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INTRODUCTION

FPetroleum olls of widely different grades have long been clarified or
decoleorized by contact with fuller's earths. DMore recently, so-called
activated clays have alsc been used for this purpose. Still more recently
such clays have been used in the form of nodules termed "catalytic pellets.”
Clays of varied appearance and from different localities posgsess the desired
bleaching qualitles, but evaluation of such clays, so useful to the oll
industry, has not been simple. Previous methods of ldentification and evalu-
ation have largely followed procedures of production methods and were not
primarily based wupon the fundamental properties of the clays. Thus, a falge
assunmption hag grown up thab bleaching clays probably have no common proper-
ties on which a method of comparison can be baged.

Fuller's earths and activated clays have a large absorptive capacity
for the color congtituents of -petroleum and its produgts. Decolorizing ig
accomplished by bringing the oil into intimate contact with the clay and
later separating the decolorized eil from the clay with its load of absorbed
coloring matter. Former practice.in absorbing "color” was to use the clay
ag grarmules or in powdered form. More recent practice is to use clay pellets
that are more abrasion-resgistant.than the granules. The oll is either
filtered throvgh & bed of clay, percolation method, or agitated on contact
with the clay, contact method. Viscous olls are decolorized at an elevated
temporature, go that thelr viscosity is lowered to the point at which thorough
contact with the clay 1g insured. Nonhumidifying, nonoxidlzing gas, such as
dry steam or dry nltrogen, is.uged to seal guch hot oil magses Trom the

atmosphere,

Bagic work on the comparison of decolorizing clays has been conducted
by Dr. P. G. Nuttlng,é/ who also recorded the location and the geology of a
large number of c¢lay deposits. He also described the physical properties
of & number of leading decolorizing clays. Although Dr. Nutiting has done a
monumental work, his decolorizing test lacks a high degree of accuracy becausge

of the minute guantities of clay smployed.

The object of the present investigation was to examine the common proper-
ties of absorptive clays, to correlate these propertles with their bleaching
capacities, and to develop a better method for evaluating them,

é/ Nutting, P, G., Adsorbent clays, their distribution, properties, produc-
tion, and uges. In Contributions to economic geology, 1941-hk2., U. S.
Geol. Survey Bull. 928 (c), 1943, pp. 127-221, pl. 13.
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DEVELOPMENT OF A LABORATORY METHOD |

In developing & clay-testing method, existing though inadequate proce-
dures of some apparent morit were tegted on clays whose bsehaviors were
known. The most promising leads thus obtained gerved as the baslg for the
work from which a sound testing methcod wag developed. This stepwise proce-
dure was accomplished by measuring the decolorizing capaclities of cleys hav-
irg certalin lknown properties. These decolorizing capacities were determined
by modifications of the commonly ¥nown percolation and centact methods.
Both metheds were used at room and clevatcd temperatures and on air-dry clay,
clay dried at various temperatures, and on both activated and unactivated
materials. These experiments led to the conclusion that the decolorizing
capacity of any given clay Increasos ag 1ts absorbed watsr content decreases,
and viece versa. This property was tested through several cycles of wet o
dry to wet. Thus, no decolorizing-capacity figure has a definite me }ng
unlceses the rémaining absorbed moigture 1s also indicated. Freundlich®
gtated: "The ubiquitous presence (omriiprosence) of water vapor implies that
practicelly all solid surfaces of the cbjects around us are ccated with a
film of alsorbed water." He pictured esdsorption as including two quantities:
First, epecific adsorptive power, or the amount adsorbed per sguare centi-
meter of surface; second, specific surface area, including both external and
internal surface of the clay grains. -Activable clays differ in compactness,
the more compact clays. not only absorbing and giving up molgture more slowly,
but requiring more time to decolorize oil than the more friable clays., Com-
pact clays also require more vigorous chemical treatment to bring them to
maximum decoloriging capacity. A third property, defined by the term 'pene -
trability,” indlcates susceptibllity of belng penetrated.

Adsorption of moisture and of the coloring matter of petroleum there-
fore, are affected by three factors: (1) specific adsorptive power, (2}
specific surface, and (5)‘penetrability or rate of penctration., The first
two are quantities that would exist at cquilibrium. The third is important,
because the rate of approach to eguilibrium is slow and differs from clay to

clay.

Brunausr, Emmett, Teller, -and LOVGQ/ have recently dévéloped meansg of
neaguring areas of powders by use of certain liqu1g7 at temperatures near
thely boiling p01nts, and, more recently, Garrison=/ used partial pressures
of certain vapors at ¥nown temperatures. ThlS latter procedure 1s similar

h/ Freundlich, Herbert, 001101é and capillary chemistry. Translated from
the third Germen edition., E. P, Dutton, 1622, pp. 102-167.

2/ Brunaver, S., Emmett, P. H., Teller, E., and Love, K. S., The use of
low-temperature van der Walls adgorption isotherm in determing the
surface area of various adsorbents. dJour.,. Am. Chem, Boc., vol.

59, 1937-38, pp. 2682-2689., Adsorption of gases in multimolecular
layers. Jour,, Am. Cherm. Soc., vol. 60, pp. 309-319. The measurement
of surface area of soils and soil colloids by use of low-temperature
van der Walls adsorption., Soil Science, vol. 45, pp. 57-65. .

6/ Garrison, Allen D. U. S. Patent 2,375,641, issued May 8, 1945. Assigned
to Texaco Development Corp. ‘
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to the one used herein for measuring waterecondensing capacities of clays,
in which clays are compared at constant partial water-vapor pressure at
room temperature.

It will be shown that water adsorption by clays does affect adversely
the decolorizing capacity of clays but is not necessarily in dirvect relation
theretos Hence, measurement of water-condensing capacity of clays or of
surface arsas is not a substitute for the measursment of oil-decolorizing
capacity. For the latter, the contact method as herein altered and described
lg provably the simplest_kncwn procedure.

Absorbed water was found to be lost at temperatures up to 250° C,, and
other investigators, including C. 5. Ross and P. F. Kerryl/have shown that
gmaller amounts continue to be lost at still hlgher temperatures but below
those at which chemically combined water is liberated. In the current work
on absorptive clays, for each increment of water removed, a corresponding
increase in decolorizing capacity took place. Thils relatlion is apparent
even when the water content i1s small, such as the amount removeble in the
temperature renge 110° to 250° C, For decolorizing purposes, therefore,
the problem is one of drying the clays at an optimum temperaturc for an
optimum time, assundng that the various clays had reached equal water
content., Thils is not exactly true but appears to be close encugh for pur-
posss of a method for idemtificetion and evaluation of decolorizing clays.
The.. optimum conditions were found to be the drying of minus 150-mesh clay
at 110° C. for 5 days. , .

From vhat prerdos, it is evident that meesurement of color and
measgurement of moisture content are of Importance to thig work; hence, some
digcusgions concerning them are included,

Color Measurement

The recording of color is not simple. Kalichevsky and Stagnerg/ states
"Color, as seen by the eye, involves several phenomena, the balanced record-
ing of which is not 3 ”Qg entirely satisfactory.” This view ig further aub-
gstantiated by Reinxﬁn4~ The means used to measure color 1in this investiga-
tion was developed from Munsell's concept and is presented as Appendix A-1l.
The color scale arrived at conslgts of the series of shades obtained by de-
colorizing increasing increments of Kettleman crude oll per unit of Filtrol
X clay, plotted on rectangular coordinates as ml. of oill per gram of clay
versus shade (color) of oil} in such manner that the plot made a stralght
line. Thus plotted, successive, equal increments of oll per gram of clay
represent successive divisions of an arbitrary scale of color.

