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Abstract—The adsorption ana ‘desdrption properties of water and breakthrough curves of dichlorodifiuoro-
methane - water system were measured on zeolite NaA, CaA, and activated alumina to see the adsorption
characteristics, which are effective for the separation of water from dichlorodifluoromethane-water mixture gas.
The adsorption isotherms at low equilibrium pressure and the temperature programmed desorption curves of
water were measured by gas chromatography. The separation of water from dichlorodifluoromethane on
molecular sieving zeolite A has been found to be more effective than on activated alumina by comparing
breakthrough curves which were determined from the measured isotherms. [t may be ascertained that NaA is the
most effective adsorbent from a standpoint of the regeneration by desorption process, although CaA adsorbs
water more than NaA.
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Fig.1. Schematic diagram of apparatus for
adsorption breakthrough curve experiment

1. Freon-12 cylinder 2. Needle valve

3. Flow meter

4. Water vapor saturator

5. Constant thermal bath

6. Adsorption bed 7. Gas chromatography

IRERE < 80~220TC W elolA e B 0,14
~0.2g, FEERMAFY FEL 23~30mi/min 2 3}
oh BEEEER-S 40Tl 300T 7R RiEF 6~20
T/min ¥ $loll 4} fh o] B 0.05~0.1g [AIfERE
o] FE L 15mi/ming 3lo] EHEsI ok

2 - 3. BoRehig AT
iM% 99.9% 9] dichlorodifluoromethane & Fig. 1
o e RES S —Ed HREe] koo

o 4
=

H 3+ water-dichlorodifluoromethane & 7}~ B4
Mg ubgo] IFEE HAs A WHEFLS NE
o] 3.7mmeoli Zo|+ 13.9cmel UFE! Pyrex &

A-gsld ol EE MO oha ke --ERE

(o}
=
fflvtc} gas chromatograph® 73#r 31l ch,

3. /R % B

31, EMERE

ode}zbz REAC] cfsted 130Tl FEH 5
o IBEEFRMR S Fig. 229} oo Fig.2bole F
i 10mmHgoll T3l MRS vpebugl EM
°LEDM°ﬂ vl Al Feto|E AVl [F—3F FhikRo)
A BERS 2 ed ol £33 CaA
= [i% o] 2 %R (5 o] 28 /unit cell) 7} NaA o
Bla] 50% 7} A 1 kel HHFLERE o] s Ee] ok
(3]. 21l Pmol-Zol 7}xl= HERS ) Ll 5
olg¥ct 227 (56) WERRS CaAvl NaA M
ot HFRlEe s @ 4 9ok 22y Fig 2bo] S
ol Al & 4 olKol R MMTS2 W

ES
(5]

L=

A
T



NaA, CaA # Alumina#tell 4 Dichlorodifluoro methane % 2|

71a) Isotherms at 130T b) Isobar 7
CaA -

5 NaA . — H,O 10mmHg
;‘z .
<]
E 3 CaA 3
& Alumina NaA

1 /// ., ] 1

0 . Alumina®~___, —

50 150 250 100 200
P (mmHg) T(C)

Fig. 2. Adsorptions of water on NaA, CaA and
activated alumina.
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Fig.3. TPD curves for NaA, CaA and activated
alumina.
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Table 1. Frequency factor and activation energy
for desorption when n=1.

Adsaorbent A(1/sec) E 4 (kcal/mole)
NaA 255. 4 55

CaA 83.6 5.0
Activated 2.5 2.4
alumina
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Fig.5. Langmuir plots for NaA, Cz A and acti-
vated alumina at 40C.
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Fig. 6. Adsorption breakthrough curves for water
vapor on CaA(O) and activated alumina
(®) at 40C, P,=19. 76mmHg and carrier
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NOMENCLATURE
A : frequency factor
a : solid-phase concentration of adsorbate,
mmol/g
a, : value of “a” at equilibrium with feed
concentration C,
C : concentration in fluid, mole/cm3
C, feed concentration, mole/cm3
c* adsorbate concentration on the solid sur-
face, mole/cm3
E, : activation energy for desorption, kcal/mole
K, adsorption equilibrium constant
k mass transfer coefficient, cm/sec in Eq.(4)
k, : rate constant for desorption

Am
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n order of desorption process
P partial pressure of the adsorbate, mmHg
P, partial pressure of adsorbate at inlet of
the column, mmHg
R gas constant, 1.987 cal/mol. K
T temperature, K
T, maximum temperature, K
T, initial temperature, K
t time, sec
t time following the arrival of a fluid par-
ticle, equal to t— (x/u) sec
u velocity at which the pattern moves along
the bed, cm/sec
v average fluid velocity in the interstices
between the particles; note that ev is
superficial fluid velocity, cm/sec
gas volume adsorbed, cm3/g of adsorbent
X axial distance along the bed, cm
a interfacial area of solid phase per volume
of bed, cm?/em?
B heating rate °C/min
€ fraction void space in packed bed
7} coverage
Py bulk density, g/cm3
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