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Diffusion of Light by Colloidal (lay Suspensions

The purpese of this work is to find am«»ff"
average particls sise in m&es of ¢lays and mm ntcmh.
and to attempt to elassify their physical properties according to
the size of the particles, Such dete sbould be useful %o eempare
the -pﬁaper%i&s of elays, to mateh different smmples for unifermity,
and to better gontrol processes where olays sre used,es for instance

in menufaeture of paper, rubbver, and burned weer,

figh frequency light vedimtion or rrays and visible light have
besn applied to different methods for comparing and mamwms~
cle eize. i great desl more work has been dome using the x-rays
than the visible light. In faet, this latter method hes been quite
neglested in recent researeh.

émﬁel;t Erill determined {1} the size of smsll M&anq from the
hrmmmg of %}n x-ray spectrel lines. lie sompares the methods of
Jeherrer and of von laue and mm ihe former method useful only for
relative small particles with szzmg gmm;em

~«born end Davidson (2) exsnmined a&wgiﬁaﬁ silica particles by powe
der diffraction method using the unfiltered rediation of a Covlidge
Holybdlnum terget. le observed qualisative differences in differen~
tial patterns with varying size dwtribﬁimx and the seme average par-
ticle size. Iderophotometrie analysis of the patterns indicate that
a guanitaiive relatlonshipy between charseteristics and aversge narii-

cle size oan be obtained if the size dAistribution is kept eonstent.

(1) sudolf 5rill; Z. Krist. 08 587-403 (1988)

{8} +born and Davidson; J, franklin !nst. 208 ;1 1929 pb9



" Flate 1. o

Plate 1 shows two photogrephs of the patterns obtained by Aborn and
Davidson from twe 4ifferest samples oF the imdicated sime and dis-
tridution. A densitiometsr was used to determine iam tShe outer band
the density chamge,snd it was found that for each veriation in sise
anéd distribution characteristis veristions in the misrcphotometrie
graph wes obtained., This difference however, ¢ould not de corrilated
with quakittative messurements.

‘. von lLoue reports an x-rey method for doterminming the size (3)
and shepe of erystelline ultwzalerossopie particles,
H. Mark (4) discumses equation: for particle determination agreeing
with experiment turftﬁc~caao of parallel refiation amd nnnwnhuorbség
materials with a diverging x~ray béem and a tremsparent sudbatence,
The diffieulties of applying the dlstritution law of partiele sise are con=-
gidered and favor is given the law of Causa® typs rather then Maxwsllian
distridution.

spparstus for the determination of particle size (8) Ss discuesed

by R. Berthold. Iile considers x~-ray tubes, high temsion apparatus, and

(3) H. von Loue; of. Brill Cd, 25,2360
(4) H, ¥ark; Trans. reraday So¢. 25 387 = 9 1929

(8) H. Derthold; L. Metellkunde 20 378 - 86 1928



universel and multiple diffraction cameras.

Seemann and Sehataky {(6) have taken & short time picture with an
X=TRY osuillcgrapﬁ where the time of exposure eguuled one one million
two hundred thousandth of a second. | |

C. Leiss (7) givns’a description cr‘a camera roi obtaini#g spec~
trographs of crystsl powder taken on otmplete ayliaariqal tilnu |

The original work done in en atiempt %o ﬁsa light as an agent
for determination of partiole size dates badk’a considerable period.
Very litile work has been done reeéntly slong such iiﬁaa. ‘

Young (8) observed that when light ﬁauaod through a set of small
holes drilled in & plate that halos were fﬁmmsd around the ceniral hole.
Light forms hsalos on passing through e mumber of smaell particles such
as water or ice suspended in air as shown by halos formed in clouds.
A plece of nypar@%un wee devised to apply this phenomenon 1o the detere
mination of the size of #ary small partieles,

