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Than hoat tinh dugc lc“ing hop tif vé trdu bing phuong phap hoat hoa si dung cac chat hoat
tinh nhv KOH, NaOH, hén hdp (NaOH + Na,C0,) hodc (KOH + K CO,). Vdi dién tich bé mat riéng
khoadng 2.000 m?/g va dd xop cao, than hoat tinh co thé hap thu Iugng I6n ion da dugc ap
dung lam dién cuc trong siéu tu dién hodc tu dién 1Gp kép (EDLC). Céc dién cuc dugc ché tao
bing than hoat tinh pha trén véi bt than dan super-P va chat gén két polyvinylidene difluoride
(PVDF) theo ty 1& khdi lugng 83:10:7. Dién cuc than trén thanh Nickel xdp duge ngam trong
dung dich dién phan KOH. Dién dung riéng ctia dién cuc phu thudc vao cdu tric xdp cua than,
theo dd gia tri dién dung riéng 16n nhat 1a 179 F/g, tweng &ng vGi vat lidu than co dién tich
b& mét riéng I6n nhat. Thi nghiém dugc tién hanh vdi thdi gian hoat tinh va st dung chat hoat
tinh khac nhau dé so sanh va xac dinh cac thong sd tdi wu thich hgp cho qua trinh tong hgp
than hoat tinh vdi dién tich b& mat riéng cao.

Tir khoa: siéu tu dién, EDLC, than hoat tinh, dién dung riéng, vé trau.

STUDY ON APDLYING ACTIVATED CARBON MATERIALS FROM
RICE HU&K A& ELECTRODES IN SUPERCAPACITOR

Summary

Activated carbon (AC) has been synthesized from rice husk by chemical
activation method using KOH, NaOH, mixture of (NaOH + Na,CO,) and
mixture of (KOH + K,CO,) as the chemical activating agents. The activated
carbon with specific surface area of about 2000 m?/g and high porosity
which allows the absorption of a large number of ions has heen applied as
electrodes in supercapacitors or electric double layer capacitors (EDLCs).
The electrodes are fabricated by blending rice husk activated carbons with
super-P and polyvinylidene difluoride (PVDF) under the weight ratio of
83:10:7. The AC electrodes and Nickel foams are immerged into Potassium
hydroxide (KOH) solution as the electrolyte. The specific capacitance
strongly depends on the pore structure of coal; thus, the highest specific
capacitance has been 179 F/g corresponding to AC with the largest specific
surface area. Additionally, different activation durations and chemical
activating agents has been used to compare and determine the optimal
parameters for synthesis of activated carbon with high surface area.

Keywords: supercapacitor, EDLC, activated carbons, specific capacitance,
rice husk.
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patvan deé

Trong nhiing nam gan
day, viéc tich trt nang
lugng ngay cang tré nén
quan trong va thu hut
sy quan tdm ngay cang
I6n cla cac nha khoa
hoc. M6t linh kién dién
td trong thi€t bi luu tri
nang lugng véi nhiéu tng
dung trién vong - siéu tu
dién (supercapacitor) da
dugc tap trung nghién
cliu ché& tao vGéi mat do
tich 1y nang lugng, dién
dung riéng va tudi tho
cao. Hién nay, trong siéu
tu dién, cac nha nghién
cliu da ché tao ra loai tu
dién co I6p dién tich kép
dugc goi la tu dién I6p
kép (Electric double-layer
capacitor - EDLC), tu dién
nay khac vdi tu dién thong
thudng vi cé dién dung C



rat I6n, té¢c dé phong nap dién rat nhanh [1]. Dién
dung la dai lugng d&c trung cho kha nang tich Ity
nang lugng dién trudng cla tu dién. Do ban cuc
trong tu dién I6p kép thudng dudc cau tao béi I6p
than hoat tinh c6 c8u trdc véi nhiéu 16 rébng nhd,
nén dién tich bé mat cao hon nhiéu so v&i ban cuc
trong tu truyén théng. D6 1a mot trong nhiing ly do
dién cuc trong EDLC c6 dién dung riéng rat cao so
vGi dién cuc trong tu dién théng thudng. Qua trinh
nap dién trong EDLC, mat ph&n cach gilia dién cuc
va dung dich dién phan la noi c6 thé tiép can ion
rdt nhanh trong dung dich [2]. Thdi gian gan day,
EDLC da va dang dudc ting dung lam ngudn dién
cho phuang tién giao thong, thiét bi dién ti, ngudn
Iuu trlt nang lugng pin mat trdi... [3, 4]. Hién nay,
than hoat tinh da tr& thanh vat liéu lam dién cuc phé
bi€n cho EDLC vi c4u truc x6p, ndi tich trii va cung
cap ion dién phan tao ra dac tinh chu ky nap phong
bén va tinh chat dién héa 6n dinh [5].

