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SNHN_-OH

amine “gkane  -of

(24 2-2) Q20 72 T
(12 2-2] U7HS0(01 7|2 7

d7rEorule ofwl7lo) Aghdl Ag7|(R)e] ol m=t 13), 22
AL szpeppl o 2 A s =g, 1ol B R =R® =H, 27}
ol e R' EER® F /vt H 2]al 3xtopvl& R' =R* #H

EE R' #R° #HZ HJE 4 QS

R1

;NMOH

R n=1

(212! 23] 1A}, 2K} 3x} Of21e] 4=

FAE FAE 7P wol g%l 12 ol (Monoethanolamine)
F = 2%} oHql (Diethanolamine)+= 4~&H Alo|4 CO, o} A7)
k ¢}

o= 942 Eq. () ¥ Eq. ()9 &2 W45 495 |
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-

Eq. (DollAl MEAS] ZH$ R'= CH,CH,OH,R*= Ho|il, 2zlo}ql
DEAS] A% R'=R*= CH,CH,OH%]
CO,+2R'R°’NH — R'R’NCOO™ +R'R*NH, (1)
CO,+ R'R*R’N+ H,0 — HCO; + R'R*R’NH™ (2)



O 12} T 27} opqle] A9 Eq. (1o UERE AA™ 2mole] Lxkeoly
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FAPE 1mol€] Co, oF Whg3lo] RESFXIAIQ] Carbamate S FAJST -
7hEE) wHe-g B3l FAlE Aol HlaL 00, & eER Ee

3atoprle] A9 13} E= 27F ofvle] HF] PA|FzH o= Z
H1](sterically bulky)E 7%l d7bZotdle] YA|FH= Qs <
A2 H-gEU= &(H20) 2] E443K(deprotonation) & &3l
<77 BicarbonateE Zfshe W0l zlaEo] EA (A
Aol A efr A9 &n7F Eo4SA H. [Eq. (2)]
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2.1 Batch Test

0 7]& 120CHTE A2 90T &

So=A AJAYo] 758 AlF obgl

=2 TEs] ol vhs =2 7HAE RledE S A
37FAI(AB, ABR, ABTH)E tiFCo& CO, & E3HA[X] 3 90T ofA
AP E ST AL
Multi-amine solvent 1. W 2 5. 90°C
o . =2oizF 25mlL
I /—<\:n< Su7|Hl: N2, 30mL/min

CO; absorption rate 1
CO, desorption rate T

(O3 2-4] S0H A S8 M A 2K
O 7|& &<Al (monoethanolamine) tjH| X352 ]—o}ﬂi/\ig 3u}
lo 7Y ol 3t Ao BAS. 531, AB A et
59 el e
ASEA =E] 8 Metr|s 72T Jh



" | —— 30% MEA

—— Scheert 1 (ABR)

a4 Sclvent 2 (ABTH)
—— Sclvent 3 (AB)

hhsobed 0, (mol)

100
— 30% MEA
1——=Soclvent 1 (ABR)
20 4 Solvent 2 {ABTH)
— Sclvent 3 {AB)
-
— B0
E 10 4
= 20 4
i —_ —_— .
0 5 10 1 i 3
Time {min’}
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(H# 2-) At S2A g5 Hld

Absorption Desorption
Solvent (CO2mol/ (CO2mol/
100 mL) 100 mL)
MEA 0.27 0.11
Solvent 1 0.28 0.18
Solvent 2 0.29 0.14
Solvent 3 0.30 0.20
g2} GARE AFA FRe) AF F4Al A%




1. 7tA Z%4:10% CO,, 2% 0,, N, balance
2. 7t2 5% 1000 mL/min
3. E+H §&: 20 mL/min
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CO_ removal (%)

HH‘\_H—\J—
80 o
& 2
g
—30% MEA E
404—"Soclvent 1 (ABR) g 4
—— Solvent 2 ABTH) ¢
— Solvent 3 (AB) 0
20+ 204
| 2 —0 — Solent 1 (ABR)

Pump fiow rate (mLimin) —Solvent 2 (ABTH)
777 T B e e e e e
0 | L) ] w1 (R R (N RO

Time (min)

Time (min)
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O A3 FHA AB §AL o] g3tel HE7A 16 Nm3/hE BOE
179 SAAT, AYLE 90TIA CO, AL 92 Hel7t 7H
KX

