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SPECI FI CATI ON Bl NDER CONTAI NI NG MODI FI ED SULFUR AND
PROCESS FOR PRODUCI NG NMATERI AL CONTAI NI NG MODI FI ED
SULFUR 5 Field of Art The present invention relates
to a method for producing a binding materia
cont ai ni ng sul fur nodi fé¢eecwibateidiy! | dene

nor bornene (ENB), and a nethod for producing 10 a
mat eri al contai ni ng aggregate and nodified sul fur,
which rmakes it possible to reuse donestic and

IHSE R ICRINMREN BhG MD 16 M s@APUIERNDWROFESS FOR PRODUCING
construction materials. Background Art Application

Mfaswik faf, @dNGIAMINTIRDAMOBEFIRS it FFr CONStruction

materi al s has beenunder research, whichmakes use of

its properties to nelt over 119 C and be solid at

ordi nary tenperatures. For exanple, Patent

Bubdi gabEOArtl proposes to use sulfur as a material
ads, Patent Publication 2 proposes to

use spld WrAseft ARSI 9 120 tt%ré?rlet}?cgﬁjfgl gPEdu01ng

Publ i cation 3 proposes to use s

@at@fﬂ@ings%tle&laalﬁaé&atéhnaagpose o a‘g@&g%ed with

However bi ndi ng mater1 al ul fur

Wty 10 yéna HBE@)%Q‘IQ@UEEN@?V' g asyl Hértk?c%ﬁols&?défoduc ing

its outer surface, which is ignitable

RrRQUEL i 5235-8h$Q A% Ay At den cﬂh gﬁ@cﬁgﬁifwhwhlch

as I nsufficient mechanical strengt i nferior

haXex ance e 33 & W %ﬁé'cﬂﬂn%%@réﬁd SPatbatibRewastes

product has not been used
as civil engineering or construction materials.

Background Art

Application of sulfur as civil engineering and
constructionmaterials has beenunder research, whichmakes
use of its properties to melt over 119 °C and be solid at
ordinary temperatures. For example, Patent Publication
1l proposes to use sulfur as a material for paving roads,
Patent Publication2proposes tousesulfurasaconstruction
material, and Patent Publication 3 proposes to use sulfur
as a binding material used in a material for sealing waste.

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

sulfur-oxidizing bacteria, so that the product has not been
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In order to inprove the properties of sulfur, various
addi tive conpounds have been devel oped. Anobng such
compounds, dicycl opentadi ene is inexpensive and
econom cal, 5 and is known to have good effect on
n@g@@nw@gbl§1rength of sulfur. Patent Publication 4
di scl oses a nethod for producing a sulfur

Conpoﬁhté@@ekn@éUﬂh?ﬁoﬂ%xﬁﬂgébﬂoﬁe@Eﬁh%no%tthfukoovarlous
parts by mass of sulfur and 2 to 20 parts by mass

Hu @l eyghopemigdiede. nbok! pued, Ryew00bH88. aRthdhg such

nethod for producing a sulfur conposition further

rn#ghﬂasmdﬁé@cléﬁgh%%af%ﬁ@§EQH%§5@ﬁé19%§ﬂ&ghéhomlcal,
CO

tions. However, in the production neth usi n
dircycl OPRALRAI @RE haties CASb Ve BERRIL! ichy n@gﬁmléaﬁ strength

reaction 15 and non-ignitability of the nol ded
odyei gyare hard to be bal anced. Patent Publication
5 di scl oses a nethod for producing a binding

mat erpa « SENBEH N BY MY fi 89 s38lfWs aﬁﬂgkﬂg'ngor'Produc1ng

mxing in a nolten state 100 parts mass o

1 f t
Ikt HOTus ! ST L MGG o

anth & é@%gqg¥h$95sp6Qd SR SRS 169 sel 4k g mass of

naterlal fur including mixing aggregate ther

thedbaerePNdidi Phsed Qg H&%‘D?H ushbng 4 3 method for

tetrah r oi ndene, however, is ononlca

%fﬁﬁh@ﬁﬁéggogﬁhqur@3M§3%§tﬁéﬁgf §@ﬂgyFiJ ludln m1x1ng

ydrogen Sulfide in the reaction atent icati g

%’g&dega@é 0pRge heAd Yy ! g%?it‘i%%q_'ar S ReRt 8Re . Of

olefin oligomers to | nprove
However, in the production method using

dicyclopentadiene, viscositystabilityduringthereaction
and non-ignitability of the molded products are hard to
be balanced.

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

The method using tetrahydroindene, however, is not
economical, and disadvantageously produces a large amount
of hydrogen sulfide in the reaction.

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

chipesednef, & b@h@@‘w&éfEHBoéﬁgdméﬂyﬁﬁﬂ%dﬂﬁﬂﬁnﬂb improve
This sul fur polynmer cenent solidifies heavy

niet abro@dral PiEdg et a gor phewete refd1 sened e ives, sealing
harnful heavy netal into environnment in treatnent of

i aBshes, B aktpikeduce the volunme of the waste
Thi s publication teaches that the product of

treatpeetént Vb1 L BE tSWnf 8rd 9t VEBE sCE RN F WRY, AGmHSEGement
as civil engineering or construction materials or

AYIPO8E 8. o fHaWRMRIdud eo B UbS UL MR ERY 1 SENBRt sHSERG and a
a reactant 15 essentially containing ENB and a

HeH efen feBosBaso £ i1sHbid ¢ it EfBCARAI L8k yrene monomer.
strength, ignition resistance, and resistance to

st T s@XE A Z iRl et ek bRen i 1tiNe; SULEUReaRQl Yy TEr
cenent cannot practically withstand the use as civil

A ELEbAYa@h iGRNSHA$EL T 08 &fditl M EDuRHGLeIRH SarmEul
20 Patent Publication 1: US-4290816-A Patent

Rl if ahé 08121 ndB 43rfildddnént Pahert-Rld£at b PNt Be waste,
JP-59-26180-A Patent Publication 4: JP-2002-69188-A

Baiento Prbhilieat it Siohiin@083- 21034 25 Pat ent
Publication 6: JP-55-133426-A Patent Publication 7:

JP- 56rp0d A cdet 8Att SdBhE AU 9P tBie PRI 6T Beatment
DI SCLOSURE COF THE | NVENTI ON

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

Patent Publication 2: JP-48-91123-2A

Patent Publication 3: JP-59-26180-A

Patent Publication 4: JP-2002-69188-A

Patent Publication 5: JP-2003-277108-A

Patent Publication 6: JP-55-133426-A

Patent Publication 7: JP-56-501102-A

Patent Publication 8: JP-8-3317-A
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Problens to be Solved by the Invention It is an

obj ect of the present invention to provide a nethod
for producing a binding material containing 5

nodi fied sulfur that may be used with even donestic

antscL.oduRE icd Mast eRvasTadas egate to produce civil
engi neering or construction materials having

exeshlent ikanidd Mdb1veal shang reedapieal strength,

water sealabi 1Ty, and Treéesistance to

sul furr oxsdhai B®RaGE &5 aznangrkkatn @l WendPon to Provide
ef ficient production, wth easy reaction control, o

theane bhodi 7o MRS d@k | WET 6N YTB 16y Usabke16ar *EAdFing
domestic and industrial wastes. [T is another ob]

efda Pt i bAespNe/Ntt HAWERL{ OBt QIO 48 & 8Rt B8R ic and
produci ng a nmaterial containing nodifiedsul fur, 15

Wridu888YatWH 0L 5 A ghagaPLeblmilal ictiivq]rﬂ] Ie{lginee ring

resi stance, nechanical "Stréngth, water seal ab

e £65561aRE8 drP masyéiyalgxih@\;ﬂﬁ%@fs&ﬂat Eigg}]ittsion

that sufficiently fulfills performance require

Qs £hvhhc8NIMBSYIIN-£1 sEPBRLLYC! iv&rté&ﬂtseééféﬁiliéy, and
even when donmestic and industriral 20 wastes are use

a% SUGF ehaker L hen el - MBS, {94 ﬁ@&ﬂé?gathgn@rQﬁhgggllows

According to the present invention, there'is provi

%m@pgnﬁgﬁsreaaéwdfﬂ i %&E%?B?ge?g{)@iﬂﬂgof the

nmodi fied sul fur conprising the steps o
R Oh PG SE LY @Eigﬁtﬁayabefagaw@; %b?%éﬁh%ﬂ% domestic

consi sting of 100 parts by mass of sulfur an

24 Pardss By 1S+ &t hyl i dene norbornene (ENB), 4
(b) mxing said starting material for nodified sulfur

It is another object of the present invention to provide
amethod for producingamaterial containingmodifiedsulfur,
with easy control, that has excellent ignition resistance,
mechanical strength, water sealability, and resistance to
sulfur-oxidizing bacteria, and that sufficiently fulfills
performance requirements for civil engineering or
construction materials, even when domestic and industrial
wastes are used as aggregate therein.

