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Abstract— To use copper oxide as a dry desulfurizer the reactive adsorption capability was evaluated after it was
impregnated in three types of spherical 7-Al;05 possessing different pore size distribution.

As aresult, it was found that the reactive adsorption capability has a close correlation with the pore size distribution
of the carrier, and that the carrier having even pore size distribution was able to impregnate copper oxide in high
concentration.

In this study, on the basis of unit reactive adsorption capacity, the optimum conditions were found to be the reac-
tion temperature 450°C, the sulfur dioxide concentration 2,000 ppm and the impregnation concentration of 6 wt%,
which was evaluated to the maximum value of sulfur dioxide 5.10g per 10g of CuO when the carrier ALO-3 was used.
Based on the adsorption treatment capability, the carriers, KHT and X-5, were able to adsorb more sulfur dioxide than
ALO-3 by 1.15-1.55g per 10g of CuO in the impregnation concentration of 14 wt%.
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Table 1. Comparison of chemical components and
physical properties of 7-Al1,03

Supports KHT ALO-3 X-5
Composition (%)
7-Al,04 95.8 93,\.7 95.6
Ig. loss 0.0 6.0 1.7
Fe,0; 0.1 003 0.1
Si0, 3.8 002 23
Na,0 0.3 025 03
Physical property
particle diameter (mm) 3 3 3
surface area (m2/g) 33 123 25
pore volume (cm3/g) 041 0.52 0.33
true density (g/cm3) 3.8 5.0 34
packed density (g/cm3) 1.45 1.38 1.24
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Fig. 1. Experimental apparatus.
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Cumulative pore volume per gram %
vs. pore diameter (microns)

Maximum Intrusion = 0.4107 cc/g
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Fig. 3. Cumulative pore volume curve of KHT type
AlL0;

Cumulative pore volume per gram %
vs. pore diameter (microns)

Maximum Intrusion = 0.5227 cc/g
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Incremental volume per gram %
vs. pore diameter (microns)
Maximum Incremental Volume= 0.0272 cc/g

" 0 ] nm " 508 i m s 01 L
| ST Lovvnia | FTTT | FEYPPPYPN ) CRPIP ) PRPPITIN | SETOTH | O ) PR Torcarne I

300- - e
5 -1
83- -8
43- - i
13- -1
-1 -8
N Rl ieisdiacetilizitii]
G- SEREBATEERENISEERIITITLIIILILINILERIILNY
E
1 gl B
~ 53 X
— | S9-AEEERBISTOROISIIRIISIILEI R EERII ORI 1S .
3 . Y
QL LT2-ABERRENIRRRITLRERITECRTATTASIASLOLRIN IS ,
=] B e e .
SEERIRT IR REREIITLIERY 8
Kt 0 sHevesssseantreseanse Nl
Bl R tteeid .1
| 502-sa8sesasste - 0.50
9 L 392-snveannisens - 018
e J01-sastesvaseenanss - 030
[=] 3(0-sasseatniseenans - 0.0
o, L [48-0988eanastesars - 0.4
lﬂ IR ERENSRE Rt
S- 413468891 ERRASEREINILY -0l
um AINREERIBERTITIINRIIINE .41
. 0103-sasseesaseessaI seenIIARS - 000
IR T - B0
L Q428-$IATESBITERIEAILEESITAEENNIINIE) - LY
G135 SREBAERRIERRIISINEII RIS RERIISNE - 0.0
B e e - na
R - 1010
. 160-KOSREREOIEREILIBREIAIERRAISELELITELNLYY - L0160
| 0L15- HHERERBIIEERIILEERIIRRSASRERII ALK i
0.00481- SILSSEIIE RO ERNSE IS EORINLLEY - D.00H]
0. 0876T-Ss38EB0RRITRRRIIBERMRIN SOV S EERIARLEIEN) - N
m« - D006
RO FOMRPRNIS (TP ¢
" n m .3 " n m L3 “

Fig. 6. Incremental pore volume distribution of
KHT type AlL,0,.

