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Abstragt

3ix Knolins were chosen at random. These Kaolins were
electrodinlyzed in a Mattson type dialysis cell., Titration
curves were run on these both before and zfter being dialyzed
to deteranine hass exaehange eupacity nad optimum pH., Debye-
Seherrer xX~ray powder diffrscotion patters were madé on eagh
Kaolin both untrented and electrodialyzed in order to
detommine 1f electrodislyeis hed any effect on the crystal
struoture br the Kaolin, wuantitative spectrograpvhiec
analytgt were maode to determine what elemeuts and how much :
of @ach element wns removed by Adinlysis. The same process
wag run and tssts were made on Tenneeses 3all Clsy and

Bentonite ag a basis of coauparison. It wags confirmed that

the Bentonite was decomposed by electrodialysis.
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Introduction

In present day research in many fields, the tendenoy is
becoming more and more prevualent to attempt to explaln physical
phenomsnsa in terms of the atomio theory or its gorollaries. It
ig assumed that any physical or ghemioal change ln a substance
has ite fundamental explaunation in the behavior of the wmolecules,
atoms or lons in this substance.

This investigation is an attewpt to explain the process of
electrodianlysis in just such a manner when such & process is
garried out on Ksollin. In addition to this study of the process,
an attempt is made to classify the cluys studied according to
their base exchuunge capacity by means of their optimum pH. Such
information would eliminate, without further testvs, the uncertuin-
ties of work with electrolytes on these o¢lays. This is importuont
lﬁ goeramic work with slips and their floeculating and deflioccula-
ting gualities.

Clays, a8 they are mined, have a number of adsorbed ions
rregent, adhered to the surfage of the alayl. These ilons are
present in different amounts depending on the Xsolln and the .
amount of impurities to which it has been exposed, by the work-
ing of the Kaolin snd the refining processes to which it hag hesn

sub jegted.

1.7 5. C. Henry and H, W. Taylor, "Acld and Base Binding Capaci-
ties and Viscosity Helatlonms in Certsain “hitewure Clays," Jour.
Amer. Cer. soe. 21, 166 (1938)
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In this investigstion 2 Mettson type Zlectrodialysis cell is
used to rerluce the sations with the H ions and the aunlions with
OH lons. This prooess is =ztudied by meuns of titration curves,
gpectrogravhic annlysls and xX-ray anslysis. Gxeept for the use
of pH measurements this is believed %o he the first time electro-
dislysis hus besn studied by such measurements. These latter two
mesnsurements have the sdvantage of giving information, not only
of the kind of lon, acld or basie, which has been replaced but
grecifically the element from which the ion was derived and cuan-
titative meusurenents of this ion. L-ray studies gave sgpecific
infornation of the effect of éleotrcdialysla on the crystal
structure of the substunce. In one instance this was aonaxdorab%a.

Barker and Truog explain ortimum pHd in the following maaner?
To o series of 20 grum saarles of the clay, coantained in beakers,
B0 o.0. of distilled water with varying amounts of sodiua earbon-
ate runging from C.1 to 1.C percent, based on the dry welignt of
the clay, are added to each of the beukers. After mizing, the
pH of ascgh of these mixtures i¢ determined with a Becknsn pH weter
using a glass eleetrode. The results are plotted with pH values

on the vertical saxis and rercent of sodium carbonuate on the

¥. G. J. Barker and amll Iruog, "Fuotors Involved in Ilmprovement
of Clays Through pH Control®, Jour. Amer. Cer. 3oc., 22, 308 (193¢)
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horizontal axis. At a coertsin staze, this curve usually flattens
out zud bhecomes practicully horizontal. The pH range which ocorres-
ponds to this stuge in the ourve is the optimum pH range for the
elay under considerstion.

The above axptcssion. optimum pH, should not be cogfuzed
with vltimate pH which is explained by lenry umnd Tuylor? dlectro=-.
-dialyzed ¢lay, having only H ions and OH ions adsorbed, may be
expressed as Heclay-OH. From this complex, in aqueous suspension,
H ions and OH ions wmay be thought of as dissociating until sn
ecuilibrinm is reached. Tho.hydrogen ion congentration of this v
guspension is known as the ultimate pH. In other words, it is
the rH of the c¢lay suzrension when all the adsorbed lous have
been replaced by either H ions cor Uh ions.

Phe first uunestion this investigation attemrts to asngwer is,
are the lons whioh are agsumned to be adsorbed agtually present.
This immedintely rresents the next problem. I[f they are present
what are they and how wmuch lUAFIGSOﬁt- This work has been done
to answer the ahove wuestlons and further to show that the process
of electrodinlysis wlll remove these udsorbed ions and to what

extent this removal is sffected. It is further atteamrted to show

3. 0. C. Hentry und K. %. Taylor, "Acld and Base Binding Capnoi-
ties and Viscosity helations in Jertain “hiteware Clays", Jour.
Amexy, Jder. G008, , El. 166 ‘1938)
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ihnt in Kaolin the orystal ztructurs of the Kaolinite is not
affected but in some other substanges the structure may be
affected und the purifying process of electrodialysis becouss
ugsless.
Fluslly knowlag the answers to the above juestions an
a%;ampt is made to clsasify it and thus sdd tc the store of

fundasental information about Kaolin.
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Review of ILitercture

5 roview of literature reovealed such a wealth of material
that even to 1ist the publications would be impractical. Howe
ever, most of this work oa baso sexchange was done on whole
goils. A few papers were found which gonfined the work to the
materials in which ceramie snglneors are intoreated.