Than hoat tinh |a vat liéu carbon dudc téng hop
ti nhiing chat ty nhién gia thanh ré nhu vé dua, gb..
[6, 7, 8, 9]. Trong nghién ctu nay, than hoat tinh
dudc chuén bi tir vd trdu theo phudng phap hoat hoa
st dung KOH, NaOH, hén hgp (NaOH + Na,CO,)va
hén hop (KOH + KECO ) nhu cac tac nhan hoat tlnh
Muc dich chinh cua nghién cutu la tong hgp dugc
cac mau than hoat tinh cé dién tich bé mat riéng
cao, & diéu kién téng hop khac nhau va nghién cuu
kha& n&ng Uing dung cla than hoat tinh lam dién cuc
cho EDLC. Cac mau than hoat tinh dugc nghién
cliu xac dinh c&u tric x8p, sy phan bd 16 x6p va
tinh chat dién hoa, nhiing yéu t6 anh hudng dén
dac tinh dién hda cula tu dién. Pac tinh dién hoa
cla dién cyc dugc nghién cliu qua phép do dong
Iyc dién ap dién hoa CV, kiém tra chu trinh nap dién
- phéng dién (charge-discharge cycling) va phuong
phap phé téng tré dién héa EIS (electrochemical
impedance spectroscopy).

Vat lieu, phuong phap nghién cuu va thuc
nghiém
Qué trinh téng hop than hoat tinh

Vo trdu s dung trong thi nghiém dudc cung cép
bGi Nha may cong nghiép Hyunduk tai Han Quéc.
V4 trdu ban dau dugc rlia sach bang nudc khi ion
trong may réia siéu am va dugc sy kho trong 16 G
nhiét dé 60°C trong 24 gid. Budc tiép theo, nghién
vO trdu trong may nghién ly tam véi téc do 700
vong/phut, trong 30 phat. Mau nghién sau do dugc
loc qua hé théng sang loc véi 16 héng cé dudng
kinh 1a 425 um; vo6 trdu dugc carbon héa & nhiét
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ddé 700°C trong 2 gid trong 10 v&i sy cd mat clha khi
nitrogen; thuc hién hoat tinh héa mau sau khi dugc
carbon hoa bdi chat cé kha nang an mon manh &
nhiét dd cao dé tao ra c4u tric x6p. Theo d6, KOH,
NaOH, hén hgp (NaOH + 10% Na,CO,)va hén hop
(KOH + 10% K,CO,) dugc lua chon nhu’ cac chat
hoat tinh. Mau than carbon héa dugc ngam trong
dung dich hoat héa véi ty 1& khoi lugng 2:1 [KOH/
mau, NaOH/mau, (NaOH + 10% Na,CO,)/mau va
(KOH + 10% K,CO )/mau] Dung d|ch mau dugc
khudy déu & nhlet do 60-70°C cho dén khi chuyen
thanh dang bot nhao thi ngling va say khé & nhiét
dé 60°C trong 12 gid. Trong trudng hgp khudy than
vGi hdn hop KOH +10% K,CO, (hoac NaOH + 10%
Na,CO,), mau dugc tron trucc vGi dung dich KOH
(hoéc NaOH) 3 60°C va thém vao 10% theo khdi
lugng K,CO, (hoac 10% Na,CO,) sau 5-10 phut.

Mau sau d6 dugc hoat tinh hda trong méi trudng
khi nitrogen (400 cm?3/phut) & nhiét dé 900°C trong
khoang 1-3 gi& trong 16 8ng. Mau hoat tinh sau cling
dudc rlia bang nuéc khi ion 3-4 14n va loc trudc khi
dudc sdy khd & nhiét dd 80°C trong 1 ngay. Mau
than hoat tinh dugc téng hop bang hoat tinh KOH,
NaOH, hén hgp (KOH + 10% K ,CO,) va (NaOH +

10% Na,CO,) sau do lan lugt du’dc danh dau dan
nhan la ACK ACN, ACKK va ACNN.

