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Supplementary Note 1- Hydrogenation reaction rate test

For monitoring the hydrogenation reaction rate of AQDS, a solution of 0.1 M AQDS
was added in phosphate buffer as electrolyte. Homemade reduction tower was filled
with 50mL Pt/C granular catalyst (1 wt% load, diameter 0.7 mm). The electrolyte was
pumped into the reduction tower at a flow rate of 200 mL min'! from the single-cell
chamber. Temperature is 50°C. The electrolyte and hydrogen from the tower top flowed
back to the single-cell chamber. Ar gas is continuously introduced into the electrolyte.
For potentiometric monitoring of the reaction, a glassy carbon working electrode and a
Ag/AgCl reference electrode were inserted through the port holes into the reaction
solution. Pt mesh (1x1 ¢m?) was used as counter electrode. The progress of the reaction
was monitored by connecting the electrodes to an electrochemical work station and

recording the potential change over time.

The measured potential was converted to the relative amount of oxidized and reduced
species using the Nernst equation (Eq. S1). Ey; is the half-wave potential of the
mediator and n is the number of electrons transferred in the reaction, m is the number
of protons transferred in the reaction. R is the ideal gas constant, T is the temperature

in Kelvin, F is the Faraday constant (96485 C mol-!).

mRT  QH,
E=E1/2 +n—FlTlT (Sl)
N Imax
Ko, = 7 = —= (S2)

We obtained the generation rate of QH, (kqu., M min!) by fitting the quantity curve of
QH, substance (Fig. 3C), and further calculated the theoretical maximum current

through the generation rate and equation (Eq. S2), which is 1.41 A.

Supplementary Note 2- Calculation of pump power consumption

The input power of the pump can be estimated based on previous research'.



1
P= Emvz/np (S3)

Where m is the mass flow rate (kg/s) of the electrolyte, v is the flow rate (m/s), and n,
is the pump efficiency. Assuming a pump efficiency of 70% 2, according to
experimental data, at an electrolysis current of 0.04 A and a flow rate of 200 mL min!,
the overall energy consumption of the pumps is approximately 2.55 kJ mol-'CO,
(Supplementary Table 1). At a high flow rate of 1000 mL min! and an electrolysis
current of 0.64 A, the overall energy consumption of the pumps is about 20.11 kJ mol-
I CO,. We observed that pump consumption increases significantly with higher flow
rates. Therefore, considering the impact on energy consumption and efficiency, an

appropriate flow rate should be selected for practical applications.

Supplementary Note 3- Thermodynamic analysis and model construction

The decoupled redox electrochemical CO, capture process can be divided into four
main stages that are consistent with previous models 3* (1) electrochemical
acidification, (2) CO, desorption, (3) electrochemical alkalization, and (4) CO,
absorption by carbonates. During the electrochemically mediated pH change, the
alteration in proton concentration alteration affects the reaction equilibrium of
carbonates and phosphates. Therefore, the dissociation coefficients of carbonates and
phosphates, as well as the gas—liquid CO, equilibria, should be considered, as presented

in Supplementary Table 1.

Building upon the previous analysis of carbonates, we have introduced the definitions
of dissolved inorganic carbon (DIC) (Eq. S4), which is applicable to both the cathode
and anode. The variation in DIC indicates the amount of CO, absorption or desorption.
Additionally, total alkalinity (TA) is defined for both the cathode and anode (Egs. S5-
S6). Notably, anions can penetrate HCO;5™ ions, so TA remains unchanged during the
process. In this model, the electrochemical process directly reflects the change in total

ADIC, rather than the previously considered TA.



DIC = [CO,(aq)] + [HCO3] + [CO5] (S4)
TAcathode = [OH_] + [HCO;] + Z[CO%_] - [H+] (SS)
TAanode = [OH™] + [HCO3] + [H2PO7] + 2[CO3~] + 2[HPO%~] - (S6)

Applying the expressions in Table S2 to Egs. S4-5, the DICy,jance and pH in the cathode
at initial equilibrium and the relationship between TA and pHc.moqe can be expressed as
Egs. S7-9 (Supplementary Fig. 24A), respectively. Additionally, we obtained the
relationship between TA and DIC (Supplementary Fig. 24B).

KalKH KalKazKH

DICbalance = fOCOz X (KH + [H"'] + [H"']Z ) (87)
Ky | Ka,[COz(aq)]  _ KaiKaz[COz(aq)] N
x=TA= s — g+ 2 2 —[H*]  (S®)

TAg = 10(PH=14) 4 10(PH—7.82) % fCOZ + 2 x 10(2pH—18.15) % fCOZ (S9)

where x is the concentration of KHCO3, which equals 1 M in this system, and fycon

equals 0.15.

