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Abstract-The effect of pH, time and temperature on the interaction of zine with acid and base saturated diekites has been 
investigated. lnerease in pH resulted in an increase in adsorption of zine in the higher eoncentration range. The adsorption 
inereased rapidly and then slowly with inerease in the time of interaction . The variation of rate constants and the half 
times of reaetion suggested an exchange process controlled by film and possibly particle diffusion and thereafter fixation 
processes. The inferenees found support from the nature of adsorption isotherms. Temperature afIeeted adsorption with 
exothermic interaetions. The aetivation energy of adsorption of zine on Na-dickite was 14.0 keal mole-'. 
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INTRODUCTION 

Among the micronutrients zinc salts have been rec
ognized as valuable fertilizers and spray materials. 
Consequently the adsorption of zinc and its reactions 
with c1ays and soils have received increased attention 
during the last few decades. Eigabaly and Jenny (1943) 
showed that part of the zinc sorbed by montmorillonite 
could not be exchanged by ammonium acetate and it 
reduced the exchange capacity . Tiller and Hodgson 
(1%2) showed that silicate c1ays adsorbed zinc by cat
ion exchange and irreversibly by lattice penetration. 
Bingham et al. (1%4) found that zinc could be an ex
changeable cation and amounts in excess of CEC were 
retained as hydroxide which became unavailable due 
to fixation . Thus the activity of zinc in c1ays is due to 
several simultaneous interactions which are worth in
vestigating. 

The amount of zinc interacting with c1ays of different 
cation forms depends upon time of reaction, pH of the 
system, and concentration of zinc added. Kinetics or 
the concept of rate laws and order of reactions in soils 
and c1ays have been studied by Bunzl et al. (1976) as 
weil as Selim et al. (1976) and others. 

Dickite which is a polymorph of AI4(Si40 IO)(OH)s has 
a structure somewhat similar to kaolinite. According to 
Fordham (1973) it is believed to carry positive and neg
ative sites at its edges and also some on its basal sur
faces. Since adsorption and fixation of zinc is a signif
icant process, the main purpose of this study was to 
investigate the interaction ofzinc with dickite in its acid 
and base saturated forms in dilute-c1ay water suspen
sions. 

MATERIALS AND METHODS 

Dickite used in these studies was obtained from 
Ward's Natural Science Establishment, Inc., Roches-

ter, New York, and wasa monomineralic A.P.I. sampie 
from Mexico. The less than 2-lLm suspension obtained 
after removal of organic matter, dispersion , and cen
trifugation was converted into Na-dickite by shaking 
several times with a 2 N solution of sodium chloride and 
washing with distilled water till free from chloride ions. 
Hydrogen-saturated dickite was prepared just prior to 
the required experiments by Aldrich and Buchanan's 
(1958) method. The concentration of the H -dickite sus
pension was 16.4 and that ofNa-dickite 20.0 g per liter. 
The CEC of H- and Na-dickite as determined by Gan
guli 's (1951) method were 15.0 and 12.5 meq/ IOO g 
c1ay, respectively . 

For a study of the effect of time on zinc adsorption 
by dickite , five sets of 10-ml suspensions of H- and Na
dickite were treated at 25°C with 0.5, I , 2, and 7 ml of 
0.04 N Zn(N03)2 solution. Further, one set with 7 ml 
of Zn(N03)2 and 10 ml of Na-dickite was also treated 
at 50°C. The mixtures were shaken for 15 min. Similar 
experiments were carried out at 30, 60, 180, and 360 
min. The mixtures were then centrifuged and zinc es
timated in the supernatants by EDT A titration. The ex
tent .of adsorption was estimated as the difference be
tween the amount of zinc added and remaining in the 
supernatants. The results are presented in Figure I. 

For adetermination of the effect of pH the super
natants were shaken with the requisite quantities of 0.1 
N HN03 or 0.1 N NaOH to give the required equilib
rium pH. The adsorption of zinc was then carried out 
at 25°C and a time interval of 3 hr as described earlier. 
The results are recorded in Figure 3. 

