+SPEG FI CATI ON Sul fur Materials and Method for Producing the Same [ Techni cal
Field] The present invention relates to a technique for recycling wastes,
whi ch is capabl e of producing sulfur materials useful for civil

engi neering or construction materials, by treating materials containing a
| arge quantity of chlorides such as sodium chl oride unsuitable for
concrete materials, with sulfur. [Background Art] Wen inorganic materials,
typically incinerated ash containing.a large quantity of chlorides such as
sodi um chl ori de are used for aggppggﬁ@fcﬁqﬁcﬁpncretes it is presumabl e
that the working life of the resulting concrete structures or civil

engi neering buildings is expected to be extrenely shortened due to the
elution of chlorides which could corrode reinforcing steals and thus

causes th cre to_cr ck or her egates, for
concretes%ﬁgeguﬁe tg&dd ’%e?@éfﬁ@%Fg %Bﬁﬁg&h ﬁg(ﬂﬁ%W?des in
an anount | ess than a stlpulated anount or have needed a pretreatnent with

a fresh water for along tinme if -1 containing a | arge anount of chlorides.

However, such works are considerably | arge
[Technical Field]

The present invention relates to a technique for
recycling wastes, which is capable of producing sulfur
materials useful for civil engineering or construction
materials, by treating materials containing a large
quantity of chlorides such as sodium chloride

unsuitable for concrete materials, with sulfur.

[Background Art]

When inorganic materials, typically incinerated
ash containing a large quantity of chlorides such as
sodium chloride are used for aggregates for concretes,
it is presumable that the working life of the resulting
concrete structures or civil engineering buildings is
expected to be extremely shortened due to the elution
of chlorides which could corrode reinforcing steals and
thus causes the concrete to crack or peel off.

Therefore, aggregates for concretes have been
used, selectively from those containing chlorides in
an amount less than a stipulated amount or have needed

a pretreatment with a fresh water for a long time if



+burdens in view of tine and cost. Mreover, due to the necessity of use of
the specific materials, the construction site where the materials are used
is not always close to the site where the materials are procured, also
resulting in a large burden associated wth tine and cost for
transportation of the materials. As a result, there arise problens that a
pl ace for tenporarily storing the materials nmust be reserved and an extra
stock thereof nust be always retained so as to be supplied at the timng

necessar Y. § QF 5 1G94 Uty é)pgeFLgrwﬁh@r@f Uﬂﬁ dseqafs materials such as

i nci nerated ash, containing toxic heavy netals was not also practical from

t he aspects of L] Lties becaus ; nial s undergo a
wat er - washi ng E%ﬁg%%ﬁgkt,Sngeﬁﬂa%thébggunéé O%H?%Ev% %g§§ At er are
produced .and ;t hus .i ndispensably need post-treainent faciljities ch as a
Wast e ettt EPER teht’ T8EI TF YR BOChMALE: hal e’ Bimm At bhitdle can
utilize not only materials such as sea sand and incinerated ash which
contai n AHfoFfFet Bul e%sgoﬁﬁﬂﬁgﬁl&ﬂ%@lﬁﬁ%ﬂmaéﬁﬁhﬁlﬁnréQ?mn a

stipul ated amount and thus require a pretreatment including a fresh-water
t r eat mentCeRS bt el & B iR W8T ndgh egBRES HLalal & & Hbsedsdeh Nt

always close to the site where the materials are
procured, also resulting in a large burden associated
with time and cost for transportation of the materials.
As a result, there arise problems that a place for
temporarily storing the materials must be reserved and
an extra stock thereof must be always retained so as
to be supplied at the timing necessary for
construction.

Furthermore, the use of materials such as
incinerated ash, containing toxic heavy metals was not
also practical from the aspects of facilities and cost
because the materials must undergo a water-washing
treatment, after which volumes of toxic waste water are
produced and thus indispensably need post-treatment
facilities such as a waste water treatment facility.

A technique has been demanded which can utilize
not only materials such as sea sand and incinerated ash
which contain chlorides such as sodium chloride in an
amount more than a stipulated amount and thus require

a pretreatment including a fresh-water treatment



«incinerated ash, fly ash, and steel slag the use of which for concrete
involves difficulties due to the inclusion of toxic substances I|ike
general non-industrial and industrial wastes. The object of the present
invention is to provide a sulfur material useful as aggregates for a
concrete for civil engineering and construction and as those for a nortar
and a nethod for producing such a sulfur material by treating with sulfur
or a nodified sulfur a material such as sea sand or incinerated ash, which

needs a pretseat BRNMln §UEHeds als a3y MeL el $830h RYa 13 P& h #158dsaS H e

aggregat es because the material contains chlorides such as sogiun1chloride
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anount of -3 10 to 50 percent by mass and (B) an inorganic material of a
chl ori de iduhe8htrigt} ol a¥t 8502 to 10 percent by

The object of the present invention is to provide
a sulfur material useful as aggregates for a concrete
for civil engineering and construction and as those for
a mortar and a method for producing such a sulfur
material by treating with sulfur or a modified sulfur
a material such as sea sand or incinerated ash, which
needs a pretreatment such as fresh-water washing to be
used as the aggregates because the material contains
chlorides such as sodium chloride in an amount meore than
a stipulated amount, or a material such as incinerated
ash, fly ash, or steel slag, the use o0f which for
concrete involves difficulties because the material
contains toxic substances like general non-industrial

or industrial wastes.

[Disclosure of the Invention]
The present invention relates to a method for
producing a sulfur material wherein it is produced by

melting and mixing (A) a sulfur binder in an amount of



«mass: in an amount of 50 to 90 percent by mass, at a tenperature of

155t and

granulating the nelted mxture. The term "chl ori de concent

used herein denotes a val ue neasured by "Test of Chloride Content
Aggregates (Mohr's nethod)" defined by the Japan Society of G vil
Engi neering. The present invention will be described in nore detai
Conmponent (A), i.e., a sulfur binder is contained in an anount of 10 to 50
percent by nmass, based on the total mass of Conponents (A) and (B)
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The term “chloride concentration” used herein
denotes a value measured by “Test of Chloride Content
in Fine Aggregates (Mohr’s method)” defined by the

Japan Society of Civil Engineering.

The present invention will be described in more
detail below.

Component (A}, i.e., a sulfur binder is contained
in an amount of 10 to 50 percent by mass, based on the
total mass of Components (A) and (B). Component (A)
of less than 10 percent by mass fails to wet and cover
the inorganic material sufficiently and thus could not
suppress elution of chlorides sufficiently while
Component (A) of more than 50 percent by mass fails to
provide the resulting sulfur material with such a
sufficient strength to be used as aggregates for a

concrete and a mortar.

Examples of (A) sulfur binders used in the present

invention include sulfur, modified sulfurs obtained by

nGyPMAN R thd ok Rl MedidRric



+be natural ones or products resulting from desulfurization of a petrol eum
or a natural gas. The nodified sulfurs may be those nodified with a sulfur
nodi fier, such as those obtained by adding to sulfur a sulfur nodifier

whi ch may be ol efinic hydrocarbons; diolefinic hydrocarbons; cycl ool efinic
hydr ocar bons such as dicycl opentadi ene and ol i goners thereof,

cycl opent adi ene, tetrahydroindene (TH ), and |inonene; and aromatic

hydr ocar bons such as styrene, vinyl toluene, and nmethyl styrene, each

havi ng 4&&293@% wlah%yaeﬁeh%tawlweo@ §E‘irﬂ19tw?tﬂr§98tt‘?f L ned

tenperature. Sulfur nodified™wth dicyclopentadiene 1s particularly

pref erably, Jhe A difier to be added is usually
from0.1 %0 gqﬁe$cen qup%ﬁgglagge é ra yg?ron1 0.5 to 20 percent by bass,

based h f syl f h f. th f
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shleldlnqﬁg grtleﬁ and reS|stan$e to sul fur OXIdIg bacterla of the
sul fur bi eCOfF uPT MERFPLIE TSN R Bhd & In general, the
nore sulfur nodifjer content can inprove the -5 characterlstlcs nor e.
However, Gk fHel 7ABARA ng T & fRBE NS VM Cdd & PR 4He2 dotht of about

10 percent
The modified sulfurs may be those modified with

a sulfur modifier, such as those obtained by adding to
sulfur a sulfur modifier which may be olefinic
hydrocarbons; diclefinic hydrocarbons; cycloolefinic
hydrocarbons such as dicyclopentadiene and oligomers
thereof, cyclopentadiene, tetrahydroindene (THI), and
limonene; and aromatic hydrocarbons such as styrene,
vinyl toluene, and methyl styrene, each having 4 to 20
carbon atoms and heating the mixture at a predetermined
temperature. Sulfur modified with dicyclopentadiene
is particularly preferably used.

