tests was t o  determine the o x i d i z i n g  

c a p a b i l i t y  of the  u n i t  r a t h e r  t han  e s t a b l i s h i n g  the power r equ i r e -  

ments, o p e r a t i o n s  wi th  i n s u l a t i o n  for power tests w e r e  d e f e r r e d  t o  

l a t e r  i n  the tes t  program. Removing t h e  i n s u l a t i o n  r e q u i r e d  

o p e r a t i o n  a t  h ighe r  power l e v e l s .  However, o p e r a t i o n  a t  h ighe r  

power l e v e l s  h a s  no b e a r i n g  on t h e  v a l i d i t y  of t h e  ox ida t ion  tests. 

B. Pure Compound Runs 

I n i t i a l  check o u t  tests of t h e  appa ra tus  w e r e  c a r r i e d  o u t  

w i t h  d i s t i l l e d  water.  Then, d i l u t e  s o l u t i o n s  of  s e v e r a l  pure  

compounds w e r e  consecu t ive ly  d i s t i l l e d  through t h e  c a t a l y t i c  

u n i t  w i t h  alumina i n  t h e  c a t a l y s t  bed. These c o n s t i t u t e d  t h e  

c o n t r o l  d i s t i l l a t i o n s .  Pure compounds chosen f o r  the i n i t i a l  

r u n s  w e r e  a c e t i c  a c i d ,  formic a c i d ,  h i p p u r i c  a c i d ,  phenol ,  

c r e a t i n e ,  s k a t o l e  and ammonia. Ten l i ters of each s o l u t i o n  

w e r e  p repared  and f r a c t i o n a l l y  d i s t i l l e d .  

S e v e r a l  d i s t i l l a t e  samples w e r e  c o l l e c t e d  on each  run  and 

the  corresponding l i q u i d  n i t r o g e n  t r a p  con ten t s  added t o  each  

sample. The t o t a l  sample volume was measured and a l i q u o t s  saved 

for a n a l y s i s .  Samples of the d i s t i l l a n d  w e r e  a l s o  set  a s i d e  for 

a n a l y s i s .  The ana lyses  used w e r e  chemical oxygen demand (COD) 

-7- 
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for the  organics ,  and colorimetric a n a l y s i s  us ing  Nessler's 

r eagen t  f o r  ammonia. Each pure  chemical was d i s t i l l e d  i n  sequence 

wi thout  purge of the d i s t i l l a t i o n  system. Subsequent a n a l y s i s  

of the da ta  showed t h a t  t a i l i n g  of earlier runs  i n t o  l a t e r  ones 

occurred.  This  t a i l i n g  i n t e r f e r e d  wi th  the precise i n t e r p r e t a t i o n  

of test d a t a .  

I n  l a t e r  d i s t i l l a t i o n s ,  a one-neck d i s t i l l a t i o n  b o t t l e  

was s u b s t i t u t e d  for the  three-neck b o t t l e  w i t h  no loss of 

convenience, and connect ing hoses  between system components w e r e  

shor tened  a s  much a s  possible. The l a t t e r  change reduced the 

t a i l i n g  effects between consecut ive  runs by reducing  the  amount 

of  f l u i d  r e t a i n e d  by the  system (See Figure  2 ) .  

A f t e r  t h e  pure  compound c o n t r o l - t e s t  d i s t i l l a t i o n s  w e r e  

c a r r i e d  o u t ,  the c a t a l y t i c  u n i t  was opened and the alumina re- 

p laced  w i t h  Ardox c a t a l y s t .  D i lu t e  s o l u t i o n s  of pure  compounds 

w e r e  then  d i s t i l l e d  through Ardox c a t a l y s t .  

Ammonia was d i s t i l l e d  through the u n i t  i n  both a c o n t r o l  

run w i t h  alumina i n  the  bed and a c a t a l y t i c  ox ida t ion  tes t  run.  

These tests were first c a r r i e d  o u t  i n  the  same manner a s  the d i l u t e  

s o l u t i o n s  of o rgan ic  compounds. However, it was found t h a t  con- 

s i d e r a b l e  losses of ammonia occurred and t h a t  therefore m a t e r i a l  

ba lances  and i n t e r p r e t a t i o n  of oxida t ion  test  d a t a  w e r e  impossible. 

The ammonia d i s t i l l a t i o n  tests were repea ted ,  us ing  r igo rous  pre- 

cau t ions  t o  t r a p  the v o l a t i l e  ammonia. These p recau t ions  con- 

sisted of a t r a i n  of three s u l f u r i c  a c i d  t r a p s  i n  a d d i t i o n  t o  a 

l i q u i d  n i t rogen  t r a p ,  p a r t i a l l y  f i l l e d  w i t h  d i l u t e  s u l f u r i c  ac id .  

-8- 
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Data obta ined  i n  t h i s  experiment  showed a good m a t e r i a l  

ba lance ,  a s  can be seen i n  Table X I I I .  

C. Urine D i s t i l l a t i o n  

Urine d i s t i l l a t i o n s  w e r e  c a r r i e d  o u t  i n  a manner s i m i l a r  

t o  t h e  pu re  compound runs  except  t h a t  the appara tus  was modi- 

f i e d  t o  a l low u r i n e  vapor t o  be passed  e i t h e r  through t h e  

c a t a l y s t  bed, or condensed d i r e c t l y  wi thou t  c o n t a c t  wi th  the 

c a t a l y s t .  This change was i n s t i t u t e d  because u r i n e  composition 

v a r i e s  from b a t c h  t o  b a t c h  a s  w e l l  a s  w i th  t i m e  and consequent ly  

so does the u r i n e  vapor composition. With t h i s  modi f ica t ion  of 

t e s t i n g  procedure ,  it was possible t o  monitor t h e  u r i n e  vapor 

composition whenever des i r ed .  I n  p r a c t i c e ,  a sample of  u r i n e  

vapor (A, Table  XV) was condensed before t h e  d i s t i l l a t i o n  

t es t  through the c a t a l y s t .  Af t e r  each d i s t i l l a t i o n  test  was 

completed, a second sample of u r i n e  vapor (B, Table XV) was 

c o l l e c t e d .  Bypass samples A and B w e r e  analyzed f o r  TOC, whi le  

t he  oxid ized  d i s t i l l a t e  samples w e r e  analyzed both  f o r  TOC and 

COD. Data f o r  t hese  "bypass" samples w e r e  compared t o  d a t a  

on samples d i s t i l l e d  through t h e  c a t a l y s t  i n  order  t o  a s c e r t a i n  

the e f f e c t i v e n e s s  of t h e  c a t a l y s t  i n  reducing  organics  i n  u r i n e  

vapor. 

