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Effect of Different Formic Acid to Nitrate Ratio
on Denitration of Simulated High Level Liquid Waste
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Abstract: It was investigated that the denitration of a simulated high level liquid waste using
formic acid at 90 “C under different formic acid to nitrate ratio(r). The results show that the
denitration efficiency increases with the increase of the formic acid to nitrate ratio, and the
amounts of precipitating components after denitration vary with formic acid to nitrate ratio.
When the formic acid to nitrate ratio is 1.4, the pH of the solution is the highest after
denitration. Thermogravimetric analysis for denitration products suggests that the weight
loss decreases from 45% to 35% and the temperature of complete decomposition is between
570 °C to 620 ‘C with increasing formic acid to nitrate ratio from 1.0 to 1. 6.

Key words: simulated high level liquid waste; denitration; formic acid to nitrate ratio; for-

mic acid

T Z MR JE AR B R R R B R O SERHE R L BITR A R B AL B AR K
(HLLW) , B [ A2 H A e — S S BT Ae iy Bk il s i DR 3 O (R 3 R i AR . B
AR5 . RO B SRS AL R RS B AR R 5 — 2Pk R R R

Y is BHI:2019-02-13; 3T HH#H:2019-03-13
TEE RN : TR (1988—), 5 . Wil i L0524 B RHE 2R 5 41 6L %l E-mail : kingcl@126. com
* BEBREREAN RAER (1966, B, Wil st AL 4 0158 5 B BRME 25 5 4 8BH% Ik , E-mail : zhangsd0000@163. com



554 AR AR G AN [ F R LG 0 ASE AU R TR R i ) W

331

ELRE A b AN Bl R TR s TR MR E
¥ HLLW #1748 b, i HLLW i i K %% 16
K 205 AR SR AT B R A . S AL 3 A
) HLLW MR —f o 3 mol/L ZiAty . 7E 4B be i 72
R T HE R I R ) R A A AT AR R 1
HLLW i 28745 7] Ru ., Te 75 (5 R B2 19 75 W HH
SR AN R FE ) HLLW b8 5 S AR w5 (1 48
PRI , PR L AE HLLW 8058 i 75 ZE 0 I iR L )
WA M be TR EE | ol 2 4 i W oF J8 AR 45 1 JES o [
B9 D 5 ¥ K 2 4y (Ru, To) TE 4B B o 2 A A 4%
S BRI S g R e R A AU v R VT R
JE AE R R 2 (1 R VRV AR RS O T o R 23 34 I 7%
WP SR L IX AR S 1G R Wy 1) b B i Ak
T o BRI VRN B2 1) 3 /b — T J5 0 JBL i » ] K 135
WS ER £ . HRTHEEH T A i 5 A A
Wk ALk BRI K PG b2k o B
TR L AR R A T R A HILIE A AT R R
IR JF A N, (N, ONO, AWk ifisig . A rf#, 5
20 T X T A R B RURR By e R . AR
THAS Gy i e 4 s BT A 5] (H R #E =
AR A7 i A B BRI 1 R R T . ik
JUR A P F R PP S L R A R SR A E MRS E T S
B R 52 NE » A LR AR )  — SR A 55 2 R 1R
TSR IR B IR B i i B Y. Ak 2E A 2
H i 21 Colk Ak i Y 5 2

e T P 2 OG0 A A AV v S I VR T TR E S 2
I W Hb Al 4 e BH 2 1 A JE R TR 1A A
WARKE N R ARG TR R R
Jid A ik R AL K o A% R AR WA R B AT
Hwang 55" FI R AR R 2l 2. 0 mol/L 145
PR 2R AT i A H i B R 1.5 CHE R R R 1Y) JBE
JREE) S JBLAH 2.5 b VMR FE AT REAIG 2 0. 44 mol/ L,
Li % BF9E T AL PUREX 7= A= 1) 5 % T8 1 R
B2 Bl . n(HCOOH) /n(HNO,) =1. 0, fiifil§ 4 h 7§
HITR B B 3 mol/L & & 0.86 mol/L, A ji /£ TRPO
TR EOK .

