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B cmambue onucanvl ocHogHble 001aCMU NPUMEHEHUA OUONOTUMEPA —XUMO3AHA, HAUOO-
J1ee GANCHBIMU U3 KOMOPBIX AGNAIOMCA MeOUYUHA U RULe8dAs NPOMbIULIEHHOCY. B nocneonee
8pemsa MHO20 PAOOmM NOCEAUEHO NPUMEHEHUIO XUMO3ana 011 OYUCMKU CHOKO08, m.K. OH 00na-
oaem QroOKyIAYUOHHBIMU U COPOUUOHHBIMU ceolicmeamu. COuUMOocms Ha PbIHKe XUMO3aHA Gbl-
COKA, HOIMOMY 8 CHLAMDbE NPEVTONHCEHO CO30A8AMb ZPAHYIUPOSAHHbIE KOMNOZUUUOHHbLE COPOYU-
OHHblEe MAMEPUAIbl HA OCHOBE XUMO3AHA U OMX0008 CENbX03NEPEPADOMKIU, KOMOPble NO360IAM
CHU3UMb CEHECMOUMOCHb U HOBLICUMb COPOUUOHHbLE C8olicmea. B kauecmee omxo006 cenvxo3-
nepepadomKu RPeOI0HCEHO UCHONB306ANb MEPMOOOPAOMAHHBLI 00MOIOM RPOCA, KOMOPDLIL 00-
Jaadaem evicokumu copoyuonnvimu ceoticmeamu. ITonyuenvt komnozumol, 20e 6 Kauecmee ces-
3YI0Uiez0 UCHONB3YEemCA XUMO3AH, d 8 Ka4ecmee HANOJIHUMENA - mMepMooOpadomannolii. 0oMmo-
J0m npoca c paznuunvim cooepycanuem (10 %; 20 %; 30 %; 40 %m oowieii maccor). [locmpoerut
U30mMePMbL AOCOPOUUU UOHO8 YUHKA HA NOTIYHEHHBIX KOMROZUWUOHHBIX COPOUUOHHBIX MAMEPUQ-
J1aX € Pa3IuYHbIM COOEPHCAHUEM HANOTHUMEA U PACCUUMAHbL 3HAYCHUA MAKCUMATIbHOU COPO-
yuonnou emkocmu. Onpeoenensvt mexanuueckue ceoiicmea (UCMUPAEMOCHMb U U3METbUAEMOCHID)
ROJIYUEHHBIX KOMHOZUUUOHHBIX COPOUUOHHBIX MAMEPUAN08 U NOKA3AHO, YO JAYUUIUMU XAPAK-
mepucmuxkamu oonadaem copoOyUOHHBLIL KOMROZUUUOHHBIIL Mamepuan ¢ 000a8Koil HANOIHU-
mensa ¢ konuuecmee 30%. Pazpabomana mexnonozuueckan cxema noayueHus KOMnRO3UYUOHHBIX
MaAmepuanos uz mepmoodpadomantozo 06MoaI0ma nPoOca u Xumo3ana 011 OYUCMKU CHOYHBIX
600. IIposedenvt MUKpOCmpPYKmYpPHbLE UCCE008AHUSL NOTIYUEHHBIX MAMEPUATIO8, KOMOpPble NOKA-
3anu, umo 0006aeKa MepmoodpadoOmanHo2o 00MoI0mMa NPOCa yeenuuueaen nOPUCmocHs mame-
puana u, Kak cieocmeue, copoyuUoOHnyl0 emxocms. Paccuumansl ykonomuueckue noxazamenu
HPOU3600CMEa KOMNOZUUUOHHBIX COPOUUOHHBIX MAMEPUAN08 U PACCMOMPEHBL UX CHOCOObL ymu-
AU3AUUU.

