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[57] ABSTRACT

Municipal refuse is treated to produce a particulate
mixture consisting essentially of its organic constituents
substantially free of inorganic materials, the particles In
the mixture being of less than a predetermined maxi-
mum particle size, and the mixture also being charac-
terized on a volumetric unit basis by (a) substantial
homogeneity of component materials, (b) substantial
uniformity from the standpoint of distribution of parti-
cle sizes, (c) substantially uniform moisture content,
and (d) substantially uniform fuel value. This mixture
has many possible uses, including directly as fuel, as
raw material for conversion by pyrolysis or hydrogena-
tion, as raw material for the production of hardboard,
and as compost or landfill.

10 Claims, 1 Drawing Figure
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FUEL BY-PRODUCTS OF MUNICIPAL REFUSE

Matter enclosed in heavy brackets[ Jappears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation-in-part of applica-
tion Ser. No. 94,084, filed Dec. 1, 1970, now U.S. Pat.

No. 3,736,223 issued May 29, 1973 which is a con-
tinuation-in-part of application Ser. No. 14,431 filed
Feb. 26, 1970 and now abandoned, and it is also a

continuation-in-part of application Ser. No. 99,534
filed Dec. 18, 1970 now U.S. Pat. No. 3,714,038 issued

Jan. 30, 1973. Specific reference is also made to my g

U.S. Pat. No. 3,549,011 and my patent with Earl T.
Blakley No. 3,549,010, both issued Dec. 2, 1970.

BACKGROUND OF THE INVENTION

Solid waste materials of the type typified by munici-
pal waste have traditionally presented problems of
disposal which have become increasingly critical In
recent years as a result of not only a rapidly increas-
ingly population but the compounding difficulty of a
drastic increase in per capita production of solid waste.
Conventionally, such solid waste has been disposed of
by such means as incineration and landfill. Obviously,
with the ever increasing concern with problems of nat-
ural resources and the dwindling supply of acreage
suitable for landfill operations within a reasonable dis-
tance of population centers, both of these methods of
solid waste disposal are becoming less acceptable.

At the same time that both population and the per
capita production of refuse have been increasing, the
consumption of paper products has also shown a dra-
matic rise. Largely accountable for this rise has been
the supplanting of metal, wood and glass as packaging
materials by paper and the increased use of paper dis-
posables such as paper cups, plates, napkins, and in
more recent years garments and bedding. As a result,
the proportion of municipal refuse constituted by paper
products presently approaches, and in all likelihood
will soon exceed, half of the total amount of such re-
fuse. Thus the composition of typical municipal refuse
by undried weight has recently been analyzed by Amer-
ican Paper Institute as follows:

TABLE 1
Glass, ceramics and stones 1%
Metal R%
Wood 1%
Garbage 12%
Orass and dirt 0%
Textiles 3%
Plastic film 2%
Leather, molded plastic and rubber 2%
Paper 46%

In “An Interim Report; 1968 National Survey of
Community Solid Waste Practices,” U.S. Dept. of
HEW, Environmental Control Administration, the typi-
cal composition of municipal refuse is given as follows:
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TABLE II
. Component Wet Basis % Dry Basis %
Metals 9 11
Olass 8 10
Dirt 3 3
Food Waste 19 17
Plastics 4 5
Yard Waste 4 4
Cloth 3 3
Wood 2 2
Paper 48 45

In a similar analysis made by the assignee of the pre-
sent invention, the constituents of municipal refuse for
a particular community were found to be as follows:

TABLE III
Components Wet Basis % Dry Basis %
Metals, glass and dirt 20 27
Food wastes, cloth,
plastic, wood, vegeta-
tion and other organics 30 20
Paper 30 53

Such wastes average 75 percent solids and 25 percent
liquids, although the liquid portion has been observed

to vary between 20 percent and 40 percent.
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SUMMARY OF THE INVENTION

The above applications describe new methods and
systems for treating municipal refuse, not only in prep-
aration of ultimate disposal, but also for processing 1in
such manner as to recover various of its component
materials of sufficiently high quality that their recovery
is both economically feasible and commercially attrac-
tive, typical such recovered components being ferrous
metals, aluminum, glass, and papermaking fibers. The
invention described and claimed below is specifically
directed to the recovery for reuse of another category
of the components of municipal refuse, namely the
organic residue from which the inorganic materials
have been removed.

