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1. Mé diu

Tong hop vit liéu Fe;O3 dang khoi da dién ing dung cho pin nap lai
Synthesizing Fe,O3; Polyhedral Applying for Rechargeable Batteries
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Vién DPao tao Quoc te vé Khoa hoc Vat liéu, Truong Dai hoc Bach khoa Ha Ngi, Ha N¢i, Viét Nam
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Tom tat

Vat liéu Fe203 dang khéi da dién duwoc téng hop bang phuong phép thiy nhiét. Cau tric, kich thudce, hinh
thai hoc cta chiing duwoc khdo séat bang phép do nhiéu xa tia X va kinh hién vi dién tor quét. Pac trung dién
héa cia dién cuc Fe203 duoc nghién ctru théng qua phép do quét thé vong tuén hoan. Anh huéng cta chét
phu gia dén dic trung dién héa cda dién cuc ciing duoc nghién clru. Két qua chi ra réng vét liéu Fe20s dang
khéi da dién ché tao dwoc cho cac dinh éxy héa-khty ré rang. Két hop véi chét phu gia dién cuc nano céc
bon va phu gia dung dich dién ly K2S, dién cwrc composit Fe203/C cho dong 6xy héa-khir cao hon, cac dinh
6xy héa-khtr rong hon. Biéu dé chirng té vai tro quan trong cla chét phu gia nhw nano céc bon lam téng d6
dan dién va tang dién tich bé mat hoat déng cua dién cuc, trong khi K2S lam tang téc do phan tng éxy héa-
khtr cla sat, cai thién khé ndng chu trinh héa cua 6xit sat do véy tidng dung long phéng cla Fe:0s/C. Vat
liéu Fe20s3 dang khéi da dién téng hop bang phuong phap thiy nhiét cé tiém nédng (ing dung lam dién cuc
am trong pin nap lai.

T khoa: Fe203 khéi da dién, nano cac bon, dién cwc composit Fe203/C, phu gia K2S, pin nap lai
Abstract

Polyhedral Fe:O3 materials were synthesized by hydrothermal method. Their structure, size, and
morphology were investigated by X-ray diffraction and scanning electron microscopy. The electrochemical
characteristics of Fe203 electrodes were studied via cyclic voltammetry measurement. The effects of the
additives on the electrochemical properties of the electrode were also studied. The results show that the
synthesized polyhedral Fe:Os presented the clear redox peaks. Combined with electrode additive
nanocarbon and electrolyte additive KzS, the Fe:O3/C composite electrodes gave higher redox current,
larger redox peaks. This demonstrates the important role of additives such as nanocarbon increased the
electrical conductivity and the active surface area of the electrode, while K2S enhanced the redox reaction
rate of iron, improved the cycleability of iron oxide, and thus increased the discharge capacity of Fe203/C
electrodes. Polyhedral Fe:0Os synthesized via hydrothermal route has a potential applying as negative
electrode in rechargeable batteries.

Keywords: Polyhedral Fe203, nanocarbon, Fe203/C composite electrode, K2S additive, rechargeable battery

dung rong rai trén thi truong [1-3]. Pin kim
loai/khi dac biét 1a pin Fe/khi la nguon dién day

Hién nay tai cac thanh pho 16n cua cac nudc I\ < A s 1 A AA
tiém nang cho xe dién vi chung c6 mét d¢ nang

