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ABSTRACT OF THE DISCLOSURE 
The formation of carbon solids (coke) during the 

physical processing of alkyl chloride-containing streams in 
ferrous metal apparatus such as fractionators is sub 
stantially reduced by carrying out such processing in the 
presence of up to about 1% by weight of lower alkylated 
aromatics; polymethylated benzenes and methylated 
napthalenes are preferred. 

BACKGROUND OF THE INVENTION 

Alkyl chlorides are commercially important materials. 
Lower alkyl chlorides, such as methyl chloride, ethyl 
chloride and carbon tetrachloride are produced as end 
products (solvents and the like) and as chemical inter 
mediates and higher alkyl chlorides, for instance C10 to 
C30 alkyl chlorides, are produced from alkanes as chemi 
cal intermediates for ole?n preparation, alcohol produc 
tions, and amine production. 

In practical scale operation, alkyl chlorides are gen 
erally produced from para?ins by one of a multiplicity of 
processes, such as thermal or catalytic vapor phase chlori 
nation, catalytic oxychlorination, or liquid phase chlorina 
tions, which produces a crude product containing the de 
sired alkyl chlorides in admixture with unreacted para?in, 
feedstock impurities, and by-products such as polychlo~ 
rides. In such processes, it is normally desired to recover 
a speci?c alkyl chloride or a group of alkyl chlorides from 
the crude product mixture. 

The separation of an admixture of puri?ed alkyl 
chlorides from puri?ed para?ins can be effected by distilla 
tion and like processes on a laboratory scale in glass or 
Monel apparatus with little or no di?iculty. The practical 
scale recovery of alkyl chlorides from typical crude mix 
tures, however, is far more di?‘icult. These recoveries 
necessitate processing such mixtures at elevated tempera 
tures in equipment such as heat exchangers and fraction 
ators, and the auxiliary piping associated therewith. 
Typically, these pieces of equipment are fabricated of 
ferrous metals or ferrous metal alloys. When impure alkyl 
chloride-containing mixtures are contacted with such 
ferrous metals, sludges of solid carbonaceous materials 
(coke) often tend to form. These solids build up in 
processing equipment to an extent that heat exchangers, 
fractionator kettles and plates, and the like become in 
operably fouled. This necessitates frequent plant shut 
downs and appreciable plant maintenance. 
The causes of this carbon formation (coking) are not 

fully understood. It is known that ferrous metals, that is, 
iron, steel, and stainless steel, either in the form of 
metallic surfaces or as metal ions formed by attack of 
metals by the corrosive crude materials, catalyze the 
formation. It has further been found that the conversion 
of aromatic impurities in paraffin feedstocks is a major 
source of carbon solids. 
An approach to solving this coke formation problem 

has been to add materials to process streams which inhibit 
coke formation. U.S. Pat. No. 1,971,318 issued on Aug. 

10 

15 

20 

25 

30 

35 

40 

45 

55 

60 

65 

70 

3,654,093 
Patented Apr. 4, 1972 ice 
2 

21, 1934 to L. C. Stewart et al. discloses the use of cer 
tain rosins, such as gum mastic, to inhibit the tendency 
of chlorinated hydrocarbon streams to decompose U.S. 
Pat. 2,543,575 issued on Feb. 27, 1951 to C. C. Harvey et 
a1. discloses the use of certain nitrogen-containing ma 
terials to prevent alkyl chloride decomposition during 
fractionation. More recently, U.S. Pat. 3,420,749 issued 
Jan. 7, 1969 to F. C. Dehn discloses the addition of 
organic esters of phosphoric acid and phosphorus acid to 
alkyl chloride streams to inhibit fouling and carbon 
formation. \ 

‘STATEMENT OF THE INVENTION 

vIt has now been found that the propensity of alkyl 
chloride-containing mixtures to form solid carbonaceous 
materials during physical processing at elevated tempera 
tures in the presence of ferrous metals or ferrous metal 
ions is reduced substantially when such mixtures are pro 
vided with lower alkylated aromatic hydrocarbons. Gen 
erally, addition of alkylated aromatic compounds of less 
that about 1% by weight are su?icient to effect a sub 
stantial reduction of carbonaceous-solid formation (cok— 
ing). This ?nding is especially surprising when considered 
in light of the coke-forming property of aromatics in 
general. 
The invention will be further described with reference 

to the accompanying drawing wherein FIGS. 1 and 2 
illustrate more or less diagrammatically two representa 
tive forms of apparatus in which the invention may be suit 
ably practiced. 

