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In the paper, results of a study on the agglomeration process of fine-grained plumbiferous materials, belonging to
basic resources for lead recovery, are presented. For the agglomeration tests, a laboratory drum granulator and a
balling disc were utilized. The obtained granules were tested for compression strength with the use of a so-called
Michaelis testing device as well as for drop strength, determined per the standards. The results allowed for evaluat-
ing the effects of the composition of the blend of materials subjected to agglomeration on the quality of obtained

granules.
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INTRODUCTION

Currently, there are significantly higher amounts of
generated fine-grained carboniferous and plumbiferous
materials. Their sources are results of the activity of
coal mines, coking plants and metallurgical companies.
Management of these materials in their primary form,
either for energy or metallurgical industries, is very
difficult due to a high level of refinement, various
chemical compositions and, frequently, high water con-
tent. One of the solutions aimed at reusing these materi-
als for specific technological purposes is their pre-treat-
ment — briquetting. Certain technologies have already
been developed, including granulation of coal slurry-
biomass blends, granulation of converter sludge, bri-
quetting of various types of ferriferous waste or EAF
dust agglomeration [1 - 9].

For pyrometallurgical processes, briquetting is even
more important as its product becomes a charge mate-
rial containing metalliferous components and, neces-
sary for the process, carbon. In this case, as carbonifer-
ous materials, fine-grained waste from e.g. a coal-en-
richment process, coke dust, anthracite dust or coal soot
can be used for briquetting. Loading these materials
into a metallurgical unit as direct substitutes for e.g.
coke is not possible due to a high level of their refine-
ment, but they can be used in the forms of briquettes or
agglomerates. By utilization of fine-grained carbonifer-
ous waste as alternative fuel in a metallurgical process,
a considerable cost reduction may be expected. How-
ever, it should be noted that such a replacement may
result in a harmful increase in CO, emission [10]. In the
paper, results of the study on waste agglomeration proc-
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esses with the use of carboniferous materials and a
plumbiferous sludge fraction (generated during lead-
acid accumulator scrap treatment) are presented.

MATERIALS AND RESEARCH EQUIPMENT

For the tests, three types of carboniferous materials,
i.e. coke dust, anthracite dust and coal slurry, were used.
Their properties are presented in Table 1.

The plumbiferous material, used in the study, was
sludge generated during lead-acid accumulator scrap
treatment. Plumbiferous material used in the researches
contained 78,6 % mass of Pb.

Table 1 The analysis of investigated fine-grained
carboniferous materials

Parameter Coke dust | Anthracite dust | Coal slurry
Humidity content 03 5,1 27,3
/ %mass
Carbon content 88,5 82,3 ND
/ %mass
Sulphur content 0,66 1,51 0,95
/ %mass
Ash content 10,35 10,7 32,56
/ %mass
Volatile matter content 0,8 185 ND
/ %mass
Calorific value
/kJ/kg 28500 27er 1003

The agglomeration tests were performed with the
use of a laboratory drum granulator and a balling disc.
Preliminary tests, aimed at selecting granulation condi-
tions, were conducted in the drum granulator, while
semi-technical tests — by means of the balling disc (the
efficiency of 3 Mg/h).
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The compression strength tests were performed with
the use of a so-called Michaelis testing device, while
the drop strength values were determined, per the stand-
ards, based on the results of sample drops from the
height of 2 metres onto a steel sheet.

RESULTS

For the agglomeration tests, 15 variants of blends
were prepared according to the study schedule. Their
compositions are presented in Table 2. The post-ag-
glomeration granules were subjected to the strength
tests.

Due to the fact that under industrial conditions,
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mm, compression strength values were frequently over
two-fold smaller than the values obtained for the grains
sized over 10 mm. It should be noted, however, that the
strength reduction vs time during the seasoning period
was less rapid than that observed for bigger grains. In
both cases, the post-granulation material showed plastic
properties.

After a 24-hour seasoning period, the compression
strength values for the granulates were 9 + 10,3 daN/
granule for the smaller grains and 17,1 + 26,7 daN/gran-

Table 3 Compression strength values for the granulates
with grains sized > 10 mm, obtained from selected
blends after a seasoning period

