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TOM TAT

Dién dung khttion la mét cdng nghé st dung phuong phép dién héa dé loai bd mudi khéi dung
dich dang thu hdt nhiéu su chd y bdi uu diém hon cac cong nghé loc khtr man trudc dé i tiét
kiém chi phi va nang lugng; than thién moi trudng; dé van hanh; hiéu suat khir madn cao véi ndng
dd mudi trung binh, thap. Cong nghé dién dung khirion lai (Hybrid capacity deionization, HCDI),
két hop gitia dién cuc carbon va dién cuc cho phan tng oxy héa khi, dugc xem nhu mét phuong
phép day hita hen khir man nudc. HCDI thé hién hiéu suét hdp phu ion cao hon so véi CDI truyén
théng chi gém hai dién cuc carbon. Dac biét, vat liéu cho phan tng oxy hda khir va cho phép cac
jon dan cai vao cdu trdc hda hen la vat liéu tiém ndng cho dung lugng hap phu cao. Bai bdo nay
trinh bay viéc tdng hop thanh cong vat liéu composite §-MnO,/Ces cdu truc I6p (pha bimessite)
bang phuong phép sol-gel, Cac pha tinh thé, hinh théi va cdu trdc tinh thé dic trung dugc danh
gid bang cac phuong phap XRD, SEM, BET. Cac tinh chat dién hoa cla vat liéu dugc danh gid bang
phuong phap quét thé vong tuan hoan (CV) va tdng trd (EIS). DI vai hé khao sat hdp phu mudi bat
ddi xiing st dung dién cuc anode than hoat tinh ti gdo duia (AC) theo mo hinh AC||6-Mn0O,/Cgs,
gia tri dung luong hdp phu mudi (SAC) clia mau vat liéu composite 8-MnO,/Cgs-1 dat dugc cao
nhét 38,4 mg/g va cling cho thay t6c d& hap phu mudi (ASAR) cao nhét 2,1 mg/g.s~!. Cac phép
phan tich vé cdu trdc, hinh thai va danh gia vé tinh chat dién hda clia mau vat liéu composite
8-Mn0,/Cgs-1 cho két qua tét nhat, vay day la ti 1é t6i uu clia composite trong nghién cliu nay.

T khoa: sol-gel, MnO2, khr man dién dung hé lai (HCDI), dung lugng hdp phu mudi

MG PAU

Cong nghé dién dung kht ion (capacitive deioniza-
tion, CDI) dugc xem la mot phuong phép khitt min
day htta hen, ngay cang nhan dugc sy quan tam ctia
cac nha khoa hoc trén thé gigi. So véi nhiing phuong
phép khtt min khdc nhu: thdm thdu ngugc (reverse
osmosis), dién phén (electrodialysis), chung cdt nhiét
(thermal distillation), CDI ¢6 lgi thé vé hiéu dién thé
hoat dong thép, ning lugng tiéu thu thap. Loi thé16n
nhit ctia CDI 1a nang lugng tiéu thu thdp va c6 thé
tai sinh trong quad trinh giai hip vi tuong dong véi co
ché tich trit ning lugng clia siéu tu dién'. Mot han
ché16n trong viéc st dung cac dién cuc dya trén car-
bon trong cac thiét bi CDI la kha nang hdp phu ion
tuong doi thdp. Dién dung khii ion lai (Hybrid ca-
pacitive deionization, HCDI) ¢6 thé khic phuc dugc
cdc nhugc diém trén cho hiéu sudt va téc d6 khit min

s déucao?. Cachop chit cho dan caiion va cé phin ting

oxy hoa khtt thuan nghich véi cac ion trong dung dich
1a mot loai vét liéu day hia hen cho dién cuic HCDIL.
Nhiing vat liéu nay thudng loai bo céc ion khéi dung
dich khong chi thong qua hdp thu bé mdt ma con trao

d6i dién tich va cho phép céc ion dan cai vao cdu truc
tinh thé ctia ching. Do d6 lam ting dang ké kha ning
hép phu ion ctia dién cuc. Hon niia, khi ghép ndi mot
dién cuc gia dién dung hép phu cation véi dién cuc
carbon hdp phu anion tit mét dung dich tao hé HCDI
dugc ching minh 13 mang lai kha nédng thai loai ion
va téc do thai loai ion déu cao?.

