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Tong hop Fe O, bing phuong phap sol-gel
wng dung cho pin sat - khi
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Tom tit:

Pé tim ra vit liéu phu ho'p lam dién cwe Am cho pin sit - khi, bot Fe, O, da duge tong hop bang phlro'ng phap sol-gel
tir nguyén vat liéu ban diu Fe(NO,),.9H,0 va axit oxalic C,H,0, 2H O San pham thu dwoc c6 ciu tric a-Fe,O, voi
dang hat tu do kich thuwéc nanomet du’(rc xac dinh bang phu’ong phap nhiéu xa tia X (XRD) va hién vi dién tlr quet
(SEM) Vit li¢u Fe,O, ché tao dwoc di dwoc do dic trung dién hoa dé danh gia kha ning Gng dung ciia né trong
pin sit - khi. Phép do quet thé vong tuéin hoan (CV) chi ra vit li¢u Fe, 0, ché tao dwgc c6 cac dinh oxy héa - khir sic
nhon hon so véi bot nano Fe,O, thwong mai, dic biét cac dinh khir cia né dwece tach bi¢t khoi dinh sinh khi hydrd
trong qua trinh nap. Acetylene black cacbon (AB) dugc st dung lam chat phu gia dién cwe da lam tang toc do phan
ung oxy hoda cua sat, dan dén tang c1ro‘ng d§ dong oxy hoa - khir, do vay cdi thién kha ning chu trinh héa cia dién
cuc Fe,O,/AB. Byt nano Fe,O, tong hop bang phuong phap sol-gel thé hi¢n dic trung dién hoa tét hon hin bot Fe,O,

thu’o’ng mai.
Tir khéa: dién cuc Fe,0,/AB, nano Fe,O
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Chi sé phdn loai: 2.5

Pin kim loai/khi sac lai dang thu hut duoc su quan
tdm cua nhiéu nha nghién ctru do chung c6 ning luong
1y thuyét cao hon céc loai pin khac [1]. Trong sb céc
loai pin kim loai/khi, pin st - khi d3 nhan duoc su cht v
dang ké vi dung luong riéng 1y thuyét cao (960 mAh/g),
tudi tho dai, d6 6n dinh dién hoa cao, chi phi thdp va
than thién véi moi truong [2-5]. Méac du c¢é nhiing lgi
thé nhu vdy, nhung kha ning ng dung vao thuc té ciia
pin sit - khi van bi giéi han bai tinh khong 6n dinh nhiét
dong luc hoc cua sét trong moi trudng kiém [6], tde do
phéng thap, phan Gng sinh khi hydro xay ra dong thoi
voi phan Gng khu sit trong qué trinh nap, dan dén hiéu
sudt phong nap cua pin thap [7-16]. Nhiéu nghién ctru
cho thay, viéc bé sung mét sé phu g1a cho dién cuc va
dung dich dién ly gitp cai thién cac ton tai néu trén cua
pin sét - khi [17-26].

Trong pin sat - khi, dién cuc sit dong vai tro quan
trong, quyét dinh dung lugng, hiéu suat cia pin. Viéc tim
ra phuong phap ché tao nguyén liéu oxit sit gia thanh
thép, do sach cao, chat lugng tot... 1a khau quan trong
gitip sém thuong mai hoa san pham. Vi vdy muc tiéu
ciia nghién ciru nay 1a st dung phuong phap sol-gel dé
tong hop bot Fe O, c6 kich thudéc nanomet tir nguyén
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phuong phap sol-gel, pin sit - khi.

vat liéu ban dau sét nitrat Fe(NO,),.9H,0 va axit oxalic
CH,0,2H,0 [27]. Day 1a mot phuong phap don gian,
de thuc hlen ré tién va co thé tao ra mot luong lon oxit
sat trong mdi 1an ché tao. Bot Fe,0, dugc tong hop bang
phuong phap nay sé& khic phuc nhung han ché cua dién
cuc sit, giup giam chi phi san xuét pin sat - khi.

Thuc nghiém

Bot a-Fe,O, dugc tong hop bang phuong phap
sol-gel nhu sau: Fe(NO,),.9H,0 (Aldrich), axit oxalic
C2H204.2H2’O (Aldrich) dugc hoa tan trong dung moi
ethanol. Tiép dén, dung dich axit dugc nhd giot 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 duoc loc rira sach, siy kho 0 60°C va u ¢ nhiét do
400°C dé thu dugc bot oxit sit. CAu tric hat a- Fe O, sau
khi tong hop duoc xac dinh bang phép do nhiéu xa tla X
(XRD); hinh thai hoc ctia ching duoc quan sat bang kinh
hién vi dién tir quét (SEM).

