DOI: 10.31276/VIST.2025.0004 Khoa hoc Ky thuat va Céng nghé | Ky thuat hda hoc; Ky thuat vat liéu va luyén kim m—

Anh hwéng ciia phu gia S* 1én dic trung dién hoa
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Tom tat:

Vit liéu oxit sit c6 nhiéu tren Trai Pat, dwoc ing dung trong nhiéu linh vue, trong dé ¢6 san xuét pin sat/khi. Trong
nghién ctru nay, nano oxit sat Fe O, dugc st dung lam vét liéu hoat dong dién héa, nano carbon acetylene black
(AB) dung lam chit phu gia ting do din dién dé ché tao vat li€u to hgp Fe, O /AB, ing dung lam dién cyc Am trong
pin sat/khi. Chat phu gia tren co sé S* duge két hop vao dién cue va chat dién ly dé nghlen ctru dnh huwéng
caa chung ddi véi higu suit phong - nap caa Fe O /AB. Dic trung dién hoéa cia dién cuc t6 hop Fe O /AB dugc
khdo sat bang phep do quét thé vong tudn hoan va tong tré dién hoéa. Két qué cho thay, chét phu gla chu’a S2 co
anh huéng manh den dac trung dién hoa cia dién cuc to hop FeJO /AB. Sy ¢6 mit cia S* trong dlen cwe to hop
Fe O /AB lam tang toc do phan @ng oxy héa - Khir ciia sit dan dén cai thién dung lu’o‘ng va hiéu suft phéng - nap
cua dlen cuc. Vai tro quan trong cia chét phu gia S* trong dung dich dién ly dwgc thé hién qua viéc cai thién tinh
thu dong ciia dién cuc sit, han ché sinh khi hydré, ting toc d¢ phan wng 6xy héa - khir ciia sit, do vay cai thién kha
nang chu trinh héa va dung lwgng cua di¢n cue Fe,O /AB.

Tir khéa: dién cyc to hep Fe,0,/C, pin sit/khi, vit liéu nano Fe,O,, vit li¢u t6 hgp Fe,O,/C.
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Abstract:

Iron oxide materials are abundant on Earth and are widely used in various fields, including iron/air batteries. In this study, iron
oxide (Fe,0,) nanomaterials are employed as electrochemically active materials, while acetylene black (AB) carbon nanomaterials
serve as electrode additives to fabricate Fe,O /AB composites for use as negative electrodes in iron/air batteries. S based additives
are incorporated into both the electrode and the electrolyte to examine their effects on the charge - discharge performance of
Fe 0, /AB. The electrochemical properties of the Fe,O,/AB composite electrodes are evaluated through the cyclic voltammetry
and electrochemical impedance spectroscopy. The results indicate that the S> additives significantly influence the electrochemical
performance of the Fe,O /AB composite electrode. The presence of S* in the Fe,O /AB composite electrode enhances the rate of
iron redox reactions, thereby improving the capacity and charge - discharge efficiency of the Fe,O /AB electrode. The S* additive
in the electrolyte solution plays a crucial role by improving the passivation of the iron electrode, reducing hydrogen evolution, and
accelerating iron redox reactions, thereby enhancing the cycleability and capacity of the Fe,0 /AB electrode.
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1. it van de

