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The g1~at vol~ae of work now in pro~ss in tho UPited 

:states, fb~ the production of 011 from souroes othor than crUde 
l , 

1. 

\ petroletlmt is the xaesult of a shortage of oil which persisted as.Ater 
l' I,· , . 

r tl1= WfJ» w:rtll. onlt a tow months asCi. Normal incre~se$ in thG (ion-
" \ 
'~, (8ur.~pt1on, of motor spirit, ar..d the extensive substitution of oil 
I' , ' 
tfo~ ~oal previously bU~hed in ~ocomot1ves and household furnacos. , , . 
[have comb1ned. to c~eate a demand wIth \\"h1ch prodUotion hae not 'been 

able to keep pace. Crude oil has bean in &~rt 8upply beca~e, 

~durinS' the war, steel wS.s needed... mo!;,e 'urgently 'for other 'gllJrposes 

:,thatt for the drilling of wells ana. laying of pipG linea. However. 
I 

;tha intensive drilling eempa1sn inst1tuted soon after the war has 

f noW' 'bOrne ~1 t. Fl!'om a country which. was. on 'bal:.mce.. an ltrt?orter 
t 
~of 011 to the extant of' 500,,000 bazTela per day, the United states 

ihas become an exporter. A large volume of potential production 
I 
fhea 'been closed down in Texas. Venezuela and. elsewhere. 
l 

I " '. Decauseof the h1ghcoat o"rn8W pzaoduction. future dr111-, . 

ling activity is likely to be seneit1ve' to' market dBmands f'o~ 01],. 
I 

[Prices of erode and petrol aI'e likely to' rerrt.ain," therefore,' sub-
1. . . , 
lstsntlally at tfl..air present levels .. ' There ~ 1~1cat1onf:l that 
f , , 
iths consumers' market will ~esult in a itiee in octane ratings in 
\1 ' .. , 
iAmerica. af'te~ a long 1,;>eI-1od of stability. No early or substantial. 
v 
~rise is 6fCPected. in England; where a.ppreciation' in octane num'ber 
; 

:16 being ~es1sted. fo'!!" economic reasons., 
. i 

" , 

There has been a marked ohang~aleof in the defence 

position of U~S.A. in respect of 'oil supplies. Tbe discovery of 

a large fiel.d. in Alberta has made the Unl ted states no lon~....r depend---snt ,upon sea-'bolm6 s!lpplles 01: petroleum to meet a possible war-
! . . .' . 
: t1me:\darnand,torlarge quantities' or oil. 

• 
~e.eeeoM1de~atibns have-cfl.tlsed a sla,cltenlngof interest 

} ! 

~ln the pttOdtlction of 0'11 'from shale. coal and natural gas. Rl3seal~ch 

;am developcent ara prc.ce&11ng,. nevel"theless, but hot with any pros­
{, 

., ~et of early application.. It 15 desired, rather, to completo the 

.ork undertaken. and then mereli to file, the information for refer­

ence at' scma much 1a te~ date. 

f . TM Bureau of Mines' is'engaged on an extensive stud3l or 

• (l.1l_snale and. ahale oil. . Teohnique is being dev:eloped for- mining 

.~----------------

l 

t 

f 
t 

r 
t' 

" f 
~ 
~ 
~ 
~, 

I 
lO 
r 
~. 
~. 

I 
I 
~ 
t 

f 

I 
i 
I 
! 

I 
I 
! 



.. %·c· ·'t. pi . =...., . ,. i+ , UOO.I:.o ......... 

t;:' .. 

....... J ," •• 

t' 
'(2) 

a 10 ft.ssant at Rifle, Colo. by underground quarrying. A. new 

retort u.sing the "Gas Flow" principle, is being developed and 

a small refinery has been installed :for· processing the crude ' 

I oil by standard ma~hods. 
'.f:' . . 

In the ~aboratories at Laramie, w.yo, 
.; 
f the sub3ectabe1ng ~tud1ed incJ.ude the nature o-Z shale .and. shale 

" oil, ret1n1iG3 llroc~ases. solvent extraction md by-pro4:u~ts. 
' .... '. .; bee.n· 

"',' 

~ '. " ",. q.. 

~~! : :. ~ 

'1:' .• '" 

From tlle 1nfolamat1on wh1c~ llas {\sained to. date" it has ''been cnl-

! culated that motor spirit ~om Colorado .shale could be made 

svailable1U Cal1fornia - wh1chwQuld be the natural market ~or 

~he proda~t,. at from 16 to 19 cents per gallon, iiccording to 

the prooeas used. In all cases,. it i.s assumed that operations 

.:: ' twould eom:pr1s~ mining. ce.rbon1sing and viscosity breaking on the 
. :, .; .~.C::: '- ;~:: ~~, .. ,- \' . 

. . _ ,~i site. piping the 011 to California and .. the~ refining it by a 
."'~ ,,' ".~ ... :' .-:. : ~~ . .....,<. 

~ .... ~ ... ~;~:.: :. 
~,. ,. 

L 
! 

combination of hydrogens. tion tmd other processes. 

Standard Oil Development has applied. its fiuid bea. 
':i-. C') . ': ..... ;, f 

;'.!."/ :.j~:j.,~ -,'" 

(;~,: 

r < , technique to shale carbon1sat1on. union Oil, alao t is davel­
~ 
.:-.' 
, oping a rotortwhi¢h 1S t in er.rect~ an ~nverted N.~.U. p~ant. 
1 . • 
,~ Eoth these retorts, like the Gas. fim'l retort previously mentionea.. 

.," r .", ' .. ' f' give promi$$ of high' yields 0'£ oil and high cspaci ties but have , ':,.. . .. ~ .. ' ,-. ~ ~ , 

. /~::' .. :~}. ,'~~ 

~""t '" , , .• 
\~' ~. !' .. 

r'·" ~ 

;;'~. , .. ' ':.._' 

.:" .... , I. :~ ... -,.. 
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., 

not yet boon det1eloped to So stage at which cotznerc1al application 

could be safely conternpla.ted • 

necaus~ of its high nitrogen oontent~ crude shale oil 

15 not amenable to cata~tie cracldng. The hydrOgenation pro-

COss developed, by Union 011 fox- the ~etin1ng ot Californian 

crudes of hig'b nitrogen contant 10· gpp1.1cable. h.oW'ever~ to shale 

. 011. Because shale oil 18 ot'inferior qnal1tj end difficult to' 

refine~ it is considered that it ~hould be utilised as far f$ 

l)OssibJ.e fo~ :fuel oil, . and. tbat petroleum oil sbould be turthep 

refined to maintain the desired balance between ftcleantt and 

1IblackU' "P~!lcts. 

cmrb~n'!;}a.1!qn .ot ~ftl at low,J}nd mad.tum tmn1)e'1J8:tu.~ 
• 

1s being pl'a-ctid'$d on fa small. scale in England ar.d. the United 

States,. and 1a being rurth6P studied mainly fo~ the production 

of smokeless .fuel. In ell cJlSes, there 18 a Wide margin 

batween' the cost of the raw coal. 'e.no.. the price realised fo'1!' the 

Pl"OdJctat the worn. . The' ooke 1s usually worth rather more 
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ihl?Jl twice as much as the coal. The main demand. in England is 
I -

~r a fUel :for:1open fil--aS" but bard, carbon1sed. briQ.uettes are. 

~~~~ i~\ ,\.etl:.tnd. tor enclosed. stoves, foundrlos etc. In U.8.A •• 

~uch attention is being given to the au~pre8sion of smoke,snd 

~'!ll?pli0S of low tamperatL1re coke, anthracite etc. are . inadequate. 

(3) 

rna production of }\..z.rd.$ carbonised briquettes is be1ng investigated. 
, 
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~ acme cases, the mw coal 1s non-ook1ng; in one 09.$e it is a coking c 

.-;," 1_: ,~. ~&l which is too highly swel11ng fOF oha):\ging to a coke oven. The 
.'.,. 
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h!'1.quettas are need.ed fur water g&8 plants. cupolas etc., 'because 

kr t.he very high .price ot: oven coko &"ld sntrJol"'l<lc1te • , 
In the field of cDr:rplete gasification of coal~ tl"lG main 

~"!1el~5nts of recent years have been the application of the fiu1d­

k$~ technique to the process and the gasification of' pulverised 

coal in susper431on • In the fluid bed. process, coal is usually 
. 
~srbon1sed ,aDd the ChEW ge.s1fied in snccessive stages, though the 
. ' / 

f· . 
tY:iV stages may be incorporated in the same plant as practised. by 
~ . , 
I~C.I. The oth-~ org~'1isations cnrrantly wo:rking on· the tec:~ique , 

~o etandru.-..i Oil Development ~ Pi ttsburgh Coneolidati~.m Ooal,. Hyaro-

=.tf.roon Rese~cb. and the p...ntnraclte Institute.- For the gasification 

. ..... ,\'Jl anthracite. of eOtlr"S6, preliminary corbonisat1on le -.llnne~essary • 
. ,; .5. " .,. 

"', ~ 

~ (:.~ j: .... ,.'. 

. . 
It would ap~:Jar that setietacto~ pl;'Ogreda r..as been made 

.'- i·. 

Jut-he c~bon1sat1on of flu1dis6d coal; the gasifica.tion staga. 
! 

s:,:,:~ :! 
. bo~ever;. s~ill a~n?eal"a to 'be in tm early stag" of development. The 

~-, .... ~ , ...... -.t 
~uthor1t1eg working on the problem are not yet readY to discJ.osa 
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tesults or the amount· or Pl;"ogl"'toss mea.e.· . Opinion is. divided on the 

.. t>osa1bil1t;;ro;r Iin1eCe$S '"¢. th the process. It 1s pointed out th,lt 

£~"!'ltlrated at reaction preasm.'e ·or other high press~e. In Aflle:~icap 

4I.~cordingly. pilot pla.nts "cpetaate, or ere intended. to operate.uude~ 

:V~l!el1l'e with oxygen and stearn as l'oagenta. The I.C.I •. process, on 

\-ha contrary, is dev1sed to consume air' instead ot oxygen, on account 

er ~he high cost of oxygen fbr 1nduet~ial pUrpO$6s. ~he proce~8, 
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therefore, is restricted to app11ca:t1on at a.tmospheric pressure. 

The Bureau of :Minea haa. stud.iocsly avoided :t1u1dlsed 

'-",ification 'beoeluse the p~occss is being sO.6qllately investigated 
t.,;,1. .... ..; 

elaaVlhare • In~rteadt it t.Las ~erteken to $tudy tl1ree other 

t'lctb.ods of gas1~J1ns, coal for s yntheaia purposes, v1z. the Koppers 

mothou using powdered ,eoa1 entraia~d in o~Jgen end steam, the 

":~ .U' 
1.Z{.S. vortex process also uzing pulverised aoa1., oxygen ana. steam, 

end. e. third. process, d,eViscd. 1n the Euraau, in which stesm is S4'P6l""-
cr 

; .. ~. 

'" 

." ; J." 

'. ~ 4 .. 

". - to. 
~ . -.' .;:: 

" ., 

, heated to a te~verature so high that it c~~riBS'1vith it the heat 

;~~-1c~ ~or the ~eaction. ~he Institute of Gas Teohnology~ also, 

, is 'aork1ng on coraplete. gasification of 'Pulverised coal. with oxygen 
r 
: v.ni ateam. Even the Clost advanced. of these p:t-ocasses, viz. the 

• l\or;pers t must be regarded as insdeqnately developed. 

The Burean is inve8t1gatin~, the proa~tion of synthesis 

. : gIW by the complete gasification of lignite in an e~emally heated -, 

, retort. The underground. gasification of coal is also being studied, 

:, thoogh in this caee the gas 1s d esi.red for :firing boilers or perhaps 
, , 

, .1'.... ... " 

o~ turbines. 
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l?urthez- work .. -largely aC,edem1c in 'na.ture, is being directed r 
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',towD-rdS improving the capacity o~ water gas generators. Theges 

;Roaearch Board, 'however, 1s undertaking plant scale tests for -a---

. beUer utilisation of the waste heat a'lailable from the proeess. 

~here is 11 ttla interest in the Lurgi gasification Pl'OceSS 

in England :ena. only m.ild interest in U.S.A. The Bttreaa o~ Mines has 

a tOall plant at Pittsburgh doing good Vlork w1fu.lll its sphePe of 

, ~,l1ce.t1011. 'I'lle Bureau contemplates installing e. larger un1 t elsa-

llMre. Opinions were sought on the application o't' the p~ooe6s to 

Victorian briauettes. .. The repU:es reoeived were preponderantly in 

1"avo\U' of the project. 

Texaco Develo,pment states that it. has- ready for adoption 

A iJl"Ocess with all the advantages of the Llll'Sl, but superior to it 

In oertain res:pecta_ 1.1 ttle else .1s known of the Texaco procoss. 

'rlle . Gas Research Do~ 'is working' on a process for t.i-}s 

~fi1iQIlfD.ctllI'e of t"~ of high cal~rificval.ue by the formation of methano 

1.'rom coal and. hydrogen under high pressure. 
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Many of the oomplete gasification processes just mentioned 

~~ dependent for their economic success ~pon medium purity o~igen 

baing available in l~ee quantities and at relat~vGlY low cost. 

~ine6 the WaJ.'It many -warisnts of tt.e cls.saical Lind.e Frankl pro{'~6S ., . 
h~ve been developed. in U.S.A. end elsewhere. , . They ara directed 

principally to the elimination of the high p~essure circuit pre~­

rl~t:a1y used to provide Gupplementnry cnpaci ty 1:01" volat111sat:1.cn 

of nost ~xchanger dGposi ta. Many ingenious devices and· circuits 
, 

h.a?6 been ap-~11ed to that e~d, but the resulting imvrovEmlsnt, '. if 

nnY, on the Linde Frankl process is quite 6.'11&11. seven plants of 

a cp.ptlci ty in excess of 100 tons of oxygen per day are known to 

be in operation O~ cott~se of construction for vapioua pu~poses1 

i inolud.ing the genwation of gas for the eynthaais of oil, methanol 

or e!l'f11on1a, the supply of oxygen to s teal furnaces or ,ore roe.:!r~era 

wi the prOdUction of Chet.T1.cala. under American conditions, 'the 

coat of 95% oxygen from GUc.'l plants is estimated to vary ~om rour 

to nine dollar-s per ton. 
-~ 

For sen~12:t1T~ .. ste~ .. ,in quanti ties up to 200,000 lbs . 

~r hoar in ind.ividual bo11crs fc tue spreader stoke~ is established 

I.Ml first favourite. For tiring larger boilers, coal is generally 

~!lpplied. in pulverised. :rorm~. in api te of the difflcul ties et'...d. 

~x~enne incurred. in recovering fine ash iPom the flue gl?..s a!ld 

~b13equelltly disposing of it. T~~ increased interest of 10cal 
• 

·e.'Jthor1t1es irl U.S •. A •. :in the suppression of grit 'and smoke 

, @~liIaion1e likely to· accentua.te the fly ash problem in pulverised 

fuel installations. Partly for t his Naso~~ the cyclone burner 

rllcently dsve.loped by im.beock sd Wilcox seems 'likely to challenge 

tt~ supremacy ·of tru; powdered ,coal furnaoe,. Only one ouch 

tr·.u'oor is at present in c.~w.l!:fiasion .• but a lapgenumber' is on oro.ez.-. 

, Ab-out 85% of· theaoal ash c an be tapped from the cyclone in the 

•. foro. of q~%lched slag which nwy be used es aggregate in concrete. 

At the Fuel Research station, work has been resumed on 

tho Vortex burner, and an in terest1ng study has been made of the 

~ ~i'DreSs1on ot smoke from Scotch toilers~ There has been so~e 

, N'l"lVal of 1ntcv~at in dC7ffi ~t combustion end som.e furnaces 

. ~itlylng the principle ~G new 1n aex-vice in England.. B .. C.U.~~ .. , .. 

; 14 investigatlag the :f'ortnat1on and ,,'" pr.~.y,~~lt1.0n, of depoe! ts on t~:,:;, 

'~~'.~.~-----
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t tu...onoace side of bo11e-p tub.es, end in conjunction with the 1l'uel 
t 
i 
r 
t 
~ 

,. t 
r' 

Research. station is studying the grindab11i ty o~ coal.. Funda-

mental studies are being made o~ 19nition phenomena and of com­

bustion end gasification reactions at I.G.T •• Batt911e~ carnegie 

t and othor 1nst1tutes. 
~ 

~ The Looomotive Development Ccmmi~tee has bean developing 
\ 

equ1~ent for burning pulverised coal under pre3su~e within the t i confined space of s. locomot1 ve. Good pl"'ograss has bean made on 
l 

\ 
i 

the combustion of the coal and removal o~ 'the ash,· bUt the nozzle 

l 
~ 
~ 

r 

t 

methOd of pulverising has proved unsuccessful • 

Two g~8 t9!"b:!n! looomot1vesjt to be :tired With coal, are 

on orde~ to the Comm1ttoe lt but it seem3 likely that their completion 

~. as coal. liurnir..g locomotives will be delDyed. A coal pulver1z'~rJ' 
t to Qperate undex- pressure, is on order f'I'OOl Bab¢o·ck and Wilcox. 
t 

0-., b. 
~ ~ to'.; ,.( 

,," .. , 

An o11-~lrod gas turbine locomotive was commissioned 

in U .. S .. A. 'e~ly this year. Abother 1s nearing ,completion end a 

.\0" .... ',' tbirdls believed to be on oPde~. Two are in course of construe-

tion in England. one of which may now be complete... Switzerland. 
\. 

-, ,.:;; I: has had a gas turbine locornotive in co.'l1l?liss1on since 1941:. ,.; ,.! A maI'1ne gas tUI'b1ne poweI' 'plant 0;1: Amel'1cSll manllfactu!'e 

t, 1s in service with, the U.S. llav7. and three other- such plants are 

" '. ':, t under constx;uct10~~ In the develop.::nent of gas trl!"oines for .ad:~ea 
I: \ 

~:.!] f. on land" swJ'sa mantlfaeturers lead the rest of the world. BrOWll 

. ~,' 'I. Boven.: has installed or 1$ installing gas 'turbines to ,all aggregate 

'':;.; .i.,:", ~ power of 90.000 It.w .. $ the lwgest being on~ of 27.000 K.W.capacity 

,.- ',:; , t now in O)U%'Se of ~eriuf'a.oture for a. swisa pOt'1e~ station. 'The.Pe 1s. 
ti: 

.~ ,_. ", t a difte~enee of opinion between American and Continental mannfac-
~I ' 

. ,; .. , \ tUl'llI'sregllI'd1ng the temperatures :for which gas tUI'bines "'fI3' be 

~ dea1gned_ It is Brown l3ovsl?Us practice to reatI>1et working 

1 temperatul."eS to 60000; gas turbines are being etn~trueted 'in 
t .' and, nearly 800°0. 
t Amepica :f"o~ operation st 700°0'; . The exper1enceof the next year 

10l' two. with these turblnea Vlill"''be v~ interesting. 

l, outside the Bureau ot! A1ines. t..'lc~e is 11 ttle interest 
\ 

tin the Ay(lrpgenatl0.n . .2!_.£.Q:~ as a p'osa1ble commer1cal 'source of . 
} loa. !he Bureaa has ideas for improving the eff'lciency of the 

j;-rocess frar.l1 abou~ 3~1I .sa practised in Europe, to 50% or more. -- --~. 

;~rot'e\1er: .of the various refinements in. plant design by which that 

,\- ~--------
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,iop:!'ov€Tuent 1s to be &oh~ eV'ed, few nrc to be tested in the demon­

strat,ion plant jUst completed.. A new technique f'o~ the l'fUJtial 

hydrogenation of coal unde~ mild cond~t1ons in a flu1dised bed 

is believed to offe~ possibilities of 1mpX'Gvemant upon current 

pre-Qtiee • 

. The version o't the l..1seheza Trousch £~theoi§ process 
~ 

~lich 1s receiving most attention i6 the fluid bed mod1fication 

IlS ing an iron catal;yst .. Tlle first CCh"ll!!lerc1a.l p1ant B:Pply1ng 

the process 113 due f'ol; completion in February, 1950. Natural. 

ga.s is to be the raW materie.land the designed oatput of the 

plant is 7500 barrels of liquid pl~oduct per day. A second fiJld 

s1m1~~ project has been !>1.bandoned, at least tenlporazal1y, in arl 

early stage of constl"·uctiOl1,. A plant of the SS1le Cal1E;lcity, but 

using coal as raw !~1teria1 i6 being designed fo~ South l~r1ca • 
. 

It 18 understood. that the capital. is not yet avtdlab1.e :f'o~ the 

entezrprlse •. 

The fluid bed synthesis. process has been developed 

mainly by StaMa..~ Oil, Hydrocarbon Research and Texaco, but 

other organisations ar6work1ng on the process. The petrol. . 

which comprises about 7~% of ~~e product has an oet~~e number 

of eighty without lead • The remaining produots are dieae1 

oil o~ poor qt1u11 ty, a furnace 011 and a rompl@;' m.ixture of . . 

al.coho4, aldel' .. ydea, ketones and fatty acids. A comparatively 

high temperature t Viz 320°"> is a:p'P~1ed to -prevent the fcr-mation 

o:tw.ax whiohv:ouldotherwise sdve~sely sti'"ect fluidisation • 

I . The l1lU"eaU of 'tl1nes haa avoided. flu1dised synthesis 

and haG ehosan~ 11'1$tead, to de'1e~opS'ermanva%'1a.t1oDe of' the 

process using oil as the med1um ~o~'dissipat1ng heat or reaction. 

In one process being 1nvest1gated~ the oil 1s circulated through 

a fixed ¢atal1atbed~ in the other, both. oatalyst,' and. oil ~e 

circulated 1n the torm of a e'lurx-y. 'rbese teehniqaes, particn­

l~ly the lat-ter. perini t operation at tempere:tures o~ about 

250°0 which ere close to the o'Pti~um fot!' high yields of liquid 

hydrocarbons. The oxygene. ted product -Of·· tluldlsed synthesis 

is replaced. by wax. TheF6 is 1eEe production o~ gaseous 

hydrocarbons sr~ the diesel 011 is of bctte~ quality. ~aa 

petrol produc~d~ however,1a inferior in both quantity end 
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quality. 80 far as csn be judged from toe small scale ot' the 

work so fer ,'.' l)st the Bt1!'eaU, ap.erating costs are not likely 

to be done s~l;lstanti.a.llY a1tter-ent for the fluid bed at'~ oil 

cooling prooaaaes. 

The Bureaa has just c~~pletcd a small pilot nnit with 

an outptlt at' 'ti ~relg of oil pe~ day- A 200 DaJ.'Irel per day 
, 

plant is baing ereeted at touisiana, Mo. The FU,~l Resea!'ch 

E~ard is investiget1ne proeosses using the ~luidisedand the 

suspended catalyst,. but the seale of: stUdy is small. 

In A~er1cn there i~ only acs~emic interest in the 

Wth€!sis .at: metl:l:'?I~a?. The possible scope of ~pl1cation in 

(8) 

i ,. t ",,'" I 
Englend is regarded. Eta very 'limited, mainl..v because of t.he logs 

of heat incnrred in the vl.~ocess. ' The Gas Research Board is 
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currently working on th~ee phases of the problem. The firet t 

as alread1 mentioned in connection with wate~ gas manufactuv8; 

is the better ~til~aat1on of'waste heat in.thnt prooess. so that 

good ase may be found, if nGcess~~~ ib~ the heat of the methane 

synthesiS ~eaotion. The second is the ~eact1on itsel~J which 

has been caxar1ed. out continuously over eo period ,of :four months 

iwithout reactivation oe tho nickel catalyst ased. 

I the 1?~1f1.eat.lon pf the, B~. The required degree of re!lloval of 

The third is 

I: sulphur COi7IpOWlds hns been achieved by conve~1ng organic sulphur 
I 

to hydrogen sulphide ove~ ~ copper-chromium catalyst, fbllowed by 

l ox1de purification $.r'4 a final weatment. with a nickel ?osorbent. 

t A diffioulty expsp1£luced - thoaghprobably a minor one - is that 

I the ooppezwchrom1um eatalys:t c~"lnot be revivified .. Tole Board is .-
[ ,'.. ---I also WG~k1ng on 1mprovelT16nta to the azide process 11 applying a .. 
I 
t 
f fluid bed in one cssa end extractIng the spent oxide with a solvent 
t.. catalyst ! in the other .. ' The copper-elwomiwn!juat mentioned is baing teeted 

! on unpur1f'1ed coal gas with $ view to reducing tho organic sulphur 
l . 

\

' con taiued in' the gas. 

. 'At I.G' .T. md the BUreau of Mines station at Morgantmm, 

\lIOI'k 16 p1'O~eding on the eetimsti.onof Slllphll1' compollndG in coal 

I gas and. on the1r- .elimination. 

t Several AAR'J.icm:fiioraq. of . the fll1,!'\, ,bed teahn19B,e. oth~::::" 

I than those alI'eGdy mentioned, are being in,;astigated. The Bureau of 

\li11nes is adapting the process to tt'i.e drying of fine coal; the 

I' 
--'---

• I, 

, 
< 
; 



(') .... _I' d4 the -. 1Inal~ Lime Co. are _til ~q _4 bltJl'lll_ 

1t_tll,. ~. fill14 ~J ike Do1"Ji' Co. 18 dapttnl thpl'lne1ple to 

the .o88t1ng or ~10tl8 '0 ••• -. 

ft. 1'1_ .. 4!Z!UG'f tin·. ooal .P~. U be _""'u.in 
f'a .. p. lit onela'e~e.tt_ 8JP11 ... tl08 of the ... 1..,., 

Uplt • .,,'" uao1&-.. ~.nt 1$. belag tinea ,,1th as: .. at '§GOp 

a a ,tl.l .. eJt't,,_p .. 

At 'U Peoria .'.tioR of the PR.!". ~t' AI!&,nl'IlI, 
lttt~.s't1ng.t~_ t. 1ll pH", •• on the .tllSA.tiCD ot eorn coba 

·and other t'armwaetea. 'fhe ob3eo' efAe wOH ,. t. oon'"~t 

,ato.aus ... he.a .. s~aPatel, lilt". ~tl 1?J'()(blOtS. lal4er 

ceI141'10n& 4eslgnsdfor mdlmum ytelds in _.ell Cd.. Although 

8'_1 &l00hol 1s &. ma3cS* •• p""uot ot tile treatmeftt .• tit 1s 

4eslre4 to obtatn,ae t .. as posalbie, otU1" ·afld _re 'Val_hIe 

,JrOdtlOta Intol! •• rl.tl!ttlPal, atlS_e·t acetone.t.. The utl11e.tloa 

er .'h¥l &1001:\01 as a mot'Or 1'.1 18 Mlll1 ~h.l' etadle4.TlW. 

at_holt.ao. blend .. _th petrol_. apiri t. bat 18 8.ppl1e4 

• .,.--t-17 to t'Me_ft. tb1'Ot1Sb. a twin tael ... buetto%'. It 

ta bop.' that th$ u.e o'f alOGal 1. thte 'fIfIV6,only when the 

.ngbe p$q\t1rea A hta1loe'_ ruel, will e_bl.lltlh~".81oll 

~. to OP"'. Oft lew Pde and,. ther.fO~., •• ap petli'Gl. 

A teelmiqu toJ> the it .. 2.C 6U aaJsII'lt hu been 

«anlope" _"<lolti •• , 0010. The eoa1 p11e 1. 'btd.l' uplD 1.,-., 
each of 'Vftd.ch t8 __ oltdat.ed "7 dl'i'f'lqa h114ozer .... erl" ba:tore 

the n.xt lQ'er i& ~, 
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This report is a summary of information ~ollected 
. f .! between November. 1948 and JUly. 1949 in the course or visits 

~. to the. Unl ted Kingdom and the United states. Most of the 
,~ 

. (10) 

I ~ '. , t' 1nstections and interviews were made 1n the company of Mr. G. E. ~, ... ' 

.;: .. r :Baragwsnath, Senior Research Officer in the state Electric1 ty 

. r ' commission of V1ctoriaand lJIr. R. W. Urie, Research Officer in 

, ! theCo",mcnw~scient1f1c and Industrial Research Organ1sation. I ' 
f The main subjects investigated were the complete.gasification 
i 

.~ . ~ 1 of coal, particularly in respect of its application to Victorian 
r 
! .'" .;' .. :: .. " r 
r 
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brown coal, the production o~ oil by synthesis and the production 

andrefin1ng of ahaleoi1. Information was sought on a consider-

able nu.rnber of other :l.nterests in the field of f'ue1 technology as 

the opportun1 ty o:f'ferE~d. The range of subjects 1nvestigated is 

so wide that the rapol.~t should not be presumed to be based in all 

cases on expert knowledge •. The authorities consulted, however, 

were invariably experts in their respective fields, and great care 

has been taken to record their information acc~ately. That illfor-

mat10n is offered with confidence as to its authenticity. 

The report 1s a summary of recent developments and not 

an exhausti~ study of' the subjects mentioned. \1here those devel-

opments ha~e been published, references are quoted to the literature 
• 

and. no more is repeated in the text than is desirable to ensure a 

. coherent narrative. A considerable mass of detail has been exc~ed 

but is available on record for fu~ther reference. 
I 
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To a'l7.oid t1~e8orne repet1 t10n in discriminating between 
re CO l"a.;L.'1g 

British end American units, the practice has been adopted of/tons 

and gallons ~uat as they were originally quoted. Except where 

olearly indicated otherwise. the long ton and. im.perial gallon ·are 

implied in all 1p~ormation received outside the United States. In 

referenoes tQ projects etc. within that country, the short to~ and 

U.s. gallon are used. In the few cases where confusion might 
','". 

ariaa, the ~nits are specifically stated. 
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OI):. SrfAtE and SHJl.l.l? OI1e. 

Although th6~3 1s no active shale oil indastry in the 

t Uni ted. statos and. no prospect of' one being .. established in the near 
l . . . 

.: ").: I' future, res. earch work is be1ngprosecnted steadily in' that country 

t: ': in anticipation of" the day -- admittedly distant - when dw1ndlir~ 
~, 

p 
,,::'2 ~. s~pp11ea of natural. petl"oleurn will need to be supplemented by 

; ... :J:" f produotion from other sources.. 'the Bureau of Ulnas 1s investigating 
~:. 

~.:.::~\ r tbe mining of shalefrorn a 70 ft. seam in Colorado. the production 

;.,,1,. I- of oil from that shale in the laboratory nod. ln two commercial 
t 

. ,',1. , ... ~ retorts. the refining oft~e oil, i'ut"'.damental properties or shale 

)' '~.c: rand shale 011 and other sub jecta of interest. samples of oil 

'1'::;-::::} i for refining studies have been made widely available by the Bureau, 
f . ,. 

~Li ~ but little or no i1"..i"ormation> rasal t1ng from that work has been 
f 

)'::'>~f.po.bliShed.. It 1s generally accepted that the best method of 

'd~' t refining consists in delayed coking of the crode 011 and partial 

:-; c:::;; I hydrogenation of the distillate, :followed by :f"urther treatment 

:~>£..(.': S 
i: by pro~ases in COOlman use in the oil indu.stry. The Union Oil 

ril"~';-"'~ i' company of. California appears to have .done most work andpllb11shed 

:::;:;i.! f: most information on the hyd.rogena.tion or sha.le oil and similar 
L 

.2J" ~:;. ~! stocks. The same COu"'1pany is da'.reloping a .process of considerable 

,1>romise for the csrbonisa:t1on of: 011 shale. The standard Oil.· 
i 

.& c,,: [Development. company has applied. to the same problem 1 ts fluid bed 

.:·,M:-. J techn1que widf}ly used in catalytic c~s.ck1ng.. The American 
/~, I' 

, !: Cyanamid Company has studied the concen trat10n of. the . low grade r I • 

"'p.,:, 1 shales of Colorado by froth flo.tat1011.and by heavy m.ed1~ aeparat1cn. 
.e ••• 

..,: .. ~."l ,! 

1: .:~" .f·~·~ ::} 

.J ;:.ij:.';; 

~: f ~"'~~ '.-', 

.:.. ... i ... · :' 
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.,.~~ . ..: ~"!o ~--'l 

ffiiITND STATES :BUREAU OF r.n::HES: 

. The Bw"sau of' Hines publishes its work on oil shale and 

I' Bhaleoi~ ·in ~eat detail at .yesrly1ntervals. ++. For this ! reason, little purpose would be served by 1'llcol'ding at length in 

IlhiS report th&.1n:f'0l'llil1UM obtained at the, Laramie <j!ld Rifle 

~ experiment &"ta:h.ons. ....~ ..... "'\, ....... , "' f .. c' • 

~. . 

I: 

,. 

. ~ .. .., ,~ 

t_ 

I.see U.S. Bureau of Mines, R.1. 4457. .' , 
I . ": . 
~ QYrntr..R%ic, 1:1 c:.trrn Ftnn..s. 
~. 
~ 

I" 
1948 ~Annufa Report at: .the secretsry of the Interior, 

.. r~ . _:. 
F~tr~ .1;.- Oil trom' o11:?h.!lC!_ . 
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M,inin5 ~:l:ex:aj.1?Jtq' at' Rif'le oompr1se : -

(1) The Winning of seleoted shale in 5mall quantities, and 

without regeI'd to cost, as£;. controlling tactor, tor 

o the lif.T.!1.' and. other retorts. '"At present the shale 

1. comins· fl,"oma -10 ;root ,section of the seam above 

,the umru'loga1l1 m.arkel'ti and. bas tm aS3ayval~e ,.of 

'about :JJ gallons per ton •. , 
, 

'._1,,1 

(2) The winning, in J.::~rse' quanti tieo" ot ahale trOt~ a 23ft 

~1· .. 

section o~ the seam, that section being one ot three 

benches in Which the best shale 1n the deposit would 

be m.ined in. eotnmercia'l operatiolls. The shale won in 

these operations 16 dumped ove~ the cliff, thepurposaa 

of' the wOl'l( baing merely to obtain experience in Gai t­

able techniques $.nd to determine costs of prod.uctlon. 

"'The outst8.nding features o.r the shale mine at Rifle 

are the great height of the seam and the wide working places 

permitted by the mechanical strength of' the shale.' The bo~~ 

fi-oom which the ohala 13 being won are 1$0 and 60 feet wide. 

The exper1mentnlrocm for observ'at1on otroof sag is 100 feet 

lor~ by 80 feet wide. It has been located deli~~rately at a 

~o1nt whe~e,there lea v~t1cal crack in the ~oot from side to 

\., t:'..J 

side of the room. 

is about. 0.4 inch. 

~he ssg in the centreatter 18 months! occervaticl 

SO long as the sag increases slowly- and un1.tbrmly , ' 

the ~of' Will be rat1:ardad £IS saf'e because the movement will 'be 

indlcfit;t,?'e 'of' elastic strain. 'Any' sudden or great increase in 

the rats: ot sag will be interproted. as a warning of impending 
" 

fat lure ~ The record of rock noises. detected by geophones' 

buried in, the roof at ver!ouS points, will be interpreted in e. 

similar- {'>tanner. " 

. IT\ mining operations, the shale is dIJ111ed to a 

d.epth o~ about 9' 6" by two percussive air- drills mounted on 

a jun1l:ilO., '" Ina face 60ft by 23 f't, 84 holes llear1y ,3ff in 

diarnatar . are drilled in one Shift,. $!ld are then charged with 

explosives and· fired on the next 6h1f't. Atte~ the ~ound of 

----

~ 
~'~W\FP. ~Jl!t IV "'M(,,;:P; """ iii" .:;:. 



.~ . 
, .. ,.:' 

. --- .. -\.~ . -. ; .... __ ...... _ .. -~---- ... _, -......... ,"-",. .... -
--~-----------------.. ' 

1·~'!' 

, used to transport the shale out of the mine. 

f 
Ten men are 

employed' ,in th.e operations t)1~1efly nant10ned aoove and the:r 
t 

i win 800 tons per shift fit 0. coat of' 50 cents per ton exclusive 

of capital ent.'l 8!1rface charges. In the Bureau, hopes are enter­

tcd.n~d ofet:t'ect1ne t\lrther .. though amall, redllQt10ns in cost, 

\'1.;' • 

and of demonstrating thst Ghs.le Olin bCdeliVel?e(l in lc1rge quunti ties 
l ' ' 
~ toe. ce.rbonising plant at un i.nolus1ve eost of 60 cents per' ton. J, ' 

.; '; f some su.t,aori ties outside the Bureau ar-e inclined to e;-:lyhu£ise 
I .... •• '1/' , 

(' 

.. , .. ""'\ .' , 
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administrat'.on and ether charges not incurred. in the present method 

of worktng. l?robable~ &ll .. inclus.1ve costaot 1/1. sncl 41-,5 pel" 

, Carbonisii1~ Qr:ere.j1ons 91; Rifle cQ:npJ?j_~e ,. -• I
e, ton. ha.ve been quotE2d by fH1Ch authorities. 

: (1) The 1)roduct1on' of oubstantial quanti t1es of crtlde shale 

f , 
I' 

oil ,from two N.T.U. retorts chosen. not because of any 

preference for the )roeeSs, but because it was known 

that' they cOtlld be installed quickly and operated with 

11 tt 119 tro~.lbll.a • Tbe 011 was needed wi tIl a minimum 

of delay ~or examination and retining studies within 

and w1 thout tIle Bureau. 

'(i) , The developmant, of the ttGas Fl.own retor,t chosen as one 

'likely, in the BU1"aau'a opinion, to prove superior to 

,'most, if not all, retorts now in ,commercial operation • 

Th.e N.T.U. :retorts have fulfilled their mainfunc.tion • 

I, in meid.r&g available a applies of oil needed for other wo~k.ln 

I~ other respilC;S thait"vari"ot'mant.:e has,~ been disappointing. 

f The 01l 'yield. has varied bet;reen 60% and 85~'; of the content bY' 
f '-. 

I Fischer assa.,v; l.osaes in the form of oil fog being significant. 

Difficulties have been expel"ienced with. ,emulsicns. A systematic 
~. 

, imrest1gation is, being 'm~iie into the effect of' varying the alr: 
t f recycl~ gas x-o:tl0. 

'I . ._ " Tl"-1.6 Gas F~O\T r-etart haG' been developed fror.l t11e 

I', Lantacl' a..F. p~oce~s ~d .d1ff'ers from, the htter mainly in t,hrl!::e 

'fayav1z :- . ' , " ;;, 

i (1) The C11~uls.t1ng gas is heated in one of: two pebble stove 

I 
",' 

\1'., " \ ~~. 

regenerators, which are Slternately heated with natural 

gas a.nd cooled by the cll'culA:t1ng retort gas. 
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The e;esea m'*S cooled at ~cb. circula.tion to remove 

oot~dellalble Ull'POU!'S!.'·· 

'\ 

! ... 

,0') 

.... ' ~~ '.10, 

\. l ) 

(' 

I· .... , 

\~i 

'3·'~ \ I:' ~e're is. 1:'0 oQo1111gmonia in the. reto!'t. 

'I ~h6 11m! ie4 . .al.."'Ount of work eo 'flar dona on. ,the retort hy gl veil. 

results which me:}! be reE!arded as generslly encouraging. 

Diffieultiea h.ave 'been elrt)~i€nced calling for modifications in 

design. The 011 yield 1$ tH!b2ti.~"lt1ally the SS~ e,So _E:lv8-n by the 

FlsCI.'·Wt· 8.6SUi3. The rate of carbcnisoticn 13 rcirly high, tr~ 

t~~ghput of th~ pilot pl~t, ~ith n c&~bonl~ing zone 10 feet 

!.I~ high and 18 inches by 12 1nch$S in ¢~oaa section. 'being i .500 

lbs of sbale pe:p h01J2. MUCh. t~lO"""C expel"'iance snd ini"armat1cn 1s 

needed, howev$l". before th~ reto~t ~. be regarded, as ready for 

commercial ad,oyt1on.:, 

~?lV'ent 8x1..Ji'.£l2ttm of' Oil shale hse. been punued 

at L~Silllle to a point at· '\$1ich. the prooess hoe been focnd 

teclm1celly attracti va b:l't commerc1slly 1mpl"'act1oabla. f£he 

yield of 011 1s aabat~ti~~- greater than tbet obtained lu the 

Fisoher !l$scayt and ti'l..e quo.l.i ty is good. for ,Q "hale oil. E-otifevGl.'>., 

, tnerates o~deoom~Qsiticn of ke~gen and oilproduet respectivaly 

are euch that, fc.,r-Colcwado sha.le as least" the proQ9sG· would 

not,-be self supporting 1n 'rc$;!€ct of splvent. A n~Ol"e ltnportaut 
J I dlser.lIlrag1llg t&ctor 1s ,the .coat of ,:filtering ash frOG! the product -

~ f. ' 
. f a :cost:~ t"egarded at ,tM moment as likely to prove pFoh1bit1ve. 
(;, -
l '1' .,!,. i "'" . ---I 'rhe shale oil obtli.> ned. 'by eol~erh e:),.~p~ct Gil 1.;8$ befm._:' 

f~ hydrogen~t$d in ,S sr.'lall,o$cl11atlns autoclave. It has .been 
t.J ' t found that "he nitro.5:en compoundS present in the oil ~ ,removed 

.' ," ,; i " .' f 

:"',:: f ,tn pt~rl only by this simple hydrogeltatton treatment. Because 

":':'::0:" I, the solvent 'extract1~;n pI~Odl\ct ie sirrdlarr in physical and eh.erAioru. 

'. ., f ch&racteri:st1os to l?etor-ted shale 011; it is lnf'arrad that 

i eubstunt1a.1lycomplete hydrO!1.~ttat1on of epUda 011 16 needed £oJ! 

i the ette<:tlve ellu1inatlon of' nl t~Ogsn ~_ iSu,l)ihf.1~componnds. 
','. < ': ' t 
~ .... ~'" . " 17 , ' 

",; ,::,. '."'1, •. (Elsewhere.'in. th1& report it is rs:()t:;d.e3a thnt ~tleb more fatrc!ll'~ble 
. %lesul te have been obtained by the Union 011 Oanpany when hydro-

.)', : 

: genatlng,substantla11y in the V8.lIOtU" phe.»e.· coker diat111ates of I high'1'11tl'ogGU all:l sulphur contents.), , 
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Fyrolysis and,assay studies at Laramie inelude the' 

determ1natiC?n of the heat of decomposition of Oolorade shale and 

'y comparison of assay yields by the Fischer and Gray King methods 
. ~ " . 

\.',; I respectively. The heat required to ,carbon1se shale is measured 

,\. 

.~ ~~ '. 

in an adiabatic' ca1ol"'wter, which has two jackets insulated. :from 

r one another. EUC~ "is in contact 'with: a;~: thermo-oouple" and. a 
~ 

sensitive relay causes the outer, jacket to be heated when its 

tempera.turef~lls below that of ,the: inner jacket. It, has been 

found that the total beat needed for carbonisat1on di~rers from 
' .. ' 

(1;' ) 

sensible heat requirements, as determined from extrapolated speoific 

:,)~' r' heats, ,'by an amount which is insignificantly small. It is con-

,~~;~n .' eluded, therefore, that the heat of reaction is negligible. Thin 

"",,:; I- deduction is contrary to prev10usly published results of vrork on 

:"V" l sim.ilar shales, but the sens1t1v1 ty and accuraoy of the method 
/'""'-. 

~.' .,.r' 

),~ 

<~~ 'r 

'.i ' 
~ ~ ''to ' 

and apparatus in use at Laramie leave little room for doubt re­

garding the results now obtained. -: The wor'k is' to be extended to 

other shales in t~e near future~ 

Theoomparison'betwaen Gray King and Fischer assays 

is being made on Australien shale •. The number of Fischer analyses 

60 tar made is too smail to just1~y final conclusions, particularly 

with regard' to ~eprod.uc1bilitYlJ etc., bat it is tentatively 

indicated that the ps'rcentage yield by weight' is slightly greater 

:~. t in the Fischel' assay and the yield llY volume· sl1ghtly lower_ . It 

could be that the ,inclusion of naphtha in the Gray King yield, as 

I 
t 

-practised at Glen Davis where these testa were made, 1s respons1Dle 

for the lower specific gravity' and 'greater volume of the Gray King, 

l oil. '\ 

;t-
":,1 '. 

The Fischer assay has proved verysatisfactor.y at L~amie. 

":/; 't- The ,method appears simpler and. more expeditious than .the Gray.King. 

oJ •• ;.-

~ ." 

.. ~, . 

Three oper:-atol's are able to complete eight, assays per day, inclUding 

the preparation,'; of the saGlples., One weakness of the Fischer 

> apparatus is that,the seating surtaces of the retort andret6rt 
~ , 

~ 

I 

I 
f 
I 

oap need to'be turned down' at intervalS to"keep the apparatus 

gas tight. 'EVentually the cap muat'be discarded and an oversize 

casting substituted (At Golden, Oolorado~ where the tor ,it. 

Fischer assay is used' by' the Bureaa of M1nes 1n, the' anaJ.ysis of 

Coal, the t~per plug type .of seat has been abandoned .1n favour of' 

a'horizontal packed joint D using' thin asbestos millboard and 
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sPaph1te .. PMklq. Tb8 eep 18 held t1,htl,. in poet.lon . 

'07 two olampa poslag Nand and oyer tbe "'ort.. lfbe .eating 

aurface 18 HOGased into the tOll of the l"ett»:tt so tbat the volume 

of tiw vapoll .. spa_ mIl7 be just 681' 1$ 1n the- .tand.8.r4 apill •• t_. 
T1l1s OOJ'la'tftOtd.on 18 said to e11m1oate the lleei1 tot! pEu?1odle 

relacina of the seating sllJtf·ae ••• } 
. -t'/ . 

• 1R!b~otx .. _",0;_ "_'I. seen at i. ..... e4 

Rift. 1no1wt44 am.. e.peatl'Gme.r top the _alpl. ot ps., 

apparatll$ for the detemiaati on of oxygea -.n ~fl_tc comPOQnda. \tV 

the Uh terz.aucher f_'hod al'ld aD 1.trtt.ment ~G-'" l'el18te~tnlJ tbe o:q"e. 
c()u~nt o~ a sas sireem. ,.,. mentiQned latel' in 1b1e report.tb. 

mas$ '" pe.ct~mewl' t. now almost .'landud ... alpment 1n res_._ 
l~ato""e. WOl'klng GIl t\lel problems. ifhe l1n'e:r8auellex- _&1,-.18 ++ 

hu beeD. de-velope4 88 an alt$ftlaltv-e te the auob dlatt!'_"d 

·oxygell '0,. tU.fter_oeit 4&tSNiaatlOll. -Tll. eMf,le 1$ ~l.t.17 

a.ecomposed. 1n em lnen awoe,heN at 110000 or 1200°0. and tbe 

•• toWl ~"la aH paa_A -thPough heatM aottve carbon. OX7pn 
iodine 

.. 18 then dete~ned 1f: tb.9 !torm ol'e~bon UlollOx1de usln,/pent()xt~ 

88 Rageu'.At Jllfie, the gas lea'Y'lng the If.T.U. Htottta 1. 

an~ oont1n\lollal,. f'or oX1gen content b7 .. lnetNment _bieb. 

tunottoaa on 1JheYaPlatlol'lo~ mGPletl0 sascept,tb111t7 with (uq.,ea 

GOnoonwatt.. 'fbe app.atusseen "88 the J:aQ11ng Gaa Anal, .... 

made b~ A.B. 8ee~11an of Paasdetul, Cal. It a'VI'iea.re rata"" delloate 

tor oNloatt7 works •• , the auepeulon of tbe to.-.101l 'balance belng 

'0,. q~ts :fib". (An inatrUtiellt. p1'O-tnlb17 a1m11at.- in prtno1l,'i18, 

11ae. _en Nc~tng too oqsen oon,.tef' "gen •• at.w_t. gas •• at 

Aurol'. "1'108 17, n.'~1 t. 'fhe t"lUlm:ttdtllJ!lftl w. the Hqa IDa'''· 

metlt OOl'lfpa.D,f of Mlehi.8aD 01t7. 1'ftd. 'I.'he last»ument was gtving 

goad _ewloe but nothing wu lalown at the ~.ft.n.t7 ot 1t. 0tJR­

atJ'tlctloft and tn.latec •• · .. · ~. lbtZ'Wll«m' \'IN .till regarded, b,. 

the tllall .... as experimental, no 4eaorl1:rtlon and "' •• 'notions we •• 

1~$u'Od tr1 th '1 t t and. all ~e1ng te a.one b¥ a l'e .... ntatiYe of 

the HaNe coapanN.) 

%i! IhIlIK1uGSJIl at J!ttt"le 1a a __ 11 1l\I'bbe unit 

~ate4 at '0 to 200 baPNle pep 487 aoco1!'dlng to the '11$ ot 

operatlOll Ii Tbe bsatep 1s so ftt8.'ftltolled _d the plant so de.igned 
. R lit. or" Of 11. i·· . 1. 

Anal, ahem. Vol. i' 1(4).', P.J47. 
U.S.B. crr S. JOttmalot Rssea:ttch. Vol.40,. 1\fQ.6. P.443. 
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that the char~ be vis-broken, reformed, cracked to residuum or 

( 17) 

cracked to ooke. Trestment of the raw petrol 1s to be in vertioal 

to~~ra with gravity settlem~nt and re-circulation o~ the bottoms in 

each tower by C;Qntrifugal :pump. The petrol will be washed. in turn . ' . 

with oaustic, dilute sl,ll;;huri;c acid ~'>ld ge5~ acid. in three ccuntez-­

ourrent stages. The c~,mcen.trated acid treatment is to' be at 35°B' 
l . I maintained by l'".fi>iger"Uon. ~he re:r1nsl";Y was completed early 

I in 1949. but 'b$eause of a sr~rtag~ of steam had not beeu commiss1oned 

I at the time 'of the latea t edv1ce in June, 1949. 

!=lanch scale appfU"a'fiu5 has been installed at .Laramie for 

a 010315 stud3T of the catalytic cracking otshale '011. lie results are 

~ret available~ .'however. 

, : 

BTGlll'iPLffiD 911, J)~<"El.;:) .. P!"ffiI$J ... m~l£:l}:t{X ~ 

,',: .. f ~\ few years ago at Ba.,vway li.J. ~ Standard ,Oil carried out 

;:"-"'. I. BOOlS prelimlnary e~boniaatiQn teats on Colcrado end . Auatral1 an oil 
, ., : 

.>:,; " 

)l'··· 

6ruue,ap~1~~ngona relatively small scale the fluid bed technique 

'. 'Il;lich the Compc.~tt. had vre'fious.ly deyelopec1 for the catalytic 

cracking of petroleum. Qui 1;e recently, at the ettggeation of the 

l Bureau. oflU.nee, by wP.,o.:n the shale was provided, the Company resumed 
, l-

~~i;,i" 1· ~l'k en the pr-oCGSS" using for ·tt~ purpose the 1 00 be.r.t~l per day 

';\' .. '. pil~t catalytic cracker at Baton Rouge, 1.8..' .The tcai;$ were only 

, J ;6l'tLiilly, &"ti~faetor-i. beeanGe the, pislt had not been designed 

.~,rl e;)eetf'ie&lly for the, tl.'"eatment of shale and because 1 t h~dnot 

, , ! be~n thoz.,oUghly overhauled af'tera perio.::1 of idleness before com-

i: !' 

'<',. 

'. '';'', ~ 

:.r. 

I'," 

~i 

I
· ... ten, cing the wor, ~ on O:l.l.~~ale. 1\ 'flow i:liaglllatll anrl a fi,ew ma30r .' 

" ~iil!ensiofis of'· the plant, as ada;ptad to the carbon1sation of' oil.' 
, ' 

'. ~'~~le, W"e g1. veri 1kl Fi gure 1. 

1 . The mechSllical cUti'icult1es 6xp~1enced included-I (I) The blocking of. circulating lines. due to accum.ulatioQe . 
~. 
~. of scale whichpeel.ed of the vlant. ." 
i i (2) 'Erosion of gata valves which had beenuaslgned to 

f 
i 

pasa crackingcatrUyst in the desired quantities 

in the ,fall oVen position. Grlng to the changed 

.:-, .. ;" D" 

d1ffarentialpresBUl~s v.he~ eircalating spent shale, 

the V'alves were required to do some throttling and 
~. ;:' 

"".1./ ........ . ' S 
~ 

/' 

". t 
~ 

.. -~:"'-

!Suffered undueW"esr in consequence • 
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Because the feed was e mixture of particles some 

of which yielded oil Rnd broke down to a tina vo~~er 

on treatment, while othe~s conta.ining no oil snff'ered 

i1ttle d191ntegrat1on, the s12e consiat o~ the material 

in course of treatment was unfavourable to good 

'Jrlu1d1sation. For soma time, therefore, diffi<:ul ty: 

was experienced in maintaining steady circulation . " 

and, on occasion, cyclone stand-pipas ~ere suspected 
, . 

" of being ai ther ,unsealed or chol--:ed. .. 

\. • "'-J 

---
(4) Because of' the'119"t!Y' fine, d):lst formed by the d1s1ntegr:at1on 

of oil yielding particles g , and because the cyclone,s were 
. ; ,. ~ 

designed to trap coarser particles of cracY~ng catalyst, 

muoh dust was carried,ove~ into the oil recovery 

system • The aecond-hand Ollve~ filter installed to 

aep~ata the slndge of oil and ash was .follr..d to be in 

poor mechanical con4it1on and ~unotloned most unsatis­

factorily. 

DifJ:1culties (1) md (3) were solved. by cleaning the 
. ' 

plant 'thoroughly and by Edmi tt1ng plenty of tlu,1dising gas into 

the circulating l1nes • .' It was :found possible, eventually, to 

'.-' ~ t operata th\J plant continuously for long periods on e.utomat1c 

j' • 
~~ " . instrUol1ent, control. 

, ';1 i\. .. 

:i~' 

The dust p~oblem was never solved in these 
\ 

tests, howeVer, and most of the product was collected contaminated 
~ 

nth ash SOd fine shale. 

"' ';!:_I 
"" 

. f:'" 
~ , .' ,\, '" 

... 
f 

l 

. To keep the produot, line ~ree from dust deposits, it 

~M found necessary to flush it with 011. Because the shale 011 
I 

could not be': filtered and re-eirculated sa rapidly as 1 t was 

ool1eetod,:~.xtraneous pett'oJ.eum oilllm. to be used for 'the purpose. 

Theretope. 'the product iil was contam1nated. not only with dust. 
, '",.,.. " 

bilt also with ~>':i' not derivod from shale. ,In these circumstances 

it w~\S not p03 sible to d6te:~:'i!li"n6 bJ! direct· meastlremant the volume 

I ot oil 'made :tror.1 the shale. 
I ,; ., 

!nstead~ the yield was calculated from 

I a carbon ba:'s.ncfl, using the ¢arbon contents of the oil shale, the 

i shale oil and the gases made in the testa, the volurl1e of gas generated 

i ana the weigllt of shale consumed as determined by volumetric, measure-
" " . t ~;~ - .In this manne~, it was computed. that the yield j ,;!en in hoppers 
I realised wee rougbly equal to the Fischer assay value oftha shale!) . 

i but as maybe imagined from the mat~ocr of calculat1cm, no great Ol'\ler 
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~ 19) i of "".mra<lY attaches to the final rSslllt. 

t . Again beOal!se of the oentsmination of' the shale 011 with 

K petroleum Used. for tlush1nrr the product lines, it is uncertain 

\ 
,: 

J . . t. whether information ot: great value will be obtained by' inspection 
~." 

f and. analysis of t~e. 011. 

l has been ma.de available. 

So far, no information o~ this nature 

~ Shale oil was' ChR?ged to the plant at the :t"~t,e o"f rathe:ra 

t 1ll0r19 than nina tons r~er duy. Ash, of -uhich. 6O'J~ W8S :finar than ten 

I IlliCl'Ons. was circulated at '".1'01,,, slightly in excess of .ten tone 

I per hour.. If the CI:\I;aci ty of' a retort of this ty)6 'be assumed. to be 

ll,ropor.tional. to the Cl'OSS sectionai arsa: of' the burner, the perform­

I ance of the pilot plant would suggest s. thI»oughput of' 2,000 tona 

I of shale psr· day for a -glant ~~ til the pb.ys1ca.l dimons1ons or fl 

.r--t lE'~ge catalytie c~a.ckE:a·. If' theruta of elroulution of solids be 

I regarded as the 01'1 tal":lion. of capac1 ty, a. lm-ge shale retort would 'be. 
i '" '. 
i indicated as .having, a tr.r'Dugnpui; of 3,000 tone per day. L plant 

I: designed specU'lcaily to carbon!"" shale VisuM probably improve 

,;, ".: ii ui!on that tr~oughput, Sol"'1,(i the COOIpany itself' conniders that a 
~"V,··,··'··' ~ 

,~,. ',,, [ CD.!,)sc1ty of evan 10,000 tons per day is realisable. 
-:,:.,., t .' The pilot unit at Bnton 110uge VJ'DS opcr.ated· Of.l shale :f'r.Oll1 

; ',:,..1. '1', December, 1948 to May, 1949, with' many lntorl~uiJt1ona for adjuatmant 
. ' ... ' It '. t lind mOdifications. ~I'he .1mmC(lil?te ))l"OgI'Siume of" vlorl~ 1s regarded ae 

• :.:--.\ COOlplete and tha plant 1.6 to be returned to service as a eatal;1t1c 

, . i cra.clcer. If' Glore -(Ierk ila undcr~uken on tluidiaed. shale carbonisatlon 
< t .. and it seems obV'iOl.1S that further development is needed before the 
\ 
t ' . .. ' '." i ~'~'ooosa cen be: a.pplitid c:);-'l1nel~c1al1y - 1 ~ is l.ikely that studies. will 

',. ~ . . 

,"I 