Pé xac dinh tinh chat dién hoa cua oxit sit via
tong hop dugc, 14 dién cuc duoc ché tao bang cach
nghién tron 90% bot o-Fe,0, va 10% chat két dinh
polytetraflouroethylene (PTFE; Daikin Co.), sau d6 can
mong ra voi 4o day khoang 1 mm. Pé so sanh tinh chat
dién hoa cua dién cyuc a-Fe O, vira téng hop dugc vdi san
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Abstract:

To find the suitable materials for Fe-air battery
cathode, Fe O, powder was synthesised by the sol-
gel method from the precursors Fe(NO,),.9H,0 and
oxalic acid C,H,0,.2H,0. The obtained product were
a-Fe,O, with free shape nanoparticles determined
by X-ray diffraction (XRD) and scanning electronic
scan (SEM). The fabricated Fe,O, powder was gone
through the electrochemical measurement to evaluate
their applicability in the Fe-air batteries. The Cyclic
voltammetry (CV) showed that the prepared Fe,O,
had sharper redox peaks than those of commercial
Fe, O, products, especially their reduction peaks were
separated from hydrogen evolution peaks during
charging. Acetylene black carbon (AB) used as an
electrode additive enhanced the oxidation reaction rate
of iron, leading to increase the redox current, thereby
improving the cyclability of the Fe,O,/AB electrode.
The Fe,O, nanopowder synthesised by sol-gel method
presented the better electrochemical properties than
commercial products.

Keywords: Fe O,/AB electrode, Fe, O, nanoparticles,
iron-air battery, sol-gel method.
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phém thuong mai, 14 dién cuc Fe,O, sir dung bot Fe, O,
thuong mai kich thudc nanomet ctia hang Wako ciing
dugc ché tao theo cach tuong tu. Cac di¢n cuc Fe,O,
duge cét tir 14 dién cuc thanh dang dia tron mong co
duong kinh 1 cm. Dia dién cuc sau d6 dugc ép 1én vat
liéu dan dong 1a lugi Titanium véi luc ép khoang 150 kg/
cm? dé gén chat dién cuc vao ludi Titanium.

Dé nghién ctru anh hudng cua chéat phu gia AB dén
dac trung dién hoa cua cua di¢n cuc Fe,O,, dién cuc
Fe,0,/AB (jiuqc ché tao bang phuong phéap twong tu voi
ty 1¢ % khoi lugng Fe O,:AB:PTFE = 45:45:10. Cac di¢n
cuc Fe,0,/AB nay cling dugc cat ra tir 14 dién cuc thanh
dang dia tron c6 duong kinh 1 cm, sau do6 ép lén ludi
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Titanium véi luc ép khoang 150 kg.

Céc phép do quét thé vong tuan hoan (CV) dugc thuc
hién trong cell 3 dién cuc voi Fe,O, hoac Fe,0,/AB la
dién cuc lam viéc (WE), Pt 1a dlen cu’c ddi (CE) va Hg/
HgO 1a dién cuc so sanh (RE). Dung dich dién ly 1a KOH
8M. Cac phép do CV dugc thuc hién voi toc do quét 5
mV/s va thé quét trong khoang tir -1,3 dén -0,1 V.

Két qua va thio luan
Cau triic tinh thé va hinh thdi hoc vit liéu

Dé xéac dinh céu tric vat lidu oxit sét téng hop duoc béng
phuong phap sol-gel, phép do nhiéu xa tia X (XRD) dugc
thyc hién, két qua duoc thé hién trén hinh 1. Gian d6 nhidu
xa tia X cho théy cac dinh nhidu xa xuat hién & cac gbc 20=
24,13°; 33,11°; 35,61°; 40,83°; 49,41°; 53,99°; 57,49°; 62,38°
va 63,96° thé hién cho cac mat (012), (104), (110), (113),
(024), (116), (018), (214) va (300) twong ung. So sanh voi
dir lidu chuén, cac dinh nay dic trung cho cau trac a-Fe,0,
theo ICSD - 82136. Ngoal cac dinh déc trung cho chu truc
a-Fe,0, khong co bét ky dinh la nao xuét hién trong phd
nhleu xa XRD, chung to bot a-Fe,0, da dugc tong hop
thanh cong bang phuong phap sol- gel Va ¢6 d6 sach cao.
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Hinh 1. Ph§ nhiéu xa tia X (XRD) ctia mau a-Fe,0, dugc tong

hgp bang phuang phap sol-gel.

bé quan sat dugc hinh dang, kich thudc cua cac hat
a-Fe, O ché tao bang phuong phap sol- gel phép do SEM
cua mau a-Fe,O, da dugc thuc hién va két qua dugc biu
dién trén h1nh 2. Tu anh SEM ta quan sat thdy hat a- -Fe,O,
c¢6 dang ty do, khong ddng déu, kich thude tir vai chuc den
vai trdm nanomet.

