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1.2 LR
1.2.1 HBERHE

SR FH 9 BDD HL ARG 2 HFCVD il 4%, LA
E LS Si(100 L L JE 1 mm, T A 20 ecm?) R &L, LA
W R e AN (nCRRBE ) - n(RR0) =0.75% ) A R
SR . BDD UT A #E vh, #2255 BL i [A) BE I E R
8 mm, AR M 400 cm’-min™', PTRLE R £
£ 860 CL A7, K H1 R 2.5 kPa, UL E] R 6 he

Cu/BDD,Ni/BDD Hi#% Lk BDD HL## ky JE i , 2R
R SIS e & e Wl N VN VA B e
PLFL Cu/BDD HINi/BDD HL# , 43 512K 0.5 M CuSO,
F10.5 M Ni,SO, ¥ W 0 FLBE W , LA AF T AR Pt S
W, Ag/AgCl HLH i Z L HL AR , 7% 0.6 V (vs. Ag/AgCl)
HLE R UTAR 5 so A I i 1l A 1 FL A 2 PR BB L i 0
W HAE 0.5 M NaOH ¥ i H R G 30 0K 42 75 #0471
Ak, R E N 100 mVes™ AL E 08 0~1.0 V
(vs. Ag/AgCl) 1 ¥ J& 115 # S 100K .
1.2.2 RIEFZE

(1) MY SR IE

K F SEM X FEL A 1) 2% 1T TR S0 DT 38 40 A gk AT R
FIE 2R FH X R D 0 38 FEL AR 114 At A7 436 A0 BB ) R g FE 225
P 0.15406 nm B Cu Ko 58 55 5 . 20 $9 45 75 [l
20°~100° A S A B 10 B R 20 minT K
4 0.01°; K UK R 514 nm B E 618 (Raman)
I F R 1 A 2% B4, 8 B89 Ll 200~2000 em ™'

(2) JEHLES v B ik

G R Ak B I - 225 Sk [ 26 1R BRI W 4 43
G 1 i A U S i R e S VAR B, FE S R T R KR
i H8— 52 W B BEAE BUIM A LE B 0L, B Jim A NitraVer 2
WA R R IR A AL (B RE N 0~250 mg-L7) , #E 4]
B 10 min J5 57 BB IS A& DR3900 /] W6 43 060t Ji2
TEEAT ACRE S A 1 6 1 00, 3 i 0 AT e 0 IS
135 e A AH

fifs W2 £k 2 1 . 2% S0k [ 26 1R FH AR I8 I 43
B 1 S A U R R B R E R TR KR
W — 5 A B B A5 E0m A H L Il b, A NitraVer 5
il 1R 45 3 700 83 B4 (2 N 0~30 mg- L), $82) )hL
5 min J& 37 B AW 7 DR3900 1] W% 43 % 6 i 3 ik
AT K BEAS TRk A 0 2, 1 S) 0 A A7 480 050 05 75 31 1
(B o T2 V92 I I T P S R 0 e B B A il R R
AV B

AR : 22 3k [ 27 1% F E BRI K 4% 18 43
O B 1k S e A I 2 RV B AR R T R OK AR R IR
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1) s A B A B 2 I R A (AR 0.4~
50 mg-L™") 48R J5 it A K 4% 2 % (Ammonia Salicylate)
5 BE AL AN R BR % (Ammonia Cyanurate ) i& 71 47
B AL 8% 21 J5 I B 20 min, £F W @5 A W
DR3900 1] WL 43 6 6 BE T F k47 7K R & & I A i
SR (A AT 40 5 5 15 B R 2 .
1.2.3 BAeFEMLFE

BDD Z i i # Cu NiJZ, L & BDD .Cu/BDD Al
Ni/BDD Hi 1% 1% H Ak 2% P B 35 R R AR vk = ri iR R 45 i
I, 43 %L BDD (8% Cu/BDD \Ni/BDD) A T/EH
B L LS i B Pt B Ag/AgClL Sk it i b A1 S L HL AL
Hodr 3F i i i vk (CA) T 46 BDD 3R 1 H 47 TE AR
Cu  Ni, ff AR %7k (CV) B Gtk H R % 2 (LSV) H
FF LB R AR M BE R AR R 50 mV s
1.2.4 BKEBIE

JEKEA RS RE M RHME T BIR S A R
M55 M (pH:8.82) (i L % (36.70 mS-cm™) ¢
FRAE , H E o & g 1 R .

