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PREFACE 

The purpose of the work hor·e undertaken , was , ot"-igin­

e.lly to study the cho.raoteristics of the oil obtained from 

tho oil-shale of Western Colorado, and to com.pare its 

properties vfi th those of ordinary petroleum. In order to 

do this it would be necessary to distill the shale and 

separate the resulting crude oil into the various p~oduots 

usually obtained, e.nd to examine each one of these pro--

due ts aepara tely. 

Uo·aever, 1 t was not expected in the work here described., 

tha t 1 t would be possible to investigate the whole problem 

of the comrrercio.l possibilities of the oil sh.ales, as this 

is a. problem requi.ring much more material ., appara tus, and 

time, than was available . Consequently, the problem was 

narrowed down to an investiga tion of the ;. roduct.s cbtained 

by distilling the shale with a single given process , and 

in the treatment ot the products., speeie.l attont.ion was 

Fiven to the gasoline fraction. 

The v:;1"1 ter hns much pleasure in expressing his sincere 

thanks to Professor R, D. George, Director of the Colorado 

Geological Survey, for his many helpful SURgaistions and 

kind ussi stance in the p:•oblems met with, und vri thout 

•1:nose i nteres t, the . . rogress of the work wou ld have suffered . 

The :ri ter a lso gladly acknowledge s the e.ssista.noe rendered 

by Doctor J. B. Ekeley , of the Ch'Jmistry Depnrtnr•nt of the 

University of Colorado, hy members of' his staff, and by 

Professor S. A. Hunter, in che.r re of t he State 011 Lub­

oratnry, in r,ivintr assistance and l endi n~ apparatus, 



when neede d; and by other members of the faculty of 

the University , in giving expert advice on v0rious subjects. 
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INTRODUC Tl ON ' 

astounded b y reports that the supply of available 

petr c leu.m oils, especinlly rrsoline, was fast being 

consumed, md thut the end of the 011-,'fell industry 

1 

was in eight " Many .of these reports .-.ere undoubtedly 

exa.p,:(Zero. ted, but Senate Document //310 , sets forth the 

fnots clearly and logically, nnd the conc l usions arrived 

et, probably r ivo the best inei r-ht into the actual 

state of the indust,ry. 

It ls $tated. t :.at the known oil-fields contnin less 

than 7,t'i29,000,000 barrels of oil , and that since the 

discovery of oil 1n 1859 to J1;i.n . 1, 1918, there have 

b -.: on 4 ., 200 , 000,.000 ba1 .. rele of oil produced in the 

United Sta tee. The produc tlon hs.s l"ise:n from 2000 

barrels in 1850 to 286 ,000 , 000 b~rra ls 1n 1917, f1y 

fl s :l:mple ca l culation, it CPln he seen thnt the oil-

fie l ds 1, ill bo c1epleted in 26 yoa:rs , at the present 

rate of prOdt:ctlcn w1 thout allowing t'or a.ny increase , 

11::ioh is l~ound to come -nth the in<,reased use of motor-
1 

vc'!-1icl~s and r H:.1.ohi nes . Moreover,\ during 1916 and 1917, 

otl , leaving only a six m,cm+,hs su .. y l y nbove _zround, tor 

r efininp: . To keep pace ;;1th the incr:3ased derri.nnd, the 

refining industry mus t be enlarged . 2 
Consequently, 

durin? 1918, th<'~ !'€! wore l)u1ltll8 new Pe.fineries brin rrlnr 

t he number to 4'?7, and increasing the ref:i.nicy cap:3 city 

! . Morre"'II-ani.!-ITfloff , r~et .&Chem . Rnr .,18 ,11 , COl, .July 1918 
2 • " n ,, vid.e • 
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from 4,0 /)00 pOO to 490,000,000 barrels ~,or year. 

As the United States is, by far, the lar~est pro­

ducer of pe troleum, and since, according to nany geolop,ic 

experts, the chances .for discoveries of' new o1l•fields 

aro vrJry slight, this11s indeed a serious situation. 

In looking over the possibilities for increased 

supplies of re trioleum,, the m.,1 ted States Geological 

Survey decided to investigate the oil-shole possi bi 11 ties. 

t.mong other loca11ties, the oil•shale area ot western 

Colorado, and eastern Ut t.:<h wa.s worthy of note, and in 
1 

1913., a pe.rty eommeneed wo:rk 1n t:1is field. Previous to 

this tlme., however, a few le.rge :o cmpanies had in-vestige. ted 
l 
.' 

t-h.e poaaibi 11 ties and some had aaquil--ed holdings in this 
' 

a.ren. These private 1nvt~s t1 gat .i ens ·ere little known, 

but, n-o verthe lesa after 1!1:'. lHnchesto.r and bis party for 

the Unites States Geolog1oal Survey had made their report, 

a wild rush was ma.de to wes ter•n Colo1"f).dO end a hunt for 

oil-shale was begun. 

Needless to say,. thore we:re a ;roo. t :many companies 

orgun ized to e,tploi t the shal6, hut n large number of them 

were only stock selling schom~a, and are not not1 doing 

business. A f'ew still survb,e, but, as ye t.,. aotual field 

operations have not been started. A srna.11 experimental 

plant nea:r G:rand Jun:. tion, operating under the new Galloupe 

process, has been completed, and also one near h Beque, 

operated by the Mt .. Logan Shale Company. Aside from these, 

1. 011 Shn.lo in North•wester-n Cclorado md Adjacent Area" 
D.T<,. Ydnchoster , u.s .c .. s, Bullettn 641 F. 



tb.e wr1tel' knows or no .other plants in th1iil a?'e-a. A 

great many laboratories in Colorado an~ Utah have been 

exp r1ment1ng with the shales, aei well as other l •'-' bor­

atories in the Bast, and the Untted States Buveau ot 
! 

Mt nes 1.s at wesent., contemplating the building of e.n 

experimental plant in. the t1eld, probably nftar Gr-0.nd 

Junction. 

A g~at many 1::e-w patents have been issued or applied 

for recently, dealing with the treatment d shale,- and, 

as is usually the case, many of them will probably be 

.found worthless"· For a little fuller d1scu.as1on ot the 

types ot processes the re e.der is referred to Arth~ J. 

Hoskins•B.?'ticle "!be Winning of Oil from Roekstt in the 

ttllininf:7' and Sc1ent1f'1o Freas", 118,21_.'701, for )iay 24 ,,1919. 

Tharef'ora, 1n view of these oond1t1ons1. viz 1 the 

depletion of the s\1pply or- natural petroleum.~ and the 

interest and wild npeeulat.1on in oil-shale, the write:r 

was tmrpted to undertake th-e investigations he-?'8 outlined• 

hor,1ng that the re,wlts obtained might stimulate f·,:rthe:r 

1nvcst1get1on snd :.tntluenee to some degr&$ such further 

deve lcpmen t. 
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SOURCES AND CHARACTitRlSTICS OF THE SHALE 

The shale used in these experiments was taken from 

a lnrp:e quc.nt'l ty ·,hich was sampled r or the Un:t ted Oil 

Company of Florence, Cclori:.~do1 by I oter L1ndauer of Gr•and 

Valley , and \;.·as obtained for this 01•k throur,h the kind 

assist· nee of Profea..,or George. The places .fron, which 

it was obtained nre locatec1 a.long Ps.raebute Creek and 

the "Book Cliffs" formation along the ry~ and River. north 

and Vie st of Grand Valley, Ge.:rtf1$ld County , Colo~"e.do . This 

local1 ty lies principally in IJbwnsblps 6 and 7 $., :, . , 95 ;· . • , 
l 

6 P .l' .. , and is t..t tha southern or south-f)astern bounds.Py of 

the Uintah rasin formation, w·b::n:•n the ShEle out•o-:-op is 

very prominent . Here the shale formation extends high 

a hove the v1-l ley floor, t'orm1ng the top of the so- called 

"Book C1iffs" ,. 

'J'h~ portion of shale t:.sed for the 1'01 • o•;,1lnp.; , toste v.ras 

very uniform in cor:~pos i tion., ""i v1 nt~ a near•ly constant 

yield of b0t•.ean HO and 65 gal1.ons to the ton, wh~n distilled 

in the p11esence of s perheated steam. The appearance Qt 

the shale was massive• dark gray to black with a bro-wnish 

tinge in colot- , and upon clos-er oxwnination it was seen 

the. t. \:\:. was tt.ade up ot ma'l11 small. l.0.'ier-a • 'Wbich varied. 1.n 

color from a light gray, t~ough brown to a dull black. 

V'eathered edfz.es we~•e light gray or n arly vhite , and com­

paratively soft . but this weathering did not extend intc 

the sbe.1~ a greater distf~nce than six inches , and seldom 
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greater than throe or four inches. In hard..'l"less, the 

u.nweathered sh}1le 18 ali i;·mt 4, being easily scratched 

by e. ki."\1fe, and \'.1hen so scratched, 1 t shows a dull 

chocolate-brown, waxy, at1~eak. Its speo1fie gravity 

o.vora .,.es aJ:out l .811 The shale ts very touF'.h and some­

what elastic., resembling a. very :.1.a.rd rubber. lb.en 

broken, it breaks across the laminations,_ und 1.n many 

trials, it ,ms found tho.t not once did it break along 

t.he beddir...g plunt'Hh Its lamlnuted structi,ro, hm1ever, 

1a brou·?ht out very e1ea.rly upon stronp- he.a.ting, ntter 

,h1ch 1. t is ve1-.y easy to d1vide the shnle along these 

lal'l11 na t • ON!h 

After- heat1n!1 , the shF.l.le has a dull black nppoar ... 

a.nee , and will soil tho lingers,- or paper vecy easily. 

'l'his is caused by free carbon, which can be bur~t a.way 

by strong heating in the rres~nee of' n:tr, leaving a 

clayey substrince w1 th the usual compos1 tion . 
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FIG I 

I VI 
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FIG I 

I 0 C IO .. 0 TO 'r 
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IOURE III 

I_ OF UCTIOl PLAT 0 SCr:UB . I 



RETORTING THE SHALE 

D ,SCRIPTIOM OF ...-L..~NT•-The plant used tor the eduction Of 

the oil fre.m the shale is u,..at shown in F1gi.:rres 1,2, e.nd 3. 

It 1e loc.uted in the Lat,oretory or the Colorado Geolopioa1 

Survey at the Un1vorslty cf Colorado, Bm1 lder, Colot>ado,, 

e.nd m:i.s n1•ected in tho eul'nlTler of 1918 by Professor R. D,­

George with the assiot,ance or t,be wri tor a.nd according to 

plc.ns drnv,n u.p by Professor' George• 

The principal units are A, the steam unit; B, the 

re tort \mi t; C, the condensi~'lg unit; and D, the aeru.bb1ng 

unit. (See the fj{.(ures). A desoriptic0n cf' es.eh unit, in 

The Steam Unit··- This cor.siato or a boiler, l,. equ.1ppad 

with a n ter gauge, 2; a :pressur•e gnr "0, 3, a pressure 

ro.lief vulve., 3a, ar:.d t.wo be!iltars , 4 and 5 . The boiler ,1, 

wh.ich is an OPdinacy rff.t.to1~ t,~nk testf.}d to 250 lbs. r.rassure, 

ana having a oupac 1 ty <)f. .bout ten ~:r~llt::ns , is placed on 

n snit:tll iron s tend, 6, lli d is suppltod w1 th wmter through 

pi. e, '7, equl pp,;,,d wt th drt,in-cocl<, 7a" Heater 4 is used 

to raise the steam, whl le ba: ter 6 is used s.s a. superb.eater, 

the steam :r,:ass1ng out tht'ough p11,,e 8 into the superheated 

end t;;rour.h valve Sa into the retort. The heaters are 

u n 1 ordinary Lio~ ~as wator•h~atera, no,4 being size 12 ,. 

w:.~i.lo no. 5 le size L, Both are sup1,lied by pipos 9 ',·;i th 

paint to prevent bur~ing out, ainee the er.il contains only 

steam and a.1::..". The products of oombuetio:n in the heaters 
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are led to the main stack pipe, 18, by t,ipes 10 and lOa. 

