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P.REl'AOE 

One or the phases ot chemical research Yinich has been greatly 

neglected is that of dete:zmining a method of correlating the bleaching 

power of a clay with factors whioh oould. be easily detenrtined. It is 

known that leaching a contact olay restores, at least partiall.y, its 

deoolorizing power. It is the purpose of this paper to tind the 

optimum conditions, of Sul:ruric Acid concentration and leaching time. 

tor restoring this deooloris1ng power. It should be understood that 

the best con.di tions tor rejuv:enation or the clay used in these 

experiments would not necessarily be appl.icable to any di:f'terent 

system. but it is hoped the data obtained might be helpful in a rough 

estimation o:f the rejuvenation ot other clays. The olay and oil is 

tully enough dEU30ribed so that the data might also be help,tul in any 

later attempt to correlate the deooJ.ori zing power ot clays with 

pbysieal or chfjllj_eal properties. No e.tte:u.pt has been made to evalu.a.te 

the data obtained w1. th eoonomical plant operation., although there is no 

doubt but what oondi tions close to the optimum must be obtained. 
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INTROWCTION 

So.me patents have been t i led for t he rejuvenation of bleaching 

olays and a small. amount of material was found ill periodicals and books 

but the best conditions for restoring the decolorizing power ot clays 

have had but 11 ttle work done on them. 

The process of bleaching with the o.id : ot an earth dates baok to 

the time of' the Ohinsse and :Egyptians, with rapid progress being made 

during the middle ages (8).. In the Unite~ States bleaching with clay 

was introduced in the industry ot so·ap making . In 1S9l J"ohn Olsen 

discovered .a deposit of this active clay in .Arkansas and in 1893 a 

larger deposit was :round at Q)lilloy, Florida. 'ftlis marked the 

beginning of the commercial use of alay. At the present time the 

greatest use o t bleaching olay is in the refining o:f produets ot 

pet-roleUlll distillation or oraoking , as wel.1 as lubricating oils, the 

adsorbent earth funct i oning as a medium to remove or convert dele

terious com.pounds in t he oil. The chiet sources of bleaching clay 

i n t he United States are in Arizona, southern GalifornL ., Colo r ado. 

Florida, Georgia, Illinoi s and Texas. The large deposits seem al:most 

inexhaustable.(12) 

Kohlendort1 was the first to find t hat the leaching process is 

able t o i mprove t he bleaching ef fects of clays. ills r esults wer e not 

good because he .failed t o con sider all of t he numerous variables, 

however, by l eaching with 10% sulturic acid at ioo° Centigrade he was 

able to show that rejuvenation of a spent clay could be accompli shed. 

l D. R. P. 305, @2 
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Bleaching clays are used to remove sus pended , colloidal, and 

dissolved impurities, such as carbon, coke. resi nous, and asp.tlaltic 

substances, esp ecially those rich in o:xygen1 hydrocarbons and poo·r in 

hydrogen and coloring matter. (8) The clay also tends to i ncrease the 

chemical stability and neutralize the acid treated oil without previousl.7 

neutralizing w1 th alkali and washing with water. Bleaching clay could 

be used to replace the acid treatment entirely, but the amount of olay 

necessary would make this impractical. Specitioally, t he clay removes 

acid, alkali, soap, gum, and, to some extent, suli'ur. It also finds 

value as a catalyst to side reactions and craaking and help s in the 

prevention of "sludge8 deposi ta in insulating oils. 

This decolorizing power is not possessed by all clays and is 

dependent on t he interiow structure (.Nutting).(23) The three chief 

sources or bleaching clays are reoognized as: volcanic ash; certain 

igneous rooks that are low in si11ca, high in bases, and partially 

decomposed; and the marine secondary mi neral, glauooni te. 