In the preferred practice of this invention, municipal
refuse is first treated in pulping apparatus to reduce as
many as possible of its frangible constituents, both
organic and inorganic, to 2 pumpable slurry of mixed
particles in an aqueous carrier, and with all of the parti-
cles in the slurry being of less than a predetermined
maximum size. This slurry is then subjected to one or
more cleaning operations capable of removing substan-
tially all of the insoluble inorganic materials, namely
the metals, glass and ceramics, stones, and other “grit”
or dirt.

Upon completion of these steps, the solids in the
resulting slurry will be a particulate mixture consisting
essentially of paper fibers and the other organic materti-
als listed in the foregoing Tables, but in relatively much
more dilute concentration because of the consistency
requirements of the pulping and cleaning steps. Up-
wards of 65 percent of these solids will be paper fibers,
and it is contemplated that the best of these fibers may
be removed by selective screening for reuse, since the
present invention is particularly concerned with reuse
of the other organic materials in the slurry.

Whether or not some of the paper fibers are recov-
ered separately, the slurry of organic matenals should
be dewatered to a substantially higher solids content,
e.g. 30-60 percent, before further processing. The
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product resulting from this stage of treatment will be a
particulate mixture consisting essentially of the above
organic constituents of municipal refuse substantially
free of inorganic matenials, and with the particles in the
mixture all being of less than the desired maximum
particle size. In addition, examination of the mixture on
any convenient volumetric unit basis will establish that
it possesses a high degree of uniformity from the stand-
point of (a) homogeneity of its component materials,
(b) distribution of particle sizes, and (c¢) moisture con-
tent.

The unique physical charactenstics of this mixture
outlined in the preceding paragraph contribute to its
use for a variety of purposes for which it is also espe-
cially suited by reason of additional properties. In par-
ticular it has uniform and relatively high heat value,
namely, 7,500-8,000 BTU per dry pound, which can be
uttlized 1n a vanety of ways. For example, if the residue
material 1s incinerated as a means of ultimate disposal,
the heat generated by its combustion can be recovered
by a suitable heat exchanger for reuse. The mixture is
an ideal raw material for treatment such as pyrolysis or
hydrogenation, as disclosed in application Ser. No.
99 554, 1n order to convert it to activated carbon or
other forms of fuel. It is also suited for direct combus-

tion as the fuel for a power boiler designed for fossil
fuels. It is particularly advantageous for fuel use be-
cause of its low sulfur content. Other advantages and

applications of the invention are pointed out hereinaf-
ter.

A BRIEF DESCRIPTION OF THE DRAWING

The single FIGURE shows alternative process steps
involved in producing the product of the present inven-

tion.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

For purposes of illustration, the present invention

will be described in conjunction with the treatment of 40

municipal refuse having the general range of compo-
nent materials listed in groups in Table I11. This hetero-
geneous material 1s deposited in a treatment vessel 10
with sufficient water to dilute 1t to a solids content of
the order of 4 percent to 6 percent, and subjected to
mechanical and hydraulic shear forces of sufficient
intensity to reduce the relative frangibility portions of
the refuse to a pulpable consistency. Patent No.
3. 595,488, of which I am a co-inventor, shows a treat-
ment vessel particularly suited for this purpose and
from which the reduce frangible portions of the sohd
waste may be continuously extracted for further treat-
ment.