The Retort Unit--Th.1s unit consists of the i,etort prioper. 

with the necessary ;eating tiq.,paratus, outlets tor the gases 

formed, and control v lves, most of Which is enelosod 1n 

t,he shell , 1'7 . 'l"h~ rels.t1ve ')osit.icna are shown in figure 

2 by the dotted lines. The ret.ort pro;,,er1 12; was :rqade by 

rolling a piece of ¼" iron i:r.1t.o a frustum or a cone, six 

inc:-·es in dii:imeter n t the top, ~even tnches in dis.meter 

at the bottom crnd 45 inches hirh. 'I'he retort was then 

butt-welded n1d f.1nnges welded or1 at the top sno bottom. 

Tho bottom was c.loset1 by scl1'ew:tng on a plate, which had 

four circ, 101• aper tu.res 1.n 1 t. On trH3 inside of t.hie 

plnto is o sl:tnilur r~le.ta, i'tl:ich, howev-er ,, is not scrEHfed 

tho t·o plates, nnd thua the r0tort can be emptied by 

brin lng the holes tofctb0r , or can he i1ealed by turning 

the lever, 11, so thn t the holes are not coincident. '-be 

top is closed by mei,1.ns of o. plate ta.stened on by set 

Thia steam line runs '!',o within six inches of the b()ttom 

rosette. Pitting Sb is 

t1ur1 io - couple of a. yrometer can be inserted 1f 1 t 1a 

desil•fJd. 1I·he lnstde c.f the retort is perfee tly pluin • 

"!10 r•ot.or-t 1e heated by means of four elrcular 
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bent in the form of u. eemt-c1rcle. One of those burnArs 

is "laced on each side of the retort, s.t .four different 

i. lacea, one abi:mt th:r•ee incl•es from the bottom, and the 

ot:irr thr➔e at intervals of twolve inc·•es nbov& thia. Th& 

burners lead off t'r-om a ccrru:--on rwe s• pply pipe, 13, wr..i ch 

1s in tu1--n supplied with ges by pipe 14a, a.nd with compressed 

air by pipe 14b. In fitting 14, is a cone ffith a s:mall 

ctportu~··e, th1,ough v1hich the a1r is :r oroed under pi-es sure, 

an the auction created by this jet t~=mds to dre.v in the 

gas and form a perfect mixtu.re fer con:bustion. Each 

burner is protected from tbs, burner below by thin iron 

shields be1n.rr, placed nronnd them. 

The vapors fo1--med durir,r.· di.stillu.t1on are led of:'f by 

means of four :~,/ 4 n pipes, welded to the sides of the 

retort, tftO on 1.rch s1.de and st1:. g:ered, • the first on one 

side bein,r 3 inches from the top s.r.d the second 21 inches 

from th tc,p. On the othtc"'l'' side; t.b hirh~et one 1s 12 

inches f'rc,m the top, and the Gth'"' •• 30 inches from the 

top. These a;i.pes e.re desirnnted on the photo-raphs as 

15. 'i1h.ey aro curved to m-~et in a. common main l5e., wr~ich 

is 2" pipe standtng pnrallel to the 1~etort.. This main 

then discharges into el thor- of the 2" tnke•of'te 16&. or 

l6b, according to thA ,iny in which the vnlves 16 ere 

erl.jus tcd. 

The ~etm~t prori;n•, :.1 t;1 the bvrn~ra, sh1elde., v.:q or 

outlets, ttT;d viir;or mH ns , a1•~ e.Jl nnclosed 1:r. a sht~ll, 

17, m•.de ·up of t o thin sheets of ir-on with a sheet or 

asbest s b~tw~en them, and p.rovided with fl dcor-, l'7a, 
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and p•ep-holes, l?b, through ithioh the bu?{ners can b$ 

lighted, and their beha.vio111 observed, The products ot 

combustion rro:m the bm:•ners are led o.ff throu.dl the pipe 

18, [md into the stack., by means o~ a slirht auction 1n 

the stack. The whole unit is set ui~o:n a brick foundation 

and 1s provided with an nsh pit to care tor the spent 

shale., 

'l'he Con.den.sine Un1 t- ... The eondeneinF unit consists et two 

condense1 .... s, 'ltiz., an air con,~ensar , 19, and a water 

condenser, 21. The air ccnaanser, 19, ie a sheet iron 

cyl inder ,six inches in diameter and M inc:,,ee high. !t 

1s provided with a s1[1'bt ... r,.: lo.sa, l9a,, tclnd tiith drain eock-s" 

19a, set at different levels. Th.e pipes 16a and 16b, lae.d 

nearly to the bottom of t ½e condenser, &.nd the ve.por& are 

then allowed to r.iae in the eylind12J 1"' , w~~11e any part 

wr~ioh will condense colleets Ht the bottom cf the. cylinder, 

and is dr·awn off• The condensation is oau$&d by the tem.­

perature of tho scrt-ound1ng a111' 1 no cooling -wmte.r being 

used in tri a ease. 'J.'h.1;.~ vapors not co11de11sing here, are 

drawn off through t,he pipe 20a, into the header, 20, where 

it is divided tht"'ourh four 3/4" coils, 20b, Nhich a:re 

in,•--erse<1 in -unninp,: water., suppli~)d by faucet .. 22, end 

taken of'f by eiphon 22u.. The four- c0: is lead into a 

common receiver, 21a,. tthioh is a .l!lmall iron tank, e inches 

1n diameter a.nd 24" lonr, b·~·ers$d in the tank, 21:, 

Thi receiver has t .. dra ln cock, 21 'b, by m~ans of W!11ch tha 

liquid collecting 1n 21$, c~n be d~a ·n off. 
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The vapors and gases still uncondensed $.re led oft 

by pipe 23, to the next unit . 

The Scrubbing Uni t•-This ,mi t consist,s 0£ the oi l 

scrt,bber, 24, and the ammonia ac:rubber, 25. The oil 

so1•ubber, 24,, ia a on.et iron c-y11nder, 4 incr::~s in 

diameter and 28 inchea h!.12h, having a drain cock; 24e., at 

the bottom and equipped with an oillll!Jservoi~ .nd feed, 24b. 

Tho cylinder is £1 lled with pebbles and the pipe 2·3 leads 

nearly to tt.e 1:·ot tom of the cylinder•. The gpsee t.h~n 

bubble up throu.gh the pebbles, meeti:n.:" th.e oil from 24b 

a.s i.t tr1cklca down Ov'3r the pebbles . Thie 011 sboorba any 

gasoline which may ho l~ft "n the .f"ix:~d c·!1s.-➔ a . The o:•-1ses 

tu•e led into the next scrubber by tho 91pe 26_, which as 

before, leads nearly to the bottom of the serubb4!'.tr, 25. 

Thie scr,:bber ie 4 inches in diameter' cmd 30 inches high. 

It is ta.de or aheet le$.d, end while dea1gn.1ed for an ammonia 

scrt::bber•, it may be used as an auxilinvy oil scl"Ubber. 

For use as nn ammonia sc1•u.bbo1"' 1 t is partly filled with 

pebhles and a d·l.lute solution of aulphuri.e ooid used as. 

the scrubbing medium,. This sor•ubber ts equipped with a 

drain ccek _, 25 , ~mo 'i th e tube thi"ough Which tb,1 tank can 

'be filled. On this ti.:l,e 1s 1 lo.ced tha vacuum gauge 27. 

The ::;top cocks 2&/J. r.nd b are ueed to test the euot·•~on e.nd 

also to sample the gases at those ;laces . 

1e p!lses from the last scrubbf3r, are lad off through 

i,ipe 29 by l""EH1ns ot a small suction p~p "1"ld are wanted up 

the stack. This small rmctlon pump 1e connected directly to 

the aeries of' pipes; and by means of it, a slifht vaauuxn 
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is ma1ntair;ed in the syst~m constantly-ii 

Description of ·rccess---To prepare the shale for distill·• 

s.tion, 1 t is cr-ushed to approxim~te l y it: 11 size, and all of 

1 t is used, ineludi n" th -"1 du.ot.. The plate over- the upp-,r 

end of thtJ ... e tot•t 12, is ::•emov,)d nnd bo1:1t five pounds of 

fin send is pvt in the bottom of the r e to1"t to act as a 

seal against air comitig 1n at the bottom. The shale 1s 

then put in on top of the sand, tho s12;e of the retort 

1B rmitting the use of about fifty pounds of crushed shale, 

The plate with tho steam pipe, 8, is then replaeed and 

fasten-od on ,;;i th fcrur cap eerews • tho ,1olnt being: sea.led 

with n thick pasts or 1:1. tha.rge and glyeerll"le, which soon 

hardens leavh'lf' n r.a.s ti ght joint. The steam line, B, is 

then co~.neoted to the boiler thr•ough tho superheate~, and 

the boiler l, !'illed t:,bout two-third.a full of 1nater, from 

water line 7a, as shown 1'7r stc:ht-R"aureJ 2. The pressure 

relief valve, 3a , is set for r~ bout. 20 pounds prestm:re > and 

vo.lve 8a, is closed. fill oil is t•emcved from receivers 19 

and 2la, a nd the tank 24b ts fill"'d r.tith an oil C01"t"es .. ond-­

ing to 0 straw 011 n. Th.e ra.ucet 22 is turned on ao as 'to 

run water throuI?b the condenser tenk 21. The burner-a, 

13 a,b,c, rmd d, nre now lighted, end th,:) ail" r;resaure in 

line 14b, so adj13sted that the flama is Just non .. lum1nous, 

and the ehnle ie thus heated slovily at f1:rst. Shortly . 

e.fterthe heating is begun, tho vacuum pump connected to 

line 29, is sturted and a vacuum of' 2 inche$ of mercury is 

maintained for scm~ tbe, When the vapors tend to leak ou.t 

the bottom or tbe retort, the v~cu.um is increased until no 



leakage is ap;pax,-ent, which usu~lly requires a vnOUWJ'l ot 
about 5 inches of' mercury. This vacuum is rne.1n1'.a.1nea 

in order to dro.w the v11por out or the re tor t and to 

overcome the pressure of the oil in thG scrnbbors. 24 and 

25. As soon as vapors begin to pass ove~ , as shewn by 

their escape through cook 28a, when it is opened• valve 

26c is opened und th& oil in 24b allowed to tr~ekle over 

the pebbles in the acrl1bber 24 1 thus absorbinrt P...ny light 

qs.solino left in tho viq,ors.. Vihon t.he oil has completely 

drained out of 24b, it is removed f':rom the scrub~ra 24,, 

and re laced 1n the ~eservcie 24b, snd the prooeas repeated. 

Afte1-- the t,eati:nr has p:"oceeded abC"tlt fot-ir honr-e 

e.nd th , tem.peratu't"o is , bout 30o°C • steam is generated in 

b 11er 1, by means of hee.wr 4 1 and wben the p-reosure ha.a 

reac1.ed 20 ,i-OUDds I the su:t,erheater 5, it turned 011 end 

vo.lve 8& opened, o.dm'l tt1ng superheated steam into the 

retort, 'J.lh1s stewn diffuses up t.hroui~'h the shale, and 

tends to i_ncrr1til.Se the quantity i~nd quality of the oil 

obta~nod, bEH-1ltles affording a vehiel-0 for the removal ot 

the ve.~ors formed 1n the retort. 

The heat is inc-r•eased, when the stesi.m is tnf'ned in, 
I 

by ad.ding more air to the mixture. The retort is heated 
0 just belov, a dull read or about 500 C. for six hou~s 

longer, after which time the heat is turned oft"'. The 

vaouum pump rune fer about t'1'enty n11nutes additional, 

aft.er -;,hich 1 t is turned off and the run dilc!continued. 

After cooling, the retort is emptied through the 

bo tom lf:'lntes,. by pulltnt the lever, 11, i1hic~h brings 



1.6, 
the holes of the two bottcm elates together. Tho spent 

she.le i a 1,revented frcm cal,;ing 1n the re-to1•t by keeping 

a suff1C1"nt surJPl.l of superheated steam going through 

the shalo. Al.together,. the water used in the fom o~ 

superheated sterun is ab(mt 150% or the shale in weight. 

