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CHE B 2
RERE
134 ThU3 7}

-280] 2F30%
-H|EHH, pore volume, Ca(OH), 8222 ®of 7ts
A2 218 e Cagtpzt H|EHH Pore Volume IR
(10%) 10%) (m?/g) (cm?/g) (%)
CA90 1 9 416326 0.1527
CAS0 2 8 54,6805 02075
CATO 3 7 85.5641 0.2940
CA60 4 6 105.8348 03629 0
CA40 6 4 159.1216 05021
CA30 7 3 184.87%4 05235
CA20 8 2 183.5411 0.5407
CA10 9 1 159.4815 0.6385
433 HEfH Ur27|2 RIFfSl0] CHEA BreR|
Al2(HS10CA30)S AH23l0] 92 100 L/min, 2= g
140°C, {THAE 1.2 m/min Z0 M A& £
-90% OJ4}2] SO, HIH =S A0 7Hs 3 ol
-90% eSS 2H A £ : FZ(NaHCO3) g |72 amm®
o3 g/Nm?, CHEA #HSH|(MRM) 2 7 g/Nm? B

- M H0A CHEY BES A2 M ZW Y

.}

22l

Hydrothermal Rxn
_—

M =Ca, Si, Al, Mg

<4 uig Ash <4 gs

Low Temp. Calcination /
ka5,

\
pumAa

E=>

MMOC

{{ __\\

/

so.}tcl-;q. 7 _\\
e

7150 EXiSHs M-OHS} g-3351
M-CI/SO.E ZI0 S5 HoE orEg

oK

4 urgriel S5

HEA 2ZSH HH7|7HAE 0183104 300 Nmé/hr

T2 ohust |0 AlE

-90%2| SO HiHZES 4517|281l 3Z1.7g/Nm?

It Ch3A ISR 3.4 g/Nm30| 2R — L3 A
BSH|2| 20| ZZxo| 28] T LRSI THCE

8 10
Injection rate (g/Nm?)

SO, removal efficiency (%)
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+60,000 Am3/hr 22| A4 HEZT[0l| A Al
X} IpE Al -&2{2| Mefel CH3Y S| 2ALZ X 80% SOz
HAgE9 24 7ts4s gel

Concetration (ppm)
Removal Efficiency

Time (min)

M >

15/ 2ol AT E Lt BISH| MZ 4| 7=

sag e
559% 30%
AHDE N 2712 (300 kg) —
N Ca0 (300 kg) — 1,000 kg
=20 o mHEZ — Eb — = — A i
HEO (2‘000 kg) s A0 | E—r7| (Sgiwj{l:‘, he I:i'r_\':_%l lf.'_rokﬂ
Ak {100 kg) * " )
1,200 kg H,0 500 kg H.0

i

-600,000 Am*/hr 7 22| AZZHO|M CHE Y USRS 0|88 HBAIH : 5.0 g/Nm2| 2EH S 6A12F 0|4
FYUSIH SO MAHYEE &el » HiESE AKX 0l3tZ Mof 7ts

[—=—Inlet E3 : 223 ppm £ Initial S0, concentration (opm)__ :2:{2}0"83
£ S 200 octay vien
g e
o =
S S
5 © 150
2 T |50%SOfgmoval Qe w |
E & 100
g 8
¢ Moy e Mew e || 8 o [ISSOE P
o o 0 . S e
»n L 268 —»
EHZ : 68 ppm 0 124 g’ 162 g/
0 T T T T T T T ! 0 il 2 3 4 5 6 7 8
50 100 150 200 250 300 350 400 .
Elapsed time (min) Injection rate (a/Nm™)
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1= 10-2018-0135990,
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58,932712-0|12, O] & 7| Z=X|XHA|0f| A

o =x=
()

1% 10-2019-0096500,2019.8.8.

e

=
=

2 A7D A

O

t

RSN

AFFE0] 19,2827 4, 2= DIZH5E AFFEO] 34,012

W2 A AL EQ 90%

1= 10-2019-0134714,2019.10.28.

