Recovery of 2,3-Butanediol
Produced by Fermentation

HE recovery of many

materials produced by
fermentation is generally ac-
complished by either distilla-
tion or extraction of the fer-
mentation liquors., Various
modifications of these proc-
esses have been used for the
recovery of 2 3-butanediol
produced by fermentation.

MURRAY SENKUS

Commercial Solvents Corporation, Terre Haute, Ind.

A 2,3-butanediol fraction produced by fermentation was
recevered from the beer as the formal. The method con-
sisted of distilling an acidified mixture of whole beer and
formaldehyde into a decanter which permitted return of
the lower aqueous layer to the distilling vessel. The top
oil layer which was collected contained, as the formal, 98-
100% of the butanediol present in the beer. The 2,3-
butanediol formal which was present,in the oil layer was
isolated and resolved into two geometrical isomers. The
formal was allowed to react with acid methanol and con-

glycol as formal was 1006, of
theory.

2. From SynNTHETIC 25C%
GrycoL Beer witH TrIOXY-
METHYLENE. An attempt
was made to concentrate a
2.5% glycol beer to a 259
beer, but there was consider-
able decomposition of solids
during the concentration.

Blom, Reed, Efron, and
Mustakas (7) developed a
distillation  process, and
Othmer, Bergen, Schlechter,
and Bruins (2) developed an
extraction process. In these reports the authors emphasized the
difficulty of recovery; they ascribed it to the high boiling point
of the glycol and to the presence in the fermentation liquor of
2 parts nonvolatile solids to 1 part glycol.

As the difficulties of recovering the glycol produced by fermen-
tation were recognized, the chemical properties of the glycol were
examined in the hope that the material could be converted, in the
liquor, to some readily isolable derivative. Polyhydric alechols
which have hydroxyl groups on carbon atoms alpha or beta to
each-other are distinguished by their pronounced tendency to
form cyclic acetals, This property of 2,3-butanediol was recog-
nized; it seemed possible that the diol could be converted to the
formal in the 4-69, 2,3-butanediol beer (which can be produced
by fermentation) and that distillation of this mixture would re-
move the formal from the beer,

A 3%, aqueous solution of the glycol was prepared, and the ex-
periment was tried. All of the glycol in solution was converted
to the formal and the latter distilled as a constant boiling mixture
{CBM) with water. Work was then started on the isolation of
2,3-butanediol formal from the beer and on the hydrolysis of the
formal to the glycol. This paper describes the results of that
work,

LABORATORY ISOLATION OF 2,3-BUTANEDIOL FORMAL
FROM BEER

I. WIitH Aqueous ForMALDEHYDE, Five pounds (2265
grams) of beer (2.7 weight % glycol) were distilled through a 1-
foot Vigreux column at a 10:1 reflux ratio until the vapor temper-
ature had reached 99.5° C. This distillation gave 276 grams of
distillate, which contained all of the ethyl alcohol present in the
beer, :

One hundred eighty grams of 509 aqueous sulfurie aeld and
225 grams of 369, aqueous formaldehyde were added to the resi-
due: the mixture was distilled over the range 80-97° C. through
the Vigreux column at total take-off. The distillate consisted of
two layers,  The top oil layer was separated from the water layer
and stored; the latter was returned to the residue. Distillation
wus continued for 6 hours. At the end of this time the separation
of oil in the distillate had ceased. The entire distillation gave 84
grams of oil; its composition was determined by rectification.
The results of the oil analysis appear in TableI.  The recovery of

verted to 2,3-butanediol and methylal in 95% conversion.
A methed was developed for the recovery of formaldehyde
and methanol from methylal.
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Therefore, a synthetic beer
was made up.

Whole-grain residue from
the ethyl alcohol beer still
was filtered through a No.
30 U. 8. Standard sieve. To 375 grams of this filtrate
were added 125 grams of 2,3-butanediol, 18 grams of
concentrated sulfuric acid, and 53 grams of trioxymethylene,
The mixture was distilled into a decanter which permitted return
of the lower aqueous layer to the reaction vessel. The top oil
layer was collected and stored. The separation of oil ceased after
1.5 hours. Analysis of the oil layer showed that it contained
140.5 grams of 2,3-butanediol formal, 2 grams of water, and 1
gram of formaldehyde. The recovery of glycol from synthetic
beer was 999 of theory.

