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Crystalline molecular sieves actively catalyze the elimination of halogen acid
from two-carbon haloalkanes at 1 atm and temperatures of 65-370°C. A role for
polar or ionic intermediates is suggested for these dehydrohalogenation reactions,
The dehydrohalogenation activity of a rare-earth-exchanged X zeolite was inhibited

by nitrogenous bases.

The crystalline zeolites also catalyzed the reaction of ethanol and hydrogen
chloride to form ethyl chloride at 150-250°C.

INTRODUCTION

Liquid-phase  g-elimination reactions
have been extensively studied, and it is
generally agreed that they proceed via
ionic mechanisms (7). While numerous
pathways for decomposition exist in gas-
phase eliminations, there is a class which
is essentially heterolytic in character (2),
the major factor controlling the rate being
the stability of the carbonium ion formed
from the alkyl halide.

Heterogeneous catalysis of dehydrohalo-
genation has long been of importance as a
preparative method. Noller, Schwab, and
co-workers have made intensive studies of
the dehydrohalogenation of ethyl chloride
(8, 4) and other haloalkanes (5, 6) over
metals, metal oxides, nitrides, carbides, and
salts. Further, considerable evidence sup-
porting ionic mechanisms has been compiled
for HCI elimination on solid catalysts such
as CaCl,, Ca0, ALO; (7).

In zeolite-catalyzed eliminations, intra-
crystalline and molecular shape selective
alcohol dehydration using zeolite catalysts
has been reported by Weisz, Frilette, and
co-workers (8, 9). Other papers on alcohol
dehydration over zeolites have also re-
cently appeared (10-15). Aside from some

early work of Barrer and Brooks on de-
hydrofluorination of fluorochloromethanes
over chabazite (16) and a patent on the
dehydrochlorination of tert-butyl chloride
over clay-bonded CaA by Milton and
Breck (17), very little on zeolite-catalyzed
dehydrohalogenation has been reported in
the literature. This paper is concerned with
dehydrohalogenation and related reactions
in two-carbon aliphatic systems using
crystalline aluminosilicates as catalysts.

EXPERIMENTAL

Materials

Catalysts. The rare earth X catalyst
(REX) was prepared by exchanging Linde
13X with 5% mixed rare earth chloride
(RECl;-6 H,0) solution until a sodium
level of 0.58% wt was obtained. A typical
analysis of the rare earth mixture (as %
wt oxide) employed in these exchanges
is La,0; (24.1), CeO, (48.0), Pr;0,; (5.9),
Nd,0, (19.1), Sm.0, (2.0), Gd.O, (0.7),
and others (0.2). The rare earth Y catalyst
(REY) was prepared similarly by base-
exchanging a synthetic sodium Y alumino-
silicate (NaY) with 5% RECI;-6 H.0
solution until a sodium level of 0.99% wt
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was obtained. The ammonium Y (NH,Y)
was obtained from a synthetic NaY zeolite
by exchange with warm 10% aqueous am-
monium chloride solution until a sodium
level of 1.05% wt was obtained. Thermal
deamination of NH,Y gave hydrogen Y
(HY) catalyst. CaX and NaX are Linde
10X and 13X, respectively. The silica-
alumina was Socony Mobil Oil Company
46 Al bead cracking catalyst. Details of
the analysis and activation procedures for
the above catalysts were reported earlier
(18).

The silver X (AgX) was prepared by
exchanging Linde 13X with 20% aqueous
silver nitrate solution until a sodium level
of 0.1% was obtained; calcination was for
1 hour in air at 343°C. The Linde 5A was
activated by heating 2 hours in air at
246°C. The nickel X (NiX) was prepared
from Linde 13X containing 20% clay
binder by exchange with aqueous nickel
nitrate solution until about 25% of the
sodium was replaced (about 3.68% Ni);
the catalyst was activated by heating for
2 or 3 hours at 350°C in air. The alumina
(Harshaw 1404) was heated for an hour
at 170-270°C under a flow of nitrogen
before use.