Vit liéu manganese dioxide (MnO») la mét vatliéu gia
tu dién c6 tiém ning ing dung trong cong nghé HCDI
vi san lugng doi dao, gid ré va than thién véi moi
truong, dién dung riéng cao (~300 F/g trong trang
thai oxi hoa ion Mn tli 4+ thanh 3+ trong ctia s6 thé
0,8 V)*. Thong qua nghién ctiu co ché dan cai bé mit
va qud trinh faradic cta ion nh¢ viéc dua céc cation
ctia chit dién ly (Na™, K™ hodc Li™) vao cu tric ctia
vat liéu dién cyc va trao d6i proton trong phan 1’1ng5
da gitp dién dung cua vat liéu MnO; lién tuc dugc
nghién ctiu cai tién. Trong chat dién ly tan trong nudc,
co chétich dién ctia MnO; 6 thé dugc mo ta bsi phan
ung sau:

MnO> + M* + e~ + MnOOM

Trong d6 M dai dién cho proton hoic cation kim loai
kiém nhu Lit, Na®, K. Qua trinh tich trii dién tich

Trich dan bai bao nay: Pai T M, Khoa N D, Anh N H, Khoa N T N, Tudn D A, Tan D L H, Hoang N T, Hai L
V, Nguyén H L T. Nghién citu kha nang hap phu mudi cta vat liéu composite 5-Mn0,/C¢s ing dung
trong hé dién dung khition dang lai. Sci. Tech. Dev. J. - Nat. Sci. 2025; ():1-10.
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dua vao su hép phu cation trén bé mit vat liéu dién
cuc hodc dan xen céc cation vao khoang tréng ctia ciu
trac vat liéu®. Su da hinh ciia MnO; din dén cac dic
diém bé mit, 16 x8p va kich thude 16 tréng trong ciu
truc tinh thé khéc nhau. Tt d6 thic ddy tinh chon loc
héa hoc d6i véi cac ion dién ly khac nhau & lién dién
dién cuc/chat dién phan dan dén dién dung c6 khac
biét gitta cac pha tinh thé. Ciu truc tinh thé MnO,
rit da dang 1D a-MnO;, 2D 6-MnO3, 3D 1-MnO;.
Trong d6 cdu triic 2D 6-MnQO; c¢6 nhiéu dic tinh dién
héa déc biét do vatliéu c6 dang cdu tric 16p, cho phép
cac ion di vao trong va dan cai dugc qua tiing 16p tinh
thé cta vat liéu.

Tuy nhién, MnO;, c¢6 nhugc diém la do dan dién
kém (107> dén 107 S/cm) va hé s8 khuéch tan ion
thdp (10715—-10713 cm?/s) 78, Pé khic phuc nhiing
nhugc diém vé do dan dién kém ctia MnO; cdc nghién
ctu da chi ra ring cé thé bs sung cac vat liéu car-
bon ¢6 do dan dién cao nhu la CNTs, graphene ox-
ide, carbon hoat tinh, Cgs... Trong dd, carbon Cgs
14 loai carbon dan dién thudng dugc st dung trong
céc hé pin sac va siéu tu dién hoa vi ¢6 d6 dan dién
cao va gia thanh phu hgp, carbon Cgs c6 kich thude
hat nho (~150 nm)°® nén c6 kha néng lién két cac hat
MnO; v6i nhau theo tiép xtc diém (point-contact),
ti do giup ting kha nang truyén dan electron trong
hé composite.

Bai bdo trinh bay viéc ché tao hé composite §-
MnO,/Cgs bang phuong phép sol-gel v6i cac ty 1é car-
bon din Cgs khéc nhau nham ting cudng kha néng
dan dién cta vit liéu. Hé composite -MnO,/Cgs
dugc khao sat cdu tric va hinh théi vat liéu, bén canh
d6 tinh chat dién hoa va kha nidng hdp phu mudi ctia
hé composite dugc khao sat trén mo hinh stack HCDI
bat déi xting.

