¢; e3eH Hdde<gLgi 6Ti Ti coCSPECI FI CATI ON 5 METHOD FOR PRODUCI NG MODI FI ED SULFUR
CONTAI NI NG MATERI AL FI ELD OF ART The present invention relates to a nethod
for preparing 10 a material containing nodified sulfur, which enables ready

“and efficient preparation of materials containing nodified sulfur useful as
materials for civil engineering or construction, and which may enpl oy
wastes and industrial by- product55§§QQﬂﬁQﬁﬁ¥9Nals BACKGROUND ART
Application of sulfur as civil engineering and 15 20 25 construction
mat eri al s has been under research, which nmakes use of its properties to
melt over 119 C and be solid at ordinary tenperatures. For exanple, there
have been pMiBEXY EQR RROBUCINE MRDEHEFEPes VAFURoE OFIRING N© ERIS Ipat ent
No. 4, 290, 816) , a binding material for construction naterials
(JP-55-49024-B), and a binding nmaterial for sealing waste (JP-62-15274-B).
Sul fur is known to have an application as a binding material, and has been
used by nixEE@ﬂM&L@EMABEous aggregates to prepare nol ded products for civi
engi neering and construction materials. Wastes and industrial by-products
have general |y B¥enpdiespogetinytnty dranel ateisree erme hbpAial PEFPAUNSi t es
for these treatnent have been running short of. Thus it is 1 demanded to
recycl e as muuhtefritiecontstesiagimpdddded shlbprprodicherabosdiaddy For
exanple, in order to nmake industrial by-products such as incinerated ash
into IandfiHndmpﬁﬁieiéatspMmpaﬂaMﬂomngfm@@témgadﬁ B qurstRriegi on
materials, it is necessary for the materials to have sufficient nechani cal
strength summmmﬁmvmmfmh@tmmabmm ftarergviil eagdinle@sitr®ngt h,
and i npact resistance, sufficient water sealability for preventing eIu5|on
of heaMy netca coummmrmwonaaldn‘ehllch nate em lioydwa s £ &l aiy ipndaditct sal and
nonconbustibility for preventing ignition by fire. In addition, for use in
soi|l or theksemrodscssance rayr sudfariaksdi zi ng bacteria that cause
corrosion of sulfur on the product surfaces is also required. 15 In order
to sol ve t h&EACKEROURDsARFD|I ded products have been proposed that are
prepared by m xing a binding material conposed solely of sulfur with
i ndustrial byprdserlscatibeever, ssudmnodsedipiddesgs neami varands probl ens

in their property, and have only limted use. '
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), abindingmaterial 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



¢20 Thus inprovenent technique is required for preparing materials
containing nodified sulfur that are capable of conpletely sealing

i ndustrial by-products with sulfur, and that may be used as civil

‘engi neering or construction materials. 25 As one of such inprovenents,

nmodi fication of sulfur by addition of dicycl opentadi ene thereto has been
under reseaﬂﬂ@anﬁﬁﬂr%%cﬁ@%hcb@t%ééhu@hc9%lB%énVﬁﬂFéﬁeaaﬁdedu%£H¥Qk is
said to be a kind of polynerization, wherein dicyclopentadiene first reacts
with sul fur byoriouepenasheossibiliegs, B GxapPbos bRn@FA§ToftSHakf with
cycl opentadi ene to formnodified sulfur. In this 5 reaction, sulfur is

pol yneri zed indusidf tal bHapodaadty dcii@dueas olppanexattiest meh r&BEPi on to
formnodified sulfur, so that the tenperature suddenly rises and the

vi scosity i Aemebisiekl shar pryerhad & £ahi sl vhddenJiaesridtUrer ri se and t he
viscosity increase, the uncontrollable reaction 10 between _

di cycl Spent adinster webl enimatereadbt sit i ¢ Asiae s FYifax &hicona terd e
shapi ng of the product into a desired shape is possible. For addition of

di cycl opent &¢i bavetsufficuentsue¢henénelss uuepgthasieCh@s BeBRICEEE
production 15 conditions, and the relationship between the reaction

condi ti ons, sdunaishit Heeriitygl vpearathentensidensitaen@tan@ncthdémpact
tenperature, and the desirable properties of the resulting material have
not fully b&®sisstameeshedl LSOVORRY Wart erHE 9 NVENTL ORY 260Ft PrevamRtaj®ct  of
the present invention to provide a nethod for preparing a materi al

cont ai ni ng eddifienl ¢l hapyywmed lerepmeeguerds| coare iprashakat R of a
material containing nodified sulfur in a nolten state of which workability
i s i mprloved irghis r hal ebiyab rodmcdisni mp@snenaphbad tddiflity nfarsolid state
of which surface conditions, nmechanical strength, water sealability,

i gni tabilitprewrntesgsigmitlon mulfime.oxildi 206G thagt efiog 8se Br Sdinbr oved,
even when wastes and industrial by-products are used as aggregate, and in
whi ch t he r eacttihens edur ineg itsHeapr @ gag atuofubr exédizipdc bacite il thadeor di ng
to the present invention, there is provided 5 a nethod for preparing a

mat eri al comtaaigs e s Ped SHYLFuE prihs Py aductstsasfates (19 alart i ng
ina mlten state 100 parts by weight of sulfur and not less than 0.1 parts
by wei ght amedwissedhan

15 In order to solve these problems, molded products have
been proposed that are prepared by mixing a binding
material composed sdlely of sulfur with industrial by-
products. However, such molded products have various
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



*2 parts by weight of a sulfur nodifier under hernmetically 10 seal ed
conditions, and (Bl) adding and m xi ng aggregate to a reaction system
containing 5 to 45 wt% nolten nodified sul fur having a wei ght average
‘nol ecul ar wei ght of 320 to 500 forned by the reaction in step (A). 15
According to the present invention, there is also provided a nethod for
preparing aswatfer dls contdi hPngemadikiingd aful Pot YeorpEiadilmg + HEhQ¥eps of :
(A) reacting in a nolten state 100 parts by weight of sulfur and not I|ess
than 0.1 pafdisyiey opngtrdaede| 3% stthaeazd 2 Widrht ssyfwei §at T oRIa oPEs ur
nodi fi er under hernetically seal ed conditions, and (B2) adding and m xi ng
aggr egat e t tha Séactinms syshéphhadiloysa bdrdbeyt 9fopudduro Wwooh nPas at 140
C and containing a nolten nodified sulfur having a weight average 25
mol ecul ar weyghtopsfn t320i ¢ne 5600 formedidyli fhedreadfion | Ansttdpig A) .
PREFERRED EMBODI MENTS OF THE I NVENTION 4 The raw materials to be used in
t he meBhod of atttd qreserdtfumisnpipdymars zeed blyy redipgasedhefinsuppgitioa sul f ur
nmodi fier, and aggregate. The material containing nodified sulfur to be
obt ai ned bydulke tpr édentesionteatmba Heastilwna tlficm swed f bedasydifiug /st at e,
and cont ai ns
so that the temperature suddenly rises and the viscosity
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.
RY QOF T A4 N
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



