
June 29, 1954 G. C. HARRISON ETAL 2,682,504 
PREPARATION OF MONOCHLOROPROPIONIC ACID 

Filed Jan. 2, 1952 

a24/2/Waa/26/a2// 
47%(2aya saazy 

1277-area/yaa 

eX-6202A602A/OWeavo 

SVZA 

YAA. A67, s 

722.6% Af 
A%26%7/Ze26%72a 

MO 
1676?X2/6 1672 

INVENTORS 
62%a c. 4eesoy 
162% Mé 77%asavy 

  



Patented June 29, 1954 

UNITED STATES 

2,682,504 

PATENT OFFICE 
2,682,504 

PREPARATION OF MONOCHLOROPRO 
PIONCACD 

George C. Harrison, St. Paul, and John M. 
Thompson, Mendota Township, Dakota County, 
Minn., assignors to Minnesota, Mining & Manu 
facturing Company, St. Paul, Minn., a corpo 
ration of Delaware 

Application January 2, 1952, Serial No. 264,534 
(C. 204-158) 6 Claims. 

1. 
This invention is concerned with the prepara 

tion of acrylic acid, and in particular with the 
continuous conversion of propionic acid to acrylic 
acid by steps involving the chlorination of pro 
pionic acid and the dehydrochlorination of the 
resulting chlorinated product. The process is 
rapid, efficient, and continuous. Pure anhy 
drous acrylic acid is produced in high yield with 
a minimum of by-products. The monomeric 

- acrylic acid is highly stable on storage, and is 
particularly adapted to the direct production 
of esters and Salts for Subsequent polymeriza 
tion. 
The dehydrochlorination reaction employed in 

volves simply heating of chloropropionic acid to 
boiling preferably under reduced pressure, with 
rapid removal and separation of the vapors and 
recovery of the acrylic acid. At about 135-165° 
C., beta-chloropropionic acid is dehydrochlorin 
ated to acrylic acid and hydrogen chloride; 
alpha-chloropropionic acid remains unchanged. 
Hence it is desirable to carry out the prelimi 
nary chlorination of the propionic acid in such 
a Way as to produce as high a proportion of the 
beta-chloro product as possible, with little or Sub 
Stantially no alpha-chloropropionic acid. 

Previously described chlorinations of propionic 
acid have resulted in the production of relatively 
high ratios of alpha-chloro to beta-chloro pro 
pionic acid. The chlorination described by Hell, 
Wolhard and Zelinsky is carried out at 100° C. 
With a catalyst such as phosphorous or sulfur; 
alpha-chloropropionic acid is produced. Substan 
tially exclusively. Other catalysts, such as pro 
pionyl chloride, have been stated to promote the 
formation of beta-chloropropionic acid; but the 
proportion of the alpha-substituted compound is 
still in the neighborhood of 30-40% of the total. 
The application of artificial light and of Sunlight 
in bringing about the chlorination of the pro 
pionic acid in accordance with methods and pro 
cedures previously described has been found by 
uS to produce mixtures of alpha and beta chio 
rinated propionic acid in the relative proportions 
aScribable to essentially random chlorination, 
and at rates much lower than called for in oper 
ations which are to be commercially successful. 
Thus, by no previously described method of which 
we are aware has it been possible rapidly and 
efficiently to produce more than about a 60-70% 
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yield of beta-chloropropionic acid, with an ac 
companying yield of about 40-30% of the alpha 
Substituted product. 

It is therefore an object of the present inven 
tion to provide a process for the production of 
acrylic acid from propionic acid showing in 
proved efficiency over prior art processes. An 
Other object is to provide pure anhydrous acrylic 
acid. Another object is to provide for the chlo 
rination of propionic acid to monochloropropi 
Onic acid of which not more than about 10%, 
and preferably not more than about 5%, is alpha 
chloropropionic acid and correspondingly at least 
about 90% and preferably at least about 95% is 
beta-chloropropionic acid. A further object is to 
provide a continuous, rapid, efficient process for 
chlorinating propionic acid to beta-chloropropi 
Onic acid. With minimum production of alpha 
chloropropionic acid and for then dehydrochlo 
rinating the beta-chloropropionic acid to acrylic 
acid. Other objects and advantages will be made 
apparent as the description proceeds. 