THUC NGHIEM

Téng hop vat liéu 5-MnO, biang phuong
phap sol-gel

Vat liéu cdu truc l6p §-MnO; dugce tdng hgp theo quy
trinh sol-gel dua trén nghién ctiu ctia Bach cting cong
sy'®!!, Hoa tan 2,370 g KMnOy (97—100%, Fisher,
USA) trong 20 mL nudc, hoa tan 0,580 g fumaric acid
(99,5%, Fisher, USA) trong 40 mL nudc. Carbon dan
Ces (MTIL, My) dugc hoa tan vao trong dung dich
fumaric acid véi ti 1¢ theo khéi lugng so véi MnO,
tao thanh theo ly thuyét lan lugt 1 0,0%; 1,0%; 3,0%
va 5,0%, cac ki hiéu mau dugc dit tén nhu Bang 1.
Hén hgp dugc phén tan st dung siéu 4m rong 30 pht
sau d6 dugc khudy tu ¢ 60°C. Nho tu tu ting giot
dung dich KMnOy vao becher chita fumaric acid dang
khudy. Duy tri nhiét d 80°C dén khi sol thanh gel.

Gel dugc séy 6 nhiét d6 120°C trong 1,5 gidi thu dugc
san phdm dang bt xerogel. San phdm tiép tuc dugc
nung & 600°C, 12 gi6 trong moi trudng khi tre. Sau
do, san phdm sau nung dugc ngadm trong dung dich
H,SO4 2 M trong 30 phut va cudi cung 13 loc rtta bing
nudc ct hailan trong moi trudng ap sudt thap cho dén
khi pH 7. Cuéi cung, sy kho ¢ 120°C trong 1,5 gi¢
thu dugc thanh phdm composite 6-MnO;/Cgs.
Mang dién cyc dugc ché tao theo bing cich phdi
trdon hon hgp 6-MnO,/Cgs v6i carbon din graphite
va hé két dnh polyvinylidene fluoride (PVdE, M,, ~
300.000, Sigma Aldrich) theo ty 1é khoi lugng 80:15:5
va st dung phuong phdp doctor blade d€ tao mang
dién cyc trén dién cyc dan graphite va c¢6 dinh d6 day
mang 150—200 um. Pién cyc sau khi can, dugc sdy
chén khong 6 100°C trong 12 gio.

Khdo sat hinh thai va ciu truc vat liéu com-
posite 6-Mn0O,/Cg;s

CAu trac va kich thudc tinh thé cta vét liéu composite
dugc do biang phuong phap nhiéu xa tia X, (Unisan-
tis XMD-300 ngudén Cu Ky (A= 1,5406 A) véi goc
quét 2q ti 10° dén 70°. Hinh thdi bé mdt cta vat
liéu dugc quan sit bing ky thuét kinh hién vi dién tt
quét (Scanning Electron Microscope, SEM) véi thiét
bi JSM-7500F (Nhat) & dién thé gia téc 5 kV. Do x6p
vat liéu dugc xé4c dinh bang phuong phap ding nhiét
hép phu - gidi hip phu N, & 77 K trén thiét bj TriStar
I1-3000 Analyzer (Micromeritics, USA).

Nghién ctiu tinh chat dién héa cha vat liéu
composite 6-Mn0,/Cg;s

Tinh chit dién hoa ctia vét liéu dién cuc dugc khao sat
béng hé ba dién cyc: dién cyc lam viéc §-MnO,/Cgs,
dién cuc so sanh Ag/AgCl (KCl 3,5 M) va dién cuc
déi (CE) Pt trong dung dich dién ly Na;SO4 1 M trén
thiét hi dién héa da nang ma nguén mé Opensens >
va thiét bi Gamry Reference 600 (USA). Phuong phép
téng tré dién hoéa (EIS) dugc do ti 100 kMHz t6i
0,1 HZ, phuong phap quét thé vong tuén hoan (CV)
dugc thuc hién trong ctia s6 thé ti 0 V dén 1,0 V (vs.
Ag/AgCl), toc do quét tii 5mV/s dén 100 mV/s. Tu
dudng cong CV, gia tri dién dung riéng dugc xdc dinh
dua vao cong thiic (1):

AS

= — 1
Cop 2vmAE M)

Trong do AS 14 dién tich duong cong CV, v 1a t6c do
quét (V/s), m la khoi lugng ctia vét liéu dién cuc va
AE 12 cta s6 thé (V).
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Bang 1: Ti & cac chat trong vat liéu composite.

