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T 6 M TAT 

Cdng trinh nay trinh bay mgt phuong phdp chd tao don gian va tien lgi su dyng tdng hgp 
cac hgt nano hgp kim CoPt vk FePt rdng vdi thay doi kich thudc hat. Kich thudc hgt dugc dieu 
khien trong trong khoang 17 - 70 nm thdng qua viec thay ddi ndng do va chieu dai cua polyme 
PVP. Cac kt thugt phan tich nhu TEM, XRD va EDS da dugc su dung dh nghien ciin cac mlu 
che tao dugc. 

Tir khoa: xiic tac, pin nhien Ueu, p/u the galvanic, nano rdng, nano hgp kim. 

l.MCTDAU 

Cac hgt nano rdng thu hiit dugc sy quan tam nghien ciin va iing dyng rgng rai trong nhiing 
nam gin dSy, nhit la trong cac img dung y sinh [1, 2] va chuyin ddi nang lugng [3-5] . Trong 
ITnh vy:c chuyen ddi nang lugng (pin nhien ligu), cac vat lieu xiic tac d cac dign eye sii dyng chu 
yeu la cac hgt nano Pt hoac Pd [6 -8 ] . Tuy nhien, gia thanh cao ciia cac nguyen td Pt hoac Pd 
ciing vdi trii lugng hgn che ciia chiing tren trai dat la nguyen nhan chinh anh hudng den kha 
nang san xuit d quy md thuang mgi ciia cac pin nhien lieu (iuel cells). Ngoai ra, tinh dn dinh 
trong vSn hanh (performance stability) cua cac pin nhien lieu lien quan den tinh on dinh ciia vat 
lieu xuc tac Pt hoac Pd cung la mgt van de cin cai thien [9]. De giai quyet van de lien quan den 
gia thanh ciia vgt li?u xiic tac, tren the gidi cd nhidu giai phap nhu: tgo ra cac cau tnic Idi/vd, cac 
can tnic nano vdi hinh dang dac biet (nanowires, octahedra,..) [10, II] vdi muc dich lam tang 
kha nang xiic tac (din den giam lugng vat liSu xuc tac sii dyng) hoac sir dung cau tnic rdng. 
Trong so nay vigc tgo ra ciu tnic rdng, dgc bigt la cac hat nano rdng dua tren cac hgp kim giua 
kim loai chuyen tiep nhdm 3 (Fe, Co, Ni,..) cd gia thanh thip vdi Pt hogc Pd, vdi dien tich be 
mat Idn dugc chimg minh la cd tiem nang Idn do ngoai viec tiet kiem nguyen lieu chiing cdn cai 
thien kha nSng xiic tac ciing nhu dg bin so vdi cac vat lieu Pt hogc Pd dgc truyen thdng [12 -
15]. Vi dy, Bai va cac ddng nghiep da cdng bo nghien cuu che tao cac hat nano Pt rdng lien quan 
ddn hieu iing the sii dyng khuon (template) la cac hat nano Co [16]. Cac tac gia da chi ra ring 
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kha nang xiic tac cua cac hgt Pt rdng chd tgo dugc trong phka ung oxy hoa methanol (MOR) 
tang hon 2 lin so vdi ciia cac hat nano Pt (the rin) thuang mgi. 

Cho den nay, cd nhilu phuong phap che tao cac hat nano rdng nhu: phuong ph^p sii dyng 
cac vat lieu khuon ciing hoac mIm, [17, 18] phuang phap lidn quan din hi|u iing Kirkendall 
[19] hoac phuong phap su dung phan lirng thd galvanic [20]. Trong so nay, phuang phap su dyng 
phan ling thi galvanic dugc six dyng rdng rai nhat do tinh don gian va hi?u qua kinh te cao ciia 
chiing trong viec che tao cac vat heu nano hgp kim rdng. 