Means for Solving the Problems

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

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

parts by mass of ethylidene norbornene (ENB),
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in anolten state at 120 to 160 C, and (c) when a
viscosity at 140 C of a nolten m xture resulting
fromstep (b) falls in a range of 0.050 to 3.0 5
Pa-s, cooling said nolten m xture down to a

t enpe(sy Uk £xiAgt sBi ANgF atRARGIRA tEr IACCHA RGBT ;Lt&? sulfur
present invention, there is also provided a nethod

fof Broaducichy satan@éeatallz%owoallwgoc ao%l;ggat e and

modi fied sulfur, conprising the st eps’ 10 (a)

provi gdi NgyRest aart'\}f@cé@ﬁgg' ale f9rg medi cgf ed rﬁghggi’x mixture

consi sting of 100 parts mass of sul fur an

%aesmf&ﬁgbwmﬁ%t@ p ENB, £D)18 xhng sghdestad o, rb%o to 3.0
mat eri al nodi fied sulfur in a nolten state at

BD . $0 4881Cngladid MWEPeA MigeeHd Yadhn 1?9 & egmﬂerature

nol ten m xt uré resulting fromstep (b) s in

Gﬂﬂgeh9éggro@%éﬂ)f§6) ofa-s, coollng_sald nol t en

m xture down to a tenperature not higher than 120 C

to prepaseadnk v r\ﬁh@’%?éb@ht qq{uéﬂ&fgsal ‘ﬂbfljeedls also

sul fur, 20 (dy m xing to 50 mass% o i ndi

'ﬁtﬁié‘éd Qoﬂfe@%&gf@dbgbaﬁcﬁﬁl% Iﬂé‘gﬁ??etlg c%}xtalning

mass 9- of aggregate at” 120 to

U REOSES Y e@bhnbA A4 10f 1 S@1 Qu?fﬁg' n%orrllﬁattféilgﬁ jcﬁe steps of:

maintained within a range of 050

and 2
0 o {Ssonhig s et hom g Sowmia g oo

@aﬁgﬁﬁtiﬁgeBE'Q%o‘ﬂ&%é@'ﬁ fHLEReL s 3 Praytd8d380.1 to 25
nmet hod for “produci ng a ¥|al cont ai ni ng
parts by mass of ENB,

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

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

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

(e) cooling a resulting mixture down to a temperature
not higher than 120 °C.

According to the present invention, there is further
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aggregate and nodified sul fur, conprising the steps

of: (a-1) providing a startlng material (M

conprising aggregate and a starting material for

nodi fied sulfur 5 consisting of 95 to 98 nasse

spitbut dend 2 et bodasse¥ P ddidy & wbarersaid containing
starting material (M at 135 to 150 Cfor 2 to 5
haggseba ter epal ened {1 xédr sudffusai dkager egahg talréd steps of:
bi ndi ng material containing nodified sul fur, and

(c-1) aembl@;dummlmgxaUGQaithgcm@téemaar&WHﬂ%ém@rls1ng
10 higher than 120 C. The content of aggregate in

sd@grégate imdref etabtyngbthdte H0a massr¥amfaiifeed sulfur
total amount of the starting material (M. Step

(dod 3 ipaybepertf osmedbyhi nalmxishdi famiden 4 & mdde ENB,
starting material for nodified sulfur consisting 15

of sulbun)andxENG sand tRer ting %délﬁlaggmgaéﬁ 135 to 150
thereto. Effect of the Invention Since the nethod

feor fRIr0duebny BoRi-BAEBIp PBEGHAL mEQEh@‘enb'fgsg‘i‘a fa?%‘i’egate
sul fur according to the present invention incl

srePsa ( BY nbd rf )mdeett { Qe e oA i 1ig 2Ro 8k Rdielg sul fur, and
material containing nodified sulfur that may be used’

for sealingcdenmesiy &adn oinetisté i @bwihashes, tEﬁFeQ@ture not
obtai ned efficiently with easy reaction control.

R der, thihhe rasWdi ng binding material, even when
used for preparing civil engineering or construction

Mat erTieé scoft 8@ tdeFeatigtedfa ttntin NelusH 1 (Al 1yaskegraserably
aggregate, nmay give excellent ignition resistance,

B k@anboaha SEkedPithe W11 asRAUBDIJA tMe 8PHrting material
resi stance to sul fur-oxidizing bacteria, 6 to the

ciw)i | esgkpedsd NYmaky K6 petr i O bet :@fé@'nﬁ.x1ng inamolten
state the startingmaterial for modified sulfur consisting

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

Effect of the Invention

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

sealability, and resistance to sulfur-oxidizing bacteria,



10

15

20

25

Since the nmethod for producing a material containing
aggregate and nodified sul fur according to the

present invention includes steps (a) to (e) or steps
(a-1) to (c-1) 5 nentioned above, even when donestic

ansl tREUStiRiiAl MRGiREeRiRUT @SndEgLeRAlh mhterials.
materi al containing nodified sulfur my be obtained

W th eanyeCoREr Alkethtl EHbNFr &xeeLh§Nh mh8BrikANcontaining
resi stance, nechanical strength, water sealability,

FeghEEaARGRAI tfo Uk | HE- @1 NG baEtehig?, tolocl?é‘dpresent
sufficiently fulfills properties required for civil

engv &L e bAgi ARdueeRSEERS 08) Bd efd abs sBepl Mede) f@é (c-1)
Carrying Qut the Invention The present i nvention w

v becfxpl absed i Bvdet ahkn dbﬁ\efslﬁeld'rﬁhlaognfiﬁrstrlal wastes
produci ng a blndlng material 15 containing nodified

Hitd UEeAEHBEIgHE D & Ne d €58NE 1 ddWENt h PAg n‘fdcf?fl?d sulfur
step (a) is performed, wherein a starting “nateri

fnly MBEi bbed isdd Wri €RMBRESd nSrth{ Urwﬁ'ﬂghEli’l% %x@ellent

particular ratio is provi déd. The sul fur provi

Sltﬁplt(ﬁ&m' %e%rl@trkﬁ{&'eel ﬁ%ﬁta@hca?p %f%ﬂ thanqiar@é/r

for exanple, natural sulfur, or sulfar ‘obtained

té\éad?élb’i fuehzaihgn-odi Q@Bﬁ@'eefs’@sq{l @ U2k dggﬁn TBQcterla

ENB provided in step (a) maybe a commerci al product

rafi'fcﬁré’@ﬁfieléitqtyh)ﬁdﬁﬁf‘flgoﬁge %‘irtqeé)rré%‘%?éd or civil
usual ly not |owér than 80 nmass% purity, fera

RO 1 MeF 1 hBaRn2b Qoh HBSS ¥Rk %tmglef ef er abl .\/

not | ower than 95 mass% purity, nost preferably not

Rl idas 28 rMRESO-PUEEt Yur ChHeder FNB.£ {9 an ENB
productron plant prror to purITlca[IOﬂ 7—1nto ENB,

whi chriey (U@t BB/ dh BEEnAPPUNN&f vd B¥%blained in detail.

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

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

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

Crude ENB from an ENB productionplant prior topurification
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nor bornene, may al so be used as |ong as the above
purity is nmet. On the other hand, by-product oils
froman ENB production 5 plant nmay contain 20 nasse
or nore of by-products, such as tetrahydroi ndene

(o, ERS, t Radi UGha PYcBhOHUG DitSacdi hRohess dhapinyl
80 mass% ENB content may not be used in the present

inyepbrABneThaakabil s PhENEL S é@uﬂaﬁ% fslth8 dBove purity
parts by nmass, 10 preferably 0.3 to parts by nmass,

My enpfreferably 2.0 to 5 parts by mass, still nore
preferably 2.5 to 4.5 parts by mass, based on 100

par t oY hekssh&F naHd Uby - brolih@ t 81 18 £ 1 fm ENBENSpL88Sict ion
than the above range, t%e resulting binding materia

PakOtnle gbwen isHifd Gheanss sbrepetld oMe 15 roducts, such
properties of the solid material obtained by m xi ng

the cdesshibRg iR PRt £ri 8b WhibR agenedd Sprbafict oils
fire resistance, water sealability, resistance to

suldwrrayd didn O¥ R IRt kfay dEPEHE Abddian che
ratio of ENB. Usually, a higher ratio Qives Inprove

PRIt ¢ e$nvEB tagh Vi scosity properties are added to
the elasticity to give a viscoelastic product, which

I's eagye 19, €i 8t Q€t pRBU; sdiEliaquly d 01 bgg §gtguﬁg mass,
toits increased viscosity. However, If the ratio of

h ) SE0S| i
i saseely d1s 0152000y MSEPS RSy 1 o <o

& high & aby ﬂaggnglsreriqqu%lo@,?féyé&a%lﬁié.fé %t%% parts

inreaction control. Incidentally, when“sulfur an
%agg,%égedl&qm%%s Bysi£d € cﬁ‘_slswg.lflurb.e If the ratio

di'scussed later in a hernetically seale

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

difficulties in reaction control.

