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Abstract

Desulfurization reaction in a bubble type reactor was carried out by adding three organic acids such as acetic acid, lactic acid,
and antic acid to investigate the enhancement of the desulfurization performance of low-grade limestone. Desulfurization of
limestone slurry without organic acids initiated to degrade at pH 5.2 or less, whereas organic acid-added limestone slurry ex-
hibited a stable efficiency in the initial desulfurization with slurry pH ranging 4.2~4.5. At slurry pH below 4, the desulfuriza-
tion performance of limestone slurry with addition of organic acids may be related to the amount of anions produced by dis-
sociation of the organic acids. When limestone slurry had a large amount of anions, a rapid decrease in buffer capacity of
slurry pH did not occur. These results were due to the acidity and dissociation of organic acids. The desulfurization perform-
ance of low-grade limestone slurry increased in the order of acetic acid (2.6%) < lactic acid (6.4%) < formic acid (16.7%).
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1. MFC, 2. valve, 3. gas inlet,

4. bubble reactor, 5. pH controller,
6. pH meter, 7. thermostatic water
bath, 8. pump, 9. cold trap, 10. gas
analyzer, 11. N, box, 12. filter,

13. lon chromatograph
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Table 1. Chemical Compositions of Two Limestone Powder Samples (wt%)

CaCO; MgCO3 A1203 F6203 Others
CKl1 92.50 1.29 0.53 3.12 1.02
CK2 85.45 2.39 1.28 5.21 1.58
[ ]
@ calcite

CK1

S PR EE N 3

20 30 40 50
2 theta / degree

- ®

Figure 2. XRD patterns of two limestone powder samples.
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Figure 3. PSD curves of two limestone powder samples.
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Figure 4. Comparison of SO, removal efficiency and pH value for
two limestone slurry samples. Inlet SO, concentration = 1500 ppm.
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Figure 5. XRD patterns of two desulfurized gypsum samples.

P Ra| e AAE 4 ol &3 CaC0s9] WG] AgE o] 43
2 zejg)e] 9% 7)50) Hadth 50,9 F47) A%l wel oK
%]— 20

3} CK2 Selelel B 8 0% AT Sele pHE 217 o
235} 22% AR Lelel pHL U ol paekA G e &

22 el] Aol 2o] 2310 80,9 &5 9 ZkrEal7 TA1H 3]
7] g o daEth F A 77 T8 AR CK13 CK2 <7
2] EF oF 80 min 2 U3tk
Figure 5= Figure 49| 23 A3 F5 & 43|14 &ejg|E o9 4
2zsto] & 719 XRD S|dEolt) CKI ¥ CK2 %ele]
Y AlZellA o)A dl(gypsum) ] 54 9IS FHEH &
9}?_‘11 (5], _'§]/H o] E/H J]:L‘:, L’].;d—E]x] o}oL _/:)\1 HHoqu—il- 3
X‘]oﬂ -]‘:_ O‘J_H]—;H o7 A Al (7)44. (8)’0“ EOH 5]1 H}\Lﬁi o]/‘% tﬂ
gle] &3} X317} YA ET) Figure 5914 EQlE= F-424 1(anhydrite)
o] TrE A4 SeElE 60 CTollM Az FelA &
7 Hoz W,

oX rlr

SO + Y%Onag = SO (7
Ca®" + SO~ + 2H,0 — CaSO; * 2H,0 )

SO, 4 skl W 2 ds= ohily] fl8 CKl B CK2 =
2] g3 A3S Aast At ke @3 K] 348 Figure 6
ol ERASIHE CK1 Bl CK2 E2fe] 55 SO, ¢ skeel w23
F SR B8 T8 AR ZAsiginh olelg A= 54l
= S0, 7FAS] o] TN wet 7 Sddde] g Eo] St
3to] SO, F8°] HoH 1L &7 S5t ek 28 TR Algle] &
FEH 7] WEolti14]. SO, Y FEel #AGle] A3 4ol v
& CK2 &899 g4} o] K1 £elgel nial @itk 53] S0,
Q] F%71 1500 ppm W CK13} CK2 &2]8] 9] SO, &3 ake] 27}
7P A ek, ck2 £9Ee] g8 o2 CKl £EE o]

