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Abstract

The optimization system, which was the subject of our study, is an auto-
nomous chain for the automatic management of cyanide consumption. It is
in the phase of industrial automation which made it possible to use the ma-
chines in order to reduce the workload of the worker while keeping a high
productivity and a quality in great demand. Furthermore, the use of cyanide
in leaching tanks is a necessity in the gold recovery process. This consump-
tion of cyanide must be optimal in these tanks in order to have a good recov-
ery while controlling the concentration of cyanide. Cyanide is one of the most
expensive products for mining companies. On a completely different note, we
see huge variations during the addition of cyanide. Following a recommenda-
tion from the metallurgical and operations teams, the control team carried
out an analysis of the problem while proposing a solution to reduce the varia-
bility around plus or minus 10% of the addition setpoint through automation.
It should be noted that this automatic optimization by monitoring the con-
centration of cyanide, made use of industrial automation which is a technique
which ensures the operation of the ore processing chain without human in-
tervention. In other words, it made it possible to substitute a machine for
man. So, this leads us to conduct a study on concentration levels in the real
world. The results show that the analysis of the modeling of the cyanide con-
sumption optimization system is an appropriate solution to eradicate failures
in the mineral processing chain. The trend curves demonstrate this resolution
perfectly.
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1. Introduction

The gold recovery process after treatment through the crushing, grinding and
settling circuits is done in reservoirs or tanks according to the Carbon in Leach
(CIL) method. This recovery process requires the addition of chemicals includ-
ing cyanide. The latter has the role of dissolving the gold contained in the ore in
order to allow the fixation on the activated carbon [1] [2]. The addition of cya-
nide is done according to desired ppm in the tanks.

However, a great variability of the ppm is observed either in excess or in less.
As a result, cyanide consumption is not optimized and the consequence is poor
gold recovery in addition to cyanide waste [2] [3] [4]. The findings on the varia-
bility are corroborated by the trend line of Figure 1 below over a two-week pe-
riod. On this curve, we have the desired ppm setpoint in blue and the ppm value
in the tank in red.

From the curve, we see huge variations and huge overruns with respect to the
setpoint. For a setpoint of 275 ppm, we end up with 367 ppm max and 141 ppm
min. That is an excess of 92 ppm and a lack of 134 ppm.

Now let’s bring the curve back to 48 hours by adding some parameters such as
the solid mass and the addition of cyanide. We get the curve of Figure 2. The set
point is always in blue and the CIL A ppm value in red.

When analyzing the curves of Figure 1 and Figure 2, we find that when the
setpoint is exceeded or not reached, the value takes a long time to catch up with
the setpoint. Once the setpoint has been caught, the value does not stabilize but
it continues in the direction it is following.

Moreover, we observe that the reaction of the adjustment of the consumption
of cyanide is very slow in time and of lesser extent. This could justify the time
taken by the ppm value to rise or fall towards the setpoint.

Additionally, we see a large variability in the flow rate of cyanide to be added
to the leach tank [3] [4] [5]. The solid mass which is the quantity of material sent
to the CIL A is also very variable. This observed situation is considered as a fail-
ure and could be resolved by automatic reprogramming of the system [5] [6].
Industrial automation is the process of integrating machinery and industrial
equipment could perform automatically such task with the use of automation or
automation hardware and software [7] [8] [9]. This will improve productivity,
safety and profitability by automatically optimizing cyanide consumption. It
should be noted that industrial automation is the use of a technique that ensures
the operation of a machine or a group of machines without human intervention
(8] [9] [10] [11].
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Figure 1. ppm curve over two weeks.
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Figure 2. Curve over 48 hours.

The programming software used for the PLC as part of this optimization is
equipped with a new multitasking version offering several characteristics. The
language used in the framework of the optimization allows the graphical pro-
gramming of function blocks [10] [11] in accordance with the IEC 61131-3
standard as illustrated in Figure 3.

2. Methodology

The function block monitors the overshoot of an upper limit as well as the
crossing of a lower limit value of an input variable. This is a kind of hysteresis
block as listed in Figure 4.

Regarding the operation of our modification, we have five inputs, as illu-
strated in Figure 5, on the side of the “Indlim_Real” block and 02 outputs. The
outputs of “IndLim_Real” are linked to two selection FBD blocks “SEL”. At the
“Out” outputs of the “SEL” blocks, we have two variables. The “SEL” blocks have
03 inputs and 01 output.