The amount of the sulfur modifier to be added 1is
usually from 0.1 to 50 percent by mass, preferably from
0.5 to 20 percent by bass, based on the mass of sulfur.
The content of the sulfur modifier gives an influence
on the characteristics such as incombustibility, water
shielding properties, and resistance to sulfur
oxidizing bacteria, of the sulfur binder and the sulfur
material containing the same. In general, the more

sulfur modifier content can improve the



+by mass and is less in change wwth the content of nore than 10 percent by
mass, the inprovenent of characteristics are substantially satisfied with
the wuse of the sulfur-nodifying agent of 1 to 10 percent by nass.
Therefore, the content of the sulfur nodifier is nore preferably from1l to
10 percent by mass. The sulfur nodifier of nore than 10 percent by mass
woul d add viscous properties to the elasticity of the resulting sulfur

mat eri al which, therefore, has viscoelasticity. Furthernore, the sulfur

modli 11 Gfa R £ haR 505 PRGN oSS would  egnpliabl yppicrengg the

viscoel asticity. On the other hand, the sulfur " nodif l'ess t 0.1

eroent bye sBSS WAL 28U 4 o Ul LU b er bl WA oG SLangth. The

nodi fication of S ur 1s firstly conducte ng and ting sul fur.
Further heating of ul fur in a_solid state to tenperature of 119 C
i t1at e % PRASe SRR bF P ot SO TAOE0 W i Hhe TRARRPEeP T F9%8cti on
i s conducted by further hea&in the liquid sulfur to a reaction
tenper at frie@ i P BEFGSTH PHe WddFe 151481 d™RATVE™STF oBSer ving t he
viscosity with a suitable visconeter such as_a -6 Brookfield_t¥Pe
vi sconet &N TRE A SE8S UGS i AT Spridtes ABMY: Wi LAY el eddfd of 1R tdreto 1.2
Pa sat 140 C .
use of the sulfur-modifying agent of 1 to 10 percent
by mass. Therefore, the content of the sulfur modifier
is more preferably from 1 to 10 percent by mass. The
sulfur modifier of more than 10 percent by mass would
add viscous properties to the elasticity of the
resulting sulfur material which, therefore, has
viscoelasticity. Furthermore, the sulfur modifier of
more than 50 percent by mass would remarkably increase
the viscoelasticity. ©On the other hand, the sulfur

modifier of less than 0.1 percent by mass would result

in a sulfur material with poor strength.

The modification of sulfur is firstly conducted
by heating and melting sulfur. Further heating of
sulfur in a solid state to a temperature of 119 C
initiates a phase change of from solid to ligquid.
Thereafter, a reaction is conducted by further heating
the liquid sulfur to a reaction temperature with
stirring the whole liquid sulfur and observing the

viscosity with a suitable viscometer such as a
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+ However, the viscosity is nore preferably wwthin the range of 0.08 to 0.5
Pas with the objective of the strength of a nolded article produced from
the sul fur binder and workability during the production processes. The
reaction tenperature is determined to a certain range depending on the
type of sulfur nodifier. For exanple, in the case of using
di cycl opent adi ene, the reaction tenperature is usually from 135 to 155 CC

The sul fur nodifier nay be added before or after sulfur is heat-nelted.

However, gibbRe iGasg efypddiRg ddife sld ur TRBdifieEo8fker 8l ting sul fur,
the pre-heated nodifier 1s preferably added thereto. The nodified sul fur

used | in fheeDasent | iventl op AlLer d ald hng wLhinthe . ghove.doser bed

viscosit&’range i's rabl y coo 0 a‘tenperatdre 0 ttion

t enper at erglly 135 r. lower _sq as. n to of .high iscosity.
When t hewr?g‘ﬁ??lggc} su urvjilsscfcc’):rsgpt):al}r e%l\? fn%é:e p%F%tr’;éarrlaztgiyor‘flg‘?lg%ﬂl :‘]L'Jlre and the
sul fur nodifier is preferably conducted . in a sealed stirring vessel. The
pol ymeri Z&% 98 OdndlicPEd §N Phids BRaSsel Wedm pF BfetP I 8G&Fdr%t Pon BRs of

the sul fur nodifier due to_heat -7 %enerated fromthe nmelted sulfur and

thus can SeBBRItH Rt contedded FREISHT P TREATEEr Thofh Flee paad fir

binder and workability during the production processes.
The reaction temperature is determined to a certain
range depending on the type of sulfur modifier. For
example, in the case of using dicyclopentadiene, the
reaction temperature is usually from 135 to 155 C. The
sulfur modifier may be added before or after sulfur is
heat-melted. However, in the case of adding the sulfur
modifier after melting sulfur, the pre-heated modifier
is preferably added thereto. The modified sulfur used
in the present invention after falling within the
above-described viscosity range is preferably cooled
to a temperature below the reaction temperature,

generally 135 C or lower so as not to be of high

viscosity.

When the modified sulfur is prepared, the
polymerization of sulfur and the sulfur modifier 1is
preferably conducted in a sealed stirring vessel. The
polymerization conducted in this vessel can prevent

evaporation loss of the sulfur modifier due to heat



»sul fur. Therefore, when the nodified sulfur is prepared by this nethod,
the characteristics of the sulfur material can be effectively inproved
even though the content of the sulfur nodifier to sulfur is reduced to
fromO . 1 percent by mass or nore to |l ess than 2 percent by nass.

Wher eas, when the nodified sulfur is prepared wthout using a seal ed
stirring vessel, it is preferable to blend the sulfur nodifier such that
the content thereof will be 2 percent by mass or nore in order to inprove

suf fi ci er@téryeka%ec@af%&rﬁrﬂﬁé:ﬁ%pé at eﬁl%éuan@t@ﬁ@' Sugn-Lhough the

above-descri bed evaporation |oss of sulfur occurs. The sealed stirring

I d t i . & . t i i t |
hod 11 e - Bermales o (Fheod b par Mo 2asEr Tkl YeLBACE ST ¢ of
the sul fur difier

occurs, M xers ich can. used i.n.the.present
venti o *TBS e AR EEF iR AT TRngEs Thes IS nt ¥ 1EHT: dRenty  but
are preferably thpse for m xing |liquid. For_ exanple, there may_be used
"nternal FASRFEET PV HiN1S, Medhakln 1S, CBEHE GF S5S £ FBbGHE nt REr s,
honom xers,. and static mxers. These m xers are preferably of -8 seal ed
type. Thé &hf parmBitifet 2 bsedni l?uet%gfﬁrcésje‘ﬁ?liyn%@ﬁ’tricb‘h‘m evén though

the content of the sulfur modifier to sulfur is reduced
to from 0.1 percent bymass cr more to less than 2 percent
by mass. Whereas, when the modified sulfur is prepared
without using a sealed stirring vessel, it is

preferable to blend the sulfur modifier such that the
content thereof will be 2 percent by mass or more in
order to improve sufficiently the characteristics of
the sulfur material even though the above-described
evaporation loss of sulfur occurs. The sealed stirring
vessel may not be used after sulfur begins a reaction
with the sulfur modifier and becomes a modified sulfur
because no more evaporation loss of the sulfur modifier

occurs.

Mixers which can be used in the present invention
may be any of those as long as they can mix sufficiently
but are preferably those for mixing liguid. For
example, there may be used internal mixers, roll mills,
drum mixers, pony mixers, ribbon mixers, homomixers,

and static mixers. These mixers are preferably of



.may contain other materials to an extent that the achievenent of purposes
of the present invention is not bothered. Exanples of such materials

i ncl ude heavy netal sequestering stabilizers such as sodiumsilicate,
sodi um sul fi de, and chel ati ng agent, asphalt, nickel sulfate, cobalt
sulfate, silver sulfate, and various polynmers. The content of these
materials is preferably 30 percent by nass or |ess, based on the total
mass of the sul fur binder. Conponent (B), i.e., inorganic material used in
the preseidsiawenty €@_contains chlorides at a high <chloride concentration
which is fromO. Oéy 0 10 percent by mass, preferably from1.0 to 10
percent by mass. Conponent (B) is preferably conprised of (B-1) a high
chl oride concentration inorganic material of a «chloride concentration of

0.02 to 25 perﬁﬁ{;‘% o%lrﬁ{sil% gle(LB g; Io EH' orlﬁdes Ecentrgél an,

|norgan|c mat e concen ion o han D percent
by mass. In this case, e chloride, oncentratlon onent B—l) nay

exceed 1(5“ap3ér88ﬁjttab§} r?a e Xs Mgl %et8hla6}|%l§t@d}1tceﬂﬁfa§tl%lﬁ

Component conpri sed _of Conponents (B- and (B-2) is within the range
of 0.02 tadéfigae @SE RE 9y Prﬁ§§°~°c%ﬁp%§efnlﬁe E%I?L)‘S%%/ YeBE Q8 tlh e ¥ or

concrete , )
bothered. Examples of such materials include heavy

metal sequestering stabilizers such as sodium silicate,
sodium suifide, and chelating agent, asphalt, nickel
sulfate, cobalt sulfate, silver sulfate, and various
polymers. The content of thesematerials is preferably
30 percent by mass or less, based on the total mass of

the sulfur binder.

