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Until recently, it has been believed that during adsorption and desorption cycles of 
molecular sieve pellets, the pellets have been passive participants in the process. It has 
lately been shown by others using X-ray diffraction technique that the molecular sieve 
structure undergoes expansion and contraction as a result of moisture content changes. 

A new thermomechanical analyzer (TMA) technique has been developed that allows 
the dimensional change to be measured continuously as a function of time and, con- 
currently, moisture content, thus creating an unique method for measuring adsorption 
rates. 

The instrument modifications (DuPont 990 and 943), collection and evaluation of 
data, and the sensitivity of the adsorption rate due to various parameters are discussed 
in the paper. 

A useful technique has been developed to measure the adsorpt ion rate of  water 
by molecular sieve pellets. This technique involves establishing a relationship 
between dimensional change and molecular sieve adsorpt ion rates. It  has been 
shown [ 1 -  5] that  molecular sieves undergo a structural dimension change during 
adsorption. The change has been observed on a unit-cell scale by X-ray lattice 
parameter  shifts, with corresponding macro-scale detection by dilatometry [3]. 
This change manifests itself as a volumetric change in a molecular sieve pellet, 
but  it can be estimated by a measurement in one dimension with a commercial  
dilatometer.  

After a molecular sieve pellet has been dehydrated or activated, it will expand 
upon contact  with water vapor. This expansion is measured by continuous re- 
cording of  the dilatometer probe displacement. The expansion continues until 
the sample has reached an equilibrium state with the moisture available. The curve, 
plotted by the continuous displacement of  the probe, can then be analyzed to give 
comparat ive rates. 

Experimental 

The equipment  used in this technique consists of  a D u P o n t  943 Thermomechan-  
ical Analyzer (TMA) module,  in conjunction with a D u P o n t  990 Recorder-Con-  
troller. The T M A  module has a moveable core linear variable differential trans- 
former  (LVDT) attached to a probe, which is operated under negligible load. The  
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movement of the LVDT core through the primary coil generates an electrical 
signal which is proportional to the distance the core has moved. The signal is 
amplified and recorded on the calibrated Y-axis of the recorder chart as the ab- 
solute displacement of the probe in mils. The X-axis records either temperature 
or time, or both, if both pens are used. 
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Fig. 1. Temperature scale calibration for TMA cell. 

The manufacturer claims [6] that the linearity of the LVDT should be within 
0.5 % of the selected scale. This was confirmed by comparing the manual displace- 
ment of the probe (by a micrometer graduated in mils), with the recorded displace- 
ment. The accuracy of sample temperature measurement in this system was also 
tested. This was done by scanning a sample of c~-quartz and reconrding the c~-/~ 
transition, which was observed at 570 ~ , in good agreement with the accepted value 
of 572 ~ These data are shown in Figure 1. 

A special modification of the DuPont 943 module was necessary to meet ex- 
perimental requirements for this technique. To insure efficient and reproducible 
sample-atmosphere contact, the purge system had to be changed. A modified 
sample holder tube was fabricated, consisting of a coiled Inconel-600 tube (0.056" 
O . D . -  0.046" I.D.) spiralling downward along the inside wall of the sample holder 
tube and terminating in the sample area. This system allows the adsorbate-laden 
gas stream to be thermally equilibrated before coming in contact with the sample, 
and also insures good sample-atmosphere contact, essential for successful opera- 
tion: 

The samples used in data collecting were a series of laboratory and Commercial 
bonded molecular sieve pellets. All samples were equilibrated at 50 % relative hu- 
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midity prior to testing. The property being studied was the rate of change in linear 
dimension as a function of water adsorption. This was used to compare differences 
in adsorption rate due to such factors as pellet density, pellet diameter, and pore 
damage or blockage. Although water was the only adsorbate used in this investi- 
gation, other adsorbates that initiate a similar response [1, 4] can be accomodated 
by the system. 
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Fig. 2. Typical TMA programmed temperature  curve (act ivat ion cycle). 

