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CRYSTALLOGRAPHIC CONCLUSIONS

The‘waxes of vafiqus type fromutheedescnibed fractienatiqns were examined
undezithe‘mis}oscope. Tith regard to solvent'dewaxing we only studied tne
Behaviour~ef paraffins sepafating'from-chilled~soiutions‘in chlorinated hydfo—

: S ; | R : ‘ -
carbons or.other organic solvents. It iS“emphasized that'waxes may.behave -
’differentiv when crystaﬁlizing at ele;anea\temperature or from ﬁheir melﬁ.

F?om any dlluted solutlon and at low temnerature the parafflns always
' crystalllzed‘ln pIates,Aprobably_of the rhombic system,'regardlgss qﬁlmole-
cular weightband:ehemical structure.l Hexagon shaped plates were ffequently
observed;_butftney must also ve classifiedbas rhombic, becauSe-the&;were
doubly fefracﬁingiin direction‘vertical'to,tnevhexagonai’ﬁiaﬁe,. &hat excludes
short prisms of the-hexagonal system,vleoked ﬁﬁan in directien'of ﬂhe c-axis,
which-as an optical axis is'isotropiefguiﬂevtiny piates of‘high molecnlar waxes
v_of any tyne,were.also onticaliyfbiaxial;;put_ng*pther cnnfirmatienvef the
crystal system could be obtained, - o

For tne.problem of solvent'dewaxing it seens te Be uninteresting to dis-
cefn between need1e~wates and plates.nvuven 1f paraffln plates may appear to,
_have needle shape under certain c1rcumstances, as we shall see, they have never
well. proportvoned prlsmatlc form and should with regard  to the 1nportant capil-
lary con31deratnons bhe concelved as plateS*‘ A
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The most evident dlfference of varlous nara?flns is din crystal srze.. There -
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seems to be a general rule, that the size of wax crystals is 1argest for the

hlghly branched lov meltlng waxes Qf low"mbiﬁcular"welght. The crystals grew



less readllv with 1ncroas*ng molecular welght and w1th rlslng meltlnp point,

Tts growth 1s obv1ouslv 1nh1b1ted 1n all uhrce'dlnen81ons for hlgh meltlng

cyclic compounds_and high molscular n - paraffins,'finally'leading close te
colloidal dimensions. L

Although that may sound absurd it is +qorerove practloal to class1fv the

vlaxes accordlng to avera*e size of their crvstals, uhlch in con+rast to most

otrer known substances is not very rmch influenced in its ordnr of magnitude

and for- max1mum growth bv external 1nflusnces, whﬂch would -cause other chemlcals'

»

to grow crvstals of any size.

- Five tvpes of average crystal size were OOOTd“Hated to the spaces in the

graph (drtlcle IT). Such plates crystallize under ordinary solvent déwaxing-

oo

conditions, and'size and shape of the crystals is only little influénced by9w1de
variation of'dilhtion, extension of chilling time above a minimum limit and

'kindlof solvent.
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—. Although no fundamental change in crystal system secms to'exist for various
- . . - N
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paraffin waxes, the crystals may coms'out in various shapes from cooled solu—

e e

tions. Large size plates are typical for low noloculﬁr odrafflns but the
et o ) b ui ’
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'crystals—také‘thc srape of a dlasP0uvnF knife or nee dle For avcragctmolecular
' : . R
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wlvgs and appear ﬂostlv ﬁo be necdles, for high,molocular'ones; 5111 they arc

plates and the needlo form results fronm 1nhib1ted growth, “rom fractlonal dls-
solution or it is pretended bhi the Ducullar onulcal behav1our of the xtromely

thin an@»flat crvstals, Mo well dofﬂned prlsms could cver. be‘ObSPTVOd on anJ

wax, although crystal habit and size was studl 2d in depvndence fﬂa\‘chllllng
tlme -solvcnty\svsporatlon of - solvbnt 1nsteac o chilling4”Q0ntaminahts and

i S i

dilution.






‘Paraffin crystals are alwvays very thin,-even-so—for—the large plates of

a, .

soft ‘waxes and naturally thickuness therefore, can only vary“within narrow
.limits, Double-refractivity is.low;'as it can be‘concluded from'theﬂwide'
spaces of Cass1ni's curves in conoscopic - examination. It increeses{only
_ )

little for waxes w1th higher molecular weight and more isomeric or cyclic
structure., (Artlcle VII).

There exist two optically isotroplc axes, one of which runs almost
.rertical to the largest crvstal faces Considering also the angle of extinc~
tion it is obvious, that a largemnunber of thin wax crystals in a prepara-
tion_will remain invisible between crossed nicols, Thicker plates are suf-
ficiently-éptieally active to. show even‘if they areapreferably arrangediparal-
lel to the supporting_slide,“but smalleriaﬁd thinner'plates when arranged -
above each-other frequently couﬁteract in polarization and will not show
even with the help of a gypsum plate, red I order. Plates which are. arranged
in a steep angle to the supporting plane, or which are observed edgew1se, have
maximum double refractivity and therefore show very brightly.' They frequently
pretend needle'shaned crystals even when well grown plates are_present. This
illusion 1s predominant for high molecular paraffins in which thickness and
therefore optical activity is trivial By tricks in illumination it 1s easy
however to make all crystals Dlainly visible and the appearance is usually
considerably changed if the below described combination of polarizedmlight
with dark field,illumination and'stereoscopic attach@ent is used.‘ Observa~
tion between slide and cover glassiis‘to be preferred %o the_nanging drop

method in whlch ‘more and larger plates ‘arrange radially to the mi€roscope

R

axis, underlining the needle impression. Gently press1ng_and releasing of

the cover glass improves visibility sometimes.
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—fhose facts must be spe01allv considered if a comparatlve study 1s made