Fig. 72 ALO-39 Alg&#zxE = 7iald 90
-5, 5-0,15, 0,15-0,006m 4 oz B{F3 4}
ot aEldl Fig, 78 7|22 dho] & o ¢ m
ste] AlggAo] B RS AR AdeS o+

(<)
ik, m3F o] 72 Table Iof WERst vl = o] Gho]

—
x®




A4 232 AE Cu0/y-ALO, FAAe 24 BAzA 771

Incremental volume per gram %
vs. pore diameter (microns)
Maximum Incremental volume =0,1205 cc/g

L 4 = = »n [ = [ 3 = o ] lom
1 (] I [ 1. L. 1 i I L. I
- - %0
n .
- - 18
W -1Q
3] -1
B -8
12 .6
48 - 8.
L8 -
4 .
.1-% -
18 -
» -
i :
e .g: -1
3 im i
e 3-8 -
O 8- -2
4 . [9-060 =)
L - §
E 1y -1¥
2 e .i‘i)
s iy
D 050 - 052
5 0 ‘0w
AL 0.3 -0
M-t - 0.0
108-sxeete .18
) [{1-seseane - 0147
[5-satentss -0.118
091 -steseint - 0.0897
R e eesd - 0.0m2
| (549-ssssaistt - 0.0
] -0
Q3 ssaasstanss - 0.0%
K- 2 ] - 0,08
| S-SR - %
. Q10-Set ISR IataNt Ly - 0.
L% - 0015
000881 - 0.00%8]
0.00%?- - 0.00787
4. SRR - 0.0050
L I L I (! I 1. I I 1. I
L § i = n L} E [ ] =~ -3 o lox
Fig. 7. Incremental pore volume distribution of
ALO-3 type AIZO;;-

ohE 5 Age] ek A 22 Aol 2¢H F 9L
ke 7hsAE AFh] Fo

Fig. 8& X-59 Ag¥25s 2 A9l
-0,2, 0,2-0,006,m 4 ddog FFI
KHT ol ulizted 90-5um Atolej Alg84E27 &
5 sk E5 o 4 ek

Fig. 6-82 defl Abshge] ©xl" + 2le 7|&7
Z(basic configuration)& viERA® 0|71 2 gl
Agse} @xjebe vhg-Faare] alolE vepd F 9l

5 M A B e
ez s ol upe} ARz Ee] Wiy} vehdAl sk
Fig. 9+ KHT & Al3$Esqld A5 AT
A5 Aol ehsled AlZ27]e] Fiol did 249
Zxo| k% zal el Aol wAlslx] & T
o] AlZEzo s} 4EEe "HAlEE 4, 10
wt%2 xﬂi’#i‘i—é’— vl waledct, 50, 000A (5um)
ojarel Agal AL wAEE Frlel e} Fo|FH
Abol »}EMZID& 4,000A (0,4 4m) olstel 4132l 7
o Zolk dabuch AHFAY FEe] gtagAde] F=

ez Al vhebleh,

Incremental volume per gram %
vs. pore diameter (mirons)

Maximum Incremental Volume= 0.0310cc/g

] [ m " i s L4 m L L (]
Loeoalanadidindannandicdionenicnedinnd el

I;:m -1

G- stesassenanse
(G-IEERABERERII RS IREERI SRS
Q- SIS ER IR OB Y

i

Ar-ni -5
59-vearts et
53 ssanase 5
(]

1

. 19- ERECASEREENBESEERAS RIS LSRN IRSSI LIRS
T

JH-teenstestatanastn )
[5-ateenatbesnsnrnaNe 1

, 10T-993¢e889 - §¥
- eantens e
 |§8-+9stess .

. 1-s00tes i
. L[5-sassese - 0018
. 0891-sxeasees - 0.0897
0103 -ssvatesey - 0.0102
D544 baaesenen) - 0.058
. M14-pssasresas .29
.0336- seasassessasy 0136
,0262- shssRRENERISSE - 0,082
.0205-SHesanspEIMISLE - 00005
0160-Fpmmnsrsenar (60
125-steemassessnsseens 012
0.0008]-ssermastesasisan - 0.00981
owm ALERFIS RSN ELSY - it
9.00600-A3trsast xRN TeRRINEE - 0.00600
Lvcconlii L

L T ™ S I " ST

Fig. 8. Incremental pore volume distribution of

X-5 type Al,O,.
0.3 —
—O—O~: Untreated7-AlyOg
—A—o: Impregnated 7-Aly05 / l\,
(4 wt%) ﬁlé\ \]
0.2| —3—(} : Impregnated 7-Al,03 i\,
(10 wt%) IH \
:c Surface area; 33 m?/g | /I: ‘\\~
33 Porosity; 0.41 cm3/g /% I,' ; \;ﬁ
3 o AT
Lo fxy Y
W R |’ |
“.‘l;\ )
0.0

2.0 3.0 4.0 5.0
Pore diameter, log r (A)

Fig. 9. Comparison of pore size distribution of
KHT type on impregnation concentration.

