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Abstract The objective of this work is to develop

CuCl@AC adsorbent with high CO capacity and selectivity

from CO/N2 binary gas mixture. A series of CuCl@AC

adsorbents were prepared by a solid-state auto dispersion

method, and then characterized by N2 adsorption test, XRD

and XPS. CO and N2 adsorption isotherms on the adsor-

bents were measured by a volumetric method. The

adsorption isotherms and selectivities of CuCl@AC

adsorbents for CO/N2 binary mixture were estimated on the

basis of ideal adsorbed solution theory (IAST). Results

showed that (a) CO uptakes of CuCl@AC increased with

CuCl loading in the loading range of 0–1.2 g/g. The

maximal CO adsorption capacity of the CuCl@AC with

CuCl loading of 1.2 g/g reached 38 cc/g at the P/P0 of 0.40,

around 8 times of that over the original AC; (b) calcination

time for the preparation of Cu(I)@AC had significantly

impact on CO adsorption of the adsorbents due to valence

change of Cu species on carbon surfaces. XPS analysis

indicated that when the calcination time was optimized to

be 1 h at 350 �C under argon, the prepared Cu(I)@AC had

the highest percentage of Cu? species on its surfaces, and

consequently it had the highest CO capacity among the

adsorbents since adsorptive species responsible for CO

adsorption is Cu?; (c) The IAST-predicted CO/N2

adsorption selectivities of 1.2CuCl/AC decreased with

pressure. Its CO/N2 selectivity was up to 100–450 at low

pressure range of 0–10 kPa, and it remained in the range of

50–100 at higher pressure range of 20–100 kPa. The high

adsorption capacity and selectivity of Cu(I)@AC adsor-

bents made it a promising adsorbent for CO/N2 mixture

separation.

Keywords CuCl@AC � CO adsorption � Adsorbent �
Selectivity

1 Introduction

With the gradual depletion of fossil fuel and the rapid

expanding energy requirements, the development of new

strategies with regards to the efficient production of energy

resources becomes more critical and urgent (Song 2002;

Lithoxoos et al. 2010). In this scenario, CO attracted great

attention due to its wide application as raw materials in

chemical industry, such as Fisher–Tropsch synthesis for

hydrocarbon production (Ma et al. 2010). CO can be

obtained from various industrial flue gases, such as yellow

phosphorus tail gas, calcium carbide furnace gas, carbon

black tail gas, coke oven gas, blast furnace gas, etc. The

estimated annual total CO emission from industry is over

50 Mt in China (Lu ). However, in the flue gases, CO is

generally presented in gas mixtures, such as CO/N2 mix-

ture in carbon black tail gas and blast furnace gas (Garcı́a

et al. 2012, Munusamy et al. 2012). Therefore, the sepa-

ration and purification of CO from gas mixtures play a vital

role for CO recycling and utilization.
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Adsorption is considered to be one of the most

promising technologies for the separation and purification

of CO (Izumi et al. 2005) as it is able to selectively adsorb

or accumulate CO from gas mixture over an adsorbent

under ambient conditions (Rakić et al. 2005; Park et al.

2014; Xiao et al. 2013). For an effective adsorption tech-

nology, adsorbent plays the key role (Xiao et al. 2014). Till

now, developed adsorbents for CO adsorption include

zeolites (Wirawan and Creaser 2006; Delgado and Arean

2011), reduced metals (Iyuke et al. 2000; Miyajima et al.

2005), carbon materials (Grande et al. 2008; Lopes et al.

2009; Čičmanec et al. 2013), metal organic frameworks

(Chavan et al. 2009; Leclerc et al. 2011; Chowdhury et al.

2012), soft nanoporous crystal (Sato et al. 2014), etc.

Among these, carbon materials and functional carbon

materials show great promises due to its rich abundance,

low cost, as well as rich porosity and tunable functionali-

ties (Xiao et al. 2008; Liu et al. 2002). Lithoxoos et al.

(2010) studied CO/N2 separation over single walled carbon

nanotubes, and reported that the CO adsorption capacity of

the carbon nanotube was less than 0.03 molecules/Å3, and

the CO/N2 adsorption selectivity was about 1. Grande et al.