&

Mz AIAE]L =

-S| HAA Do BiEE = HE0| 2 0|

H= PCT/

e

L0|o| H|IZZX| PCT 2H|=

[m}
=

O A

ZEAMILER

KR2019/014251,2019.10.28.

.
I
ot g

50 24

al e
g grd

Hdo| 2 DA<

RIS A8 U O EE Vs n

1

-HiZ|7kA 8360 Nm?/hr
-HIZ|7bA A[H 2 :200°C

A17(2+:2019.4.1.-2022.12.31.

1= 152.9°, CH,l, 120.9°
-TEATH S7|E0HE 1 11.2 cm?/em?/s @125 Pa

- O| MR (PMio) T2 E :99.9% Ol &

from a flue gas stream by silent discharge

NHs-induced removal of NOx

AL7|2+:2017.9.8.-2020.2.7.

ozone generation in a double reactor system, Korean J. Chemical

Engineering, 36(8), 1291-1297, 2019.

Direct conversion of NO and SO2 in flue gas into fertilizer using ammonia
and ozone, Journal of Hazardous Materials, 397, 122581-122588, 2020.
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© TAAMYT 0IMHX| B E T $2(2016 CAPSS)

ORI M AN (SSETAL, NG HSAE, R FHAE, RIZHETHAIE) TSP
P

A SEE, 7|EL 1 TSP 119,533&, PMy 69,599&, PMys 35,577&

of 0§ A (o
= [ =
[ E (M RHEAR], MAR 2, 27 (SIHE A, 9IS IHE HAY, 2X -
7

© SAAMGT 0IMHX| 78 o1

CH7|2tE 2 HH M| B E5871%F(2020.1.1. 0|= HE)

HEAE (/5
QuHEQIR(15.1.1 0|2 MA|AIY) 10~16
W12 Hka azbde)y  AUE SAEE2E 0 10
43l sEsEAd AlZhe 2782 200kg ~ 25 - 15
(R A A Al7He A2k82: 200kg OI2H T
W BARHEAL. 0|32, 2M2, 8%2 SM NN B,
FLI1ZRE 717 717 Helz Mz, 292, T2 9 M2 A4, 10
SATH| - J|THEAI M) HiAZ S T, Are|R, AER AEE BEE

(=29 B Mol o M o

fgﬁﬂf;g;;.;fa'” T REAH2IAL, ZAAY L SEAlY 15
IIAMZNE A REAE 150
AR HMEAIM B IIE-AZ - ME-BBNY o5
M HHE HMEAM, 7| XQI(SHIZ MZAM 1530
MEpAStAZ HIEAE 155
98| U QAHE HZAMe| 8- BHAIA 30
7| QURIE MEAIL 5 8- AL, AMAIL U YZAN 50
ABIE - M3 B2AAE U I MZMEAL 1530
SYNM U RS AN 3
o0} AN, TRIURIAET TR M- A, EAAA 2 SHAIA 2
THABHENE-ALGAN A BANY 105
SIMBAIN(10.1101Z MAINY) 15

- HZHHX| BiE 0l (2 AFRE 4= H2H(2019E), TMS 22|

2019\ HX| HiZ2¥(kg/yr)
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4.7l2ME LHE

g z2ue

-Z7[2hALOl| 213t PTFE/PVA EIE{ATH HIZ: Z 10cm

| Migh-voltage power supply F i

|
Electrosnun PTFE/PVA=2.5:1

srvgs ? ml O O
. O nanofiber on GF/PTFE foam 3D-profiler (x1000]

Syringe pump coated filter (30 min)

