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HISTORICAL 

Pullers earth was first used for fulling or remove 
* , * , 

gross© from woolen goods, and gets its name from that 

process* At present that use has almost completely oeased, 

because of the cheapness of good soap* It seems that ful- 

lers earth was first used in this country in the refining 

of edible oils about 1880. According to Wesson***, it came 

to be used for such purpose as a result of a rumor that 

in the Orient olive oil was sometimes improved by agitat¬ 

ing the oil with clay* An investigation was started, 

using cottonseed oil and various clays* The best results 

were obtained when the. oil was treated with the clay 

used in.Englahd for fulling cloth * . 

In 1891-fullers earth was discovered in Arkansas, 

and two years later deposits were found at Quincy,Fla. 

The deposits at Quincy, together with those of neighboring 

parts of Florida and southwestern Georgia, have, up until 

the last few years, furnished all of the fullers earthiused in 

the refining of mineral oils in this country. Within the 

last few years there have been deposits discovered in 

©ther states. These latter deposits, while not as efficient 
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as the Florida earths in the decolonization of petroleum, 

are enabled to compete with the Florida earths because of 

transportalon costs. 

PURPOSE OF FILTRATION 

Clays and fullers earth have been used for the de¬ 

colorization of petroleum products since the earlier days 

of the industry. Whether the removal'bof color itself 

from petroleum products adds anything to their value is 

a point open to debate. The public, however, has learned 

to demand a ggod color in the products it buys, so whether 

or not there be any technical gain as a result of oolor 

removal, such a step is necessary if the product is to 

compete with products which have been subjected to color 

improvement* 

The establishment of a color standard that the 

product must meet makes mandatory care in the refining, 

and insures careful processing fron the crude to the fin¬ 

ished product. Thus, in a way, the color- is Indicative of 

the care taken in refining, and of the amount of refining 

the product has been given. Consequently, filtering treat¬ 

ment with adsorbents is generally considered a neceddary 

final step In the production of good neutral and bright 

stocks. 

The result of this filtering is generally a great 

color improvement, which in itself is of no great value. 

Accompanying the color improvement occurs the removal 

of substances known to have a bad effect on the oil when 

placed in service* During the filtration the adsorbents 



remove from\the oil suspended solids, oolloidal and dis*r : 

solved impurities such as coke and colloidal carton* com¬ 

plex tarry compounds.of high molecular weight, scums, 

dissolved coloring matter, as well as traces of alkali* 

acid and moisture. Often in this process the odor is im¬ 

proved. Some adsorbents will remove paraffins to some 

degreej this is of value in production of lube oils, as 

it lowers the cold test* 

Oils which have been decolorized by the contact 

process show up well to emulsion* carbon residue, corros¬ 

ion, and moisture tests, even though they would not before 

treatment* California crudes, which have a high naphthenic 

acftd consent, are often hard to bring to neutralization . 

specifications by some treatments, but present no:diffi- 

oulty after treatment with acid treated earth. 

METHODS OF FILTRATION 

There are two.different methods of filtration with 
• . j ' ■ ■ , 

fullers earth in use today, the percolation and the cont- 

act methods. In both of these methods the earth is first 

dried to remove the adsorbed water, at temperatures 

ranging from 300°F. to 1000°F» It is necessary to determ¬ 

ine experimentally the optimum drying temperature for a 

given earth. 

After drying, the earth is ground to a degree of 

fineness varying from 16 to 60 mesh for use in the perc¬ 

olation process. The mesh to which the earth is ground is 

dependent ofi the viscosity of the oil to be filtered, and 

the temperature of. filtration. The filters used are some- 
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what similar to the bone black filters of a sugar refinery* 

The oil is allowed to flow down thru the filter# arid the 

first oil passing thru is almost odorless# the color in¬ 

creasing as the oil continues to pass# until the saturation 

value of the earth is reached# when practically no color 

is removed from the oil* After the earth has absorbed all 

of the color that It can# the oil held in the filter Is 

washed out with steam and then with naphtha* The stripped 

earth is then transferred by means of conveyors to kilns# 

where it is heated to a temperature between 500°F, and 

1400°F« This heating burns out the matter held by the earth# 

and the efficiency of the earth is returnlif^S its inital 

value. With the addition of a little make up9 the same- 

earth may be used over and over# though one refinery In 

Houston’s vicinity finds it nore economical to use the 

earth but once# and eliminate the revivifying and handling 

charges* 

The most obvious objections to using the percolation 

method are the result of the relatively poor color con¬ 

trol obtainable, the large oil loos resulting from adsofeb- 

tlon of oil by earth , and the slowness of the process. 

