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Chapter 5 

orbents for the Selective Hydrogénation of Ethyne in a 

Pressure Swing Reactor 

In ihis work sorbents are experimentally screened for the operation of the selective hydro

génation of ethyne in the pressure swing reactor. The proposed operating mode is outlined. 

L ature data on sorbents are reviewed with respect to selectivity criteria previously for

mulated. Screened sorbents include silica, alumina, porous polymers, carbon molecular 

i and metal containing sorbents based on 7t-complexation and chemisorption. 

Promising sorbents based on 7t-complexation have been studied experimentally in de

tail. For these, a discrepancy found between our results and those reported in literature 

w: found and resolved. 

None of these sorbents exhibit a thermodynamic selectivity that would enable PSR 

operation. 

Molecular sieving carbon adsorbs ethyne approximately nine times faster than ethene. 

However this kinetic selectivity is insufficient to render separation by pressure swing op

es ion feasible. 
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122 Chapter 5 

5.1 Introduction 

We seek to illustrate the selectivity enhancement predicted in earlier simulation work 

(chapters 3 and 4) for series reactions in the pressure swing reactor experimentally with 

the selective hydrogénation of ethyne in ethene as the model reaction. In the concept stud

ied a reactor vessel is filled with a physical mixture of hydrogénation catalyst and sorbent 

selective toward ethyne. In this work, sorbents are screened for this use. 

5.1.1 Selective hydrogénation of ethyne 

Traditionally ethyne is produced from other hydrocarbons by thermal cracking. The sep

aration from other cracking products is presently accomplished by solvent extraction pro

cesses employing liquid solvents such as dimethyl formamide (DMF) at ambient temper

atures. 

The removal of ethyne from the ethene stream obtained in cracking plants is an impor

tant step in the manufacture of polymer grade ethene. Small amounts of alkyne, in the parts 

per million range, affect the polymerisation catalyst. Thus the ethyne concentration in the 

product stream must be reduced to 5 ppm or less (Derrien, 1986). To this end selective 

hydrogénation in a fixed bed is commonly applied using palladium based catalyst: 

C2H2 i " i C2H4 ±% C2H6 

Selectivity towards ethyne hydrogénation is crucial since the ratio of ethyne to ethene 

in cracking products is very unfavorable (< 0.5% ethyne in ethene). Also the ethyne 

content has to be reduced to a very low level, while higher ethene losses are economically 

intolerable. The hydrogénation step can either be located after the elimination step of CO2 

or in the top stream from the de-ethaniser. These options are known as front-end and tail-

end hydrogénation respectively. The operating pressure for this process is around 25 bar. 

For optimizing selectivity, the reaction is operated at temperatures as low as 40°C. 

The high pressure and low temperature would allow one to revert to reversible ph-

ysisorption onto porous solids. Separation by selective physisorption onto a sorbent is a 

well known, and has widespread use in PSA technology (Ruthven, 1984; Ruthven et al, 

1994; Yang, 1987). Of more recent interest is the coupling of separation by physisorption 

and reaction. An overview is given by Dandekar (1998), and in a simulation study, we 

have shown that one can improve selectivity in series reactions by reactant storage via ad

sorption and PSA operation (Chapters 3 and 4). We now seek to illustrate this principle 

with the selective hydrogénation of ethyne. 
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In this case, the feed stream is ethyne in ethene in a near hydrogen free environment. 

This corresponds to the tail-end mixture were hydrogen is present in a substoichiometric 

amount with respect to ethyne. In the high pressure cycle, ethyne is selectively adsorbed 

and pure ethene is obtained in the product stream at high pressure. Following depressuriza-

tion, hydrogen is introduced as purge gas to react with the accumulated ethyne. Conditions 

during the purge step are similar to those in front-end hydrogénation for which the kinetics 

for an industrial ICI 38-1 catalyst are available (Schbib et al, 1996, 1999). 

The adsorbent utilized in this process should exhibit (1) high thermodynamic selectiv

ity to ethyne and (2) high reversible sorbent capacity. Furthermore (3) the sorption kinetics 

should enable thermodynamic equilibrium should be closely approached in the adsorption 

stage, and sorption kinetics should be the limiting step with the higher gas flow rates used 

in the regeneration stage. 

5.7.2 Separation by selective adsorption 

Separation by selective adsorption can either be based on differences in equilibrium (ther

modynamic selectivity) or uptake rates (kinetic selectivity). For thermodynamic selectiv

ity several separation principles, utilizing differences in properties of ethyne versus ethene 

can be applied: ( 1 ) Ethyne and ethene slightly differ in shape and a potential sorbent might 

have pores which exclude one but accommodate the other. (2) Ethyne is more polarizable 

than ethene. (3) The protons of ethyne are more acidic compared to ethene. (4) Ethyne 

and ethene differ in complexation behavior with metals. 

For kinetic selectivity, shape selectivity can also be used. In narrow pores, which 

can accommodate both ethyne and ethene, interaction between sorbate and the pore wall 

governs the diffusion rate. Differences in interaction strength can lead to large differences 

in uptake rates. 

Selectivity and reversibility of the adsorption will be reviewed. As stressed by many 

authors (for example: Tennison, 1996) selectivity of adsorption cannot be predicted on the 

basis of single component isotherms. Unfortunately literature data are available almost 

exclusively on single component isotherms. 

Literature on separation of ethyne and ethene in packed bed gas chromatography is 

very useful for screening of sorbents. In chromatography, retention is usually quantified 

in terms of partition- or distribution- coefficients. These are proportional to the Henry 

coefficient, used in adsorption literature. Thus, the ratio of partition coefficients for ethyne 

over ethene equals the thermodynamic selectivity of the sorbent in the low pressure limit. 
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5.2 Literature 

In this section accounts of selective sorption of ethyne over ethene in literature are re

viewed. Section 5.2.1 deals with thermodynamic selectivity and Section 5.2.2 reviews 

kinetic selectivity. 

5.2.1 Thermodynamically selective sorbents 

Shape selective sorbents can be used to exclude ethene from the micropores. The potential 

for this principle is low in the case at hand. The critical diameters of ethyne and ethene 

hardly differ as shown in Table 5.1 and even the 8 membered rings of zeolite Na-A can 

accommodate both molecules (Figure 5.1). On the basis of the minimum molecule dimen

sion criterion it is predicted that shape selectivity may occur, be it for an even smaller cage 

size. However, this criterion is not widely used. 

Ethyne and ethene differ in polarity. This gives a selectivity ratio of 1.89 for silica gel 

at 25°C (Lewis et al, 1950; Paniego and Pinto, 1977, 1980) and explains the selectivity 

found for wide pore zeolite Na-X (channel aperture ~0.78 nm). 

