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ABSTRACT 

With silver-110 mas a tracer, investigations were carried out 
on the adsorption of silver on freshly prepared hydrous oxides of iron 
and manganese in the pH region 4-8, and silver equilibrium concentra

tion range 1 o-4 - 10 3 ppm. The results fit Freundlich adsorption iso
therms, and may be explained in terms of hydrogen - silver ion exchange . 
They also show that adsorption is essentially complete in l ess than 5 
minutes and is strongly dependent on pH and the manner in which the 
precipitate was prepared, but is independent of temperature in the 
0-50° C range , of moderate concentrations of sodium nitrate (~ 10 g/ 1 ), 
and of trace concentrations of sodium chlo r ide ( < 1 ppm) during test 
periods ranging from 1 to 3 days. 

Tests also showed that under equilibrium conditions and simi
lar chemical environments the amounts of silver coprecipitated or 
adsorbed were ide ntical. 

Natural hydrous oxide precipitates adsorb much lar ger amounts 
of silver than do laboratory preparations under similar conditions of pH 
and equilibrium silver concentrations due to the presence of ions which 
form insoluble salts with silver . 



THE ADSORPTION AND COPRECIPITATION OF 
SIL YER ON HYDROUS OXIDES OF IRON 

AND MANGANESE 

INTRODUCTION 

The hydrous oxides of iron and manganese found in nature contain 
considerable quantities of trace elements such as Ag, Co, Ni, etc. (Boyle, 
1965, 1968; Boyle et~- 1966, 1967; Pontus, 1955; BonattiandJoensun, 1966). 
It is generally accepted that adsorption plays a dominant role in concentrating 
trace elements in these oxides. A number of useful empirical rules or laws 
have been formulated as a result of adsorption experiments using radiotrac
ers (Hahn, 1936). The well known adsorption equations by Freundlich and 
Langmuir are useful in presenting adsorption data graphically. More recent 
reviews of adsorption studies of ions from solution and hydrous oxides have 
been presented by Zhabrova and Egorov (1961), Ross (1963), Amphlett(l964), 
and Starik (1959). 

Ion exchange phenomena observed in adsorption studies have been 
described by mass action type equations derived from thermodynamic consid
erations by Guggenheim (1944), Krishnamoorthy, ~ ~· (1948), and others. 
Several of these derivations were tested by Krishnamoorthy and Overstreet 
(1950), using clay, clay minerals, and ion exchangers and ions of the alkaline 
and alkaline earth groups. They found satisfactory agreement between exper
iment and theory provided H+ is not one of the exchanging ions. Double layer 
theory arguments have been employed by Helmy (1963), Heald et al. ( 1964) , 
and Shainberg and Kemper (1967), to develop equations describingadsorption 
on clay minerals. These arguments require a knowledge of the nature of the 
surface of the adsorbent, as well as a number of such basic experimental 
quantities as ionic radii, hydration-, polarization - , and potential energies of 
the ionic species, zeta potentials of the dispersed adsorbent, etc. 

Among the first to relate adsorption of divalent ions on hydrous fer
ric oxide to the H+ concentration employing the law of mass action was 
Kurbatov et al. (1948, 1951). Anderson (1956) interpreted the effect of pH on 
zeta potentials of magnetite suspensions in terms of a weak basic dissociation 
of surface groups . Egorov and Lyubimov ( 1969) have shown that cations such 
as strontium are sorbed from aqueous solutions by manganese dioxide by the 
replacement of not only hydrogen ions but also potassium and manganese (II) 
ions of the solid phase. 

The nature of hydrous oxides of iron and manganese has been studied 
extensively by Weiser (1935 , 1950) and Dey and Gosh (1948). The adsorption 
of silver on ferric oxide ge l s has been studied by a number of Russian scien
tists (Kargin et al., 1939, 1940; Chernikova and Gapon, 1949; Dmitrienko 
et al. , 1951; Dmitrienko and Ryabinia , 1953; Glazman ~ ~-, 1958) . The 
silver concentration range investigated by these workers is indicated by the 

Original manuscript submitted 19 August , 1970. 

