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I ITESTIGATIO:; OF THE. rum!:... r.'t.Ls 0:- OIL-SHALE RETORTING., 

(In coopera~ion wi h the State of Colorado) 

1V .artin J. Gavin, (Refine17 engi~eeT. Bureau of Mines) 
and 

leslie H. Sharp, (Cn~c~d engineer, State of Colorado) 

Tho.e of the oil-sha e operators in this CO'lmtI"J who are sincerely 
attemptins to ma:e a real industry o~t of oil- hale developments, are ~~ious 
to obta.in fc.ndamental data on t:16 r etorting of oil-shalei particularly as 
regards the effect of certa,in varia.ble factors in t~'1e process of retorting · 
on t he quantity and lud.lity of products yielded: from oil smles when they are 
sub jectod to des tr~ctive distillation. From careful examination of a con-
iderable number of s~g6est~ procosses for treating oil shales and the con­

flicting ideas on which they are desi£Oed, it s~ems probable that accurate 
information of a fund~nental nature is highly essential to the successful 
establisrment of an oil-shale industry in this country. 

Accordingly, t.h8 United Sta tas Burea~ of ldines , in .:ooperation wi th 
~e State of Colorado, is 'und~rtaking to furnish some definite and impartial 

onnation of this 'type tilrough inves t igations no~-, under ... ~ at the University 
_. Colorado. 30ulder, Co lo. 

A retort for t:1a distillation of oil fl'on; Qil sh2..le has been desi91ed 
ani inst 1 ed . to;:et:ler \-it:1 t:'l;:) necessary au...xili.3.ry equipn:ent for controllin.J 
and jetermininG varinolc f ctor3 of distillatio~. and for recoverins and de­
temirdng t r.e quanti ty erA q~1i ty of the products yielded fron t, e shales. 
Tl1e retort is of .. Clch a natu e that comi tions of retorting can be accurately 
a,r..d. completely con rolled, a.."'ld varie<l at \, ill. It is not designed as a com­
merc' al retort, but 0,11y for research purposes . A testing laboratory with 
equipment necess ry for t :1e exar:lino.tion of the shales, p~s'ically and chemic­
~lly. an~ tr.e prod~cts yielded by t~~~, has also be n fitted up. , 
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The materia' u_ed in t e inVestl ,ations ~s,oll sl~le obtained from 
tIe DeBequs, Colorado , shale field . It yields on distillatio~ in the Bureau 
f . :·n~ testing a:?~a.rat-.l.S, about 42 gallons of oil to t:1e ton, and is there­

fo~e a fairly representative sample of t::e shales t:1at probo.bl" \",'ill be first 
worked in Colorado . The shale used will be as -.miform as possible in c~'tract er 
~i oi yield and .ill a ll be obtained from the sace seam at the same pOint, 
ln order to avoid t:'!.e introduction of 'lIU1ecessary va.riable fE\ctors in tl e 
te3ts ani to . ende r~sult9 strictly comparable. 
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Effort ,fill '!)!) made, Cl;; .i: .... ~G tIw ":-i"~':'P::l",".t .::.."1J. C<.l:)it....l at :-:and 
makes ?osdb::'e. to Q.)t-.:minJ t :'1") J':.cct of t:.J ":oll~ Ii:'),!'" vd.:ia"lsG fectors in 
retorting on tn'3 quali ty ani q~.:.D.n~ity of t:1C' ...,Jrol"cts r"'Od'lCci from tl:is s:J.::.lo , 

1. ~to 0' hoatinci \:0 ;;:. 1. fi::ite f:'r.o. l t..D,~.)ra. ':.urc , 
2 . Thickness of the sh...l.3 layar in th.,) r t~.· to 
3. Size of individ~l ~rtic~es of s~l.,). 
4. Vacuun or r'3:i:uccd :pr.Jssu:,.). 
;;. '.l.r 1(1113 i?!'CGaur.)s a'-oovll .l. tmo Gpn'li' ic. 
6. otealll atnospilerll at vd.rio~s pressur'cs ani t~m:t-:)ratures . 
7. Other at.":loG:.;>h~r:Jc, SUC:l a~ carbcn :lio.~id:;, ca.r"uon mO!loxide, 

~drogon, ill-~!nutin~ ~~G. etc. 
a. Act~l tcmp..)rature rc~ch~, 

In each case t~~ rate' of .for~l.tion of Ylro.':.:c"s and t1'n total time 
necessEa.I'!' to !:rin!; the rctortinc ,?rocess to com:;;>l:Jtion "rill b:) do .. erminccl. 

