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Purpose. To investigate the effectiveness of the commercial activated carbon material “Norit DLC Super 30”
as an electrode for electrochemical energy sources in 25 % aqueous solution of ZnBr,.

Methodology. For the research standard electrochemical methods of galvanostatic charge-discharge and cy-
clic voltammetry was used.

Findings. Theoretical adsorption isotherms of bromine and depending of specific pseudocapacity on the frac-
tional surface coverage of bromine on the nanoporous activated carbon material “Norit DLC Super 30” was built.
Using data of galvanostatic charge-discharge at a current density from 5 to 50 mA x cm™ the experimental adsorp-
tion isotherms and depending of specific pseudocapacity on the fractional surface coverage was received. The
comparison of theoretical and experimental dependences shows that the investigated process is the process of
electrosorption according to Frumkin model with parameter of interatomic interactions in adsorption layer
(g=0.5). The Ragone depending of the electrode in the system of electrochemical energy source was studied. The
increase of specific power (P) from 1.1 to 9.6 W x g~! leads to a slight decrease of specific energy (W) from 2251 to
2056J x g”'. The obtained experimental value of W is equal to 84 % of the theoretical value of Wiy,

Originality. The effectiveness of the electrode based on commercial activated carbon material “Norit DLC
Super 30” in the system of electrochemical energy source and the mechanism of bromine electrosorption process
on the surface of microporous activated carbon material was studied for the first time.

Practical value. The obtained high values of specific power, energy, capacity and electrode performance
based on commercial activated carbon material “Norit DLC Super 30” can be considered as a promising positive
electrode for electrochemical energy source.

Keywords: Frumkin model, adsorption isotherm, Ragone plot

Introduction. Carbon materials, due to environ-
mental friendliness, low cost, high corrosion resis-
tance, good electrical conductivity, and a highly po-
rous structure, remain the most attractive and acces-
sible materials for electric double layer capacitors [1].
Also, they are used for gasification, as it is shown in
[2], the experiment parameters of mathematical de-
sign of underground gasgenerator and process of coal
gasification were corrected for the borehole under-
ground coal gasification station which is described in
[3]. Alongside with oxides and nitrides of metals, con-
ductive polymers, ACMs are used for electrosorption
of hydrogen and iodine in asymmetric systems of elec-
trochemical supercapacitors [4]. In [4] high values of
C and W for the process of electrosorption of iodine in
microporous ACM were obtained. The influence of
ACM nanocomposites with bromine on the increase
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in energy density of a supercapacitor in non-aqueous
electrolyte is investigated in the work [5]. Zinc-bro-
mine batteries (ZBB) are well known. The Br,/Br re-
dox couple is employed in the positive electrode of
ZBB based on the following reaction [6]

2Br~ < Br, + 2¢” (E°=1.07 Vvs. SHE).

And the Zn*"/Zn redox couple is employed in the
negative electrode of ZBB based on the following re-
action

Zn* +2e <> Zn (E°=-0.76 V vs. SHE).

In [7], it is shown that the addition of microporous
ACM to positive electrode of ZBB increases i to
20 mAcm™2 (up to 40 mAcm™2 in [6]), due to the ad-
sorption of bromine in ACM micropores. In [6], the
determined steps of the Br~ oxidation reaction and Br,
reduction reaction are proposed as follows:
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Br~oxidation reaction
Br~— Bry +e7; (D)
Br, reduction reaction
Br,+ e — Bryy + Br™.

Analysis of the literature data shows prospects of
research process of bromine electrosorption in micro-
pores of ACM. The influence of electrosorption pro-
cesses on specific capacitance and specific energy of
supercapacitors is studied in [1]. In the work [4], the
process of electrosorption of iodine at a surface of mi-
cropores of ACM is investigated according to Lang-
muir model. According to the model, which does not
take into account interatomic interaction in the ad-
sorptional layer (g = 0), the Langmuir isotherm was
presented by the well-known relation from [4]

01/1 - 6;= (Kc) x exp {(EF)/(RT)}, (@)

here 0 < 6 < 1; K'is the constant of adsorptional equi-
librium; ¢;- is the concentration of iodine ions in the
solution; £ is the electrode potential; F'is the Faraday
constant (hereinafter); R is the gas constant (hereinaf-
ter); 7is the temperature is K (hereinafter). £ can be
presented in the following form

E=FE’+(RT)/Fx1n (8/1 -9),
and
E—-E°=(RT)/Fx1n (6/1-9),

here E°is the equilibrium electrode potential. In the
work [4], the well-known formula was used

Cp=(q:F)/(RT) x {0,(1-6)), 3)

which indicate the maximum of the pseudocapaci-
tance at 0 = 0.5, and the electrode potential of the
maximum is considered as the E°; g, is maximal value
of NS commercial ACM specific surface charge (0 =
=0.99) by atoms of iodine.

