;e3e' 7' 00143| H4"j 767T7SPECI FI CATI ON METHOD FOR PRODUCI NG MATERI AL
MODI FI ED SULFUR 5 FI ELD OF ART The present invention relates to

CONTAI NI NG

a nmethod for producing a nmateri al
recycling of wastes and industri al

engi neering or construction by usin% 10 a binding material containing

sul fur nodi

fied with tetrahydro

whi ch 15 makes use of its properties to nelt over 119C and be solid at
ordinary tenperatures. For exanple, there have been proposed to use sul fur

as a bi ndi NgETEOBr FAR BRORUEING MATERIAL SN RN ERGrYeBsFLES PHLEVR No.
a stock material for construction materials (JP-55-49024-B),

4, 290, 816),

and a material for sealing waste (JP-62-15274-B). However, a binding

mat eri al conposed solely of sulfur wll

cont ai ni ng nodi fied sul fur that enabl es
by-products into materials for civil

resear ch,

IFBABRERBUND ART Application of sul fur
as civil engineering and construction naterials has been under

20

gi ve a nol ded product having sul fur

exposeldl on FIELDUOEr ARW face, which is ignitable. Such nol ded product also
has various other disadvantages such as insufficient 25 nmechani cal strength
and inferior reShstmnesend isurdntionxiadiat ey tivasmatinod o1t PEEAURA IS oduct

has not been used widely. 1 In order to overcone these di sadvant ages,
vari ous addat nueecdrylounsist aanenhemodddiiel bpedl £ Dk cbépemaddi @he, as an
such additive conpounds, is inexpensive and economcal, and is

exanpl e of

known to 5 havgcddody efff acasbesnmeobadinsals st @hgbii—pf ot tfol R0 pr oduct s,
as described in New Uses of Sulfur - 11, 1978, p68-77. It is also known to

modi fy the paopettiles fafr sulfilr emgigtk ngng oot tconayrucsioendy dispést ene,

or other ol
10

15

20

25

efine oligoners, for use as road materials, adhesives,
a binding material containing sulfur modified with

tetrahydroindene.
BACKGROUND ART

Application of sulfur as civil engineering and
construction materials has been under research, which
makes use of its properties to melt over 119 °C and be solid
at ordinary temperatures. For example, there have been
proposed to use sulfur as a binding material such as a
material for paving roads (US Patent No. 4,290,816), a
stockmaterial for constructionmaterials (JP-55-49024-B),
and a material for sealing waste (JP-62-15274-B).

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 used

widely.



* 10 or sealants (JP-2-25929-B, JP-2-28529-B). Road materials containing
m xed asphalt and sulfur are now in practical use. Sulfur, which is known
to have an application as a binding material, has been used by m xing with
various 15 aggregates to prepare nol ded products for civil engineering or
construction materials. However, the nolded products prepared with a
bi ndi ng mat eri a7 cOEPBEeF s AVERCIRe sEREER H&@@dﬂﬂQQéée%roﬁﬁéﬁgqﬁ1its
property, and have only limted use. 20 Sulfur has a flash point of 207C
and a spontastbbitve gaPrpennds it B¢ ubeesf d2xsiePethd is thus ignitable.
Sul fur exposed on the surface is easy to burn and di sadvant ageously
conbust i bl @icyclapesthed andhd, asupRupxamRLS & Y stHEhGENS n a stable
solid state without 25 defect. However, sulfur solidified by coolipng froma
liquid stateompoangsxt b el EXPABABIVE, 2RENBEPPANE Cadnd a8 L FhbBSYButPurs, a
conpositional ratio of which varies 2  depending on the cooling
condi t5 ons,haiee wepbdas fifiaat tore mapbanaradi mEremaish sofi §hsumddsth
practice tends to have defects and is brittle. Rhonmbic sulfur is_the nost
stabl e formuobdeotsd ssl tlescrdhashevenievsitres rdbrbiklwnl T ukl hak?{ fie
hi ghest density anong the three kinds of sulfurs nentioned above, voids
will formwés-7he | Apsé sofalsoreknannchkor aoditfy | #he cpteREféCFai cal
strength, and even cracks in an extrene case. Further, water infiltrates
into the voiubfuo by sasddiegtbe hatwinwl <oaliere i peRTEBE, WAF cHtheT
deteriorates the hazardous substance seal ability. Mreover, )
sul f ur - oxi ddvkefignbacl égiomenshi do1t nse a5 soidd ardowdtars, iahegieVefito the
voi ds to cause corrosion on the product surfaces. For overcom ng such
probl 85, use séaflettahydfbi2rd2n2295Bhad ek 8 32tBsed. RPRE reacti on of
tetrahydroi ndene and sulfur is said to be a kind of polynerization, wherein
t et r ahydr oi maleaeihiliss tondacitrsi g trinl sedl fagsphahbt canfissuhénrpakgnBPlzed by
radi cal chain reaction. This reaction between tetrahydroi ndene and sul fur
is highly exoabeiniad, Ud® so that the tenperature suddenly rises and the
viscosity increases sharply. The uncontrollable reaction results in rapid
solidification, Sabdure sHapimgisf knhenpteddctve saposBPbLEATAGH t3DrP of
olefin oligoners is a proposed solution 25 for preventing such
uncont r ol | abiedieactiadrer, {dP, 2hag28b2enBjus¢dbviey enixing wddhofvarious
tetrahydroi ndene, sufficient studies have not been nmade in production 3
condi Lhons, agodetghe ersel et | pnehapebeodeked trheodwatsi 6Arc6Adiiti ons, such as
the tetrahydroi ndene concentration and the tenperature, and the desirable
properti es ehgtheerdsig téngecbhatirng trimne mait e hagbs not HPUWEME hedmh e
Sestabl i shed. Wen the cooled, solidified sul fur binding material is
r e- heat edf omoirideidng reidule taggregatred widhpsl yhrdingtnoheFéadt FoRPBECReEN
sul fur and tetrahydroindene resunes to proceed further curing. Appropriate
properties sblefly bisEulfubimavegvantenisap rfodrl esis hi skt anplr PRELSYoeduct i on
conditions for mxing with aggregate have not yet been established.

and have only limited use.

20 Sulfur has a flash point of 207 °C and a spontaneous
ignition temperature of 245 °C, and is thus ignitable.
Sulfur exposed on the surface is easy to burn and
disadvantageously combustible. On the other hand, sulfur
exhibits high strength in a stable solid state without

25 defect. However, sulfur solidified by cooling from a
liquid state is a mixture of rhombic, monoclinic, and

amorphous sulfurs, a compositional ratio of which varies



"1t is not known to use a sul fur binding materi al nodified with
t et rahydr oi ndene for sealing wastes and 15industrial by-products, and the
production conditions therefor have not been established. Wastes and
i ndustrial by-products have generally been disposed of by landfilling or
incineration, but sites for these treatnent have been running, shorf of
Thus it is eRanEéadt 8Ty Ebpcrecdday meafidiieme, vagt ¥ hndsi RYb8t F &l
by-products as possible . For exanple, waste such as_ steel slag, coal ash,
and i nci nerb2psezhtimes bddm Te@d icheylkwirdby Rrasduke e tefds tocheVed into
| andfilling materials for civil engineering, construction materials, and
the like. |¢eRSchissapasd s rehahieal strength of the nolded products is
requi red, including conpressive strength, bending strength, tensile
strength, and i Rbambicesiifunces thiespoat stakyaifrawm odr Sohédndpr HEHB pr oduct s
are water sealability for preventing elusion of heavy netal conpounds
cont ai med iHMovawerndebneeahdglbe sauldiwr hasndeeribdsthast depsadyy pRewédnt i ng
ignition by fire, and resistance to sulfur- 5 oxidizing bacteria that cause
corrosi on ofhsduifuge dindreofroglfuersmenicbened dvive ovaifs yadl frem
incinerated ash, in particular, contains hazardous substances such as heavy
met al s and wibRithe dapsmp fitnimei whorchresuddisonnoreduehdgupshantesdli s
material for the ash to be recycled into a 10 landfilling material. Steel
sl ag from therengthandmst estern mwascky HayabeclsEQNEs CagH egaf €T EBE Ipavi ng
materials and civil engineering materials. However, when the slag is '
brought intwatentbrefihtratest entopoiysidifduéo dissphvg thedenkertals
yel | owi sh nuddy water, which has a harnful effect 15 on the environnent.
Thus bPndi ngeahedrinsidar eviibphrire rharataketBadm i aedensi b HyapF6duct s
fulfill the above requirenents for recycling as materials for civil
engi neer i ngsaallabadstnuct M e SUMVARG ICFUTHEX | NVERTIOARB 20 e I &, sWhhERef or e
an object of the present invention to provide a nethod for producing a
mat eri al cohiuweningswidi farst watéxr Wnthudgsyndontths VoiEs neP eERHF €
contai ning nodified sul fur exhibits excellent nechanical strength, water
seal abi | i t ygokgnistiioan aresilse apredugitid s23 fraekd ¢ ance to sul fur-oxi di zi ng
bacteria, even when wastes and industrial by-products are used as
aggregate; and Fokfovescpmipgr siieb peobiend, fese mf setyiahydrotpdpnes
engi neering and construction. According to the present invention, there is
provi 88d a hesHeelehotigcwsseiing Thgetearsl ononf disli M BaPLinegneupRdr ,
conprising the steps of: _ _

sulfur is said to be a kind of polymerization, wherein

tetrahydroindene first reacts with sulfur, which is then
polymerized by radical chain reaction. This reaction
between tetrahydroindene and sulfur is highly exothermic,
20 so that the temperature suddenly rises and the viscosity
increases sharply. The uncontrollable reaction results
in rapid solidification, and no shaping of the product is
possible.
Addition of olefin oligomers is a proposed solution
25 for preventing such uncontrollable reaction (JP-2-
28529-B). However, for use of tetrahydroindene,

sufficient studies have not been made in production




"5 (A mixing in a nolten state 100 parts by weight of sulfur and 0.1 to 25
parts by weight of tetrahydroindene at 120 to 160 C until a viscosity of a

. resulting nolten material at 140 C falls in a range of 0.05 to 3.0 Pas, (B)
cooling said nolten material down to a tenperature 10 not higher than 120 C

to obtain a binding material containing nodified sulfur, (C mxing said
bi ndi ng mMat@PRALtaeneai MY FRRI F e LatiGPSHIBVRITRRR cbhfe TAA S WA ght
ratio of 1 to5 . 9to5 at 120 to 160 Cto obtain a mxture, and 15 (D)
cool i ng andc@efi BiPisng S 38 xERe et eTR@NYARIIM ARG APPSR WHIAT I be
explained in detail. In the method for producing a material containing
nmodi fi ed s@BdrthecheBPagatyrehe afdeddt demiditl bh PEORPRIL106 efepRfA) of
mxing in a nolten state 100 parts by weight of sulfur and 0.1 to 25 parts
by wei ght ofeseltangdbdinttiere metepbadohesmenait i futhe PP&Sosity of the

resulting nolten material at 140 C falls in a range of 0.05 to 3.0 Pas, and
step (B) ofesbablinghelde nolten material down to a 25 tenperature not higher
than 120 C, are perfornmed, to obtain a binding material containing nodified

sul fur. The sul #aenutbe coalies preskeidi fbefoduils uar Hilmetiyn® materzadnt al
sul fur, and may be, for exanple, natural sulfur, or sulfur obtained in
desul furi zat$ oredfe e d daaumigi ngavikhlagasegFhe , tEre AP HoedelaBed in
the present nmethod nay 5 be tetrahydroi ndene al one, or a m xture of

t et r ahydr oi neleatiandberteremn reorlef wended st ebrabyed FinsiANher P BUPSchAsi sti ng

of cycl opentadi ene as a sinple substance, polyners of cycl opentadi ene and
but adi ene, picgekdpdmrddieanesunihtga dRpPropy tate apeerertirssef the

10 sulfur binding material for such use and the production
conditions for mixing with aggregate have not yet been
established.

