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TOM TAT

Trong nghién ctru ndy, vat liéu cacbon xdp co do tinh khiét cao da dwoc tong hop tir vo trau theo hai
qui trinh khac nhau - qui trinh hoat hoa 2 giai doan vai cac budc than hod - rua axit - thuy nhiét -
hoat hod va qua trinh hoat hoa 1 giai doan: hoat hoa - rira axit - than hoa. Anh huong cua cac tac
nhan hoat hoa dén dic trung ciu trac va dic tinh dién hoé cua cacbon xdp duoc danh gia boi cac
phuong phép phén tich hién dai nhu hién vi dién tir quét (SEM), phd tan xa nang luong tia X
(EDX), duong hip phu Brunauer - Emmett - Teller (BET), phuong phép quét thé vong tuan hoan
(CV) va tong tro dién hoa (EIS). Két qua nghién ctiu cho thay cac tac nhan hoat hoa co tac dung
lam tang dién tich riéng bé mat caa vat lidu 1én tir 3 dén 7 1an, gié tri dién dung ting 1én cao nhat 56
lan. Vat liéu cacbon xdp ché tao duoc co do tinh khiét cao, d6 x6p 1on, dién dung 16n c6 kha ning
wng dung lam vét liéu dién cuc.

Tur khod: Cacbon xép, vat liéu dién cuc, dién hod, vo trau.

1. PAT VAN PE

Linh vuc nghién ctiu ché tao thiét bi sensor, ngudn, siéu tu va vat liéu dién cuc 1a mot trong
nhitng dé tai nghién ciru dang thu hit dwoc nhidu sy quan tm nghién ctru dé tim ra nhitng giai phéap
vat liéu mai, tiém ning thay thé cac vat phd théng dang dan can kiét va than thién voi méi truong
[1-3]. Trong sé do, vat liéu cacbon xop di va dang dugc sir dung dé (ng dung ché tao trong cac
thiét bi nay dua trén nhitng dac tinh wu thé ndi troi nhu ¢6 thu hinh da dang, dién tich bé mat Ién,
thé tich 18 x6p lon, do on dinh cao [4-6]. Tuy nhién hién nay vat liéu cachon dung ché tao hi¢n tai
van dugc khai théc chi yéu tir cac mo khoang san, diém han ché tir nguon cung cap nay la than c6
do6 sach, d¢ tinh khiét thuong khong cao va c6 1an nhiéu tap kim loai nang. Mubn sir dung, van phai
qua céc khau xur 1y dé loai bo céc kim loai khéng mong muén.

Viéc tim kiém cac nguon vat liéu thay thé, than thién véi moi truong dé giam anh huong tir
viéc khai thac than 1a mot muc tiéu duoce huéng dén. Trong nhitng nim gan ddy cac vat lidu tir thién
nhién lién quan téi linh vuc ndng nghiép da va dang dugc biét dén nhu gb dira, mun cua, vo triu [7-
10] va Viét Nam la mot nhiing nuwéc nong nghiép cé san luong lda gao nhat nhi thé gioi, luong vo
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trau ciia qué trinh nay 1a vo cing 16n day s& la mot trong nhiing tiém ning dé tao ra cac san pham
cacbon, cacbon xdp than thién véi moi truong va c6 kha ning ung dung trong cac linh vuc cong
nghé cao nai trén.

Phuong phap tong hop ma dic biét 1a qua trinh hoat hoa va ngudn cacbon 1a hai yéu tb then
chét anh huong dén do xdp va kich thudc 16 mao quan caa vat liéu cacbon. Vi ngudn cachon tir vo
trau, cachon cd thé duoc hoat hoa hai giai doan véi cac tac nhan nhu KOH, K,CO;, HsPO, & nhiét
d6 cao [6-9] hodc mét giai doan véi ZnCly; CuCl, [10,11]. Qua trinh nay gitp ting dién tich bé mat
riéng cua cacbon tong hop duoc Ién rat nhiéu lan dé vat liéu phd hop véi cac ung dung trong cac
sensor dién hoé va nguén tich trir nang lugng.

