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ACID ACTIVATION OF SASKATCHEWAN BENTONITES 

BENTON I TE 

Bentonit~ is composed mainly of montmorillonite, a clay mineral whi ch was 

formed in most instances by the alteration of volcanic dust laid down i n waters of earlier 
eras. The montmorillonite minerals have been described and their proper t ies set forth by 
Ross and Hendricks (16) of the United States Geological Survey. The major features of the 
crystal structure are three-layer plates consisting of a layer of silicon in tetrahedial co· 
ordination on either side of a single layer of alumi Q_um in octahedral co- ordination with 
.oxygen and hydroxyl in the anion positions. This, in the unsubstitut ed form, is pyrophyllite 
(Fig.l), In montmorillonite, divalent ma~nesium is subst i tuted for some of the trivalent 
aluminum in octahedral co-ordination resulting in negative charges on the t hree- l ayer sheet. 
These are balanced by adsorbed cations between the plates, usually sodium or calcium . Ferric 
iron often substitutes for aluminum also, but as it is trivalent, there is no unsatisfied 
charge. The interlayer ions are _determined partially by the original geochemical environment. 
As these cations are exchangeable, they may oe determined to some extent by subsequent 
history. Base exchange may also be attributed to the OH·Si·Al linkage developed on lateral 
broken surfaces. 

Water is also adsorbed between the plates. The important characteristics 
of sodium bentonite are due mainly to this property. Calcium ben t onite also adsorbs water 
but to a lesser degree. Grim , in his re cent book ( 9, pages 161·189) has reviewed the 
theories fQr the mechan i sm by which the water is held . There is general agr eement that ad­
sorbed sodium ions cause the water molecules t o assume some type of orientat i on f or a consid· 
erable distance from the clay particle. This water loses its liquid character as in a hydra­
te, and consequently high V iSCOS ity SUSpens ions can be deveioped With a l OW concentration Of 
sodium montmorillonite. When calcium is the adsorbed ion, . the orientation of water molecules 
ceases much closer to the particle. 

The adsorbent quality of bentonite also depends upon the extent and 
quality of the surface developed by action of weathering agents. This qual i ty ·unfortunately 
has no accurate means of measurement at present and samples must be compared .to a standard 
clay. 

(9) would be 

Where 

A chemical formula of calcium montmorillonite, after Ross and Hendricks 

(Al1,e7Mllo,33)Si4010 (OH.) 2~C2a~ 0. 33 

Al 1, 67Mg0. 33 represents 1o!TS Vil th octahedral co- ordination 

s14o10 represents ions with tetrahedral co-ordination 

o10 (0H) 2, represents oxygen and hydroxyl 

(Ca) 0 3 3 Represents exchan1;eaole calcium 
( 2 ) • 

USES, SOURCES, AND PRODUCTION 

The non-swelling bentonite used as a source for decolor i zing agents and 
cracking catalyst comes mainly from southern United states . The greatest consumption of the 
material is as a decolorizing clay, but .its use as a cracking catalyst is becoming ~dtrease­
ingly important in both the United states and canada. There are some minor uses such as 
foundry sand bond, which account for a small proportton of the total bentonite of this t}'ll! 

· consumed. 
Sodium or swelling bentonite is used mainly as a drilling ·•mud' in oil 

well drilling, but a considerable tonnage is als~ used as a foundry sand bond. Sodium bent­
onite for the above uses is produced almost entirely from western South Dakota and eastern 
W)Olling. 
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In 1952, 50 percent of all bentonite produced in the United States was 
used in rotary-drilling mud, 23 percent for foundry-sand bond, 21 percent for filtering and 
decolorizing oils, and 6 percent for a variety of other uses, according to t he united States 
Bureau of Mines (20). In that year a record production of 1,412,902 tons was reached, which 
was an increase of 17 percent over 1951,although all other clay mineral production decreased, 
Mainly responsible for this increase was a 53 percent rise in the quantity of bentonite used 
for rotary-drilling gel. 

