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ABSTRACT

Kaolin and Bentonite clays supported metal ions Ce, Pd and Pt, have been used to catalyze hydrogenation reaction of phenyla
cetylene. The purpose was to fabricate natural clay-based catalysts for selective hydrogenation of phenylacetylene to styrene.
The reaction was performed into hydrogenation reactor connected to gas chromatography. Chemical composition of both clays
was analyzed by atomic absorption spectroscopy and their particle size and BET surface area were measured. Both clays were
found to be with high Si/Al ratios with Bentonite more Iron rich than Kaolin. Kaolin based catalysts showed higher catalytic
activity and semi-hydrogenation sel ectivity compared to bentonite-based. Particularly, Pd/Kaolin exhibited ahigh conversionrate

and styrene selectivity close to those reported for Lindlar catalysts.
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INTRODUCTION

Claysareamong the most widespread sedimentary
rocks, whicharemainly composed of clay minerdslike
kaolinite, illite, montmorillonite, etc!”. Claysand clay
minerals have gained considerable attention and
subjected tointensveresearch. Theimportanceof clays
was gained from their wide and miscellaneous
applications in the modern industry!?, energy
conversion®, and environmental applications®. The
compositionand morphol ogy of clay play animportant
roleinitspropertiesthat determinesitsgpplication. Clays
describe heterogeneously and astructurally complex

assemblageof colloidd partides, havingmeandiameters
ranging from afew micronsdownto afew hundredths
of microns®. However, they areclosaly interrdated in
termsof their basic crystal fine structures, andasoin
the characteristic physical and chemical properties
resulting fromtheir crystal chemistry®®. Chemicaly, day
isan assemblage cons stsof aconsi derablequantity of
hydrousAluminumlicates, withlesser amountsof finey
divided quartz, feldspars, carbonates, meta oxides,
hydroxides, and organic matter”.

Catalysisof chemical reactionsand itsimpact on
theenvironment currently representsacritical concern
of the modern industry. The catalyst used must be
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effident, selectivefor acertain product, and findly does
not add serious pollutantsto the ecosystem. Morethan
that, the catal yst should achieve economic anticipated
profits. Theserequirements made natural claysasan
excellent substitutefor thetraditiond cataysts. Clays-
based catdystsareenvironmentaly green, inexpensive
with endlessresources, and of catdytic activity that can
be mani pul ated and adjusted for specific reaction®. One
of the most important catalytic reactionsin organic
chemistry ishydrogenation of unsaturated compounds,
duetoitsindustrid importance, especidly with regards
to the synthesisof petrochemical, pharmaceuticalsand
finechemicad*™ Particularly, sel ective hydrogenation
of alkynes to alkenes has gained a considerable
attention. Themoreinteresting of them, isthe selective
conversion of phenylacetylene to styrene. The
hydrogenation of phenylacetylene may give two
products; styrene and ethylbenzene (Scheme 1). The
extent to which the two products are separated is
expressed by the selectivity withwhichtheintermediate
styreneisformed.

Styreneisoneof theimportant industria monomer
used in a variety of polymer products such as
preparation of polystyrene, latexes, rubber, elastomers,
thermoplastics, polyester resins, thermoset plastic,
dispersions, resins, co-polymer and terpolymer*2., For
polymerization of styrene, pure styrenefeedstock is
needed for alonger catdyst life. Evenvery smal amount
of phenylacetylene (lessthan 10 ppm) inthe styrene
stream can deactivate the catal yst hence, styrenefeed
with very low concentration of phenylacetylene is
mandatory!*¥. Severa catalysts have been used to
convert phenylacetylene selectively to styrene, the
important of them are those that are palladium based

2H,
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catalysts. Hence, most of theresearch was concentrated
to fabricate and test palladium catal ystsformul ations
that achieve compl ete conversion of phenylacetylene
and the highest possible selectivity for styreneg+16l,
Semi-hydrogenation of dkynesto alkenesrequiresthe
adsorption of monoeneover thesurface of the catalyst
is weaker than alkynes, a condition that was
experimentally observed with Palladium based
catalysts*. Among our effortsto test natural Yemeni
claysascatayssfor somesdected industrid important
reactions, we undertook the present work to study the
fabricate catalystsusing Yemeni Kaolin and Bentonite
claysassupportsfor themetds, Ce, Pd, Pt for selective
hydrogenation of phenylacetyleneto styrene.

