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49404210 : MAJOR : CHEMICAL ENGINEERING
KEY WORDS : H,S REMOVAL/ NATURAL GAS/ ADSORBENT/ SiO,-MODIFIED CuO/
FLAME SPRAY PYROLYSIS

WORRAWIT SEEANUKUL : ADSORBENT’S DEVELOPMENT FOR HYDROGEN
SULFIDE REMOVAL FORE NATURAL GAS PROCESSING. THESIS ADVISOR :
ASST.PROF. WEERAWAT PATTTHAVEEKONGKA. 85 pp.

In this study, removal of H,S from gas steam and natural gas using the CuO, ZnO
and Cu-ZnO mixed oxide adsorbent has been successfully prepared by Flame Spray
Pyrolysis (FSP) and Sol-gel method. The best adsorbent and high efficiently develop by
supported SiO, 5-25% by mol. The obtained powder was characterized by using N»
desorption, XRD and TEM. Removal of H,S from gas steam and natural gas was used as the
probe reaction for testing the adsorbent ability at ambient temperatures and pressure. All
adsorbent will be compare efficiently remove H,S with commercial adsorbent.

The result for removal of HoS from gas steam reveal to the adsorbent, prepared by
Flame Spray Pyrolysis (FSP) of CuO is excellent, the capacity is 10.56 g S / 100 g adsorbent
and observed for CuO with 10 mol% SiO, loading given the best adsorbent and the highest
sulfur capacity about 33.18 g S/ 100 g adsorbent and capacity of commercial adsorbent
(COM-1, COM-2, COM-3) with 3.91, 6.08, 11.33 g S/ 100 g adsorbent, respectively.

Using Flame Spray Pyrolysis (FSP) of CuO with 10 mol% SiO, loading prepared
powders to test with H.S from natural gas, experimental result showed about 2.4 order of
commercial adsorbent (COM-3). And prepared sphere form, the result of performance tested
with 1.22 order of commercial adsorbent to sphere form (COM-3).

Department of Chemical Engineering Silpakorn University Academic Year 2008
Student’s signature........cccccevieeiinieennieenn,
Thesis Advisors' signature........cccocccceeeeiieenennnee.
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5.3.3 AUAY
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Favzauaeen 1991e tazdinnNugaveuDa duNI1 Mass-transfer zone 931 1Hens Ty
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ABDNUNY D ”luuma@mummu
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6 nalnmsgadiu H,S (U531 TnadAug uazams 2541 : 34)
6.1 na"lnmsgﬂci‘s'u (Adsorption Mechanism)
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Y 1
ABUYDY 4 TUADUAAADIY AININT 3
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Bulk solution Boundary layery Adsorbent Pasticle
”
Y
Solution state : y’ Adsorbed state
" .:, h. .
(A%orbalc) Bulk § Film . Intraparticle Adsorption

Transpott i  Transport Teansport

v 9 ]
AN 3 TuaeumMInaeuAIveIiIgngadulunIzuIUMIAATY
e Jinchang Z., Yanhui W., and Diyong W, “Study on regeneration of Mn—Fe—Zn—-O

supportedupon 7 -A1203 sorbents for hot gas desulfurization,” Fuel Processing Technology, 84

(2003) : 217-227.

6.2 nalnnM3gady H,S (Kong X. et al. 2005 : 449-453)

9

6.2.1 na'lnmanalfnsemanenin fiaedl

iRamIgaduiian

H,S(g)—~— H,S(ads) 2.1)
H,S avangludinh

H,S(ads)—~— H,S(ads - lig) (22)
H,S azuanda Tusni

H,S(ads — lig)—~— HS ~(ads)+ H" (2.3)

Tasf 1S (¢), S (ads-liq), LS (ads) fie anunduduves ms lufgmauda
VBANA UL ETYATL AWAIAY
K, K, K, fo Equilibrium constant quﬁ’uﬁuﬁ' AUNIZVIUNT Adsorption, gas
solubility 1182 Dissociation MUA1AL
6.2.2 na lnm3tnalgAsernisgasumanil feadt
H,S v21i11/§750170 KOH fifavea Carbon
H,S(¢g)+ KOH(q)— C — KHS(q)+ H,0 (2.4)

