; e3e$j & R6TW SPECI FI CATI ON METHOD FOR PRODUCI NG MODI FI ED SULFUR CONTAI NI NG
“Bl NDI NG AGENT AND METHOD FOR PRODUCI NG 5 MODI FI ED SULFUR CONTAI NI NG
MATERI AL The present invention relates to a nethod for producing a binding
Jmaterial containing sulfur nodified with 10 di cycl opentadi ene, as well as a
‘method for producing a material containing nodified sulfur that enables
recycling of wastes and industri aSPEZIHIGHAEIGNI nto materials for civil
engi neering or construction. 15 Application of sulfur as civil engineering
and construction materials has been under research, which nmakes use of its
properties to nelt over 119 C and be solid at ordinary tenperatures. For
exanpl e, there N@TeIdreesORPrPROBEQAING WED I EDIr SBEFERNMEONTAIINING pavi ng
roads (US 20 Patent No. 4, 290, 816) , a stock material for construction
materi al s (JP-55- 49084NBI NGadGENDI AMD NgETHOEYr iFAIR fRROBEGINGAg wast e
(JP-62-15274-B). However, a binding material conposed solely of sulfur wll
gi ve asnmol ded product M@EYINYEDUBULEFUSRX [uRerh DM NESMABERIREr surface, which
is ignitable. Such nolded product al so has various other di sadvantages such
as insufficient nmechanical strength and inferior resistance to sulfur 1 i
oxi di zing bacteria, so that the product has not been used widely. In order
t o overconerimge oF seRyant ages, various additive conpounds have been
devel oped. 5 Dicycl opentadi ene, as an exanple of such additive

The present invention relates to amethod for producing

a binding material containing sulfur modified with

10 dicyclopentadiene, as well as a method for producing a
material containing modified sulfur that enables
recycling of wastes and industrial by-products into
materials for civil engineering or construction.
BACKGROUND ART

v15 Application of sulfur as civil engineering and
construction materials has been under research, which
makes use of its properties tomelt over 119 °C and be solid
at ordinary temperatures. For example, there have been
proposed to use sulfur as a material for paving roads (US

20 Patent No. 4,290,816), a stock material for construction
materials (JP-55-49024-B), and a binding 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

25 outer surface, which is ignitable. Such molded product
also has various other disadvantages such as insufficient

mechanical strength and inferior resistance to sulfur-



conpounds, is inexpensive and econom cal, and is known to have good effect
'on mechani cal strength of the nol ded products, as described in New Uses of
Sul fur - 11, 1978, p68-77. It is also known to nodify the properties of 10
sulfur by adding to it vinyl toluene, dipentene, or other olefine
ol igoners, for use as road materials, adhesives, or sealants (JP-2-25929-B,
JP- 2- 28529- B dRgsich gritaetti ef 52 c oe diltd th G ha papdxphdias At Heemurs&% now
in practical use. 15 Sulfur, which is known to have an application as a
bi ndi ng mat wiid&lly has been used by nmixing with various aggregates to
prepare nol ded products for civil engineering or construction materials.
However, the nolldedpieduct soperepamed thidde adbs adivag tewes i daxbapdsed 20
solely of sulfur have various problens in its property, and have only
limted usead8iltfizre hasmpofthdsh hpoientbexdn 20gv€lapdda spont aneous i gnition
tenperature of 245 C, and is thus ignitable. Sulfur exposed on the surface
is easy to Puirydnshtt di sadeantageoustyanphbusti Blueh @ddifeiveher hand
sul fur exhibits high strength in a stable solid state w thout defect.
However, sukbmpaoidsl fiednsxrpooing dndmceoromical quindstaitknawn £ xture
of rhonbic, nonoclinic, and anorphous sulfurs, a conpositional ratio of
whi ch vari ehatepeymbdige Hfietheonoaldaiprcioral t sbnengad wd Ithee mpidedhe | apse
of time. Thus solid sulfur in practice tends to have 5 defects and is
brittle. Rhomhiducsts f s idedbdeibedt ist BblveUbesnodf Ssdlfiud sullflur 1 ¥ dBwever,
since rhonmbi c sulfur has the highest density anong the three kinds of
sul furs nenpiedret above, i yoads onkinowrnrooe whodi flre thapyer afettihes @i ch
results in reduced nmechanical 10 strength, and even cracks in an extrene
case. 1Rurt hen,l finat éry anfdirg atced ti niinyilheoloeds,t digiessmng, tdie odtest i al s
seal ed inside, which deteriorates the hazardous substance sealability.
Mor eover, swlifefriroxidlizdgoge bact Borapsahashrdademabe sball sanddhetsérve s nt r ude
into the voids to cause 15 corrosion on the product surfaces. For
over com ng suchs gubdhess (Jrse -afs b Tyr] oprnRadBéR® s, bearadi scussed. The
reaction of dicyclopentadiene and sulfur is said to be a kind of
pol ymer i zat imart,e miheel £i ot ayali agent adideas phiarlddt arehctsl fvt e silfaw . iwmhi ch
is then 20 polynerized by radical chain reaction. This reaction is highly
exot herm c, pxadthiatal heseenperature suddenly rises and the viscosity
i ncreases sharply. The uncontroll able reaction results in rapid
sol i diffs cati on, Srdfuno, skapchg icf Krweviprioduktavies aposgiddl ieca tAdeint 8enaof
olefin oligoners 25 is a proposed solution for preventing such
uncontrol | ablimdieagtmenetdR12- 2862 B)n keedvby, mMicringeviofh various
di cycl opent adi ene, sufficient studies have not been made 3 i n production
condi tions, ayykddeteel adi prelpiar deatokbdeadt beodeadtsi droxcondviions, such as
t he di cycl opent adi ene concentration and the tenperature, and the desirable
properties endieeeesnyt bmg chnsdimg tbbdermakelraad snot Hawewes, bebr
est abl i shed.

molded products prepared with a binding material composed

20 solely of sulfur have various problems in its property,
and have only limited use.

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

25 disadvantageously combustible. On the other hand, sulfur
exhibits high strength in a stable solid state without

defect. However, sulfur solidified by cooling from a



When the cool ed, solidified binding material is re-heated for mxing with
*aggregat e, the polynerization reaction between sul fur and dicycl opent adi ene
resunes to proceed further curing. Appropriate properties of the 10 binding
Jmterial for such use and the production conditions for mxing wth
aggregat e have not yet been established. It is not known to use a binding
mat eri al nodifjuedl veittateli £ychopémtadienet f vhoseali ngonastldgniand éndustri al
by- products, and the production conditions therefor have 15 not been

est abl i shedampasthesisaradi 1 st ra atomyye pibilooed haté ogediewhlicy wednd edi sposed
of by landfilling or incineration, but sites for these treatnent have been
runni ng shodepehdinius ithe scaehbngedonditéopsl, e ags weldh asf wikd Wwast es and
i ndustrial by-products as possible . For 20 exanple, waste such as steel

sl ag, coal asipseand tiiwe ner@ahed sshidimsl heednnpdecknte tehded phedect s,
and recycled into landfilling materials for civil engineering, construction
mat eri &l s, dedeldts lake. isnbthitslease, nechani cal strength of the nol ded
products is required, 25 including conpressive strength, bending strength,
tensil e strengt Rhoadi ¢ spaddiuy ési shamest Altabdlreefjormedf fsorl itcheuddiuded
products are water sealability for preventing 4 el usi on of heavy netal
conpounds cHpw@&wead, shnickerhombiersal foy-hprodbetlsi ghest avnsst t piamndng f or
preventing ignition by fire, and resistance to sul fur-oxidizing bacteria

t hat cause tarrosires lofndsldfusudfudempnadonie baburbacesids wsioil farn he
sea. The incinerated ash, in particular, contains hazardous substances such
as heavy newalt$ ahd Hapxérnf samehavhiahiteduwbns din ebdsicen mécbanhical
substances is material for the ash to be recycled into a landfilling

mat er il@l . Skeelersitdy, fawd éheni coackrd ist exl ek temkistaye mayFoethsed as
aggregate for paving materials and civil engineering materials. However,
when the sl agtiexr hndughtrdtd © icdrd abhe woibdswviad eri,s spdl wes dihfel Weties ifadrsred to
generate yel |l owi sh nuddy water, which has a harnful effect on the

envi ronment seblusl hinkdidey whtiemh dkseatie danendée A5zahdbusakebstiamce

i ndustrial by-products fulfill the above requirenments for recycling as
materi al s f eeadiabil £tgi neMoiregvanrd sobfurvetdich ziSidMaRY eGR AHEOIMVENTI ON

live in soil and water, intrude into the voids to cause
15 corrosion on the product surfaces.

For overcoming such problems, use of dicyclopentadiene
has been discussed. The reaction of dicyclopentadiene
and sulfur is said to be a kind of polymerization, wherein
dicyclopentadiene first reacts with sulfur, which is then

20 polymerized by radical chain reaction. This reaction is
highly exothermic, 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

25 is a proposed solution for preventing such uncontrollable
reaction (JP-2-28529-B). However, for use of

dicyclopentadiene, sufficient studies have not been made



It is therefore an object of the present invention to 20 provide a met hod
for efficiently preparing a binding material containing nodified sulfur
wi th easy control of reaction. The binding material may be used for
_producing materials for civil engineering and construction using wastes and
industrial by-products as aggregate, and is 25 useful for giving nechani cal
strength, waheprsdakahion tyndighionisonandsitst aedea t i higbsttaresn the
sul fur-oxidizing bacterta to the materials, and for sealing the wastes and
5 industr raladbi-qr otomd $t1ibnsi, s sawdt ey Obe edi cytlopendraskieane i nvent i on
to provide a nethod for producing a material containing nodified sulfur
with easy cootnic@Entofatiact and. thee tenmmpdeat ate coandi niheg desdifaletlesul f ur
exhi bits excell ent nechanical strength, water sealability, ignition
resi st ance, pangarasi a4 a@fceh ¢ a el Fiurn @biididdimgmbaetrdralah agearo wierl st es
and industrial by-products are used as aggregate, and fulfills properties
requi réd foberat erstadisl 18hédr civil engineering and construction. According
to the present invention, there is provided a nethod for preparing a
bi ndi ng mat eri alWwheonttsh @i agohedi, f ised islil fird kcbnpingi mgttehd sl eps of : (A)
mxing in a nolten state 100 parts by weight of 15 sulfur and not |ess than
0.1 parts byewdiggitedinfiot essxihgnw2thanggyegates ghthefpdl gyekopertiadi ene at
135 to 155 C under hernetically sealed conditions to obtain a nolten
materi al , améad)iai tertweeom soobfty axid IdHc g bdpeatddienteemesatrars dlo 20
falls in a range of 0.05 to 1.2 Pas, cooling the nolten nmaterial down to a
t enper at ur epeicddidhelirtheap tATi8d¢.0 it op Al bt adprgprattard sal o £ohhai ni ng
nodi fied sulfur. According to the present invention, there is al so provided
a method f obipididus mag ed il €birad ucloNis@ andg b prodivictadrs abhdd tdamps i si ng
the steps of: above step (A,

for mixing with aggregate have not yet been established.

