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APPARATUS USED I N THE METHOD FI ELD OF THE | NVENTI i fivention
relates to a nethod of manufacturing nolded materials nade of waste such as
sl ag and dust resulting fromsteel -making, and solidified by sulfur, and to
an apparatus used in the nethod. BACKGROUND OF THE | NVENTI ON
Conventionally, slag and dust resulting from steel -making, as well as other
i ndustrial waste, etc., are directly discarded in a site for waste disposal

because a suitable treatnent nethod has not_been found. However, recently,
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techni que for recycling of resources has been pointed out. Under the above

background, reclaimng and utilizing or solidifying and sealing industrial
waste, such as fly ash and sl agpgessl bEneyk’ dfvENaalon™Ki ng, has been

studied in various ways. However, Sattstactory nmethod has not yet been
devel oped. The present i nMaNtEFSsed@Vingeketdh Yrola€é®dtbéna method of

manufacturing molded materials made of waste such as slag
and dust resulting from steel-making, and solidified by

sulfur, and to an apparatus used in the method.

BACKGROUND OF THE INVENTION

Conventionally, slag and dust resulting from
steel-making, as well as other industrial waste, etc., are
directly discarded in a site for waste disposal because a
suitable treatment method has not been found. However,
recently, with a view to effectively utilizing resources
and reducing waste, utilization of reclaimed resources,
that is, recycling of resources, is noted and studied, and
the need for estéblishing a concrete and practical |
technique for recycling of resources has been pointed out.

Under the above background, reclaiming and
utilizing or solidifying and sealing industrial waste,
such as fly ash and slag . resulting from steel-making, has
been studied in various ways.. However, a satisfactory
method has not yet been developed.

The present inventors, having keenly studied in



_—
2 various ways the nethod and apparatus, found that it was not always
practically easy to obtain reusable nolded and solidified materials by
meFting sul fur at high tenperature and mxing it with industrial waste
under high tenperature, and that there wepe sone problens in the
conventional nethod, as follows, regarding the quality of nolded materials
solidified by sulfur and operations to nmake the nol ded materials. Nanely,
products that were resulted fromsolidifying fly ash with sulfur were | ow

i n physical streagibuséndagenthémmethodsandcapphzathsrt foundwthatsliagwasd
dust resulting from steel -making were m xed wth nelted sul fur under high

t enper ature forngptoadlbwayg pradeficabler eakyg, tonobkaipr eeasablef molded ankdhe
slag and dust, irritating sulfurous acid gas was often generated. This
adversely affecsetidhfied| dahgripiésabyomedhingosmdfur akkhigha tempesatniney
apparatus indi spensable to prevent secondary pollution by the nolding
operation. |n a@mdtpbring iﬁewébbvéPdBﬁFyiﬁilUéétﬁaﬂéﬂﬁﬁl§isﬁat wer e

unsati sfactory in physical strength were obtained, and sonetines the nol ded

materials were EPBEREACUSEMARY ER2FHENPROENFFONSPRE BFOPLEMEn 19" & of
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molded materials solidified by sulfur and operations to
make the molded materials.

Namely, products that were resulted from
solidifying fly ash with sulfur were low in physical
strength and sometimes caused cracks. Further, when slag
and dust resulting from steel-making were mixed with
melted sulfur under high temperature for producing molded
materials, in the presence of iron in the slag and dust,
irritating sulfurous acid gas was often generated. This
adversely affected the molding operation environment,
making a deodorizing apparatus indispensable to prevent
secondary pollution by the molding operation. In addition
to the abovg, only molded materials that were

unsatisfactory in physical strength were obtained, and

sometimes the molded materials were cracked.

SUMMARY OF THE INVENTION
. Therefore, an object of the present invention is

to provide a method wherein slag resulting from steel-



3 maki ng, dust resulting fromsteel-making, or the like is mxed with a
nolten state sulfur and is solidified thereby, enabling solidified and

not ded materials to be produced industrially. Another object of the present
invention is to provide a nethod of manufacturing nol ded nmaterial s
solidified by sulfur in which the performance, such as physical strength,
and quality are high and constant, and harnful heavy netals or the |ike
will not ooze out of the materials. Still . another object of the present
invention is tmakiongidduatneresodtiog frotusiteglrmaddagraioar ithles ldde dif i ed
by sul fur, which nmethod can prevent the nol ding operation environnent from -
bei ng adver sel pizptewish BympAtegesteie snldursgntduisusoddiddfgest in spite
of using nelted sulfur with_slag resulting from steel -making and dust

resul ting frontBeEEPYmaRNARLiRdeSoRigH d Tigdst & Rj ect

of the present invention i,s to_prqvide an apparatus used in the above
net hod. O her BﬁadpﬁﬁghéPdBﬁfé&F§&YFeatures, and advant ages of the
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provide a method of manufacturing molded materials
solidified by sulfur in which the performance, such as
physical strength, and quality are high and constant, and
harmful heavy metals or the like will not ooze out of the
materials.

Still another object of the present invention is
to provide a method for producing molded materials
solidified by sulfur, which method can prevent the molding
operation environment from being adversely affected by the
generation of sulfurous acid gas, in spite of using melted
sulfur with slag resulting from steel-making and dust
resulting from steel-making under high temperature.

Further another object éf the present invention

'is to provide an apparatus used in the above method.

Other and further objects, features, and
advantages of the invention will appear more evident from
the following description, taken in connection with the

accompanying drawing.

BRIEF DESCRIPTION OF THE DRAWING



4 Fig."1is aviewillustrating an enbodi nent of the apparatus for
manuf act uri ng nol ded materials solidified by sulfur, according to the
present invention. Fig. 2 is a viewillustrating another enbodi nent of the
apparatus for manufacturing nolded nmaterigls solidified by sul fur according
to the present invention. DETAILED DESCRI PTI ON OF THE | NVENTI ON That is,
the present invention provides: (1) A nethod for manufacturing nol ded
materials solidified by sulfur, and a system of sealing harnful heavy netal
speci es, conprising bringfig. thelsaaevieunikhusbraaingmanaembbdﬁmEntbef

m xed with sulfur, such as slag resulting from steel -mki ng and dust

resul ting fronﬂﬁhQﬁﬁpmnm#ﬁgs for 3vanyfactyningrmobied, materiagsand kneadi ng
the mxture of raw materials including nolten sulfur at a tenperature in
the range of frifdidbiied By selfupr, @'5ceaﬁsegt ke kBetpgesgnpfyinygntion.

penetrate into pore space he sol i terial, there prepar,in
flui d kneaded m xture, ghe% hﬁlﬂlﬁbthé ﬂgﬁFEPELPﬁtBnStgéﬁ Bddm nt

h . f li.dified b
Sope (2 o PPN ol ta TRl HEF HAniPalRuRE g B TR RadRritan o b be

m xed “‘th Su'fé511&&¥ibésb§ é@l%&?“&&bBQdiﬁ&”kétEﬁE pRkbRd 22 vduRlon.

DETAILED DESCRIPTION OF THE INVENTION
That is, the present invention provides:

" (1) A method for manufacturing molded materials
solidified by sulfur, and a system of sealing harmful
heavy metal species, comprising bringing the water content
of a raw material to be mixed with sulfur, such as slag
resulting from steel-making and dust resulting from
steel-making, to 3% By weight or below, heating and
kneading the mixture of raw materials including molten
sulfur at a temperature in the range of from 119 to 159
°C, to cause the melted sulfur to penetrate into pore
spaces on the solid raw material, thereby preparing a
fluid kneaded mixture, and then molding the mixture into a
prescribed shape.

| (2) An apparatus for manufacturing molded
materials solidified by sulfur, comprising an apparatus
for heating and drying a raw material to be mixed with

sulfur, such as slag resulting from steel-making and dust



5 resulting from steel -maki ng, an apparatus for heating and kneadi ng the
m xture of raw materials including nolten sulfur, and a nol di ng appar at us
forf molding a m xture of the solid raw material and the nolten sulfur into
a prescribed shape. According to the presBnt invention, a solid raw .
material, such as slag resulting from steel -nmaking, dust resulting from

st eel -maki ng and dust of incinerated wastes, can be solidified and seal ed
with sul fur quite effectively and positively, at this tine, by suppressing
the occurrence 6?S§&F+Ggoﬁ§°§cﬁﬁeeisméhipﬁg RBafPRgTREUFefPr Reasiagd and

material solidified bé SUgfur_that is_high in physhcaL s&rﬁn th c%n be
obtai ned. In pafRPedils thecBidtnye: 8t Ravpmasertals, LRCLYALING: BRlteRast e
cont ai ni ng harnf ul _heav t al ecies, a | ded material solidified b

Ul fur v om whi EHEERE. oBTRn BRIASHS: ABPAEFRFH TREAVGLHARE) o RO OF
conpl etel y prevepbedor¢an hg abtalagd. afhecha! ded caRt shhaLe Salkidialied by
sulfur large in specific gravity and high in phySical strength are useful
as bal |l asting npigkraiBedTHRaprl, ded material s can be used as a raw materi al
to produce nol ded articles further processed. The apparatus for

manuf acturing nol ded mat eatabgding to the present invention, a solid raw
material, such as slag resulting from steel-making, dust
resulting -from steel-making and dust of incinerated
wastes, can be solidified and sealed with sulfur quite
effectively and positively, at this time, by suppressing
the occurrence of sulfurous acid gas during heating to
melt, a molded material solidified by sulfur that is high
in physical strength can be obtained. In particular,
according to the present invention, from.a waste
containing harmful heavy metal species, a molded material
solidified by sulfur from which the ocozing.out of the
harmful heavy metal species is completely prevented, can
be obtained. The molded materials solidified by sulfur
large in specific gravity and high in physical strength
are useful as ballasting materials. The molded materials
can be used as a raw material to produce molded articles
further processed.