~~~ resum~3d on a smaller ecnle in a plant specially designed for the 
.~ 

~ :~ " ~ ~ l ".,,1'; .... ')(;..:;. 
• 
~ ".,~' . , ,.,\\,n <">.',."'1 ,nn-"· ... I').'!\'\V .C> Q'''' .... -~{ ... '~"M"~ ~ t..;.:.. 'I'I \) .. 4...Z., \.;~1~··'.;" !';J.\t~ 0.1. tU .... ;_l~:" .... ~t\j,~J •. t., 

• , ......... d"t_ .~"'II:'.IIiI •• 
~" ,'" ~. 

'''''.~ .. ' . t ++ 
"'':< The Union Oil Company has been devaloping a shale retort 

,1:.;' '.. haaed llPOn the l~ .. T.U~ .P~~li)C~Plei but ~endcavou~tn~ to eliminate 
. " ~ ,._,.' 

,:,:~ :j~:-'. j"t\C v/eaknesaae of' that l)!"Oeeas, viz:-intermi tte.nt ope~atir..n$ dusty 

.. rc:na.itiona, low throUghput, and losses of oil due to entrainment'· 

1.;,..,\ th ,.1' .... , 0 • sr causes. The Union l"etort is fed with ehsle contimlo'.lsly 

'. \tn:n the bottom ani. the ash. ana clinlter spillover the tlJ:? cdge of 
<,: i ~ . • 

j;.t': i t' ; 
f,:.i-::).'·; ~,;fl Plf>..nt., In othe:p l"€specta the procm:~s haa mucn in COini1l0n with 

~....... F _ -'. . • - .~~ 1 ,'" .... _¥l1 ... . I •• _... P --....,.. P.. ... 

,r ::,' f ~~o 0l!m.(~ut of Union 01.1 R~~tor'Ging method of Recovol"Y of Shale Oil. 

:~ {~~ 

I Petrolt3ur;, .r'rocG;:;!;:!.ng~ necm:n'ba~, 194o, 
~ ...... -
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tbe N.T.U. 

The Ccmpnny~$ earl~t, work W~iS cnttr1ed out in Ii stiUlll 

'reto~t, E1!!parcntly no long.ar in cx1stance:, vii th a capacity of two 

tons of Colorado sh{;lle per de:g. ' During 1949. ~.'iork proceeded 

'.; t' 
.. ' 

have a capacity of fifty tons per day. About the midclle of tIle 

intermittently on a nV'6 feot, diamster retort which wasf'ound to 

rear, modif1cations W'el"e made 'to certain meehal11csl dei1ices, viz • 

';:"':." 

,'\.­
I~" . 

: ,~," 

the rabbles, the ultrasonic mist ltreclp1. tuter and the s ludge scr~per. 

Fll1'ther . tests ffers tJlsnned. for the retol·t and 1 t was intended!!" lr..tsI' 

1n the year, to conat~uct a unit cap~blG of operating under 

pressure am. therefore, l?osc1bly suitable for the LU1"g1 mothod of 

gas1f1ca t1on. The Compa.ny estim.ates that shale retorts COQld be 

",,r--, I oonstructed to ,1 ts plans wi ttl a capac1 ty of 4,000 tons per day per 

'. "~l tm1t • 

'. 1 I" 
.' " '. .-. . ,r,· , 

l h~ yet been gained to establish ,the sQundnesa ot ce~ta1n mechanical 

It may be doubted vlhsther Sl1ffio.ient ope~at1ng experience 

l; features of the Dlant, ~or illstance, tl1.e unlined retort shell.' AS 

t retorts of increasing size ~e design.ed and constrl1cted, it will 
li. 
~. 1ieC'OO1e necessary ~ ensure that theshals t ehax'ged tr.rough the 

j,.!',. 

i' " . ~" f bott.a:n c,one, will be spread sufficiently uniformly over the CI'OS~ ___ 

~" ft uation of the retort.. The ultX"a8onlC,m1st prec1p1tato~ appeal's 

'.:, , i' to have been .verly successful. end it 113 probably to this device 

(", f that the higb oil yield cla1med~ viz. 102$ of the Fischer GSsay 
t,':,:'" . f 

1 Yield, must be,:1n a. large measure, attributed." It 1& stated 

, t that 25'J' o~ t1;e ".,i1 le~vas the l'etor-t in the form ot Ii mist, ',' ,"'" I ' 
I Iftlch of it in i')articlea only one mioron in dia.'7leter.. ' The 

", :f' ?lltl"oscmic\l'ibrations coagulate thoea very fine .. pSl·ticles into 
"e 1 

t ::'ijPS ten microns in dia:i1et~n", which ape. pr.ec1p1tated readily by 

In this waY<J- 99.0$ of 

l t~e mist had bee-n removed .:t"rOt.1l. the gas atx-eam. • 

bl l'otaeloue incorporated in the plant eo 
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The union Oil Company~s stuay 0'£ oa.talytic 

~~drogenat1on ha~ been dirc~ted primarily to~a~a3 the more 

effective ~t111satlon of Ca~iforn1an crude oils of high 

ni trogen end 8ulr)hUI" ,co11.tcn"tii. Referance is r:-£de to this 

subject on p~ge ,34 of: this report, where a brief deDcriptlon 

of the plant and procasHio gl. \'en. Crude oil from Colorado 

shale has beeu proeesesd in thesume way aIld wit~equallY 

sa.tisfactory results L"l the pl1.ot plant. The sequence of 

operations,1s tt$, given in ~igu.ro 2. 

Tha P~l"'.J03;; of the COking ope".L"atlon is to prepsr6 

n charge for :the h,ydrogenation \11:'11 t watch may be treated 

substantially in the vspou~ phase. In typical pilot p~ant 

tests, the nitrogen cO'atcnt of 1.93% in the crude was reduced 

to 1.44% 111 tho coke1" di3tillata and to O.O2,.~ in the hydro-

genated 1iroduct. sulphur Vias reduced. from 'between 0.8 una. 0.9% 

,in the crude end the di still ate t.o lees th$ll 0.05% in the 

finished 'Product. The oY€r'al~ yield fl""om the crude was about 

85~. The hYdrogenated oil was analyzed fer th{£: production of 

jet fuel ,(6~) and diesel oil '(38.%). This selection of pro­

duets was made, 'Preaumably~ beca.use it is considered that no 

e~ly exploitation of shale can be eontQm~lated except for' 

l'easons qf defenc.e .. 

Tha petrol which might be obtainsd from 'the 
rating 

hy1l?ogenat:ed p~C)ii1,ct WQuId be of low octan~/ and . 'WOuld require 

refor-t1ing by some process to meet eeeepted ~~cif!cations 

of ' quali ty. The ~G·tana p.l..tt!'ba~ of' hydrogenated diesel oil 

was qnotsd in one instance as 49,. wilion vloula be poor, and 

in another as 59 cllieb\'rould ind10t?:iia a. satisfactory fuel. 

AH·~I.' IQh= .-.r-t.·~"'V ""'£'1"'1" ~?,·'Ot·l'1'U'tl"" ~ 1~,~;..,~\."":AoI:~.';"! \.:3":;'.·(:U~l~)Jt:.~,~..1 .:t.)' .. ..r,j~~~~. ~.,l~.~ ~\. ~ 
..... ,. I p' q=~' 

Anleri C~U'l Cyanamid hilS u'Udet"t ake n work on Co l.orado 

shale in sn attemr.t to concentrate the kerogen by its heavy 

media and froth flotation processes.' For the former 

~!.'oce$at stw.ls ass~tyins 28 ge.llons :yer ton wcs obtained. from 

the tnal"..oguny ledge Ci.t R1fl.e, crushed. to '1 n and screened ever 

1/10". -rhis 51. zinG was t:1ac1e to s u1 t the 2Ot' cone, \1.,'11 t with. e. 

a 2~1 air lift' ~ / which W&5 ttsed in the inves t1gation.. 
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In computing. the f'ollow1ng results, the fin-sa - whose assay 

differed little trOQ that of the original material - are assumed 

to have been mixed with the concentrate. 

Donal ty ,of" uled1um : 
(water == 1) 

2.3 ,-

2.2 

2.1 

2 .. 0 

}$ f5e0J or Oonoentrate 
(gcllonsper ton) 

,32.5 
• 35.4 

40 

44.4 

011 rElcovcrr. 
(per c~nt) 

92.2 

84·*2 

70 

53 
• .... r......... . !C: .". 

E'X'oth flotation gave results of the ~L'"a order. By 

crushing to 65 mesh., screening into sixs1~dd fractions, :neat-

ing the f'l~action.8 1ndividuallyand lumping tho concentrates, an 

oil recovery of 6~b W"us reul1.eedfor an appreciation in assay 

",..." ) \.::.2 

content from 28 t',o 39 ga11cns per ton. 
~ . . 

The richest concentr'ate., , 

obtained ~om the +65 mesh fraotion, assayed 57 gallons per ton. 

Exai:~11nat1on u!' .. d.er the mioroscope etisclcsed that the 

concentrate contained at lee~t two a1fferG~t ~o~zanicu constituents 

tach of which would necessarily inclllde 1':111.012 :i:nt::2."''t tiletter. '.Phs 

+65 concentrate contained 75~0. 0$ dark and 25'i; of l:Lght florgsn~ct! 

mattEiI'. These observ(?ttono indioated. that in orde~ to af'f'ect 

Ii close separation o£ 'organic constituents, the shale 'fJOuld have 

to be crushed to en excee(tingly. and. probably impracticably t small 

?art'\cle size. 1J.~"1~3 'I1l1.o1e investigation served to establish that 

no useful concentr.etion of" kerogen, ~lS a treatment preliminary 

to cal"bonisat1oD t could. 'be effeoted by the most li;r~='i processes 

commercially available., 

"T§C1i'T I \~\\""(\UC' ",17';1T"'"\T~"'8 i~_ iLW ~j}lLCf~ " .... {"j J, iJ:':'-:-",:,!.;.. 

shell J{cve&..Q~~ haS confined. 1 ts research work on 

oil Dhale to a stUG.y of Colorado shale 1 tself t the oil obtained 

by carbon1aation, and chlor·o:f'orm extracts obtaincd in the cold 

and ai'ter incipient pyX~olysi6. It has bcer~ round th3t as much 

as 25',r6 of the organic mattar.- in the shale Cili:i:.:::o .. \,:cv.:cred. by 

r-epeated. extraction wi tn chlcl--oform •. - The examination or the 

shale has 
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\4JJ 
disclosed that there are t£l.:I"ce different types of organic CC;i"l:attt-

ueuts in oil ,shale. The first is a bitumen soluble in cold 

chlol"oform, totha extE:nt of up to 2~ of the kerogen, the second 

is of humic nature ~nd insolubl~, the third io an insoluble bitumen. 

By h(h\tingat 3500 C t ~ttbsta.nt1ally all the org("~10 matter 1s 

rendered soluble in chloroforon. The ultimate ana.lysis of: product!;; 

obtained by extraction alone, pyro~rsis and extraction, an,d by 

extraction alona are as £ollOws -
~ ..... \.I, H • N. s. 01. O.(1)H:C. 

Extract from ahale, (!~ 
/il 83 .. .7 11 .9 

( 2' ' !. ) 1.0 1.1 2. ~ 

Extract :from (2) 
1.6 pyrolysad shale, ?& 82.4 10.4 2.3 0.8 0.9 

011 by pyrolysis 
1.6 

(3) 
alone f 

at 83.7 12.2 0.8 0.2 1.5 II) 

,'(1) By difference, the result being con5ideredaccurate, 

(2), .,Attribu,'I,;'ed to the solvent, 

(~)Cons1dered genuine and accurate. 
---............... ---

--, 
1.71 

1 .,51 

1.75 

--
Cal1.f'or:,nia. Res.eorch...£or~!)orntton, the research org£:,n-

isat10n of st~~lard of Oali~orn1a, has studied the refining of 

shale oil und"1r emergency con.ditions, in which the ~rude product 

\Youl,d 'pe supplied, ,~egarJ.less ot cost, by soma other org~nisation, 

end the Company would be required to tr.ake ,the best possible ~o1nt 

use of the petroleum and shale oils available. Because shale 011 
.j • • 

ia so difficult to ref'ina and its prOducts ot infeI'ior q,uoli ty~, in 
~ 

these circumstances the COlnrieny would give that stock. a. minimurl of' 

troatment, commencip..g with vis-breaking to :ruel oil specifications. 
I 

The heavy 'product would give a bad odour to the black :fuel oil 

into Which it would be blended tor disposal. In an emergenoy, 

however, that objection vlOuld probably ,be, disregarded. If for any 

i reason 1 t should be ne,?sssary to reduce the odour of the black 011, 
~ 

,.:,: \ the vis-broken stock would be fractionated and the gas oil trea.ted 
~ 

~,," f· ':v 

,.-:-;., , 

,'t.' .... 

';'Jj',",!; ....... :; 
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,nth. concentrated eulphttrie acid fer the remi)val of tar bases. Only 

45;~ of the nitrogen compounds in Colorado ~hale oil are soluble in 

dtlute acid. Concentrated acid ~emo~es BO~ o~ the bases, the 

remaining 20% having 'a comparatively mild odour. The treated gas 

~1l and the untreated residue would be blended into the black ;)i 1. 

The heavy bases in the sha.le oil residue are not strongly,odorous. 

--'~<~ 
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~, ;Jl~1EW:i.1U procet:.e f.,r t.t~et·cr:.n.fJ':E>..l et thooe unst~bla CO'·.!r1-'~Jn"2nt:.; 'tth..ict!.. r . 

To roato~~c tb~ beJ..M~OO b~ttrt~en tt~i.3 ai~ttll!;.te e.r..d 
(24) 

>"'1'$$$l!lt eold 1tl e4cl:-:tUZ'G ~iti .• blo.ek 011 t ·~o~l,:'l. toe tl->eatod 'by the 
r . " . 

f, l .. cotJ5t1tut~ en oejootion to th~ ~~la or the 011 $::;; t'tti"uf.s.CG Qil. 

[ ,;;treat. 1!i<'".ount1::e to t:bcrat 4c;~ or tlla II;toclr. tl'""ted. <;ould. 1)" 

~ bHmdeu into(; too blccJ: otl 00 betoZ'e, bU.t the rn:f"f.1U<1tG ~u~l te 

e'"6,€ 

~ ': '~ 

~ 

I $OUi ~ t11esel 011 01" iY:~f!~jch:)lt.1. fuel 01.1;;0 
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> ; 7ho d~tgrior~tion In' qual! ty woald. 

J lx! Go(.-apt&l ~ W! ir~-c~"it~!:;;lc cor.1$e~aencQ of th$ Gt~8l:'geooy. 

t cll~e, the. d.e~t'"e:'Jcio.ti..,n 01: cctn:n~ tl&tiug and. t.~;o 1nc.t"l'cooe tn et:llr;h',u" 
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' .. ,' ,.,", .,. ,. oont{;ut '&(mld not be $-1"l(f~rt ~ 

'.r.. .. r" ! 011 l"i~ d.ay ~icl1.ing 25,'; of: 'z,ott'ol by vi$c0s1 ty tft.·(!~.klng oaouu1 n..?t 

?or 11H.:Ytu.r,~ ~ ., r. .... ,," b ... "'" ~ 1 :;vf.tj;;'.w u~-'re..;.s o~ $::'0' G 

A." ' I t;'catly. ,~t'tect tht; ~uLiU. ty of: 't',€'lu t'$~f·eJ:1Y;~ daily Otitr.iut of 90,cr';Q 
4 • \:.~' l bu!Tel$. of o.=,tor ~l)~.ri to. ' 
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;tt stala 01.1 ~l-nd n~ J):ro&~oot of suy e~ly a.~cl:-1L;(~t'~nrt in thia 

,.e i' t:!~etiro~ fwet ct the larse oil e~:nv~les. ineltlU1~l Tex;;~a .. unton, 

.', .. ;.::.: !I' 3t€inQ.~~ or Cellifol:-n1a,. r''UN Cl1 ~OO S!t.;;Clsi~~ hUV'~ $~tt:nsiit~e 
)-;/:'J '~20.rv~a O.? oil ZJP..a"le t.r>o.pcrtYt 'bat iJtegSttd tham c.nly (~ lD~ureno~s 
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"'. ::.::.: ,':" II c.;1ti't~st t..'1G ;,,'l~ tthen c~tlnpar.. fi.O~ .. u~ceQ ot. oil Zl1:.}~1 btlV~ b~Gn e:~"vlci tad 

. to tno point &~ wtrtob aei:lst$dl 'm;~tu::;;'Vaa WS- no .Lo~.;g..:r !iU~quate:Q" 
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The oil is not eracke,d ancl/principal product is diesel oil. otDar 

i· 
I impOrtant 'products are petrol, wax and sulpr~ta of a~~n1a. The 
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e"era,g6 waze in the: industry 'is £6. 9. Od tor a week of 44 hours. 

The cost of mining ifii 15/-<1 per- ton and ofeavhol'lising and. refining 

also 1.5/-<1 p~r ton appl"onmntely. 
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Some shnle is beinL: won from an open cut and about [jOO 

ton~p~.r day are ceiag reclaiClc.d. :trOt'll a dump cd? !n®.tel'ial. d1scc..rd.ed 

tifty years ago ae too leon to be worth cut'bon1.Glng" Conditione 

in the mines do :not .fs.voul. ... cxtcr.&.iva Cl.echenisa:tim'l» 1>::::;[:U30 th\'!;:"c 

m'e "lew worldng pla.ces fre'e t'rOl:n fanlts and at the sume time not 

dipping steeply. 'J;:lectric drilling of: shot holei3 if.:> usual~ but 
j, 
i· 

, all loading into sldlls or (!onveyo~lS is by hond. llincl"S ere pel d 
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37/-0. per shift and the' output per man at the face 10 5~ tons .. 

Carbon1e1ng operations are concentrated at four v.ol:·l~ .. 
'i 

it has been possible to close down some older 1Voi-=ks because of' :-

(1) . the increase from four to ten tons in tbe thrc~ghput of 

existing retorts each day, when air. is injected at the 

base, a practice adopted about ttrelve years ago. 

(2) A n~w bench of !'trtm:atG V/f'.:15 erec.'to{t at ')(;,stwood about 

seven year~ agoo ~,'h,:. ci'eat""o,.,.,,1 ':l'>-ltO·· ... _",· A '''''1 .<:I"", .... ~""-'.il; t". .. ~c. J.:~ .! ""~:; G vl-t" . .t..£..:, 

nu.rnbe~, f.ll"'9 of the trat.11tional Scottish ty)/e, but 

wi th ~7ood.al1 Duckl1e.m extractor gear anti. l."Gl t " , f 
,
r"'''1'''''''' " 
i ' 

Ir--,~ 

conveYOI~S for handling shsle and residue. They 

'I,;; '''I'' , , , 
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cerbonisa. 1,200 ton~ oT shale per day and the whole 

works. including the sulphate plant, is operated by 

110 ,man. The l'i'Orksis neatly laid out, clean and 
.. '~' 

'. ~ " 
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comparatively tl;ree £ro!:l dust.' 

The yield of sulphate of a~monia has been reduced Berne-
t 
. what to about .30108 IH9!" ton of shale by th..; pl·t>,c?.jice of injeoting 

air iilto the bottom of 'th.e retort. The product lo2 of superfine 

quail ty. 
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Two innovations have been rnade compm~atively recently 

\

il! .. at the ?umpheraton refinery. :B~l'om t he acid washings, from tho 

, diesel oil· there is obt~dned, af'ter rLeutralisation with caustic 

. ~~a, a mixture of 62ter eults, mainly alipnat1c* Which ~e nold 
,t 

.~ in s'lution :form Sob .a soap substitute under the name ot Iranopol • 

. ~ JOk o
:,,: ants PT'Si)3red :from oil anct oilpl"'O~lucts' are mentioned late!" 
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in tht s reyort. '1l he Bscond development 15 the disea.!'ding otwa::t 

'sweating houses in favour of a more erf1cient process, in which 

the wax is heated ,to' a gIls.1.uallY' ino:reasing ternperatu:~e in a 

l ",'" "b) 

,,' \ t vessel £1 tted with' Do large nUinber of tubfl~ thrOtlgh which hot wat~r 

~, · ~ is passed. 

. ,~ 

A good mar·~tet persists for the Bricks moo.e at PUrflpin.er:J.ion 

'( from $~mlt sllale and. lime. ~a.e preccnt C.H:l.t9u,-~ is 40l'COO pel" duy_ 
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G1:rlf$ are used ror all o;oeratiol1S not involving attendance on 

machinery. , 

Braz'lliall ahtlle is a f't .. nfJ.neru ~hale .. soft and wet :-';£10',:; .:w .......... 'If' r 

mined, but drying to a htlrd, brittle, finely laminated material 

, ,~ wnen exposed to the air. ~'he yield of: 01.1 is 20-)0 gallons der' ton. 

The s ean1 is son16 200 feet thick I. ~ the product is pare1'f'ln1c. 

I~ I below a Cover of 40 or 50 :feet. 
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Its extent is net kno\in. The 
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deposit is conveniently 81 tUated," about thirty miles from San Psulo 

astride the Failway and road leading to that city. The retorts 

at p.resent in use EX'e Hcn{wreon uni ts~ in EI. bad state of disrepair, 
"~~7:~~ 

installed at a. time when/Handerson retort was the l.atest develcDi"'\:.i~~t 
, toe ' 
1n/Se.?t.,t1sh shale oil ind.ustry~ Refining ogerat1cns are alt:'H,st 

prim! ti va. " Foster wheeler is plann1ng a., n·3V'J carbcnising and. 

refining plant for & ¢a.pi~c:i t~t of 6,000 barrels (,f' cru6..6 oil per day. 

; It i$ believed that t11er-e io sutt1cierlt shale in. Brazil to jl.l st i-:fy 
~ 

{ setreral pla.nt~ of: that size. J:"or this project, tho Union oil Coy·e. 
r ' i rotort is receiving attemtion, but doubt is entertained' :regardlf1~ 

l the abi Ii ty ~t ,so D1."3:t, ~'t.le a shale to resist the e~uDhing 10&4 ~i.rhich 

[ is applied by the underf'eed ChsrgL.ig device" A, retort of the Lu;:>gJ 

F'1;m,lg~ type '~may eventu~:i.lly 'be recommended. ~6 scheme is at 

,[ i)resent, delayedbac~.~se ,,1: ai:tr!culty experienced in finding 

t doll.a:rs for purchasing macllitlery in U.S • ."'... ~the project is being 

I conside.I"ed by Government fwl private intE!l~€-;sts in eo-operation. 

t ' In ~Y~~nt where the shale industry is ~eported to bG 

i flourishing, the ma.in' technical' interest is in the :t;jungstrCH'., 
I 

f method of carbon1sation in at tU;bydr1111ng the UGposi t at seven 

, foot intervals ani lnsert~,ng e1.ectric heaters. It is said th.;;'1t the 

o r: current ha.s to be turne.cl on for three months s before the fir'Jt 

,." 011 appears. Yiel~1.3 ru:-e l'$ather less tha.."l 90.'$ of' those obtaine;:l i,.:.,·t;:~~ 

retorts, but the ppoduct is. thinner and of higher value. 
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The shale is highly sulphUrou~ and the odour cf hydrogen eull;ihide 

1n the vicinity of ~he plant is moat. unpleasant. 

Reflt;!,c:tJ.ona .on ,At,st:ra.li{l~ }:)r8eti_c.~. l COtiFIDE.rI"TlAL.) -
The main di.tfioul ty being experienced in the Australian 

shale oil industry is tile restriction of output arising out of 

11m1t&~1on ~ractices ar~ d~ark&t1on of activities. On such 

matters it is not ~ossible to offor-- OO.il;.~6t1t 'beyond, observing 

that estimated Ct)ots ol! 16 to 19 oents per ~al1on tor petl"ol 

~roduced f~om C61or&lo shale end dcli~~cd in California ~~e 

based upon tasks Sl~atl.y in exeen~ of -'GhC3C being fulfilled at 

Glen Davia .. The ~:h~('ttish oil. 1nduatl~Y whi ch 1s armed ant! 

O1'ierated by pz'17a'te entGrpl"ise could not survive if -the ef'"fort 

per ~:!a'l1 employed were no higher than it 15 in the Austl"sliSl'1 

indne 1i~y. 

In tho produ~tion of petrol from shale, the~e appears 

no outstanding im~~OVement in technique ready for aloption at 

Glen Da'i"1s. At the l7eotwood WOl"ka~ . certainly, some pruct:Leca 

ere (jbvi~.lely 6~erlo:c"to our own. Shale ard s pent ash arc! 

transported exclusively on rubber belt conveyora with every 

satisfaction; t"f10 l"Gto~to and eonvcyol":J gi vo good servics without 

. prote'~tion from t1'1:-, :i·~;':-i.tl1el"'; the Woodall Duckha!!l water-seule<1 

extractor is an illiprovcment upon the screw extractor adopted at 

Glen Davis. These -She ere tically poss! 'Ole 1cl'provQments 9 however, 

are matters of d.cti~fl l'la:thel') than of: -pl.'lnciple. They ero~ -inQ.§_ed, , 

ur ul3''ltl(:Jmie iut,sr9st cmlYt 1"or the al.terna:t1ve m?l,"engementa 

installed at Glem nevis either cannot, Ol"" need not, now 'be 

chn1",eed. The posslb11i ty of the Weetwootl. :.l.'~etort i teelf oatls-

::;.:ctOl'ily carbonising 55 t'~1t111on shale is" a:'.3Q, of acniJ.e'L'iic 

in tarGet only. Th,S (i'len Davia retorts ware t1esignad to tre.:.t 

100 gallon eh~l$ CThl they ma:t 'be ~~l.led uVon some day to eto so. 

