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1o all whom it may concern:

Be it known.that I, S. MORRIS LILLIE, of
Philadelphia, in the county of Philadelphia
and State of Pennsylvania, have invented new
and useful Apparatus for Drying Bone-Black
in Sugar-Refineries, of which the following is
a speclﬁcatlon reference being had to the ac-
companying drawi ings. |

My 1mpmvements relate to chal driers,
tc which work on the prineiple of those patented

- to me by United States Patents No. 329,324, of

October 27,1885, and No. 335,137, of February

2, 1880—-—-namely, that of drawmw air heated

by the radiation from the parts of the kiln
and heated in a surface-heater by the products
of combustion from the kiln through or over
wet bone-black contained in suitable recep-
tacles. |
The drier forming thé subject-matter of this
invention consists of a rectangular case erect-
ed above the kiln, and havmn* at each end a
- vertical echamber w1th horlzontal flues of tri-
~angular cross-sections extending between the
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chambers, one of which chambers connects

with the ﬁre chamber of the kiln by suitable
flues and receives the hot products of com-
bustion from it, and the other of which con-
nects with the chimney or with exhausting
apparatus by which the draft for the kiln-
fire 1s produced. The horizontal flues be-
tween the chambers form in this rectangular
~case inclosing the drier vertical zigzag chan-
nels, which are filled by the black to be dried,
and down through which the -black slowly
moves, being fed into a hopper above and
drawn from the passages below into the retorts
of the kiln. The black in the passages forms
with the under surfaces of the triangular fines
triangular spaces or passages, which extend
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- ratus consists, further, in condmts connected
with one end of each of these triangular pas-
sages and arranged for collecting the heated

- air from round the cooler-tubes, &c., of the
45 kiln and from the surface- heater of the kiln,

and also in conduits connected with the other

ends of the triangular passages and with suit-
able exhausting apparatus, by which the heat-
ed air 18 drawn through the triangular pas-

- 5o sages, and 80 over the surface of the wet black.

In the drawings, Figurel is a vertical cross-

from end to end of the drier; and the appa- .

|

section of the drier and of a portion of the
kiln below it. Fig. 2 is a horizontal section
along the broken line z, Figs. 1 and 3. Fig.

3 18 a vertical longitudinal section along the 5=
broken line %, Figs. 1 and 2; and the remain-
Ing two figures are views of detached parts,

as hereinafter described.

Referring to the drawings, A A are the ver-
tical side walls of the rectangular box or case 6o
of the drier, and B B are the end walls of the
same, all of which walls may be constructed of
fire-brick or of other heat non-conducting ma-
terial; or they may be formed of iron plates.

The drier is supported upon the bed-plate d 65

and beams C, and is surmounted by a hop-
per, H, into which the wet black is dumped,
and from which the black flows into the zig-
zag vertical channels in the drier, presently
to be described. |

D -is a vertical chamber at one end of the
drier, which is connected by the flue E with
the horizontal chamber I, located above the
kiln and below the drier, 111130 which the pro-
ducts of combustion from the fire-chamber of 7 5
the kiln below flow through the connecting-
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t flue f. At the opposite end of the drier is a-
-vertical chamber,

(>, which connects with the
chimuey or other draft-producing apparatus
through the flue I. The two vertical cham-
bers D G are connected by the horizontal tri-
angular flues ¢, and they, together with the

80

vertical chambers D (G, form the conduits for

the hot products of combustion from the kiln-
flue I to the chimney or exhausting-flue I.
The ehambel. D is divided into two com-

partments, n %', by the horizontal partition g,

located above the bottom of the chamber by
about one-third of the height of the same, and

the chamber G 1s smnhﬂy divided into two 90

compartments, m m’, by a horizontal partition,

h, located 1n the same about one-third of its
helght_ below the top of it. These plates each
bear at the edge toward the flues the vertical
triangular projections o, which close the por- g5
tions of flues ¢ which project above the level
of the partition—as, for example, the upper
portions of the flues <" 4. These partitions

compel the gases to take a circuitous course
through the flues of the drier, as indicated by 1co
the arrows, Fig. 3—namely, from the com- -
partment n of the chamber D (which receives
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the products of combustion from the kiln)
through the lower tier of the flues ¢ into the
lower compartment, m, of the opposite cham-
ber (z, thence baclc thloun*ll the 1111(1{11{3 bier
of ﬂues into the upper eompntment %, of the
chamber D, and thence through the upper
tier of flues to the upper comnartment n/, of
the chamber (, and thence to the exhangb
The flues 4 are arranged flue above flue in {ive
vertical rows, forming between the rows the
four vertical zigzag char-channels J, which
open above into the hopper H, and Dbelow
through the bed-plate d of the drier. ‘Through
these passages the char to be dried slowly
moves, entering them from the hopper 1