-about the 1moro ' ent of a waxy fractlon~bv>phy51cal or_ﬂhemlcal treatment
in which tHe average molecular weight 1s not changed‘substantially. ‘The

. D '. .' )
us elulness of" mlcroecoplc examlnatlon nay be denonstrated on & raw brown

o~

coal,tar,which in its orlplnal state would have offered very much difficult
. X e ~ " il .

to any dewaxine method. Tt contained nref Rly low molecular branched

paraffins as it .was evident from the graph described ahove and a] so. all sorts

of irmpurities, which 1nfluences the growth of the undoubtedlv plate shaped

crystals, No deflned orvstal anples Could be- measured (Picture T, page 38),

7‘he tnr was submltted to atmosoherlc dlstlllatlon, which removed the 1mpur1tles,

sp°c1allv ther readllv bsorbed COl]Oldal oues _Instable iso+compounds split
off side chains and the nicro-picture reveals thqt large plates thh ooorj
defined %oundarlcs, attrﬂbut<d to . brqnched oarafllns, are present besides a
few well defln :d cryst 1s of uOrﬁél WaxesT (Picture II, page 38)

T%e sare distillate was thvn'SLbnltted to two rnore atmospheric distilla-
tlons w1th less cautien and under sllpht,cracking, andlthe picture is entirely

different. The isoparaffinic molecules were comuletelv broken down which was

indicated by s11&utly lower average rolecular weight and very low 013551f3ce—

tion numbers.  The mﬂcroscove ShOJS 2 miltitude of Crthal Dlates Jthh are
. 1 i

. -

smarller in average but hnve well defined boundarlcs. (chture III page 38)
It is evident tr vt such A wax vwill offer less dlfflcultv in removal than the

nrimary nroduct. rThlng‘s are not 1lwavs as plaln as in thls e amnlo.

DR sap——— .
For high molecular and CVCllC waxes the mlcroscoolc examination will

Seldom indicate a substﬂntlal change aftcr any sort of treatmcnt Of course,

that_may”be attributed to little chenlcal ehanpes 1n structure. Rouish treat-
nent by cracking will alwavs refloct in crystal_beha?iour,
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Thick plates have obviously smallest surfacelfor a._ glven quantity of ‘wax,

.Whlch is of importance w1th»regard to surface adsorption and deoiling. Thiﬁ”
plates, needles or fine granular precipitates will naturally have much inferior
properties w1th regard to the production of entirely oil free wax,: The growth
of paraffin crystals was therefore closer studied with “the aim to 'sanse wax
crystals to grow thicker._ Solvent, dilution, chilling rate and addition of
chemicals ‘are known ‘o influence crystal growth, but while it was possible to
influence size-and shape of lower molecular waxes s&ightly, there was.experi—
~enced the greatestvdiffiCulty in any effort to make high molecular'waxes grow
larger cryStals. It is in contrast to most of the well known crystallized-sub*
stances of inorganic or organic chemistry, which grow readlly - and more or less
evenly in all three dimensions,.that paraffln crystals neglect growth in l 2
or all three crystalline axes For example it is easy to grow crystals of

soft low molecular normal or isoparaffins in plates which cover an area of N
almost a square inch, but those arystals will always be eatremely thin and
hardLy exceed the thickness of a few hundredth of a millimeter. Thickness
will also refuse to increase if crvstallization is extended ovVer a period

of months ‘and from very diluted solutions.

It was interesting to observe how paraffin-crystals behave in dissolving
and recrystallization, Increase of temperature of a fraction of a c° shows that
2 crystalwfabes have exceedingly high translation velogity, _Thicknesslis little
' affected ‘and the plate shrinks to Z{neeéle -shaped crystals._ If‘temperature is
then cautiously lowered, it is the same. two faces which grow in rapid rate where

they decreased before, The thlckness, as~neglected dimension again grows

extremely slow as it can be concluded from the shade of the color of polariza-

.........

tion. There were indications that the samne fact holds true for higher mole—

cular waxes, but large'experimentalwdifficulties were involved in observing







The .véi'iety in the sha;;i of wax ,_‘ér},’.’iziff_a;;,le‘,’_l_:Lfi‘fo}ﬁl'f“131‘371';:"53 4o needles, and the -
appeafance of mal,groﬁn'cryStais‘is theréfo;é caused}by the féctithat oneA
crystélline axls grows or diséolvés only negligibly; while‘tpé sepondehe.may
grow_no?mally and_the third one with extreme :apidity,' Growth in either

direction mgy:bé inhibited by-absorbed matter,

earance of dissolving and of growing paraffin crystals
& oy .
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This explains why 1t is practioally imPOSSIble “to obtain a substantial

mprovement ef the. charging. stock by trlcks in chilling, and accounts for the
appearance of needle.shaped-plates for reason of temperature fluctuation or

(RN , . )
'inhibited,growtha' Those mutilated plates have definitely bad fi%tering quality

which indicates;thax-anyisubstantial,warming of the charging stock between
chillersfand filters 1s to be avoided, That needle shape is not to be con-

founded with true prisnatic needles which may grow from melts at a transition

temoerature

H e

Crystal faces which grow and dissolve very rapidly may also be surfaces

of preferred adsorptlon for impurities, alien matter and oil ~ If they are»’

coated with any‘such chemical they cannot grow further, leav1ng ,ju_sj_tone~

crystalline axis or part of a crystal face open for growth, Figh‘viscous oil

B BT *
~

of high molecular weight is naturally preferably adsorbed which accounts for
a_certainfinfluence of v1scositY. Needle shaped tender crystals may- than
-result, especially since”the growth‘of’smallest crystal faces 1s:preferred
anyway,f'wemtake that as a.nlausible‘explanation,for the effect of pour point
:depressors, which, byiadsorntion, cause filiform monodimensional-éryStal growth,

