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INTroDUCTION 

Petroleum oils of widely different grades have 
decolorized contact with fuller's , 

. . 
. . . 

activated clays have also been used for Still more recently 
such clays have been in tho form of termed "catalytic s." 
C s of varied and from different localities 

evaluation of such clays, so 
not been Previous methods of 

followed s of 
upon the fundamental 

assumption has grown up that bleaching s 
ties an which a 'method of can be based. 

,vL'W~'aL~son of decolorizing 
also recorded location and 

number of He also described the 

and evalu-

a 
common proper-

of a number of leading decoloriz 
monumental work, his decDlorizing 

s. Although Dr. Nutting has done a 
test lacks a high of accuracy 

of the minute of 

The object of the present investigation was to examine the common proper-
to correlate these with 
a better method for them. 
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OF A LABORATORY METHOD 

In proce-

lmown" for the 

Both methods were used at room and olevatcd and on 
arid on both actjvated and·unact1vated 

materials. These led to the that the decolor1z 
of any 

and vice vorsa .. 
to wet .. 

unless the 
stated: 

First, 
meter of 
internal 
the 
but 

of moisture and 
fore, are affected three 

, and (3) 
that would exist 

because the rate of 

abe'orbed water content decreases, 
several of wet to 
has a definite 

of water vapor 
e around us ar~ coated 

as' 
adsorbed per .square centi

both external and 
s differ in 

, 
Com

them to 
the term 

" Am .. ,8 hem.. Soc,., 

there-
) 

near 
pressures 

is similar 

use of 
the 

6f gases in multimolecular 
ers 4 Jour., .) vol. p~. The 

of surface area of soils and s01l colloids 
van del" Walls Soil Science vol. 

Allen D. U. S. Patent 2, 
to Texaco 
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to one used herein for of s, 
in which are at constant partial water-vapor pressure at 
~oom temperature. 

It will be shown that water adsorption 
the of clays but not 

, measurement 
surface areas is not a substitute 

s or of 
oil-decolorizing 

altered and described i ty • For the as, 
is the 

" 
Absorbed.,water was found to be lost at temperaturesr.W/ to 2500 C., and 

C. S. Ross and P. Kerr.,.Uhave that 
amounts continue to lost at still higher but below 

those at whj.ch chemically combined water is ,liberated. 
on ab for each of water 

even when 

what prec 1s 
measurement of moisture content are of 
discussions concerning thom are included. 

The of color' is not 
"Color, as seen the eye, 

of which is not 

an 
equal water 
enough for pur-

and 
some 

and 
phenomena, the balanced rocord

II This view is' further 8ub'-
measure color in inve 

from Hunssllts concept and is presented as Appendix A-l. 

, 
versus 

2.1 

at consists of the s of shades obtained de-
increments of crud,e oil per unit of 

plottod on rectangular coordinates as rul. of oil per gram of clay 
(color) or 'oil:' in such manner that tAO made a 

J increments of oil per gram of 
diVisions of an 

, V. A. J and. 
Soc., Mono. 63, 

Genevieve, et 
.C.A. Standard Color 

and. Colorimetric Detetmination 
Jour. of 

Bureau of J:i.arch R.P. 1700. 
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Dessicating Agents and Moisture Control 

The data from this investigation have brought into prominence the wide 
range in amount of mOisture that any given petroleum decplorizing clay can 
hold, depending on the humidity and temperature of the surrounding atmosphere. 
In view of such variation, the behaviors of desiccating agents and labora
tory means of maintaining constant humidity are of great importance. Ef
ficiency of drying agents i~ described in Appendix A-2. Anhydrous magnesiUm 
perchlorate, .f'.1£. (CI04)2 (trade name dihydrite), was finally chosen as the 
desiccant for cooling sample.s of these clays. It has little effect upon the 
water content of clays that are dried 5 days at 1100 C., but abstracts water 
from clays of appreciably higher water content. 

Saturated water vapor behaves toward clay essentially as water. 
Berkelhamer,lO/ in an exhaustive series of tests, also affirmed this point. 
It is common lmowledge, too, that in atmospheres that are less than saturated 
with water vapor a state of equilibrium (apparently permanent) is reached 
eventually. Experiments 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 
solution of NaCl was selected as the most desirable. Such· a so~ution yields 
76 percent hunddity at room temperature (80~). 

Decolorizi~~ at Elevated Temperatures 

In commercial practice petroleums such as lubricating oils are' sometimes 
decolorized by clays at elevated temperatures. Therefore, decolorizing 
tests at elevated. temp~ratures ,",'ere run at 1000 C. in a water bath and at 
temperatures above 1000 C. in an oil bath. Dotails 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 stoam,color was found to decrease with increase in 
temperature from room temperature to approximately 1250 C. Above this range 
of temperature, in the absence of steam the oil darkened slightly. The 
presence of water in the wet steam caused the oil to ' darken. ModeratelY dry 
steam over a clay-oil mass that was hot enough to cause any condensed water 
to "flash back" into steam resulted in the oil tending to become light in 
color. The lm·rest temperature at which such satisfactory US8 of steam took 
place was· approximately 1250 C. (2570 F). Sealing the hot clay-oil mass 
away from air and cooling it before filtering was found to yield lighter 
colored oil than did hot filtering exposed to open air. In these hot con
tact tests; as in all other decolorizing tests made, decolorizing capacity 
decres.sed as liquid water in the clay-oil mixture increased. A noticeable 
effect of decolorizing oil by use of clay and steam at eievated temperatu;res 
was that the sparkle of the product was invariably increased b'y such 
treatment. 

10/ 
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Berkelhamer, Louis H., Rehydration StudY of Clays: 
vol. 26, 1943, pp. 120-126. 
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Oil Testing 

Black fluid Kettleman crude (No. 20) (the names- of all 
used are listed in Appendix B-5, table 7) has aQ'~~r£>~ as excel-

lent material upon which to a method for the capacities 
of clays as of and its In making the 
tests, 4 ml. of water white benzol (i.e., per gram of 
clay waf? added to the mixture. 

The red lubricatlng oil. (No. 21) used the decolorlzing 
experiments above was cooled to room and its wa-s' 

both in condition and after with the 
standard einount of water-white benzol; the Cities Service 

stock (No. 22) 1ms at room and its shade 
was determined both undiluted and diluted -vri th benzol. decolorized shade 
undiluted approximated the diluted shade for both of these 

and all the obtained with Kettleman. 
all three the benzol at 

The common method of 
of dilute 

the same treatment to 
mum, optimum conditione were established for all 
ment arrived at consists in ( 

grams of clay 30 mI. of q')-l)(:7rc:enlt 

l\.t;I.,IJ.iLU.llI(:UJ. appear to be 

the clay with a definite 
of time was used in 

require 
to a maxi

The treat
for I hour 

sulfuric 
plus enough distilled water to make .a ---''----- mI. in a UU'l}-IHl __ 

bsaJter~ 

In uss; 
above the temperature at which 
test was run on four clays, 

a delaya,rati()ll 
clays, and one 

As is !mown 
comos on being heated to 

and others), 
6000 C. and begins to shrink and 

in surface area at or near C. followed in the ox:pe:rlrner.~s 

for several 
for 2 hours. 

clay (No. ,which, 
DV,b-'.J..\J.1.J. uv), was increased by this 

oil chemlsts' official (No.3) 
commerCially activated the increaso was namilaaJL, 

of a South Carolina kaolin (No. 

