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TOM TAT

Nghién cliu nay khao sat cau tric vat liéu than anthracite (ATC) khai thac t& mo than Vang Danh
- Quang Ninh va kha nang Ung dung lam dién cuc am cho pin sac Li-ion. Sau khi dugc xt Iy hoa
hoc loai b tap chat, vat liéu ATC dugc nung & 800 °C, 1000 °C va 1200 °C trong 2 gid, 3 gic va 4
gid. K&t qua hién vi dién tir quét (SEM) cho théy cac hat ATC cé hinh khéi da dién va c6 goc canh,
ddc trung cho cau trdc cta than ATC. Sau qua trinh xU ly hda hoc, cac tap chdt trong ATC gidm di
déang ké, dac biét 1a cac hap chat kim loai. Ham lugng carbon c6 trong than tang tir 78,91% & mau
thé lén dén 86,94% & mau xtr ly hda hoc. Vé cdu tric, phd Raman cho ty 1& Ap/Ag gidm dan khi
tang nhiét dé va tang thai gian nung mau, vi vay dé mat trat tu cia mau I6n hon khi nung & nhiét
do6 thap va thai gian ngan. Bén canh do, khoang cach gitra cac I6p hydrocarbon thom (dggz) trong
vung tinh thé thay dé&i tir 0,35-0,36 nm, trong khi kich thudc tinh thé (L) 1a 3,0-4,1 nm va chiéu cao
cla lép xép chong (Le) 1a 1,4-2,0 nm. Vat liéu than ATC c6 kha ndng st dung lam dién cuc am cho
pin sac Li-ion véi tinh thuan nghich cao (gan 100%) va dé duy tri duy lugng vugt tréi (gan 100%
sau 40 chu ky). Trong cac mau khao sét, ATC 8002 c6 dung lugng thuan nghich cao nhét dat 286,3
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mAh/g véi do duy tri dung lugng dat 88,5% sau 40 chu ky.
Tur khoa: anthracite, Vang Danh, pin sac Li-ion, dién gidi carbonate

MG PAU

Su ra doi ctia pin sac Li-ion (LIB) da mang lai sy dot
phé trong linh vyc luu trii va chuyén héa nang lugng
nh¢ vao mét d6 ning lugng va tudi tho cao, do tu
phong thdp, trong lugng nhe va thin thién véi moi
trudng. Chung dugc st dung rong rai trong céc thiét
bi dién tl nhu dién thoai, dong h6 thong minh, may
vi tinh va xe dién,... Tt khi vat liéu carbon dugc st
dung lam dién cyc 4m thay thé cho kim loai Li tit ddu
nhiing nam 1980, dong pin sac Li-ion da thuc su dat
dugc d6 an toan cao, gid thanh thdp do d6 van tiép
tuc dugc st dung cho dén hién tai. Vat liéu carbon
¢6 uu diém la c6 thé sdn xudt véi sdn lugng 16n, kha
nédng chéng dn mon tdt, 4 dan dién cao va gia thanh
thép. ! Trong d6, graphite 13 vat liéu dugc st dung phé
bién nhit trong cac LIB thuong mai. Bén canh d4, viéc
phét trién cdc tién chit va cong nghé san xuit mai
nhdm néng cao san lugng carbon va giam gia thanh
san phdm da trg thanh mot huéng nghién ciu méi
nhim dép ting nhu ciu ting dung trong thuc t&.? Than
1a mét trong nhiing ngudn vét liéu tiém nang d€ cung
cép carbon véi trii lugng 16n va gid thanh ré, quy trinh
xt ly don gian, trong d6 phai k& dén than anthracite
(ATC).? Pay la mot loai than d4 rén, c6 mau den
béng, ciing va gion, c6 ham lugng carbon ¢6 dinh cao
nhat (khoang 86% - 98%), it tap chat nhét (luu huynh

va cac chit bay hoi) va nhiét tri cao nhit trong tit ca
céc loai than. * Trén thé gidi, tong trii lugng than ATC
va than m& udc tinh dat trén 400 ty tdn, trong d6 tap
trung nhiéu nhit 6 Hoa Ky, Nga, Trung Quéc, Aus-
tralia, An D9,... Viét Nam tuy la nuédc cé trit lugng
than khong cao, nhung 1a qudc gia xuét khiu than thi
9 trén thé gi6i.” Trit lugng than & nuéc ta dat khoang
225 ty tdn, trong d6 luong than khai thac nhiéu nhit &
Quang Ninh v6i san lugng hang chuc triéu tin/nam.°
Vé ca ban, than ATC c6 thé dugc xu ly nhiét dé tao ra
cac dang carbon khic nhau (graphite, carbon cting)
nhu vét liéu dién cyic 4m c6 thé dan cai ion LiT. Tuy
nhién, nghién ctiu ctia Kim va cdng su cho thdy qua
trinh graphite hod xay ra & nhiét do cao, bt dau tu
1600 °C trd lén, tao thanh vat liéu c6 kha nang lam
dién cyc 4m cho pin sac Li-ion.” Viéc stt dung 16 nung
khi tro va nhiét d6 cao nhu véy giy ra ton thit nhét
dinh vé thiét bi va tén kém trong qud trinh vin hanh.
Trong khi d6, qua trinh than hod & nhiét 4 thap hon
(dudi 1200 °C) ciing tao ra dugc vat liéu c6 thé dan
cai ion Li™. Kim va cong sy da chi ra ring than ATC
thu dugc 6 Hon Gai sau khi nung ¢ 1000-1150 °C c6
thé dat dugc dung lugng dan ciiion Li* thuan nghich
6 vung thé thdp 0-0,12 V dic trung cho carbon ctling.
Trong d6, dung ligng cao nh4t khoang 370 mAh g~
d6i v6i mau nung 6 1100 ?C. Ngoai ra, mot s6 nghién
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ctiu khéc ciing cho thdy tiém néing ctia vat liéu ATC xu
1y nhiét d€ 1am anode cho pin Li-ion.”™ Pay ciing la
mot hudng ti€ém nang vi pin sac Li-ion ngay cang dugc
cht trong, néu c6 thé stt dung anthracite 1am dién cuc
4m sé gop phin lam gidm gia thanh cta pin sac Li-
ion noi riéng ciing nhu cac thiét bi st dung ching néi
chung.

