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Abstract

This thesis is related to remove of carbon monoxide in the hydrogen
rich system. There contains two parts in this thesis: the first one is using
photocatalyst for water gas shift reaction (WGSR), and the second part is
using gold catalysts for WGSR.

From the results in the first part, the photocatalyst chosen from the
summary of literature review showed low catalytic performance in WGSR,
even though at the lower flow rate.

In the second part, the literature review indicated that gold catalyst was
one of the best choices for WGSR, because of its high CO oxidation activity
and good stability. In this research, the gold catalysts were prepared by
deposition-precipitation, which were Au/TiO, ~ Au/ 7 -Al,03; and Au/Y.

When these three catalysts are applied in the preferential oxidation of CO in
H,-rich stream (PrOX). The former two can attain 100% CO conversion at
higher temperature(80°C) and at lower temperature(50°C ) after activated for
a period of time, respectively, even through the stream contained H2 as high
as 50%. However, Au/Y had lower conversion, it attained its highest

conversion—70% at 60°C. Nevertheless, the former two catalysts still

showed lower activities for WGSR than for PrOX.
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Bl % 51

Figure 2.4-1 7 f 424 & f§ 422200 2 -k § ## 7 CO@+ -8 -

o

L

Figure 2.4-2 TPRip|:E% % o A1 1-Fe,05; 2 - Au/Fe,055 17 - - 11 -
Fe,O; BE# 3 & 21532 - Au/Fe,05 178 # " &
2.%5 3B 1 1.Co304 ; 2. Au/Cos0, °

Figure 2.5-1 pH=5>80°C TR {rl6- | P> 2 £ LR T B2 - 14-
TPRiP| 3 %2 % : (A) 0.59 x10°M ; (B) 1.13x10°M :
(C) 2.24x10°M > +* B % 7 Au Aw/Y + e f 1t
] (inwt% ) °

Figure 2.5-2 pH=6>80°C T iR {r16-| PF > 2 I &£ A T 5k - 15-
TPRiP|ZE 2 % 1 (A) 0.95x10°M ; (B) 1.13x10°M ;
(C) 1.46x10°M ; (D) 2.39x10°M > * 6] 4 77 Aute
Au/YF g v 5] (inwt%) ©

Figure 2.5-3 % 80°C © i fr 16 | P& » “f F ehia & % % -18-
1.46x10°MenXPS % 3 > iz 4t fR 4t & B % 15 38 2
A R T 5% eh 1 (A) pH=5AWY 5 (B) pH=6:h
Au/Y o

Figure 3.1-1 Schematic procedure of the preparation method in - 19 -

this work.
Figure 3.3-1 Schematic diagram of reaction test system. -23 -
Figure 4.1-1 & g -2l & /A2 ] - -32-



Figure 4.1-2 % - =X 4&x'EA2 5 -
Figure 4.1-3 % = = 4 %42 & o
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Figure 4.1-4 ~ g g Ao & 150 cm e § B ARE» F Jgg d -34-
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Figure 4.1-5 Figure 4.1-5 ¥ g B~ & :30cm; ¢ /£ :3/8in - - 35 -

Figure 4.1-6 Figure 4.1-6 ¥ g Ce- & :40cm; ¢ /2 :1/8in - - 35 -

Figure 4.1-7 F Jis 8 A 2 Lff4— § Va5 st (Gnag 110 - 36 -

ml/min ) °

Figure 4.1-8 & Jix 5 Az % ff 45—
ml/min ) °

Figure 4.1-9 & i g B 2 % f§ 4—
ml/min ) °

Figure 4.1-10 * & ¢ B2 % jf 45—

ml/min ) °
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Figure 4.2-1 O, and CO conversionat H, : CO:0,:N,=50:1: -42-

1 : 48 over Aw/TiO, » X#h 5 E R E 1 (C) > = RY
#h i O 1 5 (%) > + BIYdh a COE i F(%) -
Figure 4.2-2 Selectivity at H, : CO : O, : N, =50:1:1: 48 over -43 -

AW/TiOy e A5 B 7 JKOIVE2SCHR S ER -+ =T #

% 10-20C » 280C » £ &b w25 Ceng % o
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Figure 4.2-3

