2 - + % r. -
- 3 ‘I
: i3 i . S
" L = v " i o
- - : ' |
L i I
i
. - F T 3
Y 2 e |
'I_I v WY 3
i = s S5 W = -
4 # _3-1 " Al ; 1
-8 s . 3 £
7 5
r. - - z = % -
- “ ;
: ; i
- 1 ' ¥
- - b Z :
: e L
4 -
= o
" ’ e
. i - ;
_ v
] =
L] LU
-
—
- 3
: = : o
- = :
] | Sl iy
- ' .
- l ‘
: : . e c
' : . - =2
' i
~ ] 2 L
‘ -
- - = )
5 > &
. ‘~ ' .. ! I : : : ‘
- A '. II
w? = ..
& i ¥ B o ' ”
P ", " .
2 : | ol X i
; = | Ny
iR
- -
V3
i b
<

v -
=
s T "
ot g
- 4
e L .
4 b r 4 " -
i
b :
1 ol R ‘ - -Tﬂl‘-‘
)
e A | LR -
=SNG
P L F

Ly a anaes AW
S, ) b (RIS




DECOLORIZING PROPERTIES OF CKLAHOMA BENTONITE

By
WILLIAM WALLACE SPOHN

Bachelor of Science
Oklahoma Agricultural and Mechanieal College
Stillwater, Oklahoma
1947

Submitted to the Department of Chemieal Engineering
Oklahoma Agricultural and Mechanical College
In Partial Fulfillment of the Requirements
For the Degree of
MASTER OF SCIENCE
1948



131

ORLABOMA
ASBICTLTURAL & MECHANICAL (OLIBGR
LIBRARY
MAY 6 1948

f Chairman, Thesis Committee

éé’_", 6 /5 W Ve bentles

Hember of the Thesis Committee

Head of the Department

LG alal,

Dean of the Graduate School

231085



ACKNOWLEDGMINT

The writer wishes to express his sincere appreciation to his
major adviser, Mr., lLeonard F, Sheerar, Professor of Chemical Enginser-
ing, for his constant adviee and construetive eriticism; Dr. Charles
L, Wickolls, Professor of Chemiecal Engineering; Dr. L. Garwin,
Professor of Chemical Engineering; Dr. W, A, Klemm, Professor of
Chemical Zngineering; Dr. Bert H, Lincoln, Continental 0il Company,
Ponea City, Oklahoma; Mr, B, Frichet, Deep Rock 041 Company, Cushing,
Oklahoma; Mr, ¥, B, Bradbury, Woodward, Oklahoma and all imstructors
under whom work was taken,



HESUITS . . « »

CONCLUSIOE ., .

LITERATURE CITED

APPENDIX

TABLE OF CONTENTS

B2 ERE «wwf



This study was made to determine the decolorizing properties of
Oklahoma bentonite,

At the presemt time Fuller's earth and activated bentonite are
being shipped to Cklahoma from Califernia and Texas for the purpose
of decolorizing petroleum fractions, In western Oklahoma there are
large undeveloped deposits of bentonite which if utilised would re-
present a reduction in cost to the petroleun industry of this state,

The optimum conditions necessary to activate the Oklahoma benton-
ite were found to be; temperature, 185°F.; time, eight hours; acid
congentration, 20% by weight concentrated sulfuric acid,

The optimum conditions of comtacting 0il with the Oklahoma
bentonite were found to be; adsorbent concentration, ten grams of
activated Oklahoma bentonite per 300 ml. oil; $ime, 20 mimutess
temperature, 600°F,

Contactes were also mande varying the adsorbent concentration for
untreated Oklahoms bentonite, and for a standard brand of activated
bentonite from California, Filtrol X-202.

The Oklahoma bentonite, after suitable acid treatment, proved
to have a deeolorizing power equal to that of Filtrol uatil higher
adsorbent concentrations were reached, At the conmcentrations usually
uged in the refinery, between one and ten grams per three-hundred
milliliters of o0il, the adsorbing power of Filtrol and Oklahoma
bentonite are equal, At the higher adeorbent concentrations, the
Oklahoma bentonite has an efficiency of approximately 80F that of
Filtrel.