V6i muc dich tan dung ngudn nguyén liéu cé sén
trong nudc, bién chung thanh san phim cé gid tri,
nghién ctu nay thuc hién phan tich cdu tric va buéce
dau khao sat xt Iy nhiét than anthracite Vang Danh
(Quéng Ninh) d€ loai tap chit va tdi cdu tric thanh
vat liéu ¢4 thé st dung lam dién cyc 4m trong pin sac
Li-ion.

PHUGONG PHAP NGHIEN CUU

Héa chat

Céc hda chat st dung gébm: sodium hydroxide
(NaOH, 98%, Merck), hydrochloric acid (HCI, 36%,
Xilong), kim loai lithium (Li, 99,9%, MTI), carbon
dan (C65, Imery), sodium carboxymethyl cellulose
(CMC, M, = 400000 g/mol, MTT), dung dich dién giai
thuong mai 1,0 M LiPFg trong EC/DEC = 50/50 (v/v)
(Sigma Aldrich), mang déng (MTI).

Quy trinh xtr ly vat liéu

Anthracite thd (ATC THO) ban ddu dugc nghién bi
véi t6c dd 1200 vong/phut trong 45 phuat dé phd v
thanh céc hat c6 kich thuéc nho hon, sau d6 dugc ray
tho véikich thu6e 16 74 mm va ray tinh véi kich thude
16 53 mm dé€ loai bo cac hat co kich thudc 16n. Mau
than sau dé dugc xt Iy hod hoc bang cach ngam trong
dung dich NaOH 1 M & 80 °C trong 20 gio, ti€p theo
la ngdm trong dung dich HCl 1 M & 80 °C trong 20
gid. Sau modi giai doan, mau than dugc loc va rtia ki
bang nudc cét hai lan dén khi nudce sau ria dat trung
tinh. Cudi cing, mau than dugc sdy kho trong tu sdy
chén khong ¢ 80 °C trong 12 git d€loai bd hoan toan
lugng nudc con sétlai. Mau than sau khi xti Iy héa hoc
(ATC XLHH) dugc nung trong mdi trudng Ar véi téc
d0 gia nhiét 5 °C/pht ti nhiét do phong dén cac nhiét
do dugc khao sat1a 800 °C, 1000 °C hoic 1200 °C véi
thai gian 2, 3 hodc 4 gi¢. Cac miu ATC dugc nung &
cac nhiét do va thoi gian khac nhau dugc ki hiéu lan
lugt la ATC 8002, ATC 8003, ATC 8004, ATC 10002,
ATC 10003, ATC 1004, ATC 12002, ATC 12003, ATC
12004.

Quy trinh tao mang dién cuc

Mang dién cyc dugc ché tao bing céch phéi tron vat
liéu hoat dién (than anthracite, graphite, hodc carbon
cting - HC), carbon dan C65 va chit két dinh CMC
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voi ty 16 khéi lugng 1a 90:5:5 (wt.%). Hoén hgp dugc
phén tdn trong nudc va tron déu dén khi dat dugc hoén
hgp déng nhat. Hon hop dién cuc dugc phulénldkim
loai dong bang phuong phap doctor blade. La kim loai
dong sau d6 dugc sdy kho trong ti sdy chan khong &
80 ?Ctrong 12 gi6 va duc thanh dién cuc hinh tron véi
duong kinh 12,7 mm phit hgp véi pin ctiic 40 CR2032.

Phan tich hinh thai thanh phan va ciu tric
vat liéu

Hinh thai ATC dugc phén tich bing kinh hién vi dién
tt quét (SEM) trén may Hitachi S-4800 véi thé gia téc
10,0 keV. Thanh phén than tho va xt Iy héa hoc dugc
danh gid bang phuong phdp phd tdn sic ning lugng
tia X (EDX) dugc tich hop trén thiét bi SEM. Ngoai
ra, tuong quan ham lugng céc tap chédt trong mau
than dugc danh gia thong qua phuong phap huynh
quang tia X (XRF) thuc hién trén thiét bi Shimadzu
EDX-800. Su suy giam khdi lugng vét liéu theo nhiét
d¢ dugc danh gid bing phuong phap phén tich nhiét
trong lugng (TGA) trén mdy Labsys Evo, thuc hién
trong moi trudng khi tro Argon tit nhiét d6 phong dén
1100 °C v6i téc do gia nhiét 10 °C/phut. Sy thay d6ivé
cdu truc vét liéu than & céc diéu kién nung mau khac
nhau dugc danh gid thong qua phuong phép nhiéu xa
tia X (XRD) trén thiét bi Bruker D8 - ADVANCED,
st dung budc song CuKy | (A = 0,15418 nm), gbc
quét 20 = 10°-707, budc quét 0,020 °/budc va thsi
gian moéi budc quét 0,25 gidy, do mét trat ty trong
mau dugc danh gid bang tin xa tdn xa Raman trén
thiét bj Horiba XploRA™ PLUS sit dung nguén laser
kich thich Ar™ (4 = 532 nm).