Moisture - 
equitibrated 

baseline 
51 ",, 

Moisture 
introduced 

Drg air \\ 
b(ise,~ne \ 

0 
i I I---- 

2O 

~0.2 mi is 

40 60 8O 

Adsorption time ~min 

Fig. 3. Typical T M A  moisture adsorption curve  

The testing of the molecular sieve samples involves heating a 50 % relative hu- 
midity-equilibrated pellet to 500 ~ in dry air flowing at 38 cm3/min, followed by 
cooling to room temperature in dry air at the same flow rate. A typical curve is 
shown in Figure 2. Once the sample has reached room temperature, a stream of air 
at 38 cm3/min containing approximately 20 torr of water vapor is passed into the 
chamber. The probe displacement, due to moisture adsorption by the molecular 
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sieve, is then recorded as a function of time. A typical curve illustrating this dis- 
placement is shown in Figure 3. 

The rate of adsorption is determined by taking the slope of the line tangent to 
the adsorption curve at the point equivalent to one-half the total equilibrated 
displacement. The time corresponding to this point is referred to as T1/2, or time 
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Fig. 4. TMA adsorption slope vs. mass transfer resistance in a packed column 

for 50 % equilibration. The slope is then converted to % elongation of the pellet 
per minute. The total time for equilibration, total equilibration being the point 
at which the adsorption curve attains a nearly horizontal slope, is also recorded. 
The total equilibration displacement is also normalized for difference in pellet 
size by calculating the 70 total change in the pellet length, from the activated to 
the tully equilibrated state. These four features of the curve can all be used in 
comparison of samples, but most emphasis has been placed on the % displace- 
ment/min value. 

Results and discussion 

The effect of pellet density on adsorption properties, as measured by TMA 
expansion, is shown in Table 1. As expected, the faster rate is associated with 
lower density and is reflected in all the rate-related values for this laboratory- 
prepared sample. The total change, measured at equilibrium, is the same, however, 
for both samples. 

Differences in pellet diameter would also be expected to give rise to different 
rates of adsorption, as illustrated by the data in Table 2. The larger pellet exhibits 
a much slower rate, reflecting its higher mass transfer resistance. The total per- 
centage change is again the same for both materials. 

Resistance to mass transfer in a given sample can be increased as a consequence 
of thermal or hydrothermal treatments. Table 3 shows these effects in samples 
exposed to both types of damage. The samples are the same as those used for the 
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Table 1 

Effect of density on adsorption properties measured by TMA 

137 

Sample 1 
Sample 2 

Pellet 
density, 
g/cm a 

1.26 
0.98 

Slope, 
expansion 

per rain x l0  s 

5.82 
8.28 

T M A  adsorpt ion data 

~t2  Equi l ibrat ion 
(halgtime),  time, min 

rain 

27.5 178 
21.5 157 

Total  
expansion, 

0.349 
0.340 

Data represent mean values of 4 to 5 measurements. 

Table 2 

Effect of pellet diameter on adsorption properties measured by TMA 

Sample 1 
Sample 2 

Pellet 
diam., m m  

Slope, 
expansion 

per m i n x  10 3 

1.6 13.7 
3.2 6.09 

T M A  adsor 3tion data 

Tl/~ 
(half-time), 

rain 

9.0 
23.5 

Equil ibrat ion 
time, min 

106 
187 

Total 
expansion, 

0.357 
0.378 

Data represent mean values of 4 to 5 measurements. 

Table 3 

Effect of thermal and hydrothermal treatments on TMA adsorption data 

Sample 1 
Sample la 

Sample 2 
Sample 2a 

Treatment 

none 
cyclic hydrothermal 

at 250 ~ 
none 

isothermal at 600 ~ 

Slope, 
expansion 

per ra in•  10 3 

13.7 

8.84 
6.09 
3.07 

TMA adsorpt ion data 

Tl/2 Equil ibrat ion 
(half-time), time, min 

min 

9.0 106 

11.8 114 
23.5 187 
40.3 183 

Total 
expansion, 

0.357 

0.276 
0.378 
0.274 

Data represent mean values of 4 to 5 measurements. 