The rare earth silica-alumina was pre-
pared by exchanging an amorphous silica-
alumina with the 5% RECl:-6 H,O solu-
tion described above. The catalyst analysis
(wt %) was RE,0, (19.6), ALLO; (20.),
810, (59.1), and Na (0.23); its surface was
91 m?/g after activation in air at 538°C
for 1.5 hr. The rare earth oxide was pre-
pared by ignition of rare earth hydroxides
derived by treatment of the RECI;+6 H.0
solution with ammonium hydroxide. The
quinoline-treated REX (REX-Q) was pre-
pared by stirring 5.57 g of REX (previously
calcined at 343°C) with a solution of
quinoline (1.04 g) in benzene (150 ml) for
7 days at 25°C. After filtration and drying
(4 hr/144°C/0.5 mm Hg), analysis of the
pale yellow catalyst showed 11.30% carbon
and 1.43% nitrogen.

With the exception of the NiX, all zeo-
lite catalysts were binder-free, and were
pelletted, crushed, and sized to 87, mesh
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before activation. All other catalysts were
crushed and sized to 8,4 mesh before use.

Organic reactants. These were obtained
from standard commercial sources. Liquid
reactants were distilled to a purity of
better than 99% in most cases. Ethyl
chloride was used without further purifica-
tion, and showed no impurities by gas
chromatography.

Apparatus and Procedures

The apparatus, with slight modifications,
has been described earlier (18). The gen-
eral procedure consisted of placing a known
weight of catalyst (0.6-2.4¢) in the elec-
trically heated, tubular, Vycor glass reac-
tor, fitted with an axial, glass thermocouple
well. Tempered quartz chips were used as
a preheater media and occasionally as
diluent for the catalyst. Catalyst calcina-
tions were either effected in situ immedi-
ately prior to reaction, or in separate
furnaces with subsequent transfer to the
reactor. The reactor was brought to initial
operating temperature under a stream of
dry nitrogen, and the reactants admitted.
Liquid reactants were introduced at con-
trolled rates via a motor-driven glass
syringe pump. Gaseous reactants or carriers
were simultaneously introduced through a
T-joint at the reactor entry; rates were
controlled by orifice-type flow meters. All
reactions were run at 1 atm.

For time-composition studies of gaseous
produects, vapor samples were removed from
the reactor effluent with gas-tight syringes
for gas-liquid chromatography (GLC) or
in glass bombs for mass spectroscopy.
Liquid products were collected in an air-
cooled receiver preceded by a water con-
denser or in a coil-type trap with a periph-
eral dry ice-acetone bath. In some cases,
gaseous products, not condensable at the
temperature of the freezing mixture, were
trapped over saturated sodium chloride
solution in a conventional gas collection
apparatus fitted with the appropriate valve
system for removing samples for analysis.
Conversions were based on the total
amount of material collected in the various
receivers.
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In a typical example (for the synthesis
of ethyl chloride), ethanol (pump rate =
3.81 ml/hr) and gaseous hydrogen chloride
{49 ml/min) were passed over REX cata-
lyst (2.0g, 3.0 ml) at 190°C for 5 hr.
Ethanol and water were collected in the
first, trap, ethyl chloride in the second
trap, which was maintained at —40° to
—50°C, and ethylene and other light gases
in a gas collector. For both ethanol-water
and ethyl chloride, plots of the volume
collected (to the nearest 0.1 ml) vs. time
on stream were linear for the intervals
studied (2-6 hr), indicating steady state
conditions.

Analyses

Reaction mixtures were analyzed by gas-
liquid chromatography (GLC) and by in-
frared (IR) and mass spectroscopy. Most
GLC analyses were run on an F&M Model
720 dual-column chromatograph equipped
with a 12-ft column packed with 20%
silicone gum rubber on Chromosorb W. For
each reaction system studied, the GLC
injection, port temperature was regulated
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to ensure the absence of pyrolytic reaction
during sample injection. Products were
identified by comparison of peak retention
times with those of known standards.
Infrared analyses were run on a Perkin-
Elmer 421 spectrophotometer. Liquid sam-
ples, either of total reaction product or
of fractions trapped by micropreparative
GLC, were run as dilute solutions in carbon
disulfide using potassium bromide cells.
Gas samples were run in a 10-cm potas-
sium bromide gas cell. Mass spectra were
run on a Consolidated Electrodynamics
Corporation Model 21-103 spectrometer.

