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Bai bo nay gi6i thieu vé ché tao va nghién cttu kha nang tich trir nang lwong cia dién cuc nano
carbon ché tao tir than d4 (dién cuc CNN). Dién cuc CNN c6 dién dung riéng con 65,35% so voi
dién dung riéng & chu ky 1 sau 1.000 CV, dién dung riéng la 253 F/g & mat ¢ dong dién la 0,1
A/g. Phé téng tré cho thdy, dién tré chuyén dién tich nhé (R.) bang 2,15 Q. Khi nghién ctu tinh
chat dién hoéa cta dién cuc CNN 1a anode trong cell pin Li - ion cho thdy kha ning luu trit tot ion
Li*, dung luong riéng cta pin (Li - ion) tai mat do dong tiéu chuan C/10 la 306,0 mAh/g, tai mat
do dong C/20 1a 435,5 mAh/g. Cell pin Li - ion sau khi phong dién c6 dién tré chuyén dién tich
R, nhd. Nhitng két quéa nay cho thay, co thé tmg dung dién cuc CNN lam anode trong pin Li - ion.
Nghién ctru sau hon c6 thé tap trung vao viéc t6i wu héa quy trinh ché tao va kham pha cac tmg

dung b6 sung cho cac vat liéu dién cuc méi nay.

Tirkhoa: Nano carbon than d4, siéu tu dién, anot, pin lithium-ion, phuong phap Hummer.

1. DAT VAN BE

Nang luwong 1a mot van dé quan trong duoc
toan cau quan tam vi su anh hudng lon dén hau
hét nganh cong nghiep, nong nghiép, du lich,...va
doi song ctia con ngudi. Ngay nay, nhiéu linh vuc
cong nghé nhu: Van chuyén, dién tir cAm tay, thiét
biy té, dung cu dién va luwu trix dién do cac ngudn
tai tao lien tuc (gio, mat troi, thay triéu,...), pin
laptop, pin xe dap, 0 to dién... phat trién manh mé,
nhu ciu st dung pin nap lai ngay cang tang. Thoi
gian pin nap lai st dung cang lau 1a diéu mong
mudn cta nguoi st dung. Vi vay, cac nha nghién
ctru luon tim ra cac giai phap cai tién kha nang luu
trit ndng luong cha pin, giup tudi tho cta pin cao
hon. Pin nap lai pin Li - ion (LIB, Li - ion) hién
dang duwoc quan tim t6i nhu 1a mot trong nhiing
giai phap luu trit nang luong toi vu vi pin c6 mat do
nang luong cao va co ché phan tmg tuong doi don
gian. Bén canh d6, graphite cing duoc st dung
lam vat liéu anode cho pin Li - ion thwong mai boi
vi chu ky song dai va gia thanh ré. Tuy nhién,
graphite c¢6 dung luong riéng nho nén bi han ché
tng dung trong cac thiét bi doi héi luu trir ning

luong cao. Do d6, ché tao cac vat liéu anode moi
dé khac phuc nhuoc diém trén 1a mot van dé mang
tinh thoi su, thuc tién cao.

Thoi gian gan day viéc tong hop vat lieu nano
than thién moi truong nhu nano carbon di tir
nguédn than d4 duoc nhiéu nha nghién ctru trén thé
gidi quan tam, do quy trinh khéng qua phtec tap,
gi4 thanh dau tu thap [1 - 8]. Hién nay trong nudc
méi chi c6 Nguyén Thi Thay Hang va cs (2023) [9]
nghién ctu ché tao vat lieu carbon tir than da
Anthracite (Vang Danh, tinh Quang Ninh), hoat
héa bang NaOH va nung & nhiét do 800, 1.000,
1.200°C trong 3 gior (ATC). Két qua cho thay, vat
lieu ATC c6 khé nang st dung lam anode trong pin
Li - ion v6i tinh thuan nghich, kha ning duy tri
dung luong vuot tréi, dung luong pin la 286,3
mAh/g. Chinh vi vay, bai bdo nay da ting dung vat
lieu nano carbon ché tao tir than d4 ctia moé than
Phan Mé, huyén Phua Luwong, tinh Thai Nguyéen
theo phuong phap Hummer, lam dién cuc anode
trong pin Li - ion. Dién cuc anode ché tao dung
chat két dinh Polyme Polyvinylidene fluoride
(PVDF), dung moi N-methylpyrrolidine, chat dan
dién la graphite va carbon nanotube. Pién cuc sau
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khi ché tao nghién ctru kha nang tich trir ning
lwong trong siéu tu dién va nghién ctu kha ning
tich thoat ion Li*, dung luong cua pin Li - ion khi
lam anode trong pin Li - ion.