7/ FRoss, C. S., and Kerr, P. F., The Kaclin Minerals. In Shorter Contribu-

©°+ tions to General Geology, 1930: U. S. Goo. Survey Prof Paper 165 (e),
1931, pp. 151-180,

8/ Kalichevsky, V. A., and Stegner, B. A., Chemical Refining of Petroleum:

Am, Chem. Soc. Mono. 63, 1942, pp. 245-250.
9/ Reinman, Genevieve, et al, Spectrometric and Colorimetrio Determination

- of the T.C,C.A, Standard Color Cards: Jour. of Research, National
Bureau of Standards, March 1946, p. 209. R.P, 1700.
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Dessicating Agents and Moisture Control

The data from this investigation have brought into prominencc the wide
range in amount of moisture that any given petroleum decolorizing clay can
heold, depending on the humidity and temperature of the surrounding atmosgphere.
In view of such variation, the behaviors of desiccating agents and labora-
tory means of maintaining constant hunidity are of great importance. Ef-
ficiency of drying agents is described in Appendix A-2. Anhydrous magnesium
perchlorate, Mg (C10y), (trade name dihydrite), was finally chosen as the
desiccant for cooling samples of these clays. It has little effect upon the
water content of clays that are dried 5 days at 110° C., but abstracts water
from clays of appreciably higher water content. . ’

Saturated water vapor behaves toward clay essentially as water.
Berkelhamer,__/ in an exhaustive series of tests, also affirmed this point.
It is common knowledge, too, that in atmospheres that are less than saturated
with water vapor a state of equilibrium (apparently permanent) is reached
eventually. ZExperiments with all clays involved in this investigation con-
firms this difference between the effects of saturated and unsaturated
atmospheres on petroleum decolorizing clays. Therefore, means of maintaining
constant humidities short of saturation were sought. The various solutions
employed are given in Appendix A-3, but moist sodium chloride or a saturated
gsolution of NaCl was selected as the most desirable. Such a solution yields

76 percent humidity at room temperature (80°F).

Decolorizing at Elevated Temperatures

In commercial practice petroleumg such ag lubricating oils are sometimes
decolorized by clays at elevated temperatures. Therefore, decolorizing
tests at elevated temperatures were run at 100° C. in a water bath and at
temperatures above 100° C., in an oil bath. Details of the apparatus designed
for this test are given in Appendix A-4., This apparatus was electrically
heated, and the clay-oil mass was sealed from the atmosphere by dry steam.

In the absence of stcam, color was found to decrcase with increase in
temperature from room temperature to approximately 125° C, Abovc this range
of temperature, in the absence of gteam the oil darkened slightly. The
presence of water in the wet gteam cauecd the oil to darken. Moderately dry
gteam over a clay-oil mase that was hot enough to cause any condensed water
to "flash back” into steam resulted 1n the oll tending to become light in
color. The lowest temperature at which such satisfactory use of steam took
place was. approximately 125° C. (257° F). Sealing the hot clay-oil mass
away from alr and cooling 1t before filtering was found to yield lighter
colored oil than did hot filtering exposed to opcn air. In these hot con-
tact tests; as in &ll other decolorizing tests made, decolorizing capacity
decreased as liquid water in the clay-oil mixture increased. A noticeable
effect of decolorizing oil by use of clay and steam at elevated temperatures
wag that the sparkle of the product was invariably increased by such

trcatment.

lg/w’Berkélhamer, Louis H., Rehydration Study of Clays: Jour., Am. Ceram. Soc.,
vol. 26, 1943, pp. 120-126.
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0il Testing

Black fluid Kettleman crude petroleum {No. 20) (the nemes. of all
materials uvsed ars listed in Aprendix B-5, table 7) has served as an excel-
lent material upon which to establish a method for measuring the capacities
of clays as decolorizers of petroleum and its products. In making the
tests, 4 ml. of water white benzol (i.e., 92 percent benzene) per gram of
clay was added tc the clay-oil mixture. '

The red midcontinent lubricating oil (No. 21) uged in the decolorizing
experiments above 100° ¢, was cooled to room temperature, and its shade was’
determined both in undiluted condition and after being diluted with the
standerd smount of water-white benzol; the greenish-black Cities Service
lubricating stock (No., 22) was decolorized at room temperature, and its shade
was determined both undiluted and diluted with benzol. The decolorized shsade
undiluted closely approximated the diluted shade for both of these lubricating
stocks, and all closely approximeted the colcrs obtained with Kettleman. Xor
all three oils used in these experiments, therefore, the benzol dilution at
room temperature and the color scale egtablished for Kettleman appear to be

adequate.

Activation of 0il-Decolorizing Clays

The common method of activation by digegting the clay with a definite
amount of dilute sulfuric acid for a specified period of time wasg used in
this investigation, Although no two clays would be expected to require
exactly the spame treatment to develop their decolorizing capacity to a maxi-
mum, optimum conditions were egtasblished for all clays tested. The treat-
ment finally arrived at consists in digesting (active boiling) for 1 hour
50 grams of dry clay plus 30 ml. of 95-percent, 1.84-gravity sulfuric acid,
plus enough distilled water to meke a total volume of 300 ml. in a 600-ml.

beaker.

Dehydration of 0il-Decolorizing Clays

In use, décolorizing clays are commonly regenerated by beingiheated
above the temperature at which they dehydrate. Therefore, a dehydration
test was run on four clays, three commercial decolorilzing clays, and one
kaclin. As is commonly known (Nelson and Hendricks§l7 and others), clay be-
comoa dehydrated on being heated to 600° C. and begins to shrink and decrease
in surface area at or near T00° C. The proccdure followed in the oxperiments
was to slowly approach, for several hours, a maximum temperature of 675° C.
and hold that temperature for 2 hours. The decolorizing capacity of the high-
magnesia Attapulgus clay (No. 1), which, according to Hendricks, is meershaum
(the mineral sepiolite), was greatly increased by this dehydration treatment,
whereas for the oil chemista’ official clay (No. 3) and the Filtrol X (No., 8-D)
commercially activated clay the incrcasc was nominal, and the decolorizing
capacity of a South Cerolina sccondary kaolin (No. 15) wasg virtually unalterod,

T/ Welson, B. K., ond Bendricks, Steriing B., Speoific Surface of Some Clay
Mgnera%s, Soils, and Scil Colloids: Soil Science, vol. 56, 1943, pp.
285-296.
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Qhemical Nature of Clays Tested

The five types of clqys used for experimentation are described as
follows:

1. High-potash Ordovician clay from Minnesota. It has appreciable
decolorizing capacity, both activated and unactivated.

2. High-magnesia Attapulgus clay (No. 1) is useful as a fuller's
earth in unactivated condition.

. 3. Intermediate magnesia types from Sandsrs, Ariz. (Nos. 12 and 13),
and Smith County, Miss. (No. 4), have a high decolorizing capacity in the
activated state only.

L. High-soda type, Wyoming swelling bentonite, Volclay 300 (No. 1L4),
is not used as a decolorizer of petroleum,

5. High-calcium, high-magnesium material Hectorite (No. 18), low in
decolorizing capacity, both activated and unactivated, is not used as a
decolorizer of petroleum.

Three additional types of clays, not tested in this undertaking, have
been used as decolorizers: (1) Glauconites, sometimes used in activated
condition, (2% very high-megnesium, low-aluminum fuller's earth (mentioned
by SChroter,};/and (%) bauxitic type material used in dehydrated form., It
is highly rated because of decolorizing capacity and ability to withstand
oft-repcated regeneration by heat. On account of its high alumina content,
however, it has not commonly becn classed with the other oil-decolorizing
clays. Such a wide variety of materials of necessity invclves liverse
chemical composition. Recently developed crystal chemistry 1s apparently

of great value in formulating modern conccpts concerning these clays.

Concepts concerning the nature of their origin, mineral names, and
chemistry are in a state of flux, and responsibility for them, therefore,
will be left to the literaturc and to future developments. All of the
commercial clays used in this investigation are thoroughly discussed in
technical literature. A few leading rcferences that contain excellent
bibliographies arc as follows: Ross and.Hendrickslé/ have recently published
a comprehenslve stﬁ9y of these clays from the crystal chemistry viewpoint;
Bradley and Grim % have studied them by means of microscope and x-rays,

12/ Schroter, G. A., and Campbell, I., Geologital Features of Some Deposits
of Bleaching Clays: A.I.M.,E, Tech. Paper 1139, Mining Technology, 19&0,
‘pp. 1-31.

li/ Ross, C. S., and Hendricks, S. B., Minerals of the Montmorillonite Group,
Their Origin and Relation to Scoils and Clays: U. S. Geol. Survey Prof.
Paper 205 B, 1945, pp. L7-69.

14/ Braedley, W. F., Grim, R. E., and Clark, W. L., A Study of Behavior of
Montmorillonite Upon Wetting: Zeitsch. Kristallographie, vol. 97,
1937, pp. 216-222,
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as hag Paul F. Kerr;}i/ F, H. Nortonié/ and Grimgz/ % ve studied the thermal
dehydration properties of  these materials; and Noll;;é who hag gtudied the
Tormation of these clays, finds the presence of maghesium particularly

e

edvantageous. (See also Appendix-A-5.)

