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Tom tat

V4t liéu khuén SBA-15 da téng hop thanh céng ttr ngudn héa chét tinh khiét & cac ché do khudy trén 2, 6,10
phut va nhiét do thiy nhiét 80, 100, 120°C. Béng ky thuét thdm wét sucrose nhw la nguén cacbon, vét liéu
cacbon xép meso CMK-3 da duoc téng hop tir cac vat liéu khuon silica SBA-15 khéc nhau. Két qué nghién
ctru SEM, TEM, XRD va BET cho thay, cac mdu CMK-3 ché tao duoc la vét liéu cacbon x6p meso, c6 cau
trac trét tw, ton tai & trang thai vé dinh hinh. CMK-3 ¢6 hinh théi dang que ngan véi kich thuéc khodng 800
nm, twong tw nhw hinh dang cla khuén SBA-15. Buong cong quét thé vong cho thdy CMK-3 st dung khuén
SBA-15 dwoc thiy nhiét & 100 °C la mau cho dép (g siéu tu tét nhét.

T khoa: Cacbon x8p meso, CMK-3, SBA-15, siéu tu, thAm wét sucrose
Abstract

In this work, mesoporous silica SBA-15 has been synthesized from pure chemicals at different stirring
regimes (2, 6, 10 minutes) and hydrothermal temperatures (80, 100, 120°C). Then, ordered mesoporous
carbon materials (CMK-3) with very high surface area and pore volume has been succesfully prepared by
incipient wetness impregnation technique using sucrose as carbon source and SBA-15 as hard templates.
The obtained results of SEM, TEM, XRD and BET analyses showed that the sysnthesized CMK-3 samples
possessed ordered mesoporous structure, and existed amorphous phase. The CMK-3 materials were
composed of short nanorods with a size of 800 nm, which is analogous to the SBA-15 templates. The
measured cyclic voltammetry results demonstrated that the CMK-3/100 electrode with the SBA-15 template
synthesized at 100°C exhibited the excellent supercapacitive behavior in 6 M KOH electrolyte with a highest

specific capacitance of 95.8 F/g.
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1. Mé dau

Vit liéu cacbon mao quan trung binh (MQTB)
1a chat ran cu thanh chu yéu tir cacbon, ¢6 cau tric
mao quan phat trién, kich thuéc mao quan tir 2-50nm,
dién tich bé mit riéng 16n khoang 1000 m?/g, do xép
16m, hoa tinh cao va 6n dinh nhiét. Vat liéu cacbon
MQTB dugc biét dén tir nim 1992 bai Ryoo va cong
su [1], dén nay no dugc tng dung rong rii trong
nhiéu linh vuc khac nhau nhu cong nghiép hoa chat,
hap phu, tach chat, dién cuc cho pin, ac qui ion liti,
pin nhién li¢u, chit hip phy, chat mang,...Trong
nhitng nam gan day, cacbon MQTB dugc nghién ctru
lam dién cyc mdi cho siéu tu do dién tich bé mit cao,
cung cép ’khong gian 16n bén trong 16 x6p cho phép
van chuyen electron va céc ion dé dang. Uu diém cua
n6 bao gém chi phi thap, dé san xuat, 6n dinh va than
thién v4i moi truong. ..

