10

15

20

25

; e3e | X :6DTn|r SPECI FI CATI ON ACI D- RESI STANT SULFUR
MATERI AL AND METHOD FOR APPLI CATI ON OF ACI D- RESI STANT
SULFUR MATERI AL 5 FI ELD OF ART The present invention
relates to acid-resistant sulfur nmaterials that nmay be

used as materials for civil engineering or

construction products usPECZIMigal@r, 10 and that

have excellent acid resistance, and to a nethod of
constructing such sulfur materials. BACKGROUND ART In

acid soil areas such as hot-spring areas, concrete
MateDi-RES I SERNT SUTHETR MATES] AL ND METHOR FeFed PRYLICATION
the 15 action of sulfate or sulfite ions in the acid

soi | . Concr etgy mt ED+RES IETRNTVET EER aMATERIAGd in a

short tine in the areas whére sulfuric acid is

generated in sewage by the action of organic

subst ances and bacteria, and prematurely require
repaipp mer ogrrenewal . 20 I n such environnents

requiring acid resistance, plastic materials such as

pol ynethe predesadi ByeRitiiongr abd el b pg ipbi yes hytant sulfur
chl oride or unsaturated polyester with aggregates, are

UsQd fr0ra CONSHEYUChia§y breWTe Pi pesmanertikd d i ker civil
However, plastic materials are expensive, hard to 25
ben¥Bdfs d Mg akge offsadtiadtsioangdroduealdl extiil hoingoisid fur,
such as in hot-spring areas. Antimcrobial concrete

Hdp® RIHRES rafwe idkPs DAt 80idlresiistands crandiidia method
propagati on of sewage bacteria on the pipe surface.

Heye vein s SHeBt Hige spidiess el furapabkeeiafls .nhi biting
propagati on of bacteria only on the pipe surface, and
apagxiroege pRTan acid resistant material, so that

these Hune pipes tend to be eroded when brought into

cont actn idiki aaiid. areas such as hot-spring areas, concrete

materials, such as Hume piﬁes, tend to be eroded by the
action of sulfate or sulfite ions in the acid soil.
Concrete materials for sewerage are eroded in a short time
in the areas where sulfuric acid is generated in sewage
by the action of organic substances and bacteria, and
prematurely require repairing or renewal.

In such environments requiring acid resistance,
plastic materials such as polymers produced by mixing and
molding polyvinyl chloride or unsaturated polyester with
aggregates, are used for constructing sewer pipes and the
like. However, plastic materials are expensive, hard to
be made into large products, and unusable in hot soils such
as in hot-spring areas.

Antimicrobial concrete Hume pipes are in production,
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Acid-resistant materials are disclosed, for exanple,

10 15 in JP-2000-72523-A, which proposes sul fur

concrete products produced by consolidating sulfur and

m neral powders. These consolidated sul fur concrete
products have usually about one-third the strength of,
antiab hobibslti ghopageovten of reegefct haategddmc o &he pipe
contai ning cenment, and are not satisfactory in

stuehgth .as Howdterengsnebr Hugeorp dodst st cepadilor kot
materials. Still |ess, these sulfur concrete products
donnbbihawve subphgiadrntoracifdactest arvel Yy onstheindpe serface,
envi ronnent of not higher than pH 3.5.

Jh @081 e2h3T5 oAl adi st | ans esc adsukfsirs toorposa t ¢ vha2p 2% that
contai ning sul fur and granul ated coal ash coated with
cemest Hudlie prigaict 8gdnod dede podedcesehdvigggkkdaliemontact
strength and acid resistance. The cenent and coal ash
cehthi Batiel.t o mai ntenance of the strength of the

produced nol ded products initially after construction,

and t heigulrfauri Qi mes sorer Aaild aesi dfandeseadowdwer example,
the crystal structure of sulfur changes with the | apse

ofnt UPe 2000 (calss? 3AR| nkadetofp tdeo sebded 1fnodunisgrete
soneti mes acconpani ed by cracks. Poor acid resistance
obreaneris adeiscadi By2consolkiodaosngnsud fprmoceed hineral
the cracks to | ower the strength of the products. Thus

t hewaepisqductise S&Nc bABGILY dest atb eshi ASuactoalc e be | products
engi neering or construction stock materials for use in
aghtes@blialaly agvwage onehitdhi rédili¢ estremgthi of acamd at most
resi stance. SUVWWARY OF THE INVENTION It is an object

o1t e tAresenteirnyenehgrht thanpwalec ratacch t@snshgntement,
sul fur material that may be used for producing civil
eagungeLi Mgt ofa tO8Shcteyod nps adenigt f as t@viideengineering
acid soil areas or sewerage, that may be made into
nmotdedrpraduct sohayicpg K e tseka ds . hi ghiérl Istlrengyt hthese
than that of conventional concrete products containing
cefefftar althdhatei proadpaii= @b rehi hiatvienguwiifiecient acid
corrosion resistance and excellently maintaining its
appearayit-d X ®vwairviva sheoagiry racmdird: enfvinrcdnigrghern than
hi gh concentrati on hydrogen sul fide environnment, or a
hpgh3gaencentrati on sul fur-oxidizing bacteri al

environnent. It is another object of the present

i Nnventgiped? ML P2 BY¥7He -2 nEtsmo ¢ s cansudfot ngempesition
acid-resistant sulfur 20 material wherein the sul fur
mabeniadiniisg consfuucted igramubatedoomait afh novated with
hi gher than pH 3.5, with superior strength, corrosion

I esingtran iy r apdodppdargameel ded ngroduatta Medvingcordeddent
to the present invention, there is provided 25 an
asitderepilst ant auh Hur ety date confPhiesiaegnen hoanfli egal ash
sul fur and an aggregate, said nodified sulfur having

beem ¥ igpat € ok dynapbal tyemahzengf stibé st mendth sfilfhe produced
nmodi fier, 3

molded products initially after construction, and the

sulfur gives some acid resistance. However, the crystal
structure of sulfur changes with the lapse of time to cause
shrinkage of the molded products, sometimes accompanied

by cracks. Poor acid resistance of cement allows acid
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i wherein said aggregate is an inorgani c aggregate
conprising at least Si, or at least Ca and Si, and
wherein a weight ratio of Ca, Si, and Al in the
aggregate in terns of oxides expressed as
Ca0/ (Si Oz+A1203) 5 is not higher than 0. 2. Accordln%
toothespoestntprovert dnpmt hlee e achs soo prasig tddienstrength
nmet hod of constructing an acid-resistant sul fur
nef ethal prodpritsi.ng Tthes stlepse gproguotiscicag hagiddiy be used
engi neering or construction product 10 with the
aboveckeatli anedi hcedgiesiestiang eul ¢ons tatertiian speck
pl aci ng said product in an environnent of not higher
trhateph:la&sS £ BRIuEe DESGRIIRT|SOM. OF THE ORAVENGBhiBhFirgquire
1 is a schematic view of a production systemfor
pcedtatng aainht eesabtaanteai ning a nodi fied sul fur used
in Exanple 3. Flg 2 shoms phot ocopi es of phot ographs

¥ diHEal HHEH'T speci nens prepared in
Exanples l1to3 and 20 Conparative Exanples 1 and 2
afterIthest @ast cfjeesi sfahbe paoeserdyuevosnsbbot itonpafovide
acid (sulfuric acid). Fig. 3 shows phot ocopi es of
phot agiaphse shovang thé fappesa tewceadf thpdcimegnsoe used for
prepared in Exanples 1 to 3 and -
producing civil engineering or construction products for

use in acid soil areas or sewerage, that may be made into
molded products having the same or higher strength than
that of conventional concrete products containing cement,
and that is capable of exhibiting superior corrosion
resistance and excellently maintaining its appearance
evenj11astronglyacidicenvirénment,ahighconcentration
hydrogen sulfide environment, or a high concentration
sulfur-oxidizing bacterial environment.

It is another object of the present invention to
provide a method of constructing an acid-resistant sulfur
material wherein the sulfur material is constructed in an
environment of not higher than pH 3.5, with superior
strength, corrosion resistance, and appearance being
maintained.

According to the present invention, there is provided
an acid-resistant sulfur material comprising a modified
sulfur and an aggregate, said modified sulfur having been

prepared by polymerizing sulfur with a sulfur modifier,
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Conparative Exanples 1 and 2 after the test of
resi stance 25 to an aqueous solution of acid
(hydrochloric acid). Fig. 4 shows phot ocopi es of
phot ogr aphs showi ng t he appearance of specinens
prepared in Exanples 1 to 3 and 4 Conpar ati ve
ExanplWbetedfrt evaideaygsegaft & ess samntpotrganic aggregate
sul fur-oxidizing bacteria.. Fig. 5 shows photocopies
of oppetiegmaphst shenk ng Stihe cappetar haestoCas@end nens and
prepared in Exanples 1 to 3 and 5 Conparative Exanple
1 aft @hetrrd reval wei ghn ehatdecelreapdsdonamet &1 in the
corrosion.: The present invention will now be
exghaened d Andetans ofTorideisderpsiestsat asuChoy (S10,+AL1,0,)
material according to the 10 present invention
cpat aiors A grosht f £ @dnsol.fur obt ai ned by pol ymeri zi ng
sulfur with a sulfur nodifier, and a particul ar
aggr egatce.r &Nt i So suhst gitdsaddty {neenofongnaiterdhes also
sul fur for preparing the nodified sulfur is an
op dbRaad &8lnesensalo B dohst riadith igyarbe chat-wed i stiafitirsul fur
or 15 sul fur generated by desul furization of oil or
nabdeali gassorpei suhgurcndidfées §6r preparing the
nodi fied sul fur may be, for exanple, dicycl opentadiene
( DCPDp.r ddeic ity @r i RdanengIle)e iy oaneonk tiiction product
conpounds sel ected fromthe group consisting of olefin
CRIPOURHS SU6kKeamet )G QR AdieBe stanitgemdrfur material,
thereof (m xtures of dinmers to pentaners), dipentene,
viAwl toluene, and dicycl opentene. As used herein,
"DCPD' nmeans DCPD al one, or a mixture

placing said product in an environment of not higher

than pH 3.5.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic view of a producticn system for
producing a material containing a modified sulfur used in
Example 3.

Fig. 2 shows photocopies of photographs showing the
appearance of specimens prepared in Examples 1 to 3 and
Comparative Examples 1 and 2 after the test of resistance
to an aqueous solution of acid (sulfuric acid).

Fig. 3 shows photocopies of photographs showing the
appearance of specimens prepared in Examples 1 to 3 and
Comparative Examples 1 and 2 after the test of resistance
to an agueous solution of acid (hydrochloric acid).