The apparatus for manufacturing molded materials

of the present invention is effective to produce a molded

item solidified by sulfur, continuously.



of the present invention is effective to produce a nolded itemsolidified
by sul fur, continuously. 6 Now, the present invention will be described
based on enbodi nents shown in the figures. Fig.1l shows a view illustrating
an enbodi ment of the apparatus for nanu#%cturing nol ded materials
solidified by sulfur, according to the present invention. In Figure 1, 1

I ndi cates a hopper for slag resulting fromsteel-making; 2 indicates a

hopper for incineration Lﬁﬁp; é"%lén | ;:eg enq'srre%w{%&%{lf%é %géég_.}_ﬁé"@ from

st eel - naki ng; and 4, 5, "and ering S for the raw naterials

(slag resulti %%ﬁgdo;arrﬁtn%?ﬁ?dmri% gﬂ\g}rﬂq@tﬂwlp%hr@gd dust resulting

fromsteel -ma e respecti oppers and 3. In the netering

tanks, the raw material &3/ 8 BHLE Ay BB R EChd ah NBESd fhén @ & F ed
to a feeder (e.g. a novable netering feeder) 7. Further, 21, 22, and 23

i ndi cate heat ithe: appadiatiuiy AP M= ©ing toIded md €1 2d Bs ot her than
sul fur, which apparatuses are provided with burners or the |ike, using such

a fuel as heawepldidif istl dyheya lafiver S ededebing ge@anchelrprregemp phiednstsn as

rotary kilns. In the heating and drying apparatuses, the raw materials

ot her than sul fur are heat ®igure ehpek aindisatés thchepper HHr 19Dag
resulting from steel-making; 2 indicates a hopper for
incineration ash; 3 indicates a hopper for dust resulting
from steel-making; and 4, 5, and 6 indicate metering tanks
for the raw materials (slag resulting from steel-making,
incineration ash, and dust resulting from steel-making)
from the respéctive hoppers 1, 2, and 3. In the metering
tanks, the raw materials are metered, and the metered raw
materials are fed to a feeder (e.g. a movable metering
feeder) 7. Further, 21, 22, and 23 indicate heating and
drying apparatuses for the raw materials other than
sulfur, which apparatuses are provided with burners or the
like, using such a fuel as heavy oil, and they are such
heating and drying apparatuses as rotary kilns. 1In the
heating and drying apparatuses, the raw materials other
than sulfur are heated to temperatures of the order of 120
to 200 °C, and their water contents are brought to 3% by
weight or below, preferably 1.5% by weight or below, and

more preferably 1% by weight or below.

In the figure, additionally, 9, 10, and 11



to 200 [err]C, and their water contents are brought to 3% by wei ght or

bel ow, preferably 1.5% by weight or below, and nore preferably 1% by wei ght
or*below. In the figure, additionally, 9, 10, and 11 7 indicate _
kneaders, into which the raw material nmiXture, in a prescribed amount, is
fed fromthe feeder 7; 12 indicates a tank for sulfur as another raw
material that wll be charged into the feeder 7; and 13 indicates a tank
for an additive. . Sul eat ed

h i bed .
t enper at ur e, dHWd bF é%rk%% %EBUnf§Q8$wﬁhégnEF%3Fg§r@agégigalBgﬁﬁgrﬁneéﬂers
9, 10, d 11, 14 d, 15 he_t ded th
apparatﬁg for % ﬁ%#?ffﬁﬁgeswoﬁﬁggs§3r§eg gﬁﬁﬁ?ﬁg f§§¥55d|f|32| gd v o
appropriately Iﬁﬁ#&gﬁ 9k p R§S§|Ca€99f&§ agb bghe a@dﬂhEé¥§a thQ one

that serves to e so I on of su € ﬁlX ure from

the feeder 7, vﬁﬂﬂltlbé éH&igédamtéhehadéééage tyhraaahlbh@nahaatéé @ @ank
charged into the kneaders 9, 10, 11, they afe kneaded. in reference to

the kneaders 9%o#0anaaddifivéo sshiehraibyReatédkhinadne, thhki 12sttict abl e to

sel ect a kneader by placing inportance on a tine that allows the nolten

sul fur to penepreseribedutémpgrahtveaggndgprescribed amounts of the
sulfur are fed into the kneaders 9, 10, and 11,_through
pipes 14 and 15. The tank 12 may be provided with an
apparatus for deodorizing, if necessary. Further, an
additive is appropriately fed through pipes 16 and 15.
Herein, the additive can be one that serves to delay the
solidification of sulfur.

-After the mixture from the feeder 7, and the
sulfur and the additive through the pipe 15 are charged
into the kneaders 9, 10, and 11, they are kneaded.

In reference to the kneaders 9, 10, and 11, to
select a type éf kneader, it is suitable to select a
kneader by placing importance on a time that allows the
molten sulfur to penetrate adequately into aggregates
(slag, dust, etc., they act as if aggregates in concrete).
Any. type of kneader can be used, such as a single-screw
kneader, a double-screw kneader, a batch-type kneader, and
a continuous-type kneader, and it is usual to use a
double-screw pug mill-type circulation kneader of a batch

type, wherein tracks of paddle tips are overlapped to



(slag, dust, etc., they act as if aggregates in concrete). Any type of
kneader can be used, such as a single-screw kneader, a doubl e-screw
kneader, a batch-type kneader, and a continuous-type kneader, and it is
usual  to use a doubl e-screw pug mill-tyPe circul ati on kneader of a batch
type, wherein tracks of paddle tips are overlapped to carry out uniform
m xi ng. In the kneaders used in the present invention, it is required to
adopt a systemthat allows_noltep sulfur_to penetrate into aggregates
satisfactoriI§a¥ﬁyt%%Fhﬁnégoﬁﬁcﬂl¥+ﬂﬁ'asIPStﬁQCEEQQ ??skﬂﬁﬁaegP gﬁethe case
of the sulfur_mxture,in this invgntion sulfgr I n &he kneadeg m éure IS
oxi di zed |ittPESeRE FAYFRGEPDr 4°pd?i HATRLTPINGCa8 gg%e?aFYﬁ1ﬁﬂt§ at,
several tens pfy é“%S%F8$'Q&Eféy'égrgéﬁegﬁgﬁér L€0'9§§r8§£€e§p3095 on the
al'l rom xtur

aggregate, thereby enabling a good- "qualrty sultu _ t'0 be produced.
Further if the,kKepdetotPIyibg eaking ALXhiER LSma' Q¥ §80n¥kblsary.

speed-vari abl e apparatus, such as an“inverter, so that various types of

aggregates may be m Xedgowe@@£(- Hathéycaskf U Gh¥t BuefGanmbetareddaed with
reduced wear of the kneader, reduced power consunption, and at |ow cost.

More inportanthiys ifeendionptealshs in the kneaded nhxtnget he okiddgedust
be kept generally at about _
little, and mixing for a period as long as several minutes
to several tens of minutes allows sulfur to penetrate into
pore spaces on the aggregate, thereby enabling a good-
quality sulfur mixture to be produced.

Further if the kneader for the sulfur mixture is
provided with a speed-variable apparatus, such as an
inverter, so that wvarious types of aggregates may be
mixed, a good-quality sulfur mixture can be produced with
reduced wear of the kneader, reduced pqwef consumption,
and at low cost.

