Fig. 5.10

Rate of aurocyanide desorption for carbons initially
loaded to 10mg Au/g eluted with 0,30 M aqueous ammonia

Temperature = 83°C
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Effect of anion on distribution of aurocyanide

Graph of £rﬂ<D versus 1/T
for NaOH and NaCN medium
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The specific anion of the desorption medium present in
large excess disturbs the equilibrium as reflected by
the distribution coefficents shown in Table(5.3).

Table 5.3 Effect of anions on the distibution
of aurocyanide

Anion I_nKD m=90°C
(as Na+salt) .
OH -2,23
N~ ~2,55
SH v. small

The distribution of aurocyanide between the two phases

is shifted towards the aqueous phase (i.e. desorption)

with increasing size and polarizability of anion.

Note however that little aurocyanide desorption was effected
using 0,30 M NaCf or de-ionized water alone.

Table (5.4) shows the heat of adsorption for the distri-
bution of aurocyanide betwesa the two phases and various
media at constant ionic strength (I = 0,30M).

Table 5.4 Effect of anion on the heat of adsorption of
aurocyanide by activated carbon

Anion AH

(as Na® salt) kol

OH -49,88

’ N~ ~40,90
sH™ ~30*

*

Estimated since the formation of polysulfides
increases with time, which also shifts the
equilibrium.
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The heat of adsorption of aurocyanide in hydroxide
medium is initially constant at higher surface

| ' coverages, but increases with increasing temperature.
A This increase is possibly due to increasing site

‘ “ energy at lower surface coverage. The magnitude

b of the heat of adsorption suggests that the
interaction between the aurocyanide species and

the carbon surface involves chemisorption or a more

specific :i.m:erac::ticzn‘?‘1

In cyanide medium, the heat of adsorption is

constant over the whole temperature range investigated.
The magnitude similarly suggests that chemisorption
occurs between the carbon surface and the aurocyanide
ion-pair. The cyanide medium compeats more effectiviy
than hydroxide medium for the carbon surface, as reflected
by the.heat of adsorption for the two systems. However,
at prolonged elevated temperatures, the cyanide anion
decamposes to form ammonium ions which may camplicate
this system, since this introduces additional cations
to che medium.

The effect of hydrosulfide (SH ) on the system was
examined. However, equilibrium was not attained due

to the polymerization of SH ions to polysulfides of
varying chain length. The initially colourless solution
on contact with activated carbon, rapidly yellowed

with time and temperature to form the polymeric

species which possibly displaces the adsorbed gold.

On contact with oxidants such as H,0, , the hydrcsulfide
solution rapidly yellows to produce a similar visible
and ultra~violet spectrim as that obtained on contact
with activated carbon, proving that an oxidative

mechanism prevailes.,
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Factors effecting the equilibrium distribution
of argentocyanide

. Fig. (5.12) shows a plot of the appearance of silver
B as Ag(CN), in solution with time for the elution of
E\i*f, ‘ carbon containing 10mg Ag/g using 0,30 M KOH at
various temperatures.

o As in the aurocyanide system, the rate of approach
to equilibrium obeys first order kinetics and tends
: to an equilibrium after approximately 120 minutes.
. ; The desorbed silver was assumed to be Ag(CN)E as
O ‘ this species has no U.V. spectmn§o Fig. (5.13) shows
] v : a plot of the distribution coefficient versus the
R cationic radius of the specific cation used in the
desorption medium. The resulting n-curve is found
to be platter than that for the aurocyanide system
and is probably due to the lower polarizability of
this specles. This is borne out by the lower heat
of adsorption relative to the gold system as shown

in Table (5.3). Fig.(5.14) shows the Van't Hoff plot
for the various cations irvestigated.

Table 5.5

Heats of adsorption for argentocyanide onto
activated carbon in hydroxide medium

Cation AH
1 as o salts kol ™!
Nat -32,26
it -34,72
K ~-35,72
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Fig. 5.12

Rate of argentocyanide desorption for carbon in/'tially
loaded to 10mg Ag/g eluted with 0,30 M KOH

Time / minutes
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Plot of % elution versus cationic radius
for the desorption of argentocyanide in
hydroxide eluent
Fig. 5.13
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Effect of various hydroxide media

on distribution of argentocyanide

Graph of lerD versus 1/T

Fig. 5.14
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Summary and conclusions

Aurocyanide loaded carbons on contact with hydroxide at
elevated temperatures undergo desorption whereby the
rate of approach to equilibrium is influenced by the
cation of the medium. For hydroxide medium, the rate
of desorption is given by the series:

Nat > KD nit
The specific cation ordering observed skows a trend of
increasing rate with decreasing polarizability of cation,
which is expected as the stength of the interaction

between the specific ion-pair and the carbon surface also
follows this trend.

The activation energy for the desorption process suggests
that the interaction between the ion-pair and the carbon
surface involves a truly chemical mechanism as their
values are higher than that required for a diffusion
controlled mechanism. The frequency factor A for the
descrption also suggests that a caging effect occurs as
the polarity of the cation increases. Thus the number
of successful collisions necessary for the desorption of
the in-pair increases with increasing polarizability of
the cation. The rate of approach to equilibrium shows
no effects due to the cation initially loaded. This is
expected as the large excess of cation in the desorption
medium is expected to drive the cation exchange mechanism
proposed by Davidson?5’37‘me local equilibrium at the
carbon surface is expected to be fully reversable and
exchange of cations is prabably fast due to the short
life~-time of the ion-pair.

The desorption process achieves equilibrium after about

100 minutes reaction time. The cation in the medium
again shows two trends for the distribution of aurocvanide
between the two phases due to the formation of two kinds

of ion-pair species.

In hydroxide medium the heat of adsorption suggests that
the process involves a chemisorbed species on the carbon

e —_—_—

surface. This equilibrium is a reversable one. However
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effects due to surface coverage are found, which is
expected as the site energy decreases with increasing
surface coverage.?’sn40

Other anions similarly influence the equilibrium
distribution of aurocyanide between the two phases.

The heat of adsorption for various anions investigated
suggests that both size and polarizability are important
factors. This must be due to competition for adsorption
as the heat of adsorption for aurocyanide varies with the
tyrs of anion in solution. At elevated temperatures the
dic “ribution of aurocyanide is shifted towards the
aqueous phase as the specific anion increases in size and
polarizability.

In order to effect the desorption of the aurocyanide ion-
pair, elevated temperatures are a necessary but not a
sufficient candition, and the process requires concentrated
basic nedium. The solubility of the aurocyanide species
may also have a role as it increases stringly with temperature.
The hydroxide ion is known to be the strongest base that

can exist in water, although in the enviromment of carbon,
the solvent cannot be thought of as bulk water. Activated
carbon contains about 3 percent (M/M) oxygen which is
concentrated as edge groups and imparts polarity to the
surface®* This probably lowers the dielectric constant of
the medium within carbon. Much evidence for the adsorption
of ion-pairs has been proposed in the literature and
transfer fram aqueous to carbon phase must involve a neutral
species to preserve charge neutrality.

Once the campeting ion-pair is adsorbed, the aurocyanide
ion-pair may be either displaced by the large concentratiocn
excess or caused to ionize. Anions of small size and
localized charge are expected to increase in basicity
because the solvent medium within carbon has a reduced or
depleted ability to hydrogen bond and are less solvated
than in aqueous medium. The formation of ion-pairs for
lower valency-type ions is also favoured by elevated

50,52
temperatures and low dielectric solution. '

* The concentration of oxygen may be of the order of
3-4 M within the carbon pore structure.
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Highly basic media of aqueous alkali metal hydroxides
have acidity functions (H_) which increases in the
order of KOH < NaCH < LiOH, This is due_to the formation

of ion-pairs at higher concentration?6' The weakest

base of the series is LiOH.

In aqueous solution weak acids would be expected to give
the alkali salt of the conjugate base which may exist
at either an ion-pair or as free ions as shown by

equation (5.5)
RH + MOH==RM + H,0

R o+ M (5.5)

Association reactions become important at lower
dielectric strength for oxygenated media. Within the
carbon the following equilibrium may be relevant -

MAU(CN), + WO —— M;q + OH;q

4

MAa(CN) . + OH + M == Bu(CN)D + MOH + M =>au(eN),_ + M’
2 2 2aq aq

Thus the more ionized the campeting anion, the more the
equilibrium is shifted to the right hand side (i.e. de-
sorption). The larger and more hydrophobic the competing
anion in the enviromment of carbon, the larger the
basicity, thus the greater the extent of ionization. This
is reflected by the following series for increasing

desorption -

ce” (on { oN ( sH
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Some further evidence has been found for the ionization
mechanism in that when KAu(CN) 2 salts are dissolved in
concentrated LiCL solution a visible yellow colour
develops with time.  When KAu(CN) 2 salts are dissolved
in LiOH salts no yellow colour develops and similarly
when LiAu (CN) 5 salts are dissolved in LiOH the colour
is lost instantaneously. This suggests that bocth C£ and
OH ions campete with Au (CN); for coordination to Li’.
Keeping the anion constant and varying the cation,
u-curves are obtained (Fig. (5.8)) which reflects the
trend for increasing adsorption as the ion-pair
increases in size and therefore hydrophobicity. Small
cations similarly cause enhanced adsorption of auro-
cyanide and must reflect the increasing polarizability
of the ion-pair due to the Lewis acidity of the cation.

Thus the adsorbed state involves equilibrium between
the ion-pair, the cation and the campeting anion.
Temperature is also an important parameter whereby the
distribution is shifted towards the aqueous phase with
increasing temperature. This probably involves
increasing basicity of the anion with temperature as
the water becomes more structured with increasing
temperature?6 At elevated temperatures the increase
in the solubility of the ion-pair probably has a role,
However high temperature is a necessary but not
sufficient condition to cause the desorption of auro-
cyanide. The basic medium is required to shift the
equilibrium for effective desorption of aurocyanide.
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Activated carbon

Introduction

The adsorptive properties of activated carbon have been
known for centuries. Utilization of these properties
have varied from a simple adsorber of gas molecules for
air conditioning systems to an adsorber of organic
molecules for water purification and more recently in
extractive hydrometallurgy.

Activated carbon is a generic term for a group of
carbonaceous substances which cannot be characterized
by structural formula nor by chemical analysis.
Properties associated with activated carbon include a
carbon backbone or matrix, areas of microcrystalline
carbon, oxygen containing surface groups, extensive
porosity, and a large surface area (300~1200 mz/g).

Numerous starting materials as well as variations in the
processes of manufacture g.ve rise to many forms of
"active carbon", e.g. carbon black, channel black,
furnace black and coke. Reaction conditions such as
temperature of activation, reducing or oxidizing
environments and reaction time imparts a variety of
properties to the resulting products. Details of

the manufacturs have not been published by the industry
and so the activation of carbon remains largely as a
black art.

In general the carkon backbone is associated with an
extensively porous hydrophobic surface. Regions of the
matrix contain oxygen functionalities which impart a
hydrophilic character.
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Synthesis of aurocyanide adsorbing activated carbon

Pyrolysis of coconut char between temperatures of

200 -~ 1000°C under a steam atmosphere was conducted
establish factors which influence aurocyanide
adsorption capacity. An empirical approach was
adopted in which the effects of temperature of
activation, the burn-off or mass loss and the effect
of steam was investigated with respect to aurocyanide
adsorption. The nature of the surface functionalities

¥

e YA‘.. A LA_M% m—«-—vmq

of the samples generated was investigated via
Fourier transform infrared spectroscopy (FTIR).

6.2 Results and discussion
i) Influence of activation temperature on aurocyanide 3
adsorrtion S

Fig. (6.1) shows the effect of the equilibrium
activation temperature on the percentage of aurocyanide
adsorption under steam and nitrogen atmosphere
respectively. The adsorption of aurocyanide increases
slightly under nitrogen with increasing temperature,
whereas under steam activation a five fold increase in
aurocyanide adsorption is observed. Activation in a

B NSO AN L o 15 AT L NI ol 1

steam atmosphere results in a large increase in the
aurocyanide adsorption between 600 - 900°C after which
a slight decrease in capacity is observed. This effect

" has also been reported by Gross and Scott2?

E Fig. (6.2) shows the influence of activation temperature
on the adsorption of aurocyanide as a function of

surface coverage (steam activation). The data has been

plotted according to the Temkin isotherm, where it can

be seen that as the activation temperature increases a
point of inflection is observed.
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A change in slope is observed for carbons activated

above 750°C where the large mass loss or burn-off

begins. The variation of site energy predicted by

the Temkin model is linear and the change in slope

shows that at least two modes of adsorption are .
present. The slope of the initial region of adsorption

is larger than that of carbons with higher gold loadings,

which must be due to specific and non-specific modes
of adsorption.

