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ABSTRACT

In this study, alumina supported Pd catalysts have been developed and employed
in selective hydrogenation of acetylene for removal of acetylene contaminant in ethylene
feed stream in polyethylene production. The alumina supports were modified with a
second metal. It was found that the catalyst performance in terms of acetylene
conversion and ethylene selectivity were improved for the Pd catalysts prepared on the

include the nature of second metal | ntl (330 _#Ragamount of second metal addition,
and the preparation techniques.{
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ZnD.5-AL,0, SV 115

17



J * - J L] e “* e aman -4 e
TN 2.5 'I_I'.HJ'II'II.‘I"II“H".I‘I"I"]Ehﬁ'}'ﬂﬂﬂﬁ']l.'ﬂﬂﬂHTﬂ“lH.'Hﬂl.ﬂLﬁHHU“E:EﬁH"IT’Iﬁﬂ'}'ﬂﬂH

u.nal’ﬂ'uu'i'wrs'htlmﬂﬁﬂmiﬂwi'uuﬁﬁmfuauuauimnhﬁ

Sample €O chemisorption 10" Pd dispersion dp Pd’
{molecule CO/g cat.) (%) (nmj}
PdIZn0-Al,0, SG 113 8.8 13 -

Pd/Zn0.1-ALO, SG 39 29

Pd/Zn0.3-A,0, SG 14
Pd/Zn0.5-A1,0, SG 18
Pd/Zn0-Al,0, SV 5
Pd/Zn0.1-AL,0, SV T
Pd/Zn0.3-AL,0, SV 1
PA/Zn0.5-AL,0, SV 4
——
MM IMaauaL i f Nl a:lglaamoiuea ludfnien
lalastuduuuudant ,;—f_— e Tagvinlfnsond

nnmnﬂ 40, 60, 80 i1z 100 Tul T inn'sﬂ'n 2,30 WuInaIy

']ﬂﬂi'lﬂlﬂﬂﬂ'lﬁﬂﬂ{]ﬂ'ﬁﬂ'ﬂﬂﬂ"l ﬂqﬁ}ﬂﬂ*l‘ﬂ'ﬂﬂulﬂﬁ'ﬂﬂluﬂﬂmﬁ Hﬂ'-ﬂl“ “Hun"l'ill'i'ﬂﬂn"tw
frsadiuazaiuig Mﬂ ﬂ m Enumn'maamnn
ﬂﬂﬂlﬂﬂﬂ“uﬂﬂﬂﬂd@ H ?ﬂ n TARFTUTTOLNUAT
\Hanifiay ]ﬁ l%aﬁfa W ﬁ \ﬁgﬂ’llﬂﬂﬂmﬂ
??m‘ SNtk

18



100

$

2

5

CzHz Conversion (%)

%, Sectivity

£
[ = ]

mﬂumwﬁm mﬁz

2 V1 B A OE]
9 Temperature (°C)

(1)

- - [ - of - il . .
3R 23 wemadszEninwvasiusaljnimdaaioulasitlaa-nasdegunnilunisi
Ujn3m: (n) ezigiduidiiinie (v) dunfeniiavastofian

19



dm3vasTaalunefusauaasdogufl 2.4, 9nguf 24.0 wudimslFuaniwes
sasiuargiinidisdeiiidasjnisfianudashanas dmivdnisdenifiavae
fAfuuaaadozui 243 wuhmaurnmwisesivesgiwndnded imansnifiusdan
wavaaafifuld oniiufidandulaslusvssfoddaasglifivnnidy 0.1 ffusnmw

e il Ll J [ i s i Y )
udiiarwdaslanndy wa bimninunmseioulasitlos-19s

CaH: convarslon (%)

(1)
o s = [T B i a . ™~
3U7 2.4 nanaszinBnmvasarinljnindasivulasitloslunaiueadegungily

- T - i - -
magnis: (n) esaiawiidindgnie () ddaniinvasanan

20



e - - ; et o am e

muonaaninlinisn snafialdnazsuuuindransalinivdinaliaass

1 3 L 3 - b ¥ L J i
UinSeiianudeslianas 99nua TGA 'ummntaﬂgmmﬂi’um.ﬂ’munnmﬂ'lﬂ'.ixm'm