Resurts anp Discussion

Dehydrohalogenation

Ethyl chloride. At 260°C, REX, NaX,
NiX, HY, metal-hydrogen Y, and Linde

5A  zeolites all converted substantial
amounts of ethyl chloride to ethylene in
gas-phase reactions, while amorphous

silica-alumina was considerably less active
(Table 1). Moderate aging was observed,
with about two-thirds to one-half of initial

TABLE 1
ReacTioN oF ETHYL CHLORIDE OVER ALUMINOSILICATE CATALYSTS

Reactant flow rate

Temp.
(°C)

Mole % conversion of CoHsCl to CoHy (Time, Min)

Catalyste (moles/g catalyst/hr) Initial Aged
REX? 0.0410 260 75.0 (10) 54.0 (120)
NaXe 0.0410 260 70.5 (10) 40.0 (120)
NiX 0.0410 260 62.0 (20) 41.0 (120)
oy 0.0410 260 495 (10) 36.5 (120)
Linde 5A 0.0410 260 82.5 (10) 44 .0 (120)
Silica-Alumina 0.0410 260 16.5 (30) 22.8 (120)
REX 0.0205 177¢ 43.5 (40) 14.5 (295)
NaX 0.0205 177 25.0 (80) 1.6 (300)
AgX7 0.0205 177 42.0 (40) 3.5 (150)
REXos 0.0205 288 18.5 (40) 6.5 (300)

¢ Under identical conditions, but using tempered quartz chips instead of catalyst, no C:H; was formed

at 149-260°C, with traces only at 316-371°C.

® Small amounts of propane, isobutane, and isopentanes were also observed in products.
¢ Similar results with NaX slurry-washed with water and filtered (14 times) until filtrate neutral to hydrion

paper.

4 Similar results observed with HY catalysts exchanged with small amounts of Ag, Cr, Fe, Ni, or AL
¢ Under identical conditions, but in presence of ammonia (0.0041 mole/g catalyst/hr), or with quinoline-

treated REX, no conversion was observed.

/ Some ethylene formed under similar conditions at 65°C.

¢ Quinoline-treated.
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100 CONDITIONS :
_t | ATMOSPHERE
; CHsCl FLOW RATE (25°C):
5 ;J 80— 0.0410 MOLE /g CATALYST/HR.(260°C RUNS)
LU A 0.0205 MOLE/q CATALYST/HR. (177 *C RUNS)
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TIME ON STREAM,

Fic. 1. Ethyl chloride dehydrohalogenation activit

activity remaining after 2 hr on stream.
Typical aging profiles are shown for REX,
NaX, and AgX in Fig. 1. It is apparent
from Fig. 1 that at 177°C, considerably
greater activity was observed with REX
than with NaX. Figure 2 shows the effect
of temperature on the dehydrohalogenation
of ethyl chloride over REX. Conversion
increased rapidly from about 5% at 149°C
to nearly 100% at 316-371°C. Catalyst
aging was rapid at 371°C. In Table 2 there
is summarized pertinent catalyst compari-
sons from the literature.

At 177°C, a silver-exchanged X (AgX)
showed a sharp, initial peak of activity,
followed by a very rapid loss of all activity
(Table 1, Fig. 1). Crystalline silver chlo-

100

149 ‘204 "c4260 °c4- 316 °C +

MINUTES
y versus time for REX, NAX, and AgX catalysts.
TABLE 2

ErmmiNaTiON AcTIviTY OF PRIiMARY CHLORIDES
AND ArLconoLs OVER VARIOUS CATALYSTS

Tempera-
ture °C)
for signifi-

Reactant Catalyst cant activity  Reference
C.H;Cl Si0. 520-600 3
CszCl 'y-Ales 370—420 3
C.H;Cl CaCl, 360400 3
C.H;O0H H-Mordenite 250 10
n-C.H,OH CaA, CaX 240-260 9
n-C:HiOH NaX 275 15

ride was detected in the discharged cata-
lyst. Since this catalyst showed slight
activity at a very low temperature (65°C),

371°C

80

60

40

CHLORIDE TO ETHYLENE

20

MOLE % CONVERSION OF-ETHYL

0 ]

CONDITIONS :
| ATMOSPHERE

CoHgCl FLOW RATE (25°C):
0.0410 MOLE/q CATALYST/HR.