PLANT ISOLATION OF 2,3-BUTANEDIOL FORMAL FROM BEER

1. WritH AqQueous FormaLpeaype. Three hundred sixty
gallons of beer which contained 72 pounds of glycol by analysis
were charged to a 500-gallon kettle connected to a thirty-platce
column. The mixture was distilled at a 4:1 reflux ratio until
the vapor temperature reached 99-100° C. This distillation
vielded 24 gallons of distillate which contained 209 ethyl alcobal
by volume,

The residue was cooled to 95° C. and the kettle was charged
with 200 pounds of 509, aqueous sulfuric acid, 300 pounds of 367
aqueous formaldehyde, and 40 gallons of tails cut from a previous
recovery. The mixture was distilled at total take-off into a de-
canter. The top oil layer which separated in the decanter was
collected, and the lower aqueous layer was returned to the kettle,
The separation of oil in the decanter ceased after 10 hours of dis-
tillation; the yield was 97 pounds. Recovery of glycol as glyeol
formal was 1009, of theory (Table I).

Further distillation of the residue gave an aqueous distillate
which contained some dissolved 2,3-butanediol formal. Hence,
after oil had ceased separating in the decanter, 40 gallons of «
tail cut was distilled at a 4:1 reflux ratio for 10 hours over the
range 80-99° €. This tails cut was stored, and the oil wax ve-
covered in a subsequent run according to the method described.

2. Wita Metasyonl-Free AqQueous FormarpeEnypr. The
method of recovering 2,3-butanediol formal from beer de-
scribed in the preceding sceetion showed that the continued use of
this method would lead to difficulties because of the presence of
methanol in commercial aqueous formaldehyde.  For this reason
a series of 2,3-butanediol formal recoveries was carried out with
formaldehyde from which all methanol had been removed by dis-
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TasrE I. ComrosiTion oF O1L FROM BRER
% by Weight (Approx.
Material Laboratory Plant
Methylal 3 3]
Methanol 3 2
Water 8 3
2,3-Butanediol formal 83 84
Formaldehyde, biacetyl, and scetoin: 3 5

tillation. A typical experiment of this series was caoried out o-
follows:

Two hundred pounds of 509 aqueous sulfuric acid! and 3.0
gallons of beer which contained 80 pounds of 2,3-butanediol an:
3 gallons of ethanol were charged to a 500-gallon stainless st
kettle connected to a thirty-plate column, The mixture was dis
tilled at a 6:1 reflux ratio for 6 hours over the range 80-99° ¢
This distillation gave 17 gallons of aqueous ethanol (307, ethanol
by volume). The mixture was cooled to 95° C. The kettle wus
rharged with 250 pounds of 409, (by weight) agueous formalde
hyde, from which all methanol had been removed by distillation,
and 30 gallons of a tails cut from a previous experiment of 1ii~
scries. 'The mixture was then distilled, and the distillate callected
in a decanter where the top oil layer and the aqueous layer sepu-
rated. The aqueous layer was returned to the columu just helow
the condenser?, and the oil layer was collected and stored. T
separation of oil ceased after 12 hours of distillation; the yvicld
was 103 pounds. Finally, 32 gallons of a tails cut were distilled
at a 6:1 reflux ratio for 6 hours over the range 80-99° C. Thix
was stored for use in a subsequent isolation of formal from beer.

The analysis of the oil isolated in this experiment is given n
Table II. The recovery of glycol as formal was 100 of theors.

ComposiTiox oF OrL FROM BEER OBTAINED RY
PLANT PROCEDURE

TasLE II.

Material Y by Wt.
Formaldehyde 3
Water 5
Biacetyl (probably some acetoini ) 3
2,3-Butanediol formal 87

ANALYSIS OF OILS FROM GLYGOL BEERS

The compositions of oils listed in Table T were determined by
rectification through a 4-foot laboratory column at a 10:1 reflux
ruatio.

The methylal (boiling point 42° (.) and methanol (boilin s
point 64° C.) distilled over and were collected. The vapor tem-
perature then rose to 70° and a series of complex azeotropic mix-
tures containing biacetyl distilled over the range 70-78° (', 'Thix
fraction was treated with 5¢7 aqueous ammonia to remove the
carbonyl compounds, formaldehvde, and biacetyl. This treat-
ment converted the formaldehyde to hexamethylenetetramine,
and the biacetyl to the nonvolatile quinoxaline derivative. The
mixture was distilled to recover the 2,3-butanediol formal as «
constant boiling mixture with water. The oil from this distillu-
tion was charged back to the residue from the original distillation.
This distillation was resumed and a nonhomogeneous mixture
distilled over the range 78-83° (.. The lower aqueous layer wax
collected, and the top oil layer was returned to the column. The
dissolved materials in the water layer were salted out with potas-
sium carbonate and returned to the column. When all water had
been removed in this manner, the vapor temperature rose to
97° C. The 2,3-butanediol formal then distilled over the range
97-102° C.