(& 2-2) Piot 2| Mx| SHAH U M5 20}

T ot I
CO, Mz 92%
Flue gas flow rate 1.6 Nm3/hr
Flue gas temp, 25T
TR 20 90C
Saet o] 1 25m 7 |& 105~120°C
FUACO, s= 3.3%
Lig/Gas ratio 222 kg/Nm3
X COo, s= 95% 0|4t

100

80 4

60

40

C02 removal (%)

20 A

Days

[OF 2-11] Pilot HX| 17 X210}
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T T T T
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NHC(CH,), CH-OH

\C=N+=C/NH2
" Halide  ~NH,

NHC(CH,), CH-OH

| -
4000 3500 3000 2500 2000 1500 1000
O Wavenumbers (cm-1)

(32 3-1] 220K DA} SRU S04 1 FEA 2 FT-IR 24

O EejopulA AEgA Sl S AYd-2n, Z2Hd 7R
djolE 2] 23, & 95% o|4, 83 o4 AAkgel 7hestH,
71€ 7l& dvl 23kttt 234 d40] Vs de 3l
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- 25 130, ¢S 20bar
- Recycle 102] 0% 75
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HJErJCNHcH }OH-

(CHCHy ~CHIOH
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(H 3-3) GC/MS & EAx

=< —

Instrument Model GC/MSD

Column DB-WAX capillary (30m X 0.32mm X 0,254 m)

Oven temp 70°C (8min), 2°C/min =& 200°C(10min)

Injector/Detector temp 150°C / 220C

Solvent MeOH
O %44](Continuous) PC PAAASH: &) HAE
— AlFA}F

A= T 34 (Process flow diagram) 2! x| ARZla)

¢}

H& 9 P&ID X3, AAEE, AVIES 5
dulof gt B AR Are AR F50 s53kds

— T30(G/L separator)®] HAHAES P35(R” 0 circ. pump)=S ©
23lo] O ZE fixed bed BHE-

—_—

7] R* O(Reactor)2 =2HA|

=

M3E ZE CO, 1SIPIX|l 22 Het 2

riot
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— ojumj TIC-102.2 A&

[e]

= AP 222 9Edd R® 0 &=
TIC-2182 MALE7} He2 23)

— Cylinderd]] E°1%+= ¥= CO, & FIC-15(Mass flow controller) =
MR 0= Y TR,

F EOE 9o & PIO(EO
feed pump)S o] &35l wrer|2 FI3+

- REg7IolA HiEEe WA

B o

d&= T300 At dF=
P35& o]&3te] He7|2 A& &K

HL T40(Crude EC tank)e 2 HUYo] #AgF

22 BPR—30(back pressure regulator)S ©|-&
&3lal njHkS-

7I(FEE CO, )= T35A/B(EO trap—1)<
15 d7l= =3

— d

IS S AR RY 0 Bk, T30 SRROIA AR A el
Gas Chromatography Mass (GC/MS)Z® A&EASka, =
NE

O_O
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Koraa Institute of Science and Technoogy
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(F 3-4) PC B A4uIS 21
= His Z=21
HI27| 21 25 130, 140, 150°C
HI=0t2 10, 20, 30 bar
PO S2f 30, 60, 120 g/h
o, S2f excess (8.3% 04
HISAAMS A5t o2f PO2| 40 HH (wt) EE= 2400 g/h




—- Hg-2= 160 oPollAE Agsta

obAuh Bubgol wol ojibi

10

>

20 bar
././9;%

0,
80 83% 87%

He (%)
E

2t

40t

al

R4
201

2#UAA EojE o]
0.5%wiol A W27
20 bar, ¥FEAIZE 4 hr7l HetoS

&3t 7HEYo|E oA

o8 weenr

OV} L7} ol E HEEL
Ao epd

150 °C

94% 92%

ol 85%

40 1 L 1
30 bar

0 13b°c 146°C 150|“C 10 bar 20 bar
user HS Y
(O 3-7] a2 3 BISE0| e Mets
- AFSHE o] 8slA TR stHYo|E AT}, 83 o4
NHE ARgElE R4g 2] 2 Scale ©f WAISA FUL
- 71 ¥4 22A S ATl Bl (oss HA) AL,
H9E3-7] W oligomer 5 F4HE AFA|UR Qs F7]H o =2(671%)
3%7] IHH ag]u x}ﬁ ] _zJ_g_z;]. /K] o