Final version approved for publication 21 September , 1970. 
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Figure 1. Room temperature ('-25° C) adsorption isotherms of silver and 
hydrous ferric oxide prepared with sodium hydroxide. A - solu
tion measurements; B - washed precipitate measurements. (For 
details of tests see experimental section.) Points with tail were 
obtained without NaN03 . 
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dotted rectangle in Figure lA. In general their results show that silver 
adsorption is strongly influenced by the presence of anions which form insol
uble silver salts; the less soluble the salt the greater the adsorption. A 
detailed investigation of the adsorption of silver on freshly prepared hydrous 
ferric oxides in the silver concentration range and pH range encountered in 
natural waters has been carried out by Dyck (1968). The adsorptionofmetal
lic ions including silver by air dried manganese dioxide was studied by 
Chatterji and Dhar as early as 1923. The analytical chemistry of aqueous 
manganese oxides has been summarized by Morgan and Stumn (1965). 

This report summarizes experimental adsorption and coprecipitation 
data obtained using silver, tagged with Ag-1 iOm, as the adsorbate and freshly 
prepared, as well as natural hydrous oxides of iron and manganese as 
ads or bents . 

EXPERIMENTAL PROCEDURES 

The adsorption tests with iron were carried out by precipitating the 
iron with base (NaOH, NH4 OH or urea), washing the precipitate and then 
adding the desired amount of silver containing a trace of silver -110 at the 
predetermined pH. The amount of silver adsorbed was determined by mea
suring the change in the silver concentration of the solution using radiotracer 
techniques. After equilibrium was established the silver concentration of the 
washed precipitate was also measured. 

The coprecipitation tests with iron were carried out by precipitating 
the iron with base from mixtures of iron and silver solutions. 

For example: the adsorption values were obtained as follows: 100 ml 
of 1410 ppm Fe3 + solution was titrated with dilute base with vigo r ous stir
ring. The resulting precipitate was washed 3 times with 60 ml hot 1 % NaN03 
adjusted to the pH at which the experiment was to be carried out. The NaN~ 
was used to prevent the peptization of the precipitate at the lower pH values . 
The precipitate was then mixed with pH adjusted AgN03 solution containing 
Zg NaN03 and sufficient water to make a total volume of 200 ml. The result
ing mixture was stirred intermittently. All pH adjustments were made with 
NaOH, NH40H or HN03. The Ag+ concentration changes were measured 
periodically by centrifuging a 30 ml aliquot and measuring the counting rate 
of two 5 ml aliquots of the clear solution. These aliquots were then returned 
to the mixture. 

Homogeneous precipitates prepared by boiling the iron solution with 
urea as described by Willard and Tang (1937), were treated in the same way 
as precipitates prepared by titration in subsequent adsorption tests. 

The adsorption of silver ion on freshly prepared manganese dioxide 
was studied by adding a known amount of silver to a washed batch of precipi
tate and measuring the change in tracer concentration of the solution with 
time, keeping volume and pH constant. Coprecipitation tests were carried 
out by precipitating MnOz in the presence of the silver ion. 

Batches of hydrous manganese dioxide were prepared by two differ
ent methods. One method described by Sarkar and Dhar (1922), can be rep
resented by the following r eaction: 

3Mn(N03)z + 2KMn04 + ZHzO = 5Mn0z + ZKN03 + 4HN03 
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In our work standardized KMn04 was added to a solution of Mn(N03)2 con

taining 1 % NaN03 with vigorous stirring until the desired amount of Mn02 

was precipitated, i.e. 2. 0 x 10-4 moles per batch. Yields averaging 96% 
were obtained in this way. The second method employed H202 as follows: 

2KMn04 + H202 = 2Mn02 + 2KOH + 202 

In this case yields averaged 82%. To obtain 2. 0 x 10-4 moles of Mn0 2 , 
excess H2o 2 was added to 20 ml of 0. 010 molar KMn04 solution containing 
1 % NaN03. When yield corrections were applied to silver adsorption data 
obtained with precipitates prepared by the two methods no significant differ
ences were observed, even though the volume of MnOz by the first methodfor 
2. 0 x 10-4 moles was 1. 0 ml compared to 1. 8 ml using the second method. 
Hydrous oxides of iron and manganese were prepared inthefollowingmanner: 
aliquots of ferric and manganese nitrate solutions were mixed and titrated 
with potassium permanganate solution, keeping the pH of the mixture near 3. 
Reproduceable samples of these mixtures were more difficult to prepare than 
the pure oxides; small changes in timing or stirring rate resulted in signifi
cant changes in colour of the precipitate and amount of silver adsorbed. In 
general the colour of the final product was dark brown to black, with the 
lighter coloured precipitates adsorbing less silver. The washed mixed oxides 
were then mixed with silver solution and silver adsorption studied as in the 
case of the pure oxides. The peroxide method gave much poorer results in 
the case of iron-manganese mixtures, and hence was not used for subsequent 
adsorption studies. 