*raggregate in addition to the nodified sulfur, and may optionally contain a
sul fur nodifier and/or unreacted sulfur. The sulfur used in the present
invention is ordinary, 10 el enental sulfur, and commercially avail able
‘sul fur may be used. For exanple, the sulfur may be natural sulfur or sulfur
generated by desul furization of oil or natural gas . The anmount of sulfur
to be used REeustmArbyetd eyebOWhEe% Wwpsbeerabdyindusbrialypys BEOLHE tsot al
amount of the 15 resulting material containing nodified sulfur. The sul fur
nodi fi er usedei Bselde asr eggntedatentdmh Imyibecki ye| vprat Aanén8ugdng sinpl e
substance, or a m xture mainly conposed of nononer to tetramer of
cycl opent adtbre proysir af kour ereopesiily wertr9lhed. .l ess than 70 wt % 20
preferably not |ess than 85 wt % di cycl opent adi ene. Thus nost of the
commerci al | y avaidcaidd iy dduthe peeeenddinyead idinoy thegentigdpeagiggd be
used for the present method. According to the present invention, the
reacti 6n i naamedihtceh Staterepatrhegsy matemtali epngad nduld yrodsfped
performed under hernetically sealed conditions in a hernetically seal ed
i nternal m sedfor tdenprkeiapgpahat sEesd ¢hat the evaporation | oss of the
sul fur nodifier is 5 elimnated to inprove the reaction efficiency. The 5
10 15 20 25 (A) reacting in a molten state 100 parts by weight of

sulfur and not less than 0.1 parts by weight and less than

2 parts by weight of a sulfur modifier under hermetically

10 sealed conditions, and
(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).

15 According to the present invention, there is also
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 not less than 0.1 parts by weight and less than

20 2 parts by weight of a sulfur modifier under hermetically
sealed conditions, and

(B2) adding and mixing aggregate to a reaction system
having a viscosity of 20 to 200 mPa*s at 140 °C and
containing amoltenmodified sulfur having a weight average

25 molecular weight of 320 to 500 formed by the reaction in
step (A).

PREFERRED EM N T N



&

anount of the sulfur nodifier to be used is not less than 0.1 parts by

wei ght and | ess than 2 parts by wei ght based on 100 parts by wei ght of

sul fur. If the amount of the sulfur nodifier is too small, the increase in
viscosity due to the reaction between the sulfur nodifier and sulfur is

sl ow, whereas if the ambunt is too large, the increase in vij scositg due to
the reaction beffR€errahenatefiplaodior ik WgRA st f bhei Bedhadh O FntRet he
amount of the sulfur nodifjer should be within the above range in view of

t he wor kabi PEEFeny tmviedsi @A © Me ighr ¥ $ WMPeas Gt st Ui s @ Pud tvddi fi er,
the resulting material containing nodified sulfur in the solid state may
not be gi veRosiiiffiias emindt peagelatpropdits d8aberipé FORHAIHG It eri al
contai ning nodi fied sul fur, such as nonconbustibility, water sealability,
resi stance medddiifad -ox} Bkzi hg bacebtiedneshddditartefe’tr 2AYERLLOH ate to
the anmount of the sulfur nodifier to be used. Usually, the nore sulfur

modi fi & isigsddy & Heohbee chese Properi¢kbdapbathpr GREd.CAvRLVRF, at about
2 parts by weight of the sulfur nodifier based on 100 parts by weight of
sul fur, theaggmegatenini addhsdenpriopeihts asodyfingd widifited M fBRYr eaches
the maxi num and further increase in the amount will not result in _nuch
change. Thuspttherablnt contaha sulsulrfwpdnedefips pod/asnrracbed parts
by weight and |l ess than 2 parts by weight, preferably not |less than 1 part
by wei ght asdtlfess. than 2 parts by weight 6 base on 100 parts by weight
of sulfur. The aggregate used in the present invention is not particularly
limted as | ong T istuldoss ussd iimpshe phespndpépveasion fdkeorddBritivhg

mat eri al containing nodified 5 sulfur, and may preferably be _inorganic

mat er i1l s sedlermentiabusel far, bangr conoes ciEdakpl asabiabhe PHAGSHT PRAY

by- products may include inorganic materials such as incinerated ash,

i nci ner at edbfel psash, nbdt eexamplesh tyenendifatr imaw e ghaterper addair o
melting furnace for city waste, coal ash discharged fromthe electric power
i ndustry anergemérfair igrhstayedfbyideselifsandatdeon of Pidi girzaathedl

i ncinerators, grinding waste, by-products of various netal productions, and
m xtures the@eeof. Exammesnbfof eubjupriveldre 3159§d 15 Wby nid d10 50
productions may include steel slag, steel dust, ferronickel slag, alum num
dross, coppertssl guse fadahnilyt dbesot Hér edft ofhethearct pleaht amonal ioF Wt e from
various conbustion furnaces such as city waste incinerators and industri al
20 wasltSe i naierserldtiong, mahdris lnwionta cowposeddsfied ¢asl fgieh as silica,

al um na, cal cium oxide, and iron oxide, with high contents of toxic netals,
such as |ead, cdthd smlfamd modiefier Wied incitier rred cadh invan than may
conventional |y been disposed of at sanitary landfill sites where no waste
25 wat er isbdi sdvargeebenbgdbengsad. aThenpdgl subhtie®aastod Br BFXFAIDus
coal conbustion furnaces for power generation, heating, and the |like, and 7
t hose used ferirtgncosre wd of nenaderxtate tiremes of| cepypreatpdd efg eri al s
may be used. The steel slag may be a by-product of the iron industry, and
may i ncl ude Shicistmixtnacecond@insgparsyat haceos| agsss tdwivet@ evttur nace
slag, and the like. The main conponents of the steel slag nay be oxides
such &9 si | ipo fartalpd panotal €$ sint loxih d&d %dﬂm@@@@?agménﬁl-so Tt gani ¢

sulfides . most of the commercially available products referred to
as dicyclopentadiene may be used for the present method.
According to the present invention, the reaction in

a molten state of the sulfur modifier and sulfur is

25 performed under hermetically sealed conditions in a

hermetically sealed internal mixer or the like apparatus,

so that the evaporation loss of the sulfur modifier is



*‘The aggregate used in the present invention nmay be aggregate other than

t hose nentioned above, for exanple, 10 inorganic and organic materials free
of hazardous substances, such as clay mneral, activated carbon, carbon
‘fibers, glass fibers, vinylon fibers, aramd fibers, polyester fibers,

pol yet hyl ene fibers, sand, and gravel. Further, a%%negate wherei n t hese

ot her aggr e§atidigitethet 25impsOYEnith et 3 bl OB uBR TS LAkt r i B

by- products nenti oned above are conbined as desired, may al so be used. The
amount of t @Y efatde 6 W us @pdif ke 1 esemsqthidnfiodn liessushan y 50
to 90 wt~, preferably 60 to 85 w% of the total amount of the materi al

cont ai ni ng Podi Pieed 2B ¥sweflightt @nse lessaithed 2AP8stS RY VE10RE Prescht
invention, other materials nay al so be used as raw naterials in addition to
sul fur, theosulfQf maelt$ilky, wahdhthe fagyldysm e, B5 tongansunke objtd@ s of
the present invention are not inpaired. 25 Exanples of such other materials
may i nd ude shdafinr meedl fieal Lagtand sswddi | itdiend et 8 sLRhVAS CO6di UM
silicate, sodiumsulfide, and chelating agents, asphalt, 8 ni ckel

