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Abstract

Hydrotacite materid properties, specificdly its CO, revershbility, are criticd to the
performance of the proposed hydrotal cite-based membrane. In this report, we summarize
the fundamentd study we have performed using TGA, TGA/MS, and DRIFTSto
quantify the degree of CO, reversihility for the temperature range from 200 to 300°C.
Results from these three separate studies consstently exhibit the CO, reverghility. In
addition, water effect appears negligible. Findly a high-pressure experimenta study was
performed to determine the reversibility under the actual operating condition. The results
from this high-pressure (CO,) study aso demonstrate the CO, revershility. In the next
quarter, we will continue the high- pressure experiment in the presence of high-pressure
gteam to quantify its effect under the actud WGS environment. The quantitetive
information obtained from this study will then be incorporated in a mathematical model
describing the CO, permeance as a function of the membrane layer thickness.
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1. Introduction

In one of our precious reports we presented results with the ALCOA # 1 sample,
whose composition was Mg 71Alp.290(OH)2(CO3)0.145.0.46 HO. These results were aso
summarized in a publication [Yang et al., Chem. Eng. Sci., 57, 2945, 2002]. We present
result with a different Hydrotalcite which we cdl ALCOA # 2. Frd a series of
experiments were caried out to edablish the dructure of the hydrotdcite itsef.
Subsequently we caried out a number of experiments to dudy the “revershility”
behavior of this hydrotalcite. At the end of this report we dso present results with the
origind ALCOA #1 sample focusng agan on issues of “revershility” under a high
pressure environment.

2. Executive Summary

In the previous report we have demonstrated the CO, reversibility of hydrotacite
materids quaitatively. In this report we have determined the reversibility of CO; inthe
range of 0.2 to 0.4 wt% under 1 atmosphere of CO». The degree of revershility has been
determined based upon the adsorption/desorption cyclic study for up to 14 cycles. This
level of reversihility will be incorporated into the mathematica modding we are
developing to estimate the CO, permeance of the membrane. In addition, the role of
gteam is very important for this membrane prepared for WGS reactions. Our results
show that the effect of water on the reversibility of CO; is negligible; however, no
theoretical interpretation can be offered at this moment. Nevertheless, dl the TGA,
TGA/MS and DRIFTS study showsthislevd of revershility in the presence and absence
of seam. Water (or hydroxyl groups) after the first cycle shows no net gain in adsorption
or no net lossin desorption; while CO, shows reversible adsorption/desorption. More
study will be performed in the next quarter to develop a hypothesis for the role of steam.

In addition to the surface study at 1 atmospheric pressure, a high-pressure experiment
(i.e., 50 ps CO,) was performed in this quarter to determine the CO, pressure effect on
the degree of revershility. Our preiminary result shows a amilar levd of revershility as
that obtained from the aimospheric study. In the next quarter, we will conduct the high
pressure CO, experiment in the presence of high-pressure steam to determine its effect on
the degree of CO,, revershility.

3. Structureof the ALCOA # 2 Hydrotalcite

Experiment

This HTc sample was provided by ALCOA and has been sed as a modd materia
for our sudy. In order firg to identify whether the materid is indeed an HTc we have
caried out a XRD invedtigation. We then carried out an ICP and an TG/MS anayss to
determine its composition.

Results/Discussions

The materid exhibits the typicd HTc spectrum (see Figure 1) but the various
peaks are nowhere as strong as the peaks that we observed with the origind ALCOA # 1
sample. Itislikey that the degree of crystdlinity isless than the previous samples.
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Figurel XRD of Hydrotalcitesample, ALCOA #2

Based on the reaults of this investigation the chemica formula of the ALCOA #2 sample
is MQ)_645A|0_355(OH)2(CO3)0_178'0.105(H20). Table 1 bdow shows the WGght loss
observed by TG/MS and its corresponding result from to the ICP studies. The agreement
is satidfactory. One note is that the ALCOA #2 sample, in addition to having a dightly
different Al/Mg ratio, dso contains sgnificantly lessinterlayer weter.

Tablel Weight lossvstemperature of hydrotalcite (AL COA #2)

. 1 " d 4" (CO2 from| Totd  Weight
Weight Loss (H20) 2" (OH from Al) | 3° (OH from Mg) Co3) L oSS
ICP Value 2% 11.0% 16.1% 10.9% 41%
Experimental 0 0 0
from TG/MS 2% 12.4% 17.0% 9.6% 41%

4.  Effect of Heating Rate on Weight L oss

One of the issues of concern about some of the observations and conclusons dravn with
the study with the ALCOA # 1 sample pertained to the effect of hesting rate. Are the
effects observed of kinetic or equilibrium nature?