The aim of this study is to investigate the process of
electrosorption of bromine in microporous NS by
means of the known physical adsorption model and to
study the possibility of obtaining the maximum practi-
cal values of C, W, P per unit mass of ACM in EES
system.

Materials and methods. The “Norit DLC Super
30’ commercial ACM, ZnBr, (99 %, Aldrich), and Zn
foil (99.999 %, Aldrich) were used for our experiments.
NS commercial ACM was microporous activated car-
bon with highly developed total surface area (TSA
BET = S0 + Smeso = 1540 m’%g! + 60 m?> g! =
=1600 m?g™") [8]. The total pore volume of this sample
was of 0.6 cm® g! and the average pores size was
1.24 nm [9]. All the chemicals were of analytical grade,
and they were used without further purification.

For investigations, there were used film-like elec-
trodes of the active mass (m,) of 14 mg (NS1) and the
thickness (d) of 0.2 mm (S was 1.0 cm? ) and of m, =
=7mg (S=1.0cm?, d=0.1 mm: NS2) with the added
binder of 5 wt. % of Teflon and 10 wt % of acetylene
carbon black. The electrodes had been assembled by
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pressing them to graphite foil. Electrochemical inves-
tigations were carried out in a two-electrode and in a
three-electrode glass cells with a Zn foil counter elec-
trode (1 cm?). As a reference electrode, Agl/AgCl was
used. As the electrolyte, aqueous solution of 25 %
ZnBr,was used. All measurements were taken at room
temperature. The electrochemical properties of the
EES were investigated by cyclic voltammetry (CV), by
galvanostatic charge-discharge (GCD), the investiga-
tions have been carried out with a help of AUTOLAB
measuring complex made in Netherlands by “ECO
CHEMIE” in combination with GPES computer pro-
gram. Theoretical and experimental of adsorption iso-
therms are presented in the form of the relation (2) for
the electrode polarization AE = E — E°. Experimental
values of Cpwere determined with the use of discharge
voltage steps of dU=0.01V and corresponding to them
differentials d0p, according to the following known
formula

Cp= qp(d0g,/dU),

here gp, is the maximal value of NS commercial ACM
specific surface charge with bromine atoms (65,=0.99).

C, W, P, 03, n of GCD were determined accord-
ing to the following known formulas

Cc = [c X tc(ma)il(a); Cd: Id X td(ma)il(b);
eBr: C'd>< (CBr, max)71 (C), (4)

W = iJZ.U(t)a’t (@); P=Wrt(b);

N =(Cy) x(C)"'x100 % (c). (&)

Here C., C, are the specific capacities of charge
and discharge, respectively; I, 1. are the currents of
charge and discharge, respectively; 7., 7, are the times
of charge and discharge, respectively; 7, ,, 7, ,are the
times of start and finish of discharge, respectively;
Cpimax 18 the maximal value of specific gravimetric
charge of NS commercial ACM with bromine atoms
(0, = 0.99); U, 1nax is the maximal value of the dis-
charge voltage; U, i, is the minimal value of the dis-
charge voltage; dU = U, ux— U, min denotes the dis-
charge voltage range; m, is the mass of NS commercial
ACM.

Results and discussion. NS was tested in two-
electrode system using aqueous ZnBr, electrolyte,
which is the prototype of a HC in charged state

7Zn|25% ZnBr,|C*Br. (6)
This corresponds to the current generating process
C'Br+0,5Zn=C" + Br~+0,5Zn?*". 7

The process which proceeds during anode polariza-
tion of NS in 25 % ZnBr, is considered in this work as a
process of electrosorption of Br~ (transition of Br~ into
adatomic state) according to the schemes from [1, 4, 6]

C'Br+e =C"+Br-, (8)

where C*is the surface of the carbon material, 0 is
fractional coverage by Br at C* (0 < 6 < 1). Some
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amount of Br;! is being formed during the charging of
the electrode. Taking into account the ions size (Br~' is
smaller than Br;'), this makes the penetration of Brj!
into the carbon network more poor. It is clear that the
micropores and small mesopores of carbon are the
most adapted for electrosorption according to equa-
tion (8) because, besides electrostatic attraction of
ions, the faradaic reactions related with bromide/bro-
mine electron transfer are involved in the charging
process (8). On the basis of the aforesaid, the influ-
ence of Br3 is not examined. They, probability, are
located in macropores of NS commercial ACM.