In the context of cryogenic air separation, alumina and composite zeolite/alumina are 

reported as sorbents for a pre-purification step to remove CO2, H2O and C2H2 from air 

(Golden et al, 1998). In this application trace amounts (ppm level) of ethyne contained 

in air must be removed to a very high extent (ppb) to prevent its accumulation in the liq

uid oxygen section of cryogenic distillation units. It is possible that ethyne adsorption is 

irreversible on these sorbents. Due to the very low concentration in the feed, significant ac-
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Figure 5.1: Single component adsorp
tion isotherms at 298 K. Legend: open 
markers: C2H2, closed markers: C2H4, A: 
silica gel (Lewis et al, 1950), O; activated 
carbon (Lewis et ai, 1950), V: Na-A zeo
lite (Table 8.1 in Breck, 1974), D: Na-X 
zeolite (Table 8.1 in Breck, 1974). 
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Table 5.1: Parameters for adsorbate size. 
parameter reference adsorbate 

C2H2 C2H4 C2H6 

(nm) (nm) (nm) 
P(AY (Table 8.14 in Breek, 1974) 0.37 0.44 
a(A)b (Table 8.14 in Breek, 1974) 0.33 0.39 0.38 
o s

c (Ruthvenetal., 1973) d 0.1775 0.2063 
ac

e 0.341' 0.344« 0.372? 
ö M

h (Mittelmeijer-Hazeleger 
et ai, 1996) 

0.24 0.42 0.44 

a: Pauling equilibrium width. 
b: The kinetic diameter based on the Lennard Jones 6-12 potential. 

c: The structural diameter is based on the smallest cylinder through cen
ters of the atoms that can be drawn. 

d: All atom centers lie on a single axis. 

e: The critical diameter is the structural diameter plus the effective Van 
der Waals radii of the outer atoms minus the atomic radius, 
f: For ethyne, the Van der Waals radius of carbon determines ac. It is 
generally agreed that the Van der Waals radius of an atom depends upon 
how much it is compressed by external forces and upon substituent ef
fects. The value of 0.17 nm is usually referred to (Pauling, 1960). How
ever a range of 0.165-0.170 nm is given by Huheey (1983) and specifi
cally for carbon in ethyne an even larger value of 0.178 nm is reported by 
Bondi (1964). 

g: Hydrogen: Van der Waals radius: 0.12 nm, Atomic radius: 0.037 nm. 

h: The minimum molecule dimension. 

cumulation on the sorbent may not occur within the life time of the sorbent (for reversible 

C0 2 and H20 adsorption). 

The adsorption of ethyne and ethene on alumina has been measured by reversed flow 

chromatography by Yun et ai (1996). They observed partition ratio ' s for ethyne and ethene 

which differ by a factor 13-18 in the 90°C to 120°C range. The difference is attributed to 

Van der Waals forces. 

Wide bore alumina PLOT columns with finely dispersed salts (Na2SO"4 or KCl) show a 

very strong retention of ethyne* in temperature programmed GC. Particularly deactivation 

by Na2SO"4 is claimed to make the surface more polar. However retention ratios on this 

'Chrompack application notes: A00579 (KCl) and A00671 (Na2S04), 1997 
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Table 5.2: Comparison of adsorbent requirements with CoCl2/Si02 n-
complexation sorbent at 25 Celsius? 

criterion Criterionb 0.5% C2H2 10% C2H2 

at 25 bar at 3 bar 

retention of C,H, ^ ~ E)pcqc^-RT > 200 547 VI 
£yc2n2P 

retention of C2H4
 r ' 2 4 < 29 9 82c 9 82c 

sorption rate C2H2
 LDF ss 0.5 0.07 3.3d 

a: Data from (Padin and Yang, 1997). 

b: As derived in chapter 3. 

c: The isotherm was linear and reported in the 0-1 atm range. This number is ob
tained by linear extrapolation. 

d: The value is derived based on the kinetic selectivity ratio of 47 reported for the 
NiCl2/Al203 sorbent at 60°C (Yang and Foldes, 1996). 

column differ only by a factor of 1.46 at 130°C *. 

For alumina based sorbents high selectivities reported by Yun et al. are promising. 

However reversibility can be a problem and this will be explored. 

Excellent selectivities for ethyne over ethene have been reported on Co2+, Fe2+ and 

Ni2+ chloride salts spread onto alumina, silica and MCM-41 based support materials 

(Yang and Foldes, 1996; Padin and Yang, 1997). The selectivity is attributed to selec

tive Tt-complexation of ethyne to the metal ion. Anion effects of the adsorption of ethyne 

by nickel halides were studied by ab initio molecular orbital calculations (Huang et al, 

1999) and provided further evidence as to the nature of the ethyne-nickel bond. The use 

of both Cu+ and Ag+ salts for olefin/paraffin separation has been widely reported (Yang 

and Kikkinides, 1995). However ethyne chemisorbs on silver and copper cations to form 

acetylides and these complexes are susceptible to detonation. 

Table 5.2 convincingly shows that the CoCl2 on Si02 sorbent could meet the require

ments formulated previously (Chapter 3 3). The thermodynamic selectivity of these sor

bents is far in excess of what is required. The experimental data are reported up till 1 

atm pressure. A conservative estimate is obtained by linear extrapolation of the ethene 

data since most isotherm deviate from linearity by levelling of to a saturation value. The 

'Chrompack Capillary column test report for column catalogue no. 7568 
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sorption kinetics of ethyne are slower than those used in the simulations 

Mayak studied the separation of lower hydrocarbons and permanent gases by micro 

porous heteropoly salts in gas solid chromatography (GSC). Ammonium tungstosilicate 

((NH4)4SiWi204o, Nayak and Pandey, 1990), 12-ammonium tungstophosphate ( ( N H ^ 

PW12O40, Nayak, 1990, 1995) and ammonium molybdophsophate ((NPUbPMonO^o, 

Nayak, 1991) were coated on non porous glass beads. Most data were presented in tem

perature programmed chromatograms and retention times cannot be related to adsorption 

selectivities. Only the partition coefficients on (NPL^PW^C^o are given and they differ 

by a factor of 1.82. This enables baseline separation in a GSC but is not sufficient for PSA 

operation. Therefore these sorbents will not be considered for the present application. 

The hydrogen atoms of ethyne are slightly acidic. Ethyne might selectively form 

hydrogen bonds with functional groups like the benzene rings or cyanide groups in the 

skeleton of porous polymers. GC data on porous polymers (Porapack and Chromosorb 

type) have been reported Gvosdovich et al. (1978). The results presented by these authors 

show stronger retention of ethyne compared to ethene, but do not permit a quantitative as

sessment. Therefore polar high surface polymers for thermodynamic selectivity at higher 

partial pressures are included in the screening. 

