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During the tapping of molten material from furnaces, the temperature of the molten stream
is often measured using a hand-held pyrometer or quick immersion thermocouple. These
practices require close proximity to the tapping molten material and smoky atmosphere,
potentially exposing personnel to increased safety hazards. In some instances, fixed
pyrometers that focus on a fixed point measuring the temperature of that point are
installed, but these are traditionally still compared to hand-held spot checks due to their
inconsistent performance. Thermal imaging technology has progressed over the last few
decades allowing for not only higher definition imagery, but also images that contain
thermal-related information at pixel level. Coupling this with advances in computing
technology has resulted in a product capable of giving a real-time thermal analysis of a
camera’s field of view. Replacing the traditional hand-held pyrometer with a fixed position
thermal camera has led to a 21% reduction in exposure of the operator to the risks
associated with an open taphole, while offering a real-time continuous temperature
measurement of the tapping process. This paper describes the installation employed at
Waterval Smelter and explores the information obtained from the system to achieve a
better understanding of the tapping process, particularly the variation in tapping
temperature and how thermal cameras are improving the safety and operation of tapholes
at Waterval Smelter. A temperature measuring campaign was performed on the two
34 MW electric furnaces. This paper includes comprehensive measurements of the molten
material during the tapping process by using different measuring techniques.
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INTRODUCTION

Waterval Smelter is one of Anglo American Platinum’s four concentrate smelting sites and is situated
in the North West Province of South Africa. It was commissioned in 1969, and since the ‘90s smelts
concentrate in two primary smelting furnaces (34 MW six-in-line furnaces) to produce a platinum group
and base metal sulfide-rich matte, a low-grade slag and low strength SO, gas that is abated in a Tower
Plant to produce weak acid. The furnace matte is tapped as required from the furnaces and granulated
using water in a Paul Wurth granulation system, dried, and sent to the Anglo Converting Process (ACP)
where it joins all the mattes produced by the Anglo American Platinum furnaces. The furnace slag is
tapped and granulated using water and partially dewatered using rake classifiers. At ACP the furnace
mattes are converted to a sulphur deficient matte/alloy using top-submerged-lance technology from
Ausmelt with the by-product being a high-grade slag. This slag, Waterval Ausmelt Converter Slag
(WACS), is wet granulated, dried, and then sent back to Waterval Smelter for recovery of the entrained
values. This is done in the slag cleaning furnace (SCF), a 23 MW 3-electrode round furnace, where the
concentrate is also fed as a matte collector along with coke as a reductant. Matte from the SCF joins the
matte from the primary furnaces reporting to matte granulation, while slag from the SCF joins the slag
from the primary furnaces reporting to a slag mill (mill and float plant).
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A critical component of process monitoring around the furnace operations is the measurement of
process temperatures (matte and slag) and this is traditionally obtained using a hand-held optical
pyrometer. The hand-held pyrometer is operated as a precision instrument in that one, best fit,
emissivity is used for both matte and slag. These temperatures give insight to the conditions inside the
furnace and guide the operator on actions to take to maintain the process within its operating envelope,
spelled out by site-specific smelting rules. Previous trials of thermal cameras had been conducted at two
other Anglo American sites which showed that thermal cameras are capable of determining the
temperature of molten material in the platinum industry. Thermal cameras, if yield the same precision,
will be operated as more accurate instruments because the emissivity will be set as material specific.

Safety Risks
Several risks exist with the tapping process:

e Molten material splashes/spills - a common occurrence that could result in burn injuries,

e Explosions related to failure of water-cooled tapping components (face-plates, tap blocks,
launders) - a very uncommon occurrence but with potential for a significant safety event; even
fatality in the extreme,

e Explosions related to upsets in slag/water ratio changes in granulation - an infrequent
occurrence that also has potential to result in a significant safety event,

e Explosions related to matte exiting a slag tap hole during granulation - a very infrequent
occurrence that could result in a significant safety incident.