In a preferred embodiment of our invention, 
gaseous or liquid chlorine in carefully controlled 
amount is continuously introduced into a mix 
ture of pure uncontaminated propionic acid and 
a minor proportion of beta-chloropropionic acid, 
at a low temperature of the order of -20 to -20° 
C. The solution is exposed to actinic radiation, 
e.g. to the light from a mercury-vapor lamp hav 
ing a high incidence of light at a Wave length of 
approximately 3650 Angstroms. Chlorination oc 
curs rapidly, the completion of the reaction be 
ing evidenced by an increase in temperature and 
by the disappearance of the greenish color of the 
initial solution. The components of a portion of 
the liquid are then Separated by distillation, un 
reacted propionic acid is returned to the system 
for further chlorination, and the recovered beta 
chloropropionic acid is heated to 135-165° C., 
preferably under vacuum, whereupon hydrogen 
chloride is split out to produce the desired acrylic 
acid. 
The high yield of acrylic acid obtained with 

Our novel process as above described is inade pos 
Sible mainly by the high proportion of beta-chlo 
ropropionic acid obtained during the chlorina 
tion, which in turn is a result of the specific radi 
ation employed, the temperature and rate at 
which the reaction is carried out, the concentra 
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tion of the reactants employed and the reaction 
products formed, the purity of the materials, and 
other conditions all as hereinafter to be set forth. 
The proportion of beta-chloropropionic acid is in 
all cases much higher than would be the case un 
der Conditions of random chlorination, and in 
many CaSeS has been found to be Well ii excess 
of 90%, in Some instances being as high as 95% 
or even higher. 
Thus We have found, contrary to prior art 

teachings, that only a narrow band or radiation 
is of significance in the conversion of propionic 
acid to beta-chloropropionic acid. This specific 
radiation occurs at a wave length of about 3650 
Angstroms, i. e. about 3600-3700 Angstroms. At 
4000-5500 Aingstrons, for example, and particu 
larly above about 4300 Angstroms, no activation 
to beta-chloropropionic acid is observed at the 
low temperatures here employed. At higher ten 
peratures, Substantially random chlorination oc 
curS, and chlorinations carried out under the 
influence of these longer wave length radiations 
have invariably resulted in the production of ex 
Cessive ratioS of alpha- to beta-chloropropionic 
acid. We find that high pressure mercury vapor 
laimps are a convenient source of the desired 
radiation. An incandescent tungsten filament 
type lamp, on the other hand, provided only a 
slow reaction and its use resulted in the forma 
tion of at least about 30% of alpha-chloropro 
pionic acid. No observable chlorination was pro 
duced at low temperatures of the order of -20 
to --20° C. When the reactant mixture was ex 
posed to direct Sunlight, at least at the latitude 
of St. Paul, Minnesota. At higher temperatures, 
e.g. 40° C., eXposure to sunlight resulted in an 
undesirably high yield of the alpha-substituted 
product. 

It is necessary, in attaining our improved re 
Sults, to carry out the chlorination at a low ten 
perature, preferably well below 30° C. For exam 
ple, We have obtained good results by operating 
within the range of 20 to 30° C., although tem 
peratures of 0° C. or even lower are at least 
equally desirable with regard to directing the 
course of the reaction. Since propionic acid so 
lidifies at about -20° C. it is desirable that the 
mixture be kept above such temperature. The 
hydrogen chloride liberated during the chlorina 
tion is continuously removed, desirably under 
WaCl. 

The reaction between the propionic acid and 
chlorine is exothermic, and the products coin 
ing from the chlorination are therefore at a 
higher temperature than the inflowing mixture. 
Where the mixture is initially at 20° C., we con 
trol the extent of chlorination so as to permit 
the temperature to rise to not more than about 
30° C., and preferably to not more than about 
25 C., in order to obtain the desired high pro 
portion of beta-chlorinated product. At lower 
initial temperatures, somewhat increased 
amounts of chlorine may be introduced, but we 
prefer to limit the amount of chlorine added in 
any One cycle to not more than the amount re 
quired to convert about 1% of the propionic acid 
to chloropropionic acid. Thus the reaction mix 
ture as it reaches the irradiation area, may con 
tain reactive chlorine in an amount equal to 
about 0.05-1.0%, or preferably about 0.1-0.3%, of 
the Weight of the propionic acid, 
With a Suitable light source, such as the high 