(2008) studied the separation of off-gases from steam

methane reforming on activated carbon, and reported CO

adsorption capacity of 0.2 mmol/g at 0.2 bar and

0.7 mmol/g at 1 bar, and CO/N2 adsorption selectivity of

2.3 at 303 K. Lopes et al. (2009) studied CO/N2 separation

on activated carbon and zeolite. It was reported that CO

adsorption capacity and CO/N2 adsorption selectivity of

activated carbon were 0.4 mmol/g and 1.3 at 1 bar,

respectively, and those of zeolite were 0.8 mmol/g and 2.7

at 1 bar. Sethia et al. (2010) studied equilibrium and

dynamic adsorption of CO and N2 on ZSM-5 with different

SiO2/Al2O3 ratio, and reported that CO/N2 adsorption

selectivity decreased with SiO2 ratio in ZSM-5 and were in

the range of 1–2. In order to improve CO adsorption of an

adsorbent, Al-Khatib et al. (2002) used an aqueous solution

of SnCl2H2O to impregnate activated carbon, and reported

that the impregnated activated carbon showed a very good

adsorption ability of CO gas compared to the unimpreg-

nated sample, and the adsorptive species responsible for

CO gas adsorption was confirmed to be SnO2 instead of

SnO due to the former’s comparative thermodynamic sta-

bility. Czakkel et al. (2009) used aqueous solutions of Cu2?

and Sn2? salts to impregnate activated carbon, and reported

that activated carbon impregnated with Sn2? salt had

higher CO capacity than that impregnated with Cu2? salt.

p-Complexation adsorbent (Cheng and Yang 1995;

Cho et al. 2005) is a type of highly selective adsorbents to

separate k electron-containing adsorbate from mixtures,

such as olefin/paraffin separation and purification (Taka-

hashi et al. 2002) and organosulfur removal from fuels

(Yang et al. 2003, 2008), etc. p-complexation bonds are

generally stronger than van der Waals and electrostatic

interactions, and thus give rise to higher selectivities

(Yang et al. 2003). To enhance the separation efficiency

of CO from CO/N2 mixture, carbon adsorbent can be

impregnated with transition metal ions, such as Cu(I),

which is able to form p-complexation with CO. To the

best of our knowledge, the study of Cu(I)-functionalized

carbon adsorbent for CO/N2 separation was rarely repor-

ted in the literature.

Herein, a series of adsorbents Cu(I)@AC were prepared

using a solid-state auto dispersion method, and then char-

acterized by N2 adsorption test, X-ray powder diffraction

(XRD) and X-ray photoelectron spectroscopy (XPS). CO

and N2 adsorption isotherms on the adsorbents were mea-

sured by a volumetric method. The adsorption selectivities

of the prepared adsorbents for CO/N2 were estimated on

the basis of ideal adsorbed solution theory (IAST). Effects

of Cu(I) loading and calcination time on the textural

properties and surface chemistry as well as CO adsorption

of prepared Cu(I)@AC adsorbent were discussed and fur-

ther reported here.

2 Experimental

2.1 Preparation of CuCl@AC adsorbents

Activated carbon (AC) was provided by XF NANO, INC,

which was washed with excess amount of distilled water

before use. CuCl@AC adsorbents were prepared by the

solid-state auto dispersion method (Xie 1997). CuCl pow-

der (97 %, Tianjing Damao chemical reagent Co., Ltd) was

mixed with AC at a given ratio, hexane (97 %, Guangdong

Guanghua Sci-Tech Co., Ltd) was added into the above

solution and stirred for 10 min. The slurry was filtered, and

vacuum dried at 323 K for 12 h. The sample was calcined

at 623 K for 0.5–4 h under argon. After that, the sample

was sealed for use.

2.2 Characterization of the adsorbents

2.2.1 N2 adsorption test

Nitrogen adsorption isotherms were measured at 77 K on

the Micromeritics ASAP 2020 equipped with commercial

software of calculation and analysis. The samples were

outgassed at 423 K for 8 h before measurement. The pore

textural properties such as specific Langmuir and BET

surface area, and pore volume were obtained by analyzing

the N2 adsorption/desorption isotherms. The pressure ran-

ges used for the BET surface area calculations were

0.06\P/P0\ 0.2.
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2.2.2 X-ray diffraction (XRD)

XRD measurements were performed on a Bruker D8

Advance X-ray diffractometer with Cu Ka1 radiation

(k = 1.54056).

2.2.3 X-ray photoelectron spectroscopy (XPS)

XPS characterization was carried out on an Axis Ultra DLD

spectrometer with Al Ka radiation with energy of 1486.6 eV.

