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Abstract— Temperature Programmed Desorption (TPD) and static chemisorption experiments were carried out to
find the best adsorbent for the economic separation of oxygen from air via the selective adsorption of highly dispersed
metal crystallites. Co, Fe, Zn, Cu and Pt salts were impregnated into silica or alumina, calcined at 400°C and reduced
at 500°C to prepare adsorbents for the separation of air. All the metals except for Pt desorbed oxygen very little, in spite
of large amount of adsorption of oxygen because of the formation of stable oxide. The amount of adsorption of oxygen
on Pt/7 -alumina increased up to 480°C, but started to decrease above 500°C. Maximum desorption rate of oxygen
from Pt/ 7 -alumina was obtained between 500°C and 600°C when oxygen adsorbed on Pt/7 -alumina or oxygen
atoms in surface platinum oxide compound were desorbed by raising the temperature. The amount of oxygen adsorb-
ed on Pt/ 7 -alumina did not decrease much after the cyclic operation of adsorption and desorption.

LM 371 o) wtewd ol aelm gt AE o

(membrane)oll 218 3} lazz] Sof sz A4

e Zofol] o3k Abk B Aae] el Aze U AP Afelelze A 3 w2 AFe olgd
FRo 2 Felof Faol $EHA YA ¥t A pressure swing &4 Folch, dagze] AAHoR

337



338

21%14 28% = -3t

dgoll ofg A dFabat

715 AEsk 3
w77k 0] Kes]
40%9 oz
285k 718 AREsh Fe
gredeks odonld CO7| wol oM C, ety
o] elg g AREE & 9ok

zeivt KEFR=E[1]ol 2lsb= o] pressure
ol izl 497}b 1,2-1, 2kwh/Nm?(0,)
eb¥-2] 739 Ohka[2]e] Baol ozl
ae{[1. 1kwh/Nm?*(0,)], = =3lo]
FHa olek, eloll, olvx] Aekel AHox] A HF%
blast furnacevt Al®IE F42| furnacedllA olo]
AP o] &ste] R H =4 T}‘%"’XH Abd 9]
o gk Fatz o lol§ olfdle] 1 A
AlA Halgl 37 A z2E 4 temperature
swing % BAS ol #{gk o]
o] Bio]

AnA ]
2o 2o
12

gl £4 74 Eow

vk,

e 5} A

a-
5]
—J

%o
[}
o,

405

>

)jd
mi
e B o o,_

}-r\
kR

= OI_‘:_

2 T AT
ZA Bl

erate s Abgol 4

= &t

]

Ao
sleld,
1}2] ¢tolo} 5lni, temperature swing|
7] Sl Fas b e o) afolsl Hojof gt
B ool M golzte AdAlg

oa'i

2]

&

h=
> o=y

AR B4 Adet

7] $1sted Co, Zn, Fe, Cu, Pt 55 d-Fup} == A
2] 7bol] A A 25 F2 o B AHeg v 2T
et
2, Al )
-1, §XIEH M2

Al 241 Strem Chemicals, Inc, #&<l SiO,
United Catalytic Inc, 2 A%<l 7-%Fo|} pellet
£ #Hgskoleh, ol 45/60mesh®] 7HF-2 abE & A
Z7)o) ¥.3}sl9 T ko] 4.2

slate oke] 2SS
43 3Rtz Hasd @ % Rot

Aol e $
a-vapor Zx|5 AREsled 80CoAM E& FUAA &

=4
““% =] &]7] & 244)7F E92t drying ovenoll A %

Hf& % Y2 (furnace)olA 715 FelwA
4"] 7k Fk 500°CollA Helshed AAdsIsdct,
2-2. 52€3(TPD) EX ¥ AH
AP A= Fig, 13 7ol AA AztEglon,
carrier gasz+ dE5 A A7 1=
Varian(Series 1400) Thermal Conductivity
Detector® AH&siaich, Agul & ¥A Azd =24
4% quartz 47l ¥ Fa3 EslelA 2417k

Hetost K267 M43 19887 8H

Metering Valve
Hy—%——
(7} &

HE—H

Three-vrlay Valve

[ Vi

7 ent

= ey .
Gas - Selection

Valve Vent
T Constant
-ITqrzzpsré.tH!?.B.ath .
: REF. :
SENS. . UC"“
Cold ... ———— . Trap
Trap Cahbrated Thermal
Conductivity Cell .
Heater |
Temperature @
Programmer