, I  

I n  the l a s t  four  u r i n e  d i s t i l l a t i o n s ,  t he  u r i n e  was pre- 

t r e a t e d  wi th  a s u l f u r i c  a c i d  - chromic a c i d  mixture ,  which 

se rves  t o  a r r e s t  urea hydro lys is .  This p re t r ea tmen t  permi t ted  

the de termina t ion  of c a t a l y s t  e f f e c t i v e n e s s  i n  the  absence of  

ammonia. 
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D. Power Requirements 

Upon complet ion of  t e s t i n g  the  c a t a l y t i c  u n i t  was opened, 

the used c a t a l y s t  removed, f r e s h  c a t a l y s t  i n s t a l l e d  and in- 

s u l a t i o n  p u t  i n  p l a c e ,  The ou te r  vacuum j a c k e t  was evacuated 

and was brought  t o  a vacuum of about  500 microns. I t  was 

suspec ted  t h a t  some naphtha, (which i s  p r e s e n t  i n  the aluminum 

powder) might be d i s t i l l i n g  o f f  and hence l i m i t i n g  the vacuum. 

However, it was a l s o  found t h a t  the l i m i t i n g  vacuum of  500 

microns was close t o  the maximum c a p a b i l i t y  of  the vacuum 

pump. Power tests w e r e  run  a t  t h i s  l e v e l  of vacuum i n s u l a t i o n .  

A better vacuum should reduce power requirements  l e v e l s  

measured here .  

I n  order  t o  e s t a b l i s h  power requirements ,  water was 

d i s t i l l e d  through t h e  c a t a l y s t  u n i t ,  and i n l e t  and o u t l e t  

temperatures  and p r e s s u r e s  recorded.  Voltage and amperage 

t o  t h e  h e a t e r  w e r e  measured. From these da ta ,  and the t i m e  

requi red  for d i s t i l l a t i o n  of a measured volume of water ,  an 

e s t ima te  of power requirements  was made f o r  use  of t he  u n i t  

a t  d i f f e r e n t  d i s t i l l a t i o n  temperatures .  

I n  a d d i t i o n ,  a pyrometer was used t o  measure the  ou te r  

j a c k e t  w a l l  temperature  of t he  c a t a l y t i c  u n i t ,  i n  order t o  

compare a n a l y t i c  e s t i m a t e s  of power losses by convec t ion  from 

the  ou te r  wal l ,  wi th  measured losses , 
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RESULTS AND D I S C U S S I O N  

A.  Cont ro l  D i s t i l l a t i o n s  of  Pure Compounds 

Of p a r t i c u l a r  importance i n  the i n v e s t i g a t i o n  of  t h e  pure  

compounds i s  t o  determine whether they tend  t o  d i s t i l l  or remain 

w i t h  t h e  res idue .  Cont ro l  d i s t i l l a t i o n s  w e r e  a l ready  necessary  

f o r  the s tudy of ox ida t ion  of these pure  compounds. These 

experiments  a f fo rded  a convenient  means of ob ta in ing  d i r e c t  

information r e l a t i n g  t o  their  d i s t i l l a t i o n  c h a r a c t e r i s t i c s .  

Acetic a c i d  was d i s t i l l e d  through t h e  c a t a l y s t  a t  t w o  

d i s t i l l a n d  concen t r a t ions ;  5 m l  of g l a c i a l  a c e t i c  a c i d  per 10 

l i ters  s o l u t i o n  (see da ta  i n  Table I) and 10 m l  o f  g l a c i a l  

a c e t i c  a c i d  p e r  10 l i t e rs  s o l u t i o n  (see Table 11). The con- 

t r o l  d i s t i l l a t i o n s  showed a marked f r a c t i o n a t i o n  of t h e  b ina ry  

mixture  wi th  a c e t i c  a c i d  tending  t o  remain behind i n  the  

evapora tor  a s  water - r ich  vapor p r e f e r e n t i a l l y  d i s t i l l s  over.  

I n  order t o  c l a r i f y  t h e  s i g n i f i c a n c e  of  da t a  i n  t h e  t a b l e s ,  

a d e t a i l e d  i n t e r p r e t a t i o n  of  da t a  i n  Table I is  g iven  here. 

Samples A through G r e p r e s e n t  success ive  ba tches  of d i s t i l l a t e  

collected from the vacuum d i s t i l l a t i o n  of a s o l u t i o n  o f  f i v e  

mil l i l i ters  of g l a c i a l  a c e t i c  a c i d  d i s so lved  i n  t e n  l i ters of  

d i s t i l l e d  water .  The sample l a b e l l e d  " r e s idue"  r e p r e s e n t s  t he  

a c e t i c  a c i d  s o l u t i o n  remaining i n  t h e  d i s t i l l a t i o n  f l a s k  a t  the 

end of t he  experiment.  The sample l a b e l l e d  c o n t r o l  i s  an 

a l i q u o t  of  t h e  o r i g i n a l  s o l u t i o n  b e f o r e  d i s t i l l a t i o n .  
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The COD va lue  for each  sample i s  the  chemical oxygen 

demand, expressed i n  mg oxygen per l i t e r  a s  determined by 

l abora to ry  a n a l y s i s .  The volume for each sample i s  ex- 

pressed i n  liters. The t o t a l  under t h i s  column i s  the sum 

of volumes of all samples measured i n  the experiment.  The 

d i f f e r e n c e  between th i s  va lue  (9,760 1) and 10.000 1 repre- 

s e n t s  m a t e r i a l  losses incu r red  dur ing  the experiment.  

The da ta  i n  the column l a b e l l e d  "To ta l  COD" i s  the 

m u l t i p l i c a t i o n  p roduc t  of the da ta  i n  the column "C0D"in 

mg/liter and the da ta  i n  the "volume" column, which gives 

the t o t a l  number of mi l l ig rams of oxygen r equ i r ed  t o  oxid ize  

a l l  of the organic  c o n t e n t  of the collected sample. The 

sum of these d a t a  i n  the "Tota l  COD" column (30001.1 mg)  i s  

the t o t a l  mg of oxygen needed t o  oxid ize  a l l  of the samples 

and r e s idue  and c o n t r o l  a s  measured exper imenta l ly .  The 

number i n  p a r e n t h e s i s  (4861) is c a l c u l a t e d  from the COD of 

the c o n t r o l  sample i n  mg/ l i te r ,  m u l t i p l i e d  by 10 to  give 

the  t o t a l  s t a r t i n g  COD for the e n t i r e  s t a r t i n g  so lu t ion .  

The d i f f e r e n c e  between 4861 and 3001.1 r e p r e s e n t  ex- 

per imenta l  losses o f  m a t e r i a l ,  ox ida t ion  occurr ing  i n  t h e  

absence of c a t a l y s t ,  or any other losses of COD, due to  ex- 

per imenta l  error or o t h e r  f a c t o r s .  

I n  experiments where t h e  measured sum of the t o t a l  COD 

is  g r e a t e r  than  theory ,  it i n d i c a t e s  t h a t  contaminat ion from 
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t h e  prev ious  run was c a r r i e d  over i n t o  the  collected samples. 

An example of t h i s  s i t u a t i o n  i s  seen i n  Table I V .  

Formic a c i d  l ikewise  f r a c t i o n a t e d  i n  the  same way a s  

a c e t i c  a c i d ,  and tended t o  remain behind i n  t h e  evapora tor ,  

a s  i s  r e a d i l y  apparent  from a n a l y s i s  of t h e  da ta  i n  Table 111. 

