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Tong hop vat liéu Fe,O, kich thwdc nanomet
urng dung lam di€én cwc am pin sac lai
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Tom tit:

Dién cue sit dong vai tro quan trong trong pin sit - khi. Viéc 1am chii ¢ong nghé ché tao vat liéu dién cuc nay la
buéc quan trong dé cai thién dung lwgng, hiéu sudt phéng - nap, va giam gia thanh caa pin thwong phdm. Phuong
phap sol-gel dugc biét dén 1a mot phwong phap don giin, dé thue hién dé ché tao vat liéu kich thwéc nanomet. Trong
nghién ciru nay, hat nano o-Fe,0, véi cac hinh dang khac nhau da dwgc tong hop bang phwong phap sol-gel dé 1am
di¢n cwe Am cho pin sit - Khi. Phep do dic trung di¢n héa thuc hi¢n trén di¢n cuc Fe,O,/AB sir dung cac vat li¢u
nano Fe,O tong h0’p dwgec da chi ra kich thu'(rc, hinh thai hgc cta hat sat anh huéng manh dén kha nang chu trinh
héa ciia chung Ti wu héa quy trinh ché tao dé thu dworc kich thwéc, hinh dang hat Fe O, cho dic trung di¢n hoa tot
nhit da dwogc thwe hién. Anh hudng cia chit phu gia K.S trong dung dich di¢n ly len dac trung dién héa cia dién

cuc Fe, O,/AB ciing dugc nghién ciru.

Tir khéa: a-Fe,0O, kich thu¢e nanomet, phwong phap sol-gel, pin sét - khi.
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Trong thoi gian g?m day, xe di¢én dang dugc phat trién nhanh
& nhidu quéc gia trén thé gioi, trong d6 o Viét Nam. St dung xe
dién thay thé céc Jphuong tién dung nhién liéu hoa thach s 1a xu
thé tit yéu trén thé gisi, gop phan lam giam tinh trang 6 nhiém moi
truong dang dién ra ¢ nhiéu qudc gia. Hién nay, hau hét céc xe
dién déu sir dung pin Li-ion, loai pin nay c¢6 chi phi cao, khng an
toan va kha nang tich trlr nang lugng ctia n6 da dat mire té1 han [1].
Vi vy, viéc phat trién mot thé hé pin méi thay thé pin Li-ion mg
dung cho xe dién nhu pin kim loai - khi, pin ran, pin kim loai - ion
da hoa tri... dang la nhiém vu rat cap béch. Trong s6 cac loai pin
méi nay, pin kim loai - khi thu hit duwgc sy quan tam nghién ctiu
ctia dong dao cac nha khoa hoc vi chiing c6 ning lugng ly thuyét
cao hon, chi phi thép hon pin Li-ion [2, 3]. C6 nhiéu loai pin kim
loai - khi nhu pin nhom - khi, st - khi, k&m - khi, Liti - khi [4-8]...
nhung pin sit - khi dugc ky vong hon ca vi dung luong ly thuyét
cao, tudi tho dai, do on dinh dién hoa cao, an toan moi truong
va chi phi phtt hop do sat 1a ngudn vat liéu ré, c6 nhiéu trén trai dat
[9]. Tuy nhién, ing dung thuc té cia pin sat - khi bi giéi han boi
tinh khong 6n dinh nhiét dong luc hoc cla sit trong moi truong
kiém [4]. Phan éng sinh khi hydro xay ra dong thoi véi phan
mg khtr Fe(OH), trong qua trinh nap, dan dén gdy mt nudc cla
dung dich di¢n ly cling nhu lam gidm hi¢u suat nap cua pin [10].

Céc két qua nghién ctru trude ddy cua nhom nghién ctu cho
théy kich thudc, hinh thai hoc, ham lugng ctia hat sit anh hudng
manh dén dic trung dién hoa cia dién cuc sit [11-13]. Cu thé,
voi cung ty 1€ cac thanh phﬁn trong dién cuc, hat sit ¢6 hinh dang
khac nhau, cho cac dac trung dién hoa khac nhau. Ty 1¢ thanh
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phan céc chit cdu thanh dién cyc ciing anh huong manh dén
dac trung dién hoa cta né nhu hat sit kich thudc nanomet can
luong chat két dinh nhiéu hon hat sit kich thuéc micromet. Céc
chat phu gia cho dién cyc nhu nano cac bon va chat phu gia cho
dung dich di¢n ly nhu K S deu ¢ tac dong tich cyc dén kha ning
chu trinh hoa cua dién cuce sdt, gifip cai thién dung luong, ning
luong, hiéu suat cua pin sat - khi [14-16]. Do vay, viéc chii dong
tao ra vat liéu 6-xit sit c6 kich thudc, hinh thai hoc phu hop cho
ung dung lam dién cuc am trong pin sit khi 1a rét quan trong.