The adsorption tests of silver by natural hydrous oxides were first 
carried out by adding a known amount of silver to an aliquot of the natural 
solution containing 2 to 5 ml of precipitate. However, due to the presence of 
ions such as Cl-, which form insoluble silver salts or at very high 
concentrations-soluble silver complexes, these tests were meaningless. 
Somewhat more meaningful results were obtained using washed precipitates. 
Subsequent tests were therefore carried out on washed precipitates keeping 
the pH of the artificial solutions the same as that of the natural solutions, and 
adding a known amount of silver. After equilibrium was established, i.e., 
the Ag concentration no longer changed appreciably with time, the precipitates 
were dissolved and the amount of iron and manganese determined by standard 
colorimetric methods. The concentration of ions in the natural solutions and 
the major constituents of the precipitates are given in Tables 3 and 4. Dis
solved ions were determined by standard water laboratory methods and the 
composition of the precipitates was determined spectrographically. 

Solutions 

The silver solutions were prepared by accurate dilution of a 0. 02M 
AgN03 stock solution prepared from pure AgN03 crystals. To minimize 
adsorption on walls of storage bottles the pH of the diluted solution was kept 
below 2. A convenient quantity approximately 20 microcuries of Ag-110 m 
was added to one litre of solution to measure subsequent silver concentration 
changes. The secondary stock solutions contained 216, 21. 6, 2. 16, 0. 216 
and 0. 022 ppm Ag+. 
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Reagent grade Fe(N03 )3 . 9H 2o was dissolved in water and kept 

at a pH 1 with HN03 to prevent the formation fo colloidal iron oxide. 
The stock solution was standardized gravimetrically and colorimetrically. 
Aliquots of this stock were then diluted to give 1410 ppm Fe 3+ secondary 
stock solution. 

Standard O. 01 M solutions of KMn04 and Mn(N03)2 were prepared 
by accurately diluting 0. lM KMn04 and 0. lM Mn(N03)2 solution which 
were standardized colorimetrically against standard manganese solutions 
prepared from the pure metal. The O. lM solutions were prepared by dis
solving crystalline KMn04 and by diluting a 50% solution of Mn(N0 3 )2 . 

Instruments 

All pH measurements were made with a model 22 Radiometer pH 
meter. To avoid chloride contamination of experimental solutions the KCZ in 
the calomel salt bridge was replaced by KN03. Silver concentration changes 
were measured with a Harshaw 3-inch well type Nal (TZ) crystal and a single 
channel pulse height analyzer Victoreen model 851A. The instrument was 
set to record the 0.656 Mev gamma ray of Ag-llOm. 

Errors 

Because of the large silver concentration range, cross-contamination 
was found to be one of the most troublesome factors. To achieve an average 
reproduceability of_± 5 per cent, for studies of silver and hydrous ferric oxide 
several experiments had to be carried out with a set of laboratory ware to 
condition all the pieces to a particular silver concentration. Counting errors 
and volume measurement errors were easily kept below.± 1 % in most cases. 
The 5 ml aliquots could be measured accurately with pipettes. By adding 
sufficient tracer to the solutions, the 10, 000 counts required to give an error 
of+ 1% (95% confidence limit) were easily accumulated in all but a few cases 
wh;re adsorption exceeded 98%. With hydrous ferric oxide, steps such as the 
use of large solution volume to apparatus surface area ratios and magnetic 
stirring bars sealed in glass rather than teflon, were found to be essential 
to avoid excessive loss of silver at the lower silver concentrations. 

Because hydrous manganese dioxide adsorbed much larger quantities 
of silver per unit weight than hydrous ferric oxide, higher silver concentra
tions were used and hence loss of silver on glass ware became negligible. 
However, loss of Mn02 due to sticking of the finely divided solid on the wall 
of beakers was troublesome. With care average reproduceability with pure 
hydrous Mn02 could be kept within± 5%. With mixtures of hydrous Mn02 
and F e203 reproduceability was poorer. Adsorption of silver in this case 
could be correlated roughly with the colour of the mixture, the darker the 
mixture the greater the adsorption. The colour of the precipitate mixture 
was somewhat dependent on the rate at which reagents were mixed. Several 
explanations for this behaviour could be offered but since none were tested 
they are not described. 
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From the observations made during this study the degree of homo
geneity of the precipitates was found to be the deciding factor in determining 
reproduceability. 

