1121111200 12112 et Fo1r1 SPEC FI CATION *159159* METHCOD FCR_PRCDUCING A
MATERI AL CONTAI NI NG MODI FI ED SULFUR 5 FI ELD OF ART The present invention
relates to a nethod for preparing a material containing nodified sulfur,

“whi ch enabl es ready and efficient preparation of_naterlammmmmmmmmmNMF
nodi fied sul fur useful as materials for civil engineering

construction, and which may enpl oppeastrscandoindustrial  by- peeguct s as
raw mat eri al s. BACKGROUND ART Application of sulfur as civil engineering

and construction materials has been under research, which 15 makes use of
its properties to nelt over 119 C and be solid at ordinary tenperatures.

For exanpl eMETHO® FORVEROSET I NO RRASESR T BT, USSNBAY fi¥iiGA%opT ?-JWSQLFW
pavi ng roads (US Patent No. 4,290,816), a binding material for —

construction nmaterials (JP-55-49024-B), and a binding material for 20~
sealing waste (JP-62-15274-B). Sulfur is known to have an application as a
bi ndi ng mat i d s been used by mxing with various aggregates to
prepare nolded products for civil engineering and construction mterials.

25 Wastes and iﬁ¢H§§EE§EnﬁyiRQQH@9E§1P@Ygtg%nggéJﬁgtR%%Pfor]preparing

amaterialcontainingnmdifiedsulfur,whichenablesready
and efficient preparation of materials containing
modified sulfur useful as materials for civil engineering
10 or construction, and whichmay employ wastes and industrial
by-products as raw materials.
BACKGROUND ART
Application of sulfur as civil engineering and
construction materials has been under research, which
15 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
Patent No. 4,290,816), a bindingmaterial for construction
materials (JP-55-49024-B), and a binding material for
20 sealing waste (JP—62—15274-B). Sulfur is known to have
an application as a binding material, and has been used
by mixing with various aggregates to prepare molded
products for civil engineering and construction
materials.
25 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

T
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-di sposed of by landfilling or incineration, but sites for these treatnent

have been running short of. Thus it is 1 liiiiiitiiiiiiiiiiiiilillimllip
*cooooz* demanded to recycle as nuch of the wastes and industrial

“by- products as possible. For exanple, in order to make industrial o
by- products such as incinerated ash into landfilling materials for civil
engi neer i ngdemafdeehsta uetdyarl eved emadls, of tthe wesessanydf enduhe- ypserial s
to have sufficient nechanical strength such as conpressive strength,

bendi ng st riepgplodiernss |£s steeagbhe .antdMRAcimp1 €51 $hape@e SUS i6i got
wat er sealability for preventing elusion of heavy netal conpounds

contai ned i fintiie tkQ 4 Ndystp kalubYsPIRBIEt S5 ﬁﬁ@iﬁ%ﬁ%ﬁﬂﬁff&éﬁihhk% for

preventing ignition by fire. In addition, for use in sol or the sea,

resistance 1enawlifiurixich et pgabacteyy &{iPal H3YHE LA Psipn of sul fur on
t he product surfaces is also required. 15 In order to solve these

probl ess, nobded rRrcadust wdtave a been: priopasedt dhat, af & RN ﬂ{?ec%lb&’aﬂ“ ng a

binding material conposed solely of sulfur with industrial by- products.

However, sugb HEV&led Mrosuehs ntwneaﬂﬁewsstr@ﬁﬁ%eg@cﬂl nd B%h@rrgd&fgér;&% and

have only limted use. 20 Thus inprovenent technique is requ

ron T8, TS A I S

conpl etely sealing industria ucts wt
used as C'VtésﬁgﬁﬁW%%ﬂ'HLf%iE?QﬁErHSE%Qnsealability for preventing

elusion of heavy metal compounds contained in the

10 industrial by-products, and noncombustibility for
preventing ignition by fire. 1In addition, for use in soil
or the sea, resistance to sulfur-oxidizing bacteria that
cause corrosion of sulfur on the product surfaces is also
required.

15 In order to solve these problems, molded products have
been proposed that are prepared by mixing a binding
material composed solely of sulfur with industrial by-
products. However, such molded products have wvarious
problems in their property, and have only limited use.

20 Thus improvement technique is required for preparing
materials containing modified sulfur that are capable of
completely sealing industrial by-products with sulfur,
and that may be used as civil engineering or construction
materials,

25 As one of such improvements, modification of sulfur
by addition of dicyclopentadiene thereto has been under

research. The reaction between dicyclopentadiene and



:materials. 25 As one of such inprovenents, nodification of sulfur by
addi tion of dicyclopentadiene thereto has been under research. The
reaction between dicyclopentadiene and 2 sulfur is said to be a kind of
“pol yneri zati on, wherein di cycl opentadi ene first reacts with sulfur to
ring-open the S8 rings, which allows binding of sulfur with _
cycl opent adsehéutro ifsoraaiabdt bi bé sulkiutd 6h pbilyne mrieaction, sukfrerin s
pol ymeri zed by radical chain reaction due to the exotherm c reaction to

form nodi f i edlcyellioprent sdi éhat £ihe tt enpered wittBusdemuy ticses b o8
viscosity increases sharply. Due to this sudden tenperature ri'se  and the

viscosity itneease.ritfs UNGRAEROIARIs reastiag ¢ Ba{WEEP with
di cycl opent adi ene and sul fur results in rapid “solidification, and no

shapi ng of &helppeducididhe 8o @i efbFhapedi $ RIS bl ey Fppiaddi tion of
di cycl opentadi ene to sulfur, sufficient studies have not been made in

producti on rdacear,t kaNFuAAd bRe yifl At 0aY B REtVeen e, neacti 00,
b it

conditions, such as the dicycl openfadi ene concentration and't

t enper at ur e ng ot desi oper,td f e | ri have
no{rpf ully b%lég gsot ggllei ?ﬁée%@%%&%%\%at&ﬁ%ﬁg Ec}\l\r}%\ﬁlﬁcﬁ#% fﬁ%%nf obf ect of

the presentsonvgati ee! PeRperifla @ JFIAOH1LOF (BESPANNG A TRLe Al ¢y
containing nodified sulfur, I ch enabl es efficient preparation©
mat eri al increases sharply. Due to this sudden temperature rise
and the viscosity increase, the uncontrollable reaction
10 between dicyclopentadiene and sulfur results in rapid
solidification, and no shaping of the product into a
desired shape is possible.
For addition of dicyclopentadiene to sulfur,
sufficient studies have not been made in production
15 conditions, and the relationship between the reaction
conditions, such as the dicyclopentadiene concentration
and the temperature, and the desirable properties of the
resulting material have not fully been established.
SUMMARY OF THE INVENTION
20 It is an object of the present invention to provide
a method for preparing a material containing modified
sulfur, which enables efficient preparation of a material
containing modified sulfur in a molten state of which
workability is improved, and a material containing
25 modified sulfur in a solid state of which surface
conditions, mechanical strength, water sealability,

ignitability, and resistance to sulfur-oxidizing bacteria



-containing nodified sulfur in a nolten state of which workability is
i.nproved, and a material containing 25 nodified sulfur in a solid state of
which surface conditions, mechanical strength, water sealability,
“ignitability, and resistance to sulfur-oxidizing bacteria 3 are inproved,
even when wastes and industrial by-products are used as aggregate, and in
whi ch the r@aetimpsoded,ngvenhehpnepasatisoandren@astly aQopyF-@ldRflict s
According to the present invention, there is provided 5 a nethod for

preparing aanateska asonu@irdigur APAHRA eth il ENrcgOMBELSHAG NG SRS Of :
(A) reacting in a nolten state 100 parts by weight of sulfur and 2 to 20

parts by wethhbt pafepmrsit fonn aedi bagri,1anebndPof Bkl .addi ng and mi xi ng
aggregate to a reaction systemcontaining 5 to 45 wt% nolten nodified

sul fur having aacweeirghiin ey age pekeewtal nyRindtopf 34 QSBBQJHJ@Q by

the reaction in step (A). According to the present invention, there 1s also

15 provi deda amsehied for Preparing a rii@éteéfﬂlCeeh%ia&iﬂ%%fmgaiif%dsu' fur
conprising the steps of: (A) reacting in a nolten.state 100 parts by wei ght

of sulfur @@ufart@dﬁbﬁg@iﬁ?byhgeggmﬁéﬁog:suIfur nodi fier, and 20 §B§%
addi ng and m xi ng aggregate to a reaction systemhaving a viscosity o
to 200 nPa-s at (A40rebc®l%g in a molten state 100 parts by weight of
sulfur and 2 to 20 parts by weight of a sulfur modifier,
and
10 (Bl) adding and mixing aggregate to a reaction system
containing 5 to 45 wt% molten modified sulfur having a
weight average molecular weight of 320 to 500 formed by
the reaction in step (A).
Accordihg to the present invention, there is also
15 provided a method for preparing a material containing
modified sulfur comprising the steps of:

(A) reacting in a molten state 100 parts by weight of
sulfur and 2 to 20 parts by weight of a sulfur modifier,
and

20 (B2) adding and mixing aggregate to a reaction system
having a viscosity of 20 to 200 mPa-s at 140 °C and
containingzamoltennmdifiedsulfurhavingwaweightaverage
molecular weight of 320 to 500 formed by the reaction in

step (A).

25 PREFERRED EMBODIMENTS QOF THE INVENTION

The raw materials to be used in the method of the

present invention are mainly composed of sulfur, a sulfur



-containing a nolten nodified sul fur having a wei ght average nolecul ar

wei ght ofg320 to 500 fornmed by the reaction in step (A). 25 PREFERRED

EMRCDI MENTS OF THE | NVENTI ON The raw materials to be used in the nethod of
“the present invention are mainly conposed of sulfur, a sulfur 4 nodifier,
and aggregate. The material containing nodified sulfur to be obtained by
t he presentnpavdrtemon andg aggaenultieen stiad emate2isdl icbrstat@ingnd contains
aggregate in addition to the nodified sulfur, and may 5 optionally contain

a sul fur nodbtiie eahdf ok fuinr eachedobsulifid Khheisall b e suged 1 drhe; P esent
invention is ordinary, elenental sulfur, and comrercially avail able sulfur

may be useds Ear eexesipten sbatsuloiura reyl be Bakweal s fasniQiql sul fur
generated by desul furization of oil or natural gas. The anount of sulfur

to be used aggueualiey i 4@d50iow %o Ried erall¥idD 0, 1460, ,‘Vgﬂg h%g, total
amount of the resulting material containing nodified sulfur. The sul fur

modi fi &r usedtiibniala Presenki hn¥ertiIGN MiYodi?iBe dinkyad oPshtadigng as a
sinpl e substance, or a mixture mainly conposed of nononer to tetramer of
cycl opent adsemgur .Such nixture contains usually not less than 70 wt%
preferably not | ess than 85 w % di cycl opent adi ene. Thus nost of the

comercial ly avahbthQfQ&OGHQHSiheEﬁérﬁgeE@ntzgngénQHprE%P%@%§9kﬁnf,nay be
used for the present nethod.
elemental sulfur, and commercially available sulfur may
be used. For example, the sulfur may be natural sulfur
10 or sulfur generated by desulfurization of oil or natural
gas. The amount of sulfur to be used is usually 10 to 50
wt%, preferably 15 to 40 wt% of the total amount of the
resulting material containing modified sulfur.
The sulfur modifier used in the present invention may
15 be dicyclopentadiene as a simple substance, or a mixture
mainlycomposed<yfmonomertx>tetramer<nfcyclopentadiene.
Such mixture contains usually not less than 70 wtg,
preferably not less than 85 wt% dicyclopentadiene. Thus
most of the commercially available products referred to
20 as dicyclopentadiene may be used for the present method.
The amount of the sulfur modifier to be used is 2 to
20 parts by weight based on 100 parts by weight of sulfur.
If the amount of the sulfur modifier is too small, the
increase in viscosity due to the reaction between the
25 sulfur modifier and sulfur is slow, whereas if the amount
is too large, the increase in viscosity due to the reaction

between the sulfur modifier and sulfur is sharp. Thus the




. The amount of the sulfur nodifier to be used is 2 to 20 parts by weight
based on 100 parts by weight of sulfur. [If the amount of the sulfur
nodifier is too small, the increase in viscosity due to the reaction
*between the 25 sulfur nodifier and sulfur is slow, whereas if the anount
.s too large, the increase in viscosity due to the reaction between the

sul fur nodidmennandfsuhbusuilswhatoni ihes $heudbdapeunt tafint keesulddye
nodi fier should be within the above range in view of the workability. Wth

- nore than 2fapagetsn shiewei fgheolotheabsul fuy . morli £ hefioré henyhseeglasticity
of the reaction systemis remarkably increased, whereas with | ess than

2 parts by weigighthesr esel EhEEQurIﬁWdiaﬂi&f’,r‘t@ilé‘iﬁﬂsgggil%is%q%%}%'F]kéfi n the

solid state nay not be given sufficient strength. Properties

resulting embordabteontsystag Medidhedanhivincsuahar nancabushinlity,

wat er seal ability, resistance to 10 sul fur-oxidizing Bbacteria, an

mechani cal $&56Nghhn zeﬂﬁ%%@i@ﬁm&mtﬁé g@sgggh&g ﬁﬁéﬁs& to be

used. Usually, the nore's i“er i s used, €se “properties

are i nprovedsn HQueMely nidfa 32048 QQlPQFt§nb¥hﬁm@59Qh g@a&ﬁfn&ﬁlnﬁﬁ:qggifier
based on 100 parts by weight 15 of sulfur, the rnmprovenent I n these

e e SyhhesuiRdidicatl sidehal BA0NSS deie (Pl MM c RS BN e o

increase in the anount w not résul't in

the sul fur pedithan i Rrefelahl KoditQ kP A3 Fsr, DY WG gl base on 100
parts by weight of sulfur.

noncombustibility, water sealability, resistance to

10 sulfur-oxidizing bacteria, and mechanical strength,
relate to the amount of the sulfur modifier to be used.
Usually, the more sulfur modifier is used, the more these
properties are improved. However, at about 10 parts by
weight of the sulfur modifier based on 100 parts by weight

15 of sulfur, the improvement in these properties by the
modified sulfur reaches the maximum, and further increase
in the amount will not result in much change. Thus the
amount of the sulfur modifier is preferably 2 to 10 parts
by weight base on 100 parts by weight of sulfur.

20 The aggregate used in the present invention is not
particularly limited as long as it does not impair the
properties of the resulting material containing modified
sulfur, and may preferably be inorganic materials such as
industrial by-products.

25 Examples of the industrial by-products may include
inorganic materials such as incinerated ash, incinerated

fly ash, molten fly ash generated in a high temperature



- 20 The aggregate used in the present invention is not particularly limted
as long as it does not inpair the properties of the resulting materi al
containing nodified sulfur, and may preferably be inorganic materials such
“as industrial by-products. 25 Exanples of the industrial by-products may
tnclude inorganic materials such as incinerated ash, incinerated fly ash,

nol ten fly rasht grgeratadden farhicdh  eiperal Wea b d8htdDIchHERRCE frdmCity
wast e, coal ash discharged from the electric power industry and genera

industry, dheidizedrsanpaned 1Rahikeirdi z8th heghb pal e Sry, 9ri ndi ng
wast e, by-products of various nmetal productions, 5 and m xtures thereof.

