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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	ZnBr2.

Methodology. For	the	research	standard	electrochemical	methods	of	galvanostatic	chargedischarge	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	chargedischarge	at	a	current	density	from	5	to	50	mA	 cm-2	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	9.6W	 g-1	leads	to	a	slight	decrease	of	specific	energy	(W )	from	2251	to	
2056J	 g-1.	The	obtained	experimental	value	of	W	is	equal	to	84	%	of	the	theoretical	value	of	WTheor.	

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	

in	energy	density	of	a	supercapacitor	in	nonaqueous	
electrolyte	 is	 investigated	 in	 the	 work	 [5].	 Zincbro
mine	batteries	(ZBB)	are	well	known.	The	Br2/Br	re
dox	 couple	 is	 employed	 in	 the	 positive	 electrode	 of	
ZBB	based	on	the	following	reaction	[6]	

2Br	-	↔	Br2	+	2e-	(E 0	=	1.07	V	vs.	SHE).

And	the	Zn2+/Zn	redox	couple	is	employed	in	the	
negative	electrode	of	ZBB	based	on	the	following	re
action

Zn2+	+	2e-	↔	Zn	(E0	=	-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	Br2	

reduction	reaction	are	proposed	as	follows:



Т Е Х Н О Л О Г І Ї  Е Н Е Р Г О З А Б Е З П Е Ч Е Н Н Я

86  ISSN 2071-2227, Науковий вісник НГУ, 2016, № 5

Br	-	oxidation	reaction

	 Br	-	→	Brads	+	e-;		 (1)

Br2	reduction	reaction

Br2	+	e-	→	Brads	+	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	wellknown	relation	from	[4]

 θI/1	-	θI	=	(KcI
_)		exp	{(EF )/(RT )},	 (2)

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

E	=	E 0	+	(RT )/F		ln	(θ/1	-	θ),	

and

E	-	E 0	=	(RT )/F 	ln	(θ/1	-	θ),

here	E 0	is	 the	equilibrium	electrode	potential.	In	the	
work	[4],	the	wellknown	formula	was	used

	 CP	=	(qIF )/(RT )	 {θI	(1	-	θI),	 (3)

which	 indicate	 the	 maximum	 of	 the	 pseudocapaci
tance	 at	 θ	 =	 0.5,	 and	 the	 electrode	 potential	 of	 the	
maximum	is	considered	as	the	E 0	;	qI	is	maximal	value	
of	NS	commercial	ACM	specific	surface	charge	(θ	=	
=	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,	ZnBr2	(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	 =	 Smicro	 +	 Smezo	 =	 1540	 m2g-1	 +	 60	 m2	 g-1	 = 
= 1600	m2g-1)	[8].	The	total	pore	volume	of	this	sample	
was	 of	 0.6	 cm3	 g-1	 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	filmlike	elec
trodes	of	the	active	mass	(ma)	of	14	mg	(NS1)	and	the	
thickness	(d )	of	0.2	mm	(S	was	1.0	cm2	)	and	of	ma	=	
=	7	mg	(S	=	1.0	cm2	,	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	

pressing	them	to	graphite	foil.	Electrochemical	inves
tigations	were	carried	out	in	a	twoelectrode	and	in	a	
threeelectrode	glass	cells	with	a	Zn	foil	counter	elec
trode	(1	cm2).	As	a	reference	electrode,	Ag|AgCl	was	
used.	 As	 the	 electrolyte,	 aqueous	 solution	 of	 25	 %	
ZnBr2	was	used.	All	measurements	were	taken	at	room	
temperature.	 The	 electrochemical	 properties	 of	 the	
EES	were	investigated	by	cyclic	voltammetry	(CV),	by	
galvanostatic	chargedischarge	(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	DE	=	E	-	E 0.	Experimental	
values	of	CP	were	determined	with	the	use	of	discharge	
voltage	steps	of	dU	=	0.01V	and	corresponding	to	them	
differentials	 dθBr	 according	 to	 the	 following	 known	
formula

CP	=	qBr(dθBr/dU ),

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

C,	W,	P,	θBr,	h	of	GCD	were	determined	accord
ing	to	the	following	known	formulas

