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LOT CAM POAN

Tdi xin cam doan ludn dn: “Nghién cin 16ng hop vit lidu ho Prussian Blue
{MHCF, M =Fe, Ni, Co, Ce} dinh rémg livm dign cyre cho sidu tp dign” 1 céng trinh
nghién i ciza chinh minh dudi sy hirdmg din khoa hoc cin tip thé hudng din, Ludn
dn sir dung théng tin trich din tir nhieu ngudn tham khao khdc nhau va cic théng tin
trich diin dc ghi 1 ngudn goe. Cic két qua nghién cir ciin 181 duge cong b6 chung
il cie Ve gis khic di duoc s nhit tr cun dong tac gia khi dua vio luin dn, Cic sb
ligu, két qua dug trinh by trong luiin én 14 bodn todn trung thye vi ehua timg duge
cing bd trong bilt ky mit edng rinh nio khic ngodi che cong trinh cong bd cua tic
gii. Ludin dn duge hodn thinh trong thi gian 151 lm aghién ciu sinh i Hoe vién
Khoa hoe va Cong nghg, Vign Hin 1im Khoa hoe vin Cng nghé Vit Nam.

Hi N, ngay ofthang 2 nim 2025
MNehién efru sinh

Lo

Vi Viin Thiy
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Léri dtéu tién, em xin biy 16 Wong biér on sda siic 161 PGS.TS. Trin Viét Thir vi
TS, Nguyén ST Hidu, di tin tinh nomg din. gitp & va tao moi diéu kién thudn loi
ciing nlwr ludn dgng vién vi tng hi 8¢ em co thé hodn thanh 1ét nhét lugn 4n cia minh.

Toi xin chiin thinh ciam on d& thi Vit figu mdi rrén e sé hexacyanofervare
trong tich trit ndng leoatg didn hiéa "', md si: 103.02-2020.3) d8 hd trg kinh phi cho
107 thre hidn lufn dn nhy.

Tist xin chin thinh cam om Phong Dio tao - Hoe vién Khoa hoc vi Cang nghé;
Ban Kinh dao, Tip thé cén b Vién K9 thuit Nhiét d6i - Vién Han lim Khoa hoe vi
Ciéng nghé Viét Nam; Ban lanh dao, tap thé cin bé Vign Khoa hoe Vit ligu; Ban lanh
dao Hoe vién Khoa hoc vi Cong nghé; B§ mén Cang nghé Hoa hoc, Bd mdn Phing
Hoa, B§ mon K§ thudt Mai tnsimg - Khoa Hoa 1y K§ thudt - Hoc vién K§ thujt Quin
Sur; Phong vi Hé quin 13 hoe vién, Doin 871 48 g0 dibu kign vé co sé vit chi, rang
thiét bj nghién ciru vit gitp A 161 hdt sire nhidt tink trong subt qui tinh thire nghiém,

Tl xin chiin thimh cim om ThS, T Vin Nguyén, ThS Doin Tién Phat (b
man Cong nghé Hod hoe, Khoa Hod — Ly k§ thuit) d& c6 nhidu gilp 4% trong qud
trinh thire aghiém cia ludn an. Cam on ThS. Phimg Nbar Quén va TS. Vi Kim Long
(Trung tim hinh ding quic gia khic phuc hin qua hod hoc v mdi tnrdmg —
NACCET) di cb nhitu giip d wong vige phin tich ICP vat lidu. Cam on ThS.
Nguydn Thinh Vinh va ThS. Dinh Thi Thug HA (B mén Phong Hod, Khoa Hod
Ly k§ thudt) dA c6 mhidu gitp i trong vide nghidn ein el trie cin vit lidu,

Téi xin chin thank cam on cie nhi khoa hoe 88 gibp 3. ddng pop nhita ¢
kién qriy ban Tién quan dén luin dn ciing nhu dink gid chiit Tgng Tufin dn A€ bin ludn
an duge hoan thaén o,

Cudi ciing, 16 xin giri I cim o s sic nhit dén nhimg ngudi thin yéu trong
gia dinh, ddng nghiép vi ban bé di ludn quan tim, dong vién khich 1§, ing bd va giop
4% tdi trong sudt qua rinh hoe tip vi nghiéa cir

Nghién ciru sinh

Uwer”

Vii Viin Thiny
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S nong [én toin cdu vi viée con kigt nhién lidu hia thach 08 i thinh méi
quan tim ngly cang lom trong nhimg this gian gin diy, thic diy viée sir dung cie
ngudn ning liomg xanh, Vige sit dung ning lugmg mit trivi, nfing hrong gi6 vii ndng
hrgmg hydrogen khéng chi doi hoi edc thiét bj chuyén dbi ning hromg, ching hon nhir
pin mit trisi, thiét bi tich nude ... ma con cin cic thiétbi lu triy ning lugne do tinh
chilt khng lign tue cin cdc ngudn ning lrong ndy. Hién nay, o6 nhida logi viit lién
i duge nghién el cho mye dich ndy, rong do co PBPBAs.

Prussian Blue 1 ferric ferrocyanide (Fes'[Fe*' (CNJo]y) trong thivh phin chi
co mgt kim loal, duge ditu ché bing cach cho dung dich Fe" phén dmg véi
[Fe® (CN)]" hode Fe'' phin img véi [Fe"' (CNJol*. Khi thay kim loni Fe bing cic
kim logi khic s& thu dipe che chiit b cio tric wong 1r véi Prussion Blue co dang
AxTIM{CN);), trong do A = Li, K, Na; T= Fe, Co, Mn, Cu, ...; M = Fe, Mn, Co, ...
{17 duge goi chung 1 Prussian Blue Analogues (PBA%). PBAs o cdu trie mang tinh
thé mé nén thuin i cho qué trinh chénfirich xudt cie jon kim loni vito/ra khai mang
tinh the, mang tinh the it bi thay d6i vé chu trike giy ra bérk sy chenftrich xudt 1ap fai
cua cic fon kim loai, thimh phin cé thé diree diéw chinh dé ding mang lai tinh linh
hoat trong hiéu suft, Kidm sost dirce v hinh thif va dg phire tap vé chu triie nin ching
dugo tmg dung Kim viit idu dién eye cho pin hobie cho séu tp din. Bén canh dé cig
phuong phip didu ché PBAs twong 081 dom gidn, linh hoat, ngudn nguyén lige phong
ph va ré b,

O Vit Nam, vide lim cha cic thidt bj chuyén dbi vi tich trit ning Iwrgmg didn
haw 1 vt cin thié trong twong lai gin, mi tnade sén 1 ting hop ehe vl ligu dign
eyt hifu hidt siu sic vé co ché hogt ding ciia viit ligu v thidt bi di ciing. Vi vily,
vige lua chon dé tai ludn dn “Nghién cim dng hep vat lizu ho Prussian Blue (MHCF,
M = Fe. Ni. Co, Ce) dinh hwrimg img dung lim dién cue cho sidu ty dién™ 12 cdn thist,
¢4 tinh khoa hoc vil thye tidn siu sic,

Mue tiéu cria lufin dn:

- Phin tich ve thinh phiin, céu trixc ¢fing nhir cic tinh chét dic g cin PR
vl PBAS. Phin tich cic phuong phap diéu ché PBAs, chi 1o cich thire tién Rinh,
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diém, nhwge digm, pham vi img dung cin timg phuong phap. Tir dé co co s dé lya
chon phucnyg phip didu ché phis bop voi diéu kign phong thi nghiém ciing sl muc
Héy cnn Judn dn,

- Téng hop cac hé vit lidu 1rén co sér hexacyanoferrate . nghién et dic trung
tinh chdt vit lidu vib tinh ehdt dign boa cia chiing. Trén co so dd thidt ké sidu 1y dign
phiis by cho mue 18w chuydn hod va tich i ning hrgng,

- Nghién it cie yéu 16 inl hudng dén higu qui lim vide cin sidu w dién tir
thiknh phin, ciu tnic cta vit ligu dign cye, chiit dign 1, didu kign lam vige ¢& dim ra
dirge b théng il 16i 1w ché tgo thigt bi heu ik dién hoa dang don gidn,



3

CHUONG 1. TONG QUAN
1.1. Ciiu triie ciia Prussian Blue

Fes[Fe(CN}]: - Tron(ID) hexacyanoferrate(Ill), FedFe(CNeh - Tron(1iT)
hexacyanofesrate(IT) vir tén thing thwimg i Prussian Blue; ngodi ru con dugc goi
voi cdc tén khic nhu Berlin Blue, ferric ferrocyanide, ferric hexacyanoferrate. Pugc
phiit hién mdt cdch ngdu nhién fin diu tién ndm | 704 & Berlin béi mét hoa si tén 1
Heinrich Diesbach; khi dng mudn tao ra mit chdt bit miu 46 tir chit pie min canh
kidn, niwmg ¢ cho nhim potash bi nhidm hexacyanofemate [2]. Dé 14 mot chilt min
nguyén chit ré tién va df tidp clin A& v8 tranh, Puge & cip trong i lidu khos hoe ti
sb diu tign cia Migp héi Khoa hoe Hoing gin Phé (Royal Prussian Society of
Sciences) nén nd co tén thing dung li Prussian Blue [3], N6 cd thé duge ting hop
bing nhiéu phong phip khdc nhau, phimg phip truyén théng duge sir dung phé
bién nhit I3 dong két tia rong méi trmg nude bao gdm phin img gitra modi kim
logi iron vi phire hexacyanoferrate nhw mudi Fe!! (ferrous) v ion phite [Fe' (CNJ [
{Rerriccyanide) tao thinh Fe"[Fe"(CN)yJ: ( Turnbull Blue) holc Fe {ferric) véi ion
phire [Fe'(CN)]* (ferrocyanide) tgo thinh Fe's [FeSCN)gh (Prussian Blue hay
Herlin Blue), Trong shidy nim, Turnbull Blue vi Prussian Blue vin bi hidu thm 14
khiic biét cho dén khi Ludi xde dinh il hai déu khong thé phin bigt duge [4]. Ngodi
m, con hai kitu két hop nite gitta mudi kim logi iron v phire hexaeyanofermte 1
mudi Fe' vdi ion phirc [Fe(CN)e]* tgo thinh Fe,'[Fe'{CN)aJ: (Prussian White) hojc
Fe'" viri ion piire [Fe™(CN)]™" tao thinh Fe"™{Fe"{CN)] (Prussian Yellow).

Hink 1. Cr ché tao thinh tinh thé Prussian Blue



PB thuje nhém kbéng gian Fm-3m vin hiing 56 mang tiz 10 dén 10,9 A. Trong
gidin 48 hinh 1.2¢b), ion Fe'' (miu 46) ndm tgi céc dinh vi cic tim cda cic mat cia
hinh lip phumyg, ion Fe* (mdu xanh) nim ¢ trung diém cia cic canh v tim cta hinh
Uip phutong. Mot ion Fe' lién két vii 6 nguyin tr N, mt jon Fe*' lién két véi 6
nguyén tir C. Gittu Fe' va Fe™ 14 mit nhom CN, tgo thinh cde bit di¢n ddu véi t3m
Ta Fe** v Fe*'. Trong mit & mang co sé cd 56 fon Fe™ 1 (8. % + 6., %= 4); sl ion
Fe (12 W+ 1 =4):sd ClR(24. %+ 24. %+ 6= M4 sdNIR(24. %+ 24 %
+ 6= 24). Vi viiy d¢ trung héa dién tich (nhém CN cé dign tich 1-) thi cén thém 4
ton M" (K°, Na”, NH4"). Cdic ion M™ ndy s& ndm xen ké trong cic hilc bt dién cia
cic & mang con. Cdng thire womg img 13 MFe™[Fe™{CN)s] hodc MEc![Fe'(CN)q].

- .--.'Q..._

Hinh 1.2. Cdu triie ciig Prussian Blue
Khi bj khit, céc ion Fe** chuyén thinh ion Fe** nhur trong hinh 1.2 (a), khi d6
rong | & mgng co s e 8 ion Fe' vi 24 nhom CN', vi vily dé trung hoa vé dign cin
ed B ion M*. Chng thire lwong img s 1i K:Fe"[Fe'(CNJa).

Khi bj oxi hoa, cde ion Fe?' chuyén thinh jon Fe' nhu wong hink 1.2 fc), khi
46 trong 1 & mgng co s ob 8 jon Fe'* vi 24 nhdm CN', khong cdn thém ion M* 8
trung hoa dign tich. Cdng thire tromg dmg =& 13 Fe™[Fe™(CN)g).

Khi Fe' tde dung vai jon phic [Fe'YCN)]" tgo thinh Fes [Fe™CON))s.
Nhung trong | & mgng co sé hodn bio lgi ¢d 4 jon Fe'', 4 jon Fe** vii 24 clu ndi ON
.+ lehing phi hgp v 1 1§ hop thire gites Fe'* vai Fe™* (4 : 3) vil gida Fe™ véi CN (4
2 18). Vi viiy, thire 1 mt & mang cor s ciia Fe's [Fe"(CN)e)s s& bi khayét di 1 jon
Fe*' vil 6 cilu ndi ON* & thm ciia & mang, va nhitng vi trf khuyét thitu ndy s& duge
thay thé biing cdc phidn tir HaO (hink 1.3).



Hinh 1.3. O mang co sor cia Fe' [Fe{CN)s]s [3)

Nhu vily, khi cing durge tao ra o phin dmg cia Fe'™ va [FeOCN )", thy thude
viio céch trung hida dign tich trong mang tinh thé ma s& co hai logi hap chit: thir nhit
livdign tich duge trung hba boi ede ion duang hoa tr | 58 thu dige ME[F'(CN )
(hink 1.2 b), lic nity s& cb 4 fon M nim & cie hiic bit dién eia | & mang oo s thir
2 1 dign tich dugo trung hon e bin thin cin Fe'* vi [Fe"(CN)s]", khi d6 & 1o ra
Fes [Fe'CN)ols, trong 6 myng co sé cia nd 5@ bi khuyét thiéu 1 ion Fe'* v 6 ciu
ndi CN° 80 vei & mang hodn hao, Sy khic nhay ndy quyét dink dén nhidu tinh chit,
trong 46 diu tign 14 4§ tan. Néu nhy MFe™[Fe'{CN)e] tan (8t trong mude thi Fe™,
[Fe'(CN)e}s khmg tan trong ninde,

1.2. Ciu triie ciia Prussian Blue Analogues (PBAs)

Khi thay kim loai Fe trong Prussian Blue biing céc kim logi khic 52 thu dirge
cdic chit cb cdu inic frong tr vii Prussian Blue c6 dang A TIM(CN)), trong dé A =
Li, K, Na; T= Fe, Co, Mn, Cu, ...; M=Fe, Mn, Co, .. [ 1] duge goi chung 1 Prussian
Blue Analogucs (PBAs).

L.2.1. Nirde cdu triie trong tink thé PBAs

Vi dé tan cua cic ferrocyanide va ferriccyanide trong céc dung moi hin co
thip, nén PBAS thiimg dugc didu ché trong méi truimg nude. Vi viy ma nude s& di
ciimg mang hudi tinh thé eia vit liéu thu duge. C6 ba logi mrée: mirde hip phy wén b
mit (adsorbed water), nude xen k& nim phia trong tinh thé (zcoliteic water) vi nirdc
clu triic (coordinated water) - mrde lidn kit true tidp vén cic ion kim logl, Lugng
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ninfe trong tinh thé PBAs c thé duge xic dinh bing phirong phip phén tich nhigt
khdi krgmg (TGA). Phin khdi Jugng bj milt & viing nhigt 49 nha hon 200°C nromg
imgz il nude bip phy bé mii vi xen ke rong tinh thé, cdn phin khi lugng bi mit
wilng nhié dd 200°C dén 300°C twomg img vin mrde cfu wic. Nurde bé mit bodic xen
ki trony tinh thé c6 thé dF ding logi b, vi lién két gitra ching vt tinh thé chi 1 lign
kit vt Iy, con nwde cfiu trie thi kho Togi bo hom vi ehiing tho lign két héa hoe véi che
ion kim logi,

Trong qué trinh didu ché PBAS, tiry thude vio twong quan béa tri ey ede kim
lagi, s& suit hiéa mit 88 15 tréng (vacancies) trong mang tinh thé aé trung hia vé dién
tich. Vi dy. trong {inh thé cim Fe'y [Fe%CN)s 58 e 25% 18 trbng [Fe(CN)I*,
thirémg dwge bidu didn tgi 1im ciin & mang co s (bé di 1 ion Fe?* va 6 ciu ndi CNY,
Vi vily mi 6 jon Fe' & tm ciia cic mit rong & mang co siv 5% chua duge bio his,
chiing s& lign kit véi 6 phin tir Hx0 d8 duy tri myng tinh thé 13p phuong. Céc phin
1 Hz0 nity duge goi li nude ciu trise, Ngodi ra, trong mt 6 mang co sir cin cb 8 &
mang con, mOi & mpng con niy lyi o6 thé chira dirge mdt phin ur H20 & thm eda nd
(e xen kB). Vi vily, trong mdt & mang co sir oé thé chim duge 14 phin iy H:0 [6].
Ching ta thémg hay gip cong thire FoM[Fe{CN o r3.3,5H:0 duge dimg bidu didn
thay thé cho Fe™y [Fe'(CN)e]s. 14H:0,

H,0 (clu trie)
;0 (xen ki)

Hinl 1.4. Mé phing vi tri ciia mede cdw triic v meie xen k& frong PBAs [6).
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1.2.2. L3 tring — khusyét gt mang tink thé

Trong qud trinh két tia nhanh dé to PRAS, mét sd 18 tdng M{CN); bi chiém
@ik b cic phin o nurde cdu tnic, din dén cong thirc thre té thu duge ciia PRAS 1
ATIMCON) 10 (0 < x < 2vi 0 <y < 1), trong d6 [ 1 cic 13 tréng MCN),
17). Vige xudt hidn cde 16 tréng niy s2 dnh huimg dén cdu mite cling nb tinh chit cia
FBAs. Nhidu 18 trdng M(CN): hon 52 lam ting lgug nude clu tric trong khung tinh
thé PBAs, tir d6 din dén vide tic dly qué telnh phin iy chit dign phiin hina co, giy
m tink trang in mon HF wong chilt dién phin vi thim chi ty phiin hiy & dign dp cao,
Cilu trile citn mang tinh thé s b hur hai do sir phiin bé nglu nhidn cae 13 trdng khuyét
tit mang tinh thé giy ra nguy cusupdéciunﬂ:mmtinhlhéuungqui trinh di
chuyén cia ion M*; vi viy khing dim bao duge cho phin img dién héa thujn nghich
khi sir dyng PBAs lim cathode. Cde 13 trong kiuyét tat mang tinh thé o6 thé cung cip
nhiéu vj tri tgo mim hon cho cie phin img phy gitks vt gy catdt vi chét dién phin,
Theo nguyén Iy trung hia dién, cie 10 trdng tich dién dwomg 52 lim gidm him heong
hip thu ion M” trong myng tinh thé gly ra sy suy ghim higu sudt dign héa. Cudi cing,
cilc 13 trdng & lim mii tinh 1in ven lién tye cin mang tinh th, tir 46 lim gidm khd
ning din dign caa vit ligu PBAs [8].

Dé giihen thidu cic 18 tedng khuyét dic mang tinh thé niy, o6 thé 1ién hinh theo
3 phuemyg phip d6 1i: thyee hign qui wrinh tng hop v 1de 46 chim, sir dung ehe tie
nhén éin dinh hode ting him lrgng cla cée jon kim logi hoa trf | biing cdch ting o 18 ci
chiing trong dung dich phin img.
1.2.3. Céu triic cita PBAs

Prussian Blue duge chia thinh hai nhdém chih: b vi khdng tan, Ciing thi cis PR haa
tan i AFCTFeCN )b, trong d6 n ob gid i tir | dén 5, v A B cation héa tri 1, chéing han
nén ion potassium, ion ratri bodc lon amoni, Mt khic, cing thirc oiia PB khang hia tan 1 Fe,
[Fe'\CN)lsmH;0, trong 46 m dao déng tir 14.dén 16 [9). PB w@n vi khiag tan duge it tén
il vily bei vi PR tan o6 xu huning tao ra ede tinh thé nhi hon kich thie mesophase dién hinh,
90 thinh dung dich keo trong sut miu xanh dm; troag ki 46 PB khing ten to thinh cic tinh
thé Im bom o6 xu hudmgs kéft i vl két i Tuvng i nhur vii PB, PRAS efing duge chin thinh
bai nhden chinh 1A n v khiag tan.



2,57% hoiic 2,5+
[Héa 1 trung binh cla Fej

2%

K FeflFet{CN), Ehéngtan Fe™,[FedCN)): Fe"iFa{CN),]
AMHFeOH)) Tan KFefFeR(CN)] MUFe(TN),)
AMYFE™CN),]

A=LU/KINa, M =Fe, Mo, i, Co

Hinh 1.3, Cae dang cing thiee cia PBAs [6],

Pha tinh thé cia PB/PBA ¢6 thé phat wién tir dang lip phuong, dom G, hink
thoi, dén cau tnic 1 gidge; didu ndy phy thuje it lim vao luegmg phén (i nundre tinh thé,
cation kim logi kigm A' v logi kim loai chuyén tiép. Nhin chung, FeHCF o6 ciu triic
pha lip phuong (hink 1.6, a), kiv kegng ion A' ngdy céng ting (gid tri x trong cong
thite ATIM(CN o] [ ]i.nH20 ting), lue hit Coulomb déi vii N s& ting lén, din
dén mang hudi cia khung duoe mé rdng dhn din. DS v NaFeHCF, khi gif i ¢
dyt 16 hom 1,5, sue phiin b khing i ximg eia cde electron tir ede jon kim logi chuyén
tifp trong quy duo bi suy bién s2 ghy ra cée hidu img che chiin didn ti khic nhau theo
ciic hudmg khic nhau trén cic cation khich, din dén sy chuyén pha 1ip phiong sang
pha don nghiéng thing qua bién dang clu trie vai sy mér ring thé tich 6,5% cua &
mang cor s (hink 1.6 &), Tiép tyc logi bé cdc phin tir nude tinh thé s¢ gidm lye diy
Pauli trong hé thing, tinh thé chuyén tiép tir cu triie dom nghiéng sang chu trivc hink
thoi vai mite 46 bién dang cao bom (himk 1.6, ),

Surbien ddi vé cu iriic ciing di duge quan sit trong qud trinh xity ra céc phin
img dién hia, khi cdc ion A* duge chén/irich xudt ra khoi mang tinh (hé, FeHOF vii
CoHCF tiémg trid qua qud winh chuyén d6i gitta cdc pho lip phuemg vi hioh thoi.
Kl viri FeHOF vit CoHCF, MnHCF ¢6 s thiy d8i 1 hon do bidn dang ciu tric
citn bt dign Ma-Ni gy r boi inh huimg cin hidu ing Jahn-Teller, Ké qua 14,
MnHCF trai qua mdt chuyén d&i ba gini doan tir pha dem nghing. pha 1ip phuong
sang pha tir gide. D& vén NIHCF v CuHCF ¢6 tinh ehit tro v mit dign hoa, Cae
logi NP** vit Cu™, khung tinh thé 1ip phuong chi bj bién dang mét phiin tao thinh ciu
triic don nghiéng hodc thim chi 14 pha phi céu tric chuyén tiép trong cie phin img
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dign héa. Khic vai Na', viée dua K vito o thé Iye diy Pauli nhidu hom vit do do han
ché s co riit cilm mang, din dén gism sy chuyén pha

Byl 2 4 n d =

(FaHCF,
-
e—
|w.,—ﬂ
Cuibile Moneciinle
= p:
- -y
. ol
O
L ®
[ =R TR VTSN A Cubic Monociinic
— _ (NeoF, cwicr)

Hinh 1.6, Cc dang pha tinh thé v sw chuydn dang tink thé cia PB/PBAs ireng ede
uek trindy dién hoa [10],

1.3, Cite phuong phip difu ché PBAS
L3.1. Plureng phip ddng két via

Ciich thire thye hign chung el phirong phip dng két i 86 13 dung dich chin cic
jon kim loai dige thé git chim xudng dung dich chi phire eyanide cin Fe(HI), Fe(Il),
Co(IT), MofI1). .. Két via to thinh duge gil hoa hér gian nbdt diob, s dé Iy tim, loe, nis
v sy 8 loai nunde. Tinh chit et sitn phém thu duge &2 phy thde nhidu yiu o o sk
pliéin, 6 1§ cic tién chit, thin gian gid héa, nhiét dg vil thir gian sdy.

U diém ein phueng phip niy 1 don gidn, oF thye hign, nhung kb didy khidn
e hinh thii hoc cia san phim, Vi tich s tan cia cic PRAs d8u riit bé nén qud
trinh 130 mam vi phat trién tinh thé xdy ra gin nhu ngay tip tre v ding thiri, nén vt
Tiéu tao ra ¢ hinh dang khing xée dinh vi khing ddng nhat, c6 nhidu khuyét i3t mang
vl g trong tinh thé {11, 12). Bing 1.1. the hiéa ciu tric cia mét s6 PBAs [6].
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Hinh 1.7, Hinh thit hpe coia NaMHCE fa, b [11] vi ViFe PBA fe, d) [12]

Bé khiie phye nhuoe digm trén, mit tic ohin dn dink hoa dinge cho thém vio
qud trinh 1ong hop vit lidu, Khi se dung thém risodiom citrale ciing vai FeCls va
Nas[Fe(CN)s] o2 thu duge NocFe[Fe(CN)| eb hinh dang khii Wp phumg [13]
NaaCo[Fe{CNK] duge didu ché tir CoCly, Nua[ Fe(CN )] v trisodium citrate ciing cd
dang khili lip phiremg [ 14]. Khi cho Ki[Fe{CN )] ciing véi trisodium citrate tic dung
i NiClz & thu dinge NiPBA, con néu ide dyung vai CoCl; 52 thu dwoe CoPRA. ci

hai déu cd hinh dang khés 13p pharemg [15],

Hinle 1.8, Finh theii o cria NaFefFefCN)w] fa) [13], NaxCofFetCNI] (0 [14), NiPBA
fie) v CoPBA ey [15]
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Co ché i vige tgo thanh hinh thii hoe xde dinb (ip phuong) 1 do cic jon
M"* trudic tién két hgp von ion citrate® dé o ra phirc chit M"- citrate™. Vi eie phire
miy bén nén chiing déng vai (b hu git va chi nhé tir tir jon M, sau dé ion M™ mdi
két hop duge vii hexacyanoferrate 8 tgo thinh cac méim tinh thé ban ddu, Cic jon
citrate™ tich didn im nén ching hilp thy duge trén b mit cde mim tinh thé nay lam
chiim tfic dj phit trién ¢l tinh thé vA nglin chiia syrkét ty cia cde tinh thé. Vi viy mi
cic PHAs 9o m c6 hinh dang dep vii dom phin tin, gidm thidu duge ding ké cie
khuyét tdt mang tinh thé [ 14],

o™
Croat>
L=
m' -"-."
> e

Hink 1.9, Cor ché tde dgng cria sodium citrate ii hiny thai hoe cria PEAs [14].
1.3.2. Phucang phdp thisy mhifi

Troag phuotg phip thiy nhiét, ion phire Fe(CN'%* gidi phdng chim ion Fe®*
trong mdi trwdmg acid & nhid 4§ 60°C, sau do Fe®* s& bi oxi hoa thinh Fe' bai Oy
trong khdng khi, efp jon nhy s& phin dog vi leong dur Fo(CNR™ 10t PB [16).

Phuamg phdp ndy chi cln sir dung mit tién chit chira Fe, cée b tidn hinh
dem gidn nhumg lai tpo ra sin phdm eb hink thii hoe dn dinh, didn dung dién héa cao
vii n dinh (dign dung riéng 170 mAhg " vi kKbdng bi suy gidm sau 150 chu k¥ ngp!
X o mdt dd dong 25 mag),

Ap dung nguyén 1y 46, 3é didu ché FeHOF gidu Na (NayFe[Fe{CN)) diing
cho pin Na-ion thi NaCl, PVP vi Nau[FefCN )] duge hia tan trong dung dich HCI
130 dung dich ding nhit. Sau dé tién hinh thiy nhiét & 8°C trong 10, San phim thu
duge dem ly tim, rira vii sdy khé s& thu duge Na,Fe[Fe(CNK] [17]. Un diém cia
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phiwrong phip thiy nhigt la dom gidn, vi thé mi dé ding khio sit dgc dnk huring cia
ham heong Na (diéu chinh hegng NaCl ddu vio) dén tinh chit cia sin pham. Khi him
lugng Na cang Iém thi lugng 15 trong va nude cdu tric 52 cdng gidm, khién cho hinh
thiii hoc lip phong ciia sin phim bén vimg, dién dung dign héa cao (100 mAhg")
vit dn dinh (97% sau 400 ving nap/ xd),

(= - -
. a € ~ [= b - e ©
L= . L]
s 4 - . ] .
G . @
b " ¢ ™ * - o -
a b ‘C
W FeiChWe

L%
“  Fat . ' ¢ g @
®

& Fat L]
o SGgR—=—: 90
=} d*
Hinh 1,10 Cerched minh hoa tgo think NaFeHCF tie Nagf FefCNJ] bing phueemg phip
thii it f16].

U diém ciim phurong phép ndy 1 tién chit sir dyng ban diu chi cé 1 chdt nén
phit hop 8¢ téng hop PBAs chi chita mét kim logi chuyén tiép ¢ & edu néi vi ciu
ngogi (dang AM[M{CN)].nH20) nén 6 thé ap dung dé didu ché nhidu loai PBAs
khide nhau. Nhung dong thiv véi d6 cic phin tir nuée ciing tham gia vio ciu tric cia
vit ligu dicu ché duge, didu nity cling s& inh hirong khong nhé dén kha ning img
dung sau ndy coa it lidu,

L33, Phurong phdp két nia dién hin

Phinmyg phidp két tia dién hoa it duge sit dyng hon nhimg n6 lai hidy qui khi
dicu ché PHAs co dung diy hole dng nano. Mot hé dién héa gém 3 dién cyc. trong
6 dign eyre glassy carbon 1 didn oye lim vige, didn ey calomen biio hoa 1 dién cpe
0 gdnh cdn dign cye thm platin i ditn cye di duge s dung d& didu ché
Fes[ Fe(CNW]v.xH:0 18n trén ming polycarhonate, Ming palycarbonate dige quin
e dinh quanh dién cye lam viée, sau d6 bé 3 dién cyrc duge nhing trong dung djch
chira FeCl, KiFe(CN)s, HiBOs vii KCI. Sau d6 tién hinh k3 thujt déng - thés gian
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(chronoamperometry — mol dign 1hé song vudng duge dwoe ap vio dién cire lam vige,
dong dign trén dign eye lic ndy 52 B mit him coa (hin gian) vai dién thé 0,3V (so
viri didn cye calomen) trong 30 phit, Fea[Fe(CNa.xH:0 s& duge Fing dong tnyc
ri‘u"p I&n trén mang polycarbomate [18]. Phuong trinh phin (mg xay m I

4Fe" +3e + I[Fe(CNK]™ + xHh0 — 4Fe" + IF{CNj|* + xH:0

—+ Fea[FelCN )sh.xHs0 (L1

Khi sir dung dién cyc lam viée la 18 nhém xdp di duoe onode héa. thi
Feu[Fe(CN)iJs.xHz0 tao ma & dang dng nano & lan Fing dong déu tién, sau nhidu Kin
ting dong ihi tso thimh mdt nng phil quanh cie tuimg cia cic 16 rdng cua tm nham,
1.4, Ung dyng cita PBAs lim vét lifu dign cyc cho siéu ty dién
LA, 1. D diém cita sidu w dign

Trii ngwge véi e dign thing thuimg luu trir ning lgng trong dién
truimg, ti di¢n léxp kép (Electric Double Layer Capacitor — EDLC) lru trif ndng
lrgmg dién trong wrong fnh dién. Hoat dong ctia EDLC tip trung vio sy hip
phu vé gidi bip vit Iy cia cic ion & bé mat phin cich dién cyre/chét dign phin,
Khi sac dién, co sy chénh lich dién thé g cac dién ewre, cic ion duwong va
im tir chit dién phin s& bj hit vé phia cac dién cye co dién tich trii dédu, tao ra
hai lévp dign tich kép & hai bén. S tich tu dién tich & bé mit ndy din dén vise
lru trit niing lwgng. Trong EDLC, khng oo phan img hia hoc nio xay ra, Dy
I diic diem khic bigt véi pin noi viée luu trir nfing hromg lign quan dén phin
img oxi hoa khir. Bin chit vit 1y cta viée luu trir dign tich trong EDLC gop
phin kéo ddi woi thy cia ching vi vit ligu bj bién ddi 161 thidu theo thiri gian
tear ché hogt déng ey thé i EDLC duge trinh by trong phu lue 2).

Ciu triic cia gia ty twong tr cia pin Li-ion, ngoai trr hai dién cye cia
gid 1y duoe ché tao gidng hét nhau (co ché hoat dong ca pin lithium jon - LIB
duge trinh bity trong piw lue [). Gia ty dién cd dién dung riéng, mil 86 ning
lugng 1ém hon so vii EDLC. Piéy niy 13 do co ché faradaic tin dung durgre cil
phin the tich bén trong va bé mit cim dién cuc. Thing thuimg, mit i ning
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lrgmg ciia gid tw dign (pseudocapacitance — PC) gap 461 EDLC, con dign dung
thi cao hom giip 10 dén 100 lin. Trén thirc té, céc |6p dién tich kép déng gop rat
it vilo dién dung cia PC, ma nguyén Iy hoat dong cioa PC 13 luu trif niing lugng
dién bing c¢o ché faradaic. Tiy thude vao vt ligu dién cuc, chit dién phin ma
¢6 3 co ché furadaic chinh 43 duoe xbe dinh, twong img v 3 loai PC d6 1i: gia
t ling dong dudi thé khir (underpotential depasition), gia wy oxi hoa khir
(redox pseudocapacitance) va gia t xen ke {intercalation peevdocapacitance)
[19] (co ché hogt ddng clia cic loai gia tu duge trinh by trong phy lwe 3.

Sur khdc biét co bin giifa cie phan img oxi hoa khit trong siéu 1o dién so
vai trong pin Ia nd xdy ra thudn nghich rit nhanh vdi sy chuyén dién tir ma
khéng b bit ky sy thay dbi pha ndo ciia cac phin tir dién cye. Ching khing
lién quan dén vige tao ra holic pha v cac lién két hoa hoc. Céc nguyén Uy hoge
ion gép phiin 1a0 nén dién dung gia chi don gidn bam vito cdu tric nguyén tir
cia dién cyc vi cic dién tich duoe phin b trén cic bé miit bing cic qua trinh
hiip phy vit Iy. So vii pin, cic qui trinh faradaic cia siéu ty dién nhanh hon vi
dn dinh hon nhitu theo thini gian vi ching khéng tao thinh céc lién két hoa hoe
mdri ciing nhir khéng co sy bidn ddi pha cia viit lidu dén eye.

Tuy nhién, diéu quan trong 14 phai heu ¥ ring che ty dién gia thuimg bitu
hién mii dd eong sudt thiip hon so vii EDLC do hoat déng chim tré cia phan
img Faradale. Ngoai ra, phan img oxi hoa khir trong ty dign gia ciing ¢o thé gy
ra su gilin i vl su eo b eda cic dign cue, din dén wi the co hoe vi chu ky
kém dn dinh . Nhimg viu 1 nay phai duge xem xét v gidh quydt cin thin 0é
dim biio hifu sufit v wdi the 16i wu cin w dign gid. Su khac nhau vé co chi
hogt ding citn eic logd sidu ty v pin duge thé hign qua su khic nhau trong hinh
ding cin phd CV vt GCD nhr hinh 1,171
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1) eciiic Doubie aywr () Sesbite fmim gl e W eaeyime |
Pkt aghad st lanehli Bpaciny |

Capaailiriin Pt spas e

Carrentima) Z3°

patential (V) =

Hinh 111, Corché hogt dng vei hink dimg phds CV, GO evia edbe o siéw by v pin

Biic diém chung ciu siéu w didn 1 ¢6 1ée df spe vi xa nhanh cling nhur
tudi thy cao, nhung lgi kém vé kh nfing lwu trir niing lrgng, Mit ke, pin cd
mijl 44 niing lugng cao, tire 1i ching cé thé luu trit mit lugng aling lrgng ding
ké, nlumg ching e6 tde 49 sac vi xi chim hon vi vong din ngin hon. Siéu ty
dién lai nhiim muc dich thu hgp nhimg khoang tréng niy bing cich két hop
nhttg tinh ndng 1o nhit cia siéu ty dién vi pin truyén thing, nhiim tgo ra gidi
phip I trir nng legmg tién ién hom vira cé kha nang sge v xa nhanh ching
déng thér ey trir mdt leong niing luegng déng ké.

() khin canh khic, siéu ty dién 6 wu diém li dién dung lom vi dién i
thip nhimg nhuge didm 13 dién dp lim vie cta cde sidu tu dién hién o6 rit thip
(< 3,5 V), diéu niy dd han ché cic img dung cia né. DE dip img yéu ciu vé
dién dp cao, thing thiimg nhiéu sicu ty dién s& drge mic ni tiép vai nhau,
nhimg khi 46 tong dién dung ciia thiét bj leu trir niing lwong gidm va dién e
trong ting Ién. Siéu ty dién lai d3 giai quydt duge vin 6 dign ép niy. Ngodi ra,
né con gidm duge hign twong ty phang dién cia cic siéu w dicn,
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Vit ligu dign eyre dwge Iy chon theo céch sao cho chiing hoin thién ding
hoc dé khang cd sy miit cdn bing trong tbe 4§ nap/xa gitta 2 dién cpe, Dy trén
ciu hinh dién cye, <6 3 logi SC lai [20]:

(i) Ty lai bit ddi ximg: Tich hop cde qui trinh Famdaic v khong
Faradaic bing cich két ndi cye dm EDLC (phin lén viit iéu géc cacbon) v
cye duong gia m dign,

(ii) Tw lai diing pin: Ghép hai dign cire khic nhau, mot dién cye sidu ty
dign (mit 40 cong suiit cao) véi mt dign cye pin (mit 4 ning hugmg cao).

(iii) T lai composite: Ké hop viit liéu gbe carbon nhy than hoat tinh
(AC), graphene véi clie polyme diin dign (PANI, PPy) holic oxide kim logi
(NiO, Fe;04) trong mt dign cye,
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Siéu ty lai tich trit dién tich cho cathode Bing cich hip phy/gidi hip bé
mit duge goi 1 qua trink khéng faradic vi luu trit dién tich cho anode biing
cich xen k& goi I qud trinh faradic. Vdi cic dign cye dang pin, viée lvu trir
dién tich co tinh trung hda faradic. Vi luu trir dién tich biing cd hai qud trinh
faradic vi khéng faradic nén loai b6 duge nhilg nhuge diém cia EDLC va gia
w dign. Chiing 6 gid thanh thip, mang lai d3c tinh hogt djng 161 hom, hoat
ding trong pham vi nhiét 86 rong, mit 49 ning lrong cao, mit &6 cong sudt
cao, 4 bén co hoe, ¢ dn dinh theo chu k¥ cao va dién ird thip. Siéu ty dign
lai chit yéu duge sir dyng lim ngudn dién trong xe dién.