Canadian production of bentonite is limited to a few hundred tons of 
of drilling mud in Alberta, and from 10,000 to 15,000 tons of activated bentonite in Man· 
itoba, the latter material being shipped to oil refineries in Eastern canada. canadian con· 
sumption was 32,694 tons in . 1952 .according to the Dominion Bureau of Statistics. A little 
more than halt, 17,QPO tons, was drilling_ Q!l_ld, u.sed in Western Canadian oil exploration: 21 

percent was consumed by iron and steel foundries: 22 percent was used for refining petroleua 
and vegetable oils. 

BENTONITE IN SASKATCHEWAN 

occurrences of bentonite in Western Canada were described by Ries and 
Kiele (15), Ells (6), Spence (18), and other officers -of the Dominion oepartment of Mines in 
the early part of the century . worcester (22) has explored and carried out tests on deposits 
of bentonite during the past 30 years. 

Bentonite occurs in the Vermilion River formation (upper Cretaceous) in 
the northeast part of Saskatchewan, the largest known deposit being on the swan River north 
of pelly. This is the calcium bentonite which was used in the detailed investigati on de­
scribed in this report. Similar bentonite occurs in the Riding Mountain formation (later 
Upper Cretaceous) which underli-es a large area in the eastern part of the province. small 
deposits have been located south of Moosomin, but none of commercial size . However,this 
formation is of regional extent and has not been prospected in any detail. There is a good 
chance that further exploration will disclose commercial tonnages. other •non-swelling• 
bentonite is found west of Rock Glen and is of Tertiary age occurr"ing · in the Ravenscrag 
formation. A large deoosit of semi-bentonite occurs near Knollys in the Frenchman river 
i,allev in the Sou~-+ and other showings ar e fouiiclin t his area in-:-the &rttle - f~r~ation : 
at the top of the Upper Cretaceous. 

The bentonites which exhibit swelling characteristics ace found in an 
area extending from the west end of Twelve Mile Lake to st. victor and farther to the south· 
east in the Big Muddy valley. These deposits are found in the Ravenscrag for mation. Two of 
the larger exposures are found at ickthall siding and just .north of St. Victor. 

Locations of these aeposits are shown on 'the accompanying map, Figure 2. 

EVALUATION AS A DECOLORIZING AGENT 

The evaluation of bentonite as a decolorizing agent or cr acking cat alyst 
is empirical. There are no definite tests correlating the physical and chemical properties 
of the raw clay with its ability after activation. 

Bentonite is used in the petroleum industry to remove impurities includ· 
ing coloring matter and to neutralize acid treated oils. The adsorbent clay usually adds 
chemical stability in oils and gives resistance to oxidation, reduces acidity and improved 
demulsifiability (11). Bentonite is also used to a lesser extent in the stabilization and 
decolorization of vegetable and animal oils. The spent clay is not usually r egenerated. 

There are two main methods of treating oils with an adsorbent: 
(1) percolation treatment· where the oil is percolated through a fixed 

bed of the adsorbent. 
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· (2) Contact treatment - where the adsorbent and oil are intimately mixed 
at elevated temperatures and in , some cases, at elevated pressures. 

The contact •ethod is used in Canadian lubricating oU plants. 
Bentonites suitable as decolorizing clays tre usually acid treated, in­

creasing the activity of the clay •any fold. In the united States sulphuric acid is gener­
ally used for activation, while hydrochloric acici" is the most common acid used in Germany 
(7). 

To evaluate a bentonite as a decolorizing agent, the sample is activated 
by acid leaching under various conditions of acid concentration, temperature, and duration of 
treatment. The treated clay is filtered, washed, dried and ·ground. It .is then used to de­
colorize a standard oil and the reduct ion in color is meas'!!"_ed. This result is compared to 
the results obtained by decolorizing the oil with a comm~rcial product of known qual ity. 

