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Abstract

In this study, the optimization of active materials and the preparation of particulate adsorbents for the application of metal
oxide-based adsorbents for the treatment of H,S, an air pollutant and odorant, occurred in various industrial facilities were
investigated. The adsorbents were prepared by using TiO,, which has a high physicochemical stability and relatively high
specific surface area among metal oxides and also by different kinds and contents of active materials. The correlation between
the physicochemical property and adsorption performance of the adsorbents confirmed that the adsorbent containing KI, which
is a typical alkali metal among the active metals, showed the highest adsorption performance. The relationship between the
contents and the adsorption performance was non-proportional, but a volcano plot. From XRD, SEM and BET analyses, it
was confirmed that the active material was exposed to the surface above a certain amount and also the adsorption performance
was the best when the specific surface area and pore volume were 40~100 m*g and 0.1~0.3 cm’/g, respectively. For practical
application, the adsorbent was granulated or coated on a ceramic support. It was also confirmed that the adsorbent showed
high adsorption performance when the adsorbent was coated on the ceramic rather than that of the granulated support.

Keywords: H>S (hydrogen sulfide), Metal oxide, Coating, Adsorbent, Odor

1. M =2

A Study on the Optimization of Active Material and Preparation of Granular Adsorbent

Department of Environmental Energy Engineering, Graduate School of Kyonggi University, 154-42 gwanggyosanro, Youngtong-ku,

*Department of Environmental Energy Engineering, Kyonggi University, 154-42 gwanggyosanro, Youngtong-ku, Suwon-si,

T Corresponding Author: Kyonggi University,
Department of Environmental Energy Engineering, 154-42 gwanggyosanro, A /ﬂl 74] Aoz )\}CQ o] \Q—%@—(ﬂ] IE}-E]— ]:]_ k3l
Youngtong-ku, Suwon-si, Gyeonggi-do 16227, Korea

317 © AFA7} T

Tel: +82-31-249-9741 e-mail: sskim@kyonggi.ac.kr Holom, % oAl 87124 % ‘l‘(ﬁé’]—oﬂ/q =Hehs <
Ak} QI FRlelAl AA AR M E 7Fshs f19le] HaL lti1].
Engineering Chemistry. All rights reserved. Q}—ZH‘—‘_—: 7]%@(‘8 :T}SV\O]— E]- o Eﬁoﬂ o] OHA_] HL/Kg ]»__ ]—%LEHE

pISSN: 1225-0112 eISSN: 2288-4505 @ 2019 The Korean Society of Industrial and

460



FF2HS) FHE % =58k 7 FEA0 e HA3 9 g FHA Azl oig Ay 461

A ARIEkT =7]1= e Apel7t Qe Aol EAolARE SulkelA]
E ﬂXlE]t EAE 7HAIL vk F7elA atAlskE 2271419 o

e F AR AMS)E AR He WAE e e {5
71iﬂibﬂ AAL] 1ot Hell FrEe] A, 7 A AT
H 5 A T Uvh2]. Belras TR AR vgEY
Aol A Ao ARGEHA FhelE]o] WA AL AR
AFAL 233t kst slatg o] FAaEeR dkAgsit) 99} 7
o] ekt iAo e Bt ohl BAEE T W
& welz s Aelni)

Aoz 245 87 7126 BAshs 1SsE APa] 9
o waHe e AAAEE A8k ook FAA ) A,
57} WAk, 349 AAsk &go] olrhe W] glvis). o}
ZA HAl vlalo] AR B4, F5 o5 AT Fule] ¥

wol Xﬂﬂ*é%o] LS 744%%3]%&0] &8st g v A

$53 ek AN F FRY A B 450 WA= A
A9 7199 WA} BEHoleks BN oF FH AFd F
Agl @77k Bed Adolchy] B A BaTEE BB
B OI8307] uliel Rl w2 A5 /13720 o

71F HAAZ F3 dso] Al Fhasitt
,11 olEfgt EAIEE adebr] flste] Aol 7t
F3 Adsel HaEE F1E R gk A5t
54385 (Zn0, TiO,, CuO, MnO, Fe,0s, Ca0)
o] &gt gslra %7% of ¥k A7 ok X3 EATH12,13], ©]
= A s Rk ofuet shetA 243t
o] gk 3}5}4] —E—% o 711817] wiel] 2ol 2] F2F A5l
FHo) uka ®uEa Q7). 2 "7_9_01]}\1 o] wolut
SollE Eetal Adolx] e F3 g Koy, £y
AR #@7] = A A HelA f4E Tl A=
71 FEAG A T AL-S 9 T FERA Aol &
st A7 Fest Aol
b & AFolAE TIOE 7IHke 2 slof AF2elM g 3 A
< SRAFV] Q8 BEERS Agsta Ay S-S Elstat o
o

12
k)
Y
;O
£
5

ol X ool R & omn By n:lov
(e} X,
i R
ki
ro
2
>
l-rI

bl v os Tilw
ek =3 Az FHAE A 30l A8sk] flal A
Y we mEsel 53 4% mst, Az /FsAS B

A 35k

ol

2.4 o

2.1. tiat A2 & S5 M b

B oAt AREE F2AE Tio A FRARA B3l 52 34
47 2 dux 4Zw 2 KI, Ca(OH),, Mg(OH),, NaOH
(Samchun Co.)E FH-rell o] TRt & &3k F5A18HE AR A
Q1 TiO, (G5, Millenium Co.) =2} WHHA|A rotary vacuum evapo-
ratorg ©]83t0] 65 ColA] & SHAIZ the, 37 E917] st
AFZE 22l 10 T/ming] 52455 400 C, 4 hr G3E]sto] #
FHog FAAE AQth Axy BTd SHAE 24 T 40~50
mesh AF0] 7] sievingdle] 55 H7I8IATE 3 249 4
T AT e IS olgsialon, AYe uiakel §uirt 7
%}74] =3hel At g-ofo] vl-gul gl Wik o, aA; G-l -

