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ACE 

Lubricating oils are m ufaotured from petroleum stocks 

vhich are generally elessified int e United States · s 

?ennsylv nia, id-Continent, nd Coastal. These classes 

show marked difterences in physical properties and lubri-

c ting characteristics and require va riou. degrees of 

refinin2. The coast 1 crudes require the most severe treat­

ment. Pennsylvania the least, and ' id-Continent oils occupy 

an intermed1 te position . 

In the past , almos ~ all of the chemical retini has 

been done with sulfuric a cid; recently, hot•·ever, extr ction 

,ith solvents has found important commercial application. 

lU:J.oni.:- the advantages claimed for solvent extr;· ction are : 

1 . Production or a better grade of lubrie nt . 

2. limination of the problem of acid sludge disposal. 

3. Utilization or the extract portion as a by-product 

or as cracking stock . 

4 . Production of a h her yleld. 

On the basis of the cost of production per b rrel of 

oil, solvent ertr etion 1s more economic 1 t the acid 

treating process . For these reasons. it seems quite probable 

that solvent refining will soon supplant the older process , 

at least 1n the lid-Continent area . 

There re many solvents now in co ercial use, the 

choice of a specific one dependin on the stock to be tr ated 

and the compa.r tive eost of the process. Th.ere are, bo ,,ever , 

many solvents as yet untried even in th l abora tory, ~nd it 
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IN"T DUOTIO 

Bee use of the eat nUI:1ber and complexity ot the hydro-

carbons in petroleum., it is im!)ossible to deter ne strictly 

theoretic ondi ions tor solvent extr .ct1on of a lubri-

o t ng oil stock. In order to simplify comput tions, stocks 

ritay be eons1dere to be a . 1.xture of tt'naphtl1enes" and 

"P r f1"1ns ( 10). 

s an index of the degree or naphthenioity, sever l 

physical constants have been suggested. st genera lly used 

for corral t1on of solvent extr action dat re the viacosity­

ravity oonstont pro:oosed by Bill e.nd Coats (9) , a nd the 

viscosity index of Dan and Davis {4) . cCluer and . enske 

have sto the rel ti nshlp bet ·een t hese to with data on 

58 sampl s (13). l ikeska (14) has made a study of the 

correlation of viscosity- gr vity constant, viscosity index, 

refractive index, nd other physical properties with the 

chemiCAl com.po 1 tion of some of the co pounds foun.d in 

petroleum. 

The so-called ne.phthen1c constituents are thos e hich 
. 

consist or hydrocarbons rel t ively poor in hydrogen and 

hich h ve a high alue o the viscosity- gr avity eoDStant 

and a lo viscosity index. The parattinic constituents are 

rel tively rich in hydro en , have a low viscosity- gr vity 

constant , and a hi ·h viscosity index. 

A good lubric ting oil should have a low vi co 1ty­

gr avity constant , s. hi gh viscosity index, a low pour oint , 

a lov. carbon r sidue, and be resist t to oxidation (21} . 

Lo erin the pour point depends upon the de ree of ax 



removal which is in 1 tselt a separe. te problem.. .Hov;ever,, 

tbe pour point may be ·ltered by solvent extr~ction of the 

type with which this thesis deals . Since i eh viseosity­

gr avity const nts, lo~ visecsity indices, ,n, low resist­

ance to oxidat ion s re cho.raeterist1cs of t h n phthenio 

constituents , it 1s necessary to remove the c., e components 

by suit ble refining methods. 

The· tirst co:mmercial applica tion of solvent extrtu~tion 

of p troleum :fra.o ions 1ea the E.deleanu pr· cess for refining 

kerosene ~ith lio.uid sulfur dioxide (6). or e:xt ction of 

th re viscous p t~oleum stocks, li~u1d s 2 is iluted th 

oth solvents such as benzene and acetone. Since the 

investigation of 110 solvents by F rr1s , .1-khimer, and 

Hender son (8) the application of solvent extract ion has 

increased very rapidly. Other in~eRtigators have reported 

varying de ees of success ·1th n erous solvents , and there 

1s quite a number no , in commercia l use . Among t hese may be 

mentioned nitrobenzene, fur fural , Chlorex , Duo- Sol, phenol, 

crotonnldehyde , an prop ne (16). 

