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RINGKAGAN: Penguraian bermangkin metanol (MeOH) oleh zeolit Beta (H-BEA)
tertukar ion Jengan kobalt (Co), kromium (Cr) dan kuprvm (Cu), samada secara
tunggal atau gabungan dwilogam yang berlainan telah Adikaji menggunakan reaktor
hermangkin alas tetap dalam julat suhu antara 100°-500°C, kepekatan suap MeOH
11,500 ppmv can G.iSV 26,500 per ‘nr. ARliviti mangkin dwilogam tersebut
dibandingran dengan aktiviti mangkin dengan logam tunggal. Ketiga-tiga logam
tersebut memberikan penukaran MeOH melebihi 90% bila suhu melewati 350°C.
Panambahan 0.516% berat Cr ke dalam Co-BEA didapati dapat mempertingkatkan
aktivitinya. Sebaliknya, penambahan 0.416% berati Co ke dalam Cu-BEA tidak
menunjukkan sebarang kesan positif. Pengurangan sebanyak 18.6% kandungan
Cr dalam Cr-BEA tidak menunjukkan penurunan yang ketara dalam aktiviti mangkin,
malah peningkatan hasil CO, dapat dicapai dengan cara penambahan 0.745%
berat Cu ke daiam Cr-BEA. Penghasilan hasil penguraian tak lengkap methanol
didapati begitu ketara di bawah suhu 450°C.

ABSTRACT: The catalytic decomposition of methanol {(MeOH) over single and
different bimetallic exchange combinations o1 cobalt (Co), chromium (Cr) and copper
(Cu) and zeolite Beta (H-BEA) was studied using a fixed-bed catalytic reactor in
the temperature range 100°C-500°C, at MeOH feed concentration of 11,500 ppmv
and gas hourly space velocily (GHSV) of 26,500 hour'. The catalytic activity of each
bimetallic catalyst was compared to that of caialyst with individual metal component. -
All the three metal-exchange d H-BEAs gave high MeOH conversions of above 90%
when the reaction temperatures exceeded 350°C. Incorporation of 0.516% wt. of
Cr into Co-BEA increased its catalytic activity. Convcrsely, the addition of 0.446%
wt. Co into Cu-BEA showed no or iittle positive effect. A reduction of 18.6% Cr
content of Cr-BEA did not result in significant loss in its catalytic activity but
improved CO; yield could be materialised by inclusion of 0.745% wt. of Cu into Cr-
BEA. The formation of products of incomplete decompssition of mcthans! was
found to be significant below 450°C.

KEYWORDS: VOC. catalyst. catalytic decomposition, metal exchange, Beta zeolite,
bimetals.
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MATERIALS AND METHODS

Co, Cr and Cu exchanged zeolite Beta (H-BEA with SiO/Al,0,=25) were prepared in two
separate steps. In the first step, NH,* e.xchange of the zeolite was performed in 2.25 M of
NH,C! solution for 12 hours. The metal exchange step was carried out in aqueous salt
solution of intended metals (targeted at 3% metal loading) for 24 hours followed by filtration,
drying, calcination at 500°C for 6 hours, pressed and sieved between 250 to 350 um. For
bimetallic exchanged zeolites, co-solutions of metals were used. All zeolite samples were
characterised for BET surface area using Autosorb-1 surface analyser and final metal loading
using Perkin Elmer 6650 atomic absorption spectroscopy (AAS). ‘

The catalytic activity test was performed in @ 12 mm i.d. glass reactor charged with 0.2 gram
of catalysts {Tigure 1). A mathanc' faden air stream was obtained by bubbling N, through
liquid methanol and another air flow was used to make up the total flow rate, premixad and
passed through the catalytic reactor previously heated at the intended reaction temperature.
A thermocouple probe continuously in contact with the catalyst bed was used to measure
the actual reaction temperature.