Trong bai bao nay, chung tdi trinh bay mgt phuang phap don gian lien quan den phan ling 
thi galvanic dung tdng hgp hat nano hgp ldm rdng CoPt va FePt vdi khd nang dieu khien hinh 
thai. Cac hgt nano hgp kim rdng dugc tdng hgp trong nude d nhigt dO phdng dudi sy cd mat ciia 
polyvinyl pyrrolidone polymer (PVP). Kich thudc hgt cd the dugc dieu khien bing cdch thay d6i 
ndng do hoac kich thudc cua PVP. Cac hgt nano hgp kim rdng che tgo ra cd the dugc sii dyng 
lam chit xiic tac trong phan ung khii d xy (ORR) trong cac pin nhien li?u hoac cd thi sii dyng 
lam chit din thudc trong lmh vuc y sinh. Cac phep phSn tich nhu: hiln vi difn tit tmyen qua 
(TEM), nhieu xa tia X mlu bgt (XRD), phd tan xa nang lugng tia X (EDS) dugc sCt dyng de 
phSn tich cac mau. 

2. PHAN THlTC NGHIfiM 

2.1. Tong hgp hat nano CoPt va FePt rong va dang hffp kim 

2.1.1. Vgt tu hda chdt vd thiet bi thi nghiem 

Cac hda chat dirng tdng hgp mau la cac san pham thuang mai san cd va dugc mua tir hang 
Sigma-Aldrich (tgi Singapore). Cac tiln chit bao gdm: Co(N03)2.6H20 (99,99 %), FeCl2.4H20 
(99,99 %) va HzPtCU (99,99 %). Cac chit dn dinh be mgt, chit khii va dung mdi la; Polyvinyl
pyrrolidone (PVP) vdi h-gng lugng phan tii M„ = 55.000 va 380.000 g/mol, chit khii la sodium 
borohydride (NaBHi, 98 %). He thiet bi dimg tdng hgp mau bao gdm: binh thiiy tinh 3 co day 
trdn chju nhigt dimg tich 100 ml, he thdng lam mat bang nude, may khuiy tii gia nhiet, thiet bi 
gia nhi?t phy trg vdi bg dilu khien nhiet do, he thdng cung cip khi Nz (Hinh I). Ngoai ra cdn cd 
cac thiet bj nhu may quay U tam, may mng sieu am dimg de nia mSu va mgt sd vat dung khac. 

Hinh 1. He thilt bj tdng hgp hat nano hgp kim rong CoPt va FePt. 

2.1.2. Tong hgp hgt nano hgp kim rong CoPt vd FePt 
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+ Tong hgp hgt nano Co (template) 

- Hda tan 60 mg Co(N03)z.6H20 va 60 mg PVP trong bmh 3 cd chiia 30 ml nude cit 2 lan 
trong diiu kien khuiy tu manh. Qua trinh hda tan PVP dien ra trong thdi gian 5-10 phiit. 

- Phun nhanh 10 ml nude cit 2 lan chiia 40 mg NaBEl4 vao hdn hgp tren. Duy tri phan iing 
trong thdi gian 20 phiit tmdc khi tien hanh budc tdng hgp hat nano hgp kim rdng tilp theo. Toan 
bg qua trinh tong hgp dugc thuc hien d nhi?t dg phdng va dudi dilu kien khi Nz. 

+ Tdng hgp hat nano hgp kim rdng CoPt 

- Hda tan 60 mg mudi H2PtCl6 vao 10 ml nude cat va rung sidu am trong thdi gian 5 phiit 
de dam bao muoi tan hoan toan trong dung djch. 