The procedure in solvent extr ct1on is as tol lo.s: 

solvent and stock or mixed thoroughly in a given r tio 

and all o•'iJed to s eparate a t a predete rmined te perature into 

two ph ses. The solvent is t.hen recla ed rrom each fraction. 

Solvents tor ref.ining lubricating 011 stocks a.y be one 

of two types: (a) t hose 1 hich dissolve the undesirable 

portio.r.s and have little efteot on the par ff1nie constit­

uents , and (b) t hose w ich dissolve the desir ables nd not 

the na.phthenes. According to Kyropoulos (12), the sep ra-
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tion of petroleum stocks into to fractions by polar 

solvents is due to the formation of dipole association 

complexes , the solvent forming n:ore st.ible compounds ith 

the undesirable constituents and therefore extr acting them. 

Solvents of type (b) ,.. re non- polar and so dissolve those 

hydrocarbons ; ich do not form dipole compounds . Extrac ­

t! processes may involve the use of either or both of 

these two types . Example5 of the first type or solvents 

are nitrobenzene , phenol , Chlorex, and f'urf'ural; an example 

or type (b) is propane ; and tte Duo ol process is a method 

usi both types . 

Selectivity is the term applied to the ability of a 

solvent to dissolve certain con t1tuent . to the exclusion 

or others , and it is necessary that a solvent have a 

"high" selectivity. o1nce the most economical separation 

into two phases depends upon the action of gravity , a 

solvent must h ve density widely different from that or 
the oil to be treated . Since t e solvent mu ... t generally be 

reclaimed by distill tion , lo. boiling point and stability 

to heat are advantageous . It is obvious that the solvent 

must be available in commercial quantities . Toxicity and 

corros1vity should also be considered . Ferris , Birkhimer, 

and Henderson (8) and Kyropoulos (12} conclude that the 

se1eet.1v1ty of a solvent depends upon its structure . A 

cyclic structure and the presenc or a pol ar group are 

desired , but the presence of an ali phatic side chain on 

the ring decreases the selectivity. r:orpholine has the 

seru.-structural for ula . o/(C.Hz.)t--t'H-\ 

'(cHJ{ 
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rom the conclusions given above it can be predicted that 

orpholine should have a high s electi vity . 

There are four ner a l methoo..s by -hich a sol vent 

extraction mr.,:~ be carri d out: 

+ 

(1) Si ngle sta e batch extraction 

(2) ultiple extraction ( n stages) 

{3) Batch counter-current extraction ( n stages} 

(4) Counter- current extraction in a packed tower . 

R 

~ 
R R 

3 E z. E, 

E. ( I) s E 
(3) 

R 

R. ~ R 

3 'l... s 
I: t E,_ • e, 

l2 ) {4) 

In t hese schematic diagrams , ~ represents solvent , S 

represents stock to be treated , and 

r aff1na te and extra.et , re spect! vely . 

and E re present 

In the past all four of these systems have been used 

commercially , but the trend has been toward adoption or the 

l atter tm . Vurteress1an and Fenske (18) point out that 

cost data and t he gr ade of oil which is desire determine 

which of these methods m-Y be nost advantageously enployed . 

Gr anting that the number of theoretical staf es is 

constant , the process variables for a given s tock are 
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t mper ture and solvent ra tio. The Il'l8.1n purpose of cor­

relatin labor ' tory aata is to predict values for the final 

conditions in a solve t extraction v1hen values or tbese two 

vari· bles e given . 

To oorrel te data on solvent extraction,. the system 

of Hunter and .,qash (10 , 7) using t ernu di agr ams has 

been adopted. ~urtz suggests the use of rectangular coordi­

nates. (ll) . 

O 1ng to our 1noomplete state of kno ledge as to the 

exact ehemical composit ion of petroleum and its products , 

extraction data must be correlated by empirical methods. The 

stock is split into two tractions hich differ iidely in 

physical properties; if we consider oil to be made up ot 

varying percentages ot two components · 1th iven values of 

physical constants , t he oil- solvent xtures can then be 

treated as a simple ternnry system. 