* Dia chi lién hé: Tel.: (+84) 973 469 466
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Trong cac phuong phap diéu ché vat liéu cacbon
xop MQTB (x6p meso), phuong phap khu6n mau
meém va phuong phép khuén mau cing dugc s dung
hiéu qua [2]. Phuong phap khu6én mau mém cho phép
ché tao cacbon x6p meso ma khong can sir dung cong
doan khic mon béi HF hodc NaOH dé loai bo khuén.
Viéc loai bo khuén miu mém trong qué trinh tong
hop tién hanh d& dang va an toan hon. Tuy nhién,
khuon mau mém khéng c6 cdu tric viing chic xac
dinh, din dén kho khan trong viéc didu chinh kich
thuéc va dong nhit hinh dang cia 16 x6p. Nhin
chung, do trat ty trong cAu tric 18 xép cua cacbon
tong hop dugc thudng khong cao [2, 3]. Phuong phap
khudén mau ctng cho phép kiém soat chinh xac khbi
lwong va kich thuéc mao quan do cacbon téng hop
dugc ¢ cau trac nhu 1a ban sao cta khuén mau. Tuy
nhién, phuong phap nay doi hdi c6 thém budc loai bd
khuon mau dé thu dugc ciu tric x5p nhu mong mudn
[2-4].
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Hién nay c6 nhiéu loai vat liéu khuon ctg khéc
nhau. Vi du, ho vat liéu silica (SBA-1, SBA-15,
MCM-41, MCM-48, MCM-50, TDU-1, AMS va
KIT) va véat liéu alumina AAO. Trong cac loai vét
liéu khuén silica, vat liéu SBA-15 cho duong kinh
mao quan dong déu, véi kich thudc 16n hon 3 dén 4
lan kich thudc mao quan Zeolit va dién tich bé mat
riéng 16m, c6 thé hon 800 m%/g. Mot wu diém nita cua
vat liéu SBA-15 1a c¢6 kich thuéc mao quan 1on,
trong mao quan day nén no ¢ tinh bén nhiét va thiy
nhi¢t cao [5]. Vi vay, bai bdo nay trinh bay nghién
ctru tong hop vat lidu khuon silica SBA-15 ¢ cac ché
d6 khac nhau (thoi gian khudy tron va nhiét do thiy
nhiét) va tir d6 tong hop 1én vat liéu cacbon MQTB
CMK-3. Ngoai ra, ddc trung hinh théi, ciu trac va
kha nang ing dung lam si€u ty dién hda cua vat li€u
CMK-3 ciing dugc nghién ctru.

2. Thuc nghiém
2.1 Tong hop vit liéu SBA-15 va CMK-3

SBA-15 dugc tong hop bang phuong phép thay
nhiét, st dung tetraetyl othosilicat (TEOS 98%,
Sigma-Aldrich) 1am ngudn silic. Trudc tién, hoa tan
12 g Pluronic P123 ([PEO]20-[PPO]70-[PEO]0,
M,~5800, Sigma-Aldrich) vao 500 ml dung dich
HCI 2M ¢ nhiét do tir 38-40°C, va toc do khudy
500 vong/phut. Sau d6, hon hop duge dua vao 15i
Polytetrafloetylen (PTFE) ciia autoclave, on dinh
nhiét & 38-40°C. Cho 27 ml TEOS vao hdn hop,
khudy ¢ toc do 650 vong/phiit trong 2-10 phut rdi dé
yén trong 24 gid. Pua 161 PTFE vao trong autoclave,
thiy nhi¢t ¢ nhiét do tir 80-120°C trong 24 gid. San
pham sau khi thiy nhiét duoc loc rira, siy kho,
nghién, va dem nung & nhiét d6 550°C trong 5 gio.

SBA-15 dugc tong hop ¢ ba diéu kién khudy
tron khac nhau (2 phut, 6 phut, 10 phut) va dugc thuy
nhiét ¢ 100°C (ky hiéu la SBA-15-2 min,
SBA-15-6 min, va SBA-15-10 min) dé danh gia anh
hudng cua thoi gian két tu keo mixen cia Pluronic
P123. Ba miu SBA-15 dugc tong hop véi thoi gian
khuéy 6 phut va dugc thuy nhiét & cac nhiét d¢ 80°C,
100°C va 120°C (ky hiéu lan luot 1a SBA-15/80,
SBA-15/100 va SBA-15/120) dé danh gia sy anh
hudng cua nhiét do gia hoa dén dic tinh cau tric cua
vat liéu.