Figure 4.2-4

Figure 4.2-5

Figure 4.2-6

Figure 4.2-7

CO conversion in gas A(H, : CO: O, N, =50:2:
2 146 over Au/TiO,) » ~F Z 7 KW E25°CHZ R
B # % B1020C > 280C cm-E R+ | @
BRTE A »3% ok g 62 E S V-R
b » 300k fo Kk F 18R R -
Selectivity in gas A(H, : CO 1 Oy : Np;=50:2:2:
46 over AU/TIO,) » A F % 7 KX E25CH 2L R
B # % B1020C 0 280C cm-E R+ | @
BRTE A 230 ok g 2R V-R
b » 300k fok F 18R R -
CO conversionin gas B(H, : CO : O, : N, : CO, =
50 :2:2:31:150ver AWTIO,) » 5 B 7 ¥4
B25CH A ER >+ 0k 5 10-20C » 280C - m-
ERL A e AT A-fde 2394 ook §
6 V-t »3%4F ok F (878 o
Selectivity in gas B(H, : CO : O, : N, : CO, = 50 -
31 : 15 over Aw/TiO,) » »F % 7 R 25C#/ = |
Z#B10-20C > 280C cm-E R+ 2 5 o &
F M- 2300k ook F SR Wt &
KF tSTEE o
0O, and CO conversionat H, : CO:0O,:N,=50:1":
1 :48 over Au/y-ALO; » X#hz B R S(C) =
RIY$H 5 Ok 1+ 5 (%) + RIY 0 5 CO i 5 (%) -
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Figure 4.2-8 Selectivityat H, : CO: O, : N, =50:1:1:48 over
Au/y-ALO;3 » AR %7 K ME2SCHRAER » =
== ¥ % 10-20C > 2 80°C » £ i&jo'% w 25°C cnl
LI

Figure 4.2-9 O, and CO conversionat H, : CO:0,: N, =50:1:
1:48over AwY » Xz R (C) > = RIYHh
5 O 1 (%) > + RIY$h 5 COE - 5 (%)

Figure 4.2-10 Selectivity at H; : CO : O, : N, =50:1:1 :48 over
AuY » AR B EIVE2SCHR S ER - # KB
10-20°C » 280°C » £ & o' w25 Ceng % o

Figure 4.2-11 O, and CO conversionat H, : CO: 0,:N,=50:1:
1:48over AwY » Xz B R 1 (C) > = RIYHh
5 O 1t (%) > + RIY$h 5 COE 1 5 (%)

Figure 4.2-12 Selectivity at H; : CO : O, : N, =50:1:1 : 48 over
AU/Y -

Figure 4.3-1 CO conversion at H,O : CO : N, =10 : 2 : 88 over
Au/TiO; at 300°C for over 3 hr »

Figure 4.3-2 O, and CO conversion at H,O : CO : N, =10 : 2 :
88 over Au/TiO, at different temperature °

Figure 4.3-3 CO conversion at H,O : CO : N, =10 : 2 : 88 over
Au/y-Al,O5at 300°C for 12 hr »
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Table 2.4-1 -k 7 A F e 7 P HEW L S A ¢ i

Table 2.5-1 The binding energy of Au/Y when the concentration
of chloroauric acid was 1.46x10°M

Table 2.5-2 The influences of chloroauric acid concentrations on
metal loading, the percentage of gold recovery,
average gold metal particle size, and max. CO
oxidation on Au/Y when the pH of chloroauric acid
was 6

Table 2.5-3 The influences of chloroauric acid concentrations on
metal loading, the percentage of gold recovery,
average gold metal particle size, and max. CO
oxidation on Au/Y when the pH of chloroauric acid
was 5

Table 2.5-4 The influences of chloroauric acid concentrations on
metal loading, the percentage of gold recovery,
average gold metal particle size, and max. CO
oxidation on Au/Y when the concentration of
chloroauric acid was 1.46x10°M

Table 3.3-1 The operation information of the gas chromatography

Table 3.4-1 & 65 fis f Mgl v & ¢ F & & che & AF10
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2.1 -k § #&# & & (Water Gas Shift Reaction, WGSR) [5]

- AR R Y o R F B R Y 2
A - F R A K F A F k2 f e § LR Y POXF R
2k d hoRF RS F B O BARLRD g Apd - F R LG
Hag TR ARE (59200-300C) > sBARFFIF >0 B3k d 3455 £
PR (F2 o 0 B AT Rt A AR Ak F RS R B0 i
Boo kFHMSF BE > RN 40T

co, +H,0,,, < CO

(® (&) 2(g) +H

AH =—-41.2KJ / mol

2(g)

co, +H,0, < CO

@ ) 2(8) +H

AH =2.8KJ / mol

2(g)
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BRSSO B A S T F V4 4ot b B ing it 4 (Fe 1 55
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Table 2.4-1 -k 5 ## F K7 FHEM DL S T L FFE2[7]