Rl 3 1 ko ol o J : - L k] -
mananfniemdseandiauuaafisfinmldnfiazauuuiuivasdasal jnim
J " R b et - bl - - ko J
[13] ﬂ"tngﬂ'ﬂ 2.5 ‘II"I‘LIT'II"!"I1‘]]'HJH.I'I'I'HH11Eh!11.]i!:ﬁuu’lﬂ‘!ﬁ'ﬁ-ﬂﬂ‘.ﬂﬂﬂ’linﬂﬂﬂ’ﬁmﬂtﬂﬁﬂ
P e N ™ i . P ;e 4
azauuuAuirandinie lasdandulaolua vesdeddaazgiifiouinny o ¥4

= o - % - o - - (Y |
wionTlaedd lva-es dufinaldnasauuuiniivesdnislnioniasiige uasainua

AULINENINYINS
RIAINIUUNINY A Y

21



100 -
m .
W
[1:]
-]
w-d
;-1 28 PdiZn0.1-Al,0; SG
< Pd/Zn0.5-Al,0, SG
7n0.3-Al,0, SG
97 -
sG
% o
0 1200
8
E
L+ ]
: g
5
£ %
-
%
E PdiZn0.1 , 56
P g A |
l l.-

b P - e i e o J
3V 2.5 USAIHA TGA-DTA 183d il inTenfiliud Jaaioulasislos-ta: (n) lunmex
. s > bt o J J
VBN NINUIMUN (1) 'tummmaaqmugunuqmuqﬁmﬁauuuﬂm



Zn0.5-A1,0, SG

Znﬂﬁ-ﬂ,ﬂ, SG

Zn0.1-AL,0, SG

Intensity (a.u.)

Zn0-AlL0, SG

0 100 600 T00

%‘ ‘ ).5-A1,0, SV

10.3-A1,0, SV

ﬁn_ ,-g"f

41,0, SV

Intensity (a.u.)

1
iF

In ﬂ-Allﬂa, sV

700

Temperature (°C)
()

o - - L -
1N 26 wamienzidomatianmosurssuenluisuuulisunsugungives
L L] iy J -1 = ) ol 3 ol
aufiiimieisuuvesglwiifimadaded (n) woulasisloasa (v) wiswlasds
lealaunafuaa



- o -
2.2.2 waraymsi@sunatdsaluwargiinvindsiansilagislyawauarislea
gl [ [ [T [ - o - [
hnadueamialsiuarsasiuansalinsorunaaidsalulinselalasdman
wuULRaninAazaIastanan

mamMIAensidmomIniReifdnduesiin fiTrunamdsiuwazgiini
Fnnoilardtlaanauasitloalanefuaafiinsduunamdpuuaaslu Eﬂﬁ 26
ﬁﬂuﬁﬁwaauaaﬂwzﬁﬂmuﬂmﬁéﬂ 20 25.52°, 35.10°, 37.74°, 43.32°, 52.52°, 57.46",
61.22°, 66.50°, 68.18°, uax 77.86° Moaskbalanlus Ga/Al = 0.1 wWulawIzRAUD
I.I.Elﬂ'l-'hﬂ‘ﬁﬁn’li[ﬁ!_l\lﬂwuﬁﬂﬁuﬂﬂdﬂ: L‘f p

o |
3 IMEI JUTINNINTZAN ﬂﬂ"l‘ﬂﬁd

7 Gasal = 0.3 szWUTAVEIN O Surfaioulasitloaauss

loalanaues Iwunefianya 0.9 vaiiiiTeeia0L-ALO; Waz B-Ga,0, Tu
pxgliwfasoulaoisloal
B'Gﬂzﬂ; Rigprsrt

najuaanuIanIzinTe)

® E-A.lzﬂa
+ ﬁ-Ga; 03

Gal. 3—AI103 SG
;—v ?

Y

n‘l]l-Alﬂ SG
E 'I--“' o

Intensity (a.u.)