The untreated Oklahoma bentonite was found to have a decolor-
izing power umigual to this type of clay., Compared to the Filtrel,
the raw Oklahoma clay possesses a 50% efficiency in decolorizing oil,
This is an even higher decolorizing power than that reported for
Fuller's earth, which decolorizes ome~fourth to ome-third as much as

an activated clay.



INPRODUCTION

All of the clays of industrial importance in decolorizing lubri-
eating oils are composed chiefly of the minersl montmorillonite, The
decolorizing clays are divided into two main classes, (1) Puller's
earth or naturally active clay and (2) sub-bentonite or activated
eclay. The former, Fuller's earth, is not processed except for drying
and sizing and possesses a relatively low adsorbing power in decolor-
izing 0il, The activated clays are acid leached to give them a
decolorizing efficiency about four times that of Fuller's earth,

The Oklahoma bentonite used in thie investization wae obtained
from a deposit located five miles southwest of VWoodward, Oklahoma,

The refining of lubricating oil by using clay is as 0ld as the
industry itself. The constituents which the clay is eapable of
removing are primarily "unsaturated compounds and next in order those
that contain oxygen, nitrogen, and sulphur, The petroleum resins
ere strongly adsorbed and are characterized by unsaturation and a
high content of oxygen. "1 The undesirable components of the o0il named
above include the prineipal celer compounds, s0 it has become a custom
to measure the extent to which the o0il bas been refined by the color,
The use of activated clays not only produces a more saleable produect
but also has the advantage of removing many corrosive elements from
the oil.

Adgorbent clays have been classed as hydrous magnesium alumino-
silicatee., Clays from different geological locations may contain
a differnst divalent base than magnesium. The raw clay has a greasy,
psoapy texture, and a color ranging from ceal-black to pure white,



X-ray patterns have shown that montmorillonite is composed largely
of exceedingly fine plate-like erystals. "Recent X-ray work has
shown that the plates themselves probably consist of alternate layers
of slumina and eiliea, bonded together through oxygen bridges. " The
interlattice water is present as hydroxyl groups and iz not drivea
off until fairly high temperatures (in the range of 600°C.) are
reached, Upon losing this chemically bound water, the crystal struc-
ture breaks down, leaving nothing but eilica gel which will not
decolorize oil.

Many theories have been presented as to the adsorbing action of
the clay. The most widely accepted theory is that presented by

P. G. lm:ng." be 5

The action of the clay is that of selective
adgorption. During the acid treatment, certain soluble constituents
are removed, including any alkaline atoms such as ecalcium, magnesium,
sodium, ete. Thege basic atoms are replaced by hydrogen from the acid,
The hydrogen stoms are linked by oxygen to the silicon and aluminum,
Thie structure can de illustrated by the following sketch of a part

of a hydre-silicon chaini

H H H b §
' ' ' i
0 (4] 0 0
' ' i '
el e eflelefa0efle
' f ' '
0 4] (4] ]
' ' ' '
H H H H

Witk mild heating the $wo hydroxyl groups combine with the
hydrogen from the other to form a molecule of water, Thus, after

heating, the structural formula would be as follows:
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The open bonds produced in this way are mow able to become
attached to alkyl or weakly basic radicals, producing insoluble

silicates.

In actual refinery practice, the activated clay is fed into the
0il stream as a finely divided powder, the slurry heated to the
optimum temperature and filtered in a contimuous operation. The
clay dosage, contact time and Semperature differ for the different
o1l cute. The process is easily controlled and flexible in that the
same equipment can be used for different oil cuts by merely changing

the operating msum.é’ %89



EQUIFMENT

The experimental work was divided inte two geparate operations:
(1) acid treatment of the Oklahoma clay and (2) comtacting the
treated clay with the oil, The acid treatment was carried out in
standard laboratory apparatus as shown in Figure 2, The clay-acid
mixture was agitated in a three-liter beaker, An asbestos pad pro=-
tected the bottom of the beaker from loeal over-heating, A glass
stirrer which extended the full width of the Ddeaker was so designed
as to 1ift the clay-acid mixture up and prevent gettling at any time
during the acid treatment, A syphon was used to replace the water
which evaporated during the treating time,

