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PROCESSING OF RICE WASTES INTO ACTIVATED CARBON

Abstract. A method for processing of rice wastes (husk, straw) into activated carbon
was proposed. The thermolysis of raw material and the activation of carbonizate were
carried out at 500°C and 800°C temperatures respectively. The properties of obtained acti-
vated carbon are determined by standard methods. The porous structure of obtained
carbon have been studied under scanned electronic microscope. According to the results
of experimental studies, activated charcoal obtained from rice husks corresponds to the
WAC brand, activated charcoal obtained from rice straw corresponds to BAU-A grade.
The research will allow rational use of agricultural waste in order to obtain useful
secondary adsorbent products intended for adsorption and liquid media.

Keywords: carbonization, rice husk and straw, activating of carbonizate, sorbent,
activated carbon.

Introduction. Rice is one of the most important food products of agriculture
in the world. Currently, world production of rice is more than 485 million tons per
year. According to Kazagromarketing JSC in the Republic of Kazakhstan, rice-
growing regions are Kyzylorda, Almaty and Turkestan regions. Kyzylorda region
is the leading rice growing region of the country (more than 85% of the crop).

At harvesting and industrial processing of rice, waste in the form of husks
(up to 20% of mass) and straw (up to 50% of mass) are formed in a large number.
To date, the utilization of straw and husk is, in fact, the main problem of rice. The
main amount of rice husk and straw is burned, which leads to a deterioration of
the ecological situation. Joint solution of ecological and technological problems —
utilization of rice husk and straw, as well as production of demanded solid pro-
ducts is actual today.

In the literature there are works on the thermal processing of rice husk and
the production of phenol-containing products from it [1, 2].

In given work using of rice husks and straws to obtain a wide-using adsor-
bent — activated carbon is offered. Activated carbon is obtained from various
carbon-containing materials of organic origin: charcoal (BAU, DAK, etc.) [3],
coal coke (activated carbon brand AG, AR, etc.) [4], petroleum coke, coconut
shells, fruit pits, agricultural waste, paper production waste, garbage, sewage
sludge, worn rubber tires, synthetic polymer waste, etc. [5-10].

The use of agricultural waste to produce activated carbon is of environmental
importance, because The use of wood as raw material is excluded, which in turn
excludes deforestation, as well as rational use of agricultural waste. Methods are
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known for producing activated carbon from barley wastes by pre-drying in hot air
and performing one-step carbonization at 290-320°C for 7-15 minutes in a
cylindrical reactor [11], and also producing activated carbon from rapeseed straw,
including carbonization in an inert nitrogen atmosphere at a temperature of 450-
500°C and activation by steam at a temperature of 820-850°C [12].

There are works on obtaining highly porous active coal from rice husk,
which has a selective sorption activity on lead ions [13-14]. In work [15] it is
reported that the co-processing of rice husks with polytetrafluoroethylene shows a
high porous structure.

EXPERIMENT

Carbonization of rice husk and straw was carried out in a tubular furnace
made of stainless steel with a height of 250 mm and an inner diameter of 25 mm
at a temperature of 500°C and activation of carbonate with steam at a temperature
of 800°C.

The surface of the obtained active coals was taken with a scanning electron
microscope JSM-6510 LV from JEOL (Japan).

Properties of the obtained active coals: iodine adsorption activity, total water
pore volume, mass fraction of moisture, bulk density were determined by the
known method [3,16-18].

RESULTS AND DISCUSSION

10 mm of raw material is placed in a tube furnace made of stainless steel
with a height of 250 mm and an internal diameter of 25 mm, sealed and carbo-
nized at a rate of 10°C per minute rise to 500°C and kept at this temperature for
100 minutes. The yield of carbonizate in the processing of husk and straw is 44%
and 37%, respectively. Then, from the bottom of the tube furnace, a vessel is
connected to supply water vapor at a rate of 2:1 per weight of carbonizate. The
activation is carried out at a temperature of 800°C, the yield of activated carbon is
27% and 29%, based on the weight of the husk and straw taken, respectively.

Microphotographs of active coals (500 fold magnification) are shown in
figures 1 and 2, in the figures can be seen the developed porous structure of the
obtained sorbents.

The properties of the active carbons obtained are determined by the follo-
wing methods: iodine adsorption activity by the titrimetric method, the total pore
volume by water by pouring with water and removing excess water from the sur-
face of the sample under study by suction, the mass fraction of moisture by drying
the sample to constant weight, bulk density by weight method. The data are given
in the table.