~e Heatwood reto~t ~'tefini.te1y could u;;t hsn::l.le that rich '13hLl16 

ccoucmi cally. 'tio U"JVI l.'etor~ woo seen. (leo:;eloped to' a 2't c~(~ at \v'!!i C l' 

its cOillmepcis.1 aCtopt1on in lruat'l"a1ia could. be Boundly recO""Y;:cntled. 

?he G~)"a It'10it 1 wta.l1d.cr..t".j .05.1, Ut'lion 011 end Renco 1"etorts all give 

pz-om.1se of' p!"od.uQit~g n"cm the sane shale eonsidel"ablY moI'C ci 1 

than does the Fell ~etort at Glen Devis. They must all be 

!'eg$l-'ded, however, ut) 1rl:::a e~ly 61; .. (;0 (;if:.:- :1evelopment. 

---~~'JW' _"' " .. ~'''' .... , .. ''- _<P, ,,,.tJ"w~,,,,".;e.,,f_~MQi.AiJ._~g",,,,,,, ... , .. ~,o_ ,,,-,.,t ~r~~,IM(JiJ 
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For the refining of clouds shale oil in the qUEmti tiot3 

available locally, thoro is no alter~at1ve to the proce~se0 already 

sdopte(l at Glen Df.i.via. Catalytio cl'1laeking must be disregm-'ded on 

tWQ counts; firstly the nitrogen content O~ the stock, secondly the 

small 'Volume of Wll,la oil aVt>.11Ilble. v1sooai ty braskil1g ana 

hydrogena.tion~ f'o11m:red b;;t thGrmal cracldnet COllld. hm~<11y be 

entertained for operatiorts on so small a scale, because o:f the 

high capital cherzeo u:r::i.ch non,ld be ineur-rt:1d. The Scottish methou 

of ttefin.1ug ~y straight dictillation is not o.p;;·licc.ble at Glen Davis 

becaUse of the small scale of operations, and because the a6:.;;istanca 

given to the industry byremisslon of excise duty c'alls ~or i::I. 

mrudmum production of petrQl. 

. A teclm:l.cal problem! which may i;ll1oiae in the l"c.:rir~ii1g c.'i: 

Australiatl ahale oil it! a f'er-t years t time is the ~r-oduction of 

patrol of higher oc'te.n6 Z>lS1.tiug to me,et compot1 tionfrom ll,,1.r:.orted. 

motor spirit of lm.9roved ql4e...1.i ty. octane nunt'bers appear to be 

on the rise in the TIn1 ted ~) to-tea al.~er a 1011g period of s tabi11 ty . . 
,In Ehglat"1dt ratings ~e belngi-tept low 00 a mat tel? of polic~,r, so 

as to r-edo.ee tile v$lue, ~l1d p€;~h~pa even t11.3 volume, of impol."'ts. 

The es.rly installation of :COt1l'" catalytic crack€-~s of' moderate 

ca:pacity in Great Brittan, BlH.l one la!>ge unit .e.t Abudan may, h.owcver, 

cause that policy to be m.odified. If' the octf'iUe nUi'nber of Detrol 

in England fUld/ulstralia shoul.d rise to 75~ as it may well do in 

s. tewY6ErS, d1f'f'l enl ty would be experienced at Glen Davis in 

moatl1iz the challenge .. fJo imyroved. crude oil treatment l~rocess 

is o.vo.ilsb1G tor: s:Pi)lication unde~ local cond1 t1ons. SorJEI increase 

in octane number could be ef'f~cted by pra-f'l"actionatillg the cru·,1.e 

GO as to rliake more ~aDhtha svsiluble for l?aforming. It would 

~'robably be necessary SI however, to consider the lurthcr clii:i:i.no:tion 

of' sulphur :f'l"om, the 1"'i:t\"J petl:·ol so o..s to iffl'.t'ro~te 1 t~ :r't:Bi;onSG to 

l~(;,d. Current entr.olii tati "Ie opinlon on catalytic de-sulphtu'isQ.tion. 

til U.S.l~. 1a tQ the ei'i'Gct trg,.t the process ia noteppl'icable to 

J cP(tci:ed. ;pertz·o~. 
't 

.' Refi-i,g.@ro.ted acid tl"c;:atment seems mora likely to 

, , 
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'Provide an answer to the lH?ohlem •. , 
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In the eOUr::.'i6 of a number of v1si ts to 011 refineries 

( 
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aml intel'"Views with pe:t"son.nel in. th.e indttstry. generally on 

mnt'~er',j only ineideu"tally connected 181 th refinery practices, 

iTltereeting inf"olJD"'.ntion wr:ts ge.ined on var101l9 ~'heaes of.' the 

indns tl"'Y. ,., 

t:ll')e 811''(')'(';11' POfliti('ln • .1 r ...... -_.--........... 1 __ -'_ 

. In 19~.8 f,i!'!.(l :ror flOUe: years r?~ev:1.ousJ.y ~ {'lil productiem 

in U. i:J .;~. 'Zl£§l so f:J.1? ehO!·t,~:e G.~-111u.."1d. tl1t~.t m; '{i:L 1 ";.. .. c cs ntl~- the 

count~J wcs inperting" Oil balance, i\bout hitlf' a (;.11110£1 0<.',,7:');'('11$ 

por dey. The somo~hat ~:m,rl)risil'lg 1ncree.se in corwurn~t:ton since 

the war, to It~ present level of 'oval' six million bu"rels e~~i:S.y, 

is the reStUt of' t1:':.e :tr.:cl,eascl:;' use of ;motor vehicles, a wide 

Guost:! tutic-n of o11y'btlrninz :t .. 'or coal-bu~ning el'1ui];..ment in 

domestic ~,lrnaees nwl th~ 3xtGl1:1ed ado:l?tion of diesel electric 

locomotives .. Production W~Z unable to keep pace %~th consump-

tion beoause .. during anti imr::-ec1iatcly after the ~, the, steel 

ne&~ed for drilling a~~ipmont etce ~oz not ~~de available in 

Qdequate qua:::lt:tties • These were the cordi tious which, a few 

years ago, inspired, keen, inte:r-cst and cO·~i\':<La.01.·aole uct1vi ty :i.n· 

the production of otl :['1"'Gd other sources viz. shale, coal and 
~. 

nattlzaal gea. Thf~~:::: eoa,:,U.tlonnl'ltoa, were responsible 1:or the 

actioln of" tile Sec~'etary o,'? the Interior, !.!F. f"..rug, in advoca.ting 

a nine billion dellar acher;;6: i'or the production or synthetio '-
fuels 'tY·thGG-oV'a~l'lrzl~nt on a scala c? two ftlillion barrels per 

day. :tir·.KrUg was poX"suaded to recommend this scheme by the 

defenceirl1p1ieation5 of' ar~ oil shortage wi thin the frontiers 

of the uni ted ~1ta:tes:t a tJubjGct up:::n which offici.al and. private 

--

opinion 'were at v~u."1s.nQe,. 'l'ha ot1 ind.ustry r"e~ru."'ded wi thour undue 

c.c~=.er.n".;': . a situation in which large V(~lume5 01: o'll would 

have'to be imported from Venezuala. end possibly the NeF~ East~ 

for the d.ef'enoe- of' U.S.,," .... 'the Government was perturbed by ~~hat 

~', Sful1e prospect.. It entertained. no hope of' maint:::i1Jling shipping 

~ 
i 

ChUl1.nel!3 aCl"OS$ the Atla"lt1c and. considered that it would be 

difficult to rJrotect even the :'oate to Venezuela. 

Those ccndi tiona hc~ve now dis aI;ipeured and ere unlU:ely 

1:'0 r .... 2cw,-a for rnc,ny :::t~i:l..'lJS. The intensi'fl6 drilling campaign 

;. 

i 

f' , 
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; since the wcuw hus so inore~taE)d 'Po~entlal production in the 
! 

t, uni ted st~tes that it has become possible to shut in about 

f 500,000 bSl"rela o.:e {laily production in Venezuela, Texas and 
, 
t 
t' elsewhere. The de:fenee p081 tion in partictlla~ has been 

t !umlam~ntally chan.ued by the discovery of v~st oil reserves , , 
~. 111 Alberta. rn5il:i~ficient work has yet bean l10ne to indici.: .. te 
r 
, 'IUh st..y ~cetlracy ·tlH~ cxt0nt .of' ti16 f"ieul .. 
r: . It is considered 

(30) 

, 101..... J.< of: .. ··IA Alb t n··, ~ '"t 1"1 1 ... • \ ?O:3Ei . Of uowever. to.nuu ;"Le ~ at" a IJ.eJ,.('" mr.. ~.:.o l.~e y eX~0n8~(nH:> 

r 
i a1on~ the Rocky 1iotlntuins mnj?con-cain us ::uch 011 <'l.B has bosn Q~.s-
I· ~ 
! 

t covered in Texas ~ . Ol~ ei/on in the ~ihole United staten. ~'n th such 
! 

t l"e;;Otn~cG:S just outsid.e the bOl''(lers of tIle coun t;:·y ~ wi thin the 

J cor1tl"ol of Go f'rieut1.1y pm"i~:I' &l.'1d not subject to the hazards of: oce an 
~ . 
~ 

t 
~< 

f 
f 
! 
~ 

t!'UUSport, considerations o:t' defence can no longer be regar"'(led uS 

outweighing purely econ~Hnic i8~ues. 

Now tr.lB.t there .1sa rea.so~1able assurance of at1equate oil 

$up1I11ee being t"orthcoining f'l"om .natural.. sou~ce,s for many y~cl-'a, 

at a price with which 6ubsti tutes :from. co·al and sh.ale Ct:J.llDoi: co :1-

,',::.,"" 
I 

.. , t 
veta, interest in these sabat! tutea has faded. veI?/ considersbly .. 

,',:'" 

~ ," 
" .;--. , ;, .' ,~ 

,,---.... 

,10 '., 

~ ,t .~ ,. 

)~ ¢.t.. """ ,:""~ ...... ~ ~.~_ -/",-.11 
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f 
r 
f , ,. .. such interest as remains is d.evoted to processes rattle I r than 
~. ,,, 
l' 
( 
~. 
i-

f 
~ 

t' 
t 
" ~t 

; 
j 

?rcd.uction. 

It is generally considered that when th.e time dOGS eome for 

011 to be produced in lar'ge quantities f'l""cm i:llternntive ruw . . 
nateria1s, there will 1:i6 a broa.d division of the United S.tates 

into tllrea areas acccl:'(~ing to the recoul'CCS upon which they will 

~re .. 'f;, Tho west CO$.!jt .1'111 exploit tar f:H.mds and oil shale. FrOt"'!l 

i the M1~aiBsir::p1 to the Rpeky Hountains low rE.l1..~ coals will be 

;, convept~d to oil by syn"theais ... The eastern states will rely 

u;:on coking- coals fp!'" oil ZJr-ouuct1on, again by synthesis. This. 

;d.visian ot: interests is !'!3syonslble. for the selection of' different 

. ll~'Ojects for eiiudy iu connection wi th. fu~l 1"ese!;.l~ch ill thotl$ 
'1, , 

tt8l)6Ctiv~ regions. 

., Fe'.7 au.thor! ties in .tvnerica appear to have confid.ence in the 
,. 
; ~~~ni ty of the hy6.l"'OgDtlat1on 11roeess to sur-vi'ire in co"lpeti tion 

. \ 
~ 

:ah other proceesas • 

It ia now considered . '., imlikely that natural gas will con-

~.:~. ,;, ), 

t .. 
~~f~. tribute largely to future prod.uction of: synthetic oil. Ret{so~';[ 

• ~ ~''1t t' . 't <1.1. nus c9inion v:;;,ry widely. 
~ . 

On the one har~ th,:n-oe is the 
. h-. __ _ 

-,~,"" .. ---' ' 
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l'ather academic argument that ns.1;ur$~ Baa is a fuel alrea..1y in, Co 
f 

, t 'r highly convenient form" :and that it is "illogical to destroy more 
~ . .-
t <than half of it to effect a slight ,improvement in the form value 
I, 

~,' 
t 

" i 
~ 

;;'" ~, 

of the remainder. Practical critics point Ol1t that even the 

,:,' 'r 

smallest, commercial synthesis plant calls for large ,quantities of 

cooling water and enormolls v:",'lumea of gas, the latter being of the 

order of seventy million cubiefeet per day 'fQ~ twenty or th1rt~/ 

, , 

, .. ~-, 

, ... 
'.': 

.~ .':" 

... ~ ,\ 

f 
~ 

1 
i. 
t: 
1 

l 
, f" 
t 

I , 
,~ , 
, ,~. 

~ 

f , 
< 
I 

, , 
f' 
t 
I' 
I 
~ 
, 
} 
~ 

ti

, 

i 

i 
11: .• ' 

years. It Is com;'lm"ltcd thut tllere are f:ew loc~.t1ons:1 even in tt>.e 

United states, where bo.th ttl-cae supplies are aiTa1.1~ble in ths 

quanti ties required. ' Finally., the price of natural gas has rir:en 

to a point a.t which the margin of profit to ce oarned by synthesising 

oil is rather small. 

The improve",'1ent in the supply of petroleum has not 

brought vJitb. it the change in prices which lnight normally be 

expected from plentiful '1(rotlllction. The new 011 now being 

brought in has been obtained at costs never cerore sJQ1erlenccd'in 

the. industry. Holes have to be drilled d.eeper and thepercentc.ge 

otf~11ures is greater. The deepest well is now beyond 20,000 

teet, and the average depth of a new producing wall exceeds 8,000 ~~etc 

According to whether r-..oles a..->e sunI-t on a vlell Gctabli13hed property 

01' in a speculative area, a 1J!'oductive bore may cost J(80,000 to 
" 

.$)00,000. Shell recently lost by fire a well on which J150o,OOO had 

been spent. ~ It is considerod that the charge against each barrel 
,,~~' .,.r-" ~'; , . 't of new p!"odttct1oL: vlhich'mu.st now be allocated to the rep~rrnent of"--

;: 

, . 

.:<-..-

" • .' ...u:. 
~'~" ~ ~- . 

• ~.! 

" 

i: development expenses 1s in' excess/one dollar. The high cost of 
;. 
,: 

i 
; 
~' 

" 

developrasnt means that clrill,ing intensity w1, 11 in f'utul'"e be VGry 

in 
ncnaltive to fluctuations in the market price of oil, a~d wil~etfectt 

keep that price reasonably stabl.e. rae present price of good 

average crude ~a ~2.65 per barl~el. For the same :reasons 1 t 1s 

considered tha.t Detrol prices at'G likely to remain fairly ,steble. 
.. - from new l:!rude . 

7he cost or petrol prOduotion/at the refinery has been qnoted 'by 

~r, Murphree of standa.-:r>d O'il Development at 14 cl8nts per gallon. 

~fh11e the indUst!'y wae in the happy yosi tion of: not being 

1 Nltiuired to seek markets fop petrol, refiners were content with 

~ P~'a11ing specifications fk'1d did not respond. to an 1nv1 tat10n bJ 
~ 
r 

, the automobile industry to produce petrol of higher octane ratin;; .. 

A dep9.!'tllre from. this attitude now seems likely' • 

.. ----

or 
> 
';:': 
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Eth.yl COI"porat l.Oll h:,s !'1~ cen -tl;)1 ~;motlneed a. rise from 80 to 84 in. 

the octina Dum.ber of petrol 'to which. the neJ!le rtEthyltl may bo 

attach.e2-. -Cadillac has in prOduction tt C3r engine designed. 'to 

rr:ek.t; fnll use of a 91oc;tan('! l",etrol; Buick, nlao, 113 Understood. 

jO' bO prepEL~ed to Pl"odUCG a snter-com.}?l"casion engine .. 

ADprac'.o.i:ion in octane l'nting 113 beinrr re~:i.stiSd in 

:';n~le.nd on economic ,src,unis, in order to ref..:t:'.'ict imports. It 

toss been calcul~ted tr .. r .. t 11-:" car.englnez tmd. f\1C1 r.:r-~1 8.Ccllrately 

"".,,f..r>,," "'0 cn.eo. """"O';'l.,~ .• " 'i'-:."~ aa,av""'u,, ... c.u .. lo. ......... ~ .• ~ •• ~. t:l~irnU!:"1 mil(; Et:·;e r'fI'O':,:~ e f:). t)"{'m V01U;:IC 

of cl~ude oil is obtair!Gcl 1:;1 :rofining to till oct~me m)r:'1DS1.' of' 70. 

-Tha.t is 'to sv.y, the .:,~ddi tionul,loso inCt11"'red in !>r"O{:'i:Wii1g -petz:-ol 

ot'h1ghe~ quality 1~ &?ec.tsZ' than the:r €lsultin-.'1 e~l.n in. G&r. 

~nileuge per gcllon. It if~ not clear whether this conclnsi.on. is 

b£ll~ed upon the r'~i"inins 1,;cchnlque at present in use in England, 

anl wheth,"1l" i t ~,7i:tl rie<:>.a :;!Dd:J.:?icat:Lon as 1:1 result of' the installa- -

Hon o~ f'Oll!" new ca~~ytle crac"king uni. ta ~n ol"lder for :Sri t1sh 

rofinerles • 

.CNflYJx.:TIO CRACr~H(h 
I • CIT lI' 

Clqacking by t~!e flu.id cate.l.yti~ 21:':"000'::3 continues to 

gain grou~ at the' axp~Hlli') of' ' ',' thel"';nal l;:::',)C'hH~OS una. other 

!!'(ethods of catalytic cru.elcing. ITe"'l tmi 115 (~:e dl sizes a..-e on 

or'lie~~ but it woultl o:;;ce!:l that tlle 'pr~sica.l d1nlenaions of l;:a.rga 

plnn~s ru."e EfP'£il"oachins th~ lini t at ~/h1ch 11. tela or nothing is 

to be gained by :turthCl"> ell1argemeo:t. Reactozas STill l"cgenera't;ors 

40 feet and illore in iiiv-meteI' 'are being f'a'ijl""ioated.. in the fteld 

because ot ~,the impossibill ty of. lifting an!]. t:!'an8]?Ort1ng thevl in 

cne piece. .At the othet' tlllil of' the sl.ze J:'Iange ~ there is no 

ind.ication of it bei'i'~g f.'ouni1. economict::.l to exte;l(l the lov,j"3r limi t 

of un1 t . capaei ty. IJ.'he emal1eet plant yet c1cH.;igned by tint versal. 

Oil :?rOdo.ots .Co. ~ wp..icr.i. specialises in small installations, is one 

of 1,500 barrels daily oar~.eity now in cours~ of construction. 

The :rh.err'loi"'O!"l' catalytic er~ack::l.1g }?l"OCCG6 hoo gor..e out elf: 

l\:''\iOUl~t originally baCi: .. uHe of ,{;b.G mecl1aD.ic:::;.l ". ~':~illCs:J of thiS bl."tc>~et 

eleVator installed to h.tz.n,;}'le hot cataly:;t. ll.n si1" lift h{~s n017 

boen substituted i:Ol" the el('.rvaioi? witt. t;atis:Cuctol'"Y result~lt but 

the Pneumofo~ as 1 t is now cD.llecl is still at a. d1s:;<"dvunta.:.1e in 
~ .. 

l l·CsJ.)ect of the eatalyst; oil patio whleh muy be maintained. in tl'.,.: 
II 1'i) , • ..,t ........ 
,f'f.." "-4", v .. -., 

_..r!"~ "': ... ~ 

>" . ~ . 
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In consequence, these uni"G8 cannot creck a etoc1;: us heavy as 

those which may be chw"ged to a fluid cracker. This weakness ar~qulrer:.~ 

significance undel" ct',rrent'condit1ons. i'Ol" at In-'esent the supply 

of heavy produots i6 in excess of the shrinldng demund. 

The design, contro'l and ' opel"atioll of' cataly-tic cracking 

uni ts have been g.caatly simplified. These pla.nts al"a now Ii ttle 

more expensive than thermal c:rackeI-s. Ir.. 1?ZJ. .. ticular, the numbel" 

and range of' instx'v"J'llents requiloed foZ' ..:utcl)w.tlc control. a£pear to 

have been subst,"mtL:tlly l"'educed. The pl&ntz ar'a v-Bry reliable in 

ol/eration, per'iotls of' 8, yeal" on stl'eam. being commonplace. It i;::. 

ats..ndSl'd pl'acti ce in these ani ts, as in othel. ... refinery eguiVLlellt 

in U.S.A •• to provide fe'f.! or no SPal"6S, &'1d not to cpel"ate u plrurii 

until a shut-down liecomes necessary by reason of: a mechunic.::::..l 

i'ailure. Instead g inspection and replacements al"C' carried out 

in anticipation of failures. to a schedule which is based uDon 

the extensive experif.m.ce available in the industry • 

Cracic1ng catalysts are susceptible to poisoning by 

sulphur and nitrogen. compounds in Cl"ude·oil. The ef"l'ect is not 

permanent, and full activity is X"cstorea in the 'rJ.6rmal :proc3ss 

·of revivification. Tl1is chat"acteris'tic;)z· ~talysts in r-espec-t 

of '3ulphur compounds if;;; indeed, beneficial •. It makes it possible 

to "produce from a crLlila of high sulphur content a petrol to 

sat1sfactdry sulphur specifications. The effect of nitrogen 

compounds on cracking catalyst 'is understood to consist in 
. complexes 

nautralir·;;ing the acidic s:tlico-alumil~alwhich are l"esponsible f'or 

catalytic iactivi ty .. A c8rts.'in tolerance 01' compensation for 

ni trogen compounds mt-;,y be acquir-ed by reducing the chsrge rete 

while !-!l.aintein1ng a normal ci~clllation of.' c£:.talyst. For 

obvious reaaona, it is uneconomical to adopt this Gx,,!?edient to 

any considerl3.ble extant. At one oZ i tiSl"e:fint:n,"iesin 

California. She 11 catalytiri'ally cracks, by this d.:evice, a. s to ck 

containing O.2~~ o'f' nitrO;:S8n .. Tr.is is indicated to be the 

highest nitrogen content per~issible in an oil to be charged 

for ca.talytic cracking. 

l:norg&""1ic compounds in crude oil, such as vl;luadium ,oal1:8· 

!lave a minor poisol1ir..g effect on cracking catalyst. Texaco 

Development has c.ar1?i,?i out work successfully on, the extractim7> 
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t ot crud.e oil wi tt~~urfural :ri>r the removal of nitrogen.. bases and 
7 

~ . 
~ 'lfltl1 other solv~nts tor thel~moval ot:inorganicaalts~ 
t 

1'10 I'"' .... 

I . .' .' t COi:mercial GPplication of'th.ese processes was brougb.t to notice., 

"t .' . It :15 an interesting oommentery u;9on the chel'liical 
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~rengineering prowess of the .1-1.tllerican petrol.eunl indu.stxoy th.at wh,sn 

f tna first three fluid cata.lytic cracking units for Bayway f Daton 
f t ~ooge am. EenUi.nont ~re urgent.ly reguired be~tluse of the WI?.r, the::,~ 
~, 

t, '/Jere deGigned f".l'om r-esults obtained. on a labol"atory bench scale 
~ . .. 

·t unit, ()justruotiou of t"t'103(3 plt1.uts with u cay~~ctty ot: 25,000 b:,.rrE~ls 
t . i ~arda.y each, wasCCr;l:.i-iCllClJd. W'lt~out a~~1ting f'ur-ther axper·ia"v:~.,~e 
6 . 
r CO:Je minor modii'icaiiir.:ms o!lly t1~~ mrule "tow$.L""tJ,s the end . of C0;.-
1 
~. a:ruc'tion •. based uvoniltlf'ortilatiou which hall in th.a me~time toCO': ~8 

i tvailable 1~rOll1 a 1 00 bt:.ll'l~el l)ur day pilot unit. Those th.rel9 vll~nts, 
f th.oagh now obsolete, at'e still ill satisf'actol"'Y sez'Vice. In all, . t . 
t fifty catalytic cr.sckel""si wel'-'e in process at" deale-a 011 couetructicn 

t hcfore the i'irs't CCl·ae 01.:' strec:.1rrl • 

i ... :.t~.'T·V1'··'-,·· ",1"';1""'; )C'I"'·;"·~ ~1""""J';' 0"'" ~·Y"· , kl \:"F-U; ... 11 ... , ILL: '.'" ... ' : •. \' •.•• 4,'- '\".. i _. 1,./_1' J ''''. 
, ,. ".. .R\~ .. lC ill. t .... ""'w • 
i S(..i'iLG or the crU:-':'e o~l produced in Ca1.ii"ornia is aSl)hal-tic 

land of such high 5ulI)uur a:tlCi. (.!.itrogell cont~:m:~s that it cannot be 

cutalyt1ealJ.y cracked. :r.'he Union Oil COUi,9::lny han6.les much of' that 

I ~ui1e and at prestrat re:fines it by stmply vis-breakit:.g:, to a residue 
"" ' . 
ll':J.$h ef»~' be sold 3S fuel oil. The yield of: :fuel oil 1s 60$, 

i c.ggravating 1>ha dispt'cportionate yields of heavy and light l?~oa.ucta 

i. reap.eettvely; ~hlc:h.dIe eenGl~s.l tc-J..ll'O'ughout the country a."ld. arE !)a!·ticu-

i If)l,'ly embBJ."rasaing in Dalif'ol'nis. . 'rhe l.oc31. market for' fuel oil 
~ 

; 113 dull becau.se or a y·eu.uced cietn.and for bunkerst the replacement ! or ""'''Y'- oil. burulng locOmotives with <iiesel <'1""":1'1" uui ts and '-tha_ 
t I a~tended D.se or- natux-al gaai'or ilaating paz-poses. The raw petrol 

l Pr>c;1uood i'romtb,l$ crude contains 2to 3i'& of' aulllhur and still' 

i r:;t't.tir .. $ much sulpbu.r afte:r'dru;;;t1c tI~eatm,ent ,,<lith thirty :i?0uu,1.s 

i of' acid per bar!'el. 1'hc final Pl"od.uct i~ :Cinishsd at ·tue 
r 
; l~I)J.I.3u.&lly lOw end l1oil'lt of ,3oot'JF and. is bletided into otllel.-' stocks 

: 

~'ur disl)Oaal. 'The value o:ta crude oil which giV'e~ such indif"f'erent 

:~'cJ.ucta and. calliJ for silch 1"efin1ngoperat'iona is obviously 'very 10\"1& 

AapreV'iousl.y indicated on page 21·· and 111uatr-ated in 

: ,,: •. ;. ,t ngure 2; -i.Tuiou Oil has developed E{ eata~ytie hydrogenation pl--OeJSZ 
~ 
n 'i! 

, .. eVc' t ,;):;> thi3 elimination of, ni-trogen and sulphur from coker distill.o:t"t'i ... 
. , 

_**OO'F 'C." "l. •• "A~-- ., .'.,..,. ¥'."t~':':"''''~f'\#\i'\I!P.IW'!.o;'''f:w,*.,,+,....,..;a.:i}'i'Ai*h¢ ........ * p, '1' .,4. Jh "l;:;:).%A2illll!ffw, ~~" .. '""l\".""",. Of""'".. '. ""M, ·~.c· _ 
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The catalyst employed is Qobalt molybdate deL)Osited on e.li~m1t!a, 

and 1s revi~1f'1od by 'burning oft: carbon depoei ts about once per 
rile. 

week. It is prcpcred in f.~r· form of: llGllets of ouch mechanical 

strength that they are t:Xl)Cctad to have a useful l1fe to he 

measured in years. Ttl.e pilot vlant ut Wilmington in which the 

process hL1.S been developed ha.s a charging Cf)..:."ii}c1 ty of: throe 

gallons per da:y. B;-,'I' a cipgle stage o-r hsdr-oZ0Zlation in thie. 

plant, at 1 ;,600 loa .. pl"eS;.llre, coker distillate';: from St:Ultu I.Iill"'!a 

crude may be purified to about 0.05% each of nitrOGen uncI Bulphm-'. 

In the ol"1g1ns.l crude f' ni trogon find sulphur are present to the 

extent of about two ani five per cent, respectively. The COl'l-

sumption of hydrogen is 1050 cubic teet~el" ba~"'el an(l the pro-

duct ion of gas, excluding hydt"ogen eulph1de fI S:l1monia and, :vroi·' m-:.s, 
r 

:,'r ~. about 50 cubic t(:et per barrel. The p.ctane number of' the h;s'dro-

genatod pe~ro1 is 53 clear and 76 with.3 o.cs of lead per gallon. 

There is' no sproad. 1:H:'lt\~-een the motor and research ratings. The 

liquid volume yield for hydrogenation only is abQtlt 104% a.l1d for 
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coking only sbout 81;;:;. 

In a COL1'i1wc1ti.l plant. hydro[:,'"Onatlon t70uld be effected 

in twc" stages:. ~3ducins the 3Qlphu~ content c£ the product to 

0.02;& and the oi trogen content to u few thousaf't'lths of one pcr cent. 

The hydrogenated product yields on simpled1stil1ation ,about 5~ of' 

~atrol aM 5O;:~ cd' r~1xed kerosene and diesel 011. The 1 atte 1" 

fraotion would be a~enabl~ to 6atalyt1c cracking~ but ~~der local 

conditions further conversion to petrol wotlld probably not be 

desired. / The loW' octsne namber of- the }2:etrol eO!.lld 'be corrected. 

byhYdrof'o':rr,11ng or some ethel" sui table treatment. Because of: the 

greatly superior quality an,} value of the products, th1sscheil!s 

; of refining is assy to justify on 'P"-'lpOl;'; it ShOtlld earn in prof'! ts 
Y • IN . 
~' 

the capital cost o:r the installation in. two or three years. 

Union Oil has recently w""1n.ouncea.+ its intention of spent11ng 

"t . \ ",or Y.· "j million dollars in the next two years on a CCl':71;::czocial 

* { Plant to ~ply the SChGlno to 25,000 barrels of Ssnta ~.[aria crude 
f , 
1 por de,!",:r. 
i' -

The money is needed for :-
--= .~.:}.'-~- -.~ ......... ~ t 

~. 8an. Prancisco Examiner I Jrily 22nd,t i 949. 
~. 
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(1 ) Delayed co}:1ng -;?lant. 

( ..,' .,.) Hydrogenut:ton and. (le-sul!?nur1se.t1on plant, 

(3) Adal1tiou of boilers to COOSUf..'1EJ the 15%o'f 

coke,made, instead or the heavy fuel oil 

nOVI baing us~'}d. Ii -:';,;', t' . 
t BY-j1?"OD.uCT~. 
(, -,. - t. '.;.l: ~,~ 

f 
~: 
> 

, 
. Thel:'e is '\~1Uch activity in the industry in the ut11is::::.tion 

of "QSt~ products., and. 01' 1?l"'oduc"ts of low l!E.Y'kct vs,lue be~~tl13e of . 
t 
I' 

~ l~ot~nt1al 'suI'nltt5 ~l"('.;{j,uct if.;~·2. 
~ -- t~ 1':S8~ c.:t~ci ,Thel"G less d1s)C.·51"G~',c>n 

", <t':' :. j ~' '", r 

i 
to burn refinery ga:..;;G::: ~o gert rid o? u r~uisc.r"cl..1 Q Tii.e <;<.r1c.e Y..·~J.i~e·; 

1. of b1-prodacts nou: ,;:',.';;";.:.12;;:"010 f'".:c·om rCi'inerics inclnuffi special i'~<::,,:,::; ~ 

",::.-~ J. .. :> raW mo.terisls -ror rul·0cr- sZ/ntj-lczis, solvents, :refrigerc.ntsS' ~")r·.2~:)r;.:Le 
, .:. ,- ~~ . .. } . 

',,;1; :.: i 1ntermedibtes, c01"'bon. l)laci:e, soap subst1 tlltes etc. 

",., , t.·· 
-. .t.., Ji' 
,r-·.lI 
l. • ~ 

,.-,' '.' ~' "." f . ::),' '; I 
'> I 

t 

Tho pl~Ol?el1e,' isobutane and bute:ne in exceus of In:i:'''!&';:l 

requirements fort petrol li!'oduction in ne:.tural gasoline and cr±.tcJ.yt1c 

crtaeldng plants ar'e usnully .tcparutei from: one another, a.nd sh:ill:>ed 

to thema.rket in liquid ~ro~n under presoure in rcl.l or rond 1J8Z2ona. 

The liqueficd.pet~olcum gas (L.P .o.) widely ueed f:or heating honea 

outside the (11str1buti:as m:-e;;..sof g[<.S cOI'r'l,ga.niez !lOW consiste al':lost 

P' .. ,i exclus1 ve 1y of propane .. 
i;, 
i 

'It is the excopticn g ;';1>!lther than the 
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rtlle', to f"lud a home in the country not s uppli eO. 11:2'1 th L. P • G ~ '.r-he 

practice 1s growing of 5(~1."iricing customers fl">cm "tt::mk we.ggons r5.ther 

than with transportable bottles. The bul~ container at the h~na 
~ 

is then' a sphericnl steel shell apDroacning four feet in diameter. 

Ths l~8tail price of LPG' is ebout 8-~ cents per gallon and. the nOl"rtlal 

Wholesale price in tank W8.ggons 4 cents pe1" gallon. f.rhez-e is 
because 

ovel"-production at thG moment/in the last ~ew years steal has 1"een 

made available for manuf'aoture more freely than 'Corstol:"age ;rand. 

dlstribut ion. -

The 1)l"106 of butane and isobutcne tor- r'tlbbeI:' synth.esis 

~1(1 othe!' 1?Ul~!?OS¢S is .fairly steady at :fOU'l'l' cen.te 'per gallon. 

Tlw manufacture of B~~thetic rubb~~ is eXDccted·to continue 

ind.efln1 tely f !'or' the yroduct can compete on. its o~meri ts 

with natural r'.:fbbar. It 1$ considered that the cost of s-fllthe,;"fs 

.. ,.,_." f operatiolls will !let a OOil1l1.1'> tc the price cf natt1ral rubber 

~. and so act as a stc..bilising influence. 
f·~~·~· ~ . 
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(31) 
Ethylene froln refinery gascs is vrldcly used $:01:' 

the ~~uracturG of alcohol~ about one quarter of the U.S. 

market being now sup~lied ~rom this SOU~C6. At Baton 

ROUBe, ethylene i'l~om the Stund~d Oil ref1n(H,"Y 1i3 UaaU. in 

the pref.?~at1cn 01" tetra ethyl lead. - The residual gas trom 

the oil synth.esis :vlo..'1t at Brownsville, Tex. it) to be e tri£);)ed 

of 1 ts ethane al'lcl 151;hyl5lne by United states Chc[;1ic" .... la, Em.U 

th.e products used. in the IDl1nul"acture ()f C,z?;.,"U"'lic chemicals. 

The· ril.:;:'~:ct fOl~ natuI'o.l &:;1$ 'he,:} H1)prcciutcd 

considerably 'i~l the 10$t few yezrs as e. result of the CDl._·-
, 

struction ot:nu~nGrous long d1stG..'1ce pipe linos 0-;" consiciol"8,Lle 

diameter. f,1c.n.;y more such linen have been :planned r..nq. fi~;~)r'·,')vad, 

~~dar6 waiting only on delive~io$or steol.· It has bee~ 

. claimed by p1P6 line 0]1 El'"ators that the~ can doliver llctu!"'al 

gas to any lOcclt1on in the Unl ted states at a cost lO'l;1Cr thml 

that o~ locally prod,ucing ge.s trom coal. In 1111nois t 

. recently,there exi$tcd an ano~~1ous situation in which 

nataral gas 'WO,$ aV'ailc,,\ple a.t a lo~c:r pr>ice per B. T .• U. than 

that of coal! ~he incre~3ed raci11ties for tr~q$Dortin£ 

end. distributing na"tul-rtl guB hG.'V'e !",JiJnl'ted. in a'1 increooe in 

the price at th~, 1/;e11 .. A few years ago, prices renging from 
• 

three to five c0n'~~ 1.101'" thousand cubic f'aet weTS the gener a1 
M 

rule; today~ pric~e of ten' and eleven CGuts Der thousa!~~ are 

moe t COi1i"oon. 

Tho- e;clvents and other oxygenrxted oreD.ilic products 
r • 

o'b-teined f:room refinery ev.s,· or- f'l.")oen gas r!1s,nu.factured for t:le 

purpose,. by va.po~ phase cracking of oil s tocka at h1gh tel:'t­

parstares, include gl..vc£lzocine, V'~ioue idcol1ols It }cotclleSt ethers, 

etc. TIte gases are used aleo ff;r' a.l1ql'"J..n.t1ng Ul'omatice. 

Ester salts to be used. us substl tutee i-'c,r soan tmd BOC .. '!) 
~ .. 

powder a a:~ mntlu£setured. f.'rom s1milnr cra.ck.ed. gt:.S6S. /:'ro-

duction o~ all these and other by-products iD on a very 

large scale in !;,merica t~l1a. is U0\7 being extended in Bri iu-;;':rz a 

The Shell ComponYll I.e.I., and. ucottish 011s have been 

producing 5)T!thetic dets~ecnts for a mrwket Which'is still 

Unt).stisfled. Some hou$owl..ves in Bn;:';!0.r::.i. however, use the" .. 

synthetic 'sllbati tuto mainly becuuso i t il:~ not rationed .a:nC 

.8'~' ~ ,';',,-~,C" ""' ... ' ........ 4j!\ ... ~".,' <' .•. .,. .•. ·H!,J5"'·".~""€>eli ".'. .... """M ... ·.i'.'<i ;!!f.i:i4,,',*.""'" 'l¥t! «"""'.,.*~._:<¥:""''''' •. :;;, ,;'4",'.6,'9. ib\(\.&i.t m.?P.EI@O¢iO."!<>o • ., .I .OW<. '" .,," 



')' 

\: 

-"- _. "':-.~--
t' 
~: 

f 
f, 
f 
~: 
I 
.f: 

!!'. 

if 
~ .. 

I'~··· ,. 
. " 

I, ....••. 
.. 

" 

I 
I 

. 0 
" 

't-' r 
:' 

I ' . , 

~~ 
i '. 

1 
~; 
~ 

i 

'1

1

, 

I 
'I 

f 

, 
r 
t 

++ 

... 

, 
:. 

gt.'¥' Y'-S?G-'Q6 -- ... ~-:,;..,",.~-- ...... .-.,.-,''':" ~ ,_ ._, _______ _ 

(38) 
pref'er soap because they find 1 t ·softer" on the skin. 

The Shall Comphr.y h~\-j l'Ieeantly commissioned an extensive 

plant at Thornton. La~1C'3, for the manufacttL.~ of various 
" ,', . 

chemicals; . a plant join tly o~ .. ned by Anglo Iranian and .', 

D1at111ersLtd*t is being installed at Grting~~onth to 

prepare a d1f~erent range of chemical products • 

T "n(\'" AI'1¥"RY T.''''.Trr-nll~~~ ~:~.~.L~~·.c. , ----.E.!.~~,~!..~L,- /""t,. .. ~.e\I.a.;; 

. 
The most outstal1ding l"eeent development in 

laboratory equipment and techniqas within the Detroleum 

.' . industry 1s the wid.e use now being made ot: physical. methods 

for tho snalysis of hydrocarbon gases and vapours ruld for 

examination of catalysts and of ashes from lubricating or, 

cpude 011s. .. \'In spite of l·ts -high -cost <"35,000) the mass 

apect~ometer seems th~ most popular or the p~w analytical 

·instruments a..."ld is to be found. in all researcb laboratories 

. of note. Infra red spectro.-nsters are utilised to a con-

sider-able extent and. SOIne laboratortesare eQuipped. with 

ultra violet, Raman, arc emission and, d11':t'raction 
(,,' , , 

;.' spectrometers. ++ 
'. ~ . 

t," .t' 

Ths mass spectrometer will analyse gases for 

.. oxygen, n1 trogen etc. and i"or ~..ydro(l:arbon gf'..sea up to as 
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. fo~ 21 unlq}owns of T"ae =a1ys::!:.$ ta1;:es one\houl"" ~d· the ' . . , " 

calculatlon~ about 1/r hours. In ene laboratory ~~era 
~ ') 

s1UF:)lerL gases containing eight const1 tuenta are com:'!':only 
;- , 

an.alysed. forty .sa11ples may· be hand.led per day wi to one 
, . 

,'man"oPerating the instrument &nd. two women the calculatine 
.~!: '. 

machines.. Because of t.'1e compa1?st1 vely, short time needed 
;~ 

il-, . 

fo~ analyses, the mass epeotromete~ has suparaeded the 

?odbielniak a.wro:-atus in l.a.boratGrle.,s where there is 
", . 

sufficient Vlork to juatity the high cost of' the instrument. 
::;. 

,. 

Consti tuents of 111etrol up to and includ.ing 05,. may be 
, .:~. .. 

deteNt.ned completely. ~Closely cat .t'l~act1ons fI'om c6 fl.!> 

, -
to and including 08 hydrocarbons have been analysed after 

;' . 
saturation with hye.regen, in which VIas 1 t has been fou:nd 

----------------- ," ~:; . 

BrWlt!lage K.G. ,I Co-oke P.W •. snd Gordon R. R • 

New l'hysica11iethod.s in the Petl"oleum Industry. 

Inst1 tate of petroleum Review. Vol.1 It Pp~33 and 65. 
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(39) 
possible to ,identify and estimate all the struotures, 

'pr8s~ntf though not to assign,them indiv1dually·to 8at~ated 

or unsaturated h;y"drocarbons. The.1nstrm~ent estimates 

simple bydrooarr,'Ons mora. a.ccuratelY th~ they' canoe detel .... 