- 6 -

c. 
the high
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Qhemical Natu.re of Clays Tested , 

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

1. High-potash Ordovician clay from bI..irmesota. It has appreciable 
decolorizir~ capacity, both activated and unactivated. 

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

3.. Intermed.iate magnesia types from Sanders, Ariz. (Nos. 12 and 13), 
and Smith County, Miss. (No~ 4), have a high d.ecolorizing capacity in the 
activa.ted state only. 

4. High-soda type, Wyoming swelling bentonite, Volclay 300 (No. 14), 
is not used as a decolorizer of petroleu~ 

5. Bigh-calcium, high-lJl8.gnesium 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~/V6ry high.-I!l8gneshun, lOvT-aluminum fuller's earth (mentioned 
by Schroter,~ and (3) bau.xi tic type material used in dehydrated form. It 
is highly rated. because of decolorizing .capacity and ability to withstand 
oft-repeated regeneration by heat. On account of its high alumina content, 
however, it has not commonly been classed with the other oil-decolorizing 
clays. Such e. wide variety of materials of necessity invelves -:iverse 
chemical composition. Recently developed cr;ystal chemistry is apparently 
of great value in formulatir~ modern concepts 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 tho literature and. to future developments. All of tho 
cOIlilllercial clays used in this investigation are thoroughly discussed in 
technical literature. A few' leading rofe:>:'ences that contain excellent 
bibliographies aro as follows: Ross and Hendricks!L/ have recently published 
a comprehensive st~g.y of those clays from the crystal chemistry viewpoint; 
Bradley and Grim~lhave studied them by means of microscope and x-rays, 

12/ 

13/ 

14/ 
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Schrotor, G. A., and Campbell, I., Geological Features of Some Deposits 
of Bleaching Clays: A.I.M.E. Tech. Paper 1139, Mining Tochnology, 1940, 

'pp. 1-31. 
Ross, C. S., and Hendricks, S. B., Minerals of the Montmorillonite Group, 
Their Origin and Relation to Soils and Clays: U. S. Geol. Survey Prof. 
Paper 205 B, 1945, pp. 47-69. 

Bradley, W. F., Grim, R. E., and Clark, W. L., A Study of Behavior of 
Montmorillonite Upon Wetting: Zaitsch. Kristallographie, vol. 97, 
1937, pp. 216-222. 
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studied the thermal 
dehydration nrlon!~ri~if)S 
formation of these 

Chemical the 
Twelve of these 

ses .. 1ere made 
are commercial a commercial South 

Carolina two 
and one i B the 

a . swell-
bentonite, 

The others are 
high-m~~nes1.a material Hectorite. 

widely 
in As shown in table 7, the S0S of each 
were made on unactivated clay (labeled A in table 7), acid extract (~au~~~u 
B in table 7), and activated residue (labeled C in table 7). For 
purposes, B and C of tabilie 7 W8re,calc u1eted to of unactivated 

The residue C was also calculated to 100 percent. 
See Appendix The results obtained from the activations and 

that: 1. of ac id to the 
clay, indicates the presence of carbonates. 2. in commercial 

up to 3 lime is removed in solution by the 
In the of sufficient acid any 

of lime left in the'residuum -is present as calcium sulfate, 
that on first forlI'ed, this calcium sulfate 

as On undo'llb't@(lly goes 
affected 

potass~um 

is apparently 
exist 

be readily 
variation 

t:1c!ms are shown as 
of the tt1ltrates 8W.;gE3St.S 
alumina' and soda has not 

that removal of such materials as 
increased surface area per gram, but may 

power ]1er square centimetur of surfaces. 
linked with content of 

16/ H., Critical Study of the Differential Therme.l Method for the 
Identification of Minerals: jour. Am. Cer~. Soc., vol. 22, 
pp. 

R. E., and t:\uw J..CM1.u R. A., of 
'Minerals and Other H,'r1y·,..,,,,c M1n~rals: Am. Pt. 
I, , pp. 7~·6-761; Pt. 1942, pp. 

Noll, W. SU1?plem~nt to vol. XXXII, 18/ 
Goo. W. 'u ____ _ 
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Attapulgus (No.1) fuller's earth, 9.63 percent ~O, and the intermediate 
magnesium contents of the activable Sanders, 5 .. 98 percent MgO, anCL Smith 
County, 5.03 percent MgO, suggest that the magnesium content may in some 
manner be connected ~ith large surface area per unit weight of clay, and 
may thus indirectly connect decolbrizing capacity with chemical composition. 
This lead was not followed; 

In identification work on decolorizing clays, chemical analysis of the 
lll1activated clay in ConjUilction withdecolorizing tests has frequently been 
illuminating; but as no direct relation was foundbetireen chemical composi
tion and decolorizing capacity, chemical analysis is not used as a proce
dure of the method. 

THEHETHOD 

In review, the above step-by-step established 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 fOlll1d 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 1100 C. 2. The co:mmon method. of activation (by digestion with 
dilute sulfuric aCid) serves as activation means in such a method. 3. The 
aIDOlll1t of water condensed by a clay in constant humidity at room temperature 
serves to identify further its type •. During , the hlll1dreds 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. 

Detailed Statememt. of the Method 

Dry the clay test sample and grind it to 0.6 porcent on 150 mesh. Then, 
for a period of 5 days, dry this gro~d/clay · at 1100 C. In a layer not over 
half an inch thick place one 10-gram -2. 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 period of 5 days; remove 
and weigh. The grams gained in 'Weight is the percentage gain in weight 
causod by condensation of moisture in the clay. Place another 10-gram 
portion of the dry clay in a 125 IDl. Erlenmeyer flask. To this add 1 IDl. 
of black Kettleman crude petroleum (64 percent volatile at 650 C.) and 40 
IDl. of water-,,,hite benzoL Stopper the .flask and shake this clay-oil-benzol 
mixture every 10 minutes for 2 hours. Filter a pori;.idln-of the supernatant 
liquid into a 3 IDl. test tube through a filter papor that is suitable for 
medium- ,to ~±ne-grained preCipitates, and stopper. Rocord the shade of 
filtrate Qbtuined and return filtrate to the Erlenmeyer. Add an additional 
1 ml. of Kettleman oil, shake, let stand, etc. Repeat the process with 

19/ A convenient method of avoiding errors in weighing, which are causod by 
moisture absorption, i"8 to d:i:'y beakers at 1100 C. for each portion of 
clay in a test, weigh approximately 10 grams of the 150-mesh clays into 
each of the beakers. Mako the final 5-day drying in them, and finally 
correct the weights of clay in each to exactly 10 grams by adding 
similarly dried clay. 