4 metal plate wae drilled with @ hole o5 mm in diameter. Around
this aperture was drilled small holes arranged in s concentrie eirele
sbout one~half ineh in redius. A flame was placed ivmediatadly behind
the aperturé and the plate viewed through the substance under exemie
nation. The central hole in ithe plate wus seen %o be aircumfersnced
by & halo which eculd be brought to coineide with the eirele of small

holes in the plate by moving the substence beskward or forward along

(6) Seemsnn and Sehotzky; Ibid 18 - 86 1930
(7) C. Leiss; . Physlk 61 &83 - 6 1930

(8) Young; Theory of Light, ITeston; 3 Ld. by Joly 1801



a gradusted seale. The distance between the substance and aperture
is rend off the sesle and this varies inversely as the dlaneter of
the halo, Theory shows that the dlemeter of the Mlm produced by
different sized particles vary inversely as the diumeter of the
particles. Thus it follows that the diameter of the purticles are
direetly proportionsl to the dlstance ‘betwesn the subatense and APOre
ture when the r!mg aw to eoineide ﬂ&kt&#éix&h of smell holes
perforated in the plate. If & be the ﬁiamfk between the p}.&u and
substance of radius r when the halo and eirels of holes coinecide end
4y and 7 be similar values for snother sample, the following re-
lationship holds,

%#% and 1’“:?

pom this relstlomehiy we can oanleulats the size of particles, vo-
vided the apparaitus is stenderdized apguinst prriicles of known size.
Lewton eumpared the size af wﬁia&m in milk end other mm
oolloidal msterials by this method.
twm (%) made was ez:f w&ﬁﬁm ngﬁit to deteimine the size
of :sriicles in emlislons and fmmé ﬁwii the seattering verise as
the sguare of the redlus. 7This ivdieated true refleotion. In wmany

syatems the porticles can be Jdelermined direetly.

{9} Ltemun; J. 50r. CheMe 500 47 10BE » 96 1935



vohrovenil (10) gives an optic method for determinlog sises
of particles lu susysnsion. e describess an opalossope oX §pec«
trophotometer for giving the averege sime of cﬁ},lam;mtﬁa
from the seatiering of transmitied lights

Of these two genersl methods for deteiminstion of partiele
size, the X~Tay method theoretisslly should apply %0 & greater
variety of different meterials. I% aculd be used with both o~
pague bodies and tremslugent suspensions. 7ith this in mind work
vas Lirat done using x-raye.

The squipment used by Selby (11 was tried out., Voltage vary-
ing from 30 %0 90 kv. was used but in po eawe did the radistion
appear to be sulfieiently imtense to register through the plate
bolder, the semple ond then give a pasttern on the p}.ata. The tube
wes found o be defoestive .ewlng, no doujpd, to the laferior vase
uam obtained, . faiat pattern was photogr.ph
to pass rays through & s film of peraffine on a alide. & glass
‘oell, however, filled wiih TAuffed aciion llaters gave mo patbern

2l using & gas tube

on paselng the ssw x-ruy wesm through 1%, “his ges tube was very
old and gracked when run for lowvg pericda.

utered in produsing x-rays, that
mothod %us temporarily sbamdensd and & series of experiments using
light wae begun. This was pattornad after Voung's ericmtier nathod,
His apparatus was not followed in detsil, but varied S0 that photo-
graphie plutes oould be used %o resoxd the aize of the spot of light.

Owing 0 the difficulties enco

(10) vohrovshii; ¥olloid %, 47 55 - 58 1980
(11) Selby; Thesis V. £, I, 1938



#hile Young varied hile distence from the ssmple to the plats and
kept the size of halo constant, the equations showed +that the same
effeat could he obtained and the sume equation apply AL the distance
wes kept constant und the size of the halo allowed to vary. The hae
lo could be measured and the rixed distances for the apparatus deter-
mined and then the same ¢sleulutions made asz made by Younge In this
work the above set of conditions were held to in that a photographic
plate was placed behind the substence to be examined end the halo rege
istored on the plete. After development, the apot was moeasured and
the necessary osloulatlons made,

i small glass oedl measuring .6 mm. in inside thickness was fille
od with a thin suspension of clay. 4 ssetion of bakelite was bored
with & hole .9 mm 1o diameter to serve as a collimator. 4 pinhole
would give a camera effect while parallel light would give no diver-
genay without eclloidal or similar particles.