It is not known to use a sulfur binding material
modified with tetrahydroindene for sealing wastes and

15 industrial by-products, and the production conditions
therefor have not been established. Wastes and
industrial by-products have generally been disposed of by
landfilling or incineration, but sites for these treatment
have been running short of. Thus it is demanded to recycle

20 as much of the wastes and industrial by-products as
possible. For example, waste such as steel slag, coal ash,
and incineréted ash, has been made into molded products,
and recycled into landfilling materials for civil
engineering, construction materiais, and the like. 1In

25 this case, mechanical strength of the molded products is
required, including compressive strength, bending

strength, tensile strength, and impact resistance. Also



10 tetrahydroi ndene used in the present invention includes the above

m xture having a tetrahydroi ndene content of usually not |ower than 50
mass% preferably not | ower than 65 mass% Thus nost of the comrercially
avai l abl e products referred to as tetrahydroi ndene, and by-product 15 oils
di scharged from et hyl norbornene production plants may be used as the

t et r ahydr oi HeEHE rethéoanblantmatdedIrAie bs fdehvate rusgatpid ity §0%5 parts
by weight, preferably 0.3 to 5 parts by weight, based on 100 parts by

wei ght of sRIPVENTHRY aisimtonfoDdhaeaty arskr bi ¢pPRUALSeEPE tEHE§hPrbyenent
in properties, such as nonconbustibility, water sealability, and resistance
to sul fur-okhei Zinsy et et i by -progducdsul tnercampBpabidditvai ¥0hg nodifi ed
sul fur. In general, a larger anount of tetrahydroindene will result in

i nproved 25ppevgertines. i¢oheien, bat fabmut amd paessshpngs gm pplfur-

t et rahydr oi ndene based on 100 parts by wei ght of sulfur, maxi num

i npr ovénent osfidtitrd ny dpertéesaithath¢aved, cangopion pir sHdfum@edde in the

anount will not result in remarkable inprovenent. The anount of

t et r ahydr oi pdedeatayualfecdseidesp i mithie searef &hensaciaemated ash,
controllability in the production and the 5duration of reaction, as well as
t he propertiespaftihelprodochtatosbizanbrdionsdsulihtanicesosuel af hegivten

sul fur increases with the progress of nodification with tetrahydroi ndene.
The rate of metarleassd midissicosisy trledtatioshibithenagfuatusfion of such
tetrahydroi ndene, i.e., a |larger 10anmount of tetrahydroindene wll result

i n a hi gher subts¢ aofce fcreasete Foalekanptke ashll0 e wheycless ittam 0. 1
parts by weight of tetrahydroindene is used with respect to 100 parts by
wei ghtlOof slbbwifithinyirscosiiglwi | Btrefll staghfDoBstiPasi mve@nd seedurs of
m xing or longer. In 15contrast, with not |ess than 10 parts by wei ght of

t et rahydr oi nhdemest @y wiascbsityedfad a¥fgRyg st evfldr pavdcid eeddrimls Band 1
hour. Wth a smaller anobunt of tetrahydroi ndene, workability during the
producti on pioddserigimhet¢teng hatetrdalsval IHawe 2Oanowheni $heots lggod < or
efficient production in a short period of time. For giving elastic strength
to a result bmpuytodictto tha tamumtl tdf wiadterrghpdrlyiswlefred ¢ si prisframeditye 0.3 to
5 parts by wei ght based on 100 parts by weight of sulfur. Wth |less than
0.3 parts bygemnsimgite gk lflatwiadly tnaidydeae e r25wbfithchaata siaravfgthedfeant be

gi ven. The maxi num strength is given to the resulting binding materi al

cont aildi ng madithieednsdlfonmenitt h OTBus dobnganygsmbyendiagdlst a8e demanded

that make such industrial by-products fulfill the above
requirements for recycling as materials for civil
engineering and construction.
SUMMARY OF THE INVENTION
20 It is therefore an object of the present invention to
provide a method for producing a material containing
modified sulfur with easy control. The material
containing modified sulfur exhibits excellent mechanical
strength, water sealability, ignition resistance, and
25 resistance to sulfur-oxidizing bacteria, even when wastes
and industrial by-products are used as aggregate, and

fulfills properties required for materials for civil



of tetrahydroi ndene based on 100 parts by weight of sulfur. Wth nore than
10 parts by wei ght of tetrahydroi ndene, viscosity properties are added to

. the elasticity, so that the resulting binding material containing nodified
sul fur 5 becones a viscoelastic 'product, which is easy to distort and
difficult to be damaged due to its increased viscosity. Further, with nore
t han 25 parésghyeweiigip aidteonahydcdiiiodene, viscosity properties are

remar kably exhi bited, and the viscosity increase rate during the 10
production i s hhghordsig ttionghenpdesentuinivestilom,esbeirenisopreylidethe
mxing in a nolten state of sulfur and tetrahydroi ndene may be perfornmed in
appar at us eguinppaddnifidr spheduel hgakl ynateat el stontangivnes seidi Sbedhat

sul fur 15 is sufficiently nodified with a snmall anmount of tetrahydroi ndene.
Wth such agppafatrys,.ceMaposahgothkostegfls teef r ahydr oi ndene due to the heat
fromthe nolten sulfur may be inhibited. Thus, using such apparatus,
propergi es of suyhfyjumisEndein Pproveterf seattievalgp wdhtonby Weighd 220
parts by wei ght of tetrahydroi ndene based on 100 parts by wei ght of sulfur.
Wien t he appala&uus agquiopped oMibh parter et wedldht sefaltetk sdahydrogndessel i s
not used, nore than 2 parts by weight of tetrahydroi ndene may be needed
based on 108tpapbDstbylw® gt uaf iSulaf wi sfaarsigt yi o) sufdsel enhg2moddlerur

nodi fying effect. After the commencenent of the reaction between sul fur and
t et r ahydr oi ndeee.iaqvaroriatd oc ofal ks ramyaroandenefi 8.95 tond.l0orgers a

probl em so that the mxing in a nolten state is not necessarily perforned
in the herneticak)ycseaied stibrmoptynaseter Thed domntio af t émpeahydira ndene
may be determined in 5 view of the above properties. In step (A), the

m Xi ngoi N ang®l heyhdatensdh $o0OFf uC ard dretd bhydr bindemey matperfarned in a
tenperature range of 120 to 160C until the viscosity of the resulting

nol t en nateebakayhghg)ﬁbagtigdl@uu&mlrange of 0.05to 3.0 Pa s . 10 Mre
specifically, first sulfur is nelted under heating. Wen solid sulfur is
heat ed, the sol i@t aikiiGiy & dakpea netianpmasarisl atordld8ifinsf medittiedsul fur
i's quuefied the entire mass is stirred, and further heated up to about
130 C, whil gutiFeivivicasidggoégabe gasa weighmi rardd Wl ko & suit alw e

vi sconmeter, for exanple, a Brookfield type visconeter. Then a predeterm ned
amount of t gt eahydrmi tslensoi scaddeddtdin ea byikitttks. a%d fur is not
nodified easily at a tenperature not higher than 125 C. That is, in the
tempenat ure range)ofcd20in® 488 Eolidiffiyid satdt atxahydr.oi ndene

pol ymerize slowy without sudden heat generatlon or viscosity increase, and
only slightp rREE eHP - $I0fserved so that the
viscosity is maintained subst ant| ally constant. Wen no heat generation is
confirned, thenThepterRertat dkenits 2bwillanwhywrisé sed1Lmed 15 de t ailie.
viscosity tends to |ncrease sharply and is hardly controllable. This
tendency is noreq aifes kabtRoQvVELrlfd dAuciteg ratmaekri@l containing

modified sulfur according to the present invention, first,
20 step (A) of mixing in a molten state 100 parts by weight
of sulfur and 0.1 to 25 parts by weight of tetrahydroindene
at 120 to 160 °C until the viscosity of the resultingmolten
material at 140 °C falls in a range of 0.05 to 3.0 Pa-s,
and step (B) of cooling the molten material down to a
25 temperature not higher than 120 °C, are performed, to
obtain a binding material containing modified sulfur.

The sulfur used in the present method is ordinary



increase in viscosity depends on the reaction tenperature, wth higher
tenperature resulting in a higher rate. In view of the above, the mxing in
.anolten state of sulfur and tetrahydroi ndene may preferably be carried out
in the 5 tenperature range of 120 to 155 C for efficient nodification of
sul fur. The duration of the mxing in a nolten state degend onllfhe anount
of tetrahydrbeneehralapdl fHE t RPN hee 6?%%&*%’?‘33?'%? ‘éiairp%‘é, When 5
parts by weight of 10 tetrahydroindene is used with respect to 100 parts by
wei ght of swaau;quweqht@stecﬂyl@fdesylﬁa@%awe%dpfgﬁr&}mm Phours at
130 C, in about 2 hours at 140 C, in about 1 hour at 145 C, and in about
0.2 hours aratgpal. g .vi ew of the tenperature control and production tine,
15 a particularly preferred tenperature range for the nmixing in a nolten
state i s 130 toThaotetrahydrakrdoneng§epr éetdis P1Iss qTey rﬁ‘%é?%ﬁ BfYa tine
poi nt where the viscosity of the nolten material at- 140 C falls in the
range of 0.106 tot3abyPaminghenehalenecoms ehms?ver§ 8pti num viscosity at
140 Cis 0.1 to 1.5 Pas in view of the strength of the material containing
nodi fi ed sutétrabhyd rotivatemladst opeodt diar & MEIREIE wetle AR Finedm hbe

mat eri al containing nodified sul fur, and workability during the production
process. Wg¢hoap25owsssbshgyo bicadsapentaddens Fag SsUPLrct et F§RRrgh
strength cannot be given to the materials for civil engineering and

const ruct i opopyoeused usiygl openteddlemengind butagdieppal contai ning

nodi fied sul fur, and sufficient nodifying effect of tetrahydroi ndene cannot
be obt ai neddiElye lopdirfi adit¢ne, moddeddman Kot hetrpger af\vkRessityThe
resulting in higher strength of the resulting binding 5 material containing
nodi fled sutétrahyomistdemboveed ¥hstbsi pyesers. drertioneinglidss
material is hard to stir and mx and its workability is remarkably | owered,
whi | e the nbdef pbmyeefricturs bavingt &d.tetweakpddpinegscarPRNt ePfi nati on
of the mxing in 10 a nolten state in step (A) are decided in advance by
prel i m nari tyuaddsunetrehowet then \Hikmesisty, dure fRrahdy oG A@WaTr &1@3 ten
state, depending on the apparatus to be used or the kind and anpunt of each
conmponent , 6&akinag st He. abbives f mostr ©1f rthe cormneeapildy. aMistakles not 15
al ways necessary to nmeasure the viscosity during the actual step (A). The
m xi ng i n aprolduert stratfe i redtep (At atmalirdpeihdened fRJARY - BERESSS onal

m xers as long as the m xer provides thorough mxing. In this regard,

m xer 45f or 2@ 1st idirdatgptgedi drame egdrtinerlaer peperePEOCaEt Qe P-hanFfit er nal
m xers, roll mlls, drum m xers, pony m xers, ribbon m xers, honom xers,
and static miayeis uAeh abetheodett nfhydrebngenesi-ndene used is 0.1 to 2
parts by weight based on 100 parts by weight of sulfur, apparatus equipped
25 with a her netihzaldmowsetl efl tetrahygnodgeidane sl§)r‘é$‘é@éﬂab7y0u§e&°a§%a

m xer, and a static mxer is particularly preferred in view of the stirring
ef ficiency. pazts by weight, preferably 0.3 to 5 parts by weight, based

on 100 parts by weight of sulfur. The amount of

20 tetrahydroindene affects the improvement in properties,
such as noncombustibility, water sealability, and
resistance to sulfur-oxidizing bacteria, of a resulting
matefial containing modified sulfur. In general, a
larger amount of tetrahydroindene will result in improved