Cc	=	Ic		tc(ma)-1(a);	Cd	=	Id		td	(ma)-1(b);

 θBr	=	Cd		(CBr,	max)
-1	(c);	 (4)

2

1

1( ) ( ); ( );
t

d

t

W i U t dt a P Wt b 
 h	=	(Cd)	 (Cc)

-1	100	%	(c).	 (5)

Here	 Cc,	 Cd	 are	 the	 specific	 capacities	 of	 charge	
and	discharge,	 respectively;	Id,	Ic	 are	 the	currents	of	
charge	and	discharge,	respectively;	tc,	td	are	the	times	
of	charge	and	discharge,	respectively;	td,	s,	td,	f	are	the	
times	 of	 start	 and	 finish	 of	 discharge,	 respectively;	
CBr,max	 is	 the	 maximal	 value	 of	 specific	 gravimetric	
charge	of	NS	commercial	ACM	with	bromine	atoms	
(θBr	 =	 0.99);	 Ud,	 max	 is	 the	 maximal	 value	 of	 the	 dis
charge	voltage;	Ud,	min	is	the	minimal	value	of	the	dis
charge	voltage;	dU	=	Ud,	max	-	Uc,	min	denotes	the	dis
charge	voltage	range;	ma	is	the	mass	of	NS	commercial	
ACM.

results  and  discussion.  NS	 was	 tested	 in	 two
electrode	 system	 using	 aqueous	 ZnBr2	 electrolyte,	
which	is	the	prototype	of	a	HC	in	charged	state

  Zn	|	25%	ZnBr2	|  C*Br.		 	(6)

This	corresponds	to	the	current	generating	process

	 C*Br	+	0,5Zn	=	C*	+	Br	-	+	0,5Zn2+.	 (7)

The	process	which	proceeds	during	anode	polariza
tion	of	NS	in	25	%	ZnBr2	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,	 θ	 is	

fractional	 coverage	 by	 Br	 at	 C*	 (0	 <	 θ <	 1).	 Some	
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amount	of	Br3
-1	is	being	formed	during	the	charging	of	

the	electrode.	Taking	into	account	the	ions	size	(Br-1	is	
smaller	than	Br3

-1),	this	makes	the	penetration	of	Br3
-1	

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	 Br	-3	 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	
ic	of	14	mА	сm-2	in	EES	system	ensures	galvanostatic	
discharge	(GD)	at	 the	 id	of	7	mА	сm-2	with	 the	high	
value	of	Cd	(equal	to	083	Cg-1)	in	the	voltage	window	
from	1.71	V	(0.9V)	to	1.05V	(0.27	V)	with	wide	polar
ization	(DE	=	0.66V)	of	electrode.	The	wide	discharge	
DE,	which	amounts	to	0.66	V	at	sufficiently	great	value	
of	Сd	 (equal	 to	 1083	 Cg-1),	 considerably	 reduces	W.	
The	galvanostatic	cycle	(GC)	under	the	given	condi

tions	 (іc	=	14	мАсм-2,	 іd	=	7	мАсм-2)	of	Zn	electrode	
(Fig.	1,	b)	shows	a	DE	close	to	0.	Identical	general	ap
pearance	of	CVs	of	NS2	electrode,	which	are	plotted	
according	to	twoelectrode	and	threeelectrode	mea
suring	circuits,	 can	be	easily	 seen	 in	Fig.	1,	c	 and	 in	
Fig.	1,	d.	With	this,	the	CVs	have	equal	anode	maxima	
(ia	 =	 47.9	 mAcm-2)	 and	 close	 cathode	 minima	 (ic	 =	
=	 40	 mAcm-2,	 Fig.	 1,	 c,	 and	 ic	 =	 33.6	 mAcm-2,	
(Fig.	 1,	 d ).	 The	 obtained	 galvanostatic	 data	 of	 NS1	
and	Zn	electrodes and	data	of	CVs	of	NS2	electrode	
(Fig.	 1,	a–d )	 indicate	 that	 the	 polarization	 (DU )	 of	
the	whole	HC	system	is	equal	to	the	DE	of	NS	elec
trode.	

