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Batch deni t rz t ion cf Purex I W W  was invest igats2 i n  12 batch ~ x t s  i r -  the  
p i l o t  piant deni t ra t ion uni t .  
of hot 1 W W .  A f t e r  sugar addition was com>lete, the  hct solution w2s 
digested f o r  several  hours. The react icn proceeded smothly and vas 
eas i ly  controllcd. 
per m l e  of sugar with a reaction pot temperature o f  1CC C aa5 a diges- 
t i on  2erio-l of 12 hours., About 17 moles of n i t r i c  acid wer.3 destrcyefi 
per  ole ~ i '  sugzr when tLte reaction pot tzmperature was ieduced to 95 C. 

Sugar ITZS ccntlnuously added t o  25 Li te rs  

A3out 19 t.0 22 mles cf n i t r i c  ac id  were destrcyzd 

A possibl? plant fio.r.rsnzd.t f o r  batch d m i t r e t i o n  with sugar w a s  develop- 
ed, 
betches of 1 1 ~  i n  a standartl 5,OCO-gdlon Purex Plant tank and incorpo- 
r a t e s  12 hours of sugar a d u t i o n  and 12  hours of digestion. 
sheet was successpdl.; demm trate5 i n  the p i l o t  2laqt equipmznt. 
1 .4  15 sugar solution vas a5ried t o  25 l i t e r s  of hct  (lOCC) l:W f o r  1 2  
hour s  and the  mixture vas digestee f o r  18 hours. 
a c i d  concentration was 6.1k E. 
17as 0.94 $1 and 0.90 bl  a f t e r  12 and 18 hours of digestion, raspectively. 
A residu- carbon ccgtent equivalsnt t o  1.9 and 0.4 pereznt of the t o t a l  
carkon fed P,S sugar vas present a f t e r  12 al-ld 18 hours of digestion, 
respectively. 
of sugar fed.. 

!Xiis flcwsheet presumes batch Seni t ra t ion of large 2, 500-gallorA 

%e flow- 
A 

T G ~  i n i t i a l  n i t r i c  
The r e s i d u a l  n i t r i c  acid concentration 

AbGut 13 mles of n i t r i c  acid trere destroyeC p?r mle 

Yearning w a s  producid &wing h t e h  dsnitracion 'i,;itk sugar by addition 
02 0 - 4  gram of D 3 P  per  l i t e r  of s jn thz t i c  1\IlJ. Tne a d d i t i m  of 0.2 
gran of I?ow Corning Antifopm 9 per l i t e r  of l?dV redcced foam lsvels 
by a3out a f ac to r  of  tvc. 

Ai fliLUCtiOn perfcd cf a3ou-L six t o  nine rLnut=s TELS cbserved before tho 
reaction s ta r ted .  
tid sugar addition rates were reduced. Gentle air  sparging reduced the 
induction pzriod b-7 about a fac tor  of two. 
2 s  a m2ns of dzcreasing t h e  induction 

'I32 lenGh of the  induct im gsrlod increased as i n i -  

Attenpts t o  usz sodiuin n i t r i t e  
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Description of Equipnent 

T'e equipnznt consisted o f  the dezi t ra t iqn Lmit and necessai?? zs:ilia;-Pes 
.to h u l ~ ~ e  t h e  off-gz?s, zrxii. the  re.-ztasts;, azd Teceive t h e  conCessate. 
T A i s  equipment t7as xot an o2 t imx  ~ e s i g n  -?or batch iienitrs5icn i.ii.kh si2::"r 
but PraE avai lable  from previous s t u l i e s  of con';ir!.uous delit:*s-Lisil vit:? 
fornaldekqde. AE equipment flovs'n?-&, i s  S ~ T X I  i n  F Q u e  I. Scea-~se 02 
the  poten t ia l  hazzrds of the  reaction dwing abnorml cocditions, the ,$-' 

n i t r a t ion  uni t  vas enclosed i n  a s ta in less  s t e e l  hood with a Z'kxiglasw 
f ront .  

T Eie denitration unit vas mde of sec t ions  of  glass pigz. 
of a 6-inch-I.D. by 9-foot-high reaction vessd  su-mounted b:r a &-inch- 
I . D .  by 8.5-foot-high tower. 
reaction pot, a 4-foot section of the  taxer vas packed v i tk  i/2-inch 
p o r c e h i n  k i t d o @  Sddc ikS .  DE! t cz  and bottom p2ckkg supp2rts con- 
s i s t e d  of binch-diameter sections of l/h-inch mesh screen irelLecl t o  
flanges t'nat were iaserted bEhfeen sections of the glass tower. The 
lT,?W enteered the  uni t  six inches cbove the packing. 

consisted 

Begi-ming 2 f e e t  8 inches abwe  the 

The reaction pot conteLne3 a stevn coli ,  twc sugar fezd l inzs ,  t;ro 
thernocouples, an a l t e r x t e  YAW feed l ine ,  and an zir sparser. TAe 
bottom of t h e  unit vas a blind p i p  flsnge v i th  ccmeccions f o r  zhp 
steaii coi l ,  thermocouples, air spargzr, a delvtge water inlet, acd a 
drain o r  s a p l e r  l i n e .  
of 22-1/2 turns  of 5/8-inch-O.C. tGbing (10 B??G). 
t r o l l e d  manuall.; v i t h  a valve on the s t e m  i - d e t .  