dang phat trién trong d6 c6 Viét Nam khong khi
dang bi 6 nhiém ning do khi thai tir cac phuong
tién tham gia giao théng va cac ngudn 6 nhidm
khac, anh huéng nghiém trong dén suc khoe con
nguoi. Nhiéu quoc gia da ap dung giai phap tuong
ddi hiéu qua dé giai quyét vin nay la str dung cac
loai xe dién, xe hybrid dién, xe tiét kiém nhién
li€u, st dung nhién li¢u sach... Vi vay cac loai
pin/dc qui dung cho xe dién ciing dang duoc cai
tién va phat trién khong ngirg. Yéu cau cua loai
pin/ac qui cho cac loai xe nay la kich thudc nho gon,
nhe, cung c?ip dién ap 6n dinh, mat do nang luong
cao, an toan, chi phi thép... Pin kim loai/khi thu hut
duoc nhiéu sy quan tdm nghién clru cua cac nha
khoa hoc vi chiing c6 c¢6 dd an toan cao, bén hon,
chi phi thap hon céc loai pin khac dang dugc sir
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lvong riéng cao, thoi gian séng dai, than thién
moéi truong, chi phi san Xuét thap [4-10]. Tuy
nhién loai pin nay van c6 mot sé nhuge diém can
phai khic phuc nhu qué thé 16n dan dén lugng tan
nhiét nhiéu, sy thu dong cua dién cuc giy ra bai
hydroxit sit hinh thanh trong qua trinh phong lam
giam dung luong pin [11]. Ngoai ra khi H» sinh ra
ddong thoi véi phan Gng khir sit lam giam hiéu
sudt phéng-nap cta pin [12-14]. Trong pin kim
loai/khi, dién cyc am dong vai tro quan trong,
quyet dinh dung luong, ndng luong, thoi gian
song va hi¢u suit cua pin. Dé cai thién nhirng han
ché cua pin Fe/khi, thanh phan, cdu tric cua dién
cuc sit da duogc cai tién rat nhiéu. DPién cuc dang
composit sir dung bot sit thay cho tim sit da
duoc str dung. Ngoai ra mot sb chat phu gia dugc
dua vao dién cuc hoac dung dich dién ly hodc ca
hai nham lam ting téc d6 phan tng 6xy hoa-khir,
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giam toc do sinh khi hydro, din dén cdi thién
dung luong, hi¢u suat cua pin [15-19].

Cac nghién ctru trude cia ching toi chi ra rang
viéc st dung bot Fe,O3 va chét phu gia cac bon cho
dién cuc ciing nhu chét phy gia cho dung dich dién ly
da cai thién kha ning chu trinh héa, ting téc do phan
ung Oxy hoa-khwr, giam lugng hydrd sinh ra va cai
thién dung luong phong cua dién cuc sat [17-19].
Vit lidu FesOs c6 tiém ning tng dung trong pin
sat/khi do chung c6 dung luong 1y thuyét cao
(926 mAhg-1), d6 dan dién trong dbi tét, than thién
moi trudng va ¢ chi phi thap. Dé 86p phan khic
phuc nhiing han ché cua dién cuc sat, trong nghién
ctru nay, bot FesO4 duge st dung lam véat liéu hoat
dong dién cuc, nano cacbon dugc st dung lam chét
phu gia dé cai thién do dan dién va kha nang chu trinh
hoéa cua Fe30s.

2. Thuc nghiém

Vit liéu Fe,O; duoc téng hop bing phuong
phép thuy nhiét nhu sau: Hoa tan 0,01 mol
FeCl;.6H,0 vao 30ml nudc khir ion, sau do dd tir tir
vao 15ml dung dich NaOH 2M khuéy déu thu duoc
dung dich chira két tia mau nau d6. Loc rira bing
nudc cat nhidu 1an dé loai bo cac ion CI- va Na' ta thu
dugc két tia nau do. Cho 40ml dung dich NaOH
nong d6 25M vao két tia va khudy manh hon hop
trong 30 phut sau do dua dung dich thu dugc vao
binh thuy nhiét va duy tri quy trinh thuy nhiét trong
20 gid & nhiét d6 160 °C. Hon hop thu duge dugc loc
rira bang nudce khir ion cho dén khi pH cua dung dich
hdn hop bang 7. Chat két tua dugc sdy kho ¢ 60 °C
trong 12 gi¢ ta thu dugc bt Fe,Os.

Chu trac vat liéu Fe O3 ché tao duoc duoc
xac dinh béng phép do nhiéu xa tia X (XRD), kich
thudc va va hinh théai hoc cua ching dugc quan
sat bang kinh hién vi dién tir quét (SEM).

