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Different methods of acid electric-furnace slag grinding are studied. The wet-grinding
optimized time of studied material in laboratory grinding mill is identified. It provides high
fraction output with the size less than 0.25 mm. The obtained product is characterized by
predominant silicon dioxide content and comparatively low iron oxide concentration. It can be
interesting for production technology of dark blue-green gamut ceramic pigments.
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Introduction

Method of raw materials preparation in
ceramic technology has an important meaning and
its choice is determined by initial raw material
properties, charge composition, and demands
lodged to the final product.

Acid electric-furnace slag peculiarity as
secondary raw material is their low homogeneity
degree in the chemical-mineralogical composition
(Report No. 1 and No. 2). Therefore, the correctly
chosen recycling method of such materials in many
respects will determine qualitative characteristics
of the final product; in particular they will
determine that of ceramic pigments for production
of which they can be applied.

This research is devoted to the study of
different methods of acid electric-furnace slag
grinding for its preparation to usage in ceramic
pigments production.

Results and Discussion

We investigated dry and wet grinding for fine
grinding and achieving of high homogeneity
degree of electric-furnace slag (Kharkiv) of its
averaged sample in laboratory grinding mill.
Besides, for dry grinding slag previously
underwent drying to residual moisture less than 1.0

%, and wet-grinding was done with adding of
water to 33% of humidity.

The results of investigations are presented in
the Table 1.

It is deduced from the experiments that during
grinding of electric-furnace slag sampledue to
complex electrometallurgical processes not only
dispersion degree increases, but as well slag
(pigment) part separates from metallic inclusions.

In particular, it is necessary to mark that the
output of pigment component of the investigated
slag under 5 h of grinding depends less from the
chosen method and equals 92.13 and 91.05 % for
wet and dry grinding processes respectively. A
small growth of slag fraction with the size < 0.25
mm during wet-grinding in comparison with dry-
grinding can be explained by a rather high degree
of homogeneity (in the granulometric composition)
of initial material and high concentration of b-
quartz crystal phase in the composition which
possesses high strength (7 points after Mohs scale)
against abrasive action of porcelain grinding
medium.

The further extension of wet-grinding duration
(from 5 to 12.5 h) leads to increase of fine fraction
from 92.13 to 96.98 wt. % under corresponding
reduction of large fraction from 7.87 to 3.02 wt. %.
The optimal grinding time in the grinding mill with
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Table 1. Characteristics of acid electric-furnace slag grinding

Fraction content, wt. %
<
oé; > 0.25 mm
Slag item b Condnom 1 = o <0.25 mm
= Cond. . =
= — . magnetic S = .
= g magnetic part rt ( g fg (pigment part)
5 S M part (non-
(Me) Me) =
5.0% 8.95 6.37 2.58 2.47 91.05
5.0 7.87 6.17 1.70 3.63 92.13
Kharkiv slag 1.5 4.45 3.69 0.76 4.85 95.55
10.0 3.32 2.90 0.42 6.90 96.68
12.5 3.02 2.69 0.33 8.15 96.98

Table 2. Fraction content of sample slag pigment part, wt. %

5% — dry-grinding

. Grinding time, Grain size, mm
Slag item
h <0.01 0.01-0.05 0.05-0.25
5* 13.67 7.72 78.61
5 14.12 14.31 71.57
Kharkiv slag
7.5 36.40 25.71 37.89
10 39.39 28.85 31.76

adding of water is 7.5 h. Further grinding is not
reasonable because of insignificant increase of fine
fraction quantity from 95.55 to 96.68 and 96.98 %
(Table 1).

The oversize (> 0.25 mm) obtained after
grinding underwent further magnetic separation. It
was established that with increasing of grinding
duration (from 5 to 12.5 hours) there occurs a
reduction in the number of both conditionally
magnetic (from 6.17 to 2.69 wt.%), and
conditionally non-magnetic parts (from 1.70 to
0.33 wt.%) of the studied metallurgical slag. This
is because conditionally magnetic part of the
recycled material consists not only of pure metal
inclusions; it is a combination of well-connected
silicate component with different amorphisation
degree of amorphous and metal prills. Silicate
component and metallic inclusions in less degree

5% — dry-grinding

significantly dominate in conventional non-
magnetic part. The slag part gradually separated
from the metal prills, during the further grinding
adds to the number of non-magnetic fine fraction,
so the content of the latter rises. The process of
separating of these phases is quite effective, as
evidenced by the significant increase in the ratio of
Me/non-Me from 3.63 to 8.15 with increasing
duration of wet-grinding from 5.0 to 12.5 hours.

