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This study has fabricated PC (porous carbon) carbon nanomaterials from
Vang Danh anthracite coal, Quang Ninh by hydrothermal method
combined with ZnCl, activation. The porous material, size 10-20 nm,
specific surface area was 510 m%g, C content accounted for 80.59%, O
accounted for 14.13% by mass. The ratio of porous carbon
nanomaterial: graphite: carbon nanotube: Polyvinylidene fluoride
(PVDF) polymer was chosen as 70:10:10:10, pressing force of 5 tons,
electrode drying temperature of 250 °C was optimal for the process of
fabricating anode electrodes. LiPFg 1M solution mixed in solvent with
volume ratio EC: DEC: DMC equal to 1:1:1 in the composition of the
electrode reduced the mass loss of the electrode and increased the
explosion-proof ability of the electrode. The pressing force of 5 tons
has the best compressive strength and hardness. Results showed that
PC electrode worked well and stably with the ability to maintain
capacitance of 55.65% after 900 cycles.
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Nghién ctru nay da ché tao vat liéu nano carbon PC (porous carbon) tir
than da anthracite Vang Danh, Quang Ninh bang phwong phép thuy
nhiét két hop hoat hoa ZnCl,. Vat liéu x6p, kich thudc 10-20 nm, dién
tich bé mit riéng 1a 510 m%g, ham luong C chiém 80,59 %, O chiém
14,13% vé khéi luong. Nghién ctru di Iya chon ti 1¢ vat liéu nano
carbon xop : graphite : carbon nanotube : Polyme Polyvinylidene
fluoride (PVDF) bang 70:10:10:10, luc ép 5 tan, nhiét do siy dién cuc
250 °C t6i wu cho qué trinh ché tao dién cuc anode. Dung dich LiPFg
IM pha trong dung mdi theo ty 1& vé thé tich EC: DEC : DMC bang
1:1:1 ¢o trong thanh phan cua dién cyc da giam sy mat khéi lugng cua
dién cyc va tang kha ning chong chay n cua dién cuc. Két qua nghién
ctru cho thay dién cuc PC lam viéc tt, 6n dinh véi kha nang duy tri
dién dung la 55,65 % sau 900 chu ky.
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1. Giei thiéu

Mot trong nhitng tinh chat quan trong nhat cua carbon x6p 1a dién tich bé mat riéng (SSA, tinh
bang m?g™) thuong c6 xu huéng tang khi nhiét do nhiét phan tang, do d6 thong so nhiét phan la
yéu t c6 anh huong rong rai dé dat duogc cac gia tri SSA cao hon [1] — [3]. Dé phat trién hiéu qua
cac vat liéu carbon xdp, budc hoat héa 1a rit quan trong dé thu duqc cac vat liéu co gia tri SSA
cao. Qua trinh hoat héa co thé 1a vat 1y va/hodc hoa hoc c6 thé dién ra trong qua trinh nhiét phan
theo quy trinh mot hoic hai giai doan. Pdi véi qua trinh hoat héa héa hoc, vat liéu phai dugc tron
VGi cac hoa chat va cac hoa chit thuong dugc sir dung nhéat 1a ZnCl,, KOH, NaOH, HsPO,,
K,CO; va FeCls, v.v. [4], [5]. Tom lai, cac vat liéu carbon d& diéu chinh dudng nhu 13 thé hé tiép
theo cua cac (tng ctr vién anode ¢6 mat do nang lugng cao cho pin Li-ion. Than da 1a mét loai
nhién liéu hoa thach tuong ty nhu khi d6t tu nhién va dau mo, & dang da ran. Than dugc hinh
thanh bang cach tich ty cic manh vun thyc vat trong cac dam Iay Qua trinh nay keéo dai hang
nghin nam. Thanh phan chinh cua than da 1a carbon va mot sb nguyén t6 khac nhu: hydrogen,
oxygen, nitrogen, sulfur. Chinh vi vay n6 dugc 1am nguyén liéu dé ché tao vat liéu carbon [6] —
[9]. Thuy nhiét 12 mot trong cac phwong phap dwoc lya chon dé ché tao vat liéu nano. Ngoai ra
cac nha khoa hoc thuong hoat hoa than d4 bang cac tac nhan hoa hoc nhu axit, base hodc muébi.
Tuy nhién cho dén hién nay chua c6 cong trinh nao trén thé giGi ché tao vat liéu nano carbon di
tir than d4 bang phuong phap thity nhiét két hop voi hoat hoa bang ZnCl,. Chinh vi vay, trong bai
b4o nay ching t6i ché tao vat liéu nano carbon tir than da Anthracite Vang Danh, Quang Ninh c6
dién tich bé mat I6n, nghién ctru quy trinh ché tao dién cuc, budc dau danh gia kha ning chong
chay no, tich thoat cuia dién cuc dé dinh huéng ung dung lam anode trong pin Li-ion.

