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SPECI FI CATI ON Bl NDER CONTAI NI NG MODI FI ED SULFUR AND
PROCESS FOR PRODUCI NG NMATERI AL CONTAI NI NG MODI FI ED
SULFUR 5 Field of Art The present invention relates
to a nmethod for produci inding materia
cont ai ni ng sul fur nndif%iﬁé@%ﬁCAgF%ﬁidene

nor bornene (ENB), and a nethod for producing 10 a
mat eri al contai ni ng aggregate and nodified sul fur,

" RadEA S Tanudf BoB et inb SREFRECANRF RACESS For proDUCTING
construction materials. Background Art Application
oﬁAiaﬁiﬁLeéb@?@FNI&%ﬁMQREFE Daf¥ ¥R onst r uct i on
materi al s has been under research, whi chmakes use of
its properties to nelt over 119 C and be solid at
ordiggry ie eratures. For exanple, Patent

i proposes to use sulfur as a nmateria
for paving roads,, Patent Publication 2 proposes to )
use stuPfUrr&seRtchRYeRrtdOrohe26 tes BPriametiind Paraproducing
Pub] i.cat.ion 3 proposes to use sulfur as a binding .
ndt BHPEE S dUR T R 42 heCOMTA 1R BRI sERLifNG Ve efied with
Fbmgv r,. a binding material conposed solely of sulfur .
WPFRYSLAETE AR BFBRUCENRM RPSUR( UP LBRSSRF gFoducing
its outer_surface, which is ignitable. Such nolded )
P JRIET 125 AP HRSNIA TS I8 IRer ndi BV hALLgRY 1 §Ugh which
as_jnsufficient _mechanical strength and inferior,
rBRFE P aht PP IS SRILFUF OokFHPS AGMBSTict PRd dedunlir ik wastes

product .has not beep 1 used wi dely. . )
as civil engineering or construCtion materials.

Background Art

Application of sulfur as civil éngineering and
constructionmaterialshasbeenunderresearch,whichmakes
use of its properties to melt over 119 °C and be solid at
ordinary temperatures. For example, Patent Publication
1 proposes to use sulfur as a material for paving roads,
Patent Publication2proposes touse sulfurasaconstruction
material, and Patent Publication 3 proposes to use sulfur
as a binding material used in a material for sealing waste.

However, a binding material composed solely of sulfur
will give a molded product having sulfur exposed on its
outer surface, which is ignitable. Such molded product
also has various other disadvantages such as insufficient
mechanical strength and inferior resistance to

sulfur-oxidizing bacteria, so that the product has not been
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In order to inprove the properties of sulfur, various
addi tive conpounds have been devel oped. Anobng such
compounds, dicycl opentadi ene is inexpensive and

egon mﬁxaé 5 and is known to have good effect on
meERaN Al S¥ rength of sulfur. Patent Publication 4

di scl gses nmet hod for prodqucin a sul fur )
corrpogint Pﬁ%%rnglou&mdf%?%%g’ge Pﬁqﬁr’%ﬂ%ﬁ Qt el fyge various
art.s by nmass of sulfuyr and 2 to _20 parts_by nass of

Dot anaarBe Heof heahgersaman - arinang such

met hod fo roduci ng a sulfur conposition further .

| FRTRAIRG S 97 Ry © LeRF AR Lo R RerSt BotRESS 105 APERGenomical,
conditions. However, in the production nethod using

PRl SpBROMR e PaYEcBEPty ShiaRt 99 HaFnAgiGRl strength
re ctigg 15 and non-ignitability of the nol ded

prodattsYdre hard to be bal anced. Patent Publication
5 di scl oses a t.hod for producing a bindiqg _
mat er f aF SBEnEHPHLRF bt 14 &4 s 9%8S 3 mathpdgor producing
mxing_in a nolten state 100 parts by, mass of sul fur
hEBHEBE | COPERE [aTp8 Bpcheding TErHARy ARoPndeiEeR state
120 to 160 . C, followed by cooling to 120 C or | qwer,

WO PFEERBY FGSSHiVdhhis #Bdi i B8 24l pgrts by mass of

gﬁ%g;i | further inchgdin% m Xi ng aggregate thereto

S LaPEAEATIeREndt 21 ORYCOTRY REOHIMAr aRA & method for

tetr%h dr oi ndene,_however, is not _25 economcal, and

ASAWVanPagBo iy Wr JelfbReS Aty d Widtf tBfluding mixing

gydro en SU|%%PG in thg reaction. Patent Puyblications
%ﬁﬁégaﬁ?oﬁ & F° AHAGERY PRSI ABRAT 9ORAFEHIQANR, or

other_olefin ol,igoners to_sulfur to iqgrove,

However, 1in” the production method using
dicyclopentadiene, viscositystabilityduringthe reaction
and non-ignitability of the molded products are hard to
be balanced.

Patent Publication 5 discloses a method for producing
a binding material containing modified sulfur, including
mixing in a molten state 100 parts by mass of sulfur and
0.1 to 25 parts by mass of tetrahydroindene at 120 to 160
°C, followed by cooling to 120 °C or lower, and a method
for producing a modified sulfur material further including
mixing aggregate thereto under particular conditions.

The method using tetrahydroindene, however, is not
economical, and disadvantageously produces a large amount

of hydrogen sulfide in the reaction.

Patent Publications 6 and 7 propose toaddvinyl toluene,
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its property for use in paving materials, adhesives,
sealing materials, or the like. Patent Publication 8
di scl oses a sul fur polyner cenent 5 conposed of a

product of polynerization of sulfur and a reactant
c%%%%léan&ff P PoheF RLeLfineRd lgnmerstye eel Fehdrerimprove
Thi s sul fur polynmer cenent solidifies_heav .

Mt SPTOPRTENERY YRR 8 RYV prev@fieeidl semthesives, sealing
harnful _heavy nmetal _into environnment in treatnent of

At §RsResS: £F drtetbikeduce the vol une of the waste.

Thi s publication, teaches that the product of

t r eatfReR VPRl e td @y Brd bt Y REL Sce Mht fwapPeygedement
as civil —engineering or construction naterials or
SRIRYAER. CTHeWe UG heo S uPP LV MEd AR 1 e et sudifivg and a
a reactant 15 essentially containing ENB and a
FFERN iR SAd<e f il tipfg € wdrk ENBcadix st yrene monomer.
strength, ignition resistance, and resistance to

T rswhkiurz Pog e eeementhge ki £ie s uheayot yner

cenment cannot practically wthstand the use as civil
Bsdirect PR igchHasieei ba paesantt of £ hugygreegft charmful
20 Patent Publication 1. US-4290816-A Patent

PESMYe 1§ ol 21n8P. £OYTIgUANt PAnehr cRNe R OBntBe waste,
JP-59-26180-A Patent Publication 4: JP-2002-69188-A
PRCeC FIRATES: it&he 57olume00s- 2hr1089E 26 Pat ent
Publication_6: JP-55-133426-A Patent Publication 7:

JP- 5815F PURIA c et @ntt samhe & dthah the ppoglgdl pfA-Beatment

DI SCLOSURE OF THE | NVENTI ON
with the sulfur polymer cement may be used as civil

engineering or construction materials or aggregate.
However, the sulfur polymer cement using a reactant
essentially containing ENB and a styrene monomer has
insufficient mechanical strength, ignitionresistance, and
resistance to sulfur-oxidizing bacteria. Thus the sulfur
polymer cement cannot practicallywithstand theuseascivil
engineering or construction material with aggregate.
Patent Publication 1: US-4290816-A

Patent Publication 2: JP-48-91123-A

Patent Publication 3: JP-59-26180-A

Patent Publication 4: JP-2002-69188-A

Patent Publication 5: JP-2003-277108-A

Patent Publication 6: JP-55-133426-A

Patent Publication 7: JP-56-501102-A

Patent Publication 8: JP-8-3317-A
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Problens to be Solved by the Invention It is an
obj ect of the present invention to provide a nethod
for producing a binding material containing 5
nDdIerd sulfur that ma be used with even donmestic
: LNVENTINY egat e to produce ci vi
englneerlng or constructlon mat eri al s havi ng
gnibs ciPlyedi BYakdie TRY¥EBRLILR strength,

wat er sealablllt and reS|stance to
sul f Ukt ok$ dR 2 ﬁﬁjl%’ctt &f athgnpressnta invgngdon to provide
efficient production, wth easy reaction control, of

thae Hredi E@rnaré?%wm 8hbiglif g BabpEipdr comia haing
donestjc_ and industrial wastes. It is another object
SOd el 4 eSBAL Un JdiRt | gReY oPpr Biede with even domestic and
anet hodf or produci ng a material containing nodified
émwtrlagm%w%wﬁﬁﬁﬁeate taarafiscegdalilepngineering
ignition resistance, nechanical strength, water
SZAIGMNTFFYCLARE MY BALE D Ving fekcekiant Agnition
bacteria, and that sufficiently fulfills performance
refiisteee s MeFhenigakryt rereithy ieteorrealiebiéaty, and
materials, even when donestic and industrial 20

Fesias anee (e Fabtuggpedstie imgreaat eriBananforhat allows
Sol ving the Problenms According to the present

PRt RFRIBCEL OFroWiddd casYieienetioR pPBEFelngof the
a _binding material containing nodified sulfur

bérpring Agtiaiel 3l epkich: may b usprbiediey weal bpgi dgmestic
material for nodified sulfur consisting of 100 parts

By dmasdwit sipl uWagt®D. 1 to 25 parts by mass of

et hyl i dene norbornene (ENf) 4 (b) mxing said

star tI":njgS REIEH ST ofre Glo@iff Flo@ i gept invention to provide

amethod for producingamaterial containingmodifiedsulfur,

with easy control, that has excellent ignition resistance,
mechanical strength, water sealability, and resistance to
sulfur-oxidizing bacteria, and that sufficiently fulfills
performance requirements for civil engineering or
construction materials, even when domestic and industrial
wastes are used as aggregate therein.

