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TOM TAT

Trong nghién ciu, than hoat tinh dugc téng hop thanh cong tir vo sdu
riéng bang phiwong phap nung pha rdn va hoat héa bé mat bang KOH.
Phan tich cau tric bang phiwong phép nhiéu xa tia X cho thdy cde mau
than xudt hién dinh nhiéu xa rong giita 20° va 27°, tap trung ¢ 23° va
mét dinh & 43° ciia carbon vé dinh hinh. Bé mat vt liéu than hoat tinh
hinh thanh nhiéu 16 r6~ng va xé'p. Dién tich bé mdt riéng cua vat liéu
SR400 HH, SR500 HH va SR600 HH lan luot la 1034, 1591 va 1576
m2/g. Cac mdu than hoat tinh dwoc sir dung lam vat liéu dién cuc cho
siéu tu dién doi xung. Tinh chét dién héa cua dién cuc dwoc nghién
cteu bang phwong phdp quét thé vong tuan hoan. Két qud cho thdy dién
cuwe SR500 HH c6 dién dung riéng cao nhat véi 70 F/g 6 toc dé quét 5
mV/s. Phwong phdp phong nap dong cé dinh vt liéu SR500 HH hoat
déng on dinh trong 1000 chu ky phong nap, duy tri 86% dién dung.

Tir khéa: Carbon sinh khéi, siéu tu dién, than hoat tinh, vé sdu riéng

ABSTRACT

In this study, activated carbon materials are successfully synthesized
by calcinating durian shells with KOH as an activator. The structure
and morphology of activated carbon were investigated by Xray
diffraction (XRD), Scanning electron microscopy (SEM) and isotherm
nitrogen N> adsorption-desorption isotherm. The XRD patterns of AC
showed a broad peak between 20° and 27°, centered at 23°, with an
additional peak around 43° ascribed to the amorphous carbon. SEM
images showed the material surface forming many pores, and the
specific surface area of the SR400 HH, SR500HH and SR600 HH
materials were 1034, 1591 and 1576 m*/g, respectively. Subsequently,
the activated carbon was used as electrode active material in
supercapacitors. The performance of the electrode was analyzed by
Cyclic Voltammetry (CV), which showed that the SR500 HH electrode
had the highest specific capacitance with 70 F/g at 5 mV/s.
Additionally, the SR500 HH electrodes maintained 86% of their
capacitance after 1000 cycles by the Galvanostatic charge discharge
(GCD) method.

Keywords: Activated carbon, biochar, durian shell, supercapacitor
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1. GIOI THIEU

Siéu tu dién hoa la mot trong cac thiét bi luu trix
nang lugng voi nhidu wu diém nhu: mat do cong suat
16n (> 10 kW kg), dung lugng riéng 1én (tir vai
chuc dén vai tram F/g), kha ning phong/sac nhanh,
tudi tho hoat dong dai. Trong nhiéu thap ky qua, cac
vat liéu dién cyc dugc sir dung trong siéu tu thuong
1a oxide kim loai, cac polymer dan dién, cac vat liéu
nano carbon c6 dién tich bé mat 16n. Tuy nhién, vat
liéu nano va polymer dan dién c6 chi phi san xuét
cao dan dén cac vat liéu nay bi han ché sir dung lam
dién cuc trong siéu tu dién (Teo et al., 2016;
Hasbullah & Noor, 2022). Hi¢n nay, than hoat tinh
(Activated carbon, AC) 1a vat li¢u dugc st dung
rong rai cho siéu tu dién, do chi phi thép, dién tich
bé mit riéng cao co thé luu trir lrong 16n dién ning.

AC duogc san xut tir nhidu ngudn nguyén lidu
khac nhau nhu than d4, san pham dau mo. Tuy
nhién, viée s dung cic nguﬁ)n nguyén li¢u nay dé
tong hop vat liéu bi han ché do quy trinh tong hop
¢6 chi phi cao, phirc tap. Gan day, nhleu nghién ctu
huéng dén viée sir dung hiéu qua nguon nguyén li€u
sinh khéi dé tong hop AC gop phan giam 6 nhiém
mdi trudng va chi phi. Mot s6 nguén nguyén liéu
sinh khdi (biomass) néng 14m nghiép nhu: vo tréu,
vo6 hat ca phé€, xo dira, mun cua, bui bong, vé hat dau
co, tre, 101 ngd, vo xoai, gao dura, vd siu riéng,...
(Saini & Joshi, 2021).