It is probable that the co.king n the retot't eould be 

avoided 1r the shale ~~e kept in motion. As the retort 

used was not equipped fol' such e. teot. no data t>n this 

could be obtained. The condensed oil o.nd water 1.s then 

dre\'111 out of roeeivel"S 19 and 2lu o.nd is allowed to eepe.rate 

into two :Layers., th~ rrn.te~ g(;ing to t.he bottom and the oil 

remHininn- on top. The ft'•tter ls then drawn off and is 

knor;n os 0 n:mmonia-water1t • ,1hile the crude oil ts then 

tteady for treatment.. • Tbe "ammonia-water« w111 be dism.1ssed 

Results of Tests on Distillation of Sh&le 

Test 't!o • l 2 3 4 5 6 Average 
\'1.eif"ht or s";ala •·sed, pound$ 55 52 50 50 45 50 50.S 
Length of' ~un, hcu1~a ll.26 10.5 10.0 10.5 10.6 10.0 10.46 
Water used us e•·pe.rh.e!ii ted • 

steam, pounds 90 80 85 90 85 80 86. 
011 :r>-eC<.lvered, cc. 6500 6200 !.000 6050 5800 6000 6091117 
Gallons ctn~ ton 62.8 e~ .. s 63.7 64 ... 3 54.l es., 
Qrav1 ty, • 0 Beaume , 2fL,8 2th6 2?.0 2f1 ,9 2'7.0 2r/ 11.2 

CHJ,f, ACTER I STI CS 01" 'l'HE SHALE"'O!L 

The erude ehal$ 011 M taken from the receiverJ, is 

very dark in color• being n•arly black, with a brownish ~ed 

co.st, and 1 a with out noticeable fluorescence. The odor 1s 

unpleasant, althot gh not ex.tre1ricly so, o.no suggests emlphui 

and alkalo1dnl bases. The setting polnt of the cvude oil 

is very ll ttle below ordinary room temperature• being ab.out 

0 ( 0 ) 18 C. 59 F •• 

63.65 
26.,9 
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more pe.rt1.cularly glass, a reddish deposit is formed:~ 

%is deposit contains some sulphur and a lit,tle nitrogen .. 

lt 1s insoluble in water, gasoline, acids, and ~lkaltee, 

but is ver:;r ee.e:!.ly dissolved by alcohol. 



FIGURE IV 

OT!O 'l'I :G TILL A'PD C ONC ENS}: 
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FRACTIONATION OF TUT:; CRUDE OIL 

The next step in the treatment o~ the oil is the 

frac tionaticn or sepo.ratlon into its various components ,. 

su.ch e.s g:.r,solino, :terosene , lu.br-icating oils _. etc . This 

is accomplished b:r means of the apparatus shown in figure 

4. A ls the still , 8 inches 1n diameter e.nd 20 inches 

lcng, t1ado of 1/le't \U'·ou;-ht iron roll~d to form a c~l1ndel" 

and l ttp-w&ldod; a flange, F', to wl1ich a pli::tte { not visible 

1n the photograph) ts fastened by meane or oap screws . The 
joint is l'l'li:'.de ti ,:(~1t by a liberal application ot 0Sm(-:ioth-

onu Iron c :ment No . 2. Thie still A, is pl.aced on a s trs.p­

iron stand, s., end 18 1,eete.d by maans of bunaen bU:rners, B. 

At the top or the still , a.,:c1 abcn1t the eent;..11."., a '1/Btt hole 

we.a drilled and a l • inoh sleeve , F,. ·r,alded over the hole . 

To t h ts sleevo 'W&S fi t t,:'.Jd. e. short nipple ., on the other end 

of which n-as pie.cad a 1- 1:noh tee "' 'l".ha upper end of the 

too was closed by means of a large ci-:rk,, C., containing a 

ther:m.ometer D, which extonded down to sibout the bottom of 

t h.'9 too. To the side of' th~ tee ~L e f'i t t.od a 1 ... 1nch 

stre~t-ell 1-:;ad:1.ng into the pipe E, which ·i1as conr,.oeted 

to the coil <£ the condenser G_, by ?':Pans of the un:l(·n H. 

The pipe 'E. is ½ inch and ls f1 tted to the 1• 1noh street• 

ell ~· mdnns of a. l x. 1" bushing, t:1.nd a bout six inches 

t:1bovc the unicr.., H, ripe E is reduced to ¼·- 1neh 1n size . 

The co":. den eer G, is an ordi1...,ary 1: 1lock tin condense:ti as 

ftrnished by the chemistry supply houses , and measures 

8 1nc""1es in dfa'l'let-er $lr,d l Q 1n<,1·1es i-1 • gh • The reservoir 

I is f or the 1n-crcduc tion of cooling water i nto the con-



denset• rrom the tauqet, J ;smd K in tho •«aste-pipe fer 

the cool1nt water . 
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De!?or1ption of i·roceaa ..... rro till the sti 11,, the cork C, is 

remc.ved and a measu:red amount of th~ crude oil put in, 

atter wh ch the co:r>k C is replaced and the joint made sate 

with a thick pnat.e or linseed 011-rruaal and water, ,1111ch hardens 

and prevent,s the eaenpe of the vapors. The burners B, are 

then l ghted anc turned very lcw at .first - A receiver 

i , rt under to receive the distillate• The tempera.tu.re is 

e.llo-,1ed to 1'iBf:') gradually• a11d the first fraction d1still1nR 

over is the g~soline • Vt11en the temperatul'e reaches about 

9500., the boiling point of. a.tar at this altitude (5,350} 

there is some '*bt1mpin-3" in tho still ~nd a small quantl ty 

of water which was still ·mixed with the oil comes over and 

settle to th~ uottom. Thls wP .. ter is m,naaurod and 1 ta 

amount subtracted fr(m the amount of liquid put into the 

at.ill, f.~ivlng the qut~nti ty of :··ure crude oil used . 

"iverythinr distilling over below 200° C .{ 392°F.} 1s 

constdered C"f•soline , e.nd when the thermometer-., D, registers 

that t-mperatu:~e the receiver is changed. The fraction 
0 0 o ~ 

dist,i llin.g between 200 C rind 300 fl,. ( 392 F1 and572 F) 1s 
0 

r.rbe next fraction., between eoo C • , 

tor lubricating oil, and is c:i.lled "e9.a-011••~ It is used 

for .., riching . ntor-gas , or riay be crackAd to fem mo~e 

gnsoline. After these fre.ctions ar•e ta.l"·er: otf • the con­

denser:, o, is disconnected at II, 11nd the nex.t tro.et:1.ona 
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cooled by the air surround'lng pipe, R. The lubrice.ting 

tra.c t1 ons are separa. ted i71 rri: vi ty « When the rravi t7 ot 

t:1.e distillate reaches nbout 2e0 Be • ( . f86l) the bux•ners 

a.re turned o:f'f nd the contents of tho still allowed to 

cool .:.,omewbo t. V.hen c ooJ. enougb to handled they are 

dra.wn cf r througll drain cock, M1 and put Into an orcina.ey 

2~quart mercury retort. This retort is then covererl and 

sec.. led and heated in a metallurgieal furno.ee to dtt'yness • 

Tb.a distillate of this last rrooess is the hesvy lub:raica.ting 

oil, acd t:-:e residue in the retort is pet:roleum-coke. 

The reasons for ca.r1.~ying out this ltz:.st f'raotio·ne.tion in 

this m1:.1;ner are =-the er-eater ease vri th which the retort can 

b~ !-:ec. ted, the [:'rem.tor rea1stt~r,ce of the mercP1ry retort 

tho inoide or t"1!~ •I"r-Jtort f'or removinr the coke formed. 

This eeks 1.s g,lossy black in color, very brittle and must 

be c'·•ipped out of the retort. It is nearly pur.e c~.rbon 

also be t sed for fuel. as 1 t burns like orcl:tnacy coke, but 

f_ivinr mol"e boat. o.nd let1vin1: practically no a.sh. 



RESULTS OF 
Test io . 

.ACT!ONATIONS 

011 Used, c.c. 
Gravity 

Gasoline~ cc. 
Percentage 
Gravity 

Kerosene _ cc. 
Pezteento. e 
Gravity 

Gas Oil cc. 
Percent ge 
Gravity 

Light Lubrice.t1na 
Percertage 
Gravity 

Heavy Lubricating 
P reer•t p;e 
Gravity 

Coke• $;. 

011 , cc. 

011, ee . 

l 2 3 4 5 6 
6500 6200 6000 6050 5800 6000 
26 . 8 26 . 5 2?.0 26 . 9 21 . 0 27 . 2 
1000 900 900 910 &90 920 
15. 4 14 . 5 15 .0 15 15 16. 3 
51.0 51 . 5 61. 0 51 .0 50. 6 50 . 5 
2100 2000 1950 1970 1800 2000 
32 . 3 32.t 32 . s s 0 5' 31 . 0 33 . a 
36.0 36. 0 56 .0 36 . 5 35 . 6 ;35 .~ 

' 1500 1450 1360 1550 1600 1200 
23 . l 2-0 . 4 22 , 5 22a 26 .0 20. 0 
33 . 5 33 . 0 34 .,0 33. 5 33 . 0 34 .0 
1100 1000 1020 1030 900 1100 
17 .o 16 . l 17 ,011 e 15 . 5 18. 5 
5o .o 30 .0 30. 5 30 . 5 31 . 0 30.5 

650 700 690 700 550 700 
10. 0 11 . 5 11 . 5 1 9 . 5 11 . 7 
24 . 5 25.0 25. 0 25.0 26 . 0 25 , 5 

2 . 2 2,5 l . 5 l ,5 2 ,7 1 . 4 

CHARACTERISTICS OF THE OILS OBTAit-'ED 

Av:e:rage 
6091 .7 

26 . 9 
180 

16 .1 
50 .t 

1970 
32 , 65 
35 . 8 

1391 
22 . 9 
53 . 6 

1026 
16 . 8 
30 . 4 

665 
10 . 9 
24 .8 

l. . 97 

The va.riou.s, traotiono or the oil obtained by the 

fractionation were pvt togethor" all the gasoline fraction! 

being comb" ned~ a.11 the kt.u•os~ne fractions combined,. and .so 

on . The proport1ea of each of the crude .tre.otions were then 

e.scertnined. 

Gasoiine. • The gasoline frnotion was n very limpid liquid, 

ot 51 ° ::'e . ( . 7735) c-.ravity. and of Et yellowish color . Upon 

standing the colcr deependd gradually until it was black, 

and at the same time n purple deposit was left on the 

glass, This deposit hns been spo-ken ot beforJ,. and is 

soluble in nlu.mo ~ 
. , 

Keroser . -'Phe kerosene res-0mbled the gasoline very closel.7 . 
except in that it hns a be ut1ful purpla fluoreseence when 

firs t distill d, and was not quite so limpid , Its colo~ 

1 . Page 17 



was a deeper yellow ths.n that of the r;asolin~, and,, upon 

standing, this chnngod to a color :much darker than that 
0 

of the gasoline,. Its gro:vity me 35.5 Be. (.M6) 

Gaa 011. -'t'hie was ttill h$avier and de.x-ker in color than 

the kerosene, f.!nd on str-.nding turned black. !ts gi-av1 ty 

was 33.o0 Be. (.869) 

Light Lubr1oatt,g Oi:'. •Th1i oil crur.e ovar very dark .1n 

color, althourrh the drops appeared to be lir,ht ~ed. '!'he 

snroo deposit on the glnss was noticeable, end the oil 

became black on standing. Tba gravity of this oombinod 

traction wns 3o.s0
&,. t.8'723). 

Heavy Lubi-ieating 011 .•This oil was ~ black when .f1-i-tt 

obtained in the receive~,, On at::..:..nd:lng the same deposit 

W(;l.S left on tho l§laes. Tho Tnvity was 250:se .. (.9032) 

used to 1 .. arnove the lipochrom.e s, or eolored aubste-.neesfrom 
l 

he oil. rr•i,ese nre,(l) tho dostrnction of the colol'"ed 

compound which 1s easily soluble 1n stffphur1c aoid, water, 

or sodium hydroxide., and, (2) the absorpt.ion of the oolo~ed 

s-ri.bftanca by some absorbing agent such as fu1J~l" 1s earth, 

chnrcoal or clay. 

The oxidation of s.n oxidiza.ble 11poch1,ome b'y potassium 

p r-ma.ngana.te or potnssiurn dichrom.ata ,,c 1.1: d be an example 

or th. first process,. r:hile the decolo:riznti~ cf oils by 

f1;lhn .. • s t1tJr..,h .·muld be an eRoJnple cf the so<.H.,nd p:rtoceas. 