Means for Solving the Problems

According to the present invention, there is provided
a method for producing a binding material containing
modified sulfur comprising the steps of:

(a) providing a starting material for modified sulfur
consisting of 100 parts by mass of sulfur and 0.1 to 25

parts by mass of ethylidene norbornene (ENB),
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in anolten state at 120 to 160 C, and (c) when a

viscosity at 140 C of a nolten m xture resulting

fromstep (b) falls in a range of 0.050 to 3.0 5

Pa- s, oli.ng said lten m xture down

t enper c3u}néf Jgﬁ@rtat%f‘ﬁﬂ)a@rhﬁéﬁarnﬁogéfﬂﬁé sulfur
present invention, there is also provided a method

foR Br SMIioR atakfedtall2OnEai AFAg “Caggiehat e and

nodi fied sulfur, conprising the steps of: 10 (a)

provi dichg Vedt o t Vh§ CRSHE At f % 0mp@i Pfe@ sA¥ten mixture

consi sti.n 100 art y rrass of sulfur and 0.1 to
Besbljf ggof ?PEKB? £B) s i@ sangetaft9ng50 to 3.0

materlal nDdIerd sulfur in a nolten state at
B fo f@éﬁéniss?b? RRéReR WistlgsTeydawni & @ diemperature
rmlten m xture resultlng fromstep (b) falls in a
rafgehdghesthan 320 °Pa-s, cooling said nolten
m xture down to a tenperature not hi gher than 120 C
to prepsPEddng nfa‘PnEhﬁfaPé”reis@nt chaY anfieg nodieredis also
sul fur, 20 (d) mxing 10 to 50 mass% of sai d bi ndi ng
RYYided comeafrPdgl REdPHEiIRNY uR BAGSSTUlab oontaining
mass% of aggregate_  at 120 to 160 C, while a
ﬁ%%%%freatanfﬁm@bfl% 8UBitHG N OMRY &PiLAIY ithe steps of:
mai ntai ped within a range of 0.050 to 3 . 0 Pa-s
and 2652 | HTRBHALRG & ?E§6Ftli“|$gmﬁﬂt>@tr&rae1 mw:afled sulfur
erature not higher than 120 C. According to the
BhEtithdemt dif O tRRF S| BYf BRsferof 55yt burdesdda 0.1 to 25

met hod for rodu0| ng a material containin
parts by mgss é& g

(b) mixing said starting material for modified sulfur
in a molten state at 120 to 160 °C,

(c) when a viscosity at 140 °C of a molten mixture
resulting from step (b) falls in a range of 0.050 to 3.0
Pa-s, cooling said molten mixture down to a temperature
not higher than 120 °C to prepare a binding material
containing modified sulfur,

(d) mixing 10 to 50 mass% of said binding material
containing modified sulfur and 50 to 90 mass% of aggregate
at 120 to 160 °C, while a viscosity at 140 °C of said binding
material is maintained within a range of 0.050 to 3.0 Pa-s,
and

(e) cooling a resulting mixture down to a temperature

not higher than 120 °C.

According to the present invention, there is further
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aggregate and nodified sul fur, conprising the steps
of: (a-i) providing a startlng material (M
conprising aggregate and a starting naterlal for

SR VIR BBl Sl S concainios
PRA5LENE R Aholibh 2l 130 40 Mo 0onbr A : e steps of:
u

prepare a n1xtur saf d© a

?Lnggqgoo g salggﬂ?§|EH§% dl%gggtﬁ ﬁég ﬁTecﬂﬂpr131ng
L n

R L h El%ggg‘ﬁ]%fgﬁbgﬁmi Sre S Rg gultur

AR L Sl e

di f d f
2260?‘@?93%1%%&%&&%1 [ fLed, grfﬁ@hzg@fahaga% to 150
h t t
herel o phl beRbygk Ehepraventd on Siice the MeLhod iregate

%‘*{%25(? Shy ”?‘“%@%%P%&pres%o%ﬂ@m lgggﬁgb?%&eﬁg #ffur, ana
f d | f t hat S
for “sbdri Eogéo'ng's” R HREEER dPvhatped Lagpagatire not

I
FHEhEr ﬁef"” SLidi ng binding material, even when
I St tl
@?Srfﬁ%ﬁéﬁ?%' 3%&%‘9%@%%%3552%%‘%?” & %g%ﬁﬁr&?erably
agpLegah gFX (gfttghe JACKE] lent oqrglg ﬁ?g} ar airl]'lcgeh\aterlal

nechani ca reng

@v@l st aé‘lgg tq, sy L] X d' c’?‘?%ﬁ f;léffsgﬁnﬁ}glng inamolten

engil eerlng O CO S

stamethestartlngmaterlalfornmdlfledsulfurconsisting

of sulfur and ENB, and then mixing the aggregate thereto.

Effect of the Invention

Since the method for producing a binding material
containing modified sulfur according to the present
invention includes steps (a) to (c¢) mentioned above, a
binding material containing modified sulfur that may be
used for sealing domestic and industrial wastes, may be
obtainedefficientlywitheasyreactioncontrol. Further,
theresultingbindingmaterial, evenwhenused for preparing
civil engineering or constructionmaterials using domestic
and industrial wastes as aggregate, may give excellent
ignition resistance, mechanical strength, water

sealability, and resistance to sulfur-oxidizing bacteria,
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Since the nmethod for producing a material containing
aggregate and nodified sul fur according to the
present invention includes steps (a) to (e) or steps

-1) . to (c- 5 nentioned above, even when donestic
(P ERRSHTT 5 GRGIEE S e isal Gonsdbgarer Baterials .

mat erial_ _contai nin dified sulfyr may be obtained
with SA5F%ERG diS hif CHoRBTreRLeighe Mgt iah containing
resistag&s, ngghanic&LG§§rength, water _sealability,
aRdIr gt 1 Bodait G Gt HEVF ngCreadiia, teothggpresent
sufficientlx fﬁlfills properties required for civil

ehgV RBEATY LB d U BEFRT R InkPef FAIQL SBERS NBdd ) §p (c-1)
Carryin t _the Invention The present invention w| |l
TERbACBEG 3PRVE i AYEd: HPED doTasiel Frandd ABIstrial wastes
produci ng a binding material 15 containing nodified

suf ¢ b’rseég%rarﬁgr@e%t?héi BRrEsERE ! canbALndmI medified sulfur
stepn%a) IS performed, wherein a starting material

fRRY nB8i PPER N WW1EBNSSSH GPNEHPLur VAREENES aexgellent
particular ratio is provided. The_sul fur provided in
StEPEAPT SRR el BRehtaicab stremgtandakgT

be, for,exagple, natural sul fur, or sulfur _ obtained '
LI fdFYzaB PO 9P 1 BEPGI M il RF oP¥i djasingpacteria,
ENE.provided in ste éa) may be a commercial product o
Pt eriebt L 6150 Hohyi 1 bbhé L foPEoRfsHel edrreapised for civil
usual | not | ower than 80 nmass-. pur[t{, preferably

fRIIRGRF 1PFaR ™5 YoRRREYG AN tNAtebialsref erabl y

not |ower than 95 nass. Burity, nost preferably not

EBSEr YO8 69T (a0 rptng: YUt ENRIITRENELSR an ENE

production plant prior to purification 7 into ENE, _
whi ct%‘%}ﬁ‘a? BF i erheenafblAtne¥ Re gyiplained in detail.

In the method for producing a binding material

containing modified sulfur according to the present
invention, first, step (a) is performed, wherein a starting
material for modified sulfur composed of sulfur and ENB
at a particular ratio is provided.

The sulfur provided in step (a) is ordinary elemental
sulfur, and may be, for example, natural sulfur, or sulfur
obtained by desulfurization of petroleum or natural gas.

The ENB provided in step (a) may be a c'ommercial product
referred to as ethylidene norbornene, or ENB of usually
not lower than 80 mass% purity, preferably not lower than
90 mass% purity, more preferably not lower than 95 mass$
purity, most preferably not lower than 98 mass% purity.

Crude ENB from an ENB productionplant prior topurification
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nor bornene, may al so be used as |ong as the above

purity is nmet. On the other hand, by-product oils

froman ENB production 5 plant nay contain 20 nmass%
aor_nore of by-products, such as tetrahydroindene

GG ENB ¢ KR U hyC PRBAGEL 20/972C % #HOPBSs Athapinyl

80 ss% ENB content nmay not be used in the present .
PRFRRIRARS ThESYaPlE P SENS 9% AR UG 5 1the aBove purity
parts by nmass, 10 preferably 0.3 to 5 parts by nass,
&ﬁr@ﬁﬁfﬁerably 2.0 to 5 parts by mass, still nore

preferably 2.5 to 4.5 parts _by mass, based on 100 _
par t STy &F hands kY -produetiat 1 8 frem anENBpFedyction

than the above range, the resulting binding materia

Red otk ¢PUEALELRD MadiRt® 2F JAQER. Ofhdyiproducts, such
properties of the solid naterial obtained by m xing .
fRe Ce e IR i BARMENd THE)er i 2P Whek sygleddi®rodect oils
fire resistance, water sealability, resistance to
vithyule§8i 82§ CoBessr ENBaperkaikmayi@sindeonsedein the
ratio of ENE. Usually, a higher ratio gives inproved
BESFENL VOBt AR -vi scosity properties are added to

the elasticity to E@%ve a viscoel astic product, which

t

i s ed8§ LAt dis drsRRaNt Ot-d e dipt fvey mass,

to its increased viscosity. However, if the ratio of

pRBfexeddas & e théyPardsydy massoodlane mupberakdy 2.0 to

beconme renmarkabl e, and the viscosity 25 increases at
2 RRrghRSr 8Ye MAAT ngS bt bduBPiren PrakRTalYdR:-5i d@ t4 €5 parts
in reaction control. Incidentally, when sulfur and

I N
BPREETR HdERA o A0AHP3ERS by seseofsSW Furpe If the ratio

discussed later in a hernetically seal ed
of ENB is less than the above range, the resulting binding

material may not be given sufficient strength. The
properties of the solid material obtained by mixing the
resulting binding material with aggregate, i.e., fire
resistance, water sealability, resistance to
sulfur-oxidizingbacteria, and the like, dependontheratio
of ENB. Usually, ahigherratiogives improvedproperties,
and viscosity properties are added to the elasticity to
give a viscoelastic product, which is easy to distort and
difficult to be damaged due to its increased viscosity.
However, if the ratio of ENRBR exceeds the above range,
viscosity properties become remarkable, and the viscosity
increases at a high rate during production, causing
difficulties in reaction control.

