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The composition and structure of initial and moelifilignocellulose materials have been inves-
tigated by**C NMR spectroscopy. Changes in functional structmd composition of the samples
have been found to arise due to modifying as altefuchemical transformations and hemicellu-
loses removing. Sorption properties of lignocelkdocomposites have been studied in relation to
heavy metals. They have been found to depend argeban the composition and functional struc-
ture of the materials.

INTRODUCTION pola_rization on frequency of 400.13 MHEY; _
the interval between pulses was 4 s. The rotation
When separating or purifying vegetative raw speed of the samples under the magic corner was
materials it is impossible to produce without inten of 12 kHz. The values of chemical shif®) ©f
sive chemical treatment the samples of cellulose the signals from carbon atoms {iC nuclear
containing no lignin, or cellulose free lignin peep magnetic resonance spectra were defined con-
rations [1]. Meanwhile, dividing vegetative fabrics cerning standardMS ©=0 ppm).
into separate high-molecular components is not The study on selectivity and sorption ca-
necessary for manufacture of useful related materi- pacities of the chosen materials was carried
als. The products obtained from the waste of vegeta out under static conditions with use of salt so-
tive biomass, even without preliminary dividingant  |utions of heavy metals (lead, cadmium,
components, can have new properties essentially nickel, copper, strontium) containing different
distinctive from components. Besides, use of the concentrations (5—-100 mg/l) of metal ions. Initial
whole biomass in a uniform production is undoubt- and equilibrium concentrations of metals in solu-
edly technologically rational and economic. tions were defined by a Selma KASS-120.1
EXPERIMENTAL atomic-absorption spectrophotometer.

The objects under research were different RESULTS AND DISCUSSION
kind lignocelluloses complexes of vegetative raw It is known [4] that signals of various car-
materials (hazelnut shell, corncob, and cacao bon atoms in both natural and biosynthetic
husks) and the materials obtained due to their polymers, with few exceptions, are not over-
acid-alkaline modifying by the method described lapped and consequently are characteristic, so
in the patent [2]; for comparison the lignin- allowing to identify separate types of struc-

containing medical preparatidRolyphepan” [3] tural units in such materials. In tH& NMR
has been selected as the closest analogue of in-spectra of natural and biosynthetic lignins in a
vestigated materials. lignocellulose complex, four basic rangesaire

To determine the composition of lignocellu- allocated [4, 5]:
loses complexe&’C solid-state spectra of Cross- — 5-45 ppm - signals of aliphatic carbon
Polarization Magic-Angle Spinning Nuclear Mag- atoms, non-bonded with oxygen atoms
netic Resonanc€CP MAS NMR) of initial and ( >CH-, <CH,—, and €H;z groups);
modified powdered samples of investigated mate- — 55-90 ppm — signals of aliphatic carbon at-
rials have been recorded and analyzed. The spectra  oms bonded with oxygen atoms;
were registered by a Bruker AVANCE 400 radio-  — 100-160 ppm - signals of carbon atoms in
spectrometer in a pulse mode of accumulation spf-hybridization [6] as a part of aromatic and
with working frequency of 100.3 MHz and cross- olefine structures;
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— 160-180 ppm — intensive signalsye¢arbon
atoms entering ester or glilactone group-
ings, and also carboxyl groups.

The analysis of the spectra obtained
shows that the initial and modified samples of
wood nut shell, corn cabbage stumps and cacao
vela contain signals with the followingvalue:
20-40 ppm from €H; and -CH,- groups of
hemicelluloses;
groups of lignin; 65 ppm from carbon atoms
C-6; 70-75 ppm from atom€-2,3,5 of cellu-
lose; 80—90 ppm from atom@-4 of cellulose;
120-160 ppm from aromatic carbon atoms of lig-
nin; 175 ppm from carboxyl carbon atoms of
hemicelluloses.

¥C CP MAS NMR spectra of the modified
samples differ from those of predecessors by es-
sential reduction signal intensity ofCH; and
=CH; groups of hemicelluloses (20-40 ppm),
and also alkyl (30-33 ppm) and carboxyl
(170-175 ppm) groups of hemicelluloses.

It is also seen from Figaic that signals of
hemicelluloses groups disappear, and intensity of
other lines (groups of cellulose and lignin) in-
creases. This testifies to structural changesgin li
nocellulose skeleton due to its modifying.

The investigated samples differ from that of
Polyphepan(Fig. 1d) intensity of signals in areas
of 60 and 120-160 ppm that specifies a higher
content of lignin in the preparation than those in
investigated ones. It is natural, Bslyphepanis
produced from wood which is richer by lignin
vegetative raw material.

