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INTRODUCTION.

In recent years, one seotion of the Research carried 

out in the Department of Oil Engineering and Refining, 

University of Birmingham, has been concerned with the applica-

tion of Phase Rule principles to equilibria existing in systems
/. 

of particular importance to the Petroleum Industry. It seemed

desirable to extend this theme in a study of the fractional 

melting process for the separation of paraffin waxes of different 

melting points, with the ultimate object of applying, if possible, 

any equilibrium diagram thus obtained, to the sweating process 

employed industrially in the production of paraffin wax.

Many misleading and contradictory date relating to 

paraffin wax and the sweating process are to be found in the 

technical literature. No justification is therefore needed for 

the inclusion of the fairly comprehensive - but non-critical - 

review of the subject which constitutes the first of the three 

sections of this Thesis. This is essential for the full 

appreciation of the various special considerations necessary in 

the study of this problem.

Sections 2 and 3 are concerned respectively with the 

separation of paraffin waxes in theory and in practice, and the 

various stages of the work are presented in the order in which 

they were completed. The attempt to apply Phase Rule principles 

in a study of a substance so complex in nature resulted in the 

almost inevitable lines of approach which proved to be of

(1)



negative value. These are included in the account, in general, 

only if they proved to be essential in leading to the final 

solution of the problem. The initial difficulties, encountered 

especially in the elucidation of the equilibrium diagram, were 

gradually eliminated, and it is believed that the solution of 

the problem presented in these pages has been established on a 

logical end sound basis.

The work described herein will, it is hoped, provide 

the data for two or more original papers to be submitted for 

publication In the near future.

(ii)
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SECTION I - THE SEPARATION OF PARAFFIN W/XES

LITERATURE SURVEY.

Introduction

The production of paraffin wax from wax-bearing 
distillate may be considered to take place in the following 
stages :-

(1) Partial removal of the oil by chillinc and filter, 
pressing,

(2) Removal of oil and waxes of low melting point by the 
process of fractional melting - the so-called 
"sweating" process, and

(3) Chemical refining of the sweated wax.

The stages are conveniently illustrated by the following 
diagram:-
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The research project is concerned primarily with the sweating 
stage in the production, and in the following pages a survey 
is made of the published work relating to the various factors 
which may affect the efficiency of the operation. This review 
of the literature is given in five sections, in which are con­ 
sidered respectively :-
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(a) The Sweating Process.
(b) Crystallisation of Wax.
(o) Composition of Wax.
(d) Solubility of Wax in Oil*
(e) Recent Patent Literature.

(a) The Sweating Process

It is not proposed to give a detailed account - such 
as may be found in appropriate text-books - of the treatment 
accorded the wax distillate, but a few essential details only 
are appended for the purposes of illustration and future 
reference.

The wax distillate is chilled to a temperature 
depending on the desired pour point of the oil, after which it 
is pumped through a filter press. The crude wax - usually 
termed "slack-wax" - thus produced, is a solid normally of 
melting point 100-105°F. and oil content of less than 50$, but 
these properties vary considerably according to refinery prac­ 
tice. The slack wax is liquefied, transferred to the sweating 
plant, allowed to cool to solid consistency end then subjected 
to a heat treatment coroiaonly termed "sweating". This operation 
consists essentially in removing first the oil and then the 
lower melting point waxes by gradually increasing the temperature 
of the mass over e period of some hours, and continuing until 
wax of the required melting point remains. The principle of 
operation is based on the fact that the various waxes comprising 
the slack wax have progressively higher melting points. The 
fractions removed contain valuable products, and re-sweating is 
therefore an important feature of the commercial process. 
Innumerable combinations of re-sweating are possible to give a 
wide range of products differing in melting point and oil content

In thit process of fractional melting, accurate control 
and regulation of temperature throughout the system, and adequate 
means of draining the liquid formed during the operation are 
essential, but satisfactory sweating is dependent also on other 
factors, the chief being the size and shape of the slack-wax 
crystals, which in turn, vary according to the treatment of the 
slack wax.

From the evidence advanced by many workers it seeins 
that wax may crystallise in the form of plates, needles, or 
leaflets; an amorphous form is also possible. The plate crystal 
represents the most stable form, but it is generally recognised 
that large needle shaped crystals are essential for satisfactory 
sweating. It would appear that the needle structure is such 
that the interstices which forn between the crystals on melting



remain open, thus allowing the liquid consisting of the oil 
and low melting point (L.M.P.) waxes to drain from the solid 
or higher melting point (H.M.P.) wax. Other crystal forms 
apparently do not provide this convenient means of drainage, 
but rather hinder the process by occluding oil and melted 
wax. Crystallisation of wax from wax distillate appears to 
be Influenced by zrany factors, the more important being the 
distillation and boiling range of the distillate cut, cooling 
rate, viscosity of medium, end especially by the presence of 
impurities which may be colloidal in nature anct which are 
adsorbed by the wax and thus modify or inhibit crystallisation. 
It is not generally accepted, however, that all these factors 
affect the crystallisation. In view of the importance of wax 
crystal structure in relation to sweating, a summary is given 
of the information concerning the forrs in which wax may be 
obtained.

(b) Crystallisation of Wax

It was originally believed that wax was present in 
crude petroleum only in an amorphous forri, but that it was 
converted into a crystalline structure by distillation or heat 
treatment.^ This view was supported by the conclusions of 
Zaloziecki, who extracted a waxy residue from Klenczany crude 
with emyl alcohol to obtain a crystalline residue and amorphous 
extract. However, as a result of a microscopic study of the 
crystalline form of waxes, Gurwitech3 suggested thet the so- 
called amorphous form was not truly amorphous but consisted of 
minute crystals, the development of which had been retarded by 
the presence of resinous and asphaltic bodies, end especially 
by certain high viscosity oily components.

From a photomicrographic study, Padgett, Hefley and 
Henriksen*concluded that the actual neture of the wax was the 
essentiel factor in crystallisation, although the presence of 
asphaltic material and oil had some effect,especially on the 
size of crystals. According to Fussteigf the inhibition of 
wax crystellisation from certain heavy wax distillates may be 
attributed to surface tension effects caused by the presence 
of two protective films surrounding the wax particle. The 
outer film, removable by treatment with sulphuric acid, consists 
of esphaltic and resinous hydrocarbons, but the inner film 
consists of high molecular weight oily compounds which may be 
removed only by special treatment with a solution of phenol 
(5$) in benzene (95f).



- 4 -

Rhodes, Mason and Sutton found that the crystalline 
form of six fractions obtained by a Laboratory sweating of 
Pennaylvanian slack wax was dependent on the rate of cooling. 
At all rates of cooling, plates were first formed, slow cooling 
resulting in the formation of plates only. On rapid cooling 
( 0-1 C. per minute)it was found, however, that the initially 
formed plates curled at the edges and rolled into needles, a 
mixture of needles and plates being obtained on solidification.

Buchler and Graves7 observed that pure paraffin wax 
crystallises in plates whether crystallised fron solution or 
frozen from the molten state. On recrystallisation from 
ethylene dichloride at 40°F. two impurities were removed, oil 
and an unknown substance which the authors term "soft-wax". 
It was concluded that crystal form is governed by (1) the 
viscosity of the oil and molecular weight of the stock and 
(2) the content of soft-wax impurity, which when present in 
small amounts causes impure waxes to crystallise in the form of 
needles, but when in large amounts, promotes amorphous or 
microcrystalline structure. Of interest in this connection is 
a later paper by Graves*'in which he states that synthetic 
normal paraffin hydrocarbons containing 22, 23, 30 & 40 carbon 
atoms, having melting points of 44«3 C; 47-8°C; 65 - 66°C; and 
80 5 - 81 C; respectively, form plate crystals apparently 
identical with those of the paraffin waxes. Gascard*also pre­ 
pared certain synthetic hydrocarbons of higji molecular weight 
which, he found, crystallised as plates when pure, but as 
needles when impurities were present. Car others'0 and his co- 
workers observed that the n-paraffins having respectively 62, 
64 end 70 carbon atoms, crystallised from hot butyl acetate 
or benzene in the form of minute needles.

According to Jones and Blachley* the differences 
between soft amorphous waxes and hard crystalline waxes are 
associated with variation in surface tension caused by the 
adsorption on the wax crystals of an impurity - of the "soft- 
wax" type (Buchler and Graves) - the effect depending on the 
degree of dispersion and the amount adsorbed. Sachanen, 
Zherdeva and vasilyev JA and also Bestushew',3 are in substantial 
agreement with this view, but consider that the change in the 
bacic structure is caused by the presence of ceresines which 
may be present in crude petroleum and which ere separated 
from the paraffin by distillation.

Three crystal forms - plate, needle and malcrystalline 
(having no definite form) - were distinguished by Ferris, 
Cowles, and Henderson? who also found that under suitable con­ 
ditions the needle and especially the malcrystalline forri were 
able to impress their form on plate crystals. It was concluded
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that the crystal form is an inherent property of the wax and 
is independent of other factors, such as the viscosity of the 
solvent. Thus, a pure plate will invariably cryrtallise as a 
plate, and a pure needle as a needle, a view substantiated by 
the observations of Buchler and Graves7 but contrary to those 
of Gurwitsch3 and others. Carpenter lr however, has found that 
low viscosity of the medium favours the formation of plates 
whilst high viscosity assists in the formation of needles, thus 
agreeing with the observations of Tanaka/6who also concluded 
that the crystal form was not affected by the chemical nature 
of the wax.

Katz concluded that crystal form is affected by con­ 
centration, although needles are invariably formed from plates 
in an irreversible transformation. Fussteig^has observed that 
needles may be formed from plate crystals when a wanned wax 
distillate containing plates is suddenly cooled with cold 
water. Within limits, the greater the temperature difference 
between the water and the distillate, the longer and thicker 
are the needle crystals.

* 
From X-ray studies, Clark has determined that the

crystal spacing is a function of many variables including 
melting point, rate of crystallisation, and source of the wax.

Of interest in connection with wax crystallisation 
is a recent paper by Leslie and Heuer2'who have examined the 
crystallisation of a number of synthetic n- and iso- paraffins, 
cycloparaffins, and aromatic compounds, boiling within the

fesoline range. Crystallisation behaviour appears to be in- 
luenced by the nature of the molecule, as long chain molecules 

tended to form long prisms whereas condensed molecules 
crystallised in polyhedrons of nearly equal dimensions. It was 
also observed that the compounds differed considerably in the 
ease with which the crystals formed, the n-paraffin and aromatic 
compounds growing more rapidly than the cycle- or iso-paraffins.

(c) Composition of Wax*

Attempts have been made in many researches to elucidate 
the composition of paraffin wax, and there now seems little 
doubt that n-paraffins usually predominate. Hydrocarbons of at 
least one other type may also be present to some extent, but 
there is no general agreement as to whether these belong to the 
iso-peraffin or naphthenic series. The evidence, however, 
tends to favour the presence of iso-paraffins.
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By repeated fractionation of wax from Scotch shale 
oil, Irancis^and his co-workers were able to isolate a number 
of constant boiling fractions which were later studied by 
Piper, Brown and Dyment^who showed, from X-ray analysis, that 
the crystal spacings coincided with those obtained by Muller ^ 
and Seville"for synthetic n-paraffins. Fischer and Schneider 
had previously failed to detect the presence of iso-paraffins 
in wax from lignite tar, although solid iso-paraffins were 
present in the oil obtained by low temperature retorting. 
The solids obtained in the Fischer-Tropsch process have 
recently been examined and found to consist of n-paraffins, 
although there is some evidence for the presence^of iso- x 
paraffins of molecular formula GgoH40 »nd 15(^302  Carpenter 
identified n-paraffins in wax from Burma crude and also found 
some evidence for the presence of iso-paraffins. More recently, 
Konakai?has examined a wax fraction boiling over a range of 
10°C. (370°-380°) obtained from Fuschan shale oil. By 
fractional precipitation from an alcohol/benzene solution, 13 
n-ftydrocarbons of melting point 28-2 - 80«6°C., having melting 
point and other physical properties similar to the synthetic 
n-paraffins of KrafftJ* and 8 iso-hydrocarbons of melting point 
££«G - 78«6°C. were isolated in the ratio:- normal : iso« 4:1 
(approximately).

.
Ferris, Cowles and Henderson prepared waxes by 

crystallisation from ethylene dichloride at -18QC. followed by 
distillation under vacuum of less than 1 m.m. mercury, and 
obtained fractions having melting points considerably lower 
than the melting points of n-paraffins normally present in the 
wax range. From the study of a very complete set of physical 
data it was concluded that other hydrocarbons - probably iso- 
peraffins - were present in the wax fractions, a view supported 
by the X-ray diffraction experiments of Clark and Sciith^ who 
found that the waxes prepared by these workers contained the 
lower melting iso-paraffins to the extent of at least 20$. More 
recently, however, Mair and Schicktanz3'have performed combustion 
analyses on these waxes, employing a method which has been 
proved to give results of great accuracy, and have shown that 
whilst the higher melting point fractions are composed of n- 
paraffins, those of lower melting point are composed chiefly 
of cyclic hydrocarbons.

Evidence for the presence of cyclic hydrocarbons in 
undistilled wax is provided by Muller and Pilet.jl Fractions of 
wax of different melting points were extracted from asphalt, 
and fron a study of the melting points in conjunction with com­ 
bustion analyses, iodine numbers, and temperature/viscosity 
relations, the authors conclude that the presence of members of 
the naphthenic series is established.
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Employing the polarising microscope and X-ray 
diffraction methods, Yannaquis" found two crystal forms present 
in Pechelbronn wax - (a) a triclinic form existing as separate 
crystals or as a network which, he concluded, were composed of 
saturated cyclic hydrocarbons with long chains, and (b) a 
monoolinic form, existing as needles of fibrous structure, 
consisting of open chain paraffins with short branches.

3f.
McKitterick, Henrlques, and Wolff in a recent study 

of the physical properties of wax, have concluded that high 
melting point distillate fractions contain large proportions of 
n-paraffins, whereas in the lower melting point fractions, iso- 
paraffins, nephthenes and aromatics (in this order) may 
predominate. The higher melting fractions of residues differ, 
as n-paraffins do not predominate. There is also evidence that 
the composition of distillate waxes is independent of the 
nature of the crude, whereas the properties of waxes from 
residues are affected by the nature of the parent crude.

The deductions from all the above researches are 
based on studies of the physical properties of waxes, but 
evidence of a chemical nature is supplied by Namethin and 
Nifontora* By treating wax with dilute nitric acid, these 
workers obtained tertiary nitrogen compounds and concluded that 
isoparaffins were present in the wax to the extent of 25 - 30$.

Kolvoort, Moser, and Verver have recently studied the 
waxes produced by distillation of Java and Roumanian crudes, 
and have concluded that a stage is reached in the distillation 
where higher boiling fractions contain wax of poor crystalline 
character, and which shows a high oil retention. This latter 
property, which is particularly evident with the higher wax 
fractions from Roumanian crude, is attributed to the presence 
of iso-paraffins. The presence of solid cyclic hydrocarbons 
could not be detected, and in this connection, the authors 
suggest that the positive indications of the presence of cyclic 
compounds obtained by some workers may be due to retained oil.

(d) Solubility of Paraffin Wax in Oil.

It was observed by Wyant 7that the greatest loss 
during the sweating process occurred at the temperature at 
which most of the oil was removed, the loss increasing rapidly 
above a certain critical temperature. The significance of the 
letter observation is explained by the work of Iviyers and
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l^T
Stegeman on the solubility of waxes of different melting 
points in a wax-free oil of Sp.Gr. 0-860 @ 15°C. and boiling 
range (under 0»1 m.m. press) 150-170°C. A marked increase 
was found in the solubility of both high and low melting 
point waxes and their mixtures at a temperature approximately 
10°C. below their respeotiTe melting points. L.M.P, waxes 
were found to be more soluble than H.M.P., andmixtures showed 
solubilities intermediate between those of the components. 
The presence of a solid solution of oil in wax of oil content 
2 - 2 »5$ at room temperature, is considered by these workers 
to explain the necessity for performing the sweating operation 
at a comparatively high temperature, as the oil is retained to 
a temperature slightly below the melting point.

The solubility of wax in all petroleum fractions 
(and some other solvents) was determined by Sachanen39and shown 
to increase considerably with increase in temperature, until 
at the melting point the wax was miscible in all proportions 
with the oil. The solubility was also found to decrease with 
increase in melting point and specific gravity of the wax.

4*
Sullivan, McGill, and French, in an investigation to 

determine the effect of the melting point of the wax and the 
viscosity of the solvent on the solubility of closely-cut wax 
fractions in the oil from which they were separated, showed that 
solubility increases with decrease in the melting point of the 
wax and with decrease in the viscosity of the oil. Differences 
in solubility due to difference in the melting point of the wax 
or to variations in the viscosity of the solvent, decrease with 
decrease in temperature,

4V*
Pyhala observed that small needle crystals showed a 

greater tendency than large needles to dissolve in the oil 
present when the temperature was increased, thus giving an 
additional reason for the more satisfactory sweating achieved 
with large needles. It was also found that the loss of wax 
due to solution in the oil during sweating increased with higher 
oil content. Fussteig concludes that the solubility of wax in 
oil is greatly influenced by the nature of the oil, the wax 
being more soluble in asphaltic oils.

The needle crystals prepared by Ferris/v<k co-workers 
were found to be very much more soluble in all solvents 
Investigated than plate crystals of the same molecular weight. 
Waxes of the same melting point, however, exhibited similar 
solubilities in a given solvent.
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(e) Patent Literature.

In view of the progress that has been made in recent 
years in the production of other petroleum products, It is 
rather surprising that no radical changes have been introduced 
into the manufacture of paraffin wax from wax distillate. A 
survey of the patent literature of the last few years shows 
that the patents having some connection with the sweating 
process may in general be included in one of the following 
groups :-

(a) Improvements in the recognised sweating plant.

(b) Special processes for pre-treatroent of the
slack wax to improve its sweating properties.

(c) Production of wax by solvent methods.

Numerous improvements have been introduced in the 
actual sweating plant, but these incorporate, in general, means 
to obtain greater efficiency in heat transfer and to shorten 
the sweating period. These patents will not receive further 
treatment here. It is of interest to observe, however, that 
methods employing the principle of continuous sweating have 
been devised in recent years.41 The main objects of such methods 
are to overcome the inefficiencies in the utilisation of heat 
and to shorten the time required for sweating. The plant is 
usually provided with a chamber divided into many compartments 
which are maintained at the desired temperatures. The wax is 
conducted through the plant on an endless foraminous belt and 
the liquid products formed during sweating are collected in 
receptacles located in each compartment.

The various factors which affect the sweatability of 
a wax have already been considered, and it is not surprising 
to find that a number of patents have been granted which claim 
to improve the sweating43qualities by special pretreatment of 
the wax. It is claimed4 that the finely divided or colloidal 
solids which promote bad crystallisation are removed from the 
wax by treatment of the mass, in the presence of air, with 
aqueous solutions of soeps of fatty or naphthenic acids, resin 
soaps, and especially with elkali and ammonium salts of 
sulphonic acids.

Sweating of slack wax in the presence of approximately 
Z% Pourex, Paraflow or other crystallisation regulator, is 
claimed^to result in a considerably increased yield of wax in 
a shorter sweating period. The regulator is removed from the 
wax with the foots oil and may be recovered from the latter by 
fractional distillation*
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A high melting point wax of 95$ wax content may be 
obtained from one of oil content of 20% by treatment of the 
latter at normal temperature with a wetting agent such as an 
aqueous solution of aromatic or polynuclear sulphonic acids, ^ 
those alkylated in the necleus proving particularly effective.

The addition of a wax of high needle wax content, 
which acts as a crystal form impressing agent,is claimed to 
improve the sweating properties of slack wax. Needle wax is 
related to, but not synonymous with, needle crystals* The 
crystal form is affected only if the solubility relationships 
are such that the needles may separate from solution 
simultaneously with the plates.

Wax is normally surrounded with air or water during 
sweeting, but it is claimed^that if an aqueous solution (10$) 
of alkali phosphate is employed as the medium, superior results 
are obtained, the rate of sweating being increased and solid 
wax of relatively high melting point resulting. It would 
appear that the alkali phosphates lower the surface tension 
between the oil and the wax so that the oil Is more easily 
detached from the wax during the sweating.

Patents have been granted which claim to Increase 
the efficiency of the sweating process by removal of some oil 
and low melting point wax prior to the actual sweating, A 
residue of considerably higher wax content which may be readily 
sweated, Is obtained by steam distillation of low melting point 
wax under conditions which avoid substantial cracking, the oil 
and wax of low melting point being obtained as distillate ?' 
Another means of removing oil from slack-wax consists in heating 
the wax above the average melting point, gradually cooling and 
simultaneously treating it with a kneading action such that the 
wax is allowed to alternately contract and expand during cooling. 
The wax-oil mixture is then discharged to a screen from which 
the oil drains *9' A considerably increased yield of high melting 
point wax may be obtained from wax of less than 5$ oil content 
by subjecting it to vacuum or preferably steam distillation, 
the distillation being continued until residue of the desired ^ 
melting point remains. This may then be removed as a distillate.

Methods of obtaining wax by the use of selective 
solvents, thus eliminating the sweating process, appear in a 
number of patents. Liquid propano"or other liquefied normally 
gaseous hydrocarbon may be employed, but the use of propane as 
solvent sometimes results in the formation of wax, which owing 
to the particular crystal growth, is difficult to separate from 
the oil. It is claimed^that the addition of 0*05 to 0-5$ 
triethanolamine oleate causes the wax to crystallise in an
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easily removable form. Other solvents such as acetone, benzine, 
benzene and 96$ alcohol mixtures, which substantially dissolve 
the oil but not the wax, are claimed4*to be effective in the 
preparation of highly concentrated wax, separation from the 
liquid being effected by means of a continuous filter acting by 
suction. Treatment of slack wax with n-butyl alcohol is claimed 
to give a high melting point wax virtually free from adhering 
oil. The slack-wax is broken into a form which is readily 
pumped, and then treated with sufficient solvent to dissolve 
the oil but not the wax, after which the wax is separated by 
centrifuging. Other solvents including acetone, ethylene 
dlchloride, alcohol/benzene mixtures, and alcohols containing 
from 2 to 6 carbon atoms in the molecule may also be used, 
although for practical reasons n-butyl alcohol is most satis­ 
factory.

Solvent processes are generally unsuitable for the 
production in sufficient yield of paraffin wax having a melting 
point above 60°C. f but it is claimed4Ythat such wax may be 
obtained by treating wax distillate with 1Q£ of a solvent rich 
in aromatic constituents (e.g* distilled SOg extract from SQ 
treatment of kerosene), followed by a sweating treatment undwr 
high pressure.

Finally, it should be mentioned that fractional 
crystallisation has been patented47!!! a process in which the oil/ 
wax mixture is liquefied and then cooled to the required tempera­ 
ture by counter current contact with a Z% sodium silicate solution, 
followed by separation of the wax from the liquid by any convenient 
means. By treating the wax thus produced at successively higher 
temperatures, a series of waxes of increasing melting points may 
be obtained. The success of the operation depends on (1) strict 
control of the cooling rate. (2) rate of agitation (3) detergent 
characteristics of the cooling liquid, and from a practical 
stand-point,(4) difference between the specific gravity of the 
cooling liquid and oil/wax mixture. The process of fractional 
crystallisation is also eriployed^in conjunction with the use of 
a liquefied normally gaseous solvent, the solution being chilled 
to the desired temperature with the resultant precipitation of 
the corresponding wax. More intense chilling results in the 
precipitation of further quantities of wax.
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SECTION II - THE SEPARATION OF PARAFFIN WAXES

IN THEORY.

Fundamental Basis of the Investigation - The Nature of Wax.

In any study involving the Phase Rule end Phase 

reactions, it is obvious that the initial consideration must 

fct that of the nature of the substance. It was stated in the 

previous section that there is general support for the view 

that paraffin wax consists of a mixture of n-paraffins and may 

also contain hydrocarbons of at least one other type. The 

waxes to be employed in this study have constituents melting at 

least over the range 105 - 142°F. and assuming that the compon­ 

ents are n-paraffins, it is possible for at least the following 

members of the series to be present. 

TABLE I

n-Paraffln

n-Heneicosane

n-Docosane

n-Tricosane

n-Tetracosane

n-Pentacosane

n-Hexacosane

n-Heptacosane

n-Octacosane

C H 21 44
°22H46

C 23H48

C24H50

C 25H52

°26H54

C27H56

°28H58

M.W.

296.3

310.4

324.4

338.4

352.4

366.4

380.4

394.4

M.Pt.
(°c.)

40.4

44.5

47.4

51.1

53.3

56.6

59.5

61.6

M.Pt. 
(°F.)

104.7

112.1

115.3

124.0

127.9

133.9

139.1

142.9

B. P. under 
15 m.m.

215

£24.5

234

243

259

262

270

278
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Information concerning the state or nature of 

paraffin wax may be obtained from a consideration of the 

melting of wax*

Now a pure substance is characterised by a sharp

melting point, this being the temperature at which, on
on 

heating, the entire mass melts, or/cooling, the entire mass

of liquid solidifies. Paraffin wax, however, does not possess 

a sharp melting point and the melting or solidification pro­ 

cesses take place over a temperature range. It was first
60 

suggested by Grurwitscb that the single n-paraffins are

partially isomorphous with regard to each other, and that 

during the solidification of the paraffin wax, solid solutions 

and not chemically pure compounds separate. In the case of 

non-polar organic compounds, three conditions must normally be 

satisfied before two substances can form solid solutions *-

(1) their chemical constitutions must be analogous:

(2) the crystal structures must be similars

(3) their molecular volumes must be nearly equal: 

Applying these conditions to the n-paraffins included in Table 

X, it is reasonable to suggest that there is a greater poss­ 

ibility of solid solution formation between e.g. n-oetacosane 

and n-heptacosane than between n-octacosane and n-heneicosane. 

Assuming, then, that the paraffin wax consists of members of 

the n-paraffin series, it would be expected that on solidifica­ 

tion, the components would not all simultaneously solidify to
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form one solid solution, but that different solid solutions 

would successively separate - the first to be formed consisting

of two or more of the higher components.
*, 

Except for the indirect evidence of Gault & Boisselet,

who stated that the melting point of a mixture of waxes may be 

calculated by the rule of mixtures i.e. th© melting point of 

the mixtures lies between the melting points of the components, 

the idea of solid solution formation remained unconfirmed by 

experiment until the work of layers & Stegeman* who investigated 

the equilibria existing in mixture* of waxes of different 

melting points. By repeated carefully controlled fractionations 

under 0-1 num. pressure of a large quantity of wax, and the 

ultimate collection of fractions boiling over a narrow range, 

waxes of different melting points were obtained. The four 

fractions selected for the experiments had the following boiling 

ranges (under 0*1 num.)

A *  165 - 169°C,

8 - 185 - 188°C.

§ * 150 - 155°C,

B ~ 205 - 210°C.

A series of mixtures of different proportions of wax A and wax B 

were prepared. The mixtures were melted in a large test tube 

and allowed to cool slowly. The temperatures at which crystals 

appeared in the melts were readily ascertained and, being 

characteristic of each mixture, furnished th© data from which 

the upper curve in Fig. I was constructed.
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temperature at which solidification was complete was 

ascertained from a study of the cooling curve of each wax 

mixture. From the results obtained, the lower curve of Fig. 

1 was plotted. A similar series of measurements on mixtures 

of waxes C. and D. gave curves (Fig. 2) of similar character­ 

istics.

These authors suggest that the nature of the relationships 

indicated in Figs. 1 and 2 provide evidence that wax mixtures 

form a complete series of solid solutions, the freezing points 

of which lie between the freezing points of the components.
43.

More recently^ a study has been made of the melting 

curves of pure n-paraffins and commercial waxes, and it is 

suggested that the behaviour of the commercial waxes may be 

explained as being that of a mixture of solid solutions of 

substances which have two enantiotropically related modifica­ 

tions .

The original theoretical ideas of Gurwitsch have 

therefore received adequate experimental support, and it is 

logical that any attempt to construct an equilibrium diagram 

that is applicable to the process of sweating, or more 

correctly, In the case of waxes which contain no oil - 

fractional melting - should be developed from the basis 

indicated by the consideration that paraffin wax consists of 

a series of solid solutions - probably of n-paraffins. Various
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types of equilibrium diagrams for solid solutions are described 

in the literature, but in view of the observation of Gault & 

Boisselet and the findings of Myers & Stegeman, to which 

reference has already been made, any diagram applicable to the 

process of fractional melting of waxes is more likely to 

resemble that for a continuous series of solid solutions rather 

than those in which minimum or maximum melting solid solutions 

are formed. It Is essential, therefore, to make a brief study 

of a typical equilibrium diagram of this nature.
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Substances forming a Continuous Series of Solid Solutions - 
Study of Equilibrium Diagram?

Figure 3 is a typical equilibrium diagram for two 

substances A. and B. which melt respectively at temperatures 

TA and Tg.