25 properties. However, at about 10 parts by weight of
tetrahydroindene based on 100 parts by weight of sulfur,

maximum improvement of the properties is achieved, and



In step (B) of the present nethod, after the termnation of the mxing in a
nolten state in step (A , the resulting nolten nmaterial is cooled to a
tenperature bel ow the reaction tenperature, usually not higher than 5 120
C, so as not to cause viscosity increase, to thereby obtain the objective
bi nding material containing nmodified sulfur. The binding material
cont ai ni ng fodtheed inddfaaseobimi bed amosndgp wWiB)l imowpdesiéd da fur wherein
sul fur has 10 been reacted with tetrahydroi ndene and pol yneri zed, and may
cont ai n pureemakkableThinptnwaelnengtmaterial may usually be referred to as
sul fur cenent or sulfur binder. The binding material is useful as naterials
for civil engi nBreiampwmt cfonst rabtyidawiratehemg ybel soteddectikledgawidbs 15
aggregate for use as paving materials, construction materials, and sealing
materi al s fosfeashee Hocdraicom tiroo t hab pt sgnin itheeptriodictrieont ansk Bhe(C) of
m xi ng the binding material containing nodified sulfur obtained in step (B)
W th aggregatigadtoa [ theddiatonat ae 2@1dt alPche pBOpErtdesbtcd ntkze
m xture, and step (D) of cooling and solidifying the m xture, are perforned
to obtain theoabrest tvebradbtdhedant dllre ngi swaols £ tedoSuhdLtenThel 4ggr egat e
used in step (C) is not particularly limted as long as it may be used as
aggr egat e, andrahskecydl bl €hé ndustrieals lmf pradiufi satpnpméftdr ably be used.
Exanpl es of such industrial by-products may include incinerated ash,
i nci ner at edtétyadyliromidene f| yTashra8e of increase in viscosity
relates to the amount of tetrahydroindene, i.e., a larger
10 amount of tetrahydroindene will result in a higher rate
of increase. For example, at 140 °C, when less than 0.1
parts by weight of tetrahydroindene is used with respect
to 100 parts by weight of sulfur, the viscosity will not
reach 0.05 Pa*s even in 3 hours of mixing or longer. In
15 contrast, with not less than 10 parts by weight of
tetrahydroindene, a viscosity of 0.05 Pa*s will be achieved
in 0.1 to 1 hour.
With a smaller amount of tetrahydroindene, workability
during the production process is better, but too small an
20 amount is not good for efficient production in a short
period of time. For giving elastic strength to aresulting
product, the amount of tetrahydroindene is preferably 0.3
to 5 parts by weight based on 100 parts by weight of sul fur.
With less than 0.3 parts by weight of tetrahydroindene,
25 sufficient strength cannot be given. The maximum

strength is given to the resulting binding material

containing modified sulfur with 0.3 to 5 parts by weight



"———————-——w————tfﬁ

" generated in a high tenperature nelting furnace for city waste, coal ash

di scharged fromthe electric power industry and general industry, fluidized
sand used in fluidized bed incinerators, soil contam nated with heavy
nmetals, 5 grinding waste, by-products of various netal productions, and
m xtures thereof. Exanples of the by-products of varioqus nmetal productions
may i ncl udeo St rahpdrosndenedngsedfen o EﬁéFSskPﬁQ{elzﬂ}lﬁrPﬁLﬁﬁ‘gf‘B&, st eel
slag, and m xtures thereof. According to the present nethod, waste 10 such
as steel sl@gthi moirgertdtand b@hpashd byawedsht el bettabydaLinifi®Rate in a
harm ess form The steel slag may be a by-product of the iron industry,
such as bl agistospdgepsops rdilschanpedddesinte bhaselaakrhgddy oenthatnace
sl ag di scharged from an open furnace, 15 converter furnace slag di scharged
from a conveheerefuithaog, bandinpendt&eiaTheombphnésgpppdihis egf Suhéust eel
sl ag may be oxides such as silica, alumna, calciumoxide, and iron oxide,
and al 5o i nbeganes suvfisdesldfte ¢ oioduat edwhshhi sswess¥ oAt §EPFGuUS
conmbustion 20 furnaces such as city waste incinerators and industrial waste
i nci ner at or sndadidf £ scwhicnt oy beodpuage dofuetiadés ssimbragssl Veacoalk tini-na,
cal cium oxide, and iron oxide, with toxic nmetals, such as |ead, cadm um
and ar seni cFulbate rof wineh imeteethbed 28sipactslilspowedgbt &f sanitary
| andfill 25 sites where no waste water is discharged, but the present
i nvention ebabkrehyuieicfdeneh vheicosdidtedmspentiaggaegatremnarirbpal ash
i ncl udes those di scharged fromvarious 14 coal conbustion furnaces for
power gener akhabithent iayd thd vhecoiskdy vinchease temeedtirird | ¥hesed as
an adm xture for concrete or civil engineering nmaterials. Exanples of the
aggr egat e upeddur tiilm prsebéngh,i neenflitamgsimayi £ Atktudé isggiogheacsilesr t han
t hose nentioned above, such as clay mneral, activated carbon, carbon
fibers, gl assnftidedr.s, vinylon fibers, aramd fibers, sand, gravel, and
ot her equival ent inorganic and organic materials free of hazardous
subst ances. 10 IThestexirg int Aempiltiemg sttt of shéfbirndindg nateri al
containing nodified sulfur to the aggregate is 1 to 5. 9 to 5 by weight .
The bi ndi ngtertrehivalr condenai mgynbdi peedosulddirin sapmstapunef egubbpest such
aratioas to fill the voids in the aggregate consolidated to the maxi num
density 15 fvarh apreamvheayithelytseapyet ofitheénpgesessehg smttdratabuddmtrai ni ng
nodi fied sul fur. Wien the anmount of the binding material containing
modi f iled subifursufsilessnt hanmb@ikti%d iwieth whesmahé amowmnt off t he aggregate
is higher than 90 wt% the surface of the aggregate cannot be wet 20
suf ficientl yeandhwitef hdexposetithesukhi agpanatusuf évepenta tebqr dosison of
the strength and incapability of maintaining the water sealability. Wen
t he amount off therhhydimg midres icale contherhegt nbodr itdee swilftan sy lfivgher
than 50 wt% i.e., when the anmount of the aggregate is |ower 25 than 50
W % the stmangbh imhilbitedbe IThwer,edsiagpsoghnabbagathe  ppopreLités of the
bi ndi ng material containing nodified sulfur per se. 15

of sulfur may be improved effectively with only 0.1 to 2

20 parts by weight of tetrahydroindene based on 100 parts by
weight of sulfur. When the apparatus equipped with a
hermetically sealed stirring vessel is not used, more than
2 parts by weight of tetrahydroindene may be needed based
on 100 parts by weight of sulfur for giving sufficient

25 sulfur modifying effect.

After the commencement of the reaction between sulfur

and tetrahydroindene, evaporation of tetrahydroindene is



" The mixing ratio of the binding material containing nodified sulfur and the
aggregate nmay al so vary depending on the kind of aggregate, and may

. Suitably be selected fromthe above-nentioned range, taking the kind of
aggregate 5 into account. 'For exanple, when the aggregate is steel slag,
t he amount of aggregate may_preferably be about 75 to 85 % In s%ep (O,
the viscosi®9y HPNFHE %i%‘?%beﬁnt 8Pi BhatohR i Rt R HodR R S SEFRUFEAGFI ng the
m xi ng increases 10 with time, so that it is pecessary to ];(rj&ust Lgﬁ]
vi scosity wi$hRatanesgsismihampr FormedsyinihRE PREMSSIGR LhY optR
viscosity range is 0.05 to 3.0 Pas at 140C. Wth a viscosity of |ess than
0.05 Pas, thelsridAgMeSsfelhe resulting material containing nodified sul fur
is too low, 15 and sufficient nodifying effect by the binding, materi al
cont ai ni ng nodi Thedasgemngr ofaytatdtalbed hehneess. Modeh I8 e grdcdBity
results in higher strength of the resulting material containing nodified
sul furb wheniereofi $dssiaBove pyepe3taePa s, the binding material is hard
20 to be stirred during the production process, and its workability is
remar kabl y i npainedtepn (&ep Y{® wixingi #f, abBER tele HBiatR RF e fbal
containing nodified sul fur and the aggregate are preferably preheated in
order to avand tehpehydmod nfispe 255 MO PREAGL D 1] ﬁ%“&ﬁ’é@éFFSdrﬁagﬁreheat
the aggregate to about 120 to 155 C, the binding material containing
nodi fied subfur2@ 69 260t upsid theasl s¢esity Qf fiease3Bltingomeifrd f or
avoi di ng progress of the reaction, and also the mxer to 120 to 155 C. The
m xi ng i n shepettplmay baOpREfHrhbe, id dhexande ohf -dfhécadt Pabpy s -
si mul t aneously introducing the preheated 5 conponents into a m xer, and
m xi ngOusualipyeaspeed fiicalldy C figrf erwbiyr ats T80l §od 1ymder heptinge 30
m nutes. The tenperature for the mxing in step (C) is not higher than 155
C. At hi gheWhesnperdtdirss) feheis| hEéitleyd,ofthme‘S%lh@i'hg*#&ﬂé‘ﬁi‘glp%ﬁ? ai ni ng
modi fied sulfur is higher, and 10 the mixing is nore effective and
conpl et es i ahangkostertts mg. 1HOWSCer , 2ditdn dHee swhiyer at wirksquediiPAg
reacti on proceeds, whereas at |ower tenperatures, the fluidity is |owered
but the curthg eehirieonapsoteedsisfes yand further heated up to about