Component (B), i.e., inorganic material used in
the present invention contains chlorides at a high
chloride concentration which is from 0.02 to 10 percent
by mass, preferably from 1.0 to 10 percent by mass.

Component (B) is preferably comprised of (B-1) a
high chloride concentration inorganic material of a
chloride concentration of 0.02 to 25 percent by mass
and (B-2} a low chloride concentration inorganic
material of a chloride concentration of less than 0.02
percent by mass. In this case, the chloride
concentration of Component (B-1) may exceed 10 percent

by mass as long as the chloride concentration of

-9



«aggregates due to its too high chloride concentration or my have a
particle size and strength resulting from granulation by a treatnent using
the sul fur binder, unsuitable for aggregates. Therefore, Conponent (B-1)
is preferably m xed with Conponent (B-2) of a chloride concentration of
| ess than 0.02 percent by nmass. In such a case, Conponent (B-2) preferably
contai ns another inorganic material capable of producing a granul ated
product with a particle size and strength suitable for aggregates. No

parti cul alohpBhiedt ¢ 0NB S cloRIOS 86 Q! JPMTPORBRIne A Bs1) BASI | 0ggaggt2) s an
inorganic material with a high <chloride concentration which is within the

range of ; 0. Q240 25tRRY CLRh Y JBSH:, 0¥ ef8rak) Vplrckdf b Bed cent by
mass, and nore preferably 0. '5 to 5 percent by n%ss. For exanpl e,
Conmponent (B-1) nay be one or nore inorganic materials selected fromthe

group consisting of incinerated ash, incinerated fly ash, and nelted fly
ash generated fyoma nuni cjpal .waste high tenperature |ting furnace. -10
I nci nerat ed ask(l{olnéngﬁaﬂr}cstLg h?oﬂ%r?%gsbecéﬁﬁu%?ggﬁ ffl}“reﬂa%%gcﬁ?c%e as

i nci neration furnaces for nuniciggbngastes and industrial wastes and

cont ai ns 29XF§88 uEhdgE &9 ikes AN G LRI ARi 9N CGERIE F RS O

or may have a particle size and strength resulting from
granulation by a treatment using the sulfur binder,
unsuitable for aggregates. Therefore, Component
(B-1) is preferably mixed with Component (B-2) of a
chloride concentration of less than 0.02 percent by
mass. In such a case, Component (B-2) preferably
contains another inorganic material capable of
producing a granulated product with a particle size and

strength suitable for aggregates.

No particular limitation is imposed on Component
(B-1) as long as it is an inorganic material with a high
chloride concentration which is within the range of
0.02 to 25 percent by mass, preferably 0.1 to 10 percent
by mass, and more preferably 0.5 to 5 percent by mass.
For example, Component (B-1) may be one or more
inorganic materials selected from the group consisting
of incinerated ash, incinerated fly ash, and melted fly
ash generated from a municipal waste high temperature

melting furnace.

-10-



+ OXi de as main conponents but also contains toxic netals such as |ead,
cadmum and arsenic in a large anount. Therefore, incinerated ash has
been used for landfill disposal at a final disposal site which does not
di scharge sewage water. No particular limtation is inposed on Conponent
(B-2) as long as it is an inorganic material of a low chloride
concentration which is less than 0.02 percent by nmass. For exanpl e,
Conmponent (B-2) nay be one or nore inorganic naterials selected fromthe

group consi stint &f neaa t aah xhayst edif 5Nl @CkLidm PP¥RN oPsants and
general industries, fluidized sand used in. fluidized-bed incinerators,

pol i sh Cr&&ﬁbu@t?éﬁdﬁﬁtﬁla£8§ugt&d}9£ OMENS Profuel an, éa\éaefé% metal s,

such as steel slag and dust, ferronic slag, alum num dross, and copper

120, Coaluastisa o el 08t o panfoup qal, LLced smbusii g naces

for electric po 7 generatron or and |I|ze as a mXxing materia
for concrete eéag%{:l%;l e Lneerlﬂ naterla -11 Ste% sla i,s a slug
by- pr oduc®d™ FFém i Ton @ fraiut a&fur £ SHT%HﬁStF < ahl THeEFEded B dst°Pur nace

sl ag dlscharged from.a bl ast furnacer-)u eﬁpshearth furnace sla égscharged

from an O(b)é.h ﬁeaﬁtlﬁaflﬁ')r ﬁ,é)étéponents o contains toxicm

such as lead, cadmium, and arsenic in a large amount.
Therefore, incinerated ash has been used for landfill
disposal at a final disposal site which does not

discharge sewage water.

No particular limitation is imposed on Component
{B-2) as long as it is an inorganic material of a low
chloride concentration which is less than 0.02 percent
by mass. For example, Component (B-2) may be one or
more inorganic materials selected from the group
consisting of coal ash exhausted from electric power
plants and general industries, fluidized sand used in.
fluidized-bed incinerators, polish chips, by~products
resulting from the production of various metals, such
as steel slag and dust, ferronickel slag, aluminum
dross, and copper slag.

Coal ash is discharged from various coal fired
combustion furnaces for electric power generation or
heating and utilized as a mixing material for concretes

and civil engineering materials.
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. and converter slag discharged froma steel converter. The nmain conponents
of steel slag are oxides such as silica, alumna, calciumoxide, and iron
oxi de and other inorganic sulfides. Conponent (B-1) is blended in an
anount of 40 to 100 percent by nass, preferably 45 to 80 percent by nass,
and nore preferably 50 to 70 percent by mass, based on the total mass of
Conmponent (B). Conponent (B-2) is blended in an amount of 0 to 60 percent
by mass, preferably 55 to 20 percent by nass, and nore preferably 50 to 30

percent by masgtdased 1oyt he tptal uaRISy Ob fIPeRantsr £&h 1 jticularly
preferred Conponents (B) are those conprised of incinerated ash as

CorrponentmaH( @fé)é: %Piﬁg;eei ndhd% %?Q/So(r?zrp&ahngﬁm a8 sC‘HVP%Q‘Entf JlBﬁéughand

having a chl oride concentration to 1 percent by nass.

Co f i vely d i i Wh h

chi or1 do o de iy a Rt Bhsihn B ¥ Ht ¢85 T d By hmes,
el ution q; chloridef to -.12 %he ou ﬁtde of _the_s stenlcg%'gﬁ suppressed to
a stipulattdeva (et 3P (estCiy A nbf A8 B PRETPIERRALD iMUERAISSH. More

specifically, the sul fur terial roduced by the nmethod of the present
iﬁventioﬁrb%ncggverter Sq-aag CEJ‘?‘ISC‘»hE)‘:lrged from a steel convertepr.

The main components of steel slag are oxides such as
silica, alumina, calcium oxide, and iron oxide and

other inorganic sulfides.

Component (B-1) is blended in an amount of 40 to
100 percent by mass, preferably 45 to B0 percent by mass,
and more preferably 50 to 70 percent by mass, based on
the total mass of Component (B). Component (B-2) is
blended in an amount of 0 to 60 percent by mass,
preferably 55 to 20 percent by mass, and more preferably
50 to 30 percent by mass, based on the total mass of
Component (B). Particularly preferred Components ({(B)
are those comprised of incinerated ash as Component
(B-1) and steel slag and/or coal ash as Component (B-2)
and having a chloride concentration of 0.02 to 10
percent by mass. Such Component (B) can be used

effectively in the present invention.

When the chloride concentration of Component (B)

is 0.02 to 10 percent by mass, elution of chlorides to

=-12-



.significantly decreased in the chloride elution anount neasured by a test
of chloride content in fine aggregates for concrete or nortar (Mbhr's
nmet hod) defined by the Japan Society of G vil Engineering. Even after
120- hour extraction time, the chloride elution anobunt of the sulfur
material can be less than 0.1 percent by mass, preferably |ess than 0.06
percent by mass. The term "chloride" used herein is an inorganic chloride
whi ch coul d deteriorate concrete and denotes sodium chloride, potassium

chlori de.t k@l 6luta £akoId deg h eand, SeaResd A el afih @pr s gulfdirgmaterial  of
the present invention is obtained by nelting and mxing (A) 10 to 50

percent e ; BBS%: 96 cL813 Yo 10162 5% per ENG d¥h JBS Ol 1 YE bl b1 nder

and (B) 50 to 90 percent mass, prefera percent by nass of

[ ' erial gf L.or.i [ 0 b
s and STSRI! g PREGrPPE f KEERe Theroby ToLEHngtt he i 0br ganic

ial with the sulfur binder. This_sul fur_ -13 ial.of th
Mvent | o 1 2 dpFERb | Ehe oh SR o | bnbRReB o B CORTT hE G s i al

and can be used suitably for variopys aggregates.for concrete, nortar,
oaduay SUbEF Add.CAnFier Berreddesans tHE SHLSE 1o S IUELSn amotne

measured by a test of chloride content in fine
aggregates for concrete or mortar (Mohr’s method)
defined by the Japan Society of Civil Engineering.
Even gfter 120-hour extraction time, the chloride
elution amount of the sulfur material can be less than
0.1 percent by mass, preferably less than 0.06 percent
by mass.