The upper curve is the "liquidus" or equilibrium curve of the 

liquid solution and the lower curve is the "solidus" or 

equilibrium curve of the solid solution formed by these sub­ 

stances. Any system represented by a point in the region 

above the liquidus curve is entirely liquid and in the region 

below the solidus curve is entirely solid. Any system repres­ 

ented by a point in the region between the solidus and the 

liquidus curves is partly liquid and partly solid, the relative 

amount of each phase present being calculated in the following 

manner !-

Consider e mixture (Fig. 3) of A. and B. of composition 

T» i.e. having Y$B and (100 - Y)$A, and assume equilibrium to 

be attained at e temperature T. Mixture Y separates into a 

liquid phase x of composition X and a solid phase z of composi­ 

tion Z.

Let there be (a) grams of liquid phase and (b) grams of 

solid phase. Then total amount of Y taken is (a p b)

grams, and obviously Y contains Y (a * b) grams of B
xM) 100 

and ilOO-Y)/grams of A. 
100
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Now (a) grams of X contain /a x Z ) grams of B.
v 155*

and (b) grams of Z con tain (b x 2 ) grams of B,

Hence Y (a -f b) 8 aX ^ bZ 
TScJ W~ T55T
i.e. a(Y-X) *

i.e. a a (%-Y)         (Equation l(a).)
D

from which the relative amounts of liquid and solid phases may 

be calculated.

Consider now the effect of slowly heating a mixture 

of composition Y (Figure 4). No phase change occurs until 

temperature T-, is reached, at which stage liquid appears. At 

T£, liquid of composition (a) exists in equilibrium with solid 

of composition (b). Let the liquid phase be completely removed 

and let the remaining solid phase reach equilibrium at temper­ 

ature T«, where the liquid phase is of composition (a f ) and the 

solid phase is of composition (b*)* Again completely remove 

the liquid phase and let the remaining solid phase reach 

equilibrium at T^, where the compositions of liquid and solid 

phases are (aw ) and (bn ) respectively.

Thus, in this particular 3-stage removal of liquid phase, the 

composition of the solid phase changes from Y to (bn ), and the 

yield of (b") may be calculated as indicated on the previous 

page .

If, therefore, solid of composition Y is taken at
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temperature tf. and subjected to an infinitely large number of 

infinitesimally small temperature increments and the resulting 

liquid phase is removed from the solid after each temperature 

increase, it follows that the composition of the solid remain­ 

ing will change from Y f to B along the curve Y'B. In this 

ideal process pure B, the higher melting component will there­ 

fore ultimately be obtained, but in almost zero yield.
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Modified Representation of Equilibrium Diagram for a Continuous 
Series of Solid Solutions,

The equilibrium diagram for two substances forming a 

continuous series of solid solutions has been given in the usual 

and simplest form in Fig. 4 (Page /**). It is clear, however, 

that it may also be represented in the somewhat more complicated 

form shown in Fig* 5 opposite. In this diagram, Equilibrium 

Temperature is plotted against melting point, defined In this 

case as that temperature at which solid first appears on cooling 

a liquid containing any proportions of components A and B. It 

follows from Fig. 4 (Page /a*) that the property of melting point 

is not additive, and the curve showing melting point versus com­ 

position 16 also shown in Fig. 5 00 that computations may be 

evolved in a^manner similar to that indicated in the previous 

pages.

The llquidus curve is obviously a 45° line as the 

melting point of the liquid phase formed by any mixture at a 

temperature such that it falls within the liquidus-solidus 

region, is the same as the equilibrium temperature (Fig. 4). 

The solidus curve in Fig. 5 may easily be obtained by re-plotting 

the data from Fig. 4.

Applying the theory developed in the previous pages 

to this modified equilibrium diagram, it follows that if a 

mixture of the two components of melting point Tg) and therefore 

composition Cg,is allowed to reach equilibrium at a temperature
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T and then separated completely into the two phases, the liquid 

phase will be of melting point T, and composition C., whilst 

the solid phase will be of melting point Tg and composition C g . 

Also, from Equation l(a) (Page 18} the retlo

Liquid phase . Cg - Cg 
>lid phase ^  =-  So:

If melting point in any particular case happened to be additive, 

i.e. directly proportional to the amounts of the two components 

in the mixture, It Is obvious that for purposes of computation 

the lower curve (Fig. S) showing melting point versus composi­ 

tion would be unnecessary, as the relative amounts of the liquid 

and solid phases would be given by (Tg - Tg ) and (Tg - T.) 

respectively. In such a case, the upper curve of Fig. 4 would 

become a straight line.

The significance of this modified equilibrium diagram 

will become apparent In a later section when the actual 

equilibrium diagram for mixtures of waxes is considered.
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Preliminary Experiments on Wax/011 and Wax Mixtures,

Experiments of a preliminary nature designed to give 

some indication of the form of the equilibrium diagram desired, 

were performed on the following samples :-

(A) Anglo-»Iranian Slack-' ax ex JLlandarcy Refinery

(B) De-oiled Anglo-Iranian Slack-Wax prepared from the 
Slack-Wax (A)

(C) Blends of commercial waxes.

The reason for experiments on the above three different classes 

of stock will become apparent later in this section when it will 

be shown that the use of stock (B) is a logical development 

from the results obtained with stock fA). Similarly, for stock 

(C) with reference to stock (B),

It has already been stated that two general methods 

may be employed to determine the equilibrium diagrams given by 

substances forming solid solutions s-

(a) Thermal analysis - a method based on the determination 

of melting and solidification points for mixtures of 

known composition; from the study of heating or cooling 

curves; or by direct observation of the beginning and 

end of melting, 

and(b) Allowing a suitable mixture to attain equilibrium at a

temperature within the melting range of the components, 

completely separating the liquid from the solid phase^ 

and then analysing the two phases.
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The first method was used by Myers and Stegeman in the 

experiments already briefly described (Page /f } , but these 

workers were dealing with two very close-cut fractions, each

melting over a range of not more than 1 C. and which were
«

assumed to be pure compounds. Thus the actual determination 

of the melting and solidification points of known mixtures 

was possible. This method obviously cannot be applied to 

mixtures of waxes containing unknown quantities of many com-
\*

ponents, and it was therefore necessary to resort to method 

(b) above.

Use of Cloud Point for Characterising Liquid and Solid Phase

A difficulty is immediately encountered here as the 

composition of the wax is unknown and it is therefore necessary 

to employ some property, for example cloud point, melting point, 

molecular weight, etc. to indicate the difference between the 

liquid and solid phases formed in the equilibrium experiments. 

For this preliminary work it was decided to use the property 

of "cloud point" which may be determined easily and conveniently 

as described below. It should be mentioned et this stage that 

the property of melting point was used instead of cloud point 

in the main work. The reasons for the choice are discussed at 

some length in a later section (Page $+•) t
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Cloud Point Determination;- An ordinary 8" test-tube was 

filled to a mark (l£w from bottom) with the wax or oil-wax 

mixture, and placed in an air-jacket of slightly larger dimen­ 

sions. This, in turn, was placed in a 3-litre beaker contain­ 

ing water at a temperature 10-15°f. lower than the expected 

cloud-point of the sample. An N.P.L. Standard I.P.T. Wax 

Kelt Ing-Point Thermometer was placed in the molten sample, 

thus giving a set-up as illustrated in Fig. 6. 

The sample was allowed to cool with regular stirring until 

solid showed signs of appearing. Vigorous stirring was then 

commenced and continued until a "cloud" effect appeared In the 

sample. The temperature at which this effect was observed was

designated as "cloud-point". Results were reproducible within
o0*2 F. in the case of wax and wax-oil mixtures, and this margin

of error was considered satisfactory for the preliminary 

experiments.
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Apparatus for Separating liquid from solid phase wax In 
Equilibrium Experiments

The apparatus used in these preliminary experiments 

for the separation of the liquid from the solid phase wax is 

illustrated in Fig. 7 opposite.

The entire piece of apparatus was constructed of glass and 

each section was connected by means of a ground glass Joint. 

The whole apparatus was immersed in the Thermostat at the re-
bcmpctfMl-vr*.

quired equilibrium/etc within fw of the top of Flask A.

The wax sample was also allowed to stand in the Thermostat,

but was contained in a wide boiling tube of convenient length.

The wax sample was allowed to reach equilibrium over a period

of four hours, during which time it was constantly stirred.

At the end of this period the sample was very quickly transferred

to Flask A. in which the perforated glass disc C was covered

with a filter paper. The sample was allowed to stand a further

15 minutes in this condition, after which time suction was

applied through the tube D,

Suction was continued for as long as necessary - 

normally for two hours, but depending on the amount of solid 

phase present - the greater the amount of solid, the longer was 

the suction continued.

When no more liquid phase was dropping from Flask A, the solid 

phase remaining was covered with pieces of filter paper which 

were pressed in to the wax with a small metal plunger. This 

process was continued until no wax stain appeared on the filter 

paper after pressing.
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The apparatus was then removed from the Thermostat 

and disconnected at the ground-glass joints E and F, Flask 

B was weighed before and after the experiment end the weight 

of liquid phase obtained by difference, after correcting for 

the amount removed by pressing the solid phase with filter 

paper. 

The solid phase was removed from Flask A and weighed.

The cloud points were found for both the solid 

and liquid phases.

Thermostat. The Thermostat, which was of 10 gallons 

capacity, was of the normal electrically controlled type 

with mercury cut-out, toluene-mercury regulator, and the usual 

accessories, including an efficient electrically controlled 

stirrer, constant level device, etc. With special care being 

given to maintaining the mercury at the top of the regulator 

in a clean condition, the Thermostat could be controlled to 

0*01 C. but it was not considered necessary to maintain such 

accuracy, and the temperature was therefore controlled to 

io-05°C, this degree of accuracy being attained without undue 

attention being given to the regulator.

The results of equilibrium experiments with the three 

different stocks are now described.
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(A) Anglo-Iranisn Slack Wax

This Slack-wax, which from its appearance obviously 

contained a large amount of oil, had a Cloud-Point of 108-7°F, 

and a Melting-Point (as determined by the A.S.T.lI. Method - 

Serial Designation - D.87-22) of 108«Q°F. Equilibrium experiments 

were conducted over the temperature range 70*f If. to 102-8 F* 

in the apparatus and in the nenner previously described. In 

each experiment the yields and cloud-points of the solid and 

liquid phases were determined. Results are given in Table II 

below :-

^n.u+ji-j «k^»

Experiment

I

I

i
4

I
6

I
a
f
m
tt

Equilibrium 
Temp.

70.8

! 77.7

79.2

80.3

84.1

86.7

89.4

92.2

94.6

99.1

102.9

% by Weight

Solid 
Phase

72.6

66.5

66.9

65.4

62.7

59.2

55.7

49.8

42.2

31.8

19,6

Liquid 
Phase

27.4

33.7

33.1

34.6

37.3

40.8

44.3

51.2

56.8

68.2

80.4

Cloud Point

Solid 
Phase

116.5

117.1

117.2

117.6

118.5

119.1

119.7

120.9

122.5

124.2

126.2

Liquid 
Phase

70.7

77.5

79.0

80,2.

84.0

86.5

89.2

92.0

94.5

99.0

102.8

These results are represented graphically in Fi-. 8 opposite.
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It will be noted from the figures given in Table II that the 

cloud-point of the liquid phase is in all cases not more than 

0«3°F. lower than the equilibrium temperature. This was to be 

expected from the method of determining cloud-point, as the 

liquid phase may be considered as a liquid saturated with 

solid at the equilibrium temperature, and it is therefore 

obvious that when a sample is cooled (with stirring, to prevent 

any supersaturation effect) solid will be deposited at a 

temperature slightly lower than that at which the liquid phase 

was removed from the solid with which it was in equilibrium.

On the assumption that cloud-point for oil/wax 

mixtures is an additive property, the yields of each phase 

could be calculated from a knowledge of the cloud-points of the 

liquid and solid phases and the stock, as follows :-

Solid phase   C * C T, * loo %

»
Liquid phase = s' x 100

where C, C^, and Cg represent the cloud-points of the stock, 

liquid, and solid phases respectively. Using this relation, 

the yield of solid phase was calculated for each of the eleven 

experiments given in Table II. Experimental and calculated 

values are given in Table III, es follows :-
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TABLE III

Expt.

1.
*

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

Equilibrium 
Temp.

70.8

77.7

79.2

80.3

84.1

86.7

89.4

92.2

94.6

99.1

102.9

% Yield of Solid Phase

Experimental

7E.6

66.3

66.9

65.4

62.7

59.2

55.7

49.8

43.2

31.8

19.6

Calculated

83.0

78,8

77.8

76.2

71.6

68.1

63.9

57.8

50.7

38.5

25.2

Experimental 
- Calculated

- 11.4/o

- 12. 5£

- 10. 9^:
- 10.8$

- 8.9?'

- 8.9£ j

- 8.2$

- 8.0^

- 7.5^

- 7.3$

- 5.6$

Agreement between the experimental and calculated values is 

poor and the discrepancy must be due to the cloud-point not being 

an additive property for oil-wax mixtures. The non-additivity 

of the relation was demonstrated by determining the cloud-points 

of various blends of an oil/wax mixture of cloud-point 69.6°F. 

and a wax of cloud-point 132.2°F., both having been extracted 

from the Anglo-Iranian Slack Ytex. Table IV as follows, gives 

the cloud-points of various blends :-
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TABLE IV

% V,ax .
(C.P.132.2°F.)

100

90.8

80.6

69.5

60.8

53.7

46.1

35.4

20.7

7.8

0

% Oil 
(C. 1.69. 6)

0

9.2

19.4

30.5

39.2

46.3

53.9

64.6

79.3

92.2

100

Cloud 
Point °F.

132.2

129.3

125.9 |

122.3

118.8

115.8

113.3

108.8

99.8

86.2

69.6

These results are shown graphically in Fig. 9. and indicate 

that for mixtures containing more than 40'J* wax, the cloud-point 

is a linear function of the amount of wax added. For smaller 

amounts of wax in the blend, the cloud-point/composition relation 

is a curve, the steepness of which depends on the cloud-point 

of the oil/wax constituent. Incidentally, the graph confirms 

observations by other workers that the solubility of wax in oil 

shows a marked increase at temperatures approximately 2Q°F, 

below the cloud-point of the wax.
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Solid Phase obtained in Two-Stage Separation,

For substances forming a continuous series of solid 

solutions it is easily seen from Fig. 2 (Page /?*) that for a 

mixture of composition Y, for example, no matter whether the 

liquid phase IB removed in any number of stages between 

temperature T and T, provided that the final separation of 

liquid from solid phase takes place at temperature T, the 

composition of the solid phase will always be Z. The yield 

of this solid will, of course, depend on the number and nature 

of the stages. It was therefore decided to ascertain whether 

the equilibrium diagram obtained for the slack-wax applied to 

a two or more stage process.

Three experiments were performed, the results of 

which are given below :- 

Experiment (a).

The slack-wax stock of Cloud-point 108.7°F. was 

allowed to reach equilibrium in the usual manner at a temper­ 

ature of 86.7°F. The two phases were separated and the cloud- 

point was determined for eaoh phases (Expt. 6 - Table 2), 

with the following results :-

Equilibrium Temp. 86.7°F.

Liquid Phase: Yield 40.8$ Cloud-Point 86.5°F.

Solid Phase: Yield 59.2$ Cloud-Point 119.1°F. 

The solid phase obtained in this experiment was then allowed to 

attain equilibrium at a temperature of 99.2°?. and the usual
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procedure followed for the removal of the liquid phase. Results 

were as follows :-

Equilibrium Temperature 99.2 I.

Solid Phase: Yield 84.4$ (Equivalent to 84.4 x 59,2 €TC)5~ * 
= 49.4fi on original stock)

Cloud-Point » 121.4°F.

Liquid Phese: Yield 15.6-" (Equivalent to 75.6 x 59.2 ^100 /0 
= 9.2£ on original stock)

Cloud-Point 99.1°F.

Thus, successive removals of the liquid phase from 

the Anglo-Iranian Slack Wax at two different temperatures, 

86.7^. and 99.3°F, resulted in the following products :- 

Yield Summary for the Two-Stage Process.

Final Equilibrium Temperature = 99.3°F« 

40.8$ Liquid Phase of Cloud-Point 86.5°F. 

9.2$ Liquid Phase of Cloud-Point 99.1°F. 

49.9$ Solid Phase of Cloud-Point 121.4°F.

It will be noted, however, (Expt. 10. Table II), that a one- 

stage removal of liquid from solid phase at a temperature of 

99.1°F. results in a 31.8$ yield of solid phase of Cloud-Point 

124.2°F. The two-stage removal of liquid phase therefore 

results in a higher yield of wax of lower cloud-point than that 

obtained in a one-stage removal at the same final equilibrium 

temperature. (The slight difference -0.2°F, - between the final 

equilibrium temperatures in the above comparison is immaterial).
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It will also be seen from Fig. 8 that a solid phase 
of cloud-point 121.4°F, is obtained by a one-stage separation 
of liquid from solid phase at a temperature of 92.8 F. (approx­ 
imately) in yield, estimated from the figures in Table II, of 
47 - 48$.

Experiment (b).

A second experiment similar to (a) above was performed, 
the two equilibrium temperatures being 77.7°F. and 99.3 F. The 
usual procedure was followed, and the following is a summary of 
the results :~

1st Equilibrium Temperature 77.7°F.

Liquid Phase: Yield 33.7$ Cloud-Point 77.5°F. 
Solid Phase: Yield 66.3$ Cloud-Point 117.2°F. 

2nd Equilibrium Temperature 99.3°F.

Liquid Phase: Yield 18.0$ Cloud-Point 99.0°F. 
Solid Phase: Yield 82.0$ Cloud-Point 121.0°?.

Yield Summary for the Two-Stage Process.

Final Equilibrium Temperature 99.3°F.

33.7$ Liquid Phase of Cloud-Point 77.5°F.
11.9$ Liquid Phase of Cloud-Point 99.0°F.
54.4$ Solid Phase of Cloud-Point 121.0°F.

It will be noted that in this experiment too, the removal of the 
liquid phase at two different temperatures results in a higher 
yield of solid phase of lower cloud-point than that obtained in
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a one-stage removal at the same final equilibrium temperature. 

Also, it is seen from Fig. 8 that a solid phase of cloud-point 
121.0°F. is obtained by a one-stage separation at a temperature 

of 91.9°F. in yield (estimated from Table II) of 49 - 50$. 

The findings of these two experiments are illustrated in Fig. 

10, in iwhich cloud-point of the solid phase is plotted against 

the equilibrium temperature.

Experiment (c).

A third experiment of e similar nature was performed 

on the liquid phase obtained from an equilibrium experiment at 

102.9°F. (Expt. 11. Table II). This liquid was allowed to 

attain equilibrium at 80.3°F., and the two phases were then 

separated in the usual manner. Results were as follows :*- 

Ist Equilibrium Temperature 102.9°F.

Solid Phase: Yield 19.6$ Cloud-Point 126.2°F. 

Liquid Phase: Yield 80.4£ Cloud-Point 102.8°F.

o Z Equilibrium Temperature 80.3 F.
o Solid Phase: Yield 55.6?,: Cloud-Point 114.2 F.

Liquid Phase: Yield 44.4?$ Cloud-Point 80.2°F. 

Yield Summary for the Two-Stage Process.
Final Equilibrium Temperature 80.3°F.

19.6$ Solid Phase of Cloud-Point 126.2%.

44. 7f Solid Phase of Cloud-Point 114.2°F. 

35.7^- Liquid Phase of Cloud-Point 80.2°F.
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The yield and cloud-point of the liquid phase obtained after 

the second separation at 80.3°?. are - within experimental 

error - the same as for the liquid phase obtained in the one- 

stage separation at 80.3°F. (See Expt. 4. Table II). 

The solid phase obtained in this second stage is, however, of 

cloud-point considerably lower than that obtained in the one- 

stage process (Expt, 4. Table II),
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Interpretation of Results.

(1) Using the property of cloud-point to characterise 

the liquid and solid phases obtained in experiments (a) and (b), 

it is shown that for a given fiue.1 equilibrium temperature T, 

the removal of the liquid phase in equilibrium with solid in 

two stages - at temperatures T and T ($*T } results in a higher 

yield of solid phase of lower cloud-point that that obtained by 

the one-stage removal of the liquid phase at T.

This observation may be explained in terms of the

solubility of « in «*• It is known that the solubility of
Wa-x oil ." in

(a) increases with increase in temperature, and

(b) decreases with increase In the melting-point (and 

therefore the cloud-point) of the wax.

Consider then, the liquid removed at T . This liquid is a
i saturated solution of wax in oil at temperature T~% In the

second-stage removal at T (T***T ) the liquid removed is saturated 

with wax at this higher temperature. Suppose now that the 

solid remaining after this second removal of liquid is added, 

to the liquid removed at the lower temperature T . At the 

higher temperature T, this liquid is not saturated with respect 

to the solid, and therefore more solid will dissolve until the 

liquid becomes saturated at temperature T. The constituents of 

lower melting-point (or cloud-point) will be dissolved prefer­ 

entially and the solid remaining will therefore have a higher
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cloud-point than that remaining after the first extraction at 

this temperature T. The results of Expt. (c) may be explained 

by similar considerations.

On this reasoning, then, the solid remaining after a 

two- (or more) stage removal of liquid in the manner described 

will always have a lov.er cloud-point than that obtained in a 

one-stage removal at the higher (or highest) equilibrium temper­ 

ature, as observed in these experiments*

(2) As the property of cloud-point, and incidentally 

melting-point, is not additive for oil-wax mixtures, any 

equilibrium diagram obtained could not be used to calculate the 

yields of liquid and solid phases. Various artifices were tried 

in an effort to obtain an equilibrium diagram of the form of 

Fig. 8 on a quantitative basis, but as these attempts were 

unsuccessful they will not be described*

Thus, in an endeavour to simplify the problem it was 

decided to remove the oil and to perform similar equilibrium 

experiments using de-oiled Anglo-Iranian Slack Wax*



f
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(B) De-oiled Anglo-Iranian Slack Wax.

The slack-wax stock used in the previous experiments 
was three times extracted with acetone at room temperature and 
pressed after each extraction. Final traces of solvent were 
removed by distilling under reduced pressure in a current of 
nitrogen. The de-oiled stock thus obtained had a cloud-point 
of 114.0°I. The equilibrium diagram was obtained in the same 
manner as for the Anglo-Iranian Slack Wax. Yields and cloud- 
points of the liquid and solid phases were obtained over the 
temperature range 91.3° to 108.7°]?. with the results shown in 
Table V. below :-

TABLE V.

Experiment

JL •

I.

fi~

4*.

i,
•,
fi
•6 jt

Equilibrium 
Temperature

91.3

96.1

97.9

99.6

103.4

104.5

108.7

96.9

% by Weight
Solid
Phase

89.1

78.2

75, 6

72.1

58.1

54.5

53.2

72.4

Liquid
Phase

10.9

21.8

24.4

27.9

41.9

45.5

66.8

27.6

Cloud Point
Solid
Phase

117.2

119.3

119.8

120.0

122.5

123.0

125.7

120.2

Liquid 
Phase

91.0

96.0

97.7

99.3

103.2

104.3

108.6 

96.7

These results are represented graphically in Fig. 11 opposite.
It will be noted that the cloud-point of the solid 

phase obtained in Experiment 8 is 0.7°!. higher than expected
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from the curve given by drawing through the other points. In 

this particular experiment extra precautions were taken to 

separate the liquid from the solid phase. The sample was 

allowed to reach equilibrium by remaining in the thermostat 

for 24 hours before transfer to the filtration apparatus, where 

it was allowed to stand for another six hours before commencing 

filtration. As much of the liquid phase as possible was removed 

during the first period of filtration. The sample was allowed 

to remain in the thermostat for a further 48 hours during which 

time filtration was intermittent. At the end of this period 

the apparatus was removed from the thermostat end the amount 

and cloud-point of each phase determined. The yield of solid 

phase is normal for its cloud-point. This particular experiment 

suggests that the method employed for the separation of the two 

phases may be unsatisfactory, and this will later be considered 

in more detail.

On the assumption that cloud-point is additive for a 

de-oiled wax, the yield of solid was calculated-in the manner 

given previously (Page *»)-for each of the eight equilibrium 

experiments given in Table V. Experimental end calculated 

values are given in Table VI as follows :-
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TABLE VI.

Expt.

1.

2.

3.

4.

5.

6,

7.

8.

Equilibrium 
Temperature

91.3

96.1

97.9

99.6

103.3

104.5

108.7 

96.9

fc Yield - Solid Phase

Experimental

89.1

78.2

75.6

72.1

58.1

54.5

33. E 

72.4

Calculated

87.8

77.3

73.8

71.0

55.9

51.9

31.6 

73.6

Experimental 
- Calculated

/ 1.336

+ 0.9$

+ 1.8To

:*> l.lf-

± P P?'>if & • ~ / '•'

* 2,6^:
:*- 1.65*

I Ofl/ • ty/o

Agreement between experimental and calculated yields is fairly 

good; in the first seven experiments the calculated figure is, 

on an average, only 1.5?; higher than the experimental
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Solid Phase obtained in Two-Stage Reparation.

The main object of the experiments with de-oiled 

Slack Wax was to determine the effect of liquid removal at 

two different temperatures on the cloud-point of the solid 

obtained after the second removal of liquid. Accordingly, 

the solid phase resulting from Fxperiments 1, 2, 3 and 8
»

(Table V.) was in each care allowed to reach equilibrium at 

a higher temperature, «fter which the liquid phase was re­ 

moved in the usual manner. The results of the four two-stage 

experiments are summarised below :- 

Expt. l(a) - Solid Phase ex Tjcpt. 1. Table V.

1st Stage 
(Expt.l. 
Table V),

End Stage

ftquil. 
Temp.

91.3

103.5

% by Weight 
Solid Phase

89.1

77.6

% by Weight 
Liquid Blase

10.9

22.4

Cloud-Point 
Solid Phase

117.2

120.6

Cloud-Point 
liquid Phase

91.0

103.4

Yield Summary for the Two-Stage Process

Final equilibrium temperature 103. 5°F. 

10. 9£ Liquid Phase of Cloud-Point 91.0°F.

20. 1# Liquid Phase of Cloud-Point 103. 4F. 

69.0$ Solid Phase of Cloud-Point 120. 6°F.

It will be noted from Table V. (Expt. 5) that a one- 

stege removal of liquid phase at an equilibrium tenperature of
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102,4 F. results In a 58. l£ yield of solid phs.se of cloud- 

point 122.5°F. In this case, therefore, the two-stege removal 

results in a higher yield of lower cloud-point solid phase than 

thet obtained in a one-stage separet5.on of liquid froit solid at 

the higher equilibrium temperature.

Similar results ere obtained in the other two-stage experiments 

as shown below :- 

Expt.. 2 (a) - Solid Phase ex Expt. £. - Table V.

1st Stage 
(Expt. 2. 
Table V]

2nd Stage

Equll. 
Temp.

96,1

104.9

$ by VJeight 
Solid Phase

78.2

85.4

% by height 
Liquid Hiase

21.8

14.6

Cloud -Point 
Solid Phase

119.3

121.6

Cloud-Point
Liquid Phase

96.0

104.6

Yield Summary

Liquid Phase of Cloud-Point 96.0°F.

.4/. Liquid Phase of Cloud-1 olnt 104.6 F.

66.8;f Solid Phase of Cloud-Point 121.6F.

Ea.pt. 5 (a) - holid Phase ex Expt. 5. - Table V.

1st Stage 
(Expt. 3. 
Table V)

2nd Stage

Equil. 
Temp.

97.9

104.5

£ by V, eight 
bolid Phase

75.6

88.7

£ by height 
LLciiid Phase

24.4

11.3

Cloud-Point 
Solid Phase

119.8

121.4

Cloud-Point 
Liquid Phase

97.7

104.2
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Yield Summary

8. 

67.

Liquid Phase of Cloud-Point 97.7°F. 

liquid Phase of Cloud-Point 104. 2°F. 

Solid Phase of Cloud-Point 121. 4°F.

Expt. 8 (a) - Solid Phase ex Expt. 8. - Table V.

1st Stage 
(Expt. 8. 
Table V)

2nd Stage

Equil. 
Temp.

96.9

104.9

% by Weight 
Solid Phase

72.4

90.1
. j

% by Weight 
Liquid Phase

27.6

9.9

Cloud-Point 
Solid Phase

120.2

121.2

Cloud-Point 
liquid Phase

96.7

104.6

Yield Summary

27. 6£ Liquid Phase of Cloud-Point 96.7°f.

7.2$ Liquid Phase of Cloud-Point 104. 6°F. 

65. 2# Solid Phase of Cloud-Point 121. 2°F.

The final solid phase obtained in each of the 

experiments 2(a), 3(a), and 8(a) may ha compared with the solid 

phase obtained in a one-stage removal at an equilibrium temper­ 

ature of 104.5°F. (Expt. 6. Table V.) in which a 54.5$ yield of
o solid of cloud-point 123.0 F. was obtained.

It is apparent from these experiments that a two-stage process
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results in a higher yield of lower cloud-point solid than that 

obtained in a one-stage removal at the higher of the two 

equilibrium temperatures.