Experiments for a study of adsorption isotherms 
were conducted at the pH values of the unamended H
and Na-dickite suspensions by taking 10-ml suspen
sions of the clays in a large number of glass-stoppered 
tubes , adding various concentrations of 0.04 N Zn 
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Fig. l(a) . Effect of time on the adsorption of zinc by H-dickite at 25°C. Concentration of zinc in meq per 100 g clay for curve 1 = 12.2, for 
curve 2 = 24.4, for curve 3 = 48.8, and for curve 4 = 170.8. CEC of H-dickite = 15.0 meq per 100 g clay. 
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Fig. l(b) . Effect of time on the adsorption of zinc by Na-dickite at 25° and 500C. Concentration of zinc in meq per 100 g clay for curve 1 = 

10, for curve 2 = 20, for curve 3 = 40, and for curve 4 = 140 at 25°C, and curve 5 = 140 at 500C. CEC of Na-dickite = 12.5 meq per 100 g 
clay. 
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Fig. 2. Plot of In aJa-x against time for the reaetion between zine nitrate and H- and Na-dickite at 25° and 50°C. Coneentration of zine in 
meq per 100 g H-diekite at 25°C for eurve I = 12.2, for eurve 2 = 24.4, for eurve 3 = 48.8, and for eurve 4 = 170,8, and eoneentration of zine in 
mol eq per 100 g Na-diekite at 25°C for eurve 5 = 10, for eurve 6 = 20, for eurve 7 = 40, and for eurve 8 = 140, and curve 9 = 140 at 50°C. 

(N03h, adjusting the mixtures to a eonstant volume 
with distilled water and shaking the tubes at 25°C in the 
first set of experiments and at 50°C in the seeond set for 
3 hr in eaeh ease. The suspensions were then eentri
fuged and the residual zine estimated with standard 
EDTA solution. The differenee gave the amount ofzine 
adsorbed. A plot of the adsorption isotherms is given 
in Figure 4. 

RESULTS AND DISCUSSION 

The amount of zine adsorbed as a funetion of time is 
plotted in Figure 1 for different eoneentrations of zine 
nitrate added to the H- and Na-dickites, respeetively. 
Although the systems approaehed equilibrium in 1 to 
3 hr, adsorption rapidly and then slowly inereased with 
time. The initial rapid adsorption appeared to be due to 
reversible exchange between zine ions and the replaee
able H or Na ions of the diekite surfaee. The slower 
inerease in adsorption after nearly 60 min was due to 
either a slow penetration of Zn2+ ions into the clay or 
fixation due to ehemieal forces. The reaetion thus be
eame more eomplex with lapse of time. Figure 1 also 
showed that the amount of adsorption inereased as 

more zine ions were added to the aqueous suspension 
of clays. 

Applying the simple kinetie rate laws, the order of 
reaetion with respeet to zine was studied at different 
eoneentrations of zine nitrate and at fixed eoneentra
tion of the H- and Na-diekites. The initial reaetion fol
lowed the first order kineties (Figure 2, eurves 1-9). 
Table I contains the representative results obtained in 
sets of experiments with different eoneentrations of 
zine nitrate added to H- and Na-diekites. The results 
showed that the values of rate eonstants were largely 
invariant in the initial stages of the first order reaetion. 
Further the values of the rate eonstant inereased with 
eoneentration of metal ion added up to a eoneentration 
of 24.4 meq in H-diekite and 20 meq in Na-dickite, 
after which they deereased. On the other hand the half 
times of adsorption showed a deerease and thereafter 
an inerease with inerease in the eoneentration of metal 
ion added. The initial behavior up to a eoneentration of 
24.4 meq in H-diekite and 20 meq in Na-diekite 
was eharaeteristie of ion exchange processes eontrolled 
by film and possibly particle diffusion (Bunzl et al. , 
1976). The reverse behavior beyond the above eoneen
tration of zine appeared to be due to areaction meeh-
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Fig. 3. Effeet of pH on the adsorption of zine by Na-dickite. Coneentration of zine in meq per 100 g c1ay for eurve 1 = 10, for eurve 2 = 20, 
for eurve 3 = 40, and for eurve 4 = 140. CEC of Na-diekite = 12.5 meq per 100 g clay. 

anism other than exchange. It thus appeared that there 
was a differenee in the meehanism of reaetion of zine 
with acid and base saturated diekites in the lower and 
higher ranges of zine eoneentration. 

