ADVANCES IN SOLVENT ‘-

DEVAXING OF IINERAL OTLS AND TARS

By Dr. Karl A, Fischer

FILTERS AND PHASE PROBLEMS



ARTICLE IV . - - -

| priTems aND PmASE PROBLENS .

Flltratlon of varlous uaxy olls w1th~rotarj drum fllters in small scale
as’ well as 1nep1ant operatlon, exhlbited that efficient washing of the cake
was.poss1b1e in few excentlonal cases only._ The paraffln cakes, whlch dep951t
on the fllter medlum bv suctlon are’ not easily penetrated, The natural con-
sequence qf the curved drum surface 1s that the wash liquld runs down the cake dihh
surface much quicker than it is able. to”penetrate through “the cake;' Mh11e>~--vv
those fllters handle many porous lnorganlc and organlc preclpltates to per-i

fect satlsfactlon, they are’ hardly capable of g1v1ng suffwciently washed

"waxes even from low viscous cuts.

i

Theoretlcally it-is: p0551b1e to reduce rotation velocity and to 1ncrease

wash 11qu1d rate so far, that: any cake is glven a thorough Wash but economic
reasons limit those p0551b111tles, because,more washvliquld will then run

~deown7the‘Cake surface_unused;»causing increased solvent recovery costs and;{ e
‘other drawrbacks“such as reducticn.of throughput and uarning up.cf the cake;

From the 1aboratory experiment 1t is ev1dent how a technlcal fllter »
should work to be in accordance w1th the partlcular demanis of dewax1ng,

Any wax throughout all the range ‘of molecular welght and constltutlon can be
obtained perfectly oil free on a Buechner funnel. Bresuming that the- proper

solvents ‘and dilution were, chosen there was a spongy filter. cake always whlch
" could. be washed efflclently and exhaustlvely with a minimum quantlty of clean

wash 11qu1d No solvent can escape unused through 51de channels. These con-

51deratlons led t¢ the design of vanlou\ contlnuously Worklng Tilters of - the
e —]
Buechner funnel type, and . finally'to thefbaﬁd filter in which a band of many
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1nd1v1dual fllter pans permlts the productlon of perfectly 011 free waxes -in
TR

a continuous process.. That new tjpe of ‘1lter is, the up t‘_the mlnute answer

to any dewaxing. problem of - mlneral oils. and tar products and meets all theoret—ﬂ

ical conslderatlons Wthh should be observed in thls line of manufacturlng,

Tt cannot ‘be denled that this type of . fllter is etpen51ve, and many

-~

efforts have: been made to come to s1mp1er constructlons on the same pr1n01p1e,'
One: onlJ shall be mentloned, which was. developed in collaboratlon w1th the
::"Imperlal" factory and although 1nferlor in product qualltj Still gave an
'1nterest1ng answer to the problem to de51gn a contlnuously'worklng Buechner
_afunnel.n .. | | |
: This filter used the 1deaqof a Ferrls ‘wheel on which shallow fllter pansl
were suspended The whole svstem could be enclosed in a falrly small pressure
: shell. The 1ower oart of the shell represented a vat which contalned the wash
liquid. ‘The Ferris wheel rotated with the fllter pans 1n horlzontal p031tlon
throughout the whole cycle, except one spot, where a trlp turned them suddenly
ups1de down, relea81ng the content of washed and dry filter cake 1ntora.hopper
and convevor.i rFhev then 1mmed1ately turned back to horizontal position and
were evenly fed with dewax1ng —stock by a rlgldly coupled dev1ce whlch fed the
.1nd1v1dual pans,lntermlttentlv. Flltratlon by suct}qn happened whlle the pans
trayv lled further on thelr‘cycllc waye The pan with the cake then 1mmersed

1nto the wash liquld the level of whlch was maintained and adJusted by auto-

matic. control. There followed a drv1ng perlod after the pans had emerged

- from the wash’ 11qu1d in the course of their further’ cycle. The cake was dis-
charged as described above ‘and - the pan was all set for the rew cycle. Suction,

pressure to blow the cake off and all other iters of flltratlon were controlled

and effected through hollow srafts and automatic valves 31mllarcln,de81gn to

Those of rotary Tilters,
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*—~wefnmax1ng1.:clever-an deslgn—and_smoothlln_operatlon as thls Ferrls wheel

filter may'be, it st111 was expen31ve and no satlsfactorv solutlon of the pro~'
blem to separate wax oakes W1th optlmum results. Its chlef draw backs were,
that the fllter cake frequently got cracks and flssures before it was 1pmersed
and that the wash liquid was never perfectly clean and 011~free, Thlngs got
worse if the cake was kept wet before immersion. No cracks were theh observed .
'but wax scales and oil was Washed off ‘the cake 1n the pans abundantly, con-
\tamlnatlng the wash liquid beyond control. The authors suggestlon to ellmlnate
. the solvent in the vat and to feed the pans 1nd1viduallj'w1th wash llquld in |
. successive- steps was unfortunately never “tried out, That mlght stlll be a -
way to design a Ferris wheel type fllter for satlsfactorv operatlon but it w1ll

further increase cost. oav1ng in space is cons1derable, however, and the .