· hen the system is t equilibrium, it is necessary to 

r cord the follov,ing informs ion in order to repr esent it: 

(n} A.mounts of the t~o pha:Jes in equilibrium 

(b) r:1ount ot solvent in aoh ph .. se t equilibrium 

(c) physical property (such as 1soos1ty- gr av1ty 

constant) of the solvent- free oil present in each 

phase ate uilibrium. 

If one vertex of the triangle represents pure solvent 

and one side is scaled into units of the reouired physical 

property or the solvent- free oil , (b) and (o) dete ine 

coordinates fort o points on a curve , one fo r e~ch phase , 

and t e connecting tie line represen s (a} . 
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If the above ata are obtained or a series of single­

stage extractions with varied solven~ r a tios . oar being 

t eken that equilibrium 1s attained , a binodial curve may be 

plotted. If the phys ical properties of the stock and of the 

refined oil, solvent ratio, and ,orkine cond itions are 

kno~'Il , it is possible to calculate for a countercu.rrent 

extraction the follo ing data : 

{a) The yield ot refined oil and or extract . 

(b) The amount of solvent in ea.ch pbase .• 

( C) The v lue of th physical constant for the oil . 

(d) The number of ideal extraction sta es nee ssary 

in order to obtain the desir d oil. 

I f the number of extraction stages is kno m , the physical 

constant of tl: refined oil can be culeul ated , as hO n below. 

Suppose tor example the binodial curve KQ.NU>R hus been 

determined. for treatment of a stock with viscosity- gravity 

constant D, and th~t by counterourrent extraction of n 

theoretical stages it is desired to obt in a raffin te oil 

of viscosity- gr vity constant j . The intersection ot J13 1th 

the curve gives the point K which re presents the composition 

of raff'inate from the final stage . By a. material balance 

1 t can be sho -m that must intersect DB at so th t D /'11.B 

equals the r a tio of volume or solvent to tota l volume . Point 

L gives the composition of the extract l a•er which at be 

.in equilibrium with a ph se of composition, N, on the other 

end of the tie line for th first stage . DL and JKR a re 

extended e.nd point. O located at their intersection. Also 

by tr'..aterinl balanc it can be shov:n tha t the intersection 



of NO with the curve gives point , ? , ··hich is the composition 

or the extrac~ layer from the second s tage . Construction of 

the tie line from P gives Q. hich denotes the raffina.te 

phase in equilibrium '11th P . Progressing 1n s. 1lar 

manner a point on or belo K can be found and the number of 

stages necessar y 111 thus be calculated. 

~here the number o f stages is kno n and it is desired 

to calculate the composition or the rattin· te and extract 

pb ses , the solution is by tria l nd error. A r a tfinat-e 
.,-

composition i s assumed and the procedure g iven ~bove 

follo,red tor th, given number of stages . If the ca lculuted 

nd assumed ratfinate compositions agree , a solution b s 

been obtained. If they do not , another assumption must be 

de . n example or t hi s type of ca lcul tion i s sho in 

Fi gure 4. The results for t hi s three stage batch counter­

current extraetion a re given as calculated results for 

Experiment 18. 
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t:R!: ...... NTAL 

he ttstock" oil used in the~e experiments we.a obt ined 

from the Continental Oil Company in Ponca City , Oklahoma. 

It as av cu tower cut and as dewaxed . In thei r refini ng 

process , t!,is oil is acid treated and used as blending 

stock. The ohy ie-1 properties of this stock are given 1n 

Table I . 

The solvent . morpholine, as obt ined from Union 

Carbi e and Carbon Conp ny . It ·ias ordin y co~imercial grade, 

having boiling oint of 126- 30° 0 . :crpholine is a cycli c 

ether amine , nar.:ed because of a sup ;,osed identity with the 

be.sic ri of morphine . It was discov red by Knorr in 1889 , 

vho prep11red 1 t by the action of 701, s lf'urie acid upon 

diethanolamine. Patents have since been issued on its prep-
I 

aration from 13/J - d1iodo-d1ethylether and from ethylene 

chlorhydrin and toluene ulfon 1de (20) . 