Chemical analyses were made cn 31 samples in the present investigation.
Twelve of thege are commercial decolorizing clays, cne a commercial South
Carolina secondary kaolin, two halloysites,'bne Volclay 300, a Wyoming. swell-
ing bentonite, and one 1s the high-lime, high-magnesla material Hectorite.
The others are previously unproved”materials; which were found to vary widely
in decolerizing capacity. As ghown 1In table 7, the analysez of each clay
were made on unactivated clay (labeled A in table 7), acid extract (labeled
B in table 7), and activated residue (labeled C in table 7). For comparative
purposes, B and C of table 7 were calculated to percentage of unactivated
clay. The residue C was algo calculated te 100 percent. For representative
analysés, see Appendix B-5. The results obtained from the activations and
analyses chow that: 1. Coplous effervescence, on addition of acid to the
clay, indicates the presence of carbonates. 2. Where present in commercial
decolorizing claysg, up to 3 percent lime (Cal) 1s removed in solution by the
sulfuric acid.. 3. In the presence of gufficient acid any large percentage
of lime left in the residuum is present as calcium sulfate, CaS0O),. The
indications are that on first being formed, thig calcium sulfate may be
anhydrous or present partly as hemihydrate. On standing, it undoubtddly goes
over into the dihydrate gypeum. U4, Titania present is but little affected
by the activation. Sulfates of megnesium, aluminum, sodium, and potasgsium
are readily waghed from the residuum. 5. Decolorizing by clays 1s apparently
a matter of surface chemistry. "If this be true, rclations that may exist
between cHemical composition and decolerizing capacity wight not be readily
evident, Analyses of two hilgh-elags decolorizing clays show wide variation
in their chemical compositions. Attepulgus (Wo. 1) fuller's earth sghowed
the greatest docolorizing capacity of any of the fuller's earths testcd,
and Smith County, Miss., clay (No. 4-C) activated 1 hour showed thc greatest
decolorizing capacity of any of the activated clays tested. Thelr composi-
tlons are shown ag Appendix B-5, table 7, 6, Examination of the composition
of the f1ltrates suggests the poasibility that romoval of such materials as
alumina’' and soda has nct only increased surface area per gram, but also may
have increased specific a@gyrptive'power ner squeare centimeter of surfaces.
7. The findings of Noll,lw linked with the hizh-megnesium content of

15/ Kerr, P, F., and Cameron, Eugene L., Fuller's Barth of Bentonitic Origin
from Teckachapi Pass, California: -Am, Mineralogist, vcl. 21, 1937,

. 23%0. . .

;é/ Norton, ¥, H., Critical Study of the Differential Thermel Method for the
Mmﬁ%mmmof@wﬁmwa&'%w;m.%m@SWUVM.%,w@}
pp. Sk-63. : .

;Z/ Grim, R. E., and Rewland, R. A., Differential Thermil Analyses of Clay
‘Minerals and Other Hydrous Minerals: Am. Mineralogist, vel. 127, Pt.
1, 1942, pp. 7L6-761; Pt. 2, 1gk2, pp. 801-818.

l@/ Noll, W., Economic Geology Supplement tc vol, XXXII, Nov. 5, 1937, pp.
607-761; Geophysical Leboratory Paper 937, Geo. W. Morey and Earl
Ingerson, Reference 155. 4Also, Arbeiten uber die Synthesis and
natiyliche Bildung der Jonmincrale: Hannoverische Hochschulgemeinschaft,
Pt., 17, 1640, pp. 1-2.
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Attapulgus (No. 1) fuller's earth, 9. 63 percent MgO, and the intermediate
megnesium contents of the activable Sanders, 5. 98 percent MgO, and Smith
County, 5.03 percent MgO, suggest that the magnesium content may in some
manner be comnected with large surface area per unit weight of clay, and
nay thus indirectly connect decolorizing capacity with chemical composition.
This lead was not followed.

In identification work on decolorizing clays, chemical analysis of the
unactivated clay in conjunction with decolorizing tests has frequently been
illuminating; but as no direct relation wag found between chemical composi-
tion and decolorizing capacity, chemical analysis 1s not used as a proce-
dure of the method.

THE ‘METHOD

In review, the above step-by-step establighed the following: 1. In
all decolorizing tests in this investigation, whether made at room tempera-
ture or at elevated temperature, decolorizing capacity of any given sample
was found to decrease as liquid water in the clay-oil mixture increased.
Because this relation exists, the decolorizing capacities of absorptive
clays can be compared on samples that are dried to substantially constant
weight at 110° C. 2. The common method. of activation (by digestion with
dilute sulfuric aoid) gerves as activation msans in such a method. 3. The
amount of water condensed by a clay in congtant humidity at room temperature
serves to identify further its type. .During’ the hundreds of determinations
made in this investigation, the procedures have been repeated and reexamined,
hence appear to be basically sound. A detailed description of the method

follows. . e

Détailed Statement.of the Method

Dry the clay test sample and grind it to 0.6 percent on 150 mesh, Then,
for a period of 5 days, dry this gro d/clay at 110° C. In a layer not over
half an inch thick place one 10-gram =24/ portion of the dry clay in a
humidity of 76 percent (enclosed space over moist sodium chloride provides a
humidity of 76 percent at room.temperature) for a pericd of 5 days; remove
and weigh. The grams gained in weight is the percentage gain in weight
caused by condensation of moisture in the cley. DPlace another 10-gram
portion of the dry clay in a 125 ml, ZErlenmeyer flask, To this add 1 ml.
of black Kettleman crude petroleum (64 percent volatile at 65° C.) and 4O
ml, of water-white benzol. Stopper the flask and shake this clay-oil-benzol
mixture every 10 minutes for 2 hours. Filter a portién-of the supernatant
liquid into a 3 ml. test tubc through a filter paper that is suiltable for
medium- fo fine-grained precipitates, and stopper. Rocord the shade of
filtrate obtained and return filtrate to the Erlenmeyer. Add an additional
1 ml of Kettleman oil, shake, let stand, etc. Repeat the process with

_2/7 A convenlent mcthod of avoiding crrors in weighing, which are causcd by
moisture absorption, is to dry beakers at 110° C. for each portion of
clay in a test, weigh approximately 10 grams of the 150-mesh clays into
each of the bcakers. Make the final 5-day drying in them, and finally
correct the weights of clay in cach to exactly 10 grams by adding
similarly dricd clay.
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/
successive additions of 1 ml. of Kettleman oil until the shade of the filtrate
exceeds shade 9. Plot the shedes against ml. of oll per gram of clay, average
the values obtained at shades .3, 4, 5, 6, 7, 8, and 9, and use this as the
value of shade 6. Compare the moisture-condensing and decolorizing values
obtained with those of clays of known value. Representative values are
presented following this method. It is advisable to run simltaneously paral--

lel tegts on proved commercial clays.

For activation purpose, pour 30 ml. of concentrated sulfuric acid, 95
percent HoS0), gravity 1.84, into 200 ml, of distilled water in a 600-ml.
beaker. Add slowly 50 grams of the 150-mesh clay that 1s dry at 110° C. and
increage the total volume to approximately 300 ml. Heat to boiling point
(stir to avoid bumping until the clay is boiling actively), and boil for 1
hour, keeping the volume substantially constant by addition of distilled water
as is needed, If efforvescence is copious on addition of clay, determine the
percentage of lime present and add sufficient additional sulfuric acid to
satisfy approximately the lime content. After the mixture has boiled 1 hour,
decant the supernatant liquid while it is hot. Repeat the decantation five
times, f1lling the beaker to the 300 ml. point for each decantation. Then
pour the residue on a filter paper and wash 6 times with distilled water. Dry
the residue as above (5 days at 110° C.), weigh it, and place it in & weighing
bottle for use in chemical analysis, etc. If the first filtrate is cloudy,
return it to the filter paper until 1t comes through clecar. Subtract thc dry
welght from 50 grams and multiply the difference by 2. The result is the
percentage weight. loss causeod by activetion. Test thils activated material

for decolorizing capacity by the above method.