I. enemietry o'l tfie·"o:tl Industries••, .; .. E. Scuthcomhe. 
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These processes would be used either with or 1111thout 

the aid of heat, in :most oas-es. Consequently the tests 

have been divided 1nto tour sedtiona, viz .. , ag1 tat.ion, o~ 

treatment .,11th a reagent 1n the eoldJ £1lttat1on#' a t.reataen\ 

with an e.bso~bent tnibstan¢f) both hot and ooldJ distillation, 

or treatment ri th ooth chemical and absol'bing reagents with 

the a.id of heat; and miscellaneous tests which tall into 

none o'f the three foregoing clnsaes, or. wh1eh a.re eombin .. 

ations. A description ot those tests, 1.n order, will be 

v-iven., 

Tests by A;;r1 tat1on .... In prepe.1 .. ing the gasoline for tho tests 

by agitation it was re-distilled in glass; and the fltaction 

coming over up to 200° C. ( 392°F.) W$.S used. Any x-es1due 

above that temperature was put into the kerosene traction. 

All of the toll owing tests w$re made in glass I the mixtUzte 

being ag1 tated by eompress~d ail". 

Test No.1 

200 cc .-of' gn&oline •e" put into a 500 ec,-graduate, 
and 10000 or conoentrated (l-,84) sulphuric acid 
added. The ~radue.te was put in a battery ja.:r tilled 
with cold wa te:r, ~d the mixture agitated for thirty 

• minutes 'by means ot oomproeseed air~ Th♦ mixture wae 
then allowed to settle tor six hoUl"s. It' was found 
that the ac1d had increased in volume to 216 cc. and 
the oil had deoree.sed 1n volume iiO 64 co,, th'U.8 giving 
a loss ot 58% to the acid and 10% by evapo:ratio:n,.or 
a total lose or 68%. The oil remaining wae decanted 
of'f, and agitated for thirty minutes withe ooA_{4~ 
of the ori,einal volume} of eaustie soda of l4""'Be. 
A""ter settling a further loss o:f 2 ce, or 1% waa 
noted. The oil rvae ver:'- clear; but showed a slight 
-yellow tint. by reflected lir;rh.t . Upon standing, -the 
oil developed a lemon-yellow cclor, wh1oh petrsisted 
for several weeks. 

This test woulcU.lltdicate that 68~ or the gasoline 
traction was composed of unsaturat.ed hydrocarbons, 



o?" componnda soluble 1n concentrated sulphuric 
acid , and l~ of acid or phenolic eom,pcunds. 

Test !O• 2 
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100 co .or the gasoline was agitated tor thii-t,­
minutes with 4, of concentrated sulphuric ac141t 
After settling the sludre was drawn off, th~ gas­
oline washed,t and then agitated ,iith. 4j of caust.tc 
eoda { 14°Be. 1 tor t.hirty minutes" ~ Neul t1n~ 
oil was yellow 1n color, and,- on .atanding,d•veloped 
a deep red oolcr- which persisted. !he total loss 
was 221'. 

Test No. 5 
' 100 ec-of the gasoline 1i\la& agitetad for thirty 

minutes with 10% or h:,arochlor1e &cid (1.18), settled, 
washed ·,,1th wRter, and again agitated w1 th '" or 
caus.t1e soda,. The result!n~ gt;.so'line fflis ddep brewn 
in color, aibd after r:1 few days had turned to black. 
No depoe i. t was .l.ef t on the p-lt.rs ware atter treatment., 
Total loss 1n .ref'lning wa.s 12;! .. 

Test No. 4 

100 cc• of the gasoline vi:Hi ag1 tated tor thirty 
minutes w th 10% of ni ti'!lc QO:id ( 1.42), settled, 
washed with wate~, and ~~itated with 4% caustic soda. 
The re-eultiug gasoline was of a bright red color, which 
changed to a darker re-d on standing. No depoei t was 
le.ft on the glass are. Total lees in :re:rtntng was 14,t. 

Test No. 5 

100 cc" ot the m-1.scline was acite.ted. for thirty 
mlnuttlS With e~aqua ?'eg1a" , ma.de b7 mixing one part 
of strong n1 trie acid w:1. th throe re..rta ot st?'ong hydro• 
chlorio ao 1 d. The t'•as oline was then washed with wa. ter • 
o.nd again agitated wtth ,4~ caustic soda., The r>esult• 
ing oil was deep b-rown in color, the color pere1st1ng 
on ata.11ding. Tlle total loss in refining was ai, 

Test No. Eh 

This is a repetition of test uo ~- 5, ue.ing 10~ tt 
He.qua re·"'1art • 'fbe resulting oil wt.ts 11,,.ht b:rown in 
color, che.ng1ng but sliphtly on standing. The loss 
in refir:ing waa 11 however , 13~. 

ifest No. 7 

100 cc-of the gasoline was up--itated for thirty minutes 
w1 th 10% of strong a.cetie acid, and settled. No action 
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•as apparent. '!'he gasoline was then e.gi tnted with 
4% caustic soda for thirty minutes. A loss or 2% was 
d1seern1ble. The color· of the paeoline was not changed. 

Teat No. 8 

100 ec. of ~he f!laSoline was a cri t .a.ted for thirty m!.nutes 
with 1oi of aquem1s; solution or tar.inic acid. Attar 
settling, no chnnr-e was noted. 

Test no .. 9 

The earne oil used in teat No. B, was agitated for 
thirty n1:rm.tes with 1oi ot sodi1lm e.c1d earbcmtAte , UaHco5 • 
At the end of thls time no change 1n the oil waa noted. 

Test No. 10 

fest 

100 cc .or the gs.sol Lne was ~!71 t.ntec1 for thirty minutes 
with 10,;; t:>f a conc.entratecl solution of. pot,f,l:SSium di• 
chromate. Th6 oil wi1.s soft.led and a. redd1&h eoloti in 
the oi 1 noted. Th:l oil was th.on ag1 t.a ted :Cott ... h:trty 
minutes with 476 ot caustic s◊d-Ell. rrba oil t>ad acquired 
a dark-brown eolo-r, which i-ers1eted. fhe loss in 
refinin~ was 41 .. 

1(•,~ od. or the oil wae agitated fox- thirty nt1nutes with 
10 ~ of an c.queous solution cf potassium perma.np-ana te . 
'fhe o:tl assumed a vu-:. ple color from the per)Jla.ngana. te ,. 
which was changed to a dark brmrn color upon ag1 ti,, tion 
with 4fo of c.austio sode. ;•or thirt7 minu.t,es. This eolor 
persisted. The los$ in rot'1ninv nae 4%'. 

Teat No~ 12 

100 cc. of the oil was agt ~ted wttb lmt of a concen• 
trated .solut on of potassium diohl:'omate for thivty 
Minutes . After settling, 1 t t-ms again agitated with 
4% of concentrated eu.lphUrtc acid, settled,, we.shed with 
wnter, e.l1d ar~1 t,ated w1 th 4% ot caustic soda solution . 
The color was yellow .changing to a dark b111own on stanc.• 
ing. The lose ln t.h1s treatment was 201& or the 011 . 

fest No+ 13 

100 cc .of the gasoline was ap:1 tated for t.h1rty :minutes 
with 10% of e. solution or potassium permanganate , 
washed and agitated with 4jt or oonoentr-nted sulphuric 
acid for thirty minutes. It was again washed , than 
ar:1tated with 456 of caustic soda. '!he results weNJ 
the snm.Ei as those obtained in tee t No. 12 . 

To~t No . 14 

100 oe . or the 011 .waa agitated for thirty m+nutee 
with 6% of an oxidizing mixlure mQde up ot six parts 
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of I,,Ot,as:sium. dicbroms.te, five par'\s of eo,c<tnt:reted 
sul.phurie acid and th1f't7 .11 arts ot water. Af'ter 
settling the oil was Wft\shed and a~itst.ed wit,\! 4~ 
of caustic sod l • The resulting oil we_s b?to·,vn in 
color . The loss by this treatment ~~s 14~. 

Tes\ Ho. 15 

100 cc. or gnsolirte was agitated for thirty minutes 
with 6% of e.n oxidi zin1.r mt x tuFe r.tade up or thirteen 
pal."ts or 1 otassium perman-::-anate, twelve paxwts or con• 
oent:rated aulphurtc ncid n.nd 100 parts of we.tier. The 
011 was agitated, nf\er sett.line, wi th 4~ of caustic 
soda. The :resulting oil was dar-k b:romi 1n color. The 
loss ~vas 14~. 

Test No. 16 

100 cc. or the oil wae ai71.tate.d for- thir-t:y ndnut&$ 
w1t.h iot at at~onr chlorine water" ~ oil was 
wo.shed• and a::tit.filtod with 4~ or eauetie aoda. The 
res· lt1ne oil was yellowish brown in color, and dark­
ened upon standing. The loss wae 5%. 

Tost No. 1'7. 

100 co.. of the oil was ap;itated tor thix-t-y minutee 
w1 th 2;( of' concentrated { 1.84) sulphuric aoia,. 
}:ashed; and agitated .1th 4~ of cauatie soda• The 
oil was yellow in oolor1 an.• d deepened slif.shtly on 
stnnding, ttu-ning ~inal~y to a brownish ~ed. Loss 
int reatment was- only 7%. 

100 cc. of gasoline ,"18r~ put, int¢ the agitator and 
4 grams or z,ne duet added. Th.is wrs then treated 
with 10 oc .. ot strong aeetie acid. The evolution 
ot hydrogen was allowed to continue tor about twenty 
minutea, and the mi ,cture was rtp1 teted. with air for 
fifteen minutes. No cnnngo in the oil was 11oticeablet. 
Tho oil was then washed snd ry:1 tated with cnusUo 
coda. . The result1.ng oil wns still v-eey dark. rhe 
loss in this treatment w~a 4% .. 

Test No. 19 

100 co. of tt1e oil was ar:i ta ted tor thirty minutes 
with 2 prams of pott1ssium nl t:ri te nnd 4 t'H1t-of sulphl:wio 
acid. The oil rH .. pear,ed ?reen on ac.oount of' tho dissolved 
n1 troue acid f'Dmes. Upon wa.shinlit., or stending for a 
short time, this color ia re-moved. The oil was then 
wnshed with 41' or es.ustic soda. T'ne resul tinp: oil 
was dnrk b?'own 1n col¢T'• teas was 20%. . 
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Test No. 20 

lOO co. or the oil was aeitated for thirty minutes 
tli th l°" of nn a..queous solution of stannous ohlc:ride. 
The oll was then n~:.shed with water o.nd &fJ!::itated with 
2% of concentrl!t@d sulphu.rie acid ,; after 11hieh 1 t was 
washed and ~1tated with 4% of caustic soda. '!he 
resulting oi.1 we.a b:r-own in color- and darkened on 
st=inding. The loss was 8"• 

're§!t I Np• 2}-

100 oc. of the oil waa agitated for thirty m1nutes 
with 105' of hydregen perox;ae. It wat1 then given 
the usual t,rentmant with 21a ot S\1lphur1c oo1d and 

~. of oaustie soda. '!'he resulting o1l wna dark 
yellow, 'llh1cb color cha.nged to a dark brown on 
standin?,. The loss was 8~. 

Test No, 22 

l0O cc, of the guaoU.ne was ar,1 tated tor thi1"tJ minutes 
with 6% or a solution of fex-:rous and copper sulphates, 
and sodit1m chloride , :r:tade ac1d with sulphuric acid. 
The oil was than agitated with 4,t of osrust10- soda. 
The :result1ll8 011 waa dnrrk 1::>rl>wn 111 coloP . Loss \Tas l~. 

These f'o-Pegoing tests d1tfor mostly in the acid con-

stituent used in the treatment. Tho alkali. treat:m~nt waa, 

in each case• accomplished with 4~\{ of caustic rode. of a 

g:ravity of l4QBe. Tests 10 to 16, 1nclusiv$,,e.nd ~11 were 

tests usinr.; oxidizing agents along with the usu~l $.01d 

and alkali treatment.,. h11e tests 18, 19., e..nd 20,. were 

made using redueing agents . 

Of all of th1,se • the tre·a tment given in test 'No, l'l 

seems to be the most sa.tisfaetocy. Th_.:) color or the 

gasoline obtained 1•18.S as -~ood a.s that obtained in any othe:r 

teat, the loss in treatment we.a eompa.r1:ttivel7 amn.11 1 due 

to the U""e of ouly a small a.mount cf ao1d., which al$0 

:roduces the cost or th~ treatment. 

