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ABSTRACT

This thesis summarizes the recycling of chemical iron sludge, draws a conclusion that scrap iron sludge can be used
in the fields of preparation of ironmaking raw material, iron oxide pigment, ferric salt and new material, and put
forwards that new prospect of cyclic utilization and application of iron sludge in the productive process of preparing
metanilic acid with m-Nitrobenzenesulfonic acid makes iron sludge develop in the direction of high added value
from low added value and bring favorable economic benefit and social benefit.
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INTRODUCTION

In the technological process of preparing aromatiino compounds with many aromatic nitro compouids
powder is frequently used as the reducing agenthénmeantime, a mass of industrial waste residliec:iron
sludge will be produced and it is a kind of polhutisource which is difficult to be degraded anghdsed. In recent
years, with the rapid development of economy, tbhgpuat of industrial waste residue especially irdndge is
increasing with each passing day. There is a sahiaig‘wastes are misplaced resources”. How to ‘twaste” into
wealth and improve resource utilization rate hasob® an urgent demand for the development of sofdigt
Forefathers have made relevant explorations arehrelses on the recycling aspect of iron sludgeadneddy made
some progress. This thesis is to make an introdlwethd summary of the application and progres$iefical iron
sludge.

1 Useiron sludge asraw material for ironmaking

Iron sludge has high iron content. The materiat tow and effect is quite good if iron sludgeused as the raw
material for ironmaking. Mingcheng Steel Factorylditin Province uses iron scurf reduction methodptoduce
aniline and ortho-toluidine and a mass of wasté@uesof amino compounds is produced accordinglyyeyear.
The waste residue is also named as “reduced iWfith the increasing demand for amino compoundsjged iron
is becoming more and more. In order to protectetmironment and eliminate the pollution, Li et &lf2ake iron
sludge turn into ironmaking material through praieg steps such as recycling of metal scrap irettlirsg
separation of iron sludge, centrifugal filtratiateposition and solidification and the effect isgfattory. Although
the effect of iron sludge as ironmaking materiagpiistty good, abrasion of machine is quite severk@oduction
efficiency is reduced because there are unreaethuted iron particles in iron sludge when the maelis running
at high speed.

2 Useiron sludge to prepare iron oxide pigment

Ferric oxide series pigments are the first majdomml inorganic pigment and the second major ingigpigment
next to titanium dioxide [3]. Comparing with intetional pigments in the aspect of quality, domegtignents lag
far behind. Under such condition, Technique of mgkiise of iron sludge to prepare ferric oxide sepigments
including iron oxide red iron oxide black and iromide yellow has an extremely wide application lseaof
advantages such as simple process, complete clovgraphy and small noxiousness [4].
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2.1 Prepareiron oxide red

The molecular formula of iron oxide reddsFe,0zand its output takes up 80% of iron series producds oxide
red is an important colored pigment and it is wydapplied in coloring of oil paint, construction daplastics
because of superior light fastness, thermo-stgbdikali-resistance and resistance of atmosphieficence, dirty
air and all kinds of alkali. A little iron oxide decan be used in magnetic materials and matealgléments of
electronics and telecommunication.

There are two preparation methods for iron oxide @ne dry method (known as high-temperature caticin) and

the process is relatively simple. The other onevés method and there are comparatively more promases.

However, reaction mechanisms of these two premaratiethods are basically the same. Iron oxide medou
standard can be produced by both of two methodsTfafitionally, iron oxide red produced by iroreshand scrap
iron has a good quality but the technological pssctakes quite a long time. What is more, costshayle but

competitive force is low. Thus, it is necessarfind new raw materials to enhance productivity.

Yang et al[6] have confirmed that industrial irdudge can be used as raw material after exploratigmoduce iron
oxide red pigment under the circumstance of 60%lauic acid concentration after acid-curing oxidiza, 1:1.2
mass ratio for sulfuric acid and iron sludge, 80Qemperature, and 120min reaction time. Moreover,gigment
meets the requirements of coating and oil pairpigment.

Zhou et al[7] use scrap iron and industrial wastéusic acid after production of hydroquinone ae tiaw material,
adopt high temperature dry method to produce isddeored through processing steps such as smashindgning,
calcination, cooling and ball-milling. Its cost38% lower than that of conventional methods. Opiti@ehnological
condition is confirmed after exploration. Mass frae of H,SO,is 70% to 80%, mass ratio between iron and
sulfuric acid is 1:0.85 to 1:1, calcination temgera is 900C, and calcination time is 40 to 70min.