1In part 1 of the plant isolation procedure the sulfuric acid was added
after the ethanol had distilled. It was found later that the addition of acid
to beer before removal of ethanol improved heat transfer from the heating
coils to the beer, thruugh-.ut the entire procedure for recovery of the formal.

2 In part 1 of the plant procedure the aqueous layer was returned to the

kettle. It is believed that the present procedure is an improvement over
this technique.
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The formaldehyde and bluceryl were not collected and weighed
in the above determinations.  These materials were estimated by
difference.  The formaldehyde came off up to a temperature of
97 L opartly as a gas: part of it solidificd in the condenser of
the column head. |

The oil composition given in Tuble 11 was determined by the
wethod just described and also by another procedure in order to
find the amounts of formaldehyde and biacety] present in the oils
obtained by the following procedure:

The oil (R10 grams=j wus hydrogenuted for several hours at 75
100° ¢ und 1500 pounds pressure in the presence of Runey nickel,
The reduced mixture was then rectificd through o 4-foot labora-
tory column as before. The formaldehyde was isolated s
methanol® and the bincetyl as 2,.3-butanediol,

The 2 3-butanediol formal was collected over the vapor temper-
stare vange 97-102° . Some other properties of the 2 3-butane-
diol formal which was isolated from the oils are listed in the fol-
lowing table:

Refractive index n 3 1. {047
Density d29 0.9569
Boiling range at 750 ., ° C, 97--102

Soly. in 100 g. water at 20° C., gramns 19
Soly. of water in 100 g, formal, grams

1
Soly. in kerosene Miscible

The 2,3-butanediol formal whose properties are listed above
wits resolved into its geometrical isomers by rectification of the
formal through a 4-foot laboratory column at a 20:1 reflux ratio.
I'his rectification: gave isomers I and II whose properties are
listed in Table ITI. The weight ratio of isomer T to isomer II in
the formal fraction was 1:5.

RECOYERY OF EXCESS FORMALDEHYDE FROM BEER

An excess of formaldehyde was used for the isolation of 2,3-
butanediol as diol formal from beers, This excess formaldehyde
wns isolated from the spent beer according to the following pro-
cedure:  Half a liter of methanol (386 grams) was added to the
re<idue from 1000 grams of glyeol beer resulting from the pro-
cedure described in section 1 of the laboratory method. The
wixture was distilled through a 4-foot laboratory column at
t0:1 reflux ratio. This distillation yielded 54 grams of methylal
and 336 grams of methanol.

One hundred grams of 369; aqueous formaldehyde were used
for the recovery of glycol as formal from the beer. The oil which
wis isolated from the beer contained 12 grams of formaldehyde
as 2,3-butanediol formal, 1 gram of formaldehyde as methylal,
and about 1 gram of free formaldehyde. The methylal isolated
in the recovery step contained 22 grams of formaldehyde. The re-
covery of formaldehyde from the beer residue was 1009 of
theory.

HYDROLYSIS OF 2,3-BUTANEDIOL FORMAL

IN PresExce or HybprocHroric Acip. A mixture of 1000
grams of oil (83% by weight of 2,3-butanediol formal, Table I},
isolated from beer, 300 ml of water, 25 ml. of concentrated hydro-

3 The oils which were isolated according to the procedure described in
section 2 of the plant procedure did not contain any methancl. This was
proved by distillation of a sample of this oil which had not been hydrogen-
ated.

TasrLE III. PropERTIEs OF IsoMERs I anD 1I oF 2,3-BrTaNg-
pioL ForMAL IsoLATED FROM GLYCcOL BEER

