AR AR

AU9223446

(12) PATENT ABRIDGMENT  (11) pocument No. AU-B-23446/92
(19) AUSTRALIAN PATENT OFFICE (10) Acceptance No. 654578

(54)

(51)°
(21)
87
(30)
<2}

(43)
(44)
1)

(72)
(74)

(56)

(67)

Title
METHOD OF SEPARATING POLYETHYLENE (PE) AND POLYPROPYLENE (PP)

International Patent Classification(s)
B03C 007700 BO3C 007/12 B29B 017/00

Application No. : 23446/92 (22) Application Date : 04.07.92
PCT Publication Number : W093/03852
Priority Data

Number (32) Date (33) Country
4127574 21.08.91 DE GERMANY

Publication Date : 16.03.93
Publication Date of Accepted Application : 10.11.94

Applicant(s)
KALI UND SALZ AKTIENGESELLSCHAFT

Inventor(s) )
INGO STAHL; AXEL HOLLSTEIN; ULRICH KLEINE-KLEFFMANN; IRING GEISLER; ULRICH NEITZEL

Attorney or Agent
CALLINAN LAWRIE , Private Bag 7, KEW VIC 3101

Prior Art Documents

AU 23199792 BO3C 7/00
US 4570861

US 3563375

Claim
A process for the separation of a mixture of plastic particles of plastics

of a chemically different type which, however, have approximately the
same density range by an electrostatic separation process by means of
a free-fall separator, whereby the plastic particles are reduced to a
particle size of less than 10mm subjected to air at a temperature of
15°C to 50°C, and a relative humidity of 10 to 40%, thereby
undergoing triboelectric charging, wherein prior to the triboelectric

charging, the plastic particles are subjected to a surface treatment.
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The invention calls for mixtures of plastics materials, in particular materials of similar density such as polyethylene and
polypropylene, to be separated using electrostatic techniques, the mixture being subjected to a surface-treatment operation before

Kunststoffgemenge, insbesondere solche #hnlicher Dichte, wie Polvethylen und Polypropylen, werden auf elektrostati-
schem Wege getrennt, wobei das Gemenge vor der Aufladung einer Oberflachenbehandlung unterworfen wird.
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Method for separation of polyethylene (PE)
and polypropylene (PP)

The present invention relates to a method for separation of synthetic material
fragments of a mixture of synthetic materials of different chemical types, which
possess approximately the same range of densities, for example, polyethylene (PE)

and polypropylene (PP) by electrostatic separation using a free-fall separator,

The polyolefines, polyethylene (PE) and polypropylene (PP), belong to the most
commonly-used solid synthetic materials. They therefore represent the predominant
portion of synthetic plastics materials occurring in waste. The density of PE lies in
the range between 0.92 and 0.97 gm/cms, and that of PP lies in the range between

0.9 and 0.91 gm/cm3,‘

Many utility- and single-use-articles consist of these synthetic plastics materials. An
example of this is medicinal single-use syringes. Single-use syringes consist of a
cylinder made from polypropylene and a plunger made from polyethylene. After
removal of the injection needle, they are thrown away as rubbish and, up till the
present time, they have largely been disposed of by burning. The trend in the
waste material sector today is towards recovery of the materials. In many hospitals,
there are already pilot projects for the collection of synthetic plastics material

articles for re-cycling.

The amount of synthetic material in syringes consists of approximately equal parts
of PE and PP. There is no particular demand for such mixtures and there is thus
little or no profit to be made from them. There are even re-cycling enterprises

which demand payment for their remowval.
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In contrast to this, for re-cyclates of a single type of material there is a profit to be
made which is related to the price of the new material and can amount to as much
as 60% of the price of new material. As the result of this it is economically attractive

to be able to separate such mixtures into their components.

According to the present state of the art, the following possibilities exist for the

separation of such types of mixtures of synthetic plastics materials.

1. Sorting by hand This method is employed on a large scale in re-cycling
operations for the want of better methods, although it involves very high labour

costs and is therefore uneconomical,

2. Sorting by density does not appear to be a very successful method, because PE
and PP have similar densities and their separation by means of a water-alcohol
mixture having a density of 0.91 has not found any practical application. From this
it may be seen that a density separation based on water, because of the densities

of the two substances being substantially the same, is not possible.

The separation of mixtures of synthetic materials in a free-fall separator is described
in the DE-PS 30 35 649. However, the known procedure cannot be utilised for the
separation of the afore-named synthetic plastics materials because, in the
triboelectric charging of the mixture of synthetic materials, the different synthetic

plastics materials PE and PP are not selectively charged.

The result of this is that, in the passage through the free-fall separator, a very
substantial amount of middlings is produced, that is to say, the fragments of
synthetic material carry a very small charge which is not sufficient for their

deflection in the electrostatic field. Frequently, the charging is quite un-selective.




- 2a -

The objective to be achieved by the invention is therefore to develop a method of
the type initially referred to in such a way that, in particular in the separation of PE
and PP, a higher degree of purity of each of the synthetic plastics materials
involved will be achieved, in which case the amount of middlings obtained will be

kept as small as possible.