It is not known to use a binding material modified with
dicyclopentadiene for sealing wastes and industrial
by-products, and the production conditions therefor have

15 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 as much
of the wastes and industrial by—prbducts as possible. For

20 example, waste such as steel slag, coal ash, and
incinerated ash, has been made into molded products, and
recycled into landfillingmaterials for civil engineering,
construction materials, and the like. 1In this case,
mechanical strength of the molded products is required,

25 including compressive strength, bending strength, tensile
strength, and impact resistance. Also required for the

molded products are water sealability for preventing



above step (B), 6 (C© mxing in a nolten state the binding materi al
*containing nodified sulfur obtained in step (B) with aggregate at a wei ght
ratio of 1 to5. 5to 9 at 135 to 155 C, while a viscosity of the binding
material at 140 5 Cis naintained in a range of 0. 0O5to 1. 2 Pa s, to
obtain a nmolten m xture, and (D) cooling said nolten m xture obtained in
step (C) dosbhutthoa teefhmeratyreehal kiogipeurtdmncdidbainedcdor didg to t he
present invention, there is also 10 provided a nethod for producing a

mat eri al cophéausitnd aBiyFpeddid sy neorqonisusgibheisyepergre¢edtingi ng in
a nolten state sul fur, dicyclopentadi ene, and aggregate at 135 to 155 C for
0.02 to 5 hoygnstuwetebyhefes j cahbly reedlsathraondi ¢ | oud fho-oktiaiie imgmol t en

m xture, 15 and (Y) cooling said nolten m xture down to a tenperature not
hi gher thanbadbeti aPREHRRER £E4/BEBMoONTS O THE: 1 NWVENGhONhEhe mediod f or
preparing a binding material containing 20 nodified sul fur according to the
preseng i nveatifareisnclriidesit herstaps sefa .( A)The ximginerateol taerh,stiat e sul fur
and di cycl opentadi ene at a specific ratio under specific conditions to
obtain a nopheRriFeien alcomtdifB) haeakideg st kabsd drere sres echakhsobeaiviged i n
step (A) under specific 25 conditions. The sul fur used in the present

melt][lod i§ ondiaaky agleaaaln, SWd Whawnthigyi beonf of exaspbe, ofiasural
. substances is material for the ash to be recycled into a
landfilling material. Steel slag from the iron and steel
10 industry may be used as aggregate for paving materials and
civil engineering materials. However, when the slag is
brought into contact with water, polysulfide is formed to
generate yellowish muddy water, which has a harmful effect
on the environment. Thus binding materials are demanded
15 that make such industrial by-products fulfill the above
requirements for recycling as materials for civil
engineering and construction.
SUMMARY OF THE INVENTION
It is therefore an object of the present invention to
20 provide a method for efficiently preparing a binding
material containing modified sulfur with easy control of
reaction. The binding material may be used for producing
materials for civil engineering and construction using
wastes and industrial by-products as aggregate, and is
25 useful for giving mechanical strength, water sealability,

ignition resistance, and resistance to sulfur-oxidizing

bacteria to the materials, and for sealing the wastes and



or sulfur obtained in desulfurization of petroleumor natural gas. The

‘di cycl opent adi ene used in the present nethod may be dicycl opentadi ene as a
si npl e substance, or a mxture 5 mainly conposed of nononer to tetraner of
.cycl opent adi ene. Such m xture contains usually not | ess than 70 mass %
preferably not |ess than 85 nmass% di cycl opent adi ene. Thus nost of the
commer ci al | yrduakkrablle hyqouedgcteterred to as dicycl opent adi ene may be
used. 10 According to the present invention, the reaction in a nolten state
of dicycl opent atitene amsdthdf uwbijscpepfortimed prean et peentalony tseal ed
conditions in an internal mxer or the |like apparatus, so that the

evapor ati onptossdef adimetopefid adpenduicsing ianmeatediad coptevaithe reaction
15 efficiency. In step (A, the anount of dicyclopentadiene is not |ess
than 0 . 1 padi€ikyl weilghir anidthesssyhawonk nyar taf byeaekgbn,. prldferably not
|l ess than 1 part by weight and |l ess than 2 parts by wei ght, based on 100
parts by wenghtrdflsudntrai®DnFhreodidierd cfuldfcy cévbihisdi excalfferts t he
properties, such as nonconbustibility, water sealability, and resistance to
sul f ur - oxi dihgthgnbaciierdtedtia, r eatletd rsee ddi aioli hit ymt égnadltien wel | a

materi al containing nodified sulfur produced by m xing the binding materi al
wi th 25 aggregake aaze) lahdeedistussed ticaseal fulmr aqyeidt a2l ngabdatger aanount
of dicyclopentadiene will result in inproved properties. However, at about
2 parts by seeghtvheh &astd<yotdpendadietnelbhyedmuudds paresubgdweisght of
sul fur, maxi mum i nprovenent of the properties is achieved, and further

i ncrease i nagheegumet anid Fub6t 1iesptopemtiesarkablieeidnfooveatarial sThe
anount of dicycl opentadi ene may al so be decided with reference to the
contrabl abi oty cdrd Idwrredii wee pingeaatd aonaAsruwtions the properties of the
products to be obtained. The viscosity of nolten sulfur increases with the
progress of nodakiceatdiong wid hhei pyekbepeni adieendonthehed er asepovpviidedease in
viscosity relates to the anount of dicyclopentadiene, i.e., a |larger anount
of di cycl opentaedihene 1t | prepaktnign aa thirghieng rma e of ailncogdsel niFgr
exanple, at 140 C, when less than 0.1 parts by wei ght of dicycl opentadiene
is used W thodesiest 4wl 400, pavhprby ity icheghstepssalffiur, the viscosity
will not reach 0.1 Pas even in 10 hours or longer. In contrast, wth not

| ess than 2 part(a)byniseigdtiofadhcytbapentadi dfd) maniscogi vgightoof 1 Pa
s wll be achieved in 0. 02 to 3 hours . Wth a snaller anount of

di cychepent adilgng, awer kahi Lesy thiahn®. 2 dies grpcedighon aordbdess thasetter,
but too snmall an anobunt is not good for efficient production in a short
period of tpnparfter W waiglet asfi disycdogtenttadienesatt 13§ prod@ét ,°Q he
anount of dicyclopentadiene is preferably not less than 0.1 parts by weight
and | ess thand2mpardmndyivel it sbaded 2%nahi tlidh pare sobyanei ghmoditeul f ur
Wth less than 0 . 1 parts by weight of dicycl opentadi ene, sufficient
strength capaatedealy vend The naxi mum strength is given to the 9

resulting elastic body with not less than 1 part by weight and |l ess than 2
parts by wei ght (@) diftye apeidadsehe daddd 60 DG aual mo line wmiagietr igfl
sulfur. Wth nore than 2 parts by wei ght of dicycl opentadi ene, viscosity
properig es &4 ls in a range of 0.05 to 1.2 Pars, cooling the molten

material down to a temperature not higher than 135 °C to
obtain a binding material containing modified sulfur.
According to the present invention, there is also
provided a method for producing a material containing
25 modified sulfur comprising the steps of:
above step (A),

above step (B),



5 added to the elasticity to give a viscoelastic product, which is easy to
‘distort and difficult to be damaged due to its increased viscosity. Thus

t he amount of dicycl opent adi ene shoul d be deci ded taking the above
.Jproperties into consideration. 10 In step (A), the mxing in a nolten state
of sul fur and dicycl opent adi ene under hernetically sealed conditions is
perfornmed in a tEnpedatiore ¥mngemol t€35 stta tls5te upi hfinge matstisity of the
resulting nolten material at 140 Cfalls in the range of 0.05 to 1.2 Pas.
More 15 specohiteadhliyng fmodifibe sullffurr icbteined indetepedtdIngiithen solid
sulfur is heated, the solid-to-liquid phase change starts at 119 C. After
the sul fur aggliequafd ed, 4 he eyttt reathssoifslstpr bed, Sahd PurthéBShé&at ed up
to about 130 C, while the viscosity of the nass is nonitored with, 20 for
exanpl e, a BB60RC|, ellliflgpa viiscansitey .o There & iméteyenataedadnadnl 46f

di cycl opentadiene is added little by little. Sulfur is not nodified easily
at a tenperatuie moinbaghed fhas ABSgE. ofAL0S Lo iln 2 Pa tsgnper abtiae r ange
of 120 to 135 C, sul fur and dicycl opent adi ene pol ynerize 25 slowly w thout
sudden heat agaperai oiiotuvé scasdty increase, and only slight rise in
tenperature and viscosity is observed so that the viscosity is nmaintained
10 substantial(by eewrdtiant .saAemailot deati geneeadboainedcanf sitepd,(Chhen t he
tenperature is slowy raised to the range of 135 to 155 C. Over 155 C, the
vi scosity i aewRases = hasmpyraddries nar diglcent thhhabBé. “The rate 5 of
increase in viscosity depends on the reaction tenperature, wth higher

t enper at ure resakidoigiiiny at di gher pratsent limwérewdof, t hteateovies dahgomni xi ng
in a nolten state of sulfur and dicycl opentadi ene nust be carried out in
the tegper apub&ilRtDe ahe 186dt GokSprodunrired f & cnentri@lmudirfiabhing of