Offsetting the disadvantages of the percolation process 
A 

are the advantageso of the contact! method i (1) a uniform 

color may be .obtainedj {2) a contact plant can bo built 

for 30$ tb 50$ less than the cost of a percolation plant 

of the same capacity$ (3) labor and power charges are less 

for a contact plant? (4) decolonisation proceeds much 

faster in a contact plant* The chief objection to the con¬ 

tact method is that there has not been developed a satisfaihry 
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method of day revivification on a commercial scale. This 

is not such an Important objeotloh when i&tis realized 

that at the present some plants consider it uneconomical 

to revivify earth in the peroolation process. 

The success of acid treatment and contact filter- 

depends on the proper pre-settling of acid sludge, and the 
A 

temperature control exercised prior to filtration. After 

the aoid oils have beeh allowed to stand for„~a length of 

time to settle the sludge, they are pumped into the mix¬ 

ing or contact tanks. The required amount of fine earth 

( 100 to 200 mesh or finer) as determined by laboratory 

experiments is then added* The mix is then agitated 

thoroughly, preferably with centrifugal pumps which take 

the oil from the bottom and dump It back in at the top 

of the tank. Air agitation is sometimes used, but using 

it may result in the oxidation of the oil. When the the 

oil and earth mix has been agitated at the right tempera¬ 

ture for a period of time sufficient to obtain the desired 

color, it is charged to filter presses, equipped with 

fine metallic filter cloths. The filtered oil leaving the 

press is clear, all of the earth and adsorbed coloring 

matter being left in the press* 

In the contact method described the eafcth is added 

dry. In a variation of the above, the earth is added as 

a slurry in the decolorization of high boiling point 

products. The advantage of using a slurry is that the 

steam evolved not only serves to agitate the mix, but also 

acts as a protecting blanket over the oil, keeping back . 

the air, thereby lessening the chances of oxidation. 
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THEORIES OF DECOLORIZATSOH j3Y FULLERS EARTH 

While the methods of filtration. may'; vary consider¬ 

ably with different ^.plants, there are buttwo general 

methods, as mentioned previously. The theories concern¬ 

ing the mechanism of color, removal by fullers earth, how¬ 

ever, are not so well standardized; some writers consider 

it a physical reaction, some think it is chemical in 

nature, and some think it Is a.combination of physical ■ 

and chemical action. The chief theories worthy of consider 
* " / t 

atlon are listed below* • V / 

(1) The fullers earth is thought to contain some 

unknown or unrecognised substance that will reaot ohemic- 

ally with the coloring matter. The resulting insoluble 
; 5 

product is then, retained mechanically in the filter cake. 

(2) The bleaching, action is due to the presence 

of colloidal silica, dnd is related to the degree of 

hydration of the silicate 

(3) The fullers earth in some way is thought to 
# . - ' 

effect the polymerization of the color compounds in the 
7 

oil. The author of this theory states that when Florida 

earth whioh has been used for deoolorization is extracted 

with ethyl ether it gives up the color ooumpounds. If the 

ether solution is distilled off, and the;residue added to 
1 “ ■ * » • * * 

the clear oil, the resulting color is darker than.that 

of the oil before filtration. It Is thought that this 

increase of color is the result of the polymerization of 

the unsaturated color compounds by the fullers earth. 

(4) In order to explain some phenomena observed 

in diffusing California petroleum thru fullers eafcth, 
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G-llpin and Schneeberger decided that petroleum must be 

considered as and emulsoid. They considered the fullers 

earth to act as a dlalizlng septum which permitted the 

free passage of paraffin oils* but which retained the 

bitumens, sulfur and nitrogen compounds, benzene and 

olefine hydrocarbons as a result of adsorption ans coag¬ 

ulation* 

(5) Another theory says that the decolorizing action 

of fullers earth is due to the presence of di-slliclc 

acid or its anhydride which precipatates the coloring 

9 
matter. The acid is thought to liberate hydrogen ions, 

which displace the sodium ions of the color coumpouhds. 

On such a basis, the size of the earth particles, and 

the temperature of filtration have no effect except where 

they are such that they limit the free migration of the 

hydrogen ions from the silicic acid to the color compounds. 

(6) The theory held by a majority is that the 

color removal by fullers earth is a result of the com- 
3, 

bination a£_selectlve adsorption and mechanical filtration. 

