
 

p
m

x
-
m
‘
z
z
“
M
p
.
.
-
”
—

,-

STUDIES OF ADSORPTION FROM

NON-AQUEOUS BINARY AND

'FERNARY SYSTEMS

The-sis for the Degree of M. S.

MICHiCAN STATE COLLEGE

Ruih Frances Hill

194?



  

l
u
l
l
"
!
I
l
i
l
\
l

l
l
d
x
l

.
.
l
.
|
I
‘
l
‘
l

l
n
‘
w
I
I

I
l

n



- t 4.

0". : r

'.vt_7..(‘"'.

.? -‘, 13;). u, 33‘ ."

~J:~ ‘T ”2". ‘ ‘. v

\

9"..-

v. ,

$‘w‘\.'..~&"\r
’ “ 3,“??? \fi

Iwo.‘ '.-\3?§i‘§f:,g:)¢ri » "
1 ‘.1I.-.~-«3~<§t"

. E ~A‘;f"; 3
' . 3 a . ‘

4’ , o; ' '1 a .

v' *7!

- c c

\
4
0
W

{
'
7
'

5
2
"
»

¢

‘
V
.

7
‘

!
‘
T
"

)
5

5
:
;

#
3
}

‘
L
’
,

1
1
’

_
‘
o

L
?
?
?

‘-
.
«
u
é
l
c
‘
g
p
fi

2
3
’
s
.
.

"
o

s
:

3
3

s

1.“ a? ‘3.

1:! . - .. ail . V A ‘

V" :~. ' ' :
.‘7" 7:

. W“ .

.-
A, l. L .

"
1
.

5 I I

9 a
»
.

n
.

... ,4 " "-. ' 7;. .I'

- . ‘ "3- mm ‘r ' v

- ‘ ‘ ' ' e? .
4, .4 r ' v _‘ \_

«SJ-r kg“. “’1' 1.5“} 2;: .-

ama'?" $3: ._
.l O 5‘ i ' k."--‘

1
4
9
?
?

4
:
.

l‘.

. ‘
l

“
‘
2
.

a
;

- I~:.:— ' _-k .‘ ‘ 1". l-" .

, 1”? fr} T;'?”"?;b° fig“? 7*

} .zgf‘ 7" J" '_.. u'lfifi- 2

~

I

,
O
.

?

.
‘
~

.1

:
1

‘
4
'

-.
5
"
“

: ‘g... .
'p.‘ ~- 'y

-
0
—

n
-

I
»

'—
.-

k
-.
,

a
”
:

w
a
v
i
-

1
‘
!

'
u

.
-
'
r
.
¢
;
'
,
;
_

’
1
‘
.

.

b
-

/
7

.

-
,
-
.
¢
4
.
,
s
.
’
~
,
¢

.
w

y
,1
~

1
'

’
A

r
-

‘
’

h
!

.
.

.
~

.
'

‘

‘
"
,

_
v

.
.

.
A

s
:

.
A

¢
I

A
;

4
“

3
‘
.
~

2
“
'
fi

'
0
'

.
‘.

-

5
‘ ‘
9 ,~

,
‘
-

‘
c

1
‘

A
.
4
"
.

-

"
”
£
4
?

I
'
\

0
‘

I
}

'

2
1
.
3
5

.

3
,
;

A
~
"
.

1
:
:
'
1
}
;

,
.

'
~
‘
_
‘

.
‘
5

-
'

'
4
‘
!

“
{
‘
$

.
I
V
'

M
9
7
1
;

V
i
x
fi
p

g
4
:

r V ' ’ -

$15., -.

“V I

- v, m

.
4 o

.,

t
‘

‘
9
!

1
-

-
'
)
‘
J
c
.
.
;

'

.
‘
M
I
W
u
f
U
‘
v
.
I
K
o
I
-
i
'
t
‘
J
I
,
-
.

“
4
1
"
;
3

.
:

_
.

,

4
‘
}
.

v
1
f
:
-

\
l
o
l

'

LL ' ' .o

34;,” -.
. mm; ,

‘uxu-‘w-9
'

~
4

‘
-
-
u

.:. ;,_2; .4 i (if;
_\ 1 4:“-.r'§‘;‘ 1"-\:)r¢ l.

. < -\ - ' -.‘ '

‘~_‘e3"-“ 331754,} a

‘ h )f- 5 I"

 



if.n....- .4.‘ ‘7‘ r -

«.4 .7 - .Luh/ i. o“./--< .‘51.

7‘7",/\"\'

u -.‘ .