Incidentally, when sulfur and ENB are mixed in a molten
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stirring reactor, even a small anount of ENB can
suffiiciently nodify sulfur. Use of a hernetically

sealed stirring reactor also inhibits evaporation

| oss of ENB by heat from5 the nolten sul fur. Thus,
vilent e Le® il herbetd barngssecallegersiiy pi hgrmedcivrl l¥ sealed
used, the ratio of ENB with respect to 100 parts by
rm%srmngmeracﬁt%y s Smew hamountt@f ENBcansufficiently
partsbymass, which may sufficiently rove the

MOPLEYi sylfyrr sulfze. ofoal ﬁletm@‘tme@ﬁggw seprduet hgring
a binding material containing nodified sulfur

aueaf HPR oo thth Ppesenevapaventian Larskof EN@pbybyeat from
is perforned, wherein the starting material for

oo ficdd el sfuk£us. ni Thas .nwhembteh ot hezmesti cEPly sealed
160 C, preferably 130 to 150 C, nore preferably 15
E35irpingOreactior rixiwgedn shepledristat eENR wigh respect
(b) may be carried out, for exanple, by first

e 13 at € ar byndes shedt iyl funnbayhbe addiley @s 0.1 to 2
predeterm ned anount of ENB thereto little by

dant eby2e shewhdgl day gy if i¢sehsdyelinprbwe the properties
solid-to-liquid phase change usually starts at 119

©f Bwbfur.is preferred for easy reaction control to

first liquefy sulfur, stir the nass, and raise the

t enpéitatiure methlbcutf ABOPCOAHIciaa e bimdingi matierial
nonitored with a suitable visconmeter, such 25 as a

oprd Bl visgomeddif i ethdsthénradd eNBlimgiet patbdeofpresent
increase in viscosity of the nolten mass during the
FnMeny 1on anesitt eatspatle) depeedEosnechevhenetindme gtarting

tenperature, with a higher tenperature resulting in a
mqyﬁﬁlal for modified sulfur is mixed in a molten state

at 120 to 160 °C, preferably 130 to 150 °C, more preferably

135 to 140 °C.

The mixing in a molten state in step (b) may be carried
out, for example, by first melting sulfur under heating,
and then adding a predetermined amount of ENB thereto little
by little.

When solid sulfur is heated, the solid-to-1liquid phase
change usually starts at 119 °C. Thus it is preferred for
easy reaction control to first liquefy sulfur, stir the
mass, and raise the temperature to about 130 °C while the
viscosity is monitored with a suitable viscometer, such
as a type B viscometer, and then add ENB.

The rate of increase in viscosity of the molten mass

during the mixing in a molten state depends on the reaction
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rate. When the mxing in a nolten state is perforned
at lower than 120 C, sulfur is not nodified easily,
whereas when the mixing in a nolten state is
performed at over 16%,5 C, the viscosity tends, to _
| AEFEESE SH? p E AL i SraF gMp e redilir o Feam i inhdp a higher
the mxing in a nolten state is _perfornmed at about
1386 sUiaR Hhe BABLPGI yReri Peldiedwsfatd thoerformed at
sudden heat generation_or viscosity increase, and
oﬁPVe§IF§ﬁP-aﬁ§b°Pm sEAparatigr aoindodiifded tap$sly, whereas
observed 10,s¢o that the viscosity is maintai ned
sﬁB%FaFP?dPF§1Eﬁh§F%ﬂtm°l?ﬁﬂs?t§¥§pl€HQeﬁfOﬁﬁﬁﬂhgtiﬁver 160
a nolten state may be perforned by, when no heat
g€herdis 3 SeoLbhYi Ferds BPovlgreabsi slgarphy, and is hardly
tenperature to the above range, The mxing in a .
noPEERCLGE § n sVBET( Bhendlipengai i ad Mol gt state is
any conventional mxer as long as thorough mxing is
RO EoEHeIrE Ppodtict3 01 Cof suhéulyi add RENBrgtelyreerize slowly
contai ning nodified sul fur, a mxer for stirring
Y HeRautnaydpephepss geaeraddiPmeran lismag Hay inceease, and
aroll ml] a drum m xer, a pony mxer, a ribbon
XY, S bl BbRoki REr 1N bemBRgagUReape MLgEIos Wierl supbserved
hernetical |y sealed m xer is used, even a snal|
aHahe tof RENE %30S Ehises Batptaiiaad subpfenfod 1y spnstant .
reaction. Ampng such hernetically sealed m xers, a

hii$ ¢ stRRP ) e HBdKiAg an § rrpﬂﬁ*f@naﬁﬁ@tag@whﬁ piegrf ormed
stirring 25 efficiency. In the nethod for producing =
i TRy MRtREREI TeREKAE IR St BEmed)l f gLowly raising
according to the present 10 invention, step (c) is

Hh RIPEFAEH T Stie? eF RS dReYS Hange .

The mixing in a molten state in step (b) may be carried
out in any conventional mixer as long as thorough mixing
is achieved. For production of the binding material
containing modified sulfur, a mixer for stirring liquid
may be preferred, such as an internal mixer, a roll mill,
a drum mixer, a pony mixer, a ribbon mixer, a homomixer,
and a static mixer.

When an hermetically sealed mixer is used, even a small
amount of ENB can cause sufficient sulfur-modifying
reaction. Among such hermetically sealedmixers, a static
mixer is particularly preferably used for its stirring
efficiency.

In the method for producing a binding material

containing modified sulfur according to the present

10
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viscosity at 140 C of the nolten m xture resulting
from step (b) falls in the range of 0.050 to 3.0
Pa-s, the nolten mxture is cooled down to a

hi gher.th 120 C, to.th .
oL TRERYEE el 0Pt b OP R BE RO Lo kg when the
he t t to
svi'fs{:'o%%af#%t“&o%rﬁcit ﬁqré%wi;épeﬁ%ttq%msmhng £rom
m nate the

r“gég%g gb) efr%ligg'rytg%pggﬁgtﬁg i% Oa%L?mO P8 & ERg molten

d d t.he t f n a
SRS e P Ted et Bead A Vi X%vﬁ%%apﬁgevp@goﬁwéer than
f_th | t t In light of the strength an
?Jg%{) Lo 152 5{1%??1?ﬁ¥u okbiddy t:&?%oc?}él efEdugcOd Wi thrterial

bi ndj mat er i on a|n| nodi fied sul fur, or its
V&,?Iﬁ{éﬁgﬁlﬂg &R#hﬁ ‘?1%1 oduction process, the

h t t 140 C i )
o F9 BEebest) o e .salvn%eicp"%%#. £Q1 §FPy to cogHding flown to

0. 07 Pa-s. V\hen the nolten mxture i s cooled down to
aattéﬂ%?%?'&?gen%?th]i‘bﬁ@?rt RBAM 280C Beflore- t Hehe time point
Vi scosi ty [ ea hes t above range, the resulting
bﬁ%% B ha £ S S50 ot T BSS! RPERARIRG PENGRR amount
N A TR 6 AR S
sam RS VAR The” hrBgPEsCsr VARGt iogn gl ten
HSEFEHY LRRTS 65 0y BT SR Tt o o
ettt o) 0800 55,8005, 13095, ol e 11 0
IR ST ATE TR0 ELSEE st s e
production process, the comprehensively optimal viscosity
at 140 °C is usually 0.050 to 1.5 Pa*s, particularly 0.050
to 0.07 Pa-s. When the molten mixture is cooled down to
a temperature not higher than 120 °C before the viscosity
reaches the above range, the resulting binding material
may not give sufficient strength to civil engineering or
constructionmaterials preparedwith the bindingmaterial,
andthemodifyingeffect of ENBisnotexhibitedsufficiently.
Withtheprogressofmodification,the&iscosityincreases,
and the strength of the resulting binding material also
increases. Iftheviscosityishigher thanthe above range,

themixing in step (b) ishard, theworkability is remarkably

impaired, and the modifying effect is saturated.
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with a type B visconeter to see whether the above

range has been reached. The viscosity is not

necessarily neasured continuously, but may be

measured in batch, In 5 the latter case, the timng

of medsifi eneTtCRAYYbefesbrnBOdd e Muni ¥ dir ¥t Penmepitored

the mxing in a nplten state in step %b). For
e¥aih & P8 BaViscohahais P £RB Whekhessgdee abeve range
100 parts by mass of sulfur, the viscosity at 140 C
ofaSh PSR t%%aﬁhséfﬂur e TachbsCcoSAsYPAS yrfal ngcpgsarily
mxing 10 in a nolten state at 140 C for about 3
hBEASUTSA AONYENURUEIY .abtft MBYh& R MeaPured {e)batch. In
cooling down to a tenperature not higher than 120 C
WhBR 1RetRESRAE RN HdigIrefenpasuremenibsequbateé st imated
m xed W th aggregate or the |ike to prepare 15 civil
eh§PReERENgUSR R et mitaiey | Bk 2 Mokt @pl $bate in step
m xture is not necessarily cooled to a very |ow
t Efper af e examR 1 Qhett 23 LAY S Bnidiars ref &¥RIwithtvespect
be prepared, the nolten mxture is usually cool ed
dewnlf8 pedts doyn maespefatswrlefur) The wvésddsingy at 140 °C
bi nding material containing nodified sulfur is a
sof e MRl PRI BbY tpdley FeRichRs ¢h Cedaivnstalivibymixing
w th ENB, and may contain pure sulfur. The binding
Mo e i AP LEBR Sited et e14f r ¥ for agbgukf @r hosment @r at 145
a sul fur binder. The binding material containing
nmsdifeedelartul WB1¥s useful in preparation of civi
engi neering or construction materials, and may be
used, IRt Al €F FROLANG dewnnEeR @mrRBature not higher
aggregate, as paving material, 12 construction

i RO OF nuhem dihd oresuvikiing Weisidbng material is

subsequently mixed with aggregate or the like to prepare
civil engineering or construction materials,.the molten
mixtureisnothecessarilycooledtoerverylowtemperature,
but when a solid binding material is to be prepared, the
molten mixture is usually cooled down to near room
temperature.

