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1 Claim. (Cl. 202-114) 
1. 

This invention relates to apparatus for the 
manufacture of what is known in the art as 
metallurgical charcoal, and it has reference more 
particularly to apparatus for the manufacture of 
metallurgical charcoal from sawmill waste such 
as sawdust, chips, shavings, and the like, as de 
rived directly from the mill. 

For a better understanding of the present in 
vention and its objects, it will here be explained 
that sawmill waste is quite abundant and in 
briquetted form is quite suitable for the making 
of metallurgical charcoal. However, there are 
difficulties of consequence, encountered both in 
briquetting and in the making of charcoal from 
briquetted mill waste due to its relatively high 
moisture content. Mill waste as a general rule, 
contains from 40% to 60% by weight of water 
and unless this is entirely eliminated, along with 
certain light fractions, before it is briquetted 
and charred, the steam and other gases created 
by the charring operation will cause the bri 
quettes to expand and crack and to thereby be 
rendered unsatisfactory as charcoal for the pres 
ent intended purposes. 
A satisfactory charcoal briquette for metal 

iurgical use must have a certain degree of hard 
ness in order that it will not crumble or be 
crushed under the weight of materials used 
therewith in the furnace. Furthermore, it must 
be essentially dust-free and considerably more 
dense than ordinary wood charcoal in order to 
present the required electrical characteristics. 
Briquettes made from moist material, and com 
pressed under high pressures are unsatisfactory 
due to the fact that the particles do not adhere 
as required and the briquettes will crumble 
readily, and cannot be brought up to properhard 
ness by charring. However, my experience has 
disclosed that when the waste material is made 
moisture free and is deaerated prior to bri 
quetting and charring, a very satisfactory prod 
uct can be obtained, provided that the briquettes 
are charred under heat of a certain tempera 
ture and under proper control through the char 
ring period. 

In view of the foregoing and for other reasons, 
it has been the principal object of this inven 
tion to provide an apparatus of a practical, eco 
nomical and otherwise satisfactory type and 
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briquetted mill waste, that will be entirely sat 
isfactory from the standpoint of hardness, size, 
quality and electrical characteristics. 
More specifically stated, the objects of this in 

vention reside in the provision of an apparatus 
for the commercial manufacture of metallurgical 
charcoal, comprising as its principal elements, a 
rotary drider wherein wet or damp sawmill waste 
materials may be quickly and effectively dried in 
an atmosphere of superheated steam to a mois 
ture free and bone dry condition; a grinder, 
whereby the dried material. deaerated by the 
Superheated steam, may be comminuted to a de 
sired or any required degree of fineness with a 
certain percentage thereof reduced to dust-like 
condition found most practical for briquetting 
purposes; a briquetting machine for pressing the 
hot, prepared material into hard briquettes of a 
Selected practical size, and a furnace arranged 
to receive the briquettes for a progressive heat 
ing thereof to bring them to the desired charred 
condition; the apparatus of this invention being 
characterized by a novel arrangement and rela 
tionship of parts by which heat for the drying 
of the mill waste prior to briquetting it is fur 
nished by the burning of a part of the tars and 
lighter fractions that are expelled from the bri 
quettes during and incident to the charring op 
eration. 
Other objects of the invention are to be found 

in the details of construction of parts embodied 
in the apparatus, in their relationship and their 
mode of operation, as will hereinafter be fully 
described. 
In accomplishing these and other objects of 

the invention, I have provided the improved de 
tails of construction, the preferred forms of which 
are illustrated in the accompanying drawings, 
wherein 

Fig. 1 is a side view of an apparatus embody 
ing the present invention, for the manufacture 
of metallurgical charcoal from sawmill waste. 

Fig. 2 is an enlarged, cross-sectional view of 
the same, taken on the line 2-2 in Fig. 1. 

Fig. 3 is a sectional detail of the cylindrical 
dryer showing provision for steam escapement 
from thie dryer cylinder. 

50 
character of construction for the commercial, 
large Scale manufacture, or a continuous opera 
tion, of metallurgical charcoal from mill waste. 
Furthermore, to provide an apparatus whereby 

Fig. 4 is a sectional detail of the furnace wall 
Construction, taken on line 4-4 in Fig. 2. 

Fig. 5 is a detail of the rotating means for the 
dryer cylinder. 

In a copending application, executed on even 
date herewith, I have described and claimed a 

metallurgical charcoal can be produced from 55 method of manufacturing metallurgical char 



3 
coal that may be carried on by the apparatus of 
this invention, and have also claimed the char 
coal briquette as an article of manufacture. 