The specific region of adsorption was further investi-
gated with respect to its formation with increasing
activation temperature. Fig. (6.3) shows the Van't Hoff
plot for the logarithm of the slope k of the Temkin

plot versus the inverse of the equilibrium activation

temperature. The resulting plot is linear and has
a positive heat of formation of +45 kJmol~!, which
suggests that the formation of specific adsorption

sites involves an endothermic reaction.
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Fig.6.1

Graph of % Au adsorbed vs temperature of activation
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Fig.6.2

Temkin isotherms for carbons

activated at various temperatures
under steam atmosphere

Adsorption in I = 0,30 NaC£ 950°C
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750°C
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ii) Influence of burn—-off on aurocyanide adsorption

Fig. (6.4) shows a plot of the percentage burr-off

for steam activated coconut char versus the equilibrium
activation temperature. A gradual mass loss of up

to 35 percent is observed for activation temperatures
below 800°C. This must be due to development of

surface area and pore volume by the preferential
oxidation of the more accessible carbon matrix.

As the temperature increases a dramatic mass loss is
observed above 850°C which is exponential in nature,
This mast be due to direct oxidation oi the carbon

The relationship between burn-off and aurocyanide
adsorption is shown in ¥Fig. (6.5) where a plot of
percentage gold adsorbed versus the percentage burn-
off i3 shown. The relationship is approximately
linear up to burn-offs of 35 percent, after which carbon
matrix is lost without a proportionate increase in
aurocyanide adsorption.

The relationship between burn-off and temperature is

further shown in Fig. (6.6) as a van't Hoff plot.

A reasonable linear region is observed between 600 - 850°C
and has an enthalpy of about 48 kJmol L of carbon. The decrease
in the slopzs at higher temperatures is probably due to

a change in the surface reaction:‘r This may involve a

change fram a rate limiting reaction to a diffusion

limited one.

* (Oxidation is essentially a rate process.
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Fig 6.4

Graph of % burn off vs activation temperature

for coconut char in steam atmosphere
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Fig 6.5

Graph of % Au adsorbed vs % burn off
for steam activated carbons
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Effect of Temperature on Mass loss
Graph of £n( % mass loss) versus 1/T
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Characterization of surface functionalities on
activated carbon via Fourier transform infrared
spectroscopy

4
The characterization of surface functional groups

-on activated-carbon, pyrolysed resins, chars and
coals has been extensively investigated via
spectroscopic techn;ques§6-6'%}'1esssurface groups on
such products depend largely on the origin of

starting material and method of manufacture(Table 6.3).

Products activated in steam or oxygen below 700°C 3
generally contain a variety of oxygen functional groups.
These groups amongst others appear to involve carbonyl )
and carboxyl groups. 'I‘g%mal decamposition studies

on such products by Puri have shown that such groups
mainly evolve Co, gas. Carbons activated above
700°C under similar conditions in general appear to
involve singly bound oxygen and may involve phenoxy

and ether groups as these groups on thermal decomposition

are removed as O gassz.

The literature on carbons with proven aurccyanide
capacity reveal no spectroscopic studies of such products.
In this study the coconut shell products obtained under
vigorously controlled conditiuns were examined via FTIR
spectroscopy. Various other chars and commercial
products with proven aurocyanide capacity were also
examined for similarities and differences.
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Results and discussion

Fourier transform infrared spectra of the coconut
shell steam activated products generated between
temperatures of 700 - 1000°C are summarized in
Fig. (6.7). Only five bands were found between
the range 4000 to 400 cm !
few significant trends can be distinguished. The

and in general relatively

five bands and their assignments are shown in
Table (6.1)

Table 6.7

Assignment and characterization of oi:rerved bands
for coconut shells activated :- steam between
temperatures of 700 to 1000°C

Wave No. Ass:i.g_uge_nt83 Characterization ?
2917 (vs) methylene group -CHZ- 3
2858 (vs) " " ~CH,~0- 3\
1083 (m) ether group ~CH,~O-CH,~ i
799 (s) — C-H
1556 (s) araomatic —C=C~

1

No bands in the range 1600cm ' were observed which
effectively rules out carbonyl functional groups such

as ketones, aldehydes an¢ esters. The alcchol function-
ality can be ruled out since no bands characteristic of
Y (CH) were found in the range 3640 - 3610cm” . The
pand at 3450cm | has been assigned to water and not an
alcohol since the spectrum of spectroscopic graphite
also contains this band which confirms the assignment
(see Fig. 46.12)).
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The only possibility which remains is the ether
functionality which has been postulated on a number
of occasions? The table below gives a list of
some typical ether bands for various organic
molecules.

Table 6.2

Ether bards Y (C-0) for some typical ether type83

organic molecules

Ether groups N (C-0)
o\ 1145
Diethylether
@-O\ 1242
Anisole

; 1270

Ethylene oxide

1 1010

Oxacyclobutene
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Ether groups N (C-0)
cm-1
1174
Tetrahydrofuran
1099
Pyran
1170
Furan
1198
Diphenylene oxide

Examination of the intramolecular factors affecting
the ¥(C-0) band in ethers shows that unsaturation
increases with frequency; however no correlation is
found with ring strain. The Y(C-0) frequency for
the steam activated carbon approximates that for the
highly strained oxycyclobutene and the pyran moiety,
These olecules are saturated and are the most
prokable assigmnenzofor the oxygen functionality

of activated carbon. The carbon oxygen functionality is
probably an ether type linkage between saturated
carbon atoms (—CH2-O-CH2-) .
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Activation in sﬁeam causes an increase in this

type of ether group since this band is absent

from the spectrum of char. The band seems to
increase in intensity with burn-off, at 1000°C

the Y (C~0) band is very prominent where approximately
70 percent burn-off is achieved.

The band at 2917 cam | is due to methylene groups and
seems to increase in intensity with activation
temperature and burn-off. The band at 2858 cm_
may be assimied to a methylene group whose frequency
is shifted to higher energy by a moiety such as
~CH,-0-.  The band at 1556 cm” | has been assigned
to an arcmatic group frequency Y(C=C). The band
at 800 am | may be due to out of the plane bending
for the C-H group (i.e. Y(CH)).

1

The FTIR spectrum of LeCarbon G210 AS (Fig. (6.9))
is very simi_ar to that of steam activated carbon,
this is not surprising since both products are
coconut shell based. The spectrum of Norit R2020
and KOP carbon have a variety of bands which are

" simmilar to the above products, although there are

some notable differences. These products are both
coal based extruded carbons and may contain
impurities due to the origin of coal and binding
material. Fig. (6.11) shows the spectrum for a coke
sample with proven aurocyanide adsorption.  This

product also has the band at 1090 cm-1. However, the

high energy band shifts to 600 an~'.  As the method
of preparation is not known no conclusions can be

drawn.
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The above limited range of carbons examined suggests
the fcrmation of an ether type of surface funtionality.
If we consider that these groups exist exclusivly

at the microcrystallite edges, it is possible that

a reasonably large local concentration of such groups
may constitute a site or a point of attachment.

As approximately 90 percent of the surface consists
of micropores of diameter <20 &, an oxygen layer

over & few carkon atams with in the pore, might yeild
a polar surface of approximately 2-4 M oxygen.

The polarity of such groups may be further enhanced
as the excess charge of the microcrystallite may

be distributed to the surface by such groups.

The figure below shows a samewhat idealized
model of such a surface.

e

" = graphitic ring systems

micropore

The volume of such a micropore, assuming a semi-spherical (r= 10 3)
(=]

configuration can be calculated to be of the order of 2000 A 3.




Steam activated coconut char
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Table 6.3 Main bands appearing in IR spectra for
various activated carbons, chars and coal

KOP Norit LeCarbon ’I‘ypical8 > Ox:i.dized8 > Pyrolysec'? 7
el R2020 G 210 AS coal coal PFA
3440 3460 3440 3300 3440
2964 2960
2026 2918 - 2921 2926
2857 2854 - 2860 2850
1765 1700
1640 - - 1695
1610 1610 1600
1579 1580  * 1590
1480 |
1384 - - 1380 4
1230 1242 - 1280 g
1200 E
1103 - - 1120 1180 R
1040 1095 1050 1050 1050 1080
803 304 800 - - -

PFA = polyfurfuryl alcohol

Wave number = cm_ |

S
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Summary and conclusions

The empirical approach adopted in the study showed
that the formation of aurocyanide adsorption
characteristics by carbon are related to the
temperature of activation, the burn-off or pyrolysis
and the steam atmosphere. The pyrolysis of char
~we 3 steam induces an eight fold increase in auro-
-yanide adsorption whereas in nitrogen atmosphere
only small increases were observed. Activation
under steam between 600 = 900°C results in a large
increase in aurocyanide adsorption which is
accompanied by large mass loss or burn-off. This
- increased mass loss is not observed under inert
nitrogen atmosphere and must be due to the direct
reaction with steam. The direct oxidation of
carbon results in a mass loss by the formation of

gaseous 002 via the formation of carbon-oxygen
surface intermediates. The formation of "CO" type
surface groups between 650 -850°C may be represerited
by the following e,quation?’—

C + H,0 ——> CO H

2 ads * (6.1)

2

A large concentration of CO type groups probably results
on the surface since the desorption of CO - ds is rate

controlling?

At temperatures above 700°C the formation of CO,
becomes increasingly favourable according to the
following reaction which is essentially the water gas
shift equilibriud >

CO + H,0 —> CO, + H, (6.2) AH = 206 kImol ™!
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This results in an increased mass loss which is
accompanied by the evolution of gas in this
temperature range. (Fig. (6.4)).  Heat must be
continuously supplied for the reaction to proceed
as the reaction is endothermic. At temperatures
above 850°C, the large concentration of co, within
the pores of carbon may further react with the
matrix according to equation

C + CO, —> 2CO (6.3)

2
At this temperature reaction 6.2 simultanecusly
occurs with reaction 6.3.and the net result is the
loss of carbon matrix in an exponential manner
which is accompanied by the volumous evolution of

gas.

The formation of surface functionalities such as
alcohols appear to involve an exothermic reactiozx.
For example the gas phase synthesis of methanols‘can
be written =~

CO + 2H, —> CH,OH (6.4)
The carbon dioxide formed may also be used in this

reaction. However, it is first reduced by hyrrogen
to carbon monoxide which then reacts as above.

R M i

The reaction is exothermic (AH = =91 kJmol™ ') and
the equilibrium methanol concentration decreases

with increasing temperature. This probably explains
the absence of the hydroxyl functionality from the
spectra of high temperature steam activated carbon.

ek Y

B The identity of the surface groups was characterized
via FTIR where activation in steam above 700°C results
in the appearance of methylene groups as well as a
carbon-oxygen band at ~ 1080 cm .  These bands

must be due to the reaction of steam with the carbon
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surface since both are absent in the svectrum of
char. Characterization by elimination of oxygen
functionalities such as hydroxyl and carboxyl
groups by their absence and the position of the
observed bands suggests that an ether type group
exists on the carbon surface. The presence and
pusition of methylene groups suggest that the ether
linkage is saturated and not arcmatic in nature.

The absence of methylene groups in the spectra of
TeCarbon and KOP carbons suggest that the formation
of specific types of oxide groups may be dependent
on reaction conditions since fast flow rates of
steam may inhibit the accumulation of hydrogen
within the pore. Alternatively, activation using
o, and CO may be responsibles). In all cases the
carbons investigated have the ether type group and
seem to be associated with high temperature steam
activation.

The pyrolysis of carbon under nitrogen displays

little capacity to adsorb aurocyanide. Under steam
pyrolysis however a large capacity is induced between
600 = 950°C which is associated with a large mass

loss. Fig. (6.5) shows an approximately linear
relationship between the mass loss and the percentage
gold adsorption. Thus the direct oxidation of carbon
probably has a role in inducing aurocyanide capacity.

In the previous section it was shown that a specific
type of interaction between the adsorbed aurocyanide

and the carbon matrix occurs at low surface coverages.
The aurocyanide adsorption can be modelled by the Temkin
isotherm, where the strength of interaction between
aurocyanide and the carbon surface is given by slope k.
Tt was observed that as the temperature of activation
increased, the slope of the initial region of the Temkin
isotherm also increased showing that the strength of
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interaction between the aurocyanide and the carbon
increases with increasing temperature of activation.

The Van't Hoff plot of the strength of interaction
parameter k versus the activation temperature results
in a linear relationship and yields an enthalpy

of +45 kJmol~'. Thus the formaticn of aurocyanide
capacity involves an endothermic reaction between
carbon and steam and the reaction proceeds (AG \<0)
above temperatures of 450°C wheve the burn-off is

first observed to occur.

Activation of carbon above temperatures of 500°C
simultaneocusly causes graphitization of the structure,
while between 600-800°C the resistivity of carbon
decreasesj‘l Thiz is thought to be due to ring
closure. The single covalent C-C bond interacts with
the non-localized (2p,) orbitals of the planar carbon.
This extra bonding gives the graphitic structure

high thermal stability and 1T-electrons which gives
rise to magnetic and electrical properties.

The formation of oxygen containing groups on the
surface appears to involve reaction with the edge groups
of such graphitized regions? Loosely stacked layers of
such microcrystalline carbon give rise to surfaces

or localized regions which are reascnably polar.

The formation of such a surface give activated carbon
its hydrophilic character and is the most probable

area for the adsorption of the more polar types of
adsorkates.