Fig. 4 shows photocopies of photographs showing the

appearance of specimens prepared in Examples 1 to 3 and
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mai nl y conposed of cycl opentadi ene and a dinmer to

pent anmer thereof. The m xture has a DCPD content of

not | ower than 25 70 mass% preferably not |ower than

85 mass . Thus nost of the commercially avail able

products referred to as dicycl opentadi ene nay be used.
TompABatsed Mermiple " THhE teranhelHeat oné, resistance to
m xture of THI and a material mainly conposed of one

Qru TP £- BRABArS &gl estedriimam t he group consisting of

cycl opent adi ene, polyners of cycl opent adi ene, polyners

of butagedsesBowandHoteodopeest ofpehicaneyragphs showing the
cycl opent adi ene. The m xture has a TH content of

Uspiab h¥ahel lodweipddinhe RS pReparrrefiar abtympbes| dwse 3 and
than 65 mass . Thus nost of the commercially avail able

I SAYEE S thefepkae 1@ asatetrabydrovalaneicandf accelerated
by- product oils discharged from et hyl norbornene 10

R Ofdebi-an Rl adsi s|my be used as TH in the present

i nvention. The anmpbunt of the sulfur nodifier used in
pEepALAREDN FMfpdievuandsf ogd THA finvESTRORS erabl y 0. 01

to 30 parts by weight, nore preferably 0.1 to 20 parts

by wergbtprbasad 15veRtiQd paLlisnby beighilafnsdlfudetail.
The nodified sul fur may be prepared, for exanple, by

m xi ngnaubbylg-and 1 feasyl Eul fadinfdterri ol nebtendinat e the
to polynerize the sulfur. The mixing in nolten states

NBY e BEn¢ak hived t9n dot £xaABPAencdNfand Bhafual ohitesmed by
roll 20 mll, drum m xer, pony m xer, ribbon m xer,
hopRyitariy Sidkhe Witer .a Wwihfar! moeimidear, sawh as

a static mxer being particularly preferred. The |ine

b X8k 1 2h10MS aBlgeUEt O a0fd herdgeseens iandif fede of cement..
sul fur, inproves productivity of the nodified sul fur,

and piawi @es RApr SEbfI ?E%E&aﬂmdjftl@@tineﬂi@fieszuls‘uﬂrflenems an
with a small amount of the sulfur nodifier. Further,

t 58 ak A& Y11 Xlemdi Bl t SuE¥aRQr ahidomalyode ahtihelsWdilfur or
nodi fi er ‘caused by heat from6 the nolten sul fur

sQut kalr guae rag &inhl dasud fhirtie Al PardS oyl veightunél gas.
the sulfur nodifier based on 100 parts by wei ght of

sul f upp eOk¥eSF iR ot B W& rpdicii a6 ¢ty mobiefied sul fur
anount of the sulfur nodifier used in preparing 5 the

npdif ibrd st f usxbhmpoRs ofidfeldpehensdiilkare | (CPY) Ng
properties of the acid-resistant sulfur material of

t be tRI85eM o i AMEARI PRHISYCHrasné idienioas soapeaind@tsarlected
seal ability, and resistance to sul fur-oxidizing

baclal ithe THEoHPr ondlifgin@dofi el eifs nusesthp dledsosech as
t hese properties

cyclopentadiene, oligomers thereof (mixtures of dimers to

pentamers), dipentene, vinyl toluene, and dicyclopentene.
As used herein, "DCPD" means DCPD alone, or a mixture
mainly composed of cyclopentadiene and a dimer to pentamex
thereof. The mixture has a DCPD content of not lower than
70 mass%, preferably not lower than 85 mass%. Thus most
of the commercially available products referred to as

dicyclopentadiene may be used.
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10 are inproved. However, at about 30 parts by wei ght

of the sulfur nodifier to 100 parts by wei ght of

sul fur, the inprovenent in these properties by the

nodi fied sul fur reaches the maxi rum and further

increase in the amount will not result in nuch change.

On thesotiber Mantkin esSTAS"t haan®d THDalendy wei ghmixture
of the sulfur nodifier hardly gives sufficient

Sé £ emyt Antdoa trher ¢ £541 tidnion Tyl ctteth ¢ ©d uct onEher mosdi d inedhbers
sul fur may be prepared, for exanple, by mxing sulfur

agd1 b be esul frim MoKle f Gebuiph gwldest shgt 63 atyclidpémtdfiene,
Cin a mxer such as a line mxer, and retaining 20

tHE1 Pinktrlel 8 Uy El opbf tWdEGasd | Yy AtyrlédPs G ff Bultainetdidee, and
range of 0.05 to 3.0 Pas. The tenperature in the |ine

N X@{mber  BebthRam@d o ¥iyied dpfe it £dceably T3Q wdxHthixre has
C, nore preferably 140 to 155 C, for achieving

ef frect cwe tedi birGad b #11 pinstilbwer 2haflB0 maistsi®gl preferably
reacti on between sulfur and the sul fur nodifier

OG6HI 18Ghelr tiigh | éNemAt @l | gharks eacdhes A geheeadohinetcially
to generate a precursor of nodified sulfur through 7

rat-he 1:8A¢ i det veepeguhirta and dhea sttdnydmedinfdeste, and
Thus under the observation that no sudden tenperature
MhSepRetHS: i dilheqh k@ afigead . £ 56k HEhgNehdrio sréher
nndlpler axe continuously stirred in the line mxer to

gh REHAIdDL ch I PraRBsemhie denpesat yseThe 120 dioe 1§Pefent

In reacting sulfur and the sulfur nodifier in the line

m x9entd g ecursor of nodified sul fur is generated

having a nol ecul ar wei ght of 150 to 500 as measured by

gel penzeatl-am < BrrorRELogharhy hEBYFiandssiall prepliration
to 45 10 w% preferably 1 to 40 wt % of the precursor

of enpdiel hedisul ddirsd Br@enes ap pdreRabhsy eact itan 30 parts by
system The nol ecul ar wei ght of the precursor may be
nﬁ@_ﬁf@ﬂﬁ:@ 6o P M5t o8abhe sukf Ub DOXgdrtist Byt ke igHt Ubased
nodi fi er dissolved in carbon disulfide or toluene. For
examlod ;Ja’irwebpvhewh&r ei ght faey be measured by

GPC using a sanple solution containing 1 mass/vol %

car bornd siddi e @ts @l Fhewna gt BeOprpller,n fair roQmple, by
tenperature, with chloroformas an eluent and-a W

dRt eGtRf satl ADd ariNt NG dethef Mdeds Bgai Nstm@Al ten states to
calibration curve obtained from pol ystyrene 20

Shandieti Ahet hknguliryel. NMphdentxshgtif Mbieken states may
CGenerally, a static m xer has baffles arranged in a

f bui & afdomedassagersuchxampd &) pn @Mdiftseaalll wideby roll
splitting flows of the fluids with the baffles to

chanae theid mixean pbes mikerS sikbbe Mixekr ,usethd mixer,
preparation of the nodified sulfur has preferably one

ObrNMBEQt iMKA 4 €f afiobh Ya 4 itrte 3 tad sdech vadea &l teed mmixer

arranged in the pipe. 8 The flow rate and the

PHRSTY &dPribB1ELNE PreEfe FB¥d. The line mixer allows
production of homogeneous modified sulfur, improves
productivity of the modified sulfur, and provides
sufficient modification of sulfur even with a small amount

of the sulfur modifier. Further, the line mixer inhibits

evaporation loss of the sulfur modifier caused by heat from
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suitably be deci ded depending on the dianmeter of the

pi pe or the anobunt of the product, and the preferred
flowrate is about 0.1 to 100 cnisec. The treatnent

time inthe line 5 mxer is usually about 1 second to

30 mnutes. After the reaction between sulfur and the

sthé wioTPEhfe @I fakarss timigenarmias shalir esudsdrtofl0 parts
nodi fied sul fur, the sulfur nodifier no | onger

QAPREALBT, O that stbEulri medli fdiesr Naysvdt ome Ikdarts by
after the commencenent of the reaction. 10 Further,

thei §RACLIFOB Y BEtICt g oBkaitheN ISkttt vanaodie€fied sulfur.
precursor of nodified sulfur discharged fromthe |ine

m xer TRBY ah@uint rofuges snl eugnaokdifienedisedaihopdiepgring
tube to polynerize the precursor of nodified sulfur

e t Aeanglitrn syl fwr {9r ohBCchEFasineg fdwet ot eCokaimproving
wei ght of the product. 15 The hol di ng tube preferably
h@ﬁoﬁb@ttii%smd@erueé efeNdsreBesaiaht el fesi depeeibilinmf the
i'n the hol ding tube nmay suitably be deci ded dependi ng
Qfr&bBendi aMRi&t Pbnl heulhbe HOre i he- agptiB adicd havater
product, and nay preferably be for about 1 20 mi nutes

t 9e abauti 15 hpUbndlhes i 8siatRRCeotd Bf BBY 0L 8I0 ATy bacteria.
dependi ng on the anount of the sulfur nodifier or the

t ERBek G &l I Ol r Rl Mi0s r Waelistd, t € Sintaie thlese properties
reaction for sulfur nodification nmay be decided taking
tAeevimppsiby .of HAevwet] dthkdaccounpartaddbfoteight of the
exanpl e, the reaction nmay preferably be term nated

woen thike ndscosé tytef 10ne patis aby 140iGhfralds sul fhe, the
range of 0. OSto 3. O Pa s . In view of the strength
Oim%E%ﬁéﬁéﬂﬁiﬂﬂ BhesePprdd riDé dedyf tam kelidiedi edlfur
sulfur and the workability during its production

PEEERESs itthd ne&eimiRhensdvehyr vmst piefessedihothe amount
term nate the reaction when the viscosity at 140 C

faihs hott ke siange wndtW-i&nge) Pas. the other hand, less

than 0.01 parts by weight of the sulfur modifier hardly
gives sufficient strength to the resulting molded product.

The modified sulfur may be prepared, for example, by
mixing sulfur and the sulfur modifier in molten states at
120 to 160 °C in a mixer such as a line mixer, and retaining
the mixture until its viscosity at 140 °C falls in the range
of 0.05 to 3.0 Pars. The temperature in the line mixer
for melting and mixing is preferably 130 to 155 °C, more
preferably 140 to 155 °C, for achieving effective
modification of sulfur.

