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SO"· ATTE"!'fll'TS TO CRACK ND CL SSIFY 

J; I:.Nl BRAUNFELS C DAR 700D OIL 

CHAPTER I 

A. The Problem Stated 

The problem of this investigation is to develop a method 

.for er eking crude cedar mod oil and to classify the result

ing products. The question of' im.eth.,er or not the crude cedar 

ood oil as cracked is to be determined by comparison of 

ph· sical constants. The classification of the srunple will be 

b cl ss reactions. The oil used in this problem , as obtained 

.from the South'Jest Texas Cedar 011 Company in Ne Braunfels~ 

ex.as. 

B. ·niy the Problem Was Chosen 

This problem as selected as continuation of vmrk b-e-
1 2 

gun by Shepard and Phillips on separating and identifying 

l J. c. Shepard, Partial Separation 2.£. the Constituents 
of P~rolyzed Cedar Wood Tar, Unpublished Master's Thesis, 
T194. • --

~J. N. Ph1ll1ps, Chemical Reactions .2! the 250.8° Centi
fade Fraction of' Oil Pyrol[zed ~Cedar~ 1!!!!:, Unpub

ished Mast-er I s The-sis, ( 19 8) . 

the constituents of pyrolyzed cedar ood tar. 

1 



Much of this investigation ras done 1n collabor • tion 

with Hageman3, 1rb.o has presented the craeking proeess used 

2 

Ja:. H. Hageman, ome Ol}em1cal Reactions of Craoke-d New . . 
Braun:Cels Ced~ ood orr; Unpublished !drulter' s Thesis., {'I<}Ii:9). -----· --- - -
and some chemica1 reactions of the oil obtained., The writer 

has continued research on the physical constants to .establ,1.sh 

evidence of nny appreciable amount of cracking present in the 

oil and to classify the sample by ele.ss reactions .. 

c. History of Belated ork 

Investigations concerning the components of Iie Braun:

fels variety of' cedar ood oil were begun at Southwest Texas 

Sta.ta Teachers Co11ege by Howard Bla.ek 1n September~ l9J8, 

under the direction and auper·v1sion of Dr·. c .. L. Key. Since 

1938., graduate research students have continued to investl

ga.te the chemistry of these components. Gery4 has surveyed 

4c .. E. Gary, A Survey .2.f. the Cedar Research Oomple ted 
at Southwest Texas State T,eaohers College, Unpublished II.as
ter,. s Thesi,s, { 1948) . 

graduate researeh done at this institution on cedar wo.od 

oil. In September, 19~8, Hageman:' began experimentation with 
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crude cedar wood oil to parallel work begun by Shepard6 and 

Phillips 7 on the oil obtained .from pyr·o1yzed New Braunfels 

cedar wood tar. 

I). Lim.i_tations • 

This investigation is limited to the determination o:f 

an:y appreciable .amount o:r craeld.ng in the .fr·ae'tion o.f oil. 

boiling at 250.2° C., obtained .f:rom the proee·ss described b7 

8 Hageman • 

The .foll.owing pages will contain a discussion of" the 

comr ercial methods of c.raoking heavy oils and the systems 

which were employed to pres 'Jnt evidence of· the extent of 

pyrolyzation in the· oil under investigatio.n. This will be 

terminated by an interpretation 0£ the exp,erimentation and 

research., 



CHAPTE II 

CRACKING AND THE CRACKING PROCESS 

A. The Cracking Process 

1. The Commercial Cracking Process: 

T ... e decomposition of certain products of distillation 

by s~bjection to a e gree of heat so far above their _boiling 

points that they div de into component parts whose boiling 

points are lo1-.re1-- than the origlnal cons ti tuen ts is lrwio m as 
\ 

the cracking proc s . Crackfng m b ccomplished in an 

ordinar fire-still by considering vapors arising from the 

boiling o l upon t e cool dome of the still, whence the drop 

into ~1e super-heated oil below here the are broken into 

lighter o ls end instantly v porize, passing over into t e 

condenser. The h othetic 1 equ tion wrltt n below· .. be 

t ·n s repr senta.tive of the tJPeS of ch nges wh ich prob-

1 ably occur . . 

1 J. B. Conant, Th~ Che mistry of Organic Compounds, p . 53. 

c
7
H of. 