~above, and leaving them from below in pro-
portion as the char which lies in the boxes Is

and on the roof » of the chamber If settles 1nto
the retorts R. The black in the zigzag chan-
nels forms with the walls of the flues ¢ the
triangular horizontal passages s, which open
at opposite ends into the vertical passages L: M.
The endsof the zigzag channels are closed by
verticalplatesq’,which preventtheblack falling
into the vertical passages I, M, but which have

openings » through them between the passages
and the vertlcal passages L M, as shown in
Fig. 4, which 1s an elevation showing the end
of a portion of one of the vertical rows of the
flues 72 and the closed ends of the two adjacent

zigzag channels J, of one of which latter the
outer walls, ¢°, of the vertical passage L is
‘broken aw

ay 50 as to show the inner plate, ¢/,
with the openings » through it into the pas-
sages s. The vertical passages L. connect ab
their lower extremities through the pipes ¢
with the manifold o, which has the branching

mains N O, the former of which connects with

the surface-heater in the horizontal flue K,
while the latter, O, passes through the floor P,
and 18 arranged so as to collect the hot air
from around the kiln and the cooler-tubes

which are fitted to the lower extremities of

the retorts .

In Patents Nos. 329,524 and 835,137, issued
to me QOctober 27, 1885, and February 2, 1886,
respectively, are shown methods which may
be employed for collecting the heated air for
the main O. The vertical passages M, at the
other ends of the zigzag channels J, connect
al their upper extremities through t.he pipes
¢ with & manifold, @, which leads to an ex-
hausting apparatus—such, for example, as a
chimney, used for the kiln or for other fur-
naces or an exhaunsting-fan. -

The sarface-heater in the horizontal cham-
ber Iff consists of a battery of tubes, ¢, which
extend through the chamber lonﬂ-lludln'ﬂ]y
and plotlude through the end walls of the
same. The protruding ends of the tubes atb

opposite ends of the chamberopen intotheair-

tight boxes 3 and T respectively, the walls of
the tubes making air-tight joints with the
sides of the boxes through which they open
into the interior. The box Sis connected by

the main N, whieh is the eduction-main of the
surface-heater, with the manifold 5, while the

343,666

box T has a main, Q, leading from 1L to any
locality from which it nay be wished to draw
the air or gases which are to be heated 1n the
surface-heater. The main () may, for exam-
ple, lead to the cooler-tunes and deliver heated
alr froniaround the same to the surface-heater.

The chamber I contains a number of verfical

partial partitions, w, extending alternately
from the floor nearly to theroof of the chamber,
and from the roof nearly to the floor of the
chamber, through which partitions the tubes?
pass, and which cause the products of combus-
tion to flow up and down among the staggered

79

rows of tubes while passing through the cham-

ber I, as hereinafter described.

The workings of this drier are as follows:
Wlen in operation, the zigzag channels J in
the drier are full of black. and black lies upon
the roof of the chamber Iand in the boxes IS,
from which the retorts I are fed, and thereis
a slow constant or intermittent downward
motion of the black in the drier, caused by the
settling-of the black from the boxes K intothe
retorts IR as the revivified black is drawn from
the lower extremities of the-latter. The hot
gaseous products of combustion pass from the
fire-chamber U of the kiln through the flue f,
a part of which only appears in the draw-
ings, into the chamber I¢, near one end, thence
up and down among the staggered mws of
tubes £, around the partial partitions W, and
out of the chamber at the other end, through
the flue I& into the lower part of the vertical
end chamber, D, of the drier, thence, through
the lower tier of triangular flues ¢, into the
lower compartment of the opposite end cham-

ber, (i, then back through the middle tier of

fAues i into the upper compartment of the
vertical chamber D, and, finally, through the
upper tier of flues into the upper portion of
the chamber G and away to the exhaust
through the flues I. The hot products of com-
bustion, during their flow through the cham-
ber IY, heat air being drawn through thetubes
{ of the surface-heater, and in their passage
back and forth through the flues ¢ heat the
black 1n the zigzag ehannels of the drier,which
is in contact with the walls of the flues. The
exhaust from manifold «, effected by an ex-
hausting-fan,chimney, or other means, causes
a flow of air heated by contact with and radi-
ation from the cooler-tubes and the other parts
of the kiln through the main O to the manifold
b, and air or gases keated in the tubes ¢ of the
surface-heater through the main N to the mani-
fold. Thence the heated air flows through the
brancheseintothevertical air-passages L, then
along the horizontal passages s, overthe black
in the zigzag channels J, into the vertical air-

passages M, and finally through the pipesc¢ to

the exhausting-maina. The hotairinpassing
through the horizontal passages § assists in
drying the blackexposed to it in the channels
J, and carries off the vapors formed by the
evaporation of the water in the bone-black,
caused by the heated walls of the flues ¢ and
by the hot air itself.
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This duer may be construcbed 1n a variety