sul fate, coldale touthateeaciionrbstiveaneharmh ) swwsligol gpangd sutdaimnpunt
of such other materials may preferably be not nore than 30 wt~ of the total
amount of tHe wdtoer,i ahegmasilfi fgpemadiotindd isukbgr lagdge sbLalREFSBS9 n t he
nmet hod of the present invention, step (A) of reacting in a nolten state the
particul ar rat iwisfosutfuduandoa the figaebipni betyessr e nptl £arly seal ed
conditions, is carried out, and then step (Bl) of adding and m xi ng

aggr egat e t madief yeaceéndnssysuemicorata rp ng Bhpar theulaarourst spbubheof

mol ten nodi fied sul fur having a weight average nol ecul ar wei ght of 320 to
500 f drived Iy ltfher meadt foeri shenéd pA)wibhist spe( BRpvEf raddiend raiyd 8 xi ng
aggregate to the reaction system having a particular viscosity and

cont ai ni ng rd ttdre oatt kaledl sblyf.ur WHanh dge s vidiaht 0 abepagés1bynvledciitar

wei ght of 320 to 500 forned by the reaction in step (A), is carried out. In
step (A), suff theandlfflie matfidiempdiheeresnythbogr nateadalncanslindmst at e

under hernetically sealed conditions by, for exanple, first nelting sulfur
by heating modified sulfur in the solid state may not be given

sufficient strength. Properties of the resulting

15 material containing modified sulfur, such as
noncombustibility, water sealability, resistance to
sulfur—oxi@izing bacteria, and mechanical strength,
relate to fhe amount of the sulfur modifier to be used.
Usually, the more sulfur modifier is used, the more these

20 properties are improved. However, at about 2 parts by
weight of the sulfur modifier based on 100 parts by weight
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

25 amount of the sulfur modifier is not less than 0.1 parts
by weight and less than 2 parts by weight, preferably not

less than 1 part by weight and less than 2 parts by weight



*20 to usually 120 to 155 C, preferably 135 to 145 C, using an apparat us,
such as an internal mxer, that is capable of effecting a reaction under
hernmetically sealed conditions. After the sulfur is nelted, the entire nmass
‘is maintained preferably at 135 to 150 C, nore preferably 25 135 to 145 C,
under stirring, while the viscosity of the mass is nonitored with an
appropri at eb@issc et 0 ByERSabYa WBAGHKE i f dS¥yHBTvi sconeter. Then a
predet erm ned 9 amount of sulfur nodifier is added little by litt]le and
mxed. In step IRe aggregetecupedatdr £ RIRSeRACLPER Y SOem S sSPRF gher
than 150 C, addition reaction proceeds and, with 5 the heat of formation in
the additiorarddctilongly hbindpar asurlonsd aheltedeesomody iRa s ublfy
exceeds 160 C to disadvantageously form gumy sulfur . On the other hand,

if the tenpPERPELL s (He thendeisoh K\RT amFer13h eonbaint rgnmedaddiiesh
proceeds, and the tenperature of the 10 reaction systemreaches about 140 C
with tBe hesuldfun,oamst mey. PHeReraPly ke Lopraends BR teid dbi s4GV &Sl ten
nodi fied sulfur is slow, and the production tine cannot be shortened, thus
not bei ng piaderstadialrnpgrpredustsreferred to maintain the nolten sul fur at
135 to 150 15 C upon adding the sulfur nodifier to the nolten sulfur. Here,
when a hi gher r &xampkes hefsthtudnsvditfyierl iRy upsadugtisamyer dvdbReeof heat
is generated in the addition reaction, so that the tenperature at whjch the
reacti on sysne@mdan iming e nkbal aetigshtas U@¢W@¥é§?d%ggve¥{lciﬂetrﬁé%
tenperature is less than 135 C, the commencenent of the addition reaction

i s di sadvanfage@sly mel bgedflgnashe Jeniegatinthdin id Rheht EAPRPELGHIE at

whi ch the reaction systemis naintai ned exceeds 150 C, the formation of the
obj ectlive noletldrimmdiyinaiceufénrclisytwastapi dofd edht Adpchag o dyom

di sadvant ageously narrows the range of the production conditions. In step
(A) , when tthe redeeeiphci porerpinstnsiny cabét geBared imlusfi¥Yir and the

sul fur nodifier is started, the tenperature of the reaction system

i ncreases. MEdnigkisagd esanbdensed? igariluiginedghedofinideiA§¥Snodifier is
added to 100 parts by weight of sulfur, tenperature increase by about 10 C
i s observed gimi rebiouy WEG tre nbtyeP Fadbie t heo favairdions BeteRePBARRGE1OBSH i er .

In steps (Bl) and (B2), the nolecular weight of the 10 15 nolten nodified
sul fur havi mgca miet ghteavshage ofol editampies ghf she3by wRFr BbOCEdrféd by t he
reaction in step (A) may be neasured by gel perneation chromatography (GPC)
usi ng ¥5he nodirieds suetat BredvlcEd@nsn e drbohude stFeedesdrdvolfdEfed For
exanpl e, the nol ecul ar wei ght may be neasured by GPC using a _sanple

sol uti on comtudthi e r oresekedl sledr bohuBiaynf Hgesgtr §OPPSW Satd off™d i / i n
at roomtenperature, with chloroformas an eluent and a UV detector at 254
nm and det avimtieeke aighhAseod .cal i brati on curve obtai ned from pol ystyrene

st andar d. . ) .
The incinerated ash is waste from various combustion

furnaces such as city waste incinerators and industrial
20 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
been disposed of at sanitary landfill sites where no waste
25 water is discharged, may be used.
The coal ash is waste from various coal combustion

furnaces for power generation, heating, and the like, and



*The nolten nodified sul fur having the particular 20 25 nol ecul ar wei ght
ment i oned above is believed to be fornmed by addition reaction of the sulfur
nodi fier to sulfur form ng eight nenber rings. As the nolten nodified
ssulfur is fornmed, the tenperature rises, and the viscosity of the reaction
syst em becones aI nost constant usually at 10 to 20 nPas, which |s al nost
the same asthheeviuseskifigr ofosarete 0dr ase amAfadrixhure R&n Giell
tenperature rise is conpleted in about 5 to 30 mnutes, and the viscosity
starts to | angéaserime natreni abs wavt e msiedn nodified sul fur 11 may be
regarded as conpleted. In step (Bl), the aggregate is added to the reaction
systemin a staTbewhesel rs tdremnagdee |admyspst>dnp¢otnfetlh%l5oﬂolm<$uwli%\h
preferably 10 to 40 wt% of the particular nolten 5 nodified sul fur
ment i oned abodembgr nedtludé¢ hiel asacfuomanestsimg Thepeondutringee fokadachi evi ng
such state may be decided by actually confirmng the conditions in a
pretest forcbarveirngrt herpacts subgr amd ttére hd#eef.i eThsubhbdn ¢ompangmyEnt
wi thin the above nentioned range. The state 10 wherein the reaction system
contains 5 t6 4hews¥eell shagpavaty be axivss englodd isdl soif urlbpimgd may be
the state wherein the particular nolten nodified sulfur is present at the
above rati ocabcimmearidd, ntd émr csubkiideanahdralltseninodigkindd sulfade st-he
state wherein the particular nolten 15 nodified sulfur is present at the
above ratio in Theeaciqrk gt ¢ enssdl finr thenpeaet enit nbhven tdwinf urayreie f i er
and nolten nodified sulfur, or the state wherein the particular nolten
modi fi ed subbfuyireiga e estrdr athdhecladvenarationéd apdbven fodi ékenpdel fur.
These reaction systens nmay 20 optionally contain other conponents. In step
(B2), 10he aggoegaird d sardldedghnithemarteacitdlos Syseeofahatzleddwe poi nt when
the viscosity of the reaction systemfalls in the range of 20 to 200 nPa
s, preferabkybd arrcD0 shitasa s rarey priefearadhl g c20 vtad €D caRdon atathomns5 C.
The viscosity of the reaction systemnmay be confirned to be within the
above rangefhyperegnsgldsa Bibekti elvd nyipen vi Slcenet earamitchef i &es, so t hat
the tinme point for adding 12 the aggregate nmay be determ ned easily. As
in this stepoliyte strkes itber actpEl yopeyaehenf eheirer, tandet endi geavikd -t i ne
point for adding the aggregate by a phenonenal aspect, i a. , the nelt
vi scosity offuttttdreacidnre gysé emeraihethehanotherSaggh:negach‘e el sdwet i cul ar
molten nodified sulfur fornmed in the systemas in step (Bl). The nelt
vi scogist y nemloirgad @ahoyee iy 1f bucthuatse istdghttyalepgrginmdwrt ¢ he
tenperature for nmelting, so that it may suitably be decided by experinents
For exanphentli®rid® aprrid aweatombinesi by dasgeedndnaiiea psefles need.
Vi scosity
The amount of the aggregate to be used in the present

