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Tém tit - K&m kim loai 14 vat liéu lam anét tiém ning cho pin
sac zinc-ion véi dung luong riéng 1y thuyét cao, gia thanh thip,
than thién v4i moi truong. Tuy nhién, andt Zn kim loai ¢6 hiéu
sudt coulombic thap va sy phat trién cac cAu triic hinh nhanh cay
trén bé mat kém khi sac/xa lam han ché ung dung thyc té cua
chang. Trong nghién cru nay, nhom tac gia hop kim hoa Zn kim
loai v6i Al bang phuong phap luyén kim don gian va khao sat cac
dic tinh dién hoa ciia cac hop kim nay khi g dung 1am andt cho
pin sac Zinc-ion. Két qua cho thdy, hop kim ZnssAl12 ¢6 hiéu suét
sac/xa tt hon rt nhidu so véi cac hop kim ZnsoAlso va Zn. Péac
biét & mat ¢ dong dién cao tai 1,0 mA/cm? va 0,5 mAh/cm?, hop
kim ZngsAliz c6 thé hoat dong voi dién thé 6n dinh véi khoang
thoi gian kéo dai tdi 140h. Hop kim ZnsgsAli2 khi irng dung lam
andt két hop véi vat liéu trén co s¢ V20s lam catdt dat dung lugng
riéng cao khoang 300 mAh/g ¢ mat ¢ dong dién sac-xa 50 mA/g.

Tir khéa - andt hop kim Zn-Al; pin sac Zinc-ion, sy phat trién
nhéanh cay

1. Pat vin dé

Hién nay, cic ngudn ning luong tai tao nhu mit troi hay
gi6 tuy rat doi dao nhung lai ¢6 tinh gian doan da lam ting
nhu cau cap thiét vé phét trién cac cong nghé luu trir ning
lugng trén ludi dién dam bao dugc tinh an toan, gia thanh
ré VA it 6 nhiém hon v6i méi truong, dé c6 thé luu trix hidu
qua cac ngudn ning luong tai tao [1-3]. Trong s6 nhiéu cong
nghé luu trir ndng luong dién hoa, pin sac Zinc-ion sir dung
anbt kém kim loai va chét dién ly gbc nudc 1a mot trong
nhitng cong nghé hip dan nhit nho Zn kim loai ¢6 dung
luong riéng cao theo thé tich va khdi lugng (5850 mAh/cm?3
va 820 mAh/g), thé oxy héa khir Zn/Zn?* thap (-0,76 V so
v6i dién cuc tiéu chuan hydro), trit lugng 16n va chi phi thap
[4, 5]. D6 dan ion cao (~ 1 S/cm) cua chét dién ly gbc nudc
va phan g oxi hoa khur ¢6 sy tham gia cta hai electron
clia cap Zn/Zn2* 1am cho pin k&m c6 thé sac/xa & téc do 16n
va mat d6 nang luong cao. Do d6, pin sac Zinc-ion sir dung
chat dién ly gbc nuéce (AZIBs — Aqueous Zinc-lon
Batteries) la mot ing vién tiém nang tng dung dé luu trit
nang lwong trén ludi ¢6 tinh an toan cao, gia thanh thip va
than thién v6i méi truong [6]. Diéu nay da thic day nhiéu
nghién ctru vé pin sac AZIBs, trong d6 tap trung nhiéu vao
phat trién cac vat lidu lam cathode nhu oxit vanadi, oxit
mangan, molybden sulfua... dé lwu trir Zn?* va H*; hodc ca
hai dudi co ché cheén (insertion)/ chiét (extraction); hodc la

Abstract - Metallic zinc is a potential anode material for Zinc-ion
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and environmental friendliness. However, metal Zn anodes suffer
from low coulombic efficiency and dendritic growth during
charge/discharge processes, which limits their practical applications.
In this work, we alloyed metallic Zn with Al using a simple
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Key words - Zn-Al alloy anode; rechargeable Zinc-ion batteries,
dendritic growth.

