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TITLE
RECOVERY OF POLYAMIDE
USING A SOLUTION PROCESS

Backaround of the Invention

Aliphatic polyamides, particularly nylon 6 and
nylon 6,6 are extensively used for a variety of industrial
and consumer applications such as carpets and automotive
parts. Recycling and recovery of polymer from these
products is important for environmental reasons. Such
recovered polyamide material need to be separated from
foreign materials such as carpet backing, etc. While
there are several approaches to reclamation by chemical
means wherein waste nylon is broken down to low molecular
weight polymer or monomers which can be purified and
reused to make high quality polyamide, these routes are
expensive. It would be desirable to isolate the polymer
with little, if any, loss of molecular weight by some
other techniques.

Aliphatic polymers, 1in general, are soluble in
selected solvents and thus a solutioning process could
offer a route to recycle/recover polymers. The solvents

for nylon are polar, often reactive and need to be handled
with extreme caution for safety reasons. From a

processing point of view, solvents that dissolve
polyamides at elevated temperatures at atmospheric

pressure, and from which the polymer precipitates on
cooling and can be isolated by filtration are preferred.
Certain polyols and carboxylic acids are such solvents,
however, they are reactive and contribute to degradation
of molecular weight of the polyamide. While some loss in
molecular weight can be tolerated, severe degradation
makes the product unsuitable for extrusion purposes (e.d.
fibers and films) and as a molding compound. The present
invention 1s directed to alleviation of this problen.

Summary of the Invention
This invention provides a novel process for

recovering aliphatic polyamide from admixtures with
foreign materials comprising (1) dissolving the polyamide
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in a substantially anhydrous polyol or aliphatic
carboxylic acid having from 2 to 6 carbon atoms at an
elevated temperature; (2) separating any insoluble foreign
material from the polyamide solution; (3) and combining
the polyamide solution with an additional quantity of
substantially the same solvent at a temperature

sufficiently below said solution temperature to quench the
solution and cause the polyvyamide to precipitate; and (4)
recovering the polyamide precipitate.

Detailed Description of the Invention
The process of the invention involves solution

recovery of aliphatic polyamide in a relatively undegraded
state from admixtures with foreign materials present in
scrap or waste products. The foreign material may be
carpet backing, reinforcing fiber such as glass fiber,
other polymers; etc. The polyamide such as
polyhexamethylene adipamide and polycaproamilde etc., may
contain minor amounts of aromatic units within the polymer
chain provided that such inclusions do not interfere with
the solubility characteristics needed for practice of the
invention. More than one aliphatic polyamide may be
present and removed by the present process. The polyamide
of the admixture with foreign material is dissolved 1in a
substantially anhydrous polyol such as ethylene glycol
(EG) or propylene glycol (PG) or in a substantially
anhydrous aliphatic carboxylic acid having from 2 to 6
carbon atoms such as acetic and propionic acids in a
gquantity and at a temperature sufficiently high to
dissolve the polyamide. By "substantially anhydrous" 1is
meant there .is insufficient water present which might
interfere with the recovery process. Water reduces the
ability of the polyol and the acid to dissolve the
polyamide. The solution is then separated from the
foreign materials as by filtration or decanting.

Ssince the solvents are reactive, they tend to
degrade the polymer thereby reducing the molecular welight

and possibly rendering the polymer unsuitable for certain
end-uses. In order to minimize molecular weight loss, it
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is important to rapidly dissolve the polyamide in the
solvent and then to rapidly cool or gquench the hot
solution to precipitate the polyamide from the solution.
The rapid cooling, in accordance with this invention, is
achieved by combining the hot solution with a gquantity of
the same solvent but which is at a much lower temperature.

As the temperature of the combined liquids falls below the
temperature at which the polyamide is soluble in the

solvent employed, the polyamide precipitates and may be
recovered by filtration or by other techniques. By
control of quench solvent temperature, it is possible to
attain any temperature between that of the guench solvent
and the hot solution. 8Since the solubilities of different
polyamides such as nylon 6 and 6,6 are different, this
technique enables the precipitation of a particular
polyamide where more than one is present in the solution
while keeping the other polyamide in solution for

subsequent precipitation.
The advantages of quench cooling with the same

solvent are significant. First, the cooling is achieved

rapidly thereby reducing the time of exposure of the
polymer to the solvent at the elevated solution

temperature with attendant degradation. Second, since the
same solvent 1is used for quenching, recovery of the
solvent for reuse is simplified and does not require
separation of solvent from the quench liquid which would
be a costly solvent recovery process.

EXAMPLES
The following experiments show the decrease in
molecular weight caused by exposure of a nylon solution in

glycol at the boiling point of the glycol. Long time
exposure of the dissolved nylon under these circumstances

is shown to reduce the molecular weight significantly.

Example 1
15 grams of polyvhexamethylene adipamide (Zytel®

101 made by DuPont) was added to a round- necked flask

(250 ml capacity) equipped with a stirrer, reflux
condenser, nitrogen atmosphere and containing 135 g of

3
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ethylene glycol under reflux (7190°C). The nylon was kept

in solution at this temperature for various periods of
time. A similar series was run using propylene glycol as
solvent. At the prescribed time, the assenmbly was
disconnected and the solution was filtered and
precipitated by pouring into a blender containing 700 ml
of room temperature water. The separated solids were then
filtered through a Buchner funnel and washed with
distilled water (300 ml).

in a vacuum oven kept at 85°C.