invention is usually 50 to 90 wt%, preferably 60 to 85 wt%
of the total amount of the material containing modified
20 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
objects of the present invention are not impaired.

25 Examples of such other materials may include heavy
metal sealing and stabilizing agents such as sodium

silicate, sodium sulfide, and chelating agents, asphalt,



‘range at 140 C nentioned above correspond to the ranges of 15 to 200 nPas
and 15 to 100 nPas, respectively, at 150 C. Alternatively, at 135 C, the
lower Iimt would be slightly higher than 20 nPa s but |ower than 25 nPa
‘s, 15 and the upper limt is 200 nmPas. The viscosity at a tenperature

bet ween these tenperatures nay easily be determ ned by cal cul ati on of
proporti on. nifkele saggiaiat ecbbadddemldfates, t polvescedilthiptdeceddd t he upper
limt of the above range, the polynerization of 20 sul fur proceeds too
much, whi chvegliesisi podivifeireul t The noun t 10§ saciygitbgat Batex ide BalYer
hand, if the aggregate is added before the viscosity reaches the above
range, the paetfiecualkdry de et modief itdhrs 3 wt had tbe beé&nlf emeedt Rfa
sufficient anount, and the pol ynerization of sulfur may 25 not proceed
snmoot hl y. | bhst sys rB] aneh ¢ 820 i nghaoaddrisayhtsn hiyr pkef beabbfaaesdded
after it is preheated to 130 to 160 Cto dry. 13 The m xi ng may be
carried out in anmther mettiah ¢ hbe paesiead dmventidnedshspl dRg &F

t horough mxing is provided, and may preferably be a solid-liquid mxer.
For exanpl ereactiimerimab mbk&éen stbltenthle, pdramcribagr raggreewiegddder, 5
pug mll, pony mxer, or ribbon m xer may be used. In steps (Bl) and (B2),
t he aggr egatednmyp uic mddedidie mirdd rtloe thet i eadtlivope sy stdaropd et bpably at
135 to |55 C. After the addition, the reaction systemis further m xed
usual |y foriabeutrrsdd Gt i antdeshepr eftepablBl )f orf 1@0dddng0asd miirdngs .
This mxing tinme may be prolonged, but longer tinme of mxing will inpair

t he wor kabi higigye datorugio tihe steraamigitdn of y s hemresntaingngobdedrpictd@r i s
increased. If the aggregate is added and m xed to the systemat a

t enperlét ur e aliogimdr athave 155 Qodiheliedsswsfuy havisgsaswebgbhappeyadend t he
aggregate and sul fur do not mx thoroughly. On the other hand, if the
aggregat e | modeded andveigled ¢H 3he tystem formetichyetheureacdian tifan 135
C, the reaction of sulfur upon mxing is slow, which di sadvantageously
prol ongs t hetppodddt, ar tstrep (B2 ) mStapdii@landroix BRY, agher dad & &9 nat e
the mxing after the addition of aggregate may suitably be decided taking
the wei ght &her agmatol eoubgs teei glatvicfg tdepapdifuddrsuiifagosity and

consi deration. For exanple, the notecular weight at which the mxing is
term nat ed e teal rii mdevo I theam n251 500e & redx nba r Hi aghien g tehae 12000 2 VErad® abl vy
600 to 1500, in weight average nol ecul ar wei ght neasured by GPC. At a

mol ecllbar weiodletcwfa 500e bght omEr320heocbhPr éexingd bir &hgt Heagtiomnpfln he
resulting material containing nodified sulfur in a solid state may be too
| ow. On thesdtelper (Aandisataarmeldecitar wei ght of over 2000, the workability
is inmpaired, air bubbles may be entrained upon nolding the resulting 5

mat eri al cont ai Mimg vewi {Aed sullffur iand finét enlEugt eoddfd e henavir Pace
conditions of the resulting solid product are deteriorated. The nol ecul ar
wei ght may beawzsdred anmbhéesarss atesy wsdé or hemaegaiadlchy aseabeden

modi fied sul fur nentioned above. 10 Incidentally, in a nmethod for preparing
a material conditions by, for example, firstmelting sulfur by heating

20 to usually 120 to 155 °C, preferably 135 to 145 °C, using
an apparatus, such as an internal mixer, that is capable
of effecting a reaction under hermetically sealed
conditions. After the sulfur is melted, the entire mass
is maintained preferably at 135 to 150 °C, more preferably