3. £, Hattson glves a desaeription of the three chaubsred
eleotrodialysis cell whish he has used in the stedy of clectro=-
dialysis of solls, Thig ocell has hecoms knowa as a Mattson
type cell. Enough information is given 80 that any persoa
desirous of building gucsh a oell could do so from this desorip-
tion.

The exchangeable bases are usually regarded as being
present in the adsorbed sondition¥ It is further stated that
bases are present in two conditions defined as exchangeable
and nonexenangesble., Hissluk has assumed that the exchange-
asble bases are azdsorbed on the surfaces of soil particlos.5

Kgnig. Hegenbaumer and Kappe studied the amocunt of
material removable from different solls by an electric current

aué found that there was some correspondence betwesn the

Z. Ues 2. Luttson, "alectrodialysis of Colloidal Soll uaterial
and Exehangeable Bases", Jour. Lgric. Hesearch, 33, 5b3-67 (1926)

5, D. J. Hisslnk, "Beltrog Zdur Xeunntris Der Adsorptionsvorggngo
Im Boden", Internat'l. Litt. Bodenk., 12, 81-172 (1982)
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material removed by electrodialysis and that removed by steam

and hydrogen poroxido? Treatment over a period of time re-
moved all lime, soda and sulphur but only a small part of the
magnesia potash and other elements. Hattsen found that elec-
trodialysis is similer to ordinary dialysis hut 1t ig much
more rapid and it also affects a separation of the diffusible
ions of opposite sharga.

Kelley, Dore aund ﬁrawn showed that the chief effect of
grinding soil colloids was to luorease the replaseability of
their magnesium to a groat extsnt?

Henry and Taylor state that almost all of the information
on the chemioanl behavior of soils is applicable to the study
of the behavior of ceramic celays. They state that clays show‘
adsorption, flooculation and deflocculation, gel formation
ad swelling under the influence of dllute electrolyte solutions,
and that clay particles in aqueous sugspension assume s charge
and migrate toward an slectrode when subjected to the influence
of a direst current. They further point out that although
adgorption seeme to be a surface phenomenon it is & funetion

of both the amount of surface and the smount of surface aetivity.

8. 7. Tonis, J. Hasenbaumer &nd C. Kuppe, "Bezlebungen Zwischen
Den Im Boden Vorhandangn und Den Yon hoggen und futterraben
sufgenommenen Leloht loslichen Ni&hrstoffen™, Landiv., Jehrb.,

59, 65-26 {1923)

7. #®. T. Kellay, %, Ho Dore and 3. M. Brown, "Natura of Base-
Zzchange Material”, 3oll 3cience, 31, 33 (1931)
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In thig same line ﬁoyars gstates that a olay with larger particles
may show more adsorptive power than a ¢lay with smaller particles
and oonsequently larger surface, because the larger particles
have a greater surface activity.

Graham and Sullivan point out that there are two types of
base exchange reactions rooognxzcd? One is the replacement of
one eation in the outer Helmholtz double layer with another
cation. In the other, cations of the orystal lattice are replaced
by other cations which assume the geometric position of those
they displace., This gives a lattice which has different optical
proyerties than the original.

In thelir dlsocussion of the electrodialysis of beantonite it
wag stated that the electrodianlysis of bentonite did not resach
completion even in 72 hours and Li was believed that the benton-
1te was decomposed., They list and compare the following methods
of determining exchangeable bases:

‘1., Analysis by electrodialysis

2. Analysis by leaching

3. Analysis of Zxchanged idetallic Bases
a, Ultimate method

b. Froximate carbonate method
8. Iroximate sulfate method

B. W. W. Leyer, "Colioldal 'ature ana Related Froperties of
Jlays", Jour, Research Nat'l, Bur., std., 13, £246-58 (1934)

9 He Pe Graheam and J. D. 3ullivan, "Critical Study of iethods
of Determining Zxchangeable Bases in Clays”, Jour. Amer., Cer.
Soc., 21, 176 (1938)
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Barker and Truoglo show how the process of olay treatment may
be controlled through the use of pH messurements., They use
the pH curve for obtaining this information., They list three
different pH ocurves =und discuss them and the manner of using
them in control of plant operations. Kelley, Dore and Brown7
show a number of x-ray powder diffraotion patterns of the
effeat of grinding of bentonite on erystal structure. How-
ever, nothing could be fouund which supported through x-ray
analysis Graham and Sullivan's statement oconcerniung the
decomposition of bentonite, There are a number of standard
works on X-rays and orystal structure as well as spectral
analysis on which the work of this investigation is based.
These publications are liited in the bibliography.