Exanpl es ofsiheqbyepr adutd su9fa VAT EQus dBtad PEQAUELORS @Yk ncl ude steel
sl ag, steel dust, ferronickel slag, alum num dross, copper slag, and

m Xt ures { nereohi nfiwab 06| Noy abedaash o 8 r\RSESoLEARRYENI PHSAGRTINHA ON 10

furnaces such as city waste 1ncinerators and industria wast

I nci neg at or $nd and xic s & e £OFPOSefxQhp@d J&Sr SUED 13RS i dd¢@y s abym na,
cal cium oxide, and iron oxide, with high contents of 'toxic netals, such as

| ead, cadmiwyiand m@rt%qnipcrodtr@ti@ﬁgng;a?t ed Asiud hatebassegaventianal Iy 15

been di sposed of at sanitary |landfill es where no waste ter 1s

L not o ae Db eiacin sl ash e sl Lo ot S, et on
mixtures thereof.

The incinerated ash is waste from various combustion

10 furnaces such as city waste incinerators and industrial
waste incinerators, and is mainly composed of oxides such
as silica, alumina, calcium oxide, and iron oxide, with
high contents of toxic metals, such as lead, cadmium, and
arsenic. The incinerated ash that has conventionally

15 been disposed of at sanitary landfill sites where no waste
water is discharged, may be used.

The coal ash is waste from various coal combustion
furnaces for power generation, heating, and the like, and
those used for concrete or as an admixture for civil

20 engineering materials may be used.

The steel slag may be a by-product of the iron industry,
and may include blast furnace slag, open furnace slag,
converter furnace slag, and the like. The main components
of the steel slag may be oxides such as silica, alumina,

25 calciumoxide, and iron oxide, and also inorganic sulfides.

The aggregate used in the present invention may be

aggregate other than those mentioned above, for example,



-those used for concrete or as an adm xture for civil 20 engi neering
materials may be used. The steel slag may be a by-product of the iron

i ndustry, and may include blast furnace slag, open furnace sl ag,
“converter furnace slag, and the like. The main conponents of the steel
sl ag may be oxides such as silica, alum na, 25 cal cium oxide, and iron

oxi de, and &hse@gamargame éﬂi_}&hﬂ%smatgleiéﬂgr?9@%?0‘{5%%£r888]§presem
invention may be aggregate other than those nentioned above, for exanple,

7 inorgani Csapd tan@@y C sHRhes b & 15 § 166 & a PAZRIAQHS o § YRSHIADGE €S 5 SHGH aS
clay mneral, activated carbon, carbon fibers, glass fibers,” vinylon

fibers, aragyfefishers,,sHokygat-gr .fviith[%{]lson th\%g%gég%r}ea"HtgeE§8e?r%2d’ and

gravel . 5 Further, aggregate erein ese o regate an X

combi ned as QeLrraT a0 oo (A Sy TS STHEYS 0P 20t SR e To be

W0 10 of TheTsrdl “TH o Phet Sl et B ARG HAA 15 APS S Fur o

e Used as FauAara et AT ERGPEREN ad iR oP T o B TR RBR i or) and

e red. - Bransrog et SeB%e AfReronBiuFrl s eh Frl uavreAsy Pretat Sseal i ng

and StabiliZingTﬁgeQﬁ%u%%pgfa§h%Ogb Pegate to be used in the present
invention is usually 50 to 90 wt%, preferably 60 to 85 wt$%

10 of the total amount of the material containing modified

sulfur to be obtained.

According to the present invention, other materials
may also be used as raw materials in addition to sulfur,
the sulfur modifier, and the aggregate, as long as the

15 objects of the present invention are not impaired.

Examples of such other materials may include heavy
metal sealing and stabilizing agents such as sodium
silicate, sodium sulfide, and chelating agents, asphalt,
nickel sulfate, cobalt sulfate, silver sulfate, and

20 various polymers. The amount of such other materials may
preferably be not more than 30 wt% of the total amount of
the material containing modified sulfur to be obtained.

In the method of the present invention, step (A) of
reacting in a molten state the particular ratio of sul fur

25 and a sulfur modifier, is carried out, and then step (B1)

of adding and mixing aggregate to the reaction system

containing a particular amount of molten modified sulfur



-silicate, s-odiumsulfide, and chel ating agents, asphalt, nickel sulfate,
cobalt sulfate, silver sulfate, and 20 various polyners. The anount of such
other materials nmay preferably be not nore than 30 wt % of the total anount
“of the material containing nodified sulfur to be obtained. In the nethod
of the present invention, step (A) of reacting in a nolten state the
particul ar hatrlingot seidht avérangd aciwWdulanodelghr, dfs 3y rteds00t, and
then step (BlI) of adding and m xi ng aggregate to the reaction system

cont ai ni ng o pacdisyl @ie anmant i 6f TR 4 esp M) f ied st uBB khaveadiagwei ght
average nol ecul ar weight of 320 to 500 forned by the reaction in step (A)
, or step (824 Alxaddi ngygPaga feXkBY t3AIregatei b RS the@ndd®ingyst em
having a particular viscosity and cont aining nolten nodified sul fur
having a wepght i aneLaIe NEESUL ar anel Hntofi 8200t Ro1%@R fydedi by the
reaction in step (A), is carried out. 1In step ?A), sul fur and the sul fur

modi fier may, beukerghedq A @eﬂghtteavétr%fg% 91361lechfle?f‘%FHf’i|§atf6f Sodlding
sul fur by heating to usually 120 to 155™ C, preferably 135 10 to 145 CC.

After the s UE Al I I SS, i Nt ai pe f at 135
to 150 'C, %éekgrkglfegsgg%h%g%e%g&%%g %% Ssuﬂn e?méytq‘l r%?ng?g\%gieﬁa t %'

2 Brooki el d 1ye8 VreRonater .t Ko a o adarer e non” 1 Gaunt o LuPPr
modi fier iscaddedq hht hemBY tdd W& gy MXSH-example, first melting
sulfur by heating to usually 120 to 155 °C, preferably 135
10 to 145 °C. After the sulfur is melted, the entire mass
is maintained preferably at 135 to 150 °C, more preferably

135 to 145 °C, under stirring, while the viscosity of the

mass is monitored with an appropriate viscometer, such as

a Brookfield type viscometer. Then a predetermined
15 amount of sulfur modifier is added little by little and
mixed.

In step (A), if the temperature of the reaction system
is higher than 150 °C, addition reaction proceeds and, with
the heat of formation in the addition reaction, the

20 temperature of the reaction system exceeds 160 °C to
disadvantageously form gummy sulfur. On the other hand,
if the temperature of the reaction system is 130 °C,
addition reaction proceeds, and the temperature of the
reaction system reaches about 140 °C with the heat of

25 formation. However, the formation of the objective
molten modified sulfur is slow, and the production time

cannot be shortened, thus not being preferred. Thus, it




-In step (A) , if the tenperature of the reaction system is higher than 150
''C, addition reaction proceeds and, with the heat of formation in the
addition reaction, the 20 tenperature of the reaction system exceeds 160 OC
“to disadvantageously formgumy sulfur. On the other hand, if the
tenperature of the reaction systemis 130 OC, addition reaction proceeds,
and the tenpemateferoédt he maeatkiion tdyestmen rerachebfaboat 130 ©C wiStdh t he
heat of 25 formation. However, the formation of the objective nolten

nodi fied sAd wpos sddnhgabdet Belpnedmodiidi dd Mo tWanmotl benshotfemred, thus
not being preferred. Thus, it 9 is preferred to maintain the nolten sul fur
at 135 to Ibre, Grlupnna ddidiingr thet sal dfirt hed dl urtroothé€ ieal tenuseldf,ur .
Here, when a higher ratio of the sulfur nodifier is used, a |arger anount
of heat is agjehergtedamoutie afidié¢adbnis yeaciraredsont hake taukditenper at ure at
whi ch the reaction systemis maintained needs to be | owered. However, if
the t®enperasd¢aceibsa,|l ess thaan I35 CEupéhetaaemancerreinth of hé heeaaddidn on
reaction is disadvantageously del ayed. On the other hand, if the

t enper at ur es pé t i TH nidien t £0cé d oTe SY¥S b elDows raEli. Nt d ot exceiefls hkb0 CC,
the formation of the objective nolten nodified sulfur is too rapid to

