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Téng hep Fe,0, bing phwong phap sol-gel
ung dung cho pin sat - khi

Pham Thij Thiy Triéu, Bai Thi Hing’
Vién Dao tao Quéc té vé Khoa hoc Vit liéu, Trieong Dai hoc Bach khoa Ha Nji

Ngay nhan bai 4/5/2018; ngay chuyén phan bién 10/5/2018; ngay nhan phan bién 11/6/2018; ngay chép nhén dang 15/6/2018

Pé tim ra vat liéu phu hgp l1am dién cue 4m cho pin sit - khi, bt Fe,0, da du'o'cztﬁng hgp b%ng phuong phap sol-gel
tir nguyén vt ligu ban dau Fe(NO,),.9H,0 va axit oxalic C,H,0,.2H,0. Sin phim thu dwgc c6 chu tric a-Fe,0, véi
dang hat tir do kich thwéc nanomet dwgc xac dinh bang phwong phap ?hieu xa tia X (XRD) va hién vi dién tir quét
(SEM). Vit liéu Fe,O, ché tao duge df dwgc do dic trung dién héa dé dz’u:h gia khi ning Wng dung ciia né trong
pin sét - khi. Phép do quét thé vong tudin hoan (CV) chi ra vit li¢u Fe,0, ché tao dwgc c6 cac dinh oxy héa - khir sic
nhon hon so véi bjt nano Fe,O, thwong mai, dic biét cac dinh khir cﬁa‘né dwgc tich bi¢t khéi dinh sinh khi hydrd
trong qua trinh nap. Acetylene black cicbon (AB) dwgc sir dung lam chat phu gia dién cuc di lam ting téc do phén
img oxy héa ciia sit, din dén ting cm‘mg‘d@ dong oxy héa - khir, dozvz,‘iy cii thién kha niing chu trinh héa cia di¢n
cyc Fe,0,/AB. Bt nano Fe,O, tong hop bing phirong phip sol-gel the hi¢n dic trung dién héa t6t hon hin bt Fe,0,

thwong mai.

Tir khéa: dién cyc Fe,0,/AB, nano Fe,0,, phwong phap sol-gel, pin sit - khi.
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Chi sé phén loai: 2.5

Batvan dé

Pin kim loai/khi sac lai dang thu hut dugc su quan
tam cua nhiéu nha nghién ciru do chung cé nang lugng
Iy thuyét cao hon céc loai pin khic [1]. Trong so cac
loai pin kim loai/khi, pin sat - khi dé’nhg‘m duoc su chu y
dang ké vi dung lugng riéng ly thuyét cao (960 mA’h/g),
tudi tho dai, do dn dinh dién héa cao, chi phi thap va
than thién véi moi truong [2-5]. Mic du co nhfrng loi
thé nhu vay, nhung kha nang Ung dung vz‘tg thyc té cia
pin sat - khi vin bi gigi han béi tinh khéng on dinh 'nhiét
dong luc hoc cua sit trong méi truong kiém [61, toc do
phong thp, phan ang sinh khi hydro xay ra dong thoi
v6i phan img khir sit trong qua trinh nap, din dén hiéu
suit phong - nap cia pin thép [7-16]. Nhiéu nghién ctu
cho thiy, viéc bd sung mot sé phu gia cho dién cuc va
dung dich dién ly gitp cai thién cac tdn tai néu trén cua
pin sat - khi [17-26].

Trong pin sét - khi, dién cuc sit déng vai trd quan
trong, quyét dinh dung lugng, hiéu suit coa pin. Viéc tim
ra phuong phap ché tao nguyén liéu oxit sit gia thanh
thép, do sach cao, chat lugng tét... 1a khiu quan trong
gitp som thuong mai héa san phim. Vi vdy muc tiéu
cia nghién ciru nay la sir dung phuong phép sol-gel dé
tong hop bot Fe,0, c6 kich thudc nanomet tir nguyén
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vat liéu ban dAu sét nitrat Fe(NO,),.9H,0 va axit oxalic
C,H,0,2H,0 [27]. Day la mot phuong phap don gian,
df‘: thuce hiél;l, r§ tién'vé ¢6 thé tao ra mot lugng 16n oxit
st trong moi 1an ché tao. B4t Fe O, dugc téng hgp béng
phuon}g phap nay s& khic phuc nhitng han ché cua dién
cyc sat, gidp giam chi phi san xudt pin st - khi.

