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Abstract: Problem statement: Ceramic permanent magnets or more commonly knowstrastium
hexagonal ferrites have been widely used in permtanggnetic materials as they provide high
remanence, high coercivity, relatively high enepggduct and good chemical stability. In this study,
we treated factory byproduct from hot-roll and coddl steel industry was used as raw material in
synthesis of strontium hexagonal hard ferritepproach: X-Ray Diffraction (XRD) was employed
to confirm the formation of strontium hard ferrismmpound. Vibrating Sample Magnetometer
(VSM) was used to analyze the magnetic propertfesamples prepared®esults: The magnetic
properties, namely remanence and coercivity ofofgcbyproduct-derived strontium hard ferrites
were compared. The cold-roll-derived strontium hémdite showed higher remanence in this study.
Conclusion: This implied that cold-roll byproduct was a betwmandidate to replace hematite in
preparation of strontium hard ferrites comparetdbtroll byproduct.

Key words: Strontium hard ferrites, remanence, coercivity,-fodit steel industry, cold-roll steel
industry

INTRODUCTION layer of scale consists of three different typesroh
oxide FeO, Fg, and FgOs;. Rolling mill scale is
In the steel-making industry, hot rolling processconsidered a rich iron source (>70% Fe) with mimmu
consists of slab-heating (as well as billet andoblly  impurities.
rolling and forming operations. Several types of ho In continuous pickling processes, the steel is
forming mills (primary, section, flat, pipe and &b immersed in acid cleaning tanks (containing
wire, rebar and profile) manufacture diverse steehydrochloric, sulfuric, or a combination of various
products. Long products are manufactured by hopickling acids) and then cleaned in a series ofewat
rolling billets into reinforcement bars, or for fuer  rinsing tanks. Some by-products in spent pickling
rolling and drawing into wire rods and sometimesliquor include iron-bearing materials that could be
coating. To prepare the steel for cold rolling orused in the  production of magnetic powder
drawing, acid pickling (inorganic acid water sotuts productézl_. Pickling acid regeneration sludge can be
with sulfuric or hydrochloric acid) is performed to '€cycled in steel plants (EAF and blast furnace) or

chemically remove oxides and scale from the surédce processed for the production of iron oxides. Tranir

the steel. Other methods to remove scale inclutie saOX'de from hydrochloride acid regeneration can be

pickling and electrolytic pickling. Cold rolling flows used in several_ industries as a h'gh quality _||qmt|_|
: . . as for production of ferromagnetic materials, iron
hot rolling operations, for the manufacture of @nth

owder, or construction material, pigments, glasd a
strip or a strip with a high-quality finiSh The surface P P g

_ _ ceramicd!.
of hot rolled steel is covered by a layer of mia In this study, factory byproduct from hot-roll and

which is created by a reaction of the metal andiantb  co|d-roll steel industry undergo a series of tremitn
oxygen while the hot rolled steel is cooling dowine  milling, magnetic separation and heat treatmentydo
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Hot-roll byproduct

converted into hematite (@), which will then be
used in the preparation of permanent magnet ($tront
hexagonal hard ferrites).

Hard ferrite magnets are produced with iron oxide

| Cold-roll byproduct |

and strontium oxide. The raw materials are mixed an | Magnetic separation |
pre-sintered, to generate the magnetic phase. The | _{aﬂlmm |
resulting powder gets pressed together (wet or dry) iL -

either in a magnetic field (an-isotropic) or withoa | Mixing Fa:05: $1CO0; |
magnetic field (isotropic) and in the end sinterBde JL

to the low cost of the raw material, hard ferritegnets | Pre-sintering 2t 1130°C |
are the cheapest magnet type out of the actualysopp | — g:_ — |
magnets. Ferrites have a very good electrical tismla . i.[. .

effect and are hard to demagnetize even in strong | Pelletizing |
external magnetic fiel#& To produce and maintain the 1T

magnetic field, a material should have both high | Sintering at 1200°C |

JL

Sample characterizztions |

residual induction (remanence) and high coerdiVity |
These materials, also known as oxide or ceramic
magnets, are the most widely used magnets, especialg 1: Schematic diagram of strontium ferrite siet
for their low cost. Hexagonal ferrites are amorifst magnets synthesis procedure

most widely used materials for permanent hard miagne
application¥’.

RESULTS

Steel industry waste is generally a rich iron seur
MATERIALSAND METHODS (>70% Fe) and consists of three distinct layergarf
oxides; namely wuistite (FeO), magnetite {88 and
) ) hematite (Fg0s). During the milling process in this
Different samples of steel industry byproductstdy, the factory waste was grinded into ultrafin
collected from 2 different steel companies in Malay particle and in the form of single-phase-partithsing
were used in this study. The hot-rolling mill ssle magnetic separation, we obtained defective FeO from
and the cold-rolling waste were first milled using the factory waste. This defective Fe@s oxidized into
planetary ball mills for 24 h. This was particujarl useful FeOs. The following chemical equation
effective in breaking up large pieces of the scalés  illustrates the process:
dried powder was then undergo magnetic separation
and heat-treated at 400-600°C. The phase formafion 4Fe0 +Q - 2Fe0s

hematite (FgD3) was confirmed by X-Ray Diffraction To confirm the presence of f&, the powders
(XRD) analysis. The waste-derived ,Pg and were scanned using X-ray diffraction.
strontium carbonate (SrGPpowders were wet-mixed Figure 2 and 3 show the content of waste-derived

