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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

P resen ted  in  t h i s  th e s i s  a re  th e  d e t a i l s  o f  c o n s tru c tio n  o f  th e  
con tinuous co a l c h a r r in g  p la n t lo c a te d  a t  Montana S ta te  C ollege 0 Twelve 
draw ings a re  in c lu d ed —-th e  f i r s t  i s  a s im p lif ie d  flow  diagram  o f th e  en­
t i r e  p la n t and th e  o th e r  e leven  a re  s p e c i f ic  diagram s o f  t h e  v a rio u s  
p a r ts  o f  t h e ■p la n t .

The c o a l was_ transported!" to  th e  to p  o f  a r e t o r t  by an  auger and 
t r a v e le d  th rough  th e  r e t o r t  by g ra v i ty  flow* The r e t o r t  was c o n stru c te d  
o f fo u r  c o n c e n tr ic  v e r t i c a l  c y l in d e r s , The co a l t r a v e le d  th rough  th e  
an n u la r space between th e  two inner- c y lin d e rs  and th e  innerm ost c y lin d e r 
was rev o lv ed  in  o rd e r to  a g i t a t e  th e  c o a l to  in su re  i t s  flow  th rough th e  
r e t o r t .  The r a t e  a t  which th e  co a l t r a v e le d  through th e  r e t o r t  was gov­
erned by th e  spded a t  which d isch a rg e  augers were d r iv e n . . The r e s u l t in g  
char was ground to  3 / 8 - i n .  minus and was th e n  s to c k p ile d  in  a s to r in g  
sh ed .

The r e t o r t  re c e iv e d  th e  re q u ire d  h e a t from a g a s - f i r e d  fu rn ace  and 
th e  h e a t t r a v e le d  th ro u g h 'th e  an n u lar space between th e  second ancl th i r d  
c y lin d e rs  and th e  c e n te r  o f  th e  innerm ost c y lin d e r  o f th e  r e t o r t .

The v o l a t i l e  gases were drawn o f f  from  th e  annu lar space between th e  
two o u te r  c y lin d e rs  by  a blow er mounted n ear th e  to p  o f th e  r e t o r t  and 
were blown to  a cyclone s e p a ra to r  which removed any d u st p a r t i c l e s .  The 
gases th e n  passed  to  a t a r  "knockout drum in  which th e  tem p era tu re  was 
m ain ta ined  a t 1 such"a" l e v e l 't h a t " t h e  t a r  (o r any h igh  b o il in g  m a te r ia ls )  
was condensed. ' Two a b so rp tio n  columns were used  to  s e p a ra te  th e  c reo so te  
and l i g h t  o ils " th ro u g h  th e  u se  o f  a s tra w  o i l  Solvent in  a c o u n te r -c u rre n t 
a b so rp tio n  p ro c e ss . The d ry  gases were f l a r e d .
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II'ITRODU CTION

Montana, w ith  v a s t  and v a r ie d  co a l re s o u rc e s , to d ay  f in d s  th a t  i t s  

c o a l in d u s try  i s  b e ing  faced w ith  a d ec rea sin g  m arket fo r  i t s  p ro d u c t^ I  

The coal in d u s try  o f  Montana has problems which r e f l e c t  th e  g e n e ra l 

nationw ide tre n d  o f economic d i f f i c u l t i e s  w ith in  t h i s  m ajor in d u s try . 

In c re ase d  r a i l r o a d  d ie s e l iz a t io n  coupled w ith  decreased  use  o f  c o a l fo r  

dom estic h e a tin g  a re  th e  prom inent reaso n s f o r  decreased  co a l consunipM 

t io n  in  M ontana,

This problem  c e r ta in ly  w a rran ts  profound though t and c o n s id e ra tio n  

by anyone in te r e s te d  in  th e  economic w e lfa re  o f  Montana. An answer to  

t h i s  problem would sim ply be to  f in d  a p rocess which would tra n s fo rm  th e  

co a l in to  a more u sab le  form .

In  1921, a r e t i r e d  c i v i l  en g in eer from Oregon S ta te  by t h e ■ nam e:of •• . 

Frank E. Hobson began th e  developm ent o f  a ch arrin g  p ro cess  which u t i ­

l i z e d  a continuous o p era tion*  He o rgan ized  a c o rp o ra tio n  to  fin an ce  t h i s  

developm ent and b u i l t  a  6 - f t ,  v e r t i c a l  r e t o r t  w ith  a r o ta t in g  c e n te r  ; 

c y l in d e r .  The i n i t i a l  work on t h i s  p rocess was a p p lie d  to  th e  ch arrin g  

o f  w a ln u ts . The w alnu ts were to  pass through an an n u la r space in  the- 

r e t o r t ,  being  h ea ted  from bo th  w a l ls ,  and th e  e f f lu e n t  gases were to  be 

drawn o f f  and condensed. To h e lp  fin a n c e  t h i s  work, he so ld  th e  char 

fo r  ch icken  feed  and th e  condensed o i l s  fo r  a ro o fin g  t a r .  During th e  

beg inn ing  o f th e  d e p re ss io n  in  1929, th e  c o rp o ra tio n  became en tan g led  

w ith  f in a n c ia l  d i f f i c u l t i e s  and a l l  p ro g ress  was d e lay ed .
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In  1935s Hobson b u i l t  a 25 -tons p e r  day p la n t to  r e t o r t  mercury

o re . The r e t o r t  fu n c tio n ed  w e ll f o r  about a week and th e n  t  he., e a s t  i ro n
. . .

