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(57) Cette mnvention concerne un procede de s€paration
centrifuge de matieres contenues dans une suspension
dense liquide. La suspension dense comprend une
matiere leégere presentant un poids volumique mférieur
au poids volumique du support liquide et une maticre
lourde présentant un poids volumique supé€rieur au poids
volumique du support hiquide. On njecte un gaz, de
prefeérence de l'air, dans la suspension dense avant
achemimmement de ladite suspension dans un
hydrocyclone.
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(57) This mnvention relates to a process for centrifugal
separation of materials contained 1 a liquid slurry. The
slurry includes a light material having a specific gravity
which 1s less than the specific gravity of the liquid carrier
and a heavy matenial having a specific gravity which 1s
oreater than the specific gravity of the liquid carner. A
gas, preferably air, 1s mjected mnto the slurry prior to
feeding the slurry to a hydrocyclone.
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(57) Abstract

This invention relates to a process for centrifugal separation of materials contained in a liquid slurry. The slurry includes a light
| material having a specific gravity which is less than the specific gravity of the liquid carrier and a heavy material having a specific gravity
which is greater than the specific gravity of the liquid carrier. A gas, preferably air, 1s injected into the slurry prior to feeding the slurry to

a hydrocyclone.

(54) Title: PROCESS FOR CENTRIFUGAL SEPARATION OF MATERIAL
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" The present invention concerns a process for
centrifugal separation of materials contained in a
liquid slurry. More specifically, the invention
concerns such a process wherein the slurry includes a
light material having a specific gravity that 1is less
than the liquid carrier and a heavy material having a
specific gravity that is greater than the liquid
carrier. A gas, preferably air, is injected into the
slurry prior to feeding the slurry to a hydrocyclone,

resulting in an enhanced degree of separation of the
light and heavy materials.

Descrip o)y
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Hydrocyclones have been employed for many years to
separate solid materials of differing specific gravity
from liquid slurries. Separation of light particles
from slurries has been enhanced in the past by
adjusting the specific gravity of the liquid carrier by
addition of salts. However, this results in increased

cost and environmental concerns.

In the paper industry, a variety of reverse
centrifugal cleaning methods have been used to remove
good paper fibers from contaminants of closely similar
or lower specific gravities. A discussion of reverse
centrifugal cleaning is provided 1in Seifert et al.,
U.S. Patent 4,155,839 and Bliss U.S. Patent 4,564,443 .

It has been found that enhanced separation of
light and heavy particles from a slurry containing
light particles having a specific gravity that is less
than the liquid carrier and heavy particles having a

specific gravity that is greater than the liquid
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carrier 1s achieved by injection of air into the slurry
upstream of the hydrocyclone. The process does not
requlre modilfilcation of the hydrocyclone apparatus and,
as a result of the increased'efficiency of separation

5 o¢f the heavy and light components, reduces the number

of passes required to achieve a high degree of
separation. '

SUMMARY OF THE INVENTION

10 The process of thilis invention relates to
separating a first material from a second material in a
hydrocyclone, comprising the steps of: a) providing a
slurry of the first and second materials in a liquid
carrier, wherein the liquid carrlier has a specific

15 gravity less than the specific'gravity of the first
material and greater than the specific gravity of the
second material; b) 1njecting a gas into the slurry to
aerate the slurry prior to feeding the slurry into the
nydrocyclone; c¢) feedlng the aerated slurry into the

20 hydrocyclone to separate the first material from the
second material; and d) collecting the separated first
material and second material.

Preferably, air is used as the gas which is

injected into the slurry and the ligquid carrier is

25 water. In one embodiment, the first material comprises

a polyamide and the second material comprises

polypropylene. Preferably,'the-polyamide 1s either
nylon 66 or nylon 6.

30 > RLPLIION OF THE INVENTION y
The process of the current invention is useful in

the separation of solid materials contained in a liquid
slurry wherein one of the materials has a specific
gravity that is less than that of the liquid carrier

35 and another of the materials has a specific gravity
that is greater than that of the liguid carrier. The
process 1nvolves injection of a gas into the slurry

prior to feeding the slurry to a hydrocyclone.
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Any gas may be used which does not react with the
slurry components. A preferred gas 1s air, which 1is
generally inert and readily available at low cost. The
gas is introduced into the slurry upstream of the
hydrocyclone. Air may be convenlently ilntroduced via a
pump that is used to pump the slurry to the
hydrocyclone. However, the resulting cavitation
generally causes premature deterioratilion in pump
performance. Alternate methods for introducing air
into the slurry include use of static or dynamlc mlXers
upstream of the hydrocyclone.

The air should be introduced at sufficient flow
rate to aerate the slurry. It 1s important that the
air is well dispersed in the liquid stream 1in very
small bubbles when the slurry enters the hydrocyclone,
hence the need to inject 1nto the pump or the use of
in-line mixer. Preferably the air 1s introduced a
short distance upstream of the hydrocyclone to minimize
dissipation of the air bubbles. Alternatively, dynamic
mixers can be used to maintain the aerated condition of
the slurry. The optimum air flow will be dependent upon
the nature and flow rate of the feed slurry and can be
determined experimentally by varying the air flow rate
and observing the degree of separation of the light and
heavy components. It has been found that approximately
12 cf/hr (5.7 1/min) or greater provides good results
for 40 gal/min (2.52 liter/sec) of a slurry containing
0.2 to 0.5 weight percent solids. Generally, the
absence of a foam in the reject stream may be an
indication that the air flow is too low.

Using the process of the current invention,
conventional operating conditions such as slurry flow
rate, back pressure and pressure drop are used. These
parameters are adjusted, as known in the art, to obtain

optimum separation of the various components.