Referring more in detail to the drawings 
In accordance with the objects of this inven 

tion, metallurgical charcoal in blocks of uniforn 
and predetermined size, is manufactured by the 
proper charring of briquettes made from prepared 
sawmill waste. This waste material may con 
prise sawdust, chips, bark and the like as de 
rived directly from the mill, and this would pre 
sume that, in most instances, it would be re 
ceived in a soggy wet condition. The waste ma 
terial is first dried to a bone dry condition, then 
the dried material is ground to a predetermined 
or required fineness, the material briquetted 
under high pressure, and the briquettes finally 
charred under designated and controlled tem 
perature. This charring brings about the dission 
pation of tars and lighter fractions from the 
briquettes and some of these are burned to pro 
duce heat for the charring operation, and some 
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may be required, with encircling bands, or tires 
8, and these rest upon transversely spaced supe 

porting and guide rolls 20 mounted in bases 2 
that are fixed to foundations 22. Also, fixed to 
and encircling the cylinder or tube 14, preferably 
at a medical location, is a ring gear 2. The 
drier cylinder, as so supported, is rotatably driven 
by means of a suitable motor 24, here shown as 
operating through a reduction gear mechanism 
25 and a worm gear 2 that meshes with the ring 
gear 23. The ring gear is here shown as being 
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are diverted to the drier and there are burned to . 
furnish heat for the drying operation. These 
various operations and the equipment to ac 
complish them will now be described more in 
detail. 

First, it is of importance to bear in mind that 
the satisfactory briquetting of sawmill waste 
material of the kind heretofore mentioned, re 
quires the elimination therefrom of all moisture. 
and certain of the lighter fractions. Otherwise 
there will be a generation of steam and gases 
that will cause disruption and disintegration of 
the briquette as SOOn as it is released from the 
press. Also, it is to be remembered that char 
ring of the briquette must be done with various 
objects in mind; that is, to produce a briquette 
of certain density, electrical characteristics and 
so treated as to insure against the spontaneous 
combustion of the charred briquettes in storage 
prior to use. 
In Fig. 1, I have shown the specified waste 

material W that is to be briquetted, as being 
brought to the apparatus on a travelling belt 
conveyor O that operates over a supporting and 
driving roll ff. From the belt conveyor, the 
material W is discharged into a receiving hopper 
2 from which it is evenly admitted into the 
higher end of an elongated, tubular and rotat 
ably driven drier f4. As indicated in Fig. 1, this 
dryer is a metallic cylinder of uniform diameter, 
supported downwardly inclined from its receiv 
ing to its discharge end at an angle of approxi 
mately 3° relative to a horizontal line. Inci 
dent to the cylinder being rotated, the waste 
material that is received from the hopper 2 
thereinto at its higher end, will be progressively 
advanced in a continuous turn-over operation, 
from the receiving to the discharge end, from 
which latter end it is discharged into a receiv 
ing tube 5. From the tube S, the dried ma 
terial flows to the receiving end of a screw con 
veyor 6 whereby it is moved and finally delivered 
into a suitable grinder such as that designated in 
Fig. 1 in its entirety by reference numeral T. 
To assist in the turnover of material as it is 

advanced within the drying cylinder 4, the 
latter is equipped with a plurality of longitudi 
nally extending fins or flanges 4a arranged in 
Spaced relationship about its interior surface, as 
shown best in Fig. 2. 

In order that the drying cylinder 4 may be 
rotated, the cylinder is equipped at a plurality 
of locations between its opposite ends, and as 
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located centrally of the drier, but might be at 
any other suitable location therealong. 
At Spaced intervals along its length, here shown 

in Fig. 3, as being adjacent the encircling bands 
8, the cylinder 4 is formed with encircling 
rows of perforations 28 provided for the escape 
ment from the drier of steam that is produced 
in the drying operation, and embracing those 
perforated Sections, or areas of the cylinder, are 
manifolds 29 which receive the escaping steam. 
Chimneys, or pipes 30 lead up from the manifolds 
for the disposal of this steam to atmosphere or 
to other places of use. 

