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ABSTRACT In some reactors, ammonia and its radiolytic product (H,) are used to scavenge the oxidizing species
(H,0,, O,, and *OH). A reducing chemical environment is thus created and the pH of the coolant is regulated
simultaneously. In the present study, the radiolytic behaviors of deoxygenated ammonia solution were studied in the
y-ray field. The impacts of N, pressure, gas-liquid volume ratio, and temperature on deoxygenated ammonia solution
radiolysis were investigated. The pH and the concentrations of residual ammonia, H,, and nitrogen oxides (NO,” and
NO,") were analyzed. The results revealed that the variation of N, pressure (0.5~5.0 MPa) and gas-liquid volume
ratio had no influence on the concentrations of residual ammonia and nitrogen oxides. NO,” and NO,” concentrations
were approximately 1 mg/L at room temperature when the absorbed dose was 28.8 kGy. However, the apparent
concentration of H, significantly decreased with the N, pressure and gas-liquid volume ratio. The loss fraction of
ammonia considerably declined from 26.5% to 8.4% when the temperature increased from 25 to 200 °C,
demonstrating that the radiolysis of ammonia was suppressed at the elevated temperature. However, the
concentrations of NO, and NO, increased to 34 and 3 times, respectively, at 200 °C compared to those at 25 °C. In
addition, a radiolysis model of ammonia-containing coolant was established in the present study. The maximum
relative error between experimental data and calculation results at any temperature was 4.1%. The model was
thereafter used to calculate residual ammonia concentration with the absorbed dose under different initial ammonia

concentrations. The results revealed that it was necessary to replenish ammonia regularly when using it alone to

inhibit oxidizing species.
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Table 1 Elementary reactions between nitrogen-containing species during the radiolysis
of ammonia solutions at 25 °C

75 No S v 77 F£ 2 Reaction J5 )97 33 ZR 5 %1 Reaction rate constant
1 NH, + *OH — *NH, + H,0 9.7x10’
2 “NH, + *H — NH, 1.0x10"
3 “NH, + e, — NH, + OH" 1.0x10"
4 “NH, + HO,» — NH, + O, 1.0x10"
5 “NH, + *OH — NH,0H 9.5x10°
6 “NH, + H,0, — NHOH + H,0 9.0%10’
7 “NH, + *NO — N, + H,0 1.0x10°
8 *NHOH + *H — NH,OH 1.0x10°
9 “NHOH + ¢, — NH,OH + OH" 1.0x10"
10 “NHOH + *NHOH — N, + H,0 + H,0 1.0x107
1 “NHOH + HO,»— NH,0H + O, 1.0x10°
12 *NO + «OH — HNO, 2.0x10"
13 NH,OH + *OH — *NHOH + H,0 9.5%10’
14 NH,OH +e,,” — *NH, + OH + H,0 9.2x10°
15 HNO, + *H — *NO + H,0 4.5%10°
16 HNO, + NH,0H — N,0 + H,0 + H,0 1.0x10°
17 N,0 +*H — N, + *OH 2.1x10°
18 N,O +e, — N, ++OH + OH" 9.6x10°
19 “NH, + *NH, — NH, 22x10°
20 NH, + *H — NH, +e,~ 6.7x10°
21 NH, +e, — NH, + *H 1.5x10°
2 NH," + OH — NH, + H,0 3.3x10"
23 NH, + H,0 — NH,’ + OH" 9.7%10°
2 “NH, + 0, — *NO + H,0 1.2x10°
25 NH," +HO,” — NH, + H,0, 1.0x10"
26 H'+NH, — NH," + H,0 43x10"
27 NH, +H,0 — H +NH, 4.5x10"
28 N,H, + OH — *N,H, + NH, 4.5x10°
29 NH, + *NH, — *N,H, + NH, 1.2x107
30 *N,H, + *N,H, — N, + NH, + NH, 1.0x10"
31 “N.H, + 0, — *N,H, + HO,* 3.8x10°
32 “N.H, + HO,»— *N,H, + H,0, 7.0%10°
33 “N,H, + H,0, > N, + H,0 + H,0 6.0<10'
34 “NH, +*N,H, > N,H, + N, 2.0x10°
35 N,H, + *H — H, + *N,H, 3.0¢10'
36 N,H, + H,0 — *NH, + *NH, + H,0 1.8x10°
37° -OH* + H,0 — *OH + H,0 1.0x10°
38 *OH* + N, — *NH + *NO 1.0x10"
39 “NH + H, — NH, 1.0x10"

