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Improved process for direst chlovination of ethyione to 1, 3-dichloroethane

Dreseription
The present invention relates to an improved method for produsing dichloroethane and

an arrangeaeat for cwrrying o said method.

Concerning the production of dichloroethane, 8 distinction s made between two main
synthosis paths. While in the so-called divest chlovination process (DO} the resction
product of ethylene and chlorine & produced, the same product is obtained fram HCL Gy
amd sthylene i the so-called oxychiorination process (OU) The oxygen i the latter
provess is net only necessary with reapect o rsaction technwlogy but alse serves for the

reactivation and the preservation of the Howability of the catalys
eactivation and the t fihe Howsbility of the catalyst used,

nyl chioride {\*’CM} and pASEOUS i}}?dmgm chloride HTH §‘§j«“ thermal éem&:}‘g}ﬁsiiimz,
The vinyl chloride serves as 8 staring material for the §3@§ymes‘im§i@n inte polyvinyl
chlotide (V) The HO prodused is often further processed in an oxvehlorination plant.

The balanced use of all three resction steps reprssents the often cited “Balanged Proe-

e
a8,

In the divect chlovination progess a distinetion is prade between a low-temperative proc
£3s (Low Tempusiure Chlorination (LTC)) and 1 highdemperature process {(High Tem-

perature Chlorination (HTCH.

While the LTC process iy operated o 2070 2, the HTC process is carried out at fans

peratures of 85300 °C.

The LTC process has the advantage that # works more selectively, it is, however, eners
getically rauch less favorable, For example, for the subsoguent distillation additional heat

needs o be supplied.



The HTC process, however, iy basically a litle less seloctive, but in exchange uses the

heat of reaction to support the distillative separation subsequent to the reaction,

With respect to selectivity, by using very sslective catudvsiz, it is meanwhile possible 1o
push the HTC process into the range of the LTC process 99 94), Therefore, these days

virtually sxclusively the HTC process iy technically used.

But also in the HTC process there are further bmprovenients possible, Sinve the heat of
repction is approximately & times higher than the eothalpy of vaporization, the heat of ve-
action generated is not necded in iy entivety for the subsequent distillation. Even simple
distillation devives schiove & dichlproethune purity of > 99.9 % with a reflux ratio of ~1.
Thus, more than halt of the heat of reaction remains phused. This quantity of heat can be

put to 8 reasonsble use inside or outside the process

To ensure 1 high vield of dichloroethane, the subseguent reaction into higher ehilorinated
gompounds shonld be suppressed as puasible, For this, the eihvlene is contacied with the
other reaciant, chlonine, as infensely ag possible. The unfavorable contact between di-
chlorpethans, used as & sobvent, and chlorine has accordingly to be adjusted ws pravise 83

possible and kept t© 8 mintmum.

In some patent specifications {eg. DE € 133 810 A, DE O 080 098, EP-A 0 471 887,
contrary fo this level of knowledge, chiotine and ethylene are added firgt, which most

fikely leads to an Inereased formation of an unwanted amount of high-boilers,

The reaction control is also ofien deseribed in the ant. Here, it is partially considered noe-
gasary torcarry out the reaction in a loop reactor in order to schieve g astisfying vield (DE
¢ DRO 09€), When eploving the method aecording to the present invention deseribed

herein, this necessity does not seem {0 exist.

Another topie is the waste heat that is generated during the reavtion. For instanve, in the
application DE-A 199 10 964, the combination of “closed-oyels aperation” and waste-

Heat utilization iy deseribed



LIS 4774372 discloses a muthed fur producing dichloroethane from cthylene and chlo-

vine with o high selectivity.

The object of the presunt invention was to provide an hmproved and 2 more customized
process congrol of the dircet chlodnetion process and a better wilization of the generated

EHETEY.

This obiect is achieved by g method for producing 1.2-dichlorosthane (DCE), comprising
fesding ethylene and chivrine imte a reactor filled with dichloroethane and having a8 dis-
titfation column fitted thereon, and a sysiom for recovery of heat, whereln the conversion
of sthylene and chiorine into dichloreethane {s varried out ot & teopersture of 30 w
130 °C and an absolute pressure of L8 10 § bar, the reaction mixtwre is kept boiling and
the heat of reaction from the regetion mixturs is partially remwoved by wsing at least one
heat exchanger, charasterized In that said method is carried out with a device which
comiprises, {8} ag & reaciorn, a reactor R1 having an arrangement of an externad aleouit P
with a heat exchangsy W1, and, (b} ws a distillation column fitted thereon, & column K

having an arangement of qu external clroutt with a heat sxchanger W2,

Another objoct of the pressin application i3 a device forcarrving out s method, charactors
tzed in that said deviee comprises
{a} 8 veactor R1, having an arrangoment of an external circudt P1 with a heat exe
changer W1, and
(b} & distillation colunm K1 fitted thereon, having an wrangement of an external