H,S(g)+ KOH(q)-C — K,S(q)+2H,0 (2.5)
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9 9
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{ { LY 4 v o IR o
Tagfi KOH (q) —C Ao KOH fiadouiliuumsvounuiudsignagualeduiii
d’ a AaAan A dy dd’d o
V19 Aenlgnser 2.4 uaz 2.5 wieewazinnANuIuluemalunsaindmaih
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asueunuIua lranudn
6.3 9ONFIAYY

aaa a o a a 4 % [ 4 o 4
Unsenvginanueengnuiiivesnsuou Feug lddamlesviodaos la

Y
oon lod uazdanlos laeonlearznarnilunsadayinogluii

HS (ads)+ O (ads) — S(ads)+ OH " (2.6)
HS (ads)+ 30" (ads) — SO, (ads)+ OH - 2.7)
S0, (ads)+ 0" (ads)+ H,0 — H,SO, (ads) (2.8)
H"+0OH —H,O (2.9)

O* uﬁmmaan@muﬁgﬂ@ﬂmm“’gumué’mﬁﬂmwmé’h

Tagil S (ads) Ao anuuduvesiiasdsznevduiumagaievejise
DONHIATY VUN?

Iﬂ&l‘ﬁ Surface reaction 1114 Rate-limiting step VOINITLUIUNTDONFLATY H,S

Tauil Degree of IS dissociation A39zgaNeIvzIinONTIATULUAY (HS (ads)
~H,S(g))

Tumsgaguaududuves HS sginy H,S Tuignni1e (100% Adsorption

+Dissociation) JUNBINOFHTUNTAATY H,S

[ A S o

7 magavuluuaiia Qens aseysal tazas 2002 : 53)

o o Y o Y o 1 o 4 l o A

dmsumsgad lagina l)agTiasgaduussyegmelunedimivazedludnyaziian

1 o [ g
(Fixed bed) udagaeimense loszmald lvaduaeduiluanyus lvadu (Up-flow) 13e
1 o A v A o A

l1iaaa (Down-flow) H1uAADAANNANVBIADANINUITIIRIBANTYATUNIITANAOTINVITTY
v v o a4 4 qu = v o Ao Y 9 °
awensgaduaegii 3 Falivesvanlszneudreasgngaduniinnududueaivenelva
¥ v A 1 v o = v Y a o
Wmedmuy Wevedlna Tnaruaeduiashiamnsagngadu lavzgngauazimzaany

o QsJ‘ = £ a 9 o A o ) Y a g A
A13QAFUIY DIz TIATITNUMITIveegatuazaNdIuIh IIna T e
| A o Y ~ ' rer . = [~ oa: A 1 Y
Iimsdudlumsgadu 15158071 waauga (Equilibrium zone) Faziiludud lulimsgady
= Y d' d‘ 1 d’d Q' Y v A @ " Y [l 1 ti'l
onudy Tuvaziiwanaonnuaniinsoudiazduianisgadued Idedaeiiion waveans

9
QAFUNEENT1 LYAMIBIEINUIA (Mass transfer zone , MTZ) i ldanududuvesdsgnga

v H v 9 ]
Fuludsazarvanas Tuvazianududuvesmsgngaduiasgadurzmuiuedeaoiiog
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vinaimamsgaguanududuvesasgngaduluaisazasazaos  anauloaisazay

A A ~ 1A Y Y 4 Y 9 . A
D UNNIULUANDYUIVDIT1TAAL Y ﬁ]gulﬂIW5ll1’\laéllﬂ\1ﬂ'313JléllﬂJsllu (Concentration profile) N

U U

ﬂid'd

dnvazdhudulfeiiiglsendiodn “s” §350n11 Breakthrough Curve HA@NNI0U
Breakthrough Curve TaJvren Length of unused bed (LUB) (Nakazato T. et al. 2003 : 3413-3419)
Hazal Length of mass transfer zone (LMTZ) (Jinchang Z. et al. 2003 : 217-227) FAT1150

1 umseenuuuaeduigaduualvgiaelyld

INFLUENT CONCENTEATIONS

+ + + +

EFFLUENT CONCENTRATIONS

. Equilibr inm zone

Maczs fr ansfer Tone
or Adsorption zone

2 + +

=

Q

= Co Co Clo Ct

g o

&

E ——EBREAKTHOUGCH CURVE
]

o

E H Ct is the treatment objective

E Co Co rﬂ:/thmpord Co 15 the brealpoint
20

E CUMULATIVE VOLUMHN OF EFFLUENT

OR ELAPSED TIME

AN 4 uaaansgadylumaiia

e Jinchang Z., Yanhui W., and Diyong W, “A study on regeneration of Mn—Fe—Zn—O

supportedupon 7 -A1203 sorbents for hot gas desulfurization,” Fuel ProcessingTechnology, 84

(2003) : 217-227.