The photographic plate was pluced several centimeters Irom the
eell and the parsllel ruys of a H00 watt electric light passed through
the hole in the bakelitk. The light was made parallel by means of
two lenses placed in & blackened tube before passing through the bake
elite. This set up 4id not give satisfectory resulds sinee there
was too much enlargement of the beam for the thickness of solution
the light passed through. The light also veried with the focusing
of the image on the opening and suech an image geve an uneven patiern.

Since much greater depth of solution was found negessary, & water
cell four in diameter end 4.5 ams, in thickness and to obtain
parallel light & tube ,6 ems. in dlemeter blackened inzide and out
wae used as s light collimator. This was fastened in a blackened



box as showm in the sgeormaning dlagrem,

The tube £1t1ad e¢lore vy ageinst the glass wellk of the eell, The
photographic plate was plaeed next o the other side of the cell so
thet the spot on the plate was the suné sizé as the cone of light
on leaving the eell., This &iffered from the previeus run in whish
the 1izht contirwed 4o srredd-ont efter lcaving the ¢eell watil it
reached the olate,

A 81Inte mvspensisn wes nleced in the tell end light projected
intc the tmbe, Seversl plates were faken dui the illumimation wee
24111 unettiefestory, o8t of the trouble was appavently dsused dy
the eleatrie lizhi and {the ifmsge 5f the filament, IV was hoped thet
this wneveness oould be vemedied by photographing from above the
cone of lizht as 14 passed through the cell. This was tried by plav-
ing a photographic plute on top of the cell just above the beam. It
was fourd however, that = eamera would bé peeded 1o get $this pioture,

Neorse 1t eeered unsultable the elesiris light was ebandened,

and @8 sodium light with & volassium clchryomete Tilter-Bubstlitu ed,



Sueh light is much more uniform ané beoing nesrly monoshrommtic sl-
80 offers beiter shsnce of obtaining sharp borders to the spot in
a8 much as light of sash wuwelength being diffrscted by different
emounts would onuse haziness when white light is used, The light
soures finally shosen was a Fisher burmer mounted in front of the
0ollimator tube in the {lame of which & piese of asbestos aaturi~
tod with salt solution was suspended. This geve a bright ysllow
1light, wniform in intensity even with slight differenses of gas
flow,

The intensity of the light was tested by the dmmsity of the
spot formed in a givea time on u photographis plate.  The plate
was plased sgsinsi the empiy cell and the spparstus cloged, 4
small felt cover was plased over the collimator tubde te exelude
light, after the flmwe had durned a mimuse or to0 for the light
to rensh its maximur intemsity, ths tube was ussovered and the plate
plate removed and developed for emmotly twelve mimstes. - ‘Fhis, as
well as all other hemdling of the unexzposed plate, was done in &
Tlam relightéed. This time it was ad justed so as 208 10 burm with
quite as large a flame as before. 1The plase ®as axposed and dovel~
oped, taking spesial sare that the two time intervals were ths same
as before,

3pecial pressution mmet be taken to get the tube in line so
that the flams mey shine direotly and with full intensity iz the



tube, <(his adjustment is beat made befors the cell is put in the
boxe looking through the bagk of the box through the %ube, the
flare iz centered and therefore if nothing is moved, saeh plate will
have the same relaiive amoun$ of light.