100

200 300

TIME ON STREAM, MINUTES

Fic. 2. Rate of reaction

of ethyl chloride versus temperature for REX catalyst.
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a silver-ion-assisted elimination seems
probable [Eq. (1)].
O-Zeol

Ag* O-Zeol + C,HECl .y | Ag--~Cl---CH, -

+

X-Ray analysis of NaX catalysts dis-
charged after dehydrochlorination runs
showed marked loss of lattice crystallinity
and the presence of NaCl. Since only small
amounts of coke were formed, it appears
that the observed rapid aging with NaX
catalysts (Fig. 1) is related to lattice
collapse of hydrogen X (HX) formed from
the reaction of NaX with hydrogen chlo-
ride. Barrer and Brooks (16) have reported
similar breakdown of the chabazite lattice
in the dehydrofluorination of occluded flu-
oromethanes. Acidic faujasites REX, HY,
and metal-hydrogen Y, after reaction with
ethyl chloride for several hours, contained
large amounts of coke, but there was only
slight loss in lattice crystallinity. Since
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small amounts of isobutane, propane, and
isopentane were observed during the reac-

H
fénz —> HY T-Zeol + AgCl (1)

+ + C2H4

tions with these catalysts, the major cause
of aging is attributed to secondary intra-
crystalline hydrogen-transfer reactions of
product ethylene (19).

In Table 1 data are presented to demon-
strate that elimination to form ethylene
over REX was inhibited by nitrogenous
bases. Thus, dehydrohalogenation activity
in REX may be associated with acidie
sites. Yet, strong acidity, such as that re-
quired for alkylation of benzene with eth-
ylene (18, 19), is not a necessary require-
ment for dehydrohalogenation activity at
260°C, as shown by the data for NaX and
Linde 5A.

Other two-carbon reactants, Elimination
reactions of other two-carbon haloalkanes

TABLE 3
REeactioNs oF Two-CareoN HaroaLgaNes ovER REX CaTarysre

Temp. Conversion of
Reactant LHSV (°C) reactant (Time)? Major products (Mole %)
C.H;Br 0.50 66 73.5 (65) CH,=CH, (73.5%)
C.H;I 0.50 66 40.0 (80) CH,==CH. (100%)
CH,Cl—CH,C1 0.625 288 68.9 (120) CH,==CHCIl (88.9%)
C.H;Cl 9.1%)
CHCl:—CH; (2.0%)
CH,Cl—CH.Cl° 0.625 288 28.0 (120) CH>=CHCIl (58.29%,)
C.H,Cl (41.8%)
CHCl,—CH;, 0.50 204 90.0 (120) CH,=CHCI (>95%,)4
CCl;—CH; 0.50 163 100.0 (260) CH,=CCl, (1009,
CH,=CHCl* ! 260 16.3 (100) CH,=CH, (36.3%)¢
C.H;Cl 28.0%)
CH;—CHCI, (22.3%)

@ All reactions run at 1 atm, N, carrier (5 ml/min); at conditions indicated, no conversion of reactants over

tempered quartz chips.

® Cumulative product analysis (excluding coke) after indicated time on stream.

¢ Quinoline-treated REX.

4 Small amounts of ethyl chloride formed in early moments on stream.

¢ Under similar conditions, but in presence of HCI (2 moles), 3.5% conversion of CH;=CHC] occurred; a
similar product distribution was observed, but more coke was formed.

7 Gas rate: 0.0103 mole/g catalyst/hr; product analysis on 100 min sample.

¢ Large amounts of coke, small amounts of ethane and traces of acetylene, propane, and isobutane also

formed.
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over REX catalyst are summarized in
Table 3. With ethyl bromide and ethyl
iodide, elimination to form ethylene and
hydrogen halide in high yield occurred at
66°C. These findings are in accord with
the lower carbon-halogen bond energies in
these compounds. Small amounts of iodine
were formed in the ethyl iodide reaction.