Examination o f  the  da t a  i n  Table I V  f o r  h ippur i c  a c i d  

shows t h a t  t he  h ippur i c  a c i d  (as  measured by COD va lues )  

remains completely behind i n  the  evapora tor  r e s idue .  Phenol 

p r e f e r e n t i a l l y  d i s t i l l e d  over and t h e r e f o r e  concent ra ted  i n  

t h e  d i s t i l l a t e  (Table V ) .  C rea t ine  e v i d e n t l y  has  l i t t l e  

tendency t o  d i s t i l l ,  a s  can be seen  from t h e  r e s i d u e  concen- 

t r a t i o n  ( i n  Table V I )  for t h i s  compound. 

The d i s t i l l a t i o n  of a d i l u t e  s k a t o l e  s o l u t i o n  caused 

cons iderable  d i f f i c u l t y  during the  c o n t r o l  tests. Skato le  

p r e f e r e n t i a l l y  d i s t i l l e d  over ,  and condensed t o  a s o l i d  i n  the  

c a t a l y t i c  ox ida t ion  u n i t  and i n  the  condensers,  b locking  t h e  

vapor f l o w .  Because of t h e  g r e a t  d i f f i c u l t i e s  with s k a t o l e ,  

only t w o  f r a c t i o n s  of d i s t i l l a t e  w e r e  c o l l e c t e d  (see Table V I I ) .  

I n  t h e  nex t  consecut ive  control,  ammonia was d i s t i l l e d  

(see Table V I I I )  The ammonia samples w e r e  contaminated wi th  

s k a t o l e ,  which, however, probably d i d  n o t  i n t e r f e r e  w i t h  the 

Nessler's tes t  f o r  ammonia. 
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I n  summary then,  phenol  and s k a t o l e  d i s t i l l  o v e r . r e a d i l y  

w h i l e  h ippur i c  a c i d  and c r e a t i n e  do n o t  appear  t o  d i s t i l l  over .  

A c e t i c  and formic a c i d s  l i e  i n  between i n  t e r m s  o f  t h i s  

c h a r a c t e r  i s  t ic  . 

A p a r t i c u l a r  problem encountered du r ing  t h e s e  runs  

was the t a i l i n g - o f f  o f  a compound i n t o  the n e x t  consecut ive  

run. This  made the d i s t i l l a t e  da t a  d i f f i c u l t  t o  i n t e r p r e t .  

For example, d i s t i l l a t i o n  of d i l u t e  h i p p u r i c  a c i d  

s o l u t i o n  showed a drop off of d i s t i l l a t e  COD for consecut ive  

samples (see Figure  3 ) .  

However, s i n c e  a n a l y s i s  of the evapora to r  r e s i d u e  showed 

t h a t  h i p p u r i c  a c i d  was n o t  d i s t i l l i n g  over, it i s  obvious t h a t  

t he  COD found i n  the d i s t i l l a t e  samples on t h i s  run  a c t u a l l y  

r e p r e s e n t s  formic a c i d  contaminat ion f r o m  t h e  p rev ious  run. 

This  i s  a c l e a r  c u t  i n d i c a t i o n  of t a i l i n g  of o rgan ic s  from 

one run  i n t o  t h e  fo l lowing  run,  and t h i s  problem causes  some 

d i f f i c u l t y  of i n t e r p r e t i n g  t h e s e  t es t  r e s u l t s .  

S i m i l a r l y ,  examination of the " c r e a t i n e  d a t a "  on t h e  

his togram (see Figure  4)  l e a d s  t o  t h e  conclus ion  t h a t  t h e  COD 

observed i n  t h e  d i s t i l l a t e  was phenol,  which was s t i l l  t a i l i n g  

i n t o  t h e  d i s t i l l a t e  f r o m  the p rev ious  experiment,  N o t e  t h a t  

i n  o rde r  for t h i s  COD t o  a c t u a l l y  r e p r e s e n t  c r e a t i n e ,  t h e  

d i s t i l l a t e  c o n c e n t r a t i o n  would have to  i n c r e a s e  w i t h  t i m e  a s  
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t h e  r e s idue  concen t r a t ion  of  c r e a t i n e  increased .  The drop 

o f f  i n  COD i n  success ive  d i s t i l l a t e  samples is convincing 

evidence t h a t  t he  COD is  a c t u a l l y  phenol.  

B. C a t a l y t i c  Oxidat ion of  Pure Compounds 

Only a c e t i c  a c i d ,  formic ac id ,  phenol  and ammonia w e r e  

d i s t i l l e d  through Ardox c a t a l y s t .  Hippuric  a c i d  and c r e a t i n e  

w e r e  n o t  run  wi th  t h e  c a t a l y s t  because they  w e r e  found n o t  t o  

v o l a t i l i z e  i n  t h e  c o n t r o l  runs.  Ska to l e  was not  run because 

of t h e  g r e a t  d i f f i c u l t i e s  encountered w i t h  it i n  the c o n t r o l  

run. The d a t a  from the  c a t a l y t i c  ox ida t ion  runs  i s  shown 

i n  Tables  I X  t o  X I I ,  and i n  F igure  5. Evalua t ion  o f  t h i s  

da t a  is  d iscussed  below. 

The b a s i s  o f  comparison used t o  e v a l u a t e  the  e f f e c t  of 

the  c a t a l y s t  is to  compare, for any given volume of s o l u t i o n  

d i s t i l l e d ,  t h e  t o t a l  COD observed i n  runs wi th  and wi thout  

c a t a l y s t .  This  approach is v a l i d  because f o r  any g iven  con- 

c e n t r a t i o n  of an  i n i t i a l  b inary  mixture ,  t h e  f i n a l  cumulat ive 

concen t r a t ion  of the d i s t i l l a t e  depends only  on t h e  f r a c t i o n  

of t h e  s t a r t i n g  volume d i s t i l l e d  over.  However, t h i s  i s  t r u e  

when a l l  of t h e  d i s t i l l a t e  i s  caught  and when no i n t e r f e r e n c e s  

(such as t h e  t a i l i n g  e f f e c t  p rev ious ly  noted)  occur.  

L e t  us f irst  cons ider  t he  e f f e c t  of loss of d i s t i l l a t e  

from the system. The volumes of  water  los t  w e r e  smal l ,  u sua l ly  
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under 5%, and could be corrected for by assuming t h a t  t h e  

loss was p r o p o r t i o n a l  t o  the  volume of t h e  f r a c t i o n  d i s t i l l e d .  

The loss of  s o l u t e  from the d i s t i l l a t e  depends on i t s  

v o l a t i l i t y ,  For a c e t i c  a c i d  and formic a c i d ,  t hese  losses 

w e r e  p robably  n e g l i g i b l e .  For phenol ,  t hese  losses would 

n o t  be n e g l i g i b l e ,  b u t  a r e  p roab ly  equal  i n  t h e  c o n t r o l  and 

c a t a l y t i c  ox ida t ion  runs.  

