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Abstract:

Presented in this thesis are the details of construction of the continuous coal charring plant located at
Montana State College . Twelve drawings are included—the first is a simplified flow diagram of the
entire plant and the other eleven are specific diagrams of the various parts of the plant.

The coal was transported to the top of a retort by an auger and traveled through the retort by gravity
flow. The retort was constructed of four concentric vertical cylinders, The coal traveled through the
annular space between the two inner cylinders and the innermost cylinder was revolved in order to
agitate the coal to insure its flow through the retort. The rate at which the coal traveled through the
retort was governed by the speed at which discharge augers were driven. The resulting char was ground
to 3/8-in. minus and was then stockpiled in a storing shed.

The retort received the required heat from a gas-fired furnace and the heat traveled through the annular
space between the second and third cylinders and the center of the innermost cylinder of the retort.

The volatile gases were drawn off from the annular space between the two outer cylinders by a blower
mounted near the top of the retort and were blown to a cyclone separator which removed any dust
particles. The gases then passed to a tar knockout drum in which the temperature was maintained at
such a level that the tar (or any high boiling materials) was condensed. Two absorption columns were
used to separate the creosote and light oils through the use of a straw oil solvent in a counter-current
absorption process. The dry gases were flared.
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ABSTRACT

Presented in this thesis are the details of construction of the
continuous coal charring plant located at Montana State College. Twelve
drawings are includéd-~the first is a simplified flow diagram of the en~-
tire plant and thé other eleven are specific diagrams of the various
parts of the plant.

The coal was transported to the top of a retort by an auger and
traveled through the retort by gravity flow. The retort was constructed
of four concentric vertical cylinders. The coal traveled through the

. annular space between the two inner.tylinders and the imnermost cylinder
was revolved in order to agltate the coal to insure its flow through the
retort. The rate at which the coal traveled through the retort was gov-
erned by the speed at whicéh discharge avgers were driven. . The resulting
char 'was ground to 3/8-in. minus and was then stockplled in a storing
shed,

The retort received the required heat from a gas-fired furnace and
the heat traveled through the annular space between the second afid third
cylinders and the center of the imnermost cylinder of the retort.

The volatile ‘gasés were drawn off from the annular space between the
two outer cylihders by a blower mounted near the top of the retort and
were blown to a cyclone separator -which removed any dust particles. The
gases then passed to a tar knockout drum in which the temperature was
maintained at:such a level that the tar (or any high boiling materials)
was condensed., 'Two absorptioh columns were used to separate the creoscte
and light oils through the #sée of a straw oil §6lvent in a counter-current
absorption process. The dry gases were flared. .




Ly
INTRODUCTION’

Montana, with vast and varied coal resdurces, today finds that i%§
‘coal industry is being faced with a decreasing market for its prodﬁﬁﬁéf
The coal industry of Montana has problems which reflect the general
natiomwide trend of economic difficulties within this major industry;

' Increased railroad dieselization coupled with decreased use of coal for
domestic heating.are the prominent reasons for decreased coal conéﬁmp;
tion in Montana., |

~ This problem certainly warrants profound thought and consideration
by anyone interested in the economic welfare of Montana: An answer. to
this problem would simply be to find a process whiéh Qould transform the
coal into a more usable form.

In‘l921, a'retired civil engineer from Oregon State by the. name of- .
Frank E. Hobson began the aevelopment of a charring process ﬁhiéh uti-,
lized a continuous opgration. He organized‘a corporation to finahce this
~development and built a'6-f£, vertical rétort with a rotating center
qylindef, The initial.work on this process was applied to the charring
of walnuté, The walnuts were to pass through an annular. space in tﬁew
retorél.being heated'from.both walls; and the effluent gases were to be
drawn off and condensed. To help finance this wbrk, he sold the char
for chicken feed and the condensed oilé for a ropfing tar, During the
beginning of the depression in 1929, the corporation became entangled