Két qua nghién ciru cua bai bao s& dua ra mot sb danh gia ban dau vé dic trung cdu trac va dic tinh
dién héa cua vat liéu cachon hoat héa tir vo triu véi cac phuong phap hoat hod khac nhau cé tiém
nang tng dung lam vat li¢u dién cyc.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

Vit liéu sir dung trong nghién ciru duoc lay tir nguon vé trau tai khu vuc Nam Dinh mt trong
nhiing tinh thudc dong bang séng Hong. Trudc khi sir dung cho qué trinh ché tao, vo trau duogc rira
sach bang nudc cat va siy khd ¢ 80 °C t6i trong lugng khong doi. Trong nghién ciu ndy vat ligu
cacbon xop s& duoc tong hop va hoat hoa theo hai qui trinh dugc trinh bay trén hinh 1. Cac mau
dugc tong hop va danh tén mau nhu bang 1.

Hoda chat dugc sir dung trong thyc nghiém gém ¢ K,COs, ZnCl,, CuCl,, HCl, NaOH, Na,COs
Ia hoa chat tinh khiét Trung Quac.

N Hoat hoa Rua axit Thuay nhiét Cacbon
(ZnCl,— CuCl,, T °C, 1 gi0) (HCI 2M, 80 °C, 2gio) |~ [(NaOH 3M, 80 °C, 3 gio) x6p

Hinh 1 (a). Qui trinh hoat hoa mét giai doan
(st dung ZnCl, hodc hdn hop ZnCl, + CuCl, Ia tac nhan hoat h6a).

VA’o N Thjm hoé” _> Rura axit . Thuy nhiét Hoat héa Cacho
trau (450 °C, 1 gio) (HCI 2M, 80 °C, 2gio) | [(NaOH 3M, 80 °C, 3 gio) (K,COs, t °C) n xép

Hinh 1 (b). Qui trinh hoat hod hai giai doan (sir dung K,CO3 lam tac nhan hoat hod).

Hinh thai bé mat va thanh phan cua cachon xp dugc xac dinh boi thiét bi kinh hién vi dién tir
quét S4800-Hitachi. Dién tich bé mat duoc xac dinh bang phuwong phap Brunauer - Emmett - Teller
(BET) boi thiét bi Micromeritics TriStar 11 3020. Sy bién d6i hinh thanh pha cua vat liéu dugc xac
dinh bang phuong phép phan tich nhiét trong lugng duoc thuc hién trong thiét bi NETZSCH STA
409 PC/ PG.

Dién cuc cacbon x6p dugc ché tao véi ti 1& khéi lwong C:PVDF (Poly-1,1-
difluoroethene):super B = 82:10:8, dung m6i hoa tan dugc su dung la NMP (N-Methyl-2-
pyrrolidone) phu 1én dién cuc nén graphit c6 dién tich 1 cm x 1 cm.
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Dic tinh dién hda cua vat liéu dugc danh gia bang phuong phap quét thé vong tuan hoan va
phuong phap pho tong tré dién hod trong 3 dién cuc: Pién cuc lam viéc 1a dién cuc cacbon xdp;
Dién cuc ddi 1a ludi platimum va dién cuc so sanh 1a dién cuc Ag / AgCl / KCI bao hoa. Dung dich
dién ly sir dung la Na,SO, 0,5M.

Bang 1. Bang tong hop cac mau dugc hoat hod ¢ cac diéu kién khéac nhau.