The adsorption of many organic campounds at low 24,21
concentration has been proposed by Weber and van Vliet™ '
to involve an interaction of a more specific nature.
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Aromatic compounds such as phenols are thought to
accept charge from the carbon into their delocalized

9T systeins to form donor/acceptor complexes.

Substituted groups on aramatic campounds also

influence the interaction. The more electron withdrawing
the substituted group, the more electron density can

be accepted into the aramatic ring which results in

an even stronger donor/acceptor bond and therefore

a higher relative adsorption is observed. This is
demonstrated by the order of adsorption reported by
Gupta and De3 for various substituted aramatic campounds,
the' trend of increasing adsorption is given by the

series -

§-w,>g-08> g0, 9=(0)

This type of charge transfer fram the carbon to the
adsorg?d aurocyanide has in fact been observed by
Adams particula.g};y at low surface qoverages.

McDougall et al using XPS on aurocyanide loaded carbons
have similarly observed an apparenc reduction in the
oxidation state of the gold atam.

This cha.rge transfer together with the polar surface,
would suggest that the ion-pair with the more
electron acceptor cation would induce a stronger
interaction with the carbon surface.
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The mechanism of aurocyanide adsorption by
activated carbon-summary of conclusions

Although many different mechanisms for the
adsorption of aurocyanide by activated carbon
have been proposed, many of these can now be
discarded. These include camplete reduction
to gold metal, partial reduction or degradation,
adsorption into the electrical double layer on
the surface, and ion-exchange with positively
charged carbonium ion.

The mechanism of adsorption involves the
adsorption/extraction of the ion-pair species
] [,-Au(CN);]n by activated carbon.

The adsorption by activated carbon of many
organic an inorganic substances can be understood
in terms of the interaction between the solvent,
adsorbate and the adsorbant. This gives rise

to a whole range of interactions whereby
attractive interactions between solvent-adsorbent
and adsorbate-adsorbent enhance the extent of
adsorption whereas interactions hetween adsorbate-
solvent and solvent-adsorbent discourages the
adsorption.

The interaction between adsorbate and solvent has
a marked effect on adsorption. Tn aqueous phase
adsorption, water is quite polar and is able to
hydrogen bond intermolecularly as well as the
adsorbate and the adsorbant. Hydrophilic
interactions are the result of a net repulsion
between water and the non-polar regions of the
adsorbant surface and the non-polar parts of the
adsorbate.
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Thus the non-polar regions of the adsorbant
surface and the non-polar adsorbates are
dispelled from the water phase which results

in the accumulation of adsorbate at the solid-
liquid interface. This hydrophobic effect has
been recognized and is the basis of Traube's
rule which states -

"The adsorption of organic substances
onto activated carbon from agueous
solution increases strongly and
reqularly as we ascend the homologous

series."

Activated carbon may be considered to be a

large but porous matrix which supports damains

of hydrophobic and hydrophilic surface.

The basal plane areas of activated carbon
graphitic plates are hydrcphobic and are

expected to support hydrophobic and dispersion
type forces. Weber and van Vliet have shown

that for various activated carbons and polymeric
adsorbants, the extraction behaviour at high
organic concentrations are similar. This may be
ascribed to adsorption onto similar "sites" or
surfaces where the hydrophobicity is the main
consideration. At low concentration of

organics however, the distribution coefficient for
activated carbon is.many orders of magnitude higher.
This has been proposed to involve a more "specific"
interaction between the organic and the carbon
surface (chemisorption, hydrogen bonding and
electrostatic).




The microcrystallite edges are reasonably

polar due to the large concentration of oxygen-—
containing functional groups and are the most
probable areas for the adsorption of the more
polar adsorbates. These areas have been
proposed to form the basis of the specific
adsorption interactions between the organics

and the carbon surface. The interaction

between the adsorbate and the carbon may be
enhanced by charge transfer fram the delocalized
T-electron system of carbon to form a donor/acceptor
camplex on the surface. Electron withdrawing
groups on the adsorbed species may further enhance
this type of effect.

The trend for the adsorption of aurocyanide
shows that the presence of cations enhances the
adsorption. This indicates that the mechanism
involves the formation of ion-pair species at
the carbon surface. Similarly, the extraction
of many anions and cations by activated carbon
reported in the literature can be now understood
to involve the extraction of neutral ion-pair/
acid-base/neutral molecules. Such large neutral
species are then probe’ ly adsorbed onto the
surface, and the hydrophobic effect results in
their accumilation at the solid-liquid interface.

The trend for the adsorption of aurocyanide

shows effects due to specific cations. The
trend for increasing extraction with increasing
size of cation can be understood in terms of
increasing hydrophobicity with increasing size.
The adsorption of the ion-pair with the more
polarizable cations, in addition to the large
hydrophobicity due to the size of the aurocyanide
anion, must involve an additional interaction with
the carbon surface whereby the charge-transfer
mechanism enhances the donor/acceptor complex on
the surface.
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Much evidence for the polarizability o% Ot,l%%
aurocyanide anion has been found in U.V. and
Mossbaue:f'3 7spectroscopy. The observed order

of polarizability of linear metallocyanides

is expected since, as we decend the group
(Cu—sAu), the effective nuclear charge
decreases,. whereby electrons are less effectively
held. The aurocyanide species undergoes
additional polarization due to metal to ligand
charge transfer whereby the d-orbital electrons
are delocalized into Au~C & bonding as well as
in Tr-donor and T -acceptor bonding with the
CN~ ligand. IR/Raman spectroscopy of
aurccyanide salts further demonstrates the
extent of delocalization across the aurccyanide
ligand where the Au-C ¢ bond as well as the
cyanides carbon-nitrogen bond are both caused
to strengthen or weaken as determitied by the
polarizability of the cation. This type of
acid/base interaction is covalent, particularly
with the more polarizable cations such as the
1i® species, where the yellow colour is due to
outer sphere tharge transfer. The withdrawal
of electron density fram the aurocyanide
effectively renders the gold atom positive and
is expected to, enhance the adsorption by
activated carbon.

The molar solubility of the aurocyanide species
shows that it varies according to the cation
present in solution. Examination of the
aqueous chemistry of this system gives insight
into the thermodynamics of hydration for this
species.
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Solutes are usually classified with respect

to their charges e.g. cations, anions and
neutral species. Their interaction with

water has been classified as hydrophobic and
hydrophilic. In general hydrophilic solutes
or structure breakers interact more strongly
with water than do the molecules intramolecularly.
These solutes are more readily soluble

and give rise to hydration layers which are
structurally different from those of bulk
water. Hydrophobic or structure making 45,46
solutes are sparingly soluble in water since
intermolecular forces between water and the
solute are weaker than hydrogen bonding

between water molecules themselves. The
dissolution of such solutes causes a positive
change in entropy. The solute molecules or
ions are placed in holes in the water structure,
which are adaptable to the requirement of the
solute molecules for free rotation.

The distribution of aurocyanide between solid and
aqueous phase at saturation, gives rise to the formation
of ion-pairs, where the assocation constant K oSS’ depends
on the nature of the cation and the form of the
resulting ion-pair. Examination of the trends

results in a U-curve when the molar solubility

versus cationic radius is plotted.

M@dels51
size predict a linear relatlonshn.p with 2 /r *.
Howevaer, within-a series of related cations, their
degree of hydration is also expected to have a role
In addition to this, it has been often suggested, that
the size and shape of the hydrated anion might be

of more importance. The other model used to

for the variation of K with cationic

81
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predict ion-pair formation is due to Bjerrum
and Fuoss. This model is based on electro-
static considerations and predicts that the

ion with the smallest hydrated radius will

be most expected to ion-pair. These two
models koth require a knowledge of hydrated
radii which are not well established and the
observed cation trends for the aurocyanide
adsorption does not follow their predictions.
The trend shows that the ‘energetics of hydration
can account for the observed aqueous
solubilities by considering their effect on

the structure of water. Ion-pairs will form
so that they least disrupt the water structure
and so maximize their free energy. In addition,
reduction in the number of ions in solution,
and the neutralization of charge results in an
entropy change that favours the ion-pair
formation. For large weakly polarized species,
the forces between the ion-pair and the water
are weakly dispersive and give rise to a
hydrophobic hydration. The formation of such
ion-pairs explains the solubility trend for the
series Cs' > K > Na .

Small polarizable cations however are strongly
hydrated and lewis acid/base ion-pairs result
due to the large enthalpy of hydration of the
Lewis acid. The resulting ion-pair is also
probably stabilized by the weak covalent charge
transfer interaction. The solubility trend
Li+:> Na' is explained by such considerations
and presumably the cation B would also be
expected to follow this trend.
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In aquecus solution the ion-pair may be
solVent separated or a contact ion-pair. The
hydrophobic ion-pairs are probably solvent
separated as are the Lewis acid/base types
of ion-pairs. However some evidence exists
that the highly polarizable 1d” species may
partially displace solvating water molecules
by its strong interaction with aurocyanide.

Thus, - to summarize, for vorxy large ions or

R
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neutral species which ar.: weakly polarized, a
hydrophobic hydration occurs in polar water.
The reduction in the number of ions in
solution and the neutralization of charge
results in an entropy change favouring the
formaticn of ion-pairs. The forces between
the water and the ion-pair are weak dispersion
forces and these types of ions are "water-
structure enforced" ion-pairs. '4']?'he formation
of such a poorly hydrated ion-pair thus
becames increasingly compatible with the
carbon phase, and, it undergoes extraction
due to the ease of dehydration.

Examination of various reports in the literature

concerning extraction or adsorption of
) aurocyanide can be explained by ion-pair
- - considerations.

'I‘rioct:ylaxm‘.ne8 8(Alarm‘.ne) has been used as an
extractant for metallocyanides, The order of
extraction is given by the series -

M) ) Ag(aN); D culewy; Zn (CN) 2™ ) Fe(CN)g~

The order of extraction increases with increasing

size and decreases with increasing charge.
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Extraction of HAu(CN) 2 has been reporteg ,9 where
the distribution into various organic solvents

increases with the order -
ct” o  Hso,

This trend is explained by increasing campetition
with increasing size, and therefore polarizability.
Interestingly enough, the selectivity displdyed

by foam fractionatioﬁ:’ 5is, given by -

(@] > sga? Dca@n?” DmEm]

This trend can be explained by the large size
of Au (CN)Z and its low charge. The interference
displayed by competing anions has the following
trend -
- - - - 2=
N3~ Br A~ N ) LT ) SOy
The interference caused by the anion is greatest

when the charge to radius ratio is small
(i.e. it is polarizable).

Anion exchange resins such as IRA 400 show a
large selectivity for aurocyanide adsorption.
Burstalf’ 3and Avestong have shown that large
poorly hydrated anions such as GEOZ and Ag (Q\I)'z'
effect.vely compete for adsorption, whereas the
small hydrated F_ ion shows little competition.
The hydration enthalpies of the anions closely
follow the selectivity trends and are due to
the form of the anion, the polymer supported
cation, and the nature of the resulting ion-pair.
The large ability tco adsorb aurocyanide has
also been ascribed 6to the polarizability of the
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anion as well as its linear shape. The
selectivity coefficiert for adsorption also
follows the trend described by molar

refraction (proportional to polarizability)45,

and a linear relationship is found for the

plot of selectivity coefficient versus ionic
refraction. The large selectivity is probably
due to a mixture of these effects? The large
poorly hydrated monovalent anions will form
ion-palrs, where the nature of the cation, the anion
and the resulting ion-pair determine the

degree of hydrophobicity. The observed trends
also show that the polarizability also

influences the anion/cation complex, the species
with a low charge to radius ratio being preferred.

Returning to the adsorption of aurocyanide by
activated carbon, the distribution ratio is
decreased by the presence of various anions.
The trend for increasing depression follows
that of increasing size and polarizability
thus these anions effectively camwpete for both
carbon surface and cation in the aqueous phase.

Activated carbon surface also has an important
role where the heat of adsorption at low
surface coverages suggests the formation of a
chemisorptive bond between the aurocyanide
ion-pair and the carbon surface. The charge
transfer mechanism probably stabilizes the
adsorption of the neutral species, although as
this type of surface is finite, any additional
adsorbate undergoes degradation. X-ray
diffractometry was used to determine if any
AUCN was present. No evidence of this species
was found for carbons loaded up to 80mg Au/g
in the presence of various cations and even acid.

A A aa aresk
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A mixture of finely ground carbon and the
appropriate weight of AuCN readily yielded
the characteristic AuCN diffraction pattermn.
Elution of aurocyanide loaded carbons showed
that below loadings of about 40mg Au/g the
adsorbate was fully eluted using hydroxide.
Examination of the adsorbed species using
U.V. spectroscopy showed the gold to be the
aurocyanide species. This confirms the
adsorption of the aurocyanide species below
loadings of 40mg Au/g. However as the loading -
is increased the fraction remaining on carbon
after desorption of the aurocyanide species
probably involves gold metal. The X-ray
diffraction result together with ithe failure
to remove adsorbed gold with aqueous

amonia sugports this result.

Examination of aurocyanide loaded carbons

in the specific adsorption region shows that
simple equilibrium effects are operative.