The oo1d treatment. ot test l?, 1 .e. 2% of conoen• 

trated sulphm?ic rieid , ls therefore wkan as the basis tor 
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st.ituent used. 

100 co. or the a;s.soline was apite.ted w'ith 2~ ot eon• 
cont.rated ( l .84) sulphuric eoia. settled, i;mshed with 
water and a;:1 tated for thirty minutes with 4~ of 
c.e:uatir; soda of a g:rs.vi t.y ot 5C Be• The rest1l ting 
oil was de'ci:dedl7 yellow in t"Olor:, and,.. on standing,. 
darkened to a brown. The lv ss in refin1nl7' was S;t. ~-

Test No. 24 

100 cc. or the gasoline was agitated lTith 2% or con• 
eentro.ted st:ilphurie rotd, sett.led• washed with water. 
and then ~itated for thittt-g minutes with 4% ot a 
ct.tus-t1o soda solution of 40 Be• The resulting oll 
was ligJtt yel • Ott in color, and chenged to a y~lloi.dsh 
red on atand· :ng. Tl-ifJ loss we.a '1%. 

Test No. 25 

100 cc.or the gasoline was ap:itated for thirty minutes 
rd th 2~ of coneentrat,)d eulphm"iie ae1d 1 aettle.d,: washed, 
with water~ then .agitated with 2~ of e. e-uustio soda 
solution or 40°Be. The r-oaulting 011 was of a light 
yellow color,. deepening to e. yellowish red. ss in the 
preceding teat~ 'fl'u loss waa 7'1.,. 

Test No. 26 

100 c<l.. of the ge.solini, wei.s s.rite.ted with 2% ot con• 
cent?"e.ted sulphuri.c acid, settled, washed, and then 
a,dtated with lot ef e. sattvrs.ted solution ot salt. 
The resul t:ln,e oil was brown, the color de-epening on 
standing. The loss by this treatment wa1;J ,i. 

Test No. 27 

100 co• oi" the gaaol1ne Wtis agitated with 21' ot con• 
centre.tad sulphuric acid, .settled, washed, and egi te.ted 
for thirty minutes with 101' of e. satu~a.te~ eolut:to:n 
ot aodf.um biee.rbonate. The oil r1as or a ~rown oolor, 
which deepened on standin&:• The loss wf.,s a?t. • 

Test No. 28 

100 co. ot the gasoline v1ae a_~itated f-,r thirty minutes 
with 2% of conc.entttated sulphuric e.c1d 1 th~n settled 
and wa:shed wtll 11a.te"r. 10 ec of a satur&ted solution 
of sodium carbonate was a:tdded, and the mixtuz-e agitated 
tor thirty minutes. The resul t1nr oil wae br¢twn in 
Golo:r , which color persisted. The loss was~. 
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Test o. 29 

100 cc. of the g soline was ,1tuted for th1rt 
minute 1th 2% cf concentr ted sulphuric cid, then 
~cttled, washed wi h water, and a 1tated for thirty 
mi n tes with 10~ or a saturated solution ot te-rr1e 
chloride. No ohan·e was not d, hich was due to the 
f erric chloride, elthou~h the 11 hae- assumed a r$d 
color. 

Test o. 30 

.e em 1n n oil from teat 29, • ~rth r a 1t ted 
1th 4 of ca stic soda solution (14 Be.) The 

resultin . oil behaved lik that in test 19, a it no 
other rea. nt li..v. been used, but th-:~ re1d and eoda.. 

e loae lttiS 7;/;.. 

'l'est o. 31 

100 eo. of th asoline as 1 t ted f o:r- thirty . nutes 
1th 2% o.r conoentr ted 1lphUrio acid, se tled, e.nd 

washed with wa tel'. It was then ag1 t ted 1'11 th 10,t o.f'a 
solution of sodium phoaphat. To action due to this 
ln t ter t'ea ·ent w s noticed. 

Test o. 32. 

Th oil from teat 51 was washed 1th water. and f,: :r-ther 
a r:- 1 tated . _ th 10% of l s.d acetate solution. No ac 1o n 
rs lted. 

Test o. 33 

.. e oil fl"o,J test 32 was , shed with water, and a ain 
agitate with 10~ of an ammonium molybdate eolution. 

o reaction rea'lta . 

Test o. 5A-. 

t.est 33 was w::1shed with l'f ter. S...'1.d a _nin 
lO of n solution of po ssiwn er 1-

No action res lt d. 

Test .. 35 . 

The 011 tr m test 34 vms thoroughly . '4Uhed with , ter 
nd a.git ted with 10% of a pctusa1um f0rrocy nide 

sol1tion. No i ctio resulted. 

oil from test 35 
t t d ith 10' t 

tion e •lted. 

Test ro. 37 

a . in w he 1th water ar:d 
1 t1c of pot ssium cyanide. 

!he 011 :f'rom test 36 as ngitnted ith 4 ot a caustic 
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soda solution• The resulting oil •as the same 0.1 
that obtained in test 1'7,- showinc that the only 
reaf ents affecting the oil, ~ere t'he concentrated 
sulphuric 1.1aid £1.?'ld ca.uetic sods. .. 

Test :r-ro. 38 

100 cc. of t.be gasoline was agt tf:. ted tor thil't7 
minutes w:t th 2% of concentrated s1:.1lphru-ic acid,. 
settletd,. washed vdth 1;1ater( then aritated with 
10~ of nn1'!lon1um hydroxide o.90). The ~eeulting 
oil we.s l>tt-ot.rn in color, and durke11ed on standing. 
Thr> loas was '7%,. • 

Test No. ~9 

100 oc. of: the oil a.s a.gitat~ed for· thirty minutes 
with 26& of eoneentra ted sulphuric acid,, settled, 
washed w1th wate~, end n~itated with 16% of dimethyl 
gl!oxime • A\ sLig!)t brown precipitate,insoluble 
in 'ilknl1,, but soluble ln h7¢t1ocblor1e acid., t1a.s 
for.med. On :rurthor treatraent with the dimetb:yl 
glyoxime, the pree 1p1 ta te was 11ot formed.. The 
oil we.a th n s,ritated ~1th 4% or a eaustic soda 
solution. '!ho resultin .,.. oil 11e.a ltke thot obtained 
in teat 17. The lose noted wea 1; , 

Teet Ho. 40 ·--------
100 cc. of the oil waa e.gl ta ted fo~ thi1'ty minutes 
with 2" of coneentrat$d sulph't.W10 ecid, oottled., 
washed wt th we.tor,. and then r~i t~ te~ with 10% of a 
sol tion of merc,1rie chloride. A white preo1p1 ta.ta, 
soluble 1n hydrochloric acid was formed. On further 
treatment with 4% of a caustic scda solution. the 
oil beeame yellow in color, hut darksn~d on st&nding. 
Loss, 8~. 

These foregoing tests tend to show that the alkaline 

reagent 1n the t1,.entment of t.he gasoline :f'r-0m sha.1e ... o1l.., 

have but little effect on the oil. It those tried., a 

solution of caustic soda ot 14°Be • proved to be ae suitable 

as any. The amount ot ~bJ.s reagent seems 1mmater1e.l• but 

about 4% is about the best tll'naunt to u:se, More than this 11 

unneeessary, and less does not seem to give an oil wh1eh 

will not darken to n great extent. 
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TEBTS BY FILTHAT I ON 

The second oft.he methods of decolorizing otls,, as given 

on page 2-3 wi .. a then tried. A r 1lter made of' glass v;as 

oonstrueted as followst• A slass tube 1 inch in di~eter and 

four fe et long ·wus covered ct the one end by means o.f n piece 

of cloth fastened tight with a wire ring. In the otl1er end 

was inserted a rubber f3topper carrying a small glass tube, 

v1hioh led to a reservoir for the oil. To set up for operat1.on,. 

the lo:rge tube ts supported vertically by a ring stand, the 

filtering medium ls poured in. a t the top and the ¢Ork nnd 

reservoir put on~ The joints at the corks are covered with 

paraffin. The oil to be filtered ia then put 1n the reservoir 

and allowed to filter down the tube. The distillate 10 caught 

at the bottom, in some suitable rQoel.ver. 

The oila filtered we:re used, fo.r the most part, in mak­

ing the other tests doocribed. 

Test No. 41 

The tube was filled with the variety of fuller•a earth 
known as "Ploriidine•'. This is a e;ra.nulLtr earth of a 
light grey color. The reaei"volr wns filled with 500 oe .. 
of gasoline, and a. receiver put at the bottom of the tube . 
After two days, the r11t·ratc v,aa nmined. Its oolor 
had not been changed to a de0-re~ that could be, n,tioed. 
The amount recovered v,ao 405 oo,, the loss b0lng due to 
the oil absox•bed by the earth. 

T&st No. 42 

500 oc. ef the gasoline wa.s t :re .1 ted as above~ is1ng 
allimal oharc:.c)al in plaoe of the fulleu:••s earth. , No 
deoolorization was discernible, 

'I'ost No. 43 

500 cc. of the goaollne was treated as l:jbOV"". ustng 
pulverized En lish fuller's er1rt"'. No dee olorizati on 
was discernible. 
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Test. No • . 44 

500 oo. of the basoline was treated as above, using the 
Ploridine f'\lller•s earth, which had been calcined at 
400°c .. for two hours. No effect was noticed. 

500 co. of the gasol i ne vrns tre i1 ted a.a above,. using 
English fuller•s earth which had been ca.lolne d as 
40o0c. for two hours . No effeet was discernible , 

500 oc. of the oil was trea~ed a.s above, using "kiesel­
guhr"a t i.at.omaeeous earth. No deeolo~ir.a.t1on was noticed. 

Te$t No. 47 

500 co . of t .ne gasoline was treated a.a above, \J.$in{t 
"epent 0 shale., which would paas a 20 mesh &oreen tor 
the filtering modiutt1;c 'l'hia had no eff&ot. 

Te, t,. No. 48 

500 ce. of the gasoline wae treated an above, using 
"raw 0 shale, No effect could be noticed, 

TESTS BY DI&TILLATION 

The following seriea of teots, was pl"eformed t.o investigate 

the action of various subatanoea on the t,asollne fraction with 

the aid of heat . AB the gasoline ia very volatile., th~se 

tests were carried out as d1stilla.tion tests . The oil was 

put into a 500 co. !i:nsler di$t1lling flask, the substance whOse 

act.ion ts to be investigated is add'!!d, l'i. thermometer placed 

1n the nook of the flask by me~ns ot' a cork,and the gasoline 

• distilled. After distillation., the collected oil wae tre8-ted 

with 2% of concentrated a.oid and 4.;": of oausti¢ f,oda solution 

of 14°Be. strength. No losses are recorded, as it was con ... 

sidered that any oil left in the dietllllng flaok would be 

added to t he ke?"osono fraction. Tne losse.e by the acid 

and alkali t r e at.mcnt would be approximately those 11oted be ... 

fore. 



Test No. 49 

200 cc. ot the ga.eoline was distilled ovel" 2oi ot 
Florida. fuller• a ei;;rt.h, After the usual trea tment 1. 
no change was noted. 
(When ttno Ch3nge,ff i& noted, 1.t means no ehe.ngo except 
thnt cauoed by the e~id and alkali treat:mentl. 

Teet lo. 50 

200 cc. of the g8.ao 11n(:) was dlet1lled over 201& ot 
animal oharooal. Nc0 mange was notad. 

If~ Nth 51 

800 oo. of the gasoline was distilled over BO;{t ot 
the English .t'ul l er' s ea.rth. No change was noted. 

9.'et!t Ro. 62 

200 co·• of the gatt.toline was distilled P"1er 20% 
of kieael•guhr. No oha.nge was not0d:. 

Test No. 55. 

200 eo. of the rasoline wos rlistilled ov(u~ 20~ 
o.f onlcinod Flor-1.da.. earth. No change was noted.-

200 ce. cf th,:-.. gtasol1ne was dis.tilled over 2o% 
cf calcined English fuller's e~rth11 110 chcangG 
was noted. 