174 AdalEel A4S wrlssol ufel dlge|
shx| gl Abshge] Follol ofshed *ﬂ%’— 7|7} FolEx|at
v gl gal A AlF wilE el osted FolnE A
FAA o] g HelFEc,

Fig. 102 24559 w3l w2 ALO-39 A5+
Z52 £ A3 Aqlwl KHT ol vlamsted 1,500A el
Ble] v AlHlFof HFH o] 9lov g glxFre] Ftel
upz} AlgAE SR A o] A= A

ol £
el

o

il i I
sich, oleit $H8 Al LFEE AR A
247 e FREFE A £ Ue AT

HWAHAK KONGHAK Vol. 27, No. 6, December, 1989



772 A4 - 453

—O—C—: Untreated 7-Als04
1.24: ——,x : Impregnated 7-AlyO3 (2 wt %)
-3 : Impregnated 7-Aly,O3 (8 wt %)

=080 * Surface area; 123 m¥g
& VO - 3
k=) Porosity; 0.51 cm?/g
d
>
<
2.0 5.0
Pore diameter, log r (A)
Fig. 10. Comparison of pore size distribution of
ALQ-3 type on impregnation concentra-
tion,
0.3 )
—O—O-: Untreated 7-AlyO3
——-: Impregnated 7-Aly03
(4 wt %)

0.2t T Impregnated 7-Aly03
= (10 wt %)
g
g Surface area; 25 m%/g ?\
3 Porosity; 0.03 cm3/g )

0.0

2.0 3.0 40
Pore diameter, log r(A)

Fig. 11. Comparison of pore size distribution of
X-5 type on impregnation concentration.

Ag 4 gich,

Fig. 11 shxlsxo wsfol] ab2 X-59] AlF3-¢2
£5 £4g Aoleh, KHT ol ulizslol 50,0004 el
ol Algo] AAeh AAel Egol A4 wrsel g
A7h R 4 QA FEE vIEU o] Hoby]

\
Fro) gl ¥AGH Aoz Yl gHles

st o] gpxlpEol bl MFEEre] Wshs

& §2 %S ATehe 7] - 1A el HH DA

FE Agel 08 9o g F4UE B
A2 olgehe A9 ATEEL ol I v} )
tH22-24].

webd ol W FAHE Slstel ABHES

SIS ES MI2TH X6 1989 123

ik - 22
// Impregnated CuO
ry |
Tor /\KL Sy Iy
L J
N ! Lp 1
0
ry

Fig. 12. Assumed model of cylindrical pore in the
reaction of SO, and Cu0/?-AL0,,

o
oft

gh 2 o] -g-54= 7-AL O VAL AAIE A
+ree geis aejshe glo] eldsieta ggkdeh

r_&i

1-2. MIBREZE O[S8 HXIFH oS

APSHE ) obdhabrbaslbel wiSvFE ol ot
[20].
2Cu0+S0,+1/2 O,== Cu0-CuS0, (A)
Cu0-CuS0O,+50,+1/2 O;==2CuS0, (B)
(A)Ye] ubge (B)o] uks®ch x4 g=Aie]l=t
(pre-exponential factor)3ke] 158 Hxi =0 3
dsfefa] gre 2 aelvt gle Aoz dag|elc)
(17]. webd =5 A4 (B)9 ubgols] o|we
g L gl 300-450C Wl How wasol
c},

AR} ofghabrbae} dHEEE A4S HAHES
qhgo] Adfgoll wpe} AlF27]7l Folge AlshE
59 7AAA 87 Fokdket, ghAlue) A Fo] =
I AbsRgo] A ATAR ghAs s Al Fue] o}l
o gEtEt stk Fig 1294 22 9
& 7HE 5 ol
obghalrtaet Abshgo] kst Alshs FA|A a
o ahg dhabgel AlHo] HAslcl,

i

e B

o
o

aV, =V, (1)
od7]4 V, & 4haFEe BAE, Vv d4bsel 4
oled = ke 7tz 12, 22cm3/mol, 44. 48 cm®/mol

(DA% Fig, 128 28& 7122 uk3ol Aoidh A
A3l abe 3 A A=S A skehd ot 3t

YA e g & FolE 4ol WAl



A4 282 #3 CuO/y-ALO, FH A 4 G 27 773

th (1), (2)A0IA AH8FES) olibabrbagl Hge
9% HA05UL o + ok,

) AEH AT ohiabrhas] Eapiagol 4
Zol Fuabe Bofod AulHow ol Foltrtnl A3
e olgd BHE AEUAS T3 gl heR £
7} eieh

shale] AEE

uldel, nE or7b %

V.,
7 ToLp

n,= (4)

o714 V.= o7t Ze AlgAlAela Lpe AFie]
oc,
(3), )42 »elshd

1
a3
Yol Zolxi 7 2318l AF AZAE T

e ]140]