24



- ﬂ.—Ale; +
+ Ga0.5-AL,0; SV
+ p-Ga,0, + t 4 e # ik a 2U3
-~ | Ga0.3-AL,0; SV
=
g
e
£ Ga0.1-A1,0,; SV
o
E .
-
Ga0-ALO, SV
-
-
10 20 80 920
31 2.7 usaIzLLL XRD g dsufisamaulanly

- i - ! [y
auad Bﬂﬁl.l MHBURBUNRLRY § ﬂ:I'iIHT."I U DFHIEE]

= " . = [ ol -
#A7197190 2.6 I.I.ﬂﬁ-ﬂ'!l“"lﬂﬂﬁﬂ'ﬂﬂ-ﬂﬂ'l shibgebs L ‘l.lﬂn"lﬁﬁ‘]ﬂllﬂﬁiﬁﬂu.[ﬂH'Jﬁlt'ﬂﬂ-ﬁﬂ

uasloalumaduan (Al Ok

baotatodol | 0) ¥ 1 TN el 11 e
A

R EifTai a1 Tenan

Ga0.5-Al,0, SG 416"
Ga0-ALO, SV 695
Ga0.1-AL,0, SV 945"
Ga0.3-Al,0, SV 193"
Ga0.5-AL,0, SV 186"

25



Al {1*”2’0:
Ga : B-Ga,0,

J J L h o o
Aufiiavasdresiuezgimfiviuanmdrounaidsulasislaa-oauazleals
- - ] w 1] J
maiues Tinnsidomaiamgaduuialulasiauuaadluamef 2.7

@151 2.7 fuidoresnsesiuamgiiuinfuanmasunadoylasilos-wauacloals
matuoa

Ga0.1-AL,0, S

Ga0 g. C

Vo
o

Gal.5

U’:mmwuﬂﬂ u&%mﬁ%ﬁa’m«ﬂ ’rLQ ‘iunamm auyaU

aan'l'nﬂuﬂﬂq'lumﬂa 2.8

ammﬂimum'mmaa

26



J J Tl -J o e I3 s ] A -
AT97 2.8 ﬂ?mmwumnmﬂwmmmﬂgmmuwmamuuuuazﬁﬁmﬂﬁmsmu
unaisiadomaiianiseduuismivouuauaon lod

— = —_——
Sample CO chemisorption x10" Pd dispersion dp Pd’
{molecule CO/g cat.) (%) (nm)
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1. Introduction

Pd-based catalyst supported on A!;ﬂ,g\h low Pd loading {0.1=
0.3 wr.X] is typically employed for selective hydrogenation of acet-

process in polyethylene p
polymerization catalysts [4,5]

-l"l

203

serthdam®, Joongjai Panpranot **

W

zin akorn Pathom 73000, Thaeiland

d on nanocrystalline a-Al0y and Zn-modified a-Al;04
pds was studied in the selective hydrogenation of acetylene.

nificantly decreased by incorporation of Zn atoms in the a-
selectivities were improved in the order: Pd/Zn-mod-
Oy-solvothermal » Pd/a-Al;04-s0l-gel = Pd/a-Al;04-solvo-
dled by thermal gravimetric and differential temperature
alline Zn-modified 2-Al; 05 also showed less deactivation

© 2008 Elsevier BV, All rights reserved.

‘1'—‘.. orphous in nature and further heat treatment
d i tallization. Solvothermal method is an alterna-

ve route fol step synthesis of nanocrystalline materials.
In the present study, nanocrystalline a-Al;05 and Zn-modified

ports for Pd catalysts for selective hydro-
odification of nanocrystalline a-Al05 with

ylene in ethylene feedstock [1-3]. Removal gf ayleru: is a crucial u—ﬂlzﬂg avt been synthesized via sol-gel and selvothermal meth-

port in this reaction contains a
sesses relatively low specifi rt'a.ce area and low
compared to other ‘transition’ alumina (such as f-, y-. n

cldlty
X %

hpepted (b BN Bk AV bl

ward ethylene |1, 1]

