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A comparahve study of the dispersing powers of sodium
-and ammomum hydxymdes with “eference to-the disper-
sion of Mysore black cofton soil and the Hebbal soil *

BY Miss G. SHARADA BAI, K. S GURURAJA DOSS*
and BASRBUR SANIIVA RAOt

Amimonium hydroxide was advocated for the dispersion of soils by the,
lnternﬂtmnai Sﬂt’:le't? of Soil Secience in 1927, at its meeting in W&shmgiﬂn-
Tn 1934, at Versail les, it recommended the use of sodium hydroxide instead.
The rE'%uits obtained with a black cotton soil in‘this laboratory (vide infra)
support Hﬁﬂ change. The factors which contribule towards the higher dis-
persive ‘power of sodium hydroxide have been invastfqater:l by Btﬂﬂ?ihq
(s) dispersion of the soils and the clay fractions, (b) flccculation valuae of
ths clays and le) the sedimentation volumes of the clays.

Experimenial ’
1. ~ Dispersion of black cotion and Hebbal soils.

50 ams. of the black cotton s2il from Mysore) were sosked ocvernight
wun ‘a) 1,000 c.c. of 0°068N sodium hydroxide and (b) 1,000 c.c. of 0°33N
-ammonium -hydroxide and . shaken for fifleen minutes. The amounts of silt
and clay inthe tyw s cases were determined by sadimant&lmn emplcying the
Bﬂﬂ]’ﬂﬂc}' fechnign. -Similar experiments were also tried using the Hebbal
scil (red loam). The r2sulie are in table L.

TABLE I Fercﬂalugt nf elay

v, - e Cwhaken with . sndmm - ' * Bhaken with ammonium

Soil . bydroxide - . hydroxide-

{15 minutesi - _ (15 minutes)
_ Blickcottew .+ . 353 g - 18

* . -, 358 ' : T -
. o - 62 . 78
Hebhal . ' ' 330 S . 231
32713 ' 23'45.

_ 32 . 245

'-2.".Frepﬁrnti_nn of pure clay. 50 agms. lots.of lhe soil were shaken
with one litre of 0 ‘008N sodium hydrozide for fifteen rnmutés\ on a mechani-
cal sheker and nllowed to settle down and theclay portion was removed after
appfopriata sedimentetion (sample removed at a'depth of 10 cm. after 7
hours sedimentstion at 26°, the lnhnrﬂtnr'f ternr.:eralure} The clay was then
cosgulated by addition of dilute hydmch!aric acid. The organic matter
wae next’ desiro?ed by fifst making it definitely. alkaline to litmus, using
aoditm hydroxide and then boiling it with hydrogen peroxide, The black
clsy changed to o -:ream colour. The tlay was then subjscted to hot dialysis
umnq a cellophane’ lubﬁ The ce1lc-phan_a tube containing the élay was
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.
cloaad at heth ende and introduzed -inte a conieal flask, . The ilask wae
cleged with a‘rubbur atopper having two holes.  Through che of ‘them o
long nletmmed funned was inlreduced go that the e of the Idhfm! :rr;'hf:hfid
the botlom sl the flask and the other hale confsined a shiort -_::'les'a_,-: tubie con-
nected to the lilter pump  Distilled water wes eontinuoualy fed throughthe
funnel  The filler pump aerved to maintain a'eonglant Jevel-of Jiguid in the
{lask and alzo to auck sir through ihe tunnel oo that the distilled waler wan
kept slirred up by the air bubblitig threugh the liguid  The flagk was kap!
on o vigorously bofling water bath. 1t was {ound ihat the dialysiz was
praclically complete within aboul 24 hours,

Tue hil dialysed sample was next sobjected ro electrodialysis.  The
alecirodialysis 2ll of Maltsen (1228) wilh parchmen! psper membranes
was employed  Carbon rods were used for cenducting the currert. fs a
convenient di.ecl currént scurce was nol available, 5n- slectrolylie’ rectilier
giving full wave rechicalion was consiructed employing aluminum end
lead ribbons and ammonium phesphate solution. The maximura current
thal can be drawn by such a reclifier is 100 ma, U & higher current is
drawn, healing effects hecome considerzble and the rechiisr geis bad.
Since the sparking voltage of aluminium (in ammonium phosphsle solution)
ig aboul '40 volls, it is desirable to use two elemenis in series. From an
inpu. yollage of -bout 220 valls one cen get an cutput of 120—130 volts
nn cir.ying out the full weve reclification. The rectifier acts practically
vih ul wny attention. It is only neceesary to reéplace the ammonium
phts hsle s.lution once in 3 days. The ammonium phosphaie solulion was
k=pt in 100 c. ¢. beakers, about 25 c.c. of 14% solution being used.
Aluminium and lead ribbons of about 2—3 mmas. in width are used as the
electrodes.