More importantly, the raw materials in the
kneader during the mixing must be kept generally at about
95 to 150 °C, and at not more than about 160 °C, and
preferably at 115 to 140 °C. Accordingly, it is
preferable to jacket the outer circumference of the
kneader an insulating material and to heat the kneader
wall by a heat source, such as an electric heater, a
heating medium gil, or steam. Further, since it is needed

to suck out dust and harmful gases that are generated in



95 to*150 [err]C, and at not nore than about 160 [err]C, and preferably at
115 to 140 [err]C Accordingly, it is preferable to jacket the outer
ci rcunference of the kneader an insulating material and to heat the kneader

wal | by a heat source, such as an electric heater, a heating nediumoil, or
steam Further, since it is needed to suck out dust and harnful gases that
are generated in 9 the kneader during the m xing when a toxic waste is

treated, sonetines the inside of the kneader is heated in order to prevent
1 owering of théheeknaagan duiiag chehanisticrd ovhen ta itoxig twasdke fi8 the
apparatus and the system of the present invention that the order of the

f eedi ng of the WreRYRscrgamesimas the insdseeaf d&he deneads® ris ihsatedinked.
Thereby, a change in the type of material and a change in fornulation can
easi |y be cope®EHath LORFETEN T Iavamiag \ife e HARRSZATUER 4R to the
formul ation, in sqne cases, sulfur penetrates into the aggregate in a |arge
anount duri ng e 'QHWKL In such a case, if the required sulfur is fed

into the kneader all at once. S r}ftteaogl{gga 4 AlSd naiat%%%‘{@$?%éﬁ Pﬁfggggei?%%‘“

wat er-like and the m xture |s-a61 for e

sections of theshald AMEdAE \HRHAEE GBHE Y died ¢ Wike | FoS@IRY | GBS

the raw materials into the kneaders can be arbitrarily
changed. Thereby, a change in the type of material and a
change in formulation can easily be coped with. Depending
on the type of material and the formulation, in some
cases, sulfur penetrates into the aggregate in a large
amount during the mixing. In such a case, if the required
sulfur is fed into the kneader all at once, since the
state in the kneader becomes water-like and the mixture is
apt to leak, for example, from the sealed sections of the
shaft and the discharge gate, or the mixture is sometimes
splashed up by the mixing blades in the kneader, the
sulfur is preferably fed into the kneader in plural

' portions divided. |

Since, in the sulfur mixture, use is made of.a

material that facilitates abrasion, such as slag of iron
and steel, preferably the mixing blades and the case liner
of the kneader are made of an abrasion-resistant cast
iron, a éeramic, etc.

In the present invention, the kneader is



spl ashed up by the m xing blades in the kneader, the sulfur is preferably
fed into the kneader in plural portions divided. Since, in the sulfur
mxture, use is made of a material that facilitates abrasion, such as slag
of iron and steel, preferably the nixin&oblades and the case liner of the
kneader are nade of an abrasion-resistant cast iron, a ceramc, etc. In the
present invention, the kneader is 10 preferably of a batch type. A

bat ch- t k ' h t t hat i al
hol 4 n he | BESTaFaRiY oros BALAN 19nd. 10 SRRA-EE Minled qlimy eri als
oo L : an b . .
orders of  charhinsddanagel HH A o A el
having fine-pahll $hed1% ted hicpperd JB YeS chiaYR idtd Wd UWnddeddeaded,

and thereafter coarse particlés of slag and waste are charged, followed by
kneadi ng; (2)wathetchafqwhg &he drdR Pyt ithHeechalrglu) i ousrdsdearkitd es

of slag are m xed and sulfur is charged into the m xture, followed by
kneadi ng, to cheppatposkes kneadi ng; and (3) a nmethod wherein coarse
particles, fine particles, and sulfur are charged all at

Various orders of charging can be selected; for
example, (1) a method wherein dust having fine-particles'’s
particle diameters, waste, and sulfur are kneaded, and
thereafter coarse particles of slag and waste are charged,
followed by kneading; (2)'a method wherein fine particles
of dust and coarse particles of slag are mixed and sulfur
is charged into the mixture, followed by kneading, to
complete the kneading; and (3) a method wherein coarse
particles, fine particles, and sulfur are charged all at
once, and kneading is then completed.

The penetration of liquid sulfur into pore
spaces on the solid raw materials can be carried out by -
adjusting the temperature condition, stirring speed, and
residence time during kneading.

In the kneader used in the present invention, it
is required that liquid sulfur diffuses, with the sulfur
having affinity for all the surface layers of dehydrated
and dried solids (water content of 3% or less by weight).

Therefore, it is important for the mixing time and the

temperature of the material to be kept within certain



once, *and kneading is then conpleted. The penetration of liquid sulfur into
pore spaces on the solid raw materials can be carried out by adjusting the
tenperature condition, stirring speed, and residence tinme during kneadi ng.
In the kneader used in the present inventlilon, it is required that liquid
sul fur diffuses, with the sulfur having affinity for all the surface |ayers
of dehydrated and dried solids (water content of 3% or |ess by weight).
Therefore, it is inportant for the mxing tinme and the tenperature of the
material to beTRBFESw t Fhatcdsraisince thegPhysheal iRropgnides it diyaidh
properties of liquid sulfur are 11 ¢cp and 7 cp at 119 to 159 [err]C, this
tenperature rafyeiNgs@re lefP. and V567 &t d%tover? e thifosity

i ncreases sharply, and at 187 [err]C it is 105 jch the sulfur is
nearly an el asgﬁﬁ't’?ﬁré‘tﬂ?ﬁteeﬁa&ﬁ% N“]sﬁé’e[ &=pte | ?‘R"oelg?rr\é@ LT SYEF oft
monocl i nic syste nd. at, 112 rr]Ge. ec | Q, Of o j C
system At n(‘)'l;‘%lo (s épgictrl?rae;%,s isgaﬁi)cl%rfe%%gf] q“eflr 7 cyc‘gliltg J'SJ(;Iczliradﬁ (c "a

rhonbi c syst e")ﬁt VWi ch it%é%tlﬁzamse’ne?rﬂm eldstdiinilc WedRdNe at

affinity with heavy netals, such as Fe : M, their coexistence is bound
to influence thegstabijld tecfbsCAFTAGH ¥F I I i Saydten haardd By e 1,

17 indicates a novable neter,
112 °C it becomes a solid of a rhombic system. At normal
temperatures, it becomes an Sa:Sg cyclic solid (of a
rhombic system), thch is most stable, and when Sliq—S«,
due to the affin;ty with heavy metals, such as Fe and Mn,
their coexistence is bound to influence the stability and
contraction property of Sa.

In the figure 1, 17 indicates a movable meter,
and 18 indicates a cooker vehicle. The fluid kneaded
mixtures. prepared in the kneaders 9, 10, and 11 are
transferred from the kneaders, through the movable hopper
17 for sulfur-solidified material, to the cooker vehicle
18. In some cases, if necessary, the fluid mixture is
discharged, to be poured into a mold to be molded into a
shape of a cylinder or a panel, for example, to form a
stake or a pile, in which shape, if necessary,
reinforcement steel is placed in the molded material. 1In
other cases, the fluid kneaded mixture is discharged, to
be molded and solidified into a desired shape.

Alternately, in order to obtain a material in the form of



and 18 indicates a cooker vehicle. The fluid kneaded m xtures prepared in
the kneaders 9, 10, and 11 are transferred fromthe kneaders, through the
nmovabl e hopper 17 for sulfur-solidified material, to the cooker vehicle 18.
In sone cases, if necessary, the fluid &2xture is discharged, to be poured
into a nold to be nolded into a shape of a cylinder or a panel, for
exanple, to forma stake or a pile, in which shape, if necessary,

rei nforcenent steel .is placed in the nolded naterial. In other cases, the

fluid kneadedSFRREAeSERNG| OEhERFEd, LPoMBEL S8 BUERASEO PEd PP AP
desired sh . |y, iQ.qQr t bt ai terial .in th f
12 cr ushed ot BfethP Sandutraoniditing Patsoceler AopPreaeton ORY RE |

| fur-solidifjed terial t b h ' i.ch
ot or - ven SMEVERT SRoPRLER Ao MRCPFSaTLSPr: RSS! RGP LAREs MBI B AR
fluid mxtureofatnddfatl b20cher EhGly o0 che! E1RIA! hikenrtl (R 14es dd)
conformty wt tﬁe peni ngs og the sieve, agg tﬁe partlclés are plunged

into water to;bg sehidibi e8rfhekigiasulait8dkiz8sMKakla fealithesiidmnt
belt conveyor may also be placed below the sieve, to allow particles with

desired sizesthe bpegifgpeds 'ghaduakeeré,C_aﬁheyéheagdr&elcu@isf lae® pleigdy
produci ng gradual ly cooled materials solidified by sulfur.
into water to be solidified (water-granulated). A movable
heat-resistant belt conveyor may also be placed below the
sieve, to allow particles with desired sizes to be
grouped, gradually cooled, and solidified, thereby
producing gradually cooled materials solidified by sulfur.