S102 is important i n the origin or t hese aoti ve clays and 

Fussteig ( 8) suggests the following reactions: 

3 S10 2 + 2 JCOH + 2 Al(OH) 3 -------- 2 KA1Si0 3 (Feldspar) 

This :feldspar i s decomposed by H2 S03 and atmospheric weathering, which 

resu.l ts in the tran.sfom.&tion of feldspar to Kaolin si.lioate according 

to the following equation: 

ac.Al.Si 308 + 2H20 --.. --- A12H4 S1a03 (Kaolin) + 2H~Si06 

During t he oourse ot many thousands of years, Kaolin Silicate went 

through a leaching process to fo:rm a loo se and porous material. By 

weathering , feldspar wa s split up to form an insoluble substan ce in 

water, which was impregnated with ultra microscopi c chall.Ilels. Water 



and Carbonic Acid cau sed great adsorp tion surfaces so as to make it 

valuable as a decolorizer. The most ideal leaching process would be one 

whioh followed t hat occurring naturally, but with greater speed. 

Many varieties o:f silieates exist which have ultra microscopic 

ohWlllels, those having the f'inest oh.annals being called zeoli t -es, w'.aioh 

are generally hydrated Aluminum Silioates of calcium or sodium. Zeoli tea, 

with other argillaoeous earths, are classH'1ed as J'uller• s Earth. 

According to Gibbs Law (9) when dissolved matter changes the 

original surface tension of a solvent, the oon centration of the dissolved 

substance at the surtace will be changed, having ia oonsequence, a 

remaining solution of quite another concentration. The concentration 

i n the solution will be changed so that the surface tension i a r educed 

to a minim.um. When t h e surface tension of a solvent is reduced by a 

dissolved substance, the l a tte-r tends to colle-ct on the sur:faoe layer of 

the solution. 

By adding to the solution a certain volume or solid :material, the 

sur:t"aee tension at t h e interf'ac.e o:t t hese two phases will be lowered 

as t he concentration of t he surface tension increases. Simultaneously, 

t he oonc.entration o:f the rEmainiD.g solution decreases. The sur:ta.oe of 

the solid must be great i:f' the change o:t" concentration i s to be 

noticeable. The solid adsorbs the dissolved compound. 

The adsorption t h eory of ~ undliah sta tes t hat l. • Krl 
,r 

where: X - Uni ts ot impu.ri ties 

l4: -- (ll.umti ty ot adsorbent used 

0--- Equilibrium ooneentration ot the impurities in t he. oil. 

K and P -- Constants, dep ending on the nature ot the 
adsorbent. 



By converting the above equation to t he logri thmic tom, 

Log X • Log K + P Log C, the equation becomes a straight line ..,.... 
when X 1 s plotted against c. 

,r 

Lanpuir2 represents the interior or t he adsorbent with satura ted 

valence and t he surf'ace with unsaturated valence. These surtaoe 

valennes are responsible tor adsorption. Haber says adsorption is a 

loose chemioal combination between adsorbent and adsorptive. Euohen , 3 

Lorenz, and Lande4 consider the adsorption power due to a fall of 

potential on the surface of the adsorbent. GurWi tch (1.5) believes t he 

adsorbent attracts both the molecules ot' the solvent and the dissolved 

substances. The proportion is detemined by: (1) The proportion ot 

both moleou.les in t he solution; and (2) by the power with which both 

molecules are attracted by the adsorbent. Fus steig (9) beli eves the 

adsorptive power is practically wholly dependent upon the sort of 

sub stanoes dissolved. 

Two prooesses occur during deeolori za.tion: (1) an adsorption of 

the adaorpti ve, and ( 2) separation of the adsorptive as flocculen ts. 

One (9) clay may be a vecy good bleaching agent tor one oil, but poor 

for another. This difference in bleaching power is caused by the 

shape ot t he microscopic channels in t he clay. 

RSlloval of substanc·es such as Iron Ox:i.de :from t he clay, may 

destroy- the decolorizing property entire1y (9). Some ot the catalytic 

2. Lan~uir, Journal. Am.. Chem. Soc., 1918, p. 1361 

3. »ichen, Zei tsohr. El.ektroehem . ang Phys • . Chem., l922t p . 6 

4. Lorenz and Lande, Zei tse.hr .Anorg. Al.lg . Chem. 19 22,, 125 p . 4? 

4 
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properties may be due to AlOla• '11auper1:rtu re does not have a great effect 

~pon adsorption , but at a given tanperature , in time a maximum decoloriza.lt 

tion is reached and then etfectivity drops. 

SJRVEY OJ1 LITEHATURE 

Hilpin and SOhlleeberger (10) reduced t he nitrogen content of oil 

tram .71% to .Os% by treating an acid oil w1 th a finely divided clay 

and adding ee.ustie soda to release t he f ree base and to neutralize t he 

acid. 