Hién nay, 6 nhiém moi truong dang 1a van dé cap bach
can giai quyét do anh hudng nghiém trong dén cudc sdng con
nguoi va hé sinh thai. Sy gia tang khi thai tir cac phuong tién
giao thong st dung nguyén liéu hod thach la nguyén nhan
chinh giy ra 6 nhidém khong khi, hiéu ing nha kinh va bién
d6i khi hau. Trudc thuc trang nay, viéc tim klem nhling giai
phap bén ving la diéu tat yéu. Sir dung nguon ndng luong
tich trit 1a mot trong nhitng giai phap khong thé bé qua. Pin
sit/khi gan ddy dwoc cac nha khoa hoc quan tim nghién ctru
rong rai nho vao nhitng wu diém cta chiing so véi cac hé pin
khéc nhu dung lwong va nang luong 1y thuyét cao, gia thanh
ré, than thién vdi mdi trudng [1 2]. Tuy nhién, véi nhiing
han ché hién c6 cia dién cuc sit nhu sy hinh thanh 16p thu
dong Fe(OH), trong quaé trinh phong va sy sinh khi H, dong
thoi v6i phan g khir sit gy ra su suy g1am hiéu suat cua
pin [3, 4]. Do @6, viéc tim ra cac giai phap dé cai thién tinh
trang nay 1a rit can thiét. Mot s6 cac nghién ciru trude da
chira rfing, viéc thay dbi cau tric dién cuc, thay ddi vat liéu
hoat dong dién cuc 6 xit sit s& lam cai thién hiéu suét cta pin
sat/khi [4-8]. Mac du, dac trung dién hoa cta dién cuc sit
da dugc cai thién nhung cac nhugc diém cua pin sat/khi van
chua khic dugc phuc triét dé. C6 thé tang hidu suit phong-
nap cua dién cuc sét bé’mg cach thay ddi vat liéu hoat dong
dién cuc, thanh phén dién cuc, ty 1¢ cac thanh phén ciu
thanh dién cuc, sir dung chat phu gia cho dién cuc, phu gia
cho chét dién ly... Mot sb nghién ctru khac da s dung chit
phu gia S* vao vat liéu dé cai thién nhiing nhwoc diém ma
dién cuc sat dang gip phai [3, 4, 9-11]. Nano carbon 13 chét
c6 d6 dan dién cao, dién tich bé mat 16n, thuong dugc chon
lam chét phu gia dién cuc dé ting d6 dan dién cua dién cuc
trong pin [12-14].

Trong nghién ctru ndy, AB dwoc sir dung lam chat din
dién nham ting d6 dan dién ciia dién cyc, trong khi Bi,S, va
K.,S dugc st dung nhu nhitng chit phu gia dién cuc va phu
gia dung dlCh dién ly twong Gmg dé cai thién dic trung dién
hoa ctia sit. Viéc két hop vét liéu t6 hop Fe,0,/AB vé6i Bi,S,
va K S trong nghién ctru nay dugc ky vong sé& g1up cai thlen
tinh chat dién hoa ciing nhu khic phuc nhirng diém con ton
tai cia dién cuc am trong pin sat/khi.

2. Viat liéu va phuong phap nghién ciu

Bot Fe,O, (Aldrich) duge su dung lam vat li¢u hoat
dong dién cuc va AB (Denki Kagaku Co. Ltd) dugc thém
vao lam chét phu gia cia dién cyc dé lam ting d¢ dan
dién cua di¢én cyc. La dién cuc Fe,O,/AB duoc ché tao
bang cach nghién tron bot Fe O, voi AB va chét két dinh
polytetraflouroethylene (PTFE Da1k1n Co.) theo ty 18 khi
lugng Fe,0,:AB:PTFE=45:45:10%, sau d6 dugc can mong
véi do day khoang 0,1 cm. L4 di¢n cuc Fe,O,/AB chira
2% Bi,S, cling duoc ché tao bang cach tuong tu bién cuc
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nghién ctru duogc cit ra tir 14 dién cuc thanh dang dia tron
mong voéi duong kinh 1 cm, sau d6 ép 1én vat ligu dan dong
la ludi titan.