Experimenta

It was clear for the ALCOA #1 sample that the observations made up to 250°C
were of equilibrium nature, but some kinetic effects remained above this temperaiure. To
investigate the same issues with the ALCOA #2 sample we dudied the weight loss
sectrum for 4 different hedting raes namdy 1 °C/min, 3 °C/min, 5 °C/min and
10°C/min. A fresh ALCOA #2 sample (110-120 mg) was used in every experiment, and
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inert argon was utilized as a purge gas at a flow rae of 20 mli/min. The effect of varying
the heating rate on weight loss was aso sudied in the presence of a dry and reactive
aimosphere.

ReaultgDiscussons

The experimental results for heating rate study under inert amosphere are shown
in Figures 4 and 5. For heating rates below 5 °C/min the weight loss curves are similar,
paticularly for temperatures below 430°C (Figure 4). Clealy the results with the 10
°C/min hegting rate contain kinetic effects, but for the lower hedting rates the conclusions
drawn are of an equilibrium nature,
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Figure4 Cumulative weight loss vs temperature of hydrotalcite (ALCOA #2) with heating rate of 1,
3, 5and 10°C/min and under inert atmosphere.
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Figure5 Derivative weight loss vs temperature of hydrotalcite (ALCOA #2) with heating rate of 1,
3, 5and 10°C/min and under inert atmosphere.



Under dry CO, amosphere, again, for al heating rates below 5C/min, the TGA
curves appears to coincide with one another (the dw/dt results show more scatter).
Clearly the results for the heating rate of 10°C/min show considerable kinetic effects.

ALCOA TSO 1091
CO, only

10°C/min
95 - ;
90 -
85 -

80

Weight %, %

3°C/min & 5°C/min
75-5
70-5
65—5

60

55 -

LI B s e e e e e e e e
100 200

300 400 500

Temperature, °C

600 700

Figure6 Cumulative weight loss vs temperature of hydrotalcite (ALCOA #2) with heating rate of 1,
3, 5and 10°C/min and under dry CO, atmosphere.
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Figure7 Derivative weight loss vs temperature of hydrotalcite (ALCOA #2) with heating rate of 1,
3, 5and 10°C/min and under dry CO, atmosphere.

The weight loss results in the presence of the humidified carbon dioxide
atmosphere seem to indicate the absence of kinetic effects a al hesting rates we have
tried (See Figure 8 and 9).



ALCOA TSO 1091
Humidified CO,

Weight %, %

55 4

LA I B L B BELE L B
100 200 300 400 500 600 700
Temperature, °C

Figure8 Cumulative weight loss vs temperature of hydrotalcite (ALCOA #2) with heating rate of 1,
3, 5and 10°C/min and under humidified CO, atmosphere.
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Figure9 Derivative weight loss vs temperature of hydrotalcite (ALCOA #2) with heating rate of 1,
3, 5and 10°C/min and under humidified CO, atmosphere.

5. Revershbility Studieswith the ALCOA #2 HTc

In this section, the degree of CO, revershility a 1 atmospheric pressure was studied with
TG, TGA/MS, and DRIFTS.



Experimenta

Before the adsorption/desorption studies, we first investigated the effect of each
key parameter involved in these experiments. For each series of experiments we utilized
100-120 mg of a fresh sample. During the adsorption pat of the cycle typicdly 30
cc/min of CO, was bubbled through a besker containing didtilled water. Messurements
of the water concentration of the gas exiting the besker indicated that the redive
humidity of the CO, dream after leaving the bubbler averaged 70%. The ALCOA #2
sanple was exposed to this humidified CO, dream for varying periods of time
Subsequently, the flow of CO, was shutdown and the desorption part of the cycle was
initisted. We have investigated two different methods to carry out the desorption step.  In
the firsd method, upon termination of the CO, flow, the sample was exposed to flowing
Ar a a rae of 30 ml/min. Typicdly, after 30 min, the weight change of the sample
ceased. We subsequently alowed the flow of Ar to continue for a tota desorption period
of 1 hr. In the second method, the TGA chamber was evacuated for a period of 1 hr a a
pressure below 40 mTorr. For both methods, upon completion of the desorption step, the
Ar flow is stopped (or the vacuum pump is shut down), and the sample is again exposed
to humidified CO, for 1 hr. During the second (and subsequent adsorption steps) the
weight gain of the sample was again monitored. Typicd results are shown in Fgure 10.
Notice that evacuation is a more effective means for carrying out desorption (~ a 10%
increase in weight gain). For the remainder of the dudy we utilized the evacuation
procedure during the desorption step.
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Figure1l0 CO, Reversbility study of hydrotalcite (ALCOA #2): Comparison of evacuation vs argon
sweep during the desor ption cycle.