control, whégpetiasadeantsageaus thaarris ¢ hecHangemméntbfentr edudthcon
conditions. In step (A) , when the reaction in a nolten state between 15
sul fur and iheistibhuremrdiifderid sassadtvadt aghedsinped@tayed. On the
other hand, if the temperature at which the reaction system
10 is maintained exceeds 150 °C, the formation of the
objective molten modified sulfur is too rapid to control,
which disadvantageously narrows the range of the
production conditions.
Instep (A), when the reactionin amolten state between
15 sulfur and the sulfur modifier is started, the temperature
of the reaction system increases. For example, when 5
parts by weight of the sulfur modifier is added to 100 parts
by weight of sulfur, temperature increase by about 10 °C
is observed in about 10 minutes from the addition of the
20 sulfur modifier.
In steps (B1l) and (B2), the molecular weight of the
molten modified sulfur having a weight average molecular
weight of 320 to 500 formed by the reaction in step (A)
may be measured by gel permeation chromatography (GPC)
25 using the modified sulfur dissolved in a carbon disulfide

or toluene. For example, the molecular weight may be

measured by GPC using a sample solution containing 1

10




-0of the reaction systemincreases. For exanple, when 5 parts by weight of
the sulfur nodifier is added to 100 parts by weight of sulfur, tenperature
increase by about 10 'C is observed in about 10 m nutes fromthe addition
"of the 20 sulfur nodifier. In steps (Bl) and (B2), the nolecul ar weight of
the nolten nodified sulfur having a wei ght average nol ecul ar wei ght of

320 to 500 heEBRe Y e BEacdi sn Enast 80 GAF1 oIRY. urad oy, gel
per neati on chronafography (GPC) 25 using the n8d|¥ﬁe§ gﬁ??Ur d‘sgblved in a

carbon di surbbdet RibchQItIERe, TPERCXATRIG cdfif 40! gpuban Ie! dilg MRV, be

nmeasured by GPC using a sanpl e solution contalning Mas's

s an el ventC Shd TUNC derellr o Dek oA AR SdREPneccadaraton -

as an eluent and a W _etectdr nm-a nngh =
modi 11 od SuTHor Chau i e Baefr BETar U YEraE FEAR08 G "nent i oned above i s
cul fur > formi ng EgRE Aot RIS RO ot RS idter A SRS | o
e S S e R U
Sise 1o conbl SOBR P HRAYE Ph 88w tel Flinamone ook 15Ut to
i ncrease, tPgrEQB@%£8HU%e$Qgrm¥§ggknngygﬁgn%wgégnmdifiedsulfur
is formed, the temperature rises, and the viscosity of the
10 reaction system becomes almost constant usualiy at 10 to
20 mPa*s, which is almost the same as the viscosity of
sulfur per se. After that, when the temperature rise is
completedinabout51x)30minutes,andtheviscositystarts
to increase, the formation of the molten modified sulfur
15 may be regarded as completed.
In step (Bl), the aggregate is added to the reaction
system in a state wherein the reaction system contains 5
to 45 wt%, preferably 10 to 40 wt% of the particular molten
modified sulfur mentioned above formed in the reaction
20 system. The conditions for achieving such state may be
decided by actually confirming the conditions in a pretest
for forming the particular molten modified sulfur in an
amount within the above mentioned range. The state
wherein the reaction system contains 5 to 45 wt$ of the
25 particular molten modified sulfur formed may be the state

wherein the particular molten modified sulfur is present

at the above ratio in unreacted molten sulfur and molten

11



-15 may be regarded as conpleted. In step (Bl) , the aggregate is added to

the reaction systemin a state wherein the reaction systemcontains 5 to
45 wt % preferably 10 to 40 w% of the particular nolten nodified sulfur

"mentioned above forned in the reaction 20 system The conditions for

achi eving such state may be decided by actually confirmng the conditions

in a pretegbdiffoired oyl fgr} hehpast heel anherelinem hed ghiafriteidcsLid funol b ean
anount within the above nentioned range. The state wherein the reaction

syst em contridist Hed & OF M N Phldent2atpahkl §bbae Aatteninmdtéadted fur
formed may be the state wherein the particular nolten nodified sulfur is

present afdineRPOYEr(at | @ rirde 40 &AChed teBl tefl sut frbaamd el temg 11
nodi fied sulfur, the state wherein the particul ar nolten modi fi ed sul fur

i's present n@}wé}?m%laﬁv]ﬁécﬁfs'uq fifk uBkeaet ed 2 toLhen S tHe, papteactied: nol ten
sul fur nodifier, and nol t ennodi fi ed sul fur, orthe state m%erein t he

parti gul ar F{bl@éﬁ &p?a?@aklde%ﬂtﬂdyrlé SpPE gSERt sal tihe Ahove ratio iim

nolten nodified s These reaction systenms may optionally contain

ot her Coﬁpgrﬁﬁ én hBa3laR £he M50 & d §1 84089 sk@nidh@nd act i on

system at tTme poi nt en t e viscosity of the reaction 10 system

falls in Uhedanae ol 20410 200 #RarScopiRhitl y 20 Lo 100 mPas, mor e

preferably 0 to e viscosity of the reaction system
may be confirmnegd, {po.peubyhi ehtehsg@%\@eaﬂérw fasraps ohearBaeekide! d

type

system at the time point when the viscosity'of'the reaction

10 system falls in the range of 20 to 200 mPa-s, preferably
20 to 100 mPa‘'s, more preferably 20 to 90 mPa-s, at 140
°C., The viscosity of the reaction systemmay be confirmed
to be within the above range by means of a Brookfield type
viscometer or the like, so that the time point for adding

15 the aggregate may be determined easily. As in this step,
it makes the actual operation easier to determine the time
point for adding the aggregate by a phenomenal aspect, i.e.,
the melt viscosity of the reaction system, rather than the
ratio of the particular molten modified sulfur formed in

20 the system as in step (Bl).

The melt viscosity mentioned above may fluctuate
slightly depending on the temperature for melting, so that
it may suitably be decided by experiments. For example,
the particular viscosity range and the preferred viscosity

25 range at 140 °C mentioned above correspond to the ranges
of 15 to 200 mPa*s and 15 to 100 mPa's, respectively, at

150 °C. Alternatively, at 135 °C, the lower limit would

12



-:visconeter or the like, so that the tine point for adding 15 the aggregate

may be determned easily. As in this step, it nmakes the actual operation
easier to determine the time point for adding the aggregate by a
" phenonenal aspect, i. e. , the nmelt viscosity of the reaction system

tather than the ratio of the particular nolten nodified sulfur fornmed in

20 the systieensbi gntiyepigBel thife20Bhb avisSed 1y wENHNIIED AR, sy
fluctuate slightly depending on the tenperature for nelting, so that it

may suit ablynbetdechged byl exper i Bentod 04 . gxanmphe, vitéleoé)@E%i qel ar
viscosity range and the preferred viscosity 25 range at 140 IT nenti oned

above correspapdrh@ulrite gangesn fhel tt‘ém’-@@rﬁ?ﬁﬁ:%sat j%&@ii?obgpa's’

respectively, at 150 *C. Alternatively, at 135 ' C lower fimt would

12 be slightéyebinghern than20caPation 4 po¥EE LR 25 nPa - s, and the
upper limt is 200 nPa's. The viscosity at a " tenperature between these