Isomer I Isomer I1
B,p. (750 mm.), ° C. . 97.0 101.5
B.p. of CBM (750 mm.) with water, ° C. 80.5 83.0
Density d39 0.9417 0.9601
Refractive index n}y 1.3984 1.4055
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RAW AND PRODUCTIVE[ 2 3-BUTANEDIOL RECOVERY FROM FERMENTATION LIQUOR P:foz:ggué‘:_“sb
MATERIALS ~ -
BASIS: 3,000 LB. BEER CONTAINING 3.5% GLYCOL
35,000 GALLONS lr 2800 GALLONS ETHYL ALCOHOL
COOLING WATER 20°C. 150 32,000 120 LB. 20 %
GALLONS woec,  GALLONS g ALCOHOL  SOLUTION
.
3,000 LB,BEER L
3.5 % 2,3-BUTANEDIOL CONDENSER CONDENSER h _f\_—-.{ 2,3-BUTANEDIOL
0.8% ETHANOL ALSO ° | 105 LB.
ACETO!N AND - 89 LB, METHYLAL
BIACETVYL =
w| o+ 40 CALLONS TAILS CUT
H
< 8-10 LBa FORMAL)
40 GALLONS TAILS REACTION STILL o SLYCOL REGENERATION ¢ (RECYCLE)
CUT FROM PREVIOUS 1200-GALLON KETTLE 3 B5-GALLON KETTLE, 30-PLATE
RUN (8-10LB. FORMAL) 30-PLATE STEEL COLUMN H COLUMN, 35MM. PRESSURE
ETHYL ALCOHOL RECOVERY CHARGE 134 LB, OIL LAYER (i19 L8, A 27 LB
CHARGE BEER, TAILS CuT, q GLYCOL FORMAL); ADD 260 LB. CONDENSATE WATER
/ 3
. < METHANOL, 28 L8.WATER, 28 LB.
SULFURIC ACID; DISTIL ALCOMOL J €6° SULFURIC ACID: HEAT WITH
110LB,66° SULFURIC | 107 LB_| AT 611 REFLUX, V.T. 80-90°Cs > WATER AT BOS O GISTIL METHYLAL
ACID T L#T. 102°C.; 6 HOURS REQUIRED, £ T R N oTRAL 28 RECOVERED
&8 L8 TO|BREPARATION AND $ WITH GAUSTIC. DISTIL METHANOL METHANOL
TSR DISTILLATION OF GLYCOL A AT 6:f REFLUX. DISTIL WATER AT 535 GALLONS
FORMAL a TOTAL TAKE-OFF (SAVE AND
100 LB { LFORMAL o]
LB . USE IN NEXT BATGCH),
FORMALDEHYDE | COOL TO 90°C.,ADD FORMAL = : AT 35MM. DISTIL GLYCOL AT
OEHYDE, DISTIL AT TOTAL TARE- | « TOTAL TAKE-OFF, V.T. I(5°C RECOVERED
OFF TO'A CONTINUGUS DECANTER s YeTe L
1 e 5?_% s RETURANING AQUEOUS LAYER TO FORMALDEHYDE
540 GALLONS ALLON COLUMN; V,T.=80 TO 100°C. 10
METHANOL ] 1 HOURS REQUIRED. OIL LAYER Fa— ] SeLs:
260 LB, TO| OBTAINED= 134 LB, (CO)NTAINS
GLYCOL 119 LB.GLYCOL FORMAL DISTIL
RECOVERY| 40 GALLONS TAILS CUT AT 61 METHYLAL HYDROLYSIS [~ 3.7 iecs00i0m
REFLUX; 10 HOURS REQUIRED. METHYLAL 1S CONTINUOUSLY SULFATE
| 2,800 | FORMALDEMYDE RECOVERY CONTACTED WITH (5 % SULFURIC
14000 LB. STEAM | ACID AT 100°C. METHANOL AND
ADD 300 GALLONS OF METHANOL, FORMALDEHYDE ARE RECOVERED 3,000 LB
DISTIL METHYLAL AT 61 REFLUX FROM EFFLUENT VAPOR. sTiCL RESIDUE
26 LB, CONDENSATE (V.T.42° € DISTIL 430 GALLONS al ¢ UNCONVERTED METHYLAL IS 100 LB, SULFURIC ACID
"WATER METHANOL AT 231 REFLUYX, a| @ RECYCLED.
REMAINDER OF METHANOL AT 4t o
(to cuvcoL RECOVERY) REFLUX. 8l 8 14,000 LBsSTEAM
4 CONDENSATE
2.1 LB.CAUSTIC
(TO GLYCOL RECOVERY) 35,000 GALLONS EXIT
COOLING WATER 40°C.

Figure 1.