With this type of treatment vessel, relatively infrangi-
ble matenials, mainly consisting of inorganics such as
metals, are readily withdrawn separately from the
sturry for disposal through salvage or other appropnate
methods. The frangible materials, on the other hand,
are reduced to a maximum particle size determined by
the hole sizes in the perforated extraction plate with
which the vessel is equipped, and preferred results for
the purposes of this invention have been obtained with
circular holes | inch in diameter.

The slurry of relatively frangible materials, extracted
from the treatment vessel, including both organic and
inorganic components, is then readily separated cen-
trifugally by a liquid cyclone 11 or similar apparatus
into a primarily organic fraction and a primarily inor-

4

ganic fraction. The inorganic fraction, which consists
mainly of aluminum and glass, may be subjected to
separate salvage operations for recovery of the valu-
able components thereof or other disposition. The in-
vention is concerned with the organic materials in the

~ accepts fraction from the liquid cyclone, which typi-
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cally includes approximately 70 percent to 80 percent
of the original solid component materials of the refuse,
with paper fibers constituting about two-thirds of the
total.

This primary organic fraction will be in highly dilute
condition when it leaves the liquid cyclone. If it is de-
sired to utilize 1t without further subdivision, this can be
done, but the surplus water should first be eliminated at
a suitable dewatering station 12 such as a screw press.
It is desirable to provide a mix tank 13 ahead of the
dewatering station 12, and this mix tank should be of
relatively large capacity for example 30,000 gallons, to
provide for increased homogeneity of the slurry by
effective averaging of the residue of the refuse deliv-
ered to the treatment vessel 10.

The dewatered particulate mixture will possess all of
the charactenstics of uniformity outlined above, and as
already indicated, the maximum particle size will have
been determined by the size of the holes in the extrac-
tion plate from the treatment vessel. Tests show that
the largest particles will ordinarily be pieces of plastic
sheeting which may be as large as a couple of inches
square but which were able to pass through I-inch
holes because they were rolled or wadded sufficiently
to do so.

A substantial portion of the paper fibers contained in
the accepts fraction from the liquid cyclone are of
sufficiently high quality to justify their reclamation for
reuse as disclosed in application Ser. No. 94,084. The
primary steps for this purpose are represented in the
drawing as comprising stations 15, 16 and 17 for suc-
cessive steps of coarse screening (0.125 inch perfora-
tions), fine screening (0.062 inch perforations), and
the selection of the relatively long fibers and their de-
livery to a recovery station 18. Each of these steps
results In a substantial reject fraction, which will usu-
ally include in the aggregate more than 50 percent of
the paper fibers and all but a very small minor fraction
of the other organic solids. As shown in the drawing,
each of these reject fractions is delivered to the mix
tank 13 prior to dewatering at station 12, The extent of
dewatering may be controlled as desired within the
capacity of the particular dewatering apparatus, and in
accordance with the end use of the dewatered product,
a practical range being a solids content of 30 to 60
percent on an oven dry basis.

It will accordingly be apparent that the only signifi-
cant difference between the product produced by de-
watering the accepts fraction from the liquid cyclone
and the product produced by combining the reject
fractions from the successive steps for fiber recovery is
that the latter product will contain approximately half
as much paper fiber as the product. Otherwise, these
products will possess the same properties of substantial
homogeneity of component material, substantial uni-
formity from the standpoint of maximum particle size
and distribution of particle sizes, and substantially uni-
form moisture content.

In the practice of the invention, if there is a market
for reclaimed paper fiber within a convenient shipping
range of the waste treatment plant, it will be advanta-
geous to recover the best of the paper making fibers as
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described in my above Pat. No. 3,736,223, since they
should have a substantially higher salvage value for that
purpose than as part of the organic residue. This in turn
will have the effect of reducing the paper content of the
residue to approximately 60 percent of the total of solid
materials on an oven dry basis, which also offers advan-
tages for some uses of the mixture and does not detract
from its advantages for other uses.

