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ABSTRACT 
 
Effects of surfactant blinding agents in cyanide leaching of carbonaceous gold ores 
for improvement in gold recovery are presented in this paper. Bottle roll leaching 
tests on refractory ores indicated significant improvement in gold recovery, when the 
ores were treated by several surfactants. The improvement in gold recovery due to 
addition of surfactant blinding agents was observed in both Carbon-In-Leach (CIL) 
and Resin-In-Leach (RIL) leaching processes. Adsorption of surfactants on 
carbonaceous gold ores and activated carbon was also investigated in this paper, 
and the potential fouling of the blinding agents on activated carbon and resin were 
discussed.  
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RESUMO  
 
Neste trabalho são apresentados e discutidos os efeitos da adição surfactantes 
como agentes desativadores dos materiais carbonáticos na lixiviação por cianeto de 
minérios auríferos para melhoria da recuperação metalúrgica. Testes de lixiviação 
em garrafões em rolos com minérios refratários indicaram aumento significativo na 
recuperação metalúrgica de ouro quando esses minérios foram tratados com 
aplicação prévia de surfactantes. A melhoria na recuperação metalúrgica de ouro, 
devida adição de surfactantes, foi observada não só no processo CIL (Carbon-in-
Leach) como também no processo RIL (Resin-in-Leach). Neste trabalho foi 
investigada a adsorção de surfactantes em minérios auríferos carbonáticos e em 
carvão ativado. O fouling potencial provocado pela adição dos surfatantes em carvão 
ativado e resinas foi é também apresentado e discutido.   
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1. INTRODUCTION 
 
Preg-robbing of gold ores during cyanidation is a common problem when excessive 
carbonaceous materials are present in the ores. Roasting is an effective way to 
oxidize carbonaceous materials and eliminate the preg-robbing problem, while 
carbon-in-leach (CIL) can improve gold recovery of mildly preg-robbing ores. 
Flotation separation of carbonaceous materials can also be applied to minimize preg-
robbing. Other studies have been done to investigate the effects of the blanking or 
blinding agents for carbonaceous materials. Treatment of carbonaceous ores by 
these agents could effectively de-activate carbonaceous materials and minimize 
corresponding preg-robbing effects. The most common treatment on carbonaceous 
ores is with diesel oils, kerosene or similar natural oils. Anionic surfactants of alkyl 
sulfonates, ethoxylated sulfonates, and nonionic surfactants of ethoxylated alcohols 
or alkyl phenols have previously been tested and found to be effective blanking 
agents for carbonaceous materials (Adams and Burger, 1998; Buckingham and 
Robles, 1992). These anionic and non-ionic surfactants generally show strong 
foaming properties, which is un-desired in the leaching process. Recent studies on 
Goldstrike carbonaceous ores with cationic surfactants of long chain fatty amines and 
their derivatives indicated significant increase in gold recovery after treatment of 
carbonaceous gold ores by these cationic surfactants in CIL leaching (Zhou, Barrett, 
Jiang, & Choi, 2013a, 2013b).  
 
Another viable technology for cyanidation of carbonaceous gold ores is Resin-in-
leach (RIL). Synthetic ion exchange resins have been used for gold recovery at 
Muruntau (Uzbekistan) for many years, and have also been applied at Golden 
Jubilee (South Africa) and Penjom (Malaysia). Resins have the potential to provide 
faster loading kinetics and higher loading capacity than activated carbon in gold 
extraction systems. Also, resins are demonstrated to be much less affected than 
activated carbon by fine inorganic particles, such as clay minerals, and organic 
compounds or reagents present in the systems. Resins are projected to be 
increasingly important as alternatives to activated carbon. We will discuss the 
beneficial effects of surfactant blinding agents in both CIL and RIL leaching of 
carbonaceous gold ores, and compare the potential fouling of the surfactants on 
carbon and resins.  
 
 
2. EXPERIMENTS AND MATERIALS 
 
2.1. Carbonaceous ores and surfactant 
 
The carbonaceous ores used in the study were obtained from Barrick Goldstrike 
Mines, and they are double refractory in nature and have been shown to be highly 
preg-robbing. After crushing & grinding to 80% passing 100 micrometer or finer, the 
ores then went through either pressure oxidation (POX) or 1st stage roasting in the 
plant to oxidize the sulfides and liberate gold associated with these sulfides. The 
resulting samples from these ores and their chemical compositions are listed in Table 
1. These samples contain little sulfide, but relatively high organic carbon.  
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Table 1. Chemical composition of carbonaceous ore samples used in the study. 

