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ABSTRACT

Different active carbons were used to prepare Ni based catalysts for vapor-phase carbonylation of ethanol. N2
physical adsorption, X-ray photoelectron spectroscopy, infrared spectrometry and Scanning electron microscopy
were used to investigate the structural properties of carbon carriers. The activity of Ni/C supported catalyst were
also studied. The results revealed that wood charcoal had a considerable number of mesopores, higher specific
surface area and more oxygen-containing groups which contained C=0 functional group on the surface. Ni/C
catalyst prepared by wood charcoal showed the highest catalytic activity for ethanol carbonylation with 67.62% of
ethanol conversion and 65.48% of product combined selectivity.
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INTRODUCTION

Studies showed that [1-3], catalysts which was gmegh using activated carbon as carrier, showed geddrmance
in the process of the carbonylation of ethanokhis paper, 4 kinds of active carbon were seleatedarrier which
catalysts were prepared with.The effects of canmaterial such as physical properties, chemical @sitipn and
surface texture of activated carbon on disperdiate ®f Ni and catalytic performance of nickel ¢ggawere further
investigated. Combined with the study on suppodatalyst properties, a significant reference wasviged for
screening out the ideal carbon carrier.

EXPERIMENTAL SECTION

Carbon carriersand pretreatment

Activated carbon carriers chosen in the experinveste as follow: C1, wood charcoal; C2, shell chalkc@3
coconut shell charcoal; C4 bamboo charcoal. Beéoxeriment, the above activated carbons were groiinaah
passed through 20-30 mesh sieve, and dried foudshio an oven at 120C.

Characterization of carbon carriers

N, physical adsorption of activated carbon was cdroiet at the NOVA 2000e surface area & pore sizdyaer of
American Quantachrome Instruments. BET equatioruseel to calculate the sample’s specific surfaea,and the
pore size distribution was calculated by BJH method

Activated carbon crystal phase analyzed by D/Ma@RX-ray diffractometer of Japan co., LTD.Test ctinds:
Cu target, K characteristic diffraction radiation, graphite rmohromatic filter, slit SS/DS1°, RS 0.15 mm, wokkin
voltage was 40 kV, current was 100 mA, SC coursiesinning speed was 40°/min, the speed of steppe0wW?2°,
scanning range was 1:@0°.
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The identification and structural analysis of aated carbon’s organic functional group was testedBNSOR27
Fourier transform infrared spectrometer. When ngsta moderate amount of samples were mixed withj<Bvder,
and the mixture were ground fully, then tabletée, detection range was 400-4000°cm

Carriers and catalysts surface microscopic/ suleampic morphology were observed via CBI 3JS fesiussion
scanning electron microscope.

Preparation and performance evaluation of supported catalyst

With 4 kinds of activated carbon as carriers, rickeetate for the precursor, Ni/C catalysts wereppred by
equivalent-volume impregnation. The catalysts watireed continuously for 12 hours during immersithen dried
for 3 hours in an oil bath at 66700 with stirring continuously, then placed in a dryeeated slowly up to 12Q
dried isothermally for 12 hours.

The active evaluation of catalyst was carried aut ffix-bed continuously flowing micro-type reacfidne reaction
tube was made of quartz glass, the diameter ofuibbe was 12mm and length 350mm,the loading quaafitye
catalyst was 2g.Before reacted, catalysts werdnegicfor 2 hours under Natmosphere, then reducd for 2 hours
under H atmosphere.After the temperature of catalyststdethe reaction temperature, liquid raw materétgnol
and iodine ethane were pumped into the reactiotesy®y a double-plunger pump, mixed fully with C@ea
gasification, then blend into reactor.The prodwetse condensed and analyzed by the gas chromatograiph
hydrogen flame detector.Reaction conditiam§$CO): n (EtOH): n (Etl) = 20:10:1, detecting temperature was 260
atmospheric pressure.Catalytic activity was evaldidty parameters selected including the conversi@thanol in
the raw materials, the combined selectivity of puatdoropionic acid and ethyl propionate.