99.6(%) 99.8(%) 99.6(%) 99.5(%) 99.6(%) 99.9(%) 99.2(%) 96.0(%)

A -==z
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masan "*""““‘\
~ T i |
: e ‘ i | [ ug=s
H f £ [ % | e |
£ ] § | v 5 \
: R —— | N \ I
IEEEEEE] I EEEEEE] IEEEEEEE R EE ]

O ¥<&Al(Continuous) Ad At
- sl (EE U R RS 2ARY] S8 Eelol
AEAF A S 120 g& WHE7lO] 4T bench I
A%2ulolA PO FHARE F 130 hr AAT

=
- AYE At 205 27] 98l oheftt 2dolA A E S
- "2 % 150C, ¥4¥ 20 bar, PO &% 60 g/hr, CO,

%_
excess 8.3% °|, WHEAAE <=8 5 2400 g/hr7} Mg
]

queh R AoR

- A7) 2704 BEgTIolA Q] PO AFAITRE 2~4 hr (AA
854 PO AFAIZRS 8hro 2 A Aol gE

— HkSAKIO] 400hol, Fl=l= PO tH] Suli 0.5%wt 71D 0] |

- A7 Qx4 EAxANA AHAPdE Crude PC &2 96%%
Ao EAES
=]

- AH=-8 propylene glycol, propylene glycol, 2—bromoethanol
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PC A Al 54% Edo] dojur=m, 27| w7 W9

Propylene Carbonate (PC)E FU3sto] A& AEjolA PC

e S

3t = Crude PC(yellowish liquid)+= rotary vacuum evaporators

o]-g35to] Al 7hHseHA ov] FAAHS AAISH =

1257, 10 torr oA Adet 23}, Aol FAo] 77k

=k 99.4% A= ZA PCE 2= T U=

= ATtollA st AA pCet A

/et PC= AlF PCE HIT EwEo] =
)

1=}
S A2 Yehd (Sete = Vs

ol
o)
Q
1o
=
H
=
K
i
>
el
o

Hop gekeh M vjas s A7 SEEAE S
TR @oolAe] UV SEEE EAY

Al ECet eHdH EC= % AR UV 23E HIl=

0.044# UV-vis —— Commercial EC
—3Syn.EC

-0.024

-0.044

Absorbance

-0.06 4

-0.084

-0.10 T T
400 500 600 700

Wavelength (nm)

(32 3-9] 814 2 XZ PC Al Hlm



A%4) PC AR AT AT F0) B4 B ¢ 5
'_|

~ TReE bench P i Aol TheFet 2ol

1__
F 130 br WS T Fojo] 54 24 A3y

=

A
N

- FAAARNAGEM S AHg A/

8 < SHie F4= HoAE
a9 (a—o= AR A FWE ouAE YEliH, 19
(A-D% % 130412 AHE 5 S0h9l o|u S Lk 29)
a9 (a)o|4] Evjl= 712 6~700 1 m, A= 2F 400 x m&] Zo]
A OHE AU Eole) kg FAAR AL

ol
W A A/F EuE oS fARE BAS HeFE 3

[1E 3-10] =0H FAREXRA0|E (SEM) ALK



~ 22,4 o4 broad peak7} WASH=E] o]t ¥Rl TeAElo] 9L

— BbA peak S A|&J5tal TR peak7} BWEEA] QFoung  Zu)
=49 EC Al AF olFo|x= Ful| phase7} WA =

olu]s}r

=)
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Intensity (a.u.)

Fresh

10 20 30 40 50 60 70 80
Degree (2Theta)

(T2 3-11] X =212 THE (XRD) Bt



50 - olMsfets

A (TGA) 22 AR 2=E Al ol e
_g‘

so) % S owbAl] RA e wgke] EASALS,
A VAR AF)A] S 400 O oF 56%2] A 4do]
gt o PrllME FAE B 9 Atiow Aol oFst
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| Atshso] 77 &

TGANA = FHuje A A vhSAIZE 130 h AME & 2
A7 Qs Adew wdd

Weight loss (%)
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Temperature (°C)
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— T 1507C, 20 barof|A] 130A17F F<9F CO, gt 7o) AR &
Sl fresh Hujo] Aol A8 A}

- ol A2 - 319ke REgoA L Sfje] S0l HistolA] Yot

o]

Fresh catalysts
Used catalysts

Intensity (a.u.)

