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TOM TAT

Cong trinh nay trinh bay éh phrong phéap ch tao don gian va tén loi st dung ©ng hop
cac hit nano lyp kim CoPt va FePng Wi thay déi kich thréc hat. Kich thrgc hat duoc diéu
khién trong trong khang 17 - 70 nm théng quaéd thayddi nong do va chéu dai @ia polyme
PVP. C4c kthuat phan tich nh TEM, XRD va EDSd4 duoc sr dung dé nghién ¢u cac niu
ché tao duoc.

Tir khéa Xac tac, pin nhién du, pir thé galvanic, nanodng, nano hp kim.

1. MO PAU

Céc ht nano dng thu hitdugc sr quan tdm nghiénie vatng ding ong réai trong niing
nam gin day, nhit la trong caarmg ding y sinh [1, 2] va chn ddi nang krong [3 - 5]. Trong
linh wrc chuyén ddi nang leong (pin nhién Bu), cac Wt liéu xudc tacy cacdién arc ar dung chi
yéu la cac lt nano Pt hac Pd [6 - 8]. Tuy nhién, gia thanh cabaccac nguyéndtPt haic Pd
clng \6i trir lugng han ché cia ching trén tradat la nguyén nhan chininh hrong dén kha
nang sin xuit & quy md throng mai cua cac pin nhién du (fuel cells). Ngoai ra, tinBn dinh
trong vin hanh (performance stabilityfi@ cac pin nhiénéu lién quandén tinhén dinh aia vat
liéu xtc tac Pt hic Pd ding 1a ndt van dé can ci thién [9]. Bé giai quyét van dé lién quandén
gia thanh aa \at li¢u xdc tac, trén thgisi c6 nhiu giai phap nh: tao ra cac au tric 16i6, cac
ciu trdc nano i hinh cing dac biét (nanowires, octahedra,..) [10, 14jiwnyc dich lam &ng
kha nang xuc tac (8n dén giam luong Vat licu xuc tac 8 dung) haic ar dung du trac Bng.
Trong $ nay vic tao ra du trdc Bng, dic biét 1a cac lat nano dng dra trén cac bp kim giira
kim loai chuyén tiép nhém 3 (Fe, Co, Ni,..) c6 gia thantphvoi Pt haic Pd, i dién tich &
mat 1on dugc ching minh 1a ¢6 #im ning lsn do ngoai e tiét kiém nguyén ku ching con &
thién kha ning xuc tac @ng nhr d6 bén so i cac \it liéu Pt hac Pddic truyén thong [12 -
15]. Vi dy, Bai va caeiéng nghép da ddng b nghién eu ché tao cac lat nano Pténg lién quan
dén hiéu ung thé sr dung “template” la cac ht nano Co [16]. Cac tacgila cH ra ing khi
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nang xUc tac ta cac ht Pt BNng clé tao dugc trong phn tng 6xy hoa methanol (MORJirig
hon 2 lan so i caa cac ht nano Pt (solid) tirong mai.

Chodén nay, cé nkiu phrong phap ch tao cac ht nano 8ng nhr: phrong phap & dung
cac template (hard or soft templates), [17, 18}oply phap lién quaden higu ung Kirkendall
[19] haic phrong phap & dung phin ting thé galvanic [20]. Trong&nay, phrong phap 8 dung
phan (ng thé galvanicdugc sr dung 1ong rai nhat do tinhdon gian va héu qua kinh € cao @ia
ching trong \ic cké tao cac \it liéu nano bp kim Bng.

Trong bai bao nay, chdng toi trinh bagtnphuong phapdon gian lién quandén phin ting
thé galvanic dungdng hop hat nano kyp kim rong CoPt va FePtdr kha nang diéu khién hinh
thai. CAc ht nano lyp kim dng dwoc tHng hyp trong nréc & nhiét do phong a6i sy c6 mit cua
polyvinyl pyrrolidone polymer (PVP). Kich tiéc hat co thé dugc diéu khién bang cach thaydi
nong do hoic kich thrgc cia PVP. Céac 4t nano lyp kim dng ct tao ra c6 th dugc sr dung
lam chit x(c tac trong pin tng khir 6 xy (ORR) trong c&c pin nhiéréli haic c6 tté s dung
lam chit din thudc trong tnh wrc y sinh. Cac phép phan tichunthién vi dién tir truyén qua
(TEM), nhiéu xa tia X mau bot (XRD), phd tan x ning hrong tia X (EDS)dugc st dung dé
phan tich cac au.