To amplify the point just noted, if the organic mate-
rial is to be used as raw material for the production of
hardboard by heat and pressure, removal of some of
the paper increases the percentage of plastic remaining
in the mixture to as much as 8 percent or higher, and
this may be adequate by itself as a binder for the other
components. Similarly recovery of the fibers of the best
quality will result in increasing the percentage of fines
in the residue, which will contribute to the density of
hardboard produced therefrom.

If a screen with 0.125-inch perforations is used at the
coarse screening station 15, the material rejected
thereby is well suited for use by itself for the manufac-
ture of hardboard, because it will contain most of the
original plastic, wood particles, and textiles as well as a
substantial quantity of paper fiber. The composition of
a typical example of this reject material will comprise
approximately 40-50 percent paper, 15-25 percent
plastic, and 20-25 percent textiles and wood particles,
with this entire mixture totalling approximately 10-15
percent of the organic solids extracted from the treat-
ment vessel 10 through perforations 1 inch in diameter.
Further. if this material is used by itself, the reject from
the fine screening and fiber selection steps is also well
suited for conversion to a better grade (cleaner and
finer material) hardboard with the aid of a conven-
tional binder resin, heat and pressure.

Selective removal of paper is also desirable if the
organic residue is to be used as compost or landfill,
because paper is more resistant to biological decompo-
sition than the other components of the mix. If, on the
other hand, the organic residue is to be used as fuel,
either directly or after subjection to pyrolysis or hydro-
genation, removal of some of the paper does not de-
crease the fuel value of the remainder of the mix. An-
other possible use for the material of the invention is
conversion to animal food, such as for cattle, in which
case the paper can be retained because its cellulosic
composition has nutritional value.

The physical properties of the mixture contribute to

its use for each of the purposes noted above. In partic-
ular, the controlled maximum particle size and the
uniformity of distribution of component.materials and
particle sizes in a given volunietric unit provide other
attributes of the mix, including fuel value, minimized
bulk, consistency of hardboard made therefrom, and
uniform rate of decomposition as compost or landfill.
These physical properties, together with the high
percentage of fibrous constituents in the mixture, are
also advantageous if the mixture is disposed of by
incineration, particularly, if, as disclosed in my joint
Pat. No. 3.549,010 with Earl T. Esludge} Blakley
sewage sludge is added to the slurry In conjunction
with the dewatering step.
" While the product herein described constitutes a
preferred embodiment of the invention, it is to be un-
derstood that the invention is not limited to this prod-
uct, and that changes may be made therein without
departing from the scope of the invention.

What is claimed is:
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[ 1. As a new product, a particulate mixture consist-
ing essentially of organic consistuents of municipal
refuse substantially free of inorganic materials, and
prepared by a process comprising the steps of:

I. depositing solid waste materials including rela-
tively frangible and infrangible organic and inor-
ganic solids and a liquid medium in a treatment
vessel,

2. subjecting said solids in the presence of said liquid
medium in said treatment vessel to forces of suffi-
cient intensity to reduce said relatively frangible
organic and inorganic solids to particles of less than
a predetermined maximum size forming a mixture
with said liquid medium,

3. removing from said treatment vessel in slurry form
a portion of said liquid medium and such of said
organic and inorganic particles as pass through
perforations sized to pass only particles of less than
said predetermined maximum size,

4. removing from said treatment vessel separately
from said slurry said relatively infrangible solids,
5. removing from said slurry the inorganic constitu-

ents thereof, and
6. removing from the resulting slurry of said organic
solids and liquid medium a substantial portion of
said liquid medium to leave said particulate mix-
ture, the major component material of said mixture
being cellulose fibers, the particles in said mixture
being of less than predetermined maximum particle
size, and said mixture having the following addi-
tional characteristics on a volumetric unit basis:
a. substantial homogeneity of component materi-
als;

b. substantial uniformity from the standpoint of
distribution of particle sizes;

c. substantially uniform moisture content; and

d. substantially uniform fuel value. }

2. The product defined in claim 1 wherein said mix-
ture also includes significant amounts of plastic, food
waste, vegetation and textile materials.