130 °C, while the viscosity of the mass is monitored with
15 a suitable viscometer, for example, a Brookfield type
viscometer. Then a predetermined amount of
tetrahydroindene is added little by little. Sulfur is not
modified easily at a temperature not higher than 125 °C.
That is, in the temperature range of 120 to 135 °C, sulfur
20 and tetrahydroindene polymerize slowly without sudden
heat generation or viscosity increase, and only slight rise
in temperature and viscosity is observed so that the
viscosity is maintained substantially constant. When no
heat generation is confirmed, then the temperature is
25 slowly raised. Over 155 °C, the viscosity tends to
increase sharply and is hardly controllable. This

tendency is more remarkable over 160 °C. The rate of

10



" Thus the nixing in step (C) is preferably performed 15 at 130 to 140 Cin a
m xer preheated to 130 to 140 C. In this case, the aggregate may preferably
be preheated to 130 to 140 C, and the binding material containing nodified
sul fur to 125 to 140 C. The duration of the mxing in step (C) is
preferably 20 as short as the properties of the resulting product permt,
for avoi di ngntpekeasen ivi b SED6Y tde pndsionnghefrddiet ioxrtirmpenattoe,

pol ymeri zati on of sulfur and tetrahydroi ndene. However, if the duration of
m xi ng i s tRotBhALghelirha duipht digu pat eesall tdot dimiangingtoe fi ealtsul f Gin and
the aggregate are 25 not m xed thoroughly, so that the resulting materi al
Wi Il not beygkwesratgeniboveysthbagexandg whl & haveerosdater ofosghfsur f aces.
Wth thorough m xing, the resulting material 17 will be given a
perfectly cgpli relprshplasd nddre o efefases bel ke tied durtatiinon hef

m xi ng nust be deci ded suitably depending on the properties of the materi al
cont ai pi ng gefpbirad il frnd® b€ obvaitred.55 40 sbepefEhcietther
ingredients may optionally be added to the binding nmaterial containing
nodi fi ed suhbdh rard dikh ager egakgras desired. In this case, such other

i ngredients may be added, for exanple, after the binding materi al

contai ni ng nmodi fihedgswaftUlond o MR tedking hefomeolPest epath)depeadel i ng
and solidifying the m xture. The m xer used in step (C) is not particularly
linmted as bAnNghasahBAnRUBR BexirRd yicr QItyésledananth aayeppetkatahiey ofe a
solid-liquid mxer, such as internal mxers, roll mlls, ball mlls, drum
m xers, scrgwexhigudersor Pagamples, wherp@patxersy webbort roxers, and
kneaders. When thé anount of tetrahydroindene is 0.1 to 2 parts by wei ght

basedign 10QcpahhydBoidhé 95 sdlelursitd fospeeterved oo pmera vy xer
equi pped with a hernetically sealed stirring vessel. Step (D) of cooling

and sol i di f ybagnay deperis) nede ¢0stosiexamd @ . byppourisgatheeriext ure
obtained in stép (C) into a nold of a desired shape, and cooling and

sol i di fyi ngihhapsae,7 Hols coel 180 and sel atidut oy Kbersi xtuneoobtcgi ned in
step (C) while the mxture is granulated in a granul ating nmachi ne. Before

the cooling;jandpddtsal hdifyidtg,14erc t hendn Xi Uisohs 0l 0i Hoaed ta a Sdesired
degree, the tenperature of the m xture may be |owered and the m xi ng nay be
continued fog a wWh{€edlofl2Bel ®edBOr&tud control and production time,
15 a particularly preferred temperature range for the mixing
in a molten state is 130 to 140 °C. |
The reaction may preferably be terminated at a time
point where the viscosity of the molten material at 140
°C falls in the range of 0.05 to 3.0 Pa-s, and the
20 comprehensively optimum viscosity at 140 °C is 0.1 to 1.5
Pa's in view of the strength of the material containing
modified sulfur and other molded products produced with
the binding material containing modified sulfur, and
workability during the production process. With a
25 viscosity of less than 0.05 Pa:s, sufficiently high

strength cannot be given to the materials for civil

engineering and construction produced using the resulting

11



' for preventing excess viscosity increase of the nodified sulfur in the
m xture. By such cooling and solidifying, the material containing nodified
. sulfur of a desired shape nay be obtained, such as nol ded products,
pellets, crushed 5materials, or particles. The crushed materials may be

obt ai ned, for exanple, by cooling and, solidifying the m xture ohtained in
step (C) i Mmatembd h§9§t@mﬂéQQﬂmﬂ?1gﬁﬁdcﬁﬁgﬁﬁﬁb fHE§s%F%§}C+ﬁ@Rgranulating
machi ne used for producing granules 10is not particularly limted, and a
rol ling typmodtbvungt ¢ hferacAfnbehadhNg L dy %rcad“??ﬁ:t]?%é)bp%%n%?'a
vibration type granul ating machi ne having a horizontal or tilti, pl at e,
may be usedhenNmadifié cadticr] KreeRearniA anBQiQ&F%u}?uVléﬁPQ#EQ! 15by
the present nethod is in the formof particles obtained,bg r.anul ati ng,
each parti cteswhtingghnsivicghph, SERENERE Odr t5he efSF YLt 8%ad I e.  Thus
these particulate materials are suitable for use as_a construction
materi@l, amitenyadl sondaiysions inodhéiedms uldiins HRWRBATst GREVRFEurt her
in the material containing nodified sulfur obtained by the present . nethod,
the sul fur subsoantiyabfy3 seda’ 3 hethgy@raddate Madd Hist L donfgdcd Wot Ht1r
surroundi ng water. The aggregate is thus hardly exposed outside, so that
el usi on of dradaniivuandubtsanerkabartidivhdd IeE kkiaY W?‘S‘Eﬁiev@m‘gﬁ to a
certain extent. Thus the material containing nodified sulfur obtained by

t he presentthavendidyimey oefectdiby spitkdnatedth a 19 cementitious
material, such as cenent, concrete, or gypsum w thout affecting the curing
behavi or and t hBheptiomdmbrisitst ard cohe et I naddiPe et ? i BLEL REL &P al

When a cementitious material and incinerated ash are,
10 a molten state in step (A) are decided in advance by

preliminarily measurement of the viscosity during the
mixing in a molten state, depending on the apparatus to
be used or the kind and amount of each component, taking
the above factors into consideration. Thus it is not

15 alwaysnecessarytonmasuretheviscosityduringtheactual
step (A).

The mixing in a molten state in step (A) may be
performed in any conventional mixers as long as the mixer
provides thorough mixing. In this regard, mixers for

20 stirring liquid are particularly preferred, such as
internal mixers, roll mills, drum mixers, pony mixers,
ribbon mixers, homomixers, and static mixers. When the
amount of tetrahydroindene used is 0.1 to 2 parts by weight
based on 100 parts by weight of sulfur, apparatus equipped

25 with a hermetically sealed stirring vessel is preferably
used as a mixer, and a static mixer is particularly

preferred in view of the stirring efficiency.

12



' 5conventionally produced into a cured product through the pozzol anic or

sul fo-pozzol anic reaction, it is inportant to adjust the noisture content
to the optimum Wen incinerated ash of city waste, which is highly water--
absorbing, is used, it is particularly difficult to adjust 10the noisture
content. For exanple, when incinerated ash of city waste is dried before

m xi ng, the dri®d shepndm®at exf aslhe absesbstnoiesthad fabherh&heenentiti ous

m xture, |eading to shortage of noisture . When incinerated ash of city
waste in a terminataion iof thednithengdrent ntdldesn 1Bra ke uke $sepi VBh,excess
noi sture. In either cases, properties of the resulting cured product as a
construct i ofh&ut €§uak imaymbé tienpaiated: i Furithergo Wk nt agy regeter gonreai ni ng
hazar dous substances absorbs noisture, the aggregate swells and can no

| onger be us€lorsthegiegaitd on XBMpér&berbi ndsngliipt eratalhicpme ni bhag

nodi fied sulfur and the material containing nodified sulfur obtained by the
present i NVERDi o0, €¥eqs trhet aggroegaie vdardas ini ol ezea seust subse nabgs i s
made harm ess. Thus the present nmethod is highly useful for recycling such
aggregat e. @5tThenneherdld] e €oHvaivi m@ingdidtexi suldantabhangedodyfind
present invention, when in the formof a nolded product, may be used, for
exanpl e, asspamgh.materials, flooring 20 materials, wall materials, roof
tiles, or underwater structures, making use of their noldability into any
desired structurae YAeRliiry tiet é of a1 ot oparatiinires, médief iratiesiudlfurmy be used
as landfilling materials, roadbed 5 materials, filling materials, or
aggregate f@]bté@ﬁ%rdeiﬁ-sﬂ'ég @y ard abdddnteai sungurdhbired rsaufigumags
alternatively be produced by a nmethod including the steps of (C1) m xing
sul futp tetpabydireardene wiald Bogrf ggatiecahdd2@ andlGdIGreridedl aod3 hours
to obtain a mxture, 10 and (D-1) cooling and solidifying the m xture. The
mxing in shep €onbairmmypbee penfidnied mhin * ingd sugf matetrétrlamyedr oi ndene,
and aggregate in the above tenperature range to sinultaneously effect the
m xi ng of theuaggrepat ecdad riche twndsf seafiencemeatl bursubfubybimdiemg 15 in
a nolten state sul fur and tetrahydroi ndene in advance to start the

modi fi cat i ophef bswldiutg fid6ériand ishersefidi ngs aggt egand sf dodf wihel m xing.
The sul fur, tetrahydroi ndene, and aggregate used in this nethod are
preferably shfihateting hasecosedruottibe ,pardenty betmiode @ idilsvassemsabove.
The amount of each material used is preferably selected fromthe range
simlap to hhgsedatd heoreabedasf pake my esenériavent comstIpeifomal |y, the
anount of tetrahydroindene is 0.1 to 25 parts by weight, preferably 0.3 to
5 parts by wmaiteghtialmseshanséa0ipgr tmt2x iyl swefght wabteul fur. In
particul ar, when the apparatus equipped with a hernetically sealed stirring
vessel is used, psicduivey e theed rieaenyr ddweintg drie nExidi g amat@)i alf 21
cont ai ni ng nodi fied sul fur nmenti oned above, evaporation | oss of

t et r ahydr oi fdeneglushd cbiheihgamaftrearbalhecomwt & bningl fuod ifdye dbeswhhubi t ed.
Wth such apparatus, properties of sulfur may be inproved with

tetrahydroi peena idd dm BarpunB)asisimbbhgaegltk bt 2 particbyaweirghit chased
on 100 parts by weight of sulfur. Thus the anmount of tetrahydroi ndene may
be decipded taking #des® PCapebbicad n atd :consé demat sorp The cfirooet iofg
aggregate may suitably be selected depending on its kind so that the weight
ratio of thanhki Bdiligiimyengatheaniatorag apdi peedosmeutoanbtelia the
l0aggregate is 1 to5: 9to 5. 1In step (CG1), when sulfur,

tetrahydroi agrestiangl material containing modified sulfur.