2. Phwong phap nghién ciu
2.1. Hod chit

Than da Anthracite Vang Danh (Quang Ninh) duoc sir dung lam nguyén liéu dau vao. Hoa
chat ZnCl, (hang Merck, do tinh khiét 99%), cting véi cac thanh phan khac bao gdm graphite,
carbon nanotube, dung mdi N-methylpyrrolidine, chat két dinh Polyme polyvinylidene fluoride
(PVDF), ludi Ni xdp, dung dich dién ly thuong mai LiPFs 1 M trong hdn hop dung moéi ethylene
carbonate:dimethyl carbonate:diethyl carbonate (EC:DMC:DEC) theo ty ¢ 1:1:1 xuat xi hang
Trung Quéc.

2.2. Tong hep vit ligu nano carbon

Ché tao vat liéu nano carbon tir than d4 Anthracite (CD) bang phwong phap thuy nhiét két hop
vai hoat hoa ZnCl; theo quy trinh d@ nghién ctru nhu sau:

Budc 1: 15,0 g than d4 Anthracite va 200 mL nudc cit duge dua vao binh Autoclave, dua vao
16 nung & nhiét do 200 °C trong 6 gio. Sau d6 binh Autoclave duge dé ngudi dén nhiét do phong,
san pham duoc loc va rira bang nudc cat nhiéu lan, rdi siy kho ¢ 110 °C trong 24 gio.

Budéc 2: Lay 15 gam than da da duoc thuy nhiét & bude 1 va 5 gam ZnCl, tron déu trong 12
gio. Sau d6 dem nung & 900 °C, trong 6 gid, mdi truong khi Ny, rdi ¢é mau ngudi ty nhién. Mau
dugc lac déu va ngam trong dung dich HCI 0,1 M tur 1- 2 gio, sau d6 rtra lai nhiéu lan béng dung
dich HC1 0,05 M. Sau d6, san phiam duoc dun séi trong nudc cit khoang 10 phat va tlep tuc ria
bang nude cat & nhiét d phong cho dén khi nudc rira c6 moi truong trung tinh. Cudi cing, san
pham d rira dugc siy kho ¢ 100 °C trong khoang 24 gio. Vat liéu sau khi ché tao dugc ky higu 1a
PC (porous carbon).

2.3. Pdnh gid tinh chat ciia vt ligu PC

Xac dinh dac diém hinh thai bé mit, hinh dang, kich thudc cua vat ligu PC sir dung phuong
phap kinh hlen vi dién tir quét SEM do trén thiét bi MS-7001F (Jeol, Tokyo, J apan) va kinh hién
vi dién to truyen qua TEM trén thiét bi TECNAI G2 20 van hanh véi hiéu dién thé 200 kV. Dé
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xéac dinh ciu trac vat liéu PC, phép do nhidu xa Ronghen XRD dé dugc thyc hién trén thiét bi
SIMENS D-5005. Thiét bi do 1a D8 Advance (Bruker, Ptic) ong phat CuK-alpha 40kV 40mA,
detector nhap nhay Nal va phd tan xa Raman trén thiét bi may quang phd Micro-Raman LAB
RAM-1B cua héang Jobin - Yvon (Phap). Dé x4c dinh thanh phan, vat liéu PC duoc do phd tan
sdc nang luong tia X (EDS) tich hop cung thiét bi do SEM. Su thay d6i khdi lugng ciia PC ting
VGi cac qua trinh bién doi xay ra & mot nhiét do xac dinh dugc xac dinh bang phuong phap phan
tich nhiét trén thiét b Labsys TGA 1600, Setaram - Phap. Nhom chue bé mat cua PC duge xac
dinh bang pho hong ngoai FT-IR trén thiét bi Simadzu — Nhat Ban. Dién tich bé mit riéng ctia PC
dugc xac dinh trén thiét bj Tri Star 3000 V6.07 ctia hang Micromeritics (My).