The results of the last four experiments are 

illustrated in Fig. 12 opposite, from which it seems that an 

equilibrium diagram similar to that shown in Fig. 11 applies 

only to a one-stage removal of liquid phase, and is not 

applicable to the multi-stage (or more correctly - infinite- 

stage) removal of liquid phase which constitutes the ideal 

process for the separation of paraffin waxes by fractional 

melting.

With the object of securing further information con­ 

cerning the nature of the equilibrium diagram representing the 

ideal process, it was decided to perform a series of similar 

experiments on various mixtures of two commercial paraffin 

waxes.
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(C) Blends of Two Commercial Waxes
oTwo refined commercial waxes (1) Burma 108 F* 

melting (L.M.) of cloud-point 108. 3°F. and (2) a W135/140°F. 

melting" wax (H.M.) of cloud-point 135. 5°F. were blended in 

the proportions given below to form waxes of the cloud-points 

shown :-

(a) 30$ H.M* t- 70$ L.M. Resultant wax of cloud-point 116.7 J. 

H.M. * 50 L.M. « » • » 1E2.8°F.

(c) 75^ H.M. t 25^ L.M. « » » » 1E9.3°F.

The equilibrium diagram was obtained for each of 

these blends in exactly the same manner as for the Anglo-Iranian 

Slack Wax and the de-oiled Slack Wax. Experimental data are 

given in Table VII (Page 46).



\
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TABLE VII.

Wax Blend

(a) 30$ H.M./ 70$ L.M.

Cloud Point 
116 . 7°F ,

(b) 50$ H.M./ 50f L.M.

Cloud Point 
122. 8°>.

(c) 75$ H.M./ 25$ L.M.

Cloud Point 
129. 3°F.

Expt.

1.

2. 

3,

4.

5.

6.

7. 

8.

9.

10. 

11.

Equil. 
Temp.

106.7

109.2 

109.2

113.2

115.0

110.0

114.5 

120.0

115.4

119.5 

126.0

% by Weight

Solid 
Phase

74.1

54.8 

56.1

26.9

17.5

82.9

52.9 

19.9

86.9

68.2 

29.9

Liquid 
Phase

25.9

45.2 

43.9

73.1

82.5

17.1

47.1

80.1

13.1

31.8 

70.1

Cloud-Point

Solid 
Phase

120.1

122.3 

122.1

127.1

127.7

125.6

129.6

133.5

131.6

134.0 

138.5

Liquid 
Phase

106.6

109.0 

109.2

113.0

114.7

109.8

114.3 

119.7

115.2

119.5 

1E5.7

The above data are represented graphically in Fig. 13 opposite, 

where AB, CD, and EF represent the solidus ourves for the wax 

blends of cloud-points 116.7°, 122.8°, and 129.3°]?. respectively.

Assuming cloud-point to be an additive property for 

the blends of commercial wexes, the yield of solid phase was 

calculatedjBS shown previously, for each of the experiments given 

in the above Teble. Agreement between experimental and calculated
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values is fair, as shown in Table VIII below :- 

TABLE VIII.

Expt.

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

Equilibrium 
Temperature

106.7

109.2

109. g

113.2

115.0

110,0

1U, 5

120.0

115.4

119.5

126.0

% Yield - Solid Phase

Experimental

74.1

54.8

56.1

26.9

17.5

82.9

52.9

19.9

86, i

68.2

29.9

Calculated

74.8

57.9

58.1

26.2

15.4

82.3

55.5

22.4

86.0

67.6

28.1

a

Experimental 
- Calculated

- 0.7£

- 3.1£

- 2.0$

+ 'J«7>S

* 2. 1C

+ 0.6$ i

- 2.6$ i

- 2.5^ !

# 0.9£

* 0.6}"

* i.e;: !

It was considered possible that the equilibrium curve 

for the solid phase of cloud-point 122.8°F, obtained from the 

wax blend of cloud-point 116.7°F. might follow the equilibrium 

curve for the blend of cloud-point 122.8 F. f and thus the curve 

CD (Fig. 13) would be applicable to this solid phase. Similarly, 

the equilibrium curves for the two solid phases of cloud-point 

1E9.3°F. obtained from the blends of cloud-point 116.7°F. end
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122.8 F, respectively by removal of the liquid phase at the 

appropriate equilibrium temperatures, might fall along EF 

(Fig. 13), the equilibrium curve for the blend of cloud-point 

129.3°F.

This, however, did not prove to be the case, as is shown by 

the following results.

The cloud-point, 1£2.3°F., of the solid phase in 

Experiments 2 and 3 (Table VII) is not appreciably different 

from that of the 50/50 blend, to which the equilibrium curve 

CD (Fig. 13) is applicable. This solid phase was therefore 

allowed to roach equilibrium, at a temperature of 113.0 J?. and 

the usual procedure followed for the separation of the liquid 

and solid phases. This experiment resulted as follows :- 

Solid Phase: Cloud-Point 125.3°F. Yield 77.5$ 

Liquid Phase; Cloud-Point 112.8°F. Yield 22.5$ 

It Is clear, from reference to Fig. 13., that this two-stage 

removal of liquid phase results in a solid phase of slightly 

lower cloud-point than that obtained in a one-stage removal at 

the higher equilibrium temperature.

The above results were confirmed by a second series 

of experiments which gava the following figures ;^
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(1st Stage 

(2nd Stage

1st Stage

Equil. 
Temp.

107.0 

113.9

113.8

% by height 
Solid Phase

69.6 

49.0

22.6

~t by r/'eight 
liquid Phase

30.3 

51.0,

77.4

Yield Summary for twe-stage Experiment :-

Cloud Point 
Solid Phase

120.3 

126.9

127.3

Cloud-Jbint 
Tjqufrt Biase

106.9 

113.8

113.5

30.3$ Liquid Phase of Cloud -Point 106. 9°F. 

35. 7^ Liquid Phase of Cloud-Feint 113.8%. 

34.1$ Solid Phase of Cloud-Point 126. 9°F. ;

The experiments with the blends of lew and higher 

melting commercial waxes confirm the chief finding with the 

de-oiled Anglo-Iranian Slack VJax, as a two-sta^e removal of 

the liquid phase results in a higher yield of lower melting 

solid phase than is obtained in a one-stage removal of the 

liquid phase at the higher equilibrium temperature. An 

additional finding of importance, however, emerges from these 

experiments. Two different mixtures of waxes having the same 

cloud-point but differing in composition will not give similar 

solidus/liquidus equilibrium diagrams, and it becomes clear, 

therefore, that the equilibrium diagram ultimately obtained, 

which represents the process of fractional melting of any 

particular wax stock, will apply only to the stock for which
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it is determined,end it will not apply to other stocks having 

the same oloud-point,

The practical application of any equilibrium diagram 

obtained is thus restricted, as the diagram would have to be 

determined for each wax stock, and it is now obvious that 

this is likely to prove a difficult and tedious operation. 

However, the construction of the diagram is of considerable 

academic interest and a more detailed knowledge of its nature 

is therefore of importance.
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Summary of Essential Deductions from Preliminary Work*
At this stage a brief resume may be given of the 

progress of the investigation, indicating the extent to which 
Essential information leading to a satisfactory solution of 
the problem, has been furnished. The work, as previously 
explained, has as its object the application of phase rule 
principles to a study of the separation of paraffin waxes 
of different melting points by the process of fractional 
melting, with the ultimate intention of applying the equilibrium 
curve obtained, to a study of the sweating process used in the 
commercial production of paraffin wax.

The first essential is the construction of the 
equilibrium diagram and the experiments already described - 
although rather numerous owing to the complex nature of wax - 
must be considered as being of an exploratory character only, 
inasmuch as they furnish a limited amount of information con­ 
cerning the nature of the diagram, whilst at the same time 
giving an indication of its limitations, which have been men­ 
tioned above. The following may be considered the pertinent 
observations :-

(1) Using slack-wax, difficulties are Introduced which 
cannot be readily surmounted and it is therefore advisable to 
work with an oil-free wax mixture (P. 37 }. 
It is now clear that the determination of the equilibrium 
diagram must be followed by experiments on the fractional
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melting of the wax stock under varying conditions. The 

process of sweating may then be examined by making a com­ 
parative study of the results obtained with various synthetic 
mixtures comprising the wax stock used in the determination 
of the equilibrium diagram and a particular wax-free oil (or 
oils).

(£) The equilibrium diagram for an oil-free wax 

blend is somewhat different from that given by naphthalene 

and B-naphthol - a typical example of the type of diagram 

given by two substances forming a continuous series of solid 

solutions. It is expected, however, that the two diagrams 

will be comparable in certain respects, and that any discrep­ 

ancies might be attributed to the melting range of the wax.

(3) The equilibrium diagram applicable to the process 

of fractional melting of waxes cannot be obtained by the one- 

stage separation of solid and liquid phases at different 

equilibrium temperatures covering the melting range of the 

wax. It is clear that as the ideal process of separation 

consists in completely removing the liquid phase at each 

Infinitesimally small temperature increment, an approach to 

the equilibrium diagram representing this ideal process may be 

obtained by actually removing the liquid phase in as many 

stages as is conveniently and experimentally practicable, and 

subjecting the solid and liquid phases to the necessary tests 

at each stage.
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(4) The apparatus used in the equilibrium experiments 

so far described is not entirely satisfactory and an improve­ 

ment can b* made in the method of separating the two wax phases.

(5). The possibility of using some property other than 

cloud-point to characterise the phases must be investigated, as 

cloud-point, besides not being additive, is also a property not 

used commercially in connection with waxes.

Consideration is given to this problem in the pages 

immediately following.
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Physical Property for Characterisation of Wax Phases.

The essentials of the physical property to be used 
for the characterisation of the phases are as follows :-

(1) It must be "additive" in order that the 
equilibrium diagram shall apply quantitatively as well as 
qualitatively, i.e. it must be such that if equal amounts of 
two different waxes are taken, then the property of the blend 
must be the mean of those of the two waxes.

(2) It should be capable of accurate determination, 
as the melting range of the wax stock i6 limited (the wax stock
used in the later work contains constituents melting within the 
range 105 - 142°*.).

(3) It should preferably be related to the melting 
point as this is, froir the industrial viewpoint, the most 
important property of a wax*

As wax consists of more than two compounds, any 
physical property will be merely an average property and will 
not, in general, give an indication of the composition of the 
wax. If, for example, three normal paraffins P, , P0 , P,, have

«L Ct O
molecular weights (in increasing order) of M1 , Mol and M«* S o
respectively, then there is an infinitely large number of blends 
of PJL, Pg and P^ eaoh having a molecular weight of 1C, where M 
is intermediate between M. and M.*
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The physical properties, other than cloud-point, 

which might possibly be used are as follows :-

(a) molecular weight

(b) refractive index

(c) specific gravity

(d) aniline point 

and (e) melting point. 

These properties will now be discussed in greater detail.
f

(a.) Molecular Weight

Molecular weight is, of course, an additive property t 
and the only argument egainst its use is the difficulty of 
determination in the case of waxes. Using even the ebullioscopic

*v.
apparatus of Menzies, and extrapolating the molecular weight 
values to infinite dilution, it is difficult to guarantee an 
accuracy of 2$.

Considering this limit of accuracy with reference to n-dooosane 
and n-octacosene - two n-paraffins whose melting points are 

within the wax range -

n-docosane M.W. 310.4 M.Pt. 112.1°F.

n-octacosane M.W. 394.4 M.Pt. 142.9°F. 

it is observed from these values that, for an increase of 

394.4 - 310.4 * 84 in molecular weight, the melting point is 

raised by 142.9 - 112.1 r 30.8°F. Thus, the melting point is 

affected to the extent of 0.3 F. for each unit increase in
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molecular weight.

Assuming even that the molecular weight may be 

estimated with an accuracy of 1$ - a figure never attained in 

practice - the experimental error on a molecular weight of 300 

would be Z units, equivalent to 3 x 0.3 " 0.9°F. With a 

probable error of such magnitude in the determination, molecular 

weight is therefore an unsuitable property for use in the con­ 

struction of the equilibrium diagram where accuracy to within 

0.1°F. is essential.

The assumption that the increase in molecular weight affects 

the melting point of waxes to approximately the same extent as 

the two n-paraffins considered,is Justified, for although the 

molecular weight/melting point curve for normal commercial 

waxes is,in general,slightly displaced from the corresponding 

curve for n-paraffins of molecular weight within the wax range, 

it is nearly parallel to the latter,

(b) Refractive Index

Refractive index is a property which may be determined 

rapidly and with accuracy and, moreover, only a very small 

quantity of material is needed for the determination. For waxes 

of melting point lower than 60°C. the refractive index of the 

liquid sample is usually determined at 60°C. For the present 

work, an Abb* Refractometer was available with which it was 

possible to estimate the refractive index to 0.0001.
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The following are typical values for the refractive indices 

measured at 60°C. (n^). of fractions collected in Laboratory 

sweatings of the wax stock employed in the later stages of

this work :- 
TABLE IX.

M.Pt.

112.6 

119.4 

127.OS 

137.3 

142.7

,60L D

1.4328

1.4334

1.4345

1.4362

1.4373

Uhese figures indicate that the value of njj increases by 

approximately 0.00015 for each 1°F. increase in melting point,
6Oand as n^ can be estimated to 0.0001, the possible error is 

more than 0.6°F. The property of refractive index cannot, 

therefore, be used.

(c) Specific Gravity.

Figures given in the literature for melting point 

versus specific gravity of wax are very variable, but the
6s-.

following data given by Morris and Adkins for American wax may 

be cited to give an indication of the relation between the two 

properties :-
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Melting Point

103

109

115

118

,130%. d 60°F.

0.778

0.777

0.780

0.782

It is clear that the specific gravity varies only slightly 

with melting point, and even assuming that the values for the

waxes of 115 and 118°F. melting point are typical, it is
o

observed that a difference of 3 F. affects the specific gravity

by only O.Q02. The specific gravity of a wax is not normally 

required to more than 0.001, and as it is very doubtful whether 

the value may be conveniently determined to an accuracy of 

0*000?, this property is not sufficiently accurate,

(d) Aniline Point.

The aniline point of wax may be readily determined, 

and with care, individual readings do not normally differ by 

more than O.S°C. A linear relationship exists between melting 

point and aniline point which can be expressed by the equation: 

Aniline Point (in °Cj = 0.319 x Melting Point (in °F.)

* 75.6
Qr

Thus, an increase of 0.319 C. In aniline point represents an 

increase of 1 F. in melting point. Assuming that the aniline 

point could be determined to 0.1°C, the possible experimental 

error would then be equivalent to 0.3°F. in melting point.
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Aniline point is therefore the most promising of the properties 

reviewed t and is likely to lead to more accurate results than 

any other of the properties. The linear relationship between 

aniline point and melting point is, however, of special sig­ 

nificance, as this means that if melting point is non-additive 

then aniline point also is non-additive. Now it will be shown 

later that a modification of the I*P.T. Setting Point method 

(Serial Designation P.S.lla.) may be used to determine melting 

point with an accuracy of 0.05oy. § and it is clear therefore 

that no advantage is to be gained by using the property of 

aniline point in preference to melting point, especially as the 

latter is quite as easy to determine.

(e) Melting Point. ^

Contrary to the statement of Gault and Boisselet, it 

was found that the melting point of a mixture of waxes could 

not be calculated from the rule of mixtures, and melting point 

is therefore not strictly an additive property. Blends of 

various waxes were found to have melting points slightly 

higher than the values calculated from the rule of mixtures. 

This was confirmed by the determination of the melting points 

(using the I.P.T. Setting Point Method) for blends of two 

Anglo-Iranian commercial waxes of melting points 130.95°F,(H) 

and 108.35°F.(L) respectively, over the complete range 100$H to
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100$L. Figures are given in Table X. below and are represented 

graphically in Fig. 14 opposite. 

TABLE X.

% H.

% L.

££t.Pt.

100

0

ISO. 95

90

10

129.15

80

20

126.95

70

30

124.9

50

50

120.4

40

60

118.0

30

70

115.65

14.9

85.1

112.1

0

100

108.35

It Is clear from Jig. 14 that the experimental values do not lie 

on the straight line joining the nelting points of H and L. 

The non-additivity of melting point is further
66

illustrated by the following results given by Berne-Alien and 

ftork foir certain wax blends. The values calculated by the law 

Of mixtures are included. 

TABLE XI. i'.Pt.
Blend

M.Pt. 
(Berne- 
-Allen) Calculated

Equal wts. of 52.8°C. and 64.4°C. M.Pt. waxes

Equal wts. of waxes of following H.Pts. :- 
49.9, 52.8, 55.6, 60.3 and 64.4°C.

59.1°C.

56 . 9°C .

58.6°C.

56.6°C.

It will be noted that the experimental is slightly higher than 

the calculated value.

As would be expected, it is found that the smaller 

the difference between the melting points of the two stock waxes, 

the smaller is the deviation from the straight line (Fig. 14). 

For example, a 50/50 blend of two Anglo-Iranian waxes of melting 

points 130.95° end 119.85 F. respectively, was found to have a
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melting point of l£5,6°F. f compared with the calculated figure 

of 125.4°F,

It is to be concluded that there is no physical 

property of wax entirely satisfactory for use in the construc­ 

tion of the equilibrium diagram, but of all the possible
.* *

properties, that of melting point is undoubtedly the most 

suitable as

(a) it may be determined without difficulty to within 

0.05 IP. using a simple apparatus> w

(b) although not strictly additive, there is not a great

difference between the experimental values and those 

calculated on the assumption that it is additive. 

There is a further justificationfor its use, for although
W^-X

commercially refined paraffinmust meet definite minimum oil 

content and colour requirements, it is marketed primarily on 

the basis of melting point specifications, and in a research of 

this nature it is essential that the industrial application 

should be kept in mind*

It was therefore decided to use melting point for the 

characterisation of waxes.
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Helting Point of Wax as a Function of Molecular V.eight.

Now molecular weight is strictly additive and although, 

as already stated, its direct use is not possible in this work 

owing to the comparatively large experimental errors involved in 

its determination, it was considered advisable to investigate 

the possibility of its indirect use.

It was noticed that the melting point/composition curve for mix­ 

tures of two waxes (Fig. 14. Page 6o«) was similar in form to the 

melting point/molecular weight curve for the n-paraffins within 

the wax range (see Fig. 16. Page 6^-molecular weight range 

200 - 300). The obvious course was to proceed on the assumption 

that the wax consisted of a mixture of n-paraffins, and the 

melting point/molecular weight curve for these hydrocarbons was 

therefore drawn from the most reliable figures to be found in 

the literature. From this curve was found the molecular weight 

of the hypothetical n-paraffin corresponding to the melting 

point of any particular wax, and this value was assumed to be 

the molecular weight of the wax. The yields of the solid and 

liquid phases obtained in the equilibrium experiments (Page 83) 

were then calculated using this assumed molecular weight as the 

additive property, and it was found that the agreement between 

experimental and calculated figures was, in general, closer 

than when melting point alone v.as used as the additive property. 

The investigation was developed and en equation was deduced 

showing the relationship between melting point and molecular
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6? 
weight in the n-paraffin series. This interesting and

fundamental relationship has been applied with considerable 

success in later sections of this work and an account is there­ 

fore given of its derivation* Such a study necessarily includes 

a consideration of the n-paraffins of lower molecular weight
*

and this, although of importance (it is suggested that further 

study along these lines might ultimately be of value in 

elucidating the structure of the first members of the series), 

is somewhat outside the scope of the main research, but is 

nevertheless included for the purposes of continuity and com­ 

pleteness*
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Relation between Melting Point and Molecular Weight in the 
n-Paraffin seriesV

In Fig. 15, curves A and B show, for the odd and even 

members, respectively, the melting point of the n-paraffin 

plotted against its molecular weight. Considerable choice in 

malting point is afforded by the literature for many members of

the series, but the values used have been selected after careful
* 47. 

consideration and, in the opinion of the authors, represent the

most reliable figures.

It is evident from Fig. 15 that the odd and even mem­ 
bers of the series lie on different curves, and it is therefore 

obvious that no one equation connecting melting point and 

molecular weight will suffice to represent to any degree of 

accuracy both the odd and even members over the whole series of 

fi-paraffins. It is seen, however, that with increase in the 

number of carbon atoms in the molecule, the curves tend to con­ 

verge, and the difference between them from C22 onwards is so 

small that they may be considered as being coincident - i.e. a 

smooth curve may be drawn through the plots.

An expression connecting the melting point with the 

corresponding molecular weight which is applicable especially 

to this smooth curve may be obtained in the following manner :-
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Let M * molecular weight of en n-paraffin of melting point - T°K. 
Assume |i * ktf2 , where $ r f(i,) . aM * b 
where k, a and b are constants.

Then ^ - k(aM + 1

. 1
- k (aM + b) 2

. dT = I -f fdM 
^ J(aM >
~ • 1 ^ const, ...... (1)

b) 2

i.e.. T * ~ •1 ale (all y{ b)

VOien T = 0, M » 0, /. const. * 1 ...
akb

Equation (1) now becomes

1 - 1 1
bj

s aTF

1
akb

n* ^ f i.e. l » Tf .

V

where Tf and c are both constant, being equal to 1 and .b
aTcF a,

respectively.
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Equation (£) may be expressed in the form ;-

I- . C> { Q ) I
Bj ' TU) j 1 M(X) | ' T (y) I 1 ' K (y}

from which e - (y) " (x)

M (y)

The constant c may therefore be calculated from a knowledge of 

the melting points and molecular weights of any two n-paraffins. 

The average figure of c « 94,4 was obtained from a number of 

such calculations. By substituting this value of c in equation 

(2), T^ (which obviously represents the convergence temperature) 

is found to be 414. 5°K.

Equation (1) connecting the melting point (T°K. ) and 

molecular weight (M) of the n-paraffin then becomes :-

414.5 414.5M 
* s ——————— or ——————— ..»««.. (3)

'Us' -f*

IH£ ~ SIGH gtfo»t.& Be K&IJ> AS
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between Cg2 and

In Table 12 below are tabulated for the known n-paraffins,

(a) the molecular weight, (b) the most 

reliable value of the melting point given in the literature, 

(c) the value of the melting point calculated from equation 

(3), end (d) the difference between the experimental and 

calculated figures.

X//.

Member of 
Series.

C22
^23

C24
C25
C26
C27
^28
C2 9

C 3o

C31
C32
C 3,
^31

C 35
C 3 6
C-37
C 3 g
C39
C40
C44

C60
C64
^60

C6!i
C 64
C70

Molecular 
Weight.

310-4
324-4
338-4
352-4
366-4
380-4
394-4
408-5
422-5
436-5
450-5
464-5
478-5
492-6
506-6
520-6
534-6
548-6
562-6^
619-7*
702-8
758-9
842-9
871-0
899-0
983-1

Melting Point, 
0 K. (from 

Literature).

317-5
320-4
324-1
326-3
329-6
332-5
334-6
336-9
339-0
340-8
342-6
344-5
345-8
347-6
348-8
350-4
352-2

—
353-75 \ 

(±0-25) /
359-4
365-1 \ 

(±0-2) /
368-0
371-9 \ 

(±0-4) /
373-5
375
378-25 \ 

(±0-25) /

Melting Point, 
0 K. (from 
relation 

T 414-5M >
94-4 + M 1 '

317-9
321-0
324-1
326-9
329-6
332-1
334-5
336-7
338-8
340-8
342-7
344-5
346-2
347-9
349-3
350-9
352-3
353-6
354-9
359-6
365-3
368-7
372-8
374-0
375-1
378-2

E xperimental 
— Calculated 

Melting Point,

-0-4
-0-6
±0-0
-0-6
±0-0
+0-4
+0-1
+0-2
+0-2
±0-0
-0-1
±0-0
-0-4
-0-3
-0-5
-0-5
-0-1

,, —— -s

-0-9
-0-2
±0-0
-0-7
-0-5
-0-5
-0-1
±0-0

A graphical representation of Table 12 is given in Fig. 16.
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The difference between the experimental and calculated 

figures is within 1°C. for all known members of the series 

having more than twenty-one carbon atoms in the molecule, and 

equation (2) may therefore be considered to represent the 

relation between melting point and molecular weight for the 

n-paraffins having molecular weight greater than 300.

With the lower members of the series, the difference 

between the actual values and those calculated from equation 

(2) in general increases with decrease in the number of carbon 

atoms in the molecule, the difference being greater for the odd 

than for the even members, a fact well illustrated in Fig. 17, 

which shows the molecular weight and melting-point curve for this 

lower region drawn on a larger scale. Although the formula is 

not applicable with eny degree of accuracy when the number of 

carbon atoms in the molecule is less than twenty-two, neverthe­ 

less there exists between the three curves shown in Fie. 17, a 

very interesting relation, which is of particular importance in 

its application to these lower members.

Consider, for example, the three n-paraffins C H

C8H18 and C9H20 (?ig * 17 '* Let X on tile "oddw curve represent 

the actual melting point of CgHg0 , and let Z* melting point of

C 7%6 on tne curve calculated from equation (3). Join XZ and 

bisect at Y. It is found that the point Y coincides with the 

actual melting point of CH given on the "even" curve.
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Thus, if T/ « actual melting point of/ 9 j ("odd curve")
«

and 414 5
94.4
"(7)

. . m \ o I

« melting point of

« Cja. 0 ("even curve") & 18

calculated from equation
< 3 >

then , . 
(8)

, . 
(9)

I
414.5 ) 

/ ______ )
I / 94.4) •*• r n —— \

(4)

This relation (with two exceptions only) is found to 
be true in each case. For those members containing more than 
twenty-one carbon atoms the "calculated1* curve is removed only 
slightly from the actual, and the relation is applicable to this 
region because the melting points of successive members increase 
by small and fairly regular Increments,

Generally, if the number of carbon atoms in the 
molecule is given by (n - 1), (n), (n / 1), where n is an even 
integer, then the melting point T( j of the "even" compound is 
given by the expression

* WD
where T / n /j% • actual melting point of C, /^ n-paraffin t and 

* molecular weight of c / n_]\ n-paraffin.
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Using the most reliable figures given in the literature 

tot the melting point of the "odd" n-paraffins (Tabulated in 

Table 12, column 5), the melting points of the "even" members 

have been calculated from equation (5). With two exceptions only 

(C 2 and C 6 ), the agreement between experimental end calculated 

values is within 1°C., es shown in Table 13*

x///.

Member of 
Series.

c
tt
*Tf
Qg
QI§
6ip
Cm
i»'Oat
Q&
&*
GM•o*wwp- 
**»F*' 
«MB
ri*%$cw

Molecular 
Weight.

30-0
58-1
86-1

114-1
142-2
170-2
198-2
226-3
254-3
282-3
310-4
338-4
366-4
394-4
422-5
450-5
478-5
506-6

Melting Point, 
0 K. (from 

Literature).

101
138-0
177-6
216-2
243-3
263-4
278-5
291-1
301-0
310-0
317-5
324-1
329-6
334-6
339-0
342-6
345-8
348-8

Melting Point, 
0 K. (calculated 

from 
Equation 5).

73-0
137-6
180-9
216-4
242-1
260-9
278-6
291-0
301-3
310-1
317-4
323-7
329-7
334-5
338-8
342-7
346-1
349-2

Experimental 
— Calculated 

Melting Point.

+28-0
+ 0-4
- 3-3
- 0-2
+ 0-2
+ 0-5
- 0-1
+ 0-1
- 0-2
- 0-1
+ 0-1
+ 0-4
- 0-1
+ 0-1
+ 0-2
- 0-1
- 0-3
- 0-4

Equation 5 may be expressed in the form

(n) *
414.5

94.4
i(n-l)

and obviously gives T, n /^\ 9 where T, , is known - i.e. the 

melting point of an "odd" member may be calculated from a 

knowledge of the melting point of the preceding "even" member
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and the molecular weight of the preceding "odd" member. With 

two exceptions only (Cg and C^) the agreement between experi­

mental and calculated values is within 1°C., as shown in Table

14 below :-

XIV

Member of 
Series.

G!

£c*
09 J
On
C 13
GIB
Ci ?
G-19
C,i
C23
C«
C27
C29
G*l
C3 3c,.
C37

Molecular 
Weight.

16-0
44-1
72-1

100-1
128-2
156-2
184-2
212-2
240-3
268-3
296-3
324-4
352-4
380-4
408-4
436-5
464-5
492-6
520-6

Melting Point, 
0 K. (from 

Literature).

90-4
85-9

143-3
182-4
219-3
247-4
267-5
283-0
295-0
305-0
313-4
320-4
326-3
332-5
336-9
340-8
344-5
347-6
350-4

Melting Point, 
0 K. (calculated 

from 
Equation 5).

—
141-8
144-1
175-8
219-0
247-9
268-5
283-9
295-3
304-4
313-1
320-6
327-2
332-1
337-1
341-3
344-4
347-1
349-7

E xperimental 
— Calculated 

Melting Point.

—
-55-9
- 0-8
+ 6-6
+ 0-3
- 0-5
— 1-0
- 0-9
— 0-8
+ 0-6
+ 0-3
- 0-2
- 0-9
+ 0-4
- 0-2
- 0-5
+ 0-1
+ 0-5
+ 0-7

SUMMARY.