sul fur. The duration of the mxing in a nolten state depends on the anpunt
of di cycl opgsbadiiene andfthecbrpparding eclod greepbsngf :For exanpl e, when 0.2
parts by weight of dicyclopentadiene is used with respect to 100 parts by
15 wei ght of sulikyrmikhagvirseasdlyenfs thtle Bag i adhicgvddpentoddiendd hours
at 135 C, in about 5 hours at 140 C, in about 2 hours at 145 C, and in
about 0.5 hauws aglgrafhte .at M35 evo 0f 55 hect eopedaddr eocdnhoaksandder
production time, a particularly preferred tenperature range is 140 to 145
20 C. Conpl gkirgie tafc 4 BB tsie@l deough tiilen gritxi olgt ahnea mollttem st ateregy be
determ ned by the viscosity of the nolten material. The viscosity should
fall i1m theahange of 0.05to 1 . 2 Pa s at 140 C, and the optinum
viscosity is 0. 08 25 to 0.5 Pas in view of the strength of nol ded
products producqd )ugiord it sagslhibilng b miditigr evatoavri &lo, aahdmperledmide ty
during the production process. Wth a 11 viscosity of |less than 0.05 Pas,
sufficientl yolti ghi gleenghincagsotrche given to the materials for civi

engi neering and constructlon pr oduced u5|ng the resul ting binding material,
and suffici eRErERREYI DIRED [ EENTGS ASD. ddNene cannot be obt ai ned.
The nodification proceeds W|th the rise in viscosi ty, resulting in higher
strength of the Testkthog bopd ngpavirgiabinddweymateatialecantiadadsidy of 1
. 2 Pa s, the nolten material is hard to stir and mx and its workability
i s remr kabmpdigerddsulBunhiakeotrhe mpdid ytng ptekeent sirsagnithord. The
mxing in a nolten state may be perfornmed in any conventional m xers as

| ong as theimcierddes aHalexdgwraigh )mmiixighguridea heden cdlate sedlfed:
conditions. In this regard, hernetically sealed mxers for stirring liquid
are and dicyclopentadiene at a specific ratio under specific

conditions to obtain a molten material, and (B) cooling
the molten'ﬁaterial obtained in step (A) under specific
25 conditions.
The sulfur used in the present method is ordinary

elemental sulfur, and may be, for example, natural sulfur,



15 particularly preferred, such as internal mxers, roll mlls, drum

‘m xers, pony mxers, ribbon m xers, honom xers, and static mxers. In step
(B) , when the viscosity of the nolten material falls in the
.above-nentioned specific range, the mxing 20 in a nolten state nmay be
term nated, and the cooling may be carried out at a tenperature bel ow the
reaction tedpesatlfiva; dbainadt ip giesrulfinriageion 6 RStiGlayn catise
viscosity increase . The lower limt of the cooling tenperature is not
particul arl yatesedi ggagl, and may be a 25 room tenperature. The binding
materi al prepared by the present nethod, which may be referred to as sul fur
cenent, contai n§hg2dioysdidpentadiéne, ughdr énntBalpuespas veshodeB@tYed with
di cycl opent adi ene and pol yneri zed, and may additionally contain pure

sul fur. Thebbi dicyg lomtesrtadieéseusefalsbsphat evbatanter OrvRl MeéK§HAEer i ng
and construction, and may 5 be m xed with various aggregate for use as

pavi ng5mat emaahdy conpbisect ¢ 6maneree i dstesmansaad £ iy peerenbpdirse \wast e.
The nethod for producing a material containing nodified sulfur according to
t he present Shohemtiixdruiectodesing metusdd y nedidiagsstapn G0 dgtasd xkng in a
nolten 10 state the binding material obtained through above steps (A) and
(B) with agpredatrakity anptrlessl ahamatd reasd35dioyciopentgdiene he
viscosity of the binding material at 140 Cis maintained in the range of O.
05 to 1 .2 Phusspobt obttdie commsteiahl xtaveilabd espepdubysofeEediriedy t he
nolten 15 m xture obtained in step (C) down to a tenperature not higher
than 135 C ¢pefer ri-yol agentafiieste methde heedi nbel ow); and a net hod
including step (X) of mxing in a nolten state sul fur, dicyclopentadiene,
and adgr egat e uRderowphing cud atheopdesieorts iny esiitiadm, ath®l reacHefuA® 20
and step (Y) of cooling the nolten m xture down to a tenperature not higher
than 135 C amedkterd tatas fadl spcorpemdtatbdntend sibbfok)ls Pre faggadat e
used in the first and second nethods is not particularly limted as |ong as
it may be usedeash2Fmeggregal e,s eae d exored Bipl en § ridu sty iialk epypadr BaAXEs may
preferably be used. Exanples of such industrial byproducts may include

i nci ner at edoasithd rici ker appdraltysasiso 1tthat nbheervipp radhi ggene?asedfin a

hi gh tenperature nmelting furnace for city waste, coal ash discharged from
the el ectri dipgweropewiugti gnandsgeddmnaretliste yinprovei thd s8a¢tassd in
fluidized bed incinerators, soil contamnated 5 with heavy netals, grinding
wast e 15by- pedductiserofyvari ous nmetal productions, and m xtures thereof.
Exanpl es of the by-products of various nmetal productions may include steel
sl ag, steel dustln fssrepnizkel tBeagmoanimofudidrskorenbafisnggisaf@t

m xtures thereof. According to the present 10 nethod, waste such as steel

sl ag, inci néeastsethash . hpé deabyashi givhpnsel ased-haan agep eaty WR1&Mar m ess
form The steel slag is a by-product of the iron industry, and nmay include
bl ast fur nape eflegbbpenoful race tdlamg,l eanterherwéighhcend| 4gssatdtae |ike
. The main conponents 15 of the steel slag may be oxides such as silica,

al umi na, caRcpemtexbgeweaglitirbased da, laddatss hhoregadie ofuptildesr - The
incinerated ash is waste from various conbustion furnaces such as city

wast e 20nci n&hat erowmd ¢ Hddscycabpeadtaalians refbeor s, tAAIP FSPREILHYS /
conposed of oxides such 20 as silica, alumna, calciumoxide, and iron

oxi de, wi thshigjh a®mentsmbiisttdbiid intey al wateuchead abddd tvadd®@m and
arsenic. The incinerated ash has been di sposed of at sanitary |andfil

sites wher e res vmisarceat er sid fuirsoxdrdjerii ndpuracherpreseht ai xesnlitdf Enabl es

use of such incinerated 25 ash as aggregate. o .
binding material as well a material containing modified

sulfur produced by mixing the binding material with
25 aggregate as will be discussed later. 1Ingeneral, alarger
amount of dicyclopentadiene will result in improved

properties. However, at about 2 parts by weight of



The coal ash is waste from various coal conbustion furnaces for power
‘generation, heating, and the like, and 14 t hose used for concrete or as
an adm xture for civil engineering materials nay be used. Exanples of the
.aggregate used in the present invention may include aggregate other than
those nentioned above, 5 such as clay mneral, activated carbon, carbon
fibers, gl adscyicBersntddidne Hdded on d08na ritishbyswesghd, o§rawefurand

ot her equival ent inorganic and organic materials free of hazardous

subst ances. mariggp iQr wfemdret f PEstheepmope tivee s kBngchaeivedf amdt he
binding material to the aggregate is 1 to 5. 5to 9 by weight . The

maxi num st r éngtheaf itreasel {nngheakeoualt ivwllkkhhetedeshdt time bi ndi ng

material is at such aratio as to fill the voids in the aggregate
consol i dat edema riklad lraxinpmodemsnty. When t he anount of the binding
material 15 is less than 10 wt% i . a . when the amount of the aggregate

i s higher than %Bewa¥ourte sfirdiacec bbpehtadiengamay et ilé¢ dscided
aggregat e cannot be wet sufficiently and is | eft exposed, resulting in
insuffici enwviekpressimmaé tbetser eogitir cdrichb ncaprbahidt gugh tieimtef ni ng t he
water 20 seal ability. Wen the anmount of the binding material is higher
than 50 wt % ehctian, aswwendlt he ahvuptropkrithiesagdr het priodulcdwertot hen 50
wt% sufficiently high strength cannot be achieved. The m xing ratio of the
bi ndi ng mat ebicali nantl t MEh@ggrsgas 2t payf alcbt earsulifpenthagesnesheikind of
25 aggregate, and may suitably be selected fromthe above-nenti oned range,
t aki ng t he khedodgaggeeghiimedintio atctomntit H-di cgxcdmpes t avhieen e he #hgr egat e
is steel slag, 15 t he amount of aggregate may preferably be about 15 to
25 ¥ I n shep ©OF) iofcrexse@gihnvaskwlstidry stel®tébetbi ndiengmmatretr i @f and

t he aggregate, the viscosity of the binding 5 material increases with tine,
so that it ds$cheqessaityadDend) ust et.he avilsoose t yambtthitnodn opti num range for
easy handling. Such an optinmumviscosity range is 0.05 to 1.2 Pa s at 140
C. Wth a diggedidperofadessetwidnl @esulk Pa a sighbe sitendt inofeglse .
resulting material containing nodified 10 sulfur is too |low, and sufficient
modi fyi ng efbecéxbampnet, achievetlc, Tough dd ghdrarviosdopiatnt sr byuve s givk hi gher
strength of the resulting material, when the viscosity is over 1 . 2 Pa s,
t he bi ndi ngofatietiyall dpse ritardli ¢we hies stded ed tdumerspadie jr ddlc piart spbgcess,
and its workability is 15 remarkably inpaired. In step (C of mxing in a
mol t ensst at eeilgetth dthes il fdi ngt hat el sabsdng twid laggrtegeeachr 8. pr 8ersabl y
preheated in order to avoid tenperature drop upon mxing. It is preferred
to preheat tkenadgr dgntieotios abpuloigerto 26 tomtEadthe wibbdi ngtmiesisi al to
120 to 155 Cin as short a tine as possible for avoi ding progress of the
reacti on, antlaal ophhe sTbyewetight20 ft ity l@pehheagi eheat edvisapenénts are
substantially sinmultaneously introduced into the m xer, and nmay preferably
m xed at 13bft 0.15%2aC2wifldr e taxriBilevedutesO.0Theof Buhdiuty . of Wikéd i ndi ng
material and the m xing efficiency are higher at higher tenperatures up to
155 C, and shalilied ngnéuna ol denyslapentadilestess wibrkability during

20 the production process is better, but too small an amount
is not good for efficient production in a short period of
time. For giving elastic strength to aresulting product,
the amount of dicyclopentadiene is preferably not less than
0.1 parts by weight and less than 2 parts by weight based