Subsequently we investigated the effect of varying the duraion of the adsorption
pat of the cyce. The results are shown in Fgure 11. Notice that increasng the
adsorption step time from 1 to 2 hr increased the tota amount adsorbed by about 5%. A
subsequent increase from 2 to 3 hr exhibited no additiona sgnificant effect. For the
remainder of the study we utilized, therefore, an adsorption step time of 3 hr.  Upon
completion of the prdiminary runs, we dsudied the effect of temperature on the
adsorption behavior of the ALCOA #2.



To vdidae the results obtaned from adsorption/desorption usng TGA/MS
behavior further, we have aso caried cycdlic desorption/adsorption experiments in situ
usng DRIFTS. In our prior sudy we have aso monitored the changes in an inert
aimosphere of the DRIFTS pesks with temperature. In these experiments, darting from
room temperature, the sample temperature was increased a a rate of 0.5°C/s. Every 20°C
or so0 the temperature was kept constant, and the DRIFTS spectra were recorded after
keeping the sample isothermd for a period of ~2 min. The testing was terminated when
the temperature of the sample reached 580°C.

Results/Discussion

The results of % weight gain via cyclic adsorption/desorption for the temperature
ranging 150-350°C are shown in Figure 12. The % weight loss for the desorption cydeis
presented in Figure 13. Figure 14 presents the CO, and water weight gains via the MS
andyss dong with TGA. One can didinguish three different digtinct regions of
behavior. The first region is for temperatures below 190°C. In this region one observes
tha ALCOA #2 sample reversbly adsorbs only water and dight amounts of COs..
Previoudy we have reported experiments with the ALCOA#1 sample, in which the
temperature of the same materid was raised linearly in flowing Ar or in vacuum, and the
thermd evolution of the hydrotacite structure was monitored by a hogt of in situ surface
techniques [Yang et d., Chem. Eng. Sci., 57, 2945, 2002]. The results of the cyclic
adsorption/desorption experiments with the ALCOA #2 sample are consstent with the
obsarvations of Yang e d. [2002] with the ALCOA#1 sample. The cyclic
adsorption/desorption  experiments indicate that the exchange of interlayer water is a
farly reversble process (longer duration cyclic experiments with the ALCOA #2 sample
are currently in process to vdidate the degree of revershility — see beow on the
revershility sudieswith the ALCOA #1 sample).
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Figure1l CO, Revershility study of hydrotalcite (ALCOA #2). Comparison of adsorption cycle of 1,
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Figure12 Weight gain during cyclic adsorption/desorption of hydrotalcite (ALCOA #2) under
humidified CO, atmosphereand 1 hour adsorption.
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Figure 13 Weight loss during cyclic adsorption/desorption study of hydrotalcite (humidified CO, and
1 hour adsor ption)
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Figure14 CO, and HO weight gain of hydrotalcite (ALCOA #2) under humidified CO, and 1 hour
adsorption (using TGA/MS))

In the second region, 190 to 280°C, our prior studies with the ALCOA #1 sample
under inert conditions indicate that the water that leaves is from hydroxyl groups that are
bonded with Al cations. In addition, CO, is dso emitted in this region. The current
Sudies show that the same two species are dso emitted during the desorption step of the
fird cycle of adsorption/desorption. However, only CO, appears to be reversibly
adsorbed in this region. As can be seen in Figure 14, beyond the second desorption cycle
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vay littte H,O is emitted, and the sample weight change can be fully attributed to the
reversibly adsorbed CO..

In the third region, 280 - 405°C, our prior studies under inert conditions have
indicated that the OH group bonded with Mg™* begins to disappear at 280°C and is
completely lost at 405°C; a degradation of the hydrotacite structure is aso observed in
the same region. Our cyclic adsorption/desorption experiments indicate that water and
CO, ae ds emitted during the desorption sep of the fird cycle of
adsorption/desorption. However, again, only CO, appears to be reversbly adsorbed in
this region. As can be seen in Figure 14, the amount of CO; that is reversbly adsorbed in
this region decreases as the temperature increases, consstent with our prior observations
that the cryddlinity of the hydrotdcite material decreases, and its Structure begins to fall

goat in this region.