By using heated Bauxite in qu8llti ties of .f'rom a:> to 350 pounds per 

barrel of Kerosene the BuI!llB. Oil Company was able to reduce t he sultur 

content t"rom 0.134% to 0.,0002%. The clay had been gl"'Ound to grains ot 

10-00 mesh and had been previously heated to 600° Centigrade • . Although 

t he temp erature at which this was earried out was not given, ordinarily, 

contacts are carried out just below the !'la.sh Point o:r: t he oil. When 

lower temperatares were used, the sulfur content was lowered to only 

O.ll%. Most sultur in oils is present as HaS, s, RSH, B.-S-S-R. RSR 

and C,JI.S. All except elementary sulfur and the mer aai;tans are 

removed by this Baun te method. 

According to Mattson (19),. nearly all inert substances char ge 

themselTee negatively in water. All explanation coul.d be accounted tor 

by assuming t he electrical forces within the oriented, 1ntertacial la;yers 

of molecules to be such as to attract 8lld fix the OH ions ot the water 

while t he H ions, or cati ons which may have displaced them, remain tree, 

and diftuse into the surrouncling water, whioh then assumes a corresponding 

positive charge. Or it may be simply assumed that. the bond attaching 

the OH ion is more powerful or more r eadily attached than t ha t a ttaching 

t he H atom. It is part of a potential double bond. 
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Thus clay particles i n water tend to surround t hemselves with an 

atmosphere of charged ions; some from their own material if any are :free 

but supplemented by H, Oli, and other ions from the water. Since the H 

is small 8lld mobile while the OH tends to remain with t he Silica, there 

is a marked tendency tor H to dir:fuse away from the silicate parti cle and 

be replaced by other less mobile bases if these are available. In 

general, activation consists simply in the r an.oval of the ions loosely 

held at the surf'ace, so that in filtration other cho sen ions or charged 

aggregates may be adsorbed and thus removed :t'rom the solution or 

suspension. 

A12 aoti ve bleaching clay when placed in a hydrocarbon containing 

no oxygen atoms will adsorb colored ions of t he unsaturated type i"irst. 

but when these are not present, a good clay will breeik out part s ot even 

saturated chains or rings •. (23) I:f the alay is not completely dry, H 

and OH ions r&ain on 1 ts surface and its activity is greatly reduoed, 

so that it adsorbs only the blackest hydrocarbon groups and passes the 

yellow and red :tractions. If an alcohol is added to even a good petroleum, 

bleaching olay has almost no power to filter . it. The more highly 

silioeous type ot olay has a greater capaoi ty for OH adsorption and 

combination. .Al.so, there appears to be a selective advantage at high 

tElllperatures, which appear to qd.ve off OH more rapidly than hydro-

carbons from the active surface. Whan con tac ting is done at or over 

175° Centigrade oomplete dehydration of the clay is not essential and 

it is even possible to injeot the .ol.ay in the tonn of a mud without 

lowering the efticiency. 

Aooording to J'ussteig {12) the t 'A'O factors of greatest importance 

in the leaching proe~ss are: (1) tt111perature and (2) oonoeo.tration.. 
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He believes a ten:perature ot 100°cent1grade to 110° Centigrade gives 

the best results and the conceu tration varies widely, the mw.mum 

being concentrated when the ultra lli.croscopic channels are very 

resistant to the action ot the acid (12). After washing out tha acid, 

the residue contains 75 to 00% water, which should be dried to about 30"~ 

water. Overheating should be caretully gu.~ed against. 

Atter leaching a clay with aci d, the remaining acid probably 

indicates equilibrium between the acid and olay. All carbonates of the 

clay are destroyed after cooking t he mixture. It is then diluted with 

water to dissolve as m.uch ot the water soluble salts as possible. Some 

olays even craok :pure saturated para:t'finic hydrocarbons, while others do 

not. There are certain kinds of bleaching clays that are able to o::xidize 

the oil during the bleaching proeess in such a manner that the oil begins 

to burn. The bleaching power ot some clays i a increased by ignition, 

but t hat of many olays is destroyed entirely. One clay being in.active 

on hot crude when raw, may be highly aotive after acid leaehing , al.though 
.. ·· ·'· 

on ootton seed oils this action may be reversed. 

