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Abstract

The denitration of nitric acid with formaldehyde is an efficient method for decreasing and
eliminating the nitric acid content in waste water along with recovery of nitrogen oxides
leaving no added reagent behind. Due to rapid reaction rate the stoichiometric ratios of the
reaction rather than reaction rates are needed for practical application. The reaction of forma-
ldehyde with nitric acid has been studied at temp. 100°C in a semi-batch reactor and obtained
an equation, a=1.02+0.207 Chyos to determine the denitration ratios which is effective over
the nitric acid conc. of 1.5—13M. The relative errors between calculated values of ratios and
the experimental data obtained for continuous reaction at temps 100°C and 98°C have been found
less than 49% and 7% respectively. Also the absorption of NO, gas by nitric acid prior to deni-



248 &

He # MW

tration has contributed to a substantial reduction of induction period of the reaction.
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Table 1. The Effect of NaNO, Concentration on Induction Period at Various Temperatures.
HNO, solution25m/+35% CH,O 1m/ Time, second

HNO; Conc. IN oN 3N 5N
Temp.
80°C | 90°C | 97°C | 80°C | 90°C | 97°C | 80°C | 90°C | 97°C | 80°C | 90°C 97°C
NaNO, Conc.

13.8 g/! 16 6 4 9 9 3 7 5 5 3 0
6.9 37 11 11 20 14 8 14 6 11 5 3
1.38 300 87 33 75 33 26 38 14 11 17 9 4
0.69 360 144 40 90 42 30 52 20 13 16 10 6
0.14 —_ 150 84 200 60 47 73 40 18 25 6 8
0.07 — — - 263 89 61 82 32 19 30 — 7
0 — — — 760 400 150 390 200 100 150 50 30
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Table 2. Operating Conditions for Continuous Reaction and the Results.

HNO; Feed HCHO Feed
R Reaction R R
un ate ate
temp. Conc.g.mole/! Conc.g.mole/!
ml/min mole/min m!//min [ mole/min
1 98°C 6.32 4.93 0.0312 - 12 1 0.012
2 ” 6 9.4 0. 0564 ” 2 0.024
3 ” 6. 05 15.17 0. 0918 ” 3 0. 036
4 100°C 6.5 4 0.026 12.8 1 0.0128
5 " ” 5 0. 0325 ” 1 0.0128
6 ” ” 6 0.039 ” 1 0.0128
7 ” 6. 05 10 0. 0605 ” 2 0. 0256
Table 2. Continued
Dischange Conditions Period Remarks
Run | Total Flow HNO;3 HCOOH [ HCHO ;‘:za ay reaction volume:
acidit rate
g.crlnolg /1 | ml/min |g-mole/[ g.mole/ [ o |g.mole/| o ‘ g.mole/| gpate 20dm/
! min 70 /4 ] 1
No reflux
1 2.95 5.22 2.65 0.01383 | 90 0.3 10 0.02 105min| Evaporated liquid
(0. 53m//min, 8.52N)
7
2 2.55 9 2.2 0.0198 ‘ 86.3 0.35 13.7 0.035 90 ~ (1. 2mi/min, 4.35N)
- 17
3 2.9 14. 43 2.55 0.0368 | 88 0. 35 12 0.03 7w » (2. 08m//min, 3. 35N)
4 2.1 222 | 1ss | ooor8[8s | 025 [12 [ 0.05 | 90 »|Condenser reflux
5 2. 65 5.33 2.42 0. 01290] 91.3 | 0.23 | 8.7 ; 0.04 75 /I‘ ”
6 3.17 6 3 0.0180 | 95 0.17 |5 0.01 7% 7 ”
No reflux
7 3.07 6.55 2.8 0. 01834 91 0.27 |9 0.0z 90 | Evaporated liquid
(4mi/min)

WS84 200 mZ 2 YAl {147 A
WS-8 FASEE S Ask A4
Egsl Ao getzle= (Run 1, 2, 3) °]&
o] Mol A 3=t AFE FA dET v
ehdch A akel g ZEIAN =S felE
oz §33E WA FEr} dobAd wA
Abu) £ obalvh

AN A S57AA FFrEA g2 ot
 AA4E FAGT A4 $AE A2
#8 =LAt fES U R FAH)

stap3e; H162 X 42 19784 8

Quyoy— Wayo.s=a&Qcu.o
A (15)4 Qunoss, Wanos, @Qcuo B s A T
T ad] AgA s} 4 (13)e= A4 e
23 (Table 3) w4 2 <R3t Yoh. Al
ARl WETLAE SEVIR AFAINA oGt
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Table 3. The Comparison of Denitration Ratios
for Continuous Experiments.