There is “strong evidencein favor of this theory in that 

decolonization, in the.contact process, proceeds almost 
XI 

Instantaneously, and in the fact that the decolonization 

has shown itself to be a completely reversible equilibrium^ 

The adsoptlon theory would explain why it is impossible 

to distinguish.between a good bleaching earth and a poor 

one by chemical analysis alone,$s adsorption is a function 

of surface, and not .dependent oh chemical constitution. 

Some earths, have a natural capacity for adsorp¬ 

tion, while others that do not have may be made active 

,10 
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as a result of acid treatment* According to the adsorp¬ 

tion theory, acid treatment makes the earth more porous 

by removing the aold soluble particles of tne surface* 

The porosity of the earth given it a much greater adsorb¬ 

ing surface* 

TRg MATURE OF COLORING MATTER IN PETROLEUM 

The exact nature of the coloring matter in not 

known, but by analogy to some known color groups it is 

possible to suggest what some of the color in petroleum 

is due to. The few colored hydrocarbons that are known 

contain conjugated uneaturated groups, as in the hydro¬ 

carbons of the fulvone series* The color of the fulvenes 

range from yellow to orange* Gray and Rrogln1^ state that 

pure hydrocarbons are colorless, but become colored on- 

oxidation* Leuco bases# w.:ile colorless in themselves, 

yield color bases on the addition of one atom of oxygen* 

These secondary bases may also be colorless# but posses 

the power to unite with certain elements and compounds to 

form colors* Again, the color may be due to groups known 

as chromophores, which are unsatitrated groups of atoms 

which are essential to color* The ohromophores my also 

unite with other groups also essential to color, known as 

chromogens* The latter may be either colored or colorless} 

if colorless, the ohromogens may unite with groups known 

as auxochoiaes# which give the molecules both color and the 

power to fora .colored salts* The NHg and OH groups are 

examples of auxochromes. In general, the depth of color 

of organic compounds is proportional to the molecular weight* 
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Brooks*^ states that when petroleum distillates dark- 
' *■ ' •- , 

en as a result of air oxidation* amorphous aspha.lt like 

substances are formed. It is improbable that such color¬ 

ing matters are hydrocarbonsi as the known colored hydro¬ 

carbons contain conjugated unsaturated groups* 

The.browns in oils may be due to azo-humic acids? 

Oner, of the azo-humic acids, Vandyke brown, when treated 

with concentrated sulfuric acid forms red and yellow : 

colors if there is any water present. These red and yellow 

colors have been found to be the same as these extracted 

from fullers earth filter cake? These colors are evidently 

complicated sulfo-oompounds of azo-humlc acid. 
' • ,• 

1 ‘ > • \ ' 

It would seem then that the colors found in.oil 

may be due in part to acid treatment , others to heating 

and oxidation, and stil others may be natural. The presence 

of color In oils may therefore be said to be the result 
* ; "t ■, ■ ■ ' . " ' 

of the presence of one or more of the following: oleosole, 

oleofins, aromatio and unsaturated hydrocarbons, sulfur 

compounds, naphthenic acids, basic nitrogen compounds, 

colloidal earbbh, and asphaltic material. 

NATURE OF PTTT.T.'RRfl TOATWH 

. ' -J g 
Dana defines fullers earth as including many 

kinds of unctious clay9, gray to dark green in color, and 

being in part kaolin and in part smectite. It is placed 

by him with several clay like materials ( all hydrous sil- 
1 • ■ ' ' • ■ 

ioates) of not very definite composition with a high per 

cent of combined water. There is no basis for Dana*s 

definition^ as chemical analysis does not warrant it. 
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Certain igneous roclrs* such as granite, basalt, and 

others, when exposed to weathering gradually break down 

chemically and physically, the ultimate solid residue of 

more profound types of weathering being largely inactive* 

olays and soils'#^ The original rock was composed of sili¬ 

cates high in bases, whereas the end products are second¬ 

ary silicates, low in soluble bases, but high in the 

oxides of iron and aluminum and also sllie. Midway be¬ 

tween these extremes are the products typical of the 

active bleaching earths. The average fullers earth is, 

chemically, an aluminum silicate with a higher percent 

of combined water than most clays * A strange characteris¬ 

tic of fullers earth is that of two samples of almost 

identical composition, one may be a good bleaching earth, 

and the other, may be worthless« Haseman^ explains the 

failure of chemical analysis to distinguish between good 

and poor bleaching earths because the difference in flit-, 

ering qualities of fullers earth is due to geo-chemical 

differencesJ as an example*, two earths of approximately 

same SIO2 differed greatly in filtering valuej In the better 

earth most of. the silica waqbpresent in a colloidal 

State, while in the poorer earth it -was present as sand. 
. •; • V. 