For example, the triangular flues %
may be triangular tubes of cast-iron support-
ed at their ends one above the other in verti-

cal rows, the flues in each row having posi-

tions .relative to the flues in the ad_]omlnﬂ‘

rows, so as to form the vertical zw?aﬂ* chan-

nels J for the black; or the flues 7 and zigzag
vertical channels J m*xy be formed, as in the
dla,wmgs of vertical cast-iron plates one of

- which is '%]JOWII 1n perspective in Fig. 5, hav-

I5
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ing a zigzag cross-section, or, in othel words,

cast with deep hor1zonta,1 re-entrant angles s,
and having at each edge a vertical. ﬂanwe q,

of proper Width,with Openings v’ through 'it, -

opposite or in line with the re-entrant angles.

A palr of these plates placed face to face and

bolted together form an inclosed zigzag verti-
cal passage J, closed at the ends by the verti-
cal flanges of the plates, the edges of which

-flanges meet when the plates are bolted to-
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gether and keep the said plates the proper
- -distance apart.

A pair of these plates put
together thus may be termed a ‘‘section.”” A
pair of these sections placed baclk to back, so
that the edges of the horizontal angles meet

form between them horizontal tllangular pas-

There are four of these inclosed ver-
tical zigzag passages in the drier thus ar-
ranged back to back, as shownin Fig. 1 of the
drawings. Again, by placing two or more of
these sections edge to edge, so that the re-en-
trant angles of the sections are in line, 1n
which case the re-entrant angles commumcate
with each other through the passages’in the
flanges ¢, the system may be extended indefi-

nitely.in a horizontal direction. Inthedraw-
ings three of these sections, J J’ J* areplaced
end to end.  (See Iig.2.) The vertical alr-
passages L. and M are formed by having the

' plates forming the two end sections each bear

ab one edne two flanges, ¢' ¢ ¢° at the extreme
edge and ¢ q" a short distance hom the edge, the
latter having openings v through it on a line
with the re-entrant anglessand the other not so
perforated. Plates thus formed when put to-
ogether form a vertical passage, L or M, be-
tween the flanges,which passage connects with
all of the re-entrant angles s, thr ough the
pelfomtmus or openings v through the inner
flange, ¢'.

There are a variety of constl uctions which
may be used for connecting the passages s at
one end with Supply-mains for bringing hot
air to them, and at the other end with an ex-
haust-main, and 1 do not confine the scope of
my invention to the particular method shown,

nor do I confine myself to any one manner of
causing the hot air to flow along the horizon-

tal passages s over the black. Thus an ex-
hausting-fan may be applied to the eduction-
manifold @, as previously mentioned herein,
and the air be drawn through the passages, or

“an exhausting-fan may be placed ab the other

end of the drler and draw the heated air from
round the kiln and cooler-tubes through a

main, such as O, and from the surface-heater in

¥

;&11(1 the black.
| ing the passages s on one side of each of the

chamber F through a main such, as N, and de-
liver it into the manifold b, in which case the
air will be forced along the passages s into
and through the eduction-manifold «; or, again,
the eduction end of the passages s may open
into the vertical chamber D, and the manifold

| a, branches ¢, and vertical air-passages M be

dispensed with, and the exhaust formed by
the draft of the kiln be relied upon to draw
the hot air through the passages s. 1 prefer,
however, when a natural or chimney draft 18

used for the kilns, not-to rely upon this draft
for drawing the air or gases through the pas-

sages s, for the reason that if it is thus relied
upon the air flowing from the passages s into
the draft-flues will more or less impair the
draft of the kilns, and I therefore preier to
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exhaust the air through the passages s inde- yg

| pendently of it—as, for example, in the con-

struetion shown in the drawings, by means of .
an exhausting-fan attached to or connected
with the eduction-manifold a. |

The gist of the construction 1s the connee-
tion of the induction ends of the passages s

~with econduits for bringing air or gases heated
by the waste heat of the Kiln to the passages,

in combination with means forforeing or draw-
ing the said heated alr or. gases throucrh the
passages; and the gist of the process consists

90
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in the passing of 'air or gases heated by the

waste heat of the kiln over the surface of wet

bone-black to dry the same preparatory to
passing it through the retorts of the kiln..