2. THUC NGHIEM

2.1. Dung cy, hoa chat

- H,S0, 95%; H,PO, 85%; KMnO, 99%; HCl 36%;
H,0, 30%; Graphite 95%; carbon nanotube 90%;
dung moi N - methylpyrrolidine 98%; chat két dinh
polyme polyvinylidene fluoride (PVDF) dang hat,
kich thuéc hat 5 mm; KOH 99%; graphite 90%;

carbon nanotube 98%; Iudi ni x6p 98%; dung dich
LiPF; 1M pha trong dung méi ethylene carbonate.
Dimethyl carbonate: Ethyl methyl carbonate theo
ty 1e 1: 1: 1 vé thé tich 98% cac hoa chat dugc nhap
tir hang Merck (Ptc).

2.2. Ché tao vat liéu carbon

Vat lieu nano carbon x6p hiéu 1a NCC (Nano
carbon from coal) duoc ché tao tir than da duoc
mo ta chi tiét theo nghién ctu ctia Do va cs (2024)
[10]. Quy trinh ché tao duogc thé hién trong hinh 1.
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Hinh 1. So d6 ché tao vat lieu CNN

2.3. Ché tao dién cuc CNN va cell pin Li - ion

bien cuc CNN ché tao theo quy trinh nhuw
hinh 2.

bien cuc CNN duoc ché tao tai Trung tam Thi
nghiém - Thuc hanh, Truong Pai hoc Khoa hoc,
Dai hoc Thai Nguyén.

bien cuc CNN sau do duoc ché tao thanh cell
pin Li - ion. Cell pin Li - ion duoc ché tao trong he
thong glovebox trong méi truong khi argon tai
Vién Hoa hoc Vat liéu, Vién Khoa hoc va Cong
nghé Quan su. Ché tao pin theo thtt tw nhu sau:
Lop vo pin > anode > 16p mang ngan > cathode
(phoi Li) > miéng dém > vong dém > ndp pin trén
may ép pin MSK - 110 (Trung Quéc). bien cuc
anode CNN dé€ tao thanh pin c6 duong kinh 16

mm trong dung dich dién ly LiPF; 1M pha trong
dung moi Ethylene Carbonate: Dimethyl
carbonate: Ethyl methyl carbonate theo ty & 1: 1: 1
vé thé tich. Sau do cell pin Li - ion duoc gitt & noi
kho rao va sach sé trong 12 gi¢ trudc khi do cac
tinh chat dién héa cta pin.

Cac phép do dién hoa ctia dién cuc CNN danh
gid kha nang luu trit nang luong duoc thuc hién
trén hé dién héa Autolab PSGTAT100 ctia Ha Lan
tai Truong DPai hoc Su pham, Pai hoc Thai
Nguyén.

Céc phép do quét thé vong da chu ky, phong/
nap bing dong khong déi, téng trd ctia cell pin Li-
ion dugc tién hanh trén thiét bi BaSyTec CTS -
LAB (Puc), tai Vién Hoa hoc, Vien Han 1am Khoa
hoc va Cong nghé Viét Nam.
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Can vat li¢u theo ti 1& khéi
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Hinh 2. Quy trinh ché tao dién cic CNN

8. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Pic trung vat 1y, hoa ly ciia dién ciec CNN

Cac dac trung vat ly, hoa ly nhu: SEM, TEM,
EDX, TGA, XRD, raman, BET cuaa vat lieu CNN
duoc trinh bay chi tiét trong nghién cttu ctia Do va
cs (2024) [10].

