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This paper is devoted to a comparative estimatfagselective properties of natural cellulose-coritagrbio-
polymers and their modified species at sorptioneafvy metal ions from composite salt solutions tiglelec-
trolyte composition of biological media of organisihe modification carried out is based on depotisaton of
macromolecules of cellulose-polysaccharide complex®ler various physical and chemical effects coete
oxidizing of alcoholic groups up to carbonyl andlzyl ones, obtaining esters with compounds coiniguiad-
ditional groups with acidic properties. The reswfamodifying of the vegetative wastes for the gagmf selec-
tivity improvement of sorption are revealed in astion of heavy metal ions from salt solutions. dtraponents
of vegetative raw materials are cellulose and hgtineir fibrillar structure giving a chance to fora developed
porous structure of certain type sorption materials

INTRODUCTION pulp, peels of grgin cqlture;, basket and peel of
sunflower, beer distiller's grain, coffee waste-se

The modern ecological situation in Ukraine is weeds etc. The main structural components of such

characterized by a boosted pollution level of envi- wastage are cellulose, pectin, alginates, andnligni

ronment by heavy metal ions, and this causes aris-tight in biopolymeric complexes. These compo-

ing occupation and ecologically dependent dis- nents are evolved both as a refined view ones and

eases as well as cutting average duration of the complexes consisted from various polysaccharides.

people's life. Thus, accordingly to data of the Min

istry of Public Health of Ukraine, more than 80% EXPERIMENTAL

of the national territory is essentially polluteg b In the paper, the following methods of chemi-

harmful and toxic products of technogenic charac- cal and thermal modifying the vegetative wastes

ter including heavy metal ions and radioactive iso- are used [1, 2]:

topes. Among the measures on protection of the — phosphorilation, sulphation, carboxylation;

people's health, the modern and effective ones are— carbonization, activation, oxidation;

carried out of therapy and prophylaxis with ad- - lignifications (enrichment by lignin), and delig-
sorbing preparations (enterosorbents) and special nification (enrichment by cellulose).
food additives of antidote and protective action. Phosphorilation. The crushed biomass is

Therefore one of priority directions of developing heated up at the temperature of A0Gn 20%
the modern technology is the protection of the solution of phosphoric acid during 3 h at a ratio
people against toxic and harmful substances by of acid: biomass = 5:1; then a biomass is sepa-
creation of new cheap and effective adsorbents. rated, washed out by distilled water to neutral
Among a plenty of adsorbing preparations the reaction and dried up. The obtained product,
appreciable part is presented by polymers of natu- which contains cellulose phosphate, has high
ral origin, in particular, polysaccharides. The re- static exchange capacity (more then 4 meq/g)
source for production of such materials can be a and can be used for binding and removal of
multitonnage solid wastage of food and process- heavy metal ions from aqueous solutions due to
ing industry — shell of nuts, apricot, peach or the mechanism of ion exchange, complexing or
plum stones, vegetable, apple and grape spews,adsorption.
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Sulphation. The crushed biomass heated up room temperature); then the biomass is separated,
at the temperature of 180 in 20% solution of washed out by distilled water to neutral reaction
sulfuric acid during 3 h at a ratio of aclsiomass and dried up. The oxidized product obtained has
= 5:1; then a biomass is separated, washed out byrather high exchange capacity (2.8 meq/g), white
distilled water to neutral reaction and dried up. color without a smell and acid taste. It can be
The obtained product, which contains both cellu- used for adsorption of toxic substances and heavy

lose sulfate and carboxylic, aldehyde, and ketone metals in medical and ecological technologies.

oxygen-containing groups, has static exchange

Enrichment by lignin. Vegetative raw mate-

capacity above 2 meqg/g and its appearance andrials (nuts shell, grape and fruit stones, whedt an

properties are close to those of activated carbons.
Carboxylation. The crushed biomass is proc-
essed by mix concentrated nitric and sulfuric ac-
ids at the ratio 3:1 during 3 h at a ratio of re-
agent biomass 10:1 (at the temperature of

sunflower peel) are hydrolyzed by mineral or or-
ganic acid with concentration of 0.5-10% mass at
the temperature of 80-2WQ hydromodule factor
being 1 to 10, during 20-180 min and then we
activate the adsorbent obtained by aqueous solu-

100°C); then the biomass is separated, washed out tion which contains alkaline metal hydroxide,

by distilled water to neutral reaction and dried up

carbonate or bicarbonate in concentrations of 0.5

At such a processing, there are deeper depoly-to 15% mass (calculated fdde,O, whereMe —

merization of the carbohydrate complex and its
partial oxidation due to dehydration and forma-
tion of carboxymethylcellulose. The high static
exchange capacity of the product (~3.5 meq/g)
makes it perspective material due to its adsorption
ability in relation to heavy metal ions.
Carbonization. The crushed biomass (the size of
particles of 0.2—0.5 mm) is heated up in a quarz r
actor, placed into the hermetic furnace, up to tem-
perature of 80T in inert gas (argon) atmosphere and
maintained for 1 h at this temperature. Thus take
place, first, removal free as well connected maastu
and also other volatile compounds (at 100°QY,0
and second, at the further increasing temperafure u
to 800C occurs structural transforming the products