The	 use	 of	 halfthickness	 NS2	 electrodes	 essen
tially	 changes	 the	 GD	 (Fig.	 2,	 a).	 GCD	 cycles	
(Fig.	2,	a)	at	id	from	the	range	of	5–50	mA	cm-2	were	
recorded	in	the	system	of	EES	prototype.	The	galva
nostatic	curves	have	their	plateau	of	the	discharge	with	
moderatevalued	DE.	With	this,	the	increase	in	i	is	ac
companied	by	the	increase	in	θ	of	the	electrode	by	bro
mine	atoms	from	0.8	to	0.9,	and	the	DE	increases	from	
0.15	to	0.31	V.

a b

c d

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-2 and GDs at 7 mAcm -2 (with the use of 3-electrode 
measurement); CVs of NS “Norit DLC Super 30” recorded for scan rate 10-3 V s-1 with the use of  2-elec-
trode measurement (c) and of 3-electrode measurement (d)
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Fig.	 2,	 b	 shows	 24	 identical	 GSs	 at	 i	 equal	 to	
40	mA	cm-2.	Fig.	2,	c	shows	the	typical	24th		GCD	pro
files	of	the	NS2	electrode	in	a	voltage	window	of	1.02–
2.07	 V	 and	 at	 i	 equal	 to	 40	 mA	 cm-2.	 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	|	Br2.	 The	 plateau	 on	 the	 GSs	 correspond	 to	
highcapacity	 charge	 and	 discharge	 according	 to	 the	
equation	(4,	a–c).	Discharge	(Fig.	2,	c)	on	the	plateau	
from	 1.58	 to	 1.42	 V  is	 characterized	 by	 the	 values	 of	
Сd	=	1488	Cg-1,	W	=	2245	J	g-1,	P	=	8.6	Wg-1,	and	by	
the	h	of	91	%.	To	calculate	the	maximal	value	of	NS	
commercial	 ACM	 specific	 surface	 charge	 (θ	 =	 0.99)	
according	 to	 the	 formulas	 qBr	 =	 (sBr-)-1e-	 =	 (2	  
 0.196	nm)-2		1.6		10-19	C	=	1.04	Cm-2	and	CBr,max	=	
=	 qBrStotal	 =	 1.04	 Cm-2		 1600	 m2g-1	 =1664	 Cg-1,	 the	
well	 know	 value	 of	 bromine	 ion	 radius	 (rBr-

	 equals	
0.196	nm)	was	used.	Formula	(1)	for	electrosorption	of	
bromine	can	be	presented	in	the	following	form

E	=	E 0	+	RT	/F  ln	(θBr	/1	-	θBr),

and	

	 E	-	E 0	=	RT/F		ln	(θBr	/1	-	θ	Br).	 (9)

By	means	the	use	of	the	formula	(9)	and	by	substi
tuting	qBr	into	the	formula	(3),	the	theoretical	adsorp
tion	isotherm	(TAI)	and	theoretical	dependence	of	CP	

on	θ	were	plotted.
The	theoretical	specific	pseudocapacitance	has	its	

maximum	 value	 of	 10.1	 Fm-2	at	θ	 =	 0.5	 (Fig.	 3,	 cur
ve	4 ).	Comparison	of	the	experimental	value	of	Cd	=	
=	 1488	 Cg-1	 with	 maximum	 theoretical	 value	 of	
CBr,max	 =	 1664	 Cg-1	 (θ	 =	 0.99)	 gives	 a	 high	 practical	
value	of	fractional	surface	coverage	of	θ	=	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	 mA	cm-2)	 dependence	 of	 the	
CP,	d	on	the	θ	shows	the	maximum	of	CP,	d	=	8.4	F	m-2	
at	 θ	 =	 0.63	 (Fig.	 3,	 curve	 6 ),	 which	 is	 less	 than	 the	
maximum	 CP,	theor	 =	 10.1	 F	m-2	 at	 θ	 =	 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

θBr/(1	-	θBr)	=	(K	 cBr-)		exp	(-gθBr)		exp	(EF/RT );