arrangement makes full use of the avallable filter surface, in whlch 1t 1s
definitely superiorqto the band filter where the pans travel back empty a
;long WaY e ' _»" ' SR -

Needless to say that w1th regard to the use of hlgh grav1ty solvents
;thls filter offers the sane advantages Wthh are typ1ca1 for the band fllter,
to which 1ts action is _more similar than any other fllterlng equipment..~

The descrlbed draw backs of the Ferris wheel pan fllter, the dlfflculty
in arranglng 1nterm1ttent feedlng and emptylng equlpment and thé Wlsh to come
to‘a cheaper and less compllcated design caused us to develop an entlrely new
type of continuous pan fllter in collaboratlon'w1th the firm ®"Wolff, Buckau"

ThlS contlnuous band fllter met all demands 1n pllot plant scale and

P it 3

-flnally Justlfled all expectatlons when 1t was 1nstalled in 1argest plant
51ze.. It consists ba51cally of an endless band Qf fllter pans whlch travel
' & TR

along a horlzontal track Then they turn upside dovm and" travel the way

back‘underneath, "Each“fllter pan is connected by flex1ble hose w1th the hollow

Sa
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,automaticﬁvalverrail Wthh ls—subdlvlded_lnto sectlons “and cotitrols suctlou_

. TS
~and pressure. It sérves to—ta Ke off various llqulds from statlc flltratlon,

”~

suction filtration and washing, flnally relea31ng the washed\and dry fllter

-cake by a pressure 1mpulse. No compllcated gadgets are required to feed,wax
bearlng oil and was@leguld which: are simply admltted contlnuously through
ordlnary valves and dlstrlbuted evenly over the fllter pans bv notched grooves

]

.lBe51des the rotatlng wheels Wthh propel the conveyor chaln for the pans, and
the screw_conveyor for discharge of trhe filter cake from a hopper and vat at
hthe.bottom oflthe shell,“there are only.sliding assemblies of simple: design
fand rugged constructlon, Wthh are most unlikely to fa£1 invservice, All.

H muortant factors for filtration are constantly under contr,l and any adeSt—
" ment can be’ made at any tlme, Such adJustnents pertaln chlefly'to fllter“

© cake thlckness, nurber of steps in washlng, quantlty of wash liquid, wvacuum
for flltratxon, tlme for drying and pressure to blow the ‘cake off. Any wa§::
bearing 0il can be handled, and it takes but llttle time to switch from: one .
oil tO'another. Thrt flex1b111ty and. the: perfect theoretlcal presumotlons
‘for wax flltretlon Justlfy an extens1ve use of thls fllter for dewax1ng,'1n(

» .
spite of the above mentloned disadvantage ‘that only part of the filter 'sur-

face is actually in serv1cemfor filtration and that it is rather bulky

' That filter has been descrlbed in detall by J, P. Jones in Nat Petr.
News, lay 1, lQbé (Vol.. 38 ‘No., 18) and no addltlonal explanations are nec-
essary. The. writer's ideas for 51mp11l1cat10ns and further 1mprovements of.
band fllters was halted Ain the experimentdal stage.

—rt o

It is natural that englneerlng science w1ll further 1mprove that type

R TR SR

of fllter from mechanlcal view polnts. It maj'be 51mpl1f1ed and made cheaper.

"Tre principle of a contlnuous Buchner funnel must be malntalnea,hhowever,
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because 1t is the only perfeet—answer—te—allademandsaof_theory and the one

-whlch turns out low pourlng oils and 51multaneously 011 frea wax cakes 1n'ai'

et

single cycle, mhe use. of, sultable solvents and observatlon of the pmnco zwﬂe

......

laws, which ’are dealt with below, is 1mperat1ve of course, because such fllters

cannot perform mlrac]es elther. ; —

[ SS——

o ’oolvents and Phase Rule

' . T *““::’ .
An oil which 1s to be dewaxed requires dilution with a low viscous solvent,

,Such solvent serves to break down v1Scos1ty such as to make. possible decerit -

‘heat transfer in chilling," bood flltratlon rates and sultable cry talllne-

: structure of the wax,‘ The use of low b0111ng mlneral 011 fractl'ns for dllutlon
had its maln draw-back in the hlgh solublllty of paraffln 1n those cuts.v The

dlsadvantage of hlgh 1nflammab111ty could be ellmlnated by such precautlons as

AR Rad

\.._...__.

inert: cover: gas, but solublllty cost the reflners ﬁard cash because 1t made
it necessary to chill to much lower tenperature than to the requlred pour X
‘ p01nt and refrlgeratlon is very expen51ve. In the fOIIOW1ng hunt for a good

solvent it was sone chlorlnated hvdrocarbons‘and blnarv solvent mlxtures L
Whlch flnally proved nost satisfactory. The chlorlnated hydrocarbons offered

i ~_

. advantages in centrlfuge des1gn.due.te_thelr hlghp_pe01f1c grav1ty and 1n

solvent comblnatwons it was benzol—acetone whlch became 1ead1ng for filtration

.processes because 1t could be adapted to the charglng stqcks by alteratlon Qf

the percentage of its components._ Table on. next page glves solublllty at —20 C

sof paraffins in some solvents.

