TAP CHi CONG THUONG

PHAN UNG KHU OXYGEN
TREN PIEN CUC CATHODE VOI
VAT LIEU XUC TAC NANO Pt Fe ,/C TRONG
PIN NHIEN LIEU MANG TRAO })01 PROTON

® VU THI HONG PHUGNG

TOM TAT:

Téng hgp xic tic nano Pt,Fe,/C véi i 1& kim loai chi€m 20% khdi lugng, trén gid mang 1a
carbon Vulcan XC- 72R, tdc nhan khit sodium borohydride (NaBH,) v6i hd trg clia séng si€u am.
Hinh théi, cAu tric ctia vat liéu tdng hdp Pt,Fe,/C dudc phan tich bing kinh hién vi dién i truyén
qua (TEM) va nhiéu xa tia X (XRD). C4c hat xic tdc hinh cau Pthey/C ¢0 kich thuGce hat tir 2-8 nm
dugce hinh thanh. Hoat tinh xic tdc ctia vat liéu PtXFey/C va Pt/C_thuong mai (Aldrich Sigma, 10%
khdi Iugng Pt/than hoat tinh) cho qué trinh khit oxygen (ORR) tai dién cuc cathode di dugc khdo
sat theo phuong phap quét thé vong tudn hoan voltammetry (CV), phuong phdp phin cuc tuyén
tinh (LSV). Pudng cong LSV cho thiy xiic tic t&t nhit cho phin tng tai thé bit ddu khir 0,63 V. S&
e trao ddi ctia phan ting tinh theo phuong trinh Koutecky-Levich trong khodng tir 1,9-2,5.

Tw khoda: xic tic nano PtXFey/C, khit NaBH,, pin nhiéu li¢u.

1. Dit van dé

Hién nay, tinh hinh 6 nhiém moi trudng, sy thi€u
hut ning lugng de doa ngay cang nhiéu dén su bén
vitng cla trdi dat. Do d6 cin tim ra cdc ngudn ning
luong c6 kha ning tii tao, sach dé thay th& dugc the
gi6i quan tam. Trong cdc ngudn ning ludng nay,
ngudn ning luong tir pin nhién liéu, 14 thiét bi
chuyén héa ning lugng v6i hiéu ning cao va than
thién véi moi trudng, da va dang thu hit nhiéu
nghién cttu. Pt 1a chdt xiic tic phd bi€n cho pin
nhién liéu vé6i hiéu suat cao. Tuy nhién, gid thanh
clia chat xtc tic kha cao, cling nhu chit xdc tdc giy
ngd ddc bdi tao ra cdc chat trung gian trong qué
trinh oxy héa nhién liéu, ching han nhu tao ra
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carbon monoxide (CO)[1]. Viéc thay th€ mot phan
Pt biing mot kim loai khéc ré tién hon, dusi dang
ludng kim PtM, v6i M 1a cdc kim loai khdc Pt nhu
Ni[2], Ru[3], Pd[4]... d@ dudc nghién ctu. Nghién
cttu ctia Jue Wang va cs.[5] trén vat liéu PINi/CNT
ddi vai ORR, vat liéu téng hop c6 kich thude 15-20
nm, nhiéu xa XRD ctia vat liéu xtc tic c6 cic dinh
lai vi tri 42,0°; 48,7°; 71,7°; 86,4° tuong Gng v4i cac
ciu triic mang (111), (200), (220) va (311). Hoat
tinh xdc tac tdng hop ting gip 5,5 dé€n 8,5 1an so vdi
Pt/C thuong mai. Nghién cttu ctia Sergey va cs.[6]
trén cdc vat lieu Pt-Mo/C, Pt-Fe/C va Pt-Mo-Sn/C
trong hé acid H,SO, 0,5 M véi ba dién cuc trén
ORR tai cathode cho hoat tinh ting 1,5-2 1an so vdi
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vat li¢u Pt/C thuong mai. Nhu vay, vat liéu xdc tic
PtM/C v6i M 14 cdc kim loai khic cé hiéu suit hoat
dong va sy 6n dinh ctia hoat tinh xitc tic dién hoa
phtt hgp qud trinh ORR tai cathode trong pin
PEMFC. Sit la kim loai ré tién, d& tim nén ciing
dugc nhiéu nha khoa hoc nghién ctu thay thé mot
phan Pt nhu Stavros va cs. [6], Xiao va cs. [7],[9]...
Trong bai bao nay, thyc hién tdng hgp vat liéu nano
PtxFey trén gid mang Vulcan va khao sat hinh thai,
ciu tric vat liéu téng hop va ddnh gid hoat tinh xic
tic dién hoa cta vat liéu trén su khit oxygen tai
dién cuc cathode cho PEMFC.