The desorption of aurocyanide is affected by
both the cation and the anion in the eluent
phase at elevated temperatures. The equilibrium
may be shifted by either increasing or
decreasing the tenperature.

At constant temper :tire the desorption of

: aurocyanide using ydraxide eluent follows

( first order kinetiss where the polarizability
of the cation of the medium influences the
rate of desorption. This is expected since
the polarizability of the cation determines the
ion~-pair /carbon interaction. The desorption

i ||
e o

of aurocyanide shows no effects due to the
initially loaded cation, which is expected due
to the large concentration excess of cations

in the eluent phase.
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The solubility of the aurocyanide species probably
also has a role as it irncreases strongly with
increasing temperature. However, in deionized
water, no desorption is observed even at higher
temperatures. Adsorption of the carmpeting

anion possibly as an ion-pair species probably
displaces the aurccyanide ion-pair. However,
same evidence has been found for an ionization

mechariism.

The adsorptifn site of activated carbon possibly
involves the: micropore structure since this
accounts for more than 90 percent of the so
called surface. These pores have molecular
dimensions that approximate semi-spheres with
diameters of less than 20 Zo\ These pores are
the result of etching or burn-off and might
have a.concentration of 2-4 M oxygen within

the cavity. The configuration of OXygen groups
in the pore cavity might be similar to that of

a class of macrocycles called crown ethears91 .

In fact Pedersen92 has shown that the complex
dicyclohexyl-18-crown-6 is capable of

forming a stable camplex with aurocyanide as
a salt or ion-paixr.

The polar surface of the pore together with the excess
charge fram the graphitic structure.thus might
constitute an adsorption site in activated carbon.
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Appendix 1

Bonding in aurocyanide and other metallocyanides

Marked differences in the camplexity of linear

dicyano ocmglexes in the region 200 - 300 nm have

been noted The spectrum of lm(CN)2 is most

camplex and is characterized by a number of high energy
transitions. The spectra of Ag(CN); and Cu(CN); are
less complex whereas the spectrum of Hg(CN)2 is

rotably empty.

For the aurocyanide complex these transitions have

been characterized ;s LaPorte allowed metal to ligand (M3L)
charge transfer (Au 5d —» * CN° ). These transitions
are best described by spin-orbital effects which give
rise to excited state energy splittings which allows

for spin forbidden transitions. 'This results in an
effective charge reduction on the Au atam -

§ Sty
N=EC-M-C=N

The aurocyanide camplex is further polarized by reduction
of charge involving the utilization of 6s and 6p orbitals
which penetrate the 5d ox’oitalsa.? According to Jone363
good support for M -~ L back donation involving d orbitals
is found by comparing the integrated intensity of the
antisymmetric Y(CN) for a variety of cyanide complexes.
The intensity of the hand for aurocyanide is higher than
for the species Hg(CZN)2 which confirms this result.

Coupling constants are proportional to the square of the
effective charge on the central metal. For various
linear metallocyanides the following trend has been
reported‘sc-)-'61

a(EN; By (e, >culew; > Hgew,
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Appendix 1

Bonding in aurocyanide and other metallocyanides

Marked differences in the camplexity of linear

dicyano lexes in the region 200 - 300 nm have

been noted? '6'}he spectrum of Au(CN)'z' is most

complex and is characterized by a number of high energy
transitions. The spectra of Ag(CN)'z' and Cu(CN); are
less camplex whereas the spectrum of Hg(CN)2 is

notably empty.

For the aurocyanide complex these transitions have

been characterized6as ILaPorte allowed metal to ligand (MSL)
charge transfer (Au 5d —» * CN° ). These transitions
are best described by spin-orbital effects which give
rise to excited state energy splittings which allows

for spin forbidden transitions. This results in an
effective charge reduction on the Au atom -

R A
N=C~-AMA1-C=N

The aurocyanide camplex is further polarized by reduction
of charge involving the utilization of 6s and 6p orbitals
which penetrate the 5d orbitals According to Jones-
good support for M - L back donation involving 4 orbitals
is found by comparing the integrated intensity of the
antisymmetric Y(CN) for a variety of cyanide ocomplexes.
The intensity of the band for aurocyanide is higher than

for the species Hg(CN)2 which confirms this result.

Coupling constants are proportional to the square of the
effective charge on the central metal. For varicus
linear metallocyanides the following trend has been
reporteclsc-)»'61

M(CN), Yy Ag(EN), > CulCN); > Hg(CN),
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a)

b)

This is expected as the effect of the nuclear charge
is shielded as one descends the group IB (Cu » Ag ¥ Au).

The bonding mechanism of the.aurocyanide anion thus involves
d-orbital participation in Az - C ¢ bonding and both
T -donor and T -acceptor londing with the cyanide ligand.

Nakimoto has shown that for various metallocyanide
complexes, relative group trends can be understood in
terms of the frequency change for the fundamental
band Y (C=N).

Effect of electronegativity
N2 ¢ palanis { PN

Y (C=N) 2128 2143 2150
an| '

The Ni(II) complex has the lowest electronegativity
and so the & donation is the smallest which is reflected
in the lowest Y(CN) for the series.

Effect of oxidation state

vienis < vianig { viavig

Y(CzN) 1910 2065 2077

The highest oxidation states are associated with good
€ bonding which is reflected by the higher Y (CN)

frequency.
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Effect of coordination number

a3 (agan?” ( agian )

Y (CaN) 2092 2105 2135

cm

An increase in the ocoordination number results in
a decrease of positive charge on the metal which
weakens the bonding. . This is reflected in the
decrease of the Y (CEN) band.

Effect of cation

No specific study has been reported for metallocyanide
complexes although cation effects have been reported
for alkali earth coamplexes of sulphates.

Group Ib metallocyanides

culew),  Aglany { Aula);

Y (CaN) 2125 2135 2140

cm—‘l

This shows that Au(I) has the highest electronegativity
since the Y (C2N) bond is the highest for the series.

Effect of oxidation state

KAu(CN) , { Kau(CN),

\[ (C=N) 2140 2189

This shows that Au(III) has a stronger ¢ bond than
the Au(I) complex which has also been shown by Jones§3
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A)

Complete vibrational assignments of the aqueous
aurocyanide ion and polycrystalline alkali metal
salts has been reportted.56 Assignments have been
made on the basis of D, symmetry for the
aurocyanide salts of group IA cations :

M), : M= k¥, Na*, 11" ana Nnﬂ

camplexes such as TIAu(CI\I)2 and AgAu(CN).,, have been
assigned on the basis of c, and Co, symnetry
respectively.

Correlations between the Y (C=N) and the Y{(Au~C)
band with the cation in spectra of polycrystalline
salts were noted and is the subject of this study.
The study was expanded to include strong hase resins,
cawplexes of MAu(CN),(2,2- bipyridyl) 7a15 well as
various Au(III) cyno camplexes.

Results and discussions

Polycrystalline aurocyanide salts

The effect of cation an the frequencies N (c=N) and

N (Au=C) for the aurocyanide species is shown in

Figs. (a1) ‘and (A2) . A reasonable correlation

is obtained for both the symmetric and antisymmetric

bands when plotted against the catiénic radius. (see Table A1)
The observed trend reflects the Lewis acidity for

the cation which is given by the series -

Li+> Na+> K" > cst

A plot of the frequencies W (CzN) and Y (Au-C) for
the aurocyanide species for various group IA cations

156

SR NI S )

i
A

i

Gk AT & A
SR S ey RIFN
ST e e e N




157

Graph of v (C=N) for MAu(CN),
versus cationic radius

A= symetric (Raman)
o= antisymetric (IR)
Na*
» NH!
K »
+
No* Cs
+
K' e cs®
NHy ®
1 ,O o 1 ,4 1 !8
r¥ /A

Graph of v(Au-C) for MAu(CN),
versus cationic radius
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is shown in Fig. ( A3) Both these fundamental
bands increase in frequency with increasing
acceptor strength of Lewis acid. This shows that
the bonding is delocalized and the aurocyanide thus
effectively participates in Au-C 0 bonding as well
as both 77r-donor and 77-acceptor bonding with the
cyanide ligand.

The Li* ion being a polar cation withdraws electron
density from the aurocyanide ion, which causes
further charge reduction in the central gold atam.
The charge transfer is prabably effected through the
lone pairs of electrons on the nitrogen atom of the

cyanide ligand :
61‘ e
- /\ .
N=C - Au = CeN @ Li

-~

The complex AgAu(CN )2 similarly interacts covalently
as its fundamental symmetric and antisymmetric bands
also follow the correlation. (Fig. (A3 ) ).

A plot of Y(Au-C) versus the bending mode ¢ is
shown in Fig. ( A4 ), the plot shows the effect of
reduced mass. The camplex ".[‘I.Au(CN)2 is known to
have a weak TL---Au bond and is T-shaped, consequently
the bending mode for this camplex has the lowest
eneryy.

The complexes LiAu(CN), and [Bé]pu(av),], both have

a characteristic yellow colour. This is due to a

low energy transition between the polarized aurocyanide
and these polar cations. The polymer (AuCN)p also
has a yellow colour, this is due to extensive
delocalization of electrons along the chain, which
also involves a weak N---Au interaction.

I TR § - PO ™ S -
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Graph of v(C=N) versus v{Au-C)
for MAu(CN),
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Fig. Ad
Graph of v (Au-C) vs v (bending mode)
for MAU(CN), salts.
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Table A 1 Infrared and Raman frequencies for
various aurocyanide camplexes

Infrared Raman
Complex (C=N) (Au-C) Ref. (CzN) (Au~C) Ref.
o] ! ! o
ut 2142 427 59 - -
it 2159 455 * 2182 471 *
Na© 2154 439 * 2174 449 59
k" 2142 426 * 2162 442 59
cst 2159 455 % 2156 420 :
NHZ 2134 434 * 2161 465 59
Bu4N+ 2140 427 *
met 2125 429 * 2145 453
2134 2147
2143 2153
ag* 2209 542 * 2225 542 59
et 2165 - *
ca®* 2162 465  *
2142
on®t 2196 420  *
2156

M[Bu(cN) ,(2,2'bipyridy)] 2140 not visible *

M=1it, &, mt, cst

Resins
IRA 400 2142 426 *
Dow XF- 2142 427 *
i 4149
| 3
*= This work

s IRTT TR —

A » oy
N A NV P SN



Fig. A5
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Photo Acoustic spectrum of (Z«\uCN)p
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The Photo acoustic spectra (PAS) of the solid

camponnds  LiAu(CN) » and (AuCN)p are shown in Figs. (A5)
and (a6 ). The visible transition for LiAu(CN)2

is found at 420 nm (lemon-yellow) whereas the
transition for (AuCN) p is found at slightly lower
energy at 430 nm (yellow). The camplex [Zn|[Au (CN)2] 2
was also found to have a yellow colour and is again

due to the covalent interaction between the polarized
aurocyanide and the strong Lewis acidity of the

cation.

B) Polycrystalline salts of M [Au(CN)z(Z,.'Z'-bipyri«iylﬂ

A recent c::ystali!.ographic7 ;tudy proved that there

is no direct bond between the aurtocyanide anion and
the bipyridine moiety .(bpy) as previously assumed. It
was shown that the alkali metal M' was coordinated

by seven N atoms, 3 fram bpy and 4 from the CN groups
as shown below -

N(21%

Fig. (A7) Coordination of the X' ion in camplex
K Au(C[\I)z(z,z‘-‘bipyridyl)‘ after reference 71.

N At MmN N s il ey




Various alkali metal complexes were synthesized
according to reference (71). The I.R. spectra
of these compounds showed no frequency variation
with the specific cation in the region 2500 - 2000 am ..

Ammonium complexes of aurocyanide

The inductive effects of the substiturted group on
the ammonium cation were investigated to observe
effects on the frequency of the aurocyanide bands.
Two resins were investigated, IRA 400 which has the
group -N(CH3)Z and Dow XF 4149 which has the group
N2 \(@ (bipicolylanine) -These may be thought
of as immobile ammonium cations. prolycrystalline salts
of NH4Au(CN)2 and NBu4Au(CN)2 were also examined.
In all four cases only a single N (C:N) at 2140 cm |
was observed which suggests that the bonding with the
aurocyanide anion is weakly polarized.

Au(IIT) complexes

The aurocyanide anion can undergo cxidative addition
reactions%ith basic ligands to form d’s square planer
trans products. The complex is shown schematically

in Fig. (A8 ). The reaction is summarized below -

AU(CN), + 2X — Au(CN), X5 X =fce™,Br",I" and cm‘}

A plot of V'(CzN) versus W(Bu-C) for the various
canplexes yields a good correlation and is shewn in
Fig. (A9 ). These spectra were obtained in aqueous
solution and effectively shows the basicity of the
ligand trans to the cyanide ligand.

g - X
] NzC smAU «tC=N

X

Fig. A8

ARy o ) A
%
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The increase in the & donor properties of the ligands
(ce™< Br- { I7) trans to the cyanide causes a
weakening of the Au-C and C=N l'ond. This is
expected since an increase in the electron density

on the gold atam would tend to repel the cyanide
ligands. The cbserved lengthening of the cyanide
bands is the same as that of the o donor properties
ie. b <Br_< I". The complex I\u((’.‘l\l)-4 does not
fit the correlation because the cyanide ligand acts
as a 1T -acceptor as well as a ¢ ~donor. This tends
to greatly stabilize the complex and so the fundamental
bands have a much higher frequency.