It is doubtful wh.Jt cr all t:l"Sil dot.ermiru.tions can be rr..:l.dc !lat:l..sf~ctor'­
ly with th..1 limited pcrsonn")l ar.d o<!,lip:1(mt aVc.l.i1ablc foT' ti-'.e re .... i'. but it is 
hopod. tb,:).t sui'lici,mt valuable date .. ::ny bJ obtained to bv a r3r'.l cor1tribution 
to th.) p r.Js'll1.t knowleuge regardinj o.;.J, sha.l")s anJ. to justify Co contin' :-..tion a..T1d 
c.cpar;sion of tho work. As far as i:'osrli'ola tha effcc':. of co.ch variable will be 
.weeL up by itself, and t~orou1hly st~iicd ~eforo pa3sing on to anothe •• 

Carefully ' conducted \ '0:'1. , .. :i.on~ t~le j ~L-.JG above indica ted should be of 
valu~ in ;iving i:'i=-orrJation on ~:~J fol OWii' - :,Joints: 

1. Are oils ' of if~erent ".u....lities fOrt:le·1 from s:'l'..la~ cons'3cutiv3ly 
a.s their boiling pOints ""rf) rcac::ed , fho so-calle":' tI":r2..ctional education t:,eory". 
or ·oos tha s11..;1.1e yi..)ld a. sir:gle, core or 1",,,,0 un::l0. ';:} <,;ru...:.o oil thro\:.~hout t],c 
com'S,) of t:l di'S ti lla tior.? 

2, If the fruct::'o~tion .J.bo';c :.~cnt':'o~l3c:. t,,:.es )1 c,;, :0 -,,}a~ exten t 
!oes it proGros ar..1 110n ... c- '.0 ... !-.: ~.:t:::. t f.:.J ,~'.; .,)no_~'!.:." '00 illt od".,c~CI. in 
refining sMle oils , if' \'. 1 \"~J.·i().1:: ;n,c io::s . ~:..'.,) :li::uc:ly l'~covcra'Jlo from 
the retor;;? 

J, 'I'h~ tir..~ T'_CC'~S3o.l'y u<; CI. .::;:'ven tem:)~r.~t1:~· o to ~ffcct co:npl J te 
c.is~ .!.l.:l.t.1on of tnQ ... : 1J a.:~i ::le .. .....:..nti ty ani '.;.:l.li;;y of . rod-.J.cto sO pl'oduC3d . 

. .;.: . 

..... 
t1 :" .L t~1a oils; 

In )ro'{s:.til.,:; .:10 lo~~:ion of u.1d.~:;ir""b1c bydl'O-c.J.:..-bons. 5o .... ch 
a;l o;'eIi~.n. diol ;..:'in5 d.:1d d.cetyl.:mes i tile oils; 

(c) 0:1 t::c .'3C:;V:::,'Y of t~'.c ni t;,·o.:en 0: tl ~ dulcs as i.'\u"L:oni3 or 
ot:-e~' n.:t o.:an cont.l.ini:l ... co=:,,')o·.1,1ds ; 
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(d) On the cocbustion or utilization of the carbon remalnlng 
after the oil ilc:.s bee,'. distilled., to provide ccm'Justiblo 
gas for ~etortinG; 

(e) On quality anl ~~~tity of cas fo~ed; 

(f) On heatinG efficiency of the retort; 

(g) On capacity of t~e retort , t~~t is, t~a of completed 
distill.J.tio!'l under nost favora.ble conditions. 

5 . What is t~e most f~voTablo size of S:1ale to retort? 

6. r'h:lt -luality.m -!uantity of finished prod1;.cts may be expected 
froo sl1ale oil? 

7 . How are t~e'nitroGen and sulphur of t~e shale distributed in the 
pro ucts, and ho:l\'l may they best be' rer.loved or prevented from forming? 

8. Physical and chemical constants of tr.~ shale and products, par-
tic~arly t~ose of value in the design ~~d operat ion of comoercial plants, r 
nill also be deter:nined. \:ork is und.er way on the determination of specific 
Gravity, weight per unit volune when cr-':S:led to different sizes, hebt of 
comb1;.stion , specific heat, heat of conductivity and cnemical analysis of the 
shale , and specific and latent :leats of t :1C crude oil and its various dis­
tillatiop products. 

Summarized, the ~)u.."1l0se o f t~.3 investigation is to determine '7it~1 
scientific accuracy, tne conditions of retortin~ oil shale to produce the 
hiGhest yield of the best products. 

It is realized C:£l.t tnese c<..nlitions who:: sO determined may :'lot be 
applicable in their entirety to lar:e-scale r e torting operations, but the 
"Iork hould indicat w:1at th.." best condi tions actually are and tnese can oe 
applied to large-scale ';;ork in co i e .... · as :;;racti ~al commerci.:ll considerations 
permit . If fundamental ', fork on oil-sh..l e retorting 13 to be. donE! at all, it 
mUG t be conductc on such a scale and in such a:pparatus al"d equipment as 'vill 
enable con ilion", to b:3 rerrul.;:ted at ',vilJ and contro lled .:lccurately; otherwise 
tte results will be of little v<llue. 