2. PHAN THUC NGHIEM
2.1. Téng hep hat nano CoPt va FePt Bng va dang hep kim
2.1.1. \4t ti héa chit va thiét by thi nghiém

Cac hoa ciit dung tng hyp mau 1a cac én phim throng mai sén c6 vaduoc mua tr hang
Sigma-Aldrich (4 Singapore). Cacdn chit bao @m: Co(NQ),.6H,O (99,99 %), FeGl4H,O
(99,99 %) va HPtCk (99,99 %). CAc ¢ 6n dinh b mat (stabilizing ligands), ct khir va dung
mai la: Polyvinyl-pyrrolidone (PVP)éi trong rong phan# M,, = 55.000 va 380.000 g/mol,
chit khir 1a sodium borohydride (NaBH98 %). H thiét bi dung tng hop mau bao ém: binh
thay tinh 3 & day tron cliu nhiét dung tich 100 ml, éithdng lam mat bng nréc, may khdy tir
gia nhét, thiét bi gia nhét phy tro véi bo diéu khién nhigt do, hé thong cung a&p khi N, (hinh 1).
Ngoai ra con c6 cac é‘t|b1 nhe may quay li tam, may rung siéu am dudégua miu va mot so
vat dung khéc.

Hinh 1 Heé thiét bi tbng hop hat nano kyp kim Bdng CoPt va FePt.

2.1.2. Bng hop hat nano wp kim Bng CoPt va FePt
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+ Tong hyp hat nano Co (template)

- Hoa tan 60 mg Co(N§).6H,0 va 60 mg PVP trong binh 3 chira 30 ml mréc cit 2 fan
trongdiéu kién khuay tir manh. Qua trinh hoa tan PVPEdira trong thi gian 5 - 10 phdt.

- Phun nhanh 10 miudc cit 2 lAn chira 40 mg NaBhlvao ton hop trén. Duy tri phin ting
trong thvi gian 20 phat wée khi tien hanh krxée tong hop hat nano fop kim rong tiép theo. Toan
bo qua trinh éng hyp duoc thuc hién & nhiét 46 phong va dai diéu kién khi N

+ Tong hyp hat nano dp kim dng CoPt

- Hoa tan 60 mg mii H,PtCk vao 10 ml méc cit va rung siéu am trongdhgian 5 pht
dé dam bao muwoi tan hoan toan trong dungoth.

- Nho tir tir 10 ml dung éth chra mwi H,PtCl trén vao dungigh chra cac bt nano Co
tao thanh & phin ung ¢ muc trén. Sau thi gian 30 phut, dungidh c6 cfira cac bt nano fyp
kim rdng CoPtduoc lay ra khdi binh 3 @ va cho vao caéng quay li tamdé rira miu (loai bo
C&c tp chit thira va @n pram phu cia phin tng). Mot lugng nho (0,5 ml) dung éth phan tng
dugc dungdé chudn bi cho miiu do TEM, SEM hdc EDS. Phn con hi duoc siy kho dé phan
tich XRD hdic ar dung cho céac mc dich nghién ¢u khéc.

~ *+Quy trinh ong hyp hat nano lyp kim ing FePtduoc thec hién trong tr nher quy trinh
tong hyp hat nano kyp kim dng CoPt, chkhac & dung 40 mg mai FeCh.4H,O thay vi 60 mg
Co(NG),. 6H,0.

2.2. Cac phrong phap phan tich

Hinh thai cac fit dwoc nghién ¢u boi kinh hién vi dién tir truyén qua (TEM) ¥n hanho
dién ap U = 80 kwdat tai Vién Vé sinh Dich € Trunguong. Kich thréc cac lat duoc xacdinh
bang phin mém chuyén dng (ImageJ). Xadinh thanh phn héa e va pha ga Vit liéu dugc
thuc hién trén kinh hn vi dién tr quét SEM-EDX (JEOI 6490JED 2300-MHan) va thét b
nhiéu xa tia X (Siemen D500®urc) tai Vién Khoa hc vat liéu, Vién Han 1am Khoa éc va
Coéng nglke Viét Nam.

