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Abstract. The main issue of this study is to investigate the effect of the
porous structure of organic aggregate on cement stone and on the nature of the
contact zone. As it is known, porous aggregate draws away some of the moisture
from the adjacent cement stone layers, which promotes their compaction. In
turn, the contact layers of the sulfur-containing binder also undergo changes.
Also in the work, sulfur and its derivatives are used as an additive for chemical
treatment. It is known that sulfur itself is a strong reducing agent, so it can
affect the morphology and chemical composition of the surface of the organic
aggregate of sulfur-containing arbolites. It was found that the highest index of
efficiency coefficient equal to 1.02 and 1.01 have samples of sulfur-containing
arbolite based on shredded cane and cotton stalks. The study of the structure
of contact zones of sulfur-containing binder with shredded mercerized cane on
samples from the binder dough with inclusion of shredded cane fiber showed
that it has a dense and strong binder shell with a width of 35-60 pm. The results
confirm that mercerization of cellulosic organic aggregates of sulfur-containing
arbolites increases its adhesion ability. The obtained results of the study can be
used for the manufacture of wall materials for low-rise construction.
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Investigations of the influence of organic aggregate on physical mechanical and adhesion properties of sulfur-
containing arbolite

Introduction

In recent years, the attention of many scientists of the Central Asian republics has been
attracted to the issues of obtaining structural materials based on organomineral compositions,
as components of which are used combined mineral binder and cellulose organic aggregate [1-
15]. From the basic provisions of the theory of artificial conglomerates [1-7], which establishes
the relationship between the components in concretes of optimal structure, it follows that the
binder, organic aggregate and the contact zone between them should have a decisive influence
on the strength of sulfur-containing concretes. At the same time, optimization of the structure
of sulfur-containing arbolite can be achieved through a more complete use of the properties of
organic aggregates and their involvement in the "work" of the whole arbolite concrete. The role
of aggregates of different mineralogical composition in the formation of concrete structure has
been studied in [3-10]. To study the adhesion of different types of organic aggregates with the
mortar part of sulfur-containing arbolite and their influence on its strength properties, we used
stalks of cane, rice straw and cotton, which were crushed to the same fraction and introduced
into the composition of sulfur-containing binder. Evaluation of the processes occurring in the
contact zone of the mortar part of sulfur-containing arbolite with organic aggregate was the
cohesive force [1-15]. It is known that sulfur itself is a strong reducing agent, so it can affect
the morphology and chemical composition of the surface of the organic aggregate of sulfur-
containing arbolites. Thus, Japanese researchers applied sulfur in the presence of sulfur-
containing bacteria for the reduction of hexavalent chromium [6, 7]. The bacteria oxidized
elemental sulfur to SO2. H2SO3 was formed as an intermediate compound. Treatment with
alkaline sulfur-containing solution (mercerization) of cellulose consists in treating it with
alkali solutions, as a result of which it acquires additional (OH-) groups, which in turn gives it
increased sorption capacity to ions of multivalent elements.

The methodology

Cellulose organic aggregates from vegetation and agro-industrial wastes according to GOST
19222 were used as initial porous aggregates for obtaining sulfur-containing arbolites. The
physical and chemical properties of reed, its chemical and fractional composition (Tables 1, 2)
were established experimentally in accordance with the requirements of GOST 19222, GOST
25820-2000, as well as on the basis of reference and literature data [1-10].

Cellulose Lignin Pentosan Resins and soluble
CH, 0, C,H,0,. C.H,O, components
46,17 29,76 22,00 2,07

Bulk density of reed stalks with natural moisture content is 70 kg/m3, and dried to constant
weight - 58 kg/m3. The fractional composition of reed stalks is given in Table 2.
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Table 2. Fractional composition of reed stalks in % by weight

Residuals Sieve mesh size, mm Passed a sieve with a 1.25 mm
opening
40 20 10 5 2.5 1.25
Private 10 15 47 17 9,5 1,5 1,5
Full 10 25 72 86 95,6 | 98,5 100

As fillers and additives for the manufacture of arbolite were used industrial waste from
enterprises of Kazakhstan in the form of sludge and solids [3-12]. As a modifying additive was
considered technical sulfur - a secondary product of processing of high-sulfur oil from the fields
of the Republic of Kazakhstan and pyrite cinders of the enterprise JSC "Phosphorhim", consisting
mainly of a mixture of iron oxides, with a recalculation of the iron content of 40 - 63%, and sulfur
impurities 1-2%. The rest are oxides of non-ferrous metals. Sulfur is a granulated product that
meets the requirements of GOST 127.1-93. Portland cement of 400 grade of Chimkent cement
plant in accordance with GOST 10178-85 and GOST 30744-2001 were also used for the study.
The compositions of the studied samples are given in Table 3.