o f which i t  was c o n s tru c te d , f a i l e d .  I t  cou ld  no t s tan d  up under th e  

1200° F t o  1400° F te m p e ra tu res  a t  which th e  r e t o r t  was o p e ra ted . P ro ­

g re s s  was ag a in  h a lte d  due t o  a la c k  o f  f in a n c in g ,

L a te r^  s e v e ra l  p r iv a te  b u s in ess  men became in te r e s te d  in  th e  eco­

nomic p o s s i b i l i t i e s  o f  c h a rr in g  non-coking c o a ls , R, A, P o r te r ,  J ,  H, 

D illo n , and E, ¥ , P r in g le  organ ized  th e  P , D, P< P ro cessin g  I n c , ,  a .... 

c o rp o ra tio n  w hich would f in a n c e  developm ent on th e  process^  During th e  

suimtbr o f  1952, c o s t e s tim a te s  and draw ings were begun. In  December o f  

th e  same y e a r ,  a p la n t was b u i l t  from Hobson1 s s p e c i f ic a t io n s  a t  M elstone, 

Montana, T h is p la n t ,  b u i l t  o f  m ild  s t e e l  and c a s t  i r o n ,  was no t capab le  

o f s ta n d in g  up under th e  o p e ra tin g  tem p e ra tu res  and v i t a l  p o r tio n s  of, th e  • 

r e t o r t  o x id ized . The p la n t  was r e b u i l t  w ith  a  h ea t re c y c le  b low er and 

m ild  s t e e l  wa? s u b s t i tu te d  f o r  a l l  o f  th e  c a s t  iro n . T h is p la n t  a lso  

f a i l e d  a f t e r  100 hours o f  o p e ra tio n  due t o  th e  h ig h  tem p era tu res  in v o lv ed , 

A th i r d  p la n t  was b u i l t  a t  M elstone w ith  many improvements in  .the  d e sig n  

and o p e ra ted  s u c c e s s fu lly  from  J u ly , 1953 u n t i l  DecCniber o f  th e  same y e a r 

when i t  f a i l e d .  Many changes were made in  th e  d esig n  and th e  p rocess was 

b rought to  Montana S ta te  C o llege  in  J u ly , 1954»

The p re se n t r e t o r t  i s  c o n s tru c te d  w ith  18 -8 , ty p e  304 s ta in le s s  

s t e e l  which i s  ho ld ing  up v e ry  w e ll under o p e ra tio n  w ith  no apparent 

damage, A b y -p ro d u cts  system  has been added to  th e  r e t o r t  to  e x tra c t  and 

.sep a ra te  th e  t a r ,  c re o so te , and l i g h t  o i l s  from th e  e f f lu e n t  g a s e s , ,.

)



THE CHAR PEAHT

A s im p lified , flow  diagram  o f th e  ch ar p la n t _at Montana S ta te  

C o llege  i s  i l l u s t r a t e d  in  F ig u re  1> page 25. The r e t o r t  i s  co n s tru c te d  

o f fo u r  c o n c e n tr ic  c y lin d e rs  numbered from one to  fo u r  from , th e  in s id e  

o u t. The c o a l i s  d e liv e re d  t o  th e  to p  o f th e  r e t o r t  by an auger and
• • -  7

t r a v e l s  th ro u g h  th e  an n u la r space  betw een c y lin d e rs  I  and 2. - ,  C ylinder I  

i s  d r iv e n  a t  a r a t e  o f  approx im ate ly  3 rpm by a gear red u ce r t o  a g i ta te  

th e  c o a l and to  in s u re  i t s  flow  th rough  th e  r e t o r t .  The c o a l i s  heated
Z"' '

from b o th  w a lls  as h e a t from  a  g a s - f i r e d  fu rn ace  t r a v e l s  th ro u g h  th e  

c e n te r  o f c y lin d e r  I  and th e  an n u lar space between c y lin d e rs  2 and 3»

The com bustion g ases  a re  drawn from th e  gas m anifo ld  back to  t h e  fu rnace  

by th e  com bustion gas r e tu r n  blow er. The b a f f l e s  in  th e  fu rn ace  th o r ­

oughly miy th e  r e tu rn  gases and th e  f r e s h ly  burned gases* T he-estim ated  

mean l i f e  o f  th e  g a s  i n  th e  fu rn ace  i s  seven cy c le s  th rough  th e  system .

A v a r ia b le  gear re d u c e r  re g u la te s  th e  speed o f  th e  ch ar augers  from o n e ' 

t o  fo u r rpm and t h i s  speed in  tu r n  re g u la te s  th e  r a te  a t  w hich th e  coal 

flow s th ro u g h  th e  r e t o r t .

