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Abstract

As lerg as Egypt Jo rick with patural clays, they can be used
&6 chezp dehydration local catalyst fastead of imported synthatic
catalysts. Sample from Wadi £l Hai Helwan was studied for this purpose
ir  the raw and ectivaied foirms. Activation include either thermal ac-
tivation by calcipatiop of the clay in stream of dry eair at different
temparatures or chemical cre by treatment with different concentration
of suvilphuric 2cid solution. Dehvdratiop activity of the prspared ciay
catalyst wes studied using absolute ethyl alecohol. The optimum condi-
tien of activation ware found by treating Helwan raw ciay with 20 8 suvi-
phuric acid sclution at 104 °C 2nd ecid solution: clay ratic I1.5:1 by
waight, then ¢xlcined at 508 °C. The activation energy of this reaction
over Halwan clay was estimated and ecual to 17.5 Kecal/mele.
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1. Introduction:

In Egypt ethylene was imported for the production of
PVC which is the basic material in petrochemical industry.
This is accompanied by many difficulties such as hard cur-
rency needed, increasing prices every year, shipment and
transport problems of ethylene from a-broad. This amount of
needed ethylene c¢an be produced in Egypt cheaply from the
dehydration of annual surplus of athy! alcohol produced from
local cene sugar industry. In the same time Egypt is very
rieh with natural clays which are used as dehydration
catalysts instead of imported alumina and =zlumino-silicate

catalyst.

Many natural clays .wera studied as cetalysts e.g..,
Fayoum clay gave maximum conversion of e2thvlene of
- 100 mol % after activated for 6 hour in 10 & H:zS50.« at
10¢ °C 2nd acid: clay ratio 1.5 ¢ 1 and after washing and
drying it calcined at 500 °C for hour hours. The reaction
was made at 400 °C and space velocity 0.5¢%?. Many other
clays were s{udied as dehydration catalyst e.g. Sultanov Yu.
M.t2? can co—uor?ers and Xhanlar bentonite (mainly
montmorillonite with B % carbonate of particie size
< 0.001 mm treated by 30 %'by weight sulphuric acid. The
obtained catalyst was used for isoamyl alcohol dehydration.
The amylene yield was 86 ® at 425 °C and 95 ® at 450 °Cc for

20 minutes of contact.
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Radev R.H.*?* and co-workers studied Dimitrovegrad
clay after activation by KHC! apd showed that this catalyst
had good preperties in the dehydraticn of ethyl alcchol and
very pure ethvlene was obtained at 400 °C and space velocity

1.0 hr-!.

Rkemovat**’ studied 16 sample of volga area clays for
dehydration of EtOH, PrOH and BuOH. Botirov S.A. et al.t®?
stueédied the Activity of natural and activated Guliak ben-
tonite for dehydration af 3uOH and Mex COH and found that
the eactivated kentonite gave 10 - 15 higher yield than the

natural.

In this work we try to continue the study of local
clays by new sample of clay from Helwan region toe evaluate

its activity tewards dehydration of ethyl alcohol.

2., Experimental:

The clay sample from Wadi El Hai Helwan clays, was
grounded and sieved to mesh size less than 100 mesh and then
subjected o activation either physically., chemically, or

physico~-chemically.

Physical activation wag carried out by subjecting the
raw cley samples to calcination in the presence of dry air
at temperatures 400, 450 and 500 °C for 4 hr. Chemical ac-

tivation was carried out by refluxing the fine samplaes with
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different concentrationsof sulphuric acid solutions (10, 20
and 30 % acid solutions) for 6 hr. at 104 °C, washing until
fres from sulphate ions dried and pelleted with ths aid of

5 % by waight of starch.

Gatalyst Activijty Testing

The dehydration of ethyl alcohol wes carried out at
different temperatures in the range of 30 - 420 °C using
flow system un?ar atmospheric pressure. Gas products were
analysed by gas chromatography using Perkin Elmer
cnromatograph model Sigma 3B and column packed with 15 &

silicon oil on chromosarb W.

From the g¢as chromatogrephic analysis data, it was

found that the gaseous product was mainly ethvlene.

In order to get = general picture of the changes that
occurred as a result of treatment, the treated materials
have 5een studied by different techniques such as differen-
tial thermal analysis, thermal gravimetric esnalysis. x-rays

and surface area measurements. Acidity was mlso studied.

Results and Discussion

Differential thermal analysis was carried out by

using thermal analysis apparatus S5TA 40 g Netzesch firm for

L

DTA and TGA.

