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This article highlights the experience of the usafsulfur concrete, its advantages and disadvagsgag
(compared to traditional concrete, based on Pordatement), particular manufacturing technologiesttué
sulfur concrete, its applications in construction.

Introduction. Concrete is one of the most popular building mateiin the world. It is used in almost all
civil and industrial construction sites. Traditibmancrete, consisting of a binder (e. g. Portlaathent), large
and small aggregates, different additives and watarsually made using technologies, which allovathieve
the high quality of finished products. However, ttomstruction industry is growing and there are meays to
improve the quality of construction materials.

Sulfur as a binder for the production of concrete.Several investigations, aimed at creating new con-
struction and building materials, based on the iptsly idle connections and including elementalfigsubre
conducted in many countries of the world. Nowadayshe world industry, and particularly in oil-reing in-
dustry of Belarus, there is a problem of sulfur teaproduced during the purification of gasolind aiesel. The
situation with sulfur determines the need of logkior new directions for its use, including the gsaf sulfur
as a binder in the production of sulfur concreté sumfur-based products.

Sulfur concrete is a composite material which ideli sulfur binder, inert aggregates and extendées.
presence of sulfur binder is a sulfur concreteedéfice from traditional (based on Portland cemeogrete, so
it is necessary to know about the properties dlstib produce sulfur concrete.

Sulfur is able to compound with almost all chemiel@iments, it is one of the most common non-metalli
elements in nature, its compounds can occur imgdiregate states (solid, liquid, gas). Based orphysical
characteristics, sulfur is a crystalline solid,b#ain two modifications: orthorhombic (density 2.@/cc) and
monoclinic (density 1.97 g/cc). The melting poiriittiee sulfur is about 118 °C, the boiling point4i45 °C. In
the sulfur market there often appear its lump, glaror liquid forms.

The binding properties of sulfur are known from @' century. At first, it was used for connections of
the metal and stone elements in the productiotipf@chors. Sulfur has been actively exploredtfousage in
the construction, firstly in the US, and later lire tSoviet Union.

Sulfur concrete was actively investigated in Notmerica in the 70-s of the 2Qcentury, when it has
been proved that sulfur is safe to environmentidlify sulfur concrete was investigated as a twoiponent
compound (sulfur and a filler). There are some athges that have been identified in relation talitianal
concrete: low water absorption, high corrosionstesice, fast curing and the preservation of higéngth. But
the disadvantages of the sulfur concrete, prodiurcdatat period of time, were also present (low stsice to
high temperatures, low fire resistance). In additizhen large amounts of sulfur concrete hardennlkdge
occurs to considerable number of cracks. The adiedvantage of sulfur concrete is the need to taiairihe
temperature of 140 °C during its production, asl aslthe high requirements for the precision prtidactech-
nology compliance [1].

With the development of technology and improvenwdrgulfur concrete, it became known that under the
influence of changing in temperature, solar radiatind other effects, the sulfur structure can lmnged by
changing its molecules from one allotropic statarnother, which leads to the emergence of dangentersmal
stresses which can destroy the integrity of theenmsdt thereby reducing the durability of the metern addi-
tion to adversely affecting the sulfur concrete theg particular attention was paid to the fragiltf sulfur,
which led to higher brittleness of sulfur concrétempared to the cement concrete). Many of thetsbanrings
could be eliminated by improving the material amchinology, however, many are preserved to this day.

To reduce the impact of the above-mentioned shiitogs in the quality of the sulfur concrete, reshar
ers have proposed to add in the sulfur binder varjplasticizing and structuring additives — modieThis
modifies are divided into four groups: plasticizestabilizers, flame retardants and antisepticasti®lizing
agents are added into the sulfur binder to redbeebtittieness and increase the strength of tHersub slow
crystallization upon cooling. These plasticizingeats include: naphthalene, paraffin, dicyclopergaej poly-
styrene, coumarone resin, carbon black, graphteil&ing additives are intended to change thacstre of
sulfur and to increase its resistance to atmospleernditions. These include: dicyclopentadienegktbi, iodine,
phosphorus, selenium, arsenic, antimony trichlgridimen, carbon black, naphthalene. Flame retasdare
used to reduce the flammability of the sulfur cosipons. Antiseptics are used to increase the biodd stabil-
ity of the sulfur concrete. There are positive aadative qualities of sulfur concrete, made of riedisulfur [6].
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Moisture resistance of sulfur concrete is bettetau@0%, compared with traditional concrete, aeisis-
tance — up to 3,5 times, frost resistance — uptbmés, abrasion resistance — up to 6 times, caajme strength —
up to 3 times, bend strength — up to 2 times, tensirength — up to 2 times, curing speed — u@tbrBes [2, 3].