'mined. by combllStion, absorption in caustic atc. OperatOlJS' 

ot matriculation standard are able to use the ,spectrometer 

for, routine wO:i:kJ but a graduate supervisor is needed. to . 
ensure that.the, Instrument is in 2djustmsnt • 

.AS a fa.rthcr illustration of the applic'e.tion of 

physical metbods, ¢t&08~ys1s in.reftncFW ope~ions, the 

water content ,of by-product aceton.e is being determined 

in a. recording in:;trument ail a calibrated f'unct1on ot: the 

dielectric conat€~t of the mixture. The s~emethod of 

analysis has been applied to crude oil. but in this case 

the technique .fails, part13 becauso the mixture is 

'heterogenous ~ partly because the same calibrat10n does 

not. normally appJ$ to different er~des. 

. Many laboratories ere eqQ1pped with bench-scals, 

catalytic cracld.ng un1ts for the eValuation of oils and. 

catalYsts, as distinct from the large~ pilot plants main-

. tained by only a few ol."'gan1satlons to. obtain data tor the 

.. design of cOtfl."!larcial. un:t ts. Much uf'Jeful. in:forrnntion csn 
I'. _,_ 

. be gained fi-'Otll those plant~1 Which in view ot: the complexity 
i .. 

. of the carnmerc1il1 proceaaa~a surprisingly aimple in 

construction anclopcration~' . In a typical un! ii, the re:aoto~ 

t5 a ~talnless steel cylinder about three feet long , ' 

enclosed 1u ahesvy meehan1te jacket for even heat dist~-
. . ----
bution. '. The jacket 1$ In foar seotions. indlv1,lual1y' 

heated by elsctrlc1ty.· For each section there is one 

thermo-c.:oUPle in the .. jaclt~t ,and one inside the catalyst 

bed tn the reactor.. The reactor to be used is selected, 

accord1r.:g to the process being studied, :r~om a. range in Wilich 

the ditmleter varies 'from in to 1 itt. The catalyst is not 

ciI'Culated aD1 tor usa in catalytic cracking tests, al~ernate 

periods 01: about ten minutes duration are devoted to crac1!-

lng and regeneration. Tbe teat is continued in this mallH!r 
, 

until the nmaber .t observations made 18 sufficient to give 
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results to the desired degree ot accuracy. 

TheN is an increasing tendency today for, 

-motor fuels to be valued· in part according to their 

octane ratings as determined by the research method • 

\4V) 

---
This method gives a measure of the pertormance of the fuel 

when the engine 1s accelerating or labouring at low speeds. 

The ~otor method octane number becomes the sign1ficant . . 

• 
rating when the engine 1s running at' normal or high speeds. 

It is comrilon practice to base the value of a petrol on 

its motor octane rat~ng and to asSign ita premium value 

in virtue of its "spreadu • For ~etro16 of 72 octane, 

for instance, a spread of four numbers is valued at about 
.", 

.rgSU2ltl*1m~. 

Much of the naturaJ. gas prodaced in Kansas and 

piped northwards to Colorado and elsewhere contains a.bout 

18% o~ nitrogen. Because pipe lines are now operating 

at t~e- lim! t of their capec1 ty, investigations h.eve b·3en 

made into the possibility or l~mov1ng that n1tl~gen by 

'l1qu~f'actlon of the more volatile methane or by aa:soru-

tion irtact1 va carbon. !t bas been established that 

removal is. practicable and econOmi~al where the o1?igina]. 

. 111 tl:ogen concentration is in excess of 12%'. The adsorp-

ttOD. :precess is p~fe:rred.. 
. . 

:tt haa b~en found that napbtha stocks for re:rorm-

1ng meke'~re coke 1~ the process if thay'l'.ave been stored. 

This tendency has bean tr,aced to atmOspheric oxidation 

which occurs to a sm~ll extent even with straigh~ run, 

. paraffin base naphthas. The trouble may be oorrected by 

contaoti.ng the naphtha jast betore reform.ing with hydro-

carbon gaa i,n a small bubbl.e deck oo~tlmn • 
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(41 ) 
" , 

LOW e.."ld' !t-lID!UM T:&'f?ERt,TURE CA-qP.oNISWOIi. 

The carbonisetion of coal fo~ the production o~ 

a freely burning, smokeless fuel is being practised in 

,England on a scale somewhnt smaller than that obtaining' 

d~~1ng and immediately before the war. Two plants are 

understood to l'lavebsan closed down and no new lnBt~llat1ons 

have taken -their place •. Supply does no.'t meet the demnnd~ 

due "in part to the diversion of some coke to the export 

,. market. There is a conside:rable margin between the cost 

of the coal used and the price obtained for the cOke. vt1 thout 

'which the indUstry could not survive. As 1 t is $ a lo.rge 

n~~ber or people in England find real or £anc1ed advantages 

in the~s:rioke]ffsE'res~,el$sn11nElas, balk eto. of low tem:yerature 
" ' 

. OOkd, mostly for- use in open flrepla,oes. They buy the fuel" . . ., 

without compulsion in the, ro~ of anti-smoke ord1n~ces, and 

keep a small indastry operating pro~1tably. 

In the United states there 1abelievad to be only 

ons'low temp~atu~ carbonisat1on plant in active commercial 

operation. 'It 1s likely tbat, in the near future, more will 

be established. Author! ties in ArnGr"ica are very conscious 

ot th~ poll~tion ot theip city atmos~heres and or the toll 

which it takes in the health or citizens and deterioration 

of proper,ty.' ,In Pittsburgh recently. drastic legislation 

was enacted to reduce smoke ,emission. 

Ked1um tempera+,ure oarbon1sation is being studied 

both' 'in !U.S.A. and England for the production of smokeless 

briquettes" tOt' slow combust1on" stove~~ water gas plants 

and loVl shaft ~naee2. , , '. !fhe interest is, Inspired by , ' 

similar,:' circumstances in "thS"two countries: viz. t~e high 

price' of" the' fuels now used (pennsylvania anthrac1 te 415-, 

per ton on the :rield~ oven coke $15 ... $22 per ton delivered 

to the works; "1nJ!!ngle.nd t L.T. eok~ £5. and H.T~ coke .£3.10/-d 

,:;,1.. ,per ton, both' at" the workS,.) and a desire to uti11se coals 
~ . .. ~. 

of a qual! ty not sui table :rOl'" cllwSing to coke ovena. 

" "" .. , In' thef"ollowingaccount o~ operations witnessed 

and information gained. carbonisat1on by the newly developed 
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does not yie1d a lump tuel su~table for domestic and 

miscellaneous 1p..dtt-ctr1al parposes. It is applied to coal 

. so fr:rr only as the first stage . in: the complete gasification 

'of·the f~el.' For these reasons it 1s best considered 

later iDoon3Unot1on w1ththe Geoond~tQSQ. ~1z. tbe 

fltd.d1sed. gasification of the Char. 

. Rexeo Procees. 
• PIZ 

• 
The AnglO-Amerioan Carbon1s1ng Corporation has 

at Mansfield, Notta. two Rexco retorts which were tested 

and. reported up.on by the Fuel Resee-rch. Board. in 19.35.'" 

Thc.'l retorts are practioally.identical. with U.T.U. plants 

as empl~yed in the distillation ot shale, They m-e 10 

teet in diameter and 20 feet high. taking a charge of . 

35 tens or coal. which 18 earboniscd by 11gnting a fire 

at the top and drawing hot. prodUcts of combustion down­

wards through the charge., The two retorts a.t t.iansfield 

(" carboniae twelve charges between them in a. six day week:. 

~wo men are employed on eaCh shift end the total number 

~of employees, Including staff', 1s 14. The coal is a 

. mixture of' non-c~ok1ng Uhardetf and moderately coking 

"brighten obtained from an adjacent coll1ery at a price 

of 48/-d per ton delivered. 

i. ,The Coke yield is 68% o~ the charge. It has 

6% of volatile matteI" rod 1s hard enough to stand transp~)rt 

well. It is screened into four sizes which are separated 

by 1tft ,. 3/4" and 3/8" .screenS. The coarsest product is 

,used in open fires, the next in Esse and A.G.A. stoves 

end. the third in A.B.A. cookers. The fines are sold to 

power stations. The average price realised at the works 

. is £5. per ton ror the home market and. SJ-d more.for expf)rt. 

The gas made, amounting to about 20,000 cubic . 

. feet per ton, 1s wasted •. T'uo calorific value is 120. E.T .. U. 

per cubic foot When p~rt is circulated and burned in the 

'-" reto~t. Towa-~s the end o~ the cycle of operations when· 

llepor't of 'Test by the Directo1" o~ Fuel Research on a 

,_ t. Retort of the Coal Research Syndicate Ltd., at Mansfield 
I J" ; .. '~.: :.' . 'f. 

t CQll1ery~. N ott1nghamsh1re. Ii ."-1. S . I') • 
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(43) 
thecirculat1ng gas is not burned, the caloI'1flc value 

rises to 309 D.~\U. per cubic foot. The total loss 16 

s.bout 29 therma 'per ton 01: cQal. 

The tar yield1s about 19~ gallons per ton and 

amounts to,~,'OOO tonS pel" annum. The t8.l" 18 d1:f'f'1oalt 

todehydl~:;tt<t &'ld fiB sold still. contains 9ft of moisture. 
" . 

Di:rf'icult;~f' is os1ng experienced in etsposing of the tar. . 
bec~useJ it wao stated, distillers do not 11ke rn1~ing it 

with high te;nperature tt<P and do not have suffioient of the 

low·te~~eratu~a product to tra&t on its own. 

, .ltil one time:; "the. liquor was concentrated'£or 

the preparation of arnmon1~ dll~r1de. but the operation 

was fbund uneoon~~1c* The effluent 1s now,mere~ 

poured. into the ground which:ls sufficiently porons to 

absorb the liquor as fest as it 1s maae •. 

The plant has been :tunct1on1~g tor about 15 years • 

~ It was acquired by its present owners for £12,000 and is 
!U 
~ 'now valued at £jO,OOO.'l:he .aOllucl. :profit is' £5~OOO. 
,~ . 
o ';Q1 ... • ... 1 - . . q,S~O or U sner,vrocesa., 

The Ollerating Disco plant + a.t Chanlp1on, Pa • 

comprises three rvteting~ horizontal retorts' about 8 

feet in diameter sud 100 feet long .. with a charging 

capacity of 100 tons per day each. The plant has be~~n 

wor~d steadily beyond that capacity, y1elding large ~ 

smoky lu.T.pa or coke with ineosnplately earbonised cores .. 

. Tb.i$ method of' operation .lw.d bElen adopted deliberately 

because of the unsatisfied demand. ~or the product •. 

. Oustomers haven,Qt ,conipla1ned about the qual.lty of the 

coke. -.. 

Th1:t coal oharged is a washed. and dried coking 

slack, screened through a. 3/8" s1eve. Before ent.cring 

the Ntort~;: the coal is heated to 600cF toeontrol., by 

oxia:~tiont its agglutinating behaviour. The retorts 

are . heated mainly, byprodl.lc ta, of eombus tioD 
.'-~-~ ------" 

Trans ~ J'Un. 1.M. M. E. Vol.139. P.328. (1940) 
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from a furnace, with Q re-c1rculatton of waste gas for 

temperature control. The heating flaG is the annular 

space between tneretort and a surround1ng,externally-

insulated snell. Addl tiona~ heating resu'l.ta tl"Or:l the 

, ,leakage of 0.11- through the seal. between the rotating 

'retol~t,', and stationary coke d1sch(l.rge pipe. It is 

likely that that le~ge 1s deliberate. The gas make 

is 3.000. or 4"CY..;O cubic feet per ton, with a nitrogen_ 
, --

content of 4~~ and a calorific .alua of 400 B.T.U. per 

cubic £Cot. 

The coke is cooled, erusht;d to 6" Sld screened 

at 3u ffi'ld 1/2't .. The two lump fractions are sold at an, 

averae;e pM-CS of A11 .SO per ton as compared with e. purchase 

price o~ ~-+. 8.5 pel" ton for the eoal.'e The ,screenings 

below 112ft
,. f'Jilount1ng to 25% of' tha coal feed, are returned. 

to the retort together with 10Jb of high temperature coke 

b~eeze, thus, p~ovid1ng an added measure of control over 

the coking properties of the coal. 

The operating staff cOtuprises ten men on each 

shift. The plant has been working for fifteen years and 

wee due to be closed dawn in the middle ot 1949. as soon 

as new workS aajacent \~re ~~pleted. 

• f,i,' f' 
~f 

'rae ne~,g plant comprises seven retorts 120 feet 

long 'by 9 ta et ,ill diwteter with a charging eap act t.y of ~ 
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150 tons per day eac;h • The agglutinating value of the 

coal is to be :redtJ.ct'd 'by preheating and blending wi th 

breeze as Ut the Old unit. The installation of further 
-J 

retorts on the seme site is an11kely because the inines 

supplying coal to the plant ere nearing the end of their 

~rodllotl\'1"Ea llfelO: . 

An 1nt~rast1ng adjuRet to the new retorts is a 

,tl,ash drying plant',', ~. which is described later in thio 

report .. ' 

. 'In cOllaboration with the Chem1c~1 Engineering 

department of Yale University. Chemical Construction 13 

develo~ing a D~oces6 based upon the long abandoned 
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. Carbocoal process. bllt concentrating in one stage of 

operations all the essential functions of the original 

two-atag$ treatment. ASl'!llUl, five. tOll per day retort 

was opera.ted. for aome years at J:~€li'111ai!€n, but the work 

was 1nt6r~upted by .the war. In January ~ 1949, a 100 

ton per day -plSt."lt was commissioned. at the a teel 'Works, 

Bethlehem, Fe.. Beoause of certa.in r;atent applications 

pending, no, announcement has been mc.d~ regarding the 

'proces~ and visitors have not been admitted. to. the.plnnt. 

, The object of the process is to prcdllce a fuel 

strong enough 't:o I' use inwat~ gas generatoI'St cupolas etc., 
.,r ,~ 

'c' from ooal. which 18 too strongly Bwellingto, be carbcntsed 
'. ,". 

11;1 coke ovens. The ooals to. be used et Bethlehem ar~l of 
,5· . , 

a B.S. swelling index greater than 6i. Forcoking 1n ovens 
.';,' ;.: 

..•.. ;. 

',,. 

the swelling index should be between 4i and pi~ At .N(r~vhe.ven~ 

the swelling 01' the coal. was reduced by blending 1 t vli th 

non-coking coal O~ iron ore. Satisfactory carbonised 

briquettes we~e mDde from a 50,50 mixture of Pocahontas coal 

and snthraei te, and from a 30: 70 blend of crt.lshed iron ore 

end Pocahontas ooal. ~he.1ron ore briquettes were mode 

for a steal. company bllt nothing "is known by Che'in1eal Con­

struction of f!IJlY :f"u.&ther tests to 'which the briquettes 
• 

have 'been put • 
.! 

At Bethlehem~ the swelling and agglutinating 

p~Qpertles of' the coal ~e being modii'ied by a pre1.1mtnary 

oxidation. For the io:.~.ubsequel1t 'br1quetting' and cC1!']3onis1ng ,. 

operations to give .1- tle.:t1st~ctory product" the swelling 
. . 

index of the'co~il must be 1 O~ les$, bttt the oxidised 

'Utate~lal must have a slig1lt tendency to cohera. A weakly 

caking co~al meetiug this specification may be briQ.uetted. 

and. earnon.1sed wltht)tlt the prelimina.."'7 oxi.dation. A use-

fill test of the prepared coal is to ha~i.t it as rapidly es 

. poss1b1e in a cruci ble ove~ a gas bllI"ner and :to cool it 

atter all tha volatile matt~r has- been 'evolved. If ·,';he 
." . 

char can be pourec1 oat or the' cru.cible :Like dry sand, the 
~. 
:~ • coal is uselEls$ f'or theprccess on 1 ts elm. If ~ hOWL(go':: 

~. '. ., '.' 

,:!i even a" erllell portion of the char is agglomerated .. tha 00<;:..1 

'.1 

~" " 
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may be used • 

In thte plant at Bethlehem, pulver1sed 'coal is 

plrJped by the Fuller Ki:::"':Y(l method .tb.1'>ough a tubular hea'ter 

to effect the' ox1dation.. The temperature required varteo 

with the coal to' 'be 'treated; for Pocohontas 'coal i't is 750°J!. 

,~he oxidised £uel is coolod, mixed in a pug mill with about 

10~ of tar, ~lthen br1quetted in a roller preas to form 

pillows about 2!? x 2" J:{ 1 q • The binder for the briquettes 

is Pal"t of the t~ recovered. fro:l'l the retort. It 1s 

pr~pared by treatmont With concentrated sulphu~10 acid, 

tile' consumption of which is 15 lba per ton of ooal. The 

purpose and e~fect o~ the acid treatment are to reduce the 

solvent action of the tar on the· coal at the time when it 

1$ passing throltgh the plastic stage in the retort. The 

action'of the acid may be a so.ll1honat1on o~ extraotion, 

but it is not at present understood. The control of' the 

" solvent powel" is said. to be essential for the production 

of a 'sa.tisfactory c arbonised briquette. 
, . 

The retort i:t;Jelf" 1 a &.D 1ntsmally heated .firebrick 

shaft. about 20 feet higb. The top section 1s 10 feet in ---• dIameter; the middle section tapers from '* 0 to 6 feet in 

dlamete~ in conformity with the sr~1nk1ng of the charge; . the 

bottcnt s ect10n is 6 feet in d1 aneter. Heating gases are 

burned in a combustion chambe~ surrounding the 6 toot $action 

and are then admitted to the ~tort through tuyeres at the 

top of/that seetion. Cold gas is recirculat~d to the coke 

discharge pipe and in eQo11ng the pr~uctJ! returns to the 

:retort about 65'"fo of' the heat needed for esrbon1sat1on. 

The temperature to which the br1quettes are heated is 750°0 
~ . ~ 

. to 856°0» accoltding to the purpose for which the coke is 

intended. For n ~u61 to be used in open fires, the 

lower temperature is recommended;. the briquettes for 

. foundry work, slow cOmbustion .s'toveSjt water gas plants etc •• ' 

should be heated. to the higher teIl1p~ature. 

The ~aw briquettes are hard and denae, and snell 

strongly of naphthalene. The carbonised briquettes are 

vary hm."d, of unirOl"'m fine texture and shrunken to the extent 

~.r~¢.'11tJl':.~"i!" ?$!i;:; .... ". I.W;R,?W',Q£tH""'!i1f,ikM"itffl!fi.Ji"!ii!!b\'t&!MU",M'''''''' """"'!7WU£&£ SSJ,&G&ill,.MdJ.,. __ W= .. ld'£ i .-
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(1~7) 

o-r s.bottt 30)~. Tnoy eon tain las9 thnn 1;~ of vola.tile 

matter and their bulk density- 18 45 lba per cubic root ~i:} 

compnred 'd. t-n &l!t:)llt,.35 :t()~ QV"€!il coke .. In a cupola 

charged w1ththe c.."Wboilised br1quette~, it he:; been found 

po~lble to put 40;;' mbre1ron into the charge snd to 

opel'"ate wi til a 6" bl&at instead o'f tho usual 20~. 
/., 

.The gee maCie 18 40 therms pe:r ton, but the' 

calor1f'icvalu.6 1s lo~:;. The tar 11eld, viz. ,30 gallons 

per ton, is thre e time.~ ae high. ~ i:ttom a coke even. It 

is thin tal' of high quality bac:~mse ot: the repCf>ted C~r-

bcnlsation of th~ h¢~vY traction. 

J,{iscell .. sneQU$ •. 

In eonjl.lllet1on with the Un! vers1 ty of Wyo~;ling~ 
. 

the Gold.tlIn ste.tlon of the Bureaa of f..!inc$ haG pI'Cpa..v>ed 

from local ,~Hlb-b1tlL'1linous coals e carbaniaed b:i'1quette 

bard enongh. tor matallurgical purposes. The procedul""e 

edop~ed ift.iS to mix 10,) parta or- 11gnl to char with 5 of 

local cokir>..g coal sud 7 to 9 of petroleu:'1! pitch. . Tha 

mixtare was briquetted at pressures ranging. from 3000 

'to' 10.000 l'Os par 6<;1. In. en"J. the briquettes were C""u.rbon-

1sed at 1 ~(~oo,.' The briquettes were hard, though not (i.G 

hard as oven coke. They hlld a granular texture 

" character1stic of cokod blends nnd usually 1~~lcut1vo of 
, . 

a ~eactiv1ty higher than that of noraalcoke. The best 

briquettGs wore tUQse mGde at the htgh~st pressures ar~ 

.tth,the greatest ~1m1xtn~ of eok1r~ coal. 
" .. /, 

In ~!lttland, powsll Daffryn has p:t"oduced simllm-­

briquettes by oarbon13~tl~n at 9000 C in a coke oven. 

It bas,been est~bltshed,that intermittent vertical 

r~tort.s oould. be used tor the purpoae "etlually' well. 

Th~b:r1qGette$ ere 'nn excellent f>olsl :t01J domestic 
" 

purposes and 'are ~old at a ~ta11, price of £1. per ton. 
- .' \ . 
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Q~~~ll2~I'l!P, <f11P1 F1C@1S1!. -------- ... 
Many intereat1ngdevelopments are in progress 

abroad." in the" field ot gasification of coal, maInly 

directed to\fards the produotion of synthesisgaa. The 

fluid bed. technique, best 1m'own fop itaapplica.t1on irl' 

catalytic cracking, is "being tried in gas gens;ratqrs with 

a measure of succe8s'~1ch 1s not yet'clear. Coa11s 

being gasified in suspension on a large experuaental scale 

by the Koppers process and on smaller scales using other 

techniques. Lignite is being gasified in ~~ externally 

heated reto~tin a large pilot plant. The well estubliGhed 

water gas ~rOCe5S 1n being further investigated tn the 

laboratory ?~d gas works. In England gasification of co<u 

under pressare in an atmospha~e of hydrogen reoeives 000-
"," 

tinued attention. The Lurg! process is being studied in 

U.S.A. end plans -Gore well ,advanced for WOI"It to be done on 

theprOO6ss in E'ngland. '" In the 'United states, Be},giwn 

end elsewhere, further exper1ments are proceeding on the 

gasification of coal in the, seam. 

1n·UI"Ic-p ..... Cq;rr:r·p!c. ... ~"tn"!"("";\T "" .... d "'. Q!'DTCl'T1.m~" .:t.:~ __ tl J,.;'.!lU (kClI..,'_' "", 0 ... ·J.l . .r_;, .. ~ C;~"' ... \J'J,\I, .. ·, ~7~ -~ftt 01"",,"-.; ... 

It was probably1n the met~11urg1cal industry 

that the first appli cation W~ mOde of the t echn1que o~ 

handling finely d1vided solids in the form o~ a dense 

"suspension in gases., Neithe~ at that time, however, nor 

later .when the principle was adopted 1n the Fuller Kinyon 

system fo~transporting pulvaris~l fuel, was the signif1conce 

of the technique properly appreciated. Fritz Winkler-

patented his gasification process in 1922. likening the 

cOnditions in h1a prcdUcsI'" to those ot" a tlbol11nft bed". 

Al though he unders toad the charaoteristics and iitvantages---
" . 

of a fuel" bed densely ,suspended in the gasifying medium, 

1 t would seem .. that he had no' idea of the wide range of 

uses to which the principle conld be usefully , appliedo It 

was left to W ~w. Odell to appreciate the full s1gnificanc;3 

of the aisCQvery and, in 1929, to'patent 1t~ ap~11cation 

I . 
! ._--_ .. ~.J,.- . ""'m 'v'. ___ L _______ '",,'-.' ."",,,,,,,-',,,,,,,,,,",,,. •• ,, ,"" . 

to a considerable number of industrial operations,' exc1udinz:, 

of course, gasification. Lewis and' his associates " 
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(49) 
at M.I.T. took 'an early 1nterest in fluidisation end 

instituted studies of the'mE;chnnics o:f the process, which 

are still 10 p~ogress, It "is to ,this school that we owe 

most ,of.the published informat1on on reaction kinetics. 

material and heat trans:r.e~ eto. in flu~il1aod solids. 

By ita application to catalytic cra~~lng 1n the 
, . 

years. th~.f'luid bed techn1que has v1rtually revolut~on1sed 

the petrolewn 1n{1.ustry •.. ,S1nce th.at time, the process 

has been used on. !t."l experi.-ucntal or ooo.l!.e.rcial scale in s. 

greatvs.r.1ety of app11cat1oB$ inclnding 11l!'~ burning" oil 

8ynth~1sJ gasification and carbon1sat1ou t , oPe roasting 

.and the mantlfacture of phthalic anhydride. There was at 

one time, 1ndeed~ a tendoncy fop the virtues of the 

techn1qae to be unduly exaggerated and fo~.flu1d1sation 

to be' advoeat~d as s solution ror all technical difficulties 

in cham1ca11nduatry. 'A more temperate opinion has now 
;+ -y 

become manifest/and is generally realised tnat the charac-

teristics Qf fluid beds which are of almost 1nestimable 

value in many applications are actually undea1rabl~ in. 

others. The gasification or coal is a case in point. 

Opinion is &~ply d1 vided on the prospects c~ the process 

achieving ~~y grenter meesttme Qf technical success in the 

;, gasifioation of b1 tum.1nous coal tr.um has been. achieved 
. . 

by Winklel~ in the gZ'lS 1fl cat ion of J.ign1te. . Those auth()I"­

.1t1es who are,o~ ha.ve been, v."Orking on the process appear 

reasonably confident of ult1mate success; critics are 
/ . 

inclined to ~hes18(lJ the following ,difficulties end 

disadvantages , ... 

.' (1 )" Because each piece of fuel becomes . pro­

'::" ,J3ress1vely smru.lel'" as gas1flcat1on pro-

'iceeds, the size ·cons1at ofpsrtlcles in 

',', " ", "', thefl.tsl bed cannot be conducive to good , .' " \ ,.' ,., " 

',,' 
fluid1satlcn, with freedom from slugging 

and nndueentra1~~Gnt • 

. (2), For the t.H31-n~' reason,some carry-over of 

fine particles~ dit.rlcult, or impossible 

jio trap ~1. th cyolones, 1s almcz t inevitable'. 
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(2)' (~o minimise these 'losses, coal fot! 

fluidlaed gsaificat10n is desired to be 

." ol'wshed to pass a 20 mesh sieve with 

nothing pa.:u~1ns 325 meeh. The nearest 

approach to this specification attainable 

with. pulverissra now in common use is 

9~h9)~ throagh 20 mesh with 18-20'.% through 325). 

,(3) Because of the unifOrmity'cf the fuel bea) much 

CQnibast1ble matter must be rejected with the ash. 

,(4)., :Because of the uniform t8mpe~atUl?a conditions 

,throughout the fuel bed, the tat'lperatare of 

the gas .leaving the plant must be high and 

,.the effioiency or the process, correspondingly-

low, tmle~3 great caPe is exercised in the . 

recovery and effective ut111sat1onof waste 

, ,heat. 

',> 

Th~8Utho]lti ties notl engaged ;. n commercial J as 
, 

(50) 

distinct from aeadem1c, stadies of fluld1sedcarbonisati0n 

and/o~ gasification inclUde standard Oil Development and 

F:I. ttsbargll Consolidation Coal worlti1"4! together, H1dro­

carbon Research Inc., the Anthrac1 te Instt tute and IiW)6ri a1 

Chem~cal Ia~ustFlas ~td., , Some work was undertaken at 

the Ins,t1 tute o£ Gas ~echnolog;r on a :pilot plant scale;· 

abollt three years ago.· but has now ceased. 

st~\g;r-c1. .. Qi.1s pevelopmen:~ ·ftrst interested 

itself in fluidised gasif1cat1on by instituting prooess 

stUdies in a small pla.'lt at the Ba.;VWay laboratories of 

Standard of Ne\v Jersey. That work :1s still being con­

tinll.€ad, .the SUbj16ct at present under investiga.tion be1r:>.g 

the kineticS Of redaction reactions. Resnlts are not 

published. Tbe plant is intended pu~ely fo~ academle 

sttld1es and not for the develop!'nent of e processo . 

P1ttsbupgh qQnso~dated Coal first become 

actively interested in fla1dleed carbonioat1on when the 

Compan7 ac~n1red, the Disco plant· near Imperial, Pa. by -
~-........ ~. 

, amalgamation of various intsre~ts, 1uQluding the Disco .Co~, 
f 

.. ,~~~ whioh 
~ .",.' ,"",::,t~E#pa?,,>~,.}~i.~~' ~ .i~~.M¥!t«HI!!~~?#",*\-E.¥.$iHN€ .'AYP.fF,"'~,r?§§fh.;8.8i&'&,i41t§C§jlUl6JI14Jt!N!.i%iWii':;:?.R-#JS?.iAj;P·" ~"~? LAAd,!ht"W:,.: .lJ!J5i!'M .. ~iif,& ;ci@¥ti'.!&1 ~1\:5! .. · .,;1( '" 
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now forra P.C.C..Por two years, Disco had operated a 

small flu1dised carbonia1ne ~lsnt~ believed to be about 

two teat in di~~ete~, to supply char rop blending with 

cok1ng coal fed to 'the,main retorts. The fluid bed· 

retort was closed down' before the amalgtmat1on, bec&use 

.it Vies regarded as 'having no :future, but it vu:ts retur-neJ. 

to serVice by Pittsburgh. Caall nte in 1947. IJ:hc plaa"lt 

ls. understood to'have bcenopernted continu(}usly since 

. that t1me f bQt v1sitora ::.t.re not al!J11tted. The coal 

chsrg-lng rate is known to be 1,800 lb. per hour, and the 

·plant has not been operated under preasura. When coal 

(51 ) 

of .35% volatile' .content is carbon1sed lit 600°0, the yield . 
of coke is 65'}!;lnd. its volatile content 10%. The tar 

yield 'of 28-30 gallons per ton is close to the Fischer 
. . 

assay yield. . l!llch trouble hoo been e xper1eneed with the 

clogging of cyclones and. product lines by IS; sludge of 

dust, tal" ond' water. .' The ges' 1s· discharged. to a. tmosphere 
" .. ( ! 

'carrying much dust with it. 

. B~1y in 1947, stsndard Oil and Pitts'bilrgh 

Co~~o11datUn entered into an agreement for a joint invest-
. " . " . -. ~ . 

. , igat10n o~ f'lu1dlscd ~1:t"1cation and it Vias published -

that, in due 'c&~rse, a mammoth commercial plant would be 

corwtrnetecl in 1'1 ttsburgh. In SUi1i11Sr, tho major product 

of gas1f:i.eation and s~nthesis operations would be petrol; 

in winter, a rich ge..s toaupplem~nt inadeqnate supplies 

of natural gs~ fop domestic and industrial heating. its 

a prel1mltiary step towards the echievenlent or that goals­

a ~500,t>oO pilot unitvlQuld 'be 1n~ta11ed at Llbrary.P.a. 

and 'operatedfo~ pe~hape two years to obtain information 

needed. 'for the design o~f t~e la.rge plant. 

The pilot uni t'V'laS comm100 ion0d in November _ 1 948 • 

Some visitors have been .~mltted to the plant, bu.t the 

inspection permitted is incomplete and on!ymeagre intorm~ 

at10n isd1~elosed.on the scale' and nature of operations. 

In earl if tests,. themed1um ased~r f"lu1dis1ng and. gr.asii'ying 

the fuel was air at sabstantially &tmospheric p~esaure. 

The fuel was char- f'rom' the fll11dlsed carbonisat1on unit 
.' ~" 

~~!M~HG>J,i)iIIl\tRtMJ2I!( 'L!€",,*:'iilliMtii!MJ.!lP.*l!!i!'!%II!iiJ4i.'ii"'<i.'I$~ii!Wp;:g;.:;iit\!!ISIiiIif.(4@A1i'!i:;:P;;M,ib(M14."''!!J*\' .. milk .. "",";;; .i;~'· i,* ,,,,..., .. " '" . ,Ie ,.j 
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at Imperial.· ~!oX"e recently, oxygen has been e:nployed 

instead of air, but at the t1m~ of the last advice 

received t tho high pressure for Which th~ plant was 

designed had not yet been a¥pl1ed. 

\;>::::') 

When, the plant was operated with iir. the main 

problem a:ppeared. to be the entrairunent of finely ;o.ivided 
,. 

fuel in the prO'luct gas, ·Wh1cfl w.aa b'lown to waste. The 

.cyclones installed were incapable of preciv1 tat1ng the 
." .... -. 

. ." .......... _-
ve;r:y fine dust resulting fr-om p;;lrt1al comctlstion ot: fl~,el 

pert1cl.es • The quantities escnping Gppeared suffic1ent 

to constituto both e se~icus 10SB of fuel ~~d anuisor~ce 

1n the further utilisation of the gas. From tho c3timuted 

dimensions of the generator (diamoter about ~YO feot)~ the 

gas veloo1 ty in the :rluid,1sed bed (')robably rather lC;;j2 tha:': 

one foot' pel~eecond) t the stated. Ilea content or tho fuel 

bed (up to 40')~) t SIlO. the csh content of the feed {:)l"obabiy 

not less thsan. 12j~} it was conjectured th&t the :ru(jl~:'::;jI;1y 

rate woo not mere thvn 1 CO lb. per hour. and the dust loss 

not less than 20;& ood probably milch highep. It W3S con-

jeetnred, alao, that to m.aintain a fuel bed ~ri th &"1 e~3h 

Gpntent approaching 4~~ no res1('lue W'SS wi thdrav..'!l fro':!. the 

bottom of' the plant. It wcis, l;!e11sved, instead, that all 

tJla ash w;;.s dincharged overhead. in the gas" a method of 

qperatlon which, by accide~tf had been forma. (,lu1t!S ss·tia­

factory for Winkle~ generators. 

./ The dust p!'Oblem 'Was Sl'lElstly aggravated at t;lS 

ti.me of' ilt'lspection by the conet! t10ns ': of opera.tion. '.vhen 

'-' the :fUel 1s gru:df"1ed, as it is intended it ultimately 

shall be, td. th oxygeu and ,under high pl"essnre., the volume 

of gas" m,easured under plant condi t10ns a1l.d cal.culated to 

each ton. of fuel consumed, will be grea:tly reduced., Its 

carrying co.pr~ei, ty for dust vl111 liksT:'!lse be retlueed, 

probably to a point at which the resulting loss of fuel 

will not be significant. . However, the cleaning of the 

gas so that it may be used fbr catalytic synthesis will . . . 

still require considerable study. It ssems11kely. that 

in d!.~e CC~lrSe it will be found possible to withdraw 1:"O~t 
~ 

1!!~':i~'t~'~.'If·~I'''''·;'"'',":3··':*~·:.'1iJ!¥<t¥iQo;lCJ~~''O ¥·":-}("Y .","'.,~ .. '!!.,·,.J~,"if,fiiQi!iili\iiiAAf.1H' ¢:~R.VE\2l!'ff~h,¥p""""dm.b:(._., v- ", .• $I!."9A":qtA:(O i J ".F "4i,,. o •• ,,' Ii ,'" e ii' ." ,.," 
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of the ash f~ the baso ot the gGnaratcr~ 

(53) 

That ash 

,will (,,.I)ntcin much cO!:1bustible matter, 'because the fuel bed 

cannot be improverlehed too mUch it gae 'Production is to 

be maintained at a high rate. ,It., is. intended by 
1/ . 

Pittsburg!l Consol1dation, apparently. that the "~h" shall 

be us~d as ~ fuel £Or boilers. 

It is ttwle~stood that in ear~y operations with 

01q'gen" tI'Qi.:l.bljJ .WA.S expc!'1enced clue to leikageof oxygen 

"a.'l~ entrained :rua;1 between the brlclt lining and steel 

'shell of the generator. 

in othe:r t:.~e$ of plant. 

Similar troubles have occurred 

The remedial mensures are 

structural, ,in llature;. they a.~e well ur.!iers toed and easy 

to!QDly. 

The ~~erationof the plDnt under pressure oalla 

for.the c..evelopmaot.of a,sat1si"e-ete:ry method. of feeding 

and metering 'V0wclered coal into a ,vessel under pressor!!. 

This problem is being studied by other' euthorit1ea a~so. 
~ 

i,n eon.nection with other i'!lel e.ctiv1 t1.es. 

:~ 
It ts considered by 8tQnd3~d Oil and P1ttsbargh 

, Conao11dat\im that it will be two yeu'l"s at least before 
'::1. 

";;~, the fluid:tsed gc:.s1tieation process, 1f','successful. will 

,.' have been developed to the stase. at V1~..1ch a commercial 

ple.Jltcan b~ aesigned .• ~n the meantime~ it appears 

that nO f'<1zatheI'. thought is b~ing g1 ven to the pre ject 

which racaivod so muoh 1lub'1c1ty in 1947. 
• , I .. • 

There may be 
. , 

/ 0 

t'11Q r-as.90ua for' this abatement of: 1nterest; f1r$tly~ the 

teci"£llique of, fluld1sedgas1fics.tion probablY' calls f'or 
at . 

much mOl.'>G dev~~lepmant . than tyas/t1~st ~tic!pa:ted.; secondly, 

new,disco?eries ~nd 1ncr~ase.d produet1on of ~etroleam 

na~e deferred the day when petrol from coal will be able 

,tooompete aconomica11y with the natural 'P,..o(tuc~. 

Pi tt,'S'blwgh Con~o11t1at1on aonaidoro that there 

. 1s a proS;?sct or pran tably carbonis1ng coal by the 

flu1f1.1set! tGchn1qlJe, withOtlt subsequently gasifying thG 

chsr~ for a syntheaia operst101h The p~">{'fsumad market 

tor the' solid. res1d.tlG WOllld be publia uttlity ant\ other 

power stations. To evaluate the chap for this purpose 
~.~,.'i:: 

. '~~:'}i!1;e..hi'¢'J,/..N4:<>.4j$l\f.!M. &i\}"~ii?!iW,"~' ,,",it, ·~::!i)!i:~'"!"tIi"'..'1'i,J.!#'''''''H1iS!i;;:;;:;:W!i\l£ll!\lli§£1i§ll.\&,''''''''iI'G61P>l;;;so4,P!iI.~"", "lOe ,ft"l,M \im!!.<E<i£JIi!Ga!lIi .. ,_Lot"," h «>. ."' .. M,.......'..,.. 
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and to gain experienoaof ita utilisation, work has been 

initiated on funda~Gntal combustion stUdies at Battelle 

and on practical boiler firing tecta at a local power 

(54) 

station. The capital cost, of a 1000 ton per day' fluidised 

carbonisat,ionplant is estimated at ii' ,000,000, to .11,590,000. 
, " 

Current prices for coal, tar and gas in Pittsburgh are 

re~pectively ~4.50 par ton, 12 cents per gallon and 30 ~ents 

per million B.T.ti. I':t prices of coke and tar be deprec-, 

iated eamewhat, fo!.' the sake ~f being Calservativa,. a con­

'dansed prof'i t mld loss account for a commercial project 

would appe~r as follows :-

Expend! tore. , Revenue. 
£ 

Coal,' 1 ton, 

Operating' costs per ten 
Balance I availaole for 

$ 

4.50 ' 
:0.75 

Coke, O.65ton at 
t4.50 leas 10% 2.63 

capital charges, and 
,equivalent to B% on 
Ai ,500 for .3.30 tons 
per annum. 

'Tar, 2'3 gal ll@ 8e. 2.2l.,l-
Gas, 2.5 million 
B.T.U. at 

0.37 
300. per mil1ion.O.75 

-
$'5.62 455.62 

'.' : Hydrocarbon Research Inc. has studied the 

flul,d1sedcnrbonisation and gasif'ication of coal, the work 

being financed, it is understood, by St;andard Oil and Texas. 

'The &Gall pilot plant used in the carbon1sation tests is 

illustrated, in figure B. The heat required for the process 
• 

is generated by Durning some o~ the circulating char, ao 

raising ,the temperature by 1 OO~,f or a little, more. Th~ 

haated char is mixed with the coal,' 25% 0:£ the carbonisatton 
I , 

being effected 1n the inlet pipe to the cyolou6 and, ~etort, 

the restbelng done in those vessels. Ho difficulty is 

experi anced. in" carboni sing , in, this' way a. coking Pi ttsburgh 
, ,.' 

coal and. , in reducing i tis volatile cont6nt frorn 30:; to .5%, --H.R .. I. appears pess1m1sticregarding fluidised 

gasification. Work has been done on the subject and'it 
, , 

was implied that some progress has been made towards a 

solution of the problems involved. In discussing the 

subject, however, more emphasis w~ laid on difficulties 
, ' 

than on achievements. No information was divulged regarding 

the results of work dene or the direction in Which solutions 
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to problems were being Bought. The considered o?in1on 

of the organiaationon flaidised gae1f1cetion is, no 

dotlbt, reflected· in ]£1". Ket ttl'S BllnouncelUent that for 

the 8ol1th Afrioan synthesis .project he 1s recommending 

bis firm'svare1on of the Lnrgi process. 

\55) 

~he Anthracite Institute is the'research organisaticl 

of'the anthracite industr,y in U.S.A. The ant~~ucite mines 

of Pe~nsYlvspn1a produce soreentngs below 1/8~ in s!ze 
pel"' annurn. ---

~t the rate of 6* million tons/in excess of consumptionc 

stocks alreadY accumulated amount to 200 million tons. 

Large Quanti ties or anthracite have also been' deposi ted 

in'the ~orm of silt on~lv¢r banks. It has been calc~lated 

that at,oaks of sCN~nings are. su:t1"icient to supply Q 

. 50,000 barrel per day oil synthesis plant for thirty years. 