Auxiliary Aids to Identification

Several other tests are helpful as preliminary and auxiliary aids to
identification:

1. As numerous authors have noted, many decolorizing clays have a
waxen luster in the earth-moist condition.

2. The amount of water held by alr-dry clay necessarily varies with
the humidity of the atmosgphere. For atmospheric humidities of 20 to 70 per-
cent and a room temperature of approximately 80° F., the moisturc contents of
the clays used in this investigation, have kept within or near the following.
limits: Fuller's carths, 8 to 12 percent; raw activable clays, 17 to 25
percent; South Carolina kaolin (No. 15), 0.5 to 2.5 percent.

5. In proportion, asg clay decolorizes Kcttleman 0il, the clay turns:
black. On the other hand, clays of negligible decolorizing capacity change
but little in color upon being mixed with it. These facts are particularly

evident on filtering the oll from the clay.

4. The amount of calcium carbonate in a gsample can be approximated rough-
ly by the amount of cffervescence causcd by putting an excess of acid on a
small smount of the clay sample. ' ’
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DECOLORIZING CAPACITY VALUES

* Representative commercial deeolorizing clays are Attapulgus (No. 1),
fuller's earth, and Filtrol X (No. .8-D) commercially activated clay. The
decolorizing test measures the clays' .capacitiés as decolorizers, whereas
moisture regained in 5 days in .76 percent humidity aids in identification of
the type of the cley. The decolorizing capacities of these two.clays,
measured in ml. of Kettleman crude, 64 percent volatile at 65 C., requircd
per gram of clay to produce shade 6 in the decolorized oil was found to be
0.5 ml./g. for Attapulgus fuller's earth and 0.75 1k, /g for Filtrol X com-
mercially activated clay. Their percentage moisture’ regains for 5 days in
75 percent humidity at 80° F. were 12.7 percent for Attapulgus and 15.k4 per-
cent for Filtrol X, Moisture regains of other clays simultaneously treated
were official 01l Chemists' clay (No. 3) 13.5 percent, and Smith County clay
unactivated (No. 4) 18.0 percent. Wyoming swelling bentonite, Volclay 300
(No. 14), not used as a decolorizer of oil, regained but 9.8 percent.

SUPPORTING DATA

Knowledge of the effects of common desiccants upon decolorizing clays
was noeded. Data on this subject are présented as Appendix B-1, table 3.
The relation of molsture in clay to oil-decolorizing capacity at temperatures
of 26,7° C. (80° F.)%to 250° C. is shown as Appendix B-2, table 4. 'In this
tadble decolorizing capacity 1s shown to increase with decrease in moisture
content of the clay. The relation of moisture content to decolorizing capac-
ity is shown in ‘Appendix B-3, table 5. The effects upon decolorizing capac-
ities of claysg causged by heating to 675 C. are shown in.Appendix B-L4, table
6. Chemical analyses of unactivated clays, acid extracts, and activated resi-
due are pregented in Appendix B-5, table 7. Table 7 also serves as a list
of the materials tested in this investigation.

SUGGESTED FURTHER WORK

During. testing of phenomena for use in the method, other avenues for
future research appeared. For all clays studied, the decolorizing capacity
of activated clays was found to be high if mOWSture condensing capacity of
the uwnactivated clay was high. Furthermore, the molsture-condensing capacity
of kaolin (No. 15) wag low, and acid activation did not incredse it appre-
ciably. "Conceivably, an activation treatment that would selectively dissolve
part of the alumina, or water and alumina, from kaolin, possibly ammonium
bisulfate, might serve to increase its water-absorptive capacity and also its
decolorizing capacity. Simllar means of activation might serve to remove
part of the potash contents of potash-bearing absorptive clays and thusg in-
crease their absorptive capacities. Based upon the findings of Nolll@ con-
cerning the magnesia confent of such clays and of the magnesium contents of
Attapulgus (No. 1), Sanders (Nos. 12 and 13), and Smith.County (No. 4) clays,
development of other means of activation appcars te offer.promise. In con-
gideration of such investigations, the primary assumptions are that the
starting matcrials should be cheap and that the resultant product should be
capable of being formed into abrasion-resistant catalytie pellets. Two types
of attack on magnesium activation are suggested.
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1. Meerschaum (sepiolite), 2 Mg0 3 SiO, 2H50, might be made under
controlled conditions, washed free of soluble salts, and the resulting
meerschaum dehydrated. A first approach to'this problem might be to copre-
cipitate sodium silicate in dilute solution with a soluble magnesium salt,
such ag magnesium chloride plus ammonium chloride, followed by washing and
dehydrating the residue. Such preliminary work might be followed by appli-
cation of results to naturally occurring materlals.

2. A megnesium silicate might be made by digplacement of another alka-
line earth from its silicate by megnesium, possibly by heating granulated
blast-furnace sleg or Portland cement with a strong acid magnesium compound
such as magnesium ammonium chloride plus ammonium chloride. The calcining
treatment might be followed by digestion with magnesium ammonium chloride
water solution to dissolve soluble products; the residue might be washed
and dehydrated. ' (See C. C. Winding, U. S. patent 2, 364,015 (19kk)).

Once a mode of formation of meerschaum or other suitable silicon-
magnesium or silicon-megnesium-aluminum complex is developed, its applica-
tion to high-magnesia, high-alumina, or other clays might prove feasible.

The calcination and hydrochloric acid digestion of Hectorite (No. 18 E to

G), from which lime was removed and magnesia remained in the residue, suggests
that high-calcium, high-megnesium clays or dolomite used®in accordance with
the Chesny patents20/ might serve as a source of magnesium; and in con-
Junction with chlorine, as from discard calcium-chloride of the ammonium-

goda. process or other sour7e, magnesium chloride might be obtained in
accordange with the Pikecl patent. In this connection, Elkington British
patentgg 530,048 treats of reactive magnesium oxide produced by steam expan~

gion of magnesia. :

SUMMARY

Pregented above are the detailed procedures of a method for identifica-
tion and evalvation of natural clays for use as decolorizers in refining
petroleum and its products.

The results of this investigation have shown that any given clay increases
in decolorizing capacity as its absorbed water content dccreases, and vice
versa. As a result of following thils phenonenon through several cycles of
wet to dry to wet clay, the conclusion was drawn that no decolorizing-value
figure has a definite meaning unless the absorbed molsture content 1s indicated.

20/ Chesny, Heinz H., French patént-827,065 (1938) and U. S. patent 2,089,339,

Avgust 10, 1937.
gl/ Pike, R. D., Production of Magnesium Chloride from Calcium Chloride and

Dolomite: U. S. patent 2,357,130 August 29, 194k, assigned to Harbison

Walker Refractories Co.
gg/ Elkington, Frank, Reactive Magnesium Oxide: British patent 530,048,

December &, 1940,
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The decolorizing capacities of various clays were measured by modifica-
tion of the commonly known percolation and contact methods at room tempera-
ture and at elevated temperatures on .air-dry clay, on clay dried at various
temperatures, and on dehydrated clay in their activated and unactivated
statés. Molsture contents of the clays were measured under all these condi-

tions.

1

In atmospheric humidities of 20 to 70 percent at room temperature of
approximately 800 F., the moisture contemts of the clays used in this under-
taking have kept within or near the following limits: fuller's earth, 8
to 12 percent; raw activaeble clays, 17 to 25 percent; South Carolina kaolln,

0.5 to 2.5 percent.

The above development led to the conclusion that the decolorizing
capacities of ebsorptive clays can be compared on samples that are-dry to
substantially constant welght at 110° C,, and that the amount of water con-
densed by a clay in constant humidity-at room temperature ailds in its identi-
fication asg an oil decolorizer.

The common method of activation by digestion with dilute sulfuric acid
was the means of activation uised in this work. Chemical analyses of the
unactivated clays, acid extracts, and activated residues were made.

A detailed statement of the method arrived at was presemted.

Suggestions were made for further research on the activation of such
clays.

APPENDIXES
A-1. Color

The following quotation from.Kalichevskyg/ serves to describc Munsell's
concept: "It is then possible to describe any color in terms of its three
attributes, which are defined by the Americal Optical Society as follows:
Brilliance (value) is that attribute of any color which may be classed as
equivalent to some member of a geries of grays ranging between dlack and
white. Hue is that attribute of certain colors which differs characteris-
tically from the gray of the same brilliance (value) and which permits them
to be classed as reddish, yellowish, greenish, or bluish. - Saturation
(chroma) (intensity of hue) is the attribute of all colors possessing a hue
which determines the degree of difference from gray of the same brilliance."
Colors in the range .from black to white are referred to as shades. A further
subdivigion of this is to refer to colors of brilliance from: medium gray to

white as tints.