107
10° |
104
10%

10°

Power density (W kg™)

10!
10 100 1000 10,000
Energy density (Wh kg ™)

Lo sovnnd o a4

100 H-I-lli o aaka
0.m 0.1 1

Hinh 113, So xink vé mit d ednyg suit vt mdt 43 ning lupmg eia cée thids bj
chivén doi via tich triv ndng hepmg [27),
Dén diy, ta c6 cdi nhin khii quit vé diic dim, vai trd cia situ ty dién 46
chinh 14 ciiu ndi gitk ty dién va pin dign héa, dé thoa min cic yéu clu vir vé
miit 4 niing legmyg vira vé mét di cong suit
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L.4.2. PBAs img dung ldm di¢n cwe cho sien ty dign

fang 1.2 thing ke nhimg nghién cini gin diy v& img dyng PR/PBAS cho SC. Vi dy
Mni-ICI-'awcdimghmnﬂl}mhde(‘Nn-mndnngnudtthﬂtﬁéummtﬁhup
FesO/rGO lim anode [22]. Sy két hop sit dung hai vit lidu néy, cimg voi chit dién phin
trung tinh dang nude, d3 mang lai dién dung rigng 96 F.g ' tai | mA. e, dién ép lam wige
LEV v mit 6 ndng huong dn nrgng 14 279 Whig! va mit do cong suft 1t 2.2 kW kg,
Miic i o6 cliu trise mang tinh thé 31D vi nhidu kénh dn electron vit jon, higa sl dign hoo
cin PEAS viln bj lgn chd b 00 diin didn thilp v 40 két y cao, Hom nik, PEAS c6 xu himg
bi hiba tan i trong qui trinh phong nap. DE i quydt nhimg thich thise ndy, mit s dinh
hurémg ¢ duroe nghién cin, boo gom: (1) ting dién tich bé mi néng d& fing vi tri phan img
et PBAS, (2) s wru hoa thinh phin viy clu e tinh thé, (3) ling dong dién héa wre tidp
PHAS trén ciic bé mit nhur kim loai quy hode thép khang g vi (4) két hop ciing v vit lidu
diin diin & taora cic vilt lidu ing hop.

Dién tich bé mit riéng cia PBAs duoc ting 18n bing cich oo ra céu tric vi
héip rong vl kich thue nho. CoHCF duge didu ché biing phin img trao déi ion cia
MuHCF viri Co** cb dién tich bé mit riéng cao 693 m'.g ™", dign dung riéng cao 288
F.g "¢ mat do dong 0.5 A", duy iri cdog sudt lon 153 F.g ' ngay ci & mit 6 dang
didn cao 20 Ag—1 v d6 dn dinh 1dt khi duy tri dign dung 93,1% sau K000 chu ki,
Mt khiic HSC Na-ion sit dyng CoHCF ed hinh dang Ip phurang siéu nho lim eype
duemg vi than hogt tinh 1am eye m host ddng & dign dp dn dinh 2 V, cung clp méi
i ndng hemg, mit A cong suit can vi d bn 1 [23]

Khi nghidn ciru vé ti 1§ thinh phin trong CoHCF thiy ring khi ting 1 18 Co
trong CoHCF @ diin dén sy m din cia khuyét i mang, Tam ting do xlp v A miv
ci ket ciu tinh thé. Bidu niy din 45 s thudn i cho cde jon Na* di chuyén trong
mang tinh the CoHCF, O 15 13 Co:Fe 1y wrimg 13 3:2, CoHCF ¢6 digh dung riéng I4
250 F.g™ o SmV.s™ trong dung dich dién phin Na:S04 0.5M. Gia tri ndy lim hem
xdp & 30% so v CoHCF khng Khuyét tat vod 1y 16 CotFe 1 11 [24] Khi sir dung
CoHCF két hop ciing graphene dé tao HSC c6 dignap lim vige ~2,4 V & mit 46 cng
sufit b 2,5 kW.kg ! vit mit d) ning heomg 12m 1dn 34,4 Whkg '
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D¢ khite phyc d6 din han ché caa PR/PBAs nguyén ban va cii thién dién dung
ciin chimg, mdt phirong phip hidu qui dugre sir dung 36 1 ké hop vén cdc chiit khac
nhir cde chit nén carbon din dién (graphene, CNTs vi AC), cie oxide kim loai
{MnQ;, oxide ron) hodc cie polyme din dién (PPy, PANL PEDOT: PSS). Nhimg sy
kit hop ndy nhbm myc dich ning cao thng thé db din didn vd dd dn dinh ein
PB/PBAs

Vit liéu tbng hop grapheneiaPB dige tich hop bing chch sir dung PYP nhi
mit chilt kit dinh, voi cdc hat nano PH duge dong séi iy dBie & ca hai mBt eon
graphene. Sy két hop cta vai cdc thm graphene lim g dién tich bé mit v tgo didu
kién cho su viin chuyén dign 1ir cia PR. trong khi sy ién dién ciia PR & dang hat 0
ngiin can vige xép ching cic rim graphene, Vi viy mi dién dung 15i du dgt duoe 13
445 F.g™" oomit d§ dong 0.5 A.g'. Khi sir dung cimg voi AC tao HSC thi dign dung
dot duge T 14 44,61 F.g ' & mit d5 domg 13 0.5 A. g, ciing véi pham vi dién dp hogt
dong rong 1A 2.0 V [32].

Cic oxide manganese bao gom MnO:, Mnz03 vi Mny0s 03 duoe duge nghidn
ciru réng rif nhur B vit lidu ddy him hen cho che gid tu didn vi ¢o nhidu teang thii oxi
héa &n dinh, thé khir cao (~0.8 V so vé&i Ag/AgCl), dién dung riéng cao (1300 F.g "),
cllu triic v hinh thii tinh the ridgng bt di dn dinh 1t chi phi tip, va ra legng
phong phi. VI vy mb ching thidmg duge sic dung két hop von nhide logi viit lidu
khic v PBAs cling khong phai ngow 1. Khi phu mdt lip mdng MnO: 1én MoHCF
thu dirge MaHCF/MnO; sir dung lim cye duong et HSC, ¢6 dién dung romg i
Ian 13 225,6 F.g ™' 0 the &) quét 5 mV.s' [40]

Ngoii ra, PBAs con duoe img dung trong it nhicu Tinh viee khie nhwr xie tic
cho phisn img OER, linh vyre v sinh, tach mudi too muede ngot tir nrde bién .,

Trong cie hé vit ligu mén co sir prussian blue img dyng lam v lige cho siée
ty dign, thi hé vit lidu vii thinh phén kim logi chuyén tiép B Ni, Co duoe quan tim
nghién ciru réng i vi co nhidu tu didm vé 4 dn dinh cdu iric eiing nh cho dién
dung riéng lém.
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1.5. Ciic nghitn cim vé hé vit lifu Fe-Ni-CoHCF

FeHOF duge didu ché bing phuemg phip déng ki tia, cho hidgu qui teong dbi
16t khi img dung lam vit ligu cathode cho pin Na — ion [52], 5,107 mol Ki[Fe({CN)y]
phan img vira i véi 107 mol FeCh, gia hod sén phim & 60°C trong 6h; loc tich, ria
két tin bang nude cit vi acetone; san d6 siy o 60°C wong 6h thu duge FeHOF. Vi
lidu FeHCF ¢6 mdu xanh ddm, ciu tric Hp phuong von hing sd mang laa= 10,18 A
FeHCF (70%) duge phii trdn ciing ketjen black caorbon (15%), carbon din (5%) v
polytetrafluorosthylene (10%) dé 1o ditn oye lhm vide (cathode). Ké hop didgn cue
Tim vige eimg vévi anode 1i sodium kim logs, chie dign B 1 NaPFs trong ethylenc
carbonate/diethy) carbonate (ECIMEC 50 ; 50% vé thé tich) duge pin dong eic fo
2032 Pién dung (tinh theo vit ligu FeHCF) 14 trong doi cao, 120 mARg; 45 On dink
tromg di 16t khi con duy tri 87% dién dung sau 500 chu ky phéng ngp & the d§ 20C.

Mire 4 hoin Bivo et tinh thé FeHCF ed sy anh hudmg lom dén iga qua tich
irit jon Na® khi sir dung Tam viit Hiéu cathode cho pin Na - jon [53]. Khi st dung
phrong phip déng két tim dé didu ché, bing cach cho 2 mmol FeCls phin img nhanh
v 1.5 mmol Nus|[Fe(CN)o]; gid hod san phim & 70°C wong 4h; loc tich, i két nia;
sau do sy khé thu duge FeHCF o6 mire 46 tinh thé thap (L — PB). FeHCF ¢b mire
dd tinh thé cao duge didu ché bing phuong phip thuy nhigt. NasFe(CN )] b ngudn
ion iron duy shit; rong mdi wuimg seid (HCH va nhidt 46 cao (70 °C), [FefON)e)!
phiin huy tao jon Fe™; fon niy két hop cing v [Fe(CN)]* tgo thank FeHCF, Thiyi
ginn thuy nhid dii (2405, lim cho san phim tha dwere cé mire 46 hoin hao cin tinh
thié 164 hom (H - PB), due thé hign & gidn ¢ XRD, dnh SEM vil phi FT-IR. FeHCF
{60%) duoe phdi Ketjen black (30%) vi 10% chit két dinh poly{tetrauoroethylene)
(PTFE) sirdyng lam viit lidu cho cathoder; lrong vit liéu hogt déng khoang 2 mg/em?,
Chit dién | 12 dung dich NaClO4 trong ethylene carbon (EC). dimethy] carbonale
(DM (1 1§ 121 vé khdi lugmg) va thém vao 10% Nuorsethylene carbonste (FEC),
Sur dung glass microfiber filler (grade GF/A) 1 ming ngfn piira cathode vai anode 14
kim logi Na dé wo pin cie do CR2016. Bin pin s dung H - PH cho dién dung tuomg
i 1t 1h 78 mAR/g & the A nap xa 1 100C, vh di dn dinh wbt khi duy 1 duge 62%
dign dung e A nap xa 10C san 2000 chu kv,
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Khi nho ilr tir dung dich FeCly vao dung dich Ks[ F(CNk] thu duge FeHCF
[54]. Tuy nhién, trong nghién ciru ndy, te gia chi khudy déu hiin hop 30 phit, sau do
lge, ria vi sty két ta & 80 °C trong Rh mit khing cb thin gian gis hod sin phim: aén
hinh thai hoc ein sin phim khong 6n dink. FeHCF (75% duoc phéi trn edng
acetylene bluck (20%) v chit din PTFE (5%, sau dd phét lén tim thép khing gi dé
oo dign cure lm vide, Sir dung phuong phip do 3 dids eyre, véi didn ey d8i 14 dién
cire platinrum am, didn cus so sinh H dign cyre calomen, dung dich dién i 1d KNO;
IM. O tde a6 quét 0,2 A/, dign dung riéng FeHCF thu duge 10425 Fig khi tinh theo
GCD.

Cac nghidn ciru vé FeHCF d duge thue hign 14 trong d8i nhigu, nhwmg cha
yéu dinh hurdmg img dyng lim vit lidu dign cye cho cle pin ion kim Togi, high cb it
it céie nghién cin 16i uy hod qui trinh didu ché FeHCF véi dinh husmg lim vat figu
dién cire cho siéu t didn.

NHCF ¢6 tinh 6n dinh t6t nén cho higu qua didn hod cao, vi viy mi duge
shiéu nhi khoa hoe quan tim nghién cii. NiHCF diéu ché bling phirong phap ddng
két tim cho thay hidn qua 1t khi si dung Jam vit lidu dige cye dwomg cho pin Na —
ton [35]. NiClz (5 mmol) vt mét hrgng toong tr NazC20u duge hod tan véi mrde
deion dé 3o 200 mL dung dich A. § mmol N Fe(CNJ], 10 mmol NaCl vii 1,5 gam
PYI-K 30 dvge sir dung 38 tpo 200 mL dung dich B. Dung dich A duwoc nhé 1ir tir vilo
dung dich B, Han hop phin img duge 48 gid hoi 24h & nhigt dé phong, sau di Toc,
i vil sy chin khing o 80 °C trong 12h, NiHCF (70% vé khéi lrong) duee phéi
irjn cing acetyene black (5%), ketjen black (15%) va 10% poly(tetrafluorocthylene);
hon herp vil liéu dwoc phét 1én tam nhom méng voi leeng NiIHCF sit dyng khadng
5,5 glen’. Khi tao bdn pin theo chuin CR2032. kim loat Na s duoc sir dung 1 anode:
khi o pm diy dit thi carbon rin duge sir dung lam anode. Dung dich dign T 1
NaClOq IM trong dung méi ethylene carbonate/diethyl carbonate (1 1 1 theo thé tich),
bé sung thém 2% Iuorocthylene carbonate. NaxC:04 cho thity hidu qua trong dii iét
khi hinh thai hoe cia NiHCF déu ed dang lap phiomg ) nét vir kich thude khoang
200 pm; Bign dung riéng dot duge cin vt éo NiHCF khi nop xa & abe db 0,20 14
68,3 mARg. D 6n dinh tueng 461 1t khi dién dung ritag con lpi 74.6% sau 800 chy
ky @ the dG nap xa 50C. Vi pin diy di, NIHCF 6 miit 43 ning hegmg 13 210,5
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Whikg: Cic két qua dién hod ndy 13 twemg 461 161, nhung vin cin caf thign thém néu
mudn sir dyng NiHCF 13 vit éu dién ope dwong cho pin Na— jon,

NIHCF két hop cimg carbon nano da tuémg (MWCNTS) 8 ting khi ning din
dién {mg dyng Kim vat ligs dién cye cho siéu tu dién [25], Vit lidu lai PAVP-p-
MWCNT duge didu ché bing cach trin 20 mg MWONTS véi | ml 4-cthenylpyndine
trang 50 mL pirde dud sy oy cda vi séng. Sue khi nitrogen vao hén hop trong 15
phiit dé dudi bét khi oxygen. Sau dé |8 mg K:8:04 duge thém vio, qua trinh polymer
hod bilt diu & 90 °C, khudy Hién 1we trong 24h sau A6 duoe lm ngudi v nhigt do
phing, Ly thm, riv kit tia bing dung dich HC! 1M vi aleobol 4 thu duge PAVI-g.
MWCNT. NiHCF/P4VP-g-MWCNT duge diéu ché bing phuong phip ding
két tia. Dung dich Ni**, [Fe(CN)s]' dwge thém vao cée cb chir sin P4VP-g-
MWONT vi acetic acid, hin hop duge khudy déu trong 24 h. NiHCF dige hinh
thinh vi phat trién trén mang ludi PAVP-g- MWONT. Sau do, ly tim thu két
tiia, rira bing nirc deion va ethanol. Dé so sanh, NIHCF nguyén chit duge didu
ché biing cich twomg ty nhimg khong ¢ PAVP-g-MWCNT. Khi sir dung dung
dich dién ly I3 NaCl IM, NiHCF/P4VP-g-MWCNT cho dién dung riéng 14
1035 Fig & téc di quét 0,05 Alg; cao hon nhidu so voi NiHCF nguyén chat l
523 Fig. Viée két hop NiHCF vai MWCNT cho thiy hiéu qué cao khi s dung
lam viit li¢u dién cure cho siéu ty dién nhimg qué trinh diéu ché i qua nhidy
bude phire tap, khé (mg dung & quy mén kém hen,

CoHCF khi diéu ché biing phurmg phap ddng két tia & nhiét 86 thip s8
e6 kich thude hat nho hon, khuyét tit mang tinh thé cao, ham lwgng ion Na®
thiip: nguge lai, & nhigt & cao thi kich thuge hat lon hon, khuyét tit mang tinh
thé thilp va ham hromg ion Na* cao [56]. CoHCF duge diéu ché tir dung dich
chira 3 mmal Co(NO3): cling voi 10 mmol trisodium citrate (NasCaH:Or) disoe
iho i tir viio dung dich ehi 2 mmol NaaFe{CNJs, khudy déu & mon nhidt 4 xic
dinh (5 °C, 25%C. 50 C, 70 °C) trong 10h. Hin hop phan img duge & yén 12h (gia
ho), sau dé loe, rim thy két nia, sdy chin khiing & 80 °C rong 12h. Khi didu ché &
nhiét 40 thip, trang thii 6 oxi hod eiin cobalt chi yéu 1 +2; nguge L, khi didu ché
o nludt 4 cao thi trang thii oxi hod cia cobalt ch yéu 1 +3. Kha niing luu trix Na'
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clin CoHCF dugo kiém im bang phép do 3 dién cuc voi dung dich dién i 1a Na:SOs
IM. Véi cac mu diéu ché & nhiét dg thip, quang dudng khuéch tin cia Na© trong
mang tinh thé sgiin hem, mire d& bién dang cdu trie it han nén dién dung riéng thu
durge cao hon vidd dn dinh 18 hon so vii cae miu ditu ché & nhiét 40 cao.

CoHCF duge két hop cin MnO: dé ting kha ning din ditn, ting sé lrong cip
oxi hod khir, tir 6 ning cao dign dung ring va 46 dn dinh khi img dung lim dign
ye cho siéu 1o dién [ST). MnO; & dang tim nane duge phin din rong nde v sur
hd 1o e vi song. Hod tan 0.6 mmol CoCl vi 0,9 mmol polassium citrate vio
nude duge dung dich A, Dung dich B chir 0.4 mmol Ki[Fe(CNJy] duoe nhd
tir tir vito dung djch. Tiép tpe khudy bdn hop 10 phist, sau d gid hoi trong 24k
@ nhigt d6 phong. Ly tim, rim thu ké tia, siy @ 60 'C trong 12h, CoHCF/Ma0D.
cho dién dung riéng 14 385 F/g khi sir dung dung dich dién 1i Na:SO, 0,1M &
the 4§ quét 1 A/g: eno gip 1,4 lin so vai CoHCF (274 Fig) vii cao gip 2.2 tin
50 viri MnQh (179 F/g). Trén phi CV (dii dién thé khio sil tir -0,1 dén 1,0 V)
cho thity cc dinh oxi hod khir img vdi cdc ciip Co™/Co" va Fe''/Fe®. Khi ghép
noi cimg véi carbon hogt tinh A€ tao mét siéu ty don gidn c6 dién thé hoat ding
twromg ddi cao Ji 2,0 V: mt &3 ning hrong 37,6 Whkg vi mit dd cdng sut 1,1
kWike,

Cac nghién ci vie NiIHCF, CoHCF 1 trong ddi nhidu, nhimg vin cin
thém cde nghién cinu dé t6i w hod cic dicu kign cua qui trinh didu ché, dung
dich dign ly de niing cao hiGu qua khi sir dyung lim vt liéu dién cie cho sidu
dign, dc bigt 1 vige két hop wna thé ciia Ni va Co trong ciing mét logt vt lidu,
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1.6. Ciic nghién cirn vé PBAs & Vigt Nam, cic kit qui da dat dwge v dinh hiimg
phit trién

Nghién ciru sinh Phing Kim Pho da thue hién ludn an ta Pai hoe Su
pham 1 Ha N§i ndm 2011 voi ndi dung ché tao vit ligu prussian blue
MuAL[B(CN),],.nH:0 vib nghién cim énh hirong cia céac kim loai chuyén tiép
1én mot sb tinh chit cia ching. Trong 46, tic gid 43 ¢hé tao thanh cong cic hé
wiit ligu viri M 13 Na, K, Rb; A 1a Ni, Co, Mn vd B I3 Fe, Cr. Cic hé vt lidu
diéu ché duge ¢d kich thude hat trong khodng dudi 100 nm. ¢6 dgng hinh ciu
hode lip phueng. Tic gia nghién ciu sdu vé anh hwdng cia thinh phiin kim
logi dén tinh chiit quang va tinh chil tiy cia vt Héu.

Thae 7 Pham Thi Qugnh Luong ciing cdng sur tai Vién cdng nghé xa
hiém da nghién ciru nhigm vy clp B Khoa hoc va Cdng nghé véi ndi dung
nghién el ehé tao chit hip thu K-Ni-hexacyanoferrate (11) giin trén zeolite dé
logi b ion Cs tir ehiit thii phong xa long va phucng phip dn dinh hoa ching,
Trong dé K-Ni-hexacyanoferrute (11} duve didu ché bing phuong phap dong
Kt tin tir mudi NitgNOy): v Ka[Fe(CN),], trong mi tririmg e vir sy e mil
cim zeolite, K-Ni-hexaeyanaferrate (1) tao thinh co su ghn két chit ché v
chit mang zeolite cho higu qua hip thy dat trén 99,9 vi 78,5% trong dung dich
Cs" 100mg/L, dot bio hoa suu 3 v § giir trong mde cit vt nude bién wong
trng. Dign dung trao ddi ion Cs” cyre dai 1 1587 vi 98,0 mg/g twong img trong
méi tnrimg nude it vi nude bién,

Nhiom nghién cin cua tic gia Nguyén Trong Diép tai Hoe vién Quan y
i ting hop thinh cong vién nén ehi ferric hexacyanoferrate ding 0 didu i
nhiém a5 thallium vi cesium [61]. Nhém nghién ciu 83 sis dung ferric
hexacyanofermate thuong mai cing cdc 1 duoe khic @& ché to vién nén, vi
cho thiy hi¢u qua cao trong viée hiip thu thallium vil cesium. Vi dinh huong
logi bé cdc ion Cs° va S©'° trong dung dich mirde, nhom nghién cine el tae gia
Nguyén Binh Trung tyi Dai hoe Su pham thinh phé Ha Chi Minh d& téng hop
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copper  hexacyancferrate tir CuS0. vi Nag[Fe(CNL] [62]. Copper
hexacyanofermte ¢6 kich thurde hat nbd (10 - 30 nm) vii cho thiy higu qua
tromg dii 15t khi dién dung hip thu Cs' 14 143,95 mg/fg, Sr° 14 79,26 mg/g o
pll =6,

Nghién ciru sinh Lé Thj Ha Lan di thye hién ludn dn i Bai hoe Ba Lat,
didu ché As[Fe(CN)e] va As[Fe(CN)): diing dé hp thu che ion Cs', S°* vé
Co** trong mdi treimg nirde (ndm 2022). Khi cho CuCls, CoCl vi NiSO, phin
itng véd Ka[Fe(CNJs] 58 thu dirge As{Fe{CN)o]; phin tmg vai KaFe(CN)] sé
thu dugre A3[Fe(CN)oJs. Cae viit lidu didu ché dirge ¢b kich thude nm, nhung
khéing e6 hinh thai hoe khdi 1p phuong, Higu qua hip thu cie ion C', 8r°° va
Co™ I cao (tir 90% dén 100%) & cic ndng dé ban diu wong ddi thilp (khoang
50 mg/L).

Nt viy, o6 thé thily ring. PBAs ciing d3 gidnh dugce sy quan tim nghién
ciru e nhidu nha khoa hoe trong mude, oy nhién so lwong nghién ci vi cac
két qui chua nhidu, chia rong ximg voi tiém niing img dyng cia PBAS, dje
biét 1i dmg dung trong 1inh vie chuyén hod vt tich trit nfing hugng. Vi vily,
huémg nghién el cin lufn dn vé ho hop chit prussian blue djnh hidng iy
dyng trong tich tri nfing lueng dién hod virn mang ¥ nghia thire 1ién, vim mang
tinh thirn sy,

1.7, Djnb hirdmg vi mye o e ludn in

T'ie nhitng ket qua nghién eir Wng quan cho thiy riing, cac hop chit PBAs ¢d
chu trie lip phuong tim mil véi mang tinh thé md, cb the dé dang didu khién hinh
thai, t6n tai nhidu khuyé it mong tinh thé ciing nhir mrde efiv trie o hidy kénh
diin cho vide chénfirich xudt cic jon kim lopi viiodm 1 cor sa dé c6 thé sir dyng cho
nhiéu img dyng. trong do ddc bidt I Ioh vire chuyén dai vis tich tri ning lugng.

C6 3 phuong phip chinh dé tong hop PBAs do T phiong phip déng két wa,
phuemg phap thuy nhiét vi phuomg phap ling dong dien hod. méi phusng phap déu
cé s — nhuge diém nhit dinh. Trong do phuong phap déng két tin duee i chon dé
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sir dung cho thure nghiém cie lufin dn vi ¢ the teo ra nhiéu hé vit lida vér ehe diie
didm thinh phin, clu tric khic nhau, thudn lg1 cho cic nghién cira 16 wu hod dng
dyng chuyén dbi vi tich iy ndng lirgmp dién hoj,

PHAS ¢6 thé sir dung Lim v liéu dign ey cho che loal pin jon Na®, K vi che
ion kim Jooi hod tri coo nhwe Mg, A" holic lim vt lidu &idn cpe ché tgo sifu 1y
dign. Ca pin vi siéu ty didn déu co thé ché wo trong che hé dung méi o holie dung
mdi khong nude,

M clit o i tric mgng tinh thé 31 v nhidy kénh diin elestron v ion, higu suit
dign hia cim PRAs viin bj han ché her 4 dlin dién thip va 9 kit tu cao. Hom nita, PBAs c6
xu hiong bj hoa tan din trong qué trinh phong nap. D grii quyét nhimg thich thire nay,
ludn dn tip trung vio nghién cin cac vt liéu phit hop vai dinh huong ché go che siu
ty dién ¢ thé tich trix ndng loomg didn hod Ion (mit 36 nang lugmg km) vi e d§
nip/xi nhanh {mat do cdng suft ldm). Ludn in tip trung nghién et bai ban tir cée
hexacyanolerrate dom kim log (hir nghiém vol limg kim logi trong s nhibs kim logi
chuyén tiép khie nhau), 1 che hexacyunoferrate hitmp kim. Ludin dn thir nghidm cie
wiit Tigu didu ché duoe voi nhidu Joai dung dich dign 13, v ci mai truimg dung mii
e vit dung méi khomg nude dé xdy dng duoc quy trinh 16w Tido o dign eye
wik Tiip ghép tao cic sigu 1y dién hoan chinh. Cy thé:

Nghién ciru, difu ché vi khao =it tish chit didn hod coa cerium
hexacyanoferrate{11),

Nghién cirn khio sit tinh chit dién hod cila ctia FeHCF dirge didu ché bing
phirong phap déng két 1a dé luv i ion K.

Nghién ciru didu ché nickel/cobalt hexacyanofermte(11) img dung lim vat liéu
dién eye cho siéu 1y diéa lai bit ddi xime méi trimg mwie.

Nghién ciru digu ché nickel‘coball hexacyanoferrate(ll) gidu Na™ ning can
higu sudi ciia thiét i Lru i ndng lugng dién hed moi tnémeg mude.,
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CHUONG 2 THUC NGHIEM VA PHUONG PHAF NGHIEN CUU
2.1. Ho chit, thiét bj
Cliic hon chit sir dung déu [ hda chit tinh khiét iteén 989%4), cung chp bt hing
Xilong Scientific, ucre sit dung tre Hiép ma khdng phat tinh ché lpi,

4-nitrophenal (4-NF) paN-CeHa-OH
Acetylene black (AB) Cc

Anhydrous iwon(111) sulfute Fe:SOsh
Cerium nitrate hexahydratee Ce(NOs).6HD),
Cobalt chlonde hexahydraiee CoClz.6H:0
Copper (11) nitrate trihydratee CufNOs) 3H0
Ethanol (EtOH) C:HsOH

Ferrous sulfate heptahydratee Fe504.TH0
Hydrochloric acid HC1

Magnesium nitrate hexahydratee Mp{NOh 2 6H-0
Manganese(11) chloride MunC 13
N-methyl-2-pyrrolidinone (NMP) CHalNO

Ni foam Ni

Nickel nitrate hexahydraice NN ). 6H:0
Potassiom hexacyanaferrate (11) trihydmilee KafFe(CN. 310
Potassinm hexacyanoferrnte(111) KalFe(CM )
Potsssiom hydroxide KO

Poly(vinylidene fuoride) (PVDF)

Polyvinyl alcohol (PVA)

{CH2-CHF )

[CH2-CH{OH) s

Potassivm hitartrate KCiHs0y
Silver nitente ANy
Soulium borohydride NaBHq



Sodium citrate dihydrates CalsNmO2. 2H;0
Sodium nitrte NaN{h

Sodium sulfate NazS0
‘Trsodinm citrate dihvdestee CiHsNan07 2H:0
Zing sulfate heplahydratee 20804 TH,0

Céc thiét bi sit dung 8é difu ché miu vi ché 1o ditn cuc gbm cé: Cin phin
tich sartorius 224-1S tai PTN Vit ligu quin sy, Miy khudy tir gia nhigt VELP ARE
i PTN Hea ly, may ly tim EBA 20 tai PTN Hod phin tich v ti say chin khing
Memmen Vod9 i PTN Hod Hou co. Thiét b hé do dién hod da niing Autolab
PGSTATIOIN i phong thi nghidm Vit lidu Qudn sir dwge sir dung 0é xde dinh cde
tinh chit dign hoi. Ciac FTN déu thudiec Khoa Hod — Ly k§ thudt, Hoe vien K§ thub
quifin sir,

1.2, Phwromg phip tﬁnu hop vt ligu
2.2.1. Pharorng phip ting hpp CeHCF

Cey[Fe{ON Y]y (CeHOF) duae thng hop bang phuong phip ké o & nhijt
di phong

= Bhrire 1: Pha 0,127 gam Ka[Fe(CN )] 3H0 v minde cit o 100 ml. dung
dich néng da 3.107 M (dung dich A), Pha 0,174 gam CetNO1h.6H:0 vai nudre et
tao 100 mL dung dich ndng 8§ 4,10 M {dung dich B)

- Burde 2: N tir tir (2s/gigr) 20 ml. Ce(NOw)y ndng do 4= 107 M (dung dich
B} vio 20 mlL KaFe(CN)s] néng dé 3=10-° M (dung dich A), sau d6 tiép tue Khudy
trang 3 g,

- Hurdic 3: Ly tam san phim thy duec dé the két wia CeHCF, sau dé nim biing
mirée khir jon 3 lin vé ethanol | lan, siy khé @ 60 *C wong chiin khéng trong 20 git
vib biko quin trong bong i,

2.2.2 Plurong phip tong pp FeHOF
Cac mdu FeHCF duge tng hop bing phuimg phap déng ké 1
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Dé ting hop FEHCF khing sir dyng chift hogt ddng bé mit (mdu PB), thye hign
qua cée bude:

- Bude 1: 2,4 mmol Fea(SO)3 (0,96 g) duge ha tan trong 40 mlL mde khir jon
50 thinh dung dich A.

- Bude 2: Hoa tan riéng bigt 1,2 mimol K<Fe(CN)]-2ZH:0 (0,51 g) trong 40 mL
DL, mundre 4 1o think dung djch B,

- Bude 3 Nho gigt dung dich A vio dung dich B v te 49 2s/giot kit bop vii
Khudly r, Sau khi nho giot xong, tiép e khudy r wong 10 phit, seu d6 idy thank
Khutly tir ra vi san philm thy duge duge i trong 18 gitr & nhidt 83 phing,

- Bude 4; Két tha PB dwge thu thilp bing edeh ly tim, rira biing nuée kit jon 2
Lin vit ethanol 1 Fin, sity khd & 60°C qun dém,

Dé téng hop FeHCF vii cie chit host ding citrate (miu PB-C) hofic bitartrate
(PB-T), 1.8 mmol CaHsNa:Or2Hz0 (0,53 g) hofic KCHO4 (0,34 g) duge haa tan
tuong img via dung dich A, trong khi quy trinh téng hop dirge thyre hi¢n gilt aguyén.
2.2.3, Phurorng phip tang hyp Ni.CoHCF

NixCo,HCF duge téng hop bing phucng phip doag két tia (hink 2.1).

NI(NO,),
Ba(Nags R oo » | Dungaiehs RS Kype(cn), |

Giahoa Ly tim
Rira |8y

Hinh 2.1, Quy wrink &iéu ché Ni.Co HCF
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Vidy, NijCoHCF duge didu ché qua cic birde nhir sau:

- Bude 1: NiNO)»6H0 (0,872 g; 3 mmol), CoCl-6H:0 (0,714 g 3 mmol),
vit CoHlsOsMay5HA0 (2,088 g; 6 mmol) duge hia tan trong 100 mL mrde cit bing
khudy tir trong 30 phit & thu duge dung dich dbng nhit (goi 13 dung dich A),

- Bardic 2: Ks[Fe(CN)] (1.316 g; 4 mmeol) tuwge hoa tan trong 50 mL niwde cilt
wit khuby trong 30 phit ¢ thu duge dung dich dbng nhét (goi 14 dung dich B).

- Buge 3: Dung dich A duge nho Wmg giot vio dung dich B (5 gidy/l gipl).
Ciic thi nghiém duge tién himh & nhidt da phéng (22 “C+1°C) dé wranh nhimg thay
di do nhigt 49 dnb hirémg dén higo sult difu ché NLCo,HCF. Cic didu kidn khac
bao ghm ndng A6 ehlt phin img v 16¢ 46 khudy duge kiém soit chinh xdc. Sau khi
khudy lién tyc trong 30 phit, két tia the dirge dirge 1 @ nhigt do phong qua dém

= Burtre 4: San phim duge thu thip biing cich 1y tim, rim bing nide cdt 2 o
vé biing ethanol tuyét ddi 1 1in, son d6 siy kha & 80 °C trong ti sdy chin Khang trong
10 mir.

Ty 1& mol dau vio Ni:Co dwoc sir dyng trong qud trinh téng hop cic
NixCoyHCF hn hop khac 1d 3:1, 2:1, 1:1, 1:2 va 1:3.

Bang 2.1, Lurgmg tien chat sir dung dicu ché Ni.Co,HCF (111)

NiNChEGHA | CoCle6H:0 | CaHsOrNaySH0 | Ka[FefCN |
(gam) {gam) (gam) {gam)
NiCoHCF 2617 0.714 4,176 2632
Ni:CoHCF 1,163 DATH 2,088 1316
MNiCoyHCF 0,872 0,714 2 (8K 1316
NuCoHCF {1,582 0,952 2,088 1316
NuCosHCF 0872 2,142 4,176 2,632

2.2.4. Plarerng phip ting hpp Ni,Co,HHCF gidu Na
Tét ea che miu dige tng hop bing phueng phip déng két i,
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Qui Irinh tong hop dién hinh cda NisCo HCF duge tién himh gua céc bude:

- Bude 12 NifNOy)z-6H:0 (1,745g; 6 mmol), CoCli-6Hz0 (0,476g: 2 mmaol),
CeHsOaNay-SH:O (2,784g; 8 mmol) dwoe héa tan trong 100 mL nwée DI dudi sy
Kkhudy 1ir trong 30 phit d& thu dwge dung dich ddng nhit (dung dich A

- Burde 2: Ka[Fe(UN)a] 3H:0 ( 1,69g; 4 mmol) duge hoa tan irong 50 mL msdre
ciit vi khudy trong 30 phiit dé thu duee dung dich rong sudt (dung dich B).

- Bude 3: Dung dich A dirge nho timg gigt vio dung dich B véi tbe di | gigt
trong 5 gidly vi khudy trong 30 phit, Dung dich thu duge duge @ & nhidr dj phong
quis dém,

- Burde 4: Két tin thu duge biing ly tim, ni véi nude DI vi ethanol rdi sdy
kha & 80 °C trong 1 shy chiln khong trong 10 gio

D¢ tdng hop NixCo, HCF gidu Nit (Na-NiyCoHOF), 2,125 NaNOs (25 mmal)
dirge hia tan vio dung dich A, trong khi quy trinh dng hop dige it nguyén,

NivCoy HOFs wiri 19 18 mol Ni:Co khdic nhau 1 10 (NIHCF), 311 (NWCotHCF),
2:1 (N1CoHOF), 1:1 (NRCoHCF), 1:2 (NiCo:HCF), v 0:1 (CoHCF) da duge téng
hop v thir nghiém d& so sanh. Miu e6 higu sult dién héa 16t nhit (NuCo HCF) da
durgre sit dung 3¢ tich hop (lim gidu) ion Na®

Béng 2.2. Ligmyg Hén chat diéu ché Ni,CoHOF gidu Na

NiNOW: | CoCl | CaHsONa | KalFe(CN)y) i
A0 6H:O SH0 30

{gam)

| | (m) | (gem) | fgam) | Gem) |

NiHCF 1,745 x 2,088 1,268
NisCosHCF | 1,745 0476 2,784 1,690

M- 1,745 0,476 2,784 1,690 2,128

NixCoicr | : y || * 23
NiCoHCF | 145 [ omd | 3132 | 190)
NiCoHCF | 1,745 1428 4176 2535
NiCo:HCF | 0873 1428 32 | 1em
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NiCosHCF 0,582 1428 2784 1,690
CoHCF % I 428 2.08% 1,268

2.3. Phurong phip ki¢m tra tinh chét dign hoa

23,1 Phuewng phip ché tao dign cye lim vige

Téim nickel foam kich thute 1 x 2 em dwge lim sgch bing dung dich HCT 1M
trong 30 philt. sau &6 duoe nim sach acid va siy & 60 °C trong 2 giév. Cin xée dinh
khi lugmig mi ban diu cia tm nickel foam. Vit liéu hoat déng dwge triin déu cimg
carbon super P va FYDF theo ti 168 2 1+ 1, sau db dung méi NMP duge thim vio dé
chuyén hdn hep thinh dang hé nhdo, Hén hep dwoc phét lén bé mt cia tim nickel
trong viing kich thude 1 x 1 em, sau dé sy trong ti sdy chin khiing o 80 'C trong 10
gitr. Ciln xde dinh kb lugng my cla thm nickel sau khi phi v ligu, Khdi heomg vt
ligu hoit ding duge dua 1en tm nickel trong khodng 2.5 - 3.0 mg/eny’.
2.3.2. Phaeerng phiip ché tao siéu g dign

Tém nickel fonm duge chudn bj vés kich thiede Tam vide 1a 3.5 x 4 em. Lim
sych biing cich ngim trong dung dich HCL 1M trong 30 phit, sau 6 duge s sach
ncid vil sy & 60 °C irong 2 giir. Ciin xiic djnh khdi lugng my bun diu cin tim nickel
foam. Vit litu hogt ddng duge trin déu ciing carbon supet P vi PYVIDEF theoti 168 1
© 1, sau 36 dung méi NMP duge thém vio 02 chuyén hiin hop thinh dang bé nhio.
Hién hop dwoe phét lén be mil cia tim nickel trong vimg kich thide 4 x 5 em, sau dé
sy trong ti iy chin khéng & 80 °C trong 10 gio. Ciin xic dinh khéi hrong ms ciia
tiim mickel sau khi phi vit lidu. Khii heong vit ligy hopt déng duoe dim 1én thm
nickel trong khaing 6.5 — 7,0 mg/em?®. Tam ndy dwoe sir dung lam dién cue duong,

Dién cue ddi duwoe chuin b hé:ng cach trén corbon hopt tinh v PYDF theo 1
169 : 1, sau d6 dung moi NMP duge thém vio & chuyén hdn hop thanh dang hé
nhile. Hdn hop duge pliét 1én bé mdt cia thm nickel trong vimg kich thinde 4 x $ em,
saw ¢ sy trong t sdy chin Khdng & %0 °C trong 10 gio. Thm ndy duge sir dung lim
dién cye dm,
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Hai ban dign cuc duomg vi dm duge ghép vai nhau cd vil ngin ¢ giita, ép chilt
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Hinh 2.2 Sor ddd més 16 quiy teindy tino siéu ty dign

2.3.3, Phirong phip quét thé ving tudn hoan CV

Sir dung phirong phip do 3 dign cwre dé thu phd CV eta vit Béy, Didn cye lim
vide sau khi ché tgo xong dirge ngim trong dung dich diga 1 2 gitr 3¢ biio hod cde ion
18n bé mit, Dién cire ddi 1 dign cye tim platin, Dign eyre so sinh 1 did¢n eye Ag/AgCl
{KC1 3M). Phiromg phip quét thé vang tuin hodn duge thye hign wén hé do dién hod
da niing Autolab PGSTAT302N tai phang thi nghigm Vit ligu Quén sir, Hoe vién K3
thufit Quén sir. Khoang thé vi tic dd quét duge lya chon phil hop v timg logi vit
lidu dién cue.

Dign dung riéng cia vt ligu tinh tir CV duge xéc dinh theo cdng thir: [63)

C,= |
muyv AV

)
f;-:vw o
kll

Trong db;
C, 14 dign dung riéng (Fig)
m 1 khdi lugng vt lidu hopt ddng trén dién are ()



1t 4 quét (Vis)

AV 1a khodng thé quét (V)

| lcuimg do ding (A)
2.3.4. Phwong phdp nap xi dong khing déi GCD

Phuong phip nap xé dong khéng dbi duge thue hign tén hé do dign hod da
niing Autolab PGSTAT302N tai phing thi nghiém Vit ligu Quin sy, Hoe vién Ky
thudt Quln sy Sir dung phuong phap do 3 dién cue twong 1w nher phong phiap CV.
MGG dimg v s chu ky duge s chon phi hop v tmg lopl viit 11éu dign cpe.