10, G. J. Barker and L, Jruog, "Factors Involved in Improve-
ment of Clays Through pE Control", Jour, Amer. Cer. 30e¢., 22,
308 (1939)
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Progedure
Construction of oell:

The oell used in thie investigation wag a Mattson typo4
whioh is desoribed and dlagramed in Norton's Rofraotories}l
The basis of the cell was the case of a discearded storage
battery. This battery case was gut into three parts along
the partition of the eells ipn the battery. This separated

the case into three parts as is shown in figure 1,

FPlgure l.~Dialysis cell with upper

clamp removed showing how gell separ-

ates into three parts for the ilnser-

tion of the parchment paper,
The edges which would come into contact were ground with
sarborunduz powder on a lap to moke a water tight seal, Fygmw
3/8" x 12" bolts were used to olamp the three component parte

together. FParchment paper especlally mamufactured for

11, F. H. Norton, Lefractories, ond edition, MeGraw=-Hill
Book Company, Ine., Hew YOrk (1942)
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electrodinlysis cells was obtained from Arthuf H. Thomas
Company for use in the cell. A sheet of this parchment was
placed between each component part of the cell. This was
reinforeced by a eloth backing. The assembled cell then
gonsisted of a container divided into three parts by the cloth
reinforeed parchment papir, tgo whole being water-tight. The
middle compartment had a oapacity of 2600 c.a. and each of the
end compartments had s capagity of 15600 e.e. In one end
gompartment a carbon c¢sthode was suspended and in the oprosite
end compartment a copﬁor anode was suspended., Any source of
DeCs will suffice as long as it has a voltage of 90 volts or
greater, CQCurrent, of course, depends on the resistance through
the cell.

A rotating paddle actuated by an electric motor was intro-
uced into the center compartment to keep the clay susrension
agitated. Although this stirring is not absolutely necessary
it will hasten the process to completion. PFigure £ shows the
aomplete cell with rectifier,

In this apparatus the source of eurrent was the standard
11C volt A.C. line., This current was regtified by the use of
two B66A mercury rectifiers connected in parallel. The circuit
diangram of this rectifier is shown in figure 3., This gave a
D.C, output voltage of 160 volis snd a maximum current of
3 amperes, No filtering was used in the D.C. circuit. A
millianmeter was connscted in series with the D.C. eircuit and

a voltmeter across it.
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Operation of the Cell:

A sample of 200 graams of the clay to be electrodialyzed
was placed in a mechanical mixer and about 1 liter of dis-
tilled water added. The mixer was run until the suspension
was of uniform consistency. The suspension was then trans-
ferred to the center compartment of the cell and eunough
distilled water andded to fill the compartment completely.
The end compartuments were filled with distilled water. The
electrodes were inserted in the water in the end compart-
ments and the current turned on. A reading of the current
on the millisnmeter was recorded. From time to time the pH
of the catholyte and the pH of the clay suspension being
treated was taken. A4lso a reading of ocurrent was made.

This was done in order to determine when the process reach-
ed completion. When these readings reached a cgonstant value
it was decided that the process had reached or was very close
to completion., In engh ease this was about BC hours but each
Kaolin was dialyzed for 72 hours. It was necessary to add
water from time to time to all compartments to make up for
lenkage and evaporation.

When the process had reached completion the ¢lay sus=-
pension was removed and placed in a dryer at 110°C. to

remove nll water,
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Titrations:

A stasdard O.ClN solution of sodium carbonate was made
up. Jodium oarbonate was used becsuse it was not deliques~-
gent and a standard solution could be made guite accurately
with 1832 ‘gniy golution was used to standardize a 0.018
golution of HClL, These two solutions were not used in work-
ing on the clay but were used to standardize one tenth
normal solutions of NaQOE and HCl., This insured having a
constant standard by which the working #olutions could be
measured,

Into each of fourteen Zrlenmeyer flasks B grass of the
elay to be titrated were placed. Into the first flask 5 c.c.
of 0,018 NaOH were run., This made one millleguivalent of
base (see page /5. sppendi=), Two M.u. of base were run into
the seoond flask. Thie was continued until there were nine
flasks contalning successively the followlng W.E. of base
1, 2, 3, 4, b, 6, 8, 10, 15, This was repeated with the
Q.01 HCl using four of the five remaining flasks., Acid
was run into the flasks in the amountes of 1, £, 3 and 4 M.E.
No acid or base was added to the remalning flask. ZEnough dis-
tilled water wae added to each flask to make the contents up

to 756 e.c. These flasks were stoppered, packed in the jars of

18, F. ﬁ Fish, Lunntltative Analysis, Blakiston's son & Co.,
Ino., Philadelphia [1931) ¢
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a pebble mill with ¢loth and rotated in the mill for three
hours to make certain the contentis were thoroughly mixod}s
A millieguivalent is one~-thousandth of a gram equivalent
weight. One eguivalent weight of NaOH being 40 grams, one

milliequivalent is 0,04 5rum§4

This means that 0,04 gram of
NaOK must be added to 10C grams of the clay to give 1 milli-
egquivalent of base écr 100 gr of clay.

The pH of the contents of each flask was determined with
o Beckman pH meter using a glass electrode., A duplicate run ws
made in determining pH besause the 20lutions and the pH meter
were both very sensitive to the slightest ilumpurity. If the two
readings did not check within 0.0 of a pH unit a third run was
made on that partiocular mixture, If this did not check the
meter was cheoked with a standard (pH-7) solution and the sample
checked for contamination, The pH meter was checked with the
standard solution before snd after eavh run. 7The pH readings
taion on the mixtures were recorded and used to rlot the curves
from which the optimum pH was obtained., The pH of the ogntonts
of the flask of dianlyzed clay which had neither base nor aeid
added gave the ultimate pH of that clay.

