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E S C R I P T I O N  OF INVENTION 

INTRQDUCTION 

Destruction of n i t r i c  acid i n  the waste stream of a nuclear fue ls  separations 

f a c i l i t y ,  such as t,he Purex Soprent Extraction Plant a% Hmford, has been under 

investigation f o r  several years (1)(2)(3). The goal of such a process would be t o  

destroy the or ig ina l  concentration of approximately 5 t o  10 molar n i t r i c  acid t o  

a minimum residual product acidi ty  of about O.5M - f ree  acid. The advantages of such 

a process would include, 1) an economical way t o  reduce the concentration of sodium 

hydroxide ultimately required t o  neutralize the wastes f o r  long term alkaline 

storage, 2) reduction of the salt content i n  the stored wastes, 3) a 60 percent 

volume reduction of  %ne f i n a l  stored wastes, 4) easier  and more economical re- 

covery of fission products or other valuable residual t race  components, due t o  

decreased ac id i ty  and smaller processing volumes, and 5) reduction of the  sodium 

eontent- i n  the waste, since sodium adversely a f fec ts  the efficiency of many o f  the 

alzticipated f i s s ion  product recovery processes. 

A prototype denitration uni t  has been placed i n  operation a t  the Purex separa- 

t ions  plant using formaldehyde t o  t r e a t  radioactive acidic wastes. 

vessel  is only approximately 2 f ee t  i n  diameter by 4 f e e t  t a l l  and i s  surmounted by 

The reaction 

a, packed tower 1 foot i n  diameter by 6 f ee t  ta l l .  The efficiency of formal.dehyde 

1) G.B. Barton, "The RemovaJ. of Ni t r ic  Acid from Purex Plant F i r s t  Cycle A2i.d 
Waste (1W) by Reaction w i t h  Formaldehyde", HW-55941, May 2, 1958. 

2) T.F. Evans, "The P i l o t  Plant Denitration of Purex Wastes with Formaldehyde", 
HW-58587, February 23, 1959. 

3) G O C o  Oberg, "Denitration of Purex Plant lW", HW-60161, May 1, 1959. 

Read and understfood by me t h i s  

Inventor Date 

Inventor Date 

day of January, lgb3. 
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utli3.ization depends primarily on %be temperature of the acid feed which i s  in t ro-  

duced a t  the top of the packed toyer i n  which it Eontacts fomldehJde vapors and 

lower oxides of nitmgeo from the reaction pot. 

reaction with n i t r i c  acid a% elevated temperatures, formaldehyde must be carefully 

controlled. 

operation carried out i n  a csmXL.l uni t  with a short hold-up time. 

would be unsuitable for large-scaJe batch-type operation due t o  the danger of 

b$ 0 

Because of i t s  violent chemical 

The P u e u  d e n i t r s t i m  plmk w&s tkerefcre designed as a continuous 

Formaldehyde 

violent explosions . 
Diff icu l t ies  have attended the use o f  the Purex formaldehyde unit. With actual  

plant waste, as contrasted t-o t h e  synthetic solutions used i n  the  laboratory and 

semi-works development, the  process &s proven ineffective due t o  foaming of salu- 

t i s n  up into the packing, loss  of' temperature control, plugging of in-concrete 

t ransfer  l ines ,  resultant eff ic iencies  of a t  best  approxFmately one-half t ha t  pre- 

dieted f r o m  laboratory ,studies, and maintenance problem due t o  in- l ine polymeri- 

zation o f  formaldehyde solutions. 

ncminal operat7ion. There are +,he fur ther  &or operation drawbacks that formalde- 

hyde is  extremely i r r i t a t i n g  t o  mucous mehranes, i s  a powerful reducing agent and 

must be t rea ted  w i t h  great careo 

requires s p e c i d  storage aad hbxdling f a c i l i t i e s .  