Phuong phap sol-gel dwgc biét dén 1a mot phuong phap don
gian, dé thuc hién dé ché tao vat lidu c6 kich thudc nanomet cho
cac img dung khac nhau. K& thira, phét trién cac két qua da dat
dugc cla cac nghién ciru trude [11-15], dong thoi voi mong
mudn gop phan lam giam gia thanh pin thwong pham trén thi
truong, trong cong trinh nay, chung t61 st dung phuong phap sol-
gel dé ché tao vat lidu Fe,0, voi kich thude, hinh dang c6 thé diéu
khién cho phu hop voi ting dung trong pin sit - khi nham cai thién
kha nang chu trinh héa ciia dién cuc sat.

Vét liéu va phuong phap nghién ciu

Mu01 Fe(NO,),.9H,0 (Sigma Aldrich) dugc st dung lam
nguon st va axit oxahc (C,H,0,2H,0) (Sigma Aldrich) dugc
str dung lam phén tur phdi tr (hgand molecules) trong quy trinh
tong hgp bt nano a-Fe,0, bang phuong phap sol-gel. Trudc
tién, muoi Fe(NO ),-9H, O Va C,H,0,.2H,0 dugc hoa tan trong
100 ml dung méi ethanol aé tao cac dung dich 0,1 M tuong
tmg. Tiép theo, nho dung dich axit vio dung dich mubi sat
dang dugc khudy déu. Hon hop dung dich sau d6 dugc duy tri
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Abstract:

Iron electrode plays an important role in iron-air
batteries. Mastering the fabrication technology of this
electrode material is a key step in improving capacity,
cycling efficiency, and lowering the cost of commercial
batteries. The sol-gel method is known to be simple and
easy to implement for producing nanomaterials. In this
study, o-Fe O, nanoparticles with various shapes were
synthesised by the sol-gel method for iron-air battery
anodes. Electrochemical characteristic measurements
performed on Fe O,/AB electrodes using synthesised Fe,O,
nanomaterials showed that the size and morphology of iron
particles strongly affect their cycleability. Optimisation of
the fabrication process to obtain the suitable Fe,O, particle
size and shape for the best electrochemical properties was
performed. Additionally, the effect of the K,S additive in
electrolyte solution on the electrochemical properties of the
Fe,0,/AB electrode was also studied.

Keywords: o-Fe,O, nanomaterials, iron-air battery, sol-gel
method.
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& nhiét do 60°C cho dén khi gel dugc hinh thanh. Trong quéa
trinh nay, 6 pH cua dung dich dugc didu chinh ¢ cac gi4 tri
khac nhau dé thu dugc cdc mau khac nhau. Céc gel nay dwoc
loc rtra sach, séy kho ¢ 60°C va i & nhiét do 400°C hoac 600°C
trong 2 gio dé thu dwoc bot st oxit. Danh sach cac miu ché tao
bang phuong phap sol-gel nay 6 céc diéu kién khac nhau dugc thé
hién trong bang 1.

Bang 1. Danh sach cic miu Fe,0, ché tao bing phwong phap sol-gel trong cac
diéu kién khac nhau,

TT Ky hi¢u miu Diéu kién ché tao

1 pH3 Fe(NO,)+C,H,0,, pH=3, t, =400°C
2 pH7 Fe(NO,)+C,H,0,, pH=7, 1 =400°C
3 pHI1 Fe(NO,),+C,H,0,, pH=11, 1 =400°C
4 pH11-600C Fe(NO,)+C,H,0,, pH=11,t, =600°C