Bot Fe,O3 téng hop dugc dugc sir dung lam vat
liéu hoat dong dién hoa va cac bon acetylene black
(AB) ctia Denki Kagaku Co. Ltd dugc st dung lam
chat phu gia dién cuc. L4 dién cuc Fe,O; dugc ché
tao bé“mg cach nghién tron bot Fe,03 voi chat két dinh
polytetrafluoroethylene (PTFE, Daikin Co) theo ty 1¢
khéi lugng Fe;04:PTFE = 90 : 10% sau d6 can mong
ra. La dién cuc composit FesO4/AB ciling dugc tao
bang cach twong ty v6i hai ti 18 thanh phan khac
nhau, d6 la Fe,0;:AB:PTFE 45:45:10% va
Fe;03:AB:PTFE = 70:20:10%. Cac dién cuc Fe,Os3 va
Fe,03/AB duoc cit ra tir 14 dién cyuc thanh dang dia
tron mong c6 duong kinh 1 cm va d6 day khoang
0.1 cm. Dia dién cyc sau d6 dugc ép 1én vat liéu dan
dong 13 ludi Titanium véi luc ép khodng 150 kg/cm?
dé ga‘in chat dién cyc vao ludi Titanium.

Dé nghién ctru tinh chét dién hoa cua dién cuc
Fe,0;3 va Fe,03/AB trong dung dung dich kiém, phép
do quét thé vong tudn hoan (CV) duogc thyc hién st
dung cell ba dién cuc trong d6 Fe;O3 hodc Fe,O3/AB
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la dién cuc lam viéc (WE), luéi Pt 1a dién cuc déi
(CE) va Hg/HgO 1a dién cyc so sanh (RE). Dung dich
dién ly la dung dich co ban KOH 8M hoéac dung dich
chira chat phy gia KOH 8M + 0,01 M K»S. Cac phép
do CV duoc thuc hién voi tbe do quét 5 mV s va
khoang thé quét tir -1,3 V dén -0,1 V.

3. Két qua va thio luin
3.1. Ddc trung céu triic va hinh thdi hoc ciia Fe:03

Pé xac dinh cdu trac vat lidu oxit sit tong hop
duoc, phép do nhiéu xa tia X dugc thue hién, két qua
duoc biéu dién trén Hinh 1. Gian dd nhidu xa tia X
cho thdy cac dinh nhidu xa xuit hién ¢ cac goc
260 =24,15°, 33,16°, 35,63°, 40,86°, 49,46°, 54,07°,
57,59°, 62,44°, 64° va 71,94° tuong Umg vdi cac mat
(012), (104), (110), (113), (024), (116), (018), (214),
(300) va (1010). So sanh véi dit liéu chuan, cic dinh
nay dic trung cho céu tric a-Fe;Os theo ICSD -
71194. Ngoai cic dinh dic trung cho ciu triic nay
khong c6 bat ky dinh la nao xuét hién trong phd nhiéu
xa XRD chimg t6 bot Fe,O5 da dugc tong hop thanh
cong bang phuong phap thuy nhiét va c6 do sach
turong ddi cao. Cac dinh nhidu xa sic nhon, do rong
ntra dinh nhiéu xa hep, do d6 hat Fe,O; ché tao duoc
¢6 kich thude trong dbi 16n.
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Hinh 1. Phd nhidu xa tia X ciia mau Fe,O; dugc tong
hop bang phuong phap thiy nhiét

Hinh 2. Anh SEM mAiu Fe,05
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Anh SEM cua vat liéu Fe,O; ché tao duoc béng
phuong phap thuy nhiét dwoc biéu dién trén Hinh 2.
Céc hat Fe;Os 1a cac khéi da dién khong dong déu,
phﬁn 16n ¢6 kich thudc trén 1 um, mot ) hat c6 kich
thude dudi 1 pm.

3.2. Ddc trung dién hoa ciia Fe:0s

Buong dic trung CV clia mau Fe;O; trong dung
dich KOH 8M duoc thé hién trén Hinh 3.