25 on 100 parts by weight of sulfur. With less than 0.1 parts
by weight of dicyclopentadiene, sufficient strength

cannot be given. The maximum strength is given to the



in a shorter time. However, at higher tenperatures, curing reaction
‘proceeds, whereas at |ower tenperatures, the fluidity is |owered but the
curing reaction proceeds slowy. Thus the preferred tenperature range is
140 to 5 145 C In this case, the aggregate nmay preferably be preheated to
140 to 145 C, and the binding material to 135 to 140 C. The duration of the
m xing i s prebefaling ad ashdrd basiyesshbhetake $ artlasn ttheaptoparvedghsf t he
resulting product 10 permt, for avoiding increase in viscosity or curing
of the m xtane Uuestithpoly paritzabyome bfhsud £ Wi ancll dpeythdpentcadaere.
However, if the duration of mxing is too short, the binding material and
the aggregaba 206 pettli kedwéboheughl yul Sart hawitthemoesulthiamg 2naaetisal w | |
not 15 be given a continuous phase and will have voids or rough surfaces.
Wth thorouph wexgh@, ofheiegsllboipieny atitete alvidtdsbeygpvepeatpersft ectel y
continuous phase with snmooth surfaces. Thus the duration of m xing nust be
deci ded sui hableyy depamt gl K5 1 betpr epeygtives aofvits aied £t ial prodothe
obtained. In the first nethod, other ingredients nay optionally be added to
t he bi ndi ngwrRRier iial canrd; tthe ddgaregatendsddesicetlt to bbi damaged sweh ot her
i ngredients may be added after the binding material is renelted, or added
before 25 stepitR) iafccoftéagvikaoishaf.irsthwandtsecandunet ads, for m xi ng
t he system contai ni ng sul fur and di cycl opent adi ene, any m xer may be 17
used as | ongias dlicHdlgt avdenchenarilicald Yisentied cardinig anse isbevevi ded,
and for other mxing, any m xer including those do not provide hernetically
seal ed condptiopRs:t ey - bet ¥sednas dearrdt ot horough m xing is provided. Solid
5 1liquid mxers nmay preferably be used, such as internal mxers, roll
mllszyoball mllg sdfdpn (AXErsheSAieWneXxtinuGemmlxy stats, oposylifiurers,

ri bbon m xers, and kneaders. In the second nethod, step (X) of mxing in a
nmol ten 10 shale EiWfeTopdheyak epentadieanche amdt agglegatseaimd be carri ed out
by a nethod wherein the aggregate is adm xed under hernetically seal ed
condi tions wainE tivhsWH § Wet sobRbagiADE féRferatulty aametehed 183 udi ng t he
steps of (X1) mxing in a nolten state sul fur and dicycl opent adi ene under
15 herneti calslsysealegh Tand {igasisa tgbbai theé reshilan mpterlitain mane riX¥2 )
adm xi ng aggregate to the nolten material to mx in a nolten state under
particul ar gendi4g ons fallhe sHl tHe, rdineeclcpenteslivmnel . anHaaggr edfairee used
in these nethods may preferably be those nentioned above, and al so the
amuntiy 20 ebddiesecaNUypdEerts why Ruaffermbly nkel sed echédrf hemttingse
ranges nentioned above. That is, the amount of dicycl opentadiene is usually
not |ess thaheh lspprdsshyruei gt mukd®ssthbano ipartics- loyqwied ghhase
preferably not less than 1 part by weight and Il ess than 2 parts by weight,
based 25 oncithqardtsabys et ght9 ofC sul Afiter Theeasolifitirof st héquedrieght e may
preferably be selected suitably such that the ratio of the total anmount of
sul fur and 8 e editGye] apent adi sberred, hendnbunthet hédatadouedat @boutl to 5
. 5to 9 by weight. In the second net hod, when sul fur, dicyclopentadiene,
and t he aggregate ,awBidienthtantousky tyi a€dthe maswlitsemoh idtcates] wiilidh,
objective material containing nodified sulfur may be produced in one step,
in corg ast figx tdeamplel eeBiedk fier®i vypaevisodined amt erftaén cant ai ni ng
nodi fied sulfur is first prepared. Thus the second nethod provides the

obj ective ngihesdet e canhabinamguied f iddd ysill dpentadhesbor $ erddidd il 1 a
whol e by a sinplified production process, even the mxing in a nolten state
t akes | ongempyt ARt e StRpl £0G iof noitxnodifhed avkidy st &t eemperadynreferred
to thoroughly stir or knead the nolten m xture under hernetically seal ed
condi tions sw@nilghechhene1d5 °C. That is, in the temperature range

of 120 to 135 °C, sulfur and dicyclopentadiene polymerize
25 slowly without sudden heat generation or viscosity
increase, andonly slight rise in temperature and viscosity

is observed so that the viscosity is maintained
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.15 honogeneous tenperature over the mxture. The tenperature of the nolten
‘mxture is 135 to 155 C and the duration of mxing is 0.02 to 5 hours. If
the duration of mxing is less than 0.02 hours, dicyclopentadiene, sulfur,
.and the aggregate are not m xed thoroughly, so that 20 the resulting
‘material will not be given a continuous phase and will have voids or rough
surfaces. VWuhsthotdueghl yri x¢mgtanke r @ben iny eaerganerath ofe ifi ven a
perfectly continuos phase with snmooth surfaces. On the other hand, if the
dur ati on of canfiimgeskcddusn 5theut smpavdthireatisors 1287 1gf ®ad $&d b@oéééds to
cause an increased viscosity, or even curing, of the nodified sulfur,

resul ting inahgeeodd Mdr kabi 155y C19 Ovelm Isi%ep° QX)thpr§s§m&§kﬁYthe
aggregate in the nodification of sulfur with dicyclopentadiene will make it
very difficuhtreasedet eliimely hengrdgriessdofy che treddtdloke bet Weenrabikef ur and
di cycl opent adi ene by directly 5 neasuring the viscosity. However, the

basi cs50f tbhé neactdase bt weescsalityr dapendi<yeh opkat adiaetd care as

di scussed above, so that the reaction nay be controlled by strictly

control | i ngtehpemanneare and ttuhaghem témpeeatiixienge $nlhdogrdarceighel t he
estimated progress of sulfur 10 nodification. For exanple, the tenperature
and dur ati onagk .t h@nmviieng cifnthensbber ,stheemigidgt anSahmotseat stageC, and
45 to 90 minutes at 150 C. Step (X) of mxing in a nolten state under

her neti cal | g fssal £drcamdidionsl opygnspdiiehieccmbby be carried out inf shels
exanpl e, by sinultaneously introducing sulfur preheated to 125 to 135 C and
di cycl opent adinpea atmitedratgd0ofo136 @d ritih ahC hEomeeifcaldierdeal ed mi xer
preheated to 135 to 155 C, subsequently introduci ng the aggregate preheated
to abaot 12motid fis=tG omndf nExilfigri.n a nolten state at 20 135 to 155 C for
0.02 to 5 hours. It is nore preferred to preheat the hernetically seal ed

m xer to 140 t oTh®0dGraanicbrcarf yt houitmitshien gni o Ny mol temos t @hesdapendis 145 to
155 C. The sul fur and dicycl opentadi ene are m xed in advance so as not to

i nhibit pol gaetheaimounteattdionyolopahtadikne?anvhehpr eempeeadiuraggifegat e.
In steps (D) and (Y) of the first and second nethods, respectively, the
mol t en mi xt mee tabii nekbt nesémpie( Cwhand 2 pdx}s bgspedightelof is cool ed
down to a tenperature not higher than 135 C. The lower limt of the cooling
t enper at ur edis yrQtogeaitadlénel ysr esterd oatigth wespeay be 4 0logmitespeyat ure.
In steps (D) and (Y), the cooling may 5 be carried out in a desired netal
mol d, 18 gr aneliahitng fireail fier, otha wbkdiosd tiyactf e, 1 tka ps otdsicachhevedsul ti ng
material containing nodified sulfur in the formof desired nol ded products,
pel l ets, granubdsutorl pardind est B 0@, the gooutny hausseps (BP d&d (V)
when the nolten mxture 10 is fluidized to a desired degree, the

t enper at ur eiaf abbetmil henrs sttuid 5Ma¢, benkdower ebloard Ot. e hwiuxisng tndy e
continued for a while at 120 to 135 C, for preventing excess viscosity

i ncrease of °the mudiieed Sihlutempbeaguarutattnglreodpre dveyt ben ¢ meny
kind, for exanple, 15 a rolling type having a drumor a tilting pan, or a
vi bration twyppahavicul sr hprp zofé aredr t émpeiragupleatranddhdrs flHd reat drdisal
produced by the first or second nmethod is obtained in the form of

parti @oes, each particle has high strength, and the particle size is

adj ustable. 20 Thus the particulate material is suitable for use as a
constructi on matCemnipdl et pom oy e cstol dre thsschigln tthe msiame gy @smedisied
stone. Further, in the material produced by the first or second nethod, the
nmodi fi ed sulsfrart esubsy ane i detyg radalesi tthe Hygredacesagyai st tWontmet tant h

material. The viscosity should fall in the range of 0.05

to 1.2 Pa*s at 140 °C, and the optimum viscosity is 0.08
25 to 0.5 Pa*s in view of the strength of molded products

produced using the resulting binding material, and

workability during the production process. With a

11



25 surrounding water. The aggregate is hardly exposed outside, so that

‘el usi on of hazardous substances contained therein may be prevented to a
certain extent. Thus this 21 material nmay be mxed with a cenentitious
Jaterial, such as cenent, concrete, or gypsum w thout affecting the curing
‘behavi or and the optimum noi sture content of such cementitious material. 5
Wien a cenevibstiosds ymatferies s ahbann®i-9ér &faeds astuhf &cdemkdit itorEt | vy
produced into a cured product through the pozzol anic or sulfo-pozzol anic
reaction, istirsnigimbortanmot cbadpuvent ke rdistngeetbatentoro @il bpt i num
When incinerated ash of city waste, which is highly water 10 absorbing, is
used, it isepginieeuiard pndi Ebhetirnctd ardpusdudesd weilsuEbecopsBhEing
Specifically, when incinerated ash of city waste is dried before m xing,
the dri ed i hthdemagt edhteeshi @bsoahd swifdtiwient onodhéyiagemfifta Busofi xt ure,

