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METHOD FOR THE REGENERATION OF 
SORBENT MATERIALS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] The present application is a continuation-in-part of 
US. Patent Application entitled “Method for the Regenera 
tion of Activated Carbon” having Ser. No. 09/454,584, ?led 
Dec. 6, 1999, Which is incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] The invention relates generally to the regeneration 
of sorbents used for metal removal and speci?cally to the 
regeneration of carbonaceous sorbents. 

BACKGROUND OF THE INVENTION 

[0003] Cyanidation is commonly employed for the extrac 
tion of gold from its ores. In this process, the crushed ore is 
treated With a dilute solution of sodium cyanide (NaCN), 
and a small amount of lime (CaO) to maintain a pulp pH of 
>9. In the presence of oxygen, gold dissolves forming gold 
cyanide complex. 
[0004] Recovery of the gold is typically accomplished by 
adsorbing the gold cyanide complex on activated carbon. 
The gold-loaded carbon is subjected to an elution process 
Whereby the gold is eluted from the carbon by an eluant. The 
eluted (spent) carbon contains a loW concentration of gold 
and has its gold adsorption capacity reduced. The spent 
carbon must therefore be regenerated before reuse. 

[0005] Various regeneration methods have been proposed 
and practiced, but all of the methods are problematical in the 
areas of cost, regeneration ef?ciency and maintenance of the 
mechanical strength of the regenerated carbon. Therefore, 
development of an effective and economical regeneration 
method has been eagerly desired in the art. 

[0006] Some conventional methods for the regeneration of 
activated carbon are: (a) a loW temperature heating method 
comprising heating spent carbon at a temperature of 100 
400° C. With steam or the like, (b) a high temperature 
heating method comprising heating spent carbon at a tem 
perature of 400-1000° C., (c) a regeneration method using a 
high temperature inert gas, (d) a chemical regeneration 
method using acid or alkali, and (e) a Wet oxidation method, 
etc. 

[0007] In the gold mining industry using Carbon-in-Pulp 
(CIP) or Carbon-in-Leach (CIL) process, good carbon activ 
ity is important. Each mining operation has to match carbon 
activity With process requirements. When thermal carbon 
regeneration is used to regenerate spent carbon, it is a 
general rule that the higher the carbon activity the Weaker 
the carbon and thus higher carbon losses in these processes. 
Therefore, it is common practice in the industry to thermally 
regenerate 50% or less of the total process carbon to save on 
regeneration costs and to reduce carbon losses. 

[0008] Chemical methods of regenerating carbon achieve 
partial regeneration of the carbon and can reduce the fre 
quency of thermal regeneration. It is employed to remove 
speci?c solvents and/or compounds from the carbon. The 
most common of the chemical methods are; (a) acid Washing 
the spent carbon With hydrochloric or nitric acid solutions, 
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and (b) caustic Washing With sodium hydroxide solution to 
remove organic contaminants. 

[0009] Acid Washing using nitric or hydrochloric acid at 
room temperature after elution may restore carbon activity 
to some extent, but the improved carbon activity is small 
compared With that of thermal regeneration. 

[0010] Carbon activation With sulfuric acid by impregna 
tion and heating at 250° C. for 4-6 hours Was reported to 
improve adsorption of ammonia by active carbon ?bers. 

[0011] Davidson et al., US. Pat. No. 4,267,069, tried to 
increase carbon gold adsorption capacity by contacting the 
carbon With an aqueous copper salt solution at a pH less than 
6 in the presence of carbonic acid, carbonate or bicarbonate. 

[0012] Hanceford et al., U.S. Pat. No. 4,407,725, tried to 
regenerate activated carbon With caustic Wash and an 
optional periodic acid Wash. 

[0013] Lambert et al., US. Pat. No. 5,087,374, tried to 
regenerate activated carbon used to purify WasteWater With 
an aqueous bath containing a surface-active agent While 
ultrasonic vibration is applied to the aqueous bath. 

[0014] Activated carbon used for liquid phase, hoWever, 
cannot be regenerated unless it is subjected to the high 
temperature heating method, namely, a re-activation or a 
thermal regeneration method in Which regeneration is 
effected under the same conditions as adopted for production 
of activated carbon. Further, regeneration conditions, such 
as the amount of steam and the residence time in the 
regenerating furnace vary depending on amount and prop 
erties of activated carbons. Therefore, regeneration loss is 
increased by prolongation of the residence time, excessive 
incorporation of air and the like, and simultaneously, the 
mechanical strength is reduced in the regenerated activated 
carbon. 