processing of the metalliferous fraction generated dur- Compression strength - <,
ing acid-lead accumulator scrap treatment is performed / daN/granule g2 5y
. . . 1. C v wn =
mainly in rotary-rocking and rotary-tilting furnaces, No. v @ 8x g SEE
. . . . T < T > o > ~ U5 U =X
these properties of charge material are of high impor- £5 £8 | €8 | ££% o 2s
= " <
tance. As the technology of accumulator scrap treatment ” © = £ i
is a contmugus process that requires large supplies of ] 241 190 151 78 197
charge materials, the obtained granulates were also sub- 2 262 220 183 76 16.9
Jected to seasoning. 3 25,7 21,6 188 A 15,4
4 26,7 18,2 14,1 7,3 18,5
Table 2 Component fractions with regard to plumbiferous > 241 213 17.7 6,9 17,8
sludge in pre-granulation blends / % mass 6 249 18,8 14,3 6.9 183
~ - P~ 7 25,5 18,3 13,5 7,8 21,7
eaucers errum source Inder 8 20,8 186 17,7 7.8 20,0
. o] 8 | & 2| w 2y o 9 194 14,8 12,2 78 21,1
e} O, =} T = © = E o
4 s E o] = 9 = c g 10 24,2 15,2 11,0 7.8 21,0
< r—1 = - —_
S| E°| 8| % 8 1%— 11 24,8 18,8 14,4 8,1 17,1
o | < O &
12 24,3 16,7 11,8 8,1 153
1 : 6 - : - . . 13 18,5 11,2 10,0 8,1 16,5
5 3 6 _ _ _ _ 14 17,1 13,6 11,5 8,1 16,8
15 26,0 20,4 13,8 7,2 153
3 8 6 - - 8 - -
4 8 6 - - - - 5
- s p s s Table 4 Compression strength values for the granulates
. - - with grains sized 3-5 mm, obtained from selected
6 8 6 - - - 8 5 blends after a seasoning period
7 8 - - 6 8 - 5 Compression strength
/ daN/granule Water content | Water content
8 8 B B 6 - 8 5 No. After After After inthe blend/ | inthe granu-
- - - %mass late / %mass
° 8 6 8 > 24h | 3days | 6days ? 0
0 | 8 - 6 - 8 - 5 1| 102 9,4 8,4 7.8 19,7
n| s - - 6 | - 8 - 2 | 99 9,2 88 7,6 169
12| 8 - - 6 | 8 - - 3 | 938 9,1 88 71 154
13 8 - 6 - 8 - - 4 10,0 9,4 8,9 7.3 18,5
4| 8 - 6 - - 8 - 5 | 103 | 96 8,9 69 17,8
5|18 16 - - - 8 - 6 | 91 8,9 8,6 69 183
7 9,4 9,0 8,7 7.8 21,7
The compression strength test results for the granu- 8 98 9,1 8,5 7,8 20,0
lates obtained from various blends are listed in Tables 3 9 | 102 9,7 8,8 7.8 21,1
and 4. It is known that the acceptable charge material 10 | 92 8,9 84 738 21,0
grain sizes in the technology of plumbiferous sludge 1 | 100 92 85 81 171
treatment should not be smaller than 3 mm. Therefore
. N ’ 12| 90 8.8 8,6 8,1 153
the granulates containing grains sized over 10 mm and
. . 13 | 95 9,0 8,5 8,1 16,5
3 — 5 mm were included in the tests.
The analysis of data presented in Tables 3 and 4 re- 14 | 92 89 8> 81 168
vealed that for the granulates with grains sized 3 + 5 51 99 9.0 84 7.2 153
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ule for the grains sized > 10 mm. After 3 days of season-
ing, the compression strength values for the granulates
slightly decreased and they were 8,8 + 9,4 daN/granule
for the smaller grains and 11,2 + 22,0 daN/granule for
the grains sized >10 mm, while after the 6-day season-
ing period, the values were 8,4 + 8,9 daN/granule and
10,0 + 18,8 daN/granule, respectively.

The results of drop shatter tests for the obtained
granulates (Tables 5 and 6) showed that the seasoning
process resulted in drop strength reduction. For the
> 10 mm agglomerates, over 90 % of grains remained

Table 5 Drop strength values for the granulates with grains
sized > 10 mm, obtained from selected blends

After a 24-hour seasoning period | After 6 days of seasoning
No: 1 drop 1 drop 1 drop 3 drops
1 96,5 95,2 95,2 34,4
2 97,2 97,5 97,5 38,5
3 100 95,8 95,8 27,4
4 98,1 96,0 96,0 40,0
5 99,0 98,7 98,7 354
6 96,8 100 100 20,3
7 97,9 100 100 443
8 96,1 85,2 85,2 384
9 97,3 97,6 97,6 26,9
10 98,5 98,9 98,9 34,9
1 99,6 90,3 90,3 35,8
12 95,4 99,0 99,0 40,1
13 97,5 99,6 99,6 22,8
14 98,9 100 100 37,4
15 100 98,8 98,8 15,2

Table 6 Drop strength values of the granulates with grains
sized 3 + 5 mm, obtained from selected blends

