May 15, 1934.

L.

C. KARRICK

1,958,918

PROCESS OF DESTRUCTIVELY DISTILLING SOLID CARBONACEOUS MATERIAL

PREHEQATING STEINY?
NLET

h

FT9_

FE

WRTEL GAS F
JNLET IN CONOURRENT
FLOW DPERITION

WATER 645 INLET
N COUNTER CoPRENT F
FLOMW OPERIATION

Filed Dec. 20, 1927 -

rrarriidres,

r.r:..r}..rr.: - /‘/
3 U
™ B

OUTLET FOR WATEL GAS
USED FOR LPRENERATING

VRPOR OUTLET IN

COUNTERCURRENT
' FLOW OFPLERARTION

by
d
F

FI~

STEA

WRTELC GAS

STEQAS INLET USEL

FOR DRY: QUEN CHING
THE DISTILLED LUMAPS

OF CORL

50—

N
R

IN CONCURRENT
FLOW OPERATION

‘‘‘‘ h

545 L2

VAPOR OUTLET

GO0 AND ENTERLI/ING AT 82

. :.L::igu"f: )
! ':i":_'k::'i.: fz
l byt .!’1 _ .
H :Jt:,_u 2
* 2 WA z/ +
"-: ,a d ) - ]
5 N\ T | sz
N
uu: aa-'il ﬁ
7/ A 7.? ! |
. e -
.rgﬁ-.',}:l:}if 7'3 E-—ll: e — :
(e | €2 =T
— 77’ ] c‘f?':‘::_“f_”; !
> Sa | e=Z27
77 B S =
I 75N = V| BV PORAT O~
, v <=2 || Tres PRESSURE
74 } §9 | 2D || CONOENSER.
| 4 I =
y RAG7 65 s —— L
78 A .
. / A :: e — =g —
&0




Patented May 15, 1934

UNITED STATES

1,958,918

PATENT OFFICE

1,958,918

PROCESS OF DESTRUCTIVELY DISTILLING
- SOLID CARBONACEOUS MATERIAL

Lewis Cass Karrick, Salt Lake City, Utah
Application December 20, 1927, Serial No. 241,286

9 Claims.

This invention relates to the destructive dis-
tillation. of coal and other solid carbonaceous
materials for separating their solid, liguid and
gaseous decomposition products according to a

5 new process whereby the quality and yield of
these products is controlled in accordance with
the raw materials that are treated also to pro-
duce products of such kinds and amounts as may
be most profitable or in greatest demand. While

10 my process 1s most useful for treating coals, it
is also api licable to oil shales and other mate-

rials. This application is a division in part of
my applicot.on Serial No. 144,947 filed October
29, 1926. |

16 I have found that the heating of coal produces

products that differ with the rate of heating,
the maximum temperature attained by the de-
composition products and the nature of the
gases and vapors surrounding the coal during
90 the heating. In my process I provide means for
controlling all three variables according to the
desired results and also according to the nature
of the coal used. |
According to my process dust-free coal or
25 other carbonaceous material, preferably of uni-
form sizes of lumps, is subjected to conditions
of low-temperature carbonization which may be
varied wherein all particles of the materials may
be caused to increase in temperature either at
30 a constant rate or at an increasing or decreasing
rate, depending upon the characteristics of the
coal and the markets for the products.
I have found that the rate at which the tem-
perature of the coal in lumps of substantially
35 uniform sizes is caused to rise affects greatly the
yield and character of the coke, tar-ocils and
gases and that a slow rate of temperature rise
produces a dense coke, a rich gas and high qual-
ity tar-oils from common types of coals. A rapid
40 rate of temperature rise produces coke of lower
density, more tar-oils and gases but of poorer
quality. . Furthermore, the yield and character
of the resulling gaseous and liquid products is
also affected by the conditions of time and tem-
perature under which the vapors are held in the
retort and by the type of gases with which they
‘are contacted.

For heating the coal I use hot gases such as
water gas, or superheated steam or a mixture of
such in contact with the coal moving downward-
ly in a retort. Also, I have found that a mixture
of the above gases and air will reduce the tend-
ency of lumps to cohere.