Figure 3 illustrates the effeet of pH on the adsorption 
of zine by Na-diekite. In the high eoneentration range 
adsorption beyond the CEC appeared to be due to fix
ation and preeipitation reaetions as oeeurred with lapse 
of time and reported by earlier workers (Shuman, 
1976). 

An examination of the adsorption isotherms in dilute 
suspensions in the equilibrium eoneentration range of 
o to 2.8 mmoles of zine per liter (Figure 4) at 25° and 
50°C indieated that the lower temperature isotherms 
(eurves 1 and 3) for adsorption of zine on H- and Na
diekite were similar to dass "H" or high affinity plus 
dass "C" or linear; and marked by plateaus as defined 
by Giles et al. (1 %0). The initial part of the isotherm for 
H-diekite at 25°C was vertical and eould be resolved 
into two portions separated by a slope, both indieating 

rapid exchange adsorption, till a limiting value as in
dieated by a long flat plateau was reaehed at a value 
somewhat higher than the CEC. 

An alm ost similar effeet oeeurred during adsorption 
of zine on Na-dickite with the long flat plateau being 
formed at the CEC. The two "H" portions indieated 
adsorption at two sites with different energy levels on 
H-dickite as advoeated by Fordham (1973). When these 
sites were saturated, as indicated by the long plateau, 
new adsorption sites opened up due to the pressure of 
zine ions produeing a further rise with a change in the 
slope of the adsorption isotherms till it reaehed a eon
stant value. These linear rising or "C" eurves, both in 
the ease ofH-diekite and Na-diekite, were due to slow 
penetration and fixation of zine ions in the lattiee mi
eropores ofthe diekites. The results were in agreement 
with the observations of earlier workers (Tiller and 
Hodgson, 1962) on the adsorption of zine by day min
erals. The results also found support from the kinetie 
data diseussed earlier in this eommunieation whieh 
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Fig. 4. Adsorption isotherms of H- and Na-dickite at 25° and 50°C. CEC of H-dickite = 15.0 meq per 100 g c1ay and of Na-dickite = 12.5 
meq per 100 g clay. 1. 0 Hydrogen dickite at 25°C; 2. /':, Hydrogen dickite at 50°C; 3. x Na-dickite at 25°C; 4 .• Na-dickite at 50°C. 

were indicative of two kinds of interaction during ad
sorption of zinc on dickites. 

The isotherms at 50°C (Figure 4, curves 2 and 4), both 
in the case of H-dickite and Na-dickite, exhibited al
most the same kind ofbehavior except that at this tem
perature the initial "H" or high affinity portions were 
not so weil formed. The initial adsorptive force at the 
higher temperature thus appeared to be lower. The 
curves also showed a decrease in adsorption with rise 
in temperature which was indicative of exothermic in
teractions. The average values ofthe rate constants for 
the Na-dickite system (Table l) were 2.25 x 103 min~l 

at 25°C and 1.90 x 103 min~l at 50°C at a concentration 
of 140.0 meq of zinc. The activation energy (I1E) of 

adsorption of zinc over Na-clay was found to be 14.0 
kcaVmole. Such a value could not be calculated in the 
case of adsorption of zinc on H-dickite due to uncer
tainty introduced by decomposition of H-clay with time 
at the high er temperature. A reference to Figure 4 
(curves 1 and 3) further showed that in spite of a greater 
deftocculation effect and larger surface area exposed by 
Na-dickite, a greater amount of zinc was adsorbed by 
H-dickite than Na-dickite at the natural pH values (4.2 
and 6.5 , respectively) of the clays. The nature of the 
exchangeable cation thus determined the order of ad
sorption, the order being H-dickite > Na-dickite at a 
pH value below 7. 
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Table I. Effect of time on the reaction of zinc with H- and Na-dickite at pH 4.2 and 6.5. resectively. 