[0015] Furthermore, in some cases the exhaust gas from 
the regenerating furnace causes secondary air pollution. On 
the other hand, the chemical regeneration method in Which 
high temperature heating is not conducted is advantageous 
in that the regeneration loss can be reduced, but the degree 
of regeneration is insuf?cient and loWer than in the thermal 
regeneration method and both the Waste coming from the 
spent carbon and the chemicals used for regeneration should 
be treated completely. 

[0016] In summary, prior methods of regenerating acti 
vated carbon had disadvantages including the folloWing: 

[0017] high energy costs of thermal regeneration; 

[0018] Weakened carbon and generation of carbon 
?nes; 

[0019] inadequate regeneration; 

[0020] expensive reagents; 

[0021] complex process; or 

[0022] expensive equipment. 

[0023] Accordingly, the development of a regeneration 
method that Will be able to overcome these defects involved 
in the conventional methods and to perform regeneration at 
an optimum regeneration rate With lessened regeneration 
loss has been highly demanded in the art. 
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[0024] As a result of intensive investigation made on 
regeneration of activated carbon, a novel activated carbon 
regeneration process has been discovered that satis?es the 
above-mentioned demands held in the art. 

SUMMARY OF THE INVENTION 

[0025] These and other needs are addressed by the process 
of the present invention. Generally, the present invention 
provides a methodology for regenerating a sorbent, such as 
activated carbon, for reuse in a metal adsorption, absorption, 
or entrapment process. As used herein, a “sorbent” refers to 
any substance that absorbs, adsorbs, or entraps another 
material. The methodology utiliZes an organic acid and/or 
sulfuric acid during sorbent regeneration. 

[0026] In one embodiment, the process includes the fol 
loWing steps: 

[0027] (a) leaching (such as With a lixiviant) a metal 
containing material to form a pregnant leach solution 
containing at least a portion of the metal, 

[0028] (b) contacting the pregnant leach solution 
With a sorbent to form a loaded sorbent containing at 
least a portion of the metal dissolved in the pregnant 
leach solution, 

[0029] (c) contacting the loaded sorbent With an 
eluant to form a loaded eluant containing at least a 
portion of the metal in or on the loaded sorbent and 
a spent sorbent, 

[0030] (d) contacting the spent sorbent With an 
organic acid to form a regenerated sorbent, and 

[0031] (e) recovering the metal from the loaded elu 
ant. 

[0032] The process is effective for a variety of metals and 
metal complexes. Preferably, the metal is a member of any 
one of Groups VIIIA, IB, or IIB, of the Periodic Table of the 
Elements. More preferably, the metal is gold, silver, plati 
num, copper, nickel, cobalt, mercury, and/or mixtures 
thereof. The metal can be complexed When in the pregnant 
leach solution, eluant, and/or in or on the loaded sorbent, 
With a variety of functional groups, including cyanide, 
thiocyanate, thiosulphate, and mixtures thereof. Typically, 
the metal is complexed With cyanide. 

[0033] The lixiviant in step (a) can be any suitable mate 
rial for dissolving the metal in the metal-containing material. 
Preferably, the lixiviant is one or more of cyanide, thiosul 
fate, thiourea, thiocyanate, and mixtures thereof. The leach 
ing step can be performed by contacting the lixiviant With 
the material in a stirred or agitated or unstirred or unagitated 
vessel such as an open vessel or a closed vessel such as an 

autoclave or by applying the lixiviant to a pile or heap of the 
material or by applying the lixiviant to the material in situ. 

[0034] The pregnant leach solution is contacted With the 
sorbent in any suitable vessel by any suitable technique. 
Preferably, the pregnant leach solution is contacted With the 
sorbent in an open or closed stirred or agitated or unstirred 
or unagitated vessel or by passing the pregnant leach solu 
tion through a bed of the sorbent in either a ?uidized or ?xed 
bed con?guration. 

[0035] The sorbent can be any suitable material for 
absorbing, adsorbing, or otherWise entrapping the metal. 

Jul. 19, 2001 

Preferably, the sorbent is organic and more preferably the 
sorbent is carbon (e.g., activated carbon), resins, and/or 
mixtures thereof. 