In recent years, na sﬂllin: materials have gained consider-
able interest in the field of catalysis because they show significant
differences in terms of catalytic activity and selectivity compared
with those synthesized in micron scale. Several techniques have
been reported for preparation of nanocrystalline AlOy such as
sol-gel method [6], hydrothermal synthesis |7], microwave syn-
thesis [8], emulsion evaporation [9], precipitation from solution
[10], and solvethermal synthesis [11], The sol-gel method is
widely used due to its simplicity, however, the precipitated pow-

* Corresponding author. Tel: +66 2 21BGERY; fax: +66 2 2186877,
E-muoil oddress; joongjai p@eng.chulaacth (f. Panpranot)

1566-7367/5 - see front matter © 2008 Elsevier BV, All rights reserved
dodz 10, 100 6j.catcom.L008.03.032

it can form ZnAl,04 spinel which is an
interesting material with low acidity that can exhibit the strong
metalSupport interaction &M51) with noble metal |12-14]. Based

al, |15], addition of TiD; to Pd/
ment in ethylene selectivity
Icss ciu s em:twa ion during selective acetylene hydroge-

niuun The origin of the improvement in catalyst performance
was proposed to be due to strong interaction between the added
TiO; and Pd, Thus, the presence of ZnAl;0, in the Pdfa-AlOy cata-
lyst may improve the catalytic performance in the selective acety-
lene hydrogenation as well. The molar ratio of ZnfAl =0.1 was
selected in order to avoid the formation of ZnAl.0, alone so that
surface area of the Zn-modified supports were not much different
from that of the unmodificd x-Al, 0. The catalysts were character-
ized by X-ray diffraction (XRD), Ny physisorption, ammaonia tem-
perature program desorption (NHs-TPD), CO chemisorption,
transmission electron microscope (TEM), and thermal gravimetric
and differential temperature analysis (TG/DTA)
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2. Experimental
2.1. Catalyst preparation

Manocrystalline a-Al;0y were prepared by sol-gel and solvo-
thermal methods. In the sol-gel method, 24 g of aluminum nitrate
was dissolved in 50 ml of ethanol at room temperature, The solu-
tion was then heated to 70-80 °C in the reflux-condenser reactor
and held for 18 h, after which the urea solution was added to ad-
just pH of sol. The mixture was rested at the same temperature
for 24 h to be gelled at neutral condition. The obtained product
was calcined with two steps heating rate to avoid overflowing
gel during calcinations, ie. 3 *C/min from room tem "'|, 1

A

500 *C and continue heating at 5 *C/min to 1150 *C and
temperature for 3 h. The solvethermal-derived s
pared according to the method described in Ref.

a-Al;03 by sol-gel and solvothermal
amount of zinc (I1) nitrate hexahydrate

using an agueous solution of the desi
drich). The catalysts were dried overnight
cined in Ny Mow 60 mijmin with a heatuf§
the temperature reached 500 *C and them iy
at 500 *C for 2 h. For comparison purposesg
[JRC-ALOZ) was also employed as Pd catalyst slipp

2.2 Caralyst characterization

# 3
X-ray diffraction patterns of the catalyst samplest era'al
with a SIEMENS D5000 X-ray diffractometer using Cu Fas
with a Ni filter. The BET surface area measuremeg it
out by nitrogen adsorption in a Micromgritie
tem. Each sample was degassed at
consisting of 30% Ny in helium was ag
temperature by dipping cell into ligu
temperature program desorption ENH. WRD) Wa
Micromeritic Chemisorb 2750 automalgd system attached wil
ChemiSolt TPx software. ﬂppmximattly 0.1 g of catalyst was
placed in a guartz tube in a temperatu “rnlltd oven. The

the catalytic performance was observed during the range of 40-
100 C in 20 C increments,

Acetylene conversion is defined as moles of acetylene converted
with respect to acetylene in feed. Ethylene selectivity is defined as
the percentage of acetylene hydrogenated to ethylene over totally
hydrogenated acetylene. However, due to the difficulty in precise
measurement of the ethylene change in the feed and product, the
indirect calculation using the difference in the hydrogen amount
(hydrogen consumed) was used. The ethylene being hydrogenated
to ethane is the difference between all the hydrogen consumed and
all the acetylene totally hydrogenated,