Difference in light-colored portions of oil obtained by decolorizing
black Kettleman crude petroleum were found to be Peadily distinguishable by
the eye over a wide range from water-white to medium amber. In darker
portions, the color was found to be increasingly masked and more difficult to
read. Slight diffcerences in color were found to be readable by comparing the
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colors of the oils in test tubes of approximstely equal diameter surrounded
on three gides by a white background, such as a towel, in light from the
north gky. Thus viewed, the diameter of the test tube becams a negliglble
factor. HNo special equipment was needed. In exploring the indicativensss

of such oil-color comparisons an arbitrary scale was set up for recording
results. For thisg purpose, the colors produced from Kettleman crude
petroleum over the range from "watel white"” through "nearly opaque” were
divided into 40 shades and fractions of & ghade., These divisions were so
spaced that "shade"” plotted against ml. of Kettleman per gram of Filtrol X
clay (No. 8-D), dryed at 105° C. for 5 days, resulted in a gtraight line plot.
The values used in this plot were: 0.1/g. produced shade 0,5; 0.2, 1.5; 0.3,
2.5; 0.4, 3.5; 0.5, k.5; 0.6, 5.5; 0.7, 6.5; 0.8, 7.5; 0.9, 8.5; 1.0, 9.5;
1.1, 10.5; 1.5, 14.5. That is, a constant ratio was arbitrarily set up be-
tween ml., of Kettleman oil per gram of Filtrol X .clay and the quentity termed
shade. This ratio.closely approximsted the average of determined. Kettleman-
Filtrol X values plotted according to the divisions given below for colors
from "water white" to "nearly opaque.” This color scale, plotied as a
gtraight line for Filtrol X, algo resulted in approximately gtraight-line
plots for other clays. Conversely, where a light shade and a dark shado
were determined and plotted for a clay and a straight line was drgwn through
the two points it closely approximated the positions of intermediate
determined shades. The colors of the divisions were found to be approximate-
ly as follows: "Water white”" divides into tints O to 4; "greenish yellow,”

L to 8; "light amber,” 8 to 20; "medium amber,” 20 to 28; "dark amber” shades,
28 to 32; "dark reddish amber," 32 to 36; "nearly opaque,"36 to 40, By use
of this arbitrary scale, it was possible to designate dscolorizihg capacities
thus: 0.3, 5, in which 0.3 indicateg the fraction of a ml. of oil-treated
per gram of clay, and 5 represents the shade of the treated oil. The amcunt
of oil decolorized by a given clay to shade 6 was used as a single figure

to express decolorizing capacity. A highly accurate value for shade 6 was
obtained by averaging the values obtained for ghades 3 to 9, inclusive,

" Quoting again from Kalichevsky and Stagner:ﬁ/ "It is usually desirable
to evaluate the efficiency of an adsorbent in terms of a standard adsorbent
by determing the relative amounts of the two required to refine a certain
0il." In the present undertaking, Filtrol X was the standard ¢lay and
Kettleman crude the standard oil, This means of color comparison 1s per-
haps better suited for comparing the wide range of oll-color shades of this
undertaking than would be onc of the devices commonly used for commercial
grading of petroleum by color, ag cach of them tends to be sulted to some
specific purpose other than the ?omparing of true color values over a wide
range, Kalichevsky and Ramsey._ gshow a chart in.which percentage trans-
missions of light through a viclet filter and a red filter for a series of’
o0il {color) fractions obtained by varying the oil-clay ratioc arc plotted in
terms of Tagliabue Robinson scale of color. The machine that they recom-
mended for this purpose is sold under the name Hellige-Diller photoelectric
colorimeter, FPlotting percentage transmission of light through the above

3%/ Kalicheveky, V. A., and Remscy, J. W.: Jour., Ind. En@. Chem., vol.
25, 1933, p. 691. )
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series of Kettleman-Filtrol X colors in conjunctiOﬁ‘with the violet and red
filters of the above machine would, of course, serve to calibrate it in
terms of the above arbitrary stralght—llne color scale used in this investi-
gation,

A-2., Efficiericy of Drying Agents

TABLE.1l, - The.efficiency of drying agentsl/

Mg. of residual water

. Drying agent per liter of air
B trap at = 1949 Cu s cuvunnasmesvimsvann s nxsessmnins | Lol X JO=ED
Phosphorus pentoxide, Pp05 «ievueeiviaranennssessao. | Less than 0.00002 .
Anhydrous magnesium perchlorate, Mg (ClOy)p .........| Less then 0.0005
Magnesium perchlorate hydrate, Mg (ClO4)o,3HpO ......| Less than 0.002

Anhydrous alumina, A1205 SV e e §EE e e e § B e R e e 0.003
Sulfuric acid (100%), HoSOL veveevennnnnann AT 0.003%
Calcium chloride, porous granular, €aClp ec.ocecvee.o. | 014 to 0.25
Calcium chloride, TUSEA c.oveissoscenesnssnsasaanrnas . 0.36
Sulfuric acid (95%) (concentrated, sp. gr. 1. 84)

HOSOU + AQe o eeenerecreeneasansssassasoseasenensns 0.3

1/ Table 1 is from International Critical Tables, vol. III, 1928, p. 385.

A reflux condenser using liquid air as the cooling medium 'is the most
efficient desiccant (water trap) known. The common drying agents, however,
are more readily available and convenient to handle. Phosphorus pentoxide
is undoubtedly the best of the chemical reagents for water. It is tacky and
hard to handle, however, and suffers the great disadvantage of becoming
rapidly glazed with a coating of metaphosphoric acld, HPOz, so that only a
fraction of the material is ever used. Magnesium perchlorate (porous granular;
trade name Dihydrite) is as good as phosphorous pentoxide, is porous and
easy to handle, and, in addition, will absorb up to 60 percent of its weight
of water without reduction in efficiency. It is prepared by dehydration in
a high-vacuum at temperatures up to 250° C. " For large-scale drying the
material can be regenerated to advantage. Aluminum oxide for drying purposes
is prepared by ignition of the hydrate to 500° C. (trade name Hydralo). It
supposedly will absorb 15 tc 20 percent of its weight of water. It can be
reactivated by drying at 175° C., and reactivation may be repeated indefinite-
ly. Sulfuric acid (100%) is a vury efficient dehydrating agent, but because
it is a corrosive liquid, its use in desiccators has the disadvantage of
causing vessels kept over it to become coated with sulfuric acid. Ninety-
five percent sulfuric acld drops rapidly in dehydrating efficiency with
decrease in acid content., Its specific gravity is greater than that of water;
hence, a film of dilute acid supposedly forms on the upper acid surface, re-
quiring frequent stirring of the acid if maximum dehydrating efficiency is to
be maintained. Calcium chloride is a cheap, fairly efficient drying agent.

It has the disadvantage of becoming gummy; its pores become sealed, and its
efficiency is thereby greatly reduced.
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A-3, Laboratory Methods for Maintaining Constant Humidity

The following including table 2, is from International Critical Tables,
vols I, 1926, p. 67: "In considering laboratory methods for maintaining
constant humidity, it 1s known that a saturated aqueous solution in contact
with an excess of a definite solid phase at a given temperature will main-
tain & constant humidity within a closed space around it."