The apparatus being used r.as been . esigned eS:,.Jscially for th,e ',york 
by the writers, with t:e ati3ista:1ce of L, C . :-..urrick, junior refinery en~in3er 
of the Bureau of ;,lin es, a.~ after cons\.:.lt<ltion wi t:1 yr,..my enGineers intor3sted 
in, and in n:any cases, \JO r:~i:l'; or., oil s:ule, Tile retort prOper is a c.).st­
iron, exte.mally- heated, norizo.1tal, rotary, cylil·. rical :.'etort, desisne to 
insure even dis tribution of the ~eat t~rL~~h the shale c:1ar~c durinG treat-
me. t . Its capacity is appro.dnut,ely 75 powds of s:la.l<.: a~ a c~r.se. The 
r0tort is sas fire. Stuffi!'l:; oo;.:~es, desi~neci to fun :: t ' on ',-..i thout lea:'::ing at 
high te:mperat".lres , ,mable "tatiol1dry l:11et ~)i?es .:l-'1d outlet pipes to be con­
nected to t ~ r"ltort. Tho ' nle;; pip1=3 I car.:oies t~'\ pyrOr:l9t r, ,"U'ld pPnni ts the 
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introdu.ction oi steau or various glses . :L'hp I')utlot p1pC l eads to a. t'.vo-sta~o 
condenssr, t:'1C first s tafo t e ir:g coo_cd by In :- 0:' hot i-atcr , ,",n~ t~e t:; ('.ond 
by cold. \'.?- t ~r. From t~1. :) condcr,ser , tl.'3 $SCS ar.;) fO~'ccd t~ro -:: ell c.:,1 T',?- ';C'r 
scr"c~.bbo rs b:- a. sm.<'l.ll 1'0 tc.r:: pu:rip. The oil Gcn'b';)or i 3 fa;..' r "':-~ov irl'S H:- U ,­

cO:1O.onsed l:'gh~ oils, a~.1d. the wa ';.01' s/":-'~cbor fer- r~ 1ovir..:; a-nnonic, :r-o: CG_ 

uncondens~d Cascs. :~nometer3 at V.:l.t' .:Jus points pc:>:"":",it tho r,1!;Ulation of 
prul3sur;) in tho retort al"i in t ~1.') COl':.i0:1sing rmi s(,1-:..01)1n:; system . ':'ho 
pyromet ",r system is also sO i3Cj.ui?:?ud that an automatic to:.pc!';). ture con~rol 
can be used if this S0u."OS d och'abl03. 

':'ho 6n1s of t~1': r etort a:"6 well ins l ated an..1. t:-.c \,holc Got ' in a 
fi~'e-briclc fur.:lace, :'ro:.1 w:::..::: it rray bo r~ovcd. 0as':' 1y. ::-,c r .:: ~c:'t i3 rotated 
by a 5-OOrs0;3 po ler electric mot;or t hrou.:;h 0. b elt C'...'1.' worm goc.r c..:'.i.ve . 

It is fel t t~1Cl.t the vO:'l~ is .:l.lmost to bo con~idered pioneer work in 
tho) scienti~ic investig3."ion 0: oil c.h'J.los •• \.rr'1.t e.dal is be:'r-.- d3A.1t with 
re;ardin3 \{hiC:1 11 ttlo ia mO':'Il1 , ~oth as to 71<,;:.ho ,1

,,· c-f tr~0 . . n"nt 8.(11 i t3 pro'" 
d'1.l.:ts. For thoso r C.J."ons, tl" • .) Bur ":loU of :111:09 ::.~,;it .;;; C\lJ3.:;e 9ti0::1S or ;;: i ticiGIll 
of a cC'~~tructive ron".!'o E.3 to t~13 ~oniuct of \;h3 '.,o!'~ . H ic. h::'p0d. t~a t 
rosul to ~n be precen :od to ';h" publ:'. c as ra.:::. t' ly a'S 00 t~ i11('1 :!1. .. .'cu ; ... ,}, e '''arj ous 
trao..:3 jO'.1rp.3.1s. T:1.e cOIl::t>lo:ed \."0_':. ::'9 to ~o ti10 sU'!).i"'.::t :Jf.J. b",lllotin of :,e 
Bureau of ;,~"!.nos .-- U . L. . Jur .:!.:..u o' ei!1eS , HOT:>rt s of InveshGat'ons. 
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