Cui et al[8]use both acid solution oxidation method and dryhmeétto produce iron oxide red with the chemical
scrap iron sludge as raw material. First, sulfage is used to steep iron sludge and then thdisolis heated to
50°C with slow stirring. Sulfate liquor in iron-contairg mixed valence is produced after sufficient tesc And
then processing steps such as iron powder feefiliteging and high-temperature calcination are amstdd. At last,
an analysis of XRD and chemical property is madeatds the product to determine the productive cdteon
oxide red product reaches 9871

Besides ordinary iron oxide red, Wang et algi8p produce high-purity iron oxide red. Industsatap iron sludge
after production of DSD acid is used as raw maltelrian sludge is dried, smashed and made intouseflaid with
water after stirring. And then sulfuric acid andetain amount of oxidizing agent are added. Reaaiinder the
condition of 80C temperature lasts one hour. When pH value of dhetien is equal to 3, the reaction is stopped
and filtration is done. And then sodium carbonatetion is used to adjust the pH value to 5.0 ahd filtration is
done next. Sodium carbonate solution is addedetdiltier liquor and filtration goes on to get femsocarbonate filter
cake. A little amount of sodium carbonate solutiord deionized water are used to wash up to fercausonate
filter cake. And then drying, calcination and sniaghare done to get highly purified iron oxide ré&tke ration of
iron sludge under optimal technological conditisrup to 97% which meets the requirements of HG/#257994
Standard for Superior Products on quality.

2.2 Prepareiron oxide yellow

Iron oxide yellow is non-toxic and has good coladawide range of application. The chemical formafaron
oxide yellow isFe,03: XH,O or a-FeOOH. Iron oxide yellow is a kind of high valudeed inorganic pigment with
excellent light resistance and weather fastnes# & quite popular in the fields of coating, rubbelastics,
stationery and medicine. The preparation methodsoofoxide yellow include peptization method, adidn style,
acid process and alkaline process [10]. Huang[&t]aise iron vitriol dreg of yellow sodium as raw mékto
make a-FeEOOH seed crystal at first and then add weak a@gumonia to form Fe(OH)coatinga-FeOOH and
finally produce a large number of iron oxide yellafter the oxidization of-FeOOH seed crystal. These pigments
have pretty good mono-dispersity and have no aggfation. The optimum condition is confirmed through
exploration into the optimal technological conditifor the preparation of transparent iron oxiddoyel Ferrous
sulfate concentration is 40%, alkali ratio is 0.23, vessel Q is 0.16 to 0.2%h; seed crystal content is 1%, initial
ferrous concentration is 0.40 mol/L, pH value istrolled within 3 to 4, air doss is 0.4 to 0.8/m and stirring rate
is 700 to 800 r/min

Zhang et al[12{ise industrial iron sludge as raw material to prepa=eOOH through processing steps such as acid
leaching, de-oxidation, air oxidation and filtrationake an analysis on the influence of factor$ 1 sagn(NaOH):
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n(FeSQ) and surface active agent to finalize that gooatdpcts can be produced under conditions of n(NaOH):
n(FeSQ)=5, temperature=30, and sodium dodecyl benzene sulfonate as thecgudetive agent and 1h reaction
time.

2.3 Prepareiron oxide black

Iron oxide black is mainly used in mosaic floor,liend artificial marble in construction industiyon oxide black
can be also used as the coloring agent in plasiitsstry and rubber industry. Besides, it is agtiie to industries
of printing ink and oil paint, and it can be usedrake iron oxide purple, iron oxide red gnee,O;.

Although iron oxide black prepared by traditionathod has high performance, the cost is increds#tguse more
and more raw material is consumed in preparatibheSal [13]Juse scrap iron sludge produced in the iron powder
reduction process as raw material to generatedriae black, turn iron sludge into iron sludge ali¢ phase and
reduced iron powder which is not fully reacted mftemposition and filter pressing, and produce prume sludge in
solid phase through size mixing, sieving, watemubbmg and filter pressing. Finally, iron oxide ¢#aproduced
after drying has good quality meeting relevantaral standard.

Patent 102583577A [14] introduces the method aigibly-product chemical iron sludge in aminopherocpss to
prepare iron oxide black. Iron oxide black is mgipfoduced by sieving and dehydration of iron skidadding 2%
to 5% MnCQ and 2% NaCl to thermal treatment furnace, warminger the protection of nitrogen, cooling,
washing and drying. By means of this patent, alio@tton chemical iron sludge can be used to getitabdon
pigments of iron oxide black, bringing enterprigéth obvious economic benefit.

Patent CN1415551 [15] adopts physical method tefally chooses iron sludge and prepare iron oxidekowith
70% to 90% content after rouging, drying and srmaghiNo pollution is caused and less cost is spgihis method
so that it has a certain market value.