2.3 Measurement of CO adsorption isotherms

CO adsorption experiments were measured on the

Micromeritics ASAP 2020 at varying pressure up to 800 torr

and 298 K with a standard static volumetric technique.

About 80 mg of sample was degassed at 423 K in vacuum for

8 h before each run. This degas process was chosen based on

the previous study (Chowdhury et al. 2009) and had proved

to be efficient. The purity of CO used was 99.99 %.

3 Results and discussion

3.1 Textural parameters of adsorbents CuCl@AC

Table 1 lists the textural parameters of adsorbents

CuCl@AC with various CuCl loading. The data indicated

that BET surface area of these adsorbents CuCl@AC

decreased with the CuCl loadings, suggesting that CuCl

had been loaded into the pores of AC predominantly. For

example, when CuCl loading was up to 1.6 g/g, the BET

surface area of the adsorbents decreased to 198.7 from

1400.7 m2/g, and total pore volume decreased to 0.10 from

0.66 cm3/g. The higher the CuCl loading, the more surface

area and pore volume were occupied by CuCl, which may

eventually result in the pore blockage of AC.

3.2 Effect of CuCl loading on CO and N2 adsorption

Figure 1 presents the isotherms of CO over CuCl@AC

adsorbents at 298 K. Compared to the original AC,

CuCl@AC adsorbents showed significantly enhanced CO

adsorption capacities, implying the loading of CuCl onto

AC surfaces is an effective method to enhance CO

adsorption. It was also noted that the equilibrium amounts

adsorbed of CO on the original AC increased almost lin-

early with P/P0, suggesting a relatively weak CO adsorp-

tion affinity to AC surface. Different from original AC, CO

isotherms of CuCl@AC exhibited I-type of isotherms. CO

adsorption capacity increased exponentially with P/P0 at

low P/P0 range, which was the evidence of CO strong

adsorption on the surfaces of CuCl@AC. The enhanced CO

adsorption capacity can be ascribed to the formation of

strong adsorption sites due to the loading of Cu(I) onto AC

surfaces, which adsorbed CO strongly via p-complexation

(Xiao et al. 2010).

It was observed from Fig. 1a that CO equilibrium

uptakes of CuCl@AC increased with CuCl loading in the

loading range of 0–1.2 g/g. At the CuCl loading of 1.2 g/g,

the CO adsorption capacity reached the maximal values.

After that, a further increase in CuCl loading resulted in a

decrease in CO adsorption capacity of CuCl@AC with

CuCl loading of 1.6 g/g, as shown in Fig. 1a. This phe-

nomenon can be attributed to the following reasons. On one

hand, with increasing CuCl loading, the surface active sites

of CuCl@AC adsorbents for CO adsorption increased,

which would improve CO capacity of the adsorbents, and

on the other hand, it led to a decrease in the surface area of

the adsorbents as indicated in Table 1, which would reduce

CO capacity of the adsorbents. As a result, there was an

optimum CuCl loading. The optimum CuCl loading was

1.2 g/g in this work. To sum up, both BET surface area and

CuCl loading of CuCl@AC adsorbents contributed to the

CO adsorption capacity. To get further well-understanding

of CuCl loading influence on CO adsorption of CuCl@AC,

the CO isotherms based on per unit mass of adsorbent in

Fig. 1a were converted into the CO isotherms based on per

unit surface area, as shown in Fig. 1b. It can be seen from

Fig. 1b that the equilibrium uptakes of CO per surface area

of CuCl@AC adsorbents were in proportion to their load-

ings of CuCl. The higher CuCl loadings can improve the

equilibrium uptakes of CO per surface area in the loading

range of 0–1.6.

Table 1 Textural properties of

CuCl@AC adsorbents with

different CuCl loadings

CuCl loading (g/g) BET surface area (m2/g) Total pore volume (Cm3/g)

0 1400.7 0.66

0.1 1294.0 0.63

0.4 914.1 0.45

0.6 725.7 0.35

0.8 549.2 0.28

1.2 472.2 0.23

1.6 198.7 0.10
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In addition, we also calculated the utilization coefficient

of surface CuCl, which is defined as: the CO equilibrium

adsorption capacity/the ideal CO adsorption capacity (as-

suming one molar of CuCl on AC adsorbs one molar of

CO). According to this definition, the utilization coeffi-

cients were calculated as 18.6 and 79.7 % for

1.2CuCl@AC and 0.1CuCl@AC, respectively at the P/P0

of 0.9. It indicated that the high loading of CuCl on AC

could not get the high utilization of CuCl. The reason was

that not of all Cu species on the carbon surfaces were

present in the form of Cu?, which would be confirmed by

XRD and XPS later.