RESULTS AND DISCUSSION 

Adsorption on hydrous ferric oxide 

As is evident from Figure 1, the adsorption of Ag+ by freshly pre

pared hydrous ferric oxides from very dilute solution can be represented by 
the well known Freundlich adsorption equation 

X/M = k cl/n 
where X/M = ratio of the amounts of silver and iron in the precipitate at the 
equilibrium silver concentration C; k and n ar e constants which give the 
intercept and slope of the straight line of a log-log plot of the above equation. 
Experience has shown that it applies to surfaces of high-energy heterogeneity 
of adsorption sites. Oxides are typical of these. It is also evident that the 
hydrogen ion concentration greatly influences the amount of silver adsorbed. 
Competition between silver and hydrogen ions is evident. 

Figure IA represents solution measurements and Figure 1 B washed 
precipitate measurements. Extensive washing did not change X/M apprecia
bly at the lower concentration range even though 10 to 20 per cent of the sil
ver and iron were lost during washing. At the high equilibrium concentrations 
but low pH relatively more silver .,,;as washed out than iron, i.e., X/M 
decreased somewhat. Washing probably peptizes the oxide, i.e., fragments 
the oxide down to near colloidal size. The constant X/M implies that the Ag+ 
is evenly dispersed throughout the oxide. This constant silver-iron corres
pondence als o suggests that the adsorption forces which bind silver to hydrous 
iron oxide are nearly as strong as those binding the hydrated iron oxide mol
ecules to each other. Silver ferrites (AgFe0 2 )3 are known toformonlyunder 
extreme conditions such as boiling in NaOH (Krause and Pilawski, 1931). 

X/M values obtained from measurements with precipitates prepared 
with urea are generally about 2 to 4 times lower than those from NaOH pre
cipitations. Since the amount of iron was kept constant in all experiments, 
it follows that about 2 to 4 times less silver is adsorbe dbytheseprecipitates. 
This could be becaus e the precipitates pr epared with ur ea were much denser 
than those from NaOH, the average volume of 20 centrifuged precipitates 
being 3. 6 ml compared to 5. 4 ml of 50 NaOH prepared prec ipitates. Ur ea 
hydrolyzes slowly to produce OH-, yielding more stable oxide surfaces and 
the refore of lower specific area, i.e., larger crystallites. High tempera
tures speed up the "aging" (a dehydration process which removes-OH sites ) 
of gels which eventually results in the transformation from the amorphous to 
the crystalline state. However, X-ray analysis* of two preparations, one by 
each method, did not reveal line s in e ithe r precipitate. 

To prevent extensive peptization of iron precipitates, especially at 
the lowe r pH values , all expe riments were carried out in 1 per cent NaN03. 
The values repres ented by tailed points in Figure 1 (ad sorption isotherm 
pH = 6) were obtained without NaN03 and show that the electrolyte does not 

* Carried out by R . N. Delabio, Geological Survey of Canada . 
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0 =total Ag+ removed from solution; 0 - Ag+ removed by beaker; 
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interfere with the adsorption of s ilve r. The lower X/M value·s of this iso
therm in Figure lB coincide with exce ssive loss (~30% ) ofprecipitate during 
washing. 

That adsorption and coprecipitation results are nearly identical can 
be seen by examining the results shown in Figure '2. Given sufficient time 
the amount of silver coprecipitated approaches the amount adsorbed. Appre
ciable complexing of silver by ammonia starts only at a pH above 6. This 
explains the differ e nc e shown in Figure 2, between the NaOH and NH4 0H pre
pared precipitates at a pH of 8. The difference between the adsorption and 
coprecipitation values of the precipitates from urea at a pH of 8 is due to the 
fact that the adsorption values were obtained from washed precipitates and 
solutions containing no ammonia (i.e. NaOH was used to adjust the pH of the 
solutions). 
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Figure 3 illustrates details of the 2 ° C and 50 ° C experiments at a 
pH of 6 . It is obvious from these graphs that temperature plays an insignifi
cant role in the adsorption process under investigation. The graphs also 
illustrate the speed with which silver is adsorbed; the step in functions A to E 
represents measurements taken 5 minutes apart. 

