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Abstract—A bubbling type reactor for simultaneous removal of SO,/NO was built to test the performance
of yellow phosphorous and limestone. Factors affecting NO removal efficiency and phosphorous utilization
in this system such as mixing degree, flow rate of flue gas, P, concentration, concentraction of NO and
O; in the flue gas were investigated. This method showed good results for NO removal efficiency of phospho-
rous emulsions over wide range of NO concentrations. It means that this method can be applied for treatment
of NO emission from other sources. White fume produced by reaction of P, and O, in the reactor can be
recovered above 98% as phosphoric acid and phosphorous acid using a washing column. Using P, and lime-
stone, both SO, and NO in the flue gas can be removed above 98%, and pH of solutions were maintained
in the level of 2.5-3.0.
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Fig. 1. Flow diagram of experimental apparatus.
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Fig. 2. Ion chromatogram of standard solutions using 1.8
mM Na,CO; and 1.7 mM NaHCO; eluant, 25
mM H,;SO, regenerant.
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Fig. 3. NO removal efficiency of P, emulsion as a function
of mixing degree.
Reaction conditions were as follows: T=55C, Pxo
=550 ppm, Po:=4.0%, 017% Pi(w/w).
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Fig. 4. pH versus time profile using P; emulsion.
Reaction conditions were as follows: T=55C, Pxo
=550 ppm, Po:=4.0%, 0.17% Ps(w/w).
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Fig. 5. Maximum and average NO removal efficiency of
P; emulsion as a function of flow rate.
Reaction conditions were as follows: T=>55T, Pyo
=550 ppm, Poy=4.0%, 0.17% Ps(w/w).
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Fig. 6. NO removal efficiency of P4 as a function of O,
concentration in flue gas.
Reaction conditions were as follows: T=55C, Pyo
=550 ppm, 0.17% P w/w).
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Fig. 7. Relationship between P/NO ratio and P, added.

Reaction conditions were as follows: T==55C, Pyo

=550 ppm, Py;=4.0%.
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Fig. 8. NO removal efficiency of P4 emulsion as a function
of NO concentration in flue gas.
Reaction conditions were as follows: T=55T, Po,
=4.0%, 0.17% Pyw/w).
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Reaction conditions were as follows: T=55C, Po;
=4.0%, Pxno=550 ppm, Pso,= 1900 ppm, 0.17% P,
(w/w), 0.25% CaCOs(w/w).
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Fig. 10. Variation of removal efficiency and pH in the si-
multaneous NO and SO; removal by using Py
emulsion and CaCO,;.

Reaction conditions were as follows: T=55T,
Pno=550 ppm, Pspe=1900 ppm, Po;=4.0%, 0.17
% Pi(w/w), 0.25% CaCOs(w/w).

"k 2 7)o 34l 34g8 2S F 550 ppm«] NO——
&R og FTIAIFIHA Fle] AREe HREI|E
#gF NO29| =7} 350 ppmel o]2 &S -’?"*ﬂi
HArbshe uhgell o SHUe] o] xFEE d5H e
FA8H ) o] A#AE EF& NOx= Pyobel wb-goll 23
NO,” == NOy” 2 4t3tem, uhgel] Foqt 22
A) (2) ol &)} 7o) 9 4k3lQ) i ARAMELQl 272 W

& ool trFAN FEE FFE & A7)
ZA8A, Bl &3l=le] HPO, £ HPO; AL 2
ZA A F& BodEc) vk el 4] PO o] o
2 A|7Yol| upe} ALA o R Frlsled 17417 A 3Fell
= 13,500 ppm(1.35%), PO o]-&-& 2,050 ppm(0.21
%) 2. 24 PO# 0]l uls] POS o]-2o] 2 6.6v] A%
o] EATE BAFEr)

4-3. A3I019| B4

AAR B dvle we HEe uSr| ) FoE
A 3 H-2 FEHW o|He] r|FoE wEHW
Z#gqle] HER o]& AAstL g FAHER 37
&7l $lstod HHE7) ool £& A2 F 759 500 ml
gas washing bottle-$ 2@ & 27| fritted discE
bubbling2}A 3271w A A|7tel| uwle} £A-8 ICE
FAslsdck A3l scrubberd] 4 POS 9 w2 A%
Hog Z7bsted, 17417F 2ol °F 4,800 ppmel
=34 =, o1} scrubberol+ 80 ppmA X7} Hck
o)9} 7+e AsE E uf U} scrubberell A W&
Hi datdF e 98%oi4E 3 & e, Eol

