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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 500°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 cotreatment 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
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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 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 vaporgas 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].
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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].

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 | 9:1:2
Carbonation temperature, °C 500
Carbonate consumption, mass % 61.57 | 5376 | 745 | 8430
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




News of the National Academy of sciences of the Republic of Kazakhstan

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 | 9:1:125 | 9:1:2
Carbonation temperature, °C 500
Carbonate consumption, mass% 68.14 | 8175 | 7111 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/dm? 351.27 362.95 367.17 392.18
Adsorption activity on methylene blue, mg/g 344.50 355.50 362.70 352.70

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 1 — 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
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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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"KopxsIiT ATa ateianars! Keiseimopna yausepcuteri, Keispiiopaa, Kazakcran
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KYPIIII CABAHBI MEH KAYBI3bIH MYHAM IIJIAMBIMEH BIPTE OHJEY KE3IHJIE
JIMTHOCYJIb®OHATTDBI MTAUJAJAHY OTBIPBIII BEJICEHAIPUII'EH KOMIP AJTY

AnHoTamusa. Byn makamaga OenceHmipiireH KeMip aily YIOIH Kypill KaJlJAbIFbIMEH MYHaii
KaJIIbIFbIHa OalNIaHBICTBIPYIIBI  JTUTHOCYJb(OHAT acepi 3epTreinni. Kypiml KanablFel (KaybI3bl KoHE
cabaHbpl) MEH MYHall NIIaMBIH Oipre eHJAeY apKbUIBI OpHKETTEITeH OCICEHIIpiIIreH KeMip aily YIIiH
KOCTIara JIMTHOCYJIb(GOHAT Kochulabl. Kocmansl kapOoHM3ausiiay skoHe OeJICeHAIpY KBapLUTHI MIBIHBIAAH
JKacalFaH TYTikTe Y3bHABFB 300 MM xoHe auameTrpi 60 MM, KbI3AbIpy OemiMiHiH Y3bIHABIFE 200 MM
oomatetH BR-12 NFT cepusiapl >KOFapel TeMIepaTypalbl BaKyyMABIK TYTIKTI TIEIITEe >KYPTi3ijimi.
Kap6onmsamus 500°C temmeparypana, 6encenmipy 850°C temmeparypanma 2:1 xaTeiHacTa cy OybIMEH
kyprizinmi. Kypiml Kajamelfbl MEH MyHall OUIaMblHA — JUTHOCYJb(OHAT OaiyaHBICTBIPFBILIBIH KOCY
KaThIHACTApBIHBIH OHIM KacueTTepiHe ocepi 3eprrenii. Kocmanbl Oipre eHIEyIiH OHTAHIbI KaThIHACHI
KYpill KaJIbIFBl: MyHall OUIaMbl: JUTHOCYJb(GoHAT = 9:1:2 (camMakrapbl OOMBIHIIA) KaTBIHACTAPHI
TaObUIABI. AJIBIHFaH OHIMHIH 10 OOWBIHIIA aCcOPOLHSIIBIK OeNCceHALNIri, Cy OOMBIHIIA KaIIbl KEyeKTep
KeJIeMi, bUIFaJIJIbIH MaCcCaNbIK YJIECi, METHIJICH KOTi OOWBIHIIA aJICOPOIMSIIBIK OSICEHIIIT )KoHEe YHIHALTIK
THIFBI3BIFBI  TOPI3AI  KepceTkimrTep 3eprrenmi. JKyprizinren 3eprreynep HOTHKeci OOHBIHIIA
OeyceHmipinreH KoMipAiH KYpaMBIHAAFBl JIMTHOCYIH(GOHAT MOJIIEepi apTKaH CaWbIH OHBIH COOPIIHSUIBIK
KacHeTiHiH apTaThiHbl Oaiikanapl. Kypim cabanbiHaH 1a, Kypill KaybI3bIHAH Ja alblHFaH OeJICeHAipilIreH
KOMip JKOFaphl COpOLMSUIBIK Kacuerrepre wue. Toxipubenmik 3eprreynep HoTWxkeci OoibiHIIa 9:1:2
KATBIHACTAFbl KYPIll KAJABIFEI MEH MYHall NUIaMbl OHE JHMTHOCYJIb(OHATTHI KOCY apKbUIbl aJbIHFaH
oencenpipinren kemip BAY-A, TIAK, BAY-An mapkanapbiHa coiikec Kenesi.