25 135 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



*containing nodified sulfur fromsulfur, a sulfur nodifier, and aggregate,
t he aggregate nay possi bly be added by a nethod other than the present
nmet hod, for exanple, ( 1 ) by reacting simultaneously a m xture of sulfur,
‘the sulfur 15 nodifier, and the aggregate, or (2) by reacting the sulfur
modi fier wwth a mxture of sulfur and aggregate. However, by the above
nmet hod (1) amphats@f wulber fnedifiezdisr pedead kiR Prght Bt18ndndoes not
react with sulfur quickly, so that the production time is disadvantageously
20 prol ongedixed.addition, since the sulfur nodifier is adsorbed to the
aggregate, an excess anmount of the sulfur nodifier is required. On the
ot her hand, by fThestbpvérhethbdhe ) empes atulfeo frbdief reacitd oadsyPEbeM to t he
mai n i ngredients of the aggregate such as silica and alum na, 25 and the
reacti on befwgenghte tshaf A5 hbadi faddi bhdnsiddaition pagesds andbl dyéd | n
addi tion, contact between the preheated, dried aggregate and the sul fur
modi fi &r resbet hekd of | fiofoatdbinod noft igeragkd desonwiheels td@ise Hrobl ens in
safety. Alternatively, another method of adding the aggregate i s possible,
wher ei n t hetewpegerpuonemtfs theheeagitfign swditiene i saed lsulepwecds & 6kaét ed in
advance to prepare a 5 binder having a viscosity of usually |00 nPa s, and
then the bi hdetisadwarsdosioushEoagurenaysul Byr ¢ hi @ndrehodhes handri al
contai ning nodi fied sul fur having a high conpressive strength nay be
obt ai ned. Hofewdre, tdmporaterehad tthehergachponedyapom misxiln wéh the
aggregate, 10 which conplicates the operation, and prolongs the production
time after bkeidddir iomaotibhepagyeeght e, andnpheetenpetiad Yieseht thet hod.
According to the present invention, since the aggregate is added to the
mel t 1@ whi ceatdtd qarsysuear rédchesurmbait t h40 ndBCt wa thodibfe deatul ¢&r has
been fornmed, polynerization of sulfur proceeds along with the m xing of the
aggr egat e. Thoma ttien desiioedveat ettihal foomat homgofodhei epjastive my be
prepared in a short time. According to the present nethod, after step (Bl)
or 20 (B2) motlitematadi fil edoataifnirng snsdiovi,edarsli| the produabicantimet e may
be nolded into a desired shape to obtain the material containing nodified
sul fur in acsanoat $teatsdrorfiened epinas iont dieime ot fernaderi &hvusontdi ni ng
nodi fied sul fur may be carried out, for exanple, by cooling the 25 nolten
materi al inia grafidmtedgoracdimeadn theunoibea suldurThé dRIp& cofl Sthe
solid material may be any desired shape, such as particles, plates,
rect aigul ar °gr uprs), aardirowbds; siel funnedufibei hg thei nedtes sHeSHr .The
material containing nodified sulfur in a nolten state may be made into
particl es bylearsy, mdtctod Wigheut rlatdia atfi the sud faxampdd fier grsabgesti ng
met hod wherein the 5 nelt is granulated into particles while it is cooled
and sol i di fieed,amyebyamovhingfamdadolislidgneyathd Aol ttheo askdhihoR nol ded
product, and then crushing the nol ded product into particles . The
gr anul at i ng restdtoicomays bethatothieng egwemd tatt evgg frewthbah ok ha ¥EBCALLICHN
granul ating 10 nmet hod, wherein an ordinary rolling type or vibration type
gr anul at i ng siysdisme shmaiingad ngrduneeldsr tedre dowsirgtce, dioweverng bitdre is
used.

20 temperature is less than 135 °C, the commencement of the

addition reaction is disadvantageously delayed. On the
other hand, if the temperature at which the reaction system
is maintained exceeds 150 °C, the formation of the
objective molten modified sulfur is too rapid to control,

25 which disadvantageously narrows the range of the
production conditions.

In step (A), when the reaction in amolten state between

10



‘I'n the rolling granul ating nethod, the grain size of the particles may be
adj usted by controlling the tilting 15 angle or rotational speed of the
turntable or drum Here, the size of the turntable or drum does not matter,
"and the desired grain size may be achieved, for exanple, by changing the
tilting angle_of the same turntable. The tilting,angle be adjusted
general |y wPbhitRL AR by S W wF Medif /Y 15 ﬁt?géegi'nggﬁ%?fnﬁ?ﬁﬂlﬁPétei ng

nmet hod, the grain size of the particles may be adjusted E suj tably
controlli ngoghéhﬁuﬁﬁéf:t&PWFI@(F&tﬁ%ﬁ,ﬂC&?ﬁpﬁ %ide, FARCKFTP ﬁg 4h§Pe" Bor
exanpl e, suitable condjtions may be selected fromthe 25 nqufr of
vibration oPa&h&uPy30000Rt pdsthers wd Faf @odinkl efpis 28889050 AP0 BAESer t han
0.3 mm and the duration of vibration of 30 mnutes to 3 hours, so_as not
to cause 17bY ¥BLad rd SM1lvE ndteRner atvhe al RFRE2FEAPY 88°WH fler n a
molten state. The tilting angle may be adjusted in the range of usually 0O
to 60 5 Theli BP&EILHE ey @@qté‘eikﬁ/cs@:lat%@? Foemryhe opddiEdRrpi Rt tES of
these. 5 Alternatively, a rotating drum which is substantially vibrated,
may be usedSPddugy Bfi9g: In the nethod of nolding the nolten materi al
containing nodified sulfur and then crushing the nol ded product, the

adj ust ment of tB& §tHRe siBE) cAndhéBpart t8ee@olecn¥ay ciftghtoofhise for
obtaining particles of a desired grain size, the above granul ati ng nethod

i s preferre®olieReredi féat Ul fne Maring| 2 ereh brapar ede ol REVABdve
crushing nethod, a desired grain size distribution may be achi eved_by

si eving or vwRddhtkeHrtsto 180 BEsrmes bie titsovieamhtondd §ESRul(AYi ng

met hods, the material containing nodified sulfur in a nolten state may
possi BOy bemaad®d merparedchbis by Meopis algl emechBpmask oggedthal (FRED wat er
However, this nethod is not preferred since heavy netals nmay be_eluted into
wat er, and 26imngetderpadéfaed Faliam péseolngd B puSRBRON @8FRLLAGS n
insufficient covering of the aggregate. The conditions for preparing the
particles mey $WLuNs. beFdecrdadrdepertdindroke¢néaki HEd Ibtd MR ratio
of the raw materials, i.e., sulfur, the sulfur_nodifier, 25 and the
aggregat e, BSamInedhsoy hePUsBSANTt Re SBRAQ | 79 PESBDCCOMERIHRY the grain

size of the particles my suitabIY be sel ected depending on the use . For
exanpl e, mass/vol% carbon disulfide at a flow rate of 1 ml/min at

15 room temperature, with chloroform as an eluent and a UV
detector at 254 nm, and determined against a calibration
curve obtained from polystyrene standard.

The molten modified sulfur having the particular
molecular weight mentioned above is believed to be formed

20 by addition reaction of the sulfur modifier to sulfur
forming eight member rings. As themoltenmodified sulfur
is formed, the temperature rises, and the viscosity of the
reaction system becomes almost constant usually at 10 to
20 mPa*s, which is almost the same as the viscosity of

25 sulfur per:se. After that, when the temperature rise is
completedinabout51x>30minutes,andtheviscositystarts

to increase, the formation of the molten modified sulfur
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18 when the particles are to be given a grain size that is suitable for
aggregate for concrete or nortar, a preferred grain size is usually 2 to
44. 4 mm neasured through a JI'S standard sieve. 5 The material containing
‘nodi fied sulfur in the solid state obtained by the nethod of the present

i nvention has a conpressive strength of usually 10 to 100 MV nR2, preferably
20 to 100 MWP¥pPendr&d s réBI?O%@lﬁﬁx¥b0 M\ n2. The density of the solid
material containing nodified 10 sulfur affects the strength, espegially the
conpr essi ve st r éRgEREPWIET rhd N R 35P I3t ¢ Hherddedskoat e ptBBFEL O e
entrained in the material containing nodified sulfur, and the nodified

sul fur and 8Y§regatd @ R tEke sheNsin Shf weackhapl BY et §nceRRtAGEFs Sphase
with snooth surface. 15 Such a snooth surface of the material containing
nodi fi ed subPufS el pRaedfr feherld tend Bt adkshearrebipilAtnBostPrace
irregularities. As a result, the resulting nolded product exhibits

excel | ént nBeRadiicd stitwgtRensipacidorr abPTPe] afaithst A bAR of
hazardous 20 substances, and beautiful appearance. The density of the