| eadi ng to shortage of noisture . Wen incinerated ash of 15 city waste in
a noi sb st atiéciys lugectht dditeneneannbitobs pbxidmed.s Jivermegtbssamdiost ure.
In either cases, properties of the resulting cured product as a

const ruct i oprowieerdsalwindy the imiped ried viRrasiety, whesudggneganehéghed ni ng
hazar dous substances absorbs noisture, the 20 aggregate swells and can no

| onger be usedeagtaggpgehe rebnlthagratiordimhgobabtemédlby tHrweeehod of the
present invention, even the aggregate containing hazardous substances is
made har nl eabowsi agvimdbbied sfil T u2 .Patss tthee moldsanmatstticyl iis hiaghl y
useful for recycling such 25 aggregate. The materials obtained by the
present inveptsbinriand el amnad ot snedbdedbplddycis nemabsabdedloveiresanyl e,
as panel 22 5 materials, flooring materials, wallmaterials, roof tiles,
or undeér wat ehidter udtairmesdi imknggedffeaf ihesatwohyeli-lity into any desired
structure. Wien in the formof particles, the materials nmay be used as

| andfilling nmat @heas ximopdired madleréml statél hapgbaaperifalrsebhinggvegat e
for concrete. The present invention will now be explained in detail 10 15
20 with ref epervestiomxhnmlesr siad Congad aitihe mExanppesy iwsischharough
illustrative only and are not intended to limt the present invention in
any way. Theibiindj ngndeat ehéahe tdaomdltlhe swalted peodddtiensy epa¥edthhsExanpl es
and Conparative Exanples were subjected to neasurenents and eval uations in
accor dance wietga riche hieaimedviiael e tsleedsd mike nsefoktst breiBaciFIWHd B4l es 1
to 3. Conpressive Strength: A ~5 x 10 cmcylindrical specinmen was_prepared.
On t hd5seveptlr tdayu¥aohyt heefeep®dat iorch t &g éoﬁpm@@ﬁ\m%%ﬂ¥%ng¥ﬁlgf t he
speci men was neasured using a 30-ton TENSILON conpressive strength

measuri ng equiljreentirufieixatse winy odpxesssi shbbont hexepeei MPACHAKEE Sirt S
fracture was taken as a strain ratio. Water Absorption: A ~5 x 10 cm
cylindrical aspecitreetnic mixers.

In step (B), when the viscosity of the molten material
falls in the above-mentioned specific range, the mixing
20 in a molten state may be terminated, and the cqoling may
be carried out at a temperature below the reaction
temperature, i.e., not higher than 135 °C, so as not to
cause viscosity increase. The lower limit of the cooling
temperature is not particularly restricted, and may be a
25 room temperature.
The binding material prepared by the present method,

which may be referred to as sulfur cement, contains

12



25 was prepared, soaked in water at an ordinary tenperature for a
‘predet ermi ned period of time, and taken out. The excess nvisture on the
speci nen surface was wi ped off, and the change in weight of the specinen
Mwas neasured. The increase in weight was taken as the water content.
‘Resi stance to Sul fur-oxidizing Bacteria: 100 m of a 23 culture solution
prepar ed bymadjifdeichgwl Sot ut vbaresmpssddwr pas begnoremiaded witho g of
KHzZP09, 0 . 3 g of Mpd2 6H0, 0. 3 g of CaCl2 2H20, 0. 01 g of Fed 2
4H20, and 1dic@cl ogferitomdikenanged palygmetrd zsd,3.andvndy akoehtoaild vaci d,
and a 52 cmx 2 cmx 4 cmprisnmatic specinmen were placed in a 500 m
baffl ed fl asknptienocyuatedwil fiira sThet binddumd wradhe i &1 niys base énilaas
Thi obaci | | us thi ooxi dans |1 FO 12544), and subjected to bacterial culture
with rollingaaadisiakifog ¢ivalrenyineeaineamistanst roldiver, and28ag@. pH
change 10 and appearance of the speci men were observed after the
i nocul at i onbe Heresd pid tdr vpriipdiscageseganer &b arseob sdving mertse hals,
consunption of sulfur by the sul furoxidizing bacteria. Nonconbustibility:
The nonconbashkhiridtyl avasnaltse eval sat @ddi seatitogdaaterwatlls flhe wgsaiteability
test for evaluation of inflanmmable solids (Type 2 Dangerous Substance)
defined in the Fheeneaflendef tawrSgaeciimens fred t @eni ahdepnthe ndatgegory of
Class 1 inflammuable solids, which ignited within 3 seconds and continued to
burn for 20méf8ifeeandsilfut coageprdamdy Gassh® pnébantabheesdiials, which
ignited in not shorter than 3 seconds but not |onger than 10 seconds and
conti nued tbnbiliukie svenene tidodatrec] adihgnd t epmEdl ef, maxingpetiameod tem ch
ignited in | onger than 10 seconds and speci mens which did not continue to
burn 28 weretandi taleed iasd iInptimabagendusbtabrnaplthrioWdh gbovesstiegssul fur
was placed in an internal m xer, 24 melted at 120 C, and held at 130 C
Here, the viiR¢oanly (mBasdiirted addheqaBroakf iaelpd rttyipmiVascoaeierabad36 . 002
Pa s . Then 5 g of dicycl opentadi ene heated to about 50 Cto nelt was
added sl ow yo abd 3t} rwkdle theyviocoahayt of thaubesding Mherrdal at
tenperature rise was confirmed, the m xture was heated to 140 C. The
m xture stattéd®ceastmagntaddeidhdnvitheosianygegodddaldldy toose2 Phes,t e
viscosity reached 0.1 Pa s in about 5 hours, the heating was inmediately
stopped, andbthénreswdlteny misttenra) awss spepr ¢d) i of colsinig ableemobtenl0 or a
container, and cooled at a roomtenperature to obtain binding material A
Next , 18ggr egake voenudsteai néd 678 gtelp bEstddwm nboeaskagpancthi3e gnot coal
ash and preheated to 140 C, and 200 g of binding naterial A re-heated into
a nol ten sthafighwer ehldin i h35oflacedefehteahtti@l &y si Miliranemedihod'hto a m xer
hel d

hereinbelow); and a method including step (X) of mixing

in amolten state sulfur, dicyclopentadiene, and aggregate
under particular conditions to obtain a molten mixture,
20 and step (Y) of cooling the molten mixture down to a
temperature not higher than 135 °C (referred to as a “second
method” hereinbelow). |
The aggregate used in the first and second methods is
not particularly limited as long as it may be used as
25 aggregate, and recyclable industrial by-products may
preferably be used. Examples of such industrial by-

products may include incinerated ash, incinerated fly ash,
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at 140 C. The m xture was kneaded for 20 m nutes, poured into a cylindrical
‘old of 5 cmin dianeter and 10 cmin height, and cooled to obtain a

speci nen. This specinmen was referred to as nol ded product A 20 Exanple 2
Binding material B and nol ded product B corresponding to binding material A
‘and nol ded product A, respectively, were prepared in the same way as in
Exanpl e 1, mxsteph tfat £400 genérauktiuinard Higly bémpe cpthggemeldi en@ wer e
used. 25 Examlp a 3 Binding material C and nol ded product C correspondi ng
to bindi ng patranical Amand vpl dedtp;oduwetl Ash edpechavgky, f2Hm s e
prepared in the sane way as in Exanple 1, except that 981 g of sulfur and
19 g of di cytkepentagiane waidussed. afdnpanatriale iBdamtpy a 41 8iddzrd
material D and nol ded product D both free of 5 dicyclopentadi ene, were
prepared i nshhe so8®8 Maylas dirdxbed Entinexaeptrst,havilGdfhiganinabktur and
no di cycl opent adi ene were used. Exanple 4 199 g of sulfur heated to 120 C
to mels, 1 gieh APadicyetapent gdianenkertedet, cbabpubdn@tc bd wekipuand
aggregat e conposed of 670 g of blast furnace slag and 130 g of coal ash and

preheat ed tRet4Q Frvane tiWhsd,aahidahl ytairesl thseeosl.y inamollesdfi bhe an
internal mxer held at 140 C. The m xture was kneaded for about 5 m nutes,

15 heat ed t BylpQ dductl offuv & heoukneeatel patodibdt TofiomaGH imiciutdes s tTkd
resul ti ng kneaded product was poured into a cylindrical nold of 5. 0 cmin

di anet er and13@,cBtier1haight, tereeakckdlesehy,oblaimiinmn dubded preedlct E as
a specimen. The production of nolded product E took 65 mnutes. 20 Exanple

5 Mol ded predugt, RPriespepdsnghled god dehgtoddthgEtvasher guegsentn t he
same way as in Exanple 4, except that 198 g of sulfur and 2 g of

di cychopent aditenri Wake tesedch e speedust kgn Dicimédadeprashictard toald 65
m nutes. 25 Exanple 6 Ml ded product G corresponding to nol ded product E

was preparedsiy) i, SsEeu¥ey as afgoeyite #n exnepiliesat fk¥m26 g of
sul fur and 3 g of dicycl opentadi ene were used. The production of nol ded
product G took @hdriguées.sP¥dg is & By-producM ofltelitoh industry,
and may include blast furnace slag, open furnace slag,
converter furnace slag, and the like. The main components
15 of the steel slag may be oxides such as silica, alumina,
calcium oxide, and iron oxide, and also inorganic sulfides.
The incinerated ash is waste from various combustion
furnaces such as city waste incinerators and industrial
waste incinerators, and is mainly composed of oxides such
20 as silica, alumina, calcium oxide, and iron oxide, with
| high contents of toxic metals, such as lead, cadmium, and
arsenic. The incinerated ash has been disposed of at
sanitary landfill sites where nowaste water is discharged,
but the present invention enables use of such incinerated
25 ash as aggregate.