Q

@ 4 ek,
Z &

Sl ASEEe] Sl el A3EA VS g
FAEd Vel F2YE e ol A% 4 9

V-V, =fi- -8 nL,n, (6)
3=ro (1_ \VL') (7)

wEl VoV, & 7b FrlollA] eixlEl abskEel A|AL
clolehiznl o #He ofgabrtash whol olstel o

o2 A ZobE odeldeka ¥ 4 glch, aeeE
4R B gabEe] Fole hea) el & 4 oleh,
_ v,
St=T,(1- H—(v—l)-a) (8)

UE ZA7E sled ot} rpEet 7ol
5|7) Holl PAZ9] oz oldled Al-
W2l S ojv|dict,

Fig, 6-80) Vel Almiz e B 4] ofedo g 1ol

= O T _
+< 30.0 O—KH
2 -0—-X3 E
R L i
= : T o
= 5.0 . {10 & E
T S e S
e o T3
& e g3
i) At BT = .
a- o/"/vr T ¥ 5 %’ ::
E 1.0 o ‘%

o
3]

4 6 8 10 12 14 00

Impregnation cocentration (wt%)
Fig. 13. Comparison of impregnated thickness in
first region of pore size distributions.

%V,
+ geh,
Fig. 132 ®x%5o] w2 Fx5el 2shs o4

2712 = A3 Al vlAlAlS gl cisle] F4]3}
rt, KHT 9 7% 4,000-60A% ), ALO-3¢ 7%
1,500-60A4 21, X-5¢ 7% 2,000-60A ol st
gl o] geodol4 ¥t =742 KHT 29.7A,
ALO-3 65.4A, X-5 28, 7A°o % #4k=l9d

gAlE Solle 2 gl ssolMs FHF wbdav|et
AgAel meh gebd £ ledl gREs 4wtel
A 33 AlFz7)7) vl4:d KHT 9F X-59) 724% &=
FAE 0,943} 1,942 3o|E Bolch oL A
Fade] Aolol] 797w dRIgt FE AlTEE
ztolol| ojsll el Zieg Azbdc)

23dd] ALO-39| 74§ Alg-&3el =x i 434
AL ARt 4wt%elM @RFA A Jepd R
o) AlFgE o] o] ol A 9l7] whiolch
ehalsn 7t 8wt olatollM st FAl7F FAE Fot
e FARE Bole A& shrlFre Folol uel AiF
abgl Habo] Adofubd VoV gho] Adal hxlsl &3 » o}
a2 el Ao amisich o] 72 R o
AFeA V.o EE vlmstel & 4 gledl ALO-3
o] 7% KHT ¢} X-52r} wizle] Zo| 24 viepyt
o}, ojufje] wx]FAlE HAlFE 4wt%olAd 1,949
o 14wt%ol4 34A02 =A WIsly ¢S & 4
g}, mak el 10wty ol At st kol W
abdd el 24 et shibgel AAdE 4ol 2 A

HWAHAK KONGHAK Vol. 27, No. 6, December, 1989



~
]

N
o,
>
g
-5
oft
B

=) -

5 [ ~O—O- KHT o
~ 500 i ALO-3 15 &
s O X-5 2
z l >
» L HF
g e e 1058 E
£ 10l L B oy
2 ) -z 22
] P — 8 %
B - 3 o 15 ﬁg
w i = \-'v
= ' =]
a0 i o =]
..l =
EVW—— % % 10 17 1%

Impregnation concentration (wt%)

Fig. 14. Comparison of impregnated thickness in
second region of pore size distributions,
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third region of pore size distributions.
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NOMENCLATURE

Lp : length of mean pore (A]

n; : number of each pore in the specified region [-]

r, : radial position of each gas/solid interface in a
cylindrical pore [A]

r, : radial position of solid product/solid reactant
interface in a cylindrical pore [A]

f, : mean pore radius in the specified region of
pore size distribution [A]

I,;  interior pore radius after the impregnation of
CuO [A]

r,;, . each pore radius before the impregnation of
CuO [A]

V . the summation of each pore volume in the

specified region [cm¥g]
V, : molar volume of solid reactant [cm*mol]
Vg @ molar volume of solid product [cm*mol]

V; : volume of each pore in the specified region
[em¥g]

V, : the summation of each pore volume in the
specified region after the impregnation of CuO
[cm¥g)

a : ratio of molar volume of the solid product to

solid reactant [-] .
& : impregnation thickness of CuO [A]
8, : product layer thickness at complete conversion

(A]

st=tSS M27H M6z 19899 128

17.

18.

19.

20.

21.

22.
23.

24.
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