K, Na) at the temperature of solution of 70—
11C°C, hydromodule factor being 1 to 10, during
20-180 min and the residual alkaline is neutral-
ized by aqueous solution of mineral or acetic acid
or that of calcium chloride up {H 5.5-7.5.
Enrichment by cellulose. The crushed bio-
mass is processed by 15% solutionKaiH dur-
ing 24 h at the ratio of reagetiomass = 10:1 (at
the temperature of 2Q); then the biomass is
separated, washed out by distilled water to neutral
reaction and dried up.

RESULTS AND DISCUSSION

In various modes of processing the porous struc-
ture is formed and essentially the specific surface

of pyrolysis; the mass of a product thus decreases area of materials increases and also rather high su

almost for 50%. Carbonized product obtained has
good characteristics of specific total volume @ th
pores (~0.1cifg) and static exchange capacity
(~1.3 meqg/g).

Activation. The carbonized biomass obtained
accordingly to a previous circuit is treated foti-ac
vation at high temperature (800 steam during
20 min. Such an activation results in increasing
specific surface area of material, total volume of
pores ~0.35 cffg, and static exchange capacity
~2 meqg/g. The vyield of the final activated carbon
achieves 20-25% of initial mass of the crushed

waste material. The carbon activated by steam con-

tains both strong and weak carboxylic as well phe-

face density of the functional groups capable o io
exchange and complexion is created on a surface.

The materials modified gain high reactivity,
easily enter in reactions of joining and exchange
and can serve as selective sorbents. Their proper-
ties are estimated in processes of sorption of
some heavy and transition metal ions and organic
dyes from aqueous solutions [3, 4].

In this work, the results of adsorption testing
of the vegetative materials modified of cellulose-
lignin type, obtained by us under laboratory condi-
tions due to chemical modifying and heat treat-
ment of vegetative waste products are described.

The study on adsorption capability of the

nol groups and can be used for adsorption removal modified materials have been executed under

of heavy metal ions and their complex compounds.
Oxidation. The crushed biomass is processed

by 30% solution of hydrogen peroxide during

20 h at a ratio of reagerttiomass = 10:1 (at
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static conditions from solutions of salts of heavy
metals (lead, cadmium, nickel, copper, zinc, co-
balt, manganese, and strontium) within the initial
concentration of 12.5-0.3 mM/L.
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Fig. 1. Efficiency (in %) of heavy metal ions removal
by different modified biosorbents obtained
from waste products of corncobk:— initial
biomass;2 — phosphorilated biomas3;- sul-
fated biomass4 — biomass processed by hy-
drogen peroxide’ — carboxylated biomass:

— carbonized biomasg;— activated carboniz-
ing biomass8 — biomass enriched by cellu-
lose;9 — biosorbents enriched by lignin
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Initial and equilibrium concentrations of
heavy metal ions are found by the atomic-
absorption spectroscopy method with a KAS-
120.1 equipment (Selmi, Ukraine).

The magnitudes of the effect of binding of
heavy metal ions under condition of their initiahe
centration of 0.1 g/L are resulted in the diagrams.

As the samples obtained have shown a high
sorption capacity to various ions &uPg",
Ccd?*, Ni**, SP), it was interesting to study their
sorption capability to mercury ions as the most
hazardous industrial ecotoxicants.

In Fig. 2, diagrams of coefficients of distribution
for mercury ions are presented at their extraction

from aqueous solution by the modified biomass.
Kd, mut

Fig. 2. Distribution coefficients for sorption of g
ions:1 — beet marc2 — walnut shell3 — apricot
stones shell — buckwheat peef — sunflower
shuck;6 — cherry stones shell;— lignin medi-
cine “Polyphepan” (for comparison).— initial
biomass;B — modified samples;13 — marc
modified by HCI;2B—7B — lignin materials

It is seen that for some samples, the coeffi-
cients of distribution increase for several orders
and reach magnitudes of several thousand what
testifies to perspectives of use of such materials
as selective sorbents in order to purify waters
from cationic forms of mercury.

CONCLUSIONS

On the basing analysis of chemical composition
of a plant by-product of agriculture, alimentandan
process industry, a possibility is shown of a wide
spectrum of related sorbents with the raised select
ity concerning cations of transition and heavy teeta

The analysis of the results obtained gives a
chance to compare the capability of the prepared
sorbents to bind various ions of toxic metals and
to offer the composition of biological (food and
fodder) additives, enterosorbents, and the com-
bined preparations with expressed curative (de-
toxication and correction) activity.