The resulting binding material containing modified
sulfur is a sulfur modified by polymerization reaction of
sulfur with ENB, and may contain pure sulfur. The binding
material may alsobe referred to as sulfur cement or a sulfur
binder. The binding material containing modified sulfur
is useful in preparation of civil engineering or
construction materials, and may be used, for example, in

mixture with various aggregate, as paving material,
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In the nethod for producing a binding materi al
containing nodified sulfur according to the present
invention, if the starting material for nodified
sulfur 5 ¢ontains a reactive material other than
ST TARELBRBMH G T B hnpPE, M2t Adhel RBNSREL IR ewastes.
resulting binding material, in mxture wth )
aggr @dht‘%‘?ecﬂﬁﬁ&OdgiWSE¥?iiHFéﬁtg Feehafing material
strength, ignition resistance, and resistance to
SONRALRRGT PPAd HRd F 1AL HE &CHATEHIP nker thg Gragent
construction materials produced therewth, which are
REVED & O t Bt ARG & isEI haRefied thr medbiépd sulfur
sul fur, and ENB and the viscosity at 140 C for ,
SCRTI RS cdoF ARG TIVE MAE D1 @ énORRutd a eS8bfur and ENB,
w thin the above-nentioned ranges, as wll _be o
doofstanR e, i A SAHPERE i Venengspl £ 18syhé ingadrinding
for the above is not known at present, but may be
B @R t hah b3t yrgrehieh foTsiRFat e Wt dlagd Viepswf ficient
reactivity than ENB, can formwith sulfur only a |ow
pgchenigia pat ysengtie, 1and iy 1ae ffeanesnpdifdresistance
whi ch | eaves a considerabl e anmpunt of unreacted
§0y FaHe Wonone 1l z20F 2Af e h§Ri §odetisri brangdnest i or
desired properties. The methods for producing a
RERLEHTAIC b AH: 951 2 A§gP Egate cah B hes@iv tdy, ¥gh are hard
according to_the present invention_ includes two _
fet Wéddistand thendfRod SYRI Uiiely thee rattds @of g@ifur and
m xing 10 to 50 mass% of the binding material 25
ENBapled e sYepsofdEN @ )4 &f °¢ heoneshed tfigryg cooling of
roduci ng a binding material containing nodified
Ebﬁmlfa@aalrlai%re poer#rt plédem thpakRRYdnnerkd oN® g panges,
90 mass% of aggregate 13 at 120 to 160 C,_while the
¥PsWadilt Petdduenetasptigte Wi ndpRgarative Example 3.

The reason for the above is not known at present, but
may be assumed that the styrene monomers, which have lower
reactivity than ENB, can form with sulfur only a low ratio
of polysulfide, a sulfur-bridged compound, which leaves
a considerable amount of unreacted styrene monomer,
resulting in deterioration of the desired properties.

The methods for producing a material containing
aggregate and modified sulfur according to the present
invention includes two methods, i.e., a method including
thestepsof(d)ndxinglotx>50mas§%ofthebindingmaterial
obtained by steps (a) to (c¢) of the method for producing
a binding material containing modified sulfur according

to the present invention, and 50 to 90 mass% of aggregate
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material is maintained within the range of 0.050 to
3.0 Pa-s, and (e) cooling the mxture resulting from
step (d) down to a tenperature not higher than 120 C
(referred to 5 as fjrst nethod hereinbel ow);

Aol FACITT g el ST 6Oq5 Y arpd.%afathe binding

%#ﬂ%ﬁ%ih&%ﬂ%@nﬁ@gﬁ '”gm%graer?%tﬁirv 295 to 3.0
2 10.5 ,
i A G a P Chp A R Togy itolra%&ble%@tep

for 2 to 5 hours to prepare a m xture containing the

S FR @ LAMPEF BFHEPNGORRbAERAT CoRMil hd Cndérreffreerdfed to

sulfur and coql in the m xture down _t

é%?&h%ﬁérl WHDQR (‘?é?‘:‘e\:]il@é %BCéydlng the
second {hod her ei n_bel ow) Thelgg egate to e used
Sﬁetpr%oge %tlérﬂjr%\éjc%agr%tgﬁé‘dftl containing

partlcularlé lLimted as Ion% as it is usabl as
h &

g Gs&T@TrERYc Gleé’%arﬁdu%?Fl'an\kééLteé% gulfur
preferred The industrial wastes_nay be one or nore
GEPSIREHI LEP AsHO 7 HAPASP AL BHLIFMy 23 2nber enMppPy ENB,
ash generated in a high tenperature nelting furnace
f(&r 10 i oingathe, SCt@drtJa%ﬁ vpserdrged(My ot t R85 to 150 °C

lectric ﬁomer i ndustry and gener al |ndustr%
P&i dF Pt HRE E@E’&ferpr?l?? BNty BEPT G R Hey sy _ggregate

soil contam nated wi th heavy netal s, grlndln wast e

aﬁal aoplari&awcr@tsrl@&r%aga gngidfied FaLiugyand (c-1)
t.eel a st eel ust, ferronickel 25 sla
PR B TR IUeR & & CATPS Rt AP pohot Righer than

second net hods, wastes, such as steel slag
tROI ner dFedeer &P eéarsegsqunﬁythedr ér?srarraeelow)

aggregate in a harmless 14 for
99 %91 e aggregate to be used in the first and second method

is not particularly limited as long as it is usable as
aggregate, and use of recyclable industrial wastes is
preferred. The industrial wastes may be one or more of
incinerated ash, incinerated fly ash, molten fly ash
generated in a high temperature melting furnace for city
waste, coal ash discharged from the electric power industry
and general industry, fluidized sand used in fluidized bed
incinerators, soil contaminated with heavy metals,
grinding waste, and by-products of various metal
productions, such as steel slag, steel dust, ferronickel
slag, aluminum dross, and steel slag. In the first and
second methods, wastes, such as steel slag, incinerated

ash, or coal ash, may be reused as aggregate in a harmless
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The steel slag is a by-product of the iron industry,

and may include blast furnace slag, open furnace

slag, converter furnace slag, and the |like. The nain
conponents 5 of the steel slag may be oxi des such as
sfPfBa, alunina, calciumoxide, and iron oxide, and

al so inporganic sulfides. The incinerated ash is

di schal§edtPEIMIET 0% 2 RIMREPTBALS Bfn&BEs 1dipth igadustry,
city waste incinerators and industrial waste

| FednBRYt RS udR PLamki AUFasiHosbadef ORETxX WeRace slag,
such as silica, alumna, calciumoxide, and iron

OXPHES THPENE RFRR CCoRL BAL s2BE tilvkild kfet al Bhe fipin gomponents
|l ead, cadm um and arsenic. The incinerated_ash has
Bekntheli $pesddsdpgamasaha a¥idemasurh apt 84 likere adgmina,
waste water _is discharged, but the present invention
Frabf e4M el &2 - BNG GERT AEi Aer ARd dgtP dfoagptiasatlfides.
The coal ash s discharged from various coal _
conbuBEe oANCLRETRERD f BF Npde AigfkHea g ¢ on f riedw v aigl ous

and the |ike, and those conventionally used for
OMEPesbion A5rARERIN Xeaheast 6ty WaStengiReéREFgtors and
material may be used. 20 Exanpl es of the aggregate

USSR iAG PRESENLTICHIRSH R BPTS megnPnéPulia 1adgt egarosed of
other than those nmenti oned_above, such as silica _
anfee| aychi aer 811 kai vatenivarbedl cimopxifepepgid iron
glass fibers, vinylon fibers, aramd fibers, sand,

GravEs , ehelokheh FREt§RIT Ahd Brharmetadser saich as lead,
free of 25 hazardous substances. In step (d) of the

G iwee hdBS BFESRF ng FREI dngrinerat¢dngphghas been

mat eri al contai ning nodified sulfur and the 15

SJFRApRe afsatsanlsery bantdidd, sprercyhnre NG wasgpwater

is discharged, but the present invention enables use of
such incinerated ash as aggregate.

The coal ash is discharged from various coal combustion
furnaces for power generation, heating, and the like, and
those conventionally used for concrete or as an admixture
for civil engineering material may be used.

Examples of the aggregate used in the present invention
may include aggregate other than those mentioned above,
such as silica sand, claymineral, activated carbon, carbon
fibers, glass fibers, vinylon fibers, aramid fibers, sand,
gravel, and other inorganic and organic materials free of
hazardous substances.