The main advantages of sulfur concrete over ti@dtdi one are its higher strength properties (cosipre
sive and flexural), the ability of this material wark under the tension loads (depending on theifigodthis
index is increased), high chemical (corrosion)stasice, lower rates of water absorption and waeneability,
high frost resistance, fast curing, the possibiiifywinter concreting. In addition, products, madesulfur con-
crete can be subjected to repeated heating andeegsing of molding designs, eliminating the waste scrap.
It is worth noting another important advantagehef toncrete made using the sulfur bindés the lack of water
in the manufacturing process, which allows for atien at low temperatures. Sulfur concrete abslyiutedro-
phobic and does not absorb water, so is idealli®®mtanufacture of deep foundations in the grourdsagh
water table. Depending on the characteristics ddffior the manufactured building material, everyhafacturer
and patent holder of technology defines its reguiénets for raw materials [5].

The first patent relating to the properties of sufoncrete and its production technology has legis-
tered in the United States. In this document it mastioned such a thing as a sulfur modifier fer phoduction
of higher-quality sulfur concrete for the first @mHowever, the trade production of the sulfur cete (and
products based on it) was firstly established bpadéan company StarCrete (previously it was caBetfur-
crete) in 1975. His company, together with Ceraoimtions Ltd, has developed a technology for tleelpction
of concrete on the basis of the modified sulfurcéxing to this technology, molten sulfur and thedifier is
applied to the concrete preparation place, whei rtixed with a pre-warmed aggregates and fillesgning
sulfur concrete mixture. Currently, products untter brand name StarCrete widely used for the matwiag
of corrosion-resistant structures for the protecaod repair of concrete floor coatings in chemaral food in-
dustries and others [1].

Later, the technology, alternative to that wasoidtrced on Sulfurcrete enterprise, was mastered. The
main difference — modifiers are entered directlylevktirring the melt with warm sulfur aggregates1991, the
US Patent about the preparation of granulated isatfncrete technology was published. Its appearamsedue
to the need for the manufacture of constructionenas anytime, anywhere (before this technologyas nec-
essary to maintain a certain temperature of thetsothat add additional place and time limits)ptimciple, the
technology of producing sulfur concrete granulesendiffered from the others in the disposition loé tready
mixture in a unit, where the concrete is exposethéoeffects of gas (high-pressure) or water, &ad ¢ontrib-
uted to the formation of granules. This allowedremsport it in a packaged form or in bulk overdatistances
and produce products directly on the constructite §or further use it was needed to reheat thietpeo the
melting temperature about 140-150 °C.

Another country, that has actively explored suffurits possible use in construction, was the Sovie-
ion, in which the first application of sulfur comte was carried out in 70-s of 26entury. Nowadays in Russia
there is not any large-scale production of sulfomarete. JV LLC “Inter-S” (Astrakhan region) hasnanufac-
turing technology of such material, developed jgintith “Astrakhangazprom”, NIIZhB and the Ministrgf
Construction of the Russian Federation, but agtuiis producing only a modified sulfur (sulfurroent) for the
production of sulfur concrete. However, the prothrcof sulfur cement has no foreign analogues issdRu

Traditionally, the sulfur polymer cement is proddde a circular manner in a batch reactor equipyitial
a stirrer, using expensive chemical modifiers. Phecess for this reaction, to afford the final progl takes up
to several hours. The technology, offered by LLGtiakhangazprom”, is different from usual in tHag proc-
ess takes place in a continuous technology, usingcbst and environmentally safe chemical modifi&az-
prom Sera" (Astrakhan) is actively engaged in gdeascale production of sulfur concrete, but it ¢ possible
nowadays. The lack of opportunities is occurring da the lack of precision equipment, capable gfil&ing
the heating of the mixture in the range of +1 °@ob heating the mixture above 150 °C, it is relddselrogen
sulfide and sulfur dioxide - gases which have nexetivity and pose a threat to humans. Therefaoris, éspe-
cially important to the establish industries thah groduce large quantities of sulfur concrete wlith strict
compliance with technological standards.