with financial difficulties and all progress was delayed.,
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In 1935, Hobson built a 25-tons per day plant to retort mercury _
- of'eo Thg retort functioned well for about a ﬁeek'and theqT;he;éast iron
of which it was céﬁsﬁfucted, failed, It c§uld not stapd up uﬁaer the
. 1200° F to 1400° F temperatures at which the retort was operated. Fro-
gress was again halted dué to a lack of financing.
Later; several priva?e business men became interestedvin the épo—
nomie pogsibilities of charring nqn—coking coals. R. Aé Porter; J., He
DilLoﬁ@ and E? W. Pringle organized the P, D. P, Processing Inc., aa;
corporsbion which would finance development\on the proéess§”‘During the
sumisr of 1952, cost estimates and drawings}were begun; In Décember gf
the séme year, a plant wastPuilt from Hobson's specificationé at Méléﬂone;_
| Mbntanéo- This plaat, built of mild stéel ané Gast iron, was not capable
of standing up under the operating temperatures and vital portions of the-
retort oiidizeda The plant was rebuilt with a heat recycle ﬁlowér and
mild steel was sﬁbétitutéd for all of the cast iron, ThiS'plént'also
failed after 100 hours of operation due to the high temperatures involved,
A'third.plént was built at Melstone with many'impré%ements_in;the design
and operated successfully from July, 1953 wnbil Dgcembér of the same year
when it failed. Many Ehanges were made in the desigh and the process was.'
i;fought to Montana State College in Julys 195k - “

The present retort is constructed with 18-8, type 30k staintess
steel which is holding up very well under operation with no apparent
damage; A byhproducts sysbem has been added to the retort to éxtfaét and

'separate the tar, creosote; and light oilg from the ef fluent gasééa‘
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THE CHAR PEANT

A s'impl:-i.f'ied flow diagram of the char plant at Montana State
College is :Lllustrated in F:.gure l, page 25 The retort is /const.'ructed
of four concentr:.c cylinders numbered from one to four from(the 1ns:.de
out, The coal is delive‘r:ed to the top of the retort by7 an auger and
travels through the anmular space between cylinders 1 and -_-_2.43“ Cylinder 1.
is driven at a rate ef approiiﬁa’oely 3 i*pﬁ by a gear" reducer to agi‘bate
the coal and to insure /i’ps flow throﬁ.gh the f'eto_r/ﬁ,.; The coal lS hee.féd
from both walls as heat :from a gas—fired furnace travels fc{h:c’-o{zgh ‘the
penter of eylinder 1 and the aﬁnular spece between cylindere 2 and 3.
The combustion gaees are drawn from the'gee manifeld back beo the furnace
by' the combuétion gas return blower. The baffles in the furnace thor=-
oughly mix the return gases and the freshly burned gasess Tk_i'e"-{eetimated'. ‘
mean 1ife of the gas in the_furnace is seven cycles fhrough _the systeﬁu
A variable gear reducer regulates the 'speed of the c_:ha.r“ augeré frqm one’
to four rpm and this speed in turn regulates the rate ab which the coal
flows through the retort.

The effluent gases are driven off the coal through effluent gas of f—
'beke 'bﬁ;bee; the tubes extend from cylinder 2 through cylinder 3 into the
annular epace between cylinders 3 and 4 at an angle of 500.; The \‘ga.,s‘es
are then dreyﬁ from this anmular space by tlle effluent gas Blewez"-.a This
‘blower >m‘.ﬁ.r:d:a:ms' the retort at slight vacuum o pi'eveﬁt the effluent
gases from escaping ’chrough the descending coal to the coal bin and
thfougb fc,he dlscharge augers¢ Alr is excluded from the retox'b by two

wéﬁer seals to prevent conbustion of the char.
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The effluent gases are blown to a dust éycloné; éhe line from the
‘gas bldwef to the cyclone and the cyclone is jacketeé; heat from the
- waste gas stack is circulated through the jacket to maintain temperatures
such that tar will not condense and solidify“with fihe dust partigleso
The éas enters the cyclone tangentially and the dust particleé settle. out
at the bottom.