Available datae%or the complex Hg (CN)2 X; shows similar
trends and a plot of r(CEN) versus W (Hg-C) is shown
in Fig. (A10). The linear correlation indicates that
the camplex Hg(CN), X, has a trans configuration.

The trend also shows a weakening of the Hg-C and the C=N
band as the 6 -donor strength increases. The cyanide
camplex Hg (CN )2'fits the correlation and indicates

that its ¢ -donor properties daminate the small

Tr —acceptor contribution of the cyanide ligands.
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Fig. A9 Graph of Y(C=N) vs.Y(Au-C) for
[IS]E’\u(C‘N)ZXZ
N e
430 440 450 460 470 480
N(Au-C)
Fi.. A10  Graph of N(C=N) vs. N (Hg-C) for
[Hig (V) %]
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Association constants for aqueous aurocyanide

The aqueous chemistry of aurocyanide has been
investigated via polarized Raman and infrared
spectrosoopy's? Saturated 'solutions .of Na' and X'
aurocyanide camplexes display no spectral shifts
or new barnds which can be ascribed to the specific
cation. The aqueous reaction can be written as -

Mo, + Au(aw); =— M(OH,) Au(CN) , == MAu(QN)

which represents the solvent separated and the
contact ion-pair respectively. The absence of any
changes in the spectra suggests that if ion-pair
formation does occur, then for salts of Na' and

k' a solvent separated camplex is formed.

A similar result was concluded for the camplex
formation of Fe (CN)g_with group IA cations where 6
no changes in the fundamental bands was observed.

The Raman spectrur%sof aqueous LiAu (CN)2 displays
weak bands at 412 cm | and 304 an '.  The ratio

of intensity of these bands was found to be directly
proportional to the concentration of Au(CN), and Lit
ions. This is pcoof of the association betweer: rit
and the aurocyanide anion. The formation of a

dimer has been considered, e.g. -

2u(), === Au, N2 or AN, _

n)z

However, since no evidence of a higher coordinated
Au(I) complex exists, this reaction is considered

unlikely. A similar association with Li* cations

P Yy . m . A

MR ) i
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and the linear Ag(CN), anion has been reported.
Spectral changes were observed when LiCf and
LiC0, salts were added to 1 M Ag (C'.N); solutions.

The molar solubility of LiAu(CN), is about an
order of magnitude greater than that of the large
hydrophobic ion-pairs. The enhanced solubility
of LiAu(CN), is due to the large enthalpy of
hydration of the Li* cation and is covalent
interaction with the aurocyanide anion which gives
rise to jon-pair formation.

The small polarizable Iewis acid strongly interacts
with water and distributes its charge over a large
volume resulting in a strongly hydrated aquo ion.
The weakly hydrated aurocyanide ion is an electron
donor which undergoes metal to ligand charge (ML)
transfer which results in a concentration of negative
charge on the nitrogen atom of the cyanide ligand.
The interaction between these two ions gives rise to
the characteristic lemon-yellow colour observed in
aquecus solutions and is due to outersphere charge
transfer between the Li' and the aurocyanide anion.
This probably results in an additional stabilization
of the ion-pair.

The Li” cation may remain hydrated when the ion-pair
is formed due to the large enthalpy of hydration, this
is shown below -

NN _H
NC - Au - C=N  H-0 it o©
. > NH

o

7N

H H
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The charge transfer could be effected via the

water molecule bound to the Li* cation. The

yellow colour persists even in dilute solutions

(~10"2 M) and gives rise to speculation that

the hydration sphere of the it may be partly
displaced on ion-pair formation. One reason for

this is that ILiAu(CN), salts are known to be anhydrous,
as ar- other aurocyanide salts. Additional

eviderce for this mechanism was found when .‘Esect’_2 salts
were added to a solution (~0,3 M) of KAu(CN)z.
Initially a clear colourless solution was obtained
which developed into a lemon-yellow colour after

three months. The Be2+ ion is more strongly hydrated
than the 1i" species and the rate of substitution
of the hyd~ition sphere is known to be kinetically
very slow. These facts give credance to the hypothesis
of partial dehydration on ion-pair formation.

89

The yellow colour of LiAu(CN) 2 soclutions give rise
to a small band with a low extinction coefficient

at 370 nm. This band is thought to be due to

charge transfer between the ligand and the

solvated Iewis acid. For a transition +0 give rise
to a visible colour an energy separation of 14000-28000cm .
must exist between the HOMO and the IUMO orbitals.

In general metal to ligand charge transfer bands are
weaker than the ligand to metal type of transfer with
intensities rarely exceeding 10 Imol/cmz. Ion-pair
formation in transition metals will have little effect
on the d-d splittings because of the large eneigy
separation of M' and X, small effecis are due to
forbidden d-d transitions which are a function of

the polarization of the cation by the anion.

This system was studied by preparing aqueocus solutions
of LiAu(CN) 5 of varying concentrations in deionized
water. The adsorbance of the resulting spectrum

“ e ond
IO i
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at 370 nm was measured using a Beckman DU 7 single
beam spectrophotometer. The adsorbance was

found to be independent of changes in intensity
with respect to time which effectively rules out
any polymerization. A typical spectrum is shown
in Fig. (A11) .  fThe extinction coefficient for
the low energy OSCT band was determined from the
slope of the Beers law relationship at the more
concentrated region where the association was
assumed to be essentially c:an;plete?2 Once the
extinetion coefficient for the ion-pair was

known then it became possible to determine the
degree of association in the more dilute solutions.

The ion-pair formation constant Kos S is defined as -

[Lon-pair]

Koss = [E:atiorﬂ - Ei.on-pailj:J [[aniorﬂ - I:iOD‘PaiﬂJ

The calculation of K o5 15 summarized in Table (A2 )
and gives rise to an average association constant of -

—_ a - "1
KOSS = 37525 M

[ T YR
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Table A2

Msorbance at 370 nm versus concentration of LiAu(CN)2 salts

+ -

Li = Au(CN) Absorbance Ion-pair $IP Kbss
MX 107 at 370 m X 107 M
3,91 0,0245 2,147 54,91 -
7,81 0,0471 4,129 52,75 304,72
9,77 0,0567 4,967 50,83 423,51

1,72 0,0721 6,319 53,91 401,77
15,63 0,0974 8,536 54,61 310,58
19,54 0,1405 12,314 63,01 374,22
22,00 0,1701 14,908 67,76 436,42

_ + =1
Mean Koss_ 375 56 M

0100

Fig.A11 Typical scan for aqueous LiAu(CN)2
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Appendix 2

Effect of Ionic Strength on
Aurocyanide Adsorption

Additive [Au‘]i I [Au]e

mg/ £ M mg/ £

NaCe 298, 4 0,500 41,31
0,250 41,00

0,125 42,37
0,063 43,50

315,7 0,400 43,05

0,200 42,97

0,100 44,87
0,050 46,13

325,5 0,300 | 45,32

0,150 45,73

0,075 47,15

0,038 48,61

NaOH 278,7 0,500 56,73

0,250 54,93

0,125 52,74

0,063 48,66

- 321,4 0,400 64,79
;t 0,200 63,55
g‘ 0,100 58,14
3 0,050 | 55,8
g 301, 4 0,300 60,01
4 0,150 56,25
% : 0,075 53,45
| 0,038 51,33

¥




Effect of Ionic Strength on 174

Aurocyanide Adsorption

Additive [Au]i I [Au]i
mg/ 2 M mg/ £
NaC¢ 307,8 0,500 82,65
0,250 79,99
0,125 73,34
0,063 61,87
298,4 0,400 78,05
0,200 79,11
0,100 66,41
0,050 55,79
284,7 0,300 76,61
0,150 70,83 F
0,075 58,07
0,0375 50,45
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Effect of Cations arnd Anions on
Aurocyanide Adsorption by Carbon

b .
’ it t:=96hr [Au]i [Au]e /ppm 4
i ppm ' ]
Additive ce~ OH™ CN™ SH-
1=0,30M
Nat 274,3 37,50 55,00 73,23 | 210,0
k* 203,0 | 36,81 | 53,70 | 61,99 | -
Lit 325,7 38,32 53,05 56,70 -
cst 277,4 32,95 - - -
H* 283,4 27,44 | - - -
No Additive | 303,8 46,3
(as x* salt)

RRNSETITVR (P -
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Effect of Additives on Equilibrium

System ! [AU]i [AU]e
ce mg/8 mg/ 0
(KC£/KOH)
91,5 99 44,26
84,3 30,66
79,5 27,51
89,0 100 37,98
87,9 36,03
77,4 25,33
74,0 110 24,08
(NaCe/KOH)
73,9 100 23,82
80,0 28,91
78,7 26,90
88,5 40,19
84,0 101 31,95
92,3 42,96
72,3 22,00
76,5 110 25,58

e by o -
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Effect of Additives on Equilibrium

System T [AU]i [Au]e
ce mg/ £ mg/2
(NaC¢/NaOH)

90,0 101 49,14
88,0 44,32
82,5 34,04
79,0 30,95
73,1 100 26,03
92,0 53,50
87,9 42,87
86,5 99 41,15
75,0 27,43

68,1 20,47
90,0 45,79

76,6 25,84

(No Additives/NaOH)

91,2 102 49,97

85,4 40,01

81,3 34,5
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Effect of Additives on Equilibrium

System ! [AU]i [AU]e
c° mg/ £ mg/2
(NaCg/NaOH)
90,0 101 49,14
88,0 44,32
82,0 34,04
79,0 30,95
73,1 100 26,03
92,0 53,50
87,9 42,87
86,5 99 41,15
75,0 27,43
68,1 20,47
90,0 45,79
76,6 25,84
(No Additives/NaOH)

91,2 102 49,97

85,4 40,01

81,3 34,5
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Surface coverage at canstant ionic strenth (I=0,30 M)

Additive
NaCL KCE Lick
Carbon Gold in Carbon Gold in Carbon Gold in
No. Loading | Solution| Loadin Solution| Loading | Solutien
mgAu7/g ppm iﬁﬂﬁ7§g ppm mgAu/g ppm
1 2,949 0,513 0,976 -
2 4,944 0,556 4,976 | 0,691 4,943 0,573
3 9,935 0,642 9,976 | 0,691 9,939 0,616
4 19,916 0,836 19,761 | 0,697 | 19,930 0,701
5 29,868 1,332 29,889 | 1,112 39,825 1,464
6 | 39,734 2,668 39,817 | 1,826 59,517 4,834
7 49,501 4,975 49,694 | 3,056 78,626 | 13,745
g | 99,039 | 9,588 59,441 | 5,595 | 106,68 34,610
9 76,798 | 31,970 77,877 | 21,227
10 92,324 | 76,792 94,207 | 57,934
11 !
12 |

o
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Surface coverage at constant ionic strenth (1=0,30 M)

Additive CsCL CaCL2

|
! :
§ ; Carbon Gold in Carbon Gold in
{ i No. Loading | Solution| Loading | Solution
f | mgAu/g ppm mgAU/g ppm
!,
g |
1, ; 1 0,895 1,050 0,874 1,257
gf ! 2 4,895 1,050 4,874 1,136
» | 3 9,989 1,090 9,870 1,299
‘ 4 | 19,882 1,180 19,862 1,383
; 5 | 39,825 1,740 39,824 1,758
6 | 59,442 5,575 59,582 | 4,177
7 | 77,808 | 20,920 78,836 | 11,643
g | 94,920 | 42,520 | 90,472 | 25,282
9
10
1
12
: \
il
)
¥ ]
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Surface coverage at constant ionic strenth (I=0,30 M)
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Additive NaOH KOH LiOH
Carbon Gold in | Carbon Gold in | Carbon Gold in
No. Loadin Solution| Loading | Solution Loading | Solution
mgAu/g ppm mgAu/g ppm mgAu/g ppm
1 0,998 0,232 0,923 0,077 0,198 0,980
2 2,997 0,335 4,988 0,300 0,390 4,961
3 4,996 0,437 9,347 0,653 0,774 9,923
4 9,990 0,999 19,770 2,299 0,966 13,903
5 19,970 2,969 29,457 5,425 2,238 | 19,776
6 24,995 5,066 38,980 10,198 9,000 38,543
7 29,929 7,084 | 48,231 17,687 13,510 | 48,699
8 34,990 | 10,129 | 56,344 36,562 | 30,013 | 61,999
9 39,867 13,274 67,909 120,906 80,171 77,983
10 49,353 64,721
11
12
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Surface coverage at constant ionic strenth (I=0,30 M)