The case wherein the moldihg and cooling of the
fluid mixture are carried out by water granulation or
gradual cooling is now described further.

According to water granulation, the fluid
mixture having a high temperature (140 to 120 °C) is
abruptly cooled with water, to be crushed, and a sulfur-
.solidified material, most of whose masses have sides 50 mm
or below in length, is obtained. The water-granulated
sulfur-~solidified material is small in particle diameter
and can be crushed further to about sizes of sand grains,
and the shapes of the obtained granules are not uniform
and resemble the shapes of crushed coke. The physical

~strength of the masses of the sulfur-solidified material

obtained by water granulation is low, and therefore the



The case wherein the nolding and cooling of the fluid mxture are carried
out by water granulation or gradual cooling is now described further.
According to water granulation, the fluid m xture having a high tenperature
(140 to 120 [err]C) is abruptly cool ed wityh water, to be crushed, and a

sul fur- solidified material, nost of whose masses have sides 50 mm or bel ow
in length, is obtained. The water-granul ated sulfur-solidified material is
small in particle dianeter and can be crushed further to about sizes of
sand grains, amdsiskes Tapee Grishedkasilad gy and Henrsi e, wo fos nnsed
resenbl e the shapes of crushed coke.- The physical strength of the nasses of
t he sul fur-sol iasi fa ddnentagygregatts g ssed] -y e tparigiraied ats o 6.3 om) and
therefore the 13 masses can be crushed easily to smaller sizes, to be
used as a fi ne Sdggeeddtee wedmmhgdriam jahad Gwisfurs-s@l i vad material hes

wat er-granul ated sulfur-solidified material is not uniformin particle

di aneter, and fed smidomydmeamnialf danahan, iang jghpdurer tsiurface of
wat er - granul ated sul fur- solidified t§%ﬂ al is added to sand,or gravel,

the resul ting fit8 GNP s MRk (3 Thf arRErgramitated (Fibies for
example. as & L Ay AEPSAING LD JAddd G T & J8LLEOChES

resulting mixture can be very easily made compact and is

suitable, for example, as a high-load-bearing earth
filling material for beaches.

On the other hand, according to gradual cooling,
the solidified material after the cooling becomes single
mass, which is high'in specific gravity and high in
physical strength. When the mass is crushed and the sizes
of the particles are chosen, a coarse aggregate (40 to 5
mm) can be obtained. Since the éradually cooled sulfur-
solidified material is high in physical strength and large
in specific gravity, it can be used, for example, as a
filler in concrete caissons.

Further, when the finely crushed solidified
material is heated to from 120 °C to 140 °C (but not
higher), it can be easily remelted and fluidized. The
remelted sulfur-solidified material can be easily molded
into a prescribéd shape; for example, into a plate or a
cylinder, such as a stake or a pile, by pouring it into a

prescribed mold. In this case, if the molded product is a



On the other hand, according to gradual cooling, the solidified materi al
after the cooling becones single mass, which is high in specific gravity
and high in physical strength. Wien the nmass is crushed and the sizes of
the particles are chosen, a coarse aggregdte (40 to 5 mm can be obtai ned.
Since the gradually cooled sulfur- solidified material is high in physical
strength and large in specific gravity, it can be used, for exanple, as a
filler in concrete caissons. Further, when the finely crushed solidified
materi al is heda¥gers ifzedmprzoiucdy g ltlo iMEyrfiadeC quaa, rings e )heat
can be easily renelted and fluidized. The renelted sulfur-solidified
material can b&OBEMALLVANYIdS ismad la predd inRsd stiae ta Selnamareliedo a
plate or a cylinder, such as a stake or, a pile, by pourin ié into a
prescribed mold. In thidh ,quﬁﬁﬂ$|ﬁﬂWﬁ&THﬂQﬂhﬁ%%WE¥%§J° TAY ar ge- si zed

esi stant Lo BTSRRI (21 oY ANTERAES TGP R Ty
terials to be._i t i ntq -solj dif] ' [ ,
Tor oxampl e SPATARI (g Fibmisoare AR A s FR TS £ m ffasti

;; fte: - LT‘ZL 29, HAGk iU d 1Al r SRS rfef H AU S WA n P M RS ANGRu s @R 1
waste containing harmful substances, and particulars
thereof and compositions when they are processed are
described, for example, in JP-B (JP-B means examined
Japanese patent publication) Nos. 51440/1987, 15759/1986,
15274/1987, and 49680/1990.

There are no particular restrictions on the
composition and the type (the origin) of slag resulting
from steel-making and dust resulting from'éteel-making
for use in the present invention other than the matter
above described. If the composition or the like of these
raw materials is varied a little, stable solidification
and sealing can be effected according to the present
invention.

Slag resulting from steei-making is open-hearth
furnace slag or convertor slag produced in the process of

~making steel by an open-hearth furnace or a convertor.
Generally, slag resulting from steel—making has the water

content of 4 to 5%.

Dust resulting from steel-making is a powder



t hereof and conpositions when they are processed are described, for
exanple, in JP-B (JP-B neans exam ned Japanese patent publication) Nos.
51440/ 1987, 15759/1986, 15274/1987, and 49680/ 1990. There are no particul ar
restrictions on the conposition and the tyg (the origin) of slag resulting
from steel -maki ng and dust resulting fromsteel -making for use in the
present invention other than the natter above described. |If the conposition
or the like of mhlesganawha! s Mol liccted 180 A dudt |G 1ML in the
solidification and sealing can be effected according to the present

i nvention. Sl aproeeslst iofy miakdngs tstrle ITRdY dxtaniled); haard hopavi Nes£rshag or
convertor slag produced in the process of making steel by an open-hearth
furnace or a cfnvreerer pl@atecal lay coxivaay troas g dmty. f ratisd e - tiek i mgjbdas t he
wat er content of 4 to 5% Dust resulting fromsteel-making is a powder

15 material thapmponeoit! ot darsitn resdidting|from grteel snakinpcessies naki ng
steel, for exanple, in a open-hearth furnace plant or a convertor plant.

Al t hough t he nEfBPNEdRFoRBNTtNS fRra tion |qanei s stide| Loahesigly ai ren

dependi ng on the. f.ormation cogpitions, it is nnstux i ron
oxide, and the dust contains toxic materials, such as Cr,

Cu, As, Pb, and 2Zn. Generally, dust resulting from
steel-making has the water content of 4 to 10%.

Examples of the compositions of slag reéulting
from steel-making and dust resulting from steel-making

that can be used in the present invention are as follows:

Table 1 Slag resulting from steel-making

T—Fe|FeO Si0, [CaO M-Fe

A 16. 4% - 13.0 44.0 2.4

T—-Fe | FeO S1i0, |Ca0 M—-Fe

B. 58. 8% 12. 4 5.6 24.3 -

T—-Fe |FeO Si0, |CaO M—Fe

C. 24. 6% - 12.8 31.0 -




oxi dey and the dust contains toxic materials, such as C, Cu, As, Pb, and
Zn. Generally, dust resulting fromsteel-nmaking has the water content of 4
to-10% Exanples of the conpositions of ] ag resulting from steel -naking
and dust resulting fromsteel -making that can be used in the present

I nvention are as follows: Table 1 Slag resulting from steel -nmaki ng T-Fe

FeO Si o2 CaO M Fe A 16. 4% - 13.0 44. 0 2.4 T-Fe
FeO Si Oz CaO M Fe B. 58. 8% 12. 4 5.6 24. 3 - T-Fe
FeO Si o2 Table 2M FBu€t resnl&ing from steelﬁmah;ng 31 0 - 16

Table 2 Dusjp=f-estitirg—rom-steet—raik “g—. Fe—Fet S—e— CaO M Fe
A 68. 5% 69.5 'I‘ &8 F_8-C9 S i10,0 |TERe0 FEQM — e CaO

M Fe B. 59.80%4 14 5 3.8 - T-Fel EeQ io2  Cao
M Fe 61.9 BZR .8 C QA% 9498 : 3.8
Note: "T-Fe" représents ?ﬁ toﬁ%fgir)n gggtert o?giron-]%bgta ni ng

conponents, such as Fe, [err] FeO and

T—-Fe|FeO SiQ, |Ca0 M-Fe

B. 59. 8% 14. 8 4.5 3.8 -
T~Fe | FeO Si0; |CaO M—Fe
o 61.9 3.0 1.2 2.3 _
: ~ 4.8 ~ 2.0 ~ 3.8

~63. 4%

Note: "T-Fe" represents the total iron content of iron-
containing components, such as Fe, Fej;0;, FeO and
FeS, and the T-Fe is represented in terms of Fe;03.