SR T B 2 A VSR 2 X R K AT B i
H AN E 1 TR, 2% A IR A 3 R (L
70 remin™') DL K B R Al (PR DO E ) N . TEIRE
H, fiff 24, B B AR 4R T 45 JL AT T AR (249 20 em?) 1)
[ /- BDD (1 Cu/BDD .Ni/BDD) HL 1 , ] FH % [ #E %
BN 10 mmo RUE R ]S 5 A T Ry H AR, HUR R

1 EAKFERE

Table 1 Wastewater quality characteristics

original water sample _ _ _ 0
» NH,-N ClI NO, NO, SO
composition X

concentration/mg-L™' 1735 432 17280 3128 153.6

cathode

B i moR A

Fig.1 Schematic diagram of electrochemical device
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15 B A8 IS T A A AT B LA R A A 1Y
SR ARFUA A . R S 0 /e fH AR (80 mA-cm ™) T
HEAT AY SIAESS 1,4,8 h R 12 h #EA7 HORE 20 H , B
1 mL. NO, . NO,” & NH,-N ¥ & % H iy 7
DR3900 A] WL 6 43 06 6 BE T F #4700 3k, 2R FH AR AR Ik
A S5 g AR vp e AR 0 AR, B 3 SO0 L HE AT
LioRUILS

2 #R5TR

2.1 BHRERKRIE

BDD . Cu/BDD #1 Ni/BDD Hi ¥ (1) % i JE %1 4
&l 2a~2c iz , BDD &bz 1 5) 4 6 70 56 v R, IR 2
o AL, SoBn R SFAE 1~2 wm 26 47, 5 B8 % (4 py

b. SEM and EDS imagesof Ni/BDD electrode

c. SEM image of BDD electrode
B2 Cu/BDD.Ni/BDD & BDD HL#% A SEM K AiF
Fig.2 SEM characterization of Cu/BDD, Ni/BDD and BDD
electrodes
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TR OK 45K . R AE BDD £ P T Cu Ni,H
T TR R B A, DORR Y Cu N4 8 58/, foRi /N,
TEARAT SEM EE i I & W48 2 B 2 1) Cu Ni TR .
M EDS i (& 2a, K 2b) 0] BY B F H = B sl
B.CILE AR L) /A 7E BDD Hu b i, 2P T B 1Y 5
W B ¥ 5148 2% s E Ni/BDD 1 Cu/BDD L%, Ni il
Cu t ZE H A 4E BDD H A R, 5% W WAL T C.B
JLE R C B RAEM RN FEITER, XK AR
BDD HL A Bf 1 5 9 o AR 1k BE L Aih 1 784 & 4 A0k
G B AT APE T . = A A 19 Raman D3 (1] 3a)
oy 5 AR (1 R VR B B A AR AE L 7 1320 em T i
H—/NHE, JE T sp’-C 2 fFRAF 0 | H A4 4 W47 4
[ 1332 cm™ FFAF 06 A7 W] S 1) 6K 30k 5000 B 1) TR 42 3 22
EHERENBB S 7E 480 cm ™' A11220 cm™
BRI 7 Yt Y w0 i — 2D EHIE T BDD HLEK B8
Z4 b B 5 0 1560 em ™ BiF I A 50 B (1 B8 04 3= 2R IR
T4 WA &Y sp’-C, 2 B 2R H HFCVD % il #% /Y
BDD il HA w48 . = Fh s i 19 XRD B R 3L A
AR TE (& 3b) , HAT B A9 (11 1) LB, 5 SEM &5
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a. Raman spectrum
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b. XRD pattern

intensity / a.u.