The total flow rate was fixed at 250 mI/min with corresponding GHEV of 26,500 hour™ while
the concentration of methanol in the inlet stream was maintained at 11,500 ppmv. Throughout
the experiment, the ratio of oxygen to MeOH was 3.6 : 1 (excess) and this was i.aportant
to avoid oxygen limitation in the oxidation process. The inlet and outlet gas were analysed
using an off-line GC equipped with Poragak-Q column for separation of organic components
and carbon dioxide (CO,) and Molecular Sieve 5A column for separation of carbon monoxide
(CD) in the prodiict gas.
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Figure 1. Experimental set up for catalyst activity testing
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The catalytic activities of Co-, Cr- and CoCr-BEA for MeOH decomposition are depicted in
Figure 2. The conversion increased with an increase in reaction temperature. All three
catalysts were very active above 350°C.with conversions exceeding 90% and reaching total
conversion above 450°C. Cr-BEA appeared to be the most active despite comparatively
lower metal loading. Incorporation of 0.148% wt. i Co was {ound to weaken its activity, but.
it was still better than that of Co-BEA.

It is clearly noted in Figure 3 that Co-BEA gave better conversion than Cu-BEA. Bimetallic
catalyst of Co and Cu with 0.446% wt of Co and 0.715% wt. of Cu produced no positive
effect as compared to Cu-BEA. No activity was observed for this catalyst at 200°C.
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Figure 2. MeOH conversion over Co-. Cr- and CoCr-BEA
(GHSV=26,500 hour', MeOH feed = 11,500 ppmv)

Figure 4 shows that Cr-BEA demonstrated beiter activity than Cu-B£A and with that, 11 was
the most active catalyst among the three single metal exchanged H-REAs tosted. Efimination
of 18.6% Cr content and replacing it with 0.745% wt. Cu appeared to produce a comparable
catalyst to Cr-BEA in terms of its catalytic activity.

100 ¢

s U

80 -

£

= B0

c

i

@

g 40

8 < Co-BEA
O Cu-BEA

20 -
A LOLU-BEA

100 200 300 400 500
Temperature (°C)

Figure 3. MeOH conversion over Co-, Cu- and CoCu-BEA
(GHSV=26.500 hour ', MeOH feed = 11,500 ppmv)

51



Catalytic Decomposition of Methanol in Air Over Different Combinations of Bimetaliic Exchanged
H-Bea Zeolites with Cobalt, Chromium and Copper

100

- ~ ~rea
L LODEA

80 -  —o Cr-BEA

< -—o— Cu-BEA
& 601 - CoCr-BEA
2 1 ---@- CoCu-BEA
3 40 -| ... CrCu-BEA
(@]
20 -

150 200 ano 400 500
Temperature (°C)

Figure 5. CO, yield for different metal exchanged H-BEA
(GHSV=26,500 hour ', MeOH feed = 11,500 ppmv)

The combination of Cr and Cu into H-BEA seemed to produce a catalyst with high MeOH
conversion and high CQ, yield. Significant CO, yield was noted below 300°C and at 550°C,
a yield of about 93% was demonstrated by this catalyst.

It has been postulated that oxidative decomposition of VOC in metal exchanged zeolite
catalysts occurs through reduction-oxidation (redox) reactions of exchanged catioi: with
extra-latticc oxygen. The iype and location of the cation iaryely determined the catalytic
activity of the site. The Cr ion could be oxidised to higher valence states (Cr®* tn Cr5* to
Cr®) by attachment 12 extra-lattice oxygeii atoms (Chintawar and Greene, 1997). The same
mode of oxidation also occurs for Cu (Cu* to Cu?*) and Co (Co? to Co™). With an increase
in the oxidation state, the electron acceptor ability of the Cr cation is expected to increase,
thereby making the higher oxidation states highly susceptible to reduction.

Product of incomplete decomposition

The formation of products of incomplete decomposition was significant at reaction temperatures
between 200°C to 450°C as evident in Figure 6. Below 350°C, significant concentrations of
formic acid (HCOOH) and formaldehyde (HCHO) were detecied in the product gas. These
two components were gradually eliminated in favour of CO and subsequently CO, as the
temperature increased to 450°C. At higher temperatures, CO, was present as almost the

sole carbon containing compound.
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