2366 9 
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successive additions of 1 rol. of Kettleman oil until the shade of the filtrate 
exceeds shade 9. Plot the sh~des against rol. of oil 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 tnoisture-condensing and decolorizing valulils 
obtained with those of clays of known value. Representative values are 
presented following this method. It is advisable to run simultaneously paral.",
leI tests on proved commercial clays. 

For activation purpose, pour 30 ml. of concentrated sulfuric aCid, 95 
percent H2S04, gravity 1.84, into 200 ml. of distilled water in a 600-rol. 
beaker. Add slowly 50 grams of the 150-mesh clay that 1s dry at 1100 C. and 
increase ~he 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 ,'ater 
as is needed. If efforvescence is copious on addition of clay, determine the 
percentage of lime present and add sufficient additionai sulfuric acid to 
satisfy approximately the lime content. After the mixture has boiled]. hour, 
decant the supernatant liquid while it is hot. Repeat the decantation five 
times, filling the beaker to the 300 rol. 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 1100 C.), weigh it, and place it in e. we,ighing 
bottle for use in chemical analysis, etc. If ·the first filtrate is cloudy, 
return it to the filter paper until it comes through clear. Subtract tho dry 
weight from 50 grams and multiply the difference by 2. The result i8 the 
percentage weight. loss caused by activation. Test this ~ctivated 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 air-dry clay necessarily varies with 
the humidity of the atmosphore. For atmospheric humidities of 20 to 70 per
cent and a room temperature of approximately 80° F., tho moisturo oontents of 
the clays used 'in this investigation, have kept within or near the following 
limits: Fuller's earths) 8 to 12 p~rcent; raw activable clays, 17 to 25 
percent; South Carolina kaolin (No. 15), 0.5 to 2.5 percent. 

3. In proportion, as clay dccolorizes Kettleman oil, the clay turns · 
black. On the other hand, clays of nogligible docolori~ing capacity chango 
but little in color upon boir~ mixed with it. These facts are particularly 
evident on filtering the oil from the clay. 

4. The amount of calcium carbonate in a sample can be approximated rough
ly by the amount of effervesconce caused by putting an excess of acid on a 
small amount of tho clay sample. 

- 10-
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DECOLORIZING CAPACITY VALliES 

, Representative commercial de~~lorizing clays are'Attapulgus (No. i), 
fuller' s earth! and Filtrol X (No • .8-D) Gommerc ially activated clay. The 
decolorizing test measures the clays' ,capacities 'as decolorizers, whereas 
moisture regained in 5 days in ,76' ':p~rcePt humHtity aids in identification of 
the type of the clay. The decolorizing capacities of these two, clays, 
measured in mI. of Kettleman ~rude, 64 percent volatile at 650 C., required 
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 ml./g for Filtrol X' com
~ercially activated clay. Their percentage moisture regains for 5 days in 
70 percent humid.ity at 800 F. were 12.7 percent for Attapulgus and 15.4 per
cent for Filtrol X~ Moisture regains of other clays siIllUltaneously treated 
were official Oil 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 

Knowl~dge of 'the effects of common desic'cants upon decolorizing clays 
was needed ~ Data on this subject are presented ' as Appendix B-1, table 3. 
The relation of moi'sture in clay to oil-decolorizing capacity at temperatures 
of 26.70 C. (800 F.) ' to 2500 C. is shown as Appendix B-2, table 4. ' In this 
table decolorizing capacity is shown to increase with decrease in moisture 
content of the clay. The relation of moisture content to decolorizing capac-

• ity is shown inAppe~dix B-3, table 5. The effects upon decolorizing capac
ities of clays caused by heating to 6750 C. are shown in Appendix B-4, table 
6. Chemical analyses of unactivated clay~acid extracts, and act~vated resi
due are presented in Appendix B-5, table 7. Table 7 also serves as a list 
of the materials tested in this investigation. 

SUGGESTED FURTHER"VIO RK 

During testing of phenomena for use in the method, other avenues for 
future research appea,red. For all clays studied, the decolorizing capacity 
of activatod clays was found to be high if moisture-condensing capacity of 
the unactivated clay vas high. Furthermore, the moisture-condensing capacity 
of kaolin ' (No. 15) was low, and acid activation did ndt increase it appre
ciably • . Conceivably, an activation treatment that would selectively dissolve 
part of the altunina, or water and alumina, from kaolin, possibly ammonium 
bisulfate, might serve to increase its water-absorptive capacity and also its 
dccolorizlng capacity. Similar means of activation might s erve to remove 
part of tho potash contents of potash-boaring absorptive clays and thufj in
crease their absorptive capacities. Based upon the findings of NolllS/ con
cerning the magnesia content of such clays and of the magnesium contents of 
Attapulgus (No.1), Sanders (Nos. 12 arid i3), and Smith , County (No.4) clays, 
development of other means of activation appears to offer . promise. In con
sideration of such investigations, the primary assumptions are that the 
starting materials should be cheap and that the resultant product should be 
capable of being formed into abrasion-resistant catalytiC pellets. Two types 
of attack on magnesium activation are suggested. 

- II -
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1. Meerschaum ( sepiolite), 2 ~O 3 Si02 2H20, might be made under 
controlled conditions, washed free of soluble salts, and the resulting 
meerschaum dehydrated. A first approach to'this problem might beta copre
cipitate sodium silicate in dilute solution with a soluble magnesium salt, 
such as 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 materials. 

2. A magnesium silicate might be made by displacement of another alka
line earth from its silicate by magnesiUlJl, possibly by heating granulated 
blast-furnace slag 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 magne~ium 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 (1944)) .• 

Once a mode of formation of meerschaum or other suitable silicon
magnesium or silicon-magnesium-alundnum complex is developed, its applica
tion to high-magnesia, high-a+undna, 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, h~h-magncsium clays or dolomite u~ed.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-
soda process or other sourqe, magnesium chloride might be obtained in 
accordanqe with tho Pike21/ ]latent. In this connection, Elkington British 
patent22/ 530,048 treats of reactive magnesium oxide produced by steam e~pan~ 
sion of magnesia. 

SUMMARY 

Presented above are the detailed procedures of a method for identifica
tion and evaluation 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 decreases, and vice 
versa. As a result of following this 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 moisture content is indicated. 

20/ 

21/ 

22/ 

Chesny, Heinz H., French patent 827,065 (1938) and U. S. patent 2,089,33~ 
August 10, 1937. 