For the purpose of heating the drying cylinder, 
it is enclosed by housings 32, shown in Fig. 2, 
as surrounding the drier tube with clearance, and 
these individual housings extend lengthwise of 
the cylinder as noted in Fig. 1; there being those 
housings 32a and 32b located, respectively, be 
tween the supporting tires or bands 8 and its 
ends, and two housings, 32c and 32d, extending 
respectively between the bands 8 and the cen 
trally located ring gear 23. Adjacent housings 
are connected by the arched ducts 33, seen in 
Fig. 1. so that hot gases may flow from one to 
the other. - 

Each of the housings, 32a, 32b, 32c and 32d, 
receives hot gases direct from the charring fur 
nace, as presently will be fully described, and the 
gases are burned therein, under control, to pro 
duce the temperature required, or desired, to heat 
the tube to drive of all moisture content from 
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the waste material and to effect drying to a bone 
dry condition by the time it reaches the discharge 
end of the drier tube. Preferably, the drying 
temperature in the cylinder 4 is kept approxi 
mately at 500 F, and the steam that is produced 
in the drying operation becomes superheated and 
thus completely deaerates the tube and material 
under treatment. This condition of deaeration 
is maintained in the dried material, and in the 
equipment along which it flows until after the 
briquetting operation. 
The dryer cylinder 4 is closed at its ends, ex 

cept for the provision made for receiving mate 
rial from the hopper 2 into its upper end, and 
for the discharge of material from its lower end 
to the tube 5 and conveyor 6 whereby it is 
moved to the grinder 7. 
The grinder f, preferably is of the hammer 

mill type and operates to reduce the dried mate 
rial to a degree of fineness most practical for 
briquetting under extremely high pressure. In 
my experience, I have found that, with the pres 
ent briquetting machine, the material should be 
so reduced that about 40% will be of a dust-like 
character and the remainder of different degrees 
of fineness. 

Material from the grinder and hammer mill 
f is discharged directly into a briquette machine 
that is herein designated in its entirety by refer 
ence numeral,36. This briquette press prefer 
ably would be of the type of that shown in United 
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States Letters Patent No. 2,296,516 issued to me 
on September 22, 1942, or of any other suitable 
kind for compressing the dried, ground material 
into extremely hard briquettes without requiring 
addition of any binder to the material prior to briquetting. 

It is to be understood that the construction 
of the present drier, conveyor 6, grinder 7 and 
press 36 is such as to exclude outside air from the 
dried material. 
the drier passes in a deaerated condition to the 
grinder, and from the latter to the press, and 
therefore no difficulty will be experienced in the 
formation of briquettes by reason of air trapped 
in the material, and furthermore, the dry mate 
rial will enter the press at a relatively high degree 
of heat from the drier, and kept hot by means of 
suitable steam jacketing, and this degree will be 
somewhat increased by reason of the extremely 
high pressure to which the material is subjected 
in the briquetting operation. Thus, the bri 
quettes, in the present mode of treatment, will 
be discharged from the press 36 at smoking heat 
and extremely hard. 
In the present instance, I have designated the 

discharge spout of the press 36 by numeral 45, and 
this spout extends into one end of an elongated, 
heat insulated furnace 50 in which the charring 
of the briquetted material takes place. 

It is to be noted, also, that in Fig. 1 I have 
shown the conveyor 6, the crusher. T, and press 
36 encased in a jacket 40 in which super heated 
steam from the drier or other source is kept trn 
order to keep the material in a deaerated condi 
tion until after briquetting. 

It will here be mentioned that the briquettes, 
for most practical use, are made about two inches 
in diameter and two inches long. During char 
ring, they shrink somewhat in diameter and to 
about two-thirds their length. 
The furnace 50 used for the charring operation 

in a simple yet practical construction comprises 
an elongated, housing of rectangular cross sec 
tional shape. A practical construction for Com 
mercial production requires a furnace about two 
hundred feet long. Extending lengthwise within 
the furnace housing is a continuous belt conveyor 
52, carried at its opposite ends over rollers 53 and 
54, one or both of which may be driven for the 
propelling of the belt. The two runs of the belt 
are carried on suitable roller supports 55, and are 
spaced apart. The upper run is located near 
the top wall of the furnace, as seen in Fig. 2. 
This charring belt may be any one of the con 
ventional forms usually employed for calcining 
operations. 
The rate of travel of the belt 52 is such as to 

require about four hours time for carrying a 
briquette through the furnace. This may be 
increased or decreased as found desirable. 

In its present preferred form of construction, 
the opposite side walls of the furnace are con 
structed of suitable refractory tile and brick. 
within the furnace, at spaced intervals along its 
side walls, are stacks made up of rectangular 
hollow tiles 60, laid end to end vertically, thus 
to form vertical passages 6 f. as shown best in 
Fig. 2. These stacks have openings at their lower 
ends, as at 62, in Fig. 2, into the furnace and 
open at their upper ends into passages or flues 63 
that lead horizontally, in the top wall of the 
furnace, from the side walls toward the center 
line, and open into vertical stacks, or ducts 64, 
that open through the bottom walls of the hous 

Thus the hot, dry material from 

6 
shown in Fig. 1 that the vertical ducts are 

O 

15 

20 

located at spaced intervals along the dryer, and 
also, it will be observed that the furnace is here 
shown as being substantially longer than the 
dryer, and that the ducts 64 lead upwardly from 
that part of the furnace that comprises the sec 
Ond half, when considering the briquetting press 
to be adjacent the end of the first half. The 
second half, as will later be understood, is the 
hotter end of the furnace, where final charring 
of the briquettes is effected. 