&3 Cu/BDD.Ni/BDD & BDD HiL#% A9 78 K XRD EAE
Fig. 3 Raman and XRD characterization of Cu/BDD, Ni/
BDD and BDD electrodes
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B—FG B, T Cu, Ni 48 1A B, 9 R W
#| Cu 1 Ni iy XRD Ii§
2.2 HBERBAFZELEFERMEENK

& 4a #i1 [ 4b 78 T BDD . Cu/BDD #1 Ni/BDD
=M 2 BIAE 0.1 M Na,SO, 5 &4 0.1 M Na,SO,
F10.01 M NaNO, % B H 1Y £ 1 13 15 AR 22 e v il 26
(LSV) , LA 43 Hr A 7] o B 3 J5E NO, PEfE . 7E 0.1 M
Na,SO, W H, 3 Fl LAl 75 —2.0~0 V HL AL [l N 2 R
WL % 3] B W 19 3 L 0, B S0 2 B %5 BDD 4R T Cu I
N A5 A M 1] 1F A7 i %, 36 WA SR I N Cu 3R
I 2 BDD 2 11 2 B {1k BDD HL B (4 B & A, (L7
2 LA 4 S AR AR R T B AR R R N . EE A
0.1 M Na,SO, 1 0.01 M NaNO, % i 1, 3 Fh i 1% 19
LSV i1 £k X 5 B & , BDD A #E—1.2 VAb A A — 1%
538 J5L & | 1 Ni/BDD A1 Cu/BDD HL#) 4 5 #E—1.35 V
M=1.55 VA I T & 08 5 g, W] BB NO, 7
LB T & A TR R RN o [, BT 4 NI Cu B i
J& i) BDD Hi# 3R B 45 Sy i &, (0 2 A = S AE
Ni.Cu f&1fi iy BDD H M K1 , A B T NO, T L i &
f) NH,-N % 1k . i BDD H % 9 NO, ib J5 i 78
=1.2 V, W E AR X 5255 , 3% 7T BB & T BDD HL A i 41
HIHr A, HENO, B JH o N, I i TR 45/ i
i % /N s A i, fE Cu/BDD AT Ni/BDD HL % (1 LSV
W3t v, w] DL A S W88 B fL A7 S —=1.35 V R =1.55 VB
LI R R G 0 (1] 4b) L 33X AT B J& NO, i Ji fi HER
4 e [F] 1 FH A 45 2R

[ 4c filE 4d 4 BDD,Cu/BDD F1 Ni/BDD Hi# 43
WIHE0.5 M NaOHFI5 A 0.5 M NaOH F10.5 M NH,-N
VWP CV R 2, LA BT A TR) HL AR 4804k NH-N R RE
ERAHEM RSP NI AE R ET 2k, WA
0.544 V(vs. Ag/AgCH iy HL R, 8 v DLAE NI/
NI ) B0 fk 3 T 7™ A ) BH A 0 A0 F A 01 4% 38 BH 8 1)
L P04 , LA K Cu/BDD (% Cu( T)/Cu( D) %84k 38 Ji 7= A
B9 B 0% . & 4c b, Ni/BDD 7E Ni( II/Ni( 1T ) & 1k id
JE UG Ab Y e K LR N 27.4 mA-em T I T
BDD #1 Cu/BDD Hi # . X W] Ni/BDD Ky HL F 54 %
KW, Kad BoR T CV b NH,-N & Ak 528y
AR AL, Y it N B 43 4 L A2 38 #0039 V (vs. Ag/AgCl)
B, P A ) P 2 RE AN DRI 3, 3 308 B NH,-NFE 3K
A9 HL AL A A AR O, T4 i 1 L . (HJR T
B f S R BE 7 B9, Cu/BDD Y 48 Ak i J5E i {1 Fi 3
T Ni/BDD., HSEM , & @B 4m LB &R T d
A% 35 M R A AR S D SN L VAL
N Lk
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ST—sm Na,SO,
04 — CuBDD Na,SO, [Tl
% [~ — NilBDD Na,SO, =
i -5 z 7
£ 104 #F gt \
:'i'" // 4 E 0
2 15 75 = p s
g ,/ / >4
= -20 Vs g
g / =6
8 '25‘ , / % 8
-301 8 _::genﬂ;ft/)vgi\%/AQéIZ .
-35 T : -
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a. LSV curve in 0.1 M Na,SO, solution
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¢. CV curvein 0.5 M NaOH solution