.

blocking growth of crystal faces Such a structure is then unable to'Support

the_011 which will therefore pour ‘at much lower temoerature

. j 1i‘;merience in commercial plants has shown that a certain chllling rate is
rnquired for good filtration which is roughly 0.5 -1 G per mlnute Further
extension of chilling time beyond that rate 41d not give a noticeable improve—
ment of -the oharging .Stock. There ie naturally a limit which prohibits making_

chllllng timertoo short By rapid chilling the orystals w1ll have no chance'

— T T -.,-—————'"

to grow as big as they can, and the. procedure is knownmto give crystals of .

e e

particul\rly small size: which is sometimes des1red in chemical manufacturing

to avoid inclus1ons and to obtain products of higher purity. For the dewaxine

42



of o0ils and tars it is worthless, however The size of waf‘crystals can also be

cut down to colloidal &imensions by shock chilling. ‘This subgect ‘was studled

with regard to dewaxing by diffusion. It proved to be of no 1nterest’for any
dewaxing procedure The desire for well built and large three dnmensional
crystals will continue to exist in dewaxing practice because such crystals
will favourably influence filtration'Speed and efficiency of cake washlng.
‘Research may’find a'way to acoomplish that but it will‘then be a basically
new procedure» Addition of all soerts of dopes inhibited crystal. growth instead
'of promoting it and the possible ways which may lead to the target are limited,
The different behaviOur of verious waxes with regard to crystal shape and
s1ze make it particularly difficult to fix standard dewaxing conditions for long
cuts and long residues in which the paraffinic“comoonents spread. over. e wide
range of molecular weight. Narrow cuts or filtration in steps is more accessible
to study. - The problem 1s further complicated because it is not the crystallo—
graphic view point only, but also phase rule considerations which gogfrn dewax—
ing, as it will be described later,» o f= EE |

We mentioned above, that no fundamental influence .can be exerted to cause

the high molecular waxes to grow larger crystals or to influence thickness of

lower paraffin pl es. But crystal size can be cut down in.its order of
.magnltude by-rapid thilling or adsorption.' High molecular and polar compounds,
will eV1dentlv ‘be most effective, which accounts for preferred adsorption of
distillation bottoms, high viscous 01l constituents and synthetic deweving dopes>
-That gives us one possibility to influence the structure of a filter cake, 'The |

'influence will obviously be most ev1dent for the average molecular paraffins,'

because wax from lower fractions is obtained well crystallized without diffi—
culty and . the high molecular waxes grow‘too tiny crystals to notice-awremark—_

able effect.



It 1s Just the average molecular and long cgb_whlch occa31onally, and

- : PN

denen&ing upon origin and solvent..gives voluminouS‘swpllen filter cakes This

is probably caused by numerouh thin bent and curled or folﬂed plates which have
naturalLy a maximum of. capillary spaces and therefore" retain oil or solvent
stubbornly‘glving-very poor filter rates. LThat is one examplewhgn inhibited
Aplaﬁe,growth by adsorption“gives'a remarkable lmprovemenﬁ- The orystals then
grow smaller 1ndeed, but -they are better 3 dimensionallv shaped and therefore_,
do not curl or bend taking less space and making the filter cake more com~
"pact. _The effect may be compared with a piece of paper foil, which when"crumpled
'and Wadded up'represents'tne spacions sWollen sbructure,‘whereas it,occupies
considerabl& less space when 1t is to;n ﬁo pleces which are more or less reguru'
larly sbapled{é N . i o : - RS
Vice versa it is eVi&entlybalso possible that a chapglng_stock Qbich carries

nell shaped cr&stals when cleéan, may be considerably deteEIEfated bytcarry over
.of heavy o1l in distilllation, |

The problems, which are involved 1n filtration and washing of the filter

>

cake concern filtration veloc1ty and filter cake thickness, "In the following
we presume t/\§\dewaxing is done in homogeneous phase and that the filter cake

is evenly‘built up and penetrable ‘ D

The wax solvent slurry can neither be called gnanular, nor. sllmy, It has .

,both properties combined and is coarser in texture for light cuts -and more’

_colloidal for heavy cuts,

"CAKE'THIGKNTSS3

Consumptlon of wash‘llquid is- determlned by 2 factors, a) oil retention 1n
.the capillaries and b) the removal . -of adsorbed 0il from the wax crystals
.;, a) The liquid/in the qapillaries is just pushed ahead and.replaced by,'

solvent. Solvent consumption is therefore proportional_to'cake thickness, if
\ . . .
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the cake is to consarve 1%8 Tiquid/solid composition, The {nfluence of orystal
. . . . “ ' . N L T —‘ B ] -

Stgeis Winwtey . T

b) The removal of adsorbed oil is & leaching process, ‘Bncause the thick~
ness-of thedfilter'eake is always comparatively smalllit is advantageous to con-

sider it as a multiple batch oxtraction with clean solvant, which’iS»eSPeciallv

a close approximation to operating condltions in the below discussed band filters

The effect of n batch washings is then expressed by the formula:

.05 =0, (k.G ) or n., lo ( _zk = |
-~ 0 (E,C ____ w g =k .. 0y = log 0
| u: ¢ {8 ‘ - k.G £°S °s) 02-

in which Op means retained oil after washing, Op originally adsorbed 0il, |

k coefficmcnu of distribution, c adsorbing crystar surface, 'S guantity of soluent,
This precess controls chiefly the consumption of wash liquld and 1t 1s %Vident
that crystal size, glven by C is of conslderable importence So is k, which

reflects the forces of adsorptionvbut seems to be of the same order of magni-

tude for light and heavy fractions c naturally also increases propovt%onally
to the thlcknes of the filter cake, and consumption of wash llquid is therefore.
also in case b) proportlonal to filter cake thickness. Thicker cakes would not_
be objectionable and may even be advantageous with regard to the countercurrent

washlng effect but there are limits given by decre931ng permeablllty due to

—

compress1on and other growing unfavourable influences, which become notlceable

between e - 6 cm for light cuts and 1/2 -3 om'for heavy cuts, ...