A different concept for removal of ethyne from ethene streams is presented by Kamin-

sky et al. (1998). These authors propose to chemisorb ethyne selectively on nickel or 

palladium catalysts in a hydrogen free environment. In this set up regeneration would 

proceed by a nitrogen purge purge to remove gaseous ethene, purge with hydrogen to 

hydrogenate chemisorbed ethyne, purge with nitrogen to remove gaseous hydrogen and 

saturation with ethyne-free ethene to pre-saturate the sorbent. There are some pitfalls to 

this concept. Since the adsorption capacity is based on the metal surface, metal loadings 

(1 wt% Pd) far higher than for ethyne hydrogénation catalysts (0.04 wt%) are proposed , 

and regeneration by hydrogénation is accomplished at high temperatures. This will give 

uncontrolled reaction rates during the regeneration. In the given examples regeneration 

times are very long (> 16 hours) which will reduce the productivity of the unit. 

In the PSR concept proposed here, regeneration is done at low temperatures and over 

a shorter time, and therefore the removal of irreversibly chemisorbed ethyne might not be 

complete. It therefore interesting to determine the reversible sorption capacity of these 

type of sorbents. 

Removal of ethyne by chemisorption is also reported by Kling (1991) and Hagen 

(1998), using a strongly acidic cation exchanged resin which binds both ethyne and ethene. 
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The sorbent is regenerated by purge with water vapor or oxygen to form the corresponding 

alcohol or aldehyde. Since no separation of ethyne over ethene is reported here, the use of 

strong acids is not further explored. 

5.2.2 Kinetically selective sorbents 

There is some potential for separation of ethyne and ethene based on kinetic selectivity. 

The kinetic diameter (a(A)) of ethyne and ethene (Table 5.1) differ. Kärger and Ruth ven 

(1992) have shown that the activation energy of activated diffusion correlates with the ki

netic diameter of the sorbate for several zeolites and activated carbons. Therefore kinetic 

selectivity may be observed in narrow molecular sieving carbons (MSC) or zeolites. A re

striction of the use of zeolites arises from the fact that ethyne rapidly polymerises on acid 

sites as shown by Bordiga et al. (1993) in H-ZSM5*. Hence, strongly or even moderately 

acidic zeolites cannot be used. Adsorption equilibrium on activated carbon is slightly se

lective with respect to ethene (Lewis et al., 1950). Therefore non acidic molecular sieving 

carbons will be tested. 

Based on the literature reviewed above, experimental screening for selective adsorp

tion of ethyne over ethene based on thermodynamics will include: (1) Co2+ and Ni2+ 

cation containing sorbents, based on selective complexation, (2) porous polymers, based 

on selective complexation through the acidic hydrogen of ethyne (3) alumina, based on 

reports of strong retention on acidic sites. (4) nickel and palladium metal catalyst differ

ences in reversible sorption capacity For kinetic selectivity (5) molecular sieving carbons 

as non acidic narrow pore sorbents will be investigated. 

5.3 Experimental 

5.3.1 Equipment 

Adsorption equilibria are measured gravimetrically in a Setaram 4325 TGA. Two different 

operating modes were used, shown in Figure 5.2. 

Except for the MSC samples, experimental set-up G-l was used. Samples of around 

130 mg were used. The TGA was evacuated at room temperature and refilled to 1 at

mosphere with argon. The argon gas flow was set at 100 STPml/min. The sample was 

heated at 5°C /min to the final temperature for outgassing, and kept under flowing ar

gon for several hours. A 20 kPa ethyne in argon or ethene in argon mixture is prepared 

* Recently, a preliminary report on frequency response-IR measurements by (Onyestyâk et al., 2000) indicate 
that ethyne does not react with H-ZSM5 at low temperature (273 K). 
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A^L 
MFC 

TGC85 

/ 

PC 

vent <• 

Figure 5.2: Thermo-gravimetric 
set-up with Setaram 4235 TGA 
unit. Top: G-l, Bottom: G-2. 
Legend: F: purification filter, MFC: 
mass flow controller, TIC: temper
ature indicator/controller, PL pres
sure indicator. 

by using Thermal Mass Flow controllers (Bronkhorst HI-TEC). In testing reversibility of 

adsorption, the mixture was replaced by pure argon. 

The G-2 set-up was used for measuring adsorption equilibrium and uptake rates on 

the MSC samples. The G-l and G-2 set-up differ only in flow direction. In the G-2 set 

up higher partial pressures of ethyne can be used and the dead volume before the sample 

is significantly less, as the feed flow is upwards. Argon flow is also led over the top to 

maintain inert atmosphere. Both gas streams leave the balance sideways. 

For characterization, N2 and CO2 physisorption was measured using a Sorptomatic 

1990 (CE Instruments) at 77 K and 273 K respectively. XRD diffractogram patterns were 

collected using CUR« radiation and a Philips PW 1380 diffractometer. Helium density 

was determined with a Micromeritics Multivolume pycnometer 1305. Hg intrusion was 

performed with a Pascal 440 (CE instruments) up to 4000 atm. 

5.3.2 Gases 

In the TGA set-up, argon carrier gas (Praxair, purity 99.999%) was purified over molsieve 

and oxygen filters (Chrompack). The hydrocarbons used were ethane (Praxair, purity > 



130 Chapter 5 

99.3%), ethene (Praxair, purity > 99.7%) and ethyne (Praxair, purity > 99.6%). Acetone 

traces were removed from ethyne by an SiC>2 trap. 

5.3.3 Synthesis of the %-complexation sorbents 

All sorbents —except those based on 7t-complexation—were obtained directly from man

ufacturers (Table 5.3). 7t-complexation sorbents are based on Co2+ cations dispersed over 

a high surface area substrate. Dispersion is accomplished by spontaneous (thermal) mono

layer dispersion, as described in detail in literature (Xie and Tang, 1990). Spontaneous 

monolayer dispersion has been used to successfully prepare various sorbents capable of 

7t-complexation (Linlin et al., 1984; Yang and Kikkinides, 1995). 

Thermal monolayer dispersion involves heating finely divided powders of a metal salt 

and substrate at a temperature between the Tammann temperature (Thewis, 1962) and the 

melting point of the salt. Above the Tammann temperature adsorbed crystals in solid/solid 

adsorption phenomena are mobile on the surface. 

Excessive temperatures need to be avoided in order to prevent the metal salt form 

oxidizing or reacting with the substrate. As shown by Xie and Tang (1990), NiC^ can be 

dispersed to form a monolayer on Y-AI2O3 simply by heating at 70°C for 78 hours. 

The synthesis procedure was as follows: The precursor (silica or alumina, 75-150 /an) 

was outgassed for several hours at 200°C and < 5 Pascal to determine the dry weight 

and re-equilibrated in air for 24 hours at room temperature. The support was thoroughly 

mixed with the salt (CoCi2-6H20 Alldrich Chemicals 98%, < 45^/m), and placed in an 

open crucible in a furnace at 70°C for 80 hours with occasional stirring. 

