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o in waxy matarialsi‘ The molecular welght of octacosanois

INTRODUCTION

Interest in the chemiealAeegstitution'cf montan‘wax
began with the work of Von Boyen, who in 1901 showed
montaniec acld to be a constituent of the wax. In the years
that followed the literature has been rich with respect to
- iHVestigaﬁiona of m0ntan'ng. Most of the’;iteratura oon-
cerns itself with the technology of the wax, its uses, methods

]of refining and purification: Much has also been written on

- ite chemical make-up. | |

. The literature is rife with apparent emntradiahiong,
prineipally as regards the number of sarbon atous in thé
~waX constltuents. Reporits of odd numbers of carbon atoms
are repeatedly made, which, if correct, refute the rule
that only even-carbon compounds of more than seven carbons
!]ogaur in natural materials. These findings have not gone |

unahallengaé, hewevér; as mgny_invast;gataxs believe‘that
| reports of édd*earboﬁ aompnundsA;es#lt from 1ncorréqﬁ
1dentification of mlxtures of even-carbon compounds.

That such confusion exists is not surprising in view

" of the high molecular weights of the substances occurring

- acid is 480, whereas that of its homolog, nonacosano.e
aclds is 494« This difference of only 14 in molecular |
welghts is r@f;ecteﬂ in very similar properties, hence great 4 5 =

difficulty of separation if both ogour together.
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&nether fact giving rise to apparent contradictions as

to the ahamieal natura of mmnban wax is that the composition

of the lignitas fr@m.which the wax is obtained varies con-

siaerably, éapending upon the regicns from which 1t is mined.

The wax itsalf ig a, mixtura of natural vegetabl@ waxes o¢~
curxing 1n the living glants that contributed to the aoal

forming deposite. Because the nature of these plants would

| vary gaographically, and because the conditions of ocarbonifi-
aation would also vary, it should not be expacteﬂ that the

‘montan wax recovered from the llgnites of Saxo-Thuringen would
be identical with»thét faaay@red from the lignites of JTone,

| Galifarniao | - | | | |

Past work on th@ 1$mlation and identification of the |

oonstituents of montan wax followed the classloal me thod of
analysis of astgrs andvastar constituents- That 1s, for the

aaid.c¢m@Gn@nts; the analysis usually consisted of saponifi-
cation; saparatian of‘sap@nifiable materials from non-sapon-
ifiébles, feganeratian‘of‘fraa agid frém the saponified

portion, fractional vacuum distillation, titration of frac-

_tioné‘tm determine the average eéuivalen% weights, hence

the molecular welghts, of the acids. For the gleohols it

csonsisted of acetylation of the non-saponifiable pertion,

_ fraetioﬁal,¢rysta11123ﬁian, ahd dat@rmination of the sapon-

1fication numbers of the acetate fractions. Beéauaa,af the

" emall diffarénees in molecular weights of homologs Qﬁ these

aeld and aleoholic constituents, results obtained by these
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means were uaually sufficiently inconclusive’te'be:ohﬁllengea
'_by oth&r workerse | “'_
In this laboratory it iﬂ felt that by forming urea  “

complexes of these wax censtituentﬁ the differences in
hommlogous molaeular weights will become &ufficiently great |
t0 emableé more monalusive r@sults te be obtained.

_ ’lﬂ was the purpose of this research to explore the
possibvility of forming uréa_adduota of the normal écmyoﬁénts 
of‘montan wéx,-amdth lnvestigate thé prcperties 6f the

adducts and the waXes regenerated from the decomposed adducts.
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| ”Tne term "wéx" is gauerally apnli@d to any fat-like
substance that is nat a olyceride, and is derived from the
ﬁngle*ﬁaxon weax which was applied to the qolid obtained
from the hcnayaomb-af @ha bee Tcday, however, the term
"ﬁaxﬁ is appli@ﬁ to a g;eat_vdri@ty of ﬁubstanoeé_af animal
- and vegetabla origin, and even to some syntheties.
- ‘The prinelipal constitueats of natursl waxes---waxes
’ dlr@etly cbtainable fram living organismg~--are esters, acids,
_and alc@hpls. Minergl w&xea~»~tho&® obtalned as a result of |
,ndning.operations—~~alsc contain considerable hydrocarbon .
material Which ls believed %o have been produced by the
1‘pyrolygis af the acids and alecohols. | ]
. The alcohols found in waxes are generally m@nahydric,
nexmal alc@hgla;:varying,in chain length from 14 %o 44 carbon

“atoms (Warth, 1947 pp: 9%15). One of the more important m

 low molecular weight aleohols is cetyl aleohol CjgHg,0s

l'éhe alcdhol ef highest molﬁaular w&ighﬁ 80 far isolated frdm
waxes is takakibyl aleohol, 8@@59309 whieh wag isolated from
'1Kmryan corn eil, a prcduet of Manshuria.

::_ A8 was mentianed éarliser; all high malecular welght
éémpognds-wera thought to contaln even numbers of carbon atoms.
V.Itxiss'tharefere, interesting to note that investigation‘of
waies‘has vielded what appear to be odd-carbon aleohols.