2.4. Ché tao dién cuc

Can vat liéu PC, chat phu gia (chat dan dién graphite, chat dan dién carbon nanotube), chat két
dinh Polyme Polyvinylidene fluoride (PVDF) theo ti 1¢ khéi lugng PC : graphite : carbon
nanotube : chat két dinh PVDF bang 70 : 10 : 10 : 10. Cho cac chat nay vao coi ma ndo va tron
déu. Sau d6 cho tir tir dung moi N-methylpyrrolidine dé hoa tan chat két dinh PVDF, tron déu
hén hop vat liéu dén dang sét nhu hd. HONn hop hd duoc trai 1én hai mat 14 nickel c6 duong kinh 1
cm va can mong (c6 do day 16p mang mong 1a 200 um), rdi ép voi luc ép 5 tin trong vong 5 phit
trén may €p thuy lyc (Trung tdm Thi nghiém - Thyc hanh - Truong Dai hoc Khoa hoc - Dai hoc
Thai Nguyén). Bién cuc sau d6 sdy kho trong tu siy chan khong ¢ 250 °C trong thoi gian 6 gio.
Sau do, dién cuc dugc ngam trong dung dich KOH 6M trong 12 gio dé do dién hoa.

Pién cuc ky hiéu PC1 ché tao gidng nhu trén. Dién cuc PC2 c6 ti 1¢ thanh phan dién cuc 1a
khdi lwong vat liéu nano carbon PC: carbon nanotube: chat két dinh PVDF bang 80 : 10 : 10,
khong c6 chét dan dién graphite, dé nghién ctru anh huéng cua thanh phan dién cuc dén kha ning
luu tri, tich thoat nang lwong cua dién cuc. Cac dién cuc PC100, PC200 va PC250 dugc ché tao
dé nghién ctru anh huong cua nhiét do say dén kha nang luu trir va tich thoat nang luong. Quy
trinh ché tao twong tu nhu dién cuc PC, nhung khac biét & didu kién sdy sau khi ép. Cu thé, dién
cuc PC100 duoc siy & 100 °C trong 6 gio, PC200 duoc sdy & 200 °C trong 6 gio, va PC250 duoc
sdy ¢ 250 °C trong 6 gio. Dién cuc PC3; PC4; PC5; PC6; PC7 Véi cac luc ép thay ddi 1a 3, 4, 5,
6, 7 tin dé nghién ciru anh huong cua luc ép dén tinh chét dién hoa cua vat lidu. Bién cuc PC5A
ché tao gidng dién cuc PC1. Pién cuc PC5A va dién cuc PC5 duoc ngam trong dung dich LiPFg
1M pha trong dung méi theo ty 1& vé thé tich EC: DEC : DMC bang 1:1:1 trong 24 gid dé nghién
ctru kha niang chay nd cua chat dién ly LiPFg 1M trong dién cuc bang phuwong phap phan tich
nhiét trén thiét bi Labsys TGA 1600 (hing Setaram — Phap) tai Khoa Hoa hoc, Truong Pai hoc
Khoa hoc Tu nhién - Pai hoc Quéc gia - Ha Noi.

3. Két qua va thao luan

3.1. Khdo sdt diic trung héa Iy, diic diém bé mdt cia vt ligu PC

IMS-NKL 5.0kV 6.1mm x100k SE(M)

(@)
Hinh 1. (a) Anh SEM va (b) anh TEM cuia vt ligu PC

Két qua chup anh SEM, TEM (Hinh 1) cho thay vat liéu PC ciu tric xop gom cdc nanoplate
c6 kich thudc rong khoang 15-20 nm. Két qua phan tich EDX (Hinh 2a) cho thay vat liéu co6
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thanh phan chu yeu 1a C chiém 80,59% vé khéi lwong, O chiém 14,13% khdi luong; ngoai ra con
IAn mot s6 tap chat khac nhu Mg, Al Si, S, K, Ca, Fe. Tuy nhién, ham lugng cac nguyén t nay
rat nho, khong dang ké.