MATERIALSAND METHODS

Prepar ation of clayssamples

Thechemicasthat were used in thiswork and their
suppliersaregivenin TABLE 1. All chemicalswere
used asreceived without further purification.

Twotypesof clayswereused throughout thework;
kaolin (asample was obtained from Geol ogical and
minera agency, Yemen) and was used without further
purification, and Bentonite (a sample brought from
Hadramout region, Yemen) and subjected to purification
asfollows: Mozd yhydrocylone (2 inches) wasused for
separation of theundesired non-clay materids. Thefeed
(Bentonite) plus the dispersing agent (sodium
hexametaphosphate) were mixed with water and passed
through 0.50 mm sieve. They introduced to the
hydrocyclonethrough theinlet pipe under pressure of
25 bar. Asaresult of the high centrifugal forces, the
coarse particles move downward and discharged

——

CHsj
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Scheme 1: Reaction pathway for hydrogenation of phenylacetylene
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TABLE 1: Chemicalsand their suppliers

Chemical Supplier
Sodium hexameta phosphate JC.LE
Methanol, HPLC Baker Andyzed
Phenyl acetylene Ferak Laboral

Fluka Chemica
Platinum (IV) Chloride Janssen Chimica
Pdladium (1) Bromide Ferak Laboral
Cerium (I11) Nitrate, Ce(NO,),.6H,0 Fluka—Garantie

Styrene

Cydohexane M & B laboratory chemical
Hydrochloric Acid 36.5% - 38% Baker Andyzed

Nitric Acid 69-72% BDH Chemicd Ltd
Compressed air Arab Supply Co.

H, Gas Arab Supply Co.

through thevortex finder pipe (overflow 8 mm). The
overflow wascollected and | eft todry inair. Thereefter,
thetwo typesof clayswerecrushed, milledusingasted
bal mill, andthenthey wereseved usng< 63 um sieve
(meshNo. 230). Theclaysparticlewith size< 63 pm
weretaken and used later.

Elemental analysis

About 0.20 g of crushed and acid untreated Kaolin
and Bentonite clayswasweighed and put into 200 m
plastic bottle: (5 ml of 40% HF, 2.5 ml of 25% HCI
and 2.5 ml of 25% HNO,) were added. The mixture
wasleft for 2 hrsinawater bath at 70C° with shaking,
50ml of Boric acid (39 g/L) was added and 40 ml of
distilled water were added; then 10 ml of the solution
were taken and 67 diluted to 100 ml so that to get a
(10%V/V) solution. Theanays sof theseelementa was
made by using (Pye Unicam SP9) AtomicAbsorption
Spectrophotometer.

Particlesizeanalysisand surfacearea

About 1 gof theclay wasplaced inreatively large
test tubewhich was haf-filled with distilled water. A
dispersing agent (Sodium hexameta phosphate) was
added; then thewhole mixture was shaken and left for
two daystoinsurecompletedisperson. Thegrainsize
anaysiswas carried out using the (Fritsch Particle—
SizeAnayzer 20). Surface areameasurementswere
carried out using BET method using N, adsorption.

Acid treatment

A hydrochloricacid solution of pH =4 wasprepared
and used intheacid washing of the clays. about 1009

of each clay wastaken and put in alargeflask; then,
the acid solution was added to it and the mixture was
shaken. The mixture, wasleft overnight and the clay
wasfiltered under vacuum. The clay wasthen washed
with distilled water. The clayswereacidified and then
dried overnightinanovenat 70 C°.

I mpregnation

Appropriate concentrations of salt solution of PtCl,
PdBr,, Ce(NO,),.6H,O were prepared and used to
impregnate 9.5 g samplesof (Bentoniteand Kaolin).
The mixture was shaken well and was left to dry
overnightintheovenat 70°C.