~

\\7‘ In selectlng a sultable solvent 1t is not solubility of wax: ‘in it only
whlch h s to be con51dered but numerous other demands rust be met as well
The price must be low for economlcal reasons, because no recovery-svstem

Works‘w1thout loss., ‘That 1s why some fluorinated. hygrocarbons could not be
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'SUggestedwForvtecﬁnical_use;falthough;theierfOPeﬁties;aszewaxing.solﬁéhts

: S
ware close to perfect It is stébilitv to hvdrolytic influenées and taq
thermal decomposltlon"furtbermore, whlch is 1mportant The solvent must '

be evaporated and recovered by condensatWOn. ;roducts of docomn051tlon or

oxidation are: usuallJ corrosive and must be avomded bv all meANns, - Obv1ous}y-
.tbe dllutlng agent 1tself rmust not have corr051ve propertles either, foFTthe
use of spec1a1 alloys. would make plants too expens1ve and a dewax1n5 plant
is costly anv”ay. Some moisture is always carried 1nto the plant with the.
.charglng stock Thercfore, drylng of the solvent should offer no d1ff1bult

problems. If a mixture of two solvent is used tbere must be an easy'way

available to~measure the percentage of each conponent and :the recovery system

must noceﬁsarlly permlt to recover the components separatelv The englneer
viants the solv&nt to have favoureblo -alorlc data to keep the operatlng ‘costs

low. Finally thc solvent should have a low boiling point 1n order to'kcep

+onocratu;;%iow in recovery and to porn1t the wux and the 011 to be perfectly
freed from it. Heelth regulqtlons ask for a “n—poisonous cbemlc 1 eng/sefety'
ressons flor a non-inflammable one, Iaturally it shall have a low v150051ty,
.becénse breaking Viscositv is its main job,’ This ev1dent1y limits the number -
of suitable Solvents con51der1h1y and thev are even more reduced when the
problem of mlSClblllty and phase rule 1aws are con51dered It is the‘nixtpfe
of benzol—acetone, benzol—sulphurdlox1de, and of some‘chlorlnated hydro-
cgzgons_only'whlch besides propdne_as a single solvent are of technical
importence prcsently.

‘uJDewaxing processes, working'with-ester'mixtures'and single soivents st111

exis® in a few small units in Burope, but the results are poor and those pro-

cesses will become obsolecte,
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The—use—oﬁ_oropane was the'first'advancéJWhiehuwas:hade to link two differ-

ent tcchnlcql processas which were besed on the s%me solvent. 'Prooane'had some
qraJ—Hecks of course beceuse its solventfpower for paraffln'was snbstanflsl
‘even at TOU trnaer ture, although_ it was 10wer than that of higher al}phatlcs.A
It was hlghlv 1nflanmable and had high vapor- pressure, requxrlng special safety
precautions. But it seemed to have perfect miscibility with all sorts .of
mineral oils, its heat of evaporatlon could be utllﬂzed for chilling and the
comblnatlon w1th a. deasahaltlzlng unlt gave.eeonomlcal,advantages wblch com-'
npensated partlv the refrlgerdtlng eFfort that hqd to be made in order to geﬁ

decent pour p01nts for solublllty reasons.

- The flrsi_donblc solvent Was*benzol~a0etone. Tt was a dewaxing egent

only,'wlth h1gh~f1ex1b111tv and its 1ntroductlon meﬁnt a cons1derable progress.

—

-A'new solvent coﬂblnatlon came-up as a compctltor about the sanme tlme, which

;
Pould tackle the sam%:problems but Fad the advantage to be capable of* being
used.as a reflnlng agent. and refrlberent as well, This was tbe conblnatlon of
benzol with sulphurdioxide Wthh could servc for reflnlng an 011 bv solvent
extraeulon Fi¥st and for dewaxing it afterwards with tre solvent components
" blended in reverse propoftion.' The economic advantages of the so-called
Edeleanu proeess'for refining were known and the_neW‘eQMbination offered'a sav-
ing with regard to solvent recovery. The corbined plant hascd on the same
solvents could be designed cheaper and use of benzol—SO2 for reflnlng, dewaxing
and Chllllng simplified the qu=stlon of storing the solvents. .The danger.of
1nf1anm9b171tv of~benzol was substantially lowered by the addltlon of the non-
combustlble sulphurdlox1de.‘ Wlth regard to corrosion 1t offered no new problems,

nd the old ones Wthh had been formerly encountcred when 80? was used in presencc

of moisturc had been perfecplvﬂovercome. The nasty smell of SO, ﬂlso hqd an
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because_li-lndlcaied small 1eaks and - that is why those plants"'

could be operated w1th a mlnlqnm 1oss of solvent. Solvent power f,r parafflns
;espec1ally for hlgh molecular ones was tr1v1al. (%ee next page)., ‘
i