[0036] As in the case of the pregnant leach solution, the 
eluant can be contacted With the loaded sorbent in any 
suitable vessel by any suitable technique. Preferably, the 
pregnant leach solution is contacted With the sorbent in a 
stirred or agitated or unstirred or unagitated vessel or by 
passing the pregnant leach solution through a bed of the 
sorbent in either a ?uidiZed or ?xed bed con?guration. 

[0037] The eluant can include any suitable eluting mate 
rials, such as ammonia, carbohydrates (a compound having 
the formula CX(H2O)y Where x and y are Whole numbers), 
inert gases such as molecular nitrogen, a metal hydroxide (a 
compound containing one or more OH— groups), cyanides 
(a compound containing one or more —CN radicals), alco 
hols (an organic compound containing one or more hydroxyl 
groups), ketones (a compound in Which the carbonyl group 
is attached to tWo alkyl groups), nitrites (an organic com 
pound containing the —C=N grouping), acetone, cyanates 
(a salt of cyanic acid containing the radical —CNO), hydra 
Zines, hydroxy acids, carboxylic acids, hydrocarbons (a 
compound consisting only of C and H), and mixtures 
thereof. The eluant typically includes a solvent for the 
eluting material. To avoid competing With the eluting mate 
rial in displacement of the metal or metal complex from the 
sorbent, the solvent in a preferred embodiment preferably is 
a polar or substantially polar compound and the eluting 
material is nonpolar or substantially nonpolar. Preferred 
solvents include Water, alcohols, and mixtures thereof. The 
preferred elution process is described in Us. patent appli 
cation Ser. No. 09/372,025, ?led Aug. 13, 1999, and Ser. No. 
09/632,386, ?led Aug. 3, 2000, both of Which are incorpo 
rated herein by this reference. 

[0038] The regeneration of the spent sorbent is preferably 
performed using an inorganic acid such as a mineral acid 
(e.g., sulfuric acid) and/or an organic acid such as a hydroxy 
acid (e.g., an acid containing one or more hydroxy groups 
such as glycolic acid and/or lactic acid) and/or a carboxylic 
acid (e.g., an acid containing one or more carboxylic groups 
such as acetic acid (or methanecarboxylic acid), formic acid, 
caproic acid, oxalic acid, cerotic acid, aromatic acids such as 
benZoic acid and salicylic acid, alicyclic acids such as 
abietic acid and chaulmoogric acid and/or amino acids), 
With organic acids particularly hydroxy acids being pre 
ferred and hydroxycarboxylic acids (particularly glycolic 
acid) being even more preferred. The operating parameters 
for the regeneration are important to realiZe the optimum 
degree of regeneration. The pH at Which the regeneration is 
performed typically ranges from about pH 0.5 to about pH 
3 and the temperature typically from about ambient to about 
95° C. The concentration of the acid in the regeneration or 
acid Wash solution contacted With the spent sorbent prefer 
ably ranges from about 3 to about 10% Weight. Regeneration 
can be performed in any suitable stirred or unstirred, agitated 
or unagitated vessel or by passing the acid Wash solution 
through the spent sorbent in a ?uidiZed or ?xed bed con 
?guration With the latter being preferred. 

[0039] While not Wishing to be bound by any theory, it is 
believed that the shorter chain organic acids, particularly 
glycolic acid, penetrate deeply into the sorbent matrix, 
particularly for organic sorbents such as carbonaceous sor 
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bents. The depth of acid penetration into the matrix is 
believed to be dependent upon factors such as the shape of 
the acid molecule and the charge distribution on the mol 
ecule. The deep penetration of the acid inhibits removal 
and/or neutraliZation of the acid When the sorbent is Water 
rinsed (after the regenerative acid Wash) to remove excess 
acid. Unremoved (excess) acid Will consume cyanide and 
other basic leaching agents When the sorbent is again 
contacted With the pregnant leach solution. During the 
contacting step (b) above, the unremoved acid in the sorbent 
matrix is believed to cause a loWer pH to exist in or near the 
sorbent surface and/or pores than exists in the surrounding 
pregnant leach solution. The loWer pH causes the metal to be 
more strongly attracted to the sorbent, thereby causing a 
higher amount of metal collection in the sorbent than has 
been previously realiZed With acids such as nitric acid and 
hydrochloric acid, Which are not believed to penetrate 
deeply into the sorbent matrix. Organic sorbents such as 
activated carbon are believed to adsorb organic acids better 
than inorganic acids such as nitric acid and hydrochloric 
acid. 

