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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 nmethod for producing a
bi nding material containing sulfur nodified with 10 dicycl opent adi ene, as

wel |l as a method for producing a gggghh%gdﬁﬁiéﬁning nodi fied sul fur that

enabl es recycling of wastes and i oducts into materials for
civil engineering or construction. Background Art 15 Application of sulfur
as civil engineering and construction materials has been under research,

whi ch makes use of its properties to nelt over 119 n soljd.at

ordi nary tenperaVHFQQDI§9§:§%ﬂﬁp§?N§h§Q?ﬁﬁ%%Db%gﬁgpgoéﬁﬁiﬁfﬁiﬁge sul fur
as a material for paving roads (US 20 Patent No. 4,290 81&} a stock
material for construcBBRING: AGENT Ay HETYOF 808 PRORVUSINENdi ng materi al
for sealing waste (JP-62-15274). nding. material conposed

Ho bi nd
solely 8f sul fur 25 wi MORJfREE ﬁﬂpggé?bQﬁhﬁiNﬁﬁgiN6T§ﬁQAH exposed on its

outer surface, which is ignitable. Such nol ded product al so has vari ous

ot her di sadvantages such as insufficient nechanical strength and inferior
resistance to sulfur- 1 oxi di zing bacteria, so that the product has not
been used wi Héeyd 10f A¥lr to overcone these di sadvantages, various
addi ti ve conmpounds have been devel oped. 5 Dicycl opent adi ene, as an exanpl e

of such additiveThenpbaagst jsventipanseiatasd econeried foardFaGhodn to
have good effect on nmechanical strength of the nnlded(i)__rqfluctsi as

descri bed i naNeWwngdsdgwg grasprial contaimoimg pedfnr madikieds¥ikRown to
nodi fy the properties of ,

10 dicyclopentadiene, as well as a method for producing a
material containing modified sulfur that enables
récycling of wastes and industrial by-products into
materials for c¢ivil engineering or construction.
Background Art

15 Application of sulfur as civil engineering and
construction materials has been under research, whicﬁ
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).

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-




"

10 sul fur by adding to it vinyl toluene, dipentene, or other ol efine
ol ygoners, for use as road materials, adhesives, or sealants (JP-2-25929-B,

- JP-2-28529-B). Road materials containing mxed asphalt and sul fur are now

in practical use. 15 Sulfur, which is known to have an application as a

bi nding material, has been used b 1Lxi.ng.w th vari.oys {

prepare ol dedilBrédi gafcgrerc]i‘:\‘/'i IQI%?&%%%ﬂ%é)rr?acﬁlecr?a ass?%%\a/e;eﬁ"? utsﬁaed

nol ded product repared with a binding material conposed solely of sulfur
20 have vari%ﬁéegﬂbblens inits property, and have only limted use. Sulfur
has a flash point of 207 C and a spontaneous ignition,tenperature of 245 C
and is thus igni £3bP& ey FuroBRpoERE %%ﬁa@g??QXS%H? asy 10 bOrn and 25
di sadvant ageousl y .combusti bl e. t he ot her hang, sul fur exhibits high
strength in ad9iEiMe SAMRPYRABNGVENNREYFREEICR6Rever, sul fur solidified

by cooling froma_2 liquid state is a q%fturihof rhoq?'ct.nnnoclinic,
and anoPphouBlSYFAGRENALLIRSsi PPoRAl FHRTRLBf OhhSOr N & H&pendi ng on
the cooling conditions, as well as with the |apse, of tine., JThus solid

sulfur in pr&eRPEENCSHdd & & NRAPE S feF &t L pPL et FBY R L SUP £ ur
is the nost stable formof solid sulfur., wever, .since rhonbic sul fur
" has the hi ghBaVedessiq 2 ERE PRe MEGNEELLS SSBFe§QF%hf§?h@m?i%Régeﬁbove,

voids will formwth the |apse of tipe, whigch resuylts.in red d ani ca
10strengt h, BRAIEFS ot e I e dxt PellBWcHEES ?&r%ﬁéﬁ?”héigﬁﬁiHgfﬁ?Tates
into the voids to dissolve the naterials sealgd inikgf, whi ch_det eri.orates
the hazar douB®8utdt-ande skl abrPi KPOWbrieoardi £y i REWST hySBaleri a:
which live in soil and water, intrude into ﬁhe voi ds to cause corQﬁ§ion on
the préBuct SUAEHE®Y REA1BILCOMNGLBYLNBLYF G PSR fne, or other

di cycl opent adi ene has been di scussed. The reaction of dic%%%p ent adi ene
and sul fur i8l&&ida ®WIUGEHd BPE PJoF §re? | 2R R JRe CRh&Ae P sives,

di cycl opentadi ene first reacts with sul fur, whi i.s then 20 polynerized by
radi cal chai AYr 886NN S ThY 8~ Fegetdioi s %?@%F§%g§§?ﬁgrﬂid$°§§ that the
tenperature suddenly rises and. the viscosit%linczﬁgfes S arpI%. The .
uncont r ol | ablM@ tegdct] ol BANENME X560 ASER e 1 i3 iSOH. FAh A 1D SA4ptAg of

the product is possible. Addition of olefin olygonmers 25 is a proposed
sol ution forPpR&FEft3hg*S8ch uncontrol | abl e reaction (JP-2-28529- B)

However, for use of dicyclopentadi ene, sufficient studigf.have not been
made 315 Sulfur, which 1is known to have an application as a

binding material, has been used by mixing with various
aggregates to prepare molded products for civil
engineering materials. However, the molded products
prepared with a binding material composed solely of sulfur

20 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



(L}

in production conditions, and the relationship between the reaction
condi tions, such as the dicycl opentadi ene concentration and the

-tenperature, and the desirable properties of the resulting binding materi al

have not fully 5 been established. Wen the cool ed, solidified binding
material is ye-heated for .mxing.wth agarega . 1.he I rizati
reaction betilxb%ﬂlgulsgﬁrtearfds df NEFopént a iel%%&rg%ééfrersng (?egﬁoﬂ(l:fe(gh gﬁ?t her
curing. Appropriate properties of the 10, binding terial r..S : and
t he product i SR EBARAMES: Bﬁgé‘btrs'maxicr?é“%ﬁ%&aﬁa? g]éggl a\(?g ﬁégc?e&%%éense
established. /It is.not kn to use a bindi mat er.i_al di_fJ 1

di cycl opent a%?%ﬁ@afl&g ?é’al%g%g C\ﬁé’gtlé%g a%%n?hgggpfsi'afasbv?gﬁoglf’cﬁg,tmatﬁ%]? he
production conditiops .therefor have 15 nat. been establish ) d
st ri o DYABP Btk e TeHB AT S Bt SAoBC Br-Chy EF RAHH T R or
incineration, but sites for these treatnment have been running short of.
Thus it2is deFhREES 89 ey PEIEE/uch of the wastes and industrial

by- products as possi bl.e. For. 20, exanpl e, waste_such as steel. sl aq,..coal
aghl,O and bur nedpggﬁ{“bﬁ&sl&ééﬁrn’aﬁé:k} fre %Faéglﬁr ‘aﬁE‘t%f Séﬁu“?&&\%cq%ﬁ' into

landfilling materials for civil engineering, construction materials, and
the like. |HPHP¥CEasRINFECHRIRAF St ERY %Fhﬁﬁf&%?agodep‘?%hﬁ&aé“‘?%g

requi red, including 25 conpressive strength, bendjng strength,. ile
strength, anbbfngdcee redrdy afcaulAPLS IP%%%FPE‘&df ‘?)bog'ﬁé %%%ﬁé&"’big ¢ttt are

wat er sealability for preventing elusjon of 4 heavy et al] cogpounds

cont ai ned i nWt kB Wh‘%lds':‘tﬁﬁealofbylgﬁrd’&%?]%,re?ﬁﬁﬂcBﬁﬁﬁ)sfégfalciet ngpaﬂ]rje%}‘uti ng
ignition by fire, and resistance to sul fur-oxidizi ng bacteria tha}E cause
corrost®n of SELPPGTton Ak SFSRHUEE2ShFT 40e@t £:4di§0% ©75Fhe &84 ’
burned ash, in particular, contains hazardqQus sulstances such gs heaj}/%
metal s and dvB%FA, 18E1LkEALSTHLBITG BASOYO RS VNS SUth fedTdds?

material for the ash to be recycled into a landfil]in terial. Steel slag
fromthe irofCahgsiBErdendiBEFP %965&%@&&%@%%@8?5&&% SP%’F%‘?%g

materials and civil _engineerin Cee s . .
sealabilié@. Morgover,sulfur-ox1dlzlngbacterla,whlch

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 reéults in rapid solidification, and no shaping
of the product is possible. Addition of olefin olygomers

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




materials. However, when the slag is brought into contact wth water,
polysulfide is formed to generate yell ow sh nuddy water, which has a
-harnful effect on the environnent. Thus binding nmaterials are denanded that
make such 15 industrial by-products fulfill the above requirenments for