TABLE 2. - Constant humidities over aqueous solutions

Tempgrature, Humidity,

Substance C. percent
Sodium bichromate, NapCrp07. HpO Ceereeraesronene 20 82
Magnesium chloride, MgCls 6H20 GRS ES GRS 20 34
o 30 32
S0dium CHLOTIAE weseesasvoseneorcoresoraonneansen 0 78
20 : 76
Lo 75
60 Th

100 735

The saturated solution is commonly heavier than water., Therefore, forma-
tion of a film of dilute solution on its upper surface was avoided by having
a portion of the solid phase proJject up through the liquid surface, In this
work mll substances of table 2 were tested extensively at room temperature,
approximately 80° F., and sodium chloride, which ylelds 76 percent satura-
tion at room temperature (80° F,), was selected as the agent for maintein-
ing constant humidity, Although this condition represents an appreciable
amount of water vapor in the atmosphere, yet under no conditions did water
condense on the container and frip into the sample, as is frequently the
cage with saturated atmospheres even in carefully temperature-regulated

rooms,

The relationship between "percentage humidity” and relative humidity
is glven as follows by Perry:gz "Percentage humidity is the quotient of
the number of pounds of water vapor carried by 1 pound dry air at any tempera-
ture, divided by the number of pounds of vapor which 1 pound of dry air would
carry were 1t completely saturated at the same temperature. Percentage
relative humidity 1s the quotient of the partial pressure of water vapor at
any temperature divided by the partial pressure if saturated at that
temperature.,"

A-4, 0il-Bath Apparatus for Hot Contact

Apparatus and Procedure

The clay-oil mixtures were heated above lOOo C. in a 500 ml, spherical,
ring-neck, pyrex glass flask, immersed to the neck in a high point tempering
oil. The oil was contained in a stainless-gteel cylindrical can. An
electrical heating unit was coiled around the lower two-thirds of the can.
This position of the coil insured heating of the oil in the lower part of the
can without overheating it at its upper surface. The entire assemblage was
25/ Perry, John H, (editor in chief): Chemical Engineers’ Handbook,

193&, p. 691,
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packed in powdered keiselguhr (diatomite) in an iron can of such dimensions
that the keiselguhr insulation was not less than 3 inches thick on the gldes
and bottom. The top of the asscmbly was covered by three 5/8 inch layers of
agbestos faced with metal, All parts of the 1lid structure were merely fitted
together and were removable, so that the apparatus could be disassembled and
reassembled with a minimum of labor. For quick handling of the flagk, the
1id of the inner can wag built semi-permanently around its neck., Electrical-
- ly driven stirrers operatod through the 113, one in the oil bath and the other
" in the clay-oil sample charge. A thermometer with i1ts buldb in the semple
charge ‘completed the apparatus proper. .The electric heating unlt wag No. J.S.
9605, steel-sheath, oil-immérsion, safe working temperature 750° F., E. H,
Wiegand Co. Chromolox catalogue No. b2, It wag a flexible element, approxi-
mately 1/k x 96 inches in size, intended for 230 volts A.C. end 3, 000-watt
capacity; however, 220 volts A.C. was usecd., : The clectrical input was con-
trolled by a stack voltage controller (Variac) A voltage of 35, as shown on
the Variac, served to meintain a temperature of approximately 150° C. in the
flask. Seventy volts was the maximum used even for the most rapid heating
of the unit. Wet steam was provided by an electrically heated laboratory
steam boller. Suitable adjustment of the electrical input provided a steady
flow of steam. Dry stoam was provided by passing wet steam through a copper
coil heated by .a Bungen burner. From the coil to the sample flagk the con-
duilt was insulated with asbestos cord. This equipment for decolorizing at
elevated temperatures proved very satisfactory 1n use. With it, accurate
control of temperature was simple. This equipment was designed solely for
development of the test method. It should be suited to commerc1al testing,
however, up to. the temperature limit of the oil bath. The oil bath consisted
of ‘E. F. Houghton & Co.'s temperlng 0il No. 80, flash temperature 630° F.,
fire temperature 710° F,

A-5. Other Bureau of Mines Work on These Clays

The Tuscaloosa station of the Bureau of Mines maintains samples of many
leading clays, among which are most of the lecading o0il decolorizing clays.
This collection of clays might suitably be tormed a library of clay samples..
The clays used in the present work were drawn from this library of clays.
Other studies, pertinent to the present work e made from thisg library of clay
samples follow: 1. William W. Goode, Jr., / working on a cooperative agree-
ment between the Federal Bureau of Mines and theo College of Engineering of
the University of Alabama, made a study of control tests in the contact pro-
cess of decolorizing edible oils., The results of this work were submitted as
a thesis in partial fulfillment of the requirements for the degree of Master
of Science. S. J. Broderick and E. S. Hertzog served as the Bureau's
rcpresentatives in this work, Nine commercial fuller's earths, including
official fuller's earth for 1941, weore tested against cottonsecd oil, and
results were compared in tcerms of Lovebond colored glasscs. 2. E. R, Todd,

21/

26/ Goode, William W., A Study of Control Tests in the Contact Process of De-
colorizing Edible Oils: University of Alabama Library, Masters Thesis,
Class T 378, Book G 613S, 1941.

27/ Todd, Edwin Richard, Thc Properties of Bleaching Clays: University of
Alabama Library, Masters Thesis, Class T 378, Book T 566p. 1942

Pl
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‘working on a similar cooperative agreement for a masters thesis, with E, S,
Hertzog as Bureau representative, made a study of the properties of bleach-
ing clays. Ten clays were used, ranging from commercial bleaching clays to
Wyoming swelling bentonites and ceramic clays. These clays were tested both
in unactivated and activated corndition and, in addition, a study of the ef-
fects of base exchange was madd. In that work the clays wegg tested against
cottonseed oil in accordance with the method used by Goode,;Z% / and in addi-
tion were tested against petroleum: (1) Nabob red oil at elevated tempera-
ture by the contact method, and (2) Kettleman crude at room temperature by

- the percolation method, using the Nutting form of this test. Resulting oil
colors were compared by light transmission on a photoelectric colorimeter
and by the use of Lovebond color glasses. As commercial bleaching clays
were included in the tests, comparisons of the various clays were based on
these. An outstanding feature of that work is the fine lot of chemical
analygses that it contains.

Berkelhamerlg/ ran an extensive set of moisture-absorption tésts of
clays in humid atmospheres. His tests cover a large proportion of the
materlals contained in the Bureau's library of clays and include most of its

decolorizing clays.

X-ray anelyses and petrographic microscopic examinations of the clays
showed a slight change in the refractory indices, and movement in the X-way
lines, in the cage of several of the activated clays. This might indicate
some change in the lattice structure of the basgal clay mlneral. Further
‘work in this direction might be well worth whlle. ‘ ‘
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TABLE 3.

- Effects of drying agents on clays

Appendix B-1

Changes in moisture content of clays during 84 days of controlled humldlty at 780 to 80° F.

T Attapulgus (1) fuller's Official Am. 0Ll Chem. . T Filtrol X (8-D) comm.
Humidity Days earth, unactivated (3) fuller's earth L, actlvated clay
control from [Mois-! Mois- "Mois-! " Mois- ' Mois- Mois-
substances |start|ture |% shadel/ ture |% shade| ture |% shade | ture |% shade! ture |% shade| ture [% shade
Etarbessessscaesd O |1002 0.0 11.69 0.0 : ~19.05 0.0
T—— 5 | 6.26 k.75 7.61 I.26 15.87 3.43
Perchlorate 32 2.79 2.32- 2,18 2,02 T7.72 1.30
Mg (C10L4)2 .eead 61 0.66 0.99 1.05 1.12 5.49 0.59
84 | 0.66] (3.5) 0.66 | (3.25)] 1.05| (5.5) [1.12 | (5.35)] 5.00! (0.50)| 0.59 | (0.35)
Con, sulfuric 5 6.62 2.hk 6.10 1.57 11.43 1.79
acid, 95% HoSOL,| 32 3.49 2.33 3.62 0.89 6.43 1.07
sp. gr. 1.84,..061 | 1,92 0.76. | 2.93 0.56 5.49 1.55
84 | 1.48| (3.5) |0.76 | (3.25)| 2.71| (5.75) | 0.56 | (5.35) 513 (0.5) | 1.07 | (0.35)
Granulated 5 6.29 2.5k 7,12 1.45 12,04 2.15
calcium 32| 4.95 2.99 L6k 1.45 ! 9.08 1.79
chloride, 61 | k.27 2.99 4.18 1.45 8.21 2.03
CaClpeesaosseaas Bl L.62( (4.5) 2.99 ! (k.0) 5.08] (7.0) |1.45 | (7.0) 8.711 (1.5) | 2.15 | (0.5)
Moist mag- 5 21.801 10.53
nesium chloride | 32 22,54 13.16
(34% humidity |61 22.05 13.64
at 200 C.)vuv...| 84 22,54 (5.75)1k.47 | (5.0)

1/ Shade produced by 0.1 ml, Kettleman crude oil per gram of clay
g/ The samples in the confined atmosphere over any one agent were together in one vessel.
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Appendix B-2

TABLE 4. - Relation of moisture in clay to oil~decolorizing capacity at 26.7° C. (80°F.) to 25000.l/