The gases now pass through a tar kneckout colum, A pair of water
sprays were installed at the top of this column and a pair of steém
spargers (70 psig) wéré installed near the bottom of the column in order
‘to have d positive temperature comtrol. The tar is removed from the .
bottoﬁ of the cdluﬁﬁ'through a liquid seaio The liquid seal is traged‘
by 2 3-in. steam line which was coiled in the bottom of the knockoub
drum to insure the fluid state of the & ars | |

Thé ef fluent gases now travel to two straw oil absorptidﬁ'columns
which are for the s eparation of the creosote and light oils in the by=-
bfoduqt gases, The gases flow upward through‘thé columis counter—current
to a spray of straw oil; a pétroleum fraction boiling betweén 160o G_ahd
?250 C. The first colum was designed to operate at 160° C. This tempera~
ture is below the boiling peint of the Ereosote——theréfore the creosote
should condgnse apd the'light'oils should pass on to the second célumno
?he line between the colums was provided with a 7-ft water jécket to cool
lfhe"by—products and to increase the condensation effiéiénéy (thg‘pércent
"of the tobal condensable by-products that were condensed), The second
column.wéé designed to 6perate aﬁ room temperature and the réméinihg con~—

densable gases should condense in this column.
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In order to obtain better gas-liquid contact, i-in. galvanized
sereens s upported on 5/16-in. threaded rod were placed at 18~in. infervals
throughout t he height of each column. Both columns are equipped with
120~-gal straw oil reservoirs; cooling coils are provided in each reser-
voir, Two inbernal géar punmps pump the straw oil through heat éxchangers
to cool the absorption oil before it is sprayéd into the columnéf_ The
straw oil and absorbed creosote_(or light oils) flow from the boﬁtdm of
each column to one @f twb_55-gal.barrels conneé@ed in series for separa=
tion. The feed and straw oil lines from these barrels have steam piped
to them to femédy any ﬁluggihg that ﬁay occur. The enriched creosoté (or
light oiis) is then forced to a 300~gal sﬁoragé tank by approximately .
10 péig air pressure.

The uncondensable gases pass to a cyclone for ﬁhe:remoﬁal éfnahy '
straw oil mist which is carried over. The dry gas is then burned with
‘natural gés in a flére} A sparkér was installed at the gas outlet in the
flare to igﬁite'thé gaé}' In a commercial plant, the dry gas will be burned

as fuel in the furnace aﬁd-éhbuld supply most if not all the required'héata




-G
THE FURNACE

The char plant at Montana State College ﬁgs buili'in a lérgé_robm
in the northeast corner of Rybn’Laborator&} Because of ﬁhe'héight of
the unit;'it was necessary to bﬁild the floor af'the furnacéigﬁpréxi-n
mately 3 ft below the floor level of this room. _A hoiey ih ft_x 8%‘ft
was broken in the concrete fioor and this hole was lined with cdncréte;
forming a solid base for the furnaces

The furnace was consbructed with Denver Firé Giay brick usiﬁg Miiled
Fire Giay és a sealer between the bricks. Fife brick laid onugdg§~énd
directly on the conerete base forms the furnace floor. The archeé»wgrel'
constructed with No. 1 arch brick using La Tites; a heat fééisﬁant'qemeht
and were leveled with No. 28 Hi Cast cement., Baffles were constructed in '
the furnace and were so arranged as to thoroughly mix the pombustidn
gases§ the spent gases are removed by a flue.gas stack._

Two naws of red brick wére laid i% in. from the outside of the fire
brick; this space and the s pace between the fire brick arch gnd red
brick ceiling was filled with Zonolite iﬁsulaﬁion;',Approximétéiy 1 in,
of mortar was put on top of the Zonolite to support the_rég'Brick ceiling.
The portion of thé roof under the retort was leveled with No. 28 Hi Gast,
and the rest of the rod& was leveled with mortar., Ideal Masoﬁfy Cement
édmixed with three volumes of sand was used as the ﬁortaf for the red
brick,

A door and burner block sealed with_La Tite, were placed in the wgst

end éf the furnace and a fight angle Denver Fire Clay Burner No. 78L was
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attached to the burner block. A' gas line with two valves' was :Lnstalled
to the burner with one valve placed near the burner for _Aadjust,mer;t and
the other in the basement 1n case of emer"gency;. The entire im_iexf_sﬁrfaice
of the furnace is covered with La Tite and the outer surface of the walls
is covered with £-in. Denver, Fire Clay No. 89 Insuléting Gem'en“c"_o'ver :
chicken wire. Dimensions and details of construction of- the i’urnace.are

shown in Fi‘gﬁre. 25 pagé 26,
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THE RETORT