phan tmg hoé hoc [7-10]. Cho dén nay, nhiéu vat liéu lam
cathode c¢6 hiéu suat cao da dugc dua vao nghién ctru phét
trién va sir dung, tuy nhién pin sac AZIBs van dbi mit vai
nhiéu thach thirc boi cac van dé thuong gip phai khi st dung
k&m kim loai lam anbt, chéng han nhu sy hinh thanh va phat
trién cac céu trac hinh nhanh cdy (dendrite) va hiéu suit
coulombic (CE) thép lién quan dén cac phan tng phu (vi
du: phan ng tao ra hydro, an mon va hinh thanh cac san
pham phu) trong qua trinh sac/xa [4, 11-13]. Nhiing van dé
néu trén s& lam giam dang ké hiéu sudt 1am viéc pin AZIBs.
Mic du, su phat trién cac cAu trac hinh nhanh cdy cua kém
¢6 thé dwoc giam bot dang ké khi st dung dung dich dién
ly gbc nude trung tinh, nhung didu nay 1a khong thé tranh
khoi do cac ddc tinh luyén kim va dac diém cua cac don tinh
thé kém. Do do, viéc phat trién cac vét liéu anét mdi trén co
s¢ kim loai kém c6 thé khic phuc cac van dé ton tai néu trén
dé ché tao pin sac AZIBs véi hiéu suat cao, va img dung
trong tuong lai. Pé nang cao hiéu suit ciia cac andt kém,
nhiéu phuong phap dugc ap dung dé han ché sy phat trlen
cua dendrite kém, bao gdm: cac thay ddi trén bé mit, t6i vu
hoa cu trac cta anbt hodc st dung cac dung dich dién ly
khéc nhau da duoc dé xuét.

Trong nghién ctru ndy, nhém tic gia ché tao va sir dung
hop kim kém-nhom dé 1am anét cho pin sac AZIBs, sau d6
khao sat tinh chit dién hoa cua n6 va danh gia hi¢u sudt
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sac/xa cua cac pin AZIBs ché tao duoc.

Dua trén gian dd pha ciia hop kim Zn-Al (Hinh 1) nhém
tac gia da chon cac cac hgp kim ZnyAligox v6i ty 1€ theo
khdi lwong nguyén tir Al khac nhau va duc thanh cong. Cac
hop kim sau d6 dwoc tng dung lam andt kim loai cho pin
sac Zinc-ion sir dung chat dién ly gbc nude. C6 thé nhan
thdy hiéu sut sac/xa clia cac pin d6i ximg sir dung tim Zn
¢6 hiéu sut sac xa rat thép, nguoc lai cac hop kim ZnggAly,
va ZnsoAlso ¢ hiéu sut sac/xa tét hon rat nhiéu, dic biét
1a hop kim ZngsAly, ¢ thé 6n dinh trong khoang thoi gian
sac/xa 1én téi 140h & mat d6 dong dién 1,0 mA/cm? va
0,5 mAh/cm2. Diéu nay cho thay sy cai thién 16 rét vé hiéu
suét ctia andt Zn khi hop kim hoa véi Al
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Hinh 1. Gidn dé pha ciia hop kim Zn-Al [13]

2. Thi nghiém
2.1. Vit liéu

Céc hop kim ZnyAligox (x 12 % tinh theo khi luong
nguyén tr cia Zn: x=88, x=50, x=100) da dugc ché tao
béng phuong phap duc truyén théng tir nguyén li¢u la Zn
nguyén chat (~ 99,99%) va Al nguyén chét (~ 99,99%).

Bdng 1. Khéi lwong tinh tpdn cac vat liéu cho
qua trinh ndu chay

Ky hi¢u Zn(g) Al(9)

ZngsAl12 75,0 4,25

ZnsoAlso 40,0 16,60
Zn 75,0 0
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Hinh 2. Qua trinh ché'rtgo hop kim ZnxAlioo-x ting dung lam
anot cho pin zinc-ion

Dau tién, mot luong phoi thich hop cua Zn va Al (nhu
Béng 1) dugc dua vao ndi ndu bang vat liéu graphit va duoc
dua vao 10 dién trd. Mot lugng khi tro Ar (>99,99%) duogc
bom vao 16 trong khoang 30 phiit dé loai bo khi Oxy trong
budng 10, sau d6 16 dugc nung néng téi nhiét do 730°C
trong 45 phut. Trong sudt qua trinh nau chay budng 10 van
duogc cp khi Ar. Hop kim néng chay dugc rot vao khuon
gang da dugc nung nong trude & 200°C. Cac phdi hop kim

thu dugc sau qua trinh dong dic dugc cit mong va mai
bang gidy nham theo cac cip do tho dén min (P600-P3000).
Céc tam hop kim cudi cing thu dugc véi chiéu day tir
0,10-0,15 mm duoc su dung truc tiép ung dung lam andt
cho pin sac Zinc-ion (Hinh 2).

2.2. Cac phuwong phdp phén tich

Céu trac tinh thé cua cac hop kim ZnyAliox duge Xac
dinh bang phuong phap nhidu xa tia X (XRD, D8 Bruker
Advanced, Duc) véi birc xa Cu-Ka (A=1,5418 A). Thanh
phﬁn hoa hoc va sy phan bd cua cac hop kim dugc xac dinh
bang kinh hién vi dién tir quét (SEM, JEOL, JSM-1T200,
Nhat Ban) duoc tich hop voi dau do phd tan xa nang lugng
tia X (EDX, Bruker, brc).