Catalysts Atomic BET Tiz',

ratio, surface o

Au:Me darea,

m/g
AufFez0s (cr) 1226 59 160
AUZNO (am-ch)® 1:26.0 70 305
AUZro: (cr) 1:24.0 26 150
AUJZroz (am)* 1:24.0 85 305
AUTIOz (cr) 1:24.0 71 130
AUJTIO= (am) 1:24.0 a5 300
AufFez0:-Zn0 (am-ch) 1:21.4:1.3 59 230
AUfFe20:-210z (am-ch)  1:21.41.3 74 260

1. T1/2CO§’§ it _“% é\ 5()%]?[55’1"!,_“}" }i

2. Cr‘% BBB .r-g’-l’]j E‘T\' 4F

foh3ikz Fenie® 4 o Ti~ ZrfeFe i tUR vk 5 B4 F @ 353 2k
FE ke Cor g EUkF EHF B> v &2CO § it ¥ '}’é'kiﬁ&‘»%‘iﬁ?o
ER Rk BB R R o IR BT R s
%€ & o MTI(OH)4frZr(OH), % # 8 -k 5 # 4 F i+ 'kifT&:LL T~ Zr
fo 5 Wk £ o w54 > 5 0 Kozlova#® R i Fe(OH)ziz 824 5 )
gm SRpe r WA P o 7 AR COF ¢ 3 4 E N o Baiker® MZr
RS ARR 0 BE B R RFEBF BOEF -

* 2R AL b 4F B a9r Znei it Fe g {,E’ff’}i L e e % &%
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II. A¥&% 4% 2 (Deposition-precipitation » DP) — £ g i 4 L -k ?
RiF - &aha g it AKEr G o
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Bk L EAEY STaenR T]E SRR pHE » M R e
I 2

i PR AR AITE R o U A BN L BT 2k
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244 EHERT BRI RB I
d Figure 2.4-2 TPReB:E S % 7 % M AWFe,03 8 R J§ B W %
Fe,0::B & ™ » izt enfi-a)» & 4 &Pt ~ PdfrRhff &> /287 2 & 4

B eEi g & R+ AEM L L A5 Au/Fe,03 IR £ 3% 2 TPD

/

BIET 0 LR % Fey05F { 5 cPOHR R G A fRdenk A5 ikt & o
Au/Fe,0; 4rFe,03:TPR %t & (Figure 2.4-2A2.1"#2) & > 7R R F
EFe,03 —»Fes04 P> 8 ¢ + T HIRBIER > R WHLT £7F &
SPPEIE R R Mo Bg I eniF e 2 & Au/Co304:E F Cos04t > Au/Co30,

=

il R iR B $C030, 1% o
Au/CeOsHTPRBIZE Y » £ § &4

=1

g A FARER S BHEA)E 5
Avg L 2P - BES AR ] AR RR O EG £ e Ceinid A
% o
TR BEEPM AR HIEZFET o3 PERVVESE > 2 B
Au/CeOyff -tk g B F T 7 8 RAEE FUL -
FEMUTPRA VR E A FF P HFHEROPF > 2 LRl
BRF L b 4 8 B AL 12 Au/Fe,05frAu/Cos0, 5 B 5 1 #i» Au/Fe 0
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B E R R F EeniE it v iR 3 pre-exponential factor ©

10



E
;Jqﬁﬁm ;
%512 (050,

Detector responce

100 200 300 400 500 e00 700
Temperature,”C

Figure 2.4-2 TPRip|zE % % » A1 1-Fe)0;35 2 - Au/Fe;03 5 17 - FerO3 A3F
HWa 2 (852 Au/F62031’§-_ Hma 2 {8 B:1.Cos04: 2.
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2 YA o e AT B R (B4t A TIBOCH * 1-1.5B | PF) o 24F e
IRt > BT =2 CIaE+ » 58 260C ™ §o' % 127 /| FF[8] -
(2) & niFit g Rl

#* AA~TPR~XRD - XPSEHjilFE B & 7 & ~ £+ RBRAER ~
T 3ad 5 E 5 ~ L &5 (binding energy, BE) °
(3) COF i+ ehiglit it

CO3 i* #_ A303K> - ~ §F BT g RkFrRFE? > 7 #:0.0002 gR
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—_

TAJL 2 & fR4E 7 o F 4 »32.7 m/minh% § 470.33 ml/min

- F b A F L F AR &R (GC) A 47 0 & 11 F ficarboxy-2000
column pA éﬁCO > C02 > Nz‘ff'OQ °

252 %%t
(1) &% kR DEE

j¢Table 2.5-14Table 2.5-2% F 4> § &% & pHE
Ba80CH » £f f*£2 TP EEFEFHRERNen A o £F 1
M COBR A FrgF f e ifden 2y fIEHF
PRI FE R TR