A A Y v ' Yy 9 A g9 o o o o A

we  C/C, ADANUAUNTHUBDITITADANMUUUUITUAU HAIVINUUAIAATUN
a gy A2 o =2 oqu ' ' s & 9 2
VINIUNNIVIISLTUDUND %\1“Vlﬂ‘l"iﬂWiﬂWflmiJ'Jaﬁ'JuﬁlegLﬂﬂﬂlu“ri'N%1ﬂ°Vn\H"’lﬂ"’lJfJ\1 bed HJHETJ
éfj ‘GS”

[] A a = Yy 9 = J £ o !

F9nan1sasunlainnuiuIy (58021 “Mass-transfer zone” FIVLHIHUAA

C/C, 88119523 0.005-0.95
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8 Breakthrough curves (3% Tna3fug uaganz 2541)
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Breakthrough curve 911381 t, 1ag t, ANVVNTUVIDDNINAUAUE WoANUINTU1NA 0.05
= 9 = Yy 9 A '
130 0.1 HAZYATANIBYDINTZVIUNMIAITNANUVLTUTENIV 0.95 HTD WINAN
Yy v 1 1 g A o VoA . B A
ANUATNTUILNNTUBENTIAGUUDNIYATUBEII LD Break point HAZHIAUND
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9 oduiitinanen LUB (5% Tnaidug uazamy 2541)

v o J 1 @ < 4 @
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M, =UAT 2.11)
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A < A o
U  fAe  anuslumsindeoudlves LUB
AT fp  waAwuewaNIgAdNAIn A1 Breakthrough point

& Y
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U=LIt (2.12)
Iﬂ&l L ﬁ@ mm&mﬁwmma Bed

A A o 1 Y 9 ' Y 9 Y =
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9
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Relative pressure pdp®
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N Anderson, J.R., and Pratt, K.C., “Introduction to Characterization and Testing of

Catalysts”, Academic Press, New York (1985).
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A A ' A J . S A A S 4 @ Ay v
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11 aumshldesnelolmmennisgadiu (Sui Y. et al. 2008 : 134)
msosueleTmmenvesmsgady  dewnlaswdulfaddedlugiiduase uda
° 1 ¥ A qu a o Aq YA 1A a v
Muumman 9 Aegaumaiie lgefinemsgady lagaumsnlgivarenuy uantonld
v Y
nazesuelunil 1dun jUuuvvesaums Langmuir adsorption isotherm 148z Freudlich
{a a v o Y < )
adsorption isotherm aumsNtenldoiuiele Immonvesmsgadudmsuszuuvowds-une
9 1
laun
11.1 @413 Langmuir
Y o [ v A g 09/’ =
auN13 Langmuir GlflfﬁWi’i‘UﬂTﬁﬂﬂ“ﬁ‘UWﬂHtL‘U‘U‘BHL@B’J (Monolayer adsorption)

uaz Tuanavesasgnadu lulimsnaouiededasz UuAII09@I9ATY  dUNS  Langmuir

U ds‘
HAAIAIL
b
pP_°%_ P (2.13)
n n, n,
Tag p = ANNAUVDITITYNYAN
v 9
N = UYTnuargngasunauganeniietiuinyedasgady
NAUAU P (mol/g)
n, = YTUUAIPAYATUNIG BV UTUIAGIVUAIVDIA AT
(mol/g)
[ a Q‘, 3 d! d? % a =
B = duilszansveamsgadusVUIUgUNYN 1azl]

Y]

ANHAULAWITTNTUAIGATY 11azAIPNAATY

1 o <

A~ v o Y Y 5 1
LlI’EJLGUEJuﬂi11’\|ﬂ’313Jﬁ1JWHﬁﬁ$‘ﬁ"]N PnnuP ﬂ$Vlﬂﬂi17‘llﬁu¢l3\1°ﬁ\‘]ﬁ1ﬂ15ﬂﬁ1ﬂ1 n_
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S=nA_L (2.14)
4 H
Tag S = WuNAIS UM (m’/g)
2 3 4 g y o 4 2
A, = Wunmashgninaqualeasgngadurila Tuana (m’)
L = Moz 1imlas (6.02x 10" Turanans Tua)

11.2 auM3 BET
< ) . 79 Y o o v A a d? @
Wumsheaums Langmiur ¥11)52gnalsdmsumsgaguinnavuludnyusmg
9 v ] v
aaduLuUvatety  Teef Tuanavesdsgnaady lulinsndouiod 98 a sz UUAIVBIAI9A
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¥

r_ 1 +C_1(£Oj (2.15)
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m
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Tag p° = ANwau loduAIveIdIIgNAATY NgurnlueInisgad
N = UYTuasgngasuNaNuAL P (mol/g)
H 9
n, = UTNUAIYNYATUNGE BIVUFURAGIVUFIVDIA AT
(mol/g)
1 { ] { v o Jdo [ % {
C = aaei ImhenlianuduiusnuwasnumsgaduTash