3.2. Kha ning luu trit niang lieong ctia CNN

3.2.1. Quét thé vong da chu ky (CV)

bién cuc CNN duoc hoat hod bang quét thé
vong da chu ky véi van toc quét thé 10 - 100
mV/s. Sau 50 chu ky, dién cuc CNN lai tiép tuc
duoc quét CV dén 1.000 chu ky, véi van toc quét
thé 100 mV/s. Phép do CV duoc do trong khoang
thé tir - 0,7 dén 2,0 V. Khi van téc quét thé thay
déi tir 10 - 70 mV/s thi mat do dong nap tang dan
va mat do phong tang dan. Diéu nay ciing xay ra

tuong tu tai cac chu ky 10 - 50 khi gitt nguyén van
toc quét 100 mV/s (Hinh 3b). Tuy nhién, tai chu
ky 500 va 1.000 thi mat do dong nap va mat do
dong phong déu gidm (Hinh 3c). Ching toé dién
dung riéeng (C) cta dién cuc CNN giam dan theo
s6 chu ky phong nap.

Tw phuong phap CV tinh dugc dién dung
riéng cua dién cuc C (F/g) theo cong thic sau:
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Trong d6: m 1a khoi luong cua vat lieu CPD
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Hinh 3. (@) Phd CV ciia CNN véi van téc quét 10 - 100 mV/S; (b) Phd CV tai 10, 30, 50 chu ky; (c) Phd
CV tai 1, 500, 1.000 chu ky
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Hinh 3c cho thay, dién dung riéng ban dau cta
dién cuc CNN 1la 8,389 F/g, sau 500 chu ky phong
nap con 6,064 F/g, sau 1.000 chu ky phéng nap
con 5,483 F/g. Nhu vay, sau 500 chu ky, dién dung
rieng cia CNN con 72,28%, sau 1.000 chu ky con
65,35% so voi dién dung riéng & chu ky 1. Két qua
tinh duoc cho thdy, su hoat dong 6n dinh cta
CNN, dong thoi CNN c6 dién dung riéng cao hon
dién cuc CDCP & cung chu ky phéng nap [10].
bien cuc CDCP la dién cuc ché tao tir vat lieu
carbon tir than d4 Phan Mé, huyén Phu Luong,
tinh Thai Nguyén theo phuwong phap Hummer cai
tién, nhung st dung dung moi 1a butyl acetate,
chat két dinh polyvinyl alcohol (PVA), chat dan
dién la graphite, carbon nanotube. Dién cuc cé ty
1é khoi luong CDPC: Graphite: carbon nanotube:
chat két dinh PVA bang 70: 10: 10: 10 va dién cuc
sau khi ché tao khong nung & nhiét do 200°C trong
6 gio. Dien dung riéeng ban dau ctia dién cuc
CDPC 14 6,083 F/g, sau 500 chu ky phong nap con
4,738 F/g, sau 1.000 chu ky phong nap con 4,548
F/g [10].
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322 Phéng nap & ché do dong khong doi
(GCD)

Tién hanh do GCD véi mat do dong dién (J)
0,1 - 0,3 A/g, thoi gian 120 giay, dién ap 0,20V
0,45V. Hinh 4a cho thay, duong phéng, nap déu cé
hinh tam giac d6i xtng, chimg t6 CNN c6 kha
ning luu trit ning luong tot trén dién cuc thong
qua héap phu vat ly dé tao thanh cac lép dién tich
kép [10].

Tt phuong phiap GCD tinh dugc dién dung
riéeng cua CPD theo cong tgt’rc sau:

JAt
 Avm

Trong do: At 1a thoi gian phéng (s) va AV la
dién ap lam viéec (V).

Hinh 4b cho thdy, tai mat do dong bang 0,1
A/g, dién dung rieng (C) cia CNN la 253 F/g, tai
mat do dong bang 0,3 A/g thi C ctia CNN la 165
F/g. Gia tri C cta dién cuc CNN cao hon so véi
dién cuc CDCP [10] va kha cao so véi két qua cta
cac nghién ctu trudc day trong cac diéu kién
nghién cttu twong dong vé dung dich dién ly va
mat d6 dong dién phéng/nap (Bang 1).
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Hinh 4. (a) Két qua DCD & cac mat do dong khac nhau; (b) Pién dung riéng C (F/g) ciia CNN phu
thudc vao mat do dong J (A/g)
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Bing 1. So sanh dién dung riéng ctia CNN véi cic dién cuc nghién ciru trude day