The term “chloride” used herein is an inorganic
chloride which could deteriorate concrete and denotes
sodium chloride, potassiumchloride, calciumchloride,

and magnesium chloride.

The sulfur material of the present invention is
obtained by melting and mixing (A) 10 to 50 percent by
mass, preferably 10 to 30 percent by mass of a sulfur
binder and {B) 50 to 90 percent by mass, preferably 70
to 90 percent by mass of an inorganic material of a
chloride concentration of 0.02 to 10 percent by mass
and granulating the melted mixture thereby covering the

inorganicmaterial with the sulfur binder. This sulfur
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»landfill materials, and banking materials. Melting and m xing are
preferably conducted at a tenperature of 135 to 155 C such that the
conponents are well-m xed. Upon nelting and mxing, it is preferable that
Conmponent (B) preheated at a tenperature of 125 to 155 C and Conponent (A)
heated and nelted at a tenperature of 125 to 155 C are charged al nost at
the sane tine into a m xer preheated at a tenperature of 135 to 155 V .
Melting and mixing time varies depending on Conponents (A) and (B) but is

from5 Mgyt &sit0 5 Bowe pRalddft! ahven WheH COIPRIEe (AL LS Bohdified
sulfur, nelting and m xing tine varies greatly depending on whether or

not the r&%iae@ﬁ%%fl Qﬂ%@?n&@fié@%ﬂuﬂ t&&%%;‘e 2 ARl U419 and

m xi ng. For exanple, int case using a nodified s ur prepared

beforehagg3q§sépts%q!éﬂé %Iyg¥ 4 qﬁiqggg ture fgf %Kgggkfled sul fur

and sul f Xin hi nit 85t 6

Al t hough the mel ting .and m X onpl eted in_a_short period of -14 tinme
because fH&" ?F&(ﬂ??ggfﬁ¥m H@é%?@S {ﬁﬁﬁﬁe§§ %?6h&'%ﬁ| °fffe’ mi xi ng
eff|C|en re enhanced when nel{ing and m xing tenperature is 155
cC or @Q 36 LiPRFSFnls a(ﬁR?nEQQ%&PHOW%ﬁﬁﬁﬁ s at such

Melting and mixing are preferably conducted at a
temperature of 135 to 155 € such that the components
are well-mixed. Upon melting and mixing, it is
preferable that Component (B) preheated at a
temperature of 125 to 155 C and Component (A) heated
and melted at a temperature of 125 to 155 C are charged
almost at the same time into a mixer preheated at a

temperature of 135 to 155 TC.

Melting and mixing time varies depending on
Components (A) and (B) but is from 5 minutes to 5 hours.
Particularly, when Component (A) is a modified sulfur,
melting and mixing time varies greatly depending on
whether or not the modified sulfur is produced
simultaneously with the melting and mixing. For
example, in the case of using amodified sulfur prepared
beforehand as the sulfur binder (including a mixture
of a modified sulfur and sulfur), melting and mixing
time is from 5 minutes to 30 minutes. Although the

melting and mixing is completed in a short period of

~14-



«a hi.gh tenperature. Wereas, at a |low tenperature, the fluidity of the
nodi fied sulfur is decreased, but the «curing reaction progresses slowy.
Therefore, it is preferable that the mxer is preheated at a tenperature
within the range of 140 to 145 C and nelting and mxing is conducted at a
tenperature within the range of 140 to 145 C because at a tenperature
within these ranges the conponents can be well-mxed for 5 to 30 m nutes.
Mxing tine is desirously as short as possible so as to avoid the curing

reacti onit fiReaBeXd €8k Wdd ENSi PLeRerds eenef Abgikasst Qg Mypdygt are
not adversely affected. A too short mxing tine fails to mx the sulfur

bi nder ang {Re a%rogacrﬂﬁ? Bk §hiAle S £ ¢l L:%’s ndbe LRy hbed Gdding

nol ded article or granul ated roduct does have a conti nuous phase with
sonme Vvoi dcg,hefrgrg%d t her %idn andihas a rough tsurface. :%hien:# he go onent s
are stirr SO icli%%t?y Wit 8t Béi ﬁ‘ge%?ﬁ &, u?ﬁellseé i ng Abl a&fHrticle
or granulba& ed griq\%mlthi ﬁxXhi bits _a corrgget | ) contri nuous phsase an(%ll as a
smooth sUtTags. tht Bne oébj BRENVE of ®8&sy" RENK i%‘? é&rﬁ)on%'ﬁtg c( ) and
(B) are pr f_era%l m xed with intaining the _viscosit a% 140 of
Conponent? F‘A)gl? ‘%ﬁ@e&ﬁtq‘hﬁ%' r AMFT B S0, 85 Bol QW2 PRPE T AL UGy nder

with a viscosity at 140 C of |ess than 0.05 Pa - s could |ack
luidity of the modified sulfur is decreased, but the

curing reaction progresses slowly. Therefore, it is
preferable that the mixer is preheated at a temperature
within the range of 140 to 145 C and melting and mixing
is conducted at a temperature within the range of 140
to 145 C because at a temperature within these ranges
the components can be well-mixed for 5 to 30 minutes.
Mixing time is desirously as short as possible so
as to avoid the curing reaction, to an extent that the
properties of the resulting product are not adversely
affected. A too short mixing time fails to mix the
sulfur binder and the inorganic material sufficiently,
and thus the resulting molded article or granulated
product does not have a continuous phase with some voids
formed therein and has a rough surface. When the
components are stirred sufficiently while being mixed,
the resulting molded article or granulated product
exhibits a completely continuous phase and has a smooth

surface.
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» bindi ng power due to the absorption to the inorganic material and thus
degrade the performance characteristics of the resulting material. A sulfur
bi nder with a viscosity at 140 Cin excess of 1.2 Pa - s is extrenely
decreased in fluidity and also in workability and deteriorates wetting with
the inorganic material. Wien a nodified sulfur is used, it requires
careful handling upon production because the viscosity could increase with
| apse of tine. Any mxer may be used as long as it can mix Conponents (A)

and (B) sufficiwgnithytnhoro® éE&'ieveaofS%'aisgy!hg%icﬂlﬁﬁbﬂrid&nﬁbﬁ%rnﬁ@y be
used. More specifically, there may be used internal mxers, roll mlls,

drum m xefz&, éﬁaewwt%ggeg%eﬂoélgam% yiggaywmﬁ%éinwiﬁ&%ou@xers-

In the production of t sul fur nate the present 1nventlon, after
the sul fur, binder, i s_pr e and solidified chillin it may_ be
Focrel ted BRGSO  ARxelE i G BRe GHBPEATEE matidr 159, CAY P RECRATy, ¢ he
16 sul fur binder_just prepared nay be mxed with the, inorgani¢c materi al
before cHi?P8§ &Hd @Opsg- ed d%/\h%% t fe urdsof? if"i%gbéﬂldfqﬁ Bithder?is mi xed

with the jnorganic material, the sulfur binder na¥ be m xed_ or. pre-m xed
WtrltheW¥®F§ﬁﬁ¥ﬁn%feﬂﬂ£ Grixf bgss than 0.05 Pa - s could lack

binding power due to the absorption to the inorganic
material and thus degrade the performance
characteristics of the resulting material. A sulfur
binder with a viscosity at 140 C in excess of 1.2 Pa*
s is extremely decreased in fluidity and also in
workability and deteriorates wetting with the
inorganic material. When a modified sulfur is used,
it requires careful handling upon production because
the viscosity could increase with lapse of time.
Any mixer may be used as long as it can mix
Components (A} and (B} sufficiently. For example, a
solid-liquid stirring mixer may be used. More
specifically, there may be used internal mixers, roll
mills, drum mixers, screw extruders, pug mills, pony

mixers, and ribbon mixers.