tenper@tures n?Yfe@ﬁé|§g§§egQ%Eei§?Q&QeByafﬂbgukggiQ?RBBsﬁﬁgf%&&kﬂgj%S 1

the aggregate is added aftef the viscosity excee e upp 'im f the

above rangegng heppgl_»yﬁfﬁ%%géﬁk%Qfabévéfy@gé?C@ﬁgsglﬁJ?ggﬁg@afe%ghoffakes

it difficult tomx wt e aggregate. the oth

aggregate &) pdded-Bebare e MLerosLiv iPRENAs, Lhe ANREANOE, JAP 10
particul ar nolten dified sulfur hds not been formed in ™ a sufficient
amount, and,{pg PREYAELL2REIAN Ofos U dre PRY HQBd?rQ%e%ﬂesgg%&@dﬁte
is added before the viscosity reaches the above range, the
10 particular molten modified sulfur has not been formed in
a sufficient amount, and the polymerization of sulfur may
not proceed smoothly.
In steps (Bl) and (B2), the aggregate may preferably
be added after it is preheated to 130 to 160 °C to dry.
15 The mixing may be carried out in a mixer, which is not
particularly limited as long as thoroughmixing is provided,
and may preferably be a solid-~liquid mixer. For example,
an internal mixer, roll mill, drum mixer, screw extruder,
pug mill, pony mixer, or ribbon mixer may be used.
20 In steps (Bl) and (B2), the aggregate may be added and
mixed to the reaction system preferably at 135 to 155 °C.
After the addition, the reaction system is further mixed
usually for about 5 to 60 minutes, preferably for 10 to
30 minutes. This mixing time may be prolonged, but longer
25 time of mixing will impair the workability, though the
strength of the resulting molded product is increased. 1If

the aggregate is added and mixed to the system at a
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-In steps (Bl) and (B2), the aggregate may preferably be added after it is
preheated to 130 to 160 "Cto dry. 15 The mxing may be carried out in a
m xer, which is not particularly limted as |ong as thorough mxing is
"provided, and may preferably be a solid-liquid mxer. For exanple, an
knternal mxer, roll mll, drumm xer, screw extruder, pug mll, pony

m xer, or rtdhparatxer mEyher usiedn 2051 ACSt epe MBlgcantt {BPhcrhkeses
aggregate may be added and m xed to the reaction systempreferably at 135

to 155 CC. sMdtplyl, hen@ddid hggrelgiad gacts @Df sy defoitsmi urtiheronyxeqd.
usually for about 5 to 60 mnutes, preferably for 10 to 30 mnutes. This

M Xi ng ti meofeyh e Prh ok ongad, b@tthengﬁgr%@attierrasohdra@a RGvrilxddpab r the
wor kabi lity, though the strength of the resulting nolded product is

i ncreased. e g{@t@agsrtegat@%}ééra@m avee XBENt 038 e sy3HeWedlc ta I
tenperature higher than 155 , the viscosity increases sharply, and the

aggregate apfl suhfrur dHAWimikXnhhesoughly, wRichheidteraheddeolk1the
aggregate is added and mxed to "the systemat a tenperature lower than 135

'C, the react9Bng Oft 1Rl S LEAHROR oM HiRgk i s sl ow, which di sadvantageously
prol ongs the production tinme. In steps (Bl) and (B2), when to term nate the

nixing after the sddibi qBiof RAOTAAAle WY, S tebLY1AG wdetidedi tagng the

wei ght average nol eculfar weight of the nodified 10 sulfur into

consi derat i é’f‘te'EO"th%X%’HHiteahiaénﬁ‘eoFDASE;E”e%rateW?r.\ag}hts@ft%h?hbteh%ergi)ﬂé@ s

term nated may be hi gher
taking the weight average molecular weight of the modified

10 sulfur into consideration. For example, the molecular
weight at which the mixing is terminated may be higher than
500 and not higher than 2000, preferably 600 to 1500, in
weight average molecular weight measured by GPC. At a
molecular weight of 500 or lower, the compressive strength
15 of the resulting material containing modified sulfur in
a solid state may be too low. On the other hand, at a
molecular weight of over 2000, the workability is impaired,
air bubbles may be entrained upon molding the resulting
material containing modified sulfur in a molten state, and
20 the surface conditions of the resulting solid product are
deteriorated. Themolecular weight may be measured in the
same way as for the particular molten modified sulfur
mentioned above.
Incidentally, in a method for preparing a material
25 containing modified sulfur from sulfur, a sulfur modifier,
and aggregate, the aggregate may possibly be added by a

method other than the present method, for example, (1) by
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~- 500 and not higher than 2000, preferably 600 to 1500, in weight average
nol ecul ar wei ght nmeasured by GPC. At a nol ecular weight of 500 or |ower,
the conpressive strength 15 of the resulting material containing nodified
“sulfur in a solid state may be too low. On the other hand, at a nolecul ar
wei ght of over 2000, the workability is inpaired, air bubbles may be
entrai ned upeachbhdi sdnuie aeseh$inga makeniral Ol Hang ohdi suadwsul f ur
in anolten state, and 20 the surface conditions of the resulting solid

product ar emodef £eiror ahadt hdhey gibd @6 ubar o vei Phib yTay ale: iAW d ulEdhe
same way as for the particular nolten nodified sulfur nentioned above.

I nci dent al Iyeodi Biarnetikad 4 ofii Rt epar oFy shImierdall adgreyHtad ning nodified
sul fur fromsulfur, a sulfur nodifier, and aggregate, the aggregate nay

possi bly be addedwbyea, BBtHRE bHee hBaRoLhe1presaBt sHRENQIMoHG F i@@anpl e,
(1) by 14 reacting sinmultaneously a m xture of sulfur, the sulfur

nodi fi®r, ang ad aged egat Be élj’gl(%%alé)ﬁ, rEa¢ s hbe sadduhyitwdighigirWith a
m xture of sul fur and aggregate. wever, by the above nethod (1) , the

sul fur nodigueekld,i soadsar bhate tor ddiec eOEHEORLE, i AR ANBSa AL gEeAE M th

sul fur quickly, so that the production tinme is disadvantageously

prol onged. pRoagddigkican. = @it Loyl i dBdifd e5ul . radeRiPets £ 05 the
aggregate, an excéss anmount of the sulfur nodifier is required. On the

?Lge;mihﬁ”da@yoEB%da@8V€hé0a&§EBQQtQa2,) ant B&cWs Yol fJe% HeS s3dSQred to
modifier is required. On the other hand, by the above
10 method (2), the sulfur modifier is adsorbed to the main
ingredients of the aggregate such as silica and alumina,
and the reaction between the sulfur modifier and sulfur
is extremely delayed. 1In addition, contact between the
preheated, dried aggregate and the sulfur modifier results
15 in formation of peroxides, which cause problems in safety.
Alternatively, another method of adding the aggregate
is possible, wherein the two components, the sulfur
modifier and sulfur, are reacted in advance to prepare a
binder having a viscosity of usually 100 mPar*s, and then
20 the binder is mixed with the aggregate. By this method,
a material containing modified sulfur having a high
compressive strength may be obtained. However, the
binder has to be re-melted upon mixing with the aggregate,
which complicates the operation, and prolongs the
25 production time after the addition of the aggregate,

compared to the present method.

According to the present invention, since the

15



.ingredients of the aggregate such as silica and alum na, and the reaction
between the sulfur nodifier and sulfur is extrenely delayed. In addition,
contact between the preheated, dried aggregate and the sul fur nodifier
“results 15 in formation of peroxides, which cause problens in safety.

Al ternatively, another nethod of adding the aggregate is possible, wherein
the two compoyengstet he suldad toodhéi melandrsuiich ahe mpeactieduiaradvance
to prepare a binder having a viscosity of usually 100 nPa-s, and then 20

t he bi nder dmoumiedfwthle el tggregai €iely shisurehfsdbeed Mdwiéal
containing nodified sulfur having a high conpressive strength may be

obt ai ned. Hoveyeerithe id reersdesyt Oppécéed@elatl%ﬁugm@lnuﬁﬂ ¥hBOm\Wtih f he
aggregate, which conplicates the operation, and prolongs the 25 production

time after dherpddidd p&gmethengsre%teedesqurnﬁa%éﬁébec&ﬁeﬁgg thod
sen

According to the pre i nvention, since the 15 aggregate is a

melt iq V\h'rﬁ&ﬁf‘?eHa%h'lcflﬂxarmaﬁni%mbrgbar@% np({tgnsﬁrggltf legghsul fur has been

formed, polynerization of sulfur proceeds along wth the mxing of the

aggregate . Th%ccabal%smbecw@t é@éneomreeh@dnga%trwétgg $yhfui,may be
prepared in a short time. According to the present nethod, after step (Bl)

or  (B2), themtetd @ﬁa@é’f‘ié‘lr&&gtﬁ?ﬁhﬁ' eﬁloﬁ'ilf Wy s 18 Joiten nSi¥en B be
nol ded into a desired shape to obtain t mat eri al containing no
sulfur in aseptédnalab® mbi®ed into a desired shape to obtain the
material containingmodified sulfur in a solid state. The
10 preparation of the solid material containing modified
sulfur may be carried out, for example, by cooling the
moltenmaterial in a granulating machine or a suitable form.
The shape of the solid material may be any desired shape,
such as particles, plates, rectangular prisms, and cubes,
15 without being limited to these.