Phuong phap nghién cuu tinh chéat than hoat
tinh

Pac tinh c4u truc than hoat tinh dugc nghién ctu
qua phép do nhiéu xa tia X (XRD), btic xa CuKa,
(A = 0,15406 nm) (D1w, Shimadzu, Japan] vGi géc
20 tlr 20° dén 80° va toc do quét la 2°/phat. Bén
canh do, dién tich bé mat riéng, kich ca 16 x8p trung
binh va thé tich 16 réng clia mau dugc xac dinh
b3i phép do trén thiét bi phan tich ASAP 2010 cua
Hang Micromeritics. Phuong trinh hdp phu déng
nhiét Brunauer-Emmett-Teller (BET) dugc ap dung
dé xac dinh dién tich bé mét riéng cta than hoat
tinh Sgc; (phucng phap phan tich dya theo dudng
hdp phu dang nhiét N, & nhiét do -196°C). Céap
dd hoat tinh va mat do Io rong clia than hoat tinh
dudc do bang phuang phap hép phu lodine ti dung
dich. Gia tri hdap phu lodine dugc dinh nghia la s6
minigam cla lodine bi hdp phu trong 1 gam carbon.
TU gia tri hdp phu lodine c6 thé tinh toan dugc thé
tich 16 rdng trong than hoat tinh. Dung dich lodine
dugc chudn bi bang cach hoa tron lodine dang tinh
thé trong dung dich Potassium iodine (KI) va than
hoat tinh, sau dé cho vao khudy déu trong may rta
siéu dm. Nhd tu ti dung dich th Sodium thiosulfate
(Na,S,0,) vao dung dich trén cho dén khi bat dau co
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hién tugng mat mau thi diing lai dé xac dinh thé tich
hdp phu. Thuc hién it nhat 3 1an cho mét mau. Gia
tri hdp phu lodine dugc xac dinh ti phudng phéap
KSM 1802 (Korean Granular Activated Carbon Test
Method KSM 1802) theo cdng thuc:

]=(10Xf—_KXf)X12’69 (1)
10
SX—
50

Trong d6 | la gid tri hdp phu lodine (mg/g), S la
kh&i lugng mau than hoat tinh (g), K |a thé tich hdp
phu ctia 0,1M dung dich Na,S,0,, fva f lan lugt la

ty trong ctia 0,1M dung dich Na,S,0, va dung dich
hdp phu.

Ché tao dién cuc

Tron déu 0,083 g bot than hoat tinh véi 0,01 g
b6t than dan super-P. Sau dé st dung dung dich co
thanh phan gém 0,007 g chat gén két polyvinylidene
difluoride (PVDF) va 0,5 ml N-methyl-2-pyrrolidone
(NMP) d6 vao hén hgp bot trén & trén va khudy déu
trong 24 gi&. H6n hgp pha tron nay dugc phu trén
thanh Nickel x8p c6 dién tich bé mat la (2x2) cm?
va do day 350 um. Trudc khi thuc hién do dac kiém
tra, cac dién cuyc dugc gili trong budng chan khéng
& 120°C trong 12 gid va dudc ép nén dé tao ra cac
dién cuyc mau véi dé day khoang 280-290 pm.

Phuong phap do luéng dién héa

Po ludng dién hoa dugc thyc hién theo phuaong
phap kh&o sat sy bién déi dong vao theo thai gian
ho&c theo thé dién cuc va khao sat su phu thudc
clia thé gilia dién cuc lam viéc va dién cuc so sanh
phu trén may do Protentiostat-Galvanostat (Model
273A) & nhiét d6 phong, st dung 6M KOH la dung
dich dién phan. Phép do mau dién cuc dugc chuén
bi trong hé théng gém ba dién cuc: Hg/HgO (1M
NaOH) la dién cuc chuédn, mét dién cuc déi dudc
ché& tao bang than hoat tinh thuong mai Maxorb
msc-30 va dién cuc lam viéc 1a mau dién cuc can
do.

K&t qua do déng luc dién ap dién hoa dugc ghi
lai qua nhiéu téc do quét dong khac nhau (5-500
mV/s) trong pham vi dién thé (-1;-0,1) V. Dién dung
phoéng dién (C) cla dién cuc trong tu dién I6p kép
dugc tinh tu [10] theo cbng thuc:

:% (2)

Trong do6, Q la dién lugng (Coulomb) va AV la
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dd chénh léch dién thé trong qua trinh phdong dién
(V).

bién dung riéng C_la kha nang tich dién trén 1
g clia mét dién cuc don (F/g) dugc tinh theo cong
thic:

c =< (3)

Trong do, m la khoi lugng cua vat liéu hoat tinh
trong dién cuc lam viéc.

Ngoai ra, tac gia con &p dung phuang phap phé
téng tré dién héa s dung mot dién cuc chudn Hg/
HgO sau khi nap dién cho dién cuyc lam viéc trong
dai tan sé ti 10 kHz dén 10 mHz.