Cuwdng d6 (d.v.ty)

keV 20 (d9)
@) (b)
Hinh 2. (a) Phé EDX va (b) Phé XRD cua vt liéu PC

Gian d6 XRD (Hinh 2b) duoc lap trén thé chuan (PCPDF sé: 89-8487) cho thiy PC c6 dinh
nhiéu xa (002) & goc 20 = 24,5° tuong tng Véi carbon v dinh hinh va dinh nhiéu xa (001) & goc
20 =43° tuong ng VGi cau tric graphite. Do d6, mau c6 cdu triic carbon v6 dinh hinh va graphite
[10], [11]. C4u trac nhiéu 16p cua graphite cho phép pin lithium xen k& (truot giita cac 16p). biéu
nay c6 nghia 1a cac ion lithium tir anode caa pin di chuyén dén cuc cathode graphite va nam gitra
cac lop cua né khi pin nap. Trong qua trinh phong, cac ion nay di chuyén tro lai anode, giai
phong nang luong trong qua trinh nay. Dac diém cuia cau trac graphite ciing dugc khang dinh
thong qua do phé Raman. Hinh 3a va Hinh 3b cho thiy ca vat liéu CD va PC tai dinh G (1592
cm™) biéu thi dao dong kéo dai trong mit phang cia C=C, gia tri nay dich chuyén s song 16n
hon so voi cua graphite (1570 cm™) bai su oxi hoa graphite. Tai dinh D (1349 cm™) dic rung
cho sy hinh thanh khuyét tat & cac canh carbon lai héa sp®. Mat khac ¢ dinh 2D (2945 cm™), pic
nay rat nho & CP 1a do su pha v& cac 16p trat tu stacking (stacking order) [12]. Nhu vy ¢6 thé
thay, qué trinh hoat hoa CD thanh PC bang ZnCl, di béc tach cic mat phang cua graphite tao
thanh cac graphite va sau d6 bi oxi hoa thanh graphene oxide. Diéu nay cho thay vat liéu PC s&
cung Cap nhiéu ning lwong hon, cac vi tri phan tng dién hoa va cai thién téc d6 phan tng xay ra
trén bé mat vat lidu va do d6 1am ting kha nang luu trir cong suét cua pin Li-ion. Con than cbc
CD dinh 2D (2945 cm’ ) c¢6 dinh nhon, nén cao va sic nét cho thay su hién dién cua nhiéu canh
va khuyét tat hon trong cu trac vi mé ctiia CD; hay no6i cach khac 1a CD c6 céu trac tinh thé chua
trat tu nhu vat liéu PC sau khi duoc hoat hoa bang ZnCl,.
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Hinh 3. Phé Raman cua vat ligu (a) CD va (b) PC
Két qua phd FT-IR cua PC trén Hinh 4a cho thiy van phé ¢ 1950,12 cm™* duoc gan dao dong
C=0 cua este béo no va cacboxylic. Van phé c6 cuong do manh tai 1646,32 cm™ duogc gan cho
dao dong cta nhém C=0, van phd 1541,19, 1510,33 va 1457,28 cm™ c6 thé 1a do dao dong kéo
dai ciia C=C trong chét hitu co [13]. Cac dai hap thu ¢ 1100 cm™ lién quan dén dao dong hoa tri
C-O trong acid, rugu, phenol, ether va/hodc nhom ester. Két qua nay ciing cho thay vat liéu co
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thanh phan chu yéu 1a carbon. Két qua phan tich phd hong ngoai FT-IR cho thay phi hop véi két
qua phan tich EDX thanh phan chinh ciia vat liéu 1a C va O. Hinh 4b 1a duong hap phu va gidi hap phu
dang nhiét nitrogen cua PC cho thay PC c6 kich thuéc mao quan trung binh 1a chu yéu. Than la
nhitng chét xop c6 nhiéu loai 15 réng khac nhau, tir 15 réng 16n (> 50 nm) dén 1 réng trung binh
(2-50 nm), va doi khi 1a mot s6 luong nho 16 r5ng vi mo (< 2 nm) tuy thudc vao qua trinh hoat
hoéa [13]. Hinh 4b duong dang nhiét hiap phu va nha hap phu nitrogen di tinh dwoc dién tich bé
mit riéng ciia PC 14 510,00 m?/g cao hon nhiéu so véi vat liégu CDPC ché tao tir than d4 bitum
ciia mo than Phan M@ - Thai Nguyén theo phuong phap Hummer cai tién (33,06 m?/g) [6]. Tur
cac két qua trén cho thay di ché tao thanh céng vat liéu carbon xdp PC tir CD.

