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technologies scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

Kasakcman Pecriybnukacel ¥nmmbik fbiribiM akademusicbl "KP YFA Xabapnapbel. Xumusi XoHe
mexHorsioeusi cepusicbl” fbifibIMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacbli Emerging
Sources Citation Index-me uHOekcmeryeze KabbindaHraHblH xabapnalidbl. byn uHdekcmerny 6apbicbiHOa
Clarivate Analytics komnaHusicsbl XypHandbl o0aH api the Science Citation Index Expanded, the Social
Sciences Citation Index xeoHe the Arts & Humanities Citation Index-ke Kabbiiday maceneciH
kapacmbipyda. Webof Science 3epmmeywinep, asmoprap, 6acnawsifiap MeH MeKemMesiepae KOHMeHm
mepeHDiei MeH canacbiH ycbiHaobl. KP YFA Xabapnapbl. XuMusi XoHe mexHosnoausi cepusicbl Emerging
Sources Citation Index-ke eHyi 6i30iH KoramdacmabiK YWIiH eH 63eKmi xoHe 6edendi XuMusinbiK FbliibiMOap
bolibIHWa KoHmeHmke adasndbifbiMbi30bi 6indipedi.

HAH PK coobwaem, ymo Hay4HblIl xypHan «13eecmus HAH PK. Cepusi xumuu u mexHonoaul» 6bin
npuHam dns uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
CodepxxaHue 8 amom UHOeKkcuposaHuu Haxodumcs 8 cmaduu paccmompeHuss KomnaHuel Clarivate
Analytics 0ns OdanbHeliweeo rpuHamusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem ka4ecmeso u
enybuHy koHmeHma 0ris uccriedogamersiel, agmopos, usdamerel u y4pexoeHul. BkrroyeHue Mzeecmus
HAH PK e Emerging Sources Citation Index demoHcmpupyem Hawly MpuUeepKeHHoCcmb K Hauboree
aKkmyarbHOMY U 8/1UsiMesIbHOMY KOHMeHmMy o XuMu4ecKuM Haykam 051 Hawezo coobuecmea.
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RICE STRAW AND HUSK OIL SLUDGE FOR PROCESSING
THROUGH THE USE OF LIGNOSULFONATE AS A BINDER
WITH ACTIVATED CHARCOAL

Abstract. This article examines the effect of lignosulfonate binding of rice waste to oil waste to obtain activated
carbon. Lignosulfonate was added to the mixture to produce briquetted activated carbon by processing rice residue
(husk and straw) and oil sludge together. The mixture was carbonized and activated in a BR-12 NFT series high-
temperature vacuum tube furnace with a length of 300 mm and a diameter of 60 mm and a heating section length of
200 mm in a quartz glass tube. Briquettes obtained by adding rice waste (husks and straw), oil sludge and
lignosulfonate were placed in the kiln. Carbonation was carried out at a temperature of S00°C, activation was carried
out at a temperature of 850°C in a ratio of 2: 1 with water vapor. The effect of the relationship of the addition of
lignosulfonate binder to rice residue and oil sludge on the product properties was studied. The optimal ratio of co-
treatment of the mixture was found in the ratio of rice residue: oil sludge: lignosulfonate = 9: 1: 2 (by weight). The
adsorption activity of the obtained product on iodine, the total volume of pores on water, the mass fraction of
moisture, the adsorption activity on methylene blue and the bulk density were studied. Activated carbon obtained
from both rice straw and rice husk has high sorption properties. According to the results of experimental studies,
activated carbon obtained by adding lignosulfonate to rice straw and oil sludge in a ratio of 9: 1: 2 corresponds to the
brands BAC-A, WAC, BAC-Au.

Key words: activated carbon, rice husk, rice straw, oil sludge, lignosulfonate, carbonization, activation,
briquettes.

Introduction. Currently, the problem of pollution due to active industrial activities, which are
harmful to the environment, mainly water, is a matter of concern from year to year. Several processes are
used to reduce the level of pollution of water resources and treatment of contaminated water, including the
process of adsorption of activated carbon [1].

Adsorption is considered to be more favorable due to its high efficiency, low cost, simple operation
and availability of adsorbents [2-4]. Activated carbon is often used as a sorption filter. Activated carbon is
one of the most commonly used adsorbents for the removal of dyes from aqueous solutions. Many
effective methods of adsorbent production are known, but in some cases are economically inefficient due
to the high cost of use, preparation and recovery of raw materials [5]. Therefore, the use of waste and
inexpensive products for the production of activated carbon is considered as one of the ways to save
adsorbent [6].