2.3. Khdo sdt cdc ddc tinh dién hod

Pé khao sat cac dic tinh dién hoa cua cac hop kim
ZnWAligox, cic pin ddi xtmg (symmetrical cells) dang
CR2032 duoc lap sir dung cac dién cuc giéng nhau la cac
tam hop kim dwoc mai mong va cit theo hinh vudng véi
kich thudc 14 0,5 x 0,5 mm. Mang chén (separator) 1 mang
soi thuy tinh (Whatmann, GF/D) va dung dich chét dién ly
(electrolyte) 1a dung dich gbc nuéc 2M ZnSO4 (Hinh 3).
Tét ca céc phép do sac-xa déu duge thuc hién trén may
LAND CT2001A Battery cycler. Pin day du (full-cell)
dugc 13p v&i vat liéu thanh phan chinhV,0s 1am catdt, hop
kim ZnggAl, lam ané)t, GF lam mang chin cach dién va 2M
ZnSO4 lam dung dich dién ly. Vit liéu trén cd s& V205
duogc tron véi mudi than (cacbon black), chit két dinh
polyvinylflouride (PVDF) trong dung m6i NMP theo ty 1¢
theo khdi lwgng 13 7:2:1, va dugce trai trén tam dan dién
cacbon va sdy trong chan khong ¢ 80°C trong 12h. Sau d6
tam mang da sﬁy kho dugc cit thanh dién cuc lam catdt véi
dudng kinh 13 12 mm (~1 mg/cmz)
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Hinh 3. Qui trinh ldp pin CR2032 sik dung hop kim ZnxAlioo-x
dé khao sat cac dac tinh dién hoa

3. Két qua nghién ciru va thio luin

O day nhom tac gia d& xuat nghién ctru hiéu suit sac/xa
cua Zn kim loai khi hgp kim héa véi Al. Méc du, thé can
bang tiéu chudn ciia AI®*/Al (—1,66 V so véi dién cuc chuin
hydro) thap hon nhiéu so v6i Zn2*/Zn (0,76 V so véi dién
cuc chuan hydro) [14], sy hinh thanh 16p v Al,Os trén cac
pha giau Al bao vé chdng lai sy hoa tan cia Al va do d6
cho phép xay ra su tudc/ma di€n hoa cod chon loc cia Zn
trong dung dich dién ly gbc nudc [15]. Hon nita Al duge
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lya chon vi nhiét 4o nong chay twong ddi thip (~ 660°C)
va gan vé6i nhiét ¢ nong chay cta Zn (~ 420°C) lam cho
viéc ché tao hogp kim Zn-Al theo phwong phap luyén kim
truyén théng hi¢u qua hon, it gy ra khuyét tat dtc hon.
Céu trac tinh thé va cac thay d6i ciia mang tinh thé cta
Zn khi hop kim hod véi Al dugc xac dinh qua két qua do
nhiéu xa tia X (XRD). Hinh 4 thé hién cac pho nhiéu xa tia
X (XRD) dién hinh cta hop kim ZngsAl,, voi cac dinh
nhiéu xa chinh twong (g véi cau tric luc giac xép chit ciia
Zn kim loai (JCPDS 04-0831). C6 thé thiy rd khi lugng
nguyén t6 hop kim Al dugc dwa vao ting 1én tdi 50% (theo
khéi lugng nguyén tir), xuit hién cac dinh nhiu xa voi
cuong d thap tai cac miat phang tinh thé (111), (200),
(220), va (311) va c6 thé duoc quy cho pha 1ap phuong dién
tam o-Al (JCPDS 04-0787) [13].
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Hinh 5. Su phdn b6 ciia cdc nguyén 16 trong
hop kim ZngsAli2 sir dung SEM-EDX
Kinh hién vi dién tir quét dwoc tich hop vé6i dau do phd
tan xa nang luong tia X (SEM-EDX) dugc st dung dé xac
dinh thanh phan va su phan bd ciia cic nguyén td cia cac
hop kim ZnyAlioox. Hinh 5 thé hién ro hop kim ZngsAl12 €0
su phan b dong deu ctia cac nguyén to Znva Al. Ngoai ra,
chung ta thdy su xuét hién cua nguyén t6 oxy va su phén
b ctia oxy 1a ddng nhét v6i Al. Didu nay chimg to bé mat

ctia tim hop kim sau khi mai bong c6 thé bi oxy hoa trong
khong khi.