Pure orpholine 1s colorless d has pen tr.? ting 

ammoniacal odor . It ubsorbs moisture and CO2 from the air. 

0iorpholine 'boils at 128. 90c .,. freezes t . -4 . goc., and its 

density is 0 . 994 (20/4° vac . ) (5) . It bas the rela tively 

high vapor pre sure of 13 • at 20°c . (20) . 

orpholine has beens ge ted s a corrosion inhibitor 

for n ter solutions,. as color st 111zer for petroleum 

roducts , s n antiknock a ent for gasoline , nd as a 

c rbon .remover for u e on aluminum pistons (20) . A patent. 

:1a.s in sued to Ada.ms ( 1) cov , · 1ng the u ae of a n s to 

prove the color of etrole · fractions . 

For the si le st ge treat ents t e procedure s s 
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follows . reasured volumes of' solvent and oil were heated 

~ith stirring t~ miscibility; this was done to insure e qui ­

librium. The oil i s measured in a 1000 ml. graduated 

cylinder , e pt1ed into a beaker , and the adhering oil ashed 

out '11th solvent , the volume or which las a lso measured in a 

1000 ml. gradua ted cylinder. The solution ta.s then placed 

in sepe.ra t.ory tunnels, cooled to the desired tempera ture , 

and allo~ ed to s ettle for one hour . The temperature of' the 

b th 1as not a llo ,ed to vary more t n o.s0c. The mixture 

separated into two ph ees. The upper l ayer consisted of 

"goodn oil plus some solvent , and i s called the rattinate; 

the lower l ayer consisted or extracted oi1 and the l arger 

part of the solvent. and 1s called the extract. The volumes 

of t he to phases were measured in 1000 ml . cylinders and the 

solvent as t hen dis tilled trom each. The distillation a s 

without vacuum u9 to 130°c. The remainder of the solvent 

was distilled off under vacuum. The final temperature as 

145°c . 1n every case . The volume of solvent rec.ov ,~ ed was 

measured in graduated cylinders , the cape.city of hicb 

depended. on the volume to be measured . , -fter the oil had 

cooled to r oom temp,erature , its volume as measured. This 

latter volume is not necessary for correlation but serves 

ns a further check on removal o · O int . 

The oil stock used d1d no 

l9o0 c . under th vacuum used , e.n· t ~ ~ lven 

no color. Tho solvent was redlstilled ... _o 

again and the light ends discarded. Thia vol 

11 01 at 

had 

us d 

u.sually 
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rro:m l to of the total volume redist1lled and the residue 

lett in the flask was negligible in every distillation. The 

oil sample.a v;e:re tested ·1th moistened litmus paper to 

determine hether al.l solvent had been r moved. Any mor­

pholine which remained 1th the oil could al.so be detected 

by its odor. 

The pseu.cio- countereurrent system of Watanabe and. 

1::orika a (19) rbich as used by Hunter and N ... sh (10) and 

by Rushton (17) was adopted tor the batch ocunterourrent 

extractions . A diagr a.tie flow sheet for three stages is 

shown below. The procedure for ea.ch stage w a eszentially 

the same as for a sin e stage ·trea tment . The mixture as 

heated to m1~oibil1ty and then cooled in a bath. 

In this diagram, 4> stands for solvent and S tor oil stock. 

,;s g ives the solvent ratio . Rand E represent ratfinate 

and extract , respectively. ihen Rand E beco e substau­

t1ally constant in volume . the extraet1on is at equilibrium. 

Tllis usually requires completion or t .ree or four cycles . 



For oalculatin the viscosity- gravity const ant, the 

f'ollo ·ing equa tion i s used (9): 

VG G 10 G - l . 0752 lo~3i\V- 38) . . • ·= 10 - · log (V- ) 
v herein G· repres8l'lts the specific gravity a t 60°F ./ao°F. , V 

ll 

rep resents the iscos1ty in Saybolt Universal seconds a t 

100°., The viscosity index is calcula ted from the viscosity 

1n .Saybolt Universal secon s a t 100 and 210°:r . by the use 

of t ables found in the experimental ·~rk of Dean and 

Davis (4). A highly paraffinie oil bas a v lue of 0.807 

tor the viscosi ty- gra.v1ty eonstant and 100 or ore for 

t he 1scos1ty index. 