The material containing modified sulfur in a molten
state may be made into particles by any method without
limitation, for example, by granulating method wherein the
melt is granulated into particles while it is cooled and

20 solidified, or by cooling and solidifying the melt to
obtain a molded product, and then crushing the molded
product into particles. The granulating method may be a
rolling granulating method or a vibration granulating
method, wherein an ordinary rolling type or vibration type

25 granulating machine having a drum, horizontal plate, or

tilting plate is used.

In the rolling granulating method, the grain size of

16



- 10 preparation of the solid material containing nodified sulfur may be
carried out, for exanple, by cooling the nolten material in a granulating
machine or a suitable f orm The shape of the solid material may be any
“desired shape, such as particles, plates, rectangular prisns, and cubes,
15 without being Ilimted to these. The material containing nodified sulfur
in a noltenthstpd et By ebenagdpei AU uparfdd Gyes diyt vyl iRghodewt i haung
limtation, for exanple, by granulating nethod wherein the nelt is

granul at ed 4 De P& triotlasi oM 1 & gded ® FCoBketduandabl esokidghiimed, Herr oy
cooling and solidifying the nelt to obtain a nolded product, and then

crushi ng t hen, gl ded o Profuel it Pardd G dbes Glodnmlaatidg neidiethdmy be
a rolling granulating nethod or a vibration granulating nethod, wherein

an ordinaryyd 91 LRI glriR§ i ¥é bhali BR L Are @) apgkakikigydmehipg having a
drum horizontal plate, or tilting plate is used. In the'rolling

granul ati n%ﬁﬁ&@ﬁg Lhe ara ieé'%fspgﬁel,%ft Pashhe! 3 MBa e adj ?iﬁteed by

controlling eti'ting ang tati onal speed of the turntable or
drum Here,,;{ipg,gl f wr bl 8 no (-1 he
desired gré%% s??é éggqgehgghFevggﬁ for e%g%g$%€9§§ 5 Engﬁgﬁng E%gaélting
angl e of theggsgnme tupntable. The tilting angle nmay be adjusted generally

within the range of 0 to 70 In the vibration granul ating method, the grain
Stze In the vibration granulating method, the grain size

of the particles may be adjusted by suitably controlling
10 the number of vibration, amplitude, and tilting angle.
For example, suitable conditions may be selected from the
number of vibration of about 3000 times per minute, the
amplitude of not smaller than 0.3 mm, and the duration of
vibration of 30 minutes to 3 hours, s0 as not to cause
15 splashing of the material containing modified sulfur in
a molten state. The tilting angle may be adjusted in the
range of usually 0 to 60 °. The vibration may be
reciprocating, rotary, or a combination of these.
Alternatively, a rotating drum, which is substantially
20 vibrated, may be used for granulating.
Inthenmthodofnmldingthemoltenmaterialcontaining
modified sulfur and then crushing the molded product, the
adjustment of the grain size of the particles isdifficult.
Thus, for obtaining particles of a desired grain size, the
25 above granulating method is preferred. However, even if
the particles are prepared by the above crushing method,

a desired grain size distribution may be achieved by
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.of the particles may be adjusted by suitably controlling 10 the nunber of
vi bration, anplitude, and tilting angle. For exanple, suitable conditions
may be selected fromthe nunber of vibration of about 3000 tines per
"mnute, the anplitude of not smaller than 0.3 mm, and the duration of
vibration of 30 mnutes to 3 hours, so as not to cause 15 splashing of the

mat eri al cq@gwfﬁggognqh@(yiggnﬁyécbgs a nolten state. The tilting angle
may be adjusted in the range of usually 0 to 60 1. The vibration nay be

reciprocating, g0f8h¥s QBeaaBSUB'Héth%dgd‘&Fﬁﬁhla€ih§rﬂékh%®§v the
rotating drum which is substantially 20 vibrated, nay be used for

I I
granul at | ngﬁwrig L8qdng b@ll@qédﬁ%a;eigﬂ%fgdg%t %llacerpgg,]aae@m

nodi fied s en crushi ng the nol t he ust nent of

the orain Shgec of (NEPRIIE! BecLSpakt ity aThES: nore RDLALDL RO

partlcles a de grain size gra ting ne

pref erged. toueyer, Gyan, iacdfie PAELEGLSS 3% pTRDRNSE by, s above

crushing ne esiTed grain srze |§tr| i on may be achieved by 1~
si eving or heeféﬁzdp]wﬁsashegs | desai benabaye SRt ensd ol 2
nethogs t erira contalnl frod fur in a nolten state may

ly b d I t
water. Howaist, SIh?égﬁE?hohﬁeeﬁﬁ%Ilpre ﬂ;?en%%é%%évy?ﬁéﬁéﬁé'ﬁ e

?Lgbf?lhgtflﬁg& 01€%tt v391£8C8f the‘%éﬁ&ébgkgs may be rusted,

The conditions for preparing the particles may
10 suitably be decided depending on the kinds and mixing ratio
of the raw materials, i.e., sulfur, the sulfur modifier,
and the aggregate, as well as the use of the resulting
product. Further, the grain size of the particles may
suitably be selected depending on the use. For example,
15 when the particles are to be given a grain size that is
suitable for aggregate for concrete or mortar, a preferred
grain size is usually 2 to 44.4 mm measured through a JIS
standard sieve.
The material containing modified sulfur in the solid
20 state obtained by the method of the present invention has
a compressive strength of usually 10 to 100 MN/m?,
preferably 20 to 100 MN/m?, more preferably 30 to 100 MN/m?.
The density of the solid material containing modified
sulfur affects the strength, especially the compressive
25 strength. When the density is higher, less air bubbles
are entrained in the material containing modified sulfur,

and the modified sulfur and aggregate mix thoroughly to
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-insufficient covering of the aggregate. The conditions for preparing the
particles may 10 suitably be deci ded dependi ng on the kinds and m xi ng
ratio of the raw materials, i.e., sulfur, the sulfur nodifier, and the
‘aggregate, as well as the use of the resulting product. Further, the grain
size of the particles may suitably be sel ected depending on the use. For

exanpl e, lyiwhen tdempaetetlyesareii@ohe ghuer @idmaigheoze shakace.
suitable for aggregate for concrete or nortar, a preferred grain size is

usual |y 2 to & stipImaseth ddrotiah @ mbltD r 54 BRAM €a $H eMG- mdhe £ARier i al

containing nodified sulfur in the solid 20 state obtained by the nethod of

the presents Went hQh ?%%v@?%@ﬁ@§§it\i%r§téf |

AcRE Havaldy fPnd00 MN
/M2, preferably 20 to nore prefera %yCSO to 100 ﬁ%ﬁnﬂ.n The

density of dfyersobi ¢ mRaleniAl; £ooLai nhig ,mdidied  sHLT e Affecis the
%g ) WE Jén5|€y

strength, especially the conpressive st rengt en the IS

P ey RGOS S L

sul fur, an ur and "aggrega orough "give a

compl et el y GROLLDUPUS ASE 1 L) SHUGLL SUIface,, Such g Supaih surface of

the material ‘containing no may prevent generation of c racks

caused by fgégétgﬂEggceEﬁg{ﬁg%%gﬁﬁggﬁsg eé%%ﬁ?g[t’ the resulting 5 nol ded

product exhibits excel'l en eng Superior sealability
agai nst el usi Onl‘l% &%ﬁgg%sf the material containingmodified sulfur

in the solid state obtained by the present method is, when

10 coal ash, for example, is used as the aggregate, usually
2.40 to 2.51 g/cm’, preferably 2.45 to 2.51 g/cm®. At a
density of lower than 2.40 g/cm?, air bubbles may be
entrained to lower the compressive strength. At a higher
density, less air bubbles are entrained.