n e  4-1/2-inch-diamet~r stzzrz c o i l  consiszed 
S t e m  f l c w  was con- 

Gases frcm the  tower passed t3 a Covndraft ccndenser, a cacs t ic  scrub>er, 
and a stack. It con- 
tz ined a cooling c o i l  of l/g-inch pipe (50 turzs) around a cor3 of 3-inch 
pipe. The caust ic  scrubber, incorporated t o  prevent excessive spread of 
~%es t o  t'ae stmosppherz, was an 18- inch-d iae te r  by 3.6-fcot-high tar& 
equipped with a cooling co i l .  The gas i a le t  l i n e  enter& a t  the top of 
the t a l c  and terrainated i n  a sparg$r r ing loczted four inches above the  
bottom. Gases from the sparger r ing passed through a 20-inch fieight o f  
5 - 1.f sodim hydroxide t o  t'ae vapor space and ou t l e t  l i ne .  
off-gas system vas provided ~ T J  an air  j e t  in the  off-gas l i n e  j u s t  be- 
yood t h e  scrubber. 

m e  condenser was a 5-foot length of 6-inch pipe. 

Vacuw f o r  Yne 

. -  
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...< %z teinserature oi the  gases leaving the  7;ouez m s  ceasured by a Veston 
'ihermnet e r  . 
tkernocouTlzs enclosed i n  s ta in less  s t e e l  sheaths. 
na l  vas receiv,?d by a Brown indicator-recordzr c3libra';ed t o  cover :he 
range 0 t o  150 C. 

Reaction pot temperature vas xeasxea :rith chomel -e lme l  
'Zcz tlaermco;l-ole s i g -  

'Be two sugar feed l ines ,  ~ ' 1  a l te rnz tc  XTW feed l i ne ,  and a 20?; pres- 
sure t ap  entered the  pot through a I'lacge between :he tower and reac t ior  
pot. The sugar solution w a s  metered in to  the Lait 5mough e ro:zeter. 

Pot pressure 'was indica-ced on a water mnonlete-r rrhich hz& its zero in 
the  center of the scdg-and  could izdicate  e i the r  a v a c u ~  GT ;ressui-e 
of 0 t o  30 inches of water. 
cazed on an ident ica l  rrar,oEeter. The,diff&ence i n  ",he reading on The 
two mnoineters gave the  pressure drop across the  tover .  

The pressure az the  top of tower was i cd i -  

A pressure r e l i e f  valve vas ins t a l l ed  a t  the bottom or" the  tovzr  f o r  
safety purposes. 
exceeded f ive  psig but it was never actuated. Also, the s t e a  i n l e t  
l ine ,  sugar addition l ine ,  and deluge watei. l i n e  were equi2ped izith 
b a l l  valves . to  permit rapid shutdown and ra2id water quenching or" the  
reaction i n  the  event of abnorrca,l conditions. 

This valve was ecjusted t o  o2en i f  %he pot pressure 

X a t  e r i a l s  

An aqueous solution of refined sugar was used for $he program. 
conceatration w a s  2.5 

The sugar 
fo r  Runs 1 through 11 and 1.4 ?.I - f o r  Run 12. 

The synthetic h e x  1WW fo r  Runs 1 through 11 w a s  made ug t o  approxixiiate 
the  t a rge t  composition given i n  Table I. For Run 12, the ta rge t  concen- 
t r a t ions  of f r e e  ac id  and n i t r i t e  plus nitrats were increased t o  6 .1  
and 8.35 M,, respectively. 
i n  ezch batch are also l i s t e d .  
not performed. 
f ree-se t t l ing  sediment but the 1WW was f i l t e r e d  p r i o r  t o  use i n  the  
deni t ra t ion unit. 

Laboratory analyses f o r  spec i f ic  components 
Analyses f o r  the  other components were 

Each batch of synthetic IrlTi contained a s d l  amunt  of 

!Ike najor portion of the exl;erimentalprogram vzs direcikd z'i o5taining 
information on batch deni t ra t ion 02 1 W W  with sugar. 
dcced i n  several  runs by the  addition of dibutyl  phospka,te (DBP) t o  the 
l W W  and the  e f fec t  of DOT? Corning A n t i f o a  B was szuaied. In other  tes-3, 
attempts were made t o  pressurize the  system by del iberately i n i t i a t i n g  an 
a3noxmally rapid reaction. Also, t he  ic3wtioa period before the reactior, 
s ta f -ed  was studied and attempts were made to  reduce it. 
re su l t s  a r e  discussed i n  the  following sections. 

FXLUIG vas ic- 

Details of t he  



TABrn I 

SYNTHETIC UI6J COMPOSITION 

" 
Batch 1 Batch 2 Batch 3 Butch It 

Component -- Target (*I ( ~ u n s  1 t o  4) ( G s  5 t o  3) ( ~ u n s  10 and 11) --El - .  

