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Pitle: Viovl chloride production by catalytic dehydrohalogenation of
1.2 dichlorocthane,
by : F. ColunaaDicgo, J.M, Ferrcira F., instituto Mexicano del Po-

trdleos Mevaco Caty, Mexico,

[he present paper is concerned with research on the production of vi
nut chitoride by dehydrochlorination of 1.2 dichloroethane,
Aluminas, with special promoted trceatment wore synthesized in the Ins

Citute Mevicane del Peter6lea and were used as catalysts,

T Vhee particular dehydiochlorinat ion reaction the influence of tem
pecatn e (300, 325, 350°C) and the influence of space-velocity (0.603
1.S0, 3.75 9/9/hr.) on conversion, yield and carbon deposit on the
valtalyst were studied,

Lxperiments were run in o pilot plant with a tubular fix bed reactor
of 2.5 cm internal diameter, and charged with 209 of catalyst.

Cach run took ten hours and included o gas chrometographic and volu-
weteie analysis of the reuction products hourly,

dercienerarion of the cotulyst was measured also, and the results
showed the possibility of uperating in an intermittent cycle process
iy using at least two reactors. The conversion obtained (which still
could be improved) was from 80 - 90% per pass, with a stochiomstrical
yicld of vinyl chloride of 40 - 57% (theoretical yield is 63%) and a
sclectivity of 95 -~ 99%, Therefore, it appears to of fer some compe-

titive route to the cluossical thermal process.



INTRODUCTEON,

2.~

Rachuroumd,

In Mexitco the demand for vinyl chloride s about 35,000 tons
por year (1), and the current process 18 based on the use of
a tubular turrace which produces vinyl chioride and hydro-
chloric acid From the pyrolisis of dichloroethane, with a -
maximum 60% conversion.

On the other hand, the remarkable development of the petrochg
mical industey has led to several attemps to obtain u better
conversion i this process,

Muring the course ol studies on the product ton of vinyl chlo-
ade by catalytaw pyrrobisis of dichioroe: hane, 1 wos Found
it the process wis guite clfectave in increasing the total

vield of viny! chlioride,

Wihat is being invustigated in the world ?

There are two main routes to vinyl chloride production. One

s via the addition of hydroc! loric acid to acetylsne; the -
other route is via the chlorination of ethylens producing
Jichloroethane which can be thenthermally decomposed, yislding
vimvi chloride and hydrochloric acid. All of these processes
have advantages and Jdisadvantages, a8 is related in the lite-

catuee (2, 3, 4, 3).

Processes tha imvolve dichloroethane cracking.

The pyrolisis caction involves a free radical chain mechenism
(0,7) in which o free radical of chlorine starts the chain,

¢ 4 CHoCL = CHCL ——— HCL + CHaCL - CHCL - = - - - = (1)
HyoL - CHCL ———— CH2 = CHCL + CL ----=--(2)



Fhese two propagat ion sveps ure thought to eccur primarily,
1 not exclusively , 1n the gas phase. The first step for
the above chain has not been established with certainty, but
theere s sene evidence that part of the reaction initiation
occurs at the wall of the rcactor. When a catalyst is uscd,
it sation apparent |y occurs at the catalyst surface; that
means that characterist e propertics of the catalyst (8, 9,
Y, 11 such un the crystal lographic morphology, the surtface
arca,  the pore volume, the acidity, ete., affect the reac-
tion,

C":CL - C“qC‘ ———— CHBCL - éﬂz + EL . - - e = (3)

2
ronic mechanism considerations,

ihe mechanism o) the catalvt ic reaction could ;be ionic becaune
it has been proven the alumina surface, when heated, presents
W acid character, Two possible ways for the reaction to take

place are assumed:
o) The formation of a carbocation ion by acid centers,

) -
C":CL - CH'.:C‘ CH'."CL - CH2 + CL - m e - (4)

wid the cearcangement ol molecules by the elimination of
i he hvdogen 1ons when the molecules are deadsorboed from
the catalyar,

uf
[ .+
CHCL - CHy

CHCL = CHp + H ---=(5)

b) By o concerrated mechanism
) H
i i

.- C’\ C - H
O

CL  Cuy

+ -
CHy = CHCL + H+ CL - - - ~ (0)




At present the FoMLDL Taboratories e invest igal ing the
i loence ot the acidity in the reaction by controlling
it oon the alamina surface or by the addition of othaerr com

rd

pounds in the product ion processes.