The depth of the spots wes conpered by twe methodesi by & 60le
orimeter and by the eye. The plates were out so that the full di-
ameter was close emough $0 the edge so the plate could Be moved back
and forth just sbove the mirrew and under the stage of the codlori«
meter, 4 derk solution was plesed in the celly of the eolorimeter
and the outaide unexpesed seotion of the plate balanesd agaimst the
solution, ‘IThe plate was then moved so the center of the spot oams
toward the line of view. ¥hen the first Sespéning of ¢¢lor, as in-
diocsted by a differenee in intensity of light in the two pedtions
of the colorimester, was moticed; & spos was made through the senter
‘of the hole onto the plate. This was repsated on the opsite side
of the diemeter., The distance from one spot to the other indicates
the exact length of the dismeter of the spot. It was mesessery to
magk the full hole under the eells by plasing sireles of bledk paw
per punohed with smaller eireular holes, This made the loeation
of the spoi where the dariening was first odaserved mmeh simpler,

4 method where the size of the spot was ebtained using the eye
was much more satisfastory. With this method more average velues
for the sizes were obtained for spots that wers mot quite round,

The plate was lald face down on a piece of white paper, This drought

ou% the berder in sueh a manner that the sdge ¢ould de easily piloke



ed out with the eye, The readings obtained by this method 4id mot
differ by more than 1 #m, This way resdings were takes sll arcumd
the plate while with the colorimeter the reading parsllisl to the

eut edge of the plate was the only diameter obiained so does not
represent an aversge value. This visual method ¥as used for measur=
ing ell the plmtes photographed for the series.

There were four series of plates made. Wyeming beatonlite
was used to get eight resdings ecorresponding te settling time from
20 minutes to 179 heurs. Ceorgia kaaua; Virginia keslia snd
ground flint were used for aewies of four resdings sash.

The elays were weighed out in ten grum samples and thoroughw
1y mixed up with water to work up the plassieity and faciliste
slaking. This elay was pleced in a liter eylinder sad made up to
volume with distilled water, After being completely mixeé by shai
ing, the suspension wes sallowed %0 setile and 50 cos, samples were
pipetted eff from the upper layer at the time indliceted in the taw
bles below. is shown, the time of settling was measured from the
start and not differentislly. The 50 oc. ssmples were placed inm
small beakers es tollected and kept until ready t© be phetographe
ed. The water used in all suspensioms mst be perfectly free of
slectrolytes whish would eause flogculssion.

The first semple was pleced in the gell marked A in the dla-
grem on page 7. To this snough water was sdded to meke 8 volume
of B50 ¢es. and the whole throughly mixed. The cell was placed

in the box and & cirele of black paper pasted on the side of the

10



cell next to the plate in such & msuner thet the centrel beam of
light pessing through was almost covered, This reduged to a mine
wimm excess reilections. An Lastman panchromatie photogrephic plate
was placed mgainst the back of the ¢ell with the emulsion side in,

£ weight ploced ageinst the plate naia 1% in positicn. & plete
holder slide whieh had been fixed to the baok of the box as a movable
door was then drewn down and the plate was ready to bﬁ exposed,

The Fisher burner was placed 1 inech frem the felt covered gole
limator tube and the ssbestos paper which had been soaked in selt
solution was placed in the flame i.n Buch a mapner that a wall of
flame pessed up past the tube. When the flame was burning brighi-
1y, the felt cover was removed for 120 seconds and tham replaced.
The flame wes extinguished, the plete removed emd placed in the
developer at 37° C, for 12 minutes, after 20 minutes fixing in
hypo, it was washed and allowed to dry.

‘The dimmeter of the epot wea measursd visually, The plﬂe was
placed face down on a sheet of white paper end the ight arrenged
80 u 0 oome down from directly over the plate. 4 ruler was w
to measure several éifferent diemeters of the spot and $he average -
value was taken.

Rach 60 co. sample that was pipetted off was ¥un in tbis men~
ner. 4 blenk was run by filling the ocell with distllled water.