Incidentally, when sulfur and ENB are mixed in a molten
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stirring reactor, even a small anount of ENB can

sufficiently nodify sulfur. Use of a hernetically
sealed stirring reactor also inhibits evaporation
| oss of ENB by heat from5 the nolten sulfur. Thus,

vhedk sUch i Nerpetd Cadhys88al 8derSthr & i m-heasEAN l'yS sealed
used, the ratio of ENB with respect to 100 parts b

'%ﬁr@in@ﬂefé&tdi@y eRRres shaW 188mBuht F BNpRAH Sub¥iciently
bymass, which may sufficiently inprove the properties

Hodttfubu1¥dd.n thee et thhE%eQ:rl@é‘fl‘PgséaQ'e@d'sncglrrlng

material containing nodified sulfur according to

Hasebr d WS PEXdvasbeRtiPh 18sReSEENBYy heat from
wherein the starting material for nodified sulfur 1s

AREhd 1t & R 1A St af By sat whe® EQhO) ﬁerrﬁ%@&@éﬁqg sealed
130 to 150 C, nore preferably 15 135 to 14

Aed P81 h§ iieg@ltfo%n 1% aﬁ&an §f1@prg@10m?%€ by It Rlrespect

out, for~ exanple, first melting sul fur under

heati (. pa ARG Blgemaggdbrfg s%lrmd%%%@eg a wn%]gofo 1 to 2
ENB thereto [it little

'p%fl‘f@E?%aé@ewﬁqldﬂnQQ ldﬁﬁ@l?lgr : Wﬁgg&%éﬁert ies

Starts at 119 C. Thus 1t 1s pre
gacdippyeontrol to first liquefy sulfur, stir the
mass, and raise the tenperature to about 130 C while

the  scpsi ﬁl¥th§>dmfr8f %legd%g.ﬁga rﬁpir?g ma erﬁal

vi sconeter, such as a type B vi'scomet er f

%%t%\l%lggemE)aEQ 1%fd | 6T AP LR MBGRPI LY E’flet E.ecesent

nol t en nass urlngthe mx xing 1n a ten st

deRaidsi O, L eaekhomh) 9s ﬁ:%’gg@g%ga?,wﬂfég@lﬁtwe%égrung

fenperature resulting in o]
material for modified sulfur is mixed in a molten state

at 120 to 160 °C, preferably 130 to 150 °C, more preferably
135 to 140 °C.

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

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

The rate of increase in viscosity of the molten mass

during the mixing in a molten state depends on the reaction
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rate. When the mxing in a nolten state is perforned
at lower than 120 C, sulfur is not nodified easily,
whereas when the mixing in a nolten state is
performed at over 160 5 C, the viscosity tends to

iMﬁéﬁstﬁw,mythmgigﬁeB@é&ﬁergeﬁfké%é\?i@ing\ggga higher

the mxing in a nolten state i's perforned at a

30L& SWhEHVtﬁ%dm@&%ﬂ§ﬂﬂﬁﬁaiﬁﬁi@%ﬁ“@ﬂat@‘Egogﬁgformed at

sudden heat generation or viscosity increase,

qbweflgg% {hgd N .ﬁm@wy%@%mfg iéxsg%y, whereas

opserve so t hat e viscosity I's nmal ntal ne

et afd @il £@nst %.n?nolt-gﬂj%'tgﬁ:t{es( %r@ofﬂ%‘%;@: IFrer 160

a nolten state Tay be perforne en no

g%r,leEﬁEi Pk 9 itr 'ﬁ%js t%l QWc.yc ! @.eSisﬁll%.rI%lr?h aand is hardly

tenperature to tre above range. e mXi

o 51 abeel N Sirfdh (Phe n{aquﬁggq%i;%o%éeﬁ%t&%% is

any conventional m xer as |ong orough mxin

%@fgﬁgedlzaq{ &%rfoQPEJ‘i%iooﬂc Ofsutl%xbia Cgf gnggclt)r Hﬂ%lgize slowly

ontal ning no I'ed sul fut,” a mxer

|df%ﬂ?h?£%?@&%&ﬁﬂéﬁ@n%§geréﬁgggq§ra@i§95§52§L%E%g%rSe, and

a rol a drumTm xer, ony m xer

. : X : . . A
YN8 518 g sé%?g' #ixé?gpa@u§é h§ M1 &ELs1 IQS Observed

herneti ca IS used, even a sm

QIPURL £ Hn EHBCY ictﬁ}‘?ig ALl ﬁgﬁsﬁéyéﬁwghﬁ%} ggnstant .

reacti on. Anbng suc erneti ca ed m Xxers,

FhRid C st@ﬁ(g% ) | SERRLLE RY £h ly Brletfeﬁ]%gla%ﬁoér"ﬁ%&oggz?%%§ormed

stirring "25 efficiency: t he me

%ggiWﬂéﬂyﬂgnﬁgéf”%eﬁQPEEE%%ngsnethf?%éﬁufé?%ylysraising

atcording to t pr esent I nvention, step

EhRN REHOFTRdreiey & ¥HE0 R nge.

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

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

In the method for producing a binding material

containing modified sulfur according to the present
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viscosity at 140 C of the nolten m xture resulting

from step (b) falls in the range of 0.050 to 3.0

Pa-s, the nolten mxture is cooled down to a

tenperature not higher than 5 120 C, to thereby
dbteemt f be, obkept i(ve hisndihegn matrefomhedconhaireiifg when the
nodi fied sulfur. In step (c), the tine point to start

cad ¢ dgi dowatt 04 0a°t espet BeUme 1k@in hiigheliré hp8st20iGg from
i.e., the time point to term nate the reaction, may

\wdrgp dépefidildg dn tie rampmic £10 . ofs ENB usedaand, tthe: molten
tenperature for mxing in a nolten state, and nay be
teicitdede | hsviewleld dwvitssosi t gmpk atir®IA®H higher than
m xture. In light of the strength and ignitability of

e ol ded tpreadist duesuaednw bbithe BB Nding material
material containing nodified sulfur, or its

workebihihy dodidd ddesulbuproducti on process, the
conprehensively optimal viscosity at 140 Cis

usually dke®50ct p dheStPAe poipal tiCWEdty SooDPAg HOWN to
0.07 Pa-s. Wien the nolten m xture is cooled down to

a temperaitiLe MYt Mighesr thadn 128 Cefoke |t B8e time point
viscosity reaches the above range, the resulting
liontle py itm@iter tAk 20ad8Y ohqQt mgi \wea BUfdd wdedi n§ldreRGldhamount
to civil engineering or construction nmaterials

pIfepaB ets od hhdt tiee kisngh axga tateri ¢t mixdnthy tA& molten state,
nodi fying of fect of ENB is not exhibited suf f

aaidemialy be deldi dde iﬂfﬁvg.fee/s&‘oﬁ)ftﬁ@d}ﬁé@@éi@g, ofh€he molten
viscosity increases, and the strength of the

méstthineng bInmdiinghtratfeehel sakengdh bher eg6esablifl i of the
viscosity is higher than the above range, the m xing

mo 1stee) fi)dist hpredudel wot Kabthiet Wbiirtd frefankeblky a1l
inpaired, and the nodifying effect is saturated. 11
Ebatwiisciasy modi £ 1de swl fen, bxtilke wiykdei Dot @iedng the
production process, the comprehensively optimal viscosity
at 140 °C is usually 0.050 to 1.5 Pa-s, particularly 0.050
to 0.07 Pa-s. When the molten mixture is cooled down to
a temperature not higher than 120 °C before the viscosity
reaches the above range, the resulting binding material
may not give sufficient strength to civil engineering or
constructionmaterials preparedwith the binding material,
andthemodifyingeffect of ENBisnotexhibitedsufficiently.
With the progress of modification, the viscosity increases,
and the strength of the resulting binding material also
increases. Iftheviscosityishigher thanthe above range,

themixing instep (b) ishard, theworkabilityis remarkably

impaired, and the modifying effect is saturated.

11
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with a type B visconeter to see whether the above
range has been reached. The viscosity is not
necessarily neasured continuously, but may be
measured in batch. In 5 the latter case, the timng

of neaRdrerBRl MY, her asid M Bdenf homliRe A AHOMAH itored
the mxing in a nolten state in step (b). For

e¥2pR| 8, t3pe3 DA ScHHe FBSS t&f SMB WhdihELSPEet ade range
100 parts by mass of sulfur, the viscosity at 140 C

OhafNBeBBl sk dh&d Ur eTheaghe &k 05y Pas uskalddedysarily
mxing 10 in a nolten state at 140 C for about 3

hesls Sured ébn%%%uéﬁépy,a@@ﬁtm&yhﬁérmehgu§%ﬁpi&P%a(gh. In

cooling down to a tenperature not higher than 120 C,
WIes Ttfte & £ dd NG BQhﬁ%gnBEerﬁéé‘&ukémeﬁ"&btﬁgg%é‘te!sl\{:imated

m xed Wi th aggregate or the |like to prepare 15 civi
efhgcbrﬂet_el'ién@u?&ti%'i‘lsbrfuﬁﬂeoﬁ‘li&qltr@' 1] & mbflecéflplétea&e in step

m xture is not necessarily cooléd to a very |ow

tgpper afdi-eexaliti et a8 $alicd Biyndiang Bt %‘i\f@lwiiti-i R spect

be prepared, the nolten mxture”is usually coole

doyn, § 9 peak o maggpsEa&u&%ﬁ,&@b@g&@g&i@%& at 140 °C

b1 ndi ng terial® containing nodi _
A fiHe HRSH £ &80 by e ROLYPBRLARY BN 05836t 10N sQfa1 gmnixing

with ENB, and nmay contain pure sulfur. The bi ndi

@5 o ir@éleg%sngggf&eg%{ ef £5 'Rd £ 4. %gﬂféﬂ{@%@m ¥ at 145

fur he bi ndi ng mat eri cont ai ni g

rpdidd.ed syl fur n2Rud s useful in preparation of civil

engi neering or construction materials, and nay be

used, 14 At SXAW)| 8 EGo1 Tt HEGVEL ‘é@h:p%LiSature not higher
aggregate, ‘as paving material, 12 construction

Ll 2ho Qé,”@h%%i%héc¥e§§fkkﬁ% %%H&%hg material is
subsequently mixed with aggregate or the like to prepare
civil engineering or construction materials, the molten
mixture is not necessarily cooled toavery low temperature,
but when a solid binding material is to be prepared, the
molten mixture is usually cooled down to near room
temperature.