100

o 180
W 'V""r “‘w /‘\

28 ' \ “L = 170 4
g b4 =
3 ot | \\ B [

S 96 - L | = 160
3 |15 2 | £
e o | = = | o

S 94 33 s 25 Fl
3 22 2 =
& & ~ o

©- L2 140
@ 924 E
2

| § 130
20 &
-

120

88 | . v v . v . ; v ; 0.0 02 0.4 06 08 10
2400 2200 2000 1800 1600 1400 1200 1000 800 600
sé séng (cm-) Ap suét twong déi (PIP°)
(@) (b)

Hinh 4. (a) Phé hong ngogi FT-IR va (b) Puong ddang nhiét hap phu - giai hdp phu nitrogen cua vat ligu PC

3.2. Nghién ciu dnh hwong cia thanh phan vat liéu, lwc ép, nhigt dp sdy dén khd ning luu
triz, tich thodt nang lweng cia vdt ligu nano carbon

Tién hanh do quét thé vong da chu ky véi hé 3 dién cuc gom dién cuc 1am viée 1a PC, dién
cuc ddi Pt, dién cuc so sanh 1a silver clorua trong dung dich KOH 6M, khoang quét thé tir -1,0
dén 0, tbc do quét thé 1a 100 mV/s. Anh huéng caa thanh phan vat liéu dén tinh chat cua dién cuc
PC1, PC2 duoc thé hién trén Hinh 5a. Cé thé thiy rang thanh phan vat liéu c6 anh kha nang luu
trix, tich thoat niang lwong cua vat liéu nano carbon. Cu thé dién cuc PC1 phd CV to, rong hon
hon duong CV cua dién cuc PC2. Gia tri mat do dong duong va dong am cua dién cuc PC1 16n
hon PC2. Do d6, chiing t6i Iya chon thanh phan vat liéu dién cuc téi wu 1a khéi lwong vat liéu
nano carbon PC : graphite : carbon nanotube : chat két dinh PVDF bang 70 : 10 : 10 : 10.

Anh huong cua luc ép dén tinh chét dién hoa cua dién cuc PC3; PC4; PC5; PC6; PC7 duoc
thé hién trén Hinh 5b. Két qua nay cho thay phd CV cua dién cuc PC5 to, rong, gia tri mat do
dong duong, mét d6 dong am 16n hon cac dién cuc PC3, PC4, PC6, PC7, do d6 ching t6i chon
luc ép t6i wu cho qua trinh ché tao dién cuc 1a 5 tn.

0.4 4 ‘

0.2+

0.6 0.4 02 0.0 0.6 0.4 02 0.0
E (Vvs.Ag/AgCl) E (Vvs.Ag/AgCl)

@) (b)
Hinh 5. (a) Phé CV ¢ ciia dién cuc PC1, PC2 ¢ 100 chu ky;
(b) CV cuia dién cuc PC3; PC4; PC5; PC6; PC7 ¢ 100 chu ky
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Hinh 6. (@) Phé CV ciia dién cuc PC100; PC 200; PC 250 ¢ 100 chu ky;
(b) Két qua do phan tich nhiét cua vdt liéu PC c¢6 ngam trong dung dich LiPFg

Két qua nghién ctru anh huong cua nhiét do siy dén kha ning luu trit, tich thoat ning luong
cua dién cuc dugc thé hién trén Hinh 6a. Nhiét d6 siy dién cuc c6 anh hudng dén tinh chat luu
trix, tich thoat ning luogng caa dién cuc, khi nhiét do sdy ting thi mat d6 dong phéng va dong nap
cling tang (Hinh 6a). Tuy nhién khi ting nhiét d¢ sdy 1én 300 °C thi dién cuc bi bo ra khi ngdm
trong dung dich KOH 6M. Do d6, nhiét o say téi uu dugc chon cho qué trinh ché tao dién cuc 1a
250 °C.