The aggregate used in step (C) is not particularly
limited as long as it may be used as aggregate, and

25 recyclable industrial by-products may preferably be used.
Examples of such industrial by-products may include

incinerated ash, incinerated fly ash, molten fly ash
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aggregate are sinultaneously m xed, the objective material containing
nodi fi ed sul fur may be produced in one 15step, in contrast to the nethod of
the present invention, wherein the binding material containing nodified
sulfur is first prepared. Thus this nethod enabl es the m xi ng of aggregate
simul taneously with the nodification of 20sul fur, an ]grrlovi dgs the _materi al
cont ai ni ng #SALFREG s iNS érhiﬁhat§ﬁ8ﬁtrért‘%qerr§‘%’stlar‘%1’%'? 85 al 8F npt F¥i ed
production process, even the nm xing takes |longer tinme. In ste éC— 1) of
mxing, it ¥&8spereferabadstodipshaggind/foemdihe e&lecll:r?éé’dpf)l"f@rn’o‘l?‘fl AEAYxt ur e
so as to achi eve a honogeneous tenperature over the m xture. The
t enper at ur eapfl geee Adl tigws k¥ ur £ iddped s and Usethd ™ ﬁguagﬂéteidoﬁegf
mxing is usually 0.01 to 3 hours. If the duration of mxing.is |ess than
0. 01 hour s, ipginerggarshy drol hdepetagdmadred ahdtk neeagyr B§dee Sare not ni xed
t horoughly, so that the resulting material wi|l not be given a continuous
phase, 5and gkihdhagewestes by -Poaghcdsr PACERT 1 gREHe Fat AURFREXFABS /t he
resulting material 5 will be given a perfectly continuos phase with snooth
surfaces. Canthaistthere shater¢¢ft heEdamplioon of wrKi Ry BX8¥EE 3 Hburs,
nodi fication of sulfur proceeds to cause an increased viscosity, or _even
curing, of vaeipogi fieddilsfedyucteenbt day incloads &t ek kabidit§teed In
step (C-1), presence of the aggregate in the nodification of sulfur with
t et r ahydr oi ddete eldrarekekel skayg, dalaminum da afdterdh ¢l t Hib28r 0§PEss of
t he reaction between sul fur and tetrahydroi ndene by directly measuring the
vi scosity. mdwtuees therladi.cs Asfcerdingd ithe REeEeNeBA L8R UNaELE
t et rahydroi ndene are as di scussed above, so that the reaction may be
contrdDl ed bycht ascstgedonlngl| ingingsatathasdtue@d fRddedShandayuPsti on of
the mxing in accordance with the estimated progress of sul fur
modi fi cati onseBorseregmptegatéeinenpdegmires anboB@r ati on 20 of the mixing is
1 to 3 hours at 130 C, and 15 to 40 minutes at 140 C. Step (C- 1) of m xing
may specificall fhieesteaelishomay Heora exappodudiyo§ithe t5080LRAYSEENroduci ng
sul fur preheated to 125 to 135 C and tetrahydroi ndene nelted at 25 40 to 50
C into a m xechpashda ed fuonEE 56 ap6di schsubsdqgfieana/ blastofBENA§Srhe
aggregate preheated to about 125 to 155 C, and mixing at 120 to 160 C for
0.01 to 3 28penhdirmnade $bagodésghefrgaddrempaBheRent HEHHa&R to 130 to
140 C, and carry out the mxing at 125 to 135 C. The sul fur and
t et r alPpdr oi noeve rarex faxed dens Adgahicecharasdigton @ ¢omyBrtepof YFReefeati on
reaction of sulfur by the 5 presence of aggregate. The m xer used for the
m xing in saeg ¢BGellikey. b&henxirdénponehbsSeokehbrofEgeflof 1% Fay0)
above. Step (D-1) of cooling and solidifying is identical with step (D) of
the method bk ohédpsesenh amvEntion, adxueinalCaletun exifist & 868 ned in
step (C) is replaced with the m xture obtained in step (C1) , so that the
condi ti ons axddEppaarad usl sayippebardls ysbefidessane as those mentioned for
ste D).

P (D The incinerated ash is waste from various combustion

20 furnaces such as city waste incinerators and industrial
waste incinerators, and is mainly composed of oxides such
as silica, alumina, calcium oxide, and iron oxide, with
toxic metals, such as lead, cadmium, and arsenic. Most
of the incinerated ash is disposed of at sanitary landfill

25 sites where no waste water is discharged, but the present
invention enables use of such incinerated ash as aggregate.

The coal ash includes those discharged from various
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' EXAMPLES 15 The present invention will now be explained in detail with
reference to Exanpl es and Conparative Exanples, which are illustrative only
and are not intended to limt the present invention in any way. The binding
materials and the nol ded products prepared in Exanples, Referential 20
Exanpl es, and Conparative Exanples were subjected to neasurenents and
eval uat i onscoal acombuatdeomifiurnaees of poWwayeHetBdgF atitHy MRtiB9are
shown in Tables 1 to 3. Conpressive Strength: A ~5 x 10 cmcylindrical
speci men 25amdshpr épdreadwhOaht dive swrarant deyal L i 3¢@ s epadi BhULEhe
conpressive strength of the specinen was neasured usi ng a 30-ton TENSI LON
conpr essi vefstr engthrerteasanr i agvRl enggqoiegmenmg materratbe of conpressi on of
the specinmen until its fracture was taken as a strain ratio. Water
Absorption: A ~BxampQesm £Wlimdgocalgadmessadnimabeppepaend, inerbdonn wat er
at an ordinary tenperature 5 for a predeterm ned period of tine, and taken
out. The exmegsinvistde @gyrddetspecheentbanf dbeoswananitperhed fabane t he
change in wei ght of the speci men was neasured. The increase in weight was
taken as thsuuvht as cdrtyenmin®eslst ante viadeSuldarboni decarbhgnBdeteasis: A 2 cm
X 210 cmx 4 cmprismatic specinmen and 100 m of a culture solution (2.0 g
of NHOC1, 4gDagsofilkeZPOyrilyBoy fofbeyll 216#Ri0] Ao g 06 aCde Rragp2, 0 .
01 g of FeCz 4H20, 1 . O L of ion-exchanged water, pH adjusted to 3.0
wi t h hydr ochhdréothacieuivatepltatedrgandcs80dndrpanficenateasrlsi Aseel at ed
with a starter 15 (sul fur-oxidizing bacteria, Thiobacillus thiooxidans |IFO
12544), andosubpeatrelbitn Hacseanaksculture with rolling and shaking at 170
rpmin a thernostatic chanber at 28 C. pH change and appearance of the
speci mén were obsesveg &€)erthheninbdogl natdn. ofictlze pinding nabetands 20
generation of sulfate ions by consunption of sulfur by the sulfur-oxidizing
bacteri a. Nooaoabustriginodyf Téeé sohcambist ithid iaggnegatteal saletioi A
accordance with the ignitability test for evaluation of inflammable solids
(Type 2 Danger®Bd RaeSugihdt.anck)e bahidiedy matehe afi cenbefioasg madi £Sgeci nens
fallen under the category of Class 1 inflammuable solids, which ignited
within 3 sesaddsiraid owstt muefdmalblynatosu@b a t8tiecendsoofifldnge, and
Class 2 inflamuable solids, which ignited in not shorter than 3 seconds but
not | onger tbadslOn sere Ry rgh totdnaed dat édrivg ther Bakhnugadedsasy
"inflammabl e", and speci nens which ignited in longer than 5 10 seconds and
speci aBns wiibeh itipt: cwaitng obh & naé rea oy o fvetrlee | ndsvatedgasmatstiadhnger ous” .
Exanple 1 950 g of solid sulfur was placed in a mxer, nelted at 140 C, and
hel d at 135c6ntlddne ng heodi stedi sylfeasur dthad) thehamoBngokffi el t ype
vi sconeter was 0.002 Pas. Then 50 g of tetrahydroi ndene was added slowy,
and stirredbtindding et eabicall Comt aimesg. myiefiied seAfaratsr éesissEhads
confirmed, the m xture was heated to 140 C. The mixture started reacting,
and the vi stosittys,griadualwiyen ocke ¥hennt5otthéehs sunpieyateathedigh@rPa s in
about 5 hours, the heating was i mmedi ately stopped, and the resulting
mat eri al washpourddd Wik 0 Bhsustabheenolfd thre aggragahercanndtcbel @gtat a
roomtenperature to obtain binding material (A).

20 sufficiently and is left exposed, resulting in

insufficient expression of the strength and incapability
of maintaining the water sealability. When the amount of
the binding material containing modified sulfur is higher
than 50 wt%, i.e., when the amount of the aggregate is lower
25 than 50 wt%, the strength tends to be lowered,
approximating the properties of the binding material

containing modified sulfur per se.
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' Next, aggregate conposed of 670 g of blast furnace slag 20 and 130 g of
coal ash and preheated to 140 C, and 200 g of binding material (A)
re-heated at 130 Cinto a nolten state were introduced substantially
simul taneously into a mxer held at 140 C. The m xture was kneaded for 20
m nutes, poured into a cylindrical nold of 5 cmin dianmeter 25 and 10 cmin
hei ght, and cooTkd nhdxdbigainatd s petitiea. biThdsngprmeitesri adas-orfainéddt o as
nol ded product (A). The viscosity at 140 C of the binding material (B) in a
mol ten 26 medateedusiihgutrhendOthe nager&getsdi mgywabs i thiy dépendhge of 0.5
to 3.0 Pas. Exanple 2 Sulfur nelted in a tank held at 140 C and 5
t et rahydr oi omeries wimel stfippygreghbea ahdmay swidaklmmbef selacée dofr NORI TAKE
Co., LIMTED, T3-17R-2PT) held at 130 C at a flowrate of 66g/mn and 0.7
g/ mn, respekcéi abbye-meintg ored@riaggeunpakiagd thtel kiedl iaf tdggnegete. Then
the m xture was passed through a duct of the 10 static m xer held at 130 C
over 95m nuiesoohkcresindencadr nexampiey eshkehi nhenmalgdoreqmterial staslpour ed
into a suitable nold or a container, and cooled at a roomtenperature to
obt ai n bi nds hggpatiei amo(Bk. olffeaggridymte swosidye térd¥DyDef abhatnidbt en
mat eri al passing through 15 the duct was within the range of 0.1 to 1.5
Pas. Next, #aggssgate .conposed of 670 g of blast furnace slag and 130 g of
coal ash and preheated to 140 C, and 200 g of binding material (B) reheated
at 130 C into arnoktep St@Ete vies evistovediged fSultsd amindlihy satdtisankeous! y
into 20 a m xer held at 140 C. The m xture was kneaded for 20 m nutes,
pour ed i nt océn€yliinitiyg eaddiml édosudfam idurdiragreties mndihg dmdredwéght, and
cooled to obtain a specinen. This specinmen was referred to as nol ded
produtd (B)withetivhecoss tthat i4@sChetekbarly ndi agjoatethalvisyoshty nol ten
25 state during the 20-m nute kneading was within the range of 0.1 to 3.0
Pas. From tii shexadmbet iinfun 8atgeef 5 @byt hahda it .ded@dh anpeptimimof
sufficient properties may be obtained with a small anount of
t et rahydr oi ndeae syt yusidigge 5§ abi 05micxer3..0 Bxand ea8 Paocedur e wftiExanpl e 1
was followed, except that 800 5 g of sulfur and 200 g of tetrahydroi ndene
wer e used, vOspbepare CoOrrespotnangohiondirg sateté akt fE€ngamd ol tdeel product
(C©. Conparative Exanple 1 1000 g of solid sulfur was placed in a m xer,
melted 10 atedd@tE&ngamdthlelidlatohda i@ inkhendink sdilsfulrfwad sheatcetiowe 140 C,
and stirred for about 5 hours at this tenperature . Then the heating was
st opped, anan@iheufEldditdritg ndefyhhgwas fpetir ®y ithieo ba rediin@bhaetevlidlor a
container, and cooled at a roomtenperature to obtain binding material (D)
Next, 15 poncaduriezgmdxiafidé® dukaarfmbiyonwed @ecepthitdxedd bi ndhoggimt eri al
(D) was used, to prepare nolded product (D) w thout tetrahydroindene.
Ref erenti al hEyaetre vi sk Dt pf resliflus HeateidgHer 120r&ntohmelft ,tH® g of

resulting material containing modified sulfur, when the
viscosity is over 3.0 Pa-s, the binding material is hard

20 to be stirred during the production process, and its
workability is remarkably impaired.