Hinh thai hoc cua vat li¢u Fe,O, dugc quan sat bang
kinh hién vi dién tor quét (SEM). Dac tmng cau truc vat liéu
Fe,0,/AB dugc nghién ctru thong qua phép do nhiéu xa tia
X (XRD).

pé nghién ctu tinh chat dién hoa cua dién cuc to hop
Fe O /AB trong dung dich kiém, phép do quét thé vong tuan
hoan (CV) va phd tong tro dién hoa (EIS) duogc thuc hién
trén h¢ AutoLab st dung cell 3 dién cyc voi Fe,O,/AB la dién
cuc l1am viéc (WE), Pt 1a dién cuc ddi (CE) va Hg/HgO la
dién cuc so sanh (RE). Dung dich dién ly 1a KOH 8M hodc
KOH 8 M + K,S 0,05 M. Céc phép do CV dugc thuc hi¢n
voi toe do quet 1 mV/s va thé quét trong khoang thé tir -1,3
dén -0,1 V. Phép do ph tong trd dién hoa (EIS) dwoc thuc hién
trudc va sau phép do CV, cell dugc dimg ¢ dién thé mach ho roi
thuc hién phép do phd tong tré voi dong dién xoay chiéu (AC)
10 mV va dai tan so tir 10* dén 2x10° Hz.

3. Két qua va ban luan
3.1. Giin do nhiéu xa tia X (XRD)
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Hinh 1. Gian dé nhiéu xa tia X cia miu Fe,O,/AB.

Két qua do nhidu xa tia X (XRD) clia mau Fe O,/AB dugc
md ta & hinh 1. Trén gian d6 nhidu xa c6 sy xut hlen clia cac
dinh nhiéu xa tai cac goc 20~18,41; 30,29; 35,68; 37,32; 43,36;
53,81; 57,36 va 63,00, tuong tng voi cac mit tinh thé (111),
(220), (311), (222), (331), (422), (333) va (440). Cac dinh
nhiéu xa nay dic trung cho phd nhidu xa cia vét ligu Fe O,
theo pho chuan ICDD-PDF74-0748. Dinh (311) la dinh manh
nhat, khing dinh Fe,O, 1a pha chu dao trong mau. Carbon AB
thudng c6 ciu trac vo dmh hinh, do d6, khong xuét hién cac
dinh nhiéu xa sic nét. Trong pho XRD cua comp051t Fe,0,/AB,
cac dinh nhiéu xa ctia AB ¢6 thé tring v6i nén nhiéu.
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3.2. Hinh thdi hoc cua vit li¢u Fe O, va carbon AB

Hinh 2. Anh hién vi dién ti quét caa vét li¢u (A) Fe,0, va (B) AB.

Anh SEM cua vt lidu carbon AB v Fe,0, dugc biéu dién &
hinh 2. Két qua cho thay, hat 6 xit sit Fe, O c6 kich thudc dudi
100 nm, khong dong déu. Mot sb hat nho co hlen tugng két dam
lai thanh hat to. Pa phan céc hat c6 dang hinh cau trong khi mgt $0
hat dang manh. AB c6 dang hinh cau tuong aoi déng déu véi kich
thude trung binh dudi 100 nm. Khi két hop thanh vat liéu to hop
Fe,0,/AB, chat phy gia AB s& lam tang do dan dién cua dién cyc
Fe (0] /AB ddng thoi 14 moi truong dé phan tin manh sit hoa tan
hinh thanh trong qua trinh phong - nap, do vay, lam ting khd nang
chu trinh hoa ctia dién cuc sit.

3.3. Ddc trung dién héa cia dién cuc 16 hop Fe,0,/AB

Cuong d9 dong dién (mA)

4 412 410 -08 -06 -04 -0.
Dién thé (V) so véi Hg/HgO

Hinh 3. Dic trng phép do quét thé vong tudn hoan cha dién cwe
Fe,O,/AB trong dung dich KOH 8 M.