EVALUATION AS A CRACKING CATALYST 

At least some clays suitable for oil decolorization are also used as a 
cracking catalyst (17, 21). Sinclair Refining company uses an activated bentonite at ·1.ts 
Wellesville, New York plant for decoloriz ing a lubricating oil. The clay is then shipped 200 
miles to its cracking plant at Marcus Hook, Pennsylvania (21). 

The natural clay catalyst may be used as a carrier impregnated with some 
other catalytic material. The present trend is to use the clay catalyst alone in the fluid 
catalytic cracking process. Because of the even distribution of the catalyst and other 
reasons, the entire cracking operation can be kept at exact temperatures. The coke and tar 
formed on the catalyst are ourned off during the regeneration cycle. 

The advantage of the catalyt i c cracking process is that the oil is heated 
to lower temperatures and pressures than in other types of cracking processes such as thernal 
cracking, and high yields af motor fuels with high octane numbers are obtained. 

Although the decolorization test required relatively simple equipment, a 
test for determining the quality of a cracking catalyst is much more complex. The t~~f·_A ~- t!st ·; 
which is one of the generally accepted standard tests, involves cracking of a petroleum frac­
tion and identification of the products·.. The equipment for this test is available. only in 
some of the larger laborator i~s. 

· Since the determination is costly, it is wise to limit the number of 
samples to be tested. Accordingly a •screening test• was conducted to select encouraging 
samples only ·for further study. In his study of bentonite Thomas ( 19) showed that a re lat ion­
ship existed between the acidity of the activated clay and its cracking efficiency. The acid· 
ity value determined by potassium hydroxide titration, reached a maximum with increasing 
severity of treatment then either decreased or remained constant (19). Acidity values , then, 
would indicate in a preliminary way those samples having the greater catalytic activity. 

Mil ls et al (12) also related the activity of a bentonite catalyst to the 
portion of R2o3 removed during activation, and found that the best product was obtained when 
about 50% was removed. Thomas and co-workers (19) showed that optimum activity is gained 
when about half the ·central layer atoms in the montmorillonite are removed. This is in agree­
ment with Mills, and the R2o3 removal would serve as a check on the optimum conditions for 
clay preparation. 

PRELIMINARY EXPERIMENTS 

Nutting (14 ) has discussed the activation of American bentonites. Act ­
ivation of Canadian bentonites by sulphuric acid leaching for decolorizat i on purposes has 
been described by Gallay (8), and Worcester (22). The work descrioed ~ere was initiated by 
Jessup (10) who first used sulphuric acid for activation several Saskatchewan bentonites with 

9 



/7 

only moderate success. Much better results were obtained when the bentonites .were activated 
With )hydroChloric acid. 

In his investigation or Canadian bentonites, Dr. Gallay round that drying 
bentonites at temperatures above 200 deg C decreased _the adsorbent quality. Drying should be 
e!tected at temperatures below 200 deg c and the moisture content be!ore activation should 
not !all below a certa.in crit.ical level. This is contirmed by Mukherjee and Roy ( 13). The 
method or activation adopted was to dry the raw bentonite slowly to approximately 16·18% 
moisture content. At this water content the clay could be ground easily in a Mikropulver-
izer and still remain above the critical moisture content, which was round to be about 12i. 
Below this, the ef!iciency or the clay was impaired. 

one hundred grams (dry ~asis) or th~ dried ground bentonite (801 minus 
200 mesh) was then added to a tlask containing 250 ml of a 1:.1 llydroclloric acid solution. 
The mixture was retluxed for two hours and the product filtered and washed until pH of 3. 5 -
4.0 was reached. The activated clay was then dried overnight at 45·50 deg c and reground in 

the pulverizer to BOX minus 200 mesh. 
The initial method of testing the decolorizing power of the clays was 

rapid and simple: 150 grams or fundecol~rized' SAE 30. oil was weighed out into a 400 ml glass 
beaker and 6% by weight o! activated clay was added. The beaker was put on a hot plate, the 
mixture stirred mechanically and the temperature allowed to rise to 150 d&g C in 15 minutes. 
Alter cooling !or 10 minutes, the mixture was filtered and the transmi~tance _o! the oil 
measured with a Fisher Electrophotometer using a color-in-oil adsorption unit and a 5100 A 
filter. 