The amcid constituents of waxes ave generally high



moleculay welight, mcnobasie,aliyhatic‘acidsa Although
branch chain aclds may exist in waxes, no references to that
effeot were found. These aeida‘ara usually_saturateﬁ and
~have chain lengths varying from 1k to hh_carbon atoms. How-
ever, those ha?ing from ?D'ta 3@ carbou atoms are‘éf prineipal
,intereat. And it 1s of interest to n@t& that 1% is from the
investigations of wawes that come the reports of odd marben
acldg. ?able I summarizes thasa aclds as they are reported
by Ralston (19&8}; | o '

| The n&manelatura af the acids recovered fram W&xea is
vlin some instances ccnfuqﬁnga This confusion arises from imf
proper 1dentificat1@n in the‘original researeh,fwith the ;
rasult‘that t@@rﬁ aﬁe examgles.af diffaran%\aoids baing glven
the same name, and of d;ff@rant_nameg,being applied to the
game aolds For example, the following ig quoted-&iraatly~
frem Warth. "The cerotiec acid of seala insaot waxes is a
Con acid, as aonfirm@d by many inveﬂtlgatars. Tha nane
 eerGﬁ1e~was Tirst glven to a 635 acld, which later bepame

‘knawn as hyenic acid. Gascard assigned the name neogerofio

40 the Cp5. cerotic a&id, and sarbocerie to the Gpy cerotics

- The name. isocerotie infrequantly app@ars in ehemieal litera~

ture'ferxthg 327 agid." The term mﬁntaniq was first applied
by von Boyen to what ha‘belieV@d to be nonacosanoic acid,
isolated. from montan wax in 1901. Today, however, the name

montanio 1s applied to oeﬁaa@san@ié;aaié almout exciusively» | f; =



TABLE I

' ODD~CARBON ACIDS REPORTED TSOLATED FROM NATURAL SOURCES

. kI
Heptenoic (enanthie)
ﬁénanoiw‘(pelargqnie}

ventadecanoie (hyenic)

Héptadecaneic (margaric)

Nonadeocanoio

Heneicoganoio

Tricosanoic (neocerotic)

Pentacosanoie (neoaarotic)

Heptacosanole (ecerotic,
isocerotie, o&rboearic)

Nqnagesanoig;(montania)
Vﬁantriaeﬁatanais

Tritriascontanclic :
(payllic, ceromellisic)

Pentatriacontanole

' REPORTED SOURCE
floral waxes (violet leaf oil)
0il of rue; Japan wax

yeast fati bark of &anthaxylum
carolinianum.

 Gedda wax} luzibang 01l

Subercle bacillus wax;

Jleproey baclllus wax

Japan wax; peanut ollj beef
narrow

wax of QliV$.leavasf

beegwax) montan wax

bagswax; Chinese wax, montan
wax

montan wax} bitumen peat wax
wax esters (not specified)

psylla wax; scale inseots

seale waxi olive wax

Mono and di-hydroxy aeide are also found in waxes,

and these eontribuﬁa ﬁo‘tha formation of lactones which

have also been isolated.
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Hydroocarbons of from 614 to G#gyare most common in the
- mineral waxes, but those of higher mﬁleeular welght also
ocoure. Chain lengths up to 71 carbon atoms havé been re-
ported (Warth, 1947). Hydrocarbons are not found in the
natural waxes and are therefore thought_to exist in‘ﬁin&fal
waxes because of the pyrolysis of the otheﬁ Wax constituents.

Other gonatitn&nﬁs of lesser importance iﬁcluda’ketOnes
and sterals» Cholesterol is an important constitueut of

| lanolin, th@ wax from wool.

| Oéaurrence of Waxes. Wax ig.produca@ by a graat Vaxia»
ty of living organisme. Insects, mammals, birds, plants,
‘and bacteria are some of the life forms from which wax has
been obtainedi Most of these represent eammércial,ﬁouraas
of wax; although the waXx recovered from bacteria is Qf
- solentifio interest only. The waX of the tubercle baeillus
plays an important .role in its resistance to chemctherapy. :  ?—*~——~
~ There are several insects from which wax is commercial-
‘ly recovﬁred;  BeeswaXx 1s probably the most common. In
.:;&Sia a certain scale insaét (Gacciéaa) saerétas)a prcﬁ@cﬁiva
':wax coating, from which is obtained Ohin@ae wax. ‘In
; Séuthern Asia the lac insest (Carteria lacca) is a source
ef stick laa. N | |
Gertain memmels and birds arve eommarcial sources of
waxs The wool "grease" of sheap 1s,vary righ in lanoline

The sperm whale (Physeter macrocephalug) is the source éf
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i spermaceti. One of the few true liquid waxes 1s obbtained
from the "mutton bird", a petrel of the species Aestrelata
lessoni. -
’A'larg@ variety of waxes is obtained from plants.
The outer wall of adult plant leaves are sovered by a
deposit of gutin, a waxy substance that is highly imperme-
able to water. This material also covers, but to a lesser
-‘extent, the stems and frult of the plant. Desert plants
are highly cutinlized, and this plays an important roll in
~ the survival of these plants in reglong of low humidity and
arid climates. 'Trses that are highly outinized are palm
trees, olive trees, live oaks, aﬁd conifers.
Paln trees aré‘the gources of two impcrtant commercial o

wakess Carnauba wax 1s obtained from the carnauba-palm | |

Copexrnion cerifera. The palm Attalea oxcelsa is'the~séﬁrca

 ﬂ'ofv0urieufi waxe

. Waxes are alsc obtained from herbs and shrubs in

comuersial quantities. Candelilla wax is obtainad from the

weed Pedllanthug pavonig. A wax 1s also obtained from flax.
Japan wax apd one of the few naturally 1iquid waxes, jojoba
oil, are plant products. 'Wax has.b@en recovered from a

- large number of plants other than those listed here, bub

" relatively few hgva any eommercial importance.‘

Other waxes, referred to as fossil or mineral waxes,

are obtained {rom the earth ag a result of mining opera= GBI



C Thelr ehamiaal mtruaturaa ars very daifferent fr@m thm&a of
the natural waxes in that they do not contuln esters or the

high molecular welght aclds and aloohols derived from esters.

- where R is wn allyd radioal hav&ng #i% or more ocarbon atoms } -
(warth, 1947). | ‘

tiona. These are waxes that were produced by living

6rganiﬁms smmﬂﬁim@ in the geologlowl past and have galned
th@ir y?aaﬁnt,pfmpﬁwtiﬁs ag a result of heat and pressure
asawaimt@ﬁ with the formation of bthe b@dé in which they ave
found. Ineluded in this group ar@ the Gawkerﬁt@s,.ganaralw
1y assoolated with shale} montan waex, present in subbitumi-
nous cosls, lignite and peats lignite paraffias; and the
paraffin obtained from petroleum.