Céu trac hat o- -Fe,0, ché tao dugc dugc xac dinh bang phép
do nhiéu xa tia X (XRD) va kich thuge, hinh théi hoc cua chung
duoc quan sat bang kinh hién vi dién tir quét (SEM). Dé khao
sat ddc trung dién hod cta vat ligu oxit sit vira téng hop dugc, 14
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dién cuc duge ché tao bang cach nghién tron 45% bot a-Fe .0,
45% chat phu gia cacbon acetylene black (AB) va 10% chat két
dinh polytetraflouroethylene (PTFE; Daikin Co.), sau d6 can
mong ra voi do day khoang 1 mm. Chat phu gia AB duoc ding
dé 1am tang do dan dién cua dién cyc composit Fe,0,/AB. Cac
dién cuc Fe,O,/AB dugc cét tir 14 dién cyc thanh dang dia tron
mong co duc‘mg kinh 1 cm. Dia dién cuc sau do duoc ép 1én vat
liéu dan dong 1a ludi titanium véi luc ép khoang 150 kg/em? dé
gén chat dién cuc vao ludi titanium. Nghién ciru anh huong cua
chit phu gia trong dung dich dién ly K,S dugc thuc hi¢n véi
nongdoKSOOl M.

Cac phép do quét thé vong tuan hoan (CV) dugc thuc hién
trén cell 3 dién cuc voi Fe,0,/AB la dién cyc lam vigc (WE),
Pt 1a dién cuc ddi (CE) va Hg/HgO la dién cuc so sanh (RE).
Dung dich dién ly 1a KOH 8 M hodc KOH 7,99 M + K,S 0,01
M. Céc phép do CV duoc thyc hién véi toe do quét 5 mV/s va
thé quét trong khoang tir -1,3 dén -0,1 V.

Két qua va thao luan
Céu triic tinh thé vit ligu

Dé xéc dinh cdu tric vat ligu oxit sat tong hop dugc béng
phuong phap sol-gel, phép do nhiéu xa tia X dugc thyc hién, két
qua dugc biéu dién trén hinh 1. Tir gian d6 nhiéu xa tia X ta thiy ¢
cac mau cac dinh nhiéu xa xuat hién & cac g6c 2 0=24,13°,33,11°,
35,61°,40,83°,49,41°, 53,99°, 57,49°, 62,38° va 63,96° thé hién cho
cac mdt (012), (104), (110), (113), (024), (116), (018), (214) va
(300) tuong tmg. Céc dinh nhiéu xa nay trung véi cac dinh nhiéu
xa cla pho chuén a-F e,0, theo JCPDS s6 033-0664. Bén canh do,
dinh nhiéu xa & 30, 24° va 35,63° trung voi cac dinh nhiéu xa cua
phd chuén y-Fe ,0, theo JCPDS 50 039-1346. Hai dinh chinh Xuit
hién ¢ 2 6=33, 11° va 35,61°, trong do, dinh chinh tht hai ¢ 35,61°
cd thé do pha a-Fe,0, hodc y-Fe,O, va khong c6 dinh la nao the
hién tap chat xudt hlen trong phd nhleu xa. Céc dinh nhiéu xa xuat
hién trén gian b déu chimg t6 o-F ¢,0, 1a pha chinh trong vat li¢u
tong hgp dugce. Nhu vy, vat liéu a Fe 0, da duoc ché tao thanh
cong bing phuong phép sol-gel va ¢6 do sach twong di cao.
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Hinh 1. Phé nhiéu xa tia X ciia miu Fe,0, ché tao ¢ cac diéu kién khac nhau.



Hinh thdi hoc vat liéu

Vit li¢u Fe,O, tong hop duge bing phuong phap sol-gel ¢ cac
diéu kién khac nhau duoc tién hanh chup SEM va két qua thé hién
trén hinh 2. Khi pH=3 (hinh 2A), nhiét d¢ u 400°C, hat Fe,0O, thu
duoc ratnho (c& vai chuc nanomet) va twong dbi dong deu Khl
tang pH 1én 7 (hinh 2B), gilr nguyén nhiét d¢ u 400°C, hién tuong
hat két d¢4m bat dau xuat hién lam kich thudc hat Fe O, tang 1én
va khong ddng déu. Tlep tuc tang pH 1én 11 (hinh 2C) va nhiét
do u mau khong thay d6i, hat bi két dam nhiéu hon, kich thugc
khong ddng déu, c6 nhiing hat nho vai chuc nanmet va nhing hat
to vai trim nanomet. Giit nguyén pH=11 va tang nhiét do i mau
tir 400 1én 600°C (hinh 2D) hat Fe,0 chuyén thanh nhimg manh
det to hon, bé mat tron nhén, kich thuoc tir vai chuc dén vai trim
nanomet.