cirouil with 8 hest exchanger W2

Also an oljeet of the present invention iy & method for the direct chlorination of ethylens
inte dichloroethane by using a reavtor that sllows for 8 sequential addition of shylene
and chlorineg, having a colonm sitached on top of the reactor and at least one external
heat removal systenyas shown in Fig, 1L Avcording to the nvention, the reaction can take
place in g reactor RY with a sequential addition of the reactants ethylens and chlorige, use

ing dichloroethane as a sobvent, and a catabyst, Cansed by the locally geneeated heat of



reaction, an upward How inside the reactor oecurs thet in indeced by ditferences in den-

sty

For a good selectivity with respect 1o dichlorethane # s fyvorable that ethylens iy added
o the reaction mixbure {dichlorosthane and catalyst) in o dissolved form or at least
highly dispersed. In this way there ts abways & destred reactant available for the subge-
quently added chdorime, If there i, v contrast, no fres ethylens avallable, the chloriue

may react with the dichloroethans to give high-botlers.

The reactants sthylene and chlorine may be diluted by inert gases. Ay a oatalysi, it is rece

ammendable to use ferrte chloride modified with sodium chiorids, and, ss an inhibitor

for prevemting the generation of by-products, exygen s proferably used.

The circulation of the Hawid medium inside the reactur can, for example, be achieved by
a pumnp anddor socording © the thermosiphon or manumoth puep principle, reapectively,
The eireulation veloolty of the Hauid mediten in the mixing wone should not be less than
0.1 mfs. The circulation toward heat exchange and product evaporation may as well be
carctted out by pump andfor according to the thermosiphon principle; it i3 even possible
o carry vut both processes belng connected in series within a single eireutt of Hiquid me-
dium,

Undor typieal reaction conditions of teraperatures of 118 °C and absolite presswees of

2 bar, reaction selectivities of 89,7 % can be achisved,

The reaction conditions given herein serve ag examples and deseribe a preforced e

bodiment of the tnvention, but should not be construad as Hmiting the inveation,

The attsched column K1 offors the advantage that the heat of reaction generated in reas-
tor R1 can directly and withowt auy heat exchange be employed for the distilistion that
ollows the reaction. I this way, low-boilers and volatile compounds can be withdrawn
froms the process vig line 1. the purified final product vig line 2, and high-botiers via line

Wy



Eo2

Via a cirouit P1 the beat of reavtion from reactor BRI may partially be fod o hast ex-

changer Wi, Said beat sxchanger Wi way, for example, tranamit the heat either to sy

use in thix or any other process, or, alferatively, waler may be processed into low-

pressure vapor of tnte hot water and put to a reasonabdle engrgetic we,

& pressurized ethylene-driven gas giector may dse be employed as the cirenlation device
P1. There are o woving parts here that might be damaged by cavitation, and an infense
mixing of the resction mixture with ethylene oveurs, which has g positive influsnces on

selectivity,

By combining the distillation cohunn K1, attached on top of the reactor R, with the e
fernal heat exehangers W1 and, oplionally, W2 for recovery of heat, many operational
states of the regetor can be set. When operated with 8 high dichloresthane selestivity of
the reaction andfor low expectations as © the purily of the dichloroethane, 8 lot of hewt
can be removed via heat exchanger W1 and pid o further use. If the reaction runs ander
fow dighlorocthane selectivity, or i dichlorosthans with a higher purity showld be fed via
fine 2, more heat 18 preforably romoved via heat exchanger W2 at the top of distillation
cohunn K1, and less heat vig heat exchanger W1 By removing heat af the top of the dis-

tillation colunm, the vefluy ratin inside the distillstion column Iy increased and its parifi-

e

For example, very high dichlorosthane purity (& 99,9 940 is necessary to allow for g low
formation of soot i the dichlorosthane cracker when processing t Into VUM, The cause
for the neeessity of a higher purity may be the use of ethylene having a lowsr purity, o

reaction problemy, for example, with the catslyst charged into resetor R 1L

Figures:
Figure 1 shows an arvangement of a devies for earrving out the method of the present in-
vention swith & reactor R into whick the reagtamts of the reactions are fod, which hag an

external clreult PL with a beat exchanger Wi vin which heat of reaction frons the regctor
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can be removed, and which is equipped with & column K1, The colunm K1 may also
comprise an external loop with a heat exchanger W2 via which the excess heat of reaes
tion may be removed, Vig the deados 1, 2 and 3 of the columm, various reaction products

of the reactiong vcourring in the reactor sugy be withdeawn,

Example 1;
{nto a reactor R1 of the type us shown in Flgure 1V = 20m’, T= 116 °C, p = 2 bar
abs. ) 4,000 Nov'ih of Ol and a respeotive mass flow of ethyviene were fed, &s the reac
tion mixture, 18 m’ of a dichloroethane/catalyst mixture were used. As the eatalyst, & so-
divgm chioride modified ferrie chloride was wed. The reaction selectivity 18 99,7 %, A
eolumn K1, fitted on wop of the sactor, comsists of 25 trays and comprises three drains,
I total, 8 resction heat output of about 11 MW is generated. I in the sunap region of the
reactor a heat output of 1 MW is removed vig heat exchanger W1, o dichlorosthane

vraduct purity of 99.99 wi% can be achisved.