*M~Fe" means a content of metal iron.

Examples of waste containing hazardous- or
toxic-substances, which can be used in the present
invention, include industrial-wastes containing toxic
sub§tances; dust (collected dust) released from metal-
melting, refineries, and the like; dust (sludge) resulting
from the treatment of industrial wastewater; dust or
bottom ash resulting from incinerating residential or

commercial garbage; ground materials of defective electric



FeS, and the T-Fe is represented in ternms of [err] "M Fe" neans a content
of netal iron. Exanples of waste containing hazardous- or toxic-substances,
whi ch can be used in the present invention, include industrial-wastes
cont ai ni ng toxic substances; dust (collekfed dust) rel eased from netal -
melting, refineries, and the |ike; dust (sludge) resulting fromthe
treatnent of industrial wastewater; dust or bottom ash resulting from

i ncinerating reside

tial i al b ; d materi al f.

oot oe oF lmartEiale Sl P L RLe S URRREC A 0 LS b2 0u2

ducti f tri t d | i , d terial f
hste el ectri &SN TRE R SpRT o oe 188 LEaereE b oo ruiBs and
batteri ' f t | b
daed i th duster i PR TR P L pbdta Pusds Bainpo fIBHELSCEN DO
these dusts tQde UsethdidedengClangh ang becd02iby) webobiclad! PeohOLAb
solid raw material s 1 ncluding dust and slag resulting from steel - maki ng.
The sul fur usethéet, I ahédd edidts | Intdesha DL esho@ht t &&n PhESEBEdI WY LAt i ON

need not always be highly pure, and sulfur fornmed concomtantly in a

process of desiddtirdnditsay fosubxinpl Eromnspebimaking, papdutRecakount
of these dusts to be used may be generally 5 to 10% by
weight in the total solid raw materials including dust and
slag resulting from steel-making.

-"The sulfur used as a raw material in the process
of the present invention need not always be highly pure,
and sulfur formed concomitantly in a process of
desulfurization, for example, in plants that produce coke,
maké steel, or refine petroleum, can well serve.

| In the present invention, a molded material

solidified by sulfur is composed of sulfur and a raw
material selected from dust resulting from steel-making,
slag resulting from steel-making, and other wastes. With
" respect to the physical properties of the molded material
solidified by sulfur, the specific gravity varies
depending on the content of iron in the raw material.
When the mixing ratio of sulfur and dust and slag
resulting from steel-making is varied to obtain desired
molded materials, the relationship between the specific

gravity of raw materials and the total iron content of the



make steel, or refine petroleum can well serve. In the present invention,
a nolded material solidified by sulfur is conposed of sulfur and a raw
material selected fromdust resulting from steel -nmaking, slag resulting
from st eel -nmaki ng, and other wastes. WtH&espect to the physica
properties of the nolded material solidified by sulfur, the specific
gravity varies depending on the content of iron in the raw material. Wen

the m xing ratio_ of sul]fur, and dust and slag.resulti fro teel -mgking is
varied to obt alog’t&éé‘i Fatgiese patardaly 45 oW i P’%&Jrﬁ ;B a%?ejv%"éﬂ%ﬁe
specific gravit 0% aw_mat.erials and the total iron content of the 18
obt ai ned nol de t i%ﬂqyﬁ¥$'shown in Table 3 below, by way of exanple. The

total iron content of t_hel.h%uI té%rl(rjraits"'loqp S rfﬂ NG f{@;ﬁ;@)lél{@@ out of

the raw materials used in o terial’s Shown'in s mrny

T g o v, SE T, SR EEOA, 0k L Ll ORI e

dust is 45 to G& 1R MR riaies FhSRNVE tRIb RIS i @2id Dy G30er Butse

ot her hand, for exanple, with regard to the T-Fe in slag resulting from

st eel - maki ng, tdee FEJ65; Of Feperetmgylid), fuitinasegd®y tS the total iron
content (T-Fe) in dust resulting from steél-making, the
T-Fe of open hearth furnace dust is 45 to 68.5%, and the
T-Fe of converter dust is 62 to 63%. On the other hand,
for example, with regard to the T-Fe in slag resulting
from steel-making, the T-Fe of open hearth furnace sla§ is
16.5 to 59%, and the T-Fe in converter slag is 24.6%,
which T~Fe will vary depending on the pretreatment method.

In dust and slag resulting from steel-making,
the particle distribution has a range, and dust resulting
from steel-making has a maximum particle distribution of
0.07 to 1 mm, while slag'resulting from steel-making has a
maximum particlé distribution of 0.25 to 4mm.

The physical strength of the molded material
solidified by sulfur is influenced greatly by the width of
the- particle distribution, and an optimum constitutional
ratio ranging from fine particles to coarse particles is
required for physical strength. Examples of |

constitutional ratios related to uniaxial compressive

strength are also shown in Table 3.



16.5+t0 59% and the T-Fe in converter slag is 24.6% which T-Fe will vary
dependi ng on the pretreatnent nethod. In gust and slag resulting from

steel -maki ng, the particle distribution Ws a range, and dust resulting
from steel -maki ng has a maxi mum particle distribution of 0.07 to 1 mm
while slag resulting from steel -nmaki ng has a maxi num particle distribution
of 0.25 to 4nm The physical strength of the nolded material solidified by
sul fur is influenced greatly by the width of the particle distribution, and
an optimum constitutional ratio ranging fromfine particles to coarse
particles is required for physical strength. Exanples of constitutional
ratios related to-uni axial conpressive strength are also shown in Table 3.

19 Table 3 Anmount of raw materi al Speci- T-Fe Particle Size
Uni axial to be used fic of the used - conpr e-
(part by weigltle 3 gravity (% raw mat eri al ssive strength
Sul fer Duyst————Slag Dust Slag——{kglcmresu-t -
result- Amount of rawrmstdmial resudpecii-ngT-Fe Pantigle Size Uniaxial
i ng ing frork® be upedm fic frotf the peeg compre-
(part by weight) gravity (%) raw material ssive
. strengEh
Sulfer Dust Slag Dust Slag . (kg/cm<)
result- result- result- result-
ing - ing ing ing
from from from from
steel steel steel steel
1 -making -making -making -making
(L.98%%) (1.82 (2.04 (mm) (mm)
-5.2%1) * _5,.2+1
2 1 S .
Al 5 2.69 26.41 0.07-0.1 0.25-1.0 174
(1.98%2) (2.72%2) (3.14+%2)
2 1 5
A2 2.69 26.41 0.07-0.1 2.0 -3.5 306

(1.98%2) (2.72%2) (3.14+2)

1 © 2 2
Bl 3.36 37.29 0.07-0.1 0.25-1.0 347

(1.98*2) (3.86%2) (4.31+2)

1 2 2 . '
3.36 37.29 0.07-0.1 2.0 -3.5 478

B2 :
(1.98+2) (3.86%2) (4.31+2)
1 2 3 .
c1 ) 4.06 48.91 0.07-0.1 0.25-1.0 512
(1.98%2) (5.09%2) (5.17+2)
1 2 3
c2 4.06 48.91 0.07-0.1 2.0 -3.5

o
S L}
o

(1.98%2) (5.09+2) (5.17%2)

Note: *l These values mean the range of specific gravity of
each raw material.
+2 These values mean specific gravity of the used
raw material.



steel © st eel st eel steel -making - maki ng
-making -nmeking (1.98*1) (1.82 [err] (2.04 1(mm

(nM) -5.2% ) -5.2%1 2 1 5 Al 2

2.69 26.41 0.07-0.1 0.25-1.0 174 (1.9802) (2.72*2) (3.14*2) 2 1

2 A2 (1.98%2) (3.86%2) (3414*2) 2.69 26.41 0.07-0.1 2.0 -3.5 306 1

2 2’ B2 3.36 37 29 0.07-0.1 0.25-1.0

347 (1.98*2) (3.86%2) (4.31*2) 1
3.36 37.29 0.07-0.1 2. Gnhﬁhe Pregent. egﬂzpte9n96¢EF @4x;panaplo of 2
g gzl 9872) (Su(i%u%) wg. 1 2)01.1.?1 ?*:g.zf g%t%i'g.ag.lqj: : d:hZPSnzlsOJ,O fsu%z 565?5‘1 2
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used raw matepLalicularly restricted as long as it falls in the range
wherein toxic substances in the raw material other than
sulfur is solidified and sealed (blocked) satisfactorily
with sulfur. The weight ratio of sulfur to the solid raw
material other than sulfur is preferably (3:1) to (1l:8),
more preferably (3:7) to (1l:5), further more preferably
(1:3) to (1:5), and particularly preferably (1:4) to
(1:5). When the amount of the solid raw material other
than sulfur is small, that is, the amount of sulfur is
rather a large amount, within the above-described range,
heavy metals in the resulting solidified molded material
can be more efficiently sealed and it is more easy to
remelt and process the resulting solidified molded
material. On the other hand, the smaller the amount of
sulfuf to be used within the above-described range is, the
higher the specific gravity and physical strength of the
resulting solidified molded material are.