3. KET QUA VA THAO LUAN

Qua trinh éng hyp céac lat nano fp kim Bng dugc thec hién bao ém 2 hrdc 1a Hng hop
cactemplateCo hdic Fe théng qua pin tng khr cac ion C6" haic F€* thanh cac kim lg cia
chang king cHit khir NaBH, va sr dung cac bt nano kim lai Co hdic Fe nhx l1a cactemplate
dé khir cac ion PY thanh kim lai Ptdong thyi véi viéc tiéu tan cac template. Trong todhdua
trinh nay, hinh thaii@ cac kat nano éng thudugc phi thusc vao hinh thaia cac template. Do
d6 dé diéu khién hinh thai éa hat nano 6ng ching toita tién hanhdiéu khién hinh théai aa cac
template Co va Fe thdng quawithayddi nong do va kich thrge (trong hrong phani) caa PVP
(bang 1).

Bang 1.Sy anh hrong aiadidu kién tong hop dén kich thréc caa cac lat nano lyp kim Bng.

KH Mau FeC} Co(NGy), H,PtCl Nongdo (mmol) kich thréc | Hinh thai
(mg) (mg) (mg) (Myw) (nm) _
CPH-1 60 60 0,001 36 +£6,7 bng
(55.000 g/mol)
CPH-2 60 60 0,004 17 +3,7 bng
(55.000 g/mol)




Nguyén Mau Ccr, va NNK

FPH-3 40 60 0,001 54 + 8,6 bng
(55.000 g/mol)
FPH-4 40 60 0,004 30,2+4,6 éng
Mw = 55 000
FPH-5 40 60 0,004 70+ 15 png
(380.000 g/mol)

Qua trinh hinh thanhahnano kyp kim Bngdugc minh ha trén hinh 2.

Template H?pth? ion Pt** Ph?n? ng th?

- C?utricnanor?ngh? p
Co, Fe Pt kim

Hinh 2.So ¢4 minh hpa phin tng thé galvanic ck tao hat nano fap kim Bng CoPt va
FePt & dung cac ht nano Co va Fe lam cac template.

Theo dé, khi cho méi H,PtCl vao vao dung idh c6 clira cac ht nano Co hac Feda
dugc tng hop trudc. Cac ion Pt s bam vao b mit cia cac bt nano nay (cacdt nano Co
haic Fe § dong vai tro 1a cactemplaté), tai day thong qua pin ung thé galvanic, cac ion Pt
bi khir bsi Co hdic Fe thanh kim lg Pt va ho thanh &p v6 bam xung quanhémit cac
template trong khi cac kim 40 Co haic Feddng thyi bi 6xy héa chugn thanh cac ion Co
haic F€" va hoa tan vao dungah. H¢ qua cia qua trinh nay, theodhgian cac template ¢h
nano Co hac Fe) b tiéu hiy, thay vaodé hinh thanh &u trac Bng trén o s kim loai Pt.
Phrong trinh pkin ¢ng th giita ion Pt* v6i kim loai Co hdic Fe nhr sau [20 - 22]:

2Cd + Pt* > PP + 2Cd*
2F€ + Pt* > PC + 2F¢"

Theo nhr cac plan ing thé ¢ trén, du tric Bng hinh thanh 1agt nano éng aia kim laai
Pt, tuy nhién trén trc & ching tdi thudugc ciu tric Bng aia hyp kim CoPt héc FePt.biéu
nayda duoc giai thich i Vasquez va cacong sr [20] la do trong dungidh phin tng vin con
ton tai mot leong chit khir NaBH, nhat dinh khéng phn ung Ft véi CoCl, haic FeCh nén khi
cac ion C8" hoic F€" tao thanh trong pin tng thé s bi khir tré lai thanh cac kim loai Cohaic
Fe. Céac kim lai nay € tich hyp Véi véi cac nguyéntt Pt dé hinh thanh bp kim CoPt hac
FePt. Trén thc &, ching toi @ng quan sat tly rang sin ptim sau phn tng thé daping manh
V6i tir truong ngoai, ching © rang sin pham thuduoc |a CoPt hac FePt ¢ay la nhing vat liéu
tir cirng ¢6 tr tinh manh) chir khdng plai 1a Pt ndt vat lidu phi tr. Két qua nay ding phu kop Vi
két qua phan tich niiu xa tia X va EDS la cowston tai caa cac bp kim CoPt va FePtimg nhr
sy ¢6 mit ciadong thyi Co haic Fe va Pt trén cac phihudugc (8 trinh bay a thé ¢ hinh sau).