1 ~ 
0 

b . p . 98 

4 

CH + 
~12 

0 
b.p.36 

C, 



Tb.e. Encyelopedi • Amerieana.2 describes the Barton and 

2-rhe Enczelopedia Amerieana, Volume VIII, P• l47. 

the Rittman processes as follows: 

a. Barton Pttooeas: 

5 

Cr.a.ieklng i .s aceompl1$he1d in this proees-s by subjee·t

ing the entire still system and its distillation products to 

pressures rangl.ng trom 60 to 75 pounds per square inch .. 

b. Rittman Process: 

In this process the vapors from the still are .forced 

through. a tube h~H1ted to 850° F. i.vith prea,su.res up to 500 

pounds per square inch to pyrolyze the oil. The produet.s 

are then redistilled by vacuum dist.illation. The yield o.f 

lowe.r boili:ng rre.ctions is .from 60 to 70% of the original 

2. Des-eription of" the Cra,oking Still 

Used in This Investigation 

The ,apparatus used ror the attempt-ed e:r>aeking of the 

cru.de oeda.r wood oil was the metal.lie still., described by 

Ha.gemnn.3, which operated at atmosphertc pre-ssure. 

Another type of still was employed in an attempt to 
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erack the oil in a vapor stage~ A 3/8 ineh copper tube was 

attached to a one-liter round-bottom si-de-arm flask by means 

of rubber fi tti:ngs ,, and the tu.b.e \'fas pa.s·sed over a 24-inah 

series o;r 12 gas buPn.ers. Arou.nd the par·t of' the tubing 

serving as a condenser were placed two water-jackets, through 

wb.1eh was forced cooled water to aid in the Gondensation 0£ 

the vapora. The liqui,d and any vapors "were to be collected 

by a ser,ies or connected :flasks in an ioe-bath., 

B. Procedure for Cracki;ng 

The .fraction of 011 used in this investigation was ob

tained in the proeedure prese.nt·ed by Hageman4. 

A. sample ot oil eontai.ning :rra.ctions boiling .from 25.3.5° 

to 254, .. 9° C. wa..s placed in the still de scribed a.bov,e. Heat 

was applied ~om a Fisher burner to the one-liter fla.sk and 

to the c.ondenser tube by a 24-inch series 0£ gas burners. 

The distillation began immediately up.on boil.ing and eon

tinued until all but a :fe,u milliliters had b.een distilled • 
. 

The writ.er assu.m.ed that the distillation resulted in no ap-

preciable o.ra,eking because of the continuous distillation 

and t.he laek of visible evidence or odor ehange. 

The above still was reassembled and filled with eedar 
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wood tar and d stilled as prev ously described There was 

apparent evidence of appre·ciable cracking in obtaining a gas 

and an oil of less viseosi ty as the ·end products from the 

original tar·. This distillate may be used in future investi

gations to compare the products. ti th thoae obtained by Shepard5. 

5 J. ·c •. Shepard, 92. ,cit.., pp. 11 ... 12 .. 

o.. Vacuum Dis:t1llat1on _gf 011 Subjected 

to the Oraoking Process 

The oil was fractionated under reduced pressure as in 

the method deseribed by Lemmons6. The dis.t1llate from the 

6c. A. Lemmons, A Partial s,:a,ration of the Constituents 
of Heart !Q!cl Cedar Oil, Unpublis~ed Master's Thesis, (1936), 
pp .. 17-19. 

cracking still vas divided into two po.rtions ror conv,enience 

in handling. The data. on the first portion, consisting of 

600 ml. of' oi-1, were tabulated in Table I. The second por

tion, consisting of' 650 ml. of oi1, was distilled in a like 

manner, and the data were tabulated in Table II. 

The fractions of' oil fi-om the vacuum distillation were 

combined aceording to refractive indices to e.ffect a mo:Pe 

complete separation of the similar products. Fractions .3 
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through 8 ril ~ erractive ndices o:r L,5003 to 1 . 5017, a.s 

shown in Table I, were combined with numerically identical 

fractions of oil with reiraotive. indices of 1.,5006 to 1,.501$', 

as shown in Table II. T11.e 600 rul •. o:f combined oil was dia- · 

tilled under reduced pressur,e . and th.e data \Vere oompi1ed in 

Table III~ 1I1he remainder ct: the oi1 was combined and .fr·a,e

tiona ted, in like manner as the above·, ,vith the data recorded 

in ·Table IV. 

D. Discussion o:f Data Tables . -----· - - ---
The 1250 ml. of oil used in :0btaining the data in Tables 

I and II was the yield from 1750 ml . or crude cedar· wood oil 

subjected to the era.eking proc.es.s. 

It was interesting to the writer to .note that the yield 

or produet.s bolling at 26q.0 c. or below w.as approximately '70% 

of the original oil. The results compare closely with Table 

II o:f Lemmons 7 noting a 70-71% yield o.f aim1.1ar products from 

7 c. A. Lemmons, ~ · cit. , p. 11. 

crude cedar wood oil. 