Mot sb dinh c6 thé quan sat dugc bao gdom céac
dinh 6xy hoa ag, ai, a2 & thé khoang -1,05 V (ao),
-0,9 V (aj), -0,7 V (a2) theo chiéu quét thudn va cac
dinh khu c; 6 thé khoang -1,0 V (c2), dinh sinh khi
hydrd & thé khoang -1,2 V theo chiéu quét nguoc lai.
Dinh khir ¢; khéng quan sat duge do bi che lap bai
khi hydré sinh ra, didc trung nay gdy bt loi cho hiéu
sudt nap ctia dién cuc sit. Cap dinh aj/c; tuong tng
voi cdp phan g 6xy hoa - khir Fe/Fe(Il) trong khi
cap dinh ay/c, twong ung vaGi cdp phan (mg 6xy hoa -
khu Fe(II)/Fe(Ill). Binh 6xy hoa nho ao dugc cho 1a
dinh hap phy nhom OH- cua sit tao thanh [Fe(OH)]J.g
trude khi bi 6xy hoa thanh Fe(OH), tai a; [20]. Céac
dinh 6xy héa-khur cua miu Fe,O3 tong hop dugc
trong doi sic nhon va rd rang. Khi ting so vong
quét, dong dién & cac dinh 6xy hoéa-khir giam dan va
tuong d6i nho. Dé cai thién tinh trang nay, chét phu
gia nano cac bon AB dugc dua vao dién cuc véi ti 1€
Fe,Os: AB: PTFE = 45:45:10%. Két qua do CV cua
dién cuc Fe>O3/AB duogc thé hién trén Hinh 4.

Khi quét thé theo chiéu 6xy hoa cia dién cuc
Fe;04/AB (Hinh 4) mot s6 dinh c6 thé quan sat bao
gdbm dinh 6xy héa cua Fe/Fe(Il) (a)) va
Fe(II)/Fe(Ill)(a;) xuat hién ¢ thé khoang -0,75 V va
-0,6 V va cac dinh khtr twong Gng Fe(Ill)/Fe(II)(c2)
va Fe(I)/Fe(c)) xuét hién & thé khoang -1,15 V va
-1,25 V theo chiéu quét ngugc lai. Pinh sinh khi
hydrd xuit hién & thé khoang -1,3 V va no bao tram
gan nhu toan bo dinh khir ¢;. Tir chu ky thir 2 cac
dinh 6xy hoa bi dich vé phia dién thé duong hon va
va dinh khir bi dich vé phia dién thé am hon giy nén

1,0

0,5

0,0 1

0,5 -

Cwong d dong dién (mA)

Pién thé (V) theo Hg/HgO

Hinh 3. Pic trung CV cia dién cuc Fe,O3 (Fe 0s:

PTFE = 90: 10%) trong dung dich KOH

55

sy tdng qua thé cia cac cap phan ung Fe/Fe(Il) va
Fe(II)/Fe(IIl). Sy ting quéa thé nay khong co lgi cho
qua trinh phong-nap cua dién cuc. Bén canh d6 ta con
quan sat thiy mot dinh Oxy hoa rat nho cua
Fe/Fe(I)(a) & thé khoang -1,1 V do sy hip phu nhom
OH- cua sét trude khi tao thanh Fe(Il) tai a;. Dac biét
cuong d¢ dong dién cua cédp dinh Fe(Il)/Fe(IIl) (ax/c2)
16n hon nhiéu cap dinh Fe/Fe(IT)( (ai/ci) ching to cap
dinh (ax/c2) bao gém ca hai phan ung Fe/Fe(Il) va
Fe(Il)/Fe(Ill). Két qua nay hoan toan hop ly vi
Fe(OH), duogc hinh thanh thong qua phan ung 6xy
héa cia Fe/Fe(Il) tai a; co tinh thu dong s€ ngan can
phan tmg 6xy hoa cta 16p st bén trong, 1am ting qua
thé cua cdp Fe/Fe(Il) va dan dén phan tmg Fe/Fe(Il)
dién ra tai dinh a,.