The results were plotted on a graph with milliequlvalent

13, A. L. Johnson and P.H, Nortom, rreparation of a Furified
Kaolinite Susrension, Jour, Amer. Jer. 3oc., 24, 64 (1941)

14, H, O, Henry and ¥, W. Taylor, "Aclid and Base Binding
Capagities and Viscosity Helations in Certain whiteware Clays",
Jour. Amer. Cer, 3o0¢., 21, 169 (1938)
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of acid or base pexr 100 grans of ¢lsy slong the horizontal axisg
and pH anloug the vertical axis. The Optimum pH of the elsy was
obtained from this ourve.

The xeray ﬁﬂﬂl?%l%%ﬁ

The powder method of oryetal analysis makes use of the

rondom orientation of cerystal rlanes in powdered specimen. In
this investigation monochromatic rediation produced by filtra-

tion was used,

Pigure 4.~X-ray tube with two
Dabye=3cherrer powder diffrug~
tion gameras in place., A oune
AFM motor is in place on the
rizht hand caunera,

10. W. hichardson = lotes on x~-ray lesture by Frof. xichardson
given at V.P.I., winter quarter 1947
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This was obtalned from a corper tsrget in the x-ray tube
filtered by a nickel foll filter, This gave monochromatie
rediation of x-rays in which the wavelength was 1.839A,
Susch an x-ray apparatus with two Debye~idcherrer powder dif-
fraotion eamneras in place is shown in figure 4, Lend shields
are generally employed to give protection for the worker but
have been removed to afford a better vimw of the lnstrument,
The orystals were oriented by use of the Debye-Scherrer
powder diffraction camera so that the ocorreot angle & for
diffraction will take place amccording to the Bragg equation,
2324 sin 6, In the Debye-soherrer oamera the film is placed
on the eircumferance of a gylinder with the samsple st the

center as is shown in figure 5.

PowpeR CAMERA

Figure H.~A diagram of the Debye~3gherrer
x=ray powder diffraction ocamera, The
distance, 8 in mm, i9 measured on the
glrecumference between the two sides of
the angle of diffraction.
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£ monachromatic beam of x-rays as defined above will pass
through the pin hole syatem, strike the epeolmen and be
diffracted to the sldes of the oamera giving an effect on the
rhotographic film. The main beam will pass out the opposite
aide of the oamera throusgh the hole ount in the film for the
rurrose., The developed film was the negative from which the
rrinta were made which sre shown in the results. - The hole
eut in the film prevents fogping of the film due to seatter-

ing of the x-ray from the film and also prevents spurious

hagk reflection lines from the silver in the smulsion.

Pigure 6.~A comparator with millimeter scale
used in messuring powder diffraction patterns.
The angle € may be measured directly from this film. I%
will be noted in figure 5 that the xX-ray will be diffrscted

on both sides of the specimen. Half of the asingle formed b3
3
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the two diffracted rays will be the aangle 8, This angle may
be measured directly by flattening out the fllm, measuring
the distanoee betwesn any two corresponding points with a
gomparator, figure 6, and %taking half of thisg distance. The
gamera i 30 gonstructed with a diameter of E%QP: 57.3 mm.
that this dlstange expressed in mm, will be numerically equal
%o the angle 8 in degrees., The mathematlos iavolved in this
design are given helow, #From the data 3o obtained 1% is
possible to @aleulate the facts concerning the orystal strue~
.ture of the specimen., A great many fascts may be calculated
but a complete crystal analysle of the Kaolins studied is
beyond the score of this paper, The ﬁrinalplo interest is
the answer to the guestion: Is the orystal structure changed?
This is explained in the discussion.

The diazeter of the caunera is chosen =s0 that;

g e

76.8 = o
38.6 = © where:
lﬁ . 4 sin’e d = grating space in
a P Amgstrom
A = wavelength of
l! = 4.3sin®38.6 x-ray used
d 1.639 s
8 = angle of diffrac~
1 - tion
o @ 66A
a
a = 1.83 A

This is the grating space which diffracted the x-ray beam.



Pigure 7.-3hows the parabollie mirror
and the film plsate holder. Camera
was set under the grating pointing
away from it.

Figure 8.-8hows the grating with the
8lit Just to the left. The disk with
the motor for redusing the asmount of
light is shown a2t the left. Camera
was set in front of and pointing away
from the plate holder.
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The Spectrographie Analysis:

Spsotrograns were made of each Zaolin 5.0, ssrbon are.
The are glves a discontinnous spactrs which are radlated from
atoms or moleoules in & varor astate which have stored up
ox0ess energy and then radistes 1t as luminous onergy. Quan-
titatlive specoticohenical analysis ig based on the fact that
when an element is vresent im s matrix in smsller and smaller
quantities the srectral lines of thies elemont grow weaker
and disappear in definite order. 4 straight line relatione
ship existe between the congentration of the elemsnt and the
concentration of the element and the intensity of the speatral
lines csused by the olemont%‘

Spectrograus of each of the faolins were mode before and
after the clay was electrodiasliysed. A grating haviag 30,000
lines per ilanch mounted in parallel light was used, figures 6,
7 and 8, Since the axount of Siliea lan the Kaolin was agsumed
to be the same both before und after electrodlalysis the Silicm
in each Kaolin was used as an internal standard, In meking
each spectrogram a fow milligrams of the ¢lay were used and in
each gase the ssmple wasg vaporized completely.

