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SUBJECT: Preparation of 2,4,5~Trichlorophencl

The following is a detailed resume and analysis of the work done to dzte on
the preparation of 2,L,5-Trichlorophencl as & basis for plant production:

PRCCZDURS:

The procedure below is for Run Ho. 2. Except for changes in guantiiiss
charged 2=nd tirzes and temperatures of reaction, the same general procedure was
followed in all subsequent runs,

The autoclave was charged with L32 grams (2 mols) of 1,2,L,5~tetracnlorobenzerne,
160 grams (L mols) of sodiwm hydroxide, znd 1000 ce, of methanol, The autoclave
was sealed except for the vent line which was open. The agitator was turned

on and raximm heat applied. Vhen the temperzture of the batch was 68°C. s %he
vent was closed, Heating was centimued wntil a temperature of 180°C wzs reached,
The batch was then held at 180%, as closely as possible, for a period of six
hours. At the end of the reaction period, the agitator was shut off and the batcha
allowed to cool by convection over night,

The following day the batch was heated to 100°C in tze autoclave to distill off
the methanol. Three liters of water were next zdded to the zutoclave and the mix
vas agitated for 15 minutes. This mix was then sivhoned out of the autoclave ad
filtered not (80°C), A rinse of 555 cc. of water was put into tie zutoclave and
stirred for fifteen minutes, This in turn was siphoned from the auvtoclzve znd used
as a rinse for the cake collected on the filtration of the main batch, Thae two
filtrates were combined and cooled to 20%. They were then acidified with s
sulfuric acid and filtered, The filter cake was transferred to a still, water
stripped off, and the product distilled off under va

CcTum .
HESULTS )
A complete itebulation of the runs made showing
is given in Tzble T of thisreport, These dzta show vhat time of reaction,
temperature of reaction, ratioc of tetrachlorocenzene Lo caustic » and volume of
methanol zl] aifect the reaction, Since 2ll of ihese factors are independent
variables, there are limitless combinations of conditions that could be armploj=d,
only z few of which has been examined to date, In addition, the effects of sach
other factors zas purity of raw materials » &ount of walter vresent during sha
Teaction, and subsititution of other reactanis have net seen investigateé.
C::msequentl:r it nust be reazlized that conditions selected for Plant ozeraiion on
f.ne ba;is:' o:” presgn?‘lmm'rledge aTe net necessarily optimtm, although : g£09¢ zroduct
1n satisfactery yielid can be expectad,

conditions, reazctants, and resulis
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In acdition, the feasibility of using the crude trichlorophenol from the autoclzave
without a distillation should be further investigated., Thus far, lx. Zarna has

made one condensation using crude material directly from the autoclzve, IHe obtaingd a
50% yield of off=-color 2,L,5=trichlorophenoxyacetic acid, twhilte this one recsult is
poor, it is, of course, not conclusive and the possibility exists that by proper
manipulation of the autoclave reaction, a crude phenol might be prepared that could be
used directly in meking 2,4,5-T,

PLANT PRCCEDURE

1, Chargz.

" On the basis of the expanded volume zt the rezction temperature, the laboratory
charges are a2pproximately 2/3 of the autoclave capacity. Cperation at 755 of capacity
inthe plant should be feasitle. =Zest results so {ar were cbtained with tetrachloro-
berzene, ceustic soda, and methEmol in wolal retics of 1.6: 2.5¢ 12.2, For a 500

" gallon autoclave this would mezn a charge of 535# of tetrachlorobenzene, 2L7# of
caustic soda, and 980% of methanol, Yield would ve approximately L15# per batch.

In the laboratory the sodium hytiroxide and tetrachlorobenzene were charged as sollds

and the methanol added last. The heat of solution of caustic in methanol is sufficient
to raise the temperatures to 60-65°C. The tetrachlorotenzene, however, is not
zporeciakly soluble at this temperature and the mixture is 2 slwrry from which the
tetrachlorobenzene settles out rapidly. If it vwere desirzble in the plant to make up
this mixture outside of the autoclave, provisions would be necessary to prevent excessive
methanol losses through vaporization and to keep all undissolved materizl in suspension.
In most, but not 211, cases the charge vas made into 2 water-wet auntoclave, The small
2mount of water present had no-discernable effec on the reactlon.

2. Expulsion of air from the autoclave,

This procedure should bve followed until such time as it has been shown on 2 pilot scale
that the presence of zir will not cause oxidation zt the reaction temperzture,

3. TReaction tinme,

The average +time %o heat a2 batch from room temperature Lo reaction temperature was 129
mimutes in the lzboratory. Since it is probeblg that the plant autoclzve can be

heated up in a shorter reriod, a compensating adjustpent in holding time 3t the reaction
temperature will be necessary,

Correspo:‘:c.‘.ing%y, it would be desiratle o cool the tatch as rzpidly as possible once

E}‘:e;reactlon *_icom_::leted, wrich 'f-.fo-:_'i:::.’. ;J..so necessiiate increzzing the holding peried,

=% 1s not possitle fo zccuralely predict the reating and coolinz cycles in the plant

or o compute the exact effect of these cycles being reduced, :
)

that 2 & nr. 20ld period Tve used ftcgether with mindmum heaii

Zoviever, it is suggested
2iing and cooling ser
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L. Reaction Temperature and pressure,. .