Hat Fe O, c6 kich thude, hinh dang khac nhau s& thé hién dic
trung dién hoa khac nhau. Noi cach khac, kich thude, hinh thai hoe
khac nhau ctia cac mau Fe 0, ché tao ¢ céc diéu kién khac nhau sé
anh huong khac nhau dén dac trung dién hoa cua ching. Nhu vdy,
bang viéc thay d6i céc diéu kién ché tao miu bang phuong phap
sol-gel ta c6 thé thay doi duoc hinh dang, kich thudc cua hat Fe,0,
dé dat duoc dic trung dién hoa mong mubn.

(A)pH3

Hinh 2. Anh SEM ciia miu Fe,0, ché tao & cdc didu kién khac nhau: (A) pH3, (B)
pH7, (C) pH11 va (D) pH11-600C.

Didc trung dién hoa

Két qua do CV cua dién cyc Fe,0,/AB sir dung cac mau Fe,0,
ché tao bang phuong phap sol-gel & cac diéu kién khac nhau trong
dung dich KOH 8 M dugc thé hién trén hinh 3. Khi quét thé theo
chiéu tang tor -1,3 dén -0,1 V va ngugce lai, duong CV cua tat ca
cac mau pH3 (hinh 3A), pH7 (hinh 3B), pH11 (hinh 3C) va pH11-
600C (hinh 3D) déu xuét hién céc dinh oxy héa - khir theo chiéu
phéng - nap. Cac dinh oxy hoa xuat hién & thé khoang -1 0V (ay),

-0,8 V(a,) va-0.6 V (a,), trong khi chi c6 m¢t dinh khir xuét hién &
thé khoang -1,1 V (c,) cung v6i dinh sinh khi hydro theo chiéu quét
nguoc lai. Dinh khir sit Fe(H)/Fe(c ) bi che phu hoan toan bai dinh
sinh khi hydr6 (H,) ¢ cac mau, ngoai trir mau pH11-600C (hinh
3D). binh a xut hién do sy hap phu nhom OH™ cia dién cyc sit
tao thanh Fe(OH) trude khi xay ra phan tmg oxy hoa sat ¢ dinh
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a,. Cap dinh a /c, twong (g v6i qué trinh oxy hoa - khir cua Fe(I)/
Fe(H) trong khl cdp dinh a /c, twong tmg véi qua trinh oxy hoa -
khir cua Fe(Il)/Fe(11I). Dmh oxy hoa a, cao hon nhiéu so v6i dinh
a,, chimg t0 dinh a, bao gdm ca hai qua trinh oxy hoa Fe/Fe(Il) va
Fe(H)/Fe(IH) bo la do 16p thy dong Fe(OH), hinh thanh tai dinh
a, gly ra sy tang qua thé ciia cip phan (ng Fe/Fe(II) dan dén ca
ha1 cap phan mg oxy hoa xay ra tai dinh a,. Dong dién tai cac dinh
giam dan theo s0 chu ky quét & cac mau pH3 (hinh 3A), pH7 (hinh
3B), pHI1 (hinh 3C). Péng chu y, & mau pH11-600C (hinh 3D),
cac dinh oxy hoa - khir xuat hién r& rang hon, dinh khu ¢, tach biét
voi dinh sinh khi hydr6 va cuong do dong oxy hoa - khir tang theo
s chu ky quét. Piéu nay chimg to mau pH11-600C cho kha ning
chu trinh hoéa tt hon nhitng mau con lai.
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Hinh 3. Pic trung CV ciia dién cue Fe,0,/AB (Fe,0,:AB:PTFE=45:45:10%) sir
dung Fe 0O, ché tao ¢ cac ditu kién khac nhau trong dung dich KOH 8 M.