- Nhd tir tii 10 ml dung djch chiia muoi HzPtClg tren vao dung dich chiia cac hat nano Co 
tgo thanh tir phan iing d muc tren. Sau thai gian 30 phut, dung djch cd chiia cac hgt nano hgp 
kim rdng CoPt dugc liy ra khdi binh 3 cd va cho vao cac ong quay li tam dl nia mlu (loai bd 
cac tgp chat thiia vk san pham phu cua phan iing). Mgt lugng nhd (0,5 ml) dung djch phan irng 
dugc dimg d% chuin bi cho mlu do TEM, SEM hogc EDS. Phin cdn lgi dugc siy khd dl phan 
tich XRD hoac sii dung cho cac myc dich nghien ciiu khac. 

+ Quy trinh tdng hgp hgt nano hgp kim rdng FePt dugc thuc hien tuong tu nhu quy trinh 
tdng hgp hat nano hgp kim rdng CoPt, chi khac sii dung 40 mg mudi FeCl2.4HzO thay vi 60 mg 
Co(N03)z. 6HzO. 

2.2. Cac phirgng ph^p phSn tich 

Hinh thai ckc hat dugc nghien cihi bdi kinh hien vi dien tii tmyen qua (TEM) van hanh d 
di?n ap U = 80 kV dat tai Vien Ve sinh Djch t l Tmng uang. Kich thudc cac hgt dugc xac dinh 
bing phin mem chuyen dung (ImageJ). Xdc djnh thanh phin hda hgc va pha cua vat ligu dugc 
thuc hign tren kinh hiln vi dien hi quet SEM^EDX (JEOl 6490JED 2300-Nhat Ban) va thiet bi 
nhieu xa tia X (Siemen D5000-Duc) tgi Vign Khoa hgc vat lieu, Vien Han lam Khoa hgc va 
Cdng ngh§ Viet Nam. 

3. KfiT QUA VA THAO LUAN 

Bang 1. Sy dnh hudng cua dieu kien tong hgp den kich thudc cua cac hat nano hgp kim rong. 

Mau 

CPH-1 

CPH-2 

FPH-3 

FPH.4 

FPH-5 

FeClj 
(ms) 

40 

40 

40 

C0(N03)2 
(mg) 
60 

60 

HjPtCls 

(me) 
60 

60 

60 

60 

60 

N6ng d6 (mmol) 
(MJ 
0,001 

(55.000 g/mol) 
0,004 

(55.000 g/mol) 

0,001 

(55.000 g/mol) 

0,004 

M w = 5 5 000 

0,004 

(380.000 s/mol) 

Kich thuoc 
(nm) 

36 ±6 ,7 

17 ± 3 , 7 

54 ± 8,6 

30,2 ±4 ,6 

70 ± 1 5 

Hinh thai 

rong 

rong 

r6ng 

rSng 

rSng 
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Qua trinh tdng hgp cac hat nano hgp kim rdng dugc thuc hi$n bao gom 2 budc l i tdng hgp 
cac template Co hogc Fe thdng qua phan iing khir cac ion Co^* hogc Fe^* thanh cac kim loai ciia 
chung bing chit khii NaBHj va su dung cac hat nano kim loai Co ho^c Fe nhu la cac template 
dl khii cac ion Pt** thanh kim loai Pt ddng thdi vdi viec tieu tan cac template. Trong toan bg qud 
trinh nay, hinh thai ciia cac hgt nano rdng thu dugc phu thugc vao hinh thai cua cac template. Do 
do dl dilu khiln hinh thai ciia hat nano rdng chung tdi dk tiln hanh dilu khien hinh thii cua cac 
template Co va Fe thdng qua viec thay ddi ndng do va kich thudc (trgng lugng phan tii) ciia PVP 
(Bang 1). 

Qua trinh hinh thanh hat nano hgp kim rdng dugc minh hga tr6n Hinh 2. 