Callcetion drum

Drum specd cantroller

2 PTFE: PVA=25:1, A2 2% 350°C, 2 ZA|ZH 1082
- & M2} 157.9° (water), 126.1° (oil, CHal)

| |
Water l 141.3° CH,l; l 103.3°

i Mo

| |
Water l 154.3° CH,l, l 121°

GF/PTFE foam filter

wiasAs Jay14 Seg Suon

GF/PTFE foam filter

n ' + electrospun PTFE fiber

water B 1554°]  chy, 12289

W AAY

PTFE/PVA

HI|GA
L= B S B

GF/PTFE foam filter

o n I + electrosprayed PTFE particle

Water 15 9" CH;l, 126. 1“

o RE YIS sk

GF/PTFE foam filter

+ electrospun PTFE fiber

+ electrosprayed PTFE particle [t
1=
m"ﬂ

Okt

of
e
:40% 014 @ 0.1 um o
4&5X%:0.08Pal0[4 @0.1 um

£AM-20Pa @3 cm/sec

Pt

Siatered GEIPTFE i
Eletrospan PTFE fibe
PIFE partice elecros Py

80 o b . 2] n
6 Jo

H
o g
30 ) m

tered GFIPTEE fiter b

&
<>0Oo

60

> 0o
(o}
0 <>

40

Collection efficiency [%]
>
Y
o
Pressure drop, A p [Pa]
.q
H
x>

«d GEPTFE filer
texed GEIPTFE fier HI
cectrospun PTFE fiter Q af]

100

2 3 4 5 tot
Particle diameter [nm] Filtration velocity, u [em/s] I
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PTFE/PVA F7| %A}
TE A HZE

mpelat M| A

F2UE
- H7|ALof| 2|8t PTFE/PVA ZE{ARH H|ZE : & 60 cm, Z0] 150 cm
_7.:_%&_)'&_ Xero M

-TEATH MEZAPTFE: PVA=5:1, A2 25 315°C, A ZA[ZH8E
- X &2 152.9° (water), 120.9° (oil, CHal)

Water . 141.3° CHil l 103.3°
O
witer |
1529 1209

GF/PTEE foam fiter

3 n I + electrospun PTFE fiber

CEIE Msm gL
H—- oo o
-EHTEE:40% 014 @0.1 um -ZE 45X[4=:0.1Pat 0|4 @0.1 um
-2 Al 15 Pa @ 3 cm/sec -37|F3HE 1112 cm’/ecm?/s @ 125 Pa
P2 S T E 3
E . 3 8 £ [] fu
) Lo . . |

-AEZEAHASE 10g/m3 TS E 3m/min - HEISE:98% 0|4 (A iH| &4l
SERFET| 48 oy g
i
:
P
S 3 st X E>
Elm z N
R A
ke v
i, i -

OlHHR| YN Z2HE AP
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AT OIMX| BENZ 7|

© 7|2 xHE Y

MM O[M[HX 2] T M S(EEIFT|, YXIZ )0 R+3 of 2t H(filter bag)
Hxols2 e

-F =2 152.9° (water), 120.9° (oil)

-EIIEDE 1112 cm¥fem’/s @125 Pa

CHA| 7hs ot AP R : O|M|[THX] CHFHIE B4 AL EHAIHE S, AZHE HEA)
A ME 7hset MM R 710, MEH, I2HEAY, f2| B3ZE AL 52 49
i EAPNES
- X8 HX| Ui E ARG 212(2019'F, TMS 22)
b [e: AbAEE 2 X< Atz 4 N[ AR 2
Mg 6 St 33 et 47
2 12 A= 95 a5 40
ch 9 PALS 20 Ay 40
oI 20 =5 30 H= 7
e 3 a4 50 Mz 6
W1E| 5 HE 32
© I==1t
-AERR
T& 2019 2020 20214
=) 72,272 75,957 79,831
off 2| (4B gES) 78,489 82,577 86,883

“ U A O 89%7t V|2 SHIZ|7| FZ=0IH, O] = 80% S 7t HHH HTV|= =
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© T2 APH 41

Reversible absorption of SO, with alkyl-anilines: The effects of alkyl
group on aniline and water, Journal of Industrial and Engineering
Chemistry, 69, 338-344, 2019.