Because ions forming insoluble silver salts caninfluencetheadsorp
tion of Ag+ appreciably, chloride tests were carried out to determine what 
role C.e ions would play in the adsorption tests described here. These are 
shown in Figure 4. Only after increasing the c.e - concentration by a factor 
of 10 from that added initially with the various salts (as calculated from 
impurity labels on reagent bottles) is an increase in the adsorption of Ag+ 
observed, probably due to plating out of AgC.e. 

Adsorption on hydrous manganese dioxide 

As noted in the introduction, considerable work has been carried out 
on the adsorption of ions on manganese dioxide and thus only a few experi
ments were carried out to obtain a measure of the amount of silver that is 
adsorbed per unit weight of hydrous manganese dioxide. The results of these 
experiments are shown in Figure SA. The dependence of adsorption on pH is 
illustrated in Figure SB. From these result::; and the results for hydrous 
ferric oxide it can be seen that manganese is a much better adsorber of sil
ver than is iron. In fact, at a pH of about 6. 5 to 7. 0 and a silver equilibrium 
concentration of 5 ppm, one ml of manganese (as the manganese dioxide) will 
adsorb roughly 25-45 times as much silver as will one ml of iron, and one 
gram of manganese about 130 times as much as one gram of iron. 

As was the case with iron, there is no appreciable difference between 
adsorption and coprecipitation results. Neither do the silver adsorption 
results depend on the mode of precipitation of hydrous manganese dioxide, 
i.e., Mn(N°-3 )z versus H 2o 2 method. 

The effect of temperature on the amount of silver adsorbed was neg
li gible . The rate of adsorption was relatively fast; there was very little 
change in the amount of silver adsorbed after 2 to 5 minutes of stirring of 
mixtures. 

Adsorption on mixtures of hydrous oxides of iron and manganese 

In nature mixtures of iron and manganese oxides are much more 
common than the pure oxides. An attempt was therefore made to simulate 
natural conditions in the preparation of mixtures of hydrous oxides and to 
study the adsorption of silver on them. The first attempts involved the titra
tion of mixtures of silver, iron-III and manganese-II with NaOH in the pres

ence of HzOz. Under these conditions the precipitate would not form until a 
pH of about 6 even though a period of as much as three days was allowed 
between pH changes. The re suits indicated however, that the presence of Mn 
in an Fe solution causes the iron to be precipitated at a faster rate than if the 
iron solution contained no manganese . Also the iron manganese mixtures 
caused coprecipitation of silver to begin at lower pH values than if the 
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solution contained only one of the metal ions. This is probably a consequence 
of the manganese acting as coagulating agent which caused the colloid or iron 
hydroxide to be removed at lower pH values. Several coprecipitation results 
are listed in Table 1. 

Because the results obtained by the titration method were difficult to 
reproduce a number of tests were carried out in which the precipitate was 
prepared first and then a known amount of silver was added to the precipitate. 
The results of these tests are summarized in Table 1. As is evident the 
amount of iron has very little effect on the amount of silver that is adsorbed, 
confirming the much greater adsorption capacity of manganese hydroxide 
compared to that of iron hydroxide. 

Adsorption on natural hydrous oxides 

During the 1967 field season 17 samples of natural hydrous oxides in 
their native solutions, 2 from the Dawson Settlement area in New Brunswick, 
3 from Walton, Nova Scotia, and 12 from Cobalt, Ontario, were analyzed for 
the common constituents and studied for their silver adsorption properties. 
The type, location and silver concentration of these samples is given in 
Table 2. Chemical analyses of the clear solutions and spectrographic analy
ses of the dry sediments are listed in Tables 3 and 4, respectively. Results 
of silver adsorption tests are summarized in Table 5. 

The samples come from silver mining areas and therefore were 
analyzed for silver using a mild acid leach in order to ascertain whether the 
original silver adsorbed on the samples could distort the silver adsorption 
test results obtained in the laboratory using a silver tracer. Calculations, 
using the silver concentrations from Table 2, show that the amount of silver 
present originally comprised at most only about one tenth the amount added 
for the test. 