Tai Viét Nam, dic biét tai Tay Nguyén va Mién
Tay Nam B9, sau riéng dang dugc phat trién manh
nham phuc vu nhu ciu trong nudc va xuat khau. Do
d6, vo sau riéng tré thanh mot phu phé pham nong
nghiép khi loai qua nay dugc sur dung tuoi va khi
ché bién san pham sau riéng dong lanh xuat khau.
Thanh phan vo6 sau riéng bao gdm mot sd hop chat
chinh 1a lignin (13,6%), hemicellulose (22%),
cellulose (57,4%) (Hasbullah & Noor, 2022; Taer et
al., 2018). Ham lugng cellulose va lignin cao cho
thdy vo siu riéng c6 thé tong hop AC lam vat dién
cyc siéu tu dién (Taer et al., 2018). Qua trinh tong
hop AC thuong dugc thyc hién theo hai budc 1a (i)
carbon hoa & nhiét do khoang 400 — 700°C dé
chuyén d6i sinh khéi thanh cu tric carbon va (ii)
hoat hoa bé mit bang phuong phap héa hoc hoac vat
ly dé tao thanh ciu trac 16 xdp trong mang ludi
carbon gitp ting dién tich bé mat (Ukkakimapan et
al., 2020).

Wang et al. (2020) da tong hgp AC tir v6 sau
riéng bang phuong phap thity nhiét trong dung moi
H,0,/H3PO4 va pha tap N, O va P tir tién chét
(NH,),HPO; vao trong 16 x6p cua carbon. Két qua
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dién tich bé mat riéng dat 924,7 m¥/g va dién dung
riéng dat 184 F/g. Ukkakimapan et al. (2020) st
dung H>SO4 va NaOH lam chét hoat hoa bé mat vo
sau riéng, cho dién tich bé mit riéng 16n 2578 m%/g
va dién dung riéng la 145 F/g. Bén canh do, AC con
dugc hoat héa bang KOH cho dién dung riéng 48
F/g (Hasbullah & Noor, 2022).

Trong bai nghién ctru nay, AC duoc tong hop tir
vo sau riéng co nguon gbc Bén Tre thong qua hai
giai doan. Giai doan dau tién la qua trinh carbon hoa
v sdu riéng va giai doan 2 1a hoat hoa bé mit bang
KOH ty 18 1:2 theo khdi lwong. Ca hai giai doan
dugc nung trong moi truong khi Ar. Cau triic va
hinh théi ciia AC dugc khao sat bang phuong phép
nhiéu xa tia X (X-ray diffraction, XRD), hién vi dién
tor quét (Scanning Electron Microscopy, SEM) va
dién tich b& mat riéng duoc nghién ctru bang phuong
phap hap phu va giai hip khi N,. Tinh chat dién hoa
cua AC dugc tmg dung trong siéu tu dién dugc
nghién ciru bang phuong phap quét thé vong tuan
hoan (Cyclic Voltammetry, CV) va phong sac dong
¢b dinh (Galvanostatic charge discharge, GCD).

2. PHUONG PHAP NGHIEN CUU
2.1. Thiét bi, héa chit

Phuong phap nhiéu xa tia X (XRD) st dung
phan tich cAu trac vat liéu AC dugc thuc hién trén
may Bruker D8 — Advanced. Phép do st dung bude
song CuKa (A=0,15418 nm), géc quét 26 tir 10° dén
80°, do phan giai 0,020° va thoi gian do 1a 0,25 gidy.

Hinh thai cua AC duoc khao sat béng phuong
phép hién vi dién tir quét trén thiét bi Jeol JISM-IT
200.

Dién tich bé mit riéng dugc nghién ciru bang
phuong phéap hap phu va giai hap phu khi N».