The mixing ratios used were 0.743 g/g* on the silica (BET area 584 m2 g_1) and 0.217 

for alumina (BET area 207 m2 g_ 1). The numbers were based on the 0.88 and 0.36 g/g 

used by Padin and Yang (1997) but corrected for the lower BET area of the precursors 

used. 

5.3.4 Sorbent preparation 

All samples were outgassed in the TGA. Except for the metal catalyst, they were heated to 

the upper outgas temperature (Table 5.3) and kept there for at least one hour, and subse

quently cooled down to measurement conditions under argon flow. Following recommen

dations of Padin (1999), the 7t-complexation sorbents were not exposed to temperatures 

*gram C0CI26 H2O per gram of dry weight precursor 
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over70°C. 

The catalysts were heated to 400°C by 1°C min - 1 in H2/Ar (1:1) at total flow of 100 

ml min - 1 . The sample was kept at 400°C for 2 h. After one hour the gas was switched to 

100 ml min - 1 argon to remove all hydrogen from both the gas and the sample. The sample 

was cooled to reaction conditions under argon flow. 

5.4 Results 
In this section the results from the screening will be presented. The screening for a ther-

modynamically and kinetically selective sorbent is presented in Sections 5.4.1 and 5.4.2 

respectively. The characterization of the sorbents is presented were appropriate rather than 

in a separate section. 

5.4.1 Thermodynamically selective sorbents 

Characterization Only the in-house synthesized sorbents were characterised. The syn

thesized cobalt based sorbents were light blue with very few spots of purple powder of 

unspread CoCl2-6H20 still present. The visible appearance did not alter under storage 

in air for several months. XRD analysis revealed that the crystalline cobalt phase disap

pears upon spreading (Figure 5.3). These observations are in accordance with the results 

of Padin and Yang (1997). 

Adsorption equilibrium Adsorption equilibria for a variety of sorbents were assessed 

at 0.2 atm and 25CC (Figure 5.4). All selectivities (defined as the ratio of reversible single 

component amounts) range from 1.5 to 3. Silica shows the highest capacity and alumina 

2500 

2000 

1500 

1000 

500 

MJ*JvmmMkh»»**iMh.m*. 

^""^nAKn^iKmiiiWi.!, 

0 10 20 30 40 50 60 70 80 
26 / (degrees) 

Figure 5.3: XRD diffractograms 
at various stages of the synthesis. 
Legend A: CoCl2-6H20 B: final 
sorbent (C0CI2 spread onto Si02) 
C: Si02. The values for A and B are 
shifted vertically by 400 and 200 
counts respectively. 
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Figure 5.4: Sorption equilibrium at 19.8 kPa ethyne and ethene at 25°C. Black bar: 
ethyne, Open bar: ethene, The hatched area is irreversible adsorption on the freshly out-
gassed sample. Sorbent no.: 1: SiO?, 2: CoCl2/Si02, 3: y-Al203, 4: CoCl2/y-Al203;

1 5: 
NiCl2/y-Al203, 6: Hayesep T, 7: Porapack N, 8: Chromosorb 107, 9: 1 wt% Pd/Al203, 
10: 60 wt% Ni/Al203. (sorbent details see Table 5.3) a: C2H2: 26.3 kPa, C2H4: 24.2 kPa. 

the highest selectivity. When expressed per unit of volume the porous polymers show even 

lower capacities than silica and alumina. 

Chemisorption of ethyne and ethene on metallic palladium and nickel is partly irre

versible. The reversible capacity was determined after several adsorption/ desorption cy

cles. For the 1 %Pd on alumina catalyst the selectivity based on reversible capacity is 

comparable to that of the bare alumina. 

5.4.2 Kinetically selective sorbents 

Molecular sieving carbon (MSC) is a well known sorbent in air separation, where it is 

utilized to produce pure N2. Takeda 4K and 3K MSC are claimed to have micropores in 

the 0.3 to 0.4 nm range which corresponds to the size of the ethyne and ethene and might 

give rise to kinetic selectivity of ethyne over ethene. For Takeda 3 A a mean pore size, as 

determined by molecular probing, of 0.418 nm is reported by Schalles and Danner (1988). 
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'log (5.1) 

Characterization Table 5.4 lists selected properties of the MSC 3K-172 and 4K sor-

bents. The data show that micropores make up roughly 40% of the pore volume in both 

sorbents. The remainder are macro pores in the region of 100-1000 nm as determined by 

Hg intrusion. The Dubinin-Radushkevich plots of the CO2 physisorption data at 273.15 

K yield straight lines over the entire pressure range (Figure 5.5). The slope is related to 

the "characteristic energy"(Eo) of the pores via the Dubinin-Radushkevich equation (Rou-

querol et al, 1999, p. llOff): 

and D is given by: 

/ RT \ 2 

• D=2302[wJ f 1 ^ ^ 1 • 

where ^7-, Fsat, ß and P are the fractional filling of the micropore volume Wo, the sat

uration pressure, "scalar factor" and pressure respectively. The near perfect fit to the 

Dubinin-Radushkevich model shows that both sorbents have very uniform micropores and 

the "characteristic energy" of the 3K-172 is slightly larger compared to the 4K (Table 5.4). 

The difference can be attributed to narrower pores in the 3K-172 compared to the 4K. 

CO2 uptake on 3K-172 is significant, whereas hardly any adsorption is observed for 

N2. This was previously reported in literature for microporous carbons and has been at

tributed to the higher operational temperatures used for physisorption of CO2 and hence 

the higher uptake rates (Rouquerol et al, 1999, p. 263). 

6 9 12 

iog2(Psat/P) 

15 

Figure 5.5: Dubinin-Radushkevich plot 
of CO2 adsorption on MSC samples. T= 
273.15 K. Legend: +: Takeda 4K, A: 
Takeda 3K-172, The lines are fits with with 
equation 5.1. 
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Table 5.4: Selected properties of the MSC from Takeda. 

quantity symbol units 4K 
packed bed densitya 

Pbed g c m ve ; s e i 
skeleton density11 

Pskel. - 3 
6 ""carbon 

particle density0 
Ppar. g C mgrL 

pore volumed v 
v pore 

c m <* 
"""'pore 6 macropore volume0 cm3g~' 

micropore volumee cm3g~' 
micropore volume cm3g~' 
Dubn.-Rad.e(eqn5.1) D -
95% interval of D 

BET m-g 

3K-172 
0.704 0.683 
1.88 1.86 
0.98 1.03 

0.488 0.433 
0.303 0.272 
0.210 0.192 
0.167 g 6 

0.0995 0.0967 
0.0989 0.0954 
0.1002 0.0980 

397 g 

Specification of Takeda 

Measured by Helium density 

Measured by Hg intrusion 

\, 
P° r e " Pskel. Ppar. 