100 = [dC;H; — (dH; = dC:Hz )
dec; H;

» dC,H,; = mole of acetylene in feed - mole of acetylene in
dH; = mole of hydrogenation in feed - mole of hydrogen

lectivity of CiHy (%) =

i1}

d discussion

=rns of Pd/e-Al 05 and PdfZn-modified «-Aly0; are
. 1. The diffraction patterns were not different from
capresponding unmodified «-AlLO; and Zn-modified
The characteristic peaks of a-Al,0; were evident
samples while the diffraction lines of both spinel-
sttucture and =-Al;0; were apparent for the Pd/Zn-
41,0, catalysts. The average crystallite sizes of each
re calculated from the Scherrer equation and are
. The crystallite sizes o-Al,0y and ZnAl,0, were cal-
o the full width at hall maximum of the XRD peaks at
37%, respectively. The average crystallite sizes of the
prepared by sol-gel and solvothermal method were 31
nm, respectively while the crystallite sizes of ZnAl,04
ed in the Zn-modified Al,0, prepared by sol-gel and solvo-
mal method were 28 and 14.9 nm, respectively. The surface
he catalysts prepared by sol-gel were ranged from 1.6
hose prepared by solvothermal were ranged
[ Detebe®-1 2. The surface arcas were quite low probably
4 * ration of these nanocrystalline particles during

" qigh temperature, The nitrogen adsorption-desorp-
suthcr |' and the pore size distribution plots are shown in

Figs. 2 and 3 respectively. Based on the nitrogen adsorption-
ﬂnrphon isotherms at 77 K, all the samples exhibited Type IV

arrousts of 0 chemisorbed cording to Brunaver Deming, Deming and
a Mi siitic Chemisarb E‘ﬂm I il rﬂ ﬂlﬁﬁ ﬁ: 5 |ﬁmn [17]. The sol-gel AlQ,, however, pas-
ChemiSoft TPx soltware at r iortoc

tian, the sample was reduced 1#a Hy flow at 150 °C for Lh then

cooled down to ambi nt eralun! inaHef uw The dls bution
of palladium on ca
JEM-2010 transmis

Thermal gral.llmctﬂ: nd dil‘!’nrcnnal mmptrature analyms {T{:j
DTA) were pert'ufmed using an SDT Analyzer Model QG600 from
TA Instruments, LISA.

2.3, Reaction study

Selective acetylene hydrogenation was performed in a pyrex
tube reactor (i.d. 10.1 mm). Prior to the start of each experimental
run, the catalyst was reduced in H; at 150 C for 2 h. Then the reac-
tor was purged with Ar and cooled down to the reaction tempera-
ture. Feed gas was composed of 1.5% CHj. 1.7% H; and balanced
CaHy (TIG Co., Lid.) with a GHSV of 16,901 h~'. The composition
ol products and feeds were analyzed by a Shimadiu GC 8A
equipped with TCD and FID detectors (molecular sicve-5A and car-
bosieve 52 columns, iespectively). The temperature dependence of

-hh,un
| h | oLy e

Intensity (n.u.}

l ‘ LJV @ rur.r.n-m,o,sc

_ _J._Lﬁ

U H
Iv'ﬂﬂl

Fig. 1. XRD patverns of the Pd/s-AlLiD, and Pd/Zn-madified o-Al;0, supports pre-
pared by sol-gel [5G} ar:? -~hmthermal {5V] methods,
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Tabile 1
Characteristics of the varioos Pdfa-Al;0; and Pd/En-modified 2-Al;0, catalysts
Sample Crystallite size [nm) BET surface Pare volume Average pore Pd active sites Pd dispersion dy Pd®

a-ALD; 0AL,0, area (m'[g) {emg) diameter (nm) (%10°" molecule COJg cat.) ) {nm)

PdjALO, 5G 10 nd? 16 o011 204 113 " 1
PdiZn-Al0; 5C 40.4 28 1.9 0020 1.8 459 EL) 9
PdfAlO4 5V E9.5 nd, 14.9 0075 136 39 208 5
PdfZn-AL Dy SV 328 149 07 oo 224 228 166 - T

* n.d. = not determined.