The pysioal properties of various fullers earths 

vary greatly* The specific gravity varies from 1.75 to 2*5. 

Some earths when placed in water disintegrate completely, 

while others are not affected* Some earths are as hard as 

rock, while others break down the application of very little 

pressure. As a result,of adsorption of certain ions when 

placed in neutral solutions, the southern earths showaold 
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EXPERIMENTAL WORK 

THE PROBLEM " * 

Among the variables which have an effect on the 

bleaching capacity of an fullers earth ares 

(1) The temperature at which the earth is dried* 

(2) The type of acid treatment given the earth. 

(3) The finenessLOf-i.the .earth. 

(4) The ratio of earth to oil used. 

(5) The temperature of contact. 

(6) The time of contact of earth and oil. 

The object of this study was to determine the 

effect of each of these variables on the bleaching cap¬ 

acity of the earth, and on the convenience of running the 

decololzation, In order that each might be standardized 

to give nearly optimum conditions for any fullers earth 

under examination* 

DESCRIPTION OP FUTLER3 EARTH USED 

The fullers earth used in all experiments (except 

where other earths are indicated) was from Olmstead, 111* 

According to Hutting*^ , the acid soluble components 

constitute 23$. He gives the following analysis of elem* 

ents found in the acid solubles Fe» 7$, A1,3$J Ca, Oft; and 

a trace of Mg* The earth contained 6.9$ water after heat¬ 

ing at 50°C.$ and 5.8after heating at 100°C, the latter 

being taken as the chemically bound water* ( Fig*6 shows 

the variation of water ^°htOht with temperature) Oui own 

determination showed.the combined water to be about 3% 

of the ignited weight of the acid-Insoluble portion, 
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The carbonate radical, determined by boili&g the earth 

with dilute HOI and absorbing the evolved 002, was found 

to be about 0*04$ of the undried earth* The presence of 

carbonate is supposed to have a detrimental effect on the 
18 

bleaching capacity of an earth, so this carbonate determ¬ 

ination was made to find out the magnitude of the carbon¬ 

ate content of the earth* 

PYSICAL PROPERTIES OF THE OIL USED 

The oil used thru-out the investigation was a low 

viscosity, lubricating oil which had not been completely 

processed* Its chief pjjysical characteristics are given 

below: 

Gravity Flash Fire Pour Color Viscosity 
21.2 430°F 500°F -10°F 2§ HPA 100°F 130°F 2109F 

844 312 64 

TYPE OF COLORIMETER AMD ITS CALIBRATION 

It was necessary at the outset to develop some 

system by which the extent of decolonization of the oil 

could be evaluated. The Dubosq-Leltz type of colorimeter 

was found to be more convenient for that purpose than the 

Lovlbond tintometer system* 

The Dubosq-Leltz colorimeter Is an Instrument in 

ID 6 
which two columns of liquids of; different colors may varied 

in height until the transmitted light thru both appears 

the same* Graduations* in rallimeters, make it possible to 

measure the two column heights accurately* 

To eliminate any constant error in the two column 
y 

scales, each column was filled with the standard unflltered 

oil, and the columns adjusted so that the light thru each 
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was the same* With a column of oil 10.0 millmeters in 

depth in oolumn #2, it was necessary to have 1Q.9 mili- 

meters of oil in #1* For this reason, when mahing a 

reading on a decolorized sample*the original oil was 

always placed in #1 at 10*9 mm* 

Calibration curves (Fig* 1) were plotted for the 

Colorimeter, using two standard oils; one standard oil 

was the 100$ original oil ( unfiltered), and the other 

was the original oil diluted wiiih an equal volume of color¬ 

less benzene. Oil-benzene mixtures of varying percentages 

were placed in #2, and the column adjusted so that the 

light thru it matched that thru the column of standard oil. 

The calibration with the 50$ oil-benzene mixture was used 

when it was necessary to dilute the filtered oil with benzene. 
1 ■ , C 

. The following illustration shows the method of calc¬ 

ulating the $ color retained in the filtered oil: 

A filtered oil whioh had been mixed in equal vol¬ 

umes with benzene, gave a colorimeter reading of 29*3 mm. 