Yéu t6 khao sat
STT Ki l;lcu , ) : Hoat hoa
mau Tac nhan Ti 1¢ khéi luong Nhiét d6 Thoi gian
mudi/C (%) (°C) (gid)
1 KO K,CO;4 0 - -
2 K1 K,COs 10 850 2
3 K2 K,COs 20 850 2
4 K3 K,CO;4 30 850 2
5 K4 K,COs 20 850 1
6 K5 K,COs 20 850 Y
7 Z1 ZnCl, 200 850 1
ZnCl,: 200
8 z2 ZnCl, + CuCl, 500 1
CuCl,: 27

3. KET QUA THAO LUAN
3.1. Pic trung ciu tric caa vat ligu cacbon xép

Két qua gian do phan tich nhiét vi sai cta vo trau sau khi da rira sach, sy toi khdi lwgng khéng
d6i & 80 °C. Tir két qua phan tich ta co thé thay rang qua trinh phan huy hoan toan cac mach hydro
cacbon dién ra & khoang nhiét ¢ 450 °C do d6 lya chon ché d6 nung trong 3 gior & 450 °C [9]. Hiéu
suit qué trinh nung dé than hoé vo trau dat duoc hiéu suat khé cao Ién tsi 96,83 %.

Hinh 2. Gian d6 TGA/TG cua vo
trau trong méi truong N, vai toc do
gia nhiét 5 °C/phdt.

San pham than thu duoc sau qua trinh nung nay s& dugc dem ngam rira trong axit HCl 2M &
80 °C d¢ loai bo oxit kim loai c6 trong thanh phan. Sau d6 tiép tuc dwgc dem di thuy nhiét trong
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NaOH d¢é loai bo Si dé thu duoc cacbon sach. Két qua phé tan xa ning lugng tia X (EDX) duoc
trinh bay trong Hinh 3c cho thay san pham thu duoc c6 d6 tinh khiét cao, khéng con 1an tap kim
loai va silic. Tuy nhién, miu cacbon thu duoc sau giai doan ndy méi chi cé cau truc dang mang, da
¢ xuat hién nhitng 16 xop hinh thanh do qué trinh nung va thuy nhiét bé gdy mach cacbon, tuy
nhién dién tich bé mat riéng cia than thu dugc khé thap chi dat 156 m%/g va kich thudc 16 xdp con
I6n duoc thé hién trong Hinh 3a.

Hinh 3. Bic trung cAu trdc vat liéu cacbon sach
(2) Anh hién vi di¢n tir quét (SEM); (b) Pho téc Xa nang lugng tia X trudc khi thuy nhiét; (c)
Pho tan xa nang lugng tia X mau cacbon sach.

Véi muc tié’u nang cao dic tinh cia cacbon dé ¢ thé tng dung trong linh vyc dién h@a, trong
nghién ctru da tien hanh hoat hoa véi hai qui trinh duoc trinh bay ¢ phan thuc nghiém. Ket qua do
dién tich bé mat theo phuong phap BET dugc the hién trén Hinh 4 va Bang 2 da chi ra rang, véi cac
tac nhan str dung co t,inh nang hoat hoa tot lam giaﬁ tang dién tich riéng bé‘mét cua vat !iéu 1én dang
ké. Trong do, véi chat hoat hoé ZnCl, cho san pham c6 dién tich riéng bé mat I6n nhat la 1027,92
m?/g, v&i mau K4 hoat hoé bang K,COjs trong 1 gio véi ty 1¢ K,CO3/C = 20% cho dién tich riéng be
mat 12 766,5 m?/g. Tuy nhién, van cuing véi tac nhan hoat hda K,COjs khi tiep tuc tang thoi gian hoat
hoé I&n 2 gio thi dién tich riéng bé mat lai giam xudng chi con 614,26 m?%/g. DBiéu nay dugc ly giai
dua trén co ché hoat hoa ciia muoi K,CO3[6] duoc thé hién qua cac phan ung sau ¢ 850 °C:

CO, +C —2CO
K,CO3 +2C — 2K + 3CO

Trong phan &ng, mot phan cacbon bi oxi hda tao thanh CO va CO, dang khi. Khi dwoc tao ra
an mon bé mit cacbon, tao cho bé mat cuaa vat liéu c6 nhitng vét 1dm tron, qua dé c6 anh hudng
nang cao dién tich bé mat cua cacbon. Tuy nhién, khi qué trinh hoat hoa trong thoi gian qué lau viéc
nay c6 thé dan dén viéc 1am sap cau trdc va mo rong cac 16 xop diéu nay da lam giam dién tich
riéng bé mat cua mau. Con vai tac nhan hoat hod ZnCl,, co ché duoc dua trén phan ¢ng thé hién
qua cac phan ng sau:

(CoH1gOgn — 22T 3.74nC +1,17nCO, +1,08nCH,
-2,65nH,0

Do ZnCl, c6 kich thuéc phan tir nho, c6 kha niang ngdm siu vao bén trong cac mach hitu co
trong giai doan ngam U dau tién vai vo trdu, qua trinh nay da hinh thanh 16 ¢6 ciu tric micro dong
déu sau quéa trinh hoat hoa. Két qua anh hién vi dién tir quét cua cac mau trong Hinh 5 cho thay,
mau Z1 xuét hién nhiéu 15 x4p véi kich thuée khoang 40 nm nho hon, phan bd dong déu hon so véi
cac mau khéc. Voi két qua nay, vat liéu cacbon hoat hoa thu dugc htra hen ¢6 tinh ning t6t trong
rng dung lam vat liéu hap phu, vat liéu dién cuc trong cac sensor dién hod ciing nhu trong cac thiét
bi tich trit nang luvong nhu 4c quy, Siéu tu.
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Bang 2. Dién tich riéng bé mat cua cac mau.

- _/‘/ Mau Dién tich riéng bé mat (m%/g)
2 240 ﬁﬁwﬂ_ﬁw‘—a
-f_m_ N KO 156,00
gl L K3 614,26
B Wl Em K4 766,50
404 ./.__.,.__-——4——4——'-'—'
0.00 D.IDS U.I'IU 0.‘15 0.‘2!] Ul25 U.giﬂ 035 Zl 1027192
Ap suét tuong déi (pip,)
N . 2 L Z2 569,15
Hinh 4. Puong dang nhiét hap phu cta cdc mau.

Hinh 5. Anh SEM cua cac mau khac nhau: (a): Mau K3(b): Mau K4(c): Mau Z1(d): Mau Z2.

Bang 3. Hiéu sut tong hop cachon xbp & cac ché do hoat hoa khac nhau.
Mau K1 K2 K3 K4 K5 Z1
Hiéu suét (%) 10,3 10,1 9,6 11,8 10,0 30,0

Bang 3 thé hién hiéu suat thu hdi cacbon xdp so véi lugng trau ban dau dung dé ché tao vat
lieu. Két qua thu duoc chi ra rang hiéu suat thu cacbon x4p theo qui trinh hoat hoa 2 giai doan nho
hon 12 %, thap hon nhiéu so véi qui trinh hoat hod 1 giai doan dat dugc trén 30 %. Diéu nay ¢ thé
giai thich & qui trinh hoat hoa 2 giai doan, cacbon bi that thoét nhiéu trong giai doan than hoa va do
K,CO; la thc nhan hoat hoa c6 tinh oxi hod, da phan tng voi cacbon dé tao thanh 15 xp da 1am tiéu
hao mot lugng cacbon dugc tao ra sau qua trinh than héa dau tién. Con ZnCl, 1a tdc nhan hoat hoa
dehydrate hoa khong tao ra phan ung vai cacbon, khdng lam tiéu hao cacbon.