L e t  u s  nex t  cons ider  t h e  errors due t o  t h e  t a i l i n g  of 

one run i n t o  the next .  I n  some of these  experiments,  t he  

q u a n t i t y  of m a t e r i a l  t a i l i n g  was l a r g e  compared t o  the amount 

apparent ly  oxid ized  under t h e  process cond i t ions  used i n  these  

tests, and the re fo re ,  it i s  d i f f i c u l t  t o  i n t e r p r e t  such da ta  

q u a n t i t a t i v e l y .  However, we  have s u f f i c i e n t  d a t a  t o  permit 

the comparison of c a t a l y s t  and c o n t r o l  runs  f o r  a c e t i c  a c i d  

and phenol ,  

1. Acetic A c i d  Data 

The c o n t r o l  runs  on a c e t i c  a c i d  w e r e  t h e  f irst  made 

on the  alumina c o n t r o l  bed. Therefore ,  no i n t e r f e r e n c e  from 

t a i l i n g s  o f  a prev ious  run  was encountered. Two concen t r a t ions  

of a c e t i c  a c i d  w e r e  run, however, and it might be argued t h a t  

t he  f i r s t  a c e t i c  a c i d  run a f f e c t e d  the  second. Refer r ing  t o  the  

a c e t i c  a c i d  da t a  i n  Tables  I and I1 i n d i c a t e s  the r e s i d u e  of 

the d i l u t e  a c e t i c  a c i d  c o n t r o l  ( r e s idue  830 COD) run was 

v i r t u a l l y  the same a s  the i n i t i a l  concen t r a t ion  of the  s t a r t i n g  

-16- 



ARDE, INC.  

m a t e r i a l  i n  t h e  second a c e t i c  a c i d  run  ( i n i t i a l  concent ra t ion  

1025 COD). On t h i s  b a s i s  t h e  error due t o  t a i l i n g s  from the 

f i r s t  a c e t i c  a c i d  c o n t r o l  run  w e r e  cons idered  t o  be n e g l i g i b l e  

i n  t h e  second. Some smal l  amount of i n i t i a l  d i l u t i o n  of  the 

d i s t i l l a t e  i n  the second run i s  a l l  t h a t  might be expected. 

The c a t a l y t i c  ox ida t ion  run w i t h  a c e t i c  ac id ,  Table I X ,  

was aga in  t h e  f i r s t  mater ia1  through f r e s h  c a t a l y s t  bed. 

J u s t  prior t o  t h i s  run,  about  6 . 6  l i ters  o f  NH - water  mixture  

had passed through the system, e f f e c t i v e l y  c l ean ing  it reasonably 

f r e e  from contaminants  showing COD. This  run was made w i t h  

a c e t i c  a c i d  s o l u t i o n  a t  approximately the same concen t r a t ion  

a s  t he  second a c e t i c  a c i d  c o n t r o l  run. A comparison between 

these  runs  was t h e r e f o r e  cons idered  u s e f u l  and the r e s u l t s  

a r e  shown i n  F igure  6. The p lo ts  s h o w  the cumulative COD of 

the  d i s t i l l a t e  a s  a func t ion  of the cumulat ive volume d i s t i l l e d .  

N o t e  t h a t  when 70% of each s t a r t i n g  s o l u t i o n  was d i s t i l l e d  

t h a t  a d i f f e r e n c e  i n  cumulat ive COD (i.e., t o t a l  COD collected) 

of  650 mg/1 i s  observed. The c o n t r o l  showed a t o t a l  COD of 

2530 a t  t h i s  p o i n t .  A reduct ion  of 25.7% was a t t r i b u t a b l e  to  

the  presence  of the  c a t a l y s t .  

3 

2. Phenol Data 

A s i m i l a r  comparison of d i s t i l l a t e  COD f r o m  c o n t r o l  

run and c a t a l y s t  run was made w i t h  phenol.  Examination of t h e  

c o n t r o l  run  da ta  i n d i c a t e s  t h a t  t h e  run wi th  h ippur i c  a c i d  i s  
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expected t o  have l i t t l e  e f f e c t  upon t h e  phenol  c o n t r o l  run. 

The COD of the  l a s t  sample of 1.3 l i t e r s  from the  h ippur i c  

a c i d  c o n t r o l  was only 40 mg/l which i s  n e g l i g i b l e  i n  comparison 

wi th  the  COD'S ob ta ined  with phenol.  The only e f f e c t  would be 

s l i g h t  d i l u t i o n  of the  i n i t i a l  f r a c t i o n  of phenol  c o n t r o l  

d i s t i l l a t e .  The c a t a l y s t  run, however, d i d  s u f f e r  somewhat 

more of an e f f e c t  from t h e  t a i l i n g s  of the run preceding it. 

Formic a c i d  run (Table X) was conducted p r i o r  t o  the  c a t a l y s t  

tes t  wi th  phenol.  However, t h e  COD of t h e  l a s t  t w o  l i t e rs  

from the formic a c i d  run exceeded t h a t  from the hippuric  a c i d  

run. It would s e e m ,  t h e r e f o r e ,  t h a t  comparison of t h e  phenol  

control run w i t h  t h e  c a t a l y s t  run  could r e f l e c t  only errors 

which tended t o  diminish t h e  e f f e c t  of the  c a t a l y s t .  

The comparison of c a t a l y t i c  ox ida t ion  and c o n t r o l  runs 

on phenol  (see Figure 7 )  i n d i c a t e s  t h a t  when 70% of each 

i n  t i a l  m a t e r i a l  has d i s t i l l e d  over,  a d i f f e r e n c e  i n  3200 mg/ 

i s  observed. Since a t  t h i s  p o i n t  a t o t a l  of 16200 m g / l  had 

d i s t i l l e d  from t h e  c o n t r o l ,  a r educ t ion  i n  COD of 19.7% could 

be a t t r i b u t e d  t o  the  c a t a l y s t .  

L 

3.  Ammonia Data 

The ammonia da t a  i n  Table V I 1 1  show a very poor 

m a t e r i a l  balance.  Subsequent work showed t h a t  un le s s  very 

c a r e f u l  p recau t ions  w e r e  exercised ammonia was los t  through 

the  l i q u i d  n i t rogen  t r a p  i n t o  t h e  vacuum pump, and a l s o  through 
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r o u t i n e  handl ing  of the samples i n  t h e  l abora to ry .  Therefore ,  

t he  da t a  on t h i s  c o n t r o l  run  could n o t  be used for e v a l u a t i o n  

of  the c a t a l y t i c  o x i d a t i o n  of ammonia. 

A f t e r  t h e s e  p re l imina ry  experiments  wi th  ammonia 

demonstrated the d i f f i c u l t y  of achiev ing  s u c c e s s f u l  m a t e r i a l  

ba lances ,  s p e c i a l  p r e c a u t i o n s  w e r e  i n s t i t u t e d  t o  i n s u r e  t h a t  

ammonia would n o t  be lost  from samples through handl ing  or 

through the  l i q u i d  n i t r o g e n  t r a p  i n t o  t h e  pump, The r e s u l t  

of t h i s  e x e r c i s e  was q u i t e  i n t e r e s t i n g ,  and p o i n t s  o u t  t h e  

d i f f i c u l t y  of working w i t h  ammonia s o l u t i o n s  , 

For example, i n  Table XIII, t h e  d a t a  c o l l e c t e d  i n  a 

c o n t r o l  d i s t i l l a t i o n  of ammonia a r e  shown, I n  t h i s  experiment 

t h e r e  was no c o n t a c t  wi th  c a t a l y s t ,  and t h e r e f o r e  no oppor tun i ty  

for c a t a l y t i c  ox ida t ion .  A comparison of a n a l y t i c a l  da t a  

c o l l e c t e d  on the d i s t i l l a t e  sample wi th  t h e  t r a p  samples shows 

t h a t  the t r a p  picked up almost  t w i c e  the amount of ammonia a s  

was found i n  t h e  d i s t i l l a t e  sample (2.08 grams a s  compared to  

1.16 grams). Therefore ,  i f  s p e c i a l  p r e c a u t i o n s  had n o t  been 

taken t o  c a t c h  a l l  of t h e  d i s t i l l e d  ammonia, approximately 

two-thirds of the d i s t i l l e d  ammonia would have been lost. 