With a view to the pos~1ble development o~ a 

process to convert thi8 waste material into useful ga.s, 

.' the Insti tute has eor.tStrllcted a small :fluid bed producer 

~"ld has operated it since the middle of 1948. .Anthracite 

f'1nes passing 95;1 through 14 mesh and 55~ through 60 mesh 

are gasified by aix- and stea..~ at atmospheric preS8ure. 

Fuel 1s charged at tll~ rate of 300 lb. per hour. The' gas 

1Teloc1t3' in the producer 1s 10 f.p.s. md in the disengaging 

,~one 2 f. poe • These bigh velocities would appear. to be 

pe~1s$1ble because !-

.. ' ( i) The s pacific gray! ty of the antbrac1 te 

/" 18 h1gh.{abotlt 1.6). 

(2) 'The particles 8.X'e coarse. 

(3) Losses in the outgoing gP~ ~~ of little 
signif1c~1oe because the fuel is a 
waste product. 

Only SO)rof the anthracite is gasified; 30% is ,entrained 

'. in the gas -alld SJep$vated by the cyclone without baing 

returned to the producer; about· 1 0% is lost in the ash and 

. the 'remaining '1 q.~ 1s" accounted for 'as moisture pres en t in 

the coa1 as charged. The calorific value or· the gas n:ade 

,appears to be usually 80 or 90 B. T.U. p~r cubic feet, but 

,bas been repoI"ted ash1gh as 150 13.'1'.U. ~he temperature 

,. 

. in the fuel bed is only ·iSaa°}? approximately instead of the 

A· 
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? ,.300op fu~:.:i!'~d; f'm:- so-~e reason ~ot yet trnt'l.lfl"'ctoOaS' the 

tern-perature cnrmot be raised :fuI"theI' by mare adjurrtment 

· of ai1"!ste:amratioe. 

1~p'ri~.1..£hem!e~rlI11f1n~tr1e~ h"lS deVised, a..~d. 

· 1s e.evet0ping its 9mov1ng bupden" process w1 th the ob ject . 

: o'f. produe1ng gas' ~(j'Z" ~n.\1cnla synthesis ~~ hydl"ogenr1 otton, 

using oom-p$.l*a.tl valy ch.e:'lp coal not, 'sui table forr cha!>3ine . 
to co:.ce aver.lS.. It is hO~d that the ~2 so c;ade will i:a 

cheaper t~ Wt,a,:ter giroS.not mar-ely because of tha UGe o1? 

non-coking coal bat aleo bGc&use a singlo integrated 

process ehoula. be morc efficient snd' eCQo.ofLlicel than the 

.' successive nte-osof ~rbon1srat1on in coke ovens <-..ud . .. 
· 'gasification ill inta:rmittent generatox-s. I.e .I·~3. pateut 

on the proeess~ B.P.5S2.055 is admitted to ·conflict with 

-1st.nnd.ard 011·s patent BP.S86,39i t: (illd the latter 1s eODcsded. 

· to have prior piJ;·;b.te.. Theconf'U3ion ar033 Ollt of t::&: 
't -
.praotice· of S!1~1\ressitlg publication of specifications -

\ ... tot!&ect1r1 t1' ree:::aons dU1"'1ng tne <m!P. The respective 

. applications were hoth lodgei.'!. iil 19l~4t but 1 t 'W~$ not 
Z' 

antil .. late 19M ; that it beo.ar.m know-a to I.O.1. tha.t v-1tal 
.ll.f ~ 

. .0 teat1L.~s ~ 1 ta. pI'Ocesa hru1 been ant1cipated by Stfu"1daI'd 

Oil by only two lOr t~!l mcnt'tt.Jh. The COttipeny 1s eont1nai'~ - . 

lJ. dcva).oDment, ot the proce$f) because 1. t may eventuallytra:.lsp1re 

.. 'Z. that· the e.xl'eritH'l'CE! which fill ~ve 'bean gained in th$ 

c technique o.g opel.'lation will p:rbV& of con~1dei'*ablo vallie 

\Jeven ,wi thOiit thQ patent rlghts. 
( .:> 
~$ ma1n teata.~ Q~ themov1ns burden process, 

, which d1stingil1she0 it from the tlu1clised sanification 
, ' 

precese b-e1r~ actively d$V'eloped 'by. stand~ju.'\l 011. is tl'lat 

,tdlJ 'uased 1n$4ea~! of oxygen tor the.cax:.otharmic gaaif1-

·cation reaction.,·· .~...e 'Plant, 1s ~«t~d to sellru.'ntc tIle 

.nt tragall -; teonta1ning blow gas from the nitrogen-free 

w·~teI-' sas.·· It '1e I .. O.! f e O'ontent1on t~lat S6Dal"atif.:n of 

theze two g:weebY$tmple f.~echan1c&J. o]?ers.t1ons must be 

more eoonomical th31lth~ aap~at1on of ·ntnlo3pheI'~c o::qrgen 

and n1t~g$nby liqaefact1Qu r~d fractIonation. Cx;Yt~eu 

18 reganled ~s ,t~ expensive Ii c~r;~;:;o11tyror general 
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consumptton in large soa1e ir.~uatrlal operat1on3. 

ThaprocSe$ has been studied 1n the laboratory 

in vessels4u and 12tl in diameter. The construction o~ 

a pilot plant was comneneed. owly in 1949, but at the 
. 

time of the last advice received, it'had not yet been 

oompleted. The flow· of materials through the pilot 

1Jlant S'ld 1 ts IT'~in dimensions £Ire indicated in figur-e L~. .. 
'rIn the portion of' the plant so far conz:;trncted, it has 

been pose1ble to carbonise coal in a fluid bed, but not 

to gasify the char wi th steam. A satisfactory cirml-

lation of the char, ~sad ~ the internal heating modium 

tor the retort, has been achieved. s~ne trOuble haG 

been ezper1enceu tro~ leakaze of air ~d entrained fuel 

b_etween the firebrick lit,!ing and the shell ot the caUl--

bust10n vessel. The remedy for this t rouble is not 

difficult to find and ap~ly. Ii; has been found that 

the carbon monoxide ~in the bloW' gas ms,t 'be kept satta­

,f'aotorily low - lower. probably. than the 5;.t to 8% 

present in the waste gas from an intermittent water gas 

g-enerator ... It is not yet known to what extent it will 

be economic to reduce the ash content or therea1due which 

must be withdrawn f"romthe clrcui t. Some thought is being 

giVGI} to the nse of a BErtall subsid1azoy gs.sifieF to con-

sttms·the ~arbon in the ash purge., -
The process is regsrded by the Company as one 

for opel'aiion at atmosl?hsl"io pressure only. Where it 

iadeeired to gasify coal under preasurEf9 1 t ViOuld be , 
better to use oxygen in another tYr~ of plant. This 

pre:fereuce is 'based on the tiirgulllent that if large volUl.nes 

of n1trogenare to be compressed, the eOmQ)r-ession might 

as wall be done in sa oxygen sepal"at'ion plant and some' 

~vantage gE.t1nad by tusing' oxygen far gasification. 

,,' :'.rh.ea moVing burden process nlast be t>egard.ed as 
. 

--

being 1n a very early stage or development. It seems li~tely 

that $Onle yaM's ~lnst elapse before tbe pl'oceGtIl viill,oe' ,;re ~).d.y 

top commerc1al adoption. 
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Very little is known of the 

actual results of the work done over' a period ot ~velve 

months at the Institute of Gas Technology, andop1n1on 

appears to ~e divided on the interpretation to be placed 

Ul:lOn them. Th.e Direotor 1s soeptical of the prospects 

of rlald bed gas~r1cat1ont bat Dr. A. D. Singh who 

carried out the work at I .0-. T. and. is now in private 

practice as a conemlt'sut, is optimistic so far as tlle 

carbonis1ng operation is conoerned. He considers the 
• 

high production cost of oxygen on ecol'lomic bar to OO(:i­

plate gasification, but seems to have no doubt regard,iD.g 

the techniqu'a of the process. He 1$ reported to be 

endeavouring to intere$t state author1 ties in an amb! t1c)us 
• 

',: project of fluidised. carbonisat1on with the object of 

. ,;- " 

reducing·~moke'em16sion. --.... 
From other sources, it was learned that the 

results of the work done at I.G.T. had railed to indica·te 

an~,1mprovement in the cost of gas production as compared 

with normal water gas manufacture. 

I.G.T. is continuing fundamental studies of thG . 
gasification process in a small" fluid-bed unit. . . 

, It, has been proposed to undertake work on ' 
, , 

fluid1sed carbon1sation an~ gasif1c~tion at the Golden 
• 

station of the BU1~aU of Mines. At the Fuel Research 

station in England 1nvestigatipns on that subject have 

. just commenced.. 
/ 

GA8IEICATI .. q~ in~?"!!~BJlSIONt, . ' 
The Koppers process using oxygen andsteem. 

the BUr6suof 1J1nea process using mainly stes.."ll heate(l 

tove~ high temperatures, the I.G.T. process using 

oxygen and. steam a~ the Bureau of ~inec ~~tion of 

the F.R.S. vortexproeeas have all been devised for 

monoxide &~ hydl~gen. Combustion of coal suspended ~n 

air is reviewed elsewhere in this report • To the extunt 

. that combustion is 1tself,a gasification process, this 

I division of thO. sub ~eo::t' 1s. soientifi cally illogi cal. 

,~. 
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Gasif'1 cation, hOVJ6V6l">, i~S here understood., is di rected 

to the produotion of g~1eD fo~ use as materials; in 

combustion 1 t is the incid.enta.l heat of tt10 reaction 

which is the desired produot. The division of the 

(;:,9) 

sabject all indica.ted 1o~ furthermore, a great convenience 

in preparing a report intended, as this one is is intended, 

to be of practical re.ther than academic interest.' 
• 

K 1-...... + .. " t -eo' • d t ~<:roI?r-!""J> ; ... -OCOf).tl_ l' .. OS 0 ... 'line ocumen ery 

evidence o~the e:A-pal"'ience gained in the early develop-:­

ment of the Koppers dust gasification process in Germany 

dlll".tng the war has been lost by r6eaon.· or wr-U' ds.xnage or 

other causes •. ' Po~ the lnfomat1on required in. planni.ng 

the resump t10nor investigations in U.U.A. and Germar~~ 

it has been necesoary to draw extensively upon the 

memo~1e& or engineers ~ notably Totzek - associated with 

the original project. At .the time When the Koppers 

Company of' .J\laarlca was planning a pilot pla.'Ilt for f'urthc!' 

studies of the ~~oees.s-" the Burec.u 01: !.lines beCEml6 intel"-

. est~d in it fer the product1onof' h.ydrogen ar.d synthasil$ 

gas ~t 1ts demonstrnt:ton station, LOUisiana, 1.10. A jOillt 

'\\ 1nvest1g~tion wUi) there1'?0l'6 planned.. The Koppers COtllpany 

has designed .and. installed tbe r .. lant without guarantees 

except -in regard to tnechanical pel"i'omaZlce. The Bureau 

has borne the cost ~ is to undettrute the actual ope~at1on. 

erhe proeess hl:lS' been adopted. advisedly by the 

Bureau ot ~tl.neGjr in spite of its 1nadeql:late development, 

because the~Ul~e&U u~g~nt1y needs a process whioh Wil1 

gas1f'¥ seoking coal in Qn~ stage of treatment. The 

eoal$ which must be used for any s~~thetie ~uel plant 

that',., !'1lSY ba installed Elast of 'the ~1ss>is'31pp1 are strongly 

coking. I:f' the two $ tage process o7f c aroonisa.t1un in 

coke ovensahd orthodox water gas production ean be re­

placed by a s ingle, etf1c1ent~ gasification operat1on~- f 

a considerable asv1.ng would 'be ei'fected in what is' the 
_ {ortm .. .........--- ------- --- ---~~--.------ --~--~.----

. see lre~an L.I... ;toxygen. in the Pr-oduction of Hyo.!'ogen 

or Synthesis GasM.!nd. Eng. ,Cham. 40 p.559 •• " . 

See also F+I.A.-r' .. Report 1.303. 
~&{fZtj,~:.',~·~~tfHfb*.e-'"~/!!&w~'f:,"<:-¥i·~~.,·~!}''1'''¥iv§:!t¥5.:*'\;;t3.J!!4t@&JY§st'!fmlf;:i?:;g~_. ai44215.¥.r."!CA3~ .. ~£!£~ +4·4 1b$.k$,Q 5S£4C2a a:au !A.A. ~,... 
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greatest single item of cost in the production of oil 

from ooal. 

~"'"he plrint is as 111ustrtited by l'ie\1l1lSll (loc.c1 t. 

p.568) ?ulv-cTieod coal 15 to be- suspended at""ld. gasified 

in a stream of 0XYbGu C~~ ste~~, the ~atter superheated 

to 2.t500oF in a continuous 'Pebble bed ~e3.ter. The de-

si2,iled capac! ty of the .plant is 28 'tons of coal par day 

to yiel.d. 90,000' c,"Ubic .feet of gas per ton. Oxygen ccn.- ," 

sl~t1on is expected to be one ton per ton of ooal or 25% 

of the volUGe of gus. steam consumvtion is expected to oe 

2,900 lb. per hour. The pel:"iod of retention of gas i.n 

the fUrnace is 1 to.2 $econds~ a high temperature baing 

necessary tocomI,)lete gas1t'icat1on ir! thst ... vlme •. The 

gas is expGcted to issu.e .a.t 2,300O;wand is to be cooled 

1~ediatelyto abcut 1 80{)oF/by l."e~i!yc11ng cold gas. 'i'h1s 

eY~losicns ~ the , e7ent otthe fUel a~pply failing. In such 
'. ~. 

an evel'lt, the oxygen otil1 sdl1li tta:l to tLo ganaratop v;ill 

'be c.?tlS:"'UillSd prou'1}.?tly by the t-ecycle gas ~:.nd wi!.l not pass 

"r f'orwaL'd. as OX7SSl1, to the gz.s holders etc. where it could 

" 

3..'I'ld. stesrn is expected to contain 12-15% of ca~bon dioxide 

and. about· 4Q-;-& each. of CZLI"OOn mono.."dde and hydrogen. 

in May$ 1949. • Little is lmo,vn of ita performance, 'but 

i tis' ander-stood to haver' operated for a short pet·iOd at 

full. design capacity. EU'l~t to have l'3?-.xluced a gas containing 

47% or hydrogen,' 32% of carbon monoxide end 16% of em"oor: 

dioxide. Consulrnpt1ons of coal s.rAl oxygen were 30 lb. and 

240 cub1c feet~ respect1vel;y,· per thousmVi, cu.bic feet of 

hnpllrified gas. "These t?igures $tl~1f that tID appreciabl.e 

emollnt of Ul1conaumcd CSl'bou Wl"~ cerl?iea forward in the ges. 

,It is uuderstoodthat two Koppers plants ru:'e 

being erected by the French national collieries o~gania­

atlon and that KOIU?ers is building an GXpe~imental unit 

at Essen, 111 which tile reaction is ,to be carried out at 

about twenty atmoapheres.~ pressure. The plant 1s expected 

,,:;, .. 
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(61) , 

to be. completed lute in 1949. 

~as1f1cation operation as distinct fr'O:l1 combustion. The 

exper1ence gnincd to, date has 1lliliee:tctl the ne{ld for 

car~.u1n modif1cationa, particularly in repp~ct of' the 

method. of intT"o~lucins· tho i't.lel. 

mentioned c t Zl."::Jater length in this repol .. t in connection 

with combustion. 

the main etibject ~f study at the Hor[!;tmtown laboratories . __ _ 

Pulverise.d. coal is gasified 

tr~t most of' th.e heat for the 6nUothst"lnic :r6f.lction is con-

tained in the reactants themselve6. To the present t1md, 

only pj,eliminsr;sr .... "1ork has bean described in pub11cat1onsC1 

plllveI"ised coal hzle been gasified in ito downward passag:3 , 
,through a generato!" six inches in diamet'3r- and seven teet 

high. > ,The fuel is cons~ned in a period of'about ona 

second. The er!'icit"ilney of gasification is stated to be , 

6~ t01" the clean g~,ts olJ 80% if credit. be' taken for th.e 

tt.."lconsumed. careen leaving the generator entrained in the 

Correla.tion \?'i th otherinf'or!i1ution indicated that 

the ugasifieation af'f'1cienq" waG o~~.lculated. from the 

heating vSlv.e tf t!16 colli gas and. the sum f)r the beating 

value of' the 000.1 &:no. t.~e tott11'heat of the stesm supplied • 

. The rate 0 fuel sUDVly is ~O-SO lb. per hour. 

A It.trger un!. t with. $; eapac1 ty .. of: 200 lb. of: 

ooal. per hour, twii destgned to utilise Tli.£hly eu-perlle&ts,a. 

It ia hoped to preheat ·the 

steoo to 4 t OOOOp; if th.is tenr.?er&:ture is achieved.. there 

will be 11 t.tle or no neec1 for supVlem.~'mtnry oxygen. In 

p:relirn!nary tefdiS i S t(;1!11::, haB bef..~n sHpal-heated to ,36000F 
.... lbL _ AbO! A&&' c .... WIll •• :trn...... . 

8chm.idt L .. JJ .. 'EcC{iG J.1'. !'..r..d Slcme ~,~.C. A Pilot P1S!""lt ~O1' 
. Gae1:'-y1ng Powd.~rGd Coal. Ent.ra1ned in oxygen e:.md SteEn! 

Chen"lical Enginee:::ing Pt'Ogress, Vo1.44, Ho.10~ P.737. 

" ;, ; 

I· 
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in. pe~ble stoves, t~o of ~~ich arc installed for 

alternate .. heating wi tt~ natural" gas o.nd 111"ehaating of 

steam. Dol~~1te pebbles hQv~ been fOund satisfactory 

(62) 

at .3600O;F thO!lgh not at 3000o.F. The extent to 'Hhich 

stearn. preheat may be used ,instead of: oxygen 1s d>eterm.1r~,.dd 

by the respective costs. It has beeneulculated th~t 

if oxygen ~~re to cost /8 per ton. it ,~uld p~y to ~per.n 

.t4. per tenon sU"perheat1i"1g Gteu,1(1to 4000oF. 

working on a small scale to develop a p~ocess for the 

gasification of pulverised coal in ~, atmosphere of 

Coal pulverise(~. tv 

pass an 1/8" sc!"een ia ere--:r-ied ill a stl"eru:1 of" e1za at 50 lb 

'. pressure through' a ., 14" nozzle in which th.e air is expa.nded 

. oxygen are ad·~J.ed~ v.nd. the mixture 1e at hieh 

velocity to a "cyclon1zar". This pi 00 eqUipment 

resembles a i'i'.J.A. c.a!':.ing znd i 1:8 f'u.nct'1on is to provide 

the opportunity for ful'ther attrition bet~1eal1 coal 

half the ~ine pulv~riBing is e~fected in the nozple &~. 

ha1.f' in the cyclon1z61'. 

and oxygen, the ga.c; rro.'11 the Qyclonize~ is adm! tted .. 
tangentially to a furnace .. The period of detention in 

the reaction zon~, which is 3 f'est h1£;11 by 21 inches in 

dl~ete~J is about fi.ve second.so Abou:~ 701; of the coal 

is gssif1ed and the outlet tEmJve:rst~.'-re is . 2,1·O.:)~~ The 

gaa obtained. is of tho foll owl ng . epproximate composi tio~i 

when only oxygen f.'l..nrl sterun clI"e usad. :-' 

~fi t:r:cgE;n 3~ -
Hy(lrol~cn 40f0 

Carbon Honoride l~O)& 
Carbon Dio:dde 11% 

Oalo~iflc value 280 B.T.U. pcr e~b. ft. 

tt is intend.ed. at is ome later' duto to uze ste:;,m 

supe.rheatedto 2,.OOOOj? 20 as to reduce oxyge-u conzumption. 

!t Bntte lie", acme w01."k hv.s been dOne on the 
~ .. .... • 101'.;!l~ii" 

gasification of li&/iJ.i ta in suapen8ion~ usiug an extcz·nally 

. heated~ ~~loy steel tube • The 0'0 ject of" the work wt-l.S to 

• ~~';~, ..... ...,.. ____________________ a'""'s .......... :s_"_n .... ,N ¥A ..... """ ...... 'WF .... flPJ=:z: .... ,Q ' .... ,Ii'E,.,,:;;.ol<""'f./""'. "",.\""'*Il.:m::""'·.e'l'l'·A;ca::"I:l!OWi~:=wr.;1'. 3r.:" •• ""_ .~1"';\, T""" '"",.;,...,;. , .... -~."I'l"·41',r· ,..,.. .. ":":'. "'"?""'-". •. ...,.. .. - ,,,,,-
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compare the res~ect1~a m~lts ot external heating and 

gasification ~lth oxygen. 

\ 

(63) 

'Work is proceeding otlthe gasification of lign1 ta in the 

P.o~y --fo:"..-.r. .... ~ .... ++. 1. :t..,f·h th' ~ "'I. ~ ~ 'h h ...,.:. .. - ;",·", .. v -.. U Wu.,f.C.. r e ,1..;:.$ .... D ~$ uownla'EU"a. ij rQug 

. '--the n~row er;,l'mltlS between t~o concentric vefr-tl.cal 

cylinders. The D.vter ey11nd.er, about fO:l~ feet ill 

d1amete~:It is heated to a temperature of sbout 1~50~ 

and So useful life of: about 10,fOOO hours ia considered 

Th$' plant may be 

nsed, eitbo? for dry carbonisatlon of non-coking coal 

or £'oF complete gooif1oatiol'l in 'ahich case steam i3 

The hoateQ o~e~ tube has 

U1ld steel clad Wi.th a thin sheet of 

A cast e.lloytube containing 20,% Ni. 

and. 10% C'J:i. 

A fabricated.. e.11oy steel 'of' hieh 

n:lcJs:el' end eilr-ora1u.m· contents. 

The clad tube suffered dis-

tort1on considered due to the anequal expansions of 

,. 
! £ 'It» tr 'II .... a 

R.I ... 4120. .' " 
1' .... -
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,. 
:the ct~t tube vlns designed. 

width. B~cn.nse 01'" sligTlt eccentl'ic1 ty in Cl"OOS section 

tUbe had to be The 

of easily m~et1~..g the re~r.d.re;ucnt of a life of: 10 fJ OOO 

'prise, is, the on~ e~e~~c:eCl. in com1~otion with the (;ast 

alloy tube. 'rua design cc.115 £01'" tti.U oonstr".lction C~~ 

between them .• , 

the cap&ci ty 01: ina1vidual 'l"etorts. ' 

A sUla.ll~ externally-heated. pilot plant "tOl. 

:f'l:mdamenta1 studia-sof the stoarr~earbon reaction has 

,be.en in$tal~ed. and. opezasted at the Ba.tta'l~e !nst:i..tute+ 

W,1th fUnds sUp, plied ~~, B1turnino~b O~ 1 n ~ iJ.¥ ~ va .u.esearcL4 Inc. 

There is 'n tend.enoy in Arrie~1ca fc~ the 1.11'-'0-

port1on. '0'£ water gaad1st~ibtlted by poblic supply 

authorities to bacot"19 progressively em.a'ller.. 'B0Ct:\:'t3.~ 

or the gttea'tel'lt demand, ~or c1iBt~ibnted gas. howevar
f 

the 

eotu~l volume of watergaa manufactu~ed is ?robably not 
'tstc 1 _H 

.fI 

Foster-. John F .. 

, Pu'lve:r.ised Coal. 

.. 
T ... •• ... 

?roduction of. t"later Gss from 

Indllst~1al. and Engineering, Chemi~2t::y f' 
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t~haa ever been be~orej since the middle of this y~aP 

even New York has b$en served in pert with nntural gao 

transmitted by pipe line from Texas- The cost at the 

outlet of the 'pipe line 1e underatood t.o be ~ Cf.!,tts pe~ 

thousand cubic feet~ for gao of i ,,000 B.T.U. 'qctnii ty. 

1'1o.tural gas, so far as it is available. is the first 

, cho1eeof the supply authorities. In a large srea of 

the United statcs, it is distributed as suchg end on its 

own, for domestic and industrial purposes. 

su-pplies of natU:t"'sl gas are unavaila.ble O~ in:-.;!1equate t 

coke o~en gas is the nexu choiee o~ the authorities. 

Carburetted water gaa is used only for ~eak 10ad operation~ 
.. 

in whioh serv1ce., the advantages of low capital cost &.00 

loW' standby charges are able to outweigh the disadvuntage 

. of a high fuel cost .'. 

The choice of: gases tor public distribution in 
'-England is somewhat similar except that, of course g natural 

gas is not aVa11abls. EeonO:.'1lie condt tiona· in the 

Bri tish ,gas industry favour,' the pl'"'odact1on of coke as 

vell as gas .. Coke is worth as much ss £5.. pSl'" ton in 

some works. and there 1s an exPort market which the 

country is anxious to exploit to the best advantage. 

Csrbon1sat1on is I'egarded as the first choice of processes 

for base load gea: water gas is m&.nl~actu~d to meet 

normal paak' loeds .. at which time the mixture would. con::py.lse 

about 30.<~ of coal gas" 65.' of blue water gas and 5;1 of oil. 

gas} 011 craCking, as distinct from carburetting, is 
'" 

jUstifiable only at time's of abnol:.Jlal. 11eaks. of' short 

duxaation, which would constitute in the sum only 2J~ of 

the total Ope rat iug time. 
\ 

this a.lloeation of functions are as follows :-

1. Even if coke were no mo~e valuable than 
rj'~" :', 
QUU 

coal and even if" One the~m of: coall'l:'J6r6 

no more valuable than oue therm of blue 

gas, under conditions of continuous 

opera.tion;' it, would pay to carbonise 

cool ~ather than to gasify coke. 

I., 

.:~ , 

t, 

~ 
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(2) capital chsrgea on a water eRG plant are 

001:1 half tt..esa on carboni sing equipment. 

Standby losses S~ low end the unit C&~ 

. be put on load. 1n 'half $..!fl hoaxa-. 

Cepi tal ~borges on B!l 011 gp.s pIant al"e 

insignificant. . 

(66) 

.' 

Conditione Illay 1'a1l'0111' er-a>i<ih,nent by the 'srthea1e 
of methane ,in p:reference to ~m~burettlng ,at times \<;i\C the 

load is within the qapao1ty of. the plant. At· tim0S c~ 

heavy load, hO~VG~i enl'ichment should beef"fected. by oil 

therr.r:s 

of radue1n~ th~~ ao does methane s~;nthes1a. 

which are possible only in closed gen~rators. Und.er 

tbeseeondi tions~ units VIi th an internal diameter of 

ten feet aPe guaran~eed to del1ve~ ten million eub1~ 

feet of gas daily. of Whien about 2£:% would probably 

be oil. gas • 

. practice to aperete water gas plants with a water SGal 

and continuoUsg lneehan1eu Eixtrsetion of ash and cliatter • 
• "l'b.e 11m! tation:e of pressure in such plants l?$st:piet the 

4 

in service in Eng~a."ld are believed to be those at :o1.111nb--
I 

bam wi tb ·an internal dianeter of 1"~fG' at the' fWate~ They 

. 
be $traieb.t~ater g~.s. 

aP&sevel"nl closed. generatora with a.."loutput of tetl.mj Ilio;."'! 
cubic feet per day per unit. 

In American plants" the-high :ae1ticat1on I>(~te8 

$mplayedare cordtueive to high fuel losses in the b10n 
of' shuttinG 

gas. At the moment/off the secondary ail: to the ca~ 

burettor' " a prssstll'senrge tends to· oceur in the gcnoI'u'b')l':: 

l1fting the fuel bed @G.. ~$charging cs much as 200 lb3 01: 

to~ ~ntain1ng a constant flow o? cir tG the generator 

.C &, 0, 4 D if, .,.. ;'" .i~' " ...... 



{61} 

dunn£; the bloW' pet"iod. so elimii1&.t1ng that loss and 

tluisance. 

manufa.ctu.re.: include continuous vrce.ucticn using a. rnixture 

At Trai 11, :S.C. 1; 

"-coke has bean gasified in this VIay for several years. The 

oxygen-GteS-il1 blast. 

for Dupont is understood to be ~O~ the generation of 

water gus to be used in the s~~1thesis of ~6thanol. 
'. " 

the DlltCt. state ~Jines~ an oxygen 'Plant and l"OWGl? Gas 

Corporat1on sen~utors a.l*e being irASiial1ed ~cr the' pro-

dac'tiionof a water gaS - n1 trogon mi~tura. f'or the synthesis 

of tlJ::tm.onia. 

In spi 'fie of the high gas1-' 

fication rates in i\,mericsn practice, it is genet-ally 

believed that plant capac! ty is still limi t~d by 

mechanical' eon$ider~tion$ end not by the velocity of the 

react1on.. . 'CUI'l"ent resem. ... cu \vork, thel"efo:r-e:, is di rectad 

k 

the Insti tllte of' Gas Technology there are t\yo small un1 ts 

-ror studying gasification r eactione at atmos~heric p?ee6ure 

.andone fer t\l17~11er in'lestigations' utAdar ?~Gssure •. 

'Me~han1cal troubles with the 'p?t;ssure plant have !1()t 

oxygen is COI'l1pletelY eOllsumed u-1. thin '1 mfrl of the 1nlet;t 

when using finely <i1vided pi te'h coke tilS the test fuel .. 

At Battelle,.. work. is ~e1nz dona on the kil'."leiiics 

Of: the wate~ g~ res-etton., as distinct :rrcm its mecharii""" 

ism which is 'being stu.died at I.G.·T. 
, " 

are fPonscred by the t:.merican Gs.s f.!:sociation. The pro .... 
cross 

dueer at Batt'elle ira. of 1;, fii .. eqilill?e.l section and toar 

feet high., ! t is designed to operata at 100 lbs. 
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has been. ft:H.1!td that at the to;) of the fuel 'bed there is 

a reve:rsion of." oarbon monoxide and. hydrogen to carbon 

The steam decor:rposi tion :percentage is ra-

duced in. this ~ i"romperu$ps 90 to 80. I t has been 

(60) 

d1scoveredJ a].so, that there 1e ~ e·!~fll!J..1'br:ill:n betweexr 

the nitrogen in the blow end that h.5ld i!!s"O~~-W6.Y on the 

the mere ausorption oT nitrogen. 

the stearn blast may contain as much aG 5~; of oi trogen. If 

this phenOO1enon be ig-i:~~ad. and if 01 tl""Ogen be added to the 

steam as a tro.car~ then. the steam deeompos1 t10n so c~u.-

IIi' the work so rntt .f..one at the Institute on 
, 

the wa.ter gas reaction, ni ~rceGn hdS been used as a "trec$r 

steam free f~om nitrogen. In future work~argon is to ba 

sabstituted for nit~ogen. 

Installed Do small, stock model, wnter gaa plant illtc~;.:led. 

for-an interestin.g investigation lnto the further pozsi-

b11it1es of wae'fie heat utilisatir)n. The investigation 

1s inspired by two possible i'u.tU!'1S de".relopments in the 

The consid~rat1on of minor importance'is .the 

likelihood. of? So fuel. ef":f1ciency campaign wising vlhich 

woald result in power being generated from high pressure 

atea.-n, ar£d. e:tha.llst ateam. being used :for water gas generation 

vlculd be no furthe~ use f'or the s team noV! raised at m.ode:~ate 

.pressQrG tn water gas plante" and conoumed. in thoe:::: plan:~s 

vrlth little 01"" no production of nlochanical power. The- ............ -. 
o=t 

main 1ncenti'Ve t however. is the eli.,m1nat1oIl/tha great 

ob jeotion . to the cn~1c!Tiilent of water gas by the 8ynthesi '3 

o·f methane!l V'i.z the evolution o:f reaction heat e~tiivalent 

to about one quarter of' the heat value of" the water gas 

converted. At present that heat would be a total loss 
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( 1)3) 

for preheating a1~ and steGm to 600°0 in a tubulu~ heat~r 

with internal fins;. 'The hot.end ot the heate:~~ Wo,den. 

will be sub jeeted. to a temperature of about 1.000°0, 10 

gas and the hot,. enriched water gas {if methane synthesis 

were to be lfraci1sed) would. be· ava.ilable for stea.1!raislng.· 

. The -prahaating of the. blast and. blow Will have inoidental 
... ' . 

advantage$ as fe·llows ; . ..., 

, (1) The eo"Osll11pt1on .of coke. 18 expeoted to be· 

. reduced by 10%. 

(2) ; Th~ capacl ty 'Of the tln1 t is expected. to be 

. inaraassd. by 10%. 

:' :(3) , Produ:at1on will be more ne8.rlY' continuous~ 
" 

'" ,'. c(1cause .of "the e!l!tena1on ot' th~ me-rca period. 

(it) 

and shor:tentng of the blow period.. 

Beeausethe air will enter the gsnerato~ at a 

temperature above the ignition tearperatllrS. 

0.1: the fuel. 1ihe -po.ss1b11.1 ty arises of dis- . 

-- . 

penaing with. the dQWZl I'un and Gosimpl1fying controlE. 

Elsewhere .1n this report, r eferenca- is mac1e to .. 

laboratory work in Pr.0g~ss on the oxidat1onof coal or' 

carbon with ateEl!ll 01'" Ca2bondioxic.e. Although this !lund-

amen-tal Vlork htlS .a. b~s,r1ilg. on wataza gee prcO.uet1on. '1 t~$ 

incluG.ed foreonven1ence rlnder o:tid.at1on studies. 

I' There is.little interest in the turgi process 

in Englanc!, ~canee the h1g~lY'1!e$.otive coals to v/:ll.ch 5. t 

is most ~ppl'!ceble e.renot avail~bla • 

. in Germany that the capac! 'tiT o~ Lur-gi generatora Eme. the 

qua.li ty of the gae~8.de vFY greatly wi th the rank of the 
. .. ' ~. . 

coal used, es ind.icated by the following appt'-o:r:1roe.te bt~t 

typical figures t-

Cael. -
G-ermen brown 
. coalt , 

Bit uminous coal,'. 
Coke., 

_. 1 • ., .......... ·.-...1 

480 maximtit!1 
420 n 
380 ,; 

'" f.i!~e B-;,1 .. 0.$. Repol*t No. 5B1 • 
.... ....,r.~~·~~·~:::"'"~u .... ,::: :--~:~'~ :~.:. ::.~~,-:~:'.::.7".:::..--:::::::~?~. __ ~,:,> : .• .,,~~I.o., _" ....... ~.~:,.;~,.,.. ~_'.:: ... ~,.;.:. 'I" /..>:.:.;, ,';; .' .. ' , .... ," .... ;.! " 'I.' Jo • <0;' • 
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now-evc!',. soma \wrl~ on aLurgi unit 'is planned by the 0·;13 

Research l3OUl"ld to d.6tarmine~ $1ongst other thi~lY.3, ?ine'ther 

1 ts 'Perfor~ancG' on coale of high l'ank may be improved. 

There is greate~ interest in the subject in tl~ 

United ntatess though eVen in that country the process is 

not xoege.rd..cd (oS one with early pros;:ects of ad.option.. The 

only sotiV'G plant in a very e5'lfll1 unit at the ?i ttsburn;h 

but the project has not· yet received. official sanc'G1on •. ' 

A propce~l h~~ been mude that the process Shall be studied 

State of- Washington •. It is. believed that the Feder&l 

Pi ttsbur.gb. which was installed. and 1s 'being opevated nt the 

• 
~f that C~~ny is the d1st~1bution and eela of r~turul 

insp11"i:1d 'by the lCl'low'!.edge 'that .some day it -w-il1. 'become 

·n~cessaI·y to Burrill-amant n.atural gas with amanUfa¢tur;~d 

!t is divided. by fl~ .. llges, v~lve2 

surrot.U"lding water jacket.' The plr;.nt has jJ~e_~,.d~~~c:ncd. 

£Q.;-~§,~:P,~~.~J!.~.tJ;:~.J?fJ1::~t\tx.~~1?n.Q~.)?h~!"-E!~,fLnc1 .. c~.l,~,Ji1PJ::k .J1?-<:: been 

! 
• 2' 

1 

'I 
>I 

il ,I 
'l 

I 
'I 
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usual through the grate. 

}'."nthra¢i te has been teatad with some measu!~(~ of 

5UCCGSS, prot~\ltd.ng a gas with a calorific' value of' il-OIO 

D ... 'T.t! .. ]?Cl" Ctlb1c foot on a carbon. di()xida - fiee baois. 

through the fuel 'bed. Ooking cl)el c-ould be u.sed after 

D.. 

ta~ratu!'e <:.fj}:c r:lc.cle at 600°0 in/small intermittent 

version of the Disco retort. 

this fuel iB o1r Li.20 B. T .U. que..1i ty. The ash is resson:=.£b2y 

It has 'been found possible to operate th:J 

plant on l~n temparature coke at a gasification rete of 

5"OOOcuble ~eet of' ~r'l4<le gas pC1? hour. 

generat.o)? of'such emull diatlloter; a"1d. b!1csuee aleo of' its 

low height, the valll~ of tbe v.tCIrk done in somewhat limi-ted. 

!t has been sh(;wu that t;l..L'4:er stti ts.ble t~atment high· rSi1k 

The plant, ho~evcr~ 16 not 

copabla of' evalu8:!::tng. the e:r-.rieiettcy (if gDSificaticnto 

J.'& ~Xj?ected .1n it cotlll'11et-c1al unit,: the marlmum calorific value 

Of the S$.S, the mechan!cul behsfiour of thefLtel ~~l oth~ 

important factors .• ' 

'1:0 repair- these omissional' the r~ureau desires ':':0 

operate at· .tltirty atmospheres. gas1~Jing non-coking, sub­

bi tuminou.s coal f'rorn. Wyoming or-elsewhere, S-Yld would pro­

. d~ce nearly t~~ mil11cn cubic fOet of scrubbed gas daily. 

In ad!iition to proViding t'undamental 1nfo:ff!laticn not 

obtainatle frooi th~Fltts'bttrgh tlnit~ it would serve as- -... 

a ~tandby for oths~ gas plants at Louisiana and would 

r: 

I· 

;' 
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afford an ovpo~tunity ~or work on the synthesis of oil 

It would. enable e. long 1!a!lge study t<) be 

mana of what 1s~gsrded as the L~st likely field of ep?li-

cation :for thB process under ittlei'ic@ eondi tiona. I'll 

the opinion of the Dlll'ea.u. Calil'Ol.."lliaf s gas raqu1re~'lenta 

are not likely to be met '£or many more years by pipe line 

men.tsx-y supplies at that tiillif! \11::.1 be Oolorad.(~ a'1d at.lw!' 

of the Lurgi Droces3~ which el'f"eets complet~ gDJ3if1cation 

of the coa1~ prolluc1ng· $. gus of. good. calorific 11 alue ~\t 

, 
:l:llefesture of t't"e 

. ; 

Lursi proc:esa wa,1ch otters most scope for- i'Urther l'"esem:'ch 

and ultimate iml)r'oVOOlent is the l¢w rate of gaaif:tc~ti,on 

or methene £o~mationg whichever 1s the controlling factor. 

Altaough pressuras . are twenty times as high in the Lu:,~gi 

. generator .e.e they eZ'eI in a water gas. pJ.EU'lt, and a1 thongh. 

tho gas ma.kil'1lg process is continuous insiief1d of' inter',,· 

. m1ttant, the outputs from pl~"1ts of e1milar size :are :lHl'b­

stant1a].ly the ggme. ,. The Bureau or ~.lineB hopes ·~o 

improve theJ?ate of gasifioation 1n the Lurgi process by 

operat.tng with & higher temperature a t the base. It is. 

not intended to slag the ash, bttt to operate Ul'lderoon-

',,01 tions prootlcing clinker as b.~.i as can be comfot'tably 

hand.1eo. by clinker GrllShing gl~5.tea or the t'l<"lnl1l R~bush 

type. The tuel bed will. be deepef).sd to ro.i t the higl!cr 

bottom telZfpei~a:tnra# SO that. the zone in "Which tempeI'atures 

are favourable tQt~tl'U~ne :formation '!A-1.11 not be reduced 

suggested rap the Lurgi generators plan..qed: f'Ol" instaJ lation 

in South ltfrica aFS meinl¥ in matters of detail. It is 

hoped.. to improve the thermal ei"tlcieney of the ylont· by 

bette~ ut11.1.sat1on of the waste heat available. 
. ............. _-
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might be) improtred b;V operating gsn erators under 616g;:~1ng 

conditions or by 1~uidi8ing the fuel bed. lis1 ther 

The furrller would be d,1f!'leult to apply for mOChal'lical 

rS&5ons; the latter is open to objection on the score 

that uniformi. t"' .. of' tomperature in the fuel be;: 10 'oon-
", f ... ~ 

trary to the principles of th.e vrocecs. The temperatures 

needed t"or t"apld gasification of carbon end for ef'feeti ve 

produotion of methane are ,entirely distinct. 

:." 
the two react10na could be carried out in a eene~Qtc~ 

With two separate, flu1d1sed beds. This develcpraeni;, 

however" would sdd raaterially to the coat 0-£ the plru::t, 

~hichf- cOl1si<\ered in relation to the low gasii"icatit:m 

rate. is alreac1y undesirably high .. 

At tnt! Carnegie Institute en interesting inves-

t1ga.tionle ~n progre.os to determine theooUl"ce of ~he ---methrule generated in the Lurgi prooess, that is to SDYlI 

to deoide whether it is synthesised fl~om. hydrOgen and 

cerbonmO"J.'1oxi.dG (ill accordance with the beJ.iet» of Gan.len 
I 

erA some other a.lthor1ties) O:P whether 1 t ia the product 

or·.8. reaction L'etween hy(lrogen m1d coal (as.1 t 1~ 

~., ' .. Ql,l.r:;icel",.ed ) ." ".. to be by Br1 tish nuthor-l ties • Isotope 

carbon is to be used in the experiments. 

anthorit!as on the subject in U.S.A. end Bnglend. 