As is shown in Fig. 1, a, galvanostatic charge (GC)
to 1.93 V (1.08 V vs Ag/AgCl) of NS1 electrode at the
i.of 14 mA cm™?in EES system ensures galvanostatic
discharge (GD) at the i;of 7 mA cm™ with the high
value of C,(equal to 083 Cg™!) in the voltage window
from 1.71 V (0.9V) to 1.05V (0.27 V) with wide polar-
ization (AE = 0.66V) of electrode. The wide discharge
AE, which amounts to 0.66 V at sufficiently great value
of C, (equal to 1083 Cg'), considerably reduces W.
The galvanostatic cycle (GC) under the given condi-
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tions (i, = 14 MAcm2, i;=7 MAcM ) of Zn electrode
(Fig. 1, b) shows a AE close to 0. Identical general ap-
pearance of CVs of NS2 electrode, which are plotted
according to two-electrode and three-electrode mea-
suring circuits, can be easily seen in Fig. 1, ¢ and in
Fig. 1, d. With this, the CVs have equal anode maxima
(i, = 47.9 mAcm™) and close cathode minima (i. =
= 40 mAcm2, Fig. 1, ¢, and i. = 33.6 mAcm?,
(Fig. 1, d). The obtained galvanostatic data of NSI
and Zn electrodes and data of CVs of NS2 electrode
(Fig. 1, a—d) indicate that the polarization (AU) of
the whole HC system is equal to the AE of NS elec-
trode.

The use of half-thickness NS2 electrodes essen-
tially changes the GD (Fig. 2, a). GCD cycles
(Fig. 2, a) at i, from the range of 5—50 mA cm™ were
recorded in the system of EES prototype. The galva-
nostatic curves have their plateau of the discharge with
moderate-valued AE. With this, the increase in i is ac-
companied by the increase in 6 of the electrode by bro-
mine atoms from 0.8 to 0.9, and the A E increases from
0.15t0 0.31 V.
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Fig. 1. ACM “Norit DLC Super 30” and Zn electrodes in the system of EES: galvanostatic cycles ACM
“Norit DLC Super 30” (a), Zn (b) at 14 mAcm™ and GDs at 7 mAcm™ (with the use of 3-electrode
measurement); CVs of NS “Norit DLC Super 30” recorded for scan rate 1073 Vs~ with the use of 2-elec-
trode measurement (c) and of 3-electrode measurement (d)
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Fig. 2. ACM “Norit DLC Super 30” electrode in the system of EES: (a) GD at i; = 5 mAcm™ (1), i, =
=20 mAcm™ (2), iy =30 mAcm™ (3), iy= 45 mAcm™ (4), iy, = 50 mAcm™ (5); galvanostatic cycles at i. =
=i, =40 mAcm™: 24 GCs (b) and 24" cycle (c); (d) Ragone plot (1) and dependence of C,on to the P (2)

Fig. 2, b shows 24 identical GSs at i equal to
40 mA cm2. Fig. 2, ¢ shows the typical 24 GCD pro-
files of the NS2 electrode in a voltage window of 1.02—
2.07 V and at i equal to 40 mA cm2. The measured
value of electromotive force (EMF = 1.77 V) in the
EES system (6) is less than 1.83 V of the galvanic cou-
ple Zn|Br,. The plateau on the GSs correspond to
high-capacity charge and discharge according to the
equation (4, a—c). Discharge (Fig. 2, ¢) on the plateau
from 1.58 to 1.42 V is characterized by the values of
C,=1488 Cg!, W=2245]) g', P=8.6 Wg™!, and by
the n of 91 %. To calculate the maximal value of NS
commercial ACM specific surface charge (60 = 0.99)
according to the formulas gg, = (sg) e = (2 x
% 0.196 nm)2x 1.6 x 107 C = 1.04 Cm2and Cg; o =
= @p S = 1.04 Cm™ x 1600 m’g™! =1664 Cg!, the
well know value of bromine ion radius (rg- equals
0.196 nm) was used. Formula (1) for electrosorption of
bromine can be presented in the following form

E=FE°+ RT/FxIn(0g,/1-0g,),
and
E—-E°=RT/FxIn(0g,/1 -03,). )
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By means the use of the formula (9) and by substi-
tuting gg, into the formula (3), the theoretical adsorp-
tion isotherm (TAI) and theoretical dependence of Cp
on 0 were plotted.