Comparing™C NMR spectra of investigated
samples with literary data [5], it is possible to
assign the signals observed in the field of 5-45
ppm to carbon atoms in groups > CH-€Ho—,
—CHs;, non-bonded with atoms of oxygen, in lat-
eral aliphatic chains between aromatic rings of
lignin. The total number and position of signals
in spectra of all the samples coincide. In the
spectra of investigated lignocellulose complexes,
there are signals with= 53.5 and 53.8 ppm tes-
tified to presence of coumaran and pinoresinol
fragments in macromolecules. In investigated
lignocellulose materials, there are also two accu-
rate resonant signals @fCHs-groups:é = 55.7
and 55.9 ppm. It is known [4] that a signal with
0 =55.6 ppm is caused by methoxyl group in
ortho-position, and a signal of 56.0 ppm presents
carbon atoms in methoxyl groups of syringyl
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Fig. 1. *C NMR spectra of samples: hazelnut st&|l ¢orn-
cob @), cacao husk), and preparatioRolyphepa
,2—modified
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As it was already mentioned, the area of
100-160 ppm of a spectrum contains resonant
signals of carbon atoms wisi-hybridizations of
valent electrons [6] involved in aromatic and ole-
fine structures. In this area, four intervals ava-c
ditionally allocated [1]:

— 100-117 ppm, where signals of tertiary car-
bon atoms including those of C-atoms in or-
tho-position with oxygen functionC¢2 and
C-5 in not condensed fragments) are regis-
tered;

—117-125 ppm, where signals of G-{C-2/C-

5 - structures replaced in positiairl of

aromatic ring) are observed,;

— 125-142 ppm, where the signals belong to
aromatic quaternary carbon atoms, mainly
C-1 andC-5;

— 142-160 ppm, where the signals caused by
presence of esterified carbon atoms of aro-
matic ring are registered.

In our case, in spectra bfC CP MAS NMR,
signals of carbon atoms af{2/C-6) in the range
d = 103-107 ppm are observed caused by pres-
ence of syringyl aromatic rings, and this is the
main difference of spectra for lignin of investi-
gated samples (guaiacyl-syringyl type) from those
of lignin of coniferous species [1].

The signals shown in investigated samples
with  § 102-104 ppm correspond to
non-replaced carbon ator@s2 andC-6 in syrin-
gyl fragments of preparations, in a range of
150-160 ppm — witlC-3/C-5 atoms bound with
methoxy groups. A signal @at= 119 ppm speci-
fies in presence of guaiacyl fragments-g).
Peaks with value§ = 131.4-131.5 ppm(-2-C-6
atoms in  N-units) are characteristic
n-cumarone structures [1, 5].

In the range of 160-180 ppm there are peaks
of y-carbon atoms entering ester and-dkctone
groups and those of carboxyl groups. As in this
range there are no signals of other carbon atoms,
there is a basic possibility of reliable definitioh
various type structural fragments carboxyl car-
bon, and signals with > 170 ppm confirm pres-
ence such groups in preparations. A group of
three close located signals in the field df=
171.0-173.2 ppm is caused, probably, by the
presence of carboxyl carbon atoms in 3-alkyl-aril-
ether structural elements [4].

So, the results of the analysis of nuclear mag-
netic resonancEC CP MAS spectra on chemical
shifts of resonant signals (Table) testify that lig

of
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nin macromolecules, which are a part of ligno-
celluloses complexes of investigated samples, are
built by structural units of guaiacyl, syringyl,dn
n-cumarone types.

Table. Chemical shifts of resonant signals &iC
NMR spectra of lignocelluloses complexes of
modified vegetative raw materials (ppm)

Cacao Hazelnut Poly-
Groups husks el Corncab phepan
14.6; .
—CHjs 19: 24 29 24.5 18; 23
—CH,- 30;33;36 33 33 33;37; 45
Cg in g5 and
54 53.8 53.5 53.8
(B-B)
Ar-OCH;Gand 5o 56 559 557
S rings
C,(p-5) and . . ) .
(B-0-4) G ring 62; 64 63; 65 66; 68 62; 65
Cup-0-4)Gand 5. 74 72.74  76:78 7274
S rings
Cp - 83; 88 87 84; 88
Calif-3 - - 92 -
C-2 andC-6in  100.9;

Sand S 104.9 104 108 105
C-2 Gring 119 118 119 114
C-1inH - 122 - 123

C, andCgin
coniferi-aldehyde _ _ 1309
structures and (or)
C-2 andC-6 H
C-2andC-6H,H 131 132.9 131 -
C-4SS - - - -
4G 144.4 144 - 146
non-esterified
C-3G B _ _ B
non-esterified
C-3G B _ _ B
esterified
C3andC-5S" 55 152 151 151
esterified
C=0
COORinp-0-4  ~ il B -
C=0
CoHinp04 172 - - -
C=0
COOH in B-5 174 B B B