3.3. Nghién ciru khd néing chong chdy né cia chdt dign ly LiPFg 1M trong dién cuc

Két qua do kha nang chéng chdy nd cua vat ligu PC khong ngdm, dién cuc PC5 va PCAS
ngam dung dich LiPFg 1M pha trong dung moi theo ty 1€ vé thé tich EC: DEC : DMC bang 1:1:1
thoi gian 24 gio dugc chi ra trén Hinh 6b dén Hinh 7.
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Hinh 7. Két qua do phan tlch nhiét cua dién cuc PC5A4 (a) va PCS5 (b) ngdm trong dung dich LiPFg

D6 vat liéu 1én 2 mat tdm Ni
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k. =0
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Carbon
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Hinh 8. Quy trinh ché tao dién cuc PC
Két qua phén tich nhi€t vat liéu PC (c6 thém dung dich LiPFes 1M pha trong dung mdi theo ty
I& vé thé tich EC : DEC : DMC bang 1:1:1) cho thay trén duong TG & nhiét do 222,69 °C tuwong
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g véi do giam khdi lugng cua vat ligu PC 1a 45,32%. Hinh 7a 1a két qua phan tich nhiét cua
dién cyc CP5A c6 ngam dung dich LiPFg 1M cho thay trén duong TG trong khoang nhiét do tir
158,90 °C dén 384,46 °C twong tng voi o giam khdi luong 1a 21,1%. Hinh 7b 13 két qua phan
tich nhiét dién cuc PC5 c6 thém dung dich LiPFg 1M cho thay trén duong TG trong khoang nhiét
d6 khao sat tir 170,14 °C dén 378,13 °C tuwong ung véi do giam khdi luong 1a 15,78%. Tir két qua
phan tich trén Hinh 6b va Hinh 7 cho thiy dién cuc sau khi ché tao c6 thém dung dich LiPFg co
trong thanh phan cia dién cuc da giam sy mat khéi luong cua dién cuc PCSA va PC5. Diéu nay
¢6 thé duogc giai thich 1a dién cyuc sau khi ché tao thanh phan, tinh chat thay di so véi vat liéu PC
ban dau. Chinh vi vay, dung dich LiPFg c6 trong thanh phan dién cuc dd khuéch tan sau vao trong
vat liéu nano carbon xdp va lam giam sy mét khéi luong, ting d bén cua dién cuc hay lam ting
kha ning chong chay nd cua dién cuc. Sy mat khéi luong dién cuc PC5 c6 nho hon PC5A cho
thiy dién cuc PC5 bén va kha ning chéng chay nd tét hon dién cuc PC5A. Tir d6 chung t6i rit
ra quy trinh ché tao dién cuc PC nhu Hinh 8.

3.4. Két qud do khd nang luu triz, tich thodt ning lwong ciia di¢n cuc PC
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Hinh 9. (a) Két qua do phé CV dién cuc PC véi v = (20 -100 mV/S); (b) CV tai cdc chu ky 10, 100
voi v =100 mV/s; (c) CV tai cdc chu ky 10, 900 vdi v= 100 mV/s