Figure 2 shows isotherms of N2 over CuCl@AC

adsorbents with different CuCl loadings. In contrast to the

case of CO adsorption on CuCl@AC adsorbents, The N2

equilibrium adsorption capacities of the CuCl@AC

adsorbents were lower than that of original AC, and

decreased gradually with an increase in CuCl loading. It

indicated that the loading of CuCl on AC greatly weaken

N2 adsorption on CuCl@AC adsorbents. With significantly

enhanced CO adsorption capacity and decreased N2

adsorption capacity after the loading of CuCl onto the

original AC, CO/N2 adsorption selectivity of CuCl@AC

would be significantly enhanced, which will be discussed

later.

Figure 3 shows the XRD patterns of CuCl@AC adsor-

bents with different CuCl loadings. It was visible that the

characteristic XRD peaks of Cu? at 28.521, 47.436, and

56.289 occured, and the characteristic peaks of Cu0 at

43.297, 50.433, and 74.130 occurred (Liu et al. 2002; Bian

et al. 2010). It indicated the co-presence of Cu? and Cu0 on

CuCl@AC adsorbents. The co-present Cu0 can be attrib-

uted to the reduction of part Cu? over carbon surface

during sample calcination at 350 �C under argon since

carbon itself served as the reducing agent (Beyer et al.

2009).

Fig. 1 a Isotherms of CO over CuCl@AC based on unit mass of

adsorbents at 298 K, b Isotherms of CO over CuCl@AC based on

unit BET surface area of adsorbents at 298 K

Fig. 2 Isotherms of N2 over CuCl@AC adsorbents with different

CuCl loadings at 298 K

Fig. 3 XRD patterns of CuCl@AC adsorbents with different CuCl

loadings (a 0.1, b 0.2, c 0.4, d 0.6, e 1.2)
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It was noted that no Cu? characteristic peak was

observed at low CuCl loading (\0.4 g/g), which can be due

to well dispersed Cu? on AC and the particle size of CuCl

beyond the detection limit of XRD (Chen et al. 2010). By

further increasing CuCl loading (0.4–1.2 g/g) on AC, the

characteristic peaks for Cu? appeared and became shaper

with a higher CuCl loading, suggesting the crystal size of

CuCl became big enough to be detected by XRD with clear

crystallinity.

3.3 Effect of calcination time on CO adsorption

performance of CuCl/AC adsorbents

Figure 4 shows the adsorption isotherms of CO over the

0.4CuCl@AC adsorbents prepared with different calcina-

tion times. It was observed that the CO adsorption capacity of

these adsorbents followed the order of 1[ 0.5[ 6[
4[ 2 h. It indicated that the 0.4CuCl@AC adsorbent pre-

pared with calcination time of 1 h had the highest CO

adsorption capacity among these adsorbents, which may be

related to valence of copper on the surfaces of 0.4CuCl@AC.

Figure 5 shows the XRD patterns of the 0.4CuCl@AC

adsorbents. No characteristic peak of Cu? was observed,

which could be ascribed to high dispersion of Cu(I) and thus

the resulting small particle size of Cu(I) on AC was beyond

the detection limit of XRD. However, characteristic peaks of

Cu0 at 43.297, 50.433, and 74.130 were observed indeed, and

the intensity of these peaks became sharper with calcination

time. It implied that the longer the calcination time, the

bigger the Cu0 particle size, reflected by the sharpness of the

characteristic peaks of Cu0.

XPS was carried out to obtain information on the ele-

mental composition and valence state of Cu species.