Dién dung rigng cia viit liéu tinh tir GCD duge xae dinh theo cng thisc [63]

A
i ';‘EF (2.2)

Trong dé:

Cs b dtién dung riéng (F/g)

1 & curémg 0 domg (A)

At R thini gian phing/nap (5)

m L khéi luemg vt licu hoat dang trén dién cye (g)

AV I khodng thé quét (V)

Dign dung riéng theo dién tich (Cocn, mFlem®), miit d6 ndng luemg (E,
uWhiem®) vil mit dé cing suit (P, pWiem?) cia Fnh kign duwc tinh todn tir GCD &
cic mit d6 ddng dign khac nhau theo cong thire [63):

LA
G, SRR 3
il AV.S fz-!
C LA
Ematitl
23,6 24
3600
P= (2.5)

A
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trong do 1 la mit 4§ dong phong di¢n (A). At li thin gian phong dién (s), AV
1t cima 56 dién thé (V) va § 1 dién tich bé mit lim vide con didn eire (em?).

Higu st Coulombic cling duge tinh todn tir dit ligu GED [63).

H=2 100, P

Trong d6; H 14 higu suit Coulombic

Qu 14 &én tich xa (discharge capacity)

Q. 1a dién tich nap (charge capacity)

Mi Q=1 1. rong phép do GCD, cudmg &6 ding dién 11 khing ddi véi qua
irinh ngp va x4, nén biéu thire (2.6) con cb thd duge tinh 13

f“.
!‘{ =£—,]ﬂ0"f’o |2~?]

Trong dé: g 1 thoi gian i, t 13 thiri gian nap (L vi 1 phai tinh ciing do vi -
thirbmg 1a gidy)

2.3.5. Phuong phap tong tri dign hod E1§

Phwromg phip téng trer dign hod duge thie hign wén b do dign hod da nling
Autolab PGSTAT30ZN tar phong thi ngém Vi lidu Quan su, Hoc vién K7 thuit
Quén syr. Dai do tirtin 56 100 kHz dén 0,1 Hz: dién thé dp dung 1ir 10 mV, Sit dung
phuong phip do 3 didn cuc twomg tu nhar phuemg phap CV.

2.4. Pharomg phiip xic dinh dje tring tinh chit cia vit liju
2.4.1. Plurerng phip nhicu xg tia X (XRD)

Phé nhigu xa tia X duge ghi trén may Brucker DN Advance thue hién o dign
ap 40KV trén cudmg A9 ddng 40 mA vai tia X 15 K, cin Cu (h = 013418 nmy; dai do
20 tir 10" dén 70° i Vien Hod hoc, vién Han lim Khon hoe va Cong nghé Vit Nam.
24.2. Phaerng phdp kink hién vi dign tie (SEM, TEM)

Anh hién vi dign tir quét (SEM) va hién vi dién tir truyén qua (TEM) diroe ghi
tnén may Hitachi S4800 11 Vign Vit liéu, vién Hin lim Khoa hoe vi Cong nghé Vidt
Nam
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2.4.3. Phwrang phip phé hing ngoal (1K)

B tnmg nhom chire cla viit ligu duge xde dinh trén phi IR, ghi trén may
Perkin Elmer, Model Spectrum Two, phirong phip do ATR. tai phéng thi nghiém
Hoa Hitu co, Hoe vién k§ thudt quin sy, dii do tir sd song 4000 dén 500 em'!,

244, Phuvong pldp phin tich nhigt

D0 bén it ubimg sye bidn ddi cia vt idu theo nhigt 46 duoe dinh gid thing
qua phirong phip phin tich nhigt khid lugng (TGA), moi msmg khong khi, ghi trén
mily DTG-60H Ahimacu wi phing thi nghidm Hod Ly, Pai hoe Su phagm Ha NG, ddi
do tir nhiét dd phimg din 800 °C, the 4 quét 5 "Crphin.

2.4.5. Plurong phdp quang dign tir tia X (XPS)

Trang thii hod tr] cin cic nguyén 16 duge xie dinh bing phiong phip XPS
ghi trén thiét b Thermo Fisher Scientific ESCALAR 250Xi tai Trung tim phiin tich
vt thir nghi¢m cdu tnic vi md Bac Kinh Beida Zhihui,

246 Phweng phip ph tin sie ning hegag tia X (EDX)

Thinh phiin nguyén t trong cie vit ligu duge dink gis théng qua phemg phé
tan sie ning luong tia X (EDX), ghi trén may EMSE/MAS Spectral tai Vién VAt liéu,
vién Han ldm Khoa hoc va Cing nghé Viét Nam.
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CHUONG 3. KET QUA VA THAO LUAN

3.1, Khiio sit tinh chit cia CeHCF
3.1.1. Dde trung tinh chit ciia CeHCF

Nhiéu xg b XRD dang bt cia CeHCF (hink 3. () thé hién cic dinh nhigu
xa die wung duge quan sit thy trong KCe[Fe(CN)o]-4H20 ¢6 86 ximg lye gidc
(nhim khng gian P6s/m; thé JCPDS #83-2292) [64]. Cuimg d6 cis ede dinh ndy rt
manh, cho thiy 4 két tinh cao cila CeHCF téng hop dang bt Cde dink cd cuimg 45
mgnh dwge quan it thily 0 15,5, 19,1, 23,9, 24,3, 31,1, 34,2, 35,7, 38,0, 39,7, nrong
{mg véi che mit mang tinh thé (101), (102), (103), (110), (202), (203}, (114), (211),
(212). CeHCF diéu ché duge dim 43 tinh khidt vi kbing xudt hign dinh nhidu xa phy

Hink 3.1 Gidn e nhiew xq tia X {a) v cdu triic tinh theé me phing (b ciia CeHCF.
Tir gian 65 XRD tinh dugc thing s6 mang tinh thé a vi ¢ theo cng thire:

1 4K skhak® P
A &h

Dt A = la® va C = 1/c* khi d6 ta c6 phreng trinh

—j,-- i.[t’a-uu'].xq-.ﬂw 32
d, 3
Sir dung 2 b gii tr dng v 2 mit mang tinh thé lidn nhau <& tinh duge A va
C, bir 46 suy raa v c.
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Trong che cdng (hire (3.1) vt (3.2), dhas 1 khodng choh gitrs cie mbt mang hk!,
tinh theo phuong trinh Bragg: A = Zdyosinth, Vil Bie xp Cu(K,) thi 3~ 1,54056
(A,

Bang 3.1, Thing 6 mang tith hé cia CellCF tiuh tiv gian &0 XRD

20 (d0) B | duatA) [ Wrknik [ OF wd) [ etk
15,5 101 | 571200 1 1 725 15,94
19,1 102 | 464261 1 4 720 13,90
239 103 | 372012 1 9 132 796
43 1o | 365978 3 0 132 13,62
31 200 | 287333 4 4 125 1426
32 208 | 261964 4 9 738 13,74
35,7 e | 251293 3 16 174 13.83
.0 210 | 23659 7 1 734 13,83
39,7 212 | 226847 7 a

G trj trang binh cia kich thirde d mang cobanlia =735 A c= 13,86 A cor
bin phis bap vai cic s6 ligu da duge cong bé (n = 7,392 A; ¢ = 13.87 A [64]),

Thé tich trung binh cus 6 mang co ban i

2
vniﬁ;’—%o.as&n‘c (3.3)

Thay céc gid trj n vi ¢ tinh duge & trén vio cong thite (3.3), thé tich trung binh
O mang co s tinh duge 13 V = 0,75 nm’.

Giin d phin tich nhigt TGA cia CeHCF fhink 3 2 fa)) cho thiy ba giai dogn
gim khéi luomg khi nhigt ¢ ting. Giam khéi hrong du tién (khodng 16 wi%, dudi
250 C) duge quy cho vige loai trir cic phin tirmrde duge hip th va lign kit (zeolite
hojie nude phéi hop) vid 1dng s6 o tink 1 bén phin i nude trén méi CeHCF, Do
da, cdng thire héa hoc thu duve cia CeHCF 1h KCe[Fe(CN)]-4Ha0). Sy gidm khdi



Tuomg rit lém trong gini dogn thir hai xiy ra tir khoang 250 ¢én 300 °C, do sy phén
hity cia CeHCF thinh potassium oxide (K20}, eerium oxide (CeOq), iron cysnide
{Fe(CN)s) vil cyanogen ((CN)2) [65]. Gial dogn ba, tidp tye tir 300 *C, duge cho li
phin bty Fe(CN) 8 tyo thinh oxide iron (Fea0s) vi o6 thé 1a FeN holie FeiCs [65],

00
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F B
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Tompas sl (*C) Wavenumiser {em )

Hinh 3.2. Gidn dd TGA (a) va FT-IR () aia CeHCF

FTIR duge si dung 42 hidu siu hon vé céu triic vi nhém chire nling eda CeHCF,
vi duoc thé hién trong hink 3.2 (B). Dinh manh quan sit duge & 2056 cm™ 6 thé
dirgre gin cho dao dfng kéo di cia nhém C=N trong [Fe(CN)s]* [66, 67]. Pinh
niy dich chuyén sang s song nhi hom so v cie céng tinh tnede 46, vi khdi lugng
In ci phiin o CeHCF. Dl & khodng 3440 e’ nromg dng voi dao ddng kéo did
ciia madre xen k& zeolite, trong khi dinh xung quanh 3600 cm™ 14 dao ddng O - H ur
do cita nude phéi hep chidm cie chi khuyét [Fe(CNK]* Dinh quan sit duge & 1602
em! dugre quy cho dao ding uin cong cia nham OH trong mnke, Cle dinh quan sdt
dirgre i 596 vit 449 con! uromg img véi lign két Fe-C vi Fe-C=N,

Anh SEM e ciic hat CeHCF wira wng bop (hink 3.3) hién thi hinh thii gidng
cily thing Noel ddng nhiit vii phin 16m trong 6 chimg o kich thine didi micromet,
Hirth 3.3 (d) cho thity cic hat CeHCF chinh 1 cdc hinh lue gidc cb dwimg kinh khie
nhau, ¢d kha nng duge hinh thinh do sy phit trién wu tién cia cdc hat tinh thé chinh,
Cic hinh lye gide CeHCF ciing ¢ xu hudmg ip rip hoge xép chdng én nhau dé tao
thinh hinh gidng cdy théng Noel, 1o thinh cie kénh xdp lom ¢6 lgi cho qud trinh
khudeh tdn jon trong qua trinh spefxh,
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Himh 3.3. {a-d) Anh SEM ciha CeHCF.
Phé SEM—EDX (hink 3.4) 48 xc nhin sy c6 mit cita cic nguyén 16 Ce (2,92
a%), Fe (2,23 at%), C (44,87 at%), N (47 44 ai%) va K (2,54 at%) trong CeHCF via
wng hop. Ty 1 nguyén tr Ce:Fe 1 2,92:2,23 gho sdt véi i 18 1y thuyét 43, wrong
myng tinh thé c6 sy xen k& eln cie ion K,

Hinh 3.4. Phd EDX ceia CeHOF. Ank chén: Anl SEM {irén) v thank phen nguyén
1 ctia CeHUF (dredi).



A2, Tinh chir dign hod cia CeHCF

C¢HCF duye nghién trjn cing carbon black (Super P) vi PVDF theo ti I khdi
hegrng B 70:20:10. Mét vii giot NMP duoc thém vio dé chuyén hén hop thinh dang
b o, Suu d6 duge phét lén m Ni véi viing dign tich 14 1 x | em? dé tgo dign cue.
Sir dyng ti sy chin khing sy khé didn cye & 70 °C trong 10 gidr dé dudi dung méi
NMP. Khii lwgng vt lidu hogt ddng trén dign eye xip xi 3 mglom?.

Sir dung hé 3 dign eye dé do thi tuln hodn vii dung dich KOH 3M i cede 1de
i quét I 8, 10, 20, 50 vA100 mV/s trong khodng thé quét tir 0,05 t5i 0,45 V 30 voi
dign oye Ag/AgCl Puimg CV cila CeHCF, do & cie tic 8§ quét khic nha, duge thé
hign trong Aink 3.5 (a). Hinh dang cta cde dudimg CV ndy cd cic dinh oxi hod vi dinh
kinr rd rét nhumg khéng séc nér, chénh léch thé khoang 0,1 V, chimg to co ché dién
hod drdiiy 1 gid w dang xen cai; do @6 gid trj luu trit dign tich nén dwoe tinh the don
wi Fig. Niwr da thdy, mdi duimg CV thé hién hai dinh cathode cé thé phiin biét duge,
ch thé 14 do sy kinr didn héa cua Ce*'/Ce® va [Fe"(CNlah /[Fe'(CN)s|*, sir khir
niy co thé di kém v sy xen k& cin edc fon K* [68]. Trong khi 06, ehi quan sit thiy
mét dinh anode, cé thé 1 do sy chdag lin cia hai qud trinh oxi héa wong img.

| Y (b)
B g} —— 10mVis -
E T 20mvis 4
= 50 mVis o
‘E 2 = 100 mVis i
4 0 = |
g {
E_' ™
.34] ]
] paak ik ol i
Bo (%] [T} 0. F ] [T

0] [
Scan rate i)

Hinh 3.5. Pha CV (a) va (b) C. tinh tie CV ciia CeHCF
Dign dung riéng (C,, F/g) ctia CeHCF duge tinh todn tir cac dudmg CV theo
cing thirc (2.1), mdi weng quan giim C, v tde 45 quét v duge thé hién trong hink
15 (b). Theo da, khi v dng tir 5 dén 100 mV/s, C, gidm tir 85,8 xudng 43,0 Fie. Dién



dung ndy teong 461 thip so véi che ho vt lige HCF khic, oo thé i do cdu e cia
CeHCF mang tinh the luc gife v cde kich thirde & mang co sé xic dinh dugpe 3 =
7,35 Ay e = 13,86 A li nbo, khong thufln lgi cho vide xen cii cia fon K' trong qui
trinh nap/i,

Bidu dd Randles-Seveik cin CeHCF duge thé hidn trong hinh 3.6. C6 thi nhin
thily rling it ol cde dong dién eye dai anode (T thir | vi thir 2) vi dong dign eyve dai
cathode (/) déu cd méi trong quan tyén tinh gdn nhu v olin bic hai cia tde 46
quét (7). Sy ich bigt dinh ciing dupe mé rgng khi the 4§ quét ting lén, didu ndy cé
thé 1 do dng hoe han ché eiin qui wrinh truyén electron, khuéch tn chit dién phan
hodic phin ing dién héa kbang thé dio nguge [69-72/,

12t O,
10} Q@ 1%,
8} 2,
-—us-
g
— 2L
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L -2f
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Hinh 3.6. Biéu d3 Randles-Seveik ciia CeHICF

Dirimg GCD ciin CeHCF duge thé hién trong hink 3.7 (a), Hinh dang cia cde
duimg GCD nay ciing phan dinh bin chiit gid w dang xen cdi cin CeHCF tong T
1ri¥ niing lugmg dién hoa [73, 74]. Vai cic 1de 39 ngp/xi nhanh, duimg nap vit dirdimg
xi Wwmg d8i d6i ximg vi tao thanh hinh dang tam gide. Khi giam 1be di napfxi,
dirimg nap/xd chia thinh hai phin: phia wén mg véi dién thé cao duimg npp va xi
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wyén tinh vi wong ddi ddi ximg; phis dwdi Gng vai dign thé thip co viing dién thé
dn dioh. ity niay mdt lin nita khing dinh co ché hogt ddng dign hod cia CeHOF i
ity dgng xen chl. C, duge tinh todn tir GCD theo cong thire (2.2). Nhu thé hign
trong hinh 3.7 (B), khi mit 4§ ddng didn gidm tr 0.8 xubag 0,1 Alg, O, ting et 51,9
18n 96,0 F/g, phis hgp vii nhitng gid trj thu duye tir CV.

%‘? @ (b)
L Ew
iﬂ.ﬂ én
3 i
[] ﬂm{'l L] ‘éurum‘;-u]w‘t:.rg' (1]

Hink 3.7 GCD fa); C, tink todn tie GOD (B) ciia CeHCF,

Higu sudt Coulombic tinh tir dit ligu GCD cin CeHCF duge thé hiéa trong

hang 3.2. Higu suiit Coulombic cao, chimg 16 mire 43 thuin nghich ciia qud trinh chén

v trich xudt ion K vio/ra khoi CeHOF 1 tdt, higu suft Coulombic ting khi ting mit

6 dang 13 do khi & mit 4§ dang cao, mirc 40 déng gop ciia cic qua trinh kludeh vin

vil qui trinh bé mit nhidu hom; con & mir d¢ domg thilp, s déng gop cia cic gud trinh
faradaic nhi¢u hom lim cho mire 4§ thujn nghich kém thudn lgi hon,

Biing 3.2. Hiéu sudt Coulombic eita CellCF theo mgt & ding,

Mit 6 dong
(M) ol 0.2 0.4 0.6 08
. ’“ﬁ;;“‘h"'h“’ 827 | 927 94,2 42 | @5

Tom I, Ceal Fe(CNo s 3 duge 1bag bop thank cdog bing phin img gita cie
jon Ce' v [Fe(CN)]* & nhigt 4§ phing. Ces[Fe(CN))« tng herp co di két tinh cao
trong efu tric lue gide, binh thii gidng cdy thdng Noel ddng nhit & thang do duei
jun, thinh phin his hoe gidng vei thinh phin héa hoe 1y thuydl, CeHCF 1éag hop
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cha thiy diic tinh ty dién dgng xen cii khi I i K” trong chit dién li nuse, véi didn
dung rniéng 1A 85,8 Fig (0 mVis) hodic 96,0 Fig (i 0,1 Ag),

Bién dung riéng cia CeHCF 1 kha thdp, kho img dyng cho myc dich chuyén
hod vi tich i ning higng. Chc nghidn ol tidp theo djnh hudmg 16 cde hé vit lidy
khic véi dign dung riéng cao hon,

3.2, Khio st tinh chit ciia FeHCF
3.2.1. Bl maeng tink chit cia FeHCF

Trén hink 3.8, che gidn do XRD cia FeHCF, PB-T, PB-C vi PB dfu thé hign
cde dinh nhifu x3 mgnh & khoang 17,76, 25,05, 35,56 vi 39,99°, twong img véi cic
mit mang tinh thé (200), (220, (400) va (420) cia pha lip phrong tim mt (nhdm
khdng ginn Frdm) cia iron cyanide hydrate (PDF #01-073-0687), Trong khung 1§p
phirong nity, efic nguyén tir Fe' vit Fe™ nfim & cie goe xen ke ctn mdt bat didn chia
s¢é goe drge nbi véi nhau biing cie anion (CNY, Sy b mijt coa nhimg dic diém co
bin niy cho thity cic miu FeHCF di dwge tdng hop thinh cang. Sy ving mal cim cac
pha tinh thé khéc cho thiy sy hinh thinh cia cic miu PB-T, FB-C vi PR nguyén
chiit. Vi iri dinh XRD, cwimg 43 tromg d5i va 46 rdog ciia ba miu ndy vé co hin
gidng nhau, cho thily viée sir dung cic chit én djnh hod it anh hong dén clu trie
tinh thé ciia FeHCF thu dinge,

Tir gidn 83 XRD tinh duge thing sé mang tinh thé a theo cong thirc;
| R +k*+F
d:u & (3.4)

Trong do du 14 khodng cdch gitta cde mit mgng hkl, tinh theo cdog thire
Biragg: & = 2y sinthe. Véi Bire xa Cu(Ka) thi & = 154056 (A)



PDF #01-073-0687
PB-C

£l

s PB-T

e

£

ig PB

(200)
(2?}) {40;3)(4'201 (440)(600)

10 20 30 40 50 80 70
20 (deg.)
Hink 3.8, Gldn d6 XRD ciia PR, PB-T vét PB-C

Beng 3.3, Theng s mang tinh thé tinh tie gidn dé XRE ¢ia PR

20 (da) diai (A) hkl ha+ kX412 a(A)
17,76 498997 200 - 4 9,98
25,08 3,55188 220 B 10,05
35,56 | 2,52251 400 16 10,09
39,09 2,25269 420 20 10,07

Gia tri trang binh cia kich thude & mang co bin 13 10,05 A. Thé tich trung
binh cia 6 mgng co bin 14V = a' = 1,02 nm”,
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Trong gidn db TGA (hinh 3.9), sy gidm khdi hegng quan s duge dudi 200 °C
trong tht ci ede milu (khoang 20-27% trong lugmg) b lin quan dén vide logi ba nude
hip thy, nude zeolite hoje mrde lién hop. Nhu di thly, lugng nude b logi bo trong
PB 1i sha ahit trong s6 ba miu, cho thily PR chira hiom luong nude thilp hom, duge
chirng minh 1 cd Igi cho higu sudt dign hon [75). Sau do, sy gism khdi legng lon
quan il duge trong pham vi nhigt 46 rong tir 260 dén 420 °C (khodng 25-30 wi.%)
co lién quan dén sy phin iy nhigt cia cic lign két Fe-C, Fe-N vt C-N, din dén 1o
thinh che oxide wromg (mg.

100 4

w
(=]
L

i

Weight (%)
s 8

60 4

50 4

40 1~ - ; - - -

50 150 250 350 450 550
Temperature (°C)

Hink 3.9, Gidin dé TGA ciia PB, PB-T vi PB-C

Hink 3,10 thé hién phé FTIR cua 3 miu cé cic dinh & 2051, 2057 vi 2058
em!, nromg img véi dao ddng kéo gidn clia nhém ~CN, Sy hinh thinh thinh céag cia
lién kit Fe-CN-Fe di duge xéc nhin théng qua cic dai din dai cia chiing (i@ 494,
495 v 496 o) vi & 1038, 1042 va 1041 e, Sy hign dign cla nhém —OH (trong
mrdre tinh thé) rong it ca cic miu dwge nhin thdy & 1599, 1596, 1598 (dac ding
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udin), 1356, 1385 em™ (dao ddng kéo dii) vi cic dii ring & khodng 3000-3100 cnr!
[76]. Cuimg d hip thy ¢ &b séng 1599 em” s PB yéy hon cdn PB-T va PB-C,
ddng thivi khong xuit hign s séng hp thy & ving 1356 holie 1385 nhir cia PB-T vi
PB-C chimg 16 sy hign dign oia meée tinh thé trong PB it hon so véi PB-T vi PB-C.
Ciic dinh & 598 em™ dii didn cho lién két Fe-0, duge hinh thinh trong miu duge lim
khé trong khiing khi. Két qui FTTR cho thiy ci 3 miu déu duge idng hop think cong.

Transmittance (a.u.)

3600 3000 2400 1800 1200 600
Wavenumber (cm™)

Hinh 3. 10, Phél FT-IR viia PR, PB-T vi PB-C

Hinks 301 fa-b), fe-d), fe-f) lhn lugt hidn thj dnh SEM cia cic miu PB-T, PB-
C vt PB, Nhur di thily, thi ci cée mbu déu cd hinh thii dang hyt dang khdi lip phuong
vini kich thde hat trung binh nim trong khodng vii chye nm. Ciic iyl nano s cip
nily duge Hip rip hodie tdng hop thank cae eym c6 kich thude Wm hon, tyo ra cic kénh
g0 didu kién thugn lgi cho sy khuéch tin ion trong qué trinh spe/phéng didn. Kich
thrite eia PB-C 13 nho nhit, cho thiy khi nlng licn két higu qua cia TSC, nhung
kich thirdre cia cym PB 1 nhé nhilt trong s ba miu
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Hink 3.11. Anh SEM ciia PB-T {a-b), PB-C (c-d) vit PB fe-f)

3.2.2. Tinh chibe dign hod ciia FeHCF

Phisi trjm wiit lidu gbm 70% vt béu hogt ddng (PRPB-T/PB-C) vai 20%
carbon diin Super P vl 10% chit két dinh PYDF, thém mt vii gigt NMP dé chuyén
hén hop thinh dgng b nhilo sau 46 phét 1én Ni foam. Dién cpe duge sdy & 80 °C, 12
gifr trong i sy chin khing. Sir dyng hé 3 dién cyre 48 xic dinh cic tinh chit dign
hodt v dung dich dién 1i 1 KsSOs 0,5 M.

Tiit ci cie duimg CV cia PB-T, PB-C vl PB (hink 3,12 a-c) hién thi mét clip
dinh oxi hoa khir, duge gin che sy xen k& vi kb xen k& coa cic won K'
(Fe'"s[Fe™CN)s]s + 4K° + de” — KFe"[Fe'{CN]) [68]. O cling mot toe 45 quét,
i khodng each tir dinh dén dinh v gid (o twyét ddi cia mdt df dong dién cia PB deu
cao hon PB-C v PB-T, nhur duge hién thj trong fink 3.12 {d) (0 tde 4§ S mV/is). Dign
dung riéng theo tinh todn (C.) cia PB & cing tbe ) quét cling cao hon so vii PB-C
vil PB-T (hinh 3.1 2fe)). C. tinh toin cla PB-T, PB-C vl PB, thu duve & e 0 quét
S mV/s, Ui hrot 1 272,9; 316,2 vi 466,0 Fig (bdng 3.4). Gid i C romg ddi cao can
PB 5o véi PB-T vii PB-C chi m ring PB durge tdng hop khi khong cé chilt n dinh
hod cho thiy hoat dimg oxi hoa ki cano,
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Hink 3,12 CV ciia PBR-T (a), PB-C (b} va P8 (cl; Cde dwimg CV do i 5 mVis d);

C, theo tie di gudt fe)
Bing 3.4. Bign dung riéng ciia PB-T, PB-C vit PR tink tic CV
Toe A quét Bién dung riéng (F/g)
(mVis) PE-T PC | PB
100 67,53 80,30 85,09
50 119,20 149,48 169,17
20 189,60 244,03 32325
10 15517 277,56 413,87
5 27292 | 31624 466,04
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Ciie biéu b Randles-Seveik cia PB-T, PB-C vi PB duge hién thj trong hink
343 fa - ¢), Nlwr da thily, ci dong dién ey dgi anode (1) i dong dién cue dai
cathode (1) déu ting ty 1 thudn voi clin bic hai cia e 40 quét. Sy phin tich dinh
ting Hén (khi ting e 4O quét) rong cde dudmg CV durimg duge quan sit thdy [69-
T1] vi chis yéu 1 do sir gis ting dign 1o do sy truyén dign i chiim hode sy cin e
khéng gian cin sy chuyén chiit dign i trong cdu tric xip, hofic cic phin img dign hoa
chijim, i1 thuin nghich [72].

*Ha) PB-T "I b) PB-C
‘ u—r‘,—’w”ﬂ »
g: El /
E. ;‘
EJ \ - D\D\\‘
1o
o o,
EH RS so L
1 1 i i ] 2 ] . 5 [
15Hc) PB
10}
2 3

F g o
5| O e

2 4 L) s 10

o'

Hinh 313, Biéu d6 Randles-Seveik ciia PB-T (), PR-C () v P ().
Phép do GO duge tidn hinh trong khodng thé tir 0.4 dén 0,65 V vi phym vi
déng tir 0,5 dén 5 Alg, dung dich dign 1i 1 2S04 0,5 M va két qui dwge hidn thi trén
hink 314 fa—c).
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Hinh 3.14. GCD ciia PB-T, PB-C via PB i cdc mdt d dong khie nhau fa-c) vi o
v di dang | Afe (d).

Viing dién thé én dinh trén duimg phong dién phit hop véi cac gid trj thé cye dai
quan st dwoe trén duimg CV, xdc nhin hinh vi gia w dign kitu xen cii ciia vil liéu
3 didu ché. Sy khic bigt nhé vé cic gid trj ving thé n dinh gita dwémg phéng va
ngp dign cho thiy tinh thuin nghich dién hda cao cia vt lifu. So sinh GCD cho ca
ba mily, diroe do o mit do dong 1 Adg (hink 3,14 (d)) ¢ho thily C, theo tinh todn cda
PH [4 193 F/g, cao hom nhibu so véi PB-T (113 F/ g) v PB-C (105 Fig). C, cia PB
cling cao hom PB-T vii PB-C & cdc mit df dong khde (hinh 3,15 (a)), phi bip véi
phiin tich CV. Ngoi ra, trong &6 ba mdu, PB cho thily mie gidm C, odi thidu khi mit
46 dong dién ngiy cang tang (hink 315 (a)) vi bdmg 3.5, phim dnh hidu suft tde 06
can ciia nd,
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Bdng 3.5, Dign dung riéng cia PB-T, PB-C vi PB tinh tie GCDs

i Mt dj dong Bién dung riéng (F/g)
(Alg) PR-T PB-C PB i
0,5 17 1o 186
1.0 113 105 193
20 86 93 196
50 12 81 171

Vi hinh thi vi chu trie tnh thé trong w coa PB vdi PB-T vik PB-C, C, cao
hon cin PB o6 thé phit sinh 1 thinh philn héa hoe cia 0, lgng swde edu tnie cia
PB thip hon cia PB-T vil PB-C (gian 83 TGA hink 3.9), nén e 18 tréng mang tinh
thé nhigu hom, tyo didu kién cho vide tich 1t ion K- durge t5 hon, Cling véi 48, vige
két dim cic hat vit ligu xdy it hon & PB din 16 vit lidu c6 nhidu kénh din ion hon,
Viy o ddy, viée sit dung cic phii tir hive cor &3 khéng Tim ting duge tinh chit dién
héa cia PB.

Bing 3.6, Higu sudt Coulombic ciia PB-T, PB-C vit PB tink tir GCDs

Higu sud Mijt 8§ dong (A'g)
Coulombic
) 0,5 I 2 5
PB-T 65,5 743 81,2 71,5
rg-c 66,6 76,1 823 8312
re - 59.8 6.0 LER|

Bing 3.6 cho thiy hiéu sudt didn hod cia ca 3 loai vit lidu gde PB c6 higy sudt
Coulombic khong thit sir cao, chimg to tinh thudn nghich cia qui trinh chén vil irfch
xudt jon K vilofra khol mang tinh thé 1 khdng thudn lgn. Didu niy o thé 1 do sy
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déng gop ciia qui trinh phin img faradic chiém 1o thé hon so vii cic qui trinh bé
mit v khudeh tdn.

H
()
210 ‘_.,.A—-—ﬂ——._____h{:) . e (b) &
B o & .l
3“, F [l na UQ
i.iu 8o P o
0 b [ & &
g 354 =0 BT 32 Gfp
0= rC ﬁ iﬂ
opbrre 8
[] F] ] [] [} 1 ] L] ] L] v ] L]
Current ihig) ' (G
Hinh 315, Brién dung riéng (a) theo méi &g dong va gidn d0 Nyquist cva PB-T, PB-

C vi PB (b).
Bung 3.7, 8o sanh kha ndng lew irie ndng lwpng dign hod cia mdr vai vii lida dign coc
trin co s hexacyanofervate didu chid bing phiremg phip ddng két tia

Phiﬂ;u;::ﬂi&méhé dm:hﬂ:iei:: i bR o G0 | TR
Co"HCF(IT) 4:';“:3; 3 fp.f;ﬁmg ﬂﬁ (1)
Co'HCF(L) u',{;':u_r-:::s‘é. 208 Fig i | Alg (78]
Fe"HOF(IIT) -(:.i{-'KnP‘d?DT 425 Fig i 0,2 Alg 7]
Ma"HCF(L -lﬂr:a ;g;;;; ﬁ‘:"fggﬁﬁﬁ: [80]
CoHCF(III) u;; ;::;0‘ 274 Fig i | Alg 57
| S5 | SOmEE |

Trong viing, thn 56 cao cia phé EIS (hink 3.15 (b)), diém giso nhau cia diimg
cong vari trye thire bidu thi dign tra ndi tiép twong dwong (ESR), biit ngudn o dign
it e vt liéu dién cyebd thu dimg, dung dich dién phin va dign epe [69-71], 0
diy cf thé gid dinh ring phireng sai v ESR ciia ba mfu phin ldn dige dong gép tir
dién tror cua it lidu dign cue. béi vi cdc dign cp‘cdwcchuﬁnhi bktgcungmmw
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trinh vi cdu hinh gidng hét nhau dwye dp dung trong cic phép do EIS. Tir hink 315
i), ESR cita PH-T, PB-C vil PB lin leot 1d 3,97, 4,32 vi 3,09 £3. PB cho ESR thip
nhilt, e thé do khéng c6 phdi 1 hiv cor khdng diln dign vit sy khuéeh Wn/vin chuyén
chilt dién phitn 18t hem. Né cfing cho thily sy mit mét ning leeng nho nhil vii Cy ¢
kha ning t8i da, nhir dwge thily tir kit qua CV vi GCD.,

Khi so sinh vdi cic loai vit ligu HOF khic (bdng 3.7) thi PB - FeHCF
cb i 56 the lam vige twong duong, trong khi higu sudt dién hod tueng dirong
hodic thiip hon. D3t ra nhiém vu tiép theo cho ludn dn 1 cin cii tién thinh phin
dé ning cao hon higu suit dign hod cia vt lidu.

3.2.3, Bjic trung dign hod cita sidu sy dign tgo tir FeHCF

PR (o6 diic inmg coo nhi trong s6 3 mdu) duge chon dé ehéd 1o nguyén miu
linih kién di ximg véi chiit dién ly gel PVA-KOH. Khéi lugng PB ngp vio mi dign
cuc li khoing 7-8 mg/em’. Puémg CV cua linh kién cho thiy khil niing img dyng lim
vide trong nhiéu elra sb the (0-2.6 V., hinh 3. 16 (a)) va the 45 quét (10-100 mV’s, hink
3.16 (b)) vén dng hoe nhanh v tnh thudn nghich nrong ddi 161

Bing 3.8, Thing 56 ndng lugmg ciia sién ty dign ldp rdp tir dién cue PR

M1 dg dong | Bién dung ricng "i;f;’:““ B i
(mA/em?) (mF/em?) Wivem®) | (aWiemd)
05 3,24 317 315,7
10 241 24 | e
20 1,70 166 1290
50 150 | 15 | 3us

Tir hang 3.8, khi mat 43 dong dign ting gdp 10 in (tr 0.5 1én 5.0 mA/em?),
dign dung dign tich chi gidm khodng 53,7% (tir 3,24 ién 1,5 mF/em?) thi mjt 43 niing
lugrig gidm khoing 2 ln (6 3,17 Ién 1.5 pWhicn), nhumg mit 4 cong sudt ting
khodang 10 Kin (tie 315,7 1én 3145 gW/em?), cho thdy linh kign cé thé cung cdp mit



60

4 ning lugng cao. Thi nghi¢m link kin & mire 5,0 mA/em” cho thily khi néng duy
iri cong sudt 98, 1% sau 1000 chu kf, chimg 16 tinh thufin nghich v dn dinh. Phd EIS
ciin thiét bi duge sac dily vit xd hodn toiin (hink 3.16 (d4)) ghn obu chdng nhau. Hon
nitn, gid i ESR tromg d8i thilp khoang 0,88 0 vit mt hink bin uguy@t ahé & viag
tiin s cao khoing 1,17 £2 43 dwoe quan sit, cho thiy dic tinh din dién wt ciing niw
i trj dign trr truyén dién tich thilp cia finh kign,
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Hink 3,16, Higu sudt dign hia et sidu o léip rdp thir: (a-b) Pucmg CV & cde cia
s thé v tde 45 quét khdc nhaw; (o) GED & cdc mit dg dong khdc shau; v (d) Phi
EIS cita linh kign khi dwoe sach diy va khi di phong dign hodn todin,

Tir hang 3.9 cho thity higu suit Coulombic cia siéu ty dién lip ghép ir PB cin
wromg déi thip. Didu ndy 6 thé I do tinh ddi imp cia 2 didn eye (mdt didn ey tir
PB vl mt didn cye tir C) chua thue sy b, tée d6 chén vé trich xudt ion K* khing
twong img. Clng voi d6, chit dién 1i fin cd vu diém 1 m ring duge cira 56 thé lam
vide nhung loi c6 the 4 khudeh tin ion chim.
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Bang 3.9, Hitu sudt Coulombie ciba devide lap ghép ne PR

Mgt di
— 05 ‘ i 2 5
{mAfem®)
Hiéu suat

Coulombic (%) 412 } 232 588 24,1

Tém lyi, FeHCF di duge tbng hop theo phuong phip dbng két tia vi duge
dite tnmg viit lién, Chu tnie tinh thé, nhém chirc ndng vi hinh thii hoe ctia FeHCFE
thu dige cho thiy it dnh huimg khi sit dung trisodium citrate holic potassium
bitartrate. FeHCF duee thng hop mi khang cin thém bt ki chilt hogt ddng bl mar
nilo cha thily higu suilt i v K* trong mede (6t bon so véi FeHOF thu dige bing
cich sir dung chiit hogt ddng bé mit do kha niing khing Ohmic vit khuéch tin gidm.
Linh kign dién héa chit di¢n i rin duge 1p rip tir FeHCF cho thiy hiéu suiit hep Iy
cho cic (mg dung,

FeHCF a3 cai thign tinh chét dién hod khi tich trition K* 44t hom so vii CeHCF
(466,0 F/g tai S mV/s v 193 Figtai 1 Alg so véi 85,8 Fig tai 5 mV/s vé 96,0 Flg tai
0,1 Ag). Siéu tu dién tao tir FeHCF ciing cho dién dung riéng ding ké 1,5 mF/em?
khi do tyi miit 46 dong 5 mA/eny’, vi khi 66 mt 49 cong suit dat duge twomg a6i
lém 3145 pW/em®. Tuy nhién, cic gid tri dién dung riéng cta vit lidu PB cing
nhur cia siéu ty dién chua thit sy vt i dé 6 thé hudng téi djnh hudng img
dung. Vi vily, trong phin tip theo cha luin dn, tic gid khio sit nhimg hé vit
ligu khde trén cor sér hexacyanofemate vii mye dich ning cao hidu sudt dién hod
ctian vill ligu, Trong do, bién phap két hop cde kim loai chuyén tiép khe (Ni,
Co) 8 thay thé cho Fe trong el tric ciia PB 13 mit hung nghién cin cho thiy
nhidu tiém nling ndi bjr
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3.3. Khilo sit tinh chit eaa Ni,Co, HCF
3.3.L Dic traeng tink chit ciia NiCo,HOF

Hinh 3.17 (a) cho thily cic miu XRD efa NiHCF, CoHCF va NijCosHCF.
Nhin chung, it i cie miu déu cb 49 két tinh 1bt; s hegng cde dinh vi cuimg 45
wong ddi ciln ching trong ba mu khit gidng nhau. Tir mdu XRD et NiyCozHCF,
che dinh & 14,57°, 17,36°, 24,64", 35,15, 19,430, 43 44", 50,56° 53 80°, vi 57,04°
twomg g vir cic mbt mang tinh thé (111), (200, (220), (400), (420), (422), (440),
(531) il (620) ciin NiyCo:HCF (JCPDS #86-0502), Nhitmg didu nity chimg minh dly
dii rhing NiiCozHCF 43 duge ché g0 thanh céng. Khi 13 1§ phiin tim Co ting, dinh
dén dich chuyén sang cdc gid trj 1ém hom cia 20 (hink 3.17 (b)), din dén gidm khoing
cich giffa cie midt mang tinh thé. Bidu ndy cb thé 14 do sy khic bigt vé ban kinh cin
e ion Ni¥* vi Co™ khi thay thé céc ion Fe®' wrong mang tinh thé.

£E 0§ w98 %38 @ [ o ()
: ' R T i y S
A i eower R ML Cocr
i ! I pe " = ML CoMCF
i 4 I Nn.:-,uﬂi 1J—1 a :
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Hinh 3.17, Gidn & XRD cia Ni.Co HCF(II).

Tir giin 46 XRD tinh duge théng s5 mang tinh thé a theo céng thire 3.4, trong
#6 dw 12 khodng cich gifn cic mit mang hkl, tinh theo cong thicc Bragg: & =
2. sinBig. Vi Bire xg Cu(Ka) thi 3= 154056 (A).

Gid tri trung binh cia kich thude & mang co bin 12 10,22 A. Thé tich trung
binh cia 6 mang co ban 14 V = a' = 1,07 nm'. Kich thude 6 mang co & cia
NiiCosHCF Iém hom ciia PB (10,05 A), piiip cho vige chénftrich xult ion kim logi M
42 ding hon, gop phin tang higu suit dién hod.
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Beng 3.10. Thing 56 mang tink thé ciia Ni;Ca HCF

20 (d4) i (A) hkl ha + k2 + 1 a{A)
14,57 6,07453 111 3 10,52
i7,36 5, 10404 200 4 10,21
24,64 3.61004 20 ] 10.21
35,15 2,55098 400 16 10,20
1943 228338 420 0 10,21
43,44 208144 422 4 10,20
50,56 180376 440 12 10,20
53,80 1,70252 531 i5 10,07
57.04 1,61327 620 40 10,20

Hinh 3.18. Giin dé TGA {a), FTIR (b, ¢, d) cita Ni.Co,HCF(IH).