T

ngh molecular waxes Wlll retain more solution, caused by the fine ‘granular

structure whlch accounts for larger adsorblng surface and more capillary spaces,
Wasblng of those cakes therefore requires more solvent' Solvents~with low surface
.+ension shouhi theoretically have advantages because they are more: readily tied

to the crystals by forcos_of adhesion, than 0il or other solvents, That would
» o
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mean, that heterocyclic compounds and aromatics are slightly 1nfer10r as solvent

to ketones or chlorinated hydrocarbons. The esters, monovalent alcohols and

~

ethers cannot be oons1dered although their surface ten81on is stull lower,

o
T

'because they have pronounced Selective properties. In any case the differ—

ence in surface tension is only sme.1l and probablv without visible 1nfluence.

FILTRATION RAT?'

The structure of a filltercake determines 1its porosity and the rate of
through-flow of liquids, It is evident that fine granular wax cakes have more
and, Smalier pores than scaly ones and offer higher resistance to-penetration of

liquids, similar to fritted glass plates of coarseé or fine mesh glassupowder,"_

-

'It isvnot‘possibie‘tonexpress mathegatically the flow rate.ofoiiquids
through layers of tiny cryStals with varying'and little known dinensions of
capillary spaces Very much.simplified our system may be.consideredfas con~
s1st1ng of a multitude - of parallel planes in which capillary distance is deter~

mined by the spacing crystal thickness v ox ", the w1dth by crystal diameter

"ow “, the length "Lt as a function of filter cake thickness, "N " _the number

of capillaries, per square area unit depending upon crystal.size, " ﬁ " is
suction pressure C a constant and."?~“'means viscosity, Then filtration rate

_may be‘expressed by & known formula for‘viscous flow between paralgeilplanes as;

i

c. . 1L )

Py

PR = _xo . W . p . N

- . Lo . - . .. '.,-‘ ‘.

Cenillary bends, turbulent flow and many ot her'important-factors are’ neglected.
The formula reflects the dominant influence of crystal thicknessf which spaces.

—

the capillaries“and enters the formula in the.third power, in contrast to ali.v
other figures which influence the result 1inear1y-only. This~hbwever confirms
the assumption, that crystal thickness does not~change very much fof any com-

mercial waxiyhich has been precioitated from solutions, A substantial_change in



crvstal'thickness would show in filtrati wrate ~an dreds of tlmes higher

or lower, 1nversely to the third power of crystal thlckness. uxperlmentally

.it has been found however, that filt““tion rate. in extreme eases, that is,
between light cuts with large'crystals and heavy distillateS-or propane deas—';
phaltlzed res1dues, does not differ more than 1 : 20 for.equalfdllution, wak_i
content and cake thickness, |

| Under unfavourable conditions‘it is obv;ously possible to cui filtration
rate. of any waa down to practicallyﬂzero; but"tnat‘nas nothing to'dpgwithmpréger

S if the crYstalsjaretgrown pur=- -

dewaxing; although it shows the inflnence of x

posely maech: smaller then they would under proper dewaxing conditions. ~The other
.flgures of the formula are only of llttle determinlng influence. Allmthose terme

depend on crystal sige, ”Zindlrectly only, because smaller crystals go with more

v1scous olls; w decreases linearly with increasing ‘number N of crystals and the

numerator is but'little changed. The denominator does not change substantially
either. L decreases somewhat ‘because smaller crystals mean more bends but &
shorter way for the liquld flow after all, This is compensated by an increase

‘of v1sc031ty{ . Naturally this consideration is’ supposed to’ show changes in the

;order of magnltude only,
The - thickness of the filter cake 1s of linear 1nfluence,”fcr any given
charging stock and’ inversely proportional to filtration time.

5 XS, and c have little. influence and P is supposed to be constant The

numerator” in the equation remalns constant because‘the width of the crystals
is not changed and the number of capillary spaces per -square inch is also the -

same. L is influenced. proportional to cake thxckness while viscosity also

PRI,

remains constant Iﬁ““s the denomlnator only “which therefore controls the

equation linearly for varying cake thickness, Thls seems plaus1bleﬂwhen compared

w1th experimental results For 1light and medium cuts it was found that filtra~

"tlon time was in average cut: to half if the thlckness of the fllter cake was

47



dou bled (For cake thickness l - 4 cm) ~ For heavier distillates the results

varied because slight experimental irregularities—tnfluence—the—de1icate systems
considerably; In average a nearly linear dependence of filtration rate from
thickness of filter cake can be assumed.’ however, within the 11m1ts; which were ﬁ
~glven above. | | | - {

deension;'of capillany~spaces govern filtration time, and viscosity has
a much smaller, but visible influence. The high molecular granular ‘waxes go with
the more viscous oils and also lead to formation of smallest filter pores, It is»
for both reasons that the filter cake must be kept as fluffy and Spongy as possi—'
ble to increase filtration velooity.' That is accomplished by very moderate sucti
which has only linear 1nfluence Loon Speed of filtration and by careful avoiding
of dry sPots 1n the cake before it has been washed through properly.’ Wax'cakes;
of lighter fractions naturally require much less attention in washing. Thelr
" structure is: sturdier and less influenced Ey moderate compressing forces Irre-
gularitles which would thrOW'out of balance a plant operating.on heavy oil may
cause no harmful effect and st1ll produce satisfactofy products if:a spindle
oil distillateiis processed,_ As an'irneversible;process compression of filter
lcake is evidently to be avoided fof any oil, N | |
The'paiaffin“dfystals, ————— much in contrast to.@pst other crystals, have no -

tendency to include oll or liquid This may seem_ strange et flrst but it can

“be explained?by their crystalline peculiarlties and the proof for it could be

furnished such as follows, The guestion is of fundomental 81gn1f1cance, because

its answer permits at once to decide if a partiCulai”measure is sultable or not,
| Among others it showed that A from thlS view point there is no need for recry-