The initial reaction between sulfur and the sulfur
modifier occurred in the line mixer is an exothermic

reaction to generate a precursor of modified sulfur through
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5 When the viscosity is less than 0.05 Pas, the

strength of the civil engineering or construction

products obtained fromthe nodified sulfur is too |ow,

and the nodifying effect of the sulfur nodifier is not
sufficiently expressed. Wth the increase in the

vilseasid gt 1 bhebatowé éncall bur Ehptoeesds fuamiodhéier. Thus
strength of the resulting nodified sulfur also

medeasedhe Hywyeratibhh thize Hscosdtignexeegdimpt e rise
Pas, the nodified sulfur is hard to be nol ded, and the
wetkabil ihythe Sigr miicant,| ysubhpatrredd thessabfulemoglifiex
preferred. 15 The line m xer allows easy control of

tdee mobetuarowEl ghit dirstdi hut ittve dfiridientesul tbngradually
nodi fied sulfur to fall within the range of usually
200c+0a3Q0Ghredppabhyud@0 o 2P0t candoprevi des a
narrower nol ecul ar wei ght distribution than a batch

m xer inwéActheagayaldge anHethkasuPOuvwangdhi fhernfn the line
mai nt ai ned at a conparable level (350 to 550) . The
nadkbiredasptédursdrt BE aeddfiesi statursulst geneatsrddhaving
of the present invention is a sulfur polynerized and
nRdinbil ed il OUghi ghe oeaatsoEre®f 5601 hyr mardihed sy f gel
nodi fier, and may contain pure sulfur. By conbining
t?é%m@%t"ﬂ%ﬂi faregomat byt apiivh (drec pardhguhataagdyr egatle to 45
of the present invention, civil engineering or

cRest I gebiritr ¥ Peuctiso of 0 axeel denthach detagisranremaid fied
strength capabl e 10 5 10 15 20 25 of surviving the

esuiLFoRrMeN Qdnaphcrhiagher tiwn-®it8ibnnay sieenobt ai ned,
whi ch environnment cannot be survived by conventiona

Ci Vi | T@RIIBERIcIth 10 ke eGiQiISt AT th@N pRfe@dised Sr hedle baf measured
for exanple, concrete containing cenent. The aggregate
us@dcipR thei gl €heesudtfit sutddrwieherhal aflthe modifier
present invention contains at least Si, or at least Ca

agd sSo1 v 0PtELRBbhY dAbulHiiaAgor egsl €ehs . anFor example,
I norgani c aggregate wherein a weight ratio of Ca, Si,

aff eAholl Bcl/d1s weli gl #eSy B¥phessed easbGa@PbC using a sample
(Si 02+A1203) is not higher than 0.2, in other words, 0

t 800ui e orten ey a0@A 8348 1co At en ali diflasid&at a flow
and Si, the weight ratio expressed as CaO/ (Si 02+A1203)

| papkebar abhy /il 410 doh tBNEe paeheeably th thleobbrm as
Such inorgani c aggregate nay be one or nore kinds of

agdr edafeasc n@hdl ¥ oemersad-©dr sati ea4conponand sdeseehined
as coal ash, silica sand, silica, quartz powders,

OHalEliH S10CKSea B BY Qi cyAthr€d aybAbAeeal Lramndoglassyrene
powders. \Wen the CaO/ (Si Oz+A1203) weight ratio of the
aggre@riel exceeds 0.2, desired acid resistance cannot

be achi eved. Thus, blast furnace slag, incinerated

ash, am@d tihend ikexbavinag &eCal/(tS2+ALLR8) .weicghlerally, a
rati o exceeding 0.2 are substantially not usable in

t Be AAGidnliesd Sty b £ 1 s i eihgbdointhelprpsefiitow passage
i nvention. The weight ratio of Ca, Si, and Al in the
agglcegdalseai sipetl eaniinedx by £ahcakapiyngpihetlag Blowandf the
Al contents in terms of CaQ, Si02, and A1203,

r ¢3REGd valth thebaggnegate SR¥nAet thedtrastr€amirinkls. The
whi ch are optional conponents. The coal ash may be

camwanitd Qieke 0abeashndipsehpaagedti dd of the modified sulfur

has preferably one or more, more preferably 4 to 32 twisted

vane elements arranged in the pipe.
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fromvarious coal conbustion furnaces such as those
for power generation or for heating, and nay be, for
exanple, fly ash, clinker ash, or bottom ash. The
i norgani c aggregate preferably contains not less 5
than 5 % preferably 5 to 50 wt % of an aggregate
havi nghanfaver age eparid dhee szesoireoin| hgelinkamik@®r may
um in order to further increase the nechanica
sduebgbhyobet Hecyderidodepeindinergi nder digreter of the pipe
construction products made with the acid-resistant
sont fithie MRh@Gh 8l o Of t i P@BER, andepheopreie rbeahyfilesy rate
of such aggregate include fly ash and silica sand,
biog lrafu toi .ah teey0 becisedci n The pteaementnveénie bn,the line
with fly ash being particularly preferred. Here, the
avpkageipaishgheyshpeuits1debepndned By hosates. After the
diffraction. The acid-resistant sul fur material of the
Presett ohShbhvweRrll enlfayr apid ehal kyldwi aorlidier starts to
aggregates free of Ca and/or Si, as long as the

épetratef the Presentoirn\vENtiali B edneulifijsgi rede salfur
the acid-resistant sulfur material of the present
iY@ REL @R, nbheoRig%irng viald i tof s | heeo rahi f iteck Qilrieimianslr may
the 20 aggregate is usually 1 to 5: 9 to 5 by weight.
lf ot SpeDsls g &f £f & edt hBalc dnfie ri@eihéhedogulthiy dsad¢bion.
such an anmount as to fill the gaps in the aggregate
coisehedgt athd a-ddet ani pusddensidont Ainshghsalfatri and the
the maxi num strength of the sulfur material is

aspbeved.o VB emddier 88wl Hhr 26 ddtea npeld fiedn stlef binesmixer
'ess than 10 wt% or the anmobunt of the aggregate is

RA&S HBaNn8@ cthilbed Nihseirdeeerotai hed Aar gapodding tube to
mat eri al as the aggregate cannot be wet 12

S}b‘éi%’ﬁﬂe&ﬁtﬂé/tﬁ@pkéch&fstoreﬁﬁorﬁ@di fieslustil figri énd the molten
i nsufficient expression of the strength and

i ggapali FbkyiwéraBEAnhYy DhBmé hecuaberwseghabdfithe product.
When the anmobunt of the nodified sulfur is nore than 50

wie ablidimqmubé pheFcihidlagdiegateaitd d eskdhaalbflents
wt % the properties of the resulting sulfur materi al
atRegkefig.ar to those of the nodified sul fur al one, and

the strength may not be high enough. The m xing ratio

of t heneodidd etk st f yimandnt kel hagiiregat ebeanagyl smitably
vary dependi ng on the kind of aggregate or the kind of

Ch¥i Heengidieald Pn@LngoBSt Lhed idimmpsbecos thebeube or the
produced. It is thus desirable to suitably select the
Maxbogtr atfi @ e gaddecapoyrdneali ppederande; Heakiow about 1
these factors into account. 15 In addition to the
ahoveteenticoapdunodiddwed. surherrasiideheepaimecmbhgral so vary
aggregate, the acid-resistant sulfur material of the
pﬁ@P@mtdiiﬂg/wﬁi fhemaywoapit anfll tyecenlldiur anddbeier or the
filling in order to further inprove the bendi ng
steanpgidathene £ed geperdigng on the kind of civil 20

engi neering or construction products to be produced.

Speci fineal by, t Symafdicagt hefidmwet { bhlfiow sud ihemodification
acidresistant sulfur material of the present invention

| RaRrePAd N €d \Halk iengic heev i 8go6h tgoas thhecinean into account.
products such as panels or tiles, the resulting

predust smpay , beh saten 2bi dhinmanep ref eraiiliyebe txeamphased when
of the fiber filling may include carbon fibers, glass

fLBer 4 el t § i Perishe 3n®I PhRUS1 40 bR SEa Vi YO HS range of

0.05to3.0Pa's. 1Inviewof the strength of the resulting
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fibers, polypropylene fibers, polyethylene fibers,
aramd fibers, and m xtures of two or nore of these. A

preferred diameter of the fiber filling is usually 5
umto 1 mm which may vary depending on its material.
5 The fiber filling may either be short or continuous

fd et sct ah dde frengtheaficdbeishostil fuberrsd ithe workability
preferably 2 to 30 mm.for all ow ng uniform di spersion.

e LoHti 1o di beL snMByopEeksT 8Bl ¥s keormptahehesevely most
materi al having nesh that allow passage of the

%iﬁ&@k@d 880 SPeinhatkt the 10aPRtiQH aheMBYhRavescosity at
ither a woven or non-woven fabric structure. The

plithe it hele fféﬁ%@go&‘axo syald yo bg Babst.o 10

vo 0 pre%era y 1 to 7 volt of the acid-resistant

sul f ugy PRUELL Jli-5 dPs 0§ iach dsiseshghant oS WA U, rfeestalength
of the present invention may further contain tibrous

Qﬁf e 8§v§ﬁdéﬂ?lf’1'e%‘i‘%.n‘§ab¥r' &b8St ruld talcdep rbduoty e ained
the tou

ghness of the civil engineering or construction

‘%fE%CEﬁet%Jﬁif¥é@u§ﬁﬁfugx@@ﬂﬁﬁbOio&heahUbWMESmodlfylng
particles may 1 nclude 20 wol |l astonite, bauxite, and

r%#‘fé&@ of@%‘% Q@Yfﬁg RO ¥ SER0Es hengthrefi cieintdiopeebressed.
Exanpl es of the flake particles may include

f@hf ltﬁ% ik ndA Lsél ahesneverii it ¢, f kakesmodn®ication

un1na each having an average particle size

;;EIBSEeb%f ggrg?té]{ﬂ@ st BRgEP o Hhen 6 Y ANt DhgRIf f DEQURI 1 fur

articles and/or flake partlcles Is usual ly not higher

tclﬂfgo%m%\{:e/‘ﬁsggef enalldvdP, Lo 2P tMPaQfs dde ttPtedlceeding 30

anount e acid-resl stant 14 sul fur materi al .

The. aci dpresiaiaff e gUb b FurBLer iRlr STt d hee PRE3EBH, and the
|nvenf|on may be prepared, for exanple, by mxing the

npgdbkihg ﬁ]LHyﬁ o 93 E‘E'ﬂc%%tslt)atﬁnp&ﬂﬁeaggrt?ﬁfé enoBNBeing

5 optlona er terla s, ‘and cooling. The

dLlibed eS¢l fur may be mel t ed upon nixing with the
nggregate or may be kept in a nolten state in advance

of M %hRag Wil e 99§1§9§Eeea%ya A PEE §entBeN@blecular

such as a storage tank capable of storage at 120 to

léglghtaﬁié?fffgtfoﬁ Al teR y%éﬁﬁﬂfh?“ﬁ@dih&ed sulfur to

aggr egat e pi ng the nodified sul in such a

SEQEEQ%&%%H&PHH% v fle USE NOs@a Hi€§1 6D 8BDYDLOFSpreferably
require conti nuous production nmay be effected,

r?bBeEo 2500, and provides a narrower molecular weight
distribution than a batchmixer, with the average molecular
weight being maintained at a comparable level (350 to 350).