In our logic, when the pressure at the X input of Indlim_real is greater than or
equal to 86 kPa, the Mx_Ind output is activated. The value —1.5 at the input of
the first “Sel” block is selected. The output of this block therefore takes the value
—1.5. This has the effect of reducing the density setpoint by 1.5. The pumps will
then speed up to lower the pressure. The output flow to the CILs will increase.
When the pressure drops to 85 kPa or less, the Mx_Ind output goes to 0 and the
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“SEL” block applies 0.0 to the output. So we stay at this density setpoint. Con-
versely, when the pressure is less than or equal to 83 kPa, the MN_IND output is
activated. The value 1.5 at the input of the second “SEL” block is transferred to
the output. In doing so, the density setpoint is increased by 1.5. The effect will be
a drop in the speed of the pumps so that the % solid goes up. Speeds to CILs will
drop. When the pressure reaches 84, the output of the second “SEL” block be-

comes 0.0.

Mathematically, we write:
E304_DIC_0268_SP_SUB = -1.5if X > 86
E304_DIC_0268_SP_ADD =1.5if X < 83
E304_DIC_0268_SP_SUB =0.0if 84 < X < 85

E304_DIC_0268_SP_ADD =0.0if 84 < X <85

ENTRY IN ENO OUTPUT INVERSION EXPRESSION ST
CONNECTION
VARIABLE AND OR AND
\cond [>—EN ENO s EN ENO v ¥ EN ENO —{>Emorl
IN1 >— o A<BD— > Resultl
TRUE B>— %IX1 .54 D— C=D D>—
1 >— %IX1.5.5 >—
Pl
. CROSSING
LITERALVALUES  ppRESSES CONNECTION
XOR
EN ENO > Error2
> Result2
IN4 >—]

Figure 3. Representation of an FBD section.

INDLIM_hstance % § LIMITER WITH HYSTERESIS INDLIM
INDLIM _DINT
X _HIGI
put —X MCX_IND |— Reache dHighL imit MxLowlT = .
MaxHighLimit —MX_HIGH MN_IND — ReachedLowL imit m:'r-'?c‘;‘:
MinHighLinit —{M>_ LOW
ML owLimit —{MN_LOW Time
MaxL owLinit — MN_HIGH MX_IND
MN_IND
Figure 4. Function block and hysteresis diagram representation.
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Figure 5. Density setpoint variation logic.
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2.

1. Description of Changes Made to the Cyanide Addition Control

The situation before the changes observed on the curves in Figure 6 denotes a

slow adjustment of consumption. The cyanide flow rate is very variable and the

mass flow rate is unstable. The data is taken over 24 hours.

>

»

A4

350

The following changes have been made:
Calculation of new set point every 15 minutes. The well-calibrated Mintek
analyzes the ppm and transmits the values every 15 minutes.
Programming of a deadband logic when the ppm reaches +10 of the setpoint:
the adjustment of the cyanide consumption value is stopped. The flow of
cyanide then varies as a function only of the mass flow to the CIL.
Change of the correction value from 0.01 to 0.025 which allows deviations to
be corrected fairly quickly: reduction of the overshoot amplitudes and the
time taken for the correction.
Tuning of the cyanide control loop to make it less aggressive since we are
working on a slow system such as perceptible change after at least 15 mi-
nutes.
Disabling the manual correction performed by the operator.
Maximum cyanide limit set at 3 m*/h instead of at 5 m’/h. This limit is ad-
justable by programming after analysis of the parameters.
Max limit automatically decreases to 2.9 if the max flow is reached and the
ppm is higher than the set point and growing. It returns to 3 when everything
becomes stable again.
Minimum consumption adjustment limit increased from 0.4 to 0.55 in order
to maintain a minimum flow at all times.
When the max flow -0.10 is reached, the increase of the cyanide consump-
tion correction value is prohibited. The variation is made only according to
the mass flow.
We force the consumption adjustment value to decrease when the ppm is at

+10 of the setpoint and we have reached the maximum flow rate of cyanide.

Setpoint 265 ppm

I ™ ,. Cyanide flow |
210 | 1 1 A a ot .h'j’\ oA
. P £ A g y ,‘1 I
g [ WA ! VolT L Y L B Py
o P L L A W ] ) 3 ]
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140 i \ L | Mass ] P LN, i f L
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Figure 6. Behavior of cyanide flow, consumption and flow.
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2.2. Setpoint Calculation Program

This setpoint is recalculated every 15 minutes and slightly increases the kg/t if
the ppm is low and vice versa. This logic is used to calculate the time for adding
or decreasing the cyanide setpoint as shown in Figure 7. This time is calculated
every 15 minutes with the “Execut Time” DFB block. This block executes the ac-
tions at given frequencies.