Contacting by placing clay in a still has the advantage or higher 

effi ciency but causes _pol ymerization at the temp eratures used, which is 

carried on catalytically by the higher unsaturated hydrocarbons. Too 

low a temperature decreases the efficiency because all the air :from the 

channels is not excluded. The best temperature condi tio:n for contacting 

is that at whioh n.o air remains in the ultra microscopic channels and 

this condition must be detemined experimentally :for each cl.ay. When 

the acid treat and alay contact are carried out simultaneously, by 

introducing acid and clay together, unknown hydrocarbons a.re :rormed 

which act catalytically and cause settling of the oil on standing . For 



better ef:ficiency, however, some acid should be present during the 

contact. 

8 

Baylis (3) reeOillillends a leaching temperature of about 100° Centigrade 

and a leaching time of about five hours, the latter de:,ending on t he kind 

of clay being rejuvenated. 

Belden and Kelley (5) give the following proceedure tor activating 

a spent clay; after the clay has been washed free of excess oil with a 

suitable solvent it should be treated with a solution of aci d in water 

for a suf'f1 oi en t time to al.low the acid to fully react with t he clay 1 _ 

washing the treated clay to remove t he water soJ.uble impurities, and 

heating the washed clay to drive off the water. 

Pfaff and Sieweoke (25) reJuv~ted bleaching _clay by using ~% 

SUlfuric Acid at a t emp er ature of the boiling point of the aci d whic.h 

was 105° Centigrade.. They also recommend Sul:furio Acid as the most 

econOillical acid tor this purpose. 

Some methods of rejuvenation do not use the acid leaoh but depend 

on a good solvent to rE111.ove the oil from the spent clay. Lanmon (18) 

uses suoh a method and recommends solvents au.ch as t he following: 

1. Naphtha~. alcohol 10% and Benzel 6~ 

2. Napht1:ta ~. aloohol 5% and BenzoJ. 45'$ 

3. Naphtha 7~, alcohol 5-' and .Benzol 00% 

The result s obtained by these are interior to the leaching process but 

might have an advantage economically. 

Huber (16) believes an. acid concentration of ? to 35% wi th 

leaching time of :trom l to 3 hours gives t he b est result s . The 

temperature used was 90° Centigrad.e and a liquid-sol.i d ratio of 2 to l 

apparently g ave the best results. - l!nough liquid should b e used to give 
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the mixture adequate fluidity for thorough agitation. 

Baylis (2) 9re.ters a 12 to 001> sulfuric aci J solution and treats 

the clay :fro.Di 2 to 10 hours at a. t~perature of ao0 to 95° Centigrade. 

In washiug the leached clay, an ordinary tap water greatly reduces its 

decolorizing power because of' the cations in the water which are readily 

adsorbed. Rep eated leaohintti do not materially destroy t he ef't'ecti veness 

ot the olay. 

Kobayashi and Yamamoto (l:,, f .ound an acid concentration 0£ 15-% used 

at a. temperature of 105 to uo° Centigrade and a li q_uid-clay ratio. ot 

2 to l heated from 3 to 5 hours gaTe good rejuvenation. A 1apanese acid 

clay was used in their experiments. 

Burghardt ( 6) recommends a leaching time of from 2 to 3 hours at 

10§9 Centigrade. · He also believes t he Slllount of acid used depends on its 

concentration. Separation of the oil from the clay can be made very 

· sati staQtorU.y by til tering th~ paper. 

In general only the results ot adsorption of the colors t:ront a 

single oil by dit.terent amounts ot adsorbent can be grouped together (24). 

The conditions are not those of a simple solution ot a solute in a 

simple solvent and comparisons of color alone are i nadequate. In 

studying the blea ching of oils, even with t he same clay• different 

factors of the oil must be taken into account. such things as type , 

color, acidity• tan.perature,. kind ot color and source of oil on a 

particular oil muet , in plant practice, be studied separately. 

