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Abstract : In recent, reducing the precursor such as Nitrogen oxides (NOx) and the sulfur oxides (SOx)
are issues in Korea for air pollution problems. The majority of sulfur oxides (SOx) are reduced by
wet-scrubber. To solve this problem, the direct conversion of NOx in flow gas with ammonia which can
be possibly scrubbed by filter. The ozone gas is used to activate conversion of NOx. However, it is
difficult to use in commercial system due to second air polution by ozone and high cost for ozone
generator. Therefore, the peroxide (H,O,) is suggested to activate conversion of NOx which replacing
ozone gas. This study compared the oxygen generation capacity of hydrogen peroxide in Sus and Quartz
reactors for particle agglomeration promotion. The Quartz reactor demonstrated greater reactivity and
stability compared to the Sus reactor. It was observed that effective oxidation occurs when the H,O./NO
ratio exceeds 3. A high NO, conversion rate of up to 40% efficiency was achieved at a reaction
temperature of 400, and the maximum reduction of NO was achieved at an S.R of 3.
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Table 1 Values of selected Henry’s constants (In
water at 25C)

Gas H, atm/mol fraction
N, 86,400
NO 28,700
NO, 113
N,04 0.71
HNO, 0.020
HNO; 4.8E-6
SO, 44

* For Henry's Law written for gas i as Pi = Hi X,
where Pi is partial pressure of component i in the
gas phase, and X, is mole fraction of gas i in the
water phase.

03 + NO — NO, + O, (1)
OH + NO — NO, + H ©)
OH + NO + M — HNO, + M 3)
OH + NO, + M — HNO; + M 4)
HO, + NO — NO, + OH (5)
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Fig. 1 Schematic of system of NOx control using
H202
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Fig. 2 Figure of system of NOx control using H,O,
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Table 2 HyH, (conc. 5~15%) Measurement concentration and calculation value of oxygen generation due to

pyrolysis
Concentration of H,O,
Temper
i 5.00% 7.00% 8.00% 9.00% 10.00% 15.00%
ve (3,554 ppm) (4,059 ppm) (4,564 ppm) (5,069 ppm) (7,584 ppm)
ature
(C) (0)3 Calculated O, [Calculated] O, |Calculated] O, [Calculated] O, |Calculated
(ppm) [Value (%) (ppm) [Value (%) (ppm) [Value (%) (ppm) [Value (%) (ppm)|Value (%)
200 100 6 400 20 800 18 900 18 2,600 34
300 100 6 700 34 800 18 1,500 30 2,800 37
0
400 200 11 800 39 1,000 22 1,600 32 3,100 41
500 200 11 800 39 1,000 22 1,600 32 3,600 47
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Table 3 Oxygen generation of H,O, concentration

according to temperature (Sus-reactor)

Temperature Concentration of H,0,
(Cy | 7% | 8% | 9% | 10% | 15%
200 7% 25% | 45% | 45% | 85%
300 7% 44% | 45% | 75% | 92%
400 15% | 51% | 56% | 81% | 102%
500 15% | 51% | 56% | 81% | 118%
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Table 4 Oxygen generation of H,O, concentration

according to temperature (Quartz)

Temperature Concentration of H,O,
() 9% 12% 15%
300 34% 33% 26%
400 56% 50% 39%
500 191% 158% 161%
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Fig. 6 O, generation by temperature according to

H,0, concentration (Quartz -reactor)
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Table 5 Oxygen generation rate after oxidation of
NO using H,O»

Conversion of O, % (1/2 O, mol / H,O, mol)

SR | 200C | 300C | 400C | 500C | 600C

0.5 0% 35% 35% | 157% | 12%

1 0% 0% 17% | 104% | 26%

2 0% 3% 1% 64% 26%

3 3% 3% 1% 34% 8%

4 2% 1% 8% 21% 17%

5 0% 1% 13% 24% 25%

5.8 8

2 A7 NOx dAst #4 5 FAEA=E NO
£ AFSHAIA N,U HNO,, HNO; 7h=2 A7)
£ Brow Nox® AZeie Zolth

1) H,0,9] &3 Z <% OH o)L whgo
Ahe AT g NO Abs AdS 219 ‘EP‘RE{E}.

e

H0, TF&4<& £ Aloﬂ_ SUS A9 W&
} Quartz A2 2] ¥ 717} Hhg Aol R o <k
A o]t} ﬂ*&i}f
2% 400C ©]t}.

2) Hzoszo H&2 3
ZEE As stk
%%E 400C NO AZ2 SR =
9] B&E o|FojWlTh

Y ASTE Wik
e NO, ATge W

3¢ o, Hdl 40%

Ash o A EafE o], NO 4Fs)
A REs gl L, FE A

QU3 AawFe] 4P Frheke AL

This work was supported by the Korea Institute



H0
M
0k
oy

of Energy Technology Evaluation and
Planning(KETEP) amd the Ministry of Trade,
Industry & Energy(MOTIE) of the Republic of
Korea(No. 2018110200170).