H gull7t Gkt ool gal thke] miAg 7]wo] FAE] &
A5l TR F EgE v v S Ao ER(NIPS) [ 14]E ©]&-
sto] Az oM, IEAF ool Aete] B EE F2A 2T

3o I R ¢ F 11(1,200 C)OF dxg slo] AE
sk AzE A EZAE Figure 19] JeRlom, S249)
71 5 2 mm, 4°] 8~10 mm=E AFsIH o, AxH S2AS
ARet 3ol gbA AEste] ARESIGITE TS A8 Ak ZA
Aol TRt Azt o, FHA g vilr] e} wRksE oo
71593ls FHaskslr] A8l 10 wt%=E dip TR o]8sto] Alx
stk

22. E2H 54 BAM

Az F2A Q] v AN Alear] 2 9 FUE gRlsh] 9

3l BET (Brunauer Emmett Teller, BELSORP-max, BEL Japan Inc.) i
*—1—% TR FHA w9l N2 FHAA 3 ATt
=7gste] BET# 0% AlAkste] v aS Andatla, 71e 2
7] T"f.——l—l:— BJH (Barrett-Joyner-Halenda) ol 9J3l] AAlstSict sk
Az FHAG FHYE 9 7S5 Gt U] 28
FE-SEM (field emission scanning electron microscope, S-4800, Hitachi
Co.) ¥41& F3HsIsith Axd F2AS] Y725 Bt 24
o] ¥ AAIEE Hrlel] el XRD (Xeray diffraction, MiniFlex2,
Rigaku Co.) %418 4~33}3I . Radiation source®+= Cu Ka (A =
1.5056 A)7F AREE oM, 26 = 20~80°2] WMol 6 °/min®] S+
ARG oJate] SE STk

A TR %* HEow ?Wﬂ
o] glom o) MAT15]e] XT3 sdet 21ielx 3iel
= FAATE 1735k 2138l quartz wool
THERE 7AE Ny, Oy, HoS9] 2t AR
ZHE mass ﬂow controller (MFC, MKS Co.)& 35} {3k ©
o, BEgh T FHS N7t bubblers B3l 7ol $HrE 7krt
H-3710 F4lE= FHE ol &sllon, ojn) Fuye e ¢St
Al 3171 §3ked ©]F jacket FENC] bubbler 2]%-ol| circulators ©]-8-3}F
04 Ay X0 E& FEAITE R0 5= S Aol gE
H K-type2] dxthe}l PID 2%A19]7](PID Controller, Nova Co.)&

Appl. Chem. Eng., Vol. 30, No. 4, 2019



462 ANY - 3

Table 1. Experimental Condition in a Fixed Bed Reactor

Conditions Values
Particle size (um) 359
Temperature (C) 25
Inlet gas conc. 0, (%) 21
(N, balance) H,S (ppm) 20
adsorbent loadings (g) 0.03~0.33
Total flow (cc/min) 500
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Figure 2. Schematic diagram of H,S adsorption test reactor.
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Figure 3. Effect of the active metal materials on adsorption amount of
H,S (g/g) for impregnated TiO, adsorbents (Experimental condition:
HS = 20 ppm, O, = 21%, RH = 50~60%, adsorbent loadings = 0.1 g).
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Figure 4. Adsorption curves of H,S by various content of potassium im-
pregnated TiO, adsorbents (Experime 19. A. Orendorz, A. Brodyanski,
J. Losch, L. H. Bai, Z. H. Chen, Y. K. Le, C. Ziegler, and H. Gnaser,
Phase transformation and particle growth in nanocrystalline anatase
TiO, films analyzed by X-ray diffraction and Raman spectroscopy,
Surf. Sci., 601, 4390-4394 (2007). ntal condition: H,S = 20 ppm, O,
= 21%, R.H = 50~60%, adsorbent loadings = 0.1 g).
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Table 2. BET Analysis Results of Different K/TiO, Adsorbents

K content BET Mean pore size Pore volume
(%) (m'/g) (nm) (cm'/g)

0 220.13 7.41 0.41
2.34 141.88 9.89 0.35
7.02 92.27 11.36 0.26
11.7 66.96 11.90 0.20
20 43.82 13.00 0.14
40 19.10 13.71 0.05
60 13.73 12.81 0.06

0.020

0.015
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N
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Figure 5. Effect of the content of potassium on adsorption amount of
H,S (g/g) for impregnated TiO, adsorbents (Experimental condition:
H,S = 20 ppm, O, = 21%, RH = 50~60%, adsorbent loadings = 0.1 g).
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Figure 6. Pore size distributions of different K/TiO, adsorbents.
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Figure 9. Effect of the various preparation methods on H,S removal
efficiencies for K/TiO, coated/molded adsorbents (Experimental con-
dition: H,S = 20 ppm, O, = 21%, R.H = 50~60%, adsorbent loadings
= 0.3~0.5 g).
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