It is the purpose of this work to determiL.e the effect of the 

le!iohlng ti.me on the rejuvanat.i.on of a spent bleachin& clay at the 

optimum eondi tion ot acid concentration. This was accomplished by 

tirs t f'indinB the best acid coneentration and then det ermining the 
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effects of time on this leaehi:ug action. By rejuvenation, as used here, 

is meant the ability to remove color rather than all the ettects the 

elay might have on the oil. 
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In brief the proeeedure used in these experiments was as follo ws: 

l. Co-nta.ot natural cla.y and oil. 

2. Wash excess oil from clay with Stoddard Solvent. 

3. Leaohing the clay w1 th acid. 

4. Washing the clay. 

5. Drying the elay. 

6. Contact the rejuvenatad ola:y. 

7. Deter.idne the Tag Robinson color of t he contacted oil. 

Throughout the experiments t he same oil and ela:y were used. The 

oil,. :furnished through the courtesy- of the Continental Oil Company, was 

a mixture trom the Oklahoma Oity, Lueein and Crescent :fields. The Pale 

Oil had been dewaxed by the Bari.sol Process and gave t he follo .. 1ng tests 

as received from the refinery. 

Gravity-----------------23.4 

Flash Point-------------465° Fahrenheit 

J'ire Point------------535° Fah.renhei t 

Vi seo si ty at 100-690 to 730° lahrenhei t 

Cold Test--------------- -.6° Fahrenheit 

The clay used was a produQt o.f the noridin Company and is known as 

their grade nv. It also is commonly kno·m as Julle:r' s Earth and is of 

grain size so that 90% of it passes through a 100 mesh screen. The 

Bllalysi s of the olay was as follows: 

Si02 62.83$ 

AlaOa 10 •• 

Ye,,03 2..~ 

cao 2.43% 



Na20 o.20j 

Ha<) ( combined water) 7. 7Z/, 

Moisture (Mechanically held) 6.41~ 

12 

In order to obtain an oil which could be used as a standard tor t hi s 

wom, and which did not contain ta> great an amoun* of colo.ring matter to 

make clay treatment impractical the dewaxed oil was first acid treated 

w1 th SU1.1'urio Acid. The acid treating Ulli t, as shol'w'D. in Figure I, per

mitted batch treatments ot 0000 milliliters. The treatment consisted or 

two parts. !'irst, 0000 millili t.ers or the oil was treated with 10 

m.illili t ers ot 9~ Sulturie Acid at a temperature of 469 Centigrade. The 

oil-acid mixture was agitated at 1750 R.P.M. tor 15 minutes and then 

allowed to settle Z() minutes before the sludge was removed through the 

plug at the bottom of the unit. !n the second stag e. 15 millili tars of 

94% Sul:furic Acid was agitated with the ranaining 1750 milliliters of oil 

tor 1&:J minutes, at the same rate and temperature. After settling 30 

minutes, the sludge was removed as before and the oil was allowed to 

settle over night at 25°' to 35° Centigrade. This process was repeated 

until enouah standard oil was obtained to carry out the experiments. All 

these batches wer e lillXed and kept in the cold to :prevent any further 

settling or sludge. 1'b.e standard oil showed a Tag Robinson color number 

of 1.a. 

The Tag Robinson Colorimeter i a widely used in the petroleum industry 

for obt.aining ool.ors of oil. In operating this machine, retlected light 

:passing through a layer of oil is matched in color against the same 

light through a standard dise. Eaoh machine is equipped 1.1. th three color 
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discs so t hat a wide r ange of color can be deteilllined. In using disc 

number 2, t he number 8 is a dded to t he scale readi ng while in using di sc 

3• sixteen is added • . By such a system the col.or range is divided into 

24 whole numbers, the largest being the lightest color and the smaller 

numbers the darker colors. The accuracy with which t he machine was read 

was :probably t 0,.1. 

The ol~ was dried at 105° Centigrade to oonstant weight so that a 

unitoDn moisture conte..n.t was present in each llatch.. By preliminary 

experiments it was found that a good bleach could be obtain ed in oon

taoting the oil and clay tor 25 minutes at mo0 to 005° Can ti grade • 

.Agitation during oontaot was carried out at 525 R.P.M.• this speed giving 

thorough enough mixing so that the olay did not settle to the bottom. It 

was further found that under the above condi tion. s ll grams of the natural 

clay contacted With l.00 milliliters of oil gave a Tag Robinson color 

number of 8.5. This ratio of' clay and oil was chosen since the color 

obtained was apparently that of many comruero,ial oils. Oare should be 

taken in oontaoting, that t he vessel be large enough to allow tor foami.ug. 