As the anion HCOj3;™ permeates, the total alkalinity (TA) remains constant during the
alkalization process. To account for this phenomenon, it is imperative to introduce a
new definition that quantifies both the amount and efficiency of HCO;~ membrane

transmission (HCOj3 aps.cross) (Eqs. S10-11).

Nucos = Mucos X Ntotal (S10)

Nucos  NMHcos X Ntotal

[HCO3 | abs—cross = = ADIC (S11)

VAbs VAbs

It is assumed that the absorption process and electrochemical alkalization process occur
independently of each other. Following electrochemical alkalization, with the total
alkalinity (TA) remaining constant, the partial pressure of carbon dioxide (fcoz)

decreases when the pH increases. The changes in dissolved inorganic carbon (DIC) and
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its difference (ADIC) in the solution can be quantified using Eqs. S12-14 (the corner
mark O represents the state before alkalization, and the corner mark 1 represents the

state after alkalization):

KalKH+Ka1Ka2KH T]HCO§XIt_
[H*]o [H*]o? FV aps

DIC 550y = foco, X (Ky +

KalKH_I_KalKazKH (SIZ)
[H*]4 [H*]12
 TA—10®@Hi—149) 10-PH:
flCOz_ 10(PH1—782) 1 2 x 10(2pH,—18.15) (813)
ADIC = DICbalance - DICafter (814)

For 15% CO, capture, TA=1M, f,c0,=0.15, pH=8.63, pH; is pH of alkalized solution,
DICpajance=0.986. And for 400 ppm CO, capture, TA=1M, f,c0,=0.0004, pHy=10.57,
DICpajance=0.612. Then we could obtain the the relationship between ADIC, fcq,, and
PHeathode under the condition of the catholyte being 1 M KHCO; as shown in

Supplementary Fig. 25.

The anolyte is an acidic buffer solution, which contains 0.8 M KH,PO,, 0.2 M K,HPO,,
HCOj5, CO, (aq), H; (aq), H,0, Q, QH, QH,, QH-, Q*, and H"/OH". First, we calculate
the pH value of the buffer system (Eqgs. S15-16), where x is the concentration of
KH,POy,, y is the concentration of K;HPOy, V. is the solution volume, and An is the

dissociation amount. When x=0.8 and y=0.2, the pH=6.61 (measured as 5.9~6).

An An
( Y+ (y+10-7+10~ 72 x ( )+ (yx10~7—xx10~721) =0 (S15)
Vde Vde
A_n
V.’ (S16)
= +1077+ 10772 + /(y + 10-7 + 10-721)2 — 4 x (y X 10—7 —x x 10-721)
B 2

To achieve desorption of CO; at a partial pressure of 1 bar, it is necessary to determine

the maximum pH value of the anolyte. This can be accomplished by utilizing the
7



expressions outlined in Table 1 to solve for Eqs. S4 and S6, which describe charge
conservation and mass conservation, respectively. The pH of the anolyte solution can
be calculated by Eq. S17. The resulting pH value is 6.47, indicating that desorption of
CO, will only occur at a partial pressure of up to 1 bar when the pH of the anolyte

solution is equal to or less than 6.47.

Ka1 Ka1 XKaz
xX+2y= +

[H] 1+ 401 “Kap TOHYT
az
(S17)
0.034 x([ﬁﬁl] +Ka[1H>i]1§a2) Kp,
™ LT G
az

It is assumed that the desorption process is distinct from the electrochemical
acidification process. Following electrochemical acidification, if total alkalinity (TA)
remains constant, then the change in dissolved inorganic carbon (ADIC) is equivalent
to the change in bicarbonate ions (HCOj5") that passes through the membrane. The
correlation between ADIC and pH can be graphed using Eqs. S18-23, as presented in
Supplementary Fig. 26.

w
x+2y= T + [HCO3]1 + [H2POZ ], + 2[CO%7]1 + 2[HPO%~]- (S18)
1
Kpp[H2POY |4
Ht| = —————— (S19)
L] [HPO3 11
K 2[HCOZ
[CO5]4
x +y=[H,PO7]1 + [HPOZ |1 (S21)
DIC,
NHcoz X It
= [COz(aq)]o + [HCO3]o + [CO5 Jo + ——— = (S22)
FVDes
+[CO5 |4
=X It
ADIC = HC0s 2 (S23)