The Viscosi ties 11er0 detel'lllined by the usual • s . T • .• 

ethods {2}. For the viscous extracts the viscosity at 

100°F. was calculated by the use ot . s . T •• viscosity­

te _per a ture charts . Speo1fic gr avities were e lcu.lated 

by the use of pycnometers, and the oil was cooled in a. 

constant temper a ture bath a t 60°F . The Conradson carbon , 

flash point , and fire point were also deter ned using 

r . S. T •• met hods (3 }. 

Table II and the acco .. panyin curve give the data 

obtained tor batch extraction a a set t ling temperature of 

40°c. Tables III and IV give the data for sin le stage 

extractions at 20° and 10°c., respectively . Table V 

sho s results of three stage butch-countercurrent extr ac­

tions at 10°0 . Tabl e VI shows v lues of carbon residue , 

!'lash and fire points .. and color for the ra.ttinates obtained 

at 10°c. Table VII gives calcula ted and observed data for 

t hree stage extractions . 
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T!.BLE I 

hysioal Properties or Oil Stock 

Viscosity at 100° F •••••••••••••••••••••••••••••••• 790 sec. 

Viscosity at 210° F •••••••••••••••••••••••••••••••• 72.0 sec. 

Sp . G. at 60/60° F ••••••••••••••••••••••••••••••••• 0.9075 

Viscosity Index •• , ••••••••••••••••••••••••• , ••••••••• 76.5 

Viscosity- gravity oonst nt ••••••••••••••••••••••••• 0 .840 

Conradson ca.rbon ••••••••••••••••••••••••••••••••••• 0.258 

Color (Tag- obinson) ••••••••••••••••••••••••••••••• 0.0 

• l ash point ............................ .............. 490°F. 

Fire point . .•••..•..•• .••••....••••• ..•.•.....•..•••• 550°F. 



TABLE II 

Single St age Extractions a t 40° c. 

Volume Data Properties of Solvent-t ree 011 -
Exp. Solv . Phase Total Vol .. Vol . %age Vise . Vise . Vine . Sp . G. V. G. C. v.r. 
No . Ratio Vol . 0 11 Solv. Solv. u 100 ~ 130 C 210 , 60/60 

l 1 : 1 R 630 403 223 35.4 660 --- 70 .. 0 0 . 6996 0.852 90 
E 3 70 95 2'75 '14 . 3 2425 748 101 0 . 9463 0 . 881 18 

2 1 . 5 : l R 535 355 180 33 . 3 594 --- ss .o 0.8933 0.825 95 
E 715 145 570 79 . 7 2200 699 99 0 . 9443 0.879 27 

3 2:1 R 440 298 142 32 . 3 557 --- 67 . l 0 . 8897 0 . 821 99 
E 1060 201 860 81 . 1 1665* 560 88 .3 0 . 9368 0.871 37 

4 3 : 1 R 382 257 123 32. 2 510 --· 65 . 4 0 . 8847 0.815 103 
E 1625 240 1380 85 . 0 1525 532 87 . o o . 9355 0.871 43 

5 4 : 1 R 270 185 86 31 . 8 493 --- 65.0 0.8795 o-aoa 105 
E 1730 215 1515 87 . 6 1502* 526 86 . 1 0 . 9355 0 .871 49 

* Observed values. 

If., St ock 
in Raft . 

81 . 0 

'11.0 

59.a 

51. 

46 . 3 

Ir-' 
CA 





TABLE III 

Single Stage Extractions a. t 200 c. 

Volume Data Properties of Solvent- free Oil 

Exp . Solv . Phase Totnl Vol . Vol . %age Vise. Vise . Vise . Sp. G. V. G.C. V.I . % Stock 
No. Ratio Vol . Oil Solv. Solv. (~ 100 ~ 130 ,~ 210 ~ 60/60 in Raff . 