50 CONDITIONS :
o | ATMOSPHERE
288 °C
40 — LHSV 0.625
N2 CARRIER GAS
5 (o]
30
/CH2= cHcl (REX)
20 |-
o
\
\3\<c2H5C| (REX-Q) CH,= CHCI(REX-Q)
(10— /D\A i
O o -
e gateC R
CoHsCl (REX); A ~—a
0 }Ls._g, ol o ™ 1
o) 100 200 300

TIME ON STREAM, MINUTES

Fic. 3. Product distribution versus time for
reaction of 12-dichloroethane over REX and
quinoline-treated REX (REX-Q).

Similarly, 1,1,1-trichlorethane was
smoothly converted to vinylidene chloride
at 163°C, with only slight catalyst aging
occurring after 4 hours on stream. Good
vields of vinyl chloride were obtained from
1,1-dichloroethane at 204°C, with small
amounts of ethyl chloride appearing at
short times on stream. Catalyst aging was
rapid, however.

A higher temperature (288°C) was re-
quired for significant conversion of 1,2-di-

Cl
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chloroethane. Vinyl chloride was the major
product, but small amounts .of ethyl chlo-
ride and 1,1-dichloroethane, and traces of
ethylene were also formed. As shown in
Fig. 3, conversion to vinyl chloride in-
creased to a maximum after 100 minutes
on stream. The sharp decrease in conver-
sion over the next 80 minutes was reflected
by very high coke levels in the discharged
catalysts. Ethyl chloride formation, which
was significant in the early moments on
stream, decreased rapidly with time.

To test the possibility that secondary
reactions of vinyl chloride might be re-
sponsible for the side products observed in
the dehydrohalogenation of 1,2-dichloro-
ethane, this chloroolefin was passed over
REX at 260°C (Table 3). The major ob-
served products, ethylene, ethyl chloride,
1,1-dichloroethane (and coke) were the
same as the side products from the 1,2-
dichloride. A scheme of possible reactions
of vinyl chloride at 260°C leading to the
observed product distribution is shown in
Fig. 4. This reaction scheme involves an
intermolecular hydride ion shift. Related
intramolecular hydride shifts have been
reported to accompany the dehydrohalo-
genation of 2,3-dichlorobutane over alumina
(7).

The rapid decrease in ethyl chloride for-
mation with time (Fig. 3) probably re-
flects the obliteration by coke formation
of very active site configurations associated
with hydride transfer. As in the case of
ethyl chloride, significantly lower conver-
sion was observed when 1,2-dichloroethane
was passed over quinoline-treated REX at
288°C (Fig. 3 and Table 3).

H =c—
CHp= CHCl ————* H-C=C—H

N

POLYMER

CH —CH—CI]
[ e

a®
— &+ CH,—CHCI,

l“e

CH,—CH,C!

COKE

| -we

POLYMER <«——— CH, = CH;

+
CaHg » C4H o SETC.

Fic. 4. Reactions of vinyl chloride over REX catalyst at 260°C.
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Chlorination—Dehydrohalogenation

A comparison of the product distribution
obtained by the passage of ethylene and
chlorine in 2:1 molar ratio over REX
catalyst and quartz chips at 288°C showed
marked differences (Table 4). In both

TABLE 4
CoMpARISON OF REacTiON OF ETHYLENE AND
CHLORINE OVER REX CATALYST AND
QUARTZ AT 288°Ce

REX?S Quartz
Conversion of ethylene (%)¢ 85 79
Product distribution (Mole %)
Vinyl chloride 2.9 Nil
trans-1,2-Dichloroethylene 1t.1 1.4
cis-1,2-Dichloroethylene 20.2 2.0
1,2-Dichloroethane 4.1 7.4
Trichloroethylene 31.1 4.4
1,1,2-Trichloroethane 1.0 53.7
Tetrachloroethylene 23.6 Tr
1,1,2,2-Tetrachloroethane 6.0 16.9
1,1,1,2-Tetrachloroethane Nil 5.7
Pentachloroethane Tr 8.4
Hexachloroethane Tr Tr
100.0 99.9

@ Atmospheric pressure, Cl/C:H,; (molar ratio)
= 2, C,H, flow rate = 0.0085 mole/g catalyst/hr.

¢ Preconditioned with chlorine (10 ml/min) at
288°C for 20 min.