Ordine.rily the ratio ot the vol.ume ot the vessel to the volume of oil 

should be 2. 5 to 1 5• It the cl~ has been thoroughly dried before 

introducing into the oil there is practically no foaming tor t he Fuller•·s 

Earth used. .Figure II shows the con taeting unit. 

After con tacting. the clay was separated from t he eil by filtration 

through Sargent s Pure White 38 Centimeter J'ilt~rs. One hour atter 

introduoing t he clay-oil mixture on the tilter. the oil was usually 

5. Much of the information on a.aid treating and contacting i'.:as obtained 
trom. reports by Researoh ChEl!list , Atkinson to the Continental Oil 
Company and will not be U$8d as speoifi e ref'erenees. 
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fairly well drained and t he color was determined. Si~ce color 1s harmed 

by age, this is important that the color be read at equal time i ntervals 

af'ter each contact. · After allowing the oil to drain well, the excess oil 

was washed out by five &> m.illili ter portions of Stoddard Solvent, and 

the olay was allowed to dry in the · atmosphere. 

In rejuvenating tb.e clay, care was taken to remove all the spent cla;y

trom the filter into a 50 milliliter beaker. '110 this clay the concentra.

tions or acid were added until a liquid-eley ratio or 00:ll was obtained. 

This mixture was then placed in a water bath and heated at 100° Centigrade 

tor 2 hours and 15 minutes. At the beginning of the leaeh, the mixture 

was agitated rapidl.y until the f oaming period was completed. Pa.rt or the 

oil then came to the su.rfa.ee.. n.tring ·this leaching period the mixture 

was agitated eveey 25 minutes until it appeared hOlllogeneous. Af'ter 

leaching, the action of the acid was stopped with water. After settling 

an hour, the systEUl had divided into three layers: the alay at the bottom.; 

the supernatent liquid in the m.iddl.e and a small layer of oil which had 

been. removed from the cl.ay- channels, at the top. By deoantation, this 

oil was reillloved, and the ol.ay and supernatent .l~quid were separated by 

:f'il tration th.rough filter paper. The alay was washed With di stilled 

water until the filtrate was tree of acid. The use of hard water here, 

destroys the bleaching power of the alay,. This washing usually required 

trom 4 to 5 hours. 

The clay was then placed in the oven and dried at 115° Centigrade 

tor 3 hou.rs. The time and tooiperature here again are important because 

it is very easy to overheat, thereby breaking down the interior structure 

of the cl.ay-. Huber (16) sqs a tem.perature o!' 150° CeD.tigrade is not 

too high. but the author found that !or the cla;y used in these experiments, 
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a temperature above 125° Centigrade decreased the decolorizing power ot 

the olay .. 

'l'he rejuvenated olay was then again oontaoted at the same conditions 

as described for the natural Qla,y. and the color detennined one hour after 

remaring from the aontaoting unit.. 1rhi s method gives a direct oom.pariaon 

o:t the bleaching power ot the rejuvenated ol.ay on a basis of the natural 

clay. Sinee all of the oil is not removed in the leaching process, the. 

bleaching power of the clay, an a basis of the rejuvenated clay, would 

be less. 

The above proeeedUre was fo.Uowed for eoncentrationa or Sulfuric 

Acid of .l., 3, 5• 6, 7, 8,, 9, 10., 12, 15,. oo. 25, and 30% (Table I) and it 

was f'ound that by plotting the oonoentration of a cid in percent against 

the Ta_g Robinson color number a $11.00tll curve was obtained with a maximum 

deeolorization at an acid concentration of from 7 t o 9% SUl.furic Acid 

with an indicated maximum at - acid {Figure 5). The same proceedure wae 

followed with Hydroehleric Ao.id but due to e:xpe~(:ID.ta.l difficulties the 

amount ot time 1fhioh would be required prohibited an extensive study on 

the etfect of ooncentration ot this acid. 11.'0m the data obtained, . 
however, it seems likely tn.a.t this acid would rejuvenate the clay 

better than did tlle Sulfuric Acid. 