Keét qua va thao luan
Ddc tinh cua than hoat tinh

MA&u than dudc hoat tinh véi KOH theo ty 18 khoi
lugng 2:1 trong 1, 2 va 3 gid & nhiét do 900°C lan
lugt dudc dan ky hiéu 1a mau ACK9112, ACK9212
va ACK9312. Tuong ty, ACN9312 la ky hiéu nhan
clia mau dudc téng hop bdi tdc nhan hoat tinh 1a
NaOH trong 3 gi&. Cac mau khac nhu ACKK9312
va ACNN9312 Ian luct 1a cdc mau dugc hoa tron
vGi hén hgp (KOH + 10% K,CO,) va (NaOH + 10%
Na,CO,) truéc khi dugc hoat tinh & nhiét d6 900°C
trong 3 gid.

Cac théng s6 cau truc va dac tinh cla than hoat
tinh thu dudc ti phan tich nhiéu xa tia X (XRD). K&t
qua XRD ctia mau than téng hop & nhiét dd 900°C
tt 1 dén 3 gid hoat tinh véi KOH va hén hgp (KOH +
10% K,CO,) theo ty 1& 2:1 dugc thé hién & hinh 1.
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Hinh 1: nhidu xa XRD clia m&u than hoat tinh téng hop & diéu kién khac
nhau vdi ty 1& khéi lugng 2:1

(a) M&u hoat tinh & 900°C trong 1 gid sau khi hoa trén véi KOH; (b) Mau
hoat tinh & 900°C trong 2 gid sau khi hoa trén véi KOH; (c) M&u hoat
tinh & 900°C trong 3 gid sau khi hoa trén vdi KOH; (d) Mau hoat tinh &
900°C trong 3 gid sau khi hoa trén véi hén hop KOH + 10% K,CO,



Biéu dé nhiéu xa XRD clia cac mau than cho
thdy, vé co ban cdu tric cta than hoat tinh khéng
két tinh. C&u trdc vo dinh hinh dugc quan sat & tat
cé cac mau. Cac théng s6 thi nghiém va két qua
phan tich mau dugc trinh bay & bang 1. Theo két
quéd bang 1, co thé thdy réng, tinh chat rd x8p cla
than thay d&i ting véi sy thay d&i thdi gian hoat tinh
va cac chat hoat tinh.

Bang 1: théng sé thi nghiém va céu tric x6p cla than hoat tinh téng
hgp tur v trdu trong diéu kién téng hop khdc nhau & nhiét dé 900°C
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tU nhitng dai téc do quét dong khac nhau la 5, 10,
20, 50, 100, 200, 300, 400 va 500 mV/s.

)

Divmg digm (ASg)

i Dién tich bé mt| Gié tri lodine | Thé tich 16 xdp Duéng_kinh trung
Mau BET (mglg) (cm®lg) binh 16 x6p (nm)
(milg)

ACN9312 1.269 1.221,41 0,261 2,868
ACNN9312 1.232 1.198,50 0,231 3,430
ACK9112 1.475 1.241,51 0,294 2,660
ACK9212 1.667 1.284,86 0,383 2,651
ACK9312 1.793 1.296,19 0,406 2,561
ACKK9312 1.982 1.332,45 0,319 2,592

—CmVi

— M ¥/

Cu thé, khi nghién clu vé su &nh hudng cla thdi
gian hoat tinh (U 1 giG dén 3 gid) lén dién tich bé
mat riéng S, cla than tai nhiét d6 900°C hoa tron
vGi KOH vGi cling ty 1& khdi lugng l1a 2:1 thay rang,
dién tich bé mat riéng va thé tich 16 x8p cla than
hoat tinh véi KOH c6 khuynh hudéng tdng dang ké véi
su tang thdi gian hoat tinh. Dién tich S,_, clia mau
hoat tinh v6i KOH ty & 2:1 trong 1 gi6 (ACK9112)
la 1.475 m?g va do I6n dién tich tang dén 1.667
m?2/g va 1.793 m?/g khi hoat tinh trong 2 gié va 3
gi6. Tuong tu nhu vay, thé tich 16 x&p cla than ting
tlr 0,294 dén 0,383 cm?¥g khi thdi gian hoat tinh kéo
dai tir 1 gid 1én 2 gis va dat dén 0,406 cm?¥/g trong 3
gid (ACK9312). Ly do la vi trong suét qua trinh hoat
tinh, 16p carbon bi dét chay va dé lai tan du nhiéu 16
réng tao nén cau tric x8p [11], va trong trudng hop
nay thai gian hoat tinh t6i uu cho than la 3 gid.