Preparation of furmal:

CH;- CH—O\,
CHjs-

Glycol regeneration:
H—O/
Methylal hydrolysis:

chloric acid, and 1600 ml. of methanol, was distilled through a 4-.
foot laboratory column at a 10:1 reflux ratio. The results of
this distillation are set forth in Table IV,

TasLe IV. CoxversioN oF 2,3-Buranepion ForvAL TO
2,3-BuTANEDIOL
Boiling Volume of
Range, ° C. Distillate, ML Compn, of Distillate
42-48 1000 Mixt. of methylal and methanol
48-64 300 Mixt. of methylal and methanol
64 360 Methanol
64-105 410 Mixt. of methanol and water

When the vapor temperature in the above distillation reached
105° C., 20 grams of sodium carbonate were added to the residue
to neutralize the hydrochloric acid. Distillation of the residue
at atmospheric pressure gave 686 grams of 2,3-butanediol, boiling
point 178-180° C. Conversion was 949, of theory. :

IN PrESENCE OF SULFURIC Acip. A mixture of 25 pounds of
oil isolated in the plant (procedure described in section 2), 0.75
pound of sulfuric acid dissolved in 3 pounds of water, and 12
pounds of methanol, was distilled through a 4-foot laboratory
column at a 10:1 reflux ratio. After the methylal and excess
methanol had been removed, the sulfuric acid was neutralized
with caustic. The residue was distilled at atmospheric pressure
until the pot temperature reached 140° C. This distillation re-
moved most of the water in the mixture. Distillation of the resi-
due in vacuo gave 17.5 pounds of 2,3-butanediol, boiling point
114-116° C. at 60 mm. Conversion was 949, of theory.

CoNvVERsION OF IsoMER II To MES0-2,3-BUTANEDIOL IN PRES-
ENCE OF HYDpROCHLORIC AcIp. A mixture of 204 grams of the

(CHsy- HCOH): + HCHO —

Flow Sheet for Glycol Recovery

CHi  CH—O\
CH: + H.0
CH;-CH—0O

CH: + 2CHsOH—(CHs- HCOH): + CH:(OCHa)s
CH:(OCHj)s + H:0—-HCHO + 2CH;O0H

higher boiling isomer of 2,3-butanediol formal (Table III), 10 ml.
of concentrated hydrochloric acid, 180 grams of water, and 700
ml. of methanol was distilled through a 4-foot laboratory column
at a 10:1 reflux ratio. After methylal and excess methanol had
distilled, 20 grams of sodium carbonate and 300 ml. of benzene
were added to the pot. The water was distilled as an azeotrope
with benzene. After water had been removed, the residue was
filtered and rectified, and the product was distilled in vacuo. It
boiled at 83.5° C. at 10 mm. pressure. Conversion was 909, of
theory. An undetermined amount of product was held up in the
column.

The product isolated in this experiment melts at 32.5° C. This
indicates that it is meso-2,3-butanediol, which is known to melt
at 34° C. The dI-2,3-butanediol isomer melts at 4° C.

RECOVERY OF FORMALDEHYDE AND METHANOL FROM

METHYLAL

The recovery of formaldehyde and methanol from methylal
was confined to small laboratory experiments. At the time the
present problem was discontinued, the procedure which gave
the best results was as follows: After 250 grams of 109, aqueous
sulfurie acid were heated to 90-95° C. in a 500-ml. round-bottom
fask, methylal was introduced slowly at the bottom.

The vapors which escaped from the liquid were condensed and
collected in a flask connected to a 4-foot laboratory column. The
unconverted methylal was distilled through the column and re-
cycled through the acid solution. Seventy-six grams of methylal
were hvdrolyzed for 2 hours according to this procedure. The
acid solution was distilled into the column flask for 15 minutes in
order to remove methanol and formaldehyde. The distillate
in the column flask was fractionated, and unconverted methylal
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and methanol were collected. The residue from this fractiona-
tion weighed 141 grams and contained 179, by weight of formal-
dehyde. The conversion to formaldehyde and methanol was 0%
and the vield 959 of theory.

COST OF RECOVERY

The chief items to be considered in the cost estimation of the
present process are steam, eooling water, methanol, and formalde-
hyde. Methanol and formaldehyde are recoverable and, under
ideal operating conditions, should not add much to the cost of re-
covery. Therefore, the economics of the present process, like
thouse of distillation and extraction, depend on the consumpiion
of cooling water and steam. Figure 1, a flow sheet for the re-
covery of glyeol from 3000 pounds of 3.5% glveol beer, ix shown
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here to allow a comparison of this process with other processes on
a similar scale.
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PREPARATION OF TECHNICAL DDT

Harry S. Mosher, M. R. Cannon, E. A Conroy,
R. E. Van Strien. and D. P. Spalding
THE PENNSYLVANIA STATE COLLEGE. STATE COLLEGE. Pa.