The e f f lu e n t  gases a re  d r iv e n  o f f  th e  c o a l th rough e f f lu e n t  gas o f f ­

ta k e  tu b e s ; th e  tu b e s  extend from c y lin d e r  2 th rough  c y lin d e r  3 in to  th e  

annu lar space betw een c y lin d e rs  3 and 4 a t  an ang le  o f 50°. The gases

a re  th e n  drawn from  t h i s  a n n u la r space by th e  e f f lu e n t gas b low er. This 
\  • - . . . .  

blow er m a in ta in s  th e  r e t o r t  a t  s l ig h t  vacuum t o  p reven t th e  e f f lu e n t

gases from escap ing  th ro u g h  th e  descending c o a l to  th e  c o a l b in  and,

th ro u g h  th e  d isc h a rg e  au g e rs . A ir i$  excluded from th e  r e t o r t  by two

w ater s e a ls  to  p rev en t com bustion o f  th e  ch ar.
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The e f f lu e n t  gases a re  blown to  a  d u s t cyclone. The l i n e  from th e  

gas blow er to  th e  cyclone and th e  cyclone i s  ja ck e te d ; h e a t from th e  

w aste  gas s ta c k  i s  c i r c u la te d  th rough  th e  ja c k e t to  m a in ta in  tem peratu res 

such th a t  t a r  w i l l  n o t condense and s o l id i f y  w ith  f in e  d u st p a r t i c l e s .

The gas e n te r s  th e  cyclone ta n g e n t ia l ly  and th e  dust p a r t i c l e s  s e t t l e ;  out 

a t  th e  bottom .

The g ases  now pass th rough  a t a r  knockout column. A p a i r  o f w ater 

sp ray s  were i n s t a l l e d  a t  th e  to p  o f  t h i s  column and a p a i r  o f  steam  

sp a rg e rs  (70 p s ig )  were i n s t a l l e d  n e a r  th e  bottom  of th e  column in  o rder 

•to  have a p o s i t iv e  tem p era tu re  c o n tro l .  The t a r  i s  removed from  th e  . 

bottom  o f th e  column th rough  a  l iq u id  s e a l .  The l iq u id  s e a l  i s  tra c e d  

by a & -in. steam  l i n e  w hich was c o ile d  in  th e  bottom  o f th e  knockout 

drum t o  in su re  th e  f lu id  s t a t e  o f  th e  t a r .

The e f f lu e n t  g ases  now t r a v e l  to  two s traw  o i l  a b so rp tio n  columns 

which a re  f o r  th e  s e p a r a t io n  o f  th e  c re o so te  and l ig h t  o i l s  in  th e  by­

product g a se s . The gases flow  upward th rough  th e  columns c o u n te r-c u rre n t 

t o  a  sp ray  o f s traw  o i l ,  a petro leum  f r a c t io n  b o i l in g  betw een 160° G and 

225° C, The f i r s t  column was designed  to  o p e ra te  a t  160° G, This tem pera­

tu r e  i s  below th e  b o i l in g  p o in t o f  th e  c re o so te —th e re fo re  th e  c re o so te  

should condense and th e  l i g h t  o i l s  should  p ass  on to  th e  second column.

The l i n e  between th e  columns was provided  w ith  a 7 - f t  w a ter ja c k e t to  co o l 

th e  "by-products and t o  in c re a s e  th e  co n d en sa tio n  e f f ic ie n c y  ( th e  percen t 

o f  th e  t o t a l  condensable b y -p ro d u c ts  th a t  w ere condensed). The second 

column was designed  to  o p e ra te  a t  room tem p era tu re  and th e  rem ain ing  con­

d ensab le  g ases should condense in  t h i s  column.



tcnSn=

In  o rd e r to  o b ta in  b e t t e r  g a s - l iq u id  con tac t*  ! - i n « ga lv an ized  

sc reen s  su p p o rte d  on $ / l6 - ln .  th read ed  rod  were p laced  a t  1 8 - in , in te r v a ls  

th roughou t t  he h e ig h t o f each column. Both columns a re  equipped w ith  

1 2 0 -g a l s traw  o i l  r e s e r v o i r s ;  co o lin g  c o i l s  a r e  provided in  each r e s e r ­

v o i r ,  Two in te r n a l  g ear pumps' pump th e  s traw  o i l  th rough  h ea t exchangers 

to  coo l th e  a b so rp tio n  o i l  b e fo re  i t  i s  sp rayed  in to  th e  colum ns. The 

s traw  o i l  and absorbed c r e o s o te .(o r  l i g h t  o i l s )  flow from th e  bottom  of 

each column t o  one o f two 5 5 -g a l b a r r e l s  connected in  s e r ie s  f o r  sep ara ­

t i o n .  The feed  and s traw  o i l  l in e s  from th e s e  b a r r e ls  have steam p iped  ■ 

to  them t o  remedy any p lugg ing  th a t  may o ccu r. The en rich ed  c re o so te  (o r  

l i g h t  o i l s )  i s  th e n  fo rced  to  a 300- g a l  s to ra g e  tan k  by approx im ately  

10 p s ig  a i r  p re s su re .

The uncondensable g ases pass to  a cyclone fo r  th e  rem oval o f any 

s traw  o i l  m is t w hich i s  c a r r ie d  over. The d ry  gas i s  th e n  burned w ith  

n a tu r a l  gas in  a f l a r e ,  A sp ark er was i n s t a l l e d  a t th e  gas o u t le t  in  th e  

f l a r e  t o  ig n i t e  th e  g a s . In  a commercial p lan t*  th e  d ry  gas w i l l  be  burned 

as  f u e l  in  th e  fu rn ace  and should supp ly  most i f  n o t a l l  th e  re q u ire d  h e a t .