In step (d) of the first method, the mixing ratio of

the binding material containing modified sulfur and the
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85 to 70 by mass. Most preferably, the binding

material containing nodified sulfur is at such a

ratio as to fill the voids in the aggregate

consolidated to the maxi num5 density, at which ratio
tHEIRBLAHEM ISt ridhgt® P achPeled 50 waehefasakdount dgfc 30
the binding material containing nodified sulfur is _
183sE? hAh hranapsve MeSfePrafe b i¥cet Be PRading material
inorgani ¢ materjal as the aggregate cannot be wet )
SARFRIBATGY M f e Tl ERposEdatr 85gh Engatio as to £ill
insufficient, 10 expression of the strength and .
ithapadiABt Y loft i RFArAEAG S RNSRE bfased &9 Ithy maximum
VWen the anpunt of the binding material exceeds the
ssovel tdnget wihichrbpbipi ke gfaxhBuny gsgenigid prodgiiieved.
is simlar to those of the binding material alone,
dHen kbssapengithof Shrbiadinanaser ity Thatpibding modified
ratio of the binding material containing nodified

SHYERT ah8 LRESaddraaydite myoupssangie, ddpensiirfacenof the
the kind of aggregate, and may suitably be sel ected

LIS IAREC aBgFE et | dPclhraAger a9k qigcenaoki g ofet
aggregate into account. For exanple, when the
Sydricat entd yand i s2be £ ggprasrd apesnl tieg defipayfficient
preferably be about 75 to 85 nmmss.. In _step (d) of
PR T3 OR héde eheenioddoandyinfappbilyitipAgnaintaining
mat eri al containin%ﬁnodified sul fur increases with
tihfe WRF$RgSAPLieRY, L sy « hathen thenadexsaf yofothg dsinding
the 25 viscosity within an opti numrange for easy

Raf@4iRy Trecedsstds @pqife 1uangeof thige WiaREHgles of the
material containing nodified sulfur is 0.050 to 3.0
pgsglqﬁqgEF@Q%F@;gg@mk;aqgo£4p$%o§thebindingmaterial

conprehensively optimally 0.050 to 0.07 Pa-s.
alone, and the strength is not sufficient.

The mixing ratio of the binding material containing
modified sulfur and the aggregate may also vary depending
on the kind of aggregate, and may suitably be selected from
the above-mentioned range, taking the kind of aggregate
into account. For example, when the aggregate is steel
slag, the amount thereof may preferably be about 75 to 85
mass%.

In step (d) of the first method, the viscosity of the
bindingmaterial containingmodified sulfur increases with
time during mixing, so that it is necessary to adjust the
viscosity within an optimum range for easy handling. The
viscosity at 140 °C of the binding material containing

modified sulfur is 0.050 to 3.0 Pa*s, preferably 0.050 to
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At a viscosity |less than the above range, the
strength of the resulting material containing
nodi fied sulfur is too low, and the nodifying effect

Js foPactr CoTERT SoRaN B SedEt %%ﬁbx fi- iy €067 pa-s.
§'fﬁ’f e resém Le=BonbarhERE Ao ?%h&%f%qtﬁuﬁhemﬁength of
O AeSROR Y SRR T gﬁﬁégﬁ%?%&éet% Febkz is too

31‘3%'2%51 of B84 b net RO S o tﬁbm%q%ng material

a@{%ﬁ‘@ggg@%&;g&g‘g%gqﬁlgggggf%@ggegggnat hiitea.

ORURGER e %gﬁaagg%@ t5 s 1'1?61"1@{&16%%6%@?%11 of the

bi ndi t tai ni ngnodi fied r to 120 to
5 @?ﬂﬁaikéﬁm‘:" RATREVLEIER S LS 3ava¢&rng when the

f th d also the m xer to
A Pt s e i Sy e 1 e <o
he heat. e 20 conponent s substantlal
oA EREets YIRS the RFREMCE IR W QPRYSus#Id yike
120 .t 0 C, .preferab)l 30.to 140 _C. It is stil
%‘PjeféFYea%t dfeﬁ?aeﬁ]é%? Yhéd™hadredo 130 to 140 o

dt f d at 130 to_ 140 C
?EiszggéngIn r Ornf§rgFeF5?§H§§ p?@ﬁ@aFthQﬁndlng

13 40 C t he bi_ndi nate i al con ainin
%Ctﬂ%ﬂrnﬁ&gpwgfié elggggfc?gate are

erf usuall for

#% %ga lx BB%F@Q%%A 1ﬁ)or er o avoi température drop
upon mixing. It is preferred to preheat the aggregate to
about 120 to 155 °C, thebindingmaterial containingmodified
sulfur to 120 to 155 °C in as short a time as possible for
avoiding progress of the reaction, and also the mixer to
120 to 155 °cC. |

Themixing may be performedby introducing the preheated
components substantially simultaneously into the mixer,
and mixing usually at 120 to 160 °C, preferably 130 to 140
°C.

It is still more preferred to preheat the mixer to 130
to 140 °C, and the mixing is performed at 130 to 140 °C.
In this case, the aggregate is preferably preheated to 130
to 140 °C, and the binding material containing modified

sulfur is preferably preheated to 125 to 140 °C.
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preferably about 5 to 30 m nutes.

Thedurati onofthem xing is preferably as short as

possi ble as far as the properties of the resulting

product permt, for avoiding increase in 5 viscosity

or cuThﬁg“JéFlﬁﬁel%Bﬁﬁfr%r‘El%‘g Y1 pOLYnEPF Zafiigit o 1 hour,
sul fur and ENB. However, if the duration of_nixing IS
IrEeferakly abhout S te RE Hgytegat e IHE dRE2BilRAIGythemixing
material containing nodified sulfur are not m xed _
toPsefiRsab Ly 2% whrontthasreeEribd§ st Errads ille pagperties

be given a continuous 10 phase and wi |l have voids or .
U S et Es I ng P Y pauatraerBA t.of OF RVieg Eieeddicnease in
hour, the viscosity of the mxture ma i ncrease due

L P §HEYi o8t Forisg ofl tie MmkiENee dnestepppdymerization
ot her conponents may optionally be mxed in addition

tof tstve faggran@dtENRBnd Haweneadi Ad wtedugatiign of mixing is
contai ning nodified sulfur. Such other conponents may

Hee sl dderaflt BANURE bithe AgIrecatialandits pinging material
modi fied sulfur is renelted, or immediately after

denta heing reddfiiad isul Hbrapned naid wefed etherpyghly, so
cooled to solidify. in step (e) of the first method, .

tthe tribleuire spdsiul 1y mpt 0l 4 ¢ ord b et d)e igs iiblRegont inuous
down to a tenperature not higher than 120 C, to _
pﬁ@%ﬁlndmﬁnﬁhﬁmﬁ Wb @8 oinseonahaurfacesgnt ailfitye duration
modified sulfur. In this cooling step, the mxture
edsuiximg ersmedeg heptmfhise vASEE T HEY Qf déd pdgture may
form such_as nol ded products, pellets, granules, or
2RgrAase d9e CesiRep el zat iohe Secondiniet ROG B
starting materi al (11M provi ded contai ns aggregate .
and dsE&ER dg)radiel corPeRenksdnpyedPsiltngl ly be mixed

conposed of sul fur and ENB. Exanpl es .
in addition to the aggregate and the binding material

containing modified sulfur. Such other components may be
added after thebindingmaterial containingmodified sulfur
is remelted, or immediately after the binding material is
obtained and before it is cooled to solidify.

In step (e) of the first method, the mixture resulting
from step (d) is cooled down to a temperature not higher
than 120 °C, to thereby obtain the objective material
containing modified sulfur. In this cooling step, the
mixture resulting from step (d) may be made into a desired
form, such as molded products, pellets, granules, or
particles.

Instep (a-1) of the secondmethod, the startingmaterial

(M) provided contains aggregate and a starting material
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of these materials are as |listed above. The content
of sulfur in the starting material (M is 95 to 98
mass% preferably 96 to 97 mass% and the content 5

2 to 5 nass% prefe to 4 mass%

Her dut bf Py s FBF " donBPRed o %yisfélaq Bk BN nxamples

ctor as in the production of th ndi ng materia
(b SR Rp Ry MRS ﬁssarﬁuﬁs.mlrﬂ%ﬁgda%saf@e nhi bi ts
evaporation | oss of by heat fromthe nolten
ST OFES 160RheRh STcTU Fithd Tk BT &Ftél@ﬁ‘h%/t%’élﬁé () is
small as 0.1 to by mass wthreqmctto 00
R (0 B FRSS Yot ngﬁ%ﬁablméht%v AF99 51 eidFhe content
i mprove the properties of sulfur. Thus the anount of
% NS BE dedited, MR ERFng PRREST 2B Bpér tifed iMADSS -

account. 15 The anount of the aggregate is usual

to 90-etdeRtagletertbf yOF 0t BeAB SV bY %ﬁ@lte@ky aﬂtlrrlng
anmount of the starting naterlal4éN%% but may
P & 3B ?Sbé“séllé:‘ctlé’aoéupf:é&w ﬁdPh&déwS{ Heaterial
kind of aggregate.. In step -1) of the second
RHRL D %ﬂgrQQ¢%ﬂk?%g§Fé§HFem%ﬂﬁ%ﬁﬁe@héb§ﬁﬁﬂ|#EP1b1tS
material for nodified sul fur conposed of ~ sul fur and
ENBRAEA E1 81 L2fso T EWB oY, hepé ddicsy itdre molten sulfur.
contalnlng aggregate and nodified sul fur may be

Hidetl Ca5F o1 tRIPOURK Qénﬁpgéﬂaﬂbbﬁhéshﬁmﬁll as 0.1 to
met hod, wherein the bindin g mat eri al cont ai ni ng

FORRFEELEMATF iTh MaSP Bt He B8R FRURY (RsSE &hofyl fur,
A A S 0T FPEq VS GMROY e GO SR CLPifeOgs SHLEuT
0k e oo TBl HECPAOSt Lo process 10N e
properties into account.

The amount of the aggregate is usually 50 to 90 mass%,
preferably 70 to 85 mass% of the total amount of the starting
material (M), but may preferably be selected suitably
depending on the kind of aggregate.

Instep (b-1) of the secondmethod, wherein the aggregate
and the starting material for modified sulfur composed of
sulfur and ENB are simultaneously mixed, the material
containing aggregate and modified sulfur may be produced
in one step, in contrast to the first method, wherein the
binding material containing modified sulfur is first
prepared. Thus the second method provides the objective
material containing aggregate and modified sulfur in a

shorter time as a whole by a simplified production process
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aggregate, even the mxing in a nolten state takes

| onger tine. In step (b-1) of the second nethod, it

is preferred 5 to thoroughly stir or knead the

starting material (M , with the starting materia

f gii thogiludd- e pup bedad licatd omlaersubiareandondzsing with
to achi eve a honbgeneous tenperature over the

nmgoyegatihe avepdike mixing Wd mpitenstibite U88esolonger
150 C, preferably 140 to 145 C, and the duration of

nfxmeg 10 is 2 to 5 hours, preferably 3 to 4 hours.