The modified sulfur in the acid-resistant sulfur

material of the present invention is a sulfur polymerized
and modified through the reaction of sulfur and the sulfur
modifier, andfnay contain pure sulfur. By combining this
modified sulfur with the particular aggregate of the

present invention, civil engineering or construction

products of excellent acid resistance and strength capable

10



10

15

20

25

t han batch production. The nodified sulfur in a nolten
state, the aggregate, 15 and optionally other

materials may be m xed usually at 120 to 160 C

preferably at 130 to 140 C, usually for 5 to 30

m nutes, while the viscosity of the nodified sul fur at

190 {mieivhhgtéheeshvibrbhmenangé obtthDFheo BhanpfH k.5 may
After the mxing, the resulting m xture is cool ed down

ti9e Nobt 38 nkidghesh 1 dlane 424 rEGnrtem tt hearbytpbevisdimyi ged by
desired acid-resistant sulfur material. The viscosity

of ohihenmmdinfdledised f wsndiunkerg itnhe o xdogs t mat ioht products
state should be kept in a preferred optimum viscosity

meage bt =4 awsampsy, hawdldme e stoneatihenzb cement.

vi scosity increases as the polynerization of sulfur
proceeds Wddrddieré apsedofint ivme Jhedprebéstecht sulfur
viscosity range for the nodified sulfur is 0.05to 3.0
Rastatik40 k5 the Grébehhieivivesasidy centessst hanleadi si,
Pas, the strength of the resulting sulfur materi al

tepdstt pehatt 0@ kaw siheahidkert ideaVigcRBLt YyThe, ablyregate
hi gher the strength of the resulting material is.

HoweN 8l i niofr Jd18 i 8§95k b¥ tieS Wh dtighera tihahgBLOrBaso of Ca,
the stirring operation in the production process
beconesahgy d.n aedridhe rmerkakisl ek ries seivarckabby (S10,+A1,0;)
deteriorated, thus not being preferred. Before the

M ¥ RELOREEALOBhaht 0. 8, PiRfGEHhed worpse-bead G e, and when
aggregate to about 120 to 155 C, and the mxer 10 to

| 2Ret 894 889Gt d BoAkda < AtaVehs gt teipeiab, eteapeight ratio
the m Xing.” The duration of the mxing in a nolten
stabedssdd ef er@dby (8soghrlLloAs inpssidferasliongoas to 0.2,
the properties of the resulting product permt, for

ayeir@di peelree 105 08 1120VD$2QSI e d itrgunhid ddyregate may
m xture due to the polynerization of sulfur and the

sgbfate RO brerk i Q¥eIMe b ggirfe gldte: dhkatilognc ofpoisxidngfissilica
too short, the nodified sulfur and the aggregate are
nean@dfpéhb@yI fdiediendd oS0 aldmat stina desurid N ifates | auartz
W not be

powders, quartz rocks, gravel, sand, clay minerals, and

glass powders. When the CaO/(Si0Q,+Al,0,) weight ratio of
the aggregate exceeds 0.2, desired acid resistance cannot
be achieved. Thus, blast furnace slag, incinerated ash,
and the like having a CaO/(Si0Q,+Al,0,} weight ratio

exceeding 0.2 are substantially not usable in the

acid-resistant sulfur material of the present invention.
The weight ratio of Ca, Si, and Al in the aggregate is
determined by calculating the Ca, $i, and Al contents in
terms of Ca0D, $i0,, and Al,0,, respectively. The aggregate
may not contain Ca or Al, which are optional components.

The coal ash may be conventional coal ash discharged

11
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20 given a continuous phase and will have gaps and a

rough surface. Wth sufficient mxing, the resulting
material will be given a perfectly continuous phase

with snooth surface. Thus the duration of m xing nust

be deci ded suitably depending on the properties of the

att sinresrsbvant calsudmibusaien durtadees cbtahned. thbee for
m xer to be used in the mxing .is not particularly

| b d¥rd £0g @6 e kARG 0aS oirh@beuBbaltixig)g ainsl magvbdedfoandxample,
may 16 preferably be a solid-liquid mxer such as

afl ¥ ndehnal1iinerr 46h| Birl bothadh ashl, drum m xer,

screw extruder, pug mll, pony m xer, ribbon m xer, or
kneadghe thbehahhe Bigyrigydte i@k éeabsatentidis not less
resulting 5 mxture is cold nolded into an

ach gnresisg anbrepbkdb1RAbeEbab 0ohtbherpaesefyregate having
invention in accordance with a known nethod, depending
ofh 1R ki pfr P OtIGliS: & © thigo Priodiees t rsich 0@suki Vid order
engi neering or construction products. The cold nol di ng

By fOfr €19 £ i 160k 0l s Bt poiddierilca hes i gt R dNttheavarious
nol d, cooling, and solidifying into a desired shape.

Rot v 10l hggnbeuldy g edudtSrustLbnagrbdie ty pesicand th the
manhol es, centrifugal casting may be enpl oyed. For

ok fing s et verd stupanet Srikil €8, tReb b oeks, ihkention.
m xture may be poured into a nold and vibration

Dk 8861 e 550 181 W la@igie: Jite hey paid®rBdagRdatd sl lfiabd @ and,

vibration or with irradiation with ultrasoni c wave for

09peR! bdalhoen ThE 3 dslRbiist alHe PHdsntai evbaks oof, with
the present invention may be placed in various

| pratd ORShe R PRKLAGUISE 16f deférpxgel | BBlre, the average
acid-resistance, the present 20 acid-resistant sul fur

ngietialle aie.dreseqabkymalnreedy Nl ageer dafde adthoh be
f'ol |l owi ng construction nmethod of the present

i nventhenachhe red hodagt constyniGhi pgrihe of the present
acid-resistant sulfur material of the present

I IveBhitaRd Reahudes ibhe 1SteRrenafa 4D qutedtiGigiy gLt el free of
engi neering or construction product with the

abgVveneyr axed agi dohgsSiast alte st fUEtBALE ithle Pesent
pl aci ng the product in an environnment of not higher

thagehtion 'ardthdtSimbsamyes of the civil
engi neering or construction

In the acid-resistant sulfur material of the present
invention, the mixing ratio of the modified sulfur and the
aggregate is usually 1 to 5 : 9 to 5 by weight. It is most
preferred that the modified sulfur is in such an amount
as to f£ill the gaps in the aggregate consolidated to the
maximum density. At such a ratio, the maximum strength
of the sulfur material is achieved. When the amount of
the modified sulfur is less than 10 wt%, or the amount of

the aggregate is more than 90 wt%, the surface of the

inorganic material as the aggregate cannot be wet

12
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products may include Hune pipes, box culverts,

manhol es, tiles, blocks, panels, flooring nmaterials,

and wall 5 materials, and the panels may al so be used

as repair panels for sewerage. As road products,

U shaped gutters, side ditches, curb bl ocks, L-shaped

M wERSciphaties,araddi § nlefftoekipug el ockesail & iinge|iuded.

As bui |l di ng products, building blocks, piles, Hune

pi pes £ fhicsle nteefsr ematod Oo flitdsé patteyg bhoakd, impdpability
br eakwat er bl ocks are included. As civil engineering

@t efd BhSaigahghthetwatengs#al bbilietyai nitgemeilis amount of
L-shaped retaining walls, and sheet piles are

i gk ufledi rThe aoilduredissante stlafruns Ovettdr,i alr ddes amgtunt of
have to 15 be used all over the civil engineering or

CORSt £46Lb@a Y AdUales s MK aney0 bet isethenbyoperdrts of the
whi ch are brought into contact with acid for achieving
thesabjeels afl1the paesentzl nentsoni 1ker texartpdee af the
Hune pipe may be lined on its inner surface with the
arbdikesistantsisyl § Usnd) ARerin s tarsh diel emaycapdr &tee high
outer wall. Simlarly in other usage, such as in box
ceh¥@bhs, manholes, tiles, blocks, panels, flooring
materials, and wall materials, the acid-resistant

sul f upheatEniialg Bytbe egnhimednodihieansnatfest and the
provi de a doubl e-layered structure, or even 25 a
téi{:?&%g'a&:\éefn_%@r SLEUCYHEG Aépbntiegachdciedivi@nit aggregate
sulfur materials arranged on both sides of concrete.

The €R¥ikPRAENt d v vhichyiheeeiivigl cengbnserued ian pdoducts
construction products are to be placed may be any

epyi B@nEEBHu%%d.OHQI@Sié hen ¥ @f sihebesvibosmemabdoulstklect
be not higher than pH 3.5, and may include sewage

tegat Rk dpcid i1 esromhene Abitd-andtit Sei08dVabuge arnthking
acidic 5 hot-spring facilities, wherein pH could be

1+ Re@le o rS DA€ot R cafirtk I esi stant sul fur materi al
according to the present invention contains the

nodi f ireda 84k kdlonapd die apayid -andat i aggragat efielesul fur and
materi al exhibits excellent corrosion resistance,

sthengdvt tenalt | hiyyredjut &0 €rpabildtresfi swamt asaldgr
appearance, even in a strongly acidic environnent, a

hiah cGanEeds ationp fugkpgeinsehtiga gayi opadenially contain
hi gh concentration sul fur-oxidizing bacteri al

eqvisi et Tiwg theopdesetio Slftiie FRiRpiralvel $he bending
particul arly useful for producing civil engineering or

15t ¥nICEs ghiRe@diSed I ngiSONi Bhacikd raDidS andil
sewerage. Further, since the nmethod of construction
ageididwiri0gt be poesatudtwent pebderlsoyns the produced.
above-nenti oned acidresistant sul fur material, Hunme

PR i POXa LUy eblyS adtmiy| #sfibekesi Mliooksto pahel scid-
and the like structures 20 nay be constructed with
expeGtAtahONgul €uM ambiial yofevae iprddenenimrenmion in
of not higher than pH 3.5. EXAVMPLES The present

| pred O gid i v 0 W el rex@t fhgesk Wdrs reiet foneptoduct s such
Exanpl es and Conparative Exanples, but the 25 present

| RsePd0a § SoRot jlied t echd orébaseingaghromices pagdbet made
prepared i n Exanpl es and Conparative Exanples was
MRS edr a9d evahwatred in accordance with the

fol |l owi ng

Examples of the fiber fillingmay include carbon fibers,

glass fibers, steel fibers, amorphous fibers, vinylon

13
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19 nmet hods. Eval uati on of Resistance to Aqueous