Tyiiin ce3mep: OenceHaipiireH KeMmip, Kypill KaybI3bl, Kypill cabaHbl, MyHail IIJIaMbl,
JTUTHOCYJIb(OHAT, KapOOHM3aIH, OeJICeH Py, OpUKETTED.
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MNOJIYYEHUE AKTUBUPOBAHHOI'O YI'JIA C UCIIOJIb30BAHUEM
JUTHOCYJb®OHATA B KAYECTBE CBS3YIOIIEIO ITPU COBMECTHOM
HNEPEPABOTKE PUCOBOM COJIOMBI M HIEJTYXH C HE®TEINLJIAMOM
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AHHoTanms. B 1aHHO# cTaThe M3yYeHO BIUSHHE JIMTHOCYJb(OHATA KaK CBA3YIOIIETO BEIIECTBA
JUTSL TIOJTy9EHUSI OPUKETUPOBAHHOTO AKTUBUPOBAHHOTO YIJS IyTEM COBMECTHOW MepepadOTKH OTXOJ0B
puca (memyxd W coloMbl) W Hedrenniama. KapOoHM3aIMio W akTHBAIMIO CMECH IPOBOAWIN B
BBICOKOTEMIIEpAaTypHON BakyyMHOW TpyOuartoit meunm cepum BR-12 NFT mmao#t 200 MM, B
HarpeBaTelbHON CTEKITHHON TpyOke w3 kBapua pasmepoM 300 MM m gmamerpom 60 MM. B meus
MOMEeNAId  OTX0A puca (WeNyXy WIH COJIOMYy) B BHUAE OpPHKETHPOBAHHOTO C J00aBIeHUEM
nurHocynboHaTta U Hedremniama. KapOormszaruio npoBoawmm npu Temmeparype 500°C, akTuBamuo —
BOJSHBIM mapoM mipu Temneparype 850°C B coorHomrenun 2:1. McciemoBaHo BIHMSIHHAE COOTHOIICHUN
JIUTHOCYJIB()OHATHOTO CBS3YIOIIEr0, OTXO/Aa puca M HedTeluiaMa Ha CBOWCTBA aKTUBUPOBAHHOTO YIJIS.
OnTUManbHBIM COOTHOIICHHEM COBMECTHOW NepepadOTKH CMECH SIBIISIETCS OTXOJ pHca: He(TeluiaMm:
murHocynbdonar 9:1:2 (mo wmacce). HcciemoBaHusT TPOBOAMIIACH IO CICAYIONIMM ITOKA3aTeIIsIM:
a7IcOpOIMOHHAs aKTUBHOCTD IO MOy, 001K 00BheM MO MO BOJIE, MACCOBAsl JIOJIS BJar, aJicOpOIIMOHHAs
aKTUBHOCTH IO METHJICHOBOMY TroillyOOMYy W HAaCHITHAs IUIOTHOCTh. [lo pe3ynbraTtaM NpOBENESHHBIX
WCCIIEZIOBaHNH OBUIO OTMEYEeHO, YTO II0 Mepe YBEIHUYeHHUS COAepXKaHWA JHUTHOCYNb(oHATa B
aKTHBHUPOBAHHOM YTJI€ TIOBBIMIAIOTCS €r0 COPOIIMOHHBIC CBONCTBA. AKTHBUPOBAHHBIN YTOJIb, TOTYICHHBIN
KaK Ha OCHOBE PHUCOBOM COJIOMBI, TAK ¥ HA OCHOBE PUCOBOM IIETyXH, 00JIaJaeT BHICOKUMU COPOLIMOHHBIMHU
cBoiictBaMu. [lo pesyipTaTaM 3KCIIEPUMEHTAIBHBIX UCCIEAOBAHUNA YCTAaHOBJIEHO, YTO aKTUBHUPOBAHHBIN
yroyib, TOJYYSHHBIH M3 OTXOIOB pHca, HedTeuulaMa H JIMCHOCYJIb(pOHATa, B COOTHOMmIEHHSIX 9:1:2
cootBercTBYeT MapkaM BAY-A, JIAK, BAY — A,

KamoueBbie cjioBa: aKTUBUPOBAaHHBIN Yroib, PUCOBAas IIeNyXa, PUCOBas COJIOMa, HeTelam,
JUTHOCYJIb(OHAT, KapOOHU3AIIH, aKTHUBAITNSA, OPHKETHI.
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