1. The melting point of any normal paraffin having more 

than twenty-one carbon atoms in the molecule may be calculated 

from the relation :-

* » 414.5U
1C / 9474

where T « melting point in °K. of the n-paraffin of molecular 

weight * M*
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2. From the relation :-

, .- *!» 
(n)

where n = even integer

point in °K. of C n-paraffin

( A) s meltins P°iirt *n K. of Cn /1 " 

* molecular weight of C -, *

the melting point of Cn may be calculated when the melting poiat 

of Cn^«, is known, and vice versa.

With four exceptions only (C 0 , C-, C A , C ) the agree-
& ip • .p 7

ment between experimental and calculated values is within 

and in this connection it will be noted from Fig. 17 that the 

reported values for Cg and C- do not lie on the respective 

curves, and that the melting point of Q is abnormal, as it is
o

lower than the melting points of C, and C 0 .j. f»

The equation T » is applied in the following 

manner to the calculation of melting points of wax blends. The 

actual melting points T^, Tg.... of the constituent waxes are 

substituted for T in the equation and the hypothetical molecular 

weights Mj, Mg..-' thus obtained. The hypothetical molecular 

weight of the blend is then calculated by the rule of mixtures 

and the value substituted in the equation, thus giving T, for 

the calculated melting point of the blend*



OJ

Ul



- 73 -

In practice, the main calculation may be eliminated by obtain­ 

ing the values from the graph of T versus M shown in Fig. 18 

opposite and drawn from the following corresponding values of 

T and M. 

TABLE XV.

°K (T)
°C.

°r.

M.

310*78

37,78

100

£83.5

316.33

43.33

110

304.5

321.89

48.69

120

328.3

327.44

54.44

130

354.9

333.00

60.00

140

385.3

338.55

65.55

150

421.0

Using this equation, the melting points of the wax 

blends reported by Berne-Alien and Work (Table XI Page 60. ) have 

been calculated. Agreement between experimental and calculated 

values is excellent; the blend of melting point 56,9 C» has the 

same calculated value, whilst the calculated value for the blend 

of melting point 59.1 C. is 59.05°C. It should be stressed, 

however, that such excellent agreement must not be anticipated 

in all cases.
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DETERMINATION OF THE EQUILIBRIUM DIAGRAM.

Wax Stock.

The wax stock employed was a blend consisting of 
equal weights of four completely refined Anglo-Iranian waxes 
of the following melting points :- 130.95°, 127.85°, 119.85° 
and 108.55°F. The resulting blend of melting point 122.1°F., 
was used in all experiments from this stage* 

Melting Point Method.

The I.P.T. Setting Point Method (Serial Designation 
P.S. lla) was not used owing to the comparatively large amount 
(10 gms.) of the sample necessary for the determination. The 
method was therefore modified so that only 5 gms. were required. 
The simple apparatus is identical with that used for cloud- 
point determination (Fig. 6. P.***.) except that a stirrer is not 
employed. A glass test-tube, (length 8n , diameter fn ) is filled 
to a mark (ljn from bottom) with the wax sample and placed in an 
air-Jacket consisting of a larger glass boiling tube (length 6% 
diameter lj") which, in turn, is placed in a 3-litre beaker 
containing water at a temperature 10 - 15°F. lower than the 
expected melting point of the sample. An N.P.L. Standard I.P.T. 
Wax Setting Point Thermometer is placed in the molten sample 
giving the set-up (without stirrer) shown in Fig. 6. A cooling 
curve is then plotted, the temperature being taken at half-minute 
Intervals, starting when the wax is at a temperature 5°F. above 
its melting point, and continuing until the first minimum cooling
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rate has been passed.

The melting point is taken as the temperature at 

which five or more identical consecutive readings are observed. 

All precautions mentioned In the I.P.T. method regarding the 

heating of the sample are observed.

The method gives duplicate results differing by not
o 

more than 0.05 f. The following are the figures for two

typical duplicate 
TABLE XYI.

sets of cooling curves

WAX A.
137.4
156.6 
155.6
155.1
154.5
155.8
155.3
152.8
152.3
152,0
151 .8
151.7
151.6
151.5
151.45
151.45
151.45
151.45
151.45 (9 mine.) 
131.55 (15 mins.)

Bath Temp. 120°F.

157.2
156.5 | 
135.7 i
155.0 -
154.2
133.6 j
135.0
132.5
132.1 !
131.9
131.7 j
131 ; 6
131.5
131.45
131.45
131.45
131.45
131.45
131 . 4 
131.4

WAX B.
117.2

1 116.6 
i 115.9

115.3
114.7
114.2
113.7
115.3
115.1
112.9
112.7
112.6
112.6
112.55
112.5
112.5
112.5
112.5
112.6 
112.45

Bath Temp.ll5°F. Bath Temp. 98°F»

117.1
116.5 
115.8
115.3
114.7
114.2
113.7
113.5
115.1
112.95
112.8
112 . 65
112.5
112.5
112 . 5
112.5
112.5
112.5
112.5 
112.45

Bath Temp.

M. It. 151.45°y. M. Pt. 151.45%. M. Pt. 112.5°g. M. Pt.ll2.56F.
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The melting point of wax is therefore defined as the temperature 

at which molten paraffin wax, when allowed to cool under the 

conditions specified above, first shows the minimum rate of 

temperature change.

On occasion, insufficient wax was available for the 

above method to be used* In such Instances the wax was placed 

in a smaller test-tube which was then inserted in the 8" x fn

test-tube, and the above procedure followed. By maintaining
o 

the bath temperature at 5 F. lower than the melting point of

the sample a cooling curve was obtained which gave three 

identical consecutive readings. The melting point determined 

in this manner did not differ by more than Q.05°F. from the 

melting point obtained when using the larger sample.
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Modified Apparatus for Equilibrium Experiments.

The apparatus used for the determination of the 

equilibrium curve of the wax is illustrated in Figs. 19(a) 

and 19 (b) and in the photograph opposite.

Constructed in brass in order to avoid difficulties 

due to corrosion when standing in contact with the Thermostat 

water, it consists essentially of three sections :- 

(1) The cylinder AB of diameter 5 cms. and length

14 cms. which is screwed into

(£) the cylinder head CD, through which passes the 

screw E carrying the piston head F, shown in 

Fig. 19(a), 

and 

(£) the conical cylinder head G, shown in Fig. 19(b)

The piston F consists of a brass plate with a rubber 

washer, the purpose of the latter being to prevent seepage of 

the liquid phase between the piston and the cylinder wall. A 

leather washer was employed initially, but considerable diffi­ 

culty was experienced owing to loss of liquid phase in this 

manner. The small amount of "lost" phase collecting in the 

space between the under-part of the piston and the cylinder 

head CD, was found to have a melting point the same as that of 

the liquid phase formed in the experiment f and it was therefore 

concluded that seepage occurred during the separation of the 

liquid and solid phases (the method of separation will be
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described later). This was confirmed by allowing liquid wax 

to stand for twelve hours in the part of the apparatus shown 

in Fig. 19(a), when it was found that no seepage had occurred 

during this time.

The conical cylinder head G contains a perforated 

brass filter plate HI of diameter 4.7 cms. and thickness 4 num., 

on which is placed a layer of thin canvas/which, in turn, is 

covered with a layer of filter paper. This means of separating 

the liquid from the solid phase proved to be very satisfactory. 

The liquid passing through the filter plate was collected in a 

Buchner flask attached to the conical cylinder head by means of 

a rubber bung at K-

All screw connections were made water-tight by the use 

of Mobilgrease Water Pump Grease No. 6. 

Experimental Procedure*

The portion of the apparatus shown in JPig. 19(a) was 

placed in the Thermostat (described on P. ±6 ), and was maintained 

in a vertical position by means of a cradle support attached to 

the inside of the bath. The molten wax sample of 70 - 80 gms. 

was then poured from a glass beaker into the cylindrical section 

of the apparatus. The liquid was stirred occasionally during 

the initial stages of cooling, but stirring was almost continuous 

from the time solid phase made its first appearance until the 

liquid/solid wax mixture had cooled to the temperature of the 

Thermostat. After reaching the Thermostat temperature the
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mixture was allowed to stand for a further six hours, during 

which time stirring was intermittent.

At the end of this period the conical cylinder head 

with Buchner flask attached was screwed into position at AB. 

The apparatus was then completely immersed in the Thermostat 

and allowed to remain in this position for one hour, in order 

to allow the complete apparatus to attain the temperature of 

the bath.

The apparatus was then momentarily taken from the 

Thermostat, inverted. and immediately replaced in the oradle 

support which had been so designed that the whole apparatus 

(except for a portion of the lead screw £) was immersed whilst 

being supported in this position.

Pressure was then applied to the solid/liquid equilibrium 

mixture by slowly turning the screw E. This procedure was con­ 

tinued until it was found impossible to turn the screw further, 

at which point the separation of the two phases was assumed to 

be complete. This operation continued over a period of 30 - 45 

minutes, but the apparatus was allowed to remain in the Thermostat 

for a further period of two hours, during which time the screw 

E was maintained in the position of maximum pressure. The 

apparatus was then taken from the Thermostat, the Buchner flask 

containing the liquid phase removed from the conical cylinder 

head G, and the conical head separated from the cylinder by 

disconnecting at AB.
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The solid phase was removed from the cylinder as a 

solid block by turning the screw E. A small amount of the 

solid phase adhered to the top of the piston but this was 

easily and completely removed by scraping with a thin nickel 

spatula, The total solid phase was then weighed and its 

melting point determined.

The amount of liquid phase was determined by weighing 

the Buchner flask before and after the experiment. It was 

found that the canvas filter sometimes increased in weight
*

during the experiment by as much as 0.75 gta. This was 

undoubtedly due to absorption of some of the liquid phase and
tber»f«««

the canvas was^.weighed before and after each experiment and a 

correction applied to the weight of the liquid phase. A new 

(or cleaned) canvas filter was used in each experiment.

Figs. £0(a) and £0(b) illustrate respectively the 

set-up of the apparatus ~ (a) immediately preceding the 

separation of the two phases, and (b) on completion of the 

separation.
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Construction of the Equilibrium Diagram*

Two series of experiments were necessary for the

construction of the equilibrium diagram, (a) for the determination 

of the solidus-llquldus curves representing a one-stage separation 

of the two phases, and (b) for the determination of the solidus- 

liquidus curves representing a multi-stage removal of the liquid 

phase - the approach to the equilibrium diagram applicable to the 

process of fractional melting,

(a) One-stage removal of liquid phase,

The solidus-liquidus curves representing this process 

were determined at various temperatures covering the melting 

range of the wax stock using the procedure outlined on Pages 78- «o. 

In each experiment, the yields and melting points of the solid 

and liquid phases were determined. In many cases the corresponding 

cloud-points were also found, and it will be noted that the 

difference between melting point and cloud-point varies from 

0.05°F. to Otl5°F, Thus, the error introduced by using cloud- 

point instead of melting point is not large and the generalisations 

made from the results of the preliminary experiments, in which 

cloud-point was used to characterise the wax fractions, are 

therefore quite justified. 

Experimental results are given in Table XVII (Page 82).
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TABLE XVII.

Expt.
No.

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

Equil. 
Temp, 
(°T.)

110.8

112.8

113.0

113.8

114.9

116.4

117.6

119.0

120.8

121.4

% by Weight.
Solid 
Phase

92.1

82.1

77.4

72.8

61.1

52.0

40.9

30.4

13.3

8.6

Liquid 
Phase

7.9

17.9

22.6

27.2

38.9

48.0

59.1

69.65

86.7

91.4

Meltigg Point 
\ F. )

Solid 
Phase

123.1

123.9

124.7

125.15

126.25

127.3

128.6

129.65

131.55

131.95

Liquid 
Phase

110.6

112.55

112.65

113.45

114.55

116.15

117.35

118.65

120.5

121.05

Cloud Point 
(°F.)

Solid 
Phase

123.15

124.0

-

-

126.3

127.35

128.65

129.7

131.6

*

Liquid 
Phase

-

112.65

-

-

114.6

116.2

117.45

-

120.6

121.1

The results are shown graphically in Fig. 21 opposite.

From the melting points of the solid and liquid phases 

obtained in each experiment, the yield of solid phase was 

calculated

(a) using the relation T s ,*1^»5 M
H / 94.4

(b) on the assumption thet melting point is additive.

Comparative figures are given in Table XVIII (Page 83).
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TABLE XYIII.

Expt. 
No.

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

YIICLD - f, by WEICSIT

Actual

92.1

62.1

77.4

72.8

61.1

52.0

40.9

30.4

13.3

8.6

Calculated 
from 

tt 414. HI
1 M/94.4,

91.4

83.0

77.4

72.7

62.4

51.1

40.4

29.8

13.3

9.1

Experimental 

Calculated

/ 0.7

- 0.9

^0.0

/ 0,1

- 1.3

/ 0.9

t 0.5

/ 0.6

^ 0.0

- 0.5

Calculated 
from 

Melting 
Point

92. 0

84.1

78.4

73.9

64.5

53.4

42.2

31.4

14.5

9.6

Experimental 

Calculated

/ 0.1

- 2.0

- 1.0

- 1.1

- 3.4

- 1.4

- 1.3

- 1.0

- 1.2

- 1.0

It is clear that agreement between the actual and calculated yields

* M is used for the calculationis closer when the relation T JA j,M f 94.4

of the latter. The use of this relation is therefore justified, 

but at the same time, it will be noted that ther^is no very serious 

discrepancy between the actual end calculated values when the 

latter are obtained on the assumption that melting point is 

additive.

The yield/melting point graph for the two phases is 

given in *ig, 22 opposite, from which it is seen that the yield
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is a linear function of the melting point. For yields of the 

liquid phase lower than 10$ the melting point is slightly lower 

than indicated by the linear relationship, and it is suggested 

that this is due to the presence in the wax stock, of a small 

amount of oil, probably contained initially in the wax of 

melting point 108.35 F. Assume, for example, that the original
o

108.35 melting point wax contains l£ oil. The oil content of 

the wax stock, which contains 25% of this particular wax, is 

therefore 0.25$. Now it is likely that whatever the yield of 

liquid phase, most of the oil would be present in this phase 

due to the press method erployed for the separation of the 

phases. Thus, liquid phase obtained from an equilibrium 

experiment in 5$ yield would contain approximately 0.25 x 

oil. By comparison with date given in lig. 9 (Page 3o«.) it is 

clear that the presence of this amount of oil would explain this
H>t

deviation fronulinear relation. V/ith higher yields of liquid 

phase, the oil/wax ratio decreases, and the effect of the oil on 

the melting point becomes less pronounced, until at 2(>}' yield it 

is negligible, and the linear relationship then holds.

Two-stage removal of liquid phase.

Before proceeding with the experiments on the multi­ 

stage removal of liquid phase,two two-stage experiments were 

conducted.

(1) Solid phase of melting point 126.25°F. (ex Expt. 5

Table XVII) after reaching equilibrium at 119.8°F.,
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gave 64. 7# solid phase of melting point 129. 6°F., 

and 35,3$ liquid phase of melting point 119.55°F. 

The yield of solid phase based on original stock

(cf 30.5$ yield of solid phase of same melting point 

from one-stage process - Fig. 22).

(b) Solid phase of melting point 127.3°;F. (ex Expt. 6 Table 

XVII), after reaching equilibrium at 119. 8°F. gave 

75.9$ solid phase of melting point 129. 7°!., and 26. 

liquid phase of melting point 119.65^. 

The yield of solid phase based on original stock »
7S * 9loo52 *° * 38 ' 4*'
(cf 29.5$ yield of solid phase of same melting point 

from one-stage process - Fig. 22).

These experiments confirm the findings of the preliminary work - 

a two-stage removal of liquid phase results in a higher yield of 

lower melting point solid phase than that obtained In a one-stage 

removal at the higher of the two equilibrium temperatures.
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Multi-stage (14-stage) removal of liquid phase.

98 gms. of the wax stock were placed in the apparatus 

and allowed to attain equilibrium at a temperature slightly above 

the point of complete solidification of the wax (see Fig. 21) 

and suoh that the equilibrium mixture contained approximately 

95$ solid phase. After equilibrium had been attained the w 

experiment was completed as previously described. 

The liquid phase was allowed to solidify in the Buchner flask 

and was then removed with a nickel spatula. Last traces were 

removed from the flask with petroleum ether. The solvent was 

evaporated and the traces of wax remaining, added to the bulk 

of the liquid phase.
&

The solid phase was removed from the apparatus, weighed, Its 

melting point determined, liquefied and replaced in the apparatus. 

The Thermostat was then set at a slightly higher temperature such 

that approximately 10$ liquid was present in the equilibrium 

mixture. After reaching equilibrium, the solid and liquid phases 

were separated in the usual manner and treated as described above. 

This process was repeated until the quantity of solid remaining 

became so small that it was impossible to continue further. In
a

all, fourteen separations were made. Essential figures for each 

of the fourteen experiments are given in Table XIX (Page 87).
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TABLE XIX.

Expt. 
No.

1,

2.

3.

4.

5.

6.

7.

8.

9.

10.

3.1.
12.

13.

14.

Equil. 
Temp. .

110.2

111.0

112.7

114.1

115.8

117.1

118.7

120.0

121.5

123.5

125.2

126.7

128.9

132.4

Wt. solid 
phase 
taken

97.95

92.27

88.68

82.23

70.42

60.58

52.11

43.66

38.68

32.85

25.71

17.53

13.87

8.67

SOLID PHASE

Weight 
(gms.)

93.65

89.82

84.18

71.56

61.80

54.48

45.72

39.53

33.75

26.40

20.11

14.46

8.91

4.96

%

95.6

97.4

94.9

87.0

87.8

89.9

87.7

90.5

87.2

80.3

78.2

82.5

64.2

57.2

Melting 
Point

122.75

123.05

1S3.5

124.85

126.05

126.95

128.2

129.1

130.1

131.5

133.1

134.2

136.35

138.6

Liqtfn* .toLSE
Weight 
(gms.)

4.3

2.45

4.50

10.67

8.62

6.06

6.39

4.13

4.93

6.45

5.60

3.07

4.96

3.71

*

4.4

2.6

5.1

13.0

12.2

10.1

12.3

9.5

12.8

19.7

21.8

17.5

35.8

42.8

Melting 
Point

109.85

-

112.55

113.85

115.5

116.9

118.45

119.7

121.25

123.25

124.9

126.5

128.6

132.1

I

The percentage yield of solid phase based on 100$ original wax 

stock may be calculated from the figures given in column 4 above. 

On this basis, the percentage yield of solid phase of melting 

point 123.5°F., for example, is 95.6 x 22ri x iiii » 88.4# etc*

The experiments described above are not sufficient for 

the construction of the complete diagram for the 14-stage process,
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as no information is given concerning the melting points of
b|0n*|<u<t

the iM&MKliquid phases*

for example, at the completion of experiment 3, 88.4$ of the 

original stock remained as solid phase and the 11.6$ liquid 

phase had been removed in three fractions, the melting point 

of each of these fractions having been determined separately.
bl«n«<c«L

A knowledge of the melting points of the Mbfee* liquid fractions 

is essential, and the liquid fractions were therefore re- 

blended in their equivalent amounts and the melting point of 

each blend determined.

Results are given in column 5 of fable XX below, in which are 

also recorded the yield and melting point of the corresponding

solid. *
TABLE XX.

j*
„

JBxpt. 
No.
-

1.
2.

M

4.
5.
6.
7.
8.
9.

10.
11.
12.
13.
14.

*

SOLID PHASE
Yield %

100.0
95.6
93.1
88.4
76.9
67.5
60.7
53.3
48.2
42.1
33.8
26.4
21.8
14.0
8.0
0.0

Melting 
Point
122.1
122.75
123.05
123.5
124.85
126.05
126.95
128.2
129.1
130.1
131.5
133.05
134.2
136.35
138.6

*"

LIQUID PKASK*
tielcl %

' 0.0
4.4
6.9

11.6
23.1
32.5

' 39.3
46.7
51.8
57.9
66.2
73.6
78.2
86.0
92.0

100.0

Melting 
PoiEt

_• *

109.85
110.25«''

112.55
«•

114.05
.

115.30
-

116 . 95
~

118.35
*

120.4
121.95



The melting point of the 100$ liquid phase should, of course, 

be 122. l°f, *- that of the original wax stock - and considering 

the number of steps involved in its determination, the actual 

figure of 121.95°F. obtained for the re-blended stock is very 

satisfactory*

As the yields of both phases and the melting point of the solid 

phase are known, the melting points of the various 

phases could be calculated by applying the equation T •

liquid 
414 5M

As a further test of the applicability of this relation § 

the yields of the phases were calculated in this manner from the 

known melting points. The yields calculated on the assumption 

that melting point is additive are also giveu,and the comparison 

of the figures for the solid phases, given iu Table XXI below, 

again justifies the use of the equation. 

TABLE XXI. f ' !

Stage 
No.

4.

6.

8.

10.

12.

14.

YIELD - % by WEIGHT

Actual

76.9

60.7

48. 2

33.8

21,8

8.0

Calculated 
from 

T , 414, 5M
M/94.4

76.5

60.7

48.0

34.1

23.3

8.6

.Experimental 

Calculated

/ 0.4

i o.o
/ 0.2

- 0.3

- 1.5

- 0.6

Calculated 
from 

Melting 
Point

77.6

62.4

49.3

35.4

23.6

9.3

Experimental 

Calculated

- 0,7

- 1.7

- 1.1

- 1.6

- 1.8

- 1.3
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Liguidus-Solidus Curves for 14 - Stage Process.

The curves plotted from the data contained in Tables 

XIX and XX are shown in Fig. 23 opposite. Before discussing 

the diagram in detail, a preliminary indication of its limitations 

must be given.

It has been stated previously that the equilibrium diagram for a 

14-stage removal of liquid phase cen represent only an approach 

to the diagram for the infinite-stage, or ideal, process. Further 

reasons for this will now be considered :•

(a) It is known that the last traces of a solvent cannot be 

removed from wax by a pressing operation alone and that special 

means, - for example, passing a stream of nitrogen through the 

molten sample - must be employed. It is probable, therefore,
wax

that a small amount of liquldx is retained by the solid phase at 

each stage. Unfortunately, there seeme to be no satisfactory way 

of estimating the extent of this retention.

(b) Errors are incurred by removing the liquid phase in 

approximately 10$, instead of in infinltesimally small, fractions. 

The greatest error occurs from stage 10 to stage 14 (see Table 

XIX Column 8) where, owing to the comparatively small amount of 

wax remaining, it was found necessary to remove the liquid phase 

in quantities Increasing from £0$ to 43$ of the equilibrium 

sample in order to obtain sufficient material for a melting point 

determination. The effect on the melting point of the solid 

phase caused by 10$ and 40$ removals of liquid phase is indicated
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from the data for the one-stage process (see Table XVII Page 82), 

although in the experiments now under consideration the difference 

will not be so great owing to the narrower melting range of the 

wax present at stage 10.

It is suggested, therefore, that the solidus curve for the 

infinite-stage or ideal process would be displaced from the 

solidus curve ABC in the manner indicated by the curve A'B'C 1 

(Fig. 25) - the greater deviation being shown in the region B'C* 

corresponding to stages 10-14. The liquldus curve DE would be 

displaced similarly. Thus, as a higher equilibrium temperature 

is necessary in the 14-stage than in the one-stage process to 

obtain e solid phase of given melting point, so in the ideal 

process the equilibrium temperature will be even higher. Also, 

as the melting point of the last traces of solid phase obtained 

in the 14-stage process is higher than the corresponding melting 

point for a one-stage process, so the last traces of solid phase 

obtained in the ideal process will be of even higher melting 

point.

The yield/melting point curves for the 14-stage process 

and the corresponding curves for the one-stage process (see Fig. 

22 Page «3*) are given in fig. 24 opposite. Comparison of the two 

curves for the respective solid phases shows that

(a) the yield of solid of any given melting point, within 

the range possible, is higher in the 14-stage than in
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the one-stage process, and

(b) waxes of higher melting point are obtainable in the 

14~stage process.

The above findings confirm the inferences from the preliminary 

work.
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Consideration of the Complete Equilibrium Diagram.

A more detailed study will now be made of the complete 

equilibrium diagram which is both qualitatively and quantitatively 

applicable to the process of fractional melting for the separation 

of waxes of different melting points from a given oil-free wax 

stock. The complete diagram shown in Fig. 25 opposite, is based 

essentially on Jig. 23 (Page 9o«.), Fig. 21 (Page 3U) and Fig. 18 

(Page 73*). This will be considered sectionally,

Curves AB and D£.

AB and DE represent the solidus and liquidus curves 

applicable to a one-stage separation of th3 two phases at any 

temperature within the limits of their co-existence, 

AH is the stock line, the wax stock having a melting point of 

(S f ) corresponding to a hypothetical molecular weight of (S*).

The temperature (a) corresponding to A represents the point at»
which the stock just begins to melt when hoated. It is completely 

liquid at temperature (b) corresponding to B. This temperature 

range (b) - (a) therefore represents the molting range of the 

stock. In this connection, it is necessary to distinguish between 

the melting range of the stock and the melting ranges of the 

constituent waxes.

It is found by experiment that the liquid phase has, in general, 

a melting point 0.2° - 0.3 F. lower than the equilibrium 

temperature. The liquidus curve DE may therefore be considered
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as a straight line only slightly removed from the 45° line. 

These curves may be applied quantitatively in the following 

manner. Let the stock represented by point S. attain equil­ 

ibrium at any temperature (x) within its melting range. The 

equilibrium mixture consists of solid and liquid phases 

represented respectively by the points P and Q on the solidus 

and liquidus curves, and having melting points of (p ) and (q ) 

and hypothetical molecular weights of (p") and (q") respectively, 

The relative amounts of solid and liquid phases at this 

temperature, Q$.s PS., are calculated from the relation 

{s")-(qw ) : (?")-(&"), from which

Yield of solid phase » (s'M-fq") x

and yield of liquid phase = (pn )~(s*) x
(pM-iq")

*

Curves AC, PEF, and DG.

The curves AC, DEF, and DG relate to the infinite- 

stage or ideal process. Curve AC represents the change in 

melting point of the solid phase during infinitesimally small 

temperature increments, after each of which the resulting small 

amount of liquid phase is completely removed.

It was found in the 14-stage experiments that the melting point 

of the liquid phase at each removal stage was in general, 0.2°- 

0.3°f. lower than the equilibrium temperature. Hence^he change 

in melting point of the liquid phase is represented by DEF,
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where DSF may be considered, within experimental error, as a 

straight line. The composition of the te-*tite4 liquid phases is 

given by curve DG,and this curve therefore gives the melting 

point of the total liquid phase corresponding to any solid 

phase represented on AC*

Applying these curves to this ideal process of fractional 

melting, it is clear that the solid phase changes in composition 

(characterised by melting point) along AC; the total liquid 

phase removed changes in composition along DG; whilst the com­ 

position of the liquid phase being removed at any stage of the 

process, is given by the curve DEF.

Th.e theoretical yield of solid phase of any given melting point 

may be readily determined. Suppose the theoretical yield of 

solid phase of melting point (v f ) is required. This melting 

point is represented by V on the solidus curve AC. Now the 

liquid phase should be removed in an infinitely large number of 

stages over the temperature range (y)-(a) t and the melting 

points of the phases removed cover the range from D to K. 

The bulk liquid phase has a melting point corresponding to W on

curve DG. The original stock is represented by the point S ..
H

The yields of solid and liquid are calculated as in the one- 

stage removal :-
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The ratio of solid to total liquid,WSp : SgV,is given
—

quantitatively by the relation [(s w ) - (ww )j : [fr") - (sn | , 

from which

Yield of solid s
»

K) - Klvw ) - (W
X 100$

and yield of liquid phase
V"J - ^W1

H*

x 100$

Significance of points R and H.

In reference to the equilibrium diagram given by two 

substances forming a continuous series of solid solutions, it 

has been shown, theoretically, that during the ideal process of 

fractional melting of any mixture of the two components, the 

composition of the solid phase continuously approaches that of 

the pure component of higher melting point until, in the limit, 

the last trace of solid remaining consists of this pure component 

(Page 13).

From the nature of the curves AC and DBF (Fig. E5) it is suggested 

that with wax mixtures also, the ideal process of fractional 

melting, if carried to completion, will lead to a trace of solid 

phase consisting of a pure compound. If this is the case, the 

solidus and liquidus curves, AC and DEF respectively, will meet at 

some point R as, for a pure compound, liquid and solid of the 

same composition co-exist in equilibrium at the melting point. 

Thus, in the limit - represented by point R - the melting points
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of the solid and liquid phases, and also the equilibrium 

temperature, are identical.

In this case the melting point of the liquid phase Is not, of 

course, 0.2 - 0.3°F, lower than the equilibrium temperature, as 

is normally found in the equilibrium experiments described. 

However, it will be appreciated that the definition of melting 

point on which this work is based is not strictly applicable to
s

a pure compound. The melting point of a pure compound may be 

defined as that temperature at which solid and liquid phases of 

the same composition co-exist in equilibrium, that Is, the 

temperature at which solid first appears in the liquid when the 

latter is cooled. This temperature must therefore be identified 

with the equilibrium temperature associated with the equilibrium 

experiments on wax mixtures.