Today s ﬁyﬂﬁhaﬁica are playing a very important role
in wax ﬁachnﬁlugy,:und’iﬁ many cases are replecing the

natural waxes in industrial use. These synthetios ave

'classeé 28 waxes onlv b@cau$@ of thelr wax-like yr&parkiaao

- Polyhalogenated ydrocarvons make up a very lmportant
@f@ﬂp of ﬁyﬁ@ha%ﬁé_wﬁ&sﬂg By fﬁwyimg the @agraav@f halo-
gﬂﬁ&tﬁém and chaln length a wide variety of yrag&xtiéa Yo
ob%ainabla.\

Anothey clusg af synthetlo waxes acnaigﬁg of high

\ mﬁlacular welght phthalimides of the general farmula.

70
\
N-R
/
\C\O



MONTAN WAX

- Mpntgﬁ'wax was first axtraatedifrcm lignite coal by
i§0339¥@n?:Wh° published his work in 1901. This wﬁx is
é_hai&, véé} dark wax, melting at about 869 (by the'd;sp
p@int mathe&}»‘ Because of the scardlty and expense of
hard,‘ngturgl waxes,.intarasﬁ devglopadvearly'ia'the appli-
‘caﬁ;én of montan wax to Q@mmargialluaésa Table II indicates
’somé_of %hé uées found fer“mﬁntan waXs |

~ Methods of Extractlons Methods of extraction of
montan wax fall in%@_twm general categories ha#ing many
 maaificatiqng{ {1} solvent @xtzaétiou an&'(z}'diatillation,
Méteusspn and Smelkus (1917) report a 10% to 20% yiéld
when ligait@iis}axtraaﬁed with benzene at normal prassurss§
Fisqher'gn& sehneiﬁar‘(1917}’rep0rted_ﬁhat benzene &xtrae*“
tion at incrsaa@&.preesureg gave a marked inecrsase in yleld,
‘a8 summarized in Table III.

Sohneider and Tropseh (1917) attrlibuted the inorease
yleld observed at 2509 to a oracking process, where a
‘poftian éf the lignite normally insoluble in venzene is
~ broken down into soluble fragmentse |
Other solvents have been successfully used ln the extrac-
- tlon d: montan waX. Acetone is reported by Donath and Brun
(1920) to have an advantage over benzene in that moiétura
does not interfere with the acetone extraction. Meyerheim

(1919) found that ohlorinated hydrocarbons were effective



1l

CABLE II

USHS OF MONTAN wax¥

vss
geif-sealing adhesives
Brewerts Piteh

Bleetricnl insulation
able coating wax

Floor wax

Leather dressings
Paper slizing
Carbon paper
HStove galiah'

Buffer wheel polishing
 gompound

Bhoe polish

Phonograph records

OTHER Wailis IN BLEND
Paraffin 1337135

 Natural pitch

Ozokerite

Carnauba, Petroleum geresin,
Paraffin (1300}, Beoswax,
Japan o
aaaawax,‘Wmnl_WQx; Scale wagx
Paraffin

Garnauba, Candelilla, Beeswax
Paraffin (LO-42)

Geresin wax

I+ G. Wax, Carnaubs, Candelilla,
Paraffin (50-52) , Shellao vwak,

Orocerite S

| *Tﬁiﬁ‘infarmaﬁién was sunnarlzed from Warth: THE
@Hﬁﬁ&ﬁ?ﬁﬁlkﬁﬂ'mﬁmﬁﬁQiﬁﬁﬁ OF WALES, Reinhold, 1947.



TABXE III

EFFECTS OF PHEfv‘*? ON YIELD
mmwﬂmmmmmevmmmwm

| m' BRI - L el
Rhenish lignite IR €0
‘Rienish lignite 10 155
Ruend sh lignib@ S50 250
Saxa-Thuringan lignite, } 80

saxo~Thuringen lignite 60 - : 260

12

1 mEw
’3“3§§-.

ol
7
1
25
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extracting agents. He used both CCl, and CCl, CHCl with
good resulﬁs. Davankov and Konovalova (1938) extracted
the wax with dichloroethane, and the rapidly expanding
" Ukrainian montan wax industry is based on this reagent.
Fischer (1930) found that certain aliphatic amines‘such'as’b
(oH,) ,CH(CH,) WH, and ((GH,) ,CH) ,NH were excellent solvents
for montan waxe | '

Although most methods of recovery are based on solvent
“extraction, occasional reference 1s found whereby distilla-
tion is used. Meyerheim reports the successful recovery

“of the wax with superheated steam,

Purification and Refining of Montan Wax. Crude
montgn,wax contains, in addition to the normal wax constitu-
ents, varying amounts of resins and asphaltic materials.
“Kviek (1952) summarizes the various methods of refining
‘montan wax. These methods include selective extraction
~ with aleohols containing three or more carbon atoms, mixed
hexanes (petroleum ether}, or aromatic solvents. Extraotion
with propancl or igopropanol was especlally useful as a
purification proesdure in that the asphaltics are not
‘goluble in the heated reagent, whereas the resing and waxes
ares. On cooling the solution, the wax orystallizes out
and the resins remain dissolved. The wax that is refined
in this way is only slightly lighter in color than the

erude, however, and this seriously limits the usefulness ==
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of the waXe .
Montan wax haa also been refined by distillatian of the
érudaw‘ Altnough distillation at normal prsssure produced
- conslderable ehar, and haﬂee a low yield, distillation at

reduced pressure oversame this diff;@ultyg When ‘the steam

= wa$,$uyerheaﬁadvt6 2509 ¢ it was uged successfully to

~ separate the ugeTul wax constituents from the other materials
pragents @x%éaétien of the &iStillat@ with benzene, fQ%l@W*
w ed by‘pressing and. bleaching, gave in‘ﬁb% yield:a white,
_'arystaline product melting at 76 - go° 6‘ (Marcusson and
 amelius, 1917) |
| Rone of ‘the puriilcation m@tnaas baged upon distillation
~ or solvation pr@duaaa a 1ight waXs In order to obtain a
lighﬁ prodaet bleaching w&s neaessary in each case. &ll

~ blesching e thods raviewed uged the same baslc principles -
 ‘violent oxidation with chromiec aoid solutions (alkall di-
':éhramat@é &isselﬁed 1n-ﬁgseg). This method is very costly

*1‘f'fh$$ause of the amounts of dlchromate xequir@d. R@ben%'Wark

"in the Us5.8<R+ has aentered axaun& methods of reclaiming
apent blaaehing solution. These methods have 80 far met
- ‘w1th only partial BUCCEBS .