If the duration of mxing is less than 2 hours, ENB

sul f uEnamd arhe(lagyl egat &her e aundr wethohor dughlsy ,pseferred
that the resulting material will not be given a
coattimmooggphyset iamir Wrldadhahe sbads iog meaghrial (M), with
surfaces, which leads to a 15 probl em of

i ghetstinrting Wit artihdr bagmod xf hgd skfurdsedngrg a molten
material will be given a perfectly continuous phase
wstatenpoohe s rd acds.eGn & hemoidmredand,emppetreure over the
duration of m xing exceeds 5 hours, nodification of
suikturepr oddwl$ emp apaser anf onarieaiseg b seosiltly 185 to 150
even curing, 20 of the nodified sulfur, resulting in

| @hergece fwrkbbiyl 1140 td m4s e ,(erdd thet darsaedeid of mixing
nmet hod, presence of the solid aggregate in m xing

su$ fartand ENBIT$, aprefeealsiat® téof hodirs .cati on,

will make it difficult to determine the progress of

t he rBhActhendbrerdem uff ixomd EBELbysdihect 2y h2lirs, ENB,
nmeasuring the viscosity. However, the basics of the
reatfuorahdtiieemad ¢ ga t armr ENP amg ead dilszussedly, so that
above, so that the reaction nay be controlled by

dih¢ eelspoingmatoetriadg whkl retpbeay Lven areemdrinwenls phase
duration of the

and will have voids or rough surfaces, which leads to a

problem of ignitability. With thorough mixing, the
resulting material will be given a perfectly continuous
phase with smooth surfaces. On the other hand, if the
duration of mixing exceeds 5 hours, modification of sulfur
proceeds to cause an increased viscosity, or even curing,
of the modified sulfur, resulting in lowered workability.
In step (b-1) of the second method, presence of the
solid aggregate in mixing sulfur and ENB in a molten state
for modification, will make it difficult to determine the
progress of the reaction between sulfur and ENB by directly
measuring the viscosity. However, the basics of the
reaction between sulfur and ENB are as discussed above,

so that the reaction may be controlled by strictly
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m xing in accordance with the estimted progress of
sul fur nodification. For exanple, the tenperature
and duration of the mxing may preferably be 2 to 4

h h t 145 _C

gt (e 1 aS Ras o e ?‘?uaréin%ﬁt a‘fl‘ardlél‘x"fﬁﬁﬁloél of the
b Il | t |y sul fur

pre% U 0L 4aLL Yo LansouaLy, LOLLOduct ng S e o s

heat ed to 150 C, .

su se(§3 tin{m% i ?’Fg%ﬁ%f“ﬁ et'hgéfggweé‘g’aﬁ]éa’b\lgﬁe%?@oduratlon

t o_about 125to 155 C, and mxihg at 135 to 150 C .

f8F 5heo ™ HRF smay PF§f%lé1§6r]éFe?r§d>t40ftﬁ‘éﬁ%aﬁt 140 °c,

the mxer to 140 to 145 C, and carry out the m xing

atn446 & 134§‘%1r’?h@tsél4f%r Gnd ENB are m xed in

d as_nat t i bj meri zation
Feact 1B 1< LA ARt SBGP e bt SBGHEE 7 Hygf Gush o o example,
f t t b- te c-i) of oolln the m xture
ﬁmﬁé}% paf’&%;?ﬁ%i’ﬁ?égﬁgﬁ{?eg% Yhéﬁt%ﬁshm%g sulfur
carrjed aqut, to thereby obtain the objective .
ri%JE%FFaFeéoﬁtoaﬂrﬁ%gton%%?fu%dagm ENB meltedsakobfi hg 50 °C
ste the m xture 20 resulting fromstep gb 1) may be
YL At Blé‘ed:eﬁlf%}ae?’éﬁﬁl £S5 et akondFedCpr @d&kﬁl%quently
I t articles Before the coolin
b S PRL e r RBE e R L8 ol Mg o 155
a° deS|r d de ree, the tenperature of the mxture may

ItAE AP P ML b ot i Aukd Pohopssy It is
V\,hl I e at %20 tqg 130 C, for preventing excess

LD RS hePekSePsehant e MBEeEuFPF40 to 145 °C, and

Al ternatively, the, nolten mxturena be cooled to

SHE 11§ rﬁ%e &“8&&%9 F ikt 2 1£ P it 4y Cshagdie it euyegnd ENB

%%é”ﬁ%ﬁ% %Eg gonggegoé to inhibit
polymerization

reaction of sulfur by the presence of aggregate.

After step (b-1), step (c-1) of cooling the mixture
down to a temperature not higher than 120 °C is carried
out, to thereby obtain the objective material containing
modified sulfur. 1In this cooling step, the mixture
resulting from step (b-1) may be made into a desired form,
such as molded products, pellets, granules, or particles.
Before the cooling and solidification, when the mixture
is fluidized to a desired degree, the temperature of the
mixture may be lowered and the mixing may be continued for
a while at 120 to 130 °C, for preventing excess viscosity
increase of the modified sulfur. Alternatively, the

molten mixture may be cooled to solidify into a bulk solid
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contai ning nodified sul fur. The m xer used in the
first and second nethods may be any m xer as |long as
t horough mxing is provided, and a 5 solid- quuid

n xer referahly be u suc s_an _interna

S Gy pBPE it ohy Rl e 1Y SHe i prRbRr S @ material

screw extruder u n1|| a pony mxer, a ribbon

rﬁ?%?aln6pgénﬁﬁﬁhﬁg?g PHed Uhe amount of ENB is 0.1

to 2 arts base 0 0Q parts b

sl B R iR tRen 5 Ehe §é5|82:damdxéﬁﬁy@'%ﬂa@?%?way be

used. The cool i.ng and so |d|fy in ste

ERmingy e i BB G Tl B RpYiged. and a

d into a nold of a desired shape, or is
Gt st sguie fgrnurali ﬁgeﬁ%aram BehEegiand e e o0
process i s not artlcu 5 1limted, and may

BT Rl PAXE Tmchi Tl bf MhlFol Fi 5 1t Jpol havhngrgm mixer,

drumor a tilting pan, or of a vibration type haV|n%

& REHSYoREETEUSIeY | 1% PH@ Bidte. 2\RRY (Hetht & raPoon mixer,

contalnln nodi fi ed sul fur produced by the first or

Egﬂ@&l’ i s i e FROVRE Odr BNR 1828 foFC 2 Parts
,, particles, each particle has high strength,

Zﬁ’dmt% ]BgFFFlc‘P’é quozé?ﬁ%gbrjydg?%ﬁl%ﬁ syl &% he hetmetically

particulate mgterial _is suitable for use as a

St FHAP T BRT e MER L eraRdYndFed so be usedir1the

sanme way as crushed _stone... Fyrther, in

parti?t%&t%o%h‘?%r?%‘ii S?%édﬁéél’ulﬂge&r’sﬁltﬁ@r (Eé or (c-1), may
stan%éag(%ésea s_.the_inorganic nateri al ,contai ned

&I b ¥ h%&thﬁ e d‘%ﬁrfa"r‘ﬁ’@ewh?ePo‘l?ﬁl?s into a
o ni ¢ |aI is hardl osed qut si de, 9
o 22 %§F6 ﬁBfar BEudsSsT %PH 8&€% bRt &j Fegnulating

hereln na . , .
machlne Y, ge granulating process is not particularly

limited, and may be performed in a machine of a rolling
type having a drum or a tilting pan, or of a vibration type
having a horizontal or tilting plate.

When the material containing modified sulfur produced
by the first or second method is obtained in the form of,
for example, particles, each particle has high strength,
and the particle size is adjustable. Thus the particulate
material is suitable for use as a construction material,
and may also be used in the same way as crushed stone.
Further, in the particulate material, the modified sulfur
substantially seals the inorganic material contained
therein against contact with surrounding water. Thus the

inorganic material is hardly exposed outside, so that
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prevented to a certain extent. In addition, the
material containing nodified sulfur may be m xed
mﬁth a cementitious naterial, such as cenent,

crete, out 5 affecting the curing
%%F8P ghahErex Faisrs cesﬁégm g RiRRTn may be
cenentl us naterlal The material co alnlng

REFTPBHCEUEPIR CHE SR BTG RERe it SO0 KR ordhe material
met hod the f f | ded d ct e
TS APG @ Ead SHLEOF Rk b RoSeAgL b 2 Conentit ious

materials, wall materials, roof tiles, or underwater
A3 tfes, sMﬁHrﬁﬁs@%WepﬁelFQﬁﬁ%%B?P|P§|§¥R§%My without
ired, structure. Wien in the formof particles,
ﬁwéf%*fé?galt S BN Y sBEhaY Loah AT | FRE ARG snoisture
roadbed materials, filling materials, or aggregate
S et r 8fe Such Wﬁast?ﬁélspﬁ%%%¥lﬁﬁventl on will
now be explalned n nore, detail with reference to
Exanpi & BabeEdfdacanteitiagpredifigd fihfur obtained by
illustrative only and do not intend to limt the
dritr hwntsrendrHee bhAdi 48 FatefPamscan@olRed products
nol ded 20 products prepare i n Exanples and
B At F Tl ExdH ¢T3BP LS saB @@tréidl tB2hedddrlehentkooring
and evaluatlons in accordance wth the follown
Mefo? L TheVRdduMat aF 82 sRowk A9f Tables, Prangpderwater
Ignition Resistance 25 The ignition resistance was
é&'&%‘é’ﬂe?n%@&@&ﬁ@@fWlteﬁrtfﬁﬁéliiﬁh’llt]éﬂw FEjo desired
for evaluation of inflanmmble saolids (Typ
@&QﬁﬁeSubgpﬁﬁcéP(ﬂﬁ?rﬁﬁanotharqﬁ§l%%lE%?%n@@terlal

Law. . Speci nens fall en under the category of Cl ass
may b epused as landflllgng materlaf%,)goadbed materials,

filling materials, or aggregate for concrete.
EXAMPLES

The present invention will now be explained in more
detailwithreference to Examples and Comparative Examples,
which are illustrative only and do not intend to limit the
present invention. The binding materials and the molded
products prepare in Examples and Comparative Examples were
subjected to measurements and evaluations in accordance
withthe followingmethods. TheresultsareshowninTables
1 and 2.