- 
*Target composition i n  Runs 1. through 11. Target H+ and NOp' + NOg conc~litrntions for 

, Run 12 were 6.1.1.a - and 8.35~)  - respectively.  
I 
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Twelve batch runs were gerfomed i n  the deni t ra t ion uni t  t o  study de- 
n i t r a t ion  of 1 W W  with sugar under a var ie ty  of conditions. Sugar was 
continuously added t o  25 l i t e r s  of hot 1WW i n  each run. The 1VV vas 
held at  95C i n  Run ll and a t  100 C i n  all other runs. After sngar ad- 
d i t i o n  w a s  complete, reactiofi pot temperature vas maintained and the  
solut ion vas digested f o r  several  hdurs. The solution i n  the  W t  was 
sampled imed ia t e ly  after sugar addition w a s  stopped and per iodical ly  
throughout the digestion period t o  follow the  reaction. After t'ne d i -  
gestion period, the  solution w a s  cooled and the volume was measurzd t o  
determine the volume -reduction. 

Table I1 shows the  operating conditions during t'ae sugar-addition por- 
t i o n  of each run  and also shovs the  volume reduction t h a t  was measured 
after completion of the digestion periodo Information on sugar u t i l i -  
zation, residual carbon, and compositions during the digestion period 
i s  shown i n  Table 111. 
I1 and 1x1 because they were short  runs w i t h  incomplete sugar addition. 
They were performed t o  study foaming and are  discussed l a t e r .  

In general, the  runs were smoth  and eas i ly  controlled. 
teaperature was adjusted t o  the  desired temperature, no fur ther  ad jus t -  
ments were required t o  maintdn the temperature regardless of the sugar 
a d u t i o n  rats. 
ously ag i ta ted  by reaction gases that were dispersed throughout the  pot 
and the  solution w a s  ra ised above the i n i t i a l  l i qu id  level .  
agi ta t ion,  l i qu id  l eve l  r i se ,  and pressure drop across the tower in -  
creased as sugar addition rates were increased. 
of the solution above the  i n i t i a l  l i qu id  l eve l  w a s  10 and 32 inches i n  
Run 4 at sugar addition rates of 10.8 and 120 ml/mincte, respectively. 
A t  the  bdghest sugar addition r a t e  a t ta ined (120 ml/minute o r  2.6 pounds 
of  sugar per  minute per  square foot of tower cross section),  the  pres- 
sure drop across the  tower w a s  1.5 inches of water and a decrease i n  pot 
vacuum of  e ight  inches of water was noted. When sugar was added rapidly 
as i n  Runs 1 through 5, the m a x i m u m  pressure dros, nost vigorous agi ta t ion,  
and greatest  l iquid l eve l  r ise  occurred sinuLtaneously with the end of 
sugar addition. , 

Slower sugar addition r a t e s  were enployed i n  Rulls 3 t hough  12  TO sim- 
l a t e  sugar addition over a period of several 'nours t o  a large plant-  
sca le  tank. A t  these slower rates ,  the towe? vas gr?&'~>~r oversized and 
l i t t l e  or no przssure drop across the tower was observod. The zenpera- 
:-.:e of tha  gases leaving the tower slowPj increased during eech rus? 
arid the  uxim temperature l i s t e d  i n  Table I1 vas a t l amed  du lng  the  
last hour of sugar addition. Solution ag i ta t ion  a d  lio_uid l w e i  r i s e  
r?zched a &mum about one hour after sugar addition vas start&. 
---er2 l i qu id  l e v e l  and solution ag i tz t ion  appeared t o  reT2in essent ia l iy  
constant mti l  sugar ad f i t i on  was stopped. Evidence GI' 5 dscrease of ,he 
x s c t i o n  r a t e  as sugar addition progressed was _ ~ m v i & d  3;r a sLZzlficrrLu 
color change i n  the  tower. Tfie color of the  flmes i n  the v z p -  s;ace cf 
the  tower changed from almost black during the  first ~ I T O  hours of  sugar 
addition t o  a pale amber when sugar addition was coriipleted. 

. 

Data on Runs 6 and 7 a r e  not shown i n  Tables 

Once the ,Dot 

During sugar a d d i t i o n , ~ e  solution in the pot was vigor- 

Solution 

For example, the height 

There- = --.- 
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Sugar Additiontl  1 k L i U U m  
Em Sugar Tim a t  ,?ate, Tover A?, O3-Gas (2)  VoPne 
IJO. Added, Mles  Rate, Yin. l?l/J2n. In. of HOC)- Fez?, G’ Decrease, 

1 8.37 10.8 0 
0 

..EO 20.4 0 

60 
72 1k .a  

90 16 

2 8-37 50 11.6 - 0  90 u. 
10 24.0 0.2 
62 k0.7 0.3 

3 8.37 1.5 13.8 0 
13 34.1 0.2 
15 54.7 0.3 
27 65.7 0.8 

93 15.1 

4 8-37 10 10.8 0 94 20.7 - 6 66.8 
8 100.0 0.8 

17 120.0 1.5 

5 4-37 8 16.2 0.1 92 8.6 

8 5.12 195 4.1 0.1 48 6.0 

19.5 83.1 1.1 

120 4.66 0.1 
60 5.16 0.1 

- .  