Vat lieu CMK-3 duoc ché tao di tor khudn
SBA-15 & trén va ngudn cacbon 1a sucrose
((Ci2H22011)n >99.5%, Sigma-Aldrich). Quy trinh
tong hop nhu sau: (i) Tham cacbon l4n 1: 5 g sucrose
duogc hoa tan trong 20 ml dung dich chura 0,56 g
H,S0,. Tiép d6, 4g SBA-15 s& dugc phan tan vao
hén hop trong didu kién siéu am trong 1 gio. Sau do,
hé s& dugc siy ¢ nhiét do 100°C trong 12 gio, va
160°C trong 12 gio' thu duge mau pham co6 mau nau.
(ii) ThAm cacbon lan 2: miu sau khi thim cacbon lan
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1 duoc nghién min, roi tiép tuc dugc phan tan vao
trong 20 ml dung dich chira 0,36 g H»SO4 va 3,2 g
sucrose. Tiép d6, mau dwoc dem di sdy kho va thiéu
két & 900°C trong 5 gid ¢ diéu kién khi tro dé thu
duoc compozit SBA-15/CMK-3 ¢6 mau den. Mau
compozit dugc phéan tan trong dung dich HF 5% dé
loai bé khuén SBA-15. CMK-3 con lai dugc dem loc
rira ly tdm trong hdn hop nudc va etanol, sdy chan
khong & 100°C trong 12 gid. Cac miu CMK-3 dugc
tong hop di tir cac khuén SBA-15/80, SBA-15/100,
SBA-15/120 duoc ky hiéu lan lugt 1a CMK-3/80,
CMK-3 /100, CMK-3/120.

2.2 Ché tao dién cwe CMK-3

Dé nghién ctru ddc tinh dién hoa, cac vét ligu
CMK-3 dugc ché tao thanh cac dién cuc nhd sit dung
k¥ thuat quét phu 1én trén dién cuc nén niken x6p da
duoc 1am sach truée d6. O day hén hop chéit hoat
dong dién cuc bao gém CMK-3 (80%), chét két dinh
polyvinylidene fluoride (PVDF, 10%) va chit din
dién cacbon super-P (10%). Khéi luong dién cuc
dugc khdng ché qua sb 1an quét. Mau Ni xdp sau khi
quét vat li¢u dién cuc 1én duogc séiy kho & 80°C trong
12 gio.

2.3 Cac phwong phdp nghién ciru

Hinh thai bé mit ciia cic mau dwoc nghién ctu
béng kinh hién vi dién tir quét (SEM) thyc hién trén
méay do SEM, S-4700 ctia hang Hitachi. CAu triic cua
vat liéu dugc xac dinh boi phuong phap chup kinh
hién vi dién tir truyén qua (TEM) - thyc hién trén may
do TEM, JEM1010-JEOL, va phuong phap nhiéu xa
tia X (XRD)- thuc hién trén may D/MAX Ultima III
(hang Rigaku). Dién tich bé mat va kich thudc 16 x6p
ctia vat liéu dugc do thong qua phép phan tich hip
phu-nha hap phu dang nhiét khi nito (BET) & nhiét o
77 K. Phép do nay duoc tién hanh trén hé may do
ASAP 2020, Micromeritics.

Phuong phap quét thé vong tudn hoan (CV)
dugc dung dé danh gia dé danh gia dic tinh siéu tu
cho vat liéu CMK-3. Phép do CV dugc thuc hién voi
hé do 3 dién cyc trén may do Autolab 302N (Ha Lan)
voi phﬁn mém Nova 2.1. Trong d6 dién cuc lam viéc
1a dién cuc CMK-3, dién cuc ddi 1a dién cuc Pt luéi
va dién cuc so sanh la dién cuc calomen bao hoa
(SCE).