L .L; -

‘7 . I FNY""‘4~QV'V ”*Vv‘ f‘fl ‘V-T-s v-v-‘ r ‘:v

' C .' ‘ ~ ' .' H’ I l '4 r

- ".. _ haunt.) ' ~-;-\ ‘5‘- a #5 H Li.

‘f"lfl---q— If“

- ' ‘ ‘ \‘

I‘LA-v' J.“ .H 0

.( “

OJ

vv

0 1‘1L) .L

7'1 _ . .«

rPaflCc

L
'
q

LawA If

”’nrfnvj-nct‘a
‘ Lv~ Ax.~-l~ u

ts for

V

-. rv n
-.L «LA

Cu'mittai to the

Stat

re (3111 re

1" ~
. ~ -‘

32;.5U

“Io

Colls~v of A riculture avd Ag;

rse

Science in partial fulfilment of tn

the

T;i CF

Sch 01 of c

lied

e

d8? Of
)

(\ffi". \Vf\“"



 

 

1

I}... x



ACKTTCTR’LLDGIIZVT

The writer wishss to express her sinccre t

to Doctor D.T. Ewing for his aid and counsel on

various studies unisrtake A.b

148116

['1 3311{ S

the





Introduction

Nature of the Present Study

Aiserytion Isstherms for Cholesterol

Chromstagraghic Aisorption of thlesterol

Theoretical Aspect
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vteen yes3, a greet ooCl of uorK

has bcen done on Adscrottion from binary liqui’ systems.
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the selective Adsorption of one constituent end some

iffsren workers have stressed the importance of different

properties, certain "acts were oorerved by all.

Thus, as Kane and Jetkirl point out, the oreferentiel

adsorption of either constituent, degenis to e very large

de: es uoon the neture end activit of the adsorpent. I:

studying the system, toluene-ecetic eci, they found that

toltlene is edsor ed et all e:icontrut104s, on sugar cher-

!

coal, whereas acetic acid is eosorted in this manner on

silica :el. For sLimel cnercosl, ho ever, they obtained

‘ 7

Einil-r results were ob sined by K.o. Reo and ‘.s.

in studyin: adsorjtion on tale of silica, alumina and
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.3511 Jvlnzenv ’ vill'x-‘ 'ijLij'L-lvpl k—§;;I-l L;2-lllt,.".'l L1 t'st :CL..LOI.L\.:

1.. ' V v " -- -'- -' ,— " .' —.- 5,‘r~ , ~~ ' I,‘ -‘ “ _-\ . ’5 ‘ -‘\ -. 3 l‘

_e-, LUPK;PS neVe stresses toe ip,ortin~e c1 Aenesiui

T;nsion as e jeterinin Jester. ‘urtell :gnu olo.n’, in



studyinfi the systems benzene-ethyl alcohol, alpha oromo-

nao.tialone-ethyl alcohol :‘d ethyl c rhonate-ethyl

alcohol, using a charcoal adsor:ent, found that, in

dilute solutions, tne solutes with the fireatest Adhe 'ion

Tension aainst carbon, are adsorbed most. They agree,

however, on the i portance of relative concentration,

since, if the con>nent of loner Adhesion Tension is

present in very sligh amount, it is preferentiaily

adsorsed, anyway. In each case, t8y cttainedo urves

ov;r the entire range of con'entration.

E. Heymann and E. ”fiove4 sungarize these observations

by classifying the adsorption curves of binary liquid

tive[
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sysstens into two tyges. in the first, we have cs
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f one oomooaent over the whole ran e with a
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‘sorotion

naximun at some ooint. This is characteristic of mixtures

_
l

in which one component has a high Work of Adncsicn and

also of mixtures in which the Surface Tension of one

constituent is iarkedly lonered by the addition of the

other. In the second, Te have an d-cu;ve thich :nsses

through a point of equal alsorption of ooth and moreover,

shows an asparent ne etire alsorotion of ore comgonent

over a definite conoentrt on rn . This is character-

is tic of syste whose components have a small Work of

Adhesio-.

