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1. 

QUENCH BATH REGENERATION SYSTEM FOR 
MICROPOROUS FILM PRODUCTION 

Cross Reference: The present invention is an im 
provement of the invention in commonly assigned, 
copending application Ser. No. 380,403 filed July 18, 
1973 now U.S. Pat. No. 3,876,738. 
This invention relates to an improved method of 

forming film by removing formic acid contaminant 
from a non-solvent system used to quench the cast film. 
More particularly, it relates to controlling the amount 
of formic acid and methyl formate in the quench bath 
during the production of films. 
As described in the aforesaid copending application, 

during production of films from solutions of film-form 
ing polymers in a solvent system comprising formic 
acid, the polymers are extruded or cast into a quench 
bath consisting of a non-solvent system preferably com 
prising methanol and water. Eventually, the bath be 
comes contaminated with the polymer-solvent system 
and the presence of the said solvent system adversely 
affects the quenching capacity of the bath which neces 
sitates replenishment of the quench bath constituents 
either by careful controlled addition or by discarding 
the contaminated bath and replacing with a fresh 
quench bath. Alternatively, the quench bath can be 
freed of contaminants by removal of the undesired 
solvents, as by fractional distillation or by classical 
ion-exchange techniques, from portions of the bath and 
recycling of the thus treated portions to the quench 
bath. Conventional ion-exchange techniques are ex 
pensive and not very efficient, while distillation re 
quires heat, cooling apparatus and substantial appara 
tus, particularly in contrast with the requirements of 
the hereindescribed invention. 

In the preparing of films by casting or extruding a 
solution of a film-forming material in a solvent system, 
the films are usually cast or extruded onto a surface 
which is generally a moving drum or a moving endless 
surface. Depending on the film to be formed the cast or 
extruded film may be exposed for a predetermined time 
to an atmosphere before the film is brought into 
contact with a quench bath or the cast or extruded film 
is immediately immersed in the bath. By controlling 
certain variables such as the film-forming materials, the 
solvent system of the casting solution, the concentra 
tion of the film-forming material in the solvent system, 
the quench bath composition, time of quenching, expo 
sure of the film to an atmosphere prior to immersion in 
the bath, bath temperature, additives in the quench 
bath and/or the solvent system, the properties of the 
resulting film can be altered to desired values. 
The present invention is particularly useful in film 

forming methods involving the casting of a film from a 
dope solution of a film-forming polymer in a solvent 
system comprising formic acid and the quenching of 
said film in a quench bath comprised of a non-solvent 
system comprising methanol for a time sufficient to 
form the desired film. The solvent system is comprised 
of at least one solvent for the polymer and may contain 
one or more non-solvents for the polymer, the amount 
of non-solvent being insufficient to cause precipitation 
of the polymer, and the nonsolvent being miscible with 
the polymer solution. Preferably the polymer is a non 
alcohol-soluble nylon polymer. Such polymers are 
commercially available under the name Plascon (Allied 
Chem.) and Zytel (Dupont). It is known that nylons 
will dissolve in solutions of acids in which it behaves as 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
a polyelectrolyte. Such acids include for example, for 
mic, acetic and similar acids which react with through 
protonation of nitrogen in the amide group characteris 
tic of nylon. Generally, the non-solvents can be water 
and/or lower alcohols, such as methanol and ethanol. 
The formation of the film can be accomplished by 

any of the recognized methods familiar to the art. Al 
though any suitable apparatus may be employed, the 
apparatus shown in the aforesaid copending applica 
tion is preferred. 