G T 1 vent & a4 B PR et b BRGenr ot oy T s b et BT 20
o 1 ed sul TEFChEOR GAFLENERE SReTedtt i he. ThEVBAARy Akt EPPar may be
wstes and | HHBSEREER Gy br SRoFbond CTRUTRURE B+ aABG S195 Thet b0T8r gl vi'ng
o St fur - oxP B BEAG ISHPBri1iE £6 SHE TE BIFAS BRT Sr EAT e P S hbdt o6
and 5 i ndustrial by-products. It is another object of the present

i nvention t PPEBVPEE 3P IetMed- for producing a material containing nodified
sul fur with easy contrgl of reaction. The 5 terial containi ng nodified
sul fur exhibits BREB toft $RRMEAT cEP 1t th, PWBHEPIsBATHT 13ty Si gniti on
resi stance, and resistance to sul fur-oxidizing bacteria, even when wastes
and i ndust r i B¢ ~Bgapesid@s mhelpgetl hE 86@%&%%%9'ah@efﬂPiVWF§ﬁﬁ%) i es
required for materials 10 for civil engineering and construction. According
to the preseh®aFki&R PEF Wbt} uh i dHL BChePRBE 25T &5 hgS &-°

bi nding material containing nodified sulfur, conErisin the,stegi QL (A
mxing in a PBPEERGstTEtheD BUri&%y WRRJHEPBEAES SHAMFT GheS 2°to parts
by wei ght of dicycl opentadiene at 135 to 155 Qito obtain a nol%@ninaterial,
and ( B?O af t PLBNGBAFEF 14l 10D Bt USE AU R R TR B8 £ANS F 1085 ange
of 0.05 to 1.2 Pas, cooling the nolten material down to a te rature not

hi gher than £85 ®liango Wit iqgQF%E%H?n@aﬁﬁt%PFaVeEoHFEPnFﬁégﬁiﬁ%W%ﬁ'

sul fur. o _ . .
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-products as possible. For
20 example, waste such as steel slag, cocal ash, and burned
ash, has been made into molded products, and recycled into
landfilling materials for civil engineering, construction
materials, and the like. 1In this case, mechanical
strength of the molded products is required, including
25 compressive strength, bending strength, tensile strength,
and impact resistance. Also required for the molded

products are water sealability for preventing elusion of



According to the present invention, there is also provided a nethod for
producing a material containing nodified sulfur conprising the steps of:

- above step (A), 25 above step (B), (€ mxing in a nolten state the binding
material containing nodified sulfur obtained in step (B) with 6 aggregat e
at a weight ratioof 1 to5: 5to 9 at 135 to, 155 C, whjle a, viscosity of
the bindi ng Hed8Yi fetal 199 RoPBdgacAHiHREF N1l FRAgE SIEHE2L0PY 2 Pa. s,
to obtain a nolten m xture, and 5_%@),cooling said nolten m xture obtained
in step (C) RBRAAVESSa tEperBPUPE LRI i ynkeT t RRRVERS 1EI AEGIBIRE PY the
present invention, there is also provided a nethod for producing a _materi al
cont ai ni ng nbHFEr e@nsuIFeF L TBAPFESItRY L B epiighzing @SCWﬁ&+ggtpﬁta
nolten state sul fur, dicyclopentadi ene, and aggregate at 135 to,lSS_ﬁ%for
0.5 to 5 houf8ufs eRLAPSH iPHHITt 68 1HUE e LhgnBT O o SUHHR <RF dThol

m xture down to a tenperature not higher than 135 C. 15 PREFERRED

EMBODI MENTS @F FHE ISIVENTI T ThBraethéd Boriprepafrify 1@ Bi g2 Materi al

cont ai ning nodi fied sul fur according to the present invention includes the
steps of (Aharardgus salfiareest avehsapfheayygnatéyd ¢9¢hCdd=eiy &i°a
specific ratio under specific . ,
that inhibition of elusion of such substances is material
for the ash to be recycled into a landfilling material.
Steel slag from the iron and steel industry may be used
10 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 that make such
15 industrial by-products fulfill the above requirements for
recycling as materials for civil engineering and
construction.
DISCLOSURE OF THE INVENTION
It is tﬁerefore 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



20 conditions to obtain a nolten material, and (B) cooling the nolten
material obtained in step (A under specific conditions. The sulfur used in
.the present nmethod is ordinary elenmental sulfur, and may be, for exanple,
natural sulfur, 25 or sulfur obtained in desulfurization of petrol eum or
natural gas., The di cycl qpent adi.ene used in the present nethod may 7 be
dicyclopentaﬂ?@Hét§§a§'gﬁ%ﬁPﬁogﬁﬁgﬁance, or a mxture mainly conposed of
nononer to tetraner ,of cyclo entadiene.§§ h m xture,contains. usually not
| ess than 70 mass$tog SprEtRreT yORIEClre S tﬁhﬁl%ﬁeﬁﬁ§§%%'ﬂz opent8di ene. 5
Thus nost of the commercially-avail able products referred to as_.

di cycl opent aBFevédeay® MetRed. PR ?ﬁ%?%é%qgtﬂemﬁﬁﬁﬁﬁﬁ%ﬁCQﬁ%?ﬁPbﬁgntadiene
is 2 to 20 parts by weight, preferably 5 to 10 parts by wei ght, based on

100 parts byMGei&hE oS EhE a1 viThe e2FUMACHEE2H affc%‘?laé:&érﬂrgdi eﬁgeaffects
the properties, such as nonconbustibility, water sealgbility, anﬂ%I
resi stafce tBasarigrl Q2 RRBaBCSHiT € dis el EBEUREIIP I hdh ¥ge aEE T al as
wel | a material containing nodified sul fur produced by m xing the binding
material witheghgndgale BisraBIRh) | Wil steasebitatdr. 4 gehetal, a I arger
amount of dicyclopentadiene will result in inproved properties. However, at
about 10 parE&sShy tasigfht aoTd diesyid oene da? ikl Basea® sA1 206 HRACT Sy dwei ght
of sul fur, maxi mum i nprovenent of the properties is achieved, and further
increase in @HQHZWhﬁﬁnﬂﬁSWﬁ$Ia%@tlﬁ€§§¢FHQ4rQ%ﬁPR%%P@t?nﬁFSV&ﬁﬁd.aﬁhe
amount of dicycl opentadi ene may al so be decided with reference to the
control | abi | REPT&Ed thur &N f LS ildde PrEwe rdst Sk Me B ¥4 IoPetSdLb? the
products to be obtained. The viscosity of nolten sulfur increases with 25
the prd@ressfofr widiifl cengbneairinddicdyd| opeht BBFEASD -The

According to the present invention, there is provided
a method for preparing a binding material containing
modified sulfur, comprising the steps of:
(&) mixing in a molten state 100 parts by weight of
15 sulfur and 2 to 20 parts by weight of dicyclopentadiene
at 135 to 155 °C to obtain a molten material, and
(B) after a viscosity at 140 °C of said molten material
falls in a range of 0.05 to 1.2 Pa-s, cooling the molten
material down to a temperature not higher than 135 °C to
20 obtain a binding material containing modified sulfur.
According to the present invention, there is also
provided a method for producing a material containing
modified sulfur comprising the steps of:
above step (4),
25 above step (B},
(C) mixing in a molten state the binding material

containing modified sulfur obtained in step (B) with



rate of increase in viscosity relates to the anpbunt of dicycl opentadiene,
i.e., a larger anount of 8 di cycl opentadiene will result in a higher rate
-of increase . For exanple, at 140 C, when less than 2 parts by wei ght of

di cycl opentadi ene is used with respect to 100 parts by wei ght of sulfur,
the viscosity wll not reac

h 0,1 Pas 5.,even i.n 10 .hour.s or Jo (g
contrast, w tHIREIASY r%r?“ihg]ﬁ)ﬁrfi'%ﬁy? i ghitP di csyéloopéerﬂqggi%‘:he?oa
viscosity of 0.1 Pas will be achieved in 0.5 to. 3 hours. Wth a smal]er
amount of di ¢yl ofentidildéné Wicriibt F¥19f bt e gt PREDGr H&G@ﬁlﬁfp&f%‘gjﬁg is
better, but tgo,small an amount 10 is not _good for efficient production in
a short peri %9 bF RehRTaEgedyin AgrargdstpE @t&én’@‘?l‘h 4 'rsé‘SLﬁp‘i’ i‘ﬁ’&?ﬂ%duct,
t he amount of dicycl opentadiene is preferably 2 to 10 parts by wei ght based
on 100 part s2bJOrgiSghtf L 4aff ufP9Wth | ess than 2 parts by weight of
di cycl oEent adi ene, 15 sufficient strength cannot bg iven, The maxi {’n
strengtR is gi verd o SoRd ing 331 dgiet BER| BLEEYY SwPPh 28 e 1t i iR Eé/l
wei ght of dicycl opentadi ene based on 100 parts by weight of sulfur. Wth
nore than 109p¥Pt &2 v@“@lﬁ?réitud?lecﬁﬂ%p‘éh‘ﬁ}éﬁ?feﬁé,anvilg%%siny properties are
added to 20 the elasticity to give a viscoe|astic product, which is easy to
distort and diffPEAAr TP detBarb§e® @0 12ECPREPEas ?ﬁ%cb§i?;?QNth
nore than 20 parts by wei ght of dicycl opentadiene, the viscositg properties
becone rerrarEéB’lVé,deé%oPtlﬁ%thafief@fr RSN g nay retsL 3l dePPhglasn
production becones high,_ which causes the reaction to be hard to control.
Thus the anmoBREIFH aff Sl BRENELEPEIS IHHuF e hETEESI & t aki ng the above
properties into 9 consideration, In step (A, the nmixing in a | ten
state 8P sul fur dfd BigjBdobeBalERE s%ag%wm, e %?’é?gl?@“reange
of 135 to 155 C until the viscosity of the resulting polten 5 material at
190 C falls PR% AEIEERGEDRT01305tP0L A5 L Eer §-5 KBre RPBEFFFRARYAIR| st
the sulfur is nelted under heating. Wen solid sulfur is heated, the
sol i d-to- i qéi doptiese Rivakgeest &S at 119 C. After the sulfur is
| iquefied, the entire mass is stirred, and further heated up to about 10
130 C, while the Wils€OstynHE &k Medde? NiFFgH FHrARI it 2 FEMPSEAMPEES a
Brookfield type visconeter. Then a predetermn ned amount of
di cycl opent a@iPénd g &F delani €ePe little. Sulfur is not nodified easily
at a tenperature not higher than 135 C. That is, in the tenperature range
15 of 320 t oRREFERRER EMBORINENTS, 2N ERYIION reri ze sl owl y wit hout
sudden heat generation or viscosity increase, and only slight rise jn
tenperature and VWRScHBSthPd §05HREPRRATRE 3 RAM G Pd&d<idy SO0 bt 3P ned