Due to the chemical analysis we revealed high
concentration of total iron (Fetotal — 61.5 wt. %) in
conditionally magnetic component of sample slag
obtained after maximal grinding duration. Such
product can be a valuable raw material for steel
production, which impose strict requirements for
iron-containing raw materials (content of Fetotal at
least 50 wt.%).

A further fraction-by-fraction division of the
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slag pigment part according to Sabanin’s method
was performed. The results of this investigation are
shown in Table 2 and Figure 1.

The obtained data confirmed the fact
established before that the process of wet-grinding
of the investigated electric-furnace slag in rather
active phase lasts during 7.5 h. The further
extension of the duration of milling (up to 10 h)
causes an insignificant increase of the fine fraction
(<0.01 mm) from 36.4 to 39.39 % due to a

corresponding reduction in the proportion of large
particles of 0.05-0.25 mm (from 37 89 to 31.76
wt.%).

The results of the chemical analysis of steel
slag pigment part, separated after wet-grinding
during 7.5 h, showed (see Table 3) that it is mainly
represented by silica (80.10 wt.%), and also
contains a relatively small amount of iron oxides
(7.57 wt. % in general). Yield of milled flour is
insignificant and equals 0.15 wt. %.

Table 3. Data of chemical analysis of sample electric-furnace slag pigment part, wt. %

Oxide content, wt. %
] ~ e 5 e ~ e + 0O =
=12 IR IEIR B2 8 |8 |2 |8 |BIRS|= | &
X 180,10(3,05(0,15| 5,56 |2,01]0,20| 0,18 | 2,54 | 1,42 | 0,68 [0,02| 0,13 | 3,96 | 100
m -
£ 0 1 E<0,01
E' 70 - E 0,01 005
s 60 80,05-0.25
£ %
S 40 -
€
g 2
B~ 1o -
u T T T 1
5 wet-gnnding 5 wet-ginding 1.5 wet-gnnding 10 wet-grinding
Grinding timne, h
Figure 1. Fraction distribution of pigment part particles of Kharkov slag
Conclusions dioxide slag in the extracted pigment part, as well
. ) o as comparatively low iron oxide which is a very
Generally the experimental investigations  jmportant factor in production of ceramic pigments

helped to determine

— practicability of acid electric-furnace slag
preparations for application in production
technology of ceramic pigments by means of their
wet-grinding in the grinding mills;

— optimized time of wet-grinding of sample slag,
which provides high output rate both pigment part
and iron in general in its conditionally magnetic
component;

— predominant content of investigated silicon

of bright colours,
particular.

and blue-green gamut in
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HccnenoBanne Kucjioro
3J1eKTPOCTAIEIIABUIBHOI0 IIIAKA, KaK
MepPCIeKTUBHOIO CHIPHS /ISl MPOU3BOICTBA
KepamMuuyeckux nurmeHToB. Coodmenue 3.
N3yyeHue cnoco00B MOAr0OTOBKH HLIAKA

3aituyk A.B., bensrit S.1., MunakoBa H.A.,
Llloekomsic E.B., Mamermun B.C.

Uzydensl  pasznudHble  COCOOBI  MOMoOJA
KHCIIOTO  DJEKTPOCTAJCIUIaBHIBHOTO  IUIAKa.
VYCTaHOBJIEHO ONTHMAIbHOE BpPEMS  MOKPOTO
nomosa HCCIEeyeMOro Marepuana B
71a00paTOPHOM  IIAPOBOM  MENBbHUIIE, KOTOPOE
o0ecrieunBaeT  BBICOKMH  BBIXOA  (pakmuu
pasmepom meHee 0,25 mM. [logydeHHBIH NPOAYKT

XapakTepUu3yeTcs MPEUMYIIIECTBEHHBIM
COZIEp’)KAHUEM JIMOKCUJAa KpEMHHMSA, a TaKxke
CPaBHUTENBHO HEBBLICOKOU KOHLIEHTpalueun

OKCHUJOB X€JI€3a U MOXKET NPEACTABIIATh MHTEPEC
IJist  TEXHOJIOTUMW MTPOMU3BOJCTBA KEPaAMHUUCCKUX
IMMUIrMCHTOB CUHE-3CJICHOIO psjaa.
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