Sol ution of Acid Each specinen prepared i n Exanpl es

and Conparative Exanpl es was soaked at room

tenperature in a 10 wt % sulfuric 5 acid aqueous

solution or a 10 wt % hydrochl ori c acid aqueous

ol 9N POl yprapyorhksfibead st, akehyetth ylee rey £libetrs + bgamid
degree of degradation. As the indices of degradation,
ahiapges of athlde rappesrescef weicghtr ahangeotalbelsa ed
fromthe wei ght nmeasured after the noisture on the

speci Agprd Be steaae anrs: ot pefl tafd £ aner stiebghly Lesssually
cal cul ated fromthe conpressive strength nmeasured,
W?ﬁEmCEHDQVﬁQq E@%éﬂ'ﬁ%@t@a£9saeﬁ@hd¥ﬂgﬁﬁﬂnﬁﬂstaterial.
measuri ng the conpressive strength of each specinen

af ik €' her trasit] iusd ra yTENShe@N> 6 i eS Dirvecatiengids fibers,
nmeasuri ng equi pnent at the pressure 15 of 30 tons, and
CHPa¥haglbhgtieaguned \sdloter Wiiketbeisepeegptiadlly 2 to 30
conpressive strength neasured on the seventh day after

the pehepanaldwim@fuhbecspeciingre rebsnt edThe tdue tstmeous
manner. The results of the test using the aqueous

sol wekranmafy 2t esrdfai¢ Bei d flar tieakinngt @ tashhaniing mesh
Table 1, and the correspondi ng phot ographs show ng the

appsar angewfpddeageesicmene (AygtogdEd, asadsheh i hattice
Fig. 2. The results of the test using the aqueous
SRAHE QR 10y K HEbI Bl kB eaCidd dOFes0aki NYnamwwhoWhabeic
Tabl e 2, and the correspondi ng 25 phot ographs show ng
tberappeadance of the specinmens (A) to (E) are shown

in Fig. 3. Evaluation of Resistance to

Sul f upnexicdindidiot Bacégei @8iBRr fA 1Spiacy neayi ustiae 1fyorre 0.5
of a 2cmx2cnx4cm prismand 100 nml of a culture

SebUl D0Bol 2., Opgedfe M IGE, 1 4@ D w1l KHZPQh&€ acBdgrefsistant
Md 2 6H20, 0. 3 gof Cadz 2H20, 0. OL g of Fed 2

4R Fuanchals Oriater of ion exchange water, adjusted to

pH 3.0 5 with hydrochloric acid) were placed in a 500

M  bafhleed dird-bbeg) s t hask sulnfictl ms edrwatlh cf Stles tpresent
(sul furoxidizing bacteria, Thiobacillus thiooxidans

| Fv:324%4n mayl subikheqt edbrita bactebiraiscanrsceshand/or
rolling and shaking (170 rpm) in a thernostatic

chaghher palr t2& 16 s Faul JmghsdlAmfiere tthee itaoghmesoncf the
t he wei ght change and the appearance of each specinen
PEeRanedniyi nexanpl s ranén Serpartdidny p rbdanm s oviee @roduced.
determ ned. Wen sulfur is consuned by the

sul f uEseXiti &4 NGf baakeriidbr cud fpaeti ohe sama yeires hudd,

and the wei ght of a specinen decreases. The results

awe 11% sshownt & p bEabt ££ 8, amdimphdticeopeesohavheg an average
phot ogr aphs show ng t he appearance of specinens (A to

( Derafed shoWiot N16hgerd tHval Utian oExAcgdles abfdthe flake
Concrete Corrosion Each speci nen prepared i n Exanpl es

apd reamied Alid ¢ include mica flakes, talc flakes,

vermiculite flakes, and alumina flakes, each having an
average particle size of not larger than 1 mm.

The content of the fibrous particles and/ox flake
particles is usually not higher than 35 wt%, preferably

10 to 25 wt% of the total amount of the acid-resistant

14
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20 Exanpl es except for Conparative Exanple 2 was

pl aced in a thernostatic chanber naintained at the

hum dity of not |lower than 95 % the tenperature of 30

C, and the hydrogen sulfide concentration of 200 ppm

by wei ght, for 12 nonths, and eval uated for corrosion.
As:1heri ndkees «af. 25 degradati on, change of the

appear ance, wei ght change cal cul ated fromthe wei ght
measurigd attar rddie sast usaldnrt e tspetabenfstbfageresent
was W ped off, and strength | oss 21 cal cul ated from
tihey ERERBAS Hiake 1 repgbhAredgs ged, exeamploef iyt erixtieg the
twenty-nmonth test, were conpared. The strength | oss

Wasq det eamisig by T as Unbng einhes ey esbevagsiregwtd, and
of each specinen after the test using TENSILON 5

CHPL6RSIYE THRNgthafeasalis)g audi poebinagt. t The modified
pressure of 30 tons, and conparing the measured val ue

V@ﬁffﬁheméﬁf@@ﬂMéEﬂe@O@pbﬁSﬁﬁk&mgIwﬂtﬁftMQaaggngame, or
the seventh day after the preparation of the specinen
easupediied tt e SRR TBEACE tathke itpsidianee eoshnimiing with
Tabte 9, and 10 photocopies of the photographs show ng

thec aNPSAE §HER Dh o BeosprMl Fens aiflet @u(dl) adr# stiovage tank
in Fig.” 5. "Exanple 1 950 g of solid sulfur was pl aced

i tel gably g3eaked 2ignt 8r nab 7 xeqnd heated at dl2®lten
d??gaﬁg%?E ang 159§gin;ained at 130 C. Then 50 g of

di e¥ekopenhadhenegprevheus! y Hiealeed ilrny abeutnosd fGdd sul fur
melt was added slowy, and softly stirred for about 10
nMputaen Af tiotde t @FRERANTS Tdr&® Wittngoat He silmietd @mount
reaction was confirmed to converge, the reaction mass

s Mgk eHel d5Qt Enubhe ploraeeliicNmugsos el fieart e@ndather
the visScosity gradually rose. Wen the viscosity

reaahes & cn Resokhlicelesf. 1 hour, the heating was
i medi ately term nated, and the resulting naterial was

pour g k@ cd St d akl1er P! ith o @ 16QAT aithere, amk cggredate,
at roomtenperature, to thereby obtain nodified 25

syhiusptAbnaNeXt o t3e REARegal £l Prenhdat filxkd 140aCly at 120
consis?ing_of 00 g of coal ash having an average

papt hGle o8l 2¢ A r 08Py oM 8bd tbha 4Ga0L( SurAlIAHor 5 to
wei ght ratio’of 0.1 and 690 g of silica sand having an

aver Y8 uRAd, Gt 18 2 OfviZhib s Ansif tiftee Gefified sulfur at
(Si02+A1203) weight ratio of less than 0.1, and 210 ¢

Ofléi‘) Pl ep ?H'i:ﬁ&'n%ld_ PhLE edrie be-hedd itko3t 0edds. After
modified sultur (A) 1nto a nolten state were

| Rileodpiceth §Ubshanteahlt isignthiapeously coloded Moven to not
mai ntai ned at 140 C. The materials were kneaded for 10

gkﬂ#&f‘é&r eRgnPeyhedci NtQ, a 1ok sBhap roRliditfg Sa caR shred
I a

ter and 10 cmin height, and cooled to obtain

SREGIdEN § At ah® BXAMI € RaBpeghnen (B) was prepared
in the sane way as in Exanple 1, except that the

aggr egal £ wias- & £t 4G tWe Rodn fAQY egatfarcdnsisig hgeahixing
780 g.of silica sand having an average particle size

of; 250 i 888 Lhe tEaQHod V21 2R3p twehght pie freatred obpt imum
| ess than 0. 1.
viscosity range that allows easy handling, since the
viscosity increases as the polymerization of sulfur

proceeds with the lapse of time. The preferred viscosity

range for the modified sulfur is 0.05 to 3.0 Ppa*s at 140
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Exanpl e 3 Using system 10 for producing a materi al
containing nodified sulfur as showmn Fig. 1, a nateri al
was prepared. The production system 10 incl udes tanks
11 and 12, static 20 mi xer 13 consisting of stirring
tube 13b and hol di ng tube 13c both disposed in a heat

r*%ﬁer Vi poehanthero 48y £90ld N9 tiank 0145 phorsggehieaskrength
and batch m xer 1 Sul fur, which was nelted in

tchﬁ ttrﬁéﬂiels]uln@ir%%ﬂ'@ﬁuﬂtmalé@rﬁaantdeﬁﬂpp&® ek ther @bwom The
at the flowrate of 660 g/mn 25 by a fixed delivery

he2NEhdl UG QPent fdi enerhehhglyhwas e tedrengtheof the
a 12 maintained at” 140 C and supplied therefrom at

tﬁ@sﬁh@ﬂ’nba%@r§§lgi€1 N, HeRiBrd Nf roduend 23 scdagddy is
e stirring tube 13b (Iength 10 cm inner dianeter 11

ﬁHb rWirhh nl 73 e epR0LS) tofe tel SEBhgCoplxeitilch in the
alned at 150 C at the liquid |inear velocity of

Oﬁ:%%ﬂl:%l&ﬁ%f&&é%@@bﬁﬂé'samﬂ@?r eardithiedwbhkbbality is
rrring tube 13b 5 to continuously generate reaction

pf ﬁHE%%‘bsi The: 81 xbehe as yiassedot hbeualy e fordeagy
e 13c |nta|ned at 150 C over 5-minute residence

t ' e, B@%rteh%é . PRgRqt B9 eaQnld 019, t 28K 144 pafe e sE@d i Eo
m xer type (length 18 ¢m "i nner di ameter 11.0 nm wth

Bof-PREt PhelFubE3uRSE £ b IRa g vl LR e aBWihe nixex
nﬁg hbgd tsomlfﬁ‘%l‘gfv'ﬂg gréi gg)' ¥ Afg ]té:fﬁ‘ﬁeﬁétlﬂ'% @rop in

aveérage par ‘e Si ze o nmeasured by GP
#gcuugﬁ_ ight distribution of 200 to 2000. The
ten nat ial was tenporarily stored in the storage

15 tapk 3 mid 8hNe¢ 2hel3PiGndtinas domarstratgde is
that the production system 10 was capabl e of producing

ﬁéf:léglerirakgfyf te ek f 'a%dtpgﬂ;gé(l%le NextLord)l a0 tofe blidperties

ten no ied sulfur s d in the storage tank 15

WB% LRk educad: 1 4§ Opf@@uﬂtxﬁérﬁﬂﬁtzof@i' AR iREh@ttddhigh a
C, and sinmultaneously an aggregate pre-heated to 140 C

CQH%‘c%téﬂgj( ofr 6Qukgnef ot lika mapRdubavidie ao avreage
partlcle ze of 250 "wm and the CaO/ (Si Oz+A120,)

! ﬁﬁnéﬁé@t?fml 8%S iU P dnd@ndndO ska fafr cRadiasbr.

an average particle size of 50 )xmand 25 the

Cﬁ%’we(v%:{oz*ﬁ#@h)a WRirdhtti gatbe A x@ngl MRS &b SOhort, the

i ntroduced into the m xer 16. The materials were

kpeadad d @ s 19 £ HirNUkRs, trp@l% §ripheed aa@l undarnirkd of
5 cmin dianeter 24 and 10 cmin height, and cool ed

t%u%@ﬁh:tbﬁﬁfg gl {fht €ABPREALIVE dxaerilal2wddlkgot be
of nornmal Portfland cenent (manuf actured by HI TACH

VENTE @ cdntidboud? o SaddyNayi Agveaklapy ersd z&srough
570of not larger than mm (from Ki m tsu, Chiba, Japan)
 sxrfhlce. With sufficient mixing, the resulting material

will be given a perfectly continuous phase with smooth
surface. Thus the duration of mixing must be decided
suitably depending on the properties of the acid-resistant
sulfur material to be obtained.