Another p o i n t  to  be observed i n  t h e s e  d a t a  i s  t h a t  t h e  

t r app ing  techniques  used w e r e  e f f e c t i v e  i n  account ing for  a l l  

of t h e  ammonia, and a l l  o f  t h e  water used i n  the experiment 
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(103.6% and 99.0% r e s p e c t i v e l y )  . T h i s  g i v e s  u s  confidence t h a t  

the  da ta  i n  the  c a t a l y t i c  ox ida t ion  tes t  wi th  ammonia (shown 

i n  Table X I V )  , which w e r e  ob ta ined  under t h e  same p recau t ions  

should be j u s t  a s  accu ra t e  and r e l i a b l e .  

I n  the c a t a l y t i c  ox ida t ion  t es t ,  91.5% of  t h e  ammonia, 

and 98.5% of  t h e  water  w e r e  recovered.  These da t a  i n d i c a t e  

t h a t  a smal l  amount of  ammonia (8.5%) may have been oxid ized  

i n  t h i s  test. However, t h e  l o w  l e v e l  of removal (oxida t ion ,  

adsorp t ion ,  or o therwise)  does n o t  ho ld  o u t  much promise 

f o r  e f f e c t i v e  ox ida t ion  of  ammonia wi th  Ardox c a t a l y s t .  

C. Phys i ca l  C h e m i s t r y  o f  Urine D i s t i l l a t i o n  

Examination of t h e  d i s t i l l a t i o n  da ta  on d i l u t e  s o l u t i o n s  

of pure  compounds se rves  a u s e f u l  purpose.  It  a l lows  us  t o  

r e f l e c t  on what happens dur ing  the  d i s t i l l a t i o n  of  such a 

complex mixture  a s  u r ine .  

1) I t  is  immediately obvious (from the h i p p u r i c  ac id  

and c r e a t i n e  d a t a )  t h a t  c e r t a i n  components of  u r ine  would n o t  

d i s t i l l ,  and t h e r e f o r e  do n o t  need t o  be oxid ized  or otherwise 

removed from the vapor. Therefore ,  one can look a t  an  a n a l y s i s  

of  u r i n e  (such a s  i s  g iven  i n  t h e  NASA Bioas t ronaut ics  Data 

Handbook) and p r e d i c t  t h a t  t h e  g r e a t e s t  weight f r a c t i o n  of 

d i s so lved  c o n s t i t u e n t s  of  u r i n e  w i l l  no t  d i s t i l l ,  and t h e r e f o r e  

r e a l l y  a r e  n o t  a problem (except  t h a t  they  c o n s t i t u t e  waste 
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s o l i d s  which must even tua l ly  be disposed of or s t o r e d ) .  T h i s  

group of c o n s t i t u e n t s  inc ludes  the  amino a c i d s ,  s a l t s ,  sugars ,  

hormones, v i tamins ,  urea and many other c o n s t i t u e n t s .  

2)  On the other hand, t h e r e  a r e  o t h e r  h igh ly  v o l a t i l e  

and s t rong ly  od i f e rous  c o n s t i t u e n t s  i n  u r ine ,  many of  which 

have n o t  been i d e n t i f i e d  i n  the u r i n e  ana lyses ,  which d i s t i l l  

much more e a s i l y  than  water  (an impor tan t  c o n s t i t u e n t  of  t h i s  

group i s  ammonia) . These compounds a s  a group a r e  l a r g e l y  

found i n  t h e  l i q u i d  n i t rogen  t r a p  a f t e r  a u r i n e  d i s t i l l a t i o n .  

Although their  t o t a l  mass (or volume) c o n t r i b u t i o n  t o  u r i n e  

is  smal l ,  t h e i r  pungent odors a l lows  them to  contaminate  

water recovered dur ing  a u r i n e  d i s t i l l a t i o n  t o  render  it non- 

po tab le .  These c o n s t i t u e n t s  must be des t royed  or separa ted  

from the vapor. It would s e e m  worthwhile t o  cons ider  a f l a s h  

d i s t i l l a t i o n  of these  v o l a t i l e s  from u r i n e  o u t  t o  space,  t o  

e l imina te  them from the  u r i n e  wi thout  a s i g n i f i c a n t  loss of 

water  vapor,  a s  p a r t  o f  any water  recovery  system. 

3) A t h i r d  c l a s s  o f  u r i n e  c o n s t i t u e n t s  r e p r e s e n t  

compounds w h i c h  have v o l a t i l i t i e s  comparable t o  t h a t  of 

water .  These cannot  be separa ted  q u a n t i t a t i v e l y  from the 

water vapor i n  any p r a c t i c a l  way by d i s t i l l a t i o n  and must be 

removed by c a t a l y t i c  ox ida t ion ,  adsorp t ion ,  or other procedures .  
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D. Urine D i s t i l l a t i o n s  

A series of consecut ive  d i s t i l l a t i o n s  of one-day o l d  human 

(male) u r i n e  w e r e  made through t h e  c a t a l y t i c  ox ida t ion  u n i t  

t o  determine t h e  u n i t ' s  e f f i c i e n c y  t o  ox id ize  t h e  organics  

and ammonia p r e s e n t  i n  u r i n e  vapor. The tests w e r e  a l s o  

c a r r i e d  o u t  t o  compare u r i n e  d i s t i l l a t i o n s  a t  d i f f e r e n t  

vapor i za t ion  temperatures  . A second v a r i a b l e  was in t roduced ,  

t h a t  o f  t h e  c a t a l y s t  bed opera t ing  temperature ,  i n  order  to  

col lect  da t a  f o r  e s t ima t ion  of t h e  u n i t ' s  power requirements .  

The d i s t i l l a t i o n  r a t e  was gene ra l ly  k e p t  s l o w ,  b u t  d i s t i l l a t i o n s  

w e r e  c a r r i e d  o u t  over  a range of  d i s t i l l a t i o n  r a t e s  51-396 ml/hour. 