In accordance with the present invention there is 
provided a method of preparing a film by casting a film 
from a dope solution of a film-forming polymer in a 
solvent system comprising formic acid, quenching said 
film in a quench bath comprised of a non-solvent sys 
tem preferably containing methanol, contacting said 
quench bath with a heterogeneous esterification cata 
lyst in the presence of methanol to form methyl for 
mate and removing methyl formate from the bath solu 
tion. In a preferred form of the invention, predeter 
mined amounts of the non-solvent system of the 
quench bath are treated in a regeneration system with 
the heterogeneous catalyst system to form methyl for 
mate which is removed and the treated non-solvent 
system is recycled to the quench bath. The preferred 
method is easily adaptable to a continuous process by 
recycling predetermined amounts of the treated non 
solvent to the quench bath while adding predetermined 
amounts of contaminated non-solvent to the regenera 
tion system. 
Although, at present, the preferred quench baths 

comprise methanol, methanol is not absolutely essen 
tial for forming the film and need not be present in the 
quench bath, or may be present in only small quanti 
ties. In such quench baths, the amounts of methanol 
can be adjusted to the level required for esterification 
of formic acid by addition of methanol to the quench 
bath as required. The amounts of methanol required 
are determined by the amount of formic acid present in . 
the quench bath, in turn determinable by chemical 
analysis. 
For maximum efficiency, it is preferred to avoid the 

presence of higher, esterifying alcohols in the regenera 
tion of the non-solvent system which alcohols would 
compete with methanol in esterifying formic acid under 
the conditions employed. The higher alcohols would 
give rise to less volatile esters in comparison to methyl 
formate and would necessitate more vigorous condi 
tions and time-consuming removal, for which reason 
they are preferably avoided. However, the presence of 
minor amounts of such alcohols is usually not critical 
and can be tolerated. For example, ethanol and the 
propanols can be used as the esterifying alcohol to 
remove formic acid from the quench bath, but a much 
higher temperature is necessary to volatilize the result 
ing esters. While the use of such alcohols is broadly 
contemplated by the present invention, methanol is 
preferred for the obvious economy of operation as well 
as ease and efficiency of removal of methyl formate. 
The temperature conditions selected are not critical 

and usually are those which are compatible with the 
esterification reaction, the catalyst and the removal of 
the ester. The esterification and removal of the ester is 
usually carried out at temperatures from ambient to 
below the boiling point of methanol, preferably slightly 
above the boiling point of the ester, e.g. about 35°C. 
When the methanol-containing bath solution is being 
treated in the regeneration system and recirculated to 
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the quench bath, the selected temperature and flow 
rate should be controlled to maintain the treated 
quench bath desirably at optimum levels to obviate any 
adverse effect of the continuously added formic acid 
from the polymer dope solution. 
Heterogenous esterification catalysts are those esteri 

fication catalysts which are immobile with reference to 
the treated system and can be readily removed from the 
bath when indicated. Generally, the bath solution 
should not be readily contaminated by such catalysts to 
avoid the need of further purification of the non-sol 
vent. Such catalysts are easily recognizable by those 
skilled in the art. Moreover, the catalysts may be com 
prised of more than one type, i.e. a mixture of catalysts 
may be used. The preferred catalysts are either strong 
acid or strong base ion-exchange resins which are 
known to catalyze esterification reactions. Of these, the 
acid ion-exchange resins are preferred since they re 
quire shorter reaction time. Such resins are commer 
cially available from the Diamond Shamrock Chemical 
Company under the designation Duolite ES-26 as well 
as from Rohm & Haas under the designation Amberlyst 
15. 
As with any heterogeneous catalyst, fluidizing of the 

catalyst is preferred to obtain maximum efficiency and 
fluidizing with an inert gas is particularly preferred 
since the gas can also serve to purge methyl formate 
from the treated bath. In the preferred form of the 
invention, the flow of the inert gas is sufficient to fluid 
ize the ion-exchange resin and to purge ester from the 
bath. In addition, preheating the inert gas can also 
serve to heat the bath solution. 
The ester can be removed from the bath solution by 

stirring and/or passing an inert gas through the bath 
solution. Although any gas may be used which does not 
interfere with the reaction and does not contaminate 
the treated bath solution, e.g. nitrogen, helium, argon, 
carbon dioxide, and the like, air is preferred because of 
cost and ready availability. 