The point H at which the curve DG meets AH corresponds 

to the point R. At the stage represented by R, only a trace of 

solid phase remains, and it may be assumed that the liquid phase 

removed represents 100$ of the original wax stock. Hence, the
b|er%Me<t

melting point of the iMittM* liquid fractions must be the same as 

that of the original stock, and the curve DG will therefore meet 

the stock line AE at the point H, representing the equilibrium 

temperature (z).
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Theoretical significance of Solidus Curves AB and AC.

It will be recalled that in the equilibrium diagram 
(Fig. 4 Page /**) for the two substances forming a continuous 
series of solid solutions, the solidus curve AB indicates the 
change in composition of the solid phase during the fractional 
removal of the liquid,irrespective of the number of stages in 
which the liquid Is removed. It has been shown that the solidus 
curve AB (Fig. 25 Page $3*) in the wax equilibrium diagram relates 
to a one-stage removal only of liquid, and an attempt will now 
be made to explain this limited application.

In Fig. 26 opposite, AB and 2Y are the solidus and 
liquidus curves (corresponding to AB and DE in Fig. 25) applicable 
to equilibrium experiments involving a one-stage removal of 
liquid phase.

The wax stock is of melting point S and of melting range (b-a), 
where (b) is approximately 0.2°F. higher than S. The stock is 
completely liquid at the temperature (b), and M, corresponding 
to B, therefore represents the melting point of the highest 
melting wax (solid phase) obtainable from this stock in a one- 
stage equilibrium experiment.

Assume that the stock has attained equilibrium at a 
temperature (a^) slightly higher than (a) and that the liquid phase 
has been completely removed. The solid phase remaining, 
represented by point A on the solidus curve AB, will have a
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melting point of S^, Now this solid phase has a melting range 

of (b^ - a1 ) and will be completely liquid at temperature (b^. 

Also, it has been shown previously that a multi-stage removal of 

liquid phase results in a solid phase of higher melting point 

than that obtainable from a one-stage process. Hence, it may 

be assumed that the highest melting wax obtainable from AI will 

have a melting point slightly higher than M. Let this melting 

point be Mi. The point B^ is therefore defined in reference to 

temperature (b^) and melting point M^.

It is now clear that the solidus curve AB will apply only to 

the original stock and that another curve having A, and B^ as 

terminal points is necessary for the solid phase A,. As the 

new stock A^ does not differ greatly from A, the solidus curve

A1B1 wil1 be fik&iiar is form to the curve AB.

Now, allow solid A, to attain equilibrium at a 

temperature (a«>) slightly higher than (ax ), and again completely 

remove the liquid phase. The solid phase remaining, represented 

by point A on the solidus curve A.B., is of melting point S ;
M A

its melting range is (bg - a2 ) and it is therefore completely 

liquid at the temperature (bg ). Also, the highest melting wax 

obtainable from Ag by a one-stage removal of the liquid phase 

will be slightly higher in melting point than that obtainable

from An• Let this be represented by M , thus completely•*> P'"
defining the point B . Thus, the solidus curve A-jB., is not2 xx
applicable to the solid phase A and another curve A B , similar

•" <5 Kt
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in form'to A^ and having Ag and Bg as the terminal points, is

necessary*

Similarly for AS , A4 , Ag ..*......*«

If the transitions from A to A., A. to A_, A_ to A,,
J. JL f» e> 3

etc* are obtained by infinitesimally small temperature increments 

accompanied by the complete removal of the liquid phase at each 

stage, then the curve passing through A, A., A , A ....... will
JL & «5

represent the change in composition of the solid phase in the 

ideal process of fractional melting, end it will correspond to 

the curve AC in Fig. £5 (Page
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Possibility of Constructing Equilibrium Diagram from limited 
Experimental Data,

It will be appreciated from the foregoing discussion, 

that the equilibrium diagram is of such a nature that the 

experimental difficulties involved in its determination are 

almost insuperable, and that despite all precautions, only an 

approach to the actual curve representing the change in melting 

point of the solid phase during the infinite-stage removal of 

liquid phase, may be obtained. The possibility of its construc­ 

tion by applying certain theoretical considerations (see Page 9£~ 

in conjunction with a limited amount of experimental data was 

therefore considered, but unfortunately without success.

In reference to Fig. 25 (Page ^o.), it is clear that 

the liquidus curve DEF may be inserted immediately on the 

assumption that the melting point of the liquid phase obtained 

in a one-stage equilibrium experiment is 0.2°F. lower than the 

equilibrium temperature. It has also been shown that for a one- 

stage process the yield/melting point relation for the two phases 

is linear (Fig* 22 Page ««), This graph may therefore be 

obtained from the results of two or three experiments at different 

temperatures within the melting range of the stock. From the

graph and the relation T « fi4]^ > *&<* solidus and liquidus•rffc • ̂ ^JBU.
curves AB and DE (Fig. 25) respectively may be calculated. 

Before any attempt may be made to construct the 

infinite-stage solidus curve AC (Fig. 25) from theoretical
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considerations, either the point R or a point on AC in the
6?.

region of G must be known. According to Burch, the maximum 

yield of wax of any given melting point obtainable from a given 

oil-free wax stock may be determined by extraction with solvent 

(75$ acetone ^ 25f: methylene chloride). Burch found that a 

linear relation exists between the yield and melting point of 

the solvent free extract and residue, as shown in Fig. 27. 

Thus, the highest melting wax obtainable from the stock is 

given by extrapolating to zero yield,and the point R (Fig. 25)

could therefore be fixed.
69 

A.H. Etessam, working in this Laboratory, has found, however,

that the generalisations of Burch apply to a one-stage solvent 

extraction only, and that by means of multiple stage extractions, 

waxes (solid phases) of melting point higher than the maximum 

obtainable in a one-stage extraction, may be obtained. 

This method cannot therefore be applied to the determination of 

point R (and Incidentally point C), and moreover, as no satis­ 

factory method appears to be available, it seems that the actual 

equilibrium diagram cannot be constructed from theoretical con­ 

siderations used in conjunction with the limited experimental 

data along the lines indicated.
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The Wax Equilibrium Diagram - Comparison with Fundamental 
Equilibrium Diagram representing a Continuous Series 
of Solid Solutions.

This work was developed from the premise that wax 

consists of a series of solid solutions,and it is of interest 

to note that the equilibrium temperature/melting point diagram 

for two substances forming a continuous series of solid 

solutions (portion of Fig. £, Page a**) shows certain qualitative 

similarities to the corresponding section of the wax equilibrium 

diagram (Fig, 25, Page 93«) . The essential features of the 

respective diagrams are reproduced in Figs. 28(a) and 28(b) 
opposite.

Fig. 28(a) is applicable to any mixture of the two 

components P and Q, whereas Fig. 28(b) is applicable only to the 

particular wax stock of melting point S.

In each case, the solldus curves PQ, and ACR show the change in 

composition (melting point) of the solid phases during the ideal 

process of fractional melting. The liquldus curves PQ and DFR 

show the composition (melting point) of the infinitesimally small 

amount of liquid phase in equilibrium with the solid phase at any 

stage of the process. The llquidus curve PQ is a 45° line, as the 

melting point of the liquid phase is the same as the equilibrium 

temperature, whilst the liquidus curve DFR Is only slightly 

removed from a 45° line as the melting point of the liquid phase 

is, in general, 0.2 - 0.3°F. lower than the equilibrium temperature.
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In the case of the pure components P and Q, the 

solidus and liquidus curves meet at the points representing 

100$P and 10Q$Q, as P and Q, are pure compounds, and therefore 

each melts sharply at a definite temperature - the melting point. 

With the wax mixture, however, the solidus and llquidus curves 

do not meet at the temperature representing 100$, solid phase 

owing to the melting range of the stock, but at the stage where 

the yield of solid approaches zero, the two curves tend to meet. 

This may be explained on the assumption that as the ideal process 

of fractional melting continues, so the solid phase contains 

fewer and fewer constituents until in the limit, a pure compound 

remains.

Finally, consider any mixture of P and Q, (Fig. E8a), 

indicated by L, which is on the point of melting, and is there­ 

fore at its solidification temperature. Under these conditions, 

the solid L is in equilibrium with the liquid M, and as similar 

conditions exist at the temperature represented by A and D (Fig. 

28(b)), it is clear that section M1Q, of Fig. 28(a) is analogous 

to Fig. 28(b),

The two types of curve therefore show certain 

similarities.
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SECTION 5. - THE SEPARATION 07 PARAFFDT WAXES

IK PRACTICE.

Introduction,

It has been stated previously that the efficiency of the 

sweating or fractional melting operation is dependent on some 

(or all) of the following factors:-

(1) The sweating equipment.

(2) The rate of heating during the process.

(3) The size and shape of the wax crystals, which may toe 

affected by

(a) the composition of the wax.

(b) the amAunt of oil present in the oil-wax mixture*

(c) the viscosity of the oil, 

and (d) the treatment of the wax-oil mixture prior to

sweating - the crystal size may be affected by the 

rate of cooling in the sweater.

It follows that if a single wax stock and the same sweater are 

employed throughout the investigation, the effects of the

following variables must be considered:-

(a) rate of sweating

(b) rate and extent of cooling of the wax or wax-oil 

mixture in the sweater prior to commencing the 

sweating operation.
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(c) amount of oil in the wax-oil mixture.

(d) viscosity of the oil.

Sweating Methods.

The process may be operated in a number of different 

ways*

(1) A uniform temperature increase may be employed 

throughout the sweating period.

(2) A period of gradual temperature rise may be combined

with periods of halting or^soaking" at different stages.

(3) The rate of temperature increase may be so regulated 

that the weight of liquid product collected in a given 

time remains constant throughout the duration of the 

experiment.

It is, of course, essential that the sweating experiments 

should give comparable results, and after considering the above 

methods in conjunction with the design of the Laboratory 

sweating apparatus, it was decided that method (3) was the 

most likely to lead to the accurate control of the operation 

and therefore give the most satisfactory results.

Sweating Equipment.

Sweating equipment - or the "sweater*, as it is 

more commonly termed - is essentially of three types - pan» 

tank, and stove. No attempt will be made to give a detailed
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description of these different types which are described fairly 

satisfactorily by their names. In the pan type, the wax is 

contained in a number of horizontal tanks arranged in tiers; 

the tank type is essentially a tank filled with tubes and 

horizontal perforated plates; the sweating stove consists of 

a cylindrical shell in which are placed a number of cells 

containing the wax. Tank and stove sweaters are complete in 

themselves but the pan type is placed in a sweating house or 

oven which is a vital part of the installation. Many 

references to commercial plants are given in the literature, 

but as no description of a Laboratory sweater could be found, 

it was necessary to design a suitable apparatus.

Satisfactory sweating, besides being dependent on the 

nature of the wax, is especially sensitive to

(a) the accurate control and regulation of temperature 

throughout the system, and

(b) an adequate means of draining the liquid formed 

during the operation.

After due consideration, particularly of these two 

factors, it was decided that an electrically heated sweater 

of the stove type would be most likely to fulfil these 

requirements in Laboratory scale experiments, and a 

description of the sweater developed for this purpose is given.
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Laboratory Sweater.

The sweater consists essentially of a cage

in which the wax is supported and which is supplied with a series 

of internal heating coils, and an external heater in which the 

cage is enclosed. The component parts are shown in Fig. 29. the 

cage A is a cylinder of length 6^ diameter 3i*, open at one 

end and made from perforated brass sheeting having 42 perforations 

(of diameter 7/64*) to the square inch*

The spacer or carrier B, which fits into the open end of 

the cage, consists of two circular brass discs supported at a 

distance apart of l£*. Bach disc contains 3 small holes for the 

insertion of thermometers, and 19 holes each of diameter 3/8* 

arranged symmetrically over the disc. The chief function of 

the spacer is to maintain the 19 internal heaters C evenly 

spaced in the cage. This even spacing of the heaters is 

essential in order to secure a uniform distribution of the heat 

throughout the wax mass in the sweater.

An internal heater is illustrated in Pig. 30. It consists of 

an outer glass tube of length 7£* and diameter 5/16*, sealed at 

one end, and which contains the heating element. This consists 

of 2 f S* of resistance wire (resistance 1.08 ohms per foot) 

supported as indicated on a length of glass tube of considerably 

smaller diameter.
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A thickness of asbestos paper was placed between the heater 

and the external glass tube and a small amount of asbestos 

powder was placed in the bottom of this tube* The asbestos 

paper and powder were introduced as a precaution against the 

possible fracture of the glass caused by actual contact with 

the hot wire* The heating elements were joined in series 

with email terminal connections.

the internal heating tubes, supported in the spacer, made 

contact with the bottom of the cage when placed in position 

in thejlatter. The set-up of the sweater when ready for 

experiment is shown in Fig. 31.

The external heater (not shown) consists of an iron sheet 

welded into the form of a hollow cylinder of length 10^" and 

diameter 4f*» The outer surface is corered with a layer of 

asbestos on which is wound the heating element which, in turn, 

is covered with a thicker layer of asbestos*
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Experimental Procedure.

(a) Preparation of Wax Sa?iT)le*

An initial difficulty was encountered in 

filling the sweater with the wax sample. Originally, 

approximately twice the amount of wax required was liquefied 

in a Weaker of slightly larger dimensions than the sweater. 

The latter was plunged into the molten wax, which was then 

allowed to solidify completely. After twelve hours, the 

beaker was momentarily placed in a bath of hot water to release 

the wax mass from its inner surface* The solid wax was then 

removed from the surface of the sweater, thus making the 

latter ready for experiment. It was found, however, that 

owing to fractional crystallisation in the wax mass, the wax 

inside the sweater was of higher melting point than the wax 

outside. The difference - which was as much as I0P - persisted 

even when the ratio of solid inside : solid outside the 

sweater was reduced. It was therefore necessary to devise a 

means of introducing the liquid wax directly into the sweater.

The following method was found to be very satisfactory. 

The outer surface of the sweater was completely covered with a 

sheet of cellophane, which was held tightly arainst the 

surface by means of a number of rubber bands. Additional 

support was afforded the cellophane covering the bottom of the 

sweater by placing the latter in a suitable tin-lid
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containing a small amount of molten wax. The wax was caused 

to solidify by placing the bottom of the apparatus in cold 

water. In order to heat the glass containing the internal 

heating elements, current was passed through the latter for a 

short period, after which the molten wax sample, which had been 

maintained at a temperature 15-20*P above its melting point, 

was introduced into the apparatus through a glass filter 

funnel inserted into one of the thermometer holes in the spacer. 

fht cage was filled to within i* below the lower plate of the 

spacer, the capacity being approximately 440 grams of wax. 

The sweater and its charge were then placed in a fume cupboard 

away from draughts and allowed to cool under any desired 

conditions-cooling to room temperature normally occupied between 

six and seven hours, as indicated by the following figures for 

a normal cooling:-

Temp, of Mass 
°F.

145
136
126
122.5
122.2
122.0
121.8
119.8
114.5
82.5

Time in 
Minutes.

0
5
13
24
40
47
58
69
78
300
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At the end of this period,the lower portion of the 

apparatus was momentarily placed in warm water to loosen the 

wax adhering to the tin. The cellophane covering was then 

removed from the surface of the sweater and the very thin layer 

of wax partially covering the latter was removed by scraping 

with a thin nickel spatula* The sweater was then ready for 

experiment.

(b) Arrangement of Apparatus*

For the actual sweating or fractional melting 

experiment, the sweater and external heater were arranged as 

indicated in Fig. 32 opposite. The external heater was supported 

in a suitable tripod in which was placed a glass filter funnel 

of diameter 4* (i*e. of larger diameter than the sweater)* A 

screen of asbestos paper (not shown in photograph) was placed 

round the tripod. The sweater waa supported in the centre of 

the external heater. During the experiment, drops of liquid 

fall from the sweater into the filter funnel and thence into a 

100 ccs. beaker. It was found, especially durin^ the later 

stages of the experiment when the liquid phase consisted of 

waxes of higher melting point, that the liquid tended to 

solidify in the filter funnel. This was prevented by maintaining 

a minute gas flame in a position between the beaker and *f one 

of the tripod legs - the hot air from the flame being deflected
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on to the filter funnel by means of a small sheet of tin (not 

shown in diagram) held in a clamp.

(o) Heating Circuit*

The simple electrical heating arrangement is 

ahwwn in Fig. 33, and is self explanatory* There are two 

separate circuits.

(a) Internal Heating, cpmprising variable resistances R^ 

and R2 ; fixed resistances R7 and Re ; ammeter A^ (range 

0-250 milliamps); and the internal heating elenents 

of the sweater.

and
(b) External Heating, comprising variable resistances R3 and

R^; fixed resistances RS and Re; ammeter Ag (range 0-l^ 

and the external heater,1

(d) general.

After experience in regulating the sweater had been 

gained in some preliminary runs, little difficulty was 

encountered in maintaining any desired rate of sweating between 

3% and \5% per hour, but at rates higher than this upper limit, 

the experiment tended to become unmanageable. With care and 

constant attention,it was possible to limit the temperature 

gradient through the wax mass to 2-3*F for oil-free waxes,
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and to 1*7 for waxes containing ollt

The external heating was regulated so that the temperature 

of the air in the space between the sweater and the external 

heater was within *0.5°F. of the temperature of the liquid 

phase dropping from the sweater,

In general, the "sweats*, or liquid fractions, were 

collected in cuts of approximately 5/£ (by weight). Beakers of 

100 cos capacity numbered from 1 to 25 were kept for this 

purpose,the simple precaution of numbering eliminating any 

possible mixing of the samples.
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EXPERIMENTAL STUDY OF THE FRACTIONAL MELTING AND SWEATING 

PROCESSES.

The experimental work will be considered in two 

sections:-

(A) fractional melting of the oil-free wax stock used in 

the determination of the equilibrium diagram. For 

convenience, this process will frequently be referred 

to as "sweating***

(B) sweating of wax-oil mixtures prepared from this oil-free 

wax stock and a wax-free oil*

•Section (A) - Fractional Melting of Oil-Free Wax.

In the absence of oil, two only of the four variables 

given on Page los hare to be considered.

(a) rate of "sweating", and

(b) rate and extent of cooling of the wax prior to "sweating 11 . 

The time/cost factor is of great industrial importance* 

but for various reasons this variable cannot receive 

consideration here* The object of the sweating process is 

twofold - (I) to remove oil and (II) to obtain a.e Jbigh a 

yield as possible of a wax of desired melting point and hence,
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in the absence of oil, the latter becomes the principal 

object.

yor the purpose of investigating the effect of the 

"sweating" rate on tne yields of products, a series of 

experiments fExperimental Runs Hos. 1-8) was made covering the 

range 3# - 2Qf per hour. The following comments apply 

generally to these experiments:-

(1) fhe wax sample in each case was prepared according 

to the procedure already described and then allowed

to solidify overnight.
*

(2) fhe temperatureof the wax mass was gradually increased 

from room temperature, over a period of 4-4-J- hours, 

before the appearance of the first drops of liquid in the 

collecting beaker* From this stage the heating was 

arranged so that the fractional melting proceeded at 

the desired rate.

(3) fhe first and, on occasion, the second fraction - 

representing a 5-IO# yield - were collected at a 

slightly slower rate, this precaution being taken to 

avoid the possibility of the experiment getting out 

of control in the early stages. When I0# had been 

collected the fractional melting was proceeding at 

the desired rate.
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(4). When less than 5# of the wax remained in the sweater, the 

current passing through the internal and external heaters was 

increased considerably in order to facilitate the removal of 

the wax* The last traces were removed by supporting the
1 4» • . . • ,

sweater (with internal heaters) in an air oven maintained at 

a temperature of 150-160'F» and allowing the last drops to 

fall into the collecting beaker* The draining was assisted 

by occasionally shaking the apparatus, and by following this
..\.

procedure the amount of wax finally remaining in the sweater 

was seldom more than one gram.

(5)» then the liquid phase was removed at rates of IO/£ per 

hour and higher, the experiment was completed in one day, but 

for rates of 5# and 3% per hour, two and four days respectively 

were required for the completion of the runs; During the 

first day of the 5# per hour runs, 50-60^ of the wax was 

removed from the sweater, and that remaining in the apparatus 

was allowed to cool to room temperature overnight. On the 

following day, the wax mass was slowly warned over a period of 

4-fc-5 hours before the first drops of liquid phase were

collected*

By careful regulation of the heating it was possible to 

control the rate to +0. 5# per hour, except in the 20% per 

hour run, where the rate was too high for accurate control.
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(6). /^temperature gradient of 2-3°F normally existed in the 

wax mass during the first half of the run when the larger 

quantity of wax was present in the sweater. As the 

experiment processed however, this temperature gradient became 

less.

(7). It was found to be very difficult to maintain the 

desired "sweating" rate during the fractionation of the last 

10% owing to the comparatively small amount of wax present 

in the sweater at this stage. Any errors involved are, 

however, small and relatively unimportant.
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Experimental Runs Nos. 1-6. Results.

The wax used in these experiments was taken from 

the stock of melting point 122.1°P used for the determination
»

of the equilibrium diagram*

The "sweats" were,in general,collected in cuts of 

5# by weight and the melting point of each fraction was 

determined in the manner previously described.

In order to obtain the figures for a comparison of 

the relatiye efficiencies for the different rates of 

separation of the waxes, it is necessary to know the yield 

and melting point of the residual wax present in the sweater 

at any given stage of the experiment. This may be found by:-

(a) Blending the fractions - starting with the last two 

collected - and determining the melting point of the 

blend after the addition of each two consecutive 

fractions, or

(b) Calculation, employing the relationship T = 414.5 M as
It 4 94.4 

previously described (Page 72 ).

Excellent agreement was found between experimental and 

calculated figures.

Only the essential figures for each run are given in the 

following tables of results, and a comparative study of them 

will be made later. Run Ho.8 (3# per hour) will receive a
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more detailed consideration,as being the slowest run made, it 

represents the nearest approach to the ideal process.

The following abbreviations are used in the Tables of 

results:-

Wt. = Weight of fraction in grams.

# = % Yield (by weight).

If. P. * Actual melting point.

1C. W. a Hypothetical molecular weight calculated from

the relation T « 414. 5M
94. 4+H 

M. P. 
(calc) » Melting Point calculated from this relation*
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Experimental Run. No. !•

Remarks:- This experiment was in the nature of a trial, with 
the object of gaining experience in controlling the 
rate of heating for this particular wax stock.

A heating period of two hours was allowed before 
the appearance of the initial drops of liquid phase 
from the sweater. When "sweating* commenced, there 
existed a temperature gradient of 6°P between the top 
and bottom of the wax mass, thus indicating that the 
initial heating or "warming-up 11 period was insufficient, 
In subsequent experiments a considerably longer 
period was allowed, which resulted in a smaller 
temperature gradient.

TJie "sweats" were collected at the rate of I0# per 
hour and an attempt was made to maintain this rate 
with a uniform increase in temperature* This method 
was quite satisfactory until 35# of the wax had been 
removed, at which point the "sweating" rate increased 
rapidly and the control of the experiment became very 
difficult* In the other experiments with this wax 
stock it was necessary to reduce the rate of heating 
at this stage of the experiment. It is suggested that 
the sudden increase in the amount of liquid phase 
present in the sweater at this stage may be due to 
the presence in the wax of a relatively large 
proportion of wax components melting in the range 
116-122°F.

*

The actual results are not included here as they 
will receive no further consideration.
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Experimental Run Ho, 2. Rate of *Sweating*:-15% per hour.

Normal process*

LIQUID PHASE

fraction Wt. % 
Ho.

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

••

18.

19.

26,

21,

20.

22.

21.

19,

23.

19,

16,

21.

19.

15,

15.

12.

46

03

14

92

89

23

48

48

16

71

63

50

50

52

33

31

-

5.9

6.1

8,3

7*0

6,7

7.1

6,9

6,2

7,4

6,3

5,3

6,9

6,2

5.0

4,9

5.9

H.P.

T

109,05

11L.7

114.05

114,7

116,7

118.3

119.85

120,85

122. 3

123,4

125.8

Iii7. 55

130.75

131,85

134,95

139.0

M.1

-

302.

308.

I

a
4

314,1

315,

320,

5

3

324,3

328,

330,

334,

337,

2

7

6

5

343,8

348,

357,

360.

369,

382.,

5

3

3

4

0

RESIDUAL WAX
III SWEATER.

%

100,0 

94.1

88.0

79.7

72. 7

66.0

58.9

52.1

45.8

38.5

32.2

26.8

20.0

13.8

6.8

3,9

0

M. W.

333.6 

335*5

337,5

339,9

342,2

344,5

346,6

349,3

351,8

355,1

353, 5

361, 5

265,7

369,6

375,0

382,0

-,

M.P.
(calc)

121. 

122.

123,

124.

125,

126,

126,

127,

-*• 

65

4

3

Z

05

9

85

128.8

129,

1.31*

132.

135.

135.

136.

139,

-

95

15

2

7

0

8

0

M. P.

122.0

123.5

-

125,25

-

127. 0

•V

128,7

-

131,15

-,

160.7

-

136,8

139,0

~

122*
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Experimental Run No, 5. Rate of * Sweatin* per hour*

Remarks : - Hormal process.

LIQUID PHASE

Fraction 
Ho. Wt. % M.

0

1

2

3

4

5

6

7

8

.9

10

11

12 

13

14

15

16

17

18

19 
20**

21

-

8.

11.

14,

16,

20.

18.

16.

16.

21.

22.

21.

15.

22,

23.

19.

19.

18.

22.

15.

13.

74

20

45

69

31

73

75

79

33

35

29

99 

22

31

62

00

57

21

57

48

-

2.3

3,0

3.0

4,5

5.4

5.0

4,5

4.5

5.7

6.0

5,7

4.3 

6.0

6.3

5.3

5.1

5.0

6.0

4.2

3.6

M

107.

109.

1 10.

112.

114.

115.

116.

116,

117.

118.

120.

120. 

121.

122.

125.

127.

129.

131.

133.

139,

P.

»

5

7

95

5

4

15

3

1

7

8

45

7 

1

95

85

4

1

5

8

55

M. W.

-

299.0

303.8

306.6

310.3

314.8

316,6

319.5

319.0

322.7

325.4

329.9

330.5 

331.4

236.3

344.0

348.1

352,7

359.4

365.9

383,6

RESIDUAL WAX 
Uf SWEATER*

%

100. 01

97.7

94.7

90.8

86.3

80.9

75.9

71.4

66.9

61.2

55.2

49.5

45.2 

39.2

33.0

27.7

22.6

17.6

11.7

7.5

0

M.W.

333.8

334.6

335. 6

326.8

338.1

339.7

341.2

342.6

344.2

346.2

348.4

350.5

352.5 

355,8

359.6

362.3

365.6

369.3

374.2

378.7

M. P.
(ealo. )

122.

122.

122.

123.

123.

124.

£24.

125.

125.

126.

127.

128.

129. 

130.

131.

132.

133.

134,

136.

138.

^^f^^f.

0

25

65

15

6

2

8

3

95

7

5

3

05 

2

55

5

65

9

5

0
•T"

M. P.

122.0

-

122.6

-

123.5

-

124. 75

-

125.9

-

127.5

-

128.95

131.5

-

133.55

-

136,45

•""T3f.Ww
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Experimental Run Ho. - 4, Rate pf "Sweating* :- 10% per hour

Remarks:-

In this run an attempt was made to maintain the 
temperature gradient in the wax mass at less than 1*P by 
keeping the air surrounding the sweater at a temperature 
2°-3°F higher than that of the wax in the upper region of 
the sweater.

This method was successful in reducing the 
gradient to 1°P, but as indicated in Pig. 34 (Page /*/ 
the yields of the various waxes are considerably lower 
than those obtained for the same rate of "sweating" in 
the normal process. It is probable that excessive 
fractional melting of the wax occurred near the surface 
of the sweater due to its becoming overheated, with the 
result that uniform "sweating" of the wax throughout the 
mass was not obtained.
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Experimental Run No. 4. Rate of "Sweating*:- per hour.

LIQUID PHASE

Fraction 
Fo. Wt.

e
£ 16.50

» 17. 92

3 21. £3

i 20.48

5 17. 91

1 21. 22

f 18. 78

S 23. 48

f 22. 90

ID 25. 23

il 25. 72

|I 24. 85

M 27. 87

14 27. 12

15 21. 39

11 • 22. 44

If 21. 21

H 20.33

RESIDUAL WAX 
IN SWEATER.

< M.P. M. *. %

—

4.2

4.5

5.3

5.2

4.5

5.4

4.7

5.9

5.8

6.4

6.5

6.3

7.0

6.8

5.4

5.7

5.4

5.1

'•rm

108.

111.

112.

114.

115.

116.

117.

118.

119.

121.

122.

123.

124.

126.

128.

130.

133.

137.

7

05

65

3

7

75

65

65

8

15

35

5

95

6

15

65

4

35

••

301.

307,

310.

314«

317.

320.

322.

325.

328.

331.

334.

337.

341.

34o.

350.

357.

364.

376.

5
i

0

6

7

9

5

5

1

0

5

7

7

6

0

1

0

9

7

100,

95.