-

stallization andﬁthat repulping ts just as’ effective The method of testing is
new and can be used w1th success for quick plant control as well Ita.i.s based
on the addltlon of oil soluble dye stuffs which are readily dissolved by mineral

oils, tar oils and molten paraffin. The very intense “Sudan dyes" such as

48



“WSudan red" and also alizarin—irirolulue oilsoluble, are very suitable

'A trace of” dye stuII—is—aaded~to~the«wax whieh~islt€lse;investigated andf“

"1t is dissolved by melting the preparation, This requires but little mate-

o

rial and can be done on an ordinary microscope slide. The paraffin solid—"

ifies when the’slide.is cooled Solid paraffin does not dissdlve the above.
: {

- named- dye stuffs and the microscoplc examination will reveal that well cry~

stallized dark dye stuff is nesting bes1des the entlrely colorless paraffin

crystals. If oil is present, -however, it can readily be discerned as

intensely colored spots with undefined boundary, because it~still-keeps the

dye stuff in solution, Solubility of dye in oil is limited and the addition

of dye should ﬁe such as to_allow_some dye to crystallize, The method can

~be used with Success to estimate the percentage of little oil in much paraf-

“fin., 011 content of l%, ?p, and above 54 can easily be estimated but a

larger percentage than 5, w1ll color'+he field of’ v1sion evenly. Naturally

- the paraffins. to be inveStigated-must be solid at~observat10n temperature,

Low melting soft paraffins'shall be examined at "lower temperature e'g,()c?
Observation at 2 temperatures may alldw conclusions how far an 0il content

which has been obsenved»at higher temmerature can‘be attributed to soft

waxes, Time. is of importa ce 1ike in all orysta11121ng problems and this

empirical method presumes some practice in keeping constant time between
preparation of the obgect and microscopical examination ‘Five minutes

or ten ninutes should elqpse beforé“the resultzcan ‘be’ evaluated The

~

answer if a commercial paraffln is perfectly free of oil or not ‘can be
given immediately, however, Frequently there is,not even need for micro—
SCOplC exemination, because the color shade of the dissolved dye stuff

is different from that of” the crystallized one, For sudan red the solution

has a yellow1sh salmon red tint, whlle'the cryst Is appear bluish’fuchsia A

. red, The test does not giV\ conelusive results w1th hlgh molecular ceresini:

L .

wAaxes, . It works best for Wrown coal tar paraffln and mineral oll waxes
_‘;9_



‘Migroskopic pilctures with the dye stuff test.

LS

8% -5% 0'1]:“1 - v'n',lo,r_e: than 5% oil -



of low and ‘average molecular welght such-és”coﬁnenélgl:péfaffin’

If paraffin wax is separated and very well washed externally, the
examination with this method will Show it to be perfectly free from oil
'A counter test was done by adding the dye stuff before chilling) No enclo—
sures of dyed oil could be found in the crystals even at observation with
v large_magnificatlons. It is evident therefore, that noticeable contamina—.
. tion of paraffin wax bynenclosure of oil within théAcrystels need not be
~feared unde;_uny-cincuustances; TA'few words majvbe added about giggég";

_.scopic examinatlon of dewax%ﬂg.stqcks;- The objectslare highly sensitive

to minor addition of heat wlich may be .caused by radlation. -Only light

'from an artificial source, wh ch has be n well filtered through thick
BN : g

‘1ayers of water, should therefore be used. It may sometimes be advan4 o

tageous to eliminate the red couponent by using monochronatic light of
_shorter wave length or at least to apply a green or yellow filter | The_;
obJects should be in a closed chamber. It must be able to be temoered
‘w1th liquid from a thermostﬁt and below and above the preparatlon there
should be an 1n°ulat1ng space which* “consists of tWO plan~parallel tightly
sealed glass plates and. a ring shaped groove beyond the observation field
whlchnolds.apeuitable‘desiccant. Much'simplef"means will suffioe of

course if only hard waxes are to be tested, but for ccmparative examina--
tion especially of soft ‘and, low melting waxes it is only by observetion
of a1l precautions, that reliable conc1u31ons can be ntlcipated~ Megni,
.ficationfneedlnot necessarily be verv-higp,_ Fifty times will frequently
suffice and 500 times is seldon needed

~

T A polarizing outfit witn cro“sed nicols and a gypsum plate is 1ndis;
pensable, because nost examinations can only be done w1th polarized light,
;It permlts conclu31ons-about the thickness of the crystels and their
opiical properties and is the only reliable means to _have a clear picture.