Céc dac tinh dién hod cua cac hop kim Zn-Al khi tng
dung 1am andt cho pin sac Zinc-ion dugc danh gia bang
cach ché tao cac pin dbi xtmg dang cuc 40 CR2032, sir
dung chat dién ly gbc nude 2M ZnSO..
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Hinh '6. a) Hiéu sudt theo mat do dong dién sac/xa cdg
cac pin doi xiing cua cdc hop kim ZnxAlwox; b,c) Hiéu suat sac/
xd theo chu ky cua cdac hop kim ZnxAliwo-x ¢ mdt d¢ dong dién
0,5 mA/cm? va 1 mA/cm?

Hinh 6a chi ra hiéu sudt sac/xa cia céc hop kim
ZnxAlyox khi thay d6i mat do dong dién tir 0,5 mA/cm? t6i
2,5 mA/cm?(véi dung lugng ¢b dinh tai 0,5 mAh/cm?). Hop
kim ZnggAlyz c6 trudng dién thé on dinh véi qua thé ~ 20 mV
tai mat do dong dién 0,5 mA/cm? va dung luong 0,5 mAh/cm?
va duy tri dugc tinh 6n dinh cao ngay ca khi ting mat o dong
dién t6i 2,5 mA/cm? va dung luong 0,5 mAh/cm?. Nguoc lai,
céc pin d6i ximg duoc ché tao vai hop kim ZnspAlso va Zn chi
c6 dién thé 6n dinh & 5-10 chu ky dau tién & mat do dong dién
nhoé (0,5 mA/cm?) va sau d6 bi ngén mach.

Pé khao sat tinh 6n dinh sac/xa theo chu ky, cac pin d6i
xtng duoc ché tao tir cac hop kim khac nhau dugc sac/xa
tai mat d6 dong dién 0,5 mA/cm? va dung luwong
0,5 mAh/cm? va tai 1 mA/cm? va 0,5 mAh/cm? Theo Hinh
6b, hop kim ZnggAl1, c6 dién thé sac/xa én dinh vé6i qua thé
0 ~ 20 mV cho khoéang thoi gian kéo dai téi 60h, trong khi
d6 hop kim ZnsoAlso va Zn c6 truong dién thé dao dong va
bi ngén mach trong khoang thoi gian ngén tir 20-30 h. Diéu
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nay chimg t6 ZnggAli, c6 hiéu suat sac/xa cao hon Zn. Hon
nita, & mat d6 dong dién cao hon (1 mA/cm?), hop kim
ZnggAly, ¢ dién thé sac/xa on dinh trong khoang thoi gian
kéo dai t6i ~ 140h trong khi Zn c6 dién thé sac/xa dao dong
va bi ngén mach chi sau 15h.

Pé minh hoa tinh ng dung ctia vat li¢u trong pin sac
Zinc-ion, hop kim ZngsAli, dugc sir dung lam ant va vat
lidu trén nén V205 lam cathode va dung dich dién ly 2M
ZnS0, dé ché tao pin dy du. Hinh 7 biéu dién cac dudng
cong sac/xa cia pin & mat d6 dong dién 1la 50 mA/g va
khoang dién thé 12 0,4-1,4 V. C6 thé thiy rd 1a pin diy du
¢6 dung lugng riéng cao — dat ~ 300 mAh/g.

ZZ88Al2

3rd 2nd  1st

Valtage (V)

Specific Capacity (mAh/g)

Hinh 7. Cdc dwong cong sac/xa cia cac pin ddy dil
swr dung hop kim ZngsAl12 lam anot

4. Két luan

Tém lai, nhém tac gia da ché tao cac hop kim
ZnyAligox bing phuong phap luyén kim don gian va khao
sat cac ddc tinh dién hoa cta chung khi ing dung 1am andt
cho pin sac Zinc-ion s dung chit dién ly gdc nudec.
Céc két qua thyc nghiém cho thay, Zn hop kim hoa vai Al
cuthéla hop kim ZnggAliz c6 hiéu sut sac/xa tdt hon nhidu
s0 voi hop kim ZnsoAlso va Zn. O mat d6 dong dién cao 1a
1 mA/cm? va dung lugng 0,5 mAh/cm? hop kim ZngsAli2
¢6 dién thé sac/xa 6n dinh trong khoang thoi gian kéo dai
1én t6i 140h, trong khi d6 hop kim ZnsoAlso va Zn ¢ truong
dién thé dao dong va da ngén mach chi sau 15h. Khi hop
kim ZnggAli2 dugc s dung lam andt két hop voi vat liéu
cathode trén co s& V20s, pin hoan thién dat dung luong cao
~ 300 mAh/g. Nghién ciru nay di budc ddu chimg minh
viéc hop kim hoa kém véi nhom 1a mot giai phap co trién
vong nham cai thién va nang cao hi¢u sudt cho pin sac kém-
ion. Pay 1a co s& quan trong dé nghién ctru siu hon vé vat
liéu andt cho cac pin sac k€m-ion.
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