Fig. 1. Schematics diagram of TPD experiment

set-up.
ol 400°CollA] $H21A]7] & Zaly] £so] Elabe o
& 5 5ol 3087k AES ERd, o|F A
£Hql AgaEsolla FAEsE 23T $ A4E
30cc/min £52 307F ZeHAM F2A17] F AR
© g }7tslod temperature programmers ©i-E, 2
52 10C/min® £58 el AgS daiqict
2-3. EEAE
7149 F2L s dubHal static FEAE7L
o] &5l9lw AFE rotary pump®t diffusion pump
2 o|gs4 10-°torrE SRSt Aol 3UIE
Aojg BE 7|AE A2 Foler] Hel oxy-trap?t

molecular sieveZ E3}slo] 0,, CO,, H,& 7%}
b4l F71% molecular sieveshs 53}A]7 A

jl‘?
H,0, CO, %28 A7sgct Age 72t shxgd%
£ 400°ColA FLB B3l A7 F 7 Fabes
ol 4] 7|4l &2 eloict,
3. Z2 o o
3-1. TPDOl 23t & 250 wWE Pt/ 7-alumina

o gxs w3

Fig. 2(A)< FaS 25ColM £33 Hel
10C/mino % & <8 7t 22 TPD
spectrumelt}, 364°ColA T,(peak temperature)

ne

w 2
55

% 7MA%E band(1), 600CH Tn2 7Ft band
(I1), 670Cel 4 Tn,& #Z-& band(Del A7+

Reactor



A Al E3 kel o g F7] el 2Ll

610

(D)

400

TCD Signal Intensity

i L 1 1 1 d
0 100 200 300 400 500 600 700 800
Temperature (°C)

TPD spectrum of oxygen adsorbed on

Pt/ 7 -alumina at 25°C.

2(B). TPD spectrum of oxygen adsorbed on
Pt/7 -alumina at 200°C.

2(C). TPD spectrum of oxygen adsorbed on
Pt/7 -alumina at 400°C.

D). TPD spectrum of oxygen adsorbed on

Pt/7 -alumina at 500°C.

Fig. 2A).

band’F st & A7k Az & 0,9 &3
site7} TS oF 4= et 25ColA F24]71 73
Soll= 100°C 2} 200°C Atololl A intensity”} 2+ band

7} goled oL Ptrl whx|Ez| %2 aluminaol
0.5 25Cold Fa471n $&ekad-g 51918 790
dojz]= bandel Z7|9F Y2 Holx] obFa|r}, ok

Aol §2t=|ichr} ehate) e abag Al zbo] o},

Fig. 2(B) & ¥ 85 Ahto} 2000CH4] A &4
7 7% 32 bandel (I)o] °*°12h v={%] band
(I), band(I)9] T,% w3 }ﬁ}% = 4AT ? %
Ak, A=} A3 2 FHA
(el glolzls AL gabgae] e 2o ofF
ofd 4 9lemeg Fyixoze H}%L%'f& delzta 4
Ztde}, Fig, 2(C)& 400CollM A4S F3H417] 7%
qldl, o] 73%-f

o

3]
s

Sl 339

rJ

pLag-

(Tn=400C)sl ¢1 t}2 band52 shoulderzut
slodct, olF A AlaE Aol FEAY 7o o
o]zl #4 band7t §H-25E 200CH 400C2 s}
Tol& Wil 1 9129} intensity’} BlatE AL e F
7k E Aol = 4 loh 200°C e 400°Col A 0,7}
FAstEEA PtAte] Fz7F ubR A Fadof
suboxide compound’} 4719 0,2 &% bande| 9
%9} intensity7} ®BlHolA 4 glr}, Yeates E[3]2

Pt/7-AlLOsoll 218 COAMBFRS- ol 7ol 4] mgtol) 4]
93-5% 71 oscillations] = 7-& L7AsIAch, olelEl

#apel ficlog ubg-2x9l 180CoN4 Pt suboxide
7 E2AEE IRE Fostoint, webd 200Cel+ Pt
miel suboxide”t #74 0,9 & bands} Aol 4]
0.5 3412 %92k =4 "Hoh 400Ca14 0,5
271" suboxide layer?} 4#3led bulk oxide
layer@ ®}#o{4 Bl band’} oxided 2aflof <3l
ol Fo| yle band% ulFoxie}, Sales 5[4]S
Pte} Abshibg 75 dhdedl 1309 330°CAbolof
A Pt &*‘*’ 48k47 o oxygen up-take’}
logarithmic growth lawell 2Jai4 Z7}58 v 3}
otek, =gk Ab4o] F3bo] activated chemisorption