substantially constant. When no heat, generation is 20 copfirned, then the
tenperature Medfgad sl geaaigiing to the present invention

includes the steps of (A) mixing in a molten state sulfur

< Cl - waw

and dicyclopentadiene at a specific ratio under specific
20 conditions to obtain a molten material, and (B) cooling

the molten material obtained in step (A) under specific

conditions.

The sulfur used in the present method is ordinary

elemental sulfur, and may be, for example, natural sulfur,
25 - or sulfur obtained in desulfurization of petroleum or

natural gas.

The dicyclopentadiene used in the present method may



range of 135 to 155 C. Over 155 C, the viscosity increases sharply and is
hardly controllable. The rate of increase in viscosity depends on the
-reaction tenperature, with higher tenperature resulting in a higher 25
rate. In view of the above, the mxing in a nolten state of sulfur and
di cycl opent adi ene nust be carried out in, the tenBerature range af 135 to
155 C for efPEcAEAYCIOPEHAR¥$REt 2 T 1BRIL B UF U PFHETGFraiTor FRXHE Hi xi ng
in a nolten state depends on the anount of dicycl opentadjene and. .the
t enper at ur e BRIREN FAPPOREA ekl dneidksntstpames B GEFHAPeptasiiene.
di cycl opent adi ene is used wth respect to 100 parts by meiggé of sul fur,
the vi scosi tJu6h Oik e | CoREALBFedSUR b ROESIRSE $hAN 158 ®2SPh Babout 5
hours at 140 C, in about 2 hours at 195 C, and in about 0.5 hours at 150 C
In view of thEefemgdrat uret chbRtpolthand &7 duues b of 1Civd OPRP B2 ParPrcul arly
preferred tengerature range is 140 to 195 C. Conpletion of reaction through
the m xPng i BhasHde s §ittdie compaFe iget by neHad 1P en Breiddcdst iop THr 19
molten material. The viscosity should fall in the range of 0.05 15 to 1.2
Pas at |40 C-café§ ﬁﬁ@)ﬁbl@mﬂ%/@ﬁé@@@i faY $£®. ¥8efo 0.5 Pas in view of the
strength of nol ded products produced using the resulting binding material,
and workability dir Bh§R H& )pr ddife tamsiipt e Esdicuri RPEnHaskgy € y1 92 | &3s
than 0.05 Pas, sufficiently high 20 strength cannot be given to the
material s fo?0cP@irlt sedyl ek Ing, apgeéenatrluctd ore ptodRBEESubngalmht,
resulting binding material, and sufficient nodifying effect of
di cycl opent adpere ©anridi0 beabbsabied e IHEE nd8i ﬁlliéﬂliron P @l URitt 9% he
rise in viscosity, resulting in higher 25 strength of the resulting binding
materi &P, Hodee¥cloasaveadienscadifertsf the paspethd afol tBHC- Aatérial is
hard to stir and m x and its workability is remarkably lowered, 11 while
t he nodifyi ngoarPadusilbt Lt s eatee sEadiaki} ht ¥ mBPfer oSttt @RS be
performed in any conventional mxers as long as the m xer proyides thorough
mxing. | n tAhd fuggardl dhiikegsbpetedtiar i o fi §a581430 S RereitAl arly
preferred, such as internal m xers, roll o

material as well a material containing modified sulfur

produced by mixing the binding material with aggregate as
15 will be discussed later. In general, a larger amount of

dicyclopentadiene will result in improved properties.

However, at about 10 parts by weight of dicyclopentadiene

based on 100 parts by weight of sulfur, maximum improvement

of the properties is achieved, and further increase in the
20 amount will not result in remarkable improvement.

The amount of dicyclopentadiene may alsoc be decided
with reference to the controllability and duration of
reaction, as well as therproperties of the products to be
obtained. The viscosity of molten sulfur increases with

25 the progress of modification with dicyclopentadiene. The
rate of increase in viscosity relates to the amount of

dicyclopentadiene, i.e., a larger amount of



mlls, drumm xers, pony mxers, ribbon m xers, honom xers, and static

m xers. In step (B) , when the viscosity of the nolten material falls in
+t he above-nentioned specific range, the mxing 10 in a nolten state may be
term nated, and the cooling may be carried out at a tenperature bel ow the
reaction tenperatuyre, i.e not .higher than 135.C, so_as _not .to. cau
viscosity i not 84S CPAREILhRYE Y 'frgﬁ‘{lh lgoaogilﬁa‘etreﬁsglea?urlélclrsean%g'
particularly_restricted, and a 15 rpom t erature. The bindi,n
material prep8Fe8*B ﬁrtegeqfﬁ/ %g'th"t‘}a?n FER ﬁgg‘nb PaEds &F ]a%llgul fur
cement, contains, nodified sulfur, wherein sulfur has been cted wi.th

di cycl opent aff ertCYRd ORGSR S8, LS HF $hy¥ i ks Iref yt‘éo{@@rﬂaa?mspﬁﬁe

sul fur. The binding material is useful as,naterjggs for civil egghyeering
and constructfofntand Mall Bt ni kB8 WASKAFEt bt g?%ﬁaf@aﬁ&‘QI #£5" Pavi ng
materials, construyctigon materials, and sealing materials for waste. The

met hod Por pFBEHcAAg 10 MAWFS aPT chARERKi-ng 105 Gt FR &b sHIlF(EE‘r né’éi:ﬁr‘?ﬁ%g to
the present invention includes:, a nethod including step (C of mxing in a
mol ten stat etRAB bP RRRGSRY IR B0R &I el FhPBEGH 2GR stepd 3231 YR) and
(B) with aggregate at a particular ratio at 135 to 155 C,_ while _the

vi scosity of Ofh&-Bi i iy Wetkrbal 2ghiedeC it had nEQi AeBOPA St-he Harye? of
0.05to 1.2 Pas, .to obtain a nmolten m xture, and step gD .of, co%hin, t he
mol ten 5 m xENRe 165t ARt o Et@BCYe) cRswt ad ene enper kabid ifdt rg]gl‘ég t han
135 C (referred to as a "first nmethod" hereinbelow); and a method including
step (X) of Whgi REOPHCE i) PEPERDE d SHTer dikWk It MRt i agRpnt
aggregat e under particular conditions to obtain a nolten m xture, 10 and
step (¥ of E8orPhgIPRE ABFt@ALHTIetTe PAGRNG L @D tidhsesltQite RROTLPF gher

than 135 C (referred to as a "second net hod" hereinbel ow)..
time. For givingelastic strength to a resulting product,

the amount of dicyclopentadiene is preferably 2 to 10 parts
by weight based on 100 parts by weight of sulfur. With
less than 2 parts by weight of dicyclopentadiene,

15 sufficient strength cannot be given. The maximum
strength is given to the resulting elastic body with 5 to
10 parts by weight of dicyclopentadiene based on 100 parts
by weight of sulfur. With more than 10 parts by weight
of dicyclopentadiene, viscosity properties are added to

20 the elasticity to give a viscoelastic product, which is
easy to distort and difficult to be damaged due to its
increased viscosity. With more than 20 parts by weight
of dicyclopentadiene, the viscosity properties become
remarkable, and the rate of increase in viscosity during