pellet diameter  comparison.  There is a loss in total  adsorpt ive capacity, as measured  

by T M A  expansion, in these cases, showing that  the damage  has been severe, 

but  the change in adsorpt ion  rate clearly exceeds this. The  data  illustrate that  de- 

gradat ion  of  these molecular  sieve materials  occurs in stages, and that  they are 

damaged under severe t rea tment  condit ions [3, 7]. 
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The mass  t ransfer  resistance o f  molecular  sieve pellets and  beads  can be assessed 
by  means of  adso rp t ion  rate measurements  in an ins t rumented  packed  co lumn or  
bed.  Such da ta  can be corre la ted  with T M A  adsorp t ion  rate measurements ,  as 

�9 shown in F igure  4. The da ta  represent  3.2 m m  pellets with different histories,  and  
show tha t  the T M A  adsorp t ion  rate  measurement  reflects differences in mass t rans-  
fer resistance, and  can be used to make  quick and  convenient  est imates.  

The sensit ivity o f  the adsorp t ion  rate  da t a  to  changes in flow rate  of  mois t  air  
th rough  the modif ied  T M A  cell was invest igated with several  3.2 m m  Type 4A 
molecular  sieve pellet  samples.  Table  4 shows the result  of  successively decreasing 
the flow rate  for  four  test cycles, f rom 38 cm z per  minute  to 9 cm z per  minute.  
Similar  da t a  on ano ther  pellet  sample  are shown in Table  5, where the flow rate 
was successively increased.  

Table 4 

Effect of moist air flow rate on TMA adsorption data 

Cycle Flow rate, 
cm n per rain 

38 
28 
19 
9 

T M A  adsorpt ion data 

Slope, 
expansion 

per min x 10 3 

6.83 
6.91 
6.46 
0.98 

TI~ 
(half-time), 

min 

21 
20 
17 

140 

Equil ibrat ion 
time, min 

235 
215 
154 
515 

3.2 mm type 4A pellet activated in situ at 500 ~ before each cycle. 

Table 5 

Effect of moist air flow rate on TMA adsorption data 

Cycle 

1 
2 
3 
4 
5 

Flow rate, 
cm 3 per min 

9 
19 
28 
38 
19 

Slope, 
expansion 

per m i n x  10 3 

1.79 
5.64 
6.19 
6.05 
4.54 

T M A  adsorpt ion da ta  
I 

Tlr2 
(half-time), 

min 

124 
33 
24 
21 
29 

Equil ibrat ion 
time, min 

294 
160 
165 
200 
178 

3.2 mm type 4A pellet activated in situ at 500 ~ before each cycle. 

These flow rate  results  ind ica te  tha t  the test is bu lk  mass  t ransfer - l imi ted  only 
a t  mois tu re - sa tu ra ted  gas flow rates below abou t  20 cm 3 per  minute .  A t  very low 
flow rates,  the expected large effect is clearly observed.  A t  h igher  rates there  is 
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little effect due to modest variation in the flow rate such as might be expected in 
normal operation. These data provided the basis for selection of  a standard flow 
rate to be used in the test system that would not significantly contribute to measure- 
ment error. 

Conclusions 

Combining the factors of rapid, inexpensive sample testing, small amounts of  
sample, and correlatable data, this TMA technique can provide a useful tool in 
the investigation of the properties of molecular sieves. 

The data obtained from the described TMA technique were related to data f rom 
other sources on the characteristics of the studied materials. The technique showed 
how high-temperature damage to a molecular sieve pellet could cause a drastic 
reduction in adsorption rate, and it also showed that the equilibrium capacity was 
only modestly changed. This type of information can lead to a better understand- 
ing of the mechanism of high-temperature damage. It  appears that the damage 
causes pore opening obstruction or reduction in some manner, but does not greatly 
affect total micropore volume until the damage becomes severe. 

A sample known to have pore obstruction, by other measurements, showed a 
reduced adsorption rate, compared to the same material without pore blockage. 
This shows that the technique could be used as a screening tool for pore obstruc- 
tion susceptibility. 

The technique also showed comparable data in mass-transfer resistance due to 
pellet diameter and pellet density. A higher rate of adsorption was observed for 
the smaller diameter pellet, and for the pellet of lower density. Once again, the 
technique demonstrated variance in rate of adsorption, but showed the respective 
total capacities to be about the same. 