Aftor developing, a principle line was identifled for
ench element tv be studied., These lines were purposely piocked
near one of the lines of 3ilicon as this line was to be the

gtandard, After these lines were identified aund marked on the

16, R. &, dawyer, Bxperimental spectroscopy,Prentice~Hall,
Inc., New York 1944
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spactrogram their densities were measured. In each oase the

density of the Silicon line in the partioular srsctrogram was

alg0 measured,

The decresse in the quantity of the element in ench aase

was oalculated in the following manner:

The intensity of the speotrum of each
element was oaleulated by the following

expregaion:
Leg 81-89
2
86
5
Sg
D

e

-
R oid
-

The density of the darkest
line on the spestrogram or a

standard da;‘k line

density of the gpeoirogram in
the region of the line of the
element

density of the iine ¢f the
element

The intensity of the line of
the element

Since Lt i¢ practically impossible to make two or more

runs on any spectrograph the

same the Silicon content of the

ganple wag used as ln internal standard, This enables the

operator to caleounlate his results on the same basis,
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In sample No. 1 and 1E.

Ho. 1 31"30
Log e s »

(1]

Lo‘. 13:6“.8 D

Log 1?7 = D
O.282 = D Thie is the relative
intensity of the Si
line in ssmile No. 1
Bc. 1E 3.8
Log 81 2 =D
g™3,
1 .5"4 8
Log “EFAE =
0,662 = This ls the relative

intensity of the 8i
line im sample No. 13

How in esach sample the spectrum of 81 was made by the same
amount of 5i. This means that each measurement made on the
spectrogran of sample No. 1 has the relative intersity of
0.2882 ané tnis wust be brought up to C.H82 before a comparison
gan be nade, 7This 1ls done by multiplying each intensity in
Ho. 1 by the factor ‘%%% s E.08

To caloulate the amount of Cal the inteusity of the spectrsl

1line of a Ca in both samrles is caloulsted.
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31785

D
Log =5 *
270
Log 1508'408 - B

-

0.410 = D Sample Ro. 1
Lo 25:39 =D
8 e
. 32 °

1| 7“’" 8 -
Log ;3:§:zf§ D
0,817 =~ 2 3ampls No. 1B
Howsver D for sample Ho. 1 must be multiplied dy 2,086 to bring

it to the sane bagis as sample No. 1E.

0.410x2.06 = ,845
This intensity of the line is proportional %o the amount of
0s rresent in eagh of the sauples, |
Therefore:
.:.g%; x 100 7 61.2%
Sample Wo. 1% has 61% as much Ca as saaple No. 1.
Enowing the amcunt of Ca0 in gazple No. 1 it is silaple to
ealoulate the amount of Cal in No. 13,
0.1 x .61 = ,061% Ca0 in 1B
It follows that 0.C3% gr of Cal per 100 grams of clay has been
removed by electrodialysis.
In 2 sinilar manner the amount of elewent removed by

elesctrodialysis oan he caleulated., These suounts are tabulated

in a table in Results.
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Debye 3cherrer AL-kay PFowder Diffrsotion Fatterns

-

Pigure 10.-Lakeland Plorida Kaolin, United Clay Mines
Untrented

Figure 10A.~Lakeland Floridse Kaolin, United Clay Hines
Zlectrodialysed

{ A ""’f Fa
A

Flgure li.~futnam Florids Ksolin, United Clay Mines
Untreated

Flgure llA.~Futnam Plorida Xoaolin, United Cluy line
siectrodinlysed



o g

ar Diffraction

Debye Soherrer L-Auy Pow

ratierns

Figure lZ.~FPlorids Kaolin, £.¥.Kk. Company
Untreated

lZA.~Florids Kaolin, E.7.K., Company
diaslyzed

Bleatro

Pigure 13.-No Kardb XKsolin, E.F.X. Company
Untreated

Flgure 13A.-No XKarb Kaolin, B.F.K. Compan
#lectrodianlyzed

&



Debye sScherrer A-ika

Y Towder Diffraction Patterns

Figure l4.~Klondyke Washed Ksolin, B.P.K. Compsany
Untreasted

flgure l4A.-Klondyke Washed Ksolin, B.P.K. Company

M
W =

LAB O i o &

% avan
w i hd@ J.:/s.u

Untrested

Flgure lb.=i~Fulverized o Selels UOHpARY

in,

gure lbA.-i~fulverized Crude Kaolin, Z.P.K. Company
glegtrodialyzed
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pebye Scherrer Ai-nay rowder Diffraction Patterns

Us 7 %7 o5 v3iay

Figure 16.~Tenn. Ball Clay No. B, Ky.~Tenn., Clay Company

Figure l1l6A.~Tenn. Ball Clay No. 5, Ky.~Tean. Clay Company

igure 17.-Bentonite, American Colloid Company
Untreoated, Hun 30 minutes

lentonite,
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Debye Scherrer A-uay Fowder Diffrsction FPatterns