One such inexpensive product is agricultural waste, as rice straw and rice husk. During the harvesting
and industrial processing of rice, a large amount of waste is collected in the form of bran (up to 20% by
weight) and straw (up to 50% by weight). At the end of the campaign, rice husks and straw are burned in
the open air, which causes air pollution. Incineration of agricultural waste is a major problem not only for
our country but also for the world and is one of the causes of global climate change. Today, the main
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problem of scientists is the utilization of straw and bran. The joint solution of environmental and
technological problems - the utilization of rice husks and straw, as well as the production of solid products
in demand is relevant today. The proposed technologies for the treatment of rice residues are based on the
processes of thermal decomposition of soot without release into the atmosphere.

Currently, a number of countries have developed areas for the use of rice waste, the main of which
are: production of heat and electricity [7], production of silicon dioxide, activated carbon and sorbents [8],
production of liquid chemicals [9-11] and integrated treatment of solid waste [12-16].

In particular, activated carbon is a sorbent belonging to the class of high molecular weight porous
carbon materials, capable of efficient and selective absorption of molecules of various chemical
substances from vapor-gas and liquid media [17].

Activated carbon is used in ventilation gases, water and other liquid treatment systems, as well as in
the protection of the respiratory system [18, 19].

One of the components that determine the properties of activated carbon is the binder. It is designed
to simultaneously combine the particles of coal powders into a plastic mass in order to effectively form the
primary (raw) granules of carbon sorbent by extrusion and bind these particles into a strong granule with a
porous structure developed as a result of heat treatment. In addition, the parameters of their production
process are determined by the characteristics and composition of the connecting components.

Most often, granulated activated carbon is produced using wood resin binder [20], coal tar [21] or
their mixtures [22-23]. In addition, potassium carbonate was used as a binder for coal tar, while coke
residue in coal tar was 15% [24-28].

To obtain activated carbon, the furnace soot was mixed with lignosulfonate, the mixture was
granulated, the pellets were dried and activated in a steam-gas medium. Mixing of furnace soot and
lignosulfonate was carried out in the form of dry matter in a ratio of 1: 0.6-1.8, and activation was carried
out at a temperature of 680-780°C for 60-180 minutes [29]. Petroleum was used as a binder to obtain
activated carbon from hard coal. Coal and oil slag are ground together, 4-5% KOH solution is added and
activated carbon up to 40-50% by weight is obtained, which allows to remove N, N-dimethylformamide
from industrial wastes [30-32]. In addition, technical lignosulfonate dried in air until dry was used as a
binder when using peat as a carbon material [33-35].

Although lignosulfonate is widely used in the literature, its use as a binder in the production of
activated carbon is still poorly understood. Therefore, the purpose of this research to obtain a stable of
high-quality activated carbon components on the basis of this development.

Lignosulfonate - technological processing of vegetable raw material for wood pulp and paper industry
products. Lignosulfonate in various fields, because it has a high surface activity can be used as anionic
surfactants. Lignosulfonate concrete solutions, dyes, and as a binder component in the production of
vanilla is widely used in the production of food [36].

In our previous studies, activated carbon was extracted from rice straw and husks, as well as from rice
husks and oil sludge [37, 38], and binders were used to improve its sorption properties and improve our
study. As noted above as a binder lignosulfonate used because it is available and has a high surface
activity.

Materials and methods. Carbonization with rice residue (husk and straw) by adding lignosulfonate
to the oil sludge was carried out in a nitrogen atmosphere at 500 °© C and activation at 850°C with water
vapor in a BR-12 NFT series high-temperature vacuum tube furnace. Activated carbon adsorption of
iodine from water activity, total pore volume and density of the products from the area were determined
by standard methods.

To determine the adsorption activity on iodine, a solution of iodine in potassium iodide at a
concentration of 0.1 mol/dm’ was added to a certain part of activated carbon and shaken in a mixer for
15 minutes at an intensity of 100-125 oscillations. Then, after waiting until the solution precipitates, it
accumulates the required volume for titration and titrates with 0.1 mol/dm’ of sodium thiosulfate solution
until the blue color disappears, using starch as an indicator [39].