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

construction materials, and may be used, for example, in

mixture with various aggregate, as paving material,
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In the nethod for producing a binding materia
containing nodified sulfur according to the present
invention, if the starting material for nodified
sulfur 5 contains a reactive material other than

sebhHt rard B, mi@ér@é@ﬂp'o@f e SE ¥ gne f@}n@@e{l iffewastes.
resul ti ng bindi ng material, in mxture with

aggr egat @ heC B oA fSrSFB RieMg HeBhARCR) material
strength, ignition resistance, and resistance to

sebhtb10%ind Zhd@i Paebekha il dybbr8RayNesy ivik %régent
construction materials produced therewith, which are

hehdenta ol t hist G\f!getalé‘@ak'%@nge%%rté’ihﬂ‘ltf‘@rrﬂbﬁg fAfed sulfur
sul fur and ENB and the visCosity at

séSht hAe =C ROl Ofvet R ARL HAN dﬁﬂgﬁr@héﬁesﬁqtfur and ENB,
W thin the above-nentioned ranges, as w

despnskbaiad i b Cé’ 2EAE WRrHP! e Be %‘és-‘m.ec J.rr‘r:d_gzgfndlng

for the above is n known at present

arstdBdathaln s S8l Aen V"QF%an@ \!‘é)\éﬁrfficient
reactivity than ENB, can fo th sul tur

rr@ééﬂan@t: aRokyswidde, @i fyn-bLi ﬁgggn%%"pa%dre sistance

| eaves a consi derabl e anpbunt of unreacted

s&arga@fﬁenmrdﬁ@ngeﬁab%&aa weéf{fw@hg%e%m; or

desired properties. “The neth for produci'ng a

r@éﬁétﬁhc@%@nah%la@@b@%&é&%ﬂ%&i@ﬁ %IHH are hard

according to the present ™ invention includes t

r@éh@f’@hstaﬁd t%émdg@d &Pehughleg e S1eps QESQHZqur and

m xi ng 10 t masss of the binding naterla

iR R4 %es %éﬂ%t akChagf Eh%o'IBtJl; oﬁﬁg aoollng of

producing a bi eri al cont aini ng

t I n
S S 0 8 B oA LA S0 ane

WSGpsl i Ypatl dkibdsofatb8 Bhndidiparative Example 3.

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

The methods for producing a material containing
aggregate and modified sulfur according to the present
invention includes two methods, i.e., a method including
the steps of (d) mixing 10 to 50 mass% of the bindingmaterial
obtained by steps (a) to (c¢) of the method for producing
a binding material containing modified sulfur according

to the present invention, and 50 to 90 mass% of aggregate
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material is maintained within the range of 0.050 to

3.0 Pa-s, and (e) cooling the mxture resulting from

step (d) down to a tenperature not higher than 120 C
(referred to 5 as first nethod hereinbelow); and a

Rt hod tHaleudr@g WHiel e $1RPF1 8k ALY aR P¥b 4NIF R he binding
starting material (M containing dggregate and a
ﬁdﬁéﬁf&lnﬂéemh@hﬂa¥héHK%itﬁﬂnsﬁhku&aqgﬁﬁﬁﬁtO055@fto 3.0
95 to 98 mass%sulfur and 2 to 5 mass% ENB, (b-1)

Wiaxidg e (@)aIddd0 idpttehd ahitMirat rd381£8nPereml@tep (q)
for 2 to 5 hours to prepare a mxture containing the
LY & A D BFEHolBh PhhAY EARLANBINBCTPALER G eq to
sul fur, and (C-i) cooling theg mxture down to a

benperatint fdd M&hei nbakw)12&fa ({ ef&rKed 19c83ding the
second net hod herei nbel ow). The aggregate to be used

st elideofi ($11 ppt-er@dgethad ¢ iRy hatRUtial (M) containing
particularly limted as long as it” is usable as

ageregpite. ARE HS@tQfrd HeyChabke iiNdUdF i RbaYastes hsl fur

preferred. The industrial” wastes nay be one or nore

ebnsdind Neg €D AL JNGheE4ted1ELY a8R 2Pbt eMmiL¥s Eng,
ash generated in a high tenperature nelting furnace

fer 16 _trr}’i}gﬂaéf"aéhéas%%&ljtia}g%dﬂééég%ﬁeﬁrwOa[‘ﬂtf?s to 150 °C

el'ectric power Industry gener a ustry,

Ebwi At gerhsard wsgdeid Hd Hdiaqf-dedntind Ney aher %regate

soil contami nated wi th heavy netals, grinding waste,

and P¥1REQHYChS OF 1 %ard ONEa TRE Aly mPi PHYEH AMBFuSUSRE (c-1)
as steel slag, steel dust, ferrdnickel 25 slag,

abBii g WO &S x tA VL H e @-te'nfbélk@txﬁi*ésﬁo@r}gigher than

second net hods, wastes, such as steel slag,

196l Ber ated e a8y ﬁ? angéﬁﬁhdrﬁ@tﬁgdrﬁ@?giﬁ%%low).
aggregate in a harnfess 14 form

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

second methods, wastes, such as steel slag, incinerated

ash, or coal ash, may be reused as aggregate in a harmless
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The steel slag is a by-product of the iron industry,
and may include blast furnace slag, open furnace
slag, converter furnace slag, and the like. The nain
conmponents 5 of the steel slag may be oxi des such as
sidt®a, alum na, cal cium oxide, and iron oxide, and
al so inorganic sulfides. The incinerated ash is

di schewgest ée0MsVagi 96Sa © ditie foiF nelgesi seahi Adustry,
city waste incinerators an i ndustrial waste

iditd ARt 9h%.l uald B Ba SR Ly neerPesedy of opBn0%hE8%ce slag,
such as silica, alum na, calciumoxide, and iron

Qdrtee r e e 9ice it £41 S thexi ¢xBet althe SHGH éémponents
| ead, cadmum and arsenic. The incinerated ash has

kzeferthéﬂ@cp@épds D gahagankt kY deaNHidd B4 1£51 YR8 €aMQmina,
waste water is discharged, but the present invention

NA Bgm sE R, AnSUEBNINE] BT AR 2380 ﬁﬁoég%%%ésifldes.
The coal ash is discharged from various coa

combusid opnci HeRatey fpin PoYen 1 Gengr éc?nfrgﬁa'ir'a'ig.’ous
and the like, and those conventionally used

COMU 84 €1 &h ?ﬁrﬁ%dﬂynéﬁéﬁfhsf@it9'%b@ﬂ@“ﬁﬂﬁ%ﬂéfgtors and
mat eri al nmay be used. 20 Exanpl es” of the aggregate

Useiidtr1 D€ P& E88ENE nEANRHH t-5 MBYnd NCh Lm'@lﬁ@gr E9RbBsed of
ot her than those nenti oned above such as sifica

%%ﬂﬁe§|§wcﬁ1a§réﬁll@@”\éﬂﬁﬁhﬁérbeﬁlc@%Hkal&ébe%ﬁd iron
glass fibers, vinylon f ibers, aramd f ibers, san

xRl , winch ol heh éBﬁEgﬁ@bCo%n@o%ﬁQamékéT%eréﬁbﬁ RS lead,

free of 25 hazardous substances. In step (d) of

talediumg! hoda bheeMd NY F1RL | Onefinelr® & "diAdhas been
mat eri al containing nodified sulfur and the 15

AAHRIM $ ofSat d0i ®9ry Ph&Pi 99 s PrEESHBYLY nowh@t30water
is discharged, but the present invention enables use of
such incinerated ash as aggregate.