The results from DRIFTS are shown in Figures 15 and 16. During these studies
we have monitored a number of distinct pesks corresponding to various functiona groups
in the hydrotalcite. During our prior study [Yang e d, 2002] we have assgned the
various pesks obsaved during DRIFTS dudies of hydrotdcite as follows

(1) The DRIFTS signd a ~3470 cmi? is due to the OH group vibration in the Mg-Al-
COj3 hydrotdcite sample;

(2) The DRIFTS signd at ~3070 cmi? is due to hydrogen bonding between water and
the carbonate species in the interlayer space of the MgAI-CO3z hydrotacite
sample;

(3) The DRIFTS signd a ~1620 cm' is due to the H,O bending vibration of
interlayer water in the Mg-Al-COj3 hydrotlacite sample;

(4 The DRIFTS sgnds a nz=1370cm?, n,=940cm?, and n,=680cm* a room
temperature are due to the COs* group vibration bands in the MgAI-COs3

hydrotacite sample
CO,* 2nd Adsorption

100.0 " v CO,” 2nd Desorption
% 98.0 CO,” 3rd Adsorption
© D S - .
5 96.0 ! | CO32 3rd Desorption
Q.
£ 940
2 50 9
g . ‘ ‘ ! .
g8 900 < :
T 880 v
©
L 860
©
Il 84.0
g
g 820
—
~ 80.0
©
Q 780
®
S 76.0
X T T T T T

150 200 250 300 350

Temperature, °C

Figure15 CO, weight gain/loss during cyclic adsorption/desorption study of hydrotalcite (ALCOA
#2). measured by DRIFTS.
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Weight changes based upon the DRIFTS measurement are summearized below:

(1) The intensities of the interlayer water bands a 3070 cm! and 1620 cmi* gradually
decreases with increasing temperature, and disappear around 190°C.

(2) The intensity of the OH vibration band at 3470cni* begins to decrease at 190°C,
and completely disappears at 440°C.

(3) The band a 1370 cmi® for the COs® n3 vibration begins to decrease in size as the
temperature increases, and aso shifts to ~ 1350 cmi’. Gradualy a band a 1530
cm? begins to form a temperatures higher than 170°C. The band size a the lower
wave number (~1350 cmt) decreases as the temperature increases (and so are the
pesks at 940 and 680 cm). At higher temperatures al pesks corresponding to
CO3> speciesin Mg-Al-COs hydrotalcite disappear.

105

4
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2

H,O 2nd Desorption
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H,O 3rd Desorption
OH 2nd Adsorption
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100
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Figure 16 Water weight gain/loss during cyclic adsorption/desorption of hydrotalcite (ALCOA #2).
Measured by DRIFTS.

Figure 15 shows the pesk area reflecting the COs* n3 vibration during the cydlic
adsorption/desorption experiments. Figure 16 shows the 3470 cm band corresponding to
the OH vibration and the changes for the integrated pesk aress for the interlayer water
peaks (3070 cm! and 1620 cmt). In these figures we show experimental data at the end
of second and third adsorption and desorption steps for various temperatures.  For
temperatures below 190°C it is dear (consistent with the TGA/MS experiments) that the
hydrotalcite during the cyclic sorption/desorption experiments smply exchanges
reversbly interlayer water. Above this temperaure, the interlayer water disappears and
the hydrotacite exchanges reversbly CO,. The amount of CO, that reversbly adsorbs
decreases as a function of temperature. Clearly the hydrotalcite under the conditions of
the cydlic experiments described here is not cgpable of reversbly exchanging the OH
after acertain anount of OH" desorbed during the first desorption cycle.