[0040] In one con?guration that is particularly applicable 
to carbon-containing sorbents, a ?rst portion of the spent 
carbon is contacted With the organic acid and a second 
portion of the spent carbon is contacted With sulfuric acid. 
The ?rst portion of the spent carbon is subsequently ther 
mally reactivated (e.g., in a kiln or other suitable reactor or 
heater typically at a temperature ranging from about 600 to 
about 800° C.) before being recycled to step (b) above and 
the second portion is not subsequently thermally reactivated 
before being recycled to step (c) above. The presence of an 
excessive amount of the sulfur atom in or on the second 
portion may cause oxidation and loss of carbon from carbon 
containing sorbents during thermal reactivation. 

[0041] The regenerated sorbent Will typically contain 
some of the acid on the surface of or inside the pores of the 
sorbent. For example, regenerated carbon typically includes 
sulfuric acid and/or the organic acid adsorbed in a plurality 
of pores of the carbon. 

[0042] The process, in one or more of its many embodi 
ments, can have a number of advantages. Treating the 
activated carbon With a solution containing organic acids, 
particularly glycolic acid, can restore signi?cant gold 
adsorption capacity to the spent sorbent. The process can 
have loW capital and operating costs yet high regeneration 
ef?ciency and can maintain the mechanical strength of the 
regenerated sorbent. Although the process uses thermal 
reactivation techniques in one embodiment, other embodi 
ments employ no thermal reactivation and are conducted at 
ambient to beloW about 100° temperatures, Which loWers 
operating (energy) costs, is energy ef?cient, and avoids 
compromising the structural integrity of the carbon (thereby 
generating feW if any carbon ?nes and reducing loss of 
carbon). Even When thermal reactivation is employed, the 
spent sorbent is typically heated to relatively loW tempera 
tures, Which Will not seriously compromise the mechanical 
strength of the regenerated sorbent. The regeneration tech 
niques of the present invention can be fast and highly 
effective, thereby decreasing the risk of inadequate regen 
eration. The process can use relatively inexpensive reagents 
such as sulfuric acid and glycolic acid at optimum regen 
eration rates. The process can be relatively simple and can 
use relatively inexpensive equipment. In some embodi 
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ments, the regeneration process is performed in situ, thereby 
requiring less carbon handling. The process can be readily 
adapted to existing plants and infrastructures. The descrip 
tion and draWings beloW shoW additional objects and advan 
tages. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0043] FIG. 1 shoWs the major components and How 
directions of a typical elution process incorporating the 
chemical regeneration process of the eluted (spent) carbon. 

[0044] FIG. 2 shoWs another embodiment of a regenera 
tion process that may be employed With any suitable elution 
process; 

[0045] FIG. 3 shoWs the plot of gold adsorption rate of 
carbons subjected to different carbon regeneration treatment. 

[0046] FIG. 4 shoWs carbons that have been subjected to 
further gold adsorption cycles to increase its gold loading 
capacity. 

DETAILED DESCRIPTION 

General Discussion 

[0047] Although the process embodiments discussed 
beloW speci?cally refer to the elution of gold from gold 
loaded activated carbon generated from an extractive met 
allurgical process using a cyanide-containing lixiviant and a 
carbohydrate-containing eluant, it is to be understood that 
the processes are equally applicable for metals other than 
gold for eluants that do not contain carbohydrates, and for 
processes other than extractive metallurgy. For example, the 
processes can be used on other precious metals and base 
metals, to name but a feW, and may be used to elute or 
remove metals/metal complexes from sorbents generated in 
Water treatment and/or puri?cation processes. 

[0048] The acid Wash solution can include any suitable 
mineral acid, such as nitric acid, hydrochloric acid, sulfuric 
acid, and/or an organic acid such as glycolic acid, and 
preferably has a pH ranging from about pH 0.1 to about pH 
5 and more preferably from about pH 0.5 to about pH 2. The 
concentration of the acid in the acid Wash solution prefer 
ably arranges from about 0.5 to about 25 vol. % and more 
preferably from about 3 to about 5 vol %. 