preSSure Gercury Vapor lanp herein above pre 
viously identified, the reaction between chlorine 
and propionic acid is remarkably rapid and also 
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4. 
remarkably selective. It is, however, necessary to 
provide for an adequate concentration of the 
radiation in the reactive mixture. We have also 
found that it is necessary carefully to exclude 
contaminants such as tin and other metallic ions, 
arsenic, sulfur, water and free oxygen. Metallic 
ions in particular have been found to retard or 
prevent chlorination, or to affect unfavorably the 
desired balance between the beta, and alpha chlo 
rinated products. This is particularly Surprising 
in view of the frequent reliance of prior art Work 
ers on metallic catalysts for this and Similar chlo 
rinations. 
Where “pure' propionic acid is specified, it will 

accordingly be understood that contaminants 
such as metallic ions, water, etc. are excluded. 
However the term is not to be considered as rul 
ing out the presence of inert diluents, Such as 
alpha-chloropropionic acid or other inert mate 
rials which do not act to inhibit the chlorina 
tion. 
While each of the preceding details is in 

portant to the successful operation of our novel 
process and must be carefully taken into account, 
we find that one additional item is of at least 
equal importance in securing our advantageously 
high yields of beta-chloropropionic acid and 
hence of acrylic acid, and is in addition Com 
pletely novel and unexpected. 
Thus we have now found that the irradiation, 

under the conditions herein described, of a re 
action mixture obtained by adding chlorine to a 
mixture comprising a major amount of propi 
onic acid and a minor amount of beta-chloro 
propionic acid, and with the amount of chlo 
rine being not more than about 1% of the amount 
of propionic acid, produces a directed reaction re 
sulting in a substantially increased yield of beta 
chloropropionic acid. This discovery makes pos 
sible increased yields of acrylic acid from pro 
pionic acid. 
An example of a preferred procedure for the 

preparation of beta-chloropropionic acid and of 
acrylic acid in a continuous process in accord 
ance with the present invention will now be pre 
sented so that the underlying principles and dis 
coveries on which this invention is based may 
be more readily understood. In this connection, 
reference is made to the drawing, in which is 
presented, in the form of a conventional flow 
sheet, a diagrammatic representation of the proc 
ess steps involved. 
Commercial propionic acid from source , and 

a portion of the mixture of propionic acid and 
chlorinated acid from the reactor 4, are distilled 
in a still S. Purified propionic acid paSSes from 
the still 6, and, together with the remainder of 
the mixed acids from the reactor 6, to a heat 
exchanger 5, where the mixture is cooled. From 
the cooler, the mixture passes to the diffuser 3 
where chlorine from source 2 is added. The mix 
ture then passes through the reactor where the 
chlorine reacts with a portion of the propicnic 
acid to produce monochloropropionic acid, With 
liberation of HCl which is then removed. 
The chlorinated fraction removed by the still 

6 passes to another still , where any Small amount 
of alpha-chloropropionic acid produced during the 
chlorination is separated and removed, together 
With a small amount of beta-chloropropionic 
acid. The remaining beta-chloropropionic acid 
passes to a dehydrochlorinator 8, where HCl is 
split off to produce acrylic acid. The acid is 
purified by distillation in a still 9, any remain 
ing beta-chloropropionic acid being returned to 
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the dehydrochlorinator 8 and the purified acrylic 
acid being sent to storage tank O. 

It will be apparent that storage or surge tanks 
may be provided between the chlorination and 
the dehydrochlorination units if desired, and that 
these reactor units may be operated independent 
ly of each other. 

Recycling of a portion of the chlorinated mix 
ture through the reactor 4 serves two purposes. 
It permits greater flexibility in maintaining the 
desired low temperature. More importantly, it 
Serves to provide the desired content of beta 
chloropropionic acid in the mixture during fur 
ther chlorination, thereby making possible in 
creased yield of beta-chloropropionic acid and of 
acrylic acid. 