mat eri al cof¥&teing MR feedstirnes fRTt RENEYIN ST eh obtal ReBaly Pehe
present nmethod is, when coal ash, for exanple, is used as the aggregate,
usual ly 2. 499Féd2.d5123/g¢%ﬁ‘8§1bb/’ecf@ﬁébl-’?lEgzgh@(FOZ!@Ht-'gSD@FrGL.n Atpaegss nsity
of lower than 2.40 g/cnB, air bubbles may be entrained to | ower the

conpr essi vefetr éegrhH.nnithe ket cuéasi el tess ad¥fivBbsesfureisntiai ned.
19 The material containing nodified sulfur obtained by the present

met hod may B@PWH&'W%&hﬁﬂe?hﬁaébowﬁt@q&%%@%@@sraﬂ@eusea%ﬁy%ﬁ%ﬁ%g Wi th
cenment, concrete, gypsum or the like. Also, the material nmay preferably be
used a8 ci vihesedayitieeriercbioBoRYELEEYL ICOM Y | Al 50 4qcKtasopakées,
flooring materials, walls materials, roof tiles, or underwater structures
by nol di ng PhA& trirtudrd mimaliten amagkist red sstkfiex drarmed maje peadhieafdfitel i ng

materials, roadbed materials, filling materials, and aggregate for 10
concret e bywhekiedd tthe Pairdricilanteobeen ine@sfiedapplésrThe PEESERT
invention will now be explained in detail with reference to Exanpl es and

Conpar at i veax&hgl ebovisutratthed gres@medehahtnohtes st fprnppddnedteRese. 15

Examlp a 1 721.4 g of solid sulfur was introduced into a hernetically

seal ed i nt emedi fisersulifilt edche sttt whewe bai P aiprdt hieulag wolige

viscosity of the nelt was 18 nPa~s, as neasured with a Brookfield type

vi scodbt er . me@ifHad 3ulduy 6 pregenspehttdin apovuabedkiin pareachedei ght
molten sulfur, unreacted molten sulfur modifier, and
molten modified sulfur, or the state wherein the particular
molten modified sulfur is present at the above ratio in
molten modified sulfur. These reaction systems may

20 optionally contain other components.

In step (B2), the aggregate is added to the reaction
system at the time point when the viscosity of the reaction
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

25 °C. The viscosity of the reaction system may 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

12



*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 of 150 rpm The
reaction started and after 12 mnutes the reaction tenperature rose by 10 C
*25 due to the exothermc reaction, and the tenperature of the reaction
system reached 150 C. Wen the tenperature rise was confirned to conplete,
the vi scosi theotgghegpégcmpynbeodetergingdisasdlyyst &d wdsthedstERB, and
found to be 20 nPa a . A portion of the reaction systemwas taken out and
measur ed f ok ttreekerd| tralaart wael ghte 1t iGRCedaied cORteAmEd S FRC FHBE i ed

sul fur having a weight average nol ecul ar wei ght of 390 was obtai ned. Here,

t he cont entpofintheomelddmgrbiiefa ggrsghtarbhapingnoneepdh speet age ol ecul ar
wei ght of 390 in the reaction systemwas about 20 w% and no nolten

nmodi fi ed sutharmébvivigs @osetyght £ sher age atol et slyst emei glatthefr 32@n §h800 wer e
contained in the rest of the reaction system To the reaction systemin the
above 5§t at eradggr edatbehpatréd carich dmicdd et midi Tiednsusfimgfotm4odng of

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

t enper at ur etbe slys tinxtas eimastepnt(Bdl)l.ed to be at 150 C, and m xi ng was
carried out for 20 mnutes . After the m xing was conpleted, the resulting
nmol t en mat eri al Teentrailt ngl sods £ £ gdmenitfiom edhsalpove edaiyntfd vg tvs e and
cooled to prepare a columar nol ded product of 5 cmin dianeter and 10 cm
in height. sightilty Heplensd ng put else ftramp dwea ok defb preducing o ssutdat The
conpressive strength of the obtained nol ded product was 75.70 MV n2, and
the densityiwama?. Shighbi®. bEhdesudfeat & yok xiplee ime rdesl. pr Bducexamplenoot h.
Alternatively, the nolten material containing 25 nodified sul fur obtained
abovel@as hahdenedtiouprepai ecpaitiyctasge ardl ghefpraéevbes nescpaitivcl es
were introduced into a Soxhlet extractor tube, and perforned Soxhl et
extracti on owegetatodrd G€i mgniG®ndd afbaee boor véspbhldeo Bhe rFhges
resulting extract was diluted with carbon disulfide to 1 nass/vol o, and

t he nol ecul af Wéi gbt 260 ke rodinfd dd d fLOO0 od a8 ni TS poet avdilyi oatpr oduct
of sul fur and cycl opent adi ene, polynerized sulfur, and the |like was 5

det ermi ned BHOGPC. ARhldamsativelpe aki yhd 2Cerblye hoverul amikewghidnas
790. Conparative Exanple 1 995 g of solid sulfur was introduced into a

her meti cal | pesealigth tilyt igale mithem 2feiPed sabut20o@e rattian02fainRtaisned at
140 C. The viscosity of the melt was 18 nPas, as neasured with a Brookfield
t ype Wubsconener thEherprey bimdkcycl @féhtmii ehe nBheedibyosddty mitt®d about
90 C was added slowy, stirred mldly for 5 mnutes, and heated to 145 C
The react i ohesppamaddizmdbe heeepathiese temperatures may easily be

determined by calculation of proportion.
If the aggregate is added after the viscosity exceeds
the upper iimit of the above range, the polymerization of
20 sulfur proceeds too much, which makes it difficult to mix
with the aggregate. On the other hand, if the aggregate
is added before the viscosity reaches the above range, the
particular molten modified sulfur has not been formed in
a sufficient amount, and the polymerization of sulfur may
25 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.

13



*15 tenperature and the viscosity gradually increased. Wen the tenperature
rise was confirned to conplete, the reaction tenperature was controlled to
be 150 C. The viscosity reached 100 nPas in about 1 hour. The nelt was then
‘cooled to obtain a sulfur binder nodified with 20 dicycl opentadi ene. The
wei ght average nol ecul ar wei ght of this binder as determ ned by GPC was
2050. 686 gTdf MAKS NG miy hescénrieducad iimn 02 anbreTONVRASdders @ nel t ed
at 120 C. The tenperature of the DALTON kneader was raised to 150 C, 2880 g
of aggregatpa2biduiled lat 1iB0 t€das ladurds Androhghmicting ivegrkredesd f or
20 mnutes at a controlled tenperature of 150 C. After the kneading, a

mol ded pr odamt mayg preparadliynbe e ssdnel-Z2iquidayiwsri n EranpkampleThe
conpressive strength of the nol ded product was 65.8 MV nR2, and the density
was 2.46 g/enBinTaenslrhageref rohé mbl Hledd punduixewass obgeracdrudelbe rough,
and the density of the nol ded product was |ower 5 than that of the nol ded
produchd of Ewgnpliéll. ddny cokxérhoor anddROr miweesmagr behetsrenl ded product
to cure, which was longer than the tinme in Exanple 1. ExamlIx~ a 2 721.4 ¢
of solid sul furInastepstr OBULethd ntBR)a, Thehegpstd gt d yage bleed didetdeandl