The mechanism of how the improvement in separating

the first material from the second material i1is achieved
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using the process of the current invention has not been
established. However, the effect 1s opposite of that
expected based on a reduction of the density of the
ligquid carrier via aeration. It 1s possible that the
alr migrates rapidly to the center of the hydrocyclone
and carries the lighter component with it, thus
enhancing the degree of separaticn from the heavier
component .

The process of the current invention has been
found to be particularly useful i1n the recycling of
post -consumer carpets 1n processes where the carpets
are size-reduced to liberate the various components
into discrete particles. In a post-consumer carpet
there are generally three predominant components:
backing, face fiber, and backcoating materials. The
lightest of these components 1s generally
polypropylene, which 1s present in the primary and
secondary backing of most carpets. Polypropylene carpet
backing is generally 1n the form of woven ribbons or
nonwoven fabric. In addition, polypropylene is
increasingly being used as the face fiber. Other
common face fibers include nylon and poclyester, which
are of intermediate density. Backcoating compositions
generally contailin the heaviest components, including
binders such as latex and fillers (grit) such as

calcium carbonate.

The process 0of the current invention is
especially useful 1n the recycling of nylon face fiber
post -consumer carpets. The carpets must first be
converted to a form that can be slurried and processed
in a hydrocyclone. It 1s generally desirable to first
sort the carpets by face fiber type. Carpets of like
polymer face fiber (e.g. nylon 66 or nylon 6) are then
size-reduced by suitable means, e.g. with a hammermill,
to pilieces suitable for further size-reduction, After
sifting to remove filled binder and loose dirt, the
remalning fibrous product 1s further size-reduced, such

as with a cutter, to reduce the fibrous material to =
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particle size such that it passes through a screen with

holes less than or equal to about 0.125 1n (0.32 cm).

The resultant product includes material from the face

(e.g. nylon 66 or nylon 6) and backing f(e.g.

polypropylene) layers of the carpet and any residual

backcoating material that was not removed previously.
This resultant product is then slurried in the liquid
carrier, e.g. water. In one embodiment of the current
invention, nylon (first material) 1s separated Ifrom
polypropylene (second material) with water being used
as the liquid carrier. The density of nylon 1s
generally about 1.2 g/cm3 which is greater than the
density of water (1 g/cm3) which is greater than the

density of polypropylene {(about 0.9 g/cm3). It is

understood that the density of the first and second
materials will depend on the crysta:linity and
processing of said materials. In the separation of
nylon 66 from polypropylene, it 1s preferable to heat
the slurry to temperatures of at least 105 deg F, with
a temperature of 140 deg F giving especilially good
separation.

It has been found that the process of the current
invention improves efficiency of separation of
polypropylene from nylon so that, for example, two 3
inch X-clones (manufactured by Black Clawson Company,
Middletown, OChic) 1n series reduces polypropylene
content to less than 2%. This level of purity
necessitated up to five X-clones in series without air
injection.

It should be noted that the results of separation

will vary greatly dependling upon the feedstock used.

If the nylon and polypropylene fibers are more
liberated from the backing and the latex, separation is
easier and contamination 1is less likely.

The separated components may be recycled into
separate end-uses. For example, the nylon 66 component

from carpet recycling can be remelted for use in the

manufacture of automoblle components. Alternatively,
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materials such as nylon 6 or nylon 66 may be further
processed into monomeric or oligomeric components via
chemical recycling. The purified monomers or oligomers

can then be repolymerized for reuse 1n carpet fibers or

other end-use applications.

Examples

A test was run to demonstrate the effect of air

injection on the efficiency of separation of nylon anad
polypropylene fibers in a wet hydrocyclone separation
process. Two Black Clawson hydrocyclones were used 1n
series. The feedstock used was a controlled sample of
post-industrial carpet containing on.iy nylon 6,6 and
polypropylene fibers (no latex or calcium carbonate) .
The feedstock contained 77.1 weight percent nylon 6,6
and 22.9 weight percent polypropylene. The air
injection flow rate, 1n cublic feet per minute, was
varied as shown in Table 1. The water flow rate was
held constant at 400 gallons per minute. The
temperature was controlled in the range of 130 to
135°F. The results are given in Table 1 as percent

polypropylene contamination in the separated nylon 6,6

fraction.
Table 1
Alr flow, cfm T polypropylene
Control 0.0 1.01
Example 1 1.2 0.71
Examplie 2 2.6 0.40
Example 3 3.8 0.62

The best results were seen in Example 2, wherein
2.6 cubic feet per minute alir injection resulted in a

60 percent reduction 1n polypropylene contamination as

compared with no alir 1injection.
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1. A process for separating a first material
from a second material 1n a hydrocyclone comprising the

steps of:

a) providing a slurry of said first and
second materials 1n a liquid carrier, said liqgquid
carrier being selected to have a specific gravity that
is less than the specific gravity of said first
materlial and greater than the specific gravity of said
second material;

b} 1njecting a gas 1nto said slurry to aerate
said slurry prior to feeding said siurry into the

hydrocyclone;

c) fteedlng said aerated slurry into the
hydrocyclone to separate saild flrst material from said
second material; and

d) collecting the separated first and second

materials.
2. The process of claim ., wherein said gas

comprises alr.

3. The process of claim 2, wherein said liguid
carrier consilists essentially of water.

4 The process of claim 3, wherein said first
material comprises a polyamide and said second material
comprises polypropylene.

5. The process otf claim 4, wherein the polyamide

is either nylon 66 or nylon 6.
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