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

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

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

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

material containing nodified sulfur is at such a

ratio as to fill the voids in the aggregate

consolidated to the maximum 5 density, at which ratio
tAggreyamen sd remgtd 55 achiceved.so Wishe FR@a3MRUNLS ofo 30
the binding material containing nodified sulfur is

| gsstbhan bhemabave Mgeprhdwesabigcetat bh8ding material
inorganic material as the aggregate cannot be wet

sebhtahentdy nfth £ fediestil expROsS@datr 88WH NG dtio as to £ill
insufficient 10 expression of the strength and

| iea@pabiildd Viroftnal Qgék@bﬁ&_e tden ¥ei efased ali ldhy . maximum
When the anount of the binding nmaterial exceeds the

@@M@i&?‘)gﬁt Whechr PRER LI €8 e0hakhBun %%'%letri.d% ArOdWe eved.
a

is simlar to those of the bindi ngmateri al one,

e i %@Efn@f‘lﬁiﬂ‘o'fstﬂ@%iﬂgﬁ}§ meer ikl E'@)?lt@;ji?%ﬂg% modified

rati o of the binding material™ containing nodifi

ssihf Ehirand tke AGHL93E Be MBY oS FMATY, FEREND|1REa RN 0f the
the kind of aggregate, and may suitably be selecte

f1:08% ghhe cahpmes Feg i age@h@awgré?gwgcgﬁﬁtd&@e Qfet

aggregate into account. For €xanple, wh

anf £9at enit3 ShRAQIL @Qe?‘:%&é@@d?%ﬁlﬁfﬁ@%ﬁ (1:11;@1(\.)5{ ficient

preferably be about 75 to mass% In stéep (

thep & 58t PR RQAthe SheH Sinldy 186 a8 1 lqwidfgma%ntaining

mat'eri al containing noditied sulfur”increases wt

WHE WaEERI 8214191 80yt Nalinich ithd@SRSSALY off° 3 Yinding
the 25 viscosity within an optinnumrange for easy

handd 1081 ERR e 5008 t¥pEle 14AnGeOf éﬂ@&p%%é?gigsoof the

material containing nodified sulfur is
%%lﬁiﬁ§ﬁfﬂﬂﬁc@-ig5é)jl.rf191 at+&olt RoE8 % the bindingmaterial

conprehensively optimally 0.050 to 0.07 Pas
alone, and the strength is not sufficient.

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

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

modified sulfur is 0.050 to 3.0 Pa-s, preferably 0.050 to
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At a viscosity |less than the above range, the
strength of the resulting material containing
nodi fied sulfur is too low, and the nodifying effect
of the binding material 5 containing nodified sulfur

| . pobasyf,f icunghtéNeprhvRilhebpt hOUDR bigBer to 0.07 pPa-s.
viscosity results in higher strength of the

rBs ULtV NgcOBL €Ki 2bseoRhaMithe: BRbVd edrygd f Whe WtFength of
the viscosity exceeds the above range, the m xture

| shBardst0t iRy sldtderh dudbRgat Re nlf AGUGH i RIWPLLSS is too
and its 10 workability is remarkably inpaired. In

siéw, (ehdofcHdeandd i 84, imRt Rabe POt HEt BReDANIMhg material
mat eri al containing nodified sulfur and the aggregate

a¢ént RA afieiphby iFiRheaiat i P i 8k §@raYeEdnt1ly exhibited.
tenperature drop upon mxing. It is preferredto

predegh hhgnaggvegals o, Yo About 120 iihdP% G edd€h of the

bi ndi ngnat erial containi'ngnodi fied sulfur to 1207to
158561 tAndS mahAi A1 t EBBLAS PRSP Il i £ PEa gMQ'quIQ%éﬂcl)’len the

progress of the reaction, and also the mxer to

t9i 4865 CryThR B ¢ HEWRR REFRIRd de MFOHHET 1Y hard to
the preheated 20 conponents substantially

Shaubt apeadsldnd M the PivtRiuct A0 FLEEBEsUSUAld Vi
120 to 160 C, preferably 130 to 140 " C It is stil

s £k apef erred 4 or@fﬁsbﬁablé,h%ggpfeap 130 to 140 C,
and the mxing is perfornmed at 130 to 140 C. 25 In

this :@1@S§te%hq BIBLoehe k3 RiehRAby, PhERRALEL Winding
130 to 140 C, and the binding material containing

gt d - ed1 SshtHhnihiPreerally Rreheatek tt‘?le]-g%g&%gate are
140 C. 17 The mixing is perforned usually for

BrekersBly Pedheated in order to avoid temperature drop
upon mixing. It is preferred to preheat the aggregate to
about 120 to 155 °C, thebindingmaterial containingmodified
sulfur to 120 to 155 °C in as short a time as possible for
avoiding progress of the reaction, and also the mixer to
120 to 155 °C.

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

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

to 140 °C, and the binding material containing modified

sulfur is preferably preheated to 125 to 140 °C.
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preferably about 5 to 30 m nutes. The duration of the
mxing is preferably as short as possible as far as
the properties of the resulting product permt, for
avoi ding increase in 5 viscosity or curing of the

M Xt UrBeddext B gPok \eer f aahbanusQh13Y f8¢ ARd FR: §o 1 hour,
However, if the duration of mxing is |ess than

nﬂ)f‘éféra'bfl%/ ape1e0at 8 3Nk AheeBi NdiTiE ABLEEH RN of the mixing
contai ning nodi fied sul fur are not mxed thoroughly,

sPs ghatethB1kesy haer R Pb's%':.ﬁ’!é lasheh rbes gﬂl‘}’e,e?or%pertles
conti nuous 10 phase and w have voi ds or rough

S&fftﬂ@@%eéﬁltﬁlﬁgdﬁiéﬁh%% pRImTXi B 1e%6RE4S: g N rease in
the viscosity of the mixture may increase due to

PRl ¥aBEH 28t 09N Rfr i e and ENB: w18 éﬁ@ptédﬁol%nlé%rl zation

conponentsS may optionally be mxed in addittion™t

the agpregaifaanist henbiRddY, Mt eHlgu e Lot H dﬂglng is
nmodi fied sulfur. Such other conponents nay be adde

afd 88 tien bi Rdidip: dated %bgﬁ%@{?ﬁé"zﬂﬁi Rl Hiied 5 it erial

is renelted, or i medi at el er the binding

n f | e
Sesthsh g OSSR OB bl yERBLHhboougy, oo

NEpd reend %%Jédlf‘gn%%ﬁ)aiéPﬂhgﬁPlidﬁotsbé: %ol%ntﬂnuous
a tenperature not higher than 120 C t her eby

QN 2 8 ahldew PP Gl &G0 MBERSH fbu?ﬁosrﬁﬁfé]bgg m)q'ffﬂ[ﬁéi duration

sulfur. In this cooling step, m xtuare resulting

fdf:’rtﬂl%@ﬁ‘gg (hc 8B s bE HARfe, 'tq{éjvei%:[@g of CHHE mi%thire may

as nold products, pellets, granules

P+ &4 88 aul %@%&%ﬂ%r@&aﬁﬂ%ns%:@ngﬁkﬁgdantd"%NB

starting materi al provi ded contal ns aggregate
and arstardh ngs Rter ek cé‘ﬁp&ﬁén%dhgyegpililo%lérlly be mixed

conposed of sul fur and ENB.

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

In step (e) of the first method, the mixture resulting
from step (d) is cooled down to a temperature not higher
than 120 °C, to thereby obtain the objective material
containing modified sulfur. 1In this cooling step, the
mixture resulting from step (d) may be made into a desired
form, such as molded products, pellets, granules, or
particles.

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

(M) provided contains aggregate and a starting material
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of these materials are as |isted above. The content

of sulfur in the starting material (M is 95 to 98

masss, preferably 96 to 97 mass% and the content 5

of ENBis 2 to 5 mass% preferably 3 to 4 mass%

| icrdentlafliyd saefafr acheomtd of by lfeal et dSENB.I NgExamples
reactor as in the production of the binding materia

cofit aheisrg matk f 1 @ts salrkuragreint s oe@dadbeee, inhibits
evaporation | oss of ENB by heat fromthe nolten

sul f uThelBohnethi ®fcaae fuhd mbient tefr MY Mt deias (M) is
small as 0.1 to 2 parts by mass with respect to 100

pas tiso B8 messs of pwdferablyhdehc vy sdddE) eMidiyehe content
i mprove the properties of sulfur. Thus the amount of

ENB BRR He deddles, mbaakkng gheSeralpl pper tices indHss .
account. 15 The anount of the aggregate is usually 50

to 90Imess¥ntqiref eradtyofOat BeSmadthissh Dy 881kt dtirring
amount of the starting material (M, but may

prefetakl ysbarsalleet pdoduictddy ofleppadbAedamd heaterial
ki nd of aggregate. In step (b-1) of the secon

nebhodindher eicy i fite @dggueGale medo: Bddefhabohal t iTwhibits
material for nodified sulfur conposed of sulfur and

ENGpoeasion tlagoust YENBXBY, hthe e itthe molten sulfur.
contai ni ng aggregate and nodified sul fur may be

modiiced casepnehst @Rount SFNENESmalyo Heha s ishidll as 0.1 to
met hod, wherein the binding material containing

o giafrited byuhh 85 whthiresdp@ot HEpaefarERUByties S PR fur,
nmet hod provi des the objective material containing

agy eyahLy agdf Fodi bined 18 Uhfgifovd tthe Shespertiee oFS sl fur.
whol e by a sinplified production process 19 with

St t eheousmot®d fo£atNBNmak, B fdscadeddm ¥bRAnY tthese
properties into account.

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

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

material containing aggregate and modified sulfur in a

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

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

is preferred 5 to thoroughly stir or knead the

starting material (M , with the starting materia

fwi thodifhued asiddws MedNgitAtaoWbifeRulFhat &nd;Bsing with
to achi eve a honbgeneous tenperature over the

nhguega e eveipatal Wik froy iM d Agliceris4ldy thl&d OQonger
150 C, preferably 140 to 145 C, and the duration of

Mmxn8g 10 is 2 to 5 hours, preferably 3 to 4 hours.