Figure 2.5-19rFigure 2.5-24 % _pHESf-6™ » 1172 g )k & 2
*TPRERIhG % @ i g P N0 a8 B2 < s (575106
CHeS10°C Do tdie® f P> 24 - BiL% (106C)EF - i shoulder
(120C) > EHEALNE - RBEFDRERR € LIRRH L PFRRE -

Table 2.5-1 The binding energy of Au/Y when the concentration of

chloroauric acid was 1.46x10°M

Binding energies of Au 4f7;3 on Aw'Y, which were prepared at different solution pH

Catalysts” Au 7z (eV) Peak area ratio FWHMY of Cl/Au
Au At (Av/Aur'T) metallic gold
Auz s AuOH)R T
pH =3 8.1 864 1.3 1.6 1.6
pH =6 8.3 864 88,2 1.5 1.5 0.3

The concentration of chloroauric acid solution was 1.46 x 107 M and the solution mixing time was 16h at 30°C,
*All the samples were dried at room temperature,
b Full-width at halfF-maximum mtensities.

13



Table 2.5-2 The influences of chloroauric acid concentrations on metal
loading, the percentage of gold recovery, average gold metal particle size,

and max. CO oxidation on Au/Y when the pH of chloroauric acid was 6

The mfluences of chloroauric acid concentrations on metal loading, the percentage of gold recovery, average gold metal particle size, and
maximum (O oxidation activity on Au/Y

Gold concentration Metal loading Au recovery Day? (nm) Maximum CO Location of gold ion in Au/Y*®
m solution (M) (wt. %a) (%) conversion (o)
Au Na A (%) i (%) (%)

095 x 1073 08 33 34 212 1.6 60 14 26
113 % 1073 1.3 32 17 29.8 69 26
146 x 1073 24 31 6 26 62.9 68 a2 0
239 x 1073 36 30 b6 56.7 60 10 0
354 x 1073 6.0 3l 70 57 18.7 54 16 0

The pH of chloroaunic acid solution was 6 and the solution mixing time was 16h at 80°C.
A Au recovery (%) percentage of gold in the solution loaded on Auw'Y.
LT average gold particle diameter.

S From TPR analysis; A0 gold m supercage; #: gold at extenor surface; (7 gold in sodalite cage.

-'Iﬂl'|
A
— I
"E (Ayosowtsy [ |
ol Y SRS S W
= |
m
£ IH;
o il
— | ||
= (1 (B) 1.65 wt 9
2 i ||.'i ST N -
S il
& il
il \\ (© 270w
[
[
N marows
I | T | T | T | L I T | I

0 100 200 300 400 500 600 700

Temperature ( % )
Figure 2.5-1 pH=5>80C TR 4rl6-] FF > 2 F £k R %%  (A) 0.59
x10°M ; (B) 1.13x10°M : (C) 2.24x10°M% = z_ fg 4 > ¥ TPRip| & &

% o Bl AT Au AwW/Y F en g Ot ) (inwt%)
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|
i
- \ (A) 0.80 wt %,
g ,J‘ \\\—M.—Mmm‘iwff\x_.,ﬁ
B
= J\i
= \
E i
-:i« /*,j f ql\ \_\ (€) 2.0 wt %
E i
@ j { \ L (D) 3.60 wt %
)
|
A
o (E) 6.00 wt %
T I T I T ‘ T I T ‘ T ‘ T
0 100 200 300 400 500 600 700

Temperature ( °C )
Figure 2.5-2 pH=6 > 80C T ;R 4r16-] FF > 2 I £ )k B %%  (A) 0.59
x10°M ; (B) 1.13x10°M : (C) 2.24x10°M% = z_ f§ 4% > ¥ TPRip| & &

% o Bl AT Au Aw/Y L in g Ot ) (inwt%) e

Table 2.5-3 The influences of chloroauric acid concentrations on metal
loading, the percentage of gold recovery, average gold metal particle size,

and max. CO oxidation on Au/Y when the pH of chloroauric acid was 5

The mfluences of chloroauric acid concentrations on metal loading, the percentage of gold recovery, average gold metal particle size, and
maximum (O oxidation activity on Aw/Y

Gold concentration Au loading Au recovery Dag® (nm) Maximun CO Location of gold ion in Aw'Y*®
i solution (M) wt ¢ (%) conversion (%)

’ : o) o erston %) (o) B (%) € (%)
0.59 x 1073 0.6 12 11 1 3 86
113 x 1073 1.7 61 263 50 16 34
146 = 1077 27 73 4.1 50 69 3l 0
224 x 1073 47 83 228 67 33 0

The pH of chloroaune aad solution was 3 and the solunon mixing time was 16 hoat 80°C.