T a, —ZRNL, R HOANL, 57 s REREN G, 3 38 HOR AL, (L-mol)/s»

Note: a, first-order reaction with the unite of s™'; others, second-order reaction with the unit of (L-mol)/s.

010204-4



LER I RTIE S Z T L R

4R 2024,42:010204

3 HER5WR
3.1 N EBEHESE)MNRKARERTREN
A

ASTA] N, JE 58 U 29 D ok & 7K 78 1058 i ) R
KA pH B 1 TR,

w
o

12

5

g

3 E B =

< 25} = & 10
s —_—

2 20} 8

g o ) e

§1sf © ® 6 3
] . s
§ 1o} 43
£ O Residual ammonia

% 5t O pH value 1o

>

5

2 N N N L N 0
r O 1 2 3 4 5 6

N, pressure / MPa

B 25°C AN RN, s 336 2 7K VA VB R A ) TR AR P
pH HIEE
Fig. 1 Residual ammonia concentrations and pH values
under different N, pressures at 25°C

WK % 0.5 Gy/s, WRIBCIE: N 28.8 kGy .
FH T 55 A 7R M e AN S 2R V08 T 2 35 5 . 55 B
JEA O, TR AR AT g K s 5 AR S0 & 2R 1 AT
PR W N, (1) 550 FLE 8 0.5~5.0 MPa(25 °C) .
S ZRA 500 mL, IR AAFR 400 mL CE AR AR
ELV/Vi=0.25) . FEEAT &K E N 30 mg/L, 48 ME
W ) A IR FEAE 15.6~17.8 mg/L 2 (8] 3 3,
BIME N 16.8 mg/L, ZAE & T 2 AR R )
13.6 mg/L, R LR O, X 2 BRI EH, X
1 A 45 F e B (R1D~(R3), O, 7F £ I
JEl *NH, (17 #€, ML 4h O, 75 BR K & HL 7 (e, ) I -H
J& e A0 R H,0, 2 3 48 T KR FE (RO~ RD))
HO, {2 3k 7 NH, [ 74 #8, R4 ¥ 5 47 5 7
HE, o NH, 199 B B K5 250 NH, #% « OH i E A AL 11
AR, BREJE FIR R BT R, Rk
B & B R E R . &R A EE B 40.3%~
47.7%, HOREE L) H BLAE 3.0 MPalth, & KI5
i IV A I HE R N s 8 A A PR R A PR AR G &R
M T pH R ZZ FF RE W m, HAB LA ST

RARBEIRAL, 2AATE10.3~10.6 2 [A]
NH, + -OH — «NH, + H,0 (R1)

NH, + 0, — «NO + H,0 (R2)

‘NH, + H,0, — -NHOH + H,0 (R3)
e, +0,—0, (R4)
H+0, — HO, (R5)
2HO, — H,0, + O, (R6)
20, — H,0,+ 0, + 20H" (R7)
-NO + H,0 — HNO, (R8)

P 2 & KA VR A = A ) R A A HL IR B
BE N, R 58 1 A8 A6 (V/r=0.25) o W i 5 B %
0.5 Gy/s. WU &~ 28.8 kGy I, EEAALM K
FEARZZ N, K320, NO, HINO, (R B 57
W 7E 21.7~23.5 pmol/L 1 15.9~17.3 pumol/L 2 [a] I
I HYIN I mg/L A . MBS ME R
NO, FINO, I B (117.2 umol/L A1 162.6 pmol/L) ,
To B & BRI IR PR B AR, R 2
FAEW, JEBREE O, 2 B MH A IR
{EARBE 58 4B 1E NO, FINO, 42 i, XM TR
FAC I A O R S K e i R b AR B R O,
A RURDHI(RS)) o BIAL7E— [B] 2% 74 H) 77 FH XA
ROEBRVE R O, IRTIR T, & W H0 A4 i 7= A2 11
BAMNWI AT 20, F5 L O L B #h 1 72
DLk G v H1 77 B 5 28 R AR R I AR A, T 5 3 45
FAIRA B R JE3 T