DPé danh gia dugc kha ning ung dung cua vat liéu
a-Fe,0, ché tao, cac phép do dac véi bot Fe O, thu’o‘ng mai
cling duoc thuc hién dé so sanh voi mau ché tao Anh SEM
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clia san pham Fe,O thuorng mai dugc biéu dién trén hinh 3.

Khac voi a-Fe, O che tao duoc, cac hat Fe O, thuong mai
c6 dang hinh tron kich thudce khoang 100 nm, cac hat tuong
dbi ddng déu. Kich thudc va hinh dang khac nhau cua miu
a-Fe,0O, ché tao duoc va Fe,O, thwong mai s€ anh huéng
khac nhau dén tinh chat dién hoa cua dién cuc Fe,O,.

L ‘(ﬁ nm

Hinh 2. Anh SEM cia mdu Hinh 3. Anh SEM clia miu
Fe,0, dugc tong hgp bing Fe,0, thuong mai.
phuong phap sol-gel.

Ddc trung dién hoa

Pé thu dugc dic trung dién hoa cua vat lidu a- -Fe,O,
tong hop bang phuong phép sol-gel, phép do quet thé Vong
tuan hoan (CV) duoc thuc hién cho nim chu ky dau, két qua
dugc biéu dién trén hinh 4. Khi quét thé theo chiéu thuan tir
-1,3 dén -0,1 V dudng CV c6 hai dinh oxy hoa xuit hién &
thé khoang -0,85 V (a)) va -6,5 V (a,) va 2 dinh khur twong
tmg ¢ khoang -0,95 V (¢) va -1,1 V (c,) theo chiéu quet
nguoc lai. Ngoai ra, con ¢6 dinh oXy hoa a, xudt hién & thé
-1,0 V va dinh sinh khi hydro ¢, & thé khoang 1,2 V.

Céap dinh oxy hoa - khtr a /c, twong (mg vé&i cdp oxy hoa
- khur Fe/Fe(II) theo phuong trinh (1):

Fe+ 20H < Fe(OH), +2e (1
(E°=-0,978 V vs. Hg/HgO)

Dinh a; xuét hién ¢ thé tuong dbi thap, khoang -1,2 V
duogc cho la su oxy hoa ciia Fe thanh Fe(T) do sy hap phu ctia
nhom OH tao thanh Fe(OH),_, theo phuong trinh (2) trudc
khi Fe(OH), duoc hmh thanh theo phuong trinh (3). Nhu
vay phuong trinh (1) gdm hai budc riéng biét (2) va (3) do
su hap phu cua ion OH-:

Fe + OH" <« [Fe(OH)], + e ()
[Fe(OH)], + OH < Fe(OH), + e 3)

Cép dinh a/c, twong tmg v6i cdp phan ung oxy hoa -
khu ctaa Fe(Il)/Fe(IIl) theo phuong trinh phan tng (4) va/
hoac (5):

Fe(OH),+ OH" — FeOOH +H,0 +e (4)
(E°=-0,658 V vs. Hg/HgO)
3Fe(OH), +20H < Fe,0,4H,0 +2e )

(E°=-0,758 V vs Hg/HgO)
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Nhu vay, cac dinh khtr ¢, cua Fe(III)/Fe(Il) va c, cua
Fe(Il)/Fe déu tach biét hoan toan khoi dinh sinh khi hydro
(c,). Day la déc trung c6 loi dbi v6i qué trinh chu trinh hoa
cua dién cuc sat.
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Hinh 4. Pic trung CV ciia dién cyc Fe,0, st dung a-Fe,0, ch&
tao bang phUdng phap sol-gel.
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Hir}h 5. Pac trung CV cia dién cuyc Fe,0, sif dung Fe,0, thuong
mal.