Ameriocan Collold
Elestrodiunlyzed,

Jompany

FLEUYS i.~nentonite,
. hun 60 minutes

gure ' e, Ameriean Col comvany
dlectrodialyzed, kun 12C minutes

20



K1 K2
Zlectro~- Blectro-
No., Untreated dialyzed o, Untreated disnlyzed
& mm 3 mm T3 mm 8 mm
1 76.2 76.2 1 78.6 71.6
2 72.0 T2.4 2 6l.4 61.9
3 61.9 61.8 3 59.3 59
4 59.3 59.1 % 57.0 56.6
6 56.3 56.6 b 54.2 54.8
6 54.5 54.5 6 44.8 44.9
7 BC.6 5C.8 7 38.4 38.4
8 44.9 45.0 3] 36.0 36.2
9 3843 38.1 9 24,9 £4.7
1¢ 34,9 36.0 10 22,9 £2.6
11 £24.8 24.4
12 22,7 Z2.7
ks K4
Electro~ Blectro~
Ho, Untreated dislyzed Ho., Untreated dialyszed
3 mm 3 mm 3 mm 8 mam
1 127,7 187.0 1 126.9 126.8
2 118.6 116.3 g 117.8 117.4
8 76.8 77.0 3 76.3 76.7
4 73.6 729 4. 71.9 7246
] 69.8 T0.8 b 62.0 62.6
6 624 61.9 6 b9.4 59.6
4 59.4 59.56 7 54.3 56,9
8 H4.8 54.7 8 45.0 45.5
9 45.3 45.8 9 38.4 36.8
10 38,6 38.5 10 34,9 36.56
11 35.1 34.9 11 3l.4 32.1
12 31.6 31.6 ‘

13 £9.1 28.7
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K5 £6

Eleatyo~ ' Bleotro-

§o, Untrested dislyzed Ho. Untrested dialyzed
S mm 3 _mm 3 mm 3 _um
1 131.4 132.1 1 131.4 131.4
2 186.8 126.5 g 126.6 126.3
3 117.7 118.0 3 117.9 117.7
4 7644 76.7. 4 76.9 76.9
] 783 8.4 b 78.6 756
6 62.6 62.2 6 6.3 6.5
7 66.8 , 8.0 7 b59.7 b69.6
& 45.2 456.6 8 54.9 66.1
9 38.8 39.0 ¢ 45.5 46.7
10 36.1 36.6 10 38.8 3941
il 31.2 81.7 il 3846 - 36.6
12 £B.5 £5.0 12 31.8 31.9
i3 £B.8 2941
14 20.3 £5.8

2. | B.

Eleotro- Blectro~

Ko, Untrented dialyazed §0. Untrested dlialyzed
8_mm 8 _mm 3 mm 3_mam

1 788 80.0 1 76,8 76,0 75.6

g 76.8 76.1 £ 72,7 72,7 7E.8

3 2.4 72.0 3 61,6 61.6 61.5

4 67.6 67.3 4 b8.9 59.0 bB.¢

b 6l.6 61.6 5 4.1 b4.1 53.8

6 59.0 58.8 ) 49.3 50.8 50,9

7 54.8 b4.5 7 36.0 34.9 35.0

8 49.2 49.6 8 E7.8 27.4 26.6

9 44.7 44.9 9 Z2.6 22,3 &k.b

10 38.4 37.9 1C 1¢.6 19.8 19.7

il 34.5 34.5

12 26.4 26.5
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The following figures sre prints made from the

sreotrograms of the Xaolins investigated.

hag been glven a key number whlch is printed on it.
nuagbers are given below:
K1 =~ lakeland Florida Xaolin - Untreated
K 18 - lLakeland FPlorids Xaolin - Blectrodialyzed
K 2 - Futnam Florida Kaolin - Untreated
K 88 ~ Putnam FPlorida Kaolin ~ Zlectrodialyzed
K3 =~ Plorida Kaolin -~ Untreated
K 38 - Plorida Keolin ~ Zlectrodislyszed
K4 = Ho Karb Kaolin - Untreated
K 4E - No Kardb Knolin -~ Hleotrodialyszed
K5 = Klondyke Washed Kunolin ~ Untreated
K BE - Klondyke Wazshed Laolin -~ Electrodislyzed
K6 =« i-Pulverized Crude Kaolin ~ Untreated
K 6E - X-Pnivoriznd Orude Kaolin - Flectrodianlyzed
T - Tennessee Ball Clay No. & - Untreated
T &8 - Tennessee Ball Clay Wo. b - Bleotrodialyzed
B - Bentonite - Untreated
B & - Bentonite - Blectrodialyzed

#ach srectrogran

The key
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Figure 18B.
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Intensity Heudings of Specgtrograms

Sampie
No. 81 Ca Fe Bi Mg Hi
1 13,8 9.5 13.8 8.3 15,6 7.6 14.5 13,3  14.2 7.6 13,2 11.4
18 11,3 6.5 11.7 6.9 13.4 5.8 12,8 12,0 11.7 5.4 11.1 9.8
2 13.7 8.2 13.2 9.4 16.2 6.4 14.3 13.4 14.3 5.8
2B 12,8 8.2 13,8 9.5 16.3 9.8 14.3 13.3 14.2 6.9
3 11,9 5.6 13,0 6.7 13.6 5.6 12.4 8.4 11.3 5.3
38 12,5 6.8 12.8 8.7 14,3 7.7 13.9 12.8 12.4 7.4
4 14,9 12.5 16,1 6.6 16.8 6.6 17.1 16.3 15,8 10.2
4 13.3 8.5 13.4 6,7 15.4 14.2 14.6 14.4 .13.2 10.4
6 12,0 9.5 12.1 6.5 14.3 13.6 12.8 10.3
BB 11.8 10.6 12.1 6.7 14,0 13.4 11.9 11.2
6 12,1 6.5 12.5 6.9 12.6 5.6 13.1 7.5 12.7 7.3
68 12,5 10.6 12.7 9.3 13,7 12.9 13.7 11.7 13,3 12.8
] 14,5 12.8 13.6 7.9 12,7 12.1 12,6 9.7 11.7 6.9
ToB. 1441 12,0 12.4 7.7 11.7 11.4 11.9 10.3 10.3 10.0
B.

