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Tom tat

Trong nghién ctru nay bot nano-Fe203 dé duwgc tong hop béng phuwong phép sol-gel tir nguyén vat liéu ban
d4u Fe(NO3)3.9H-0 va axit oxalic C2H204.2H20 nhdm tim ra vét liéu phu hop c6 thé g dung lam dién cuc
am cho pin sac Fe-khi. C4u tric tinh thé, kich thuéc, hinh théi hoc cda vat liéu Fe2Os thu duoc duoc xac
dinh bang phuong phép nhiéu xa tia X (XRD) va hién vi dién t quét (SEM). Tinh chét dién héa cta vét liéu
Fe203 da duoc khdo séat théng qua phép do quét thé vong tuédn hoan. Anh hudng cta chét phu gia céc bon
AB trong dién cuc Fe203/AB ciing duoc khdo sat dé danh gia kha néng (rng dung ctia né trong pin sac Fe-
khi. Két qud cho théy vét liéu Fe:03 ché tao duoc c6 cac dinh oxy héa — khiv 6 rang, déc biét dién cuc
Fe203/AB cho dong oxy hda khir Ién chimg té khé ndng chu trinh héa tét hon khi c6 mét AB trong dién curc.
Chét phu gia AB da lam ting dé dan dién ctia dién cuc sét va cai thién khd ndng chu trinh héa cia né.
Bén canh dé, chét phu gia dung dich dién ly K2S gitp lam ting téc dé phan tmg oxy héa cla sat, giam
lwong khi hydré sinh ra dén dén tiang cuwong do dong oxi héa — khtr, do vay céi thién dung long, hiéu suét
phéng nap cda dién cuc Fe20x/AB.

Tl khéa: Vat liéu nano Fe20s3, dién cwc Fe203/AB, phwong phap sol-gel, pin sac sét-khi.
Abstract

In this study, Fe203 nanopowder was synthesized by sol-gel method from the raw materials Fe(NQO3)s.9H20
and oxalic acid C2H204.2H20 to find the suitable materials applying for rechargeable Fe-air battery anode.
The structure, size and morphology of the obtained Fe203 materials were determined by X-ray diffraction
(XRD) and scanning electron microscopy (SEM). Electrochemical properties of Fe203 materials have been
investigated via cyclic voltammetry measurement. The effect of carbon additive (AB) in Fe203/AB electrodes
was also investigated to evaluate its applicability in the rechargeable Fe-air battery. The results showed that
the fabricated Fe2O3 materials had clear redox peaks, especially Fe203/AB electrode provided high redox
current suggesting that its cyclability was better when AB was added in the electrode. The additive AB
increased the electrical conductivity of the electrode and improved the cyclability of the Fe203/AB electrode.
Beside that, K2S additive in electrolyte facilitated the redox reaction rate of iron, reduced hydrogen evolution,
leading to increased redox current, and thus improved the capacity and cycling efficiency of Fe2O3AB
electrode.

Keywords: Fe203 nanomaterials, Fe2Os/AB electrode, sol-gel method, rechargeable Fe-air battery.

1. Mé déu

Trong nhiing ndm gin day pin sac dién cuc sit
nhu pin Fe-khi, pin Fe-Ni thu hut dwoc nhiéu s quan
tam nghién ctru ciia cac nha khoa hoc vi sit c6 nhiéu
trén trai dat, 1a nguyén liéu tuong dbi ré, than thién
v6i méi truong va c6 mat do niang luong 1y thuyét cao
[1-5]. Mic du pin sac dién cuc sit it xuét hién trong
cac ung dung thong thuong nhung do ching co6
nhimg dac diém doc dao hon cac loai pin sac khac
kh1en ching hap dan va phu hop vdi cac yéu cau méi
ndi ctia cac hé tich trir nang luong lon [6-7]. Pin sac
Fe-khi 1a loai pin tiém niang tng dung cho céc
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phuong tién chay dién nhu xe may dién, 6 t6 dién
thay thé cho pin sac Li-ion rat dit d6 hién nay vi
chung c6 mat do nang luong 1y thuyét cao, than thién
mdi trudong, gia thanh ré. Pac biét chi co vat li¢u dién
cuc am la sat dugce chira trong pin nén dung luong
cua pin Fe-khi dugc xac dinh bdi vat liu dién cuc
sit. Phan (mg dién hoa cua dién cyc sit trong dung
dich kiém bao gdm qua trinh oxy héa-khir cua sit
theo phuong trinh sau:

Fe(OH), + 2e— <> Fe + 20H E° = —0.877 V[8] (1)

Phan ung theo chiéu‘ thuan xdy ra trong qua
trinh phong trong khi chiéu nguoc lai la qua trinh
nap.