6. Reversbility Studiesin a High Pressure Flow Reactor with ALCOA #2HTc
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Experiment

We have aso sudied the revershility behavior of the ALCOA # 2 sample usng a
high-pressure adsorption flow system. Two mass flow controllers (one for argon, and the
other for carbon dioxide) and one control valve was used to keep the system pressure
congtant during the experimenta procedure. Before the cydic revershility experiments
were caried out, a single adsorption experiment was performed in order to get some
sense of flow rate changes resulting from the adsorption process. The sysem was firg
pressurized with dry argon to 50 psig, then temperature was increased to 250°C usng a
5°C /min hedting rate. And the system was kept at 250°C for 1 hr as a desorption step.
When desorption step was over, the system was @oled down to 150°C in a flowing argon
inert gas atmosphere. Subsequently the inlet gas was changed to CO, from argon while
keeping the same pressure of 50 psig for 3 hrs as an adsorption step. During adsorption
step, he outlet flow rate was monitored by a digita flow meter, and, from the flow rate
change, the amount of adsorption was cal cul ated.

We caried out a number of pressure swing experiments a various temperatures.
In these experiments the sample was first heated to the desired temperature in nert gas,
and the same temperature was kept congtant during the whole experiment. Each cycle
involved firsd evacuated the sample for 1 hr as a desorption step. After the evacuation
dep, the flow system was pressurized to 50 psg with argon. When the outlet flow rate
was dabilized with argon a 50 psgg, the inlet gas was then changed to CO, for 3 hrs
while maintaining the same pressure of 50 psig. Upon completing the first pressure swing
cycle the procedure was repeated for a number of additional cycles and for a number of
temperaiures. The cyclic sorption experimental results for various temperature are
summarized in Tables 8-10. In addition we performed a non-isothermal desorption, i.e.,
250°C, for adsorption at 150°C. Table 10 is the summary of the experimentd procedure
followed for this adsorption experiment.

Table2 Weight gain during high pressure adsorption/desorption of hydrotalcite (ALCOA #2) at

250°C

250°C Weight gain at adsorption step (wt. %)

1% Cyde 1.72

2" Cycle 1.69

39Cyde 1.68

4™ Cyde 1.66

Table3 Weight gain during high pressure adsorption/desorption of hydrotalcite (ALCOA #2) at
200°C

200°C Weight gain at adsorption step (wt. %)

15 Cyde 1.84

2" Cyde 1.79

3 Cyde 1.71

4" Cyde 1.69

Table4 Weight gain during high pressure adsorption/desorption of hydrotalcite (ALCOA #2) at
150°C

| 150°C | Weight gain at adsorption step (wt. %) |
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1% Cyde 2.02
2" Cyde 1.97
3 Cyde 1.87
4™ Cyde 1.84

ResultsDiscussion

The weight gains during adsorption are presented in Tables 7, 8, and 9 for the
temperature, 250, 200 and 150°C respectively. In generd the tota weight gain is Smilar
to those obtained from the low pressure experiment. However, the weight gain increases
dightly dong with the temperature increese for this temperaure range, mos likdy
resulted from the role of water a the lower temperature. In addition, the cyclic study
here shows that the weight gain reaches a nearly steady State a the 4" cycle, instead of
the 14™ cyce from the low pressure study. No quantitative information for each
individua speciesis avallable a this moment.

The weight gain obtained from the norrisotherma study is presented in Table 11
with the condition detailed in Table 10. The weight gain here is ~2.5wt%. much higher
than ~11.8Wt% from the isotherma study. Obvioudy the additional weight gain is most
likely resulted from the additional desorption conducted at 250°C instead of 150°C.

Table5 Operating condition for high pressure adsorption/desorption study of hydrotalcite

(ALCOA #2)
Temperature | Pressure | _.
St . Time Gas
P (C) (psig)
Desorption Heeting rt.-->250 |50 ~ 45 min (5°C /min) g\r:Iy
Isotherm 250 50 1hr Ar
only
Cooling 250--> 150 | 50 20 min (-5°C/min) g\rrly
Adsorption Isotherm 150 50 3hr (C):n(l)yz

The results from the non-isotherma study are summarized a the Table 12. The
ALCOA #2 appears to show reaively reversble adsorption behavior under these
conditions

Table6 Weight gain during high pressure adsorption/desorption of hydrotalcite (ALCOA #2)
using the condition described in Table 10.

Weight gain at adsorption step(wt. %)

1¥ Cyde 2.621
2" Cyde 2.542
39Cyde 2.476

7.  TGA Pressure Swing Adsor ption Experimentswith >5 cycles.
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This section focuses on the adsorption/desorption cyclic study up to 14 cycles to
determine the ultimate reversible capacity under aatmosphere.