30 0.6
A
25 -— 0.5
o o o o
20 0.4
Q
151 © A =) =] ()

o
[H,] / (mmol-L~")

=
o
L
o
N

Nitrogen oxides concentration / (umol-L™")

O NO,” A A >
5} | oNO; Jo1
A H, A
L L L . L 0
0 1 2 3 4 5 6

N, pressure / MPa

B2 25 CCHIANE N, H B0 &K I AR AR 7= A i A
L H, P 50
Fig. 2 Concentrations of nitrogen oxides and H, under
different N, pressures at 25 °C

R R BMEAUD AR R, KGR
iR 77 AR HL B 3R O VR FE BE N, T 55 (1 388 KI5 3 PR ARG
WE 2 fra~, WIGR &~ 28.8 kGy B, 30 mg/L &
K EE i P2 AR H, 1) R WK B 0.5 mmol/L & £
0.06 mmol/L. HT /% .4 S AH 5 AH AR BLLG
M4 CKAHPRRRE E N 100 mL), Bl &S AH N,

010204-5



AT N R ZOKIE Ly 55t AT

JE S (300, AR AR IR LK S O U
H AT S H, ()95 e BE R RPT AR P 1,
BCH, WP B N, S I S 35 PR, A, Sl
AR H LN NH,. H0,. O, 2% (NH,OH) # 47
TIGE, RAEBERYTHATAE

32 SHESEERRZEESEKERERETIER

A

IR R PR SIRPIAN, KRR AR
AR RVEF Y (R ER ) Sy iES MY, %l
T 0] Be 0 2 K W VR B A = AR s, 1 BIUAS [A) <
WARFL LG AR & I R AT 5050, ROV A A
500 mL, H 783 W 19 4& #8150 mL. 200 mL.
300 mL. 400 mL 1450 mL, “SAHN, /58K
1.0 MPa. &3 AN A SHH 5 AR R Z (V1)
X B8 7K I YO e s A v ) 4 U B2 R pHL I B2
Hodr, W E = 0.5 Gy/s, W & 28.8 kGy,
N, 5% 1 MPa. 30 mg/L Z /K& I 28.8 kGy fig
wh, BREMIKEN16.5~18.4mg/L, pHH L
10.3~10.6 Z[7], A BE ARG Kk A= B 2 A8 4k
R R, 7EN BRI ZE KB T, AW
FEAE B FLARFRI AR A I 2R 6 /K 3 9 ) 8 it 72
EREERW., FL b, BRPNES HES-
OHC((RDAI(RYY), {HFEETHUAFIG I, 2K
R4 HL R 2 IR RS AH, SR, SRR
JIVRES, X ] Be 2 il O AR E IR R FEAK, H
T AR B AL TE Y R C-OHLH,0, F1 O,) I ¥ S 1%
IS, ATV AR ™A B R .

H,++OH — «H + H,0 (R9
30 12
g
St B BB w |,
= —_—
g 20} » 8

®
E ° o ® "
I3 S 6 =
© >
é 10} 48
E 0O Residual ammonia
% 5t O pH value 12
>
]
2 0 L L L . L 0
4 450 400 350 300 250

Solution volume / mL
B3 25 CHF AR HARFREL (v / V) X ZK I W A e 7Rl
ARAIRE S pHAE 520
Fig.3 Residual ammonia concentrations and pH values
under different V,/V, ratios at 25 °C