Tuy nhién dién cuc sét van co nhting han ché
nhat dinh nhu hi€u suat nap cia né thap do khi hydrd
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sinh ra canh tranh véi qua trinh nap theo phuong trinh
)

2H,0 +2e—«>H, +20H"  E°=-0.828V[8] (2)

Phan tmg sinh khi hydré xuat hién vi thé dién
cuc cua phan ung nay duong hon mdt chit so voi
phan tmg dién cuc sit theo phuong trinh (1). Do vay
pin dién cuc st dé xay ra hién twong qua phéng va
viéc sinh khi hydrd nay gy mat nuéc cta dung dich
dién ly ciing nhu 1am giam hiéu suat nap cia pin. Vi
vay viéc khir khi hydro sinh ra trén dién cuc sat 1a rat
can thiét dé tang hiéu sut phong - nap, giam chi phi
cing nhu tang kha nang ng dung cua pin dién cuc
sat trong tich trir ning lvong quy mé 16n. Mot han
ché khac cua pin dién cuc st 1a kha nang phong cia
n6 & téc do cao rat kém do tinh thy dong cta 16p
Fe(OH), khong din dién hinh thanh trong qué trinh
phong (phuong trinh 1). Nhiéu ‘nghién ctru dugc thyc
hién dé cai thién nhimg han ché néu trén cia dién cuc
sat nhu thay dbi cdu tric dién cuc [8], sir dung chét
phu gia cho dién cuc [8-14], chit phu gia cho dung
dich dién ly [15-18] hodc ca hai loai phu gia [19-20].

Mic du nhiing nghién ciru vé pin dién cyc sat da
dat duoc nhing thanh cong dang ké, tuy nhién do
thach thirc vé mat cong nghé nén dién cuc sat van con
mot sb ton tai can khic phuc nhu khir khi hydré sinh
ra va nang cao toc do phong. Cac nha nghién ctru
cling chi ra rang toi uu héa cau trac dién cuc st vé do
x6p, kich thude 16 x6p va do day dién cuc giup cai
thién kha ning chu trinh hoa, hiéu suit phong — nap
ctia n6 [8]. Ngoai ra sir dung chit phu gia cac bon va
S* cling ngan chgn sy sinh khi hydro giup cai thién
hon nita hiéu suit nap va tdc do phong cua sit. Cac
nghién ctru trudce cua chung tdi ciing chi ra kich thudce
hat sét, chit phu gia dién cyc va phu gia dung dich
dién ly c6 anh huong manh dén dic trung dién héa
ctia dién cyc sét [17, 21, 22]. Vi vay trong nghién ciru
nay Fe;Os duogc téng hop bing phuong phap sol-gel
nham tao ra vét liéu oxit sit c6 kich thuée, hinh dang
mong mudn ding dé tao dién cuc 4m trong pin sac
Fe-khi. Ngoai ra anh huéng cia K>S dén dic trung
dién hoa cua dién cuc Fe;O; cling dugc khao sat
nhdm tim ra vét liéu dién cuc t6t nhat cho pin Fe-khi.

2. Thuc nghiém

Bota -Fe,0; duge téng hop bing phuong
phap sol-gel nhu sau: Hoa tan Fe(NO3)3;.9H,O
(Aldrich, d9 sach trén 98%) va axit oxalic
C,H>04.2H,0 (Aldrich, d9 sach trén 99%) trong
dung moi ethanol, tiép theo dung dich axit dugc
nho tir tir vao dung dich mudi sit. Hon hop dung
dich sau d6 dugc duy tri ¢ nhiét do 60°C cho dén
khi gel dugc hinh thanh. Cac gel nay duogc loc rtra
sach, séy khé ¢ 60°C va u ¢ nhiét d¢ 400°C trong
2 gir dé thu duoc bot sét oxit.
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Céu tric tinh thé vat lidu a-Fe;03 ché tao dugc
dugc xac dinh bang phép do nhidu xa tia X (XRD) va
hinh thai hoc ciia chung dugc quan sat bang kinh hién
vi dién tir quét (SEM).