Phan tich dién héa

M5 hinh pin cic 40 CR2032 dugc st dung d€ dinh
gid tinh chét dién héa cua vét liéu, trong d6 dién cuc
lam viéc 1a céc dién cuc ATC can khao sat, dién cuc
d6i 1a Li kim loai. O gitia hai dién cyc 12 mang ngin
polyethylene dugc thim w6t bing dung dich dién giai
1,0 M LiPF¢ trong EC/DMC. T4t ca qua trinh lap rap
dugc thuc hién trong tu thao tac khi tro Ar v6i ndng
d6 O, va HyO dugc kiém sodt duédi 1 ppm.

Kha ning lyu trit ion LiT cta vat liéu dugc ddnh gid
béng phuong phap phong sac dong ¢6 dinh (GCPL)
v6i mat do dong C/10 (C = 372 mAh/g), trong ving
thé& 0,01-2,0 V (so vé6i LiT/Li). Khd ning tiong thich
v6i mat dd dong khac nhau dugc thuc hién trong viing
thé tuong ty v6i mat do dong thay dai tu C/10, C/5,
C/2 dén 1C. Phép do dugc thuc hién trén thiét bj kiém
tra pin LANHE CT2001A (Trung Qudc). Phuong
phép quét thé vong tuidn hoan (CV) dugc thuc hién
trong vung thé 0,01-2,0 V (so véi Lit/Li) véi téc do
quét 10 mV/s trén thiét bi dién hoa da naing MGP-2
(BioLogic, Phép).
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KET QUA VA BIEN LUAN

Phan tich hinh thai, thanh phan va cau truc
vat liéu

Vat liéu ATC sau khi nghién co hoc c6 hinh khéi da
dién nhiéu géc canh véi cic bé mit phing, 12 két qua
qua trinh nghién bi (Hinh 1a-b). Cac hat c6 c6 phan
bd kich thuéc khong déu trong khoang 1-10 mm, gém
nhiing hat nhé bam xung quanh nhting hat vat liéu c6
kich thudc I6n. Qua trinh xt Iy héa hoc khong lam
thay d6i nhiéu vé€ hinh thdi ctia hat ATC nhung giup
loai bo céc hat kich thuéc nhé cing nhu cac tap chit
¢4 trong mau than.

(a),

Hinh 1: Hinh thai vat liéu: (a) ATC THO va (b) ATC
XLHH.

Két qua phén tich EDX cho thdy than thé ban diu
chita cht yéu 1a carbon (Hinh 2). Ngoai ra, mdt s6
tap chét khéac ciing c6 thé thdy duge nhu hgp chit
cta Al, Fe, Si, S va O. Chung la nhiing thanh phin
xudt hién trong qud trinh hinh thanh cac mo than, c6
thanh phan va ham lugng tuy thudc vao vi tri dia ly
ctia mo than. Sau qud trinh xti ly hoa hoc, cac tap chét
nay da dugc loai bé mét phin 16n, dic biét la cac hgp
chit ctia sit. K&t qua tinh toan thanh phan phan trim
theo khéi lugng nguyén t6 trong mau theo phuong
phap EDX cho thdy than ATC Vang Danh - Quang
Ninh c6 ham lugng carbon kha cao (chiém 78,91% vé
khéi lugng) va tang 1én dédng k€ dat 86,94% khi dugc
xu ly tap chat bang phuong phéap héa hoc.

Phuong phédp phd huynh quang tia X (XRF) dugc st
dung dé€ dinh gid sy tuong quan cic nguyén to tap
chat trong mau ATC thé va sau khi xt Iy hoa hoc
(Hinh 3). Trong khi ham lugng Fe § miu ATC THO
la cao nhit, chiém 39,2% thi sau qud trinh xt ly hoa
hoc, ty trong ctia Fe da giam xudng thip nhit so véi
cac nguyén t6 con lai, chi con lai 3,3%. Diéu nay phu
hop v6i két qua phan tich EDX va khéng dinh qué
trinh xt 1y héa hoc da loai bo phan 16n tap chit Fe ban
dau. Ngoai Fe, trong mau than thé ban d4u con chia
mot lugng tap chét clia cac nguyén t6 Si, S, Al va mot
lugng nho cac nguyén t6 khac (Ni, Cr, Mn,...). Bon
nguyén to Fe, Si, S, va Al la cac nguyén t6 thuong xuét
hién trong cdc mo than tu nhién, vi vdy ching chiém
ham lugng 16n nhét trong mau than tho. '° Sau khi xt
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Hinh 2: Thanh phan cac nguyén t6 trong mau than
tinh todn ti phuong phap EDX.