The discrepancy in the pH values between Tables 2 and 5 are prob
ably due to loss of carbon dioxide on standing; results of Table 5 were 
obtained in September 1967 and those of Table 2 in April 1968. It may be of 
interest to note a few element associations between the solid and liquid phase 
of the samples, e .g. Si0 2 (solid)-Si02 (solution); the association of CaO 

(solid)-HCO~ (solution) and Ca (solution)-S04 (solution) implies that the cal

cium is precipitated as the CaC03 but has a common origin with the sulphate 

ion. The association of aluminum and titanium with silicon in the precipi
tates is interesting·but not really surprising. All elements belong to the 
refractory group; their main chemical similarity is their inertness when 
bound to 0. M-0 bond strengths for Al, Ti, Si are all very high. They pre
sent what are virtually oxygen surfaces. The similarity of alumina and 
silica is evident from their common occurrence in natural silicates such as 
micas and feldspars, and titanium-4, the most stable natural form of tita
nium, is usually bound covalently and hence its chemical properties become 
similar to those of silica. 

The results of adsorption tests listed in Table 5 were obtained as 
follows: the precipitate and solution of a sample were well shaken, an aliquot 
of this rnixture was then centrifuged, the precipitate washed in a 1 per cent 
NaN03 solution, and a known volume of the precipitate (1 to 5 ml) was then 
mixed with a silver solution of known concentration and a pH equal to that of 
the original solution. The amount of silver adsorbed per ml of precipitate 
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using the original solution was almost twice that adsorbed on the washed pre
cipitate but only when the chloride and bicarbonate concentration was suffi
ciently low that silver would not precipitate. In the latter case large amounts 
of silver would adsorb and precipitate in accordance with solubility and 
adsorption laws. Tests with clear solutions showed that when the solution 
was supersaturated but the silver concentration~ 10- 3M and the chloride to 
silver ratio 10 or greater, silver would complex and not precipitate. When 
the above conditions were not met silver would precipitate, the amount being 
determined by the solubility of silver chloride and silver carbonate. Material 
balance and ion product calculations showed that for most samples apprecia
ble dissociation of bicarbonate was required to account for the precipitated 
silver. In the presence of sample precipitate silver would come down even 
if conditions in the solution were right for the formation of the silver chloride 
complex. The reason for using millilitres of precipitate rather than the con
ventional grams was because it was felt that drying might destroy or change 
the adsorption capacity of the original precipitates. For the iron-rich pre
cipitates the weight of 1 ml would reach several hundred mg. It may be of 
interest to note that 25 per cent by weight of the air-dried precipitate was 
organic or volatile and could be driven off over a bunsen burner. Also, about 
80 per cent by volume of the precipitates was soluble in nitric acid. Residues 
from nitric acid leaches consisted mainly of silica and sand. This residue 
adsorbed very little silver compared to the original precipitate. 

Under conditions of silver saturation (Test 1, Table 5), the adsorp
tion tests show that an increase. of iron and manganese increases the amount 
of silver adsorbed, however other factors, probably the presence of ions 
which form insoluble salts with silver, greatly enhance the adsorption capac
ity of the natural precipitates. For exampl e; at a pH of 6. 5 to 7. 0 and an 
equilibrium silver concentration of 5 ppm a 1 ml laboratory sample of pure 
hydrous oxide of iron contains 24 mg of iron and will adsorb about 0. 1 mg of 
silver; a 1 ml laboratory sample of hydrous manganese dioxide contains about 
10 mg of manganese and will adsorb 2. 5 to 4. 5 mg of silver; but 1 ml of the 
natural precipitate containing 0 to 40 mg of iron and only traces of manganese 
adsorbs about 10 mg of silver (seesamples67/160001, -2, -3, and67/170007, 
-8, -9, Test 2, Table 5). Furthermore, the dependence on the amount of 
iron is very slight. The results of Test 1 also show that several natural 
precipitates contain much more iron or manganese per ml than the laboratory 
prepared precipitates do. This is probably due to the fact that the natural 
precipitates form much more s lowly in very dilute solutions. As was noted 
in the discussion on the preparation of ferric oxides that the precipitates 
formed by homogeneous precipitation (boiling with urea) resulted in a notic e 
ably denser precipitate. 

The results of the first five samples of Test 2 were obtained with a 
5 ml aliquot of washed precipitate in 100 ml of 0. 01 ppm solution of silver. 
In view of the low equilibrium silver concentration and the large adsorption 
capacity of the precipitate one can readily understand why natural waters, as 
a rule, contain silver concentrations below a part per billion. However, 
solutions containing large amounts of chloride and/ or sulphate will carry 
several ppb of silver (s ee samples W-67-E-10 and 67-D-10, Table 2). 
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CONCLUSION 

The adsorption of silver by pure hydrous oxides of iron and manga
nese in very dilute solutions can be represented by Freundlich adsorption 
isotherms, is strongly dependent on pH, but practically independent of temp 
erature in the range 0 ° to 50 ° C. For example, an increase in the hydrogen 
ion concentration of 104 decreases the adsorption of silver by 10 2 . 