Table 3. Compositions of investigated sulfur-containing arbolites

20 Material consumption 1m?® of arbolite Density, kg/m3
Ne Compositions Shredded Technical Pyrite Cement, kg
cane stalks, sulphur, kg cinders, kg
kg
1 255 25 80 270 450
2 260 23 82 260 420
3 250 25 80 280 550
4 240 27 78 300 500
5 230 30 75 320 600
6 200 35 70 350 650

Sulfur-containing arbolite samples were produced in the following technological sequence.
Shredded cane stalks were subjected to the process of mercerization from 15 min to 24 h or
more in contact with sulfur-containing solutions of 5 -15 % alkali, then performed:

- preparation of mercerized cane stalks and sulfur-containing additives by particle size
distribution;

- preparation and dosing of each component of sulfur-containing binder separately;

- preparation and mixing of sulfur-containing components with the addition of a certain
amount of water;

- loading of crushed cane stalks together with sulphur-containing binder into the drum mill;

- stopping the mill and unloading finished sulphur-containing arbolite mixtures;

- molding of products with compaction of the mixture by press method;
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- natural hardening or heat treatment;

- demolding of products.

Optimization of composition, properties and technology of sulfur-containing arbolite was
carried out experimentally. The study of properties of organic aggregates was carried out using
standard methods according to GOST 19222. Physical and mechanical characteristics of sulfur-
containing arbolite were determined in accordance with GOST 19222, 25820-2000, 7076-99,
7473-94, 10060.0-95 and 3476. When studying the bond strength of organic aggregate with
the mortar part of sulfur-containing arbolite, we used a set of independent methods that allow
us to obtain sufficiently complete and reliable data on the processes occurring at the contact
boundary between binder and aggregate. The study of strength and deformation properties
of sulfur-containing arbolite was carried out in climatic conditions of Central Asia and after
normal curing chambers. Shrinkage strains were measured 28 days after curing in natural
conditions. Creep of sulfur-containing arbolite was investigated during long-term loading
under different loads on samples - prisms, sizes 150x150x600mm and samples cubes, sizes
100x100x100mm. The study was carried out in 28 days after curing in natural conditions
and after heat treatment. Arbolite loading was carried out at loads of 0.3, 0.45, and 0.75 of
the prism strength of sulfur-containing arbolite. The properties of thermal conductivity, fire
resistance and biostability of sulfur-containing arbolite were studied under a wide variation
of factors. The study of thermal conductivity was carried out at the Department of Physics of
Aktobe Regional State University together with the Department of Building Materials Science,
Special Technologies and Technological Complexes of Ivanovo State Polytechnic University in
the natural and dry state or after heat treatment. To study the adhesion of different types of
organic aggregates with the mortar part of sulfur-containing arbolite and their influence on
its strength properties, we used cane stalks, rice straw and cotton stalks chopped to the same
fraction, which were introduced into the composition of sulfur-containing binder. Evaluation
of the processes occurring in the contact zone of the mortar part of sulfur-containing arbolite
with organic aggregate was the cohesive force. To characterize the magnitude of the cohesive
force of organic aggregates with sulfur-containing mortar part, as well as its influence on the
strength of sulfur-containing arbolite concrete, the coefficient of efficiency of the aggregate
in arbolite (a) was chosen, which was calculated from the results of determining the tensile
strength. It is known [5-7] that the bonding force is determined by the chemical interaction
processes occurring in the contact zones, so it is obvious that the efficiency factor a will change
when the aggregate surface is isolated from the mortar part of the concrete. The coefficient ¢
is taken as a value characterizing the influence of chemical interaction on the bonding force in
the investigated concretes, indicating how many times the efficiency factor of the aggregate in
concrete will decrease when the chemical interaction in the contact is eliminated:

__Uyninsulated

¢

Ujsolated

where, o , oL - efficiency coefficients of uninsulated and insulated organic
uninsulated isolated
aggregates in arbolite concrete.
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To evaluate the micromechanical properties of the contact layers of sulfur-containing
cement stone and organic aggregate, the method of microhardness determination was used.
The tests were carried out on polished slits of 30x30x30 mm cube specimens made of sulfur-
containing cement dough, in the middle of which a fiber of crushed reed was placed. Since the
main changes in the structure of contact layers of sulfur-containing cement stone are related
to moisture migration in the organic aggregate, the dependence of microhardness change of
sulfur-containing cement stone on the initial mortar with different ratio of components at 3
and 28 days of age was established. Together with measurements of microhardness, tests of
compressive strength of specimens were carried out.

Toinvestigate the change inthe properties of cellulose fibers of organicaggregates, the crushed
fibers of cotton stalks were subjected to chemical treatment with sulfur alkali solutions and its
derivatives. The concentration of alkali in the sulfur solution ranged from 5 to 7%. The effect of
mercerized cellulose on the strength properties of sulfur-containing arbolite was evaluated on
10x10x10cm arbolite cubes of density 550-600 kg/m3. Cane stalks and rice husk were used to
determine the effect of different mercerization on the properties of organic aggregates.

[t was found that the porous aggregate draws some moisture from the adjacent layers of
cement stone, which promotes their compaction. In turn, the contact layers of sulfur-containing
binder also undergo changes. The studies have shown that the use of all organic aggregates
under study is effective - in all cases a >1. The samples with organic aggregate based on rice
straw have a lower coefficient (Table 4). It was found that the highest coefficient of efficiency
equal to 1.02 and 1.01 have samples of sulfur-containing arbolite based on shredded cane and
cotton stalks (Table 4). Intensive chemical interaction with the mortar part of sulfur-containing
arbolite is observed on organic aggregates from shredded cane and cotton stalks, for which the
efficiency coefficient ¢ is in the range of 2.1-2.3. When excluding the chemical interaction with
the mortar part of rice straw arbolite, the efficiency coefficient decreases 2 times, which can be
explained by their structural features.

Table 4. Efficiency coefficient of different organic aggregates in sulfur-containing arbolite

Type Tensile strength tensile strength, MPa Coefficient @
aggregate Arbolite Organic Sulphur stone efficiency
aggregate binder of aggregate in arbolite
Shredded cane 3,34 1,24 4,7 1,02 2,6
stalks 18 mm
fraction
Chopped rice straw 1,27 0,89 4,7 0,85 2,1
stalks 18 mm
fraction
Shredded cotton 2,73 1,22 4,7 1,01 2,3
stalks 18 mm
fraction
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[tis established that high microhardness in the contact layer of the binder stone and aggregate
decreases as it moves away from the contact line. The study of the structure of contact zones of
sulfur-containing binder stone with shredded mercerized reed on samples from binder dough
with inclusion of shredded reed fiber showed that it has a dense and strong binder shell with a
width of 35-60 microns.

So the microhardness of the contact layer of the sulfur-containing binder stone with
shredded reed is equal to 1550 MPa, which is about 15% higher than the microhardness of the
binder stone in the intergranular space. Due to the high porosity of the organic aggregate, the
binder penetrates into the depth of the cellulose organic aggregate grain 105 - 135 microns. The
porous shell of shredded cane due to the effect of self-vacuuming promotes the involvement of
sulfur-containing binder inside the organic filler dough, which, interacting with the surface of
the pore walls of the filler, activates them, while the sulfur-containing dough tightly adheres to
the surface of cane particles. The contact zone between the sulfur-containing binder and the
crushed reed is characterized by a dense structure, its width is 105-135 microns.

Microhardness and adhesion strength of organic aggregates in arbolite concretes are also
determined by the nature of new formations arising in the contact zones as a result of physical
and mechanical processes of interaction between the aggregate and components of sulfur-
containing binder. Studies have shown that mercerized cane stalks have less effect on the setting
time and strength gain of arbolite compared to untreated samples.