In some experiments, condHions were varied in order to obtain additional 
informat i on which would be of value tor future work. Table 1 shows the location and descrip· 
tjon of the samples, and Table 11 shows the results obtained using the various bentonites. 

TABLE 1 

GENERAL LOCATION OF BENTONITES TESTED 

sample Raw color General 
Location 

21-s-1 Yellow with iron stains Pelly 

Rock Glen White Rock Glen 

17-S- l Grey St. victor 

5 l·M· l Grey sw Ht current 

5 l·M· 2 Grey Swift current 

24A Grey-grey green Moos om in 

B Light olive-light grey Moos om in 

c Grey - very ironstained Moos om in 

D Light olive grey· olive Moos om in 
green 
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TABLE 11 ,. 

ACTIVATION AND DECOLORIZING TESTS OF SASKATCHEWAN 

BENTON I TES I 
Activation Decolorization 

Sample Remarks 
Acid used % LOSS of Weight % Clay % · Transm!tt.ance 

,_ . 
Raw SAE 30 oil 54,0 

Commercial Clay - 4 81. 8 

21-s-1 HCl 25 6 96,4 Activ. Clay dried 
70 deg c 

HCl 25 6 89,6 Ar.tiv. Clay dried 
110 deg C 

HCl 4 90,5 Activ. Clay dried 
43 deg c 

HCl 6 90,0 Activ. clay dried 
104 deg C 

H2So4 6 82, 5 

Rock Glen HCl 22 6 80,5 

17-S· 1 HCl 7,4 4 52,3 

51-M·l HCl 20 4 n.g 
! 

H2S0,1 36 4 75.1 

51-M· 2 HCl 18 4 n.g 

H2so4 38 4 75,0 

24A HCl Vl 4 Activation incom-
plete 

HCl 22.6 4 93,2 

24B HCl 20.0 4 83.5 

HCl 24.8 4 93.2 

A 

' 24C HCl 20.0 4 83,0 

HCl 25.5 4 83.2 

240 HCl 21. 5 4 78,7 

HCl 25.3 4 81. 5 
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DE:TAILED EXPERIMENTS ON BENTON I TE 21· S· l 

Bentonite 21-s-1 and the samples from Moosomin (24A and B) showed the 
highest decolorizing efficiency. Although the tests showed both to be of similar quality, 
only a small quantity of the Mooso11in bentonite has been located, so further detailed work 
was done on 21-s-1 from the pelly deposit. or illing _and excavating has indicated a substan­
tial quantity of bentonite at this location (5) but the beds are badly folded, making an 
estimate of tonnage very difficult. 

Chemical and differential thermal analyses were performed and the results 
are compar,ed to American Petroleum institute (1) standard bentonites in '!'able 111 and Figure 

3. 

TABLE 111 

CHEMICAL ANALYSES OF 21-S·l AND AMERICAN BENTONITES 

percent by weight 

Component 1 2 

5102 62.0 63. 5 

Al 2o3 21. 3 
19.6 

Tio 2 o. 13 

Fe 2o3 4, 71 3.53 

Cao 2.23 0. 27 

MgO 3.94 2.88 

Na2o o.75 1.83 

K20 o.34 0 .34 

Ignition LOSS 6.46 6.75 

TOTAL 100.0 100. 6 

1. Calcium Bentonite 21-s-1, Pelly, sask. 
2. Sodium Bentonite, A.P. I. reference mineral 27, Belle Fourche, south oakota 

(neport 7, p. 54). 
3. calcium Bentonite, A.P.1. reference mineral 23, chambers, Arizona 

(Report 7, p. 53). 
Note: A.P.I. analyses have been recalculated to a water-free at 110°c basis for 

comparison with Saskatchewan analyses. Ferrous and ferric iron are in -
eluded in Fe 2o3• 
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The differential thermal analysis .performed by Brady (4) shows that the 
bentonite is essentially a pure calcium bentonite as shown by the characteristic double 
endothermic peak. 