D



of -the_ e: Pysi}al—bound-&ni e s———Thf—errti rely—diff er ent—co-lor—indic ates—where—
LRI / N

crystals 1ie- above each jther and—con%innnus:;oior—change“pointS“to*—*—"—*

Spheric obJects which may have been shaped that way by the influence of -

pressure or other forces, e

Dark ﬂield observation could be used very little only. It shows the

_crystalline boundaries very well, but cracks in the crystals show brightly ‘

o

also, qnd may'pretend crystal boundaries
I thought of a new way to comblne the advantages of both illuminating

.methods, which.proved to” be of value especially for the examination of very

delicate ob;ects with poor double refractivity. A dark field diaphragm

of theﬂusual type, which is us ed in combination with an ordinary condensor -

t0 give the dark field effect is perforated in the centerr The large Spaee:

e
PRp—

for illumination are left open or betterlthey are covered with a trans-l
parent film which is colored a bright ruby red, yellow, green or blue,
depending on the object to be examined The hole in the ¢entre of

- the diaphragm is covered with a. polarizing

-

N foil or nienl prism and the eye piece of- the

mieroscope is equipbed with a similar foil ‘

in crossed position A gy@sum plate may also

“be used, but is frequently disadvantegeous'

'because it brightens the field of vision

. evenly. It should only be-used in'combina—

.tion with a very small central hole in the

diaphragm. This arrange”ent comb, s the use of polariued light with dark

fieldkillumination. The central hole shall be 1, 1% or 2'mm @, or 1argerh“
depending on source “nf lig*t and object The conical llEh Qmponentw

can be suit%bly dimmed by the iris aiephragm of the illuminating outfit

of the microscope, and'adapted_to the polarized light component from the

82



central_hole,"This-illumination shows.optically,aot;yemand inactive matter

inﬁéifferentmcolors and’underliﬁes deiicaté“boundaries, edges.ana.fissures;

It facilitates observation of crystal enclosures and of thin crystals with

very feeble double refractlvity or in extinguishing position.. Evidently its
y
~use is not restrlcted to paraffin waxes. |
Powerful condensers for conoscopic examlnation to "show erys tal axes‘are
unnecessary.kbecause no more conclusions could be derived’from thetohserva—“
tions than.that the eramined crystals vere optical biaxial, which confirms
former etatenentsvin literature;

. ‘ Stereoscopic attachment proved to be very usefullbecause‘it gives a -
clear picture of orystal arrangement in space, when examining a dewaxing
stock : It also-is of advantage only if used with polarizing equipment
Speclal measures such as illumination w1th sloping 11ght or light from above
may facilitate'examination and renlace stereoscopic attachment to_someu
eXtent-v'Theltest with.added dye stuffs shall be done uith the condenser
~w1de open, to kill the vision of the structure of uncolored obJects, the

same practlce which is widely used in bacteriological research It need .

hardly be mentloned that all}precautions must be met to avoid evaporation

- - . Lz - e

of solvents whloh would frustrate any conclusion Photographic'equioment

1s useful, because it permits finding out unmistasably what happened 1f

changes_occur,v This all boils down to the fact that the accessories for

microscopig work with paraffins are just as important as the microscope

itself -but»a:éood.deal oﬁ;nort can aISO be done‘with inprovised‘equipment.
Another new gadget for mlcrosonoe work Shall-also ber_didcusked, llthoug

not much used for the reported work, it still widens the field of mlcroscopic

research and was ocoa31ona1‘" advantageous in the study of wax crystals

It also is a modified dark field dlephragm whlch however, has the

e v .,-—--—-———.._'\‘_ .
Flihiate TS

purpose of showing the true 3"dimens ional arrangement of difficult” obgeots



g8} space. Sometimés it may be more advantageous than a stercscopic attzech=—

ment and it cad be particularly useful when used with it,

The idea is that focal points for differenﬁgcolorsvdo not*co{néidéq}br'

_ . , o | _
a non achromatic condenser lens, This effect is reinforced by elimination

: , ) o
- of spectral colors.of white light. The dark field principle 1s used and the

diaphragm is modified as the picture shows; I

‘ Plates observed almést elgewise appear like a) while inclined needles

‘;sﬁow like.b);"EvidentlyJit'will'be advantégeoﬁs to.griﬁ& the condenéer_iens
vaccoiding to the.theopefical demands, Thg dbjects.musﬁ,extendee§érgl 1/100 mr
ih depth to shéw theieffebt, It is evideﬁt for'what‘purpdseé~thié méthod;will
be helpful, With'the“é;éilable iﬁpravised equipment it worked for low magni~ -

- fication only. -

To turn back to the dewnxing problems there remains elasticity and

plasticity to be discussed, The elac<tic properties of paraffins are minute
while the plastic ones are very vroncinced. This is” frequently desired ahd,

adfantageous, espeéiaily‘so for .ax codtings on soft objects, impregnation .’
of papers.etc. The more plastic coating is less . likely.to crack or chip off,

.Occasionally it is most"undesired-as in candles which bend and bow if made
. . o : . \.,\ - - 7 R SO



—average—moleculareparaﬁﬁans———Straight—chainaand—high—molecular—waxes—are—less—

- plastic- than branched cyclic or 1ow molecular ones; Plasticlty depends upon

temperature and purity- and its rcductlon in candle manufacturing by an admix»

ture of stearic acid is well krown. In dewaxing it is a most. undesired propertyr

) -
because it makes the filter cake sensitlve to even the slightest compressing

forces and causes the crystals to change their form ‘and to bake together. A
cake whlch has been submitted to too high a pressure by suction or compression

”does not readily turn back to a sponsier structure when the cause of the force

e

is eliminated Such a cake layer is definitely spoilt and unsuitable to give.{

aood products

-

Few means: only are known to counteract the influence of plasticity, becaust

the temperature s fixed by dewaxing conditions and the addition: of foreign

e

matter is undeslrable Filtration in two steps acts favourable in that regard

although the lower plastlclty of the first separating straight chaln and high
v

fmolecular paraffins is partly compensated for by the higher temperature of sep-'
aretion Wthh also naturallv increases plasticity, Lower filtration tempera~

ture 1s obv1ously useless because it leads to the separation of soft wax con-

'

-stituents Wthh make things aven worse. In two stage filtration the second

soft cake does not require more attention than in separation of a total wax—

L— A

N

cake, while the filtrat:Z? of_the first wvax fraction is substantially less’

'sensitive to all condit s which depend on plastioity, such as suction pres-

~

sure, cake thickness and washing.
; Filter aids like Kieselguhr oT filter cel are chiefly effective by giving
the plastic crystals a.solid support which Jeads to better cake porOS1ty. ~ The

e

: draﬁiback is that any added matter has to be' removed again, which,complicates
the process.

