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I. ESTERIFICATION PROCESS °

A, General description: Refer to flow éheet and accompanying
descriptive matter,

Bo Chemlstry of process: ’(‘
1, General esterification reaction .»"\’10
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Speeding up esterification
1, Catalysis

Mineral acids such as hydrochloric acid or sulfuric are the
strongest esterification catalysts but also tend to cause
decomposition, especially at higher temperatures, In
addition, mineral acids are more corrosive than organiec
acids,

2. Temperature

-,

Reaction rate increases as the temperature rises approxi- -
mately doubling for every 10° rise in temperature, The
limiting factors here are the type of heating equipment
available, and, in the case of low boiling alcohols, the -
excessive loss of alcohol by overheating.

3. Use of a primary alcohol rather than a secondary if possible.
For example, the chamge from secondary butyl alcohol to normal
butyl alcohol made here about 2 years ago cut the esterifica-
tion approximately in half or from 36 hours to 18 hours,

In general, primary alcohols, resist more effectively the
side reactions that cause loss of alcohol such as wers shown
abov'e. '

»
.

L. Pressure

Increasing the pressure under which an esterification runs
will decrease reaction time, but usually calls for more
expensive equipment and safeguards, :

Completing Esﬁeriﬁ.mtion

The esterification reaction is a reversible one, 1.,e., it comes
to a stop when a certain percentage of ester has been produced
usually a relatively small percentage, For example, acid

plus alcohole—e Ester plus water

The equilibrium K = (Ester) x (Water
(AcId) x (Alcohol) is a fixed quantity for

a particular acid and alcohol at a fixed temperature and pressure,
If either the ester or the water is removed the equilibrium is
upset and a more acid and &lcohol react, forming more ester and
water until the constant K is reestablished,

Thus in order to obtain a complete a econversion of. the 2,L-D acid
to ester as pogsible at least one of the two products has to be

removed, In the case of 2,4-D and 2,L4,5-T esters it is easier to
remove water than ester, Two methods are used in plant practice.
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1, Azeotrope

An ageotrope is a gonstant boiling mixture of two or more
1liquid compounds. Both isopropyl alcohol and normal

butyl alcohol form azeotropes with water and thus we are
able to remove water from an esterification by continuously
distilling over the azeotrope, separating the alcohol

from the water and returning the alcohol to the esterifica=-
tion reaction. -Although isopropyl alcohol forms an
azeotrope with water it is also completely soluble in
water, this is not the case with nor tiyl alcohol,

To reduce the loss of isopropyl alcohol ic water going to
sewer, benzol is added to the isopropyl esterificatiom.
Thus a three compoment azeotrope consisting of water,
isopropyl alcohol and benzol is formed which upon cooling
separates into-a water phase containing some isopropyl
alcohol and the benzol-alcohol phase which is returned to
the esterification,

2o Carbon Dioxide

In an esterification containing no volatils matter carbon
dioxide gas may be introduced beneath the surface of the

nixture, Gas bubbles then carry off water as a vapor,
- .

Be Testing Esters

1; Tasts by plant Rersonnel

24

Two tests are carried out by non laboratory personnel,
These are the specific gravity and the acid value or acid

number (which is a measure of the free or unreacted acid

remaining in an ester). After several years of such tests
we have accumilated enough results to predict with reasonable
accuracy from thése data the assay of an estere

Laboratory Tests

Frequent checks are made on the tests made by plant personnel,
In addition a true assay is taksn on shipments of estere

The method used is the one approvedby the Association of
0fficial Agricultural Chemists and consists of igniting a
sample of ester in aParr bomb using sodium peroxide and boric
anhydride, The resulting mixture is then tested for chlorides.

Fo. Specifications of Esters

1.

2.

Technical Ester: Normally sold as 99% ester for volatile
esters and 97% for low volatile,

Formulation Grade Ester: Este# assays from 97-99% ester for
formilations, '
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G, Corrosion

1, The most resistant materials we use arzs

4. Glass and glass-linings

b, Porcelain
¢c. Teflon

do Tantalum

e Gold

f, Haveg

ge Karbate (carbon)

2, Less resistant but still usable arst

a. Monel (corrodes under acid conditions)

b. #316 stainless steel (carrodes under gcid conditions)

3. Non-resistant materials are:

a, Iron (non-resistant to acid conditions only)

be Rubber (non-resistant to solvent action)
- .