15 The material containing modified sulfur obtained by
the present method may be, for example, made into particles
and used by mixing with cement, concrete, gypsum, or the
like. Also, the material may preferably be used as civil
engineering'or construction materials, such as panels,

20 flooring materials, walls materials, roof tiles, or
underwater structures by molding the material into a
desired structure, or such as landfilling materials,
roadbed materials, filling materials, and aggregate for
concrete by making the material into particles.

25 Examples

The present invention will now be explained in detail

with reference to Examples and Comparative Examples, but
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- substances, and beautiful appearance. The density of the material
containing nodified sulfur in the solid state obtained by the present
met hod i s, when 10 coal ash, for exanple, is used as the aggregate,
“usually 2.40 to 2.51 g/cm, preferably 2.45 to 2.51 g/cmi. At a density of
lower than 2.40 g/CM3 , air bubbles may be entrained to | ower the
conpr essi vehst paregtdnt Atnaehitdloer idenstityimicsd dia Hubbees are entrai ned.
15 The material containing nodified sul fur obtained by the present nethod
may be, foExexaia el nade into particles and used by mxing with cenment,
concrete, gypsum or the Ilike. Also, the material may preferably be used
as civil engi m®® gngfogotoasitiuchironasaiet raiacesuthtasapanddrssaded
flooring materials, walls materials, roof tiles, or underwater structures
by mol di ngmiahe: fERd i@l bPtOABTOReSeed est RUCTLRI0E > (Qr asu mads tadédl | i ng

materials, roadbed naterials, filling materials, and aggregate for
concrete bythmakigge ¢ he mﬁbeﬁﬂi@cqﬁttsgy part takeme 125 vxanpg empahe prasent
invention will now be explained in detail wth reference to Exanples and

Conpar at i v cBeAd @Sii thita B3 ddier 18 pganfpé et bedt kg .NotrHdristeeq b@ t hese.
Exanple 1 686 g of solid sulfur was introduced into a 5L kneader

manuf act ur gd e Db dbadientleed adlout?8 .G a2h¢ BRI Reaghedbaseat 0h4000C. The
viscosity of the nelt was 18 nPa-s, as
parts by weight of solid sulfur) melted by heating to about
90 °C was added slowly, and stirred at a rotational speed
10 of 150 rpm. The reaction started and after 12 minutes the
reaction temperature rose by 10 °C due to the exothermic
reaction, and the temperature of the reaction system
reached 150 °C. When the temperature rise was confirmed
to complete, the viscosity of the reaction system was
15 measured, and found to be 20 mPara. A portion of the
reaction system was taken out and measured for the
molecular weight by GPC. It was confirmed that modified
sulfur having a weight average molecular weight of 390 was
obtained. Here, the content of the moltenmodified sulfur
20 having a weight average molecular weight of 390 in the
reaction system was about 20 wt%, and no molten modified
sulfur having a weight average molecular weight of 320 to
500 were contained in the rest of the reaction system.
To the reaction system in the above state, aggregate
25 heated and dried at 150 °C consisting of 2400 g of blast
furnace slag and 480 g of coal ash was introduced, andmixed.

The temperature of the mixture was controlled to be at 150

20



. measured with a Brookfield type visconeter. Then 39 g of dicycl opentadi ene
(about 5.7 parts by wei ght based on 100 parts by weight of solid sulfur)
nelted by heating to about 90 'C was added slowy, and stirred at a
“rotational speed 10 of 150 rpm The reaction started and after 12 m nutes
the reaction tenperature rose by 10 OC due to the exotherm c reaction,
and t he terfjifer anud eiofindevaeacs une dyst enfior et eich dthds OC. Athenr the
tenperature rise was confirmed to conplete, the viscosity of the reaction
syst em was nlix ieqswaedcompd dtoamd thebe ezl ItBar@. mél pent marteafid he
reaction systemwas taken out and neasured for the nolecular weight by
GPC. It wasceondinimd idali fined f s edfusubfay gravieg anvel ghtf amer age

nol ecul ar wei ght of 390 was obtained. Here, the content of the

nol t ennodi feesll eal tur p2@phad g @ovaghlr axerdge pbbacuitalo fved g ©h 390 in
the reaction systemwas about 20 wt% and no nolten nodified sulfur

havi ngg a wedi Divhe B¥er age Mol eculiad Wei ght . of H32Q t a t XWorese moALdiered in
the rest of the reaction system To the reaction systemin the above state,

aggregate £25r haad eblanh gricict tHuXe Consh std dip P s 2400 gtefen@ltaﬁt

furnace slag and 480 g of coal ash was introduced, and m xed.

t enper at ur &, pf + hBe OBk Kk W ‘ﬁ\@él&@@tﬁﬁ?bb%@tt Qe 5, 180MRO &G, aﬂ@d tHeXi NG
was carried out for 20 mnutes. After the m xing was conpleted t he

o Lo THALERE N Lo U A 1 e MRt Rt o
was smooth.

10 Alternatively, the molten material containing
modified sulfur obtained above was hardened to prepare
particles. 10 g of the obtained particles were introduced
into a Soxhlet extractor tube, and performed Soxhlet
extraction over 6 hours using 100 ml of carbon disulfide.

15 The resulting extract was diluted with carbon disulfide
to 1 mass/vol%, and the molecular weight of the modified
sulfur containing the addition product of sulfur and
cyclopentadiene, polymerized sulfur, and the like was
determined by GPC. As a result, the weight average

20 molecular weight was 790.

Comparative Example 1

950 g of solid sulfur was introduced into a mixer,
melted at 120 °C, and maintained at 140 °C. The viscosity
of the melt was 18 mPa's, as measured with a Brookfield

25 type viscometer. Then 50 g of dicyclopenfadiene melted

by heating to about 90 °C was added slowly, stirred mildly

for 5 minutes, and heated to 145 °C. The reaction started
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-5 diameter and 10 cmin height. Here, it took 32 mnutes for the nolded
product to cure. The conpressive strength of the obtained nol ded product
was 75.70 MNn2, and the density was 2.51 g/CM3 The surface of the nol ded
“product was snooth. 10 Alternatively, the nolten material containing

rodi fied sul fur obtai ned above was hardened to prepare particles. 10 g of

the obtai neth@arié ctescvess tampedutere igHd theSax €bs exyrgehanaiube, and
performed Soxhl et extraction over 6 hours using 100 nml of carbon

di sul fide. {I5-TBgseasUl G Xl aCtmPas a¢hi Al ek Wit facaidore digulfide to 1

mass/vol % and the nol ecul ar weight of the nodified sulfur containing the

addi ti on pr@awﬁieefe,suh%urrfaagé&%%gﬁge&agh%e,waosola/&?{kme%ugogr e and

the like was ‘determ ned b esult, the wei ght averag

i ecul ar el ghic wasr{0y; s CRIRARALLUS IAATRIR b 20 16 Ol Sl st L ur vas

introduced into a m xer, ne mai nt al ne The

ety AR T A R AgE

vi sconet er. 0 cycl'opent adi ene e eating 90

The reaction starte e reaction te turé a € Vi st

OraCual LY, WRELRESs, U, W PP SRS, B R Sfs0corm e
725 g of this binder was introduced into a DALTON
kneader, and melted at 120 °C. The temperature of the
10 DALTON kneader was raised to 150 °C, 2880 g of aggregate
dried at 150 °C was added, and the mixture was kneaded for
20 minutes at a controlled temperature of 150 °C. After
the kneading, a molded product was prepared in the same
way as in Example 1. The compressive strength of the
15 molded product was 65.8 MN/m?, and the density was 2.46
g/cm®. The surface of the molded product was observed to
be rough, and the density of the molded product was lower
than that of the molded product of Example 1. It took 1
hour and 20 minutes for the molded product to cure, which
20 was longer than the time in Example 1.
Example 2
686 g of solid sulfur was introduced into a 5L kneader
manufactured by DALTON, melted at 120 °C, and maintained
at 140 °C. The viscosity of the melt was 18 mPa‘*s, as
25 measured with a Brookfield type viscometer. Then 39 g of