From the 50$ calibration curve (Fig.l) it is seen that the 

standard column matches 29«3 mm. of a mixture containing 

17*9$ of the unflltered oil. The color retained in the' filt¬ 

ered oil is two times 17*9, or 35*8$ of the original. The 

factor 2 is used because the filtered oil constituted only 

one half Of the total volume of the mixture used in the 

colorimeter* 

In Table I is presented the data for the. calibra¬ 

tion of the Dubosq-Leitz colorimeter #79. Part A is the 

data obtained using the undiluted oil aq a standard# and 

part B contains the data obtained using the $0$ oil as a 

color standard. 
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TABLE I 
1 • • ■ 

PART A (Undiluted oil) 

$ Oil by 
volume in #2 

Milimeter Rdg. 
#2 

Milimeter 
#1 

100 io.o 10.9 

80 13*3 10.9 

60 17.0 10.9 

40 24.1 10,9 

20 46.0 10.9 

PART B (Oil diluted 50$) 

$ Oil by 
volume in #2 

Milimeter Rdg. 
#2 

Milimeter 
#1 

50 10.0 10.9 

40 12.3 10.9 

30 . 16.1 10,9 

20 25.5 10,9 

10 54.5 10.9 

Rdg. 

Rdg. 

PRELIMINARY APPARATUS AND METHOD 

It was decided to do a group of preliminary exper¬ 

iments to dlsoover what method of treatment of fullers earth 

would result in obtaining the best decolorizing capacity 

of the earth. 

For this set of experiments a group of contact 

filter cells were set up. These cells were made of l^-” glass 

tubing stock, and were made about six inches long. Rubber 

stoppers were provided for both ends. In the experiments 

the cells were filled with an oil-earth mix, the earth and 

oil being left in contact for 24 hours, during which time 





agitation was obtained with a stream of air passing thru 

the oil. The contact method was used for these experiments 

rather than the peroolation method because of its greater 

convenience, and because of the obvious advantages of the 

contact method over the percolation process when usedon 

a commercial scale'. 

After the oil and earth had been in contact for 

24 hours, air pressure was applied atithe top of the cell 

to drive the oil out. Oil removed in this manner carried 

fine particles of earth in suspension, inspite of a screen 

in the bottom of the cell} it was impossible to malce color 

readings with the earth in the oil, so an equal volume of 

benzene was added to the filtered oil} the mixture of oil 

and benzene was centrifuged for fifteen minutes to throw 

down the sediment. The clear mixture was poured off the 

sediment, and a reading of the color made, using as a 

standard some of the diluted original oil. 

EFFECT OF VARIOUS ACID TREATMENTS 

As there seems to be some controversy as to which 

acid, HC1 or H2SQ4, when used to treat earth results in 

4,19 
the greatest activation of the earth , it was decided 

to run some experiments to find out which was the best 

for activating the earth. In this oountry, sulfuric acid 

is generally used, while in Germany HC1 is used* 

For these experiments the fullers earth was ground 

to pass 20 mesh, and to be retained on 40 mesh. Three 

samples of earth were used. The first sample was washed 

with water, and then dried on a hot plate. ( 90° C) 
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The second and third samples were washed with Hi sulfuric 

acid and.HCl respectively* The earths were washed free of 

acid, and all samples allowed to dry for two hours. 

After the earths had dried, 25 gram samples were 

placed in the contact tubes with 25 cc* of oil* The water 

washed sample was left in coatsof with the oil for 24 

hours, and the two samples were left for 25 hours* At the 

end of those times, the oil was removed, centrifuged with 

an equal volume of benaene, and the color read# The results 

given below, show that the use of HOI in washing the enrth 
/ • ‘ 

used results in greater activation thazi washing with B2SG4* 
/ / • \. \ 

The use-'-of ..sulfuric acid for earth treating in this 

country may be attributed to the fact that the relative 

cheapness of the fullers earth, and the Sisali decrease 

9S decolorising efficiency resulting from the use of HgSO^, 

arc more than offset by the greater coot of HC1* The 

results of the above experiment are* 

Washing Hedlura I1P0 HoSG^llO HG1(1H) 
Time of Contact 24 Hrs. 25 Hrs* 25 Hrs# 
$ Color Retained 53*6 % 31*4 $ 27*8 $ 

It was thought that the hydrogen ion concentration 

of the washing solution may have been partially responsible 

for the differences in activation of the earth as shown 

by the above data* As a result, it was decided to repeat 

the above experiment, using wash acids of ■ the same PJJ# 

Samples of earth were washed with HCL, and H3PO4 

solutions. ( Same ?H as 6H HC1, using picric acid as an 

indicator*) The samples were then washed free of acid, and 

dried on the hot plate at 90° 0* The oil and earth were 

left in.contact for 24 hours, using same proportions as 
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before fore earth andopil, and using the same sixe earth* 

The results are shown below: 

Washing Medium H^POA HOSOA fid 
% Oolor Retained 3o.6$ 35 • 8^ 32*8 
Time of Contact 24 Hrs* 24 Hrs. 24 firs. 