PA/ALO, SG

Quantliy Adsorbed (em’ig STP)
L = e £ £ e |

Quantity Adsorbed (em'/g STP)
= )

PA/ALO, SV

0.6 08
Relative Pressure (F/Po)

:

05 08 1
ptive Pressure (P/Po)

Pd/Zn-AlL,0, SV

Fig 2. N; adsorption-desorption isotherms of the Pja-Al0, angiPdizn-modified »- Al supparts prepared by sgl-grl (5C) and solvothermal (SV) methods.

FRIANNIUNATINETRE

sessed much Iess volume than the samples prepared by the
solvothermal method. Incorporation of Pd particles by impregna-
tion did not alter the textural properties of the supports as shown
by similar pore size distributions in Fig. 3.

Fig. 4 shows the TEM micrographs with SAED patterns of Pd/a-
Al;0y and Pd/Zn-modified a-Al, 0y prepared by sol-gel and solvo-
thermal methods. It can be seen that the sol-gel made catalysts
consisted of agglomerated particles with primarily irregular shape
structure (average particle size around 0.5-1pm) whereas lor
those prepared by solvothermal method, agglomeration of finger-
like particles were observed. The finger-like a-Al, 0y particles are
nmormally obtained by caleination of the solvothermal-made =-
AlLO; powders at high temperature |18,19]. For Pd/Zn-medified
a-Al; 04, the corresponding selected area diffraction patterns shows
rings match d-spacing for the ZnAl, 0, confirmed the structure of

ZnA1z04 |20). The large particles observed maybe the secondary
particles formed by agglomeration of the primary nano-particles
due to heat treatment during calcinations step. Based on TEM anal-
ysis, palladium particles/clusters with average particle size ca. 5-
10 nm were found to be deposited on both of the alumina suppaorts.

The metal active sites, the Pd dispersion, and the average Pd
metal particle sizes from CO chemisorption experiment are also
summarized in Table 1. The technique is based on the assumption
that only one CO molecule adsorbed on one metal active site [21]
and it is known that CO did not chemisorb on Al;05 support |22
24]. Without Zn addition on the AlyO, supports, PdfAl,0, sol-gel
and PdfAl;0y solvothermal possessed the amounts of Pd active
sites 11.3 = 10" and 32.8 « 10" sites/g cat., respectively. The Pd
active sites significantly decreased when the catalysts were sup-
ported on Zn-modified =-Al;04. The PdfZn-AlO; SG and Pd|7r-
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method due probably to more agglomeration of the «-Al;0y sup-
ports as noticed from TEM measurements.

NH; temperature program desorption was a commonly used
technique for the titration of surface acid sites [25], The strength
of an acid site could be related to the corresponding desorption
temperature, while the total amount of ammonia desorption after
saturation coverage permits quantification of the number of acid
sites at the surface, The temperature-programmed desorption pro-
files for the nanocrystalline a-Al; 05 and Zn-modified =-AlO; sup-
ports are shown in Fig. 5. It was found that the desoprtion peak
areas of the «=-Al.O; samples prepared by sol=gel method were
lower that prepared by solvothermal method. Moreover, regardless

ed a-Al-0, decreased. It is suggested that formation of ZnA-
cies resulted in a decrease of surface acidity of =-AlO,

l‘ ,/l’ 1!11_'- preparation method used, the desorption peak areas of Zn-

- tic properties of Pd/a-Al;0s and PdfZn-modified a-
%m were evaluated in the selective hydrogenation of
mq,r a fixed bed flow reactor with a GHSV of
16807h. ' Study of temperature dependence of Pd/u-Al,0y and
Na’?.n-fmﬁw -Al,04 catalysts on acetylene conversion and

selectivitytbward ethylene in the temperature range between 40

aiid 100 5C areshewn in Fig. 6. For comparison purposes, selective

..1;' . Hccrylrmc hydrogenation using Pd catalysts supported commercial

Fiz. 4. TEM micrographs of Pd/a-Al;0y and PdZn-modified o-Al0; catalysts prepared by sol-gel (SC) and solvothermal (5Y) methods with SAED pattern: | A} Pd[AlDy 3G (8]