Measured by COo physisorption 

Measured by N2 physisorption 

Not measurable 

2.5 

2.0 

1.5 

É 1.0 

r-4 > $ . 
.<+ O»"1 

j%% 

£*€*-.** T=102°C 

0 20 40 60 80 100 120 

P / (kPa) 

Figure 5.6: Adsorption isotherm of 
C2H2 and C2H4 on MSC-5A. Legend: 
o: C2H2, +: C2H4, T=42°C, 72°C and 
102°C, measured by a volumetric tech
nique, see appendix A. 
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O 20 40 60 80 100 120 

P / (kPa) 

Figure 5.7: Adsorption isotherm of 
C2H2 and C2H4 on MSC-4K. T= 50°C, 
0: C2H2 D: C2H4, Open markers ad
sorption branch, closed markers desorp-
tion branch. 
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^ 1.5 
b> 
"5 
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P / (kPa) 

Figure 5.8: Adsorption isotherm of 
C2H2 and C2H4 on 3K-172 at vari
ous temperatures. Legend: C2H2 A: 
25°C,0: 50°C,0: 80°C. C2H4 +: 50°C. 
Open markers adsorption branch, closed 
markers desorption branch. Lines: Lang-
muir fits. 
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Table 5.5: Fitting parameters of C2H2 adsorption on Takeda 3K-172 molecular siev
ing carbon. 

p a 

*sat 

kPa 

Dub. Rad. 

Pliq. 
3 —1 

cnrg i 

Vsat 

cm g 

Langj nuir 
T 
°C 

p a 

*sat 

kPa 

ß x £ 0 

J m o r 1 
Qsat 

mmol g - 1 
Pliq. 

3 —1 
cnrg i 

Vsat 

cm g 
qSat 

mmolg -1 
b 

kPa"1 

25 
50 
80 

4892 
6745 
8056 

1061 
2194 
3572 

3.21 
3.40 
3.51 

0.516 
0.493 
0.467 

0.162 
0.180 
0.196 

2.20 
2.02 
1.69 

0.0405 
0.0249 
0.0155 

a: Psat below Pc was calculated using handbook data (appendix A in Reid et al., 1987). 

Above Pc the following correlation was used: Psat = Pc * ( j - ) (Table 2.5 in Yang, 1987). 

b: The liquid density was approximated using the linear relation proposed by Dubinin 
(1960). Since the triple point of ethyne is above one atmosphere, ethyne does not have a 
normal boiling point. Therefore a slight modification to the method was made. Instead 
of the liquid density at the sublimation point at 1 bar, the liquid density at the triple point 
was used. These temperatures differ only by approximately three Kelvin. Since the actual 
measurements are much closer to the critical temperature than to triple point temperature, 
the resulting values depend mainly on the constant b (0.05136 cm3mol_1) in the Van der 
Waals equation of state rather than on the liquid density at the triple point. 
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Adsorption isotherms The adsorption equilibria of C2H2 and C2H4 for 4K are shown 

in Figures 5.7 and 5.8 respectively. MSC 4A shows hardly any selectivity as already 

established for MSC 5A (Figure 5.6) and reported for activated carbons. The relaxation 

to equilibrium was very slow for both gases. For ethene, the single data point in the 

adsorption isotherm measurement took over 24 hours to equilibrate. 

Ethyne isotherms on 3K-172 MSC were fitted using both the Langmuir and Dubinin 

Radushkewich model (Table 5.5). For both models, fits on each temperature individually 

was good. Neither of the models showed a good combined fit on all data at three tem

peratures simultaneously. This was also the case for the Dubinin Astakov model. The 

values obtained using the DR model are slightly better since they yield a similar value for 

the saturation capacity (qsat) for all temperatures studied and the corresponding adsorption 

volume (Vsat) agrees with with the data obtained by C0 2 physisorption. 

Based on the individual fits the adsorption enthalpy could be derived which varies 

from 19.0 kJ/mol (q=0.2 mmol/g) to 21.7 kJ/mol (q=0.8 mmol/g). Since these data are 

only based on three temperatures their accuracy is limited. 

Kinetics of adsorption The response time of the TGA G-2 setup to an imposed step 

change in gas composition can be derived from the blank runs. It takes approximately 

300 seconds to reach the new level upon change (not shown). This corresponds to a time 

constant of « 100 sec. 

Uptake rates for 4K were too fast to be measured with the current set-up. In contrast, 

uptake rates on 3K-172 could be measured at four temperatures. The response was in

dependent of the gas flow employed. The uptake versus time upon a concentration step 

change from 0 to 20 % C2H2 and C2H4 in Ar was fitted to the following exponential 

function: 

l - « p [ ( * ( r - f 0 ) ] (5.3) 
q~-q0 

were qo, q^, to and k were all fitting parameters. Equation 5.3 describes the uptake rate 

well. The parameter k follows an Arrhenius dependency (Figure 5.9). The ratio of kc2H2 

over kc2H4 is 8.9 and constant over the temperature range investigated. The Eact derived 

are C2H2: -27.5 kJ/mol (95% b.i. -29.8 — -25.2 kJ/mol), C2H4: -26.2 kJ/mol (95% b.i. 

-26.4- -25.9 kJ/mol). 

Adsorption is significantly faster than desorption in all cases (Figure 5.10). The des-

orption curve fits poorly to a single exponent even if qo, q«,, tD are included as fitting 
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2.8 2.9 3.0 3.1 3.2 3.3 3.4 

103/T/(1/K) 

Figure 5.9: Uptake rates versus temper
ature for C2H2 and C2H4 over 3K-172 
MSC. o: C2H2, A: C2H4. 

0.0 
2 4 6 8 10 12 

time / (hours) 

Figure 5.10: Fractional uptake versus 
time following a concentration step 
change from 0-20 kPa C2H2 in Ar. Leg
end: i: adsorption (0 -> 20 kPa), ii: des-
orption (20 -* 0 kPa). T= 35°C. 

parameters. This difference in adsorption- and desorption uptake rates indicates that the 

governing diffusion constant depends on the loading. This is in agreement with the obser

vation that the uptake rate at higher loadings increases (not shown). 

5.5 Discussion 

Separation of ethyne/ethene by adsorption requires either a difference in sorption rate (ki

netic selectivity) or a difference in the adsorption isotherms (thermodynamic selectivity). 

Various sorbents were tested for the existence of either selectivity. 