These results show that the difference of PJJ of 

the sulfuric and hydrochloric acids in the precoeding 

experiment was not responsible fop the difference in 

activation of the earth. 

EFFECT OF VARYING HCL COMCEHTRATIOH 

As HOI had shown Itself to be the best acid for use 

In activation of fullers earth, samples were treated with 

varying concentrations of that acid* These different samples 

were boiled for one half hour with different HC1 solutions, 

after which the earth was washed free of acid, dried, and' 

screened to 20-40 mesh. For each acid treatment, two 15 

gram samples of earth were placed in the filter cells with 

30 cc. of oil, and the mixture agitated with air for 24 

hours at room temperature. As usual, at the end of that 

time the oil was removed, mixed with benzene, centrifuged, 

and the color read* The data is given in Table II, and 

shown graphically in Fig* 2# 

TABLE II 

HC1 N 0 1 3 6 9 10 12 

Colorimeter 
REading 

13*6 13.0 13*5 15*9 17*9 13.9 17.2 

% Color 
Retained 

71 75 72 61 57 70 57 
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In spite of the fact that HC1 had shown itself to 

cause greater activation per equivalent used ( which 

means greater activation per unit weight also) the diff¬ 

erence between it and sulfuric acid was not great, H2SO4 

was used in further investigations, mainly because the 

latter is used commercially. 

FILIAL METHOD AMD APPARATUS 

Using the method outlined for the preliminary ex** 

periments, it was found that it was hard to get color 

determinations to check « This was due to varying amounts 

of decolor!sation under apparently the same conditions* 

The coarseness of the earth, and the large amount of earth 

used with the oil limited agitation, so it is possible 

that the amount of active earth in two samples of oil 

may have been differeiit, even though the total amount of 

earth in each was the same. Using an air stream to 

secure agitation undoubtedly resulted in some oxidation 

of the oil, so the variable results obtained might also 

be attributed to unequal oxidation of the oil samples. 

To avoid the difficulties encountered, an Adaptation 

of the commercial contact method was developed. In the new 

method the earth was ground fine, and used in a relatively 

low concentration. It was decided to appljc heat to the 

oil to reduce viscosity; an atmosphere of methane was 

supplied the contact chamber to prevent the oxidation of 

the oil at the resulting higher temperature. In one ind¬ 

ustrial laboratory superheated steam was being used to 

keep the air away from the hot oil, but methhne was found 

to be more convenient for our laboratory. 
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A sketch of the apparatus used in the final experi¬ 

ments is shown in Flg.4- with all parts indicated* An 800 

cc Pyrex beaker, fitted with a cork top, served as the con¬ 

tact chamber* The cover was supplied with three holes, 

for the stirrer shaft, the methane inlet tube, and one for 

the thermometer* Clearance of the cover at the beaker1s 

lip and at the stirrer shaft hole was sufficient to all¬ 

ow the gas to escape without building,up pressure in the 

container. Close temperature control (•sb2°C ) was obtained 

by plac&ing a rheostat In series with the" electric heater. 

The electric motor used to drive the stlrres was supplied 

with a variable speed control, but the speed was held 

constant thru out the experiments* The speed of the stirrer 

should be adjusted so that the earth will not settle out 

at the bottom of the beaker , but it should not be so 

high that the earth will be thrown out against the sides 

of the beaker, as that is the equivelant of removing the 

earth from the oil* 

Bleaching determinations were made, using a stirrer 

made of glass, and with one of copper, to see whether 

the material of the agitator would have any appreciable 

effect on the decolonization. As is shown by the following 

data, a little more color was removed when the glass stirrer 

was used than when the copper one was used. The difference 

was so small that it was decided to use the copper one in 

the following experiments, as it was much more shock 

resistant than the glass, and it wasposslble to adjust the 

pitch of the stirrer to get best agitation . The colorimeter 
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readings obtained on oils decolorized in the presence 

of the two types ofl stirrers is shown below: 

Copper 14.5 13*8 14 »3 l4.0 .14*1 (mean) 
Glass 15,0 15#2 16.2 15.4 (mean) 

PROCEDURE USED IN FINAL EXPERIMENTS 

In all of the subsequent experiments 100 gr. of 

the oil were placed in the beaker and brought to 140°G., 

in an atmosphere of methane. At that temperature 15.0 

grams of the earth (100-200 mesh) were added, which 

brought the temperature of the mixture down to 130°G, 

where It was maintained (^=-2°) for ten minutes. At the 

end the mixture was removed from the contact chamber and 

the oil filtered free of earth by means of a Buchner 

funnel filter. The filtered oil was then placed in the 

colorlmeteftr, and the color read. As the filtered oil had 

not been diluted, undiluted oil was used as a color standard. 

