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ABSTRACT

The catalytic combustion of methanol as a model volatile organic compound(VOC)
was been investigated over metal-phthalocyanine(PC) in a fixed bed flow reactor
system. The catalytic activity of Co~PC pretreated with air and methanol mixture at
4507C and 60 cc/min for 1 hr was very excellent. The order of catalytic activity on
methanol combustion was summarized as follows: metal free-PC <Zn-PC <Fe-PC<
Cu(a)-PC < Co-PC. By TG/DTA analysis, the tendency of thermal decomposition was
increased as follows: metal free-PC <Zn-PC < Cu(a)-PC < Co-PC<Fe-PC. Under
this pretreatment condition, the basic structures of Co-PC, Cu(a)-PC and Fe-PC
were destroyed, and the new metal oxide such as Co304 from Co-PC was confirmed by
EA and XRD analysis. But Zn-PC and metal free-PC were retained its basic structure
under this pretreatment condition. On the combustion of methanol over Co-PC,
HCHO and HCOOCHs were observed as an intermediate products in the high
concentration of reactant or the short contact time(W/F).
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de] Zojgde] @t AT} Co-PCe Fui¥4L air+methanold] EFEE o| &3
o AAEF A7t airv o2 AMY ASEY o gon], F4-PC FulE4 L metal
free-PC < Zn-PC < Fe-PC < Cu( @ )-PC < Co-PC98 #£A A}, TG/DTA ¥48&3 F&-PC
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2.1. HofM= Y Al

Zojz AM8§ metal free-PC(Tokyo Kasei
Organic Chemicals, Lot No. AX0l, Japan),
Cu(@)-PC(Tokyo Kasei Organic Chemicals,
Lot No., AX01, Japan), Cu{8)-PC(Tokyo Kasei
Organic Chemicals, Lot No. AYOl. Japan),
Co-PC(Tokyo Kasei Organic Chemicals, Lot
No. AVQ1, Japan), Zn-PC(Tokyo Kasei Organic
Chemicals, Lot No. FCWO01, Japan) ® Fe-PC
(Tokyo Kasei Organic Chemicals, Lot No.
AXO1, Japan)¥& Ztz} Al g AlFE Y3l AL
#3349t B2 A% methanol(Riedel-de
Haen AG-D-30926 Seelze-Germany)& 183t
et
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Seiko, Japan), XRD(Geigerflex, Rigaku Co.,

eggel Foldad B B4R olde] 84 1811

Japan) ¥ EA(1110, CE Instruments, Italy) ¥
9] 717] B4 & o] &89}t Y Ao dig T2
BMEHEL TG/DTA(B=10C/min, atmos-
pheric gas: air, 30 cc/min, temp.: ambient~
8007C). XRD(target: Cu-Kea ., voltage: 40 kV,
current: 25 mA) ¥ EA(working temp.: 1000
‘C. oven temp.: 60T, cycle time: 240 sec, He
flow rate: 230 cc/min)$} 2t}
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&7] #1819, Co-PC Fvflo] i AAze] 7t29
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25 260CoIA 9 HAEL 43.6%°1H 66.1%=2
a7 F71sden, #7184l ol AXe AAE
A% AU, F9, gl 2ol E A @
I F48 =g Axel st 43 g blank test
A7, 350C9 WELEAME methanol?l E3
e d¥5A gk

60 9

40 9

CH,;0H Conversion(%)

20 9

v r y
200 230 260 290 320
Reaction Temp.{T)

Fig. 1. The effect of pretreatment gas on
catalytic activity of Co-PC.
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Fig. 2. Catalytic activity of metal-PC with
reaction temperature.

3.2. 85-PCe &Holigd

Fig. 20 ¥H-8-2% 200~380C ¥l oA chakdt
&€ ¥RY 34-PC 3789 methanol V4 &
A& Jehith. 34€ 3R %2 metal free-
PCe] A%, 350TCoIA o 5% =9 @ A3d§
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& BYoen, 350TCAMEe 95% FEQ &
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FAA 7% £ g BFn Y F
%-PC 9] A4 ¥EL metal free-PC < Zn-PC
< Fe-PC < Cu(a)-PC<Co-PC8 &AMZ 713
e A%¥E Ho|x stk PC AMEThE F&0] &
uie] gAY oE AL AL ¢ & UANH, &
3] Co-PC Fvle| @4o] vf¢ $-43Act.
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Fig. 3. Thermal analysis of metal-phthalo~
cyanines.