So sanh duong dac trung CV cua cac mau Fe,0, ché tao duoc
v6i nhau ta thdy, mdu pH11-600C (hinh 3D) cho cdp dinh oxy
héa - khir a,/c, cao hon, rong hon cac mau con lai. Nhu vay, cung
mot ty 1¢ thanh phan Fe,0,:AB:PTFE=45:45:10%, cic mau thé
hién dac trung dién hoa khac nhau, chimg t6 kich thudc, hinh thai
hoc cua hat Fe O, ché tao dugc da anh hudng manh dén khé nang
chu trinh hoa cua sit. Quan sat anh SEM cua cdc mau trong ting
trén hinh 2 cho thay, mau pH11-600C (hinh 2D) c6 dang manh det,
trong khi cac mau khac c6 dang hinh cau (hinh 2A) va dang hat
ti do (hinh 2B, 2C). Cac mau déu c6 kich ¢ hat nanomet nhung
pH11-600C c6 kich thu6c hat 16n hon cdc mau con lai. Didu nay
chimg t6, hinh dang va kich thudc hat Fe,O, anh huong manh dén
khd nang chu trinh héa cta né. Trong dleu kién thi nghiém nay,
dang manh det cua Fe O, (mau pH11-600C) khi ché tao dién cuc
Fe,0,:AB:PTFE=45: 45 10% cho duong CV tot nhét chimg t0 hinh
dang, kich thugc nay cua Fe O, 1a phu hop nhét. D6 c6 thé do cac
manh det nano Fe O, co bé mat tron nhan, mong khi nghién tron
v6i AB sé tao thanh dién cuc c6 lién két giita céc hat Fe,0O, voi
AB va giira cdc hat Fe,0, v6i nhau chat ch€ hon, gitp cho quang
duong dich chuyen cua cac dién tir giita cac hat sit thuan tién hon
so vdi cac mau khéc.

a1
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(A) pH3 a,

Cuong d6 dong dién (A/g)
—

-10

-1,2 -0,9 -0,6 -0,3

Dién thé (V) theo Hg/HgO

-1,8 0,0

Hinh 4. Pic trung CV cia dién cuc Fe,0,/AB (Fe,0,:AB:PTFE=45:45:10%) s
dung Fe, O, ché tao 6 cac didu kién khac nhau trong dung dich KOH+K,S.
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Hinh 5. Su thay déi dung lwgng phéng theo sé chu ky phéng - nap ciia dién cue
Fe,0,/AB trong dung dich (A) KOH va (B) KOH+K,S.

Dé khao sat anh huong ciia chat phu gia KS doi voi dién
cuc composit Fe,0,/AB, phép do CV cua cac mau duoc thuc
hi¢n trong dung d1ch dign ly KOH+KS, két qua dugc thé hién
trén hinh 4. Khi ¢6 K_S trong dung dlCh dién ly, cac dinh oxy
hoa cao hon, nhon horn va dinh khtr ¢, da bt du dugc tach kh01
dinh sinh khi H, & mau c6 d6 pH thap (hinh 4A, 4B) so v6i mau
Fe,0,/AB tuong ung trong dung dich KOH (hinh 3). Cac dinh

TAP CHI

HOA HOC

ONG NGHE /It Nam 63(6) 6.2021

oxy héa cao hon chimg t6 tc d phan g oxy hoa cla sat ting
1én, tuy nhién, cuong do dong dién van suy giam dan theo chu
ky quét. i voi mau pH11 va pH11-600C, cac dinh oxy hoa
dich dan vé phia thé dwong hon, trong khi dinh khir dich din vé
phia thé 4m hon, giy nén sy ting qua thé. Diéu nay anh hudng
khong tot dén qua trinh phong - nap cta dién cuc. Tuy véy, su
c6 mit cua K.S trong dung dich dién ly da c6 anh hudng tich
cyc dén kha nang chu trinh héa cua dién cyc Fe,0,/AB. D6 ¢6
thé do ion S* két hop vao mang oxit st va tuO’ng tac vai Fe(l),
Fe(IT) hoac Fe(Ill) trong 16p mang oxit dé kich thich su phan
huy cua sit [17, 18] va lam tdng do dan dién cua dién cuc [19-
21, do d6 cai thién kha ning chu trinh hoa cua sat.

pé thay rd anh hudng cia chat phu gia K.S trong dung dich
dién ly ddi véi dién cuc Fe,0,/AB, dung luorng phong cua dién
cuc duogc tinh toan tir két qua do CV cua dién cuc Fe,0,/AB
trong KOH (hinh 3) va trong KOH+K,S (hinh 4), két qua duoc
biéu dién trén hinh 5.