A series of experiments to determine optimum conditions for activation 
of bentonite 21-s-1 for use as a decolorizing agent were undertaken. Acidity of the activ­
ated samples was also determined to obtain some idea of the catalytic activity which might 
be expected. 

In following up Mill's et al (12) suggestion that the R2o3 removal is 
related to catalytic activity in a montmorillonite, it was decided to determine iron conte­
n~ since it was removed at approximately the same rate as the other central layer atoms 
(12). The quantity of iron extracted then would be a good indication of the extent of 
leaching and is a simpler determination than R2o3. 

EXPERIMENTAL PROCEDURES 

Activation of the Bentonite: The raw clay was dried at 40 deg c to a moisture content of not 
less than .12%, then pulverized to approximately 80% minus 200 mesh. samples containing 50 
grams of dry clay were mixed in a 500 ml round-bottomed flask with measured amounts or C.P. 
hydrochloric acid , containing 10 to 50 grams of HCl. Sufficient water was added to give a 
total liquid content of 200 grams, including the moisture in the clay . ACid concentration 
ranged from 5% to 25% and the acid: clay ratio from 0.2 to 1.0. The mixtures were refluxed 
for various periods from o.5 to 10 hours. After activation, the clay was washed by decantat­
ion through a Buchner funnel, using a Whatman No. 4 filter paper, until washings were 
chloride-free,. The clay was then dried overnight at 110 deg c and weighed. Loss on ignition 
was -determined on activated samples. Filtrates were collected and the total iron content 
determined by potas.sium dichromate titration ( 2). 

Moisture was added to sample 4, series 2 of the activated clay and a 
commercial standard to determine its effect on decolorizing efficiency. 

samples or activated · <:lay ( sample 4, series 2) were prepared by two 
methods to determine the effect of residuai "a't:idity as measured by · p!-1: 

1. Varying amounts of acid were added directly to the dried, activated 
clay. 

2. During washing of the freshly activated clay, samples of varying acid 
content were removed. 

Decolorization of Lubricating Oil: The disadvantage of the apparatuS"Used in the preliminary 
tests was that the oil was exposed to the atmosphere which caused oxidation and darkenin6 of 
the oil. This was overcome by using a covered steel cup for contacting the oil and clay, and 
providing an inert gas blanket over the mixture. 

Seventy-five grams of an SAE 3 oundecolorized lubricating oil was heated 
to 230 deg c for 15 minutes with 3 grams of activated clay under an inert atmosphere in the 
steel pot, cooled to 100 deg c and filtered through a Buchner funnel. The color or the oil 
was aeasured as percent transm.i ttance with a Fisher Electrophotometer using a color- in-oil 
absorption unit and a 5100 A filter. Readings were relative to distilled water. 
Figure 4 shows the activating and decolorizin~ apparatus. 
catalytic Activity: The acidity was determined by the method described by Thomas ~(19). 
Sa~pJ~s·or the activated clay were calcined at 500 deg c for one hour. one grams samples 
were weighed into a 500 ml flask containing 50 ml of o.IN KOH solution. The mixture ·was 
shaken mechanically for thirty minutes, then filtered. An aliquot was taken and titrated 
with o.IN HCl. The acidity was recorded as millequivalents or KOH per gram or clay. 
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TABLE lV 

EFFECT OF LEACHING~~ASKATCHEWAN BENTONITE 21·S·l WITH HYDROCHLORIC ACID 

Series sample Activation Acid Cone. Acidid: clay % LOSS of weight Gms. iron percent trans- Acidity, me. KOH per gm. clay 