Another country actively engaged in the productafnsulfur concrete is Kazakhstan. The company
“Serobeton Story” has received the money grand lasldeveloped the sulfur concrete waste-free ptumfuc
process. Innovative technology provides up to 106ptacement of Portland cement products for cegaators
of construction and solves environmental problemsiloproducing regions of Kazakhstan through tise wf
technogenic waste (lump sulfur) [4].

Several European countries, such as Poland, Gernkaagce and other are using sulfur concrete not
only for the production of structural materialspleecing traditional concrete), but also in road stanction (for
road paving).

With regard to our region (Belarus), sulfur is msed as a binder in the concrete production ateptes
time. But it is investigated for the reason of pieat application and further development of a éarglume
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scale. The scientific interest to the subject dfusiconcrete use is due to not only to the itsquei properties,
but also due to the problem of recycling of thehtécal sulfur. The stocks of it are increasing doesver-
increasing volumes of recycling of sulfur-contampimydrocarbon feedstock (natural gas, oil) andepdeclean-
ing of sulfur refined products.

Conclusion. According to the properties of the sulfur concréthe usage of sulfur in the construction in-
dustry of the Republic of Belarus can be a costetiife direction. It could be because of the nunddeadvan-
tages of the products, made of sulfur concrete,pesing with traditional concrete (better performarand
physical and mechanical properties for some sectocenstruction, increased durability). Based lue,twe can
make a conclusion about the curracy of investiggtite properties of sulfur concrete, as well astéisdnology
of its production.

REFERENCES

1. AmdajnuTHYECKMH MOPTad XMMHYECKON MPOMBINUIEHHOCTH [DiekTpoHHbiii pecype] // Newchemistry.ru. —
2006. —Pexum mocryma: http://newchemistry.ru/letter.php?n_id=3861&cdt5&page_id=1. Fara moc-
tyma: 25.01.2017.

2. HEPYI-BKC  [DOnexrponnsii  pecypc] [/ OOO  "Hepyn-BKC". — Pexum  gocryma:
http://neruds.ru/staty/beton4.htmltara nocryma: 25.01.2017.

3. TexHUKO-9KOHOMUYECKOE 000CHOBaHUE YPPEKTUBHOCTH CTPOHUTEIHCTBA U IKCILTYaTAlMH YHUBEPCATHHOM
YCTaHOBKH JUIsl IPOU3BOJICTBA MOJIOTOH Cepbl, 00beMOM 5 ThIC. TOHH B T0Jl ¥ MOJIU(UIIMPOBAHHOW CEpBI
o6bemoM 10 Thic. TOHH B 1o [InekTpoHHbIi pecypc] / TeXHUKO-IKOHOMHUYECKOe 000CHOBaHUEe. — Pexum
nocryma:  https://sites.google.com/site/serobeton/homertedsitehniko-ekonomiceskoe-obosnovanie. -
Hara noctyna: 23.01.2017.

4. Mapraiinuk, E.I'. AkryanpHOCTh IPOM3BOJCTBA cepoOeTOHA U cepoduryma. Mcnosnb3oBaHue cepsl B J10-
poxuoMm crpoutenbetBe CHIA, Kananst, @panrmu, [onsium [Dnexrponnsiii pecype] / E.I'. Mapraiinuk. —
Beproe pemenne. — Pexxum poctyna: http://wwwpemnenune-sepaoe.pd/serobeton-actual. Hara nocrymna:
24.01.2017.

5. TIlacryxos, H. Cepoberon u cepoacaibT — YHHKaJIbHBIE TEXHOJOIMH M 00OpYHOBaHUE [DIIEKTPOHHBIM
pecypc] / H. IlacryxoB. — BeTOH M CTpPOMTENbHBIE TEXHOJOTHM — IOMOIL(b. — PEXHM JOCTYIIa:
http://www.helpbeton.ru/serobeton-i-seroasfalt-afile-texnologii-i-oborudovanie-dlya-ix-
proizvodstva.html. Hara nocryna: 24.01.2017.

6. HoBble MOAU(UKATOPHI CEPHOTO BSDKYIIETO AJIS MONYYCHHS CEPOOSTOHOB MOBBILICHHOW MPOYHOCTH [Drek-
TpoHHblid pecypc] / OO0 "HUL "Xummk". — Pexum npocryma: http://chemteq.ru/chem-tech/sulpho-
concrete.html. Aara nocryna: 25.01.2017.

81