Nhigt do TGA cia cic miu tdng hop dugre thé hién trong hink 3.18 fa). Sie
gim khéi hromg quan it dirge dudi 150 °C wong i cd ede miu (khoing 23 wi%)
lién quan dén vide logi bo mede hip thy. Sy gidm kbl lugng dge ngdt tir 232 dén 285
°C li zeolite hode mede lign hop (kbhodng 22%). Sy gidm khéi wong quan it dug
trong pham vi nhigt dd ring gitta 300 vii 700 °C lién quan dén sy phin bity nhiét cia
cic lién két M—C, M—N vii C-N (M = Fe, Ni, Co), dn dén s hinh thinh céc oxide
frirng ing.

Phé FTIR (hink 3.18 (% - d)) cho thily edc dinh tir 2098 em™® eia Ni,CopHCFE
dén 2164 cm™! ciia NiHCF, twomg tmg vivi dao diing kéo dii ciia nhém —CN [81]. Sr
hinh thanh lién két Fe-CN va Fe-NC di duge wiic nhin thing qua cic dii kéo dii cia
ching Idn hegrt tir 591 dén 595 cm' vi tir 1412 dén 1418 cm®, Sy hign digén céa nhém
-OH (trong nurde tinh thié) trong 1iit ¢ cde miu duge nhin thdy tir 1606 dén 1612 (dao
diing uwbn cong) vA cde ddi rng & khoang 3300-3400 co! [76]. Didu thil vi la phi
FTIR (hink 3, 18 {e)) cho thily rd sy khie bigt vé ty 1 Ni:Co trong cie miu, Khi ty 1
Co cao hem, dinh hip thy & vimg 2100 82 cuo hon. Ngge lad, dinh hilp thy & ving

2160 58 cao hean khi ty 1§ Ni thng,

[T

Hinh 3.19. Ank SEM (a) va TEM (b, ¢) ctia Ni:CosHCF: hink dnk bdn 86 SEM (d)
wit SEM-EDS cuva NiyCoHCF (),
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Hinh 3.19 (a-¢) cho thily hinh inb SEM vi TEM ciia miu Ni)CozHCF, duge
kilt tinh tdt trong cde khéi lip phurong c& micro hoje nano ddng nhilt véi bé matnhin,
Kich thude cta NiyCo:HCF xip xi 100 nm, nhé bon nhidy so véi kich thide so vdi
cie cong wrinh tnede diy [B2, 83], Két qua niy duge quy cho ndng 4§ tin cht nbé
(0,06 M), hegng chit hogt ding bé mit sodium citrate cao (56 mol bing tng sé mol
cia Ni** vi Co™) vii tic 8 nhé giot chim. K& qua I, qui trinh hinh thinh vi phit
wién cia cic hat NisCo:HCF dién ra chim vii cde khdi 1ip phiremg nano duoe phit
trién dbng déu v ndng dd khuyét 1t 16i thidw. Sy phin b cie nguyén t ciu thinh
trén NiyCosHCF téing hyp dupe mé td bing cich sir dung phép do SEM-EDS. Hinh
anh SEM vi hinh dnh Kp bin db SEM-EDS ctia Ni CosHCF, duoc hién thi trong
Hinh 3.19 (d, ¢), xdc nhjn sy phin bd ddng nhdt clia cde nguyén 1é lidn quan (M1, Co,
Fe, C, N vt K) trong toin bj cic khdi vi md. Do do, cde két qui nity chimg minh riing
Niy Co:HCF e eiiu triic tdt 8 duere tng hop think edog cho it i ede két bop cia
cic tién chat,

3.3.2. Tinh chit dign hod ciia Ni.Ca,HCF

Vit ligu hogt ding (NixCoyHCF{IT)) duge phii trdn cling véi carbon din
(AB) vil chilt két dinh (PVDF) véi ti 18 kbéi luong 80:10:10, M vili giot NMP duge
thém viio dé chuyén hiin hgp thinh dang hé nidio. Sau 46 duege phét 16n thm nickel
foam kich thirde 1 x 2 em? (viing phi vt ligu 1 1 x 1 en®), Khdi heemg vt lidu hogt
ding trén dién cwe 12 2,5 - 3,0 glem®. Ditn cwe duoc siy khd tgi 80 °C, § gid trong
tii sity chin khang, Phé CV, GCD va EIS duge do véi bé 3 dign cue, trong dé didn
cue Ag/AgCl (KCI 3M) li dién eyre so sinh, dién cwee tim Pt 1 dign cue déi, dung
dich dién 1i 14 KOH 2M,

Pha CV duge do rong khodng the tir 0,0 dén 0,6 V vii cic the dd quét tir 10
dén 50 mV/s. Tt od cic dwimg CV cia NiIHCF (hinh 3.20.{a)), CoHCF (hinh
3.20.(B)y vi NiCoHCF (hink 3.20.(c)) dlu hién thi mat edp dinh oxi hda khi, wwomg
iy v s chénjtrich xuilt cde fon K* vio mgng tinh thé [68]. Dang dién dinh anode
{fp) citn CoHCF xity ra & din thé cao hom s0 véi NIHCF, trong khi cd hai dimg dién
dinh eathode () déu duge quan sit thiy & céc viing twong tw. Puimg cong CV cisa
NiHCF, CoHCF va Ni.Co,HCF viti ede ty 1§ mol x:y khie nhau, duge ghi Tai & 50
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mV/s, duge thé hién trang hink 3.20 (). Trong sd cie miu, NiCo:HCF cho thiy cic
ghil tri coo nhit cia sy tich dinh-dinh, ding dign dinh vA do d |4 dién tich kivép kin,
cho thily dign dung riéng ki nhiit vi 1y 1§ mol 8 wu cda Ni:Co 1 1:2. Ciic dinh oxi
hoi khir déu rd rng nhimg khong nhon sic nét, khoang thé chénh 1éch giti cée dinh
oxi bod va dinh khir khoing 0,15 V @ tée dd quét 10 mVis, cho thiy co ché lim vide
cita vt ligu Ni-Co,HCF theo co ché gia tu dién hod dgng xen k&, So véi PB thi Ni,Co,
o6 dinh oxi hod khir rong hom (kém nhon siic nét) va khodng chénh léch thé gitka cic
dinh oxi hod vi dinh khir bé hon. Didu ndy cho thiy phan img oxi hod khir xdy ra
trong qua trinh chén/trich xudt ion K* xdy ra nhanh hom, tinh thuin nghich b hon, 1
nguyén nhiin dgt (01 hi¢u suft dién hod cao hom,

L;(b)

LU

Hink 3,20 CV ctia NiHCF (a); CoHCF (8); NiyCostICF (c) & cie tde d6 quét khac
nha vi ctia Ni;CoHCF & e @6 qués 50 mVis,

Tiit ca cdc bidu 88 Rundles-Sevelk cin che mbu MHCF (hink 3,21 (a)) déu hién

thi mdi tromy quan tayén tinh giita J hodc e véi cin be hai cia tie 49 quét (VA7)



67

S gia tiing cua sy tich dinh fu-foc khi e 4 quét ting di duge ghi nhin trede diy
[69-71]. Né thuimg li do khi ning truyén din electron chira 0L sy cin o khng
gian cia qud trinh di chuyén chdt dign phdn bode khi ning dio nguye han ché cia
ciic phan img dign héa [72].

Bitu db Randles-Seveik cia NiHCF, CoHCF vi NiyCoaHCF (hink 3.21 (a))
thé hign mdi quan b tuyén tink gitka Ly, vit L véi /v b sb rong quan cao i 0,99,
rrong khi 46, khi biéu difn méi trong quan gifa Ly, va L, véi v, thi hé sé twong
quan cia phirong trinh tuyén tnh chi 1 0,96 (hink 3.2/ (b). Do d6, hink vi dién
héa cita chiing duge didu chinh b qud trinh khubch tin bin vo han kidu gid w dign
dunig xen k& [84]. M3 quan hé gitra | v v ¢6 thé duge dun ra béi plarong trinh 1=
av(3.5), Nirin chung, 0,5 < b < 1. b cing ghin 0,5 thi qui tinh khuéeh tin cing déng
vaii trd chinh. b cing gin 1,0 thi qua trinh déng hoe déng vai tr i yéu o kidm sobt
chinh [85].
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Hinh 3.21. Biéu dd Rondles-Seveik fyn, T theo v (a); Bidu 46 Randles-Seveik T letheo v
(b bog (Tl s vt log(} (c); Jomtln) 50 vt log( ) ().
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Phuamg trinh wén duge bidn doi thinh: log(1) = log{a} + blog(v) (3.6), trong
A b duge xie djnh 1 dg dbe cia log{ly) hofic log(lo) so véi log(v). Che gid trj cia
b thu duge tir hink 321 fe-d) 140,50 vit 0,59 (NIHCF), 0,63 vi 0,57 (CoHCF), 0,62
vii 0,58 (NiiCo:HOF). Cée i trf ndy gin bling 0.5, cho thily cde qui trinh khuéch
tin chiém wu thé. Cic gid trj b cin timg viit ligy gin nhay, chimg 16 khi ning dio
ngwge b trong qud trinh spe va xa,

Sy dong gop cim cde bé s dién dung vi khwdch wn o6 thé dwge xde dinh i
phiromg trinh: 1=kyv + kv'®, trong d6 kev dic trumg cho hé s dién dung vi kp'?
ddc tnmg cho he s6 khuéeh tin. Chia ci hai vé cia phuemg trinh niy cho v, ta thy
duge: Iv'® = k! + kg, tir d6 c6 thé xdic dinh dwge ky vi ke Niur thily trong hink
3.22 (a), qui trinh khuéch tin chi yéu kiém scdt hanh vi cim NisCo:HCF. Déag gop
cii qui trinh khuéch tin giam, vi déng gop cia dién dung ting khi ting the 46 quét
Chinh 3.22 (b)). Didu niy xdy ra trong ty voi NiHCF vis CoHCF (hink 3.22 (c-d)).
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Hinh 3.22. Pring gip eving sudt ciia NiCosHCF (a-h); NiHCF (c) va CoHCF d)
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Buimg GCD cun ede milu 4 tong hop duge cho trén hink 3.23 (a-¢). Cie ving
thé da dinh trong nhinh xi cia cde GCD nidy phi hop vdi che dign thé dinh duye
quan sit thily wong CV, cho thy dje diém kibu gia ty dgng xen ke [84], Tir hinh
3.23¢d), dign dung hww 1 con NiyCosHCF vurgt trdi hem 8o v NiHCF, CoHCF vi
NisCoyHCF & céc ty 1§ mol x:y khic. Tir hink 3.24 fa), vi bang 3.1 & mit 4§ dong
1 Mg, € ciia NiyCosHCF 1 twomg duomg 1068 Fig, cao hom nhidu so v NiHCF
(719,3 F/g) va CoHCF (388 F/g).

(b)

-
T (8] Tims )

Hiindy 3.23. GO aia NiFICF fa), CaltCF () vi NipCosHOF (c): GCD 0.5 Afy ()
Bang 3.11. Dién dung; riéng cive NiHCF, NitCo:HOF vie CaHCF tinh tir GCDs

Mt 46 dong Di¢n dung riéng (Fig)
(A/g) NiHCF NiCoHCF CoHCF

] 98 98 553




0

Mit 46 dong Dién dung riéng (F/g)
(Alg) NiHCF NiiCosHCF CoHCF
4 1286 127,5 37
3 1875 1915 101,5
2 3104 361,3 166,7
I 719, 1068 8 388
0,5 850,2 1228,1 418,71

Dign dung cao hon cia NiyCo;HCF duge phit sinh tir higu img hiép déng gii
NivﬂComnghqpchﬂlhﬁnh:ﬁp. durge nnnb:&imﬁtnﬁye‘ul&lhnﬁn Toi. Briu tién,
su két hop ciia Ni v Co ldm ting dng hoc oxi hda khir téng thé. Co cung cdp hoat
ding oxi hoa ki cao vi truyén cleciron nhanh, trong khi Ni bé sung khi ning dio
ngige vil bn dinh cho hé thing. Pidu niy din ddn vige vin chuyén electron v ion
nhanh hon, gitip cii thign cd mit 40 cing sudt vi niiag luong cite thiée bi. Thit hai, sy
ket hop cia Ni vit Co cai thign 40 diin dign 1 vih tniyén dign tich qua vilt lidu dién
cuc, do d6 lim gidm dign i bén trong vi ting khi ning tée d. Thir ba, Co thuimg
cho phép vin chuyén ion shanh hon qua mang tinh thé do méi traimg phii hop thusn
Y1 v trang thii oxi héa linh hoat ctia 16, trong khi Ni cung cép 4§ én dinh cho mang
tinh thé, giim thidu cic thay d6i vé efu tnic rong qui trinh tuln hodn. Do dé, s
khuédeh tin cia cdc chit mang dign tich bén wong vit lidu duge e thién. Thik i, su
hign dign cia ci Ni vi Co trong ciing mt khudn khé ¢ thé dua nhigu v i hoat djng
oxi héa khir vio bén trong vit lidu, cho phép khi ning hru trr dign tich coo hon va
phin dmg oxi hia khir nhanh hon,

Bdng 3.12 cho thiy higu sult Coulombie rllt cao, & mit 4§ déng thip d1 dat
glin 100%; tir mit 46 dodng tir 2 Ag b 1én higu sudt Coulombic déu dgt 100%. Dby
niy cha thiy tinh thujn nghich cia qud trinh chén/rich xudt ion K* 1 et the. Trén
phds GCD cho thiy gin nhir khng c6 sy sut thé ndi my, Céc yéu 18 niy gop phin gidi
thich higu sudit dién hod cia Ni,CoyHCF tét hom rit nhidu so véi CeHCF hay PR,
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Being 3,12 Higu sudi Coulombic ciia NiCoHCF khi hine irie K*

Hiéu sudt Mit dg dong (Alg)
Coulombic
%) 0,5 1 2 3 ] §
MNIHCF 97,6 98,8 100 100 100 100
NiCosHCF 100 100 100 100 100 100
CoHCF 98,7 100 100 106 100 100
1500 ——— e — =
(a) uf (b) ]
~ o
Etm g o4
: e
o
g so0]
[T
O MicsIHCE
| L oy
° 1 F) 3 i [ [ " i

L2
£ (Bhem)

Cisenl | Ag)
Hinh 3.24. Dign dung riéng thee ioc df quél fa); phi EIS (5),

Bidu dd Nyquist cho bu miu (hink 3.24 (5) bao pém moe plin hinh ban nguyét
nho & tin 38 cao, bibu thj dign wa truyén didn tich (Re), theo say i mt viing iyén
tinh & tén 56 thilp hom, bidu thi trér khing Warburg lién quan dén sy khuéeh tn ion
[69-71], NiHCF (hinh vudng miu den) cb R Iém nhil, nhimg tror khing Warburg
ciing ding ké. Nguye lgi, CoHCF (hinh tam gidc miu xanh) cho thiy R thip hem,
nhung vimg Warburg it ndi bit hom. cho thdy céc dic tinh khnéeh tan jon dwpe cii
thidn so viéi NiHCF. Diéu thi vi 14 bidu o Nyquist cho NiyCo:HCF (hinh trbn méu
d0) cho thiy Ret giam so vii CoHCF v tré khing Warburg nhé hom so vii NiHCF.
Di ligu EIS so sinh cho thiy viée ké hop cd Co vk Ni vito kiung hexacyanoferrate
di cii thign diing ké higu subt dién hoa bing cich gilm Re vl 1o didu kign cho qud
win vin chuyén ion. Sy cai thign niy cé thé duge quy cho higu img hiép dbng cin
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et trung tim NnvﬂCoHnhpp,aakhiningwumcac:mﬂfénghihquﬂmmu
it diin dién 1 vl ion.

Bing 3.13. So sinh hi¢u sudt dign hod eia NiyCosHCF vi cde it lidu trén co s
Ni- vt Co- hexacyanaferrate img dung frong tich trir ndng hepng #ién bag

Khoing thé, | C, tr CV hoje TLT
Viehinlifncre | ol aspmn GCp Dybéndifnhad |
006V, 370 Fig toi 5,0 | 95% (5000 cha ky [%6)
Ca"HCF{I11) 2IMKOH Alg i 5 Alg)
00,6 V, 485 Fig tai 1,0 | 92% (2000 chu ky
MR | s awin Mg wisag | 11
06,0V, 350 Fg tai 1,0 | 80% (2000 chu ky
Co-MnHCF(I) el g b | Alg) (88}
-0,1-05V, ; B6% (2000 chu ky
Fe-CoHCE(IT) iMKon | P0FRmilAg wi 1 Alg) [89]
0.8V, 360 Fig tgi 1,0 | 74% (1000 chu ky
NifCo"HCF(IT) 0,5 M NazSO _;53 tai 0,2 Alg) (0]
0107V, | 441 Figui 1,0 | 91% (6000 chu ky
coticeam | ML Ng wiloag | O
1,0V, 202 Ffg i 0.5 | 73,1% (3000 chu -
COMHCRID, - o Nt Alg kymi oA | 192
=hi-1,1V, 250 Fig i 5 93,5% (5000 chu (93]
QOB | | ot ivaaso; mV/s ky tai 100 mVis)
CLOV, | 288 Figai0s | 93% (8000 chuky |
Co"HCF(IIT) 65 M Nest G N ti 10 A/g) [94]
01,0V, 208 Fig tai 1,0 | 94% (1000 ehu kg g
Co"HCF(II1) 0.5 M NasSOs A i 5 Alg) 78]
01OV, | 284 Frgtai 1,0 | 92% (5000 chu kg .
CoMCHI) | | gy Ag wiloag | 19
01V, MTFigwis | B14% (2000 chu (96}
CoHCF(IIT I M NasSO, Vs kv tai 2 Adg)
== | OLOVC | 306Fiewis | 74.2% (2000 cha
WNPHCF(ILT) 110 M NasSOs Vs kgl 2 Adg) [%6]
01,0V, 466 F/g i3 | 87,9% (2000 chu 96
Ni"Ca"s HOF(TIT) LOMMN /s kY t3i 2 Alg) [96]
2818 Fig tgi 1,0 | 93% (3000 chu ky
Co"HCFIIN) 0-10 V vy wsAg | B
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Vit ligu dign cye '::;::"F‘;"ﬁ‘ | @ '*G‘é,";_““ [ B4 bl a0 hoi | T;T
0.5 M Na:S04
S— 1,901;10;1:.% % 41 F‘Er !Iai 1,0 311.;?;} I'mhu -
CoHCE(I) a;}:‘l.::s.m 320 Fﬁémn,i s.n; -:ism :::ka' [99]
: pre——— _;D:-;i t‘i 180 r}'-:ﬁgi 10 | 58% u;(n :?GL z)hn ey m
o HC—F("'I‘ Mﬂ;l ﬁ:éo. 4 F;;)i Wi Lo | Be% ém ::;u ki “;
e A

Bdng 3.13. sosinh higu qua dién hod qua gid trj C, gitta md viii viit ligu dién
oyc trén co s& Ni- vi Co- hexacyanoferrate sir dyng cho siéu ty dién, rong do
vit ligu ?'ﬁ;Co.HCFcﬁnluéniulhéH&uwmévmIr-ﬁivéﬂiéudmribls
cing nhur 43 dn dinh. Tuy nhién, khi sir dung chét dian i 1a dung djch KOH
2M thi cira s6 the lim viéc lai twong déi thip.

3.3.3. Bie trung dign hod ciia siéu ty dign tgo tie Ni,Co,HHCF

NiyCozHCF duge trin cing véi AB vl PYDF theo ti 1é khéi lwgug 80:10:10,
mdt vii giot NMP dugc sir dung dé chuyén hin hop thinh dang hé nhilo. Sau d6 hi
hgp due phét lén bé mit cin im Ni foam trong vimg kich thirdre 3,5 x 4,0 em? va
sly trong tit shy chin khéng & 80 °C thivi gian § liéng. Dign cue ndy duge sir dung
libm cathode. Khdi luong vt ligu hoat djng NiyCosHCF trén b miit didn ey ld 6 — 7
mg/em’. Anode duge chuln bi tuong 1y véi carbon (AC) vA PVDF theo ti 1§ khidi
fuegmy 90: 10. ﬁmodnviuthmdtlnclmd:ﬂwuépdmwﬁuhlucﬁvﬂnginuglh
nhing ngip rong dung dich KOH 2M,
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. Gmrjl-ll;m'l;
Hinh 3.25. (a) CV ciia AC vt NiCostCF i 50 mVs. Higu sudt link kién: b CV:
() GED:: (d) Sy ph thuge €, véo mit d6 ding

Buimg CV cia AC v NiCo:HCF & 50 mVis (hink 3.25 (a)) bidu th kinh vi
EDLC djic tnmg cia viit lidu gée carbon, vi hdnh vi gia dung do céc phan img
Faradaic cia NiCoHCF, Duimg CV cia linh kign (hduk 7,25 (B} e6 hinh dgng gin
viii hinh chi nhdt, bidu thi dc tnh gid dung, Mic dit edc dwdng CV bj méo nhe & 1dc
dﬁquﬁtcnuhm(ehlnaukhué:hlﬁnhgncbécincé:im).liuhkihvﬂnduynihim
vi dién dung 1, liim ndi bt tidm ning ciia né 86i véi cae tmg dung cing sult cao.
Buimg GCD cita linh kign (Hink 3.25 (c)) cho thily sy sut gidm IR ding chil § & ding
dign cao hom, bitu Ilu't&nlh:‘ll:ﬁmhﬁﬂng]ﬁlfﬁﬂ&?ﬁfd)bi&umiuﬁimﬂ
gita dién dung dign tich cia linh kién véi mit 43 dong,
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Bng 3.14. Hidu sudt Covlombic cia sidu y dign ché e tir Ni;CoHCF

Hiéa sule Mk 00 dhog ()
Coulombic

%) 1 2 3 4 5
Sidu ty dién 774 786 81,3 844 85,8

Bing 314 cho thiy hidu suit Coulombic cia situ 1y dign ché tpo tir
NiiCorHCF tuong ddi cuo (gin gdp 2 Lin so vai siéu ty dién ché 1o tir PB). Didu niy
cho thity NiiCoHCF 6 sir twong thich st vé te d§ chén va trich xudit ion K* véi
difn cue ché tao i carbon.

Mai quan ¢ it mit 4 ning hrgng va mflt 3 céng sudt cia linh kign nguyén
milu dge md 1 trong eie bibu 46 Ragone i hink 3.26 () vik bang 3.15. Nhu 42 thiy,
linh kign cin ludn dn dit duge didn dung riéng theo didn tieh vurgt trdi so véi cde viit
lifu dirgie bio cio gin diy. Hinh 3.24 (h) minh hoa d3 dn dinh chu ki cia thilt b
duge thir nghiém & ding dign 5 mA/er®. Linh kién gitt dwoe 87,7% cdng sudt ban
diu sau 2000 chu ki, cho thiy 4§ dn dinh vii 46 bén 18 trong this ginn dal, nhér 85
bén vit liéu dign cyc 15t va mi trimg dién héa én dinh bén treng linh kién, Cic bidu
8 Nyquist duge ghi Igi & chu ky ban diu vi s 2000 chu ki (hinh chén trong hink
3.26 (1)) cho thiy Ra vt nho vi mdt dwimg thing wong viing tin sé thip, cho thiy
binh vi dién dung 61, Sy gia thng nhe clia Ry sau 2000 chy ki cho thiy dign tr bin
trong ting nhe, xde nhin thém df bn dinh va 83 tin cdy ciin linh kién. Cie dic tinh
dign héa trén cho thiy higu sullt cin bing 1t véi mit 46 ning lugng vi cing sult eas,
i dm dinh chu ki v,
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Hink 3.26. {a) Bidu 46 Ragone; (b) DY) dn dinh chi ki) i deing 5 mA/eny’. Anh chin,:
Phd EIS dr chu k3 ddu tidn v saw 2000 chu ki

Bangy 3.15. Higu qué dién hod ciia thidh b tao ti vt ligu N CorHOF

; = Mit 4§ Miit db
Mitdg ding | Dién dung ridng
% ning lugng chng sult
(mA.cm?) {mF.cm?)
(nWhem?) (W .em®)
10 2380 744 750
20 108,5 139 1500
30 555 173 2244
40 268 84 3009
50 14,5 45 e |

Tiém lyi, luiin dn da tdog hap thinh cdng cde khdi p phurong Ni.Co,ICF hiln
hgp mdi 6 hinh thii vi ciu tric tinh thé ddng nhit. Cic phép do dién hoa cho thiy
tinh pivit hop cin cic khdi ip phirong Ni.Co,HCF lam vt ligu dign cure logi gid ty
ﬂnguuﬁdmsihmﬁénwmdungchﬁﬁénﬁ\énnuﬁt.ngsécé::vﬁtii{u
wbng hop, cic khii lip phisomg NijCozHCF thé hién dién dung riéng can nbdt 14 1068
Fig & dong dign | Afg. Linh kién sicu ty dign lai dung méi nude duge ehé tzo bing
vit ligu NiCozHCF cung elip mit dg nfing heong 74,4 pWhicm? & mdt 44 cong sudt
750 pW/em® vit 4,5 pWhicm® & mijt 48 cong sudt cao li 3724 pWiem?. Linh kign viin
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gilr duge 87,7% cdng sudt ban diu sau 2000 chu ky & mit 43 dong dics 5 mA/em?,
cho thily tinh todn ven vé mar eliu tnde vi 4o bén dién héa munh mE coa vit lidy
NiiCozHCF. Higu suilt dién héa duge cai thign ding ké cia cic khéi lip phuong
NijCo:HCF 1d nhir higu tmg hidp ddng gitm Ni vi Co wong khudn khd
hexacyanoferrate. Do d6, nhitng phit hién cta fujn dn 43 lim ndi bit tim ning gy
hira hen cia hexacyanoferrate kim logi hén hop lim dién eyre bigu sudt cao cho siéu
t dién nude. Cic nghién oiru trong twong lai s@ tap trung viko vige 16i wu héa thinh
phiéin dién eye vi kham phi cic clu binh lai khic d# ning cap hon nir hidu sudt vi khi
niing img dyng cia cic vt lidu ny rong cic bé thing luu trit ndng hrgmg thre i
DE cdi thién hiéu sudt dién hod, ngodi viée thay déi thinh phin cla vit
ligu thi sir dyung chat dién 1i phi hop ciing 1 mit hudmg nghién ci nhida bira
hen. Trong nghién ciru tiép theo, luin dn sir dyng chit dién li chiraion Na* thay
vi cic chilt kién i chua ion K' trude do.
3.4. Khio sit tinh chiit ciia Ni,Co,HCF ghu Na vii vigc tich trir ion Na®
3.4.1. Dje trung tink chit cita NiCo,HCF gigu Na

Hink 3.27 {a) 1 giin 86 XRD cin NiHCF, CoHCF. NisCoiHCF, vi Na-
NizCoHCF, Céic milu déu thé hién cie dinh dic tnmg et ciu tric 1p phirong tim
mill (foc) dién hink cho PBA. Véi NixCo/HCF, ede dinh & 17,57, 24,91, 35,54, 39,52,
43,94, 51,75 va 58,34" wong img véi cic mit mang unh the (200}, (220), (400),
(420), (422), (440) vi (620) (JCPDS sb 86-0502) [101]. So sdnh phd 0d cia
MiaCoiHCF vit Na-NisCo HCF, ¢6 thé thily riing vige két hop ede ion Na® khong lim
thay ddi ddng ké clu tric tinh thé vi kich thirée tinh thé cia NisCoiHCF, biing ehimg
W cde vi tri vit chifu ring cc dinh nhidu xa cuc dgi trong e nhay, P niy cling
cho thiy riing eic 15 tréng bt dién trong mang tinh thé da km dé chir mit hrgng lim
cde jon Na* mi khong énh hudng ¢én chu tric khung cia né. Sy dich chuyén nhe &
vi tri dinh vi nhimg thay d6i vé cuimg 4§ dinh cho thiy sy bién dgng mang tinh thé
nhé hode nhimg thay ddi vé 6 kit tinh do sy két hop Na™.
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Hinh 3.27. fa) Nhiéu xq dé XRD; (b) Phé FTIR ciia NiHCF, CoHCF, NisCaHCF,
Na-NisCoHCF
Tir gidn db XRD tinh duge théng s& mang tinh thé a theo cdng thirc 3.4, rong
46 ds 1 khoang cich gitrs cic mlt mang hkl, tinh theo cdng thire Bragg: ) =
2abin sinfhas, Vi bire xp CufI,) thi & = 1 54056 (A)

Bing 316, Thing sd mang tink thé cia NixCorHOF(H)

28 (dd) dhas (A) bkl b+ ki + 1 a(A)
1787 504350 200 4 10,09
2491 357152 220 8 10,10
35,54 2,52388 400 16 10,10
39,52 227838 420 20 10,19
43,94 2,05890 a2 24 10,00
51,75 1,76504 440 2 9,98
58,34 158038 620 40 10,00

Gid tri trung binh cia kich thwde & mang co ban I 10,08 A Thé tich trung
binh cua 6 mang cor bdn 18V =3"= 1,02 am®,

Khi so sdnh vai NixCoyHCF(II) o phin 3.3 thi Ni.Co,HCF(Il) & phiin niy c6
cie goe nhifu xa 20 I hon mét chit img véi timg dinh nhidy xa cia cic mit mang
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tinh thé, tir ds din 161 Khodng cich cdeh mjt mang ahé hon, kich twde mang tinh thé
cilng nho hon (10,08 A so vei 10,18 A). Bidu ndy s anh huong trye tiCp tehi khi ning
khuéel tin cila cde ion vao/ra khoi myng tink th, e dong 16 higu sult dién hod caa
wvijt ligu,

Hinh 3.27 () hién thi phdt FTIR cia NIHCF, CoHCF, NixCotHCF vii Na-
NiCoiHCF. Phé cho thiy dinh hip thy manh nhile & vimg s sng ~2100-2200 em-'
i dje trung ein dao ddng déo gin  kéo dii {(~C=N)  trong eliu tnic cin
hexacyanofierrate, Sy thay déi rift nho vé sé song vi cuimg 46 cho thity sy thay ddi
khdng ding ké rong méi truimg dién tir xung quanh cic phéi i -CN gy ra béi cic
kim logi (Ni, Co, Fe). Cic dinh & ving s6 song thip hon (600-610 cm) twomg img
v cic dao dng bic cdu kim logi-cyanide-kim logi (M-C=N-M"). Cic dii ring trong
viing 3000-3500 e chi ra sy hién dién cia cée phin b nude hode nhom hydroxy]
tién két trong chu tric [101, 102], Cée dinh quan sét duoe & khodng 1600-1700 em™!
€0 thé lién quan dén dao ddng udn cong cia H-O-H trong mang tinh thé hodc nude
xen ke ¢ trong clu trlie. No-NiyCoiHCF cho thdy céc dinh hilp thy twomg ty nhy
NisCoHICF, cho thity sw két hop Na® khong tao ra ¢ie ahém chire niing mdi nhng
o thé im thay déi nrong tie gitia cie nhém hign cd, Si dich chuyén nhe hodic thiay
@i cutmyg d§ dinh cho thiy nhimg thay 8di trong méi tnrimg lién két do sy kil hop
Na', c6 thé dnh hrmg dén cic dic tinh dién héa cia vit ligu.

Hinh 3.28. Anh TEM, SEM ciia NixCodICF fa, b); Anh TEM. SEM ctia Na-.
NisCo, HOF (e, d).



&0

Anh TEM ciia NisCo/HCF (hink 3.28 () hién thi cic kbdi lip phuong nho
disgre xde dinh 0 voi kich thirde trung binh khoding 100-120 mm va cdu tric tinh the
cao. Aunh SEM cla NixCoiHCF (hink 3.28 (b)) cho thly cic hat dong déu vi duge
dong goi day diic, thuin lgi cho cde img dyng di¢n hda do dién tlch bé it hogt ddng
ting 1. Anh TEM vii SEM ciin Na- NisCoHCF (hink 3.28 fc-d) cho thily mdt sd
khoi lip phuong cé kich thude nhé hon nhidy vin dwgre quan sit thity; oy nhién, phin
lom: che hat thé hign cic mire 6 két ty khiie nhau, cd thé tao ra che kénh xdp hen so
vii NisCosHCF, diéu nily o6 thé lim ting sy khuéch tn jon trong cic chu kv. O diy,
dung dich Na' ndng d cao c6 thé khién can bing phan 1i cia sodium citrate dich
chuyén theo huong ngwye lai. Do dd, ndng d4 ion citrate s& giim, khit nfing tzo phire
wiri Ni?' vi Co™ 8@ gidin,

.Elmuuli Wolght | Atomis |
| % b

Hinh 3.29. Pl EDX cita Na-NisCoiHCF

Thinh phiin nguyén t cim mis Na-Ni;CoHCF dhrge phin tich bing phuomg
phip quang pho tia X phin tin nfing rgng (EDX). Phé EDX cia Na-NisCoHCF
(hinh 3.29) cho thdy sy hign dién cia Na, K, Ni, Co, Fe, N, O va CI dudi dang tp
chit. Khi so sanh véi NizCo HCF, Na-NizCoiHCF cho thiy ty 1& mol Ni:Co tweng
nbau I§ 2,56, him lugng kim loai chuyén tép (Ni, Co, Fe) vi If trdbng [Fe(CN)] cao
hom, him lwong kidm gidu hen v [t nede tinh thé hon,

Hink 3.30 fa) cho thiy pho khio sit XPS cia mbu Na-NixCos HCF, chi ra sur
hign dién cia tht eh che nguyén 1 (Na, Ni, Co, Fe, 0, C vi N), khéng cé tap chil.
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Thitnh phiin nguyén 1 cia Na-NisCol HCF thu duge tir dir liéu XPS gidng hét véi
thitnih philn thu due tir két qua EDX. Phé XPS quét hep cia Ni 2p dhink 3.30 (b)) vé
Co 2p (hink 3.30 (¢}) déu cho thiy hai dinh chish d8i véi trang thii 2p'? & ning hrgng
lién két cao hon (8737 oV dfi vai Ni; 7968 ¢V a8 véi Co) va trong thili 2p™ & niing
hngmg lién két thip hom (856,3 €V i vdi Ni; 780,6 eV 8i vai Co), dure cing nhin
rong i li do lién két spin-quy dgo. Khodng cich dinh I 17,4 ¢V déi véi Ni vii 16,2
€V ddi véi Co, cho thity trang thii jon 2p. Cie dinh niy dugc gidi xofin thém dé phin
bit cdo trgng thai ion Ni** (& 856,3 v 874,1 eV), Ni** (857,0 va 876,5 ¢V), Co®
(781, vit 797,1 eV) vi Co® (780,4 vi 795,6 eV). Ngoii ra, cic ey hinh XPS Ni 2p
v Co 2p cling thé hign cdc dinh phy, thé hién 0 ring vé cdc trang thii héa i cha
Hp dhy trong Ni vi Co. Tueng ty nhur viy, phd XPS quét hep cia Fe 2p (hink 3.30
(d)) cho thiy cic tryng thili Fe 2p* (& 708,7 V) vit Fe 2p'7 (i 721,5 V) vii khoding
cich dinh 1 12,8 eV, cho thiy sy hign dién cia trgng thii jon Fe?,

msm?; ib) Nizp 2P

Iy o]

Intemsity s}

fise 100 e e AD0 0NN 0 & 5 B M3 B S ME Ba W

Wineing snargy (&) Binding snegy (#V)
ic) Cozp pia (d) Fe2p 20
i Fi
; E 10
E 5
w4 ™M TR MW 0 ™ @ My M0 s oo
Binding sanrgy (v} Biruding energy (a¥)

Hinh 3.30. Phé XPS ciia Na-NisCoHOF



Tir ede dir lidu phin tich chu tric, khiing dinh duge 44 ting hop thinh
cdng ede vilt lidu Ni,Co, HCF(I1) vi Na-NisCoHCF(II) ¢6 hinh thi lip phirong
1o nét, Na-NbCo HCF(ID) e6 sir két tp nhidu hon so viéi ele médu NiyCo HCF
khong lm gidu fon Na® khi didu ché. T1 1§ thanh phiin vit lidu didy ehé duge
treng Gmg véi 1§ tién chilt sir dung, trang thai sd oxi hod +2 cia iron duge
bio v thinh edng trong qué trinh didu ché.

342, Tink chit difn hod ciia NECo HICF giiu Na

Ciic vt lifu hogt ddng (NIHCF, CoHCF, NiL.CoHCF, Na-Ni,Co, HCF), chit
din (AR} vt chdt chit két dinh (PVDF) duge phdi trin theo 1 12 80:10:10 v& khdi
Tagrig, mdt vii gigt NMP duge thém vilo 0 chuyén hin hep thinh dgng hi nhio, Sau
6 dwoe phét lén tm Ni foam (dién tich phii 1a 1 x 1 cm?), sly khd trong ti sly chin
khéing & 80 °C thiri gian 5 gid. Khii luong vit lidu hoat ddng phii 180 dién eve 1
khodng 2.5 mg/em’. Ciie phép do dién hod duge thye higa véi dung dich Na; S04 1M,
CV duge do trong khodnog thé 0,3 dén 0,9V, véi cic e 8§ quét chim tir | 61 5 mVis,
GCD duge do vid cic mdt 4§ dong 0,5 dén 5,0 A/g khodng thé 1 0 dén 0.8 V. EIS
duge do trong dai tln 56 1ir 0,1 Hz dén 100 kHz tai hido dién thé 10 mV.

Phi quéi thé i hodn CV i cde vit ligu didu ché duge thé hién trong hink
3.31 fa-e). Nhur dd thily, che dinh oxi hoa khir duge phin gidi it va tch bige da1 vai
cic cip NEYY, Co™ v Fe?'™* khing thé phin bi¢t duge trong cde phd CV. Thay
il 86, chi cd mdt clip dinh oxi héa khir mer ring v ching chéo thu duge duoe cho
tiit ¢ cdc milu, nhir 83 quan sit mede ddy [103-105]. Diéu niy c6 thé duge quy cho
sir khdng hogt déng dign hou ciia Ni** trong cim 56 dién hia cia chit dién phin
mrdre dwoe sit dung trong lufin dn nay [103-105), tuy nhién vin cdn cic nphign cing
siu hon dé cb thém hiéu biét siu sic vé hoat ddng dién hod cia eip Co™™ trong
pham vi dién thé niy. Do d6, hogt tinh oxi héa khir cia cée miu 1éng hap chit yéu
lién quan dén cic trung tim Fe**™* duge phii hop véi cic phdi tir cyanide, thi cdc
trung tim nickel vii cobalt ¢b the |4 cic chit diku chinh cdu tric hodie dién tr gitp éa
dinh khung, dibu chinh mit 4§ clectron cia cic trung lm jron hoje dnh heimg dén
cie djc tinh viin chuyén jon, Ciic dinh oxi héa khir quan sdt dge trong it ci ede 8b
thj CV tang theo the di quét, cho thily phin tmg oxy héa khir bi i han bai khuéeh
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tin | 106], trong (g vdi vide chén va log bé cde cation Na® vdo bolic ra khoi mang
T [68].