> ['

ol el 3ol Wshx] gbriels 4kaebd band7}
HE 4 olch, Zowitak 5[5]% wx] Tule Zoje]
4% Hy, $42 = w2 TPD band? W55 2%

rlr J

ol
Sk

1o N 32 Ho mt
rir
2,
(=3

bt

Hz F#te] activated chemisorption
Adedsidrt, Aben $(6l= +4 F
ofl wb2 TPD band¥] #3315 B v3ic),

Fig, 2(D)< 500CellA} Ak 85 22]4]7] 7499
TPD spectrum®® T,°] 610CZ Z7}ebi of$ v
= band% #4skz oA 500CelA Aksi= Ptof
4k$-3le] Pt oxide bulk7} HAE|: 7oz Alzty
o FAEEgl 500CET WS 2xojd Bhatsi
band7t aEz] ¢kgkel, o] A= Berry[7]9l Pt
wires 7kl AMEES- 5§48 PtO,o] Alsebab
shg7a kel A xska 9k, Berrye Pt wire® 1.3
atm®| Ab&3lol| A 450~ 600°C Alo]oll A AlElale <
gz ZAsiodch 500CHE FAsA
=7} Frhslel Al 530°CH-TelA A wk
ZF 7kxw, 580C olAtoll4l& Abspuke < T 7} (o]
= e 1’%&‘214. é 45 Pt oxides} 23 =

doluil seh,

£
a
L 0
o
—-
[U.u_

o
rlm

o

PtO, Pt+0,
fA2HEE Berrye] Aol vlmslod wud 500°Cel4 4

HWAHAK KONGHAK Vol. 26, No. 4, August 1938



3-2. TpPDOl 2|3l Fe/Si0: Cu/Si0Oz Zn/SiO.,
Co/Si0,8] AtAEHENS dlm
de]7tol] ex® Fe, Cu, Zn, Cool Ak

% AL Q.

O -y
2000, 400CoIA] F2A17 Foll 4e-te) oocv}zl
ebzhg 4)94] qlojz]= TPD ~¥Ezls 247 Fig
3, 4, 57 6ol vpehigleh, sbabels alaof OM e
%ol 100% $AEE 7 3

497} &ofet elabg]is
Table 1o vtebH ATt Pt°l %ﬂl Faes s §
2 o] utet EL"LEkOl Frhsldd e, of e55e %
salednt, cholEaglxiel wrals]s Alsol LT Pt
of] ] & 4] 1/10 1/30 Aol e sk,

.
‘B

:

E (A)

= (B)

5 e
[47]

2

]

=

Ty L L

1 1} 1
0 100~ 300 400 500 600 700
Temperature (°C)

Fig. 3. TPD spectrum of oxygen adsorbed on Fe/
silica at 25°C(A), 200°C(B), and 400°C(C).
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Fig. 6. TPD spectrum of oxygen adsorbed on Co/

silica at 25°C(A), 200°C(B), and 400°C(C).

Table 1. Amount of desorbed oxygen(V) for
various dispersed metals as a function
of adsorption temperature.

V(ullg adsorbent)
metal support

25°C 200°C  400°C
Pt(1 wt%)  7-Aly03 195.2 347.2 387.5
(0.170)  (0.302)  (0.337)

Fe(3 wt%)  SiOq 194.2 110.3

(0.016)  (0.009)
Cu(3wt%) SiOq 114.2 110.3 91.0
(0.011)  (0.008) (0.009)
Zn(3 wt%)  SiO2 91.3 81.7 84.0
(0.009) (0.008) (0.008)
CoBwt%)  SiO2 145.2 142.3 102.8
(0.012) (0.012) (0.008)

( ): Number of oxygen molecules desorbed per single
metal atom.
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Table 2. Standard Gibbs free energy changes
(kJ/mol) in the decomposition reaction
of various oxides as a function of tem-
perature.

Temperature (°C)
200 300 400

NiO=Ni+1/2 02 196.2 1873 1784
Co304 =3C00 +1/2 O 1254  108.7 €1.7
3Fes03=2Fe304+ 1/20; 173.0 160.0 145.7
Zn0=2Zn+1/20: 300.9 291.0 2612
PtOz = Pt + Oy 78.3 57.6 36.9
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