5
0 4
“.‘E _5 .
S
< 101
2 15
g —— BDD Na,S0,
o 201 —— Cu/BDD Na,SO,
§ — Ni/BDD Na,SO,
5 -251
30
-35 T r ; .
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b. LSV curve in 0.1 M Na,SO,+0.01 M NaNO, solution

50

——BDD
Cu/BDD
= 407 NisoD
S
€ 301
=
3 20
3
'g 10 -
3
0 ———
-10 r
0.0 0.2 04 0.6 0.8

potential(V) vs Ag/AgCl
d. CV curvein 0.5 M NaOH+0.5 M NH,-N solution

4 BDD.Cu/BDD Fil Ni/BDD HU# £ A R 7  F 9 LSV B CV i 2%
Fig.4 LSV and CV curves of BDD, Cu/BDD and Ni/BDD electrodes in different solutions.

2.3 BUFMEEERE
231 BRRAMNESRLEVHEMFBIR

152K H BDD Ha B B fift A5 L% K i BiF 55 v, CI 2
SO 5B 2% 9 H T VRl BDD HL A= - OH DL i X
JE K B R AR AR . G, SR B0 E e ST T H A A
T P A ST 53 R I 7K R e A5 AR S e S 5 i T
1 B B A% 35 2 BDD HL A% , HL A B3 43 0 S B 1 0.1 M
NaCl fi1 0.1 M Na,SO, ) /K IR & W, It B4 m
= KWL AL S 0 U % R (80 mA-em™) K B
(25 COXEARIEIT 12 h 1 FESE

5 R 5 BE M R IE K 25 A [ I [R] B A JSONO,
NO, PL Je NH,-N ¥ Ji2 i i 18] (4 22 {6 & % . 7E &l 5a
L2 h RS L NO, B MR EE Z208F R R TR N AR A
L3 0.1 M NaCl &% 0.1 M Na,SO,J& % NO, Y
1 h EBRREEERE ST 90%., Hd, B NaCl 5 5
SR P, I Na, SO, IR 22, A s T HeL i o s R o 2%
FERENO, 1 T R NO, /M 28 B+, B Sb [ LIFE
AR R TR e R R A N O, TR I R A O,
f# BT A9 3128 mg-L™' F+ % 13800 mg-L™', ¥ Jil Na,SO,
MR Z BN NaCl i TR/ o BTG NO, I e B B [
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fiff BN 8] 7 2B K 250 7 B AR, 28 8 h [ Je 2 I F R i K
FE B, 22 12 h B 5 FL 78 )5 W, NaCl iR & Wi AN
Na,SO, i & W i #e & 43 ] 4 260, 140 mg-L™ Al
280 mg-L7', FEF 5¢ 1, NH,-N A9 45 1k # #5 bii Ha i
B S i 5 B 25 SR, R SR AR I Na,SO, 1 L
NH,-N 9 B2 5 T8 5 B A AH S I Na, SO, i) e 3 i
S ARSI AR TS LT NH,-N IR EE 2 4 h s
T2 W5 32 W R AR (EL 22 12 h B A S 0 o T TR R
25 W SR IS e BE TG TR I N a, SO, 114 8 7K HE NHL,-N e B 48
8 WAL IS T+ IE(E , 12 h 5 2170 mg-L™' FEAIN T
NaClHaL i 57 (09 W T NH =N AR BE 25 1 h R it s T 3k
FE% 54 mg-L™', Z )5 I BLAE i J5 BEAR M ¥4, 4 8 h
JE BRI, 12 h)G X% ZE 852 mg-L™'. ZEFAMLEY
AR R R XU B R AT TR S 4 BT R
3 & AR L RZHCH AN, R &R A
AR T A I R PR AE (A3 i Bk R B, X N, B R
PRI 45 AN K 5d TS, N, B 26 5 1 i 946 it I (1] ) SE
KBTI, 2212 h A 5 B 80% , i i NaCl J5
XN, it B & 4F (96.78%) , Na,SO, X Z
(88.39% ) , AN il FL £ J52 14 51K (84.80% ) o
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Fig.5 Effect of adding different electrolytes on degradation performance of nitrogenous compounds in wastewater containing en-