Calcura- | Experi- | Relative | Water

ted mental | error 2:1}3.;166
Run 1 1.57 1. 46 7.0% 0.14%
Run 2 1.48 1.54 4.1% 3.8 %
Run 3 1.55 1.54 0.6% 2.5 %
Run 4 1.40 1.44 2.9% 3.8 %
Run 5 1.52 1.52 0 % 1.5 %
Run 6 1.64 1.65 0.6% 7.5 %
Run 7 1. 60 1. 65 3.1% —

A AARAN A EFAE SF5AE FH 57
Ao w HEHE 575 FASR AR A
-9 AA T wl @] R 9b o AX S} AFZ
L 8% Wz AL (Table 3), 2 B4
2 AAE el ¢z 3 (Run 1).

Tl

frol AAEEF
0=1.1986)

Ay

4.93m//min, 33.344wt%,

4. 93X 1. 1986 X 0. 66656 X 57
=(. 2186mole/min
%49 E i =(F% 1ml/min,

0=1.08)

18. 016

35cot %,

1
13,016 =(. 03896mole/min

AAHE B, a=157(4 (13)e]4)
1
1. 08X0. 35X 555 ( +1)

1X1.08X0. 65X 5577

=0. 02247mole/min A (. 280mole/min
a2
4% A A(F4 5.08ml/min, 15.39cot%,
0=108488)

1
18. 016

0. 538m//min, ‘¥4

5. 08X 1. 08488 X 0. 8461 X

=9 EHwE
57, 368cot%, p=1.232)

=0. 2588

z_m.g oﬂ

1

0. 533X 1. 232X0. 57868)(18 06—

=0. 0208

Al 0. 2796m//min
B4R o3

0. 280—0- 2796

— . o/
0. 280 =0.0014 .. 0.14%

4. 2 E

X ATE hEa 2L ARS BE 5 0

1. 2E5¢vlsl=g A4 179 0.04~0.08ml/
min 2 §4Ad AAFE 1.5~13M= Sl A,
b2 %7k 100°C 4] o) wb-gEEst we) =H
el =Y FEE FAL 4 glon Sxe ur
ol TR AubIAE Fo 7 sAAQQ mat

FFE nlx A b gt

gl AAFE 1.5~13M,
100°C & =4 %ﬁ*&u]% afs by Aoz
FAGE 4 glon o] go e 2ol AA )
T4 AAFTE HHAA &4 98-8 AdA
o 4% o1 o AH AR oA}

a=1.02+0. 207 Cawo,

= o 44] w2e] A CH,0 1mole o] stz

A% 2ol (--I-l)mole A QA AR s
3 k= Y

il

{
O‘O

Fe FA
S BEAE Adodt 8% ol o=
o2 BRAALANA 940 A g2 +

L2

32, o, >,

3 29 ﬁm}i Rol A (8)el 93t =52
uEg #hge] WA ARES 7] Fol]l Tgs]e] ok 3F

Nomenclature

@: Molar feed rate of component i, mole/
min«/(reaction volume)

R; Reaction rate of component i, mole for-
med/min-/(reaction volume)

C: Concentration of component i, mole//

W;: Molar product rate of component i, mole/
min+/(reaction volume)

¢ time, min.

¢, time when feed stopped

a denitration ratio, HNO,/HCHO mole ratio

reacted

HWAHAK KONGHAK Vol. 16, No. 4, August 1978



256 &

7éll-

ki
A
i

1) T.V. Healy and B.L. Ford, “The destruc-

tion of nitric acid by formaldehyde, part

I7, A.LE.R.E. C/R (1954), 1339.

2) T.V. Healy and B.L. Davis, “The destruc-
tion of nitric acid by formaldehyde, parts
I,0, & N”, A.LE.R.E. C/R (1956), 1739.

3) T.V. Healy, “The reaction of nitric acid
with formaldehyde and with formic acid
and its application to the removal of nitric
acid from mixtures®, J. Appl. Chem., 8
(1958), 553-561.

4) T.F. Evans, “The pilot plant denitration
of Purex wastes with formaldehyde”, U.S.
At. Energy Comm. HW-58587 (1959).

5) R.C. Forsman and G.C. Oberg, “Formal-
dehyde treatment of Purex radioactive wa-
stes”, U.S. At. Energy Comm. HW-79622

statE et H|163 K 45 1978 83

wne& £ M

(1963).

6) S.V. Kumar, M.N. Nadkarni, P.C. May-
ankutty, N.S. Pillai and S.S. Shinde, “De
nitration of nitric acid in Purex process
streams by formaldehyde treatment”, B.
A.R.C. (1974), 781

7) F.H. Polland and R.M.H. Wyatt, “Reac-
tions between formaldehyde and nitrogen
dioxide”, Trans. Faraday Soc., 45 (1949),
760-770.

8) Jean V.L. Longstaff and K. Singer, “The
kinetics of oxidation by nitrous acid and
nitric acid”, J. Chem. Soc., (1954), 2604~
2617.

9) John Michell, Jr., etc, “Organic Analysis
Vol. 17, Interscience (1953), 260-263.
10) A.S. Molotkova and V.K. Zolotukhin,
“Permanganate method of determination
of formaldehyde and formic acid”, Zawvo-

dskaya Lab., 15(1949), 1284-6.