9 5-12 380 4.71 0.1 91 8.0 
39 6.6 0 

10 6-40 245 10.45 0 95 25.4 

5 -  56 0 65 5.3 
277 10.0 0 

11 5.12 
51 

12 6.84 720 6-79 0 85 0.3 

(1) 
( 2 )  
( 3 )  

Sugar concentration 2.5 PI i n  Runs 1 thzough ll and 1.4 1.1 - i n  Run 12. 
b u m u m  temperature of gases leaving tower. 
Foan above lover pressure tap.  



-9 - 

RLm 
NO. 

1 

2 

- 

3’ * 

4 

5 

8 

9 

10 

il 

12 

(1 1 
(2) 
(3) 
(4) 

Product Cancentretion , 

Re s i&ual  Digestion 
Time, I?? E4 2 

4.25 

4.5 

0 
5 

3 
6 

0 

0 

3 
6 
LL 
16 

0 
6 
9 

12 

0 
6 
9 
ll 

0 
3 
5 
12 

0 
6 
9 
12 

0 
3 
6 
9 

12 
1 5  
18 

0.38 

0.72 

2.5 
0.09 

1.8 

-0.1 

3.7 
2.0 
1.6 
1- 3 
1- 3 

2.5 
1.4 
1 . 3  
1.2 

2.3 
1- 3 
1 . 3  

1.9 

0.27 
0.06 

3-1  
2.1 

‘ 1.9 
1.8 

2.0 
1.4 
1.1 
1.0 
0.94 
0.96 
0.90 

0.54 

1.1 

0.72 

Pime after sugar addition conplete. 
Percent of t o t a l  carbon fed as sugar. 
Based on f r e e  acid analyses. 
&sed on EO2- -I- NO3- analyses. 

Ib les  XNO1 Destroyed 

14.6 

13.6 

9.2 
15.3 

11 .3  
14.2 
15.9 

8.7 
17.6 
19.7 
2l.2 
21.2 

12.5 
17.5 
17.9 
18.4 

13.6 
18.1 
18.1 
19.0 

14.4 
17.8 
19.1 
19.7 

10.6 
1-52 
16.1 
16.5 

-*’ 

15 .1  
17.3 
i8.4 
18.8 
19.0 
18.9 
19.2 

17.1 

17.4 

13.3 
17.6 

16.2 
18.3‘ 
18.6 

1 5 . 1  
a - 9  
23.0 
22.5 

18.7 

21.0 
21.0 

19.5 
20.4 
20.8 
20.8 

18.8 
20.8 
20.8 
20.8 

15.7 
17.1 
17.1 

- 

17.6 

17.6 
19.7 
19.4 
19.7 
19.k 
1g.5 
19.4 
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m. 
Air  

7. t i on  slowed rapidly arid t'ne l i q u i d  l e v e l  s t ead i ly  receded af ter  
su,~.rcr u a t i l l t ion i.123 stopped. Within 30 t o  50 ;=ixtes after sugar addi- 
L,-GX -JS stopged, the I l qJ ld  level tm3 at or 'oc2.0~~ tile icitizl lave1 and 
t h e  solution WLS bubblin=; zent ly  v i t h  about 0.5 t o  2 i x h e s  of T o m .  Xtz 
rr.snnt e2 resct ion decrsased fur ther  i7i*h continwed dizestior.  a d  the  
tkcrxoxzter i n  the  vapor . -  l i n e  indicated a s t ead i ly  d.ncliniz~: tenpereture. 
j 2 t e r  12 ~ O U T S  or" digestion, t h e  reaction was e s s e n t i s l l g  complete. Or>y 
c. very fer7 bu3bles r.;ere ojserved i n  the  so1 :~ t ioa  G z d  z o s t  of  these a2par- 
eii tc ke t k e  resu l t  of vapor I'o-matiori on the s t 3 z i  wii .  

xe-kr  i n  -&e valor l i n e  indicated a tel?;Ferature less  than 10 C above t h e  
aY2ieiz"L t i q x r a t u r e  . 

1. < 

C~&J a faizt 
7ro . i  d L - ~ m r  ' color  vas v i s ib l e  i n  the  vapor s,ece i n  the t o m r  and t h e  t h e r m -  

?%*e cperatii1g conditions o f  M s  1 through 4 and Run 10 a r e  not r e p e s e s -  
t a t i v e  of p r a c t i c a l  oserating conditions b e c a s e  t o o  much sugar vzs adced. 
'ik sugzr-treated waste from xu;l 4 was ac id  def ic ient  six b u r s  a f t e r  sugar 
nd6i'iion m s  stopped and s t i l l  contained 29.7 rJercent or' the t o t a l  caz'iion 
eCdzd as sugar. The solution f r o m  Rms 1, 2, 3, arid 10 ~ ~ o u l d  a l so  have 
Secorz ac id  def ic ient  i f  the digestion period had been contimed. 