In utilizing the present process, it is readily possible 
to regulate the amounts of formic acid in the quench 
bath at any desired concentration level. For most pur 
poses, it is sufficient to maintain the formic acid con 
centration at or about 1% by volume of the quench 
bath, although concentrations up to about 5% by vol 
ume or even higher, can be tolerated. The efficiency of 
removal of formic acid can be increased to regulate this 
concentration to even lower concentration levels, i.e. 
less than 1%. 

DESCRIPTION OF THE DRAWING 

In the accompanying single FIGURE of the drawing, 
there is illustrated a quench bath regeneration system 
wherein the present invention may be employed during 
the production of film. 
The regeneration system 10 includes a tank 12, pref 

erably of rectangular construction forming a regenera 
tion bath, and having an upper hooded portion 14. A 
plurality of tubes 16, formed of porous polyethylene, 
are positioned proximate to the bottom of tank 12 and 
communicate with a supply of compressed air through 
a conduit 18. Each of the tubes 16 are covered with one 
cubic foot of Duolite ES-26 cation exchange resin in 
the H- form. 
The upper end of hooded portion 14 extends into a 

duct 20 which communicates through a hood 22 with a 
quench bath tank 24, and with an exhaust duct 26. A 
conduit 28 at the bottom of tank 24 connects with an 

O 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
inlet 30 at the upper side of tank 12 so as to form a 
quench bath level control. The quench bath tank may 
contain a suitable rotating drum 32 and take-up drum 
34 similar to that in structure and operation described 
in copending application Ser. No. 380,403 filed July 
18, 1973 now U.S. Pat. No. 3,876,738. 
Regeneration bath tank 12 has an overflow conduit 

36 extending into a reservoir 38, which includes an 
outlet and return conduit 40 leading into tank 24. The 
condduit 40 includes a filter 42 and a pump 44 for 
conveying regenerated quench bath flow liquid back 
into tank 24 through a control valve 46 and flow meter 
48, while a portion of the flow is recycled to reservoir 
38 through a branch conduit 50 and valve 52. The 
conduit 40 also includes a cold bath 45 to lower the 
temperature of the returning regenerated quench bath 
and a deaerator 49. 
At the inlet side of tank 24 with respect to return 

conduit 40, the tank includes a labyrinth barrier 54 for 
the regenerated flow emanating from conduit 40 so as 
to prevent any turbulence within tank 24 near rotating. 
drum 32. 

In operation regeneration tank 12 is filled with de 
contaminated methanol quench bath solution, while air 
from conduit 18 is forced through tubes 16 so as to 
create a fluidized ion exchange resin bath, thereby 
providing an extremely high contact surface between 
the resin and the solution in the regeneration bath in 
tank 12. The formic acid in the solution is converted to 
methyl formate and removed from the bath by the air 
purge. The methyl formate vapors are exhausted 
through hooded portion 14, duct 20 and duct 26. The 
decontaminated methanol quench bath solution then 
flows through reservoir 38 and conduit 40 back into 
quench bath tank 24. Contaminated methanol quench 
bath solution at the bottom of tank 24 is coveyed 
through conduit 28 and inlet 30 into tank 12 for air 
purge treatment in a continuous cycle. Because metha 
nol liberates large quantities of finely divided air bub 
bles when mixed with water or mixtures of water and 
methanol, the regenerated quench bath solution, which 
is over saturated with air creates problems when circu 
lated to the quench bath. Addition of make-up metha 
nol to the regeneration bath at 30 and cooling the recir 
culating solution at 45 serves to minimize the problems. 
Should the problems still remain an auxiliary deaerator 
49 near the end of conduit 40 should overcome the 
difficulties. The regeneration bath can be heated by 
heating the compressed air supply or by including a 
heating coil (not shown) in the regeneration bath. Al 
though the quench bath regeneration system illustrated 
in the drawing shows the methyl formate and methanol 
being ducted to the atmosphere, it is well within the 
capacity of one skilled in the art to provide a system of 
recovering the same, for example, by using a chilling 
to Wer. 