Dé xé4c dinh tinh chét dién hoa cua oxit st vira
téng hop dugc, 14 dién cyc da dugce ché tao béng cach
nghién trén 90% bot a-Fe,0s va 10% chét két dinh
polytetraflouroethylene (PTFE; Daikin Co.) sau 46
can mong ra véi d¢ day khoang 1mm. Pién cuc AB
ciing dugc tao véi ty 18 AB:PTFE = 90:10 % dé kiém
tra kha nang tham gia phan ung cua né trong dung
dich dién ly kiém. Céc dién cuyc Fe;Os, AB dugc cit
tor 1a dién cuc thanh dang dia tron mdng co6 dudng
kinh lcm. Pia dién cyc sau do dugce ép l1én vat li€u
dan dong 1a luéi Titanium voi luc ép khoang 150
kg/em? dé gin chat dién cuc vao ludi Titanium.

Dé nghién ctru anh hudng cia chat phy gia
cacbon Acetylene Black (AB) dén dic trung dién hoa
cua cua dién cuc Fe,0s, dién cuc Fe,03/AB dugc ché
tao béng phuong phap tuong tu voi ty 1€ % khéi
luong nhu sau Fe;O3:AB:PTFE = 45:45:10 %. Céac
dién cuc Fe,O3/AB nay cling dugc cit ra tir 14 dién
cuc thanh dang dia tron c6 duong kinh lcm sau do
cling dugc ép lén ludi Titanium véi luc ép khoang
150 kg.

Céc phép do quét thé vong tuan hoan (CV) duge
thuc hién trén cell 3 dién cuc véi FeyOs hoidc
Fe,03/AB 1a dién cuc lam viéc (WE), Pt 1a dién cuc
dbi (CE) va Hg/HgO 1a dién cuc so sanh (RE). Dung
dich dién li la KOH 8M. Cac phép do CV dugc thuc
hién véi toc do quét 5 mV/s va thé quét trong khoang
tir —1,3V dén —0.1 V. Anh huong cua chat phy gia
K>S trong dung dich dién ly dén dac trung dién hoa
cua dién cuc composit Fe,O3/AB dugc nghién cuu sir
dung dung dich dién ly KOH 7.99M+ K,S 0.01M.

3. Két qua va thao luin

3.1. Céu tritc tinh thé va hinh thdi hoc vit ligu ché
tao

Céu triic tinh thé ctia vat lidu oxit sit tong hop
dugc bang phuong phap sol-gel duge thuc hién thong
qua phép do nhidu xa tia X (XRD) va két qua duoc
thé hién trén hinh 1.

Tir gian d6 nhidu xa tia X ta thdy cac dinh nhidu
xa xuét hién & cac goc20 = 24,13°, 33,11°, 35,61°,
40,837, 49,41°, 53,99°, 57,49°, 62,38°, 63,96° va 71,8°
75,41° tuong Gng véi cac mat (012), (104), (110),
(113), (024), (116), (018), (214), (300), (1010) va
(220). So sanh voi dir ligu chuin, cic dinh nay dac
trung cho ciu tric tinh thé a-Fe,Os theo ICSD —
82136. Diéu nay chung to vat liéu a-Fe,O; da dugc
ché tao thanh cong bang phuong phap sol-gel. Phd
nhiéu xa tia X trén hinh 1 khong c¢6 bat ky dinh la nao
ngodi cac dinh dic trung cho cdu tric tinh thé
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a-Fe;05 chimg to bot a-Fe,Os tong hop dugc ¢6 do
sach tuong doi cao.

(104)

20(d0)

Hinh 1. Phé nhiéu xa tia X ctia mu o -Fe,0s tong
hop dugc bang phuong phép sol-gel

Phép do SEM thuc hién trén mau Fe,Os tong
hop dugc dé quan sat hinh dang, kich thudc cua cac
hat Fe;O3, két qua dwoc biéu dién trén Hinh 2. Anh
SEM ctia miu Fe,Os cho théy cac hat Fe,O3 ché tao
dugc c6 kich thude dudi 100 nm, tuong dbi dong déu.
Kich thugc hat nho cua Fe;O3 duoc hy vong s& gitp
cai thién nhitng han ché cta dién cyc sat.