The laboratory comtacting apparatus, as shown in Figure 1 and
l-A, was similiar to that used by the Filtrol Corporation. I% consists
of a wrought iron pot made from two four-inch collars welded together,
(An inch of threads at the top permits the pot to be attached to a
fixed head in the contactor assembly). A wrought irom plate welded to
the bottom completes this part of the apparatus. Attached to the
fized head are a steam inlet tube, thermometer well, mechanical
stirrer, and a water-cooled condenser., The gteam is used to keep a
non-exidizing atmosphere above the o0il in the pot, The condenger
provides a steam outlet and a means of regulating the steam flow by
the overhead condensate. The steam must be absolutely dry when it
enters the pot to prevent the 0il charge from foaming and coming out
the condenser tube. Two burners with wing tips were used to super
heat the steam, A dDlow-off valve, located just before the super
heated gection, was kept open during runs to guard against any



condensate getting into the pot. The o0il was filtered in a duchner
funnel using vacvam,

The color of the 0il was determined by using a Cenco Sheard
Sanford Photelometer, shown in Figure 3, The photelometer seale
readg from O to 100, The adsorption cells used were standard 1 om=
12 ec capacity. A standard orange filter was used on all readings.
The color scale used was an arbitrary one, the standard being a
getting of 100 on the photelometer with distilled water and the orange
filter before each color determimation,
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Tigure l-A
iaboratory Contacting Apparatus



10

Tizure 2
Acld Treating Avvaratug



Figure 3
Senco Sheard Sanford FPhotelometer
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I. Activation of bentonite,

The bentonite was erushed to approximately one-guarter inch size
particles and dried at 220°F, in a constant temperature oven for ome
hour., It was then ground with a mortar and pestle to pass a 200-mesh
gscreen, Each bateh consisted of 200 grams of bentonite and 500 grams
of dilute sulfuric acid. A constant stirring rate of 90 r.p.m. was
used,

The optimum temperature of acid treatment was found Wy making
treatments at six different temperatures over the range of 110'!'.
to 210°F. An acid concentration of 20% by weight and a time of eight
hours was used for each of the treatments,

To deternine the optimum time of acid treatment, activation was
earried out at 210°F. using an acid concentration of 205 by weight
for time intervals ranging from $wo hours to twelve hours.

Treatments were then earried out using acid concentrations
varying from 10% by weight, to 256 by weight. The temperature and
time were held constant at 210°F. and eight hours.

After each acid treatment, samples were filtered and washed
four times, using ome liter of distilled water for each wash, The

samples were then dried at 220.!‘. for two hours.

I1. Contacting Process.

Bach of the 24 samples of activated bentonite wae used to
decolorize oil samples in the following manners 8,55 grams of
bentonite was added to 300 ml. of No. 5291 Continental dright stock,



iz

These proportions are representative of those used in an oil refinery.
The contacting cycle used was that recommended by the Filtrol Corpore
ntienm for contacting bright stocks, and is as follows:

Preliminaryt Turn superheated steam on to blow the line free of
condenged water, The contactor pot with the olil-adsorbent mixture
is screwed in place and the stirrer is adjusted to give a uniform rate
of 400 r.p.m., throughout the eamtire cycle,

Beginning of the Bup: Heat ie applied at a uniform rate, the
average rate of temperature rise being approximately 50'!. per mimte,

300°F.: The superheated steam is admitted and regulated to give
a condensed steam overhead of approximetely one ml. per mimte.

25 Mimutes at 550°F.t The fire is turned off, and the door of
the flame guard is opened.

22 Mimtes (amuroximately) at 440°7.t Turn off superheated
steam from oil-adsorbent mixture,

25 Himtes (amproximately) at 350°L.t Stop stirrer, remove
contactor pot, and filter contacted oil immediately through a suection
funnel,

After filtering, the oil sample was placed in a bottle, stopper-
ed, and allowed to cool to room temperature, Color of the treated
0il was then determined using a photelometer., The photelometer
was first set to read 100, using distilled water and an orange filter,
A reading was then taken through the treated oil,

The optimum conditions of acid treatment were determined by
plotting the color of the oil produced by each of the samples against
the varisble for that sample. A sample of clay was then activated
using the optimum conditions of time, temperature, and acid



concentration, This fimal sample of clay was then used to determine
the optimum conditions of contacting the elay with the oil,

Firet, a series of contacts was made varying the weight of clay
per 300 ml, of bright stock using the Piltrol contacting cycle.
Contacts were made using weights ranging from five to thirty grams
of elay.