By determining the rate at which the contaminants 
are introduced into the quench bath, the allowable 
concentration of contaminants in the quench bath, the 
size of the regeneration bath, the minimum residence. 
time to esterify the acid and the recycle flow, it is possi 
ble with the present invention to control the amount of 
formic acid and methyl formate in an aqueousmethanol 
quench bath solution. 

In the actual test runs of casting in a 50% VIV of 
methanol and water quench bath at 25°C., a dope solu 
tion of the following composition is used: 
40 grams Plascon (Allied 8205) nylon 
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100 cc formic acid 
38.1 cc methyl formate 
1.1 cc water . 

In the above composition, the formic acid is the poly 
mer solvent whereas the methyl formate and water are 
the non-solvents. Moreover, the dope formulation used 
contained the following amounts of formic acid and 
methyl formate per cc of nylon polymer dope solution: 
100 cc formic acid/184 cc dope = 0.54 cc formic 
acid/cc dope 

and , . . 
38.1 cc methyl formate/184 cc dope = 0.21 cc 
methyl formate/cc dope 

or the total expressed as formic acid 0.67 cc formic 
acid/cc dope - 
The volume of dope cast per minute was calculated as 
follows: 
Cross sectional area = 36.8 cm. casting width X 
0.0254 casting thickness = 0.935 cm 

Casting rate = 18.2 cm/min. 
Volume of dope cast per minute: 18.2 cm/min X 
0.935 cm = 17 cc/min. 

Volume of formic acid available to quench bath per 
minute is then: 
0.67 cc formic acid/cc dope x 17 cc dope/min. = 

l 1.4 cc formic acid/min. 
The maximum allowable concentration of formic acid 
in the quench bath was arbitrarily set at a 1% level. the 
recycle flow rate, based on the 1% level of formic acid, 
was calculated as follows: 

1.4 cc formic acid 
Min. 

se l 140 cc/min. 
Flow Rate = divided by 0.01 

The minimum residence time required to convert a 1% 
formic acid solution to methyl formate, determined 
from bench experiments, was found to be between 40 
and 60 minutes at room temperature. 
The volumetric capacity of the regeneration bath, 

excluding the 1 cubic foot of ion exchange resin is 84 
liters. For a flow rate of 1.14 liters per minute, the 
residence time was calculated as follows: 

84 liters 
4 tie - = 74 minutes 

A pilot plant size regeneration treatment system was 
constructed based on the foregoing calculations, The 
regeneration system consists of a tank 36 inches X 24 
inches X 10 inches deep, which is fitted with six porous 
polyethylene tubes installed on the bottom of the tank. 
The porous tubes covered with 1 foot of Duolite ES-26 
cation exchange resin in the hydrogen form. In opera 
tion, the tank is filled with quench bath solution, and 
air is forced through the porous tubes creating a fluid 
ized ion exchange resin bed, thereby providing ex 
tremely high contact surface between the resin and the 
solution in the regeneration tank. The formic acid is 
converted to methyl formate and removed from the 
tank via the air purge, The tank is covered with a 
closely fitted hood which carries the methyl formate 
vapors away from the tank. 
The quench bath regeneration system was tested over 

a four-hour period under production conditions. The 
data obtained are shown in Table I. The data show that 
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6 
the regeneration tank was indeed controlling the 
methyl formate and formic acid level. 

TABLE I 

QUENCH BATHIREGENERATION TANK 
ANALYSIS ON DRUM RUN V V 1. 