E t e r  nine hours of digestion i n  h n  10, a yellow p r e c i s i t e t e  began t o  
&here t o  the w a l l  d the  reaction pot and s a g l e s  of  "ne solut ion con- 
tnined aSout 10 percent so l ids  (wet s e t t l e d  volaxe). \hen the  zot  vas 
cirained after t h e  run, the  p rec ip i t a t e  173s observed t o  be chout 1/2-inch 
dee;? on the 'ootton of t h e  pot and about l/4-inch deep on the  c o i l  and 
bottom two f e e t  of t he  vessel  vall .  Contact with Sol l ing :.rater for fowr 
hours had no v i s ib l e  e f f ec t  on the  pzecipi&kte. Cor i t~c t  with 1VW a t  100 
C f o r  t'hree hours removed the  material on the   dl and bottom of t h e  pot 
but h d  EO v i s ib l e  e f fec t  on t h e  material  adhering t o  t h e  c o i l .  Contact 
7ri';h 1 14 ZNO, a t  100 C removed the  mterial on the  c o i l  i n  tvo horns. 
?re3uriii~ly, +?he mterial vas f e r r i c  sulfate. 
color o f  f e r r i c  hydroxide resul ted upon contact with s o d i u  ;hydroxide. 
Si-ailar solids were not observed i n  Runs 1 through 4 i n  which the di- 
gestion period was 

The tiypical dar4 brown 

six hours or less. 

A volume reduction vas achieved i n  each run. Volune reduc-cion  as great-  
e s t  fo r  RUrx 1 through 4 and Run 10 i n  which an excess of sugar vas added 
x g i d i y  t o  the  reaction pot.  The g rea t e s t  voluie reduction occurred i n  
T3.z~ 10 even though a spaller amount of sugar was added Eore slor.rly chan 
i n  %ns 1 throcgh 4. %e l a rgc r  voluxe reduction i s  a t t r i bu ted  t o  tk 
i L x t a l i n t i o n  0: lagging on the  toyer after Run 8. 
lssses were reduced, t h e  tower heated sore ra2idly, a?!! condensate re- 
f l u x  ws  decreased. 

A s  a re su l t ,  hest  

Suna r  Ut i l iza t ion  

A-sout 19 t o  22 moles of ni-bric ac id  were destroyed 2er rnola of sugar 
2ed v i t h  e reaction pot temperature of 100 C and digestion geriods or' 1 2  
hours o r  m r e  . About 17 mles of n i t r i c  acid iiere destroy?d per =ole  ol 
sugar fed then the  reaction pot t e q e r a t u r e  wzs rzduced t o  95 C I n  &hi 1:. 
Destruction of &out 19 mles of n i t r i c  acid p e r ' m l e  of  sugar occurred vken 

I 
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sugar a d d i t i o n  ra tes  were decreesed t o  allow longer s z ~ z r  zddi t ion periccs. 
A t  the lover sugar additior, ra tes ,  tower heat-up vzs  slover a d  t h a  gases 
leavir!! the tower were cooler. T;iese data silggest that the reddced suc;ar 
u t i l i z a t i o n  was p a r t i d b y  the r e s d t  cf increased condensate refl-zc a:& .ia- 
creased scrubbing of oxides of nitrogen Tron the gas. Considerable r e 3 x x  
was observed i n  every -run and the gases i n  t he  t O 7 ; i p r  :;ere v is ib ly  l i g h t e r  
i n  the  top foot of the packed section Curing h n  8. A s  mentiozed ea r l i z r ,  
the  tower was lagged for  a l l  mas a f t e r  3.s~ 8.  
were ho t t e r  i n  Run 9 than i n  Eun 8 and a s l igh t  improvezent i n  S q a r  ? L % ~ ~ Z E L -  

t ion'  resui ted on the basis  of f ree  acid analyses even tiiough t h e - d i g e s S o r  
period vas one hour shorter.  
e x t e r n e l l j  heating fhe tower. 

Early i n  the digestion period of each run, sugar u t i l i z a t i o a  was epprr- 
ciably lower when f r ee  acid analyses were used as the  calculation basis 
izs tead of n i t r a t e  analyses. A s  t he  disest ion period srogressed, t h i s  . 
discrepancy decreased un t i l ,  a f t e r  11 hoGs or" digestion, sugar u t i l i z a -  
t i o n  was about the sane on the  basis of e i the r  f r e e  acid or n i t r a t e  ana ly-  
ses. Eas t  of the smll difference a f t e r  11 hours o f  digzstion i s  a t t r i -  
buted t o  sirall discrepancies between the f r ee  acid and n i t r a t e  analyses. 
Possible explanations of the  apparent anorraly during ear ly  stages of d i -  
gestion a r e  that (1) some of the organic by-products from b~e&&OiZ?. of 
the sugar may be coxaplexing the metall ic cations and the  f r ee  acid a-naly- 
sis is, i n  part ,  su l fur ic  acid and/or (2) the f r e e  acid analysis  is, i a  
par t ,  organic acids.  The color of the-sugar-treated vaste gave Ifurtkr 
evidence i n  support of organic complexes. 
red color during the  first seven hours of digestion i n  Runs 5 ,  8, 9, 10, 
and 12. Thereafter, the brownish-red color steadily diminished and the 
vaste  returned t o  the  typ ica l  dark blue-green color a f t e r  11 hours of 
digestion. 