Ores Au (g/t) %C (organic) %S (sulfide) %C total 

PR2 3.56 1.45 0.09 1.50 

Interstage Calcine, ore A 7.20 0.88 <0.02 4.01 

1st stage Calcine, ore B 6.41 0.40 0.06 3.69 

 
The cationic surfactant, Ethomeen T/12, an alkoxylated fatty amine from Akzo Nobel 
Surface Chemistry LLC., was used as received. The surfactant is at least 97% pure.  
 
2.2. Bottle-Roll Carbon-in-leach (CIL) Leaching Tests – CIL & RIL 
 
In a stainless steel vessel, 1.25 kg ore slurry of ~40% pulp density (w/w) was heated 
to 80 0C in a water bath. Surfactant was added to the heated slurry and the slurry 
was conditioned for 30 minutes. Then, the conditioned slurry was transferred to a 
bottle for leaching test. The pH of the slurry was adjusted, if needed, to pH 10.5 using 
lime. In CIL tests, sodium cyanide of 1 g/L and activated carbon of 20 g/L were 
added. In RIL tests, sodium cyanide of 1 g/L and resin of 30 mL/L were added. The 
bottle was rotated on a roller for 20 h at room temperature. And then, the pulp was 
filtered and washed for gold analysis. The percentage gold recovery was calculated 
from assayed head gold grade and residue gold grade. 
 
2.3. Resin & Carbon activities  
 
The resin or carbon was first saturated by NaCN in NaOH solution, and then added 
into surfactant solution of various concentrations and gently mixed for approximately 
20 hours by a shaker. The resin or carbon was separated to perform gold loading 
tests as following. A 2 g sample of the resin or carbon contacted with surfactant 
solution was mixed with 200 mL of cyanide gold solution of 10 mg/L of Au in a flask, 
with the flask sitting on a shaker for gentle mixing. Minor portion of the solution was 
sampled at certain period for gold analysis, and resin or carbon activity was 
calculated as gold recovery of resin or carbon. 
 
For those activated carbon that were used in surfactant assisted CIL leaching, the 
same gold loading tests were carried out to determine their carbon activities, where 
the carbon from bottle roll cyanide leaching test was washed and rinsed by water, 
and then followed by gold loading tests to determine the carbon activities.  
 
2.4. Surfactant adsorption on ore and activated carbon 
 
Surfactant of various concentrations was added into slurries of gold ore PR2 at pH ~1 
and 600C, and the mixtures were conditioned by mixing for 30 minutes. The pH of the 
slurry was then raised to 10.5 and the mixture stirred for a further 30 minutes. After 
centrifuging, the supernatant was pipetted out for residual surfactant concentration 
determination by dynamic surface tension. The amount of surfactant adsorbed onto 
ore surfaces was calculated. The same method was applied to determine the amount 
of surfactant adsorbed on activated carbon at various surfactant concentrations. 
 
Optionally, after the pH of the ore slurry and surfactant was adjusted to 10.5, a 
certain amount of activated carbon was added into the mixture before equilibrating 
for a further 30 minutes. The carbon was separated by sieving and the ore was 
centrifuged out, then both were dried in an oven and the adsorbed surfactant was 
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extracted by organic solvent for quantification by LC-MS. This is to determine the 
possible migration of surfactant from ore surface to activated carbon. 
 
 
3. RESULTS AND DISCUSSION 
 
3.1. Effects of surfactants on CIL and RIL leaching of carbonaceous ores 
 
The surfactants focused on in our study are cationic surfactants of fatty alkyl amines 
and their derivatives. They were shown to improve gold recovery of carbonaceous 
ores by CIL (Zhou, Barrett, Jiang, & Choi, 2013a, 2013b), and typically produce much 
less foaming or froth during the leaching process than anionic and non-ionic 
surfactants. Figure 1 illustrates and compares the beneficial effects of cationic 
surfactant Ethomeen T/12 on gold recovery by CIL and RIL for three carbonaceous 
ores. CIL gold recovery is improved by 40%, 15% and 30% respectively for 
carbonaceous ores of PR2, Interstage Calcine, and 1st stage Calcine, when the ore 
slurry was pre-treated by 1kg/t of Ethomeen T/12 for 30 minutes at 80 0C. Without 
pre-treating the carbonaceous ores by surfactant, RIL leaching seems to yield 10-
20% more gold recovery than CIL leaching depending on the ores. The results also 
indicate that the RIL gold recovery increases consistently by 25-30% for all three 
ores, when treating the carbonaceous ores by Ethomeen T/12 at the dosage of 1 kg/t 
prior to RIL leaching. As a whole, surfactant-assisted RIL leaching on carbonaceous 
ores shows 10-20% higher gold recovery than surfactant-assisted CIL leaching, 
when Ethomeen T/12 was applied at the dosage of 1 kg/t to treat the ores at 800C for 
30 minutes.  
 