Figures 3 and L, pages 27 and 28 respectively,:ihclude the diménsioné
and details of the retort construction. A mild steel shell Was;éon-
gtructed around cylinder 4 léaving an annular space of 18 in. which Wés
filled with Zonolite insulation. |

Steam jeté'were instailed'near the bottom of thenreﬁoft ég éhown in
?igure 5, pége 29, A swirling motion is providedﬂby these jets to_dis—:
lodge and remove the fine particles of char or coal which settle into
piles and clog the lower gas off-take tubes.

Gylinder 1 is mounted on a s£ainless steel shaft éQuippéd with a
water jacket; the shaft extends into a 3~ton capacity storage bin qvéf
the retort. The shaft and water jacket are shown in Figure 5e ’A Cross
menber was mounted to the top of the shaft and L log chains attached to
7-in. rings were suspended'ffbm it to drag the coal into inlet§ placed
in the bottom of the bin. :A 3000~ib eapacity thrust bearing was placed
under ﬁhe biﬁ to support cylinder 1. The bottom of the bin was insulated
with 1 ih, of spun glass and a strip of aluminum foils —

A;llpstrated in Figuré 6, page 30, is a 1O~ton capacity storage tank
placed on concrete footings which is being used as an exterior coal storégé
bin.k A qdnveyor belt delivers the coal td this bin and a 6-in. auger
carries»the cogl from it to the“top pf the retort,

A descripﬁiég of the discharge augers may be found in Figure 7,
pgge 31, These wabter-cooled augers, driven by a geér reducér at a rate-

of approximately 10 rpm, were constructed to cool the char and to ﬁrevént .
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it from burning upon éxposure to the atmosphere'. From the outlet of
these augers a 16~ft water-cooled auéér'transports the char to a stock=-
pile shed. This auger is project_éd into the char shed at an anglé of 45°
and a chain-driven grinder which grinds the char to 3/8~in, minus is
mounted at the exit end, This grind_er is illustrated in Flgure 8; pagé 32“.,
The grinder is sbfihg-ioaded to allow for ény écrai) metal which may have
‘been mixed with the feed céal. The finely ground char is disché.rgéd
into the char shed, a building 9- ft x 9 ft x 9 £, utilizing a 2-in, x
l+~in; frame work and an inside lining of corrugated steel.

Shown in Figure 9, pagé 33, is the heat return blower which is
mounted on the roof of the furnace. This'blowef, .powereld by a l-hp motor
is operatéd at temperéturés up to 800° F. An auxilliary blower was in-
stalled to circulate the air around the.‘bearings" and to keep them from
overheating,' The heat return manifold;, heat reéycle bl.ower,' ‘and the
lower 3 £t of the waste gas stack for the furnace were covered with 1 in,
of No. 89 insulation over chicken wire,

The effluent gas blower, poﬁrered by a 10~hp rﬁotox;,; Z-'LS ;ﬁount.ed near
the top of the retort abt the outlet of the effluent gaséé and was designed
to operaté at tempefa.turés up to g00° F and to maintairi an outlet pressure
of 3 psig, Directly over this Blov;rer, la platform was constricted on the
retort to facilitate its operations The blower and platform are illus-—

trated in Figure 9, page 33
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BY-PRODUCT RECOVERY SYSTEM

Indluded in the by-product recdvery system is andustxremQVal cyqlqng,
a tar knockout drum, a pair of absorption towers; and a demisﬂipg cyélopea

The dust cyclone is a truncated cone ﬁhich tapers from 3 ft in diam-
eber to 6 in. in diameber over & height of 4 ft. The gas enters the cy-
clone tangentially through a 7-in, x 7-in. opening; 3 in. from the top of
the cylinder; & lO-ip. diamebér riser; 2% £t longs was placed in the cy=
lindrical portion of the cyclone with 6 ina extending above the surfacﬁ_
of.the cyclone, ' The cyclone is illustrated in_Eigure 10, page 34 The
heat jacket for the cyclone and the liné from the gas blower fto the ey-_
clone was insulated with Denver Fire Clay'Nd; 89 Insulating Cément over
chicken wire. ]