To determine the total pore volume in water, pores in the range of 0.5-10* nm are determined by
heating in boiling water for 15 minutes, pumping out at a pressure of 8 kPa, separating excess water and
weighing it on a balance. Determination of the bulk density of activated carbon was carried out by
measuring the mass of normalized compaction of a certain amount of activated carbon [40-41].
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Results and discussion. The bricked mixture was placed in a tubular furnace by adding
lignosulfonate to rice residue and oil sludge (husk and straw). Hermetically sealed, the tube was filled with
nitrogen gas supplied from the cylinder, the carbonization process was increased from 10°C to 500°C per
minute and held at this temperature for 100 minutes, and activation was carried out at 850°C in a 2: 1 ratio
of carbonate and water vapor. The effect of lignosulfonate ratio on the yield and physical and chemical
properties of activated carbon was studied (table 1).

Table 1 - Properties of activated carbon obtained by the use of lignosulfonate
as a binder in the processing of rice straw and with oil sludge

The results of experimental research

Indicator Rice straw: Rice straw:

lignosulfonate Oil sludge: Lignosulfonate
Ratio 10:1 9:1:1.1 | 9:1:125 [ 912
Carbonation temperature, °C 500
Carbonate consumption, mass % 61.57 | 53.76 | 74.5 | 84.30
Activation temperature, °C 850
Water: carbonate ratio 2:1
Consumption of activated carbon, dr. % 35.92 33.99 29.86 24.72
Adsorption activity on iodine,% 39.37 55.88 62.33 64.77
Total volume of pores on water, cm’/g 0.929 0.930 0.946 0.950
Mass fraction of moisture,% 1.49 1.56 1.68 2.39
Heap density, g/dm’ 233.94 239.59 246.01 251.86
Adsorption activity on methylene blue, mg/g 432.20 412.35 431.10 411.12

According to the results shown in table 1, rice straw: oil sludge: as the content of lignosulfonate in
activated carbon obtained from lignosulfonate increases, its adsorption activity for iodine increases from
39.37% to 64.77%, the total porosity of water increases from 0.929 cm’/g 0.950 cm’/g, the mass fraction
of moisture increased from 1.49% to 2.39%, the bulk density increased from 233.94 g/dm’ to 251.86 g/dm’.
When processing rice straw with oil sludge, the ratio of 9: 1: 2 was chosen as the optimal ratio for the
production of activated carbon with the addition of a binder lignosulfonate. In figure 1 shown the optimal
ratio of activated carbon.

Figure 1 — Rice straw: oil sludge: activated carbon which was taken in the ratio of lignosulfonate 9: 1: 2

Table 2 - Properties of activated carbon obtained by the use of lignosulfonate
as a binder in the processing of rice husk and with oil sludge

The results of experimental research

Indicator Rice husk: Rice husk:

lignosulfonate Oil sludge: Lignosulfonate
Ratio 10:1 9:1:1.1 | 9:1:1.25 | 9:1:2
Carbonation temperature, °C 500
Carbonate consumption, mass% 68.14 | 81.75 | 71.11 | 79.07
Activation temperature, °C 850
Water: carbonate ratio 2:1
Consumption of activated carbon, dr. % 34.83 28.07 35.29 32.73
Adsorption activity on iodine,% 31.75 48.26 54.61 61.17
Total volume of pores on water, cm’/g 0.551 0.563 0.571 0.584
Mass fraction of moisture, % 1.19 1.29 1.81 1.88
Heap density, g/dm3 351.27 362.95 367.17 392.18
Adsorption activity on methylene blue, mg/g 344.50 355.50 362.70 352.70




News of the Academy of sciences of the Republic of Kazakhstan

On table 2, rice husk: oil sludge: it can be seen that as the amount of lignosulfonate in activated
carbon obtained from lignosulfonate increases, the adsorption activity for iodine increases from 31.75% to
61.17%, the total porosity of water increases from 0.551 cm’/g to 0.584 cm’/g, the mass fraction of
moisture increases from 1.19% to 1.88%, the bulk density increases from 351.27 g/dm’ to 392.18 g/dm’.
When processing rice hulls with oil sludge, the ratio of 9: 1: 2 was chosen as the optimal ratio for the
production of activated carbon by adding a binder lignosulfonate. In figure, 2 shown the activated carbon
obtained in an optimal ratio.

Figure 2 — Rice husk oil sludge: activated carbon obtained in the ratio of lignosulfonate 9: 1: 2.

Comparing rice bran to rice soap, the total number of pores in water in rice soap is 1.6 times greater
than that in rice bran. The density of the heap in rice hulls is 1.5 times that of rice hulls. There is no
significant difference in the mass fraction of moisture and the values of the adsorption activity for
methylene blue. When processing rice straw and husks with oil sludge, the ratio of 9: 1: 2 was chosen as
the optimal ratio for the production of activated carbon with the addition of lignosulfonate as a binder.