 
Figure 1. Comparison of gold recovery on three carbonaceous ores by CIL and RIL with 

cationic surfactant Ethomeen T/12 at dosage of 1 kg/t. 

 
Dosage efficiency of Ethomeen T/12 as blinding agent for gold recovery improvement 
by CIL and RIL leaching of two carbonaceous ores are determined, and the results 
are shown in Figure 2. PR2 is considered a highly preg-robbing ore, and 1st stage 
Calcine is a mildly preg-robbing ore. When added at a dosage of 0.5kg/t in bottle-roll 
CIL leaching, Ethomeen T/12 helps to improve the gold recovery of PR2 by more 
than 40%: from 12% to 55%. When treating 1st stage Calcine ore by Ethomeen T/12 
at 0.5 kg/t in RIL leaching, gold recovery increases from 55% to 75%. When 
Ethomeen T/12 is used at the dosages of 1 kg/t or higher, the gold recovery reaches 
a plateau of 80% for 1st stage Calcine by RIL and 60% for PR2 by CIL. Recent study 
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on CIL leaching of preg-robbing ores with fatty amine derivatives, including 
quaternary fatty alkyl ammonium salts, suggests that these surfactants also help to 
improve gold recovery of single refractory carbonaceous ores, where the ores were 
pre-conditioned with surfactants at room temperatures and natural basic pH.  
 

 
Figure 2. Gold recovery of carbonaceous ores by RIL and CIL leaching with cationic surfactant 

Ethomeen T/12 at various dosages. 

 
3.2. Impacts of surfactants on fouling in CIL and RIL processes 
 
In cyanidation of gold ores, adsorption of surfactant molecules onto the surface of 
activated carbon can lead to significant amount of carbon surface area being 
inaccessible to gold cyanide species, resulting in decreased gold adsorption rate and 
decreased gold loading. This phenomenon is typically called carbon fouling. It is 
important to understand (1) to what extent the cationic surfactant Ethomeen T/12 can 
reduce carbon activity after direct contact, and (2) also the degree of reduction on the 
carbon activity in surfactant-assisted CIL process. In later case, most of the 
surfactants are adsorbed onto the surface of carbonaceous ores during its treatment 
prior to CIL leaching and there is essentially no “free” surfactant in the solution 
except possible migration of surfactant molecules from ore surfaces to carbon 
surfaces. 
 
Figure 3 demonstrates the reduction of carbon activity by gold loading tests after 
activated carbon was soaked in surfactant solutions of various concentrations. Here 
the carbon is considered direct contact with the surfactant, and surfactants are 
expected to adsorb directly onto activated carbon. Apparently, there is a severe 
poisoning effect on activated carbon by Ethomeen T/12, in which carbon fouling is 
observed to increase with increasing surfactant concentration. Direct contact of 
surfactant solutions with activated carbon is generally not practical in surfactant-
assisted CIL leaching either at lab-scale or in plant. It is more valuable to understand 
the carbon activity of activated carbon after surfactant-assisted CIL process where 
carbonaceous ores were pre-treated with surfactant prior to leaching.  
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Figure 3. Change of carbon activities when soaking activated carbon in Ethomeen T/12 

solutions of various concentrations. 

 

 
Figure 4. Change of carbon activities after surfactant-assisted CIL leaching with various 

dosages of Ethomeen T/12 on carbonaceous ore of POX discharge 2. 

 
The results of carbon activity by gold loading tests on activated carbon after 
surfactant-assisted CIL leaching are shown in Figure 4. The carbon in this case is 
exposed to indirect contact with the surfactant. Ethomeen T/12 of various dosages, 
up to 5 kg/t, were used to treat carbonaceous ore POX discharge 2 prior to bottle roll 
cyanide leaching. As can be seen from Figure 4, a 5-10% reduction on carbon 
activity could be expected when Ethomeen T/12 is applied at no more than 2 kg/t. 
The carbon activity after surfactant-assisted CIL leaching is severely adversely 
affected by Ethomeen T/12 when applied at dosage of more than 2kg/t. So, it is very 
important to control the addition of surfactant to minimize the detrimental effect on 
carbon activity. At normal kiln temperatures of 500 0C to 800 0C, Ethomeen T/12 
surfactant was easily thermally decompose to gaseous products, and carbon can be 
reactivated with no ill effects. There seems to be no permanent carbon activity loss 
by surfactant. 
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Figure 5. Resin activity when soaking resin in Ethomeen T/12 solutions of various 

concentrations. 