Ignition Resistance

The ignition resistance was evaluated in accordance
with the ignitability test for evaluation of inflammable

solids (Type 2 Dangerous Substance) defined in the Fire
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1 inflammabl e solids, which ignited within 3 seconds
and continued to burn for 10 seconds or |onger, and
Class 2 inflanmable solids, which ignited in not
shorter than 3 5 seconds ?ug not Iongpr than 10

& IRV contPRELESNS TBILFD WBAET hhfGRERIqEY of Class
"inflamabl e’, and specinens which ignited in |onger
tham it W hasS and ISped ignehedi Hithdn doReicapds and
to burn re indi cated as "not dangerous".
GO BT et 3t PEAG HOFD W0 $BCERNLSI @ WITRar PBE) Class 2
speci nen was prepared. On _ the seventh day fromthe
PRI RRE BRE 160G prEssThel IBL eyt J1Ok hehorter than 3
speci nen was neasured using a 30-ton TENSI LON ,
SEAANET i R sRPEndPRIfTaskii*Agl Bgarsrddts Fud| sprhdaued to
to Sul fur-oxidizing Bacteria 15 A2 cmx 2 cmXx 4 cm )
Pt P& SshREL fak eshaS1bbn il agmabl &'l g@despeicifmedks which
(2.0 g of NH#Cl, 4.0 g of KH2PO4, 0.3 g of . . _
Vgeirssia lengey dfhaadi® sapends. andgspecimens which did
FeCl2. 4H2O, and 1.0 L of ion-exchanged water, pH
BAtuSOSF A1 8. BowPHER MRk &t Fatasi @s waret ;ff%aarous"-
in a 500 m baffled flask, 20 inoculated with a

Lt L i'¥i ng bacteria, Thiobacillus

t hi ooxi dans | FO 12544iu and subjected to bacteria
cul t &r @56 i A8l FIingY ARadstiglid hgReFnepyas prepared. On
thernostatic chanmber at 28 C. pH change and )
SBfe&eNTEE b ofayhérofe iR P iRPR T ve L B8 t EPTPRESSive
i nocul ation. Here, 25 pH drop indicates generation of
SHFPDO GRS thE TRASLRE WS MER SUHFLRSARGH30 -ton TENSILON
sul fur-oxidi zing bacteria. Exanple 1 24 970 g of
SOMPI ST NasSPPaledSFP AT 3RYr PANG DRSTT ;

Resistance to Sulfur-oxidizing Bacteria

A2cmx 2 cmx 4 cm prismatic specimen and 100 ml of
a culture solution (2.0 g of NH,Cl, 4.0 g of KH,PO,, 0.3
g of MgCl,-6H,0, 0.3 g of CaCl,:-2H;0, 0.01 g of FeCl,:4H,0,
and 1.0 L of ion-exchanged water, pH adjusted to 3.0 with
hydrochloric acid) were placed in a 500 ml baffled flask,
inoculated with a starter (sulfur-oxidizing bacteria,
Thiobacillus thiooxidans IFO 12544), and subjected to
bacterial culture with rolling and shaking (170 rpm) in
a thermostatic chamber at 28 °C. pH change and appearance
of the specimen were observed after the inoculation. Here,
PH drop indicates generation of sulfur ions by consumption

of sulfur by the sulfur-oxidizing bacteria.

Example 1
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melted at 140 C, and held at 135 C. Then 30 g of ENB

was added slowy, and stirred mldly for about 5

m nutes. When no tenperature rise was confirned, the

m xture was heated 5 to 140C. The m xture started, ,
react PAg, 9and FRLLGH ST Sty Wagt Rd@deY ose StieRl pgenixer,
viscosity reached 0.06 Pas in 3 hours, the heatin
viBglFRflediFal &Py Gt supdiekh @t H85 rEsul (THRP P & p%l ENB was
wa ured jnto a_suitable npld or. a container, and

CHOFER oY bBmAThEe A0 bt &P BPAHEY T ILpiLes . When
material (A). Next, aggregate conposed of 1120 g of

NGO BERPPFREULSnGLISeI Y2 F GO gred, fihe i xhnes wag heated
413 g of coal ash and preheated to 140 C, and 840 g

dfo Bi%i Gg nBbhermbktpAe seakégfereactingd endotheliscosity
into_a nolten state were introduced 15 substantially .
IrRPLaheBuEPF S nt RERNERGESY I REPE L&Y YeRCled The06 Pa-s in
nol ten m xture was kneaded for 20 minutes while_ its

v seodrey &ber1dpeating Haisntidmedl aF eAYn stiePRemhgeand the
of 0.05 to 0.07 Pa-s, poured into a cylindrical nold
Jesuleimpnmaitateiat W8 Pouaed dHe? ght Suakabdsomald or a
to obtain 20 nolded product (A). Exanple 2 Binding =
RARF 3 AT B)ARAF AR e G ¥ Baci CRS rag gt s p Rt df i nding
bi nding material (A) and nol ded product (A,
MEiREt R Yell$) -were prepared in the sane way as in 25
Exampl e 1, except that the duration of reaction for
prepd§Hly AFEPYRBPILARPELFLE dd A IHREINC -ad Pt hkca sand,

viscosity then was 0.05 Pa-s. 25 Exanple 3
1127gofNo. 7silicasand, and413 gof coal ashandpreheated

to 140 °C, and 840 g of binding material (A) re-heated to
140 °C to melt into a molten state were introduced

substantially simultaneously into a kneader held at 140
°C. The molten mixture was kneaded for 20 minutes while

its viscosity at 140 °C was maintained within the range

of 0.05 to 0.07 Pa*s, poured into a cylindrical mold of
5 cm in diameter and 10 cm in height, and cooled to obtain
molded product (A).

Example 2

Binding material (B) and molded product (B)

corresponding to binding material (A) and molded product
(A), respectively, were prepared in the same way as in
Example 1, except that thedurationof reaction forpreparing
the binding material was 1 hour, and the viscosity then

was 0.05 Pa-‘s.
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Bi nding material (C) and nol ded product (O
corresponding to binding material (A and nol ded
product (A), respectively, were prepared in the sane

ﬁ%%%ﬁéééiég Exanple | , except that the duration of
r r preparing the binding material was
h d th t 7P
B P AR BT TR WSk oY o 239 ARG BEAFEIH %&ﬁ ¥
970 970 @ .970 t I | 30, 30
£ 5 PBRRAR %o brl&gﬁﬁ%ﬁn%@%ﬁéﬁi iiﬁoa‘ﬁ%smp 9@& product

n{fFe'T 2 SpEr M i ”%5%’25@%%@%% LiAohRE Gaicgay as in

nd s I|ca sand, Product al ash Co as _
L TR R S SE Jaaefaparlng
icn resista ce not erous not. da~,n
%ﬁﬁg&% 1’?@1‘BﬁF€§sH WS éng{\%ltmalj‘ d7%h %3V37?C°SltY then
Resi stance_to sul fur-cddi zi ng pH drop: pH drop: pH
-0-94cF8r®a slight slight slight 10 The nol ded
products of Exanples 1 to 3 were evaluated as "not
dangerous,, in the ignition resistance test, achieved

sufficient conpressive stre agi and exhi bi t ed only a
slight pH drop even after T ?a se of 35 days in the

test 15 of resistance 10 Sgkdndlie aX! gl ZhRepAet ef I aganple 3
BT Bt Solid
material nEﬁIﬂéEE% sulfur 970 g 970 g 770 g
ENB 30 g 30 g 30 g
Durationof reaction 3 hours 1 hour - 3 hours
Binding Binding ' Binding
material (A) | material (B) | material (C)
Molded | Aggregate Silica sard Silica sard Silica sand
Product Coal ash Coal ash Coal ash
Molded Molded Molded
product (A) product (B) product (C)
Tonition resistance not dangerous | not dangerous | not dangerous
Compressive strength (MN/nf) 77 63 77
Resistance tosulfur-cxidizing PH drop: PH drop: pH drop:
bacteria slight slight slight

The molded products of Examples 1 to 3 were evaluated
as "not dangerous" inthe ignitionresistance test, achieved
sufficient compressive strength, and exhibited only a
slight pH drop even after the lapse of 35 days in the test
of resistance to sulfur-oxidizing bacteria, indicating
that sulfur was not consumed by the sulfur-oxidizing
bacteria.

Comparative Example 1

Binding material (D) and molded product (D), both free
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that sul fur was not consumed by the sul fur-oxidizing
bacteria. Conparative Exanple 1 Binding material (D)
and nol ded product (D) , both free 26 of ENB, were

PREMAIRE et AE STt Sor1a SaTFas 1000 APLAd - except
of iefe L S%rﬁloﬁ%?ﬁu#hghé Zspﬁﬂa%iyﬁﬁis%ﬂf HE il s and ENB

naterlal Pas. The nol r oduct , of

%§aon861%%ﬁﬁ%®gay g fFl éﬁrmlnatlon of the
ﬁ%?ﬁess R 5T ERB S b T Har SdHCHS Bate il was 0. 06

exhi bited a considerable pH drop after the | apse of

352 d8ys 10 in the test of resistance to

sul fur-oxidizing bacteria, indicating that sulfur )

was cOREURRY OV F U L oXPEPEFAG L adi@mRle 1 achieved

material (E) and npl ded

rative le 2 Bindin
p%ﬁgﬁef:l(eé)t OB ReprdTe RIRNENR, Wite HrbpRYadUARed as
in Exanple 1,, except . that the anount
l?ﬁzagﬁgaﬁ%ﬂn?ﬂrtﬁﬁs%ﬁﬂ?%ﬁo%nHeEmﬁqﬁﬁ$er%%?ﬁeeénd
of dic clo ent_.adi ene The _viscosit

th
a%xl%hgg{ﬁgr% FRABHIGE AT ﬁéla@ri(-@ %I%%?ﬁgth%rlafa?%\tq%é5 days
terjal was 0.06 Pa-s. 20, The .npl ded

f t bj ndi

e BESEy r'%ﬁ%%t@zaﬁmt@ BT ovhl dapddmdacteria,
" dan ero ition resjstance test and
es&fﬁme IRE5a s < Ghe Y OPORUBGRPK e ¥ hEuH-gaagi zing

qg 35 dags in the test of resistance to
acte

Comparative Example 2

Binding material (E) and molded product (E), both free
of ENB, were prepared in the same way as in Example 1, except
that the amount of the solid sulfur was 950 g, and ENB was
replaced with 50 g of dicyclopentadiene (DCPD). The
viscosity at the termination of the heating during
preparation of the binding material was 0.06 Pa-s.