Conclusions. In conclusion, the optimal conditions were determined in the ratio of rice husk: oil
sludge: lignosulfonate = 9: 1: 2 and rice straw: oil sludge: lignosulfonate = 9: 1: 2. The adsorption activity
of activated carbon on iodine was 61.74% in rice husk, 64.77% in rice straw, the total volume of water
pores was 0.584 cm’/g in rice husk, 0.950 cm?/g in rice straw and the bulk density was 392.18 g/dm’ in
rice husk in rice straw showed 251.86 g/dm’. According to the results of experimental studies, activated
carbon obtained by adding lignosulfonate to oil sludge with rice residue in a ratio of 9: 1: 2 corresponds to
the brands BAC-A, WAC, BAC-Au. The use of the proposed method of production of activated carbon
compared to the known method provides high adsorption activity, and it is recommended to use rice waste
and oil waste and lignosulfonate as raw materials. The results of the study allow for the rational use of
environmentally important and natural resources.

Funding. The work was carried out with the support of the Ministry of Education and Science of the
Republic of Kazakhstan and the Committee of Science due to grant funding AP05134356.
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OHJIEY apKBUIBI OpHKETTENTeH OeNCeHAIpUIreH KOMip aly YIIiH KOocmara IHTHOCYIh(POHAT KOCBUIOBL. Kocmanb
KapOOHM3aNUsIIaY JKOHE OeJICeHIpY KBapLTHI MIBIHBINAH JKacaiFaH TYTIKTe Y3eHABFB 300 MM skoHe auamerpi 60 MM,
KbI3bIpY OemnimiHiH y3biHABIFE 200 MM Oonatein BR-12 NFT cepusiiibl skoFapbl TeMIIepaTypasibl BAKYyMIBIK TYTIKTI
newmre xyprizingi. Kapoonuzauus 500°C Temneparypana, oencennipy 850°C temnepartypasna 2:1 kareiHacta cy
OybiMeH kyprizingi. Kypiin KangpiFel MeH MyHail [UIaMbIHA JTUTHOCYJIB(OHAT OaiIaHBICTBIPFBIIIBIH KOCY KaThIHAC-
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TapbIHBIH OHIM KacuerTepiHe ocepi 3eprrengi. Kocmansr Oipre eHmeymiH OHTAWIBl KaTBIHACHI KYPIII KaJIBIFBI:
MYHall IIUTaMBL: JTATHOCYIB(POHAT = 9:1:2 (camMmakTapsl OOMBIHINA) KATHIHACTAPHI TAOBUIABI. AJBIHFAH ©HIMHIH HOZ
OOMBIHIIIA aACOPOIHAIIBIK OETICEHIUIIT], Cy OOMBIHIIIA KAJIIBI KEYEKTep KOJIEeMi, BUIFaIIBIH MACCAIIBIK YIIECi, METIIICH
Keri OOHbIHIIA aACOPOLUSIIBIK OCICEHUTITI )KOHe YHIHAUIIK THIFBI3IBIFBI TOPI3Ai KepceTKimTep 3epTrenmi. JXKypri-
3UIreH 3epTTeyJiep HOTHKeCl OOMbIHIIA OeNCeHIIPUIreH KOMIPAIH KypaMbIHIarbl IUTHOCYIb(OHAT MeJIepi apTKaH
caifblH OHBIH COOPUMSIIBIK KaCHETiHIH apTaThIHBI Oalikannel. Kypim cabaHbiHaH Aa, KYpill KaybI3bIHAH Ja aJIbIHFaH
OCIICCHIIPUITeH KeMIp JKOFapbl COPOLUSIBIK KacueTTepre ue. ToxipuOelnik 3epTreysiep HOTkecl OoiibiHIma 9:1:2
KaThIHACTAFbI KYPILI KaJbIFbl MEH MYHall [IJIaMbl JKoHE JIMTHOCYJIb(OHATTHI KOCY apKbUIbI AJIbIHFAaH OeNICEHAIpLIreH
kemip BAY-A, JIAK, BAY-A1 MmapkasiapbIHa Coiikec KeJe.

Tyiiin ce3mep: OeiceHuipireH Kemip, Kypill KaybI3bl, Kypill ca0aHbl, MyHail [UIAMBI, JUTHOCYJIb(OHAT,
KapOoHm3anus, OeyceHaipy, OpuKeTTep.