T T T T T T
1000 2000 3000 4000
Raman shift
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- AN /T BT e §ARSE peakE 7HH oW, AMASHAIE
2944, 1652, 1559, 1452, 1264 1)1 1072 cm—1oA] peak7}

Yt eS

- A& C-H, NH2/C=0, C-N-H 7|77} Z&= o3&
oJu|sh 1450~1050 cm—19] G ol A WAYSF= peak=

C-N 239 A& 49

Fresh

NH,, C=0 -
C-N-H &

Transmittance (a.u.)
2944 e L

1452 TR
1072

Mﬂ\

1559

3500 3000 2500 2000 1500 1000
Wave numbers (cm ™)

(212 3-14] FT-IR 541 2}
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O LCAE A 414 F7]o] AA AF B Au|2o] 8737 93
Amshs YHEoR AEF = 34 A4, A4 € 3 9
A 9 A g 2o Thofst Bopol A 8% ELE gy

o

¥°  my m
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e R
=

O LCA WWHES A EFE37]T-(IS0) 14040 U 140440] 23

Jog duolEwa |97t S S
o] MEW LCAE= S B He] Ao, dRlE" 24,
AHAZ AE3H

Life Cycle Assessment Framework
Goal and Scope . .
Definition P Direct Application :
~lr T - Product development
[rAveTtolry Interpretation —> and improvement
nalysis N - Strategic planning
l T - Public policy making
- Marketing
Impact
A - other
ssessment

[OF 4-1] LCA 7|24=

Mlazh AlAH 2t - Axle "ot 57
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O CCU 7]&° W3t LCA ¥++= CCU 7]
SUTA BE VS 5 e B 9

=< 59 7led Hlasho]
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913t

o 7% @9l 1 7R Fer paet FAO| AT ABS A
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7122 AN

O AEl A ¢ 7% welo] AHojw 4 Sasht] Was meas
9 2y 27 wAE oujsiy %szi A 5 FE
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i CCU production Reference

B ? !
main Eoy o CO, based
product production |

CO, based
pmducl

h 1

“\I | CO,-source

o~ i[nucapwrej
i

main CO, -source
product (no capture)

4 !
i 1
H
e . €0, basad “ CO, basad
H COr s production |1 amducl

c
______ % ____________-___-.!_-____:
GO -source €O, based |}
production | ¥ product
main
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reference
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production

CO;-source
(no capture)
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CCU product

Chemicals, or

materials, energy storage? Energy
fuels storage
and others systems

Chemicals,

materials

and others

Fuels Y
Chemical structure
and

Chemical structure
and

composition identical? composition identical?

Use energy content Define functional unit Use mass Define functional unit Define functional unit
as quantifying the as quantifying the as satisfaction of the
functional unit. energy service. inctional unit. technical performance.) energy demand
=2 4— >~ — C|tO OF =
[12 4-3] CCU 7|& LCA 7ls O &Y 2m2|E

CCU product
Chemicals, or
materials, energy storage?
fuels
and others Energy storage

Chemical structure

and
composition identical?

Use cradle-to-grave

Use cradle-to-gate
approach.

approach.

[O2 4-4] CCU Iz AAEL A M

M4

oA

Use cradle-to-grave
approach for storage system and
gate-to-gate approach for the

energy system.
o guels
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O (B7) 7 714 1kg?] €O, gL NEOR SAEA At

(CO, eq) B7I= )8l process LCA 53§

O 1kg9] CO,
)

O

(FHE)

g g5

© A 7IEeR AFAA Au| o] AA1H

Ecoinvent DBE 7|HFS & Open LCA 173 %

Brightway2 SWE& A}&3}o] 7|&¥ LCA H7} 43

(F 4-1) FOpEmyp 2810

= NIFLHE
- 2eltAlp Moz UHEE FRO0H R AR,
Hgue= e e R
SRR gt 2= 2Aoz Zne| dzlky Eot