1y héa hoc, ham lugng Cl ting 1én dang ké, nguyén
nhéin do con mét lugng HCI du do qua trinh loc con
lan trong mau. Tuy nhién trong qué trinh nung & cac
diéu kién khao sat, lugng Cl nay da bay hoi ra khoi
mau va khong lam anh hudng dén ciu trac cing nhu
tinh chat dién héa ctia ATC.
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Hinh 3: Tuong quan ham lugng céc tap chat phan
tich tir phuong phap XRF.

Két qua phan tich nhiét trong lugng (TGA) ctia mau
ATC THO va ATC XLHH trong méi trudng Ar dugc
thé hién trong Hinh 4. Khi ting nhiét d6 dén 180 °C,
miu ATC THO gidm 1,5% vé khéi lugng, trong khi
mau ATC XLHH gidm 2,1%. Su suy gidm nay 1a do
su bay hoi nudc va mot s6 hop chit dé bay hoi/phan
hay thodt khoi mau. Khi nhiét d6 1én dén 1100 °C,
khdi lugng cé hai mau déu giam di dang ké. Sy suy
giam nay do su phan huy nhiét ctia cdc hop chat hiu
co thanh cac khi Hp, CHy, CO, CO», hydrocarbon. 1
Tai 1100 °C, khéi lugng ATC THO dat 91,0% tic la
da hut khoi 9,0%, trong khi khoi lugng ATC XLHH
dat 90,7%, tiic 1a da hut khéi 9,3%. Két qua phén tich
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nhiét c@ia hai mdu ATC THO va ATC XLHH cho théy
khi nhiét 46 tang1én, mot s6 hop chit bay hoi da thoat
rakhdi vatliéu than ban déu, tit d6 lam thay d6i do trét
tu vé ciu tric cha than.
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Hinh 4: Budng cong TGA ctia mau ATC THO va ATC
XLHH.

Két qua XRD ctia cdc mau graphite, carbon cting (HC)
va than ATC nung & céc diéu kién khac nhau dugc
théhién ¢ Hinh 5. Gidn d6 XRD ctia mau graphite c6
cac peak tai cac vi tri 2q = 26,4°, 42,4, 44,5° va 54,5°,
lan lugt tuong tng véi sy nhiéu xa clia cdc mit mang
(002), (100), (101) va (004). Céc peak nhiéu xa c6
cudng do cao va sac nét ching to graphite c6 d¢ tinh
thé hda cao. Trong khi d6, HC ¢6 tin hiéu nhiéu xa &
2q = 25% va 43°, lan lugt tuong ting véi sy nhiéu xa
clia cdc mat mang (002) va (100). Cac peak nhiéu xa
bau, trai rong va cé cudng do thip chiing to cdu tric
HC mit trat ty. Cac mau than khdo sit déu c6 dinh &
gdc nhiéu xa 2q = 257 Uing v6i mit mang (002), ngoai
ra con c6 mot dai phu g tai vi tri 2q = 20° Uing véi sy
nhiéu xa ctia céc lién két chéo sip xép dic khit trong
than ATC.'? Sau khi carbon héa, tin hiéu nhiéu xa
G 20 = 25 ngay cang md rong va sic nét, kém theo
d6 goc nay c6 xu hudng dich chuyén vé bén phai va
cuong do ting khi ting din nhiét d¢, chiing to ciu
tric ctia ATC da c6 sy thay d6i khi chiu sy tac dong
ctia nhiét d6 theo thoi gian. Trong nghién ctu clia
Kim va cong su ciing da chi ra ring than ATC dugc
l4y tit Hon Gai, Viét Nam c6 dinh & géc nhiéu xa 2q
=25%, dinh nay trd nén sic nét § 1200 °C va khi xt ly
nhiét trén 1600 °C thi dinh nay dich chuyén dén vi tri
2q = 26,3°. Ngodi ra, tac gia cling cho ring vi tri dia
ly khong anh hudng nhiéu dén céu truc cua cic mo
than & Viét Nam.”

Céu truc tinh thé/v6 dinh hinh cta vét liéu ATC téng
hop & céc diéu kién khac nhau dugc mo ta thong qua
cac thong s6 ciu tric (Bang 1), bao gém khoang cach
gitia cac 16p (dgop), kich thudc tinh thé (L), chiéu cao
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Hinh 5: Gian dé XRD cutia cac mau than.

16p xép chong (L.), s6 16p trung binh trén méi tinh
thé (N), s6 nguyén ti carbon trung binh trén méi 16p
hydrocarbon thom (n). Céc thong s6 nay dugc duara
dua trén két qua phén tach cc peak trong ving 15¢
- 32° (Hinh 6) va tinh toan dya trén cac cong thtic

sau: 1

A

= 1
d 2sin 6 W)
KA

= 2
BcosO @

Lc
N=1+ 3
dooz ®)
n=0,32N? (4)

trong do:

A 1a budc séng ngudn nhiéu xa Cu (0,15418 nm)

K =184 (Ly), K=09 (L)