Template Hapthy ionPf* Phdnii-ngthe 

(̂g. .Q 
C^u tnSc nano rdng hgp 

kim 

Hinh 2 Sa dl minh hga phan (mg thi galvanic che tao hat nano hgp kim rSng CoPt vk 
FePt sii dung cac hat nano Co va Fe lam cic vkt lieu khuon, 

Theo do, khi cho mudi HzPtCU vao vao dung dich cd chiia cac hgt nano Co ho^c Fe da 
dugc tdng hgp tmdc. Cac ion Pt''* se bam vao bl mat ciia cac hgt nano nay (cac hgt nano Co 
hoac Fe se ddng vai trd nhu la cac "bg khuon"), tgi day thdng qua phan ling thi galvanic, cdc ion 
Pt"* bi khir bdi Co hoac Fe thanh kim loai Pt va tgo thanh Idp vd bam xung quanh bl mat cac 
khudn trong khi cac kim loai Co hoac Fe dong thdi hi oxy hda chuyen thanh cac ion Co^* ho^c 
Fe^* va hda tan vao dung djch. He qua cua qua trinh nay, theo thdi gian cac khudn (hgt nano Co 
hoac Fe) bi tieu buy, thay vao dd hinh thanh cau true rdng tren ca sd kim logi Pt. Phuang trinh 
phan ling thi giira ion Pt''* vdi kim logi Co hoac Fe nhu sau [20 - 22]: 

2Co° + Pt"* ^ P t ' ' + 2Co^* 

2Fe'' + Pt"* ^ Pt" + 2Fe^* 

Theo nhu cac phan iing thi d tren, cau triic rong hinh thanh la hgt nano rdng ciia kim logi 
Pt, tuy nhien tren thuc te chung tdi thu dugc cau true rdng cua hgp kim CoPt hogc FePt. Dieu 
nay da dugc giai thich bdi Vasquez va cac cdng su [20] la do trong dung dich phan iing van cdn 
tdn tai mdt lugng chat khu NaBHi nhat dinh khdng phan img het vdi C0CI2 hogc FeCb nen khi 
cac ion Co^* hoac Fe^* tao thanh trong phan iing the se bi khii trd lgi thanh cac kim loai Co° hoac 
Fe°. Cac kim loai nay se tich hgp vdi vdi cac nguyen tii Pt de hinh thanh hgp kim CoPt hoac 
FePt. Tren thuc te, chiing tdi cung quan sat thay rang san pham sau phan iing the dap img mgnh 
vdi tii trudng ngoai, chiing td rang san pham thu dugc la CoPt hoac FePt (day la nhiing vgt lieu 
tir Cling cd tii tinh manh) chii khdng phai la Pt mdt vat lidu phi tii. Ket qua nay cung phii hgp vdi 
kit qua phan tich nhieu xa tia X va EDS la cd sir tdn tai ciia cac hgp kim CoPt va FePt cung nhu 
sir cd mat cua ddng thdi Co hogc Fe va Pt tren cac phd thu dugc (se trinh bay cy the d hinh sau). 

Chiing tdi da tien hanh phan tich TEM hinh thai cua cac hat nano rdng thu dugc sau phan 
ling. Hinh 3 chi ra anh TEM va bilu dd phan bd kich thudc ciia hat nano CoPt thu dugc khi sii 
dyng khudn Co tdng hgp d dilu kien sii dyng PVP cd trgng lugng phan tii 55,000 g/mol va d 
ndng do 0,004 mmol mau (CPH-2). Tir anh TEM tiordng tdi cd thi nhgn thiy ring phin ngoai 
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cua cac hgt thu dugc cd do d|m mau hon so vdi phan ben trong do do tuang phan vl chilu day 
va chiing td ciu tnic thu dugc la cau tnic rdng. Cac hat rdng thu dugc Idia ddng dlu cd kich 
tiiudcd=17±3,7nm. 

Hinh 3. Anh TEM va phan bo kich thudc hat CoPt r5ng (mlu CPH-2). 