PdjAl; Oy SV (C) Pd[Zn-Al0y 5C (D) Pd/Zn-Al;0, 5V
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sites; however, it exhibited the lowest activity. This can probably
M" be explained by the dependent of acetylene hydrogenation activity
on Pd particle size. Many researchers have shown that the specific

PdiAL, SV activity of Pd decreased by an order of magnitude when the size of
/__/—_/\"\ palladium particles were very small (1-5 nm) [27-29]. Modifica-
tion of Pdfa-Al,05 catalysts with Zn, however, resulted in signifi-

f\/____,__"ﬂ&": cantly improvement of both acetylene conversion and ethylene
selectivity. Comparing the samples prepared by the different tech-

niques, the catalysts prepared by sol-gel method showed better

_,..—f'_ﬁ‘-rf—"ﬁ" catalytic properties than the catalysts prepared by solvothermal

o a8 ma 4o ™) P method.

Tenspersture ['C) After reaction, the amounts of carbonaceous deposits on the
catalyst samples were measured by thermal gravimetric analysis
idithe results are shown in Fig. 7. A small weight loss (<1%) ob-
in the TGA profiles (Fig. 5A) below 200°C was probably
e removal of physisorbed water and/or chemisorbed hy-

ups. The weight loss at higher temperature was due to
e carbonaceous deposited on the surface of used cat-
\@chown by the exothermic peaks in Fig. 5B, the type
ies uccun-cd during reaction was probably “soft coke”
moved from the used catalysts by oxidation at a
ttmpeﬂrure (~350°C) as suggested by Xiangjing
Ras gl on TGA results, the amount of coke deposits on
ared by sol-gel method were lower than those
\ vothermal method while Pd/Zn-modified «-Al,04
\ [sgel method showed the lowest value (2.33 wi%)

Iniearity (a.n)

Fig. 3. NH; temperature program desorption profiles for the Pdfa-Al0
modified =-Al;0y supports prepared by sol-gel (5G] and
methods.

a-Al.0y was also carried out. In all cases, a
creased with increasing temperature whi 7
creases due to the fact that the ethylenc l=
intermediate in acetylene hydrogenation
version as well as ethylene selectivity was foury
PdfZn-modified w-Al;04-s01-gel > Pd/Zn-1y
thermal > Pd/a-Al;04-50l-gel = Pdje-Al 05
Al;0z-commerical. It was clearly seen thit i
line w-Al,0; prepared by sol-gel or solvog

in much better catalyst performance cofmiparg & SOTAmeTE \‘: Ni- prepared by solvothermal methed showed the
one. It can be noticed that PdfAl;0;-5V hag regst Pd ative high 6.39 wit.X). For Pd/a-Al,05-commerical, the amount
A
]
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of coke deposits on the catalysts was 3.53 wt. The results were in
good agreement with acidity of the Al; 05 supports measured from
NH; TPD technique. Based on the mechanisms in the literature
[32,33), acetylene hydrogenation was suggested to take place on
the active sites on Pd surface while most of the carbonaceous
deposits were found to be accumulated on the support. The carbon
deposits acted as a hydrogen bridge for the hydrogen spillover
from Pd to the support facilitating ethylene hydrogenation to eth-
ane. The low concentration of acid sites on the Al,0, surface con-
siderably reduced coke deposition thus ethylene selectivity was
improved.

4. Conclusions

Modification of =-Al;0. supports by Zn dra
surface acidity of Al;05 due to formation of
used as the supports for Pd catalysts in selectiye
genation, the catalysts exhibited lower Pd dispersigg
particle size (as determined from CO che i
compared to those on the unmodified ones. 3
a-Al; 0y catalysts showed higher acetylen®tonyg
ene selectivity and less amount of carbonaccs
on the unmodified and commercial =-Al 0Q
ples prepared by the different techniques, thgl
by sol-gel method showed better catalyri
prepared by solvothermal method due W8 arg
and lower amount of acid sites obtained.
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