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Simultaneous Production Of MnO And Syngas
From MnCOs;-Waste Polymer Composite Pellets

James Ransford Dankwah

Abstract: This work investigates the simultaneous production of MnO and syngas (CO + H,) from mixtures of MNnCO3 with various waste plastics in a
laboratory scale horizontal tube furnace. Cylindrical compacts of reagent grade MnCO3; were heated rapidly with and without high density polyethylene
(HDPE at C/O ratio = 1.0, 1.5, and 2.0) and linear low density polyethylene (LLDPE at C/O ratio 1.0) for 600 s at 1150 °C under high purity argon gas
and the off gas was continuously analysed for CH4, CO and CO, using an online infrared gas analyser (IR). Peaks of H, gas were detected using a gas
chromatographic analyser (GC). The results indicate that blending the carbonate with the polymers before heating has a significant attenuating effect on
CO; emissions. It is further reported that the observed attenuation of CO, emissions is accompanied by a simultaneous production of syngas that can be
recovered as a beneficial by-product.

Index Terms: Calcination; MNCO3, HDPE, LLDPE, CO, emissions, Syngas
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1 INTRODUCTION

Thermal decomposition (calcination) of a metal carbonate
results in the production of the metal oxide and the generation
of large volumes of CO, into the environment. Accordingly,
industrial processes like clinker formation during the
manufacture of cement and the use of carbonate ores in
ferroalloy production are accompanied by direct emission of
CO, to the environment and contribute immensely to the
anthropogenic CO, in the atmosphere. Manganese oxide ores
have traditionally been the principal source of supply for alloy
smelting [1]. An expansion in the steel industry has resulted in
an increase in manganese ore mining activity and the
acceptance of ores containing less than 50% Mn [1] , typically
among which is rhodochrosite (MNCOs). It has been said that
carbonate ore needs 25 percent less carbon per unit of
manganese when compared with the standard mixed oxide,
Mn;O, [1]. The lowering of the fixed carbon per unit of
manganese processed increases furnace charge resistivity
and therefore enhances furnace productivity [1]. Although the
calcination of metal carbonates has been fairly researched into
[2-17], little or no data exist in the literature, on the effect of
waste plastics blending on CO, emissions. Accordingly, aside
of investigating the potential feasibility of producing MnO and
syngas from MnCO;-waster polymer compacts, the effect of
waste polymer blending on the calcination behaviour of
MnCO; is another object of this investigation.

2 EXPERIMENTAL

2.1 Raw Materials

Pulverised reagent grade manganese (Il) carbonate (MNnCOs,,
assaying 44% Mn) obtained from SIGMA ALDRICH was used
as the carbonate. HDPE and LLDPE were employed in this
study as waste polymeric materials. Their respective chemical
compositions (wt. %) are given in Table 1.
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TABLE 1: CHEMICAL ANALYSIS OF CARBONACEOUS MATERIALS
USED IN THIS STUDY

Component VM Ash | Total C H S
HDPE (wt %) 99.4 | 0.6 855 |14.2| 03
LLDPE (wt %) 99.7 | 0.3 855 |14.3| 0.2

Granules of HDPE and LLDPE were crushed to smaller sizes
by using a cutting mill “Pulverisette 15" (Fritsch GmbH, Idar-
Oberstein, Germany). By means of a sieve insert with 0.5 mm
trapezoidal perforations in the cutting mill a particle size 450-
470 pum was obtained. Fixed masses of MnCO; (~ 2.00 @)
were subsequently mixed with the carbonaceous blends (at
C/O molar ratio of 1.0, 1.5 and 2.0) and compacted in a die to
produce cylindrical pellets (~1.2 mm thick and 15 mm
diameter) (Fig. 1), by applying a load of 7.5 tonnes for 2
minutes in a hydraulic press.