bac trung CV cua cac dign cuc composit Fe,O,/AB
(Fe 0,:AB:PTFE=45:45:10%) trong dung dich KOH 8 M duoc
thé hlen ¢ hinh 3. Cac  cap dinh 6xy hoa - khu voi cuong do dong
dién tuong déi 16n xudt hién rd rang. Dinh 6xy hod a, (Fe/Fe(II))
xuit hién & thé khoang -0,9 V (a) va dinh Oxy hod a,
(Fe(H)/Fe(IH)) xuét hién ¢ thé khoang -0,6 V (a,). Khi quét the
theo chiéu nguoc lai, dinh khir ¢, (Fe(Il)/Fe(ID)) xuat hién ¢ thé
khoang -0,95 V (c,) va dinh khu o (Fe(H)/Fe) xuat hién & thé
khoang -1,05 V (c,). Binh ¢, bi che phu mot phan boi dinh sinh khi
H,do thé cta phan img s1nh khi H, gan voi thé ctia phan tmg khir
Fe(II)/Fe(c )- Ngoai ra, ta con quan st thay mdt dinh 6xy héa nhd
a, 0 dién the khoang -1,05 V 14 do sét hép phu nhém OH- tao thanh
Fe(OH) . theo phuong trinh phan g (1) [15-17]:

Fe + OH- = [Fe(OH)] + ¢ (1)

Nhur vy, a /c, la cdp phan ing 6xy hda - khir cua Fe/Fe(II) theo
phuong trinh phan tng (2) [15-17]:
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Phong
Fe+20H = = Fe(OH), +2e (2)
Nap
E’=-0,975 V so véi Hg/HgO
va aj/c, 1a cdp phan mg 0xy hoa - khur cua Fe(II)/Fe(Ill) theo
phu’cmg trinh phan | ung (3) hodc (4) [15-17]:
Fe(OH), + OH
Nap
E’=-0,658 V so vori HnggO
3Fe(OH), + 2OH Fe 0,4H,0 +2¢ 4)
ap
E’=-0,758 V so v6i Hg/HgO

Tuy nhién, dinh 6xy hoa a lai nho hon kha nhiéu so véi dinh
0xy hoa a, ching t6 dinh 0xy hod a, xdy ra cd 2 cdp phan ung
Fe/Fe(1I) va Fe(Il)/Fe(Ill).

® FeOOH + HO+e (3)

O céc chu ky tiép theo, dinh 6xy hod ¢6 xu hudng thu hep lai,
dong dién dudi cac dinh 6xy hoa - khir ¢6 xu hudng giam nhe.
Diéu nay c6 thé giai thich 1a do 16p thu dong F ¢(OH), hinh thanh
trong chu trinh di¢n hod gay can o phan mg 6xy hoa cua sit &
16p bén trong. Day chinh 1a mot vén d& ciia dién cyc sit ma cac nha
nghién ciru dang ¢b ging cai thién.

3.4. Anh huéng ciia BiS,

Phép do dign hod cua dién cuc FeO/AB
(Fe,0,:AB:PTFE=45:45:10%) v6i 2% chat phu gia Bi, S trong
dung d;ch dién ly KOH 8 M (hinh 4). Céac dinh 6xy hoa cua céc cdp
phan ung Fe/Fe(Il) va Fe(H)/Fe(IH) c6 thé quan sat & thé khoang
-0,85V (a) va-0,55V (a,) theo chidu quét thudn va céc dinh khir
tuong tmg xuét hién ¢ thé khoang -0,7V (c) va-L1V (c)) theo
chidu quet ngugce lai. Dinh a rat nho gan nhu bi bao trum bdi
dinh a ching to sy hép phu nhom OH- theo phuong trinh (1) xdy
ra nhanh va phéan tng Fe/F e(H) theo phuong trinh (2) dugc tang
cuong. Két qua ndy chimg t6 toc do phan tmg cia Fe/Fe(Il) va
Fe(Il)/Fe(I1I) da dugc tang lén.
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Pién thé (V) so véi Hg/HgO

Hinh 4. Bic trwng phép do quét thé vong tuan hoan cla dién cwc
Fe,0,/AB+2% Bi,S, trong dung dich KOH.