F4-PCel FHol & H 4 ¥3a9 2xE
2 24 $RHA %2 metal free-PCe 3+
667.7C2 7t &A vetd & 334l 71} ¢4
93, Fe-PCe A¢ 426.1CE 7% 24 JE
U d ekl 7H wgten ddixoz v &
A PCe Tx7 fosHe 88 5A4E Ho)
2 Utk F&-PCFAAM Zn-PCe 580.9C=2 &
el 7HE #A JElken, Cula)-PCS%
Co-PC9 7%+ &2z} 528.1TC ¥ 513.6T=2 M=
v &3 B 54 Bolm AUch o8 F4-PC
9] 34 737} vJehvde EEE metal free-PC $
o] wjgiA AAN)S AEE YAste 59 2
FE4go we} zolzh Ve Aoz Bedd

3.4. #2 #4

CThekt B4-PColl I MHe Ao 94 €4
€ 93t 8% EA ¥4 2AHF o83 4%
Z3} vlmsle] Table 1o] A2istch. Standard
23 2& BBOTI(2,5-Bis(5-tert-butyl-benzoxa-
zol-2-yl)thiophene)] & A}8819 . Standard &
A B ztzbe] F4-PColl tigl o] &4 Ya¥Fn
AEH o2 BAE faTge ANHod A o
Aste Aog Jelnt, Eoje f4E ¥ X
& 59 carbon A¥°)] 64.08~75.21%% 7% &
Al Wbk oo, nitrogen, hydrogen £ 22 Vel
. AxSE B4-PCY f2¥FE AVEY,
Zn-PC%} metal free-PCS] A% 4 ko] <
A rie BAFAT, AA A e A9
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Tabie 1. Elemental analysis of metal-phthalocyanines with pretreatment condition

Nitrogen(%) Carbon(%) Hydrogen(%)
Catalyst
a) (B) (A) (B) (A) (B)
BBOT" 6.51 6.52 72.53 72.70 6.09 6.23
- Co-PC(F) 18.27 19.60 64.08 67.20 2.35 2.80
Co-PC(P) 0 - 0.13 - 0 -
Cu(e)-PC(F) 19.56 19.44 63.57 66.66 2.30 2.78
Cu(a)-PC(P) 0.06 - 0.01 - 0.02 -
Fe-PC(F) 19.42 19.71 68.50 67.56 3.09 2.82
Fe-PC(P) 0.21 - 0 - 0.11 -
Zn-PC(F) 20.24 19.38 71.50 66.45 3.11 2.77
Zn-PC(P) 19.59 - 68.26 - 2.87 -
metal free-PC(F) 21.70 21.77 75.21 74.63 3.57 3.50
metal free-PC(P) 21.12 - 73.12 - 3.48 -

* : Standard(2,5-Bis(5-tert-butyl-benzoxazol-2-yl)thiophene, CasHzsN20zS)
(A) : Experimental value, (B) : Theoretical value, (F) : Fresh condition. (P) : Pretreatment condition (air+CH3OH,

4507T, 1 hr, 60 cc/min)

M@ & vehdn glo) dAlel AN 2 s
A °ol& PCE Basera Wil A9 gl Aoz
AZET), T F4-PCEY AoE 94% ¥
HAE 2ol7} B 2ztel kEo] Ag 0%l
7V7tE Mo uRel B W, PCY 7|EFEI 3
Isle Aoz @

3.5. ¥Tx 24

AANe] of Ro & Co-PC8 Zn-PCo AATZ
€ ZAY XRD ¥4 ZE Fig. 40 Jehido
Fresh® Zn-PCel Z$(A), 4hA HUA=g
AEEW, 26=926. 9.13. 23.51, 1859 ¥
30.369) ©AZ2 F8% peakEc] WY,
AAEE A+-BIE (A)Y Z$9 ¢ ALY X-
A HEAEE Holm 3t} Fresh® Co-PCY #
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B F=9 HARE 1E22 JCPDS(Joint
Committee on Powder Diffraction Standards)'®
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Fig. 4. X-ray diffraction patterns of fresh
and pretreated Zn-PC and Co-PC.
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3.6. HI3E ko ¥

Co-PC/4elA methanol®] d4nk-go] thg vlg
E FEs g 2xel Hgle] Mg whegA 2 A
dEe £EE Fig. 59 JehiU}. wgBo] 5
7t & 2.29 mole% (22,900 ppm) el A-(A), ut
$2% 230CoAq H#&L 10.6%. HCHO, CO;
% HCOOCH:2) M9 &0) ztz} 57.6%, 36.5% 2
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Fig. 5. Catalytic activity of Co-PC with
reactant concentration and reaction
temperature.
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o] BAEA v A AU
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Bk WgE 230Ts 320CAM 498 27
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Fig. 6. Effect of contact time(W/F) on conver-
sion and selectivity over Co~-PC.
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M ¥ An o g,

2) TFE F4-PCel &oi¥A L metal free-PC
< Zn-PC < Fe-PC < Cu( a)-PC < Co-PCH]
M2 Jelton], Co-PCY ZujgAdol 7t
% -3ty

3) TG/DTA ¥MZA3, F&-PCel A& 89l
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