Then we proceed to the adjustment of the specific consumption every 15 mi-
nutes according to the ppm as illustrated in Figure 8. Depending on the conditions
of the “DBAND_MIN_MAX” blocks and the AND blocks, the setpoint will either
be increased (ADD output block) or decreased (SUB output block). The decrease or
increase is done according to the value of the variable “E311_CN_CONS_SP”
which is a constant. We adjusted it from 0.01 to 0.025.

The “DBAND_MIN_MAX” DFB block that we have programmed makes it
possible to determine the evolution of the ppm and affects the decrease, increase
or stability according to the internal logic. It determines a deadband which is the
point where the ppm value falls within the desired range. If the ppm setpoint is
300, the range will be between 310 and 290.

Force to decrease when the ppm is stable around the setpoint and the flow in-

creases or when the flow is high for more than 30 minutes as shown in Figure 9.

Calculation of the target in m*/h and calculation of the specific con-
sumption

TON 179 148 43 . 14 )
1 4 5 [
TON AND SEL BCD_TO_INT :
v_flow.max_reach,_A—||y 2 N ouT 16 OUT|—T_BASE_Cal_Nvl_sstpo _A_NEW HSWEI— IN out [—HOUR _ACTUAL
#15m—PT  ET— IN2 - T_Base_Cal_Nvi_setpoi—INg : : )
........................... . . T_Base_Cal_vl_setpoi-5—|
11 TON 178 - fase el SRS
] EXECUT TIME O .
: o o Execur_Tig| o8
w_speed decreased _setp_A—IN1  OUT IN o - R_TRIG
v_speed increased_setp_A—|N2 #15m—PT  ET 2 - :
: T_Base_Cal_Nvl_s2tpo—T Base  CLK CLK  @f—CALCUL_NvL_SETPOINT hen
VARIABL_TEST—[Foree_clk
Figure 7. Time base calculation program.
. 2 R_TRIG 71
TP 24 21 . 22
OR R_TRIG
T .
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v_speed: decreasing_setp_A—{IN [} PR M | 5
. Wis—PT ETI— 6 : 27 2
26 OR 28
............................ O] s
1 ouT ENO[— -
CALCUL_NVL_.SETPOINT HCN—IN1  OUT E311_CN_SETP_A_SP—{IN1 OUT[—E311_CN_SETP_A_SP
kL = E311_FIC-0383_MAN_AUT—|IN2 = IN:
IN3 -

. Dl

ND MIN MAX 1
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E305_AIT_0809A_CALIB_OK~f

N4
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A

E304_FEI_0240_M15M>10.0—] ¥ . con
. V_CHGMT_SP_huN_a—|

E305_AIT_0809A—|
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PV
lsP
VDB

23]
IDBAND_MIN_MAX 0

|—u_ decraasing_cons_A_sp
|\ increase cons_A_sp

dbPo|
dbNe|

const_ spee_cons _A_sp—|

val_dif|—AIT_DS0€| VAL_DIFF - NvL_SETPOINT, FORCE_ADD—|
. _accel . increasi_cons A—| A =
ADD
4 ENOD— -
E311_CN_SETP_A_SP—{IN1  QUT[—E311_CN_SETP A_SP
CALCUL_NVL_.SETPOINT, HCN—|
E311_FIC.0383_MAN_AUT—|
E317_FIC_0383_INT_EXT—|ING SEL &
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E304_FEI_0240_M15M>10.0—|IN6 v_accel_ increasi cons_ A— G OUT Lt
v_Flow_max_reach _A—o|IN7 V_CHGMT_SPZHCN_A—{ INO : .
v_const_accel_cons _A_sp—|IN1 E311_CN_CONS_A_SP_MIN—{MN  OUT|—E311_CN_SETP_A_SP
. E311_CN_SETP_A_SP—IN -
................................................ £311_CN. GONS_A. 5P MAX—|Mx. e

Figure 8. Specific consumption adjustment program.
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65

1 " TON 48 ) . . .
oE 63 . TON 64 «_decreasing_cons_A_sp—¢{IN1  OUT [—v_force, decreasing_flow_A
......................... .. .y inereas¥ gops_A_sp—of N2 LT
. E311_FIT_0383—IN1  OUT IN Q IN3
E311_FIC_0383_SP_Max- 0.05— IN2 #18m—PT  ET— - -
) ) © 34
3 ' &7
6 OR
GE :

_CORRECT

E311_CN_RATE_CILA—{IN1  OUT IN2
E311_FIC_0383_SP_Max—]IN2 .