Raw materials to be used in the present
invention are preferably, (1) sulfur and slag resulting
from stee%-making, and more preferably (2) sulfur, slag
resulting from steel-making and dust resulting from

steel-making. The ratio of the used amount of these raw



20 Inthe present invention, the mxing ratio of sulfur with a solid raw
mat eri al other than sul fur, such as slag and dust resulting from

steel -making, is not particularly restricted as long as it falls in the
range wherein toxic substances in the r material other than sulfur is
solidified and seal ed (bl ocked) satisfactorily with sulfur. The wei ght
ratio of sulfur to the solid raw naterial other than sulfur is preferably
(3:1) to (1:8), nore preferably (3:7) to (1:5), further nore preferably

(1:3) to (1l: Shaterdandy Hr@l am wHY efsyealdsy (1ly A)tHe drbunt SAhethd helagrount
of the solid raw material other than sulfur is small, that is, the anount
of sulfur is raisvirting dmm amweli-makiny rtd alahoyefa0l gk s dmge, heavy
nmetals in the resulting solidified nolded material can be nore efficiently
seal ed and it vwed.ghir d =gxe farabdie| 10Gkbd pr,FE paths rkpswaeight sondxef i ed
mol ded material. On the other hand, the snmaller the amount of sulfur to be
used within t Prefierpdle XN o §thgants hnhesigier antk Rpdeieulagtavity

and physical strength of the resulting solidified nolded material are., Raw
materials to BFef&r@hly tqu) et BaRhiIh e b e rHif y?a?%)°€u(?hr

and 5129 " e U IAN el - nd ante pralerelly (ol sl L olag

piSthesused a@%fyﬁfﬁofrfﬁﬁaﬂéy¥s by weight is preferably 50 to 1,500
parts by weight, more preferably 50 to 500 parts by
weight, and particularly preferably 100 to 300 parts by
weight, on the other hands, the amount of the dust
resulting from steel-making to sulfur of 100 parts is
preferably 30 to 900 parts by weight, more preferably 60
to 650 parts by weight, and particularly preferably 100 to
450 parts by weight. If slag resulting from steel-making
and dust resulting from steel-making are excessive, the
viscosity of the molten mixture may be lowered and the
physical strength of the solidified molded item may also
be lowered. Further, in that case, the mixing and melting
of the raw material, such as slag resulting from-steeie
making, and sulfur may become unsatisfactory, sometimes
resulting in failure of the treatment of toxic substances.
If the amounts of slag resulting from steel-ﬁaking and
dust resulting from steel-making are too small, the
specific gravity of the solidified molded item may be

25 decreased and the physical strength thereof may be lowered.



21 materials are; in the case of (1), the anmount of the slag resulting from
steel-making to sul fur of 100 parts by weight is preferably 100 to 1,500
parts by weight, nore preferably 200 to 800 parts by wei ght, and
particularly preferably 300 to 500 partg,by weight; in the case of (2), the
anount of the slag resulting fromsteel-nmaking to sulfur of 100 parts by
weight is preferably 50 to 1,500 parts by weight, nore preferably 50 to 500
parts by weight, and particularly preferably 100 to 300 parts by wei ght, on
the other hands, the anPwrthe¥, the thstprésehti Dgvénedon} ethtonkhag to

sul fur of 100 parts is preferably 30 to 900 parts by weight, nore

pref erably 6GdhidIfapandsetialetghbe mixlegaandckheadgdpwitbrmblgenoo to
450 parts by weight. If slag resulting from steel -nmaking and dust resulting
from st eel - mekikfunr enaxcee sadded t shreddessdugt of inhanndPeBAtrERetr doRBy be
| onered and the physical strength of the _solidified nnlgeg_ite may al so be
| owered. Fur te%  impaifathe -REOPeRELIAS xPRgtARISHEFRFN§OLLAEAeeHaw mat eri al ,

h I [ ti t - Ki , d I .
CnSat | of act OACSERL | eSS REURBLRg LR R4 PUPGNES OF nBDPREAS S8nBY oreighEC
bst . I f th t f sl [ f t eel | dust
esul {1 ng i r o RELPTreRtRgSEr EoPaRLE PR, BY\uoRhE, PR bEREM T pdBRalkE

solidified nD{ggds6ifg]P§¥ Hgterial. The term "shredder dust" means

dust formed when waste automobiles or the like are crushed

finely by a crusher for final disposal treatment, and
shredder dust may take various forms, such as the forms of
grinds and powdery dust. Components of shredder dust
include, for example, resins, rubbers, fibers, foamed
urethane, iron, mercury, lead, and paints, and
particularly heavy metals cbntained in shredder dust
present a problem in view of waste material treatment.
Further, raw materials to be used -other than
sulfur; that is, including slag resulting from steel-
making, dust resulting from steel-making, EP dust (that
Iis, dust collected ffom electrostatic precipitator), and
harmful-heavy-metal-containing sludge dried materiai (e.qg.
titanium waste slag), which materials contain a fine
powder, are splashed in all directions in the practical
processing step, in some cases. Since these contain
harmful heavy metals, it is required to provide an

apparatus for removing the generation of secondary



25 decreased and the physical strength thereof nmay be | owered. 22
Further, in the present invention, into the solid raw nmaterial to be m xed
and kneaded with nolten sul fur, may be added shredder dust, in an anount
that does not inpair the properties of phRe sulfur-solidified material; for
exanple, in an anount of about 55% by wei ght or below, and preferably 30%
by wei ght or bel ow, based on the solid raw material. The term "shredder
dust" neans dust forned when waste autonobiles or the |like are crushed
finely by a cpothatibar fInakhdsspasel, aseshownt inaBdgshrgddbred+sttemy
take various forms, such as the forns of grinds and powdery dust.
Conponent s of pshreddéngdean becheed, fior sexhnpl sannesi thatrublfdes, thiepers,
foamed urethane, iron, nercury, |ead, and paints, and particularly heavy
metal s cont ai AeW MmAtSKiaddsp dﬁs@rpﬁéséﬁtaadﬁy85I§4V|ﬁuﬁﬁewsoﬁemaﬂﬁg by

material treatnent., Further, raw materials to be u ed ot her than sul fur;
that is, |ncIBdFHS §P§gSPeSGFPPn§°WPSFIéﬁeEFm°N§9| g aq8a9 @glﬂgﬁ ﬁ@'from

steel-naklng, t hat dust col g fr.om el ectrostatic

ot eci pi ¢t or ) 78N A AALYFR. HES75YRE SEZEBRER fing o FEaGe S0 GhemRUERORe
Spi ashed 1n aPE “@3?@8?&%% iof"ehd SRR 'F%ir?"'%‘irft ain @ fine powder, are

In the figure, section 55 within the broken-line
is provided with juxtaposed rows, or three rows, in
conformity with the purpose of application, i.e. for slag,
dust, and waste.

In the figure, 56 indicates a hopper, 57
indicates a metering tank, and 58 indicates a mixer. 1In
the figure, the séme reference numeral indicates the same
member in Fig. 1.

The present invention is now described in more

detail based on the example.