FVDes



We calculated the minimum amount of work necessary to separate CO,; in the ideal
cycle, as defined previously. Assuming dilute solutions, the redox potential of the
electrode at which conversion between Q/QH, and H,O/H, occurs can be calculated
using the Nernst equation (Eqgs. S24-25). The ideal energy consumption can be
expressed using Eq. S26, while assuming that the volume V. is constant, the efficiency
is constant at 1, and the H, partial pressure is held constant. The concentrations of Q
and QH, are both dependent on ADIC during acidification. By applying Eqgs. S27-28 to
Eq. S26, we can derive the expression for energy consumption (Eq. 29), as shown in
Supplementary Fig. 27. Notably, unlike prior research, ADIC is solely related to the
number of electrons transferred during the electrochemical acidification or alkalization
process. At the point where ADIC approaches 0, or when the current is infinite, the ideal
minimum energy consumption is calculated to be 12.28 kJ. mol! CO, for 15% CO,

capture and 23.35 kJ, mol-! CO, for 400ppm CO, capture.

7] RT 0(12_1+ 2] RT
E=@u,0/1, — Po/on, = Pho/m, T nF l"@ —¥PQ/QH, — ﬁi (S24)
pB
RT QoPH,
E=AE? ——1 0.059 X ApH_
nF ”aQH2p9 " pHic—a (525)
zF XU Fx | E
Q= __2Fx] (S26)
NNco, 1 XADIC X Vg,
PHaps = faps(ADIC) (S27)
PHae = faps(ADIC) (S28)
zF
aopu, _ zF (TIVde ) [ 0.059 X (faps — fa (529)

RT
= 9——
Q=(E 7 In ) +

aou,p?” "NV ge ADIC

Because the decoupled redox electrochemical CO: capture (DREC) system utilizes an
asymmetric electrolysis design, the membrane potential influences the overall system
potential. We further analyzed the membrane potential of the system. The voltage
across membrane (E,,) includes two Donnan potentials 3 (i.e., E poppy and Ep oy, that are

formed between the membrane and the adjacent solution) and a diffusion potential (i.e.,
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Epifr which is established by differences in the transport number of different ions in

the membrane).

Em= Epona + Epirf — Epont (S30)

where subscripts H and L represent the high-concentration and low-concentration sides
of the IEM, respectively. The Donnan potential on both sides of the membrane is
controlled by the concentration of counter ions in the membrane and solution phase,

which is given by the following equation

RT a;
=——In— S31
®Ppon Zl-F In a; ( )

where and a; and a; (dimensionless) are the activities of the counter ion in the

membrane and bulk solution, respectively, R (8.314 J mol™! K') is the ideal gas

constant, 7 (K) is the temperature, and F' (96,485 C mol™!) is the Faraday constant.

The movement of ions across membranes between two solution phases results in a
change in chemical potential, which corresponds to a change in the system's free energy.
Consequently, the membrane potential can be determined using the Nernst equation.
This simplification assumes ideal behavior, neglecting the effects of co-ion transport
and convection. By substituting the expression for the diffusion potential (derived from
the Nernst-Planck flux equation), the overall expression for the membrane potential can

be formulated as

Fz (243

where « is the average permselectivity of the IEM, ay and a; are the activity of the
counter-ion of an IEM at the high-concentration and the low-concentration sides,

respectively.

Assuming the membrane's selectivity for HCO5™ is 1 and for other ions is 0, with no

10



PO4*, HPO,*, or HPO4 ions present on the cathode side. In reality, the membrane we
employed is HCO;™-grafted, which exhibits high selectivity for HCO;5- (absorption and
destruction exceeding 99% at 10 mA cm™?). Therefore, in the membrane potential
model, only the effect of HCOj;™ ions is considered. Initially, 1 bar of CO, is supplied
to the anode, where the HCO;5™ concentration is 0.04508 M and changes as the number
of transferred electrons increases. On the cathode side, 15% CO; is supplied initially,
and after equilibrium, the initial concentration of HCO5™ is 0.961814 M, which also

varies as the number of transferred electrons increases.

asruRT ab o
Epm = —2 T (— In—222) ($33)
F Orcoz

The variation curve of the Exgy during the electrolysis process can be calculated using
S33 (Supplementary Fig. 27A). By incorporating the membrane potential, the
theoretical energy consumption model of the system can be obtained (Supplementary

Fig. 27B).
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Supplementary Fig. 1 Solubility determination of 2,7-AQDS. (A) UV-Vis spectra of AQDS at
different concentrations. The sample was diluted ten thousand times. (B) Fitting curve of the
concentration of AQDS versus peak intensity. The red line is obtained by linear fitting of the data.