Desirably, not more than about one percent of 
the propionic acid content is chlorinated and re 
moved in each cycle, an equivalent quantity of 
fresh propionic acid being added. Higher per 
centages increase the rate at Winich heat is 
evolved, and it is desirable to restrict the tem 
perature increase to not more than about 5-10 
C. or even less. The diffusion of larger volumes 
of chlorine into the liquid and the removal of 
the resulting large volumes of HCl provide addi 
tional difficulties. Improved means of cooling the 
mixture, diffusing or dissolving the chlorine, and 
removing or neutralizing the HCl obviously may 
be devised so as to permit the chlorination of 
Somewhat larger proportions of the acid during 
each cycle. Smaller amounts of chlorine may be 
used, but the expense of circulating and handling 
the larger volume of materials then becomes in 
creasingly high. Furthermore the proportion of 
beta-chloropropionic acid produced during the 
chlorination has been found to be most advan 
tageous when the initial percentage of chlorine is 
restricted to Within the limits stated. Hence We 
have found it necessary to hold the proportion of 
chlorine added in each cycle to within the ap 
proximate limits of 0.05-1.0%, and more desirably 
about 0.1-0.3%, of the amount of propionic acid. 
In one specific example, the reactor consists of 

a glass tube approximately 12 inches long and 
4A inches inside diameter, within which is axial 
ly sealed a smaller tube having an outside diam 
eter of 34 inches and containing a high-pressure 
i kW. mercury-vapor lamp 12 inches long. The 
liquid mixture enters the annular chamber be 
tween the two tubes through an inlet tube placed 
near the botton and at an angle to the axis so 
as to promote violent agitation, and is forced up 
Ward through the reactor and from an outlet tube 
located at the upper end at a rate of 34 gallons 
per minute by Suitable external pumps. Gaseous 
chlorine in carefully controlled amount is in 
troduced into the liquid stream through glass dif 
fusion discs just before the stream reaches the 
reactor. After the reaction has started, the 
greenish color of the mixture disappears Within 
about 4 inches from the inlet end when the 
amount of chlorine is initially about 0.2% of the 
amount of the propionic acid as herein above 
Specified. A concentration of at least about 0.2% 
chlorine is required to initiate the reaction. The 
temperature of the liquid increases, during this 
Operation, about 4-6. C., i.e., to about 25° C. The 
liquid then passes to a sump, where the hydrogen 
chloride is removed under slight vacuum, and 
from there through a series of cooling coils sur 
rounded by cooling water, before returning to the 
chlorinator and reactor. 
From the still 6 there is obtained a mixture of 

a Small amount of alpha-chloropropionic acid, 
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melting at -3° C. and boiling at 186° C., and a 
larger amount of beta-chloropropionic acid, melt 
ing at 37.5 C. and boiling at 204 C. We have 
observed that complete separation of these two 
components is difficult, due both to the closeness 
of boiling-points and to the formation of a eutec 
tic; and this difficulty is believed to have con 
tributed greatly to the observed inaccuracy of 
analytical determinations and of Imelting-point 
constants previously reported in this field. How 
ever it is possible to recover nost of the beta 
chloropropionic acid in pure form by distillation, 
leaving Only a relatively insignificant proportion 
mixed with the residual small amount of alpha 
chloropropionic acid. The pure beta-substituted 
acid is Sent from the still 7 to the cracking unit 8. 

In the cracking unit, the temperature is held 
at 160-165 C. by external heating and the beta 
chloropropionic acid is converted to acrylic acid 
by splitting out of HCI, which is removed, all 
under reduced pressure. The products are dis 
tilled, the unconverted or reassociated beta 
chloropropionic acid being returned to the crack 
ing unit. The pure acrylic acid produced dur 
ing this Operation is anhydrous and remains un 
changed even on prolonged storage. 
In One experiment, using the specific chlorinat 

ing apparatus just described and starting with 
pure redistilled propionic acid, the mixture was 
Wholly recycled and the progress of the chlorina 
tion was determined periodically by careful analy 
Sis. Chlorine was added at a constant rate, ini 
tially at about 0.1-0.3% of the total, the percent 
age based. On the propionic acid thus gradualiy in 
creasing as propionic acid became gradually con 
verted to monochloropropionic acid. Shortly 
after the start of the reaction, the ratio of beta, 
to alpha chlorination was found to be about 7:3 
Or even lower, extrapolation indicating the in 
itial ratio to be approximately the ratio of rain 
don chlorination, viz., 6:4. With continued re 
cycling, the ratio of beta to alpha chlorinated acid 
rOSe to well Over 8:2 at about 20% total choi'isha 
tion, at which point the mixture then contained 
80 maols of propionic acid, 16.3 mols of beta 
chloropropionic acid, and 3.7 mols of alpha 
chloropropionic acid. This represents a consid. 
erably higher proportion of the beta acid than is 
obtainable either by random chlorination or by 
catalytically directed chlorination processes or 
other processes previously known, as far as We 
have been able to ascertain. 