It is apparent that in so far as the formation
of the horizontal passages s through the black
is concerned 1t 1s. immaterial whether the in-
clined ledges—the sides of the flues ¢ in the
dlawmﬂs——e‘zteudmn horizontally through the
chamber. of the drier are the side walls of
triangular flues or whether they are simply in-
clmed shelves or ledges supported horizontally
on the faces of vertical plates extending from
top to bottom and from end to end of the duer
chamber, and I therefore do not limit myself
topassag essformed between horizontal ‘*flues’’
It is also evident that by hav-

vertical zigzag channels J connect only with
the induction vertical ehannel Lt and the pas-

sages s on the other side of the channel J con-
nect only with the eduction-main M the heated
air or gases will pass through the black as
well as over it—+that 1s, they will flow from the
vertical passage L into the passages S on one
side of the zigzag channel J, and then pass
through the body of the black into the pas-
sages § on the other side, and thence to the
educt,mn -passages M. 1 wish also to add that,

following the method deseribed and claamed,

in the other patents of mine before mentioned
in this specification, the eduction manifold or
conduit a may lead to a condenser or to other
apparatus in which the moist and more or less
heated air or gases {from the passages s may be
used for heating water or for other useful pur-
poses, for which the latent and sensible heats
of the gases, or either, may be used. Thus,
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Having described my invention, I claim as
mine and wish to secure to myself b}f Let tms
ters Patent of the United States—

1. The within-described process of utiliz:in o)
the waste heat of bone-black-revivifying Lllns
consisting in passing air or gases heated b}
the said waste heat of the L}l_nsg over the sur-
face of webt bone-black to dry the same pre-

paratory to passing 1t through the retorts of |

the kiln, substantially as andl
Speclﬁed.
2. In the bone-black drier of a rev ivifyinge-

fur the purpose

- kiln construeted substantially as deseribed,

L3
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with herizontal flues for the products of con-
bustion from the kiln to pass through, the com-
bination, with the horizontal 1).:155:1“‘(‘&: such as
s formed between the black and the under
surface of the flues, of hot-air conduils con-
necting with the passages at one end, and
means for forcing or drawing hot air from the
condult through the passagesover the surface
of the black, substantially as specified.

3. The within-deseribed apparatus for util-
1zing the waste heat from Dbone-black-revivi-
I’ymw kilns for drying bone-black, consisting of
a vertical chamber mbh ol}enmns ab top and
bottom downward, through which the black
to be dried slowly ﬂmvs 1u(,111md ledges, such
as the sides of the flues i, extending hou.f{m-
tally through the (,hmnbel, and forming, with
the black in the chamber, horizontal ]}d";»bd“{f
such as s, extending through the lember
conduits connecting with ihe sald passages LL
one end of the eh.:mlbu* and leadivg to the
kiln to collect the air or gases heated by the
waste heat of the same, *111(1 nieans for forcing

or drawing the hot air or gases from the con-

duits through the hmmontal passages formed
with the b]ach by the 1nclined ledges, substan-
tially as specified.

4. In a Dbone-black drier constructed sub-
stantially as deseribed, the combination, with
the horizontal passages formed by the black |

‘F
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g

throug

and the inelined ledges, as specified, of indue-
tion-conduits for hot air or gases communicat-
1ng with the passages at one end of the drier,
and eduction-conduits connected with the pas-
sages at the other end, and fans or other means
for forcing or drawing the hot air or gases from
the induction-conduits through the said hori-
zontal passages in the black into and through
the eduction-conduits to the desired destina-
tion for the warm and moisture-ladened gases,

| subsmntia]]y as set forth.

Ina char-drier operating as substantially
dwcubgd the combination, in the chamber of
the same, of vertical plates formed with deep
re-entrant an gles, the said plates being placed
side to side and forming the horizontal flues 4,
and verfical zigzag channels J, extending
h the chamber of the drier, substan-
tlally as specified.

6. The combination, in the chamber I, with
the horizontal tubes ¢ of the surface- heater of

the vertical partial partitionsw,through which

the tubes pass, and which touch a,ltel nately
the tloor and the roof of the chamber, the said
partial partitions dividing the chamber into a
circuitous channel leading up and down among
the tubes for the hot products of combustion
to flow through, substantially as specified.

7. In a char-drier of a construction equiva-
lently as speeified, the combination, with the
horizontal air-passages, such ass, in the drier,

of an exhausting fan or apparatus independent

of or additional to the means for producing
the draft of the kiln, connected with the air-
passages at one end by suitable conduits (as,
for example, by the manifold ¢ and branches)

said air-passages, substantially as descrlbed
S. MORRIS LILLIE.

Witnesses:
W. BUGBEE SiITH,
IRopT. W. Scorr.
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‘and operating to draw air or gases through the 8o
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