Fractions .3 through 8 of Table I, rith refractive in

dices o:f 1.5008 to 1.5017, \;ere combined with oorresponding 

rractions from Table II with refractive indioes of' 1 .. 5006 to 

1.5015. This was attempted for a possible closer grouping 



TABLE I 

First Vacuum Distillation of Crude Cedar \food Oil 

Subjected to the Oraeking Process 

Total Volume! 600 ml. Still Pressure: 2 mm. 

Boiling Point Correction :: 7 x .043 = 0.301 ° C • (753 mm.) 

# Pot. Temp. Still Head Corr. 0 Volume Cut Nd20 C. 
( 0 c.) (OC.) Atm. B.P .. (ml.) 

1 158-178 51-59 2314!.3 1.4970 50 

2 178-179 91-98 242.3 1.5003 50 

3 179-180 98-109 248.J 1.5008 50 

4 180-180 109-100 248.3 1.5008 50 

5 180-180 100-100 248.J 1.5011 50 

6 180-179 100-100 249.3 1.5011 50 

7 179-·179 100-100 250.3 L.5011 50 

8 179-179 100-100 250.3 1.5017 50 

9 179-178 100-98 250.3 1 .• 5020 50 

10 178-182 98-100 251.3 1.5034 50 

11 182-192 100-110 2.56 • .3 L,5072 50 

12 192- 110- 260.3 1.5124 50 

9 



ABLE II 

First Vacuum Dis tilla. tion of' Crude Cedar ~;ood Oil 

Subjected to the Cracking Process 

10 

Total Volume: 650 ml. Still ressure: 2 inm. 

Boiling Point Cbrr,ection: 9.5 x .043 • 0.4085° C. (750.5 cmm.) 

Cut# Pot. Temp. Still Head Corr. 0 Volwne 
( OC •) ( Oc •) Atm. B. P. Nd20 C. {ml.) 

1 155-173 45-90 198.4 1.4930 50 

2 173-175 90-90 246.4 1 . .5001 50 

3 175-176 90-91 251 .4 1.5006 50 

4 176-176 91-91 251.q. 1.5006 50 

5 176-177 91-93 251.4 1.5010 50 

6 177-173 93-92 251.4 1.5010 50 

7 173-173 92-92 251.4 1 •. 5010 50 

8 173-175 92-89 251.9 1.5015 50 

9 175-175 89 ... 91 253.4 1.5020 50 

10 175-177 91-93 251.4 1.5031 50 

11 177-179 93-93 251.4 1.5055 50 

12 . 179-196 93-104 256.4 1.5108 50 

13 196-205 104-115 264.4 1.5130 30 



TABLE III 

First Vacuum Distillation of" Crude Cedar ood Oil 

Combined by Ref:raetive Indices 

11 

Table I, Frac.• ttons 3 through 8 - Nd20°c. of 1.5003 to 1.5017 
Table II, Frac t1ons 3 through 8 - Nd20°c. of' 1.5006 to 1. 5015 

Total Volume: 600 ml .. 

Boi.ling Point Correction = 9 X .043 - 0.387° c. {751 mm.) -
Cut# Pot. Temp .. Still Head Co.rr· . . 0 V·olume 

(OC.) (0 ) Atm. B .. P. Nd20 C. (ro.l.) c. 

1 165-170 77-77 24a.4 1.4995 50 

2 170-170 77-77 249 •. 4 1.4999 50 

3 170 .. 170 77-77 249.,4 1.4999 50 

4 170-170 77-76 249.4 1.5001 50 

5 170-170 76-76 250.4 1.5002 50 

6 170-170 76-76 250.4. 1.5002 50 

7 170-170 76-76 2.50.4 1.5004 50 

8 170-170 76-76 250.4 1.5005 50 

9 170-170 76-76 254. •. 4 1.5010 50 

10 170-·170 76-76 255.4 1.5017 so 
11 170-170 76-77 256 .4 1.5037 50 

12 170-170 77·-84 264.4 1.5105 20 



TABLE IV 

First Vacuum Diati11atlon of Crude Cedar Wood Oil 

Combined by efractive Indices 

12 

0 
Table I Fractions l, 2, 9-12 - Nd20 _c. of 1 .497. O to 1 ,. 500;3. 

0 
1.5020 to 1 •. 5124 

'l1able II Fractions 1, 2, 9-12 - Nd20 C. ot: 1.4.930 to 1 .• 5001 
1 •. 5020 to l " . .51JO 

Total Volume: 600 ml. 