Additive NaCN KCN LiCN
Carbon Gold in | Carbon Gold in | Carbon Gold in
No. _L_ola\_d_j_‘n_g Solution] Loading { Solution| Loading | Solution
mgAu/g ppm mghu/g ppm mgAu/g ppm
1 0,547 4,622 3,810 0.619 0,708 2,920
2 4,055 5,766 4,048 4,595 2,649 3,515
3 8,191 6,842 4,603 9,540 4,651 3,489
4 14,154 9,488 6,865 19,314 | 19,602 3,981
5 20,086 13,464 16,753 28,925 39,396 6,050
6 27,113 20,086 17,696 | 38,230 | 58,252 | 17,482
7 38,475 44,791 42,857 45,714 69,578 104,220
8 49,403 99,484 51,982 54,862 77,820 {221,720
iz 9 54,598 245,420 100,783 69,922
é 10 142,045 | 85,796
11
12
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Desorption of aurocyanide loaded carbcns using
sodium hydroxide followed by aqueous ammonia
at 90°C in colums

Asorption Initial %gold desorbed %gold desorbed Mass balance*

medium loading with hydroxide with ammonia
mg Au/g mg Au/g
NaCL 9,98 94,69 3,71 9,73 ;
19,91 97,29 5,17 20,53 s
29,35 91,99 5,38 29,11 g
47,35 81,88 4,52 47,28 :
64,38 66,71 ' 5,41 64,92 e
cact 9,99 92,31 3,60 9,75 E
19,95 95,72 2,56 19,78 2
29,95 90,37 1,90 29,84 1
49,12 82,30 1,81 48,81 E
57,95 73,61 2,12 58,98 5
HCL 10,00 74,49 3,70 10,06 ?
30,00 42,10 3,43 28,39
49,99 33,09 3,16 48,23 é
69,98 35,01 4,49 66,93 q
*= sum of fractions of eluand plus ashed carbon §
=
i
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Adsorption of [Ca(Au(cN) ,], by activated carbon
in de-ionized water

[Pua] [caxbon loading] [ca 2je [carbon loading] |
mg /& ol /£ mg /& mmwol /& é
-y
0,0 5,03 x 107 - - %
0,0 2,51 x 1072 3,52 4,30 x 107 A
0,0 5,03 x 1072 6,01 1,12 x 1072 !
0,0 1,00 x 107 12,03 2,23 x 1072 1
0,50 1,51 x 107 | 18,88 3,14 x 1072 3
1,81 2,00 x 107 2272 4,92 x 1072 &
4,34 2,49 x 107" 2755 6,70 x 1072 !
15,05 2,94 x 107" 25,56 9,32 x 1072 E
53,29 3,76 x 107 30,18 1,33 x 1071
124,24 4,40 x 1077 23,51 2,02 x 1077

. v~ o~k e~ N e
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Arrhenius plot

System gnk 1/T.
K~V
(No additives/NaOH) R = 0,9391
-2,849 2,825 &= 1,5739
~2,946 2,860 b = -1573,64
-2,762 2,747 Eq= 13,08 kJmol™l
-2,807 2,790 = 4,82 s~1
(NaC4)/NaOH)
-2,752 2,755 R = 0,909
~2,793 2,770 o= 2,4373
~2,833 2,813 b = -1883,03
* 2,816 2,739 E,= 15,65 kJmoll
-3,019 2,890 A= 11,44 g1
-2,795 2,805
~2,808 2,771
~2,929 2,841
* _2,900 2,874
* 2,807 2,755
(NaCe/KOH)
3,080 2,861 ' R = 0,9370
3,081 2,882 = 3,2145
~2,985 2,833 b = -2189,22
-2,967| 2,843 Fa= 18,13 kJmol~!
2,853 2,766 A= 24,8 g1
* _2,867] 2,801
* 2,852 2,739
3,142 2,896
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Arrhenius plot

System ¢nk 1/T
K x107°

(KC2)/ (KOH)
~2,845 2,744 R = 0,9488 ,
2,937 2,801 = 2,1541 ' {
~2,964 2,837 b = -1828,37 M“ng

* _2.831 2,762 E,= 15,21 kJmol-l .

2,884 2,770 A= 8,88 s1 b
-3,068 2,857 :%
-3,096 2,882 *é

(NaCe)/(LiOH)
-3,226 2,841 R = 0,9816
_3,042 2,785 %= 4,1753 .
-3,135 2,813 b = ~2594,42 3

* _3,070 2,740 Eg= 21,57 kJmol~l 3

~2,962 2,755 A= 65,06 s! zé
-3,225 2,857 ?
-3,325 2,896

(LiC2)/(LiOH)
-3,054 2,747 R = 0,9730

| -3,290 2,847 &= 3,0062

-3,138 2,798 b=-2234,90
-3,190 2,821 E = 18,18 kimol ™}
-3,013 2,732 A=22,11 s}
~3,032 2,773

s LA RENN N S NI Wi M PN U NP



Effect of Additives on Equilibrium

System T [Auly [Au]g
ce mg/ ¢ mg/ 2
(LiC#/LiOH)
91,0 100 35,84
78,2 20,18
81,5 22,57
93,0 41,70
87,6 101 28,13
(NaC2/LiOH)
86,1 102 30,54
92,0 42,05
9c,1 36,30
82,5" 110 28,24
77,0 22,94
72,3 21,16
(CsOH/CsOH)
90,2 99,8 37,3
86,6 35,0
81,3 26,6
84,7 29,3
77,8 27,9
i

186




Brtest ol temparatue on vate of awocyanide desor nliog 187

— s v pam

e b —art e

provenssi. (ST .

Towperatite= 91,0°C
[ C zn'bon]t:' 10mp/p
©1,20,30 LiCe
:[Etrﬂ,BOM LiOH

Dito . _Mime | hu)_ _enQ_
min ny/g
1. 0 0,00 3,5835
2, 6 9,135 3,2908 ,
R 1,0000 =
3. 10 13,68 3,1056 | g
4. 26 22,00 2,6391 fnet=3,5792 -
5. 30 27,30 ' 2,1632 o= 35,84 %
slope = 0,027
6. 40 29,31 1,9003 slope = 0,0275 4
sope)= -3,0538
7. 60 33,87 0,7547 | Gdope) g
‘ [Au] = 36,00 g
8. 120 27,35 - e |
. Temperature= 78,2°C |
[ Cm*bon]flo mg/e
v 1,=0,30M LiCe
i I =0,30M LiOH
[} E
: Data_pt. _Tme | _[Aul LnQ_
min ma/g
1. 0 0,00 3,0204
2, 5 3,60 3,6054
. R= 0,9991
3. 10 7,00 2,6027
2no= 3,0051
4l 20 13,33 1,9687 hx= 3,005
= 20,18
5, 40 15,92 1,5215 .
slope = 0,0373
6. 60 18,53 0,6760
n(slope) = -3,2901
7. 128 18,01 - (slope) = -3,29
3 [Au] = 20,50

. ¥

g Tl e
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FiLeot of foenpaatiure on rote o) st ocyanade desor ntion 188

Rttt e % et e @1 b o o it S kv S 0 oo b e i T bb o S minr + caire. omy R

Temperatuie: 84,4°C

[ (J:‘:rbon]tr.] Oma/g
70,30 LiCe
.T.F_mO,BOH LiOH

Data pl. _Time [LAu) Q-
' min ma/g
1 0 0,00 3,2189
2. 5 5,35 .2,9778
R= 0,9989

3. 10 8,64 2,7951 4

' Lu= 3,2131
b 23 15,85 2,2135 o= 3
5. 40 20,22 '1,5640 of = 24,86
6. 60 23,43 0,4479 slope = 0,0433
7. 110 22,35 - Ln(slope) = -3,1385
8l ‘ [Au], =25,00

Temperature= 81,5°C
[ Cm*bon]{:l(? ng/g

J,=0,30M LiCe

IE=O,3OM LiOH

Data pt. JTme | _[Aul _nQ_

g min ma/g

i

g 1. 0 0,00 3,1135

3 2. 5 4,24 2,9045!
r R= 0,9989
3. 22 12,99 2,2520

, o= 3,1171

4. 40 18,36 1,4209
5. 60 20,55 0,6642 |, ™= 22,38
6. 110 21,87 _ slope = 0,0412
. en(slope) =-3,1897
o [Au], = 22,50

‘*ﬂ-’b e
e e T e P i P



Blest o temparatme on rate ol awrocynnide desorntion 189
Touperatiies= 93,0°C
[ Carbon ]t:lOs;‘.;o,/g
" 1=0,300 Lice K
I =0,304 LiOH
E i
Daio nt. Tine l.Au) LnQ
min 1n3/9 -

0 0,00 3,7377

5 9,00 3,4965 | :
k= 0. =
19 17,01 3,2184 9994 =
: Lot
20 26,50 2,7406 not= 3,7307

30 32,36 72,2669 o= 41,71

i T
Lt i e e s D s e e L T S
S a et et TSIl b il L i st :

" e i i

40 35,55 1,8635 slope = 0,0491

¥

69 37,77 1,4404 En(dope) = -3,0133

LI S T

120 41,57 - [A U]e= 42,00

'w
i

Temperature= 87,6°C l
[C arhon]=10 nu/e ‘
I,=0,30M LiCe f

I.E:O,SOM LiOH

Data pt. Time [ Au)
min ma/g

E

1. 0 0,00 3,3322

5 6,07 3,0879

i M OO ! 141 e N
N

L~ 3. - - -
o 4 20 17,00 2,3978 - bni= 13,3371
: " o= 28,14

li

i 5. 40 23,95 1,3975 |,
o slone =

{ 6. 60 26,00 0,6931 slope = (,0482
i | l‘ = ) ™

| 7. 120 27,09 ) tn(slope) = -3,0323
f » [Aul, = 28,00

. -

Dk e . a o e . . e -)M‘.LL-_«..&A._-.&.AJ_,*L;":..J...‘.&
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Do pl.

h,

w

6.

Data pt.

8.

Lleot of tomperature on aate of guecyanide desn plion

e A v me s gemmad e b e bk mel VRSN AR P bbb ek s S5t ek 4 dent < bt A 8 AL s < < b A Ao b ot 4

Tewperntulies 79,0°C

O o 1 1ttt b1

e R Yae

190

[ (‘,:-n‘bon]iﬂ Oig/g

120,301 NaCe
ilmeO, 304 LiOH

Mwe  _lAul
nin /g

0 0,00

5 4,54

10 8,43

30 17,10

60 22,72

100 24,35

Tewmperature= 86,1°C

{ Cm'bon]tml Omg/p
1,=0,30M NaCe
IE=0,3OP1LiOH

_Time [ An)
min ma/g
0 0,00
5 6,63
10 10,64
40 25,08
60 28,35
100 29,05

3,2189
3,0186
2,8062
2,0667

°0,8220

LnQ

3,4012
3,1511
2,9633
1,5925

0,4996

R~ 0,9995
Liot= 3,2204
o= 25,04
slope = 0,0397

en@ﬂope5= -3,2261
[Atde== 25,00

R=0,9981
Ln&= 3,4190
o= 30154
slope = 0,0477
Ln(slope) = ~3.0422
[Aul = 39,00

RTINS RN SR S TPEL

e MR
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Biteot of temporative on rale of aurecyanide desorption 191
o . N .
Fewperature= 82,59

)

©1,20,304 NaCe
1.~0,30% LiOH

[ (‘,az’bon]{—ﬂ Quma/p

Data pt. _Time [ Au) _nQ
min mg/g .
1. 0 0,00 3,3322
2 5 5,53 3,1122
R’., 3~ C
3, , 10 9,73 2,9050 0’?989
4. 40 22,73 | 1,6630 fnot=3,3407
5. 60 26,00 10,6926 o= 28,24
siope = 0
6. 120 23,09 - ] 0435
on(slope) = —
7. 180 19,96 n(sope)= -3,1354
‘ [Au] = 28,24
8. e
Tewmperature= 92,0°C
[ Carhon]{zl()mg/g
" 1,=0,30M NaCe
% I.=0,30} LiOH
H Data_pt. _Time [Aul £n
§ min ma/g
[ 1. 0 0,00 3,7495
.
2 2, 5 9,00 3,5115
° - R=0,9998
- 3. 10 16,10 3,2733
it Lno= 3,7389
3 4. 40 36,10 1,8552 ’
it
3 = 42,05
5. 60 39,85 0,9734 |, = °
slope = 0,0464
6. 120 37,20 -
, £n(slope) = -3,0704
. [Au] = 42,50
8. Q

) &
”M:'r\'m.,/\.‘ Ay Py )
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Bifect of temporatuie en aote of

Data pt.