D i s t i l l a t e  from i n i t i a l  runs  showed e x c e l l e n t  removals of 

organics .  Ammonia l e v e l s  s t a r t e d  l o w  b u t  qu ick ly  b u i l t  up 

t o  unacceptab le  l e v e l s  i n  success ive  runs.  W i t h  cont inued 

use  t h e r e  was a gradual  f a l l  o f f  i n  c a t a l y t i c  ox ida t ion  

e f f i c i e n c y  w i t h  a r a t h e r  l a r g e  spread  i n  e f f i c i e n c y  i n  day t o  

day tests. The l a r g e  spread  may p a r t l y  be due t o  d i f f e r e n c e s  

i n  o p e r a t i o n a l  parameter l e v e l s  used i n  the series of experiments ,  

and may a l s o  be due t o  d i f f e r e n c e s  i n  the  q u a l i t y  and composition 

of u r i n e  used i n  the tests. Never the less ,  the da ta  show a t rend ,  

and from t h i s  t r end  one can e x t r a p o l a t e  a u s e f u l  l i f e  for t h e  

c a t a l y s t ,  be fo re  regenera t i o n  is necessary . 
There i s  reason t o  b e l i e v e  t h a t  a p a r t  o f  t he  loss of 

c a t a l y s t  e f f i c i e n c y  is  caused by chemical degrada t ion  of the  

c a t a l y s t  by chemical ly  r e a c t i v e  species i n  u r i n e  vapor.  The 
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r e l a t i v e  f r a c t i o n  of e f f i c i e n c y  loss caused by s i d e  r e a c t i o n s  

and t h a t  caused by need f o r  r egene ra t ion  has  n o t  y e t  been 

determined, b u t  it is hoped t h a t  chemical a n a l y s i s  of the 

c a t a l y s t  bed used f o r  t h e  u r i n e  d i s t i l l a t i o n s  w i l l  p rovide  

an answer t o  t h i s  ques t ion .  

The r e s u l t s  of u r i n e  d i s t i l l a t i o n s  c a r r i e d  o u t  a r e  shown 

i n  Table V. A s  can be seen  from these d a t a ,  d i s t i l l a t i o n  of 

u r i n e  through t h e  c a t a l y s t  bed r e s u l t s  i n  a r educ t ion  i n  chemical 

oxygen demand (COD) and t o t a l  o rganic  carbon (TOC) of t h e  

recovered water  a s  compared t o  the condensed u r i n e  vapor which 

was d i v e r t e d  p a s t  the  c a t a l y s t  bed. 

W e  believe t h a t  the e f f i c i e n c y  of ox ida t ion  i s  dependent 

on the " res idence"  or ' ' s tay" t i m e  of vapor i n  the c a t a l y s t  bed. 

When t h e  c a t a l y s t  u n i t  was used a t  the des ign  goa l  

d i s t i l l a t i o n  r a t e ,  poor e f f i c i e n c y  of  ox ida t ion  of organics  

r e s u l t e d .  However, a t  one t h i r d  t h i s  f l o w  r a t e ,  good r e s u l t s  

w e r e  obtained.  These r e s u l t s  i n d i c a t e  t h a t  a longer  res idence  

t i m e  is  r equ i r ed  f o r  t h e  u r i n e  vapor i n  the c a t a l y s t  bed. T h i s  

can be achieved by inc reas ing  t h e  weight  of  c a t a l y s t  used i n  

the u n i t ,  which, f o r t u n a t e l y ,  does n o t  r e q u i r e  a p r o p o r t i o n a l  

i nc rease  i n  hardware weight.  

Water ob ta ined  dur ing  t h e  tes t  runs  had good reduct ions  

i n  organic  l e v e l s ,  b u t  was contaminated wi th  ammonia, which 
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caused a n o t i c e a b l e  odor. When ammonia was e l imina ted  by 

p r e t r e a t m e n t  w i th  a chromic and s u l f u r i c  a c i d  mixture ,  

e f f i c i e n c y  of  removal of o r g a n i c s  was approximately the same 

a s  wi thout  p re t r ea tmen t .  However ,  e l i m i n a t i o n  of t h e  ammonia 

r e s u l t s  i n  water  wi th  e x c e l l e n t  odor. Therefore ,  it would 

seem t h a t  p r e t r e a t m e n t  of u r i n e  t o  e l i m i n a t e  ammonia followed 

by d i s t i l l a t i o n  of t h e  u r i n e  through Ardox c a t a l y s t  a t  a ( l o w )  

e l e v a t e d  temperature  would offer an effective r o u t e  t o  recovery  

of p o t a b l e  water  from u r i n e .  

I n  o t h e r  tests, n o t  p a r t  of t h i s  program, it has  been 

found t h a t  water  ob ta ined  by d i s t i l l a t i o n  of u r i n e  through 

Ardox c a t a l y s t  a t  300°F i s  e s s e n t i a l l y  f r e e  of pa thogenic  

types  of b a c t e r i a  normally a s s o c i a t e d  w i t h  u r ine .  B a c t e r i a l  

tests w e r e  n o t  c a r r i e d  o u t  on samples c o l l e c t e d  i n  t h i s  program 

b u t  we  b e l i e v e  t h a t  t h e  water  recovered  was probably likewise 

e s s e n t i a  1 l y  steri le . 
Analyses of "by-pass" samples of u r i n e  vapor i n  these 

runs  show t h a t  a s u b s t a n t i a l  f r a c t i o n  of the v o l a t i l e  o rgan ic s  

a r e  e l i m i n a t e d  by the p r e t r e a t m e n t  . 

The consequence of t h i s  f a c t  i s  t h a t  p r e t r e a t m e n t  reduces 

the load  on t h e  c a t a l y s t  bed, and t h e r e f o r e  would no doubt 

g r e a t l y  ex tend  t h e  l i f e  o f  t h e  c a t a l y s t  bed beyond t h e  e s t i m a t e  

made h e r e  on the b a s i s  of non-treated u r ine .  
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Comparison o f  r e s u l t s  on t r e a t e d  and non t r e a t e d  u r i n e  

samples shows no g rea t  d i f f e r e n c e  i n  74 r educ t ion  of o rgan ic s .  

S ince  t h e  u n t r e a t e d  u r i n e  vapor conta ined  copious amounts of 

ammonia, t h i s  " l a c k  of d i f f e r e n c e "  between t r e a t e d  and un- 

t r e a t e d  u r i n e  sugges ts  t h a t  ammonia does n o t  have an adverse 

e f fec t  on t h e  a c t i o n  of  t h e  c a t a l y s t .  

E. Enerqy Requirements 

Energy requirements  w e r e  c a l c u l a t e d  from t e s t  d a t a  

c a r r i e d  o u t  under v a r i o u s  ope ra t ions .  The energy requirements  

a r e  summarized i n  Table X V I .  

Energy requirements  ranged f r o m  4.76 t o  7.74 w a t t  h r s .  

per lb. o f  d i s t i l l a t e .  The tests w e r e  made a t  f l o w  r a t e s  

ranging  f r o m  .76 t o  3.12 lbs. per h r .  The p rev ious ly  descr ibed  

vacuum pump l i m i t a t i o n  pe rmi t t ed  a j a c k e t  p r e s s u r e  only a s  

l o w  a s  500 microns t o  be achieved. It  i s  expected t h a t  more 

e f f i c i e n t  evacuat ion  o f  the i n s u l a t i n g  vacuum j a c k e t  would 

f u r t h e r  reduce the energy requirements .  However, t h e  l o w  

energy l e v e l  of 5 w a t t  hours  per lb. of d i s t i l l a t e ,  r equ i r ed  

a t  a n t i c i p a t e d  f l o w  r a t e s ,  i s  c e r t a i n l y  a u s e f u l  f e a t u r e  of 

the  Ardox r e a c t o r  des ign .  
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CONCLUSIONS 

1) The use of  Ardox c a t a l y s t  f o r  the c a t a l y t i c  ox ida t ion  

of  u r i n e  vapor c o n s t i t u e n t s  r e s u l t s  i n  a marked reduct ion  

i n  concen t r a t ion  of organic  species. 