Dé danh gia nhanh kha ning luu trit, tich thoat ning luong cua dién cuc PC, phuong phap
quét thé vong da chu ky CV dugc st dung. Dién cuc sau khi ché tao dugc hoat héa CV vai toe do
quét thé thay d6i 20, 50, 70, 100 mV/s, khoang quét thé - 0,6 dén 0 V/SCE trong dung dich KOH
6M. Sau d6 duoc hoat hoa 50 chu ky, khi dién cuc PC hoat dong 6n dinh tiép tuc quét CV dén
900 chu ky, téc d6 quét 100 mV/S, khoang quét thé - 0,6 dén 0 V/SCE trong dung dich KOH 6M.
Két qua do phd CV & céc toe do quét cac nhau cua dién cuc PC dugc trinh bay trén Hinh 9a. Tir
céc phd CV & Hinh 9a cho thiy khong c6 cac van pic phan tng phu, chi c6 duong nap dién va
duong phong dién. Khi téc do quét thé ting thi mat d6 dong nap (gia tri duong), mét d6 phong
(gi4 tri 4m) ting dan. Piéu nay cho thay dién cuc PC co tinh thuan nghich cao. Két qua Hinh 9b
cho thay pho CV dién cuc PC véi tée do quét thé 100 mV/s & 10, 20, 30, 40 va 50 chu ki, mat do
dong nap (gia tri duong), mat do phong (gi4 tri 4m) ting dan theo chu ky phong nap. Diéu nay ¢
thé duoc giai thich la khi moi bit diu qué trinh phan tng thi dién cyc PC can phai c¢é thoi gian
thim w6t dé dung dich chat dién Iy KOH c6 thé di vao trong céu trac x6p PC va hoat hoa cac vi
tri phan tng ciing nhu loai bo cac tap chat néu con, giai doan nay con goi 1a giai doan hoat hoa
dién cuc. Két qua Hinh 9¢ cho théy sau cac chu ky CV hoat héa dién cuc thi mat d6 dong nap va
mat do dong phong & chu ky 900 déu giam. Piéu nay chung té dién dung cua dién cuc PC giam
dan theo sb chu ky phong nap. Két qua tinh dién dung riéng cta dién cuc ¢ chu ky dau tién 1a
9,026, ¢ chu ky 900 1a 5,023 F/g. Nhu vay, sau 900 chu ky phéng nap dién dung riéng cua PC
giam con 55,65% so v6i dién dung riéng ban dau. So véi dién cuc CDPC ché tao tir than d4 cua
mo than Phan M& - Thai Nguyén theo phuong phap Hummer cai tién thi dién dung riéng ctia dién
cuc PC ché tao theo phuong phép thuy nhiét két hop hoat hoa KOH cao hon [6].
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4. Két luan

Nghién ctru nay di ché tao thanh cong vat liéu nano carbon PC tir than da Anthracite Vang
Danh, Quang Ninh bang phuong phap thuy nhiét két hop hoat hoa ZnCl,. Vit ligu co cau triic
x6p gom céc nanoplate ¢6 kich thuoc rong khoang 15-20 nm, dién tich bé mat riéng 1a 510.00

m?/g, ham lugng C chiém 80,59%, O chiém 14,13% vé khdi lwong. Nghién ciru di Iya chon duoc
ti 1¢ vat liéu nano carbon xép PC : graphite : carbon nanotube : Polyme Polyvinylidene fluoride
(PVDF) bang 70:10:10:10, luc ép 5 tan, nhiét d6 siy dién cuc 250 °C ti wru cho qua trinh ché tao
dién cuc anode. Dung dich LiPFg c6 trong thanh phan cua dién cuc da giam sy mat khéi luong
cua dién cyc va ting kha nang chong chay nd cua dién cuc. Pién cuc PC lam viéc tét, 6n dinh véi
kha ning duy tri dién dung 14 55,65% sau 900 chu ky phong nap. Cac két qua trén bude dau cho
thdy c6 thé sir dung PC 1am anode trong pin Li-ion.

TAI LIEU THAM KHAO/ REFERENCES

[1] M. Guy, M. Mathieu, I. P. Anastopoulos, M. G. Martinez, F. Rousseau, G. L. Dotto, H. P. de Oliveira,
E. C. Lima, M. Thyrel, S. H. Larsson, and G. S. dos Reis, “Process Parameters Optimizati.on,
Characterization, and Application of KOH-Activated Norway Spruce Bark Graphitic Biochars for
Efficient Azo Dye Adsorption,” Molecules, vol. 27, 2022, Art. no. 456.