0 1a d6 rong gbc cua dinh nhiéu xa & ntia cudng do
cuc dai

Céc mau ATC khdo sat c6 khoang cach gitta cac 16p
dgo2 nam trong khoang 0,350 nm - 0,356 nm, kich
thudce tinh thé 3,0 nm - 4,1 nm va chiéu cao cta l6p
xép chong tt 1,4 nm - 2,0 nm, mbi tinh thé gém
khoang 5 dén 6 16p hydrocarbon thom xé€p chéng lén
nhau. Khodng cach gitia cdc 16p cia ATC 16n hon
graphite va nho hon HC. Khi nhiét 46 nung tang dén,
khodng cach gitia cac 16p 6 xu huéng giam nhe, kich
thudc tinh thé va chiéu cao 16p x€p chong tang lén
dot ngét, diéu nay chiing to ¢ sy sdp xép lai va phét
trién tinh thé khi ting dan nhiét 4. Bén canh do, khi
tang thoi gian nung, khodng cach gitia cac 16p thay d6i
khong dang ké, kich thudc tinh thé va chiéu cao 16p
xép chong c6 xu hudng ting. Tuy nhién, sy thay déi
vé céc thong s6 cdu truc nay 1a khong dang ké, chiing
to tac dong thoi gian nung mau dén cdu truc vat liéu
nho hon tac dong cua nhiét d6 nung mau.
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Bang 1: Théng s cau triic cia cac vat liéu than.

Mau Nhiét Thoi gian  dop2 L, (nm) L. (nm) Naverage n Ap/Ag
dd nung nung (h) (nm)
(°C
Graphite - - 0,3379 3,39 1,66 5,902 11 -
HC - - 0,3649 3,37 1,65 5,522 10 -
ATC - - 0,3536 3,38 1,65 5,673 10 2,78
THO
ATC - - 0,3522 3,21 1,57 5,462 10 2,83
XLHH
ATC 800 2 0,3553 3,03 1,48 5,178 9 3,89
8002
ATC 800 3 0,3554 3,15 1,54 5,333 9 3,13
8003
ATC 800 4 0,3550 3,24 1,59 5,470 10 2,98
8004
ATC 1000 2 0,3587 3,31 1,62 5,508 10 3,54
10002
ATC 1000 3 0,3554 3,29 1,61 5,529 10 3,05
10003
ATC 1000 4 0,3554 3,35 1,64 5,616 10 359,
10004
ATC 1200 2 0,3518 3,42 1,67 5,760 11 2,88
12002
ATC 1200 3 0,3522 4,02 1,97 6,586 14 2,00
12003
ATC 1200 4 0,3514 4,02 1,97 6,602 14 1,57
12004
ung véi dai D (dai carbon vo dinh hinh) va dai G (dai
D-band  G-band . ) o .. . A . .
‘ \ graphite tinh thé), ngoai ra con xudt hién thém hai
dai D3 band (dai lién két véi carbon vo dinh hinh)
= va dai D4 band (dai lién quan dén qud trinh trans-
3
s polyacetylene) (Hinh 8). Két qua nay phu hgp véi
e N x o c oy A 13 iy PAL AA
% cdng bo cua Li va cong su. > Khi ting nhiét d6 nung,
2 = tylé Ap/Ag giam dan, chiing to & nhiét d6 nung cang
Lol P R I cao thi cfu tric tinh thé cang 6n dinh. Khi ting thoi
A / { x , A ~ 2
£ g / | g N gian luu mau & nhiét do cao, do mat trat ty ciing giam
J:IP &:,/ \;;*:***"* di, chiing t6 thoi thoi nung cling lam anh hudng dén
5 awd oo lor s wata aua cdu tric ctia ATC. Cac két qua nay phu hop véi két

Do dich chuyén Raman (cm™)

Hinh 7: Phé Raman ctia cdc mau than.

Ph§ tdn xa Raman (Hinh 7) thé€ hién hai peak biu
diic trung & s6 séng 1340 cm ™! va 1587 cm ™!, tuong

qua XRD.

Phan tich tinh chat dién héa

Dbudng cong phong sac chu ky d4u tién cta cdc mau
dugc thé hién trong Hinh 9a-d va gié tri dung lugng
riéng, hiéu suit Coulomb (CE) theo chu ky dugc thé
hién trong Hinh 10a-d. Trong chu ky dau tién, dung
lugng phong ctia ATC cao hon nhiéu so véi dung
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Hinh 6: Két qua phan tach peak nhiéu xa tia X trong vuing 15° — 32°: (a) HC, (b) ATC THO, (c) ATC XLHH, (d) ATC
8002, (e) ATC 8003, (f) ATC 8004, (g) ATC 10002, (h) ATC 10003, (i) ATC 10004, (j) ATC 12002, (k) ATC 12003 va (I) ATC

12004.