Becauae all oom'TI.ereia.l LU!I'gi high ln~essmsa g~.sif'icati0n 

plants ~e 111 the oov1et controlled m:aea of Europe 1I n<) 

,opp~r-tun! ty offered tor ,seeking the d.esired information 

at its source. In the period which followed immedi a'~ely 
, \ 

had aeCEH)S to some German 1nets.llationa. It Wo.s from. 

thsmj me~nlYt thrit opinions were canvassed as to the 

advantages and disadvantages of the Lurzi process and 

the possibl1i ty of ba.tte~ processes baing. O~ becomlne:, 
:~,' ; 

available., other cathor1tiea who had mad.e a close study 

'-'--'~~,,; Po, ;. ,4f. N. ,'JI, ~,if'!I.£,I!'P''';;91jl ·,.W ,';,II".~-'. ,~ ·:---·'-'-~',T.·k~!I~m~\!I~, ~~.~"'''''''.'!:r.1,;*,,,!!,t.:r:x .• ~.-T,".,,,...... -

': 
" 
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of the Lurg1 01" alternative proceases were caIlatl,lted. elsa. 

Of about & ~co~e of opinions obtained from 

variOtlS o:l:~ganisa:tichS OJ? individuals, mOl"e then half w~re 

une9u1vocaIly in favour of the Lure1 process being 

adopted in Vlcto~1a~ 

',"; ,.,.h 
• ) ..... _: .~.A. 

process for prOQ}.H:in'g from brown eoal a gas of suft'1c1{mtly / 

calorific value for general distribution. Of those wbo 

subscribed to this oD1n1on, all !led cone1de~ed and rOjected 

fluidised gasi~1cat1on. Some merely though the !'1t.1id 

bed p~ce3s insufficiently develoted; othe~a frankly ent61~' 

tained no hope of the flu1d1sed !;}!>ocees ult1matoly !!l'>oving 

stlp~10r to tM !;uPg!; otb.e~ again thought that the gas 

prodaoed rr-om a fluid bed e6n~&tor would be o~too law 

calorific ~ulua without enp1ch~ent, which fd~ various 

They edv1sad againat the 

en~ietment of water gae, or! its equivalellt fi'OC'l a fluId 

~bad plent~ by s~mtha3iso~ methane because of the heat loss 

f1catlon ot the gas • 
. 
calorif1a value or Lurg1 gas was regarded as en objection 

though the process itself was otIler:'ri~HiJ appl?Qved. Enrieh-

Some authorities rejected the Lurgl process on 
I . 

the· 006r-8 of' the high capt tal cost of the plant, the il5e 

,of expe~1vaoxy,gen, O~ the indif"feroent calorific value 

clU"bonisatlon by the fluldised techni.que, by the :turgi 

spulgs& ,method or w1 thout ll&"1ing any specific pl'·()cee:~ .In 

ee~~ case the ch~ wag to be eonaum~d Unde~ power station 

boile~s~ It QPpear~d that th~ dir~icnlt1e$ associated with 

the hbnd11ng&~d stora~ o~ a highly reactive coke~ made 

in a base Load. !ll&''1.t md intended. as fuel i'oF boile~s 

me~ttng a fluctuating load, had llot beeu a:iequatel;r con­

sidered •. !{Q'Y/hed1t beenpoS$1ble t.o C:;3SC(IS the e conomie 
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bt'Own coal tthen S aIling the residua in ~e compoti t10n 

wi th cheap rmv br~tlf'tl coal. 

;BeCOllSG lignite end lignite briquettes prod.uced 

in U.S.A. tend to dacrepit&te when carbcn1sedj1 one au~;horl ty 

coJjsulted wae tl.6ubtful llhethel~ the Lurgi p:roocess (!:Ould be . \~ 

npl)lled t~ V1.0to~:I.eulbnqu.ettes,. while another \1'<:'::; con-

'rinced that it could not .. · 

The remaining gentlt;t:'!.el1. consul.ted had. fllll" cc,a-
'( 

fidence in the Lurgi m¢tf!.od ot com:~lGte gusit1ce.fi io..'1~ out 

They declined to express a cle~ 

opinion, eithex- because of their unfomiliar1ty mth. the 

coal to be u..sed or because theY' donbted the oo'Visahili ty 

." .. of tI'ylng to distribute 450 B.T.U. gas in Melbournc o 

ir. 
The point was aD-de more than once that,! eo -:t\:;!" 

as the technique of gas1fieation is being constantly 

im~oved., it i$ uoolcas and illogical to @ef"er decls10as 

eo tllat a lJ~otllising ~bQt undeveloped, process rJ...'1Y 1~e::;o1v1! 

conslde~at1on8t Q lster date. 

is. 11~rely to be anothe~ equally promising prccesa age.1u , 
".: . not qtt1 te d.eveloped to too point o"r baing ready for- co:n-

mercia! application. . Deferment, ther-eforG',t nevcr-solv-6s . ' 

the problsm of finding the pe:r-f'eet process; it m.€tt"ely 

adds urgency to ~~a need fov a solution. ' 

, . A general JleView of the advi 06 given and of' the 
... / . 

circumstances in rmich it was offered, discloses an over-

whelming prepor'..derance of opinion in favoUIt of: the "turg1 

complete gastficat"l.on precess. This conclusion is suhjoct 

te> one rese,vttatior~ onlY'fvl~. that the authorities con­

sulted llSd little Or" no knowledge of tIle Texaco procasr;. 

and wepg ~~able,tbn~efore. to consider it as a pos&ible 

, &.l.ternati va to the !.urgi. --
~exaeo Development Corporation has been de~rel ..... 

years" en.a 1s Feported. to have spent t'?JO million doll8.1"3 

on the investigation in 1948 slone. The proeesa was 

,Ii .",". 

I 
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originally- au·adoption of the fluid bad technique, buttha 

technique was ubSLndo1'lcd. some considerable time ~.!O as not 

applicable to engirication~ The process has tr~$·much in 

common with tt..e Lurg1 that 1 t uses oxygen and staal'll und.eI' 

pressure &1""ld .can pI"oduce a. gus of" about 450 B.T.U. cal0Fif1c 

\ I \.!IJ 

value. In oth,eI~ reS)6cts it 10 eaid to differ fundamontully 

from the Lurg"l.. L1 t 'tla mOl"S is known of the process 'because 

of the secrecy in which Texaco has 'beeu developing it.· It is 

belisved, hO\70vCr, that it is a two stage process in whioh 

C!arbonisation and gr::.sifice.tion ore ~:;f:roctecl sepru:'s,'tioly f that 

the ash is slagged and that it has been developed to the ntafre 

bello, Cal. 

, It is stated. by the Company tb.8.t the process is 

applicable to all t~~Gsof coal, that it is' indifferent to the 

size of the coal f0ed era that moistw:'e CCIrGents ull to 25;~' can 

'be tolelntell. The :ra!tt~ of ga.sification is very much h1gLlZl" th!Wi 

in a Lurgl generator- Hnd the cost 01: the plant is red~ced. to a 

corresponding extent. The CompanY'is now ready ,to reeo::~~znend 

the design. of the plant. Any organisation genuinely intor-

... sated in applying thG process commeroially may~ by a-pplying 

formally to the. Oocrpany, obtsdn the information needed .fc?'lI 

the cOnfirmation of cla1il1!3'Il~s.d.e fo!" it. 

The O,..R.B .. PROCBGS. ....... " ... " -..: \ 

The Gas neseaz.eb :Board haa besn "Working on a :pr..'}­

cass for the production of gas of high calorifio value by 

., 
IS not being pr$ssed intensi"ely, 'because it is realised '!'~hat 

there is no prospect ot the early Sl?l?lication of the procoss. 

The G.~;;B.'Process+ consists essentially in gas~.­

tying coal in an a.tmosphere of r",ydrogen undez:i PllSSSw."e, u::lder 

which conditions, methane 1a ::!rodueed extensively. A tem:..Jer­

sture of 500°0 is need.ed to initiate the rea.ction which 1a 

highly exother~~o. 

t Q' ... pPT~ 
,.. ..... 11_ .,..Ie: • 
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temperature eok1ng. In an autoolave intermittently 

charged e.nd disch$,rged., there twa normally, therefcre~ 

,three successive· zones in the cl'l..arge;f Viz. 

which the hydrogen 1s merely preheated to 

reaction tcmperature~ 

bound.ary of the ~one to about, 500°0 at the othe.r.' 

(e) A final Kone in which the OOE'..l has not yet 

is being prGhe~ted by the hot gases leaving 

the :l' e acti on zone. 

,In a typic::.~l test with a fuel 'bed a. foot in d1~ete:s and 

9 :feet 0.0C].1$ :antl. wi"til hydrogen supplied at 50 at:mosr;!hares 

pressure, tha whole chsrge is exhausted in about 35 

!i11nu.te$~ The a.ve~age calor'if1c value of the ge..s marIe is 

abcut450 E.T.U. par cubic foot. 

that'if' a plant 01' this tl1l'El could. be charged and dis-

charged. coutinuouslJr t the J:inte of reaction would be eq~l!V­

,slent to. the 'oonClumpt1on of a 6" coltk"'Ul of ooal per mt~mte, 

A .coking coal moving trntformly at tha.t rate would not 

agglome!'ate su.f'fiei en tly to cause trouble, and 1 t wou];l 

be poss1blG in tbeol'rY, therefore, ~o cpe~s.te the DrOCeiJS 

continuously, .... Only psrt of the eoal would be gasified 

of course. , 

in .a f'luld1sed bed 41f in diamatel" by 10" 1niLepth. Pv.:r1i"'ied. 

end preheated hydr'ogell is a &111 tted at a pressure of 25 ' 

A:- catclyat in 

isus~ally Coa11te. By acu:U,ng methane t~ the hy\.lrogen, 

supplied. to trw reactor, c:md,1 t1,ons may be sir'.lulated for 

an tll?per seotion .. 10ff high,of a fluid bed exceedine 'fO!! in 

~";,.,,,., 
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predioted for B. 'b~d c.t' max1muf.1 effect1 tie 1:hickneso. At 23 

in the prOltu.,!t SOJ~ had been tou~ld ill this manner to be .35.8~; 

si 5D Qtmospha~es~ it is 40$. Provided that sufficient 

hyd~gen 16 2va11able, the whole of ~hc coal may be converted 

to m.ethane in the fluid bad. reactor-. If' sufficient cOltG weI'S 

to be withdrawn i'rom the reactol"" to provide the hydrogen need-ea. 

for the gasificatlon ot the rest of the charge, the mixed 

gas would have a . cClloX"if'io value of 600 B.T.U" per cul:ic 

foot and the total yield of gs.s would. 'be about 220 thE~rw8 

pel' ton. 

Xn tho aboG11CO of: tho;;;e two ga~6s, it 

is be11e'led that a higher ecaui1:tbri::!.moontcnt of nethzmt:J 

-':'''CHll6. be possible 'With a welcome imlJ:t'oveffi(int in tas calor-

The' Doard.' z work 1n(ticates that 

the·" second Gta~e of m~thane production would need to 'be 

carricO. out in a f"luid. had .. 

\, 

gasification in ¢O'-"'operCttion with the Ale.bililla power OorzJ")a.ny s 

with a view to vroducing dir;:)ctly i'l"~m the SS&;.'1l a gas wh.ich 

this l~itG& purpose, 

which is richemmghto burn. 

JR,fG._ .... W;:s;,.P .... <tIh! 4iJi' •• j§:P'" .,4, 
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ie Gorgae, 11.10.. wnsl"G "bps COl!.!!;}any has ttrvo steam PO'/R;X' 

stations adjaeaillt to a colliery- ent'!. a 1"1'17tll". The' conl 

seam 'being gmsified. is WidoI' virgin, woodsd. country f~nd 

thsreia no to\m~ of significant size in the v1cinitYe 

, The l' l:;:eml1;a of the' first exporiment in 1947+ 

walla eneouttaging in that they indicated satisfactory 

gasification.. {);H~tai n eonai t1ons,. , however $ had prov&d 

Wlf'avourable. :Cn p8.riiiculerJ the thin cover above the 

( "". , ,'J j 

seam bad permittod leakage of gas thl"Ough fissures in tm 

groUs."'l.d. ::Pl"'ov1s1ons made fer observing condi tiona in the 

fire, zona were of 11 ttle value ana. actually W'ld.esirable. 

Accordingly Do B.econd experiment has newT been com'TIoncedJ 

Two t'L'l'I'J.n81s ten feet wide havG teen driven in 

.a ooal aero) a.bout tOUl."" feet th1ei:~ with a b~r1er twenty 

feet wide between then. The overburden varies in thick, ... 

ness from f1:tty to two hundred :£e et .. 

m:e 1 t 241 , fect long an(l one bas been ettended :fer 300 f'e€r~-­

Brick stoppings have been ere¢ted 141 faet from the por""~11s 

end. at intervals usually of 300 feet thereafter, the tuntJ,els 

are connected by er-osa cu.ts. Each cross cat and the he ed.-

ing m"e pierced by- s. bore hola dl?i van frO!l'1 the 6ur:f'a.ce,. 

Tha .first and. fi:eth bo;t"eholes are iBn in diameter and un­

'lined; the other three are 28ft in diameter~ cased and l1:1eo.. 

All boreholes are connected. by v&i.ved pipes toO both a 20'" 

air manifold a."1t1 to a waste .gcm burr:.c::- .. The method of 

operation plrul-"ledis to igni ts the saara ~l't the headir.tg~ blow 

air down at that pol,nt end wit~..draV1 gus from No.4 'bOl"'EI'hcle. 

t"lhen th$ coal in the vicinity is satisfactorily conSl.nnea, 

operations will be transferred ~o Nos.4 ~~ 3 boreholes and 

eventually in this manner to the \$ tcppi.ngs. The flow of sir 

and gaa oan be reversed. It is not pla.nned to use stes::.s 

* 
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the time or tho laL;i~ wwice or.( the pro ject t encouraging 

indications had beQu reported reearding the completeness 

of ~asif1cation. ,':;ollapsGs h5.ve occurred in the tunnel; 

howeven.-, dU1? to the width prescl'\ibed 'by state mining laws 

. 
, It was proDused to f'll~ the cavities with Band or oth.er 

und.erground ge.s1fi~ation of' ,coal at Charlestown, Vi.Va.. It 

1e uT~erstQod th~t horizontul bore holes ~~ drilled fo~ 

air supply alld gac wlthdra\va.l, snd tl1St it has been feuna. 

possible. to dt"ill a hole 30~ crt:'" 36£' in d1ameter',. 700, feet 

long, in a oas.!1 o£ COi1.1 tour feat thick. 

is kno~ to the outslclc world. of recent experience 8nd 

developments \~thin the Soviet Union. 

One prelit!'a..nt.u->y 0.liper:l\;lent haa been made in Fra:.lce, 

end invef3t1ge"lona S,l-:e understood to be in pr?gres3 in 

Irt~ere$t in the subject is very active 

in ~elgit.mt1l probably 1,ec,$.use of' thl! s taeply inclined eea,;w 

in thatcouutr-d which are d1:f'ftoult to mi!1e by nomal 

methods, and. which may oa, perhaps, mor's easily eXploited. 

t.~ibu.ting to'1l&"'>t1.a,. the present. axpa!"!msnt. 

Spme v.ro~k nt,s, been dona '1n Italy on the ullde;r-

tIT SOT<iLL,,~11EQY2. 

A. sl$gging produCeI' is being developed at the 

Anthr~clte Ilistltute f'oJ: -fiha uti lisation of snt!ll'aaoi is 

silt, 'Shieh i8 a fine rrwttil'11al e.ccn:mmlsted in stream beds 

in aClmixt~ With claYil cinders and. other refuse. It 

~·"~'(:"·':":""':;/'i,*,.':':"''!.'~''\('F.l91~''\j:ll'''''''5>?''''~'"i·'~~';.i'i""·:t .. ,;::.,~,,,,,::;j .. "\!':l>.:.,"t'.~;<,, ... ,,, .... '._, G •• 
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(81 ) 
The Prt?ducor is 1 eN tu In-tet~1al. diameter and a bout 8 feet 

It is linea ~1th ~i~8brlck, finished with carbo-

f"roox on th.e insicle a'l1d enclossd. in a ,~.,a:te? jacket. It 

is supplied witb pr~hoatcd·ai~ end ·ste~~. It has no 

sto.tion. JI,.t the tim8 of the last information, 11 ttle 

wOl-.k hed been done on the prod.ucer .. 

smaller. unit had g~e1fied i 20 lbs. of fael per bour per 

squ.::u?e :foot of erODS section ®d had prodUced a gas of 

ably result ina high rGs1stelI1co to the flew of" gas thr'ough 

the pt*O<lace~ $ond a hiSll loss of cC~:lbustible material in 

the ash or' slag. 

AndU$,1r~alJ';il~d4.e:lt1:'YnE!. 

Sinee the ~er, there have been widespread 

interest and considerable activity in the menufactUl\e 

and utilisation of' oxygen of "me·dium" O'1! 9O-98;~ puri ty f 
• 

as d1~tinct from the "};'I-1gh" pun tt oxygen_ containing 

. loss th&11 ~~ of iner-ts; ·which is needed for vro1'fing &.nd 

The uses to Which medium purity 

oxyg6Il is bein.e put •. or for which it is contemplated., 

include the ffl<~, .. nui·ac1;ura of steel, production of ni tria 

acid and othw chemicttls~ ros..stine: of sulphide ores end 

gasification of coal for to\vns· supply, or for synthesis 

gas to be used in the. prod.uction of amrnonia>metrumol or oil. 

In the steel industz-y, the: .:lemand 1s largely for air 

en.ricned to about 3OY~ ot oxygen oontent~ although for 

oertain epplicat ions oxygsn of 90% or h1~"ler quality can 

be used..· In the gasification o~ coal~ pa~ticulnrly fo~ 

011 synthesis £~S~ it 1s declred to reduce tha rontemt of" 

inerts as i\~l':1o a·s is possible w1 'Choat 1nflurring dispro-

~"".".'?'t:: ·$·"ifel!!I@§i'* dMniA go ' .... R'k"......;.;,¥!J5,,4Q1tn_ CUIl.1._ ~ ~.;".". j' .• C'~¥ ... k1 
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(82) 

rop these r-aasOl'l8 J tbe 

~lsnts installed or now being erected ~e designed to 

give a proauct of about 95~ quality_ 

trati~i1~, involvii'.:g the separation of c.rgon:ll' coats are 1n-

Th(!) 6.evelopllJent of' medium pUl"'1 ty O:-~,"!Jgcn !n~o­

duct'.on 11'as been \~10$t marked in ?i:crth lI.ril~1?ica·7 -+ wher::) 

The lr::x-gest of these plants is designed to-

separate 2,000 ton~ ot o~rgen uZlily for the production 

o:t 011 synthccis gas, and. is due to be com~issloned eal"'ly 

&.~d Air Re",ucticn a i 50 ten pcr' clay un! t which ha.s l'6cn 

Ea.rly repo~ts 

'but 'that m1n.olJ adjustments \']61.'>e 11ocd.od in the oxygen 

plant. othel~ authol"i ties cons idcr that oxygen could. 

be used econo;k!jLee.J.ly in many open: hearth applica.tions 

out!)ut ancl the range at raw mater-lal $ll1 teb1.e fox' charging. 

fOl'" the shrinking of cylinder liners and valve seats into 

position. 
tt~ 

tdgh purtty oxygeu/ ex'tellS1ve1yUscd. asa blanketing 

med.ium in the vic ld.inc: ofo.lnminium. 

The uide rmblic1 ty ~hich has been g1 ven to these 

d.evaloprcsnts in' the last few yem::s has tended to convey ._ ... ,~~~e ___ '~ __ --________ '_rt ________________ ' ______________________________ ~~~ 

Downa C. R., ImpO,ct or Tonnage oxygen on American 
Cllemicnl rnttustry. , 

Che~ical Encineering~ Vcl.55, No.8. P.113$ 

For information in the prodaetion of' oxygen in C--erme.ny~ 
see B.I.O.8", 1eports 199 end 591. 

~,"'i~,,,·~,,,,,,ull<'J"''''''''''''' __ ''''''_~~_~ _____________________ _ 
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(83) " 
the impression th.at. thOl"'C has 'been a r;3volutionZirY J l'ttthe:.:' 

than evolutinrlnry chG:n,ze in the technique of' oxygen separation:. 

As nptly stated. by I)fil? author:!. ty, «It has been ditt1cul t ·~o aee 

!n aotual fact, Gost ot 

mental principles dev~lopad rrlsny ye~8 ~,,.,. .... b...,. Ll.·'·l~r.: ,.h"··'~""~~l and c:;.e:,v '.:/ ~ ~~ .... , ........... ;;,>.~J..f_ ., c' . 
Olaude. Recent technical inncvatioflc ho.ve been in the r1:;t./Gura 

These improvernent $ 

should not 'be tr(luer-rated.; ell the other hand, they sh.ould not 

air (.01' 111 t2osen) through a t1".rottle valve (Linue) 

oX' engine (Claude) or both. 

(2) r!eat e~cl1Ullge between the incoming air awl the 

outgoing oxygen and. nitrogen .. 

(3) Purification of the air to remove- water 

·(4) Frsctionation of' the liquid air restllt1ng 

f~Oi11 (1) and (2). 

Lind.e t a g~e8.t 'contribution to the art, in 1906, 
I-he. 

was/double fractionating column, with. the condenser of one 

column sertring as. ;the rebo11er of the otl1el.... Air is purti­

ally fractionated undor pressttre in the lowe~ colm;~ nro-
and LIJ9.ueficd ni:'Tog2.n 

viding. a liguid of abOo::; 40;& oxygen eo~ccntration/whioh, 

after expansion, ctan be used as re:rl!J~ in the upper lOt'! 

pressure oolurrm. 

ponding. extent itn[.il"OVCd the e!'i'ieienC:l of the l')Y."Ocess. In 

1926, Fra:."lkl intr-ouuced. alternate- cold acct:rmulo.to!'s o.s sub­

. stitutes for the Cor,l't1nu.:ms excnsngers preViously used. The 

1mp~oved heat transf~r efficiency, so achieved, resulted 

" ~ - -
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in a subs"t1lD:~iul !:'cdu;c:t1cn in costs. 

nitrogen .. 

this waym~1a it possible for the ~i~3t time to 1ntro-. 
dues some law rresnuro ail' into the 

an :tmproV'er:1ent -in 

than 1 t fs at the w,.!'m end.. To tranafcr the desired 

e.onount of he-itt in -eQ ~ipment of.' a ccnCltllical size, it is 

'Or about 200.P' at the aold. en.d. At the lower tempe~8ture~ 

,are c<n .... r:!J3d by) atlJ. deposited fi~t:mlt the incom-ingailJ. 'I'he 

exeha pgere or ace UI!'ulla:tors cannoti t theref\,ra, e,mpletc 1y 

watexs V'aT!~ur was imD!'OV6d in two tHiYSt viz. bY' an increase 

in voltlill€ au-a 'by a' slightly higher temj?erature at t~le (:old 

Trl€ Linde Frankl process, 160 appli~~ 
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R'BCf;r;T j;'R(~ c· "r .~; ~('··~.··;-:;T} :·I·.Dr·"'~;~:~T3 ~ ... - ... ""'.... -~"'~_,~I_~~"'~~ 

of mobile oxygen uni ts constt'ucted fo!' war 'Ptll"pOSGS II ~he 

pl$1t 'hud the oo.vCll1taga shaPed w1 th othel'> units using 
" ~. 

6xchange!la instead of accurri1-ators, of delivering an oxygen 

r£ore l"'e ccn t1y, hea.t -exchangsre have been devise·Q. 

v.r1th modifications permitting cCi':1plete purification to 'be 

effected in tile exchanger a.nd so obviating any need for a. 

separate h:igh .... pI'lilSgUre, C'ompre501,on system., The pr1ncip10s 

upon WIlic..1. thece vnl"ious modif1catione are btsGd are illus-

Prooesses have been devised, 

1n the Linde (.i cu, 'ble co lt1mn. It is in -these respects: that 

th~ ,new vrocessasCliffer in detail, l'tather thon in prix).ciple;, 

frOO1 the classical Linde Fl~enkl. 

a1.r.npla method of' pI1ovi(i,ing s,t1,di t:toual c[<pr.ci ty for re-suh·,. 

liming imprwitidS. 

axohangar l a fourth pUDa is provided in which cooled air, 

1s retu.rned in the Same dil"actlon us the product ox~y"gon 

crcasea" to tl~ necessary degree. Because increased 

carr,y1ng capae1 t31' is nl3sded only at 

, .... 

', .. _,....,... :\ ~ "" .. 4<.. . , "'i 4Ai,lt·4 Ad' Sb ,.'(,.\1 ,g.H· ;;:,iH,'" 1 a ...... :", ;;f_'t.i'iilMH 

--
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the (lola. end. of the exchanzer, the &d.di tional Ol~ 

in eueh circulation. The whole principle may be ap)lifJd 

o~ the o.ccutil.ula t!'Jl" arK COt':1plet1ng the coo11ng of' thi,;; '. 

. Of thC'l~e 1/1'oeeesee which lio cot use the classical. .. -. 
Linde double ccl~~ th~ Eeecol process of' the British 

Oxygen Company and that o£ the Elliott ComPs.uy have much 

in ao~mon, in that they use nitrogen as tho refpigerating 

medium 1ndcpendt)i1tly oj} the air which is to be 11queflee.· 

This s apEtrstion of' functions ~dd.s to 
• 

the f'lexibili ty of tbe plant and. BimplifiGs the CleD.tl-ur.· 

problem.. BeC.!HWG' tha t:::.ir enters the single fractionating 

lower temperature than. in those precesses which US0 air ;Cm.'" 

refrigeration. a~ abo.ut 90 lb. p~essure,. tho i"esiduel 

1mpur1tieecm~l"ied. into the plant tU"e fP·"'eatly reduced.,. 

is c1.aimed.. for the Elliott u..i1i t that instead of regu:Lrlng 

to be shut do\"!n sot .intewals ot' tv~o or three li'lOnths,. as lTces 

the LlndeFrsnkl ploot, for thawing out accumulated ice ate." 

de-riming vn.ll hardly be neeeszat7 wi thin· the tlsef'ul lii'e 

of' the plant. 

":'l'he t'eatura. ¢f the oxytcn plant offered by 

L'Air ~iquide~ ~hich mainly se~vea to distinguish this 

: , . 
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fract1o~,at1n.g eou:h)!::~(~::rt and its cap1 tal cost. 

Reduction CompanY'f) illstallo.tion at the Bethlehem steel 

It is underutood that in "'lihe med.ium pur! ty 

process e.d.opted by Linde Air- Prad..u.cta Company; the 

liceneee 01"" tile Linde Frankl patents in U.B.A. II the high 

pressure circu~. t hilS been e11minate(1 but portion of' the 

ai~ 1s still cleaned chemically. 'l.inda has. one la:t'ge 

struction :tor the tJupont Co.~ru·~. 

incol'porated in a 400 ton per c .. ay plant being built fur 

:r.t haa no higb. compression circuit. 

stacey rJ!:~eal3ar plants comprise on'G in operation 

:for ilicCarthy Chemicals and one nearing completion for 

used in t.he roasting of' Canadien ores. 

Nothing i~ known of any large scale application 

of tjle Elliott 5> Kellogg, Little and Rescol pl'Ocesses. 

One X'{!f'lncment to' which much tr..ought has Peen 
p2..!O ..... ;:s 

given by m:::,:",l);u:t'~ctU!?e!'s of oxygen/ilSl the l¥.:t!1oval of hYl1ro-

tend to aecuraulate tn explosive lJl--Oportions .fl"om the 

Before the apylication. 

pipes would 1,)0 cl.osed, so: as to get the p:lr~st possible 

spite ot: all DrsBcan1;ions ~aken~. explosives used tooc,~.J.I' 

, ........ 3 .• £ ~ .... 2,ca" 

r-, 
,'. 

r, 
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VIi th ~mch i'requancy cs to justify the use of armour plating 

in sarae pl~~nt;>311 

dr$1 1St sltlrry OJ? solid cro:·r.l')U dloxiue in liqt:tt.d oxygen and 

. - ~ . . . / aco"&YJ..ene ~tt 'l.nte!."V':; .. ls ~rnd 1.:1 quanti tl.es 'C s. leu la.t€d. to ~eep 

the concuutratio£l of' hydl'"Ocarbono wi thin s6.fe limi ts 81 

acetylene into .un extm. ... nal vessel continuously e~ro..l?Oro.tL1g 

The residue 10. n .. :rG 

allowed ·to reach hazm"dous limits of concentration. At 

and the residue is f'l:ashed into tho proc.1:ret, so allot>.!ing 

of evapm."'at1on .... 

liquid, oxygan-en:ricbed. air, ~rccel'1din!,!: f"rV'i't the E.P .. to the 

L.P .. (OI" I.P.) COll.r.ID ia ~s!';sed t.h!"'Ough a silica gel filtep .. 

In the E1.1ictt pls.nt:, C;.n ~deorptiVfJ filter 1e installed in 

Conxps..YJY has studied the elimination o'f acetyl~ne by 

It is t1:"l.der-

stood that dtl:t"ing -the wa.~, when ma-.ny oxygen 1'1nnte ":,l'e!?e 

NqUired to, opel:~ata f:r;iJ.'I# the· longest possi h 1e 'Period.. wi tllo 'It 

cleaning, acetyJ..r.m'{; e~'lio!3ic;n.a were mo:r-e freqt16'rnt tha..'"1 

previously. lJ'inCe theadoptio;a or a:tlicS'. gel filters in 
I 

1942, , DO -explosion 1'lJ:W occurred in any 07Jeen plant so equipped 

COSTSf ... . _ .. 

other-
, 

m.:?JlUf'ac-tu~ra a.-n:e p~epa!~d. to sell et th07 the plant 01' the 

maintenance of: the un! t. 

In current 

hours are needed for each 1000 cubic 

'~ : 
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qUfuoters of ~eJlcd .. nG t1~l,e power con~H:mption to 12 It. w. hOUl~3. 

,.The following approximate estiU1D.tf.:9 of' cost are in ten,dod 

.' 

rate exceeds O.3d, the total cont shoulc1 'be incr-efuocd. by 

per thouaancl culll.e feet. 

processes the e:e:ricio:oC'y falls ~lt j?Gauc(;;d. loads £'-'.1d satio-

ft~,etory operatiOf! 'becomes i~npogsible at less than 60,,0 01' 

7~ of' tull r&ting, Bcco:v"(ling to the process. Tile total. 

Oapaoity of ~~1t, tons per day~ 100: 

Total P1"Odt.lction cost, :­
dollru:'s pCI' ton. 

200; 400; 

knowledge ~,a experie~ce in the oxygen i!1QUstry, there is 

'i000!! 

respect of' coats, Y-elia1)il1ty in operation and incidental. 

ndva..Tlj;ages or dissaV'antages. The largeot single itent of 

caDi tal exPense is in respeot 01: heat ~ansfe1.' eq:lipment. 

13ecause ~agenarators are nOl'tffie.lly smaller a.~d. cheeper than. 

g-lven at first tl~ollght to processes still using the Fra:o.};:: .. 

system of heat exchange. 

epp116d by f:meric$n firms in designing axchn~ze~ Ducking 

for cheap, maSs produotion~ that it would b~ rash tor a 

C8&.es are ad'!tertiS8(1 to ba cu'Onble of prOd.ucing a proll'Or1:1on 

of the oxygen (up to 20;0 ,in 99.5% concentre.tion, \'vhich 

would be a cons1tlerabl13 ad.vantage where welding oy..ygen is 

/ .. ~ 

needed fo~ the P1"01i81'" asses;.;nnent of thesa and o·ther fG.:.ttul'Be . . 
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for firing o()iler>s evaporating up to :200,000 pounds of 

stea~ per hour. Tho olimination of dmaping ba~s in favour 

Of a slowlY' mOiring, revereed, tra'V"'311ing g;:-ate - an 

1rmovut1ori introduced, in the early years of the war - hae 

The lcrgcat 'boiler yet 

built for fh,"'ing wl-i:ih a spreooe:r- stoker is one of: 300.,000 

los. per hou~ capacity. The liml tat10n is deteri'nined 'by 

the length of: the grate which cen be covered. with l"cctSons.ble 

uniformity when using a cheap fuel containing much fine 

material. 

but in such. a CCBG tho fuel r:'i.un"t contain .3. substantial 

to cover the bnc~ot: tho grate: flues cannot 00 t1lr-o~m that 

far a~~ are deposited, instead, on the nearer section of the 

greta. 

Suspei1.s1onWi th.out res.ching the ~ate a.t s.l1. Because of' 

t,he th.in a..'1d,. psri:1Cips, someti1hat uneven. fuel bed,. m.ore excess 

air passes through the tire than is usual in puJ.venaed 

The ~eaulting greater loss ot heat 

in ~he .flue g8.$ is outweighed by the reduced power eon-
, 

allmption' of auxi11.l'!W1es .. · 

Users of pulverised'cOal ere inueh ¢Oncerned at 

the ;iift1~ulti:es cJ_"per1enced in the collection and. d1spo3C,,,,1 
~ 

,of fly ooh, •. At. 'One t1.!l"le it seemed that the$l~ng,. 

severe that this mothod of firing had..' to be abandoned. 

Increased. presslxce eXi::;rted bY' local author! ties tOl reduce 

. the ~mlss1on 'Of sri t f'rom boiler chimneys hoo :f'u~thar 

Mecha-a!cal end' electrostatic 

for peak loa·a oonditiotos, the latter to meet tho aV'et'age 

load only, have proved to 'be il16Ui~("ic1elltly ef'feet1vo,. !l'i 

. recan.t inatalls;ticna;,. the Cott:r:ells ~'1::::.0 llava been d>3~~ii,:ae0.. 
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tor peak load service f'..n!l i.t is hOI'ed in this WCty. to 

suppress the discna!"ge of fly ash to about i/"h .. 

It is almost as d1ti"icult to.d1eposE; of fly ash 

as 1 t is t() .collect it. The material is d1rficult to wet~ 

it does not compsct,. it runs f'xoeely e-ncl has 2.1 ttle or no 

. beering valu.e. 

foundations or oven bade-fill. PrCG~nt p~act1ce i5 to 
~ 

dU.mp it at sea or 01'l \7&ste land~ a method o't dis posal 

which involves transport charges wi thout a.."I').y <:redi ts. 

Some thought has been given tQ ~he .trcatment of fly ash 

$0 that it ITwy be used s.e an erZeregate in concrete, but 

ma.de 111 the investigo.t'1otl. 

ment both .in 1. te collection end in its disposal. 

serving that turbine alon~. Now that boilers 8Dproach 

tur-bines in l?a1.1r~bil:t ty m1d availability (95%), this Pl;-scticc 

is entir~ly justificdo The improved per.f'onnance of' -to i l~:rs 

in thIs respect i~ att~ibut6d to the elimination of much 

Boilers a..~ 

commonly- opcratll3d coni;inuoasly fb~ a yee:..r ;at a time a.1ld 
' .. 

. . 
1: t 18 considered i~ romequwtem thnt n good caSG may be 

of mode!'nbo11er-a beyond the present limit ot 8. yea.!'. 

~.'fhen 

l')ulveFis:tng petroleum co};:e, which is used to only a emull 

$xtent for s teuf.1 raisina;l the mill is cOi7ZTIonly swept rt th 

air :t.reheated to about cOO°::." ". so as to prevent agglomel~atton 

, , . 
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dua to the trt1c~of pitch left in the c()l~e. 

mid.dlinga from s. waahe~ constitute a consider-able 'Port~on 

content is being cons~~ed.; 

1$ the temlcmcy in z-eeent Dorlor -vlnnt designs to strivG fOj ..... 

.a.tures. 

has been opel"nt1ng since 1940 ·under. th~ following ccm(litiollS:~ 

400 • 

'Temperature, 

Addt tions now in oourOG of installation will operate DS 

follows :-

Preeeura~ 2~OO lbs. pe~ sq. in. 

Tcmp01"lctU!."cs~ - original 1050'1il , : .. 
ti l?oheat 1 .OOOOF. Flus$' 27S"P 

Efficiencies, - .boilcl~,. 9~-;,. overall, 37% 

900,000 los. per b.o~. 

'Beoalta6of the lot" outlet temperature and the high sulphur 

'k content r:-r thee;;oal to be fired,. the last sect10n of the . __ ~. 

air has.te~ is made of alum:ln~'n. 

.~ 1 and inc.lined Bow from the horizonta. ' • The steel shell 1i:~ 

lined internally \"4 th c1:lPOIllO b:rieka,. in which, are cmbedd;;;Q. 

studded cooling tubes 'tI'ti. th wstep passing t1u~ttSh them.' 

The coal is 

crushed to pass a 1/4\1 aC!'e~n and is ad.mitted tangentially 

erosion. h;y- et layer of mag. .,_1k _______ I ___ -~. ____ • __ ~1._tMIJ ___ =~· __ ~n_r ___ :~.* ________ ,_~_ •• _cw ___________________ ~_._~~~ 
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out by centrifUgal fo~ce adhere to the slag until they 

are'oons~ed. Products of COOiouat1on issue through e 

.thl.'20ut 3 t ,or .;f6tf in dir: .. -neteI* and the:'l enter the bo11o:p 

t'2his 113 

\. 

The connection. of! the burner to the boilcl~ calls for special 

. shapip..g ot screen tubes around. the :C~ri;;;'~ice. 

station, Chicago. in september 1944. X n £"0 tll" ye a..rs 

experience :f"rCim that date till the time o-r the last aiL"lice ~ 

the 'burner had given co:nplete satisfaction and 00 modifi ... 

cation had ,baenTound necessary. 
, , ' 

Without speoia.l attcntiDn~ 

inspection ere mainter~nce. 

iIowever~,. because the coal needs only coarse crushing, the 

tota1 loud due to a~~iliar1os is in favour $f the cyclone 

85% o'f the· $Shin 'tllti ooal in "the fom o~ a molten slSJ~ .. 

At Calume~ the slag is tapped 1ntarmi ttently frou1 the 

burner in s. thin. t~1ckle which is allowed to drop straight 

in.to water. 

This 

leaV33 the plpn .. ~ il1 tho :£'O!'lil or .:::;:sb. ptatticles much le.ss.· :"r.i 
'o/uan hty, I-hc t'c-for~~, 
t,llen the fly ru3h nCI;1"mally dischur:ged. n:~Ql.n pulverised 1'l;'Gl 

boilers. <Beoause of the sma IV ~'uon.t.;ry, that ast1 to rt:ht: ...... 
. . ::;cpllrah:irs 

&;lfi"!.ien~H'I' r.tm(Ased·by':medaarii:cQ1;/~;.d electrostatic -precipite,tion 

i .. 
t ,­; . 



I', 

. __ ._ .. _ .•. ~"""._,_ ..... ~_ .. _ .:_ .. _0_- .... 

is r egard.ed as unnsces.sary. 

The cyclone bu:;c>nGr has 'tlany incidental tu:ivantage·s. 

. llacause of the $ ubstflntlal elimi.nation of' ash in the bttl"r:6~ • 
, 

itself, soot blov..d.ng 1e necess~:ry only once pel' sh1fto- B-10CG 

the burner is installed iu front of the boiler proper~ ervd 

not under '1 t:t the total hecdrconl rcguircCl ie cons1deI"c,bly 

~educed.. The high rate of heat 'release, viz 42,000 BoT.U .. 

per c!lbic foot p·er hotU .. ~, 'Pcrmits a re:-1uction tn the width 

of the boiler to Buch t.om extant the.t tl~!3 gr'ound space saved 

iagreatar than thut occuVied 'by the 'bu:rne:r·. A subsi;,ant1al 

whole equip:nent. If the burner could be ope:r-ated sat1s-

faotor1~y in a vertical position, still gl?eater economies 

in spaoe end cost ~~~ld be possible. .An experimental, 

.vC!rtieal ll.lli:t has been installed at Calumet,: but its perf~rm8.ncc 

is regarded as not yet goed enough to justify commarical 

~pplicat1on. 

Lighting crp the bUl~:t1GP is done simply and ra,pi61!Y 

in a period of 30-60 seconds, 

At the· time of the last advioe, Babcock and --. ' --
9. ft .. d1.amete~ units f~)l' the Fisk st~eet.,. station. Fo~ . , . 
were r-squ1rGd ibr eacil of ·t1010 boilers designed. to evaporate 

750,000 lb~ of ato~ per hour per boiler~ In the opinion 

, 

(;utstiillding development for many years in the fiping of 

leJ;1gs boilers. 

In the vortex burn~l", £'11" .. <311' pulvel~ised coal af.1:·1 

air are Dd.m.i tt$d tangentially at the poriphery of' a sb.a.l1o'!N $I 

circular, cortfbu,ation ehGrdVer. 

downwards .. The c.liftnctel" of the ehambel" end 1 ta outlet a::'13 

so related. to Crne c:wth~~ a.."'ld. to the rotational veloci'ty of 

the gases t'hat .... 11 thin the bnrner there is ell equilibrium 

------------------------~.~~ 
. ._o-:-,··r· 

,/. 
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centrifugal force due to the swirling mction in the ci'l.a.':,. 

t~...e containing willl of the burners en.cl. no unconeumed. part.icle 

s!"'.ould 'be able to escape thl"ough the central a.,erttu:"e. The 

relative radial motion between coal end air roonlts in 

persistent dc~,on:t tion of" fuel within the chamber, tbn:t 

It was eztnb11shed,howevo~~ that 

pe~ hour per cubio foot~ could ce achieved. The idea has 

bean reirived recently because of new possible epplicuiions 

being env1s8Zcd.. 