5.~ Catulytic Jdehvidrohalogenation processes.

From the review of Literature, it is possible to remarkh that
Phere are no comrercial catalyt 1c processes in opueration aw
aprite of the numerons patent s claimod in this area,

bor caxample, =ome poeberences (12, 13, H,. 1§, L0) use o sys-
{om Cn\'.l-_:,/l\lz\‘g' cul L/ C tor vinyl chloride obtentions , =

others (17, 180 work with HnC12/5502' HgC19/C ot low tompery

fures. And by utilizing Al203 (14, 19, 20) they obtain good

vield and selectivity,

e



b UNXPLRIMENT AL

O, Product ion of catal ystso,

The properties of uluminas used as catalysts depend on their
sreparation (N, 9, 21, 22, 23). In general they are obtainedl
trom the aluminium, the aluminium chloride and the aluminium
sulphate, or from orgunomerailic compounds such as the ihyl
alominium, In all the cuse~ these compounds experiments an

alhals tecatment, and produce the precipitation of its hydi-o

amdes bucther heating vaeld aluming with sharp chemical cha-

racteraasnt i,

Sowe aluminas ( A-4, A-5 ) were synthesized in the Institu:
Mevicane del Petréloo and their catalytic activity wis com-

parcd with coumercial aluminas,

ALl the aluminas ased were anal ized by X-Ray wmicrodiffrac-
tion, cicctronic microscopy (E.M.) and surface adsorption.
Al~o pore volume, particle, absolute density , bulk and com~

Pact deasity were measurced. Sce table |,

Provicrion ol v b chlor e,

Prior plant (Tigure 1) studics, carried out in o tubular Fix
bed rewctor, were used to provide a measure of the distribu-
t.vn ol produc' 5, and to correlate the space-velocity und -
the ceaperargee,

The Feed of technical 1.2 dichloroethane From container A, is

Commected to prston pump S, which has a device for controlling



.

the tmoulses of the pumy and o micrometric control ol pis-
ton displocement, wo that the Ligquid pumping can change -
poapidly Feom 0.3 mly minute to 1.5 mi/minute. These changes
wore sverilficd by tarning on the valve V=3 an by mcnsuring -
the out ber Ligquind wath o graduated eyl indere It also has a
Plow |iquid votaavter -1,

The redctor U is made ol srainless steel with dimensions of
0L26 me in length and 00025 . in internal diameter. It was
heatod by o tubulare and clecerical furnacc H, and the tempe-~
rat ey was regulated by o propertonal contral 6. The reacs
Vron temperature was aeasieed by a themocouple TP that s
inder the Fin bed catalyst, tnoall the experiments 20 gr. of
cataly st were used,

Pach rua started by heating the system with o N2 as carrier
controlled by o gas flow rotamcter F=2. 1t took one hour for
e Fis hod catalyor to o reach 350°C, Simultancously, the flow
Peod was measurced and was passed to the reaction zone. The
product s were colicected an o cold tran C-1 and in special

traps C=2 (Figuee 2y,

A lysas (24, 25, 20).

Lo ivcaction produ s were n the vapor phase were bubbled ot
poom | emperature tacough methyl 2 pirrol idone for 60-120 se-
cunds. 1he special designs of the trap help the quantitative
disolorion of react ion products without changes of pressure
i he reactor,

The analysis ot organice praduct s (27) was made in a Perkin-E}
cwre F=11 gas phase chiromatograph, with a flame i1onization

e cvtor. 1t 1. composed of two steel columns having a length




W, -

ol VS e and o £N inch o ernal Jd vamerer, falted with o=
brd povapal. Q@ (5O- 100 wesh ). The mjector temperature oy agram
was Fean 30 ro 20000 ot g rate ol .%\‘”(‘/minuf('. The carpier
s was natrogen (80wl /i aut o ).