T.b.e optimum concentration. was f ound in order to determine the 

optimum. time tor the leaching action. These experiments were carried on 

similarly to those on. detem.i.ning the optimum concentration. but t he 

leaching time was varied instead of the acid concentration The effect 

o:f' leaching time was determined tor the three optimum acid concentra tions 

of 7, a,. and 9% Sulf'Uric Acid (Table II). It was found that smooth. 

curves were obtained again and there was a maxi.mum leaching time as well 
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as a maximum leaching aoid concentratl on (Figure 4) 

L. L. Davis (7) in treating lubricating oils with clay found the 

reciprocal of the Tag Robinson eo.l.or was a sa.tiatactory measure ot the 

impurities. Because or the different types of im.puri ties in oils., it is 

very di:1':f'ioul t to detemine the amount of impurities removed... Removal ot 

one color m.igb.t improve the ~•g Robinsoll oolor much more than removal o't 

another, so the col.or im.proveuent as :f'ound in these experiments are merely 

relative as based on Tag Robinson Colorimeter readings. 
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TABLE I 

The effect ot acid concentration on clay rejuvenation 

Grants Natural Clay Color o:t Oil Leaching; acid J'inal Oolor 
Semple No. to Contact atter Conc.entra.tion art.er 

100 ml. of 011 Contact in percent Rejuvenation 

l l _l 8..,5 l 2.2 
2 ll 8 .. 5 l 2.5 
3 11 s.s 3 2.5 
4 ll 8.5 3 2.5 
5 11 8.5 5 4.4 
6 11 S.5 5 4.3 
7 ll 8.5 6 4.9 
8 11 a.s 6 4.8 
9 11 a.o 7 5.0 

lG u a • .s 7 s.1 
ll ll s.5 8 5.2 
l2 ll s.5 a 5.2 
13 11 a.5 9 ts.o 
14 11 S.$ 9 S-,,0 
15 11 a., 10 4.5 
16 ll e.5 10 4.6 
17 ll &5 ·l.2 4.0 
18 11 a.5 12 4.-0 
19 ll 8.5 15 3.7 
ro u 8.5 l.5 3.7 
21 11 8.5 20 3 .. 1 
22 ll S.5 a:> 3.2 
23 ll S.5 25 3.0 
24 11 a.5 .25 3.0 
25 ll 8,5 a;) 2.5 
26 11 a.s 30 2.6 
2, 11 a.s 3 2.5 
as ll a.,5 5 4.·4 
29 11 s., 6 4;.,9 
30 ll a.,s 7 5 •. 1 
SL 11 a.s 8 5.,2 
&2 11 e.~ 9 $.,.0 
33 ll 8.5 10 4,.5 
34 ll s.,e 12 4.0 



TABLE II 

The effect ot leachi ng time on the rejuvenation of a clay 

S&ple No. 
9'Aaid 

l 
2 
3 
4 

' 6 
7 
8 
9 

10 
ll 
12 
15 
14 
15 
16 
17 
18 

7{. Acid 

19 
3) 

21 
22 
23 
2, 
25 
26 
27 
28 
29 
*> 
31 
32 
33 
34 
35 
36 

Grams Na tural Clay Color of 011 Leaching Time Final Color 
to contact after (Er.) atter 

100 ml. ot Oil Contact Rejuvenation 

ll 
11 
11 
11 
11 
11 
11 
ll 
ll 
ll 
11 
11 
ll 
11 
11 
11 
11 
ll 

11 
ll 
ll 
ll 
ll 
ll 
11 
11 
ll 
11 
ll 
ll 
11 
ll 
ll 
ll 
ll 
ll 

a.5 
8.,5 
8.5 
8,.5 
s.5 
S.5 
a.5 
8.5 
a.5 
8.,5 
8.5 
S.5 
8.,5 
S.5 
8.5 
8 .. 5 
s.s 
a.5 

8.5 
8,.5 
a.5 
S.5 
s.s 
s.5 
a.5 
s.5 
S.5 
s.5 
6.5 
8.5 
8 .. 5 
a.5 
8.5 
a.5 
8,.5 
a.5 

l 
l 
2 
2 
2.25 
2 .• 25 
2.00 
2.50 
2.,,75 
2.75 
3 
3 
4 
4 
5 
5 
6 
6 

l 
1 
2 
2 
2.25 
2..25 
2.50 
2.cso 
2.'15 
2.75 
3 
z 
4 
4 
5 
!) 