Pike, R. D., Production of Magnesium Chloride from Calcium Chloride and 
Dolomite: U. S. patent 2,357,130 August 29, 1944, assigned to Harbison 
Walker Refractories Co. 
Elkington~ Frank, Reactive Magnesium Oxide: British patent 530,048, 

Decomber 4, 1940. 
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The decolorizing capacities of various clays were measured by modifica-' 
tion of the commonly known percolation '~d contact methods at room tempera
ture and' at elevated temperatures onair .. d.ry clay, on clay dried at various 
temperatures, and on dehydrated clay in their activated and unactivated 
states. Moisture contents of the clays w,ere ,measured under all these condi ... 
tions. ,. 

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 activable clays, 17 to 25 percent; South Carolina kaolin, 
0.5 'to 2.5 percent., 

The above development led to the conclusion that the decolorizing 
capacities of absorptive clays can be ~ompared ~n samples that are dry to 
sub stantially constant weight at llOo C., and that the amount of water con
densed by a ' clay in constant humidity' at room temperature aicts in its identi
fication as an oil decolorizer. 

The common method of activation by digestion with dilute sulfuric acid 
was the means of activation used 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 presented. 

Suggestions were mada for further research on the activation of such 
cla.ys. 

APPENDIXES 

A-I. Color 

The following quotation from Kalichevsky§/ serves to describo 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 series of grays ranging between black and 
white. Hue i·s that attribute of certain 'colors which differs characteris
tically from the gray of the same brill'iance (value) and which permits them 
to be classed as reddish, yellOWish, greenish, or bluish. " Saturation 
(chroma) (intensity of hue) is the attribute of all color,S possessing a hue 
which determines the degree of difference from gray of the same brilli8l1ce." 
Colors in the range ,from blac~, to white are referred to as shades. A further 
subdivision of this is to refer to colors of brilliance from medium gray to 
white as tints. • 

Difference in l-ight-colored portions of oil obtained by decolo'rizing 
black Kettleman crude petroleum were found to be readily 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 difforencos in color were found to he readable by 'comparing the 

2366 - 1-3 -
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colors of the oils tubes of approximately equal surrounded 
on three a white background, such as a towel, in11ght from the 
north the of the test tube became a 
factor. No equipment was needed. In exploring the indlcativenees 
of such oil-color 
results. For this 

an arbitrary 'I.as set up for 
purpose, the ed f::com KettleIll8J1 crude 
range from "water Were over the 

divided into -40 and fractions of a shade. were 80 

that " 
clay (No. 8-D), 

ml. of Kettleman per gram of Filtrol X 
C. for 5 a, resulted in a line 

The values used in plot 
2.5; o. 3.5; 0.5, 4.5; o. 
1. 10.5; 1.5, 14.5. That 

were: O.l/g. produced shade 0.5; 0.2, '1.5; 0.'3, 
5.5; 0.7, 6.5; 0.8, 7.5; 0.9, 8.5; 0, 9.5; 

is, a constant ratio up be-
tween ml. of 
shade. This 

gram of F X and the quantity termed 
the determineQKettleman-

given below 
from ""Tater to This color scale, 
straight line for Filtrol X, approximately 
plata for other olays. Conversely, shade and 
were determined and for a 
the two s it 
determined The found to be approximate-
ly as follows: ''Water white" divides' into 4 Ugreenish yellow," 
4 'to 1/8to20; , 

to reddish'" to ,"36 to 40. 
of this scale, it was possible to designate decolorizibg 
thus: 0.3, 5, in which 0.3 indicates the fraction of a of oil-treated 
per gram of J and 5 s the of the treated oil. The amount 
of oil decolorized by a to 6 was used as a 
to express decoloriz capacity. A highly accurate value for 6 was 
obtained by the values for 3 to 9, inclusivo. 

Quoting from Kalicho'vsky and is usually desirable 
to evaluate the of an adsorbent in 

the relativo amounts of the two 
the undertaking, FUtral X was the 
crude the stand~ra oil. This means of 

better suited for the wide range of 
than would be ono of the commonly used for commercial 

of petroleum by color, as each of them tends to be suited to some 
purpose other than of true color values over a wide 

rango. 
missions of 
oil (color 
terms of 

and show a chart in· which trans-
light through a violet filter and a red filter for a series 
fractions obtained by the ratio are 

of color. The machine that they recom-
in 

mended for this purpose is sold under the name -Diller photoelectric 
colorimeter. Plotting transmission of light through the 
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series of Kettleman-Fil trol X colors in conjunction ,vi th the violet and red 
filters of the above machine "lOuld, of course, serve to calibratei t in 
terms of the above arl)i trary straight-line color scale used in this investi
gation. 

A-2. Efficiency of Drying Agents 

TABLE. 1. - The. efficiency of drying agents'!/ 

agent 
A trap at - 1940 c, .', ........ , .' ...•.. ,' ...... .•.•.... 
Phosphorus pentoxide, P205 •.••...• ; .................... . 
Anhydrous magnesium perchlorate, Mg (CI04)2 ....... .. 
Magnesium perchlorate hydrate, Mg (CI04·)2.3H20 .•. ' ..• 
Anhydrous alumina, ,AJ-203 .•.•.... , •.....•••.•.•.•.•.• 
Sulfuri c acid (100~), H2S04 .••.•.•.....•.•...•...•.• 
Calcium chloride, porous granular, CaC12 •••.•..•..•. 
Calcium chloride, fused •.••• ..•...•.•.... ~ , •...... , •.• 
Sulfuric acid (95%) (concentrated, sp. gr. 1.84) 

Mg, of residual water 
per liter of air 

1, X 10-23 
Less than 0.00002 
Less than 0.00.05 
Less than 0.002 

0.003 
0.003 

0.14 t'J 0.25 
. 0~36 

H2S04 + Aq. • .•.•.• , ..•...•••.•••...••••• ,......... o. 3 
ij Table 1 is from International Critical Tables, voL III, 1928, p. 385. 

A refiux condenser using liquid air as the cooling medium 'is the most 
efficient ~esiccant (water trap) ~ovm, The common drying agents, however, 
are more read.ily available arid convenient to handle. Phosphorus pentoxide 
is undoubtedly the best of the chemical reagents for water. It is tacky and 
hard to handle, however, w1d suffers the great disadvantage of becoming 
rapidly glazed "lith a coating of metaphosphoric acid, HP03, so that only a 
fraction of the material is ever used. MagneSium perchlorate (porous granularj 
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 ,,,eight 
of water wi thout reduction in efficiency. It is prepared by dehydration in 
a high-vacuum at temperatures up to 2500 C.For large-scale drying the 
material can be regenerated to advantage. Aluminum oxide for drying purposes 
is prepared by i@1ition of the hydrate to 5000 C. (trade name Hyclralo). It 
supposedly wiU·a.bsorb 15 to 20 percent of its. weight of water. It can be 
reactivated by drying at 1750 C., and reactivation may be repeated indefinite
ly. Sulfuric acid (100%) is a very 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 acid drops rapidly in dehydrating efficiency with 
decrease in acid content. Its specific gravity is greater than that of waterj 
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 5'UlIl1llY; its pores become sealed, and its 
efficiency is thereby greatly reduced. 