Gonatituaaﬁs ef Montan g§x¢ The composition of montan

”wax is a suhjact of much aentrcvar&y. The first substance
“reported lsolated from montan wax was a fatty acia MsDo &3“6,
- aovid nos 133, and was named montanic acld by von Boyens EE

A
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The fcrmula of this acld was given as 02§E5302. Although
other investigators verified this formula for the ‘acid
~ (Hell and Boyan, 1919} Tropsch and Kreutzer, 1922} Stadler.

? 1933}, still others believe 1t to be in errors This group
folt that reporte of a ng_&@iﬁ resulted from improper
identification of equimolar mixtures of even carbon acids
B (Hal&a, Bleyverg and Vohrer, 1929 and 1931) .

The aclds reported to be present in montan wax arve

summarized in Table IV. B

- Several alecohols hava_baag.ﬁ@portad isolated from montan
wax: Psohorr and Pfaff (1920), working with montan wax from
~ the lignites_af Gentr&llﬁaxmany; isolated Gg#ﬁ@gﬁﬂ; C gty 50H,
~ and G3§H61036 Thelr method involved sgaéas&iv@‘extraetions

Cof the c¢rude ng with first ether and then acstone. The two
. éxtr&qts and the resldue were then saponified with KOH, end
 t‘the potassium salts converted to insoluble ealcium'éalté by
' ffﬁpeaﬁment with CaGlp.  The mixtures were then extracted with
'ffacatone to raaavef”the.unaaponifiable material and the re=~
generated alcohols: These were acetylated with acetic
euhydride and recrystallized from alcohol. This procedurs
was reported as being very effective in the segaratien of
: ~the alcohols frem»bhe4rest of the wax»esnstitﬁants¢

The mixture of acetate esters sc obtalned was separated
further by fractional crystalizabtion, ylelding éeeta@es of

the three alcohols mentioned above. |  ¥‘:; -



TABLE IV }
ACIDS REPORTED RECOVERED FROM MONTAN WAX

oDD ACIDS
 Opslyn0p  byenic acid

Gévﬁggag sarbooceric aold

ngﬁ 5 80 2 mcn‘tsanie acld

Tropsch and Kooh

16

1929

Tropsch and Kreutzer 1922

Tropsoh and Kreutzer 1922

Tropseh and Kooch
Stadler '
Stadler

von Boyen
Ryan and Dillon
Markusson and

- Smelkus
Hell and Boyan

Tropach and Kreutzer
Tropseh and Kosh

- Stadler

L GqyHgp0, hentriacontanolc acid

EVEN ACIDS |
62634692 argehidio acid
CpoH,40, behenlc acid

Ggaﬁggﬂg lignoceric acid

i Copl5p0, hexacosanoic aclid

CoglHsg0n  octacosanclo acld
2875672 (montanic acid)

C32Hgu02(1s0) dotriacontancic
| acld

Stadler
Tropsch and Koch

Meyeorhein

Meyerheim

Holde, Bleyberg,
and Vohrer

Meyerheim '

Holde, Bleyberg,
and Vohrey

Holde 'y 3"3 al

Holde, et al

Holde, et al

1929
1933
1934

1901
1909

1917
1919
1922
1929
1933
1934

1929

1919

1919
1930
1919
1930
1930
1929

1929
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antanyl aleohol, Gggﬁsgﬁ,‘anﬁ stearyl alcohol,
‘33,83369’ are. also reported as being constituents of the wax
(Warth, 1947). |
The esters of montan‘wax,am mixtures resulting from
the va.ric‘us dqmbihampm of the aclds and aleohols previ-
| au'éiy mentioned. No references were found %o indiecate that
the - s‘b’rﬁgturés of these esters were known. This is to be
expeoted, as the methods of analysls all inmvolve saponif=~

lgation.



- UREA ADDUCTS

| Methods of Eaxmatiag-' The formation of erystalline
complexes of urea vith long ochaln compounds was first re-
ported by Bengen (1940) . He found that when an aqueous
“ so;utiah of urea was shaken with a long chain compound a
erystallina aﬁdueﬁ was réadily-formad. Such adducte would
not form, however, with branched chaln compounds.

- Interest in ur@a adduots davelopea because of the
possibilitiaa of using this technique in analytical and

* technological procedures, wihh-raspect to the separation

. and ldentification of normal gompounds of high molecular

weightq Although the urea solvent used by Eeng@n was water,
4t was found that methanol was also very effective for this

';'puxpase (zimmerscheid et al; 1949). Other solvents that | o

~ may be used for this purpose are ethanol; propanocl, acetone,

t ﬁeﬁhyl éthyl ketgne;\aﬁd,the lower boiliﬁg aminass ;*__“_
A;th@ugh the detalls of_forming t@a Qcmplextdiffer | ‘
somewhat, the general procedure is usually the semes The
gompound to be adducted ié mixed with é solutidn:of urea
~ in one of the above solvents for from one half hour %o
f:ﬁW$nty four hours, orxgometimes even lénger, dapénﬁing upon
' the stabllity of the complex and the Tate at which equilibri-

un is achieved: The white, oryetalline product is separated

by filtrations

Differences of opinion exist as to the feasability of
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1wa8hing the erystalline addu§t¢_ Many workers report @h@
__rQutine‘Wash;ng of the adduct with pure solvent, but others
- report that waahing the adduct aausadvdaeumypsition, and

| thatlbecause of thig'fact_;mpuriﬁ;ea gould not be removed. by

this means (Redlich, Gable, ﬁunlbp and Millar, 1950} .