200 ce. of the gasoline ,1as dtatille<l over 10:~ 
of s iok caustic !:!!Oda. On account of the water 
conteined 1 n tha es.nstic aode., the ~irst pa:rt of 
the distillation ms acccmfanied by violent 
"bumpingu. Howev1e1•, no ch:.tnr::e wsa noted. 

Test No. 56 

Test 55 was repeated. using caustic potash in place ot 
the caustic soda. No change was noted. 

Test No, 57 

200 ec. of guac11·,~e was di still l,':·d over 20;, ¢f solid 
phosphoi:-ie aei<i. No chang-s was noted, 

Test No._ 58. 

200 cc. of ~csoline was 11st1lled ovor 20~ of 
s.nhy-drcw:1 tdu."l'linum chloride. !to cho.ng~ was noted, 
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Test Uo. 59 

tor 

200 cc. of r.solin ·a distilled over 20% of com.~on 
salt. e distillate wane ly clear, sho •in only 
a rlt ht yellow colo1>. hich d epened some1hat on 
sta di.g. T s c lor c1an ~ to a 11 ht ch rry rd, 
,hich pers1 ted. 

t t i . int the as line was tested, nlit tively 
l 

lphur. A p s1t1ve test s obtn1ne 
' ut th 

quantity s e d to s 11. 0 8.El011n t1 er.er 

au J cte to tho following weatrr..ent"' ~or th\e rp se of 

removin the sulp ur. 

Tes o. 60 -
cc. o th, soline a t l~ea ov. r ~Ofo ot 

ow r d copper. The d:Y.st.11" .te we. li -.~tEl n 
c lor., t llll u i nl, but f tr at.m v:·i1th ac d 

.d lkali, no ch ng ~ ncted. 

l 

200 cc. of th~ ,a ol1n ,a i till q ov r\20~ of 
r•on tu l v. N c an ·as Joted.1 1 

o . 62 

200 ec . of the aso11ne dist11Led over 10 of 
• lack copper ox <I • o ch n o \ RS noted. 

T,et No. 63 

200 cc. oft e arol1 ~ 
11 the. or lea.<] oxide. ?c 

... 

Test o. 64 

2 0 cc,. of the ,;-rascL.no s d' sr,illed ov r ~~ of 
a. t r compos d of' 75 ! rts of b ... ao copp, ... ox1di• 
10 arts of 1.. 1d 15 p ts of f •ric ud.< . 

o chang we. 

"o,. 65 

200 co. 
11.eh 
C nt 
It I 

of th o 11 e di sti led ore·-.. ~/ 
The a'ls t 111L~te ns flt'."1 ts. t d i tn o con­
lph !"io a.cid e.n ashed ?i. tb 2 ct-f 

n git ted I th 6 of a doctc~r•'so t~on 



which was a concentrated sclutifn or sodium 
plumbite in 14°Be. caustic aoda. The oil after 
settling: was tr""ented ·.1i th a small quanti i-.~ ot 
flowers of sulphur to settle the "dootor11 • The 
resul tint'I'. oll vrn.s lirtht brown in color. The 
color d(➔apening on . stiand.ing~ The loas was 14$. 

These tests indicote that the color of the gasoline 

is caused by some compound other than a sulphur compound. 

MISCELLANEOUS TESTS 

These tests, for the most pert., ~-re- performed _in 

search or def1n1 te compounds, which •ere suspected to be 

p:r-esent in the gs.sol:tne. 

The white precipitate cuased by ag1 tation of the 

p:asoline ai.th mercuric chlcr1de ind1ca. ted qu1nol1ne, PJridine 

or pyr-I"ole. Confirmatory tests for these compounds were 

therefcre :arformed. 

Test No . 66 

Teat for pyridine OTJ pyrrole. One drop of e.:n aqueous 
solution of isatin we.a put upon at.est tile and a drop 
of concentrated sulnhuric acid added. To th-tc:1 was ~Hide~ 
two drops of the gasolire. f7rrole or pyrirl :h~ would 
have tdvi:m a dark-blue or indiro preei 1,i te.te,. but the 
test Wf e ~egative . 

Test no. 67 

Test for qu.inoli:ne. 100 co io- of the ~asoline wns &tf~1 ta ted 
with 10.i of a solution of 5 ri:rams of iodine in 100-cc. ot 
a. 7'#> solution of t,o ta.asiw. io(:ldtt. Qu1noline would have 
caused a :red-brown preoipi tate, insoluble in hydroehlot-10 
a.cid . No precipitate wt;.1.s .formed, ho?H:rve1~ . 

'fest No . 68 

As a confirmatory test of nos. 66 &nd fi7 1 the p-tU!Oline we.a 
tested qual1 ti.tivaly for nitrogen·~ Tha gasoline gave a. 
negative test for nitrogen. 

1. - 11 Petrofeum Pna etroleum l:'roduotsu , J.c .. s. ,Sors:nton, Pa. 
2. tt .atts D1cticna.ry of Chemistt-y11 , Morley and Muir. 
3. "Laboratory Mllnue.l of 0rf,1an1o Chemistryn. Nayes and Milliken 
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The action of the µ:asolin,e in turning red or brown 

upon standing indicated th.at f'n:rfunn.n o~ rurfurs.ldehyde 

might be presont. These v.rere aecordin~dy tested for. 

'?est o. 69 

100 ca. or the oil was a ·1tated,with 2oi o.f a solution 
-or e.mr.;onium sulphide. Furtur.an oi'- fu1--fur-ald!,hyde v1ould 
have caused e ;yellow crystalH.n& precipitate., however, 
the · precip1 tate vras a dirty green• Upon .further, treatment;, 
the o1~ resumed the red-brown color, 1nd1catin~ the 
absenoe o.f these oompcunds. 

O ing to the peculiar odor of the 1usoline , and its ten­

dency, in oome en.sea to hecom.e yello v, tel:'penes were auspeoted. 

Test 5, using "aqua reg1a" might l.tEtVe been usad, but a mo't"e 

decision tGat was q:)eded . Therefor•e, thi9 i'ollovdng were made:• 

Teat No . '70 

100 cc. of the gasoline .·ns treated ,11th hydrochlol'lc 
··c1c: gas. i:tnt the oil cooled. After continuing the pro ... 
coso for• one hctn•, the 011 11as ftltered, No precipitate 
W"' s formed. 'Ihi"" oil was a dark blue coJ or, but upon 
t:1e estructio11 cf the !1.ydrochloric acid it eontai 1ed, 
either by distillation or l)y tree-tment :ri th 4% or caustic 
soda, 1t r-esumed • deep brown color. • 

Tb.a peculiar chara.ct~ristlcs o.f' the gesoline sugg8Sted 

that the co lor cc:uld possibly be due to colloidal particles, 

perhaps colloidal curbon. As colloids a~e coagulated under the 

influence of electrolytes or n::-1y acuroe of direct currf) t., the 

fellowing test was performed. 

Test No. 71 

200 cc. of the pnsol1ne was put into a beaker, and two 
coi::rrrr Jle.te2 .. attached to t1:e terminals o~ a eta.tie 
machine, wel"e placed 1n the r,asoline . An electroetatic 
stress of' sbout so,.ooo volts fl&S mninteined "' .. 

• .1. or one 
and ono-half hcurs.. At the 1:)nd of th!~t time,. the 
copper pla tea were examined, as iell as the color of 
t~1e 11, but no ch-,nr~e 'riad tnk1n plaee. 

1. 11 t',a. tts 15lc'tlonary of Chemistry'' Morley flnd Muir 
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Test No. ?2 

A portion of the gaeolino obtained by dist.illatlo:n ,,.as 
she.ken vii th $Uocessive quantities of alcohol, to e&e if 
the colored aubetar1oe would go into tho s..lcohol. \bile 
each fraction of the elcohol baee.me colored red, it did 
not ~ eem to detract frora the cclor of the gasoline. 

Teet 10. 75 

An effort was lrw.de to "salt out" the coloring matter, 
A snmple of 200 ec. or the ,r;asoline was slffiken up with 
50 '':l?t·,ms or d:r-y scdiunt chloride_. er comm.on salt. It 
was thnn cover-ed rJ.n-d ~tllowed to stand for two dcys, 
1.fter ·hic11 it ~as. filtered .from the salt. No change 
in the- color could be noticed. 

500 oo. of tbe p:asollne was fractionnted in a 1000 cc, 
distilling flask,- over 20Jt of com.men salt,. The fro.otions 
wer8 col lee t~d as f%llons--( l} up to 100 C., ( 2) 108-
110 c,, (3) 110~120 c., (4) 0 120~13ooc., {5) 130-1,0 c., 
(6) l•i0-l50°c., (?) 150-lfO c., (8) l(,0-170°c,. (9) 170 ... 
1so0 c,.. ( 10) 1ao ... 19ooc .. and,. ( ll) 190--200°c. All frao tiona 
except the laet two oom:e over very clear. The last two 
were slightly yellO"h Upon stem-ding for two weeks, all 
tbe f1'luct:tons dov ::lop-ad a color 1:•an -ing from yellov1 in 
th() first f1--o.c t.ion to a deep 1--eddish-brown in the la.st. 
At the same time a brownish•bleok deposit wns formed on 
the p-lass . 'J:hts deposit ie the ea.me one that was noted 
before, and is s-oluble in alcohol. r:aoh of these fractions 

. was refined sap.a1n1tt-1ly with 2% of coi:icentrate-d sulphuric 
acid a,id 4% of caustic soda. Tha color ranged from s. 
11 "ht lemon yellow in the first. fraction, through yellow 
to sn ornnge color in the last two fr·1ct:i.c.rHl• 

A large qunnti ty of the gasoline vras then prte•pe.red for 

the following teate by d:i.stilling over 207& of common aal t, 

and r~fini!" ,.-i th 2~ of concentrated sulphuric ucid and 

4% of caustic soda. The gravit7 or the refined gnsol1n~ 

was 51° Be. 

Test Jo . ?8 

201' cc. of the go.solim:l ,,as fr,rwt,.irmated ':tccorit.ng to 
tl1e . ethod presertbed by the .'.1r:e1""ican Society for 
Testing Materials. The followtng :reaults we?"ta obtained. 



Tempera. tu.re 
Centigrade fah~enhe1t 

60 140 
100 212 
110 230 
120 . 248 
130 266 
140 284 
150 302 
160 320 
170 ~38 
180 356 
190 3?4 
200 392 

These :reeP•l ts are plotted in figure $. 

'!~est No . 76 

59 

Difference in 
Pere en tap 

s.o ~ 
3.0 4 

10.0 '4 
,lrJ 

1,.s "'' a 

llh5 % 
16.0 ~ 
11.0 i a.o d 

7.0 i 
3 .5 % 
2 .. 5 % 

A calorimeter:1c test was : ade on the ;:,ruiol1ne, to detcp•1n1ne 
the haatir1g value pe~ . ound itrd per r-~•llon. The 
:instrument used ·1f.S the Junker• s en lorirr.etN· n t tho rtate 
011 Lr-bora.tory. The follov,in~ is tho recovd of the test • 

:ne.te I Time • Water Gasoline • • . 
: • • !£QU:!:Pftrn i: 21:re • !iaJ.q.ht .,. 

. 
i n:i~t : • •. • . ' '' • : • lfl . 9U!i ·: B1-'1a • : . . . • • • 

:s .. 19 • 4:00 :62.e-: 68 ,'7 : . 8 .5 257 p;l'amd • . 
• . 4:03 :G~:S.O •: 68.8: . . • • . • 
: . 4:06 :G~5.2 .. : 68 .8: • . . . . . . 
• . 4:.09 :e:s.e .. : 70 .9 : . • . " • • • . . . 4:12 :f)4 .2 ... : 71.4 • . : . . • . 
• • 4:15 :64 .2-: 71.4: • . : . • ,. . 
: • 4:18 :{J~-' .t7 .. : 71.0: . : • • . • . : ~:21 :02 .a-: '70~0: . • . • . . . 
: . 4:24 :62.2 .. : 70 ,9: . . . . . 
: ., 4:2'7 :£}2 .2 ..: ?0.5: : : • 
: . 4:30 ;62 .o : "/0,.5: • . . 

• 4:33 :02.0 . 69.0: . . . . • . . . 
• ! 4:36 :62,0 (~8.7 . . 67.5 . 247 grnmd . . . . 
=Avera .e :f;;} • o : 70.1: 7,0 . 59.0 10 -~'l"f'..Jnl:# . 