KiioueBble cjioBa: COp6eHTI>I, CTOYHBIC BOABI, XMTO3aH, HOHBI IIMHKA, IC/IyXa IIpoca
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The article describes the main applications of batpmer — chitosan, the most important of
which are medicine and food industry. In recent &g, many works devoted to the application of
chitosan for wastewater treatment because it hdkaculation and sorption properties. The market
price of chitosan is high, so it is proposed to ate a granular composite sorption materials based
on chitosan and waste of agricultural processinghieh will reduce the cost and improve the sorp-
tion properties. As waste agricultural processirgproposed to use heat-treated threshing of millet
which has high sorption properties. The compositediere the binder is chitosan and the filler -
heat-treated threshing millet with different conteig10 %; 20 %; 30 %; 40 % of the total weight)
were obtained. The adsorption isotherms of zincsoon the composite adsorbent materials with
different content of filler were constructed andehvalues of maximum sorption capacity were cal-
culated. The mechanical properties (abrasion andngiability) of the obtained composite sorption
materials were determined and it was shown that thesst sorption characteristics of composite
material with the addition of the filler for 30%. fie technological scheme of production of compo-
site materials of the heat-treated millet threshiagd chitosan for wastewater treatment was devel-
oped. The microstructural study of the obtained reaals showed that heat-treated additive thresh-
ing of millet increases. The economic indicatorsproduction of composite sorption materials were
calculated and the methods of disposal were exardine

Key words: sorption materials, wastewater, chitosan, zinc,iaribet husk
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and 1939. This natural polymer is still of intereetv-
adays and its unique properties attract attentiatifo

As early as XIX century, French scientists sefferent experts with various specialties [1-5]. Aep
arated chitin from acyl and got chitosan in substan sent, we have many ways to use chitosan in differen
Since then, a lot of chitosan fundamental rese&chpranches of industry where the most important anes
have been conducted and tree Nobel Prize winners’ anedicine, food industry and water purification. The
ademic works appeared on the subject — 1903, 192@in advantage of chitosan is its safety for a aaoh
environment. In nature, chitosan fully decays. tAs i

INTRODUCTION
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ecological, its usage has good prospects for aicigev The Granules obtained were analyzed for ability
ecological goals. Chitosan is also known for itsagr to recover zinc ions (Zt) from simulated wastewaters
sorption and coagulation properties, might be @sea with initial concentration from 5 to 100 mg/| witghstep
flocculant, antibacterial properties make it polesio  of 5 mg/l. The granules were added to simulated-sol
use chitosan for water purification in productiam tions with quantity of 20 g per 1 | and sorptiogass
cess [6-9]. Itis not justified to use chitosasibstance was conducted under static conditions within 20 min
for waste waters purification because of its higtc (time for sorption equilibrium) [12] with stirringnd
price starting from 2000 rub/kg. Obtaining compesit thermostating in the temperature range of 293+H2dK.
on basis of chitosan as binding and cheaper rawrmat comparison, the same sorption process was conducted
als as filling will reduce the cost and help usessthma- with granulated chitosan without HTMT. After
terials more extensively. It makes the researckeadiat wastewater purification process, the sorbate \itasdd
production long-range and economically sound sdsberand the final concentration of heavy metals ions dex
using secondary raw materials and chitosan releraht termined by means of voltamperometric analysis.
scientifically and practically important. By initial and final concentrations sorption ca-
Purpose of the research: development of techacity Ap was determined and adsorption isotherms
nologies to obtain composite sorption materialdan was built (Fig. 1).
sis of chitosan and cellulose agricultural proaessi A
waste — millet threshing for wastewaters purificatbf 50 -
zinc nuclei. A |

METHOD AND DISCUSSION OF THE EXPERIMENT 30 -

,mg/g 4

To increase sorption capacity and reduce chi- g -
tosan cost production it is offered to produce comp
site sorption materials where chitosan is usedrab b
ing and heat-treated millet threshing as filling Rus- 0 = , . . =
sian Federation most regions are agricultural ones g 19 0 30 T
where a great quantity of lignine and cellulosecady Fig. 1. Adsorption isotherms of Znfor CMCM with different
tural processing wastes is generated (sunflowek,hus proportions of HTMT: 1 — 10%, 2 — 20%, 3 — 30%, 40%
wheat husk, millet husk etc.) which when modified a Puc. 1. Asorepmsi ancopGumm Zn?* na KMXII npu pasimasom
quire high sorption properties [10, 11]. Vast arags conepcarmi TOIL: 1 —10%, 2 — 20%, 3 — 30%, 4 —40%
needed for the waste storage. Using them as segonda Adsorption isotherms of Zhfor CMCM with
materials will solve two problems at a time —water  different proportions of HTMT were used to deterenin
rification and waste utilization. It makes combigiof  values of maximum volume capacity (Table). Compar-
chitosan and heat-treated millet threshing (HTM&) r ing sorption capacity of modified materials witlffeli-
tional and cost-effective. The authors [10] deseiib ent content of heat-treated threshed millet shavat]
details sorption properties of HTMT at 300 Within ~ maximum sorption capacity (50 mg/g) is for CMCM
20 min. The thermal treatment and burning result with HTMT40 and 20%. With HTMT additive of 40%
formation of a porous structure with the pores sizgranules mechanical strength is much lower thah wit
ranged betweel).8 and 4-5 nm. The obtained sorbatadditive of 20%. Granules with additives of 40% and
possesses rather high sorption properies17 mg/g, 30% are not of accurate form and decay during purif
specific surface S = 1887y, the total volume of pores cation process.