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

sul f urnasd etthe1RgYY egat ehar 8elkdndNimEthdHOr QUIRkY pr¥¥erred
that the resulting material will not be given a

CORtTHBBISg s 1 angd- winlelachare y@éﬂﬁiﬁP h&H8Rial (M), with
surfaces, which leads to a 15 problemo

| e teadd 1 g i ¢ dr § BOr P dd X 1Wa e u ¥ @¥ldd BY a molten
material will be given a perfectly continuous Tphase

Vi £ &t § MO [ S W 8eS ek d at ABmBLRGe AN G endetd€ure over the
duration of m xi ng exceeds 5 hours, nodification of

sl £ thirepr 0geRAs e LAUSEr A dNRIHISATRA 16 960811Yr 196 to 150
even curing, 20 of the nodified sulfur, resulting in

loguenad Morkabi l higy tﬁJ N e (Bl e 18§r58EBRYoE mixing

met hod, presence of the solid aggregate in m Xing

sid farcand BB, aprekbearsbate td o pBdiki cation,
will make it difficult to defermine the progress of

the reacthenghebwaem 94 iy £NE bysdihgat bYnédrs, ENB,
nmeasuring the viscosity. However, the basics of the

reREct b B i@ tree B gt d gl + antk- ENB A x@% ¢l y., so that
above, so that the reaction nay be controll ed by

iHd Q‘Hs)ﬁla'pi&%'ﬁiaﬁ_{éfiélg Wiel hePBEd i En STBBRHNANEL phase
duration of the
and will have voids or rough surfaces, which leads to a
problem of ignitability. With thorough mixing, the
resulting material will be given a perfectly continuous
phase with smooth surfaces. On the other hand, if the
duration of mixing exceeds 5 hours, modification of sulfur
proceeds to cause an increased viscosity, or even curing,
of the modified sulfur, resulting in lowered workability.
In step (b-1) of the second method, presence of the
solid aggregate in mixing sulfur and ENB in a molten state
for modification, will make it difficult to determine the
progress of the reaction between sulfur and ENB by directly
measuring the viscosity. However, the basics of the

reaction between sulfur and ENB are as discussed above,

so that the reaction may be controlled by strictly
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m xing in accordance with the estimted progress of
sul fur nodification. For exanple, the tenperature
and duration of the mxing may preferably be 2 to 4
hours at 140 C, 5 and 2 to 3 hours at 145 C. The

g o higol 0 isige R hiebt dnpea her & arma eyt anoBu®SAIU L of the
by substantially sinmultaneously introducing sulfur

i ietead eich e cddrid0cd 36 tth andk BB imﬂd@@?tog@eég P sulfur
C into a mxer preheated to 135 to 150 C

suhsefiieatliynl0 iFdAF eAumipiDe | Nehaggewgal-acireh8al€duration
to about 125 to 155 C, and mxing at 135 to 150 C

for Zhé Omdxhel %aﬁtpféfePQBQgpﬁgfﬁrfg iohﬁh§E¢%& 140 °cC,

the m xer to I40 to 145 C, an carry out the m xing

aind4® te 348cGrsThe: sphiuscand ENB are mixed in
advance so as not to inhibit polynerization 15

r eactTiodmakk isig { s tap tbe 1F)rrﬁ§?'lﬁae09_f:r§9391r&9@§ &or example,
After step (b-1), step (c-1) of cooling the mxture

A iios BahERRANSt W EniDE a AEBREN y Nl J@8uEihe sulfur
carried out, to thereby obtain the objective

Rlald Mt e §OPbAL BENG o ARG ficed 'Eﬁ\%-méft%gi_ %fcgr%%;it}gbg 50 °C

Step, the mxture 20 resulting from step

TRde i NtRiRede E@ﬂégég&ntoSF§B Eae @GQZprggﬂgééﬁgntly

pellets, granufes, or particles. Before t'he coo

amd riu e hhcaheORggMee tdep PR XEHER G it Tditek 2885t Po 155

a desired degree, the tenperature of the mxture my

be, | ayer e -anth te Mxipg ABY be ¢antibnyed £ qfgpsa ¢ g
while at 120 to 130 C, for preventing excess

HoTeOP et @S REnLRE FRA &L SWd Yo o 345 °c, and
Alternatively, the nolten mxture may be cooled to

salird bt Bhe a1y 8@ hd ?1d Ra8nycshapfe ¥R ¢ "BXG ENB
be crushed to prepare a nateri al

are mixed in advance so as not to inhibit polymerization
reaction of sulfur by the presence of aggregate.

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

increase of the modified sulfur. Alternatively, the

molten mixture may be cooled to solidify into a bulk solid

21



10

15

20

25

contai ning nodified sul fur. The m xer used in the

first and second nethods may be any mxer as long as

t horough mxing is provided, and a 5 solid-liquid

m xer may preferably be used, such as an interna
nMxesinyashabk ,MuHicka fkd) [bdndtusBedr U8 Pre@are & material
screw extruder, a pug mll, a pony mxer, a ribbon

nt¥et aindhgd Mendeed wheFdhe amount of ENB is 0.1

to 2 parts by nass based on 100 parts by mass of

sul f urheambgeretied iy th $ealsed Mgk dohPRit&iE®E Ynay be
used. The cooling and solidifying in step (e) or

(Eng)migey ake 16d i 28 eHbralighe nfiRe d®! { 8NpPbX¥iWeR, and a
is poured into a nold of a desired shape, or is

HEENUbat @duii an BE&AUhAY P&eﬂ@@e{bl‘?- bdN@s@ANWREhNYs an
process is not particularly 15 limted, and may be

Peif OF AR xR ARG Fe1 of m@1n0l L M1 1t Pe1 DaviaNErA8m mixer,
drumor a tilting pan, or of a vibration type having

& horapebdriiet| Id bg Rhate. o WeRy thecdBt & klbbon mixer,
containing nodified sulfur produced by the first or

weandkBhhee .i s Wakdi 1ed ARolihe o Ml 1520 10ko 2 parts
exanpl e, particles, each particle has high strength,

AHmbRe PAERCHR 15 @ Balrt ABLURAEE!PF sTNY1E NG hermetically
particulate material is suitable for use as a

GUBLEAIChE RB rTBILH A feraBdyTRis Y SO be used in the
same way as crushed stone. "Further, in the

partifak al o Tehgr Ak, sbhearediified sulddy @ or (c-1), may
substantially seals the inorganic material contained

el POAI B8t WANLRCE Y td 1HHH Qe RPe WaLehou RS into a
the inorganic material is hardly exposed outside, so

el 032 aehEsh @R OEnBREAr BeUS sSyPshaNeee LRt i #einulating
therein nmay be

machine. The granulating process is not particularly
limited, and may be performed in a machine of a rolling
type having a drum or a tilting pan, or of a vibration type
having a horizontal or tilting plate.

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

therein against contact with surrounding water. Thus the

inorganic material is hardly exposed outside, so that

22



10

15

20

25

prevented to a certain extent. In addition, the
material containing nodified sulfur may be m xed
with acenentitious material, such as cenent,
concrete, or gypsum wthout 5 affecting the curing

behayieh 8RdnbRe rRIUINHIEEE SHEES c6ARLEMe PTtHUY n may be
cenentitious material. The material containing

npeévERd csULbUs @bt el nBdeRYenthe i §H4A 18600 he material
method in the formof nolded products nmay be used,

febnexanphe m88ikaRel sHREAL M § bd h9QeNBi 4l a cementitious
materials, wall materials, roof tiles, or underwater

shdtetynes, SRk nélélséeﬁén‘i:he'cfor{@éj@@' | bty g'})'}])ts(hn@nyw:Lthout
desired structure. Wien in the form of particles,

tahﬁfé‘@%tha|thémé/ulpfn§'3§@h%%1|&nd§ﬂé| ’cH@ ggtl:qrnhﬁill Smoisture

roadbed materials, filling materials, ggregate

fdn€oRer elee sulkkh Eé@%h@ﬁ%%»tm%gorr&s@@hamvent fon will
now be explained in nore detail with reference to

Exanprigs @aBdeCanparaiive: EXAFPhed £ V&H%f‘fﬁr obtalned by

illustrative only and do not~intend to lI1mt

RS i r & OVEALd OBondNRe PHBEI 1 HHEerﬁlnsognﬁoﬁ.B%d products
nol ded 20 products prepare i n Exanples an

(ﬁ%ggaalgét L¥eaEX 3P eSxARp e, SN GRLAN tﬂa?@?ilérlesrre@foorlng

eval uations in accordance W th [ ow n

Rl thodSa 1 £he Waasiul i St &F £2 $8OWR-JJ¥ T@Pi &s, gara%%d?erwater
I'gnition Resistance 25 The ignition resistance was

eahuet @de kN REEPRY/ICEL £ \ﬁ"htetlxtlQSlHQ%' tl%.hfa} LhY 'S desired

for eval uation of 1nflanmabl sol i ds

L8NG es P e SUbGRRC &)n dafd n?&‘rllnnokh a%trlecl%g’ DefENfSterial

Law. Specinens fallen under the category of O ass
may be used as landfilling materials, roadbed materials,

filling materials, or aggregate for concrete.
EXAMPLES

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

Ignition Resistance

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

solids (Type 2 Dangerous Substance) defined in the Fire
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1 inflammabl e solids, which ignited within 3 seconds

and continued to burn for 10 seconds or |onger, and

Class 2 inflanmable solids, which ignited in not

shorter than 3 5 seconds but not |onger than 10

SBE08ds ealshw CONBRitdhdds fRlrlen Wid 1 BlieCah dgd%y of Class
"I nfl ammabl e", and specinens which ignited in |onger

thain f DasRa®1ds s¥1d EPECINEOE YWhheRed ¢ithdln GORHIBIRds and
to burn were indicated as "not dangerous".