In our screening pure silica showed the highest capacity for ethyne. Our single com

ponent data are in agreement with those reported in literature (provided the difference in 

sorption capacity is accounted for). Silica gel is one of the rare cases where multicom-

ponent equilibrium data for ethyne and ethene have been reported (Lewis et al, 1950; 

Valenzuela and Myers, 1989). The reported multi component data fit well to the extended 

Langmuir model and show insufficient selectivity. Alumina showed the highest thermody

namic selectivity towards ethyne. However both sorbents fall far short in meeting the re

quirements for the PSR application in terms of retention. A large difference was observed 

in sorption behavior for Jt-complexation sorbents measured by us and those reported by 
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Padin and Yang (1997). It has been found that these results were influenced to a significant 

extent by acetone impurities in ethyne. This issue is discussed in detail in appendix A. 

The porous polymers (Porapack N, Haysep T and Chromosorb 107) show only a lim

ited thermodynamic selectivity for ethyne. It will certainly permit separation in a GC but 

these sorbents cannot be used in PSA applications. 

We have not observed the high thermodynamic selectivity for alumina that was mea

sured by reversed flow chromatography (Yun et al., 1996). Alumina exhibits a heteroge

nous collection of acid sites, the high selectivity reported under very dilute conditions as 

in chromatography might be based on a small percentage of highly acidic sites. In our 

case much higher partial pressures were used and the equilibrium is based on the average 

affinity of all acidic sites. 

The kinetic selectivity on MSC 3K-172 is too low to enable PSA based separation. 

Commercial air separations utilize MSC for which a kinetic selectivity of a factor 46 is 

reported (Table 17.2 in Kärger and Ruthven, 1992). Kinetic separation of argon and oxy

gen using Bergbauw Forshung-MSC was shown to be feasible (Hayashi et al, 1985; Rege 

and Yang, 2000). Oxygen uptake is a factor 30 faster than argon on BF-MSC at 30°C (Ma 

et al, 1991). Both diffusivity ratios are substantially higher than the ratio of 8.9 found in 

this work. 

Our observation that the Arrhenius constants of the uptake rate for C2H2 and C2H4 on 

MSC 3K-172 are identical is a strong indication that surface barrier resistance is important. 

The manufacture of MSC is claimed to be based on controlled cracking of hydrocarbons to 

reduce the free diameters of the pore mouths (Srinivasan et ai, 1995). However the CO2 

physisorption data are also in good agreement with the slit model. 

For ethyne adsorption onto Takeda MSC 3K-172, the obtained activation energy (-27.5 

kJ/mol) for uptake rates is higher than the calculated adsorption enthalpy (-19.0 — 21.7 

kJ/mol) although the value of the adsorption enthalpy is not vary accurate. No reference 

literature data are available for comparison, except with data from Chihara el al. (1978) 

on ethene in MSC-5A were values of 35.6 kJ/mol and 22.2 kJ/mol were reported for the 

adsorption enthalpy (A/fads) and the activation energy of micro-pore diffusion (£act) were 

reported. Chihara et al. further found a ratio of roughly 0.6 for £act/A//ads for a wide 

range of n-paraffins and n-olefins. 

Our data on ethyne adsorption on 3K-172, where the activation energy exceeds the 

adsorption enthalpy, are in agreement with observations on N2 and O2 adsorption on mod

ified Takeda 4K. For Takeda 4K-HGK717 with pore mouths narrowed by deposition and 
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subsequent cracking of styrene, A//acis drops from 15.9 to 11.7 kJ/mol for both N2 and O2 

and £act rises from 5.9 and 10.9 to 27.6 and 31.0 kJ/mol for NS and O2 respectively. As a 

result the ratio of Eact/Affads increases sharply from 0.4 to 2.4 for O2 and 0.7 to 2.8 for N2 

(Chihara and Suzuki, 1979). The authors conclude that deposited carbon acts as a barrier 

to diffusion in micropores. For ethyne on 3K-172 presented here, the value for Eacl also 

exceeds A//ajs. The similarity between our results of ethyne on 3K-172 and Chihara and 

Suzuki on N2 and O2 on 4K-HGK717 indicates that the pore mouths of 3K-172 might have 

been narrowed in a similar fashion. Chihara and Suzuki also concluded that the difference 

in micro-pore diffusivities of O2 and N2 becomes smaller by narrowing the pore mouth. 

5.6 Conclusions 

The SiÛ2 sorbent shows the highest sorption capacity for ethyne. The alumina sorbent 

shows the highest selectivity for ethyne over ethene. There is currently no sorbent which 

permits the further research on the use of the pressure swing reactor in the selective hy

drogénation of ethyne. 

The excellent selectivities towards ethyne versus ethene reported in literature on sor-

bents based on reversible 7t-complexation are erroneous. 

The kinetic selectivity observed on MSC 3K-178 is not sufficient to allow kinetic sep

aration in a PSA. 
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Notation 
Roman 

D slope in Dub. Rad. plot 

E act activation energy 

E0 "characteristic energy" 

k uptake rate time constant 

^ L D F adsorption rate constant 

L reactor length 

P pressure 

Pc critical pressure 

P(A) Pauling equilibrium width 

Psat saturation pressure 

q solid phase concentration 

R gas constant 

T absolute temperature 

Tc critical temperature 

V superficial gas velocity 

V mass based volume 

w filled micro pore volume 

Wo total micro pore volume 

y molar gas fraction 

Greek 

ß "scalar factor" 

A// ads adsorption enthalpy 

e void fraction 

e, amount adsorbed ( - i ) 

p mass based density 

G sorbate diameter 

Subscript s 

sat saturation value 

o initial value 
oo equilibrium value 

J mor1 

J mol"1 

s"1 

s"1 

m 

Pa 

Pa 

nm 

Pa 

mol kg~' 

J m o r ' K~' 

K 

K 

m s 
l 

m3 g ' 

m3g_1 

mV' 

J mol 

kg m 

nm 
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Appendix 5A Corrections on 7i-complexation sorbents for 

selective adsorption of ethyne over ethene* 

5A.1 Introduction 

As mentioned in Section 5.5 of the main text, a discrepancy exists between the results 

obtained with sorbents based on Tt-complexation as measured by us and those reported in 

literature. This appendix is devoted to this topic. 

Yang and Foldes (1996) first reported on the preparation of selective adsorbents for 

ethyne by spreading a monolayer of NiCF on y-alumina. Padin and Yang (1997) further 

extended this work to CoCF and FeCF supported on various substrates with high surface 

areas. 

Unfortunately, ethyne used by Yang and co-workers contained acetone as an impu

rity (Yang and Foldes, 1996; Padin and Yang, 1997). The "high-purity" grade of ethyne 

that is available from all industrial gas suppliers is labeled 99.8%. For safety reasons, 

however, ethyne is stored in acetone as a solvent. For a fresh cylinder (at "250 psi"), the 

actual concentration in the gas phase of acetone is approximately 5000 ppm, and the con

centration increases steeply while the pressure of the cylinder decreases, to as high as 25% 

as the pressure reaches 15 psig (Dickerson, 1999). It is clear, therefore, that the previous 

results of Yang et al. needed to be reexamined. 