Apparently, water-soluble sugars, organic acids and mineral salts are leached from the
cane stalks during such treatment. Therefore, in the process of making arbolite mercerization
can replace the operation of preliminary soaking of cane in solutions of chemical additives.
Determination of the compressive strength of sulfur-containing arbolites using rice husk,
mercerized and unmercerized cane showed that intensive strength growth is observed in the
first 14 days in all arbolites, further strength growth slows down (Fig.).

4,5
4

Compressive strength, MPa
o = N w
o 2] = 2] N [63] w [§,]

7 28 60 90
Curing time, days
1 series of samples 2 series of samples 3 series of samplts
Figure 1. Compressive strength of sulphur-containing arbolite in depending on curing time and

different organic aggregates:
1 - rice husk; 2 - untreated cane; 3 - mercerized cane
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The highest compressive strength after 28 days of curing is observed for samples based on
mercerized cane stalks. Growth of strength of samples based on rice husk by 14 days is 2.1
MPa, on the basis of crushed cane stalks without treatment is 2.5 MPa and for samples based on
mercerized cane stalks is 2.7 MPa. By 28 days, the strength growth of rice husk based samples
is 3.0 MPa, based on crushed cane stalks without treatment is 3.5 MPa and for samples based on
mercerized cane stalks is 4.0 MPa (Fig.). The results of the study, compositions and properties
of the sulfur-containing arbolite are summarized in Table 5.

The obtained results confirm that mercerization of cellulose organic aggregates of sulfur-
containing arbolites increases its adhesion ability.

Table 5. Compositions and properties of sulfur-containing arbolite based on mercerized reed stalks

Components of arbolite mixture Units of Strength class arbolite
measurement B2,5 B 3,5
Cement % 35 36
Mercerized cane stalks % 20 21
Water per 1m3 of mixture with dry organic aggregates % 30 31
Industrial sulphur % 3,2 3,6
Pyrite cinders % 6,9 7,2
Mineralizers %
- calcium chloride; 0,4 0,5
- barium chloride 1,4 1,6
Density kg/m?3 550-590 | 590-650
Compressive strength MPa 3,1 4,5
Water absorption % 67 45
Frost resistance cycle 50 75
Heat transfer coefficient W/m*K 0,100 3,2
Findings/Discussion

The results of the study showed that mercerized cane stalks have less effect on the setting time
and strength gain of arbolite compared to untreated samples. Apparently, water-soluble sugars,
organic acids and mineral salts are leached from the cane stalks during such treatment. Therefore,
in the process of arbolite production mercerization can replace the operation of preliminary
soaking of cane in solutions of chemical additives. The increase in strength of sulfur-containing
arbolite samples on mercerized cane can be explained by the fact that in addition to "tanning" of
cane stalks there is also etching of its surface, nano-, micro- and macropores are formed in the
material. Pores absorb sulfur from sulfur-containing compositions, which binds molecules on the
surface of different phases during the subsequent hardening of the arbolite mixture.

The obtained results give grounds to assert that in the loaded state the mercerized organic
aggregate has a high resistance to loads, hardens and can absorb even higher loads than in
the unloaded state. Apparently, the formation of nano- and microstructure and strengthening
of mercerized organic aggregate occurs due to the emergence of a kind of "tanning" effect in
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the fibers of reed stalk, similar to the effect of tanning leather and changes in the deformation
modulus of the components of sulfur-containing arbolite under load. On the other hand, the
reason for higher strength of sulfur-containing arbolite is the "colmatization” of nano- and
micropores of mercerized cellulose with elementary sulfur from sulfur-containing composition
of arbolite, which hardening causes an increase in the strength of the resulting product.

Conclusions

1. It was found that the highest index of efficiency coefficient equal to 1.02 and 1.01 have
samples of sulfur-containing arbolite on the basis of shredded reed and cotton stalks.

2. study of the structure of contact zones of sulfur-containing binder with shredded
mercerized cane on samples of binder dough with inclusion of shredded cane fiber showed that
it has a dense and strong binder shell with a width of 35-60 microns.

3. The results confirm that mercerization of cellulosic organic aggregates of sulfur-containing
arbolites increases its adhesion ability.