B.de
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Table showing grums of coupound
per 100 grams of clay before
aud after eleatrodisiysis

Saaple
0. a0 Fe 05 -~ ligo . A
1 0.10 0.40 ) 0.20 K
18 061 Q.31 38,45 Col9 38,25
remaing remalng
2 .07 0.38 0.20
28 «06 0.13 B89.5%" 012
remaing
3 0.15 0.80 C.20
38 0sl11 0.49 28,4%" 0.13
remains
4 0.03 0.40 0.02
4z 0.008 0.086  o.58" 0.003
, renaing .
) 0. 60 0430 Ced?
5 0.42 0,11 0.17
é 0.50 0.30 0.47
6 0.36 0,03 62% "~ 0.054
; resains
T, .18 0.90 0.28
ToB. .12 0.44 0.18 34% "
reanius
‘ gj.
B E ] ‘3'

* fYhe original amount is not known. Persentage given is
pergent of the original anount whioh s3till remains in
the sawple after electrodialysis.
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Discussion

The abillity of all solids to retain on their surfaces a
layer of any gas or solute with whioh they are in contact is
ealled adsorption.

Adsorption is a surfsce phenomenon which depends on gon-
gentration, temperature and the nature of the adsorbent and
adsorbed substance, The empiriocal equation of Freundlich
was developed to show the relations of adsorbed material %o
adsorbent when equilibrium is reached., (See Appendix) ILater
and improved experiments tend more and wmore to support the
theory of Langmuir when adsorption is not great, The formula
of Langmulyr (see next page) is based on the faet that crys-
taline structure is made up of atoms arranged in orderly
fashion making a unit cell which repeats itself over and over.
The hyprothesis of langmuir assumes that the adsorbed layer is
only one molecule thick.

Studies of adsorption on Kaolin are of special luterest.
it has been found that only the cstion of an electrolyte
shaken up with Kaolin 1s sdsorbed while the anion remains in
the solution with practically unaltered oconcentration., Because
the solution must remsin electrically neutral cations must be
removed from the adsorbent, Kaolin, to maintain this balance,

This type of amdsorption is known as exchange adsorptlon17

i7. F. H. Getmnn nnd ¥. Danielis, outiines of Fhysieal Chemistry"
7, 867-8, (1943) John Wiley and Jons, Inc. 1943
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l. Bmpirical adsorption equation of Pranndlioh%e

Log'ﬁ S n Log ¢ plus Log k

kand n = constants to be determined for
each temperature, solute and
adsorbent
¢ = concentration of solution
x = weight of sdsorbed substancge
m = weight of adsorbent

2, Langmulr formuls for weight of adsorbed materiall?®

X = abe
b vius a0

weight of andsorbed material
per unit of surface

113

y

1= % ratio of molecules that
adhere

(121

Uonstants, a and b

goncentration of solution

1>
(23]

18, F, . Cetmnn nnd F. Deniels, toutliines of Fhysieasl Chemistry”,
7, 866, John Wiley and Sons, Ins., 1943

19, B. Langmuir, Jour. Amer. Chem. Soe., 36, 226-7 (1916)
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1

Crystanls are built up of atoms or molecules in definite
rows and parallel planes. 4 unit cell ig defined sas the
gmallest poseible subdivision which has the properties of the
vieible macroerystal and which, by the repetition or trans-
lation of itself in all directions, bullde the arystal?e
Figure 21 shows one of the common erystal forms of Kaolian,

With a little imagination it oan be seen that repetition of the
unit ceell a, b, o in all diregtions would form a orystal as
ghown A, B, C. BHach polnt of intersection of the lines in the
figure may be thought of as the position of an atom which makes
up the crystal. Any point in the interior of the erystal has
gix lines meetlng at that point. Any point on the surface of
the erystal has five lines meeting, leaving one unsatisfied
bond. Along the edge there will be two ungatisfied bonds and
at each aorncr‘thrbo unsatiefied bonds, It is %0 these unsatis~
fied bonds that the ioms of the adsorbed substances adhere., A
process such as dislysis is required to replace these ilons com-
pletely with the Htand 0H",

Barkexy and Truealo have obtained three curves which they
designate as A, B and C. The A type ocurve is one which shows a
rapid uniform rise in pH anéd flattens abrurtly st the bptimum
pH. The clay giving this type of eurve responds readily to pH
ad justment and offers no difficulties in the pH adjustment

?G. 0?. L. Clark, Applled X-hays, 3, weuraw-Hill Book Co., Ina.
194
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proocess. In ¢ clay of this type there ig assurence thet the
treatment will pive beneficlsl results,

4 type B curve ie one in which there is 2 slight preliu-
inary flattening which rovoi:es itself and rises ageln before
there is a permanent flattening. Thie ls consldered evidence
that there are consldersble amounts of soluble salts ﬁtescnt.
The¢e salts must be inasctivated before pH adjustments will give
beneficial results,

A %ype C curve rigses gradually snd has no sbrupt flatten-
ing. Laboratory tests made by Barker snd Truog glve evidence
that pE adjustment will make these clays more plastic snd lessen
the amount of water required.