The tar knockout columm was construqted"by'welding three 55"gél oil
drums togeﬁhera' The by—prodﬁct gases enter the top of this celumn tan-~
gentially through a 7-in. square outlet from the dust cyelone and leave

through a 7éiﬁa.diameter‘line which extends downward from the top of the

column about 1/3 the height of the column. The details of construction of.

this column may be found in Figure 11, page 35

The effluent, gases travel through 7-in, rolled steel pipe to the two
straw oil absorﬁtioﬁ colunns. These columns are illustrated in'FigurteZy
page 36. The first colum is 10 in, in diameter and 10} £t high, The,
light oils.pass on to the second column thréugh a T-in., rolled steel pipe
which is cooled by a 9-in. water jacket, 7 ft high. The second straw 0il

absorption column is 10 in, in diameter and 10 £t high. Each colum is
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équibped with a 120-gal.straw 0il reservoir and a sight glass is provided
near the top of each columi for obseryaﬁion..

The cylindrical bortion of the demisting cyclone is 1h'iha'in'diam¢
eter and 28 in. high.and the truncabed cone portibn tapers ?rqm a‘diageter
of 14 in. to 6 in. over a height of 16 in, The gas and mist enter the
cyelone through a B%Qin._x 7=in. rectangular pipea,.Aé-ina diametef‘
rolled steel riser extends 9 in. into the cyclone. A flare iine con-
"strueted of b~in, galvanized stove pipe is connected to the riser of the
cyclone and éxtendé'zo £t above the building, A'reﬁractéble lfiﬁa orifice
was installed in the flare line for the purpose of measuriﬁg the flow rate
of the dry gas. The sparker, which ignites the gas in the flare; consists
of a spark plug, wiring to a Model~T ignition coil, and a péir of dry
cells, The spark plug was constructed so that it could be withdrawn from

the flame after ignition of the gas.

POWER REQUIREMENT
The eléctficai power requiréd for the plant is approximateiy '

16.5 kw per hr. This figure excludes the lighting requirements.
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SPEC IF ICATIONS o
Estimated Material Required for the Construction of the Char Plant:
| 725 sq £t 1/8-in, mild steel (16 sheets 5 ft x 10 ft)

70 sq ft,l/B—in; 18-8,. type 364 stainless steel
(2 sheets 5 £t x 10 ft)

550 sq £t 3/16-in. mild steel (12 sheets 5 £t x 10 ft)

280 sq £t 3/16-in, 18-8, type 30k stainless steel
?6 sheets 5 £t x 10 ft)

50 sq ft 3/_8-,—iﬁ':',:]..8-8', type 304 stainless
(1 sheet 5 £t x 10 ft).

6 sq £t oin, mild steel (1 sheet 1 ft x 6 ft)

35 sq £t 3~in. 18-8, type 304 stainless steel ( 1 sheet 6 .ft % 6 £t)
355 £t 4=in. x A-in. x %-in. angle

L80 ft 2-in, x 2-in. x ﬁ/lé-in; angie iron

2 £t l%—mv b4 l%—lna x l/8—iri, angle iron

900 2%—3’.11. x hb-in. x 9%«»11’1}' Denvér Fire Clay fire brick

600 #1 Denver Fire Clay arch brick | |
4000 2 3/8-in. x 3 3/h~in, x 8-in. red brick
100 1b L'a.Ti’ue cement

300 1b Denver Fire Clay Milled Fire Clay

200 1b Hi Cast cement )

18 sacks masonry cement _ o
800 1b Denver Fire Clay #89 Tnsulating Cement
L0 sacks.Zonolite insulati_on '

200 sq £t 1-in. chicken wire

1 Denver Fire Clay burner block ll%—ln. x ll%—iri. X 13%-1114
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1 Denver Fire Cia'y.Burner #1784

120 1b 18-8 stainless Steel welding rod

200 1b mild sbeel welding rod

10 55-gal oil drums, 12 gage

2 68-in. augers; 6-in. diameter, 2 76-in. 1 1/8-in, diameter 18-8; type
30l stainless steel shafts,. i-in. 18-8, type 304 stainless steel
blades