_Struqtur@; The strustare of tng urea adducts of normal

i apmyﬁnndsf'speoifioaily_hyaroqarbans; was determingé by the

uaekaf & = ray diffraction taahniqués (&mith._l?ﬁa). The

unit oell was found to be hexagonal, éé: 8.230 and ¢g =11.0095

3, and to contaln six urea_molegulas@ ‘The urea molecules .

form a hollow éhannel structure, hexagonal 1n oross section,

" in which the hydrocarbon chaln s enclosed. The hydro-

. qarhbng are in an axtended‘zig*zag gonfiguration with thely

'loﬁg axis parallel to the ¢ axiss | ,

- The dimensions of the chamnel are such that it will
Just aac@mmaﬁaﬁﬁ ﬁhe hydrocarbon molecule when the molecule

is unbrancheds Thevefore only normal hydrocarbéns or

| m@léculaa_with tarminal functional groups will moﬁmal;y adduct

-with ures: The chanuel 1s constructed of urea molecules

arrenged in a spiral such that the plans passing_tnrough‘

both nitrogen atoms ls nearly parallel to the o axis.:
Stabilltys .mhe stabllity of the adduct apparently in-

volves hydrogenianding between adjacent urea molecules, and

vaﬁ der'Waais forces be@ween the urea moieculas and the hydro-

carbon. Bach oxygen atom is hydrogen bonded to four nitrogen
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atoms, and each nitrogen to two oxygens. In obtaining the
b@nd,d;stanees, it was'founa that there were two 1engths of
"N~ﬁ;'**®'bbnds_in bcth‘pure urea‘and the urea hyﬂraéarbén
eqmplex; The longer bond in each was found to ﬁé'theléaﬁa
lengﬁh; within the limits of expérimental error,‘hutgthe
shoxtér'bonﬁ bf the coﬁpi§x'was 0.05 A° shartér‘ﬁhan 1ts
counﬁefpgft‘in putg urea. This wag moTe than ﬁhs probable
arror_in'ihs detexminatimg; A ahartaﬂing of these bonds
over those of pure urea apparently contributes to the

stabllity of the adduct.



EXPERIMENTAL

Ereggrgmén Of the Wax. The wax used in this experi-
mentation was orude montan wax obbained from lignite coal

- mined in the reglon of Tone, Californla. It was extracted

'._ fr&m the coal by solvent extraction, the solvent being a

-mixture of aliphatic anﬂ aromatie hydraearboas.
. The orude wax was in flake form, was hard, brittle,

1 aark brown in color, and had a characteristic waxy feal.
‘1 _Whan ignited it burned readily, leaving no residue. I%
had a drayping point of 86“65 acld value 45, sgpanifioaiion

- valus 120, and ester Value 75.

| | The crude wax waa subjeetaa to SHOQ@S&iV& axhaustive
,exﬁragbioua with‘mathyl aleohol, ethyl aleohal, isopropyl

‘ f'glaoholg_gnd seoondary butyl aleohol. The extractions were

~ carried out in a Soxhlet extraction apparatus in the follow-
 ing manner -

. 10 g of orude wax was extracted with 200 ml of meﬁhyl
f;alaehgl»for 1 hour, at the end of which time the color of

-~ the solvent in the extraction chamber was a very pale yollows

~ The residue in the thimble was then extracted with 200 ml

*fqu ethyl aloohol until the color of the solvent in the

extraction chamber was a 1ight yellow, slightly darker then
 ;‘#ha% of the methyl alcohol extractate. The residue was then 1-F4*“4**
| axtxaateé for appréximately 1 hour with 200 ml of i&eprépyl |

" aleohol, and a fourth time uaing seg.~hutyl alemhal, After
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each extraction the extractate was slowly cooled to room
:temparatura then aocle& to 59 ¢ before filtaring.» The

_'idetails of this series ef extraotions are summarized 1n
 J;Tabl$ v. . A | ,
j‘ The.grecipitated waXes differed from aaeh ather both
ivin color and consistency. Tha waxes axtraated with the
.lewer molecular weight alaahels W@re lighter in celsr,
more gelatineus, and filter@d muah more slewly than thase
‘axtractad with aleahols ef higher molaeular waighﬁ-‘ These
qf;eharaataristies of ﬁhe waXes are summariz&d wi th their
aomparativa yialds in Table vx._

Qeter@;wgtiag of Gonstgnt ‘ Tha wax matsrials wara

charaaterized as far as possible by tha daterminabian of

’ _Mdropping points, aeid valuas, aapenifiaatian valuas and

o aater Valueﬁ.

Q gg; g geig « B@cause Waxas tend t@ softan rather

". than give a sharp melting paint. capillary melting paints

.' ara @f littls intereat. The malting Tange 1s too great to
be of muph signifieanaa and the limits of this Tange ave

‘Ff diff1ault o observe aoeuraﬁe134 Tnerefore in this work

 the dropping point mathaﬁ was used. |

.1 ) Tha dropping points were datenminea aa fellmwaz The

}» bulb of a‘tharmemeter was dippaﬁ into the malt@ﬁ wax and '144444,
then ratatad while the adha*ing wax Belidifiad 1n an even |
| ‘layars whe tharmometer wag then;aupp@rted in a aix inch
’ltest tuba by means of a cork stopper so that the bettom of



- BXTRACTION
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SOLVENT

CH40H
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CHARGE

orude wax
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ng

TOTAL AVERAGE AND z;ﬁm. O |
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the bulb was about three éuawtars‘ef'an inech from the
botbom or the test tube. Tha asaambly was then lmmersed in
- a dibutyl phthalat@ hea%ing babth equipped with a thermometer
and olreular stirring rod, The bath wasg alowiy heaﬁsa with

‘vccnstant atirring such that the ba%h temperature was maln-
..tainad aboutb l@Qthighar than thab insid@ the test tubes
i‘The dropping point wag takan a8 that tamp&raturs at whieh
»_'the drop became detaahed aompletely fram the bulb.‘ :
With thiﬁ type of melting paint det@ﬁmiﬂétioﬁ it was
? obgerved thabgvalﬁhough an excess of wax a;a not geem o
affect the dropping point, cave had to be taken that

© sufficlent wax was on the bulb to form a drop. This was
Ty insured 1f a film of wax remained on the bulb aﬁt&rvbha'drep

 had formed. Carelessness in this respeot would lead to ab-

"“,f]narmally‘high aropping points.