Example ¥

. T - s . 3 ;

abs.}, 4,000 K'/h of Cly and » rexpective mass How of sthylene were fed. Az the reag-
Hen misture, 8w of g dichborecthane/catalyst mixture wors used, As the catalyst, 8 so-
diten chlovide wodified forrie chlonde was nsed. The resction seletiivity 18 897 %, The
repction heat ouiput of abont 11 MW was generated, [V in the sump reglon of the reactor
a hewt cutput of 3.5 MV s ramoved vin hoat exchangsr Wi, g dichlorosthane product pus

ity of 99,93 wi% can be achipved.
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Szabadalmi igdnypontok
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Eliards 12-dikbdeetdn olodllitdsdnn, melinek sordn stildnt s kidnt t8Hensk a
dikldrotannal ol walitorhe, amelvhier desatilldle oselopot és hdcaerdld rendswert
csatlakoztatnak; welynek soran az etilén &5 a kldr konverzidja dildéretdong 80 s 130
°C-or, OB €5 5 bar kSsStt abszolut nyomasen iGndnik, 3 reakeidelsgyst forrdshan
tartiak €s a keletkerd reakeidhét réezlegesen elvesetik 8 reakcidelepy i‘qﬁ fogaldbb egy
fdeserdls segiisdpdvel; azzal jellemenve, hogy ax eljfedst olyan készilekiel hajgak
végre, anely as alibbiakat tartahinazea
a} reaktort; aw R joledst vesbiorhos ¢ Pl joleesh kllsd Reringletd rendseer
csatlakozik, amely tarialmarrs & W1 jeledsll hionerdidt,
és
by @ reaktorhoz Messtent desetillale oszlopot; & K1 jeleésh oszlophor egy killsd
kevingtetd) rendsrer csatlakozik, amely tutalmarea 8 W2 jeleded hiioserdltt,

Az 1 igénypont szerotl elideds mued jellemerve, hogy az ott emlitell desztillalé
osedop g realctorbal sfvmard reakeichdt haszaosiyja,

Az 1 vagy 8 2. igSnypont seorbnl oljdrds azaal jellomesve, hogy a font emiftett
reabeiohd elverstdsdt o reakoidelegybdl o font emiftett dosatilldld osslop héigényve

szerind szabalyossik,

Az LLoigéaypont szerintt elidvds seesl Jellorneave, hogy a reakeldhét g tovibbigkban
hassaesitiake

Az 14 igdnypontok Manmelyike seerintl elidras, areal jollemeave, hogy a font enlitent
S regkoidelegytt] Windnd elvezetdedt sgy RIS hévsordlthdy 1Wndnd keringtets
caRt §a£wza<smi oldidk meg

Az 5. dgdnypont szerintl eljdeds, azzal jellemerve, hogy u reakeiohdt fethasendlink
mids dramld kizeg cldmelegitdsdre vagy dltaldncsan alkalmashatd keringd Kdkinen,
pilddul melopviz vagy gés idtrehordada,

Az 16 ipdnypontek banmelyike worint oljards kivitelerdsére allalmas bersmdeads,

sexel jellomerve, hogy sz emiftent berendezés ax alabbiakat lartalmazea

a) ar Ri jelrdst reakion, amelvhez a W1 §?wu hooserdiot tartaloraed P jeladsi
kitlad kmnsim} renslsesr o8 ihi\w\d\

By whowed ileseiett K1 jeledalt desztilisle osalopot, amelvher 1 W2 jeledstt hdosershin
tnetaloand kilsd kertngterd rondseor esatlakopik.
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& A 7. igfuvpont sworinti borenderss, aewal  jellemesve, hopy o reaktorban

berenderdschel  helyeatek el & grek g borendezdsck  oldnvlisen  rBpediett
tevelilomenek

8 A T.ovagy a 8 igdnypont secrnil berenderds, azesl jellemsrve, hogy a reakeld
kiindulast vegyitletet kitlon bomeneteken 8 adagothatdak a reakiorba,

WA B igénypont seenintt berondezds, azeal jsHemezve, hogy ax atildnt adagolisk
glfdszdr a2 aramidsha az deamlds idnyival megepyerd rdnyban,

2

HHA 7.8, dgénypontok bdrmelyike szerinti borendesds, seeal jellemerve, hogy o font
emtilett osslopnak egynel 16hb kiveretd nytldsa van,
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