6 0 . 5:1 R 1510 1175 335 22 . 2 679 --- 70 . 0 0 . 9021 0 . 835 84 94.0 
E 365 75 290 79 . 5 9000 2197 183 0 . 9903 0 .. 9!3fi --

7 1:1 R 823 640 162 22 . 1 645 --- 69.7 o . eg54 0 . 826 92 85 . 5 
E 677 110 565 83 . 4 6000 1519 145 0 . 9780 0 . 919 --

8 2:1 R 675 525 150 22 . 2 566 --- 67.7 0 . 8893 0 . 020 100 75 . 0 
E 1420 172 1245 87 . 7 4000 1120 126 0 . 9648 0.903 9 

9 3:1 R 430 335 98 22 . 2 511 --- 65 . 7 0 . 8841 0 .814 103 6'7 .o 
.E 1570 155 1400 89 . l 3050 910 113 0 . 9541 0 . 889 18 

10 4:l R 340 265 74 21 . 8 492 .... _ 65.0 0 . 8792 o.aoa 105 59.0 
E 1910 185 1722 90 . 2 2350 742 103 0.9491 0 . 885 30 

~ 





TABLE IV 

Single Stage Extr actions a t 100 c. 

Volume Data 

Exp . Solv. Phase Total ~ Vol . 
No . Ratio Vol . 

l l 0 . 5:1 R 1402 
395 

12 1:1 R 960 
E 840 

13 2 :1 R 740 
E 1510 

14 3:1 R 370 
E 1230 

15 4:1 R 350 
E 1650 

* Visoositf a t 150°.r. 

** Visoosl ty at 1400F. 

011 

1125 
70 

7'12 
126 

598 
150 

300 
98 

264 
115 

Propert ies of Solvent .. free 011 

Vol. %age Vise. Viso . Vise . Sp . o. v.c.c. v.1. % Stock 
Solv. Solv. ~ 100 e 130 @ 210 ~ e0/60 in Raft . 

275 19. 3 670 --- 69 .6 0 . 9014 0 . 834 85 95.0 
325 82. 5 40,000 2200* 257 l . 0103 o . 940 

179 18 . 8 592 --- 67.3 0 .8945 0 . 826 93 85.9 
'117 85.& 13 ,000 1670**1'18 0 .9933 o.935 

140 18,9 552 --- 67 . 0 0 .8883 0.819 99 ao .o 
1355 90.0 10,500 2220 165 0 .9844 o •. 926 

69 18.'1 532 --- 66.5 0 .8841 0. 814 102 75 . 0 
1130 92. 0 4 , 800 1273 132. 2 0 . 9769 0 . 920 

65 18 . 6 515 --- 66 .3 0 .8800 0 . 609 106 71.0 
1533 93 . 0 3 ,400 961 114.2 0 . 9725 0 . 916 

.... 
01 





TABLE V 

Three Stage Extraction at 10° c. 

Volume Data Properties or Solvent- free Oil 

Exp . Solv. Phase Total Vol . Vol . %age Vise~ Vise . Vise. Sp . o. V .o.c. V. I . % Stock 
No . Ratio Vol . 011 Solv. Solv. ~ 100 ~ 130 ~ 210 @ 60/00 in Re.ft . 

16 1:1 R 498 406 90 18. l 530 --- 66. 5 o. aa66 0 . 817 102 81 . 2 
E 502 95 40'7 81 . 4 16,500 1970* 188 0.9948 0.937 

17 1.5:1 R . 470 385 85 18.l 492 --- 65 .0 0 . 8805 0 . 810 105 77.0 
E 170 110 660 85 .7 18,500 1989 160 0 . 9915 0 .929 

18 2:1 R 348 £86 62 17 . 8 454 --- 63 . S 0 . 8?81 o.aoa 109 71 . 5 
850 115 735 86 . 5 4.700 1256 135 0 . 9893 0.938 

* Viscosity at l40°F. 

I 

r-' 
en 
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TABLE VI 

Exp. Flash l!'ire Color V . G.C. Carbon 
o. Point Point ag- of Residue 

Robinson aft. 