THE FUHNAGE

The ch ar p la n t  a t  Montana S ta te  C o llege  was b u i l t  in  a la rg e  room 

in  th e  n o r th e a s t  co rn e r o f  Ryon L ab o ra to ry , Because o f  th e  h e ig h t o f 

th e  u n it,, i t  was n ecessa ry  to  b u ild  th e  f lo o r  o f th e  fu rn ace  approxi­

m ately  3 f t  below th e  f lo o r  le v e l  o f t h i s  room, A h o le , 14 f t  x  8 |  f t  

was broken in  th e  c o n c re te  f lo o r  and t h i s  h o le  was l in e d  w ith  concretes 

form ing a s o l id  b ase  fo r  th e  fu rn ace .

The fu rn ace  was c o n s tru c te d  w ith  Denver F ir e  Olay b r ic k  u s in g  M illed  

F ir e  Glay as a s e a le r  between th e  b r ic k s .  F i r e  b r ic k  l a i d  on edge and 

d i r e c t l y  on th e  c o n c re te  b a se  forms th e  fu rn ace  f lo o r .  The a rches were 

c o n s tru c te d  w ith  No, I  a rch  b r ic k  u s in g  La T i te s  a  h e a t r e s i s t a n t  cement 

and were le v e le d  w ith  No, 28 Hi C ast cem ent. B a ff le s  w ere c o n stru c te d  in  

th e  fu rn ace  and were so a rranged  as  to  th o ro u g h ly  mix th e  com bustion 

g a se s j th e  spent gases a re  removed by a f lu e  gas s ta c k .

Two rows o f re d  b r ic k  were l a id  l |  in .  from  th e  o u ts id e  o f  th e  f i r e  

b r ic k ;  t h i s  space and th e  s pace between th e  f i r e  b r ic k  a rch  and red  

b r ic k  c e i l in g  was f i l l e d  w ith  Z o n o lite  in s u la t io n .  A pproxim ately I  in . 

o f  m o rta r was pu t on to p  o f  th e  Z o n o lite  to  support th e  r e d  b r ic k  c e i l in g .  

The p o r t io n  o f th e  ro o f  under th e  r e t o r t  was le v e le d  w ith  No. 28 Hi C asts 

and th e  r e s t  o f th e  ro o t  was le v e le d  w ith  m o rta r. Id e a l  Masonry Cement 

admixed w ith  th r e e  volumes o f sand was used as th e  m ortar f o r  th e  re d  

b r ic k ,

A door and bu rn er b lo ck  sea le d  w ith  La T i te 5 were p laced  in  th e  west 

end o f th e  fu rn ace  and a r ig h t  an g le  Denver F i r e  C lay B urner No, 784 was
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a tta ch e d  t o  th e  bu rn er b lo c k « A gas l i n e  w ith  two v a lv es  was in s ta l l e d  

t o  th e  bu rn er w ith  one v a lv e  p laced  n ear th e  b u rn e r f o r  ad justm ent and 

th e  o th e r  in  th e  basement in  case  o f  emergency? The e n t i r e  in n e r su rfa ce  

o f th e  fu rn ace  i s  covered w ith  La T i te  and th e  o u te r  su r fa c e  of. th e  w a lls  

i s  covered w ith  in# Denver, F ir e  C lay Mo. 89 In s u la t in g  Cement over • 

chipken w ire . Dimensions and d e t a i l s  o f  c o n s tru c tio n  o f  th e  fu rn ace  a re  

shown in  F ig u re  2? page 26.
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THE RETGHT

F ig u re s  3 and 4# pages 27 and 28 r e s p e c t iv e ly ,  in c lu d e  th e  dim ensions 

and d e t a i l s  o f  th e  r e t o r t  c o n s tru c tio n . A m ild s t e e l  s h e l l  was con­

s tru c te d  around c y lin d e r  4 le a v in g  an an n u lar space o f 18 i n .  which was 

f i l l e d  w ith  Z o n o lite  in s u la t io n .

Steam j e t s  w ere i n s t a l l e d  near th e  bottom  of th e  r e t o r t  as  shown in  

F ig u re  5 , page 29. A s w ir l in g  m otion i s  p rov ided  by th e s e  j e t s  to  d is ­

lo d g e  and remove th e  f in e  p a r t i c l e s  o f  char o r co a l which s e t t l e  in to  

p i l e s  and c lo g  th e  low er gas o f f - ta k e  tu b e s .

C y lin d er I  i s  mounted on a s t a i n le s s  s t e e l  s h a f t  equipped w ith  a 

w ater ja c k e t j  th e  s h a f t  ex tends in to  a 3 - to n  c a p a c ity  s to ra g e  b in  over 

th e  r e t o r t .  The s h a f t  and w a ter ja c k e t a re  shown in  F ig u re  $. A c ro ss  

member whs mounted to  th e  to p  o f th e  s h a f t  and 4 lo g  ch a in s  a tta c h e d  to  

7 - in .  r in g s  were suspended from i t  to  d rag  th e  co a l in to  i n l e t s  p laced  

in  th e  bottom  o f th e  b in .  A 3000-lb  c a p a c ity  th r u s t  b e a rin g  was p laced  

under th e  b in  to  su p p o rt c y lin d e r  I ,  The bottom  o f th e  b in  was in s u la te d  

w ith  I  in .  o f  spun g la s s  and a s t r i p  o f  aluminum f o i l .