Differential thermal behaviour are represented in
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fig. (1) which indicate that in a2ll cases an endothermic
peak at 120 - 130 which represent the escape of adsorbed
water and accompanied with loss of weight which represent
surfece water adsorption capacity of the clay accerding to
Zulfugarov et at.*'%®"'. Another endothermic peak at 320 -
390 °C was also detected in all cases which indicate the ox-
istance of gibbsite (free aluminal. The peaks obtained at
506 - 550 °C was accocmpanied by loss of weight ({(TGA line)
reprasent lattice destruction ané the escape of structural
water. IAn exothermic peak at 884 °C was detected for 10 &
acid treated clay, but the kaolinite exothermic peak is

hardly detected for raw, 20 & and 30 3 acid treated clay.

Table (1)
Sarple Condition Entothermal Peak °*C Corresponding Height Loss
Helwan rzw 148 47.% %
538 4.45%
10 % acid treated 130 25.2 %
hcid s clay ratio
(1.5:1) 540 5.76%
20 ¢ acid treated ) 122 31.25%
530 3.94%
30 ¢ acid treated 128 19.57¢
520 6.90%
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sample were obtained using & Philips mecdel PW 1050 =x-ray
diffractometer at X = 1.54 A° - A Cu Ko target with a nickel

filter was used.

From x-ray diffraction patterns. (Fig. 2}, the
characteristic spacing d(A®) and the relative intensities
1/1. for the examined samples indicated that the raw clay
contain kaolinite which is in accordance with DTA analysis,

and contain alsc montmorillonite.

Increasing the acid solution conecentraticn the x-ray
diffraction patterns show that the structure of the clay is
not affected. However, the intensities of some lines

decrease as a result of the lower cation density.

The surface ares Seer was calculated using the con-’
ventionel Brunauer-Emmett-Teller (BET) equation*®’. This
surface area value was compared with the area obtalined by

the Vi—=t method'??.

Fig. {3,4) show the adsorpticn-desorption isotherms
of the raw clay and the 20 % acid treated. cCurve {a) repre-
gents the amount of nitrogen expressed in c.c./g of the ad-
gorbent, versus the relative vapour pressure of adsorba;e
pP/Pe. The curve éppeared with hysteresis loop and with
rounded kneé which belongs to type IV isotherm of Brunaver's
classificationt"®’. Figure (b} represents the linear plot

for nitrogen adsorption according to BET equation. The
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specific surface area estimatad by the EET plot was egual to
190 m?/g and 229 m?/g for the raw and 20 % acid treated clay

respectivaly.

Acidity of catalyst is an important factor for acid
catalvzed reactions such as cracking, {somerization and
dehvydération. The results In table (2) show that the raw

clay pcsses the lowest acidity.

The acidity increase with increase of acid concentra-

tion.

Table (2) Acidity of Helwan clay samples meg/l100 ¢m.

Activation Condition Acidity
Raw 78.72
10 & acid 82.00
20 % acid G1.84
30 % acid - 101.68

Effect of Calcination Tempersture

The raw clay samples of Wadi E]l Hai Helwan were

sieved to 100 mesh size then made in pelleted form, dried
and calcined at three different temperature, 400, 450,
500 °C, each sample was tested for dehydration of ethanol at
iog °c.
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Since ethylene production is the aim of this work
thus the conversion of ethyl alconol with respact to
ethylene was calculated as follow:

moles eth n
Ethanol conversion to ethylene = Yiens % 100
moles ethanol

Result are given in fig. (5} from which it is seen
that acid activated sample activate at 500 °C is the most

active one.

Effect of Acid Concentration on Activity

samples from the raw sieved clay activated with acid
solutions of different concentrations 10, 20, 30 & wusing
acid: clay ratio 1.5:1. Fig., {6) shows that go % acid aec~-
tivated clay is most active towards dehydration of =athanol.
The higher concentraztion of acid destroy the clay structure
while 20 & acid is quite enough to extract undesirable
amounts of iron and alkali metats and leach minimum amount
of R1:0s. Such small leaching of Al:z0s leads to the un-
balance of electrical charges in the clay lattice and forma-
tion of acid protons responsible for its high catalytic ac-

tivity.

Rinetic Tremtment of Experimental Data

The energy of activation of dehydration reaction over
Helwan clay was graphically determined by using Arhenius

equation:
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Result are in fig. {7) from which the calculated ac-
tivation enercy egual 17.5 Kcal/mole over ail the samples,
which indicate that the reaction takes place on the same

type of active centers regardless of their numbers.

Conclusion

It may be concluded that:

(1) Optimuam calcinapion temperature is reached at 500 °C.

{2) The clay activated by 20 % acid concentration solution
is the most active clay towards dehydration of ethanol.

{3} Energy of activation studied by Arhenius relation for

dehydration reaction in presence of this clay equal to

17.8 Kcal/mole in all cases of activation.
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