In carrying out the invention I provide for
55 either up or down flow of the heating fluid,
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(Cl, 202—15)

countercurrent or parallel to the movement in
the retort and control the characlter of the
products obtained. I also provide for varying

the ratio of superheated steam to gas, the ratio.

of the weight of the heating fluid to coal and the
temperature at whlch the heating fluid is sup-
plied.

When the coal is to be heated most suddenly
I use parallel flow of heating fluid and coal.
This is especially useful in producing quickly a
layer of coke over the outside of the lump be-
fore the inside becomes greatly heated, thereby
preventing complete fusion of some types of

~coals or breakage of others which would occur

iIf not so prevented and interfere with their
proper subsequent heating and distillation.

A minimum of steam or carbon dioxide is
preferable when heating a fusing coal by con-
current movement therewithh so as not to con-
sume the outer shell of coke by reaction to pro-
ducer gas or water gas. When the coal is of
non-fusing type a maximum of steam is prefer-
able so as to make water gas from bhoth coke
and tar-oils, if a high gas yield is wanted.

Steam is introduced into the coke hopper at

the bottom for quenching the coke and regain-

ing part of its heat. Even with parallel-flow
heating the coke may be cooled by steam rising
countercurrent through it, to conserve its- sen-
sible heat and to utilize it higher up in the re-
tort for distillation purposes.

I have operated the process at pressures above
atmospheric and have thereby been able to use
the latent heats of the vapors to generate a
further supply of steam.

Referring to the drawing, the pipe 51 is sup-
plied with hot gases such as water gas, with or
without superheated steam, as a heating fluid for

the retort shown diagrammatically at 53 where

the coal is carbonized or other material sub-
Jected to a heating process. The retort may be
thirty or more feet high and steam may be fed
to it from the pipe 81. The properly sized coal
iree from fines, is fed into the tapered upper
part of the retort 53 by a valved opening 54. To

enable the coal to be preheated, it comes from

a valve-closed bin 55 provided with heating
means described below. For heating the coal in

the retort by the heating fluid from the main

b1 two procedures have been found useful.
According to one procedure the descending
coal is healed by a countercurrent upflow of
steam and gas. The principal heat may be sup-
plied by the hot gases coming from the main
0l. To effect this an annular manifold 56 sur-
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rounds the retort 52 and through this the hot
fluid gas and vapors coming from the main ol
are led by a valved connection 57. |

The entering heating fluid is supplied at a
proper temperature to distill off the volatiles in
the coal with great rapidity, while the steam
reacts to a considerable extent with the result-
ing coke and by increasing the rate of flow
of the coal so that it carries volatile oil ingredi-
ents into steam hot enough to crack them, the
steam reacts with the carbon particles released
by the cracking and forms water gas and gase-
ous and condensable hydrocarbons. I have used
the heating fluid at temperatures from 1200° ¥.
to 1850° F. 'The volatile products and gases
pass upwardly through the coal and pass out
of a manifold 58 below the opening 54.

Preferably there is a column of coal between
the manifold 58 and the opening 54 high enough
to provide a continuous supply of coal to the
distilling zone while the valve 54 is closed when
the bin 55 is being recharged. The coal may be

. preheated by passing part of the heating fluid
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from the main 51 through a valved insulated
pipe 59 into the bin 55. The heating fiuid
passes down through the material in the bin 55
and out of the system at the manifold 58 there-
by drying and preheating the coal and simul-
taneously serving the valuable functions of
preventing tar and oil vapors from the distilling
coal from entering the bin 55 and condensing
there. The gases and vapors leaving by the
manifold 58 enter a heat insulated and valved
main 60 which conveys them to a heat insulated
cyclone dust collector 61 where the dust 1is
removed. From this a heat insulated main 62
carries the vapors and gases almost at issuing
temperature to an evaporator or heat exchange
device 63. Here the sensible heat and the latent
heat of condensable materials are recovered and
four products, resin, water, oil and gas are
separated in a separator 64 and removed as de-
sired by valves 65, 66, 67 and 68. |