3 4

Fig. 1:MnCO;-HDPE compact in a LECO® crucible before
calcination

2.2 Experimental Procedure

The sample assembly was inserted in the cold zone of the
furnace (Fig 2), which was purged continuously with argon (of
99.995% purity and flow rate 1.0 L/min) to ensure inert
conditions. After the furnace had attained the desired hot zone
temperature (1150 °C), the sample was pushed in the reaction
hot zone and gases (CH4, CO and CO,) were monitored for
900 s by an infrared gas analyser attached to the system; the
results were recorded in a data-logging computer. This time
was selected since initial trials showed no significant changes
in gas composition or degree of calcination beyond 900 s.
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Peaks of H, were monitored and detected using a gas
chromatographic (GC) analyser equipped with a thermal
conductivity detector (TCD). Calcined compacts were
guenched by rapidly withdrawing the tray from the hot reaction
zone intothe cold zone of the furnace and were allowed to cool
for 300 s under argon atmosphere to prevent oxidation of MNO
to higher oxides of manganese. Calcined samples were
pulverised andsubjected to SEM and XRDanalysis to confirm
the presence of MnO.

—

Fig. 2: Schematic of the horizontal tube furnace and IR gas
analyser system. (1 Sample Rod; 2 Alumina tube; 3 Reaction
mixture; 4 PC; 5 DVD; 6 CCD Camera; 7 Hot Zone; 8 Cold
Zone; 9 Gas analyser; 10 Quartz window; 11 Thermocouple;
12 Argon gas)

3 Results and Discussions

3.1 Nature of the Calcined Compacts

Fig 3 shows the appearance of MNCO5;-HDPE compact after
calcination. A complete change in appearance and size is
apparent from Fig 3.

U T
4 5 6 1

Fig. 3: MNnCO5-HDPE compact after calcination

Fig 4 shows the SEM image of raw MnCO; before calcination.
As can be seen from Fig 4 the particles have no specific
geometrical shapes. The calcined compacts are shown in Fig
5 at different magnifications for the raw carbonate, MnCO5-
HDPE and MnCO;-LLDPE, respectively. The morphology of
the calcined compacts shown in Fig 5 indicates that particles
of the compacts were sintered into larger lumps in the course
of calcination at 1150 C.
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Fig. 4:SEM of MnCO; before calcination
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Fig. 5:SEM of calcined compacts: a) raw MnCO3;, b) MnCOs;-
HDPE ¢) MnCO;-LLDPE

The XRD patterns of the raw carbonate (MNnCO3) are shown in
Fig 6 and those of the calcined compacts (MnO) are shown in
Figs (7, 8 and 9) for raw MnCO3;, MNnCO3-HDPE and MnCO;-
LLDPE, respectively. Complete disappearance of peaks of
MnCO; and appearance of distinct peaks that correspond to
MnO are observed in Figs (7, 8 and 9), an indication of active
calcination. The appearance of some peaks corresponding to
Mn metal is apparent in Fig 8 and especially Fig 9.
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Fig. 6:XRD of MnCO; before calcination
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Fig. 7:XRD of raw MnCO; after calcination

These peaks suggest that some reduction of MNnO (most likely
by CH,) to Mn did occur in the polymer-containing compacts,
although the extent of such reduction reaction was minimal
since temperatures higher than the experimental temperature
of 1150 °C are required.
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Fig. 8:XRD of MNnCO;-HDPE after calcination
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Fig. 9:XRD of MnCO;-LLDPE after calcination

3.2 IR Gas Analyses

The contents of CO, CO, and CH, in the off-gas were
measured continuously by an infrared (IR) gas analyser and
their concentrations were expressed in vol. %. The results are
shown in Fig 10 for the raw carbonate. Gas evolution began
almost immediately after inserting the raw MnCO; compact
into the hot zone of the furnace, attaining maximum values of
17.99 vol. % CO, and 3.99 vol. % CO after 110 and 210 s,
respectively. The gas generation behaviour of the carbonate-
polymer compacts is illustrated in Figs (11-14) for MnCOs-
HDPE (C/O = 1.0), MnCO3;-HDPE (C/O = 1.5), MnCO5;-HDPE
(C/O = 2.0) and MnCOs-LLDPE (C/O = 1.0), respectively. At
C/O = 1.0, gas generation by MnCO,;-HDPE compact
commenced after about 90 s, attaining maximum values of
9.92 vol. % CO, and 15.53 vol. % CO after 120 and 240 s,
respectively (Fig 11). Blending of the carbonate with the
polymer resulted in a significant decrease in the CO, content
and an increase in the CO content of the off gas.
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Fig. 10: Gas generation behaviour during the calcination of
MnCO; compact
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Fig. 11:Gas generation behaviour during the calcination of
MnCO;-HDPE compact (C/O = 1.0)
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Increasing the amount of polymer results in a decrease in the
maximum levels attained by CO from 15.53 vol. % (C/O = 1.0)
to 14.18 vol. % and 13.17 vol % for C/O = 1.5 and C/O = 2.0,
respectively, as shown in Figs (12 and 13). The maximum CO,
levels also declined from 9.92 vol. % (C/O = 1.0) to 7.99 vol. %
and 7.73 vol. % for C/O = 1.5 and C/O = 2.0, respectively.
However, the maximum CH, content increased from 3.15 vol.
% to 3.91 vol. % and 6.42 vol. % for C/O = 1.5 and C/O = 2.0,
respectively.
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. 12: Gas generation behaviour during the calcination of
MnCO;-HDPE compact (C/O = 1.5)
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Fig. 13: Gas generation behaviour during the calcination of
MnCO;-HDPE compact (C/O = 2.0)