Boiling Point Correction = 11 x .043 = 0.473°c. (749 nn11 , ) 

Cut 

1 

2 

3 

4 
.5 

6 

1 

8 

9 

10 

11 

12 

Pot. Temp. 
(oc.) 

148-165 

165-169 

169-170 

170-171 

171-171 

171-171 

171-171 

111-171 

171-171 

171-172 

172-173 

173-175 

Still Head 
(oC •) 

50-,72 

72-74 

74-76 

76-76 

76-77 

77-77 

77-77 

77-78 

78-80 

Bo- 85 

85-95 
95 .. ,98 

Corr. 
Atln . B.P. 

239,.5 

250.2 

250.5 
251.5 
252 .5 
253.5 
256.,,5 

254.5 

259 •. 5 
261,.5 

263 .• 5 

264.5 

1.4959 

L.5003 

1.5009 

1 . 5013 

1 . 5015 

1 •. 5020 

1.5028 

1.5039 

1.5059 

1 . 5092 

1.5134 

1. 5141 

Volume 
(ml.) 

50 

.so 
50 

50 

50 

50 

50 

50 

50 

50 

50 

10 
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of' :r·efr·active ind.lees in the smnple de.sired for further in

vestigation ( Te.bl€ II'!). 'l'.ne 11gh t and heavy euts 0£ !lables 

I and II were combined and .rraotionated for possible :rtH)Om

binlng into the desired tractions (If.able IV)* Tb.is,. in pa:rt.., 

explains· the cl.oser grouping of re.fracti.ve indices and boil

ing points shown in ''l'a.ble III and. the ider range in ,_..able 

IV.. The laek of a trace of eedrol 1n any sample me.y not 

indlca'te era.eking but only ine.omplete re.fractionation in 

fu.e oz.a.eking proo.es:s. 

In the .following ehapt.ar an atteBl,)t will be made to 

establish whether or not any app:reeiab.l.e amount o:r :e~·aek1ng 

oo.eurrad .. 



CHAPTER III 

PHYSICAL GONSTA TS A D CH i' ICAL E C1J.1IONS 

A. Physi¢al Constanta 

Several of the physioal constants ilere deter '"ned,. An 

attempt ill be made to compare these c·or1stants 1li th so e of' 

those .found on other srunples of oil boiling at approximately 

250° c. 
In Table V the rlter has ,compared the physical con

stants o the fraetion of oil used in this investigation 

Ni th t ose of straight vacuum dis tilled eedar wood oil and 

with those or oil that is kno m to have been pyrolyzed.. The· 

fractions used vie.re selected on the basis of th.eir close 

stmospheric boiling points .. 

B. Solubility ·Grouping 

1. Qualitative Analysis for Nitrogen, Sulfur and the Halogens: 

A sodium 1\l.s1on \vi th the oil was per.formed as des.cribed 

b7 McElvall11 v,i th the tests i'or nitrogen, sulfur and the-

l · s .. M.. ~aElvain, op .. oi t., pp . - -
halogons giving nc ·a.tive results. 
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TABLE V 

Comparison of Physical Constants vith Other ,ill Samples 

Sample Atm., B .. P .. d 20° Sp. G.r. 

Cracked Oi12 250.8° 1.5082 

Oil of' this 
250 •. 2° investigation 1.5003 

Strai@.t run 
250.0° sample3 1.5011 

2J. N. Phillips, E.E.· cit.~ p. 8. 
3c .. A. Lemmons,. EE.• cit • ., p. 13. 

.94088 

.9276 

.9297 

20 
20 

2. Grouping by Solubility: 

Sp. 
25 

Rot. 25 

+ 27.9 

- 37.2 

In accordance with the procedure round in McElvain4 the 

solubility grouping was determined. The data are reeorded in 

able VI ., 

According to the reaction of the sample towards the vari

ous solvents, the oil is a member o.f McElvain 1 s Gr,oup v. This 

group a.y contain any or all of the following: 

a. unsaturated ydrocarbons 
b. some highly alkylated aromatic hydrooarbons 
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e. aldehydes 
d. ketones 
e .. est.ers 
f. anhydrides 
g. alcohols 
h. ethers end a.oe tal •• 
i. acyl halides and other haloge•n derivatives 

or classes c, d,, e, f, g , and b . 

c. Class Reactions 

1. Tests for Unsaturation: 

a. Bromine~ Carbon Tetrac loride: Approxim0.te1ly 

17 

0.2 ml. of the oil was dissolved in 2 m.1 •. of carbon tetra.

chloride and treated dr.op ise with 5Jt solution of bromine in 

c.arbon tetra.chloride until the bromine color persisted. The 

decolorization of the bromine solution suggested that the 

oi.l cont ined eonsider ble e.n1ounts of' unsaturates. 

b~ Dilute Aqueous Potassium P~rmanganate: A 0.2-ml. 

po:Ption of the oil rn.s put in solution with 2 ml. of acetone 

and treated dro wise with a 21; aqueous solution of potassium. 

permanganate until a purple color persisted. The :re.sul ts 

eon.firmed the conelu ion drawn from the bromin solution 

test. 