A A recovery (%o} percentage of gold in the solution loaded on Aw'Y.

LT average gold particle diameter.

© From TPR analysis: 4: gold i supercage; A gold at exterior surface; (70 gold in sodalite cage.

— 7 v \ PN 0 e
d Table 2.5-24vTable 2.5-3% +> pH5 524 6FF » & 3k & £.1.46x10
> B = YA = by N 2 A+ - oW\ 2 - 7 P

M E {8 > d &%k & 5% &4 g B 7Fsupercage t » 7 v =

%0.26 nm ( sodalite cage size ) ™1+ » i ;’fﬂt_ﬁr;‘*éf;‘}é}i B (ie. 0.59x107
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M) @ B ILAINL g H3+ T 220.6nm > i A7) % sodalite cagep =
<] ¥ 50.6nm- £ & & »sodalite cage3 = 2> 2 1 (1)i5 f# ip e
Q)HBELAwm BH o

LI0°C thip i 7 fF T30 A YAIA 7 ¢ & 4 cif > R IR chil 4

F_*

-

FF Ak o b eng 35 vt supercage < o

gl
i

B R (0.59x10°M) ¥ » pHSPF » & %A 14 33 =+ supercage
0.75 nmz_ T > ZH_d 3 &3 R EKRY A A F asupercage’] o & ApHOPF -
110C 13 crband T # FI§a§ P & - A %5 & £YA A7 46 1 #&E
4o o

EHF AYAA L P FUEPCOs L E M ettt LG
e b hdom ff Bk B ot Ak R MPF > sodalite cagep £
MRAlE g4+ > F1 5 CO 5 0.37 nm >+t sodalite cage = » #714 i &
sodalite cagepr ch& & Z %= F BiEt o

T3 B 0 w80C o pHS2 6FF » Aw/Y &COF i F Jig+ chis (i

1.46x10° M 5 Boif % ik & o

(2) £ % paia RpHE 7 58

d Table 2.5-417 ¥] » * 1.46x10° Mik & chk & fein it > & f £ 2
Wl S AN g g FPHEH 4 d - 2 pHESfr6eniE & 5§ 32 F o
HPHEACETRF f L& frw o 30 § i > ApHE A 36pF | f£ 2 frw
Yo g Mo B 5] 2 Au(OH): 3% ¢ » Au(OH)3 i 2 & o 7 it i
TS 4 FF T 4 Ak (electrostatic deposition ) e

2. Table 2.5-24rTable 2.5-3 » 12 1.13x10°M % 4= 453k B 0P iz » 4 b
fE ApHESFRPHEGOYL ~ » ¥ 440k & 1.46x107° MPp# > pHig 55
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£ 3 4U8+ % % tpHE6{rpH LT Bim pHEAR M PF » & f L B2 o
FTEMPE & ¢ » 7 4 &) hpHESFeom > ¢ 3 4 fo ] & ¢ = > 4 el §

7
Lt F &G 0 o] e0F fesupercagesie o i ppHETHEF » W5 XAk 4 B

p:S
N
D
=1

==

B #X 4 supercages & 3R pHES 7 :EpHiE6 > & F pHESH (T
FR 4 BB tpHE S 6% (T enf &L > 2 Figure 2.5-34rTable
2.5-1° frrd —‘F*]‘prjEi" v & R AuﬂfrAu A58 % Ad B R OE ALY
? 94 BE (84eV) t“bulk AusE ~ 9% (g4 BEAXE £ T3k % T 4%
) e BpHEG6FE T » 403 che < W pHES | » g8 35 ¥ §F 5>t pH
EOR Fenff i it o

Table 2.5-4 The influences of chloroauric acid concentrations on metal
loading, the percentage of gold recovery, average gold metal particle size,
and max. CO oxidation on Au/Y when the concentration of chloroauric

acid was 1.46x10°M

The pH effect of chloroauric acid solution on metal loading, the percentage of gold recovery, average gold metal particle size, and maximum
CO oxidation activity on An'Y

pH of the Metal loading (wt.%) Au recovery Dag? Maximum CO Location of gold ion in Aw'Y*®
solution (%) {mm) conversion (%) - -
Au MNa A (M) B (") (%)

5 23 25 76 4.1 0.0 69 31 0

6 24 3.1 64 2.6 629 68 32 0

7 1.0 30 27 37 183 31 6l ]

8 0.3 37 9 1.1

The concentration of chloroauric acid solution was 1.46 x 1073 M and the solution mixing time was 16 h at 80°C.

