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Abstract

The reaction of sulfur dioxide with cupric oxide supported on zeolite was investigat-
ed over a temperature range of 250~450°C. After the completion of the SO, removal
reaction, the cupric sulfate produced was regenerated to copper by hydrogen or LPG.
The experimental results showed that the removal efficiency of SO, was improved with
temperature increase and with SO, inlet concentration decrease. The reaction of SO,
with CuO/Zeolite was well explained by the shrinking unreacted core model using first
order chemical reaction control and diffusion control. The reaction rate constant and
the effective diffusivity were respectively as follows:

k (cm/s)=2.519 exp[—10991 (cal/mol)/RT]
De (cm?/s5)=2.06 X 10~% exp! —8380 (cal/mol)/RT]

b glom] Al ofol R AT wel W

.M £ =3 9lek(Slack, 1971),
ek sinlells A3l Ay, odrteid, 2 AAakst
712 d g% A4 5714l SO= F W 5 F5AAEY Fol rh o] F S54SR
2 A5 A gAdolv FE5AgHA 9 4o -2 F& Fe, Cu, Ni, Co, Mn % Zn 52| Ab3hs
BE AREShE ol vheko g whaleiny o]o A 2 AbE3le] Bhglele wlio 2 A o AL iy
£ 33 E T3 TAHE HFE Uk 9 dubHgl W E 250l A AMRo] 7H5Ebe, H4b
A& 7|59 SOE Al A8k e 24 544 =9 Aol elz, FAe 7l5a &gl 27
3 AAHe g v 4 ded, XS Rl A 7h A&E, QA e ox Hojol & 4 ¢
25 SAde) A Axe] B4 9 A5 A b Aol o] w2 19643 |l 9] Shell
g 5 FA-o] o] HTole A AL A Internatienaloll 4 - ] %.3}93 o v (Dassori et

161



162 o]

al, 1988), Lowell2 477}x]9 24& A&}
2 A= ulwdlgn?, Yatessd Best dFwu
o gl FelE A A8 A 2g
7V AAE 2 copper oxysulfater} A& H
3t o} (Yates and Best, 1976). =*=3F Tamhan-
kar S-& AbgtA 3} SO,9| 455 3Hehaks &
%3} BAgEel Aol wisted  ®lasielct
(Tamhankar, 1981 ; Dassori et al., 1988).

B ATl e 2% d%55 843704 SO,
AAL} F2o] APALEHE 5ol whgEx
17149 Fxol wE Al W AP age] Hat
obmotr}, =3 At Zrlol) W AAEY
al-o}._\i_OLO u:] SOz x-]] 7{& _9_,] Q /’- 74]_2_
4 E ke Y FEINASE TR
S 2 A P4 Fakgol 7514-, NO
Aol 5 Zo] B4 o] F& Al&ztol

ALg-3}od o (McCrea, 1970,

h O{N_Jl

) o
—ﬁ'mgﬂ
o

Lo

i ol
>
2
3

O 0}‘.] d

R

2. 0]

r

B Fe)st SO W % AL Ak
2 opgat o] AAse 450C Fel 4 Ao 2

A"da 4#A 9l oh(Dautzenberg, 1971;
Yates and Best, 1976),
CUO+ 502+ 1/2 02 CUSOA (1)
CUSO4+2 Hz Cu+ SOz+2H20 (2)
Cu+1/20, CuO (3)

£ kel E
F:_“‘Oﬂ/ﬂ *Pf}-‘x‘il% 5027} LP
AAAA A AR A2 = ‘ﬂ%}xl R
o] b3 ¥uro] FolEcky ¥ 4 Yoo
shrinking unreacted core model-&-
w g} abg iAol AAAZ] AR B
g <

go) wzhd Al B ¥ e A
gl A

Bl &) 7] kol hgt o] BA1L wkgol 714
o] E ol hated 1144l v}7}dql 744 shrinking
unreacted core model-& A &3t Azjshd ot
S 3 7vo] 3% o} (Smith, 1981 ; Sotirchos and