91.

86.

80.

76.

70.

66.

60.

54.

48.

41.

35.

28.

21.

16.

10.

5.

f

0

8

3

0

8

3

9

2

3

5

1

7

4

4

5

1

5

1

M. 1.

333.8

335.2

536.6

338.2

339.8

341.0

342.6

344.0

345.9

347.8

349.9

352.3

354.9

358.0

362. 0

365.9

370.7

376.7

«

M.P. 
(calcd)

122*

122.

123.

123.

124.

124.

125.

125.

126.

127.

128.

129.

129.

13i;

132.

133.

135.

137.

••*

05

5

05

7

3 -

7

3

9

65

3

1

05

9

05

4

8

4

35

M. P.

122.15

-

-

123. 75

-

-

125. 45

-

-

127. 35

-

*

129.95

-

-

133.8

«

137. 35

*•>
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Experimental Run No* 5. Rate of "Sweating*;- 5# per hour

Remarks*

An attempt to maintain the temperature gradient within 
was also made in this rim, and on this occasion it was 

between 0. 5 - 0*8°F for 70 per cent of the duration of the 
experiment.

Melting points of the blended fractions were not 
determined, as it is clear from the figures given on the 
following page that the yields 'of the various waxes would be 
considerably lower than those obtained in the normal process 
at a "sweating* rate of 5# per hour.

It is probable that the higher temperature of the air 
surrounding the sweater caused overheating of the wax near 
the surface as in Run Ho. 4, with the result that fractional 
melting of a thin surface layer of wax was taking place 
throughout the experiment. This fractional melting is, of 
course, to be distinguished from the main process taking 
place throughout the mass, and it is likely that its adverse 
effect on the yields would be more pronounced at slower 
rates of melting.

The results of Runs 4 and 5 thus indicate the 
necessity of preventing local overheating, even to the 
extent of 2° - 3°F.
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Experimental Run Ho. 5. Rate of "Sweating* :- 5Jt per hour. 

Results.

Liquid Phase*

Fraction 
No.

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Wt.

13.78

14.82

11.64

14.16

16.42

17.43

16.87

18.13

13.62

16. 07

24.03

23.50

15.85

17.53

17.50

21.47

22.75

21.02

21.24

22.70

19.14

19.29

21,6ft

19,34

21.07

%

3.0

3.2

2.5

3.0

3,6

3.8

3.7

3.9

3.0

3.5

5.2

5.1

3.4

3.8

3.8

4.7

4.9

4.6

4.6

4.9

4.2

4.2

4.7

4.2

4.6

M.P.

110. 2

111.0

112.1

113.2

114.0

115.1

115. 6S

116. 55

117.1

118.0

118.7

119.0

119. 95

120.4

121. 75'

123.2

124.3

125.5

126. 15

126.8

127. 95

129. 55

131. JL_

130.6

135.0
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Experimental Run* Ho. 6. Rate of "Sweating 1* :- per hour.

Remarks :- Normal process.

LIQUID PHASB

Fraction 
No. Wt. % M. P. M. fc

ft . * _- <

RESIDUAL WAX 
HT SWEATEE.

K.P. 
% M. W. Scaled. )

100. 0 333. 4 '121. 9

M.P.

121. 95

I 

t

10

11

12

13

14

15

16

17

18

19

13.00 3.2 108.2 300.4 

16. Q6 4.0 109.0 302.2 

22.21 5.5 111.35 307.6

112.4 310.1 

113.45 312.5 

115.05 316.3 

116.65 320.2

118. 3 324. 4

119. 8 328. 0

120. 5 330. 0

120.8 330.7

121. 8 333. 3

123.8 338.5

126.25 245.0

128. 4 350. 7

130.65 257.0

133.15 364.1

17.40 4.3 136.5 374.2

20.21 5.0 141.2 389,7

24.55

23.25

22.03

21.26

23.32

23.21

23.25

16.75

19. 92

25.88

16. 20

34.74

21. 38

16.06

6.1

6.8

5.4

5.3

5.8

5.7

5.7

4.1

4.9

6.4

4.0

8.6
i

5.3

4.0

96.8 334.5 122.25

92.8 335.9 122.8 »

87.3 337.6 123.4 **

81.3 339.7 124,2 -

74.5 342.2 125.2 125.25

69.0 344.2 -125.95

63.6 346.2 126.7

58.0 348,4 -127.5

52.3 350.6 128.35 128.35

46.5 353.1 129.25

42.4 355.3 '130.05

37.5 358.3 -131.15 131.1

31. 1 362. 3 • 132, 5

27. 1 364. 9 * 133. 4 «

18. 5 371. 4 • 125. 6 135. 5

13. 2 377.3 - 137.6 

* 9. 3 382. 6 • 139. 25 

5. 0 389. 7 ' 141. 2 141. 2
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Experimental Run. Ho. 7. Rate of Sweating:- '£$% per hour.

Remarks:-«^-~~" ii

LIQUID

Normal Process.

PHASS

Fraction
No. Wt. %

0

1

a
3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

M.P. M. JR. %

RESIDUAL WAX 
IN SWEATER

r 
>

~ - 100. 0

18.

22,

28.

26.

30.

29.

34.

32.

31.

29.

29.

26.

23.

26.

29.

29.

14.

38

07

26

38

02

82

87

15

49

79

71

78

04

98

d6
47

28

4.0

4.8

6.1

5.7

6.5

5.5

7.5

7.0

6.8

6.4

6.4

5.8

5.0

5.8

6,3

6.4

3.1

109.6

111.2

114. 6

115.5

116,5

117,6

119. 25

120. 45

120,75

122,0

123. 15

124.2

125.75

126.7

130. 4

134.5

140. 25

303.

307.

315.

317.

320.

332.

326,

329.

330.

333.

336,

339.

343.

346.

356.

368.

386.

6

3

3

5

0

6

6

8

6

8

8

7

7

2

2

0

4

96

91

85

79

73

66

59

.0

*3

.1

.4

.0

.5

.0

52.0

45

38

.2

.8

32.3

26

21

15.

9.

3.

.6

.6

7

5

1

§

M. W.

333.6

334.9

336.3

337.9

339.3

341.0

342.7

344,8

346.8

349. 4

351.9

354.8

358.2

361.4

367.0

374. 0

386.4

aw

1C. P.
(calc)

121.95

122.4

122, 95

123.6

124. 05

124.7

125.4

126. 15

126. 95

127.9

128.8

129. 9

131.1

132. 15

134.1

136.45

140. 25

Mt

M. P.

122.0

m

-

mm

124. 05

-

-

m

-

127. 95

-

-

-

-

134.1

-

140. 25

-
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Experimental Run. No. 8. Bate.of Sweating;- 3% per hour.

Remarks:- Normal process,

LIQUID PHASE RESIDUAL 'VAX 
IN SWEATER

Fraction 
No. Wt. M. P. M. W. K. W.

M. P. 
(Calc) 1C. P.

I

10

11

12

13

14

15

16

17

18.68 4.8 106.25 296.2

21.92 5.6 109.05 302.3

20.52 5.3 110,0 304.6

26.78 6.9 112.6 310.5

22.58 5.8 113.75 313.2

24.91 6.4 116.5 319.9

S3.80 6.1 118.35 324.5

22.94 5.9 119.4 3S7.0

23.02 5.9 ISO. 2 329.2

23.16 6.0 121.1 331.5

23.11 5.9 1^3.35337.3

26.28 6.8 125.75 343.7

26.60 6.8 127.05 347.1

22.92 5.9 130.45 356.5

27.47 7.1 133.65 365.5

13.08 3.4 137.3 376.5

20.62 5.4 142.7 394.2

100.01 333.7 12^.0 122.05 

95.2 335.6 122.65 «

89.6 537.6 123.45 123.5

84.3 339.8 124.35

77.4 342.3 125.2 125.2

71.6 344.6 126.05

65.2 347.1 127.05 127.0

59.0 349.4 127.9

53.1 351.9 1*8.85 138.9

47.2 354.8 129.9 *

41.3 358.2 131.1 131.2

35.3 361.7 132.3

28,6 365.9 133.8 133.8

21.7 371.8 135.75

15.8 377.7 137.7 137,75

8.8 387.5 140.65

5.4 394,2 142.7 142.7
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Experimental Runs 1 «• 6. Discussion of Results.

In industry, the process of fractional melting would 

Toe continued until the wax remaining in the plant possessed 

the desired melting point. The yield and corresponding 

melting point of the wax present in the sweater at any 

period of the experiment must therefore be considered for 

each of the different rates of "sweating".
^ ••* **

yi^. 34 gives this information for Runs Nos. 8,6,3,2 and 7 

conducted at the rates of 3& 5%» 10%, 15% and 20% per hour 

respectively. In these particular runs there was one variable 

only - the rate of "sweating", and the results are therefore 

comparable. The dotted curve refers to Run Ho.4, and as 

particular mention of this experiment has already been made 

(Page /**), it will not be considered further*

In Table XXII on the following page, the yields of wax 

of various melting points are given for each of these runs:-
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TABLB XXII.

Melting point. 
°F.

140

137. 5

135

132.5

130

127.5

125

Run No.

"Sweating" 
Rate (per hour).

Yield % (by weight)

10.4

16.5

24.2

34.4

47.0

61.5

78.8

8

5%

7.4

13.5

21.2

31.0

42.9

58.0

75.8

6

5*

3.0

8.8

17.2

27.5

40.5

54.8

74.3

3

I0#

~

7.0

14.8

25.7

38.3

55.2

75.0

2

15#

3.1

7,0

13.1

20.5

30.8 :
47.5 ;

69.8

7 !

20#

For rates of 10/5 per hour and higher, the yields of 

wax when less than 10% should be accepted with some reserve 

as they are probably too high, owing to the difficulty 

experienced in maintaining the high rate of "sweating* with 

only a small amount of wax remaining in the sweater.

It is clear from Fig. 34 and from the Table above that 

the yield of wax of a given melting £oint decreases with 

increase in the rate of "sweating*.

It is suggested that the relative efficiencies of the
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different rates may "be obtained most satisfactorily from the 

yields of 130°F and 132. 5°F melting point waxes, for these 

are present in the sweater in each experiment at a stage when 

the "sweating* has been proceeding at the desired rate for a 

considerable period of time. Ii*ia assumed that Run Ho. 8 

(3/C per hour) represents a I00# efficient process, then the
\

efficiencies of the other runs,calculated on the basis of the 

yields of these two waxes, are as given in Table XXIII below:-

TABLE XXIII.

Run No.

8

5

3

2

7

Rate of "Sweating* 
(# per hour)

3*

5#

IQ%

15#

20£

Efficiency of process 
calculated from yield of
130° K. P. wax, 132. 5° H. P. wax.

100%

91. 3#

86. 2#

81. $%

65. 5#

100^

90. \%

80.0^

74.7$

59. 6%

Mean 
value.

I00#

90. 7#

03. 1^

78.1^

62.5^5

In industrial practice, these relative efficiencies would,of 

course,be considered in relation to the time/cost factor.
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Consideration of Run No. 8. (Rate 3jC per hour)*

This run represents the nearest approach to the ideal 

or infinite stage process and it will therefore be studied 

briefly, especially in conjunction with the multi-stage 

equilibrium experiments (Pages «6-9* )„ The following 

observations are of special interest.

(1) The respective yield/melting point graphs for these two 

different processes are shown in Fig. 35 opposite, and although 

the curves are of a similar form, it will be noted that for 

a given melting point, the yield of wax is higher in the actual 

'•sweating'* process than in the multi-stage equilibrium 

experiment. This finding does not, however, affect in any 

way the theory developed in connection with the equilibrium 

diagram, but rathsr emphasises the experimental difficulties 

involved in its dstermination* It is clear that, at least in 

respect to yields, the actual "sweating* experiment represents 

a nearer approach to the ideal or infinite stage process than 

does the equilibrium experiment.

(2), In the multi-stage equilibrium experiments it was 

found that the melting point of the liquid phase was, in 

general, 0.2°? lower than the equilibrium temperature. It is 

therefore of interest tc compare the melting points of the 

individual fractions obtained in Run Ho.8 with the temperature 

at which they left the sweater. The relevant figures are given 

in Table XXIV on the following page.



TABLK XXIY.

Fraction 
Ho.

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

Melting 
Point 
(•*)

106.75

109. 05

IIO.O

112.6

113.75

116. 5

118.35

119.4

120.2

121.1

123. 35

125.75

127. 05

130. 45

133. 65

137.3

142.7

Temperature 
of Wax at 

end of Cut. 
(•FJ

112.7

114.8

117,3

118.0

118,6

120

121.9

124.2

124.8

126.0

128.0

129.6

132. 4

135.0

139. 0

144.0

••

Difference
in Temperature.

(•?)

5.9

5.7

6.3

5.4

4.8

3.5

3.5 s

4.8 J

4.6

4.9

4.6

3.8

5.3

4.5

5.4

6.7 ;
*»
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The difference is considerable, and is undoubtedly 

connected with the high retentive power of solid wax for 

liquids* It is suggested that in order to overcome the 

mutual attraction of the molecules at the surface of the 

solid wax for the molecules of the liquid wax, an increase 

in temperature is necessary. The temperature increment 

causes an increase in the relative amount of liquid phase, 

and the removal of the latter is then facilitated through 

the mechanical effect of its own weight.

(3). Although the wax stock is comprised of equal weights 

Of four refined commercial waxes of the following melting 

points:- 130. 95«; 127.85*; 119.85° and 108. 35°F, the yield 

of wax of melting point 130, 95°F obtained in Run Ho. 8 

(see Fig. 35) is 42& This high yield indicates that the 

commercial fractionation of these waxes couldjhavs been 

considerably more efficient.
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Refractive Index Data - Run __

The melting point/refract ire index (n|°) relationship 

tor the single fractional collected in Run No. 8 is of special 

interest when compared with the corresponding relationship 

for the n~paraffins.

The lower curve in Pig. 36 opposite is plotted from the

following values of n" for pure n-paraff ine taken from 

various reliable sources*

TABLS XXV.

Carbon atoms 
in molecule.

21

22

23

24

25

26

27

28

Melting Point °C

40. 5

44. 4

47.7

bid

53.8

56.6

59.5

62.0

Melting Point•y.
104. *

111. 9

117.9

124.0

128.6

133. &

139.1

143.6

-5°
1. 4287

1. 4305

1. 4319

1. 4323

1, 4341

1. 4355

1. 4366

1. 4375

———

The values of n|° for each of the wax fractions was 

determined at 60°C with an Abbe' Refractometer. The values 

for fractions of melting point higher than 60°C were
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determined at a temperature 1°C above the melting point, and 

a correction factor of 0*0004 per 1*0 applied to obtain the 

equivalent value of n|°. The figures for n|° given In Tabl* 

XXVI below are correct to 40.0001.

TABLE XXVI.

Traction 
Ko.

1

2

3

4

5

6

7

8

Melting 
Point
op

106. 25

109. 05

no. o
112. 6

113.75

116.5

118. 35

119.4

-2°

I. 4331

1. 4327

1,4328

1. 4328/9

1. 4330

1. 4332

1. 4333

1. 4334/5

Fraction
Ho.

9

10

11

12

13

14

15

16 

17

Melting 
Point 
«F

120. 2

121.1

123. 35

125. 75

127. 05

130. 45

133. 65

137.3 

142.7

M 60 nd

1. 4336

1. 4337

1. 4339

1. 4342

1. 4344

1. 4349

1. 4354

1, 4362 

1. 4373/4

The upper curve in Fig. 36 is plotted from the figures given 

above.

The curve for the wax ia initially displaced from 

the corresponding n-paraffin curve but approaches the latter 

as the melting point of the fraction increases. The two curves
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meet at the point representing Fraction ffo. 15 and then become 
almost coincident*

The value of n|° for the first fraction is higher than n for 
the second, an anomaly due to the presence in tr.e first fraction 
of the small amount of oil originally present in the wax stock.

Two possible explanations may be advanced to 
account for the nature of the curve for the wax fractions:-

(a) The values of n? for iso-paraffins are considerably 
higher than for n-paraff ins of the sajne melting point* It is 
possible that the wax stock contains iso-paraffins which are 
gradually reioved during the process of fractional multing 
until removal ia complete at Fraction 15, the stage at which 
the two curves (Fig. 36) meet.

(b) It is more likely, however, that the curve gives an 
indication of the relative complexities of the fractions, 
the greater the deviation from the n-paraffin curve the wider 
is the range of constituents contained in the fraction, 
Thus, as the fractional melting proceeds, the number of 

constituents present in the solid phase in the sweater 
decrease® until only a limited number of n-paraff ins remain. 
In the limit, a pure n-paraffin would be obtained. 

Incidentally, if this explanation is correct, additional 

support is afforded the interpretation of the wax equilibrium 

diagram (Page 36 ).
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It should be mentioned, in this connection, that the wax 

stock of melting point 122.1*F - which almost certainly 

contains a wider range of constituents than the fraction 

of the same melting point - has a refractive index of 

1.4342, a value slightly higher than that of the single 

fraction.



141.

Experimental Runs 10 and II.

Two runs were made in order to

investigate the extent to which the efficiency of the process 

1,3 dependent on the method or preparing the wax sample prior 

to * s we at ing 11 *

Run No, IQ. The sweater was prepared in the normal manner

and the wax introduced at a temperature of 135°- 

140°P. The sweater and contents were immediately 

plunged into a beaker containing acetone cooled 

with solid C02 to -55*0. The acetone was maintained 

at a temperature of -50 to -5f*C during the solid- 

-ification of the wax, which Fas complete after 

35 minutes. After solidification, the wax 

temperature fell at the rate of 3*F per minute, 

and when the central region of the mass had cooled 

to 50*y, the sweater was removed from the acetone 

bath. The sample remained at room temperature 

overnight and the *sweating* at the rate of 5# 

per hour was commenced on the following day.

Some difficulty was experienced in the early 

stages of the experiment in keeping the temperature 

gradient of the wax mass within 3°F, but the run

proceeded normally after the collection of the 
first two fractions.
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Run Ho; 11. The sweater was prepared in the normal manner and

the wax introduced at a temperature of 135*F. Cooling 

took place in the absence of draughts until the 

central region of the wax mass was at a temperature 

of XIO*F. The cellophane was then removed from the 

outer surface of the sweater and the latter 

inmediately placed inside the external heater which 

had been heated so that the temperature of the air 

inside was 105° - IC8*F. "Sweating" at the rate of 

%% per hour was then conducted in the normal manner, 

tfca first drops of liquid appearing in the colleoting 

beaker after one hour's heating.

fhe "sweating* was very easy to control - much 

tasit? than:In Huns 1-11-and the temperature gradient 

In the mass after the collection of the first 5% was
* * ^

1>F only.

Essential figure* for the two experiments are given in the two 

following pages*
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Experimental Run Ho. 10. Rate of * Sweating* :- 5^ per hour.

Remarks : - Honaal process after "shock" cooling of sample at -55*C.

LiqUID PHASE

Traction Wt. /£
No.

0

I

1

i
t
i
f
i
f

10

11
12

13

14

15

16

17

18

*

21.

21.

21.

22.

23.

25,

22.

25.

26.

23.

21.

22.

24.

27.

20.

20.

21.

11.

54

08

44

64

26

34

42

89

28

69

73

54

89

64

91

20

00

05

*«

5.3

5.2

5.3

5.6

5.8

6.4

5.5

6.4

6.5

5.9

5.4

5.6

6.2

6.8

5.2

5.0

5.2

2.7

M. P.

*

1 10. 8

111. 05

112. 65

113.75

115. 20

116. 50

117.60

118. 20

120. 15

121.15

122. 30

123. 25

124.6

128.5

130. 25

133. 45

137. 40

142. 15

RESIDUAL WAX 
IK StrEATER

M. W. %

*

306.

306.

310.

313.

316.

319.

322.

524.

329.

331.

354.

337.

340.

351.

355.

385.

376.

392.

4

9

7

1

7

9

6

2

1

6

7

2

6

0

8

0

9

9

100.

94.

89.

84.

78,

72.

65,

60.

54.

47.

42.

36.

31.

25.

18.

12.

7.

2.

&

0

7

5

2

6

8

4

8

4

9

1

7

1

0

1

9

9

7

F. W.

333.4

334.9

336.6

338. 2

339.9

341.8

343.9

345.7

348.5

351.1

353.8

356.3

359.9

360.6

369.8

375.8

382.3

39^.9

*K

M. P. 
(calc)

121.9

122. 45

123. 05

123. 7

124. 35

125. 05

125.9

126.5

127. 55

128.5

129. 6

130.4

131.7

133.3

150. 1

137.1

139. 15

I4ij. 15

•H

M. P.

122.0

-

*•

123.75

-

-

-

126. 55

-

•*

«*

130.5

.

133. 35

-

137,1

-

142. 15

«
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Experimental Run Ho. 11* Rate of "Sweating* :- 5# per hour.

Remarks:- Hormal process after cooling sample to 110*7.

LIQUID PHASB

traction It. 
Ho.

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

M

18.

20.

18.

19.

19.

21.

17.

19.

19.

18.

21.

20.

31*

19.

20.

21.

19.

18.

18.

17.

8.

18

25

69

73

66

97

45

27

37

00

04

60

66

05
74*

57

90

45

62

30

45

%

-

4.4

4.9

4.6

4.8

4.8

5.4

4.3

4.7

4.7

4.4

5.1

5.0

7.7

4.6

5.1

5.3

4.9

4.5

4.5

4.2

2.1

If. P.

-

109. 35
HI

111. 05

112.45

113.95

114.95

115.7

116.25

116.85

117.85

118.7

119.95

121.1

122.8

124.95

126.4

128.05

129.6

131.6

134.6

138.5

143.45

mm

-
303.

&

307.

310.

313.

316.

317.

319.

320.

323.

325.

328.

331.

335.

341.

345,

0

0

2

7

1

3

3

9

1

2

5

5

9

7

4

349.8

353.

359.

368.

380.

396.

9

6

2

2

6

RESIDUAL WAX 
BT SWEATER.
%

100.0

95.6

90.6

86.1

81.3

76.5

71.1

66.8

62.1

57.4

53.0

47.9

42.9

35.2

30.5

25.4

20.2

15.3

10.8

6.3

2.1

0

M.W.

333.6

335.1

338.6

338.2

339.7

341.2

344.4

347. 0

346.1

348.1

349.2

352.0

354.6

358.6

361.4

364.1

368.2

371.5

377.9

386.4

396.6

K.P. 
(calc)

121.

122.

123.

123.

124.

124.

125.

126.

126.

127.

128.

128.

129.

131.

132.

133.

134.

135.

137.

140.

143.

95

5

1

7

2

8

45

0

65

4

05

9

8

25

15

2

55

7

8

25

45

M.P.

122.0

-

-

123.8

-

124. 75

•»

126.1

-

-

128.15

-

129.85

-

132.2

-

134. 55
-

137.85

-

143. 45 „
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erifflental Rung Pi scuBg i on of Re suit s_.

The melting point/yield graphs (not shown) for 

Huns 10 and 11 are similar in form to those given by the
, , t 'i

"V * 1

results of the previous runs. The yields obtained in the

two experiments under consideration are compared in '

Table XXVII with those obtained in Run No. 6 ; which was

also conducted at the rate of 5# per nour, but after normal

Cooling of the sample to room temperature prior to commencing

the experiment.

TABLE 3BTOLI.

\ Yield % (by weii&t)
Belting 
Point Mp

140 !

137. 5

135

132.5

130

127, 5

125

Hun ITo.

Hate

Normal 
Cooling.

7.4

13.5

21.2

31.0

42.9

58.0

75.8

6

^S 'b

Partial 
Cooling.

6,8

12.0

18*8

28.7

41.7

57. 4

75.0

11

5^

•Shock11

6.2 :k;
12. 0

18.0

27.6

\ 39. 2

54.0

73.2

10

5^

* '•-

. , , ,

w

,

,

1 < g. ^

in

: - -t
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The differences in the yields from Huns 6 and 11 are small, 

and it seems that only a alight advantage is to he gained by 

cooling to room temperature before commencing to "sweat*. 

It is likely that this slight increase in yield would be more 

than balanced in the Industrial process by the Increased cost 

inTolyed in the additional cooling and heating required* 

The difficulty experienced in the early stages of Run Ho.10 

in reducing the temperature gradient in the wax nass to the 

normal figure, is reflected in the lower yields of the lower 

melting point waxes. It is possible that the "shock 1* cooling 

promotes the formation df very small crystals, especially in 

the region of the surface of the *rax, and that these are not 

conducire to easy * a we at ing", especially In the early'stages 

of the experiment.
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gtperiments on the Fractional Melting of Oil-free Wax - 

General Summary*

The principal deductions from the results of 

Experimental Runs Nos. 1-11 concerning the fractional melting 

process for the separation of waxes of different melting points 

from an oil-free wax stock,may be summarised as follows:-

(I) The rate of melting is the most important variable. 

As might have been anticipated, the efficiency of the process 

decreases with increase in the rate at which the process is 

conducted.

(2) Preparation of the sample by "shock* cooling to room 

temperature results in a wax mass which is considerably more 

difficult to "sweat** during the early stages of the process.

(3) Cooling the saaple to a temperature slightly below 

the complete solidification point of the wax before commencing 

the melting process, results in a mass which is considerably 

easier to control during the early stages of this latter process, 

As the yields of the products are only very slightly lower than 

those obtained by the method involving the cooling of the 

sample to room temperature, it may be concluded that the more 

extensive cooling is uneconomical and therefore unnecessary.

(4) Local overheating during the process, even to the 

extent of 2° - 3°F, has an adverse effect on the yields of the 

various waxes.
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3J5CTIOK {Bj|M|- 3WBATIHG OF ^AX-OIL MIXTURES.

It has been indicated previously that an

investigation of the factors affecting the efficiency of the 

sweating process in which the same oil and wax stocks, and 

also the same sweater are used throughout, resolves itself into 

a consideration of the effects of the following variables:-

(1) The amount of the oil in the oil-wax mixture*

(2) The rate of sweating. 

and(3) The rate and extent of the cooling of the oil-wax

mixture "before commencing to sweat. 

The effect of (4) viscosity,will be discussed later.

It id believed that no account of such

experiments in which synthetic oil-wax mixtures have been used, 

has so far appeared in the technical literature* Wax distillates 

of varying oil content obtained directly from the crude by 

distillation might be employed, and an objection might be 

raised to the use of synthetic mixtures on the grounds that 

they are not obtained directly from the crude in the relative 

amounts in which they are blended. The composition of the 

stock is, however, immaterial, as it is possible that such 

a stock could be obtained from a crude. Moreover, there are 

certain definite advantages attending the use of synthetic 

oil-wax mixtures:-
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(1) Complications due to the variation in composition 
of the waxes and oils present in the mixture, such as might 
be encountered when using distillates of different boiling 
ranges , are eliminated*

(2) there is no longer the necessity for the determination of 
the oil content of the stock * a difficult experiment, as
there is no satisfactory method for the estimation* f• . • „

(3) the possible yields of the various melting point waxes 
that may be obtained from the wax stock are already known 
from the previous fractional melting experiments*

(4) blends of any desired oil content may be prepared 
very easily*

Oil Stock*
••»»—»-———»•«»••«« )IUL!UMI

The stock of de* waxed oil which was, of course, 
essential for this series of experiments, was prepared in 
the following manner* Dewaxed Second Cooled Blue Oil from!» •' -''•!• ft

#the Llandarcy Refinery of the A» I* 0* (X was used as the
starting material for the preparation* This oil had beeni
removed from the wax distillate cut by filter pressing at a 
temperature of 13*F during the normal refinery processing 
of the distillate* The commercial dewaxed Second Cooled 
Blue Oil was further dewaxed in the laboratory with ethylene 
di chloride at -30*0, using a leaf-filter type dewaxing

PlH&LO- iltflrtlftH OI
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apparatus derived and successfully applied in the Research
• . ',.,J. :«

Laboratories of the A»1.0. G«

The oil~solvent mixture containing: one relume of oil to 

two Tolumee of solvent was cooled to *30*C, using solid C02 , 

and then filtered from the wax deposited at this temperature, 

the solvent was removed from the oil by distillation under 

reduced pressure with a continuous stream of nitrogen being 

passed through.the liquid. The wax-free oil had the 

following properties:-*

Specific Gravity at 60*F * 0.8960.

Refractive Index at 60«P « 1,4867.
Cloud Point * .BELOW -*>'C-

Viscosity: Redwood I at IOO*F » 64.1 sees. 

Redwood X at 140*1* * 46.7 sees*

Wax Stock.

The wax stock was that of melting point 122. 

used in the experiments on fractional melting*



(I) «ffeot of Oil Content* Experimental Runs 12-16 (incl) and 20

Procedure - 0

The following remarks apply generally to the 

experiments with wax-oil mixtures*

(1) The desired amounts of wax and oil were weighed into a 

beaker* The mixture was then liquefied, thoroughly stirred, 

and the sample prepared in the sweater as described for the 

oil-free wax experiments.
:; £i.
(2) A sweating rate of 5# per hour was employed* This rate, 

besides being likely to lead to satisfactory results, was also 

quite conyenient as it enabled a run to be completed in two
' :-*9* JO"1

days*

(3) The temperature of the sample in the sweater was 

gradually increased from room temperature, the time elapsing
W'V '' '

before the collection of tl?e first drops of liquid phase being 

dependent on the amount of oil in the sample. This is 

illustrated in Table XXTIII below:*
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TABLE XXVIII.