Z2
35,6

3.2. Pic tinh dién hod cua vt liéu cacbon xép

Két qua quét thé vong tuan hoan trén Hinh 6 va Hinh 7 biéu dién dudng cong CV ciia cac mau
cacbon dugc hoat hoa boi K,COs, ZnCl, va CuCl, véi cac ché do hoat hoa khéac nhau cho thay, hinh
dang duong cong CV ctia cac mau KO0, K1, K2 va K3 chwa c6 hinh dang chit nhat rd rang. Trong
khi d6 mau K4, K5 va Z1, Z2 c¢6 dudong cong CV dang hinh chit nhat ¢ tt ca cac toc d6 quét tir 5
mV/s dén 100 mV/s. Két qua nay chang té vat liéu c6 tinh nang va cé kha nang @ng dung tot lam
vat ligu dién cuc trong céc thiét bi tich trit nang lugng. Tir két qua dudng cong CV thu dugc cua cac
mau vat liu, gié trj dién dung tuong tng cua tirng mau da dugc tinh toan va tong hop trong Bang 4

Bang 4. Gia tri dién dung riéng ciia cac mau cacbon x4p & cac ché do hoat hoa khac nhau.

Mau

KO

K1

K2

K3

K4

K5

Z1

Z2

bién dung riéng (F/g)

1,2

48

11,0

11,7

68,03

20,5

44,1

32,1
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Két qua cho thay, gié tri dién dung riéng cua vat liu ting khi tang ty & khdi luong gita mubi
hoat hda/than tir 10 1&n 30 %, tuy nhién khi ty 1¢ nay tir 20 dén 30 % thi gié tri dién dung riéng ting
khong dang ké. Nguyén nhan dugc ly giai theo co ché cua qua trinh hoat hoa dugc trinh bay & trén,
la khi lugng mudi K,COj; ting di lam cho lwong cacbon bi oxi hoa ciing ting 1én, dan dén hinh
thanh nhiéu 16 xp hon va md rong kich thudc 16 x6p. Do vay, ban dau khi ting ham luong K,COs
s& hinh thanh nhiéu 16 x6p lam tang dién tich bé mit cling nhu dién dung riéng ctia mau 1én 230 %,
tuy nhién sau d6 s& uu tién mo rong kich thuéc 16 xdp nén dién dung cua vat liéu ting khong dang
ké chi thém 6,4 %. Diéu nay ciing duoc minh ching bai két qua do anh hién vi dién tir quét khi kich
thudc cac 16 xop con kha 16n trong khoang tir 200 nm dén 30 pm. Mt khéc, khi thay d6i thoi gian
hoat hoa tir 30 phit 1én 2 gio, thi gia tri dién dung cao nhat thu dugc ddi v6i miu hoat hoa trong 1
gid voi gia tri 1a 68,0 F/g. Hinh dang dudng cong CV cta miu nay ciing 14 tot nhét.
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Hinh 6. Buong cong quét thé vong tuan hoan (CV) cua cac dién cuc cachon xép & tbe do quét khac nhau: (a)
5mV; (b) 10mV; (c) 50mV va (d) 100mV.

Tuong tu véi duong cong CV cua cac mau cacbon x8p téng hop bai tac nhan hoat hoa ZnCl,
va hon hop ZnCl; - CuCl, ciing c¢6 hinh dang gan véi hinh chit nhat va doi xang ¢ tat ca céc toc do
quét. Diéu nay cho thiy cac mau vat liéu co toc do khuéch tan ion va lan truyén dién tich tét. Dién
dung cua cac mau nay dat gié tri trong ddi cao ching t6 cac tc nhan hoat hoa da c6 kha nang cai
thién déng ké dién dung cua vat lidu cacbon. Hon nita, nhu di phan tich & trén, hiéu suit tong hop
cachon xop véi cac tac nhan hoat hoa nay lén hon rat nhiéu so voi K2COs. Ngoai ra, véi tac nhan
ZnCl, - CuCl, thi CuCl, déng vai trd hd trg hoat hod [11], cac ion dong c6 kha nang oxi hoa manh
tai nhiét 6 nong chay cua nd (& 498 °C), s& phan {rng cac nguyén tir cachon & trong cac 16 meso va
macro dé tao ra cac 15 kich thugc micro, do d6 s& giam dwoc nhiét do hoat hoa tir 850 °C xudng con
500 °C. Tuy nhién, gia tri dién dung cua vat liéu khong ting tuong ng véi dién tich riéng bé mat.
Diéu nay c6 thé giai thich 1a do dién dung riéng va dién tich bé mat riéng cua vat ligu c6 mdi quan
hé khong tuyén tinh, ma dién dung riéng phu thudc nhiéu hon vao kich thuéc 15 x6p cua vat liéu
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[12], dé nap tbi da dién tich cho 16p kép thi kich thudc 16 xdp phai rat gan vai kich ¢& cua cac ion
trong dung dich dién ly.
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Hinh 7. Budng cong quét thé vong tuan hoan cia cac dién cuc cacbon xdp dwoc hoat hod boi cac tac nhan
khac nhau: (a) K,COg; (b) ZnCly; (a) ZnCl, + CuCl.,.