I l l u s t r a t e d  in  F ig u re  6 , page 30, i s  a 1 0 -to n  c a p a c ity  s to ra g e  tan k  

p laced  on c o n c re te  fo o tin g s  which i s  b e in g  used  as an e x te r io r  c o a l s to ra g e  

b in , A conveyor b e l t  d e l iv e r s  t h e  c o a l t o  t h i s  b in  and a 6 - in .  auger 

c a r r i e s  th e  c o a l from i t  t o  th e  to p  o f th e  r e t o r t ,
"  . . .  v.

A d e s c r ip t io n  o f  th e  d isch a rg e  augers may be found in  F ig u re  7j> 

page 31. These w a te r-co o led  a u g e rs , d r iv e n  by a g ear re d u c e r a t  a r a t e  

o f  approx im ate ly  10 rpm, were c o n s tru c te d  to  c o o l th e  char and t o  p reven t
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i t  from burn ing  upon exposure t o  th e  atm osphere. !From th e  o u t le t  o f 

th e s e  augers  a 1 6 - f t  w a ter-co o led  auger t r a n s p o r ts  th e  char to  a s to ck ­

p i l e  shed. T h is -auger i s  p ro je c te d  in to  th e  ch ar shed a t  an ang le  o f 45° 

and a c h a in -d riv e n  g r in d e r  which g rin d s  th e  char to  3/ 8- in ,  minus i s  

mounted a t  t h e  e x i t  end. T his g r in d e r  i s  i l l u s t r a t e d  in  F ig u re  8> page 32, 

The g r in d e r  i s  sp rin g -lo a d e d  to' a llow  f o r  any sc rap  m eta l which may have 

been  mixed w ith  th e  feed  c o a l .  The f in e ly  ground char i s  d isch arg ed  

in to  th e  char shed, a b u ild in g  9 f t  x  9 f t  x  9 Tb, u t i l i z i n g  a 2 - in , x  

4 - in .  fram e work and an in s id e  l in in g  o f co rru g a ted  s t e e l .

Shown in  F ig u re  9 , page 33, i s  th e  h e a t re tu rn  b low er which: i s  

mounted oil th e  ro o f  o f th e  fu rn ac e . T h is b low er, powered by a  1-hp motor 

i s  o p e ra ted  a t  tem p era tu res  up to  800° F , An a u x i l l i a r y  blow er was in ­

s t a l l e d  t o  c i r c u la t e  th e  a ir ' around th e  b e a rin g s  and to  keep them from 

o v e rh ea tin g . The h ea t r e tu r n  m an ifo ld , h e a t re c y c le  b low er, and th e  

low er 3 f t  o f  th e  w aste gas s ta c k  fo r  th e  fu rn ace  were covered  w ith  I  in ,  

o f  Ho. 89 in s u la t io n  over ch icken  w ire .

The e f f lu e n t  gas b low er, powered by a 10-hp m otor, i s  mounted npar 

th e  to p  o f th e  r e t o r t  a t  t h e  o u t le t  o f  th e  e f f lu e n t  gases and was designed
O 'to  o p e ra te  a t  tem p era tu res  up to  800 F and to  m ain ta in  an o u t le t  p re ssu re  

o f  3 psig> D ire c t ly  over t h i s  b low er, a  p la tfo rm  was c o n s tru c te d  on th e  

r e t o r t  to  f a c i l i t a t e  i t s  o p e ra tio n . The blow er and p la tfo rm  a re  i l l u s ­

t r a t e d  in  F ig u re  9 , page 33>

v
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BY-PRODUCT RECOVERY SYSTEM

In c lu d e i in  th e  b y -p roduct reco v ery  sy s tem "is  a .d u s t  rem oval cyclone* 

a tai* knockout drum* a p a i r  o f a b so rp tio n  tow ers* and a  d em isting  cy clone» 

The d u s t cyclone i s  a t ru n c a te d  cone which ta p e r s  from 3 Tt in  diam­

e te r  t o  6 in .  in  d iam eter over a h e ig h t o f 4 f t .  The gas e n te rs  th e  cy­

c lo n e  ta n g e n t ia l l y  th ro u g h  a  7 - in . x  7 - in .  opening* 3 in .  from  th e  to p  o f 

th e  c y lin d e r .  M 1 0 - in . d iam e te r r is e r*  2§ f t  long* was p la ce d  in  th e  cy­

l i n d r i c a l  p o r t io n  o f  th e  cyclone  w ith  6 in .  ex tending  above th e  su rfa ce  

o f th e  cy c lo n e . ' The cy clone  i s  i l l u s t r a t e d  in  F igu re  10* page 34« The 

h ea t ja c k e t f o r  th e  cyclone  and th e  I in d  from th e  gas blow er to  th e  cy­

c lo n e  was in s u la te d  w ith  Denver F ir e  C lay No. 89 In s u la t in g  Cement over 

ch icken  w ire .