Khi c¢6 AB trong dién cuc Fe,O3/AB cac dinh
oxy hoa-khir rit cao va rong xuit hién (Hinh 4),
cuong d¢ dong oOxy hoa-khwr tai cac dinh 1én hon
nhidu so véi cac dong oxy hoa-khir cua dién cuc
Fe,O; khong chira AB (Hinh 3). Didu d6 chimg to toc
d6 phan tng 6xy hoa-khir cua sat duoc tang 1én, kha
nang chu trinh héa cta Fe,O3 dugc cai thién khi co
AB trong dién cuc. Do 1a do chét phu gia AB c6 3o
dan dién 16n, kich thudce hat nho, dién tich bé mat 1on,
dé dang hd tro cho viéc phan tan cac manh sat duoc
hinh thanh trong qué trinh phéng-nap do co ché két
tia-hoa tan cta phan Gng Fe/Fe(II) dan dén ting dién
tich bé mat hoat dong cia sit do d6 lam ting toc do
phan ung 6xy hoa-khir cua dién cuc Fe,O3/AB. Tuy
nhién cac dinh 6xy hoa bi dich vé phia thé dwong hon
trong khi céc dinh kht bi dich vé phia thé 4m hon khi
lap lai cac chu ky gay nén sy tang qua thé ctia cac cip
phan ung Fe/Fe(Il) va Fe(I)/Fe(Ill) din dén lam
giam hiéu sudt phéng nap cua dién cuc Fe,O3/AB.
Nhu vay bén canh nhitng anh hudng tich cuc thi viéc
sit dung AB lam chit phu gia ciing c6 thé giy ra
nhimg anh huong khong mong mubn cho dién cuc
sat.
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Hinh 4. Pac trung CV cua dién cuc Fe,O3/AB
(Fe203:AB:PTFE= 45:45:10%) trong dung dich KOH
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Hinh 5. Pic trung CV cia dién cuc Fe,0:/AB Hinh 6. Dung lugng phéng cua dién cuc composit
(Fe;O05:AB:PTFE = 45:45:10%) trong dung dich Fe;05/AB

KOH + K,S

Dé khao sat anh hudng cta chét phu gia KsS
trong dung dich dién ly dén dac trung dién hoa cla
dién cuc sét, phép do CV cua dién cuc Fe,O3/AB
dugc thyc hién trong dung dich dién ly KOH+K,S,
két qua duoc biéu dién trén Hinh 5.

K»S trong dung dich dién ly KOH lam cho cac
dinh 6xy hoa-khtr cua dién cyc composit Fe,O3/AB
cao hon, rong hon (Hinh 5) so v6i dién cyc do trong
KOH (Hinh 4) chimg t6 téc d phan tng 6xy hoa-khir
cua cac cdp phan tUng Fe/Fe(ll) (ai/ci) va
Fe(II)/Fe(Ill) (ax/c,) duoc cai thién rd rét. Két qua nay
cling twong tw nhu cac két qua nghién ciru trude day
cua nhoém chung t6i thuc hién trén dién cuc Fe,Os/C
[19]. Nguyén nhan dugc cho 1a do ion S* két hop vao
mang Oxit sat va tuong tac voi Fe(l), Fe(Il) hodc
Fe(II) trong 16p mang 6xit, pha v& 16p thu dong gay
ra boi Fe(OH), tao diéu kién cho 16p sit bén trong
tham gia phan ung do d6 cai thién kha nang chu trinh
hoéa cua sat. Khi K>S c6 mit trong dung dich dién ly,
ion S* hap phu trén bé mit dién cyc lam cho céc ion
H* trén bé miat dién cuc bi giam di, din dén giam
luong H, sinh ra trong qué trinh nap. Tuy nhién dinh
khur st Fe(I)/Fe (c1) van bi bao phi béi dinh sinh khi
hydrd do qué thé cua cip phan ung nay ting 1én. Khi
lap lai cac chu ky, qua thé cua cac cap 6xy hoa-khu
Fe/Fe(Il) va Fe(I)/Fe(IIl) van bi ting 1én nhung tdc
d6 tang cham hon so véi dién cuc do trong dung dich
khong co KoS (Hinh 4). Pay cling 1a mét anh hudng
tich cuc cta chat phu gia K»S dén qua trinh phong-
nap cua dién cuc Fe,O3/AB.