Cation exchange

An appropriate concentration of Ce(NO,),.6H,0
solution was prepared and used for the cation exchange
of Bentoniteand Kaolin; they wereimmersed inthe
solution and left for overnight to insure complete
exchange. Then the clay was filtered, washed with
distilled water and left todry intheoven at 70 C°.

Reduction

All acid washed, impregnated clayswas subjected
to reduction treatment. A glassfixed—bed flow reactor
was used for Cd cination and reduction of the catalysts.
Cal cination was performed by placing thecataystin
the reactor, which was heated using atubul ar Pyrex
electric oven. The temperature measurements were
performed by athermocouplethermometer insertedin
the thermowel | located at the bottom of the reactor.
Thetemperaturewas controlled by adjusting theinput
voltage of the electric oven using a variable AC
transformer. Flow —rate of gases was controlled by
(Matheson) four-channel manua flow meter controller.
Theair flow wasat therae of 45ml / minat 500 °C for
1.5 h. Helium was then introduced followed by
introduction of hydrogen at aflow rate of 200 ml/min
through the catalyst-bed for 2 hrs at the same
temperatureused for Calcination. Thecatdyst wasthen
cooled toroom temperaturein aHelium atmosphere.

Hydr ogenation reactions

A stock solution of phenylacetylenein cyclohexane
(1:9viv) wasprepared, then 0.50 g sampleof thecatayst
witha20.0 ml solution weretransferred intoa100 ml
reaction bottle. Thehydrogenater was evacuated; then
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filled with hydrogen to 40 ps (gauge pressure); the
reaction was carried at room temperature. A smple
hydrogenater (S milar tothe parr-hydrogenater) conssts
of ahydrogenreservoir (500 ml) withapressuregauge
(0-100 psi) connected to athick — wall glass reaction
bottle (100 ml) by a tygon pressure tubing, this is
connected with astainless-stedl tubing passing, through
arubber stopper, into the reaction bottle. Thereaction
bottlewas placed in amechanica shaker. Thereaction
progresswasmonitored by pressuredrop measurements,
thereaction wasstopped at Ap(H,) =2 ps intervas.
Sampleswerethentaken and anayzed usingaGas
Chromatograph (Pye- Unicam) with an FID detector
and 1.5m, 6 mm stainless sted column, packed with
10 % PEGA (polyethylene glycol adipate) and
supported on acid washed Diatomite“ C “ mesh No.
2. Thecarier gasflow ratewas24 ml/min. Aneectronic
integrator (spectra- physics, Datajet) was connected
to thechromatograph for datacollection. Thereaction
was continued until hydrogenation was compl eted then
the reaction was stopped and asample was anal yzed.
Another run wasdone each catayst for 8 minutesonly
for activity measurements. Also another hydrogenation
reaction was carried, which is the hydrogenation of
phenylacetylene and styrene mixturein cyclohexane
(1:1:18V/v). Thetested catd ystsin thishydrogenation
reactionsareshownin TABLE 2.

RESULTSAND DISCUSSION

be seen, hydrogenation of phenylacetyleneresultsintwo
products; styrene which results from semi-
hydrogenation, and ethylbenzene from complete
hydrogenation. Whenthetwo clays sampleswereused
astreated without the addition of any metalicmaterids,
thereaction wasnot initiated. Thisisdueto theabsence
of themetal active siteswhich areresponsiblefor the
hydrogen and alkynes adsorption. Thisindicatesthat
the parent calys cannot be used as catalysts for this
reaction. However, enhanced rates of thereactionwere
observed when themetal ionswere added to the clay
supports. Ceriumion wasadded by ion exchange, did
not produce any significant riseintherateof thereaction,
whereas platinum and paladiumionscould derivethe
reaction to occur to a great extent. The enhancing
magnitude was dependent on the typeof clay support
and typeof meta ion. Kaolin supported cata ystswere
found to be more active and showed higher semi-
hydrogenation sdectivity than Bentonitebased catalysts.
In comparing Figures 1 and 2, we can observethat the
time needed for 100% Conv. isabout 5 minuteswhen
Pd/Kaolin was used and more than 15 min with Pd/
Bentonite. Moreover, anexceptiona high sdectivity was
observed with Pd/Kaolin. Ascan beshownin Figure
1, theamount of styrenereached 96% withinthetime
needed to reach maximum conversion (100% Conv.).
Ethyl benzene started to form only after phenylacetylene