lugng sac, dan dén hiéu suit Coulomb & chu ky dau
tién ctia ATC thdp (51,8-77,6%). Nguyén nhén la do
& chu ky déu tién, dién cuc hoat tinh khi tiép xtc véi
chit dién giai sé khit chat dién gidi song song véi qua
trinh phan tng dién hoa, ti d6 tiéu thu mot lugng
Li* bat thuan nghich dé€ phan ting tao I6p lién dién
dién cyc - dién gidi ran (SEI). Khi 16p SEI dugc hinh
thanh, qua trinh nay khti chat dién giai trd nén khong
dang ké, vi vay hiéu suit Coulomb & nhiing chu ky sau
dat gin 100%. Dudng cong phoéng sac ctia cc vat liéu
khao sat bao gom hai viing dic trung: viing thé doc va
vung thé phéng, tuong ting v4i qua trinh hép phu va
dan cai ion LiT vio bén trong cdu tric vat li¢u. 14 Vat
liéu c6 do mét trat ty va 16 x6p cang nhiéu thi kha
ning lyu tri ion Li™ thong qua qué trinh hdp phu
cang l6n. Nguogc lai, ciu tric c¢6 mién tinh thé cang
16n (Ly, L¢, n, N cang 16n) thi kha ning dan luu tri
ion Li™ vao trong viing dan cai cang 16n. Tuy nhién,
khoang céch gitfa cac 16p phai pht hgp cho ion Li™
dan cai vao (~ 0,335 nm).'® Déi véi graphite, dung
lugng gay ra boi vung thé déc gan nhu khong déng
ké vi cdu truc cua graphite ¢é d¢ trat tu cao, bao gébm
cdc 16p graphene sdp xép song song nhau v6i khoang
cach 0,335 nm (15), do d6 dung lugng ctia vat liéu tap
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trung vao qua trinh dan cai ctia ion Li™ vao gifia cac
16p graphene trong ciu tric graphite.

Trong su6t 40 chu ky phong sac, o duy tri dung lugng
ctia cdc mau ATC hau nhu dat 100%, chiing to ciu tric
than it bi bién ddi, vi thé€ qud trinh luu tri va phong
thich ion Lit & méi chu ky cé d6 thuan nghich cao,
phtt hop véi gia tri hiéu sudt Coulomb. O nhiét do
cang thép, sy thay d6i vé thoi gian nung mau gay nén
su cach biét vé€ dung lugng ctia vat liéu. Khi nhiét do
tang lén dén 1200 °C, su khac biét vé thoi gian nung
méu khong con anh hudng ddng ké dén kha nang luu
tril ion LiT. Vi vdy & nhiét do cao, cdu tric than
dan 6n dinh va bién d6i chAm hon so véi & nhiét do
thap. Nhin chung, cdc mau than dugc xt ly nhiét c6
dung luong riéng cao hon cdc mau than thé ban déu,
chiing t6 cdu truc than da c6 su bién ddi theo hudng
6 1gi cho qud trinh luu trd ion Li*. Bén canh do,
khi nhiét d6 nung ting lén, dung lugng thuin nghich
¢6 xu hudng giam nhe. Nguyén nhén la do khi nhiét
do tang, do trat tu clia cac mau than tang 1én, vi vay
lugng Li™ hip phu & cdc vi tri khuyét tat/16 x6p cdu
truc gidm xudng, tit d6 dung lugng & viing hdp phu &
vung thé cao bi giam. Mic dui lam gidm dung lugng,
nhung diéu nay van c6 lgi vi khi ting dung lugng &
vung dan cai sé lam giam thé hoat dong trung binh
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Hinh 8: K&t qua phan tach peak dao dong Raman trong viing 800-200 cm™~!: (a) HC, (b) ATC THO, (c) ATC XLHH,
(d) ATC 8002, (e) ATC 8003, (f) ATC 8004, (g) ATC 10002, (h) ATC 10003, (i) ATC 10004, (j) ATC 12002, (k) ATC 12003

va (I) ATC 12004.

ctia vat liéu dién cuc am, tu d6 dép ting yéu ciu clia
dién cyc am st dung trong pin sac Li-ion.

Ngudc lai, khi nhiét d nung tiang, gia tri kich thudc
tinh thé (L,) ciing ting theo, ti d6 giup kha ning dan
cai & ving phing ting lén, din dén kha nang dan cai
ctia Lit vao ving tinh thé ting khi ting nhiét d6 nung.
Diéu nay xay ra mot cach tuong tu khi thoi gian nung
mau ting lén. Trong s6 tat ca cdc mau than ATC khéo
sat, ATC 8002 13 mau c6 dung lugng cao nhit, dat
286,3 mAh/g sau chu ky dau tién. Nguyén nhén la
do & nhiét d6 800 °C va trong khoang thoi gian ngan
(2 gi0), cac qua trinh phan tng, thoat khi con dang
dién ra, tit d6 cdu tric con nhiéu 16 x6p va khuyét
tat. Do d6, phin déng gop dung lugng dén tu viung
thé doc la dang k& Tuy nhién, diéu nay cing din
dén hiéu sudt CE chu ky dau tién ctia ATC 8002 thap
(62,2%) va dung lugng duy tri sau 40 chu ky thdp hon
cac mau con lai (88,5%). Trong khi d6, mic du céac
mau nung ¢ nhiét d6 va thsi gian cao hon c6 dung
lugng thuan nghich thip hon ATC 8002, tuy nhién
hiéu sudt Coulomb chu ky dau va d¢ duy tri dung
lugng sau 40 chu ky 1a 16n hon. Cu thé, miu ATC
12002 c¢6 dung lugng thuan nghich dat 215,8 mAh/g
v6i hiéu sudt Coulomb chu ky ddu tién 1a 76,7% va duy
tri dugc 95,5% dung lugng sau 40 chu ky.