Lthanol vas used as an anternad reference standar and } micro
bt ces o product & were ingectoed,

Huder these condit rons the analysis time was 9 minutes af tep
which the N wethyl pioradrdone was vented into the atmosphere
through the backiTush system ol the chromatoygraph,

Yinyl chloride, 1.2 dichlorocethane, ethanol, acetylene were
dent 117 ed.

vidirochotorie aerd wea analyzed by pouring ol the react 1on
product s and solbvent ol e trap =2 (withont the 3 micro-
Frters used For opganie analysas) anoan Delenmeycer tlaskh, wa=
shing with 50 ml of water and traterating with 1.0ON NauH.

Fhe content ol carbon on 1 he catalysts was determined b, bur
vy at J50°C, tor 1N hours an the presence ol are careiee

&‘l‘ S,

Catalyst activation,

The dehydrohalogenation reaction was carried out at relatively
low tewperatures (273—400"(‘.), however, craching reactions
were detected by the gus phase chromatographic analysis and
by the deposite of carbon on the alumina surface. This di-
momshed the conversion with time and thercfore the activa-
tron oF catal,ni s wan stidied of'ter 10-hour-runs. The results

Forr some experiment s are « vuputed on table 11,
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RLSHE TS,

fabicn | to IV and Figqures | 1o 0 show the experimental results,
AT the expertainnt o were wade ot uflnusphrl'i; pressure (585 mm,
Ba o Mesice) and veprecent at teast 2 puns with the same catu-
vt s, They were anabyeed by gos phose chromatography of cach

one of the IO samples trapped o every experiment.,

The caleutation of yield , conversion and sclectivity were ob-

taaned From the average of all the traps analyzed in every run,

Lhe carbon depoaited an catalysts was determinated after vach

W-hour=ernns,
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Cveical nromerty | Ael b0 A3 =i A=5 T%
Cree it T T |
s 150 250 120 100 250 |
© rore velume A° 65.0 90 120 -— — ;
" iLioivte donaity |1,38126 = — 26321 1,028
1k ceasity 0.6007 0.6097 0.6410 0,7178 0,601} é
 (o.pest density 0.5014 0.5%%% 0.5814 0,6911 0.714 i
~Sine (mesh) 18-14 18-14 18-14 10=14 10-14
sphnarical epherioal spherical rolls ro‘ll: t

Table 11 Fhysical properties of the catalysts
_! . pore vern produced in the Instituto Mexicano del Petroleo,

A wm sk

cupenaration
t ‘ '

' Lepe tiee hr | ¥Conv. ¥Conv, 7Conv. %Conv, %Conv, %Conv,
: temp % |2, A, 6 h, 8 n, 10 h,  average

:\uﬁw- e A‘:”J
1 on—— 70.0 65.0 ()600 ';“ob 3?05 5406

b 1/#50 50,0 66,5 7,0 45,0 44,0  S54.,)
10/450 67.0 750 67.0 57.0 49,0 60,3

v 1B/4%0 66,0 82,0 67.0 60,0 47.5 64.5
18/4%0 63,5 60,1 52,0 38,7 20,0 46,9

b 16/4%0 61.0 54,0 47,0 455 38,0 49,1

[ e 3 b i ¢ 7 ~————— 75

187450 65.0 56,2 5},0 40.5 30,0 48,0

Table 2¢ The calalysts worked 70 h, and attained 7 regenerations




(1) Table Il - Compute o' experimental results

catalyst A1

L ae e e

Fxpe . Temn,C e.v. 9 ronve. ¥ vield ¢ Select, ¢ Carbon

1 nn T,61 2,5 14,2 5N 2.6

? nn 1.87 1N.1 6.2 5,6 4,1

3 N 1,79 6.7 1.6 100,0 540N ;
4 375 N6 64,2 WP, 6 65,1 1.8 |
5 128 1.87 1.0 13.3 190.9 5.3 %
3 18 1,75 10,0 12.2 101.7 6.6 !‘
7 A n,61 °n,1 £7.1 171,90 6.6 ;
8 18N 1.87 £7,6 48.5 7.2 .l ;
6 181 1,79 1.5 18.4 €2.6 7.0
Catalyst A-?