3. Két qua va thao luin
3.1 Pdc trung hinh thdi, cdu tric ciia SBA-15
3.1.1. Anh hwong cia thoi gian khudy trén

Hinh 1 biéu dién anh SEM ciia cdc mau SBA-15
dugc tong hop trong cac diéu kién khudy tron khac
nhau tir 2-10 phit. Dya vao anh SEM, thiy ring
SBA-15 ¢6 kich thudc hat nanomet, dang que ngin
(nanorod) véi duong kinh khoang 500 nm va chiéu
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dai dao dong tir 600 nm dén 2 um. Tir anh SEM c6 do
phan giai thip c6 thé thay rang khi ting thoi gian
khudy tron thi chidu dai cua que nano ting 1én. Cu
thé, voi thoi gian 2 phat thi hat SBA-15 dai c&
600-700 nm. Trong khi véi thoi gian khudy lau hon,
cd 6 va 10 phut, thi kich thudc hat tang 1én ~ 1um va
2um. Didu nay cho thiy thoi gian khudy tron c6 anh
huong 16n dén qua trinh ngung tu keo mixen cua
Pluronic P123 dé hinh thanh nén ciu truc cua
SBA-15. Tur cac anh SEM c6 d6 phan giai cao, thi
thdy cac que nano (hat thir cip) cua SBA-15 lai duoc
céu thanh boi cac hat silica, co kich thuéc nh6 hon
(hat so cip). Dang cha y, dbi voi rnau SBA-15-2 min
c4c hat so cap nay khong co su sap xep theo mot trat
tu rd rang (hinh 1b). Diéu nay cho thiy & ché do tong
hop nay van chua tong hop thanh cong vat liéu silica
x6p mao quan trung binh ¢6 cdu trac trat ty (ordered
mesoporous  silica). Tuy nhién, déi v6i maiu
SBA-15-6 min (hinh 1d), cac hat so cip nay da duoc
sap xép theo mot trat tu (theo hang) nhat dinh giéng
nhu co ché hinh thanh ciu trac cia SBA-15 [6]. Diéu
nay chiing to da tong hop thanh céng vat liéu khuon
silica SBA-15 ¢ didu kién khuéy trdn 6 phut. Trong

khi d6, mau SBA-15-10 min dugc tong hop trong

diéu kién khay tron 10 phit cho thdy kich thuée cac
hat so cdp silica rat 16n (hinh 1f). Cac hat niy mic du
duoc sép xép theo hang nhung muirc d¢ trat tu khong
cao so véi mau SBA-15-6 min. Hon nira, ty 1 tuong
quan gitra kich thudc chidu dai va duong kinh cua
mau nay 16n, dan dén viéc giam dién tich bé mat hon
s0 v6i mau SBA-15-6 min va lam cho cacbon MQTB
¢6 dién tich bé mat nho. Day 1a thong sb khong duoc
mong mudn. Vi véy, diéu kién khudy tron toi wu 1a
6 phut.

31.2. Anh huong ciia nhiét dg thity nhiét

Hinh 2 cho thiy hinh anh SEM clia cic miu
SBA-15 duoc téng hop & céac nhiét d6 khac nhau 80,
100, va 120°C. Nhin chung sau khi ting nhiét do
thiy nhiét thi hinh dang bén ngoai cua cac que nano
SBA-15 hiu nhu khong thay dbi. Cac que nano
SBA-15 van dugc cau thanh boi cac hat silica so cap
sép xép theo trat tu nhat dinh.

Dé xac dinh muc do trat tw va trang thai cAu triic
ctia cac khuon SBA-15, cic mau duge dem di phan
tich XRD & goéc quét hep (0.5°-3°) va goc quét rong
(10-90°). Két qua duogc trinh bay trén hinh 3.

Hinh 1. Anh SEM véi d6 phan giai thdp va cao cta cac mau SBA-15 dugc tong hop trong cac thoi gian khudy
tron khac nhau: (a,b)- SBA-15-2 min; (c,d)- SBA-15-6 min; (e,f)- SBA-15-10 min.

