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Inorganic Chemistry, Gravimetry and Tuclear Chenigtry.
Phvsioo Chemical Analysis and Quantitaflive licro Analysis.
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Thin laver and Gas Chromatography and Electrophoresis.
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Objeof of Work

Ascertainment of the mechanisms of chemioal reactions ang
In order to receive, in cage of complicated Processes, an
-nformation about the number and the nature of intermediate
aid the oharacter of liniting stage is *he main problem of
coemisiry. One of the fimdamental methods of elucidaticn the
2echanism of reactionis the kinetic study. At the same time
the kinetio study discovers the way for prediotion of optimum
parameter for conduotion of procegses,

The study of the kineticg of heterogeneous datalytic
prooesses in flow system iz of great interest, since it oan

be applied in industry.

Nowadeys there ere no one view on the mechanisn of

dehydration of aloohols ever on one and the game catalyst.

Congequently the kinetie study of well known monomoleoulap
7rocess of dehydrastion of elcohols by this methed is of great
irterest. In tnis case it may be possible to chbtain & new
~rowledge on the mechanism of the reaction under investigation,
-8 s8tarting materials ethyl, isopropyl, and tertiary butyl
2izohols were taeken, wnich diiic», as xnown, vy their reaction
capadility. Five types of aluminium cxige catalyst calcined in
the terperature range 300-75C°C were taken ag catalysss,

This investigation was devoted in an attempt to follow the
réle cf some textural properties, such as suriece area, total
pore volume and pore size distritution on *he neture of irter-

meclate catalyiic somplex formegd during the process.

Central Library - Ain Shams University
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CHAPTER I.

—

LITERATURE

The mechanism of heterozeneous catalviio dehydration of

alcchols:

Alfthough the dehydration of ethyl alochol on aluminum
oxide was discovered in 1797(1), passged one century,
before the systematic study of oconversion of aleohols on

this ca‘glyst(z"ﬂ .

Most of the uncertainities in the previous
experimental data could be interpreted by three reasons:
1) The importance of chemical nature of the used
catalyst was not understood;
2) The absence of the accurate methods of analysis;
3) The field of using alecohols, nowadays, is much
wide, therefore creaie new baseg for understanding

the meehanism of dehydration.

In the diseussion of the mechanism of dehydration of
alcohols, there iIs an openion to follow the data obtzined
in the conversion of one of the reagents e.g. ethanol on
alurinum oxide were takexn as reference., Most of these
conclusions were based on the relations between ether and
ethylene formation. Moreover many researchers had not
taken into consideration the structure and the method of

preparation of the catelystendits chenges during the

Central Library - Ain Shams University
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catalytic eaction which nowadays play the importent rOle.

As a result of uumerous processes of the dehydration
of ethano it wae estatlished tha? at temperature range
<0G to 500°C the ethyl alcohol cn 2luminum oxide undergo
cehydration wiih the formation of diethyl ether, ethylere
ent water. Ether, consequenily can decompose to ethylene
and water, the r2la*tion m~+ween the yeild of ether and
sthylene depended on temrerature at low temperature
th

region of moderate temperatures ether and ethylene 9'*1‘,

region the foruaetion of ether was favoured(5—7), e

~+ @

~—~ ct

.

et higher temperatvres ire alcohol gave practiically only

\
etb;lena (12_14'. The toarder line of these regions

dependel on the acitivity and specific sction of the

@)

catalyst The dehydration reasction of alcohels 3o

z: -~ —
etrer was reversitle(l’) byt toe dehydration of alcohols

to ethylene was cracticelly irreversible(16>. In she
dehydration ¢ ethyl alcchel in flow system, the curve of
vield of ethylene ingreszead monciony with the ircrease of
cortact tice, but the cirve ¢f wleld of ether has =

)

the anzlogous derendsnce was ohserved for

“lzne and elcochol for dehydraticn cf

Central Library - Ain Shams University
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In 1904, Ipatierr(?9) cstablished, that ether end

ethylene could be received as a result of consecutive

reaction this proved the reversibility oi the reaciion of

“he dehydration of alcohols to ethai and sugzesied that

+he catalyst of this reaction must contain some quantityr

of weter. Then Send erens( 1 suggested that the rezction

proceeded through intermediste formation of surface

complex

In 1836, Ipatieff(g) ascertained the following scheme

0H HEO —02 5 ”OCEHﬁ /,OH
A1 + CZnBOb ———— Al*b —_—t 2, ﬁl +
CEEBC 02H5
cH

- -~
02H4 + AlQ:O

It mey b9e conoludecd, that ethylere can be obtained

ITrom alcohocls by three differsnt ways:

CLHOH zzo» 0,005, goo 0p%,
) 3 02550C2c5 , (2)
CEHSOHi o
=% Y%
H.0C n
- o .
C,H %_?__2 = o, i (3)
P
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as shown from (1), ether is an intermediate product of
Cehydration of alcohol. However, this is not a general
rule, hence the intermediazte formation of ether is not
cigerved by other oatalysts(zz).