The solubility of AQDS in phosphate buffer is calculated to be 1.34 M.
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Supplementary Fig. 2 Electrochemical measurements of 2,7-AQDS. (A) RDE measurements

using 1 mM AQDS in phosphate buffer at angular speeds from 400 to 2800 r.p.m, using a rotating

disk electrode (RDE) of glassy carbon. (B) Levich plot. The relationship between limiting current

(i) and the square root of angular speed (©'?), giving D=4.09x10° ¢cm? s*!. (C) Koutecky-Levich

plot and (D) Fit of Buler-Volmer equation. The over-potentials (1) varied between the measured

potential and formal redox potential. The fitted line has the equation y=50.25(x+4.22). This yields

ko=3.2 X 103 cm s
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Supplementary Fig. 3 Stable CV test of 2,7-AQDS. The electrolyte in the stability test consisted
of 1 mM AQDS and a phosphate mixture solution (1 M KH,PO4:1 M K,HPO,=4:1). CV scans were
conducted for 1000 cycles at 50 mv s!, and a weak fluctuation proves excellent electrochemical

reversibility.
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Supplementary Fig. 4 pH of anolyte and catholyte during constant current electrolysis.
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Supplementary Fig. 5 Test of the ability of anion membrane to block dissolved oxygen. The
dissolved oxygen content in the AQDS solution exposed to atmospheric environment and simulated
flue gas (15% CO,, 80% N,, 5% O,; vol.%) is 0.6 mg L' and 0.5 mg L-!. After bubbling pure CO,
into the AQDS solution, the dissolved oxygen content of AQDS solution in H-cell chamber is

always 0 mg L-!, proving the outstanding ability of the anion membrane to block dissolved O,.
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Supplementary Fig. 6 Half-cell stability test. (A). Anode stability test. During 72 h of electrolysis,
the potential of the anode remains stable, with an average value of -0.182 V (vs. SHE). (B). Cathode
stability test. During 72 h of electrolysis, the potential of the cathode remains stable, with an average

value of -0.621 V (vs. SHE).
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Supplementary Fig. 7 Half-cell test with different current densities. (A). Anode test with

different current densities. The anode was tested at current densities of 10 mA c¢cm2, 100 mA cm?2,

200 mA c¢cm?, 300 mA cm?, and 400 mA c¢cm, and the stable voltage indicated that the anodic

reaction could operate steadily at high current densities due to the rapid reaction kinetics of AQDS.

(B). Cathode test with different current densities. The Cathode was tested at current densities of 10

mA cm?, 100 mA cm?, 200 mA cm?, 300 mA cm?, and 400 mA cm?, and the stable voltage

indicated that the cathodic reaction could operate steadily at high current densities.
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Supplementary Fig. 8 Liquid Chromatography—Mass spectrometry (LC-MS) of 2,7-AQDS.
(A) LC-MS of AQDS and (B) AQDS after 336 h of reaction, indicating that no byproduct is

produced during the process.
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Supplementary Fig. 9 Catalyst characterization diagram. The catalyst is Pt/C spherical particles.
The initial sample of the catalyst was shown in figure (A)-(D), and the catalyst after 72 h of reaction
was shown in figure (E)-(H). The similarity in morphology before and after the reaction proved the
corrosion resistance and stability of the catalyst. Energy dispersive spectroscopy (EDS) elemental
mapping images showed the elements distribution of C and Pt on catalyst before reaction ((I)-(J)),
and after 200 h of reaction ((K)-(L)). The loading of Pt on the catalyst after the reaction was
approximately 2.44 wt%, being almost consistent with 2.66 wt% of before the reaction, proving the

stability of the catalyst.
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The liquid levelremains stable
There is no hydrogen loss

Supplementary Fig. 10 Hydrogen recycling validation system at the lab scale. (A) System

device diagram. (B) Hydrogen loss test.
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Supplementary Fig. 11 Hydrogen evolution and consumption efficiency. The electrolytes
comprised 100 ml of 0.1 M AQDS in phosphate buffer (anolyte) and 100 ml of 1 M KHCO;
(catholyte). (A). Current density. (B). Concentration of released hydrogen. (C). Concentration of

hydrogen consumed.
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Supplementary Fig. 12 Flow chart of detection system
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Supplementary Fig. 13 The CO, absorption process in a 10 mA cm current density
electrolysis system. (A). Current density. (B). Voltage. (C). Concentration of absorbed CO,. (D)

Outlet gas flow rate.