Hinh 2. Anh SEM cta miu o -Fe,O; tong hop dugc
bang phuong phép sol-gel

Dic trung dién héa ctia miu Fe,Os; dugc khao
sat bang phép do quét thé vong tudn hoan (CV) trong
dung dich KOH 8M, két qua duoc biéu dién trén hinh
3. Khi quét thé theo chiéu tang tir —1,3 V dén —0,1 V
¢6 hai dinh oxy hoéa nho xuat hién ¢ thé khoing
—0,9V (a1) va —0.6V (az) va hai dinh khtr twvong Gng &
khoang —1,0V (c2) va —1,2V (ci) theo chidu quét
ngugc lai. DPinh khir ¢; bi che phti mot phﬁn béi dinh
sinh khi hydro ¢ thé khoang —1.2 V. Cip dinh ai/c,
tuong ung voi cdp phan tng oxy hoa - khir Fe/Fe(Il)
va cdp dinh ay/c, twong Gng voi cap phan ing oxy
héa - khir cia Fe(Il)/Fe(Ill). Binh khtr ¢; bi bao phu
boi dinh sinh hydro s& lam giam hiéu suit nap cua
dién cuc sit. Tuy nhién cac cip dinh oxy héa-khur nay
rat nho ching t6 toc do phan tmg oxy hoa-khir thép.
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Khi lap lai sb vong quét tir chu ky 2 dén chu ky 5,
cuong d6 dong oxy - khur cia cac cap dinh bi giam
dan chimg t6 kha nang chu trinh hoa cua sit bi giam
dan theo s6 vong quét. P6 co thé do 16p Fe(OH), thy
dong hinh thanh tai dinh a, 1am ngén can 16p st bén
trong tiép tuc phan ung. Mit khac l6p Fe(OH), cach
dién lam tang dién tr¢ dién cyc dan dén giam téc do
phan tmg oxy héa - khir cua sit.

1

_
<
E
= 04
<
Lol
g -1
-9
o
;8
2
=]
O 3 . . . .
5 <12 09 06 03 00

Dién thé V so véi Hg/HgO

Hinh 3. Bac trung CV cua dién cuc Fe,Os trong dung
dich KOH

Dé cai thién dién trd cia dién cuc Fe,Os, chat phy
gia AB dugc dua vao trong dién cyc mot mat lam
ting d6 dan dién cia dién cuc, mit khic lam moi
truong dé phan tan hat sit hinh thanh tai dinh c,
thong qua qua trinh két tua-hoa tan gitp han ché su
két dam lai cua hat sit. Dac trung CV cua dién cuc
AB trén hinh 4 cho thay AB khong bi oxy hoa dén —
0,4V. Chi ¢6 dong ca t6t xuét hién ¢ khoang — 1,4V
dugc gay ra boi phan tng sinh khi hydro trén bé mat
dign cuc. Phan tmg sinh khi dién ra ¢ mirc thé kha
thip so v&i phan tng oxy héa khir cua sét (Fe(I)/F e)
(phuong trinh 1), do vay AB c6 thé sir dung lam chat
phu gia cho dién cuc Fe,Os.
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Hinh 4. Pac trung CV cua dién cuc AB trong dung
dich KOH

bic trung CV cua dién cuc Fe;03/AB duogc thé
hién trén hinh 5. Khi quét thé theo chiéu thudn, c6 su
xuit hién ctia dinh oxy hoa Fe/Fe(Il) ¢ thé khoing
—0,9V(a;) va Fe(Il)/Fe(Ill) & thé khoing —0,6V(az)
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trong khi chi c6 mot dinh khur Fe(I1T)/Fe(II) xudt hién
& thé khoang —1,1V (c2) cung véi dinh sinh khi hydro
theo chiéu quét nguoc lai. Pinh oxy héa a; rat nho so
v6i dinh a, chimg to dinh a, bao gdm cé hai cip phan
ung oxy hoa cta Fe/Fe(Il) va Fe(II)/Fe(I1I). Binh khu
Fe(Il)/Fe (ci) khong quan sat dugc do bi che phu bédi
dinh sinh khi hydro. Khi c6 carbon AB trong dién cyc
(hinh 5), duong CV cua mau Fe,O3/AB cé cac dinh
oxy hoa-khtr cao hon va cudng dd dong oxy hoa-khir
16n hon nhiéu dudng CV ciua miu Fe,O; khong co
AB (hinh 3). Két qua nay ching to AB dong vai tro
quan trong trong viéc cai thién kha nang chu trinh héa
cua dién cuc Fe,O3/AB. Nguyén nhan chinh 1a do AB
c6 do dan dién cao, kich thudc hat nho, dién tich bé
mat 16n, khi ¢c6 mat trong dién cuc Fe,O3/AB, mot
mat né lam tang do dan dién cua dién cuc, mit khac
lam tang dién tich bé mit hoat dong dién hoa cia dién
cuc din dén tang tbc do phan mg oxy hoa-khir va do
vay tang dung lugng, hiu sudt phong-nap cua
Fe,03/AB. Nhu véy viéc sir dung AB lam chat phy
gia dién cuc, kha nang chu trinh héa cia Fe;O; ché
tao bang phuong phap sol-gel dd dugc cai thién dang
keé.
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Hinh 5. Dic trung CV cua dién cuc Fe,O3/AB trong
dung dich KOH.