The g ~ s e s  leavizg the S o m r  

Furthzr improvezents could be achieved by 

The waste w a s  a dzrk brovnish- 

Organic complexes nay a lso  explain why a prec ip i ta te  vas observed i n  R u n '  
10 but not i n  Run 4. 
per l i t e r  i n  Run 10 when the precipitate was f i r s t  observed after nine 
hours of  digestion. 
grams per  l i t e r  in Run 4 even though the waste was acid de3icien-L. 

The residual  carbon concentration was 7.1 gruns 

The residual  carbon concentration was s t i l l  18.1 

r'ozaing and Antifova Agent 

Severe foaming was produced i n  Runs 6 through 9 by the  addition of 0.4 
g r a  of DBP per  l i t e r  of lWW.  
Dow Cornia  Antifoam 13 w a s  studied. Both tne  DBP and antifoam agent 
were added t o  the  11W head tank and mixed with the  UJW by air  spargirq 
before t h e  1 W W  wzs t ransferred t o  the  deni t ra t ion uni t .  The DBP was 
added as an aqueous solution of sodium dibutyl  phosahate. 

Once foaming was produced, the e f f ec t  of 

Results of t he  foaming studies are shown i n  Table IV. 
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D3P Conc., 
:;/I. lm? 

0.4 

0.4 - 
0.4 

0.4 

Dow Cor-ning 
Antifoam B Conc., Tixe a t  

P ; / l  l l f b !  Pate, bYn. 

0 5G 

0.2 65 - 105 

0 

0.2 

1.9 5 
120 
60 
30 
1 5  

380 
39 

9.8 53 

5:5 6 
u.8 37 

4.1 
4.65 
5.16 
7.0 
11.3 

4.71 
6.6 

1.9 
27 
35 
41 
53 

15 
23 

Tne m a x i m u m  height of the  foam layer  increased as sugar addition r a t e s  
were increased. 
addition of 0.2 gran of Dow Corning Aiitifoaa B _Der l i t e r .  
f'urther show that, f o r  1wI.J with a tendency t o  foam, the  sugar addi-cion 
r a t e  must be r e s t r i c t ed  t o  keep the  foaa below the top of the reaction 
vessel. I n  the  present m s  with 25 l i t e r s  of l W W ,  the  i n i t i a l  l i qu id  
l e v e l  was. 48 inches below the  top of the pot. Thus, i n  the p i l o t  s l a n t  
u n i t  without antifoam agents, r e s t r i c t ion  of the sugar addition m t e  to 
about O.07pounds of sugar per minute per square f o o t  of pot cross sec- 
t i o n  w a s  required t o  keep the foam below the top of  t he  2ot. 

%e foam layer can be characterized as a mass of  tightly-packed 3rownish 
bubbles approximately 1/8-inch TO 1/4-in& i n  d i a e t e r .  
ed t o  be r e l a t ive ly  s ta t ionary idti? l i t t l e  ag i ta t ion  a5 the suzar aa- 
d i t i on  rates employed. Foam build-up was slow and an o>-;srezi-?-z period 
of about 30 minutes was required before the maxinu foan heighz vzs at- 
tzined f o r  a given sugar addition rate. There vas a def inize interface 
'cetueen the solution and the foam layer. This in te r face  fluctuated e r -  
r z t i c a l l y  from about two inches below t o  about seven inches above the  
normal  l i qu id  l eve l  at the sugar rates employed. 
the solution w a s  vigorously ag i ta ted  by the reaction gases. 

Foam height was reduced by about a fac tor  of two by 
Tfie data 

The bu-fhles a2gear- 

Below the interface,  

F lo t~s  hee t Development 

On the bas i s  of t he  data from Runs 1 through 11, a possible p laz t  flow- 
sheet f o r  batch deni t ra t ion with sugar vas developed. 
i s  shown i n  Figure 2. 
gallon batches of 1WW i n  a 24 hour t i n e  cycle i n  a standard 5,OCO-gal- 
lon f i r e x  Plant tank. 