Dé danh gia dic trung dién hoa cua mau a-Fe, 0, ché
tao dugc, phép do CV ctia mau thuong mai cting dugc thuc
hién cho nam chu ky dau nham so sanh v&i mau ché tao,
két qua biéu dién trén hinh 5. Khac v6i mau ché tao duoc,
CV cua mau Fe,O, thuong mai chi ¢6 1 cap dinh a, ¢, cia
Fe/Fe(II) xut hlen & thé khoang O 85V (a)va-0, 9 V (c).
Cap dinh oxy héa khir nay cia mau thuong mai thip hon
mau a-Fe O, téng hop dugc. Cap dinh oxy hoa - khir alc,
twong Ung voi cap phan ung oxy hoa - khir Fe(Il)/Fe(III)
khong quan sat duoc. Do ¢o thé do 16p thu dong Fe(OH),
hinh thanh tai dinh a lam cdn tré phdn Gng oxy hoa cta 16p
st bén trong va glam tdc d6 phan 1 g oxy hoa Fe(Il) thanh
Fe(Ill) tai a,. So sanh CV cia mau Fe,0, tong hop duoc
bang phuorng phap sol-gel va Fe,O, thu'ong mai ta dé dang
nhan thay duong CV cua dién cuc Fe 0, ché tao (hinh 4) c6
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cac dinh oxy hoéa - khu xuét hién rd rang hon, cao hon, dac
biét cac dinh khu tach biét khoi dinh sinh khi hydro so véi
dién cuc Fe,O, thuong mai (hinh 5). Ké't’ qua nay ching to
khNé nang chu trinh hoa cua a-Fe,0O, ché tao dugc tot hon
mau thuong mai. Nhl{ V@y, hinh dang, kich thud6c hat Fe,O,
c6 anh hudng dang ké dén dac trung dién hoa cua dién cuc
Fe,O..
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Hinh 6. Ddc trung CV clia dién cyc Fe,0,/AB st dung a-Fe,0,
dugc tdng hgp bang phuong phap sol-gel.

Dé danh gia kha ning g dung cua vt liéu a-F6293 ché
tao dugc, anh hudng cia chat phu gia cacbon AB dén tinh
chat dién hoa cua dién cyc a-Fe,0, dugc khao sat thong qua
phép do CV, két qua dugc thé hién trén hinh 6. Khi quét thé
theo chiéu thuén, c6 su xuit hién cua dinh oxy hoa Fe/Fe(II)
(a)o thé khoz’{ng -0,7 V va Fe(Il)/Fe(Ill)(a,) & thé khoang
-0,5 V. Véi chiéu quét nguogc lai chi ¢ mot dinh khtr Fe(I1T)/
Fe(II) (c,) xudt hién ¢ thé khoang -1,1 V cung véi dinh sinh
khi hydro c,. Dinh khu Fe(II)/Fe (c,) khong quan sat dugc
do bi che phu boi dinh sinh khi hydrd c,. Dong oxy hoa
tai dinh a, rét‘lo'rn so voi dong oxy hoa tai dinh a, chimg t6
dinh a, bao gom ca hai phan ing oxy hoa cua Fe/Fe(II) va
Fe(IT)/Fe(1ll). Khi c6 cacbon AB trong dién cuc (hinh 6),
duong CV cia mau a-Fe,0,/AB ¢6 cac dinh oxy hoa cao
hon va cuong do dong oxy hda khir 16n hon duong CV cua
m?ivu a-Fe,O, khong c6 cacbon AB (hinh 5). Két qua nay da
khang dinh vai trdo quan trong cua AB trong viéc cai thién
kha ndng chu trinh héa cua dién cuc Fe,0,/AB. Nguyén
nhan chinh la do AB ¢6 do dan dién cao, kich thudc hat
nho, dién tich bé mat 16n, khi cé~m51t trong di¢n cuc Fe O,/
AB, mt mat n6 lam tang do dan dién cua dién cuc, mat
khac lam tang dién tich bé mat hoat dong dién hoa cta dién
cuc, dan dén ting toc do phan ing oxy hoa - khir va do vay
1é1m tang dung luong, higu sué} phong - nap cua Fe,O,/AB.
Bang viéc st dung AB lam chat phu gia dién cuc, kha ning
chu trinh hoa cua a-Fe,0,/AB st dung oc-FeQO3 ché tao b?mg
phuong phap sol-gel da dugc cai thién dang ké. V&i viée toi
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wu hoa didu kién ché tao va cai thién hon nira kha nang chu
trinh hoa cua a-Fe,0,, Yét liéu‘a-F €,0, téng hop dugc béng
phuong phap sol-gel rat c6 tiém nang Gng dung lam dién
cuc 4m trong pin sét - khi.

0L-F(‘3203 kich thudc nanomét da dugce ché tao thanh
cong bang phuong phap sol-gel. Kich thudce, hinh thai hoc
cua hat Fe O, anh hudéng manh‘ dén dac trung Qién hoa
cta no. Phép do CV chung to rang Fe,O, dugc tong hqp
bang phuong phap sol-gel c6 kha nang chu trinh hoa tot
hon mau FeQ(’)3 thuorng’mai. Anh huéng cia chit phu gia
cacbon AB dén tinh chat di¢n hoa cua dién cuc a-Fe O,/
AB da dugc khao sat. Sy c6 miat cia AB trong dién cuc
Fe, O, mot mat lam tang do dan dién cta dién cuc, mat khac
cdi thién kha nang chu trinh hda va dung luong dién cuc
Fe,O,/AB.
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