No. No. period, ~ by weight by weight durin~ activation leached, mittance decolor- Before cal- Calcined 

hrs. (dry Basis, 110°C) per 50 gm ized oil cining 5oo0 c 

1 1 o.5 5% 0.2 2.11 o.4o 64.4 o. 36 

2 1.0 4.0 o. 4o 72,3 1.39 

3 2.0 6,4 o.46 74 . 1 1.40 0.60 

4 3.5 6.6 0 .50 7R.7 1.30 o.69 

5 5.0 ?.9 o.54 82-1 1-42 0.71\ 

6 7.0 8 .0 0.57 PR.O 1. 4 2 0.711 

7 10 .o 11. 2 0.60 86.0 LOR 
' 

2 1 o.5 10% 0.4 6.2 0,47 74.7 0,40 

2 1 ll. 2 o.48 75.5 1.39 o.54 
3 2 9.1 o . 55 8 ',l. 6 0,67 

4 3.5 13.2 0,70 86,7 1. 39 0 ,Rl 

5 5 14.8 0,87 R5.2 1. 39 o.84 

..... 3 1 0.5 15f. 0.6 7,5 o. 37 78.0 1. 21 o . 54 :n 
2 1 8,6 o.47 83.4 1. 21 o.63 

3 2 13.2 0. 50 84.5 0.83 

4 3.5 18,6 0.83 84.0 1. 21 1.00 

5 3.0 20 . 7 1. 20 7!1. 5 1.08 

4 1 o.5 20~ 0.8 7.4 o.55 77,8 1.19 o.53 
2 1 10 .5 0.66 78,9 1.15 0.65 

3 2 17 .o 0,7R 77 .0 1.10 
4 3.5 24.7 1.40 76.5 1.15 0,98 

5 1 o . 5 25i 1.0 7.5 0.61 76.2 1. 15 o . 55 
2 1 10.8 0.70 83 . 5 o.64 

3 2 17. 3 0.97 81.6 1.15 0,79 
4 3.5 24 . 1 1. 24 81.4 0.97 

SAE 30 lube oil 57,8 

Standard commercial bentonite 80 . 6 

Synthetic catalyst 0,87 

commercial clay catalyst 1.67 
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RESULTS AND DISCUSSIOK 

The data on the effect of leaching the 21-s-1 bentonite under various 
conditions, its decolorizing power and acidity are compiled in Table 1v. Bhola (3) stated 
that a direct relationship exists between decolorizing action and exchangeable hydrogen ion . 
No such relationship was found as can be seen from Table lV, 

Since the surface area of the activated clay increases with continued 
acid leaching as n~ted by Mills~ (12) while decolorizing power passes t hrough a maximum 
as seen in Figure 8, some fundamental factor other than surface area must be involved in de-

· colorization. 
one gram samples of dried (110 deg C) activated bentonite were weighed out, then put in a 
muffle furnace and heated to 950 deg c. At this temperature the montmoril l onite structure 
has been destroyed and along with it any adsorbin~ properties. 

The absolute values of the ignition loss (combined water or hydroxyl 
groups) apparently bear no relation to one another when compared to the decolorizing power as 
shown in Taole V. However, in each series the hydroxyl content passes through a maximum. 1n 

every case, the optimum percent transmittance coincides with this maximum. 
Refer ring to Figures 5 and 6, it can be seen that total clay and iron 

loss increased with increased leaching time as expected. In the extreme a silica skeleton is 
left (12), Generally a greate r concentration of acid will also leach more material in the 
same time. 

Acid Cone . 
Percent 

5~ 

10 '{ 

15! 

20 'r, 

25 f 

TABLE V 

CHEMI CALLY BOUND MOIS TURE REMOV ED AT 950°c 

(Initial Drying Tempera ture 16o0c) 

Sample Ignition LOSS 
(OH LOSS) '!. 