AHA—‘AHL} (2.16)

c= exp[ RT

Y
TagAH, = ANUSOUVBINTYATUTEHINMINANTAF ULV DT UIRY?
An, = AN PUVDINITAIVLUY
1 d' 9
R = ANANNUBDILNE (gas constant)
T = gangiduysal

4
aaiu AH, - AH, Av aAnwiougnivesmsgad
T M L EV L TCE R
n(p” = p) p

9 9

@3RN C 1ag n_ 1491nausu uazgadanil mintudiunamiunasuwng

A~ v o 1
WRIUNTINANUTUNUTTZHIN

2

18001 n, aweaunsi 2.14
11.3 a4N13 Freundlich
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n=KP S (2.17)
TasK = ANINNIIQAYY Freundlich
m = ANAIN (Freundlich intensity parameter)

tagilanms 2.25 Wegluglaumaiduaseldaeaunish 2.18
log n = log K+ (1/m) log P (2.18)
deeunsmanuduiussznIg log () /U log () lansmlidludunse amnsa
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12 M3N3ENAIGATUAIEITIBaa (Zhang H. et al. 2002 : 184-187)
as  ax A a < as ~ A ] o
Wlwa-wa HuITonanusadIAma  I3MIMTeNEUIN lanzdansn lua
@ < a 4 4 g’ a a
(Metal alkoxide) Tusananiuiluansounid gnlalas lad (Hydrolyze) Aeviudunanmsned
4 ] 1 a 4 a a 4
wo'lss Tasn1sAIuuUY  (Condensation) voingulaasonda ienamswodme lsduag
. & A 2 a g < o a a
Cross-link  1AWoaITazaeaznaelioudunaumaveade  wadie1amnan lyan
[ a e"t: [ a
@es  daunn leaznaEesnINIINADAARIANINANITTINAIVDIDYNINDONT |8nTONT

Y] { g 091 a aan
(Oxihydroxy) vedlangludinanidui Txa-waaunsnesuieladelfnsemani 2

UnTen
Hydrolysis: -MOR+H,0 —--MOH" + ROH (2.19)
Condensation: - MOH + ROM — -MOM —-+ROH (2.20)
130 —MOR + HOM — — -MOM —+H ,0 (2.21)

Tusznilfasensudunsdnisena19u Pregellation (Hardy B er al. 1991 : 125) @2

o Aaaa 4 ] I oy .
wlgnsenlelas laduazaruuiu (Condense) naneiiluma msuenaaiealenin (Hydrolysis)
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a & 9 o ] s a o .
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Ugnsodunyleasenda  (-MoH) Funaiuludumslelas ladinadluws Tamu (MoM)
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09/’ { o o 1 QsJ‘
Tun 2 Tumsdunsizi Isa-19a 159n19U Postgelation (Hardy B er al. 1991 : 125)
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Y
o v o a 4 Aaaa [ a .
Y0911 MITEMeveIdhazatea1sounidanae Ugnsenvialeasonda (Dehydroxylation)

wazmalasunilaslaseads

o [ d
13 M3n3eunIgat U183 Bsuanlse (Strobel R. et al. 2006 : 457-480)
o 1 aaa @ 1 aaa { 1 g { @ -
mswsenausalfnseausalgnsen liduiederny  MWdvnaun iy (107)
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(Precipitation)  #9AT MM eMATHADINTUADUNGGINMABTUADY  1FU  N1TNTON

. . [ . [~ . . o
(Filtration) M3 1319 (Drying) M3 1915104 (Calcinations) 184 HEAIRINN 6

Preparation of PUALO, catalysts by flame synthesis

Precursor Flame synthesis

mixing | | —_ ’

Pt and Al Precursors PYAIQ, catalyst
Precursor solution

Conventional preparation of P/ALO, catalysts

Filtration
& washing

Precursor Precipitation

|

Al Precursor

O
3

Z
ol

uoneuey

Precursor Precipitated

solution ALO,

Pt precursor

Drying and
Impregnation

PYALO, catalyst Wet Pt/ALO, calcined ALO,
Pt-AL,O, mixture

~ = = = @ 1 an A A 9 o v Aax 4
M 6 Manlseumeumsmssudusalgnsenntenlsnu duIsmlsualsd
1 : R. Strobel., A. Baiker., and S. E. Pratsinis, “Aerosol flame synthesis of catalysts,”