03 04 08§ @6 0F 68 09 T % & —d k.
Potantisl vs, AgAgE! (V) Sean rale fmills]

Hinh 3.31. Cic duvmg CV cria NiHCF (@), Col?CF (b), NieCosHCF (o), Na-NoCoiHCF (d),
vi el 1 ca vt ligu oo SmV s fel: () G tinh o edic tée @5 qués khde nhai

Bitu thil vi i duimg cong CV citn NisCoHCF (kink 3 31 (c)) cho thiy phin

img dong dién duge ting ewimg so véi ca MIHCF va CoHCF, 16 ring li do higu img

higp dbng gitta hai trung tim kim logi [71]. Déng théri, cde dinh oxi hoa khir ciia no



trér nén hgp hom, cho thily kinh vi Faradaic nhiéa hon [ 106] két qua dr sit két hop gita
ede v i NI v Co. T CV cun NiuCoyHCFs v e o 18 Ni:Co khic nhau
{(NisCoi HCF, NizCoHCF, NiiCoHCF, NijCosHCF), thily rdng NisCoiHCF ¢6 dién
dung riéng tét nhit, Vi viy, NixCo/HOF duwge Iy chon @& thém ion Nu® vio, CV cia
Na-NisCoiHCF fhink 3.31 (d)) cho thily sir céi thién ding ké vé ca dong dign cye dai
vil d6 ring dinh, cha thily hogt ddng oxi héa kit duge ting cuimg vi déng hoc nhash
hom. So simh trye tiép Ut ci cdc viit ligu & 5 mVs (hink 3.3/ fe)) chi ra ring dién tich
ciia dudmg CV s Na-NixCo/HCF Idm hom nhidu so véi dign tich cia NisCo HCF,
NiHCF va CoHCF, thé hi¢n C, lém nhit. €, ciia cic viit lidu theo céc tde 8 quét khic
nhau (Hinh 3.3/ () thog theo thit wr CoHICF, NiHCF, NisCoiHCF va Na-
NisCoHCF, chimg minh rd ring tic d0ng tich eyre el vide két hop Na® vilo vide cai
thién cdc dic tinh dién héa cia vilt lidu thy duge,

Bidu 08 Randles—Seveik (Hink .32 (a)) bidu thi T vl fo theo V2, Tt ¢ che
milu déu cho thiy méi quan hé wyén tinh véi cie gid i R? higy chinh cao hon 0,99,
phin dnh hinh vi dign hon duge kidm soit bing khuéch tin [84]. Trong khi
NixCoiHCF cho thiy sy ting cwimg hiép diing cim T, vi e khi 50 sdnh véi NiHCF
vit CoHCF, Ma-NizCoHCF the hién dbng e v e coo nhit rong s it i ede vit
lidu, xic nhin ddng hoc kiméch tdn ting cudme do sirkét hop Na*. Sy tich dinh ting
theo we 46 quét ¢6 thé do dién tré ting, do sy hyn ché truyén electron, hode do sy
cin trt khdog gian cin s di chuyén chit dign 1, cde qud winh dao nguie dign bod
chitm hajjc khing dio nguge [69-71].

Mt khic, méi quan hé gitta 1 vil voling thirbmg dipe md 14 thing qua phuomg
trinh [ = av” hodic log(l) = log(a) + blog(v) [85]. Trong d6, n vi b duge xdc dinh g
che d thi log(le) va Jog(le) theo log(v) (Hinh 3.32 b-c). Cic gid irj b thu duge I
0,56 vit 0,58 (NIHCF), 0,65 v& 0,62 (CoHCF), 0,60 vii 0,58 (Ni:Col HCF), 0,68 vA
0,66 vi (Na-NixColHCF). Ciic gl i niy chi ra vai trd chil dyo i cic qud tinh
khuéch tin trong hanh vi di¢n hén cim vit ligu téng hop, didw ndy ciing duge minh
hoa trong hinh 3.32 d vi hinh 3.33 (o).
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Hink 3.32. (a) Bidu 86 Randles-Seveik; (b) logflps) ve. log(v); (c) logtiu vs. log(vi;
(d) Ding gdp cong sudt

Phé EIS cin e viit lidu duge tdng hop duge thé hign trong hink 3.33 (). Biby
4 Nyquist ibng quan cho thily nrong tic tré khang, trong dé phin thye cia i khing
(-2 dhrge bidu didn theo philn 4o (Z7). Dogn chin ciia bidu 48 Nyquist v tre thye
trong ving tin s8 cao bidu didn didn td tuyén didn tich (CTR) va d9 dée & thn 58
thip hon bicu dién trr khing Warburg, lign quan dén sy kiudch tin ion. O diy, trong
56 cic miln, Na-NizColHCF thé hign CTR thip nhit va sy khuéch tén ton cao nhit.
Do d6, dit ligu EIS hd try thém cho két qua CV vt GCD, cho thiy sy két hop Ma' lim
tang dd din ion vit gidm dién o, gop phin cai thién hiéu suft dién hoa.



Hinh 3.33. (a) Ding gdp ciony sudi; (B) Bidu dd Nyguist,

Hinh 3.34 hidn thi két qui GOD cila che vilt lidu 48 tdng hop do & cic mt 49
ding tir 0,5 dén 5 Ag, cho thiy ciu hinh nap-xd dién hinh cia PBA, vil chi ra ting
Hinh vi dign héa ciin cde viit ligu tbng hop 13 womg nr shau, So sinh trye tiép vt ci
cie vit lidu & 0.5 Alg thinh 3.34 (e)) cho thily rd ring ring Na-Ni;Co/HCF 6 thir
gian sge-xi dii nhilt, difu ndy ciing phit hop véi phin tich CV, C, cia cdc vit ligu
khiic nhau & nhiu mit ¢4 dong dign khic nhau (0.5-5 A/g) dwge cho trén hinh 3.34
). Ninr da thily, C. cia Na-NisCo/HCF vugt trdi hom so véi cde miu khie, cho thiy
hifu sudt dién lda dunge cai thidn ding ké do higu dmg tich cye oia vige két bop Ni?*
vil Co™, cling nhu sy két bep Na',

Bang 3.17. Higw swdr Cowlombic etia Ni,Co,FICF khi lwu trit Nat*

Hiéa sut Coulombic Mie 49 ddng (Alg)

(%) 0.5 I a8 | s
NiCHF 9,1 | 942 | 954 | o2 | wo | 100
CoHCF 79 | ™6 | 825 | 874 | 912 | @2

NiyCoHCF 982 | 994 | 10 | 100 | w0 | 100
Na-NiCoHCF | 975 | 982 | 100 | 100 | 100 | 100
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Hinh 3.34. Prdmg GCD ciia NUHCF (a), CoHCE (b), NbCoHOF (e), Na-
NisCoHCF (d), va tir od cde vt ligu & 0.5 Alg fe); Figu sudt tde 83 () v phi EIS
{2, ) ctia tdr cd cic vt ligu,

Tir dit ligu hing 3./7 cho thiy higu sult Coulombic cin cic vit lidu
NisCo,HCF kehi furu trif ion Na® déu rit cao. Cic két qui v higu sufit Coulombic ciing
gop phin gidi thich v& hiéy qua dién hod ciia cic vt ligu. CoHCF b higu sudt
Coulombic nhé nhit eling nromg (meg 1 vit lige o6 hiu qui dién hod thip nhdt (fink
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.34 ). NuCoHCF vil Na-NisCorHCF 12 2 viit fifu 6 higu qua dién hod tdt nhit ciing
turerng drng 1 2 wit ligu o6 higu suli Coulombic ldn ahit (In hom 97% & milt g déng
thilp, vik dgt 100% & ciic mit 08 dong cao).

Bing 3.18. So sduh higu sudt dign hod eda mgr g6 PRA trin co s Ni, Co cho li

it namyy Furerng
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Cimsbwnd, [ Loy :
Viitligu digneye | Dung djeh 2 D§ dn djnh TLTK
i hodie GCD
mn—li | i -
: 1 oAV, A3 Flg | 7,3% (10000 chu
COMCFUN) | | & M NasSO wilong | wwioap | P
LoV, #8.9 mAhig | 3% (5000 chu ky
L
 COHEFID | oM NaSOu | 1105 Alg tai 20 Alg) 199]
= 0V, T80F/g | 58% (1000 chu ky
CHMCID | | MKNO, | wi 1omVis tai 1 Alg) mn
i LOv, 4 Fig E6%5 (5000 chu ky
CoHCRA | o5 MNmSOu | i 10 Alg witag | 100
N DRV, 303,15 Flg | 83.7% (2000 chu k§ | Lugn
NifCo" HCF(I) | 1,0 M NagSO4 | 12i 1.0 Adg i SmAem?) | dnniy

Bing 3.18. so sinh hidu suiit dién hin coa mit s PBA dyra trén Ni vil Co, cho
thily vit ligu Na-NisColHCF ciin luin &n cho higu suft dién hod thude nhém 1t
nhdt khi luu it jon Na*. ©6 mit quy luit quan trong d6 §i vit lidu
NixCo,HCF(IT) cho hiéu suiit dién hod 1t hon so véi Ni,Co,HCF(TIT),

3.4.3. D trung dign hod ciia siéu ty dign tgo tic Ni.CoJICF gidu Na

Vit 1igu hogt dding (Na-NiyCo HCF), AB vt PYDF duye phdi trin theo 1 1
BO:10:10 vé khéi Tuomg, sit dung NMP dé chuyéa hén hop thinh dang b nhio.
Cathode dige chudn bj bing cich phét hin hop trén 1én tim Ni vai dign tich phi 14
3,5 x 4 om’, sy kh & 80 °C thivi gian Sh rong 0 sdy chéin khdng. Khdi hugng vit
lidu Na-NisCoyHCF khodng 6 - 7 mg/em®. Qua trinh twong tw dirge sir dung dé ché
ts0 anode, sir dumg AC v PVDF v 1i 18 90:10 theo khéi hugmg. Anode vé eathode
dwoic ép chit vio nhau véi tim nglin & gilta, nhing ngdp trong dung dich Na:SO, |
M.

Buémg CV cia than hogt tinh vi Na-Ni;CoHCF, do & 10 mV/s (Hisk 3.35
fa)), than hogt tinh hién thi duimg cong CV gn ol hinh chik nhit, dic tmg cho
hdnh vi EDLC dién hinh cia vit lidu gdc carbon [80}. Nguge lai, Na-NiyCo HOF thé
hign cdc dinh oxy hoa khir riéng biéy, bidu thi phin img Farudaic va hinh vi gi dung
[58]. Dudmg CV cin linh kign (hinh 3.35 (b)) lim ndi bt cdc e didm gia dung, biing
chimg I hinh dang gn nhu hinh chir nhit cia ching. Mic dii o6 mol b bién dyng
nhe & 10 83 quét cao hiom do sy khuéch tin ion han ché, linh kién vin duy trl hinh vi
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dién dung 1, cho thily tinh phi hop cin 06 ddi véi cie img dyng coag sult can. GCD
(hink 3.35 fe)) cho thily sy syt giam IR ding k& o dong dién cao hom, cho thily tén
thilt dign trir tiing 1én. Hink 3.35 (d) cho thily mdi quan b¢ gitm didn dung ridag theo
dign tich cua linh kign vi mit 4§ doag,

,i (a) 0 mivs

f—

| —=

3 ——%-MCaHCF
B T Y T T W " |
Potentid ve. AglagCi (V)

aradd . (d]

1 H a4
Cuirrmni{miem’)
Hinh 3,35, (a) CV cia than hogt tinh {C) va Na-NoCo:HCF & 10 mVs. Higu sudr
linh kign: ) C¥: () GCD; (d) C, vs. deing
Bing 3,19, Higu sudr Coulombic ciia siéu ty dign ché tao tie Na-NiyCo JHCF

Hiu suft Mit dd ding (mA/cm’)
Coulombic
(%) 1 p 3 4 5
Siéu i dign 56,6 80,5 875 K98 81,5

e 8 ligu vé higu sult Coulombic tuomg déi cao tir bdng 3.19 cho thdy tinh
tromg thich etia vt lidu dign cye Na-NiyCoHCF véi vt lidu dign eye carbon trong
vide hru trit jon Na'. Higu sufit Coulombic cao chimg 16 khi nfing dio nghich eia jon
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Na' trong qud trinh chén v trich xult vio — ra khoi mang tinh thé cia Na-NisCo, HCF
14 s 1.

Biu dd Ragone trong hink 3.36 (a) md ta mbi quan hé gitta mit d¢ niing lugng
vil mjt 49 edng sudt, cho thiy hidu sudt didn tich virgt 1rdi eda linh kign cia ludn dn
80 véi cle viit lidu duge bio cio gin dity [109]. Link kign niy cung clp mit 48 ning
hegng coo L 166,15 pWhicm® & mit 46 cing suit 13 1800 gWiem?®. Hink 136 b}
minh hoa 49 6n djnk chu k¥ cin thiét bj duge thir nghigm & dong dién 5 mA/en?,
trong dé thict bi viin giit dirge 83.7% cong sudt ban ddu sau 2000 chu ky, chimg 16
) on dinh va 83 bén tuyét viri trong thivi gian dii. Sy suy giam dién dung 161 thidu
trong qud trinh chu ki kéo dii 1 do vit liéu dién cye chic chin vi mai truimg dién
ison on dinh bén trong thiét bj.

Phis EIS, dwge bifu difn bing bidu di Nyquist & chu ky dAu vi sau 2000 chuy
ky (hinh chén trong hink 3.36 (b)), cho thy Re rit nho vi dudmg géin nhu thing @
viing tin 54 thilp, cho thily hinh vi di¢n dung tdt, Sy gia ting nhe cia Ry sou 2000
chu kj cho thily di¢n trér bén trong ting nhe. Nhin chung, EIS viln khing thay 8]
nhifu, xic ahin 06 dn dinh va 40 tin ey tuy@t vivi cda thidt bi trong qui trish twdn
hodn kéo dii. Cic dic tinh dién hoa niy cho thiy hidu suft cin bing 1t vai mit do
ning wgng va cing sufit cao, 43 6n dinh tufin hodn i,

L 1 r —
—O—Cofe-PEAIMCT = |
- (a]-e--m'n 1 - (b
400  ——PEDOTPES.AGSINWS il
5 g CaHCF TSI £ ‘|
| e MEOEC-RINWE | o nr
i:m' - Syt | " o°
E l -Thwen | g"
M- | g, U CD
g | £ol i
Sl i /{a
E | = At 2000 cirten
Oi%‘b . o u- lu ; 1
% gem iebos  weiwe 30 U5 g — T
Power density (W cm?) cvﬂnm

Hink 3.36 (a) Bidu dé Ragone; (h) D dn dink chu & & dong dign 5 mAjem’. Hink
chén: Phé EIS i chu ki ddu tidn v sau 2000 chi k.



92

Tém Ipi, hudin dn 42 tdug hop vi nghién eiru tie ddng cia viée két hop Na* lén
cde tinh chit vt ligu vi higu sudt dign hoa cis NixCo HCF, Vide két hop No® gy
cdc bién dang mang tinh thé nhe vi ede thay 86i vé hinh this vai nhidu két w hon
nhimg viin bito todn cdu wic tnh thé eia NisCo/HCF, NixCo/HCF gilu Ni thé hign
gid tri Cs dn twgmg 13 303,15 F/g & mit 4§ dong dign 1 1,0 Alg, visgt xa gid trj ciia
céc chat tuong tr khing chita Na® (NixCotHCF, NIHCF vi CoHCF). Sy cii thign nay
duge cho li do hoat djng dién héa dugc ting cuimg vi die tinh khuéch tin ion duge
cii thign trong NisCorHCF gidu Nu, ngodi m can o6 hi¢u img hiép déng giita Ni vi
Co trong kbudn khi hexacyanoferrate. Thict bi siéu w dign lai mude duoe lip rip vii
NisCoHOF giina Nu cung clp milt 4§ niing lwong cao 1 166,15 pWhicm® & mit 80
cong sufit 1 LRO0 pW/em? vil kha nfing duy trl didn dung 83,7% trong 2000 chu ki &
5 mAem’, cho thity khi niing o ngurge dign hoa da dink cu tric mgnh mé cia né.
Do d6, nhitng phat hién cia luin dn Lim ndi bit viée két bop Na* nhar mét chién luoe
hidu qui vi dom gian d¢ ting cwimg hidu sudt didn béa cia vit Tidu dyn irén
hexacyanoferrate dé hou trit ion Na rong mrée.

Viéc ket hop cic kim logi chuyén tiép khic vio mang tinh thé HCF cho thiy
higu qua dign hod cao hom rit nhifu so vai PB goc khi r ik fon K v Na™. Tiép
theo xu hudng 6, luin dn phit trién hé vit ligu ké hop nhidu kim logi chuyén tiép
viio mang tinh thé HCF, eée hé vit ligu d6 dirge got 1 high entropy hexacyanoferrtate
(HEHCF),
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3.5, So sdnh cde hi vt ligu di nghidn ciru trong lujn dn

Pa
—_— A
—_—
— e
— s
= 105 min
a4 on [ a4 o8

Poriisl [V v, AgihaCl)

d e ) i)

QY

m—
e ) PR
e — '.’.'
| —mwn] s ——1mVA
o [T [T T i &3 04 a8 &8 0F 61 08

Fainniisd ve. Agiudi i Potanial v, Ag/iRgel (V)

Hinh 3.37. Phd CV cia cde vt Higs nghién civ trong ludn dn: () CeHOF (b) PB:
(i) Nty CosHCF v (d) Na-NisCoiiCF.

Tir vide so sinh co ché hopt ddng didn hod cia cic log vt 1igu d8 nghién ciu

(hinh 3.37) cho thily: (i) vt ligu khang cd tinh thuin nghich dién hod 18t (CeHCF)
sE khing cho hidu suit dign hod hnu it ion kim logi kidm M d; (i) PB vi HEHCF
¢6 tinh thuin nghich twomg ddi tét nhung dinh oxi hod khir khang ré ring (cic phan
img faradaic khang chiém wru thé) nén hidu qué dién hod ciing chua thye sy cao; (i)
NiiCo:HCF vi Na-NisCoHCF 6 qud trinh phin img faradaic thuin lgi hon (dinh

oxi hod khir rd ring hom), tinh thugn nghieh 1t nén s& cho hidu suft didn hod cao
nhit,
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(a)

Potential vs AgiAgCI (V)
£

L_

Hinh 3.38. Phi GCD ciia cic vit litu nghién cten trong ludn én: (a) CeHCF: (h)
PB; {c) NitCo:HCF vix {d) Na-NisCo HCF.

it ligu phé GCD két hop ciing vii cdc két qua CV cho thiy rd ring co ché
hoat déng cia cdc vit lidu dibu ché dige khi img dung lim vit ligs dién cye v cic
hé dung dich chit dién 1i dung méi nwde 1 gid w dang xen k. Trén gian 86 CV thé
hién rd cdc dinh oxi hog ki do x4y ra cic phan (mg farsdaic, nhung cie dinh khéng
e nét nhu cae dinh oxi hod khir cia che vit 1iu pin didn hod, ddng thin sy phin tdch
cde dinh oxi hod — khir xdy & khoing dign thé nho cho thly kKhdng e syt chuyén
pha hofie wo thinh cic lign kit hai hoe méi, Gian b GCD ¢ ede mijt 4 dong cao,
e qui trinh chén/trich xuit jon kim logi kitm M® xiy ra nhanh, cdc dulmg mé ti
qué trinh ngp vi qui trinh xi nrong ddi tyén tinh vii d8i ximg chitng 16 qud trinh
khuéch tin va bé mit chiém wu thé. O cée mit 4§ dang nho hon, trén phi GCD chia
thinh hai phin tromg ddi 18 ré phin phia trén img véi ving dién thé cao duimg nap
vi xd tgo thinh dang tam gide twong déi ddi ximg img vdi cde qud trinh bé mit vi
Khuéch tin, phim phia dudi - dién thé thip co ving dién thé dn dinh ing voi cde qui
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trinh furadaic. Diku nby mt lin niea khing dinh co ché lim vide ciia cae vit ligu ghe
HCF 16 gid w dang xen ka.
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KET LUAN

Véi muc tiu nghién ciru digu ché va 141 uu hod img dyng coa cic bé vt ligu
MHCF, lujn dn di thye hidgn duge cie ndi dung sau:

L. Bién ché thinh ciing Ces[FelCN K} bing phin img gifin cic ion Ce™ vi
[Fe{CN)]* & nhiét 4§ phong. Ces[Fe(CN)J: thng hop e dd két tinh eac trong chu
trite Iye gide, hinh thii gidng cly thing noel ddng nhit & thang do duoi pm. CelCF
tdng hop cho thiy dic tinh gid oy dang xen k& d& heu i K trong chilt dién 1 nue,
vt didn dung rigng Ih BS.8 Fig (& 5 mVis) hofie 96.0 Fig (¢ 0,1 A/g).

2. Didu ché thinh cong FeHCF theo phuong phap ddng kér tia khi khing cd
chiit i dinh hod v khi cd trisodium citrate holic potassium biturtrte. FeHCF duge
téng hop mi khang ciin thém chiit dn dinh hod cho thiy hidu sudt lu trr K trong
nrde tét hom <o vei FeHOT th duoe biing each sir dyng cht dn dinh hod do kha ning
khang Ohmic vit khuéch din giam. Siéu tu dign dwec lip rip i FeHCF ciing chao dién
dimg riéng déng ké 1,5 mF/em® khi do tai mét d6 dong S mAZem®. va khi d6 mét
4 cong suit dat duge twong d6i lém 3145 pW/em?,

3P 1ong hep thinh cong Ni.Co, HCF c6 hinh thii dang Kip phirong v céu
tridc tinh thé déng nhit. Trong sé cdc vit ligu thng hop, Ni;Co:HCF thé hidn dién
dung riéng cao nhit 1d 1068 F/g ¢ ding dién | A/g. Linh kién siéu tu dién Jat dung
méi nurde duge ché o bing vt ligu NiiCoaHCF cung elp mit dd niing lrong 4,5
pWhicm?® & mdt d eong sudt cao th 3724 pWiem?, Linh kign vin gitr duoe 87,7%
cong sult ban dlu san 2000 chu ky & mit d dong dién 5 mA/eny’, cho thily tinh toin
vin v mbit chu trie vi 49 bén dién hon tdt cdu vBL gy Ni/CoyHCF.

4. DA whog bep va nghién ciu tae ddng cin vide két hop Na® 18n edce tinh chit
vill ligu va hidu sut dign hoa et NisCoiHOF. Vidge k& hop Na®* viin bao todn chu
triie tinh thé cin NuCoiHCF. NixCoiHCF gidu Na® thé hién gis tri Cs 1t 1 303,15
F/g o mit di domg dign 1,0 Alg, vungt xa gid tri ¢in cie chilt nremg tr khing chira Na™
(Ni:CoHCF, NiHCF va CoHCF), Sy cii thign ndy duge cho 1i do hoyt ding dign
hoa duge ting cirimg vé dac tinh khuéch tén ion dige cai thign trong NuCoHCF
gitu Na'. Thiét bj siéu tu dién lai dung moi nude duge 1ip sp voi NECoHCF gidu
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Nut* cung edp mit 4§ néing luong cao 1d 166,15 pWhicm?® & mdt 46 cong suit 1a 1800
WW/em® vit khi ning duy trl didn dung 83,7% trong 2000 chu ky & 5 mA/enr’, cho
thity kha néing dio ngirge dién hoa Sn dink chu trie bén vimg cis né.

Trong che hé vt lidu di nghién e thl NUCosHOF cho hidu qui dién ho 16t
nhit khi it dyung Lim viit liu didn eye cho siéu ty didn véi dung dich dién | KOH 2
M Na-NisCoiHCF cho hidu quit didn hod 160 nhit khi st dung Tim viit idu didn eye
cho siéu ty dign vt dung dich dign li Na;SO4 | M.
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NHONG DONG GOP MO CUA LUAN AN

I DA diéu ché thinh cang nhiéu bé vt lidu ge hexacyanolerrate nh CeHCF,
FeHCF, NiyCo,HCF vii Nu-NixCo,HCF. D& nghién cinu vé khing dinh duge cic hé
vilt lidu didu ché duge du co de tinh gid 1y dang xen ke khi lnu it K hofic Na*
trong dung dich chit dién 1§ véi dung méi 1a nude.

2. P nghtén eiru vi niu bt duge val e cia eie kim logi chuyén tidp 1 nickel
vit cobult trong vide nling coo hidgu sulit didn hod cda hé hexacyunolirmate, D nghién
cifui 1i 1§ thiinh phin gitm Ni vii Co trong Ni,Co, HCF vt két ludn Ni,Co:HCF cho
higu qui dign hod cao nhit khi sir dung lip ghép sidu w bl d8i ximg dung dich dign
li KOH 2M. Tir 46 tam néi bit tidm nfing diy hira hen cita hexacyanoferrate kim logi
hén hop Fim dieén coc higu sudl cao cho sidu ty dign dung méi e,

3. DA nghién e vi khiing dinh vige dim thém Na” vio thanh phin cia Ni,Co,
nhw mat chién luge higu qua va dom gian 48 ting cuimg higu st dign hoa eoa vit
ligu dya rén hexacyanoferrate d& huu irit ion Na™ rong nirée.
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PHU LYC
Phuye lye 1 Cor chié lm vife eia pin ion kim logi

Trong so d6 nguyén 1§ hoat déng cia LIB (hink PL I.a), cathode 1
LiCoO; gin trén 14 nham, anode l4 graphite géin tén 14 dong, chit dién phin
thiromg ding 14 LiPF, duge hoa tan trong ethylene carbonate (EC) vit dimethyl
carbonate (DMC), trong hinh v& dé don gidn hoa chi thé hign ion duong Li* ma
khéng thé hién ion 4m PFy. Cin lwu ¥ vé cdu tao cia LiCoO; ¢hinh PL1. b,
né ¢é cdu tnie hinh thoi khang doi ximg, thuge nhom khong giam R3m. Trong
a6 cae 16p nguyén tr Li ndm xen k& gilra cic 1op duge wo ra tir cie bit dién
Coldy, Li hay Co déu tgo thinh cie bat dién vidi 6 ngayén tr O xung quanh no.

LiCe0, - Colly s Litaw Cenlitow -1 Coly e Li*ve - LiCo0, By +Ey e litem

C, 0 LiCa0, &= LI, Coy,

Hink PL.1. So d6 nguyén Iy hogt dgng ciia LIB
Khi két ndi LIB véi mit ngudn dién ngoai dé sac dién, khi d6 & cathode
mdi nguyién uF Li trong ming i tinh thé LiCo0O, s& bi mit 1 electron chuyén
thinh ion Li'. Electron s& di chuyén dén b gop bing Al theo diy din dén cye
duong cia ngudn; con ion Li* s di chuyén bén trong cia pin qua ming ngin



PL 2

huomg sang phin anode (vi mang ngin ¢l cho cie on i qua ming khong cho
cae electron di quaj, LiCoO; bén cue duong e thanh Coly thinh PL.L. ¢l
Phuong trinh hin hoe xay ra bén cathode duge bido dign 1 LICoO: — L 4
Col + e C bén annde ¢ nhin dong thin cleetron K cue im (con nguon dign
sued vt fon La7 i chilt dién phitn bén trong pin chén viso mang Tudi tinh the
dang 16 i nd. Khi do Li° s két hop vin electron dé @i o nguyén i Li, eic
nguyvén tir Li ndy phin b trong ede Iep mang tink the edn Grighite. Phuomg
trinh how hipe xdy ra Ben anode dige bidu didn 18 G, + Li* + ¢ —» LiC, Pin s

duge sge ddy khi it ei Li bén eathode chuyén hét sang anode

Khi két ndi LIB vél mt i tidu thy dién & mach ngoai (hinh PL o) s&
xity T gua trinh ngwoc lai vai khi spe pin. Cy thé, mdl nguyén ui Li & anode s&
mitl | electron tgo thinh ion Li*. Ciic clectron s& di chuyén & mpch ngodd, qua
il tidu thy dign hudmg sang cathode, con cic ion Li* s& di chuyén bén trong
pin, qua ming ngin hwdmg sang cathode. Phurong trinh hia hoe xay ra & anode
i LiCy — Li° + Cs + ¢, Khi ion Li* vi electron di chuyén i vi giip nhau &
cathode, chiing s& két hep véi nhau i tgo nguyén tir Li. Nguyén tr Li s& két
hap Iai vio mang tinh thé cia CoO; ¢ o thanh LiCoO:. Phiomg trinh hia hoc
xily r bén cathode dirge bidu difn 1 Li* + ¢+ Co0s — NiCoOs. Mn sé hét
dign khi 1t cac cie nguyén tir Li bén anode chovén hit sang bén cathode,
Phuromg trinh 1ong thé xay ra khi pin spe/xd 10 G, + LiCo0s < LiC, + Col.,

Ciin chii y riing cdc ion Li' riéng 1¢ khéng phai thye hign toin bé hanh
trinh tir cye duong dén cyre dm dE hodn thinh mach dién, Khi cde ion b diy ra
khoi eye durmg, nhimg jon khde vim da 16n tai trong chilt dign phin, gin bé
mii dién eyie, co thé dé dang duge hilp thy (xen k&) vio cire dm. Didu nguge lai
Ady ma trong qud trinh sac lai.

Khi thay thé cic vit lidu dién cyc, chiit dién phin s thu duge cic logi
pin ion kim logi khic nhu: pin ion Na (SIB), pin ion Kali (PIB), pin ion Mg
(MIB), ... Higu qua cia cic logi pin duge danh gid thing qua cae yéu 16 nhu
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dién ap kim viée, da bén, mil dd ning luong vi mit d§ cong sulr. Dé don gidn,
c6 thé so sinh pin véi mot cid hd thl khi do mit dd ning lugng trome tu nhur
kich thude cia hd boi to hay bé, trong khi mit di céng sufit tromg duong vi
vige nap/xi nurdre hd boi nhanh hay chim.

DE thiét ke, ché 1go cic loal pin ion kim loai thi viée lya chon vt lidu
didn cyre 1 di¢u rit quan trong: Dign dung riéng theo 1y thuyét ciia che vil lidu
dién cye duge tinh theo cong thire:

o wF(Cad ') _ SRS Avmal™ ) _ NS85 1000 3600(mdh) _ n2680]

mdhe ) (1
Memal") Mgl ) Mig) R

Tit nhién, s rfit kho 0¢ c6 thé dat duye 16 duge mat 0 niing luong riéng
Iy thuyét ndy, cic thye nghiém déu vai mong mudn didu chinh cie véu 14 dé
tiém efdin duge vin gid irj do.
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Phu lye 2. Nguyén Iy hogt ddng caa sidu ty dién

Trit nguge val tp dién thong thudmg luu il ning hrgng trong dién
trrong, EDLC lwu trir néing luong dién trong tnaimg tinh dién. Hoal ddng cia
EDLC tip trung vio sw hip phu va giai hip vit 1y cia cde ion & bé mat phin
ciich dién cyc/chii dién phiin. Khi sac dign, 6 sy chénh léch dién thé giiva che
dién cyre, che fon duemg vi im tir chit dién phén sé b hit vé phia cde dién cue
ed dign tich i dfu, two ra hui Jop dién tich kép & hal bén, Su tich ty dién tich
& bé mit nay din dén viée luu 1Y ning luong think PL.2. a qué trinh sac dang
dién ra vi hinh PL.2. b li khi qui trinh sge 43 két thic), Khi ghn EDLC véi
mit thiét bj tiéu thu dign bén ngoii, efic electron s& di chuyén tir epe im qua
thiét bj tiéu thy dign, cic jon s& khudch tin qua 16p cdch phin bé déu tong
dung dich dién phan, 16p dién tich kép bi pha vy, tp hét dién think PL2. ¢l

Trong EDLC, khing ¢6 phin img haa hoe nio xay ra. Déy 14 dic diém
khiic biét vai pin noi vige huu trit nfing lugng lién quan dén phan Gng oxi hon
khir. Ban chit vit Iy cia vide huu it dién Uch trong EDLC gop phiin kéo dii
tudi tho cia ching vi viit ligu bj bién déi 1di thidu theo thay gian,

Dién dung cin EDLC ty 18 thudn véi dién tich bé mit eia vilt lido dién
eyre (A) v db diy ein Idp didn kép (d). Vi vily, che vt Béu co dién tich bé mit
cao nhur than hogt tinh thuimg duge sir dung lim vit lige didn cype, Nhimg vii
ligu nity cung ciip mit s lugmg lém ede vi i dé hip phu ion, cho phép I tet
it lwgng dign tich ding k& Trong khi do d6 diy cia 16p dién tch kép rit nho
(e Angstroms) nén dién dung C cia EDLC Idn hom rill nhidu lin so vei
thuimp, vi vily ma nid duoe goi 1 siéa ty dién,
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Villde  Chat
didncye didn phin

All

Coc—=

dl

A~ 1000 m¥/g
d~ Angstroms

Hink PL.2. Nguyén Iy hogt dgng ctia EDLC

B phin téch trong EDLC rit quan trong vi nd ngin ngira hién trong
doian mpch cua che dién cyre dﬂng thiri cho phép chuyén ddng ciin cde jon. No
thuimg duge lim b vit ligu x0p ¢6 khi ning thim qua cie ion nhing khing
cho cic dign tir truyén qua,

Ciing vi khoang céch gittn hai 2 1ép dién cye it nhd nén khi niing chju
dign dp riit yéu, thudng khong vuot qui 20V nén thudmg duge sir dyng lim bo
phiin firu trit ning lugng trong cde dmg dyng DC dién Gp thilp hofe thn s6 thip.
EDLC dwge sir dyung rong riii lim ngudn ciin biing ning lugng cho cic thiét b
ning, o6 thé cung cip dong dign Iom vi lim ngudn khéi dong xe (co higu sudt
khdi déng vii dd tin cdy cao hon pin truyén thing va c6 thé thay thé 10dn b
hodic mjt phin pin truyén théng).
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EDLC c6 mat d§ cong sudt cyc cae, c6 thé gdp 10 lin pin sae. No da
duge img dung thinh cong trong nhiéu linh vee nhr ngudn dir phing bé nhi
ity ({nh, thiét bj ning t4i, cac thiét bj dén flash LED ... Sy tich trir dién tich
trong EDLC chi thing qua viée hinh thinh ldap dién tich kép gitn bé mit vii
ligu dign cye vi chiit dign phin ma khong c6 phin img Faradaic ndo xay ra. Vil
lidu Carbon vdi dign tich bé mat cao 1d vit lidu dién cue chinh cia EDLC, do
s0 Tugmg lom cdie vi tri hp phy bé mbt vi 43 din didn cye cao e ching. Tuy
nhién, cling chi do niing hromg duge tich trit nhiv cie lop dién tich kép trén bé
miit e viit ligu ma mit 36 niing lugng cua EDLC thiong mai duge gidi han o
3-6 Whikg'!, thip hom nhidu so voi pin (100 - 200 Whkg™ déi véi pin thuong
mai LIB). Vi vily, viée k& hop wu diém cin i EDLC va pin sac dai dign cho
mét hurimg di diy hiva hen cho cie vt lidu dién cye vim co mat dd ning luymg
cao vie mit 49 cong sudt cao, vi khi dé cic gia iy dién ra dii,
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Phye Iye 3. Nguyén Iy hoat ddng cin gid tu difn hod

(a)

Dignce Ay anion Ph™

& mumuh“:mrm_

o) J‘(c:l
1] b -.'.K
- | %%
o ped
1 -
DigncicAu anion  pbn - LOPPB DignciycAu asion  PH™ P

don nguyin i

Hink PL.3. Cor ché hogt ding ciia gid tu ling dong diedi thé khir dang dii
ximg

Gid tu ling dpng dirdi thé ki xiy m khi cic ion kim logi 1o thinh mdt
I don hip phy & bl mit kim logi (quy) khde & dién thé dm it hom so véi thé
cfin bing theo tinh khi cia kim logi, Vi dy Pb ling dong trén bé mt dién e
Au, Trén kink PL. 3.5, khi sge cdc ion PH™ trong chitdign phin s& ahin clectron
tir ngudn sae tgo thimh cde nguyén wr Ph, Do tuomg the gitta Pb-Au manh hon
50 véi ciia Ph-Pb trong kim logi Pb két tinh, Pb cé thé ling dong trén Au dé
ding hom 1 vio chinh né. Vi viiy md chi tgo thinh mét 16p dem tinh thé P wén
nén Au, O dién cye di dign, cic nguyén b Au s& bi mit cde cleetron, tgo thinh
cic ion duong, va 1ap jon diuemg niy hit cde jon dm eda chilt di¢n phin vé né
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tao thinh mét 1op dién tich kép. Khi ghép t dign vii mat thicét by téw thy, loe
ndy ede nguyén tir Pb sé cho di 2 electron tao thinh ion Pb* khuéch tin vio
dung dich dién ly. Cée electron s& di chuyén qua mach ngodi, sang dign cye dii
dién, trung hoa dién tich cia cde jon duomg. Trong dung dich dién phin, Pb*'
vil cde ion m 88 khuéch tan nguge chiu nhau tgo sy cin biing vé dién tich
fhinh PL.3.¢). Vily dién dung cim gia t ling dong dudi dién thé co sy dong gop
ciia hai thinh phin 18 16p dién tich kép va phin img Faradic cin ion Pb véi
didn cyre Au, wy nhién 1 18 dong gop ca lop dién tich kép 1h khdng ding ké.
Phuremg trinh phan tmg xiy ra to dign cyre B Au + xPB 4 20" s=s AuxPhyg,
Co thé thay Au vi Ph™* biing cie kim logi khic, nén phin img dién cye téng
quat ¢d thé viét duge s M 4 xA™ + zx.e = Mx A

Gid ty oxi hoa khe xiy ra khi cde ion duge hip phy dign hia trén bé mit
hotic ghin bé mat cin viit lidu voi sy trao dbi dién tich faradic déng thir, Ciic
oxide kim logi, chiing hgn nhu RuOs, NiO, Coy0y vii MnOy, ciing nhir ciic
polymer diin dién (polypyrrole vi polyaniline ) 1a shimg vi dy dicn hinh vé vit
ligu 1o gid ty oxi hon khir. Trong hish PLA. md th co ché hoat ddng eda mit
gid tw oxi haa khir ved vit ligu dién cyre 13 RuO: vi méi tnrimpg chit dign phin
H:504, Khi spe dién cho ty, RuO; & anode 5& nhin x electron, déng thér s¢ hiip
phy x jon H* tir trong dung dich di¢n phim tao thanh H,Ru0:, Trong dé Ru co
s oxi hoa 1a #{4 — x) v 0 < x < 2. Cn & cathode, Ru0 s& cho eleciron va
chuyén lén cic sd oxi héa cao hon trong Ru0y”, RuOy', RuQ; [110], Trong
dung dich dién phiin, cic ion H* s& di chuyén vé anode va bj hiip phu héa hoc
trén bé mit cia vat lidu dién cye. ddng thiv céc ion am sé di chuyén vé phia
cathode think PL4.5). Khi ndi ty vai mét thiét b tidu thu dign & mach ngodi,
do co su chénh léch vé dién thé nén cdc electron s& di chuyén tir cue dm qua
mach ngodi sang cyre duong, H.RuD: Wi ndy vira ding thin cho electron va
gidi hip phy cic ion H' triv i thank RuOs; cathode nhin electron va ciing lgi
trir vé RuOs. Song song vii 46, trong dung dich dién phén, cic jon H' vir doe
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gidi hdp phy sé di chuyén sang cathode, céc ion dm sé di chuyén sang anode
t20 sy phin bé déu chc ion trong chit dign phin (hinh PL.4.c).

Cic jon bi hiip phy khing phan (mg véi cic nguyén tir ca vit ligu mi
chi twong tic vdi sy chuyén giao dién tich xdy ra. Vi viy mé dién dung cia gid
ty phy thufe viio &i lye hoa hoe cia vit lidu v cic fon bi hip phy trén bé mat
dién cue ciing vai ciu tnic v kich thude ciia e 18 xdp cia vit ligu dién cyc.

(a)

o 08 -

Rul, anjan M R,

ol ol )
Rull; aHz00 xH* s 00 3= H RO aH0 (000 o 0)

fub,  smon H T,

Hinh PL.4. Cor ché hogt diing eia gia tu oxi hoa kine dang doi mimg
Gl tw dang xen ké duge tao thanh khi qua trinh xen k&khir xen ke khong
bi gidi han ddng hoe bén sy khuéeh tan & wrang thii rdn chidm cla cde ion kim
loai kiém trong ciu tric tinh thé cda vit lidu dién cyc. So voi gid ty oxi héa
khir, chi xdy ra trén holic gﬁn b mit difn cyre, gid ty xen ké xiy ra trong cd ciu
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trie coa viit lidu dién cuce. Nhu khi sa dung T-Nb:Os, cau tric tinh the cus no
cho phép cic kénh viin chuyén ion véi ro can ning lugng thip v gn nhu
khémg cd sy thay dil cia hiing s6 mong trong gua trinh xen k& Li° vio T-Nb:O«
khi hogt déng trong khodng dién dp 1.2-3,0 V [111]. Tir phés CV cho thiy dong
dién 1y 18 tuyén tinh vai the Ao quét dién dp va cong sult khong thay 86 ding
kit sau nhidu chu ky phong nap: didu dé da chimg minh ring voi thiri gian sae
nhanh chua i 1 phit, viln khdng c6 gisi hyn khudeh tn cia eic jon trong T-
NbaO.