The results of these determinatians are l.lia*wﬁ'_, in the table be-

low,



lame of Clay | Sample | Time of | Size of Spot | iverage| Flastieity Slaking |Drying Firing
Husber | Settling | Oms, Size {relotive)| Times Shr;nkage Shr;nknge
syoming A £0 min, 775 79 10 10 min. 14 9
Bentonite 8.0 ‘
B 1l hr, 75 FeS
1 7.5 ‘
¢ 2120 | 715 7.8
YalS _
D ﬁ:ﬁﬂ ) ?.W 8.9
8.2 :
E 1020 L % 7.1
T4 _
F m‘!w : 6«8 5;?
6,68 ;
G 9’9230 4.4 4.5
H 179:20 4.4 4.4
fa4
Virginis ~ v,_ 40 min, 740 7ol 1 1,5 " 7 13
Bentonite 728
73 8:10 62 6.2
6.2
73 31:50 5.0 ‘ Hel
%4
Vg 120:00 45 L 28]
4.5
Georgia gl 40 nin, 4.6 | 4.6 9 | De#8 ming 12 b ¥
Easolin 4.8
Gy 8:10 443 4.35
Qa 31:80 4.1 4,15
4.2
34 120:00 509 4,06
4.2

2l



Hame of Clay | Sample | Time of ize of Spot | Average | Plasticity | Slaking | Drying ¥iring
Fupber | Settling Cms. Size (relative) | Time Shr;nkage Shrink:ge
Ground 51 40 min, 7«0 715 5 30 sec, 1 1l
¥1int %)
Sg 8510 hrs. 505 606
647
& 31:50 5.0 Sel
8 542
Sg 120:80 4,6 446
4,8
Eistilled Blank Se9 3489
#ater 348

The prints of the plates are included for a permanent record should it be

found desireble to make additionsl messurements of the spois.

el



Piate 3
Georgia Kaolin Series
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Plate 4
Ground Flind Cevies
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Wyomdng Dentonlle Serles
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Plate 6
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It may be seen that from this data the relative perticle size
cannot readily be ealeulsated, ¥ith all other influeneing factors
held eonstant, the spot should inereamse in size as the particles of tue
e¢lay dearease in sime. In this euse, however, the smount of clay in
suspenaion decreanes in amount and tends io decrease ihe size of the
spot faster then the small partiecles tend to inoresse the size, ioY
this reason, it was found impossible to apply the equation used by JToung
to esloulate the average particle size.

If & series of graded particles sould be obtained and determina-
tions mede on weighed samplea, the equation should epply. (mly ihe
size of particles would vary for the same weight of msterial eould be
used in all cases,

A series of curves were plotted with diammeter of spot ss ordinate
and time of sattling as abscissa., 5 second set was made by plotting
the size of spot for eash ¢lay at the twenty hour period along the or-
dinate and the eorrosponding value for plassieity, for slaking time,
for 4rying shrinksge, and for firing shrinkege on the abs¢issa,

Toints and curve ;1 is for Georgis iasolin

& " " Yyoming lentonite
48 7 " Virginie Bentonite
‘4 % Ground ilint

The rosults of sich plots are ahown on the following r»rints.
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i#lthough these plots are not ocomplete, they indicate roughly some
relationship between particle size and the properties of the olays, if
the Georgia Ksolin be omitted, The dotted lines show the results if
this olay 1ls omitted.

It is seen that there is quite a rspid drop during the first few
hours of settling but all curves come finally to a oonstant value,
Some effect,such as the Brownlan Movement holds the clay left in suse
pension without further settling for an indefinite time, This amount
of material is different for each elay and depends on the size of the
particles,

It is suggested that this experiment be tried using clays of which
more of the important physicel properties are known. The light source
ghould be arranged so that it eould be made more adustable and gould
be tested cach time for intensity. If the ssmples sfter being photoe-
graphed were evaporsted to dryness and weighed, the weight of clay
present could be plotied against the time of settling and a method
obtained for determining the weight of material present at any time
or for any size spot., This change, with one by which a change in the
size of the spot would be measured instead of the abaolute size,

should eliminate the chief difficulties met in the work.
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