So véi duong dac trung CV ciia mau F ¢,0,/AB (hmh 3), duong
dac trung CV cua di¢n cyc Fe,0,/AB co B1 S cho thay, cac dinh
0xy hoa - khir rong hon, cuong do dong dien lorn hon chiing to céac

phan {mg Oxy hod - khir clia sit dugc tang cuong boi Bi,S,. Dinhc,
Xuét hién rd rang, tach biét khoi dinh sinh khi H,. Dinh khu c, cung



dich chuyén vé phia duong hon chimg to qua thé cua cip oxy hod
- khir Fe(IT)/Fe(IlI) da giam di. Diéu nay s& dan dén dung luong va
hiéu suét phong nap cua dién cyc Fe,0,/AB+Bi,S, dugc cdi thién
dang ké. Két qua nay cho thay anh huorng tich cyc cua BiS, trong
dién cuc Fe,0,/AB.

3.5. Anh huéng ciia K.S

Phép do dién hod cua dign cuc Fe,O/AB
(Fe,0,:AB:PTFE=45:45:10%) duoc thuc hi¢n 10 chu ky dau
trong dung dich di¢n ly KOH 8M + K.S 0 05M va két qua
duoc biéu dién ¢ hinh 5. So véi két qua CV ctia mau Fe,0,/AB
(Fe,0,:AB:PTFE=45:45:10%) (hinh 3) cho thiy, khi dua K S Vao
trong dung dich dién ly cac dinh 6xy hoa - khir 2,2,C,, , Van Xudt
hién ¢ cac khoang thé twong tw -0,85 V (a ) va -0, 55 V (a,) theo
chidu quet thuén va -0,3 V (c, ) va-1,1V(c)) theo chidu ngugc lai.
Tuy nhién, dinh 0xy hod a, gan nhu bi bao phu boi dinh a, trong
khi cac dinh Oxy hod a, a, d& dugc m¢ rong vé phia du(mg hon
theo chidu quét thuan. Dleu nay chimg to, tbe do phan ¢ g 6xy hoa
cua Fe/Fe(I)(a ) va Fe/Fe(Il)(a,) da dugc ting 1én nhiéu, nghia la
tinh thu dong cta Fe(OH), da dwoc han ché boi S¥ 6 trong dung
dich di¢n ly. Dinh a trong truong hop nay ciing gan nhu bi bao
tram boi dinh a, chung to sw hap phu nhom OH- theo phuong trinh
(1) va phan ing Fe/Fe(H) theo phurong trinh (2) dién ra nhanh, tuin
tu dudi dy tic dong cua S* trong dung dich dién ly. Pinh c, Xudt
hién ¢ dién thé duong hon so v6i mau Fe,0,/AB trong KOH (h1nh
3) lam giam qua thé cua cip phan img Fe(II)/Fe(HI) dan dén tang
hiéu suat phong - nap cua dién cyc Fe,0,/AB trong KOH+KS.
Ngoai ra, dinh khr ¢, cling xuét hién 16 rang hon va khong bj che
l4p boi dinh sinh khi hydro D6 c6 thé 1 do sy hip phu ciia cac ion
S* trén bé mit dién cuc gitp han ché sy hip phu cia cc nguyén
tir hydrd din dén han ché khi hydrd sinh ra. Tuy nhién, khi ting
s chu ky quét, van quan sat thay su giam nhe cua dong dién. Viéc
thém chét phy gia K.S vao trong dung dich di¢n ly KOH da gitp
tang cuong do dong dién tai cac dinh 6xy hoa - khir va ddc biét
la céc c@p phan ung a /c, va a/c, dién ra nhanh hon so véi dién
cyc Fe,O0,/AB trong dung dich d1en ly KOH. Tuy nhién, viéc hinh
thanh lop thu dong Fe(OH), van dién ra nhung véi toc do cham
hon dan dén sy suy giam cua dong dién ciing cham hon.