Quét thé vong tudn hoan (CV) duogc thyc hién &
nhiéu toc d6 quét khac nhau 5, 10, 20, 40, 60, 80 va
100 mV/s trong ving thé tir 0 V dén 1,0 V. Phuong
phap phong sac dong c¢b dinh (GCD) duoc thyc hién
trong ving thé 0 V—1,0 V, téc d6 dong 0,5 A/g. Hai
phuong phap nay dugc thuc hién trén thiét bi
Biologic VSP-3 va trong chét dién ly Na,SO4 1,0 M.

Hoa chat sir dung trong nghién ctru gom: KOH
(Sigma — Aldrich), Na>SO4 (Sigma — Aldrich), N-
methyl-2-pyrrolidone (NMP) (99,7%, Fisher),
Poly(vinylidene fluoride) (PVdF) (Sigma -
Aldrich), C65 (MTI).

2.2. Quy trinh tong hop vit liéu AC

Vo sau riéng dugc siy kho va nghién min thanh
bot, sau d6 dugce nung & cac nhiét d6 khac nhau 400,



Tap chi Khoa hoc Dai hoc Can Tho

500 va 600 °C trong 1 gid va moi trudng khi Ar. Cac
mau than dwoc phdi tron voi KOH (ty 16 1:2 theo
khdi lugng) va nung & 800 °C 1 gid va trong khi tro
Ar. MAu sau khi nung dugc rira nhidu lan véi nude
cat dén pH = 7, sdy thuong va sdy chan khong ¢ 80
°C thu san phim. Cac mau san phdm dugc ky hiéu
nhu trong Béang 1.

Bing 1. Ky hi¢u miu theo diéu ki¢n nung

Giai doan 1 Giai doan 2
Ky hiéu  Nhié¢t d9 Ky hiéu  Nhiét do
miu nung (°C) miu nung (°C)
SR400 400 SR400 HH
SR500 500 SR500 HH 800
SR600 600 SR600 HH
2.3. Quy trinh tao mang dién cuc va lz“ip tu
dién

Vat liéu AC duoc phéi tron trong may tron
Thinky v6i carbon dan C65, chét két dinh PVdF pha
trong dung méi NMP ndng d6 10% theo ty 18 khdi
luong 80:10:10. Dang keo sét thu dugc s€ dugc dem
di phu 1én mang nickel (Ni) bang k¥ thuat Doctor-
blade va sdy trong méi truong chan khong & 80°C
trong 12 gio tao thanh mang dién cuc.

Tu dién duoc la'ip dang ddi xung béng mo6 hinh
Swagelok v6i 2 dién cyc hinh tron duong kinh 12,7
mm dugc ngan cach boi mang Whatman va dung
dich dién ly dugc st dung 1a Na,SO4 1,0 M.

3. KET QUA VA THAO LUAN
3.1. Phan tich cAu tric va hinh thai cia céc
mau AC

Két qua nhidu xa tia X ctia miu carbon tir v sau
riéng nung giai doan 1 va 2 dugc thé hién trong Hinh
1. Ca hai giai doan nung cac mau carbon déu c6 dinh
nhiéu xa rong tir 20° dén 27° va vi tri trung tdm & 23°
dic trung cho carbon vo dinh hinh. D6i v6i mau
SR600, giai doan 1 xuét hién thém dinh nhidu xa &
vi tri 43° dac trung cho carbon v6 dinh hinh. Két qua
nay cho thdy khi ting nhiét d6 nung lén 600°C
carbon vo dinh dugc hinh thanh nhiéu hon so véi
400 va 500°C. O giai doan 2, sau khi phdi tron KOH
va nung & nhiét d6 800°C mau thi ca ba mau carbon
déu ¢6 tinh hiéu carbon v6 dinh hinh & 23° va 43° va
ca hai mau déu khong xuit hién thém dinh nhiéu xa
cua tap chét khac, vat liéu carbon hoat tinh dugc
téng hop thanh cong va don pha.