In accordance with the present invention, there is provided a process for the
separation of a mixture of plastic particles of plastics of a chemically different type
which, however, have approximately the same density range by an electrostatic
separation process by means of a free-fall separator, whereby the plastic particles
are reduced to a particle size of less than 10mm subjected to air at a temperature
of 15°C to 50°C, and a relative humidity of 10 to 40%, “hereby undergoing
triboelectric charging, wherein prior to the triboelectric charging, the plastic

particles are subjected to a surface treatment.

;‘.?1 . 12/9/94DK 234486.5PE, 2
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the type initially referred to in such a way that, in particular in the separgtion of

PE and PP, a higher degree of purity of each of the synthetic plasfiés materials

involved will be achieved, in which case the amount of middling$ obtained will be

kept as small as possible.
In accordance with the present inven is objective may be achieved by

subjecting the mixture of synthetic ipdterials to a surface treatment before the

e

The caustic soda solution is preferably diluted to such an extent that a solution of

caustic soda is obtained having a pH-value of approximately 10 - 12.

Experiments have shown that a surface treatment with the appropriate substances
will yield good results in the free-fall separator, which is evident, in particulaz, from
the high degree of purity of the fractions, and also from the relatively small amount

of middlings obtained.

The explanation for this appears to be that the caustic soda solution produces a
change in the surface of the synthetic material in such a way that a better

triboelectric charging is made possible.

Before the actual surface treatment, the mixture of synthetic materials, preferably

comminuted to fragments having a size less than 10 millimetres, preferably less
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than 6 millimetres, is freed from foreign substances, such as paper for example, and
washed clean with water. In accordance with a special feature of the invention,
mineral acid or alkaline solution is added to the cleansing water, during the
cleansing process, in which case, however, the degree of dilution, characterised by

adjustment to the appropriate pH-value, must be maintained.

After the cleansing process, if necessary with the addition of alkaline solution or
mineral acid, and if necessary after the washing of the mixture of synthetic
materials with clear water, it is dried in de-watering equipment, for example a

centrifuge, to a moisture content of approximately 2% or less.

Subsequently the mixture of synthetic materials is subjected to heat treatment at a

temperature in the range from 70 to 100 °C during not less than 5 minutes.

This treatment also serves to alter the surface with the objective of achieving a

better triboelectric charging of the individual fragments of synthetic material.

After the temperature treatment, in accordance with another advantageous feature
of the invention, fatty acid is added at the rate of 10 - 50 mg/kg of mixture of

synthetic materials.

It has been demonstrated that, on the basis of this preliminary treatment and here,
in particular on the basis of the preliminary treatment with acid or alkali solution,
it is satisfactory if the free-fall separator operates at a field strength maintained at
only 2 - 3 KV/em, in order to promote the deposition of the fragments of synthetic
material on the appropriate electrodes. With such a comparatively low field
strength, corona discharges, such as could occur at higher field strengths, are
avoided, and consequently the possible ignition of the fragments of synthetic

material, or a probable dust explosion, is avoided.

sy er o -
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The triboelectric charging of the mixture of synthetic materials is introduced into

a fluidised-bed drier.

The triboelectric charging itself is effected, after the temperature treatment at a
temperature in the range from 15 to 50 °C, preferably from 20 to 35 °C, with a
relative humidity of the surrounding air of 10 to 40%, preferably 15 to 20%. The
charging itself may be effected in a fluidised-bed drier or in a spiral screw conveyor
of sufficient length. The charging may equally well be possible by forwarding the

mixture of synthetic materials over a specified distance by pneumatic means.
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The method of the invention is explained in the following two examples:

Example 1

¥ Discarded syringes from a hospital were comminuted in a cutting mill. The mixture
of fragments obtained had a PP-content of 51.1% and a PE-content of 49.9%. The
5 mixture of fragments was washed, centrifuged and dried in a fluidised-bed drier at
80 ° ~ for a period of 6 minutes and, after cooling, it was charged for a further 3
minutes in the fluidised-bed at 25 °C and 21% relative humidity. However, before
the charging in the fluidised-bed, fatty acid to the extent of 50 milligrams /kg of
synthetic material was added.

10 The following results were obtained from the separation:

Analysis (degree of purity) Yield (amount)

Eff. amt. (%) | %pE gp | @ | @
P M NP M NP M NP M NlP M N
16,8 7,2 %,40%,9 55,2 3,9 13,1 47,5 2,11 89,0 7,8 3,6 12,9 6,3 %2

15 for explanation:

P = positive electrode
N = negative electrode
M = middlings

1> From the fragments of the synthetic mixture derived from discarded syringes,

i
¥

20 outstanding results were obtained after washing, drying at a higher temperature,
- conditioning with fatty acid and charging at a temperature slightly higher than

room temperature.
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Example 2

A dried mixture of fragments of PP/PE from comminuted bottles had a PP-content
of approximately 57% and a PE-content of approximately 43%. The mixture was first
of all treated with 4% caustic soda solution and then washed with water,

centrifuged and dried in the air for 20 hours.