MnO; : Ces (%wt) 100: 0 99: 1,0

Ki hiéu 6-MnO;

6-MnQO;/Cgs-1

97,0: 3,0 95,0: 5,0

8-MnQ;/Cgs5-3 8-MnO,/Cgs-5

Khao sat kha nang hiap phu mudi cia vat
liéu composite 6-Mn0,/Cg¢s

Khdo sat kha nang hdp phu mudi bang phuong
phdp HCDI dugc tién hanh theo ché d bom tuin
hoan (batch-mode) v6i hé théng bao gobm bom nhu
dong, hé stack HCDI bit d6i xting cdu truc: AC||5-
MnO,/C65, thiét bi dién hoa da ning ma nguén mé
Opensens va mdy do d6 din dién (Jenway 4510).
Khdo sét trong dung dich NaCl 200 ppm vd6i thé tich
¢6 dinh 50 mL véi dién 4p khao sat 1an lugt 1a 1,0 V;
1,2 V; 1,4 V va 1,6 V. Tl d6 két qua bién thién nong
d6 mudi theo thai gian, danh gid dugc dung lugng hdp
phu mudi (SAC) va t6¢ d6 hdp phu mudi trung binh
cua hé dién cuc (ASAR) theo cong thiic (2) va (3).

J(Co-C)dt xQ

ASAR — ACXV _ SAC
mXxt t

SAC = (2)

€)

Trong do, AC 14 n6éng d6 mudi gidm (ppm), V 1a thé
tich mudi dugc loai bo (L), m 1a téng khéi lugng vat
liéu anode va cathode (g), t 14 thoi gian loai bé mudi
(gidy). Co la ndéng d6 muéi ban dau (ppm), C la
noéng d6 mudi luc sau (ppm), Q 1a luu lugng thé tich
(mL/giay).

KET QUA VA THAO LUAN

Két qua hinh thai, cau truc

Gian d6 XRD cua cic vat liéu composite MnO;/Cgs
dugc biéu dién trong Hinh 1. Mau vét liéu MnO; va
composite 6-MnQO;/Cgs theo céc ti1é phan traim khoi
lugng khac nhau l4n lugt dugc ki hiéu 1a §-MnO,
5—Mn02/C65—1 5—Mn02/c65-3 5—Mn02/C65—5. Két
qua XRD cho cdc mii dic trung cho cdu tric MnO,
pha birnessite (), bao gom cac dinh nhiéu xa xuit
hién & vi tri 26 13 12,0%; 26,4%; 36,5%; 65,6° tuong ting
v6i cac mat mang (001), (002), (110), (020) pht hgp
véi thong s6 chudn ctia MnO; pha birnessite (JCPDS-
01-080-1098). Khong cé sy xuét hién ctia cac dinh
diéc trung ctia Cgs trong gian d6 XRD cua cac vat liéu
composite. Diéu nay c6 thé la do ham lugng wt% cua
Cgs c6 trong mau dugc tdng hop theo quy trinh 13
tuong do6i thdp (1—5%) va dinh dic trung ctia Cgs5 &
2q = 26,4° bi che khuit boi dinh dic trung (002) clia
pha birnessite MnO; tai vi tri 2q = 25°.

Céc thong s6 mang tinh thé vé d6 bdn rong cua cac
dinh nhiéu xa, cdc gia trj kich thudc tinh thé trung

binh dugc tinh todn tii cong thiic Scherrer (k=0,9) va
trinh bay trong Bang 2. K&t qua cho thdy kich thudc
tinh thé ting khi ham lugng Cgs ting, bén canh do
cdc vat liéu téng hgp déu c6 kich thude & cap do sub-
micromet. Két qua phan tich hip phu giai hdp N2 &
nhiét d¢ 77K dugc biéu dién trong Hinh S1, dién tich
bé mit vat liéu khong c6 sy thay déi dang ké khi b
sung carbon C65 (~100 m?/g) va kich thudc 16 x8p
phan b rong 6 3—30 nm.