Chung t6ida tién hanh phan tich TEM hinh théiaccac at nano dng thuduoc sau phn
tng. Hinh 3 chraanh TEM va btu d6 phan 1 kich thréc cia hat nano CoPt thdugc khi sr
dung templateCo Hng hyp & diéu kién sr dung PVP ¢6 tsng krong phan i 55,000 g/mol v
nong dé 0,004 mmol niu (CPH-2). Tr anh TEM trrong i 6 thé nhan thiy ring pHin ngoai
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ciia cac bt thu duoc c6dd dam mau kvn so i phan bén trong da¢ trong phin vé chieu day
va ching © cau tric thuduoc la cu trdc Hng. Cac ht rong thuduge khadong déu cé kich
thuéc d = 17+ 3,7 nm.
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Hinh 3.Anh TEM va phan &kich thréc hat CoPt Bng (miu CPH-2).

Trong diéu kién thay tt& mudi Co hing mwi Fe ching tdi ng thudwoc ciu trdc nano
FePt 6ng. Hinh 4 chraanh TEM va béu d6 phan I kich throc cia hat nano FePt khitsdung
templateFe hyp trongdiéu kién sr dung PVP ¢6 tsng lrong phant 55,000 g/mol va nong do
0,004 mmol (rAu FPH-4). Trong tr nhu trén, hat FePt thutwoc cé du trac Bng khaddng déu
véi kich thréc d = 30,2 £ 4,6 nm.
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Hinh 4.Anh TEM aia hat nano dng FePt (riu FPH-4) e bsi polyme PVP c6 ting leong phan
55,000 g/mol va nong do 0,004 mmol.

Chung tdi éing thr tién hanhdiéu khién kich thrgc hat CoPt va FePtdng thdng qua ¥c
thaydoi ndng do va chiu dai PVP polymetsdung khi tng hop cac template. & qua thu duoc
chi ra cho thy kich thrgc hat thu duoc ting Ién khi ghim nong dé haic ting trong hrong phani
cua polyme PVP (ing 1). S tang aia kich thréc hat khi ting chiu dai hac khi giam nong do
polyme phu bp wi nghién aru tredéec day aia chang téi i truong hop aia hat nano Co &
dung PMAA polymer [23].

Thanh plin héa hc cia cac bt nano 8ng CoPt va FePtimg nhr ciu trdc pha tinh té caa
chungdugc khao sat thbng qua & ar dung K thuit EDS va XRD. Hinh 5 lanh SEM phéan
giai thap chi ra ptb tan » nang lrong tia X (EDS) éa miu nano kp kim ing CoPt va FePt
(miu CPH-2, FPH-4). C6 thnhan thay trong miiu xuit hién dong thoi cac pick @a a Co/Fe va
Pt, didu nay ctirng © méau thuduoc 1a hyp kim CoPt va FePt.iTphan tich EDX, cho #ly thanh
phan theo t 1&¢ mol aia cac nguyé@ndttrong miu phan tichtongung 1a Pt : Co= 0,37 : 1 (ru
CPH-2) va Pt: Fe 0,35 : 1(Mau FPH-4). CAc gia tmaydéu nh hon gia ti li thuyét duoc
tinh to&n i ti 16 mol caa cac nguyénjtdau vao Pt': Co?* = 0,55 : 1 va Pt:Fé* = 0,55 : 1 aa
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cac miu trong tng. Piéu nayduoc |i giai do trong congioan hinh thanh &t nano 6ng CoPt va
FePt, kim lai Pt ngoai véc dugc hinh thanhit phan tng thé duoc minh tva trén hinh 2 con
duoc tao ra i phan wng khr bai NaBH, du thira trong dung ith. PRn Pt to ra tr phan tng
khtr nay it co ki ning tich lyp woi Co haic Fedé tao thanh cac ¢p kim trong tng ma § tao
thanh cac #t nano Pt riéng bt. Cac hat nano Pt naytugc loai bo trong qué trinhira mhu (quay
li tdm va dungt truong).
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Hinh 5 Anh SEM va ph phan tich EDSi@ miu CoPt va FePt.