200 nm j

Hinh 2. Anh SEM v&i d phan giai thp va cao cta cic mau SBA-15 dugc tdng hop trong cac didu kién thiry
nhiét khac nhau: (a,b)- SBA-15/80; (c,d)- SBA-15/100; (e,f)- SBA-15/120.
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liéu 6 céu trac mao quan trung binh. Hon nita khi
quan sat trén hinh 4b c6 thé thiy rang kich thudc 16
mao quan phan bd rat hep, chu yéu tap trung & kich
thuéc c& khoang 5 nm dén 10 nm. Céc thong sb vé
dién tich bé mat riéng, kich thudc 16 xép trung binh
va thé tich 16 xdp duoc trinh bay trong bang 1.

Bang 1. Thong s6 BET cua SBA-15 va CMK-3
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Hinh 3. Gian dd nhidu xa tia X (a) goc quet hep va
(b) géc quét rong ciia cac mau SBA-15.

Tir gian d6 XRD goc hep (hinh 3a) co thé thy
cac peak nhleu xa déu xuét hién & goc quét nho,
chimg t6 ring vat liéu c6 tinh trat tu vé mat cau trac.
Hon nita, muc do trat tu cia cac mau SBA-15 déu rat
cao (dwoc chi ra boi d sic nét cua cac peak quan sat
duogc). Tuy nhién, vi tri xuét hién cua cac dinh peak
¢6 xu hudng dich chuyén vé goc nhidu xa thip hon
khi ting nhiét d6 thuy nhiét. Diéu nay cho thay sy
khac nhau vé kich thudc trong cau trac hexagonal ciia
cac mau SBA-15. Pang chu ¥, ngoai peak chinh nim
o vi tri 20 = 1°, tng véi mat (100), thi trén gidn dd
XRD ciia cac mau SBA-15 con c¢6 hai peak phu tmg
v6i miat (110) va (200) co cudong do phan xa yéu xuat
hién & cac vi tri 20 = 1,6° va 26 ~ 1,8°. Trong khi d6,
gian dd XRD goc rong (hinh 3b) déu chi c6 mot peak
rét t & goc 20 = ~22°, chimg t6 vat liéu SBA-15 tong
hop dugc ton tai ¢ trang thai vo dinh hinh [7,8]. Nhu
vdy, viéc thay doi nhiét d¢ thiy nhiét trong pham vi
80-120°C khong lam thay dbi cdu trac pha vo dinh
hinh cia SBA-15.

800-(3) ol )
~ 800} -
U'?'l o 04}
wl X
E 400+ > —=— SBA-15/80
©
> 0.2¢ —e— SBA-15/100
2007 -
00 e SBA-15/80 —+— SBA-15/120
—e— SBA-15/100
or ——SBA-15/120|  0.0f

10 100

DO 02 04 06 DB 10 1
PIP, dp(nm)

Hinh 4. (a) Duong dang nhiét hip phu nito va (b)
duong phan bo kich thudc 10 cia cac mau SBA-15.

Dé xac nhan dic trung ciu tric mao quan cia vat
liéu SBA-15, miu tong hop dwoc dem di phan tich
hap phu déng nhiét nito (BET). Két qua duogc trinh
bay trong hinh 4. Nhu quan sat thdy, cac duong ding
nhiét hap phu khi N» ctia cac mau SBA-15 déu c6
hién tugng tré vong (hinh 4a), tirc 1a dwdng hip phu
va duong nha hdp phu khéng tring khit véi nhau.
Day 1a diém dic trung ciia vat liéu mao quan trung
binh. Nhu vay, dua vao dang di¢u cua duong cong
hap phu va nha hap phy c6 thé két luan rang vat liéu
SBA-15 tong hop dugc trong nghién clru nay l1a vat
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x Dién tich bé Kich thuéc Thé tich 15

Mau mit (m%g) 16 xbp (nm) xdp (cm?/g)
SBA-15/80 746,5 4,88 0,92
SBA-15/100 670,1 5,87 0,98
SBA-15/120 471,3 9,61 1,13
CMK-3/80 948,5 4,41 1,04
CMK-3/100 1059,6 5,22 1,68
CMK-3/120 1313,5 6,28 2,06