The problen of phase separatlon dld not exist when the 011 was dlluted
w1th 1ow boiling fractlons from mlneral 0il, because they'were readlly mlsclble
w1+h the charglnéqsfock in any propcrtlon. The'new solVents were allens to |
oil, however, and whlle thev answered the demand for low 501ub111ty of wax,,
thev brought about new difflcultles which were fully recognized in recent
tlmes onlv THth regard to wax removal they. gave Vood results and the pour
‘p01nts whlch could be obtalned did. not fulflll all expectations only but

-'surprlslngly'thev could be below dewax1ng temperature,' But then the 011 had

a decrease of quallty, and the worst of all was, that the wax cakes
ck a high percentage of oil. Ana1y81s showed that this 011 had freui
quently” hlgher quality than the dewaxed stock and the oil content d1d not

mean a contamlnatlon of the paraffin only, but the 1oss of most valuable 011

components as well.

The studv of phase rule dlsclosed the way to avold all dlfflcultles

and explalned what ‘had happened before. Low solvent power of dllutlng
agents for wax controls only partly the pour point_of the dewaxed oils, bnt
the strict ohservation of mlSClblllty, 1s deq;sive for the quallty of the
wax of the oif*and for a'multﬁtude of technlcal figures of which only f11—

‘tration rate shallfge mentioned, The study of phase equilibrla is the

' dominating'demand in the art of &ewaxlng.
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The triangular—graphs e

mpt e

A,svs+em of multiple comnonents:which*are not misc1ble in all propor—

ht;ons can dwsclose 1ost oF 115 secrets if the’line of phase separation is ¢’
.plouued as a so—called bwnodial curve. 1To solvent refining can be done
successfullv; unless retinﬂng conditions are adgusted in.accordance'with’
_+he'conclusions_which can be derived from tbe trianpular graphs. The theoret—
ical prwnCioles were first transferred to refining of mineral 011 products
hv-Vunter and Tasb and critically studied bV'Van-Wijck and collaborators,
They are'w1delj known and shall be mentioned brieflv onlv, The three corners
~of . a'triangle reuresent:loo% of a- pure component Oil is a mixture of many
;chemical 1nd1v1duals, indeed but it mav as, well be considered as a binary |
bsvstem.of saturated compounds of high stability, -and unsaturated ones,»w1th
poor. Visco31tv curves and lubricating properties. The.first group weecall
vraffinate, the latter one extract Thev are the left and right corners in
the base of our trﬂangle. The apex of the triangle represents lOOn of pure
solvent, whlch has been suitably selected with regard’to poor solvent power

for paraffin. The paraffin wax 1tself need not be con51dered Tt exists in

‘the form of a SOlld ore0101tate only, in which the other conponents are sat-

vrated, and the quantitv of which is therefore Without an influence upon phase
-_qu{librium, as-it_iS'knOWn? Temperature'is of great 1nfluence and a curve |
can be drawn for one well defined temperature only, That means, that each
'binodial curve 1is necessarily an 1sotherme. Tt is only a few lines, which
‘are 1nterest1ng for dewaxing, much in contrast to solvent refining. This,is
the boundarv 1ine which separates the field of cdmplete miscibility from the:

field of phase separation and the so—called starting line, which is iven by

“¥e craracter of the oil and runs from.the solvent vertex down to that point
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be specrflc grav1t§ or v1scos1ty-grav1ty constant whlch are plotted.there. |
Each .0il has to be dealt wi‘th ‘individually of course. Solubllltv does not
depend on the oroportlon of saturated or unsaturated compdunds only,vbut on
1 molecular welght as well and the boundary curve of m1501b111ty runs dlfferently'
"lor lower b0111nb mlneral 011 fractlons and for hlgh b01l :ng ones, even so, |
if their chemlcal cuaracter should happen to be the same. another.lﬂne, which
remuires to be mentloned connects the D01nts which reoresent the com0081t10n
of the ra?flnate and extract.solutlon When phase separatlon occurs at a certaln
oercentaée of” dllutlon w1th solvent These tle llnes are. o? 1mnortance for
solvent reflnlng. For dewaxing it is the two ends only, whlch 1nterest us;
,'because the stralght llnebwhlch may be dp@Wn through them and the top of the
. trlangle cut the base llne and 1ndlcate the quallty of” the 011 whlch event—

ually has’been knocked out and 1ts percentage.'

