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## 5272303623: MAJOR CHEMICAL TECHNOLOGY

KEYWORDS: PREFERENTIAL OXIDATION / CARBON MONOXIDE / HYDROGEN /

CERIA / COPPER OXIDE
NUTHAPON SUMONWONG: PREFERENTIAL OXIDATION OF CARBON
MONOXIDE IN HYDROGEN-RICH STREAM OVER CuO/CeO, CATALYSTS.
ADVISOR: ASSOC.PROF.NATTAYA PONGSTABODEE, Ph.D., CO-ADVISOR:
ASSOC.PROF.APANEE LUENGNARUEMITCHAI, Ph.D., 112 pp.

The objective of this work was to study the CO-PROX catalytic activities of
CuO/Ce0, in H,-rich stream. The reaction temperature was in a range of 50 °C to 210
°C. The catalyst was prepared by impregnation. The experimental results revealed that

1%Cu0O/CeO expressed higher CO conversion than that of 1%Cu0O/CeO

2,synthesized 2,commercial

at 190 °C. The catalyst was prepared by impregnation, deposition-precipitation,
photodeposition and  chelating-photodeposition.  Additional,  1%CuO/CeO0, i csieq
prepared by deposition-precipitation showed higher catalytic activities than that
prepared by photodeposition, impregnation, and chelating-photodeposition,
respectively. Higher catalytic activities for the CO-PROX was obtained when adding Zn
as promoter. 1%Cu, ;Zn,,0/Ce0, expressed maximum CO conversion at 99% with 71%
selectivity at 170 °C. When increasing CuO-ZnO loading from 1 wt% to 5 wt%, the
temperature at the maximum CO conversion was shifted to lower temperature about 20
°C. Further increasing CuO-ZnO loading from 5 wt% to 10 wt%, the catalytic activities
were then decreased due to agglomerating of copper. Presence of 15%CO,, 10%H,0
and 15%C0O,+10%H,0 in reactant feed stream have a negative effect on CO-PROX

activities of 1%Cu, 4Zn,,0/ CeO catalyst.

2,synthesized
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nazuaunsulasugtlaaglatn (Steam reforming)

- NITUIUNNTRBNTLATILLLLLNGR (Partial oxidation)

- nrTUNuNnTeesinmesuea I Fu LIty (Autothermal reformation) GREP
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- A3YLMUNNT shift reaction WuNszLnuNNTaRLENNLAdANTURUNaUAN T
TR ANNARAINNTZUIUNIFTALNAS

[~] 1 ‘ﬂl = 2

- n3zuAunig gas  clean-up  lunszudunissdeldfandiuaniuia

ANSUANNAUAN TR IUIN AT INALAA LTUNTLUIUNT Methanation

N?TUIUNTT Membrane separation WIBNILIUNNT Preferential oxidation

2.1.1 nszuaumsuasfazanugivlunssusunisidainae
nszuaunsuarUnFatiugunldlunsruaunisimamas iauuulizenge
ANFeU (Endothermic)  auifludfAsandisiesnisndeenlunisiindjisen wazuuy
dffsanAemnien (Exothermic) Tailulffizennileiatundoarin1sa1anasen
aanN lugtuuuanFeu TnanasauAnFauluy Endothermic  azuanailatiaaeg
aNN1INAAALGIFEUAZNAWIUAINTDULLY Exothermic AzuandiNI9128941n19N13
Aadfisenssuanslumised 2.1 dAnduAmassueesljisanAuanldainaniuiaun

Haangluuuniswasusa (Heat of formation of participating) A9AN91991 2.2



M1519% 2.1 nezuaunsuazUfisentuguluniaasuglamemas

Combustion C.H,0, + (m+n/4-p/2)0, —> mCO, + (n/2)H,0 + heat

CH, + 20, —> CO, + 2H,0,, + 802.5 kJ

Water vapor generated | C;H,, + 12.50, — 8CO, +9H,0,, + 5063.8 kJ

CH,OH + 1.50, = CO, + 2H,0,, + 638.5 kJ

CH, + 20, = CO, + 2H,0,, + 890.5 kJ

Liquid water generated | C,H,; + 12.560, — 8CO, + 9H,0, + 5359.8 kJ

CH,OH + 1.50, = CO, + 2H,0,, + 726.5 kJ

C,H,0, + (m/2)0, —> (m-p)CO + pCO, + (n/2)H, + heat

CH, +1/20, —> CO + 2H,+ 39.0 kJ

Partial oxidation
CgH .,y + 40, — 8CO + 9H, + 649.8 kJ

CH,OH + 1/20, —> CO, +2H, + 154.6 kJ

Steam reforming C,H.0, + mH,0 + heat —> (m-p)CO + pCO, + (Mm+n/2)H,

CH, + H,0,,+ 203.0 k) —> CO + 3H,

Water vapor used CgH,g +8H,0, + 1286.1 kJ —> 8CO +17H,

CH,OH + H,0,, + 87.4 kJ —> CO, + 3H,

(9)