H-dickite 

Cone. of zine in 
Time in mjnutes meq/lOO g clay k1min- 1 

15 3.94 X 10-3 

30 3.44 X 10-3 

45 12.2 3.55 X 10-3 

60 3.72 X 10-3 

180 1.24 X 10-3 

Average value 3.18 X 10-3 

15 6.58 X 10-3 

30 6.29 X 10-3 

45 24.4 6.27 X 10-3 

60 6.02 X 10-3 

180 2.00 X 10-3 

Average value 5.43 X 10-3 

15 4.81 X 10-3 

30 4.60 X 10-3 

45 48.8 4.64 X 10-3 

60 4.43 X 10-' 
180 1.60 X 10-3 

Average value 4.02 X 10-3 

15 2.92 X 10-3 

30 2.47 X 10-3 

45 170.8 2.62 X 10-3 

60 2.29 X 10-3 

180 0.86 x 10-3 

Average value 2.23 x 10-3 

15 
30 
45 
60 

180 

Average value 
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Pe3IDMe- W3yqanOCb BnHHHHe pH,BpeMeHH H TeMrrepaTYP~ Ha B3aHMOneHCTBHe ~HH
Ka C nHKKHToM,Hac~eHH~ KHcnoToH H oCHoBaHHeM. DPH YBenHqeHHH pH YBenHqH
BanaCb anCOpO~HH ~HHKa rrpH oonee B~COKOH CTerreHH KOH~eHTpa~HH. Ancopo~HH 
CHaqana o~CTPO YBenHqHBanaCb H 3aTeM MenneHHee C YBenHqeHHeM BpeMeHH B3aH
MOneHCTBHH. Do H3MeHeHHID rrOCTOHHH@X CKOPOCTH H rronOBHH~ BpeMeHH peaK~HH 
MO~HO rrpenrronO~HTb,qTO rrpo~ecc oOMeHa KOHTponHpoBancH nH~~Y3HeH rrneHKH H 
B03MO~HO qaCTH~ H 3aTeM rrpo~eccaMH ~HKca~HH. 3TH B~BOn~ O~H rrOnKperrneH~ 
xapaKTepOM H30TepM anCop6~HH. B03neHCTBHe TeMrrepaTYP~ Ha anCOpO~HID YKa3~
BaeT Ha 3K30TepMHqeCKHH xapaKTep B3aHMoneHCTBHH. AKTHBa~HoHHaH 3HeprHH 
ancopo~HH UHHKa Na-nHKKHToM 6~a 14,0 KCal Mon-1 

Kurzreferat- Der Effekt von pH,Zeit und Temperatur auf die Einwirkung von 
Zink auf mit Säuren und Basen gesättigten Dickiten wurde investigiert.Eine 
Erhöhung in pH resultierte in einer Erhöhung in Adsorption von Zink in der 
höheren Konzentrationsgruppe. Die Adsorption nimmt zuerst schnell zu und 
dann langsamer mit zunehmender Zeit der Einwirkung. Die Variation der Ge
schwindigkeitskonstanten und Halbwertszeiten der Reaktionen schlägt eine 
Austauschprozedur vor,die durch Film-und vielleicht Teilchendiffusion und 
danach durch eine Bindung kontrolliert wird.Die Folgerungen wurden durch 
die Natur der Adsorptionisothermen unterstützt.Die Temperatur übte einen 
Einfluß auf die Adsorption aus-mit exothermischer Wirkung.Die Aktivitäts
energie der Adsorption des Zinks auf Na-Dickit war 14,0 kcal mole- 1 

Resurne-L'effet de la temperature,du pH,et du temps sur l'interaction 
du zinc avec des dickites saturees d'acide et de base a ete investiguee. 
L'augmentation du pH a resulte en une augmentation de l'adsorption de 
zinc dans le domaine de haute concentration.L'adsorption a augmente ra
pidement et puis lentement avec l'augmentation du temps d'interaction. 
La variation du taux d'echange et des demi-vies de reaction a suggere 
un processus d'echange contröle par la diffusion de film et possible
ment de particule,et par la suite,de processus de fixation.Ces deduc
tions ont ete appuyees par la nature des isothermes d'adsorption.La 
temperature aaffecte l'adsorption dans les interactions exothermiques. 
L'energie d'aetivation d'adsorption du zine sur la Na-dickite etait 
14.0 Keal mol~l • 
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