100% solvent

-20¢C

—~ binodial curve

100% raffinate o .- starting . -100% extract
e TiHE T T - ST




Uhe qolvent”need—not be-a—chem&ealalndlvwdual. “bﬁ“thé contrary. it

oroved to bhe advantageous to use a. comblnatlon of two solvents whlch could

" be adapted to any 0il with regard to solubllltv of wax- and optlmum trlangular

considerations. Be81des the chemlcal character of an 011 and 1ts mqlecular

Vel”ht, it is- the-percentage of dllutlon Wthh is of de01d1ng 1nP1uence upon

-prase separatlon. The de81rable Condltion for feeding stock to the’ fllters

is eXJressed in- thp follow:.nb graoh'

. I . - 20 ¢C
small’zgnne. of  ————> -
;phaSe'separation', :

100% raffinate startihg. ' ' 100% extract.
- Jine S '

i/

There'should exist a small zone of phase separatlon for the more sat-

_urated components. of the 011 . That does not nean that the oil w1ll plve

13

pbases when d11u+ed but its more valuable constltuents shall not be readily

m15c1ble wr%h—the__g_yent under all cwrcumstances,

—_——
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_m.___Ihe_startlng 11ne w1ll move to the rl"bt for dlstlllates and the solvent

A ST, PRI

must then be readgusted such as to glve a. 1arger zone of non-mlsclblllty.w%1n~ '
Qour example on the precedlng page a prereflned 011 1s dlluted w1th 3007 of
. 1 .

solvent f f01nt "P" 1n the dlagram 1nd1cates theoomp051t10n of the mlxture.'

‘ThlS 301nt s}ould be close to tre boundarv curve because that glves an allow-'

oA =

ance to minor fluctuatlons in dilution rate and tenperature W1thout the dangcr

of mhase separatlonland et)erlmonts“show that most favourable data are obtalned
an thls case. It is obv1ous, ‘that the demand for such a flexlblllty'can never
be met bv a 51ng1e solvent ‘and that the use oP blended solvents 1s a must for
hootlmum results,v Y s1nglelsolvent can only be perfect.for one spec1a1 grade. N
ofioll or lor -one. spec1al b0111ng range, It 1acks, however, flex1b171ty w1th
regard td;tre treatment of anV sort of 011._ I+ w111 be fully unsultable for
refined 01ls 1f 1t were good for dlstlllates and it WOuld glve ooorer technlcal
and chemlcal data wlth llght lub 011 fractlons if it ware capablc of dewax1ng '
heavy cyllnder stocks. Alwavs secn from.the v1eu p01nt.of\opt1mum results at j'
constant temperature for dewaxed 011 and paraffln, fhls is another reason why
- the modern dewax1ng processes are superlor to- older ones whlch Worked_w1th
1n,1c d1_..ut1n,> avents. , , . |
Tle slope of the_blnodlal curve 1s—naturallv dlfferent for varlous sol-
~ronts. Prase separation means, that the oil whlch has. separated is very dlf—
ferent in qualltv fromftbe charglng stock.” However small or 1arge_1ts
quantltv may be, it has hwghlv saturated character and the startwng line will
‘Shlft for that 011 far to the left That means, that its solublllty in the
solvent is very llmxted and it is one rcason'whv it is practically 1mp0551b1e
to wash a wax cake oll-free if phase separatlon has occurred to tbe dewaxing

’stock'unless washlng is done with another solvent of entlrely dlfferent

selectivity.

T




va is nnssible to choose solvents for which the binodial curve has

‘favou#able slope and for which the tie lines ran almost vertically.ﬁ,

Phase separation will evidently be disadvantageous in this case also,

but the oil which separates is not much different from the. charging stock,

~

and its removal from the wax ‘cake. by washing is easier, Some chlorinated

hydrocarbons belong to that group of solvents,‘ Efforts must be~madé”in any_

P

case to avoid phase separation,bbecause if it occurs there are not minor
ltraces of oil, which Sepzrate, but the quantity of oil referring to contam—
ination of the wax cake is considerable and may fluctuate between 5 and 50%
'depending on the solvent and oil and on the conditions of dilution and chill-

-ing,, Trlangular graphs give abundant information about iscibility problems,

but 1t is a tedious and time consuming Job to get “tne; experimental support
for a binodial curve, and one which requires highest experimental accuracy.'.
'The worst of 1% is. that a new curve must e drawn for each single temperature,
for each boiling range and for each grade- of oil, Satisfactory information
'and some important data, which the binodial curve does not supply. can be
obtained more rapidly.v . , = )
e know, that 200p-— 400% dilution is required to break vicéosity and
only th1s range need to be conS1dered A small quantity~of dewaxed oll can
_quickly be prepared from the oil which is to ‘be investigated with any suit—
able solvent in the 1aboratory. That oil is then diluted with various per—
L centages of the solvent, which we want to use, and the mixtures are slowly
and cautiously\chilled in test tubes,g The temperature when phase separation
occurs can'readily be seen by a breakdown into phases, or for dark colored
olls by the formation of & turbid emulsion. ‘This is done for different

dilutions,'different solﬁents_and different oils and we can easily select

_the most‘suitable-dewaxing conditions,



—This- wag;ls S1mple and answers the- queqti“““for“the"bas1c oresumntlons _

;of the oroduction of oil—free wax from a given oil Some exoerts h ve formerly'
A S A :

suggested to s1mnly check the melting p01nt of-the wax for 1nd1cation of phase
. |_v .