4. The obtained results of the study can be used for the manufacture of wall materials for
low-rise construction.
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!pauwes yHugepcumemi,
2K. )Ky6aHos ambiHdarbl AKmebe eHipaiK yHUsepcumemi,
3/L.H. 'ymunes amoindarsl Eypaszus yaimmulk yHugepcumemi

KykipTTi KypamMaJ/ibl ap60JIMTTiH, PU3NKAIBIK-MeXaHUKAJIBIK KoHe aJire3usuIbIK KacueTTepiHe
OpraHUKaJIbIK, TOJITBIPFBILITHIH, 9CEPiH 3epTTey

Anpgarna. Byn 3epTTeyniH Herisri nmpo6JieMachkl OPraHUKa/bIK TOJIBIKTBIPFBIITAPABIH KeyeKTi
KYPbUIBIMbIHBIH, IIEMEHT TacblHA X9He OallJlaHbIC aliMaFbIHBIH CUIIATbhIHA 9CepiH 3epTTey 6OoJIbI
TabblIabl. BypbIHHAH 6eJIriJi 60/IFaHAal, KEYEKTi TOMBIKTBIPFBIIITAP bIIFAJIIbIH 6ip 66JIiriH I[eMeHTTi
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TACThIH ipreJjiec KabaTTapblHaH TAPTHII a/1a/1bl 2KoHE OYJI KYObLJIbIC OJIap/blH ThIFbI3/JaJyblHA bIKIAJ
eTeJli. O3 Ke3eriHje, KYKIPTTI KypaMasibl TYTKbIp 6aHJIaHbICTBIPFBINI 3aTThIH GalJlaHbIC KacHeTTepi
Je esrepefii. CoHAal-aK, eHAipicTe KYKIpPT »K9HEe OHBbIH, TYbIHJbLIAPbl XUMHUSJIBIK, 6HJEyTe KOChbIMIa
peTiHze KoaaaHbLIabl. KyKipTTiH 631 KYIITi TOThIKChI3IaHABIPFBIII eKeHi Oe/Tisi, COHIbIKTAH KYKipTTi
KypaMasibl ap6oJIMTTEeP/iH, OPraHUKaIbIK TOJIBIKTBIPFBIIITAaPbIHBIH MOP()OJIOTUSAChl MEH XUMUSJIBIK
KypaMblHa 63 acepiH TUrisyi MyMkiH. Tuimzinik koa¢punmeHTiHiH eH yakeH kepceTtkimi 1,02 xaHe
1,01-me ycakTasiFaH KaMbIC ITIeH MaKTa cabaKTapblHA HeTi3/ie/ireH KYKipT 6ap ap6oyuT yarisepi 6ap
eKeHi aHbIKTaJ1Jbl. KypaMbIH/Ja KYKipT 6ap TYTKbIP MEH yCaKTaIFaH MeEPCEPJIEHTeH KAMBICTBIH TYHicy
aliMaKTapbIHbIH KYpPbLJIbIMbIH YCaKTa/JFaH KaMbIC TaJ/lIbIFbIHbIH KOCbLIYbIMEH 6alJaHbICThIPAThIH
KaMbIp YJITiJiepiH/ie 3epTTey OHbIH eHi 35-60 MKM ThIFbI3 *KoHe 6epik 6aillaHbICThIPYILbI KAOBIFbI 6ap
eKeHiH KepceTTi. HoTuKesiep LiesL1l0/103a-0pTaHUKAJBIK KYKIPTTI ap6oJIUTTEP/IiH, MepCcepU3alUsChl
oJ1ap/blH a/ire3us KabijsieTiH apTThIpaTbIHbIH pacTai/ibl. 3epTTey HaTHXKeJlepi a3 KabaTThbl KypbLJIbICKA
apHaJ/IfaH KabbIpFa MaTepHuasapblH eHAipyie Ko/1AaHbLIybl MyMKiH.

TyiiH ce3aep: KypaMblHJA KYKIipT 6ap apOoJiMT, 6akaHbIC aiMaFbl, THIMAIJIIK K03)PHULIHEHTI,
KYKIpT, OpraHUKaJbIK arperaTThlH MUKPOKATThLIbIFb], MEpCEPU3AllHs, KbICY OEPIKTIri.