Adsorption and coprecipitation tests show that under identical envi
ronments and equilibrium conditions, identical amounts of silver are incor
porated by the hydrous oxides of ir on and manganese. 

The high speed with which adsorption takes place and the pH depen
d e nce strongly suggestH+ and Ag+ ion exchange. 

Natural hydrous oxide precipitates adsorb much larger amounts of 
silver than do laboratory preparations under similar conditions of pH and 
equilibrium silver concentrations due to the presence of ions which form 
insoluble compounds with silver . 

Igneous rocks have an average iron to silver ratio of 500, 000 to 
and a manganese ratio of 10, 000 to 1. Either ratio is much larger than any 
of the ratios used in the experiments in this study. Assuming indiscriminate 
leaching of the 3 elements in nature, subsequent precipitation of iron and 
manganese would result in virtual removal of silver from solution. Hence 
natural waters near the neutral point canno t be ~xpected to carry silver in 
solution in easily detectable quantities. Limonite and wad on the other hand, 
can be expected to contain silver if the ion was present in the solution from 
which the limonite pre cipitated. 
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APPENDIX 

Table 1 

Grams Ag per gram of Mn (x/m) as a function of iron. Initial Ag+ 
concentration= 108 ppm. Initial Mn++ concentration= 109 ppm; 

pH = 6 . 0. Total volume of solution = 1 00 ml. 

grams of Fe added I 5450xl0 
- 4 

706xl0 
-4 

109xl0 
-4 

15 . 57xl0 8. OxlO -4 I -4 

I 

I 
x/m i 

I 
by adsorption I 0. 550 0.317 

I 

0.471 o. 411 0.485 
I 

0 .367 
I 

by coprecipitation ! 0. 590 0.485 0. 515 I 0.485 
I 
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Table 2. Location, type and silver content of natural hydrous oxides 

** Precipitate Color of Ag cone. 

Number* Type and Location 
dry precip. 

Precip., Cle ar sol'n. 
ppm ppb 

Mn Dawson Sett. Spring, Dawson 
Settlement, N. B. black < 0.3 0.5 

Fe Daws on S ett. Spring, Dawson 
Settlement, N.B. br own 0.4 < 0.3 

W -67 -D-10 Brine, Magne t Cove, 
Barium Corp., Walton, 
N.S. red-brown < o. 3 8. 1 

W -67-E-10 Brine, Magnet Cove, 
Barium C orp. , Walton, 
N.S. red-brown < 0. 3 5. 5 

W-67-C-12 Gypsum and anhydrite 
leach, Walton, N. S. 1. brown < o. 3 1. 3 

67 /1 60001 Spring, east of Cobalt 
Lake grey 28 . 0 3. 5 

67/160002 Spring, east of Cobalt 
Lake d. grey 40.0 0. 7 

67/160003 Spring near Little 
Silver Vein 1. grey 4.3 0.3 

67/170001 Fault zone , Langis 
No. 3 shaft, 355 level brown 1. 8 0.2 

67/170002 Fault zone , Langis 
No. 3 shaft, 425 level r ed-brown 2.4 0.4 

67 / 170003 D. D. H. 297, Cleopatra 
vein, Hiho. grey 23.0 0.2 

67/170004 D.D.H. and fault , 
Silverfie ld, 608 level brown 37.0 0.3 

67 /170005 Fracture zone, Deer 
Horn, 800 l evel d. brown 21. 0 2.6 

67 /170006 D. D. H. - 776, Deer 
Horn Mine brown 3.2 < 0. 6 

67/170007 D. D. H. -349, Deer 
Horn, 525 level d. brown 6. 0 < 0. 3 

67/170008 Fracture zone , 407 
I shaft, Agnico Mine brown 1. 9 0.3 
I 

67I170009 

I 
Fracture zone, 407 
shaft, Agnico Mine brown 3.0 < 0. 3 

* The 1st five samples were collected by R. W. Boyle and the remaining 
samples by A. Dass, G. S. C., Ottawa. 

** Analyses were carried out by G. Gauthier, G. S. C., Ottawa. 
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