An experimental based optimization of a novel water lean amine solvent
for post combustion CO: capture process, Applied Energy, 248, 174-184,
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ClOFIA KIS 7[HIC 2 7Y SO, S+l 'L

-7t : ot= 0ot 7= AR Hydroxyl group-containing amine-based
sulfur dioxide and sulfurous acid absorbent, and method for preparing
the same, US Patent Application No. 16/454,566, 2019.6.27.
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© AMAUF SMILE(SO,) IS 2T

AP B $12H(2016 CAPSS)

- O] AR A (BB LUTIAIL, KIHLHIAI, HQEHIAY, BIZHTAIY) : 91,6965

- HIZRI (ALY, BHE, 7|Ef) 86,5935

- MABHMQABMY, WAL, 7ISE HEY, S7ISSHE MxD, -
Ho MEY, 7|EFHEY) 112,734

1
=
N
1o
R
I

(H71=22f):2,1618

AMEE SO, HiEE 2X(2017')

69,905

R N O N I I I K N IR I P s
{/Z% Z{‘:}O Q{X . O\@\j xj’{;\o ng 0%% @/éﬁ\& /%/j /)\OXJ )ﬁgv%)ﬁ—go /*5 %&5@\0 &OM/\ q)ggo %\A ;
e % &%»
© AT SO« 1A 2%
CH7 |2t E 2 HY 2Met= ESE7IF(HS - ppm) -
HHZE A 20054 20104 20154 20204
YHAH 150(4) 70(4) 50(4) 20(15%)
I IR 270(4) 540(4) 540(4) 50(4)
AZIA|A 30(12) 100(12) 50(12) 20(12)
Er2|AH 300 300 65 45

- SO, BIEZO M2 ARG E 4 H&(2019H), TMS 22|

2019 SO, HiZ 2 (kg/yr)

30

20

BEERERRER
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Mol= M A[HT7IE | (BAT) =8 AX| A4

o o
- &4 A32{H|(Wet Scrubber) : BiZ| 7kA0] Ca(OH),, Mg(OH), & Zgfor 835 &H
EAISI0] SO,E 80| 544171 = & 2HS0f| oo XA 2R 2 oot T|&
- BHAA 8EE | Z2¢)(Semi-Dry Powder Injection) : B 7| 7+A0f Ca(OH),Lt Mg(OH), S
22| MEZ 2AISIH 2 7|etAZ] = MYE 20| Hi7[7tA & SO,9 BHS 5t
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20| 22 HEf9l Bt

SAA ®MAHSH= 71=0/H, o

(Activated Carbon Adsorption Tower) : 2| &f HE{2Q| 24 S
EMI7ID4 BHZ[7tA0 2 REl SO, E2fA7|= 7|s0|H, ABS 0|83
AHE SO, E HySOLE 2| +510] 2 MBS THHSHH AL 7S
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3 EEY
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M| AEFEEE A0

=1 A=

84%7t ALE
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HE|Z ZAAIA SO, R 7hALf Bt

Olo

-CasfelEs 7%

AlIAH SO A

M| AMEFER A O]
SPrayDIver _,.x tefolmz m7t SAEl| StOLt gAlof Hl3tol A mEae
process N o 1.6%7t At
20| %S(70~90%)
-2fel H(plugging)l 22171 A1, 2T ZAB|7F BiS
-HIZHE 2 0|8310 SO.E st 2412 S H7| 20|
SeaWater  H=X 1, HH=ZE0| £3(98%) 1990 LR E
process  -HIGHZO| pHE WHOZ QI8 COD YU HICH MEfA O Fgk HE AIH
2 0[E 2
-SLZLIOE 0|83 SO &5 33
Walther L 5 Y™A
- M2l (NH):S0.2 22[3t & HEHAIH H|ZE A e
process Sllesiss
- A EEO| HiEZ QldH O ({2E0| M E 2/
- Activated carbon/cokeE 083t SO, M[7H B! 2|4 5
ReACT HMHEES: C+S02+1/2 02+ H:0— C(H2S04) U 5
process 2482 C(H2S04) + 02 = SO + CO2 + H.0 L0 O HE