Advanced Powder Technol, 17 (2006) : 457—480.
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= ' . 'y o Y A g Ao o i
92i38n71 Flame Spray Pyrolysis (FSP) uatansasdundluvearaindriazarsliauise
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¥ 2
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Precursor Product 3
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Precursor
Conversion
g §
] g
TR S
B S
5 § )
Solvent evaporation & g\ §
Precursor precipitation g O
Precursor | - - -,
Droplet Droplet Vapar 0
(Flame assisted) Flame spray Vapor-fed aerosol
spray pyrolysis pyrolysis flame synthesis
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M 7 Yunsumsnanailudusalgnienieismsuealsd
T T, Kodas., and M. J. Hampden-Smith, “Aerosol Processing of Materials,” Wiley-VCH,

Weinheim, 1 (1999) : 476-480.
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1 : LMS Group of Companies, Laboratory Solutions for Material Science [Online], accessed

27 May 2009. Available from http:// Imsscientific.com/lmsbelminiii.html.

y [ < 4
1.2.2 MSAYNVUYDITIAONS (X-ray diffraction, XRD)
a J dy v aad 4 . . 9 A
MIAATIZHMTIAONVUVOITITONY  (X-ray  diffraction, XRD) @A281A504
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Y
o 1 a [ < [ o o 1
YDIHANVDIATAIDINAWNATAMTALIVUVDISITDAT  wazdaansaiimsnsiaa
ynaoyna lagldmaianieamenn  Taemsiiauveunsos Xay diffractometer 9
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A A dy v A d J
DINN 11 1ATDUAYUVUVDITINLDNY

11 : The University of Queensland, Centre of microscopy and Microanalysis [Online], accessed

27 May 2009. Available from http:// uq.edu.au/nanoworld/index.html?page=43961.
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[Online], accessed 27 May 2009. Available from http://rdi.ku.ac.th/cl/unit/microscope%20.html.
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Hydrogen sulfide [12]

formula

H,S

2

IUPAC name

Hydrogen sulfide, sulfane

Other names

Sulfuretted hydrogen; sulfane; sulfur hydride; sour gas;

sulfurated hydrogen; hydrosulfuric acid; sewer gas;

stink damp
Identifiers
CAS number [7783-06-4]
RTECS number MX1225000
Properties
Molecular formula H,S
Molar mass 34.082 g/mol
Appearance Colorless gas
Density 1.363 g/L, gas
Melting point -82.30°C (190.85 K)
Boiling point -60.28°C (212.87 K)
Solubility in water 0.25 g/100 ml (40°C)
Acidity (pK,) 6.39

1942 (See Text)
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Structure
Molecular shape Bent
Dipole moment 0.97D
Hazards
EU classification Corrosive(C)
Toxic (T)

Highly Flammable (F")

R-phrases R12, R26, R50
S-phrases (S1/2), S9, S16,

S36, S38, 545, S61
Flash point -82.4°C

Related compounds

Related hydrogen compounds

water; hydrogen selenide; hydrogen telluride

Except where noted otherwise, data are given for

materials in their standard state

(at 25°C, 100 kPa)

Infobox disclaimer and references
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Zinc Oxide [13]

Other names Zinc white
calamine

Zincum oxydatum

Identifiers

CAS number [1314-13-2]

Properties
Molecular formula ZnO
Molar mass 81.4084 g/mol
Appearance White solid
Density 5.606 g/cm?, solid
Melting point 1975°C (decomposes)
Solubility in water Insoluble
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Thermo chemistry

Std enthalpy of formation AFHe 208 -348.0 kJ/mol
Standard molar entropy S 208 43.9 JK "mol’
Hazards

EU classification

Dangerous for the environment (N)

NFPA 704
R-phrases R20, R36, R37
S-phrases S60, S61

Related compounds

Other anions

Zinc sulfide, Zinc selenide, Zinc telluride

Other cations

Cadmium oxide, Mercury oxide

Except where noted otherwise, data are given for

materials in their standard state

(at 25°C, 100 kPa)

Infobox disclaimer and refer
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Copper (II) oxide [15]

Copper{il) oxide

IUPAC name

Copper (II) oxide

Other names

cupric oxide

Molecular formula CuO
Identifiers
CAS number [1317-38-0]
Properties
Molar mass 79.545 g/mol
Density 6.31 g/cm3
Melting point 1201°C (1474 K)
Solubility in water Insoluble
Band gap 1.2eV
Structure
Crystal structure monoclinic

Lattice constant

a=4.6837A,b=3.4226 A, c=5.1288 A
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Lattice constant 0=90°, B=99.54",y =90°
Hazards
MSDS SciencelLab.com

NFPA 704

Except where noted otherwise, data are given for
materials in their standard state
(at 25°C, 100 kPa)

Infobox disclaimer and references
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