Thye nghiém

Bot a-Fe,0, dugc tong hop bing phuong phép
sol-gel nhu sau: Fe(NO3)3.9H20 (Aldrich), axit oxalic
C2H204.2H10 (Aldrich) dugc hoa tan trong dung moi
ethanol. Tiép dén~, dung dich axit dugc nhé giot vao dung
dich mudi sat. Hon hop dung dich sau dé dugc duy tri &
nhiét d6 60°C cho dén khi gel duoc hinh thanh. Cac gel
nay du‘qc loc rira sach, séy khoé & 60°C va u & nhiét do
400°C dé thu dwoc bot oxit sit. Cu tric hat a-Fe.O. sau
khi tong hgp dugc xac dinh bing phép do nhiéu xza tsia X
(XRD); hinh thai hoc cua chiing dugc quan sat bang kinh
hién vi dién tr quét (SEM).

_ D& xédc dinh tinh chét dién hoa cua oxit sat vira
tong hop duogc, 1a dién cuc duge ché tao bang cach
nghién tron 90% bot a-Fe,0, va 10% chit két dinh
polytetraflouroethylene (PTFE; Daikin Co.), sau d6 can
mong ra véi d§ day khoang 1 mm. Dé so sanh tinh chit
dién hoa cua dién cuc a-Fe,0, vira téng hop duoc véi san
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Abstract:

To find the suitable materials for Fe-air battery
cathode, Fe,0, 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
o-Fe,0, with free shape nanoparticles determined
by X-l:ay 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,0,/AB electrode.
The Fe,0O, nanopowder synthesised by sol—gcl‘method
presentedh the better electrochemical properties than

commercial products.

Keywords: Fe,0,/AB electrode, Fe,0, nanoparticles,
iron-air battery, sol-gel method.

Classification nunber: 2.5

phﬁm thuong mai, la dién cuc Fe,O, su dung bt FeEO3
thwong mai kich thudc nanomet cua hing Wako ciing
duoc ché tao theo cach tuong . Cac dién cuc Fe,O,
du(.)fc cat ll‘J" 14 dién cuc thanh dang dia tron mong co
du(:mg kinh 1 ¢m. DPia dién cuc sau do dugc ép lén vat
liéu dan dong 1a ludi Titanium voi lue ép khoang 150 kg/
em? dé gin chit dién cyc vao lroi Titanium.

Dé nghién ctru anh hudng cua chét phu gia AB dén
dic trung dién hoa cua %‘1'1:1 dién cuc F’e:O‘. dién LLI'L,
Fe,0./AB dugc ché tao bang phu‘qng phéap tuo‘ng’ tur \-«’f)fl
(3 1 % khéi lugng Fe,0 ;AB:PTFE = 45:45:10. Céc dién
cuc Fe,O./AB nay ciing dugc cat ra tu la dién cuc thanh

ia tron co duc q om, y ép 1én Tudi
dang dia tron co duong kinh 1 em, sau do €j G

riloA IIIOC A 8) 8.2018
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Titanium vai luc ép khoang 150 kg.

Céc phép do quét thé vong tudn hoan (CV) duge thue
hién trong cell 3 dién cuc véi Fe O, hodc Fe,0,/AB la
dién cuc lam viéc (WE), Pt 1a dién cuc doi (CE) va Hg/
HgO la dién cuc so sanh (RE). Dung dich dién ly 1a KOH
8M. Cac phép do CV duoc thuc hién voi toc do quét 5
mV/s va thé quét trong khoang tir -1,3 dén -0,1 V.

Két qua va thao luan
Cau tric tinh thé va hinh thdi hoc vit liéu

Dé xac dinh cdu trie vat lidu oxit sit tong hop dirgc bi‘mg
phuong phép sol-gel, phép do nhiéu xa tia X (XRD) dugc
thuc hién, két qua dugc thé hién trén hinh 1. Gian dé nhiu
xa tia X cho thdy cac dinh nhidu xa xudt hién & cdc goc 20=
24,13%33,11°; 35,61°, 40,83°; 49.41°; 53,99°; 57,49°; 62,38°
va 63,96° thé hién cho cic mat (012), (104), (110), (113),
(024), (116), (018), (214) va (300) twong tmg. So sanh vai
dir lidu chuén, cac dinh nay dic trung cho cu tric o-Fe O,
theo ICSD - 82136. Ngoai cac dinh ddc trung cho céu tric
a-Fe,O, khong c6 bét ky dinh la nao xuit hién trong phé
nhiéu xa XRD, chimg to bt a-Fe O, da duoc tong hop
thanh cdng bang phuong phap sol-gel va ¢6 d6 sach cao.
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Hinh 1. Ph§ nhiéu xa tia X (XRD) ctia miu a-Fe,0, dugc tong
hop bing phuong phap sol-gel.