The eleclro-dialysis was carried out until the currént remained sengibly
constant. Aboul 72 hours were lound to be usually sufficient. -

3 TFloceulation values - The electro-dialysed clav was shaken with
(2) 0 008N zodium hydroxide and () 033N ammonium hydrozide. The
concentration of clay in the soils was determined by evaporation to a con-
stant weight at 105°, of an aliquot In a glass evaporaling dish. The sol.
was'then diluted with the respective solvenis 1o’ 5 concenirstion of shout
1'03 gm. of tlay per litre. The proporlion of alkali to clay is so large
under these condilions that the clay would be completely ssfurated and
the pH values of the soils would be hearly those of the pure respective
media, A known volume of the scil was mixed with an equal volume of
waler, containing different quantities of the coaqulating elecivolyles, the
coagulating electrolytes being ammonium chloride, celcium chloride, hydro-
chloric acid and sodium chloride. It was shaken well, allowed to stand for
five minutes and then fillered through an ordinery ilter peper. The clarity
ol the fillrate gave an idea of the exteni of coagilation. Some experiments
were also tried using an ordinary centrifuge A krown volumea ol soil was
mix ed with the eleclrolyte as before and contrifuged for 2 minutes with a
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farce 3575 limas that of gravity, coagulation values were thus obtained using

Ihe 4 electrolytes given above.

The results oblained by the two methods

ara foiind to ba very. nearly the sams and are given in table 11.

TA BLE I Elnc'h: cotton ;lny.

FInccuIatmn valones by
filtration (in milli-equi=-

: . T
Fiocculation values by
centrifuge (in milli-egui-

E'"-":I.tgmi"?‘“ valents per litrel wvalents per litre)

rused . : : : -
“dispersed t&:} ispersed dispersed dispersed

in MaDH in ammonia in MabDH in ammonia

Ammonivm chloride 150" 200 150 200

Sodium chloride 400 400 300 _ 400

-Caleitmp chloride . 4= 4 4 . 4

*Hydrochlaric acid o8 40 . 08 Co 40

Hebbal clay.

Floceulation values in

Floceulation values in
milli-equivalents per litre

milli-equivalents per litre

Electrolyte F:ltrntmn method Centrifuge method
- upsed
P Nﬂﬂﬂ_ - ammonia NaOH smmonie
Ammonium chloride 100 100 100 100
Sodium chlotide 300 360 300 300
Coleiim chlaride 4 2 4 4
*Hydrpchloric ncid 2 e / R -

* I'ICi acts by remoeving OH. _ This was _tried just with the idea of investi-
gating the effect of res.dual ncid 'lt-.it after vjashing io-the International method
ufl carrying out the dispersion of sﬂlis.

4. Sedimentation volumes. The clay suspension dispersed in differ-
ent media- behaved differently with regard fo sedimentation. Hence a~
systemétic study of the sedimentation volumes was undertaken. Preliminary
experiments showed that the diamater of the vessel ‘used did not have'any
appremable inﬂuem:ﬂ on_ the sedimentation wolumes cbtained. So the
Er‘x‘perlmenfs were carried out in test tubes (6" %X ). - 10 c. o. of the clay soil
and 10 c. ¢! of. the electrnlrta wers mized together and allowed to sediment
for. 72 hours in the fest lube and the length of the sedimenting column ‘was
measured with & millimetre eésle. The sedimeniation volume per gram was
calculated - The mixlure was next. shaken nqain and cenlrifuged for about
5 minufes using graduated centrifuge tubes and the volumes measured.
The experimenis were tried with dispersions of. clay from black cotton soil
(s0il 2)..got by employing (a) 0'00BN sodium hydroxids, (b) ammonium
hydroxide (13'4N), (c) lithiom hydroxide (0'COBN), for dispersion and using .
di!.erent cencentrations of calcium chloride as the coagulating electrolyte.
In tha sodium clay, elect’ ni addition of dilferent amounts of sodium hydro-
ride _wan also tried, It was fourid that the volume corresponding to O°'008N
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nlkali (i, e. the vsnal eancantration psed for® dieparaing ihe aoil) wag diiall
comparad to the 1esl.  In cuch’ ol fne abnya :;.s.se_r:-alx__e;:nﬁ:rme'r_iit;~vr;:.rﬁ
tried and the averaae laken. The results are given in {able 1L

TABLE il

ﬂf‘.-dimﬁ-uluﬁu;l \'u'Ei;n'nr illl C G, par ogpm ol r.hy'.'