In step (C) of mixing, both the binding material
containing modified sulfur and the aggregate are
preferably preheated in order to avoid temperature drop

25 upon mixing. It is preferred to preheat the aggregate to
about 120 to 155 °C, the binding material containing

modified sulfur to 120 to 155 °C in as short a time as
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* 20 tetrahydroindene heated to about 50 Cto nelt, and 670 g of bl ast
furnace slag and 130 g of coal ash both preheated at 140C were introduced
. Substantially simultaneously into a mxer held at 140 C. The m xture was
kneaded for about 5 mnutes, heated to 150 C, and further kneaded for 25 60
m nutes. The resulting mxture was poured into a cylindrical mpld of 2.5 cm
i n di anet erp@sglibdechrirnateiding areawAedt St ackliepectRe 1 #Ri ch was
referred to as 28 nol ded product (E) . The production of nol ded product
(E) took 65ménmissr Ref drdhtiall&xaffl.-e 2 Procedure of Referential Exanple
1 was followed, 5 except that 180 g of sulfur and 20 of tetrahydroi ndene
were used, to MEpmbxtngrEsp@hdpnngmm@$mnﬁﬁrm$§z fiove #JMRELY on of
nol ded product (F) took 65 minutes. Referential Exanple 3 Procedure of
Ref er ent i albEsans it ivaslfd imnktaneoueiyebnt rhducieq ghefPren¢akednd 40 g
of tetrahydroi ndene were used, to prepare correspondi ng nol ded product (G.
The pr®ductdempofemilsdédtpr adutket@) apdokigsng ngued lyranl é20 ERahpPe
1Exanpl e 2Exanpl e 3Conp Ex. 1Kind of BindingBin nmg | iBinding | i tBindlng
rial Mtnmateej aprbifediatiht ext al3@tep 140 °C, for 5 to 30 minutes.
The temperature for themixing in step (C) is not higher
than 155 °C. At higher temperatures, the fluidity of the
binding material containing modified sulfur is higher, and
10 the mixing is more effective and completes in a shorter
time. However, at higher temperatures, curing reaction
proceeds, whereas at lower temperatures, the fluidity is
lowered but the curing reaction proceeds slowly.
Thus the mixing in step (C) is preferably performed
15 at 130 to 140 °C in a mixer preheated to 130 to 140 °C.
In this case, the aggregate may preferably be preheated
to 130 to 140 °C, and the binding material containing
modified sulfur to 125 to 140 °C.
The duration of the mixing in step (C) is preferably
20 as short as the properties of the resulting product permit,
for avoiding increase in viscosity or curing of the mixture
due to polymerization of sulfur and tetrahydroindene.
However, if the duration of mixing is too short, the binding
material containing modified sulfur and the aggregate are
25 not mixed thoroughly, so that the resulting material will

not be given a continuous phase and will have voids or rough

surfaces. With thorough mixing, the resulting material

17



aer a Mae ag(A) (BC)DConpressive c~th str e~ 32.9 35.7 8.8 7.4~ nfStrain

Rat i 04, g5. 249. 81. 6Ki nd of

nol dedMol dedMbl dedbl dedMol dedpr oduct pr oduct pr oduct pr oduct pr oduct ABCDConpr e
ssive strengzth 64.5 66.5 27.5 45.0(MVYnStrain Ratiol 41.52.91.4(g).Water
absorptionp 440.430.273. 5l after 33 days, 15 29 Ta@%e 2

Ref er ent i al Rbfér Bt 941183 &8 REF AP EXddpICOMBEPIE PRRSApME BkiHPOth

of _ binding material Conpressjvestrength---(M\/ n2)Strain tio (9 Ki nd
of nDIdedNb?uééﬁGPSaNbqHBHer@ﬁcﬁPééGgPQE tﬂ&x¥%%dﬂeﬁt Be' 'ded e
GConpr essi vestrengt h62. 462. 823. 4(MNIm) Strain Rati ol. 51, 63. 1\t er

absor pti on0S¥dtapd v3stependied 93 Ghfs PRANS BLEXafpl £he material

1Conpar ati veRef erenti al Exanpl e 1Exanpl e 1Kind of
containing modified sulfur to be obtained.

5 In step (C), other ingredients may optionally be added
to the binding material containing modified sulfur and the
aggregate as desired. In this case, such other
ingredients may be added, for example, after the binding
material containingmodified sulfur is remelted, or before

10 step (D) of cooling and solidifying the mixture.

The mixer used in step (C) is not particularly limited
as long as thorough mixing is provided, and may preferably
be a solid-liquid mixer, such as internal mixers, roll
mills, ballmills, drummixers, screwextruders, pugmills,

15 pony mixers, ribbon mixers, and kneaders. When the amount
of tetrahydroindene is 0.1 to 2 parts by weight based on
100 parts by weight of sulfur, it is preferred to use a
mixer equipped with a hermetically sealed stirring vessel.

Step (D) of cooling and solidifying may be performed,

20 for example, by pouring the mixture obtained in step (C)
into a mold of a desired shape, and cooling and solidifying
the same, or by cooling and solidifying the mixture
obtained in step (C) while the mixture is granulated in
a granulating machine. Before the cooling and

25 solidifying, 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,
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' binding materal Binding material iBinding material (D) i | t_ (D) mADDay
02.642.64-Da 45 J1.340. 81-Ki nd of Mol dedvbl dedMbl dednol ded
_ product product product (D)product (E)Day 02.672.672.67Day 452.551.262.52 30
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OO0 000 CxPerHtdng excelss viscosity ingrease-@f fhe @dvfee@ o o o)
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(tj ~_V¥4lFur in~tDeOnixOu®e® OBY GuOhOdddd imgdand solidifying,
the material containing modified sulfur of a desired shape
may be obtained, such as molded products, pellets, crushed

5 materials, or particles. The crushed materials may be
obtained, for example, by cooling and solidifying the
mixture obtained in step (C) into amorphous bulk solid,
and crushing the solid.

The granulating machine used for producing granules
10 is not particularly limited, and a rolling type granulating
machine having a drum or a tilting pan, or a vibration type
granulating machine having a horizontal or tilting plate,
may be used.
When the material containing modified sulfur obtained
15 by the present method is in the form of particles obtained
by granulating, each particle has high strength) and the
particle size is adjustable. Thus these particulate
materials are suitable for use as a construction material,
and may also be used in the same way as crushed stone.
20 Further, in the material containing modified sulfur
obtained by the present method, the sulfur substantially
seals the aggregate against contact with surrounding water.
The aggregate is thus hardly exposed outside, so that
elusion of hazardous substances contained therein may be
25 prevented to a certain extent.
Thus the material containing modified sulfur obtained

by the present invention may be used by mixing with a
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| .~~d N~d Oo~ 0o~ 0~ 0~ ~0 0O~ 0~ 0~ ~0 o~ HON

i N T T A A I B
2011111111 1r~~"~"4~-~00000000000OHO=--) 1T 1L 1L 111
111 1 r~~r. INWWMQ ~O0000000000~" ~~~Nri -1rl
r-1 v-2r-1 "-1 r-1l ri ri v-i H4-1 Orl NM~ ~~1~00d r-1 -rl -rl
r-1 ri r-1 r-1 -r-1 -r-I -r-I HH~ ~ ~ ~ ~ HHH 31 From Tables 1 and

2, it is undemsnsaéd itvet maherbiaddi aychedeceaes toofPBrirH§ NBEIFYRIIBUI f ur
and the materials containing nodified sulfur prepared in Exanples 1 to 3
and Ref er enwithoBtamfifectling Bhaaduléngebghraspert i @8dt ke SrtHdvwm of
Conmparative Exanple 1 in higher conpressive strength or higher strain
rati o. The mafetuales@quttient waf alisb eemearis]tidwsy, maheechails advant ageous
From Table 3, it is understood that the binding materials containing
modi fi ed sul f urWard aheemanéritadlogsl Gradmat b hiangd nipdi fnedasaepdf ashpaspared in
Exanple 1 and Referential Exanple 1 exhibited | ess pH drop than those
prepar 8d i ncCompartdtonsd IBx angidudedi imit cad iqur e dhair adrec t otheoughothad

hi gher resistance to sul fur-oxidizing bacteria. 15 From Table 4, it is
under st ood pbatoflheiraber salls ocqrizz ol amyi ook 4¢ edosul £ripriappeetdanft
Exanples 1 to 3 and Referential Exanples g to 3 were not inflammabl e and
had good prbpeatifjest uie keoidtumt ecndlendonta@i theagoptififawm.pr éeared i n
Conpar ati ve Exanple 1, which was observed to 20 be inflammabl e .
Subsequent | ¥ynceaelr adfe cdhd sledo pr odligt srasA)e ,t ovHiGh prephighlabosactavas pl aced
in a beaker to soak, and after 30 days the col or change was observed. The
resul ts werabsbabion,yishessd| utt ds parvhical axdlyddd fficchidt tEDrddfis25
Conparative Exanple 1 was soaked was colored in yellow, which indicated
gener a0i on theyebl etusle pvddeniat ergomteamphe, sdben i omsinaratiedhasbl ded
products of Exanples and 32 Ref erenti al Exanpl es were soaked were not
changed in e6l®ity andtsd agadlr Lol ard Bese aridkilm@gnsperént eddhcinerated

ash absorbs moisture from the cementitious mixture,
leading to shortage of moisture. When incinerated ash of
city waste in a moist state is used, the cementitious
15 mixture is given excess moisture. In either cases,
properties of the resulting cured product as a construction
material may be impaired. Further, when aggregate
containing hazardous substances absorbs moisture, the
aggregate swells and can no longer be used as aggregate.
20 With the binding material containing modified sulfur
and the material containing modified sulfur obtained by
the present invention, even the aggregate containing
hazardous substances is made harmless. Thus the present
method is highly useful for recycling such aggregate.
25 The material containing modified sulfur obtained by
the present invention, when in the form of amolded product,

may be used, for example, as panel materials, flooring

20



' CLAIMS 1. A nethod for producing a material containing nodified sulfur
conprising the steps of: (A) mxing in a nolten state 100 parts by wei ght
. of 5 sulfur and 0.1 to 25 parts by weight of tetrahydroindene at 120 to 160

Cuntil a viscosity of a resulting nolten material at 140 Cfalls in a
range of 0.05 to 3.0 Pas, (B) cooling said nolten material down to a
t enper at ur enaberhiaglser waildn M20e Cladsebtraiaf & bliewli ngr nundeirala tier
containing nodified sulfur, (C mxing said binding material contai ning
nmodi fi ed sustuncuutie saggradgate aseaofieityleti r amdlpdapility 3nto) any 5 at 120
to 160 Cto obtain a mxture, and (D) cooling and solidifying said m xture.
15 2. The mi¢bbdedf sHmiahre wheWeen sai dhst efxm)obf parkind sy athel t en
state is performed in apparatus equi pped with a hernetically seal ed
stirring vessebriaQ #ayThee meseddaef lahdifml? inhenetaranlsnounadied
tetrahydroi ndene in step (A) of mxing in a nolten state is 0.1 to 2.0
parts by wenghtridls,THd lidtrhpdadferxcdal sn |or iy eé gabedficatconcokteai d
mxing 25 in step (C) is 5to 30 mnutes. 5. The nethod of claim1, wherein
said mxing in Shepmag€@erdsal containing modified sulfur may

alternatively be produced by a method including the steps

of (C-1) mixing sulfur, tetrahydroindene, and aggregate

at 120 to 160 °C for 0.01 to 3 hours to obtain a mixture,

10 and (D-1) cooling and solidifying the mixture.