Bl 4 e = AE I A AN ] R FE 52 S
B ryvp g, b, WIGRIE 0.5 Gy/s,
W7 & 28.8 kGy, N,JE5# 1 MPa. K451 NO, Al
NO,” ] ¥k £ 4 5l A 22.3~27.1 pmol/L F 16.1~
17.9 umol/L (31 mg/L ii47), —HIKEARKI
X TIBAR R L ARG &R . 5 B A DA,
H, 1) 32 WA B B SO A AR IR 38 K 2 35 B . <AH
PRFN 50 mL(V/V=0.1D K, 30 mg/L & /K4 il =
A () H, R AR E Y 0.5 mmol/L; 4 HH A4 AR 4
F 150 mL (V/V=233) I, H, [ 3 0k B [ =
0.04 mmol/L. i f bk 5 5 (1) & Z R A P A -
— 7R A N, 58 (1 MPa) (S W R, AU H,
(R B 5 A AR AR S R b s =R B T VR A AR
VN Y CE- A A =W R SS o W N = <]
ik B R U RE S R R, Uk AR H 1 &
ok o

=

30 0.6

6 %

g 251 0.5

E A 8 o a

2 20F s % 04 %
T l¢) o ® S
© | A €
g 15 € 0.3 é
(8] -~
0 | - d —
8 10 O NO, 02
é (o] NOa‘ A —_—

c 5 A H, 0.1

& A

g A

£ 0 . . . . : 0

z 450 400 350 300 250

Solution volume / mL

B4 25 CHREAREBARFRLL (V/ V) X R BB i e 7=
A AR H R FE (15 )
Fig. 4 Concentrations of nitrogen oxides and H, under
different V/V ratios at 25 °C

33 RENSUKARERIRENSN

TR I B R AR R R TR N R
H, NI /KR #2914, 25 °CIHF«OH
5 H, &N F 3 25 08 3.4%107 (L-mol)/s; i JEFH 42
300 °CH , iZH R HUE N4 7.8 10 (L-mol)/s, XK
L5 «OH F NH, 55 I [ S48 J 3 2 5 4+ 700 AR 4y
Sy vh s B A 25~200 °C, S pE 224 I WSS
FRIE R 60% (V) V=0.67), N,E Ar RIS /K IS
KE—LINE (W46 K 5EA 1.01x10° Pa) . 2 KA
SRR EE N30 mg/L, WUSGRIE N 0.5 Gy/s, T
FIEA 14.4 kGy.

B 5 AN FITELRE TR 30 mg/L &KV AR iR 7R
R A pH AR . I E % 0.5 Gy/s,

010204-6



MR S ES LY % 2024,42:010204

V/V=0.67, N,EGArMIMIER . 25 °CIHRIE A
14.4 kGy I, I F R 2R FE N 22.0 mg/L, &
IR R 2958 26.5% - X HESIRAARA g s 56
(V/V=0.67), WRWHI&E N 28.8 kGy I, FlRE M)
WRELZ)17 mg/L, SR MR 1 L9 43.3%, &40k
2 5 R SC R B 8 0 v, AR S A R AR R
£, BRI R A I AR I G i ok 2 2 i A TR
REAT B # G . X IH4E TREE BT, &
3 Ff T e 57 T A R B PR IR S AL i % (R 1D
WAk, AR B SR ES m, FAERE T
FEAS I8 ((R10)~(R12)) .

NH, + -H — NH, (R10)
NH, + e, — NH, + OH" (R1D)
‘N,H, + :N,H, — 2NH, + N, (R12)

—~ O Residual ammonia-N, o pH-N,

'—'c.” 30 ® Residual ammonia-Ar W pH-Ar 12

E

= :]