(23)

Whitnore » On developing the idea of formetion oF
cerbonium ion, popularized the carbonium ion meohanism
for the catalytio dehydration reaction. The use of the
nechanism of sharing of carbonium ion in dehydration
reactions of alcohols on siuminum oxide was ‘supported: by

25)

-2 - .
many other :r*esearc:i'lers(3 4 Accoi¢ing to this

mechanism the carbonium ior 0255+ can e formed at the
acdsorption of aloohol or ether or the catalysts.

1%t was shown(24),

that in the limitinz stage of this
process a proton may be meparatsd from the etayl grour

of the adsorted aloochol.

C,HO

5
O Hg0E - ¥ - 02:5:1 + £
~0E” i _=T
FpEGLE ey OoHCT —- = CE,
—- , -
T onT SET

=2 1%51, Baleseeni ant Jungers in $he study of

dehycration of ethanol ard diethvl ether on aluminym
¥ J

oxide &t z60°C to 400°C sug.ested the following scleme

Central Library - Ain Shams University
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] - H0 ] . )
202n50n ———a C2ﬁ5002h5--4*é C2n505 + an4
A
"'/'2le
J 2
GZiSCCZHS

"
b

As shown in this scheze, the formation of ethylene is
Y

& second process.

Shulov(27), studied the probability of adsorption on
centers of different {ypes, whica had polar bonds. In the
cese of dehydration of etl > alcohol on alumina the
reaction proceeded througn the formation of active
complex of alcbhol or aleinum oxide catalyst, which has
the forr of slx-membered ring with minimum strain of

valency angle.

CH, - OH, CH, = CH,
l ‘~ B COH = CpH, + B0 +A10(0E)
H 0F ——s AR ¢ B AL

H o

20 = 410

Acoordirg to this scheme the ccordinstion of ursaiurate’

ion Al with polar hyirox;l croup cf alcchol, but ke polar

(e}
Fh

hycrozen of ethyl zroup iv<srsct withk hyiroxyl zrou-

th: surisce ol the cataly:s. =5 & resuly in the trocess of
tehydration the catalyst must exchenge the troton wiith ihe

reacted substance.

The dehydration resction of szlcohcl as the index

-0 -0 - -0 ¢ -
i
-C- & - C = ,
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The proces

theory of cuta

multiplet cemnlex, analog

(2%
SorvaptZ?)

enation of slc
with the aic o
oxides was ind

rreparation %k

.
e B -

According

neinly in the

-7 =

S takes plsce, according to the multiplet

lysis, through the formstion of intermedizte
¢vs to the surface alcoholate(ea)’(aij,

» on studying the dehydration and dehydrog-

ohel and formie &cid on oxide catalysts,

T ascertaining that the selectivity of

ependent on +hs porosity and methed of

2 following mezhanism was suggested.

7 = CH
P =
0 —6—0—3 Feg—0

to this mecianism, the dehydration proceeded

pores of the catalyst, on <he other hand

dehycirogenaticn on the surface. This corclusior was “aged
on the observations, that the derydration sctivity of
aluninum oxide isg lowered after hezting 2%t aigher
Semrersiures, Vhen the <{isacnesrancs o the defect o7
criztal 181 2 heve coeoemet

stcording to Duelien £ '*cke(BO"BE) the ¢yclic
invermelilase courplex of the cebydration of alcorsl on
aluminun cxide hes some differert structure, thar that
svggestel oy Shvlow (27).
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Al A A y
here the donor was the eleciron ralr of strong
elecironegative ion (the OXygen atom of aluninunm oxide),
buv the acceptor is the weak negative — CE group of
. . . . . . 2-
aluninum oxide, During th: zaction the anion C and

hycrozyl COH™ exchanze place:.

Topshieva and Yun—Pin(g_ll)

establicghed, that ether
and ethyleme could not te rroduocts of parallel reactions

pay £

and they proposed the following scheme for derydration of

[

thyl alcohol on sluminum oxide.
~H,0 ~

) +CpH;0H
C,E:0H + HO-AX -

C-Al< 2= (CoEg), C 4

c

25

ox Tre basis of this scheme there was sn assunrtion ehovs

e surface conrection could re Jecompozed &t irterzotion

zive slceohol ané eter.

]

with water or slcohel s

srocezzes were reversitle. -The zstive certers of

athyaration on aluminus oxile were -0 TroUT

9]

e
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