In addition to the heat provided at the mani-
fold 56 the contents of the retort are further
heated by steam rising from the solid residues
or from the coke formed. The lower part 70
of the retort may be cylindrical or straight in-
stead of tapering. It may terminate in one of

the customary forms having an elbow 71 form-

ing a nearly horizontal support for the load
of the charge in the retort. The feed of the
contents past the elbow 71 may be controlied by
arms 72, fast on a rotatable shaft 73 which may
be rotated by any suitable means, and extend
toward pivoted hanging arms 74 which detain
the upper part of the charge at the nearly hori-
zontal section 71. After passing the elbow or
horizontal portion 71 the residue or coke drops
into 2 bottom bin 75 and rests on the closed
bottom valve 76 thereof. A valve T7 between
the bin 75 and the lower part of the retort may
he closed when it is desired to remove the
contents of the pbin 75 which requires the open-
ing of the valve 76. The residues of coke lying
upon the valves 76 and 77 can be used to heat
steam introduced through valved connections 78
and 79 from the main 81. This steam may be
laden with admixed solutions of salts cgpa.ble of
rendering the product useful for illuminating
purposes or odoriferous materials, thus enabling
any desired properties to be given to the coke
discharged. The heat of the coke or residues
lying upon the valves 76 and 'ﬁ superheats tpe
cteam so that it aids in heating the charge 1n

coke is controlled by the amount

1,958,918

the retort, thus recovering a,' very large propor-
tion of the heat usually lost in carbonizing proc-
esses. The final temperature of the discharged

of free mois-
ture carried by the steam. -

- The procedure which has been found most
useful for heating a charge of fusing coal in
the upper part of the retort 53, is to close the
valved connection 57 and open a valve 82 at

- the upper manifold 58, thus admitling the heat-

ing fluid from the main 51 to the upper mani-

fold. The valve 83 in the main 60 is also closed,

and a valve 84 in a branch 85 of the main 60
and extending to the lower manifold 56 is also
opened with the result that heatinz fluid from
the main 51 enters the top.  of the retort and
flows down with the charge of coal to the
manifold 56 and then passes off to the branch
85 in the dust collector 61.

It is found that rather more o0il may be ob-
tained from a charge if heated at low tempera-
tures according to the latter method than is
obtained when the charge in the retort is heated
by a countercurrent flow to the same tem-
perature. |

In order to pre-heat the charge in the bin 55
while distilling by counter flow either steam may
be drawn from the steam main 81, or hot fluid,
steam and gas from the main 51. There is
provided in the main 80 leading from the main
81 a valve 86 which may be opcned to allow
steam to flow up an extension 87 into the bin 55.
As an alternative method of heating the bin 55
the valve 88 of the extension 59 of the main
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51 may be opencd. Either of these methods of 110

heating the bin 55 serves to keep vapors and
steam from condensing in the bin 55 as they rise
from the upper part of the retort 53.

When distilling by parallel flow, preheating of
the coal is accomplished by passing part of the
hot fluids that enter through the manifold 58
upwardly through the bin 55 thence out through
the valved line 90 to the main 60, the valve in
this line 90 being left open during this time,

I claim: | - |

1. The process of destructively distilling lumps
of solid carbon:.zable material of substantially
uniform sizes which comprises volatilizing the
outer surface layers of the lumps without re-
moving an appreciable amount of the volatile
constituents from the interior portions of the
Iumps by means of hot water gases in contact
therewith in the presence of steam so as to cause
rapid pyrolysis, and then moving the gases and
lumps together in the same direction while
maintaining the lumps substantially free from
agitation and while effecting further pyrolysis
of the interior of the lumps at a slower rate.

2. The process: of destructively distilling

lumps of solid carbonizable material of. substan-
tially uniform sizes which comprises heat treat-
ing the lumps at distillation temperatures and
devolatilizing the outer surface layers of the
lumps rapidly by means of hot water gases in
contact therewith in the presence of steam so
as to cause rapid pyrolysis, then moving the
gases and lumps together in the same direction
while maintaining the lumps substantially iree
from agitation and while continuing the de-
volatilization, and effecting further pyrolysis
of the interior of the lumps at a slower rate
until substantially all of the volatile products
are removed. |

3 The process of destructively distilling
lumps of solid carbonizable material of substan-

115

120

125

130

135

-40

145

150



10

15

- 20

25

30

35

40

45

50

315

1,958,018

tially uniform sizes which comprises heat treat-
ing the lumps at distillation temperatures and
devolatilizing the outer surface layvers of the
lumps rapidly by means of hot water gases in
contact therewith in the presence of steam so
as to cause rapid pyrolysis, then moving the
gases and lumps together in the same direction
while maintaining the lumps substantially free
from agitation and while continuing the.devola-
tilization, and effecting further pyrolysis of the
interior of the Iumps at a slower rate until sub-
stantially all of the tar-oils are removed.