Hinh thai bé mat va sy phan b6 ciing nhu kich thude
clia cdc hat composite §-MnO,/Cgs dugc khio st
thong qua kinh hién vi dién t& quét (SEM) két hop
phd EDX va phén tich nguyén t6 dugc thé hién trong
Hinh 2 va Hinh S3-S6. Quan sat c6 thé thiy ring cac
hat composite §-MnO,/Cgs déu c6 chung dang hinh
cdu, bé mat g6 ghé va cac hat phan bo kha dong déu.
Hinh thai vét liéu c6 dang x6p goép phén tang dién tich
tiép xuc gitia dién cuc véi chat dién phén, lam ting
hiéu qua hép phu ion.

Tinh chat dién héa cta vt liéu

Céc duong cong CV clia cic vit liéu composite 8-
MnO,/Cgs v6i cic toc do quét thé ting dan tit 5mV/s
dén 100 mV/s dugc biéu dién trén Hinh 3 déu c¢6 dang
d6i xting cho thdy tinh thuin nghich ctia qua trinh
tich tr@ nang lugng ctia vat liéu dién cuc composite
6-MnO,/Cgs. Mic di trén dudng cong CV khong
thdy xudt hién r6 rang ctia cdc mii oxy héa khii nhung
cac nghién ctiu vé vat liéu MnO, da chi ra tinh chit
tich trit ndng lugng theo dang gia dién dung (pseudo-
capacitive) thong qua cic qud trinh thay d6i trang
thdi oxy hoa khti ctia Mn*t & Mn37 trén bé mit vat
lieu 13,

Do thi 6 Hinh 4a biéu dién dudng cong CV dang “Ca-
pacitance vs. E” tai toc d6 quét thé 5 mV/s. Gia tri
dién dung riéng dat cao nhét 133 F/g cho vat liéu 6-
MnO,/Cgs-1, d6i v6i cac vatliéu con lailan lugt1a 109
F/g (6-MnO3), 92 F/g (6-MnO,/Cgs-3) va 61 F/g (8-
MnO,/Cgs-5); nhu vy dién dung riéng ctia cac dién
cyc composite tang khi bd sung thanh phan carbon
dan Cgs trong qua trinh t6ng hgp. Carbon C65 ¢é ciu
tric dang cdu véi kich thudc trong khoang 20—100
nm cho phép cdc hat carbon bam trén bé mit vat liéu
giup cdi thién qud trinh chuyén dién tich.

Hinh 4b biéu dién gia tri dién dung riéng theo t6c do
quét thé tii 5 mV/s dén 100 mV/s va gia tri dién dung
riéng gidam dan khi ting toc d quét thé. Tai tdc do
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quét thé thdp, cac ion trong dung dich dién ly c6 thoi
gian khuéch tan va tich dién trén bé mat ciing nhu
thuc hién cdc qud trinh oxy héa khii. Khi ting t6c do
quét thé, qué trinh tich dién dién ra nhanh nén dan
dén gia tri dién dung riéng thip. Nhén théy gid tri
dién dung riéng ctia vat liéu §-MnO,/Cgs-1 ludn cao
hon so véi cac vét liéu con lai, cho thdy ham lugng
pht hgp cho composite tao thanh véi 1% carbon Cgs.
Hinh 5 biéu dién phd tdng trd dién héa EIS ctia cac
dién cyc composite & dang Nyquist. Trén phd EIS, tai
viing tan s6 cao, cung chuyén dién tich xuét hién r6
rét chiing t6 qua trinh tich dién theo co ché Faraday
d6i v6i vat liéu 6-MnO;, ngoai ra, bdn bung chuyén
dién tich c6 d6 16n 1an lugt 1a 6-MnQO,/Cgs-5 > 6-
MnO; > 6-MnO,/Cgs-3 > 6-MnO,/Cgs-1 cho thdy
qua trinh chuyén dién tich trén vatliéu §-MnO,/Cgs-
114 dién ra t6t nhét, diéu nay c6 thé dugc li giai do do
dan dién cua Cgs vOn da cao khi két hgp véi cac hat
MnO; tao thanh t6 hgp matrix dan dién tét. Tai vung
tan s6 trung binh, qua trinh khuéch tan ion theo moé
hinh Warburg dic trung béi dudng thing 45°. Gid tri
hé s6 khuéch tdn ion Na™ ciing dugc x4c dinh theo
phuong trinh:

~ @rY
T 2A2ptF4Cio?