These worke rs also maie the 1:3:ortant generalization

that, in mixtures of aliphatic and urom tic compounds,
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the natu2e an: activity of the mi or eat used, the ielxtive

ceicent aticn of the com cuents, the Adhesion Tensions
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in a cinary mixture of solvon s, three additional .actsis

must be incluied—-the nstur; of the solute, its solutility

in both C“;on nts and the oolaritL
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His ggoer aill h; devoted chiefly to a stuiy of the

Chromatagra sic and ordinary Adsorption from miLud slxent

ginalF
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systems, ccntainir' ch;1;sterol as the solute. 1h; or
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the Adsorction and DesorcrM on of cholvst rol on a Twsett

mixed ol.-nts. Throuihout, ‘he adsorbent used is activated

bentonito. The cholest rel, in gercolstes and filtiates,

was deter iced, colorimetrically, using the Liesermann-

urcnar reaction. Special care had to he tajen, often cy

.. . :. 4., , M "-,,..\ .- -‘I . ..-.'.‘-_- _. ,—..‘

Cent atid.s t3 brin the JBVUlOJCj colors Litnin a ielcicie
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Tue ls”t vection is CCUC3IDcG “its a yJaSlQLd tneor

etical approach to the observe. ; eno'ene sod onstitutes

"\

s stirting point Ior further theoretical investi_etion.
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=reliminary wirK on the adsorption oi cholesterol

n31 consisted of sending solutions of choles erol dissolved

in oenzene, tFOL”h Tn.ett columns, 2 cm. long. The

s?developing afient, wnicn also eluted the column, vs: a

mixture of benzene and Skelly Solve, of varying concentration.

Although the quantity of cnoleste rol, appearing in the

percolstes, increased with an increase in benzene concentra—

sults led to the question of the(
L

ion, anomalously high r

possible negative adsorption of cholesterol or positive

edsor”tic of benzene. The concentration used in this

work wesilfiitmn per ml.

With this duestion in n‘.ind, an adsorption isotiert for

cholesterol in benzene, was determined over a range in

conceztrt: on from 0.197 m . per ml. to 19.73 mg. per ml.

Each semole was nixed with 1.1500 g ens of uisor....t. The

flasks were swirled frequently and one hour allowed for

equilirium to be reached. The samples were then raoidliy

filter d tnriufin oeper, previouslyMoistn-ed with benzene;

The first 2-3 were disourded and the concentration of

cholesterol :letrire2d in the remainder.

Tne accomgenying graph and Taole I give the results.

1h

To; nature of the S-curve ootzined, indicates <he. me can



TABLE 1,

\m

Canaan...) C/OUOGUTAA‘NU Dl'FEnENca§ x/M W

BEFORE f AFTQR x 20 c x E
. _ ' nan. In on.ABSORPTIMJ ADsbfiP‘hoU

i '
a-r

.I‘W‘C‘Im; .ZLIS ‘ +3550 new: -.ooo3

.‘M. “L .5‘1 Hcoo . I — .0003

.48 ‘ ~ LSD \ +6.40 -.oo§g

It‘lfi m _ - {go +.°°|6

1:4;1 |.’1l -5-.a-o ‘+.ooqs

1.46 . 9.06 “3.00 . 1-, ()qu

“143' “4.30 -Iaz.bo + ‘.°"°

mm 1.93 . 14.90 ; 1- .03“,

HTS v1.10 '5a..co ; + 30460

H =I.Isoo 6%. OK

Ilsqo HG‘ OF AuwA-reo

BeNTONv-re,

 



 

%
|
;
l

H
G
K
|
M
N
,
_
-

A
!

;

.
0
5
6

.
0
5
2
.

0
“

.
o
q
q

.
.
O
‘
i
o

.
0
3
6

.
0
3
2
:

 
.
0
2
!

 

S
-
o
w
w
e
.

F
o
r
»
.
w
e

.
o
z
q

A
b
s
o
a
p
n
o
w

o
p

c
H
O
L
e
S
'
r
I
R
O
L
.

.
o
z
o

F
R
O
M

B
E
N
z
E
N
E

.
0
I
6

I
N

T
H
E
.

L
o
w
t
a

C
O
N
C
I
N
T
R
A
T
|
O
N

R
A
N
6
:

.

o
n
<

w
—
o
-
u
o
-
o
o

.
o
.
.

.
-
”
v
.
.
.

-
m
i
.

4
5
-

‘
q

3
:1

I
0

u
t
l
‘
l
a
’
l
q

I
f

1
6

‘
1

I
!

H
t
o

i
s

i
t

1
3
1
‘
!

.
‘

2
3

c
,
m

n
c
x
l
fi
k
.



ere :ct negative e'eorjtion of eholeeterol in benzene, from

”
J

concentratien: less tflgn 1,3 “T- 33? nl.

In all the eucceeding worn, the major san3ut fol

oncleeterel wan cnanj33 to be nzine, a hex ne Erection of
 

petroleum. It is hoged that confusion will not exiee due

t3 the similgrity in names.