It appears, f rom the study of the data collected, that the TMA technique of 
measuring rate of  adsorption can be a useful tool in determining properties and 
in identifying potential problems. Also, as compared to other methods, T M A  is 
a faster method requiring only a small amount  of material for testing. 
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R~sur~g -- Jusqu'h tout r6cemment on pensait que lors des cycles d'adsorption et de d6sorption 
des tamis mol6culaires, les particules des tamis 6taient des participants passifs. Depuis peu 
de temps des auteurs ont montr6, en se servant de la technique de diffraction des rayons X, 
que par suite h des variations de l'humidit6, la structure des tamis mol6culaires subit des 
dilatations et des contractions. 
On a d6velopp6 une nouvelle technique d'analyse thermom6canique qui permet de mesurer, 
en continu, les variations de dimension en fonction du temps simultan6ment avec la teneur 
en humidit6, cr6ant ainsi une m6thode unique de mesure des vitesses d'adsorption. 
Les modifications apport6es h l'appareil (Du Pont 990 et 943), l'acquisition et l'6valuation 
des donn6es, ainsi que la sensibilit6 de la vitesse d'adsorption due h divers param6tres sont 
discutbes. 

ZUSAMMENFASSUNG - -  Bis vor kurzem wurde angenommen, dass w~ihrend der Adsorptions- 
und Desorptionszyklen an Molekularsiebpellets, diese sich als passive Teilnehmer an dem 
Vorgang beteiligen. Dutch andere Autoren wurde unter Anwendung der RSntgendiffraktions- 
technik gezeigt, dal~ die Molekularsiebstruktur infolge yon _~nderungen des Feuchtigkeits- 
gehalts Expansionen und Kontraktionen ausgesetzt ist. 
Eine neue thermomechanische Analysentechnik wurde entwickelt, welche die kontinuierliche 
Messung der Dimensions~inderung als Funktion der Zeit unter gleichzeitiger Messung des 
Feuchtigkeitsgehalts gestattet und somit eine einzigartige Methode zur Ermittlung von Ad- 
sorptionsgeschwindigkeiten schafft. 
Die Varianten des Instrumentes (DuPont 990 und 943), die Datensammlung und -verarbeitung, 
sowie die durch verschiedene Parameter bedingte Empfindlichkeit der Adsorptionsgesch- 
windigkeit werden in der Ver6ffentlichung er6rtert. 

Pe3~oMe -- ~o  He~taBrIVIX hop C~HTaTIocb, ~ITO MOYleKy~ffpHbIe CI-'[TOBbIe rpanym,~ SBnnnWCb TO~b- 
KO HaCCHBI-IbIMH yqaCTHHKaMH B npouecce a~cop6IIHOnHl, ix 14 ~ecop6~HOHHbLX ~h~YiOB. COBCeM 
He~/aBno, HcnoJn,3y~ peHTreHo-~HqbpaKLII4OnHbI~ MeTO)/, ~I~IYIO noKa3aHo, qTO MoneKynapHbIe 
CHTOBbIe cTpyKTypbI no~Bepra~oTc~ pacmnpennIo H C~aTH~O, BcJIe~CTBHH H3MeneHrifl co~epma- 
HH~I BYlarn. Pa3pa60TaH nOBbI~ MeTO~ TepMOMeTpnqecroro aHanri3aTopa, c nOMO~rO rOTOpOro 
143MeHeHHC pa3MepnocTH MO~I<eT ~I~ITI~ 143MepeHo HenpepbIBHO KaK ~byHKIIHg BpeMeH~I H, O~HO- 
BpeMeHHO, co~ep~anne B~aru. TaFO~M o6pa3oM CO3~aH yHnKa~HbI~ MeTO~ ~YI~I H3MepeHHII 
CKOpOCTe~ a~Icop6~Hm B CTaTI,e o~cy~ls:,~eHbl MO~II'Iqb/~II(aI~l,l/4 HHCTpyMeI-ITOB (~IOnOl-i 990 H 943 
Mo~eYlH), c6op a ouenxa ~/aHHblX, a xax~Ke ~IyBCTBI4TeY~t,HOCTI, cKopocTH a~cop6t~uH, o6ycnoBaerr- 
Ha~ pa3YtHqHbIM~I HapaMeTpaMH. 
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