 E	-	E 0	=	(RT/F )	ln	(θBr	/1	-	θBr)	+	(RT/F )gθBr;	 (10)

a b

c d

Fig. 2. ACM “Norit DLC Super 30” electrode in the system of EES: (a) GD at id = 5 mAcm-2 (1), id = 
= 20 mAcm-2 (2), id = 30 mAcm-2 (3), id = 45 mAcm-2 (4), id = 50 mAcm-2 (5); galvanostatic cycles at ic = 
=	id = 40 mAcm-2: 24 GCs (b) and 24th cycle (c); (d) Ragone plot (1) and dependence of Cd on to the P (2)
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CP	=	qBrF 	(RT )-1		θBr(1	-	θBr)	

   {(1	+	g θBr(1	-	θBr)}-1.	 (11)

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	id	

have	values	from	-1	to	0.6.	Positive	and	negatives	val
ues	of	the	parameter	g	are	the	cause	of	the	changes	DE	
of	 the	electrode	according	(10).	Small	deviations	be
tween	TAIs	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	θ	=	0.9)	and	DETheor	=	
=	0.27	V	(Fig.	3,	a,	curve	2 ).	Theoretical	specific	en
ergy	(WTheor)	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-1	and	
2253	 Jg-1,	 respectively.	 The	 obtained	 experimental	
value	of	W	is	equal	to	84	%	of	the	theoretical	value	of	
WTheor.	 The	 WTheor	 which	 were	 obtained	 at	 other	 id 

have	values	from	2680	to	2715	Jg-1.	The	Ragone	plot	
(Fig.	2,	d,	curve	1),	which	is	plotted	according	to	the	
data	 of	 GD	 (i	 from	 5	 to	 50	 mA	cm-2)	 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-1	
leads	to	a	slight	decrease	of	W	from	2251	to	2056	Jg-1.	
And	the	increase	of	P	from	1.1	to	9.6	Wg-1	leads	to	a	
increase	 of	 Cd	 from	 1336	 Cg-1	 (371	 mA	h	g-1)	 to	
1512	Cg-1	(420	mA	h	g-1	(Fig.	2,	d,	curve	2 ).	

сonclusion.  The	 process	 of	 electrosorption	 of	
bromine	 by	 NS	 commercial	 ACM	 surface	 ensures	 a	
high	capacity	discharge	of	1336–1512	Cg-1	range	at	id	

from	 5	 to	 50	 mA	cm-2.	 Comparison	 of	 experimental	
desorption	 isotherm	 and	 dependence	 of	 the	 specific	
capacitance	 on	 the	 fractional	 surface	 coating	 of	 NS	

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	 highvalued	 fractional	 coverage	
from	0.8	 to	0.9	of	NS	commercial	ACM	surface	and	
77–84	 %	 discharge	 of	 the	 values	 WTheor.	 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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Мета.	Дослідити	ефективність	роботи	комер
ційного	активованого	вуглецевого	матеріалу	„No
rit	DLC	Super	30“	як	електрода	електрохімічного	
джерела	енергії	у	25	%	водному	розчині	ZnBr2..	

Методика.	Для	досліджень	використані	стан
дартні	електрохімічні	методики	гальваностатично
го	зарядурозряду	та	циклічної	вольтамперометрії.	

результати.	 Побудовані	 теоретичні	 ізотерми	
адсорбції	брому	та	залежності	питомої	псевдоєм
ності	 від	 фракційного	 покриття	 брому	 нанопо
ристої	поверхні	активованого	вуглецевого	матері
алу	 „Norit	 DLC	 Super	 30“.	 Використовуючи	 дані	
гальваностатичного	зарядурозряду	при	густинах	
струму	 від	 5	 до	 50	 мA	 см-2,	 отримані	 експери
ментальні	ізотерми	адсорбції	та	залежності	пито
мої	псевдоємності	від	фракційного	покриття	по
верхні.	Зроблене	порівняння	теоретичних	і	експе
риментальних	залежностей	показує,	що	дослідже
ний	 процес	 відповідає	 моделі	 електросорбції	 за	
Фрумкіним	з	параметром	міжатомної	взаємодії	в	
адсорбційному	 шарі	 (	g	 =	 0.5).	 Проведено	 аналіз	
залежності	Рагоні	дослідженого	елетрода	в	систе
мі	 електрохімічного	 джерела	 енергії.	 Збільшення	
питомої	потужності	з	1,1	до	9,6	Вт	 г-1	призводить	
до	незначного	зниження	питомої	енергії	з	2251	до	
2056	 Дж	 г	-1.	 Отримане	 експериментальне	 зна
чення	 питомої	 енергії	 складає	 84	 %	 від	 її	 теоре
тичного	значення.