The mixer to be used in the mixing is not particularly

limited as long as thorough mixing is provided, and may
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kg of gravel having particle sizes of not larger than
5 mm (from G suki, Yamanashi, Japan), and 5.72 kg of
wat er were kneaded in a concrete mxer, and cast in a
columar nold of 5 cmin dianmeter and 10 cmin hei ght.
After the 10 m xture was set, the product was

Jerf dedb1gntheC W sl Navat giiifdomidfe flayscht ast ker elryternal
obtain speCinen (D). Specinmen (E) was prepared in the

SREe MaYr8s1i Ai E1amphe 11miexcerimadistde, aggr egatrtruder,
was replaced with an aggregate 15 consisting of 780 g

Hudl @st1f upRane 1 28r Navi BB PRt €é €, SbEegnefadet.
"arger than 10 'mm and the CaO/ (Si OZ+A120,) wei ght

rati onpfe@. SneSREG IR {f) aWasiHaPadedtepn the samulting
way as in Exanple 20 1, except that the aggregate was

nepkeged Wit kg agetrgat eneHstd 0dote 888t sul fur
quartz powders having an average particle size of 250
#ﬂ%ﬁ@gﬁhﬂed%ﬂyﬂéﬁ§¥é§é39’Xﬂﬂédﬂﬂoﬁaihoa@tdidéﬁbe with a
abl e
B0 eRX R £ e £EX AGPlbeCak BXi £8Mp £EprbRAIK 8d be
of Speci menSpeci menSpeci menSpeci nenSpeci menSpeci men( A) (
%ﬁegéaﬁaeﬁl?) (AP NoNopoGen r irATIEl § eAYEbat QR tER+SChen
(J8481Eikal St mengthnd Gh.dody 9[55{]-1]7 B35 A5 i dMYuY Bty pR@iring
t'hl. 23. 90. 93. 910013. 2Loss(% Table 2
REPheEx ARl e BXyRl efXRITP| RPN &X. 408Ps X1 42341Y ithto a

of Speci menSpeci menSpeci nenSpeci menSpeci mnenSpeci men( A) (

Eaééfﬂéh(@lég)ﬁl i gl MARRe /' PPGBAAGAT ppdadcay,08a8hgey Hume
Swol | enWei ght 0000- 27+2Change(% I ni ti al Strengt h59. 651.

3§%$g§1aﬁ§5mgﬁﬁd%€§y'E@ﬁ%ffﬂ@&ﬁ@-835@@n@3ma§086;3h9$%yed.

e
5 om Tables 1 and 2 as well as Figs. 2 and 3, it Is

uﬁgfrﬁBgagnbh%bﬁjE%f¥E¥%éﬁ”ﬁhﬁéﬁsﬁOtii%sanﬁn@Fblocks, the
prepared in"Exanples 1 to 3 maintained the origina
%E&Eul%@mzr(ag} Bd Neoteel e¥eR af hry1d hehsopibpgtion @olded.
nmont hs, I'I"'e the
The molding may be performed under suitable vibration or
with irradiation with ultrasonic wave for consolidation.

The acid-resistant sulfur materials of the present
invention may be placed in various locations. For making
use of their excellent acid-resistance, the present
acid-resistant sulfur materials are preferably placed in
accordance with the following construction method of the
present invention.

The method of constructing the acid-resistant sulfur
material of the present invention includes the steps of
producing a civil engineering or construction product with

the above-mentioned acid-resistant sulfur material, and

placing the product in an environment of not higher than
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10 specinmen (D) prepared using the normal concrete in
Conparative Exanple 1 was significantly corroded to

| oose its original shape. The specinmen (E) prepared in
26 i: Conparative Exanple 2 using the blast furnace
sl ag having the Ca0O/ (Si 02+A120,) weight ratio of 0.9
g thesaggregate was observed to be corroded on its
surface in the presence of sulfuric acid. Thus it was

undergkgRgikhRatot hend specinengyim¥et ng randnsruction
prepared in Exanples 1 to 4 10 underwent little change

I GRRBREAREG ﬂﬂ@lﬂ@&!ﬂqm@%ﬂ;ﬁé’@} b &orepr 86 08, manholes,
strength 1 0sS, and exhibited extrenely high resistance

105 PBs 20Ue QS SOl Wt h 8N Of faGidkid@bhgt8rials, and wall
Exanpl eExanpl eExanpl eExanpl eConp.”~ Ex. 12341Ki nd

i FBRSPS R HMERNSRAO IS FREF ATRHSPECH 88 e GiRN(Apane
%;l%%)@%%)g?%)'l\gl\grl\%ﬂb% odedchar?ged}angechangecr?z;l’r?yﬂgmv\fi nens

9L £0005,99 slreom Tadl £53dapdohugt 4, Ulsigpaadgnsteed, side
that the specinmens (A) to (C) and (F) prepared.in

Exarphes 1 4o wndekyent, Iddddes chasgesi, N papRasd Angrd

and wei ght, and 15 exhibited high resistance to the

Sfﬁ%@%l%ik‘iiﬁ‘iﬂ&ﬁ% & @i ndeuad ., t hgsspi®lding products,

eval uati on, e specinmen (D) prepared in Conparative

SHOLE L LA epacl sAate g rogp s ovove
syt EWE p@tiH g ¥ LRS! €EhA- b4éakwater blocks are included.
As civil engineering materials, earth retaining walls,
retaining walls, L-shaped retaining walls, and sheet piles
are included.

The acid-resistant sulfur material does not have to
be used all over the civil engineering or construction
products, but may be used only in parts which are brought
into contact with acid for achieving the objects of the
present invention. For example, a Hume pipe may be lined
on its inner surface with the acid-resistant sulfur
material, and have a concrete outer wall. Similarly in
other usage, such as in box culverts, manholes, tiles,
blocks, panels, flooring materials, and wall materials,
the acid-resistant sulfur material may be combined with
concrete to provide a double—layefed structure, or even
a triple-layered structure with the acid-resistant sulfur

materials arranged on both sides of concrete.

The environment in which the civil engineering or
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Tabl e 4 Exanpl e 1Exanpl e 2Exanpl e 3Exanpl e 4Conp.

Ex. 1Ki nd

of Speci nenSpeci menSpeci nenSpeci nenSpeci menSpeci nen( A) (

B) (O (F) (D) Appear anceNo changeNo ChangeNo changeNo
changeCor r odedWei ght 0000- 62Change

(@or ot £ 18k Some Rt d o 951a663 26 he6 30 HCHMN mry be any

) Strengt hO, 31. 10. 11. 1100Loss (% From Table 9 and Fig.
Bnvirbamundenst Dodgt hat thbeph spechaemsviApnten(Crould be
and (F) prepared in Exanples 1 to 4 underwent little
H@@Qﬁ%ﬁe@pﬁﬁahaﬁﬂe3aﬁd weidghtay dmtlsmie |s@oapeesseatment
strength | oss during the twelve-nonth eval uati on, and
exhi: Dl § edeext et yihi ph cer aSisanch esastiancendhderidic

the concrete-corrodi ng environnment such 10 as in

SeVer 3pe iy wagliawadeds | rene reh pHt esulcbimgarled tor lower.
the specinmen (D) prepared in Conparative Exanple 1

usi nggt HeeNPh 8Bl c LOPeEeti e tait sul fUl AbMBrialAaccording to
acid-resistant sulfur material conprising a nodified

Sih & Wr 56 81N REh €98heconBhinEDEh & imsd 501 édrshafungand the
been "prepared by polynerizing sulfur with a sulfur 5

gt fienl Mhel Rl e §atd, agdleegalteet SaBnekhdbgard cexcellent
aggregate conprising at least Si, and wherein a wei ght

rébt 008 oed . redliseafcd] skt rdigytaggr egakeiild thyer renof

oxi des expressed as Ca0O/ (Si Oz+A1203) 10 is not higher
thaPaBiditd okhaadsithiebhgt &ppeaubhite ,metver din af strongly
claiml, wherein a ratio of said nodified sulfur to

sat 142806 89S nmd ithe askk fHrcomtenkala titonlhydrpgerd std fide
9 by weight. 15 3. The acid-resistant sulfur naterial

ofn ¢k 2oMmbntwhes i g ﬁ@P@L QA gt £a COBRAr issA oneovidizing
nore menbers sel ected fromthe group consisting of
coaktazhaiSichivia safent Si | Thas gHar pzependess) fymawelterial
sand, clay mnerals, and glass 20 powders. 4 . The
afjsgpaﬁfé&éha@trlwhfs@rfmtf@rﬂ Bl oatfu ol ey miksi Wesrggineering or
sai d aggregate conprises not less than 5 wt % of an
agenhedahR: thidyh (o Gdu @y er 8ge e tilrclarisd z@idfs rRotd sewerage.

| arger than 100 Vim 25
Further, since the method of construction according to the
present invention employs the above-mentioned acid-
resistant sulfur material, Hume pipes, box culverts,
manholes, tiles, blocks, panels, and the like structures
may be constructed with expected long-term durability,
even in the environment of not higher than pH 3.5.
EXAMPLES