DETAILED DESCRIPTION OF THE INVENTION 

Alkyl aromatics utilized in accordance with this inven 
tion are alkylaromatics of 1 to 3 aromatic rings and, in 
clude monoalkylated and polyalkylated benzenes, naph 
thalenes, and anthracenes. Very suitable among these are 
alkyl benzenes, naphthalenes and anthracenes having from 
one to about four alkyl substituents each of which has from 
about one to about ten carbon atoms, such as for example, 
the xylenes, mesitylene, durene- phenylethane, 4-methyl 
phenylethane, 3,S-dimethylphenylethene, isobutylbenzene, 
the cymenes, l-methylnaphthalene, 2-methylnaphthalene, 
1,2-dimethylnaphthalene, 1,S-dimethylnaphthalene-l,4,5, 
S-tetramethylnaphthalene, 1-methyl-3-ethylnaphthalene, l 
methylanthracene, 2~methylanthracene, and 9-methyl 
anthracene. ‘Preferred alkylated aromatics according to the 
invention are alkylated benzenes and naphthalenes having 
from about one to about four alkyls of from one to four 
carbons each per molecule at least one of which is a 
methyl group. Alkyl aromatics which are especially pre 
ferred are alkylated benzenes having from two to four 
methyl groups as the sole alkyl substituents and alkylated 
naphthalenes having from one to four methyl groups as 
the sole substituents. Typical of these preferred methylated 
materials are the xylenes, mesitylene, l-methylnaphthalene, 
and Z-methylnaphthalene. Among the methylnaphthalenes, 
the l-methyl isomer is preferred. 
The alkyl aromatic inhibitors according to the invention 

are very effectively employed as coke inhibitors for higher 
hydrocarbon chloride-containing mixtures, especially crude 
mixtures containing aliphatic hydrocarbon chlorides hav 
ing from about 6 to about 20 carbon atoms per molecule. 
The inhibitors of the invention may suitably be added to 
liquid mixtures containing such materials prior to or 
during processing steps, such as distillation, to separate 
or purify such materials. 

In a preferred application, inhibitors according to the 
invention are used to prevent coking during the separa 
tion and puri?cation by distillation of aliphatic hydrocar 
bon chlorides having a substantial proportion of linear 
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alkyl hydrocarbon chlorides which have from about 8 to 
18 carbon atoms per alkyl group from crude mixtures 
comprising such alkyl chlorides, primarily-normal paraf 
?ns of from about 8 to 18 carbons, and minor amounts 
of aromatic and branched paraf?nic impurities and chlo 
rination byproducts. Such a mixture is typically the prod 
uct of the chlorination of a primarily-normal Cg-Cm 
parai?n stream by liquid phase chlorination or other usual 
commercial chlorination processes. In such an applica 
tion, addition of inhibitor to the crude mixture of from 
about 50 p.p.m. to about 500 p.p.m., by weight, very suit 
ably reduces the formation of coke and minimizes the 
need to shut down continuous apparatus to remove foul 
ing solids. When the preferred methylated aromatic inhibi 
tors are used, additions of from about 100 p.p.m. to about 
250 p.p.m. by weight are preferred. Larger amounts of 
inhibitor may be employed, if desired. 