Trong dung dich dién ly co ban KOH 8 M (hinh 5A), mau
Fe 0, ché tao trong diéu kién pH11-600C cho dung lugng
phong cao nhat va twong dbi on dinh sau vai chu ky dau Khi
dung dich dién ly chira chét phy gia K.S (hinh 5B), tit ca céc
mau déu cho dung luong phong cao horn so v6i trong dung dich
dién ly co ban KOH 8 M. Két qua nay chimg to anh huong tich
cuc cua K. S trong dung dich dién ly d6i voi kha nang chu trinh
hoa, dung luong cua dién cyc Fe,0,/AB. So sanh dung luong
cua cdc mau pH=3, 7, 11 va pH11- 6OOC trong KOH+K_S (hinh
5B) ta thdy mau PHI1-600C van cho gia tri dung hrorng cao
nhat. Nhu vy, d01 v6i cac mau Fe 0, tong hop bang phuong
phép sol-gel, mau Fe,0, ché tao trong dleu kién pH11-600C co
wu thé vuot troi hon ca, the hién ¢ cac dinh oxy hoa - khu cao
hon, rong hon, dung lugng phong cta né 16n hon cac mau con
lai. Piéu d6 chimg to vat lidu nay co tiém ning tng dung lam
dién cuc 4m trong pin st - khi.

Mot yéu td quan trong dé danh gia vai tro cua chat phu gia
K.S trong dung dich dién ly 1a kha nang khir lvong H, sinh ra,
do vay lugng H, sinh ra cua cac mau duoc tinh toan tir phep do
CV (hinh 4) ¢ tat ca cac chu ky trong dung dich c6 va khong c6
S%, két qua duoc biéu dién trén hinh 6.

Céc mau Fe 0, ché tao trong diéu kién pH3 va pH7 c6 luong
H, sinh ra trong dung dich dién ly chira K,S (hinh 6B) nho hon
luorng H, sinh ra trong dung dich dién ly khong ¢ chét phu gia
(hinh 6A) trong khi hién tugng nguoc lai xuét hién ¢ cac mau
pHI11 va pH11-600C. Két qua nay chimg 16, luong H, sinh ra
da bi khu phan 16n trong qué trinh phan tmg dbi v6i mau pH3
va pH7. D6i v6i pH11 va pH11-600C, do qua thé phan g oxy
héa - khir cua st ting 1én khi c6 mat K.S 1am cho dong khu
khong tach biét voi dong H, sinh ra, gay nén sy tang dong H,.
Hién tuong nay c6 thé quan sat trén duong CV cla mau lel
va pH11-600C (hinh 3, 4). Nhu vay, anh hudng tich cuc cua
K,S dén dic trung dién hoa cua dién cuc Fe,O,/AB van duoc
thé hién nhu: lam tang toc do phan tng oxy hoa khu, giam
lugng H, sinh ra, ting cuong do dong dién, din dén cai thién
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Hinh 6. Sy thay dbi lwvong H, sinh ra theo s6 chu ky phéng - nap ciia dién cuc
Fe,0,/AB trong dung dich (A) KOH va (B) KOH+K S.

dung lugng, hiéu suat phong - nap cia dién cuc Fe,0,/AB. Qua
cac phép do déc trung dién hoa ta thay, trong sd cac mau Fe O,
ché tao duoc, mau pH11-600C c6 tiém ning ing dung lam dlen
cuc Am cho pin sat - khi.

Vit liéu Fe,O, kich thu6c nanomet v6i cac hinh dang khac
nhau di duoc ché tao thanh cong bang phuong phap sol-gel.
Khao sat dac trung dién hoa cua dién cyc Fe,0,/AB sur dung cac
mau Fe O, da tdng hop duoc chi ra kich thude, hinh thai hoc ctia
hat sit anh huong manh dén kha nang chu trinh hoa cua chung.
Bing viéc thay doi diéu kién ché tao, kich thudc, hinh dang hat
Fe,0, ¢o thé diéu khién dugc dé cho dic trung dién hoa tot nhat
cho ung dung lam dién cyc trong pin sac lai. Sy co mit ciia chat
phu gia K,S trong dung dich dién ly cho thay anh huong tich
cuc cua nd dén tinh chat dién héa cua dién cuc Fe,O,/AB nhu:
lam ting toc d6 phan tng oxy hoa - khir sit, ting dung luong
cua dién cuc Fe,0,/AB va giam luong H, sinh ra. Trong s6 cac
mau a-F ¢,0,ché tao duoc bang phuong phap sol-gel, mau nano

o-Fe 0, ché tao trong diéu kién 'pHI11-600C c6 tiém ning (g
dung lam dién cuc 4m cho pin sat - khi.
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