IN1 OUT—v_flow_max_reach _A

Figure 9. Program to force the increase or decrease.

Specific consumption: It is a constant determined by metallurgy. This is the
amount of cyanide it takes to process 1 ton of ore. It is equal to 13/47.35 = 0.27.
The “Move” block transfers the input value.

Calculation of the level of cyanide necessary according to the solid mass of
pulp towards the CIL is shown in Figure 10.

We replaced the old calculation which was done with the mass flow by the
solid mass based on the density. Its calculation is programmed, as shown in the
Figure 11 as follows according to the formula:

Ms = flow rate x % solid

For operational purposes, we have created a DFB block which averages over 1
hour the solid masses over a period of 15 minutes. Indeed it takes time to meas-
ure the ppm contained in the tank.

Cyanide flow controller sent to cilium tank

This is the regulation loop that controls the flow of cyanide to be added based
on data from previous programs. The PID parameters change according to the
operation mode of the loop as shown in Figure 12.

With the following PID parameters:

Kp = 2.0

The gain is varied to the point of oscillation close to the setpoint.

Ti=20

Td=0.0

Our parameters configured in this way will allow the control loop to be less
aggressive in the event of an error.

Management of the max and min limits in order to avoid any excessive

excess of the ppm

The logic is entirely based on function blocks (FBD).

When the cyanide flow is above the max limit for more than 30 minutes, the
output E311_FIC 0383_SP_MAX takes the value of V_0383_NEW_VALUE_MAX
which is to decrease the cyanide flow set point as shown in Figure 13. When the
cyanide flow value is below the max limit and there is a request to ramp up, the
output resumes the normal flow setpoint.

When the difference between the measured ppm value (E311_AIT 0809) and
the ppm set point is greater than 15.0 ppm, the maximum cyanide flow rate limit
is lowered to 1 m*/h. The result will be a rapid drop in ppm.

And conversely when the difference is less than —15.0, the minimum through-

put limit is increased.
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The control loop opens as a popup when the control room clicks the control
ppm button. The screen appears as shown in Figure 14 with all the identifica-
tions on Table 1.

In this kind of configuration, we are dealing with a cascade control loop. The

output of the first control loop becomes the setpoint of the second control loop.

3. Results and Discussion

Before the modifications, we observe the following trends: a large variation in

the density instructions with each variation in pressure, a variation also in the

:
85 : X )
: MOVE : 1 : K
E304_FEI_0240_M1SM—IN  OUT|— - ML= . . oiv
E304._WI_0240_M1SM—{IN1  OUT INt OUT
E311_CN_CONS_A_SP—INZ E314_CN_CONCENTRATION— IN2
........................... oF N R R S
a1 92 83
MUL . * |[owiseEUR : : DIV
10000—IN1  OUT NUM  RES|—E311_GN_CONS_aA_PL- INt  DUT[—E311_CN_RATE_CHA
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Figure 10. Cyanide rate calculation program (E311_CN_RATE_CILA).
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Figure 11. Solid mass calculation program.
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Figure 12. Control loop program.
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Figure 13. Program for adjusting the MAX and MIN limits in order to avoid excessive excess of the ppm.
E311_FIC_0383 7~ ' X]
ADDITION OF
CYANIDE CIL ATO MANUEL
CONTROL PPM L —
MASSE l
SOLIDE CIL A AUTO .
t/h m L —
PPM CIL #1 INTERNE I
ppm |
EXTERNEM
PPM CIBLE
—
‘CHOICE OF CONTROL
@ PUMPS
_EXTERNE_AJOUT_CN CONTROL
o VALVE
5
CORRECTION SP SEIPOINT
b
NORMAL

MODE CALIB. MINTEK

INACTIF

Figure 14. Control loop window.

Table 1. Control loop window elements.

Numbers Designations
1 Value of the ppm setpoint: this is the target
2 SP: flow setpoint. PV: measured flow value
3 Operating mode: internal or external automatic, manual
4 Output value of the regulation loop applied to the pre-actuator
(speed variator in our case)
5 SP_EXTERNE: external setpoint when the controller is in auto

and external mode
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2150

the flow in mm*h

0.0 |

25/10/2022
02:56 39

flow rate of the pulp. The trend is over a period of 8 hours as shown in Figure

15. The operators and the programmed logic reacted this way because they did

not want to fall into alarm and be challenged by their hierarchy. The blue curve

represents density and the red curve represents flow. Variations in the pressure
under the silo have the effect of varying the density setpoint in blue. We observe
multiple density setpoint variations at very low frequencies.