Expensive anti-foans have been required f o r  even 

Haudling of' the  formaldehyde i n  a plant therefore 

Because of the difficL!ki,es which U v e  at terded the use of formaldehyde, &,her 

organic eowomds have been t e s t ed  as reagents fo r  the destruc+,ion of n i t r i c  acid. 

In-rento r Date 

Inventor Date 

Read amd undersLo 

A 

1 by me t h i s  day of January, 1963. 

Witness 
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Several (aoif,ably c d t r i ~ ~  c~aJ2.c m d  t a d a r i z  acids) '$ere .found to $e effect ive i n  

the presence sf radfatioon. Sugar (sucrcm) YeBteted v i th  n i t r i c  acid i n  syathetic 

Purex waste ( N W )  at ata appreciable rate even in the  absence of radiation. 
,_- 

The use 

of sugar f o r  the deetruet5oa of" aI%,rfc acid is the  basis f o r  the disclosure of t h i s  

carr ied out batch-wise En large (existing) tanks, and (because of the ample head 

roon En these t m k . s )  should not require use of a n b i - f o d n g  agents. Other advan- 

tages are lower reagent coat  a d  ease and safe%y 0% haadling and storage, 

For 1.abomtory and hcrb-ceU demnstm-hion3, a sucrose solution was added e i the r  

incrementally os batch-wise t:o synthetdc GP actual, acidic  wastes (Table I) and 

heated. 

process on a Large scale i n  8 semi-works unit i n  the 

E.  A .  Coppiager, C b a c d  Research md Development, has demonstrated the 
(4) 

Bufldiag, 300 Area. 

Witness 
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CObaPOSXTION OF A TDICAL P'JREX ACIDIC WASTE 

Constituent Molarity 

4 - 8  

Fe( 111) 0.5-1 .o 

Al(II1 j 0.1 

NJf( 11) 0 02 

er( 111) 

Na' 

5 - 7  

0 *? 

0.01 

Fission Products Trace 

RESULTS 

Lgzbomtopy results i n  wkich t k e  sucrose was added batch-wlse to synthetic 

acidic  waste solutions. indicate Ka-5 : 

Imer!x r Date 

Read a d  understood by m e  this day of Zmuary, 19.63. 

Witness 

A 
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1) m e  efficiency of the  destruction of n i t r i c  ac id  (moles of n i t r i c  acid 

destroyed per mole of sucrose) does not vary a;ppreciably with acid con- 

centration. 

ac id  were tes ted  by adding sucrase and determining the efficiency of the  

sucrose-nitric acid reaction. 

function of i ron corcentration, both increasing with concentration of i ron 

(vinich i s  believed t o  function as an oxidation-reduction catalyst)  

A se r ies  ef acid solutions containing from 8M - t o  O.5M - n i t r i c  

The efficiency and r a t e  are,  however, a 

2 )  T m  sugar-nitric acid reaction i s  very "~!nooi;h" and eas i ly  controlled. 

Sugar, v;nlilLe f0rmalde'i7-jrde, my be ad&d +to +.he :react,icsn vessel. e-i'th.e:- 

continuously o r  batch-wise, i .e. it has been demonstrated tha t  addition 

of a l l  of the  s-qar a t  %he begici icg of -?*' i1.e i"e.;jc;f;:1cii i s  not  catastrophic, 

assuming of course tna% the equipment i s  properly sized. Wit:h i n i t i a l  

addition of a l l  of the sugar and heating t o  ea. 100 C ,  t ne  reaction i s  

vigorous - but not explcsive - and cas- be readily controlled by control- 

l i n g  the tempera%ure . 

Invents r Date 

Inventor Date 

Read and understood by me this d,qj of Jaiiuary, 1963 

Witness 



n 4) The appPeximElte i n i t i d  tezperature for rapid destruc%ion cf n i t r i c  acid 

i s  85 C3 although it, has been nGt.ed tha t  once the reaction has started 

and then been stopped, the re-start temperature i s  much lower (approxi- 

mately 50 c ) .  