In the production of the sulfur material of the
present invention, after the sulfur binder is prepared
and solidified by chilling, it may be re-melted and then

mixed with the inorganic material. Alternatively, the
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- before the binder has a viscosity within an opti mum range. However, in
either of the cases, the reaction time or tenperature is preferably
controlled such that the optimmviscosity of the sulfur binder is finally
obtained. Alternatively, in the case of using a nodified sulfur as the

sul fur binder in the present invention, sulfur may be nodified with a

sul fur nodifier before being mxed with the inorganic nmaterial or while
being nelted and m xed therewith. No particular limtation is inposed on a

nmet hod @fu Of arulat hae it hpu 8l tadk Phrud ema X3! S x@fd thet nmathed incl ude
t hose wherein the nelted m xture is granulated while being solidified by

Cm||'”9ﬂdbP§aan”ﬁQﬂéEPa§ %éﬁ@k%t%%fﬁ?@ﬁ“aﬁadéﬂ¥ﬂ§th%émlded
article obtained by solidifying the nelted m xture by chilling is

pul veri zed thegg.%y ﬁé'@h@% al&[i‘%'ff‘or L1 gﬁroﬂ'fﬂ%tdepf‘é‘%f&le‘&” Wi

preferably con y a roI ing -1 ration granulation ne?ﬁod usi ng

arollin he ig59rat|on %nulfé glwpq1 - E ornaé Bgn&@nd
hori zont a i h ﬁina ion pléi SpeC|f|c condi tHons {hése ngfhods are

armtramlg seg xege r@hn% J‘EQ%J&?Efcmh§¥§99a1 after or

before the binder has a viscosity within an optimum
range. However, in either of the cases, the reaction
time or temperature is preferably controlled such that
the optimum viscosity of the sulfur binder is finally
obtained.

Alternatively, in the case of using a modified
sulfur as the sulfur binder in the present invention,
sulfur may be modified with a sulfur modifier before

being mixed with the inorganic material or while being

melted and mixed therewith.

No particular limitation is imposed on a method
of granulating the melted mixture. Examples of the
method include those wherein the melted mixture 1is
granulated while being solidified by chilling to be
formed into a granulated product and wherein a molded
article obtained by solidifying the melted mixture by
chilling is pulverized thereby obtaining a granulated
product.

Granulation is preferably conducted by a rolling
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.ratio of Conponents (A) and (B) such that the resulting granulated product
has a particle size suitable for aggregates for concrete or nortar. The
specific conditions are preferably set such that the methods can produce
particles with a size of generally 2 to 44.4 mmneasured using a JIS
standard sieve. The particle size is arbitrarily selected depending on the
usage of the final product. The rolling granulation nethod can adjust the
particle size of a granul ated product by changing the inclination angle or

rotation spegdpafat Do n’ A AEH ullAL fonOmd HRoE UM 1 HigWever o1t d§ Bt
necessary to select the sizes of the rotary plate and the drumin view of

a desire Lcl e, sj . ; i Gl j t arbrt.car ize
G thn CHREakdldn SgEEn 0 (OHE Y Bi pfAA EAER H o fR Ak ha

0 L0 o B0 S Shays Phgon ThE gl nat on angle 15 generally
met hod can adj yst th%. articl, sgze of a %9nulate .product by changi ng
the 181 1 equends® OF Tfpl £ PAGE oo BRoree Fof PHRE | RE A FngiTn _angle. For
cxarle, e, Losdency. oLl Lure, and 41 e cof MibreLion ate polscied to
ratio of Components (A) and (B} such that the resulting
granulated product has a particle size suitable for
aggregates for concrete or mortar. The specific
conditions are preferably set such that the methods can
produce particles with a size of generally 2 to 44.4
mm measured using a JIS sfandard sieve. The particle
size is arbitrarily selected depending on the usage of
the final product.

The rolling granulaticon method can adjust the
particle size of a granulated product by changing the
inclination angle or rotation speed of the rotary plate
or the drum. However, it is not necessary to select
the sizes of the rotary plate and the drum in view of
a desired particle size. For example, particles with
an arbitrary size within the range of 2 to 44.4 mm can
be produced by changing the inclination angle of the
rotary plate. The inclination angle is generally
adjusted within the range of 0 to 70 degrees.

The vibration granulation method can adjust the

particle size of a granulated product by changing the

-18-



«solidified sulfur in a nelted state does not scatter. The inclination
angle is adjusted within the range of 0 to 60 degrees. The vibration node
may be a reciprocal node, a rotation node, or a m xed node thereof. The
granul at ed product may al so be obtained by actually vibrating the nelted
m xture using a rotary drum Al though the granul ated product may be
obtained by cracking the nolded article, it is difficult to produce the
particles with an arbitrary size. Therefore, the granul ati on nethods are

preferablpraig@dncy fo NAGHSEAEVIAd b gl at e RhedYele KeYl £ hAE ifdpm
cracking may be si'eved so as to obtain a particle size distribution

sui tabl e 0518901 Q03 @5 105 1GONERE! & rUqu BRELAT anfi1 2Euld CLIAL Gy t her e

is a nmethod wherein sul dr oppe ter. However,

hod i - f I [ [ ' fai h
et hod | 1% BRIl & REcgae d eal 00 9901 S TP EBh, @1 oo pver the
formatio

(oLt on SLobust ha, IF Al AL EL MOOEL s M, B agEPRILILe ot ze of
pr et or abl s 21 6g A% AL u T - PLE & Al 20 843 Mo 8075 JrS bEL LTy 8
The inclination angle is adjusted within the range of
0 to 60 degrees. The vibration mode may be a reciprocal
mode, a rotation mode, or a mixed mode thereof. The
granulated product may also be cbtained by actually
vibrating the melted mixture using a rotary drum.

Although the granulated product may be obtained
by cracking the molded article, it is difficult to
produce the particles with an arbitrary size.
Therefore, the granulation methods are preferably used.
If necessary, the granulated product resulting from
cracking may be sieved so as to obtain a particle size
distribution suitable for aggregates for concrete or
mortar.

As an alternative, there is a method wherein
melted sulfur is dropped in water. However, this
method is not preferable because the inorganic material
fails to cover the sulfur binder, resulting in elution
of heavy metals in the water and formation of rust on

the granulated product.

The average particle size of the sulfur material
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« The s«conpressive strength of the sulfur material of the present invention
is usually from1l0 to 100 Pa, preferably from20 to 100 Pa, and nore
preferably from 30 to 100 Pa. [Brief Description of the Drawing] Fig. 1 is
a graph indicating a relation between extraction tine and chloride
concentration. [Best Mbde for Carrying out the Invention] Hereinafter, the
present invention will be described in nore details by way of the follow ng
exanpl es, which should not be construed as limting the scope of the

i nvention,r THE cURPLE sleirf t 1 Kalesi 8h G opkdesi gophal neginhe gencretes for
civil engineering structures used in Exanples (0.60 kg/cnB8 or 0.30 kg/cn8

in Table heakeahe H0tal 20f bl %bggsg%é&a%q } ny 8agh) FRpG i &lng

constituting fresh Concretes. Such «chloride-contdining materials are fine

aggr egat rtﬁ%gpqhorgpggﬁef%qgh§iy;gzgﬁ?ng the |ike. However, -20

chl oride-free adm xture ave been |y Uused. The maxi mum chloride
content of portl.and_cenent _is_usuall qﬂ015 percent . Ehe chl prine content
of tap vater | L RPRET v80300 ot SR a5 IR Tha ke PEr @ foT o
Ce”E”t"%?E¥heaB?J§£?ta9%V%¥¥f%naﬁ%'Egﬁglﬁk from 10 to 100 Pa,
preferably from 20 to 100 Pa, and more preferably from

30 to 100 Pa.

[Brief Description of the Drawing]
Fig. 1 is a graph indicating a relation between

extraction time and chloride concentration.

[Best Mode for Carrying out the Invention]
Hereinafter, the present invention will be

described in more details by way of the following

examples, which should not be construed as limiting the

scope of the invention.