The present invention will now be explained with
reference to Examples and Comparative Examples, but the
present invention is not limited to these. Each molded

product prepared in Examples and Comparative Examples was

measured and evaluated in accordance with the following
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5. The acid-resistant sulfur material of claiml
further conprising one or nore nenbers selected from
the group 29 i. consisting of fiber filling, fibrous
particles, flake particles, and m xtures thereof. 6. A
nmet hod of constructing an acid-resistant sulfur 5

e ba@k. conprising the steps of: producing a civil
engi neering or construction product with an

saia'pFéduct "'n-an environmen of-E%E}h{ghé? {han‘pHr

3.5. BAcK- sphe imihogrepated b Exvdigpees sadd cwmpdrative
engi neering or construction product is a Hune pi pe,

r|nheh €e shexs Gldamaerd att +b6m tims&kradurpanela 18&ts sulfuric
I'N  p/'Nj p/ Np/ Np/ NT/ NT/ N

T NT4 b5 N INTE NOR/ NT -aNITH M/ INRAN LT N1 Nla&liNT e ou s
T/ NT/ NT7 N7/ NT/ N7/ N T/ Npl nt{~5; w >AD 8 =

{vel gk} ¥healnal eal cabrahes] calcal srdsabag] eal calablaae the
] ca] ca] ca] ca] ca] ca] ca] ca] c*a] c”a] ca] c"a
L&&Aﬁ}agabcfa]di—ﬁ%ﬁ&@afiBn@ As the indices of degradation,
9R3%Nﬂgt%ysnga W ca] ca] c*a] cha] cMa] c*a] cMa] cMal ca] ca) ¢
a&ﬁ?hg]@] %]%] ¢l £ad sakcaleadaaled ved caitahtalteal from
c™alcalcalca

~©REs B"ig%}‘ﬁ( L ds £} ehicalrqalic alka] 1ol salea] ea] caleagpetimen
cal ca cé]ca cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

¢ 10w th 1 lculated from
TR PRER) R ped 130 A T SRR e S e e T

%?gg%grﬁaﬁaﬁcé%é%‘%ﬂ ol £l sahcalealcalampandaal The

]calcalca]calca!,-F.K L....//01000111
1%¥ %%%%@ﬁ?’ 3444028368€ 8 8159 djb%] hbeghed|rcnker] eahpalessive
aJ cal cda] ca] ca] ca]ca]ca] ca]ca]caJca]ca]ca]ca]ca]ca]ca]c
al ¢ aboalgploal calis ai%ébﬁﬁﬂen%%%%%%’i test using TENSILON
<777 AYACCSEGEI Ej EEEE} xsni d_Z]]] ca] ca] ca] ca] ca]
Aty e e et sl sl e
LE MVIdlY R B EPEB%FQMLS:{% de ¥ ] heakealen]we] €8] Ratpathe
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] @g%&%]fqal £ C@rlrﬂ'é‘lr@ 81§ Qs OReRRRIL 8E3S3Ed T Hla g enth
8 BYt YMZZ| [ [\ }xsnid_Z]]]ca]ca]ca] ca]ca]ca]ca]ca]c

a c EnE dltn th
B o B e 3 A S A A et e

Usbked ldddnssphc™ Y] ] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca] ca] ¢
afca cal caJ ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cTa] ca] ca]
ca] cah§§ GRIdU1 ¢ 4 | IFTRHY S iR S taltiuediyy X odxtkon of
; Y} xsnid_YTnhc”] cal] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] caV

] %ﬁllcﬁﬂﬁ]fﬂé Cf&ga] ¢5al ealicta) cd'pd cArbaal cal qalmal craledd the
al cMal cal cal ca
a]légﬁiﬂel B ~GI§‘Bq}51§f0'ﬂ-d%\fSi]9¥élp¥ﬁé%ﬂu cahe” ajpyfalealca) 6f the

alcalca] CaJca]c a)l ca] ca] c”aJca] ca] ca] ca]c”a]ca

c
] %?eﬂxﬁ@rlga &Rl €8] @@% P £l G 6i SHer ) abj k\Pré} xesillts of
_Z]']ca]caJca

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca

} /CthfF_ac]e%éﬂ oAl o34 cal s al gab sakcabtakaalc alrc alenlas Dati® acid
]ngéjégﬂé&ﬁ caleaktaksplicaleabra] £a] salcaheakeal e panding

cal caJcaJca] ca]ca]ca]ca]ca]calca]ca]ca]lca]ca]cTalc

gg@aﬁftg% f aishs US4 e &aﬁ%@m—anae] oal ¢ald cgloadmehs (B)

] ca] ca] ca]ca] ca] ca] cTa] ca] ca] ca] ca] ca] ca] ca

]QQJcﬁgichchgb%%phg@]p cakca] cal n{ dB! &df P#10%tE#E&
()-s -TP#I0O%*& ()-sI10%& ()-p

Evaluation of Resistance to Sulfur-oxidizing Bacteria
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109€& () - 0109&&’ () - VIOYEE' () - W-5; XxY7! & #109%EHEE () -
##109&' () - <##109QE9E& ()-!f P#LOYEE& () -s

Of PH10%@EE () - s! Of PHLOUEE@ES ()-s W\ =! &109E& () -
V10%E& ()- 10E 10E 10E<10%E& ()-!- #109&E& () -

I Q #1090NENEE () - dE{\=! &S

10%EE&, ( . &: 0]
O‘%ﬁ%&' Q;ieg%%e@ :(ng%g%&%g%&%g %g’f@ﬁtmﬁq k0 Y& s and 100

TOUES: (3 - FiLOYES! é%lutl%ﬁ%i& ©g of NH,C1, 4.0 g of KH,PO,,

109%&&" () - pYa0%EE () - = >"@9R > &

% #31%"/@019(@1 -csr#éo‘%f-E&g(a)fS:laQ?/E&'z(ﬁ 0510768  p£ HOEL, - 4H,0,

%1 Y581 6 ) @@ﬂ%&i'&ﬁ&ﬁ%{@%&e@-'a}aﬁi@%&%& PH 3.0
10%EUEE ()- h 10%&&' () -

f%%EHEﬁyﬁkodﬂiggibﬁﬁggé-(%E&E—bléﬁ%@aﬁﬁ)asﬂ@@Eﬁl(baffled

(ribbed) flask, inoculated with a starter (sulfur-
oxidizing bacteria, Thiobacillus thiooxidans IFO 12544y,
andsubjecteﬂtobacterialculturewithrollingandshaking
(170 rpm) in a thermostatic chamber at 28 °C. Four months
after the inoculation, the weight change and the appearance
of each specimen prepared in Examples and Comparative
Examples were determined. When sulfur is consumed by the
sulfur-oxidizing bacteria, sulfate ions are generated,
and the weight of a specimen decreases. The results are
shown in Table 3, and photocopies of the photographs
showing the appearance of specimens (A) to (D) are shown
in Fig. 4.

Evaluation of Accelerated Concrete Corrosion

Each specimen prepared in Examples and Comparative
Examples except for Comparative Example 2 was placed in
a thermostatic chamber maintained at the humidity of not
lower than 95 %, the temperature of 30 °C, and the hydrogen
sulfide concentration of 200 ppm by weight, for 12 months,
and evaluated for corrosion. As the indices of
degradation, change of the appearance, weight change
calculated from the weight measured after the moisture on

the specimen surface was wiped off, and strength loss
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10E

10E<10%E&' ()-!1' #10%EE& ()-1J1" #10UCEGE& () - MIE{\ =!I S

109E& ()- ]10%E& ()-, | 10%E& () - p&f 10%&E& () -

10%E& () - S10%E& () - 1gdE{\ =! ! p10%EE& () -

DLOYES! () - pLOYES () -, #10%E& () -

'dAVERL £ r B4 AUk () e rafip Yebb) vEOHEY )gth measured, each

109E& () - YA0%E& () - p# 10%& () -, ! #10%E& () - p

1OPERE ¢ pr2h PAE{d e i £ BLABHER (Dot 1 OMERE ( FompHRYER: ()The

10968 () - - 10%E&' () -, +#10%E&' () - 2sbC 1 v10%& () - 51094’

(9t ¥eAQEN1DESs $0kss 1DEE i n@ A1 DYESS § puZ ih0VER(yompressive

8pdEDCI | SP] 100448’ () - S#10%4&’ ()- 6 109448 () - =

SOPERGEh- oF6 kAR e 610I&aEler itheh @l d s 1 094ikh () TESSILON

109448 () - S| 10%4&' ()- #10%4& ()-= &L0%& () -
ebrivBVYEth@rlgth measuring equipment at the pressure

g, YE109%HE ()-! g, Y810%gHH () -1, 9810% H H&' () -

#0830 t Ohrs, ! #HOYSopa rp nk0%Wie (Dneasured value with the

~ =111] p#109EE& ()- s109%E& ()- 10H 10H

1048 10UHE A1) VMBS §)ve, SB10PELR fikaBMred on the seventh
z[ 9~ =11 K, $#109YNENEL' () -, #10%%' () -! d, #10%N\ENE&' ()-'
Qu#}09NodIR &L - #feﬁl@%ﬂ&%&&o&)th%lﬁﬁﬁ&lﬁkm.measured in the

S'M'”""""}ASHﬂ' 10E 10E
19574 08B&NSr .| | THd 0% ELE®s()are shown in Table 4, and
photocopies of the photographs showing the appearance of
the specimens (A) to (D) are shown in Fig. 5.
Example 1

950 g of solid sulfur was placed in a hermetically
sealed internal mixer, heated at 120 °C to melt, and
maintained at 130 °C. Then 50 g of dicyclopentadiene
previously heated to about 50 °C to melt was added slowly,
and softly stirred for about 10 minutes. After the
temperature rise due to the initial reaction was confirmed
to converge, the reaction mass was heated to 150 °C. The
reaction was started, and the viscosity gradually rose.
When the viscosity reached 0.1 Pa*s in about 1 hour, the
heating was immediately terminated, and the resulting
material was poured into a suitable mold or a container,
and cooled at room temperature, to thereby obtain modified
sulfur (A).