5) TAe efficiency of the destruction of n i t r i c  acid i s  improved with the 

addition of cer ta in  dissolved metal cations such as iron. In a ser ies  

of experiments i n  which the iron concentration was varied from 0 t o  1 

mole per l i t e r  of 6 molar n i t r i c  acid, the efficiency varied from 14.5 

t o  20.6 moles of acid destroyed per mole of sugar consumed. 

6 )  The efficiency of the destruction of n i t r i c  acid i s  s l igh t ly  improved 

w i t h  increased reaction temperature . 
10 percent) 

(From 85 C t o  l O O C ,  approximately 

7) The reaction tower required i n  the formaldehyde process i s  not required 

and does not imprave the sugar-nitr2c sc id  destruction efficiency, 

8 )  The sugar-nitri,c acid reaction taken t o  completion is  free of all car- 

bonaceous products and %he sugar and n i t r i c  acid have been converted t o  

gaseous productjs 

9 )  The sucrose-nitric ac id  reaction has an induction period of only  four 

to six  minutes ( a f t e r  i n i t i a l  addition of sugar before v is ib le  evidence 

of reaction i s  noted). Gentle a i r  sparging o r  addition of sodium n i t r i t e  

Invent o r  Date 

Invent o r  Date 

Read and mderstood by me th i s  day of January, 1963. 
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appears 50 reduce the induetior, p e r i d  by a fac tor  of two t o  four. 

lo) If fo r  sone opera3haa.l eFmrj  i o e .  the d.igeeti3n periGd was not com- 

pleted, experbents  with a cobalt-60 source saow that any carbonaceaus 

products remining i n  solu5ian WU be readily destroyed by radiation 

and converted t o  gaseous products. 

These resu l t s  may be i l l u s t r a t ed  by the  fc3loving examples taken from numerous 

lab3ratoxy, hot - ce l l  and semi-wrks demonstratfms . 
Example I 

In a h o b c e l l  demonstration, using actual  Purex radioactive acidic  waste ( l W W ) ,  500 

mill i l i ters  of 1 W W  were heated with 40 m i l l i l i t e r s  of 2.5M sucrose fo r  2.5 hours. 

To siqulate a worst possible casep all of the sugar was added i n i t i a l l y  and the  

solution quickly heated t o  100 C. Evduti.cn of oxides of nitrogen was i n i t i a l l y  

vigorous, but controllable, and there was l i t t l e  or no tendency t o  foam (foam height 

l e s s  than one-half inck). 

in 2.5 hours f o r  an 80 percezt over-all deni t ra t ioc and an efficiency of 21 moles 

of n i t x i c  acid per mole of su.2 rroee . 

- 

Tie n i t r a t e  concentzation 'was reduced from 5.3 M t o  1.06 M - - 

Example I1 

In a laboratcqy t e s t ,  400 a X L i l i t e r s  of sYn,+,heb,i~ l W W  (0.5 M - Ye3+) 4.4 M - NO;) were 

heated with 40 m i l l f l i t a s  of 2.5; M - sucrose fo r  2k hcurs a t  95 C. The n i t r a t e ,  

kydrogen ion a d  carbon cmte&s cf t5e solution were analyzed periodically as shown: 

Inventor Date 

Inventor Date 

Read and understood by me this b y  of January, 1963. 

Witness 

http://Evduti.cn
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Time 

(mlzutesj 

33 
32 
x, 
1 3  
9 04 
1.9 

The bstch-type experiment shows indicazss an over-a.11 destruction of 1 5  moles of 

n i t r a t e  per mle of sixrose. S m a r  labomtory experiments indicated that in-  

creased tempem-hre (95 t o  107 C>  and an increase in wtaL cations, such as iron, 

w i U  increase the efficiency of W e  denitratio2 reaction. 