CH, + H,0, + 247.0 k) = CO + 3H,

Liquid water used CgHyg + 8H,0, + 1638.1 kd —> 8CO + 17H,

CH,OH + H,0,, + 131.4 kJ = CO, + 3H,

Gas Shift reaction

Water vapor used CO +H,0,—> CO, +H, +37.5kJ
Liquid water used CO+H,0, + 6.5k —> CO, +H,
Preferential oxidation CO + 0.50,—> CO, + 279.5 kJ

Water Evaporation H,0, + 44.0 kd — H,0,,




AN5199 2.2 ANANFAUTIIATUAINNNTIINAIRNLA ALAZTBILIAY el

Molecular Mass (g/mol) Heat of Formation (kJ/mol)

Hydrogen, H, 2.016 0

Oxygen, O, 31.9988 0

Nitrogen, N, 14.0067 0
Carbon monoxide, CO 28.0106 -113.8767
Carbon dioxide, CO, 44.010 -393.4043
Water vapor, H,O, 18.0153 -241.9803
Water liquid, H,O,, 18.0153 -286.0212
Methane, CH, 16.043 -74.85998
Methanol, CH,OH 32.0424 -238.8151
Octane, CiH,q 114.230 -261.2312

2.1.2 nszurunisidaaugiaaelan (steam reforming)
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MANUIN N

N1ATUININLTNIASAITALANLNDILAILATAITASANEAINTRUUALSILU)AFEN

Aating ARINNIAUAPIIRATITTRRLTLATEN 1%Cu, ,Zn, ,0/Ce0, TN 2 N3N

ABNTATUIN :

fialdaLlisen 100 NiN azdl CeO, 99n3u :CuyyZn,,0 103N

faldeliizen 2 n¥N Azl CeO, 1.98 n¥u: Cu,,Zn,,0 (1/1.98)*99 = 0.02
niu

AN 1%Cu, ,Zn,,0 Wiafu 0.02 n§A

*19a1NLANAT89 CuO WAL 79.55 uaz Maatuianazes (Cu(NO,),3H,0) Wiy 241.60

*1IAlANAYEY ZnO Winiu 81.38 uaz 19aluiana1as (Zn(NO,),.4H,0) Winriu 261.44

AMIIRIUAD CuO : ZnO
0.8 : 0.2 Tnalua
0.8%79.5 g 0.2%81.38
63.60 : 16.28 Tneninmiin

pati Cu,,Zn,,0 (63.60+16.28) N3n utivaaniili CuO winfu 63.60 WAz ZnO WAy

16.276

f1fa9IN1949LATIEIA 0.02 NFN azuLiaaniy

Nasasaanlas (Cuo) Windu  (0.02*63.60)/ (63.60+16.28) = 0.016 N3u
nnaesen liaInasazane Cu(NO,),3H,0 1Funm

(0.016*241.60)/79.5 = 0.049 n5Fu



facldiansazazany CuNO,),3H,0 ANt 0.1 M Fefitsunmswiniu
(0.049*1000)/(241.60*0.1) = 2.012 {AAAMT
-danz@eanlas (ZnO) WU (0.02*16.28)/ (63.6+16.28) = 4.075*10° N3
nnswesenlfainansazane Zn(NO,),.4H,0 15u1n
(4.075*10»3 *261.44)/81.38 = 0.013 n3u
facldiansazazany Zn(NO,), 4H,0 A NN 0.1 M SefiSunmswiniu

(0.013*1000)/(261.44*0.1) = 0.497 NARAMNT
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NMANUIN U

o Y a (24 [ 4 [
nsATUINNIMNIATNTagazN1stdAauLlas R LLﬂﬂﬂ"I‘JU’ﬂuN’ﬂu’ﬂﬂ‘lﬁﬂ

[CO],, —[CO]
[Co]in

out X 100

nsAUIINANSagazNIsRaniialjisenuasigansuaunauanlaa

0.5([COJ,, —=[COl o)
[Oz]m —[02]out

x100

e

[CO],, = BuumesfarnsusuuauanlsdiewAn e (a1d)
[CO],, = Pinnuzesufanfueunenenlamd \Nmdfisen (11een)
[0,],, = Funnuresunaeandaunauinalinsen (a1wdn)