Bureau of: l1ines is interested in applying the principle of 

the' vortex bUl"T..sr to the p~odl.letion of gyntheslsgas froll'! 

t1ga'tlon~ of' gus i;Ul~b1tle8 is baing u.~.de:rteken a.t the R.A.B. 

establishment, Fa~nborcugh. 

*!'h$ b~ll"'fle.r r-ee6ntly fa'hlot1ca'tccl at the Fuel 1'!GSV3areh 

statton is 45" in intet'nal diamoter, 15"' d.ee)? at th(S ce:ltl""e 

Air is 

casing and the u;')Ver plete of the cofi1'buetion chum.ber. 

!b.ereatte.:f*, 1. t ie cctld!lcted to a s1r.1ilar 81/uce below ttJ 



,r', 

steel pipec" The piPC3 pSGS th-~ueh the outer mild steel 

T'b.a coal enda!l.~ ent~r tane-ontial1y so that they msy ;j(;in 

At the tiF1C' -of: the lest advice on the stibjacts the 

by t1+e sl10y coval' !?latea wae 8000 e at tb.$ edges. At 

the centre~ tl~ temv~ratur8 was about 500°0. 

by B1twlinous Coal Resoareh {!~epr-(lst:mting colliery interests} 

ana.. sevGral lll:ue;r:~1cnn rnilroad. 06n!pa."lies to develop a gas 

Coal of low ash 

content could not be epe~1al1y sele~ted for the purpose;' 

n~!"1 could the :ruel 'be dried ?_"ld 'pulverised -in e.d.vu..'1ce. The 

, Commi ii-toa ~ti;'::eref'o:i's it hnd. to 'Pioneen~ work on t!l.any problems 

plant .. ' 

chfll'l11)e:J.'l • 
4. sepSl~at:!.ng and disposing of the ooh.' 

! 
, I 

i 
i 



th.e development or a Guitable method of pulverieingooal, 

viz. by suspending it i,n So blast of stcs.!::'t 01'- gus un:,Icr 

thl~ough a nozzle end directing a high velocity stream of 

gas and coal on to a ta'l?get." 

the sn:-ae device is used fo!? part of the pulvcriso.tion 

'effected in tho I. (). T. gu.si:t'ication 1"~!·ocess. Because of 

1 ts sU"gerftciul s1mplici ty B.nd the absence of mechanicl;ll 

ideally suited to the loco~~t1ve project. 

adopted the f:lethod, thereforo, and. persevered wi th it for, 

uns atisfactory. The reduction in size of the coal 

particles was found to be due not to disruption on r-eleaee 

Of pressure, but to 1m:?act and. a:tt:r1tion entirely. The 

s3'stem did not p91":11.1 t a clo.:ssii'ication and. re-eil'culation 

of ove~s1ze only, 'and no reasonable amount of re-cycling 

would reduce the- + 100 fraction to the Gxtent deemed 

essential. In the attempts made to pulverise to the 

fineness 1ndicatcQ by combustion teats to be necessary, 

the povmr const:el1})tion of the compressors incrsased so 
~ 1-0 

milch as/beCOf.1C p:r>oh1bi tive· .. not because of cost which. 

was relatively uuirZlporiiant, but 'because of space consider· .. 

ations. 
, 

'becauSG for variable lOad operation, the nozzle had to. be 

adjustable. 

When tho de01sion. was made to aballilon the nozzle 

method, menufactux'f)):S" of pulvarisGra were invited. to develop 

The problem 

wasona wr,.1eh Ci)uld not be solved by the use of im!>act 

pullj~ax-1Slers bocause of the greatly increased. windage lossos. 

Manufacturers of: other types of mills were satisfied, how·· 

ever, that they could meet the Oo~unittee'6 requirements. 

A pulvarisel' i~ nov~' on oi'der from Babcock and iflilcox ul1d 

is expected to give a prodUct of which only ~ will fail 

to pass a 100 mesh sc:ttaon. 

i 
I 
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'.rWO davicea investigated by tho Commi ttee for 

feeding eoal into 8 pressllre ~cnG proved roasouably satiJ-

. to be effected by the moisture content of the coal. How 

"-that pulV~ll'Jizing is to be done uncler Dreseul"e~ however·" --

The Com;;}! ttee' s fir"t type of' combu;;;tion chambe::--

wm3 based upon the clcsign of aircraft jet corabusto:'::1c. T;'l@Y 

were made of' 18:8 alloy, titaniUl".l stabilised, and wers 

Two were intended for each 

In spi to of· numerous v£l.riations 

in the arrangement of: cooling Oil" ports, none ofthgse 

bu~ner8 pro~ed eat1sfo.ctory. Scal.e and slug collected 

The scale eta. were f'our..d to f'lelte off the 

!hs t·eat c:!cmbustitln eff'ic1enc~" realised. in U'ietal 

ofZual, but th~ ~8ultlng high ea~bon content of the ash 
I 

could not be tolt"H"ated'becaUf).el of da;ns.g~· resulting fl?cm 

S11icpu car'bid.tl has been chosen fo!" its heat 



The burner is mounted. vert'.cr::.l1y 

wi th the f'lt1me 'direoierl down~aI'{l.s.. The secouc;,WY air is 

directed SCl"'OS8 the burner outlet 30 s.a· to chill the 510.13' 

lru. .. ger tht:..n 323 mesh in size and: 18 sui tuble for separatIon 

The combustion (.n~:ric1ency is 

and the heat ro10ur-:\e r~t ~lll1 load is one million B.T.U Ir Del" 
-) ClV) 

hOutY" C'U:b1C foot. 

Aexootec cyclones about 18" high and 3H in 

d1Efu1.eter have been f'oilnd satiaf'acto1"'Y ror E3sl'vic$ und.er the 

oonditions exp~ctad to obts1n in a gas turbine locomotiva~ 

.They pass very little dust fineX" then 20 microns and. most 

01'$ tb-e escaping li.a.et is finer t'tUlU i 0 micron~. 

pnrtielcs are not separated efficiently becaQs$ of inter-

ference effects in tlloes of such small diarJctcr .. 

aerotec. cleanepa needed for the locomotive are to be installed 

They are mode of: at at n-

lerss steel and the:b'? 'f<eight is estimated. at 20,000 los. 

of the comprezsor- at ltYl:! .speeds, the gas tempera.ture will be 

kept constant and the turbine spce~ vari<;:d to suit the load. 