The t a r  knockout column was c o n s tru c te d  by w elding th r e e  55"°gal o i l  

drums to g e th e r .  The b y -p roduct gases e n te r  th e  to p  o f t h i s  column ta n ­

g e n t i a l ly  th ro u g h  a 7 - in .  square  o u t le t  from t h e  d u st cyclone  and leav e  

th ro u g h  a 7-in« d iam e ter l i n e  which extends downward from th e  to p  of th e  1 

column about l / 3  th e  h e ig h t o f  th e  column. The d e t a i l s  o f  c o n s tru c tio n  o f  

t h i s  column may b e  found in  F ig u re  11* page 35«

The e f f lu e n t ,  gases t r a v e l  th rough  7-in#  r o l le d  s t ^ e l  p ip e  t o  th e  two 

s traw  o i l  a b so rp tio n  columns. These columns a re  i l l u s t r a t e d  in  F ig u re ,.12* 

page 36. The f i r s t  column i s  10 in .  in  d iam e te r and 1 0 | f t  h ig h . The. 

l i g h t  o i l s  p ass  on t o  th e  second column th ro u g h  a 7 - in .  r o l l e d  s t e e l  p ip e  

which i s  cooled  by a  9 - in .  w a ter jacket*  7 f t  h ig h . Tfye second straw  o i l  

a b so rp tio n  column i s  10 in .  in  d iam eter and 10 f t  h i g h . ' Each column i s
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equipped w ith  a 1 2 0 -g a l s traw  o i l  r e s e r v o i r  and a  s ig h t  g la s s  i s  provided 

n e a r  th e  to p  Of each column fo r  observation#

The c y l in d r ic a l  p o r t io n  o f th e  dem isting cyclone i s  14 in# in  diam­

e te r  and 28 in# h ig h  and th e  tru n c a te d  cone p o r tio n  ta p e r s  from a  d iam eter 

o f  14 in , t o  6 in# over a  h e ig h t o f  16 in# The gas and m ist e n te r  th e  

cyclone th ro u g h  a 3§-in# x  7 - in .  re c ta n g u la r  pipe# A 6-in# d iam eter 

r o l l e d  s t e e l  r i s e r  ex tends 9 in# in to  th e  cyclone# A f l a r e  l i n e  con­

s t ru c te d  o f 6-in# g a lv an ized  s to v e  p ip e  i s  connected to  th e  r i s e r  o f  th e  

cyclone and extends 20 f t  above th e  b u ild in g #  A r e t r a c ta b le  l - in «  o r i f i c e  

was i n s t a l l e d  in  th e  f l a r e  l i n e  fo r  th e  purpose o f m easuring th e  flow  r a te  

o f  th e  d ry  g a s . The S parkerj which ig n i te s  th e  gas in  th e  T la re j  c o n s is ts  

o f  a sp ark  p lu g , w irin g  t o  a  Model-T ig n i t io n  c o i l ,  and a p a i r  o f d ry  

c e l l s .  The spark  p lug  .was c o n stru c te d  so t h a t  i t  could  be withdrawn from 

th e  flam e a f t e r  ig n i t io n  o f th e  gas.

POWER REQUIREtIEMT

The e l e c t r i c a l  power re q u ire d  fop th e  p la n t i s  approx im ately  

1 6 .5  kw p e r hr# T his f ig u r e  excludes th e  l ig h t in g  requirem ents#



SPECIFICATIONS’

E stim ated  M a te r ia l R equired fo r  th e  C o n stru c tio n  o f th e  Char P la h t :

725 sq  f t  l / 8 - i n ,  m ild  s t e e l  ( l6  s h e e ts  5 f t  x  10 f t )

70 sq  f t . l / 8 - i n ,  18 -8 ,. ty p e  304 s t a i n l e s s  s t e e l  
(2 sh e e ts  5 f t  x  10 f t )

550 sq  f t  3 / l 6 - in ,  m ild s t e e l  (12 sh e e ts  5 f t  x  10 f t )

280 sq  f t  3 / l 6 - in ,  1 8 -8 , ty p e  304 s t a i n le s s  s t e e l  
(6 sh e e ts  5 f t  x  10 f t )

50 sq f t  3 / $ r i n . .18 -8 , ty p e  304 s ta in le s s  
( l  sh ee t 5 f t  x  10 f t ) .

6 sq  f t  | - i n ,  m ild s t e e l  ( l  sh ee t I  f t  x  6 f t )

35 sq  f t  lf~in, 1 8 -8 , ty p e  304 s t a in le s s  s t e e l  ( I  sh e e t 6 f t  x  6 f t )

355 f t  4 -in«  x  4~ in , x  in .  ang le

480 f t  2 - in .  x  2 - in .  x  3 / l 6 - in .  ang le  i ro n

2 f t  i j - i n .  x  l | - i n .  x  l / 8 - i n .  a n g le  iro n

900 2% -in. x  4 ^ -in .  x  9& -in. Denver F i r e  C lay f i r e  b r ic k

600 #1 Denver F ir e  C lay a rch  b r ic k

4000 2 3/ 8- in .  x  3 3 /4 - in ,  x  8 - in ,  re d  b r ic k

100 lb  La T i te  cement

300 lb  Denver F ir e  C lay M illed  F ir e  C lay  

200 lb  Hi C ast cement 

18 sacks masonry cement

800 lb  Denver F i r e  C lay #89 L asu la tin g  Cement 

40 s a c k s .Z o n o lite  in s u la t io n  

200 sq  f t  1 - in .  ch icken  w ire

I  Denver F ir e  D lay  b u rn e r b lock  1 1 ^ -in , x  l l | - i n ,  x  13S- in .