It is shown in Fig. 1 that One or more of the 
housings 32 is equipped with an outlet or ex 
haust stack 66 and this provides for the escape 
of flue gases and creation of the required draft 
that will move the hot gases from the furnace 
wall stacks, through the various passages, and 
finally through the housings 32 for heating the 
drying cylinder. Also, the furnace 50 is equipped 
at its receiving end with a stack 6 for outlet 
Of gases. 
The furnace 50 is equipped at spaced intervals 

therealong, at opposite sides, with burners T. 
Each burner has suitable pipe connections 6 
and 77 with air and gas supply lines 8 and 9. 
Valves, as at 80 are applied to these pipes to regu 
late the flow of gas and air to the burners, thus 
to control the degree of heat produced. 

30 The burners are arranged to deliver the com 
bustible fuel mixture into the wall stacks or 
passages wherein it is burned to initially bring 
the furnace up to its required charring heat. The 
charring heat of the furnace is progressively in 
creased from the receiving to the discharge end. 
After the furnace has once been properly heated, 
and charged with briguettes, the gases and tars 

O 

driven off from the briquettes will burn in the 
stacks and these are more than sufficient to pro 
duce the charring heat, and their burning may be 
retarded after gas has been shut off from pipe 
by closing off the admittance of air through the 

s 
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pipes 76. Thus the charring temperature along 
the retort may be controlled as is desired to bring 
about a progressive heating from the receiving to 
the delivery end of the furnace. 
In the present operation, it has been found 

most practical to extend the charring treatment 
over a four-hour period and to slowly advance 
the briquettes through the oven in a starting tem 
perature of 500 F., through which they travel for 
approximately one-fourth the length of the fur 
nace. Then the temperature is gradually and 
progressively increased so that as the discharge 
end of the furnace, it is substantially 900' F. 
This temperature regulation is accomplished by 
controlling the admittance of air to the wall 
stacks 60 allowing only partial burning of the 
combustible tars and gases that are expelled. 
Unburned tars and gasses are later burned as 
needed in the housings 32 to furnish the drying 
heat, and this heat likewise is regulated by a 
controlled admission of air to the ducts 64 through 
valve controlled vents designated at 85. 

It might be mentioned here, however, that the 
charring time would vary in proportion to size of 
briquettes, and it is not intended to confine the 
treatment to a four-hour interval. 

Having thus described my invention, what I 
claim as new therein and desire to secure by Let 
ters Patent is: 
An apparatus of the character described com 

prising, in combination, an inclined cylindrical 
drying chamber, means mounting said chamber 

ings 32 which surround the drying tube. It is 7 for axial rotation, means for delivery of a com 
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minuted wood waste material into the chamber 
at its upper end for continuous turn-over and REFERENCES CTED 
progressive advancement to the lower end there- The following references are of record in the 
of, a grinder, means for delivery of the dried file of this patent: 
material directly from the drier to the grinder, 5 
a press arranged to receive material from the UNITED STATES PATENTS 
grinder and operable to form it into solid bri- Number Name Date 
quettes, an elongated furnace, a conveyor Oper- 683,268 Gardner ----------- Sept. 24, 1901 
able to receive the formed briquettes from the 1948,471 Loebell ------------ Feb. 20, 1934 
press and to convey them slowly through the fur- 0 (1,598,290 Lee ---------------- Aug. 31, 1926 
nace for charring, means for internally heat- 1,540,662 Stone ------------- June 2, 1925 
t A. E. S. E. E. a 2,071,082 Moore ------------ Feb. 16, 1937 Ousing enClOSling e drier and Space ereiron, 
flues connecting the furnace and housing for de- FOREIGN PATENTS 
livery of hot gases from the furnace to the is Number Country Date 
housing, and means for a controlled admittance 535,831 Germany ----------- Oct. 17, 1931 
of air to said fues to control the heat of combus- 335,643 Great Britain ------ Oct. 2, 1930 
tion. 348,688 Germany ---------- Feb. 14, 1922 

445,841 Great Britain ---...- Jan. 15, 1935 
WORTH. C. GOSS. to 438,664 Great Britain ------- Nov. 8, 1935, 
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