T

, , Activated 1 hour I Unactivated
s Preparation .. |- Percentage - | Decolorizing | Percentage .. - . Decolorizing
Cley treatment, moisture capacity moisture - s capacity
No. < g, loss ML./g. | Shade loss "~ Ml./g, | - Shade
1=/ Moist at 26.7 G2 § 18 . i g2 |, 23
Dry at 105 11.60 .2 8 10.5k4 23 T
JiEl 160 1.75 5 22 ) 0.32 | & 7
250 1.52 1.0 28 5.535 3 5
3 26.7 2 12 20 26
105 15.93 .2 " A 1 s 12.11 .2 T
! 250 4.73 i) , 6 1.89 5 3/26
n T 2b.T .2 2/2h TN 42 232
105 21.70 .2 A . 20.26 .2 13
160 1.3 1.0 9 1.69 3 16
250 1.05 1.0 0.58 3 13
8 26.7 a5 /1
‘ 75 2/26
105 16-7)4' oD g
. . a7 ||| 2 il
160 T NE, 10 | |
250 il .33 15 9 | |
eI . 26,7 | . S 9 Il " 26
105 | 12.86 - = el 2 ¢2% 8.23 ‘ .1
160 : .96 Ak | 3| /52
250 | 148 | | 3 2/ :
15 26.7 | ol - 12 Il Iy 13,
105 i L MEBIn 8 ! ok ol L'" € iy
250 ; 1.17 ol 7 ! ~,26 2L 8

1/ The 26 TO C. (80°F) samples were in an atmosphere of 76 percent humldlty (over NaCl) for 5 days

or more before being tested.
to the temperature indicated.

indicated.

2/ See Table 7 for names of clays.

3/ Approximate.

2366

The percentage moisture losses are from next preceding temperature
The decolorizing tests were made on clays dry at the temperature
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TABLE 5.

Appendix B-3

- Illustrates the relation of moisture content to decolorizing capacity of clays
: Activated 1 hour Unactivated
Days in Clay 0il ! Shade ' Clay | 0il Shade
L 76% Moisture | Ml. oil‘] of g Moisture | Ml. oil of
.| humidity| percent | /g. clay; oil | percent | /g. clay oil
Attapulgus (1) fuller's earth.....A L/ 18 14,58 02 | 181 13.7 0.2 23
awmmﬁm”m“m”m“m&/ 0.0 .2 8 0.0 2 T
0il Chem. Official fuller's |
earth (3) samewhat activable.....A 66 21.75 2 12 | 18.27 . 26
dry at 1050 Cconococnoo-on-oo‘---cB .O 02 ' l i b ) =
W B !
Filtrol X comm. activated (8-D)...A 42 | ‘ 26.29 .2 21
d.I'y &t lo5ocloncuoolto-tOtottconu.B i DO 3 ¢2 1025
: ' ! ‘
Smith County, Miss. (4) activable.A 18 23.72 .2 2L 2%5:.3 e 32
dry gt 3059 Qs sessssanssssssnssnsed .0 e 1 .0 2 13
Sanders Arlaona (12) activable...A 63 24,76 2 32
dry at lob C..!l.l.'.l..l....."!B lO 02 12
Volclay (14%) Wyoming swelling : : (8 da.)
bentonite...l‘.'l..".llll‘.'..'lA 18 ¢ 16.58 ll 9 15.9)'+ .l 25
dry a.t 1050 C'...‘l...'......;'...B DO Ql 5 .O ll 15
R. T. Vanderbilt (15) S. C. t
secondary kaoliNeeseeeeecosecscasA | 66 1.8 = 12 | .9 ol 13
&y gt 1059 Binsotvsnisssnéssennsal i . .0 5 8 | .0 bt 11
1/ A= Moist in 76% humidity at 80° F.

2 -

2366

Dry per arbitrary standard of dryness:

5 days at 110°

- 21 -
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Appendix B-4

TABLE 6, - Effects upon decolorizing capacities of clays caused by heating to 675° C.

‘Part A. - Data of decolorizing

Shade of decolorized oil

~ Ratio Clay Dry at 105Y C. : Clay dehydrated at 675°9 C.

Ml. Kettlemen. | Secondary |Attapulugus|0il Chem. |Comm. activa-' Attapulgus|0il Chem. |Comm. acti-
crude petrolewm |$,C. kaolin fuller's |fuller's ited Filtrol X|Kaolin| fuller's |fuller's |vated Fil-
per gram of clay| No. 15 earth No.l |earth No.3| No. 8-D No. 15jearth No.l|earth No.3/trol X,No.8-D

20 o1} 4.0 2.0 1.0 ' 0.5 4.5 2.25 2.5 0.5
2) s eds 267D . 30 6.75 2.0 7.0 3D 5.0 2.5

.3) 8.0 4.0 7.0 2.5 | 8.0 3.75 6.75 2.75

A 12.0 6.0 18.0 3.75 2.0 4.0 8.0 3.75
5§ ..... . 20,0 - 6.25 18.0 ) 0.0 ) 11.0 L,25
514 = | 8.0 - 6.75 6.5 6.75
.9) 11.0 7.25 T25 7.50

sl AEIREPRE SRR iy PR e ; 9.00 8.0 10.0
,5§ | i 13.0 12.0 14,0

Part B. - Effect upon decolorizing capacity caused by heating clays to 675° C.

Percentage regain in weight in 76% humidity at room temperatures 78° to 80° F

| Percent loss Ratios of oil
' in welght on| ¢lay i decolorizing
| being heated|previously i : capacities at shade 6
from 105° C.| dry at heated at 6759 C.
to 675° C. 105° C. |Clay previously heated to 675° C. Dry at 1050 C.
5 days 3 days 5 dzys 9 dzys —
So C' kaOlin (l5)‘05.0.‘ 12075 i 1'05 O. 9 On 9 .
Attapulgus (1)eececonens 8.40 12.7 6.9 8. bk 8. Lk 1.33
Off. 0il Cheme (3)esesss L.35 13.5 4.49 5¢33 5.64 1.20
Filtrol X, commercially
activateé (8-D)issosvse 5.6 15.8 | 707 8.54 9.07 .97

2366 -2 -
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analyses of clays used, including unactivated cla

Appendix B-5

g, meterial

TABLE 7. - Chemical

{

dissolved on activatlon “and activated residues=/

| L Si0p |Feo03 | Ti0p | Alp0z | Cald MgO0 K20 | NapO [ Oxides ; Ignm,

1-A Attepulgus</...... veve l 59.53 [ 3.47 | 0.5 711.58 |2.31 | 9.63 [0.25 | 0.35 87.61 11.66

1-B 21Itpete.issescisinsss : 26| 2.04 .03 5.95 [2.11 | k.98 <16 | .09 15.62

15C residUe.isecsscsssceas 59 27| 1.43 46 5.6% | .20 | 4.65 | .09 | .26 71.99

1-D 100% residuCececsveses | 73.19| 1.78 .56 7.22 |0.15 [ 5.30 | .03 i 27 88.50 11.50

2-A FLlorindifese.ee.. ceees | 5742 3.06 | .49 _'11.15~ 3.96 | 9.14 .29 WA 85.98 14,02

S-B FIitrate.ssweessss vy 321 1.85 0% 6.10 |3.17 | 5.18 .27 .05 16.97 |

2-C reSiduS..ceesss ceseees 57.10 | 1l.21 46 | 5.05 | .79 | 3.96 | .03 A1 L 69.01 |

2-D 100% residue....;;.... 72.36 | 1.97 .58 7.69 | .15 | 5.62 140 .34 8.11 | 10.89

3-A 0il Chemists Clay...s.| 59.17 | 6.53 .69 | 14,57 |3.45 | 3.39 .37 L0 88.57 11.43

5B FPlltratesisessssennsas 3k | 2.21 | .23 3.30 [2.29 | .ﬁu .20 .31 1%.&5 -

3«0 re8idUCesscrcnscecncne 58.82 | 3.62 .67 111.27 |1.15 | 2. wl 10 | 78.25

3-D 100% resldue3/ ........ £5.98 | 5.60 t .69 15.4% 1.59 2.82 .ug ' W2k 90.88 | 7-17
| . . . . o

4-A Smith County, Miss....| 58.39 | 4.k9 I .2k 1 19.76 |2.19 | 5.03 .02 .11 90.23 9.77