The theoretical specific pseudocapacitance has its
maximum value of 10.1 Fm2at0 = 0.5 (Fig. 3, cur-
ve 4). Comparison of the experimental value of C,; =
= 1488 Cg! with maximum theoretical value of
Chrmax = 1664 Cg™! (0 = 0.99) gives a high practical
value of fractional surface coverage of 6 = 0.89. This is
well illustrated by the experimental desorption iso-
therm (EDI), Fig. 3, a, curve 3. And the plotted ac-
cording to GR (i = 40 mAcm™) dependence of the
Cp, 4on the 0 shows the maximum of Cp ;= 8.4 Fm™
at O = 0.63 (Fig. 3, curve 6), which is less than the
maximum Cp ooy = 10.1 Fm™ at 6 = 0.5 (Fig. 3,
curve 4) of the theoretical dependence drawn accord-
ing to the formula (3). According to the Frumkin
model of physical adsorption (g # 0), the equations (2,
3, 9) take the form

Op,/(1 - Op,) = (K X cp,-) X exp (=gBp,) X exp (EF/RT);
E— E°=(RT/F) In(0g,/1 - 0g,) + (RT/F)g0p,; (10)
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Fig. 3. ACM “ Norit DLC Super 30” electrode in the system of EES:

(a) TAIsatg=0(1), g=0.5(2), and EAI g= 0.5 (3); theoretical dependences of the Cpon 06:g=0(4), g=0.5(5)
and experimental dependence of the Cp,0n 0 at g = 0.5 (6); (b) theoretical discharge (g = 0.5) (curve 1) and and

experimental GD (2) at 40 mAcm™

Cp=qp.F < (RT)™" x 0, (1 - Op,) X

X {(1 +g0p (10} ", an

Substituting the experimental values into the for-
mula (11), the practical value of g = 0.5 was calculated.
The parameters of g which were calculated at other i,
have values from —1 to 0.6. Positive and negatives val-
ues of the parameter g are the cause of the changes AE
of the electrode according (10). Small deviations be-
tween TAls at g =0 and g = 0.5 can bee seen in Fig. 3.
And more considerable deviations take place between
EAI and theoretical ones. Fig. 3, b shows theoretical
and experimental discharge curves (g=0.5). Theoreti-
cal discharge curve was plotted with the use of the
measured value of electromotive force of the galvanic
couple (6) (EMF = 1.77 V for 6 = 0.9) and AEyy,.., =
=0.27 V (Fig. 3, a, curve 2). Theoretical specific en-
ergy (Wrheor) and the experimental one W were calcu-
lated with the use of data of Fig. 3, b and the use of the
formula (5, a). They are of the values of 2682 Jg~' and
2253 Jg!, respectively. The obtained experimental
value of Wis equal to 84 % of the theoretical value of
Wineorr The Wiy Which were obtained at other i,
have values from 2680 to 2715 Jg~'. The Ragone plot
(Fig. 2, d, curve I), which is plotted according to the
data of GD (i from 5 to 50 mAcm™) shows a good
high — W characteristics of NS commercial ACM in
an EES system. The increase of P from 1.1 to 9.6 Wg™!
leads to a slight decrease of W from 2251 to 2056 Jg'.
And the increase of P from 1.1 to 9.6 Wg™! leads to a
increase of C, from 1336 Cg' (371 mAhg') to
1512 Cg! (420 mAhg™! (Fig. 2, d, curve 2).

Conclusion. The process of electrosorption of
bromine by NS commercial ACM surface ensures a
high capacity discharge of 1336—1512 Cg™! range at i,
from 5 to 50 mAcm™>. Comparison of experimental
desorption isotherm and dependence of the specific
capacitance on the fractional surface coating of NS
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commercial ACM with the corresponding theoretical
dependencies (g=0, g=0.5) indicates the mechanism
of bromine physical adsorption in accordance with
Frumkin’s model. The mechanism of bromine ad-
sorption ensures the high-valued fractional coverage
from 0.8 to 0.9 of NS commercial ACM surface and
77—84 % discharge of the values Wy, All of this
gives us the reason to consider the investigated acti-
vated material in bromide electrolytes as a prospective
positive electrode for EES constructions.
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Merta. locninutu epeKTUBHICTL POOOTU KOMEP-
LilTHOTO aKTMBOBAHOTO BYIJIELIEBOro MaTepiany ,,No-
rit DLC Super 30“ gk enexTpoaa eaeKTpoXiMidyHOTO
JKepesa eHepril y 25 % BoagHoMy po3unHi ZnBr, .