A An recovery (%o percentage of gold m the solution loaded on Au™.
B Dan: average gold particle diameter.
“From TPR analysis; A0 gold in supercage; 8 gold at exterior surface; (- gold n sodalite cage.
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pH=6:1AU/Y

(A)

94

BE (eV)
“F R F 5 1.46x10°MXPS &
S0 B3R T S04 1 (A) pH=5PAWY ;5 (B)
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3.1 R A
3.1.1 g N
AR T AR ARAR R o BEWE BT R Rl

Figure 3.1-1#77F

(1) )

Figure 3.1-1 Schematic procedure of the preparation method in this work.

(1) Beflif & &0 & hd &K 3 % 9230 mLE 4 114 o

(2) 01M a5 43R 23 RpHER 16 -
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(3) 4v » 25 R (TIO; ~ y-ALO;e* £Y A £ ) o
(4) #1725 HEMPEBZRI THEALEIB0CEFELhre
(5) Bk 4edfdE o RBRE Y TR -
(6) 4 F Wi ~ kit » L F BipiER -
(7) 2R Tic%Hkx 2 HE60°CTickdho
hfe® &AMz W o kL R 3 ek k3 (Atomic Absorption
Spectroscopy, AA)R|I T A& * £ THE &R IRIER - F RN
(¥ frfie s chd kR kB8 > L 40 » 230 mL2 35 -k o

3wwm&w&w%¢é&€ﬁmﬁﬁ7—oxkq§ i Ep 5
FHF G B PR TRRG §F T AN T FRESG - A
FTEAEd fe »NaOHugeh™ 3% > b d § A8 & 3 278 & > a7

%)Z K,/\é;é‘ﬁ;—ﬂ‘ mp I:’J"Jo

% NaOH o4 » A2 7 » — 4 80273 chpH @ % flle & o 2 4395
ATREADGR Y& P ERCORBRSPHER I % - LERL > F
—ﬁ;%@igé’)"ﬁT““ﬁ”i\"f‘oq‘]ﬁ’*’p’%!}?,p,,ngmmpﬂiFﬁz SRR
TRV A ERpHERIEH 2 M % o
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312 v F R
% 5 v g 50 R % Purity
Ta,O5 ALDRICH 99%
La,0s ACROS 99.9%
Ni(NOs3), « 6H,O ACROS 99%
Quartz MERCK
Fitam
HAuCl, - 3H,0 MERCK
(Chloroauric acid)
= F 4 JRC-TIO-4 Catalysis
TiO, .
(Titanium dioxide) Society of Japan
0.1M H3EZ§ i g
% T NaOH ACROS
(Sodium hydroxide)
R e
HCl ACROS
(Hydrochloric acid)
b2l
HNO; ACROS
(Nitric acid)
i4p
HF Riedel-deHaén
(Hydrofluric acid)
B
SiC Strem
(Silicon Carbide)

pH 7.0 7%

pH 4.0 7%

Yakuri pure chemical

Yakuri pure chemical
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3.2 faFEE
3 aoTkdE (AA)

AR P AT 3 Bofa k¥ (Atomic Absorption Spectroscopy,
AA) 3] 5 GBC 906 AA - th &3 i H P~if & cff 4f > Mg £ 02 K
(aqua regia) £ & & f& (HF) 32t » £ 024 33 KR S 3 § 0k
RITEERY - FHIZ NI IREERCEEER LTI Th 8
BRI IS BFLRFR SR  RRRRAL > R
{3 Eljﬁﬂﬁﬁrﬁﬂﬁgﬁ\é (Ew—a‘ﬁ%&%’ﬂm!ﬁ—a‘p/}?) g

3.3 F BRI

331 F REE
R R AaE 2 ok )fﬁ;/?]pé“,: SE - FNaynd R K’E:Bg g %%'_

4rFigure 3.3-1%777 o
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Figure 3.3-1 Schematic diagram of reaction test system

Ho o,

[E—

%+ €7 4A (molecular sieve 4A)
-2 374 B (mass flow controller)
= w KR (three-way valve)
rfrZk ¥ (saturator)

+® ¢ F &% (quartz tube reactor)
£ & 1 (quartz wool)

f8 & (catalyst bed)

# 7 48 (thermal couple)

o »® X s »w DN

PID:% & ##] % (PID controller)
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10. Ar# g et # 2 # % (furnace or heat-exchanger)
11. P~# R (sampling valve)