5A.2 Experimental section 

5A.2.1 Preparation of the sorbents 

The principle of sorbent preparation by spontaneous monolayer dispersion and the ex

perimental procedure have been outlined in Section 5.3.3. Two sorbents were prepared, 

and their characteristics are given in Table 5A.1. Sorbent I represents an partly optimized 

'Published with minor modifications as: A. J. Kodde, J. Padin, P. J. van der Meer, M. C. Mittelmeijer-
Hazeleger, A. Bliek, R. T. Yang, NiCl2 on y-Alumina as Selective Adsorbents for Acetylene over Ethylene", Ind. 
Eng. Chem. to., 39(8), 3108-3111 (2000). 
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Table 5A.1: Comparison of synthesis parameters in the NiCli/AliCb sorbents. 

unit Sorbent Ia Sorbent II 
place of synthesis 

y-alumina 
manufacturer 

B.E.T. area 
pore size 
distribution 

salt 

mixing ratio 
NiCl2/Al203 

m-g 2 „ - l 

r - l 

The University of Michi- University of Amsterdam 
gan 
PSD-350 CK300 
Alcoa Separations Tech- Ketjen (Akzo Nobel) 
nology Inc. 
340 207 
trimodal with a significant no micropores, mesopores 
percentage of mesopores only (max at 5 nm) 
(> 2 nm) 
NiCl2 (Strem Chemical NiCl2-6H20 (Aldrich) 
Inc) 
0.44b 0.12 

a: Data from: (Yang and 
b: The optimum ratio of 
ethene selectivity. 

Foldes, 1996; Padin and Yang, 1997). 

salt over substrate was determined by maximizing ethyne over 

sorbent, whereas sorbent II is prepared from an off-the-shelf precursor. The synthesis pro

cedure was as follows: The alumina (75 - 150 /jm) was outgassed for several hours at 

200°C and < 5 Pascal to determine the dry weight and re-equilibrated with open air for 

24 h at room temperature. The support was mixed with the salt (< 45/ym) and thoroughly 

stirred. The mixture was placed in an open crucible in an oven at 70°C for 80 h with 

occasional stirring. 

5A.2.2 Equilibrium isotherm measurement 

Equilibrium isotherms on sorbent I and its precursor were measured gravimetrically, em

ploying a Cahn system 113 recording microbalance with temperature control. Approxi

mately 10 mg of the sample was loaded into the microbalance and heated to 110°C in dry 

helium to remove water from the sample. Any water present in the system would severely 

limit the performance of the sorbent. The total gas flow rate of the system was kept con

stant at 170 cm3/min, while the composition of the gas phase was varied using calibrated 

rotameters. Hydrocarbon/He mixtures were alternated with pure dry helium to check for 

reversibility of the adsorption. 

The hydrocarbons used were ethene (Matheson, minimum purity 99.5%) and ethyne 

(Matheson, minimum purity 99.6%). The helium gas used was of high purity grade ob-
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tained from Cryogenic Gases with a minimum purity of 99.995%. A 3A zeolite column 

was used to dry all of the gases used. 

Except for the acetone isotherm, the isotherms measured were fully reversible within 

5% of the maximum adsorbed amounts. Helium was used as the carrier gas and for sorbent 

regeneration. In the measurement of isotherms, upon each step change in concentration, 

buoyancy and friction forces were carefully calibrated prior to each measurement (Ackley 

and Yang, 1991). 

Adsorption equilibria on sorbent II and its precursor were measured volumetrically 

on a Sorptomatic 1990 (CE Instruments). The chemisorption version of the Sorptomatic 

1990 contains stainless steel tubing only and a controlled vent from the vacuum system. 

Therefore, all proper precautions for ethyne handling could be observed. The sample 

holder was thermostatted with a Haake DC 10 thermostat. Around 2 g of the sample was 

used for the adsorption measurement. 

To prepare an ethyne source free of acetone for volumetric experiments, ethyne (Prax

air, purity >99.6%) was led over a fully regenerated Si02 trap at low gas space velocity 

while the composition of the outgoing gas was monitored by on-line mass spectrometry 

(MS). Once the regeneration gas (nitrogen) was completely removed from the tubing and 

well before the detection of any acetone the gas was used to fill a 1.5 L lecture bottle up to 

2 bara. Ethene (Praxair, purity >99.7%) was used directly from the bottle. Reversibility 

of the adsorption was checked separately in a thermogravimetric analysis (TGA) setup. 

5A.3 Results 

5A. 3.1 Purification of ethyne 

As mentioned before, ethyne stored in cylinders is commonly dissolved in acetone. Re

moval of traces of acetone has been described in the literature. It could be removed by 

distillation in vacuo (Paniego and Pinto, 1977) or by scrubbing and subsequent drying 

(Lewis et al, 1950). We have devoted much attention to acetone removal and will show 

that it can conveniently be removed by adsorption in a S1O2 bed. Also as mentioned, the 

concentration of acetone exiting the cylinder changes depending on the pressure in the 

tank. A SiC>2 bed was used in this work to purify the ethyne. 

In the TGA setup, the acetone concentrations before and after flowing through the SiC>2 

filter were measured to determine the effectiveness of the SiOi bed. A gas Chromatograph 

equipped with a Porapack Q column with thermal conductivity and flame ionization detec

tors was used to measure the acetone concentration before and after the bed at 5000 (with 
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mass [amu] 

Figure 5A.1: MS spectra of the off gas 
during regeneration of the S1O2 filter 
for ethyne purification. A time window 
of 11 min is shown here. Helium was used 
as the purge gas. 

a new cylinder at 250 psi) and 6 ppm, respectively. 

In a separate experiment, the out-flowing regeneration gas from a saturated Si02 filter 

was monitored by MS, and the results are shown in Figure 5A.1. The data clearly show 

an initial release of ethyne (m/e: 26) from the inter particle voidage and prolonged des-

orption of acetone (m/e: 43, 58 and 15 in a ratio of 100:14:24). This proves that acetone 

accumulates in the filter. 

To determine the effect of the small concentration of acetone (6 ppm) which could 

not be removed by the Si02 trap from the ethyne gas, a single component equilibrium 

isotherm for acetone on the sorbent I was measured at 25°C (Figure 5A.2). As mentioned 

before, the acetone concentration in the ethyne source without the SiO? bed purification 

was measured at 5000 ppm (—0.5 kPa). At this partial pressure, acetone adsorption would 

dominate and overwhelm any ethyne adsorption on this material. At this partial pressure, 
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Figure 5A.2: Single-component equilib
rium isotherms on sorbent I. T= 25°C, 
D: C3H60, • : C2H2 and A: C2H4. The 
line through the acetone data is a fit with 
the Langmuir equation. 
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it can be observed from Figure 5A.2 that acetone adsorption would not be significant. 