Using the optimum clay dossage, the optimum contact time and
temerature were determined by making a series of contacts using
specific times at different temperatures. Contacts were made for
10, 20, 30, and 40 mimutes at each of the temperatures 300, 400, 500,
and 600°F. The contacting cycle was as follows:

Ereliminary: Turn superheated steam on to Dlow the lime free of
condensed water, The contactor pot with the oil-adsorbdent mixture
is screwed in place and the gtirrer is adjusted to give a uniform
rate of H00 r.p.m. Shroughout the entire cycle.

Becisping of the Bunt Feat is applied at a uniform rate, the

average rate of temperature rise bdeing approximately 50’!'.. per mimte,
300°7,: The superheated steam is admitted and regulated to give

a condensed steam overhead of approximately ome ml. per mimute,
Sgecified Time at Specified Zemperaturet After the specified
time has elapsed, the fire is turned off and the door of the flame
guard opened. The oil-adsorbent mixture is allowed o cool to 350 F.,
superheated steam is turned off, and the oil is filtered,
The treated oil was then boettled, stoppered, and allowed to
eool to room temperature, and the color determined using the photel-

ometer. The color plotted against the variables of weight of elay,



time and temperature gave the optimum conditions of the comtacting
process. |

Series of runs were made with Filtrol X-202, activated bentonite,
and untreated Oklahoma bentonite for comparison. The standard Filtrel
eycle wae used, and the weight of both the Filtrel and untreated clay

wae varied from § to 30 grams,



ACTIVATION OF THE BENTONITE.

Esch of the three variables of acid treatment was plotted against
the color of eil produced in the contaecting process.

Pigure 4 4is a plot of temperature of acid treatment versus
photelometer reading, The curve rises, levels off at a maximum reading
of 62.5 on the photelometer seale at a Semperature of 185°F. of aseid
treatment, and drops to a lower value of 60 at 210°F, The lower
reading of 60 at 210°7. probably resulted for the reason presented by
P, G. Futting, “Removal of all soluble bases by long leaching in hot
acid destroye the erystal lattice, leaving only iso-tropic siliea gel,
highly adsorptive for water but of low adsorbing power for oils, "

The optimum temperature of acid treatment was found from Figure b to
e 185°7,

Figure 6 shows a plot of photelometer readings versus time of
acid treatment, A maximum reading of 60 wae obtained at a time of
eight hours, The lower wvalues obtained by acid Sreatment of longer
than eight hours were eaused by the destruetion of the erystal lattice
with long leaching in hot acid as shown hy the temperature curve
previously mentioned,

The third variable of acid treatment, acid concemtration, is
shown plotted versus photelometer readinge in Figure 5. This curve
shows a maximum value of 60 at 20f by weight of concentrated sulfurie
acid.

The optimum values of meid treatment were tims found to be 185°F,,
8 hours acid treatment, and 20% acid concentration, These values



17

compare well with those reported im the literature for activation of
bentonites from other loealities, X, W, ann;u gives average values
of 210‘!’.. 8 hours and an acid concemtration of 207 by weight.

CORTACT PROCESS.

Tigure 7 shows the decolorizing power of different weights of
acid treated Oklahoma bentonite. The photelometer readings increase
linearly with weight of e¢lay until ten grams 4is reached, at whieh
point the curve tends to flatten out. This is an indication that the
clay bhas removed from the oil all of the colorsd constituents it is
eapable of removing. P. G. Watting® states, "The decolorizing powver
of both naturally active and acid-activated adeorbent clay approaches
a fixed upper limit." Ten grams of bentonite per three hundred milli-
liters of oil was taken as the optimam adsorbent conscentration,

The optimum time and temperature are shown in Figure 8. Time
of contact was plotted versus photelometer readinge with temperature
as the parameter, The curve represemting the comtmet at 600°F. pro-
dueed the optimum color., There was slight loss of o0il at this
temperature, but it was so small as to De considered negligidle. The
optimmm temperature and time of conmtacting arve therefore 600°F. and
20 mimates.