B ggiﬁ,gg&ggg. Acld values were datermin&d as follows:
i ﬂppraximahaly 05 g of waz; w&ighaﬁ to the nearest milligram,
..wag dissolved in avamall amount of warm_banzenew When solu-
tion was complete s@ifia;ént warm’begzens'wﬁﬁ'addéd’tmxgiva

& total volume of 200 ml, and the mixture was allowsé.to
eool to nearly room temperaturves lae&raps of 0.+1% phenol-
phthalein were added and the solution %itrgte@ with approxi=
mately O+1 N XOH to ﬁha appearance Qf a.yinR e¢lor*that.d1ﬂ
" not fade in 30 sagondss A blank was run coneurrently.
| ‘ ?h@ acld valu@ is defined : ag the number of milligrams 'f - -
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of KOH required to neutralize the free apld present in 1 g
. of the samples 1t was ealaulatadvaacorﬁing to the formuls!

H == ¥ x5.61
A Wt. of semple

. where N, = acid value, and V is the volume of base correct-
ed to 04100 N .
gaponification VQlug.' The saponifieatian value 1s that

: nnmbar of milligrams of KOH r@qnirad to nautraliza the total
gqid_(both as free acld and that acid esmbined in the wax

~ esters) in one grem of wax/ The ssponification values were

| f;deﬁarminﬁﬁ asoording to the f@llawdng proosduraa
- A@proximataly 045 g of wax was waigh@d to ‘the nearest
'mg inta a 250 ml Erﬁenm@yer flask. Te this was aaded 90

'5»’m; ofya suitable solvent, and tha_f;gsk was then heated, by

lmmersing in hot water; until golution of the wax was oomplete.

: _ ffmha material was transferred %0 & 200 ml rbund bottom flask, | fv};__‘w_“

A;;with an additlional 10 nl wf s@lvenﬁ being used to ringe th&
m Erlenm@yer flasks This rinae golutian was also aaaea %@ the
_yound bottom flask making a total of 100 ml. 10 ml of

:’1approximate¢y 045N KOH was ad&ed;;ana the mixture refluxed

"f:fer two hourss

A blank was pr@p&raa aentaining all but the wax samyl@,
and tnis also was refluxed for two hours. | [ I
The sapenificatian values were ualeulated aeccraing to

the following formula!
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~ where V, = saponification value, vy = volume of acid re-
quired to titrate blank, and Vy = volume of asid re@uiraa
to titrate wax sample. (v, and v, corFected to 1.0 N KOH).
-~ The selectlon of solvent for the determination of
gaponification values posed a considerable problem, due to
~  the aifrsgant sélubility oharacteristics of the wax samples.
Standard procedures for determining sesponlfication values
involve only the use of the alcohollc KOH as the solvent.
 The samples under investigation here, however; are not
soluble 1n aloohol, except those samples obtained by ex-
~traction with methyl and ethyl aloohols. | |
Although benzgga is a good solvent for all the waxes
‘; under investigation; attempts to use benzene were not suc-
J:‘Qéssful because of establishing a two-phase ayétam durihg
the titratianQ ié‘was found that iéepr@pyl aloohol was a
~ satisfactory salv&ﬁt»fer the waxes extraoted with methyl and
ethyl aleohols: For the wax extracted with isopropyl alcehbl,
‘;sea~buty; aleohol was uged ag the solvent during'the saponi-
floatlon; and for that extracted with sec-butyl aloohol the
solvent was a mixture of 80% sec-butyl alcohol and 20% bengene.
Eﬁ&gx,zg;gggﬁ Glnce the acld value is ddta#mine@ as the
:nnmbax‘or milligrams of free acid per gram of sample, and
iha 5aponifiogtion‘value 1@ determined as the number of
mil;igramg of total acia_(samkingd and uncambinéé} per gram
of sample, the difference bhetween thesge two values would be



28 B
'tha nunber of milligrama of aeid that was aombinad 1n tha
"aater 1&nkag$a per gram.ef gample., This differene@, thara~
'fore, ia the ester valua of the aample, anﬂ may be stated

}‘simply as:

Table VIX aummarizea the abave pr@perties of the diffsrant
. wax samples. |

ati&n,ug,gwg rag gdduet . Er&liminary wark

0 1ndieated aerbain diffieultiaa that wauld be eneeuntarad in

- ” ‘aatanﬁa¢'

'“:f"urea aolvent, er “aetivator“ &hauld ba a poiar aolvant sueh

”-i$aa maﬁhyl alaohal. ethyl &109h51i Or Water‘ AHY of th@s@

" ‘have rather limited selubnwwa in these solvents, 1% was

' the praparatian of the urea addueta or wax amnstihuants~~~
ﬁiff&aulties that waulﬁ prevent the ocmplaxing, oy th&t

- would lead 0 a prmﬁuct sevarely aontaminated wi th tha Te-

AS was nated in ﬁha warks referxeﬁ to aarlier, the

are oansidared axeallent‘ However, since the WHX samples

'npt passible to ferm the adduats by aﬂditien of the wax tc
: the urea in its solvent fcr any axcept the mathyl alcahel
.‘axtraab. Tha waxas extraeted with the higher m@laoular |
weight aelvents wauld not farm adduets in thia manner.