Oil content
of 

Sample.

40%

First drops of
Liquid 

Phase after

210 nins. 

180 «

30 "

10 "

Temperature 
of mass*

101 op 

81 °F 

69 °F 

65

From the stage at which the first drops of liquid appeared, 
the heating was adjusted so that the sweating proceeded at 
the desired rate. For the wax-oil mixtures of higher oil 
content, only slight heating was required to maintain the 
rate during the collection of the first 10^, and during 
this period it was occasionally found necessary to cut off 
the current for intervals of a few minutes.

(4) The last 5# (or less) was removed from the sweater 
as in the experiments with oil-free wax. Difficulty was also 
experienced in this series of experiments in maintaining the 
desired rate of sweating during the fractionation of the 
last 10%.



Experimental Runs 12-16 (incl) and 20* Results.

Tne "sweats" were collected, in general, in cuts of 

5$ by weight, and the melting point of each fraction of 

melting point higher than IOO°P was determined in the manner 

previously described. The melting points of fractions lower 

than IOO°:F were not detemined accurately as the melting point 

method developed for this work, like the I.P.I, and A. 3. T. M. 

methods, is not satisfactory for mixtures of oil and wax 

containing lar^e amounts (greater than 50$) of oil. A rough 

determination was made in some instances, but a knowledge of 

these low melting points is not essential in this investigation. 

The refractive index at 60°C was also found for each fraction, 

using an Abbe Refractometer.

In this series of experiments, as in those with oil- 

free wax, it is necessary to know the melting point and yield 

of wax,or oil-wax mixture,present in the sweater at any stage 

of the experiment. The fractions were therefore blended as 

before - starting with the last two collected - and the 

melting point, and also the refractive index at 60*0, found 

after the addition of each two consecutive fractions.

Owing to the presence of oil, the relationship T = 414. 530/t
94.5 +11 

cannot be applied to the calculation of meltinj points,

except for those fractions collected after the removal of all 

the oil.
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It will be noted from the Tables of Results given 

later that in a few instances the melting point of a fraction 

is slightly lower than that of the next higher fraction. 

The fractions concerned are, in each case, the last collected 

on the first day and the first collected on the second day of 

a run* The small discrepancies are unimportant. The fractions 

collected during the first day are those given above the dotted 

line (see Tables of Results).

The essential figures for each run are given in the 

following pages, the abbreviations in the Tables being used 

as before. The graphs given in each instance facing the 

results show (I) the yield versus melting point, and (2) the 

yield versus n|°, for solid phase of melting point higher 

than 115«F.
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Propertiea of the Oil-Wax Mixture*

Oil Content » 2Q%. M. P. =» 115. !•?. 

Remarks. Normal process at 5/5 per hour.

t LIQUID PHASE
ft \'^f t It ffl"P~^ IBI'i 1"! A /"V"* T* /"VS."? C* 1i>« « fi»AXJB»JJ JTixAU t lA'.iv ;J»J

fraction 
lo. wt. ^

0

1
2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

L9

-

58.

34.

24.

23.

21.

23.

21.

20.

21.

22.

21.

20.

24.

22.

21.

23*

17.

16.

7.

48

15

05

74

78

06

57

44

91

31

68

85

48

56

85

51

42

71

29

-

13.1

7.6

5.4

5.3

4.9

5.2
*4.8

4.6

4.9

5.0

4.8

4.7

5.5

5.0

4.9

US

3.9

3.7

1.6

FT

IH

87.

9:>.

9;'.

95.

99.

106.

113.

114.

118.

121.

123.

124.

125.

127.

129.

^Nlihp
132.

136.

140.

P.

9

3

7

8

15

3

95

1

9

25

4

35

7

0

15

liHP^-

55

95

85

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

.JU

1.

1.

1.

n60 
d

•

4575/4

4556

4547

4531

4508

4452

4393

4385

4357

4353

4350

4350

4350

4350

4351

434* ^

4352

4360 e %

4368

n|° « 1. 4434.

RESIDUAL WAX (WAX- OIL) 
HT SWEATER.

%
100.

87.

79.

74.

08.

53.

58.

53.

49.

44.

\j «'• *

34.

29.

24.

19.

14.

0»^«^MR|

5.

1.

0

0

0

3

0

7

8

6

8

3

4

4

6

9

4

4

5

,<j

4

6

IT. P.

115.2

117.95

120.1

-

122,75

-

125. 55

-

127.5

-

129.2

-

131.0

-

-

133.55

»w^ --
138.1

140.85

-

n60

1. 4433

1. 4412

1. 4398

-

1. 4375

-

1. 4359

-

1. 4352

-

1. 4351

-

1. 4352/3

-

-

1. 4355

At3?8,^

1.4362

1.4268

-
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|&periraental gun. J^: ^

Properties of the Oil-Wax Mixture.

Oil Content » 20& M.P. *" 115.1»F n|° = 1.4434.

Remarks. Normal process at 5j£ per hour.

LIQUID PHASE 
(SWEATED FRACTIONS)

Fraction Wt. 
Hp.

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16 

17

18

19

-

58.48

34.15

24. 05

23.74

21.78

23.06

;;i. 57

20. 44

21.91

22.31

21.66

20.85

24.48

.','.2. 56

21.85

,io. 51 

17.42

16.71

7.29

% H.P.

-

13. 1 87. 9

7.6 92.3

5.4 92.7 .

5.3 95.8

4. 9 99. 15

b.2 106.3

4.8 1L3.95

4.6 114.1

1-. 9 118.9

5.0 121.25

4.8 l;.:3. 4

4.7 124.35

5.5 125.7 .

5.0 127.0

4.9 129.15

5.3 151.15 

3.7 136.95

1.6 140.85

n6U
d

-

1. 4575/4

1. 4556

1. 4547

1. 4531

1.4508

1. 4452

1. 4393

1.4385

1. 4357

1. 4353

1. 4350

1. 4350

1. 4350

1. 4350

1. 4351

1. 4349 

1. 4360

1. 4368

RESIDUAL WAX (WAX- OIL) 
IN SWEATER.

%

100.0

87.0

79.3

74.0

68.7

63.8

58.6

53.8

49.3

44.4

39.4

34.6

29.9

24.4

19.4

14.5

9.3

1.6

0

M. P. nf° d

115. 2 1. 4433

117. 95 1. 4412

120. 1 1. 4398

-

122.75 1.4375

-

125. 55 1. 4359

* \

127. 5 1. 4352

-

129. 2 1. 4351

-

131. 0 1. 4352/3

-

-

133. 55 1. 4355

1. 4358 

140. 85 1. 4268

-
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Experimental Run No. 14.

Propertiea of the Oil/Wax Mixture.

Oil Content = 30}4 M.P. » 111. OS0 !1. n6̂  « 

Remarks. Normal process at 5# per hour.

(
LiquiD

SWEATED
PHASB
FJUCTIOIfl)

Fraction 
No. Wt. %

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

_

48. 33

23.43

24. 24

26.72

24.96

W., 92

21.79

24.19

21. 31

20.42

" -:U. 48

22.67

22.70

27.05

24,67

21.50

22, 62

11.81

_

11.2

5.4

5.6

6.2

S.8

5.1

5.1

5.6

4.9

4.7

5.0

b.3

5.3

5.3

b. 7

5.0

5.2

2.7

"if Ti -, -• -t .

—

83 *

87 *

91 *•

92 *

-

-

-

-;H.8

104. V

111. 65

118. 4

1^0. 9

l:-;5. 1

127. 15

iW. 6

151. 6t>

134.1

136.75

nd°

-

1. 4627/6

1. 4603

1. 4586/7

1. 4579

1. 4575

1. 4571

1. 4565

1.4542

1. 4496

1. 4447

1. 4397

1. 4382

1. 4362/1

1. 4358/9

1.4358

1.4a&6

1. 4357

1. 4360

1. 4486

RESIDUAL WAX (WAX- OIL)
IN 3W1ATER

% M.P.

IOC. 0 111. 05

C8.8 113.15

83. 4 114. 15

77.8

71.6 117.6

65.8

60. 7 .1x0. 7

55.7

50. 1 124. 3

45.2

^0. 4 127. 6

35. 5 -

:»0. 2 130. 1

JJ4.9

18.7

13. 0 133. 7

o.$

X. 7 136. 75

0

n|0

1.4484

1. 4470

1. 4462/1

-

1. 4444

-

1. 4414

<Mk

1. 4386/7

-

1. 4368/7

-

1. 4358

-

-

1.4358

—

1. 4360
-
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Experimental Run Ho. 15.

Properties of the Oil/Wax Mixture*

Oil Content = 40%. If. P. » 107. 05°F. nf ° = 1.4536.a

Remarks. Honaal process at 5/£ per hour.

LI-JUID PHASE 
(SWEATED FRACTIONS)

Fraction 
Ho. Wi. %

0

1

2

3

4

5

6

7

8

9

10

11
.J ——
12

13

14

15

16

17

18

19

41.

46.

21.

20.

20.

21.

22.

21.

22.

22.

:; i3.

:i:i.
'- . • c >

:::2.

22.

22.

19.

14.

19.

49

47

84

63

62

69

59

49

94

69

27

25

52

17

73

01

81

30

20

9.

10.

4.

4.

4.

4.

5.

4.

5.

5.

o.

4.

5.

4.

5.

4.

4.

3.

4.

-

2

3

9

6

6

8

0

8

1

0

2

9

0

9

0

9

4

2

3

RESIDUAL WAX (WAX- OIL)
IB SWEATER

tf T> *1®0 4. 
*• f» H, /t

-

87

91

92

'):>.

93.

94

-

-

-

-

97.

102.

104.

112.

123.

188*

131.

134.

135.

at

*

*

5*

5*

*

9

75

95

25

65

75

35

55

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

I.

1.

1.

1.

1*

-

4633

4606

4606

4601

4594

4592/3

4588/7

4585

4580

4577

4567

4558/9

4543/2

4488

4400

14367/8

,1.

1.

4367

4366

100.

90.

80.

75.

71.

66.

61.

56.

51.

0

8

5

7

1

5

7

7

9

46.8

41.

36.

31.

26.

21.

16.

XX.

7.

4.

0

8

6

7

7

8

7

*

4

3

11- T» -.60 H. P. n ,

107. 1 1. 4538

108. 15 1. 4528

1. 4520

1 10. 8 1.4516/5

-

112,8 1.4504

-

115. Ob 1. 4486/7

-

118. 05 1. 4468

-

122. 1 1. 4427

-

127. 45 I. 4398

-

132. 15 1. 4369

JUM.A

134.7

135. 55 1. 4366/7

-
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Experimental Run No. 16,

Properties of the Oil/Wax Mixtures.

Oil Content =5^. M. P. * 120. 4»F. n60 = 1.4366
d

Remarks* Normal process at 5^ per

LIQUID 
( SWEATED

Fraction 
No.

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

Wt.

-

18.97

17. 31

20.52

21.31

24.17

21.47

23.06

22.46

20.89

:3. 99

21.43

:.:3. 08

20.28

23. 82

21.99

24.56

23.34

21.77

22.18

16.06

8.65

PHASE 
FRACT lulls)

%

•M

4.3

3.9

4.7

4.8

5.5

4.9

5.2

5.1

4.7

0.5

4.9

5.2

<-, 6

5.2

5.0

5.6

5.3

4.9

5.0

3.7

2.0

11. P.

-

94.6

100.7

104. 95

108.35

nn. i
114.15

115.7

116. 75

118.0

11°. 7

loO. 45

~

122.5

L;;o. 6

u. r>. 6
127.5

129. 45

151.05

loi. 55

136. 55

140. 45

•2°
-

1. 4500/1

1.4448

1. 4411

1. 4388/9

1. 4366/7

1. 4353

1. 4349

1. 4346

1. 4344

1. 4342

1. 4342

.1. 434C

.1. 4338

1. 4339

1. 4342

1. 4345

1. 4346/7

1. 4348

1. 4354

1. 4359

1. 4365

RESIDUAL WAX (WAX- OIL)
IN SWEATER

%

160. 0

95.7

91.7

87.1

82.2

76.8

71.9

56.7

61.6

56.8

51.4

46.5

.'.. t.

36.6

31.5

26.5

20. *"

lo. 6

10.7

5.6

2.0

11. P.

120.4

-

122.3

Ml

123. 45

-

124.8

-

126. 15

-

127.5

129. 15

M»

131.0

-

134.5

1S5. 8

137.9

140. 45

»S°
1. 4362

1. 4355

1. 4351

-

1. 4347

-

1. 4345

-

1. 4344

-

1. 4345

-

1. 4346

-

1. 4349

-

1. 4355

-

-

1. 4364/5
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Experimental Run i;a» 20.

Pyofertiea of the Oil/Wax Mixture;

- Oil Content * = 2/6. IT. 

Remarks. Normal process at 5#

P. « 121."55*Fi n|° = *1. 4350/1. 

per hour*

LIQUID PHASE 
(SWEATED FRACTIOUS)

Fraction 
Ho. Wt. %

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18 

19

20

-

,31.14

22.55

22.48

23.14

22.10

22.88

22.51

22.64

23.09

22.74

23.02

21.90

23.17

25.88

23.21

21.47

22.98

22. 49 

5.44

16.96

-

4.9

5.2

5.2

5.4

5.1

5.3

5.2

5.2

5.4

5.3

5.3

5.1

5.4

6.0

5.4

5.0

5.3

5.2

1,3

3.9

M.P.

-

103. 45

108.8

111.8

113. 55

115.4

115. 95

117.1

118. 45

119.6

120.85

120.2

12: . 5

123.95

125.65

127.5

129. 2

131. 15

133.6 

135.15

138.3

n|0

-

1. 4411

1. 4368

1. 4354

1. 4346

1. 4340

1. 4339

1. 4338

1.4337

1. 4337

1. 4336

1. 4336

1. 4338

1. 4341

1. 4342

1. 4344

I. 4347

1. 4350

1.4354 

1. 4357

1. 4363

RESIDUAL WAX (WAX-OIL)
IB SWIATER

%
100.0

95.1

90.0

84.7

79.3'

74.2

uO.9

63.7

58.4

53.1

47.9

<;j. 5

57.4

3/i. 1

26.1

20.7

15.7

10.4

5.2 
3.9

0

M.P.

121. 55

-

123. 05

-

124. 35

-

125.45

-

126.7

-

128.1

-

129.85

-

131. 95

-

134. 15

135.6

138. 3

-

»1°
1. 4349

-

1.4347

-

1.4346

* -

1. 4345

-

1. 4345

-

1. 4347

-

1. 4348

-

1. 4351

-

1. 4356

1. 4358

1. 4363

"



162.

Experimental Runs 12-16 (incl) and 20.

Discussion of Results.

General Observation.

It was found that the presence of oil 

rendered the sweating much easier to control than in the 

experiments with oil-free wax. Little difficulty was 

experienced in reducing the temperature gradient in the 

wax-oil mass to 1*F, even in the stock containing only 2% 

oil.

This observation is of importance, as it is possible that 

any difficulties experienced with the laboratory sweater 

would be increased with industrial plant. It is possible 

that the presence of oil modifies the crystal structure of the 

wax in such a manner that sweating is facilitated. Other 

possible explanations may, however, be suggested* 

The surface tension between solid and liquid wax may be less 

than that between solid wax and oil. Also, the viscosity of 

the oil is lower than that of the liquid wax and it is 

possible that the effect of these two properties is to allow 

the oil to flow more easily through the channels that are 

formed in the wax mass* Some evidence for the existence of these 

channels was found during the preparation of an oil-wax 

sample for one of the sweating experiments. The molten wax 

had been weighed into a beaker and had been cooled to a semi-
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solid state such that when the oil was poured on to its 

surface, it did not immediately percolate through* After 

standing for one hour, however, the oil had passed through 

the mass, leaving the top surface with a honeycomb structure* 

This observation suggests that sweating may take place through 

capillary action and that these capillaries or channels are 

more easily formed when oil is present* The above is perhaps 

slightly outside the scope of these experiments but it is 

included as an item of interest, for it seems that no theory 

of the sweating process has so far been published*
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Yield/Melting Point/Refractive Index graphs* Figs* 37-42.

Owing to the large difference between the 

refractive indices of the de waxed Second Cooled Blue Oil 

(n| = 1.486?) and the various waxes obtained in the experiments 

(n|° m 1.4327 - 1.4372), the value of n|° for a wax-oil blend 

gives an indication of the oil content, fhe refractive 

indices of various blends of the dewaxed Second Cooled Blue

Oil and the wax stock of melting point 122. 

Table XXIX below:- 

TABLE XXIX.

are given in

% wax

100

98

94.9

90

80

70

60

50

30.1

0

% Oil

0

2

5.1

10

20

30

40

50

69.9

100

»s°
1. 4342

1. 4350

1. 4367

1. 4386

1. 4434

1* 4486

1* 4536

1. 4589

1. 4696

1.4867
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The graph of oil content/n^0 , covering the range 0-50/S oil,

is shown in Pig. 43 opposite. The relation is linear orer the

range 10-40$ oil, the equation to the straight line being

n^° = 1. 4338 + 0. 000492 x % oil.

For oil contents higher than 50/5, this relationship gives values 

of n^° that are too low. For example, according to this equation, 

n|° for the oil stock should be 1.4328 + 0.0492 = 1.4830, which 

is lower than the observed value of 1.4367.

Also, for oil contents of less than 5/& the actual and calculated 

results differ, as there is a slight deviation from the straight 

line in this region. Unfortunately, it is in this region where 

a means of calculating the oil content would have been of special 

value in connection with this series of experiments. However, 

the values of n|° give other interesting information.

It is seen from Figs. 37-42 that the refractive 

index of the wax (wax-oil) remaining in the sweater decreases 

during the removal of the first fractions, reaches a minimum 

value, and then increases; the form of the curve being dependent 

on the amount of oil present in the original stock. The 

percentage of the wax (wax-oil) in the sweater at the stage 

corresponding with the minimum value of the refractive index 

is given for each run in table XXX on the folIOYan^; page.
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Run IFo.

Oil Content of 
Stock,

Minimum n^°

m of Stock in 
[Sweater*

20

2%

1. 4346

70

16 4

5*

1. 4344
.• to

60/65

ia 12

»r 10*

1. 4347

50

13

20*

1. 4351

40

14

30*

1.4568

25

15

40*

1. 4366

<5

The position of the minimum corresponds with the stage at 

which the removal of the oil is almost complete, and it is 

seen from Table XXX above, that the yields of oil-free wax 

(oil content probably less than 1*), independent of melting 

point, that may be obtained from the oil*wax mixture, depends 

on the original oil content of the latter.

the stage at which the oil has been almost completely 

removed from the stock is indicated in Jig. 44, in which the 

melting point is plotted against the refractive index at 60*0 

for each of the single liquid phase fractions of melting
. i

point higher than 100*J1 obtained in Runs 12-16 and 20.

The corresponding graph for the fractions obtained in Run 8

(oil-free wax stock) is also shown* The curve for each
*
run approaches this latter curve as the melting point of the 

fraction increases, until a stage is reached at which the 

two curves meet and then become almost co-incident. It is 

suggested that the two curves meet in each instance at the



167.

stage where the oil content of the wax present in the 

sweater is somewhat less than l£

This figure of \% is estimated as follows* It has been 

shown (Page /*O that the addition of \% dewaxed Second
's* '

Cooled Blue Oil to a wax of melting point 122. l*T increases 

the refractive index of the latter by approximately 0*0005* 

It is appreciated that the melting points of the waxes under 

consideration are higher than 122. l*f, tout the error thus
V

introduced is negligible in view of the small difference 

in the refractive indices of waxes of melting points 120*F 

and 140*F? compared with the refractive index of the oil. 

It may (be) therefore ̂ assumed that the addition of \% oil 

increases the refractive index of wax of melting point within 

this range by approximately 0* 0005, an amount which would 

easily be detected with the Abbe Hefr&ctometer* It is 

seen from Jig. 44 that the curve for the fractions of 

corresponding melting points collected after the stag* at 

which the curve for the run meets that for Run Bo. 8; does 

not deviate from the latter by more than 0*0002 in refractive 

index* It may therefore be concluded that the oil content 

of fractions in this region ia considerably less than 1#* 

It is of interest to note from Pig. 44 that the curve for 

the wax stock originally containing 40# oil approaches,
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but does not meet, the curve for Hun Ho. 8. It is therefore 

to be inferred that, under the particular conditions of 

sweating employed in this investigation, it is not possible 

to obtain a substantially oil-free wax from stocks 

containing 40# or more oil*

With reference once again to the wax (or 

wax-oil) remaining in the sweater at a given stage, the 

refractive indices of waxes of various melting points higher 

than 125*? are given in Table XXXI on the following page 

for each of the rune. The corresponding values for the 

w&xea obtained in Run Wo* 8 are also included for. comparative 

purposes* The refractive indices ©f the various blended 

fractions obtained in this latter run were not found 

experimentally. However, the values have been calculated 

from those of the single fractions on the assumption that 

refractive index is additive over the limited melting range 

considered.
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TABLE XXXI

MELTING 
POIITP 
(•F).

140
t

137.5

135
i

132.5

130 

127.5 

125

Run No.

Oil 
Content 
of 
Stock*

1. 4367 

1. 4362

1. 4357
!,"•<*•

1. 4352

1. 4347 

1. 4345 

JU 4342

8

0*

REFRACTIVE IHDEX AT 60»C. (n^°)

1, 4362

1. 4357 

1. 4352

1. 4348 

1* 4346

1* 4345*

20

2*

I. 4367 

1. 4361

1, 4356 

1. 4351

1. 4347 
ar 
1. 4346

1. 4345*

16

5*

1*4366 

1. 4361

1. 4357 

1, 4352

1. 4348 

1. 4347

1. 4349*

12

x<«

1. 4368 

1. 4361

1. 4357 

1. 4353

17 4351 

1. 4353*
/

1. 4362*

13

20%

«*

1. 4361 

1. 4358

1. 4358* 

1. 4368* 

1. 4383*

14

30£

*

1. 4366* 

1. 4369*

1. 4383* 

1. 4398* 

1. 4412*

15

40#

Those values marked with an asterisk fall on the "oil" side 

of the minima shown in the yield/refractive index graphs 

(Pigs. 37-42).
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GOComparison of the values of n^ for the oil-wax
d

experiments with the value of n^ obtained for the blended 

fractions of the same melting point in Run No. 8, shows that 

the Table may be divided into two sections;

(l) that in which the values of n5° for a given melting 

point are - within experimental error - the same, and

(2) that in which the values of n^° obtained in the oil-waxd
experiments for a wax of given melting point are higher than the

6Gcorresponding values of n . for the wax of the same melting

point obtained in Hun No. 8*

These two sections are indicated in the table*

It is clear that the melting point of substantially oil-free

wax (containing less than \% oil) that may be obtained, depends

on the oil content of the original stock; the higher the oil••"I 
content, the lower is the melting point of the oil-free wax*

It is of interest to note that even the highest melting point 

waxes obtained from the wax- oil stocks containing 3Q# and 

oil respectively, contain oil to the extent of \% or more.
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Consideration of Yields*

The yield/melting point data given in

Table XXXII below for the waxes included in Table XXXI are taken 

from Figs* 37-42, the yields osing expressed as a percentage 

of the original stock (wax 4- oil)* The yields of the corresponding 

waxes obtained in Run No. S are also included.

TABLE XXXII*

KELT IK® 
POINT 
(«F).

140

137.5

135

132,5 

130

127.5 

125

Run Ho.

Oil 
Content 
of 
stock.
—————

YIELD % (BY WEIGHT) Calculated

10.4

16.5

24.2

34.4

47.0

31,5 

78*8

8

0%

<f

5.2

12.8

23.1 

36.0

52.4

73.2

20

2%

3.0

6.4

13.6

24.1 

36.6

51,4

69.7

16

5*

2.7

7.3

13.3

21.5 

33.5

49,2 '

67.2

12

10%

2.4 |

as % ot 

2,4

6.2 6,2

10. 7 j 8. 5

20.2 i

35.0

49.0 

60.2

13

20*

——————

18.2 

30.4

*40. 4 

48.2

14

30£

—————

' wax- oil stock.

•m

<•»

6.1

15. 5 

21.8 !

26.5 \ 

31.3

15

40£

»



17 £*

For comparison with the yields obtained in Hun No. 8, the 

above yields should be calculated as a percentage of the 

total wax originally present in the wax-oil stock* The 

yields calculated on this basis are given in Table XXXIII 

below:- *

TABLE XXXIII.

teELTIJTG 
POETT 
(•*)

140 

157.5 

135 

132.5 

130 

127.5 

125

Ron Ho.
••-' 71 f :

pu
Content 
of stock.

10.4 

16.5 

24.2 

34.4

47.0 

61.5 

78.8

8

0*

YIELD % (BY WEIOHT). Calculated as % of wax 
present in the wax- oil 

stock.

5.3 

13.0 

23.5 

36.7 

53.4

74.7

20

3*

3.2 

6.7 

14.3 

25.3 

38.4 

53.9

73.2

16

5*

3.0 

8.1 

14.8 

23.9
*

37.2

54.7 
_ _ _ - _j

74.6

12

10*

3-°!
7 7 ? f. / ,

13.4 ! 
1 

25.2 1

43.7 

61.2 

75.2

13

20%

3.3 

8.9 

12.1 

26.0 

43.4 

57.7 

68.9

14

30*

10. 1 

25.8 

36.3 

44.2

52.2

15

40*

The waxes containing less than 1* oil

are shown above the dotted line, and general information jf*
concerning the yields of these products may be obtained from 

a consideration of the above figures (Table XXXIII) for oil- 

wax stocks of 2*, 5* and 10* oil content. In each of these
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experiments the yields are very similar, although with the 

stock of I0# oil content they are slightly higher for waxes of 

melting point 135*F and above. It is difficult to explain this 

observation in view of the similarity af the yields of waxes 

of melting point 127. 5* - 135*P. It is possiTily due to 

experimental error caused by the inability to maintain uniform 

sweating at the desired rate with the comparatively small 

amount of solid present in the sweater at this stage.

Despite the relative ease with which sweating 

is controlled, the yields are considerably lower than those 

obtained in the fractional melting experiments with oil-free 

wax stock. In general, they are comparable with those given 

by the fractional melting of this oil-free stock at the rate of 

15# per hour [See Table XXII Page /3z), which was estimated to 

have an efficiency of 78# compared with the assumed I00# 

efficiency of Hun Ho. 8. Fractional melting at the rate of 

5# per hour was estimated on the same basis to be 90£ efficient. 

Otherwise expressed, the yields of substantially oil-free 

(less than if) waxes of melting point 127.5*? and above, 

obtained from the wax-oil stock containing 2-IO/£ oil, are in 

the region of I0-12# lower than those of corresponding melting 

point obtained by the fractional melting of the oil-free wax 

stock under the same conditions.



It is apparent that for products of melting 

point 127.5°P and above, the addition of 2% oil to the oil- 

free wax stock has the same effect as 10/6. For products of 

lower melting point, there is a difference however, for their 

oil contents vary with the amount of oil initially present in 

the wax stock*

Generally, in view of the comparatively poor 

yields of lower melting point wax obtained from the oil-wax 

stock of 40# oil content, and also the failure to obtain a 

substantially oil-free wax of any melting point from this 

stock, it is suggested that an oil content of 40# is above 

the maximum for satisfactory sweating*

Assuming that one of the objects of sweating is to produce a 

substantially oil-free scale wax of melting point at least 

127. 5*?, there seems to be no advantage gained by reducing 

the oil content of the stock below 10%, Also, as the yield 

of this oil-free product from a stock containing 20# oil is

relatively much lower than from one containing I0# oil, it ia
i 

concluded that for satisfactory and efficient sweating, the

oil content of the stock should be reduced to I0-15# by weight.
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«»r» i i ':• ^ -V, ' '• , *

(2) Bffeet" of Sato of Sweating. Experimental Run 21.

This run wag conducted at the rate of 10 f
»- .

per hour. The wax-oil sample containing I0# oil was prepared

in the normal manner, cooling taking place at room temperature
• 2k ' '{• c, *

overnight. The temperature gradient in the wax- oil mass during
•i* '*•

f

sweating could not se reduced below 2°P, otherwise the

experiment proceeded normally*•i*
Essential figures are given on the following

page* The'
I H

yield/melting point and yield/refractive index graphs

for solid p&ase of melting point higher than 115°? are not given 

here, tut they are very similar to those for Run No. 12, in which 

wax-oil stock, of the same oil content was sweated at the rate
i ,,

of 5/£ per 'hour*

The yields and refractive indices of waxes of melting point 

higher than 125*F'remaining In the sweater at a given stage, 

are tabulated on the following page* For comparative purposes, 

the corresponding figures for Run Ho* 12 are also included.
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TA3LB XXXIV

fclSLT IKG
POIUT 
(oy)

140

137.5

135

132.5

130

127.5

125

Rate

Run Ho.