A study has been made of the effect of time, temperature, acid strength. and excess chloro-
henzene on the condensation of chloral and chlorobenzene in the presence of sulfuric acid to
give DDT. When 98-99 %, sulfuric acid is used with 4 moles of chlorobenzene per mole of chloral
and at a temperature of approximately 15° C. for 5 hours. 95987 vields of DDT can be obtained.

DT is most readily synthesized by some variation of the

original Baever condensation (1) used by Zeidler when the
synthesis of this compound was first reported (20).  Sinee then
various experimental conditions have been deseribed for this
reaction:

ClL,C—CHO + 20C:H:.0l —> CLC--CHUCH Oy + HAO ]

These appear in the Geigy patents (15) and, more recently,
articles by Darling (¢), Bailes (), Iris and Teyva (12}, and
Breckenridge (3). A survey of the literature prior to 184 jor
other possible methods of preparing cormpounds such ws DDT and
for other catalysts such as aluminum chloride (%) did not reveal
any promising alternative. Recently the use of chlorosulionic
acid as the condensing agent was deseribed (76, 17, 193,

Thus the problem was to determine, first, the optimun con-
ditions for the condensation of chloral and chlorobenzene with
sulfuric acid to give DDT and, second, the best method of work-
ing up and purifying the reaction mixture. Our problem wus not
merely a matter of finding the couditions which would give a
maximum yield of DDT, for these conditions might not be the
most economical. Thus technical DDT can readily be obtained
in 97-98¢7 vields (based on chloral) by the use of a large exeess
of both chlorobenzene and condensing aeid,

CONDITIONS FOR CONDENSATION

Preliminary experiments showed that DDT was readily formed
according to Equation I at temperatures ranging from below 0°
to above 60° C. and with sulfurie acid concentrations from 90 to
over 100%;. At the lower temperatures the reaction rate was

1 The term DDT is an abbreviation for the generic nume dichlorodiphenyi-
trichloroethane and refers to the product obtained from the condensation of
chloral and chlorobenzene. This material is primarily 1-trichloro-2,2-bis-
(p-chlorophenyl)-ethane, p,p’-DDT (approximately 73-80%). which melts
at 108.5-109.0° C., uncorrected and is contaminated with 1-trichloro-2-(p-
chlorophenyl)-2-(o-chlorophenyl)-ethane, o,p’-DDT (approximately 15%),
which melts at 73-74° C. uncorrected. The melting point of technical DDT
ranges from 80-94° C.

slow, and at the higher temperatures some decomposition oce-
curred.  This could be counteracted to some extent by using
higher acid concentration at the lower temperatures and more
dilute acid at the higher temperatures; at either low or high tem-
peratures. however, extensive sulfonation of the chloroben-
«zene took place,  Thus one of the primary problems seemed to be
a determination of the temperature and acid concentration at
which produetion of DDT wuas at a maximum while sulfonation
of the chlorobenzene was at a minimum, within the limits of
reazonable reaction time and temperature.

[n order thut the different condensations could be agccurately
compared with one another, a standard method was devised
for condueting the reaction and working up the product. The
following =ection deseribes u tvpieal run in which standard
method 1 was emploved for isolating the technical DT, This
<tandard method wius not neeessarily the best, but it gave re-
producible results and required a minimum of operations which
might result in los< of produet or alteration in the propertics of
the product,  The use of this standard procedure eliminated o
number of variables and made it possible to study the effects of
temperature and acid concentration on the DDT condensation.
Since alterations of the additional variables, represented by mole
ratios of chlorobenzene and chloral and by volume ratios of the
condensing aeid to both of these, would have expanded the work
to an unmanageable extent, the mole ratio of chlorobenzene 1o
chloral was standardized at 2.2 to 1.0 (1097 molar exeess o
chlorohenzene), and a final volume of approximatcely 500 ml. «i
sulfurie acid wax used per mole of chloral.  After the optimum
temperature and zeid concentration were determined under these
conditions, the effect of altering the mole ratio of chlorohenzene
and chloral, the excess sulfurie acid, and the reaction time were
studied.

TYPICAL DDT CONDENSATION

A mixture of 200 grams of 99.09 sulfuric acid, 74 grams (V.5
mole) of chloral purified through the crystalline hydrate, and 124
grams (1.1 moles) of technical chlorobenzene were stirred rapidly