Amoninivn “Lithiom

Chuantity r;[ eddeium . - y ) 1

1"|1 loride in m. e, litra Sodinm L""é.._, t.ha'_l,.' _ N zlav
14 “ 64l Eﬁ; - f5%
! 7 44n : 194 o f 185,

Disuum!un. From lhe reauils recorded in lable [ it is clear that sodium
hydroxide disparses the soil much belter {han ammontum hydrekide dees.
This rtff-r=+cs may at first sight ‘be aliribuled to a higher stakiliiy of cus-
pension Hspersed by s dium hydr mide. The resulls on the liocculstion
values (table 1) however, indicate that with scdium chloride arid eulcium
chloride s coagulants the flocculalion values are not very different’in dia-
persions with the two réagents. A notsble dillersnce in the sedimentalion
volumes is however observed (table '), The sedirentation rolumes wera
found t | be the largest with sodium -hydroxzide dispersed clays The ‘args
cedimerntation vo.umes are to be attributed to the {nrmation of ran_:ti!f:inc:
agareaal-s, contsining a great deal of d*fspérsion mediuvm. The sogregates
are. | smad are sufficiently rigid as not 1o bresk dawn under the influence
¢l giavity  The higher sedimenistion volume !vide table 11:) cbizined in
pras=i.c= of a high concenlration ol lhie cosguletir g electralyle iz of great
Int=rest, It may &t first sight appesr that with & high gones:tration of the
enagulating electrolyte Jaraer clusters would be 1-=.med and hencsz would
"s-dimert quickly and thug would give Yise to small sedi nentslion volumes.
Bu! an examination of table 11 shows just the revarse effect. The observed
effect can hmmv-ur be explzined on the basis aof ideas put forth lo explain
the hehaviour of quertz auspensions (Buzagh, 1630). The exhibiticn of
larq sedimentalion vommes ig dne to the furmalirr- of ramifyvin a chislars on

oagulation The stabilily of the remilicatior s ie determined by the sirenwth
r.‘ri binding between the particles, With 2 high' concentralion of the coagu-
lating eleciralyle, lhe c—lsctrmal repu'si o betwser. the particles is feduced :
the adhesion cnnseqmﬂmly iner-ases, ieading to the formation of stable
ramifying clusters having larges sedimentation velume,

The difergnes In the behaviour of sedium, lithium and u*nmcniﬁm clays
cannot lmt-.tevar be intnrpreted on the-basie of elecirical forces. The
phenomenon is presumably causad by the specific influence of the Lit,
NH¢ ™ ‘and Ha +ion3 mndﬂﬁng the adhesive properlies of the clays

It ts-of in’terasi‘ fo note that the aediment from the ammonia dispersion
of black cotlen clay after long atﬂndinq with half the ﬂ*cculatian concenti-

ation of cslcium chloride, i easily redispersed on shaking and doss not
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sediment within 2 minutes of centrifuging whereas the dispersion of sodium
clay, sub]ected to an idenucal ‘treatment gets completaly, sedimented, If
the two- suspensions are allowed to seltle down under gmvitf. the sodium
hydramda dispersion sediménts more slowly than the other dispersion,
This difference in the behaviour of the h-.rc:- dispersions can again be
expiaine& on the bams of the ideas put forth nhnwe.

- The sediment from ammonium clay is made of particles bound together
by weak {orces’ ‘(they do not therefore give rise to.ramifying clusters and
consequently”. the sedimentation volumes dre small). On shaking, such a
sadiment redisperses quite easily giving rise to particles of very small size.
Such. pu:tmiea are not brought down under the-influence  of centrifuge. In
time hoivever, there is slow coagulation to form campuct flocs which ssttle
down easily even undér the intluencs of gravity. The sediment from sodium
t.’:li_!lf"n:}:'i. thé other hﬂhd is made up of particles bound tegether by sirong
forces. On shaking, the sedimentis no doubt dispersed ; but the dispersion
contains comparatively lsrge clusters of p_articfes. These come down easily
in the ceﬁirﬁugﬂ; In time however, much larger ramifying agqraq'a tes are
formed wmch settle down only very slowly under the ini!uenca ot gravity.,

Similar experiments have been, carried . out emp!oylnq pure clay dia-
persions obtained from the Hebbal soil (the red soil). - Eut the Hebbal clay
dispersions have been found to give small sedimentation vt_::lumes irrespec-
Hive ot the reagent Grigmﬂlly used for dispersion and the conceniration of -
the coagulant emp'!cxyad This~is presumably due to.the low adhesion
exhibited by this clay irrespantive t:-f the nature ot the saturating fon. In
this case therelore, the ceuse of the difference in dispersing powers of
sodium and ammonium hydroxides iz not clear.

Bummary. The difference in clay fracuon nouced  when sodium
‘hydroxzide and ammonia are used for dispersion of the black cotton soils is
not due to the greater stability of the suspension,in sodipm hydroxide since
the suspensions obtained with both the reagents give practically " the same
flocculation values Settlmg in the suspension of sodium clay is a elow
process. Gwing to the fc:rmatidn of ramifying clusters.
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