c 28} B ] ::] " 10

B pH ©

B R g

3 26} e

5 o

9 6 =

& i T

T o4 Ammonia >

s o lez

IS

© 22F ©

® = 12

>

°

g 20 L 1 1 L 0

4 50 100 150 200

Temperature / °C

5 ANIRI R S KV R A TR AR IR
e pH AR 520
Fig.5 Residual ammonia concentrations and pH values
under different temperatures

(B A3 7 B IR 25 °CTh s 22 50 °Cl, 8]
R EIE (21.8 mg/LOBEA FFAK, X Al G855 2K M)
FHL B DL R 6 IV (1] Tl 560 BRI AR B AR A K.
BEA IR — B TH 52200 °C,  Fol 4 S F 25
%275 mg/L, XF NS5 il B EC AR 8.4%, 1A
25 °CH 11 26.5%, LiR&EREFY, BEAEE,
AR RN RIE TSR, &l R TR
WIORFE. 25 °CH 253 il e 2 ZE 1) 51 KR B (RD
R H N 9.7x107 (L-mol)/s, 75 A 200 °CH %
T S B 2 8.8%10° (L-mol)/s, & B = I IR 540
fr FE SR RIZ o SR, T AR SR B R I X
HEIEM KR I R, RS 2 A R 2
((R10O~(RI2)) G EH8 58, 50 AE BGH 26 5 70 i S v
) 91 #E T8 R 2 1) ) 22 BE B /N o 525 °C A
200 °C K (R10) Al (R11) M 3 F H % A 1.0x

10" (L-mol)/s A1 1.15x10" (L-mol)/s, H_LEA[%01, i
% |1 25 °CF+ 2 200 °CHy i #2H, = B (R10) F
(RID R BT T 11565, M £ B i
SOV (RD R E T & 7 9f%, Bk, i&EET
FINPR T AR O RE, HRER M B TR
[ it FE o T e N HEIZ AT TR 310 °CR, &
(50 Rl 30 2 i — DB AK . BAh, N TR
N HERSE N X FE AR AR e AR s, 5
HIH T 200 °CR . WRWGRIE N 14.4 kGy I, Arfifl
A 30 mg/L 2 /K I VR 46 A J5 /R 2K FE R
28.1 mg/L, 5 N AEFNP)4AR 24 i) 27.5 me/L #2k,
RN, H R A REAR, N,
S 5EMRRMNIFREANR, XEHTN,HHAN
R AR E I =B, HBEERE N 945 kJ/mol,  #L
MR EHHENEEIEH NRERE, 25
EAR AR R A B, X R E N, Ar RS
AR A BEEZS . N, Ar A gk
TR, R IEHT S pH 3 4E 10.30 7245 9430
HAR 52 B AL [ 2

P 6 A KT U A e AR R R A (IR FE T R

JFE AL o
o NO,-N,
B NO,-Ar F 60

0 NO,-N,
® NO,-Ar

NO,- % {40 =

2

o

-
o
T

INO,T/ (umol-L™)
)
[m]
S8
INO, T/ (umol-L™)

o
o——
—{L—
——
N N
o o

0 50 100 150 200
Temperature / °C

6 A [RNIR R KRR AR A R DR FEE ) R )
Fig. 6 Concentrations of nitrogen oxides formed by the
radiolysis of ammonia solution under different temperatures

25 °CHf W W5 B 14.4 kGy I} 30 mg/L ) &
KW W AR B NO, R NO, IR
0.5 umol/L F112.7 umol/L ; & F& T+ %5 200 °CH} , NO,
FINO, 1 £ 43 5] 4 16.7 pmol/L F1 38.1 pmol/L
(#£70.8 mg/L fl12.4 mg/L), 435l 3 i & 25 °CH 1)
4fEM3 A . PIRGE SRS, BEA S, &
AR R R R 5, HNO, 32 B AR L
S L NO, BB I 2, 3% H T UK 6 A 1 1]
PR 5 K A AR 77 2 16 O, AT« OH 25 ) 1) 2 B 5

010204-7



AT N R ZOKIE Ly 55t AT

RINEETE R . ik, EEFHE 300 °CLL
B, A IR B 0 T i I A
(NS P2 YRaa ey - A1 I SR o= /s VAN DRV N ]
. B 6 SR HR FE SN 200 °CHF Ar 7 A1) 20K
VW NO, 19 J (16.2 pmol/L) 5 N, AT )44 £
B, {HNO, R 5 B %2 27.96 umol/L, K Ar
PR 2 A TS T NIRRT AR &