Goopt easieve t9 nangi hedp 1\o$5e@rarfasloo§n1@ﬁ1§é@dr b class 2
speci nen was prepared. On the seventh day fromthe

Pigpasahadle (S LOSPr RESEYE i galilted@t th Ohoth8horter than 3
speci men was neasur edusi ng a O -ton TENS | LON

CHOIPOAASI Y& tSHANAtdhdBaSHhbRY 190W B £88) §bﬁ%§@med to
to Sul fur-oxidizing Bacteria 15 A2 cmx 2 cmxXx 4

FkSlhﬁﬁﬁMélréﬁ@ﬁil@t@&%é‘-@(in@lﬁmaﬁlém téﬂ& s%@db!nhé’zrﬂs which
(2.0 g of NH4CL, 4.0 g of KH2PO4, 0.3 g

M 2¢ 8K82$h P@ﬁggrofhgﬁcia 3E2Ondd Q%d@s@@c1mens which did
FeCl2. 4H2O, and 1.0 of ion-exchanged water, pH

ath st €Atk aud: QdMHdkan@f@CEEQWdé6¥HCasmﬁﬁgtpaéﬁggrous"
in ab500 mM baffled flask, 20 inoculated with a

tomip LEsbsWel Woraghgi ng bacteria, Thiobacillus
thi ooxi dans TFO 1254%4), and subjected to bacteria

cul t uf gshichhyr 'dn{‘%y%rkq—xéf‘%éﬂg EOmERMy5 | :
thernng}atlc éﬁgnber at 28 C. Sﬁ%angg anagnprépared on
afeas 8eR t holadher SHRCEARN wp%fa)éféﬁedtﬁét Qong¥essive

i nocul ation. Here, 25 pH drop i ndi cat es generation of

s Farg tﬁ@i£We%®@%ﬂﬁéﬂﬁasm€a§ﬂkéahéwh%9%0 -ton TENSILON
sul fur-oxidizing bacteria. Exanple 1 24

Hnphresbive wasrdAcednéBsarSild 'dfgi Ph&RE .

Resistance to Sulfur-oxidizing Bacteria

A2 cmx 2cmx 4 cm prismatic specimen and 100 ml of

a culture solution (2.0 g of NH,Cl, 4.0 g of KH,PO,, 0.3
g of MgCl,-6H,0, 0.3 g of CaCl,-2H,0, 0.01 g of FeCl,:4H,0,
and 1.0 L of ion-exchanged water, pH adjusted to 3.0 with
hydrochloric acid) were placed in a 500 ml baffled flask,
inoculated with a starter (sulfur-oxidizing bacteria,

Thiobacillus thiooxidans IFO 12544), and subjected to

bacterial culture with rolling and shaking (170 rpm) in
a thermostatic chamber at 28 °C. pH change and appearance
of the specimenwere observed after the inoculation. Here,
pH drop indicates generation of sulfur ions by consumption

of sulfur by the sulfur-oxidizing bacteria.

Example 1
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melted at 140 C, and held at 135 C. Then 30 g of ENB
was added slowy, and stirred mldly for about 5
m nutes. When no tenperature rise was confirned, the
m xture was heated 5 to 140C. The m xture started

reactdng. g ad éJ@ld"§«9P§*hl‘ywa§r%ﬂ&ééﬁylhoﬁestwgﬁntghﬁ\lxer
VISCOSIty reached 0.06 Pas in hours, the heating

Was) ¢ S ated ¥est aaeeﬁeﬂangtt §s desul+ipg gL %@ 2ENB was

was poured I nto a suitab or a contalner

cepled s@tovfl%Pmah%ﬂPgﬁ.i“r'éﬁemi 03 2Ht @b R A @qnl&Qtes When
material (A). Next, aggregate conposed of 1120 of

N E%ﬁﬁéfé¥h§énglse1ﬁgz &RfiMNed’ §hé'ﬁ§x%% wag heated
and413 g of coal ashandpreheated to 140 C, an

CE:fo biyRticng e e iale (AL Je& N8 ucetc?}lg}é b% reEHLsc031ty

into a nolten state were intro

%}I’B&ﬁ@ﬂf?ulsb¥e' nt Wh%rl‘%q'ﬁ-;deﬁgl%éjleguﬁégchgd] Eh%G Pas in

molten m Xxture was kneaded for 20 tes wh

W SLASEd Y @helﬁ%é%ﬂ%§ @@éniﬁh@@Qé%él EB?@%@ng%qf the

of 0.05 to poured 1nto a cylindr

Qjes@lt?{rﬁénmgtéﬁ q_r vﬁ{gj#uf%g' Qng@()' glhtsuzg{]%) £8%h893 or a

to obtarn® 20 nol ded pro |ng

R Bhe £ B)arﬁf‘éo@qleQﬁQtQ[ %n%@roﬁ}g&fé%%f%@aqgl b®Pnding

bi ndi ng material (A) and
mesRecid velx; were prepared |n the same way as in 25
Exanple 1, except that the duration of reaction for

prepafd-ng, algs Y dd %n&@é%&%lf g@%gl%%%% and 1514 sang,
viscosity thén Twas 2
1127 gofNo. 7silicasand, and413 gof coal ashandpreheated
to 140 °C, and 840 g of binding material (A) re-heated to
140 °C to melt into a molten state were introduced
substantially simultaneously into a kneader held at 140
°C. The molten mixture was kneaded for 20 minutes while
its viscosity at 140 °C was maintained within the range
of 0.05 to 0.07 Pa*s, poured into a cylindrical mold of
5 cm in diameter and 10 cm in height, and cooled to obtain
molded product (a).
Example 2

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

the binding material was 1 hour, and the viscosity then

was 0.05 Pa-s.
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Bi nding material (C) and nol ded product (O

corresponding to binding nmaterial (A and nol ded

product (A), respectively, were prepared in the sane

way as in 5 Exanple 1, except that the duration of

Banip 08 Bor preparing the binding material was 6

hours, and the viscosity then was 0.07 Pa-s. Table 1
Exanm £nd i Eyahbtles i IExe@pl 8nd mBdidGpRbanttngc)

Solid 970 g 970 g 970 g material mterial sulfur E

N 136k o 8Ad8n30 t oYl Al elP=aact i H1 B haEd IndPYEd3product
hours Binding Binding Binding naterial (A) nateria

(B) matespaktiQe1y\blyiade %Qé@@@e@i Sid i €8e S8AReSWa s in
sand Silica sand Pndict al "ash Crl ash Coal ash

Ialthgsh b, dee-Abt dad t #1906 buGla  #9n BEAHIE £ { B) fREAHEParing
(© Ignition resistance not not dangen1s not

dIOYQUSI h@NREEELHYE Fhisa%! hbutM, Mnd “hd3F/ildcosity then
Pesi st ancet osul fur-cDddi zi ng pH drop: pH drop: pH
=a@p:o . pcpbgrika slight slight slight 10 The nol ded
products of Exanples 1 to 3 were evaluated as "not
dangerous" in the ignition resistance test, achieved
sufficient conpressive strength, and exhibited only a
slight pH drop even after qijig;lapse of 35 days in the

test 15 of resistance to sulfur-oxidizing bacteria

i ndi cati ng Example 1 Example 2 Example 3
Binding | Starti Solid
material naterizg sulfur 970 g 770 g 970 g
ENB 30 g 30 g 30 g
Durationof reaction 3 hours 1 hour 3 hours
Binding Binding © Binding
material (A) | material (B) | material (C)
Molded Aggregate Silica sard Silica sard Silica sand
Product Coal ash Coal ash Coal ash
Molded Molded Molded
product (3) product (B) product (C)
Ignition resistance not dangerous | not dangerous | not dangerous
Compressive strength (MN/nf) 77 63 77
Resistancetosulfur-addizing pH drop: PH drop: pPH drop:
bacteria slight slight slight

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

Comparative Example 1

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

and nol ded product (D) , both free 26 of ENB, were
prepared in the sane way as in Exanple 1, except
JrENBhevapBBite 94 rERE 1§ @heds Stbiwdy Was i A0 Bp18Nd, except
ENB was not used. The viscosity at the term nation

tfhdthec hdeahbla tdys hPr&HaL at 5an ofr thes bi agh ng, and ENB
material was 0. 06 5 Pa-s. The nol ded product o

Gt | YBeBxamale k AcbbeYeY SUTHHLI €0kmination of the
conpressive strength, but was eval uated as
Heifd aeralland Bridifd S0 bh UF EREISEAAER d :
eﬁdbi tedk&a lcnb%gi derabl e pH drop a]?t%? t%ﬁéa%gggofwas 0.06
33 .days 10 in the test of resistance to
sul fur-oxidizing bacteria, indicating that sulfur
was G Wty t U0 ¥indizi ; W=E :
o T D S ar o (B iRhe 3 aggieved
R LR cohiplleddafe dBrBhofE WY 6/REeRYRGRARG as
the sane way as in Exanple 1, éxcept that the anount
af; Lalasulsfur, S; a ac
T e LT sae B0 Jhes rBtaerty

f . : . h ,
%%{h:ﬁﬁﬂ@tﬁ g BahisAmfah he ﬂﬁbﬂ&‘%gg?%@gge%@%?&ﬁg% days

of the binding material was

Rrodud QfsCosparath ke Bl s @uf@ﬁr-%&@dﬁ%%ﬁé acteria,

"not dangerous” in the ignition resistance , and

g;?*llaiéigéteﬂqé’Elh)étasﬁhEﬁlilwé’yc@r&%n?é’c@ﬂyf%ﬁ@%utl%r-l&9§§izing

days”in the test of resistance
bacteria.