...... , .. ,,1, '" " ••.... :c; .• _ •.• _. __ ;.EiAl$t.FG .. \N"imI"'''P~,,:ail 4';;'. e; ,,;r:1.t '.,; ;r""~ 
~~~~.":_.,, ~l~'$",a, ,hI. , ''''k·' 'i,l NSCtc"", • 00 ••• %-1 .• ,;a •• ItA»' .n"" ._,,;. >,i""i,h_"dlOlK·jPP;;IIIJ,,W::;AJft,·!N'M~,UCJM ;2<q; .. J, ~"H$GI!I;U;I ..... 4 .IM/A •• '?"' -_ •••••• 
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burner. 

ThO Cor:';-.1i ttee ~ s progrc;';::1me w;:"s to have been com-. 

elapsed. It seems Most unlikely that the \vorlc still 

remaining to be ilone will be completed. wi thin a yea:I!" 

some intor,;lation on tl"le turbines which are pro­

posed. tor the Committee's locomotivGS is given in a latel' 

During the t'/nr, the Fuel :Research :Suard \'ms ron· .. 

A scotch 

It was found thst by fiQm1 tting sacondru."y air over- the fuel 

thereaftert COt"ii.oustion cCluld be macle practically snokelesa 

p?' :t(ti.~ stokebold cre'\'19TItl other: c'i1.~eum.6tanCGB, th6£6 u.cb.ie'!re~ .. 

mants were l"'05ap-:lcd t'7$ 8n'~istecto:;Jytl' 

operation .. 

off the auxiliary air af't~r a sui ·(jable time 1ntc!">val, bU'£i 

the need fbr f'leJ~ib111ty pl."eclud~d the use of such d6vtca;3. 



the l"\~int o;-,icke: em! tt(;~t after f1r1ngt. disa}f~ea!"ed. A 
(1 P ~r'; ,..- (' 

smoke obser'lingl {18:S ii;!S'Gul1ed. :t:or the firoman t s OOT.1ven-

fence and assistance. AS a result of the work done b~ 

ruld approximately 400 tor natuL'>al draft have baen in-

.stalled to data. 

of the principle.reonlting. 

the id.ea was r't;vi ved b;:,"I' the Dl"i tish Gcal Utilisation 

01: ee.l"'bon dioxidEJ to the :$ubst.:lll'tiul exclusion of the 

.. monoxide. 
~ 

most of Wh1clt is alag~ed ana gravi tatos to the bottom 

Of the faal bat .. 



necnuaa of thea 

jet furnace is $zzentiall;r a constant load fllrl1aCe,. which 

mi ttently to o.cc:cnn~(';dste a change 111 lO,"id., but if it it) 

Co:~€ 13 the ideal fuel fo:!' dOml jet com1m.etion 

12"SG-s"~' scclc on -:;;11101'1 the l)rinciple l":'lay , 

or 200 las of coke per hour. Because 

zontnl di~ection. 

sume at least 1,OCO lb of coal vet- hOUl" • 

. 
. !ES:l1uallJ' operateCieolw 5tGVeS~ is fLO..,; cou'/6t'tinc C'Ol'iJ.lJ1,ctely 

".: 
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At Batt-elle& it is considel"ed that t'ha principle 

A combuotion ~ate 

the .eompllcatinc ~nd obscuring effeot of flames. C00.1- . __ . 

two, he's"te(l" pnr'nl1e1 9 CD-rbOl"und.um t11e~ 1'· apart. Becfltlse 
• 

of the d1'spe:rsion. of' the par-ticlez thore is no fla.-ne and. 

tlon is explained by the fact tho.t tho coal pru:~tiele is 

he&ted py relli aid,on and then "t:L-=ansfers heat 'by ~onvec'~lcn 

to the gas wi th rth~.ch it i8 in contact. 

~ 

,I through. a sanrple or the fuel co!1t~ined in an a.d.ia'batie 
~\l\,!:·.~~0i"";'~;"*",!1i!f.;."".'k''''~''''\4'if1'''''''J4i''':''''''.'9'","'.j',' ,t." '.<1,'.,"''"'''''' .'!:>,""" ,,,,", '".o,'.Hf.t.,(,,\i\I(I';".O,,&'>'1i ,Ff" •. ,,,IMh-', •• ,""·",,~",._,+L , ", .... ,,,,,\\.,,',,, .. ,,",OJ" " • , '"' .,' ,., -..... 
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monoxic.e. It is con.sidarec.. to ca the s eeond step which 

Th10 t.heol ... Y or oxid.atiou· is being te5t~d in a 

J 

were tc.fund'. to vary ~,.$ the same function o:f tbe terrr.ge::!'ato.l~. 

A slurl""Y o.:~ 

r , 

t 
~ 
f 

i 
'. 
i ,. 
t 

f ,. 
t 
I , 
" f r 
r· 
r: 

i 

r.' 
" '" 



ftl"".t!;',,\f'!"! lir.u.·~i..!! "i '"' l·,.oU":···'~l ..1._ .w~... ....... ~ _t.1 .. _0 .i........ '.-J.. """'" ... 
,.... ~.\..:: .... 1 ". 
I'~:'.:" ... ~. L ...... ~ 

or-garLic/o;:>e (;:: tl"'tlctc::l 'i:l th 

distillation. f:.nd the ilciaa e.~e 

Cetyl and butyl SStCl:"3 have beell p!'0Dured,. both dec)ly 

coloured. The o::rtj'l oater can be decolourL:H9d. only by 

d:lgc"~""'d:1nr~,: ~lon·f- \-::'u" '. ;-,f t;.,1':> - ~ - c;...... -" -, ".) v "~,",' This difficulty 

s'tudiea t<> which ref'el"'enoe hus heen made elsewhere in this 

In. conjunctiol1 rl th the Norfulk sUd ~:!ester"r1, rcil-
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hard work ru.d ingenu1ty~ i~ an effort to develop furnacoo 

the fUrn6tG6 sid.G of 1:>ei leI' tubes and of the condi tiona l~Jad-

isopropanol to absor-b the tl"1oxide Cl...'1.d inhihi t oxida.tion of 

reaction with iod,i.nc • 

. electt'ic circuit at the tip of a. gloos th.imble. 

The e~eW points so found ru.~e co:npat'lble with determinations 

of sulphur/ ano. trioxide made DS 'bricf'ly described above. 

It ha.s been discovered t1'lst sulphate dep0l;;,its may 

be lnhibi ted. b~' a. trace of Z1!'lC oxide smoke. The cost of 

t~e zinc, howc~er, is just a little too high to permit cf 

practlcal· s9Pl1oation of this discove~y. 

--. 

.. 
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of' th~t $ize ar·811;.";ga~~·;:lod. ft.& hopelessly unecouom.1c:al end 

&12 

diane! ~meinG. 
< 

e,11c;{ is ird'el':Lvt' tc"; those uSed in the c:or.1$tr'uction of' 

g8.S turbineB rel" trd.li ttu:,y plcmes,. for which an op6r-c,:ting 
, 

lite of a few hun1,~ed, hours may 'be accepted as stttisf(j:.~:,;t'-:-r·yv 

r,eulisable at thai'; temL")el'1~ltU:t>::::, :8l:'OW'U }3overi 1.3 df.1'\Jeloj}in~~ 

a device known €~.stho !! C0V111re,e!V ++ 
Sf .:1110 "rt 

See 11[OOOs M.i!l. 
Gas Turbine. 

and ';Ji~-:;D.o,,1 J.L. Inc1a!jtri~~l f;'2~)licsd:ion:so£' tl: . .s 
;J. Inat .. Eng. Auat. Vol.21 l~o. 1:,-5 Pe67., 

Kro.~tb6.uger P.B. $I Bnttc'":",ck VI.'J., Si'ld Ross 
Goo '.curbine J',. Iust .. PUI;";l 'l'tol.22 1';0.125 - - -
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The combust ion chru:-i'bel,\ 

te;n.Q(n .... ature' i~ mttint8.iucr.l. at 8000 0$ but in p8o£sing th:r-ough 

the ocmpreoc~ the 8f,',zj~.7..;lfmd0d und cc'(;lcc1 to (1JOoo' bel'o::,"e 

ad.mias1on ·~o the turbine. 

This devie$ haa been fOilt~d. to function satisfactorily ill 

In the Ve·lox boiler d~veloped by TIl"'ovra Boveri,. 

A Velox boilar el'la 4,0001CWto 

The Company is now experimenting wi. th Pl"~-gI:i6if':tcation as 

to.rb1rtas, di:f"fer-ing tS~:'lOns~:st themselves aud f'rom Brown 
• 

Bover! in design. 

to a. ga.s tur'i'>~ne, tb.o \vhole ou.tJ.lr~t of vl11ich would be t:lBef'ul 

has installed D. 7,OOOK,,!;::. unit in a Swiss power-sta.tic!,;, (':·.'!d 

ia add.ing a i O,OC-o K .• W. unit late this yeiW. w:.th. this 

than Bl"own l3over1 hft.s sold more than thrul one gas turbine. 

~~.~":'~(-"''''''''''''''''---------------------'------------'--

ie, 
~"" " 

1: 
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Bccr.u::;,'~.'! t.hey can be brOt:l.Bht on loud so quickly-

in 15 minuteo i'rom. 001;1 - anD. boc:J.u,.::e they hove no st€muby 

loono.s, gao tu!'1:J:lnss [11"0 well sui ted to PG8..k lor:i.d oncrat ifun 

in p07;cr hOl!B$S. 

of turbi:nes th~lt al"CU:Jt9 most interast in Englunrl. 

--teGting [ns tur'M.1:'lcS in this o6L'vica b;y placing 01"<::1(;1:'$ f{~):o--

j·!ictr-opoli tan 'Vickers is to in8tnl 

one for Dt.mstc.n .. Soh."1 Drown is makillg on.e, to Sulzer 

designs ur.dcl~ licm::ce it is und.erstood, for Dundee. Two 

tur'biuc. 10(;0::1ot1 ves ,nrC on o!'(ler for Bri tish Raillvays • 

inal1y for n:lr-cre.ft jet engines. 

It has been rcfJ01 ... ·CC(! tha.t gc.s turbines are being 

dcvolcDed in :mi.".l.glancl for tha propulsion of motor vahic;lee ~ 

a f1elO. of 8Pi}lication whic.h on first thought~ seems quite 

una t tract11!~ • 

Thera 'aDPCal~3 to be little interest in gas turbines 

fo']! proje'lyted application being'locomotives gnd to 8. 

smaller extent ships • 

\. 

, 
""l 
f 
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EL t. t q_:r"T_ .. _:;~.J, 

... L,abubt tlb4:ti.na ..... _ lie .... tbr e.1. _tlpr ••• l., to. 

J;'teUOQa of ooft¥'enlea •• l"a'~ 'tihe eff1cl ... .". The 

:x.,.bOlt4 ~"tlJJe!, 1$ VtIJ'!", stable. and "111t'b1., 8D4I it 

kM be_ Mop'ted l.n thls inetanoe eo ~!ia1 tM Wotlbl •• 

11~;;;l.y to- tLU-IBe in tNt ge8 tnr-b!ne aM. 1ft tu t .......... 

~esaol' mq h~ $noouateHd. aM 801,.,tt«8.,.,,. .... 1,,_ -rbe 
tll~)d.R • .$ we tanl • "age ._b1n.. Wi. th 0 •• t wb_la and tor_ 
bladflHh Tbe 41"1.,. to ,be ,"pel1 •• ah." is .1_tri_1 04 

n" •• lna t •• :Bectita '*1 $.1'ob gad. 

ThelmftP.-atv. in thecombutton obatt .. _ a.. to 

be i4S00r.Thl· hell.. .. " _ne« 1. a distillate 011 

and tU1'El ia ()n~ dr-wool04, au.tal oom.lJu.tlo'tt..... ,.. 

eaoh $'taI.. The atc",laPGM4 '0 tb4l h11h .e.,,,.,,,, 
__ ia to con,ain.. I&;l tt»eb ot Oh~ltj., nleul and. M"el' 

and I.al' .• aoh 61' colutlbt_, tltan1rli!ll amt M1J&4_. 'rbe 

outer ahal1bf 'be Qo.1ln:tfS'len oil_ben. bela, .X~O.M 'G 

l ••• e"" , ...... t.. cQnd11d,Qll$, contains 1. of .~t_ 

'" of .1 .. 1 _ .% of 'ltam1_.fJ:be pr-6" .... III tbe n. .. ~ 
.tag_ 1a J 11'. t._ilMr.e $Jld 1ft the· • __ 4 1'*. fbi aAtltd.­

pa.t.4 Ea;tficd .•• J' at "U !®1ilaft 1. )a-'u. 
The J\11t.. OMht.N .uttt •• _ .. pile, to tbe Na .. ,. 

WfA~ 'to tUllY. beflra Optl .. s:t«h.'t at 125"". to~ ati •• aat tUN­

a:rte .. at the f'tlll 4 •• 1". •• '.., .. at .. • t 1~oOp.rt kU 

".. .,.t.... that o,eRtl.... ........... _ ... _ i JOG" h .. 

;til 
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of steam locomotives. The d1.€£3e:l electz-1c loccm~tive 

.O'!'-""ly .:.. ,&,1.0......... , 

of oil conBcrvuticn~ Por.> ltorOr.'l one ton of' coal fired to a 

about 

locomoti'Ve~ 
. :.i ..... :~: (' ~_ l ,".... 

fired/turbinos,. 

motives generally. 

the present tiflH'h The turbine etc. ware made by .'\.11:18-

~.~ ") .. ·:·x~,~_,, ".,., ;,.., . .,... .• ""0 .. .", ....... ;. ",", (l_,U.,.,.,..,,,.,.,..,.,..,........-.....,... m.4 3"" •.. ..,.". ".. ...• '"'""" .•.. ""' .•. =. ""' .... ".,..,.,., ... .."........,..,. ?" .. ,,...,.,,. l¥-r: .,., .•. ..,., • ." ........ ''''''._.'''''oa."., ...• ..,.. '"".:s . .....",.,.,.--"---..".....-...,.,.,.,.....,"""""..""....."~"..,.".,,,...,..,,....,,~ ___ .~,_.. ._ ,-" '" - ,. " • --,-. ..,I ,,' '0 ;', ....... /I" •• p ;(y(r,i;'H"i.,f,-¥ ,,9.. . 
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The electr'lcs'l 

1,oCOr.lO ti ve Co. The loc{,mot1ve is. the props7?ty of Union. 

rncific. It 'bn.rnB· d.lztillate fuel oil in eight mO"Gal, 

(Jnne, 1949) it he.d. boon operated f'or 1~,OOO miles in freight 

locomotive is due to be j)t101izhod 'by the A.I. Hech" ;~ .. 

The Elliott Company is 'ba11.:1i.n,s an oil-fired gf~B 

tUl~bine for;'). 8ai1ta Fe locom0tive.. ~ho cycle is a simple 

heat exchanger. 

of chr-omiom, 9;~ of nickel and 1% of' ti teUliu:n. 

is expected. to 'be 241~ at the turbine shaft and. 19r~ D.t the 

the ratio ot o:)mpression ptl2 .. '> stage baing greate~ than the 1 ~ 

preferred Tor stab:tlity ,but less thm1. the l'ccommenC.ed !na:;,'imml1 

of p6rf'orme.neo. 

of: 4,200 h.p) by l.111s Che.lm.sl'a. In tl1'3 lutts!? plant, air 

is compressed tOI 75 lb. prcssU!',3 by 0 21 e:t c.ge axi.al rlG.chirio. 

that target seem. unlikoly of ~ttainr;1ent. I).~his dsvalo:pmc:nt 

1s fdrthel'" reported in the soction on combust1oue 
/ 

westinghoune is uudcrztooQ to be building a gas 

turbine locomotive for nn unidenti~iGd ra11~oad. 

p..nd. Ohio ha~ g1tti91! Dome consideration to -purchustng a 



(115) 

methods' of construction - a G.evolop:::·~nt which is mc:.1Y years 

away - manufactcrrGrc t~e ~~likely to beCCQ8 int~rested in 

gas tl.lrb1n~s of se s!!1al1 Ii c:npaci ty flZ 1 ,000 K. VI. 
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The oxide Im.rif1co:!;1on :p~occss in com:ncn tise needs much 

rrltl.st be purified to ex1;r~Rely low eonccnt1"o,tions of s!11pLU!' 

compounds. 

'being inve8tig~tcd is the l'Hlrificat1on of '011 ayntheDis gas. 

$ 

fic$.tion prccesseo OV3r" the lD.s~ t,;;:'cnty Y~:ru. ... tl, oxide 'boxe;; 

Plant of' the reto1?ts 

-
'impro"nng t?~G :ger:rol~::'l8;nce ot." ox:tde Dm:,'lIi:t'ie~s. 

instead of toluone~ 

'extraction eJ.'G -

fo!! utilisation., 

The purii'icatio~ of tOims i gas in fluiclised oxide 

statio conditions. 

treats VIi th .5 in 00 OJ~ide box.... the expo.n.sion is 
, -



(117) 

and the 

beds, 0';:) elB to uvoid cll1ution of the gas with nitroE:en" Tb~ 

COJ.tplicatlol'ls \Iicr.;; 'f'ound to out~;cigh. the advantages of 

z 
I 
\ 

otha!', to par"l:11 t a h~.gh ci.cgree o'f purif'icat1on while still 
I ., 
1 
~ 

maintaining a high eoncentration of sulphur 111 the spent 
r 
I 
·i 

J oxide. 
1 
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segregate in the £'luid bcd~ no!? does it b{1(;ome m~chaniC:dl1y " r ,. 
,1 
( entrained in the purified gns. 
"'---

.~ 
{ 
• < 

i tinUOllG service .. 
I 
I. . 

.j 

I 
! 
'I 
:~ 
J 
~ 

1 
i • 
! ,I. 

1 

t 
t 
~ 
'i ~ :1 
i 
" 

'1 
; 
i 

in a usable ford~ 

It is not eXD~cted 
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done on. the decbrrrpoeit:1.on of orgl.mic 

sulD:c.al'" in the :roul [;&8 ~ in the hope of avoidin.g two :r~mge.3 

perature the condGl'wution of light oils is incomplete 1IC. so 

the catalyst lW!{:i);·,lce fouled \n tho a-igorbed gums. The 

found pOEsibl:::: to r::;~l:Lify the ':f<talY2t~ beeE".use glt'11S ca.n. be: 

A test e~tending otrer 

Raw gas • 
.... .. r< at 1 • II·. 'R • z-. =--*1' Sliol ... 

Hydrogen sulphiCe, 600 net quoted 

Thiophene, 6 6 

.. '=.- -

used ~O~ the synthesis 0~ methane. 

content is 0.1 to 0.2 grain per hundred cubib test at the 
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cubic :reet .. i~l 

the ~ethod is effectiv6 but 

--

ccrbcuyl sulphide. 
__________ .,.."_ .. ,..:~~,_ .... _. _. ___ .. __________ .. _____ .. ___ ),_ .... ~, __ o ...... 

and. Schmidt, 1 ... L. 
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'.r~,,"-'''''r;1'~r''-;,'''·w:~'\i \ .. '!'1 .,.....~..... "10-,.!"" "t;;t"~M"r" 'C~"': 
f;;~:;i~~b~:0;~::.~::\:~.b.wr:~~~:~Lr~;.L~==fi~~~_,·i:t.'.·;:~~~J£ to 

using; a 

re-aetion zone. 

The nctiv~ty of 
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substantial less or activity result3. 

effected by flu1.disirlg the 'cat::1.yst bod. to be OVC1"-

o7:1phaslsed. 

each co.se. 7't'!!J suvings made possible by f'luidisation' (:·1 ... 

oil (Y.)oling must, therefore, be ;;:ithin. th.at lim.it. 

mOl1ts of probably equal ma....n-ni tUde have resultec.l from adcyting 

the iron c<;l:~o.lY>3t, which E:,i. ve~~ a pro(luct 01'" great ly fJil')cl~iol" 

value, and !")."()':',1 a' consic.crablc r-e::lucticn in the cost of '~he 

synthesis gr,;,1:"h 

of I3c:::e gaaii'ication -technique not prcnriol1s1y }cnoif:n" 1 t 

c~rDCI"at1on. 

",.\. 

the prW?tial cxitto.::;ton ot'" meiihUllC t:J Csnthcsis i!E.Z usin,g; ""-
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though finely o.i v1.(lea, htl$ the t!J!:1g1ot'1cruting Ch:l!"act21"i :;,i"1.:iics 

These 

Dne to r'icing costs 

majoX" 

2. 

The cOSlt of the patrol nG~!ds J.%0V'ision to clay , even if' only 
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" ~" 
be C-[\.i.""l?l~:;(i orat in t~1:\i 

~;abollt 9n~";~ is {;()rl\,~\··j·.~~ .. r;~C(lj 
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stanc11nd I","~ :! , ....... _. 
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to malta t:3€i of s\,U"'i)l.us gas ft'om th~ Hugoton field in K:msai3 • 

....... ·\)"e c n ",,:. i+""'~_· :::,,",«~~. to ... ··:.> ""1'''' '-"-OJ·"" .... · 8 t ~ - ," ~ 1, t . "111 ... -,- ... '-"' .... v .... ' :.;:...... iiI. -.;;;. 1:Ii:..;;/v"G Via 0 oe OV6l" -eLg,l y (;IJ.. ox.. 

dollars. Stal1ol.ind w~s to ha~re procee3,~d the oxygenatod 

1!I'cducts from both plo.nts and to have sola. l"cfined Pl"o(l.ucts 

Equir)ment was to have been 

installed !il~o for> the catulyttc de~ic1rat1on of oxyg,anHted 

cot:rPGtmds:ll preeumai)1:~l "those which woalcl have been p!*odnced 

in excess of the u8',::kt3t demand_ for them in their ori,o;inal 

form. 

It ago that sta:r:"o-

.. .' J. ~~. (: .:: ·:1 
was Ul'ldC:l";,5, toocl tI1D. t cancellation of orders already/had 

involved the COrJf>Cl.il~' in losses a:l0unting to about eigh1; 

million dol1&'1:'G .. 2J:here arc Dl"'ohnbly several contr1bui,ing 

The Hugoton gas containa 18;b cf 

by i.'" eC~H1. t ',1l01"k on the removal of nitrogen i'l"om gasol:; 

I t; is l .. mdc!·stooCi that· St;anclincl i3 oont1i.1t::.inc 

its work at '1.lulsa on the refining ana. disposal of cxygGi10:ted 

products ot: th-a synthesis pl?OCes;3. It may well be!J tt.cre-

A pro ject hss now been unCLer considera:Gion 'fC"i'" 

two or three yeci:;..~s9 fOj-;; theinstalletim1 ill South l\:tl"">icu 

of a s~""clthesi8 plant of the ssme capacity as the t"\;'IO pre-

vioualy mentioned. TIle compa.ny has' cor::rmi tted. i teelf' tv 

the extent or r~rt8.inil1g lIyd.I'ocarbon Res~arch to prepf:U'9 

Furthell) ncticn 

pro'7ieion of: capt ·tal lt of which about eight;r million dol1ro:·::; 
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in Ml1ch case mech6T.l,ic.al. stirre>ra .~ used to maintain 

flu1d1eed conditione. Becauso of abnormal heat losses 

"b'om small plants £4"l(1 t1'le abnormal ef.raot or.all con-

~ Auct1on, Dowtberm 3ackets are commonly epp11ed. 

" In.eatlgated thre~' means of coollng synthesiS reactors with 

;.011. The Gvapo~at:l.V'e method In which an 011 boiling at toe 
, , 

. ',reaction tempel-sttU'e is supplied to the conv~rte!-:f bas bean 

,.' abandoned.. T"ne technique. 'still tmdtU.· invest'1gation ere t-
. . 

The circulation of 011 tbrolltth a. fixed. catalyst 
~' 
~, 

~ 
; 
J'. 

'be4and an external. coolet-, .1.e. the Duff Schmidt prooese. r, r 2. ' ..... The· ciroulation or a slurry of 011 and os. talyat f 

through the reaotor- and an external oooler. 

. '. The reaction space in each of' the- two Daft Sohrr.idt 

'lUll fie at the lBracoton statton is 3ft in d1amafiel' by about , 

<8 :teet high. , It has a volWlEJ cf 0.4 cab. ft. and takes 

"a charge of 72-75 lb of catalyst. ',' The catalyst 1s Q 

' .. ' i,sln~red iron. p:rOductasueed for &!UmOnia synthesis and is 

'fsoreeJled bet.Cell 4. and 6 mesh.. Gas of low hydrogon: 

," oarbon monoXide t'a tio Qan be used. a poin t 1n favour of 
\ 
\ .:; the technique be-ceuae tbe. wate1" gas eh1ft operation becomes 

\ 

\ ,.,·llnn6ces8al7~ . Equ1tnoleoulal" p~oport1ons are eomnonly ueed 
,.\ . \ 
. ,>rith.a. recycle rate of'iii- Thep~eSs\1re en the unit is 330 

. ;, ;,.~d the reactox- tempe:ratttre 24SoCd,md. 26.:;°0 at tba bottom 

.' .' .. ' and. top resp'ct1 "e1"._ TM spread in temp Q'atw:sa serosa 

,':~ the. catalJ'St .bed ls determ1nEfd by the rete of circulation 
c; 

,c=t"cool1ng't all. ltb1eb. in so smell a plaut actuall,- Decdf-l 

: heatIng.: "Under the conditions'ltatsd, aoottt i 2% of the 

i carboll monoxide Ie, converted .t6 hfdrocsrbon gases.' Tha. 
, -

. S'1eld ~ bigher tlJdrooarbol18 is about 150 grams par cu~olc 
'. 

:~·metre,· 'OJ' comprising pe~rol o~ 6,5 ootane ntl."Uber and excess 

.: gasol, 35% being wax and the remainder diesel oil. ~ere 

, 1$ no slgnl£1cent pl'Odt1Ctton of oxygenated compound.s. 

los 

___________________ • __ u_, _________ • _______________________ ____ 

'i eee U.S.' BlIl"eal1 crt !'Eit1ei! 1.1.4456. 'Synthetic Liquid Fuel~c: 
1948 . .Annual Report of the Secretary of the Interior, f:'eu. .. t 2. 

'011 trom Coal~' . I':' , " 

U.S. B~eaa of ,Mlnes Tech. Paper 709 storch R.n. et ,&16 
"" t.. . 

·SJllthet10 L1qu.id J'ttals from Hydrogenation of carbon mon,oxtde • 
.,....,'.: , ;.~ ~: : ·.:~.:;t .. , .. :.:~! ,~- ~. ,":: ': .. (,.:' .... } ..... - . "',,.' 
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Attbe time ot the last 1nfomatlon, the lOl'Hze0t 

period of service obtained t.Pom'a charge of catalyst was 

tbl'ee months.' Recharging had, become n,eCeS8nry beoause o:~ 

agglome~Qt1on, not loss ot activity. It was believed that 

agglomeration COUll1' be pre!vente4 and that muob lon[!s1" cnta-

'l1St Ute .9 poes1ble. tfbe currant cost ot arrmon1a 

catalyst ln' small qilan~it1B$:1s 30 centa per lb.' It could 

be proauoed"ln large amonnte ca~ta1tl..1y for 1.5 to 20 eante 

per lb. end possib17 at a still lower price. 

A plant 1s being installed. ana is probably now 

in .(u'*riO$, ~o;,. 8 tudYltlsthe Duft Sohmidt proccss on a. scale 

Of'i. 'be..~ls of 'prodflatpfilj) day. 

, , 

oulatlou process, but results have beGU encouraging. The 

eatalystuGGd 1s the Game but it is pulverised to pass a 

250 mesh $lew.· ~e medium in wb.1ch it is suepended and 

" c,lrculatea,~·'1.8 ma1n17 wax, 'by which. is ml'3ant an;; sJUthet1c 

, '''11 pl'oO.it01; bolling at a temperature above 350°0. 1'0 

,recover 'I.'1Se4 oatal1St from the suspending msd1um 1 t is 

filtered wbtlehottnroUgb a 'port3USb:es.ss thimble, which 

\ rerli'w.na put1cles coarser than five microns., In the slurry 
\ 

. '" \\ process, 'the mean tempera1nlre malT be kept below 250°C ana 
, 

, \ the spread 1.1ttlltad to aOo,,: i Una.er these conditions, the 

oonvGra1onto methane 1e rest~leted to ~6%. 
. .:,. ~ ':" The tl1fferentmechan1cal condi tiona in the flt:l.1d .... 

ised lend oil GOo,led catalyst badsental1 changes in physi,cal 

cond1 t10lls and. these in tum result in dif'fere'nces in 

chemical: reactions. WaxC$.1'1ttot be per-m1 tted to t~rm in a 

fl111d bed, Gt' t t; ... 111 tll1i1mtite17 pNvent fli11disation., 

'Z61UpGl'atares »'ulsttheref'~re beraid,ad above the optimum 

:tor y1eld.a'ar liqUid hydrocarbons. consequently, mathat\e 
, 

.8l3d 'oxygenated eompOtmcla ,are fomed tn greatly 1not'eaeed 

. &mOwt.. (It $h.ollld be noted, in this conneet1on,that 

. the bl\tth«ae "pX-Oduet1ol'J,f~; .h0X'e1n discu~.=3:l, 101'1 the fluid bed 

'~erat~on1slu'ht mE)tOOI1e· lost 1n the ptD."ga gas. Three 

i~$ that qu~t1 ty or mElt bane is c1reulatad in t.1-).e plani;, 
t , ' , 

·OODS=tng 'oxnon in the proC$SS..).~. flo prevent carbon be5.ng 

~ i 

(' i 
~,: , 

'I,. 

) . 



deposl t$4 on thet'.4tSlyst at those higb..gr temperatureo, 

'Pressure end. hYdrogen concentl'q1an must be increased as 

alreaiy Mantione-d.,,' Therefore I 10$&e6 of tree and oombined 

hydrogen in the purge from a fluid bad reaotor are higher 
1n . 

,than theN ml.lld be/oomparable Oi1"'CUlllstances ~ an oil 

cooled. X'eao~o:r.·lt follOWS', also,: that liquid. y1elda should 

.be slightly lQwet* in the,or3', oXygen conflwnpt1on somewhat . 
higher and waste hGat evolution also higher in the fluid 

, 

Tha sJnthet1c patrol·from ttJ.6 t"lu1d.isea. oatalyst 

reqairea treatment for the decomposlt1on or traces of oil­

soluble, o/tYgena'bed compounds.which woUld othe:M11se impail" 

its stability.in stopsge.' . Under the conditions applied fo~ 

the da~atlon of those compounds, some isoforming ot olefines 

also is 4Ji'fected.. That is to Gay, double bonds in th~ teRn-

!-

i 
), 

i 
I· 
~ .. 

. l 

/' 

ina! pos1 t10n are trans:t"erred to all 1nneIl'pos1 t10n wi fin en : t' 

aocompanying 111!.provement in octane llllrtiber. To SO-lIe extent -

adm1 ttedl~ a mine)%' one ... the high octane rating of synthetic 

petrol from • flaid bed Operation is a ~eeult ot tl~s 

'\' isotorm1ng. The 65' octane petrol from -;ue Duft Schmid.t 
\ , 
\ prooess bQS not bean Subjectod to c ats.lyt1~ dehydra.tion and 
~ 
\' 1nc1dental·isoforming. vlhether the tz»eatment is needed 01' 
\ 

\ . 

riot f&r the elimlnationot oxygenated compounds, it could be -
applied fox' the improvement of oQtana :rating. The advant~e 

or tae fluid bed prooess in respeot or petrol quality is not 

to·~e,m.eaaared.t therefore, in terms otoctane numbers ba~e1n 

quoted, ria 80 aM 65. 'Xha ditferenee 'tmde~ comparable 

con4l tlo1'iS .1IIOuld be Inuoh less •. 

. Howover' fbr the production of synthetic oil in 

lim1ted. ql1ant1t1es. the 'flu:ld ,prooess has an . Wldoubted 

\ 

. If· c,pwat1onawere' to .be 1nstl tuted. on· a considerable soala f 

become an embarrSssment. . Sttrplas wax firom. the oll-cooling 

. to petrol. In theae circumstances there might be little 
'"he 

. .' . margin bet_en/Wo ii.cb.n1qtl8Sin point of product value. 

i:r. 
;. 

" , ; 

, ~.'" 
~ . . . 
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~ 

~ 

" , 
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It is not possible, at' tho t1.Oment~ to assess tr..e:relative 

merits o~ tha tvro processestn NS!'ect of specific outpu1; 

per reactop, beo~u1s6' the preoise meaning o~ the spac$ 
" . 

velool tIes' qUoted is not knc\m~ . tt appears however,' thHt 

.productto~~~~ ~qa1pment·o~ 'eomp~able dimensions woUld---
be of theaarna oMe~ Of tnagn1tUdtIJ. Tbe ad.'1tmtage might 

rest With the. flu:ld 'teimniqUe' bat it would not be consider'able. 

.. -' '" 
• • ~ J • ~ ,.'.' 4r ," Rtltga.rdless otwbe.t may ultim.ately prove to be the 

betttt:t- proC$SS,.·· there ts no . slternatiV'Et to thfJ 1'luid1sed 

method :~re Sl'ly' commercIal a'topt1.on.· 'Only little work 

basyet'been done on the i~ bn~el per d«1 unit at Eruoeton, 

.... ,,~. i30me time musi elapse at111 be:fb~e results a.y.e forth-
'. ',',. , ,,, 

.. ,i, .... ~ ,. . comlns ~m the 80 barrel per'day pl8l1.t being installed. by 

~ . the Bttre$U or Mines at Lculs1ana, Mo. 

',.:' '.,) 

. ciI~ 
" ~.' ' 

.'k': ) 
," " 
;-

·';1 
,li 
.J. 
'·r 

',·.:,;1 
.~ 
'~. 
~ , i 1 

"" 

~1 

\ 

Tb~ ruelFose3~9h station has a small flu1d1sed 
~. 

synthesis plant with a r e6.cto1" iff in d1a-netel' and 9 feet 

.high to the bottom. of the' tlisengag1ng zone which is 3" in 

. 'dU.amste.l' 1.iIld. 1 t'oot· h1gh~c In CUI'rent operations, the 

'bl7drogent o~bon mono.nde ttatl0 of the gas used 1$ 2:1 anct 

\of fresh gas. 
. \ . \ . , 

'\ i'eaotol" tempera:tllre, 340°0. T'he linear- velocity tht"Ollgh 

,., \thG 1"eS:ct1on zon-a 1$ 0 .. ,3 toO.!l. feet per seeond, eq!liV'~ 

lent toa spacO' Velocity ot i400 on the, t'resh feed cal­

'Ctllated'at atmospnel'iatetn',J;J9rature and pressu.re. Linea!' 

'and .space 1'elo01 t1aa' o~ 0.6 1'e'et per second. and 2,000 

. have been t r1ed end toU1:)d. to.o, 111gh for- best :results. The 

total liqUid 1?rod\lcteomp~1ses abotlt 60 p!'..rts· of petrol 

·and. snrplua gfWol, 30 of.'heari.&1:' hyC..roe~,l\'bonz and ., 0 of' 

. 'alcobol$eoCct. . '£he g$sol' i:!f6ompletel:r unsaturated, 

Whel"eaa the corresPol1ding pl'Olitlct from a cobsl t catalyst 

1s ant,- GO%':uns·a:ttt~ntea. :', .. ,' •.. 

, :'. "'; .. ' Some lfite~~st1hg ·.eXalt hM bGen dona on a ehesp 

catalyst prepar~d. :f'l'om 'OO1TtrnOn mill scala by aat! vation 

.with. potasa~UM carbon.ata~ .. Egly ~estllts were 'VsI7 
. .. . ~ . .', ,. , ." . \~;. 

copiotta depOSition of carbon pr$clttded fQ~ther ass of the 

f,· 

t. 

,:,:. ... 

'. 
,," 
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(131) t 
catal)i!t._~On1a.oata1:rst is' now being used once mora. ~j'i 

'~; ':;. .'. ~ For 1r1snal obserYatlonb~ the mechanics of \ti( 
" ~ ,t:< 

nutd1sation and the behaviour-or catalysts in s. flui.d. bed, It~; 

". \ a t1"anS1?are~t repl1caof tlie operating model has been liwde" V' 
\Vi tb a.' .height. 'h.owever~ o't'Only foul'" fe$t • One s ernce to 

wblch this model bas 'be-an ptt'fi 1s theexarrilnat10n of' U$Gd 

ca:talyats'fotr ssgrega.tion, part1emlarly ofca1"t-on. 
• 

~. :';. Preliminary-work' 1. proceeding on the eluITY , 

_ .. ve1'$101l of the' synthe$1s '·'P~oces.s using an ammonia catalY~lt 

suspended itt \fOX., . ·tt 1s Indicated pro'9"isiOnal1y that 

, ",_: : ." V8'I'Y l1ttlG '\i1'aX1s made-In th$ process. the wax pre~ont in 

'. i '. ,:' . 

" - . "~. matepla11y in Quantity or Quality from that originally 

tlse4 ailithe vehicle fOi! the oatalyst. 

It is 

,'. ':. :1"tlp,arcted at· theSta,t1on as a likely explanation that tins 
\ .' 

, '. \:". app~t aot1v1ty of' methane'1a obtrli.ned. only withe. fresh 

".,::\\ catalyst.' ' OpGrating results' O'li'er long periods at Easener 

" .. 

'" "'St4inkOhl4t' 'teiled. to snow 'anY' suoh activity. In plsnn1ng 
, . 

" " ' 

syntbaa16 . €ruJ a& a' diluent ··1n: r&speet of conV'ersion and. a. 

;" '"., 'fhe latest 1yt~o~rnat1on cn this subject is that 

The 

.' . 

as 'f!. msan$ . of e.rtriehing'tT·ater gS$t'hrcH:tszhout the winter 

p6tlle intbe·"13ri:tish. .g,-as 1ndust~y~ 'The prell.tn:tnax"y purl­

:N.cationof the gas is oerusid.ered el$.e'ehere in this repol~t. 

. Communioation G .. R.B.20., An Inv:estigat1on into tbe CatLllytie 
',' ' ..... -

. SJtl,thesi$ of n$thane ~o~ ~OlVllS G:8S Manufact~~h . 
. " 

;; , . .'~ .' .. 't . ... ;.',.:, ".' '.~."'~.,;.' .. ";,l~., •. "!r.::" .:.' ... ~,'.~.: .' .:' 
.. ~~'-'~.'~ .. ~:.' ,.. 

I ), ,. '/ ~ 

(I !&I 

::.'. 
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VfOrk be1ng done b,. the Board on the water gas p:rocess. 

itS81r. 8~ $S to adapt it more eftic1ent13 to methane 

. sJ'llth&ala 1s al8~ I'eportod elsewhere. 

" The gaaus$G.. in the investigat10n was purified 

". "to aaulphux- eOlltGnt t:>r about 0.001 grain par 100 cubic 

The syntha$ie catalyst was nickel activated with 

.&l.wn1na ~ti tbe vroportlonaof 20180. USOd in this p~o-
• 

pOl't1on, . tlle nickel 1$ 80 f1nely d1spcrsad ·as not to form 

.a crystal 1attiee .... lleoause carbon deposition nomally 

'. o~ara by pe~traticn o~ the lattice, the catalyst ao 

... , prep~ed isllotinaciii$latad bycarbCiTl • It may be heated to 

at a. pressure' ot: 20 atmospheres, and -wi th a 3:1 ratio 0:1: 
. . 

,hydrogen to carbon monoxide, no actIvity was lost and the . ~ ~ 

'. absQ~tion of sulphur was only 0.1%. Th~ experiment w!>s 

, stopped at the end of four months~ because that is the 

. duzaat10n of the winter petak load in Englal.ld~ and because 
'.1'; • 

.: it was sufficient to establish that prodtlction need not 

... be interrupted to~. tbat time to permit of catalyst being 

reactivated. 

·.A pl.ant u now being installed by the Board at 

f;l'oole gas wonts for the. s1Uthesiu or methane from blue gas 
. 

,at atmospherio prs$sW"e. The reactor is 'about 12tt in '. . 

The catalyst 
• 

.... .1sconta1n6d in 8&"l BtlllUlar apace .:;" th1ck~ through which the 

• gas 18, 1;0 pa'ss .radially with a. low pI"aSSUre drop. The 
". ".! ,:-.-. . .. '. ..~ ...... 

. ,apace velooity is to be 2().()O l>er flour and. the throughput 
~ .~ :, ' " .' . ' • ~. 11_ .' , ". '. 

). <,,, of the plSitl't 1.000 cubic feet l>~r h.Otl~. ~ven for a large 
J,. ,. . . 

.... ' .~. commcrclal,.l?lant,theretore.& mcthsne flynt'healS reactor 
,".. .l."" • r. • • • 

" . 
"'. ":wollld. be a V'ery compact unit. Temperature ,contl'ol at.Pool.e 

~ . . 
t,.is to be b7 :J:teoirQ.tlla:U.on.ot, p~ially cooled gas. The 

. ,. inlet. tem.perature tQthe reactor 1s to be 300°0 and the 
r (: 

'<'""d)QtlettGlUp81'atllre .500°0. " ,It 1$ .expected that a methane 
.~ . 

.;~conc$ltrat1on of 70%W111 be achieved. , 

\' •• "., ','l 

Op1nion regarding the pr~e8s in the Board is to 

7. the .ettocn that it 1s te~bn1cal.ly sound snd practicable but 

.·eonmevciallJ lna;ppll<tnble· \Jldel' English ooDd1tlons becaU,36 

or, the heat 41ss1paiied in thEi reaction. 

=us 
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Except "2or ,the worlt beIng done by the Bureau of 

MInas, interest ill theoommero1al. hydrogenation of conl bas 

"aL'Tlost, com:t>letaly d15appe~ed,";' Imperial Choll1icul Induatr1ea 

Ltd" oont1nnesto 1\ydrOgGrut,te tar in its Billingham plaut, 

,but regards coal hg"drogenatiott under ca:;d sting conditions as 

hopelessly uneconomic.'" _,' ". , 
, . 

" Until, quite recont17;' t~ ~urea.u' sinvestigat10ns + 

,- ,?n coal hyd..""Ogenat1on !t$,od been' earned oat in small autocl6.ves 

at the Br~ceton station.",' Sevet'al emallcontinuollS plants 

.". " 

, ha"e lJOW lleGu 1ns'talled,w1th presoilre, Ve,ssal$' about 1'2 Zmct 

lQng by .3 Inche$ '1n. d1am~ter., ' : The 'COmpletion 01' this 

"::"" lnErtalla~1on 16ao re~nt ,that no 0iierat1ng exp~~lenca 

,: ':, .. , 

~, . 'bas yet 'been d1eelosed. , .. ' The ldrgel;' settle demonstxaatlon 

111ant at I1onisisLila .. Mo •. baa ,sl$o, been conrple:ted :,only1;h1s 

.. yealJ., , . ',,fs.t "Che t1me of the last advioe, tb.eproduct d1still­

. at10n :,tlan-t h~d. been co~ s$ioned on <)rudeoil, and the 

vapolll' phase. :hy.d.ro,zanat1on :pl~t had also been put into 

operation on 11gh' 01.1 .. .. 'If .• ' ' 

',' 

.~"""'I·'ii'. -, bam Its, close 'eng1neel'ing s,tadYof'Garman 3.t.~d ..• '~ , . \:", 
'\ lh>~ Usb practice. the: ,BQreau haa ooncl"d~ that the "i'fiden",y 

:,:\ or the Pl'Ocess mEl;\' be 1oI1/rov~d' c,; con31derably by the "",e 

\~ s~lt-Mf!t1ng J~l?aheatera ~ ele;borate heatexchang~rs, 
, . 

. by 'tha~ co'q'6l"Y Q~ POW61- ~n, the let-<.'i.own of high presst:We 

p~ducta, . by flanhing resldues1n.highly superheated stea111 

and. b7 oth~ means.,.-It has ,beenestimlated that in this 

way the efficiencies r,.al1sedlnEuropeen pract1ca~. viz 

11 ttle over ,;50,%, 'cou.ld. be' raised to 50;' or more. Unt'cz­

tunatelYt ,uoept in the, r~ooVeryot: oil i'rOIn reaicluas •. 

these 1d~as arsnl)t to be put tOllract1cul .test 1n the 

Lotd.s1anaplant .. ·~e.'high.cap1taleost of' equipment llSS 
\ 

nectss1 tate\! .cons1d.erablecnrtailItent of" expend,1 ture on 

th~ plant.- It i& bel1eveCl that.tbe efficiency, of COIlver­

" a1011 w111 not greatly _ ttxc~ed. .20%. " 
. ', .. ' \ , ..... "."" ~ , ,:. . -' ... ' 

* $ 
we _ •• 

'. U.S;' :SUX'elt~'of tf1n~8 R1.4456' sYnthetic Liquid.- Fuels» 1948-

Annual Report 01: the SGcre'ttU7' of the Interior. 

Part 2..011 mtn coal. 
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At BNaeton, lOoms 'yery.pralimioru:'Y' \VO:rk is in 

progress on a v.1a1"1ation otthe hydrogenation process which 

is regarded. prov~s1cmal1Y as the most sttra¢t1ve method 

yet devised..', .The su'ggestion Uct:twt.x~~W::~w:'!"tf;~<: 
-. 

. is that coal shall be part1s11y hydrogenated in the absence 

of a vohicle and in' a flu1d1sed cond! tlon. It is believed 

that. the 111timac:y ~nd.. un1:f'ormi ty of contact so obtained w"111 

, reslllt:tn en even partial hrJrogenat1on or the co&.l. In a 

',' .. ' .. .f'ixed. bed. andar such condi tiona, part o-r the coal. wc,uld be 

, .' " '-completely hydrogenated and' ,therest mepely eoked:l! leading 

, "I, 

~l '" pletalyhydrogcnated suspend.ed. in a vehi cle J. toX' eaohton 
~ 

, Of coal converted to pet,rol vJi th an effioiency of about 130;; 

another ton is Qonsumed 1~supplying heat" power, atear;'L and' '--" hydrogen .. ,~6::t'. the process. The present aim is, in effee1~, 

' .. to bydrogenatJe both. tons partially for, a pet!'Ol, yield of, 
,'" -,. " . 

40% .~to use tbe: res1duesfor power generation eta. Xt 

, 1$ e~ec-t6d that asaf:ticient degl"Se o~ hydrogenatio1.1w111 
rna" 

.d'·' be ettected. at 500 lb, p:re~m·eand. at a te\1l")cl'ature loweJ~' than / 

.", ''\' ': .. normally -aPplied.. Capitalexpend.1 tUN" bjurcgen consump-' 

c· \',::; .. ~t1on f;Uld EiS£lhv,lt. prod.uct.ton. :13hOuld be red.uced and %'<~ac1;ion 

,"\"~at$S' increased.' .A substantial x-educt1on in costs should, 

I .' 

\ 
\ ' 

: :"<thertd,'ore,b"te=tble . ldthput any sacrifice in yield. 
'~:' f'"1 ~ 

ifhe de~eloprt!ent is sti,ll in the test tub~ stege and the:t?(H1L"e 
.. . 
obv-1ollSly m&chanice.l diffioulties to be overcome. 

'!. At the oarnegie Institute, hydrogenatl.on+ 1s bEing 

.. Btu.d1$4 ;to~ ... the infotlnatlon lfh1cn-.it tllSYshad. on the oon-

8tltlltl.onof'coal.~' lly'c1rogenat1t,m. is effected under 'tIle 

mildest poaslble @nd1 t1ons. l.ead1ug to SUbstantial con­

vereioni;Q soluble pror!llcts •.•.. 'T~rrpe;roatul"es ap~lied a\~ Eibout 

375°0. ~~sureS .200atmosph$~es and llariods of treatment 

becal.tS4 ot 1 ts tl:f.fect on carbon-oxygen combinations. 
\,,,,,,' 

. prodWlt~. analysed. by obrQn1atog):'sphia methods. 
.( - f.. I un -J 

~ + hel. Vol.,27 
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\" Current American' practice in the drying of' COE(l 
; ... 

baa been "viewed and . reported by the Battelle Inst1'f;ute. +, 

(;.i\ In tbe CO flra 8 of v1s1ta 'to'varions plants, 1lS11ally with 
" .'. ~~:.\ either p:..)~ objectives .. ! o:>a1 drying plants embodying --­

,i. ,! :;thJtee d1tt$Hnt analntol"fltst1ng techniques were seen. 

' ... t 

~./; ,~".,. ..,' ': ~s pNnow:s17 m.entloned in cormeciilon. wi th the 

~~) 'low tempwat~ 'cax-bonisat1on of' coal. bY' the Disco procosG, 

,,\/, the nett' pie' at IUlPeJ:'1al1a eqtl1pped wi tb. flash dryers 

. ~oJ! the 'wet col\l.', To' ary the was bed senenings from 14% 

;:~i to '4Co~ moistt1.'"fJ,tbree un1ts have been lnst'alled vdth a 

.... ~n.:/· capaci t70t twellt1 ton. c~· ooal" pe~, hour each. The . cot!.l 

, ;r 

\ 

f.\;'.; 18 t'e4 .. 1uto vertical shafta about three feet-1ndismeter • 

:?r:,tZloeUng hot produots 'of combaat1on s:t s. tempel"atureot 

1.0000g 01:'1 ,100C? ..... Thecoal1s carried upwards ate. 

'.)"~'" '9'81001 '7 of 5.200 to,5,600 feet permlnnte to a cyclone 

:sboat30 .rt.abovetheeoal lnl.et. The time or ClOntae~ 

Thl'! hot gsa and 
, \ 

\ steam eftporated ~ 'the coa).'QNfd1schax-ged to atmospher-e 
\ 

, ),s:.a~ ~abotlt, '50°F., '1'1le bot gas 1& provided by combustion of 

. ,':,",) \ _alina fIlrnace and admixture of excess dr tor the pt""oper 
-.. -!; .... ~,:\.\ .. ,"-' 

:, ", sub-b1illn1nou$ GOal. "1$ being nash dried 1n a. pilot pla.nt 

,';;c ,Qs1113~sl.1ght1y Mff$?enttechnique f~ that ~scribed 

(:,;;,~AbOVCi.',·:.'he plant 1s. 111~trat$d 1n :figure 15. ' ~Ia.tura:t 

' ... ~i(:,; gas,la bUM'lad.·~ ',aCG-<::nb4stlon "chsmbE!ll' and the. temperatuz>e 

"i;:,~; at. theout~tla 8d3usted .and maintained at 1 ,600OF by . \ . 
\ 

'~b o1rcGlating the tnlxture. ot.w:sedgaa and steam eVaporated 

. 'U,;tro;athe coaL', Ooalcrushed by a hammer mill to a. 

'. k;:maxlmam' part1elea1zeot 'I/att , oro .,Ii 6" f 15 carried by e. 
11""" I 

~,~J:,·tibli&'b.::R. andR1cherdson;"A.a. "Th.~rm8.1 Dr-.,v1ng O'£" Coal1
' .. 

".', A.I.lil.U.E. Technical PUblication 2399. al~s P. Coal 
~:\ ' 'l' 8chnolog , AUtP.1S:t t' 1948.. ' 
.;,~ '~: '-; -::- ; 1 . . ," .-.~I :,.. ";: ,.< :. ';' . 
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st~.am of inert gas into the bottom of the vertical pipe 

. 1i'hroagh which the hot gases leave 'the combustion chambel"e 

'l'hoSQ gaaea haatthe eoal to700Opend C3rl''3,tt upwards to 

~he top o~ the pipe and th~n downwa~s' into a separating 

I'. hoppex-. The balk or the cOe.l'1ad1sengaged trom the gas stream 

merely b7 reduction of velocity and change o~ direction. Most 

ot the :tine coal. still. entrained in the gas, 1s separated 

~; ,': " . 

In a oyolone 'end retll1'ned to.the hopper. The gas, with a 

, ~~: 'li,t~~$ flne·· dust suspended in 1 t J ~s wi thtlrawn from the: cyclone 

\' 
\ . 

at a. tempez.atl11'8 ot 300Op. by a tan wh1ch l'eturos most of 'it 

The remaining gas 

1'$ 'discharged to a holde7?t~ugh. a..l'1 electrostatic precipl tat~r. 

trbe inert gas tor ~srr;vingeoal into the plant is obtained by 

coo11ng prw-t ot' the prod,\1ots of combustlon generated in the 

furnace. 

The coal as O:.'1argsd has a moisture content of 18)~. 

The gas reCluires only 1.2 secon<ts to pass :f.'"rom the combustion 

ehsmbsp to the d1sengaging hopper. The temper-ature of the 

gas Sld coa.l entering the hoppeI" is about 4000Jr. The d~ed. 

. '\ 
COal. 18 withdrawn fr¢m the hoppe~ in particles substantially 

or the aam.size as th.ose ot the raw coal. 
\. 
\ It 1suDd.erstood tbat a plant of this type 12 to 

, . be installed to dIry 200 tOllS per. dey of Montana coal. 

PRXlNG in I FLUID., npm., 
.At the Gold~nstat1on, preliminary work has been 

don«,~.ieo on the drying at tluldiaed. coal. The arrangement 

of the plant is 1Mieated in f1~ 17. About 500 oub1(~ 

t'ee' of gas end 1 ,000 of ail', both p].'i$hented, are burned 

each bol11" 1n a com'htastlon cham.ber. Products of com.bustion 

at 18000 p are adm1 tted to' thebottolll of" the fluid. bed, 

. which 18 G- 1n <1iao1lGtal' end about 6 f'e()t high, containing 

. 1.$ 1"oa. of pulVerised coal. 1l:'he cOat is injected, also to 

the bottom of the bed,b7300 cabl0 ~eet of inert gas per 

hour. Tbe ternpGratUl't6 resal t1ng from the mixing of coal, 

inert gas and prod.u~ts or combustion is 600o:F. The mean 

period or retention ofthtf coal in the fluld bed is 200 

" 

,. 
" ;: ., 
f' 
, 

!.,. 

t r 
f. 

. ; . 
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250 lb. per hour. The dl?1ed coal dust and gas pass thr.:~ugJl 

a vertioal standpipe into a cyolone sepwator." '1'he gas 1s 
!, 

dlschaZ:ged throllgh an electrostat1a precipitator to a gCUl 

holder,' while the ~led. oc:)al ie w1 thdr:rawn from the sy-stet:l 

throagh an exohang~;";:'wh1oh 00018 "ihe coal snd. pr$heata the 

gas" and' air StlPPUod to":'the combu;,t1on Chamb~. 
':,1 

,FLIiI§Srom fflOC&§SI' :!," 

plant at "the llareaut of Mines station,: Gratld. PoritS, N.D., 

6ince "pl'OgNSS WE-..8 last' J:1eported 1nthe teohnical 11 terature • 

..rbe 'pl'oceSiS consists1n heating tho ooal in an au.toclava 
. " 

by adm tt1ng satuttated "teBDt at 400 lb. presati1'e and. sub-

sequently relrUlSing tuesteam:. Tha drying ef'teet may be 

1noreaaed b, later applying s'vaeaam to the autoclave or by 

blowing air through 1 t. Worth DaJ::ota 11gn1 te containing 

3!1J' ot &no1s'~e as mined 1$ drleti to about 13;1 moisture 

. content:, inwhioh oond1 t10n 1 t 1s In equilibrium w1 th the 

:',',atmospheNe The dry1ng~s attributed. to :-, '" 

" "'(a) Th$ "aqeBzlng o:t one third ot the mo1$t~e 
, ;i .. ,'i'i<,~ c;, " ~oat ot the coai bypresst.lVs'" ~lonQ .. " 

\\::""' ~?""';~~ (b)~he'heat111g o~ the ooelte 450°F."' 
:" \" ," 'i':.:,:? ~"i.'.~'," ,'. . . . .c. 

, \ ',',." ",' (.)' !he'rup'tUX'e of·'flne"··polc"'$S· in the" 80al when 
\ 

": \ -" 
.... , 

• '~., thEt prsssttre 'ls $"ttddenly releaeed, allowing 
, '" l) 

,1,:, '.\' 

'.1 ~>\ >.~~~ . ~~'" . " 
'", ". mo1stureto drain out dt the coal •. : 

. .' . . ; 

, ftexae 1$' a cons1derable redaction 111 the size of 
'.' ~'. 'I- ':" ,~, '., '. , :. '. ..' ", • '. • • • , 

lugelparticles ot" coal uhen drie4111 thiswsy, "bttt only 
.;." 

Uttle Ndliction' 1nthe $1a8 ottstnall particl:es. 

Xt 1s underatoo4 tha~ charging and d.18ch~g1ng 

~Oa.Che8·' are being-fitted to the Gr'rold Forks t>lant~ so tha:t 

'. It tns.;; be operated sem1-contiutlOusll'. So tar- ~ is off'ic-

lail~;'"knownt 'p'lel~~nEu ... ~'~yara have not been S'tlccossf'nl1y 

o~g~d ati d.1acharged. cont1naously ." 
., .... .; 

pnUNG UGm;TE .in the ,lUttt 
.' ...... . ~.' 

At the Otter Tail power station, ~okSton, Minzh $ 

a Rl1e7 boiler rated at 15000 "11, o~ steam per holtt' 1s being 

:fired rith pnlvarlsed lignt'te"t1aah <!riedln the mill. 
"I .' ...... ,,";' . 

• ,. j.. ;, '.~ • 

It 18 anderstoOd that this method or drying was f1~st 
," ..... 

, .. 
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appU$d in Ra~ond tm11la grinding Texas l1801 te end. that 

1nte~eat in tbeteebnlqaa lapsed entirely when the East 

, ''l'exas 011 field was d1acovel'ed. The idea bad. now been' 

reviYed ana 18 beins fcrthG~ developed by the R11e7 ~nd 

otter'TAl COBlPe.nlea' 1n 'co-op$rat1Qn. 

" , Dr71ng 18 effected by 8dm1 tt1ng to the Attr1 ta 
. ' , 

,.' ", palver1s8r' e1J1 whioh is normally preheated to 6,50Op. ~he 
t . "~ 

a11".tetnperatttre has been as b1gh as 800~, howeve~, und(!n~ 

condi u,on$ ot h.1gh ·losd. The' dried, 0051 &rid primary s1l~ 

:.. reach' the burner at 1300z,. • Oombined primary and. socondory 

:,,&11' t'rom the forced dratt :tan pass th~ttgh a preheater in 
",. .' 

the USQal position behind thebo1ler, acquiring a temper~tare 

' .. '. " 

~.' 400<T bt exchange w1th flue gS$6S. The second.ary air 

prOceeds dtrectly to t~e btU5flers,· but the pr1maFY atris 

.. further' heated to 650'T. as 6tata4~ in another preheater 

looated above'aud to th~rear of the boile~. 

so heated, emount1ng to Qottt 'I Ibper lb of faal and 

, representing about 25-% o~· the total 8.11' supply; passes to 

" the mill. Contlt'Qls are proVided eo that the .hot nue gases, 
.\. 

\ 
proceeding in tUlPD throttgh the primary air heater, the .com.-.. 

\ b1ned ail" heater .arid the induced draft fan to the chimney, 
. \' 
.', \"'~~ .;,;. be drawn from el the 1* the 'beginning 01' the end of 
, \, - I.', .• ' 

thea last pass in the bo11eXt. It appeared to be normal 

. " pract1ce for the boiler gllS$s to be eanplete17 dt verted 
I ' : 

from the las" pass. ~he t.emperature of the was ta gas 
, I . , ' 

" entering the ch1nme7 1s high, va.·z. 500°0. 

Th$ power consnmption of the mill is stated to 

be 10 It .. W,, hoUl's per ton of 11gni te; a normal consumption 

tOI- so hard a ooal 18 20 uni t& pex- ton. It would appear 

;"J.' . that ttlasb dl7ing 1n this manner m.akes the l1gn1te mora 
, . ~ . 

. esa7\. to crUSh, perhaps as the:1esalt of a development of 
'. 

stean pressQr6 ~~h1n the coal particle • 

Be trouble had been experienced in the br1ef 

periOd ot these opePations (three weeks only) from fires 

'-~, 

or dplosions in the mill Ol'J in pipes leading to the burne,i."s~ 

''):hi8 technique. ot dr11ng and tiring 11gni te is still regarJ.ed 

8JJ in the experimental stage) farther experience e.nd adjtlst-

rl~@;;Ui4.J\1I&4J=kaua '_.Ell _ EMaas_ 
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in the t'lSe ot power . alcohol as a motoIt fuel in the 

United states. and teday there 1s practically- nona. Th i9 

i value of aloohol f'or other Plll"POseS 1s high (about 35 

.cents per gallon at present) the raw materials from which 
·.t . 

',' it mq be. tmad.e are not as cheap &s. they used. to be a.nd 

I :: petrol. arenOVI of' $Ucb high octane rating that little 

.. , lmprOYeJt1ent collldbe effected by adding alcohol. Indeed, 
" 

'. ',:thG 6,tfect oll a higbl,- leaded fuel might even. in some 

'·.~tl'cur4$tances,be a d9p%'iesc1on of the octane number. A 

. '. lit.tie 11oJ:l'k1e being done, however, on the .uBe of alcohols 

"'.' as a secondary fael. in con3tmcti0]1 with III twin fuel car-

Thfl su.ggestion is that cheap, low octane pot,..ol 

. be used for pe~haps 90% ot the fuel consumed in a. motor' 

vehicle. ,but t~..at aqueo1.tS alcohol be supplied a.t times 

of high load or rapid accel~stion, -q.'hen de'tonatiOl'l is 

. apt to oceaz.. Carburettora are .available cormneroially 

.for aatomat1ce.lly C8rl",ying oat the desired fune~.ions, 

the control being usual11 on the manifold vacuum. It 

; 1$ claim.ecl that in this way, 6vah modern anginas will. 

\'" peptpm satisfactorilY'. ona bO oetrele petl"ol as the main 
.. ~.: . ' 

. " fuel .. '. At one garage. in Colambua, Ohio, a ~bu:Pettor' 
,'," 

'.' ','and awd.1iarl, fnel are being sold unde~ the trade name 

'., 

. '" U.S. BarsllU: of Mines Ihi. 4458. 
S711tMt1o: Ltqaid. Fuels. 1948 Annual Report of the 
. SEieretar,. or, the Interior. P6,l.~.3. Liquid Fuels 

.' ,~trODl ~Cttlltl.ttl'al Res1du$lh 
,'''. " ,.'. 
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'., oompeti.t1ve w1 th aloo~l in perf'oraia!leo and oost,will 
..... 

.' ~ . 

, be prepared from petroleum and. put ~n the market. 
'::' , ~'''''':,' " ",;' ' ",',' ' 

~he main interest or the North Regional Station 
...... :. .. ' 

( , 

i8 the utilisat10n of farm waste. suoh as corn cobs, oat 

It is real1$ed that 
, , 

chemical indust~y otters B market tor many produots which 
... ' , 

UlQ' be preparedf'rc>m those raw ms:ter-iels, at' n price mtl,~h 
>'1" •• 

" higher than th8t of alcobol. The C;;uake~ Oat Company 11;; 
'h, ' , 
',ourrently prodac1ng f'Urfural; worth 9i- oents per paunch 

,:tram oat hulla 1n large quantities. The problem 'baing 
• j.' .• 

. 'studied at the statton ls, therefore, the separate utilisation 

o~ pentosans f.l.nd cellulose in eorn cobs t under conditions 
, ~:.f· 

chosen for optimtll'll cotlversion in ea.ch case. !n this way 
'~ 
~'. 

" yielda are obta1nedmlloh h1she~ than those r ealisad in any 
'1:-,. 

" 
,. e1ngle stage process applying compromise contii tiona of 
:{ 

.temp.r.a1ure and acid ooncent~atiQn. 

The cruahed corn cobs al'e, first contacted wi ttl 

$lllpburlc aci4 o:f .!1J' concentration, at 1000 0 for a per~1od , 

" approaching one and 9. halt' hoars. By this. treatment the 
. ... ~",' 

\"" pentosana are hydrolysed Bllbstsntia.lly a')ntpletely while 
\ ,:,' 

. '\ only ~ o't the cellulose 1s, attackei3 .• , The'liquor. is 

',~ ;; ~",'neatl"a11sed With lime, filtered, diluted from, 1~% to 5% 
• "of ,: ' 

". ' orSUgat- content and tex-men ted to 'batanQl; acetone and 

,:~:~:ethtmOl. Abo'ttt.3O% otthe xYlose' in the ~~~'t1P w..aybe 
'7£,'/" " / " " 

@rystal11~ed bY' concentration, end. :ttlt'ltul"al a~sQ ma1 be 
ti 

. . ..=." 

J*ecovel'ed from 1 t by acid i'x'estU'lellt. 

The pentosan-spent 11U!iter1al is dried to amo1s";~~ 
, equivalent", 

conten'C/to ~ ti't50J' 8111phurtc acid. The ~1ed residua 

, l's dlaintegr,ated. and farth~~ tl'eatttd M. th sulphuric acid of 

85% oonoantratlon. Apr&ssttPe of 200 lb 1s applied to 
. ' 

"'i torce the ac1d into the eapl11anes or the material. The 

preSstlH is :released., water is added and the pulp is 
" , 

cooked 1:or ten to 1itdl'ty minates' wi th ,$te~ at 35 10 prr~e(i~ure .. 
I , 

~~pulp is then coolad. and. filtered to ramove lignin. ThG 

n1"1's.'. 1s l1enbaUs$d,. and fllteNC1 leuV'1ng a e;yrup re~(dy 

tor :tflNen'tatlot). o1"otb.er l1'Gaitment. AboRt 50% of dext,l"ose 

4 4&* ELm aaBi _ .. ewe ... t" .£Qp. . 02JQJ J.W:,! w. z. ,; 5 
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ma:y be NOOvered. it' desired; athen1aG the hYdrolysate ,may 

be fermented 'flo alcohol Ol" to bntanol-aci3tone ... ethanol. 

Both pentosa!l sod 'oelltlloae syrups Q1QY b'e used. for groWing 

~odder ¥6sSt by 1noCQlnt~on ~1th torula. 

(142) 

,:,,:' The QQrl~ellt t"ecQvery of hlilxoaes 18 about 80;:~. The 

great· imProvement Upon the ~eldcJ.,rltned for the Scholler 

proceSs (55 to ~) is a.ttributed. to tbe two a tage hydr-olyeis, 

flrat w1 th 00011 strong acid in the impregnator, then w1 tll 

. hot, weD acid In ,the cooltcr.,: ' The yield is improV'edJ ' too. 

bl Natzt1ctlngthe sugar content of the liquor to i ~. " 

Pox- tht!1 distillat10n of fermentect liquors, the 

statton haa an aze~tropican1t with 8 capacity of 500 gallons 

of {f!\OOholper dq. 'rhe entraining a.gent 1s ethe~ and the 

" aaeotropio eolU\llt1 is operated. at a pressure of 135 lb. The 

. '. ... bee". still and "c::t1f1e~ BX»tl under VaCllUftl and are heated. 'by 

' .. ",. steatll ra14ed in the condenser o.fj~eotroP10 ~1mm... s~team 
,;:' COllStmtpt1on ls said to be 23 lb per gallon,01'' 11 ttla more 

,~. , than a third Of that experienced in the more usual benzolel 

"''V; 

{,,: '. debydJ:-at1on plant. " " 

Inttortaat1on vas: given to the e rt'eot that. the \1Qod 
.\. 
,.~ ," ~ -. 
,~. ~~18 'plant. ereoted at 8prlngtield, Ore. in the earl.y--· · 7,>. 

'\\. c1q$ of the war. W'nSop6l'ated. tor three weeks only. OWing: 
\.. ' 

.' \ to th, lQ1f pr10rlty foX' mater1als wh1ch 'Was, accorded to tbe 

pro~eot, pipe i1nesWGre installed in O~d1nal" mild steel. 

Xt would no" cost .1500,000 ~o ~eplaca those lines in sta1n­

. 1 •• , ~'t •• i and. ,thet9c ~ no prospeot of the work: being done. 
'\., 

. ~.', 
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f 1'Jl1.o SOLIDS TSc!EiIC{trn: 

Thtt Dorr Company has applied th~ f'luid,1antioll 

principl(t, to ciltatn10al Ma,met~11~is1cal'proce35e3unde~ 
" ' 

(P.1 L~4)" 
,'thenam~ of' the ,F1U<>-3011da" technique,. A OOln!r.l€11--o1al 

plant 8Uppll~4 to British Col~~bia for the ~oast1ng of 

." '~ 

'! •• " " 

\. 

,Y$ar,s., " The oxidised ,conl3ent~ates 'are noW' cyanided on 

tho apo:t ena only, bullion is sbipped. from" the plant.- t..Q.! 

plgevl011apracticeWM to ship a 5 oz. concentrate to Seattle'" ., . .,' . 

'lfo~,~oaatlns" &t, conaldel"ablygreatet' e.xp$nsa., 

",!n conjunction with the New England Lime Compllot».y, 

. a triple-bed, ttlu1d1sed l1mfl bllrna~ has been de ife loped 0-' ' 

A 'S8tall plant h:s.s, bee». bu1lt and. oper-ated at the lime works !> 
> •• <.' 

,and at 100 ton pel' day :ttni t 1s now being installed togetllep 

nth Q flu.id. bed plant ~O'1! pre~1nd,nary, drying and clase1-
1'. . • 

ficat1on. For the dttytng procosst limestone cou.taining 

~1 o~ mo1st~a1a crushed to ?8SS a 4 mesh soreen. 
". ; 

Produots ot oombustion firom a Dutch O"f1en enter . thG dl'yep 

at 000°0 through. a grid. Wh1cll sUpports the tlll1d bed. A. 

:tem:pcratQre ot 1,Oo.F1s m¢.ntEdnad in the charge which is 

.18ft thick. Dust carr1~d out of the :rlu1d bed is separated 

in adis'enguglng!Qna, a, cyclone and multiolonea ,in gel~iea. 

" \.' 1'h~ :tines sep~atea,1n the cyclone ~A. mlllt1elones are not 
...;~ \~ :. .' . ,., 

.'~, . 

;\ ' 

charged to the bUl'nert but are ',aold instf!ad as agri cult urfil i 

,11_, so a:rnidln.t thesnbssqllent lOiS$ of tne samemaiterial 

In a more ya1Uabl~ tom., 'The oharge to the burne:r is the 
"-

b()tto~ 41scl'large :tram the drysr'.. , '" 

, .. 

prehea.ted tn exobange w11ih Yf4UJ'tEi gases) thenburnad and 

" finally coolecl1u exchange w.t th, the 811" r eqt1ll-.ed toY! C(Jl;n­

bnst1on" .' A~l th,...e$GPwat1ons~e :porform~d in fluid 

bedl.. 'rhaQil :ruel i6 ~n3ected. straight into the intel"-

mediat&bea.,. Ptlel consumption has been reduced to two 

,thirds b7 ,adopt1ngtbe., .tlUO-$011ds teohnique. Because 

fuel is e:pens1ve a:t 'the works,' this sa.ving is a big 

oona1d8lJatlon. ' " :, ','!he u.S0: o'tpulver1sed coal Inste~ of 

~' , 

I 
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enbjeat. It W111 be necessar7tor'the coal to Save a 
-, 

cona1d$rable amount in fUel coate, if it tate replaee 
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olf, f"or it has the disadvantage of red.Ucing the Q,l1a11 ty 

" o~ the product bY' terming aalc1~' silicate to the exten'~ 
or 'thea111c,& cOntained in the aSh • 

. .. ~ .,:,. ."', .~ . .,..; 

, 'A pro jeet 1& beln~ devE!loped for the roasting of 

a Bol1Y1G tin '~re'1~' ~ 'ti1l14 bed.' The ore contains t\~o 

ouncos of ti11 pe:r 'ton ~ 'cass! ~e;r1 te,' Gna. sufficient PYl?i te 
',' -, -," ',''''. ',;' ", I'" " 

to pro.1da the heat needed '~r the process. The tin is 
". "":'.' '. '" ' 

~olat111sed and subsequent11 recovered, by cooling, in the 

form or thesalpb1de. 

- , 
", Xent, a 'wide range of'lndustr1al carbon p~od\1cts f'rOITi coal. 

" ,The' coal,: which mq b~~ ollosen front many types, is pulvel-1sed. 

fmd brlquettedwi thou:C a binder at a pressure of 10 tons 

,pel"eqWire inch.. The briquettes flll'e oar'bon1sedSl"ld. then 

he'at.dln an electric mu.ffle fUrnace f'ormed' of a· carbon 

o:vl1n4er~ ani .. rate and :t1nsl temperattn."e of heating era 

dete~lned by the coal used and the product desired. For 

1011 'uh' cu-bons, 'the heating iseont1nned to 2,100°0 to 

reduce the eshby"vo1at111satlon to as little as 0.1%. ~:he 

carbona'made very in hardne'ss up'to'8i on Moh's seale; ':i#hat 

.1s to sq,· the bardost of them swatch glass and topaz. 

Denai ~1.a ' range' 'ttp' to' '1.'S. '. The· product may be ~reparecl . 

in, moulded,'.ext~tlded &.1\1" fabl'icat~d' shapeth" The tensile 

S trlngth of the be$ t~bon 181 o 'tons per square inch. 

STQRAGE' of WAL' .' 

At theGo~Gnatation of the Bureau of ~l1nesf e. 

ttclmtque he been d$V'~loped 'for -the safe stomge of sub­

bl tIDlnottarmd. oth~coals su.b ject to, autogenous heating: 
-, , 

1n :StOck pIles. ' " T"he" proceCLure 'consists in lay1ng dOim 

.~~ 

• ,t, 

. 
;. f, 

K 
. ~,. 

: r 
: ;, 

, tbe coat> in Ift7erstwO to' four' feet thiek, pref'erably 
c· It 
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dozer ecroee1t befo~ add1ng the next 1nc~ement. This 

. method has_proved satlafaetol'7 in the storage of Colorado 

Bub-bi tmd.noQS coal at eugar mills, where coal is stocked 

for periods up to 'ten months await1ng the :ttesampt1on of' 

seasonal operations. Lignite is now being stored by this 

methOd a" the Gan-1eoll dam. (M1seo~ River, North Dakota) . 

where 8GYeral million tone won in the co~se of excavation 

work are to be. held tott some. 7ears,· ttntl1 a steat'!l station 
-' .~ 

18 installed to consUme '1 t. 

,g'BIRDII$! pf' COtg,; 

Foster Wheel$~ bas reeent17 d6yeloped a new type 

.. .. ot pQl.ver1ser, eal.led tn the organisation a "r1ngtt mill. 

· It comprises three horizontal rollers equidistant from (:me 

another w1 'tb two above end one below. Each roller 1s 

· shaped in the form c'f two con1cal :trtiatra joined at their 

smaller ends¥ A number of rings encircle the rollers, 

p1cldng 121) the coal just aslubr1cating 011 is picked up 

in an 011 r1ng bearing.· The crashing 1s done between 
"", . the rings and rol1ers. The perto~anoe of the machine .. 

",' 

.. ,-:·t 
,,~ 

, .'. 
" ,. 1s 80mewbat similar to that of a ball mill, but it has 

the advantage that power oonsamptlon lsspproxtmately 

... '.' i:,., proportional. to the load, instead of being substantially 

d.. independent of 1 t ~ 

'-'he first ct>fmiercl81 palver1ael" of. this typi:f has 

bee~ operating for aboat four 78ara at Rochester N.Y. The 

,./ laill haa 3ast been released tor general mannfactare arid 

. 8 ale in U.S.A. onl)-. 
, 

" 'd ;: ~e Jrael, Researoh Bo~ and 1$.C.U.R.A. are 

... co118bo~atlna on stUd1ea o~ power eODSumption in pqlverisera. 

J'roDl a Q.l1Gstlcma1re 1ss~edto electric! ty st~lon ope~atora 
, 

1 t \ has been learned with some· sUX'pr1se that commerc1 al 

:,', consumption 115 sUbstant1al171ndepfir'..dent of coal hardness 

-, 

'" '",",,: . 

· .. 

as 'determined by·· atam1&l'a grindabl1i ty teats. This 

.,: mined by the rate or ram.o.al of coal from the grinding 

sone. Expel"1m.ents' ere planned to test this theoI7" 
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Foll" the EU3timat1cno-r the surface ~oa of pulva:t-

1s84 ooal, 13.0,.U.R.A. "has developed 'f!. device for counting 
,'"'' '~<, '"'i . 

the nnmber of particles in a weighed. SfI.il1pla. The r;ulver-

1eed coal trickles in. a "1'$17 thin strean, from a, je t th!'"ough. 

,,~' ;, a narroW' be .. 'of' light. Each pet-t1cle intercepts th.e 

• ,,, ••• 1 

' ..... , 

_,'J 

"'light falling tlpon' a photo-elect1'1c cell. 

,;: ere registered on" Bll instrument' which counts at rates up 
" ~ , 

,·-\to 100 pex- secornt.· A 'typic'al' sample waiil''h!ng 15 t'rt1,lli-
. -.. 

.... :', 

{ . 

P" and oontatnlntl perhaps 100.000 partioles can be 

oounte4 in half' and hour." 
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