[0,]0 = tannnuresuiaeendiaundunatisen (11een)

out
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MANUIN A

° = a [ , .
N1FTATUIUKIAUIANANAINLNAUA XRD AeIddN1S Scherrer's equation

KI

D,=—
B, cosq

e

D,= sunnanlntLaa (mean crystallite diameter) Huaendlu d9amnsan (A)
K = fpsiitesainasisas (Scherrer’s constant) 8RN 0.9

| = AnugaRALTesaAENS (X-ray wave length) 8AWNAL 1.54 9dmIau
B, = Aundngaesiia (angular width of peak) Tumunisans 2q

g = YNARNNIENUUURANAN (Bragg's angle of reflection) Hutaeiiliy a9en (degree)
AAaEng AA XRD i 71 2q = 28.7 uazilAn FWHM 1a9WAwingu 0.67

WA Q AN g =2q/2=28.7/2=14.35

e g riegudaasen winriu (14.35%(22/7))/180 = 0.250

Aati cosq NAYINAL cos(0.249) = 0.9999

“UAN By a1 ((22/7)/180)*FWHM = ((22/7)/180)*0.67 = 0.012

Aatii auaNan (D,) AU (0.91.54)/(0.01270.9999) = 11551 A wzalszum

11.55 W TULNRT



MANUIN 3

N19ATUIN reduction degree a1nnsIW TPR

94

ABE19 FBINTITAIUIN reduction degree  UBIANLAATEN 1%Cu,,Zn,,0/Ce0, 7N

n39 TPR TnelfifFaunusnisedjisen 0.1042 ninlunsmagew

3Bn3Auans : andayanisfssandunauiug g

a

u

Temperature TCD NALIINYBIAN N
(°C) Signall AT ¥ area
53.26158 0 0 0 0
249.8051 0.000744 0.001364 0.605545 0.000413
250.4107 0.00062 0.00124 0.595459 0.000369
251.0061 0.00062 0.00119 0.608759 0.000362
251.6149 0.00057 0.001123 0.606995 0.000341
252.2219 0.000553 0.001116 0.603378 0.000337
499.5960 0.001547 0.003114 0.357483 0.000557
499.9535 0.001566 0.003035 0.354004 0.000537
500.3075 0.001469 0 0 0
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AINANI T RLANL
“Nunlsing TPR NAuaaulswinfu 0.980704 ()

- QNN NGIgA Winy 500.3075

- Qmuqﬁé’hzﬁm \Winriu 53.26158

FevuszeznawingL 500.3075 — 53.26158 = 447.04502 (WN1 X m@aﬁuﬁ?ﬁlm?ﬁ'w)
- A1 TCD signal §9gm vy 0.093756

- A1 TCD signal r?'ﬁzgm Wiy 0

FatilIT e L UNaiNGL 0.093756 — 0 = 0.093756 (LN Y UBINUNRLUALIN)

- AUUNUN ARSI NAINNA WV XRY = 447.04592%0.093756 = 41.91323728 (**)

- annzlunnmegan Aa 10%lalasianluanfnas dnnisiua Wniu 50.02 NaaanIse
U9

satiuBunaulalasiauild windu (10/100)*50.02 = 5.002 RadaRssauIy

YaWINAU 5.002/24000 = 0.000223 Tuasauan (**)

WAANINNUNRALINTIINNA 41.91323728 WwinAuwAalalnsiaw 0.000223 Tuasauld
satiununlsingan TPR 0.980704 wihiuufalalngiaw 5.22x10° Tuasauy

Nalagiaunldase windu 5.22x10° Tua

ANANNNINTRATANGUIIaLAtaan s (H, +CuO —> Cu + H,0) Fodlalasiauild

pang ) winulEniamesunsaen b (1:1)

FaLTaUfnTen 1 N3y azfiFHNL (1%) naawssaanlamiindy 0.01 Ny

Tunsmeaesldfseal)izanwindu 0.1042 n3n Fafuaziinasuasaenladivini
0.1042*0.01/1 = 1.042 x10” nfu vigawiniu 1.042 x10° /79.55 = 1.31 x10” Tua

lalasiaufildmamnued iy 1.31 x10° ua

Aati % Reduction degree winfiu (5.22x10°Tua/1.31 x10 " Tua)*100 = 39.88915



ANTLAASAN Y%reduction degree Ua9FLTL] TN
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o REZE D REZE LIRS
palgaLlffisen . o %reduction degree
7895 Ufnisen
1%CuQO/Ce0, LNTANITAN IMP 16.30
AAYFIN
1%Cu0O/Ce0, N IMP 55.98
ANNTAU
AALUFIN
1%Cu0O/Ce0, N DP 36.55
ANNTAU
ANEIFINI
1%CuQO/Ce0, 5 PD 57.48
AYNTAU
ANFINI
1%Cu0O/CeO, / CH-PD 56.44
ANTDU
AANYFINT
1%Cu,.La, /CeO, 3 DP 41.90
AITNT AL
AAYFIN
1%Cu, Zn, /Ce0, T DP 50.94
ANNTAL
AAYFIN
1%Cu, ,Zn, ,/Ce0, DP 39.88

ANNERL
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