In the same experiment, it was found that the 
most favorable results in terms of a high ratio 
of beta to alpha chlorinated acid produced in the 
chlorination reaction were obtained when the 
3rcentage of monochlorinated acid in the reac 

tion mixture was between about 5% and about 
20%. At higher percentages, up to about 49%, 
the ratio was found to be slightly less favorable. 
Within the preferred range, the percentage of 
beta-chloropropionic acid will be seen to be loe 
tween about 3%, and about 16% of the total. 
Under somewhat different operating conditions, 
e.g. with a substantial proportion of beta-chloro 
propionic acid present in the initial reaction mix-l 
ture, the maintaining of substantially higher pro 
portions of beta-chloropropionic acid in the re 
action mixture results in still more favorable 
ratios. 
By starting with a mixture consisting exclu 

Sively of a major proportion of pure propionic 
acid and a minor proportion of beta-chloropro 
pionic acid. Still higher yields of the beta, acid are 
obtained, ratios of as high as 9:1 or even 95:5 
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beta, to alpha chlor being frequently reached. 
This represents a very much higher proportional 
yield of beta-chloropropionic acid than any ob 
tainable by prior art chlorination processes with 
which we are familiar, and provides a basis for 
the economical commercial conversion of pro 
pionic acid to acrylic acid. 
The particular apparatus hereinabove described 

has given excellent results, but our invention is 
not to be considered as restricted to any Specific 
apparatus, since many other combinations of ra 
diation sources, irradiation cells, agitation equip 
ment, etc., have proven equally suitable when 
operated in conformity with the principles herein 
Set forth. 

In one such alternative apparatus, the liquid 
mixture is contained in an open glass jar having a 
diameter of 10 inches and containing an axially 
located 2-inch diameter "Pyrex' glass closed tube 
enclosing a 125-Watt high-preSSure mercury vapor 
lamp. Chlorine is continuously introduced 
through a diffusion disc located at the bottom of 
the cylinder, and the liquid is vigorously agi 
tated by means of a motor-driven propeller-type 
stirrer. When the Starting liquid is pure pro 
pionic acid, a chlorine concentration slightly 
higher than about 1% is required before reac 
tion will start, and Substantially random-chlo 
rination ratios of beta, and alpha, chlorinated acids 
are at first obtained. The ratio of beta to alpha, 
acid increases as the reaction continues and the 
content of beta-chloropropicnic acid increases, 
at least While the beta-chloropl’Opionic acid re 
mains at a minor proportion and the unreacted 
propionic acid at a major proportion. Where 
these proportions are reversed, e. g. at 65 percent 
beta-chlorinated acid and 35 percent propionic 
acid, chlorination to dichloropropionic acid be 
comes trouxlesome. At still higher percentages of 
the beta, acid, e.g. at about 85 percent, the mix 
ture changes from a free-flowing liquid to a crys 
talline mush. Best results are obtained when 
the starting liquid contains an appreciable but 
minor proportion of beta-chloropropionic acid. 
The above apparatus is particularly useful for 

laboratory investigations. Cooling is accom 
plished by direct radiation, or may be speeded 
up by immersing a cooling coil in the liquid. The 
hydrogen chloride liberated during the chlo 
rination may be allowed to escape from the Open 
cylinder. The presence of a liquid-air interface 
does not appear to inhibit the chlorination, al 
though bubbling air into the liquid, as by too rapid 
agitation, has been found to have an adverse 
effect. 

Still another form of reactor has been investi 
gated. In this apparatus, the 125-watt mercury 
vapor lamp was contained within a "Pyrex' glass 
bulb sealed within an outer bulb carrying an in 
let tube and an outlet tube at opposite sides and so 
situated that liquid entering the outer bulb at the 
inlet would flow over the inner bulb by gravity in 
a uniform thin film before leaving the bulb at 
the outlet. Chlorine was introduced through a 
separate tube into the free space between inner 
and outer bulbs. The liquid was circulated by an 
external pump. When this apparatus was tested, 
it was found that the chlorination reaction would 
not proceed even though the amount of chlorine 
eventually absorbed was far in excess of 1% based 
on the propionic acid; apparently the liquid layer 
was not sufficiently thick to absorb an effective 
concentration of the incident radiation. How 
ever, when the direction of liquid flow was re 
versed so that the liquid filled the Space between 
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the two bulbs and was therefore in a layer ap 
proximately one-half to one inch thick, the light 
was adequately absorbed, and the reaction started 
and proceeded at much lower levels of chlorine 
concentration. 
What we claim is as follows: 
1. In the chlorination of propionic acid to mon 