[0049] While not Wishing to be bound by any theory, it is 
believed that the eluting or blinding agent, in the presence of 
the acidic pH, is at most only Weakly attracted to the sorbent, 
thereby causing a large fraction (typically at least about 
90%) of the blinding agent into the solution from the sorbent 
surface. In other Words, in the presence of a basic pH, the 
equilibrium betWeen the blinding agent in the solution and 
the blinding agent on the surface of the sorbent strongly 
favors the attachment of the blinding agent to the sorbent 
surface. In contrast in the presence of an acidic pH, the 
equilibrium betWeen the dissolved blinding agent and the 
blinding agent on the surface of the sorbent strongly favors 
the dissolution (or hydrolysis) of the blinding agent. 

[0050] The temperature of the acid Wash typically ranges 
from about 80 to about 120° C. 

[0051] After the solvent has been contacted With the acid 
Wash for a time typically ranging from about 1 to about 2 



US 2001/0008617 A1 

hours, the regenerated sorbent can be rinsed With Water to 
remove residual acid solution. 

[0052] The sorbent can then be reused in a variety of 
knoWn processes to remove dissolved metal/metal com 
pleXes from pregnant liXiviant solutions, industrial af?uents, 
Waste Waters, etc., to form metal/metal complex loaded 
sorbent for use as the feed material in any elution processes 
including those described above. 

PREFERRED EMBODIMENT 

Description 

[0053] A preferred process involving selected major 
operations is shoWn in FIG. 1. The gold-loaded carbon is 
soaked in the carbon elution column 10 at a temperature 
preferably ranging from about 80 to about 100° C. and more 
preferably about 95° C. With an organic acid Wash solution 
14 (having about 2% W/W organic acid) typically for at least 
about one hour. The acid Wash solution 14 is drained out of 
the carbon column 10 and the carbon is thereafter neutral 
iZed With a suitable base 18 such as ammonia Water (having 
about 2% W/W base) by passing the base 18 through the 
column 10. The gold-loaded carbon is then eluted in the 
column 10 With an eluant 22 in column 10 to strip the gold 
from the carbon and form gold-loaded eluant 26. After the 
elution process, the spent carbon in column 10 is Washed 
With hot (e.g., about 95° C.) acid Wash solution 30. As Will 
be appreciated, the organic acid Wash solutions 14, 30 can be 
stored in the same vessel or in separate vessels. Heater 34 
and heat exchanger 38 are used to heat the various solutions 
as desired. 

[0054] The reagents used in this process, e.g., glycolic 
acid and ammonia solutions, may be reused if necessary by 
draining each solution back to their respective holding tank 
after each batch of carbon is treated by the solution. The 
solution can be made up to strength With fresh reagents 
before reuse. 

[0055] The pre-elution treatment using organic acid solu 
tion 14 and base 18 hastens the elution process as Well as 
helps in the regeneration of the spent carbon in the post 
elution treatment With organic acid solution 30. 

Operation 

[0056] This part describes hoW my invention operates in 
reference to FIG. 1. 

[0057] As indicated in FIG. 1, the gold-loaded carbon in 
column 10 is prepared for elution by Washing With about 1.5 
to 2 Bed Volumes (BV) of about 2% Weight by Weight ratio 
(W/W) organic acid Wash solution 14 at about 95° C. for one 
hour. The organic acid solution 14 is drained and the carbon 
is neutraliZed in column 10 With about 1.5 to 2 BV of 2% 
W/W base or basic solution 18 for another hour. This pre 
elution treatment is meant to: (a) dissolve carbonate scale 
and reduce levels of calcium, magnesium, aluminum, and 
other metals, (b) reduce overall contaminant levels in the 
pores of the carbon, (c) hasten the elution process, and (d) 
help in the chemical regeneration of the carbon. 

[0058] Eluant 22 is then contacted With the loaded carbon 
in column 10 to form the gold-loaded eluant 26. After the 
elution is at least substantially completed, the eluant 22 is 
drained from the carbon column_10. The spent carbon is 
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then soaked in column 10 With about 2% W/W organic acid 
solution 30 at about 95° C. to regenerate the spent carbon. 
The acid Wash treatment is repeated at about 1.5 to 2 BV per 
hour for at least about one hour. The organic acid solution 30 
is then drained from column 10 for reuse. 

ALTERNATIVE EMBODIMENT 

In-Situ Regeneration of Carbon 

Description 
[0059] An additional embodiment conducts the alternating 
process of metal (e.g., gold) adsorption onto the sorbent and 
organic acid or sulfuric acid Washing on the organic sorbent 
(e.g., carbon) to increase its metal loading capacity. 

[0060] This embodiment relates to the regeneration of the 
organic sorbent outside of the elution process to increase 
gold loading capacity. 