E a w l e  I11 

A sucrose denitration pm&wticm test  at  the Purex plant,  using 3000 gallons of 

LWW, is  schediLed for ear ly is 1963. 

n i t r a t ion  stu.d.ie!s have a3sc been hvestigated.  i n  the "cold' semi-works p i l o t  plant 

Tu define a flowsheet f o r  the plant test ,  de- 

i n  %he 300 area e T?Arkeen detailed m8 h v e  bee3 crcmpleted by E. A .  Coppinger 

using simulated reeds A proposed flowskeet has resulted from laboratory, hot-cel l  

a d  these sed-works studies. *Other batch, s&-csn-tinuous, a d  continuous schemes 

have a l so  been suggested f m  fux%h?_e laboratory arid, engineering study. 

samples were anaLyzed perio3icall.y t o  deternine resid& carbon, t o t a l  n i t r a t e  and 

hydrogen ion concentrations as sh~wn: 

Invert o r Date 

Invent0 r E a t  e 

Read and mderstood by me t h i s  day of Jmuary, 1963. 



The length of dfges'G2on ? ; b e  was e.xknded i x i  tzzfs t e s t  only t o  detePmine how the 

t race  carbon w a s  dee%m,yed vitl- time. About 19 moles of n i t r a t e  were destroyed 

pe r  mle of sugar fed. The bydragen ion and total. rdtmte concentrations were 

nearly uniform after 24 bc*u?s with a residual sarbon eoritent of less than 2 per- 

cent,. 

1) A process h ~ s  been suggested for the  destzuct.i,zn ~f nitx-lc acid,  Poly- 



8 FIGURE 2- PUREX SUGAR TF3A!TED W A m  FLOWSHEET 

' i' 

I 
Gal./Batch - 25OO* I 

M 

r Ga,l./Batch - 476 

Step 1 

' SUGAR ADDITION 
Su& Add. Time - 12 hrs  . 

:,i 

Sugar Add. Rate-0.66 gpm 
(0.048 moles/min./f't2 of pot 

Pot Temp. - 100°C 

Step 2 I -I DIGESTION 
igest ion Time - 12 hrf 

o t  Temp. - 100°C 

--. 

! 

STW 
M - 

H20 
H+ 0 -5  
Fe- 0.8 
a+++ 0.1 
N i u  0.02 
c r* 0 .lo 
Na' o .68 
NO2- + NO3 2 e75 

~ 0 4 ~ ~ -  0.01 
Si03'- 0.02 

~ 0 4 ~ -  0 .TO 

F- 0.004 
Sugar - < 2% of totalfeec 

Gal ./Batch - 2500 

q a s e d  on the  5000 g a l .  tank which w i l l  be used i n  the  plant  . 
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efficiency (moles of n i t r i c  acid destroyed per mole of sugar) of the denitration 

i s  a function of temperature and moles of dissolved metal cations (iron, chromium, 

et...) . 
o r  continuous process, does not require addition of costly anti-foam agents, and 

has been estimated t o  reduce the chemical costs of the  present denitration opera- 

t i o n  by 50 percent. 

is not limited t o  highly radioactive waste solutions from chemical separation 

plantas. The use of sugar f o r  denitration of highly radioactive wastes i s  however 

significant t o  the atomic industry i n  that it w i l l  reduce the cost of waste handling, 

Eptorage, sol idif icat ion,  and f i s s ion  product recovery. The gaseous oxides of 

nitrogen resul t ing f r o m  the denitration of aqueous wastes can be also recovered 

and reused. 

low cost and ava i lab i l i ty ,  other re la ted polyhydroxy o r  carbohydrate compounds 

should behave similarly.  

3) Sugar is  eas i ly  handled without hazard, may be used i n  e i the r  a batch 

4) The use of sugar f o r  the denitration of aqueous solutions 

5)  Although sucrose has been used f o r  these studies because of i t s  

Inventor Date 

Invent o r  Date 

Read and understood by me t h i s  day of January, 1963. 