 The pc$aibility of forming ﬁha adducts by shaking ‘

'Vaaturated solutions of ﬁh& Wax and urea in their raspactive



TABLE VII

PROPERTTES OF WAX EXTRACTS

WAX SAMPLE

Q#ucl;e. - |
Methyl Alg. Extract
Etl_iy}, Alg. Bxtract
Iso-propyl Alc. Extract
Ses-butyl Ale. Hxbtract

DROP PT.
“og

g6
|
gl
88
91

ACTD

SAP.

29

ESTER

VAIVE VALUE VALUE

45
gl
67
3
2L

120

135
P
100

105

75
5k
27

‘65

8
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f' malvents was also investigated. When these solutions were
llghaken together vigarsngly, a wnita, naadla-like pm@eipi-

'bata roﬁmeﬁ in large amount. lnv&stigation saan shawaﬁ. how~

- ever, that this material was prineipally urea. Qantrcls

wex'e then run 1n whieh mathanol, saturated with urea, was'
mixaa wivh two different wax solvents - toluena and 2, 2,
hwt:imathylpentgne, - solvents in which the wax solubility
ig géﬁda"ln_each‘aase when‘ﬁﬁé yuré sglvant‘was’shaken
' with tﬁé:ureéﬁma%haﬁal ‘solution there was a considarable
‘lpr@aipitation of uraa obsarvaﬁ- I@ was th$r@fare aanaluaed
‘ ﬁhat attempts to preduaa tha adﬁu@t in thiﬁ mann@r Would
not be suoee&sful aua to the large-amgunt ar fraa urea thah |
| wmul& contaminate the pmoduat. ” . | ._3 i "Q
| @est ex@arim@ﬂtﬁ were then paxferme&. uaiaa a wax salvent o
in Whiah ‘there wuuld be a greater solubility of urea. N-butyl
1 alaohol waa saleetsd ag the wax salvent, ana ﬁha fcllawing
}‘test pa&fermedz o |
O 5 g of m@thyl alcohal wax ﬁxtraet was dissalvaﬁ by
warming in 100 ml of n~butyl alcehal» When eeoled t@ room
.tsmparatura no pracipi%atiou of wax was Gbs@rvaﬂ. 29 ml JURE ]
k‘af methyl alaehal was added, with ho preaipitaﬁian af wa s
| obserVaﬁc_ o

| Tha urea adduct of tha methyl alaehel wax extraet was
then preparsd aa follows# ofﬁﬁb g of wax was diss@lveﬁ in -
100 ml of n-butyl alaohel, aﬂ.mi of the aaﬁﬁxated_ﬁrea*v | | ; =
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methyl alcohol solution was @ngd;ianq the mixture heated
to 40°0. The mixture was then allowed te,aéalvta 30°0,
wiﬁh,Qongtant.stirring,_aﬁwhiohltam;sréthe ar@louQinasaf
appeared. At this polnt s#ix:ing}waa ﬁisaant@g#ad and a
coplous white precipltate slowly settled out of solution. _
The mixture wag allowed to stand 24 hguxg‘hafara belng ?iltar*
eds The precipltate wasraxystalmine«whiﬁa in célor. aen?
»sisting @f very fln& naadl®s~ » |

. Attempts to wash the arysballina pracipitat@ with the
pure solvents resulted in alm@§t c9mg1at§ decomposition ai
the adduets  Therefore all melting points reporsed here are
on the orude, unwashed presipitate. The m. p. (éapillaryy
m@ﬁh@d)‘@ﬁ the adduct was 1399-141°, indicating a new
subs%anaﬁvrather than:a ‘mixture. Qacompesibian of:tha
~ material was observed ab the m. p. o | | |
The yleld of adduct was 1.278 g, whieh, upon deeempmai~
l%iqu,uyielﬁad 0.296 g of wax, or approximately 59% yield.
The wax was a light olive green in coloz. The recovered
waX, in addition to being altered in color, had shanged
é@lgbiliﬁy characteristios. The methanol e?ﬁraﬁt wag
completely soluble in hot isopropyl aleohol, but the wax
recovered from the adduot had only llmited solubility in
this reagent.

 The adduot of the athyl ala@hul extract was preparad
ﬁﬁing the seme proportions, but starting with 2.000 g of
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waxXe The yleld was 6.106 g of a cream colored precipitate,
Me P 137° - 144°g, The weight ef.the xeaovarﬂﬂ wax was
1. 525 & or 76% of wax adducted. '

It wae found that the aacraaﬁed solubility af’ﬁne ’
iso-prapyi ‘aloohol axﬁxacﬁ pr@vented +the form&tion of the
adduct by the methe& uged for the methyl and ethyl alcﬂhol
extraéts. Whan the wax solvent was m@difiad by the ad~

dition of 100 ml of benzene, however, the 2 g of wex dls-
~ solved aample%ely¢vand renained in golution when a@oled,tq
 room temperature, | o
o 6@ ral af sauurataa urea*metnanel solution was added,
ian@ %h@ solutiqn-allawaa %0 cool with constant ggirring.
The stir?inQVWas di&dcntingaﬂ when the mixﬁune‘had reached
ro@ﬁ‘tamyératura» and'the»piaéipitata allowed t@ settle

outs ﬁhé‘p:agipiﬁaﬁe’qumeavtwb'layers, the bottom, more

~denge praaigitata’wasyfaund,ta‘hé;gnraaetad waxQ while the

v upger';aYQr; whi@hiwasfsilkylig_app@arane@;'had_a melting

~ point of 138% =141°C, indicating it to be the adduct. The
waight”ef5wax réeOVQre&*fremV%he aeeomposﬁﬁ adduct was
 '0 249 gy @r lﬁ.ﬁ% of the original sample. |

| Al attempts to adduct the &ec~butyl aleahel sxtraet

enaed}wi%h»ﬁimpla_mixturﬁﬁ of urea snd wax. If any addue%'

was‘pre&uéea; it wag lost in the large amounts og‘puxe.r@-

actants ﬁhat precipltated out. | o . '
Degomposltion of the Urea g@ductgo The adducts were

daaompaseﬁ by vigorous ahaking in 100 ml of aéla wotars
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Tha urea went into salutian, 1aaving the insaluble wax ‘
:behina.’ The WwaX was separated by gravity filtratian, and
‘wag Elir ﬂl’i@&.