34 SUKBIRES S ERE

N T AL S S HE LS LR SR A E A R AR
it FE, #57 7 FT FACSIMILE )& & 4 25145
W RN 1AL . X R THEE T 25 °CL 50 °C
100 °C. 150 °CH1200 °C F 30 mg/L & 7K i 1 5 i
J Tl AR SR B S S e AT b, e 7
@R tHREMAZMEWT: ¥HaRE N
30 mg/L, W& R AN 0.5 Gy/s, WU F & A
14.4 kGy. BMEERER, MAERER A, 2K
VWA 0 S TR R S IR BE AR IS I, 5 S G 4
ka3 —3. RN 25 oCH A% 7Y TN ) ) 4% ik
J 9223 mg/L, W& T SE0{H (22.0 mg/L) 1% /&
s SR S5HE A R ERHARZE AN 41%, H

w
o

N
(&)
oe

® B

N
o
T

© Experiment
o Calculation

-
(&)
T

N
o
T

(&}
T

@)

Residual ammonia concentration / (mg-L™")

50 100 150 200 250 300
Temperature / °C

o

PUAE R BE R 150 °CHF s il B ik — 25 7t i % 200 °C
JG, “EMMREREE02% A4 . EiRGERE
B, AT SLIG AR A R R R A, v DURGE
HURSAUAS R BE N SRR R AR AT N -

I FH 122 455 2R 56 AN [R] 40 46 TR 1) B /K T R (10~
60 mg/LOTEVR A3 IERARAT AT T, JEEL
T 5 VVER J B HERCHHEE (575 & 22 FIR A,
TRy SR 2R W TR & 2 43 i O 2 500 Gy/s A
1 500 Gy/s, I JE N300 °C, ¥R AIKE N
0.005 mg/L. A FUN H (AN [FIFT U6 B T ol R
R PEE T A R B TR R AR AL G B T (o) BT, WDAR R P
10 mg/L IR R R o R R AR R, 7RISR
16.30x10° s JFIRERFE 1 mg/L LLF o MR EIK
& 5 2 60 mg/L B, ¥ 07 H i 2R B B I 2
1 mg/L DL R 4L 9.70x10° s 48R, iR 45 AL
B, B I 46 SR FE A R T4 0 701 L 1)
TREE, AHSERR b —[m] i & H WA B VS Rl 10~
30 mg/L ™, 1 mg/L F &R A DL 280 0 ) S5 1
VIR B . R, 76 SR IR 25 1R T s A
FHVE S ALY FlodE AT S0 B, 7 e i ) [
6 D 70T B IR K DA R LR

‘3 102

g .............. \ N

= 10" p-- . TeLON

g T ——— o TN

E .\, * \

S 100[ N =y

2 \ I

8 3 C N
© 101 .

-g 107 . \\
£ % A
E 10—2r \ .
S

3 (b) \

% 1073 emleasslcosnlcosunl o osel ool cossnils
14

10" 10° 10" 102 10® 10* 105 10° 107
Irradiation time / s

7 (a)WIIREIRE 30 mg/L, W2 0.5 Gy/s, IS 14.4 KGy , AR EE T Z0/K I VCR AR ST ) T SE PRS0 E ; (b)
300 °C, IS i 2 72 500 Gy/s, y HT48 1 500 Gy/s , AN [FI B0k < 8 1) UK VA s gt o e b e A Uk 2
Fig. 7 (a) Initial ammonia concentration 30 mg/L, absorbed dose rate 0.5 Gy/s, absorbed dose 14.4 kGy, validation of the
radiolysis model at different temperatures; (b) at 300 °C, neutron 2 500 Gy/s, y 1 500 Gy/s, residual ammonia concentration during
the radiolysis process of aqueous ammonia solutions with different initial concentrations

4 g

ARSCHFIE TN, I 58 CFAR 73 5D« S S5
AR Z B (Vv RA BT B0 it S = A WA y 3
AT sz, WE TRARE . H B R
PIONO, FINO, D& IR L, L8 7% R s
WMHNH, FiE, 53R R AR+ I