\The coke inhibitors according to the invention when 
compared to the C8—C18 para?ins and alkyl chlorides, in— 
clude materials having boiling points both higher and 
lower than the para?ins and alkyl chlorides being proc 
essed. When used to inhibit coking in distillation columns 
the inhibitors may be added to the chloride-containing 
stream at any point before it enters the column or may be 
added directly to the column. When a higher boiling inhibi 
tor is added, it is generally preferred to add the inhibitor 
to the column at some point above the bottom to prevent 
coke buildup on the distillation trays, etc. When lower 
boiling inhibitors are employed, they may suitably ‘be 
added directly to the column reboiler, their volatility per 
mitting a carry-up of inhibitor into the distillation column 
trays. The use of higher-and-lower boiling inhibitors is 
further illustrated with reference to the accompanying 
drawing, FIG. 1 diagrammatically illustrating one form of 
apparatus suitable for using a higher-boling inhibitor ac 
cording to the invention. 
For purposes of illustration, the use of l-methylnaph 

thalene as inhibitor in the separation of n-decane from 
decyl chloride during a chlorination/dehydrochlorination 
process for preparing ole?ns is described. 
To liquid-phase chlorination reactor 11 is continuously 

charged a hydrocarbon stream consisting essentially of 
decane and chlorine through lines 12 and 14 respectively. 
Hydrogen chloride is produced and is removed as a gas 
through line 15. A liquid reaction product containing 
about 75% decane, about 20% decyl chloride about 5% 
decyl polychlorides and miscellaneous impurities, such as 
heavy condensed aromatics, is removed and passed 
through line 16 to approximately the center of ferrous 
metal fractionator 17. Anti-coking agent (l-methylnaph 
thalene) is added in controlled amount to the fractionator 
feed stream via line 19 to prevent coking and fouling in 
such fractionator. A tops product consisting of decane is 
removed through line 20 and either discarded through 
valved line 21 or preferably recycled to reactor 11 through 
line 22. A bottoms product containing decyl chloride, 
polychlorides, and anti-coking agent is removed from 
fractionator 17 through line 24 to dehydrochlorinator 25 
where it is reacted in the presence of a suitable catalyst 
to form hydrogen chloride which is removed via line 26. 
A liquid product containing decene, unreacted decyl chlo 
ride and polychlorides, l-methylnaphthalene and unde 
termined byproducts is removed through line 27 to frac 
tionator 29 wherein a tops product, decene, is separated 
and removed through line 30 and a bottoms product con 
sisting essentially of unreacted chlorides, heavy byprod 
ucts, and anti-coking agent is removed through line 31. 
A part of this bottoms is discarded through valved line 
33 and optionally a portion is returned to dehydrochlo— 
rinator 25 via valve line 32. If desired, anti-coking agent 
can be recovered by'means not shown from the bottoms 
product removed via line 33 and recycled to line 19. 
FIG. 2 illustrates diagrammatically one form of appa 

ratus suitable for using a lower-boiling inhibitor. For 
purposes of illustration, the use of paraxylene as inhibitor 
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4 
in the separation of tridecane from tridecyl chloride is 
described. 

N-tridecane and liquid chlorine are continuously 
charged to chlorination reactor 111 through lines 112 and 
114 respectively. Gaseous hydrogen chloride is removed 
via line 115. Liquid reaction product containing unreacted 
tridecane, tridecyl chloride, polychlorides, and impurities 
is removed and passed through line 116 to approximately 
the center of vacuum fractionator 117, which is con 
structed of ferrous metals. Lower-boiling anti-coking 
agent (paraxylene) is continuously charged to the reboiler 
of fractionator 117 through line 119 to prevent fouling 
of the reboiler and fractionator plates of fractionator 117. 
A tops product containing tridecane and a portion of the 
paraxylene is removed from fractionator 117 via line 120 
and either discarded through valved line 121 or pref 
erably returned to reactor 111 via line 122. The recycled, 
low-boiling alkyl aromatic inhibitor does not interfere 
with the chlorination reaction and is chlorinated to only a 
minor extent. Additional paraxylene is removed through 
vacuum line 124 and is recovered in cold trap 125 and 
either discarded via valved line 126 or preferably returned 
to fractionator 117 via valved line 127. Bottoms product 
from fractionator 117 containing tridecyl chloride and 
polychlorides and a very minor amount of paraxylene 
is removed through line 129 to dehydrochlorinator 130. 
Gaseous hydrogen chloride containing the remaining para 
xylene is removed via line 131. If desired, paraxylene may 
be recovered by means not shown. Dehydrochlorination 
product is passed to fractionator 134 through line 132. A 
tops product consisting essentially of tridecene is removed 
through line 135 and a bottoms product, containing un~ 
reacted tridecyl chloride and polychlorides is removed 
through line 136 and either discarded through line 136 
or preferably in part returned to reactor 130 through 
line 137. ‘ 
The invention will be further described by the following 