Figare 7 also has plotted on it adsorbent concentration curves
for Piltrol X-202 and untreated Oklahoma bentonite, The curves show
that the Filtrol possesses an adsorbing power egual to that of
activated Oklahoma bentonite until an adsorbent concentration of 10
grams per 300 ml, of oil is reached. At this point both curves tend
to flatten out. The Filtrol, however, decolorizes to a greater extent



at the higher concentrations,

The adsorbent concentration curve for the untreated bemtonite
proves that the clay is naturally active to a certain extent. Using
20 grams of untreated elay per 300 ml. of oil, a decolorizing
efficiency of 70% is obdtained, compared to the decolorizing power of

the optimum value of 10 grams of treated Oklahoma clay per 300 ml,
of the same oil.
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CONCLUSION

The decolorizing power of activated Cklahoma bentonite is equal
to that of Filtrol X-202 for adsorption concemtrations up to ten
grams per 300 ml. of oil. Above this valume the efficiency is B80%
that of Filtrol.

The untreated Oklahoms bentonite is found to have a decolorizing
pover umisual to thies type of clay. Compared to the Filtrol, the
rav Oklahoma clay possesses a 50% efficiency in decolorizing oil,
This is an even higher decolorizing power than that reported for
Faller's urth.u which decolorizes onme-fourth to one~third as much
as an activated clay.

The optimam comditions for acid treating the Oklahoma bentonite
ares temperature, 185°F., time, eight hours, and scid concentration,
20% bty weight concentrated sulfuric acid.

The optimum conditions for contacting the activated Oklahome
bentonite with 0il are: adsorbent concentration, 10 grams per 300 ml,
011, temperaturs, 600°F., and a time of 20 mimites.
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Iable 1
Effect of Iemperature on Activation
Sidahoms Bentonite

e e e e e e
Sample Temperature Time Acid Concentration FPhotelometer Average

¥o. . Hours Wt. % Sulfuric Acid  Hesding  Reading
1 110 8 20 k5 b5
1-A 130 8 20 58

1-B 130 8 20 58 58
2 160 8 20 61 61
12 185 8 20 62 62
J=A 190 8 20 63

=3 190 8 20 63 63
=3 210 8 20 60

[ 210 8 20 60

4D 210 8 20 60 60




.
cif

izhls i1

B e T A oo ks A S 5, S Pl A A Lt o e gt

nle Temperature Tine icid foncembration Fholslometer Average
T Jours Wb, 7 Sulfurie fLeid  Jeading Reading

Tafy 218 2 20 2
7-5 210 2 20 55 53.5
G=s 230 L 29 s

B 210 L 20 57 55.5

Gl 210 é 20 55 58.0
17 216 ? 20 52 528

3
g
ot
o
e
Yy
-
O
€

£0.¢

s
{nd
&
2
@
b )

ot
Y
‘!,:g
o]
L]
®
Loy
5

56,0
Bei 210 10 20 52
8=3 215 10 20 57 4.5
210 iz 20 52 52.0




28
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Sample Zemperature Time  Jfeid Concentyation ZFbotelenmeter Sverage
o, O, Hours . & Sulfuric feid Beading Resding

13 216 8 10 23 4.0
9 210 é 15 58 58,0

bl 219 8 20 60 0.0
16 210 & 21.25 58 52,0
15-5 210 8 22.5 55
15-3 210 8 22.5 56 55.5

8

10 216G 25 53 3.0
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Bample Ho, Adesrbent Cencentration Fhoteloneter Nendings
Srams per 300 ml, oil

3T

32 5 43
33 10 61
3k 15 6l
35 20 653
36 25 66
37 3® 66




RECOMMENDAT IONS FOR FURTHER STUDY

The adsorbent clays and their action in decelorizing oil have
not been studied to any great extemt., As yet there is no definite
correlation between the physieal or chemical properties of a clay
and its decolorizing efficiency on oil.

The Oklahome bentonite has been produced commercially for drill-
ing mud only. The preceding study has shown that Oklahoma bentonite
is capable of decolorizing oil. Research should now be made to study
the plyeical and chemical properties of the Oklahoma elay. A study
gshould aleo be made to determine the effect of decolorization upon
the physieal and chemieal properties of the oil,

An importsnt point brought out in the preceding paper is the
deecolorizing power of the untreated Oklahoma eclay, Further study
ghould be made to determine the decolorizing power of the clay as a
percolation grade Fuller's earth,