m xer, nelted at 120 C, and maintained at 140 C. The viscosity of the nelt
was 18 nPaspiasdneasthedresthianBsgekiemepdetfyppmbiiysadmdBer toThéd 3C.6 g of
di cycl opent adi ene nelted by heating to about 90 C was added slowy, and
stirred at Aftetrathenabddipeech,lEhef rEECripon Shhetemrats i Dmrsheartwixadd after
12 minutes the reaction tenperature rose by 10 C due to the exothermc
reacti on, ansubhé vt gmperadiaute Dfté he€0 reantiters,systedfimraatyneflot 500CtoThen
the nelt was stirred for additional 3 mnutes. The viscosity of the nelt
was 250nmPas30asiR@t eeasuled swnikiagBr om&maey et ppelovngeahebert. 1dngerti on of
the reaction systemwas taken out and nmeasured for the nol ecul ar wei ght by
GPC. It wastrwoaf ofmed tived wibdi f iegasul falre hawr ngb al weyghtt hawegtagehe

nol ecul ar wei ght of 412 was obtai ned. Here, the content of the nolten

nmodi fi ed susfuengihhafitie aeseilghin aumeldgel pobdoagltat svieigteased422Iifn t he
reacti on systemwas about 27 wt o, and no nolten nodified sul fur having a
wei ght avertige aglgeegadre wes ghddefl 320 tdx&31 to 50Beweyeteontadi reed i n t he
rest of the reaction system To this reaction system aggregate heated and
dried at l60e@peaasivstd rigigife 25€0ay dH5bP st ther vase odidyy amic188sgsof coal
ash was introduced, and m xed. The 5 tenperature of the m xture was

contr obl ed sbabplat, 458 the aggregate and sulfur donot mix thoroughly.

On the other hand, if the aggregate is added and mixed to
the system at a temperature lower than 135 °C, the reaction
of sulfur upon mixing is slow, which disadvantageously
prolongs the production time.

20 In steps (Bl) and (B2), when to terminate the mixing
after the addition of aggregate may suitably be decided
taking the weight average molecular weight of the modified
sulfur into consideration. For example, the molecular
weight at which the mixing is terminated may be higher than

25 500 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

14



*and m xing was carried out for 20 mnutes. After the m xi ng was conpl et ed,
the resulting nolten material was nmade into the nol ded product and the

particles in the same way as in Exanple 1. The conpressive strength of the
*10 obtai ned nol ded product was 64.4 MN/nR2, and the density was 2.48 g/cnB.

The wei ght average nol ecul ar wei ght of the particles was neasgred t.hr ough
Soxhl et ext Pacthén nasuHel Rampahayiad FRNbEMAHINT MoghileduAl g hé ™ 100.
Exanyl e 3 15 The nol ded product and the particles were prepared in the sane
way as in ERafmldd stxkephayhke tiee diyint f the sshied Qanrdnr 25ed was
360 g. The conpressive strength of the resulting nolded product was 60.3
MV n2, and TR&edarst yeuad 2of gk 00vhehasgitaki bt BYe hdmeeditsd 20

wei ght of the resulting particles was nmeasured through Soxhl et extraction
in the sanmeaidy badbhlke £dpay| e 1enhRdingGhdnan B by ohe regulXing hod
for preparing a material containing nodified sulfur conprising the steps
of : (AP readgitegial gomdlaieni ng aasiinbioe dails vy ined @RI StARTuRhd not
| ess than 0.1 parts by weight and | ess than 2 parts by weight of a sulfur
nodi fi er undée Rerdede glondideaed cdondict reasl tany eRILL h@diody And 4uf xi ng
aggregate to a reaction systemcontaining 5 to 45 wt% nolten nodified

sul fur havi Adgteri®retieght aVbedpel eohéaylveight gy be B2@susedo” fdred by
the reaction in step (A). 2 . The nethod of claim11, wherein said step (A
of reacti ngsiafmea wal t&h Seoat shkaPardrfothad B9lhdai Agddfd af x§ whtehe 15

sul fur nodifier to nolten sulfur at 135 to |50 Cto prepare a m xture, and
mai nt ai ni ngMeld ignedirabave13s to 150 C. 3. The nethod of claim1, further

conprising, after step (Bl), the step of cooling and solidifying a
r esul tliOng Incidentally, in a method for preparing a material

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
reacting simultaneously a mixture of sulfur, the sulfur
15 modifier, and the aggregate, or (2) by reacting the sulfur
modifier with a mixture of sulfur and aggregate.
However, by the above method (1), the sulfur modifier
is adsorbed to the aggregate, and does not react with sulfur
quickly, éo that the production time is disadvantageously
20 prolonged. 1In addition, since the sulfur modifier is
adsorbed to the aggregate, an excess amount of the sulfur
modifier is required. On the other hand, by the above
method (2), the sulfur modifier is adsorbed to the main
ingredients of the aggregate'such as silica and alumina,
25 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



+20 m xture into a desired shape. 4. A nethod for preparing a materi al
containing nodified sulfur conprising the steps of: (A) reacting in a
nolten state 100 parts by weight of 25 sulfur and not less than 0.1 parts
*by weight and less than 2 parts by weight of a sulfur nodifier under
hernmetical |y sealed conditions, and 25 (B2) adding and m xi ng aggregate
to a reacti an §9smemiloavpPhiigoer 9xidesi tyhbeh Xpyve ZOPRIRES dMm $246 o€ Yand
containing a nolten nodified sul fur having a wei ght average nol ecul ar
wei ght of 320 t&BGxrratieelpy ametheacreomodw G agiddmnq Ahe. aggrega tfet hod
of claim4, wherein said step (A) of reacting in a nolten state was
performed by sagdismitahel, nWkenginhdhsultie eowpdnentse e ebfnfur at 135
to 150 Cto prepare 10 a m xture, and maintaining the mxture at 135 to |50
C. 6. The nehdd iofr drad el fliniy thee coaptedi hy, adveecestopPEBRR I« [fe st ep
of cooling and solidifying a resulting m xture into a desired shape. 15 26
CAA ASA A RiAdeANviIA{g A Aridcds iy Ao ASIAuAYLI N 1A0AMRAI SA( YA theR 5
{val gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c*a
] ca] ca] ca] caheapdaldea] d/sajiadechwcidits 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,

10 which complicates the operation, and prolongs the
production time after the addition of the aggregate,
compared to the present method.

According to the present invention, since the
aggregate is added to the melt in which the particular

15 amount of the molten modified sulfur has been formed,
polymerization of sulfur proceeds along with the mixing
of the aggregate. Thus, the desired material containing
modified sulfur may be prepared in a short time.

According to the present method, after step (Bl) or

20 (B2), the material containing modified sulfur in a molten
state may be molded into a desired shape to obtain the
material containingmodified sulfur in a solid state. The
preparation of the solid material containing modified
sulfur may be carried out, for example, by cooling the

25 moltenmaterial in a granulatingmachine or a suitablemold.

The shape of the solid material may be any desired shape,

such as particles, plates, rectangular prisms, and cubes,
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the size of the turntable or drum does not matter, and the

desired grain size may be achieved, for example, by

changing the tilting angle of the same turntable. The

tilting angle may be adjusted generally within the range
20 of 0 to 70 °.

In the vibration granulating method, the grain size
of the particles may be adjusted by suitably controlling
the number of vibration, amplitude, and tilting angle.
For example, suitable conditions may be selected from the

25 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, so as not to cause
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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
vibrated, may be used for granulating.