Jo DRHOIES HiASH SiRY 7 j&4ezs T}

|—|:|o74| - ocuU 7|/\ )ggg %3_|o|. )\~|H|7.|A~| \:|| Oo:||:f7;” 65

7 IS - MES dist=t S5 CO, (kg 71F)

_ - Open LCA 173
AIIEQ s
ATEQ0] - Brightway?2




2. CCU 7|=¢¥ LCA g}

O OCU 7]%e E%

g stsl Be] Uf 7] YAS CO, 7N AT
gerom A & g &

w20 Fo) WA Co
71 A4 WA ZF Af g
@ UAIBHERA(C0)
FogAel A cOL ANk o R Aol 7tAg) F7] AW B
Shlgae] B8 Absho] o3 A4
CO. 7INt Qatsbeba 44

YAE 7142 RWGS(reverse water gas
I} DRM(dry reforming of methane) W4 319

CO,+ Hy= CO+ H,0 (RWGS)

CH,+ CO,&2H,+2CO(DRM)

p
To
>
Hi

R A, SRA, dHslE EA SR FRISIRE Eolel 28
methyl formate 7}

]_
o8] LEA YA HpA

2302} formatesS ©]-83t
pua O O [o b |

o] dntzo s ZgH

F7le= 27 181eFA 1 electrochemical reduction)}

Sh(hydrogenation) W4] 117

CO,+ 2H + 2¢ = HCOOH (A7)3}a+7 39)

0

o
O\J
O\J

4HlN =k 61



CO, + Hy = HCOOH (4223}

® H¥2(CH, OH)
- HERZ-L COLt H2E g ol T4 7FNoA Adaoz AYAa
], S AAAESQ WeES oheFst sksk g o ARE-H
1

CO, 7|§F Hgh-& A 7|s= s4as) WAS g
CO,+3H,s CH,OH + H,0O (=43}
@ ™eH(CH, )
HECAA71Y)-2 ARk o= CoLt H2E 323lsh= A7 AR E
A
CO, 7]¥F Het AL 7|<=2 Sabatier—reactiongS LT

CO,+4H,< CH, + 2H,0 (Sabatier—reaction)

©® ofgk=(C, HsOH)

ofets Ak 90%= TaE FHCE UHA| 10%= oL

R Ak EX O 2 AR
CO, 7|8k offgh& A2 CO, ¢t H, OF E3dh= HJ7kA9]
55 A7) &3l (co—electrolysis) & ©]-&%F
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=
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(H 4-2) CO it e MupPHmE7E At (RWGS)
1= = Hlel= e 2ot 2t
7S5} GWP 100a kg CO, —Eq —0,98297
RHEHA Lhedst mol H+—Eq 372415
HERA AE =4 CTUNh.m3yr —0,0004
CHEHA SAUSKE) kg P-Eq —2.62E-07
QI el CTuh —4,66967
QXL AR kg U235—Fq —3,52E-08
QXL H| et st CTUn —0.,00122
Qx4 QEX T}y kg CFC—11—Eq —0.00404
OIx|Z1Zt Zslst QMM kg ethylene—Eq —0.00038
QML 557| Hgt kg PM2.5—Eq —0,2354
NS EX| A= kg Sail Organic Carbon —0.00311
PNy [EpN kg Sb—Eq —3,56E-05
(H 4-3) CO it A HMupPHmoE Zat (DRM)
7IEl a2 Hlel= =ha 2ot 24
7|55} GWP 100a kg CO, —Eq -0.89757
CHEHA At mol H+Eq 62,2748t
HEHA| el = CTUNh.m3_yr —-0,00058
ERA| S2IAR ) kg P—Eq —2.78E-07
QX[ el CTUn —7.41167
Olx|l71Z+ HEARM kg U235—Eq —2 83608
QA4 H| 22t =t CTUn —0,0019
QM4 QEZX mfy kg CFC—1—Eq —0.,0066
QU4 Lol QEAMA kg ethylene—Eq —0.00062
QA S57| gsk kg PM2,5—Eq —0,39703
N EX| A= kg Soil Organic Carbon —0.00591
& oL X| kg Sb—Eq —6,62E-05
HAL AAH 2t - AXY "It 65