Temperaties 90,0°C
[ C.m".mn]{l()m;\;/g
CY,=0,304 Nadg

3‘)_;::0,301‘4 1iOH
Time | Au)
nin ma/g
0 0.00
5 8,03
10 14,50
40' 30,94
60. 34,38
125 35,37

Tewperature= 77,0°C
[ Carbon ]i= 10mg/e
1.=0,30H NaCe
I£=O’30M LiOH

aurecyatinae deso ntiag

3,5835
3,3311
3,0679
1,6218

‘0, 4824

Time . [ Au] _enQ
min ma/g
0 0,00 3,1355
5 4,23 2,9320
10 7,60 2,7344
25 14,50 2,1397
40 18,20 1,5680
60 21,30 0,5283
120 20,03- _

R=1,0000

£no= 3, 5860

of = 36,09

slope = 0,0517

,ﬂ,.n(s]ope) = -2,9618

[/w]e=36,00

R=1,0000
£nX= 3,1329

22,94

]

-4

slope = 00,0398
En(slope) =-3,2246
[Atdc==23,oo

192
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193
Effect of temperature on rate of aurocyanide desorption

Temperature= 72,3°C
[ Carhon]i=10mg/g
I,=0,30M NaCe

IE=O,30 M LiOH

Data pt. Time [ Au] £nQ
min mg/g
1. 0 0,00 3,0445
2. 5 3,44 2,8657
R= 0.9997
3. 10 6,00 2,7081 _ Rt
Lox=3,0521 LA
4. 25 12,35 2,1571 -
<= 21,16 %
5. 40 16,01 . 1,6068 ’ j
‘ slope = 0,0360 i
6. 60 18,44 0,9400 i
£n(slope) = -3, 3246 |
7. 120 20, 35 - pe)
. [Au] = 21,00
8.




Fiteot of temporature on rate of guocyanide desorplion 194

o s v b ¢ o At e e o -

Tewperatues: 89,°C

[ Carbon]~10ma/g
©1,50,301 KGe
T_=0,30 KOH

Data pt. JMme | __[Au] LnQ_
min me/ g
0 0,00 3,6376
5 10,01 3,3318
R=0,9995
11 17,84 3,0039 a
' Lnot= 3,637
20 26,40 2,4507 not= 3,6371
40 35,35 '0,9742 o= 37,98
slope = g7 2
60 40,31 _ ] 050590
gn(slope) = -2,8310
120 36,96 - '
' [/\u]e=38,00

Temperature= 88,1°C
{ Carbon]t’=10 mg/g
1,=0,301 KCe
I£=0,301'1 KOH

Data pt. Time | _[Aul £n
min ng/g
1. 0 0,00 3,5835
2, 5 9,05 3,2938
‘ R=0,9992
3. 10 15,53 3,0187
Lnt= 3,5707
4. 20 23,77 2,5035
i &= 35,54
|1 | 5. 40 32,18 1,3400 |,
: ‘ slope = 0,0
2 60 35,03 | -0,0336 ‘ 538
en(slope) = -2,97
i | 7. 120 36,535 _ n(slope) = -2,9224
i : ' . [Au] = 38,00
'g g 8. )




Tewpersiuies= 89,°C

} : [C:n‘bon]{JOmg;/g

4 o ST =0,30M xCe

I %f T =0,304 KOH

PREREN E

§&;f 1 Data pi. JMime | __LAu]

fo min mg/g
1. 0 0,00
2. 5 10,01
3. , 11 17,84
4. 20 26,40
5. . 40 35,35
6. 60 40,31
7. 120 36,96
8.

Temperature= 88,1°C
[ Carbon]t:lo ng/e

1,=0,30}4 KC¢

I£=O,30il1 KOH

Data pt. Time | [ Au]
min inz/g
1. 0 0,00
2. 5 9,05
3. 10 15,53
4. 20 23,77
5. 40 32,18
6. 60 35,03
7. 120 36,535
8.

3,6376

3,3318

2,4507

"0,9742

3,5835
3,2938
3,0187
2,5035
1,3400
~-0,0336

3,0039

Vitect of temperature on rate of awocyanide desorplion

- e Bl e St M .50 b e bt 1% b ¥ 24 s oK s et A 15 e b s

R= 0,9995
Lnot= 3,637'1
o(= 37,98
slope = 9705907
e.n(slope) = -2,8310
[A u]e = 38,00

R=0,9992
L= 3,5707
«= 35,54

slope = 0,0538

tn(dope) = -2,9224
[Au]e= 38,00

194
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e U of tomporatere on rate of awoecyanide desornlion 195

ders - —— kit i

Tewmporatutes: 77,0°0

| Cm'bon]iﬂm;‘.g/g
©1,.=0,30M ke
.T,E==O_.30.‘~i KOH

+

Data pt. Time [Au] _nQ
min mg/g -
0 0,00 3,2387
5 5,50 2,9956
10 10,03 2,7388 R=0,9973
20 15,03 2,3484 fuo=3,2320 |
30 19,35 21,8161 = 25,33
40 21,77 | 1,315 slope = 0,0465
60 24,01 0,3961 en(slope) = -3,0682
110 23, 36 - [Aul, = 27,50 j
Tewperature= 74,0°C ,
[ Cm.*bon]tmlOr:lg/g ::
1,=0,30M xce
IE=0,30M KOH :
Data pt. Time . [ Au] _&nQ i
min ma/g 3
1. 0 0,00 3,1781 |
2. 5 4,93 2,9481
3. 10 8,53 2,7386 K= 0,997
4 20 . 2. 348 Lno= 3,1814
5. 30 19,35 1,8161 &= 24,08
6. 40 21,77 1,3156 slope = 0,0452
7. 60 24,01 0,3961 En(lope) = -3,0059
8. 110 23,36 - thuly= 24,00
I ,\A.-f,“«_“,,ﬁ;lﬁl&‘.\a\w,mmww ORI > FR



oot of tenperatare on rate of amrocyanide desao gtlicy 196
Tewperates 91,5°C
[ (‘.m‘hun]{ﬂ Onmalg
I.=0,30M Kce
1,=0,30} KOH
Data pt Lime L[ Aul_ LnQ
nin /g -

0 0,00 3,7910 ‘
5 11,13 3,5015
R=0,9999 Ny
10 20,35 3,1633 _ =]
- £ne= 3,7900
20 29,83 2,6717
40 40,03 *1,4514 o= 44,25 E
€0 42,63 _ slope = 0,0581 E
130 38,35 - Ln(lope)= - -2,8453 i
[Au), = 44,30 ]
A

Temperature= 84,3°C
[ Carbon]le Ony/e
T,=0,30}M KCe
T.=0,304 KOH

o O I S GO O

i
!I Data pt. Time | [ Aul L 4
i min ma/g :
i{ H
fl 1. o | 0,00 3,4340
!
8 2. 5 7,60 3,1527
H . R= 0,9999
I 3. 10 13,10 2,8844
i * ~ Lnt= 3,4230
! 4. 20 22,53 2,13464
‘ o= 30,66
| 5. 40 27,31 1,3054 |,
slope =
6. 60 30,03 -0,0315 be=0,0530
£n(sl M) =

7. 110 35,55 _ n(slope) = ~2,9370

: [Au]_ = 31,00

8, Q
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Effect of temperature on rate of aurocyanide desorption

Temperature= 79,5°C
[ Carbon]t=],0mg/'g
1,=0,30M KCe

b 1,=0,30M KOH
= é("é: Data pt. Time [Au]
min mg/g

1. 0 0,00

2. 5 6,17

3. 10 11,31

4. 22 18,41

5. 4 24,03

6. 60 26,08

7. 110 27,03

8.

_£nQ_

3,3142
3,0603
2,7841
2,1964
11,2439
0,3514

R=0,9998

env= 3,3145
o= 27,51

slope = 0,0516

£n(slope) = -2,9641
[Au], =27,50




T ¥

PRLCTU of feperaie on sale of

Nata pt,

Data pt.

N o uw, o~

o™ -

Temperatute s 76,5°C
[CarhonkaOmg/g
" 1=0,30H NaCe
Iﬁm0,30t4 KOH

. Time | Au)
min ma/g

0 0,00

5 6,51

10 8,63

25 16,68

40 21,64

100 24,50

180 22,31

Temperature= 74,0°C

[ Cmrbon]f],()mg/g

1,=0,30M gpv
IE':O) 30M KOH

Time [ Au]
min ma/g
0 . 0,00
5 5,10
10 10,36
25 16,55
40 20,17
100 23,75
180 20,21

R UESPRN
LTOC N

————ay - —— 4

3,2387
2,9440
2,8255
2,1769
'1,3501

~LnQ

3,1781
2,9390

2,6132
2,0083
1,3423

iride denor o

PRt et i om i e bh g s is e

R= 0,9928
Ln0t= 3,2418
&= 25,58
slope = 0,0459
Qn&ﬂopaf= -3,0803
LAu], = 25,50

R= 0,9998
Lnex= 3,1705

Ii

o= 23,82
slope = 0,0459
En(lope) = ~3,0804

[Au], = 24,00

198




e tepaerat e e ol yate of

A b e

Temperatuie: 76,5°¢
[ Carbon]=10my/s

{
" 1,=0,304 NaCe

10,301 KOH

e s bk B o iy ey A W B

Time [ Au)

min ma/g
0 0,00
5 6,51
10 8,63
25 16,68
40 21,64
100 24,50
180 22,31

Temperature= 74,0°C
[ Cm‘bon]f]‘()mg/g

1 L::o,'so M ogRe
IE=0,30 M KOH

>

N s ow

-

[ }

5 oy
2

2

|

E

¥ ’
=q

g
i;'

L

T4

g

g

N {1

i

13

] {3 .
i

i 19

i § 4

uk

i L8

(|8

o

=

E [

w

r————

Cocsors

N r—

Time . { Aul

min ma/g
0 . 0,00
5 5,10
10 10,36
25 16,55
40 20,17
100 23,75
180 20, 21

lredyanide desorrtioy

£nQ

3,1781
2,9390

2,6132
2,0083
1,3423

TP I P RPN

. e 3 8 200 SN Vo b 1 on pAemm A 4k b0 5 ek e

R= 0,9928
Lnoe= 3,2418
of= 25,58

slope = 0,0459

en(slope) = -3,0803

LAu], = 25,50

R= 0,9998
£n= 3,1705
o= 23,82

slope = 0,0459

tn(lope) = -3,0804

[Au], = 24,00

e i,

SRCTA HE
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hiloct of temporatuie on vate of awoecyauide desorntion

——n e — vt oy mteay i am -t an R

Tenperatuies= 80,0°C
[ C nrbon]{-ﬂ Oua/g
C I =0,30M NaCe
IE==O,3(1,"i KOH

¢

Data pte o Mime | .| Av] Q.
nin my/g -
0 0,00 3,3673
5 6,52 3,1126
2= 0,999
10 13,48 2,7422 |
| : Enot= 3, 3642
30 22,75 1,8321
. - 28,91
40 25,13 "1,3545 = 25
slope = 0,0505
60 27,48 0,4167 mlope= ¥
SJone) e ~2,9850
100 27,38 _ En(slope) = =4
' LA u]e % 29,00

Temperature= 78,7°C

[ Cﬂ)")()n]{:] 0 mg/g

1,70,304 NaCe
IE-:O,BO M KOH

Tme | _fAul _nQ
min m3/g
0 0,00 3,2958
5 6,12 3,0386
R= 0,9999
10 10,94 . 2,7765
Lnt= 3,2991
25 19,53 2,0112
&= 26,90
40 23,54 1,2119 |, ’
slope = 0,0515
60 25,75 0,2207
en(slope) = ~2,9670
120 23,373 - n(dope) = -2,
[Au] = 27,00

»
. ;&AA\AW, PSRRI * DR



Vitest of toerpeievie on rate ol awrocyanide desorition 200
Terporatw e~ 88,5°C
£ [ (‘.m‘lmn]{ﬂ0;.‘.3\,/{;
Lo " T =0,30M NaCe
‘ Iﬁmﬂ,B()}-i KOH
Dito L. Tine | _LAul Q.
min ma/g
1. 0 0,00 3,6889
2. 5 9,90 3,4045
S R= 1,0000
H 3. 10 17,41 3,1175 .
: ' L10ke=
2t 4, 30 32,80 1,9737 3:6936
5, 60 38,74 0,2271 o= 40,19
6. 120 37,45 . slope = 0,0577 ;
, ) 180 33,48 - Qn(sﬁl.ope)-_— ~2,8527 :
[Au] = 40,00 :
8. e

Temporature= g4, 0°C
‘ [ Cnrbcm]{z] Omg/sg
I,=0,30M NaCe
IE.-zosS(Ji‘i KOH

Datapt | _Tme .| _[Awl | _fnQ t
min ma/e 3
1, 0 0,00 3,4812
2, 5 8,4 3,1611
3, 10 14,90 2,8389 R= 0,9993
| 4, 30 26,64 1,6790 (= 3, 4642
5. 60 31,79 ~1,5606 |, = 31,95
6. 120 32,41 | - slope = 0,0569
7. tn(lope)= ~2,8670
B, [Au], = 32,50

ey )| I




Pro ol temperatore onaate of gurecyunide desor ption 01

——— - - | *

Temporati e = 92°C
[ C:;rbon]{ W0uwa/p
" T.=0,30H NaCe
]L=0,30?~i KOH

¥ V. Ny v»f,_&.m_‘__&‘_w“ ;..um;%; PR YOS -

Data ph. _Pime | __[Au) _£nQ_
T min /g
D 0,00 3,8918
5 12,60 3,5945
R= 0,9989 ol
10 22,20 3,2882 , ‘
' £nx=3,8660 r o
30 41,21 2,0522 : e
. = 47,75 W
, 60. 47,45 0,4415
slope = 0,0577 ;
125 45,77 - e,
En(slope) = -2,8519
[Au],= 49,00

Temperature= 92 3°C

[ Carbon]f:lo mg/e

T,=0,304 NaCe
IE=0,3OM KOH

Time . [ Au] Ln ;
min mz/g |
|
0 0,00 3,7612
5 10,81 3,4719
R=1,0000
10 18,89 3,1828
Lnt= 3,76
40 38,84 1,4255
= 42,96
60 41,67 0,2874 |, =
L.l = S
130 40,3 slope = 0,0580
En(slope) = _2,8469
[Au], = 43,00




Fiteot of temperatvre on rate of aurocyaniae desorplion 202

A Aul Q.