examples. 
EXAMPLE I 

A stream of C11 primarily straight chain paraffin was 
chlorinated in a steel reactor to produce a crude product 
containing about 75 % by Weight unreacted C11 para?in, 
about 20% C11 alkyl chloride and about 5% C11 alkylene 
dichlorides. To simulate on a laboratory scale the distilla 
tion which in a commercial process might normally fol 
low such chlorination to separate unreacted para?in for 
recycle, a sample of this material was placed in an Erlen 
meyer ?ask equipped with a re?ux condenser. This mate 
rial was heated at 195 ° C. under a nitrogen atmosphere 
for one hour. The formation of coke-like carbonaceous 
?nes was noted. The sample was analyzed following the 
one hour heating. 30 p.p.m. by weight of carbon solids 
had been formed by the heating. The sample contained 
0.1 p.p.m. by weight ferrous iron and 0.3 p.p.m. ferric 
iron, apparently from the walls of the steel reactor in 
which the feed stock was prepared. 

EXAMPLE II 

The experiment of Example I was repeated with one 
variation, 100 p.p.m. by weight of l-methylnaphthalene 
was added to the crude chlorinator product prior to heat 
ing. Analyses following the one hour heating at 195° C. 
indicated that only 2 p.p.m. by weight of carbon solids 
had been formed. The iron content of the sample follow 
ing heating was 0.3 ppm. ferrous and 0.01 p.p.m. ferric 
iron. 

EXAMPLE III 

The experiment of Example I was repeated several times 
using the iron-containing chlorinated para?in feedstock 
of Example I. Varying amounts of several alkyl aromatics 
were added to inhibit the formation of carbonaceous 
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?nes (coke). The results of these experiments are given 
in the accompanying table. 

Concentration carbonaceous 
of inhibitor, ?nes make, 

Inhibitors ppm. wt. p.p.m. wt. 

2-methylnaphthalene__ -. 250 12 
l-methylnaphthalene__ 50 8 

Do ______________ _ _ 250 2 

Mesitylene___ 250 2 
Paraxylene. _ 250 3 

o ____ __ 200 7 

Do ____ - - 100 12 

9-methylanthracene_._. 250 6 
p-Disopropylbenzene. _ 250 7 
p-Tert-butyltoluene- 250 7 
n-Hexylbenzene. - . 250 7 
Toluene ________ __ 250 12 

Diphenylmethane __________________ _ _ 250 12 

We claim as our invention: 
1. In a method for distilling a mixture containing alkyl 

chlorides at an elevated temperature in the presence of 
ferrous metals or ferrous metal ions with the formation of 
undesirable carbonaceous solids the improvement of re 
ducing the formation of carbonaceous solids by carrying 
out the processing in the presence of about 25 p.p,m. to 
about 1% by weight of added alkylated naphthalenes hav 
ing from 1 to 4 methyl groups as the sole alkyl substit 
uen-ts. 

2. The method in accordance with claim 1 wherein the 
mixture containing alkyl chlorides is a crude paraffin chlo 
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rination product comprising para?ins of from 6 to 20 car 
bons and alkyl chlorides of from 6 to 20 carbons. 

3. The method in accordance with claim 2 wherein the 
amount of added alkylated naphthalene is from about 50 
ppm. to about 500 ppm. by weight. 

4. In a method for distilling a mixture containing alkyl 
chlorides at an elevated temperature in the presence of 
ferrous metals or ferrous metal ions with the formation of 
undesirable carbonaceous solids the improvement of re 
ducing the formation of carbonaceous solids by carrying 
out the processing in the presence of about 25 p.p.m. to 
about 1% by weight of added l-methylnaphthalene. 
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