- 15-
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1 Denver f i r e  C lay B urner #784

120 lb  18-8  s t a i n le s s  S te e l  w elding rod 

200 lb  m ild s t e e l  w eld ing  rod 

10 55- g a l  o i l  drums, 12 gage

2 68- in .  a u g e rs , 6- in . ,  d iam e te r , .2.. .7.6- i n .  I  l / 8- i n .  d iam eter 18 -8 , ty p e
304 s ta in le s s  s t e e l  s h a f t s ,  i - i n .  18 -8 , ty p e  304 s ta in le s s  s t e e l  
b la d e s

2 6- i n .  au g ers  on a 1- i n .  m ild s t e e l  s h a f t ,  21 f t  lo n g  

I  6- i n .  auger on a 1- i n .  m ild s t e e l  s h a f t ,  16 f t  long

1 8- i n .  auger on a  I  l / l 6-in«  m ild s t e e l  s h a f t , 6 f t  lo n g

2 3- i n .  h inges

3 sq f t  heavy s a fe ty  g la s s

I  3l - i n  d ia m e te r , 3000- l b  th r u s t  b e a r in g

1 4§ - in .  b e a r in g  h o ld e r 

6 f t  l / 8- i n .  ch a in

32 in .  2 l / l 6- i n .  m ild  s t e e l  s h a f t

2g f t  2- i n .  s t a in le s s  s t e e l  s h a f t

N ote; A ll  p ip e  and F i t t i n g s  a re  S tandard  Black

2 f t  4- i n .  p ip e  

2 4- i n '  elbows 

I  4- in .  un ion

I  4-i& ' g lobe  v a lv e  

50 f t  | - i n .  p ip e  

12 3- i n .  te e s  

16 4“ in .  un ions 

14 4- i n ,  g lobe v a lv es

, - 16-
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18 i n » elbows

4 f t  3 /4 - in ,  p ipe  

80 f t  1 - in ,  p ip e  

14 1 - in .  g lobe v a lv es  

20 1 - in .  .unions 

10 1 - in .  elbows 

2 I - in .  p lugs 

23 1 - in .  t e e s

4 red u c in g  coup lings 1 - in .  x  . f - in .  

2 f t  l y - i n ,  p ip e  

I  l ^ - i n  g lobe v a lv e  

I  Izp-ina un ion

1 i j - i n .  elbow 

105 f t  2 - in .  p ip e

2 2 - in .  g lobe  va lv es

3 2 - in ,  un ions 

12 2 - in .  elbows 

I  2 - in .  t e e

I  reduc ing  coup ling  2 - in ,  x  1 - in .

7 f t  3 - in .  p ip e  

3 3- i n .  elbows 

I  2 - in ,  t e e

I  3 - in .  b u t t e r f l y  v a lve

3 f t  4 - in .  p ip e

18 l / 8 - i n ,  p e t cocks? b ra s s
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I  p re s su re  gage., a i r  (0 to  15 p sig )

22 f t  g a lv an ized  s to v e  p ip e

300 f t  i - i n .  t h i n  w alled  e l e c t r i c a l  condu it

30 f t  5/ 16- i n » th read ed  rod

14 sq  ft.-^-in-.. g a lv an ized  screen

32 f t  3/ 4 -in«  copper tu b in g

20 f t  :j§-in« copper tu b in g

8 f t  3/ 8- i n  1 8 -8 , ty p e  304 s t a i n le s s  s t e e l  p ip e

8 f t  I i-In . 1 8 -8 , ty p e  364 s t a in le s s  s t e e l  p ip e

120 f t  2 - in .  GD), 1 8 -8 , ty p e  304. s t a in le s s  s t e e l  p ip e , ^ - i n  th ic k

9 sw itch  boxes, 575 AG: v o l t s ,  30 amps, 3 p o le s , hp

9 c i r c u i t  b re a k e rs ,  440 v o l t s ,  60 c y c le , max motor r a t in g  ? |  hp,
1(40 v o l t s

Main D rive U nit (F ig u re  5,  page 29)

I  L ink  B e lt Worm Gear D riv e , s iz e  HWF 7D-35i in p u t rpm 1750, 2 .8  hp

I  Link B e lt Gear M otor, s iz e  DM-20, o u tpu t rpm 45, I  hp

I  L ink Belt. E le c t r ic  M otor, m odel. #5K203L911, I  hp, 3 p h ase , 
v o lta g e  220/ 440,  amperage 3 •18/1 .59-

I  Mount fo r  Worm Gear D riv e , Gear Motor and E le c t r ic  Motor

I  sp ro c k e t, 1 - f t  d ia m e te r , 12 te e th

I  L ink  B e lt Chain #140, 26 l in k s  ,

I  sp ro c k e t,  7 - in .  d ia m e te r , 11 t e e t h

I  sp rocket, 5 | - i n .  d iam e te r , 21 t e e th

I  L ink B e lt C hain, #60 , 28 l in k s

I  sp ro c k e t, 4 - in .  d ia m e te r , 15 te e th
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Heat R ecycle Blower (F ig u re  9> page 33)

I  b low er,  2 0 - in « b la d e

1 e le c t r i c  m otor, I  hp> 3 ph ase , v o lta g e  220/ 440,  amperage 4 ; 14/ 2 ,07

2 42- i n .  p u lle y s  .