Sir hién dién cia gid dign dung xen ké trong vit lidu dign cue ¢o thé thu
hep sir khdc bigt giita LIB va SC tir cie khin canh cin ci cong suilt va hidu sull
the di. Do do, gia w dign xen k& 6 thé két hop cic wu didm i pin (mil do
niing luomg cao) vai SC (mit dd cdng sudt cno) vil thu hep khodng cich mit di
niing lugng v cong suit gitta pin vi gia ty dién truyén théng, B vai gia
xen kE, qui trinh dign hon cia né gidng nhir pin, nghia 1 phan img thim nhip
vio khii dién eyre; trong khi hinh vi dién hoa ciia nd dién ra gidng SC, tire 1
déng hoe phan img rit nhanh ma khang cn chuyén pha trong qué trinh phin
img.

Ci hai Togd 1 gin ty xen k& eation va gid ty xen ke anion. P& vl gid ty
xen ké cation, Li', Na', K', Mg™ vit AT d dirge bio cfo, trong khi Li° va Na*
T phé bién nhdt. DI vai sy xen ke anion, O Ii logi dién tich chinh vi rét it
truimg hgp OH™, Cic vil liu dign cye dign hinh ding cho gia ty xen k& cé djic
tinh ndy ddi vai cic v ligu khii va hitu sudl dign cye caa chung it phy thuge
vio dign tich bé mit cu thé. RuOs, MnO,. B-Ti0» v Nb.Os I nhimg vét ligu
dién cyc gid tw xen k& dién hinh ndi tiéng. Mot sd viit liéu khac chi cé de tinh
gid ty xen k€ khi cdc hat co kich thude nano,

Neodi hién twomg gid ty gy ra b sy xen k2 cde cation, gia dién dung
xen ke anion oxi ciing dugc quan sit thiy & mét sb oxide perovskite trong dung
dich kiém. Viée lwu trir dién dung trong ciic dién cyre perovskite duoc thim
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nhip vio khéi thong qua viée WAp ddy cde vi ti trdng oxi. Vi vily, ndng dg chd
triing oxi cao ¢ lgi cho viée cai thién dién dung, Tuy nhién, him lugmg tréng
oxi qui mire o thé ghy ra sy pha hiy holie sup dé cu trie tinh thé, do 46 lim
gidm hode bicn mit gii dign dung xen k& anion, Do do, didu quan trong 1 o
ra chu tric thidu oxi vii ndng 46 ¢hd tdng oxi thich hop, Ngwii @ bidt ring
nhi¢u perovskite 13 chit bin diin ¢6 43 din dién kém, Vige thic diy hon nim
gid dign dung xen k& anion bj han ché bevi dé diin dign thip cia perovskite, diy
Ti mdt bit lgi ndi tai. Théng thikmeg, oxide perovskite co gia dién dung xen ki
anion trong chit dién phin KOH do sy hién dién can cic ion OH™ o thé di
ding tiép cin duge tir chiit dién phiin.



VIEN HANLAM CONG HOA XA HOICHU NGHIA VIET NAM
KHOA HQC VA CONG NGHE VN Pje lip - Ty do - Hynh phic
HOC VIEN KHOA HOC VA CONG NGHE

SEAPFOD-HVEHON Ha Ngi, ngdy 16 thang 10 ndm 2025

QUYET PINH
Vié vige thanh p Hji ddng dénh gid ludn dn tién sT cip Hoe vign

GIAM POC
HOC VIEN KHOA HOC VA CONG NGHE

Cain cir Quyét dinh 56 364/0D-VHL ngdy 01/03/2025 evia Chi tich Vien Han lim
Khoa hoe vit Cong nght Vigt Nam vé vige ban hanh Quy ché T8 chike vi hoat dgng ctia
Hoe vign Khoa hpe va Cong nghi;

Ciin ctr Thang tw 36 08/201 /TT-BGDBT ngay 04/4/2017 ciia BS Gide due va
Do rao vé vige ban hénl Q;ey ché Twpdn sinh va Déo tao trink dg Tidn si;

Cain cte Quyét dinh sé 19480D-HVKHCN ngay 28/122018 cila Gidm déc Hpe
vign Khoa hoe va Cong nghé vé vige ban himh Quy dinh dio tao trinh dg tién s tai Hpe
vign Khoa hpe v Cong nghé,

Cein et Quyét dinh 30 848/0D-HVKHCN ngdy 31752021 ciia Gidgm dée Hoe vign
Khoa hoe va Cdng nghé vé vige cong nhdn nghién cin sinh chiong trinh chdt homg
guiic ¢ det | ndm 2021,

Céin cir Quyét dinh 6 [92/0D-HVKHCN ngdy 25/3/2025 etia Gidm dée Hoc vign
Khoa hoc va Cing nghi vé vide gia han that gian hoe tdp ldn 1: 18 thang (Tir ngéy
3115/2024 dén ngdy 3171172025) cho NCS, Vil Viin Thiy;

Xér dé nghi ciiae Triedmg phong Déo tao.

QUYET DINH:

Bidu 1. Thanh Kp Hoi ddng dénh pid ludn 4n tién s7cdp Hoc vién cho nghién ofru
sinh Vil Van Thity véi a8 tai:

“Nghién ctru téng hop vit ligu hy Prussian Blue (MHCF, M=Fe, Ni, Co, Ce)
dinh hwing fmg dyng laim dign cyre cho siéu ty dign”

Nganh: Hoa vé co Misd: 944 0113

Danh sach thanh vién Hii déng dinh gid luin dn kém theo Quyét dinh niy.

Diéu 2. Hoi ddng oo trich nhi¢m danh gia ludn dn tién sitheo diing quy ché hién
hinh cia B Gito duc va Die tao, Hoe vidn Khoa hoe vis Cong nghé.

Quyét dinh c6 hidu lye thi da 90 ngay ké r ngly k¢ vi phii ddm bio thid han
dio tao theo quy dinh cia Hoe vién Khoa hoc va Cong nghé. Hoi dﬁng iy gidi thé sau
khi hodn thinh nhi¢m v

Piéu 3. Trwimg phong Té chire - Manh chinh, Truéng phong Dio tgo, Trsing
phing K& wén, cic thinh vién ¢ tén trong danh sich H{i ding v nghién eiu sinh co
1én 1ai Bidu | chiu trdch nhi¢m thi hanh Quyét dinh ny./. ﬁ,/

Nui mhiin:

- Nhws Bidu 32

« Lru bl s NCS;

- Lz VT, BT. TN 6.




ANH SACH HOI DONG DANH GIA LUAN AN TIEN sl
CAPHOQC VIEN
(Rl theo Quyét dinh s AVFH/QD-HVKHCN ngéy 16/10/2025
g :'SL‘ + <) ciia Gidm dde Foc vién Khoa hoc vi Cang rghé)
AT L L R
&in ciia nghién cfru sinh: Vit Van Thiry

{i: “Nghién ciru tbng hyp vit lién ho Prussian Blue (MHCF, M=Fe,
Ni, Co, Ce) djnh hwéng ing dung lm dign cye cho situ ty dién™ .

Nginh: Héa vb co Mash: 9440113

Nguiri buréng din 1: PGS.TS, Triin Vit Thir - Hoe vign K§ thuit Quin su, BO
Quéic phong

Ngutri huéng din 2: TS. Nguyén 8T Hiéu - Vign Khoa hee vit ligu, Vign Han lam
KHCNVN

Triach
Hg vi tén, hge him, Chuyén nhifm
L2 hye v nginh Clorquan eleg te trong Héi
déng |
. = Litn hidp cde hi Khoa hoe vi P—_—
1 | GS.VS. Bing Vii Minh Hiavico K9 thuft Viét Nam Cha tich .
: Trurimg Hoa v Khon hoe su stng. )
2 | PGS.TS. Trdn Vinh Hoang | Héa vé co i hoc Bich Kheoa HANGI Phiin biga |
PGSTS. Npuyén Manh | Hoahoc Vién Khoa hoe vi Cong nghé .
3 Tuimg viil lidu quiin sir, BO Tang tham muu Phinbifa2
Sy Hoe vign K§ thuft quin sy, o
i il
4 | TS.NgdThjLan Haa vb e B Quéc phong Phin |£1|3_.
5 | TS. Phgm Thi Nam ﬂ::légl‘ffﬁ Vi Khoshoo vit i, Uy vien-
: hoa b Vién Hin lim KHCNVN Tha ky
s |PGSTS. Nguyén Trin | Ky thujt Vién Khoa hoc vi Céng nghé 5 vide
Hing haa hoc quén sir, B Téng tham muu ¥
7 PGS.TS. Nguyén Trung| Hoéamdi Hoe vién K§ thudt quin sy, Ly Vit
Diing tnacmg B4 Qube phong !

Hoi ddng gém 07 thanh vidn./ '&,




BAN NHAN XET LUAN AN TIEN SI CAP HOC VIEN

Tén dé tai lugn dn: Nghién cieu tong hop vit lifu ho prussien biue
fMHCF, M = Fe, Ni, Co, Ce dinh hedng trng dung lam di¢n cuc cho siéu fu
dign.

Chuyén nganh: Hod vi cor

M so: 944 0103

Nghién ciru sinh: Vi Vin Thuy

Ngui hueomg ddn: PGS.TS. Trn Viét Thic, TS, Nguyén St Hiéu

Newai nhdn xét: GS. TSKH. Ddng Vii Minh

Co quan cang tde: Lién higp cde hoi KHEKT Vigr Nam
1. Tinh ciin thiét cia lufin dn

Vige str dyng néing luong mit trii, néng lugng gio va nang lugng hydrogen
khéng nhimg chi doi hoi cde thié bj chuyén di ndng lugng ma con cn dén ca
céc thiét b luu trir néng lugng béi vi cic ngudn ning lugng néi trén khong mang
tinh chit lién tye. Nhidu Togi vit ligu di duge nghién ciru cho mye dich niy, trong
s6 d6 c6 PB/PBAs ding lam vit li¢u dién cye cho pin hoc sidu ty dién.

2.5 nghia khoa hoc va y nghfa thyc tién cia luin an d3 duge thé hién rit ra ring,
trong bén két ludn ctia ludn an. T6i dong ¥ véi bdn két luan nay.

3. Dé 14i nghién clru cta lufin dn khong tring Wp véi cic cong trinh, lufn dn da
duge cong b trong va ngodi murdc; cdc tai ligu duge trich diin rd ring, trung thye
vi dily dii, bao gém cic cdng trinh clia céc tdc gia trong va ngodi nudec.

4, Tén dé tai phi hop véi ndi dung cla ludn 4n. Néi dung luin an phi hop voi
chuyén nganh va ma sb chuyén nganh.

3. Cie phuong phip tng hop vit igu ciing nhy phuong phip phin tich ciu tric
viit ligu nhu XRD, EDX, XPS, TGA, SEM, TEM, FT - IR la nhimg phuong phip
hién dgi va di duge kiém dinh. Vi viy, cée sb liéu trinh bay trong luan én co do
tin ¢y cao.

6. Nhitng dong gop mai cin Judn dn:

- D4 ting hop thinh céng nhidu hé vit lidu hexacyanoferrate nhu CeHCF,
FeHCF, Ni,Co,HCF vi Na-Ni,CO,HCF vi khing dinh cac hé vat ligu néi trén cé
diic tinh gia ty dang xen k& khi luu trir cidc jon K' va Na' trong dung dich chit
dién ly v dung moi la nude.

- DA nghién cin va néu bat vai trd cim céic kim logi chuyén tiép 1a Ni vii Co
trong vige ning cao higu sufit dién hod etia he hexacyanoferrate. Két qui nghién
ciru cho thiy Ni;CosHCF cho hiéu qua dién hod cao nhit khi sir dung lip ghép
siéu ty bat ddi ximg voi dung dich dién Iy KOH 2M.



- Cac kit qua thu duge cho phép khang dinh viée dua thém ion Na' vao
thinh phin Ni,Co,HCF lim ting cuémg hi¢u sult dién hoa cia vit lidu trén nén
hexacyanoferrate dé lwu irir ion Na* trong nurde.

7. Nhin chung, lufin dn cta nghién clrusinh Vi Van Thuy 14 mét ¢éng trinh nghién
ciru ¢ ¥ nghia khoa hoc vé ¥ nghia thuc 1. Luin 4n cé ké ciu phit hop, dirgc
trinh by rd ring. Clin sira chira mdt vai thugt ngtr chuyén mon cho phi hop véi
quy dinh chung.

8. NGi dung luiin dn di dupe cong béirung ba hii bao khoa hoe ding rén cac wp
chi: Jowrnal of Nanoparticle Research, Dalton Transactions va New Journal of
Chemistry déu 13 cic tap chi IS véi Q1. Noi dung ede bai bao khoa hoc phit hop
vai ndi dung lufn an

Két lufin: Céng trinh nghién ciru cia nghién ciu sinh Vi Vin Thuy dip (mg diy
da cdc yéu td vai mdt ludn &n Tien s nginh Khoa hoc vit chit. Ban tom tit luin
dn phan dnh diy di v trung thye ndi dung co bin ctia ludn dn. Ludn én o thé
dua ra bio vé tai Hoi dong cap Hoc viégn Khoa hoe va Cong nghé, Vién Hin lim
KH&CN Viét Nam dé nhgn hoe vi Tién si.

Ha Néi, ngay ¢4 thang 44 nam 2025
Ngreci nhin xét

GS.TSKH. Dang Vil Minh



BAN NHAN XET/ PHAN BIEN LUAN AN TIEN ST CAP HOC VIEN

Ho va tén ngudri nhén xévphin bign lufn an: Trin Vinh Hodng
Hoc him, hoc vi: PGS, TS .
Cor quan edng the: Trtmg Flda vit Khos hoo Sy song, Bai hoe Bach Khoa Ha Ngi
He vii tén nghién ciru sinh: Vi Viin Thiy
Thily huémg dfin: 1) PGS.TS. Trin Viét Thir

2) TS, Nguyén Si Hiéu
Tén dé tii lugn dn: NGHIEN CUU TONG HOP VAT LIEU HQ PRUSSIAN BLUE
(MHCF, M = Fe, Ni, Co, Ce) DINH HUGNG UNG DUNG LAM DIEN CUC CHO
SIEU TU PIEN
Ngéanh Nginh: Hod v cor Mii s6: 9 44 01 13

Ni dung nhin xét:

L. Tinh cin thiét, thoi s, ¥ nghia khoa hoe va the tidn cia 0 i

Vige chuydn ddi xanh tir nhién 1igu héa thach sang néng fugmg ti tao dang trér thinh sy
chuyén dbi khong thé dio ngwge va it elp bich dé fmg phé vai se néng Ién loan cu vi
higu tmg nhi kinh. Bén canh d6 diy ciing 13 sy Iya chon ciia chc quic gin ¢& han ché sy
phu thude vo nhién ligu hoa thach ngiy cang can kiét nhim dam bio an nink niing lugng,
Tuy nhién thich thire lém véi ning lugmg i tao nhur pin ning hegng mét trii, niing lugng
gi6 1 tinh chiit khong lién tye cin cde ngubn ning hrgng niy, Vi vy, vige nghién ciu ché
tao cde h thing, céc thiét bi huu trir chuyén ddi ning hrgmg ¢6 edng suft Iém, &n dinh, bén
dé sir dyng bn dinh cic ngubn ndng luong niy 14 it quan trong. Cic nghién ciu mdl nhiit
cho thy vit lidu dién eyee, chc hé chét dién ly ¢6 vai iro quan trong trong viée cdi lién dung
lwong, edng sudt, d dn dinh vi Wi thy cia che thidt bi niy.
Do dé. ludin in “Nghien citu tong hop wit ligu ho Prussian Blue (MHCE, M = Fe, Ni, Co,
Ce) dinh hurimg img dyung ldm dién cure cho sidu i dién" lh cin thide, cé tinh khon hpe va
thure ti8n sdu séic
2. Sykhdng tring lp cin 8 thi nghién cien so véi ede cdng trinh, lujin viin, lufin dn
dd cing b & trong v ngoai nwde: tinh trung thire, rd ving vi diy @i trong trich din
i liéu tham khio,
Ngi dung chitth cia lufn dn 14 nghién ety thng hop va lhio sét ede tnh cht hia ly dac
tnumg, cde he vt lifu bao gdm:

¥ VAt ligu Cea[ Fe(CNJa]a biing phin img gitra cic fon Ce¥ vi [Fe(CN)]* & nhiét d¢

phong.
¥ 03 hE vilt ligu FelICF theo phuang phip ding két wia khi khéng cd chiit do dinh hod
vi lchi ed trisodium citrate hodic potassium bitarmte.
¥ Cic hé viit ligu NixCoyHCF bing phuomg phdp déng két tiia



Lugin fin cling ché wo cie ditn cue i she it didn dé nghidn etru cde cae hinh vi
di¢n hda cia gic didn cue ché 1ao 1 A6 danh gid khi ning gt dung. The gid ciing ¢ fun
chon ra ede dién cure ¢6 trién vong d2 ehé to thanh cic tu dign, do dac, khio sit eic thing
sbh quan trong cia ty didn 38 dink g khi néng dmg dung ciing nhir so sédnh dinh 214 Vi
cie hé vl ligu khac, Theo ngudi doc tim hide thi ede ndi dung ndy chirg dugre cong bi
trong ludn vin thac si, luiin an 1ién i pao tromg Vi ngodi nirie,

Tén cim dé tai ludn an khéing tring 1ip voi 1én cia bir ky luin in nio di bio vi
trong mude v nirde ngodi di bio v tnrde diy. Che ndi dung nghién ciu, cic phurong phap
téng hop vit liéu trinh biy trang luin dn, cde sb ligu vi cde kél qud nghién cinu thy durge
trong ludin dn, cic ahdn xét, két ludn cia ludn 4 khdng tring tp voi cic luin dn di bio v
trong nurde v nurde ngodi.

Ludn &ned 111 g tham khio, win bi) tii li¢u tham khio béng tidng Anh. Cac
tai li¢u tham khito ¢ mirc dd ¢dp nhit 181 (dén 2025), chi yéu efié tai ligu xudt bin nhiing
nam gin ddy. Cic t4i lidu trich din c6 ni dung phis hep v 08 13 nghién ot ciia luin dn,
Cic trich diin trong ludn 4n 1s diy di, chinh xae, khich quan

3. Sy phil hop gitea tén 48 thi vai ngi dung, gidra nji dung vii chuyén nganh vi mé
st chuy@n nganh.

- Su phit hap gita tén dé tai véi ndi dung: phi hop;

-Su phi hop gitia ngi dung vii chuyén nghnh v mi 56 chuyén nganb: phi hop.

4. D4 tin ciiy va tinh hign dai cia phwong phip 4 sir dyng dé nghién cin,

~Céc phwromg phip héa hoe ting hop vit lig 13 phis hap, 6 d§ Lap lni;

-Nhim céc phueng phip nghién cim d3c tnmg vt lidu nhu XRD, SEM, TEM, EDX, FT-
IR, XPS phil hyp vai ngi dung nghién cin, diy 14 cde phuong phip hign dgi, ¢6 dé tin ciy
cao;

-Cig phuong phip dién héa danh 21 hoat tinh dién hoa cia Vil ligu, i dign cye, ain miu
linh ki&n nhu phé CV, IS, GCD tién hinh wén mdy Autolab hign dai nén sé 1idu ¢ dé tin
cily eno;

5 Két qua nghién ciru mdi cin tie gid; nhirng dang gop méi cho i phat trién khoa
hoe chuyén nganh; déng 20p mii phuc va eho sin xudi, kinh quic phong, xi hji
Vit diri sbng; ¥ nghia khoa hoe, gid tri vi di tin cily cin nhing két qua do,

. Kt i wi ding gdp ohe sw phdt tricn kg hpe cliyén ngdok

-Quy trinh vir difu ché thanh cong cie 1 vt iéu gde bexacyanoferrate nhi CeHCF,
FeHCEF, Ni.CoyHCF v Na-NiCo,HOF. Ciie kit 4t phiin tich dic tnemg cic vit ligu dugpe
ting hop trong lin dn (Ceyl FelCNla, cle hé vl lidu FeHCF, gic hé vijt ligu Ni,Co, HCF)
cung cip thém dit ligu viio tri thire chung vé edic ho vl ligu he Prussion blue (PB) dé tra
<iny, so sdnh, fmg dung cho cdc nghién ooy khic,

-Chimg minh duge céc hé vt lidu didy ché duge déu o diic tinh gid w dang xen ke khi luy
it K' hofie Na® trong dung dich chit dign N verl dung moi 14 nude,

b, Kér Hand mdi ddng gap phe v cho sdn vy, kinh 12, quie: phivng, v Iefii vit didd sisng



~Chimg minh duge vai 1o ciu cie kim Joai chuyén tidp I nickel va cobalt trong vide ning
cao higu sudr dién hod cilg hé hexacyanoferrate. DA nghién e 1 1¢ thinh phiin gitta Ni vi
Co wong Ni:CoHCF vil két lujn NiCosHCF cho higy qui dién hoi cao nhit khi siy dung
Lip ghép siéu ty blt ddi ximg dung dich dien 1i KOH 2M. két qué ndy cho thiy tiém niing
img dung hé hexacyanoferrate kim logi hiia hop 1dm digr eyre hidu sullt cao cho siéu tpdién
dung mai mirc,

-Chimg minh béng (hye nghi¢m vic dua thém Na'vio thinh phin cia NiCo, nhir mét
chién luoe higu qua vi dan gidn 48 ting curémg higu suft dign hoa cia viit liéu dya trén
hexacyanoferrate dé luu it ion Nu* trong nurére,

c. ¥ nghia khoa hoc, gid trf vi Ay fin cfiy ciia nhivng két qua dé,

~Caic két qua thyre nghiém, do dac bing cac thiét bj hién dai nén co dé tin ciy cao,

-Cile két qud duge lufin gidi bing cde co s Iy thuyét, co tink toin va so sinh vai ké qua
thue nghigm, ¢é so sinh véi chc céng trinh khic nén ¢é ¥ nghia khon hoe, ¢o gid tr tham
kho va d§ tin city cap;

6. Uu diém vi nhuge didm vé nji dung, két cdu va hinh thirc eiin Tuiin fin,

~Ludn dn ¢6 tinh thire tién, tinh thir sy et tét;
-Ludin dn trinh by 0 ring, bd cuc hop 1Y, ¢6 ban lugn, o6 minh chimg, nhiéu két qui c6 ¥
nghin khoa hoc vil tmyg dung cao; ndi dung inh bay ¢ dong, c6 chit hwgny;
-Ludn dn c6 03 céng bé IST trong d6 NCS 13 tic gid ditng diu, 3/3 céng bé phin fnh tnre
tip ndi dung ludn én nén nhin chung huin &n ¢6 chit hrong téi;
-Bén canh 46 vin odn mdt sé tdn tai ¢dn chinh sim, hoin thién theém:
i) e chit, kifu chit ciin théing nhér trong todn b lufin an;
i) danh mue héa chit ¢in bd sung thém théng tin chi tiét cho timg hang muyc (dé tinh khiét,
nhil sdn xudt,,);
iii) phuong phip téng hop 2.2.1 cln vidt Jgi cho théng nhit vai cde mye ma t khic;
iv) ciin bd sung thém hinh c4c di¢n eue, finh kign ché tao duge dé ting thém tinh trye quan,
ciing cl/gii thich thém cho két qu;
v)eln cd sy so sinh vit ligu trén co sé PB véi cic vit ligu dign eye khdc dé dénh gi4 tinh
trién vong vi tiém ning;
7. N§i dung cia ludn 4o da duye cong bé trén tap chi, ki yéu Hi nghj Khoa hoe
o v ghi tri cila cic cong trinh 43 cong bd (cdp cong bd Was (5SCI, SCIE, ESCI
b Scopus, quic 1€ ¢ phin bign, tap chi trong mide dugic tink diém theo Hpi ding
Gide sw iwhi nuwde ... vi xép hang SCIMAGO),
Lusn dn 43 cong bé 03 bai bao khoa hoc (research paper) trén céc tap chi IS1, Cy thi:
¥ 01 bhi trén tap chi Journal of Nanaparticle Research (IS1, Q2, IF = 2,6), trong o
NCS I tic gid dimg ddu. NOi dung bai bio phin dnh trung thure két qua trong lujn
n,
¥ 01 bai trén tap chi Dalton Transactions (ISL Q2. IF =3,3), trong dé NCS 13 tic gid
ditng diu. Noi dung bal bio phin dnh trung thye két qué trong lufin 4n,
¥ 01 bii trén tap chi New Journal of Chemistry (ISI, Q2, IF = 2,5), trong dd NCS 14
tic gid dimg diu. Noi dung bii bio phan dnh trung thire két qua trong luin dn.



Cie cing bb déu oo chit Tugmy

tht, dhng i rrén che tap el WoS, xép hang Q2 theo
SClmago.

8 Kétludn chung:

- Ludndn dip img diy do cic véu chu dii vai it lufin in tién sT chuyén nganh.
- Bén tom tit lugn in phan inh trung thish nfi dung co bin cia lufin dn,
DE nghj cho phép NCS trinh Lugin in ra béo vé cip Hoe vién dé nhiin bing Tién 57

Hil NGi, Ny 30 thing 10 nim 2025
MNewdn nhin xét

W

PGS. TS. Triin Vinh Hoing



CONG HOA XA HOI CHU NGHIA VIET NAM
Bie lip - Ty do - Hanh phic

BAN NHAN XET LUAN AN TIEN si

D& tai lugn dn: “Nghién ciru tdng hop vt ligu hg Prussian Blue (MHCF, M=Fe,
Ni, Co, Ce) dinh hwing img dyng Lim dign cyre cho siéa ty dign”
Chuyén nganh: Khea hoc viit chit
Mi 56: 94401 13
Nghién ciru sinh: Vil Viin Thay
Nguiri nhin xét vit trich nhigm trong hii ddng: PGS. TS Nguyln Mynh Tuimg, Oy vién
phan bign
Co quan cong tic: Vién Vit lifu, Sinh hoe vi Méi trrimg
¥ KIEN NHAN XET
1. Vé tink cfip thids, § nghia khou hpe vi thye tifn:

Sirnéng lén todn ciu vi can ki@t ngudn nhién li¢u hoa thach 42 tro thanh méi
quan tim ngay cang lén, thiic ddy sir dyng ngudn ning lugng xanh. Cdc thiét b tich
trit ndng lugng cé mét d6 ning hrong cao, tée dé phong nap nhanh nhur sida ty dign
duge quan tim nghién ciu. Béi twgng nghién ciru chinh cia luin 4n 1a ho vét ligu
PB cb cdu trilc mang tinh thé mé rét thuin lgi cho qua trinh chén/trich xubt cia cic
ion kim logi khic dé 1dng hop thanh céc logi vilt ligu o6 cdu trie pha tap 1, 2 nguyén
t6 khiic nhau. Tinh chit cia viit ligu cling ¢6 thé duge tay chinh biing cach didy chinh
ching logi, him lugng cia fon kim logi pha tap. Nhimg phrong phip bién tinh giip
PH trdy thiinh vit tigu thich hop sir dung trong sigu ty dién voi dign dung riéng lém,
tudi tho cao. ...

Vie lam chi cée thiét bi chuyén hoa va tich trir ning lugng 14 rit cin thiét,
Vit lidu dién eyre déng vai trd quyét dinh chit lugng cia thidt bj. Vat lidu Prussian
blue e6 ciu trie tinh thé die tnmg va thudn lgi cho qua trinh chénftrich xudit cde ion
kim logi vao/ra khoi mang tinh thé. Thinh phin c6 thé diéu chinh d& ding mang lai
tinh linh hopt trong higu suit, kiém sodt duge hinh thii vi cdu tric nén chimg phiy
hop cho img dyng lam vt ligu dién cye cho pin vi si@u ty dién. Vi vy dé tai luin
an “Nghién cirn ting hyp viit ligu ho Prussian Blue (MHCF, M=Fe, Ni, Co, Ce)



Qinh hirémg img dung Fim dign cyre cho siéu ty difn” 1 cin thiét v o ¥ nghia khoa
hye.

2, S khéng triong Iip cin lisgn dn voi nhitng lufin dn trong muede vi mide ngodi
Luin én tép trung phin tich thanh phin, cdu triic, tinh chit cia PB va PBAs, cdc
phirong phép tong hgp. Luiin 4n chi ra tu nhuge diém cia timg phuong phip qua do
42 xuft phuong phap phis hop dé nghién ciru. Ludn én 4 tdng hop vit ligu tén co
s& hexacyanoferrate, dinh gid cfu tric, tinh chiit vt ligu va thiét ké siéu w dign v
nghién ciu cde yéu 16 anh huéng dén higu qua lim vige coa sidu tu dign. Nhu viy
ndi dung ludin dn khéng tring lip véi chc cong trinh d& duge cong bd trong vi ngodi
nudre.

3. Tinh trung thyee trong trich din tai ligu va cic cong trinh NCS cong bd

Ludn én da sir dyng 111 thi liéu tham khao, va chi yéu béing tiéng Anh, durge cip
nhiit dén ndm 2024, cic ti lidu tham khio duge trich din trung thye,

4. Sie phis hyp gidea tén tufin dn voi ndi dung nghin ciu va md so chuyén nginh

Tén ludn an phis hgp vé&i ndi dung nghién ciru v néi dung nghién el phit hop voi
chuyén nganh Khoa hoc vit chit. ma s6 9440113,

5. Vi phuong phdp nghién cviw &) tin ey ciia nhimg két qud nghién ciew:

Cic két qua nghidn cru ciia Tudn Gn duge thyre hign bing cae phuong phip
nghién ciru va die trnmg hign dai, c6 tinh khoa hoe va dg tin edy cao, Tac gid da sir
dyng phirong phap déng két tia dé ting hop céc logi viit ligu PB khac nhau. Day la
phiramg phap phé bién, d thye hién va cd tinh tin cdy cao trong ché tgo cfe loai vit
liéu ferrate néi chung.

Céc phuong phip dic tnmg tinh chat vat lidu nhu XRD, SEM-EDX, IR...
duce thue hign trén cie thidt bj hién dai, két qua rd ring va tin cfy. Dic tinh dign
héa duge thye hign trén thiét bj Autolab ¢6 phép dua ra két qua diy di cia duimg
cong CV, GCD, EIS... dé khio st phan (mg dién héa, qua trinh phdng nap va téng
trir ciia vit lidu dign cyre nén cb tinh khoa hoe va dj tin edy cao.

6. Ngi dung nghién esru, va nhirng déng gop mai
Ngi dung chinh ciaa ludn dn nhie sau:

Téng hop va khdo st tinh chit, dic trung di¢n hoa trong hé siéu ty dign cla

viit lidu CeHCF bing phuong phip dbng két tha, thu duge vit ligu cd d6 tinh sach



cao, db kit tinh cao, dign dung riéng dat 85,8 F/g & tde di quét thé 5 mV/s véi chit
dién 1y 1 dung dich KOH 3M.

Téng hop, bién tinh voi mét s chdt hogt ding bé mit vi khdo sit tinh chét,
dic tnme dién hoa ciia vt liéu FeHCF. Vit lidu thu duge ¢6 dign dung ridng dat 186
Fig & mit do dong 0,5 Adg vai chét dién ly 13 dung dich K2S04 0,5 M
Téng hgp va khéo sét de trung vit ligu pha tap NixCo,HCF véi ty 18 ham lugng
nguyén 16 Ni:Co khac nhau, Ké qua khéo sit dac trumg dién hoa trong siéu ty dién
véi chiit dign ly KOH 2M cho dign dung riéng Ién dat 1086 F/g tai 1,0 A/g, khi niing
duy tri dign dung riéng 87,7% sau 2000 chu ky lién 1ye,

Téng hop vi khio sit tinh chit cia vit ligu NisCoyHCF gidu Na thu duge vit
lidu Na-Ni;CoyHCF (1) ¢b dién dung riéng 303,15 F/g tai 1,0 A/g trong hé sidu ty
dign voi chit dién Iy NaxS04 1.0 M.

Nhirng déng gdp mevi cia uiin dn:

D3 diéu ché thanh cong nhidu hé vit lidu gde hexacyanoferrate nhu CeHCF,
FeHCF, Ni,Co,HCF vi Na- Ni,Co,HCF, Da nghién ctru vi khiing dinh duoe dic
tinh gis ty dang xe k& khi hwu trit K* holic Na' trong dung djch chiit dign ly véi dung
mbi li nurdre

B nghién ciru vt néu bt duge vai trd ciia cic kim logi chuyén tidp 1 Ni va
Co trong vi¢e nfing cao hiéu ning dién hoa cia vat ligu hexacyanoferrate. B nghién
ciru ti 1¢ thanh phén Ni va Co va thu duoe viit lidu Ni;CosHCF e higu qua dién hoa
cao nhilt trong hé siéu ty dign bit dbi ximg véi dung dich dién ly KOH 2M.

DA nghién e v khiing dinh vide duy thém ion Na' vio thinh phén el
Ni,Coy li phuong phip don gidn nhimg ed higu qui cao 98 tang cudmg higu sufit dign
héa ciia vit lidu dé lnu trir Na' trong nude,

Cée déng gop mdi ké irén cd ¥ nghia khea hige va thye ti8n 1on trong Tnh vire nghién
ciu vé khoa hoe vat liéu, d& dinh huéng duge cac phiong phip méi trong ché tao,
bién tinh vit ligu hexacyanoferrate o6 ciu trie tinh thé phan img oxi héa khir phit
hop cho mue dich ehé tao siéu w dién voi higu (mg gia w dién cao.

7. Uta mheegre diéem vé ngi dung, hét ciu va kink thire cia tudn dn

U didm: Luin dn 6 b cue hop 19, ndi dung phong phil, trinh biy 18 ring, logic dé
theo dGi



Ciic viln dé clin trao di

- Théng nhiit danh phap héa hoe trong subt lufin &n, nén thdng nhit theo tiéng
anh,

- Théng nhét cich trinh bay dom vj, °C, mmol hay mol”, mAg™' hay mA/g, sgiot
hay gidy/ giot, gior hay h?

- Lam rd didu kién do mot sb théng sb: do tong trd, phin tich nhiét, XRD, ...

- Mot sb két qua do dge nén ludn gis cu thé hon (két qué do dudmg cong CV,
két qua EDX).

- Xem xét két qu so sinh bang 3.13 véi chc logi vit figu str dung chit dign Iy
khéc (Na:S0,, KNO,). Théng thuimg, ding KOH s& cho dign dung riéng cao hon
so vdi chit dign Iy khac. Nén so sinh dién dung riéng, tudi tho phdng nap cia vit
liéu trén ciing chit dién Iy va mét d6 dong.

8. Chift liegmg cde cong trink cing bé

Nghién cin sinh di cong b 03 b bho trén tap chi quie 1@ uy tin (Q1). cde cbng trinh
dii phan dnh trung thyre néi dung eia luin dn, Nhw Viy theo qui dinh NCS 6 di cac cong
trinh ¢ong bd doi véi luin an TS,

9. Ddnh gid chung:

Ludn dn ¢é ¥ nghia khoa hoe vi thye tiln, cie ndi dung khing tring ldp véi cac
cing trinh cong bé trde diiy vil ddp img yéu cliu coa lujn dn TS chuyén nganh Khoa hoe
vil chiit. Ban tom it luidn én phit hgp va phin dnh trung thanh cic ndi dung co ban cia
Juiin &n. Ngwdi nhan xé& dénh gid cao két ciia cong trinh “Nghién cira ting hgp vit ligu
ho Prussian Blue (MHCF, M=Fe, Ni, Co, Ce) dinh huéng img dung lim dién
cyre cho sifu ty dién * vi ning luc cia NCS, T6i hodn (o déng ¥ dé NCS VA Vin Thiy
duge bio vé tai 116i dbng chim lugn én chp Vién Hin Lim Khoa hoc vii Cong nghé Vigt
Nam va nhiin hoc vi lign &7,

Ha Noi , ngy 2 thang 11 nam2025
Ngwii nhiin wéi
{ihi rd ho tén)

P>

PGS, TS Nguyén Manh Tirimg



BAN NHAN XET LUAN AN TIEN Si CAP HQC VIEN

Ho vé tén ngudi nhiin x¢é lujn én: Ngd Thi Lan

Hoe him, hoc vi: Tién sT

Co quan cing tic: Hoc vién K thujt quin sy

Ho v tén nghién clru sinh: Vi Van Thiy

Thiiy huiémg din:

Nguroi hudmg dlin 1: PGS.TS, Triin Vit Thir - Hoc vign K§ thuft quin sy, BY Quic
phong

Ngwini huemg din 2: 5. Nguyén ST Hiidu — Vién Khoa hoc vit ligy, Vién Hin lim
Khoa hoe vA Cling nghé Viét Nam

Tén d& ti lufin an: Nghién et tong hop vt igu ho prussian blue (MHCF, M = Fe,
Ni. Co, Ce) dink urdmg teng dyng lam dién cye che siéu ty dign

Neinh Hod v co Mish: 94401 13

Nji dang nhin xét:

1. Tinh cdn thidt, this sw, ¥ nghta khoa hoc vé theo tién cia dé tai;

Trong béi cdnh nhu cdu luu tri néing luong ting cao do phit trifn néng lugng thi ts,
viit ligu ho Prussian Blue (PB/PBA) c6 wu diém vé cllu triic miy, didu ché don gidn, gid
thiinh thip vil khi niing chén jon 61, i hiimg vit 1iu him hen cho pin ion il siéu ty nudc.
Viéc nghién ctru tbng hop, didu chinh céu tric, danh gid higu sult ditn boa ciia cic MHCF
vi img dyng vio siéu ty din lai c6 ¥ nghla ci v& khoa hoe co bin 1 img dyng trong thiét
bj etk nfing lugmgg o6 tinh thivi sy v thye tién cao.

2, Sie khéng triing ldp ctia @ (@i nghién citw 50 ¥éi ede cing trink, ludn van, lugn dn
i cong b6 & trong vé ngodi mede; tinh trung thye, ri rang v Ay el trong trich ddn wi
(g tham kido:

Téng quan ca lujn dn dupe trinh biy 3 ring. Viée lya chon CeHCF, FelICF,
Ni.Co,HCF vat Na-Ni,Co,HCF ciing vide két hop kim logi chuyén tiép vi giiuNa® 14 hudng
mii ghn ddy trén thé gidi, cho thiy tinh mdi va khing tring lip hep 1y. Cdc ti ligu tham
Khio duge trich diin dly 4, ding quy cich, khdng thy du higu sao chép.

3. Sue phis hop giina tén dé tai voi noi dung, giia ni dung voi chuyén nganh v md sih
chiyén nganh:

Tén dd thi phin dnh diing ni dung trong tim: thng hop vit idu MHCF vi img dung
cho siéu tu dign. NGi dung phit hgp véi chuyén nganh Hoa vé corva mB s chuyén nginh.
Céu tric ludn én lopic, nhit quin,

4. D tin cdy vé tinh hign dai cia phaarg phip 88 sk dung dé nghidn eiu:

Lufn &n it dung phuong phip 1dng hop hoa udt (dbng ket tia & diéu bién thinh
phin) cing céc k§ thujt phén tich hi¢n dai nhur XRD, SEM, TEM, FTIR, XPS, TGA dé
xic dinh cdu tric, hinh thai, va CV, GCD, EIS d& dinh gi dién hoa. Phuong phip phiy
higp, cdp nhit, kit qua ding tin cfy.



5, Kt qud nghién ctis mdi ciia tde gid; nhing déng gdp mdi cho sw phdt {rién khoa
hoe chuyén ngdnh; ding gop méi phye vie cho san xudi, kinh i, quic phing, xa hji va ddi
séng; 3 nghia khoa hpe, gid i va di tin cdy ciia nhimg Kt gua do:

+  Thng hop 4 hé vt ligu MHCF khic nhau v 1am 18 co ché gid tu dong xen cii cia

ching.

. Chiutj’IeNi:Cutﬁiw#l:ZmngNi,CuTHCF:hnhﬂusui:cmnhiL

+  Chimg minh vie lim gl Na® trong Ni-Co HCF gitip ting dung lwgng vit cii thign
khuéch tén ion.

+  Ché 190 sidu ty lai nude v mét 46 nang lwong cao vi ) bén chu kY 16t (>87% sau
2000 chu ky). C6 dong gop mai b ring cho huémg phit trien vit lgu sibu ty dign
nude.