Trong dieu kien thay the mudi Co bing mudi Fe chiing tdi ciing thu dugc can tnic nano 
FePt rdng. Hinh 4 chi ra anh TEM va bilu dd phan bo kich thudc ciia hgt nano FePt khi sir dyng 
khuon Fe hgp trong dieu kien sii dung PVP cd trgng lugng phan tii 55,000 g/mol va d ndng do 
0,004 mmol (mau FPH-4). Tuang tu nhu tren, hgt FePt thu dugc cd ciu tnic rdng kha ddng dlu 
vdi kich thudc d - 30,2 ± 4,6 nm. 

f 
00 nm 

1" " ; 
-

n-
' '° ''" ^° ^^ ^° 35 40 45 50 

Hinh 4. Anh TEM ciia hat nano rdng FePt (mau FPH-4) hoc bdi polyme PVP cd trong lugng phan tu 
55,000 g/mol va d ndng dd 0,004 mmol. 

Chiing tdi cung thir tiln hanh dilu khien kich thudc hat CoPt va FePt rdng thdng qua viec 
thay ddi ndng do va chieu dai PVP polyme sii dung khi tdng hgp cac khudn. Ket qua thu dugc 
chi ra cho thay kich thudc hat thu dugc tang len khi giam ndng do hogc tang trgng lugng phan tu 
cua polyme PVP (Bang 1). Syr tang ciia kich thudc hat khi tang chieu dai hoac khi giam ndng do 
polyme phii hgp vdi nghien ciiu trudc day ciia chiing toi vdi tmdng hgp cila hat nano Co sii 
dung PMAA polymer [23]. 

Thanh phan hda hgc cua cac hgt nano rdng CoPt va FePt cung nhu can triic pha tinh the ciia 
chiing dugc khao sat thdng qua viec su dung kT thugt EDS va XRD. Hinh 5 la anh SEM phan 
giai thap chi ra phd tan xg nang lugng tia X (EDS) ciia man nano hgp kim rdng CoPt va FePt 
(mlu CPH-2, FPH-4). Cd the nhiin thiy trong man xuat hien ddng thdi cac pick cila ca Co/Fe va 
Pt, dilu nay chiing td man thu dugc la hgp kim CoPt va FePt. Tir phan tich EDX, cho thiy thanh 
phin theo ti le moi ciia cac nguyen td tiong mlu phan tich tuong ling la Pt : Co = 0,37 : 1 (mlu 
CPH-2) va Pt : Fe - 0,35 : I (Mlu FPH-4). Cac gia trj nay dlu nhd han gia tri li thuylt dugc 
tinh toan til ti le moi ciia cac nguyen td diu vao Pt"*: Co^* = 0,55 : 1 va Pt"*:Fe^* - 0,55 : 1 ciia 
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cac mlu tuong iing. Dilu nay dugc li giai do tiong cdng doan hinh thanh hgt nano rdng CoPt va 
FePt, kim logi Pt ngoai viec dugc hinh thanh tir phan iing the dugc minh hga trdn Hinh 2 cdn 
dugc tao ra bdi phan iing khii bdi NaBHj du Ultra tiong dung dich. Phin Pt tgo ra tii phan ung 
khii nay it cd kha nang tich hgp vdi Co hogc Fe dl tao tiianh cac hgp kim tuang iing rna se tgo 
tiianh cac hat nano Pt rieng biet. Cac hat nano Pt nay dugc logi bd trong qua hinh nia mlu (quay 
li tam va dimg tii tmdng). 

Hinh 5. Anh SEM va phd phSn tich EDS ciia mau CoPt va FePt. 

Hmh 6. Pho nhieu xa tia X ciia mSu CoPt (trai) va FePt (phai). 