Hinh 6 chi ra ptd nhiéu xa tia x aia cac ru hop kim CPH-2 va FPH-4. & truong hop
cia mhu CoPt (hinh 6, bén trai) céétmhan thiy khong on tai cac arc dai nhidu xa trong ptam
vi goc D = 50 — 6036, ching © trong miu khdng én tai pha riéng & cia Co ange-Co Wi cac
pick dac treng (221), (310) va (31](3 cac goc 51, 55 va 58 haic dang hcp-Co i cac pick
dac trung (100), (002) va (101§ cac goc 48, 52 va 53 twong ing [24]. Trén ph tia x aia
mau do duoc c6 thé nhan thay 3 dinh dic trung (111), (200) va (220)rbng tng Wi cac \i tri
goc D la 40,5, 47 va 686 cia ciu tric ding lap phrong tam nit fcc aza hop kim CoPt. Kt
qua nay phu bp biéu dd nhidu xa tia x dia mau chuin ch ra trong hinh & va phu I@p két qua
cobng B bai Vasquez [20]. Trong tr véi truong hyp cia mhu FePt (hinh 6, bén ph cé thé nhan
thiy khong bn tai pha Fe riéngd dang a-Fe Wi cacdinh dic treng ¢ cac v tri 44, 65 va 82,86
[25]. Két qua do duoc aia miu phan tich chra cac pickdic trung (111), (200) va (22@) cac v
tri 40,5, 47 va 68,86 tuong tthg Wi phd cia miu chuin caa hyp kim FePt ang nhr két qua
cong 1 boi Chen [26] da hyp kim FePt Cac nghiénu vé kha nang xuc tac 6a cac bt nano
hop kim rong trong cac pin (tng 6xy hoa methanol Bo cac pn tng khr dxy ding nhr laanh
huong aia loai polymerdén hinh thai éa cac ht nano lyp kim thudugc dangdugc ching toi
tién hanh kko séat va & dugc cong b trong ndt nghién éu khac.
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Hinh 6.Ph nhiéu xa tia X gia mu CoPt (tréi) va FePt (@h.

4. KET LUAN

Da tng hyp céac lat nano kyp kim ©Bng Co-Pt va Fe-Pt c6 kichutbc co tie diéu khien
trong khang 17 - 70 nm dng cach thaytoi nong do va kich thwge polymer PVP.

Cac ht nano lyp kim CoPt va Fel?téng c6 du tric ding lap phrong tam nit fcc, dodo
cO tiém mangwng ding lam clat xuc tac ét trong céc pin nhiéndu.

Cén nghién éu cté tao cac ht nano lyp kim CuPt va NiPtdng dé so sanhdanh gia ki
nang xUc tac ¥i cac hat nano kyp kim ong Co-Pt va Fe-RiA clt tao dé codinh hréng vat liéu
Sir dung lam xuc tac trong pin nhiérgdi.

Léi cam on. Cong trinh nayduoc thuc hién voi sy hd tro vé tai chinh éa dé tai cip oo so Vién KTND
2013.
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ABSTRACT

SYNTHESIS AND CHARACTERISATION OF HOLLOW MPt (M =& Fe) ALLOY
NANOSTRUCTURES TRENDED FOR FUEL CELL APPLICATION

Nguyen Mau Cuy Nguyen Quang Chinh, Le Trong 1,iNgo Thanh Dung,
Tranbac Hai, Ngo Ba Thanh, Vu Quoc Thai

Institute for Tropical Technology, VAST, 18 Hoangp@® Viet Street, Cau Giay, Ha Noi

"Email: ltlu_itims@yahoo.copmmcu55@gmail.com

This paper describes a facile synthetic methodhHerpreparation of hollow CoPt and FePt
alloy nanopatrticles with controllable size. Hele particle size (perimeter size) could be tuned
from 17 to 70 nm by changing the length and conatioh of PVP polymer. The obtained
nanoparticles have been characterised by Transmisdiectron microscopy (TEM), X-ray
diffraction (XRD) and Energy dispersive X-ray spestopy (EDS).

Keywords:Catalyst, fuel cell, hollow nanostructures, all@noparticles, galvanic replacement
reaction.
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