Metomuka. [{ns gociimkeHb BUKOPUCTAHI CTaH-
JIApTHI eJIEKTPOXiMiuHi METOAMKM raJibBAHOCTATUYHO-
TO 3apsiay-po3psiay Ta LIUKIIYHOI BOJIBTaMIIEPOMETPIi.

Pe3yabraTn. [1o0ynoBaHi TEOpETUYHI i30TepMU
anacopOlIIii 6poMy Ta 3aJIeKHOCTI TUTOMOI TICEBIOEM-
HOCTi Bin (pakiiiiHOTO TOKPUTTS OpoMy HaHOIO-
PUCTOI MOBEPXHi aKTUBOBAHOTIO BYIJICLIEBOTO MaTePi-
any ,,Norit DLC Super 30“. BukopucToBylouu gaHi
rajlbBAaHOCTaTUYHOTO 3apsiay-po3psiay Mpu I'yCTUHAX
cTpyMy Bia 5 1o 50 MA X cM2, oTpUMaHi eKcriepu-
MEHTaJIbHI i30TepMU aacopOLlii Ta 3aJIEXKHOCTI TUTO-
MOI TICEBIOEMHOCTI Bifl (ppaKiiliHOro MOKPUTTS MO~
BepxHi. 3pob6iieHe TOPiBHIHHS TEOPETUYHMX i eKCIIe-
PUMEHTAJTbHUX 3aJIeXKHOCTEH ITOKA3YeE, 10 JOCITiIKe-
HUIA TIpolieC BiAMNOBiZa€ Momesi eleKTpocopOii 3a
DdpymMKiHMM 3 mapaMeTpoM MiXKaTOMHOI B3aEMO/IIi B
ancopouirinomy 1mapi (g = 0.5). IIpoBeneHo aHaii3
3anexxHocTi ParoHi gociiaskeHoro eaerpoaa B CUCTe-
Mi eJIeKTPOXiMiYHOIO IXepesa eHeprii. 30iablIeHHS
nuToMOi oTykHocTi 3 1,1 10 9,6 Bt X ™! mpussoanTs
JI0 HE3HAYHOTO 3HUXKEHHSI MTUTOMO1 eHeprii 3 2251 no
2056 JIx x r~'. OTprMaHe eKcriepUMeHTaIbHE 3Ha-
YeHHSsI MUTOMOI eHepril ckiagae 84 % Bin ii Teope-
TUIHOTO 3HAYCHHSI.

HaykoBa HoBHM3HA. Ynepilie BUBYeHA e(heKTUB-
HICTb pOOOTHU eJIeKTpoJa Ha OCHOBI KOMEpUiliHOTO
aKTUBOBAHOTO ByIyienieBoro Marepiany ,,Norit DLC
Super 30“ B cucTemi eNeKTPOXiMiYHOTO JKepesa
eHeprii Ta MexaHi3My IIpoliecy eJIeKTpocopoOliii Opo-
MY Ha MiKpOITOPHUCTIiil MOBEPXHi aKTUBOBAHOI'O BYT-
JIELIeBOTO MaTepiay.

ITpakTuyna 3HauyuMicTh. OTpuMaHi BUCOKi 3Ha-
YEeHHSI MATOMUX ITOTYKHICHUX, CHEPTeTUIHUX, €M-
HiCHUX TTOKA3HUKIB eJIeKTpoJa Ha OCHOBI KOMepILiii-
HOro aKTMBOBAHOIO ByIJIelleBOro marepiany ,,INorit
DLC Super 30“, mo n03BOJISIIOTh pO3MISIAATA MOTro
MePCIEKTUBHIM JOJATHIM SJIEKTPOIOM IS €JIEKTPO-
XiMIYHOTO JIKepeJia eHepril.

KmiouoBi cioBa: modervs @Ppymrina, izomepma
adcopbuii, 3arexncricmo Paconi
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Heab. WccnenoBaTth 3hdEKTUBHOCTL pabOTHI
KOMMEPUYECKOTO aKTUBUPOBAHHOTO YIJIEPOTHOTO Ma-
tepuaina ,,Norit DLC Super 30“ B kauecTBe 2JIEKTPO-
J1a 3JICKTPOXMMMYECKOTO UCTOYHUKA SHEPruu B 25 %
BOIHOM pactBope ZnBr,.