• . • • 
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Cnlc-ulat1on of Heo.t Value 

7 1C 59 = 28.31 x 415 1t l6" 18,660 
1r 10 

28 .;sf X Ie 

B.T.U. per l:'.:allon • 18,660 x G.46 • 120,,540 

( 6 .46 is oomb,:c•,:t of pounds pl':1~ " call on for 51 °Be gasoline} 

These results H'll be discussed later• 

TF;BTS ON I ROSENE 

,, rmrt:1.on of the comb:h:ed kerosene fractions was roftned 

to o1Jserve its b-ehnv1or4 Several pol:'t:i.one wf.rre also t~eated 

t£1sts were the orneldng teats. 

500 ec. of the kerceene vms filtered in t,he filter 
d-escr•ibod unde~ test 41,- 1..rnh10 Florida fuller's 
earth. No deoolo~lzation was noted. 

500 cc.. of the ke:t"oa0ne wL·s fiJ.ter•1)-d ~:stnr t,ha Bnglish 
ftJl1ct• 1 s t:H 1•th. Mo d:ecolori.zat.ion was rioted .. 

500 cch cf the kAr-oaene was fi l tnre<l irnir:,g u.nimal 
chi~rco.al. Mo deoolor•izaticn wr~s n,:.ted . •• 

r.rest t1o . 60 

TASt 

rt'r.st 

500 cc .. o:f the keronone wa..s filt~t"Od usitig ld::,sel 
guhr. No decolor1zatlon wai::: noted. 

No .. 81 

500 cc. of the kflr•osen•'.".\ \tf{i, s fi l h•l"'Gd uainc~ "sp~:mt" 
sh&lt1. No de<:rnlo1•i2.n u:.on iiO.S not.ea . 

~:o . 82 -

50(' cc. of th•:.7 kerosene Vil:.S filtered 1.rning "raw'' 
shale. No d.ocolcrizntton was noted" 

Test N0 ., €-S --
500 ee .. of' the 1:erosene ,as filtered uai r,.r.: eo.lcined 
Florida. .Culler's e',rth. No decoloriza.tion rms noted . 
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Test ro. 84 

fiOO cc. of the kerosene we.a filtered usiPG' Ct1lci11ed 
1 nElish <', l.! er 1 s earth. No decolor:l.za.tl<.m was noted. 

Test .Jo. 85 

200 cc. of tht:1 • orosone was d:l sti 1 ad over 20 ·: o:f' 
common s&lt,. The disti.llat.g wtiS tho1'1 troated with 
2~ of concent1"e t(:Jd ,':mlpi trr1.c acid £.'l.nd 4·:t of ca:1·:3tio 
sodo. T'nfi vesul tlng o1. l waa o '.' tl d!!)ep cherry 1•ed 
color, Which color persisted. 1ihe loss was 9~. 

Test No .~§. 

95 cc. of the t,erosene obtained in test 85 was tented 
on a water-bnth for two tour~a ;vi th 20% of ll'lorida 
enrth, r..,, t the tP1d o.f' w'·.ich tirne, the oil was .r11 tered 
Nh1..lo hot. The resu.ltint oil was somewhat lighter than 
bef'o.::e this treatment, but the cbanp;e rrns only s11.,~ht, 

Test :fo • 87 

95 cc. of the kerosene obts.ined in test 85 v.rus bea tad 
on a '.'H.tter•-bc.th for tv:o 1:cu11 s i th 20; or rnc11sh 
fPller's ear·th, -:1nd t,1Pn filtered hot. No chr .. nge 
in color i,ns not"3d .. Test ::o. 85 waa ~·er-eat.ea in order 
to obtfdn mor>e oil for t:!:1e f'ollc::ing tests. 

100 cc. cf t::1c 1,r:erc)sene oht[·d.ned in test 85, was heated 
or.: a ':., te:r .:i.t t:1 f o;, t1'm hours with 201; of aniw.al 
che.rc oal, and then filtered hot . The res1.~l ting c1l 
was lif':hter in color., be in,-,· 11 ttle di ffcren t then that 
obtained in test 86 + 

Test No. 89 

100 cc. of the ;-rerosene c,btnined in test es. was heated 
en a 'W8. ter l•& th for t'l1 c :ou.1•s w:l th 20~ of kieeel 0'Uhl'-­
and filtered hct. Wo decolorization we.s noted. 

Test Mc . 90. 

100 co. or the lrnrosene obtatned in test 85, was heated 
on a .vater bath for t.v-m hou.rs 1111 th 20% of os.lc1ned 
Florida earth, s.nd filtered hot.. The resul t1np.: oil was 
the same as obtained in test se. 

100 cc .. of the kerosene obtah1ed in test 85 wa.s h~ated 
on a miter both for two hours vLi. th 20% or calcined 
Enci:11sh t"ullet- 1 s eu1•th, i:n(1 ..,il terEHi 'hot. No change 
1n colo~ was noted. 
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FIGURE VI 



Teets o:f Kerosene by Cracking ... The combined kerosene 

tractions were tested by cracking under vario,rn pressures 

and the runount and chnraoter of the gasoline obtained was 

noted . A description of the cracking plant , which is pictured 

in figtrre 6, w11 l:e ,..·tven here , 

The ca.eking still, A, is a. piece cf' 3• 1nch steel pipe, 

15 inches long, with a cast ... 1:ron Ot:lp screwed on ea.oh end . 

In ,he cap _ on th f'ront a piece <,.f 3/4" pipe, 5 inches 

long is screwed in from the inside , before it is put on , 

This pipe is cappsd e.t the inx1er end, v1ht1e· the 011ter en_d , B , 

1s left open so that filn electric pyrometer cun be inserted, 

Th0 temperature is read ft"orn sc le,. c, to which the pyrometer 

is attached. The still is supported by n strap iron stand,. 

J I and is heated by means of burners , D, which are supplied 

with gas frcm. main E, and controlled by valve, F .. Cornp:ressed 

air is supplied from me.in, G, and the flow controlled by 

, means cf vulve, H. In the fitting, K, is a cone which aids 

in the mixing of the air and gas -. 

M1dwe.y between the nndi!3 of the still, and at the top , 

a ~-inch nipple, to which 1.a attached a 45 -fitt1ng lea.ding 

to n. short len/"th of ~ .. h1ch pipe o.nd a union , M. Since the 

photor-raph \Tu.s t:;.lwn , this union has been l"eplaced by a 

right•and•loft couplin .. , v.ihich makes a much tighter ,1oint . 

From the union a :,iece of' ... --inch pipe leads to another 45-

f:1. t t ln~, which ccn'eeta to the pressure-relief valve , P, 

by means cf a. horizontal pipe . The ltmgth of pipe between 

the t,.o 45-f'i.t tings is 20 inches. A pressure gs.ugo , N, to 

record the pressurt1 in the system, is placed a.t o. The 
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pressure 1,a11ef vo.lve, P, is of the Moeller type ,. di1.rnharg• 

ing at atmospb.e:rio pressure, the pressure- on the inlet side, 

be1:"g controlled by the c \P , B, and smc:tll adjustment sortn-r , 

s. • The d1.seharge pipe rrom the v)'.:.lve, leads to a small 

block-tin oondonser, T, which 1s supplied with running r.ata~ 

\broul,!h reservoir, u, from tau.cet, v. The vmter is wa.sted 

tln .. ouah W. The outlet for the condensed Uquid from the 

c01"1de.nser , is at tbe baclt , and 1s net shown in the photogttaph . 

Thie. block- tin condeneex- ha.d to be replaced later 1 by one in 

which the coils wer·e iron, 'bees.us$ the tin would not stand 

up under the blf"h temperatures at which the ve.pol:"s entered i t. .. 

All permanent joints were put together with._ m1xtnre 
or "Smooth-0:n« Iron Cements Nos . 3 and lf' T&mpor-tU7 joints 

were me.de ue1nR litharge and glyeer-ine . 

Mimy cUfficulti-es ware aneount,ered bo:t•ore this apparatus 

oculd be run without f.terious lea.ks . All joints must be care• 

:fully mudia , nnd the ma.tet"ial 11sed in ti:e maldpg of tht1 app-­

o.rntua nmst be flawlet:H3 .. • It mtght be stated he1•-:i, thtJt this 

snmll still re1)ltaced one. ,1hich had & os.paoi ty cf four gallon$ 1t 

The large still was vet>y d1ff'icul t. to ma:n,.::,ge on acoo,Jnt of· 

its weight a.nd. th,e mnount of oil rec1uil .. ed, nnd 1 t l<1aked 

ve~y badly , therefore , necessitntint a still much smaller 

in size, 

Operation of tha Cracking St1ll .•ln order to put the 

ker•osene into the still, tLe richt-a.nd-left coupling at M, 

was unfastened , and the still turned over to the l e ft 

sl1,?"htly. 500 oo . of t..rie oil to be cracked ~e.s then poure d 

1n by means of :). run:101, t.hz:; st.111 turned back, and t.he 
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coupling at M, tip:htened up ua1nr.i: 11 tl1arf"e and p:lyeerine 

e.dJt·sted tc • about t.he des:1red pressure by turning the 

threaded cap, B. Water was then started throueh the con• 

denser T, from V., and the bu.rners D, were th+1n lip.hted. 

The tlame vnis adJusted by means ot valves P and B ,. The 

still, A. 1 vnls covered w1th a sheet o.f asbestos, and an 

el4:lotr1o pyrometer attached to c, ins.erte-d 1n the pipe a. 
'fhe temperature e.nd pressure ,'tere recorded every five 

minutes.. Vthen tho vres,.mre reached the desired maximum 

es shown at H, the screw, s,. was turned u.p until th~ r~l1ef ... 

valve begim to (~ischaPge. Thus the pressure was def'ini tel'y 

eont:.rollod. t'ben tho oil oeased to come ov.1r the heat wae 

x-aised for a ohort time, and then discontinued. 1-b& result• 

irig o:tl ,rns t.h1'n rr!onsured t::i.nd its gravity record~d. It ,,as 

then rractio:.r,a.ted, and the @asol1ne portion eaved for rurt.hei­

tests. 

500 oc. of tne ''erosene was tested according to the 
foregoing procedure, using fil. mcx5.lffl.lm pressut"e of 70 
pounds. 'l'he following is r l"acor·d of the teat . 

Time 'l181§ra ture Prlisl,Qiki 
~ , · - a c, .. • o nm 
7: 50 2 o I• 0 lbs 
7:55 2808 @. 5 lbs 
B•OO 3400 o 10 lbs 
8;05 5600 C: '!-.6 lbs 
8• 10 3800 C 20 lbs 
8; 15 4000 C: ~50 lba 
8·20 4200 C 40 lbe 
8;25 • 4200 c: 50 lba 
8t 30 4200 C. 65 lbs 
8•3~ 4200 G 70 lbs 

• "' 4200 c • 60 lbs 
'a~lB i;lt2g c: 50 lb.a 
l:5! I~ c~ o lbs 



011 Used 
Oil Received 
A.men.mt or Sa.sol lne 

( Up to 20000. ) 
hesir"t,.e 
Loss 

4:50 
4:55 
5:00 
5:05 
5:10 
5:15 
5:20 

Arr.cup'° 
500 ·• 
4!'16 oc. 

69 ce. 
406 cc, 
25 oe. 

011 Used 
011 Recovered 
Gasoline (Up to 
Residue 
Less 

Amount 
500 oo. 
4.,fjQ cc. 

200cc. ) ' 73 eo. 
387 ce. 

40 cc .• 

Tent Jo, 94 

aume maxilnum pressure. 

Pressure 
0 lbs · 
0 lhs 
5 lbs 

10 lbs 
20 lbs 
35 lbs 
50 lbs 
65 lbs 
"10 lbs 
50 lbs 

0 lbs 

<;l){'S.Vi tz 
35°Be. 
43<>Be. 
s;gae. 
3!) Be. 

The cracking test 
me.xi mum pressure • 

Time 

vni\S repeated ,zs:iing 100 pounds as 
The reco~d follows. 

mn-
2:2'>5 
2:40 
:·~:45 
2:50 
P.:55 
3:00 
3:05 
3:10 
3:15 
3:20 
3:25 

Oil Used 
Oil Pecovorod 
Oasol1 :1e ( Up to 
Residue 
toss 

l imount 
SotJ'cc. 
46 0 cc. 
100 cc. 
360 cc. 