" —.The bestfcountermeasures against the disadvantageous influence'of plas-.
ticity of the wax crystals are purely physical, Suction pressure shall be
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kent reesonably 1ow en& the crvqtel”- uft be kept well and evenlv dlstributed -

‘in euspension, Building upiof a,iilter cake is to be retarded as 1ong as-

Qossible, Those demands are very ‘closely met by the use of the be Xow ﬂescribed
continunus band filters and b7 suitable high specifilc gravity snlvente. The
high'specifig'gravity of some-ehlorinatedvhyﬁrocarbons as diinfing agen£s keeps
.tne cryetaisvnnfhnnlyefloating but also counteraets settlingefrem'gravify“andi
causes them to rise gently to the surface,. This does notlhepnen in chillers,
tubes or other epneratus uhere there is alweys snme sort of agitatlon by
mechanlcal means or turbulence. it does neticeably, hanpen in the filter pans{
‘where it is highly advanfageeue. The lower. layers whlch are ponr in peraffin
content then ran through the filter cnnth easily end quickly, almast requirlnz
_ no~suct10n, The wax ceke depnsits mnetly at the end nf the filtration and is

. spongy and fluffy ennugh to pernit -easy washing w1th little suctinnl The»infyé‘
ence of oompressing forces upnrn the delicate system is thusjreduced to the‘
mnst pnssible minimuam, - nVldently 1t 1is the Buechner funnel tyne filter nnly
which can accomplish that beceuse witnuheavy snlvents-and rqtary filters the

effect'might be‘just reverse, Th;s'effect must not be confrunded with the

floating on top of paraffin due to the below discussed phaseﬁeeparatrﬁﬁﬁWﬁTCh

R . - . . - e
is most harmful, L e T

- o N - o .
Plasticityr 1s mostly respnnsible for the fact that no proper deniling can

be.eccnmplished 1n;fi1£er*§reééeé} The excessive pressufe bakes the crystels:
together and seals the ceplllary svaces which include the—nil; “The size »f the
capillaries,ie.fafthermore ~neatly diminished cau31ng cnnsiierably hicher cer—

illary forces. Wiash liquid will then nass through cracks and channels nnly,

'Nwhich ma kes washing 1neffecm1ve.' It is’ in analytic?l deﬂiling of wax sceles‘

By presslng them. bewween ft&ter ueper nnly, that nil free wax ean be nbtalned

throuﬂh nreseure“ The pressure which then mast nvercome canillary and surfece

~

forces is usually hunireds of etmnspberes and the thlckness nf the waxy layer
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exceeds hardly fractions of & mIllimeter,; _No vasnlng is puSSlULe nr redulred

The 0il content is found by snlvent é#ffébtinn AT the oily‘filter paper and

welghing, Inilarge scale suck a pressin&'nrocess is imnossible.
. - VRES a7 [ L. T

All cnmmercial Waxes,'Whioh bave seen produced I#- filter nresqes nre

e

therefnre olly and must be submitted tn a eweating process. Althﬁagb this nrn~
cedure is-w1dely—used, tﬁ;r;rseeaé ég be no Derfectly satisfactnry exnlﬂratimn
nf its theory- It is reportod ln literature, that in recrystalllzatlon of wax
fram: the melted.n;éss cﬁke, ?he DaraffinVOQmes out in needlé fnf@,f Thié is
attrlbuted'tqvthe,lower o1l content éf press cékes,'jﬁeedles.are s&ﬁposéd to
swéat feadily, .mhe writefs exﬁlaﬁation of-Sweating is 9S‘follnwé:
uecrystallizatlon before qw'ating is necessary to. onen the cﬁnillarles

”hlch ﬁre‘ébstructed and sealed in the Dress cﬁke by the excessiveAgfessure
and Qakg_sweatlng imposs1ble,f‘The‘crystals come nut in plmte fnrm{ perne2ted
_with a'spongj neﬁ&nrkvbf'éapillary'spéces; which are now-open'toﬁapds;thé out—
‘éide, ” } | | H | \

-Siow fise in tenmperature, néar ﬁn the désiped melting point,[has.varioﬁs
effects. ’Itvcausee the oil,‘whiéh is.heid'adsnrbed and included ih the capils
laries to dissolve-pafaffin;froﬁ-the.crystal surface and to augment its volume
considéfably;'simulfanenusiy'widening'iheAcap;ilarj'spaces,"The'loweSt melbing
waieé have nbvinusly highest solubility and dAissolve greferably?

Secondly there is also a cfystéﬁﬁine transition, In cdntrést to low tem-
Pepstufe, when wéx'always-cfyStallizes inuplptes, there seém“ﬁo Begﬁransition
points at'elevated temperature.' This is well réflectéd,in the cﬁ?fe o?*con—
traction of solidifying paraffins (See Article VII) and in the slowe of the
curve for trahsmission of pmlarizwq liaht through snlidlfying thln wax lavers
(See Article VII), _The-curve of exman31on or contraetinn has sharn benis at

well ncflned temneratures - The, curve of 1ight transmlssinn has cnntinunus

slnpe for slow ecnerling, In rapid cnnling, hnwever there is a nronnunced hend -
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“which may be attributéd to a frozen-in, intermediate, crystalline state.