3. The product defined in claim 1 wherein all of saic
particles are sufficiently small to pass through a screen
member having circular openings not greater than one
inch in diameter.

4. The product defined in claim 1 wherein said uni-
form moisture content comprises 40-70 percent of said

mixture.
5. The product defined in claim 1 wherein all of satd

particles are sufficiently small to pass through a screen
member having circular openings approximately one-
eighth inch in diameter.

6. The product defined in claim 3 wherein said maxi-
mum size particles are not sufficiently small to pass
through a screen member having circular openings
approximately one-eighth inch in diameter.

7. The product defined in claim 2 wherein cellulose
fibers constitute approximately 80 percent of said mix-

ture.
8. The product defined in claim 2 wherein cellulose

fibers constitute approximately 60 percent of said mix-
ture.

9, The product defined in claim 2 wherein cellulose
fibers constitute approximately 40-50 percent of said
mixture, and said maximum size particles are not suffi-
ciently small to pass through a screen member having
circular openings approximately one-eighth inch in
diameter.



Re. 29.156

7

10. A process for [ preparing ¥ converting municipal
solid waste into fuel for combustion which has the fol-
lowing characteristics on a volumetric unit basis:

{. substantial homogeneity of component materials,

i. substantial uniformity from the standpoint of distri-

bution of particle sizes,

Hi. substantially uniform moisture content, and

tv. substantially uniform fuel value, comprising the

steps of:

a. depositing municipal solid waste, including rela-
tively frangible and infrangible organic and inor-
ganic solids, in a treatment vessel together with a
hquid medium in sufficient volume to establish a
solids content of the order of 4 to 6 percent,

b. subjecting said solids in the presence of said
liquid medium in said treatment vessel to me-
chanical and hydraulic forces of sufficient inten-
sity to reduce said relatively frangible organic
and inorganic solids to particles of a predeter-
mined maximum size forming a mixture with said
liquid medium,

c. removing from said treatment vessel in slurry
form a portion of said liquid medium and such of
said organic and inorganic particles as pass
through perforations of the order of one inch in
diameter,

d. removing said relatively infrangible solids from
said treatment vessel separately from said slurry,

e. removing from said slurry the inorganic constitu-
ents thereof,

f. accumulating a substantial volume of the result-
Ing slurry to assure the homogeneity thereof, and

g. removing from the resulting slurry of said or-
ganic solids and liquid medium a substantial por-
tion of said liquid medium.

[1. As a new product, a particulate mixture consisting
essentially of organic constituents of municipal refuse
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substantially free of inorganic materials, and prepared by
a process comprising the steps of:
!. depositing solid waste materials including relatively
frangible and infrangible organic and inorganic sol-
ids and a liguid medium in a treatment vessel,
2. subjecting said solids in the presence of said liquid
medium in said treatment vessel to forces of suffi-
cient intensity to reduce said relatively frangible
organic and inorganic solids to particles of less than
a predetermined maximum size forming a mixture
with said liguid medium,
3. removing from said treatment vessel in slurry form
a portion of said liquid medium and such of said
organic and inorganic particles as pass through per-
forations sized to pass only particles of less than said
predetermined maximum size,
4. removing said relatively infrangible solids from said
treatment vessel separately from said slurry,
). removing from said slurry the inorganic constituents
thereof,
6. accumulating a substantial volume of the resulting
slurry of said organic solids and liguid medium to
assure the homogeneity thereof, and
/. removing from said accumulated slurry a substantial
portion of said liquid medium to leave said particu-
late mixture,
the major component material of said mixture being
cellulose fibers, the particles in said mixture being of less
than a predetermined maximum particle size, and said
mixture having the following additional characteristics
on a volumetric unit basis:

a. substantial homogeneity of component materials;

b. substantial uniformity from the standpoint of

distribution of particle sizes;
c. substantially uniform moisture content; and

d. substantially uniform fuel value.
% * L e ¥
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