by water V = 0.3 sifg. Table
To get composite sorption materials was chd?hysical-mechanical and sor ption properties of CMCM
sen 6% chitosan solution in 3% acetic acid solution depending on the composition

[12] with addition of HTMT powder (composite mate- Tabauya. PU3NKo-MexaHUYECKHE U COPOIMOHHBIE Xa-
rial chitosan-millet (CMCM)) with quantity 10%; pakrepuctuku KMXII B 3aBHCHMOCTH 0T coCcTaBa

: +Millet husk quant Sorption
20%; 30%; 40% of a total mass and without HTM H\:lity for CMCM, Abradability| Grindability capaFc)ity,A
addition and (composite material chitosan (CMC)). % Zre*, mglg
The resultant mixture is stirred homogeneouslyifbr 0 0.3 3 36
The resultant mixtures are poured with syringes%n 10 03 3 44
solution of sodium hydroxide (NaOH) with the follow 20 03 3 48
ing water washing to the valgpél 7.0-7.5 and drying 30 0.9 6 50
at room temperature within 24 h. 40 1.2 10 50
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Physical-mechanical properties (abradability
and grindability) of the obtained composite matsria
(CMCM) were studied. The properties were deter-
mined using method [13] (Table). As shown in Table,
CMCM with HTMT of 10 and 20% and CMC without
HTMT comply with requirements of GOST51641-
2000 (abradability is no more than 0.5%, grindabili
is no more than 4%).

Analyzing the data, it might be concluded that
HTMT additive increases sorption capacity. CMCM

3:50.00 kx  SEM HV: 15.00 kV.

oidum Dot SE — with HTMT additive of 20% shows the best parameters

S mm SM: DEPTH Performance in

a high sorption capacity (50 mg/g), abradability 3%,

grindability 0.3%. That is why this composed matkeri
is supposed to be used for drains purification fktivil.
Granules without HTMT additive are mechanically
strong but have low sorption capacity= 36 mg/g.

Surface morphology analysis of CMCM con-
taining HTMT of 20% and without it revealed thathvi
HTMT additive appears porous surface area. Porous
structure of the surface results from the increase
CMCM sorption capacity with HTMT additive.

To obtain CMCM a process flowsheet has
been elaborated (Fig. 3). The chitosan flakes fitoen

b . .
Fig. 2. Microphotography of the granules surface: EMC; chitosan container (3) go through the doser (4

MAG: 5.00 kx M . MIRA\ TESCAN
field: 66.13 um 20 um =4

6 — CMCM (20%) mixer (5). At the same time 3% solution of the axcet
Puc. 2. MukpodoTtorpadus mosepxHocTH TpaHyi: a — KMX; acid goes throth the doser (6) to the mixer (5)
6 — KMXII (20 %)
7
ed
Py L
43
3 \L
: 7 L=
N pPH 11 \18
74 ][ 10
— 9

Fig. 3. A scheme of CMCM obtaining: 1 — containerrfullet husk storage; 2 — stove for millet huslahieatment; 3 — container for
chitosan storage; 4 — chitosan doser; 5 — mixer;detic acid doser; 7 — container for acetid storage; 8 — doser; 9 — container for
alkali storage; 10 — alkali doser; 11 — granuléisg chamber; 12, 13 — mesh filters; 14 — dryafgmber; 15 — absorber; 16 — con-
tainer for granules storage; 17 — doser of theiobthgranules; 18 — water tank; 19 — pH tester