Comparative Example 2

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

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

Comparative Example 3

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

suffici ent

Exanpl e 3 Bi nding materi al

, both free

sul fur was 9

The nol ded pro

g, and 30 ¢
2008t Ot nENBrRAth L O 8 Ohe SEYRERE s

viscosity at the termnation of the 5 heating d

%?pmﬁﬁtwag %glﬁ%eta nei g |t grial gimas 9d0§o

uct of conparati

%&haa&%d @) 1 nfhaampbl

ENE, did not achieve su

R bRS et o AT ARG R

resistance to sulfur-oxidizing bacteria,
o
at sul fur was

Bpeii

ve Exanple

25 conpressive strength. Conparative
(F) and nol ded product (F)
27 of ENE, were prepared in the sanme way

asf IHNEEX daRlee %%ep@f‘é@oin dHak shhew agount Of b b

of ENE was repl ace

Li;rpf\w abS¥ho

%l%@i Lxcept

€and 30 g

r'i ng

gad% styrene
%9?Cﬁh¥etggm3m%ﬂgﬁho f the

t conpressive strengt

ﬁﬁl?ﬁqggﬁég§%$bwgs() 06

In e test
i ndi cating

consunmed by the sul fur-oxidizing
bact I ay at Ve
Sl ST SR Ty o o

3L 2BeB0g ’é‘é%a‘gm%?& Rl sleatay Ve dis PR

%nrgt%%?ﬁlélf %E?%'ﬁ?f?% S

teri al

géglof ENB,
'n'ﬁ‘_F SR B pdi QQreH@t?f L3lpared

to Examples, and exhibited a considerable pH drop after

the lapse of 35 days in the test of resistance to

sulfur-oxidizing bacteria,

consumed by the sulfur-oxidizing bacteria.

indicating that sulfur was

Table 2
Cormparative Comparative Conparative
Example 1 Exanple 2 Exanple 3
Binding | Starti Solid
material natezigg sulfur 1000 g 250 g 970 g
ENB 20
- DCED 50 g = u>§
Durationof reaction 3 hours 3 hours 3 hours
Binding Binding Binding
material (D) | material (E) | material (F)
Molded | Aggregate Silica sand Silica sand Silica sarnd
Product Coal ash Coal ash Coal ash
Molded Molded Molded
product (D) product (E) product (F)
Ignition resistance Inflammeble | not dangerous | inflammeble
Cawpressive strength (MN/nf) 66 55 35
Resistance tosulfur-oxidizing PH drop: PH drop: pH drop:
bacteria cansiderable slight cansiderable

Example 4

97 parts by mass of solid sulfur was placed ina stirring
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Mel ded Aggregate Silica sand Silica sand Silica sand
Procuct Cbhal ash Coal ash Coal ash Ml ded Ml ded

Nbl ded prod-ict (D) proalct (E) prodact (F)

Igniticn resistance Inflam able not dang~ inflanreble
Gapkessi Me18 Vbt Te) 064 SandPheld at the same temperature.
Resi st ancet osul f ur - oxi di zi ng pH drop. pH drop: pH

ds g r t Hasy efd Hs © NINEERal e 1shilghthdans) def@l: resulting
Exanple 4 97 parts by mass of solid sulfur was placed

| fi At Sl a0 m 28 a1 ¥RBerMakligd-Alg 140 $40aRd Reld sathoyurs.
the sane tenperature. 3 parts by mass of ENB was

shRuhy; sldledi yand 1lieo¢ eFUE b x Xk UfLs WA 9E ¥80s.  Then
under stirring at 140 C for 3 hours. The viscosity

ad 0 3D €5 0by thies 81 XF W Sa Wass - 094h Bt e tgh%@&g"s@%as added

part's by nass of coal ash preheated to 140

agiele dmi ged , Moxed hddei RgawhBY W rdPPPedd A hA%ture was

mxture was poured into a 45 cmx 10 cmcylindrica
@raqdiaee ed oo Pt & § ammel g i@é‘ftmofagand cooled

obt ai ned nol ded product was subjected to the 1

901 bbeRines et gebauard found to be "not
dangerous". Conparative Exanple 4 A nol ded product

was predussd alihddnSBABIWRY-cdtidth wdXaghhe et KGR the
that the conditions of the m xing under sfirring was

chamgedohord49sEahele 2eBOUrandSrdhgau sEShbtraliahd@rous .

C of the mxture after the m xing wunder stirring at

IdnSatat iy eh@ampse 04049 Pa-s. The obtained nol ded
product was subjected to the

A molded product was produced in the same way as in

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

The viscosity at 140 °C of the mixture after the mixing
under stirring at 140 °C for 1 hour was 0.049 Pa-s.

The obtained molded product was subjected to the

ignition resistance test, and found to be "inflammable".
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ignition resistance test, and found to be
"inflamable”. 29 CLAIMS 1. A nethod for producing
a binding material containing nodified sulfur
conprising the steps of: (a) providing a starting
et gfmal for nodified sulfur 5 consisting of 100
parts by mass of sulfur and 0.1 to 25 parts by nass

of . et Ayhi€BBE RELDRLRNAR 1idP)a !ﬂi’ﬂd‘ﬂn?%&ltékﬁﬁtﬂ B8ntaining
material for nodified sulfur in a noften state at

1%8q1 #1480 b1 And é@%pf@%ﬁd%‘EEQQ§Eé sah£140 C of a

molten mixture 10 resulting fromstep (b) falls in a

range(9f 899442 53a0st B8t S n Hgltieg‘g,aglﬁgf%ﬁlgkﬁrlf%oedcsul fur

m xture down to a“tenperatur not hi

2ok PEERAG T3 1%@%&%8%(]'%%%@& A COM AP 084 0.1 to 25

aggregate 715 and nodi fi ur conprising the

PEPss Oy ks Prow | diRg1 JaBHY LD IR ERbal T or

di fied” sul consisting o parts by mass of

SU|fu(b?qgi£%%?t§agé s@§££gng¥mgﬁé§ %ﬁ %quhbaﬁgﬁed.sulfur

i
nor bor nene, m X1 ng Ssal arting materi a

mdi fi f ' 20 to 160
DL G40, S B s

i | fall [ o 0,050 t
U LLPOEAT SN LB L9l b WP o0 011020 L e

LINel AL HEC £ A SRl € )t ham 120; C 1 0-PRERAL. 8 050 to 3.0
ngt % |€g §ul?ur, P&)

bi ndi ng eria cont'ai ning no

Baxi 19 &&&%@f;@gﬁi{qj £ SA mégggﬂeg%m &rd azLott:emperature

cont al ni ng no ur an massg

Y 49 fler than 120 °C.

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

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

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

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

(d) mixing 10 to 50 mass% of said binding material

containing modified sulfur and 50 to 90 mass% of aggregate
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30 at 120 to 160 C, while a viscosity at 140 C of
said binding material is maintained within a range
of 0. 050 to 3. 0 Pa. s, and (e) cooling a resulting
m xture down to a tenperature 5 not higher than 120

Gt 32t BOCd O nRNRAYG) NPc8sTRELE L 8] 4 ORI QF N binding
aggregate and nodi fi ed sul fur conprising the steps

Qfatéfid) DENE Thigide8tl thd dMd@lo M 050 to 3.0 Pa- s,
conprising 10 aggregate and a starting material for

e fied sul fur consisting of 95 to 98 massy sul fur
and 2 to 5 mass% et hyl i dene norbornene, (b-1) m xing

said s¢préboyingt 8riddul{ Mindt mide e ¥ €d Q.rtgmb‘érature

5 hours to prepare a m xture of said aggregate
qutahpgﬂganHgHE¥i@|%§0ntalnlng modi fi ed sulfur

) cooling saild mxture down to a tenperature
not higher than 120 C. 31

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

(a-1) providing a starting material (M) comprising
aggregate and a starting material for modified sulfur
consistingof 95to98mass%sulfurand2 to5mass%ethylidene
norbornene,

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

(c-1) cooling said mixture down to a temperature not

higher than 120 °C.
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