Traditional situation

During the tapping of molten material from furnaces, the temperature of the molten stream is measured
using a hand-held pyrometer (and in some instances a quick-immersion-thermocouple (QIT). This
entails the operator standing alongside/near the tapping stream and scanning the flow with the
pyrometer monitoring for the highest recorded temperature. This process takes 30-60 seconds per event
and there are multiple events during the tapping process - of the total duration the operator spends in
the vicinity of an open taphole, 21% is dedicated to measuring temperature. It also requires that the
operator checks the emissivity setting as well as the focus of the pyrometer before use, to ensure accurate
temperature measurement. The other challenge is that these pyrometers are manhandled and so may,
or may not be in good condition to operate accurately.

To overcome some of these operational challenges, a single emissivity is chosen that is accurate to
neither the matte nor slag stream, but rather best suits both, while regular informal observations are
conducted to ensure correct operation of the hand-held pyrometer. Fixed position pyrometers have also
been installed, but these were found to be ineffective as they required continual resetting on focusing
position in an effort to find an acceptable expected “hot spot” and so manual measurements were never
entirely stopped.

Thermal camera technology

Thermal imaging technology has progressed substantially over the last few decades; allowing for not
only higher definition imagery, but also intelligent images that contain thermal-related information at
pixel level. The infrared imaging cameras employed at Waterval Smelter are designed to produce
continuous live, high-definition thermal images with a resolution of up to 656 x 492 (322,752) pixels at
30 frames per second across a temperature range of 1000 to 1800°C. Coupling this with advances in
computing technology has resulted in a product capable of giving continuous real-time thermal analysis
and data capturing of a camera’s field-of-view.

Waterval Smelter installation

Thermal cameras generally need to be hardware configured to operate at set temperature ranges and
fields of view. Waterval opted for the mid-resolution camera with a high-temperature range (1000-
1800°C) and a wide camera field of view (48 x 36°) as this best suited the physical installation and
operational parameters. Consequently, Waterval purchased seven units (item 1 in Figure ) with the
intention to cover both matte and slag tapping ends of all three furnaces, with one spare camera. Early
on during installation though it was found that the slag end view of the slag cleaning furnace could not
be covered by one camera and so the spare camera was installed later.
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Fiqure 1. Camera components installed on the tapping floor.

Along with the cameras, the protective housings (item 2 in Figure 1) were also purchased to ensure the
cameras were protected from the harsh environment of the tapping floors, as well as two stand-alone
computer servers to operate the thermal imaging software (one computer with software is capable of
handling up to four cameras by licence) and all the network and signal converting hardware. The
camera is fitted with ethernet communication while the processing facility has opted to use fibre-optic
communication as it is more resilient in the plant operating conditions, and over the distances required.
To enable this, each camera has a dedicated copper-to-fibre converter with the matte end cameras daisy-
chaining back to the server room, and likewise for the slag end cameras. In the server room the signals
are fed into the stand-alone servers - one serving the matte end and the other the slag end (installation
shown in Figures 2 and 3). In the software, the areas of interest (the area where molten material flows)
are highlighted and tagged separately per taphole. A fourth monitoring box is used for initiating video
recording covering all the tapholes in the view (see Figure 4). The software then outputs the translated
data in Modbus TCP protocol which is converted to Profibus DP and fed into the PCS7 control system
as separate tags. In PCS7 the data are manipulated to yield the information required and then is
displayed to the operator via several pages, as well as passed on to the PI historian for record-keeping.
The software is also set to record images/videos for viewing at a later time.

Figqure 2. Installation of a matte end camera in foreground. This camera is installed across the furnace aisle from
the tapping platform. Note the air-cooling connection to the housing.
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Fiqure 4. Display on the user interface.

Methodology

The purpose of the testwork was to confirm there is an acceptable correlation between the hand-held
pyrometers (which are serviced/replaced regularly to ensure reliability), and the thermal camera to
support robust and reliable temperature measurement of tapped liquids. To do this, the following
measurements were taken:

e The hand-held pyrometer was used to obtain the tapping temperature following normal
procedure (scanning the stream monitoring for the hottest spot). This is normally at the point
the stream arcs down from the tap hole, or where the stream impacts the launder.

e The thermal camera footage was observed to obtain the measured maximum at the same time
as the measurement taken by the hand-held pyrometer.

e On occasion, additional measurements were taken with the QIT (calibrated) for purposes of
comparing to the thermal camera but also to get the correct emissivity setting to apply per
tapped material type. The QIT was placed into the matte launder or slag spout for direct
measurement in the flowing tapping liquid stream (see Figure 5).

