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Figure 1- Flow diagram of the reaction test system
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Figure 2- XRD patterns of the alumina (a) Al,O3-Cu(5%0) (b) Al,O3-Cu(10%) (c) Al,O3-Mo(5%0)(d) and Al,03-Mo(10%)(e).
(1) g go—LaogIT () «(71+) o LrogdT () «(7.8) uo—LarogIT (©) Lo gl () (19 XRD il yy (59531 - ¥ S
(11+) st gn — LiasaglT (&)

3. Mass Flow Controller(MFC)

AY



WAV 5l pom o)led @adil Jlo (3l 5ol 5 S g (oigl - (cole 25

9ges cpizan Cawl 00 00,91 ¥ S 10 e jiiw Sl dBlS sl 550 glakai Yo adogds slaloges
JS P> g C"a'“" ol 00l oalo UL"‘“’ \i JS....J 5o odsaislw LSLQV""“"J Ny 6‘)’. fBJH 09 Llaoj.é.‘> o)"u\.i‘ &9
QL..M) \ Jj» ) OMJ........J le.ﬁu\.m...”.als 6‘1.1 u)ﬁ)""" cﬁbju» ffﬁf‘ )l OAATWQM le.:bo).c:} O)LAJ‘ u..j.)L».n 9 LDOJAD

sl 00 00l

300 300
(a) (b)
—— ALO;
ALO
250 - ALO,-Cu(5%) | TR
- ALO; Cu(5%)
AL0,-Cu(10%)
= = ALO; Cu(10%)
= —— ALO;-Mo(5% R,
gm 205 Mo(3%0) Sl ALO, Mo(5%)
- AL0;-Mo(10%) =
g g AL,0,-Mo(10%)
=
—_— =
S 150 =15
> 2
s B
g g —— ALO,
21" g 10 @ ALO;-Cu(5%)
w @
ALO;-Cu(10%)
se 0 —4 ALOyMo(5%)
—o ALO;Mo(10%)
[} v T v T T T T T T 0
0 01 02 03 04 05 06 07 08 09 1 ¢ 01 02 03 04 05 06 07 08 09 1
P/Po P/Po

Figure 3- N, adsorption (a) and desorption (b) isotherms of synthesized catalysts.
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Figure 4- BJH pore size distribution of synthesized catalysts
oud yidw Al CwdUl gl oy ojlail &9 35 Hloges —F JSC&

Loyl 1) ooy iz e (it alls sliesll canlBlS o5 sos oo (Lt (p93ar @dogoda pyignl loged

b ol Gl S (e oy GlS B (slao i o (5955 i e Liagll Ay 4y (e 5 e D318 (00558
Shissaie 5 oS oo 3585 aly slaoyi J515 4y 518 S3sil diesll il & g 5 e SI318 (0381 L a ol Jd
Pebse Judl Sdgl nl bawgs baoja> auy pne 5l (Stond ((izod S9d o0 5 S 518 D350 Lawgs a1y (slao i

4. Barrett-Joyner-Halenda

AY



Lg).é.lé.e u,.;l...c 9 M‘ﬁ‘ JT [T su;iB 3 granno wél}jl% O (S gwge p,,.bl,;‘ S

G s roji il (nl Sedioe p ol Sl i eyl ylie al (g5, eadenilis 58 (e az e
oo LisogT GlacandBIS (gl +/PYAY 5 - FFAQ 4y el sliegd] B (ol +/FVAS CMYG 5l Lo i S o5
O Jgoz) Conl oo (£) +) oudge-liagll 9 (11 +)

Wl @ S Gadse 5 e SlaluJB o5y mhan el o 518 S350 Lawgs Al JRBS 5 beo i al
50 Woji oy (28 o il a5 psbolan 05 00 00sd (2934 oyl GRSl V Jguz 50 4 05 s Liel]
(V7 J55) 358 oo LocacdblS Loy (39505 @iz Glime (20l o ofg mhaw 2ol 5 (ddge 9 e b slaenJUES
¥ D) wbioe l Bl CanddBS sl jam o3Il oS0l 18 )3 oy CancdBl ) Sloo jam (0 ) oty (izren
() Jgax g

0l Jidew Alizo SCaud LS gl ouli g juF o3lil (gdo yoo lawgino o3Il g Lo yao 5 poxo 0 g b —) Jgo
Table 1- BET surface area, total pore volume, and average pore diameter of synthesized catalysts

Catalyst Specific surface area (m%/g) Average pore diameter(A) Total pore volume(cm®/g)
Al,O3 347.1 43.62 0.3786
Al,O;-Cu(5%) 237.6 61.10 0.3630
Al,0;-Cu(10%) 207.8 67.35 0.3499
Al,03-Mo(5%) 256.1 57.82 0.3702
Al,03-Mo(10%) 245.4 55.28 0.3392
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Figure 5- SO, conversion as a function of temperature for different catalysts
(Feed compositions: 2% SO,, 1%CH,, 97%Ar; volumetric flow rate: 3000 mL/h)
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Figure 6- Partial pressures of H,S (a) and Partial pressures of COS (b) versus temperature for different catalysts
(Feed compositions: 2% SO,, 1% CH,, 97%Ar; volumetric flow rate: 3000 mL/h)
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Figure 7- Effects of feed gas composition on SO, conversion for Al,Os-Cu (10%) and Al,Os-Mo (10%)
( volumetric flow rate: 3000 mL/h; temperature: 750 °C).
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Figure 8- Effects of feed gas composition on H2S, COS production for Al,Os-Cu (10%) and Al,O3-Mo(10%)
( volumetric flow rate: 3000 mL/h; temperature: 750 °C)
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(Feed compositions: 2% SO,,1% CH,, 97%Ar; volumetric flow rate: 3000 mL/h; temperature= 750 °C)
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English Abstract

Removal of sulfur dioxide pollutant from combustion gases through
catalytic reaction and conversion to sulfur
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In this work, new method for removal of sulfur dioxide from combustion gases was studied. Al,O3, Cu-
Al,O3, and Mo-Al,0; were examined as the catalysts for reduction of sulfur dioxide to elemental sulfur with
methane and their performances were compared in terms of SO, conversion and selectivity. The effects of
temperature, SO,/CH, molar ratio, and reaction time on SO, reduction were studied. The operating
temperature range was 550-800 °C and it was observed that the reaction is strongly temperature dependent.
Performance of the catalyst extremely enhanced when molybdenum and copper were added as promoters, and
the Al,O5-Cu (10%) catalyst showed the best performance between of all the catalysts in terms of SO,
conversion and selectivity. For the Al,05;-Co(10%) as the best catalyst, the conversion of 99.5% and
selectivity more than 99.5% were achieved at 750 °C. Effect of molar feed ratio of SO,/CH,= 3-1 was studied
and stoichiometric feed ratio showed the best performance. Also, investigation of reaction time for catalysts
showed a good long-term stability for SO, reduction with methane in 5 hours.

Keywords: SO, removal from combustion gases, Catalytic reduction of SO,, Alumina-copper, Alumina-
molybdenum, Metal nanoparticles on alumina
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