Yu, 1988),
dR*
T 1 (4)
o714 FAA,
R*=r./1p (5)
P47,
. bkt

olw, 18} rev ZHA mAYRLe & Z HbA|
w|uk-g Hkx) ol 3, ke o =
F2A 4, tv A7 Cex CuOf 5%, 2
Cao= SOz9| FHzFE ot
a2 vk Z7] t*=0% W R*=10]23% 4] (4).
£ A Rad ofgx) o] & 4 Sl
R*=1—-t* (7)
28]z CuO4 A 3He X+ shape factor, &
918t ohgat o] vlepd 4 Urk,
X=1—-R*f, (8)
MR %64 3% =301 4 (N3 B)& <
=iele] F24l 733
o w2 CuOBI Ashgel wshz epiel oo
7ol ZH

ool chsfol ubel

5 F-A|Fa ‘:’éi% ol A by Hete] &
f&0] dAsIcta 74 3} o33 o] el
%+ ok

—dcll\i"—Z éDed—CA const (10)

o] 714 Nat SO.9| & 4, ¢ pellet®} Hol,

Det: friahabA < el ot S02) 55015k

) (0% roll At AEstel Alzkat el
5 ote] G2 e e deh



CuO/Zeoliteoll ©8 SO A7 = =44 163

~——2%@B—&(lnrc-lnrp) c(lirtc =27¢DeCas (1)

714 pg CuO2l WEo| 5 Case Eol4]
S0, 5 £o0]d),

gl YA 47 pelleted A9 fo=20]02
A (1ol 485k to} reoll Hhakol el
3} o] EwA),

o]

o}

o min

—_psle’ _ e _
t_4bDeCA5[X+(1 X) In(1-X)] 12

2 Ayl bR AYAAS 27 ol YEl
Wolet, 2kg71E W7 32mm, Ze] 160 mmel
sho| Bl aghg AME-3tl2em SO, He, LPG 9 N,

AA S F2AE AA
2 sl
FREE 27l A
718 AAsh zstga
(water saturation tank) 5 E3A|7 59 o
& Z4% 5 U= F ek g e
£ on/offgd LrzAAZ £2C WHold 243}

At

3.2 AlBH|I=

A8 Al vimd Z 7138 2e LZ-YT72
(Union Carbide HY type zeolite, Si0:/Al,0s
molar ratio=5.1)5 A}-88ct, A 54+ zeolite

Al (105 9453 pellet ghooll tistod 4] 742}
2o] Ashgatel BAS ehd Alojul, o] Ao
28¢ 7 Sxolde] FEINIAST T2 £ 9)
c},

3. A &
3.1 MEE=X
7
6 re
5 o x ¥
Lo} L
4
2 3
&
-l
1
O O
1. Air compressor 6.
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Three way valve
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Fig. 1. Schematic diagram of:experimental apparatus.
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Fig. 2. Fractional conversion of SO, at various
temperatures (SO; concentration; 1,830
ppm).
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Fig. 3. Fractional conversion of SO, at various
inlet concentrations of SO, (at 450C).
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Fig. 4. SO, sorption behavior at different run
number (SO. concentration; 3,450 ppm, at

400°C).
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Fig. 5. Arrhenius plot of reaction rate constant.
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Fig. 6. Comparison of calculated conversion
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450C.
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Fig. 10. Comparison of dry feed curves with the
wet feed data in SO, breakthrough curve.
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Fig. 11. SO, regeneration rate at various tempera-
tures (LPG concentration; 18,053 ppm).
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Sulfur dioxide

CuO/zeolite

Stoichiometric coefficient of reaction
Concentration, mol/cm?®

Effective diffusivity of gas, cm?/s
Reaction rate constant, cm/s

Length of pellet, cm

Number of mole, mole

Radius, cm

Dimensionless radius defined by Equation
()

Dimensionless time defined by Equation (6)
Fractional conversion of solid

Density, g/cm®

Time required for complete conversion, s
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