- 15 -
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A-3. Laboratory Methods for Maintaining Constant Humidity 

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

TABLE 2. - Constant humidities over aqueous solutions 

Substance 
Sodium bichromate, Na2Cr207' H20 •••.•••••••••••• 
Magnesium chloride, MgC12 6H20 •••••••••••••••••• 

Soditnn. chloride ..•..•.....•.. 0 •••••••• II •••••••••• 

Temperature, 
o C. 

20 
20 
30 
o 

20 
40 
60 

100 

Humidity, 
percent 

52 
34 
32 
78 
76 
75 
74 
73.5 

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 project up through the liquid surface. In this 
work ~ll substances of table 2 were tested extensively at roam temperature, 
approximately 800 F., and sodium chloride, which yields 76 percent satura
tion at room temperature (800 F.), was selected as the B~ent for maintain- . 
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 
case with saturated atmospheres even in oarefully temperature-regulated 
rooms. 

The relationship between ":gercEmtage humidity" and relative humidity 
is given as follows by Perry;25! "Percentage humidity is the quotiEmt of 
the number of pounds of ,·rater vapor carried by 1 pound dry aJr at rmy tempera
ture, divided by the number of pounds of vapor which 1 pound of dry air would 
carry were it completel,!, saturated at the same temperature. Percentage 
relative humidity is the quotient of the partial pressure of water vapor at 
any temperature divided by the partial pressure if saturated at that 
temperature. " 

A-4. Oil-Bath Apparatus for Hot Contact 

Apparatus and Procedure 

The clay-oil mixtures were heated above 1000 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-steel 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 1vi thout overheating it at its upper surface. The entire assemblage W8.S 

251 Perry" John H. (editor in chief); Chemical Enginec;rs' Handbook) 
193 4 , p. 691. 

- 16 -
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packed in powdered keiselguhr (diatamite) in an iran can af such dimensians 
that the keiselguhr insulatian was nat loss than 3 inches thick an the sides 
and battam. The tap af the assembly was cavered by three 3/8-inch layers af 
asbestos faced with metal. All parts af the lid structure were merely fitted 
together and were remavable, so. that the apparatus cauld be disassempled and 
reassembled with a minimum af labar. Far ,quick handling af the flask, the 
lid of the inner can was built semi-permanently araund its neck. Electrical
ly driven stirrers aperatod thraugh tbe J.,id, ane in the ail bath and the ather 
in the clay-oil sample' chargo. A thermomct.er with its bulb in the sample 
charge completed the apparatus praper.:. Tl:;re electric heating unit was No. J. s. 
9605, steel-sheath, ail-inun.ersian, safQ .warkil?tS temperature 7500. F., E. R. 
Wiegand Ca. Chramolax 'catalague No.. 42. It was a flexible elemGnt~ appraxi
mately 1/4 x 96 inches in size, intended far 230 valts A.C. and 3,000-watt 
capacity; hawever, 220 volts A.C. was used. The electrical input was can
trolled by a stack voltage controller (Variac). A valtago af 35, as shawn on 
the Variac, served to. maintain a temperature af appraximately 150°C. in the 
flask. Seventy valts was the maximum used eve~ far the mast rapid heating 
af the unit. Wet steam was pravided by an electrically heated labaratary 
steam bailer. Suitable·adjustment af the electrical inputpravided a steady 
flaw af steam~ Dry stoam was provided by passing wet steam thraugh a copper 
cail heated by.a Bunsen burner. Fram the cail to. the sample flask the con
duit was insulated with asbestas card. This equipment far decalarizing at 
elevated temperatures praved very satisfactary in use. With it, accurate 
contral aftemperature was simple. This equipment was dos:i,gned solely far 
develapment af the te:st methad. It shauld be suited to. ca_rcial testing" 
hawever, up to. . the temperature limit af the oil bath. The ·0.11 bath consisted 
of :E. F. Haughtan & Co. 's tempering ail No.. 80, flash temperature 6300. F., 
fire temperature 7100. F. 

A-5. Other Bureau af Mines Wark an These Clays 

The Tuscalaasa statian of the Bureau of Mines maintains samples af marty 
leading clays, amang which are most af the leadip~ ail docalarizing clays. 
This callection of clays might suitabl;}T '00, termed a library af clay samples. 
The clays used in the present wark were drawn fram this library of clays. 
Other studies, pertinent to. the present wark~/made from this library of clay 
samples follaw: 1. William W. Gaode , Jr.,~ working on a cooperative agree
ment between the Federal Bureau af Mines and tho College of Engineering of 
the University of Alabama, made a study of control tests in the cantact pro
cess of decolorizing edible oils. The results of this work were submitted as 
a thesis in partial fulfillment of the requirements far the degree of Master 
of Science. S. J. Broderick and E. S. Hertzag served as the Bureau's 
ropresentatives in this wark. Nine commercial fuller's earths, including 
afficial fuller'S earth for 1941, were tested against cattanseed oil, and 
results were campared in terms .of Lavebond colored glasses. 2. E. R. Tadd,27/ 

26/ 

27/ 

Goade, William W., A Study of Cantrol Tests in the Cantact Process af De
colorizing Edible Oils: University of Alabama Library, Masters Thesis, 
Class T 378, Book G 613S, 1941. 

Tadd, Edwin Richard, Tho Properties of Bleaching Clays: University af 
Alabama Library, Masters Thesis, Class T 378, Baak T 566p. 1942 

- 17 -
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workip-8 on a. ' s'irililar 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 cl83s to 
Wyoming swelling bentonites and ceramic clays. These clays were ~ested both 
in unactivated and activated conditiop and, in addition, a study of the ef
fects of base exchange was mada. Ih that work the , clays w~~/tested against 
cottonseed oil in accordance with the method used by Goodar-- and in addi
tion were tested against petroleum: (1) Nabob red oil at elevated tempera
ture by the contact 'method, and (2) Kett,1,eman 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 
analyses that it contains4 

Berkelhamer1bl ran an extensive set of moisture-absorption t~sts of 
clays in humid atmospheres. Eis tests cover a large proportion of the 
materials contained in the Bureau I s library of clay s an,!. include most of its 
decolor~zing c~ays. 