Since temzine fives a turgid solution with the
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Rurcn~r1 teet, all filtretee 3nl gelcolate 3 h

‘neee enu tne resiiues >:ic:;~3 up in

oenzene (C5h5), oercre tce e>ncentr;tione of cholesterol

Could he jet “mined. Yoseover, the solubility of cholesterol

exceedin“ 10 my. gur ml. couli not :3 3 olqud. Solutien

requir,i he tin; in 3 w.t;r path at 35 -40 C.

Four isotherms were ”;weter inr—d. The first W‘S for

cholesterol in eure benaine. In the others, eclv,nt mixtures

were ueed, male up to Cintain 20 ml. of nenzlne :nl 3 ml.

of benzene, absolute elcoh 1 Eli ethyl ether, reeg;ctively.

The relutlve c-ncentr"tion3 w2re thus 37} ben"ine to 13}

of the minor component.

Since the filtr t 3 hwd to be evrprr tei to 4r¢n333

and tecen up in Vflfjlfl: luantitiee of benzene for calor-

imetric ieter in tion, tne enuili:riu1 concentration C,

.3

H
o

could not 33 exp eeeed in ms. per al. and given,

the gfore, 33 total #31 ht of choleetelol unadecr ed. The



3initial ccncentrition before sis rgtion is also xiven

The graoh and Tables II, III, IV, en: V are highly

illuminatinfi. Cholesterol is ve‘y hi hly 3330*333 ircn

 
m rkefily r iucei. In orfler cf *ecrsisin“ figscrbebiliti,

we nfive ethyl ether, absolute alcohol enj on23ne. ihe

curv3s for ether enfl elconol have :nexime, iniic-tin5 that

the aisorption of‘ cholesterol increases with incr 3.ing

c icentrution us to a certain point, beyond which {
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actorstL n. :cr all three u'nor constituents, the quantity

°;ed is always less than fr01 b nzine alone.
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The restzlts of t3 previous study were next extnW-d
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mixture consi“tgd of 20 ml. of benzino to 3 ml. of the other

comzonent. In the case of “lmc’il acetic 335i only 0.5 ml.
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it seems, the explanation is simple. Previous work in

this paper nsi mentioned the oose ”rtion that alcohol

causes centonit3 to 33:0 5 fin;r uni wLitcr n11 to taxe

:uch lon er to settle out. 1his agrees with the work of

Ambrose and Loomis7 in which thiey state that "emulscid

celleifs grseent in E3nh.IlitB rssg3ni to Chan es in BM

of the iisoersion m diun b" Chan es in rate of settling,
 

viscosity in“

is increased, the edsorgent g3rticles become finer. 11

Iising pure alconql, inns :ticles ca£213M1ough the pores

mixture nits the hentonite, is not the density of the

alcohol itself out rather the alcoh3l plus these susgended

3rticles . At the other c3ncentr.tions used, the osrticlss

were coarse enough to be held be 5 by the filter so that

no error free this source was introfiuced.

The graph can he considered as stertin; at the ori;in

L
b

on the 13ft, since a 3nsity chane of /.0007 for pure

benzine is within the limit of experimental error and

can be taken as a chenwe of zero.

1. An S-curve was ieterminsi 1~r the a sorotion of

:l-ste rol on aCtiV:'ltd bentonite, from oenzene solution,

showing negative aisorption from concentrations less than



2. Aissrotion isotherms were aster inei for cho-

lesterol in bentine, benzine-henzene, henzine-ahsolute

alcohol and henzine-ethyl ether. Cholesterol is found
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-
’

{
<

£
0

,
1
)

(
J

O *
3

(
J

(
,

L
L

'
"
3

"
3

O :
2

(
j

:
3

E
J

}
-
J

'
3

9
.

‘
n
d

r
+

r
J

I
“

(
U

(
U

L
A

to he h'jn

the othe componeLts, in the above orier, 0 used in-

creasing afiounts to he desoroed.

3. lhe nrom.t3-rahie assorution of cholesterol

was studied, usin: fiifferent solvent mixtures. Benzene,

osolute a cohl, ethyl ether, isooro;gl alcoh3l and

glacial acetic acid are found to emcee cholesterol from

Tusett cslu1ns. Chloroform fioes not.

4. The oresence of water in the eenzine solution of

ch:lestero slows up the process of percolation due to

the fire t attraction existing -etwee the water and the

5. Density measure; its were m_aoe on oe nnine-ahsolute

alcohol mixtures, over the whole concentration range,

~isorption. Alcohol is found to be ai-L (
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sortei to a freater ext:nt from concentrations less than

18% and benzine to he assorhed to a freater extent above

13%. Density measurements are sufijested as one means of

laying tie founiation for theoretical explanations of

If}

aisorption iron three-comgonent systens, containing a

solute Missclrej in a binary mixture of Solvents.
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