Trong d6, R 1a hang s6 khi ly tudng (8,314 J/mol.K), T
13 nhiét d6 (K), A la dién tich dién cuc (cm?), n1a s6
electron trao d6i (n = 1), F 13 hing s6 Faraday (96485
C/mol), C la ndng d6 ion trong cdu tric va la hé s6
gbc dudng thing biéu dién Z,., vs @~ /2 trong ving
khuéch tan Warburg.

Hé s6 goc ctia duong thing biéu dién Z,,,; vs w172 ()
clia cdc mau composite 14n lugt 13 10,26 Q.cm2.s71/2
(8-MnOy), 2,93 Q.cm?s~1/2 (§-MnO,/Cgs-1), 8,38
Q.cm?.s71/2 (§-Mn0,/Cgs-3) va 16,60 Q.cm?.s~1/2
(8-MnO3/Cgs-5). O miu §-MnO,/Cgs-1 c6 gid tri
nho nhét, cho thiy dugc hé s6 khuéch tan ion (D) 1a
cao nhit dat 5,04 x 1015 cm?/s. Ngoai ra, 6 ving tan
s6 thp (<1 Hz) dic trung cho qud trinh tich dién bé
mit cia mau §-MnO,/Cgs-1 ¢ hé s8 goc thdp nhit.
biéu nay chling minh rang két qua phan tich EIS giai
thich gia tri dién dung cao ctia mau §-MnO,/Cgs-1
0 v6i cdc mau con lai do ¢é qué trinh chuyén dién
tich nhanh (R, nho), t6c d6 chuyén ion nhanh (hé s6
khuéch tan ion cao hon) va qua trinh tich dién trén bé
mit dién ra t6t hon.

Panh gia kha nang hap phu muéi cua vat
liéu

Sau khi khao sat tinh chat dién hod cta cac vat liéu
dién cuc, tién hanh khao sat qué trinh khtt mén ctia
céc dién cyc 8-MnO,/Cgs trong hé stack HCDI theo

mo hinh bat déi xing vé6i dién cuc phia anode 13 than
hoat tinh AC va dién cuc phia cathode la vt liéu com-
posite §-MnO,/Cgs trong dung dich NaCl 200 ppm
tai cac gid tri dp thé c6 dinh 1,0 V; 1,2 V; 1,4 V; 1,6 V
trong thdi gian 60 phut. Sy thay d6i ctia néng do caa
dung dich NaCl theo thdi gian ctia qud trinh hip phu
mudi tai cac dién thé khic nhau dugc mo ta & Hinh 6.
C6 thé thiy noéng dd mudi ctia cac mau vat liéu ¢ xu
huéng giam trong 10-30 phut ddu, sau d6 ndng d6 dan
6n dinh do gin dat bdo hoa va khong c6 sy thay d6i
nong do trong khoang 30 phut tiép theo. D6 thi cho
thdy dugc 6-MnO,/Cgs-1 c6 néng dd mudi sau qua
trinh hdp phu gidm nhiéu hon so v6i cdc miu con lai
va ciing cho két qua SAC va ASAR cao nhit (38,4 mg/g
va2,1 mg/g.s~!) ¢ dién thé 1,4 V (Hinh 6e va Hinh 6f).
Diéu nay phu hgp véi cac két qua dién hda CV va EIS
dugc trinh bay trude dé.

Biéu d6 Kim-Yoon trong Hinh 6f mo td méi quan hé
gitia dung lugng hdp phu mudi SAC véi téc do hdp
phu mudi trung binh ASAR, 13 mét thong s6 quan
trong d€ danh gia hiéu sudt khit man cta cic vat liéu
trong HCDL. Hiéu suét khtt mdn 16n 1am dich chuyén
dudng cong phia trén bén phai. Diéu nay c6 nghia la
dung lugng hdp phu mudi va téc do loai bo ion déu
tang lén. Két qua cho thdy & dién thé 1,4 V cdc mau
vat liéu thé hién gid tri dung lugng hdp phu mudi cao
nhdt véi téc do hdp phu nhanh nhit.