Yield %

2.7

7.3

13.3

21.5

33.5

49.2

67.2
*

n60 nd

1. 4366

1. 4361

JU 4357

1. 4352

1. 4348

1. 4347

1. 4349*

^'^ 
W per hour** ' • 

12

Yield

3.0

6.6

12.9

22.2

33.5

48.8

66.4

»r
1. 4367

1* 4363

1. 4359

1, 4356

1. 4353

1.4352 *

1.4356 *

I0# ^er hour.

21.

Those values marked witfc an asterisk fall on the "oil 11 

side of the minimum found in each yield/refractive index 

graph*

Inspection of the above figures shows that, 

within experimental error, the yields are the same in each
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j£xperimental Run !To. ?. 1.

Properties of

Oil content = IC% Melting Point = I If. ?»F. n^= 1. 4586.

Remark ; TTorm&l process at 10% per hour.

LIQUID

fraction
Ho.

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

12 
18'

19

20

PHASB

Tt.

—

n. 53
;j'-]. 54

20.93

23. 81

25.74

25. 40

2,2.25

22.91

22. 60

22.97

;.i. 05

.v.2. 31

22. 93

21. 45

::J. 25

.:. 22

:.:•:. 00

14. 52

i::. 02

( SWEATED

*
~

5.0

5.2

4.8

5.5

5.9

5.4

,..1

!). 3

5.2

5.3

5.3

5.1

r>. 3

4.9

£..1

: .1

b.l

o.3
'.8

PRA.CTIOTIS)

:i. P. n

-

87 * 1.

96. 5* :<..

99. 7 1.

105. 45 I.

109. 35 I.

li:i. 35 1.

115. O !D I.

116. 25 I.

117.7 1.

119.5 I.

121. 0 1.

122. 25 1.

.65 I.

124. 05 1.

1:«. 15 '..

12S. 4

132. 6 1.

135. 7 1.

140.15 1.

f
-

4584

4516

4471

4432

4401

4382

4371

4366

4361

4357

4351/2

4350

4349

4348

4348

4351

4356

4350

4367

RESIDUAL WAX (
HI SWEATER

/•? - '-• •» *

100. 0 118. 9

95. 1

89. 9 121. 05

85.0

79. 5 123. 0

'}.;. G

68. 2 124. 75

3-j.l

57. 8 1 ::-). 15

52.6

47. 3 127. 75

42,0

36. 9 129. 35

,'A. 5

2". 6 13.T. 5

S..I. 5

16.4 1.54.0

:>. 1 137. 7

::. 8 140. 15
-

WAX- OIL)

60

1.4388

1. 4375

1. 4368

-

1. 4361

-

1. 4356

-

1. 4353

-

1. 4352

-

1. 4353

-

1. 4354/3

-

1. 4357

I ^ l^LCL

1. 4364

1. 4367

-



178.

although the waxes of melting point below 135*7 from the 

run at the faster rate are of slightly higher oil content 

than those of corresponding melting point from the slower run. 

How there is no doubt that the yield of wax of a given 

melting point obtained from an oil-free wax stock is dependent
i

on the rate of fractional melting. As a stage is reached in 

the sweating process where the wax mass is substantially 

oil-free* and the process thus becomes one of fractional 

melting^ the similarity of the yields obtained in the two 

experiments under consideration is therefore rather 

unexpected* It is possible, however, that sweating at a 

rate considerably slower than 5% per hour would lead to 

increased yields of the various waxes.
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(5) Effect of Method of Preparing Sample*

Experimental Runs 18 and 19.

Two runs were made for the purpose of 

investigating the extent to which the efficiency of the 

process is affected by the way in which the wax-oil sample 
la prepared prior to sweating* Wax- oil mixtures containing 

oil were used in these experiments*

Run Ho» 18.

V The sweater was prepared in the normal manner and 

the wax-oil sample introduced at a temperature of 1300F* 

Cooling took place in the absence of draughts until the 

central region of the mass was at a temperature of 87PF. 

At this stage , a temperature gradient of 4°P existed in the 

mass* The cellophane was then removed from the outer surface 

of the sweater and the latter placed inside the external 

heater, which had been heated so that the temperature of the 

air inside was 80-83*F. Sweating at the rate of 5# per hour 

was then conducted in the normal manner, the initial drops 

of liquid appearing in the collecting Weaker after ten minutes* 

heating*
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Run No. 19>

The sweater was prepared in the normal

manner and the wax-oil sample introduced at a temperature 

of 135*F. The sweater and contents were immediately 

plunged into an acetone - solid C02 bath cooled to -50*0. 

The oath temperature quickly rose to -25°C and was maintained 

at -25°C — -50°C for one hour whilst the wax-oil sample 

solidified* lOn reiaoval from the cooling mixture, the 

central region of the mass was at a temperature of 55® F, 

The sample remained at room temperature overnight, and 

sweating at the rate of 5# per hour was coiiMenced on the 

following day»

The sweating appeared to proceed normally in each instance.

Essential figures for the two experiments are 

given in the two following pages. The yield/melting point 

and the yield/refractive index graphs (Figs. 45 and 46) for 

solid phase of melting point higher than 115®F are very 

similar for each run f and do not differ materially from 

those for Run No. 12, in which the wax-oil mixture containing 

10% oil was sweated at the rate of 5# per hour after the 

usual procedure had been followed for the preparation of the 

saiiple*
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Experimental Run Ho. 18.

Properties of Oil-wax Mixture.
60Oil content » 10* If. P. » 118.7°F n|w « 1.4386.

Remarks. Normal process at the rate of 5/£ per hour after 

coolinf sample to 82°F.

LIQUID PHASE (SWEATED TRACTIONS)

Fraction 
No. Wt. %

t

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17 

18 

19

20

-

19.41

22.99

19.53

19.44

21.99

20.56

19.64

21.14

21.55

22.15

22.58

21.85

21.99

23.30

22.29

24.00

24.49 

21.75 

20.48

25.27

-

4.5

5.3

4.5

4.5

5.0

4.7

4.5

4.8

4.9

5.1

5.2

5.0

5.0

5.3

5.1

* •.**•

5.6 

5.0 

4.7

5.8

M.P.

-

88.5 *

94.5 *

96.5 *

IOI.4

107.2

110. 5

113. 75

116.2

117.0

119.0

118. 05

121.4

122.8

124. 25

125. 55

t*?,!*

129.0 

131. 05 

133. 05

136. 35

•8°

-

1. 4563

1. 4511

1. 4499

1.4470

1. 4420

1. 4393

1. 4377

1. 4367/6

1. 4362

1. 4356

1. 4357

1. 4349/8

1. 4346

1. 4347

1. 4347/8

rto*M»*!jpp«

1. 4351 

1.4352

1. 4356

1. 4363

RESIDUAL WAX (WAX-OIL) 
IN SWEATER

*
100.0

95.6

90.3

85,8

81.4

76.3

71.6

67.1

62.3

57.3

52.2

47.1

42.1

37.0

31.7

26.6

^sSBfcaKMfc ;--" "

15.5 
10.5

5.8

0

M.P.

118.9

120.2

-

121.9

-

123. 65

-

125.1

-

126.5

128.05

-

-

130.5

-

132.45

133. 65 
134.9

136. 35

—

-r
1.4388

1.4380

1. 4373

1. 4368

-

1.4358

mm

1. 4353

-

1. 4352

-

1. 4351

-

-

1. 4353

-

1. 4355 *

1. 4363

»
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Experimental Run Ho» 19.

Properties of Oil-Wax Mixture.

Oil Content « 10%. H.P. 118. 7«F. 

Remarks. Normal process at the rate of 5j6

cooling the

LIQUID PHASE (SWEATED

Fraction 
No. Wt. %

0

1

2

3

4

5

6

7

8

9

10 

11

12

13

14

15

16

17 

18 

19 

20

22.63

24.12

21.03

21.19

20.09

22.07

22.25

22.21

21.38 

21.72 

22.85

26.04

22.63

22.01

21.90

22.79

22.74 

21.79

21.90 

15.63

5.2

5.5

4.8

4.8

4.6

5.0

5.1

5.1

4.9
*

5.0 

5.2

5.9

5.2

5.0

5.0
*

5.2

5.2 

5.0

5.0 

3.6

sample at -25»c;

FRACTIONS)

M.P.

-

-

104.85

107. 85

1 10. 3

141.9

114. 45

116.2

114.5 

118. 15 

120. 05

121.6

123.15

124.5

126. 05

127.75

129. 45 

131.4

134.7 

138.2

»S°

1. 4669
. *

1. 4511

1. 4432

1. 4409

1. 4392

1. 4381/0

1. 4369

1. 4361

1. 4368 

1. 4354 

1. 4350

1. 4349

1. 4347

1. 4347

1. 4348/9

1. 4350

1. 4352 

1. 4354

1. 4359 

1.4365

60 
nd * 1.4386.

per hour after ••hock*

RESIBUAL WAX (WAX-OIL)
IN SWEATER.

*
100.0 

94.8

89.4

84.6

79.7

75.2

70.1

65.1

60.0

55.1 

50.2
t

45.0

39.0

33.9

28.9

23.9

18.7

13.5 
8.6 s

3.6 ? 

0

w T> «60 m. Jr. n j

118. 9 1. 4387 

L. 4374

121. 3 1. 4366

-

122. 85 1. 4360

*

124. 5 1. 4357

-

-

126.8 1.4353*

128. 35 1. 4352

c -

-

131. 05 1. 4354

-

-

134. 5 1. 4357/8 

138. 2 1. 4365
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Experimental Rung 18 and 19. Discussion of Results.

The yields and refractive indices of various 

waxes of melting point higher than 125°? remainins in the 

sweater at a gjven stage are given for Runs 18 and 19 in 

Tafele XXXV below* The corresponding figures for waxes obtained 

from the same stock at the sa-ae rate of sweating after 

preparation of the sample in the usual manner (Run No.12) are 

included for comparative purposes.

TABLE XXXV.

Melting 
Point 
(•*).

140

137.5

135

132*5

130

127.5

125

Run No.

Rate*

Normal C
Yield %

2*7

7.3

13.3

21.5

33.5

49.2

67.2

tooling
oO 
d

1.4366 .

1. 4361

1. 4357

1-4352

1. 4348

1. 4347

1. 4349*

12

5/£ per hour.

Partial Cooling
Yield ?

*

6.5

10.2

20*4

34.6

50.5

67.6

I 60

>
-

1. 4360

1* 4355

1. 4552

1. 4351

1. 4353*

18

Sf per hour.

"Shock* Cooling.
Yield %

•N

5.0

12.0

22.2

34.9

50.5

66,7

d

-

1. 4364

1. 4359

1. 4355

1. 4352

1. 4353*

1. 4356*

19

$% per hour*

Those values marked with an asterisk fall on the *oil* side of the 

minima found in the yield/refractive index graphs.
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It may be observed from the TabletXXXV) that the 
yield* of waxes of the same melting point obtained in the three 
runs are not very different. There is, however, an indication 
that tht yields of waxes of melting point 135'F and above are 
slightly higher in the experiment involving normal cooling of 
the sample*

The slightly lower yields in the experiment involving partial 
cooling only of the sample might poseibly be attributed to the 
wax crystals not having been allowed sufficient time in which 
to attain the size of those formed during normal cooling to 
room temperature (Run flot 12)«

Rapid or "shock" cooling would almost certainly cause the 
formation of very small crystals, especially in the region of 
the wax-oil mass near the surface of the sweater, where the 
cooling conditions are most severe*

The refractive index data indicate that the 
residual waxes of melting point 125°P and higher, present in 
the sweafcer at any stage in these two runs, contain slightly 
more oil than those of the same nelting point obtained in Run 

No. 12. It may be inferred fron thio observation that partial, 
as well as "shock* cooling,of the wax-oil sample causes the 
formation of small wax crystals, which are of such a nature 
that oil is less easily removed frcn them during the process 
of sweating.
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The variations in the yields and refr ciive

indices are not sufficiently great to allow iujy very detailed 

conclusions to be drawn.

It iii clear, however, that the rate and extent of cooling 

of the sample ;.rior to sweating have little efiect on the 

efficiency of the process.



186*

Effect of Viscosity of the Oil - Experimental Runs 17. 22 and 

23.

Oils of different viscosity for use with the 

oil-free wax stock in a study of the effect of viscosity on 

the sweating process, may be obtained as follows :-

(a) the viscosity may fee varied by employing various oils of 

different "boiling ranges, or

(b) the desired viscosity may be obtained by blending two 

dewaxed oils of high and low viscosities respectively.
* *

The use of oils of different boiling ranges introduces compli­ 

cations due to the variation in chemical composition, and it 

was therefore decided to prepare oils of the desired viscosities 

from two stocks of dewaxed oils. This method ensures that the 

sane constituents nre present in each blend, although, of 

course, in different proportions.

Oil Stocks.

The dewaxed Second Cooled Blue Oil (see Page/ro), used 

in the previous experiments, constituted the stock of low 

viscosity. The hi*h viscosity stock was prepared from a 

"Master Lubricant* oil supplied from the A. I. 0. C. Llandarcy 

Refinery.
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The Second Cooled Blue Oil is normally obtained from 

the crude by cold pressing the light wax distillate, and the 

"Master Lubricant" is a heavier distillate taken from the 

crude immediately following the light distillate. This 

heavier diBtill&te was dewaxed on the Refinery by treating 

with ethylene dichloride at -25*F using the Sharpies process, 

but it was further dewaxed in the Laboratory by the method 

already described (Page /**) for the Blue Oil. The Laboratory 

dewaxing resulted in a very "sticky" or resinous oil having the 

following properties:-

Specific Gravity at 60°F = I 010

Pour Point Below 0*C.

Viscosity; Redwood Hat IOOCF = *,3* 5 sees.

Redwood It at 140°F = 43»6 sees.

Blends covering a considerable viscosity range could therefore 

be prepared from these two stocks, and it was proposed to 

investigate the effect of oils over the complete viscosity 

range. Howver, the scheme was interrupted (September 1939) 

after completion of only two runs, the results of which are now 

discussed,

3to view of the findings in the experiments with 

oil-wax stocks, it was decided to emplijy oil-wax stocks of IO/£
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oil content. In each instance, the sample was prepared 

in the normal manner, and sweating was conducted at the 

rate of §% per hour. Ko difficulty was encountered with 

either stock.

Essential figures for each run are given in the following 

Tables, in which two additional abbreviations are used;-

D. B. 0. = Bewaxed Blue Oil, 

D.M. L. =» Dewaxed Master Lubricant.
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Experimental Run Ho. 22*

Properties of the Oil-Wax Mixture.

Oil Content » IO& 

Properties of the Oil.

Composition: 90/£ D. B. 0. •*•
60 , .. . ., n,» » 1. <t w«x . a

Remarks. Normal process at

LI^JlD PHASI i

M. P. = 118. 65»P. n^° = 1. 4594.

IQ% D.M. L. Viscosity, Red. I at 
Red. 1 at

5 0

$% per hour.

(SWEATED FRACTIONS)
Fraction 

Ho. Wt. ?&

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

M

22.

22.

2 ..

23.

27.

22.

'2o.

23.

>]':.

X<1.

--'M.
> f '-' J

•, .- ,- ^ *

-i3.

23.

23.

24.

22.

23.

13.

15.

i

32

05

46

13

27

70

32

08

34

44

65

55

53

17

00

31

69

48

26

53

<•

5.

5.

5.

5.

6.

5.

5.

5.

5.

5.

5.

5.

5.

5.

5.

5.

5.

5.

3.

3.

i

0

0

0

2

1

1

2

2

0

0

1

1

3

2

2

5

1

3

0

5

M.

•i

87

9;-.

97

104.

109.

115.

114.

116.

117.

118.

120.

122.

121.

125.

126.

128.

130.

133.

136.

140.

*
•

*

5*

1

6

0

85

6

6

9

3

05

85

3

35

4

6

6

8

7 '

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

»S°
-

4609

4550

4518

4457

4405

4383

4374

4366

4359

4353

4349

4348

4345

4347

4347

4351

4354

4358

4362

4369

ikr-o
70*F * Asecs 
100° P *?secs

RESIDUAL WAX (WAX- OIL)
IF SWEATER

*
100.

95.

90.

85.

79.

7..

68.

60.

59.

53.

48.

4o.

37.

32.

27.

22.

16.

11.

6.

3.

.P.

00

0

0 IkiO. 8

0

8 122.85

7

6 124. 45

3 • -

i i;>6.6
1
1 128. 1

0

9 129.85

7

5 152.0

3

8 134. 9

7

5

5 140. 7

n60

1. 4396

1. 4386

1. 4376

-

1. 4363

-

1. 4355

-

1. 4353

-

1. 4352

-

1. 4353

-

1. 4354

-

1. 4359

-

-

1. 4369

0 -
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Experimental Run No. 23.

gropertiea of the Oil-Wax Mixture.

- Oil Content » IO& 

Properties of the Oil.

M. P. « 118. 7°F. n?° = 1. 4410 d

Composition: 70# D.B.O. + 30# D.M.D. Viscosity Red I. at 70*F =445 sees. 
Red I. at IOO°F»170 sees. ng° * 1. 5085

Remarks* Formal Process at 5% per hour.

LIQUID PHASE (SWEATED FRACTIONS)

Fraction 
Ho. Wt. %

-o

1

2

3

4

5

6

7

8

9

10

11

12

13

14

J* 

16

17 

18 

19

20

_

21.05

?>.21

21.27

22.22

23.15

22.71

22. 94

25.04

22.29

X:>..62

2::. 56

;. .95

22.83

22.40 

22.11

22. 44 

22,55 

14.80

19.25

-

4.8

5.0

4.8

5.0

5.2

5.1

5.2

5.7

5.1

5.1

5.1

5.7

5.2

5.1 

5.1

5.1 

5.1

3.4

4.4

M.P.

-

86 *

94 *

98 *

105.5

108.55

112.2

115.85

115.7

117.0

118.2

118.0

121.3

123. 25

124.6

126.0 
127.6

132. 35 

135.3

139.6

60

.

1. 4683

1. 4607

1. 4544

1. 4475

1. 4429

l;4405

1. 4392

1*4382

1. 4372

1. 4364

1. 4362

1. 4351

1. 4349

1. 4349

1. 4350 
1. 4350

1. 4351 

1. 4355 

1. 4361

1. 4368

RESIDUAL WAX
JJT S1KEATER

*
100.0

95.3

90.2

85.4

80.4

75.2

70.0

64.8

oil. 2

54.1

49.0

43.9

o8.2

33.1

.,0. 0

17.9
*

12.8 

7.7

4.4

X.P.

118.8

-

120. 75

-

122. 55

-

124.1

-

125. 75

-

127.3

-

12S.4

»

131. 45 

133.85

137. 7

139.6

(WAX- OIL)

nJO

1. 4404

1. 4391

1. 4383

-

1. 4367

-

1. 4359

-

1. 4356

-

1. 4354

-

1. 4353

-

1. 4354

1. 4365 

1. 4368
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Experimental Runs 22, 25 and 17* Discussion of Results.

The yields and refractive indices of various 

waxes of melting point higher than 125°F remaining in the 

sweater at a siren stage are recorded in Table XXXVI. 

For purposes of comparison* the corresponding figures for 

Hun No. 12 are included.

TABLB 3DOCVI.

pelting 
point
CF)

140

137.5

135

132.5

130

127.5

125

Run No.

Rate

I0£ IXBo.

Yield %

2.7

7.3

13.3

21.5

33.5

49.2

67.2

60 nd

1. 4366

1. 4361

1. 4357

1. 4352

1. 4348

1. 4347

1. 4349*

12

5^£ per hour.

9# IX B. 0. + l£ JX1I.L.

Yield %

5.0

10.0

16.4

25.5

37.2

52,2

67.0

nd

1; 4368

1. 4364

1. 4359

1. 435.5 .

1. 4353

1. 4353*

1. 4355i

22

5^ per hour.

1% D.B. 0.+ 3^D.MJ

Yield %

(3.5)

7.8

13.8

23.2

34.6

47.8

63.7

•S°
(1.4369)

1. 4365

It 4361

1. 4356

1. 4353

1. 4354*

1. 4357*

23

5/£ per hour.

Those values marked with an asterisk fall on the oil" side of the 

mini ia found in the yield/refractire index graphs (Figs. 47 and 

48).
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The experimental data ire insufficient for any 

general conclusions to be stated relating to the effect of the

viscosity of the ©il on the efficiency of the sweating process*
£/\ _ 

However, the minimum values ©f n* (Table 3DDCVI above) for
:• . ' d

Runs 22 and 23 are higher than for Run 12 and, moreover, 

correspond with a higher percentage of residual wax (wax-oil)
*

in the sweater than for Run 12. These observations indicate 

that the oil of higher viscosity is more difficult to remove 

from the wax* , ,,

Experimental HUP 17*

Before commencing the above experiments 

with oils of different viscosities, a run was made with a
"»•''• ' « '

wax-oil mixture consisting of
••**• ' , „

70/£ oil-free wax, 15# D. B. 0., and 15$ Kerosene (Sp. (Jr. at

60*F » 0*8025).
' • » -! •• ,

The sample was prepared in the usual manner and sweating
i,1 "*

was carried out without difficulty at the rate of 5# per hour.
• 0 '

Essential figures for the run are given on the following

pace*
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Experimental Run. Ho. 17.

Properties of the Oil-¥ax Mixture.
60Oil Content 30& 1C. P.- 109.4°F. n = 1.4413.
d

Composition of the Oil.

50/5 D. B. 0. + 50/S Kerosene

(Sp. Gr.at 60*F = 0.8025) 

Remarks. Normal process at b% per hour.

LIQUID PHASE i(SWEATED FRACTIONS) RESIDUAL WAX 
IN SWEATER.

(WAX-OIL)

Fraction
No.

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

Wt.

-

21.08

21.38

23.09

26.52

22. 13

29.50

23.28

21.61

22.73

22.74

21.16

21. 65

20.39

21.73

22.62

r.u. 26

23.51

22.70

17.04

7.01

%

-

4.9

4.9

5.3

5.1

5.1

6.8

5.4

5.0

5.3

5.3

4.9

5.0

4.7

5.0

5.2

4.9

5.4

5.2

3.9

1.6

M.P.

-

-

85 *

91.5*

92 *

X

-

-

-
98*

:;0*

99.5*

102.75

107.8

116. y

124.3

127. 65

130.8

133.1

134. 85

135. 45

"d

-

1. 4479

1. 4450

1. 4446

1. 4442

1. 4439

1. 4432

1. 4433

1. 4433

1. 4433

1. 4435

1. 4431

1. 4427

1. 4413

1. 4373

1. 4359/8

1. 4357/6

1. 4358

1. 4359

1. 4361

1. 4362

*

100.0

95.2

90.2

84.9

78.8

73.7

66.8

61.5

56.5

51.2

46.0

41.1

36.1

31.4

M»4

21.1

16.2

10.8

5.6

1.6

0

M.P.

109.6

110. 9

-

112.7

-

114. 65

-

117.4

-

120. 25

•w

124.3

-

129.0

-

-

135. 05

-

-

135. 45

-

nd

1. 4415

1. 4413

1. 4411

1.4408

-

1. 4403/2

-

1. 4396

-

1. 4387

-

1. 4374

-

1. 4360

-

-

1. 4359

1. 4360

1. 4361

1. 4362

-
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The comparison of the yields of various waxes 

obtained in this run with those obtained in Run Ho. 14, in 

which the oil-wax stock contained 30# D.B. 0., is given in 

Table XXXYII below:-

TABLE XX3CVH,

Melting 
Point T«F)

140

137. 5

135

132,5

130

127.5

125

Run Ho.

Oil Content 
of Stock*

Yield \* (By weight)

2.4

6.2

3.5

18.2

30.4

40.4

48.2

14 "...

30^ D.B. 0.

M

me. 
f

4.8 .

18. 6

28.2 ;

35. 2

39. 8 v

17

(lb% D.B.O. 
(15$ Kerosene.

The results of this run are included in order to mention 

the significance of the comparatively low yields of 

waxes of melting points 125* and 127. 5*»F obtained.
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These low yields may lie attributed to the higher 

solubility of the wax in the Blue Oil-Kerosene blend than 

in the Blue Oil alone, it is therefore suggested that 

any study of the effect of viscosity should be made 

in conjunction with experiments on the solubility 

relationships of the wax and the various oil blends 

employed*



Experiments on the | 3yef|tin^ of Oil-Wax Mixture -
the principal findings from the

Experimental Runs from Ho* 152 onwards concerning the effects 

of certain variables on the sweating process• r<i&y be summarised 

as follows*- ttf 4 '

(1) The sweating of an oil-wax mixture is considerably easier 

to control than the fractional melting of an oil-free wax* 

This is of particular importance industrially, as ease of 

control of a process* especially on the commercial scale, is 

very desirable*

(2) The yields of the various melting point waxes, calculated 

as a percentage of the wax content of the oil-free wax stock R 

are considerably lower than for the corresponding waxes obtained 

by the fractional melting of this latter stock at the eewic rate*

(3) ftnder the same conditions of sweating, the efficiency of 

the process is dependent on the oil content of the stock* No 

advantage ia to be gained by de-oiling the atook to an oil 

content of lesa than XQ& Also, the most satisfactory sweating 

stock contains I ~15# oil* At the other extreme* it is evident 

that an oil content of 40$ Is above the maximum for efficient 

and satisfactory sweating*

It will be appreciated, however* that these deductions are based 

on the results of experiments conducted at the ea~te rate of 

sweating* It is possible, therefore, that a otook containing
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oil could be satisfactorily processed at a considerably 

slower rate, especially during the collection of the first few 

fraction*, when the lone of WAX - duo to solubility la the oil -

would be reduced*
, p * *

(4) the rate and extent of cooling ef the sample prior to

sweating hue little effect on the yield and oil content of 

the various sweated( or scald waxes produced.

(5) for corresponding melting points, the yields of waxes 

obtained by sweating at 5# and I0£ per hour are similar* but 

those from the faster process are of slightly higher oil 

content. It is probable that a higher efficiency would result 

from sweating at a rate slower than 6# per hour, especially 

in the initial stages, when the oil content of the stock is 

comparatively high,

(f$) the effect of viscosity has not been studied in detail* 

but in the limited experimental work performed on this factor, 

results have been obtained which indicate tlnat oil of higher 

viscosity is more difficult to remove from the wax* and the 

resulting scale wax la therefore of higher oil content.

Wo experiments were nade to Ascertain

the effect of over-heating in the wax-oil mass* as it is clear 

from the experiments with oil-free wax that strict control 

and regulation of the temperature throughout the raaaa is 

essential for satisfactory sweating*
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e o X c r, 0 s x o *•

It was stated in the introduction to this Thesis 
that the various stages of the work would be presented in 
the order in w&loh they were completed* This plan has been 
followed, and the general conclusions from the experimental 
work hate been given at the appropriate stages in Sections 
II and III* Zt is not proposed to make a restatement of 
these conclusions* but a brief surrey of the progress achieved 
is of interest*

the application of the idea of solid solution formation 
in the elucidation of the equilibrium diagram representing 
the fractional melting of wax mixtures, is an original contri­ 
bution* Although the equilibrium diagram is of limited practical 
application* the explanation of its nature is of considerable 
academic interest* especially in connection with the general 
subject of solid solution formation*

The work on the relationship between melting point and 
molecular weight in the n-paraffin series, was developed 
(in conjunction with A*&ltessam) as a result of difficulties 
involved in the application of Phase Rule principles to the 
study of solid-liquid wax, wax-oil, and wax-solvent equilibria, 
the 'hypothetical* molecular weight of wax, derived from this 
relationship, has been applied with success in the main work,



but It ie not claimed that It could be applied with equal 

success to ftny mixture of waxes. In view of the complex 

nature of wax, suoh a el&lm would be unjustified at the 

present stage of the worfe»

Ho reference may be found In the literature 

to experiments relating to the fractional melting of oil-free 

wax, and the results given In this thesis represent a further 

original contribution* In this connection. It was Intended to 

study the fractional melting of various mixtures of naphthalene 

and p-naphthol. two compounds which form a continuous series of 

solid solutions* The equilibrium diagram* which is of the 

type Illustrated in Fig* 3 (Page !?)• his been accurately 

determined, and an apparatus similar in design to, but 

considerably smaller than the sweater described herein* has been 

ptade* The *ork was interrupted before an actual experimental 

run could be made* and a more detailed account of this invest!* 

gat Ion has therefore not been included*

It was indicated in section X that considerable 

worlc - with Varying results - has been published on the many 

faotors affecting the efficiency of the sweating of oil-wax 

mixtures* None of the previous workers on this problem has* . 

however9 employed synthetic mixtures of oil and wax, a method
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of approaoh which overcomes difficulties associated with 
the variation in composition of the wax and oil constituents.

Finally * on the practical side - two useful 
pieces of apparatus have been designed. (I) a satisfactory 
and reliable sweater* and (3) an apparatus for separating 
the liquid and solid equilibrium phases formed by wax* or 
oil-wax, mixtures at any equilibrium temperature within their 
respective melting ranges*
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