25 production becomes high, which causes the reaction to be
hard to control. Thus the amount of dicyclopentadiene

should be decided taking the above properties into



The aggregate used in the first and second nethods is not particularly
limted as long as it may be used as 15 aggregate, and recycl abl e
«industrial by-products may preferably be used. Exanples of such industrial
by- products may include incinerated ash, incinerated fly ash, nolten fly
ash generated in.a high tenperature nelting furnace for city waste, coal
ash dischard%ﬂnFﬁﬁﬁFi - el ectric power industry and general industry,
fluidized sand used in flujidized bed incinerators, soil contardnated with
heavy metal s, or FRAFRGRwbte, D92 pRotils 16t &M Hie et &F SpPaddln BHe.  and
m xtures thereqf, K Exanples of the by-products of various netal productions
may i ncl ude 3ReelioBCIPRENtATRNY ISt Pt gne kil asFﬁﬁ‘PeélaLPHIr%rﬁad‘r%%s,
steel slag, and mxtures thereof. According.,to the present nethod, waste
such as steePfsi3Ryta herner #dd ladhe RhECLEAL Y1QL This ke Stehf ed 00dd &8
aggregate in a harm_ess form The steel slag is a by-product of_ the iron
i ndustry, ar@2kB¥liedchtdé 4l aStfalilgate %mggl;a%@%rp%/ﬁr%et%ﬂag% Féoriverter
furnace slag, and the like. The nmain conponents 5 of_the steel slag may be
oxi des such 4ST&iIRREl faranilya, TEARE the SHldIT dAdie BRAGKIRT Pafd 9o
inorganic sulfides. The incinerated ash is waste from various, conbustion
furnaces suchn@l &ioyidhesibivHhcifengedad anthe nd8addfi4i0Wet'el ¥ nERAéFat or s,
and is mainly conposed of oxides such 10 as silica, alumna, calcium oxide,
and iron oxideanget kR ddntldt & Of thkFernphal $ulducnissligneicdmi um
and arsenic. The incinerated ash has been di sposed of at sanitary | andfill
sites where Hdev@REarfamassi ks dickharded@nBuus Feepriteahedi WR &R i8HP Ehabl es
use of such incinerated 15 ash as aggregate. The coal ash s waste from
vari ous®coal 13Bnbtstivhl e kbR cEsS $oF L v tem@ess d5 MRedtivgEd adhe
|'i ke, and those used for concrete or as an adm xture for civil engineering
materi al s mafioBecHsEPRl o0 ExBrpPELisld HeyRRygYEgaPRetSet | TR%R Bresent
invention may include aggregate other than those nentioned above, such as
clay m ner al Pragdeteamidied ainiint fhes criclarentadsene beadded dytdnl e
fibers, aramd fibers, sand, gravel, and other equival ent inorganic and
organi c mat epvalktEtee 253 Hazgraetdnedbii aAceasily &t @ptpOPeERYHE fi r st
met hod, the mxing ratio of the binding material to the aggregate is 1 to 5
5 to 9 14 nopyhighght thawhed pedG nuntBaE eyt B bthenEeresHativg Fte¥d al is
achi eved when the binding nmaterial is at such a ratio as to fill the voids
in thelaggreght+2@dra ol 3 YatCed stid fie afskidhar R R yadihgEs PR YA UM of
the binding material 5 is less than 10 w% i.e. when the anount of the
aggr egat e i sShPyher wiHdewb sndfephdedly feRReBALLAB OForyaiieShhYerial as
t he aggregate cannot be wet sufficiently and is left exposed, resulting in
i nsuf fici entiegpressi oAngon he sdtir@hy A SEnin i LR TR 9 MR HE¥g t he
wat er 10 seal ability. Wien the anmount of the binding agent is_higher than
50 wt% i.e.iswebseiednpenthet the aggiedat BYi 5| HRdm R0 w %
sufficiently high strength cannot be achieved. The mxing ratio of the
bi ndi ng mat ePRRE tand kel aggprrgaea tmy Mg Rareadépdfdiada orPR hesSki nd of

20 confirmed, then the temperature is slowly raised to the
range of 135 to 155 °C. Over 155 °C, the viscosity
increases sharply and is hardly controllable. The rate
of increase in viscosity depends on the reaction
temperature, with higher temperature resulting in a higher

25 rate. 1In view of the above, the mixing in a molten state
of sulfur and dicyclo;_oentadiene must be carried out in the

temperature range of 135 to 155 °C for efficient

10



15 aggregate, and may suitably be selected fromthe above-nentioned range,
taking the kind of aggregate into account. For exanple, when the aggregate
+is steel slag, the anount of aggregate may preferably be about 15 to 25
Ww% 20 In step (C) of mixing in a nolten state the binding material and

t he aggregate, the viscosity of _the binding material increases with tine,
so that it i@bﬂégé§§§F§”1d°gd H%%ufhe viscosity w thin an optimum range for
easy handl i ng. Sugh an opt.i mum vi cosiig%ran eis 0 85 to 1t2 5 %@559t 140
C. Wth a viscostt§ GRIRESOR Qanisekng 1 hE 3¢PRhGER oF 3t Fe PSS ng
material containing nodified sulfur is toqg. ow, an ufficient nodifying
effect is noPR1&e a&fﬁ%‘i“é*v'e%.g %@LOHFB%QF‘%%@‘%E&&F‘P&‘%%Wﬁ%r%#
strength of thi resul ting nateriil, when g?e viﬁco ité i.S q¥er 1.2 Pas, the
bi ndi ng mat PLAFIPG -hatPk PHRMBLEr r ¥8IUT RATHE BYod§didtn Pfocess, and
its workability is 5 remarkably inpaired., In step. (¢ ,of .mMxing in nol t en
state, Both PhEYRHERSTY 3Rt P Fal Sa &et%@”atglbrﬁﬁﬁggggré:opr]erqd;r%%iréspgé(heat ed
in order to avoid tenperature drop upon m.xing._It js.preferred.to _preheat
t he aggr egat‘éeﬁﬂhéEbSdr%D SiHlf Ly 1E)h§5§ ECoP8 ybiqrhfdi[#ﬂgi r@géPi aP ?Shf'f(}'pet 155
Cin as short a tinme as possible for_ayoiding progress of the reactjon, and
al so the m x&f #B°oR30 10 R?¥§:atﬁﬁ§?we%ea%%da£8 oﬁeﬁ??réréﬁé&ﬁikaﬁﬁially
si mul taneously introduced into the _m xer, and may refera?%y m X clé50135
to 155 C 15 #+BraBopg 3onAragt 8% 1fRe “FiruPdct $RofPOmd B -maiBeg Hacdr it Y and
the m xing efficiency are hi %her at hi %her tenperatures up to 155 G and
the mxing i n"Ca mftBhe¥ ik ENEoHPMREES TUK S SREF PdraR e i CH ¥kt RF  E Hpe

hi gher tenperatures, curing reaction proceeds, whereas at, Igpﬁg

t enper aPur es? RBTLAS YLK I RF§ L ¥ BGRr BEMBEE AtHE T FAMYS reh T Pricteeds
slowy. Thus_the preferred tenperature range is 140 to 195 C. In this case,

t he aggregat ecmay preferably be preheated to 140 to 145 C, and the binding
material to 135 to 140 C 25 The duration of the mxing.is preferahly as
it sl A

i
short as possi bl §°F® e 1R A& SATHR i W SF IR T Tg-Hrddi% rmt,
for avoiding increase in viscosity or curing of 16 , the.mxture.due to
pol yneri zat igﬁﬁa&e 4% Jre a‘ﬁ%tﬁ'r‘fﬁ‘g%le(?pé?ﬁ i enBlsEgRdFer OF ftlf‘%ema&ggﬁ on of
mxing is

material. The viscosity should fall in the range of 0.05

15 to 1.2 Pa*s at 140 °C, and the optimum viscosity is 0.08
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
viscosity of less than 0.05 Pa-s, sufficiently high

20 strength cannot be given to the materials for ciwvil
engineering and construction produced using the resulting
binding material, and sufficient modifying effect of
dicyclopentadiene cannot be obtained. The modification
proceeds with the rise in viscosity, resulting in higher

25 strength of the resulting binding material. _However,

_ above a viscosity of 1.2 Pa-s, the molten material is hard

to stir and mix and its workability is remarkably lowered,

11



‘too short, the binding material and the aggregate are not m xed thoroughly,

so that the resulting material will not 5be given a continuous phase and
wi || have voids or rough surfaces. Wth thorough m xing, the resulting
material will be given a perfectly continuous phase with snooth surfaces.

Thus the duration m_xi nust be _decided sujta dependi ng on the
properties o‘?hf’ﬁs %&‘teerr?oaﬁi1§¥%1&gb8%§%tcgcl r%esd.s?%uf:%ggfji'rst nmet hod, ot her

i ngredi ents may tional.l .be add to the bindi mat er.i_al d. t

hor egate as dostPETIAI TS SRR G i hoPBa BRE SRS 0 Ao
after the binding material .is renelted, or added before 15ste B) _of

Cooli ng. 1 CHBVRPISOTAHG N I SRt AOHSAS A0F FLpSE REg DEasBlOROWRA | ong
as thorough mxing is _provided, and solid-liquid mxers, may.preferably be
ised, Such dBLRABErnall b, EEGRF dpi MLEe 5| GOk 115 L bR Hr Abides A Kr ow
extruders, pug 20m I |s, igony m xers, ribhon m xers, and kneaders. 5_[1 t he
second tret hod2r§t&y @9l viPFkPhEetn & t3hH tPhEENEd AYXers, Io

di cycl opent adi ene, and aggregate may be carri ed out b% a meﬁhod wherein the
aggr egat e i SPAUASx 4T WM Frer SATUPLEE Sei REPROSI T 28T Sor BYORL #ELKod
including the steps of (X1) mxing in a nolten state sul fur and

di cycl opent a3l ené & 16t FeBSnol ten material, and (X2) adni xi ng aggr egat e
to the nolten material to mx in a nolten 17, stat und(:a[r parti cul.ar
conditions. The 381 $GLFP H@bydﬁlb%%rﬁ%ivéf?&o%ﬁyéb%rtgﬁ’af“g -SSR STtk