FH IR0 i 1 15 22 TR R AT G T R R LG il TR vk
FEGREE AEAE ] (Fe? ' (P ) &, o 9 H RS H
TR i 2 I LA AR B o A AR 480 DL H R Sk Ot i
RS 5T A [ R L om0 VM o T ) Y TR
SRR P NOy S AT RE R 25O X 485 40 i il K
TOF) TS A8CR  10  T 5 T v R VR B o T A B
89 H A BE S I A 7 9 AT 0 AT

1 Lo

L1 EHEHEREK

TEFIAFE S 45 000 MW/t s /K 3 Z 0B A2
AR PR T (Ve 10 6 4F B I Z JR0RE = A2 0.4 m 3k
208 R0 T ) )DL o R LB AR 1

1 AU TR W AL

Table 1  Component of simulated high level liquid waste

LR o/(g+ LD JCE o/(g+ LD
Cr 0. 35 Te 2.00
Fe 1. 40 Cs 9. 00
Ni 0.19 Ba 5. 50
Rb 1. 30 La 4.20
Sr 2.90 Ce 14. 00
Y 1. 60 Pr 3. 80
Zr 16. 00 Nd 14. 00
Mo 11. 00 Sm 2. 60
Mn 2. 80 Eu 0.52
Ag 0. 24 Gd 14. 00

Hron =107.4 g/L
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Fig. 1 Supernatant pH of denitration

different formic acid to nitrate ratios

R i T HCOOH By A & . Wi A 78 4 8
FEAENFE5 /) HNO, , pH 8% B Al 1o 1.4 B,
Jid it 52 7 J5 - HCOOH #1 HNO, 1 & & & ik . pH
REN s A EE g — i (> 1. 4), pH B
ZFEAG, T A HCOOH i & , JB il f hg J&
HCOOH A # 4. ir LA pH &K

FUAS LG o 1. 4 B iR pH B JBE A B 8] (o 1Y
AR T 2. B 2 ol B R IR 4G 1 h
J& s pH BRI 1. 12, 22 J5 Bl 2 AR B 18] 38 i, pH 3
IngEtg .6 hj5 pH AREEARAS . 32 B b W 1
W HNO; TE55— /NI N JE A I A 52 4 VA R
) pH B B Ths BRSO 1 h S5 . B R B R
K. Wb 48 B T & KB HY 5 NO;,
B HNO, 248225 HCOOH B, 1M 42 J& &5
T 10 KA S TR A 3 (A AV pH
TN



554 AR AR G AN [ F R LG 0 ASE AU R TR R i ) W

333

AR FEL ot I I T 1Y Y R I i ek AR 0 R A2 R 1 Ak
Sk AR TR IR BN T 5R ) 2 W B HINO,
() 73 fifk » Bt ¥ 00 R E AR WA 2 B 1T B K
fifE 5 25 4 T T KR 7 A Y A AL W kR K R
L R B R S A AL T IR UTVE L FEDTTE
o R A A AR B R R AR i R T
E s B JE B TR AE R H MR R NOs B
JCH TR 4 A 25 5 TP IR i A BV, o 6 A4 Y8 90 114 TR
E— 2w pH ThE

247

22¢ /./'—'

p

2.0¢
1.8¢

pH

1.6¢

1.2¢

1.0

t/h
r=1.4
&2 pH A s ) %) 722 AL

Fig. 2 pH changes with denitration time
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Fig. 5 Raman spectroscopy of denitration supernatant
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Fig. 6 Element content in sedimentation before and after denitration at different formic acid to nitrate ratios
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Fig. 7 Thermal decomposition curves

of different denitrification products

i i 2o A 7 A )RR W AN DUA T R
(19 Ui 2 A R - LA VR PP T AR . DR R
TR NLO B e 22 B 7= W) 58 2 380 i
Jo H O A BN o DAJBEA 7 ) Y R R R ) i 2
R AR LA A EE R T 1.6 2 ) A M A
ROR BT L 10 A BN T 16, S T HY A B B A
BORAA