2 r o l l e r  b e a r in g s , I  3/ 16- i n ,

I  G ates T ru f le x  2440 B e lt

E f f lu e n t  Gas Blower (F ig u re  9 ; page 33)

I  b low er, 2 0 - in , b la d e

I  e l e c t r i c  m otor, 1800 rpm, 10 hp, 3 ph ase , v o lta g e  220 /440 , 
amperage 25/ 12*5

I  p u lle y , d iam e te r

I  pulley>  9 - in ,  d iam eter

3 b e l t s ,  93-in*

O u ts id e  S to rag e  B in (F ig u re  6> page 30)

I  15- i n ,  sp ro c k e t, 60 t e e th

4 l l - i n .  sp ro c k e ts , 20 t e e th

I  Diamond Chain, A33@, Tl l in k s  

I  4 - in ,  sprocket^  16 t e e th  

6 8 - in ,  sp ro c k e ts , 12 t e e t h  

10 b e a r in g s , r o l l e r ,  1 - in ,

I  L ink  B e lt Chain #60,  47 l in k s

I  P ac ific .G ea r,,an d  ,Tool Works M otorized Speed R educer, San F ran c isco , 
C a l i f o r n ia ,  2 hp , 160 rpm I

I  GE In d u c tio n  M otor, t o t a l l y '  enclos.ed, 2 hp, 3 ph ase ,
model #5K224E8l8, v o lta g e  220/440, amperage 5*36/2 ,68
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Feed Auger (F ig u re  7# page 31)

I  e l e c t r i c  m otor, 3. hp,- 3 ph ase , 1740 rpm, v o lta g e  220/ 440,  
amperage 8 ,4 /4*2

I  p u l le y ,  4 - in ;

I  p u lle y , 12 3/ 4- i n .

I  59| - i n .  b e l t

D ischarge  Auger (F ig u re  7? page 31)

I  L ink B e lt  Gear M otor, 3 hp , ou tpu t rpm 84

1 L ink ..B elt " E le c tr ic  M otor, .3 h p ,  3 phase model #5K225EL982,
v o lta g e  220/ 440, amperage 9 , 8/ 4 .9

2 45° b eveled  g e a rs , $ - in . GD, 25 t e e th  

2 r o l l e r  b e a r in g s , 1- i n .

2 5| - i n .  sp ro c k e ts , 21 t e e t h  

I  9- i n .  sp ro c k e t, 35 t e e t h  

I  L ink  B e l t  Chain #60, 57 l in k s  

I  2- f t  sp ro c k e t, 108 t e e t h  

I  4- i n .  sp ro c k e t,  14 t e e th  

I  L ink  B e lt Chain #’60, 55 l in k s  

C irc u la t in g  Pump (F ig u re  12 , page 36)

1 e l e c t r i c  m otor, 3 hp, 3 p h ase , v o lta g e  220/4 4 0 , amperage 7*6/3 .8

2 r o l l e r  b e a r in g s , I - in .

I  3- i n .  p u lle y

1 10- in .  p u lle y

2 b e l t s ,  64- i n .

2 gear pumps, 5 g a l/m in , in te r n a l  gear
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F in a l  Auger D riv e  (F igure. 8 , page 32)

I  L ink  B e lt Gear M otor, 2 hp, ou tpu t rpm 155» r a t i o  1 1 ,4

I  L ink B e lt E le c t r ic .  M otor, 2 hp>.3 phase," T r i . G la d .In d u c tio n , 
model #5K224E923, v o lta g e  220/440> amperage 13#6/ 6 ,8

1 e l e c t r i c  m otor, 3 /4 -h p , rpm 1725, 60 c y c le , I  phase , v o lta g e  110/220,
amperage 5•84/2*92

2 r o l l e r  b e a r in g s , 1 - in ,

I  1 2 - in , sp ro c k e t, 51 te e th  

I  4 - in ,  sp ro c k e t, 15 t e e t h  

I  L ink  B e lt C hain, #60, 57 l in k s  .

I  2 - in ,  p u lle y  

I  1 9 |- in ,  p u lle y  

I  G ates T ru f le x  b e l t  #3690

I  s h a f t ,  1 - in ,  d iam e te r , 12 in ,  lo n g , m ild  s t e e l  

D rive  f o r  R e to rt Augers (F ig u re  7 , page 31)

I  L ink B e lt Worm Gear Drive> 1 ,6  hp, r a t i o  50, in p u t rpm 1750 

I  GE E le c t r ic  Motor, rpm 1725, I  hp, v o lta g e  110/220, amperage 7*8/3,9

1 Speed S e le c to r  V a ria b le  P la n e ta ry , B, F , G oodrich, Akron, Ohio

2 s p ro c k e ts , 4 - in ,  d iam e te r , 16 te e th  

2 sp ro c k e ts , 7 | - i n ,  d iam e te r 30 te e th  

I  L ink B e lt Chain #60,- 112 l in k s
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