4-B filtrate; 1 hour...... Sl 2.8, .01 7.97 [2.11 | 2.55 .02 .10 16.19 :

b-C residue..csseeacansnn. 57.85 1.60 | .23 | 11.79 | .08 | 2.48 | +tr <01 | 4.0k

L-D 100% residu€eseecceces 70.85 | 2.1 27 | 1h.34 ! .05 | 3.48 tr .13 91.53 8.47

5-A Ttavamba 15 £f..eees.s| 58.81 | 6.63 | .86 | 20,50 [1.50 | 2.76 | .45 22 | 91.73 8.27

5-B filtrate, 1 hour ..... . L6 | 2,58 .01 5.02 [1.47 | 1.31 .06 .07 | 10.98

5oC residut..ssccescsass oo 58,34 | 4,05, .85 | 15.48 | .03 | 1.45 .39 16 | 80.75

5-D 100% 1o81dUCessns.n.s. 66.50 | .60, .ok | 17.30 | .08 | 1.68 | .34 ! .39 | 91.82 8.18

6-A Itawamba top 1 ft...,; 58.45| 6.41 1 0.85 | 21.81 | 0.96 | 2.85 | 0.55 0.08 91.96" 8.0k

6B TF1ItratBecsssseswsasnss 361 3.37 .02 7171 .85 1 1.35 .02 .03 4 13.17

6-C residue..... Ceereres ..| 58.08 2.05 t .83 0 1k.6h | 11 | 1.50 S2 106 | 78.79

6-D 100% reSidueesceceses 69.13 | k.07 | .96 | 15.97 | .13 | 1.15 S 08 ¢ 1.8 8.19

See footnotes at end of tablo

2366 - 23 -
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TABLE 7. - Chemlcal analyses of clays used, including unactivated clays, material
dlSSOlVed on actlvatlon, and activated residuesz/ (conttd.)
| | 510p | Fep03 | TiOp | Alp03 | Cad | Mg0 | Ko0 | NapO | Oxides | Ign.
7-D Amory, Miss. 100%

: residue. eoasereens [67.19 | 2,90 .91 ! 18.42 .20 1.85 | .34 .17 91.98 B.iGo
8D Filtrol X comm. act... 62:35 | 1.17 32 | 15.34 .78 4,12 | .ok A1 8%.25 15,77
9-D Special Filtrol.iv.... |63.82| 2.60 Sho| 1k.23 1,05 S 2.6 | W45 R 85.75 14,25

10-D  Super Filtrol......... |66.69 | 3.32 | .64 | 14.69 |1.49 | 2.97 | .51 A3 1 90.7h 9.26
11-A Gen. Reduction Co,.... |69.85| 3.87 .60 | 12,50 |1.23 1.90 | .55 .39 90.89 911
12-A Sanders, Arizona l.... [60.57 | 1.65 | .0k | 17.94 |3.63 | 5.98 |- tr 15 | 89.96 | 10.04
13-A Sanders, Arizona 2.,.. |62.08 | 1.77 .10 | 17.30 | 3.27 5.65 Lok .28 90.49 9.51
14-A Volclay 300........... |62.85 | k12| .22 | 20,93 66 1 2,65 .53 | 2.1k | 94,10 5.90
1L-B filtrate, 1 hour...... | 62! .71 tr | 2.67 .61 651 .08 | 2,10 Tobh
14=-C residUCsssevivecrsesse |62.23] 3.4 .22 | 18.27 .05 2.00 | Uk Ok 86.66
14-D 100% residue.......... | 67.24 | 3,80 .21 | 18.85 .07 2.24 | .36 .26 93.07 6.93
15-A R.T.V., S.C. kadlin..., | 45,53 «33 | 1.31 | 37.b43 10 03 | .05 vB1 84.99 | 15.01
15-B filtrate, 1 houC...... .36 .06 tr 1.79 .10 .03 tr .02 2.36
15-C residu€.ceceverescsans | 45.18 27 | 1.31 | 35.64 tr tr .05 .19 82.64
15-D 100% residve...... ceee | 145,63 .29 | 1.52 | 38.51 .02 tr 27 tr 86.24 13.76
16-A Indiana W. Halldysite. | 34,68 .07 05 | 43,74 | .18 A2 .03 A2 78.99 21.01
16-B Filtrates.sececescesess .92 .05 .02 | 18.5k JLL 05| .01 Ok 19.74
16=C residuCssceecsescesees | 33.77 .02 0oL | 25,20 .06 07 | .02 &7 59.25
16-D 100% residu€..sesses.. | 46,14 .03 tr 35.51 .03 .07 | .03 A1 81.92 18.08
17-A Indiana B, halloysite. | 33.26 | 26.%32 | 0.83 & 20.93 | 0.58 1.47 |0.93 0.28 8k .60 15.40
17~B filtrateceisvesess o s ; .25 | 16.47 .05 7.17 A1 .55 | .03 .01 24 .64
17-C resSidu€.seicecasacsess | 33,01 9 86 78 | 13.76 W7o 91| W90 27 59.96
17-D 100% réSidUc.seeensecs. 53.24 | 6.8 | 1.09 | 23.01 .33 | 1.36| .8% .15 | 86.85

Ske footnotes at end of table.

03566 - ol -
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TABLE 7. - Chemical analyses of clays used, including unactivated clays, material
dissolved on activation, and activated residuest/ (Cont'd.)

_ Si0o FepO3 ' TiOp ;| A120z [ Cal MgO Kp0 Nap0 Oxides | 1Ign.
18-A Hectoritec/.......... | 31.80 .20 ; .08 I .15 [ 28,18 | 13.12 .12 1.11 74,80 25.20
18-B filtrate.icececeescees 32 .08 .01 Mk 3.12 | 13,05 .05 1.03 | 17.77
18-C 1e8idUC.cvessgeascess | 31.48 w12 .08 .0k | 25,05 .07 .07 A2 | 57.0%
18-D 100% % residued/....... 31.82 .20 .02 .23 | 25.11 .16 .10 o1k 57.78 4,05
18-E filtrate Hectorite o '
HCL activated..e.c... .16 .01 .01 tr | 19.37 .28 .02 .87 20.62

18-F 6S1AU wrevernenenes | 316 | .19 | .07 | 15| 890 | 12.85 | .10 | .28 | sk.18
18-G 100% residu€.eeesees. | 45,71 tr Nollt .21 | 15.15 | 20.20 A5 | - Wbm 81,99 18.11
19-A S.E.M. 436 ora.2/.... | 48.58 | 6.h2 | .82 | 20.39 | s.327] -2.46 |6.53 .53 | 91.05 5.81
19-B filtrate, 1 hour..... L6 2.29 tr. o« 3.86° | 3.95 .60 76 .10 12.02
19-C residuCeseresveceesss | 48,12 L3 .82 | 16.53 137 1.86 |5.77 T .b3 79.03 4.8
19-D 100% residued/....... | 56.02 | 3.8+ | 1.05 | 19.0k | 1.80.| 2.10 |7.64 | .08 | 92.45 5.65

COz: 1-A = 0.73; 18-A = 20.81; 19-A = 3.1k

S03: 32-D = 1.95; 18-D = 38.17; 19-D = 1.88

20

21

22

Kettleman crude petroleum.- This is black fluid crude petroleum. It has been largely used by Dr. P. G.
Nutting in decolorizing tests with clay. Its description is: Well No. 584,206, a neutral black
California oil of 40.3“ gravity. It is 64 percent volatile at 65° C.

Humble 0il & Refining Co., Houston, Tex.- This_is’a,sample of Mid-continent red, partially refined
viscous petroleum ready for treatment with clay. Its description is: 200 yis. at 100°F. red oil
approximately 62.3 Y.I. Sample identification No. SX-2570 MD ;5941 -

Cities Service 0il Co., Refining Division, Ponca City, Okla., Nov. 13, 1945.- Thls is & sample of black
(greenish-black in thin layers), partly refined, viscous petroleum ready for treatment with clay. Its
description is: 150-160 vis. acid oil bright stock.

i] A= unactivated clay; B= material extracted during activation and washlng, calculated to percentage of

unactivated clay; C- activated rcsidue celculated to percentage unactlvated clay; D- activated
residue calculated to 100 percent.

2/ COp determined (seec end of table).
ET4 80~ determined (scc end of tablc).

2366
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