. ']
Vil b

5 0 0,00 3,0910

2. 5 4,35 2,8708
R= 0,9999

i

3. 10 7,83 2,6511 §
: Lno= 3,0910
' 30 15,84 1,8174

) = 22,00
5. 62 20,50 0,4048 *

slope =
6. 110 20,49 - slope =0,0432

7, 180 18,43 - En(slope) = -3,1422

. f =
ld\dc 22,00




Bitest of terparature on volbe of aweeyande doem nliv 203 ' _
| . R - &
Tewmporature= 75,0°C
[ Cm'bon]inl Qup/g
" 3,=0,30N NaCe
T.=0,30M NaOH ‘
Data pt. Lime [Au]_ _£nQ ¢
min mg/g - 1
. 0 0,00 3,2958 i
2. 5 6,19 3,0352 %
= 0,9999 | 3
3. ) 10 11,00 2,7723 . R
: Lnot= 3,3116 4
4, 30 21,64 1,6790 o sg
. i 0(= 27,43 - . »';
5. . 60 26,00 0, 0000 :
- 0,0550 ;[f
6. 100 26,10 - slope :
7 En(slope) = ~2,900
. ‘ [Au] = 27,00
8. e ]
Temperature= 90,0°C

[ Carbon]tmlf) ng/g

1,=0,30} NaCe
I.=0,30} NaOH

Nata pt. Time | [ Au] Ln
min mz/g
1. 0 0,00 3,8286
2, 5 12,21 3,5202
, R= 1,0000
3. 10 21,06 3,2165
&nx= 3,8241
4, 30 38,50 2,0148
o(: 45,79
5 60 43,35 0,9764 |,
slope = 0,0604
6. 120 46,01 -
; Ln(dope) = -2,8073
[Au] = 46,00
8. e

e . m

e m— s o L L — oo A:\ﬁ i

. T T et guaa b T IR AR A
P

B
i

4
s

1

l
o



Pifect of temperature on rate of awocyanide deso ption 204
Tewperatule= 87,9°C
| Cm‘bon]iz]Ox;:g/g
©1,=0,30} NaCe
IE=O,30H NaOH
Dera gt | Mme | _LAul | _enQ
min mg/g
1, 0 . 0,00 3,7612
2. 6 13,15 3,3963
| R= T,0000 3
3. 10 19,60 3,1527 E -
. fnx= 3,7582 o
4, 30 36,01 1.9445 o ﬁ*ﬁ;
, = 42,87 -
5. 60 41,85 U, 1398 °‘ . h 4
lope = 0,0603
6. 120 42,00 siope= " i
; en(sdope) = -2,8078 ‘*‘
) [Au] = 43.00 %‘
8. e ]
Temperature= 79,0°C
[ Carbon]tnlOmg/g |
N i
1,=0,30M NaCe :
IE=O,3Oi'1 NaOH
Data pt. _Time | _[Au) _nQ
min ma/g
1. 0 0,00 3,4340
2. 5 7,30 3,1653
. R= 1,0000
3. 10 12,83 2,8998
Ln&= 3,4324
4. 30 24,80 1,8244 ’
= 30,95
5. 60 29,74 0,2287 |, o=
slope = 0,0535
6. 130 28,51 | - slope = O,
. Ln(slope)= -2,9290 |
. [Au] = 31,00 ?
8. e 2




= e T ~ » by o

Bitert of tempmatere on rate of aurocyvanide desorplion 205

Temperatuie= 73,0°C
l Cm'bon]zr:] Omg/g
" 1,=0,30M NaCe
.T.E==O,301"i NaOH

Dig_pt. Tme | _LAul | _enQ
min mg/g
0 0,00 3,2581
9. 5 5,63 3,0141
R= 1,0000
3. y 10 9,95 2,7755 )
. Onol= 3,2592
4, 25 18,33 2,0373
. oL O(': 26,03
5. . 40 22,31 '1,3062
slope = 0,0488
90 26,01 N
£n(dope) = -3,0193
[Au], = 26,00

Temperature= 83,5°C

o el AR i 448 L B

i { Carbon]{:l() mg/g
i . .
| I,=0,30 NaOH
!
i Data pt. _Tme | _[Au]l _nQ
min ma/g
1. 0 0,00 3,5835
2, 5 10,50 3,2385
: - R= 0,9858
- 3. 10 15,16 3,0367
' ! en= 3,53342
4, 30 31,99 1,3893
o= 34,24
5. 60 35,00 0,0000 |,
1 = 0,0611
6. 120 36,00 - SRS = T
| 7 Lr(slope) =—2,7945
A [Au]e= 36,00
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Bie Lo tomporatme on yale of awoecyanide desor plion 206
Tewmperatos 82,5°0
[ (‘.urhon]{:] Oig/g
70,3034 NaCe
T,+0,30} NaOH
Daute p _dine LAl enQ_
min wi/ i
1. 0 0,00 3,5264
2, 5 8,52 3,2281
R= 0,9999
3. 10 14,93 2,9480 o
Lhot= 335275 ‘ﬂ
; " 25 26,20 2,0540 s 393 o é
H ' . = 34,04 -
| 5. 40 31,40 0,9551 o= E
i . glope = 0,0588 ‘ 4
; 6. 100 30, 50 :
; fn(slope) = -2,8329 «f!
- * ,,
;. [A u]er- 34,00 :,5
; . : Temperature= 92,0°C ‘
; ‘ [ Cm“bon]flo mg/o ,;
| 4 1,:0,30M NaCe !
if 1,=0,301 NaOH
i Data _pt, Time [Aul _InQ é
i miin mz/g
1. 0 0,00 3,9797

2, 5 14,28

o, ps s 4

L c 10 25,07
| 4. 30 45,65
5, 60 52,00

6. 100 49,70

; - = ,—,»'A‘—v——j-’ .( : m i u_.f.uun:- s -nn-m—mu-um-—.uu n‘m\-—Y e

3,6692
3,3474
2,0604
0,4055

R= 0,9986
Lnt= 3,9485

51,86

i}

o

slope = -0,0598
£n(slope) =—2,8166
[Au], = 53,50

e e e e -

e ———




Litest of tomperatore on yvate of awrocyanide desor nlion 207 ‘
Tew peratul ¢ =90,0°C
[ ‘an‘hnn]{--lOl:‘.g;/g
" 7,=0,301 NaCe |
1,=0,30H NaOH . |
Data b Jlime | LAu) LnQ
nin ma/g -
1. 0 . 0,00 3,8712
2, 5 13,02 3,5549 .
R=0,’ o
3. 10 22,51 3,2383 999? E
4, 30 40,81 1,9727 nx=3,8949 o
5 60 46,92 20,0770 & =49,15 '
- ' slope = -0,0638 ;
6. 120 47,938 ~2,7806 Flope = =%
2. ﬁ‘n(s]opc.‘.)‘=—2,7524 | ,‘§
‘ [4u)_ = 48,00
8. e 7 3
JE
Tem peraturce =88,0°C :
[ Carbon]ﬁlOmg/g; ’
1,~0,30} NaCe ;
I,=0,30} NaOH )j
Data pt. _Tme .| _lAul £n {
min ma/g b
!
1. 0 0,00 3,7495 '
2. 5 10,21 3,4748
. ‘ R= 0,9981
3. 10 18,50 3,1780
LnX= 3.7916
4, 32 35,51 1,9445
&= 44,33
5. 61 41,50 0,0000 |,
2 =-0,0612
6. 130 40,10 slope ’
9 tn(slope) =-2,7934
. [Au] = 42,50
8. e
!
{

P



oo . » gy yov v
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Temperatnios 85, 4°C
[ Corbon t:a]();;‘.g,/g
I.=0,30 No Additeves .
" I.=0,30} NaOH ’
Nata pt. Time [ Aul _nQ
nedn ma/g
1, 0 0,00 3,689
2% 5 10,41 3,3878
20,9995
3. ‘ 10 17,00 3,1361
' = 1 3146
4 30 32,97 1,9523 Budk=
5. 60 36,93 ~0,0770 o¢=3,7231
6. 130 Z’J,Ol , ’ S10pe=0,0.604
. en(slope) = =2,8070
N L4u], =40,01

Temperature = 81,0°C
[ Carbon]im] Oma/g
~0,301 No Additives

10,301 NaOH
Data_pt Mime | _[Au] _£nQ_
) min ma/g
i B 0 0,00 3,5410

Lneg= 1,2639
4, 20 23,72 2,3777

= 3,5391
5. 60 33,40 0,0953 o= 3,339

130 35,40 ' slope = 0,0579
’

N o

En(dope) = -2,8494

<

ARG s A S A g 1M VA s A 1V 41 0 i 0§ 4L A2t A3 1 MR8 W 0 SN

[/xtl]e= 34,50

o-

2. 5 9,01 3,2382 |
. R=0,9996
3, 10 14,94 2,9746

o iR
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Tewperat i ¢ +76,6°C
{ Cm“..mn]{ 101p/g
C 10,30 No Additives
:lfnm0,30 M NaOH
Data i ime b Au) L@
min mg/s
0 0,00 3,2519
5 6,00 2,9877 5
17,43 10,43 2,73Z20 B
: Lnot=1,798
25 18,90 1,9373
\ o =3,254
40 22,81 1,1086 :
.':ﬂ, ] :‘=0v526
110 opG
! : An(slope) =-2,9457
% [AU]G = 25,84
I peratures=91,0°C o .
s [ Cm"bon]tmlo ma/p ) 1
I 1,<0,30M No Additives j
ik I.=0,30} NaOH §
3 . ;
Data pt. _Time o) _[Aul Q. 4
min ma/p |
1. 0 0,00 3,9110
2, 5 13,93 3,5853
; , R= 0,9997
- 3, 10 23,42 3,2791
‘ L1 o=
4, 20 36,03 2,6354 %=3,9077
5, 40 46,33 1,2932 |, . %=3,9077 | |
slope = 0,632 i
6. 120 49,78 -
. tn(lope) =—2,7615 ;
: [Au] = 49,97 |
4 {
! ;
? |
!
& I
] |

L ) L e et it
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Effect of Temperature on Pyrolysis
of Coconut Char
‘Agmosphere: Nz/Steam
Fquilibrum Temperature Mass loss
ce % j
4
200 5 =
400 6
600 10 L
700 15 :f
750 20
800 23 “
850 30 ’
900 45
1000 68
1100 68
Atmosphere: N2
Equilibrum Temperature _Mass loss é
c* %
200 4
400 6
600 8
700 -
800 11 ‘
900 14
1000 17




Aurocyanide Adsorption

Liffect of Temperature of Activation on

Alad

21

System

szsteam

(1,0 | [l [Aul, [, | *
ce mg/ 4 mg/ 8 mgAu/g T
200 207 200 2,8 3,4
400 197 4,0 4,8
600 193 5,6 6,8
700 191 6,4 7,7
800 187 8,0 9,7
900 179 11,2 13,5
1000 168 15,6 18,8
200 216 203 5,2 6,0
400 197 7,6 8,8
600 190 10,4 12,1
650 179 14,8 17,1
700 170 18,4 21,3
750 159 22,8 26,4
800 142 29,6 34,3
850 127 35,6 | 41,2
900 196 107 45,6 45,4
950 98 39,2 50,0
1000 91 42,0 53,6
1100 207 104 41,2 49,8

i
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-
Effect of Activation Temperature on
Equilibrum Aurocyanide Adsoption
t |
Activation Temperature [Au]i [Au]e [Carbon]
c° mg/ ¢ mg/ & mgAu/g
600 97,70 21,31 0,4393
4,76 0,7149
2,30 0,8950 :
1,32 1,2436 i
0,67 1,9680 %
750 98,40 25,27 0,2770 ;
! 5,64 0,4077
2,08 0,5232
1,46 0,5864
1,23 0,6808 |
0,78 0,7735
o 0,52 1,2189 |
;' ‘ 850 103,2 20,69 0,2133 %
3 7,09 0,2747
?%f | 2,07 0,3340
%%‘ 1,51 0,3744
i 1,22 0,4128
f 0,82 0,4835
%f 0,68 0,5536
ii ’ 0,55 0,6071
%; 950 102,6 12,31 0,1702
? 4,95 0,2037
!; 1,73 0,2375 )
% 1,02 0,2576
; 0,61 0,3235
? 0,45 0,4319 ;
! 0.36 0.5580 y

m——
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4
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