3 Useiron dudgeto prepareferric salt

3.1 Prepare solid polymeric ferric sulphate

Polymeric ferric sulphate (PFS for short) is a kofcefficient inorganic water depurator and its gieth formula is
[Fex(OH)N(SQ)s.n2dm M=f (n). As an inorganic water depurator, polyiméerric sulphate has advantages such as
good coagulation ability and high efficiency, gowdter quality after purification and has good effec disposing
organic waste water in meat-packing, tanning amipg.

Su et al [16] make a research on solid polymerigdeulphate produced by raw materials of indastron sludge
and sulfuric acid. Polymeric ferric sulphate isgaeed by experimental procedures including smastdagking,
neutralization, oxidization, and filtration. Solidatters produced by this method have high produatificiency
and low pollution.

Di et al [17]make use of ions co-precipitation principle to amrall Fé" in iron sludge into F& add
polypropylene phthalein amine to get pure ferrifage through filtration and cooling, and then distite the ferric
sulfate to a solution with certain concentratiomd &inally get PFS sample after polymerization tieax; aging and
smashing.

3.2 Prepare solid poly-silicate ferrite

Poly-silicate ferrite (PSF for short) flocculatiagent is a kind of inorganic polymer flocculatirgeat in compound
type. It has advantages such as low toxicity, cheraqe, no waste emission and friendship with esrwinent so that
it has relatively high value in use. Ma et al [18fe iron sludge and sodium silicate as raw matet@lprepare
poly-silicate ferrite through calcination and eatibn. Optimal technological condition is deterndnghrough
exploration. Iron sludge calcining temperature @8, calcining time is 1h, sulfuric acid concentratisn4 to
5mol/L, liquid-solid ratio (mass ratio) is 4:1, ddeaching time is 2h to 3h, acid leaching tempeeais 100C, ratio
of n(Fe) and n(Si) is 2:1, pH value of silicateieation is 3.0, activation time of silicate is 25mand aging time is

3.3 Prepare ferrous sulfate

Ferrous sulfate is blue-green monoclinic crystgbarticle with no odor and it has wide applicatinrihe aspects of
water flocculating purification, processing of irsial wastewater, treatment of iron deficiency raiee and
coloring agent. Li et al [19stablish a new method for preparation of a hydréerous sulfate with scrap iron
sludge and sulfuric acid as raw materials through test and pilot plant test. This technique rexfuino
pretreatment for scrap iron sludge in the procesgreparing ferric salt. Optional experimental citioth is
determined through experiment. Sulphuric acid cotretion is 22%, solid-to-liquid ratio is 0.25, eattion time is
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40min, extraction temperature is"85 melting temperature is 90 to 95C, pH value is 0.5 to 1, and reaction time
is 30min.

Zhang et al [20lise scrap iron sludge as raw material to prepa®®feH,O through processing steps such as acid
leaching, reduction and pH value adjustment. A tgsion is drawn through experiment that Fe&§®,0 has
relatively good crystal in water-ethyl alcohol. 63 ratio reaches 95% when FgSfncentration is 1.41mol/L,
ratio of V (ethyl alcohol) and V (water) is 1.5:18nd reaction time is 20min. Optimal technologicahdition is
determined. Temperature is no higher thait3@H value is 1.7 to 2.0, 1:-YFeSQ concentration is over 0.8mol/L,
and ratio of V (ethyl alcohol) and V (water) is 1L8. Products meet the standard of HG/T2935-2000D.

3.4 Prepare ammonium ferric citrate

Ammonium ferric citrate has wide application in thspects of food, medical and meteorological amalgge to
high iron content and good performance [21]. Dohgl §22] use iron sludge as raw material to pre@anmonium
ferric citrate and use sulfuric acid to remove hdaas substances in iron sludge. Optional expetiaheondition is
determined. Mass fraction of sulphuric acid coneditn is 35%, extraction temperature is@5solid-to-liquid
ratio is 0.1:1, and extraction time is 2h. Ferndtoxide is prepared under conditions of @0reaction temperature
and 1h reaction time. And then citric acid and amimm hydroxide is added to generate the sampleh-digity
ferric citrate got through heating concentratioryiy and anhydrous ethanol soak meets the regaimeimf the
country on the quality of iron supplement agents.

4 Useiron dudgeto prepare new material

The application research fields of iron sludgexigsamding constantly from the field of relatively tmige preparation
of ironmaking material, iron oxide pigment and fersalt to that of the preparation of iron based meaterial.
Nanometer material, water treatment material asd bhttery material are involved.