TABLE 2: Catalystsused in thehydrogenation reaction

Catalyst Catalyst treatment
The compositionsof thetwo claysobtainedfrom 5% Pt on Bentonite Reduced
eemental andyssarepresentedinTABLE 3. Ingenerd, 5% Pt on Kaolin Reduced
theuseddaysweredf highslicalduminaratio. TheKadlin -~ 5% Pd on Bentonite Reduced
content of duminawashigher thanthat of bentonitewhile 5% Pd onK aolin Reduced
ironwashigher inbentonite. TheBET surfaceareaof 5% (Pt-Ce) on Bentonite Reduced
Bentonite and Kaolin were of 200 m?/gand 15m?/g, 5% (Pt-Ce) onK aolin Reduced
respectively, and particle size analysis of both clays 5% (Pd-Ce) on Bentonite Reduced
showed that 100 % of particleswere< 63 um. 5% (Pd-Ce) on Kaolin Reduced
The plots for the progress of Hydrogenation of  Ce-cation exchange with Bentonite  Reduced
phenylacetylene using various Kaolin and Bentonite ~ Ce-cation exchange with Kaolin Reduced
supported catdystsareshowninFigures(1-8). Ascan  Claysalone Reduced
TABLE 3: Chemical analysisof major componentsintheYemeni clays
% Component Sio, AlO, Fe,O, NiO MgO K,O TiO, CaO Na,O
Kaolin 65.93 23.38 1.74 0.16 021 1.13 1.79 0.44 46
Bentonite 70.80 1319 793 034 0.095 2.07 124 0.24 1.52
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was consumed completely. When compared with the
maximum selectivity of Lindler catalyst with amaximum
of 98%*8, Pd/Kaolin catalyst of this work can be
considered asof competing performance. Hence, Pd/
Kaolin catalyst hasproven to be of potential use and
can be used to produce styrenefrom phenylacetylene
with high conversionrateand aminimumamount of the
reactant impurity.

The mechanism by which Pd catalysts control
hydrogen selectivity still uncertain. Themost common
depends on that hydrogen adsorbs in two phases,
hydrogen poorly o and rich -phases. Suppression of
Hydrogen B-phase formation leads to semi-
hydrogenation selectivity. The Suppression of hydrogen
B-phase can be achieved by increasing thedispersion
of catalyst particles?. Increasing el ectronic density of

—a— % Conv.
—e— % EthylBenzene
—A— % Styrene

100 H

Percentage

50 4

Time/ min
Figure1: Hydrogenation of phenylacetyleneover 5% Pd/

Kadlin

—a— % Conv.
—e— % Ethyl Benzene|
—&— % Styrene

100 H

504

Percentage

Time/ min
Figure 3: Hydrogenation of phenylacetylene over 5% Pt/
Kadlin

Pd d-band using metallic promoters or changing the
geometry of particlesmay a so contributeto selectivity
enhancement!®. Therefore, the better selectivity of
Kaolin based catalysts compared to Bentonite based
ones can be attributed to that the structure of Kaolin
offersbetter dispersion medium than Bentoniteand it
also may contain specific typesof trace metal sthat act
as promoters. Similarly, Pt/ Kaolin showed better
performancethan Pt/ Bentonite either in activity and
semi-hydrogenation selectivity. Surprisingly, samples
that contain cerium in addition to Pd and Pt showed
substantial declinationin ether activity and selectivity
(Figures 1-8). Ismail and Imad reported that Ce
incorporation into Pd-Pt/Al,O, used to catalyze the
same reaction, increased the rate of conversion of
phenylacetylene but did not dter styrene selectivity!®.
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Figure 2: Hydrogenation of phenylacetylene over 5% Pd/
Bentonite
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Figure 4: Hydrogenation of phenylacetylene over 5% Pt/
Bentonite
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Figure7: Hydrogenation of phenylacetylene over 5% (Pt-
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Figure6: Hydrogenation of phenylacetylene over 5% (Pd-