-
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Cuong do dong dién (mA)
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Pién thé (V) so véi Hg/HgO

Hinh 5. Dic trwng phép do quét thé vong tudn hoan cua dién cwc
Fe,O,/AB trong dung dich KOH+K_S.
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Tir két qua do CV, c6 the tin}% ACluorc dung luong riéng cia tit ca
cac mau theo phwong trinh C = AV [18], trong d6 I (A) 1a cuong

d6 dong dién; At (s) la thoi gian phong dién, m (g) 1a kh01 luong
vat liéu hoat dong ctia dién cuc lam viée, AV (V) 1a cua s0 dién thé
trong qua trinh phong dién (hinh 6).

350
300 —A—A—A—A—A—A—a—,
/A _u L
250{ g7m
o—o—
200 o NS

150
—A—Fe,0, +K,S

Dung lwong riéng (mAh/g)

100 —m—Fe,0, + Bi,S,
50 —e—Fe,0,
0 T T T T T
0 2 4 6 8 10
Chu ky

Hinh 6. Dung lwgng riéng cua dién cwc Fe,O,/AB, Fe,0,/AB+2%
Bi,S, trong dung dich KOH va dién cwc Fe,O,/AB trong dung dich
KOH+K.S.

Dung luong riéng cua cac mau st dung chat phy gia Bi,S; va
K.,S déu cao hon mau Fe,O, khong c6 chat phu gia §*. Céc mau co
chat phy gia S* déu duy tri dung luong riéng tot theo chu ky quét
trong khi mau Fe,O, khong chat phu gia S* ¢6 dung luong riéng
giam nhanh theo chu ky quét. So sanh gitra mau Fe,0, khong chat
phu gia va Fe,0, c6 chat phy gia Bi,S, va K,S cho thay mau dung
K.S ¢6 dung 1u0ng riéng cao hcn mau dung Bi S&) cu thé dung
luong phong cuc dai cua dién cyc t6 hop Fe,0,/AB tang tir khoang
200 1én 275 mAh/g khi c6 S* trong dién cuc va lén 290 mAh/g khi
c6 S* trong dung dich dién Iy KOH (hinh 6). Két qua nay hoan toan
phi hop vai két qua do CV thu dugc ¢ trén. Nhu vy, trong sb cac
dién cuc nghién ctru, miu véi ty 1é Fe,0,:AB:PTFE=45:45:10%
do trong dung dich dién ly KOH 8M + K S 0,05M cho dung lugng
cao nhét, 9 on dinh tot nhat.

3.6. Phé tong tré ciia dign cuc Fe,0,/4AB

Phd téng tr6 Nyquist cua mau Fe,0,/AB+2% Bi,S, trong
dung dich dién ly KOH va miu Fe,0 /AB trong dung dlCh dién
ly KOH+K,S do & the mach ho (OCP) dugc biéu dién ¢ hinh 7.
Pho tong tror ctia mau chtra cht phu gia Bi,S, trong dién cyc (hinh
7A) va K,S trong dung dich dién ly (hinh 7B) déu bao gdbm mot
hinh bin nguyet & ving tan so trung binh lién quan dén qua trinh
truyén dién tich va dién dung 16p kép ¢ 16p tiép xuc gitta dién cuc
va dung dich dién ly. Poan thang tiép sau hinh ban nguyét ¢ tin s6
thap lién quan dén qué trinh khuéch tan cua cac ion trong vat liéu
trong khi diém cit truc thuc Z’ trong ving tan sb cao twong tmg
voi dién tro cua dung dich dién ly. Trude khi do CV, ¢4 hai miu
déu co duong kinh hinh ban nguyét rat nho (hinh chén bén trong
hinh 7A, 7B) ching t6 mau ¢6 dién trod nho. Sau 10 chu ky quét,
duong kinh hinh ban nguyét cta ca hai mau déu ting 1én chimg to
dién tro truyén dién tich cia cic phan tmg dién hoa trong hai mau
déu ting 1én. Pay c6 thé 1a mot trong nhimg nguyén nhan gy ra
sy suy giam din dung luong ciia dién cyc trong qué trinh phong -
nap nhu da quan sat thdy 6 trén. Ban dau khi c6 mét S* trong dién
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cuc hodc dung dich dién ly, toc d6 phan img dién hoa ciia sat dugc
cai thién, tinh thu dong gy ra boi Fe(OH), hinh thanh trong qua
trinh phong duoc han ché, luong hydrd sinh ra cling giam di. Tuy
nhién, sau cac qua trinh phong - nap duoc lap lai, cau truc bé mat
cua dién cyc co thé di bi bién doi, 16p thu dong 6 thé lai hinh
thanh va day 1én theo chu ky lam can tr& qué trinh truyén dién tich
dan dén sy gia tang trd khang ciia mau, do d6 dung luong bi giam
dan. Két qua fit mach twong duong cua 2 miu dugc thé hién trong
hinh 7 va bang 1.