Replacing HDPE with LLDPE at the same C/O ratio did not
lead to any significant change in the maximum levels of CO or
CO,. Maximum CO value dropped from 15.53 vol. % to 14.90
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Fig. 14: Gas generation behaviour during the calcination of
MnCO;-LLDPE compact (C/O = 1.0)

The accumulated amount of CO evolved is shown in Fig. 15
for each compact. The highest and lowest amounts of
accumulated CO evolution were observed for HDPE-
containing compact (C/O = 1.0) and the raw compact,
respectively. An observation of Fig. 16 shows almost the
reverse situation for accumulated CO, emissions, with the
highest amount observed for the raw compact and the lowest
for the compact containing HDPE (C/O = 2.0).It was observed
for iron oxide-polymer compacts that the amount of hydrogen
(and therefore syngas) generated was proportional to the
amount of CO evolved [18]. It means that blending the
carbonate with a polymer results in a decrease in the amount
of CO, evolved and an increase in syngas generation. Fig 17
shows the peak of H, gas as detected by a gas
chromatographic analyser equipped with a thermal
conductivity detector (TCD). The TCD detector responds to the
difference between the thermal conductivity of the carrier gas
and the analyte peak; the greater the difference in thermal
conductivity the better the sensitivity. Argon (k =39) was used
as the carrier gas as the target analyte peak was hydrogen (k
= 419). The other gases, CO (k =53), CO, (k =34) and CH, (x
=73) were measured quantitatively using an IR-gas analyser.
Peak determination of these gases on the chromatogram was
not satisfactory since their thermal conductivities were close to
argon that was used as the carrier gas.

0.8

vol. % for LLDPE, but occurred at the same time (after 240 s). o7 4 T Raw
There was no difference in the maximum value of CO, and the —#—HDPE 1.0
time (120 s) it was evolved; 9.92 vol. % and 9.93 vol. % for % HDPE 15
HDPE and LLDPE, respectively. The striking similarities in the =& ©°° ] i
. =) == HDPE 2.0
maximum values of CO and CO, by HDPE and LLDPE should g o4
not come as a surprise, judging from the chemical composition o ,; | T HPrELS
values from Table 1. However, the maximum level of CH, %
evolved showed an increase from 3.15 vol. % to 10.56 vol. %. 2]
At this stage, the difference in maximum values of CH, is not 011
too clear, although they occur around the same time (after 140 0 - ¢ ¢ .
s and 130 s for HDPE and LLDPE, respectively). Further 0 100 200 300 400 500 600
research is underway to explain the discrepancy in maximum Time ()
CH, values. Fig. 15: Accumulated amount of CO evolved during
calcination of various compacts of MNCO;
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Fig. 17: Gas chromatogram obtained after calcination of
MnCO;-HDPE compact (C/O = 2.0) for 1 minute at 1150 °C [11]
Combining Figs 15, 16 and 17, it can be concluded that
blending the carbonate with the polymer resulted in a
decrease in CO, emissions and an increase in syngas (CO + [12]
H,) production.
4 CONCLUSIONS 13
The simultaneous production of MnO and syngas from
MnCO;-waste polymer blends has been investigated in a
laboratory scale horizontal tube furnace at 1150 °C. It was
observed that:

1) Blending the carbonate with the polymers before [14]
heating has a significant attenuating effect on CO,
emissions.

2) Attenuation of CO, emissions is accompanied by a
simultaneous production of syngas that can be
recovered as a beneficial by-product. [15]
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