Két qua phd Nyquist trén Hinh 8 cho thiy ¢ khoang tan sé cao, ca 4 mau vat liéu déu cé cac
cung béan nguyét rat nho va khong rd rang; & khoang tan sb thap déu xuat hién duong khéng ché
khuéch tan. Chang to, qua trinh dién ra chi yéu & ca 4 mau vat liéu 1a qua trinh khéng ché khuéch
tan. Do déc cua duong khong ché khuéch tan & khoang tan s6 thap phan anh kha ning khuéch tan
ion cua chat dién ly. Do dbc cang cao thi vat liéu cang c6 tinh chat tot pht hop cho siéu tu [10].
Trén Hinh 8a, do ddc cua duong khong ché khuéch tan cua cac mau duoc sap xép theo tht tu giam
dan nhu sau K4, Z1, 72, K3 va diéu nay 1a pht hop véi két qua quét thé vong tuan hoan va dién
dung riéng thu dugc.
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Hinh 8. Ph6 Nyquist ctia cAc mau cacbon xdp duge hoat hoa khac nhau.
4. KET LUAN

Trong nghién ctu, vat liéu cacbon xdp co do tinh khiét cao da duogc tong hop tir vo triu véi cac
tac nhan hoat hoa khac nhau. Két qua cho thay sy tham gia cua tac nhan hoat hoa c6 tac dung lam
tang dién tich riéng bé mat cua vat liéu 1én tir 3 dén 7 1an, gia tri dién dung tang 1én 56 1an voi chit
hoat hod K,COs; 37 lan véi ZnCl, va 27 lan ddi véi hdn hop ZnCl, - CuCl,. Hinh dang duong cong
quét thé vong tuan hoan CV cuia cdc mau cacbon tong hop duoc thu duogc 12 hinh chit nhat ddi xing
ké ca khi toc do quét tang rat cao & 100 mV/s. Két qua danh gia ban dau dac tinh coa vat ligu hira
hen s& tng dung tét 1am vat liéu dién cuc cho siéu ty, céc loai ngudn tich trir niang lwong va cho ché
tao sensor dién hoa khac.
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ABSTRACT

POROUS CARBON PREPARED BY ACTIVATION WITH VARIOUS ACTIVATOR
FROM RICE HUSK

Pham Khanh Huy"?, Mai Thanh Tung', Nguyen Thi Thu Huyen'"

In this study, high purity porous carbon was synthesized from rice husk by two different processes,
2-stages activation: carbonization - acid treatment - hydrothermal - activation and 1-stage
activation: activation - acid treatment - carbonization. The influences of activating factors on the
structural and electrochemical properties of porous carbon are determined by modern analytical
methods such as: Scanning Electron Microscopy (SEM), X-ray diffraction (XRD), Brunauer-
Emmett-Teller nitrogen adsorption and desorption (BET), Cyclic Voltammetry (CV) and
Electrochemical Impedance Spectroscopy (EIS). Result shows that after activating, the specific
surface area of the materials increased up to 7 times and specific capacity risen 56 times. The
porous carbon, has high purity, porosity and capacity, is used as electrode materials.

Keywords: Porous carbon, electrode material, electrochemical, rice husk.
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