dicyclopentadiene melted by heating to about 90 °C was

added slowly, and stirred at a rotational speed of 150 rpm.
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-150 'C. The viscosity reached 100 nPa-s in about |I hour. 5 The nelt was
then cooled to obtain a sulfur binder nodified wth dicyclopentadi ene. The
wei ght average nol ecul ar weight of this binder as determ ned by GPC was
©2050. 725 g of this binder was introduced into a DALTON kneader, and
nelted at 120 OC. The tenperature of the 10 DALTON kneader was raised to
150 COC, 288rthg peaagdroegatteaxitéedaatl b <QC Wasmanddeds antk theagtxbur e was
kneaded for 20 mnutes at a controlled tenperature of 150 'C. After the

kneadi ng, atempdedtpreducisandy poepar@deito tiige @t havemiasreackEiam) e 1.
The conpressive strength of the 15 nol ded product was 65.8 MN /M , and the

density wasaRd4fhe @/e@lyRe radhieeseif fiace refa dthico e ydade P ediiet e wass @bser ved to
be rough, and the density of the nolded product was |lower than that of the

nol ded produgénof hExaapkewds btitr@ek Forhewdant, 291 M Nyt 85 +Ear, t hg, 4ol ded
product to cure, which 20 was |longer than the tine in Exanple 1. Exanple 2

686 g ®f S%iﬂcéﬂhfcg'r oS HthedHCQd sl M0 nip HLs Kngadeale o JTRAUM agE HREQ by
DALTON, nelted at 120 'C, and maintained at 140 OC. The viscosity of the

melt was 183 pF8x$iecd as il a £4 pe W S Then
39 g of di&?:ycl opére\t gd?%rge@rrelyfggm%ﬂ)steheat H\Sp%otgﬁgu%)xggchéc ﬁgggkggged

slowly, ands gLt Efmeigla 8l fxé QLA WA meRERH & FR0thRMho?2 i f%aegtdgpp
started and after 12 mnutes the reaction tenperature rose by 1 due to
the exothergy ccp@aCt 1@Nwas confirmed that modified sulfur having a
weight average molecular weight of 412 was obtained. Here,
10 the content of the molten modified sulfur having a weight
average molecular weight of 422 in the reaction system was
about 27 wt%, and no molten modified sulfur having a weight
average molecular weight of 320 to 500 were contained in
the rest of the reaction system.
15 To this reaction system, aggregate heated and dried
at 160 °C consisting of 2500 g of blast furnace slag and
480 g of coal ash was introduced, and mixed. The
temperature of the mixture was controlled to be at 155 °C,
and mixing was carried out for 20 minutes. After the
20 mixing was completed, the resulting molten material was
made into the molded product and the particles in the same
way as in Example 1. The compressive strength of the
obtained molded product was 64.4 MN/m?, and the density
was 2.48 g/cm’. The weight average molecular weight of

25 the particles was measured through Soxhlet extraction in

the same way as in Example 1, and found to be 1100.

Example 3
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.and the tenperature of the reaction systemreached 150 C. Then the nelt
was stirred for additional 3 mnutes. The 5 viscosity of the nelt was 25
nPas, as neasured with a Brookfield type visconeter. A portion of the
"reaction systemwas taken out and neasured for the nol ecul ar weight by
GPC. It was confirned that nodified sul fur having a weight average

nol ecul ar wei ghthefmdldewasrobuaitnadd theepa® ithe £ortrenth dfpdhegnoiten
nodi fied sul fur having a weight average nol ecul ar wei ght of 422 in the
reaction syshens¥as walouls 2h WRamand 19 it npdhfi edesubioimthays ng a
wei ght average nol ecul’ar wei ght of 320 to 500 were contained in the rest
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.. the same way as in Exanple 1, except that the amount of the solid sulfur
used was 562 g. The conpressive strength of the resulting nolded product
was 60.3 MN /M2 , and the 5 density was 2.47 g/CMB . The wei ght average
“nol ecular weight of the resulting particles was neasured through Soxhl et
extraction in the same way as in Exanple 1, and found to be 780. 24 CLAI M5
1. AmethaiAnMspreparing a material containing nodified sulfur
conprising the steps of: (A) reacting in a nolten state 100 parts by meight

of 5 sul fur. and n i90@0F Pardse fyr Meh dimafe @ sUldak t fodi higehodard o(Bl )
addi ng and m xi ng aggregate to a reaction system containing 5 to 45 w%

ol ten modidy By 8 Ukbip riaMiny @hemgtggg awer age nol ecul ar wei ght of 320 to
500 formed by 10 the'reaction in step (A). 2. The nethod of claim 1,

wherein said stgp (féaehhga%' 8o i Bedl QPBE%”l%bagﬁfr‘g’%Sg e%ggrg‘ﬁecdf% oC to

addi ng and m xi ng the nDdl ler to nolten s
G, 3. The
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cooling and,,splidifying a resulting mxture into a desired shape. 20 4. A
met hod for preparing a material containing nodified

(Bl) adding and mixing aggregate to a reaction system
containing 5 to 45 wt% molten modified sulfur having a
welght average molecular weight of 320 to 500 formed by

10 the reaction in step (Aa).

2. Themethod of claiml, wherein said step (A) of reacting
in a molten state was performed by adding and mixing the
sulfur modifier tomolten sulfur at 135 to 150 °C to prepare

15 a mixture, and maintaining the mixture at 135 to 150 °cC.

3. The method of claim 1, further comprising, after step
(Bl), the step of cooling and solidifying a resulting

mixture into a desired shape.

20
4. A method for preparing a material containing modified
sulfur comprising the steps of:
(A) reacting in a molten state 100 parts by weight of
sulfur and 2 to 20 parts by weight of a sulfur modifier,
25 and

(B2) adding and mixing aggregate to a reaction system

having a viscosity of 20 to 200 mPa-s at 140 °C and
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.sulfur conprising the steps of: (A) reacting in a nolten state 100 parts by
wei ght of sulfur and 2 to 20 parts by weight of a sulfur nodifier, 25 and
(B2) adding and m xing aggregate to a reaction system having a viscosity of
"20 to 200 nPa-s at 140 OC and 25 containing a nolten nodified sul fur having
a wei ght average nolecular weight of 320 to 500 forned by the reaction in
step (A). Scéntdheimetdaocloferchaidhfd,e dvbeardiur avd ngt emeihOhvieaacgéng in
a nolten state was perforned by adding and m xing the sulfur nodifier to

nol ten sul fwlatulds weilBt ©f G0 epArFD0 af dimédrey 6RE MBiaRididH nth t he

m xture at 135 to 150 C. 10 6. , The nethod of claim4, further conprising,
after step s{83) (ahhe step of cooling and solidifying a resulting mxture
into a desired shape. 26
5 5. Themethodof claim4, wherein said step (A) of reacting
in a molten state was performed by adding and mixing the

sulfur modifier tomolten sulfur at 135 to 150 °C to prepare

a mixture, and maintaining the mixture at 135 to 150 °C.
10 6. The method of claim 4, further comprising, after step

(B2), the step of cooling and solidifying a resulting

mixture into a desired shape.
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