In-Situ Regeneration of Carbon 

Operation 
[0061] In the process of recovering the metal (particularly 
gold) from a pregnant leach solution (particularly a cyanide 
solution) using an organic sorbent or sulfuric acid (particu 
larly activated carbon), the loading capacity of the sorbent 
carbon can be increased by the alternating process of metal 
adsorption and organic acid Washing. 

[0062] In one con?guration, the operation involves the 
folloWing steps: 

[0063] Drain the gold cyanide solution from the 
carbon column 10 after at least a portion of the gold 
(or other metal) is loaded onto the carbon; 

[0064] Rinse the gold loaded carbon With Water to 
reduce the cyanide concentrations on the carbon; 

[0065] Drain the rinse Water from the column 10 and 
soak the carbon in the organic acid solution in 
column 10; 

[0066] Drain the organic acid or sulfuric acid solution 
from column 10 and rinse With at least about one bed 
volume of Water to reduce acidity; and 

[0067] Put the carbon column into operation (e.g., 
proceed With eluting the gold from the carbon and/or 
regenerating the sorbent). 

[0068] The process can be done in any carbon vessels and 
at any temperatures. The organic or sulfuric acids and basic 
solutions preferably use the concentrations noted above. As 
Will be appreciated, the process can be used for other metals 
and other sorbents described herein. 

[0069] As Will be appreciated, higher acid Washing tem 
peratures Will achieve faster carbon regeneration. 

[0070] In another embodiment of the present invention 
both a ?rst acid Wash solution containing an organic acid and 
a second acid Wash solution containing an inorganic acid or 
a ?rst acid Wash solution containing a ?rst organic acid and 
a second acid Wash solution containing a second organic 
acid different from the ?rst organic acid are employed to 
acid Wash ?rst and second portions, respectively, of the spent 
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sorbent. One or both of the separately Washed portions can 
be further subjected thermal reactivation to provide a high 
degree of sorbent activity. 

[0071] In another embodiment of the present invention, 
glycolic acid, sulfuric acid, or both, is used to reactivate 
spent sorbent that may or may not undergo thermal regen 
eration before reuse. FIG. 2 shoWs this process according to 
this embodiment When the spent sorbent is generated using 
a less common continuous elution process. Most spent 
carbon is produced batchWise using a batch elution process; 
therefore the alternating batches of spent sorbent are ther 
mally reactivated or not thermally reactivated. To further 
save on cost, spent sorbent that Will be thermally regenerated 
is typically not acid Washed. In this con?guration, only spent 
sorbent that Will not be thermally regenerated is acid Washed 
With glycolic or sulfuric acid by a hot; preferably acid Wash. 

[0072] Referring to FIG. 2, the spent sorbent 100 in the 
embodiment using continuous elution is ?rst divided 104 
into separate ?rst and second portions 108, 112 by any 
suitable technique and in any proportion. The ?rst portion 
108 is subjected to a ?rst acid Wash 116 using a ?rst acid 
Wash solution 120 containing an organic acid such as 
glycolic acid to form an acid Washed ?rst portion 124. The 
acid Washed ?rst portion 124 is then thermally reactivated 
128 typically at a temperature ranging from about 600 to 
about 800° C. in a suitable reactor or heater for a time 
ranging from about 30 to about 60 min. to form thermally 
reactivated ?rst portion 132. The second portion 112 is acid 
Washed 136 With a second acid Wash solution 140 containing 
an inorganic acid such as sulfuric acid to form acid Washed 
second portion 144. The acid Washed second portion 144 
and thermally reactivated ?rst portion 132 are recombined 
148 by suitable techniques to form the regenerated sorbent 
152, Which may be reused in the sorption/elution process. 

[0073] As noted, FIG. 2 re?ects a process utiliZing the 
continuous elution of spent sorbent. For a batchWise process, 
FIG. 2 Would be modi?ed such that alternating batches of 
eluted or spent sorbent Would constitute the ?rst and second 
portions 108, 112. The dividing step 104 and recombining 
step 148 Would be absent from the How schematic in this 
embodiment as the ?rst and second portions Would be 
discrete from each other. As Will be appreciated, When 
alternating batches of spent sorbent 100 are regenerated 
sequentially, a separating or dividing step Would not be 
utiliZed. As noted, the ?rst portion 108 may not be acid 
Washed before thermal reactivation to reduce costs, and the 
?rst portion 108 and second portion 112 are sequentially and 
alternative respectively thermally reactivated and not ther 
mally reactivated. 

