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Fig.1 Schematic diagram of experimental set-up
1—electrolyzer, 2, 7—pump, 3, 6—anolyte and catholyte

reservoir, 4—DC power, 5—electrochemistry workstation
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Fig. 2 Influence of initial concentration of N,O, in anolyte

solution on the electrosynthesis of N, O

(6 °C,flow rate of anolyte is 20 mL - min ")
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N, O, in anolyte solution is 28.2% )

0.08

W

=
Q
<<
= 2
‘2 0.04
5] /’_—\1
=2
5 10C
5 002 2 6°C
© 3 12°C
4 18°C
gy 0 3600 7200 10800 14400
time/s

B 5 S [E) 3 BT R O RE I ) 2 A o 2
CHURIRE R 20 mL - min =" N, O, WG Ky 28.2% )
Fig.5 Current density-time curve for the electro-synthesis of
N, O; at different temperature

(flow rate of anolyte is 20 mL - min ", initial concentration of

N, O, in anolyte solution is 28.2% )

Chinese Journal of Energetic Materials, Vol.20, No.1, 2012 (90 —93)

BE RS N, O, 143 i BFsg R,
N, Oy (149 fiff 12 52 T J3E 1Ay 5 pR 2, JRLBE N 15 °CHin 31
20 °C, N,O; TERMBRIE I ) 73 ifk AT 1 4%

LRI X B AL B R N, O IE LB T T 11 52
Wi, B0E LA IR O 6 °C o

4 £ it

P RuO,-1rO, /Ti M fHM ,IrO, /Ti NFAML , £ fL PTFE
HE A P, 70 AR L IR 2R A R SR B 5 T BRI R N, O,
e e JEE L R TR0 R R AR IR X R N, O i AR 11
M o AR N, O, R 2 A HL A 041G 20 00 5 0% v,
AT i IR AR R AR LU RE , (H 25 AR N, O, #1146
Wk HEIRE 45% | FL AR WUHE PR 3 B oL 41 mL - min TR,
LI AR R L BE X TR E o N, O WA Bl v A 911G
PG A0 3 0 Bl BE AR B R N, O 0 4 e i A2
AR/ o 8 EC A BH AR N, O ) o 4 J32 0 vl it 00706 35
AL 45% M1 63 mL - min ™', HUREE Y
M P, 2 S 25 L A AR L R T LA HL S AN
N, O 11473 fifp 8 A<, X I A7 75 B (£ A BRI RE . 7EA
WEFEIEE N, Z R 6 Co

S % Lk :
[1] BF%. N,O, gtfigfb Lk ()], &84 %,2010,18
(6):611-617.

La Chun-xu. Clean nitrating agent dinitrogen pentoxide and its
application in nitration[ J]. Chinese Journal of Energetic Materi-
als( Hanneng Cailiao) ,2010,18(6) : 611 -617.

SRR, E PO IR S, GF L BRI AL TR N, O By AL A 5 R
Wik [)]. & RERRL,2006,14(1) : 66 —69.

SU Min, WANG Qing-fa,ZHANG Xiang-wen, et al. Progress in
electrochemical synthesis of a new green nitrating agent of dini-

—
N
[

trogen pentoxide [ J]. Chinese Journal of Energetic Materials
(Hanneng Cailiao) ,2006,14(1) : 66 —69.
[3] Devendorf T E,Stacy J R. Pilot-plant-scale continuous manufac-
turing of solid dinitrogen pentoxide[ C] // Albright L F,Carr R V
C,Schmitt R J. ACS Symposius Series. Washington, DC: Ameri-
can Chemistry Society,1996,623: 68 —77.
Talawar M B, Sivabalan R, Polke B G, et al. Establishment of

—
N
i

process technology for the manufacture of dinitrogen pentoxide
and its utility for the synthesis of most powerful explosive of to-
day-CL-20[J]. Journal of Hazardous Materials B,2005,124: 153
-164.