3.2 Pdc trung hinh thdi, céu triic ciia CMK-3

Anh SEM ctia cdc miu cacbon CMK-3 duoc
téng hop tir cac khuon SBA-15 khac nhau duoc thé
hién trén hinh 5. Quan sat hinh 5 cho thy hinh dang
ctia caic mau CMK-3 khong c6 su khéc biét nhiéu khi
thay d6i khuon SBA-15 dwoc téng hop trong céac
nhié¢t 6 thuy nhiét khac nhau. Khi so sanh véi anh
SEM cua khuén SBA-15 (hinh 2), thay rang sau khi
than hoéa sucrose va loai bé khuoén SBA-15 di thi hinh
dang ciia CMK-3 khong thay déi nhiéu. Vat liéu van
giit dwoc hinh dang que nano ban dau cia khuén mau
SBA-15 tong hop 1én n6. Tuy nhién, hinh dang cta
céc que nano CMK-3 trong khong dugc sic nét nhu
ctia SBA-15 do ciu trac cia CMK-3 1a dang 1ap thé
nguoc ciia SBA-15. Nhu vay, cac mau CMK-3 diéu
ché dugc déu c6 kich thude nanomet dang que ngin,
v6i chidu dai ¢ 800 nm, twong ty nhu hinh déng cia
khuén SBA-15 tao nén chung.

Hinh 5. Anh SEM cua cic mau (a) CMK3/80, (b)
CMK3/100, (c) CMK3/120.
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Hinh 6. Anh TEM cua miu (a) SBA-15/100 va mau
(b)CMK-3/100

Dé x4c nhan hon nira viéc duy tri cdu tric x5p
meso cua cacbon CMK-3 sau khi loai bo khuén
SBA-15, mau dic trung CMK-3/100 va khudn
SBA-15/100 tuong tng dugc lya chon dem di chup
TEM. So v6i anh TEM cua khuén SBA-15/100 (hinh
6a), cac que nano CMK-3/100 ciing c¢é céu tric té vi
tuong tu voi do trat tu cao (hinh 6b), dugc cAu thanh
béi cac thanh cacbon (mau den) va nhitng kénh dan
x6p (mau trang) song song. Tuy nhién, khoang cach
gita cac kénh ndy nho hon v6i khuén mau
SBA-15/100 tong hop nén nod. Vay c6 thé két luan
rang chu trac x6p c6 trat tw bén trong cua CMK-3/100
van dugc duy tri sau khi khic mon bang axit HF dé
loai bo khuoén SBA-15.