ergetic materials

DL b S 0 45 BB NaCl iy i A & & AL & 9 1)
R S M B8 K, 0 NH-N B 5B e vl g . X £ %
EFEH A -OH MEH T, CIag S 1Lk Cl,, B B 5 K
F2R A B B AR 1 ClO™, CIO™ 1 K NH,-N & 1k
KNG, B hJE NH,-N IR EE K B AR, 78 vk B2 B
P T AR NO, 11 NH,-N %4k o e 4, 43 40 S i
(11.13.16.17) , NO,” 7£ FH # K # 7 9% %A 1k
NO,™, /N 43 76 B A 5% 4k o NH,-NFT N, BB
(1~5) 4 J 0 5 A AL 7] (C1O7, S,0,7) AT 2 #E NO, ™ [7]
NO, %4k , I It % il 7 NaCl #l Na,SO, J5 NO, fi 2=
B SR BN TR A T R AR . B NO, I TR, B
e b kA 2 M ik R N (14~15) , NO, #8 %
W Ak S N, R NHL-NG 78 38 4046 71 (Cl1O™, S,0,7)
PhFEVE R NH,-N I B f 7] ) NO, ™38 Ji 3 %
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Fig.6 Effects of different cathodes on the degradation performance of nitrogenous compounds in energetic material wastewater
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Fig.7 Optical images and SEM characterization of used Cu/BDD and Ni/BDD electrodes
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Fig.8 Effect of different anodes on the degradation of nitrogen—containing compounds in double electrolytic cell system
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Using BDD Electrode for Electrochemical Treatment of Nitrogen in Real Energetic Material Wastewater

YOU lJia-jun', WANG Bing'’, XIONG Ying', WANG lJian®

(1. School of Materials and Chemistry, Southwest University of Science and Technology, Mianyang 621010, China; 2. State Key Laboratory for
Environmental—friendly Energy Materials, Southwest University of Science and Technology, Mianyang 621010, China; 3. College of Mathematics and
Science , Southwest University of Science and Technology, Mianyang 621010, China)

Abstract: The pilot-scale energetic material wastewater is a kind of wastewater which is extremely difficult to degrade, contain-
ing high concentrations of various nitrogen-containing compounds, such as ammonia nitrogen (NH,-N), nitrite (NO,”), nitrate
(NO,7), and other organic pollutants . To realize the efficient and directional removal of these nitrogen-containing compounds,
boron-doped diamond (BDD) electrodes were prepared by the hot-filament chemical vapor deposition (HFCVD) method and
utilized to degrade the wastewater. The effects of electrolyte composition and concentration, modified electrode type, and elec-
trolysis device structure on the degradation efficiency were investigated. It demonstrated that adding 0.1 M sodium chloride
(NaCl) electrolyte to energetic material wastewater could improve the selectivity of NH,-N direct conversion to nitrogen (N,).
Using Cu/BDD and Ni/BDD cathodes accelerate the conversion process of high-valent nitrogen to NH,-N. Under the dual elec-
trolysis cell structure system, employing Cu/BDD and Ni/BDD electrodes as anodes improve the degradation rate of NH,-N con-
version to N,. Therefore, the approach utilizes metal-modified BDD electrodes as anodes, is expected to be a highly effective
method in the rapid and selective degradation of energy material wastewater, especially when using 0.1 M NaCl as electrolyte.
Key words: BDD electrode;energetic material wastewater;electrochemistry
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This research focuses on the removal of wastewater containing nitrogen compounds from complex energetic materials using a
BDD electrode. It covers the preparation and characterization of the electrode, the impact of experimental conditions and the
possible transformation path of nitrogen. The study also examines the degradation process of nitrogen-containing compounds in

the anode cell and compares the treatment effects of BDD electrodes modified by different metals as anode or cathode.
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