¢¢ 8aran, and most plastics (non-resistant to solvent action)

He. Irydr;:lysis of Rster: The isopropyl ester hydrolysas, or
reverts back to acid and alcobol under certain conditlons,
namely, presence of sulfuric acid and at a high temperature.

05000||121_

IT, YIELDSt
. Our standard produstion cost flgures are based upon the following
percentagess ‘
Type of € Acid 4 Excess ~ Allowable Consumption of
Ester " Converted  Alcohol Used  Benzol, gals./lb, of Ester
Butyl=D 90,5 33 -0
Butyl-T 86.,)3 Lo 0.05

. Iso=D 9. 5 0,035
Iso-1 - 8s 62 0404
BEP-D 9le2 1 -~ 0.0
BEP-T 9543 1 0,015
PEG200-D 9he7

10 ' : 0.01

Churye 7~MJ§ <lcobe! ,'4,. - .I accd e
except on how Volodijes
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III, History of Process Developments

Process development in 2,h-D and 2,l,5-T esters has bedn aimed at

either:
A, Lowering costs by:
: L J
1. Decreasing reaction time
2, Manufacturing esters by different methods
3« Decreasing losses, or
L. Decreasing the amount of procsssing required or
B. Producing a more acceptable ester (customer acceptable)
‘ 1t y
0 y*
a0t
, ' o\ (LY
A. Decreasing reaction time: | | a0\, b
[l “‘

1.

24

3.

Catalysist Although several catalysts have been tried in an \\‘ J
effort to speed up esterifications and/or decrease decomposi- b |
tion of the alcohols used, sulfuric acid remains the optimum  L*
catalyst, Among catalysts tridQ have been: benzens sulfonie

acid, alkane sulfonic acid, phosphoric acid, &nd zinc

chloride,

Flash Vaporization: An article in Industrial and Engineering
Chemistry outlined a method for more rapid removal of water .
of reaction. This was acedmplished by pumping the reaction ,
mixture through & heat exchanger, heated with steam, and
allowing the hot mixture to emerge suddenly into a relatively -
large vessel which caused the gzeotrope mixture to flash off
from the ester. The ester is then returned to the esterifier,
Several batches were tried in the plant with varying results,
For example, one batch esterified in 9 hours as agiinat 18
hours normally; however, other batches took nearly twice as
long as normally, Need for the equipment employed elsewhere
forced postponement of this experiment,

Benzol Sparging: The alcohol-benzol mixture from the separator
normally is retwurned to the esterifier into the top. Since
the system the alcohol-benzol mixture returns to is very hot
we belleve that some of the mixture may be flashing off and
not doing its full share of removing water. Accordingly, we
tried to introduce the refluxing benzol under the surface of
the liquid in the esterifier, Mechanical difficulties’ '
caused us to abandon this on one esterifier and we are at
present in the process of installing the system on another

, esterifier,
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he Drying Reflux: In order to attempt to drive off the
last traces of water at the end of an esterification, thus
producing a greater conversion of acid to e ster, we
installed a simple caleium chloride dryer in the line carry-
ing the refluxing alcohol-benzol mixture, No change in
completenpss of esterification was noticed in the several
batche® tried,

Al ternate Methods of Manufacture:

). Chilor acetate: Dr. Ira Weil investigated the possibility .
of manufacturing esters by a "reverse" methode In this method
monochloracetic acld is esterified with the desired alcchol
and the resulting chloracetate ester condensed with 2,L-
dichlorphsnol, The method worked; greatest disadvantage is
that the intermediate chloracetate ester is a powerful
lacrymator causing severe handling problemse

Decreasing Losses: Losses in any process can occur in several
wayse This outline neglects the obvious one such as leaky
valves, broken lines, etce.