3 4 8

ISR A ok AR L Y R AE B — A /N I AR T FE
I8 23 Bt o FE A L A i o s s RS B 14
B A IS MR pH . 7E A O #E v & T
RIEVIE T & & 5 WA A K&, Zr Mo, Fe 1)
ot H 53 B Bt R LG 3 o b T Ce, Nd
La.Gd.Pr.Sm.Y.Eu i it & 7 % i & W i Lk
(R BE T BE m. BOAE B K L. 6 B B
TR RIG R R EEE . RIS W
pH B 2R L B R 1 A o DA K B g T i A R
BT AT MCH RS O 1.4~ 1.6 A B A Y
T8

CE e ¢

[1] Cecille L, Halaszovich S. Denitration of radioactive
liquid waste[ M| // Denitration of Radioactive Liquid
Waste. Netherlands: Springer, 1986.

[2] Katsuo I, Takuji K. Effect of denitration with for-

(4]

(6]

[7]

(8]

[9]

(10]

[11]

[12]

[13]

[14]

[15]

mic acid on precipitation and volatilization of ruthe-
nium and technetium[ J]. J Nucl Sci Technol, 2012,
23(1): 37-43.

Nakamura H, Yamaguchi I, Kubota M. Effect of
platinum group elements on denitration of high-level
liquid waste with formic acid[J]. J Nucl Sci Technol ,
2008, 15(10): 760-764.

B TR RAR SR R 5237, 4. A IR R (R 1) B LA
WG AR  ALLT . JRL T RERLE B AR 2000, 34 (4)
322-327.

FEZERT B2 B 800 AL 45 PR IR 0 A 7E IR K 25 A
A3 b R BF L) ). R T AR RE AE R, 1981,
15(2) :142-142.

PR W R K . B R R W) B R
L) R 5 TR, 1997,17(1) - 88-93.

Hwang D S, Lee E H, Kim K W, et al. Denitration of
simulated high-level liquid waste by formic acid[J]. J
Ind Eng Chem, 1999, 5(1). 45-51.

Li W, Duan W, Sun T. et al. Denitration of simulated
high-level liquid waste by formic acid for the connection
of Purex process with TRPO process[ J]. J Radioanal
Nucl Chem, 2017, 314(66-71): 1-9.

Cecille L., Kelm M. Chemical reactions involved in the
denitration process with HCOOH and HCHO[M].
Netherlands: Springer, 1986.

Merz E R. Overview on the application of denitra-
tion in the nuclear field[ M ] // Denitration of Radio-
active Liquid Waste. Netherlands: Springer, 1986.
Music S, Ristic M, Popovic S. Characterization of
the precipitates formed during the denitration of
simulated HRLW[]J]. J Radioanal Nucl Chem,
1989, 134(2) . 353-365.

Kim K W, Kim S H, Lee E H. A continuous deni-
tration process using chemical and electrolytic
systems accompanying the precipitation of metal
ions[J]. J Nuecl Sci Technol, 2004, 41(4). 473-
480.

Mishra S, Lawrence F, Sreenivasan R, et al. De-
velopment of a continuous homogeneous process for
denitration by treatment with formaldehyde[J]. J
Radioanal Nucl Chem, 2010, 285(3) . 687-695.
Bertie ] E, Michaelian K H J] C. The Raman spectra
of gaseous formic acid -H, and -D,[]J]. Chem-
inform, 1982, 13(18). 886-894.

Olbert-Majkut A, Ahokas J, Lundell J, et al. Ra-
man spectroscopy of formic acid and its dimers isola-
ted in low temperature argon matrices[J]. Chem

Phys Lett, 2009, 468(4): 176-183.