Vihere &uffieiﬂﬁt wax was recovared. drepp&ng paints.

acld valuea. aapenificatian valums and @ater V&luag wara o

determined. These are summarized in Table VIII.
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| 'MBLE vm::t |

:Pnommw oF w %GGVE%B FROM UREA ADDUGTS
ADDUQTED WAX xme? PP, APLID  SAP. BSTER -
T og VALUE VALUE VALUE |
 Methyl Alo: Bxtract 9% @) 110 27
| Ethyl Ale, Extfact | 8. 57 97 W0
*Xsewpropyl Ala. beraet | i;wl y 29 76 L7
*baa-butyl,Ale» hxtraet ;;; N .,;m. — —

_ *Not sufficient wax récovered to dehermine valuss
whara blanks ocours ‘ S | - o
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. Figure 1. Aoid, @ster, and saponifioation value s Qf the
L extracts of montan wax.

Pigure 2.. Aaid. ester, end saponification values of waxes
recovered from the urea adducts.



DISCUSSION OF RESULTS

Attempts té form the sdducts directly from the cruds
Cwax waxe unsuceessful due to the insoluble componenﬁs
;?présént- Any adduct that was formed was hopelessly lost
in this material. - |

| This diffioulty was overcome by the m@thad of suc~

e cessive selectlve extraction reported here. With this

fnpreliminary treatment the wax donstituents wereudivided

 -fjint° groups with similar solubility characteristics. It

”fwas, therefare, passible to traat each extract aesording

i’tQ its own; falrly uniform, solubility dharaeteristies,

"‘1 with no inherfarenaa fr&m those substances which bad been

Threugh this approach 1t was possible to adduct the

. oonstituents and then recover from the adduct the wax in

fiﬁffg]EB;B%‘yielda (Based on weight of crude wax required.)

A comparison of the properties of the wax extracts
_7:-w1th the wax recovered from the corresponding adducts is
i shown.in Figuras_llanévaa It is seen by cmm@aring the se

' figure& that a seleetion possibly'cécurrsd wheﬁ.the
extracts formed the &&duuts¢ |

The amount of free aeid prasent in the extraats de~

"fq éraaseé wl th each~suaaassive extraotian.:as indicated by

_ the ohange of acid value from a high of 8l for the methyl
‘alcohol extract to a low of 21 with the seerutyl aleohol
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éxtr&ct- No such ragularity}is gseen in the data for elther

saponification values or ester values of ﬁhe waX extracts.

. Figure 2, hawever,'éhowsva linaar decraase in voth
acld #alues and saponification values, and a linear increase
in ast@r Values. | | N | |

~ The maximnm ¢haln lengtha fer the recovered aeida

oanaistent with the observed propartias may be caleulated.
'$h;a Galgu;ation,,whiph will be developed balqw, is based
1:uan_the‘assumpticn_hhat the only substaneés separated by
the methods desoribed in this’wurk are esters and moﬁabasic
acidse Thls assumption ignores, of oourse. the rathexr
obylous fact that free alcohols are quite probably alﬁ@
~present. These results are, thgrefora, not meant to be
"exact values. |

The following oalaulation 1s for the methanol extraet.
The”rasults of slmilar caloulations based upon the other

waxes ptudied here are summerized in Table IX.
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ations for Methanol Extract:

Yy'z 8L | |
Assuming the aclds to be monobasic, the number of equiva-

lents of KOH equals bhe ‘number of nmoles of acid.

i ‘3 N
By = _VA * 10 ) where n eguals t.he number
Bq. whe OF KOH - of moles of acld per grams
n, = 1081 = 1. aa x 1072 moles of aaid/gram
A 1= of waxe ‘
gz S o
=405 = .96 x 10-”3 moles ai‘ as'&mr/gram
n'E .%ol - - Of waXe

ASsuming thé ahain léng'bhs of the acid emd aléohal
portions of the ester to be egqual and the same as for the . -
free acia, . Y F :
if x 2 mol. wt. of the ééid,
then 2x - 32 = mol. whe of the ester. _ |
(1bh 5 2032 (.96 x 1073)(2x - 32) = 1.00 g.
solving the above, we find: .
. ®z 305 =z mol« wh. of the aoid.
if n = no. of C atoms in the agid, then:
12(n)  1(2m) 32 = 305 |
or n = 20 = length of ohaln in the acid. L

H



MAXIMUM AVERAGE

EXTRACTING
“SOLVENT

Methanol
Ethanol
Iso-propanol

Seo~butanol

The value obtalned for the ehhanal.extragt app@érs'

3 -

TABLE IX
GHAIN L&NGTH oF AOID GOﬁBTITﬁEﬂTS
op M@NTAN WAX :
20 -
30 o 2?
22 on
17 —

out of line. The general lnorease obbained for the re-

covered adducts indlcates the possiblllity of eome low

moleoular weight branched ohaln aglds being present in the

extraot. These would not adduct; therefore the average N

chain length of the recovered acids would show an increass.
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o A ‘sucdesaful method for preparing the adducts of eoms
“of the constituents of montan wex has been developed: This
.meﬁhod utilize& suecessive axtractiana of the orude wax
wibhvthe;fa;lewing solvents? methanol, ethenol, isaprepancl.
and gec.-butanol. Adducts were obtained from cach of the
extraeta exa@pt that of the sec.~butanol. Thé yield”of
wax reeovered from the &ecomposea adducts was 23%, based
upcm the weigh*& c)f the G:ruda wax requirad.

ng dropping painta, aeid values, sapanificaﬁien
valuss, and es%er values ef the waxes were ebtainad. From
this inrarmaticn the maximum average chain length of the
”acia aonstituents was ealculated. No attempt was made %o , ?

identify any of the vmnstituants.
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