KKEILH,0, 10,0 MAMNEES T & 204 H5F 14
RAERY, 5 PR S50 . (DN, JE 38 M SRR AR HE
0 A8 1 R 52 W 1Y) 4 il ARS8 AR G R
W6 W FE N 30 mg/L ¥ 2 7K ¥ T 7E IR I
28.8 kGy I}, 1A Z A el 2 S (MR FE 208 17 mg/L.
BEMP VR EBAL, BN mg/L i d, Z{EIT
KTBAAEARGmgLLL L), BAAMEELD

010204-8



MR S ES LY % 2024,42:010204

K E P F IR 5 e PR 2R IR AR G R . (2O H,
ML B I N, s 5 AR A0 AR AR B 1 388 i o B I
N, R 5838 K BHAS 1 ¥ P 28 B H 3 8IS
SRR LE I N, R & PN 2 KV TR e D 1 [
AAEFE R, SECH, B E B 0.5 mmol/L P
%20.04 mmol/L . (3) i 8 G 2 /K 1 0 A 48 fidd i R 52
W AR K, I FE T R S ) A3 il R AN KR TR 2%
Wi 7 B 14.4 kGy &, I FE 25 °CHF % 200 °C
I 30 mg/L 1928 7K H & 1 53 i L A5 EH 26.5% [% &2
8.4%, UF B miR A F T s Mo, X5EM
FAERRAS R A R EXR . AN KR ERE
TR B3N B2 T, 200 °CHY NO, F1 NO,
FE4y S v A SR 34 M3 A A, Ik, &
BILE il T 150 B B 3R PR BAE A 1) ity - 39 o 1%
A B B TR R 1. (DL T HE
A BT (5 AR T IR I8 IE 1 H T B, SRR
T S F i S A TN £ T ) R R R R ZE AR
4.1%. it J5 R Z AR5 T AN RGOk
WRAER, SRER, BEVIHBIREERTA
HIF) A R AR, B S A AP
ol oy 5 2 B BF i) [ i e 7008 R PRI K

fERMENR FTHERT RAIEMNIR, #
AMEEBEEEEPAT; KA ERBEFESER
MAEHATTHT; TR TEWHT 0%
B X R A ASCHAT T RAB K #E
FRETAIENFREEFL2BEX, FTAHE
# A TR NT LR SURE IR BT A2

Sk

1 Uchida S, Katsumura Y. Water chemistry technology—
one of the key technologies for safe and reliable nuclear
power plant operation[J]. Journal of Nuclear Science and

2013, 50(4): 346-362. DOI: 10.1080/
00223131.2013.773171.

2 Andresen P L, Was G S. A historical perspective on
understanding TASCC[J]. Journal of Nuclear Materials,
2019, 517: 380-392. DOI: 10.1016/j. jnucmat. 2019.
01.057.

3 Fang Z, Tang J, Xiao J X, et al. Modelling electrical

Technology,

corrosion potential of 304 stainless steel under fusion
power plant environment[J]. Journal of Radioanalytical
and Nuclear Chemistry, 2019, 319(1): 303-314. DOI:
10.1007/s10967-018-6299-x.

4 Kysela J, Zmitko M, Yurmanov V A, et al. Primary

10

11

13

14

010204-9

coolant chemistry in VVER units[J]. Nuclear Engineering
and Design, 1996, 160(1/2): 185-192. DOI: 10.1016/
0029-5493(95)01096-3.

Bulanov A V, Kolesov B I, Lukashenko M L, et al.
Radiolysis of ammonia in the first-loop coolant of
reactors in floating power-generating units[J]. Atomic
Energy, 2000, 88(5): 368-372. DOI: 10.1007/
BF02680531.

Lesurf L E, Bryant P E C, Tanner M G. Use of ammonia
to supress oxygen production and corrosion in boiling-
water reactors[J]. Corrosion, 1967, 23(3): 57-64. DOLI:
10.5006/0010-9312-23.3.57.