2. Reaction o~ Aldehydes and Ketones: 

a. 2 14-Dinitrqphenylhydttazine: A 2-ml. sam le or the 

oil under investigation was plaoed in 3 ml. o:f th 2,4-dlni• 

trophenylhydrazine res.gent, and the mixture was al-lowed to 

stand at room temperature. The r ·ormation of a ye1low precip

itate was taken as a positive test for an aldehyde or a ketone. 
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b. Tollenst Solutio!c: To 2 ml. -o.f Tollens 1 solution, 

in a. test tube, ol.3aned w1 th ni trie ae1d, . a .re added 2 ~ ·ops 

of the 011:t and the mixture was warmed in a be,aker of hot 

water . A sil var m1rroP ·,as for.med on. the tube,. thus :oonf'irm-

1ng the presence of an aldehyde. 

J. Neutr.al Equivalent.: 

An aoeurab:;ly weighed aample of oil was. dis.solved in 

approximately 50 ml-, of alcohol end t1tl'e.ted against a stAnd

ardized O.lN solution o,f sod:b:mi h:y~oxide t .o the phenolphtha

lein end point.. ·The neutral equ.ivalant was ealaulated to be 

792. The eonoluaion was drawn that one or more acids. was 

presen.t in relatively small amounts,. 

4., Reaction with Sodiu.nu 

T\vo .small, thin slices of freshly out sodium vtere added 

to e. o.5-ml. port.ion o:t the oil. A vigoroo,a reaetion. 1mme.d1·· 

a.tely ~ollowed libera.t.1ng hydroget1 g,as,- and .a brown .formation 

appeare<t o~ the sodium. «.Ph.is reaction doe.s not neees-sar·.il7 

constlt .te a te t f "' an alcohol since acids, and some alde-

ydes and keton. s, react vii th s.odium to liberate hyd-r-oge:o.. 

tempt \Vas made to se-parata the eonsti.tu.&nt,s o-f · the oil undex--
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investigation. Apparently there was a trace o:r aeid(s) pre

sent in the oil al-~hough the bulk separated aa neutral com

ponents., thus corresponding to the s.olub111t:y grouping previ

ously presented. 

E . Oxidation .2f the 250.2° £· Re ction 

'Ihree oxidations with concentrated nitric acid were 

per.formed on the oil sample by the proo,edure outlined by 

6 Lemmons , of which t..'l-ie following is representative .. 

A 10-ml. portion of the oil was pl.aced in e. round

bottomed flask whieb as attached to e. re.flu.x conde.nser, and 

the contents we.re heated ove;r a wa.ter--bath. Concentrated 

nitric acid was added dropwise until the reaction appeared 

to be complete. The mixture was .allo\-ved to cool to room tem

perature and ·~as m de basic ·t dilute ammoniwn hydro.r..ide. 

The solution was filtered, and the p ecipita.te was retained 

fop further investigation. The filtrate waa made aeidie with 

1:8 hydrochloric acid, and the preoi itate as collected on 

a Buchner funnel ... 

ecrystalliz t·on o t eidic preeipitate w~ attempted 

f:rom alcohol, alcohol-water ~ ixtu.res, diethyl ether, acetone, 

petroleum ether, and diethyl ether- petroleum ether mixtures 
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with no success. In each ease the precipitate was recovered 

in the :rorm of a red-bro m gum with no crystals present. 

The precipitate formed on the additi,on of ammonium h7-

d1~oxide was :round to be soluble in an excess of the reagent 

when heated to boiling. Attempts to recryst lliz,e the sub

stance :from the common solvents met ith failure. 



C PTER IV 

SUMMARY 

To methods to attempt the cracking of erude Ne Braun-

. .fels ced r wood oil have been resented. The stills used 

for these methods a.ve been descr·ibed. The data concerning 

t h e f'r ctionation of the oil., subjected to the e1"aeking proc

esses, h ve been presented. 

Evidence has been presented, through comparison of 

physical constants , indicating that there was no appreciable 

ext nt of cracking in the oil used throughout th s investiga

tion. 

Some che 1cal reactions of the oil have been given. 

The writer found that this .fraction o:f oil contains unsatur

ates , an ppreciable amount or aldehydes end ketones and 

relatively smal l amounts of" cid. 

21 
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