-NO,Hg S 871712 & Bt 2= &M HA
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7o B4R B
U M5}

-CHefst oA E4mle] A32|d HIAES S8t 2K 50, 719 g4H MF

Faug

(= —
/\ S0,/H,0 S0,/H,0
N N NH*  Heat, N, NH*  NH*
HSO3" HSO; HSO3
25 —=—EDA '
—e—TMEDA '
20]—+—DAr 1
2 —v—DAB
g —o—PPZ
S 15]——wup =
ﬁ el ngco \NHJ H‘ﬁ/:?
E 1.0
9; 05
5 ) T
£ 0o] s
3 2 4 & % 1o o o
Time (min)
CHE S4=X|: DMP 2! DABCO A8 0|2 S4=X|
o 0.5 eq SO4* X X
/TN / \+/ /S N/ SN\t
—N N —N N —N  +N NN
/ Bu /H “/ Nen A/ \gn
(X = Cl, OAc, CF4Cl,, CH3S03, BFy)

o ergd:>180°C

M5 :>0.7 mol SOz/mol E==H(30°C §=+, 100°C &7 7|F)
o

(S0 5k, 2, feed gas Z4)0fl (2 SO, E+AHE Sdlf DMPA| 0|2F0| S-St ME = HOjA
I
=

Crefet =
o SFMYS =HQlst, SH el Eot UXIRE AN

g

@
o
1=}

@
I=1
t=1

n
=1
t=]

o

Vented SO, concentration (ppm)
8
o

0 30 60 90 120 150 180 210
Time (h)

<«— CO, input —>g—— SO, input —>

12 -
o—o

/

o—o—0—o ¢

o

4
®

o
>

mol H* / mol [HEDMP]CI
o o
N e

o
o

[ 20 40 60 80 100

Time (min)

Absorplnon -

[N}

30°C 140 150 + 80 ¢ 100

St

120°C

(=

o
®
[]
[]
.
[
-

o
o

o
>

mol SO, / mol [HEDMP]CI
o
N

o
o

- " "
0 30 60 90 120 150 180 210 240 270
Time (min)

8

Degradation
5 8

N
°

Time (h)
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AAD
‘A&

|| s 7 |AE

SO 22| 3|4
A AEIHHMA

FRFK

| A, 4x| & 28 : 1 m?/h 72, 500412t H&2H

Rich SO,

Absorber Solvent

42 ~40°C

Strippet Reboiler

>100°C

o

S A
T%

- BAZEA 180.6% N2, 4.2% O2, 15% CO», 0.2% Ar, 1000 ppm SO,

o

.

10 wt% DMPA|

-L/G=6.25L/M3
-SO HHZEE :>98% (30°C E=,> 115°C EHAH 7|&)
-mol SOz/mol absorbent:>0.6 mol/mol

Vented SO2 Concentration (ppm)

—a— S0 concentration after treatment

1000'm'100 ::5: T 10004 —a—mol SO/mol Absorbent in Absorption Tower
o -0 mol SOp/mol Absorbent in Stripping T
soo{ " — w 2 2 800 e s
600 60 5 600 et P
Feed gas: 1000 ppm SO, o E R e “
400 4 w0 S 2 \1/ w0
g 2 4004 4 ¢
5 !
200 . — 20 g o
- ~ o 200
[ ,‘ h“lll.ll \ ‘I o o
o to 9 ®
—————————————————— [\ it — . ____
0 50 100 150 200 250 300 350 400 450 500 0 60 120 180 240 300 360 420 480

Time (h)

Time (h)

[H*)/ [DMPH]

»,

N
VAN

(D

X

{l

X

{

N/
VAN

XD

D

A

K101 cion Ei20 E150 c200 €220 T270 cao caon
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