(B 4-4) ZZEAE oh i MoEEIE 2t (K|S 2H)
1= = wEs e 2ot 2t
7=t GWP 100a kg CO, —Eq 010474
SHERA AbASt mol H+—Eq 0.00395
AERA MEY =4 CTUn.m3.yr 13255398
AERA BHUSH ) kg P—Eq —0.0004
QML grorgut CTuh 2.09E-08
QXL AR kg U235—Eq 0.07083
QXL H| et =0t CTUn 5.39E-07
QAL QES T kg CFC—11—Eq —9,34E-08
QX[ AUSISE QEAMN kg ethylene—Eq 0.00188
QML 557| Hgt kg PM2.5—Eq 0.00083
NS EX| A= kg Sail Organic Carbon 1.09485
PNy OlILAX] kg Sb—FEq —9.53E-05
(H 4-5) HELF A0 2 MIEE7F ZAdp (A8l
i=nEl HWtel= e 2ot 2t
7S5t GWP 100a kg CO, —Eq —4.01872
SHEHA AbAdSt mol H+—Eq 24.04077
A e =4 CTUh.m3.yr —0.00201
AHERA SAHABNH) kg P—Eq —5,236-07
QX[ Efai=n CTUn —4.45528
QML HEARA kg U235—£q —1.536-07
QIR b| et =at CTuh —0,00505
QXL QEZ 1ty kg CFC—1—Eq —0,01497
Qx4 LIS QAN kg ethylene—Eq —-0.00176
QAL 57| gsk kg PM2,5-Eq 0.01859
N EX| A= kg Soil Organic Carbon —0.01112
PNyE W[EWN kg Sb—Eq —9,17E-05




(F 4-6) HIELS A4A 221 Fupsmyt Ao

1= = wEs e 2ot 2t
7|23} GWP 100a kg CO, —Eq —1.13744
RHEHA AR mol H+—Eq 18,18122
AERA MEY =4 CTUh.m3,yr 0,00022
CHEHA SAUSKE) kg P-Eq —1.36E-07
QML Eel=anls CTuh —0,52559
QXL AR kg U235—Eq 222608
QXL H| et =0t CTUn —0,0005
Qx4 QEX T}y kg CFC—11—Eq —0.00038
O Id|742t ol @&My kg ethylene—Eq —1.60E—06
QML 57| gst kg PM2,5-Eq 0.06932
NS EX| A= kg Sail Organic Carbon 6,95E-06
PNy U[[EPN kg Sb—FEq —2.28E-05
(H 4-7) OlEh AAF g Mob"EoE 2ot
7|12 HWtel= e 2ot 2t
7S5t GWP 100a kg CO, —Eq —0,57081
RHEHA LRt mol H+—Eq 1.08499
CHEHA e =4 CTUn.m3.yr 4. 24E05
AHERA SAHABNH) kg P—Eq —6.185-08
QX[ Efai=n CTunh —0,14471
QXA HEAM kg U235—£q 7.01E-09
QAL bl et =at CTun 0.00071
QXL QEZX miy kg CFC—1—Eq 0.0016
QIx| 742t 2olst @EAMN kg ethylene—Eq 0.00017
QAL 57| g&t kg PM2.5-Eq —0,00866
N EX| A= kg Soil Organic Carbon 0.00074
X [EPN kg Sb—Eq 1,10E-07

HaF ALY B
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(# 4-8) Olet=

MBI FOREEI} 2t

OL— =

1= = wEs e 2ot 2t
7|23} GWP 100a kg CO, —Eq —0,52087
RHEHA NS mol H—Eq 3356122
AERA MEY =4 CTUn.m3.yr 0.0001
CHEHA S2IAR ) kg P—Eq 9.96E-08
QXA Eel=anls CTuh 0.73566
QXL AR kg U235—Fq 2.23E-08
QX742 H| glot S} CTUn —0,00022
QUL REZ i kg CFC—1-Eq 0,00212
O Id|742t AUslst &M kg ethylene—Eq 0.00023
QML 57| gst kg PM2,5-Eq 0.01397
NS EX| A= kg Sail Organic Carbon 0,001
PNy U[[EPN kg Sb—FEq —1.37E-05
(# 4-9) C|H[EOlE|Z Mih gt HubgErE 2t
i=(nEl Tole=s mey Zut 2t
7 |SHst GWP 100a kg CO, —Eq —0,854545279
A MRS mol H+—Eq —0,000415216
SHEHA AR =4 CTUNh.m3_yr 12.73164695
AERA BHUSH ) kg P—Eq 0,000158135
QXA el CTuh 6.72974E-09
QXA BIARM kg U235—Eq 0,097185571
QXA H| e =t CTUn —3,79968F—08
QXA QEZ miy kg CFC—11—Eq —5,78376E—08
QXA Lslet QMM kg ethylene—Eq —0.001578796
QI 57| g&t kg PM2.5-Eq 0.000210564
e EX| A= kg Soil Organic Carbon —0.393777971
Ny UI[EPN kg Sb—Eq —5,595E-05