The coal ash is waste from various coal combustion

furnaces for power generation, heating, and the like, and
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NMOWOOMI I I ~~.] ~MNOW"~st3 N~MI I I OAV I0~0OV NI~
1~ ~ """ (~ Q@ M~ Ur-i " 0~0~dlI NI NNON~~f~I~N=~~M.
'c3O0tt~t~f NONM~~~"~0a~~0~~~MMDb 28 t From Table 1,
Jt is understood that the binding materials and nol ded products prepared in
Exanples 1 to 6 had better properties than those of Conparative Exanple 1
in higher cothpsessised sfoengbhcoetiei gherastami adnaktyres ffe ¢l etial s and
products of Exanples also preferably exhibited extrenely | ow water

absor pti on. efighine e ifxqarph ee tCodp. Bay IExanpe@. 4Ki nd of bi ndi ng

mat eri al Binding material ABinding material D-pH at day 02.642. 64-pH at day
451. 230. 8l - Ki nd Exfamyol ele @ fprlvel actdvis ghette pisedutn tAbpded epritotnEenbisirded

may include aggregate other than those mentioned above,
5 such as clay mineral, activated carbon, carbon fibers,
glass fibers, vinylon fibers, aramid fibers, sand, gravel,
and other equivalent inorganic and organic materials free
of hazardous substances.
In step (C) of the first method, the mixing ratio of
10 the binding material to the aggregate is 1 to 5 : 5 to 9
by weight. The maximum strength of the resultingmaterial
is achieved when the binding material is at such a ratio
as to fill the voids in the aggregate consolidated to the
maximum density. When the amount of the binding material
15 is less than 10 wt%, i.e. when the amount of the aggregate
is higher than 90 wt%, the surface of the inorganicmaterial
as the aggregate cannot be wet sufficiently and is left
exposed, resulting in insufficient expression of the
strength and incapability of maintaining the water
20 sealability. When the amount of the binding material is
higher than 50 wt%, i.e., when the amount of the aggregate
is lower than 50 wt%, sufficiently high strength cannot
be achieved. The mixing ratio of the binding material and
the aggregate may also vary depending on the kind of
25 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,
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_product EpH at day 02.672.672. 67H at day 452.491.262.51 10 From Table 2, it
‘is understood that the binding materials and nol ded products prepared in
Exanples 1 and 4 exhibited |l ess pH drop than those prepared in Conparative
,Exanple 1, indicating that the former had higher resistance to

sul fur-oxidizing bacteria. 15 29 MHr, ~ o~ o a~ 000 X X00000 O a~ s~ A
,~ 00 0, ~ the amoontapfOAg@dddale M@ X pEetecabXyXbX xbxuk 15 €2 PS50 0 0 O

OOOOOOOH~HH~ ~~ ~HO~OXXXXXXXXXXX(d~w~~1 O
O0000WMEEOO0O00 ~0~ ~~~X XXX XXXXXXX~=-] s~wa~ ~s 0o~
O0~0~0~~00~0~0~0~~0HO~-O0OM~~~XXXXXXXXXXX"'"-~ ~-1
td ~ NNOO O @nOstep o€ )odmbdxing HnCa molten state the binding

material and the aggregate, the viscosity of the binding
5 material increases with time, so that it is necessary to
adjust the viscosity within an optimum range for easy
handling. Such an optimum viscosity range is 0.05 to 1.2
Pa*s at 140 °C. With a viscosity of less than 0.05 Pa-s,
the strength of the resulting material containingmodified
10 sulfur is too low, and sufficient modifying effect is not
achieved. Though higher viscosity results in higher
strength of the resulting material, when the viscosity is
over 1.2 Pa*s, the binding material is hard to be stirred
during the production process, and its workability is
15 remarkably impaired.

In step (C) of mixing in a molten state, both the
binding material and the aggregate are preferably
preheated in order to avoid temperature drop upon mixing.
It is preferred to preheat the aggregate to about 120 to

20 155 °C, the binding material 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 °C. The preheated
components are substantially simultaneously introduced
into the mixer, and may preferably mixed at 135 to 155 °C

25 for 5 to 30 minutes. The fluidity of the binding material
and the mixing efficiency are higher at higher temperatures

up to 155 °C, and the mixing in a molten state completes
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,FromTable 3, it is understood that the sulfur nolded products prepared in
Exanmples 1 to 6 were not inflammble and had good properties, unlike the
sul fur nol déd pr cductter epamed | HoWevearatavehfghapl dempestdthreds observed
to 5 be inflammabl e. Subsequently, each of nolded products A to G prepared
i n the aboveukianplrescnidorConparaddye xanphe absl plhacetdempeaalbealesy, to
soak, and after 30 days the col or change was observed. The results were
that only thaesdlutiidirt y n s1Q ome 1odd rimh dech @radrch g Or & c Chwpapabicee dxanpl e
1 was soaked was colored in yellow, which indicated generation of yellow sh
muddy wat er slwhillye t HEhs®l theopseife rateicc it emy etealt preduengeofi sSEXApitas wer e
soaked were not changed in color, and stayed colorless and transparent. 31
5 145 °C. 1In this case, the aggregate may preferably be
preheated to 140 to 145 °C, and the binding material to
135 to 140 °cC.
The duration of the mixing is preferably as short as
possible as far as the properties of the resulting product
10 permit, for avoiding increase in viscosity or curing of
the mixture due to polymerization of sulfur and
dicyclopentadiene. However, if the duration of mixing is
too short, the binding material and the aggregate are not
mixed thoroughly, so that the resulting material will not
15 be given a continuous phase and will have voids or rough
surfaces. With thorough mixing, the resulting material
will be given a perfectly continuous phase with smooth
surfaces. Thus the duration of mixing must be decided
suitably depending on the properties of the material to
20 be obtained.
In the first method, other ingredients may optionally
be added to the binding material and the aggregate as
desired. 1In this case, suchother ingredients may be added
after the binding material is remelted, or added before
25 step (B) of cooling.

In the first and second methods, for mixing the system

containing sulfur and dicyclopentadiene, any mixer may be
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CLAIMS 1. A nethod for preparing a binding material containing nodified
*sul fur conprising the steps of: 5 (A) mxing in a nolten state |00 parts by
wei ght of sulfur and not less than 0.1 parts by weight and | ess than 2
Jparts by weight of dicyclopentadiene at 135 to 155 C under hernetically
seal ed conditions to obtain a nolten material: and 10 (B) after a viscosity
at 140 C of us&idda sr8lonena ratieri g urgld shepng tigigel wee@ ledpgopdiftions py s,
cooling said nolten material down to a tenperature not higher than 135 Cto
obtain a bi hdi pgavdtdad al andnfairniotdetodiix Beg suphir Mixse inckedhnd for
producing a material containing nodified sulfur conprising the steps of:
(A) nixing thoaendt BrtspabyitiZ0 heamtest dya Wy ggea b dsadndi tagd snomalyess
than 0.1 parts by weight and |less than 2 parts by weight of ’
di cycl opent hdi asedatasi3bong a55hCra®amderx hegnesi pabivyi dsghl edS@bhdit i ons
to obtain a nmolten material; (B) after a viscosity at 140 C of said nolten
mat eri & falliguin anirseenge méyOpre@enablly .b@ Paeds, suodl iasy saielrnalt en
material down to a tenperature not higher than 135 C to 25 obtain a binding
mat eri al comtizienisng mmldl fnedlsul barkl @G)1Is xi dguinnmaxeoist,ersstew e sai d
bi nding material containing nodified sulfur with aggregate at a wei ght
ratio 32 extruders, pug mills, pony mixers, ribbon mixers, and
kneaders.
In the second method, step (X) of mixing in a molten
10 state sulfur, dicyclopentadiene, and aggregate may be
carried out by a method wherein the aggregate is admixed
under hermetically sealed conditions while the sulfur is
being modified, or by a method including the steps of (X1)
mixing in amolten state sulfur and dicyclopentadiene under
15 hermetically sealed conditions to obtain amoltenmaterial,
and (X2) admixing aggregate to the molten material to mix
in amolten state under particular conditions. The sulfur,
dicyclopentadiene, and aggregate used in these methods may
preferably be those mentioned above, and also the amounts
20 of these ingredients may preferably be selected from those
ranges mentioned above. That is, the amount of
dicyclopentadiene is usually not less than 0.1 parts by
weight and less than 2 parts by weight, preferably not less
than 1 part by weight and less than 2 parts by weight, based
25 on 100 parts by weight of sulfur. The amount of the
aggregate may preferably be selected suitably such that

the ratio of the total amount of sulfur and
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sof 1to5. 5to 9 at 135 1to 155 C while a viscosity of said binding
“material containing nodified sulfur at 140 Cis nmaintained in a range of 0
O5tol1. 2 Pa s to obtain a nolten mxtures and 5 (D) cooling said
Jolten m xture down to a tenperature not higher than 135 C. 3 . A nethod
for producing a material containing nodified sulfur conprising the steps
of : 10 (X) dixiyeddpentadierna tpatbhesampunt gfcybeopeatadiade l1saddto
aggregate at 135 to 155 C for 0.02 to 5 hours under hernetically seal ed
conditions bo:olst dicn & Inpl venghitxt ure; and (Y) cooling said nolten m xture
down to a tenperature 15 not higher than 135 C. 4 . The nethod of claim 3,
wherein in stepIfXphe secandunetlddsaritenlisoylct wpestiadi ehepértadiengss t han
0.1 parts by weight and less than 2 parts by wei ght based on 100 parts 20
by wei ght ofnsulthe ,agadegatanaumet sdfmsldi ahaggs dyaméxiesl sucha tthettanratio
of a total anount of sulfur and dicycl opentadi ene to an anount of said
aggregate i sthtteg The bbtjiecxk e weitghtiaRcdnt Fheingthodidfied aumffr
wherein said step (X) further conprises the steps of: (X1) mxing in a
nol t en st at mayabd mddurednd saedt3p, inacadntysbbpentaei £hestmderhod,
hermetically sealed conditions to obtain a nolten materials and
wherein the binding material containing modified sulfur
is first prepared. Thus the second method provides the
objective material containing modified sulfur in a shorter
10 time as a whole by a simplified production process, even
the mixing in a molten state takes longer time.
In step (X) of mixing in amolten state, it is preferred
to thoroughly stir or knead the molten mixture under
hermetically sealed conditions so as to achieve a
15 homogeneous temperature over the mixture. The
temperature of the molten mixture is 135 to 155 °C and the
duration of mixing is 0.02 to 5 hours. If the duration
of mixing is less than 0.02 hours, dicyclopentadiene,
sulfur, and the aggregate are not mixed thoroughly, so that
20 the resultingmaterial will not be given a continuous phase
and will have voids or rough surfaces. With thorough
mixing, the resulting material will be given a perfectly
continuos phase with smooth surfaces. On the other hand,
if the duration of mixing exceeds 5 hours, modification
25 of sulfur proceeds to cause an increased viscosity, or even

curing, of the modified sulfur, resulting in lowered

workability.
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(X2 ) mxing in a nolten state said nolten material wth said aggregate at
‘135 to 155 C for 0.02 to 5 hours. 5 34