met hods may Er eferably be those nenti oned above, and al so the angunts of
these ingredF@hts Aay theerdrltf YreRtionss @S5 ¢ nNo3RIS: r ZAGe T Mty oned
above. That is, the_anount of dicyclopentadiene is usually 2 tq 20 parts by
wei ght 10pr ef ERaBl JoLtes sGass M bywandightingbedd 8RA16BSpEPOL Y Wi Yht of
sul fur. The anount of the aggregate may preferably be sel ected, suitably
such that theer§eirdigrd tolet 19tt 8t ALTRAHAMTU D ROLPHr thfd THaGkI 8Bent adi ene
to the anount of the aggregate is 1 to 5 : 5 to 9 by weight. In the second
met hod, whent8UPeFRLWI®ycl opent BEFeRd INGTH iRl ajgﬁgeggt eSgr@s not to
sinmultaneously mxed in a nolten state, the objective material containing
modi fi ed sul FAHSESVHEFOSd Wy 8GEERT S onBReteT ntidbht s RS cORd 319 st
nmet hod, wherein the binding material,k containing nodified sulfur is first
prepared. Thh8MPRE atathd m%@ap%w%eré-wergﬁjtééﬁw:nﬁ%@ i3y §b%taai ni ng
nodi fied sulfur in a shorter tine as a whole by a sinplified production
process® eveRO2B tRERAZAHYTEN a nolten state takes longer tine. In step
(X) of mxing in a nolten state, it is preferred to thoroughly stir or
knead the noit enThexPardidy #abrhiRyePArR8nBYchREURT EE Q@&#’é’dgver
the m xture. The tenperature of the nolten njxture is 135 to 155 C and the
25 duration BRiIFExMRY ike orsfesrsdndier &5 UL RRLJGPEET S SFA°HFRFAG is | ess

than 0.5 hours, dicycl opentadiene, sulfur, _ and the a%%regate are r_loEl m xed
t hor oughl y ggdifgied mygur, wherein sulfur has be reacted wit

dicyclopentadiene and polymerized, and may additionally
20 contain pure sulfur. The binding_material is useful as
materials for civil engineering and construction, and may
be mixed with various aggregate for use as pavingmaterials,
construction materials, and sealing materials for waste.

The method for producing a material containing

25 modified sulfur according to the present invention
includes: a method including step (C) of mixing in amolten

state the binding material obtained through above steps

12



resulting material will not be given a continuous phase and will have voids
or rough surfaces. Wth thorough mxing, the resulting material wll be
-given a perfectly continuos phase with snooth surfaces. On the other hand,
5if the duration of m xing exceeds 5 hours, nodification of sulfur proceeds

t [ [ it ing, ,of t dified I :
rosulting 1 nthonaraa T Rt 199977 ASEReR (B PR CBhERT of STHE Aloredate in

th 10nod;j fi [ f | f i th di I di W || ke, i

i THicult Totelar e YheLprbbr ckioGPSiRY PeacrEoR: Bt iseR G n A A

di I t adi by di | y [ th [ it Ho t he ,.b

of “The react] Bh Bt hEdRA LU PP Sand Pt ORcFapER ath Snd e de LA Stheded
b : that th ti b trolled i ct traol Li th

manner and dophRGre GO LHED M HEEE 1 b araEnB! i FIF TRt REry Hefisd Brbar ess

of sulfur nodification. For exanple, the te era%gre gnd duration of . the
mxing Pn a %I‘FBﬁestoé}té“i%e‘g 1B 8RB Eatd99n EC F0LSHRATTIHU88 Riftut es

at 150 C. Ste éX) of nixiqg Ln a molten state ma g&gcificalI% dbe carried

out, for exahpPBErhY Gt $Anebud g fiehhsstue? ngS st f &t Tpre®atR8% o 125 to
135 C and dic cIQBentadiene nmelted a into a ?%xer preheated to

40 to 50 C
135 to 155 2Bgred E@@ﬁﬂ%h&I@n@n?r%ﬁﬁgpﬁglpﬁaﬂﬁﬁﬁﬁ%g%f%pp he&fedid Hhout

125 to 155 C, and mxing in a npolten state_at 135 to 155 C for 0.5 to 5
hours It is hﬁﬁbmﬁﬁé¥%Igéét@os%@furpréhﬁﬁFlPﬁéqﬁ%&%eQ%’ 8§99t © and
carry out the mxing in a nolten state at 195 to 155 C. The sul.fuyr and
di cycl opent agRERE 3@&@%9&%??rF%Haéﬁ&8n§o§%;QRﬁa%Q)?rm?b F Byt i 2at i on

reaction of sulfur by the presence of aggregate. ,In step D) .and (Y) of
the fit8t an@"dessS® neth ‘%,CPeiﬁ@&t ifﬁlﬂ 3?0} 81 nBfEEN R xf%é% bBt &i ned in

steps (O and (X), respective!g is cooled down to a tﬁ erature not hi gher
than 135 C. TREPESALHIS RPE R IRAL Wk ilny 16 (erpefLed e AS dosecond

particularly restricted, and nmay be a
method” hereinbeloW) .

The aggregate used in the first and second methods is
not particularly limited as long as it may be used as
15 aggregate, and recyclable industrial by-products may
preferably be used. Examples of such industrial by-
products may include incinerated ash, incinerated fly ash,
molten fly ash generated in a high temperature melting
furnace for city waste, coal ash discharged from the
20 electric power industry and general industry, fluidized
sand used in fluidized bed incinerators, soil contaminated
with heavy metals, grinding waste, by-products of various
metal productions, and mixtures thereof., Examples of the
by-products of various metal productions may include steel
25 slag, steel dust, ferronickel slag, aluminum dross, steel
slag, and mixtures thereof. According to the present

method, waste such as steel slag, incinerated ash, and coal
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roomtenperature. In steps (D) and (Y), the cooling may be carried out in a
desired netal nold, a granulating nmachine, or a nolding machine, to produce
~the resulting material containing nodified sulfur in the formof desired 15
nol ded products, pellets, granules, or particles. Before the cooling in

steps (D) and (Y), when the nolten mxture is flujidized to desired
degree, the ?@ﬁpeFﬁﬂh%@(ﬁs?ﬂeaﬁnﬁﬂ&¥Qﬁ§ﬁ%r%nnﬁyhﬁéq eﬁoﬁﬂd the m xi ng

may be continued for a while at 120 to 135 C, for preventing,h20 excess
viscosity increaSBeoftErd FddF il B RFRTOFHEtgPENEPSL FRGPNEOUYTS Hhy be
of any kind, for exanple, a rolling type having a drumor a tiltin an, or
a vibration 2)feTRayiieuFerP2aftalfBmace t Fhadpl APED IRINERE FECEri al
produced by the first or second 25 nmethod is .obtained in the form of
particles, eBERVEBAHGLFEIRASHEYRIst RBAGINS LdkP ¢ hel PAMAd EOTPANGRES

adj ustabl e. Thus the particulate material is suitable for use as a 20

const rueti onCfatBei teednd Ly MA% P HORLGYS | FUERed§afit lhER rad i idHed
stone. Further, in the material produced by the first or second nethod, the
nodi fi ed sul EakCdypseahtral 25 defs oxideaggnegt T0 dGALAEIN LB BRI 9F E h
Ssurrounding water. The aggregate is hardly exposed outside, so that

el usi on of hazar @5@s iagEstadiatead cvml al HefR § her Br Ann¥E§rhevsr SPEMETE 1 a
certain extent. Thus this material may be mixed with a cenmentitious,
material, suéHragceenemch concebEE, oty g hneF ¢ hete anfediidhy tiHer
10curing behavi or and the optimum noi sture content of such cenentitious
material . \WhEAS&ScEREATISTAIRT fratdtq ai S ARd- 1 HEiGRitRe Bod 43k oatides such
conventional |y produced into a cured product through the pozzo] anic, or

sul f o- pBzzol Ahki E1ddEai o umings FABGANUFNOXIBIR, adREst X PRe OdiAG ur'et ednt ent
to the optimum When incinerated ash of city waste, which is hjghly water-
absor bi ng, iBiggegontents pd toadameyadisfisuah ao leddsCade i ifte
content. Specifically, when incinerated ash of city waste is dried before

. y :
n xi ng, the @Fpediithci MEhratbACDadR kAt RdFsbaeE diciRefedceiedtti ti ous
m xture, |leading to shortage of noisture. Wen incinerated ash of city
waste in a nbRBL tetrat dangdfidddsitre wepEAtma FadLaVREAreL T SIGGIE $Ktess
moi sture. In either cases, properties of the resulting cured product as a
const ructi onPREnhherPEESRRY BBVERFA TSI harSe Wfed Usdyl BGaTE KR i ni ng
hazar dous substances absorbs noisture, the aggregate swells and can no
| onger 1pe us@8hagsagepmieter1 In the material obtained by the nethod
of the present invention, even the aggregate containi ng hazardous
subst ances is na&@QuﬁQﬂ%s%Sﬁsiﬁgwﬁg%qi B VREE OUPhEL 3 heC PRREERE OFet hod
is highly useful for recycling such 5aggregate. The materials pbtaingg by
the present ErEBmGesh fio¥ prwer generation, heating, and the like, an

those used for concrete or as an admixture for civil
engineering materials may be used.

20 Examples of the aggregate used in the present invention
may include aggregate other than those mentioned above,
such as clay mineral, activated carbon, carbon fibers,
glass fibers, vinylon fibers, aramid fibers, sand, gravel,
and other equivalent inorganic and organic materials free

25 of hazardous substances.