A)
80
Iy —e—Truée CV
70 | S . o —®—Sau10CV
60 e o =
50| —— Truse CV o = /g2 7
& = Sau10CVy -~ 5~ T :"f
S a0 o i Y
N 3 e v o e
e =" $ LEEEEL, ZOQ | a
20 LR o," gt
0 10 20 30 40 5 10 15 20
Z(Q) Z(Q)

Hinh 7. Phé téng tré Nyquist cuia céc dién cwe Fe,0,/AB véi cac chét phy
gia % (A) Fe,0,/AB+2% Bi.S, trong dung dich dién ly KOH va (B) Fe,0,/AB
trong dung dich dién ly KOH+K.S.

Bang 1. Két qua fit mach phé téng tr& Nyquist cia dién cye Fe,0,/AB véi
céac chéat phu gia 2.

K,S (truée CV)  BiS, (truée CV)  KS (sau CV) BiS, (sau CV)
R 1352 0,70243 1,37 0,70795
0,95 0,63705 12,87 11,72

Két qua fit mach cho thdy, dién tr6 dung dich R cua di¢n cuc
Fe,0,/AB+2% Bi,S, trong dung dich dién ly KOH vi dién cuc
Fe (0) /AB trong dung dich dién ly KOH+K_S déu ¢6 gia tri nho,
thay d01 khong dang ké trudc va sau phong - nap. Khi co S* trong
dung dich KOH, dién tr6 dung dich R_va dién tro truyén dién tich
R cua ca hai dién cyc déu tang 1én. Sau 10 chu ky quét CV, dién
tror truyén dién tich R cua cd hai dién cuc ddu tang 1én dang ké so
voi trude phong - nap Két qua nay hoan toan phu hop véi duong
Nyquist da thao luan ¢ trén.

4. Két luan

bac trung dién hoa cia dién cyc to hop Fe,0,/AB va anh
huong cuia chat phu gia trén co s6 S* da dugc khao sat Su c6 mat
cua chat phu gla Bi,S, trong di¢n cyc va K,S trong dung dich di¢n
ly da cai thién tc do phan ung 6xy hoa - khu’ cua sit, han ché tinh
thu dong cua dién cyc gy ra boi Fe(OH),, giam luong khi hydrd
sinh ra va ting dung luong riéng cua dién cuc t6 hop F ¢,0,/AB. Cu
thé gia tri dung luvong phong cuc dai cua dién cuc Fe, O 4/AB dugc
tang tir khoang 200 1én 275 mAh/g khi c6 Bi,S, trong dién cyc va
1én 290 mAh/g khi ¢6 K_S trong dung dich dlen ly KOH. Két hop
chat phy gia S* cho ca dlen cuc va dung dich dién ly, dién cuc to
hop Fe,0,/AB ¢6 tiém nang {mg dung lam dién cyc am trong pin
st/khi. Trong giai doan tiép theo, c4c nghién ciru dé t6i wu hoa ty
18 chat phy gia Bi,S, va K.S s€ dugc thyc hign dé hudng toi tmg
dung 1am dién cuc am trong pin sat/khi trong twong lai.
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