ochloropropionic acid by actinic irradiation of a 
mixture of propionic acid and chlorine, that in 
provement which comprises carrying out the chlo 
rination at an initial temperature not higher than 
about -20° C., under irradiation with light at a 
wave length of about 3650 Angstroms, in a liquid 
mixture comprising chlorine, a major proportion 
of pure propionic acid, and a minor proportion of 
beta-chloropropionic acid, the amount of chlorine 
present in the mixture prior to reaction being 
Within the range of about 0.05-0% of the 
amount of propionic acid; Whereby to obtain 
a yield of beta-chloropropionic acid in excess of 
that obtainable through randon chlorination. 

2. The process of claim 1 in which the amount 
of chlorine prior to reaction is within the range 
of about 0.1-0.3% of the amount of propionic acid. 

3. Process for initiating and carrying out the 
continuous preparation of beta-chloropropionic 
acid in high yield comprising the steps of: (1) 
mixing together i00 parts of pure propionic acid 
and about 0.05-1.00 part of chlorine; (2) ab 
Sorbably exposing the liquid mixture at a tem 
perature not higher than about 20° C. to ultra 
violet light at a wave length of about 3650 
AlagStrons; (3) lecycling at least a portion of 
the resulting reacted mixture, with addition of 
further propionic acid sufficient to maintain the 
total propionic acid content in major proportion 
and the beta-chloropropionic acid in minor pro 
portion, and With addition of further chlorine in 
an air OUnt equal to about 0.05-1.0% of the Said 
total amount of propionic acid; (4) withdrawing 
at least a portion of the said reacted mixture 
from the cycle; and (5) separating pure beta 
chloropropionic acid from the portion with 
drawn. 

4. In the continuous chlorination of propionic 
acid to monochloropropionic acid. With produc 
tion of the beta-chlorinated acid in high yield, 
the process comprising the steps of: (1) mixing 
together a mixture comprising a major propor 
tion of pure propionic acid and a minor propol 
tion of beta-chloropropionic acid, and Chlorine 
in an amount equal to about 0.05-1.0% of said 
pure propionic acid; (2) absorbably exposing the 
resulting reactive liquid mixture, at a tempera 
ture not higher than about 20° C., to ultra-violet 
light at a wave length of about 3650 AingStrons, 
(3) recycling at least a portion of the resulting 
reacted mixture, with addition of further pure 
propionic acid sufficient to maintain the total 
propionic acid content in major proportion and 
the beta-chloropropionic acid content in lininor 
proportion, and with addition of further chlorine 
in an almount equal to about 0.05-1.0% of the 
said total amount of propionic acid; (4) with 
drawing at least, a portion of the Said reacted 
mixture from the cycle; and (5) separating pure 
beta-chloropropionic acid from the portion with 
drawn. 

5. In the continuous chlorination of propionic 
acid to monochloropropionic acid. With produc 
tion of the beta-chlorinated acid in high yield, 
the process Comprising the Steps of: (1) pro 
widing a chlorination inixture Coimprising at east 
about 50 percent of pure propionic acid, about 
5-20 parts of beta-chloropropionic acid based on 
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100 parts of said pure propionic acid, and about 
0.05-1.0 part of chlorine based on 100 parts of 
Said pure propionic acid; (2) absorbably expos 
ing Said chlorination mixture, at a temperature 
not higher than about 20°C., to ultraViolet light 
at a wave length of about 3650 Angstrons; (3) 
recycling at least a portion of the resulting re 
acted mixture with addition of further pure 
propionic acid Sufficient to maintain the total 
propionic acid content at least about 50 percent 
of the total and the beta-chloropropionic acid 
about 5-20 parts per 100 of said total propionic 
acid, and with addition of further chlorine in an 
amount equal to about 0.05-1.0% of the said total 

() 

10 
amount of propionic acid; (4) withdrawing at 
least a portion of the said reacted mixture from 
the cycle; and (5) separating pure beta-chloro 
propionic acid from the portion withdrawn. 

6. PrOceSS Of claim 5 in Which the aimount of 
beta-chloropropionic acid prior to chlorination is 
about 8-15 parts for each 100 parts of propionic 
acid. 
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