< Total conversion to other products after 180 min
on stream.

cases, high conversions of ethylene were
observed, and large amounts of chlorine
were Incorporated into the organic product.
With REX, the products were 88.9%
chloroethylenes (di-, tri-, and tetra- pre-
dominating) ; only small amounts of chlo-
rinated ethanes were observed. Catalyst
aging was severe. The data also infers the
facile dehydrohalogenation of tetra- and
pentachloroethane under these conditions.

With quartz, on the other hand, poly-
chloroethanes, notably 1,1,2-trichloroethane,
comprised 92.2% of the products. Di- and
trichloroethylenes made up the remaining
7.8%.

The entire product distribution from the
REX-catalyzed reaction is consistent with
a sequence of chlorine addition followed
by hydrogen chloride elimination. The
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presence of the zeolite is clearly associated
with an acceleration of the dehydrohalo-
genation process; whether it has any other
role, such as catalyzing chlorine addition
(20), or inhibiting substitution reactions
as in the case of other polar catalysts at
higher temperatures (21), cannot be as-
sessed from this data.

The large amount of 1,1,2-trichloroethane
in the product from reaction over quartz
probably arose via initial addition of a
mole of chlorine to ethylene, followed by
chlorine radieal substitution. Still further
substitution would afford tetra- and penta-
chloroethanes. Such substitution reactions
are well known in the chlorine-ethylene
system at these temperatures (21, 22).
While many of the products could easily
arise via other pathways, only a slight
tendency toward dehydrohalogenation
(thermal or chlorine-catalyzed) appears to
exist in the absence of the zeolite.

Analogous experiments employing ethane
instead of ethylene (in the dark) showed
virtually 100% conversion of ethane to
mixtures of highly ehlorinated two-carbon
products at temperatures of 288°C and
higher. Similarly, highly chlorinated ben-
zenes have been prepared in low yield by
passing cyclohexane over sodium Y zeolite
in the presence of NOCI and HCl, NO and
Cl;, or Cl, alone at 149-260°C (23).

Reaction of Ethanol and Hydrogen Chloride

Crystalline aluminosilicates show dis-
tinct catalytic activity for the gas-phase
conversion of ethanol and hydrogen chlo-
ride to ethyl chloride and water at atmos-
pheric pressure [Eq (2)]. As shown in
Table 5 for this reaction at 170°C,

Zeolite
C:Hs;OH + HCl —— C,H,Cl + H,O (2)

steady state conversion to ethyl chloride
(over 3 to 6 hours in many cases) without
apparent catalyst deactivation was ob-
served for all catalysts tested. Varying
amounts of ethylene were also formed, with
occasional traces of diethyl ether. Under
these conditions, the following order was
obtained for the zeolite catalysts: HY,
REX, REY > CaX, NaX > Linde 5A.
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TABLE 5
REeAscTiON OF ETHANOL AND HYDROGEN CHLORIDE OVER ZEOLITES AND OTHER CATALYSTS
AT 170°C
Ethyl chloride
Conversione of ethanol (Mole %) formation, steady
LHSV} state
Catalysts C:HsOH Ethyl chloride Ethylene (ml/hr)
HY 0.6 86 5 3.8
REX 1.3 84 0 3.8
REY 0.8 77 4 3.4
CaX 0.7 37 8 1.7
NaX 0.8 33 5 1.4
Linde 5A 0.8 10 14 0.4
Alumina 1.3 10 4 0.4
Rare earth silica~alumina 0.8 4 6 0.1
Rare earth oxide 0.9 4 7 0.2

¢ No conversion of ethanol when reactants were passed over quartz chips at 170-290°C.

b Ethanol input, 0.033 mole/g catalyst/hr.

¢ Steady state conversion at atmospheric pressure, Co;H;OH:HCI (molar) ratio = 1.82.

Neutral alumina was about as active as
Linde b5A, while rare-earth-exchanged
amorphous silica-alumina and rare earth
oxide showed only about 5% of the activity
of the rare-earth-exchanged ecrystalline
aluminosilicate.