The recovered solids were dried

The relative viscosity (R.V.) of the polymer (a
measure of molecular weight) was determined at room

temperature by measuring the time of flow in a viscometer,
of a 10% solution of the polyamide in formic acid and
comparing it to the viscosity of the pure solvent.

- Exposure Minutes Relative Viscosity Glvcol
8 34.52 EG
30 19.33 EG
60 12.74 EG
120 4.89 EG
240 2.41 EG
8 43 .09 PG
30 37.83 PG
60 30.90 PG
120 22.31 PG
240 14.71 PG
Control untreated
NYLON 66 48 .47
Example 2

In the following experiments waste nylon about 35
from a used automotive radiator was used.

A - 270 g of ethylene glycol was heated to about
180°C and 52 g of ground nylon from an automotive radiator

R.V.

(contains 33% glass fibers) was added to give an
The admixture was stirred for
The

approximately 10% solution.
18 minutes and the temperature raised to 187°C.
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slurry containing the nylon and the inorganic fillers was
filtered through a preheated Buchner funnel using vacuum
into a vessel containing 27 g of ethylene glycol at about

0°C. The nylon precipitated rapidly. The contents of the
vessel were allowed to cool to about 40°C, and filtered.
The recovered nylon was washed with cold water and dried.
The filtrate from the first quench system was kept
separately, for purification.

B - Experiment A was repeated, except that the
quench glycol was at room temperature. The nylon was
isolated as before.

C - Experiment A was repeated, this time keeping
the glycol used for quenching at 100°C (the 66 nylon comes
out of glycol at around 150-160°C). The resultant
temperature was about 130°C and the nylon precipitated.

It was washed with methanol and water and dried.

In the above experiments the dissolution and
precipitation was carried out in about 30 minutes.

The viscosities of the different samples of
recovered nylon were determined as before. These are

given below.

Run Number RV
A 31.83
B 29.64
C 30.43

These data show that precipitation of the nylon by
rapid quenching with the same solvent recovers the nylon
with minimum loss in molecular weight.

In another experiment, glacial acetic acid was
used as a solvent for the nylon. This carboxylic acid
also tends to degrade nylon 6,6 and lower the molecular
weight. However by rapid dissolution followed by
quenching with cold acetic acid the nylon could be
purified and recovered with little loss of molecular
weight. The following experiments show the utility of
this technigue 1n recovering nylon using acetic acid as

solvent.
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To a 250 ml round bottom flask, equipped with a

stirrer, condenser, thermocouple and a nitrogen
atmosphere, was added 117 g of glacial acetic acid. After

heating to reflux at 118°C, 13 g of brown nylon carpet
fibers (nylon 6,6) about 60 R.V., were added and allowed

to dissolve by heating for 3 minutes. The solution was
filtered under vacuum through a 115 mm diameter filter
funnel with a Whatman #1 filter paper. The funnel had
been preheated to about 165°C to avoid cooling and
precipitation of the nylon from the acetic acid solution.
The receiving flask contained 117 g of room temperature
(about 23°C) acetic acid. The nylon precipitated from the
hot solution on contact with the cold acetic acid in the
flask. The resulting temperature upon combination of the
liguids was about 37°C. The precipitated nylon, as a
slurry with the acetic acid, was filtered under vacuum
through a 3000 ml Buchner funnel. The nylon cake was
transferred to a Waring blender and washed with 300 ml of
deionized water. The washed nylon was again filtered to
remove the water, then dried in a vacuum oven.

The recovered nylon was found to have a RV of 59.9,
indicating that guenching permits recovery of nylon

product with minimal degradation.

Example 4
The process of the invention was applied to nylon 6,6

(Zytel® 101) and to nylon 6,6 from a used automotive
radiator. The relative viscosities of the resulting
products were compared with those of zytel® 101 and of

the nylon part.
RV

Zytel® 101 50

Zzytel® 101 /Dissolved in acetic acig, 51
quenched and recovered

Nylon from automotive radiator 35

Nylon from automotive radiator dissolved
in acetic acid, guenched and recovered 38
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Within experimental error, these data show that these
techniques can recover nylon without significant reduction
in molecular weight.
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CLAIMS:

(1) dissolving the polyamide at a temperature

5 sufficiently high to dissolve the polyamide in a solvent
selected from the group consisting of substnatially
anhydrous polycl and aliphatic carboxylic acid having

from 2 to 6 carbon atoms; (2) separating any
insoluble foreign material from the polyamide solution:

10 (3) combining the polyamide solution with an additional
quantity of the same solvent at a
temperature sufficiently below the temperature of the
solution to quench the solution and cause the polyamide to
precipitate; and (4) recovering the polyamide precipitate.

15

2. A process according to Claim 1 wherein the
polyamide 1s poly(hexamethylene adipamide).

3. A process according to Claim 1 wherein the
20 solvent is substantially anhydrous ethylene glycol.

4. A process according to Claim 1 wherein the
solvent is substantially anhydrous propylene glycol.

25 5. A process according to Claim 1 wherein the
solvent is substantially anhydrous acetic acid.
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