1 t4%) N.61 18.4 11.7 100,0 3.9

1 n 1.87 14,2 Q.1 100,10 4.8

12 wn 1,75 7.9 A4 100.0 442

1n ane, .63 58,0 13,4 06,0 A i
14 325 1.87 LI 23.% 3,8 6.1

15 128 378 25.0 15.7 100,0 6.7

16 350 - 0.63 80.0 47.4 94,0 6.1

17 "0 1,87 67.0 21,0 a7,4 7.0

18 %0 1,75 1,1 21.3 101.6 12,5

10 7% 1.87 1,1 2.9 100.0 4,2
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;(2) Table 111 - Compute of experimental results
atalyst A-?
. Temp.C €.V, £ Conv. Yield  iSelect. HCarbon,

20 3150 1.25 8043 1.7 Hl. 4 6.9
21 350 5. 60 7.1 15.7 92,74 He't
22 350 T.50 335 19.5 137 12,0
2} 375 1.87 e 15.0 8K, 3 16.6
24 400 1.87 756 8.6 KO, B 23.6

quslyct A=)

25 300 0.63 2.3 1.4 100,0 1.7
26 300 1.87 1.9 1.2 100,0 1.6
21 300 3,75 4.5 2.8 100.0 4.9
28 1% 0.63 28,0 17.6 9.0 4.3
29 325 1.87 4.0 1.0 100,0 2.7
30 325 3,715 3.8 2.4 100.0 2¢9
1 350 0.63 19.0 47.0 97.0 7.3
32 350 1.87 51.3 3,16 .7 13.2
13 150 379 1649 73,7 101, 5 b ?

|Catalyst A-4

34 300 0.63 19,9 12,0 95,3 1.4
15 300  1.87 2.4 1.5 100,0 1.34
36 300 3.75 12.4 7.8 100,0 4.56
37 125 0.6} 69.6 6.9 84,1 1.65
38 125 1.87 43.5 30.5 113,10 4.7

39 32% 3.75 58,0 34.8 95.8 4.6

e .
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VoY) Tatie 1II - Compute of experimental resulis .
Cotalyst A2 - T
Fxp, Tomp, e.v, 4 conv. 4 vield 7 Selert. 4 Carbon
! an 160 Nef % #1,.1 Ar,2? #6.3 3.2
| 41 b 1.R7 £2.5 1.9 95.0 8.2
A2 wn 1, 7% 61 39.7 or,1 .2
Catalyst A-%
4} 2% N6 -— —— — -
a4 2% 1.87 1.6 10,y 97.0 -
45 12 1,7% 18,1 11,1 09,1 —
46 ) 1,6 82.9 43,0 81.9 6.9
47 bb ) 1.87 61.% ot 1n,n 15,0
4F RLY) 1.7% 16,0 16,5 12,0 7.5
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Table IV The degree of equilibrium dehydrochlorination for the naoxt ~ea-tiont
CH,C1=CHCl s Cli,CRC] 410! 1
T 4 1 cal mol A G cal mol kp
T w0 oammo® 0.712x10" 0.650%10™°
400 0.174x10° 0.170x10" 0.946x10™
500 0.1741::1015 0.270x10° 0.762x10°
600 0.174x10° -0.316x10" 0.142x10°
700 0.174%10° ~0,659x10 0.115110
800 0.173%10° ~0,100x10° 0.546x10"
. aoo 0.177x10° ~0.134x10° 0.182x10"
{1000 0.171x10° ~0,168x10” 0.479x10"
 CH,C1=CH,C1 ~————b CHECH +HC
[ s arimsa . s b r e . —n ——— o — -
300 0,410x10° 0.210x10° 0.0722107 "
400 0.415x10° 0.155%10° 0032301070
. 500 0.418x10° 0.900x10" 0,116x107
' 600 0.420x10° 0.747% 3 0.132x10°
. 700 0.470x10° -0.A18x10% 0.205x10"
| 800 0,420%10° -0.108x10° 0.893x10°
000 0.419x10° -0.174x10° 0.167x10°
| 1000 0.417x10° ~0.730x10° 0.173x10"
: Effect of pressure: KP-P _%__?
o
i equations for vinyl chloride
A = 0.160x10° 4+ 0,168x10x T -  0,152x1072 x 7°
AGC = 0.174x10° =~ 0,34x10°x T +  0,188x10™° x T°
log ¥ = -0.142x10° + 03731077 = 0,197x107% x 77
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CONC s TONS,
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te reer ol catalyst,