The modified products obtained seem to be
perspective for solving ecological problems of
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Exoutoriuni copéenTn 3 XiMmivHo MogudikoBaHoi Ta TepM000pP00JIeHOI POCJMHHOI CHPOBHHH
M.T. Kapreasn, A.A. Hikonaiiuyk, X.K. Bonr

ITnemumym ximii nogepxui im. O.0. Yyiika HAH Ykpainu, éyn. I'enepana Haymoea 17, Kuie 03164,Vkpaina
Mocxkoscoka depoicasna akademist moHkoi Ximiunoi mexuonoeii im. M.B. Jlomonocosa
npocn. Bepnaocvkoeo 86, Mockea 119571 Pocis

B pobomi 0ana nopisnanvha oyinka CeneKmuHUX 6AACTMUBOCIEN Yent0N0306MICHUX POCIUHHUX Oiononimepie ma
ixHix Moougixosanux popm sk copbenmia iOHI8 BANCKUX MEMANI8 3 KOMINOZUMHUX COAbOBUX PO3UUHIB, WO MOOENIO-
10Mb eNeKMPONIMHUL CK1a0 pioun opearnizmy modunu. Iposedena moougixayis 6yna 3acnosana Ha denoximepusayii
MAKPOMONEKY YeTI0306MICHUX NOACAXAPUOHUX KOMIIEKCI8 Ni0 GNIUBOM DIZHUX (DI3UUHUX [ XIMIYHUX (hakmopis,
CeNeKMUBHOMY OKUCHEHHI CNUPMOBUX 2pYN 00 KAPOOHINbHUX | KapOOKCUNbHUX, 00ePIHCaAHHI ecmepié 3 000amKoSUM
BMICIOM KUCTOMHUX 2pyn. B pesynomami moougixysanns pocaunnoi cuposunu noainwyemsca ii copoyitina cenex-
MUBHICMb WOOO0 IOHIE BANCKUX MEMALIG 3 CONbOBUX pO3yUHie. Dibpunapua cmpykmypa cKiado08uUx pociuHHoOi cupo-
BUHU — YEION03U MA JIZHIHY — 0AE MOICTUBICIb CHOPMYBAMU PO3ZGUHEHY NOPUCTY CINPYKMYPY COPOYItiHUX Mamepi-
anié neeHo20 muny.

JKoJIorHYecKkre cOpOeHThI N3 XUMHYeCKH MOAN(GHIHMPOBAHHOIO0 U TepM0O00Pa0OTaHHOT 0
PACTHTEJIbHOI'O ChIPbSI

H.T. Kapreas, A.A. Hukonaituyk, X.K. BoHr

Hucmumym xumuu nosepxnocmu um. A.A. Uyiiko HAH Yrkpaunwi, yn. 'enepana Haymosa 17, Kues 03164,Vkpauna
Mocxkosckas eocyoapcmeennas akademus moHKoOU xumuyeckot mexuoaoauu um. M. B. Jlomonocosa
npocn. Bepnadckoeo 86, Mockea 119571 Poccus

B pabome oana cpagnumenvras oyeHKa CeneKmuHbIX C80UCME YETI0NI030CO0EPHCAUUX. PACMUMETLHBIX OUONOIUMEPOS U
UX MOOUPUYUPOBAHHBIX POPM KAK COPOEHMO8 UOHOB MANHCENbIX MEMAIIO8 U3 KOMIO3UNMHBIX CONEBbIX PACIBOPO8, MO0~
DPVIOWUX NEKMPOIUMHBILL COCMAG DUON0SUHECKUX dicuoKocmelt opeanuzma. Ocywecmensiemas MoOUuKayus 0CHO8AHA HA
OenonuMepu3ayUU MaKpOMOIEKYl YeoN030CO0EPAHCAUUX NOTUCAXAPUOHBIX KOMIIEKCO8 NOO GNIUSHUEM PAZTUYHBIX u3U-
YECKUX U XUMUYECKUX (AKMOPO8, CeNeKMUBHOM OKUCTEHUY CNUPTNOBBIX 2PYIN 00 KAPOOHUTLHBIX U KAPOOKCUTbHBIX, 00pa30-
BAHUU CLONHCHBIX IPUPOS ¢ OONOTHUMETLHBIM COOEPAHCAHUEM KUCTOMHBIX epynn. B pezynomame mooudpuyuposanus pac-
MUMENLHO20 CbIPbsL YIVHUACNCA €20 COPOYUOHHASL CENEKMUBHOCTb K UOHAM MSIICETbIX MEMALIO8 U3 CONEBIX PACMBO-
P08. DubpUIIAPHAS CMPYKMYPA KOMNOHEHMO8 PACIMUMENTbHOZ0 CbiPbs — YEII0I03bl U JUSHUHA — N038015em cihopmu-
posamuv pasgumyro NOPUCTYI0 CHPYKMYpY COPOYUOHHBIX MAMePUanos OnpeoeienHo20 mund.
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