12. A& EPE~$k v (sampler)

13.  § 49 & +7 R GC-14A (Gas chromatograph GC-14A)
14.  § 4P & +7 X GC-8A (Gas chromatograph GC-8A)
15. # @ &3 (bubble flow meter)

16. 4 -k % (pump)- > HWGSR?® & *

PrOX & - P27 mmenZ & F g P i8E » R8¢ R4t & 4% 5
4022200 mg > # ¥ £20.20 g 100 mesh=SiCs %8 & (SiCH 243t @ H
VURAE R B REE TS ) R F S F BRI E - M ET mmeD
PG FRENES > &Y T £ 575 mgo I P 8275 mg Si0,
o R B E (F * SiCa :x % SiOH_7F] & “f TR E R AN E Tl E ek
B ESICY PR R+ A A KFEBF B2 F Py BEIREE ).

PrOX§ e p » fl4ik t TR P E R AT EE CkFESF &
SAEEE) P A lamaRS TR o & F kb MALLEA T G
4A 11 2 “T kAo B wld B F24] B(mass flow controller: # 4] % Brooks
S8S50E) A B H jmig » iR LA F B o 2 F s 7 R 24 1 PrOX
% CO/O,/Hy/COy/N, = 1/0.5 or 1/50/0 or 15/balance ° 3% 7w & 5 110

-~

mL/min ; -k § #4 F & 5 CO/H,0/N, = 1/5/44 > %% % 5 50 mL/min °
PrOX® » i K F hFk if P £ A FEB ™ F P F MEEL7 2 4

Fokeae ek > F FH3vol et fork FF 2 r F R E o fR4E PR

B & 2 d # 7 48 (thermal couple) 8 p] » & 1UPID> ;N 4 #1p -

REBEETUETERE -
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KFHEHF Y > RABR R 2 2 KIEHAT100C 24 0 FREXF
Bgic > d PIDE RIFHI B4R i BERD BT MER -

4 2 fF Mens o e F 0w g 4k 47 &k (gas chromatograph ) 4 47 ©
AAFT Y ® ¥ A IF 4pk 45 ki (7 4 47—Shimadzu GC-14A 41 & * *%
& 370,% Hy 2 £ 5 @ Shimadzu GC-8AR] 3 & * 3t 2 45CO% CO, 3 & »

Shimadzu GC-14A%_r2:2 % > ;% (on-line) 4# #7 » & B 5 TCD >
vk 7 g A+ & 5A  (molecular sieve SA) #407C Zif 4 3tH, ~ O,
N2ZCO > £ ZE8H ~ 023 Ny o U35 § # 5 % A& Ar> 1225 ml/min
RS KR (OMI-2™ indicating purifier ) » #5 %0, K02 Bk i 1t &
PECLENFAARITR -

Shimadzu GC-8AR|H 11 ;i s BBtk & 48 4 45 > j1 6t 8 B 2007C -
12 % 47 fr.Carboxen™ 1000 ( 60/80 mesh, 15 ft x 1/8 in., Supelco ) %40°C
LA dH, ~ 0, ~ N2 CO > #97 min COshx % J1 3514 > 1210°C/min

eh2l g 3¢ F 4238 1 200°C £ 4% 8 10 min > 4 CO,% H,0 > ¥ # £ N, CO

2CO% 5% > BREFR5 3 S ARHe > ™ 1125 nﬂ/min%'}ﬁ,fég‘_% E- ]
(OMI-1™ indicating purifier) » #5 "#0, > H,0% a it s E o L

FAPEATR o b F AP & 47 K el (7 T AL A I A Table 3.3-1 ©
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Table 3.3-1 The operation information of the gas chromatography

Shimadzu GC-8A Shimadzu GC-14A
Gas to be separated H,, O,, N, CO, CO,,
H,, Oy, N,, CO
H,O
Gas to be quantified H,, O,, N, N,, CO, CO,
Carrier gas High purity He High purity Ar
Flowrate of carrier
25 mL/min 25 mL/min
gas
Column Carboxen'" 1000
Molecular sieve SA
60/80 mesh, 15 ft x 1/8
_ 60/80 mesh, 6 ft x 1/8 in.
in.
Type of detector TCD TCD
Operation current 80 mA 60 mA
Injection temperature 200 °C 150°C
Column temperature Keep at 40 °C for 7 min, 10°C
then 10°C /min to 200 °C
Detector temperature 200 °C 150°C
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332 F#