Metoauka. s uccienoBaHU KUCIOJb30BaHbI
CTaHIAPTHBIE 3JCKTPOXMMMUYECKUE METOAMKU Tajlb-
BaAHOCTAaTUYECKOIO 3apsiia-paspsiga M LUKINYeCKOMH
BOJIBTAMIIEPOMETPUU.

Pesyabrathl. [ToyyeHHbIE TeOpeTUUECKUE U30-
TepMBI aIcopOoIny OpoMa U 3aBUCUMOCTH yICTEHOM
TICEBIOEMKOCTH OT (hpaKLIMOHHOTO MOKPBLITUS OpoMa
HAHOITOPHMCTOM ITTOBEPXHOCTHM aKTUBUPOBAHHOIO
yoieponHoro matepuaina ,,Norit DLC Super 30%“. Uc-
MOJIb3ysT HAHHBIE TaJbBAHOCTATUYECKOTO 3apsima-
paspsia Mpu IJIOTHOCTSIX TOKA OT 5 10 50 MA X cM ™2,
MMOJIy9eHBI 3KCIIEPUMEHTAIbHBIC N30TEePMBI aIcopO-
MM W 3aBUCUMOCTH YIOCJIbHOW IICEBIOEMKOCTU OT
(GpaKIIMOHHOTO TIOKPBLITUSI TIOBepXHOCTU. CraenaH-
HOE CpaBHEHHE TEOPETUYECKUX U IKCIEPUMEHTAb-
HBIX 3aBUCMMOCTEl IMOKa3bIBaeT, YTO MCCJEOOBaH-
HBII MPOILIECC COOTBETCTBYET MOIEIU DJIEKTPOCOPO-
mun 3a DPyMKUHBIM C ITapaMeTpoOM MeXaTOMHOTO
B3aUMoONeNCcTBUS B aacopOouuoHHOM cioe (g = 0.5).
IIpoBeneH aHaIW3 3aBUCUMOCTH ParoHum wmcciemo-
BAHHOTO 3JICKTPOAa B CUCTEME 3JICKTPOXUMHUIECKOTO
WCTOYHWKA SHEPTUU. YBEIWYCHHE YOCIbHOM MOIII-
Hoctu ¢ 1,1 109,6 BT X r~! mpuBOOUT K HE3HAYUTEIb-
HOMY CHMKEHMIO YAeNnbHOW »Hepruu ¢ 2251 nmo
2056 Ix x r~'. TlomydyeHHOE SKCIEPUMEHTAILHOE
3Ha4YeHUE yIeAbHOM aHeprun cocrasisieT 84 % ot eé
TEOPETUUECKOTO 3HAYCHUSI.

Hayuynass HoBu3Ha. BriepBbie usyudeHa adbek-
TUBHOCTb paOOTHI 3JIEKTPOAa Ha OCHOBE KOMMeEpYe-
CKOTO aKTMBMPOBAHHOTO YIJICPOTHOTO MaTepHaja
,»Norit DLC Super 30“ B cucteme 371eKTpOXUMUYE-
CKOTO MCTOYHHMKA BSHEPIrMM M MeXaHM3Ma IIpollecca
eJICKTpOoCcOopOIMM OpoMa Ha MHUKPOIIOPUCTOM II0-
BEPXHOCTH aKTUBUPOBAHHOTO YITICPOTHOTO MaTepH-
anja.

IIpakTuyeckasi 3HAYMMOCTb. [lonyyeHbl BbICO-
KHe 3HaYCHUSI YIeJbHBIX MOIITHOCTHBIX, SHEPTreTHYC-
CKMX, EMKOCTHBIX ITOKa3aTesIel 3JIeKTpoaa Ha OCHOBE
KOMMEPYECKOro aKTUBUPOBAHHOTIO YIJIEPOIHOTO Ma-
tepuana ,,Norit DLC Super 30“, 4To 1o3BoJISIIOT pac-
CMaTpUBaThb €ro MEepPCHeKTUBHBIM MOJOXUTEIbHBIM
SJIEKTPOIOM TSI BJIEKTPOXMMUWIECKOTO WMCTOUHHMKA
SHEPTUMU.

KimoueBsble ciioBa: modeav Dpymxuna, uzomep-
Mma adcopbuyuu, 3aeucumocms Paconu

Pexomendosano 0o nybaikauyii dokm. mexH.

nayx P. O./[uuxosecoxkum. Jlama Ha0xo0xucenHs py-
konucy 21.09.15.
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