EXAMPLE
Bxample 1.
By using the following raw materials, materials
solidified by sulfur were produced.
1) Slag resulting from steel-making: 500 g of so-called
converter slag was prepared.
Particle diameter: 4.0 to 0.25 mm gradually

cooled slag (ID-C3)



processing step, in sonme cases. Since these contain harnful heavy netals,

it is required to provide an apparatus for renoving the generation of
secondary 23 pollution. In this case, as shown in Fig. 2, three-step
processi ng can be used, in such a manner24 hat, after the raw material 50 is
dried by a dryer 51, dust is renoved by a cyclone 52; fine powder is
renmoved by a bag filter 53; and finally a wet-type scrubber 54 is used for
t he purpose of deodorization and dust renoval. In the figure, section 55

Wi thin the broken-line iRaggm\danderiiz shawn et rows, or three rows, in
conformty with the purpose of application, i.e. for flag, dust, and waste.
In the figure, 56 indi cRWEK SRRPFC TFAVHEN tad 2t /MM ering tank, and 58

indicates a mxer. In the figure, t he sane reference nuneral indicates the
sane nenber in Fig. 1. Frefer i nvention is now described in nore
e

detal] pased ot AR BAUELE RAPLE P #5019 e Sobidiar T
Particle diameter: 1.0 to 0.25 mm magnetically
separated powder (LD-OB)

Water content: shown below

Bulk specific gravity: 1.82 g/cm2

T-Fe: 59.8%
3) As sulfur, sulfur obtained in desulfurization in
refining of petroleum, which sulfur had a purity of 99.5%
or over, was used, in an amount of 400 g. Naturally, this
sulfur was free from moisture. Generally this sulfur is
stored in a liquefied state by heating it to 120 t 5 °C.

Before mixing and melting the sulfur, the water
content of the slag resulting from steel-making and the
dust resulting from steel-making was brought to 1% or
below, about 3%, about 7%, or about 10%, respectively,
based on the total amount, and they were kneaded. The
three components were added approximately simultaneously
and were kneaded at 120 to 130 °C for 20 min, using a
double-screw pug mill-type circulation kneader. ‘The thus
obtained molded materials were tested with respect to
oozing out of heavy metals and physical strength,

according to the following methods. Further, the specific



1) Slag resulting fromsteel -making: .500 g of so-called converter slag was
prepared. Particle dianeter: 4.0 to 0.25 mmgradually cooled slag (1D C3)
24 Water content: shown bel ow Bul k specific gravity: 2.04 g/cn2 T-Fe: 58.8%
2) Dust resulting from steel -making: 40029 was prepared. Particle dianeter
1.0 to 0.25 mm magnetically separated powder (LD-OB) Water content: shown
bel ow Bul k specific gravity: 1.82 g/cn2 T-Fe: 59.8% 3) As sulfur, sulfur
obtained in desulfurization in refining of petroleum which sulfur had a
purity of 99. Imaritwarf the thnsl obtainedmaided fmalgerip lawas anegsurdi s
sul fur was free fromnmoisture. Generally this sulfur is stored in a

i quefied statld byFefdatmefdlad for 10oring [yt |af R Mek3dfig and el ting

the sulfur, the water content of the slag resulting from steel -naking, and
the dust resulting from%at‘gblqﬁa‘!@%@%’tﬁ%dwd?‘g maferigks 5l Lpbtiedo,

0 y 0 . i
about 7% or qRoul, 0% ESRRIAG! Yo PAREFLLls ! MEnd OBl SEPMIYeqnd they

particles were passed through a sieve to collect the
particles having particle diameter of 0.5 to 5§ mm, to
prepare Sample. The thus prepared Sample was brought into
pure water being adjusted its pH value to 5.8 or higher
but 6.3 or below, so that the content of Sample became 10%
(w/v) and the total amount of the mixture of Sample in
water was made to at least 500 ml. This mixture was
stirred at 20 °C by using a stirrer, the width of stirring
being 4 cm or more but 5 cm or less at stirring speed of
200 times/min. for 6 hours, thereby to carfy out oozing
out of heavy metals from the molded material solidified by
sulfur into water. The resulting liquid was filtered
through a filter having a pore diameter of 1 um, to
prepare Test liquid. Oozing out of each heavy metals in
the Test liquid was measured according to the method
described in the notification No. 13 from the Environment
Agency, such as the atomic absorption spectrometry shown
in JIS K 0102.

With respect to the degree of pollution for the
criteria for soil environment, the measurement was carried

out according to the method described in the notification



t hree conponents were added approxi mately sinmultaneously and were kneaded
at 120 to 130 [err]C for 20 mn, using a double-screw pug mll-type
ci‘rcul ati on kneader. The thus obtained nolded materials were tested with
respect to oozing out of heavy netals a2é physical strength, according to
the follow ng nmethods. Further, the specific 25 gravity of the thus
obt ai ned nol ded materials was neasure. (1) Test nethod for oozing out of
heavy netal s Each of the obtained nol ded materials solidified E sul fur was
ground to parf9ci4d, fZ0M thR BRYLroRment AgePe¥. wRY cuHhRE c82PR éugh a sieve

t | lect th ticl [ ticle di ter.of 0.5 to 5
or cpare SaplFSAHEST iR DREpHFRD RAHPE SACTRPGLUTE #RPBC paPeoRE: ERabei ng

cont ent of St dovEERbEe NebaRRro) “aRcoabL P faf uaBtnd’ B Pk hekt ur e of
Sanmple in Watﬁi)"‘?ésfmﬂétﬁc?da%oi-? ; sg?g)ln!itrgggggm xture was stirred at 20
g

[err] C by usi a stirrer, the w stirrin eing 4 cmor nore but 5

cmor less at stirring §§e£d5851809ft%ﬁ§§i6£l)-sEQénétHOHfSSaanQé by to
carry out oozing out of.heavy netals fromthe nolded material solidified by

sul fur into waipdxidhecomprbssige! s8bbAgitRsofi eaeheganpleughepatelt €h
having a pore dianmeter of 1 [err], to
the above (1) was measured according to JIS A 1108.

The results are shown in Table 4.
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| i quid. Oozing out of eachzheavy nmetals in the Test

l'iquid was

nmeasured according to the nethod described in the notification No. 13 from
t he Environnment Agency,

JIS K 0102. Wth respect to the degree of pollution for the criteria for

such as the atom c absorption spectronmetry shown in

soi | enV|ronnEmbletﬁe measur enent was carrled out according to the method
described in 1(,d.Ll g g0 1o A6 fromtie Enyl T Onmgmnt AENTY, by
usi ng Sanpl e %?@55#@3“ FnNPhé same’nannér descriled aBove except “that |t he
particle di almaeérotorRte|Was mage 2 nn103%Iess (2) 7%est et hod gfgor
physi cal stre str-engthtef—Sarple—ufaodad

conpr essi ve >$tehgthtotheachKﬁa EGGpﬂaéameﬂtungtrBuabOGetQQ kw&§d¢BQSLred
according to 9+@9AP§ 1kBeadne Pg%ﬁl b Ees§6@ﬁ in ?%g med tlng %fo? 4
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enerated gas

melting,

was poor

During the mixing and

eneration

of an irritating odor

During the mixing
and melting, an
irritating odor due
to the smell of
sulfur dioxide gas
was remarkablg
generated, an
therefore a deodori-
zing apparatus was
required to be
installed

Oozing out of
heavy metals*

Oozing out

material s
by sulfur
was little

of heavy

metals from the

olidified
into water

Oozing out of heavy
metals from the
material solidified
by sulfur become
much and components
in amounts exceeding

.|the criteria for

waste oozed out

At or At or Some components of
below the |below the |2n, As, Pb, etc.
criteria criteria exceeded the
for soil for ocozingj|criteria for oozing
environ- of harmful out of harmful heavy
ment ‘lThea metals
metals,
etc L]
Hg|<0.0005|Hg|{<0.005 |Hg|0.005 to 0.01
mg/1 mg/1l mg/1
Pb|<0.01 Pb(<0.3 Pb{0.3 to 0.5 mg/l
mg/1l mg/1l
As{<0.01 As(<0.3 As{0.3 to 0.5 mg/1
mg/l mg/l
Uniaxial 2 2 2 2
compressive 300kg/cm“ |[280kg/cm“ |200kg/cm“ |180kg/cm
strength
Specific 3.51 3.28 2.34 2,11
gravity

Note: * Oozing-out amounts of heavy metals from the raw
materials before SOlldllen
0.005 mg/1l; Pb 3.0

mg/l; an

with sulfur are Hg
As 1.0 mg/1l.



Staterat the Kneading and nelting During the kneading tine of knead-

could be done with and nelting, foam ng ing little
abnormality occurred within the mxtyge Generated gas During the mxing
and During the mxing nelting, generation and nelting, an of an
irritating odor irritating odor due was poor to the smell of

sul fur dioxide gas was renarkably generated, and therefore a deodori- zing
apparatus was required ta BeRpeP$hahkefio€0zingnaul,0k r@8a bE ilscolsigavy

Qozing out of heavy heavy netals* netals fromthe netals fromthe
mat eri al sol i dhdeedmeleiahgr cahdielibdi Huednhymistlihgr ocoueresd: eemalmkadllyf,ur
becone was little much and conponents in anpbunts exceeding the

criteria for waereasoind Bupeiiiment Nos.AS end 4, a Sise odnpydsedsd tof
below the below the Zn, As, Pb, etc. criteria criteria exceeded the
for soil fonndezi Agléingecpadisiopodidgnot occur due to the water

contained.