Hinh 6 chi ra pho nhieu xa tia x ciia cac mau hgp kim CPH-2 va FPH-4. Vdi tm'dng hgp 
cua mau CoPt (Hinh 6, ben trai) cd the nhan thay khdng ton tai cac cue dai nhieu xg trong phgm 
vi gdc 29 ^ 50 - 60 do, chirng td tiong man khong tdn tai pha rieng re cua Co dgng e-Co vdi cac 
pick dac trung (221), (310) va (311) d cac gdc 51, 55 va 58 do hogc dgng hcp-Co vdi cac pick 
dac tiimg (100), (002) va (101) d cac gdc 48, 52 va 57 dg tuong iing [24]. Tren phd tia x ciia 
mlu do dugc cd thi nhan ttiiy 3 dinh dac tiimg (111), (200) va (220) tuong irng vdi cac vi tri 
gdc 20 la 40,5, 47 va 69 do ciia ciu tiiic dang lap phuang tam mat fee ciia hgp kim CoPt. Ket 
qua nay phii hgp bilu dd nhilu xg tia x cua mlu chuan chi ra h-ong hinh ve va phii hop ket qua 
cdng bd bdi Vasquez [20]. Tuang tu vdi tiudng hgp ciia mlu FePt (Hmh 6, ben phai) cd thi 
nhan thiy khdng tdn tgi pha Fe rieng re dgng a-Fe vdi cac dhih dgc himg d cac vi tri 44, 65 va 
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82,5 do [25]. Kit qua do dugc ciia mau phan tich chi ra cac pick dac tnmg (II1), (200) va (220) 
d cac vj tri 40,5, 47 va 68,5 do tuong iing vdi phd ciia mau chuin ciia hgp kim FePt cung nhu 
ket qua cdng bd bdi Chen [26] ciia hgp kim FePt. Cac nghien ciiu ve kha nang xiic tac ciia cac 
hgt nano hgp kim rdng tiong cac phan iing dxy hda methanol hogc cac phan ung khii dxy cung 
nhu la anh hudng ciia loai polymer den hinh thai cua cac hat nano hgp kim thu dugc dang dugc 
chiing tdi tien hanh khao sat va se dugc cdng bd tiong mdt nghien ciiu khac. 

4. KET L U ^ 

Da tdng hgp cac hat nano hgp kim rdng Co-Pt va Fe-Pt cd kich thudc cd the dieu khien 
trong khoang 17 - 70 nm bang each thay ddi ndng do va kich thudc polymer PVP. 

Cac hgt nano hgp kim CoPt va FePt rdng cd cau tnic dang lap phuang tam mat fee, do do 
cd tilm nang ung dung lam chat xiic tac tdt trong cac pin nhien lieu. 

c in nghien cuu chl tgo cac hgt nano hgp kim CuPt va NiPt rong dl so sanh, danh gia kha 
nang xiic tac vdi cac hgt nano hgp kim rdng Co-Pt va Fe-Pt da chl tgo dl cd djnh hudng vat lieu 
sii dyng lam xiic tac trong pin nhien lieu. 

Ldi cdm ffn. Cong trinh nay duac thuc hiSn vdi su hd trg ve tai chinh cua dl tai cip ca so Vien KTND 
2013. 
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ABSTRACT 

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

Nguyen Mau Cu*, Nguyen Quang Chinh, Le Trong Lu*, Ngo Thanh Dung, 
Tran Dac Hai, Ngo Ba Thanh, Vu Quoc Thai 

Institute for Tropical Technology, VAST, 18 Hoang Quoc Viet Street, Cau Giay, Ha Noi. 

Email: Itlu itims(d)yahoo.com, nmcu55(d).smail.com. 

This paper describes a facile synthetic method for the preparation of hollow CoPt and FePt 
alloy nanoparticles with controllable size. Here, the particle size (perimeter size) could be tuned 
from 17 to 70 nm by changing the length and concentiation of PVP polymer. The obtained 
nanoparticles have been characterised by Transmission electron microscopy (TEM), X-ray 
diffraction (XRD) and Energy dispersive X-ray spectroscopy (EDS). 

Keywords: catalyst, fuel cell, hollow nanostmctures, alloy nanoparticles, galvanic replacement 
reaction. 