2 6=in, augers on a 1-in., mild steel shaft s 21 £t long

1 6-in. auger on a l-in, mild steel shaft, 16 ft long

1 8-in. auger on a 1 1/16-in, miid steel shaft, 6 £t long

2 3~in, hinges

3 sq £t heavy saféty glass

1 3%-in diameter, 3000-lb thrust bearing

1 Li~in. bearing holder

6 £t 1/8~ins chain |

32 in, 2 1/16-in, mild steel shaft

2§ fi 2-irl, stairless teel shaft

'No-te‘; A1l ‘pi'pe and Fitt:ings are Standard Black

2 ft %-in. pipe

2 Lein, elbows

1 %-in, union

1 %—in. globe valve

50 £t %-in, pipe

12 %;-in., tees

16 -.%j-in. unions

14 4~in., globe valves




18 $~in, elbows

L £t 3/h~in. pipe

80 £t l-in. pipe

14 l-inf'globé valves
20 1-in. unions

10 1~in, elbews

2 1-in; plugs

23 1-in, tees

L reduding couplings i;ihohkj%:iﬂ;.
2 ft 1i-in. pipe

1 1%—iﬁ globe valve
1.1%-ina union

1 1%=in. elbow

105 f£ 2~in. pipe

2 2-in. globe valves

3 2=in, uniens

12 2-in. elbows

1 2-in. tee

1 reducing coupling 2-in, x I-in.
7 ft 3ein, pipé

3 3-in, elbows

i 2=in, tee

1 BQiD:-buttérfiy valve
3 ft 4-in. pipe

18 1/8-in. pet cocks; brass
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1 pressure gage, air (0 to 15 psig)
22 £t galvanlzed stove pipe
300 ft %-in. thin walled electrical conduik
30 £t 5/16~in, threaded rod
1) sq ft.3=in. galvanized screen
32 £t 3/L-in, copper tubing
20 ft _é-:‘m} copper tubing
8 ft 3/8-in 18-8, type 304 stainless steel pipe
8 ft Lein, l8-§, type 304 stainless steel pipé
120 £t 2=in, OD, 18~8, type 30k stainless §te'ei pipes %;-m thick
9 switch boxess 575 .AGZ volts} 30 ampS', 3 pbles-’, 7% hp _

9 circuit breakers; 440 volts, 60 cycle, max motor ratlng 7% hp,
MO0 volts

“Drive Unit (Figure 5, page 29)

1 Link Belt Worm Gear Drive, size HWW 7D-35, input rpm 1750, 2.8 hp
1 Link Belt Gear Motor, size DM-20; output rpm lp59 ‘1 hp

1 Link Belt Electric Motor; model #5K2030911, 1 hp, 3 phase;
voltage 220/1440, amperage 3.18/1.59.

1 Mount feor Worm Gear Drive, Gear Motor and Electric Motor
1 éprocket., 1~-ft dia.n‘l'eter,' 12 teeth

1 Link Belt Chain #140, 26 links

"1 sprocket, 7-in, diameter; 11 te'e'ﬁh

1 sprdcke’d, 5%~in. dismeter; 21 teeth
1 Link Belt Chain, #60, 28 links

1 sprocketk, lp"'in..o diamefter',-,” 15 teeth
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Heat Recycle Blower (Figure 9; page 33)
1 blower, 20-in, blade '
1 electric motor, 1 hp; 3 phase, voltage 220/L40, amperage L:1h/2.07
2 Li-in. pulleys .
2 roller bearings, 1 3/16~in,

1 Gates Truflex 2440 Belt

‘Ef fluent Ga§ Blowér (Figurg 95 page 33)

1 blower,lzo—ih;'blade

1 electric motoer, 1800 rpng 10 hp, 3 phase, voltage 220/14,0,
amperage 25/12.5

1 pulley, 7-in. diameter
1 pulley; 9-in. diameter
3 belts, 93~ins
Outside Storage Bin (Figure 6; page 3@)
1 l5—in..sprocke£, 60 tee?h_
L, 1i-in. sprockets, 20 teeth
1 Diamond Chain, #4338, 7L links
i L—in; sprocketjulé teeth
6 8~in, sprockets; 12 teeth
10 bearings; roiler; 1-in,
1 Link Belt Chain #60, 47 links