The upper limit values of chlorides contained in
concretes for civil engineering structures used in
Examples (0.60 kg/cm3 or 0.30 kg/cm3 in Table 1) are
the total of chlorides contained in each material
constituting fresh concretes. Such
chloride-containing materials are fine aggregates,

cement, water, admixtures, and the like. However,
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.aratio of a unit amount of 350 kg/nB, a unit amount of 180 kg/nB, and a
unit amount of 800 kg/ nB, respectively, which ratio is typical for
concrete, the permssible chloride amunts of the fine aggregates are
found as shown in Table 2. That is, when the upper limt chloride val ues
of the concretes intended for civil engineering structures are 0.60 kg/n8
and 0.30 kg/nB, the perm ssible chloride contents of the fine aggregates
are 0.0639 percent and 0.0264 percent, respectively. Therefore, these

val ues Weiel Usadi st ricef arancRtWdldehadadeeh Rebaence Yakyes ofp£hlorine
in a Fresh Concrete tipper limt ofPerm ssible anmount

Qbj ect ApRY 4 £ 2N EH 06 F4 8 K Hd1BL Bnlth® £ bRG- 2P9hed ket £51 Ee§§g% lgfégcr ete

of conventional reinforced concrete. posSt-tensioning systemO. 9 Cvil

Engi neeriggph ai n, £opgrat € hf‘P{E”%ch"f)PfL%reCié‘c?n'B%rnsc S, Euety egbrestregsed
concrete of pre-tensioning system” foi grout alum na cenént wth

0. 30. 0264 _sheat h Lectri 0S;i | .
Bul 81 ngCon/AL ahal O GCR ob BB CAREF BTES:%. CEET T PR AR AT Pr 1y

Bul di ngConvention

concreteQ.2- 1) Each, pernmissible a nt was for the concrete wherein each
o he cohreit ¢ e T A F eu il el o RO A e S AR PARAA b 380

kg/ n8, 180 kg/ d 800 kg/ nB i I i and t.
g ' a ic"ag%.’o ac?f a ungt a’moutfrllggoaf nﬁ)gg’&kgopnrl;'lag u%eint?namount

of 180 kg/m®, and a unit amount of 800 kg/m?,
respectively, which ratio is typical for concrete, the
permissible chloride amounts of the fine aggregates are
found as shown in Table 2. That is, when the upper 1imit
chloride values of the concretes intended for civil
engineering structures are 0.60 kg/m® and 0.30 kg/m?,
the permissible chloride contents of the fine
aggregates are 0.0639 percent and 0.0264 percent,
respectively. Therefore, these values were used as

reference wvalues.

Table 1 Reference Values of Chiorine in a Fresh Concrete

Object Application Upper limit <Jf3 Permissible amount1
Chioride kg/m® | in the fine aggregate "

Prestressed concrete of conventional
reinforced concrete - post-tensioning system, 0.6 0.0639

Civil Engineering  |plain concrete having reinforcing bars

Structures Prestressed concrete of pre-tensioning
system, for grout alumina cement with no 03 0.0264
sheath, where electric corrosion could occur

Bulding Conventional reinforced concrete 0.3

Structures High durability concrete 0.2

1) Each permissible amount was for the concrete wherein each of the sement, water, and aggregate is
contained in a unit amount of 350 kg/m?®, 180 kg/m?, and 800 kg/m’, using a normal portiand cement,
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. Tablie 2 Perm ssible Chlorine Ion Concentration in the Aggregate (Normal
Portl and Cenent) ChlorideBlend ratioChloride content concentrati onkg/ nBper
unit kg/ nmB massy Cenent 0. 01503500. 053 Wat er 0. 02001800. 036
Aggr egat e0. 06398000. 512 Upper |imt content in the concrete (1)--0.600
Cenment 0. 01503500. 053 Wat er 0. 02001800. 036 Aggr egat e0. 02648000. 212 Upper
limt content in the concrete (2)--0.300 [Exanple 11 A pre-dried bl ast
furnace slag with a chloride concentration of O percent by mass was m xed
with an incinerated ash with a chloride concentration of 2.8 percent by
mass at alabiex PermissiblefChiprine lontQencentigtiopirelpaApgregalg B) an i norganic materi al .
To the resulti{Ngme Bertkand Cemehtyr i al was added sul fur in such anobunts as to

obtain mMXTUres WIoSe surfur ¢ IIL ou rro-perTeTT Oy eSS Exanpl e
la), 22 percent by mass (Exanpl ‘%? d | 26Blemleatoenf OhloridacomtetExanpl e 1c),
based on 100 percent by nass Qﬁ‘r ¢ of wo the sdt fritkg/t nder
(sulfur) and (B) the inorganic maf'f@?'ﬁ These mixtpres were nelted

Cement 0.0150 350 0.053

Water 0.0200 180 0.036

Aggregate 0.0639 800 0.512

Upper limit content in the concrete (1) - - 0.600

Cement 0.0150 350 0.053

Water 0.0200 180 0.036

Aggregate 0.0264 800 0.212

Upper limit content in the concrete (2) - - 0.300

[Example 1]

A pre-dried blast furnace slag with a chloride
concentration of 0 percent by mass was mixed with an
incinerated ash with a chloride concentration of 2.8
percent by mass at amix ratio of 5 : 4 thereby preparing
(B) an inorganic material. To the resulting organic
material was added sulfur in such amounts as to obtain
mixtures whose sulfur contents are 19 percent by mass
(Example la), 22 percent by mass {Example 1lb), and 26
percent by mass (Example 1lc), based on 100 percent by
mass of a mixture of (A) the sulfur binder (sulfur) and
(B) the inorganicmaterial. Thesemixtures weremelted
and kneaded at a temperature of 150 C thereby
obtaining various types of melted mixtures (Examples

la, 1b, and 1c¢).
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» and skneaded at a tenperature of 150 C thereby obtaining various types of
nelted m xtures (Exanples l|a, 1b, and 1c). -22 1,000 g of each of the
resulting m xtures were poured into a table-type vibrator (two HV-type
vi brat ors manufactured by MJURATA SEI KO Co., Ltd. were wused and a 500 x 500
mm steel plate was fixed thereon as a vibration table) and solidified
whil e being vibrated at a vibration frequency of 3000 tines/mnute and a
vibration anplitude of 1 mmfor a period of one mnute thereby obtaining

various types af, @08ny adedeaith fUF S é dselssil £ Uh gl Bk EAISYs FBE grBXi nUmM
particle size of the resulting materials was 10 nm The average particle

sizes in IxapBlesi hfo |P, t 8B lCt YBEE v fp P o Mt w@NAy$- P, & espect i vely.
Each of the resulting sulfur materirals (Exanples Ia, Ib, and I c) was

subj ect e, 0,3 5L RLAGIY 96 Lo Sanl SRR A e £067 RAALE f0B COnErEle and

nortar (Mbhr's netho prescri bed apan I~ Engr néering Soci ety

h d_.chlprides. Th
conauct ed 28 8 IR §00p"D GG " L3R R80T e, WEs RIRASTERE A,

confi T m Lt the ampunt, of  tha & uted, chl ovides, dges,, npL ghange Wi th lapse

vibrated at a vibration frequency of 3000 times/minute
and a vibration amplitude of 1 mm for a period of one
minute thereby obtaining various types of granulated
sulfur solids {(sulfur materials). The maximum
particle size of the resultingmaterials was 10 mm. The
average particle sizes in Examples la, 1lb, and lc were
4 mm, 5 mm, and 6 mm, respectively.

Each of the resulting sulfur materials (Examples
la, 1lb, and 1lc) was subjected to a test of chloride
content in the aggregate for concrete and mortar
(Mohr's method) prescribed by the Japan Civil
Engineering Society to measure the amount of the eluted
chlorides. The measurements were conducted at
intervals of 1, 3, 6, 12, 120, and 140 hours in order
to confirm that the amount of the eluted chlorides does
not change with lapse of time. The results are shown
in Table 3 and Fig. 1.

As shown in Table 3 and Fig. 1, in either of
Examples, the amount of elution reached to the maximum

after about 100 hours, and no further increase was
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. in Table 3 and Fig. 1. As shown in Table 3 and Fig. 1, in either of
Exanpl es, the anpbunt of elution reached to the maxi nrum after about 100
hours, and no further increase was -23 observed. No further chloride nore
than that observed after 120 hours was eluted. Furthernore, in either of
Exanpl es, these amounts of elution were significantly |ower than 2.8
percent by mass of the chloride ion content in the incinerated ash which
is a mterial and satisfied the reference value of 0.064 percent by mass

for a coruesndiroral. reandl pheeh £ONGH ELei d@Srd Chher ke d Wb Lepcruration
in Sulfix Granul ated Matters (Mohr's Method) Exanple laExanpl e 1bExanple

| cExanpl %@ﬂé‘f'i‘%ah%qllsém%g £1904 229 £26°%9K d 2pash, Bl gnd; Rald 0 JBss%
Sul fur19.022.026.019.0- Tnci nerated ash45. 044, 241."14%" 0100. 0 Bl ast furnace

2035 SRR BFEIS, S it R B BP0 B g e

lower than 2.8 percent by mass of the chloride ion
content in the incinerated ash which is a material and
satisfied the reference value of 0.064 percent by mass

for a conventional reinforced concrete.