Measurements were collected over several taps for a period of about two weeks. These measurements

were performed on the two 34 MW primary six-in-line furnaces (no data are reported for the SCF as it
was undergoing a planned rebuild).
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Fiqure 5. Measuring temperature with the QIT.

Results and discussion

For the duration of the test work, the hand-held pyrometer was set at an emissivity of 0.8 while the
thermal cameras were all set at an emissivity of 0.83. All thermal camera temperatures were then
corrected to an emissivity of 0.8 using the Stefan-Boltzmann law for grey bodies:

j*=eoT* )
(where j* is the radiant emittance in W/m?, ¢ is the emissivity and 0<e<1, o is the Stefan-Boltzman
constant in W/m2/K¢, T is the temperature in K) in order to compare the readings for the two sources.

Matte and slag results were kept separate due to the two materials having different emissivities.

The matte and slag temperatures obtained for comparative hand-held pyrometer and fixed mounted
thermal camera are presented (see Figures
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Figure 1 and

Figure , respectively). In these graphs the orange dotted line represents values for the hand-held
pyrometer and thermal camera being a perfect match i.e. y = x. The blue dotted line is the best fitted
linear trend of the data while the blue dashed line is the fitted linear trend of the data forced through
the origin (done to have a comparison to y = x). For matte and slag trends, there is an acceptable
correlation between the hand-held pyrometer as well as the thermal camera (Pearson’s correlation co-
efficient of 0.75 for matte and 0.73 for slag - correlation between the data sets not through the origin)
but the trends have gradients of 0.75 and 0.85 for matte and slag, respectively (Moore ef al., 2013). The
fact that the hand-held pyrometer cannot always be certain to measure the maximum tapping stream
temperature (due to the method of measurement - unlike the wider view thermal camera - would
suggest some natural bias to the thermal camera most frequently recording a slightly higher
temperature, which is indeed evident in the

graphs.
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Furnace Matte - Pyrometer vs Thermal Camera

1500
1480 | ... Linear (Data set)
1460 | - -Linear (Through origin)
O 1440
©
<1420
E L
§ 1400 .
g 1380 . ‘, -
21360 e
1340 BT
1320 e .

1300
1300 1350 1400 1450 1500
Handheld Pyrometer (°C)

Fiqure 1. Hand-held pyrometer vs thermal camera comparison for furnace matte.

Furnace Slag - Pyrometer vs Thermal Camera
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Fiqure 7. Hand-held pyrometer vs thermal camera comparison for furnace slag.

A comparison was done between the QIT and the thermal camera, the QIT giving a direct measurement
of the stream temperature within the stream, independent of varying tapping stream emissivity, but
like the hand-held pyrometer also with the potential disadvantage of not necessarily recording the
hottest point in the tapping liquid. These measurements can be used to estimate the emissivity setting
for the particular stream, again employing the Stefan-Boltzmann law. Applying the stream emissivities
so determined (0.85 for matte and 0.78 for slag) yields the comparisons shown in Figures 8 and 9. Again
while reasonable correlations are achieved, the trends are not directly on the y = x line.
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Furnace Matte - QIT vs Thermal Camera
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Fiqure 8. Thermal camera vs QIT comparison for furnace matte

Furnace Slag - QIT vs Thermal Camera
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Fiqure 9. Thermal camera vs QIT comparison for furnace slag.

Since demonstrating that the thermal cameras are sufficiently capable in determining the tapping
temperature live, further investigation into the use and interpretation of thermal camera tapping
temperature trends are underway, such as:
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Continuous slag temperature monitoring during tapping to give a direct link to in-process
temperatures inside the furnace. This will then provide potential to infer evolving crucible
process conditions and give an additional warning of possible process upsets within the
furnace.