Tinh chéat dién hdéa cuda than hoat tinh

Tinh chét dién hoa cla mau than dugc nghién
cuu dua theo phuong phap do déng lyc dién ap dién
hoa (CV) trong pham vi dién thé do (-1; -0,1) V vGi
dién cuc chudn Hg/HgO. Budng CV clia mau dién
cuc ACKK9312 trong 6M dung dich dién phan KOH
dudc biéu dién trén hinh 2(a), két qua dudc ghi lai
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00wt

-1 0@ -7 -5 0l -l

Bién the (V vs HgHgO)

Bign dunaﬂﬂi-ug_ [I~'.-'al
E ! g = -
/
f
II
I
/

&

¥

L1

L1} 1 .11} 1] A0 S
Toe di quét (mV'S)

Hinh 2: (a) Chu trinh dién dp dién hda cua dién cuc than hoat

tinh ACKK9312 trong dung dich dién phdn KOH 6M tai téc dé

quét dong khdc nhau; (b) Dién dung riéng cla dién cuc than
(ACKK9312) nhu mét ham cua téc dé quét dong

Hinh 2 cho thay, dudng CV cla tu dién véi dién
cuc ACKK9312 dugc biéu dién bai hinh chii nhat c6
tinh thuan nghich. Tai t6c dé quét cao hon, dudng
CV thay d6i tu hinh chii nhat kin sang vong mé
rong. K&t qua nay cé thé dugc giai thich tir sy &nh
hudng cla phan cuc hoa hoc va dién trd khuéch
tan 1&n dién cuyc. V3i sy tang cla tdéc do quét dong,
dién cuc than hoat tinh trong dung dich dién phan
sé chiu &nh hudng cla dién trd khuéch tan cao han
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va dd phan cuc dién héa I6n haon, ti d6 &nh hudng
dén dac tinh tu dién va sy tuong tac gitia dién cuc
than hoat tinh va dung dich dién phan. Theo cbéng
thic (2) va coéng thic (3), dién dung riéng clia mau
dién cuc ACKK9312 dugc tinh ti dién tich clia vong
kin tao bgi dudng CV la 179 F/g. Su phu thudc cla
dién dung riéng vao téc doé quét dong dugc biéu
dién trén hinh 2(b). C6 thé nhan thady réng, dién
dung gidm chut it khi tdc dé quét dong tang. Toc
db quét dong tang lam cho céc ion thAm nhép vao
bé mét ban cuc nhanh dan dén téi han, mic do gidi
han nay chi xay ra 6 bé mat ngoai cla dién cuc va
khdng vao dén bén trong céac 16 réng x6p, do dé
lam cho dién dung gidm dan. Tuy nhién, khi t6c do
quét tang dén 100 mV/s, dién dung riéng clta dién
cuc ACKK9312 la 146 F/g, chiém han 80% gia tri
do & 5 mV/s (179 F/g) trudc khi giam dén 131 F/g
G 200 mV/s. R0 rang, hién tugng dién dung riéng
gidm nhe khi téc dd quét dong tang cho thay dac
tinh rat tét clia dién cuc than hoat tinh trong viéc luu
trr nang lugng.

Kétluan

Qua trinh nghién clu da téng hop dudc than
hoat tinh bang viéc s dung KOH, NaOH va chét
t6ng hop (KOH + K,CO,) va (NaOH + Na,CO,) nhu
nhiing tac nhan hoat tinh. Mau dugc chuén bi bdi
hoat héa NaOH (ACN9312) c6 dién tich bé mat
(Sqe,) thdp va dudng kinh 16 x8p 16n han m&u chuén
bi v6i KOH (ACK 9312) tai cling diéu kién hoat héa.
Dién tich bé mét riéng tdng dang ké tu 1.793 dén
1.982 m2/g khi so sanh mau hoat tinh véi KOH va
mau dung hén hop (KOH + K,CO,) nhu tac nhan
hoat tinh. K&t qua nay cho thay sy anh hudng ro
rang cla chat téng hop hoat tinh 1&n cdu tric x6p
clia than. Nghién ctiu ciling dua ra két qua do hap
phu lodine I&én bé mat cla than hoat tinh cang I6n
néu cau tric bén trong than cang xop.

bién dung riéng cla dién cuc gidm khi tang
tdoc do quét dong. Pién dung riéng cla dién cuc
ACKK9312 (179 F/g) cao haon dién dung riéng cla
cac mau dién cuc khac. Mat khac theo dudng phan
tich tré khang, t6ng tré khang clia mau ACK9312
I6n hon mic do khang cia mau ACKK9312 cho
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thdy rang, vat liéu lam dién cyc ACKK9312 la vat
liéu phu hgp va téi uu nhat cho muc dich luu tri
nang lugng cla tyu =
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