Example 1 

[0074] A method for comparing carbon activity Was used 
to compare the folloWing carbon regeneration treatments: 

[0075] Spent carbon, With no regeneration treatment; 

[0076] Spent carbon, acid Washed at 95° C. With 
nitric acid (HNO3); 

[0077] Spent carbon, acid Washed at 95° C. With 
hydrochloric acid (HCl); 

[0078] Spent carbon, acid Washed at 95° C. With 
glycolic acid (GA); and 
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[0079] Spent carbon, With thermal regeneration. 

[0080] Methodology involves presoaking one gram of 
carbon sample in “tailings” slurry for one hour before 
adding the carbon to one liter of standard gold cyanide 
solution containing about 10 ppm gold and buffered to pH 
10. The purpose of presoaking the carbon in tailings slurry 
Was to neutraliZe the “pH effect” of the acid treatment on 
carbon activity. The carbonsamples Were screened to minus 
8-mesh and plus 10-mesh. At 15 minutes time intervals a 
small aliquots of test solution Were removed to determine 
the remaining gold concentration. Aplot is prepared for each 
carbon sample as shoWn in FIG. 3. 

[0081] The data shoWs no signi?cant improvement in 
carbon activity Was attributed to the use of nitric and 
hydrochloric acid Wash. Conventional acid Washing alloWs 
for the removal of minerals containing calcium, magnesium 
and aluminum. The removal of these minerals proves helpful 
in improving thermal regeneration of the carbon. 

[0082] On the other hand, Washing With glycolic and 
sulfuric acid solution, signi?cantly improved carbon activ 
ity. It is possible that thermal regeneration can be signi? 
cantly reduced or eliminated in gold-adsorption processes 
such as CIL or CIP. 

[0083] Maximum carbon regeneration Was achieved by 
thermal regeneration at a price of high carbon losses. It is not 
alWays necessary to have a carbon that has very high 
activity. The gold adsorption process Will dictate the 
required carbon activity for optimum operation. 

Example 2 

[0084] FIG. 4 and Table 1 shoW that alternating gold 
adsorption and glycolic acid Washing of the loaded carbon 
can increase the gold loading capacity of the carbon. TWo 
spent carbons, A and B, each initially containing 300-ppm 
gold Were subjected further to four periods of gold adsorp 
tion. Carbon A Was not acid Washed betWeen periods While 
Carbon B Was acid Washed With glycolic acid and Water 
rinsed betWeen periods. 

[0085] The methodology involves tWo grams of carbon 
sample added to 100 mL of 127 ppm gold solution. The gold 
solution contains 0.5 g/L sodium cyanide and 1 g/L calcium 
hydroxide. The gold adsorption period Was 2 hours and the 
acid Washing period Was 15 minutes With Water rinse. After 
each gold adsorption period the gold solution Was analyZed 
to determine the amount of gold adsorbed by the carbon. The 
carbon Was then put into fresh gold solution for the next gold 
adsorption period. 

TABLE 1 

Gold loading (ppm gold) in the Carbon after each 
cycle 

Cycles 1 2 3 4 

Carbon A 3820 6010 7615 9135 
Carbon B 3990 7635 10785 13530 

[0086] While various embodiments of the present inven 
tion have been described in detail, it is apparent that further 
modi?cations and adaptations of the invention Will occur to 
those skilled in the art. HoWever, it is to be expressly 



US 2001/0008617 A1 

understood that such modi?cations and adaptations are 
Within the spirit and scope of the present invention. 

What is claimed is: 
1. Aprocess for recovering a metal from a metal-contain 

ing material, comprising: 
(a) leaching the material to form a pregnant leach solution 

containing at least a portion of the metal, 

(b) contacting the pregnant leach solution With a sorbent 
to form a loaded sorbent containing at least a portion of 
the metal, 

(c) contacting the loaded sorbent With an eluant to form a 
loaded eluant containing at least a portion of the metal 
in the loaded sorbent and a spent sorbent, 

(d) contacting the spent sorbent With an organic acid or 
sulfuric acid to form a regenerated sorbent, and 

(e) recovering the metal from the loaded eluant. 
2. The process of claim 1, Wherein the sorbent is at least 

one of carbon, and resin. 
3. The process of claim 1, Wherein step (a) is performed 

by contacting a lixiviant With the material and Wherein the 
lixiviant includes at least of cyanide, thiosulfate, thiourea, 
thiocyanate and mixtures thereof. 