Detection of open tap holes, to alert operators to potential safety hazards, and to minimise
tapping incidents (see Figure 10).
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Figure 10. SCADA display showing temperatures and holes status (open/closed.)

Tapping duration:
Typical matte and slag tap temperature trends can be interpreted to infer tapping conditions
(see Figure 11). Looking at these trends, the detection of lancing activity is clear by the indication
of temperature peaks. However, what is not clear from the trends is the number of lances that
were used, and this is complicated by instances of re-igniting the lance. The opening and closing
of a tap hole are clear and indicated by the rate of temperature change - this was cross-checked
by observing the thermal and visual videos of tapping taking place. By making use of this
information and looking for these high rates of change in the programmable logic controller
(PLC) it is now possible to automate more accurate capture of the precise opening and closing
times of a taphole.

Matte Tapping Temperture
(20 December 2020)
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Figure 11. Maximum matte temperature trend for a tapping event.

o Maximum temperature per tap
o Minimum temperature per tap

From the thermal camera temperature trends, it is now possible to also automate recording of:
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o Moving-average temperature per tap

Tap duration

o Average matte tapping rate per tapping event (currently masses are manually logged
but this too can be automated from the crane scales)

o Tap counters - these are used for monitoring the life of the tap hole in relation to the
last shallow and deep repair on the matte side, or for monitoring slag hole use
distribution from the last rebuild or the last week (see Figure 12).

O

D =]
2 610TAS100E/Tap
Standard v
Time (Min)  Minimum Maximum Average Mass (Tons)  Rate (T/h)
CurrentTap | 0. 0. 0. 0. 0. 0.
Previous Tap | 16.47 | 999. [ 1536. [ 1469.65 | 0. 0.
Tap-2 [ 9.89 | 999. | 1506. [ 1445.82 | 0. 0.
Tap-3 [ 2339 999, [ 1542. [ 148653 | 0. 0.
Tap-4 | 1214 | 999. | 1516. [ 1472.94 | 0. 0.
Tap-5 [ 774 999, | 1497. [ 14342 | 0. 0.

Time (Hrs)  Count

From Rebuild 1405.44 2939. |:|
Current Monkey 1405.44 2939. |:|
Last Week 11.49 21.

Fiqure 12. Tapping information automatically reported.

Investigation into the trends is continuing to see if further information can be derived. Items that are
currently being looked at are:
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Matte tap hole slagging events - it is expected that when a matte tap hole slags there should be
a rapid change in the detected temperature; this is not so much due to an actual change in
temperature, but more related to the emissivity of the material. The slag detection system was
developed in the steel industry based on the same technology, but the emissivity difference is
much higher with the slag emissivity being higher than steel. The expected effect would be a
rapid drop in temperature (see Figure 13).

Furnace Matte Temperature
(18 June 2021)
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Fiqure 13. Trend of matte temperature during tapping. The boxed area was reported as a "slagging"
event.



e Process condition changes within the furnace such as:

o Changes in bath level - as the level decreases so there is a rise in slag temperature.

o Potential changes in feed distribution (to be investigated).

o Changes in resistance set-point - early indication is that matte temperature response is
more pronounced than the slag temperature.

o Changes to bath chemistry.

o Temperature profile through successive taps to better guide prediction of taphole
thermal duty, and so maintenance condition monitoring.

CONCLUSION

The thermal cameras have proven to be sufficiently effective in measuring the molten material flow and
temperature on both the matte and slag ends of the furnaces at Waterval Smelter with a correlation to
traditional hand-held pyrometers of 0.75 and 0.73 for matte and slag respectively. Therefore they have
replaced the traditional hand-held pyrometer, and have led to a 21% reduction in exposure of the
operator to the risks associated with an open taphole. At the same time there is now continuous, real-
time indication of the in-process matte and slag temperatures; the latter being most useful as slag is
tapped near-continuously, which can be used as an additional indicator and measure of process
condition within the furnace bath crucible. Further advantages have been realised in the automation of
capturing tapping data which frees up both the tapping and control room operators from some of these
more tedious duties.
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