The mixture was charged in a fluidised bed for 3 minutes at a temperature of 25 °C

and 11% relative humidity and then separated in a free-fall separator.

The following results were obtained from the separation:

Analysis (degree of purity) Yield (amount)

Eff. amt. (%)| 3 PE g ) @ | ()
P M NP M N|P M NP M NP M N

41,1 15,8 43,ﬂ 8,2 2,7 6,8111,8 73,393,2118,5 9,7 6,8 18,6 20,4 71,0

It was found that washing with diluted caustic seda solution led to useful results

from the separation.
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Example 3

Discarded syringes from a hospital were comminuted in a cutting mill and, after

different drying procedures, was separated in a free-fall separator.

The mixture of fragments obtained had a PP-content of 57.6% and a PE-content of

42.4%.

a)  The mixture of fragments was heated in a fluidised-bed drier at 80 °C for a

period of 6 minutes and, after cooling to 30 °C, it was charged for a further

3 minutes in the fluidised-bed at 30 °C.

b)  The same mixture was charged for 5 minutes in a fluidised-bed at 30 °C.

<) The same mixture was charged for 5 minutes in a fluidised-bed at 80 °C.

The following results were obtained from the separation:

Analysis (degree of purity) " Yield (amount)

Eff. amt. (%)

%

y Rd

PE (%)

PP (3)

P M N

P M N

P M N

P M N

P M N

a) 36,8 28,5 35,0
b) 29,1 63,6 7,3

163,2 40,9 14,3

40,8 44,7 40,8

e¢) 50,9 19,9 26,2

42,5 51,1 46,5

16,8 59,1 85,7
59,2 55,3 59,2

57,5 48,9 53,5

64.6 24,8 10,6

il

27,4 65,7 6,9 |
47,7 22,4 29,9

11,6 31,8 5,6
30,3 62,0 7,6

53,6 17,8 28,6

According to this, it is advantageous to dry the mixture of fragments first of all at

a relatively high temperature and then charge it at a moderate temperature.

=
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The claims defining the invention are as follows:-

A process for the separation of a mixture of plastic particles of plastics
of a chemically different type which, however, have approximately the
same density range by an electrostatic separation process by means of
a free-fall separator, whereby the plastic particles are reduced to a
particle size of less than 10mm subjected to air at a temperature of
15°C to 50°C, and a relative humidity of 10 to 40%, thereby
undergoing triboelectric charging, wherein prior to the triboelectric
charging, the plastic particles are subjected to a surface treatment.
The process as claimed in claim 1 whereby the_plastic particles are
reduced to a particle size of less than 6mm.

The process according to claim 1 or 2, wherein for the surface
treatment, the plastic particles are contacted with a mineral acid.

The process according to claim 1 or 2, wherein for the surface
treatment, the plastic particles are contacted with an alkali lye.

The process according to.any one of the preceding ctaims, wherein prior
to the surface treatment, the mixture of plastic particles is cleaned of
foreign substances, including paper, by water.

“i'he process according to any one of ¢laims 3 to 5, wherein the mineral
acid or alkali lye is added to the cleaning water.

The process according to claim 6, wherein after the surface treatment

with mineral acid or alkali lye, the mixture of plastic particles is washed

with clear water.

The process according to anyone of claims 5 to 7, wherein the mixture
is dried to a residual water proportion of less thant 2% by dehydration
aggregates, including a curved screen or centrifuge.

The process according fo claim 8 wherein after the drying by
dehydration aggregates, the mixture of plastic particles is subjected to
a temperature treatment at 70 to 100°C over a time period of at least
5 minutes.

The process according to claim 9, wherein after the temperature

12/9/94DK234486.5PE,9
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treatment, 10 to 50 mg fatty acid per kg mixture is added to the
mixture.

The process according to any one ¢f claims 3 or 7 to 10, wherein
diluted hydrochiloric acid is used as mineral acid.

The process according to claim 11, wherein the dilution of the
hydrochloric acid is selected in such a way that a pH of approximately
3 is obtained.

The process according to any one of claims 4 or 7 to 10, wherein
diluted soda lye is used as alkali lye.

The process according to claim 13, wherein the dilution of the soda lye
is selected in such a way that a pH of 'approximately 11 to 12 is
obtained.

The process according to claim 1, wherein the mixture of plastic
particles is passed through a spiral worm.

The process according to claim 1, wherein the mixture of plastic
particles is conveyed pneumatically.

The process according to any one of the preceding claims wherein the
mixture of plastic particles. is a mixture of polyethylene and

polypropylene particles.

this  12th day of September 1994.
KALI UMD SALZ AKTIENGESELLSCHAFT
By their Patent Attorneys:

CALLINAN LAWRIE /
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ABSTRACT

Mixtures of synthetic materials, in particular those of similar density, such as
polyethylene and polypropylene, are separated into their individual components
by electrostatic separation, in which case the electrostatic separation is preceded by

5 a surface treatment,
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