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

the binding material to the aggregate is 1 to 5 : 5 to 9
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!forn1of nol ded products may be used, for exanple, as panel materials, floor
materials, wall materials, roof tiles, or underwater structures, making use
.of their noldability 10into any desired structure. Wien in the form of
particles, the materials nmay be used as landfilling materials, roadbed
materials, banking materials, or aggregate for_cqncrete. Exanples Th
present inverY B WrFt nd eb‘Ea’é%‘BPg‘i %%{gdeFﬂtBe?Eitl € rf?‘)’\'/&ilttﬁnr‘ggl ret&ﬁfea 0
Exanpl es and_CbnEa[ative Exanpl.es, which are illustrative on%% and are not
i ntended to 1§ ntPERY S sd&h ﬁhﬁ&ﬂqwgﬁnaﬁﬁr&é; 1fhahridEhg Frétterd al s
and the nol ded products prepared in Exanpl es and Conparat,i ve Exanpl es were
subj ect ed toaﬁe‘é%u?h%%ﬂgea‘ﬁ‘al@?ia}%a‘%l?%r%g@mﬂaéécﬁPﬂéﬁéé%q%dttg the

foll owi ng nethods. The results are shown in Tables 1 to 3. Conpressive

Strength: AXpximungdessdivcy| THRD ddie 2RQpteitehNfabipréps Batedd dhe
seventh day fromthe preparation, the conpressive strength of the specinen
ves meabur 6dl fist B & Rt bk MENSH LN O 43 POt f e AgaTET e

equi pnent. The ratio of conpression of the specinen until its fracture was
taken as a st®dlipherithand vthaitdie apsdass of:the epoygers ogatprial
cylindrical specinmen was prepared, soaked in water at an ordinary

t enper at ur e #9r theppagatadat heeapBPtoleoreti falf Gkl eakeéN 88 1thd SXkcess
nmoi sture on the specinen surface was w ped off, and 5 the change i n wei ght
of the speci #EROWES Mt bBiNThé N dersebshl ¢ henki HPTRES 1UkePl aklfhe wat er
content. Resistance to Sul fur-oxidizing Bacteria: [ 100 ml of a culture

sol uti on prephFeagmy afjdstpagrabidifty onf deappiadnanR e WERIUCL, 4.0 ¢
of KH2PO' 0.3 g_of MyCl26H20, 0.3 10 g of CaCl22H20, 0.01g of FeCl24H20,
and 1. 801 of seahabddcHangedieRetheo aneuty of t haybisdhing i29@@Fdisand a 2
cmx 2 cmx 9 cmprismtic specinmen were placed in a 500 nil baffled flask,

i nocul at ed Wriehgrsthanep 0wt f uk - oxivthoR i DAt @ o friibepagrregate

t hi ooxi dans | FO 12544), 15 and subjected to bacterjal culture with rolling
and shaki ng 137dorgH tihim Therbbst avféichardery 1B TLrpRIERafF&
appearance of the speci nen were observed after the inoculation. Here, pH
drop indi catles a@Ehbederon dhesBirdng sasikyoEdHe b dMaiffifl 3R he
sul fur- 20 oxidizing bacteria. Nonconmbustibility: The nonconbustibility was
eval uat ed i ntheceoggdada e tRayhalisgnivaany |deperdings @ &g uatREnodt

i nfl ammabl e solids (Type 2 Dangerous Substance)_defined in the Fire Defense
Law. Speci meag9IzsImdld e hdeayt Bo itabkdgoriye ofetrgssd fnam sH@bl e sol i ds,
which ignited within 3 seconds and continued to burn for 10 seconds or

| onger, and @Pay¥s-mendiiepedbrendge)i #akipg Ehe2iind of aggregate into

account. For example, when the aggregate is steel slag,
the amount of aggregate may preferably be about 15 to 25
wt%.

20 In step (C) of mixing in a molten state the binding
material and the aggregate, the viscosity of the binding
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

25 Pa:s at 140 °C. With a viscosity of less than 0.05 Pa-s,
the strength of the resulting material containingmodified

sulfur is too low, and sufficient modifying effect is not
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ignited in not shorter than 3 seconds but not |onger than 10 seconds and
continued to burn, were indicated as "inflamuabl e", and speci nens which
-ignited in | onger than 10 seconds and speci mens which did not continue to
burn 5 were indicated as "not dangerous”. Exanple 1 950 g of solid sulfur
-was placed in a mxer, nelted at 120 C, .and hel d at lig C.. Fggf t he
viscosity neaShigyedi-th D BHoKriENE Tt yidS SAStbhef 8P kS dOdX ST Then 10
50 g of dicycl opentadi ene heated_to about 50 to.nmelt was ., added .sl aw vy,
and stirred #FFaEPgtHopLabBAtISSHhingsmalifdt alo MRl tREuY e SHOS was®
confirnmed, the m xture was heated to 140 C. The m xture started reacting,
and the vi sco¥ftylgiaBaaslytheskingdaag Pﬁéeﬁp§ﬂo§ﬁt&aﬁéhiﬁhbeo§flf§ .s in
about 5 hours, the heating was | medi ately stopped, and the resulting
materi al wasdpsingd Ghft PEEIF FABRe PRSIGE o1 &2% n%gﬁngﬂrﬁﬁhﬁﬁbBYeasat a
roomtenperature to obtain binding material A. Next, aggregate conposed of
670 g o bl asempikasdey sippdoednd 130 g of coal ash and preheated to 140
C, and 200 g of binding material A re-heated into a nolten state re
i ntroduced subst &Rt is&lERy. &M@ f aResaegy imtd BOhFRBr SKEILE ratPAYD ‘\éﬁeThe
m xture was kneaded for 20 minutes, poured into a cylindrical nold of 5 cm
in di aneter bhadiodmatepbaherfht then It @A R 0286t BGFEL MRtV nen. Thi s
speci men was referred to as nol ded product A Exanple 2 24 Bi ndi,ng
mat eri al B apdehsladed progyde rBteop¥edFoRaNRE TAS WithFEaP Hacdt M A %nd
nol ded product A, respectively, were prepared in the sane way as .in Exanple
1, except that 9eopgedtranfd o ArEhedt gthe aveyerspentadrdid terd dkd. 5
Exanpl e 3 Binding material C and nol ded froduct C carresponding to binding
materi 4P A ahB5ndFdetihpr bdoding magsieica} vied L2 v e Irepdr ed id7 R Sane
way as in Exanple 1, except that 800 g of sulfur and 200 of ,
di cycl opent adi ehwewas pegaibleof conpUrALipg BXQEFIES 5L o ﬁ%ﬁnﬁeﬁﬁF%QQﬂ D
and nol ded product D both free of dicycl opentadi ene, were prepared in the
sane way as apd also the mixer to 1 0 to 155 °C. The preheated

components are substantially simultaneously introduced
into the mixer, and may preferably mixed at 135 to 155 °C

15 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
in a shorter time. However, at higher températures,
curing reaction proceeds, whereas at lower temperatures,

20 the fluidity is lowered but the curing reaction proceeds
slowly. Thus the preferred temperature range is 140 to
145 °C. In this case, the aggregate may preferably be
preheated to 140 to 145 °C, and the binding material to
135 to 140 °C.

25 The duration of the mixing is preferably as short as
possible as far as the properties of the resulting product

permit, for avoiding increase in viscosity or curing of

16



Exanpl e 1, except that 1000 g of sulfur and no dicycl opentadi ene were used.
15 Exanple 4 190 g of sulfur heated to 120 Cto nelt, 10 g of

«di cycl opent adi ene heated to about 50 Cto nelt, and aggregate conposed of
670 g of blast furnace slag and 130 g of ~coal ash and preheated to 140 C
were substantjally 20 sinultaneously introduced into n1xer eld at 190 C.
The nixture Was WHé&ﬂiﬁfQHeaB%uP°§Ym%ﬁh%%Fl%%a?gdSP@ and further
kneaded at 150 C for 60 m nutes. The resultln kneaded rod ct was pour ed
into a cylindtr¥slopsintations. crrﬁPWed’e&netlér Ba AUt PP hdtight "9 ¢ 2 ool |
25 thereby obtaining nol ded product E as a specinen. The production of

nol ded pr odue®OESReBk 65hﬁ1hhpéén9253terlﬁﬂié@@-ﬁP@dGqu@Qﬁﬁ?éEﬁbﬁﬁﬂhg to
nol ded product E was prepared in the same way as in Exanple 4, except that
180 g of sulfurednbhonoyobrlydi SpcltBpdntagi éﬁéu\}érlé‘%g‘é‘d:erﬂ%l ﬂ‘floﬁ'ué’cc? n of
nol ded product F took 65 mnutes. 5 Exanple 6 Ml ded product G

cor r espondi nge t B1HBRJAdCPREETAIO S I §f e edilh RAaBesHRE AfaPas qUph
Exanpl e 4, except that 160 g of sul fur and 40 of dicycl opent adi ene were
used. The pr¥ddéecen -of Wbl ieldh pFougst NGxiddk %?Qn#ﬁﬁ% stipg magerialy

L will be given a perfectly continuous phase with smooth
surfaces. Thus the duration of mixing must be decided
suitably depgnding on the properties of the material to

10 be obtained.

In the first method, other ingredients may optionally
be added to the binding material and the aggregate as
desired. Inthiscase,suchotheringredientsﬁaybeadded
after the binding material is remelted, or added before

15 step (B) of cooling.