Series 1 - 2 7,02 
3 7,00 
4 fl,77 

5 6, 74 

Series 2 - 2 6,80 
4 7,44 
5 7, 19 

Series 3 - 1 6,75 
2 6 .50 
3 8,15 
4 6. 20 

series 4 - 1 7 ,11 

2 7,54 
4 e.56 

series 5 - 1 fl. 40 
2 7,45 
3 5.55 

. 'f, Transmittance 
I 

74,1 
?R,7 
ll6,0 
86,0 

75,5 
86 , 7 
85,2 

71l,O 
83, 4 
84,5 
84,0 

77,8 
7!1,9 
76,5 

76,2 
83, 5 
81. 6 
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The rate of iron removal follows very closely the rate at which all con­
stituents are removed, calcium and magnesium, the exchangeable ions, are almost completely 
removed at the start. Then as activation continued, the central ions were attacked, remov­
ing the aluminum, iron and a portion of the maguesium which substituted for aluminum. since 
iron occupies a similar position in the lattice structure, it is not surprising that it is 
removed at almost the same rate as the other ions within the lattice structure. 

With increased leaching, the activated clay became more friable and the 
bulk density decreased, This is probably due to the surface area and porosity of the clay 
increasing with · increased severity of the treatment as found by Mills et al ( 12). Better 
filtering properties also resulted with incr:ased leaching. This was noticed during washing 
of the clay and when filterin~ during decolorization. The above explanation would cover this 
point also. It was found that using hard water for washing had little effect on the efficie­
ncy of the product . 

Acid consumption or the amount of acid reacted, varied with the content­
ration of the acid used in activation of the bentonite, Figure 7, An ~ptimum decolorizat­
ion aurve is drawn on this graph, correlating time, the amount of acid reacted and optimum 
decolorization. 

DECOLORIZATION 

Efficiency of decolorization passes through a maximum, as shown In Figure 
R with the 101 acid concentration giving the best result. 

Since the optimum value in series 1, (86,0% transmittance) is very nearly 
the same as in series 2 (see Table lV) a brief discussion of the two samples may be in order. 
'Ihe respective results, some taken from Table lV are reproduced below. 

Sample 

Series 1 - No. 6 
Series 2 - No. 4 

Clay 
LOSS 

8% 
12- 13% 

Acid 
Reacted 

6. 2 gms (62% 
9 gms (45~ 

Activation 
Time 

of total) 7 hrs 
of total) 3.5 hrs 

Filtering 
property 

Poor 
Good 

Clay loss due to leaching, the amount of water used in a process to 
activate bentonite, and to the time consumed during activation are important economic con­
siderations. 

When all this is taken into consideration it may be seen that sample 6 
has only three tentative advantages over sample 2: 

1 · sample 6 uses a smaller amount of .acid. 
2. Recycling would not be nec~ssary because of the small amount of acid 

left after the activation period. 
3, Clay loss is slightly lower, 
The advantages using a 10'.t acid concentration· are: 
1. Activation time, is half that of the sample using a 5% acid concentra­

tion and this would mean a greater production of activated clay in a similar time"and using 
the same equipment. 

2. Filtering time is much less which also would increase production with 
the same size equipment. 

From the above consideration it appears that a recycling process using a 
10! acid concentration mi6ht be the better method of activation. 

The lower acid concentrations (5·15%) produce a clay having the best 
bleaching effect on the lubricating oil. However, the time to reach the optimum decolorizat­
ion in each series -decreases with increased concentration. The best value, 86,7% transmitt­
ance, was obtained with clay activated for 3,5 hours in 10% acid. 
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F'rom Figure 9, we can see that although the same amount of iron is remov­

ed (Which is an indication of the total constituents removed from the montmorillonite 
structure) the product is not the same. The optimum decolorizing values of each series, how­
ever, do fall within a narrow range of iron removal. This range varies from about o.6-0.7 
grams of iron removed per 50 grams of clay, or _ about 40% of the iron originally present. 