Dung lugng phong cua dién cuc composit
Fe,O3/AB trong dung dich dién ly KOH va
KOH+K,S dugc tinh toan tir phép do CV (Hinh 4 va
5), két qua duoc biéu dién trén Hinh 6.

Ca hai truong hop dung lugng phong déu ting
lén sau d6 giam dan. Dung lugng phong cua dién cuc
Fe,03/AB trong dung dich di¢n ly chia KoS 16n hon
dung luvgng phong cua dién cyuc trong dung dich dién
ly co ban KOH. Diéu nay khing dinh vai trd quan

56

trong cua KoS nhu gitp ting tbc do phan ung Oxy
hoa-khtr ctia Fe/Fe(Il), Fe(Il)/Fe(Il), cai thién kha
nang chu trinh hoa cua Fe,O3 do vdy lam tang dung
lugng phong cua dién cuc Fe,O3/AB. Tuy nhién su
suy giam dung luong cia dién cuc van dién ra ¢ cac
chu ky quét tiép theo. Nguyén nhan duoc cho 1a do
ban dau khi KuS ¢6 mit trong dung dich dién ly, toc
d0 phan Ung cia cac cap phan ung Fe/Fe(ll),
Fe(Il)/Fe(Ill) duoc tang 1én, sau do khi ) vong quét
tang lén, 16p Fe(OH), day lén nén su thu dong lai lin
at sy tang téc do cua phan g 6xy hoa-khir do KoS
nén cuong d¢ dong 6xy hoa-khir lai bi gidm di. Hoan
thién quy trinh ché tao vat lidu dé nang cao dung
luong phoéng, cling nhu cai thién hon nira kha nang
duy tri dung lugng phong cua dién cyc Fe,O3/AB, vat
liéu Fe,O; dang khdi da dién tong hop dugc bang
phuong phap thuy nhiét nay rat co tiém ning tng
dung trong cac pin dién cyc sat dung cho cac loai xe
dién va cac linh kién ¢6 kich thudc 16n khac.

4. Két luan

Vit liéu Fe,Os dang khdi da dién da dugc ché
tao thanh cong béng phuong phap thuy nhiét. Cac hat
Fe;O; c6 kich thudc micromet, khong df‘)ng déu, do
sach tuong ddi cao. bién cuc Fe,O3/AB stir dung vat
liéu Fe O3 téng hop duoc cho céc dinh 6xy hoéa-khu
cao hon, rong hon, kha nang chu trinh hoa tdt hon
dién cuc Fe,Os Diéu nay khing dinh vai trd quan
trong ciia chit phu gia cac bon trong dién cuc nhu
lam ting do dan dién cua dién cuc Fe,Oi/AB, ting
dién tich bé mit hoat dong cua sat do d6 lam tdng tde
d0 phan ung oOxy hoa-khit cua Fe/Fe(ll) va
Fe(II)/Fe(111).

Anh huéng cta chat phy gia K>S trong dung
dich dién ly lén dac trung dién hoa dién cuc
Fe,03/AB ciing duge khao sat d& danh gia kha ning
ung dung cua vat liéu nay trong pin dién cuc sét. Cac
két qua chi ra chét phu gia K»S anh hudng hudng tich
cuc dén kha ning chu trinh héa cua Fe;O3/AB nhu
lam ting tdc do phan tmg cia cac cap Fe/Fe(Il),
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Fe(Il)/Fe(1ll), tang dung luong phong cua dién cuc
Fe>03/AB. Tuy nhién K>S ciing lam ting qué thé cta
cac cap phan ung nay giy nén sy che phu cua dinh
khtr Fe(I)/Fe béi khi hydrd sinh ra. Véi viée cai thién
hon nita dung lugng phéng, vat liéu Fe,O3 dang khi
da dién tong hop dugc bang phuong phap thiy nhiét
rat co tiém nang tmg dung lam dién cyc 4m trong cac
pin nap lai.
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