Vat lieu Dung dich Mat do dong bién dung riéng Tai lieu
diéen ly phong/ F/2 tham khao
nap (A/g)
Nano gold xop [EMIM]BF, 0,14 79,1 [11]
NiO nanosheet KOH3M 0,5 81,67 [12]
Carbon hoat tinh KOH 6 M 0,2 266 [13]
(COYS)
Nano carbon x6p KOH 6 M 0,06 309 [14]
(PCNs)
Zn-HSC Zn(CF;S0,), 0,1 170 [15]
1M
Graphene pha tap KOH 6 M 0,5 197 [16]
Nitrogen
Graphene KOH 6 M 0,05 277 [17]
nanocapsules
(GNCs)
Carbon x6p ¢ KOH 6 M 1,0 170 [18]
nguédn goc tir than
da (CPCFs)
CDPC KOH 6 M 0,1 236 [10]
0,3 156
CNN KOH 6 M 0,1 253 Trong nghién ctu
0,3 165 nay

Bang 1 cho thdy, khi so sanh gi4 tri dién dung
riéng cta dién cuc CDPC va CNN cho thdy, chat
két dinh va dung méi hoa tan chat két dinh, nhiét
d6 nung trong qua trinh ché tao dién cuc ciing anh
huong dén dién dung riéng ctia dién cuc. Cung vat
litu nano carbon, cung chat din dién graphite:
Carbon nanotube, ty lé khéi luong cac chat phoi
tron giong nhau nhung dung dung moi N-
methylpyrrolidine, chat két dinh PVDF thi tinh
chat dién hoa ctia dién cuc CNN tot hon khi dung
dung moi butyl acetate, chat két dinh PVA. Co thé
la do chat két dinh PVDF, dung méi N-
methylpyrrolidine it bi hoa tan trong KOH 6M so
v6i chat két dinh PVA va dung moi butyl acetate.

3.2.3 Tong tro (EIS)

Do téng tré voi dién ap 0,02V, trong dai tan so
tr 100 kHz dén 0,01 H. Hinh 5a cho thay, duong
cong giao voi truc x phan anh dién tré (R) cia
dién cuc. R, bao gém dién trd, dién tré tiép xuc. O
ving tan s6 cao, ¢é hinh ban nguyét ro rang, dac
trung dién tré chuyén dich dién tich (R.). Tt so do
mach dién tuong duong & hinh 5b [19], tinh duoc

NONG NGHIEP VA PHAT TRIEN NONG THON - KY 2 - THANG 10/2024

R,=2,15 Q. Gia tri R, nho chung t6, dién cuc CNN
c6 kha nang luu trix, tich thoat nang luong tot.

———— cdl
20 /i

5 / Rs

a b

Hinh 5. (a). Phé Nyquist CNN; (b) So do
mach tuong duong ctia CNN [19]

3.3. Tinh chat dién héa cta cell pin Li-ion

331 Quétthé CV

Cell pin Li-ion sau khi ché tao duoc quét CV 10
chu ky véi van toc quét 30 mV/s, khoang quét thé
tir -1,0 dén 0 V trong trong dung dich LiPFg 1M.
Hinh 6a cho thdy, cac mat do dong am va dong
duong ting dan, cho thay ring dién cuc CNN c6
thé hoat dong tot trong cell pin Li - ion, c6 su khac
biét ro rang gitta cac chu ki tir 1 - 10. Ching té da

-Z"(Q)
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c6 su hinh thanh 16p dién ly ran giao pha (SEI)
trén bé mat dién cuc ctia pin. Lop SEI hinh thanh
ngan chan su phin huy cta vat lieu dién cuc
anode, giup 6n dinh dién cuc trong qua trinh hoat
dong.