According to the results of the research, activated charcoal obtained from
rice husk corresponds to WAC activated charcoal, activated charcoal obtained
from rice straw corresponds to BAU-A grade, which are intended for adsorption
from liquid media [3].
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Figure 2 — Photomicrograph of activated carbon obtained from rice straw
Properties of activated carbons obtained from rice husk and straw
Activated | Adsorption activity | Total pore volume | Moisture volume Bulk density,
carbon by iodine,% in water, cm*/g fraction, % g/dm?
Husk 51 1.57 3.6 236.1
straw 64 1.63 3.6 181.3
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Conclusions. Thus, active coals were obtained from rice husk and straw. The
properties of the products obtained are determined. According to certain pro-
perties, the sorbents obtained can replace wood activated charcoal, which makes it
possible to rationally dispose of agricultural waste, reduce deforestation, and
produce value-added products
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KYPILI KAJIJIBIKTAPBIH BEJICEHIIPUITEH KOMIPTE OHJIEY

Kypim kaiasikrapsia (Kaybi3, caban) OelCeHIipiire KoMipre oHaey TCiT YChIHBI-
nanapl. [1ukizaTTeiH TepMoIu3i MeH KapOoHu3atThl Oencenaipy 500 xone 800°C temmepa-
Typajapjaa JKypri3ingi. AJbIHFaH OeNCeHIIpUIreH KOMIpIiH KacHeTTepi CTaHIapTThI
o/liCTepMEH aHBIKTAIABI. AJIBIHFaH OCJICEHIIPUITeH KOMIp/IiH KeyeKTi KYPhUIBIMBI CKaHEp-
JIeyIIi 3JIEKTPOH/IBI MUKPOCKOIT apKbLIbI 3epTTeiii. JKypriziireH Toxipuoemik 3epTrreyiep
HOTIDKeC1 OOMBIHINA KYPIII KaybI3bIHAH allbIHFaH Oencenipinrex kemip JJAK mapkaceiHa,
an Kypim cabaHBIHAH albIHFaH OenceHpipinrer keMip BAY-A MapkacbliHa colfkec Kenemi.
JKyprizinren 3eprreynep HOTHXKeNepi CYHBIK OpTafaH aJcopOuusIayFra apHAIFaH aJcop-
OeHTTep aly MaKcaThlHIAa aybUIIAPYaIIbUIBIK KaJABIKTApPbIH TIMAI MaigagaHyra Kol
amajpl.

Tyiiin ce3aep: kapOOHM3aIMs, KYpilll KaybI3bl MeH cabaHbl, KaApOOHU3ATTHI OeJICeH-
Jipy, copOeHT, OeNCeHIpIITeH KoMip.
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IIEPEPABOTKA OTXO/IOB PUCA B AKTUBUPOBAHHBII YT'OJIb

IMpemnaraercs cmocob mepepaboOTKH OTXOIOB prca (IIenyXa, cojIoMa) B aKTHBHPO-
BaHHBIN yrojb. TepMOJIN3 ChIpbs M aKTHUBAIMIO KapOOHM3aTa MPOBOIIIN IPU TEMIIepa-
typax 500 u 800°C, coorBercTBeHHO. CBOWCTBa MOJYYEHHOI'O AKTHBUPOBAHHOTO YIJIS
OTIpeJIeNIeHbl CTaHJapTHBIMU MeTofamu. Ilopucras CTpyKTypa MOITYYEeHHOTO aKTHBHPO-
BaHHOTO YIJISI MCCJIEIOBaHA CKaHUPYIOIIUM AJIEKTPOHHBIM MHUKpocokomnoM. [lo pesyinb-
TaTaM SKCIEPUMEHTATBHBIX HWCCICIOBAHHUN, aKTHBHPOBAHHBIA YTrOJb, MOJNyYCHHBIH W3
pHUCOBOIl menyxH, cooTBeTcTBYeT Mapku JIAK, akTHBHpOBAHHBIN yroJib, OJYyYEHHBIN U3
PpHUCOBOIi cOIOMBI, cOOTBETCTBYET Mapku BAY-A. [IpoBeneHHbIe HcCIeAOBAHUS TO3BOJISAT
PaIOHAIFHO KCIOIB30BATh CENbCKOXO3HCTBEHHBIE OTXOIBI C IEThI0 MOIYYCHHUS II0-
JIE3HBIX BTOPHYHBIX MPOAYKTOB — aJCOPOEHTOB, MpeJHAa3HAYCHHBIX IS aJcopOonnu u3
KHUIKHUX CPEl.

KuroueBble ciioBa: xapOOHM3aIMs, PUCOBAs IIEIyXa M COJIOMa, aKTHUBAIHs KapOo-
HU3aTa, COPOEHT, aKTUBUPOBAHHBIA yTOJIb.
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