The molded product of Comparative Example 2 was
evaluated as "not dangerous" in the ignition resistance
test, and exhibited only a slight pH drop even after the
lapse of 35 days in the test of resistance to
sulfur-oxidizing bacteria, but did not achieve sufficient
compressive strength.

Comparative Example 3

Binding material (F) and molded product (F), both free
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sul fur-oxidizing bacteria, but did not achieve

sufficient 25 conpressive strength. Conparative

Exanple 3 Binding material (F) and nol ded product (F)

, both free 27 of ENE, were prepared in the same way

RE EANEx HepicePTePaX&shin tivas anire vayoanti roExeme lsolli dexcept
sul fur was 970 g, and 30 g _of ENE was replaced with

2Pyt ob henemi B 0§ Bhesfphdise swbfieheracSH)’.0 the and 30 g
viscosity at the term nation of the 5 heating during
RepaNRt Vof serdiscad vl by 2@t @r PAl ENBs 2006 0 praf styrene
The nol ded product of Conparative Exanple 3 was

dveireraeEd (&3 nfThemubbeosiitespecthee termimatusenobf the
ENE, did not achieve sufficient conpressive strength
dorplaied dMripg PaERreat iand exhiebisdiaxvatieddrdbives 0.06
pH drop after the |apse of 35 days in the test of
rRxistance to sul fur-oxidizing bacteria, indicating

that sul fur was consuned by the sul fur-oxidizing

bact éfhe. megdeghrr Xeet r afr fompa i veeEQaxutliere3 was
Exanple 1 Exattple 2 Exanple 3 Binding Starting

Soidiaped g IS iyl ampayletnl srespanitiore alf shief use of ENB,
DCPD 50 g ENE 20 g -CM 10 Duraticazofreacti~ 3

R a1cF Rpfsi Své xswuf §1 i gditn goBinwE $wi Benetngngth compared
naterial (D) material (E) naterial (F)

to Examples, and exhibited a considerable pH drop after

the lapse of 35 days in the test of resistance to

sulfur-oxidizing bacteria,

consumed by the sulfur-oxidizing bacteria.

indicating that sulfur was

Table 2
Comparative Comparative Canparative
Example 1 Example 2 Example 3
Bindirx Starti Solid
nE&EEigi natezigg sulfur 1000 g 950 g 270 g
~ ENB 20 g
DCPD 50 g M 10 g
Duraticnof reaction 3 hours 3 hours 3 hours
Binding Binding Binding
material (D) | material (E) | material (F)
Molded | Aggregate Silica sand Silica sand | Silica sand
Product Coal ash Coal ash Coal ash
Molded Molded Molded
product (D) product (E) product (F)
Ignition resistance Inflammable | not dangercus | inflammable
Compressive strength (MN/mf) 66 55 35
Resistance tosulfur-axidizing PH drop: pH drop: PH drop:
bacteria considerable slight considerable

Example 4

97 parts by mass of solid sulfur was placed ina stirring
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Mol ded Aggregate Silica sand Silica sand Silica sand
Pnccct Coal ash Coal ash Coal ash Ml ded Ml ded
Mol ded prod= (D) product (E) prcft= (F) | '"ticn
resi stance_I nfl anmabl e not dange= i nfl armabl e
Chpressivelsefepgt 40NN i dnd 55l 35 the same temperature.
Resi st ancet osul fur-oxi di zi ng _pH drop: pH drop: pH
dt ARTEHRY S H SRemaR &19vky adasde ghe resulting
Exanple 4 97 parts by mass of solid sulfur was placed
iTLACSERr MRSy MiZeedhi wedern@itiietr tirg 140 C40ai@ Helm Zthours.
the same tenperature. 3 parts by nmass of ENB was
STRAVWL sttt Y @rid 180e° @ edut hermyl x prixeures Wad 54 Pedt s.  Then
under stirring at 140 C for 3 hours. The viscosity
dt0 PEr G 4ty thes frid .rea hassi0. p0SHeRbedstoTheén 5C5¢as added
parts by mass_of coal ash preheated to 140 C was
e dn 1886 ntked hadtel ngavf g Skerptdppead the mhieture was
m xture was poured into a $5 cmx 10 cmcylindrica
msturethdiebol ed 95t embt al @ emnolydécdariothittmoTHeand cooled
obt ai ned nol ded product was subjected to the 10
itghiakehlRedi godidad tesedughd found to be "not
dangerous". Conparative Exanple 4 A nol ded product
was privtiuelela i Rechaakiedwayodsidtn wak aspbaest ek dept the
that the condjtions of the m xing under stirring was
ARG F s anee teaburandsfqied i s desi' nptadangerous” .
C of the mxture after the mxing wunder stirring at

1ve 049 Pa-s. The obtai ned nol ded

product was subjected to the
A molded product was produced in the same way as in

Example 4, except that the conditions of the mixing under
stirring was changed to 140 °C for 1 hour.
The viscosity at 140 °C of the mixture after the mixing

under stirring at 140 °C for 1 hour was 0.049 Pa-s.

The obtained molded product was subjected to the

ignition resistance "test, and found to be "inflammable".
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ignition resistance 'test, and found to be
"inflamable”. 29 CLAIMS 1. A nethod for producing
a binding material containing nodified sulfur

conprising the steps of: (a) providing a starting
&B’lﬁl for nodified sulfur 5 consisting of 100
parts by mass of sulfur and 0.1 to 25 parts by mass
of - ethyl¢tBRE A8FLBrRENEC1ND)2 Aigdinganatsrastl sggntaining
material for nodified suylfur in a nolten state at
b eB0Sel fAHy TRYPWASATY iR o3t epSaPtE40 C of a
mol ten mxture 10 resulting from step (fb) falls in a
rangel®F REQ%HALHI320StPRL§NIcBBLPAG Haf®mBloddfied sulfur
m xture down to a tenperature not higher than 120 C
sons hethBd Pér 1O RRYRY Byniess sIf contéwniagd 0.1 to 25
aggregate 15 and nodified sul fur conprising the

oPY Papsprdvitrpyl Adengr tiaiPoeRereal for
modi fied sul fur consisting of 100 parts by mass of
sul f U )afdping tsp b8 staFEingymagssiefl spmyhpdddded sulfur
nor bornene, (b) mxing said starting material for
Adisf ineRll senf gitatZ) 4t h2Aokped 66 flCo &nd 20 to 160
C, (c) when a viscosity at 140 C of a nolten m xture
resuli@ng'iennfsvés a9 itnl &6 iLrOa °Capde a0fm@lOEA tmaxture
3.0 Pa-s, cooling said nolten nmixture down to a
F@ﬁblelrtamsefr%tsgieghémt Had L0 & r3nepapé 8-050 to 3.0
bi nding material 25 containing nodified sulfur, (d)
RExXiSng CRP } bR G0S A §ls MOt e il BEWEPngoma &9 a8 temperature
containing nodified sulfur and 50 to 90 nass% of

BE§r &gatheer than 120 °C.

2. Amethod for producing a material containing aggregate
and modified sulfur comprising the steps of:

(a) providing a starting material for modified sulfur
consisting of 100 parts by mass of sulfur and 0.1 to 25
parts by mass of ethylidene norbornene,

(b) mixing said starting material for modified sulfur
in a molten state at 120 to 160 °C,

(c) when a viscosity at 140 °C of a molten mixture
resulting from step (b) falls in a range of 0.050 to 3.0
Pars, cooling said molten mixture down to a temperature
not higher than 120 °C to prepare a binding material
containing modified sulfur,

(d) mixing 16 to 50 mass% of said binding material

containing modified sulfur and 50 to 90 mass% of aggregate
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30 at 120 to 160 C, while a viscosity at 140 C of
said binding material is maintained wthin a range
~of 0.050to 3 .0 Pa's, and (e) cooling a m xture

~ resulting fron1step (d) down to a tenperature not
hi gher than 120 C. 3. A nethod for producing a ’

WAL ghioat oCOBb i 1813805 88A4 €os 8¢ DI ] ed Splg aU_’er blndlng
conprising the steps of : (a-1) providing a start

mRiter+ 24 1 (M oM d 5hod waggiegate epdoz 6t @!sbl@cg 3.0 Pa-s,
material for nodified sulfur consisting of 95 to 98 .

agssa sulfur and 2 to 5 masss ethylidene norbornene
(b-1) mxing said starting material (M at 135 to 150

C ford (R, feyrs d&@ﬁﬁ@%es@ M RGURE- Qf S@Lf () down to
aggregate and a binding naterial containing i ed

B AR R BT

3. Anmthodforproducinganmterialcbntainingaggregate
.and modified sulfur coﬁprising the steps of:

(a-1) providing a starting material (M) comprising
aggregate and a startihg material for modified sulfur
consistingof95to98mass%sulfurahd2tanmss%ethylidene
norbornene,

(b-1) mixing said starfing material (M) at 135 to 150 -
°C for 2 to 5 hours to prepare a mixture of said aggregate
and a binding material containing modified sulfur, and

(c-1) cooling'said mixture down to agtemperature not

higher than 120 °C.
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