When three components, i.e. dust and slag
resulting from steel-making, and sulfur, were kneaded,
with the water content before the mixing and melting being
over 3%, it happened that steam and sulfurous acid gas
were generated by heéting at a temperature higher than 120
°C, and the inner pore spaces in the kneaded material
were greatly increased, which seemed to result in lower
physical strength. As a result, in such a system wherein
water remained significantly in the solid raw material,
the penetration of liquid sulfur into the solid phase
became unsatisfactory. When the molded material
solidified by sulfur was broken and the broken materials
were shaken in water, by the method of judging the
suppreésion of oozing out of toxic heavy metals, it was
recognized that toxic heavy metals leached out.

As is apparent from the results shown in Table
4, if the water content at the time of mixing and melting
exceeds 3%, an irritating odor due to the smell of
sulfurous acid gas became strong, the uniaxial compressive

strength of the material solidified by sulfur was



envit on- of harnful out of harnful heavy nent heavy nmet al s

metals, etc. Hg <0.0005 Hg <0.005 Hg 0.005 to 0.01 ny/l ng/ |

ng/l Pb <0.01 Pb <0.3 Pb 0.3 to 0.5 nmg/I ng/l ng/ | _As <0.01
As <0.3 As 0.3 to 0.5 ng/l ng/l 29 ng/| Uni axi al

__ conpressive 300kg/ cn2  280kg/cn2 200kg/cnR2 180kg/cn? strength
Specific 3.51 3.28 2.34 2.11 gravity Note: *

ol 1 01 yi ng. RPRRTSSAFUA SR, RBYG GeR Ty e SHEATG 1 PORTAT PO |
dur i ng. m i nGOBABURP . PPoRERYERS S Rire s eke T 4R TR e | 27
rise of Viscpaby ;W98 iHRlolritet UYIddritdll ErdPliMGG1 dibikd® ddife il or
Example 2. ' |
Molded materials were manufactured in the same
manner as Experiment No. 1 in Example 1, except that raw
materials or their composition were changed as shown in
Table 5 below. Physical properties of the molded
materials were measured in the same manner as in Exampie

1. The results are shown in Table 5.



When t hree conponents, i.e. dust and s
sul fur, were kneaded, with the water c
bei ng over 3% it happened t hat steam
by heating at a tenperature higher tha
spaces in the kneaded material were gr

| ag resul ting from steel - maki ng, and
ontent before the mxing and nelting
and38ul furous aci d gas were generat ed
n 120 [err]C, and the inner pore
eatly increased, which seened to

result in |Iower physical strength. As a result, in such a system wherein
wat er remai ned signifgcantly in the solid raw material, the penetration of
liquid sulfur intd thg solid p oEC nemunsatlsfactory When t he nol ded
mat eri al solidifiddﬂb ul fur @ken nd the broken materials were
shaken in water, bydt @ et hod ohmgggglng:the suppressi on of 0o0zing out of
t oxi ¢ heavy nEtaIS,ml a\as rqu% t hat toxic heavy netals |eached out.
As is apparent franEt §el resul t in ¥able 4, if the water content at
the time of mxing &Y %elting exceeds 3% an irritating odor due to the
snmel | of sul furous acid gas b¢came striongg the uniaxial conpressive
strength of the nqtg[gal solidified by subfur was 29 under the sane
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Exampl e 2. Mol ded materials were manufactured in the same manner as
Experinment No. 1 in Exanple 1, except that raw materials or their
conposition were changed as shown in-Table 5 bel ow. Physical properties of
the nol ded materials were neasured in t31e same manner as in Exanple 1. The
results are shown in Table 5. 30 [err] 31 Having described our
invention as related to the present enbodinents, it is our intention that
the invention not be Iimted by any of the details of the description,

unl ess ot herw se speci Heydnghgiescatifred s dmstentddrbesadiel atiadhite ithe
spirit and scope as set out in the acconpanying clains. 32 1. A nethod
for manuf act BEPRGNFD ARSI iREBtSa| 4t is our intention that the

invention not be limited by any of the details of the
description, unless otherwise specified, but rather be
construed broadly within its spirit and scope as set out

in the accompanying claims.



solidified by sulfur, conprising bringing the water content of a solid raw
material to be mxed with sulfur to 3% by weight or bel ow, heating and
kneading the m xture of raw materials including nolten sulfur at a
tenperature in the range of from119 to 15p[err]C, to cause the sulfur to

penetrate into pore spaces on the solid raM/naUérraFr—LhELQQx_ELngring a
fluid kneaded m xture, and then nolding the m xture into a prescribed
shape. 2. The nethod as clainmed in claim1, WhrHl mn ' mat eri al
is slag resul (WHAT fWBreIXBelI3wmki ng, and/ or dust i H”ﬂk[ :

st'eel -maki ng, and/or industrial-waste containing t oxi c'suBstances. 3. The

nmethod as clainmed in claiml, wherein the solid raw materials are slag
resulting from steel -maki ng and dust resulting from steel-making. 4. The

method as clained in cla m& mefhedi fpsorannfacorring tiolgedonyiersnls| ag

ESU 0GRS AT g HmEbe T Reioti e ke L s

used, 9 The TRLGH A% 6! 211064 6 by 568 M BB LR SLaHUE oo
3% by weight or below, heating and kneading the mixture of
raw materials including ﬁolten sulfur at a temperature in
the range of from 119 to 159 °C, to cause the sulfur to
penetrate into pore spaces on the solid raw material,
thereby preparing a fluid kneaded mixture, and then

molding the mixture into a prescribed shape.

2. The method as claimed in claim 1, wherein the
solid raw material is slag resulting from steel-making,
and/or dust resulting from steel-making, and/or

industrial-waste containing toxic-substances.

3. The method as claimed in claim 1, wherein the
solid raw materials are slag resulting from steel-making

and dust resulting from steel-making.

4. The method as claimed in claim 3, wherein 50
to 1,500 parts by weight of slag resulting from steel-
making and 30 to 900 parts by weight of dust resulting

from steel-making, to 100 parts by weight of sulfur, are



6. An-apparatus for manufacturing nolded materials solidified by sulfur,
conprising an apparatus for heating and drying a raw material to be m xed
with sul fur, an apparatus for heating and kneading the m xture of raw
~materials including sulfur, and a nolding apparatus for nolding a nolten
m xture of the raw materials including the sulfur,ﬁ?ﬁ???rTﬂTﬁmﬁ4{ﬁmL$hape.

7. The apparatus as clainmed in claim®6, wherein tme rial mxed with
sul fur is slag resulting from steel -maki ng, and/ or Hmm Hl,ﬂg”'ﬂom -
st eel - maki ng, aaddor i ndustrial -waste containing toxtc-cs Jsl. The
apparatus as clainmed in claim6, wherein the raw materials mxed with
sul fur are slag resulting from steel -making and the dust resulting from
steel - making. 9. The apparatus as clained in claim®6, wherein t he
mol di ng apparatus furtheP-cBhpr meghod gsegdaimed iia gladad ldowhsredamtdre
the path of the flow of the m xture of the raw materials including sulfur,
and an appar at BS1#&PIpPHnEhRyMLFE UTRe dEd SEFT LR Clite MY 8 bR STaNR 4adion

solidified and Wﬁter-grﬁnulaaed or a heat-resistant belt conveyor that is
pl aced bel ow tRE gFaggal cooling.

6; An apparatus for manufacturing molded
materials solidified by suifur, comprising an apparatus
for heating and drying a raw material to be mixed with
sulfur, an apparatus for heating and kneading the mixture
of raw materials including sulfur, and a molding apparatus
for molding a molten mixture of the raw materials

including the sulfur into a prescribed shape.

7. The apparatus as claimed in claim 6, wherein
the raw material mixed with sulfur is slag resulting from
steel-making, and/or dust resulting from steel-making,

and/or industrial-waste containing toxic-substances.

8. The apparatus as claimed in claim 6, wherein
the raw materials mixed with sulfur are slag resulting
from steel-making and the dust resulting from steel-

making.

9. The apparatus as claimed in claim 6, wherein



-
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the molaing apparatus further qomprises a sieve that is
placed downstream of the path of the flow of the mixture
of the raw materials inclﬁding sulfur, and an apparatus
for plunging the sieved-out mixture into water to be
soiidified and water-granﬁlated or a heat-resistant belt

conveyor that is placed below the sieve.