24



o
o
o

Az i i
Lo04f | ;
€ i :
E 0.02 - i /Electrolysis begin E /Electrolysis end
o " i
0.00 : ;
~10} i i Outlet gas

B % = : : ===Inlet gas
. = [ 1 I
g 1 1

I

110 ; .
C 5 : :
SE105F !
8 < : :
t o 100 : :
g O : :
g 5 95 F E i

o 920 ; ] \ 1 ; A \ 1 :

0.0 0.5 1.0 1.5 2.0 2.5
Time (h)

Supplementary Fig. 14 The CO, desorption process in a 10 mA cm? current density
electrolysis system. (A). Current density. (B). Total gas flow rate of desorbed CO,. (C)

Concentration of CO,.
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Supplementary Fig. 15 Operation parameter optimization. (A). U-I curves of the system using
different concentrations of AQDS solutions as the anolyte and 1 M KHCOs as the catholyte. The
concentration of AQDS was 0.01 M, 0.025 M, 0.05 M, 0.075 M and 0.1 M, respectively. At a low
concentration of 0.01 M, pour mass transfer limits the voltage at high current density, which could
be applied under high concentrations. 2,7-AQDS possesses outstanding solubility in aqueous
electrolytes, ensuring the ability to work under high current density. The onset voltage is 0.25 V.
(B). The U-I curves of the system under different temperature operating conditions using 0.1 M
AQDS and 1 M KHCO; as the initial anolyte and catholyte, respectively. As the reaction
temperature increased, the electrolysis current increased at a similar voltage due to enhanced mass
diffusion and reduced overpotential at high temperatures. Notably, the heating process requires
additional energy input. Considering the energy produced by the waste heat recovery of the flue gas
and the service life of the membrane in the system, it is reasonable to control the temperature in the

range of 40 °C to 50 °C.
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Supplementary Fig. 16 Electrical work comparison chart of electrochemical CO, capture.
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Supplementary Fig. 17 CO, capture rates at different current densities. (A). Amount of CO,

absorbed under different current densities. At a current density of 120 mA cm2, the pH value of the

catholyte outlet increased to 9.88; at a current density of 50 mA cm2, the pH value of the catholyte

outlet increased to 9.44; and at a current density of 10 mA cm, the pH value of the catholyte outlet

increased to 8.91. The increase in the catholyte outlet pH accelerated the CO, absorption rate. (B).

Carbon removal efficiency at different current densities. Concentration of absorbed CO, at different

current densities.
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Supplementary Fig. 18 The CO, absorption process in a 50 mA cm? current density
electrolysis system. (A). Current density. (B). Voltage. (C). Concentration of absorbed CO,. (D)

Outlet gas flow rate.
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Supplementary Fig. 20 The CO, absorption process in a 120 mA cm? current density
electrolysis system. (A). Current density. (B). Voltage. (C). Concentration of absorbed CO,. (D)

Outlet gas flow rate.
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Supplementary Fig. 21 The CO, desorption process in a 120 mA cm? current density
electrolysis system. (A). Current density. (B). Total gas flow rate of desorbed CO,. (C)
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Supplementary Fig. 22 The permeance of AQDS in AEM. The concentration of AQDS is
measured by UV-vis. The error bar represents that each group has conducted three repeated

experiments.
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Supplementary Fig. 23 The effect of SOx and NOx on the HER catalyst. (A) LSV curves before
and after introducing the simulated flue gas containing NO, and SO,. The simulated flue gas is
composed of 15% CO,, 85% N, 100 mg m= SO,, and 100 mg m NO,. (B) Cathodic electrolysis
stability curves before and after introducing the simulated flue gas containing NOy and SOy. The

flow rate is 30 mL min'.
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Supplementary Fig. 24 The relationship between TA and DIC. (A) pH and (B) DIC versus TA

with different CO, concentrations (0.4 mbar, 0.1 bar, 0.12 bar, 0.15 bar, 0.9 bar, 1 bar)
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Supplementary Fig. 25 The relationship between ADIC, fco; and pH athode- (A) oz (black line)
and pHcamode (red dashed line) as functions of DIC with 1M KHCO; for 15% CO, capture, (B) fco,
(black line) and pHcamode (red dashed line) as functions of DIC with 1M KHCO; for 400ppm CO,

capture.
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Supplementary Fig. 26 The relationship between ADIC, fco, and pHapeqe fcoz (black solid line)

and pH,qe (blue dashed line) as functions of DIC with 0.8M KH,PO, and 0.2M K,HPO,.
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Supplementary Fig. 27 Theoretical model of decoupled CO, Capture Energy Consumption.
(A) ADIC versus pH value and AQ during electrochemical process for 15% CO, capture, (B) ADIC
versus pH value and AQ during electrochemical process for 400ppm CO, capture. Yellow line is
pH of anode region, blue line is pH of cathode region, grey line represents the energy consumption

for different ADIC (kJ mol-! CO,).