Table 3 Chloride lon Concentration in Sulfix Granulated Matters (Mohr's Method)

Sample Example 1a} Example 1b| Example 1¢| Example 2 | Incinerated
(19%) (22%) (26%) {19%) ash
Blend Ratio mass%

Sutfur 19.0 22.0 26.0 19.0 -

Incinerated ash 450 442 411 45.0 100.0

Blast fumace slag 36.0 338 329 36.0

Additive mass% (S) - - - DCPD 5%
Chioride Concentration mass%

Extraction ime 1h 0.008 0.006 0.005 0.006 -
3h 0.010 0.007 0.006 0.007 -
6h 0.011 0.008 0.008 0.008 -
12h 0.016 0.011 0.011 0.011 -
120h 0.060 0.044 0.039 0.043 -
140h 0.059 0.044 0.039 0.042 -

Chioride Concentration mass% - - - 28

[Example 2]

190 g of a reacted polymer of 95 percent by mass
of sulfur and 5 percent by mass of dicyclopentadiene
were melted at a temperature of 150 C and kneaded with
450 g of a pre-dried blast furnace slag with a chloride

concentration of 0 percent by mass and 360 g of an
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» 6h0..0110. 0080. 0080. 008- 12h0. 0160. 0110. 0110. 011- 120h0. 0600. 0440. 0390. 043-
140h0. 0590. 0440. 0390. 042- Chloride Concentration mass%--2.8 [ Exanpl e 2]
190 g of a reacted polynmer of 95 percent by nass of sulfur and 5 percent by
mass of dicycl opentadiene were nelted at a tenperature of 150 CC and
kneaded with 450 g of a pre-dried blast furnace slag wth a chloride
concentration of 0 percent by mass and 360 g of an -24 incinerated ash with
a chloride concentration of 2.8 percent by mass. 1, 000 g of the resulting

M Xture Wei@inRaW eddi idh awiahl er tyRe oW i at ebnldewt Miype wigbraters
manuf act ured by MJRATA SEI KO Co., Ltd. were wused and a 500 x 500 nm st eel

plate wag,djxed d By aRIk s as @,w'dm# ian ttr?@'fésam@,isa{, Infli § + 3 Sid £ el ng
(0} nut e

vibrated at a vibration frequency 3,000 tinmes/m and a vibration

o P UhTLACD, 3 PEARTA Sy i o SoOUNGITeEERY SPLYGD 2
ngt I cl € v:rs}.inzr% oogstrggnru éjclz{:hri%m%rﬂdﬁh}\% eSéQK%mc%n.d' SL% were
pecti vely.

used and a 500 x 500 mm steel plate was fixed thereon
as a vibration table} and solidified while being
vibrated at a vibration frequency of 3,000 times/minute
and a vibration amplitude of 1 mm for a period of one
minute thereby obtaining a granulated sulfur solid
{sulfur material). The maximum and average particle
sizes of the resulting material were 10 mm and 5 mm,
respectively.

The resulting sulfur material was subjected to a
test of chloride content in the aggregate for concrete
and mortar (Mohr's method) prescribed by the Japan
Civil Engineering Society to measure the amount of the
eluted chlorides. The measurements were conducted at
intervals of 1, 3, 6, 12, 120, and 140 hours in order
to confirm that the amount of the eluted chlorides does
not change with lapse of time. The results are shown
in Table 3 and Fig. 1.

As shown in Table 3 and Fig. 1, similarly to the
Examples using sulfur as the binder, the amount of
elution reached to the maximum after about 100 hours,

and no further increase was observed. No further
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» The.resulting sulfur material was subjected to a test of chloride content
in the aggregate for concrete and nortar (Mhr's nethod) prescribed by the
Japan Civil Engineering Society to neasure the amount of the eluted
chlorides. The neasurenents were conducted at intervals of 1, 3, 6, 12,
120, and 140 hours in order to confirmthat the amount of the eluted

chl ori des does not change with | apse of tinme. The results are shown in
Table 3 and Fig. 1. As shown in Table 3 and Fig. 1, simlarly to the

Exanpl es 4451 89 i fib ras dienbicndey , o bhe ApeUNt rafe r el blpi Qb gachapsto the
maxi num after about 100 hours, and no further increase was observed. No

further -25 cbLori 4&, pPRe A eeth%th@béﬁagzldc%feéla%qbdwmésw@% ut ed.

Furt her nore, the anDunt of uti’on was ercent mass whi ch was

§Igﬂ|f|C%ﬂ§£¥ %nﬁgmhlc cﬁ?%?%%; £¥Ia|'§%% ]Hg legga%p@ content

d
in the |nC|nerate I's a so 1ess by
30 percent_ than 0.

059 percen for, .usi.,n sulf t.he g nder and
satisfie®TheSrds el?%ngg %/a?% %e fﬁé?@eﬁt&b LJEse‘flgr h?enti onal
reinforced concrete. 3 re-dried hl ast furnace sla with a
Ch“NIde%ncgnerated i% ﬁ Jh 1g mater?;i he amoun% was

also less by 30 percent than 0.059 percent by mass for
using sulfur as the binder and satisfied the reference

value of 0.064 percent by mass for a conventional

reinforced concrete.

[Example 3]

A pre-dried blast furnace slag with a chloride
concentration of 0 percent by mass was mixed with an
incinerated ash with a chloride concentration of 2.8
percent by mass at amix ratioof 5: 4. To the resulting
material was added sulfur in such an amount as to obtain
a mixture whose sulfur content was 19 percent by mass,
based on 100 percent by mass of total of sulfur and the
material. The resultingmixture was melted and kneaded
at a temperature of 150 C thereby obtaining a melted
mixture. 1,000 g of the resulting mixture was poured
into a table-type vibrator (two HV-type vibrators
manufactured by MURATA SEIKO Co., Ltd. were used and
a 500 x 500 mm steel plate was fixed thereon as a

vibration table) and solidified while being vibrated
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. congentration of O percent by nmass was mixed with an incinerated ash with
a chloride concentration of 2.8 percent by nass at a mx ratio of 5 : 4.
To the resulting material was added sul fur in such an anbunt as to obtain
a m xture whose sulfur content was 19 percent by mass, based on 100
percent by mass of total of sulfur and the material. The resulting m xture
was nelted and kneaded at a tenperature of 150 +C thereby obtaining a
nmelted mxture. 1,000 g of the resulting m xture was poured into a

tabl e-type vibpabyakiwe Hvw-d aean r §¥orss, Oﬁﬁn‘ﬂfl%?éélyﬁ(intﬁ’té/ugﬁ-ﬁ“ 2>t KO
Co., Ltd. were used and a 500 x nmm st'eel pl ate was fixed thereon as a

vibrati 0@:11?95@1&9%%%1%5&8%%3' Rl é"ﬂ?éf”‘&%@ﬂ | tué% %%h ta%' on

frequency 0 000 ti mnute and a vibration a

period ofe ﬁé}ﬁe@rﬁ%ﬁtaﬁ?{ Verg}gﬂﬂlﬂ%@ Sr%ﬁ‘}ifwﬁ‘édsso 14" & Q}Jfgu(:su'f“r

mat eri al ) X1 mum an artiere S|zes of e res
materi al _were 10 nn1 mm_ A concrete was duce

1 £ u g. ng_t he natrlal
Thus  obfi HeA a4 hh- a0BFe it TG G 0TV AR 4T L Tt € et 28 BHigt b of
wer e uset Rfuet 62 U £ Suedta £ 8 b R ghal Ond¥hcti dhdr PR - Che Ul fur
material as an aggregate was mxed with a m xture of cenent and_ water
A cdncrete was produced using the material thus
obtained as an aggregate instead of a ballast, and the
strength of the concrete was measured. For preparation
of the concrete, two methods were used one of which was
a conventional method wherein the sulfur material as
an aggregate was mixedwithamixture of cement and water
and the other of which was a dry mix method wherein
cement and the sulfur material were mixed beforehand
and then mixed with water.
After the resulting concrete samples were aged for
28 days, the compressive, tensile, and flexural
strengths were measured and compared with those of a
normal concrete. The results are shown in Table 4. It
was confirmed that the strengths of the concrete
obtained by both the conventional method and the dry

mix method were equivalent with or superior to those

of a normal concrete.
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- and-the other of which was a dry m x nmethod wherein cenent and the sul fur
material were m xed beforehand and then m xed with water. After the
resulting concrete sanples were aged for 28 days, the conpressive,
tensile, and flexural strengths were nmeasured and conpared with those of a
normal concrete. The results are shown in Table 4. It was confirnmed that
the strengths of the concrete obtained by both the conventional nethod and
the dry mx nmethod were equivalent with or superior to those of a nornal

Type of - it St UithedilShedusite sl Adaos 0ol ot bogconven(l onal

Convent i Ofypd of Bygregdieandar d mi ti noBalast g Xi nGranieted sulfueswlicht rptio (w c)
0 - 0 . b . . ANTP i
e T 215" C Bt 1 CBRRB 7> OBr 1P ColRgassi ve
mixing mixing mixing
Water-cement ratio (w/c) % 58 58 58 -
Air content % 45 4.6 45 45115
Slump cm 11.5 8.0 9.0 5~12
Compressive Strength ~ MN/m? 347 335 38.3
Tensile Strength MN/m® 267 212 242 -
Flexural Strength MN/m’ 7.28 7.03 8.04 -

(Example 4]

(Preparation of Modified Sulfur)

Sulfur and dicyclopentadiene were reacted at a
reaction mix mass ratio of 99 : 1 (the content of
dicyclopentadiene was 1 percent by mass) in a sealed
stirring vessel at a temperature of 135 C thereby
obtaining a modified sulfur which was a reaction
polymer.