pé quan sat duge hinh dang, kich thudc cua cac hat
a-Fe,0, ché tao bang phuong phap sol-gel, phép do SEM
cia mau o-Fe, 0, da dugc thyc hién va két qua dugc biéu
dién trén hinh 2. Tir anh SEM ta quan sat thdy hat o-Fe,O,
¢6 dang tir do, khdng ddng dlu, kich thude tir vai chuc dén
vai trim nanomet.

bé danh gia duge kha nang tng dung cua vat li¢u
a-Fe, O, ché tao, cac phép do dac véi bot Fe,O, thuong mai
cling duge thue hién dé so sanh véi mau ché tao. Anh SEM

a1
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cua san pham Fe O, thuorng mai duoc biéu dién trén hinh 3.
Khéc voi a-Fe, O ché tao duogc, cac hat Fe,O, thuong mai
co dang hinh tron kich thugc khoang 100 nm, cac hat tuong
d6i dong déu. Kich thude va hinh dang khac nhau cia méu
a-Fe, O, ché tao duge va Fe, O, thuong mai s¢ anh huong
khac nhau dén tinh chit dién hoa cua dién cyc Fe,0..

100 nm

Hinh 2. Anh SEM ciia miu Hinh 3. Anh SEM ciia miu
Fe,0, dugc tong hop bang Fe,0, thuong mai.
phudng phap sol-gel.

Ddc trung dién hoa

Pé thu duoe dic trung dién hoa cua vt liéu o-Fe 50,
tomr hop bing phuong phap sol-gel, phép do quét thé vong
tudn hoan (CV) duoc thuc hién cho nam chu ky déu, két qua
duoc biéu dién trén hinh 4. Khi quét thé theo chidu thuan tir
-1,3 dén -0,1 V dudng CV cé hai dinh oxy hda xudt hién &
thé khoang -0,85 V (a,) va -6,5 V (a,) va 2 dinh khir twong
tng ¢ khoang -0,95 V (c)) va -1,1 V (c,) theo chicu quét
nguoc lai. Ngoai ra, con c6 dinh oxy hoa a, xuat hién & thé
-1,0 V va dinh sinh khi hydro c, ¢ thé khoang 1,2V.

Cép dinh oxy hoa - khir a /c, tuong tng véi 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 xudt hién & thé trong déi thip, khoé’ng -1,2V
dugc cho la su oxy hoa cua Fe thanh Fe(l) do su hap phu cua
nhom OH" tao thanh Fe(OH)_, theo phuong trinh (2) trude
khi Fe(OH), dugc hinh thanh theo phuong trinh (3). Nhu
vay phuong trinh (1) gdom hai budc riéng biét (2) va (3) do
su hap phu cua ion OH™:

Fe + OH
[Fe(OH)],

[Fe(OH)],, + e (2)
+ OH Fe(OH), + e (3)

Cép dinh a,/c, tuwong (mg véi cdp phan tng oxy hoéa -
khir cua Fe(IT)/Fe(lIT) theo phuong trinh phan (g (4) va/
hodc (5):

Fe(OH), FeOOH + H,0 +e (4)
(E"=-0,658 V vs. Hg/HgO)

+ OH

3Fe(OH), + 20H" Fe,0,.4H,0 + 2e (5)

(E"=-0,758 V vs Hg/HgO)

owanons it \a 00 o2

Nhur vay, cac dinh khir ¢, cua Fe(III)/Fe(Il) va c, cua
Fe(Il)/Fe déu tach biét hoan toan khoi dinh sinh khi hydro

(c,). Diy la dag trung 6 loi dbi voi qua trinh chu trinh hoa
cua dién cuc sat.

I(mA)

44 42 40 08 06 04 02 00
Dién thé (V so vdi Hg/Hg0)

Hinh 4. Bic trung CV clia dién cyc Fe,0, sit dung a-Fe,0. ché
tao bing phuong phap sol-gel. o
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Hinh 5. Dic trung CV cia dién cuc Fe,0,