separatlon.' The granh on the following page shows that thls method is not_

relisble. Accurate determlnation of melting ooxnts within fractlons of a )

°

degree reoulres much attention and ‘the depress1on of the meltlng noint by oil

~is not largerv Standard sambl~§fof 01l free wax must be made whlch is a poss1—
.ble source ofverror. It.seems.hopeless to detect very little 01l in wax w1th
'thlS method

Wax traces in the dewaxed o0il, on the contrary show very'wellvand-graph-

on: page 89 gives theﬂincrease in nour p01nt, Whlch 1s ceused bv qv/ution vlth

[

<40.% solvent for the reason of solubility of paraffin in solvent
It was stated above. that the dewaxing solvent~shall be a binary mlxture
of whlcﬁ one component is readily miscible with the oil over a w~de range of .

'temoerature and dllutlon, while the other one has narrower limits of mlsci—

-

blllty.j lelted miscibllity may result for three reasons that is;

selectlvlty to molecular welght (high -~ low, e, g. nitrobenzene) .”

selectivity to constitution (straight - branched —‘cyclic, e. g

02H4012)

select1v1ty to charaoter (saturated-unsaturated, e, g. sulfur-

d1oxide) AR

It seems not possmble to find a commercial solvent which has only one of those

"selectlve propertles~ they usually go together but one sort,of_select1V1ty
~prevails, d endlng upon exoerimental cgndltions ‘It is evidently important

" to select for deuaxing, solvents which are little sensitive to chemical charac-
B -y .
“'ter and molecular weight. while Whev shall résnond to ohpminal ennetitution.

g
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Velting poiﬁt &epr'essj.on-of parafiins by oil content | :




Rise 4n pour point for gradusl sddition /§f'origﬁﬂ paraffin
to dewaxed ofls
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—-—%eiect1v1ty shews—anrthe_bxeakdnmn of a homogeneous solution 1nto phases

at a well defined temoerature which depends on” solvent. oil and'solntion. It 1s:

expected that mixed solvents give the plants flex1bility bv allowingia w1de

margln in the blendlng ratio of the components.; That can be accomplished if
;the solvent couple is. not the combinatioh of E very selective agent with a t‘*“!”

wpractically non selective oné, but if both components have more or less mo@erate

- - - o

select1v1ty of their own.‘ Water, for xamnle, is highly selective and does not -

dissolve any oil,at allland pyridine dissolves oil well and:- blends readily

AT A e

vw1th water in all propr*tions and the mixture with llttle-water is a dewaxing

Still.the comblnation pyridine—water

.,v'. o

Aflexibility,, Minor changes

— v e w:.,

in water content of a. fraction o£~one peryo o wi] canse;a;bfg Changefin"

B elect1v1ty.. The graph on page 81 exhibits the.lines of phase separation at
SOOp dilutlon of a heavy oil: w1th7;ome important s°lvent comblnations in deoend—
ence from the blending ratio of the components These are benzol - acetone
_fand benzol - SOg which both belong to. the older type of successful s°1vents
ffwhich are still now in use, and the chlorinated hydrocarbons dichloromethane,—“b
_ dichloroethane which recent research proved to be superior to other solvent
jcauples which found their way to large scale dewaxing units |
Sulphurdioxlde and acetone are known to’ be very selective agents, The
first one found ample use for'solvent refining of mineral oil fractions and its
selectivity was so cons1derable, that 1t had to be decreased for the treatment
of heavier cuts by elevation of temperature or blending with non selective
chemicals such as benzol; Acetone had\been used for analytical seoaration ‘
of mineral 01ls and isoletion of their components by solvent extraction. The

blend with benzol as non selective component was a satisfactory answer to the

refiners demand for a good~dewaxing agent. However, we learn from the curves
. v ’ "‘5‘3“-‘-&‘-:1-1@«9%
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for: benzol—acetone and benzol—SOz that it takes but_ small changest}n the oroporv

tion of the components to shift con81derab1y the“temperature at which pnase

‘senaration occurs. 802 is more selective than actone but even with acetone"
will the temperature of separation into component parts slide up eight centi-

| grades, when acetone nercentage increases 5K only. Blending ratio in plants
must be watched-carefully or the products” will be unsatisfac+ory, chiefly w1th
'regard to the wax cake, of course. The easier adgustment of Soz—percentage
compensates partly for the steeper curve in Benzol»SOz plants, and both solvents
have proved to be able to give identical results in large scale,