Наукова новизна.	Уперше	вивчена	ефектив
ність	 роботи	 електрода	 на	 основі	 комерційного	
активованого	 вуглецевого	 матеріалу	 „Norit	 DLC	
Super	 30“	 в	 системі	 електрохімічного	 джерела	
енергії	та	механізму	процесу	електросорбції	бро
му	на	мікропористій	поверхні	активованого	вуг
лецевого	матеріалу.	

практична значимість.	Отримані	високі	зна
чення	 питомих	 потужнісних,	 енергетичних,	 єм
нісних	показників	електрода	на	основі	комерцій
ного	 активованого	 вуглецевого	 матеріалу	 „Norit	
DLC	 Super	 30“,	 що	 дозволяють	 розглядати	 його	
перспективним	додатнім	електродом	для	електро
хімічного	джерела	енергії.

ключові слова: модель Фрумкіна, ізотерма 
адсорбції, залежність Рагоні

Цель.	 Исследовать	 эффективность	 работы	
коммерческого	активированного	углеродного	ма
териала	„Norit	DLC	Super	30“	в	качестве	электро
да	электрохимического	источника	энергии	в	25	%	
водном	растворе	ZnBr2.

Методика.	 Для	 исследований	 использованы	
стандартные	 электрохимические	 методики	 галь
ваностатического	 зарядаразряда	 и	 циклической	
вольтамперометрии.

результаты.	Полученные	теоретические	изо
термы	адсорбции	брома	и	зависимости	удельной	
псевдоемкости	от	фракционного	покрытия	брома	
нанопористой	 поверхности	 активированного	
углеродного	материала	„Norit	DLC	Super	30“.	Ис
пользуя	 данные	 гальваностатического	 заряда
разряда	при	плотностях	тока	от	5		до	50	мA	 см-2,	
получены	 экспериментальные	 изотермы	 адсорб
ции	 и	 зависимости	 удельной	 псевдоемкости	 от	
фракционного	 покрытия	 поверхности.	 Сделан
ное	сравнение	теоретических	и	эксперименталь
ных	 зависимостей	 показывает,	 что	 исследован
ный	 процесс	 соответствует	 модели	 электросорб
ции	 за	 Фрумкиным	 с	 параметром	 межатомного	
взаимодействия	 в	 адсорбционном	 слое	 (	g	 =	 0.5).	
Проведен	 анализ	 зависимости	 Рагони	 исследо
ванного	электрода	в	системе	электрохимического	
источника	 энергии.	 Увеличение	 удельной	 мощ
ности	с	1,1		до	9,6	Вт	 г	-1	приводит	к	незначитель
ному	 снижению	 удельной	 энергии	 с	 2251	 до	
2056	 Дж	  г	-1.	 Полученное	 экспериментальное	
значение	удельной	энергии	составляет	84	%	от	её	
теоретического	значения.

Научная  новизна.	 Впервые	 изучена	 эффек
тивность	работы	электрода	на	основе	коммерче
ского	 активированного	 углеродного	 материала	
„Norit	 DLC	 Super	 30“	 в	 системе	 электрохимиче
ского	 источника	 энергии	 и	 механизма	 процесса	
електросорбции	 брома	 на	 микропористой	 по
верхности	активированного	углеродного	матери
ала.

практическая значимость.	Получены	высо
кие	значения	удельных	мощностных,	энергетиче
ских,	емкостных	показателей	электрода	на	основе	
коммерческого	активированного	углеродного	ма
териала	„Norit	DLC	Super	30“,	что	позволяют	рас
сматривать	 его	 перспективным	 положительным	
электродом	 для	 электрохимического	 источника	
энергии.

ключевые слова: модель Фрумкина, изотер-
ма адсорбции, зависимость Рагони
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