Khi so véi graphite thuong mai, méc du vat liéu ATC
c6 do duy tri dung ligng cao nhung gid tri dung
lugng thuén nghich van con kém hon (dung lugng
ctia graphite do dugc 1a 300 mAh/g). Diéu nay ching
to cdu truc than ATC xti ly & nhiét d¢ thip vin chua
hiéu qua so véi cdu truc graphite, tuy nhién van c6 kha
ning dan ci t6t ion Li* ma khong doi héi quy trinh
xu ly va thiét bi phtic tap nhu & vét liéu graphite. Vat
liéu carbon cting bao goém céc mién tinh thé tuong tu
graphite nhung c¢ kich thuéc nho, cac tinh thé nay
sdp xép dinh hudéng khéac nhau trong khong gian tao
thanh cac 16 x6p kich thuéc nano '°, kha niang luu tri
ion Li™ kém hon so véi vat liéu than ATC. Diéu nay
c6 thé do khoang cach gitia cac vi tri hoat dién trong
HC 16n hon ATC va graphite, khong phtt hgp chtia
ion Lit. Thay vao d6, HC lai pht hgp vé6i dong pin
sac Na-ion v6i bdn kinh ion Na™ 16n hon, trong khi
graphite thi ngugc lai.

Kha nang duy tri dung lugng & cac mat do dong phong
sac ctia vat liéu than ATC nung & cdc nhiét do khac
nhau trong 2 gi¢ dugc thé hién 6 Hinh 11. ATC 1002
c6 dung lugng thap va kha ning duy tri dung lugng
tai cdc mét do dong cao 1a thip nhit trong tat ca cac
mau. ATC 8002 cé dung lugng cao nhit tai mat do
dong tiéu chuén C/10 (278,8 mAh/g), tuy nhién khi
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Hinh 9: Dung lugng phéng sac chu ky dau cla cac mau: (a) graphite, HC, ATC THO, ATC XLHH, (b) ATC nung & 800

°C, (c) ATC nung & 1000 °C, va (d) ATC nung & 1200 °C.

mat d6 dong ting, do duy tri dung lugng kém nhat
trong tit ca cic mau (dung lugng 6 1C chi dat 24,9% so
v6i dung lugng ban dau). Trong khi d6, ATC THO c¢6
dung lugng ban d4u & C/10 thép hon (240,5 mAh/g)
nhung d¢ duy tri dung lugng & mat do dong cao 1a
16n nhét trong tit ca cic mau, dat 43,7% & mat do dong
1C. Biéu nay dugc giai thich 13 do qua trinh nung mau
3 800-1200 °C & thoi gian thép, vat liéu xudt hién cac
16 tréng va cac vi 16 x6p. Dién tich tiép xtc cua dién
gidi tai cdc mau nay 16n hon, hinh thanh 16p lién dién
pha rén nhiéu hon so v6i mau ATC THO, tit d6 can
trd ion LiT di chuyén va lam gidm dung lugng tai mat
do dong cao.

DPudng cong CV ctia graphite, HC va ATC 8002 dugc
théhién trong Hinh 12. Trong ca ba mau, mat do dong
& chu ky dau tién & qud trinh phéong déu 16n hon so
v6i chu ky thi hai, chiing t6 c¢6 phan ting phu xay ra
va hinh thanh 16p SEL tii d6 1am hiéu suit Coulomb
G chu ki d4u tién ctia cdc mau thdp hon so véi cac chu
ki tiép theo (Hinh 10). Tuy nhién, sy khic biét nay &
graphite (Hinh 12-a) nho hon ¢ HC (Hinh 12-b) va
ATC 8002 (Hinh 12-c), dan dén hiéu suit Coulomb
& chu ki ddu tién cta graphite (75,6%) cao hon HC
(57,2%) va ATC 8002 (62,2%). Ngoai ra, tin hiéu dong
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& vung thé cao & graphite thip hon so v6i HC va ATC
8002, chiing minh phén dong gép dung lugng & ving
nay la thdp, phu hgp véi két qua phéng sac dong cd
dinh da thao luan & trén. O ving thé thép, graphite thé
hién cac peak lién tiép nhau, tuong tng véi tling giai
doan dan cai ion Li™ vao cdu tric tinh thé graphite.
Dai voi vat liéu HC va ATC 8002, dang dudng cong
CV gém hai viing dic trung: ving phing § dién thé
cao va vung tin hiéu peak & thé thép, 14n lugt dic trung
cho qua trinh hdp phu va dan cai ctia ion Li™ vao ciu
tric HC/ATC. Ty 1é cudng d6 peak/ving phing thip
&6 HC/ATC chting té phan déng gép ctia viing hdp phu
vao dung lugng ctia HC/ATC 1a dédng ké, do d6 khong
thé phan biét rd rang viing thé phing va viing thé déc
& dudng cong phong sac (Hinh 10). Diéu nay la phu
hop véivatliéu HC/ATC c6 ciu truc vo dinh hinh nhu
da thao ludn & phan XRD va Raman & trén. Ngoai
ra, giai doan dan cai Lit & HC/ATC khong trdi qua
nhiéu giai doan r6 rét nhu & vt liéu graphite. Khi so
sanh véi dudng cong CV cua HC, vung tin hiéu dan
cai ctia ATC cao hon, tit d6 dung lugng thuén nghich
thu dugc qud trinh phéng sac 1a cao hon.
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Hinh 10: Dung lugng va hiéu suit Coulomb theo chu ky clia cdc mau: (a) graphite, HC, ATC THO, ATC XLHH, (b)
ATC nung & 800 °C, (c) ATC nung & 1000 °C, va (d) ATC nung & 1200 °C.