6 U didm vér mineye didm vé ngi dung, két e vir hink tuire ciia lugn dn.

L diém:
Ludin éin c6 chu tric nghién ol mach lgc, b ligu nhidu vi thuylt phyc.

« Kbt qud c6 dbi chifu so sinh vi gidi thich ro.

+  Dang gop khoa hoc & ring vé t6i wu thinh phin vi co ché luu trX ion.

Han ché:
+  Chum dénh gis siud) 6n dinh edu trie sau chu ky dal bing XRD sau chu k.
. canammuﬂmmmngquyméﬂgummwmmmt&.
7. Ni dung cita lun dn 4@ dege cng b trén tgp chi, ki yéu Hpi nghi Khoa hpc ndo
vt gid trj cia ede cong frinh 43 cdng b

Nghién ciru sinh 4 cong b6 03 bili bio 1S1 Q1, trong 46 ¢6 Dalton Transactions vi
Journal of Nanoparticle Research, du thudc WoS, ¢6 phin bi¢n quic té. VigtmMir cbng
bé s vai yéu clu tdi thibu etia lufin én tifn sf 1ai Vigt Nam,

8. Kt bugn chung:

Lugn 4n dgt yéu chu v& ndi dung va hinh thirc ctia lufin dn tién f chuyén nginh Hoa
wi cor,

Bin thm tht phin dnh trung thye ni dung lulin &n.

néashiejaomapnghimuﬁusmmovedpﬂuvmvamﬁphéngﬁénﬁ

Ha Ngi, Nghy 03 thing 11 ndm 2025
Nguiri nhin xét

NGO TH] LAN



CONG HOA XA HOI CHU NGHIA VIET NAM
Pije lip - Ty do - Hanh phiie

BAN NHAN XET LUAN AN TIEN ST CAP HQC VIEN

Hg va tén ngudi nhdn xé1 ludin dn: Nguyén Trung Diing
Hoe ham, hoc vi: PGS.TS
Cerquan cong tae: Hoe vign K3 thuiit Quan sy/Bd Qubc Phong
Ho va tén nghién clru sinh: V@i Vian Thuy

Negwoi huéng din: PGS.TS. Tran Viét Thir

TS. Ngé S7 Hidu

Tén dé 1 lugn an: Nghién ciru thng hop vit lidu ho Prussian Blue (MHCF, M = Fe,
Ni, Co, Ce) dinh hudng lam dién ewe cho siéu ty dién

Ngénh: Hoa vb co M sb: 9440113

Niji dung nhin xét:

Tinh cdin thiét, thoi sy, ¥ nghia khoa hoc v thyc tin cua dé tai:

Sy nong lén todn ciu va can kiét nhién ligu héa thach dang thic diy nhu
chu phat trién cac cong nghé niing lugng xanh vi i triv ning lugng bén vu:ng Trong
bi canh dé, vige nghién ciru va lam chi vit liéu dién cye cho cac thiét bj hru triv
dién hoa 14 rﬁt cin thiét vi mang tinh théi sr cao. Cée vilt lidu ho Prussian Blue
{PB:‘\S] véi ciu trite mang tinh thé mi, kha niing chén/giai ion kim loai linh hoat va
dé én dinh cao dang ndi Ién nhur img vién tiém ning. cho siéu ty dign thé hé moi, O
Viét Nam, linh virc niy cin it duge khai thac, cac két qua nghién ciru con han ché,
chura wrong ximg vai tiém nfing (ng dung Lhm: té, Pé 1ai gop phin xiy dung co sa
khoa hge cho vige tdng hop, dﬁe trumg vi tHi tu haa cuc viit ligu dign cue PBAs. Két
qui nghién ciu déng gép méi vé mbi quan hg gu.ra ¢ tric — thénh phan — tinh chat
dién hoa cia vit lidu. Ludn an c6 ¥ nghia thye tién khi hudmg i ché tao vat lidu luu
trit nding lugmg o6 chi phi thip, thin thién méi tudmg va phi hep diéu kién phl'mg
thi nghlf,m trong nurde. Dy 1d hudng nghién cin hign dai, phit hop véi xu thé phat
trién nang lugng bén vimg todn céu.

2. Sy khéng trimg lip cia dé tai nghién clu so véi cée eong trinh, ludin vén, ludn
an di cong bé & trang vl ngodai nude; tinh trung thue, rd ring va dﬁy i rong trich
diin il ligu tham khao.

Qua qua trinh ri sodt, dbi chidu véi cac cong trinh nghién ciru, lugn viin
vl ludn dn di chng bo trong va ngoai mrde, dé i can nghién ciru sinh khéng tring
lap vai bit ky cong trinh nio da duge cdng bd. Hudmg nghién eiu tip trung vio tdng
hop vii khio sit vit ligu ho Prussian Blue (MHCF) vai cic kim logi chuyén tiép khéc



l .

nhau (Fe, Ni, Co, Ce) cho img dung siéu 1y dién, I mt huong mai, c6 tink ké thira
nhung viin dam bio tinh sang tao vi: dong gop riéng. Cac két qua va phuong phip
nghién eiru thé hign rd diu dn ca nhin cia tic wia trang vige lim th;m nguyén ligu,
quy trinh téng hop vi dlnh hlmng tmg dyng. Toan hql 56 ligu, bang biéu va hinh anh
trong ludn dn déu cé ngudn gdc ro ring, duge trich din trung thue, chinh xic va day
dii theo quy chudn khoa hoc hién hanh, Cée i liéu tham khio duge trinh bay nhit
quén, cip nhiit, bao quit ci ngudn trong nudre vi qudc 1€, phin dnh tinh thin nghiém
tiic, khich quan trong nghién cin khoa hoc.
3. Su phit hop giis tén dé tai véi ngi dung, giira ndi dung v&i chuyén nganh va mi
6 chuyén nganh

Tén dé tai phi hl;rp vi phin dnh chinh xdc ndi dung nghién ciru ciia lujn dn.
Cae ndi dung dirgc trién khai t@p trung véo vige tong hop, diic tnmg ciu tric, khio
sdt tinh chit dién héa vé dinh huong tmg dung vt liéu ho Prussian Blue lam dién
eyre cho siéu tu dién, ding nhu myc tidu néu trong 1én dé ti. Ludn dn dim bdo sy
thng nhit gitra pham vi nghién e, phuong php thue hién va két qua dat duge,
khéng ¢d sy chénh 1gch hofic mé rdng vuot qué pham vi clatén goi. N&i dung nghién
ciru mang tinh lién nganh giita héa hoc vo co — vt liéu — dién hoa tmg dung, hodn
todn phi hop vai chuyén nganh Hoa v co (md s6 9.44.01.12). Két qué ciia ludn dn
gép phiin mé réng hudng nghién ciu viit ligu v6 co (mg dung trong linh vye niing
liwgmg sach, phit hgp dinh hudmg phit trién cia chuyén nganh v yéu cu thye tign
hién nay.
13§ tin cfiy vat tinh hién dai cia phuong phép di sir dung dé nghién cin,

Cie phiromg phip nghién ciu dwge st dung trong ludn dn dim bio 36 tin
¢y cao vi tinh hign dai, phi hgrp vii myc tiéu va ndi dung ciia &8 tai. Qu} trinh téng
hqp vt ligu MHCF duge thiét ké khoa hoc, e kiém sodt cac théng sb dnh hireng
dén chu trisc va tinh chiit coa san phim. Cic k§ thudt phén tich hién dai nhu XRD,
FT-IR, SEM, TEM, EDX, XPS, BET, CV, GCD, EIS duge si dyng ddng bd va
logic, gitp danh gia toan dién ciu tric, hinh thi, di¢n tich bé miit va dac tinh dién
hoa cia vit ligu. Dt li§u thu duge ¢d do chinh xéc cao, duge xir Iy hop Iy vi so sanh
vési edie két qua cong bb qude &, cho thiy tinh khach quan vi dd tin cdy cia nghién
e, Phuong phép luin cia ludin dn via ké thira nhimg k thudt phd bién trong nghién
ciru vt ligu v cor, vira thé hién tinh ciip nhiit va hién dai cua linh vire nang hrgmg
|uru triy.

5. Kétqua nghién ciru mdi cin tic gid; nhimg déng gép mai cho sy phit wién khoa
hoe chuyén nganh; dong gép mai phue vu cho san xudt, kinh té, quéc phong, xi hi
vit dori song;: ¥ nghia khoa hoc, gi trj va d tin cjiy ciia nhimg két qua dé.
Nhimng diong gop mai chinh cia Lugin én bao gdm:

1. Diéu ché thinh cong nhidu hé vl liéu mai gde hexacyanoferrate ghm:
CeHCF, FeHCF, NixCoyHCF va Na-NixCoyHCF. Cic vit ligu téng hop déu thé
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hign diic tinh gia ty dang xen ké khi lru trir ion K hodic Na* trong dung dich dién ly
e, chirmg minh kha nlng dng dung cho sidu y didén dung mdi nude.

2. Lam rd vai trd cia eic kim logi chuyén tiép Ni vi Co trong viée cii thign
higu suit dién hod cia hé hexacyanoferrate:
Nghién ciru ty 1€ gifra Ni va Co trong NixCovHCF, xéc dinh Ni:Co:HCF c6 hig¢u
suiit dién hod cao nhit. Khi lip ghép thanh siéu w bit dbi ximg trong dung dich KOH
2M, hé nay thé hi¢n dung lwong cao vi d¢ bén 16t Két qua cho thiy hop kim
hexacyanoferrate Ni-Co 13 vit ligu dign ey trién vong cho siéu ty dién dung moi
nure hidu sudt cao, .

3. D& xudt vi chimg minh chién lroe pha Na* viio clu trie NixCoyHCE:

Viée bd sung Na® gidp ting kha ning khuéch tin ion vi hoat tinh dién hod,
tir 46 nang cao higu suit lwu trir ndng lugng.  Na-NixCo/HCF dat dién dung riéng
cao (303,15 F/g i 1 A/g), ning lwong 166,15 uWhicm?, duy tri 83,7% dién dung
sau 2000 chu ky.  Két qua ndy khdng dinh hudng “doping Na™ 14 giai phap don
giiin va hi¢u qua dé ning cao tinh niing dién hod cia vit ligu hexacyanoferrate.

Nhimg déng gép méi nay di duge thé hign trong cic cong b trén céc tap chi
Journal of Nanoparticle Research, 2024. 26(4): p. 77 (tap chi IS uy tin Q2. IF=2.4),
Dalton Transactions 2024, 53(42): p. 17333-17342 (tap chi 181 uy tin, Q2, 1F=3.3)
tin Q1) vis New Journal of Chemistry, 2025 (typ chi ISI, uy tin Q1, [F=3.4),

Lugn dn da déng gop nhitng két qua méi cho khoa hoc vit ligu viv co. dic biét
trong linh vue vit liéu Prussian Blue Analogues img dung cho siéu tu dién. Nghién
clru dd lam rd mdi quan hé gita ciu triic — thinh phdn — tinh chit dién hoa, déng
théri dé xuiit hudmg pha tap Na® dé ning cao higu sudt heu trir niing lugmg. Cie két
qua c6 ¥ nghia thyre 6én, gop phin phat trién vit ligu niing lugng xanh, an toan, chi
phi thép. Két qua nghién ciru c6 thé img dung trong sén xuat thist bi Iy trir nang
lwgng, phuc vy nhu cu din dung, cong nghiép va qubc phong.

Luin dn ed y nghin khoa hoe rd rét khi lam sing 16 co ché heu triv dién tich
dang gia ty ctia vit ligu ho Prussian Blue, ddng thon chimg minh vai trd ciia Ni, Co
v Na* trong cdi thign hi¢u sudt dién hod, Cic két qua thu dugc ¢6 gid tri thuc tién
v dinh hudng cho thiét ké vit licu dién cye méi trong siéu tu dién thé hé xanh,

Phueng phip nghién et duge Lim chon hign dai, phi hop vic dé tin ejy eao,
duge kiém chimg qua cac phép do XRD, SEM, FTIR, XPS, EIS, CV, GCD, Céc 6
liéu durge xr 1y khoa hoc, lap lai t6t, bio dam tinh chinh xédc va khich quan ciia két
qui nghién ciru.

6. U diém va nhirge didgm vé ndi dung, két cdu va hinh thire eia lugin an.

U diém: Ludn an cé ndi dung thye nghigm lon, bim st dinh hudng nghién cir vé
vit ligu luu trir nang lugng méi; bo cuc hop 1y, gdm diy di phin tong quan, thye
nghi¢m vii thio lufin két qua. Cac chuong duge trinh bay mach lac, 6 ligu thye
nghiém day di, oo so sanh v danh gid cy thé. Thc gia sir dung cdc phuong phip
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hién dai (XRD, SEM, TEM, EIS, CV, GCD...) dé chimg minh dic tnmg vt lidu vi
tinh chit dién hoa, diam bao dé tin cdy cao.
Nhuge diém:

Phan ma déu chua lam rd durge khodng trdng nghién etu

Phén két ludn chua néu rd gidi han cia nghién ciru va dinh hudng phat trién
tiép.

Phéin 16m tai I|¢u tham khio 4p trung trong giai duan 2020-2023, phan dnh
tac gia di cip nhat tot cic cong trinh nghién ci gan day vé vit lifu Prussian Blue
va siéu ty dign. Tuy nhién, so luong 14 liéu nim 2024-2025 con it, cé thé bo sung
thém céc cong trinh quéc té mai dé ting tinh théi sy va chidu siu cho phin tdng
quar.

7. Noi dung ciia ludn an da durge cdng bb trén tap chi, ky véu Hi nghi Khoa hoc nao
vit gid u ciia cée cong trinh 8 cong bd (edp cong bi WoS (SSCI, SCVE, ESCI ...),
Scopus, quic té co phan bign, tap chi trong mecic duge tinh diém theo Hei dong
(Gido sw wha nude ... va xe‘p hang SCIMAGO).

Lugn an di cong bd 03 cong trinh nghién cini trén cic tap chi quéc té 1S] uy
tin Q2 va Q1 bao gbm Journal of Nanoparticle Research, Dalton Transactions, va
New Journal of Chemistry. Cic cong trinh ndy c6 gid trj khoa hoe cao, tip trung lam
ndi bat vai tro higp déng cia Ni va Co trong hé hexacyanoferrate, ké lugn
Ni;CozHCF cho higu qua dién hoa vugt trdi cho siéu ty dién dung méi nudre, Nghién
clru cling khiing dinh cde hé vit liéu ndy déu ¢ dic tinh gid W dgng xen ke va dé
xuiit chién luge ting cuimg hiéu sudt hu trir jon Na' biing cich dua thém Na* vio
thanh phén.

8. Két ludn chung
Luiin dn cia nghién cira sinh Vi Van Thuy ¢é tinh méi, ndi dung nghién ciu
thye nghi¢m lén, viée trich diin tai ligu tham khao déy du, rd ring vi trung thye.
Lugn an dép tmg céc yéu ciu vé ndi dung va hinh thirc ciia ludn dn Tién s7 khoa hoe
viit chdt nganh Hod v co. Bin 1ém tit phan énh trung thanh ndi dung co ban cia
ugin dn. Ludin én c6 thé dua ra bao vé tnrde hoi déng danh gid luin n odp Hoc vién
Hi N¢i, Ngiy 04 théng 11 nim 2025

Nguoi nhiin xét

=

—
PGS TS Nguyén Trung Diing



BAN NHAN XET LUAN AN TIEN §V
Ngtroi nhin xét ludn dn: Pham Thj Nam.
Hoc ham, hoc vi: Tién s
Co quan cfing tac ciia ngurdi nhin xét: Vién Khoa hee vit lidu, VAST,
He vatén nghién otru sinh: Vi Vin Thiy
Thily hudmg din: PGS.TS. Triin Viét Thi; TS. Nguyén St Hiéu
Deé tai: Nghién ciu tong hop vit liéu ho Prussian Blue (MHCF, M=Fe, Ni, Co,
Ce), dinh hudng (mg dyng lim dign cye cho siéu wy dign.
Nganh: Hod Vé co Mi s6: 9.44.01.13

N§i dung nhiin xét

1. Tinh can thiét, thivi sy, § nghin khoa hoc vi thye tién ciia D& tai Lujn dn.

e ti lugn 4n tip trung vao nghién ciru céc vit ligu cé tiém ning Ién trong
img dung lwu trit ndng legng, dic bigt 1a trong céc thiét bj dién héa nhy pin va
siéu ty dign. Day 14 mot linh vyc dang dwge nhidu nhd khoa hoc trong vi ngodi
nude quan tim béi tidm niing nghién ciru va dmg dyng thue té cla nd, véi muc
tiéu gidi quyét viin dé hru trit ning lugng bén vimg, Ludn dn 43 phat tridn thinh
cong mdt s vit ligu trén co s&r Prussian Blue vi nghién ctu tinh chiit di¢n hoa
cia céic vit ligu nay nham tmg dung lim dién cye cho sidu w dign. Vi viy, dé tai
luin én ciia NCS. Vi Vian Thily vita c6 ¥ nghia khoa hge vim c6 ¥ nghia thyre tidn.
Ciich dt vin dé va gidi quyét vin dé cia ludn dn dap img yéu ciu ciia mt dé tai
Iudn én tien si.
1.5y khdng trimg I3p cia dé tii nghién ciru so vii eic cdng trinh, luin dn di
cdng bl & trong vi ngodi nwde; tinh trung thye, rd ring vi diy di trong trich
diin i lifu tham khio

Cic két qua tra ciru thong tin khoa hoe & théi diém hién i cho thiy cde két
quit trong Lugin fn khong o6 sy tring 1ip so véi cde db an, lufin viin hay ludn dn
khac & trong va ngodi nude. Cac thong tin tham khéo duge trich din trung thyre,
diy di, v rang.
3. Sy phii hyp giira tén d€ tai véi ngi dung, gifra ndi dung vii chuyén nganh
v mii s chuyén nginh

Noi dung cia Ludin dn hodn todn phi hop véi tiéu dé, chuyén nganh Hoe v
co vamil 50 cia chuydn nganh 9440113,



4. Bj tin ey vi tinh hign dgi cia phuong phip @i siv dung dé nghién eiu

Trong lufin an, téc gid sir dung céc phuomg phip déng két tia dé tdng hop
vat ligu va k¥ thudt nghién ciru hién dgi ohu pha XRD, TGA, FTIR, SEM. TEM.1
EDX. D biét sir dung phurong phap dién hoa hién dai nhu CV, GCD, EIS ¢2
dinh gid khi niing lim siéu ty dign cda vit liéu, Day 1a cde phuong phip hign dai,
gitp dinh gid todn difn cée dic tinh cia vit liéu nghién ctru, dim bio dé chinh
xAc v tin ey ciia két qud lufn 4n.

5. Két qua nghién ciru méi ciia tie gia
Ludn dn co khoi lugng két qua phong phil véi mot sé déng gop mai sau:

- Luiin dn d téng hgp think cong mot sb hé vit lidu goe hexacyanoferrate
gbm CeHCF, FeHCF, NixCo,HCF, Na-Ni,Co,HCF biing phuong phip déng leét
tia, Két qua phan tich bing céc phuong phép hign dgi 6 4§ tin ¢y cao di chi ra
cic hi vit ligu ché tao déu c6 dic tinh gid ty dang xen k& khi luu trit K* holic Na*
trong dung dich chdt dién Iy véi dung méi 14 nude,

- Lugn én dd nghién ctu va danh gid dugc vai wd ciia cdc kim logi chuyén
tiép Ni va Co trong viéc ning cao hiéu sudt dién héa cho he hexacyanoferrate. Két
quit cho thiy hé vat ligu Ni;Co;HCF cho hi¢u quéa dién héa cao nhét khi sir dung
lip ghép siéu tu bt dbi ximg dung dich di¢n ly KOH 2M, tiém ning hiz hen lam
dién cye higu suflt cao cho 8 tu dién dung méi nudr.,

- Lun din d3 nghién ciru chimg minh viée b sung thém Na* vio thinh phin
cia NiyCoy gitip ning cao higu suit dién hos cho hé viit ligu hexacyanoferrate dé
luru trir jon Na® trong nudr,

6. U'n diém va nhwge diém vé nji dung, két chu va hinh thie ciia Ludn in

Lugn &n duge trinh bay cén thn, dep, it 1i, ¢6 ndi dung khoa hoc, logic.
Ludn dn cb khoi luong két qua phong phit. Cée két qua nghién ciru duge phan
tich, ddnh gid hién dai, ¢6 dé tin ciy va nhimg két lujn phit hop voi cach dit vén
dé. Tuy viy, d& hoin chinh Lun 4n, the gid cin chinh sira theo mét s gép ¥ trao
ddi dudi day:

+ Thng nhiit viit lifu dign cye dm trong 1o text trang 37 vé hinh 2.2, sit
dyng vit ligu la cacbon hoat tinh hay graphite.

+ Chinh sira viin phong mét s6 ciu cho rd nghia. Vi du cfiu mé dilu mye
3.2.1, trang 49, dé ngudni doc tranh hidu 1im vit ligu FeHCF va PB 13 2 chéit khéc
nhau,

+ Sia mit 56 13i format: Bing 3.11 (trang 69-70), bang 3.13 (trang 72-73),
bing 3.18 (trang 88-89) ¢in dua vé ciing trang.
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Céu hoi trao ddi: NCS ¢6 thé cho biét cdu trie viit ligu ¢6 inh hudmng nhir thé
nia dén tinh chat, kha ning img dyung lim dign cye cho sidu ty dign?
7. N§i dung Lugin in di dwgc cing bb trén tap chi, Ky yéu Hii nghj khoa hoe
ndo vi gid trj khoa hoe ciia cic cing trinh da céng bd

Nghién ciru sinh d& céng bd dugc 03 cing trinh khoa hoc lién quan dén néi

dung lufin dn trén cdc tap chi chuyén nganh quée té c6 chit lugng cao SCIE, Q1.
Céic cong trinh khoa hoc réit o6 gid tri trong linh vue nghién cir ¢6 lidn quan téi
ndi dung lufin dn cia nghién clru sinh.
8. Két lufin chung

Ludin dn eda NCS. Vii Van Thiy dip g tét cde yéu cdu cia Lugn dn tién s
chuyén ngianh Hoa Vé co,

Ban Tém it Lufn én phén dnh trung thye nhimg nii dung co ban cla Ludin
én.

Luén &n cua NCS. Vi Viin Thiy ¢6 thé dua ra bio vé & cfip Hoc vién dé nhén
hoe vj Tién si.

Ha Noi, ngéy 3 thng 1 I niim 2025
Ngwoi nhin xét

s

TS. Phgm Thj Nam



BAN NHAN XET/ PHAN BIEN LUAN AN TIEN 81 CAP HOC VIEN
Ho va tén ngudi nhdn xét ludn dan; Neusén Tedn Humng
Hoe him, hoc vi: PGS.TS
Cor quan cong 1ac: Vign Vit lidu, Sinh hoc va Méi tniimg
Ho vi tén nghién ¢iru sinh: Vi Vin Thay
Thiy hudme din: PGS.TS Trin Vit Thie vi TS Nguyén 59 Hidu
Tén dé ti ludn an: Nghién clru thog hgp vil lidu ho prussian blue (MHCE, M = Fe,
Ni, Co, Ce) dinh hudmg img dung lam dign cyre cho sigu w dién
Nganh: Hoa vii co M si: 9440113

Ni dung nhin xét;

I, Tinh cin thiét, third sw, ¥ nghfa khoa hoe vi thae tidn cia dé tai;

D& tai ludn dn ¢ tinh cdn thiét vi thoi sy cao trong bl ednh can kigt nhign ligu hoa thych
va bién ddi khi hiu toan ciu ddi héi cde gidi phap luu 1 ning heong hiéu sudt cao, sach
vé chi phi thip. Sigu ty dién, d3c biét 1d sidu ty dién lai, 14 thidt bi quan trong bac ciu gim
pin (méit d§ ning lugng cao) va ty dién truyén théng (mat do cdng suit cao). Ludn dn tap
trung vio vit liéu ho Prussian Blue Analogues (PBAs), mit lap vit liéu dién cue ¢6 nhidu
trién vong do clu trilc khung mé, kha ning didu chinh thanh phiin linh hogt, quy trinh thng
hop dom gidn va chi phi thip, Vige nghién el mit edeh ¢d hé thiing dnh huimg eda think
phiin kim logi (M = Ce, Fe, Ni, Co) dén ciu tric vi tinh chit dién hod (luw tririon K va
Na') cung cip cée hiéu bidt khoa hoe gid trj vé mai quan hé cdu tric-hidu sudr trong céc
viit ligu MHCF. Nghién ciu dinh huémg phit wién dién cye cho siéu t dién sir dung dung
dich didn ly trong mdi tredmg nwde. Hé thdng niy ¢b wu didm viegt 0i vé dd an toan
{khing chiy nd) vi chi phi thiip so vii cac hé thing $ir dyng dung mdi it co, phi hop
v dinh hudmg phit trién cde thiét b luu trir nfing lreng quy mé 16 va bén vimg,

2. Sy khing triing lip cia dé thi nghién cim so véi cic cong trinh. lu@n vis, ludn dn
i edng b & trong vi ngodi nurdc; tinh trung thire, 16 ring va ddy di trong trich déin
thi lidu tham khao,

Churng | Téng quan due trinh biy chi Gy, bao quit cae khis cpnh co bin vé ely e vt
li¢u PBASs, cic phiong phap hamg hop va img dung 1dm siéu tu dién, Tic gid di ing quan
ciic nghidn ciru chuyén siu vé hé viit lidu Fe-Ni-CoHICF va tinh hinh nghién cinl vl ligu
PBAs tai Viét Nam. Qua téng quan, <0 thé thiy hudng nghidn ciru cin ludn dn 13 khdng
triing lip. Miic di viit ligu PBAs 8 dugc nghién cing nhidu, vide khito sdt so sdnh ié thimg
cde vt lidu MHCF v M = Ce, Fe, Ni/Coll11) va Ni‘Co{11} gidu Na trong cling mdt cong
tinh, dic bigt 13 18§ vu héa b Ni-Co cho T trit fon K* vi Na®, th mit huréng di ¢ tinh
mih,



Ludn &n dil wich din 111 i liéu tham kidio. Céc trich din 0 rang, diy di va hi g cho
cée lip luan khoa hoe

3. Swrphii hop giita tén A& tai vei ngi dung, giita ndi dung véi chuyén nganh vi ma
sib chuyén nginh.

Céc nfi dung chinh cia lujn dn bao gbm quy trinh wing hop cic hé CelCE, FelICE,
NiCoy HCF(11) v NiuCo, HCF(IT) gidu Na, dinh gig khi nang tich trir ndng lugng cia siéy
ty dién

Nhur vy ndi dung nghién ciu cia ludn an hodn todn phichgp v chuvén nganh Hod vé co
{mll 30 9440113}, Tén ciia lufn an phan anh diy dii cic ndi dung nghién ciu.

4. B{ tin cdy va tinh hién dgi ciis phrong phip di sic dung dé nghién ciru,

Lufin dn sir dung cac phuong phap nghién cim hign dgd, phi hop voi ndi dung nghién ciu
i ed & tin cfy cao trong finh vire khoa hoe vt ligu va dién hoa:

- Phuemg phip déng két tim 13 phueng phip phd bién, higu qua, dé wién khai va c6 kha
ning mir riing quy mi.

- Céc ky thudt o XRD, SEM-EDX.; TEM, FTIR, TGA, XPS Ia cac phwemg phap tigu
chudn ¢& xie djnh cdu trie pha, hinh thai, thanh phin va trang thii oxy héa cia vit ligu.

- Ciie k¥ thudt dign hda nhu CV, GCD va EIS duge thire hign v cung cfip diy di thdng tin
i car ché T triY, dung lirong, hidu sudit vit dg bén evia vit ligu dign ey,

Ciic dir Ii¢u thire aghi¢m digc trinh bay rd rang va cac phiin tich déu ¢o cor sir khoa hoe va
dang tin céy.

5. Kétqua nghién cire méi cia tée gid; nhimg déng gbp mdi cho sy phit trién khoa
e chuyén nghnh; dong gop mdd phue vy cho san xudt, kinh if, quic phong, xa hii
vi divi lﬁng; ¥ nghta khoa hoe, gis tef vi 44 tin efy cin nhimg két qua 46,

Ludn 4n it thu dwge nhidu két qui méi, o gid trf khoa hpe, thé hién qua 03 cong bé 151
Q1. Cic déng gop méi chinh bao gdm:

- Ludn én da tdng hop va khio it 4 hé MHCF. B3 chimg minh CeHCF (cdu tric lye gidc)
khéng phit hop do dung riéng thip (96,0 Fig). HE FeHCF() (cdu wic ldp phirong) cho kha
ning luu trie K* (bt (466,0 P tgi mie dd dong § mV/s)

- Lugin én da 16i o how hé NixCoy HCE(IT) cho siéu tu dign K*. NCS ¢4 chirng minh hidu
{mg higp déng gitra Ni v Co, 18i uru hda 1i 18 NizCo = 12 (NiCo:HOF) trong mdi tnrimg
dién ly KOH 2M. Vit lidu niy dat dién dung riéng rit cao (10688 F/g 13i mit &5 dong |
Alg) va hi¢u suit Coulombic (100% tai mfit d0 dong > 2 A/g). Thiét bj lai bt dbi ximg
NiCo:HCF/AC cho higu sudt tde (74,4 pWhicm® @ 750 pW/em?) va d bln 87,7% sau
2000 cha ky.

- Ludn dn da phat trign hé NiyCoyHCF(D) gidu Na cho sidu tu dign Na*. Vit lifu Na-
NisCoHCF(I) cho lwu trir jon Na® (rong Na:SOs IM). Vit liéu nay cho thiy hige suat
dién hod duge cai thién déng ké so vai vt lidu khing gidu Na, dat Cs = 303,15 Fig @ |

-



Alg. Thigt bj |ni Na-NizCoHCF/AC ciing cho thiy higu sufil cao (166,15 pWhiem® @
1800 uWiem?) vi 3§ bén 1ot (83, 7% sau 2000 chu ki),

D tin ciy: Cac két qui nay c6 ddtin ciy can. duge phin tich siu bing cic phucong phitp
hidn dai (XPS, TGA, v.v.) vi d3 duge thim dinh, cOng bb trén ede tap chi uy tin.

6. U'n didm vii nhrge didm vé ngi dung, kée cdu va hinh thire cia ludn dn.

U diém:

- Ludin @n ¢6 ham lugmg khon hoe cao, gidi quy 1t tron ven cac mye tidu dé . D ligu thie
nghiém phong phi, duge phin tich va bign luin chi liéh, bim sdt cic Iy thu},'él nén lang vé
dién hod vi vit lidu,

- B cyc ludn dn logic, bao gbm 3 chwomg ndi dung chinh (Tong quan, Thire nahidm, Két
quit vit Thao ludn). Chuong 3, di tir sang loe (CeHCF, FeHCF) dén tdi i hoa (NICoICF)
wit nghién cirg viit ligu méi (Na-rich NiCoHCF), dim bdo khoo hoe va chiit ¢hi.

- Luin dn duge trinh bay rd ring, chuyén nghigp. Cic hinh dnh {SEM, TEM), phd dd (XRD,
XPS, FTIR) vi d thi (CV, GCD, FIS) c6 chit luong cao, sic nét, dé quan sat

Nhwrge diém:

- Mot sb 10 dinh dang nhé vé ky hiéu hod hoe trong Muc luc vit cle bing, cin ri sodt vi
chinh sirm,

- Phiin 3.5 (So sinh cde hi vit ligu) chi véu rinh biy 1ai phi d& CV vt GCD. Philn niy sé
©0 gid trj cao hom néu NCS b sung mt bang so sanh dinh lrgng chi tiét vi bign lugn siu
hen vé nguyén nldn cia sy khic bigt higu sult gifta 4 h¢ vt Béu (dnh huimg cia céu tric
Iy gide so vi ldp pharomg, doh hwdmg cda kich thade jon so vai, dnk hudng cia pH dién
Iy}

Cilin hii:

a, HE NiiCosHCOF(HT) ( 1068,8 F/g trong KOH) vi hé Na-NuCoyHCF(ID (303,15 Fig trong
Ma:50:) chénh léch dién dung riéng rit lom. NCS ¢ thé phin tich sdu hon:

- Yéu 16 ndo dong vai twd quyét dinh dién sir chiénh I¢ch ndy: bin ehét jon (K so vai Na™ ).
méi trwimg dién by (KOH) so vl Na:SOu), hay trang thii oxy hoa cia Fe trong ticn chit
(Fe(lll) so vin Felll))?

- Kich thuée & mang ciin hé Fe(ll) (a = 10,08 A) nhd hem hé Fe(ITh (n = 10,22 A). Pigu
niy anh huimg the nio dén ding hoe xen caicna K’ va Na'?

b. Vi co ¢hé dign hod, tpi myc 3,4.2, NCS cho ring hogt tinh oxi hoa khir chid véu lién
quan dén cip Fe /Fe’* vi Ni*'/Ni™* "khéng hogt dong dién hoa" trong clra sb dign thé niy.
Tuy nhién, tal mye 3.3.2, NCS lgi glai thich higu suit cao 14 do "hidu img hiép dong”, "hoat
cimg oxi hida ki eao”™ ela Covi Ni. Phé XPS (Hinh 3.30) ciing cho thily sy (b tgi ddng
thini cia NiP/Ni¥ v Co™/Co¥, P nghi NCS lim £d vai trd din hoa thye sirctha Ni va
Co trong ci hal hé thing (sit dung tién chit Fe(l11) va Fe(ID).

3



7 NGE dung can luin dn di duge cong bo trén tap chi, kv véu Tdi nghi Khoa hoe
nio vi gid tri cla céc edng trinh d3 ¢ong bd (edp cdng ba WoS (SSCH, SCUE ESCI .. ),
Scopus, qudc (€ ¢d phan bign, tap chi trong nede dicge tink diém theo Hoi déng Gida sie
nha nurdre .. v xép hang SCIMAGO).

Lufin in d4 cong bd 03 bii bio trén cde tap chi 18T Q1 (trong do NCS 14 e gid ddu tidn)
I mdt thanh tich die bigt xudt sic, khing dinh gid trj khoa hoe, tinh méd v db tin ¢y ciia
ciic kéi qué nghién e trong ludn dn.

8. Két luiin chung cin khing dijnh:

- Mike dgi ddp ting ede yéu cdu 461 vol mt ludn dn tifn st chuyén nganh,

Lugn dn "Nghién el lbng herp vit 1:éu ho Prussian Blue (MHCE, M = Fe, Ni, Co, Ce) dinh
hudmy (g dung lm dign cye cho siéu w dign" 14 mijt cong trink nghién el khoa hoc
dirge thire hién edng phu, nghiém tic, oo hi thing. Cac két qui co gid i khoa hoe vi thyre
tién cao, di duge cdng bd trén 03 tap chi quéc € 1ST Q1 uy tin, Luin dn da dip img iy di
vl virgl cde véu ciu ddi voi mt lugn dn tién si chuyén nganh Hod v oo,

= Ban tém tdt hadin dn o6 phin dnh trung thank ndi dung co ban cia ludn dn khdng

Ban tom 11 lufn 4n phin dnh trang thyre, diy di va stic tich ngl dung <t 16i cia Juin dn.

- Lugn dn 6 th dira ra bée vi cdp Hoo vién dé nidn bing Tidn st die hay khng,

Lugn dn hodn toan xémg ding duge dwa ra bio vé ¢ip Hoc vign dé NCS nhin bing Tién si.

Ha ndi., ngy 4 thing 11 niim 2025
Negwii nhin xét

Nguyén Trin Hing



(Miu 22-HV-Quyét nghj)

VIEN HAN LAM CONG HOA XA HOLCHU NGHIA VIET NAM
KHOA HOC VA CONG NGHE VN Pic 1iip - Ty do - Hynh phiic
HOC VIEN KHOA HQC VA CONG NGHE

He Noi, ngety 26 thing 11 ndm 2025

QUYET NGH] CUA
HOI BONG DANH GIA LUAN AN TIEN 51 CAP HOQC VIEN

Ho vi tén NCS: Vii Van Thiy

Tén dé 1l ludn dn: “Nghién cia thog hop vir lidu ho Prussian Blue (MHCE, M = Fe, Ni,
Co, Ce) dinh hudmg tmg dyng lim dign cye cho siéu ty dign™

Nganh: Hoa v co

ME sb: 9 44 01 13

Nerivi hirdmg din 1: PGS.TS, Trdn Viét Thir - Hoc vién K¥ thuft quén sy

Nigudi huromg diin 2: TS, Nguyén ST Hidu - Vién Khoa hoc vit ligu, Vién Han Jam Khoa
hoe vi Cong nghd Vigt Nam.

Quyét nghj cin Hji ddng phai néu duye che viin dé theo trinh ty sau:
- Kétqua bo phidu danh gis ludin dn caa Hi dbng

+ 80 phiéu phit ra: 07 phiéu

+ 86 phiéu con lgi: 0 phiéu 8

+ 86 phifu tin thinh: 07 phiéu

+ 86 phidu khong tdn thanh: 0 phiéu

Trong do b phiéu xép logi xudt sic I 07 phidu
- Nhimg két luiin khoa hoe eo bin, nhitng didm mdi, dong gop mai cia luin dn

Luin an ¢ 03 diém mdi sau;

+ DA thng hop thinh cong nhidu h vt ligu hexacyanofermate nhu CeHCF, FeCF,
NiCoyHOF va N-NiCo, HCF. B4 nghién ciru vé khiing dinh duroe die tinh 2id e dang xen
k& khi luu trit cée ion K* vt Na® trong dung dich chit dién ly vdi dung moi 1a mude,

4 DA nghién ciru vi néu bt vai trd ciia cée kim logi chuyén tiép Ni v Co trong viée
ning cao higu suat dién héa cia hé hexacyanoferrate. B nghién ciru tv 1¢ thanh phin Ni
wi Co il thu duge v liéu NigCopHCF ¢ho higu qua dién hoa cao i trong hé sidu 1y bit
dbi ximg vai dung dich dign ly KOH 2M.

+ D3 nghién ciru va khing dinh viée dua thém jon Na* vio thinh phin NiCo, i
phureng phip don gidn nhung cd hidu qua cao @8 tng crdmg hidu sudt dign hoa ol vit

Tigu dé T trir on Na' trong nue, ’
- Co s khoa hoe, d6 tin ciy ciia nhimg ludn diém vi nhimg két ludn néu trong lufn
dn

Ludin én o co sir klhoa hoe va d6 tin ey trong nhitng ludn didm vinhiing ké lujn,



Y nghia vé 1¥ ludn, the tién va nhimg dé nghi sir dung cdc két qud nghién cir cia
ludin én

Luiin dn o6 nghia vé Iy ludn, thyre tién cao vii d& nghi sit dung céc két qui nghién
ciru eiia ludin dn lim i ligu tham khio cho cie nghién oim tiép theo.

Nhilng thiéu sot v& néi dung va hinh thirc cia lugn an

¢ Lufn dn con mdt s6 16 chinh @, in dn. tén goi cée hoa chit, bing bitu chua thing
nhit,

+ K& ludn con qui dai, chira e dong.

Mire 6 ddp fing cac yéu ciu cia lu@n dn

Ludin dn dép img véu cdu e vé ndi dung vit hinh thire d6i véi mét ludin én tién &1,
Nhimng diém eln bd sung, sira chita (néu ¢} trude khi ngp Win dn cho Thur vign
Quédc gia Vigt Nam

+ Chinh sira 18i chinh ta, in fn, thing nhét tén goi cic hoa chat, bang bidu

+ Két huin viét lai cho ngin gon, stic tich hon.

Kién nghj cia Héi dbng vé vie cdng nhin trinh 9 vé ofp bing tién si cho nghién
cini sinh

Héi dong dé nghi Hoe vién Khoa hoe va cing nghé cong nhin trinh dé va cip bing
Tién 57 cho NCS V@i Viin Thily sau khi NCS chinh stra, hoin thién ludn 4n theo cic
¥ kién cin cie thinh vién hii dng.