The progress which has been reached by the dichloromethane—dichloroethane
combination is. evident from the graphs, It is not only the lower solving |
powergfor paraffin which makes that chlorinated solvent advisable, The slope
of the curve of phase separation 1ndicates the large ‘reserve and flexibility

“which is hidden in component rati~ It is a change SE_BE%LEP contrast to 5% |
which will shift temperature of phase senaration eight centigrades That is a
safety.factor of importance. It also makes possible to give up careful
fractionation in'the SOlvent recovery system because “the components’need not
be reoovered in high purity.‘ Machinery is simplified and treating costs are
cut down. . |

An interesting observation shall be mentioned here 'Some experiments were'

. doFe w1th a blend of gasoline and dichloroethane to study theA;nfluencesof a

component in which wax is.very soluble, Although this mixture is to be dlS—

carded for general use 1t seemed to indicate that the low mineral oil fractions.

have a hidden selectiviﬁy to higher molecular constituents of petroleum oils,
\

because a larger percentage of gasoline than of benzene is required~in mixtures

with dichloroethane to give the same depression of miscibility temnera&g;e,

That selectivity will be more pronounced for the lower aliphatic hydrocarbons,

and lpst but not lrast that may be one reason. why wax ‘cakes from heavy cuts

were'always dily‘if they were obtained with low molecular aliphatic solvents.
. e . - . sz .



That hidden selectivity is the reason why gasoline%knocks hard asphalt out of

residual oills and why the lower boiling and more selective propane’ is able to
precipitate hard asphalt, goft. asphalt and high molecular resins from distilla-]
tion bottoms., Propane has been’ found suitable for deasphaltizing empirically
only and some day 1t will be replaced by a better solvent The described N
simple miscibility tests may be helpful in finding: other suitable asphalt
precipitants.

e g

The selective propertiesw £ propane and low aliphatics will then find -

- another field of industrial application until better agents will replace

——— o

:them there also.“
| The influence of molecular weight and chemical character upon temperature
'of phase separation is shown ror CH2012~— CoH 012 on page 84, Tem;erature
of miscibility limits is generally higher for increqsing molecular weight, as
'well as’ for more saturated chemical character. That holds true for any oll

-~

and any solvent blending ratio, The influence of chemical character seems to -

3 3
1

be preponderant, - -

~Man& enperiMental filtrations have heen done- to. obtain infnrmation about”
the changes of important characteristics in dependence from<3ewaxing conditions.
Homogeneous and heterogeneous systems were studied and the copnditions were -

- chésen. such as to’ show differences as plainly as pnssible, but not demonstrate
large plant efficiency. Refining for instance was always done in batches and
the yields which were obtained were comparable among each nther indeed “but
they were naturally different from results which can be obtained in commercial

..-._.\ i

factories under perfect conditions such as continuous counter current flow,
-temperature gradient etc. Traces oi.wax were left in experimentally nredewaxed
'.stocks On PUrpose, to make the .effect of after*refining on pour point moTre
:evfdéﬁtt—“fﬂewaxing was done in the laboratory with smell filters which exhibit
'the influence of varied conditions upon physical and chemical data ‘and upon |

filtration rate, calculated in k1los per sauare meter mer hour, For cnncluSions
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as to filter rates of large gnits'they are of‘limited va1ué any, Thick and” <

hegv& filye:_clotﬁ'Qés.takeﬁ-ln.ébmefcaééé qﬁére”éﬁlyiélight dITTéféﬁééSfin the;
e o . . _ . 4 : T
results could be‘eipectedAaﬂd_filtrétionvrate depends'qdnsiderabiy on the”t&pe
. of filter Qloth." o | B : ) - . r o
‘Tyo'oflﬁhose expggimental serieé shall be reported. They reflect the
behaviour of a very viscous, solvent réfined paraffinié diéfiiiate from Austiian
) orude'with the im§o¥;ént éoi@éh£ couplé Benzq} Acetone.and Yith didﬁloromeﬁhane
which for such a high molecular raffipate is éuitably'tsed without éddition of
baichlpraéthane. '(See page§ g7 - 88). . S | o |
éthfolléwiﬁg_regults géﬁ'be reai_ffom.the curves f§r eifher{solvéﬁt;':

1) The_line of phase geparation_must_not_be trespéssed under any_eir-

i 2 e e s . Al SR S SR~ oY M e SRR

féhmsxaﬁcas; It is only filtration.raté which then grows rapidly, whilé_all;

——

‘other data are changed ﬁostfugfavourébly. Quality of .oil and wax;decreaée with

~ a sudden leap and the lower pour point of the oil 1s'paid high with a substan— -
. ' - T -
t1al decrease of viscosity index, =~ T T

2) In_the hOmoggneoug_field it is desirable to come close_to_the

.—_..-—._——_—_-—_—-.—..-.———-————-————-—..——

;292925&9{9;9£_ph§§§_§99§é§§19§'f°r°ﬁﬁe'f°11°wing reasomsi

- a)- Pour points of dewaxed oll are then_aubstantially lower

beceuse wax_is less soluble in solvent.—™ e

b) The oils have maximum viscosity for ¢he ‘conrdinated V. T.