RESULTSAND DISCUSSION

The specific surface area and pore structure parameters of activated carbon ascarrier
At liquid nitrogen temperature -196, the 4 kinds of activated carbon physically adedrladsorbate nitrogen,
adsorption-desorption isotherms were obtainedgufél 1 according to the experimental data.
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Fig.1 Nitrogen adsor ption-desor ption isother ms of the active carbons

It can be seen from figure 1, according to the BD®Funauer-Deming-Deming-Teller) classification| tie
isotherms of activated carbon belonged to typeexcept the bamboo charcoal. The isotherm of banubaocoal

belonged to typel , no obvious hysteresis loop was observegdadsorption capacity increased dramatically from
the origin at low pressure area, while increaseavls in the high pressure area.The &bsorption quantity was
small, which indicated that there were no mesop®rimuthe carbon and it's a typical microporous mte
Adsorption curve of shell charcoal was relativelt fin the high pressure area, the hysteresis lwag slightly
larger, and the adsorption amount ofvidis ineerasesed,all indicated that the pores ith sha&rcoal was mainly
microporous and there were also a small amourih®fmesoporous.Adsorption isotherms of wood  darc
and coconut shell carbon had obvious hysteress, i@ N adsorption amount of wood charcoal was the maximum,
indicating that it had a large quantity of mesausr structure and some macroporous, while the cacsirell
charcoal had adequate mesoporous and few macraporou

Specific surface area and pore structure paramétetivated carbons calculated by physical adsmmpdata were
showed in table 1. we can see from table 1 thatspeeific surface area of activated carbons maddifferent
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materials varied greatly.Specific surface areshefliamboo charcoal was the smallest 132.9§, rfollowed by the
coconut charcoal,that of wood charcoal and sheltaal was larger than the above, especially Spextifface area
of wood charcoal 831.79%g was the largest.Total pore volumes of carboreras showed the same rules with
the specific surface area, wood charcoal C1 hadridweémum total pore volume, which indicated thatréhwere
plentiful pore structures in it; bamboo charcoal tize minimum total pore volume, only 0.0724mL/g .

Tab.1 Surface area and pore structure parametersfor different activated carbon

- —

Activated carbon Su;ﬁg/egarea Pore volvm /mL/g| Average pore diameter /rlli);i::amezt_egodrﬁnbut;o: O/:\:n
Cl 831.79 0.4975 2.392 74.3 19.2 6.5
C2 736.12 0.4031 2.191 79.8 13 7.2
C3 665.32 0.3861 2.213 81.5 15.2 3.3
C4 132.99 0.0724 2.177 86.8 5.2 8

As a microporous material, the activated carbon fead pores which diameter was larger than 50nmamlioo
charcoal pore structures, microporous which diametas smaller than 2nm occupied the highest prapuort
provided 80% of the total pore volume.Microporesoahad a high proportion in shell charcoal, and esom
mesoporous in it additionally. In the wood carbod @oconut shell carbon, proportion of mesoporoas slightly
higher, that of wood charcoal accounted for 19.@#ich was the largest proportion of all the acthtarbon. The
average pore diameter of activated carbon was ahamt Average pore diameter of C1 was the maximom,
account of its containing a certain amount of mesops, and bamboo charcoal had mainly microporaitts tive
minimum average pore diameter.

The XRD spectra of carbon carrier
The XRD spectra of original activated carbons &a@aed in Fig. 2.
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Fig.2 XRD spectra of original carbons

It can be seen from Fig. 2piad two distinct irregular peaks between20-30°5@0-n the diffraction pattern of
activated carbon. It corresponded to the broadadiffon peak of graphite structure (002), (100ktalface.That's
attributed to irregular arrangement of the tiny piyige crystal in the activated Carbon.Activatedboar was

microcrystal carbon structure, in this diffractispectra, characteristic spectral line of activatadbon became
wider and the strength weaker which showed thatatttevated carbon was amorphous structure.Theadiffin

peaks of C1 and C4 were a bit stronger on the (60&}tal face, in general, the diffraction patteofigt kinds of

activated carbon carrier materials was not muclferdifce, indicating crystal structure of the oraircarbon

materials were similar, and all belonged to thepbi@ crystal which were non-regular arrangement .

Infrared spectrum analysis of carbon carrier

In order to grasp the surface chemical propertiesaaiivated carbon, different carbon carriers hdeen
characterized by using infrared spectrometry rasgeyg. Infrared spectrograms of different carbarriers were
showed in Figure 3.
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Fig.3 FTIR spectrafor activated carbon carriers

The species and quantities of organic functionaligs on carbon surface can be seen from Fig.3. gntloem,
there was obvious absorption peak around 3420 cbhelbnging to the stretching vibration of samplefate of
hydroxyl O-H key, it may be —OH in —COOH groupstbe sample surface physical adsorption of water Thp
absorption peak around 2400 cm-1 belonged=hl @nd G=C characteristic peak [5]. The Smaller absorptieakp
around 1600 cm-1 belonged to stretching vibratibnf6 skeleton C=C in aromatic hydrocarbons or —-@H
—COOH groups;The absorption peak around 1580cmdnged to C=0 functional groups(carboxyanhydride

lactone etc.) [7-9]. Thus the activated carbon @imeid a certain amount of nitrogen-containing fiomal groups
and reductive unsaturated functional grougsNCC=C, in addition, its surface also contained carboggrbonyl
group, lactone group, and many other types of omygmtaining groups.The species and quantitiesudase
oxygen functional groups of different kinds of aated carbons were almost the same, among thetchstrg
vibration of -OH in C1 was a bit weaker, while syetnc stretching vibration of oxygenic C-O-C around
1000"-250cn was stronger, which show that it contained morecstires of the ether bond C-O-C and lactone
structures and less hydroxyl structures.