4.1 Prepare nanometer material

As a new-type material, nanometer iron oxide hasdevdpplication in the aspects of magnetic memorierizd,
magnetic liquid and function material due to itsque magnetism. At present, solid phase methodpivphase
method, liquid phase precipitation method and cedurction precipitation method are frequently usegrepare
nanometer iron oxide.

Xu et al [23] use chemical iron sludge as raw nialtéo geta-FeOOH through processing steps such as reaction
with sulfuric acid, suction filtration reduction @rstandardization, take-FeOOH as drive body and add defined
amount of F& to adjust pH value to 9 to form precipitation siwin. Nanometer iron oxide is finally got through
ebullition, 4h reflux, centrifugal separation andyidg. Optional experimental condition is deterndnthrough
exploration. Phase inversion temperature isC80inversion time is 2h, pH value is 9, and R is aqto
n(F€")/n(F€") and 1.75. Nitrogen protection is required in ¢faelier stage of preparation by this method. Tlaeee
disadvantages such as long reaction cycle, heteeogs particles and harsh reaction condition. LalgR4] use
hydrogen peroxide as oxidizing agent to determine optional experimental condition through orthcagon
experiment. pH value is 11, reaction temperaturg5€, reaction time is 3h, and hydrogen peroxide dosage
0.5ml. Under such technological conditions, prothgctate of nanometer iron oxide is up to 95.89%grooming
previous disadvantages.

4.2 Prepare water treatment material named spongeiron

Sponge iron is also named direct reduction iron IjDBr short[25]. Sponge iron becomes a kind of popular
new-type water treatment material due to advantageb as many micro-pore and high activity andag better
reducing capacity than ordinary iron powder. Atgemt, domestic industrialization methods of prowucinclude
down draft kiln method, cold consolidation pelletary kiln method, one-step rotary kiln method at@H-A
method.

Sun et al [26] use iron sludge generated in thegqe® of producing DSD acid as raw material to agvsponge
iron, a kind of water treatment material. DSD aigichlso named Maurer's acid and it is a kind ofdrtgmt dye
intermediate. Optimum condition for preparationcohventional sponge iron is determined through expnt.
Carbon charging rate is 27%, reaction time is 1@ reaction temperature is 1X80Metallization ratio of iron
sludge for sponge iron prepared under such comdigi@over 90%.

4.3 Prepare materialsfor li-ion batteries

LiFePQ, is regarded as an ideal anode material for lithiombattery due to its advantages such as highggne
density, high security, long life and little pollon [27]. Wu Z J et al[28] use iron sludge aftecyeing by
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carbon-thermal and magnetic separation to synthesizFePQ/C. Chang et al[29] make use of
dissolution-precipitation process to recycle irarthie state of FeR@H,O from iron sludge and use FeP@H,0

as raw material for synthesizing LiFePO. The experiment improves the electrochemicalfoperance of
LiFePQ/C through analysis of iron sludge by virtue of untively coupled plasma (ICP) for short. X=2, i.e.,
FePQ<2H,0 is calculated through thermogravimetric analy3i&A for short) of prepared FeRXH,O. The
experiment also draws XRD graph and SEM graph fBeRPQ/C synthesized by FeSO'H,O and iron sludge as
raw material respectively and then makes a comparte prove both two are olivine-type in pure phase
orthorhombic crystal system, particles are difféiarsize and distributed among 100 to 200nm unifgr Because
LiFePQ/C produced by iron sludge as raw material conthirseficial impurity elements such as Mg, Co, Gd an
Ni, it has relatively high cycling stability andteacapability.

5 New prospect of application of iron sludge

This thesis makes a general survey of the appdicaind progress of iron sludge. It is involved wittle fields of
ironmaking material, iron oxide pigment, ferrictsahd new material, and improves the utility vatderon sludge.

In addition, Klausen et al [30] find that the comdion of Fé&"in free state and iron oxide can rapidly reduce
nitrobenzene compounds. Klausen name this redustersyas surface binding iron reduce system. Becmose
sludge container a large number of iron oxides asthall number of iron scraps, it can be realizedxplore the
reduction of m-Nitrobenzenesulfonic acid througimbination of iron sludge and Fe(ll). This method aoly finds

a new train of thought for the application of sciam sludge, but also initiates a new idea fopdng the organic
pollutant of m-Nitrobenzenesulfonic acid. Reseashbws that using B& the load of iron sludge, as the reducing
agent to prepare metallic acid is more economiadl @auses less pollution than iron powder reducti@thod,
catalysts hydrogenation and electrolysis revivifma process. It is expected that this new methddhave bigger
space for development and utilization in the negure.
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