X-ray ati8iyses and petrographic microscopic examinations of the clays 
showed a slight change in the 'refractory indices, and movement in the X-~y 
lines, in the' case of several of the activated clays. This might indicate 
some change in the lattice ,structure of the basal clay mineral. Further 

'work in this direction might be vTell worth while. ' 
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Appendix B-1 

TABLE 3. - Effects of drying agents on clays 

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

I Attapulgus (1) fuller's Official Am. o-h Chern. ~. '- Filtrol X (3-D) comm. 
Humidity jDayS earth, unactivated (3) fuller's earth I activated clay 
control Jfrom Mois- Mois- ' . Mois-! I Moia- ! Mois- I I Mois-
sUDstances start ture 1% Shade;!/ ture 1% shade ture ofo shade ture % shade I ture % shade ture % shade 

Start. • ••••••• " .i 0 10.62 0.0 11.69 0.0 ,. 19.05 0.0 

Magnesi~/ 6.26 7.61 4.26 
I. 

5 4.75 \ ! 15.87 3.43 
Perchlorate 32 2.79 '2.32· I 2.18 2.02 I 7.72 I 1.30 
Mg (CI04)2 ••••. 61 0.66 0.99 I 1.05 1.12 

(5.35)\ 
5.49 0.59 

1 84 0.66 (3.5 ) 0.66 (3.25) I 1..65 (5.5) 1.12 5.00 I (0.50) I 0.59 (0.35) 

Con. sulfuric 5 6.62 2.44 I 6.10 1.57 11.43 I 1.79 I 

acid, 95% H2SO4, 32 3.49 2.33 3.62 0.89 6.43 1.07 
sp. gr. 1.84 •••• 61 1.92 0.76 2."93 0.56 5. 49 . 1.55 

84 1.48 (3.5) 0.76' ';' -0.25) 2.)1 (5.75) 0.56 (5.35)1 5.13 1 (0.5) 1.07 (0.35) 
".'. . I 

Granulated 5 6.29 1 2.54 7,12 1.45 . , 12.041 2.15 
calc hun 32 4.95 . 2.99 4.64 1.45 i 9. 08 \ 1.79 I 
chloride, 61 4.27 2.99 4 .• 18 1.45 8.21 2.03. 
CaC12 ••••••••••• 84 4.62 (4.5) 2.99 ' (4.0) 5 .• 08 (7.0) 1.45 (7. 0) 8.71! (1.5) 2.15 (0.5) 

I 1 10.53 Moist mag- S 21.80 i 
nesium chloride 32 

i 

22.54 13.16 
(34% humidity 61 22.05 1 13.64 
at 20° C.) •••••• 84 22.54 I (5.75) 14.47 , (5.0) 

1/ Shade nroduced bv ( .1 ml. Kettleman crude oil ner gram of clav. 
g/ The samples in the confined atmosphere over anyone agent were together in one vessel. 

2366 - i9, ~ 
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Appendix B-2 

TABLE 4. - Relation of moisture in clay to oil-decolorizing capacity at 26.7° C. (800 F.) to 2500 C.!/ 

. ····1, Clay I 

Preparation 
treatment, 

Aqtivated 1 hour Unactivated 
-Percen tage 

moisture 
loss 

Decolorizing Percentage;. Decolorizing 
capacity moisture capacity 

No; . 
l{l 

3 

4 

d 

l~ .. 

15 

°e. 
Moist at 2q.7 
Dry at 105 

160 . 
250 

26.7 
105 . 
2')0 

26.7 ' 1
1 

105 
160 
250 

25·7 

],05 

~60 
250 

2b.7 
105 
160 
250 

I 
I 
i 

26~ 
105 I 

250 

11.60 
1.75 
1.52 

15.93 
4.7~ 

21.70 
1.31 
1.05 

16.74 

·77 
·33 

12.86 
.96 
• 48 

Ml./g. I Shade loss Ml./g, I Shade 
0.2 18 0.2 I. 23 

.2 8 10.54 .2 I 7 
·7'j 22 0.32 • 2 I I' 

1.0 28 3.33 .3 5 
.2 I 12 . Ii' .2 2E) 
.2 I 1 . : . 12.11 .2 7 
.7') ! . 6 1. 89 .'IS 2/'36 
.2 T2f24- -. I . ~- -~- I ---:2-1-Y32 
.2 1 I . 20. 26 • 2 · 13 

1.~ I 9 1.69 I ·3 I 16 
1.0 i 8 I 0.58 i .3 I 13 

5 '---,18 -
: 15 II 2~ 26 I I i 
~~ . . I 7 I 
• (5 i 12 . I 

·15 [' 10 . 
.75 9 I I 

.. _ .:i ' .' 11.. - : .~. 8.23 . ll' 
.14 

.1 

.1 
·3 
·3' 

26 
6 

2/32 
3./25 . 

.1 12 I .1 TI 13 
.4 . ~ 1 . 8 .4 . ' , .1 ;' . II .. 

1.17 .1 7 '.26:'.1 . I 8 
!/ The 26.70 C. (800 F) samples were in an atmosphere of l?.p~rcent humidity (over NaCl) for 5 days 

The percentage moisture losses are from next preceding temperature 
The deco19Fizing tests were made on clays dry at the temperature 

or more before being tested. 
to the temperature indicated. 
indicated. 

2/ See Table 7 for names of clays. 
3/ Approximate. 
2366 - 20 -
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Appendix B-3 

TABLE'5~ - Illustrates the relation of moisture content to decolorizing capacity of clays 

Activated 1 hour Unacti vated 
I Days in Clay I Oil 1 Shade : Clay I Oil Shade 
" 7610 Moisture I M1. oil 'I of : Moisture! Ml. oil of 
1 humidity percent ,I /g. clay oil i percent I )g. clay oil 

Attapulgus 0(1) fuller's earth ••••• ~ I 18 14.58 0.2 18 I 13·7 0.2 23 
dryatl05 C •• , •••••••••••••••••• I 0.0 .2 8 0.0 .2 7 

Oil Chem. Official fuller's I I 
I I 

,e.a.r,th (3) scmewhat activable ••••• A 66 21.75 .2 I 12 I 18.27 .2 
I 

26 
dry at 1050 C ...................... B .0 .2 1 : - - -I I 

\ 

I 

Filtrol X comm. activated (8-D) ••. A 42 I 26.29 .2 
I 2l 

I 
I 

~ dry at 105°C ....................... B I .0 .2 1.25 
I I I 

I 
I 

sm,i th County, MisS. (4) acti vable.A 18 23·72 .2 24 i 23·3 i .2 I 32 
dry at 105° C ••••••••••••• ' •••.•••• B .0 .2 1 r- .0 

I 
.2 

I 

13 

I Sanders, Arizona (12) activable ••• A I 63 24.76 .2 32 
, ° .0 .2 12 dry at 105 C ...........•.••..•... B i I 

Vol clay (14) Wyoming swelling I i (8 da.) I L 

ben toni te ....•...•............... A I 18 i 16.58 .1 9 13.94 .1 23 
dry at 1050 C •••••.•••••••••• ; •••• B 

I 
.0 .1 3 .0 .1 13 

R. T. Vanderbilt (15) S. C. 
I I 12 I secondary kaolin ••.•• , •••••.•.•••• A 66 1.81 .1 .9 .1 13 

dry at 1050 C •.•• ; .•••••.•.•••.•.• B i ! .0 .1 8) .0 .1 11 
- - - ..... , A,......~ Lt' 

_ __ fa .LJ,~""""" VJ """,,OJ """'.., r.; B= Dry per arbitrary standard of dryness: 5 days at 1100 C. 