B.P. UcakynoB*!, }K.B.Tykames?, X.T. AGayniaes?, A.B. UcakynoB?
bauwes yHugepcumem,
2Akmro6uHckuli pecuoHabHLIU yHUsepcumem um. K. XKy6aHoaa,
3Eepasulickull HayuoHa1bHbIl yHUsepcumem umeHu JI.H. ['ymuaesa

HUccneaoBaHue BIAMSAHUSA OPraHUYECKOro HAIOJIHUTEJIA Ha (])usnxo-mexaﬂnqecxne 44
aAre3noHHbIE CBOMCTBaA cepocoaepikailero ap60JmTa

AnHoTanusA. OCHOBHOW MP06JIeMOM JAHHOTO UCC/IeJOBAaHUSA SBJISIETCS U3yUYeHHe BJIHSHUS IOPUCTOMN
CTPYKTYPbl OPTaHHUY€eCKOTr0 3al0JHUTE/ISI Ha [leMeHTHBIM KaMeHb U Ha XapaKTep KOHTAaKTHOU 30HHBI.
Kak n3BeCTHO, HIOPUCTBIN 3alI0JTHUTE/b OTTSATMBAET YacThb BJIark U3 MPUJEralLiyX CJI0eB [[eMEHTHOTO
KaMHs{, YTO CIIOCOOCTBYeT UX yIJIOTHEHHIO. B cBOIO odepe/ib, KOHTAaKTHbIEe CJIOU CEPOCOJEp:Kalllero
BSDKYLEr0 TaKKe [peTepreBal0T U3MeHeHUs. Takke B paboTe cepa U ee IPOU3BOHbIE UCIOJIb3YIOTCS
B Ka4yecTBe JJ00aBKH [JIJ11 XUMUYeCcKoh 06paboTku. U3BeCcTHO, UTO cepa caMa 110 cebe ABJISIeTCH CUJIbHBIM
BOCCTAHOBHUTEJIEM, I0O3TOMY OHA MOXKET BJAUATH HA MOPPOJOTUI0O U XUMUYECKUH COCTAaB OBEPXHOCTH
OpPraHUYeCcKOro 3aloJIHUTeJs CepocojepKalluX apOOJIUTOB. YCTaHOBJEHO, 4YTO HaubOJbLIMH
nokasaTeJsb ko3¢ punueHTa a¢ppekTuBHOCTH, paBHbIH 1,02 1 1,01, uMeroT 06pas1ibl cepocojieprKaliero
ap60/1MTa Ha OCHOBe M3MeJIbieHHOI'0 TPOCTHUKA U cTebJiell xJonyaTHUKa. MccienoBaHnue CTPYKTYphl
30H KOHTAaKTa CEPOCOAEPKALLEr0 BSKYLIETO C U3MeJIbYeHHbIM MepCepU30BaHHBIM TPOCTHUKOM Ha
06pasuax 13 TecTa BSKYLLEero ¢ BKJIIOYeHHeM U3MeJIbieHHOI'0 TPOCTHUKOBOTO BOJIOKHA [10Ka3aJio, YTO
OHO MMEET IJIOTHYIO U MPOYHYI0 CBA3YIOLIYI0 060J104Ky LTMPUHOU 35-60 MKM. [lo/1yyeHHbIe pe3y/IbTaThl
NOZATBEPXKAAIOT, YTO MepcepU3alus LeJII0J03HO-OpTaHUYeCKHUX arperaToB cepocofep:xaliux ap6o-
JINTOB TMOBBIIIAET UX a[re€3WOHHYI0 CIOCOGHOCTh. [losiyueHHble pe3ysbTaThl UCCAE0BAHUS MOTYT
ObITb UCII0JIb30BaHbI IPYU U3rOTOBJIEHUU CTEHOBBIX MaTepUaJIoB [Jisi MaJ03TaXKHOI'0 CTPOUTEJIbCTBA.

KniwoueBsblie cinoBa: Cepocosepkaliuid ap6oJidT, 30Ha KOHTAKTa, KoadduinueHT 3P PeKTUBHOCTH,
cepa, MUKpPOTBEpZ0CTb OPraHUY€eCKOT0 3all0JIHUTeJIs], Mepcepr3aliysi, IPOYHOCTb Ha CKaTHe.
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