# (Al 2 R Purity
- § i ﬁ;}z\
CO Linde Chemical 99.3 %
(Carbon monoxide)
H, San-Fu Chemical 99.99 %
(Hydrogen)
0O,/N, =21/79 San-Fu Chemical 99.99 %
(Air)
3 F
He San-Fu Chemical 99.999 %
(Helium)
& # .
Ar San-Fu Chemical 99.999 %
(Argon)
3 vt
CO, San-Fu Chemical 99.99 %
(Carbon dioxide)
N, San-Fu Chemical 99.999 %
(Nitrogen)
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Table 3.4-1 % f6 5 Ji # Menfl i F 28 3/ F cha & g
_:3:

i
Rk R FE R
CO
co = €0 ) ([COZ]in =0)
o [CO],, ~[CO],, [CO],, +[CO, ],
- 3 i Xeo =
01, X =1- 19 ([CO,1. #0)
=] ————-out £
CO [Co]m 2 din
— - [02] _[02] [02]
- — in out =1- out
A “~ 0, "0,
E B 5
B4 T3 i
_ A[O, 1o - lx [COJ;, —[CO]y
A[OZ]CO +A[02]H2 2 [Oz]in _[02]0ut
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41 RFEKFEBF R

- ARETR T LSRR F R R e R TR R 3R & 200°C 14
i’E%ﬂéﬁﬁ*gﬁﬁiﬁ’@ﬁ%ﬁﬁﬂﬁﬁﬁﬂﬁ’iﬁﬁﬁ
FRs kg EBF - %fF o NES RSy - R
FIstF e FPL £ E G ¥V e £ RRAT IR F R F 2T
fe P TR AMERERE M ot - KTV A B2 R4 ER 2
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FIr PRI * ki & fR-R T 7 ¢ [1-4,9]) Kudo &7 — k715
B KR~ fE-KehAd 4 & F 2§ F D RIE o ¢ NiO/NaTaOs:La
(NiO: 0.05wt% ; La doped: 1 mol% ; 400W 3 B K 41%) » & H = pF fF p

“‘“r

2 # A% B F S59mmolhr 5 # % [9] - ** 43 T NiO/NaTaOs:La 5
TR 2 R A 2 AR kudoFm Ty ¢ il
A2 0 H 9 B & L2 Bl Figure 4.1-1 » § 2R foif § +* 6] 5 Na,CO;
TaOs ~ % La)Os (Na:5% ; Ta:99% ; La: 1%) > 2. {é i& {7 Figure 4.1-2
2 AEAR R > e R R 5 20 0.05Wt% e Ni(NOz), A i » R is A4 R 7 =
/% (Incipient Wetness Impregnation Method)#- Ni(NO3), *+ 6H,O “#v » 4 8
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Mix the Starting Material
of the Support

Calcination 1

y

Incipient Wetness
Impregnation Method

Prepare Ni(NOs3), Solution

A

Calcination 2

Catalyst

Figure 4.1-1 &g 4% % w42 ) -

E IR R b kA 2N e A F B d (4o Figure 4.1-4 57
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~

T ip Tn e F Wi F g B i8d AR 1T &2 TCD k%4
Bz S o Ra > FIE R G (dofs il ) 2 s fo ik F
% & fRER B kP g ehF g 0 4o Figure 4.1-5 & Figure 4.1-6
(MTHAEF g BEC)od Fh A hh b &30 F g A ki avk
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Figure 4.1-2 % - =X 4&x'EAL R -

¥ lhr

8 2267C
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R.T.

Figure 4.1-3 % = =48 %42 & o
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Figure 4.1-5 & s B> £ :30cm: /= © 3/8 in -

Figure 4.1-6 ¥ s g Co & 1 40cm: ¢# /< 1/8in -
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DR g Wies

1 f4Ae ket 5 5 1g catalyst/390ml distilled water o
2 % ek kdE & % 300nm o
3 F B e 5 No/CO=99/1; & x££ » % 110ml/min v 50ml/min = & -
45K g B o R frrE N EE 1290t Bl f IS 50
ML kiR B e A kAR o
Figure 4.1-7 #777 ¥ & B F i F % X & 0.05-0.06%2. FF » %I 2
FEREEE RFIF i AF A3 A 110 ml/min 22 3 i T &2 F K9

0.10

0.08

0.06 =

8 0.04

X

0.02 +

000 - T T T T T T T T T T T
0 1 2 3 4 5 6 7

Reaction time / hr

Figure 4.1-7 F ¥ A 2 % fJ4— % "5 51 (g 110 mY/min) »
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PR AT P44 o 0 A REEHE MR T 50 ml/min 0 € F A8 ARV
PSR e o B AR e f A S AT AR 5 018 § - Figure
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TR APEREAEF U 9T 05-07%2 F o 2ty iwiﬂf@ﬁ el B
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