g, st dung Fe,0, thudng

Dé danh gid dic trung dién hoa cia mau g- Fe,O, ché
tao duoe, phép do CV ciia mau thuong mai cung duge thuc
hién cho nim chu ky ddu nhiam so sanh VO’I mau ché tao,
két qua bleu dién trén hinh 5. Khéc voi mau ché tao duge,
CV cua mau Fe,O lhucmg mai chi ¢6 1 cap dinh a,, ¢, cla
Fe/Fe(1l) xuét hlen & thé khoang 085V (a)va-0 9 \2 ()
(@ dp dinh oxy hoa khir nay cua mau thuong mai thip hon
mau o- Fe,0, tong hop duge. Cap dinh oxy hoa - khLIr)a e,
tuong LrngD Vai cap phan (mg oxy hoa - khir Fe(lI)/Ft(lll)
khong quan sat duge. Do g thé do 16p thu dong Fe(OH
hinh thanh tai dinh 4, lam can tr¢ phan ung oxy hoa cua ¢ )
sit bén trong va glam toe do phan Lrng oxy hoa Fe(I1) th 05
Fe(Il[) tai a,. So sanh CV cqa mau Fe .0, tong h dan
bang phucmg phép sol-gel va Fe, 0, thuorno malgta(i]p dUOC
nhén thiy duong CV cua dién cure Fe .0, ché tao (hmii 4?2%
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cac dinh oxy hoa - khur xudt hién rd rang hon, cao hon, dic
biét cac dinh khir tach biét khoi dinh sinh khi hydro so voi
dién cuc Fe,O, thuong mai (hinh 5). Két qua nay chng to
kha nang chu trinh hoa cta a- -Fe O, ché tao dugc tot hon
mau thuong mai. Nhu vy, hinh d'mg, kich thudc hat Fe,O,
¢6 anh hudng dang ké dén dic trung dién hoa cua dién cuc
Fe,O..
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Hinh 6. Dic trung CV clia dién cuc Fe 0, ,/AB sti dung a-Fe,0,
dugc tong hop bing phudng phap sol- ge]

Pé danh gia kha nang g dung cua vat liéu a-Fe, O, ché
tao dugc, anh huong cua chét phy gia cacbon AB dén tinh
chat dién hoa cua dién cuce a-Fe,0, duoc khao sat thong qua
phép do CV, két qua dugc the h1en trén hinh 6. Khi quét thé
theo chiéu thuan, c6 su xudt hién cua dinh oxy hoa Fe/Fe(IT)
(a)o thé khmng -0,7 V va Fe(Il)/Fe(lll)(a,) o thé khoang
-0,5 V. Vi chleu quét nguoce lai chi 6 mot dinh khu Fe(111)/
Fe(lI) (c,) xuét hién ¢ thé khoang -1.1 V cting voi dinh sinh
khi hydro c,. binh khu Fe(Il)/Fe (c) khong quan sat dugc
do bj che phu bai dinh sinh khi hydro ¢,. Dong oxy hoa
tai dinh a, rit 16m so véi dong oxy hoa tai d]nh a, chimg to
dinh a, bao g,om ca hai phan tmg oxy hoa cua Fe/Fe( 1) va
Fn([[)/FL(]]]) Kln ¢d ciacbon AB trong di¢n cuc (hinh 6),
dudong CV cta miu a-Fe,0/AB co cic dinh oxy hoa cao
hon va cudmg d¢ dong oxy hoa khur 16n hon duong CV cua
mau a-Fe,0, khong co cacbon AB (hinh 5). Két qua nay da
khing dinh vai trd quan trong cua AB trong viée cai thién
kha nang chu trinh hoa cua dién cuc Fe, JO/AB. Nguyén
nhin chinh 1a do AB ¢6 do dan dién cao, kich thude hat
nho, dién tich bé mat lon, khi cd mat trong dién cue Fe, 0,/
AB, mot mit no lam tang do din dién cua dién cuc, mat
khéc lam tang dién tich bé mat hoat dong di¢n hoa cua dién
cue, dan dén tang > toe do phdn g oxy hoa - khu va do vay
lam tang dung luong, hicu suat phong - nap cua Fe,O./AB.
Bing viéc su dung AB lam chat phu gia dién cuc, kln nang
chu trinh hoa cua o-Fe O, /AB strdung a-Fe, U ché t tao hdl‘lg

phuonk ]')hap _g()]-(lcl (j'l duLT( \.L" ﬂ]!L‘l] ddllL ]'(C VUI vV iCL 101
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uu héa diéu kién ché tao va cai thién hon ntra kha ning chu
trinh hoa cua a-Fe,O,, vat liéu o-Fe,0, tong hop duoc bing
phuong phap sol- gel rat ¢ tiém nang tmg dung lam dién
cuc 4m trong pin sit - khi.

Két luan

a-Fe, O, kich thude nanomét da duoc ché tao thanh
cong bing perUng phap sol-gel. Kich thude, hinh thai hoc
cua hat Fe,O, anh huong manh dén dac trung dién hoa
cta né. Phép do CV ching to ring Fe L0, duoc tong horp
bang phuong phép sol-gel ¢6 kha ning chu trinh hoa tot
hon miu Fe,O, thuong mai. Anh huéng cia chit phu gia
cicbon AB dén tinh chat dién hoa cua dién cyc a-Fe O/
AB di duoc khao sat. Sy cd mat cua AB trong dién cue
Fe,0, m{t mat lam ting do dan dién cua dién cuc, mat khac
cai thien kha niang chu trinh hoéa va dung lugng dién cuc
Fe,0,/AB.
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