Figure 6 shows the complete XPS spectra of CuCl@AC

adsorbents prepared with different calcination time. The

peaks of Cu2p, O1s, C1s, and Cl2p were observed, sug-

gesting the dominant elements on CuCl@AC adsorbents

included Cu, O, C and Cl. That is to say, copper salt has

been effectively loaded on the carbon surfaces. Figure 7

shows the XPS spectra of various CuCl@AC adsorbents at

the binding energy range of various Cu states

(925–965 eV). Characteristic peaks at 932.1 and 952.0 eV,

respectively suggested the presence of Cu? and Cu0 on

CuCl@AC adsorbents. In addition, the characteristic peaks

of Cu2? at 953.6 and 933.4 eV, accompanied by the two

satellite peaks were also observed. The presence of Cu2?

may be due to the oxidation of some CuCl during the initial

mixing stage of preparating CuCl@AC adsorbents as CuCl

is unstable and can be readily oxidized when exposed to air

Fig. 4 Adsorption isotherms of CO over various 0.4CuCl@AC

adsorbents prepared with different calcination time at 298 K

Fig. 5 XRD patterns of various 0.4CuCl@AC adsorbents prepared

with different calcination time

Fig. 6 The complete XPS spectra of 0.4CuCl@AC adsorbents

prepared with different calcination time
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or the partial oxidation of Cu? when handling the adsor-

bent for XPS characterization. The XPS patterns were

derevoluted, and thus the percentages of Cu? on

CuCl@AC adsorbents prepared with different calcination

time were obtained, which were listed in Table 2. The data

in Table 2 indicated that the percentages of Cu? on

CuCl@AC adsorbents were 49.1, 56.4, 39.5, and 33.1 %,

respectively for 0.5, 1, 2, and 4 h of calcination time,

respectively. It follows the order of 1[ 0.5[ 6[
4[ 2 h, consistent with the order of CO adsorption

capacity of CuCl@AC adsorbents prepared with different

calcination time, as shown in Fig. 4. It suggested that the

CuCl@AC adsorbents with high percentages of Cu? would

have CO adsorption capacity since Cu? is a stronger

adsorption site for CO than Cu species at other chemical

states (Cu0 and Cu2?) on CuCl@AC adsorbents.

Noteworthy, the portion of Cu ? increased from 49.1 to

56.4 % by increasing the calcination time from 0.5 to

1.0 h. The reason may be as follows. During preparation of

Cu(I)@AC, there was co-present of Cu2? on the surfaces

of carbon due to the oxidation of some CuCl at the initial

mixing stage as CuCl is unstable. Thus, during calcination,

increasing the calcination time from 0.5 to 1.0 h at 350 �C
under argon, a partial Cu2? was reduced to Cu? and even

Cu0 as carbon itself served as the reducing agent (Beyer

et al. 2009). As a result, when the calcination time

increased from 0.5 to 1 h, percentage of Cu2? (%)

decreased from 35.4 to 26.3 %, and meanwhile, percent-

ages of Cu? and Cu0 increased separately from 49.1 to

56.4 % and from 15.5 to 17.3 %. However, increasing

calcination time further would result in a decrease in per-

centages of Cu? on CuCl@AC adsorbents since some of

Cu? was reduced to Cu0 by carbon.

3.4 Adsorption selectivity of CO/N2 over CuCl@AC

Besides adsorption capacity, adsorption selectivity plays an

important role for the separation of gas mixtures. Herein,

CO/N2 adsorption selectivity was predicted by IAST

(Myers and Prausnitz 1965; Rother and Fieback 2013; He

et al. 2012). IAST assumes that the adsorbed mixture is an

bFig. 7 XPS spectra of various 0.4CuCl@AC adsorbents prepared

with different calcination time (a 0.5 h, b 1 h, c 2 h, d 4 h)

Table 2 Percentages of Cu? on CuCl@AC adsorbents prepared with

different calcination time

Calcination time 0.5 h 1 h 4 h 2 h

Percentage of Cu? (%) 49.1 56.4 39.5 33.1
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ideal solution at constant spreading pressure and tempera-

ture, where the chemical potential of the adsorbed solution

is considered to be equal to that of the gas phase at equi-

librium (Zhang et al. 2011). To describe CO adsorption on

the adsorbent with non-uniform and heterogeneous surface

clearly, the dual-site Langmuir–Freundlich (DSLF) equa-

tion was used to fit a single-component isotherm (Huang

et al. 2014), which can be expressed as

q ¼ qm;1
b1p

1=n1

1 þ b1p1=n1
þ qm;2

b2p
1=n2

1 þ b2p1=n2

where p is the pressure of the bulk gas at equilibrium with

the adsorbed phase (kPa); qm,1 and qm,2 are the saturation

capacities of sites 1 and 2 (mmol/g), respectively; b1 and b2

are the affinity coefficients of sites 1 and 2 (1/kPa),

respectively; and n1 and n2 are the corresponding devia-

tions from an ideal homogeneous surface. Table 3 lists

fitting parameters of the DSLF isotherm model for the pure

isotherms of CO and N2 on AC and 1.2CuCl@AC adsor-

bent. After these fitting parameters were obtained, the

DSLF model was combined with IAST to predict the

mixture adsorption isotherms and calculate the selectivities

of the two samples for CO/N2 adsorption.

