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Performance and process optimization of porous ceramics prepared from electrolytic manganese residue

using composite pore-making agents
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Abstract: Electrolytic manganese residue (EMR) is a kind of acidic solid waste which generated from filtration process in the
manganese electrolysis industry. It contains a large quantity of harmful substances including heavy metals, and exhibits also
high acidity. Inappropriate storage of EMR may cause serious environmental pollution. Proper disposal of EMR has become a
critical constraint on development of manganese electrolysis industry. EMR contains a large amount of Si0», making it suitable
as a raw material for producing EMR-based porous ceramics and other building materials, thereby enabling harmless and
resource-efficient treatment. This could be a promising technical route to achieve bulk utilization of EMR. In this study, EMR
was used as the ceramic aggregate, and kaolin was used as the binder to produce ceramics. The performance of two types of

pore-forming agents, starch and dolomite, which have different pore-forming mechanisms was investigated. The porosity,
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water absorption, bulk density, compressive strength, and heavy metal adsorption capacity of EMR-based ceramics prepared

with different binders were compared. Furthermore, the optimal process parameters for producing EMR-based porous

ceramics were systematically discussed. The results showed that the EMR-based porous ceramics prepared with a composite

pore-forming agent (doped with 15% dolomite and 15% starch) exhibited both high porosity and high compressive strength.

These ceramics can be used as building materials or heavy metal adsorbents. The research findings provide valuable insights

for developing high-performance EMR-based porous ceramic materials, thereby advancing the sustainable development of the

electrolytic manganese industry.
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Figure 1  Effects of pore-forming agent doping content on comprehensive

performance of EMR-based porous ceramics
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Table 2 Design parameters of five. factor and four. level
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Table 3 Performance parameters of corresponding samples

of five factor and four level orthogonal test

Bamas  adae ke o SURRE

(g/em?) /MPa
1 18.03 34.54 1.9153 21.7
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8 38.45 59.35 1.5433 29.0
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13 32.82 54.96 1.6749 41.3
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Table 4 Range analysis of a five—factor, four—level

orthogonal test
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Table 5 Adsorption performance test results of some

samples in the five—factor, four—level test
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k, 28.296  27.384 17.040 27312 26.422
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K, 169.575 185259  226.584 177.668  192.003

k, 48.540  46.735  33.858  46.455  44.191

k, 50.649  47.089  39.183  47.878  46.500

k, 43.658  45.102  55.554  46.490  46.548

k, 42394 46315  56.646  44.417  48.001

e 33.021 7.947  91.152 13.846 15.239
j’;g 2 2 4 2 4

R K, 6.995 6.913 7.950 7.027 7.010

HE K, 6.758 7.092 7.404 7.041 6.953

K, 7.101 7.203 6.573 6.898 7.294

K, 7.380 7.025 6.306 7.269 6.978

k, 1.749 1.728 1.988 1.757 1.752
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k, 1.775 1.801 1.643 1.724 1.823

k, 1.845 1756 1.577 1.817 1.744

e 22 0.622 0.290 1.644 0.371 0.341
if% 4 3 1 4 3

iE K, 139.667  141.033  228.100  163.333  153.000

BIE K, 139.067  159.567  200.500 175.333  181.000

K, 202.600 216.833  165.900 185200  186.333

K, 257.133  221.033  143.967 214.600 218.133

k, 34917 35258  57.025  40.833  38.250
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Figure 2 Effects of sintering temperature on comprehensive performance

of EMR~based porous ceramics with composite pore—forming agents

AT (a1 WA Y S0, L K A B RRE R £k A R, O
Je v LA iR R Y 22 LR R A RE, DU AU S A
FoAb AR Z2 FLOE L, O B T B2 K Ak B 7 B i
W A R K A B RAS D LA EMR BE IR AL T2 (42 &
EMR % I A0 R T 3 £ 44 R8s, A 0 T B 4 7K Ak B A



208 HooBE

55 43 &

a—SEM K4

. SiOz

v: MnMn SiO ,
+: CaMn SiO,,
+: Ca Fe, O

28574

% /(a.0.)

26/(°)
b—XRD &%

B4 ZAREILH(15% 112 A41-15% JE B ) il 4 19 EMR 2 2 1L %
FAE
Figure 4 Characterization of EMR-based porous ceramics prepared with

a composite pore—forming agent (15% dolomite—15% starch)

# 6 EMREHMEMRESILHESHEZHXBWNIKER
Table 6 Toxicity leaching test results of raw EMR and
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