3.3.2. Do GCD

Kha nang luu trie pin Li - on ctia dién cuc CNN
duoc danh gia bang phuwong phap GCD véi mat do
dong phong C/10; C/20 (C = 372 mAh/g), trong
vung thé 1,5 - 3,3V (so véi Li*/Li). Két qua dung
lwong phong dién cua cell pin Li-ion & mat do dong
C/10 va C/20 duoc thé hién trén hinh 6b. Hinh 6b
cho thdy, dung luong rieng (Q) cta pin Li<ion tai
mat do dong tiéu chudn C/10 1a 306,0 mAh/g, tai
mat do dong C/20 1a 435,5 mAh/g. Két qua tinh
dung luwong riéng cua cell pin Li-ion c6 anode la
CNN cao hon dung luong riéng cta cell pin Li-ion
c6 anode ché tao tir than da Anthracite (Vang
Danh, tinh Quang Ninh) do Nguyén Thi Thay
Hang va cs [2023] nghién ctu (dung luong riéng
la 286,3 mAh/g tai C/10) [9], cao hon dung luong

riéng cua pin Li-ion c6 dién cuc anode tir than chi
ché tao tir than anthracite do Wang va cs (2020)
nghién cttu (dung luong riéng bang 337,2 mAh/g
tai C/20) [20]. Tuy nhién so vé6i pin Li - ion co
anode ché tao tir than d4 hoat héa bing NaCl,
Na,CO; c6 dung luong rieng bang 450,0 mAh/g
[21] thi dung luwong ctia cell pin Li - ion c6 anode la
CNN van thap hon.

3.3.3 Do tong tré

Do tdng trd voi dién ap 0,02V, trong dai tan so
tir 100 kHz dén 0,01 H. Hinh 6¢ cho thay, cell pin Li
- jon sau khi phong dién c6 dién tré chuyén
dién tich R, (hinh ban nguyét trong phd Nyquist)
nho hon rat nhiéu so voi R, ctia pin trude khi phong
dién. Piéu nay cho thdy, sau khi phong dién thi
dién cuc anode CNN hoat dong tré nén 6n dinh
hon, su tiép xuc giita bé mat vat lieu va dung dich
chat dién ly ciing tot hon. Cac vi tri hoat hoa & trén
bé mat vat lieu CNN ciing trd nén “hoat dong hon”
trong co ché luu trir ion lithium kiéu xen ke [9, 10].
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Hinh 6. (a): Phd CV pin Li<ion & 10 chu ki; (b): Dung ltong phong dién ctia pin Li - ion & mat 6 dong
C/10 va C/20; (c): Pho Nyquist trudc va sau phong dién ciia pin Li - ion

4. KET LUAN

bién cuc CNN ché tao tir nano carbon véi chat
két dinh Polyme Polyvinylidene fluoride (PVDF),
dung moi N-methylpyrrolidine, chat dan dien la
graphite va carbon nanotube c6 kha nang tich trix
nang luong tot, voi kha nang duy tri dién dung
65,35% sau 1.000 CV phong nap, C bing 253 F/g &
mat do dong 0,1A/g.

ba lap ghép dien cuc CNN thanh anode trong
cell pin Li - ion, dién cuc anode CNN c¢6 kha nang
lwu trit tot ion lithium Dung luong riéng cta cell
pin Li-ion tai mat do6 dong tiéu chuan C/10 1a 306,0
mAh/g, tai C/20 1a 435,5 mAh/g. Cac két qua trén

budc dau cho thdy, cé thé sit dung CNN lam anode
trong pin Li-ion.
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Summary

This study examines the fabrication and performance of electrodes constructed from coal-derived
carbon nanotubes (CNN electrodes). These electrodes demonstrate excellent stability,
maintaining 65.35% of their initial capacitance after 1000 cyclic voltammetry (CV) cycles. The
specific capacitance, measured by the charge-discharge method, is 253 F/g at a current density
of 0.1 A/g. Electrochemical impedance spectroscopy reveals the CNN electrodes’ high
conductivity, with a low charge transfer resistance (Rct) of 2.15 Q. When assembled as anodes in
lithium-ion batteries, the CNN electrodes show significant Li+ ion storage capabilities. At
standard current densities of C/10 and C/20, the specific capacities are 306.0 mAh/g and 435.5
mAh/g, respectively. These results highlight the potential of coal-derived nano carbon electrodes
for energy storage applications, demonstrating high stability, excellent capacitance, low
resistance, and promising lithium-ion storage capability. Further research could focus on
optimizing the fabrication process and exploring additional applications for these novel electrode
materials.
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