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CST series (Mn based) Fixed—bed, S:343~538C, R:871C, 15psig -
METC JS (Ni, Cu, Al,Oy) S:704°C, R:871TC, 15psig Fixed—bed
METC — 9 (50% Zinc Oxide) - 50 cycle HP Bench Scale
METC = 10 (Zinc based) Fixed—bed, S:538C(38psig), R:649TC, (39.7psig) | 50 cycle Bench Scale
ZT-4L (ZnO, TiO,) Fluidized—bed, $:600°C (20atm), R:730°C, (20atm) gtt' LOSZ:,ZA’ (5ho)
CMP-1,5 (ZnO, TiO,) $:600°C (18atm), R:600~650C 1ggay‘| e et Sen
ZT-4, 1804m (1.5 ZnO/TIO,) - - B(gce ? | Benen seale
RTI | ZT-4L, UCI-1 (1.5 ZnO/TiO,) - 1 5MW:yS nviropower
CMP=5, 804m (1.5 ZnO/TIO,) - 50cycle at MW Kellogg TRTU
CMP-107 (ZnO, T|02) TRTU, 627~663C, 100psia 160
MCRH-1,10 (Zinc based) Fixed—bed(HPHT), S:343~538TC, R:400~650C B
DA 40ZN (Zinc based) S:490°C, 11atm Moving,Fluid,Transport,Fixed
TMZ-6 (ZnO, TiO,) Moving—bed, S:538C, R:700C -
Q@K\ E Qv
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A
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Tuskegee . o
, Zno, TiO, 350~550C -
Univ.
Minnesota | FORM4-A (Mn based) Fixed—bed, 900C -
Univ. C series (Mn based) Fixed—bed, S:500C(1atm), R:900C, (1atm) -
Z-Sorb™ (Zinc based) S:399°C (20atm), R:600TC, (20atm) Moving, Fluid, Fixed—bed
Z-Sorb™ (Zinc based) S:535C, R:580~730TC Fixed—bed
Shillios Z-SorbE (Zinc based) Moving—bed, 538, 5atm -

P Z-SORBIIl (Zinc based) - 200HR Testing at GE PDU
Z-SORBIV (Zinc based) - -
Z-SORBIII-M (Zinc based) | Fixed—bed, S:482C(20atm), R:566C(7atm) -

c &.A ICCI-2 (Excess TiO,) - Bench Scale
Associates
UCI ICCI-1,2 (ZnO,TiO,) Moving-bed(GE), 482C, 20atm -
IGT IGTSS series Fluid—bed, S:350~5507C, 20bar -
“‘Qﬂ —
A&
QS Yeungnam University Lab. of Reaction Engineering
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>I =L OrH AHI/HIOH H E& X2 JHE & & I<

- = Sorbents Developer Reaction Condition
_ S:400 ~650C
[ ot=& s
ZAC series of = R : 500 ~ 700C
/T series
/TE [
OFSd | . = R:580C /650C
ZA series
ZAA series
5 .
! serlgs o S :480T / 650C
ZTF series 3= R:580C / 650°C
ZTC series °
Mn Al series DAl S:550C ,R:550TC
CS series _
"l OF A Ek=A0 450 ~ 5507C
Or Al CMS series Sal
FS series ot 2FCH 450 ~ 6007C
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>I Criteriafor Commercial Sorbents Selection

/%

CIRCULATION |
RATE
MAKE-UP
RATE | |
' PARTICLE BULK DISPOSAL
(ABSOHP‘TION }4-»{ HEGENEHAT]ON) [ SIZE ) (DENS!TY ) [ oF FINES]

= 1-2 s contact time = Light-off at 1000 °F e 80 um APS (FCC type) « > 50 ib/At3
» <10 ppmv HoS leakage  * No Qg breakthrough « Can be produced by
« Consistent performance * Oxidation with neat air spray drying
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Scanning Electron Microscopy of Zinc-based Sor bent
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29| ZnO/ALO I SH& RIS o1 3 g

U.S patent Sorbent Additives(wt%) Sulfidation Hegeneration
Temperature Temperature
A : ZnO/Al,O4 (50:50) -
B : ZnO/Al,O, (47.6:47.6) Ni/Mo/P(1.08/5.4/0.57)
C : ZnO/Al,O,4 (46.8:46.8) Fe(6.3) . .
5,094,996 D : ZnO/Al,O4 (47.2:47.2) Ni(5.7) 238C 632¢C
E : ZnO/Al,O4 (47.6:47.6) Cu(4.7)
F: ZnO/Al,O, (47.8:47.8) Co(4.5)
A Zn,TiO,/Al,O4 (100:0) Co/Mo(3.1:8.3) 357C
B : Zn,TiO,/Al,O4 (65:35) Co/Mo(2.2:10.8) 399C
C : Zn,TiO,/Al,O4 (65:35) Ni/Mo(2.2;10.8) 357C
4,725,415 D : Zn,TiO,/Al,O4 (54:46) Co/Mo(2.4:8.0) 3577C 370 ~ 815TC
E : Zn,TiO,/Al,O4 (38:62) Co/Mo(2.6:6.5) 357TC
F:Zn,TiO,/Al,O4 (10:90) Co/Mo(5.1:15.0) 360 ~ 380C
G : Zn,Ti0,/Al,O4 (:100) Co/Mo(8.2:7.8) 360C
A 1 ZnO/Al,Oq Ni(7.8)
5,358,921 B : ZnO/Al,O4 Ni(6) 425C 621 ~ 676C
C : ZnO/Al,O4 Ni(4)
4,371,458 Alumina, Zinc titanate Cobalt, Molybdenum 350~400C 316~427C

Yeungnam University Lab. of Reaction Engineering
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2 U ZnO/ALO I SH& RISl 017 3 g

. o Sulfidation/Regeneration Slufur Capacity
Developer Sorbent Additives(wt%) Temperature (g S/100g Sorbent)
A : ZnO/Al,O4 (95:5) - 8.1
B : Zn0O/Al,O5 (90:10) - 11.9
C : ZnO/Al,O; (85:15) - 14.1
D : ZnO/Al,0, (80:20) - 650 / 650 C 11.1
E : ZnO/Al,O4 (75:25) - 20.3
F : ZnO/Al,O4 (70:30) - 20.1
G: ZnO/Al,O4 (65:35) - 13.2
A 1 ZnO/Al,O4 (75:25) - 11.9
Yeung Nam B : ZnO/Al,O4 (70:30) - 480 / 580 C 11.5
NIV, C : ZnO/Al,O; (65:35) - 11.4
FeO(OH),Fe,Fe,04 (10) 51, -, -
Mn(10) 18.3
Co (10) 12.4
Ni (10) 19.8
Zn0O/Al,O4 (67.5:22.5) Zr (10) 480 / 580 C 16.9
Ca (10) 13
V (10) -
CuO, Cu,0 (10) -
j— Mo (10) -
&L, Yeungnam University Lab. of Reaction Engineering
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