Author contributions

J. H. Yoon; Conceptualiztion & Data curation. J.
S. Kim; Formal analysis & Investigation. S. C.

Choi; Supervision.

References

1. S. Y. Park, 2013, “Impact of Ash Deposit on
Conversion Efficiency of wall Flow Type
Monolithic SCR Reactor”, Journal of Power
System Engineering, 17(1), 27-29.
(https://doi.org//kspse.2013.17.1.027)

2. J. G. Anderson, J. J. Margitan and F. Kaufman,
1974, “Gas phase recombination of OH with
NO and NO, The Journal of Chemical
Physics”, 60(8), 3310-331718.
(https://doi.org/10.1063/1.1681522)

3. Y. J. Hwang et al, 2020, “Direct conversion
NO and SO2 in flue gas into fertilizer using
ammonia and ozone”, Journal of Hazardous
Materials, Vol. 397, 2-3.

(http://doi.org/10/1016/j. jhazmat.2020.122581)

4. D. C. Chao, 1994, “Kinetic Modeling of the
Hydrogen Peroxide or Ozone Enhanced
Incineration of Nitric Oxide and/or Carbon
Monoxide”, Master's Thesis. University of
Central Florida: Orlando, FL.

5. R. M. Counce, J. J. perona, 1983, “Scrubbing of
gaseous nitrogen oxides in packed towers”,
AICHE Journal, 29(1), 26.
(https://doi.org/10.1002/aic.690290104)

6. J. W. Harrison, 1976, “Technology and
Economics of Flue Gas NOx Oxidation by

Ozone”, U.S. Environmental Protection Agency.

o
1

10.

11.

12.

13.

14.

o

| M3

U.S. Government Printing Office: Washington,
DC, EPA-600/7-76-033. 33-39.
(https://nepis.epa.gov/Exe/ZyPURL.cgi?Dockey=9
101DUK2.txt)

. C. H. Shen and G. T. Rochelle, 1993, “NO,

Absorption into Sulfite Solutions”, Progress
Report Department of Chemical Engineering,
University of Texas at Austin, 9/92-9/93.

. H. D. Perlmutter, H. Ao, H. Shaw, 1993,

“Absorption of NO promoted by strong
oxidizing agents: Organic tertiary hydroperoxides
in n-hexadecane”, Environmental Science and
Technology, 1(27), 129-131.
(https://doi.org/10.1021/es00038a013)

. D. Littlejohn and S. G. Chang, 1990, “Removal

of NOx and NO, from flue gas by peracid
solutions”, Journal of Industrial and Engineering
Chemistry, 7(29), 1421-1422.
(https://doi.org/10.1021/ie00103a047)

H. B. H. Cooper, 1984, “Removal and recovery
of nitrogen oxides and sulfur dioxide from
gaseous mixtures containing them”, U.S. Patent
4426364A.

R. T. Sanderson, 1989, “Simple Inorganic
Substances”, Robert E. Krieger Publishing
Company: Malabar, FL.

C. N. Satterfield and T. W. Stein, 1957,
“Homogeneous  decomposition of hydrogen
peroxide vapor”, Journal of Physical Chemistry,
5(61), 537. (https://doi.org/10.1021/j150551a006)
P. Limvoranusorn et al, 2005, “Kinetic
modeling of the gas-phase oxidation of nitric
oxide using hydrogen peroxide”, Journal of
Environmental Engineering, 131(4), 518-525.
(https://doi.org/10.1061/(ASCE)0733-9372(2005)1
31:4(518))

D. Thomas and J. Vanderschuren, 2000,
“Nitrogen oxides scrubbing with alkaline
solutions”, Chemical Engineering & Technology,
23(5), 449-455.

SYHA AT YK H278 M3Z, 2023 6& 115



(https://doi.org/10.1002/(SICI)1521-4125(200005)
23:5<449::AID-CEAT449>3.0.CO;2-L)

15. R. S. Zhu and M. C. Lin, 2003, “Initio study of
the HO2+NO reaction: Prediction of the total

116 SHAAHSTRIX] H273 M3, 2023'H 6¥

o

rate constant and product branching ratios for
the forward and reverse processes”, The Journal
of Chemical Physics, 119(20), 10667-10677.
(https://doi.org/10.1063/1.1619373)



	과산화수소를 이용한 NOx 산화반응 특성 연구
	초록
	Abstract
	1. 서론
	2. 질소산화물의 반응 메커니즘
	3. 실험장치 및 조건
	4. 실험 결과 및 고찰
	5. 결론
	References