Dwibedy P, Kishore K, Dey G R, et al. Radiolysis of
ammonia-water  systems[C]//Proceedings  of  the
Symposium on Current Trends in Water Chemistry of
Nuclear and Thermal Power Plants and Other Related
Units, India: Bhabha Atomic Research Centre, 1995.
Men'kin V B, Makarov I E, Pikaev A K. Pulse radiolysis
study of reaction rates of OH and O radicals with
ammonia in aqueous solutions[J].
Chemistry (English Translation), 1989, 22(5): 333-336.

Dwibedy P, Kishore K, Dey G R, et al. Nitrite formation

High Energy

in the radiolysis of aerated aqueous solutions of ammonia
[J]. Radiation Physics and Chemistry, 1996, 48(6): 743-
747. DOI: 10.1016/S0969-806X(96)00037-0.

Rigg T, Scholes G, Weiss J. Chemical actions of ionising
radiations in solutions. Part X. The action of X-rays on
ammonia in aqueous solution[J]. Journal of the Chemical
Society (Resumed), 1952: 3034. DOI: 10.1039/
jr9520003034.

Luzakov A V, Bulanov A V, Verkhovskaya A O, et al.
Radiation-chemical removal of corrosion hydrogen from
VVER first-loop coolant[J]. Atomic Energy, 2008, 105
(6): 402-407. DOI: 10.1007/s10512-009-9115-4.

FTIT, M, ARG, A EUKIERAE y S h AR SR
WO AT NI FT[D). %3 1 TRE, 2023, 44(3): 217-222.
DOI: 10.13832/j.jnpe.2023.03.0217.

GUO Zifang, YANG Yu, LIN Mingzhang, ef al. Study on
the steady vy -radiolysis of ammonia solution[J]. Nuclear
Power Engineering, 2023, 44(3): 217-222. DOI: 10.
13832/j.jnpe.2023.03.0217.

Sakumoto A. Hydrazine formation in the y-radiolysis of
an aqueous solution of ammonia[J]. Bulletin of the
Chemical Society of Japan, 1966, 39(6): 1349. DOL:
10.1246/bcsj.39.1349.

Steinberg M. Irradiation of NH,-H,0 solutions for



AT N R ZOKIE Ly 55t AT

15

16

17

formation of hydrazine[R]. Suffolk County: Brookhaven
National Laboratory, 1960.

Brunning J, Cake P, Harper A, et al. Some observations
on hydrazine and ammonia based chemistries in PWRs
[C)//Technical Committee Meeting on Influence of Water
Chemistry on Fuel Cladding Behavior, Czech Republic,
1997: 455-464.

Mamet V, Yurmanov V. Present status and recent
improvements of water chemistry at Russian VVER
plants[C]/International ~ Seminar on Primary and
Secondary Side Water Chemistry of Nuclear Power
Plants, Eger, Hungary, 2001 : 56-65.

Elliot A J, Bartels D M. The reaction set, rate constants
and g-values for the simulation of the radiolysis of light
water over the range 20 °C to 350 °C based on
information available in 2008[R]. Mississauga: Atomic

Energy of Canada Limited, 2009.

18

19

20

21

010204-10

Buxton G V, Alan Lynch D. Radiation chemistry of
aqueous solutions of hydrazine Part 3. The chain reaction
in oxygenated solutions irradiated with “Co vy -rays[J].
Physical Chemistry Chemical Physics, 1999, 1(14): 3293-
3296. DOTI: 10.1039/a902480h.

Hayon E, Simic M. Acid-base properties of free radicals
in solution[J]. Accounts of Chemical Research, 1974, 7
(4): 114-121. DOI: 10.1021/ar50076a003.

Grachev V A, Sazonov A B. Radiolysis of aqueous
ammonia solutions: mathematical modeling[J]. High
Energy Chemistry, 2021, 55(6): 472-481. DOI: 10.1134/
S0018143921060072.

Czapski G, Peled E. On the pH-dependence of G, in
the radiation chemistry of aqueous solutions[J]. Israel
Journal of Chemistry, 1968, 6(4): 421-436. DOI: 10.1002/

1jch.196800054.