 
As discussed above, one of the advantages of resins over activated carbon as a 
carrier in cyanidation is its strong resistance to fouling. The resin activity was 
determined after soaking in Ethomeen T/12 solutions of various concentrations. As 
shown in Figure 5, no poisoning effect on the resin was observed from surfactant 
Ethomeen T/12, and essentially the same resin activity to fresh resin when the resin 
was soaked with 5 g/L Ethomeent T/12 solution. While direct contact of resin with 
surfactant solutions does not seem to change the resin activity, no reduction on resin 
activities is expected from the resin after surfactant-assisted RIL leaching. The 
observed improvement on gold recovery and no reduction on the resin activity lead 
us to believe that cyanidation of carbonaceous gold ore by RIL with surfactant could 
be a very robust and effective process. 
 
3.3. Adsorption of surfactant on carbonaceous ore and activated carbon 
 
In order to understand the mechanisms of carbon fouling by surfactant during CIL 
leaching, the adsorption of surfactant Ethomeen T/12 on carbonaceous ore PR2 and 
activated carbon, especially the competitive adsorption of surfactant to the solid 
surfaces when both ore and carbon are present was studied. Adsorption of cationic 
surfactants on activated carbon was studied before (Radovic, 1999). The adsorption 
of surfactants onto activated carbon were attributed to electrostatic interactions, 
hydrophobic chain-chain interactions, dispersive interactions, even precipitation, and 
the adsorption of surfactant onto activated carbon can be greatly affected by surface 
area, porosity of the carbon, pore volume, surface charge and the pH of the solution. 
 
PR2 ore is measured to give a surface area of less than 10 m2/g, while activated 
carbon has a surface area ~600 m2/g due to its high porosity. When Ethomeen T/12 
solution is mixed with PR2 ore, there is no detectable surfactant in the supernatant 
for surfactant solutions with concentration up to 2g/L. When Ethomeen T/12 solution 
is mixed with activated carbon, no surfactant is detected in the supernatant for 
surfactant solutions with concentration up to 4g/L. Further adsorption measurements 
indicate that maximum amount of Ethomeen T/12 which can adsorb onto the PR2 ore 
is ~2 mg/m2, and maximum amount of Ethomeen T/12 which can adsorb onto the 
activated carbon is ~0.2mg/m2. This data suggests that Ethomeen T/12 will adsorb 
very strongly onto both carbonaceous ore and activated carbon, even though surface 
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coverage of ore by Ethomeen T/12 can reach much higher levels than that of 
activated carbon.  
 
In surfactant-assisted CIL leaching, the carbonaceous ore is conditioned with 
surfactant prior to addition of cyanide and carbon. At dosage of 1kg/t, all Ethomeen 
T/12 surfactant is adsorbed on surface of the ore during the conditioning step. When 
activated carbon is added later on, the amount of Ethomeen T/12 redistributing 
between carbon and ore surfaces is measured. Figure 6 shows the distribution of 
Ethomeen T/12 on ore and carbon surfaces after allowing a 30 minute time period for 
the surfactant to migrate. There is less than 1% detected surfactant migrating from 
surface of ore to activated carbon within 30 minutes, but it is likely that over extended 
periods of testing, other proportion of the surfactant could slowly migrate onto the 
carbon. That surfactant migration coupled with the effect of other additives, such as 
the defoamer used in leaching tests, probably contributes to the observed carbon 
fouling (Figure 4) during CIL bottle roll leaching.  
 

 
Figure 6. Distribution of adsorbed surfactant Ethomeen T/12 on PR2 ore and activated carbon. 

 
 
4. CONCLUSIONS 
 
Surfactant-assisted CIL and RIL leaching on samples of three carbonaceous ores 
were carried out to compare the effects of cationic surfactant Ethomen T/12 on gold 
recovery by cyanidation and potential fouling of the carrier by surfactant. When 
treating the carbonaceous ores by Ethomeen T/12 at dosage of 1 kg/t, significant 
improvement on gold recovery from cyanide leaching of the ores was observed: CIL 
with Ethomeen T/12 could lead to up to 40% more gold recovery and RIL with 
Ethomeen T/12 could lead to up to 30% more gold recovery than leaching without the 
surfactant. At the same surfactant dosage of 1 kg/t, RIL leaching with Ethomeen T/12 
on these carbonaceous ores shows 10-20% higher gold recovery than CIL leaching 
with Ethomeen T/12. 
 
Severe reduction in carbon activity is observed when directly contacting carbon by 
surfactant solutions. After surfactant-assisted CIL leaching, the carbon activity seems 
to remain high when Ethomeen T/2 is applied at dosage no more than 2kg/t. It is 
important to control the addition of surfactant to minimize the detrimental effect on 
carbon activity. Regeneration of carbon in a kiln fully reactivates the carbon, and 
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there is no permanent carbon activity loss by surfactants. Surfactant Ethomeen T/12 
shows no poisoning effect on the resin when directly soaking the resin in surfactant 
solutions. RIL with surfactant could be a robust and effective technology to process 
carbonaceous gold ores. 
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