It has been found that the optimum temperature of 

11 
contact is dependent upon the oil • We found that the oil 

color darkened as a result of oxidation with increase of 

temperature, that a high temperature was necessary to 

reduce the viscosity sufficiently to get good agitation. 

The optimum temperature is, therefore, the minimum one 

at which sufficient fluidity is obtained# Our experiments 

sh.otved 130°C. to.be the' optimum for our oil# Earth of 

100-200 mesh was used because that is the size used com¬ 

mercially^, and because one of the earths available was 

of that mesh* According to I5a & Withrow*^ decolorIzation 

takes place almost immediately after good contact of earth 

and oil is obtained. Their experiments on vegetable oils s/ion/ 
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That no more color* mo removed in 72 minutes of contact 

than was removed in one minute. The ratio of 15ft earth 

( based on the weight of oil used) was settled on after 

some experimentation. A greater per cent of earth 

tended to settle out in the bottom 01 the beaker, and 

smaller amounts resulted in too little &ecolorization to 

be determined accurately. It was found that by using 

the foregoing method' it was , possible to check; decolor- ; ~ 

izatlons within two or three per cent* 

EFFECT OF VARIATION-OF DRYING TEMPERATURE 

By running a series of standard decolorizatlons , 

using several earths, it was thought that perhaps some 

temperature of drying would be found which would be the 

that suoh a 

temperature exists is that in evaluating an unknown earth 

it would be necessary to dry .that earth at the optimum 

temperature, and then use it for a decolorisation. If 

after being dried at the optimum temperature the earth 

showed little or no decolorizing power, it could be discarded 

without wasting further time with it, and vice versa. 

Samples of three different.earths ( called #s 1, 

2, and 3) were ground and screened to the standard fineness. 

( 100-200 mesh) Samples of each were dried for one-half 

hour in an electric furnace equipped with a thermocouple, 

at temperatures ranging from 300° to 1100°F* Temperatures 

lowerouthan 300° were not used becaused all samples had 

been previously air dried. The data' obtained by using the 

standard decolonization method is Bhown in Table III, and 

is shown graphically in Fig. 5* 

optimum drying for all. The value of knowing 
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TABLE III 

EFFECT 0? DRYING TES1PBRATURE OH BLEACHING- 

CAPA CITY. OF FULLERS EARTH 

Drying Temp. Olay 
°F. Ho. 

Colorimeter % Color 
Rag• (ram) RetaIned 

010 1 24.3 39 
- 2 14.5 73 

3 12.7 83 

500 1 26.3 35.5 
2 16.0 65- 
3 12.3 84 

615 1 21.8 . 45 
2 16.7 62 
3 12.0 87 

700 10 21.0 47 
2 15*0 70 

3 11.9 88 

915 1 19.5 51. 
• 2 13.0 81 

3 12.0 87 

1100 1 19.5 51 
2 14,0 75 
3 12.0 8.7 

320 1 23.0 42*5 
2 16.0 65 
3 13.6 77 

The curves obtained by plotting the above data 

show that the bleaching capacity of all the earths tested 

falls off as the drying temperature is increased beyond 

300°F* The conclusion to be drawn from such results is 

that exceedingly high drying temperatures decrease the 

decolorizing fcapaeitjsE of the earth, contrary to the state** 

18. 20 
merits of some writers. 

11 
The data obtained by Hutting on the total amount 

of water retained by the #2 earth at various temperatures 

is given in the following table, and is plotted in Fig.6. 
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Temp, of drying(°C) 50 100 200 300 400 600 
. HpO Retained as 

$ of dry weight 6*9 5*8 4*6 4.1 3*4- 1.6 

Some writers^ have suggested that there may be 

some relation between bleaching capacity of a fullers 

earth, and the degree of hydration. As a matter of inter- 

,15 
est, hutting's data on the amount of water detained at 

various drying temperatures was combined with our data 

on the variation of color removal with drying temperature. 

As a result of this combination of data, the variation 

of color retained with the amount of water in the earth 

was obtained. The combined data is plotted in Pig. 7* and 

the points, while scattered* seem to Indicate a rough 

linear relation between color left in the oil and the 

amount of water in the earth used for decolorlzation. 