2366 - 21 -
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Appendix B-4 

TABLE 6. - Effects upon. decolorlzing capacities of clays caused by heating to 6750 c. 

- ·Part A. - Data of decolorizing 

$hade of decolorized oil 
Ratlo I=:; - -- "Claynr at HJ")crC. - -.-- --Clay dehydrated at 6-)'JC. 

MI. Kettleman _ .I Secondar:v ~Attapulugus Oil Chem. C .va- ' IAttapUl.gIl.SIUil. (]hem. I (]omm. acti-
crude petroleum _\9, C. kaolin: fulier 1 ; 

per gram of clay No. 15 i earth No.1 
fuller t s I ted Fil trol Xl Kaolin fuller 1 s fuller t s ·vuted Fil-
earth No.31 No. 8-D No. 15i earth No.1 earth No •. :; trol X NO.~-D 

~ 0.1) 
. .1. 

4.0 I 2.0 1.0 0.5 4.5 I 2.25 2.5 0.5 
.2) .6 .75 3·0 6.75 2.0 7·0 3·5 5·0 2.5 

( .3) I 8.0 4.0 7. 0 2.5 8.0 3·75 6 .75 2.75 

.4 ~ 12.0 6.0 18.0 3· 75 12.0 4.0 8.0 3· 75 
·5 ..... . 20.0 

I 
6.25 18.0 4.5 20.0 4.5 11.0 4.25 

.7) 
I 

8.0 6 .75 6.5 6.75 
.9 ) 11.0 7·25 

I 

7·25 7·50 

l.l~ I· . 17. 0 9.00 8.0 10.0 
1.5 I 13.0 12.0 14.0 . 

Part B. - .Eff~qt: .1?P<?ndecolorizing capacity caused by heating clays to 6750 c. 
Percent~g~ . regain in weight in 76~ humi4ity at room temperatures 780 to 800 F. 

S. C. kaolin (15) .•••••• 
Attapulgus (1) ..•..•.•.• 
Off. Oil Cham. (3) .• •··• 
Filtrol X, commercially 
acti va ted (8--D) ...•...• 

2366 

Percent l oss 
in weight on 
being heated 
from 1050 C. 
to 67':;0 C. 

12.75 
8.40 
4.35 

5.6 

Clay 
previously 

dry at 
1050 c. 
5 days 

12·7 
13·5 

15.4 

r,.~ 

Clay previously heated to 6750 

3 days 5 days 9 days 
1.03 0.69 0.69 
6.9 8.44 8.44 
4.49 5.33 5.64 

7.07 8.54 9·07 

- 22 -

I Batios of oil 
I decolorizing 
Icapacities at shade 6 
I heated at 6750 C. 

c. , Dry at 1050 C. 

1.0 
1.33 
1.20 

.97 
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Appendix B.,..5 

TABLE 7 . . - Q}:lemicalanalyses of clays used, including unactivated clar" material 
dissolved: on ac.tivation, and activated resid.ue~ 

_ . " 2' I . ' '. I Sio.2 Fe203 Tio.2 I A.l203 i CaO . MgO K20 Na20 Oxides : 19n. 
I-A ~~taPulguS!::-r""""" . 1 59.53 3.47 0.49; 11.58 :2. 31 19.63 0.25 0.35 ' 87.61 11.66 
1-B J.~1trate.: ............ I .26 2.04 .03 I ?95 ,2.11 14.98 .16 .09 15.62 
I-.;C residue ............... , 59.27 1.43 .46 :;>.63 1.20 4.65 .09 I .26 71.99 
I-D l00~ residue ........... I 73.19 l. 78 I • % I 7.22 0.15 5.30 .0) .27 88.50 11. 50 

. I . I " I I · . 
2-A F~orindin ............. \ 57.~2 3.06 .49 . 11.15 3.99 9.14 .29 i .47 I 85.98 i 14.02 
2-B f>l?'ate .. , .... • .. • .. ·1 .32 1.(l5 .03 I 6.10 3·17 1 5.18 .'Z/ I .05 I 16.97 
2-C res~due ............... 57.10 1.21 .46 5.05 .79 I 3.96 .03 I .41 - 69.01 I 
~D 100% residue .... ~~ .... 72.36 1.97 .58 I 7.69 .15 15.62 .40, .34 I aJ.l1 i 10.89 

. .. .. I I . I I 

3-A 011 Chemists Clay ... ;. I 59.17 , 6.53 i .ff9 i 14.5;; 3.45 13.39 .37 I .40 I 88.57 ll.43 
3-B filtrate.~ .•• ~~ ....... I .34 2.91 .03 3.30 2.29 · .94 .20 I .31 10.43 . 
3-C residue ............... 158.82 3.62 .67 111.2~ 1.15 1 2 'M .1l I .10 i 78.25 
3-D 100% residue2/········ I 55.98 5.60 .69 , 13. 4 1.59 2. .4 ' j .24 I 90.88 I 7·17 

4-A ~i th County, Miss .... \ 58.39 4.49 ! .24 \ 19.76 2.19 5.03' .02 .ll I 90.23 I 9·77 
4-B f~ltrate; 1 hour ..• "'1 .54 2.89 I .01 I 7.97 2.11 2.55 .02 .10 16.19 I 
4-c residue ............... ', 57.85 1.60 , .23! 11.79 .08 2.48 tr .01 I 74.04 I 
4-D 100% residue .......... 70.85 2.41 I .27 114.34 .05 3.48 tr .13 i 91.53 8~47 

5-A ltawamba 15 ft........ 58.& 6;63 , i .86 I 20.)0 1.50 2.7{ , .45 I .22! 91.73 8.27 
5-B filtrate, 1 hour...... .46 2.58 I .01 5. 02 1.47 1.31 I .06 .07 10..98 . 
5~C residue ............... 58.34 4.05 ; .85 15.48 .03 1.45 I .39 i .16 80.75 
5-D 100% residue.~ .. ~ .•. ~. 66.40 4.69 i .94 17.~0 .08 1.68, .34 .39 91.82 8~18 

I I 

6-A ltawamba top 1 ft..... 58.456.41 I 0.85 2.85 ! 0.55 I 0.08 I 91.961 8.04 
6-B fi1~rate •.•••.•.•...•. [' . .36 ! 3·37 I 7.17 I .85 

14.64! .11 
15.97 i .13 

.02 .03 
.06 
.08 

13·17 
78.79 
5?1.81 

6-c res~due.~ ............. 58.08 ~ 3.o.5 ! 
6-D 100c,\J resldue .......... I 69.13 I 4.07 I 
See footnotes at end of table. ' 
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TABLE 7.-, Chemical 'analyses of clays used, including unacti vated clays" llJl).terial 
'dissolved on activation, and activqted residueS17 (cont!d.) 