Hinh 7a biéu dién m¢t chu ky hép phu va giai hdp ion
trong hé HCDI AC||8-MnO;/Cgs-1, trong qud trinh
dién hap phu (4p thé c6 dinh 1,4 V), d6 dan ctia dung
dich giam dén va ting lén cho qua trinh giai hdp phu

(ap thé ¢6 dinh -1,4 V); diéu nay cho thdy qua trinh
hép phu va gidi hdp ion dién ra thuén nghich trén dién
cuc. Ngoai ra, khi khéo sat d6 bén ctia qua trinh hip
phu gidi hdp ion (Hinh 7b), c6 thé nhan thdy gia tri
SAC dudgc duy tri 6n dinh trong khoang 36—38 mg/g,
chiing t6 d¢ bén cua dién cyc theo thoi gian.

KET LUAN

Vit liéu composite §-MnO,/Cgs bang phuong phap
sol-gel v6i cac thanh phén carbon din Cgs khac nhau
da dugc tong hop thanh cong. Céu truc I6p cta vét
liéu 6-MnO, dugc duy tri cho céc thanh phén car-
bon. Khi ddnh gia tinh chét dién hoéa cing da cho
thdy dugc hiéu sudt tot trong cong nghé khii man va
¢6 tiém ndng trong tGing dung siéu tu dién véi ham
lugng Ces 1%. Vatliéu 6-MnO;/Cgs-1 c6 dung lugng
hép phu mudi cao 38,4 mg/g va t6¢ do hip phu mudi
nhanh 2,1 mg/ g.s*1 & dién thé 1,4 V; vét liéu nay cho
théy tiém nang tng dung cho cac hé thong khit mén
theo cong nghé dién dung lai HCDI.
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Hinh 1: Gidn d6 XRD clia cdc mau vat liéu composite §-Mn0,/Cgs.

Bang 2: Théng s6 mang, kich thuégc tinh thé trung binh va dién tich bé mat cia vat liéu §-Mn0O,/Cg;s

Vat lidu a(A) b (A)

5-MnO, 5,0907 2,8776
§-MnO,/Cgs-1 50658 2,8636
8-Mn0»/Cgs-3  5,1620 2,8400
§-MnO,/Ces-5  5,1282 2,8428

c(A) Kich thuéc Dién tich BET
tinh thé (nm) (m?/ 2)

7,3111 18,2 98,86

7,1629 17,3 121,87

7,2404 22,1 101,22

7,2275 22,6 85,90
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ABSTRACT

Capacitive deionization (CDI) has emerged as a revolutionary method for removing salt from so-
lutions, gaining immense attraction due to its manifold benefits compared to the traditional de-
salination methods. This electrochemical technique offers a distinctive amalgamation of cost-
effectiveness, energy efficiency, environmental sustainability, and operational simplicity. Moreover,
the evolution of Hybrid Capacitive Deionization (HCDI) has furthered the possibilities within water
desalination. By integrating carbon electrodes with those capable of redox reactions, HCDI dis-
plays significantly heightened ion adsorption efficiency in contrast to its precursor, conventional
CDI which relies solely on carbon electrodes. The pivotal aspect revolving around materials not
only facilitated redox reactions but also intricately entwined ions within their structural framework.
This paper presented the synthesis of a layered 8-MnO,/Cgs composite material using the sol-
gel method. Characterization techniques of XRD, SEM and BET analyses showed critical insights
into crystal phases, morphology, and structural attributes. Further assessment of its electrochem-
ical properties via cyclic voltammetry (CV) and electrochemical impedance spectroscopy (EIS) un-
equivocally underscores its potential in capacitive deionization applications. Notably, employing an
asymmetric salt adsorption configuration with an activated carbon anode electrode derived from
coconut shell (AC) in an AC||6-MnO,/Ces model yielded exceptional results. The 6-MnO,/Cgs-1
composite emerged as the top performer showcasing the highest recorded salt adsorption capac-
ity (SAC) of 38.4 mg/g, accompanied by an unparalleled salt adsorption rate (ASAR) of 2.1 mg/g.s~ .
Detailed structural, morphological, and electrochemical analyses unequivocally identified the -
MnO,/Cgs-1 composite as the optimal ratio, heralding superior efficacy and performance in salt
removal and ion adsorption, a significant leap forward in capacitive deionization technology.

Key words: sol-gel, delta-MnO2, hybrid capacitive deionization (HCDI), salt absorption capacity
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