(H 4-10) 22|15 Ao e HabdEot 2t

1= = wEs e 2ot 2t
7|55} GWP 100a kg CO, —Eq —3,96336
SHERA AbASt mol H+—Eq —70.30465
AERA MEY =4 CTUh.m3,yr —0,0019
CHEHA SAUSKE) kg P-Eq —1.736-06
QI grorgut CTuh —3,19801
QAL AR kg U235—Eq —2.09E-07
QX742 H| glot S} CTuh —0,00072
QUL REZ i kg CFC-11—Eq —0,02402
O Id|742t ol @&My kg ethylene—Eq —0.0026
QML 57| gst kg PM2,5-Eq —0,28857
NS EX| A= kg Sail Organic Carbon —0,01187
PNy OlILAX] kg Sb—FEq —0,00017

(F 4-1y T2 FH0]E MM P2 FRREED}

i=nEl HWtel= e 2ot 2t
7|55} GWP 100a kg CO, —Eq —1.94925
HERA| AbAMSE mol F+—Eq —44.30228
AHERA| MEH =M CTUh.m3.yr —0.00142
HERA| AU E) kg P—Eq 2. 7007
QX[ Efai=n CTUn —0,20586
QXA EINAN kg U235—£q —1.55E-07
QAL Hl 2 =0t CTun —0,00852
QXL QEZ 1ty kg CFC—1—Eq —0,0106
Qx4 LIS QAN kg ethylene—Eq —-0,00122
QAL 57| gsk kg PM2,5-Eq —0,28193
N EX| A= kg Soil Organic Carbon —0.00422
ISyE W[EPN kg Sb—Eq —0.00017

HaF ALY B
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We can capture
at le 90% of
emissions from
fixed emitters

We can transfer
CO, using pipeline
and convert it to

CO, can be stored

fely and permanently
using natural trapping
mechanisms
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m PC 3A bench scale plant A A

1. A&
A
O H AAM= PO(Propylene Oxide)ES CO, 2} H

A8 417 PC

(Propylene Carbonate)E 3Ad317] €%t bench X AH]
(bench scale plant)2] AAAZA AFPAZ AFLAINI]E
W ARATNG FARALUE o

S

Eujo) A

0 AuE A%EHom Mo
=y O
() [e)

mx0] 9l

ol o
A

e
.
Q
o
o

rr
»
=2
&

O o] AuloA dojX|= HFTAEFZ WA EEA FA = A
OF2 crude PCO|H, AE =0 PCE 47 YA+ crude PCE

A7) Sl drEef Adnulrk

vt 23 9e

o MANE FRHEST BASA,
so] gL, 44 3

= A

o
do
rr
ol

4 % Ao BE
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O & AAAMY 4 AU H=3 &=
© &4

— Section 10: Reaction section

@ AAUWE
- AAIE [/ ALY /| ARES /| ARES
t}. Capacity

O PO 60 g/h HEE 7|Fo2 4F
O Ya/rela/se ALY
- PO AF§T
60 g/hr
1.44 kg/day
- co. AR
65 g/hr (1,477 gmol/hr, 33.1 NL/hr)
1.56 kg/day (35.455 gmol/day, 794.2 NL/day)
— Catalyst 215
Granule type 100—-200 g
- PC AFE=F (for start—up)
2.0 L (~2.7 kg)

@ A& BAF
— Crude PC A=
119 g/hr
2.856 kg/day

N
iih)

+

A5z A= 79

©:



o = B AIEARS

@ PO
- £ D 90%
- CO, :10%
® Co,

- %5 1 99.9% oA

(® Crude PC
— 9|3 : Brownish liquid
— PC : 95% oAt

2t H7E AT
@O 71 #H71E (S COo, ) I8
5.8 g/hr (0,132 gmol/hr, 3.0 NL/hr)
140 g/day
@ A 7715 (PO7t d-d &) WA
PO: 0.3 g/hr (7.2 g/day)
= (1 kg/day ©]3})