8i02 Fe203 Ti02 Al203 ,c~O MgO K20 Na20 Oxides 
7-D Amory, Miss. 100% 

67.19 2~90 I ! residue ••.••••••..•.• .9~ I ~8.42 .20 1.85 .34 .17 91.98 
8-D Fi1trol'X'c6.mm: act~.~ 62~35 1.17 .32 15.34 .78 4.12 .04 

i .11 84.23 
9-D Special Filtrol.\~ •.•. 63.82 2.60 .54 14,:23 1.05 2.61 .lf5 ! .45 I 85.75 

10-D Super Filtrol .•••••. ~. 66.69 3·32 I .64 14.69 1.49 2·97 I ·51 I .43 90.74 
ll-A Gen. Reduction Co.~ ... 69.85 3.87 I ,60 12·50 1.23 1.90 .55 ·39 90.89 , .. 
12-A Sanders, Arizona 1 ••.• 60.57 1.65 .04 ll·94 3.63 5.98 . tr .15 89.96 
13-A Sanders, Arizona 2 ••• .' 62.08 1.77 .10 17.30 3.27 I 5.65 .04 .28 90.49 
14-A Vo1clay ·300· ........ :: ••• 62.85 4'.12 .22 20..93 .66 2.65 .53 '2.14 94.10 
14-B fil tra te, t hour.· ••• · •• '.62 ·71 tr 2.67 .61 .65 .08 2.10 7.44 
14-c' residue ........ ,. ',,','. ' •• 62.23 3.41 .22 18,27 .05 2.00 .44 .04 86.66 
14,,:,D 100% res idue .•.•.•.•.. 67.24 3.80 .21 18.89 .07 2.24 .36 .26 93·07 . . ~ . , 

15..,A R.T.V., S.·C. kaolin .... 45.53 .33 1.31 I 37.43 .10 .03 .05 .21 84.99 
15-B fil trate, 1 .hour .•• , .. '.' .36 .06 'tr I 1.79 .10 .03 tr ' .02 2.36 
15-C residue .. ' ... af ......... a •• 45.18 .27 1.31 35.64 tr tr .05 ' ' .19 82.64 
15-D 100% residue •.•••.•.•. 45.63 .29 1.52 38.51 .02 tr ·27 I tr 86.24 

16-A Indiana W. Hailoysite. 34,68 .07 .05 43.74 ' .18 .12 .03 .12 78.99 
16-B filtrate~ ••••••••••••• ' .92 .05 .02 I 18.54 .11 .05 .01 .04 19.74 
16:"';c 

' . , 

.02 .04 25.20 .06 .07 .02 .. 07 59.25 residue ....... III III. III III ••• 33.77 
16-D 100% residue ••••.••••• 46.14 ~03 tr I 35.51 .03 I .07 .03 I .• 11 $1.92 

17-A Indiana B. hal1oysite. 33.26 26.32 0.83 20.93 0.58 1.47 0.93 0.28 84.60 
17-B fil trate ...•.•••...•.. .25 16.47 .05 7·17 .11 .55 .03 .01 24.64 
17-C residue." .• III ' •• III III •••••• 33.01 9.86 . .78 I 13.76 .47 .91 .90 i .27 59.96 
17-D 100% res idue .•.•....•• 53.24 I 6.84 I 1.09 23.01 I ·33 1.36 .83 I .15 ~ 86.85 
8~e footnotes at end of table. 
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~E 7. - Chemical analyses of clays used, including unactivated cla, 
dissolved on activation, and activated residues::: 

Si02 Fe203 : 1.102 i Al203 CaO MgO K20 
18-A Hectori te.::! • • • • • • • • •• I 31. eo .20 I .08 I .15 28.18 13·12 .12 
18-B filtrate............. .32 .08 .01 I .11 3~12 13.05 .05 
18-C residue •••••• r ...... i 31.48 .12 .08 i , ~04 25.05 .07 .07 
18-D 100% residue2 ••••••• 31.82 .20 .02 I .23 25.11 .16 .10 

18-E filtrate Hectorite . . 

HCL activated ••••••• • 16 .01 ,.01 tr 19·37 .28 .02 

18-F res idue .....•....... 31.64 .19 .15 ' , 8.90 12.85 .10 

Na20 Oxides Ign. 
loll 74.80 25.20 
1.03 17·77 

.12 57.03 

.14 57.78 4.05 

.87 I 20.62 ' I 

.28· 54.18 I I I .07 I 
18-G 100% residue ••••••••• 45.71 tr .04 .2l 15.15 .!20 .20 .15 . • 43 . ~1..99 18.11 
19-A S.E.M. 436 Ord.~/ •••• 
19-B 
19-C 
19-D 

48.58 
filtrate, 1 hour ••••• .46 
res-idue • ••••• 7' ...... 48.12 
100% residue2 ••••••• 56.02 

C02: 
S03: 

I-A = 0.73; 
3-D:: 1.95; 

18-A = 20.81; 
18-D = 38.17; 

6.42 .82; 120.39 
2.29 tr. I' 3.86' 
4.13 .82 I 16.53 
3.84- 1.05 19.94 
19-11. = 3.14 
19-D = 1.88 

5·32 . 2.46 6.53 .53 91.05 5.81. 
3.95" \ .60 .76 .lb 12.02 
1.37 I 1.86 5.77" .• 43 79.03 .4.81. 
1.82. 2.10_~64_ .08 1 92.49 'I 5.63 

20 Kettleman crude petroleum.- This is black fluid crude petroleum. It has been largely used by Dr. P • .G. 
Nutting in dccOloriZin§ tests with clay. Its description is; Well No. 584,226, a neutral black 
California oil of 40.3 gravity. It is 64 perce~t volatile at 650 C. 

21 Humble Oil & Refining Co., Houston, Tex. - This is 'a sample of Mid-continent red, partially refined 
viscous petroleum ready for treatment vith clay. Its description is: 200 vis. at 100oF. red oil 
approximately 62.3 Y.1. Sample iduntification No. SX-2570 MD 1594. 

22 Cities Service Oil Co., Refining Division, Ponca City, Okla., Nov. 13, 1945.~ This is a 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. ' 

!/ A= unactivated. clay; B= material extracted during activation and washing, calculat~d> to percentage of 
unactivated clay; C- activated residue calculated to percentase unactivated clay; D- activated 
residue calculated to 100 percent. ' 

~ C02 determined (see end. of table). 
21 so) determined (seo end. of table). 
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