KET LUAN

Anthracite 1a mét trong nhiing vét liéu carbon c6 kha
ning ldu tri ion Lit véi hiéu sudt CE cao (gan 100%)
va do duy tri dung lugng t6t, dung lugng riéng dat
181,0-253,3 mAh/g trong hé dién giai 1,0 M LiPFg
trong EC/DEC qua 40 chu ky khao sat tiry thudc vao
nhiét d va thoi gian nung. Mau ATC 8002 la mau c6
dung lugng cao nhét 286,3 mAh/g va dung lugng duy
tri dat 88,5%. Qua cac phuong phap phén tich hinh
thai, thanh phén va cdu trac vat liéu cho thdy ATC
¢6 hinh khoi da dién nhiéu géc canh, bao gém cac
hat ¢6 kich thudc khoang 1-10 mm, cdu truc bat trat
tu bao gém cac viing tinh thé va v dinh hinh, déng
thdi nhan thdy nhiét d¢ va thoi gian nung da tac dong
dén cdu trac vat liéu. Mic du dung lugng riéng cua
mau ATC cao hon carbon ciing nhung van con thép
hon graphite. Do vay d€ cai thién dung lugng riéng,
nghién ctu tiép theo clia tac gia sé thuc hién khao sat
diéu kién nung ATC v6i cac nhiét do cao hon va thoi
gian nung dai hon.

LO1 CAM ON

Nghién ctiu dugc tai trg bai Truong Pai hoc Khoa hoc
Ty nhién, PHQG-HCM trong khuon khé Dé tai ma
s6 T2021-13.

DANH MUC CAC TU VIET TAT

ATC Anthracite

C65 Carbon Super P (C65)

CMC Sodium carboxymethyl cellulose

CV Quét thé vong tuin hoan

DEC Diethyl carbonate

EC Ethylene carbonate

EDX Pho tédn xa ning lugng tia X

GCPL Phuong phap phong sac dong ¢ dinh
HC Carbon cting

LIB Pin sac Li-ion

PE Polyethylene

SEI Lép lién dién dién gidi ran

SEM Kinh hién vi dién td quét

TGA Phuong phap phén tich nhiét trong lugng
XRD Phuong phép nhiéu xa tia X

XRF Phuong phap huynh quang tia X

XUNG DOT LOI iCH
Cac tac gia khing dinh khong c6 xung dot i ich.

PONG GOP CUA CAC TACGIA

Nguyén Thi Thuy Hing lam thuc nghiém, thu thép s6
liéu va viét ban thao. Lé Minh Kha déng gép phan
tich cac két qua thuc nghiém, chinh stia va dinh dang
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Hinh 11: Dung lugng luu trition Lit™ & cdc mat dé dong phong sac khac nhau cdia vat liéu than ATC trudc khi nung
va nung & 800-1200 °C trong 2 giG.
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Hinh 12: Budng cong CV clia graphite, HC va ATC 8002.
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ban thao. Huynh Thi Kim Tuyén déng gop xti i mau.

Nguyén Vin Hoang va Lé My Loan Phung h6 trg, gop

y chuyén mén va hoan thién ban thao.
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Anthracite coal from Vang Danh - Quang Ninh as anode material
for rechargeable Li-ion batteries

Nguyen Thi Thuy Hang', Le Minh Kha'"*, Huynh Thi Kim Tuyen?, Le My Loan Phung'?, Nguyen Van Hoang?

ABSTRACT
This study investigated the structure of anthracite material (ATC) exploited from the Vang Danh
mine (Quang Ninh) and its application as an anode for rechargeable Li-ion batteries. After the
Use your smartphone to scan this chemical treatment, the material was heated at 800 °C, 1000 °C, or 1200 °Cfor 2 hours, 3 hours, or 4
QR code and download this article hours, respectively. Scanning electron microscopy (SEM) confirms that the raw material was poly-
hedral and sharp particles. The impurities in raw material, especially the metal compounds, was
significantly reduced after the chemical-treated process. As a result, the carbon content increased
from 78.91% in raw material to 86.94% in the chemical-treated sample. Regarding the structure,
the Raman spectra showed that the Ap/Ag ratio decreased with increasing temperature and heat-
ing time. This confirmed that the more disordered structures were obtained at low temperatures
and heating times. In addition, the interlayer spacing (dog2) between the aromatic layers in the
crystalline regions varied from 0.35 to 0.36 nm, while the lateral sizes (L,) were 3.0-4.1 nm, and the
stacking heights (L.) were 1.4-2.0 nm. The ATC materials can serve as anode for rechargeable Li-ion
batteries with high Coulombic efficiency (nearly 100%) and impressing capacity retention (nearly
100% after 40 cycles). Among the investigated samples, ATC 8002 delivers the highest capacity of
286.3 mAh/g with a high capacity retention of 88.5% after 40 cycles.
Key words: anthracite, Vang Danh coal, rechargeable Li-ion batteries, carbonate electrolytes
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	KẾT LUẬN
	LỜI CẢM ƠN
	DANH MỤC CÁC TỪ VIẾT TẮT  
	XUNG ĐỘT LỢI ÍCH
	ĐÓNG GÓP CỦA CÁC TÁC GIẢ
	References