Volume of SO, removed / uL/mL, SATP

T T T
0 30 60 90 120 150 180 210
Time / min

Figure 6. Comparison of amount of SO, removed for different inlet
SO, concentrations.
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Table 2. Concentration Ratio of Sulfite Ions and Sulfate Ions in Limestone Slurry Samples

Sampling time CK2 slurry CK2A slurry CK2L slurry CK2F slurry
/ min sulfite ions : sulfate ions / %
20 41.3 : 58.7 1 542 83.9 : 16.1 76.3 : 23.7
110 25.8 : 742 374 : 62.6 71.2 : 28.8 724 : 27.6
0 15 30 45 5 10 1;'inz"$3 /22“20 3540 B 1400
100+ O R R 1 :)_I; Y
| 3 ] —O— no additi
] 02 € 1200 “a— formic acid
= 80 o Q —W¥— acetic acid
> 90 2 2 10004 lactic acid
2 ) c
3 60 852 2
5 | R £ 8001
© 8
3 40 S
g 8 600
s ~
S 3
& 201 E 400 4
] 3
0 T T T T T 99— 9 200 4
3
—O— no additive
6 —A— formic acid 0
—¥— acetic acid 0 15 30 45 60 75
R | lactic acid Time / min
g Figure 8. Effect of organic acid on outlet CO, concentration. Inlet SO,
T 4 concentration = 1500 ppm.
1 A 7] wfef &eie] pHO $H5ol Foishs S0l (24t o) &
T 7P At oell wEl A% 80,2 S5l 28l ol &
24—

Time / min

Figure 7. Effect of organic acid on SO, removal efficiency and pH
value. Inlet SO, concentration = 1500 ppm.
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Figure 9. Comparison of amount of SO, removed for different organic
additives. Inlet SO, concentration = 1500 ppm.
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o g3 4 3 2w
olek. mebd Al 4 welEs oA v
of AEA AIAE BEAOE 0|82 F olekn kel

el A Amate] 713 ek

4. 4 E
= ARk A4 FA7|E] vAA] Eehs 434 AR
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3 37104 3 WS et €3 oS YokRth CaCo;
shego] 85.45%Q1 CK2 &gl §do] 92.5%<1 CK1 &elgdll vls)

91~95%2] ©8 A5S Btk CK2 £812]9 Ty (7] B3 580)
99% o §A3H= AlThE ok 15 mingilﬂ CK1 Z22)9] °F 35
min°l] ¥]8] A1 &2l pHY| 9% 7152 Aulg oz Wshth

715ke] 71 CK2 889 Tooi= 7HHat W ZAES 20 min, AR
30 mino| 3tk f714ko] A7t CK2 £l pH ¢%F 752 73
7} &22] 9] pH 5218} W& pH 4.2~4.504 % Z-g31ck pKa gt
o] & Jiu|ak3.75) W 2ik3.86)0] A7HE &EjEls Wolkl £eig
pHell 23l SO, &7F Wall=]o] Too] &K S7H= Utk ¥ pKa 4
o] & 2AK4.75)°] A71E £8lElE pH €% 715°] FXE 0] Tyl
S7HE UTE. pH7Y 4 ol3tel A B3 A5 Sl pHe &3l o]

= R7IAkY] S0l ool oEBISIL) AYIAE BA1] s et W
Zato] e &8l g3 e S7HEC] 2.6% FEQ) W, 24
9] sfElert 2 Ak A AR AEE 7P Aol 16.7%2) =

Z Al

o] =2 201991 AF(AFE IR ] AP o R sharelig=]7]
=37FA Y] A4S Wol £aE 915191[20193410100240, 5212
A|(FGD) A8 ibstE-diAtsks A A7 7<= 7.
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