The deco1or1z1ng capacity of the clay increased with moisture content. 
Figure 10 shows the effect of moisture in the standard and 21-s-1 clay on the decolorization 
of an SAE 30 lubricating oil. Both clays had their decolorizing efficiency increased by 
moisture directly. The 21-s-1 clay has not yet reached its optimum decolorization at the 
point where the standard has started to decline. Maximum decolorizat i on of the oil with the 
Saskatchewan bentonite was reached at 23% moisture, with a transmittance of 97.5%. 

Res idual acidity (free acid left behind in the activated bentonite) had 
no apparent effect on decolorization, in contrast to the report of Mukherjee and Roy (13) 
state that small amounts of acid have a remarkable effe.c t on decolorizat1on . However, they 

-used sulphuric acid for activation. The small amount of sulphuric acid left after washing 
the activated clay could probably react with the lubricating oil, fora a sludge and either be 
adsorbed on the clay or left behind as a sludge during the filtration of the oil. 

CATALYTIC ACTIVITY 

As in decolorization, the activity of the 5l,¥. • as exemplified by the 
acidity, passes through a maximum with increasing severity of treatment. Series 4 (20% acid) 
appears to have the hig hest maximum for catalytic activity (Figure 11) and also reaches its 
maximum in a shorter activation time than the other series. The relation between iron re­
moval and acidity is shown in Figure 12. AS iron removal continues indicating removal of 
atoms from the'central layer, the hyd rogen content increases, series 4 again showing the best 
value. 

The iron removed was 47.5% of that originally present in the raw clay. 
This result is in agreement with Thomas ~(19) who have ~hown that the best catalytic 
activity of a natural clay catalyst is achieved when 45% of the central layer atoms are re­
moved. 

ACID CONSUMPTION 

A preliminary estimate for the amount of acid required wa~ made using 
the sample giv ing the best result for decolorization, i.e. Series 2, 10% acid concentration. 
one ton of dry raw clay would produce 1760 pounds of activated bentonite, and o.497 tons of 
acid (37 % min. HC 1) would be used. 

ALUMINUM CHLORIDE RECOVERY 

Aluminum chloride is valuable side product which would be extracted 
from the filtrate. Aluminum ch'loride sold at $0. 211 • o. 30 per pound in the United States in 
1~3. ; it is used in the refining of mineral oils and in the manufacture of certain organic 
compounds. 
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1. 

SUMMARY AND CONCLUSIONS 

1. Decolorizing power passed through a maximum with increased leaching, the lower acid 
concentrations giving the best product. The highest transmittance obtained for bone­
dry clay was 86.7% for bentonite treated 2.5 hours with 10% acid. This 21-s-1 clay is 
superior- to the commercial standard used. 

2. The a•ou~t or leaching, indicated by tne iron removal, has a decided effect on decolor­
ization. oecolorizing power passes through a maximum, the optimum values falling with­
in a narrow range or iron removal~ from 36.5 to 42.5% or the iron originally present. 

3. Adding moisture to the activated bentonite increases the decolorizing power markedly. 
The l!.est value o_btained was 97 .5% transmittance at 23 . 0% moisture content for 21-s-1 
clay.The 21-s-1 bentonite showed a higher decolorizing effect at all decolorizing power. 

4. Residual acidity (i.e. free acid left in the dried activated clay) has no apparent 
effect on the decolorizing power. 

5. Decolorizing power bears a relation to the hydroxyl content in the clay. The hydroxyl 
content or the activated clay passes through a maximum with the intensity of acid 
leaching and with the stren~th or acid used. 

6. The highest acidity value, indicating highest catalytic activity occurs when approxim­
tely 50~ ot the iron has been leached. This high acidity value of 1.1 shows encourag- _ 
ing possibilities of the 21-s-1 bentonite as a cracking catalyst. 
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