Pé xac dinh ciu trac co trat tw va ciu trac pha
ctia vat lidu CMK-3 tong hop dugc, cic mau duge
dem phan tich XRD. Két qua dugc trinh bay trén hinh
7. Tir gian d6 XRD goc hep trén hinh 7a co6 thé thay
cac peak nhleu xa déu xuit hién ¢ 8oc quét nho
chimg t6 rang vt liéu c6 tinh trat ty v& mat ciu tric.
Tuy nhién so v&i khuén SBA-15 (hinh 3), muc d6 trat
tu cua 16 x6p trong cac mau CMK-3 khong cao bang.
Diéu nay duoc ching t6 boi d6 sic nét ciia cac peak
quan sat dugc. Hon nita, vi tri clia cac peak nhiéu xa
cling c6 mot chut khac biét. Didu nay cho thiy su
khac biét nho vé kich thudc trong ciu tric ctia ching.
Dinh peak nhiéu xa cia cac mdu CMK-3 dudng nhu
dich chuyén vé phia goc phan xa 16n hon. Diéu nay
am chi kich thudc 16 xdp mao quan nho hon so véi
vat li¢u khuoén SBA-15 tuong ung. Pang chu y, ngoai
peak chinh nim & vi tri 20 = 1°, ing v&i mit (100),
thi hai peak phu tmg v6i mat (110) va (200) c6 cuong
do phan xa yéu ciing c6 thé quan sat thdy trén cac
mau CMK-3 & cac goc lan lugt 20 ~ 1,6° va 20 ~ 1 ,8°.
Tuy nhién, cuong d tin hiéu cia hai peak nay yeu
hon nhiéu so v&i miu SBA-15. Tuong ty nhu gian do
XRD goc quét rong cua cidc mau SBA-15, cac mau
CMK-3 (hinh 7b) cho thiy chi c6 mot peak rit ti &
goc ~25°, chung to cac vét lieu CMK-3 tong hop
dugc déu ¢ trang thai vo dinh hinh, co cung ban chat
chu tric véi cac khuon SBA-15 tdng hop nén chiing.
Két qua thu dugc trong nghién ciru nay ciing phu hop
voi cac nghién ctu trudce day [9,10].
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Bén canh do, cac vat licu CMK-3 ciing dugc dem
di phan tich BET. Két qua thu dugc trinh bay trén
bang 1. Tu két qua BET c6 thé thay rang, cac vt liu
CMK-3 téng hop duoc déu co dang cau tric mao
quan trung binh véi duong kinh 16 xdp ting dan tir
4,41 dén 6,28 nm. Dién tich bé mat 1on, dao dong tir
948,5 dén 1313,5 m¥g va thé tich 15 xdp 16n ciing
tang dan tir 1,04 dén 2,06 cm®/g.

(a) (b)
o o CMK-3/120
k=] o
2 CMK-3120 | 2
.g ,g
Q Q CMK-3/100
CMK-3/100
05 10 15 20 25 30 10 20 30 40 50 60 70 80 90

200 _ 26 (%)
Hinh 7. Gian d6 nhicu xa tia X (a) goc quét hep va
(b) géc quét rong ciia cac mau CMK-3.

3.3 Ddc trung siéu tu cua CMK-3

Phép do quét thé vong tudn hoan (CV) cho phép
khao sat dédc tinh phong nap ciing nhu tudi tho ciia vat
liéu CMK-3. Thong qua cac s6 liéu thu duoc, co thé
tinh toan dién dung riéng, tudi tho va mat do nang
luong cia vat liéu, cling nhu sy anh hudng cua didu
kién lam viéc dén dién dung riéng cua vat liéu.

Hinh 8a biéu dién dudng cong CV cua dién cuc
CMK-3/100 trong dung dich KOH 6M ¢ toc do quét
thé 20 mV/s & cac cira s6 dién thé lam viéc khac
nhau: [-1 + -0,6] V, [-1 = -04] V, [-1 + -0,2] V,
[-1 + 0] V. Nhan thay tai ca 4 khoang quét thé, duong
cong CV déu co dang hinh chir nhat dac trung cho tu
dién 16p kép. Tuy nhién, khi mo rong khoang quét vé
phia duong, tinh dbi xtng cua duong cong CV cang
giam, hinh chir nhat duong nhu bi méo di. O cira s6
dién thé [-1-0] V, ¢ cudi duong CV trong khoing
dién thé [-0,2 = 0] V c6 mot doan dbc 1én. Pay la
khoang thé ma nén niken x6p bat dau phan ung dién
héa. Do d6 dé tranh hién tuong nay, khoang thé
[-1 = -0,2] V duoc coi 1a phu hop nhit, vi ¢ khoang
thé nay dang diéu cua duong CV van c6 dang hinh
chir nhat dic trung va khoang quét thé kha rong, voi
AE =0,8V.