Next, an aggregate pre-heated to 140 °C consisting of

100 g of coal ash having an average particle size of 50
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1 J1/ #109%GGE () - -f
109E& () -, S#109EL ()-"""j ##$$} [ <SH=! | #10% & () - ! I#10%
(*(& ()-!/SH10% (& ()-!/SH10% (& ()-SO| 10% & () -
VI0% & ()-$%&: ' " (((xV7, =
10(<slowq&.()-l3| #1098 (* (& ()-! Cl - #10%¢( #( & () -

Jut 1986 ( 8hE) chd, A E0UB (1%00 -wdifAL%Rt0E O 0L @ndie90 g
e 10(<s10! 4s. #1094 ETE&

1%%9%%%4@3 ?Fnﬁlﬁ%@ dn -MDVESe (PaVe10¥e&sl)zey HO250 um

164 4 X% e AW AA1)0)) #eOYHH&rhXi®nbf less than 0.1, and
T0%EE () -, #109E& () -1 3], #10%CEGE& () - ! X, #10%EUES! () - -

Z?Ojébll Eolf o moL4@R(LXSe1Q%EE fdDepaOUERY( res AL fiy- the

%ﬁ% %E)QL‘@& srfud ' #APWEYE&a( ol der /4 € e @0 h¥Toluced

1946 &t bhtIHER {imb &PERAURERY  )id &PH GiER&r (ha®ntained at
L0%E&! ()-100011112dE~_@O(! Xp~ 10%E&! ()

WLR%E& () TRE1 QUK £ 41 & " FOYE& Kk aBled 10 minutes, and
1098 - TOTER () 32 S B GOl Xp3! 10068 )

Q%EE (htlR h18UE&Ha P kS £ )5 i 100B& ametdr and 10 cm
U8 () - X334444444b@0( ! X! Op#10%EER! () - 310%5&' ()- 10E

195 hAETRk0YEnd) cdoled to obtain specimen
1094 () -  5SL0%E&! () - S 0569778} A b @O X, 841 0EUES:

( () -!4, #1094 E1E& () - 3VS10%ES&' () - ! <3V$1090E9E
& () -Op#10%E& () -8_8>9999999} rg\ =10(!!s10%& ()-v 10E

10E 19Bkt i HAYE&R( )wégeﬁégg@éﬁiﬁ'thé 438 E& Example
, $A10UES () - 999999: dE (''6 109%&& ()-15 109%&& () -, +

LO%ES, ¢3pt "HNEEHE ag% Yt (d b i b)ed wERR WP gk gate
10E 10B 2 10064 O)-9 & ()-p 10%& ()-p 10%E& ()-S
1@@@@1(3)[:’111@1 of 780 g.of silica sand having an average
particle size of 250 pum and the CaO/(85i0,+Al1,0,) weight
ratio of less than 0.1.
Example 3

Using system 10 for producing a material containing
modified sulfur as shown Fig. 1, a material was prepared.
The production system 10 includes tanks 11 and 12, static
mixer 13 consisting of stirring tube 13b and holding tube
13c both disposed in a heat reserving chamber 13a, cooling
tank 14, storage tank 15, and batch mixer 16.

Sulfur, which was melted in the tank 11 maintained at
140 °C and supplied therefrom at the flow rate of 660 g/min
by a fixed delivery pump, and dicyclopentadiene, which was
melted in the tank 12 maintained at 140 °C and supplied

therefrom at the flow rate of 35 g/min, were introduced
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1098 () -

???@ABCoOMt/ | 3#10%EE&' () - ! C3#10%ECES () - ! C3#10UAECES

()-! YOSH10%EES () -! OS#10%EEE () - VIOYES' () - v
10ECCEEEEEEEzo0dY: 3#1V10%E& ()-s 10E 10E 10EO<

10%ES! () - | u+#10% Er E& () - | X+#10%JEUEE' () - ! dw m

HAYEEAE 3 - EEDBE EGHHRXGA T30, (R0 (10 |/ LDSRENEA: e ter
C #10%E& ()-1, #10%008& ()-! -2

L0, BRY Eh- 17 AEEE ER o) £ hie| sl JGKOMEIE &z [IPEnB#ntained
10E 10E 10Ei < 10%E& ()-!'d7

T09EER) (9c a4 -t oY ih L ## 2Q¥Re)1-d i H 1OPOEIRR/ fn)in, and
K(KKSLWLM M [ 9PE: 3#! X+#10000U& () - | J+#10%CEGE&! () - S|

HOUE& ¥d-materials were stirred in the stirring tube 13b
| SH10EES: () - | SHLOYEEE () - S109%E& () - S| MVNN&OOP} [ OPE: 3#

;t:!i% (%ﬁ‘(&’?iﬁ@%&s(])y | gen S AVEEWRE Do #308E8TEors. The

i3 #LQIRENES {3 s 4 &8 O  hoRRARRPRRGECIAlcghaintained
1098 ()- ] 10%& ()-6Ls10%E& ()- VIO%EL ()-Y 10E 10E
le%t;é& %ﬁ@ﬁl%érmggegd@%@ﬂ&ﬁ:éq{’%()ana then through
1199@&:&&)13%%0%&}{(14<6£0%E§4:éilﬁlﬁgﬁﬁiTWj@Eb@%'r@th 18 cm,
10%& ()-% 10%E& ()- # 10%E& ()-=, | #10%E& () - =

LOUEEr ( 113 B&eHRUES 1 ) o WA T TRA Uhid BlaCaft legré 0G4 I ntdined at
109E& ()- | &10%E& ()- -SL10%E& () -1+ 109%E& ()- )

1PYER (o LR YD Y6 ¥ T VBYNWX b SH iaMIOPE& d 139 1OF tidEhereby
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o ) A’ A08EEe £ 15%! Y#19UER £): rh bluftli[dn blf-208#4 =2000.
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ke molten material was temporarily stored in the storage
tank 15 maintained at 130 °C. It was demonstrated that
the production system 10 was capable of producing 42 kg/hr
of the modified sulfur.

Next, 21 kg of the molten modified sulfur stored in
the storage tank 15 was introduced into the mixer 16
maintained at 140 °C, and simultaneously an aggregate
pre-heated to 140 °C consisting of 69 kg of silica sand
having an average particle size of 250 pm and the
Ca0/ (8i0,+A1,0,) weight ratio of less than 0.1 and 10 kg
of coal ash having an average particle size of 50 pum and
the Ca0/ (8i0,+A1,0,) weight ratioof 0.1 was also introduced

into the mixer 16. The materials were kneaded for 10

minutes, poured into a columnar mold of 5 ¢cm in diameter
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Specimen (E) was prepared in the same way as in Example
1, except that the aggregate was replaced with an aggregate
consisting of 780 g of blast furnace slag having particle
sizes of not larger than 10 mm, and the Ca0O/(5i0,+Al,0;)
weight ratio of 0.9.
Example 4

Specimen (F) was prepared in the same way as in Example
1, except that the aggregate was replaced with an aggregate
consisting of 780 g of quartz powders having an average
particle size of 250 pum and the CaO/{SiQ,+Al,0;} weight

ratio of 0.
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&1 RMARSL ) - { BpeciiaY ] D Episifen 5 Sparitger] D Specimen
1(ypblsmkA%) U (6) - 61 dEUS) | X| &IOPEH&] () «F) (D} (E)
6610%H& ( -0#I0%HE () -3 109& () -1, S#10%HK () - C | slightl
1. >thE5t!! -+ %R (EHO No | orroded Corrodghﬁd%
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Table 2
Exanple | Exanple | Example | Example | Camp.Ex. | Camp.Ex.
1 2 3 4 1 2
Kind of | Specimen | Specimen | Specimen | Specimen | Specimen | Specimen
Specimen (&) (B) (€ {F) {D) (E)
Slightly
No No No No
Arpearance Corroded | Corroded,
change Change change change Swollen
Weight
=27 +2
Change (%) 0 0 0 0
Initial
Strength 59.6 51.3 63.2 51.3 35.0 65.8
(M)
Strength
Loss (2) 0.9 3.2 0.4 3.2 100 6.7
From Tables 1 and 2 as well as Figs. 2 and 3, it is

understood that the specimens (A) to (C) and (F) prepared

in Examples 1 to 3 maintained the original state prior to

the test even after the socaking for 6 months, while the

specimen (D) prepared using the normal concrete in

Comparative Example 1 was significantly corroded to loose

its original shape.

The specimen
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Example 1| Example 2 | Example 3 Example 4 ComE£Ex.
Kind of Specimen | Specimen | Specimen | Specimen | Specimen
Specimen (A) {B) (C) (F) (D)
Appearance | No change | No Change | No change | No change Corroded
Weight -
Change (%) 0 0 0 0 62
Initial
Strength 59.9 51.6 63.7 51.6 35.4
(MY /m’)
Strength
Loss (%) 0.3 1.1 0.1 1.1 100

From Table 4 and Fig. 5, it is understood that the
specimens (A) to (C} and (F) prepared in Examples 1 to 4
underwent little change in appearance and weight, and small
compression strength loss during the twelve-month
evaluation, and exhibited extremely high corrosion
resistance under‘the concrete-corroding environment such
as in sewerage or wastewater treatment sites, compared to

the specimen (D) prepared in Comparative Example 1 using

the normal concrete.
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J110% & ()-Gj!10% & ()-G =>?@BCL}M G ! 10% & () -G
ITK=g!j110% & ()-G j!10% & ()-G j!10% & ()-G
J'10% & ()-G j!10% & ()-G LQV[ efeS. O/ K=g!j!10% & ()-G
JT1I0% & ()-Gj110% & ()-G (jJ'10% & ()-Gj110% & ()-G
fopgrstu}c3C/ K=g!j!10% & ()-G j!10% & ()-G
JOUPHE ()-G j!10% & ()-Gj!10% & ()-Gj!10% & ()-G
u~eF3C/ K=g! j ' 10% & ()-G j!10% & ()-G j!10% & ()-G
j110% R &+41G-elsH{®A€) sELFLI0O UM )14 comprising a
hNAC/ 1 10% & () -G
modified sulfur and an aggregate, said modified sulfur
having been prepared by polymerizing sulfur with a sulfur
modifier,

wherein said aggregate is an inorganic aggregate
comprising at least Si, and

wherein a weight ratio of Ca, Si, and Al in the
aggregate in terms of oxides expressed as Ca0Q/(5i0,+Al,0;)

is not higher than 0.2.

2. The acid-resistant sulfur material of claiml, wherein
a ratio of said modified sulfur to said aggregate in the

sulfur material is 1 to 5 : 5 to 9 by weight.

3. The acid-resistant sulfur material of claim 1, wherein
said aggregate comprises one or more members selected from
the group consisting of coal ash, silica sand, silica,
gquartz powders, gravel, sand, clay minerals, and glass

powders.

4, The acid-resistant sulfurmaterial of claim 1, wherein
said aggregate comprises not less than 5 wt% of an aggregate

having an average particle size of not larger than 100 pm.

5. The acid-resistant sulfur material of claim 1 further

comprising one or more members selected from the group
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7. The method of claim 6, wherein said civil engineering

or construction product is a Hume pipe, manhole, box

culvert, tile, block, or panel.
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