3 qQl4ke) L3 == 2,340 ml/100 g H,OE 4 qlAkl
AL ASAor FHAFIE 1EEY Qiaks 3ed
T AeE B Fob 2y J4HEe] iy Est HY
washing columng€ E33te] Yo & 7tAFe —1-38‘
=9 Qibo] wiEdE rhgAde] 7] wlEe, mEsta
ANegehs Alage] oA d sl "345“_‘:}-

4-4. M3\ golof| 2t SO,/NOS| SAIXAH

& o] 47 NOAI ARGl A dZe] HriAE F
Yo Qs SO%= FAlel A7 $154e] 55T | 4
0.25% w/w X343} 0.17% w/w B81& A7l
1,900 ppm2] SO.9} 550 ppme] NOZ}AE 427k
Fig. 10| A1 ¢} 7ke] 14| 7} 0] 4} SO,2} NO 25 98%¢] 4
AA7} 7Fedrg Bgon, £99] pHe 253048
frAlEtth olelt HAE A4 oz AP S 7
FollE FUYd AFE Bk

5.4 £

SO, % NOE Al#3l7] €8] bubbling 3J=i2] ¥kg-
715 Azl AR a2 qlE o] 85}y
SO.¢} NOE FAldl MAs7 9§ 71 2d+5 T8
slgdch 37 NOAIAREE B 3419 o] 8% S
g A= L2ES AR A8 SR, F
Y7 F3 FirkadY Atk 9 NO9| F =, 3
qle] Arbsx T HIAA AEE st FAA
AA fsl== SO, 2 M3A ol it ¥ A
B3kt

AgA NO9 AARE 2 9 o]&=E F4
Ale AWt EA3819, NO2| &5 =7} ohafdt
AolE HE7MeEE Rtk 3qle] Ly At
L9t A&t YA HHL ol a5 Qito R
FAsle, 2 o A7l Wl ALHoZ Frlste
17417} A Fole 1.7% AEe] P30, o] & 34
5}7] 18} gas washing bottle2 ©]83% A3}, Uz}
scrubberel] a]Ax AAIH 1Akl o] 98%0] S 3
& 4 5S Barh 434 3lg o] 83te SO,
2 NO FA) 4| 7 A & el A SO,9F NO 27 98%°] 4+ A A
7Vsstelen, 4] pHE 25-30HEE FAFS B
Ak

a Al
2 A7 Aepr)E A A AP EHATARIS A

FATolW, & AFuE AYs F4 Hatr)E Aol
A=)

HWAHAK KONGHAK Vol. 32, No. 3, June, 1994



280

oy - = - AN4E

=¥

L&A 9 Uiy ATE 2ARH R Ve

A AY”, FFFHAYATA oA - BA AT
$(1990).

- AAE, oY, W, HUA, 2 ke

€] SO,9} NO, 8] FAIA A E A% a8 &3H7<
D", el =) 7] &d74(1992).

. Dalton, S. M., Toole-O’Neil, B., Bullett, B. K. and

Drummond, C. K.: J. Air Waste Manage. Assoc., 42
(8), 1110(1992).

. Kokkinos, A., Cichanowicz, J.E., Hall, R.E. and

Sedman, C. B.: J. Air Waste Manage. Assoc., 41(9),
1252(1991).

. Yeh, J. T., Demski, R. ]., Strakey, J. P. and Joubert,

1. L: Environmental Progress, 4(4), 223(1985).

. Tseng, S., Smith, K., Lani, B., Carson, W., Berisko,

838} H32A 3% 19944 63

10.

11.

12.

D. and Schultz, C.: Proceedings of Eighth Annual
Coal Preparation, Utilization, Environmental Con-
trol Contractors Conference, Pittsburgh, PA, July
(1992).

. Chang, S.G. and Lin, D.K.: Nature, 343, 151(19

90).

. Budavari, S.: “The Merck Index”, 11th ed., Merck

& C. Inc., Rahway, NJ(1989).

. Dean, J. A.: “Lange’s Handbook of Chemistry”, 12

th ed., McGraw-Hill Book Co., New York(1979).
“FGD Chemistry and Analytical Methods Hand-
book”, EPRI(1984).

Liu, D.K,, Shen, D. X. and Chang, S. G.: Environ.
Sci. Technol, 25(1), 55(1991).

Aoki, M., Tanaka, H., Komiyama, H. and Inoue,
H.: /. Chem. Eng. Japan, 15(5), 362(1982).