Hinh 8b biéu dién duong cong CV cua cic mau
CMK-3/80, CMK-3/100 va CMK-3/120. Qua hinh
8b ¢6 thé thdy cac mau CMK-3 déu cho dap tng siéu
tu tot véi dang di€éu dac trung cua hinh chir nhét.
Trong 3 dudng CV, dudng CV ciia mau CMK-3/100
va mau CMK-3/120 ¢6 dang gan giéng véi hinh chir
nhat nhat. Tir duong CV trén hinh 8b, dién dung riéng
ctia cac mau co thé tinh duoc dya vao cong thirc sau:

512 i(E)dE
(1)

T 2mv (Ez—E,)
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24(a) 24 (b) -
14 14
< 0] < o
14 14
2 24 =2 GMK-3/80
--------- CMK-3/100
} 3 e CMK-3/120
-1.0 -08 -06 -04 -02 00 02 1.0 -08 06 04 -02
E (V) vs. SCE E (V) vs. SCE

Hinh 8. Buong cong CV cia (a) CMK-3/100 tai cac khoang thé khac nhau va (b) cac vat liecu CMK-3 khéac
nhau & toc d9 quét the 20 mV/s trong dung dich KOH 6M.

trong do: fEEf i(E)dE dién lugng thu duoc khi tinh

tich phan theo chidu quét thé duong va am trong
duong CV; v 1a tbe d6 quét thé; E; va E; 1a ngudng
ctra s6 dién thé quét; m la khéi luong dién cuc. Két
qua tinh toan thu dwoc cho thdy CMK-3/80,
CMK-3/100, va CMK-3/120 cho dién dung riéng lan
luot 1a 92,2 F/g, 95,8 F/g, va 88,6 F/g. Do ban chét
tich dién tinh dién (tich dién 16p kép), nén vét liu
cacbon thuong cé dién dung bi gidi han so voi vat
lidu siéu tu gia dién dung hoat dong dya trén co ché
tich dién dién hoa. Két qua dic tinh dién hoa thu dugc
trong nghién clru nay hoan toan twong ty nhu cac tai
lidu da bao cdo trude day vé vat lidu siéu tu CMK-3
[11,12]. Nhu vay, sy thay ddi hinh thai cdu tric cua
vat liéu khuon SBA-15 do thay doi diéu kién tong
hop da din dén sy thay doi hinh thai cau trac vat liéu
CMK-3. Két qua la dic tinh siéu tu cia vat liéu
CMK-3 (gdm dang diéu phong-nap dién va dién dung
riéng) ciing bi anh huong. Pay moi chi 1a két qua
danh gia hoat tinh dién hoéa so bd ban dau. Nhiing
nghién clru sdu hon nham nang cao dic tinh siéu ty
cho vat lieu CMK-3 s& duogc tién hanh va bdo céo
trong nhing cong b vé sau.

4. Két luan

Trong nghién ctru nay da tong hop thanh cong
vat liéu SBA-15 ¢6 kich thuéc mao quan trung binh
di tir ngudn hoa chét tinh khiét. SBA-15 tong hop
duoc co6 dién tich bé mat 16n dao dong tir 471 m%/g
dén 746 m*g va dudng kinh 15 x6p dao dong tir
4,88 nm dén 9,61 nm. Tir d6 lam khuén cimg dé tong
hop nén vat lidu cacbon x6p mao quan trung binh c6
céu trac trat ty CMK-3 thong qua viée sir dung k¥
thuat thAm u6t sucrose trén khuoén SBA-15. Cac miu
CMK-3 ché tao duge cling c6 dang cAu trac mao quan
trung binh do xbp cao (1,04 + 2,06 cm?/g) va dién
tich b& mat 16n (948,5 = 1313,5 m¥/g). CMK-3 ton tai
o trang thai vo dinh hinh, c¢6 dang que nano ngén, dai
khoang 800 nm. Céc nghién ctru dac tinh dién hoda so
bd ban dau cho thdy cac vat lisu CMK-3 tong hop
duoc déu co dang dudng CV hinh chir nhat, dac trung
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cho siéu tu 16p kép. Vi vay, rat phu hop dé lam vat
liéu dién cuc cho siéu tu.

Loi cam on

Nghién ctru ndy dugc tai trg boi Quy Phat trién khoa
hoc va cong ngh¢ Quoc gia (NAFOSTED) trong dé
tai ma so 104.99-2017.305.
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