ATLAAALCAAAAAAAAAAA . AAAAAA.ALAAAAILLALY.A . A~

O AT .AA(, YA @AY, . A,;,?f1lbRgSa?| b

‘OPY| wr mhc”™Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] calipalsaalicalxp] cpkeakaalYdf the aggregate in the

()$SDz*”: }xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca] ca]ca] ca]ca]ca
] ca] ca] ca] cabedlda]aa] or] e8] sal cafcalch] dacHHlcn@ED T epios Bs Lwr mhd®Y] ca] ca
] ca] ca] ca] ca] ca] cMa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]c
a] ca] ca] ca] eal¢a@tgalifFicult to determine the progress of the reaction
TEZEVLEE M #TH<EN#H#HEXEN$SSY<% xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ¢
a] ca] ca] ca] palealean]£al cat cahaahdalyealasdrd aadna] be| ddjreajtddaf ca] ca! <Ye %9886
YRE&N&S &h&i & &k&&&&' ' (Y(N( O Q@ J+2, m,--/011} xsni d_ZU| ca] ca] ca] ca] ca] ca] ca] ca
] c]a] cg]fg fzi] gﬁk@%hﬁaﬁ]r@] €ré cal sabeals/\a] Hwjedet £ she” Bhedlasalci] tla¢ ca] ca] ca
ca] cal p

33344+556689Qact i IR A" B#BER BB R} «pol dp&heajdajmen] g ca ca] ca] ca]
cal] 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! DDGG* Hwd yd Jh e\ 46 &4 KKk KKKL Ehbitl thel Yddddion may be controlled

NNOWC} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]c
a] ca] ca] ca] e8] aalciad €y cabfial-ealgale ajicea ! WP QRRRBS HUDAL N X0 X ?Zh &

\\ o] (" "~ aaaac{dd}xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]
ca] ca] ca] cahgadiGa] Gal sat6ahealeakeahcen 6 & wa]mat cajrrd gied § gepyBhilifidi <i =i E
i 1)Kl mmm7pVarrsuSv2wkNxxx} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca]ien] caheriichl &4 £ahcal eakcakaabaal, caheat eapeahealreahoa] darwtifpyzz{| | }
T~Z~\~.fn,t}xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]c
a] ca] ca] ca] Al ¢alCalisaltplisahcabtabaakeakealgast €6 B MR noxd twirt]°Xni d_Z] c]
ca] cMa] ca] ca] ca] ca] ca] c”fa] ca] ca] c™a] ca] ca] ca] cMa] ca] c”a] ca]ca] ca]ca]ca]calc
a] ca] c*a] calgR] opd ced cal] mdnutes at 150 °C.

DJ25<ACNVAgi yt ni ¢ XSni ] cal] ca] calU] ca] caU] ca] caU] ca] caU] ca] cal] ca] cal] ca] caU
J cal cal cal cal caldgalsatbeatoal walioahari Ledsalioai s bahex Sometically

. Ef hntyt oj d_Yni ] caUU] ca] cal] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]c
a] ca] ca] ca] calralgal sahcavbedl el cale@] eathtay be carried out, for

t v(HIP?prw{}w nmhc] Xoj d_Yni ] ca] cal] ca] ca] ca] ca] cal] ca] caU] ca] caU] ca] cal] ca]
call cajcal] e Ll €ah ¢as cahtaherberlls; aldwoaaad] 6g] salfaa] pasheatian/} OHE v
gl gb] Xca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca]ca
] ca] ca] ca] calgalplerhca] ea] aall aakpeXtpehzddis g&nie { vatight Xe@a] oa]5@] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]calca]calca U]c

a] ca] ca] ca] o GHcR L' hermetically sealed mixer preheated to 135 to

(af gK+A| {vqgl gb] Xca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
1] ca] ca] ca] cHgalcalsca] caheajcajeabaateadfl tKe@OYZ&g)te preheated

10%Z& ()-y, @O%Z& ()- &10%& ()-1 3

109Z&' () - 9109 & Kdnt 10%L&o( L5bbiok +AEH WK X In@¥En18%&1Een! state at

109%Z&' () - FL0%Z& () - S&L0%&' () - @ 10%Z&' () - @10%Z&' () - RqSi K- S910%Z&' () -f7
109Z& 49 - S5gHAIDIAL (1553°c 109€8& (02 to 5 hours. It is more preferred
110%2& () -f/10%Z& ()- @ 10%Z& () --fES910%Z& y"109& ()-) #y"10% ] & ()-;(
10%& () - M@@ﬁéﬂéﬁé&@&l&zk@%@ﬂwﬂswﬂéd mixer to 140 to 150 °C,

a?f ES9109% &g#10%mm&’ () - NLOYE' () - f #1096&' () - 4f #10%{ & () - @

10968 () -y" 10986842 ry Bu¥+EX8. mixing in a molten state at 145 to 155
10®@<s109%G8 () -! L#g#?LOO/&' () -V LX#g#10%& () - ! HEg#109%&' () - ! 4#g#10% { & () - g#10%
&' ()- dEE oc, The sulfur and dicyclopentadiene are mixed in advance
10@P#10%Z&' () - & >#109%&' () - & 9b#10%&' () - & >#10%ZZ&' () - &MLO%Z&' () -s 10G
10G3z[ PE: 106 ¥ n¥to inhibit polymerization reaction of sulfur by

25 the presence of aggregate.

In steps (D) and (Y) of the first and second methods,

respectively, the molten mixture obtained in steps (C) and

20



10Z&<s10%Z&' () -! V- y#10%& ()-!V-y#10%& ()-#10%& ()- & Hf #10%&' () - &SAEPE: 10G
10Z@ 109B&' ()- 109B& ()-y, 109B&' ()-, T 109B& ()- @ 109B& () -, -
109B&' ()-Dz*"dEPE: 10G 10Z@&109B& ()- 109B& ()-S
109B& ()-T#109B& ()-,109B& ()-@ 109B& ()-":dEPE: 10G 10Z+109B& ()- S
109B& () - SY%109B&' () - @109B&' () -! SH109B& () - @ 109B& () - 71 nopqdYNC 10G 10z
10B 10B 10B9X) 10%R& {ocSPIOVRL' (L 5- HdlB&I¢yn 56¢418vBa&MPEereture not
109B&' () - qHb}A*<YNC 10G !4f #109%0hTh& ()- f#10% h& ()-!'0 f#10%°hPh& ()-S"10%
@ ()-!S"10%&el) -tH¥A hB3§) °CV% The7 10wWer hRksllO%f the cooling
h& ()-!L-z#10% hl h& () -!>-z#10%'h"h& ()-!f#10% h h& ()- VIF#10%h
v&: ()-) ! Lf #10%phklida® (ye ()¢ BeofiVpkS 1A h&r L y- Be b t@%ch&d,) argll 0h&e( B 10%
h& ()- Y nml0% h& ()- & 10% h& ()- 10 h 10 h Q "I'dEnV 1S 10% h! y#10%
h& ()- 10% k&of) temperature. In steps (D) and (Y), the cooling may
5 be carried out in a desired metal mold, a granulating
machine, or a molding machine, to produce the resulting
material containing modified sulfur in the form of desired
molded products, pellets, granules, or particles. Before
the cooling in steps (D) and (Y), when the molten mixture
10 is fluidized to a desired degree, the temperature of the
molten mixture may be lowered and the mixing may be
continued for a while at 120 to 135 °C, for preventing
excess viscosity increase of the modified sulfur.
The granulating machine may be of any kind, for example,
15 arolling type having adrumor a tilting pan, or avibration
type having a horizontal or tilting plate.
When the material produced by the first or second
method is obtained in the form of particles, each particle
has high strength, and the particle size is adjustable.
20 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 material produced
by the first or second method, the modified sulfur
substantially seals the aggregate against contact with
25 surrounding water. The aggregate is hardly exposed

outside, so that elusion of hazardous substances contained

therein may be prevented to a certain extent. Thus this
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"10% h& ()-,10% h& ()- | 10%h& ()-10% h& ()-"!Z! 11" M AEMN 1S 10% h, -T 10%
h& ()-+#10% h& ()- ) 10% h& ()-,' 10% h& () -, %@ 10% h& () - , #@ 10% h& () -
MUt # #TH#DENY 1S 10% h 910% h&' () - 710% h&' () -510% h& () - @l 10% h& () -3
110% h& () - S/ 310% h& () - 7#9#: #; #<#N#AH#SDCLS 10% 10% h& ()- - 10% h& () -
10% h& ()- 10% h&' ()- 10 h 10 h 10 h9<s10% h& () - $X$n$$$Y<%IELCLS 10% 10%
h& ()-1 10%nb&er)i-a00%an&'he mizkdovisil Ja ceremthist {Qus 'navyehéal)y - such

<Y%e WHRENZIEDCLS 10% #10% h&' ()-"10% h& ()-, 10% h& ()-,- 10% h& ()- 10%
h& () - 10% h&s( ceNSr88i8c SuEDELS, 10% L hsh ( ) widhoudvnf&eotind 0vhas () -
)10% h& ()- ,"'10% h& ()-,% 10% h& ()-" (Y([ (N (] (M (O _=1S '#S#10% h

h& ()-! SH10¢83&n(g beththi db dnd O hl<gdiOlo g, 1191 SO0 hantent7 pdysuch

h& ()-O)*QJ+2, m, z[ <_=1S-10% h& ()-#10% & ()-! Ck#10%hch& ()-!>#10% h

h& ()-y#10%ementitious material.

h& ()-!9y#10%'hYh& ()-,C----- A {Y71! OLTf #109%°hPh&' () -!! f #10%AhAN& () -

5 When a cementitious material and incinerated ash are
conventionally produced into a cured product through the
pozzolanic or sulfo-pozzolanic reaction, it is important
to adjust the moisture content to the optimum. When
incinerated ash of city waste, which is highly water-

10 absorbing, is used, it is particularly difficult to adjust
the moisture content. Specifically, when incinerated ash
of city waste is dried before mixing, the dried incinerated
ash absorbs moisture from the cementitious mixture,
leading to shortage of moisture. When incinerated ash of

15 city waste in a moist state is used, the cementitious
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

20 aggregate swells and can no longer be used as aggregate.
In the material obtained by the method of the present
invention, even the aggregate containing hazardous
substances is made harmless using modified sulfur. Thus
the present-method is highly useful for recycling such

25 aggregate.