Dependences of sorption properties on the
composition and structure of multi-component
vegetative materials were found. It is revealed
that cellulose and lignin joint into biopolymer
complexes in non-treated (initial) materials show
weak sorption capability in relation to heavy
metal ions whereas modified lignocellulose mate-
rials possess quite high absorption characteristics
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Fig. 2. Diagrans of adsorption of heavy met

from solutions by vegetative biosorbents) (
cacao husksbj hazelnut shell,d) corncob, ¢)

Polyphepan
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As an example in Fig. 2 the diagrams of effi-
ciency of heavy metal ions extraction from model
agueous solutions of Cu, Pb, Sr, Ni, Cd salts (at
initial concentration of metals in a solution 110
mol/l) are resulted. They demonstrate that the
modified adsorbents based on vegetative waste
have high indices of extraction of heavy metal
ions from aqueous solutions. Sorption properties
of initial vegetative raw materials in relation to
heavy metals ions are rather close to those of
preparationPolyphepan the modified materials
show, as a whole higher sorption capabilities.
A comparison of the modified and initial samples
shows that the extraction level of metals from
solutions becomes more than 2 times greater. It is
obvious also that the medical preparatidoly-
phepan considerably concedes to the materials
obtained in extraction degrees of such metals as
Cu, Ni, Sr.

From a content ratio of lignin, cellulose, and
hemicelluloses (intensities of peaks of the corre-
sponding groups) a dependence row of adsorption
capability on the material composition is con-
structed. For example, for €tions adsorption
the capability increases as follows:

Cacao husks > Hazelnut shell > Corncob
CONCLUSIONS

Comparison of the results obtained on ad-
sorption of heavy metals with data € NMR
spectroscopy, taking into account structural-
sorption characteristics of the materials obtained
[7], shows that sorptive properties of the latter a
defined not only by volume of sorption pores but
also essentially depend on the structure of ligno-
celluloses complexes, chemical bonds between
their components, and nature of metals.

The results obtained testify that acid-alkaline
modifying natural raw materials allows us to re-
move hemicelluloses from vegetative raw materi-
als of various origins and to prepare new sorption
materials with higher availability of functional
groups to heavy metal ions. As the materials ob-
tained show a definite selectivity in relation to
ions of some heavy metals, it is possible to rec-
ommend usage of such biosorbents for deep ex-
traction of these elements from industrial solu-
tions and sewage waters.
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IMopiBHAJILHE TOCTIIKEHHS JIITHOIEJII0JI03HUX COPOEHTIB
METOI0M Be SAMP-cnekTpockomii

M.T. Kapreas, A.A. Hikonaiiuyk
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Memooom C AMP-cnexmpockonii dociioxrcero cknad i cmpyKmypy Suxionux i MOOUPIKOBAHUX TiZHOYETIONOZHUX
mamepianig, a makoc ix copoyini enacmusocmi. Bcmanoenena sanescnicmes copoyitinux enacmugocmeil nicnoye-
JIHONIO3HUX KOMNO3UMIE NO GIOHOUIEHHIO 00 8AJICKUX MEmaiig 8i0 3MiH V (YHKYIOHATbHOMY CKAAOL U CmpyKmypi jie-
HOYEMON03HUX KOMNOZUMIE BHACTIOOK IXHbO2O Nepemeopentsi i 6UOANCHHS 2eMIYeNoN03U 8 Pe3yIbmami KUCiI0mHo-
JIYACHO20 MOOUDIKYBAHHSL.

CpaBHHTe/IbHOE HCCJIEI0BAHNE JTUTHOLELIIOJIO3HBIX COPOCHTOB
metonom °C SAMP-cnekTpockonuu

H.T. Kaprean, A.A. Hukoaaiiuyx

Hnemumym xumuu nosepxnocmu um. A.A. Yyixo Hayuonanvnou akademuu Hayk Yxpaunoi
ya. lenepana Haymosa 17, Kues 03164,Vkpauna, nikar@kartel.kiev.ua

Memoodom *C AMP-cnekmpockonuu ucciedosan cocmas u cmpykmypa UcX0OHbIX 1 MOOUGUYUPOBAHHBIX TUSHOYe)l-
JIIONIO3HBIX Mamepuanos. M3yuenvi copoyuoHHvle c80UCMEa TUSHOYELTION03HbIX MAMEPUALO8, U YCIMAHOBIEHA 3A8U-
CUMOCMb COPOYUOHHBIX CBOUCME UX KOMNOZUMOE NO OMHOUWEHUIO K MAICEbIM MEMALIam Om UMeHeHUll 6 (PYHK-
YUOHATILHOM COCMAse U CIMpPYKmype JUSHOYELII0I03HbIX KOMNO3UMOS, 8bI36AHHbIX UX NpeepaljeHuem u yoaieHuem
2eMUYETIONO03bL NPU KUCTOMHO-WEOUHOM MOOUDUYUPOBAHULL.

X®TM12011. T.2. Ne 1 85