This flo::sheet 
It presmes batch denitraklon of large 2,500- 
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To Acid Recovery 
and Stack 

STEP 1 SUGAR ADDITION 

Sugar Add. "ime - 12 Hours 

Sugar Add. Rate - 0.66 g-pin 
(0.034 lb/rnin/ft2 of pot) 

Pot Temperature - 100 C 

STEP 2 DIGESTION 

Digestion Time - 12 
Hours 

Pot Temperature - 1 O O C  

I 

STi4 
1.1 - 

0.5 
0.8 
0.1 
0.02 
0.10 - 0.68 
2.75 

3 0.70 
0.01 

tt+ 

*l++ 
Ni,-H 
cr+ 
Na - 

POI -- 
F- 0. ooh 

NO 4- NO 
sot- - 
sib3 0.02 

--- 

Carbon < 2s of t o t a l  fed --- 
Gal/%-tch . 2500 
Sp. Gr. 1.24 

(1) Jssuiies 21 moles ni-t;ric acid destroyed per mole of sugar 



A 12-hour suear z d d i t d n  ;?eriol is  specifie i n  t he  flovsheet. Taia 
addition t i n e  results i n  a sugar addition r a t e  of 0.034 ponds  of 
susar per minute per sqcare foot  of pot cross section. 
belov the  rate of 4.1 iril/icinute or  0.04 sounds of suger per xincte per . 
square foor, of pot cross section i n  Rcn 8 vhl i c h  resul ted i n  a f a ~ ~ n .  
height of 19 inches when DBP w a s  present i n  the  l T r T G J .  
has an appreciably greater  tendency to foam, the foam l e v e l  should stay 
well below the top of the  tank without the  use of a n t i f o m  agents. 

%is r z t e  is 

Unless ;iat l?W 

Assu;Jingr use of the existing plalzt tower f r m  the  2o:=ld&yde d e r . i t r r -  
t 2 0 a  uiit (13.25-inch I.D. ), the specified suger addizlon r z t e  corres- 
ponds t o  2.8 pounds of sugar per slinuze per square foot  01' tower cross 
secuion. 
tz iaed i n  Run 4 i n  which a pressuze drop o f  1 . 5  inches of water was 05- 
served across the  tover. This indicztes  tha t  the tover from the  fom.izl- 
dehyde deni t ra t ion u n i t  should be adeqwte during normal operatioa at 
-;he specified sugar ra te .  

-. 

This rate i s  on ly  s l igh t ly  nigner then the m x h u m  r a t e  at-  

-4 12-hour digestion period is also specified i n  the  flowsheet. 
vations during the  p i l o t  plant runs indicate tbt the reaction i s  es-  
s e n t i a l l y  complete a f te r  12 hours of digestion. 
ses predict  a residual  carbon content of l e s s  than two percent of t he  
t o t a l  carbon fed as sugar. If a lower carbon content i s  desired, a 
longer digestion period can be used. 

Obser- 

Residual carbon analy- 

Tine specified compositionsofboth the  1 W W  and sugar solution a r e  
changed from those used i n  rtuns 1 through 11. A n i t r i c  acid concen- 
t r a t i o n  of 6.1 M i s  specified t o  r e f l ec t  current pract ice  nore close- 
ly. instead of 2.5 E1 i s  specified since 
it appears desirable t o  use a m r e  d i lu t e  solution Tor p lan t  operation. 
With the  more d i l u t e  solution, viscosi ty  variations a r i s ing  from changes 
i n  ambient temperature are decreased and flow control should be improved. 
The addi t ional  p r a t e r  i n  the  1.4 solution e s sen t i a l ly  coEpensates f o r  
the six t o  eight 

A sugar cogcentration of 1.4 

percent volume reduction achieved i n  Runs 8 and 9.  

The proposed flowsheet w a s  successfully demonstrated i n  Run 12. 
bZ sugar solution w a s  added t o  25 l i t e r s  of hot (100 C) 1WW f o r  12 hours. 
&e i n i t i a l  n i t r i c  ac id  concentration w a s  6.14 
addition r a t e  vas 6.79 ml/ninute o r  0.036 pounds of sugar per minute 
per square foot of pot cross section. A f t e r  sugar addition vas com- 
p le te ,  the  solution was digested at 100 C f o r  18 hours and sagpled 
periodical ly  . 

A 1.k 

and the  average sugar 

iiesults have been summarized earlier i n  Table 111. The residual  n i t r i c  
ac id  concentration w a s  0.94 M, and 0.90 M after 12  and 18 hours of d i -  
gestion, respectively. A residual  carbon content ecgivalent t o  1.9 and 
0.4 percent of the  t o t a l  carbon fed as sugar vas found a f t e r  12 and 18 
hours of digestion, respectively. 
destroyed per mole of  sugar fed. 
lover and the  f i n a l  ac id i ty  was higner t'mn predicted i n  the  2lo;;sheet. 
P.is data suggests that the  volume of 1.4 2 4  sugar solu-Gion sko-dd be i n -  
creased t o  about 520 gallons i n  the flowshget i n  Figure 2. 

About 19 moles of n i t r i c  acid were 
The sugar u t i l i z a t i o n  was s l i g h t l y  

Emever, 
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since sugar u t i l i z a t i o n  is affected by tower conditions (temperatme, 
heat losses, aid condensate reflux),  the flowsheet coaditions should 
be a reasonable s t a r t i ng  point u n t i l  sugar u t i l i z a t i o n  i s  established 
f o r  the plant equipment. 

Pressurization Tests 

Tests were =de t o  determine the  sot p e s s u r e s  and tower pressure d r o p  
that could be developed under abnormal conditions. 
of adding sugar solution t o  cold 1hW i n b e  deni t ra t ion uni t  and then heat- 
ing the m u r e .  
k t  a rate of about 10 C per  minute. 