Dé cai thién hon nita kha nang chu trinh hoa,
hiéu suat nap va téc do phan tng cua vat liéu Fe,O3
tong hop dugc, chat phy gia dién cuc AB va chat phu
gia K;S trong dung dich dién ly cung dugc st dung,
két qua dugc biéu dién trén hinh 6. Khi c6 K,S trong
dung dich dién ly, cac dinh oxy hoa-khtr ai, a,, c» Xuét
hién 1én hon, rong hon so véi mau Fe;O3/AB trong
dung dich KOH (hinh 5). Didu d6 ching to K,S di
lam ting tbc do phan mg cua sit, gitip cai thién kha
nang chu trinh hoéa cua dién cuc Fe,O3/AB. DPac biét
khi ting s6 vong quét, dong oxy hoa - khtr ting 1én
ching t6 téc do phan tng cua cac cip phan tmg
Fe/Fe(Il) va Fe(Il)/Fe(Ill) da dugc cai thi¢n. Tuy
nhién cac dinh oxy hoa bi dich vé phia duong hon
trong khi dinh khir bi dich vé phia am hon chimg t6
qua thé coa cac cdp phan ung Fe/Fe(Il) va
Fe(II)/De(1ll) tang lén khi co6 mat KoS trong dung
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dich dién ly. Hién tuong tang qua the khong co6 loi
cho hi¢u suat phong-nap cua dién cuc sit.
150
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Hinh 6. Dic trung CV cua dién cyc FeoO3/AB trong
dung dich KOH + K,S

0.0

Bén canh anh huong tich cyc nhu ting dong oxy
hoa - khu, cai thién tbc do phan ung, giam lugng
hydr6 sinh ra, K»S van c6 nhitng anh huong khong
mong mudn dén dic trung dién hoa cia Fe;O3/AB.
D6 c6 thé do ion S* két hop vao mang oxit sit va
tuong tac vdi Fe(Il) hodc Fe(Ill) trong 16p mang oxit
dé kich thich sy phan huy cia sit [23,24] va lam tang
d6 dan dién cua dién cuc [12,16,25] do d6 cai thién
kha nang chu trinh héa cuia sit. Khi K>S c6 mit trong
dung dich dién ly, ban dau téc d6 phan ung cta cip
F e/F e(Il) va Fe(Il)/Fe(Ill) dugc tang 1én, sau do khi
sO vong quét tang 1én, do 16p Fe(OH), day 1én nén sy
thu dong lai xuat hién gy nén sy ting qua thé cua cac
cap phan ing.

Pay la nhing két qua ban dau ché tao Fe,O3
bang phuong phap sol-gel. V6i viéc nghién ctru chi
tiét hon dé t6i wu héa quy trinh ché tao va cai thién
hon nira kha nang chu trinh hoéa cia Fe;Os, vat li€u
Fe,0; tdng hop duoc bang phuong phép sol-gel rat co
tiém nang ing dung lam dién cuc 4m trong pin sét-
khi.

4. Két luan

Vit liéu a-FexO; kich thudc nanomet da duogc
ché tao thanh cong bang phuong phap sol-gel. Két
qua do dac cho thay vat lidu téng hop dugc c6 do
sach cao, hat tuong d6i dong déu. Phép do dién hoa
chimg to vat lieu Fe;O; tdng hop duoc co chu
trinh hoa tdt thé hién & cac dinh oxy héa khir xudt
hién rd rang. Anh huong cua chit phu gia cic bon
AB 1én tinh chét dién héa cia dién cuc a-Fe,O3/AB
da duoc khao sat. Sy c6 mat cia AB trong dién cuc
Fe,0; mot mit lam ting do dan dién cua dién cuc,
mat khac cai thién kha nang chu trinh héa va dung
luong cua dién cuc Fe,O3/AB. Vai tro cua chit
phu gia K,S trong dung dich dién ly cling dugc
nghién ctru chi tiét. Cac két qua thu dugc ching to
chit phu gia K»S anh huéng huong tich cuc dén toc



Tap chi Khoa hoc va Céng nghé 140 (2020) 040-044

dd phan tng oxy hoéa khur cua cac cap Fe/Fe(Il),
Fe(II)/Fe(IlI) va lam giam tinh thu dong cua dién cuc
Fe,O; dan dén nang cao dung lugng, hiéu suat
phong-nap ctua Fe,O3;/AB. Hién tuong tang qua
thé clia cac cip phan (ng oxy hoa-khir ctia sat van
xuat hién trong dién cyc Fe,O3/AB khi su dung
KsS.
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