The mixing in step (C-1) may be performed by mixing
sulfur, tetrahydroindene, and aggregate in the above
temperature range to simulténeously effect the mixing of
the aggregate and the modification of sulfur; or by mixing

15 in a molten state sulfur and tetrahydroindene in advance
to start the modification of sulfur first, and then adding
aggregate for further mixing. The sulfur,
tetrahydroindene, and aggregate used in this method are
preferably similar to those used in the present method

20 discussed above. The amount of each material used is
preferably selected from the range similar to those in the
method of the present invention. Specifically, the
amount of tétrahydroindene is 0.1 to 25 parts by weight,
preferably 0.3 to 5 parts by weight, based on 100 parts

25 by weight of sulfur. In particular, when the apparatus

equipped with a hermetically sealed stirring vessel is used,

which may be used for producing the binding material
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*is performed under conditions to keep a viscosity at 140 C of the binding
material containing nodified sulfur in a nolten state within a range of
.0.05to0 3.0 Pas. 5 6. The method of claim1, wherein said aggregate
conprises industrial by-products selected fromthe group consisting of
incinerated ash, incinerated fly ash, nolten fly ash, coal ash, fluidized
sand, soil contaihhagetodiitti drbanyl fiet anentgpnedi A oNEst € VaR@er t5Phg,

steel dust, 10 ferronickel slag, alum numdross, steel slag, and m xtures

t hereof . 3Glo#s AGf AleirahyAroABderne .due A A the\heat fyrom tha mohtena (LA
F.A3 .A3 . A AFl .A A A(.A A AN A Af tr.A(.A A . A dV.dv)>t UW .

{vql gb] X] cadenriaa]may ¢ta] dahdijicalda] dél th]oadk e vl ea] g et €8] cal cal
c”Ma]ca] ca] ca]ca]ca]ca]c”a]ca]calcal X ! ABnp _

}xsni d_Z] ] cef cahtdheahed] dad cohpadracalich) dadtedepfcal odpog] ¢4l cH] cal cal ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca!

VX! " np8+, DoMtie8ntvekgbhnXldaheacd] tal Capealf|< dxajeiditn]eaagdapral €8] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca! 8q0 i

+1 3141 KU L! Nbatts! bY" wdi#k #50 $s 63 Uz % Thwrantictey] dwahng] ©4] ca] ca] ca] ca] caU
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca
1 {98 n' ' ({éftahydroindene may be decided taking these properties
)B)ODE)))****++, ,.,4,5 F, Ge,f,g,|wmhc”Y]]ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]
ca] ca] ca] caj sabced el eakatlioa).calTied aaall] of] aghcapedlecmpyaientablyal g, d. i
j...Q1z1_224 44466#775808999: ;

s <==="?{ vigk o} X} e et aad eptnaliag oa) s dalrd]scatlhed] takcapightatsslioa] ca] ca
] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! *?d?e?>@

Ay AUBBb CYDDPBHed B R i a@daHr dHid®in H d il i xg il i 1 ed]sodl] Do @alccshea] ca) ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca
1'1 0JdJJJJKKh g hiNe BRRROGIQA KRSSE THTEGBNBLUUUL xsni d_Z] | ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal U V@/AVAWNNXX0¥¥8e4Z[ (d-1), when sulfur, tetrahydroindene, and
\<ArVtVuN VANV W] T{Vval gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca
] ca] cal] ca] sgheakbeale alva] sahadlaakoalsdal aalxad] cthe objective
ajcaJca!']]]*=AvA" N “a@} aaaabbbcccccecceccdd| wmhe”Y] ] ca] ca] ca] ca] ca] ca]
ca] ca] ca) cahgakealaateahdalica] aeldaica] salldajcapyabe ajmedua ddrcapea] ca) ca
] ca] ca! dd/ eOeeef ggggEi yi zi | i ;

cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]lca]ca]lca]lca]ca! (Il mm=nPm
JKm m ngnT R THW B i2edond phit g adglLx soind a2]1] joa|ced t il ed] ealdajrcal cal ¢
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]calq
grsrrrs!s"sgaBoooety Whedafed E{ Wik{ig{ thiilsi method vemdie2 &8/ thfcBi&apda) cal ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal]c
a] ca] ca] ca] o] ealpalgate Db sMEE2aneously with the modification of
X[ wr mhc”YU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca) ca] ca] ca] ca]
ca] ca] ca] cakealfad],cadwd] padcafea] calesGopif @RVED Brp$t aintimew ottt vedra) ca) ca
] cha] cha] c”Ma] ca] ca] ca] ca] ca] ca] ca] c™a] ca] ca] ca] ca] ca] ca] ca] cMa] ca] ca] ca] ca]
ca] cabpa] cakea¥hea in a shorter time as a whole by a simplified
gWH'8N) 12% 06>?| } ~| wr mhc] Xmhc”Y] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c™a] ca] c
a] ca] ca] ca] gprajmaltcids ap edakes) cafveal cajemi edapctakes] dajroger time.
~, <fj# RTrv{uoj d_YSmhc] XmhU] cal] ca] cal] ca] cal] cal] cal] ca] cal] ca] cal] ca] cal]
ca] cal] ca] cal] cajrcaldega) call) catmikl g} cof da padjfeatfiashltoal BoERUIAIEKT a\ Wih
Ul c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] cal] ca] cal] c
a] cal] ca] calditda] cat) k¢ sdUtha] emlten mixture so as to achieve a
*ABv/ Y\)b! Z"}xsni d_Z] c]c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca
] ca] ca] ca] cajer]ga] cal s af eabealatala] @ad catba] maktager/ Y\IHe 7"} xsni d_Z] c] c]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca]ca]
ca] caloza] calealpal ) ca@f ithreS Mm% &'t u 1O %y &20) to0WAP &’ ¢)and 19| &' () -
@10%| & ()-y 10% & ()-S10%t| & ()-.dv)i K # 10%t| & ()-!#10%4| & () -
, 1096 & () - ldudD%d R $F- mi k0% & o )ushO] & 0) ON10% | HJurst WiEE#the
10%| & y5@#10%t| & () -

duration of mixing is less than 0.01 hours,
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P Ss3- 10% & ()-A@10% & ()-@ @10%4 & ()- -10%4 & ()- + 10%| & ()-W_@
ig?ﬁllgo/%)_& %)- I S#10% & ()- 104| 104| 104| 9s<s10%| & ()-S910%t| & ()-SI 7@
XhwX6 @ Q y#109%&' () - ##1096&" () - ! 9O##109&R () -! z#10%GG&' () - 4z#10% { & () -! +z#1
0% r& ()-h {Y:IN 109%6& ()-!(,-#109%& ()-!, -#10%&' ()- 10G 10G
10G8s<s10%3& € ¥ ahydyH10MeI8: ( SulGans{ wnid 8h#189@CLIEr e L2100k Thxed #109%&
()-1 109%& ()-!'VAL0%& ()- 'CHI0%& ()- C~_@- 10% & ()- BLOYA & () -
L10% & () - Lt HOSo 1§61 1) Cas HIUEE the! Ye3nAt0WY Matdrig@ +Wwill not be
10% & ()-!'10% & ()-Y Z10% & ()-@10% & ()- 10% & ()-F
given a continuous phase and will have voids or rough
surfaces. With thorough mixing, the resulting material
5 will be given a perfectly continuos phase with smooth
surfaces. On the other hand, if the duration of mixing
exceeds 3 hours, modification of sulfur proceeds to cause
an increased viscosity, or even curing, of the modified
sulfur, resulting in lowered workability.

10 In step (C-1), presence of the aggregate in the
modification of sulfur with tetrahydroindene will make it
very difficult to determine the progress of the reaction
between sulfur and tetrahydroindene by directly measuring
the viscosity. However, the basics of the reaction

15 between sulfur and tetrahydroindene are as discussed above,
so that the reaction may be controlled by strictly
controlling the temperature, manner, and duration of the
mixing in accordance with the estimated progress of sulfur
modification. For example, the temperature and duration

20 of the mixing is 1 to 3 hours at 130 °C, and 15 to 40 minutes
at 140 °cC.

Step (C-1) of mixing may specifically be carried out,
for example, by simultaneously introducing sulfur
preheated to 125 to 135 °C and tetrahydroindene melted at

25 40 to 50 °C into a mixer preheated to 120 to 160 °C,

subsequently introducing the aggregate preheated to about

125 to 155 °C, and mixing at 120 to 160 °C for 0.01 to 3
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The mixer used for the mixing in step (C-1) may
selected from those mentioned for step (C) above.
Step(D—l)ofcoolingandsolidifyingisidenticalwith
step (D) of the method of the present invention, except
10 that the mixture obtained in step (C) is replaced with the
mixture obtained in step (C-1), so that the conditions and
apparatus may preferably be the same as those mentioned
for step (D).
EXAMPLES
15 The present invention will now be explained in detail
with reference to Examples and Comparative Examples, which
are illustrative only and are not intended to limit the
present invention in any way. The binding materials and
the molded products prepared in Examples, Referential
20 Examples, and Comparative Examples were subjected to
measurements and evaluations in accordance with the
following methods. The results are shown in Tables 1 to
3.
Compressivestrength:Z\¢5><10<xncylindricalspecimen
25 was prepared. On the seventh day from the preparation,

thecompressivestrengthofthespecimenwasnmasuredusing

a 30-ton TENSILON compressive strength measuring
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10%& ()-"109%<& ()-d.f.g.h.i.j.Q/cO~_=& Cy#10%W<7<& ()-S"10%& ()-!S"10%<
& ()- MO%& ()-  10< 10<
10<9<" 109%<& ()-c00GLlz1l 223z[ 9~ =!>-z#10U<<& () - #Y#10Y<& () - ! SHY#10YR<2<&
- y#109%& () -$EXYRIEYE @& dNS IﬁEgﬂgﬁweEﬁgénégtge spgélmenyun 1% )
4444~\ 1T #109<& () - ! 4#109% <( <& ()-MLO%& ()-" 10< 10<
10<9<s10%<& £ § - Erpeiprsoaarer 35eR586#775HMa3N (T3WR100& () - | 4#yH#H10% <( <&
()-y#lO%;&{()-!4y#10@&<(<&f();#lo%ﬁ&fé)-!0f#10%$<$§&f()-58q89999999}rg\:!!
E(l)oo/% &'( § )-" 10<Waperl@bsorpivken {)A!07 yx1b@@ey ey ndrg/Gal (IBCLRED) - (-;
<& ()-9::;
: <=zX60\ =! $289RTepaTer ! BeRdHA (rev@tesy AI0BR CFIimeM IEHRR KL YU EMm
Oy#10%&' () -! +9y#10% (& () -===>"?a?b?c?d?z[ PE:! 10( 10( 10(<
10% & %) - | LEerleupredetermnined: weg {@d(PLstones End dakvatut & (TR872e72>@
AyAUBBz X6PE: ! LALOY @& () - ! #10%<& () -! z#10%<<& ()-! OHz#10%B<$<& ()-!z#10%
<<& () - MLOYRLE FSYBaCs CYDRDDDOZ PERe e ur face was wiped off, and
10<" <109%& () -! Hs- z#10%<<<<& () -
the change in weight of the specimen was measured. The
increase in weight was taken as the water content.
Resistance to Sulfur-oxidizing Bacteria: A 2 cm x 2
10 cmx 4 cmprismatic specimen and 100 ml of a culture solution
(2.0 g of NH,C1, 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, 1.0 L of ion-exchanged
water, pH adjusted to 3.0 with hydrochloric acid) were
placed in a 500 m1 baffled flask, inoculated with a starter
15 (sulfur-oxidizing bacteria, Thiobacillus thiooxidans IFO
12544), and subjected to bacterial culture with rolling

and shaking at 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

20 generation of sulfate ions by consumption of sulfur by the
sulfur-oxidizing bacteria.