Also, because the ethyne uptake was 100% complete in less than 5 min, the cumulative 

effect of acetone adsorption was also minimized. From the experimental conditions, the 

maximum amount of acetone in the sorbent was estimated to be less than 2x 10~6 mmol 

g"1, assuming that 10% of the acetone present in the gas flow through the TGA was 

cumulatively adsorbed by the sample over a period of 5 minutes. Therefore, it is clear that 

the adsorption data presented here are strictly due to ethyne adsorption on NiC^/AhC^. 

The preferential adsorption of acetone over ethyne by SiÛ2 is also clearly illustrated in 

Figure 5A. 1. 

5A.3.2 Adsorption equilibria 

In Figure 5 A.3 the adsorption selectivity for NiCl2/Al203 is compared with the bare AI2O3 

support for sorbents I and II, respectively. 

For sorbent I equilibrium capacities for ethyne and ethene on the AI2O3 support at 

25°C and 1 atm were established at 0.74 and 0.46 mmol g - 1 , respectively and on NiC^/ 

AI2O3 they were at 0.79 and 0.26 mmol g - 1 , respectively. Thus, the pure-component 

selectivity ratio of adsorption for ethyne over ethene increases from 1.6 to 3. 

For sorbent II the increase in selectivity is small. Equilibrium capacities for ethyne and 

ethene on the AI2O3 support at 25°C and around 1.1 atm were measured at 0.42 mmol g^ ' 
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Figure 5A.3: Single component equilibrium isotherms for C2H2 and C2H4 on 
N1CI2/AI2O3 and its A1203 precursor. Left Sorbent I, Right Sorbent II. T= 25°C, 
C2H2: A: A1203, A: NiCl2/Al203; C2H4: o: A1203, • : NiCl2/Al203. 
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(P = 111.3 kPa) and 0.30 (P = 112.8 kPa) mmol g"1, respectively, and on NiCl2/Al203 

they were at 0.37 mmol g"1 (112.6 kPa) and 0.24 mmol g~] (110.8 kPa), respectively. 

Thus, the pure-component selectivity ratio of adsorption for ethyne over ethene increases 

from 1.39 to 1.54. 

5A.4 Discussion 

The differences in sorption selectivity between sorbents 1 and II are not fully understood. 

For one, it may be attributable to the supports used. Sorbent I was prepared using a much 

higher surface area alumina (Table 5A.1). For sorbent II, the surface area of the alumina 

precursor obtained by mercury intrusion ( 194 m2/g) is almost the same as that measured 

by N2 physisorption (207 m2 g"1) and therefore it does not contain micropores. Second, 

the mixing ratio of salt and support differs. Because of the higher surface area, sorbent 

I could accommodate a much larger amount of NiCb and it was prepared based on an 

optimized mixing ratio whereas sorbent II was not. Third, the acidity of the alumina phase 

is likely to influence its ability to anchor the NiCb monolayer. However, NH3 temperature 

programmed desorption yielded very broad peaks (not shown) which offer no evidence for 

this hypothesis. 

When the NiCb monolayer is added on the support, the fraction of porous support 

per gram of sorbent is reduced. For ethene this causes a drop in the amount adsorbed per 

gram of sorbent for both sorbents. For ethyne the ability of the nickel phase to bind ethyne 

can counter this effect. As a result the capacity exceeds the bare support for sorbent I. In 

sorbent II it does not. For both sorbents the increase in selectivity arises mainly from the 

earlier flattening of the ethene curve. Therefore, the selectivity rises with pressure in the 

pressure range studied. 

The presence of adsorbed water severely reduces the ethyne adsorption on this sorbent. 

Ethyne adsorption at 0.2 atm and 25°C on a sorbent I with some adsorbed water and 

one fully dehydrated was measured at 0.15 and 0.36 mmol g - 1 , respectively. Ethyne 

adsorption was reduced by about half by the presence of small amounts of surface water. 

Water is primarily removed during the outgassing procedure. In a volumetric setup 

outgassing is always employed under vacuum of < 5 Pa, whereas in a TGA it is done 

under a dry helium flow. In principle, the volumetric procedure is more rigorous. Whether 

this might have altered the nickel dispersion is not known. 

It is obvious that further optimization of this system is required to develop a sorbent 

capable of separating ethyne from olefins and paraffins by cyclic adsorption processes such 
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as pressure swing adsorption. 

7i-Complexation has gained momentum as a basis for the development of selective sor-

bents in olefin/paraffin separation (Yang and Kikkinides. 1995; Rege et al., 1998). Further

more, stable organometallic monometric Ni(II) complexes containing rc-bonded C2H2 are 

known (Hopkinson, 1978). 71-Bonding provides a plausible explanation for the Ni-C2H2 

bond. However, there is no direct evidence as to the nature of the coordinated ethyne in 

this study. 

In engineering literature, information on ethyne adsorption on Ni(II) is scarce. Kamin-

sky et al. (1998) studied the use of chemisorption to remove traces of ethyne from ethene 

streams. They concluded that 14 wt% Ni(II)0 on AI2O3 hardly complexes ethyne as com

pared to Ni(0) on AI2O3. The latter sorbent was obtained after deep reduction of the for

mer. However nickel metal chemisorbs ethyne and forms ethyl radicals in a hydrogen-free 

environment and, therefore, complexation is irreversible (Eischens and Pliskin, 1958). 

As mentioned, the sorbent properties were affected by sample preparation. Incipi

ent wetness impregnation is a better technique than thermal dispersion, and it has been 

used successfully for preparing selective sorbents for olefin/paraffin separations (Rege 

et al, 1998). This technique remains to be investigated for preparing selective sorbents 

for ethyne. 

5A.5 Conclusions 

Previous reports on sorbents produced by spreading transition metal salts over porous sup

ports with excellent selectivity towards ethyne over ethene (Yang and Foldes, 1996; Padin 

and Yang, 1997) were erroneous because of acetone contamination in the ethyne source. 

One of these sorbents, NiCb on Y-AI2O3, has been revisited. For NiCh on PSD alumina, a 

significant increase in the selectivity towards ethyne compared to the bare alumina support 

was measured. Hence, the selectivity-enhancing effect of the nickel phase is confirmed. 

However, the observed selectivity increase due to the presence of NiCh is only small for 

NiCi2 on CK300 alumina. Therefore, it appears that also the support and the synthesis 

procedure have a strong impact on the selectivity of adsorption. 

7t-Bonding provides a plausible explanation for the reversible nickel-ethyne bond for

mation. 