Scanning electron microscopy photos of carbon carrier
In order to observe the surface morphology of cartarriers, the different activated carbons wergeoked under
the scanning electron microscopy. Figure 4 waptiwos of activated carbon surface magnified 1G006s.

It can be seen from the figure 4, the surface muggy of different carbon carriers werequite diéfet, flake

particles on wood charcoal surface were more umifand average particle size was smaller; particiebamboo
charcoal surface were larger, and the surface wamth; particle size of fruit carbon and coconuarclal were
between the two.The active ingredient precursaspatsed easily and evenly on the wood charcoalhnicface

particles were uniform;Bamboo charcoal surface srasoth, particle size was large and uneven, theupser of

active components was difficult to disperse evamlyt, the force between precursor and arbon cans less, and
the precursor were easy to volatilize and lostuinsequent processing steps which might cause treake of the
number of active center and the decrease of tlivtgct
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Fig.4 SEM images of activated carbons

Catalyst activity of different carbon carriers
Catalyst activity of Ni/C catalysts supported oiffedtient active carbons in ethanol carbonylationctiea were
studied, the results were shown in figure 5.
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Fig.5 The activity of Ni/C catalysts supported on different active carbons

It can be seen from Figure 5, the activity of th/¥NG catalyst was the lowest, ethanol conversiath @ropionic acid
and ethyl propionate combined selection were 58.#8#b 35.15%, respectively.The activity of C4/Niatgst
prepared by wood charcoal carriers was the highiestconversion of ethanol and selection of projgiacid were
67.62% and 65.48% respectively.The activity of @#Ni and C3/Ni catalyst prepared by fruit carboa @oconut
charcoal carriers respectively were middle, ancatttevity of the C3/Ni catalyst was slightly highian C2/Ni.

Catalyst preparation and evaluation were completéde same experimental conditions. The activiffecences of
the 4 catalysts were caused by the differences@fcarbon carrier structure.The specific surfaea af wood
activated carbons C1 was the maximum. Apart fromgdgch in micro-hole structure, it contained atag amount
of the available middle-pore structure and muchgexyfunctional groups on the surface, particultré/ number of
surface carboxyl groups was the largest.The nisk#lprecursor of C1/Ni catalyst was dispersed fawdl in the
inner surface of the carbon carrier easily dudltthase physical and chemical properties,and therprecursor was
activated and reduced to form active centers. 8adltalytic activity of C1/Ni was the highest.

CONCLUSION

Physical and surface chemical properties of aai/agrbon carrier materials were significantly efiéint, which led

to the differences of the performances of corredpan Ni/C catalyst for vapor-phase carbonylation of
ethanol.Bamboo charcoal was a typical microporowstenal, with a strong adsorption capacity.The eick
precursor accumulated on the surface, which wooldbe benefit to the dispersion and reduction ef dlative
components on its surface.In addition, the groupstaining C=0 functional group such as the lactgneup,
carboxylic acid anhydride or carbonyl group wersslén the surface.Dispersion of Ni was poor in M#C
catalyst ,the ethanol conversion and propionic acid ethyl propionate combined selection were tia¢hlowest,
58.78% and 35.15% respectively.Physical and chéngeaformance parameters of fruit carbon and cotonu
charcoal ranged in the middle, so the dispersitwagon of active ingredient on the surface hadrowpd, and the
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interaction between active ingredient and carnezakened. That was conducive to the reduction afddiponent,
which due to the increasing of the catalyst agtiVitood charcoal had a considerable number of messpbigher
specific surface area and more oxygen-containingugs which contained C=O functional group such as
lactone,carboxylic acid anhydride or carbonyl oa slurface. In the catalyst Ni/C1 prepared by wdoara@oal, the
dispersion of Ni was the highest, the precursor e&ssly to reduce to active single substance Namile it was
conducive to desorption of product molecules, apversion of ethanol and combined selection of pcbdboth
were the highest, 67.62% and 65.48% respectively.
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