H.O. AIIlIa3OB1’2, Bb.M. I[nﬂpona3, B.M. Ba3ap63eB',
T. Acbmﬁemcbmbll, C.A. Kamlcapl, Bb.K. I[;lmeM6aeB1

'KbI3blmopauscknii yuusepenter uMenn Kopksit Ata, Keissutopna, Kasaxcran;
’Kazaxckuii Hay4YHO-UCCIIeIOBATEILCKUM HHCTUTYT pucoBocTBa uM. M. Kaxaera, Kei3putopaa, Kazaxcras;
SKazaxckuii HallMOHAJIbHBIN KEHCKUH Mearornueckuii yausepcurer, Anmatel, Kazaxcran

INOJYYEHUME AKTUBUPOBAHHOI'O YI'JVISA C HCITIOJIb30BAHUEM JIMTHOCYJIbB®OHATA
B KAUECTBE CBSA3YIOHUIEI'O IIPU COBMECTHOM NEPEPABOTKE PUCOBOI COJIOMBI
N HIEJTYXHU C HEOTEINJIAMOM

AHHoTanus. B naHHOI cTaThe M3y4eHO BIMSHUE JUTHOCYJIb()OHATA KAaK CBA3YIOLIErO0 BELIECTBA IS IOJIY-
YeHUs] OPUKETUPOBAHHOTO aKTHMBHPOBAHHOIO YIJISI IMYTEM COBMECTHOH mHepepabOTKM OTXOAOB puca (IIENyXd U
cosiombl) ¥ Hedrenuiama. KapOoHU3aLMI0 M aKTUBALMIO CMECH MPOBOJMIM B BHICOKOTEMIEPATypHOIl BaKyyMHOW
TpyOuaToii meun cepur BR-12 NFT mnunoi#t 200 MM, B HarpeBaTeIbHOM CTEKISIHHOW TpyOKe M3 KBapiia pa3MepoMm
300 mm n nmuamerpoMm 60 MM. B meus momemanyu oTxox puca (IIenyxy WIH COJIOMY) B BUAE OPHKETHPOBAHHOTO C
nobaBiieHneM JIMTHOCY Ib(oHaTa 1 Hedrenniama. Kapbonnzanuro nposoawy mpu temneparype 500°C, akTuBariio —
BOISIHBIM MapoM npu temmeparype 850°C B cootHomenuu 2:1. MccnenoBaHo BiIUsIHUE COOTHOLUEHHUM JIMTHOCYJIb-
(hoHATHOTO CBS3YIOIIEro, OTXOJa pHuca MW He(pTenulamMa Ha CBOMCTBA aKTHBHPOBAaHHOTO yris. OnTUManbHBIM
COOTHOIIICHUEM COBMECTHOH IepepabOTKH CMECH SIBIISIETCS OTXOA puca: Hedremuiam: nurHOCymbpoHAT 9:1:2
(mo macce). MccnenoBanus NMpOBOAMINCH MO CIEAYIOIIMM IOKAa3aTelsaM: aiAcopOLMOHHAS aKTHBHOCTh MO HOIY,
obmuii 00beM Iop MO BOJE, MaccoBas AOJS BIArd, aACOpPOLMOHHAS aKTUBHOCTh II0 METHJIEHOBOMY Ioyiy0oMy M
HachINHas IIOTHOCTh. [lo pe3ynbraTam NMpOBENCHHBIX HCCIEAOBAHUI OBUIO OTMEYEHO, YTO MO MEPE yBEIHUCHUS
COoZlepKaHMs JIMTHOCYJIb(OHATA B aKTHBUPOBAHHOM YTJI€ IOBBIIAIOTCS €0 COPOLMOHHBIE CBOHCTBA. AKTHBUPOBAH-
HBIH yT0JIb, IOTY4YEeHHBIN KaK Ha OCHOBE PHCOBOM COJIOMBI, TaK X Ha OCHOBE PHUCOBOH IIENyXH, 001aJaeT BHICOKUMHU
copOLMOHHBIMU cBOMcTBamMH. [lo pe3ynbTatamM 3KCIIEpUMEHTAIBHBIX MCCIIEIOBAaHUN yCTAaHOBIICHO, YTO aKTHBUPO-
BaHHBIM YroJib, NOJIYYEHHBIH M3 OTXOJIOB pUca, HedTelulaMa U JIMrHOCYIb(OHATa, B COOTHOIIEHHsIX 9:1:2 coot-
BercTBYyeT Mapkam BAY-A, [TAK, BAY — Aw.

Ki1ioueBble c10Ba: akTHBUPOBAHHBIA Yroiib, pHUCOBas IIeNyXa, PHCOBAas COJOMa, HedTemuiam, JIMTHOCYIIb-
(onat, KapOOHU3AIHSA, AKTHBALINS, OPUKETHL.
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