[5] Fischer ] W. The Chemistry of Dinitrogen Pentoxide[ M]. Nitro
compound. USA: John Wiley & Sons,1990: 267 -365.

[6] Harrar ) E,Pearson R K. Electrosynthesis of N, O; by controlled-
potential oxidation of N, O, in anhydrous HNO, [ J]. Journal of
the Electrochemical Society,1983,130(1): 108 =112.

[7] Harrar J E,Quong R, Rigdon L P,et al. Scale-up studies of the
electrosynthesis of dinitrogen pentoxide in nitric acid[)]. Journal
of the Electrochemical Society,1997 ,144 (6): 2032 —2044.

Al

WWWw. energetic-materials. org. cn



T2 RO Al B R A — R 93

[8] Peter C F. Electrochemical dehydration of nitric acid to dinitro- and membrane for the electro-oxidation synthesis of N,O; [ D].
gen pentoxide: UK,GB 2223031[P]. 1990 -05 -28. Tianjin: Tianjin University,2010.

[9] Wang Qing-fa,Su Min,Zhang Xiang-wen,et al. Electrochemical [11] BLANI. N,O,-N,Os-HNO, & 4 V-5 & N, O 43t sh 112
synthesis of N, O by oxidation of N, O, in nitric acid with PTFE [D]. K@t KHEK%,2009.
membrane[ )]. Electrochimica Acta,2007(52) : 3667 —3672. ZHU Yong-gang. Phase equilibria of N,O,-N,O;-HNO, system

[10] Bk, 4 fb & i 40 1h — G0 e W R B8 1 il 2% B Pk B F 52 and kinetics of N, O; decomposition[ D ]. Tianjin: Tianjin Uni-
[D]. K. KEk2#,2010. versity ,2009.

CHEN Zhi-giang. The preparation and peeformance of electrode

Influence of Technological Parameters on Electro-oxidation of Tetroxide Dinitrogen to Form Pentoxide
Dinitrogen

WANG Qing-fa, SUN Xiao-ming, ZHANG Yi-fu, CHEN Zhi-giang, WANG Li
(Key Laboratory for Green Chemical Technology of the Ministry of Education, School of Chemical Engineering and Technology, Tianjin University, Tianjin
300072, China)

Abstract. The electrosynthesis of pentoxide dinitrogen from tetroxide dinitrogen with RuO,-IrO, coatings on the Ti substrate as anode and
IrO, coatings on the Ti substrate as cathode,and PTFE membrane as separator was carried out in a semi-continuous plate —and — frame
electrolyzer at a constant voltage. Influences of technological parameters such as the initial concentration of tetroxide dinitrogen in
anolyte solution,the flow rate of the anolyte and temperature on the electro-oxidation of tetroxide dinitrogen to form pentoxide dinitrogen
were investigated. At an initial concentration of tetroxide dinitrogen in anolyte solution below 45% the current efficiency and specific
energy improved with increasing the initial concentration of tetroxide dinitrogen in anolyte. At an initial concentration of tetroxide
dinitrogen in anolyte solution above 45% the current efficiency tended to a constant value. However,there no significant change in the
yield of pentoxide dinitrogen was found with increasing the initial concentration of tetroxide dinitrogen in anolyte solution. The higher the
flow rate of the anolyte is,the higher the current efficiency and yield of pentoxide dinitrogen are and the lower the specific energy. There
was an initial increase in both the current efficiency and yield of pentoxide dinitrogen with increasing temperature up to a maximum at
6 °C,followed by a decrease in both the current efficiency and yield of pentoxide dinitrogen as temperature further increased. The
tendency of the change in the specific energy was inverse with that both the current efficiency and yield of pentoxide dinitrogen. The
optimized technological parameters for the electro-oxidation of tetroxide dinitrogen are initial concentration of tetroxide dinitrogen in
anolyte solution of 45% ,electrochemical reaction temperature of 6 °C and flow rate of the anolyte of 63 mL + min~'.
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