80 - olttstEtA =E 3 Mehyle 7|R0T JHe



uh geelE A
(1 Process water
Pressure at B.L.: 5 kg/cm2—g
Temperature at B.L.: amb, (207T)
@ Nitrogen
Pressure at B.L.: 7 kg/cm2—-g
Temperature at B.L.: amb. (200)
(® Electricity
220V/1p /60Hz for heaters
220V/3¢p /60Hz for drivers & instrumentations

o, 7% 271
(1 Temperature
Highest / Lowest / Design : 35C / —15T / 20T
(2 Barometric pressure: 1,03 kg/cm2—g
(® Humidity: 93% RH at 25C

N
iih)

+

A5 2-81

©:



o

Ay
o 2 AhL = PO(Propylene Oxide)S CO, 9 HFEA]A
A& PC(Propylene Carbonate)2 35t 938t bench X
HE-S-dH|(bench scale plant)o] &3+ &<

O vl d&3AHor A AARES AXNA &2 vk
B = crude PC7} o] M| HEAEoZ Aol

O 1% Al(Process flow diagram)¥} 12] A2(Piping & instrumentation
diagram)of] &]Asto] FHof sl 7refsiAl A (3749
A=A AxA, E-4A B3 AHEE Process flow

diagrami} $+7 ¥ Al(Material Balance Sheet)S ZFil)

O T30(G/L SEPARATOR)©] solvent(PC Ei= oA} B} AAE
crude PC, T+ Propylene Carbonate(PC) =)y Ao
=0 A=A 2 (FETE 4 solvent2 F)

ot o

O T309] solventE AZFH P35(R® 0 CIRC, PUMP)E o|-&
3lo] Q8RS 243t & MIO(LINE MIXER), R® O(REACTOR)S
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PROCESS FLOW DIAGRAM (BENCH SCALE PLANT for EC SYTHESIS) e i;«x“:», i i i
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21 Al Process flow diagram (Bench scale plant for PC synthesis).

KA Korea Insttute of Science and Technokogy Shest Mo. | PID-01 i
PIPING & INSTRUMENTATION DIAGRAM (BENCH SCALE PLANT for EC SYNTHESIS) | em —— S e e
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H Al Material balance sheet (Bench scale plant for PC synthesis)

Stream no, 11 12 13 14 15
Phase Liquid Liquid Liquid Vapor Mixed
Temp, C 250 255 103.0 250 105,0
Press, barg 0.7 20.0 20.0 20.0 20.0

Mass Flow g/h

coz 0.00 0.00 63.93 64.47 128,40
EO 60.00 60.00 69,97 0.00 69.97
EC 0.00 0.00 232614 0.00 232614

Total 60,00 60,00 2460.03 64,47 2524.50

Molar Flow g-mol / h

Cco2 0.000 0.000 1.453 1,465 2917
EO 1.362 1.362 1.588 0.000 1.588
EC 0.000 0.000 26,414 0.000 26,414

Total 1.362 1.362 29,455 1.465 30,920

Stream no, 16 20 21 22 23
Phase Mixed Liquid Vapor Vapor Liquid
Temp, C 130.4 105,0 105,0 91.3 105,0
Press, barg 20,0 20,0 20,0 0.0 20,0

Mass Flow g/h

co2 68,98 63.93 1.79 1.79 327
EO 10,50 997 0.02 0.02 0.51
EC 244502 232614 0.00 0.00 118,88

Total 2524.50 2400,03 1,81 1.81 122,66

Molar Flow g-mol / h

CO2 1.567 1,453 0.041 0.041 0.074
EO 0.238 0,226 0.000 0.000 0.012
EC 27764 26,414 0.000 0.000 1.350

Total 29570 28,093 0.041 0,041 1.436

Stream no, 24 25 26
Phase Mixed Vapor Liquid
Temp, C 102.2 102.2 102.2
Press, barg 0.0 0.0 0.0

Mass Flow g/h

Cco2 327 312 0.15
EO 0.51 0.27 0.24
EC 118,83 0.04 118,84
Total 122,66 344 119,22
Molar Flow g-mol / h
COo2 0.074 0.071 0.003
EO 0.012 0.006 0.005
EC 1.350 0.000 1.349
Total 1.436 0.078 1.358
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