In themethod of molding themoltenmaterial containing
modified sulfur and then crushing the molded product, the
adjustment of the grain size of the particles is difficult.
Thus, for obtaining particles of a desired grain size, the
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
sieving or the like process.

Besides the above mentioned granulating methods, the
material containing modified sulfur in a molten state may
possibly be made into particles by dropping the molten
material into water. However, this method is not
preferred since heavy metals may be eluted into water, and
the surface of the particles may be rusted, resulting in
insufficient covering of the aggregate.

The conditions for preparing the particles may
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,
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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
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
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
give a completely continuous phase with smooth surface.
Such a smooth surface of the material containing:modified
sulfur may prevent generation of cracks caused by fine
surface irrégularities. As a result, the resulting
molded product exhibits excellent mechanical strength,
superior sealability against elusion of hazardous
substances, and beautiful appearance.

The density of the material containing modified sulfur
in the solid state obtained by the present method is, when
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.
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O-] g Also, the &ateggalggay Brefé%ably be used as civil

5 engineering or construction materials, such as panels,
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

10 concrete by making the material into particles.
Examples
The present invention will now be explained in detail
with reference toAExamples and Comparative Examples, but
the present invention is not limited to these.
15 Example 1
721.4 g of solid sulfur was introduced into a
hermetically sealed internal mixer, melted at 120 °C, and
maintained at 140 °C. The viscosity of the melt was 18
mPa+*s, as measured with a Brookfield type viscometer.
20 Then 3.6 g of dicyclopentadiene (about 0.5 parts by weight
based on 100 parts by weight of solid sulfur) melted by
heating to about 90 °C was added slowly, and stirred at
a rotational speed of 150 rpm. The reaction started and
after 12 minutes the reaction temperature rose by 10 °C
25 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

20
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h2223kaminacaCF PSS AGALTAY T00LBQLER0S De 20 mPa-a. A portion
g ()~ 1 Fo TOBD0E {4 A SSEREEPT0PER £ £ 108 UM (322 2R FAGVARALEDE) - #10%
L el by el gr bl T Ude Ut i med that modified
sulfur having a weight average molecular weight of 390 was
5 obtained. Here, the content of the moltenmodified sulfur
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 molecuiar weight of 320 to
500 were contained in the rest of the reaction system.
10 To the reaction system in the above state, aggregate
heated and dried at 150 °C consisting of 2400 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 150
°C, and mixing was carried out for 20 minutes. After the
15 mixing was completed, the resulting molten material
containing modified sulfur was poured into a mold and
cooled to prepare a columnar molded product of 5 cm in
diameter and 10 cm in height. Here, it took 32 minutes
for the molded product to cure. The compressive strength
20 of the obtained molded product was 75.70 MN/m?, and the
density was_2.51 g/cm’. The surface of the molded product
was smooth.
Alternatively, the molten material containing
modified sulfur obtained above was hardened fo prepare
25 particles. 10 gof the obtained particles were introduced

into a Soxhlet extractor tube, and performed Soxhlet

extraction over 6 hours using 100 ml of carbon disulfide.
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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
5 determined by GPC. As a result, the weight average
molecular weight was 790.
Comparative Example 1
995 g of solid sulfur was introduced into a
hermetically sealed internal mixer, melted at 120 °C, and
10 maintained at 140 °C. The viscosity of the melt was 18
mPa*s, as measured with a Brookfield type viscometer.
Then 5 g of dicyclopentadiene melted by heating to about
90 °C was added slowly, stirred mildly for 5 minutes, and
heated to 145 °C. The reaction started and the reaction
15 temperature and the viscosity gradually increased. When
the temperature rise was confirmed to complete, the
reaction temperature was controlled to be 150 °C. The
viscosity reached 100 mPa-*s in about 1 hour. The melt was
then cooled to obtain a sulfur binder modified with
20 dicyclopentadiene. The weight average molecular weight
of this binder as determined by GPC was 2050.
686 g of this binder was introduced into a DALTON
kneader, and melted at 120 °C. The temperature of the
DALTON kneader was raised to 150 °C, 2880 g of aggregate
25 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
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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
5 than that of the molded product of Example 1. It took 1
hour and 20 minutes for the molded prodﬁct to cure, which
was longer than the time in Example 1.
Example 2
721.4 g of solid sulfur was introduced into a
10 hermetically sealed internal mixer, melted at 120 °C, and
maintained at 140 °C. The viscosity of the melt was 18
mPa*s, as measured with a Brookfield type viscometer.
Then 3.6 g of dicyclopentadiene melted by heating to about
90 °C was added slowly, and stirred at a rotational speed
15 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. Then the melt was stirred for additional
3 minutes. The viscosity of the melt was 25 mPa‘'s, as
20 ‘measured with a Brookfield type viscometer. 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 412 was
obtained. Here, the content of the moltenmodified sulfur
25 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
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the particles was measured through Soxhlet extraction in
the same way as in Example 1, and found to be 1100.
Example 3

15 The molded product and the particles were prepared in
the same way as in Example 1, except that the amount of
the solid sulfur used was 360 g. The compressive strength
of the resulting molded product was 60.3 MN/m?, and the
density was 2.47 g/cm®. The weight average molecular

20 weight oflthe resulting particles was measured through
Soxhlet extraction in the same way as in Example 1, and

found to be 780.

24



+«10m 10m 10nB<
10%&' ()-!Ls-g#10%& ()-! Q- g#10%& () - z#10%&' () - sssssuudEg\=!'! |
J109%Z& () -y@109Z& () -1+ 10%& ()-,! 109%Z& ()- @O%W& ()-
S10%Z& () - u&x xl xxx~ydEg\=!'! 1 @3, 10%& ()-S5 10%Z& () -
| 1109%Z& ()-Sf/ 10%Z& ()-fL- 10%&Z& ()- Sf 10%&Z& ()-~yyyyyyazzz~\;!! |
of #1094 9F& GRALMRF #1098} 3} & () -! 4f #109AA& () -( 10% U& ()- 10Z 10Z 10ZL<
10%Z&' ()-zf{G | Z}}c~zX6~\;!! ! Ha/ f#1000UUU& ()- ! VAf #10%UcU& () - |
| H#f #1004JUULE ( P-mekhodh fRr(prepaziogkaugt¢yial ouseining modified
U& ()-c~~\:1111TA4Hy#109%& ()-!!y#10%4{& ()-MIO%& ()- 10 U 10 U 10 Us< 10%
U& ()-!L/f#s0dfuyU&qpriGiinyg: the! ISEapr0%RE {) - ! 9z#10%& () -, (
109Z&' () - y#10%&Z&' () -!y#10%&' () - >y#10%&' ()-czodY:!!!l 10%r& ()-"
(A) reacting in a molten state 100 parts by weight of
5 sulfur and not less than 0.1 parts by weight and less than
2 parts by weight of a sulfur modifier under hermetically
sealed conditions, and
(Bl) adding and mixing aggregate to a reaction system
containing 5 to 45 wt% molten modified sulfur having a
10 weight average molecular weight of 320 to 500 formed by

the reaction in step (A).

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

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

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

20 mixture into a desired shape.

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

25 sulfur and not less than 0.1 parts by weight and less than

2 parts by weight of a sulfur modifier under hermetically

sealed conditions, and
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sulfur modifier tomolten sulfur at 135 to 150 °C to prepare

10 a mixture, and maintaining the mixture at 135 to 150 °C.

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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