In the first and second methods, any mixer may be used
as long as thorough mixing is provided, and solid-liquid
mixers may preferably be used, such as internal mixers,
roll mills, ball mills, drum mixers, screw extruders, puyg

20 mills, pony mixers, ribbon mixers, and kneaders.

v In the second method, step (X) of mixing in a molten
state sulfur, dicyclopentadiene, and aggregate may be
carried out by a method wherein the aggregate is admixed
while the sulfur is beingmodified, or by amethod including

25 the steps of (X1) mixing in a molten state sulfur and
dicyclopentadiene to obtain a molten material, and (X2)

admixing aggregate to themoltenmaterial tomix inamolten

17



OQu-1'!'s1 '"-1~-OMI I 1 NNOLLa~WNMI I I 1200 rIl CAQA. ~r r70U
U.-~ 00 ~~61 NN~NNOi~N~PO~~I~N~NOLMIfl W.-I nl7 NO
O ri 6, Yyf 7 C~M~~N~OQN rn z~ From Table 1, it 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

conpr essi ve %FPEﬁgPWQQ{tﬁiﬁ@%CEﬂﬁélWQQQ%Q%O%STheTﬁﬁt§H¥ﬁ%¥and product s
of Exanpl es aIsoEEreferany exhi bited extrenely | ow water absor tion.

2 Exanpl e 1C3HPY

10

15

20

25

naK;afed ég%w%umdewaﬂﬁﬁﬂu%t ds may

preferably be those mentioned above, and also the amounts
of these ingredients may preferably be selected from those
ranges mentioned above. That is, the amount of
dicyclopentadiene is usually 2 to 20 parts by weight,
preferably 5 to 10 parts by weight, based on 100 parts by
weight of sulfur. The amount of the aggregate may
preferably be selected suitably such that the ratioc of the
total amount of sulfur and dicyclopentadiene to the amount
of the aggregate is 1 to 5 : 5 to 9 by weight.

In.the second method, when sulfur, dicyclopentadiene,
and the aggregate are simultaneously mixed in a molten

state, the objective material containing modified sulfur

may be produced in one step, in contrast to the first method,

wherein the binding material containing modified sulfur
is first prepared. Thus the second method provides the
objective material containing modified sulfur in a shorter
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 a molten state, it is preferred
to thoroughly stir or knead the molten mixture so as to
achieve a homogeneous temperature over the mixture. The
temperature of the molten mixture is 135 to 155 °C and the
duration of mixing is 0.5 to 5 hours. If the duration of
mixing is less than 0.5 hours, dicyclopentadiene, sulfur,

and the aggregate are not mixed thoroughly, s$o that the

18
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material ABinding material D-pH at day 02.642. 64-pH at day 451.230. 81-Ki nd
of nol ded product Mol ded product AMdl ded product DMol ded product EpH at day
+02.672.672. 67pH 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

exhi bited | ess dro an Co tl

ibndi cat i nglgﬁﬁ prﬁé fggfrh:‘&r rﬂa%lo ﬂieggég §!t z%r’ré’eerﬁogar giflfél }I-némﬁ% |hn63e
acteria 28 M H O 000 00000 OH.'~ - ~~

170 0 0.0 &G BLéloN@E WIids xOF FOoRgp ><‘3‘§<r a‘ieﬁ s ERE et 0 0 o

, Orox x x X, x x xx xxx>1w' | z3 ~~, ~ ~
%]~ mixing, the resulting materfal will bg 818e% 9 Segf%c

continuos phase with smooth surfaces. On the other hand,

5 if the duration of mixing exceeds 5 hours, modification
of sulfur proceeds to cause an increased viscosity, or even
curing, of the modified sulfur, resulting in lowered
workability.

In step (X), presence of the aggregate in the

10 modification of sulfur with dicyclopentadiene will make
it very difficult to determine the progress of the reaction
between sulfur and dicyclopentadiene by directly
measuring the viscosity. However, the basics of the
reaction between sulfur and dicyclopentadiene are as

15 discussed above, so that the reaction may be controlled
by strictly contrelling the manner and duration of the
mixing in accordance with the estimated progress of sulfur
modification. For example, the temperature and duration
of the mixing in a molten state is 3 to 5 hours at 140 °C,

20 and 45 to 90 minutes at 150 °C.

Step (X) of mixing in a molten state may specifically
be carried out, for example, by simultaneously introducing
sulfur preheated to 125 to 135 °C and dicyclopentadiene
melted at 40 to 50 °C into a mixer preheated to 135 to 135

25 °C, subsequently introducing the aggregate preheated to
about 125 to 155 °C, and mixing in a molten state at 135

to 155 °C for 0.5 to 5 hours. It is more preferred to
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OXXXXXXXXXXX~ ~-~ _U0O0O0000000OOO0+ EHHEH-~E
EE~aOX XXX XXXXXXX R-c4 ,-~~-00000000000 CHW !'(Wp~ .~ ~
Ji--~ OXX XXXXXXXXxlatdO, Nrt 0o000000O0OO0O0OOH4I OE

NMCta7 |9 I~ aD 01 ~ H 29 From Table 3, it is understood that the

sul fur nol ded oducts prepared i.n Exa 1l to 6 were not .i.nflammable and
had good proBﬁ%’Fé‘i, CRRIMKESEHS 4% EP%&(S:IO&! BP&dﬁéFrBr‘é‘ﬂ)é\rtéhe %109
Conpar ative Exanpl e _ 1, which was 035 rved to 5 he in IannB]ft}‘lee.
Subsequent | yIPedc ROt &l Hedt r 8duddls AR ot & prEpar 886 FHHHLRVE Exanpl es
and Conparative Exanple was placed i.n a beaker to soak, and after .30 days
the col or cHAhGECHEPBHAALRe R i L8 JRYRNERATC 6% JOFHSL 8dfith in
10 which nol ded product D of Conparative Exanple 1 was soaked was col ored
in yell ow, WPPEHTERdiZHEERP gBRABFALIOS BF Sl Foli B MiGdP i@t eRcewhti e the
solutions in which nol ded products of Exanples were soaked were not changed
in col o?, and99t&@édeol orl ess and transparent. 30

In steps (D) and (Y) of the first and second methods,
respectively, the molten mixture obtained in steps (C} and
(X), respectively, is cooled down to a temperature not
higher than 135 °C. The lower limit of the cooling

10 temperature is not particularly restricted, and may be a
room temperature. In steps (D) and (Y), the cooling may
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

15 molded products, pellets, granules, or particles. Before
the cooling in steps (D) and (Y), when the molten mixture
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

20 excess viscosity increase of the modified sulfur.

The granulatingmachine may be of any kind, for example,
arolling type having adrumor a tilting pan, or a vibration
type having a horizontal or tilting plate.

When the matgrial produced by the first or second

25 method is obtained in the form of particles, each particle
has high strength, and the particle size is adjustable.

Thus the particulate material is suitable for use as a

20



CLAIM5 1. A nethod for preparing a binding material containing nodified
sul fur conprising the steps of: 5 (A) mxing in a nolten state 100 parts by
-wei ght of sulfur and 2 to 20 parts by weight of dicyclopentadiene at 135 to
155 Cto obtain a nolten material; and (B) after a viscosity at 140 C of

d nol | _fal 0 2 i '
ié‘ltenmléeﬂa%%‘%}%lr%&o%ﬁoqom ?aﬁ-si?gt%afew 5%1?%’%1? haRdy 80 Bl 1 .
bi ndi t | t di fi d f
materi 8l conPinPRgeRBAPFCea tERT ur oh ??grn@n ReChepezafs B ééﬁﬁgx?ng

in a nolten sta tsb f and .2 tsb wei ght
of dicyclopeﬁ?agﬁg é%dgajg%r %efgg %}Q)él ﬁﬁﬁ Pﬂéﬁ*ﬁ%t%&fé (é) af?er
a viscosity at.1 Qag ai d It mat eri al Lalls I.n range o% %i to
1.2 Pas, coofPR§T&L ar?ofl{e?le IS ILRIACE 02 F 2B FderBt Ty 2 hol *igher
than 13p C to obtain a bindj hrlal cont aj n|n led sul fur; (O
mxing ¥n a ﬁBFF@HQﬁ%ﬁ%‘%ﬁ ﬁ bi n Sﬁg%ﬂﬁ%ﬁg% %tgo 4{¥rﬁ%ﬁ??88 sul fur

W th aggregate at, a wei rat.i 135 to ile a

viscosity of 35544 BPn ‘?’f@ er}é{%]r?%logcgﬁtzélrﬂloﬁ’gg %H?&aéld:es%ﬁo&r aei't %0

therein may be prevented to a certain extent. Thus this
material may be mixed with a cementitious material, such
as cement, concrete, or gypsum, without affecting the

10 curing behavior and the optimum moisture content of such
cementitious material.