11 480° 0 1 . 10 o.s 4 0 . 16~ • 550 F . · 

12 480 • 545°F. l . 70 0 . 826 0 . 060 

13 475°F. '545°F • . 2 . 70 0 . 819 o.o~ 
14 4'15°F. 5500, •. 3 . '15 0 . 814 0 . 022% 

15 480°F. 545° • 2.75 0.809 0 . 0271' 

16 4S0°F. 545°F. 4.50 0 . 817 0 .. 04~ 

1'1' 4?5°F,, 540°F. 5 . 50 0.810 o.oo~ 

18 475°F. 540 • 4.75 o.aoe 0 . 005 



TABLE VII 

Observed Calculated 
Exp. E/R Rattinate Extract E/ R Rat'finate Extract 

v.o.c. ~ Solv. v.o.c. ~ Solv. v.o.c. i Solv. v.c.o . , Solv. 

16 1 . 01 0 . 817 18. l 0 . 937 81 . 4 1 . 03 0 .815 18.7 0.941 80 . 5 

17 1 . 64: 0 . 810 18. l 0.929 85 .7 1.72 o.aoa 18.4 0.937 8 4 . 3 

18 2. 44 0. 808 17 . 8 0 . 938 66 .. 5 2 . 36 0 . 805 18. 2 0 . 933 87 . 0 

• 

..., 
co 







DISCUSSION 

In 11 re 5 , curves have been plotted sho~ing the 

effect of temper ture and solvent r atio u_pon t he quality 

and amount of raffinate p roduced. This curve sb.ows that 

at a given te pe rature if the viscosity- gr avity constant 
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is pl.otted against the percent age of stock in the ra.ffinate 

a straight line ia produced . This is 1n agreement with 

hat i s predicted by t he faot t hat t he viscosity- r av1ty 

const ant is additive . The point for F..'xperiment 5 lies 

ort the straight line for 40°0 . Morpholine and the stock 

used i n t hese ex eriments are miscible a t 45- 50°c . Since 

data t or the point under discussion ere obta ined a t 

40°c . and using a high solvent r a tio , a h i degree o f 

accuracy should not be expected . 

Dat a for all three extraction temper a tures indica te 

that a t 10°0.. t he best results :rere obta i ned for the 

stock used in these experiments . Poole (15) states that 

a hi gh retention 0 1 solvent in the raffinate l ayer 

means impaired selectivity and that the solvent should 

constitute not more than 2oi ot this phase. The amount 

of solvent in the ratfinate phase · as lo iest for the 

. 0 ( ) extractions a t 10 c., Fi gures l , 2 and. 3 , and a t that 

temperat u re t e hi ghest yield of ra:f'tina.te for a given 

solvent r · tio s produced without a corresponding 

decrease i n the vi s cosity- gr avity constant (Figure 5) . 

Dat a 1n T ble VI shov, the i provenent in color and 

t he reduction i n amount of carbon r esidue due to solvent 



extraction or the stock. The colors of t he r att1na tes 

obta ined in the batch c.oun-terourrent extractions are 

especially good and the carbon residues are very low.., 

The colors of r affinates from Experiments 15 and 18 do 

not align well 1th color determinations tor the other 

samples. 

'-orpholine compares f avorably ith extractive 

solvents no i n use , although e t present its cos t is 

quit .e hi • 

20 



CONCLUS!OIS 

Fr om t he da t a presented in this thesis it oan be 

concluded that: 

(a) ~orpholine does have high selectivity as as 

predicted by its structure . 

(b) st results were obt ained nt an extraction 

t ,per ature of 10°c. 
(o) t 10°c ., a solvent r a tio of 4:1 should be used 

or single stage treatment to produoe a highly 

paraff'inic ra:ffinate from t he stock . For thr e 

stage batch coun·terc rrent extraction , s. r a tio 

of bet een 1 . 5:l nd 2:1 s hould be used to 

obtain a hi ghly paraff1n1c r affinate . 

(d) Extraction With mor pholine caused a great 

improvement in the color o.nd a marked decre se 

in t he carbon residue of the stock. 

1 
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