51' It is undesirable_to appipach the line og_pgggg;senaration because

PRa

@ o~

va) Filtration rate decréases;'LThe drop in filtration-velbcity is

only small if suitable solvents are chosen,

b) The wax cake contains dil which may run up to a few péfcént

near phase seperation. It also can be kept very low by selecting the prover

solvents, —
e " The last two results are obvinusly éﬁrpr}eing;bacaqse there seems to be no
. . ) . > . . . . .

plausible reason for decrease of filtration rate and-cnntamtnation_nf wax by oil

'
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in the homogeneous field'. Supported by a few simple experiments, on which ns.

figures are availeble I explain the facts by adsorption of oil to the wax
crystals, whloh 1ncreases at an extraordinary rate w1th decreaslng temnerature.“
Adsorption depends on totalccrystal surface~ The percentage of adsorbed. oil 1s“
';therefore negligible for lighter oils with lerger crystals and small total |
surface ‘while it may become amazingly high for high molecular amorphous dis-
tillates and raffinates in which the . numerous-micro - crystals create almnst
ideal conditions for adsorption. ‘Adsorption depends also on the physical char-
‘acteristics of - the solvent such as surface tension,ﬂ Oil adsorption to-wax ) |
_crystals can- therefore be,hehi back by the use of. suiteble diluents 'Again it
is some chlorinated solvents such as dichloromethane, which depress oil adsnrp-
.tion tc a minimum as it is ev1dent from the curves The effect of adsorntion
is absolutely comparable in its consequences to nhase separation, because the
ilghly paraffinic components are preferably adsorbed and, as we have seen above,
it is almost impossibleoto wash paraffinic oil from wax crystals far phase iulé,
reasons. There also is prevention better than cure and holding nil adsorotion ’
low by the use of suitable solvents is the best answer to the problem. The only
possible cure, heowever, is to give the filter cake & final wash with warm solvent,
which-counteracts adsorption, and to recycle that filtrate to predilutionl’

" The decrea31ng filtration ‘rate can be. explained as a consequence of nil
adsorption __It is not the actual filtration velocity which decreases, but the
time for washing nf the filter cake must be extended. Evidently an nil holding
_cake will be‘less porous and that”shows in the time which is consumed for wash-

ing. The assumption is supported by the fact that chlorinated- solvents which

inhibited adsorption of oil show only negligible decrease of filtra=ion rate

e o K e s e et s s o e g o s s s wntt

e

r-ll and_.gl

The most important figures which were obteined w1th benzol - acetone and

dichloromethane were plotted on page ¢(C for a comparative study, The superiority
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of dichloromethane is evident . in all—figures. :

L) Filtration rates are higher .

_2) Lower pour‘points are met with less refrigerating effort,

8).-The.slightly lower V.I; of the dewaxed oil;is 2 natural consequence of
‘better dewaxing and unavoidable | o - | |

4)v The oil content of the wax cake is negligible

It can be objected that similar results may be anticipated if blending
proportion of benzene - acetone 1is suitably adjusted such as to shift phase i
-separation to lower temnerature That is wrnong because it would mean higher
benzene content of the solvent whlch also increases solubility nf paraffin and
leads to rise of pour point which can only be oounteracted by higher-refrigerat—
‘ing effort;'vFiltrétion.rate will be only little.affected .Adsorption of o0il
io paraffin will be decreased indeed but the overall valuation does not indicate
L1y fundamental favourable change,

This does not mean that benzol = acetone is an unsuitable. dewaxing solvent
It 1s known that this solvent couple works satisfactorily in largest scale and
that its flexlbility\1s‘remarkable, waever, the ‘discussed chlorinated solvents
are superior in'flexibility and resulte and high quality products can be obtained
with less dewaxing effort which naturally means better econnmy, .

The example of heavy paraffinic lub oil rafflnate was ourposely chosen to
demonstrate that liquids..which from phase rule and other considerations are perf
fectly suitable as dewaxing solvents show gradual differencee which become most
important when hlghest efficlency and quality demandq are to be met, Such
gradual differences showﬁnot so well for lighter oils, which can be successfullv
-dewaxed with any solvent couple that meets the fundamental demands. 'Heavy 0il,’
as it ‘was shown brings up new additional view points such as adsorption and
~more problems are met 1if still heavier molecules lead. over to the field of—

deasphaltizing which has so many view points in common with dcwaxing,

o1