Hinh thai cia carbon hoat tinh tir vo sdu riéng
nung & giai doan 1 va giai doan 2 dugc thé hién trong
Hinh 2. MAu carbon nung giai doan 1 clia cac nhiét
d6 nung 400, 500 va 600 °C c6 bé mat phing va cac
hat ¢6 kich thuéc khac nhau. Qua trinh xtr 1y bing
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KOH cua ba miu giup bé mit vat liéu xuit hién
nhiéu 16 xdp vai kich thudc khoang 400 — 600 nm.
Ngoai ra, tinh chat bé mit cta vét liéu dugc thé hién
qua dién tich bé mat riéng. Cac gia tri dién tich bé
mit riéng duoc tinh bang phwong phap Brunauer —
Emmett — Teller (BET) va thé hién trong Bang 2.
Két qua cho thiy mau dugc nung & giai doan 1 c6
dién tich bé mat riéng nho va sau khi dugc hoat héa
bang KOH dién tich bé mit riéng ting 1én dang ké.

a) —— SR400 b) —— SR400 HH
——SR500 HH

W S

70 10 20 30 50 60 70

Cuwéng dd (a.u)
Cwéng do (a.u)

10 20 30 50 60

40 40
26(9) 26(%)
Hinh 1. Giin dd XRD ciia cac miu vat liéu a)

nung giai doan 1, b) nung giai doan 2

%

Hinh 2. Anh SEM cic méu nung & giai doan 1
va giai doan 2 sau hoat hoa a) SR400, b) SR400
HH, ¢) SR500, d) SRS00HH, e¢) SR600 va f)
SR600 HH

C6 thé giai thich sy hoat hoa carbon bang KOH
gitp tang dién tich bé mit riéng cua vat liéu 1a do
KOH phan tng theo pha rin — rén va tiép theo 1a
phan tng rin — 1ong. Piu nay duoc mé ta qua cac
phuong trinh phan Gng dudi day:
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2KOH — K;0 + H,0 (1)
C +H,0 —» CO + H, (2)
CO + H,0 — CO;, + H, 3)
CO; + K20 — K,CO3 “4)
K,0 + H, > 2K + H,O (5)
K O+C—> 2K+ CO 6)

Bang 2. Dién tich riéng bé mait ciia cic mau
carbon tir vé sau riéng

Ky hi¢u miu Seet (m%.g™)
SR400 3,77
SR500 42,9
SR600 48,6

SR400 HH 1034
SR500 HH 1591
SR600 HH 1576

O nhiét d6 khoang 400°C, KOH phan hay thanh
K>0 va nuée thé hién & phan ung (1), carbon trong
vo siu riéng sau d6 phan Ung giai phong CO va Hy
0 phan tmg (2). Khi CO tiép tuc phan ung véi nudc
dé tao ra luong 16n khi H nhu phan tmg (2). K2COs
duoc hinh thanh tir phan ung (4) gitta CO, va K,O
khi nhiét d6 tang 1én 800 °C, K>O bi khur boi khi H»
va carbon tao ra kim loai K ¢ phan umg (5) (6). Co
gia thiét cho rang K dugc tao ra thic day qué trinh
hoat héa va xam nhap vao cac 16p carbon. Phan ung
hoat hoa duoc tién hanh trong 10 nung khi tro sau d6
hdn hop dwoc xir Iy nude cét giup loai bd cac tap
chat, tao thanh cau trac 16 x6p véi dién tich bé mit
riéng 16n (Jin et al., 2021).

3.2. Phén tich quét thé vong tuin hoan

DPudng cong quét thé vong tuan hoan vdi cac te
d6 quét khac nhau duogc thé hién trong Hinh 3. O cac
toc do quét, quét dudng cong CV c6 dang chiée 1a
dbi xtmg va khong cé cac dinh oxy hoa khir, tir d6
cho thiy c6 su xuat hién cia 16p dién dung 16p kép
va ¢6 su dién ra qua trinh non-Faraday va dién tro
thip gitta dién cyc va chét dién ly Na,SOy4 (Silva et
al., 2015). Khi tang toc do quét, dién tich duong
cong CV giam dan dan dén dién dung cta cac mau
vat li¢u giam khi tde do quét tang. Gia tri di€n dung
riéng duoc tinh tir duong cong CV dugc xéac dinh
dua vao phuong trinh (1).