07/07 thinh vién HOi dbng nbit tri thing qua Nehj quyét,

THU KY CHU TICH

- :

TS. Pham Thi Niim

KH. Diing Vii Minh

XAC NHAN CUA
HOC VIEN KHOA Hoc vé,cgm N[ﬁﬁ

7y PHO GIAM D C

Nguyén Thj Trung

P



HOC

VIEN KHOA HOC VA CONG NGHE

(Méu 21-HV-BB ciia HD edp Hoe vién)

VIEN !!.-\N LAM ) CONG HOA XA HOI CHU NGHIA VIET NAM
KHOA HOC VA CONG NGHE VN Bic lip - Ty do - Hanh phic

Hés N, ngay 26 thang 11 ném 2025

_ BIEN BAN CUA
HOI DONG PANH GIA LUAN AN TIEN 81 CAP HQC VIEN

He vi tén NCS: Vil Vin Thiy

Tén dé tai lugn in: "Nghién ciu thng hep vét ligu hp Prussian Blue (MHCF, M = Fe, Ni,
Co, Cejdinh hudng img dung lam dién cuc cho siéa ty dign”

Nginh: Hoa vl co

Mash: 24401 13

Nguiri hudmg din 1: PGS, TS, Tedn Viét Thir - Hoe vién K9 thudt qdén sy,

Nguivi hudmg diin 2: TS, Nguyén 87 Hidu - Vién Khoa hoe vit lidu, Vién Hin lim Khoa
hoc va Cong nghé Viet Nam.

Dai bidu tham di: 'S, Nguyén Thi Trung — Pho Giam dée Hoe vién Khoa hoe vi Cong
nghé¢ Vigt Nam

Phiin 1:
L

3

Pai dién co siv divo go tuyén b 1§ do, doe quyél dinh cda Gidm dbe Hoe vign Khoa
hoc vé Cong aghé vié vige thinh lip Hoi dong dinh gid luin én tién s cip Hoe vién v
dé mghj Chu tich Hi ddng diku khidn phién hop

Chii tjch Hoi dbng cdng b danh sach thinh vién o may thong qua ehong trinh bud
hao v, dé nghi Thir k¥ thimg biio ce diéu kién chuiin bj cho budi bio vé va doc Iy
lich khoa hoe clia NCS

Thu ky thong bio cde didu kidn cho budi bao v¢

- 1 tlp higp dhy dii DT nhin ¢t fuin dn cia 07 thianh vién trong Hai dong;

- P b gidly xde nhin eia che dong tac gid cho phép NCS durge sir dung bii bao;

- Ludn dn, thing tin tom tit vé nhitng déng gop mai ca ludn dn sién sT duge ding trén

trang web cin B GD & DT nghy 27/10/2025 v website Hoe vidn KH&CN ngihy

2

3/10/2025;
- Tin vé ngiy bio v& di duoc dang trén trang web cin Hoo vién KHON ngay

(:4/11/2025;

- Thar ky Hi ddng doc tom it LLKH v bing diém eda NCS.

NCS eo dit che didgu kign 8 bio v lugn dn tién sT cip Hoe vign

Ciic thanh vign hii dong va nhimg ngiin tham dur néu ciu héi hodc ¥ kién thic mic
(néu ) vé 19 lich khoa hoc vi qua trinh dio tao cia nghién cin sinh

Nighién ciru sinh trinh biy ndi dung lujn dn trong thii gian khing qui 30 phit. Khing
durge doe bin tom til ludin an hedic vin ban chuin bi tewde

Cae phan bién doe nhin xé vi At ciu hoi



* Phin bign 1: PGS.TS. Trin Vinh Hoang. doc ban nhitn xét (co vin hin kém theo)

Vige chuyén dbi xanh tir nhién li¢u héa thach sang néng lugng i (o dang (ro thanh
sir chuyén dai khong thé dio ngurge vil ri :lip bach dé img pho vir s nong 1én odn chu
vi higu img nha kinh. Do d6, d€ ti lufin dn cia nghién ctru sinh 4 oin thiét, co tinh khoa
hoee vi thire tidn sdu sic,

Tén dé td, nji dung nghién eira cda ludn dn khdng tdng Bp vai cie luln an di bao v
trong mirdre va nurdc nzodi 43 bio vé tnrde day.

Lugn dn c6 111 @i ligu tham khio, toin b ti ligu tham khio bing titng Anh, cic tai
ligu tham khio co mire db cfp nhit tt déin ndm 2025, Che thi ligu trich 1_ﬂ:| cd ndi dung
phit hgp véi dé tai nghién eiu, ludn dn. Cac trich din trong lufin an nay diy di. chinh xéc
vi khich quan,

D thi 6 tén, ndi dung phit hop v chuyén nginh vt mi sd chuyvén nginh.

Ciie phong phip thng hop vil 1idu phi hap, €6 85 13p loi. Nhém cic phong phip
nghién ciru didc tnmg vit ligu nhu XRD, SEM, TEM._phi hgp véi ndi dung nghién cir,
dity 1h cde phirong phap hign dai, 6 dd tin cdy cao. Che phuong phap dign hoian dinh gid
hoat tinh dign héa cia vit ligu dign cue miu finh kign nhu phd CV, EIS, GCD tién hanh
trén miy Autolab hign dai nén sd ligu co do tin ey cao.

Dong pop mdi lufn dn:

- Pa m qui trinh va difu ché thinh edng cde h§ viit ligu gbe hexacyanoferrate nhr
CeHCF, FeCF, NizCo,HCF va N-NiuCo,HCF, Cée két qua phan tich djic trung vit liéu
duge thng bop wong lufin dn cung clp thém dor ligu v i thie wing cie vit ligu ho
Prussian dé tra cin, so sanh img dung trong cic nghién cir khdc.

- Chitg minh duge cie hé vl ligu didu ché duge co dic tinh gid ty dang xen ke khi
Turw teir K hofic N trong dung djch chiit dign ly vii dung mdi 1 nude.,

Lugn éin e6 tinh thye tién, tinh thd sy 6t lugin 4n rinh bily t ring, bb cue hop 1, oo
ban lufn c6 minh chimg, nhifu két qud ¢o ¥ nghia khoa hoc v img dung can, ndi dung
trinh biy cd dong, €6 chit hrgng.

Luiin éin ¢4 03 eong bis SCIF, trong d6 nghién etru sinh It tde gia diu 03 cong bd déu
phin anh trung thye trre tidp ndi dung luin an nén nhin chung luin in co chit lngng bt

~ Lujn dn dap dmg diy &0 cde yéu chu cda mot lugn an tién 5T chuyén nginh. Ban 16m
tit lugin dn phin dnh trung thire ndi dung oo bin e lufin dn. Bé nghi cho phép NCS trinh
ludn én ru bio vé clp Hoce vign dé NCS duge shiin hoe vi Tién si,

Bién eanh dé vin con mt si the tgi edn chink siva, hoan thién thém:

- Ci chit, kiéu chir cin thing nhit trong toin b lujn dn.

- Danh myc héa chit cin b sung thém thang tin chi tiét timg hang mue nhit dd tinh
khidt, nha san xudt,

- Phurcrng phisp thng hop mye 2.2.1 cho vidt 1pi cho thong nhit véd cae muye md i khic.

- Ciin bd sung thém hinh cde dign cye, linh kign ché tgo duge dé tang them tinh tnre
quan, ciing o/ giai thich thém cho két qua.

- Cin e sir so sinh vt liéu trén co s0 PR véi e vill ligu didn epe khde 38 dinh gia
tinh trifn vong va tiém ning,

- Két luin nén duge viét ngiin gon siic tich hon

Ciin hai:



- Phid FIS khomg thity ving chuyén dich dién tich. Viy vit li¢u ché tao duge co phai
siéu din khang?

- Ho PB tinh &n dinh vé mat hoa hoe nhu thé nia?

- 8in phdm thiét bj protolype ¢d i ndi bit so cic cong bb khic?
* Phin bign 2: PGS.TS. Nguyén Manh Tuimg, doc ban nhin xét (e win hin kém theo):

Bé tai ludn én thng hop vt liéu ho PB (mg dyng lam dién cue cho siéu ty dién 14 cin
thiét va c& ¥ nghia khoa hoc.

Lufn fin tham Khio vi tich din 177 i ligu egp nhit dén 2024, Cée 1di lidu duge trich
dfin trung thure, 6 ring va diy di. .

N dung luin én khéng tring Igp véi cée céng trin da duge cong bo trong va ngod
M,

Ludn dn sit dung 111 TLTK, duge cip nhdp vi duge trich din trung thye,

Tén lugn dn phi hop vai ndi dung nghién o, ndi dung ludin dn phin hop vai chuyén
nganh vi ma s chuyén nginh ma 9440113,

Cic két qui nghién cim ciia luin dn duge thie hién bing cic phuomg phip nghién cin
vit dite trumg hién dad, eo tinh khoa hpe va d tin ey cao,

DPing gop mdi coa lufn dn:

- B thog hop thanh cong nhidu hé vit ligu hexacyanoferrate nhu CeHCF, FeCF,
NixCo,HCF vi N-Ni.Co,HCF. PA nghién ciru va khing dinh duge djc tinh gid ty dang xen
k@ khi luu trir cac ion K* vit Na* trong dung dich chilt dign Iy v dung méi I nudre.

- D nghién ¢iru vi néu bt vai trd ciin cic kim logi chyén tiép Ni va Co trong vige
néng cao higu sudt dign hoa cia hg hexacyanoferrate. DA nghién ciru ty 1€ thanh phin Ni
vit Co vl thu dipe viit ligu NiyCoHCF cho hitu qua dién hda cao nhidit trong hé situ w hic
doi ximg vai dung dich dién ly KO 2M. ‘

- D nghién ciru va khing dinh vige dira thém ion Na' vao thinh phin Ni.Co, 1 phurong
phip don giin nhung ¢o hiéu qua cao dé ting cuimg hiéu sudt dién hoa coa vt liga dé Lo
trit ion Na® trong mde.,

Luin dn cé b cpe hop 19, ndi dung phong phi, trinh biy 1 ring, logic, dé theo dai,

Ngi dung ludn dn duge cong bd trong 03 bai Bio tén tap chi qudc 1€ uy tin Q1. Noi
dung cie bai bao cb lién quan dén ndi dung ludn dn,

NGi dung vit hinh thire cia lufn in dip (mg dly di yéu el mt ludn dn tién 57 chuyén
nginh Hoa vi co. Ban 16m tat lufin an phan dnh trung thinh ndi dung co bin cda lugn an,
Dong ¥ dé NCS Vi Van Thity duge bdo vé Luiin an tai cdp Hoc vién dé nhin bing Tién si

Trao déi gdp 3:

- Théng nhit danh phap hoa hoc wrong subt ludn dn, nén thing nhit theo tiéng Aah.

- Théng nhit chch teinh biy dom vi (°C, mmol hay mol”, mAg™ hay mA/g, ).

- Lam rd didu kign do mét sé thang s nhir do tdng trd, phin tich nhigt, XRD...

- Mot 56 két qua do dae nén lugn gia oy thé hon nhir két qua doduimg cong CV, két
qui EDX,

oo r I il



- Xem xét két qui so sanh bing 3.13 vai cdc logi vit lidu sir dyng chit dign Iy khic
(NazSth, KNOg). Thing thutmg ding KOH s2 cho dién dung riéng cao hon so voi chat
dign ly khic. Nén so sanh di¢n dung riéng, twi the phong nap cia viit ligu trén cling chit
dign ly v mat 46 dimg.

Ciu hi:

- Tai sa0 khi tm giu Na, NCS lai chon dua viio hé NisCo:HCF ma khong lya chon
NiCogHCF?

* Phiin bién 3: TS. Ngd Thj Lan, doc ban nhiin xét (o6 vin bdn kém theo):

Trong bbi canh nhu ciu hwu trix nfing lugng ting cao do phat trién nang lugng ti tao,
vt Ligs ho PB 6 wru diém visi cliu tie md, diéu ché don gian, gid thanh thip va khi ning
chen ion tot, i huromg vit lidu hira hen cho pin jon vil siéu o nirde, Do dé, dé ti ¢o v nghia
¢4 vé khoa hoe co ban 1in img dyng trong thidl bi luu i ndng Iugmg <6 tinh thv su va
thire tién cao.

Lagiin dn ¢6 tinh méi, khdng trimg 13p véi cie cong trinh, ludn dn di cdng bé trude diy.
Cae TLTK duwge trich diin ddy do, khong thily diu hi¢u sao chép.  *

NGi dung nghién et di trinh by trong lun dn phis hop véi 1én dé tai, chuyén nganh
i mi 50 chuyén nganh Hoa Vo co.

Lasdn éin str dyng phirong phip tbng hop uét cimg cic k§ thudt phin tich hign dai nhu
XRD, SEM, TEM. .. aé phin tich cly trie, hinh thi va CV, GED, EIS dé dinh gid dign
héa. Phuong phip 1 phit hop. cip nhip, két qua co di fin iy,

K&t qué vi déng gop méi cia lujn dn:

- Thng herp bén hé vt lidu MICF khic shau vi Jam 16 co ché gia tp dang xen cai el
chimg.

- Chi ra ty 1€ Ni:Co thi wu 1 1:2 trong Ni,Co,HCF cho hiéu sufit cao nhit.

- Chimg minh viée lam gidu Na® trong Ni-CoHCF gitp ting dung lugng vi cai thién
khuéch tan ion,

- Ché tgo siéu ty lai mude vai mét di ning hrgng cao vi dé bén chu ki tit (> R7% sau
2000 chu ky). Co dong gop mai rd ring cho lromg phat trién vt ligu siéu w dién nude

Ludn dn ed edu trie nghién ein mpeh lue, s& ligu nhidu v thuy& phyc, kétqui co dbi
chiéu, so sanh va gidi thich rd. Co déng gép khoa hoc r ring vé 16i wtu thinh phin vi co
ché [ tri jon. .

Bhng ¥ cho NCS dua ludn dn 1 bie v clp Hoc vién dé nhiin hoe vi tidn 57,

G#‘p': i - -

- Chura danh gid sdu do on dinh cau trie sau chu ky dii bing XRD.

- Clin lim 15 kha niing md rdng quy mé vit gid thinh khi tmg dung thye i,

Luin dn ¢6 03 cdng b trén top chi SCIE, Q1. Virgt mise cdng bb so y&u chu oo lugn
an Tién s tai Viét Nam,

Cliu froii:

- Sau 2000 chu ky phong/nap, vit ligu vin gir hidu sudt columbic 16, NCS ¢ danh
@il i ciu trie vit ligu khang?

- Na 14 tac nhdn giy tan vt ligu trong dung mdi nude, NCS oo dinh gia dd tan cia vt
litu khing?

7. NCS. Vi Vin Thity - Tée gid ludn dn ted 3 che edu hdi eda phin bign

i



NCS cim on nhimg nhin xét, gop ¥ ciia che phin bign va xin tiép thu, chinh stra. hoan
thién ludin 4n theo cie nhiin xét, gop ¥ cha cée thay/cd.

NCS xin trét 16 cée ciu hoi cia thiiy/ca phan bign nhu sau;

- Phd EIS khng ¢6 ving bin nguyt ¢ tan s cao. NCS ciing d8 kiém tra voi cde cOng
b trurde d6 1ién quan PB khdng thiy ed ving bin nguyét, Vi vy NCS chi khai thic
duge mot 56 thing 50 mi khong fit mpch trong duong.

Vit liéu ma NCS téng hop khong phii 1 vit liu siéu din,

- Trong méi trrimg bazo, trung tinh, vit li¢u ho PB dn dinh, viée thay di ciu tric dy
kién khang thay déi nhiéy.

- M0 hinh thiét bi ma NCS nghién ciru, két qud thye nghiém thu duge cie thing sb th,
o6 khi ning img dyng thye i€, Tuy nhién ¢in cb che nghién ctru sy hon trong twong lai.

- NCS 6 thir nghi¢m dua Na viio ciic hé vt liéu khic nhau. Két qud thue nghiém cho
thily khi dia Na vilo hé NisCoHCF cho két qui 66t nhi,

- NCS chua c6 digu kign nghién ciru ciu tri vt ligu sau 2000 chu ki phang/ngp.

- NCS chia dénh gid dnh hudng cin vige dus Na it hay nhitu dén tinh chit vt ligu.
Khi thém Na viio, NCS ciin virn di vige chén cic jon Na' vio cle hie bat didn. Thye
nghiém thu dirge thiy ¢6 két tha ngay.

8. Cic thinh vién khic trong Hi dong dua ra ¥ kién nhin xét va dat ciu hoi
* PGS.TS, Nguyén Trin Hiing, doc bin nhin xét fe6 van ban kim theo):

PE tdi ludn dn co tinh cip thid vi thiri sy cao trong i cnh can ki¢t nhiéa ligy hoa
thgeh vi bicn doi khi hiu todn cau, doi hii cic gidgi phip oo trit ning*hromg higu sudt, sach
vi chi phi thip. )

Hurdng nghign ciru ci Tudin dn b khémg tring 13p. Ludin dn 83 wich din 111 i li¢u
tham khde, céc trich din rd rang, dhy di va hé try cho cic 1p luda khoa hee.

Noi dung nghién ciru ¢ia ludn én phis hop vai chuyén nganh Hoa v oo, ma sb
9440113, Tén lufn dn phin dnh dily ¢ che ndi dung nghitn cir.

Ludn én d& sit dung cdc phuwomg phap nghién ol hign dei, phi hop vai ndi dung
nghién ciru vi ¢d 4§ tin ¢y cao trong [inh vire khoa hoe viit litu va dién hea

Luin 4n thu duge nhidu két qua méi ¢6 gis tr) khoa hoc, thé hign qua 03 cing bd
SCIE, Clic dang gép mdi chinh bao gdm:

- Lugin dn da tong hop va khio st 4 h¢ MHCF. DA chimg minh CeHCF chu trie lyie
giée khong phit hop do nung dyng riéng thip (96 Fig), H¢ FeHCF (11) cdu trie lip phurong
cho khi ning luu teir K 10t (466 F/g 1 mat ¢ dong § mV/s),

- Lujin 4n 48 161 vu hoa h§ NixCo,HCF cho siéu ty K*. DI chimg minh higu img higp
dbng gitra Ni va Co, 16i tu hoa 1y 1§ Ni/Co = 112, trong mi tnromg dign ly KOH 2M. Vit
lidu nby dat dién dung riéng rit cao (J068.8 Fig i mit do dong 1 Ag) vi higu suit
Colombic 100% tai mét dd dong = 2 Al Thiét bj lai bt ddi ximg"™WiiCosHCFUAC cho
higu sudt tot (74.4 pWhiem? @ 750 pWh'em?) vi d bén 87,7% sau 2000 chu ki,

- Ludin dn dd phat trién hé NiCo,HCF gidu Na cho sidu didgn Na®. Vi ligy Na-
NisCoHCF cho siéu cho Juu trit jon Na' (trong NaxSOs [M). Vi ligu ndy cho thdy hidu
sudt dién hoa duge cii thién déng ké so vai vit ligu khing gidu Na dgt Cs = 303,15 F/g @
I Alg. Thiét bj lai Na-NisCoyHCF/#/AC ciing cho théy hi¢u suft cao va d6 bén th

Ding ¥ ¢ lugn dn dua ra béo vé cip Hoe vien dé nhin hoe vi Tién 57,

Gidp § rodee thifn lufin do:



- Mot 50 161 dinh dang nhé vé ky hiéu héa hoe trong Mue lyc vé cie bing, cin ri sody
chinh sim,

- Phiin 3.5 ko sinh cic h¢ vit ligu ohi yéu trinh by & phé CV v GCD. Phitn ndy s2 ¢6
gid trj cao hon néu nghién ciru sinh bd sung mt bang so sanh dinh hrgng chi tét vi bién
ludin sdu hom v nguyén nhidn cla sir khie bigt higu sudt git 4 bé vii liéu nh dnh himg
clia can trie lye gide so vai [ip phuong, anh hudmg eda kich thude fon, anh hinimg cia pil
dign ly.

Citu fedhiz

- Yéu tb nio déng vai tro quyéi dinh dén sy chénh lich digh dung riéng cia bé
NiyCoaHCF va Na-NixCoHCF (ban chét ion K dung dich dién Iy, hay trang thii OXH cia
Fe trong tidn chiy?

= Lam rd vai trd didn hoa eda Ni vi Co trong 2 hé vt liéu NiCoaHCE(TIT) va Na-
NizCo/HCF(IT) 8¢ théng nhét nhén dinh trong myc 3.4.2 va 3.3.27
* PGS.TS. Nguyén Trung Ding, doc ban nhin xét (o6 vén ban kim theo):

Lufin dn cd ¥ nghia thire tién khi hudmg 16 ché tgo vit iy b i néng luong o6 chi
phi thip, thin thign mdi treome va phi hop véi dibu kién phong thi nghigm trong nude.
lﬁr 14 hurémg nghién ciru hign dai, phi hop vai xu thé phit trién ning lugng bén vilng todn
o

Qua qué trinh i sodt, doi chidu voi cde cong trinh nghién et lugn van vi ludin dn di
edng bo trong vi ngodi nuve d¢ i ciia nghién i sinh khing tring kp voi bit ky edng
trinh nito i duge cdng bo.

Tén ¢é i phi hop va phin dnh chinh xic ndi dung nghién ctru lugn dn. Noi dung
nghién ciu mang tinh lién nginh v hoin tdn phi hgp véi ma chuyén nginh 9440113,

Cic phuong phip tng hop viit liu va khio sat tinh chit duge lya chon hién dai, phis
horp vib o di tin ey cao, .

Ludn dn ¢6 cic dong gop mai:

- Didu ché thinh cong nhidu hé vt lidu moi pde hexaeyanoferrate nhir CeHCE, FeCF,
NiuCoy HCF vii Na-NiuCo,HCT. Céic it liéu tdng hop déu thé hign diic tinh gifi w dyng xen
ke khi luu trir edc ion K* va Na' trong dung dich dién ly nurée, chimg minh khi nang (mg
dung cho siéu ty dién dung mdi nude,

- Lam rd vai trdy cia cae Kim logi chuyén tidp Ni va Co trong vige cdi thign hidy suft
dién hoa cia hé hexacyanoferrate.

- D€ xult vi chimg minh chién lege pha Na® vio céu trie Ni,Co,HCF.

Déng y dé NCS duge bio vé ludn in tade Ht ddng chim lujn dn cip Hoe vien dé
nhin hoc vi Tién 7.

Mgt sib gdp i dé luin dn dirgc hodn thign hon:

- Phiin meér (u chara lim 10 durge khodng trdng nghién cin,

- Phiin két lujin chua néu 19 gioi hgn ciia nghién ci v dinh hidng phit tridn tiép,

- Phén ldm tii li¢u tham khio tip trung giai doan 2020-2023 phin anh tac gid da cip
nhdt tbt e cong trinh nghién cinu gin diy vé vt liéu va siéu th dign. Tuy nhién, sd leong
i Tigu 2024-2025 con it, ¢6 the b sung thém che cong trinh qude wémdi dé ting tnh this
sir vi chibu siu cho phin ting quan.

* GS.TSKH. Dgng Vit Minh, doc bin nhin xét fcd van bdn kém theo);



Lugn én l4 mit cong trinh nghién ciru c6 ¥ nghia khoa hoe va ¥ nghia thire 1é. Ludn an
e két edu phi hop, duge trinh biy 10 rhng,

Lusin dn khing trimg 1p vii cic cong trinh, lufin in di cdng bé trong vit ngoil nirde.
Cite tai ligu tham khio dwrge trich din diy 4, o ring vi trong thue,

Tén dé tai lun dn phit hop véi ni dung luin 4n. Ngi dung nghién ciru cia lugn dn phi
hrp v chuyén nginh v mi s6 chuyén nginh.

Ciic phuong phip tdng hop vit ligu edng ahu pheng phap phiin tich cdu trie vit lice
nhir XRD, EDX. XPS, TGA, SEM... li nhimg phuremg phép hién dai da duge kidm dinh.
Vi vily cic sb lidu trinh bay trong lufin dn co do tin ey cao.

Luiin &n ed mdt sb dibm moi sau:

- D thng hop thimh cong nhiéu hé viit ligu hexacyanofermate nhir CeHCF, FeCF,
NixCoyHCF va Na-Ni.Co,HCF va khiing dijnh cic hé vit ligu néi trén o dic tinh gid v
dang xen ke khi lru triy céc jon K* vk Na® trong dung dich chiit dién Iy véi dung mai 1
maie, .

- D nghién ciru vi néu bit vai trd cila cde kim loai chuyén tidp Ni va Co trong vige
ndng cao higu sult dign hoa cia hé hexacyanoferraic. K&t qua nghién ciru cho thiy
NiyCoaHCF cho higu qui digi hoa cao nhilt khi sir dyng 1p ghép siéu w bt ddi ximg vai
dung dich dign ly KOH 2 M.

- Cée két qua nghién cini thu duge cho phép khiing dinh vige dua thém fon Na® vao
thiinh philn NivCo, lim ting curimg higu sudt dign hoa cia vat ¢y trén nén hexacyanoferrate
¢ huru tri7 fon Na' trong ninfe,

Noi dung ludn dn duoc cong bd trong ba bai bio khoa hoe dang trén tap chi quéc 1é
SCIE, Q1. Noi dung bii bso khoa hoc phis hop viri ndi dung ludn dn.

Ludn an ¢ sira chitn mdt vai thudl ngi chuyén mon cho phi hop vii quy dinh chung.

Lugn dn dap img cde yéu chu dbi voi mt luan dn Gén s chuyén nganh, Ban tom ti
lun én phin dnh trung thire nbi dung co bin i lujin an, lulin 4n ¢6 thé dua ra bio vé cip
Hoe vign dé cho phép NCS nhiin hoc vi tién s7,

* TS, Pham Thj Nim, doc bin nhiin xét (oo win ban kim theo):

Ludn an da phat 1rién thanh cdng mot s6 vit lidu tén co sé Prussian Blue va nghién
clru tinh chiit dién héa cin ede vit liéu nay nhim img dung ldm dién’cue cho sicu i dién.
Vi viy, d& tii hugn dn ciia NCS, VA Viin Thily vira 6 § nghia khoa hoe vir 6 ¥ nghia thye
tién. Chich dit vin dé vir gidi quyét viin d& caa ludn dn dip (g yéu ciu clia mt dé 13i ludn
an tién si,

Cic két qua tra cina thong tin khoa hoe & thiri diém hién tgi cho thiy cic két qui trong
Lugn din khing cb sy tring Ip so vai cac db an, lufin vin hay lujn dn khic & trong va ngoai
nude. Céc thdng tin tham khio dirge trich dfin trung the, diy du, 1o ring,

N§i dung cia Lun dn hoin todn phit hop vii tiéu 88, chuyén nganh Hoa vo co va mia
s e chuyén nganh 9440113,

Lufn dn sir dung cde phromg phap déng két 1 df tdag hop vit lida va k9 thudt nghién
ciru hign dai nhu pho XRD, TGA, FTTR, SEM, TEM, FEDX. Pic bigt sir dyng phuong phap
dién héa hign dai nhe CV, GCD, EIS dé dinh gid kha ning Bm siéu tp dién cia vilt lidu.
Dity 1 cie phiremy phip hign dai, gitp dinh gid 1obn dign cae die tnh cda vit ligu nghién
e, dam bao d§ chinh xdc va tin ciy ctia két qua ludn én

Ludin dn co 03 dong gop mdi sau:



- Lufin &n da tong hop thanh cong mt s6 hé vit litu gic hexacyanoferrate ghm
CeHCF, FeHCF, NidCo,lICF, Na-NixCo, HCF bing phirong phép déng két tia. Ké qui
phin tich bing cie phuong phip hign dui cd 49 tin ey cao di chi r che hé vit lidu ché tgo
déu cé dic tinh gid ty dang xen ke khi L iy K hogie Na* trong dung dich chit dign Iy vai
dung mai l& mndc.

- Lugin iin d2 nghién ciru vi dinh gia duge vai tré cita cic kim loai chuyén tiép Ni va
Co trong viée ning cao hidu sudt dién hoa cho hé hexacyanoferrate, Két qué cho thiy hé
viit li¢u NiyCoHCF cho higu quit dign héa cao nbdt khi st dung Iip ghép sibu 1y bir ddi
ximp dung dich dign ly KOH 2M, tiém ning hitu hen lim dign oy higu sult cao eho sb w
dign dung méi mrde,

- Lufn dn ¢ nghién cin chimg minh vigc bd sung thém Na® vio thinh phin cila
NixCoy gitp nding cao hidu sult dién héa cho hé viit liéu hexacyanoferrate dé lin 1rir jon
Na' trong nude..

Péng ¥ dé NCS bio v Iufin én tién si clp Hoc vign dé nhin Hoe vi Tidn s7,

D& hoitn chinh Ludn &n, tic gid cdn chinh sita theo mot 6 gop ¥ trao déi dui diy:
+Théng nhit vt li¢u dién cyrc dm trang I text trang 37 v hinh 2.2, si dung viit liu
lis cachon hoat tinh hay graphite.

+ Chinh s viin phong mdt s6 ciu cho rd nghiia, Vi du ciu mé’diu mue 3.2.1, rang
49, 1& ngudri doc tednh hidu lim viit ligu FeHICF v PB 1 2 chiit khie nhuw,

+ St mit 86 15 format: Bang 3.1 (traing 69-70), bing 3,13 (trang 72-73), bing 3,18
(trang 88-89) cén dua vé cimg trang.

Cau hoi trao dbi;

1. NCS e6 thié cho biét ciiu trie vt ligu cé anh huing nhir thé ndo dén tink chit, khi
nang img dung lam dign cye cho siéa ty dign?

9. NCS tri Iév cu hoi cia ciic thinh vién khic trong Hoi dong
NCS cam on nhimg nhin xé1, pép ¥ cia cic thiy ¢ v xin liép thu, chinh sira, hodn

thign luin 4n theo cic nhin xé1, gop ¥ ciia che thity/cd,
NCS xin tri livi cie efin hai cin thiy/cd thanh vidn shir sau:

- Ludn én huimg (6 14 che tho dwge vit ligu 6 cau iric phi hap dé dot e tinh chit
nim gifta pin va siéu . Vat ligu via co mat db cong sudt vira oo mit 46 nang lhirgng tit.

- Trong cie h§ vt ligu thi CeHCF dang lue phuong, 1 hé khic hin so cic hé khic. He
CeHCF Iye phuong, canh nhd, khi nang dan cai ion kém, nén hidu suft kém.

- Hai h¢ viit liéu NiiCoaHCF va Na-NisCo:HCF trong ludn dn dang duve nehién ciru
trong dung dich dign ly khac nhay, khing dge dinh gid trong cing hé qui chidu, Do da,
chua dii thdng tin dé co thé so sanh, dénh gi chinh xdc 2 h nity vai nhau,

10. PGS.TS. Trin Viét Ther - Hirimg ddn 1: dign tip thé huang din phit bidu ¢ kién

Tép thé huéng diin ddnh gid cao tinh thin hoc tap, ¢ ging ciia NCS. NCS 1 thinh
vién nghién cinu chinh cin nhém nghién ciru nén co khi ning nghién e die 1ip 161, Cic
thi nghiém, NCS chi ddng tim 19i va thye hign 161,



Phitn 11: Hji dbng hop ritng dé biu ban kiém phiéu, bo phiéu kin vi thio lugn thing
qun quyét nghj cia HEi ddng

1161 dbog biu Ban kiém phidu ghm

= Trudmg ban: PGS.TS, Trin Vinh Hoing

- Uy vién: PGS.TS, Nguyén Trin Himp

- Uy vién: TS. Ngé Thi Lan. .

Sau khi ddnh gia tan thinh luén dn, ngudi bé phidu 6 thé xem xét dinh gid luin in dat
logi xudt sic hay khong, Ludn in duge dinh pif xudl sie do:

Luin iin e gid tri oao v khoa hoe, e6 dang pop dang ké trong vige bd sung, phat trién
vi lam phong phi thém kién thire 1y thuyét ciia khoa hoe chuyén nginh, duge thé hign
qua cde bii bdo dA cong bd wén cac wp chi khoa boc c6 uy tin vé chit trgmg khoa hoc
& trong vil ngodi minde

Luiin dn ¢ gid tri khoa hoe va thire tifin, két qui cda ludn dn di dirge img dyng trén
dign ring vii dirge danh gid cao

Quydt nghj cn Hoi dbng phii néu duge cic van A€ theo trinh ty sau:

Két qua bo phidu dinh gid ludn dn coa Hai dbng

+ Sﬁphiéu phit ra: 07 phidu

+ 86 phiéu con lgi: 0 phiéu

+ 86 phidu tin thank: 07 phiéu

* 86 phiéu khéng tan thinh: 0 phidu )

Trong d6 6 phicu xép logi xuft sie 17 07 phicu .

Nhimg két luiin khoa hoe co bin, nhimg diém mdi, dong gép mai eia lujin dn
Ludn édn c6 03 didm méi sau:

+ D tong hop thanh cong nhidu hé vt licy hexacyanoferrate nhir CeHCF, FeCF,
NixCoy HCF vit N-Ni.Co, HCF, DB nghin ciu vi khing dinh duge die tinh gia ty dang
xen ke khi D trir e jon K- va Na' trong dung dich chat dién ly vai dung méi i nude.
* Da nghién ciru va néu bt vai tro cia cic kim logi chuyén tiép Ni va Co trong vige
nling eoo higu suit dign héa cia bé hexacyanoferrate. Da nghién ciru ¥ I¢ thanh phan
Ni vl Co vit thu duge viit liéu NiiCoHCF cho higu qué dign hoa cao nhit trong hé siéy
b bit déi ximg véi dung dich dién ly KOH 2M.

* DA nghién ciru v khing dinh vige dua thém ion Na® vio thanh phin Ni.Co, ld
phimg phip dom gidn nhumg 6 higu qui cao dé ting cudmg higu sudt dién héa cia vijt
ligu dé hwu trir jon Na' trong nure.

Co st khoa hoe, d tin ey ciia nhimg lugn didm va nhimg két ludn néu trong lugn dn
Ludin fin ¢6 co sir khou hoe vé dg tin cdy trong nhitng huin didm vi nhimg két lugn.

Y nghinn vé Iy lugn, thye tidn va nhimg dé nghi sir ding ede ké) qui nghién el cia
ludn dan

Ludin dn ¢& nghia vé 1§ ludn, thye tién cao v dé nghi sir dung cac két qud nghién cin
cia lufdn dn lim (i ligu tham khio cho cde nghién cin tidp theo,

Nhimg thiéu st vé ndi dung vit hinh thire cia lun dn



+ ﬁm dn con mt sd 167 chinh 1. in 4n, tén goi cic hoa chit, bang biéu chira thémg

Inhat,

+ Két ludn con qud dai, chir ¢d dong.

Mirc d6 dip émg cde véu ciu cia lugn én

Lugn én dip tmg yéu cdu ci vé ndi dung vi hinh thite ddi viri mt lufin dn tién <.

Nhitng diém céin bd sung, sira chi¥a (néu ¢6) trade khi ndp tudn én cho Thur vién Quic

gin Viél Nam

+ Chinh sira lﬁi chinh t, in fin, théng nhit 18n goi cac hoa chilt, bing bidu

+ K&t luiin viét lai cho ngan pon, sie tich hon.

Kién nghi ciia Hi ddng vé vige cong nhin trinh d§ va cap bang tién si cho nghién i
inh

&
Hiji dong dé nghi Hoc vién Khoa hoc vi cong nghé cdng nhin trinh d9 va clp biing
Tién sicho NCS Vii Vin Thiy sau khi NUS chinh sira, hodn thi¢n ludn dn theo edc ¥
kién cia chc thinh vién hii ding.

Nghi quyét ciia Hii déng phai duge cdc thinh vién Hai ddng nhét tri théng qua biing
bicu quyét cong khai

0707 thinh vién H(t déng nhit il thdng qua Nghj quyét

Phiin 111;

‘Trsimg ban kitm phifu cong bd két qua dinh gid ludn dn

- 56 phiu phit ra: 07 phiéu

- 86 phiu cim lgi: 0 phidu

- §& phiéu tan thanh: 07 phiéu

- 84 phidu khong tin thanh: 0 phiéu

Trong d6 sb phidu xép loui xufit sie 1a: 07 phidu.

GS.TSKH. Ding Vil Minh - Chis tich T16i ddng doe quyét nghi eiin Hi ding

3. GS.TSKH. Ping Vi Minh tuyén hé Hi dong da hodn thinh nhin vy v trao Igi quydn

digu khidn cho Co sé dito tao
THU KY CHU TICH
TS. Pham Thi Nim ACS.TSKH. Ding Vi Minh

XAC NHAN CUA
HOC VIEN KHOA HOEN A CONOBGHT,
A2 A ceHO GIAM DOC
HOG VIEN &)
KHO® KOG v

*

100 puy&n Thi Trung



KHOA HOC VA CONG NGHE VN

VIEN HAN LAM

HOC VIEN KHOA HOC VA CONG NGHE

Bic lp - Ty do - Hanh phae

BAN GIAI TRINH CHINH SUA, BO SUNG LUAN AN TIEN ST

CAP HOC VIEN

Mgay 26 thing 11 ndm 2025, Hoe vién Khoa hoc vi Cong nghé di 16 chire danh
gi lufin an tién 5T cdp Hoe vién cho nghién cir sinh Vil Vin Thuy theo Quyét dinh sb
1077/0D-HVKHCN ngiy 16 thang 10 nim 2025 cila Gidm déc Hoe vién,

Dé tai: Nghién cir tdng hop vit liéu ho Prussian Blue (MHCF, M = Fe, Ni, Co,
Ce) dinh hurdng img dyng lam dién cye cho sicéu ty dién.

Nginh: Hod Vo co

Mish: 944 01 13

Ngwrdri huomg dlin khoa hoe: PGS. TS Trdn Viét Thit v TS, Nguydn STHiéu
Theo Bién bin cin Héi dbng, NCS phii bé sung va ohinh sim ludn 4 cde diém

CONG HOA XA HOI CHU NGHIA VIET NAM

sau diy:
— — -
X i | Ngi duugﬂdm chinh sira, b sung ;Pr |
STT | Nii dung d¢ nghj chinh sira, b sung | (Ghi rd 56 trang/chucmg/'muc... 4 dwge i HOC|
ehinh sika) 2 koAl
¢ Trn.ng 3, phiin Muc lye: dif chinh sira m%\; GONG,
1| Ldi dinh dang trong muyc lue & 151 divh dang.. %-
: . . i [‘ra.ng 32, mye 2.1: di bd sung thong tin [
136 sung théng tin vé d tinh khiét vi : ) :
: 5 i
& i 3 0 05 6 i et vé dd tinh khiét v hiing san xudit céc ho
chit. .
Trang 33, muc 2.2.1: di chinh sita cich
3 | s i Wi g wige 2.0 trinh by phivamg phip tég hop CEHCF.
ok . . Tlmg_ 37, muc 2.3.2; ¢4 chinh s vt
4 | Théng nhit viit liéy dién e m Fiéu dién o s hnh giaplile.
i Trang 40, myc 2.3.5 va 2.4.1: da bd sung
§ | Lam ro didu kign do lam 0 thém che didu kign do phuong
phip EIS v XRD.
Trang 72 - 73, mye 3.3.2: da phin nhom
6 | Phiin nhom so sanh trong bang 3.13 s0 sanh theo dung dich dién ly trong
bing 3.13
7 Sor sdnh vt liéu trén n tang PB vai Trang 76, myc 3.3.3 vil trang glff_l_'m_




che hé vit ligu khie 3.4.3: da b sung sif sa sanh hiéu qua cia |
cac viit ligu trén co 50 hexacyanoferule
with ede hé vt liéu khic,

o Trang 96-97, phin K& lufn: da chinh |
ol S s sim két lufn ngin, gon, xic tich ho,

Nighién ciru sinh ¢hén thinh cam on Qui thiy, b trong Hoi dong dfinh gid luin
dn tién si cdp Hoe vién 43 gdp ¥ vé tpo co hii cho NCS hodn thign lusn an cla minh,

Xin triin trong cém on./.
Hé Ngi, mgay 27 thang 11 ndm 2025
TAP THE HUONG DAN NGHIEN CUU SINH
PGS. TS. Trin Viét Thir TS, Nguyén Si Hiéu Vil Viin Thuy
XAC NHAN CU# H CHU TJCH HOI DONG
KHOA HOC M

--5 R HOG VA |
I'. c{ml nank

GS. TSKH. Ding Vi Minh