4. The process of claim 1, Wherein the eluant includes at 
least one of a carbohydrate, a hydroxide, a cyanide, an 
alcohol, a ketone, a nitrile, acetone, a cyanate, a hydraZine, 
a hydroxy acid, a carboxylic acid, a hydroxycarboxylic acid, 
a hydrocarbon, ammonia, and mixtures thereof. 

5. The process of claim 1, Wherein the metal is a member 
of at least one of Groups VIIIA, IE, or IIB of the Periodic 
Table of the Elements. 

6. The process of claim 1, Wherein the organic acid is one 
or more hydroxy acids. 

7. The process of claim 6, Wherein the hydroxy acid is one 
or more hydroxycarboxylic acids. 

8. The process of claim 1, Wherein the regenerated sorbent 
is reused in step 

9. The regenerated sorbent made in the process of claim 
1. 

10. The metal recovered in the process of claim 1. 
11. A process for treating spent carbon, comprising con 

tacting the spent carbon With an organic acid. 
12. The process of claim 11, further comprising: 

(a) leaching the material With a lixiviant to form a 
pregnant leach solution containing at least a portion of 
the metal, 

(b) contacting the pregnant leach solution With a sorbent 
to form a loaded sorbent containing at least a portion of 
the metal, 

(c) contacting the loaded sorbent With an eluant to form a 
loaded eluant containing at least a portion of the metal 
in the loaded sorbent and a spent sorbent, Wherein the 
lixiviant includes at least one of cyanide, thiosulfate, 
and mixtures thereof, and the eluant includes at least 
one of a carbohydrate, ammonia, a hydroxide, a cya 
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nide, an alcohol, a ketone, a nitrile, acetone, a cyanate, 
a hydraZine, a hydroxy acid, a carboxylic acid, a 
hydroxycarboxylic acid, a hydrocarbon, and mixtures 
thereof. 

13. The process of claim 11, Wherein the metal is a 
member of at least one of Groups VIIIA, IB, OR IIB of the 
Periodic Table of the Elements. 

14. The process of claim 11, Wherein the organic acid is 
one or more hydroxy acids. 

15. The process of claim 14, Wherein the hydroxy acid is 
one or more hydroxycarboxylic acids. 

16. The process of claim 15, Wherein the hydroxycar 
boxylic acid is selected from the group consisting essentially 
of glycolic acid, lactic acid, and mixtures thereof. 

17. The process of claim 12, Wherein the regenerated 
sorbent is reused in step 

18. The regenerated sorbent made in the process of claim 
11. 

19. The metal recovered in the process of claim 11. 
20. The process of claim 11, further comprising: 

contacting the spent carbon With a metal-containing solu 
tion to form a metal loaded carbon; 

contacting the metal loaded carbon With at least one of an 
organic and inorganic acid to form a treated metal 
loaded carbon; and 

contacting the treated metal loaded carbon With an eluant. 
21. Regenerated carbon for reuse in an elution process, 

comprising an organic acid adsorbed in a plurality of pores 
of the carbon. 

22. The regenerated carbon of claim 21, Wherein the 
organic acid is a hydroxy acid. 

23. The regenerated carbon of claim 22 Wherein the 
hydroxycarboxylic acid is selected from the group consist 
ing of glycolic acid, lactic acid, and mixtures thereof. 

24. The regenerated carbon of claim 22, Wherein regen 
erated carbon includes both the sulfuric acid and the organic 
acid. 

25. The regenerated carbon of claim 22, Wherein the 
regenerated carbon includes a hydroxycarboxylic acid. 

26. A process for eluting a metal from a sorbent, com 
prising: 

contacting a metal-loaded sorbent With an organic acid or 
sulfuric acid to form a treated metal-loaded carbon; and 

contacting the treated metal-loaded carbon With an eluant 
to form a barren sorbent and a metal-loaded eluant 
containing at least most of the metal loaded onto the 
metal-loaded sorbent. 

27. The process of claim 26, Wherein the organic acid is 
a hydroxy acid. 

28. The process of claim 26, Wherein the hydroxy acid is 
selected from the group consisting of glycolic acid, lactic 
acid, and mixtures thereof. 

29. The process of claim 26, Wherein the sorbent is at least 
one of activated carbon, a resin, and mixtures thereof. 

* * * * * 