Noncombustibility: The noncombustibility was
evaluated in accordance with the ignitability test for
evaluation of inflammable solids (Type 2 Dangerous

25 Substance) defined in the Fire Defense Law. Specimens
fallen under the category of Class 1 inflammable solids,

which ignited within 3 seconds and continued to burn for
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104 & ()-1 %A0% & ()- #mlO% & ()-!s!10% & ()- $I]11110IJdIJEPE: !
10<@ &10% & § Jse SBIDUEEL Ohg @B &1 &1(Jss 211094 &mhpbl@ 10§ ds()which
10% & ()- dJJJIJJIIKK @ 10@10% & ()-! @10% (& ()- 910% & ()- 10( 10( 10(<
109 & () - SAUl9H &) in not shorter than 3 seconds but not longer than
10 seconds and continued to burn, were indicated as
“inflammable”, and specimens which ignited in longer than
5 10 seconds and specimens which did not continue to burn
were indicated as “not dangerous”.
Example 1
950 g of solid sulfur was placed in a mixer, melted
at 140 °c, afld held at 135 °C. Here, the viscosity measured
10 with a Brookfield type viscometer was 0.002 Pa*s. Then
50 g of tetrahydroindene was added slowly, and stirred
mildly for about 5 minutes. When no temperature rise was
confirmed, the mixture was heated to 140 °C. The mixture
started reacting, and the viscosity gradually rose. When
15 the viscosity reached 1.0 Pa*s in about 5 hours, the heating
was immediately stopped, and the resulting material was
poured into a suitable mold or a container, and cooled at
a room temperature to obtain binding material (A).
Next, aggregate composed of 670 g of blast furnace slag
20 and 130 g of coal ash and preheated to 140 °C, and 200 g
of binding material (A) re-heated at 130 °C into a molten
state were introduced substantially simultaneously into
a mixer held at 140 °C. The mixture was kneaded for 20
minutes, poured into a cylindrical mold of 5 cm in diameter
25 and 10 cm in height, and cooled to obtain a specimen. This

specimen was referred to as molded product (A). The

viscosity at 140 °C of the binding material (B) in a molten
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L10% & () - sq@%e é’grlg <the O(ml(l'l)ute@atcnea é)w;rs-rlév'ytlr\l/fr\{ %/I%/A\g 8\ =

10% & ()-! Hf#10% (& ()-!9-f #10% ( & % & ()- = 9
(&'%)-!()H#m@/((mai(gcp-go - 1 #10% (& () - #1 #10% & () - AVHVILXX, YgY2X9g\ =! " #10%

% & () - - ' :
igf;é g 8_ : #109% ( & ()-!&IL.(§#10‘I%;HI(<} gﬁl(()())/&!(zp?;m%(& ()-gYYBZZB[[[[zX9. = 10(<
'V%#lp%iG&'()-'Q)/#lO(V&(l(&'() #, 10% & ()-[[[[ \=\r\\\nmV , "10% & ()- S
10% & () - AF/\lO"/@&l@l;rlﬁ?(l&e(c) OJ@ }@%&h(c) helld_]_ao:)/(]ggQ) q:_ angd
TOW &' b)) 3000¢ ahgjirotvdena waenibupplied 10 a static mixer (o O
(manufactured by NORITAKE Co., LIMITED, T3-17R-2PT) held
at 130 °C at a flow rate of 66g/min and 0.7 g/min,
respectively, using metering pumps, and stirred in the
mixer. Then the mixture was passed through a duct of the
10 static mixer held at 130 °C over 9 minutes of residence
time. The resulting molten material was poured into a
suitable mold or a container, and cooled at a room
temperature to obtain binding material (B). Here, the
viscosity at 140 °C of the molten material passing through
15 the duct was within the range of 0.1 to 1.5 Pa-s.
Next, aggregate composed of 670 g of blast furnace slag
and 130 g of coal ash and preheated to 140 °c, and 200 g
of binding material (B) reheated at 130 °C into a molten
state were introduced substantially simultaneously into
20 a mixer held at 140 °C. The mixture was kneaded for 20
minutes, poured into a cylindrical mold of 5 cm in diameter
and 10 cm in height, and cooled to obtain a specimen. This
specimen was referred to as molded product (B). The
viscosity at 140 °C of the binding material (B) in a molten
25 state during the 20-minute kneading was within the range

of 0.1 to 3.0 Pa-‘s.

From this example, it is understood that a molded
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Example 3
Procedure of Example 1 was followed, except that 800
5 g of sulfur and 200 g of tetrahydroindene were used, to
prepare corresponding binding material (C) and molded
product (C).
Comparative Example 1
1000 g of solid sulfur was placed in a mixer, melted
10 at 140 °C, and held at 135 °C. Then the sulfur was heated
to 140 °C, and stirred for about 5 hours at this temperature.
Then the heating was stopped, and the resulting material
was poured into a suitable mold or a container, and cooled
at a room temperature to obtainbindingmaterial (D). Next,
15 procedure of Example 1 was followed except that binding
material (D) was used, to prepare molded product (D)
without tetrahydroindene.
Referential Example 1
190 g of sulfur heated to 120 °C to melt, 10 g of
20 tetrahydroindene heated to about 50 °C to melt, and 670
g of blast furnace slag and 130 g of coal ash both preheated
at 140 °C were introduced substantially simultaneously
into a mixer held at 140 °C. The mixture was kneaded for
about 5 minutes, heated to 150 °C, and further kneaded for
25 60 minutes. The resulting mixture was poured into a
cylindrical mold of 2.5 cm in diameter and 10 cm in height,

and cooled to obtain a specimen, which was referred to as
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Referential Examplé 2

Procedure of Referential Example 1 was followed,
5 except that 180 g of sulfur and 20 g of tetrahydroindene

were used, to prepare corresponding molded product (F).

took 65 minutes.

The production of molded product (F)

Referential Example 3
Procedure of Referential Example 1 was followed,
10 except that 160 g of sulfur and 40 g of tetrahydroindene

were used, to prepare corresponding molded product (G).

15

The production of molded product (G) took 65 minutes.
Table 1
Exa?ple Exagple Exagple Comngx.
Kind of Bindin Bindin b?ﬁ?dln%_ b?%?din
s . Material | Materia ateria ateria
binding material (A) (B) () (D)
Compressive
strenq;h 32.9 35.7 8.8 7.4
(MN/m°)
Strain RatTo 4.9 5.2 49.8 1.6
. Molded Molded Molded Molded
Kln%ngihﬁggded product | product | product | product
(A) (B) (C) (D)
Compressive
streng;h 64.5 66.5 27.5 45,0
(MN/m")
Straln% Ratlo 1.4 1.5 2.9 1.4
Water absorption
atter 33 dag’s 2) 10.44 0.43 0.27 3.51

29




« /10%4 & ()- S 10%| & ()-+10%t| & ()-"10%4 & ()-1 10%4| & () -
109%| & ()-}}~~~~~~~ bC 2 10%& ()-F: 10%& ()-M 104| 104|
10%4| & ()-510%t| & ()-~}[<bC

#109%<& () -!9#10% <- <& () - z#10%J&' () -! Cz#10%/<7<& ()-,"109%& ()-!,"10%<& ()-
] abcwXMB7 10< 10< 10<< 109%& ()-!n/#10%<b<& ()- ! Q/ #10%E<E<& () -

S
104 < 10%| & () - @,

| d##109X<X<&' ()- ! H##10%<<<& ()- cDI3R%K7KB7

Z#109%448& ()
Z#10%48& () -1 4

1z#10%| h| & () - 72wX

HZz#I0% T& () - Tz#T

RE T atihT!

(ReFEHEACL ad

VBExanfl4 1104 |ExHinplle<?

JReferential
Example 3

109% & ()-!
XWUBMB7  y#104
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strenq;h
(MN/m*)

#1004
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StraiQ Ratio

. (%)
Kind of molded

Molded Molded Molded
product product (E) | product (F) | product (G)
Compressive
strenq;h 62.4 62.8 23.4
(MN/m°)
Stralr}% Ratio 1.5 1.6 3.1
Water absorption
after 33 days (%) 0.40 0.36 0.24
Table 3
Comparative | Referential
Example 1 Exgmple 1 Example 1
. Bindin Bindin
Kind of ; S
binding material mat&sla matﬁﬁla -
Day 0 2.64 2.64 -
Day 45 1.34 0.81 -
: Molded
Kind of Molded Molded
molded product pr?g?ct product (D) | product (E)
Day 0 2.607 2.67 2.67
Day 45 2.55 1.26 2.52
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10%4 & ()-) 10%4| & ()-)oU6= 10 10%4| & ()-)| 10%| & ()-) 10%}| &'(h
10%| & () - )RaDemertipl) ExGoanlseg)1l) teoduhad petiee propgrgie)s ythan
1094 & ()-) 10%H & ()-) 10%H & ()-))? 0%4|&'(h) ) 10%4| & ()-) !cD/ =
5 igher compressive

those of Comparative Example 1
strength or higher strain ratio. The water absorption was
also extremely low, which is advantageous.

From Table 3, it is understood that the binding
materials containing modified sulfur and the materials
10 containing modified sulfur prepared in Example 1 and

Referential Example 1 exhibited less pH drop than those
prepared in Comparative Example 1, indicating that the
former two had higher resistance to sulfur-oxidizing
bacteria.

15 From Table 4, it is understood that the materials
containing modified sulfur prepared in Examples 1 to 3 and
Referential Examples g to 3 were not inflammable and had
good properties, unlike the material containing sulfur
prepared in Comparative Example 1, which was observed to

20 be inflammable. |

Subsequently, each of molded products (A) to (G)
prepared above was placed in a beaker to soak, and after
30 days the color change was observed. The results were
that only the solution in which molded product (D) of

25 Comparative Example 1 was soaked was colored in yellow,

which indicated generation of yellowish muddy water, while

the solutions in which molded products of Examples and
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z#1098c" 38 6) att_lavUb 1600%¢10s bbthA¥<& [Mixt02&g ahd 10%& () -
103¢"3103¢"3103c"3 s< 109Bc"3& ()- *"oN-UH @ 10%9& ()- @"109& ()-

10989& () - (D) cooling and solidifying said mixture.

15
2. The method of claim 1, wherein said step (A) of mixing
in a molten state is performed in apparatus equipped with

a hermetically sealed stirring vessel.

20 3. The method of claim 2, wherein an amount of
tetrahydroindene in step (A) of mixing in a molten state

is 0.1 to 2.0 parts by weight.

4. Themethodof claiml, wherein a duration of saidmixing

25 in step (C) is 5 to 30 minutes.

5. The method of claim 1, wherein said mixing in step (C)
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Yh+16c<AGVPSXMdLEepushAtBa within a range of 0.057to 3.0 Pa-s.
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industrial by-products selected from the group consisting
of incinerated ash, incinerated fly ash, molten fly ash,
coal ash, fluidized sand, soil contaminated with heavy
metals, grinding waste, steel slag, steel dust,

10 ferronickelslag,aluminumdross,steelslag,andndxtures

thereof.
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