38



co
(=]

Aoal B
70 F
< oaf 60}
o 3
Z st
L o2} —_
& 240t
2 5
c 01F ¥ 30 20min =
S o 16.37 k/mol €O,
5 0.0} /-004117V q20
= 15% CO, 10F 15% CO,
g [ -eoresev 400 ppm CO, . _——AQmm=4.67kJ/mol co, 400 ppm CO,
0.0 0.2 04 0.6 0.8 1.0 0.0 0.2 0.4 06 0.8 1.0
ADIC (M) ADIC (M)

Supplementary Fig. 28 Membrane potential of the DREC system. (A). Membrane of the system

during electrolysis. (B). The theoretical energy consumption of system coupled membrane potential.
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Supplementary Table 1. The single pump power related to flow rates.

Flow Mp
()] Mass rate | Flow rate Power
rate o
mm kg/s m/s Yo \%4
ml/min

200 3.33x103 0.472 5.28x10*
400 6.67x1073 0.944 4.25x%1073
600 3 1.00x102 1.415 70 1.43x102
800 1.33x102 1.883 3.37x102
1000 1.67x102 2.364 6.67x102

Supplementary Table 2. Relevant reaction equilibrium in this study.

No. Equilibrium Reaction Expressions for Reaction Constants
CO;,(a
e | [C02(aq)] = Kn X foo, Ky = 1L20DT_ a7
fco,
_ [H¥] x [HCO3]
24 | €O + H,0=H* + HCO Ko = =10-635
Z(aq) 2 3 al [COZ(aq)] O
H+] x [C0%7]
314 HCO7=H* + C0%~ = [ 3 1 _10—1033
3 + CO3 Ka [HCO;] 10
415 H,0=H* + OH™ K, =[H*] x[OH]=10"14
_ [H™] X [H2PO4]
516 H3PO,=H* + H,PO = =10-216
3r04 + HaP0y Kpq [H3PO,] 10
H*] X [HPO?™]
616 H,PO7=H* + HPO%~ Kpy = | t 2 =10-721
2P0y + 1 P2 [H,P0;] 0
_ _ [H*] X [PO5]
716 HPO3~=H* + PO Kp3 = =10-1232
4 4 P3 [HPOZ |
Anode: AQDSH,— AQDS + 2H* + 2e~
Desorption: 2H* + 2HCO3~— 2C0,(high) + 2H,0
Chemical reduction: AQDS + H,—» AQDSH,
Cathode: 2H,0 + 2e > 20H™ + H,
Absorption: 20H™ + 2C0;(low)— 2HCO3™

40




Overall:

CO,(low)— CO,(high)

Supplementary Table 3. Comparison of different CO, capture technologies.

Method Cor];:s,?ﬁ;gp};ion Advantages Disadvantages
132-150 A high level of Thermal duty of the
Amine | maturity, broad stripper; amine
scrubbing!’ kJn mol” applicability, and rapid | decomposition; toxic
CO, absorption rate. and corrosivity.
High selectivity and Poisoning effects of flue
) . gas pollutants, and the
92 can direct capture air d .
. i L egradation rate of the
Solid CO,; no liquid solvent, ..
18 kJ. mol-! ; adsorbent is high under
adsorption th which can reduce the o
CO ! conditions of elevated
2 theoretical thermal
: temperature and
regeneration load.
pressure.
Compact, facilitating
modular expansion, Low absorption rate of
Membrane 52.8-132 and operates without | single-stage membrane
separation! 920 kJ, mol-! the need for separation; low
p Co, regeneration, resulting | efficiency in capturing
in lower energy low-concentration CO,.
consumption.
No temperature or
pressure swing
492-92.9 processes; couple with | Low maturity level, and
ele](?ter 22;111251?0211 ] renewable electricity, high initial capital
CO» capure kJ. mol” easy to scale up investment for
2¢ap CO, modularly, non-toxic, equipment.

and low energy
consumption.
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