P

' This seems to show that in contrast to Crystallization of paraffin from
'solutions at low temperature,'crystal habit of paraffin changes at elevated

temperature, and that'crystals“are formed then, which are stable wi%hin'narrow

temperature limits only.’;That is not specific for hard wax, but any wax may

have sych traqsition points The temperature of erystalline rearrangement 1s

.t
lower for Soiter waxes however and th1s may account for the fact that needle

i

shaped ciystals are frequentlv described in literature to be specific for soft
wax. Uli)v'uncuely we had no mlcroscope stage which could be heated with the i
requlrei aofcrafy to- study those crystal trans1tions closer.

The consequence of crystalline rearrangement of thin plates can only be a

nore favourable three dimensional shape ~which naturally increases w1dth of
caplllary spaoes con51derably, Height of capillary ascen51on is inversely
‘proportlonal to capillary diameter and therefore so far decreased by rearrange-
ment and solution that the force ofmgravity causes the oil to separate,g‘That

is assisted b&'decreased surface tension at'elevated temperatnre and lowerea
‘viscosity;' lhe remaining capillary forces, which would require tons of nressurc
to. squeeze out the oil quantitetlvely are constantly kept balanced by a filllng
‘of the spaces with oil - oil wax solution - and finally pure wax, It is slightl:
lower melting and softer wax whlch finally remains in the capillaries, of course

and’ thls net structure’ can be made visible in a fresh sweated cake with the dye

stuff method. (Thiq cross seotion,pdusted with dye powder and cautlously heateg

vmp—

near to meltlng Yo . |
v,— Another impelling force for sweating besides gravity. is the large expan—
31on which‘any paraffin exhibits when it transmts from the solid state to the ;
liquid or dissolved one, 'This.accounts;chiefly'for the oil drops whlch are

fonced'oﬁtAof the_capillary’openings and show on any vnart of the surface of a

sweating cake,



N\

Thls conceptlon of sweating explmlns the process quite satlsfsctorily

Tand” also’ 1nterprets contradictory statements of crystal behaviour in literature.
" Theuresultlof sweatlng is a_perfectly oll free paraffin. Thiswfactois
anether proof;.thatlthe wax crystals‘do not include oill or foreién matter,
| The-loss'of paraffin lnythe‘foots.oiluis high, even so if a:substantlal
part of itiis_recycled to sweating.‘ Solvent filtration processes can produce

o

-'the-same high class waies with much better yiehd{and, in contrast to sweatirg,

»

3

fronm any paraffinic oil or wax cake.
o The capabllity of a wax cake to sweat depends on crystal size whlch spaces
the caplllarles, and on transition temperature of that particular paraffin, jlhe
flrst decreases whlle the latter one increases.;lth rlsing molecular weight. |
There is evldently a llmit beyond which sweatlng becomes 1mpossible because‘the_
.force of capillary ascension can not be reduced sufficiently.v'fhis goes togethe
with hlgh tran81tion temperature of those microcrystalline waxes. the consequ,‘,
ence‘of which is high:solubility Even if recrystalized these waxes w1ll still
rhave too small capillary soaoes, but prodabdbly the crvstal change to prismatic B
form-cannot occur at all in those oily cakes because the tiny'crystals dissolve

L

and the cake melts to a'slurry below transition temperature.

) The capillary spaces in the high molecular wax cakes are so narrow’ that

no oil is squeezed out. by the volume inorease of. dissolving paraffin, but the
cake'expands and contracts evenly. A molecular"weight of‘400_+'500'isvapproxl—
mately the economic border line for sweatlgg

nv1dently any process Wthh affects crystal size favourably ass1sts also

fpressing and sweating;’ This is known for atmospheric-distillation and sliaht~.
cracking of iightef cuts4 No fundamental change happens to heavy and cyclic
wax cuts, however, unless the wax and naturally also the oil is broken down
beyond economic usefulneaswrl‘ o | |

These considerations also show, that fine granular ceresinic paraffins

‘cannot be obtained oil-free in centrifuaeS'With any solvent, . The large total .
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crystal surface and narrow capillaries hnld mich oil, 'The cake.is unduely :

tcnmpressed by the grsvity forces which makes economic washing practically
impossible.. While centrlfug&l fcrce suffices to compress the cske‘disedvan—ﬁ
tagenusly, it 1s not strong enough to force thewwash liquid evenly throuzgh
nge.cspll%ary spaces. There is no_chance for the oil to be replaced~byjsolven§
and whi-le" the‘ i:our.j;otnt of t'hev'dewa‘.;‘:ed 0il ma:;r neet soecifications yc’é'ffecti:vf |
well there will always be inferior products with reeard to paraffinr It is

the Filtration processes only. which can turn out high class waxes plus low

-_—

pouring oils for any paraffinic cut, 71f the thenretical demands are. riaidly

'observed ' ] _-“ |

| Filters of older design are cut cf questinn indeed Any tvpe~of'filterf

nress is unsuitable and so are’ all 1ﬂtermittently working d;scwor leaf filters,

- The contl&gnusly-working,rotating disc and Qru@ filters,seem tc.answer the
demand for a eood filtration anparstus."They are much,alike in fheir‘actionr
but experiments and closer study shcwed that neither type was. capable of serv-

: 1nz the SDGClal task to dewsx any paraffinic oil satisfactorily. A filter had'
to be des1gned on a new principle. It is known as "continucus band filter" and

1t shall be discussed’ in a subsequent article.