6 
6 

4.9 
4.8 
5.1 
5.0 
5 •. 2 
5.2 
5,.3 
5.3 
5,.2 
5.1 
5.0 
5.o 
4.5 
4.6 
4.() 

4 •. 1 
3.,6 
5.5 

4.8 
4.8 
5.0 
5.0 
5.i 
5 .. l 
5.1 · 
5.l 
5 •. 1 
5,.1 
5.0 
5.0 
4.5 
4.6 
4.3 
4.3 
3.8 
3.8 
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TABLE II (Con"t'd.) 

The effect of leaching time on the rejuvenation of a clay 

Grams Natural Clay Colo,r of Oil Leaching Time Final Color 
Sample No .. to eon tact after (Hr .. ) after 
~ Acid 100 :mi. o:r Oil Contact Rejuvan.ation 

37 ll 8,5 1 4.9 
38 ll 8 .. 5 1 4.8 
i9 11 8~5 2 s.o 
40 ll s.s 2 s.o 
41 ll 8.5 2.,25 5.1 
42. ll 8.5 2.25 5 -1 
43 11 s.s t.50 5-.2 
44 11 8.5 2.50 5.2 
45 11 a .. :> 2.75 5.,J. 
4& 11 8 • .5. 2.,75 5..J. 
4'7 ll S.5 3 5.-0 
48 ll a.5 3 5.,.0 
49 ll S.5 4 4.4 
50 ll a.5 4 4.-4 
5l u s.5 5 3.-9 
52 11 a.5 5 ~--9 
t\3 ll 8.5 6 3 .. 5 
54 ll e.s 6 3-5 



SUMMARY AND CONCLUSIONS 

I. Throughout these experiments the following variables were kept 

constant: 

A. Leachi ng 'l'emperature--------------------100° Centigrade 

B. Contacting Temperature--------------3:>0-a:>5° Centigrade 

c. Drying temperature aft er the acid l.each---ll..5° Centigrade 

D. Contacting Time -----------------------25 minutes 

E. Tiille between oontaot and oolor reading---1 hour. 

-,. Tim.e of drying the rejuvenated elay-----2.5 hours. 

G. Time of leaobing in the dete:rmination of the optimum 

ooncentration----------2 hours, 15 minutes. 

H. Agitation during the leacbing period-----25 minute intervals 

until a homogeneous mixture was obtained. 

I., Naphtha wash a:f'ter contacting the natural day With 200 milli-

11 ters ot Naphtha in 50 mill.ili ter portions. 

1. Weight of natural cla7 used-- ------------11 grwns. 

K. Color readings made with Tag Robinson Colorillleter., using the 

wh1 te reflector and a 100 watt incandescent bulb. 

L.. Acid Clay Ratio--------~ grams of liquid per 11 grams of ol.ay. 

II. The optimum rejuvenation ot t h e bleaching ol.a.y used with the 

:particular oil described took place at a concentration ot trom. 71,, 

to 9% sult'uric aoid, the tUa.y showing a maximum decolorizing power 

when treated with f!I, ao1d. 

III. At a concentration tram 71, to 9% sultUrio acid, the best leaching 

time was 2 hours and 30 minutes. 

IV. The curves obtained b y plotting conoent_ration of acid against color , 

and l eaching ti.Jll.e against color were Slllooth and showed a maxim.um. point. 



V. Leaching the clay with hydrocb.loric acid did not give a Sfilooth 

curve and t he data was not reproduoeable. 

VI. A spent clay can. be revived by the acid l each to again suecess.tull.7 

bleach an oil. 

VII. A natural clay which bleached an oil having a Tag Robinaou color or 

1.8 to a color o.f 8.5 after rejuvenation bl.each ed the saru.e oil 'to a 

oolor ot 5.5. 

VIII. Other variables sueh as temperature. liquid-clay ratio and drying 

tsperature probably would show maxim.um. values which could be 

determined. 

IX. Th.is work might also be extended to t he use of difte.rent acids and 

salts or to the solvent method of rejuvenating the spent olay. 
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