and pre-sintered at 1150°C to produce strontiunfieématite from two different steel factories (holl-emd

ferrite powders and to generate the magnetic phas&0ld-roll waste), respectively. Both Fig. 2 andfbw
The mixing ratio of FgDs SrCO; was x to 1 where x good agreement between the phases given by the-wast

derived hematite (hot-roll and cold-roll waste) ahe
was selected from 5.5-7.5 step 0.5. The powderg Wel - ndard phases of f&, The data above suggests the

then blended and pressed into pellets. These pe”ebresence of RO, in our samples. However, X-ray
were sintered at 1200°C for 10 h (Fig. 1). Theesiel  gjffraction analysis does not provide the quarititat
samples were characterized by using an XRDOnformation of the compound. Thus, we do not know
analysis to confirm the formation of the strontiumthe purity of hematite (R®s;) obtained after the
hard ferrite compound. The magnetic measurementeatments above.

carried out using Vibrating Sample Magnetometer  These waste-derived @ were then used to
(VSM). The magnetic properties; remanence andrepare strontium hard ferrite Sgk@;, through the

coercivity of the strontium hard ferrites magnetsrev chemical reaction below:
then compared. SrCQ;+ 6Fe0; — SrFg, 09+ CO,
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Again X-ray diffraction is used to confirm the Good permanent magnets possess high remanence
presence of SrirgD;,. and coercivity. The magnetic properties of the dasp
Figure 4 and 5 show the X-ray diffraction in this study, i.e., the remanence and coercivitgre
measurements on samples SgPgy after several compared using VSM.
synthesis processes by using treated hot-roll atdi c
roll waste as starting materials. Both Fig. 3 arshdw DISCUSSION
good agreement between the phases given by our
samples (hot-roll and cold-roll) and the standandges
of SrFe,0. It was confirmed that Sri®;9 phase
formed in the samples.

Figure 6 shows the remanence of the magnet
produced using treated hot-roll and cold-roll waase
raw material with different mixing ratios. It is ten
1200 that generally the cold-roll waste produces higher
1000 remanence compared to the hot-roll waste. This is
because the hematite derived from cold-roll waste i
purer. With the significant amount of impurities time
hot-roll derived strontium hard ferrites, pinninffeet
occurs and thus prevents the alignment of the miagne
moments in the SrkgD;9 phase. As a results, the
remanence of the hot-roll derived Stf#&, declined

Counls

Fig. 2: Waste-derived hematite (hot-rolled) significantly For the hot-roll derived Srk€;q, the
. highest remanence seems to occur at the ratio 6:1,
1500 where the cold-roll derived SrE®.9 achieved the
. e maximum at the ratio 6.5:1. At this ratio, coldkol
fljgﬂ _‘1 _ derived SrFgO;9 phase dominant the sample.
soof [ Magnetocrystalline anisotropic energy and the
e exchange energy (inter-molecular force) permit the
200 [ | | | il L alignment of the magnetic moment in the S§Bey
S G &efff-3Sc-fViSCERCE phase. The width of the domain walls change in the
R presence of magnetic field and thus enhance the

remanence of the sample.

Fig. 3: Waste-derived hematite (cold-rolled) Figure 7 shows the coercivity of the magnet

450 produced using treated hot-roll and cold-roll wasith
o different mixing ratios. It is noted that generatlye
200 cold-roll waste-derived Srk#,, produces lower
E 50 ] IL lJ N M " coercivity compared to the hot-roll method. For the
T et MR S hot-roll method, the highest coercivity seems tousc
100 1 at the ratio 6.5:1, while under the cold-roll meathibe
1 |.| T ) JI..I. l maximum is achieved at the ratio 6:1. High coetgivi
! S nREsRfF-3co-iroccocerrcz implies the permanent magnet is hard to be
2Theta demagnetized even in strong external magnetid<i

Fig. 4: Waste-derived strontium hard ferite (hdted)
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Fig. 6: Remanence of hot and cold-roll waste-derive
Fig. 5: Waste-derived strontium hard ferite (cabdled) strontium hard ferites
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Fig. 7: Coercivity of hot and cold-roll waste-dezd/
strontium hard ferites
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Fig. 8: Hysteresis-graph of hot-roll Waste-derived3'

strontium hard ferites (ratio 6:1)
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Fig. 9: Hysteresis-graph of cold-roll waste-derived
strontium hard ferites (ratio 6.5:1)

CONCLUSION

The X-ray diffraction method revealed a good
agreement between the phases given by steel igdustr
waste-derived F©; (hot-roll and cold-roll) and the
standard phases of f&. This method also confirm the
fact that there is a good agreement between thsegha
given by steel industry waste-derived SgPre (hot-
roll and cold-roll) and the standard phase$dig,0;,.

To obtain the highest remanence and coercivity, the
magnet are best mixed at a ratio n:1, with a value
between 6 and 6.5.
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It could be caused by the structure of the crystal

(anisotropic) or the significant amount of implegiin
the sample. Since the high coercivity value in liog¢

roll sample was follow by a decline in remanence, w
may claim that the high value of coercivity in the
sample (hot-roll) is caused by impurities and rod t
crystal structure.

The hyteresis-graphs of hot-roll and cold-roll
waste-derived strontium hard ferrites with rati®:6&.
and 6.5:1 respectively is shown in Fig. 8 and 9.
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