2)  Ammonia i s  n o t  e f f e c t i v e l y  oxid ized  by Ardox. 

3 )  The c a t a l y s t  u n i t  has  minimum power requirements  o f  

about  5 watt-hours per pound of water  co l l ec t ed .  

4)  Pre t rea tment  of u r i n e  wi th  chromic ac id - su l fu r i c  a c i d  

mixture ,  followed by d i s t i l l a t i o n  through Ardox y i e l d s  

water wi th  no no t i ceab le  odor and a l o w  concen t r a t ion  

o r  o rgan ic  contaminants.  

5) I t  is  es t imated  t h a t  50 pounds of water  can be recovered 

from u r i n e  p e r  pound of  c a t a l y s t  used, i f  no c a t a l y s t  

r egene ra t ion  i s  used. 

6) C a t a l y s t  regenera t ion  would no doubt  a l low much more water  

t o  be recovered be fo re  the  c a t a l y s t  loses i t s  e f f e c t i v e n e s s .  

7 )  A simple modi f ica t ion  of c a t a l y s t  p repa ra t ion  t o  inc lude  a 

h igher  percentage  of a c t i v e  m a t e r i a l  could f u r t h e r  i nc rease  

t h e  ou tpu t  of the  c a t a l y s t  u n i t  i n  terms of pounds of water 

recovered per pound of  c a t a l y s t  used. 

-26- 



ARDE, INC.  

RECOMMENDATIONS 

The c a t a l y s t  u n i t  should be redesigned,  a s  shown 

i n  F igure  8 t o  a l low more c a t a l y s t  t o  be used i n  the  u n i t .  

This  w i l l  n o t  cause  a g r e a t  i nc rease  i n  weight ,  b u t  would 

t r iple  the  o u t p u t  of the c a t a l y t i c  u n i t .  

Ardox should be used t o  o x i d i z e  o rgan ic s  i n  u r i n e  

vapor from p r e t r e a t e d  u r i n e  or vapor  otherwise f r e e d  from 

ammonia . 
Tests should be c a r r i e d  o u t  a t  s t i l l  lower c a t a l y s t  

bed temperatures ,  s i n c e  t h e  optimum bed temperature  has  

n o t  been e s t a b l i s h e d .  

The d i s t i l l a t i o n  procedure f o r  r ecove r ing  p o t a b l e  

water  from u r i n e  should  inc lude  a f l a s h  d i s t i l l a t i o n  of  

ammonia and h igh ly  v o l a t i l e  o rgan ic s ,  pr ior  t o  p re t r ea tmen t ,  

t o  g a i n  g r e a t e s t  b e n e f i t  from any water  recovery system. 

The d i s t i l l a t i o n  appara tus  should provide  oppor tun i ty  

t o  collect  the d i s t i l l a t e  ho t ,  and for r e f l u x  of the vapors  

from t h e  hot  d i s t i l l a t e  t o  d r i v e  off v o l a t i l e s .  The 

a d a p t a t i o n  of t h i s  idea  t o  z e r o  g r a v i t y  systems, however, 

w i l l  r e q u i r e  some c r e a t i v e  imaginat ive engineer ing ,  
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TABLE I 

T E S T  RESULTS 

D I S T I L L A T I O N  OF CONTROL SAMPLES 

Acetic Acid 5 ml /10L  

COD VOLUME TOTAL COD - 
mg/L L i t e r s  mg  

A 

B 

C 

D 

E 

F 

G 

R e s i d u e  

C o n t r o l  

T o t a l  

39.2 

27.4 

15.7 

15.6 

19.5 

54.6 

85.8 

830.7 

486.1 

. 190 

. 920 

. 940 

,820 

.990 

1 . 700 

770 

3 . 180 

-250 

7.0 

25.2 

14.8 

12.8 

19.3 

92.8 

66.1 

2641.6 

121.5 

9.760 3001.1 

(Calbulated va lue  4861;0)i’  
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ARDE, I N C .  

TABLE I1 

TEST RESULTS 

DISTILLATION OF CONTROL SAMPLES 

Acetic Acid 10 m l / l O L  

A 

B 

C 

Residue 

Cont ro l  (Taken 
a f t e r  1670 MLS 
D i s t i l l e d )  

Tota 1 

- COD VOLUME TOTAL COD 
mg/L L i t e r s  m g  

115.2 1670 192 .4 

276.5 1725 477.0 

564.5 32 90 1857.2 

L o s t  (Es t .*  1755) 2 8  10 4930.4 ' E s t .  

1 2  13.4 300 364.0 

9795 7821.0 E s t .  

(Calculated va lue  10256.0) 

* Est imate  based on previous 
experiment (Acetic A c i d  5 m l / l O L  
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ARDE, INC.  

TABLE 111 

T E S T  RESULTS 

D I S T I L L A T I O N  OF CONTROL SAMPLES 

Formic A c i d  10 m l / l O L  

SAMPLE COD VOLUME TOTAL COD 

A 389.6 3390 1320.7 

B 420.2 1390 584.1 

C 301.8 820 247.5 

D 500.4 1310 655.5 

R e s i d u e  1062 .O 2680 2846.2 

C o n t r o l  405.0 -300 121.5 

Tota l  98 90 5775.5 

(Calculated value 4050.0) 

-30- 



ARDE, INC. 

TABLE I V  

TEST RESULTS 

D I S T I L L A T I O N  OF CONTROL SAMPLES 

Hippuric Acid 10 qrams/lOL 

SAMPLE COD VOLUME TOTAL COD 

A 272.0 1965 534.5 

B 228.0 920 209.8 

C 76.0 14 50 110 . 2 
1310 68.1 D 52.0 

E 40.0 1300 52.0 

R e s i d u e  7400.0 2620 19,388.0 

C o n t r o l  804 . 0 300 241.2 

Tota  1 986 5 20,603.8 

( C a l c u l a t e d  value 8040.0) 
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ARDE, I N C .  

TABLE V 

TEST RESULTS 

DISTILLATION OF CONTROL SAMPLES 

Phenol 10 qrams/lOL 

COD - VOLUME TOTAL COD 

A 2567.5 4150 10,655.2 

B 2074.0 2665 5,527 . 2 
C 1221.0 4 50 684.5 

D 1363.0 6 10 831.4 

R e s i d u e  711.0 1680 1,194.5 

C o n t r o l  2172.5 - 300 651.8 

T o t a l  9855 19,544.5 

( C a l c u l a t e d  value 21,725.0) 
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ARDE, I N C .  