The materials obtained by the present invention in the

form of molded products may be used, for example, as panel

22



10 h 10 h 10 h9s<s10% h& ()-!L/z#10% hl h& ()- !>/ z#10%h"hé& () -
Y101162p2}~2{ Y711 OL@ 10% h& () -#f #10% h& () -! C# #10%hch& () - S#10%
h& ()-!4S#109%ThTh& ()-f#10% h& ()-p2 33333344{Y: 111" 10% U& ()-!f" 10%U& () -
A0 h 10 h 10 h<10% h& ()-!L/y#10% hl h& ()- ! Q y#10%jhgh& ()-
4+555667} A<{ Y: 1! | L##109%YUYU&' () - f #10% U8 () -1 >f #109%KUKU&' () -! f #10%
u& ()-!9! f#mewprdal)s #f100%ing pirgdedso{ valymaternbad sg 19t S1d®Mhe () -
10 U 10 U 10 U< 10% U& ()-!i ##100WU& ()-! L##10%/UYU&' () - : ;
F<<=>}[ 9{ Y: or! vhd¢ ekl Th&E Fcitural0one Kigq psprefosheir moldability
h& ()-19by#10%WhYh& () - y#10%
@' () -! Oy#10utlochsy (esil® 526 @@ Al \Whenligrtberfiugof) partdgdes,
U& ()-!f"10%JU& ()- 10 h 10 h 10 h< 10% h& ()-!L##10% | & ()-/ Al A;
BB3CbDDz[ 9{ the!mha¥ é716%sthdigbe) us#d0®s landfillingmaterials, roadbed
U& ()-![ N #10%UhU&' ()-! C#109%PUPU&' () - ! 9b#10%UFU&' () - #10%
Y& () - BDDDDEAEGEI WAL >\l Mg ea ¢ ¢ ri 8%#$0%h aggregate for concrete.
h& ()-19?2#10%rhYh& ()-1!#10%AhAh& () -
Examples

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

10 present invention in any way. The binding materials and
the molded products prepared in 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.

15 Compressive Strength: A¢5 x 10 cmcylindrical specimen
was prepared. On the seventh day from the preparation,
the compressive strength of the specimen was measured using
a 30-ton TENSILON compressive strength measuring
equipment. The ratio of compression of the specimen until

20 its fracture was taken as a strain ratio.

Water Absorption: A ¢5 x 10 cm cylindrical specimen
was prepared, soaked in water at an ordinary temperature
for a predetermined period of time, and taken out. The
excess moisture on the specimen surface was wiped off, and

25 the change in weight of the specimen was measured. The
increase in weight was taken as the water content.

Resistance to Sulfur-oxidizing Bacteria: 100 ml of a
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10 U 10 U 10 Us<10% U& ()-G*HI 183JJJzX9.7 10 h< 10%
h& () -1 >HY#109% & () - ! #y#10% h
h& ()-! 4#y#109ThTh& () -1 9#y#10%hYh& () - y#10% h& () - JIIKKLMWE? 10

! QST #1008 UNUE () - f #10% U () - 1 4f #10%AUAUR () - " 10% U8 () -1 f " 10%RJUE () -
h 10 hM NNOWOPP} [ 9E7 10 h! dE/ z#10%gUqU&' ()- ! L/ z#10% U U& ()- \- 10%

U&' () - Y% #1080 U&uf)e- s bTu # bAUrLYD&T €X-B ¥ iliosstimg a( § o PPPPPRGFIEN? S ¢d

h! f #109BB& () - ! 9f #1098B3B& () - ! f #109BB& () - ! Of #10% * & () -

U<10% U&' () o Rt SSTT4HOS N, ¥1, 4.0 g of KH,PO,, 0.3 g of MgCl,*6H,0, 0.3

10

15

20

25

g of caCl,*2H,0, 0.01 g of FeCl,-4H,0, and 1.0 L of ion-
exchanged water to pH 3.0 with hydrochloric acid, and a
2 cmx 2 cm x 4 cm prismatic specimen were placed in a 500
ml baffled flask, inoculated with a starter (sulfur-
oxidizing bacteria, Thiobacillus thiooxidans IFO 12544),
andsubjectedtobacterialculturewithrollingandshaking
(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.

Noncombustibility: The noncombustibility was
evaluated in accordance with the ignitability test for
evaluation of inflammable solids (Type 2 Dangerous
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
1OSecondsorlonger,andClasstmmlammablesolids,which
ignited 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
10 seconds and specimens which did not continue to burn
were indicated as “not dangerous”.

Example 1

995 g of solid sulfur was placed in an internal mixer,

24
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Then 5 g of dicyclopentadiene heated to about 50 °C to melt
was added slowly, and stirred mildly for about 5 minutes.
5 When no temperature rise was confirmed, the mixture was
heated to 140 °C. The mixture started reacting, and the
viscosity gradually rose. When the viscosity reached 0.1
Pa-s in about 5 hours, the heating was immediately stopped,
and the resulting material was poured into a suitable mold
10 or a container, and cooled at a room temperature to obtain
binding material A.
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 A re-heated into a molten state were
15 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 and 10 cm in
height, and cooled to obtain a specimen. This specimen
was referred to as molded product A.
20 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
900 g of sulfur and 10 g of dicyclopentadiene were used.
25 Example 3
Binding material C and molded product C corresponding

to binding material A and molded product A, respectively,
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were prepared in the same way as in Example 1, except that
981 g of sulfur and 19 g of dicyclopentadiene were used.
m ive E
Binding material D and molded product D both free of
5 dicyclopentadiene, were prepared in the same way as in
Example 1, except that 1000 g of sulfur and no
dicyclopentadiene were used.
Example 4
199 g of sulfur heated to 120 °C to melt, 1 g of
10 dicyclopentadiene heated to about 50 °C to melt,'and
aggregate composed of 670 g of blast furnace slag and 130
g of coal ash and preheated to 140 °C were substantially
simultaneously introduced into an internal mixer held at

140 °C. The mixture was kneaded for about 5 minutes,

15 heated to 150 °C, and further kneaded at 150 °C for 60

minutes. The resulting kneaded product was poured into
a cylindrical mold of 5.0 cm in diameter and 10 cm in height
to cool, thereby obtaining molded product E as a specimen.
The production of molded product E took 65 minutes.
20 Example 5
Molded product F corresponding to molded product E was
prepared in the same way as in Example 4, except that 198
g of sulfur and 2 g of dicyclopentadiene were used. The
production of molded product F took 65 minutes.
25 Example 6
Molded product G corresponding to molded product E was

prepared in the same way as in Example 4, except that 197
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From Table 1, it is understood that the binding

materials and molded products prepared in Examples 1 to

6 had better properties than those of Comparative Example

1 in higher compressive strength or higher strain ratio.

5 The materials and products of Examples also preferably

exhibited extremely low water absorption.

Table 2

Example 1 |Comp.Ex. 1| Example 4
Kind of Binding Binding _
binding material |material A |material D
pH at day 0O 2.64 2.64 -
pH at day 45 1.23 0.81 -
Kind of Molded Molded Molded
molded product product A | product D | product E
pH at day O 2.67 2.67 2.67
pH at day 45 2.49 1.26 2.51

10 From Table 2, it is understood that the binding

materials and molded products prepared in Examples 1 and
4 exhibited less pH drop than those prepared in Comparative
Example 1, indicating that the former had higher resistance
to sulfur-oxidizing bacteria.

15
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10%r&' () - MLO%T84 ¢ dm, 2OKIE' §) -1t WOMuM rstood that the sulfur molded

products prepared in Examples 1 to 6 were not inflammable

and had good properties, unlike the sulfur molded product

prepared in Comparative Exampie 1, which was observed to
5 be inflammable.

Subseqdently, each of molded products A to G prepared
in the above Examples and Comparative Example was placed
in a beaker to soak, and after 30 days the color change
was observed. The results were that only the solution in

10 which molded product D of 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 were soaked were not changed in color,

and stayed colorless and transparent.
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1. A method for preparing a binding material containing
modified sulfur comprising the steps of:
5 (A) mixing in a molten state 100 parts by weight of
sulfur and not less than 0.1 parts by weight and less than
2 parts by weight of dicyclopentadiene at 135 to 155 °C
under hermetically sealed conditions to obtain a molten
material; and
10 (B) after a viscosity at 140 °C of said molten material
falls in a range of 0.05 to 1.2 Pa*s, cooling said molten

material down to a temperature not higher than 135 °C to

obtain a binding material containing modified sulfur.

15 2. A method for producing a material containing modified
sulfur comprising the steps of:

(A) mixing in a molten state 100 parts by weight of
sulfur and not less than 0.1 parts by weight and less than
2 parts by weight of dicyclopentadiene at 135 to 155 °C

20 under hermetically sealed conditions to obtain a molten
material;

(B) after a viscosity at 140 °C of said molten material
falls in a range of 0.05 to 1.2 Pa-s, cooling said molten
material down to a temperature not higher than 135 °C to

25 obtain a binding material containing modified sulfur;

(C) mixing in a molten state said binding material

containingmodifiedsulfurwithaggregateateiweightratio
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3. A method for producing a material containing modified
sulfur comprising the steps of:

10 (X) mixing in amolten state sulfur, dicyclopentadiene,
and aggregate at 135 to 155 °C for 0.02 to 5 hours under
hermetically sealed conditions to obtain amoltenmixture;
and

(Y) cooling said molten mixture down to a temperature

15 not higher than 135 °C.

4. The method of claim 3, wherein in step (X), an amount
of said dicyclopentadiene is not less than 0.1 parts by
weight and less than 2 parts by weight based on 100 parts
20 by weight of sulfur, and an amount of said aggregate is
such that a ratio of a total amount of sulfur and
dicyclopentadiene to an amount of said aggregate is 1 to

5 : 5 to 9 by weight.

25 5. The method of claim 4, wherein said step (X) further
comprises the steps of:

(X1) mixing in a molten state said sulfur and said
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