Catuayst plays an inportant role in this dehydrochlorina-
tron react ton, Wath the aird of computed values in table |
and e table Til, 0 was possible to deduce the of fect of
the catals =i o the vave ol the same catalyst preparat ion
(A-1, A-2, A-3) o he cirfect of the suelace arca 1s showed in
Vigure 3. By comparing csperiments 1, 10 and 25 or 4, 13,
2N o 7, 10, 31 0t s possible to infer that: if thc sur-
Face area incredasces on the catalyst, the conversion percepn

tage also inercases,

vhe ¢ffect of tompoerature,

Frgure 4, (eaperiments 11, 14, 17, 19, 23 and 24) illustra-
tes the effeet of temperature on yicld of vinyl chloride
Feom Lo2 dichiorocthane s a Fised catalyst bed, at weight
veldocaty o 1,87 howe -1, Thus an increase From 275°C to
I augment the yaeld 1eom 2,04 to 38,04, Simultancously,
the selectivity deer cased From 100,0% to 80.8% wnd this was
careuborated by the sncrcase of carbon deposit from 4.2% to
Zaoes however, the best yield in vinyl chloride was at

-

A7 e But 3500 S rccommended as operation tempoerature -
because the vicrd ~i041 s high and the carbon deposit is
Fower than tha' att ained ot 375°C. ’

The effect oy space=velocity,

The effect ol pace=velocity on results on dichloroethane
debhvdraclorination v 350°C i o Fixed catalyst bed 18

S b oGere 5, dxperiments with the increase of space-

vesacity (Do, 17, 1y, 20, 21 and 22) from 0.63 to 7.5 hr-1,
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decraaased the viceld o vom b chiboraade Teom 47 .4 te 15,5 per
ot owl o,

dependent by ol the temperature, the ratio of vinyl chlo-
vade and corbon formed remained practically constant when

1he space=velocits mas greater than 3.75 hr-1.

ihermodyoasnie consderat vons,

It was shown carisee (25) that the react ion of the cataly=-
tic interaction of 1.2 Jdichlorocthane which results in the
Format 1on o) vinyl ehlor de and hydeochloric acid is pe-
culiar not only to 1hwsce wimplost products, but to the -
ot her itrercant classes o dehidroalogenat tons,

Moo resubts ol it will be the Forumat ton ol molecules with
fen. mobecutar werghr by the substeaction o hydrochioeae
wend.

A the therwodvoawse calculations have shown (see table 1V)
(29) the ceact ion of dehydrochlorination of 1.2 dichloro-
i hane can be successfully realized with the temperatura
ernvecding SO0UK,

Ry comparing the (oncentrations 1n the equilibrium ol the
vimvd chloriae curve with the acctylene curve (figure 6)
Wi v the gaven i acas, it was observed that the pos-
sibidity o evistenn o ol both compounds in the mixture of
redcs 1on praducts o= strrong, It follows From this, that the
celectave realization of the process of dehydrochlorination
Joemend: the cardh Foer o catulyst which would be distin-
amrshab le Fer ots solectave action, We can confirm that the
vaetnenirat ton of v i chtoride in the process of dehydro-
Haiogenatioa o terocratures from 300 to 350°C and high

centact time (low space-velocity) was close to the cquili-
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v, and the masmum vicld of vinyl chloride might bo

i
“‘\i“"" v d.

The work described in his paper was carried out at Inetituto Mexica
ar del Petréleo (Hex).

iiunks are due to the dicect ion for making it possible to carry out
chis worh and I'ﬁv trant ing permission to publ ish the results,
Spevea: thanks are done to Me, Lovaque Aguitar for their valuable -
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