These tes ts  consisted 

In one se r i e s  o f t e s t s ,  the  mixture vas heated t o  100 C 
Eesults of these tests =re shown i n  

Table V. 

PRESSURIZATION TESTS 
- .  

& &actant s Reaction hxim Pot . 
1mq . Sugar I n i t i a t i o n  Vacuum Decrease, 

Volr, L HT, Vol., L. Sugar, Tenrp., C Inches of H20 

6- 5 0.87 2.5 93 11 

1.34 2.5 86 13 

0.05 2.5 100 7 

0.50 2.5 88 8 

1.0 2-5 84 1 5  

2.0 2.5 85 19 

2.7 2-5 85 30 

The t o t a l  Dot volume vas 46.4 l i t e r s  i n  each of these t e s t s .  The 

h h x .  Tower 
AP, Inches 

of H20 

0.3 

0.1 

0.4 

1.4 

6.0 

8.0 

f r e e  - 

space above the  solution can be deterninedbJ subtracting the total volme 
of reactants from the  t o t a l  pot v o l m .  The tower and off-gas system 
were the same as described ea r l i e r .  The manometer indicating pot vacuum 
was adjusted t o  25 inches of water before each t e s t  and the mxiaun de- 
crease i n  pot vacuum vas observed during each t e s t .  
pressure of f i v e  inches o f  water was observed Then 20 l i t e r s  of 1 W W  vas 
used. 
30 inches of water fo r  simplicity.  
i n  pressure dzop across the  tower and decrease i n  pot vacuum were depend- 
ea t  on the the t o t a l  amount of reactants present and on the  sugar concen- 
t r a t i o n  i n  the mUcure. 
operating procedures and safeguards t o  prevent the attainment 01' abnorml 
conditions. 

Actually, a posi t ive 

The t o t a l  change w a s  l i s t e d  i n  Table V as 2. vacuum decrease of 
A s  would be expected, t h e  increase 

These data indicate  the  need f o r  adequate 
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I n  one 2ir.al test ,  two l i t e r s  of 2.5 M sugar solution were added t o  15 
li-xrs of li5-I (5.2 
b,,en heated a t  a rate o f  a b o u t I C  per ninutc u n t i l  the reaction stzr'ccd 
a: 83 C. 
but the tenperatme conticued t o  r i s e .  
s x r t e d ,  the solution reached a temperature of 89 C which vas minta ined  
l o r  15 clinutes. 
sioved. 

I?). T'ne n ix tu re  vas rapidly heated t o  70 C and 
J-1- -. 

'ine steam vas turned o l f  i r ~ e d i a t e l y  a f t e r  the  reaction s t a r t ed  
Tiielve minutes a f t e r  t he  reaction 

Tnereafter, the  temperatue slowly dro3ped as the  reaction 

Tce li.i'W contained 0.4 gram of DE? per l i t e r  of 1Iat7 i n  the f i n a l  t e s t .  
F o m  rose in to  the tower imed ia t e ly  af'ter the reecsion s t a r t ed  e-ven 
though h e r e  was about 68 inches of freeboard i n  the pot. The z c i n m  
foam height could not be observed because the tower vas lagged but ti?e 
foam w a s  i n  the  towar f o r  17 minutes after the reaction s ta r ted .  Dur- 
iag  -;his pariod tine foan l e v e l  f luctuated e r r a t i c a l l y  above and belov 
an opening i n  the lagging 10 inches above the bottom of the toyer. 
tancously, the  pressure drop across the tower fluctuated from about 0.2 
t o  20 inches of water. 
vas observed when the pressure drop w a s  a m a x i m .  

S i m l -  

A decrease ir, pot vacuum of 24 inches of water 

Induction Period Tests 

Lz each batch run, an induction period was observed before the reaction 
s ta r ted .  The length o f  the induction period was observed t o  be s i x  ar,d 
nine minutes a t  sugar addition r a t e s  of  10 and 5 iiiL/minute, resgcctively. 
Tests vere made t o  confirm this induction period and t o  check the  e f fec t  
of agi ta t ion.  
rates of 5 and 10 ml/minute t o  25 l i t e r s  of 1lW thaFwas held at 100 C. 
Without ag i ta t ion  the induction period w a s  ident ica l  t o  that observed 
during the batch runs. 
was three minutes at  a sugar addition rate of 10 &/minute. 

These tests consisted of adding 2.5 M sugar solut ion at  
. 

With gent le  air sparging, the  indmt ion  period 

Attempts t o  use sodium n i t r i t e  as a means of decreasing the induction 
period were not successful. These t e s t s  consisted of adding 2.5 M 
sugar solution a t  a rate of f ive  d./Ininute t o  25 l i t e r s  of 1TW that  
was held at  100 C. I n  one tes t  the sodium ni t r i te  concentration was 
0.01 M i n  the 1W. In other  tests the sodium n i t r i t e  concentration 
was v&ed from 0.01 t o  0 .1  i n  t h e  sugar solution. The induction 
period w a s  unchanged o r  about nine minutes i n  each t e s t .  