Ce)/ Bentonite
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Figure8: Hydrogenation of phenylacetylene over 5% (Pt-

Ce)/ Bentonite

TABLE 4: Activity and selectivity for thecatalystsused in thehydr ogenation reactionsof phenylacetylene

Catalyst Activity (M min g Styrene Sd.? Ethylbenz. Sel.?
Pd/ Kaolin 44 x10* 96 4
Pd / Bentonite 9.8 x 102 68 32
Pt/ Kaolin 37x10? 73 27
Pt / Bentonite 13 x 1072 65 35
(Pd-Ce) Kaolin 11 x10? 84 16
(Pd-Ce)/ Bentonite 11x10" 77 23
(Pt-Ce)/ Kaolin 27 x10° 84 16
(Pt-Ce) / Bentonit 10 x10° 69 31
% Styrene % Ethylbenzene  100%

astyrene Selectivity = %G -
6 Conversion

% 100%- bEthylbenzene Selectivity =

% Conversion

Whenlooking againtothe%Conv. curvesinFgures  suggests zero-order kinetics which agrees with the
1-8, weobsarvethat thesecurvestendtobelinear during  expected behavior of heterogeneous catalysisat these
the pre-maximasegments. Thelinearity of thecurves  conditions?-#,
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Hence the rate constants of the hydrogenation
reactions performed using different catalystsarethe
dopesof thesecurves. Theactivitiesof cataystswere
caculated fromtherate constant valuesdivided by the
used quantity of the catalyst (g), and addedto TABLE
4, dlongwith the selectivitiesat maximum conversion
for each of the styrene and the ethylbenzene.

To obtain a more significant parameter for
comparing semi-hydrogenation selectivity of different
catalysts, they were used to activate hydrogenation

reaction of phenylacetylene and phenylacetylene/
styrene mixtures. Then the slopes of curves of
phenylacetyl ene consumption and styrene/ethyl benzene
production were calculated and used for calculating
C=C/C-Cratios. Thesevaluesaregivenin TABLEDS5,
and show that, in terms of styrene selectivity, the
catalystsused in thiswork can bearranged asin the
following order; Pd/ Kaolin > Pd- Ce/ Kaolin > Pd-
Ce/Bentonite > Pt-Ce/ Kaolin > Pt/ Kaolin > Pd/
Bentonite> Pt/ Bentonite> Pt- Ce/ Bentonite.

TABLE 5: The dopes of the consumption of phenylacetylene and the production of styrene and ethylbenzene in the

phenylacetylene/ styrenemixture.

Catalyst PhC =C-H PhCH=CH, PhCH,- CH, Ratioof C=C/C-C
Pt / Bentonite -1.00 0.74 0.26 2.8
Pt/ K aolin -1.00 0.82 0.20 41
Pt- Ce/ Bentonite -1.00 0.74 0.27 2.7
Pt-Ce/ Kaolin -1.00 0.91 0.15 6.1
Pd/ Keolin -1.00 0.94 0.06 15.7
Pd- Ce/ Kaolin -1.00 0.93 0.09 10.3
Pd-Ce/ Bentonite -1.00 0.90 0.13 6.9
Pd/ Bentonite -1.00 0.75 0.25 3
Applications of Clays and Clay Mineral, in Clays
CONCLUSION and Clay Minerals Geological Origin, Mechanical

Itisconcluded that the Kaolin and Bentoniteclay
samples can be used as supports for metal ions,
specially, Palladium, to fabricate catalysts for the
production of styrene with a minimum amount of
phenylacetylene. Among the catd yst used inthiswork,
Pd/Kaolinewasthe most efficient; it resultsinahigh
converson rateof phenylacetylenewith high selectivity
toward styrene that is comparabl e to those reported
for the common Lindlar catalysts. Platinum-based
catalysts did not prove to be as active as those of
Palladium based. Ce-(Pd or Pt)/Kaolin or Bentonite
showed declined activity and lower semi-hydrogenation
selectivity compared to Cefree.
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