Figure 5 shows the effect of temperature
on the rate of formation of ethyl chloride
for the catalysts listed in Table 5. The
faujasites HY, REX, and REY show maxi-
mum activity near 200°C, while consider-
ably higher temperatures are required to
achieve comparable conversion with the

other zeolites or alumina. The decreased
formation of ethyl chloride (and high coke
levels) observed at temperatures greater
than 200°C with HY, REX, and REY re-
flect the increased rate of elimination of
HCI to form ethylene, and ultimately, the
poisoning of the catalyst due to intra-
crystalline hydrogen-transfer reactions of
ethylene (19). The formation of 9.7 g ethyl
chloride/g REX catalyst, in the run at
190°C, emphasizes the heterogeneous nature
of this catalysis.

Slight to moderate decreases in X-ray

CONDITIONS :
| ATMOSPHERE
HCI/CH,OH = 1,82
0.0325 MOLE C,H 0H/g CATALYST/HR
5
3 100 :
|- — o
z . B—o z
X . ] ~N
Ew / 4w
L @ o ,l_‘_J
°9 -3 g &
ZT = n
35 60 &9
2 5 22
YT 40} q2ES
[ Wk
- ALUMINA . Lo
oL 20 - \ 1 0
e S LINGER, RE SILICA-ALUMINA. 3
Lt / o
gl o '/1 5A __ﬁ; e RE (')XIDE | | o

150 170 190

210

230 250 270

TEMPERATURE, °C

Fic. 5. Rate of ethyl chloride formation versus temperature for zeolites

and other catalysts.
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crystallinity were observed for REX, REY,
and HY ecatalysts after reaction. Recovered
CaX, NaX, and Linde 5A catalysts, how-
ever, showed sharp losses in crystallinity
(about 80%) and the presence of large
amounts of chlorine.

TABLE 6
COMPARATIVE REACTIVITIES OF ETHANOL AND
ErayLENE witH HyYDpROGEN CHLORIDE
ovER REX Cartaryst AT 190°C

Ethanols Ethylenes
Molar ratio, HCI: 1.82 2.0
reactant
Mi C,H;Cl formed, 10.4 3.8
150 min on stream
% Carbon on dis- 2.6 (6hr) 10.2 (2.5hr)

charged catalyst

« Input = 0.0325 moles/g catalyst/hr.

Table 6 shows that the addition of HCI
to ethylene at 190°C in the presence of
REX catalyst results in the formation of
ethyl chloride. Ethanol, however, under
similar conditions, forms about three
times as much ethyl chloride and about
one-fourth the amount of coke. This ob-
servation suggests that ethylene is not
necessarily an intermediate in the ethanol-
hydrogen chloride reaction.

CoNCLUSIONS

Crystalline molecular sieves actively cat-
alyzed the elimination of halogen acid
from two-carbon haloalkanes at 1 atm and
temperatures of 65-370°C. With REX cat-
alyst, dehydrohalogenation activity was in-
hibited by nitrogenous bases. Crystalline
zeolites also catalyzed the reaction of
ethanol and hydrogen chloride to form
ethyl chloride at 150-250°C.

Much of the above data suggests a pos-
sible role for polar or ioniec intermediates
in the dehydrohalogenation reactions. For
instance, with REX catalyst, the observed
order of decreasing temperature for appre-
ciable reaction (CH,Cl-CH.Cl > C,H,Cl
> CHCL,CH; > CCl;—CH;) parallels the
increasing stability of the corresponding
carbonium ions from loss of halide ion (7,
24) and the decreasing ionization potentials
(24) for the listed compounds. Similar
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parallels between substrate structure and
carbonium ion stability have been observed
in elimination over other polar solid cata-
lysts (5, 7).

The common denominator in these ze-
olite-catalyzed dehydrohalogenations is the
presence of a high-surface-area, rigid,
ordered, polar (25) surface. It seems prob-
able that a major function of the zeolite
surface is to give assistance to ionization
or heterolytic bond cleavage in the ad-
sorbed haloalkane, as has been commonly
observed with other polar catalysts (7).
Thus, electron-deficient sites such as pro-
tons or metal cation fields (of which the
C.H;Cl-AgX case may be a specific ex-
ample) may be involved, as well as the
negative AlO,© sites in the oxygen-rich
anionic lattice. Our data does not exclude
the possibility that traces of chlorine, from
Ce** oxidation of hydrogen chloride, may
be exerting a catalytic effect in the reac-
tions over rare earth zeolites.
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