40 cc. 

Pr8S$'U;"0 
• zs 115s 

o l!-:s 
10 l,bs 
20 lbs 
40 lbs 
60 lbs 
80 lbs 

100 lbs 
100 lbs 
eo lba 
10 lbs 
C lbs 



Test No. 95 

Test 

l,1no.unt 
Oil lJ aed 50b co. 
011 Recc..over.ea. 465 cc .. 
Gasoline ( Up t.o 2,oooc.) 105 
Residue 360 cc. 
Lo sa 35 ec. 

Test No. 94 wns again nepeated usinr the same 
:maximum preaeGure. The record follows. 

Oil Used 
Oil Recovered 
Gasoline (Up to 
Residue 
Loas 

0 l l s. 
10 lbs. 
30 lbs. 
50 lbs. 

~ '75 lbs. 
90 lba. 

100 lbs, 
80 lbs. 

() lbs. 
Gravitz ,. 

350:ae; 
3(l0Be. 
fjlO]k,. 
ss0 ne. 
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'?he l arge loss in this teat was c'hHJ to n leek which. 

deve loped around the pl"essure gauge,. near the end of the 

test. 



Re of Craekin Tests.-

Test 92 93 94 95 96 
011 Used , cc. 500 500 500 500 500 

Ora.vi ty • Be. 35.5 35.,0 33.5 35.0 35.0 
Ga oline ·ecovered, cc.f9 73 100 105 90 

Perce--1 tage 13.9 14.6 20.0 21.0 18.0 
Gravity , Be. 52.0 51 .0 61.0 51.0 51.0 

aximum ressur '10 70.0 100 100 100 
v. 11f rn empc:rature 420 420 460 460 460 

Loss,~ 5.0~ e.o s.o 7.0 28.0 

Average of Crack~n Tests. (T st 96 is omitted.) These 

averaged for the rn ximum. pre su e us ,d. 

·nx1mum P:res ure 
~e.xir m femi,era ture 

Gravity or Oil Ueed 
Gasoline Recovered, 

Pere n o.ge 
Ora.vi ty 

Los 

Test o. 97 

co. 

70 
42000. 

35.25°B 
71 
14.2 
51.,00Be • 

6.5% 

100 
460°c.0 

34.25 Be 
102.5 

20.5 
S1.0°Be 

8.5% 
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are 

The gasoline r eove1 .. ed f:rom the tore oing test was 
recover d and stbjected to a distillation test 1n the 
some. nner as Test 75. ~he results follow. 

Temperature Amount of oil D1£f7rence in 
Centigrade Mrenheit Distilled Ovor Percentage 

6? lS4 First d?top 
100 212 17 l? 
110 230 22 5 
120 248 28 6 
130 2 f 6 37 9-
140 ee 46 9 
150 3.02 55 9 
160 320 67 12 
170 338 79 12 
1 0 356 90 11 
190 374 98 8 
200 392 100 2 

restilta of this test ar also plotted 1n 1.'i w:•e 

5, with the distillation tea of the sti-aight•run g soline. 

TEST ON GAS OIL 

Nothing was done with the gs 011, except a w tests 

ot deeolor1zat1on by filtration~ bese all proved negative 

and are net recorded. .As st ted before, the gas oil, would 

be used to enrich ~ter .. c;as, or ould be cracked for the pro-

1. c~oes in ~ulietfm 14, Kansas City Testin Labo:rator1es, 
fl " 
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duction of gasoline 

T.ISTS ON LUBRlCAN'l'S 

The lubricating oil tractions were ret1ned by treating 

with 4% of concentrated sulphuric acid then with 6% of caustic 

soda. Thia was done et a temperature or 40°c. ( 94°F.) • which 

was maintained by means of a rater jacket around the 1 1tation 

.fter this tree. tn1ent the oil we.a heated for two hours 

on a ~ater bath with 20% ot Florida earth, l.l'ld then filtered hot. 

The light lubricat1n oil was noticeably lighter in color 

than before this· treatment, being n deep cherry red, while 

the heavy lubrieat1n oil was still black, appearing red tr..ly 

in thin layers. Thee oils were then subjeoted to the ordinary 

tests to termine the1r propert1ea. 

'!'est No. 98 

Light Lu.bx-icating Oil 
Oravity--31.0°Be0 ( .8696) 
Flush oint--220 F. 
Burn1bg oint--240oF. 
Viscoeiti by the Saybol9t Universal V1scos1meter. 

e.t 60 F .• -53 1 .t 100 F., .. 44.5, s. 200°F.,-34.6 

Test No. 99 

e l1~ht lubr1cat1n _ oil was subjected, to a 
friction test on a Tinius Olsen friction machine. The recor 
of the test followa-
Journal- Steel B ar1n, - Brass. 
Area of bear1n r .-7 sq.in . - Total lo~d on bear1n ~"300 lbs. 

·resaure per squure inch . .-42.9 
Rev lutions per m. 1: .,ute cf Journal-BOO. 

ime Temperature of Load· 
- Bearlne: ' • 
4:53 78 
4:56 198 4:59 10 
IJ:02 114 
6:05 120 
5: 08 12~ 
5: 11 124 
5:11 124 
6:17 124 
5:20 124 

300 
300 
300 

~88 
300 
300 
~00 
300 
300 

Friction 
Total coefficient -m;--- 0.11, 

? 0.023 
4 0.013 
4 0 .. 013 

t 8:8½~ 
4 
4 
4 
4 

0.013 
0.013 
0 .. 013 
0.013 



·nxim:um Temperature - 124op, 
M1n1mmn Coet1'1c1ent of Fr1ot1on .-o.013 
The rest-ilta ot teat are plotted in fig1..u-e '7 t 

Test No. 100 

rr'b.e he vy lubr1ee.ting oil wras tested for its p~o­
perties. Results aN as follows. 

Grav ty-19 .7°Be6 ( .9552 
Flash Point-448 F. 
Burning Point•41oop. . 

Viscos~~iF::T!~et!:!:o!~tt~~i:er~;aF~:i;:g~~~f;F~:'732 

Test !{o . 101 

Thi$ h~avy oil wus then tested on a Tinius Olson 
fI•iction machine, and th..-:i followin17 :results recorded. 
Jm.J.Y•ne.l ... StaQl • Bes.rin,~ - Brass 
Area of Bearinr•7 square incl-ies. Total Load oil Betiri:ng 
ZOO pounds .. Pressure r-<:n" sqDrn~e ineh.-42 .9 
R~'3vGhltions I)or minut~ of Jout-nnl - 800. 
~ Terr.pore. ture Load Fri~.t:ton 

of ~e~rin?- Total Coefficient 
'7:08 
7: lJ 
7:14 
'7:1"7 
7:20 
7:23 
7:26 
?:29 
7:32 
7:35 
7:38 
7:41 

78 300 60 -0.2 
100 300 12 0.04 
110 300 6 0 .02 
118 300 4 0 .013 
126 300 3 0 . 01 
136 500 3 0.01 
142 300 3 0 .01 
144 300 3 0.01 
146 300 3 0.01 
146 300 3 0.01 
146 300 3 0.01 
14~ 500 3 0.01 

Maximum temp -:.ra tm."e ... 146°F. 
Mini um Coefficient of l"rictl0n- o .01 
Tho rosu'l ts of this test ·{re plo,tted in fia'Ure 8. 







54 

so much has been said of the •ar1ous by- pr•oducta o bta.ined from 

oil- shale that a tew remarks ooncerntng them should be given 

here . A great many advevt1serr..ents of the compan:t.es exploiting 

the shales give a lone list of by--products• which they claim 

can be easily taken rraom t..he shales . This• howe'\rer, ts not 

the ease . '!'he p2:10 due i- CJ .are comparatively tew, e.nd the only 

justification for- the long lists of product.a is the tact that 

there are derived_trotn the shale c~rtain substances wh1eh~are 

used in more or leas elaborate processes, for the manutaoture 

or oePtain important drugs or eh"mioals . For example, a small 

percentage of benzene is f'ound in the gasoline, but the expense 

or nitrating it and removing it trom the gasoline would probably 

be so great that tl'ie pJ"oduct could not compete, as y6t, with 

coal-ta~ benaen& . Kany qther inst-a.noes ooul.d be given. 

The more important. by-pr•oduets are,- (l) ammoniwn sulphate, 

(2) paraffin wax, (3) potash1 (4) petroleum coke, and, (5} the 

spent shale . or these, the ooke has been mentioned . 

The ammonium sulphate is valuable as a fertilile1". It 

can easily- he obtained by treating the tta1mnonia water"' with 

sulphuric acid, and separating the p:rcduct by e:rystalliiatton . 

It would also be obtained in the ammonia scrubber . 'l'he cost or 

reeovering this substanee is very slight; aa the process 1a 

extremely simple . 

araft'1n wax ean easily be obtained by any- of the eormr-er­

cial methods, from the heavier oils . No specific tests were 

made on this, but a pure v,hite wax was obtained, which seemed 

to have a rathor high melting point . 
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the spent shale can be used tor a pigment 1n such pa1nts 

as roofing paints, protective coatings .for iron and steel, e.nd 

othGr places where an inert mineral constituent is desirable . 

The eoke vould be black on account ot the carbon, and the min­

eral content would give it the necessa~y wearing qualities . 

The spent shale also contains about 1~ of water- soluble potash, 

•hich could easily be lixiviated at a very small cost . 

SUMMARY A?ID COlWT.1USIOI 

ln th1s work, a quantity or the oil- shale was distilled, 

the res~ltlng crude oil fractionated, and t.he various tractions 

tested . 

The gasoline waa subjected to the s.etion of diff erent ae1d 

and ba.sie substances, both with and without the aid. of heat . 

Xt wa.s also treated with oxidizing and reducing agents, and 

with d ifferent filtering mediwns . A slight. amount of sulp:tn.w 

was found tn the gasoline, but it was proven that this did 

not cause the color . No nitrogen was found, ao substances such 

a.a· pyr•id1na ·a.nd p,x-role were absent . Terpenea and derivations 

of fiur fu..ral were tested for, but not r o-und . ..rhe best method ot 

treatment found waa by distillation over~ of common salt, 

then a.gitatimw1th ~ of concentrated sulphuric acid and 4~ 

of caustic soda ( 14° Be) successively- . This yi <'' lded a gasoline 

which was light cherry- red in color- . 

This gasoline was teated and found to have no effect on 

iron or brass, which had been lef t in it f'or t.w·o weeks . In 

heating value, th.is gasoline was found to be up to the standard 

of ordinarr ,gasoline, although lowe:r in gravity. This , however , 

does not give any indication of the comparative power value when 
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used 1n an internil combustion engine . BY the distillation 

teat,. it was shown that this gasoline had about the sa,ne pro­

portion of low boilirig constituents a.a ordinary gaRo11ne, thUs 

insuring easy ignition. When buvner,l side by side in the open 

air, no difference could be not.iced between the gasoline from 

shale and, fr-om ordinary petr"Oleum. 

These tests would indicate that the gasoline from aha.le 

is a.s good, in e'V'ary·:respeet, a.a the gasoline from petrolewn. 

althgu.gh its color might, be objectionable . 

The kerosene devived from shale was pi•oved to be valuable 

a.a t11a basis for cracked. gasoline~ The tests show t..h.at by dis­

tilling at 100 pounde pr•assure, 20% of the k~roaene is converted 

into gasoline, v,hioh hae even a higher percentage of low- boil­

ing products thar1 the st.ra.1ght - :ru.n gasoline . It is nrobable 

that even higher reco-very could be obt·ained un~e:r greater 

pressure . 

The gas oil would also be used 1n cracking, and would 

pl"'obably yield a. latlger percentage of gasoline than did thfJ 

k erosene traction . 

The lubr1oat1ng oils obtained Jh'QJl'l the &bale were excol­
lent . The light lubricating oil resembled so-called •gas­

engine oil" _in gravity, and flash and burning points, but the 

v:tscosity wet much lower .. In the friction test, the oil gave 

a much lower coefficient of friotion# and kept the bearing at 

a much lower temperatu.re. than 1s usually the ease with ✓heavier 

oils . The coef'.ficient ot :friction or la.rd oil 1s 0 .035, while 

th1s oil gave a minimum or 0 .013, under• the same conditions , 

The maximum temperature of the bearing in this test was only 
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