; Vol.% "; . . . . . Vol.% 
Elapsed Sample Vol.% Vol.% Methyl Formic 
Time Location Water MeOH Formate Acid 

0 O.B. 50 50 - - 
45 R.B. 59 41 <0.01 <0.05 
20 , O.B. . . .51 . 478 . . . . 0.25 0.52 
20 R.B. 59.5 40,5 .004, <0.05 
150 O.B. 50.5 48.5 0.26 0.67 

; , 150 R.B. ' 59.5. . . . 40.5 0.04 <0.05 
180 Q.B. 51.2 . 47.4 0.35 : 0.8 
180 R.B. 59.6 40.2 0.06 <0.05 
20 O.B. : 52.3 46.2 0.48 1.02 
20 R.B. 60. ... 39.9 0.07 , 0.05 
240 Q.B. , 52.2, 46. ..., 0.53 1.12 
240 R.B. ''''' 60.7 39.2 0.07 0.05 

Q.B. - Quench Bath - Sample taken near casting bar 
R.B. - Regeneration Bath - Sample taken at recycle of regeneration bath 

Although this invention has been described with re 
spect to an improved polymer film process as the pre 
ferred mode of the invention, it is applicable to purify 
ing solvent systems which are contaminated by formic 
acid, especially solvent systems containing methanol. 
In this aspect of the invention, the same considerations 
apply to the selection of appropriate conditions as with 
the non-solvent system for the film-forming polymer. 
Many variations of the described process will be 

apparent to those skilled in the art without departing 
from the spirit and scope of this invention which is 
defined in the following claims. 
What we claim is: 
1. In a method of preparing a film by casting a film of 

a dope solution comprised of a film-forming polymer in 
a solvent system comprising formic acid and quenching 
said film in a quench bath comprising a non-solvent 
system for said polymer, the improvement which com 
prises continuously contacting at least a portion of said 
non-solvent system with a heterogeneous esterification 
catalyst in the presence of methanol to form methyl 
formate by esterification of formic acid with said meth 
anol and removing the methyl formate therefrom. 

2. The method of claim 1 wherein the catalyst is a 
particulate strong acid ion exchange resin. 

3. The method of claim 2 wherein the resin is fluid 
ized by air. 

4. The method of claim 1 wherein the methyl formate 
is removed by purging with an inert gas, 

5. The method of claim 1 wherein the non-solvent 
system is heated at a temperature below the boiling 
temperature of methanol. 

6. The method of claim 1 wherein the non-solvent 
system comprises methanol. 

7. In a method of preparing a film by casting a film of 
a dope solution comprised of a film-forming polymer in 
a solvent system comprising formic acid, quenching 
said film in a quench bath comprising a non-solvent 
system for said polymer the improvement which com 
prises, removing from the quench bath predetermined 
amounts of the non-solvent system to a regeneration 
system, contacting the removed non-solvent system 
with a heterogeneous esterification catalyst in the pres 
ence of methanol to form methyl formate by esterifica 
tion of formic acid with said methanol, removing 
methyl formate therefrom by volatilization and recy 
cling predetermined amounts of the treated non-sol 
vent system to the quench bath. 
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8. The method of claim 7 wherein the catalyst is a 
particulate strong acid ion exchange resin. 

9. The method of claim 8 wherein the resin is fluid 
ized by air. 

10. The method of claim 7 wherein the methyl for 
mate is removed by purging with an inert gas. 

11. The method of claim 7 wherein the removed 
non-solvent system is heated at a temperature below 
the boiling temperature of methanol. 

12. The method of claim 7 wherein the non-solvent 
system comprises methanol. 

13. A process for controlling a composition in a pri 
mary liquid system to which formic acid is continuously 
added, said process comprising continuously removing 
a pre-determined portion of the liquid to a zone in 
which it is contacted with a heterogeneous esterifica 
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8 
tion catalyst so that the formic acid therein is esterified 
in the presence of methanol to methyl formate and a 
substantial proportion of said methyl formate is re 
moved; and continuously recycling the resultant formic 
acid deficient stream to the primary liquid system, such 
that the concentration of formic acid in said system is 
maintained at from less than about 1% up to about 5% 
by volume. 

14. The method of claim 1, wherein said non-solvent 
is selected from the group consisting of water, metha 
nol and ethanol, said film forming polymer is a non 
alcohol soluble nylon, and said heterogeneous esterifi 
cation catalyst is a strong acid or base ion exchange 
resin. 

sk ck ck ck ck 