4. The process of destructively - distilling
lumps of solid carbonizable material of substan-
tially uniform sizes which comprises initially
heating the lumps rapidly to distillation tem-
peratures and forming some water gas by means

of hot water gas and steam in contact therewith

while effecting rapid pyrolysis of the surface of
the lumps, then moving the gases and lumps
together in the same direction while maintain-
ing the lumps substantially free from agitation,
and controlling the proportion of water gas to
steam whereby a variation may be effected.

9. The process of destructively distilling lumps
of solid carbonizable material of substantially
uniform sizes which comprises initially heating

them rapidly at distillation temperatures and

forming some water gas by means of hot water
gas and steam in contact therewith while effect-
Ing rapid pyrolysis of the surface of the lumps,
moving the gases and lumps together in the

same direction while maintaining the lumps

substantially free from agitation and controlling
the composition of the water gas whereby a vari-
ation may be effected in accordance with the
nature of the material being treated.

6. The process of destructively distilling
lumps of solid carbonizable material of substan-
tially uniform sizes which comprises initially
heating the lumps rapidly at distillation tem-
peratures by means of hot water gases in con-
tact therewith in the presence of steam so as
to cause rapid pyrolysis, then moving the gases

and lumps together in the same direction while

maintaining the lumps substantially free from
agitation and while effecting further pyrolysis
of the interior of the lumps at a slower rate,
and contacting the treated lumps with steam
flowing countercurrent. |

7. The process of destructively distilling
Inmps of solid carbonizable material of substan-
tially uniform sizes which comprises initially
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heating the Iumps rapidly at distillation tem-
peratures and ab pressures considerably above
atmospheric by means of hot water gases in
contact therewith in the presence of steam so
as to cause rapid pyrolysis, then moving the
gases and lumps together in the same direction
while maintaining the lumps substantially free
from agitation and while effecting further py-
rolysis of the interior of the lumps at a slower
rate, and contacting the treated Ilumps with
steam flowing countercurrent. |
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8. The process of destructively distilling under

pressure lumps of solid carbonizable material of
substantially uniform sizes which comprises ini-

tially heating the lumps rapidly at distillation 90

temperatures and at pressures considerably above
atmospheric by means of hot water gases in
confact therewith in the presence of steam so

as to cause rapid pyrolysis, then moving the

gases and lumps together in the same direction
while maintaining the lumps substantially free
from agitation and while effecting further py-
rolysis of the interior of the lumps at a slower
rate, confacting the treated lumps with steam

flowing countercurrent, condensing the vola-

tile products in a water cooled heat exchanger
without material reduction in pressure so as to
regain their useful heat, forming a further sup-
ply of steam at lower pressure, and separating
the cooled gas and condensed liquid products
under pressure. '

9. The process of destructively distilling
lumps of solid carbonizable material and col-
lecting separately the coke, tar-oils, fixed gases,
and water involved which comprises initially
heating the lumps rapidly at distillation temper-
atures and at pressures considerably above at-
mospheric by means of hot water gases in con-
tact therewith in the presence of steam, so as
to cause rapid. pyrolysis, then moving the gases
and lumps together in the same direction while
maintaining the lumps substantially free from
agitation and while effecting further pyrolysis
of the interior of the lumps at a slower rate,
contacting the treated lumps with steam flowing
countercurrent, condensing the volatile products
in a heat exchanger without material reduction
in pressure, so as to regain their useful heat,
forming a further supply of process steam at

lower pressure, and separating the cooled gas

and condensed liquid products under pressure.

LEWIS CASS KARRICK.
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