When a cementitious material and incinerated ash are
conventionally produced into a cured product through the
pozzolanic or sulfo-pozzolanic reaction, it is important

15 to adjust the moisture content to the optimum. When
incinerated ash of city waste, which is highly water-
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

20 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
mixture is given excess moisture. In either cases,
properties of the resulting cured product as a construction

25 material may be impaired. Further, when aggregate
containing hazardous substances absorbs moisture, the

aggregate swells and can no longer be used as aggregate.
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Cis maintained in a range of 0.05 to 1.2 Pas to obtain a nolten m xture;
and 31 (D) cooling said nolten m xture down to a tenperature not higher
-than 135 C. 3. A nethod for producing a material containing nodified 5

sul fur conprising the steps of: (X) mixing in a nolten state sul fur,

di cycl opent adi ene, and aggregate at 135 to 155 C for, 0.5 to 5 hours,to

obt gi n g nol f%ntﬁiexmté?gjg%ﬁg?ﬁ?)ta&i%l]ai S IH%FPQH r?iéttlﬂee %’6\7\%‘3?5 a
tenperature 10 not higher than 135 C. 4. The nethod.of Iaimé6 wherein in
step (X) . anlBESONEOS SSP dF hpePIgERGat SreonEaani8odhari 148 wei ght

based on 100 parts by weight of sul fur, and an ampupt qf said 15 regat e
s such thatSEDFERREEH 1 FEAR DATIKRS DS OGhE ARcTRE SPENt adTBHe to
an amount of said aggregate is 1.to 5 : 5to 9 b ight. 5..The nethod of
cl ai m 4, mheFE?nP§ﬁ§?QﬁERP¥§§df&Ftﬁ%ngVc%%%#?ieg%Fh§%ﬁ¥ﬁ%l%g:SP?)
mxing in a nolten state said sulfur and said dicycl opentadiene to obtain a
nol t en fat er paPregacte.

The materials obtained by the present invention in the
form of molded products may be used, for example, as panel
materials, floor materials, wall materials, roof tiles,
or underwater structures, making use of their moldability

10 into any desired structure. When in the formof particles,
thematerials may be used as landfillingmaterials, roadbed
materials, banking materials, or aggregate for concrete.
Examples

The present invention will now be explained in detail

15 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 and Comparative
Examples were subjected to measurements and evaluations

20 in accordance with the followingmethods. The results are
shown in Tables 1 to 3.

Compreésive Strength: A ¢2.5 x 6.25 cm cylindrical
specimen was prepared. On the seventh day from the
preparation, the compressive strength of the specimen was

25 measured using a 30~ton TENSILON compressive strength
measuring equipment. The ratio of compression of the

specimen until its fracture was taken as a strain ratio.
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v(X2 ) mxing in a nolten state said nolten material with said aggregate at
135 to 155 Cfor 0.5 to 5 hours. 25 32
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100<t 100 ()- LS YW QT e bt CF T e st bR OS5 DY 00 () -
é?i/f‘gé&ff?%?}%%ﬁ@? i%@%f%%a‘qc“%ﬁia Sebhe (13nisapiiey (Fest for
#10% () - I4#10%&é tlon of inflammable solids (Type 2 Dangerous
Substance) defined in the Fire Defense Law. Specimens
25 fallen under the category of Class 1 inflammable solids,

which ignited within 3 seconds and continued to burn for

10 seconds or longer, and Class 2 inflammable soclids, which
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950 g of solid sulfur was placed in a mixer, melted
at 120 °C, and held at 130 °C. Here, the viscosity measured
with a Brookfield type viscometer was 0.002 Pa's. Then

10 50 g of dicyclopentadiene heated to about 50 °C to melt

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 the viscosity reached 0.1

15 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 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 and 10 c¢cm in

25 height, and cooled to obtain a specimen. This specimen

was referred to as molded product A.

Example 2
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10 107X7*8e8: 999§H'1 Jﬂ_@glmg(tgrlal and molded product C cor espon

109 ()-!gl's; #109&' () -1 gl s- #1098 () - | ##109& () -! " | ##10% )-Is 1,09%& ) 999:
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800 g of sulfur and 200 g of dicyclopentadiene were used.
10 Comparative Example ]

Binding material D and molded product D both free of
dicyclopentadiene, were prepared in the same way as in
Example 1, except that 1000 g of sulfur and no
dicyclopentadiene were used.

15 Example 4
190 g of sulfur heated to 120 °C to melt, 10 g of

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 suﬁstantially
20 simultaneously introduced into amixer held at 140 °C. The
mixture was kneaded for about 5 minutes, heated to 150 °C,

and further kneaded at 150 °C for 60 minutes. The

resulting kneaded product was poured into a cylindrical
mold of 2.5 cm in diameter and 10 cm in height to cool,
25 thereby obtaining molded product E as a specimen. The

production of molded product E took 65 minutes.

Example 5
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5 Example 6
Molded product G corresponding to molded product E was
prepared in the same way as in Example 4, except that 160
g of sulfur and 40 g of dicyclopentadiene were used. The

production of molded product G took 65 minutes.
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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 0 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 0 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

28



!10 10i L< 10%&' () - uuuuNwxxxxdE:/ 10 10i 0< 10%&

s- 109%&
0%& ()-fp510%&' ()-f+109%& ()-f! 109 () - Xxxxyny%XY/ 10 1(()‘)3/6’r&'()-f10‘V6’r&'()-
10%& ()-g 10%m& ()- 10%& ()-910%r& () - 10[{{{{||}dE/ 10s- 10%r&' ()-1 +f
10%1& () -1 10%m& () -1 +10%m& ()-f! 10%m& () 0%1&! () - } 9} <} M-P~Q-R-S~T-xnbC
10(5)910%r& ()- :.43;‘[&] Ton ‘éun';a TO% & )7 FIg “/&fl S5
18!/6r:1§£p;*3#1}){’/é0(% IQ$1;@7 W)Er%f || $2 5% Q)%!Xfcél@f@rr@(@w@omlOtV&'()-!JNf$1o
o0& () - \ 0! 9% () Oom 1D
10r71()<:?.}6‘r3/d?r& gg ].go () I QO9- #1.09&' | ()i- fIp##L0%T& |() |-/ zD®Big\ :
10!f|#100/&'()§'J #1D g < | H D& &) S | 1O bo)| o [k #A0PRR () - ! <>
f#10% 1 & () -/ {eZ [ fé %) -1 10 10 |10 <| 10%&' (|) -
XF V- #1096 & ( v“' S 0vR (-1 PN H10%R | () f upEeZ;
w0 o 58 x| x| x| x| x| x| x| % X g
g—gw x 8
4l R
d4 8 Blelolalolelale|lolala] ©
ré EQEH%EHHHHI—'HHHHH!“lé
o L g
10 . x| x| x| x| x| x| x| x| x| x
9 éh%@ gd " %
g% g@'é‘,g%gaaaaaaaaaaau
g A 2 2
8 L5
:éé% 'g% xxxxxxxxxxxé
Fi}
gg WE‘IS gooooooooooo
% g g EHEEHHHHHHHHHHﬂé
[ B :58
mg gg gﬂ xxxxxxxxxxxg
o g Eﬁ* & %
Eg gﬁ‘é%%@aaaaaaaaaaau
< ERER 5
o ° 5-8 xxxxxxxxxxxg
) |6y 7
R
134l .
‘gggooooooooooo
—~ g., Alalqaialalalaialalal a |8
§ |§nsad 2
% © L g g
— 8% Eﬂ s| x| x| x| x| x| x| x| x| x| x
k) &m rcé o
5@ E%‘Ig o~ '@
3 |3 YBS 5932372 15(=]=]8 B |8
8
%g%%é Hvammhmmgggg
' ?ﬁﬁﬁﬁﬂﬁﬁﬁg-
EEL Sl EIEEE R R

[\

9



*101g 109%& ()- CLO%& ()- 710%& ()-g 10%& ()- 109%& ()-g 10%& ()- ZsdEeZ;
101 109& ()-g 109& ()- ' 109& ()-1109%& ()-g 109%& ()- 109%& ()-+9kdEez; 10!)

<10% ()-|'g 109 ()-% 109 ()-#10% ()-1!10% ()-10%: ()-Q gdYNC 10! 10 10

10L0< IlO%&' O)- <71.0%&I ()-1 SI5#10%&' ()._S_ 109%& ()._I | +#109& I()-ydBYNC 10!!
oo () S110% (1 1106 0 HOW (VL0 Q- MOA O g,
109 () W5 =, 190 O 0 @ P 7L R 0,0 o IR Q4 vo
and had good properties, unlike the sulfur molded product
prepared in Comparative Example 1, which was observed to
5 be inflammable.

Subsequently, each of molded products A to G prepared
in the above Examples and Comparative Example was placed
in a beaker to socak, 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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(B) after a viscosity at 140 °C of said melten material

falls in a range of 0.05 to 1.2 Pa*s, cooling said molten

20 material down to a temperature not higher than 135 °C to
obtain a binding material containing modified sulfur;

(C) mixing in a molten state said binding material

containing modified sulfur with aggregate at a weight ratio

of 1 to 5 : 5 to 9 at 135 to 155 °C while a viscosity of

25 said binding material containing modified sulfur at 140

°C is maintained in a range of 0.05 to 1.2 Pa*s to obtain

a molten mixture; and
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(D) cooling said molten mixture down to a temperature

not higher than 135 °C.

3. A method for producing a material containing modified
sulfur comprising the steps 6f:

(X} mixing in amolten state sulfur, dicyclopentadiene,
and aggregate at 135 to 155 °C for 0.5 to 5 hours to obtain
a molten mixture; and

(Y) cooling éaid:molten.mixture down to a temperature

not higher than 135 °C.

4, The method of claim 3, wherein in step (X), an amoﬁnt
of said dicyclopentadiene is 2 to 20 parts_by weight based
on 100 parts 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

l to 5 ¢ 5 to 9 by weight.

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
dicyclopentadiene to obtain a molten material; and

{(X2) mixing in amolten state saidmoltenmaterial with

said aggregate at 135 to 155 °C for 0.5 to O hours.
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