S

T 2xvxmxAE M
Trong d6: S1a dién tich hinh hoc ciia duong cong
CV, v 1a tc do quét thé (V/s), m 1 khdi lugng vat
liéu hoat dién (g) va 4E 1a khoang quét thé (V).
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Hinh 3. Puong cong quét thé vong tuin hoan a)
SR400 HH, b) SR500 HH, c¢) SR600 HH va d)
dién dung & cac toc do quét khac nhau

Cu thé, ¢ toc do quét cham 5 mV/s dién dung cia
cac mau SR400 HH, SR500 HH va SR600 HH lan
luot 1a 58 F/g, 70 F/g va 61 F/g. Khi ting tbc do quét
1én dén 100 mV/s, dién dung ctia ba mau 1a 22 F/g
(SR400 HH), 35 F/g (SR500 HH) va 28 F/g (SR600
HH). Dién tich riéng ctia vat liéu cho thay anh hudng
dén su cho nhan dién tich tu dién. SR400 HH 1a vat
liéu c6 dién tich bé mit riéng nho nhét cho dién dung
nhé hon hai mau SR500 HH va SR600 HH. Méu
SR500 HH c¢6 dién tich 1én hon so véi SR600 HH
nén dién dung ciing 16n hon, duoc thé hién trong
Hinh 3.d. Két qua cho thay nhiét do ¢ giai doan 1 t&i
wu 1 500°C. Két qua nay twong tu véi nghién ctru
Thazin et al. (2022) ¢ nhiét d¢ 500°C, vat li¢u dugc
tao thanh cac 16 x0p c6 kich thudc trung binh lam
tang tbe do van chuyén dién tich trén bé mat, do do
tu dién c6 dién dung cao hon. Khi tang nhiét d¢ 1én
600°C mot s6 hop chit hitu co dé bay hoi trong vo
sau riéng xay ra hién tuong thiéu két dan dén mot s6
15 xOp cua carbon bi dong lai lam dién tich bé mat
riéng giam di (Chandra et al, 2009).

3.3. Phén tich phéng sac dong c6 dinh

Céac dudng cong phong va sac dién ctia ba mau
vat li€u c6 dang hinh tam giac, thoi gian phong sac
cia mau SR500 HH 16n hon so véi SR600 HH va
SR400 HH cho thiy SR500 HH c6 kha ning hoat
dong va do bén dién hoa cao hon so v&i hai mau con
lai va phit hop véi két qua CV & trén. Két qua hinh
4b cho théy dién dung cia mau SR400 HH dat duogc
& chu ky dau 1a 53 F/g va sau 1000 chu ky dién dung
con lai 38 F/g. B6i véi mau SR500 HH c¢6 dién dung
la 59 F/g ¢ chu ky 1 va dién dung duy tri 86% sau
1000 chu ky (51 F/g). Mau SR600 HH c6 dién dung
& chu ky dau 1 56 F/g sau khi phong sac 1000 chu
ky dién dung dat duoc 42 F/g. Trong ba mau vat liéu
dugc tong hop thi vat liéu SR500 HH c6 kha ning
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hoat dong dién hoa t5t hon so v&i cdc mau con lai va
¢6 dién dung cao hon nghién ctru cua Hasbullah and
Noor (2022) da tong hop carbon tir vo sau riéng cho

dién dung 12 48 F/g.

~
=]

1‘0,‘3) —SReOHH ] = b)‘ T T L raon
" sron B 60, T SReo0HH
——SR600 HH |y =—+— SRB00 HH
0.8 1% 50\*\\;_:":7'—-.—.—4—3
T 4of T
o
04f H 30t
° 20}
&
o 10F
O!DT L 1 L L | 0 L 1 L L L L L L L
0 50 100 150 200 250 0 200 400 600 800 1000
Chu ky Chu ky

Hinh 4. a) Pudng cong phong sac va b) dién
dung ciia ba miu SR400 HH, SR500 HH va
SR600 HH
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4. KET LUAN
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