TABLE V I  

TEST RESULTS 

DISTILLATION OF CONTROL SAMPLES 

C r e a t i n e  10 G r a m s / l O L  

COD VOLUME TOTAL COD SAMPLE - 
A 867 .O 1.300 1153.1 

B 200.9 1780 357.6 

C 59.1 2040 120 . 6 
D 35.5 2350 83.4 

R e s i d u e  3388.5 2020 6844.8 

300 205.7 C o n t r o l  685.6 7 

T o t a l  9820 8765.2 

( C a l c u l a t e d  value 6856.0) 
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ARDE, INC.  

TABLE V I 1  

TEST RESULTS 

D I S T I L L A T I O N  OF CONTROL SAMPLES 
c 

Skato l  10 G r a m s / l O L  

SAMPLE COD VOLUME TOTAL COD 

A 2788 . 5 2900 8,086.7 

B 1681.0 2220 3,731.8 

R e s i d u e  267 . 5 3620 968 . 4 
control* 515.5 300 154.7 

T o t a l  9040 12,941.6 

( C a l c u l a t e d  value 5155.0) * 

* Taken a f t e r  d i s t i l l a t i o n  
of Sample A 
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ARDE, I N C .  

TABLE V I 1 1  

TEST RESULTS 

DISTILLATION OF CONTROL SAMPLES 

Ammonia 10 Grams/lOL 

SAMPLE AMMONIA , VOLUME TOTAL AMMONIA 

A 380 .O 1260 478.8 

B 40.0 1940 77.6 

C 7 .0  1370 18.9 

D 4 .0  18 50 7.4 

Residue 0.0 3040 0.0 

Control 380.0 300 114.0 

Total 97 60 696.7 

(Calculated value 3800 .O) 
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ARDE, INC.  

TABLE I X  

TEST RESULTS 

D I S T I L L A T I O N  OF SAMPLES THROUGH ARDOX CATALYST 

Acetic A c i d  10 G r a m s / l O L  

SAMPLE COD VOLUME TOTAL COD 

A 168 . 6 1270 214.1 

B 174.2 17 10 297.8 

C 202 . 3 18 60 376.3 

D 528.3 1860 982.6 

R e s  idue 2304.0 28 90 6,658.6 

C o n t r o l  1124.0 4300 337 . 2 
T o t a l  98 90 8,866.6 

- 

( C a l c u l a t e d  value 11,240.0) 
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ARDE, INC.  

TABLE X 

TEST RESULTS 

D I S T I L L A T I O N  OF SAMPLES THROUGH ARDOX CATALYST 

Formic Acid 

SAMPLE COD VOLUME TOTAL COD 

A 521.4 1000 521.4 

B 134 . 3 1315 176 . 6 
C 118.5 2390 283.2 

D 208.4 1990 414.7 

R e s i d u e  1113.9 2460 2,740.2 

C o n t r o l  426.6 300 128.0 - 
Tota  1 9455 4,264.1 

( C a l c u l a t e d  value 4266.0) 
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ARDE, INC. 

TABLE X I  

T E S T  RESULTS 

D I S T I L L A T I O N  OF SAMPLES THROUGH ARDOX CATALYST 

Phenol 

SAMPLE 

A, 

B 

C 

D 

R e s i d u e  

C o n t r o l  

Tota  1 

COD VOLUME TOTAL COD 

1921.0 1080 2,074.7 

2489.0 2260 5,625.1 

2088.0 147 0 3,069.4 

1607 . 5 1360 2,186.2 

1097 . 5 2780 3,051.1 

d 4 2 5  991.3 2332.5 - 

9375 16,997.8 

( C a l c u l a t e d  value 23,325.0) 
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ARDE, INC.  

TABLE X I 1  

TEST RESULTS 

D I S T I L L A T I O N  OF SAMPLES THROUGH ARDOX CATALYST 

Ammonia 5 G r a m s / l O L  

SAMPLE 

A 

B 

C 

D 

R e s i d u e  

C o n t r o l  

T o t a l  

AMMONIA VOLUME TOTAL AMMONIA 

488.0 1540 751.5 

14.6 2310 

7.9 1480 

33.7 

11.7 

8.5 1830 15.6 

5.6 2720 15.2 

327.0* 0 0 

9880 827.7 

( C a l c u l a t e d  vdlue 3270.0) 

* E s t i m a t e d  
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ARDE, I N C .  

TABLE X I 1 1  

AMMONIA CONTROL 

MATERIAL BALANCE 

Sample I n i t i a l  I n i t i a l  Grams F i n a l  F i n a l  Grams % Re-  
Descr ip t ion  V o l u m e  Conc .NH Ammonia V o l u m e  Conc . Ammonia cover- 

ab le  3 L i t e r s  G/L 

I n i t i a l  
So lu t ion  10,000 

Al iquot  ,045 

N e  t I n  i ti a 1 
So lu t ion  9.955 

Trap #1 0.050 

#2 0.400 

#3 0.400 

LN Trap 0.050 2 
H SO4 - 

2 
D i  s ti 1 l a t e  - 
T o t a l  
Volume 10 -855 

T o t a l  NH3 

0.585 

0.585 

0.585 

0.000 

0 .ooo 
0 . 000 
0 ,000 

0.000 
- 

5,850 

0.026 

5.824 9.720 0.287 2.790 

0.030 42.500 1.275 

0.338 2.380 0.804 

0.330 0.0017 0.0006 

0.140 0.0017 0.0002 

0.185 6.280 1.162 

10.743 99.0 

5.824 6.032 103.6 
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ARDE, INC.  

TABLE XIJ 

AMMONIA CATALYTIC OXIDATION 

MATERIAL BALANCE 

Sample I n i t i a l  I n i t i a l  Grams F i n a l  F i n a l  Grams % Re-  
Descr ip t ion  Volume Conc.NH Ammonia V o l u m e  Conc. Ammonia 00ver~r- 

a b l e  3 L i t e r s  G/L 

I n i t i a l  
So lu t ion  10.000 

Al iquot  0.100 

N e t  I n i t i a l  
So lu t ion  

Trap #1 

#2 

#3 

2 
LN 

H2S04 

D i s  ti 1 la te  

T o t a l  
Volume 

To ta l  NH 3 

9.900 

0.050 

0.400 

0.400 

0.050 

- 
- 

10 -800 

0.617 

0.617 

0.617 

0.000 

0 .ooo 
0.000 

0 .OOO 

0 .OOO 

I 

6.108 8.540 0.051 

0.050 19.850 

0.335 9.000 

0.340 1.350 

0.225 0.000 

1.150 0.600 

10 . 640 

6 . 108 

0 -436 

0.993 

3.015 

0.459 

0.000 

0.690 

98.5 

5.593 91.6 
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ARDE INC. 

TABLE X V I  

ENERGY REQUIREMENTS 

SUMMARY OF RESULTS 

Run Flow Ave . Ave . A t  J a c k e t  Energy 
( lb/hr  .) I n l e t  O u t l e t  Water Pressure  (wat t  

Temp. Temp . (OF) (Microns ) hr/  lb)  
(OF) (OF) 

P 1  1.11 113 . 5 91.0 22.5 50 0 7.74 

P2 -76 161.7 89.6 72.1 500 6.05 

P3 3,12 146.5 108.7 37.8 500 4.76 
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ARDE, INC.  

COMPARISON OF CONTROL RUN 
WITH CATALYST RUN 

ACETIC ACID 
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