Puc. 3. Cxema nomygennss KMXII: 1 —eMKOCTb Juist XpaHEHHS LIETyXH Ipoca; 2 —Iedb Ul TepMooOpabOTKH IIEeIyXH Ipoca; 3 —eM-
KOCTb IJIs1 XpaHCHUS XUTO3aHa, 4 —03aTop XUTO3aHa, 5 —CMECUTEIIb, 6 —J03aTop chyCHOﬁ KUCJIOTBI, 7 —eMKOCTb JJIA XpaHCHUs
YKCYCHOH KHCJIOTHI; 8 —103HpyIoIIee yCTpoHCcTBO; 9 —eMKOCTh [Tt XpaHeHus mmenoud; 10 —mxo3arop menoun; 11 —kaMepa ocakaCHUs
rpanyx; 12,13 —ceruatsie puibTpsl; 14 —cymmsHas mxag; 15 —abcopbep; 16 —eMxocTs 1 XpaHeHus rpanyi; 17 —go3upyromniee
YCTPOWCTBO MOJy4YeHHBIX Ipany’1; 18 —6ak ¢ Boxoit; 19 —pH- meTp
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The acid goes from the container (7). A com- In the article [14] it is offered to utilize waste
position is formed as a result of 24 h chitosanare} sorption materials on basis of chitosan as sdilifaars
tic acid mixing in the mixer (5). Millet threshinge- if they were used to purify heavy metals ions —roic
viously goes to the stove (2) from the containdr (klements (Ct; Zn?"). It is proved that CMCM used as
where it goes through the heat treatmé@nht (300 €, soil fertilizer results in significant increase germi-
t = 20 min). By the use of the doser (4) HTMT gtees nating capacity (12%) and plants growing.
the mixer (5) where the solution of chitosan anetiac Calculation of economic indexes was made for
acid is ready and being mixed for 1 h. Preparedurix CMCM production with quantity of 150 tons of sorbat
by the use of the doser (8) drop by drop goes ¢o tper year. The selling price was 117.3 rub/kg. &hithi-
granules settling chamber, which is already filldth  tosan price is 2 thousand rub/kg. Investments ¢e pr
5% solution of alkali. The alkali goes from the eonduce CMCM were 867027 rub with the payback period
tainer (9) by the use of the doser (10). Granules more than two years.
black colour are formed in the granules settlingnoh SUMMARY

ber. Size of the granule_s might be varied depenaling It was proved that high sorption composite ma-
the volume of the squUon dropped through the dosf(‘erials might be obtained on basis of chitosan and
Water from the tank (18) is used for washing tfengr HTMT. It was established that sorption capacity

ules. The water goes to the alkali tank (9) urié t o : o
i - : radability, grindability CMCM depend on the per-
value pH reaches 7-7.5. Measuring of the pH is do@é)ntage of HTMT. It was established that CMCM with

with the pH tester (19). The alkali is suppliedthe . . . .
tank (9) until the concentration of the solution oF'TMT c_)f 20% is of h'gh sorption capacity (50 mg/g)
d optimal mechanical properties.

0 .
NaOH equals to 5%. To separate the obtained gmnu?é] Microstructure study revealed that HTMT ad-

from the solution & mesh filter made of inert miafer ditive causes the formation of a porous CMCM swefac
(stainless steel, chemically persistent polymerennat . . AP . .
structure with possible physical adsorption during

als) is used (12) with mesh size less than grarsites HMI recovering process
(1-2 mm). The filter with the granules is movedhe A technology for obtaining and using CMCM

drying box (14) and is used for drying within 4To for th tewat ificati thd
clean air from alkali vapour an absorber (15) isdus or the wastewalters purification process was e '
Calculation of economic indexes for CMCM

To make the process for granules obtaining comgui . e L
WO replacingpmesh filtergs (12), (13) are ?Jsed egjg\ft production showed that HTMT additive significantly
: y reduces the cost of sorption materials on basghisf

drying, the granules are poured into the contaioer .
I tosan (CMCM — 117.3 rub/kg, chitosan as substance —
granules storage. An empty filter is replaced leyfth % thousand rub/kg).

ter with newly obtained granules. The obtained gra
ules from the container (17) by use of the doser ar
packaged (5 to 50 kg sacks on terms of the cusjomer
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