A granulated sulfur solid (sulfur material) was
obtained by the method of Example 2 except that the
modified sulfur obtained above was used in the same
amount. The maximum and average particle sizes of the
sulfur material were 10 mm and 5 mm,.

The amount of chlorides eluted from the sulfur
material was measured in the same manner. The results

are shown in Table 5.
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»38.3 - Tensile Strength MNVM2 2.67 2.12 2.42 - Flexural Strength
M\ nR7. 287.038. 04 [ Exanple 4] (Preparation of Mdified Sul fur) Sulfur and
di cycl opent adi ene were reacted at a reaction mx mass ratio of 99 : 1 (the
content of dicyclopentadiene was 1 percent by nass) in a sealed stirring
vessel at a tenperature of 135 C thereby obtaining a nodified sulfur which
was a reaction polyner. A granulated sulfur solid (sulfur material) was

obt ai ned t he net hod of Exanple 2 except that the nodified sulfur
obt ai ned ééﬁ\ﬁg was used ip the sage anmount. The maxi num and aver age

parti cl e Bland eatio offSulfunmatesalll f ur] mags®i al were 10 mmand 5 mm The anount of
chl ori des el umedlfiddsafir t he sullfungonaterial was neasured in the same manner.
The results fkRerstbPn i N Tall eqpy Table 5
Blast fumace slag 36.0
Chloride concentration mass%
Extraction time  1h 0.005
3h 0.007
6h 0.008
12h 0.012
120h 0.041
140h 0.042

As apparent from the results of Table 5, the amount
of the eluted chloride reached to the maximum after
about 140 hours, and no further increase was observed.
Furthermore, the amount of elution was 0.042 percent
by mass which was significantly lower than 2.8 percent
by mass of the chloride ion content in the incinerated
ash which is a material. The amount was also less by
30 percent than 0.059 percent by mass for using sulfur
as the binder of Example 1 and satisfied the reference
value of 0.064 percent by mass for a conventional

reinforced concrete.

[Applicability in the Industry]

The method of the present invention can cover
materials containing large gquantities of chlorides
such as sodium chloride or inorganic materials,

typically industrial wastes such as incinerated ash,
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« Blerd ratio of Sulfur naterial mrass% Modi fied sul fur19.0 Incinerated ash45.0
Bl ast furnace slaci36.0 Chloride concentrati onnass% Extraction tinel hO. 005
3h0. 007 6h0. 008 12h0. 012 120h0. 041 140h0. 042 As apparent fromthe results
of Table 5, the anbunt of the eluted chloride reached to the nmaxi mum after
about 140 hours, and no further increase was observed. Furthernore, the
anount of elution was 0.042 percent by mass which was significantly | ower
than 2.8 percent by nass of the chloride ion content in the incinerated

ash whi chyi ghaamater £ ak. i 8PDHRAG Wasu 8l ear esspPYe s3I0 PELEEYN thAN 0. 059
percent by mass for using sulfur as the binder of Exanple 1 and satisfied

the refergpge.nYa)ueq0t Q..Q6¢ @gégegho@%r}@gﬁgfﬁra TCEEYFB%E[ %(r)égéd as

reinforced concrete. [Applicability in the I'ndustry] The nethod of the

present iflyeRLiUy 63N Y CLonTALEELA! S ML BLYNY, | REQe SHgutidi es of
invention can sclve a problem related to lack of
aggregate for concrete production and makes it possible

to reduce cost, facilities, or time and use the wastes

efficiently.
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» suckh as sodiumchloride or inorganic materials, typically industrial
wastes such as incinerated ash, -29 wth a sulfur binder and thus can
suppress elution of the chlorides such that those nmaterials can be used as
aggregates for concrete. Therefore, the present invention can solve a
problemrelated to |l ack of aggregate for concrete production and nmakes it
possible to reduce cost, facilities, or tine and use the wastes
efficiently. CLAIM5S 1. A nethod for producing a sulfur material wherein
(A) 10 to 50 percent by mass of a siifiwmgpinder and (B) 50 to 90 percent
by mass of an inorganic material wth a chloride concentration of 0.02 to
10 percent by namss are nelted and m xed at a tenperature of 119 to 155 C
and the nelted mxture is granulated. 2. The nethod according to claiml

wherein (A) said '&Hrth%%)&‘d?!bxj s%ighgg_ldlﬂ%f Eorgﬁrfugr %tfe?q_rhsi sting of

sul fur: nodifiéd sul furs t al ned to sulfur a sulfur nodifier in

an anmount .of 0. t 0. per cent nass ,and reacti th 1 Xtur
heat i ng; wahnedr%’ll% L}rp‘ce))s%t%lle%réeofa %$¥ eem_ﬁekf%o%aggc&tgl%nauﬁo% akl):an ﬁi%yv%erei n

sai d suIafnUé ('E))d's)fd %o 9 fa)eq"aégﬁlcaklaysrr?ég%toe aftrloinﬁég%aq{fgenaterial

with a chloride concentration of 0.02 to 10 percent by
mass are melted and mixed at a temperature of 119 to

155 C and the melted mixture is granulated.

2. The method according to claim 1 wherein (A)
said sulfur binder is selected from the group
consisting of sulfur: modified sulfurs obtained by
adding to sulfur a sulfur modifier in an amount of 0.1
to 50 percent by mass and reacting the mixture by

heating; and mixtures thereof.

3. The method according to claim 2 wherein said
sulfur modifier is a material selected from the group
consisting of olefinic hydrocarbons, diolefinic
hydrocarbons, cycloolefinic hydrocarbons, and
aromatic hydrocarbons, each having 4 to 20 carbon

atomnms.

4, The method according to claim 2 or 3 wherein

said sulfur modifier is dicyclopentadiene.
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= consi sting of olefinic hydrocarbons, diolefinic hydrocarbons, cycl ool efinic
hydr ocar bons, and aromatic hydrocarbons, each having 4 to 20 carbon

atons. 4. The nethod according to claim2 or 3 wherein said sulfur nodifier
i s dicyclopentadiene. -31 5. The nmet hod according to any one of clains 1

to 4 wherein said Conponent (B) conprises (B-1) 40 to 100 percent by nmass
of an inorganic material with a chloride concentration of 0.02 to 25
percent by mass and (B-2) 0 to 60 percent by mass of an inorganic

material with a chloride concentration of |ess than 0.02 percent by nass.
6. The nethod according to claim5 wherein (B-1) said inorganic materi al

with a chloride conpes! kli8a Glc doPdslhy 200P8RGLMRBY JRSSLAIMC] nerat ed
ash and (B-2) said inorganic naterla h a chl'oride concentration of

| ess than 0. 02, RErcent DY ;MRS 45 B) a0 AL 96 0ol p gl g ¢y sul fur

mat eri al produce by the netho accordl&g to one of clains 1 to 6 used
as aggre SHANo) n t tar. ranulat d sul fur erla
wherein ?12(%@1 t%e'gg %efcrgﬁgsb;/@%ags oanorg%l uf |aﬁc erl(a:‘(%'ve"fls B) 50
chloride concentration of 0.02 to 25 percent by mass
and (B-2) 0 to 60 percent by mass of an inorganic

material with a chloride concentration of less than

0.02 percent by mass.

6. The method according to claim 5 wherein (B-1)
said inorganic material with a chloride concentration
of 0.02 to 25 percent by mass is incinerated ash and
(B-2) said inorganic material with a chloride
concentration of less than 0.02 percent by mass is steel

slag and/or coal ash.

7. A sulfur material produced by the method
according to any one of claims 1 to 6 used as aggregates

for concrete or mortar.

8. A granulated sulfur material wherein (A) 10
to 50 percent by mass of a sulfur binder covers (B} 50
to 90 percent by mass of an inorganic material with a

chloride concentration of 0.02 to 10 percent by mass.
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« to 90 percent by mass of an inorganic material with a chloride

concentration of 0.02 to 10 percent by mass. 9. The granul ated sul fur

material according to claimB wherein the average particle size is within
the range of 2 to 20 nm

9. The granulated sulfur material according to

claim 8 wherein the average particle size is within the

range of 2 to 20 mm.

_33_