1. Vacuum Distillation: Unt:L‘l. about a year ago isopropyl
esters, at the completion of esterification, were distilled
at atmospheric pressure to recover the unused solvents,
Since that time, using a method developed by Mr. 5, Falcone
by neutralizing the crude ester first to prevent decomposition
we have been able to distill under vacuum, By actual checks
on each batch run we now know that no alcohol or benzol is
left in to be lost,

2, Other losses have been checked by eatch tanks in the line
before entering the sewer, more accurate checks on quantity
of acid charged and better acidification for recovery of
the acid,

Decrease in Processing: Unwashed ester: By neutraliging the
excess acid in a crude ester it was felt that an ester good
enough for formulating would be obtained, Darker color and
excassive free acid in the ester caused us to abandon this,

Other Esters:
1, Low volatile esters: Previously made were polyethylene glyecal
eaters of 2,4-D and 2,l,5-T, These have been replaced

because of their poor fuel oil solubility, with butoxy ethoxy
propanol esterse

2, Secondary butyl: ; This ester has been replaced by the normal
butyl as previously mentioned,
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Emlsions in Washing Esters: A problem that gives occasional
trouble in 2,L4D esters and more frequent trouble in 2,L,57
esters 13 the formation of emulsions during the washing procedure
espécially caustic washed, Remedies tried are: :

1, Greater water to ester ratio in washing has been the greatest
help.

2, Sulfuric acid added to an emulsion frequently "breaks" it,
3o Increased agitation sometimes helps.

Le Use of a surface active agent to change surface (interfacs)
tension has been of help frequently, No one method works
all the time and we usually discover the best for that
batch by trial and errore

Iv, FUTURE POSSIBILITIES FOR PROCESS DEVELOPMENT

A,
Be

Ce

D.

Esterify low volatiles at a higher temperature: Suggested
by Mro G. Barker from his experience at Glyco Products, Higher
temperatures would mean faster reactions,

Revive Chloracetate Method: The disadvantage of this method
could be overcome by better design, i.e., @& totally enclosed
system to keep the lacrymator out of the air,

A different azeotrope agent: Use of a higher boiling agsotrope
could mean higher reaction temperatures and hancefaster reactions,
Tolbiol has had some laboratory work done ‘on it and appears to

be one possibility. 1In addition to a higher boiling point

Tolyol is somewhat cheaper, will not solidify during cold

spells, and is somewhat more tolerable in the atmosphere than
benzol,.. - :

Catalystss Although some work has been done, the field of
catalysts for esterification has by no means been e xhausted,

Continuous Esterifications No extensive work has been done on
this subject anywhere but several esters other than 2,4-D have
been prepared continuously, With a low boiling ester the prcblem
is simply one of continuous distillation, with high boiler

such as 2,.-) esters the situation changes,

One method of preparation used was passing a mixture of the
alcohol and the acid down a packed column while injecting carbon

dioxide gas through the bottom, Water vapor wag carried out
the top and ester removed through the bottam,

)
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A possibility exists for adjusting the flash vaporization methad
previously mentioned to continuour esterification, Instead of .
returning the ester separated in the flash chamber it, being .
presumably purer than the mixture in the esterifier, would be -
passed to another esterifier where the flashing would continue,

This process might take 2,3 or more esterifiers in a line, the :
exact number would have to be determined by experimental methods,

P, Different Method of Esterification: There is a possibility of
producing the isopropyl esters by reacting isopropyl chloride
with the sodium salt of 2,4-D. Other esters have been prepared
in this manner; the biggest disadventage is the necesszity of
& high temperature which would probably mean using an autoclave,

Go Umvashed Esters: Although we had poor results using isopropyl
and butyl esters without washing, the fact that low volatile

esters are used this way would seem to indicate that all.
possibilities have not been exhausted, ’

V. PRODUCT DEVELOPMENT
A, Low Volatile

1, The following esters of 2,L4-D and 2,k,5-T have been madé
and because of ease of esterification and lighter color
seem to hold promise; 2-ethyl hexanol, capryl alcohol and -
iso-octyl aleohol, Samples of these esters have been sent
out for field tests, , :

2, Negativd results have been obtained with the followings -
2, Polypropylene glycol 150 = poor fuel o0il solubility, .
bo Ethoxy ethoxy propanol - dffficult to esterify,

¢e Ethylene glycol, di-ethylene glycol-these are solids and
hance difficult to formulate,

d, Butyl ceuogoln-patentodo
8. Butyl carbitol-patented.
Bs Volatile
A mixed ester consisting of iso butanol and normal butanol
esters of 2,k-D has been prepared and is of interest because

of its low freezing point, Bimilar esters have been patentad
for use in Canada. ' .
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