The decrease of bleaching capacity with decrease of water 

content of the earth may be explained oh the basis of the 

adsorption theory by the fact that the high temperatures 

water 
necessary to remove the combined may cause some fusion of 

the earth, thereby reducing the active adsorbing surface. 

If the chemical theory of color removal is accepted, the 

change of structure resulting from the removal of water 

is sufficient explanation for the decrease of bleaching 

power with decrease of water content. 

EFFECT OF VARIATION OF ACID TREATHEHT (H^SOA) 

To determine whether or not it is possible to 

treat an unknown clay, of fullers earth with a gltsen welg&t 

of sulfuric acid, and obtain about its optimum activation 

with respect to acid treatment, two different earths were 

treated with varying amounts of sulfuric acid. (1.84 sp. g.) 
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For each determination 50 gramsamples of earth were toiled 

for one-haIf hour with an amount of acid (various $ of the 

weight of the earth) which was diluted to 200 cc with water* 

During the boiling the liquid level was kept constant by 

adding water; after boiling for ahalf hour, the earth was 

washed until the wash water showed no acidity to litmus. 

The earth was then dried of. the hot plate (90°C.) for 19 

hours* After the earth was dry, it was ground to the stand¬ 

ard fineness* 

The contact decolorization was made in the usual 

manner, the oil filtered free of earth, and the color read* 

The results are shown in Table IV, and plotted in Fig* 8* 

From the results of this experiment, it appears 

that the maximum activation of both earths occurs when 

they are boiled for a half-hour with 50$ of their weight 

of sulfuric acid (1*84 sp* g*) As the two earths treated 

were from widely separated sections of the country, it 

was concluded from this experiment that a treatment with 

50$ (based on weight of earth) of technical concentrated 

sulfuric acid should be about the optimum for any bleach¬ 

ing earth* Whether or not this amount of acid would be 

economically justified can not be answered without a know¬ 

ledge of plant operating costs* 

It will be noticed that the curves of earth §2 

show an abrupt change occurs in the bleacaing capacity of 

that earth when if was treated with small amounts of acid, 

as in the neighborhood of 10$ acid* The curve for earth #2 

shows that leaching with water may serve to activate the 

earth as much as the optimum amount of acid. Therefore, the 
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evaluation of any unknown clay should include leaching 

with water# 

TABLE IV 

THE EFFECT OF ACID TREATMENT 

Earth $2 % Acid 
Eased on Wt« of EalJth 

Colorimeter 
Rdg. 

% Color 
Left 

0 20,5 4? 

10 13*6 77 

20 17.5 58 

% 
30 19,0 52 

72 19,5 51 

216 13.0 56 

360 
i't *'HH£ ft ‘iKJ'VHr'ir if ft ft ftft-yc 'xftft ft ftftrft 

12 #8 
ft ft ft ft . ft ft /,*»> itft fti'r ft ft ft is 

82 

Earth #3 0 15*3 68 

10 17.8 57 

30 16 #2 50 

5° 20.8 48 

100 19.7 51 

200 17.0 60 
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SUMMARY 

The conditions which the Investigation has shown to 

affect the optimum bleaching capacity of an earth and the 

best method of determining the bleaching capacity are as 

follows: 

(1) The temperature at which the earth is dried (aoid 

treated or not) should not greatly exceed the 

atmospheric boiling point of water. 

(2) Optimum activation results from acldtreatment when 

the earth is boiled with 50$ of its weight of conc¬ 

entrated (sp. g. 1.84) sulfuric acid, the whole dil¬ 

uted to form a thin slurry* After boiling the earth 

should be washed till the wash water shows no acidity* 

(3) An 6arth size of 100-200 mesh is convenient for 

experimental'work* 

(4) The optimum earth-oil ratio was found to be 15$ earth,* 

based on the weight of oil used* 

(5) For experimental work, the temperature of deeoloriz- 

ation should be no greater than that necessary to 

obtain sufficient fluidity for rapid agitation. 

(6) Time of contact is unimportant after thorough cont¬ 

act has been obtained* 

We wish to thank the men that have aided this In¬ 

vestigation by means of their suggestions and criticisms, 

among whom are Mr. A.H.Gill of the Sinclair RefinlngGo*, 

Mr* B.S.Lindsey of the Milwhite Co*, And ir. A.J.Hartsook 

of the R^ce Institute Chemistry Dep*t The oil and some of 

the fullers earth used in this study were supplied thru 

the courtesy of the Sinclair Refining Coranany* 
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