ﬂeS‘c results obtained thus fer were for reactions rum at 170°C. Corresponding
pressure was 380 to 395 pounds per square inch.

5. -Removal of methanol,

Tt was found in the laborztory thet very little nethanol di-st:‘.lled:.oi'f after a tatch
tempersture of 100°C vias obtained., This temperzture should accordingly be used as

the -cut off point in the plent. For convenience tke- lakorsiory zutoclave was also
used to distill off metkanol. It may te desireble in the plant to e:::;:t:,r ‘he iutoc:l._ave
as quickly as possitle and use znother vessel for recovery gf the metnanol!.. .Lf t-h:-.so
is to be done, it will te necessary to make the trznsier while the batch is ztove Lo-c,
since it has teen found that at temperatures of 35°C or lower the autoclav:e ag:.ta‘?or
pay be frozen by solids., Zest methonel recovery in the la‘ocratcgr:r sras 755, bub higher
recoveries should be possible if leaks are corpletely eliminated, |

6, Clarification.

The zmount of water used to dissolve the sodium trichlorophenate was designed to give

a 107 solution based on a 1007 yield, Since the sodiun salt 1s very soluble the amowmt
of ':Jater can be cecreased to yeidl solutions wp to 50z ty weight of the sodium salt

if desired.

4 was found in the laboratory that, although the insolubles collected were only atout

2¢ by weight of the tetrachlorobenzene charged, the filtration proceeded slowly unless
f£ilter aid was used, Using filter aid in an ewount epproximately 1/2% by weight of

the total solution mede it possible to filter at a rate of 0,83 gals. per square foot
per minute on a Buchner {ilter, The czke should be wesned with a small amount of

water and the wash water added to the filtrate to minimize loss of product zt this point,

7. Recovery of crude trichlorophenol,

It was determined that a pH of L.0 was required to completely convert the sodimm
trichlorophenate to the phencl, At temperatures zbove 30°C the phenol was obtained
as an ¢il instezd of a solid. In the lzboratory separations were made either Tty
filtering off the solid trichlororhenol at 20-25°C or by separating the oil layer at
50-60°C, either process giving the seme end results, Trichlorophencl cbtained by
separztion from water as an oil layer had the advantage of containing less water and
acid than phenol obtained ty filtration of a solid precipitate, thus facilitating the
subsequent distilla%tion. The interface tetween oil and water is distinct and should
be easily seen in ez sight glass in plant operation.

>, - - - - | 4
50% sulfuric acid was used for this step, However, there is no evidence that other
strengths or other acids would not serve zs well,

8. Distillaticn.

The entire distillztion was performed under vacwm, Since ihe condenser was run warm
to prevent seolidification of trichlorcphenol, the water vapor that came over first was

not cendensed. Consequently 2ll material collected in the receiver was specification-
grace product,
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The end of the distillation is indiczted by two signs: first, the temperature begins
to climb rzpidly; and secondly, the distillzte becomes yellow to brovn instead of
white. The distilletion should be stopped as soon &s these signs zre apparent to
prevent conteminztion of the product and to prevent baking the residue in the ztill.,

Liquid residue should be dropped ho‘c;, irmediately upon completion of the distillation,
¥hen solid residue tuilds up in the still, it can normally be removed by dissolving
in caustic or 983 sulfuric,.

o _
Since the 1, 2, L trichlorophencl has a melting point of 59 to 65 C, it is necessary
to carefully regulate the temperature at which the condenser is operzted,

Chart No. 1 appended to this repert shows the vacuums md corresponding temperafures
2t which satisfactory product was distilled in the laboratory, It should serve 2s a
guide in determining whether distillations are proceeding norrally in planv operation,
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TABLE 1 %
i Preparation of 2,li,5-Trichlorphonol :;
e Tabulation of Laboratory Results :
B _ . - .
. Roaction Conditi 101 Ratio :
| o e Caustic to llethanol, cce - Product i
Run Mo, <p I'axclmun  § llolding Tetrachloro- : TOITINg , '.
P Tomp, °¢  Frcosure | Time, Irs] Benzone Charged {Recovered | Range, C Yicld, % i
. . - -
1 ‘. 325 6 2 1000 — 58-62 T o
— xmas e s " — - S
2 160 450 -6 2 1000 L0 n59«65 83.8 '

3 160 275 6 2 1000 375 6568 72,5
) 160 250 6 3 1000 121 5962 82,5 i
5 140 230 6 y ) | wo | n 5356 8.9
6 170 320 6 2.5\ 1000 2l 59-62 83.2 ' '
7 160 250 6 | 2a% | 1000 | 207 | 59-63 83.5 .
. BE 170 Lo — 2,5 \ 1000 — ‘ e 0
2 170 365 L-1/2 2.5 500 203 | 59-62 7h.8 . :

10 170 365 ) 3 2.5 500 178 ' ., 59-62 k.0

11 170 395 I-1/2 25 1000 666 5963 91,3 -
12 -2 10 380 k-1/2 2.5 1000 752 5962 8.0

% Datch oxidizcd in autoclave during recction and compldbely charrod,
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