One method of determining exchange capacity of 2 clay is
to titrate the ¢lay with hydroxide noting the amount required
to bring the suspension to a given pH such as 7.0 or &€.C.
Lakeland Florida EKsolin:

This clay has a base exchange capaelty of 2 K.E. The
titration ocurve is c¢lassed as a type B showing the presence of
soluble salts, Thig c¢clay would probably give difficulty in a
manufacturing progcess which required the use of electrolytes
for deffloculation.

Putnam Florida Kaolin:

This olay has a base exehange eapaelty of 1 d.E. The

titration curve ie typre A indlicating little difficulty when

subject to pH adjustments in manufaeturing proooasi!.
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Florida Kaolin, IZ.F.K. Company: '

This clay has a hagse exchange oapacity of & M.Z. The
titration ourve is type A, There is some difference indicated
in the optimum pH of the untrested und dinlyzed condition but
singe both curves are thu gnme tyre it is conslidered that the
adsorbed material will give no diffieunlty in pH ad justments.
Ho Karb Xaolin:

Klondyke Washed Kasolin:
Crude Haolin:

Bach of these c¢leys is similar to the other. All have
& bagse exchange cepnoity of ahout 4 M.¥. The titration ocurves
are 211 of the type A indieating they should respond well %o

the prooess of pH ad justment.
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The I-Ray Analysie:

Although complete mnnlyais of any of the materials by
x-~roys is far beyond the scope of thie parer it ie considered
that enough work has heen done to show the effeat of electrodial-
yeis on the arystal structure of the substances under ilnvestiga-
gion. In order %o maks glear the results ¢f the X-ray analyvsis
it will be necessary %o discuss briefly soé& of the principles
involved,

It is a2 faet of x-rays th&ﬁ‘nn x=ray of wavelength will
he diffracted at an angle © and only st that angle. This énglt
derends on the grating space (d) of the erystal in question.

The mechanism of diffraction of x-rays by orystals is very
compliceated and involved but Bragg showed that the operation may
be reducged to simplicity snd the laws of refleotion applied, the
| reflection taking rlsoce sccording to the eguation n = 24 sin 93§
In the powder diffraction method, which is used in this iavest-
igation, a monechromatice x-ray ialusod and the aangle & obtained
by rotating a sauple of clay. In this sample the orystals of

the e¢lay are oriented at random and by rotating the saaple

in the beam of the X-ray it is assured that the xX-ray will

strike the crystal at the angle € once eagh revolution. The
diffraotion of the x-ray will depend om the orystal strugture

of the sample becsuse the angle @ derends on the grating space d.
Any ohange la the structure of the crystal will give a chaage in

Z1, W. H. Brege, 1he Crystalllne State.
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d and conseguently a change in 6. Conversely any changs obs@rv¥
ed in © will show a chanee in orystal structure of the substance.

It esn be readily understood that the more crystalsz that
are present in the sample which is rotated the more intense will
be the diffracted beam of the x-ray, Conversely & less intense
beam of the x-rays shows a lesser amount of the crygtal present,
An amorphous substance would give no diffraction at all? Since
the results show that there wns no change in diffraction pattern
in sny of the Ksolins it follows that the orystal structure wang
not changed.

The Bentonite pattern, although not showing s change in
pattern when electrodielyzed, showed a great loss in intensity
of the diffracted beam, It follows, as explained sbove, that
the orystal structure of some of the Bentonite was not changed
but some was decomposed giving an asmorphous product, The exact
nature of this product is not known although there is reason %o

believe that a silica gel has been formed as described in Starlogz

B2, K. B, Jearle, %}‘30 Chemis try and Ihysiecs of Clays, Van Hostrand
o., New York (192
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Spectrographle Analysis:

The spectrographisc analysis ls practically self explana~-
tory. The tables show in sach case the amcunt of {the element
which was removed by eieatrodialysis. In eszse the smount of
original eiement waus not known the percent of that element
which 8%il1l remains iu the dialyszed sauple iz roported.

In the method used only the wstal will glve u line on
the spestropram, Therefore the compound may be reported on

the same basis as ila the oripglnal saaple.
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Conclusions

KEnolins are not decomposed by oleotrbdlalysis and therefore
this process may be used in removing adsorbed mﬁtarialn
from the Ksolin,

Bentonite is decomposed by electrodialysis snd therefore
this process hecomes useless as a means of removing adsorbed
materials.

From ten percent to ninety prercent of the adsorbed material
may be removed from a Ksolin by electrodialyzing it one
time,

Lakeland Florida Ksolin has a type B titration ourve
indicating that difficulties should be encountered when
this c¢lay is subjected to the process of pH adjustment.

41l other Keolins investigated have type A titration

curves indicating little or no diffioulty should be
encountered when these clays are subjeoted to the process

of pH adjustment,
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