Figure 8 presents the adsorption isotherms of CO and N2

on AC and 1.2CuCl@AC as a function of the total bulk

pressure. Compared to N2, CO was preferentially adsorbed

on both AC and 1.2 CuCl@AC samples. In a sharp con-

trast, the difference between CO and N2 adsorption

capacities of 1.2CuCl@AC was much greater than that of

the original AC, which indicated a much higher CO/N2

adsorption selectivity on 1.2CuCl@AC than on AC. This

can be attributed to strong CO–Cu? pi-complexation on

1.2CuCl@AC.

Figure 9 presents the IAST-predicted selectivities of

CO/N2 of 1.2CuCl/AC adsorbent as a function of total bulk

pressure. It shows that the selectivities of 1.2CuCl/AC

adsorbent for CO/N2 adsorption decreased with pressure.

At low pressure range of 0–10 kPa, the CO/N2 adsorption

selectivity of 1.2CuCl/AC adsorbent was up to 100–450. At

higher pressure range of 20–100 kPa, the CO/N2 adsorp-

tion selectivity of 1.2 CuCl/AC adsorbent became low

sharply with pressure, and however, remained in the range

of 50–100. This can be attributed to the stronger interaction

of the samples with CO compared to N2. From the dis-

cussion above, it can be seen that 1.2CuCl/AC adsorbent

had not only a high adsorption capacity for CO, but also a

high CO/N2 adsorption selectivity, which made it a

promising adsorbent for the effective separation of CO/N2

mixture.

4 Conclusions

A series of CuCl@AC adsorbents were successfully pre-

pared for CO/N2 separation using a solid-state auto dis-

persion method. With increasing CuCl loadings in the

range of 0.0–1.2 g/g, the BET surface area of the prepared

adsorbents CuCl@AC decreased, while their CO

Table 3 Equation parameters

for the DSLF isotherm model
qm,1 b1 n1 qm,2 b2 n2 R2

CO 0.9315 0.1151 1.0492 57.8474 0.0033 2.2779 0.99995

N2 2.6586 0.0005 1.2141 1.07180 0.0018 0.8560 0.99996

Fig. 8 Adsorption isotherms of CO and N2 over original AC and

1.2CuCl@AC at 298 K

Fig. 9 IAST-predicted selectivities toward CO versus N2 from CO/

N2 binary mixture at various CO/N2 ratio (rCO/N2) over the 1.2CuCl/

AC adsorbent as a function of total bulk pressure at 273 K
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adsorption capacities increased. The maximal CO adsorp-

tion capacity of the CuCl@AC with CuCl loading of 1.2 g/

g reached 38 cc/g at the P/P0 of 0.40, around 8 times of that

over the original AC. There was co-presence of Cu2?, Cu?

and Cu0 on the surfaces of CuCl@AC. The co-present

Cu2? may came from the oxidation of some CuCl during

the initial mixing stage of preparating CuCl@AC adsor-

bents as CuCl is unstable, and the co-present Cu0 can be

attributed to the reduction of part Cu? over carbon surface

during sample calcination at 350 �C under argon since

carbon itself served as the reducing agent. Calcination time

for the preparation of Cu(I)@AC had significantly impact

on CO adsorption of the adsorbents due to valence change

of Cu species on carbon surfaces. XPS analysis indicated

that when the calcination time was optimized to be 1 h at

350 �C under argon, the prepared Cu(I)@AC had the

highest percentage of Cu? species on its surfaces, and

consequently it had the highest CO capacity among the

adsorbents since adsorptive species responsible for CO

adsorption is Cu?. The dual-site Langmuir–Freundlich

(DSLF) equation can fit isotherms of CO and N2 vey well.

The IAST-predicted CO/N2 adsorption selectivities of

1.2CuCl/AC decreased with pressure. Its CO/N2 selectivity

was up to 100–450 at low pressure range of 0–10 kPa, and

it remained in the range of 50–100 at higher pressure range

of 20–100 kPa. The high adsorption capacity and selec-

tivity of Cu(I)@AC adsorbents made it a promising

adsorbent for CO/N2 mixture separation.
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