Subsequently, the following changes were made to the program and to the in-
terfaces:

e 1st case: when the pressure is greater than 86 kPa, the SP of % solid is re-
duced by 1.5 until the pressure is less than 85 kPa.

e 2nd case: when the pressure drops below 83 kPa, the SP of % solid is in-
creased by 1.5 until the pressure reaches 84 kPa.

e 3rd case: when there is none of the above cases, the pressure is between 83
and 86 without having reached them. The density setpoint is applied without
addition or subtraction.

e Addition of a filter on the output values of the density control in order to

avoid the strong reactions of the flow control loops.

3.1. Results Pressure under the Thickener Cone

The trend is taken over 8h. We observe that the fluctuations of the density set-
point have ceased such as 2 variations in 8 hours. This results in a stabilization in
the pulp feed rate to CIL in red as shown in Figure 16 Which will subsequently
allow the addition of cyanide at an equally stable rate. No adjustment is neces-

sary. Density variation and pulp flow problems are corrected.

3.2. Results Addition of Cyanide and Variation of ppm

Trends are taken over 24 hours as shown in Figure 17. The ppm values are
within the desired range. With a setpoint of 200 ppm and an objective of 10, we
find that most of the time the value is within this target. This avoids over-consum-

ption or under-consumption of cyanide, thus optimizing variability.

| ‘ Density
‘ Flow CIL A
| < | }
) F ‘ ‘
PRI
L

25/10/2022 25/10/2022 25/10/2022 25/10/2022 25/10/2022
04:32 39 06:08 39 07:44 39 09:20 39 10:56 39

Figure 15. Trend of density variations.
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Figure 16. Curves after modification of the program.
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Figure 17. Cyanide addition curve, flow rate and consumption.

Also, the cyanide addition rate is more stable and less aggressive. The CIL
tank is well fed according to the amount of pulp solid entering it.

Specific cyanide consumption responds well to ppm deviations. Contrary to
the control before modification, we observe areas of stability in the adjustment
of the specific consumption. These zones correspond to the moment when the
ppm is stable around the setpoint. And the mass flow is also stable.

4. Comparative Analysis of Data before and after
Modification

The graphs on the left represent the trends before modification. Those on the
right are the trends after modification of the program. The difference is striking

in the stability we see in the graph to the right, especially at the level of ppm
overruns as illustrated in Figure 18.
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Figure 18. Comparison of trends.

In order to keep the control always stable, we have identified the disturbing
causes below. The operations team should monitor these factors.

» Shutdown of a production line;

» Transfer of cyanide to the ILR;

» Manual resumption or change of ratio of the evacuation to eyelash by the
operators;

» Opening of the bypass valve;

» Lack of cyanide flow to reach the set point requested by the control loop;

> Dilution of the cyanide concentration.

Based on these factors and our findings, we make the following recommenda-
tions:

¢ Have a constant cyanide concentration. Notify automation in case of change.
Ensure that there is no dilution after preparation.

o Keep the bypass valve closed at all times unless the PV (actual cyanide flow)
does not reach the SP (setpoint) while the pump is at 100% speed and the
control valve is 100% open and the ppm is not reached.

o Ensure the proper functioning of MINTEK by regular calibrations.

e Monitor the transfer of cyanide to the ILR and ensure that the power supply
to the CIL A is not cut off.

Avoid large sudden evacuations of the thickener towards the CIL A by chang-
ing the ratios or by putting the flow loops in internal auto and proceeding in

stages.

5. Conclusions

The conduct of the study allowed us to cover several technical and scientific
fields in the industrial environment. We modeled the process related to the con-

trol of ppm and according to the action plan which had been defined in the
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analysis of the causes. Modifications were made to the PLC program. It should
be noted that the modeling and simulation of automated production systems
responded perfectly to the need for our redesign of the optimization system.

The changes made had a significant effect on ppm control at the CIL. Devia-
tion amplitude reduced around the target by +10 over a longer duration. The
correction time is reduced to a maximum of 1 hour if the target is exceeded by
+10 instead of 4 to 8 hours previously. The control loop reacts well apart from
the disturbances caused by the factors mentioned above. Operators no longer
need to perform cyanide shortage compensation corrections.

At the end of this study and in light of the results obtained, we can affirm that
this study was a success and contributes to improving the variability of the ppm
in the CIL. It is therefore certain that savings will be made on the cost of cya-

nide.
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