Experiment

We have dso caried out pressure swing cyclic experiments with the ALCOA#1
sample. Thee experiments are of much longer duration that the cyclic experiments with
the ALCOA #2 sample above. Two different temperatures were investigated 150 °C, and
250 °C. The amount of sample utilized was 10 mg, and the same sample was used for
both experiments. For each experiment, the sample was firs heated in UHP dry Ar (20
mi/min; 5 °C/min) and the weight of the sample and the gas composition was monitored.
Upon reaching the desred temperature the feed was switched to humidified carbon
dioxide (20 mi/min, 70% RH) and kept there for 3 hr. Then the sample is evacuated for 1
hr, and then switched back on to humidified carbon dioxide for 3 hr and so on. The
experiment was terminated when the weight gan duing adsorption and weight loss
during desorption were unchanged in comparison with the weght Igain/loss obtained
from the previous cycle.

ResultgDiscussons

Figures 17, and 18 show the weight change observed for a tota of 14 cycles.
Figure 19 shows the corresponding MS sgnals during the heating and evacuation parts of
the cycle. Only water was detected coming out of the sample with mass spectrometer for
the cydic experiments a 150°C, an obsarvation conssent with the results of the
previoudy published paper (Yang et d., Chem. Eng. Sci., 57, 2945, 2002).
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Figure 17 Weight change vs number of cycles (up to 14 cycles) during low pressure swing adsor ption
study of hydrotalcite (AL COA #1) at 150°C
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Figure 18 Weight change vs number of cycles (up to 14 cycles) during low pressure swing adsorption
study of hydrotalcite (AL COA #1) at 150°C
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Figure 19 H,O and CO, weight gain vs number of cycles (up to 14 cycles) during low pressure swing
adsorption of hydrotalcite (AICOA #1) at 150°C

The experiments a 150°C indicate that the system resches a Seady dtae
reversible behavior after the 11™ cyde with the corresponding weight change being
0.23%.
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Figure 20 Weight change vs number of cycles (up to 14 cycles) during low pressure swing adsor ption
study of hydrotalcite (ALCOA #1) at 250°C
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Figure21 Weight change vs number of cycles (up to 14 cycles) during low pressure swing adsor ption
study of hydrotalcite (AL COA #1) at 250°C
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Figure22 H,O and CO, weight gain vs number of cycles (up to 14 cycles) during low pressure swing
adsor ption of hydrotalcite (AICOA #1) at 2 50°C

Figures 20 and 21 show the weight change observed for a total of 14 cycles for
the ALCOA #1 sample at 250°C. It is observed that ALCOA #1 sample reaches a steady
state behavior after the 9" cyde, with the corresponding reversible weight change beinf
0.31%. Figures 22 shows the corresponding MS sgnds during the hedting and
evacuation parts of the cycle During the heating part of the experiment both water and
CO, are emitted; however subsequently to that only CO, is emitted indicating that under
these low RH conditions the OH are not reversbly exchanged (a asmilar observation was
aso made for the ALCOA#2 sample during the shorter term reversibility experiments).
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Conclusions

The hedting rate study concludes that 5°C/min is sufficient to diminate the kinetic
efect in the TGA sudy with this type of hydrotacite. For the rest of the
experimenta work, 5°C/min was chosen to obtain the equilibrium data  Thus, the
properties obtained from this study represent the true thermodynamic properties
with negligible effect from kinetics.

The TG. TGA/MS and DRIFTS studies (at 1 atmospheric pressure in the presence
and absence of water) conclude that CO, can reversbly adsorb/desorb from
hydrotacite in the temperature range of 190 to 340°C. The amount of adsorption
decreases from 2.0 to 1.7 wt% from the firg to fifth cycles respectively. Water
(or hydroxyl group) appears not involved in the CO, revershility snce no water
adsorbed/desorbed after the first cycle.

The totad weight gain ranges from 1.66 to 2.02 wt% for the temperature ranging
from 150 to 250°C from the high pressure CO, sudy. In the next quarter we will
report the results from the MS andyds to determine the degree of CO»
revershility under the high pressure CO, environment. In addition the experiment
in the presence of the high pressure steam will aso be conducted.

The true degree of revershility has been determined in the range of 0.3 wt% CO2
at 250°C based upon the cyclic adsorption/desorption study up to 14™ cycles.
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List Of Acronymsand Abbreviations

HT: Hydrotalcite

ICP: Inductive Coupling Plasma
MS: Mass Sepectroscopy

TGA: Thermd Gravimetric Andyss
XRD: X-ray Diffraction
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