After a 24-hour seasoning period | After 6 days of seasoning

No. & é- g é

T kel T °

- oM - oM
1 96,5 90,2 97,8 79,3
2 97,9 89,9 97,9 83,2
3 98,0 92,3 98,0 81,4
4 98,1 87,4 98,2 84,4
5 99,1 88,4 98,4 80,6
6 96,2 90,5 98,6 85,3
7 97,8 90,0 96,8 77,4
8 98,0 92,3 95,7 70,4
9 97,9 88,9 97,3 80,1
10 99,0 93,5 97,5 73,7
11 99,1 91,1 92,6 70,2
12 98,0 89,2 97,9 81,6
13 97,5 91,0 96,8 78,5
14 98,1 87,9 97,3 83,2
15 97,9 92,0 99,2 80,1
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intact after one drop regardless of the seasoning dura-
tion, while after three drops, granulate degradation was
observed. After the 6 - day seasoning period, large
amounts of subgrains sized <10 mm were seen (up to 80
+ 85 %). It should be noted, however, that the granulate
did not crumble into dust but into a few pieces with
grains sized 3 + 5 mm which can be successfully uti-
lized for further processing.

For the agglomerates with grains sized 3 + 5 mm, 1
drop yielded 97 % of grains >3 mm in practically all
cases. A very important property was the amount of
granulate with > 3 mm grains: 90 + 95 % immediately
after the granulation process. During the seasoning pe-
riod, the drop strength of granulates decreased, but not
as rapidly as it was observed for the granulates with
grains sized over 10 mm. Immediately after the granula-
tion process and after 3 drops, the fractions of >3 mm
grains were 90 + 95 % and slightly decreased to 87 + 93
%, 85 + 90 % and 70 + 85 % after 24 hours, three days
and six days of seasoning, respectively, which means
that the granulates with smaller grains, due to their low-
er mass, get broken to a lesser extent.

A comparison of the analyses of strength values for
granulates with various grain sizes shows that the gran-
ulates with grains sized 3 + 5 mm demonstrated better
drop strength properties but worse compression strength
parameters compared to the granulates with grains sized
10 + 12,5 mm. The compression strength is a very im-
portant property if granulate is meant to be processed in
a shaft furnace where a high compression strength of
the charge column is required. If granulate is processed
in rotary-rocking or rotary-tilting furnaces, the com-
pression strength parameter does not seem to be of such
importance.

Here, the drop strength is an essential parameter. As
mentioned above, immediately after the granulation
process, the material was plastic and did not crumble. It
is a very important property which enables transporta-
tion of granulate to the seasoning site or directly to the
production process. Particularly good drop strength val-
ues were observed for the granulates with grains sized 3
+ 5 mm; however, the granulates with grains sized over
10 mm should not be neglected as they did not crumble
into dust after the drops but into a few pieces with grains
sized 3 + 5 mm which can be successfully utilized for
further processing.

In the case of granulate treatment, seasoning dura-
tion should also be considered. Raw granules contained
about 15 + 21 % mass of water which must be elimi-
nated during the production process. That means addi-
tional consumption of energy necessary for its evapora-
tion. After three days of seasoning, the granules con-
tained about 2 + 5 % mass of water and their mechanical
properties were good enough to use the granules in the
production process.

Furthermore, the tests showed that the obtained
granulates broke down in water, which means that if
they are meant for temporary seasoning and storing, this
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must be performed in sheltered sites that are resistant to
atmospheric conditions. Depending on technological
parameters, granulates with grains of various sizes can
be produced with an optimal seasoning period aimed at
efficient processing of the material.

SUMMARY

Based on the results of tests with the use of plumbif-
erous sludge obtained from accumulator scrap, per-
formed by means of the granulation method with vari-
ous reducers and ferrum sources, it was demonstrated
that:

* Blends of plumbiferous material and various reduc-
ers (coke dust, anthracite dust, coal slurry) as well as
ferriferous materials (mill scale, filings) showed
very good agglomeration abilities. An efficient gran-
ulation process required previous crushing and siev-
ing of the plumbiferous material and coal slurry as
they tend to cake rapidly.

» The water content in all blends before briquetting
was 7 + 8 %, i.e. too small for the granulation proc-
ess. During blend granulation, the water content in
the final product should be supplemented to about
15 = 21 % — such water content yielded a granulate
with proper parameters.

* A characteristic property of the granulated blends
was reduction in strength during seasoning, which
decreased with time.

* Hydrated lime, added as a binder, did not affect the
granule strength properties, which means that if lime
is not required for the technological process, its us-
age may be unjustified.

* Immediately after briquetting, the granulates were
plastic and did not crumble, which enables transpor-
tation of the granulate to the seasoning site or di-
rectly to the production process.

* In the case of granulate treatment, seasoning dura-
tion should be considered. Raw granules contained
about 15+21 % mass of water which must be elimi-
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nated during the production process. That means ad-
ditional consumption of energy necessary for its
evaporation. After three days of seasoning, the gran-
ules contained about 2 + 5 % mass of water and their
mechanical properties were good enough to use the
granules in the production process.

e If granulate is meant for temporary seasoning and
storing, this must be performed in sheltered sites be-
cause humidity is a cause of its crumbling.
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