1 Paclflc ‘Gear and Tool Works Mbtorlzed Speed Reducer, San Franc1sc0,
Callfornla, 2 hps 160 rpm’

1 GE Induction Mbtor, totally ‘encloseds 2 hps 3 phasey .
model #5K224E818;5 voltage 220/440, amperage 5036/2.68




20~
Feed Auger (Figure 7, page 31)

1 electric motors 3 hp; 3 phases 1740 rpm, voltage 220/L40s
amperage 8ob/L.2

1 pulley, L=in;
1 pulley; 12 3/4~in,
1 59%-in. belt
Discharge Auger (Figure 7, page 31)
1 Link Belt Gear Motor, 3 'hp,--outpu’o r:pm 8[,.

1 Llnk Belt ‘Electric Motor, 3 hps 3 phase model #5K225El982,
voltage 220/1,140, amperage 9.8/4«9

2 h5 beveled gears, 5—in. OD, 25 teeth

2 roller beafings; 1~in, '

1 9-:'1.11.‘, sprocket, 35 teeth

L Link Belt Ghain #0, 57 links

1 2-ft sprocket, 108 teeth

1 h—?iri;' sproaket s ih teeth

1 Link Belt Chain #60; 55 links
Clrculatn.ng Pump (Figure 125 page 36)

1 electr:.c motor; 3 hp; 3 phase, voltage 220/L40, amperage 706/3 8

2-roller bearings, 1~in,

1 3:—111'. pulley

1 10=~in., pulley

2 belts, bh~ins

2 g'e.\ar pumpss 5 gal/min, internal gear
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Final Auger Drive (Figure 8, page 32)
1 Link Belt Gear' Motor, 2 hp, outpub rpm .155,l ré.tio 11.)+

1 Link Bel‘b Electrlc Notor, 2 hp;. 3 phase, Tri Clad Induct:r.on,
mod el #5K22£.E923 s voltage 220/LL0; amperage 13. 6/6.8

1 electric motor, B/A-hp, rpm 1725, 60 eycle, 1 phase, voltage 110/220,
amperage 5.81/2.92

2 roller bearings, l-in.
1 12~in, sprocket, 51 teeth
1 4~in., sprockets, 15 teeth
1 Link Belt Chain, #60, 57 links .
1 2-in. pulley
1 19%-in. pulley
1 Gates Trui'iex belt #3690
1 shaft, 1-in. d:i'.ameter‘,‘ .12 in. long, mild steel
Drive for Retort Augers (Figure 7, page 31) o
1 Link Belt Worm Gear Drive; 1.6 hp, ratio 50, input rpm 1750
1 GE Electric Motor, rpm 1725, % hp, voltage 110/220, amperage 7.8/3.9
1 Speéd Selector Vari_a_ble Plarie't;?.ry,_, B, F. Goodricﬁ, Akron; Ohio
2 sprockets, L-in. diameter, .16 teeth |
2 sprockets, 74-in, diameter 30 teeth

1 Link Belt Chain #60s 112 links
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PLAN VIEW

FIGURE 5 OF DRIVE MECHANISM

FOR TUBE
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WORM GEAR DRIVE

AND DRIVE FOR FEED AUGER INPUT RPM 1750
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1740 RPM RATIO 192
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LINK BELT BEAR MOTOR

AGMA HP = |

OUTPUT RPM 45
RATIO 38.4

LINK BELT

I HP ELECTRIC MOTOR

1/8 —INCH MILD STEEL
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4 - INCH SUPPORTWG*ANMLE IRON
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GE TOTALLY ENCLOSED INDUCTION MOTOR
2 HP 3 PHASE
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2 HP 160 RPM
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FIGURE 6
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I"--INCH AHOLE IRON

END VIEW
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FIGURE 9
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DUST CYCLONE FIGURE 10

FROM RETORT OAS
BLOWER
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FIGURE 11

TAR KNOCKOUT DRUM
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- S r™ actostoraibe TONK
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