[2] C. Bouchelta, M. S. Medjram, M. Zoubida, F. A. Chekkat, N. Ramdane, and J. P. Bellat, “Effects of
Pyrolysis Conditions on the Porous Structure Development of Date Pits Activated Carbon,” J. Anal.
Appl. Pyrolysis, vol. 94, pp. 215-222, 2012.

[3] M. Ahmad, S. S. Lee, X. Dou, D. Mohan, J. K. Sung, J. E. Yang, and Y. S. Ok, “Effects of Pyrolysis
Temperature on Soybean Stover- and Peanut Shell-Derived Biochar Properties and TCE Adsorption in
Water,” Bioresour. Technol., vol. 118, pp. 536-544, 2012.

[4] G. S. dosReis, S. H. Larsson, M. Thyrel, T. N. Pham, E. C. Lima, H. P. de Oliveira, and G. L. Dotto,
“Preparation and Application of Efficient Biobased Carbon Adsorbents Prepared from Spruce Bark
Residues for Efficient Removal of Reactive Dyes and Colors from Synthetic Effluents,” Coatings, vol.
11, 2021, Art. no. 772.

[5] G.S. dos Reis, M. Guy, M. Mathieu, M. Jebrane, E. C. Lima, M. Thyrel, G. L. Dotto, and S. H. Larsson,
“A Comparative Study of Chemical Treatment by MgCl,, ZnSO,, ZnCl,, and KOH on Physicochemical
Properties and Acetaminophen Adsorption Performance of Biobased Porous Materials from Tree Bark
Residues,” Colloids Surf. A Physicochem. Eng. Asp, vol. 642, 2022, Art. no. 128626.

[6] T. H. Do, V. T. Nguyen, T. N. Nguyen, X. L. Ha, Q. D. Nguyen, and T. K. N. Tran, “Synthesis of
Porous Carbon Nanomaterials from Vietnamese Coal: Fabrication and Energy Storage Investigations,”
Appl. Sci., vol. 14, 2024, Art. no. 965, doi: 10.3390/app14030965.

[7]1 G.Qin, Z. Jia, S. Y. Sun, H. Wu, K. Hu, D. Liu, Y. Gao, and J. Chen, “Carbon-Coated Si Nanosheets
as Anode Materials for High Performance Lithium-lon Batteries,” ACS Appl. Nano Mater, vol. 7, pp.
7595-7604, 2024, doi: 10.1021/acsanm.4c00264.

[8] Y. Liu, X. Guo, X. Tian, and Z. Liu, “Coal-Based Semicoke-Derived Carbon Anode Materials with
Tunable Microcrystalline Structure for Fast Lithium-lon Storage,” Nanomaterials, vol. 12, 2022, Art.
no. 4067.

[9] P. U. Nzereogu, A. D. Omah, and F. 1. Ezema, “Anode materials for lithium-ion batteries: A review,”
Applied Surface Science Advances, vol. 9, 2022, Art. no. 100233.

[10]M. Dopita, M. Rudolph, A. Salomon, M. Emmel, C. G. Aneziris, and D. Rafaja, “Simulations of X-
Ray Scattering on Two-Dimensional, Graphitic and Turbostratic Carbon Structures,” Advanced
Engineering Materials, vol. 15, no. 12, pp. 1280-1291, 2013.

[11]F. Bonhomme, J. C. Lasségues, and L. Servant, “Raman Spectroelectrochemistry of a Carbon
Supercapacitor,” J. Electrochem. Soc., vol. 148, pp. E450-E458, 2001.

[12] S. E. Lee, J. H. Kim, Y. S. Lee, B. C. Bai, and J. S. Im, “Effect of crystallinity and particle size on
coke-based anode for lithium ion batteries,” Carbon Letters, vol. 31, pp. 911-920, 2020.

[13]S. Husien, R. M. Eltaweel, A. I. Salim, I. S Fahim, L. A. Said, and A. G. Radwan, “Review of
activated carbon adsorbent material for textile dyes removal: Preparation, and modeling,” Curr. Re.
Green Sustainable Chem., vol. 5, 2022, Art. no. 100325, doi: 10.1016/j.crgsc.2022.100325.

http://jst.tnu.edu.vn 226 Email: jst@tnu.edu.vn


https://doi.org/10.3390/app14030965