2. Noi dung va phuong phap nghién ciru

D& tdng hgp xiic tic nano cho pin nhién liéu, c6
nhiéu ky thuat khdc nhau nhu: phuong phap nghién
va bién dang, quang khic, bdc bay nhiét, chuyén
pha, két tlia, sol-gel, dién phan, ngung tu... Viéc
chon Iwa phuong phap héa hoc két hgp véi siéu Am
[1]1a phuong phép tao ciu tric nano véi cac thiét bi
don gidn, dé thyc hién trong phong thi nghiém, cho
hiéu qua cao. Céc hat nano tao thanh c6 kich thugc
nhd, tuong ddi ddng déu. Phuong phip hda siéu Am
tao ra mot giao dong manh, din dén sy hinh thanh,
phét trién va pha v& clia cic bong béng tao thanh
céc hat vat liéu nano ludng kim mot cich dong déu
[8]. Trong nghién cu nay, vat liéu xdc tic nano
ludng kim PtFe véi ty 1€ nguyén tir khic nhau gitra
Pt va Fe trén nén carbon Vulcan XC- 72 tdng hdp
béng phuong phdp khit NaBH, dudi sy hd trg cta
séng siéu am. Kich thudc ctia cac vat liéu tong hdp
duge xdc dinh bing hién vi dién t¥ truyén qua
(TEM) JEOL TEM 1400, Nhat Ban tai Trudng Dai
hoc Bach khoa TP. H6 Chi Minh va nhiéu xa tia X
(XRD) trén thi€t bi D8 Focus XRD Diffraction tai
Trudng Pai hoc Khoa hoc Ty nhién TP. H6 Chi
Minh. Tinh chit dién héa ctia vat liéu dugc khdo sit
trén sy khir oxygen tai cathode. Hoat tinh dién héa
clia vat liéu tdng hdp dugc danh gid bing phuong
phdp quét th& vong tudn hoan (CV) va phuong
phdp phin cyc tuyén tinh (LSV) trén mdy do dién
héa da nidng Autolab-PGSTAT302N, hang
Metrohm, Ptic tai Pai hoc Khoa hoc Ty nhién TP.
Ho Chi Minh.

2.1. Xi¢ ly carbon lam gid mang

Carbon 1am gid mang cho vat liéu cAn dugc xi
ly dé loai bé cic tap chat khong mong mudn trude
khi ti€n hanh tdng hgp vat liéu xiic tic. Carbon bot
Vulcan XC-72R (Cabot, M¥) dugc xit ly bing cach
ngdm trong hdn hgp dung dich HNO; 6,0 M
(Merck) va dung dich HC1 2,0 M (Merck) tai nhiét
do phong 10 gid, sau d6 siéu am trong 15 phit. Hon
hop sau siéu am duge loc, rita sach v6i nudc cat
(DI, 18,2 MW) siy kho & 1050C trong 2 gid.

2.2. Tong hop vt ligu xiic tdc Pt,Fe/C

Qui trinh t8ng hop vatliéu gdom 2 giai doan: giai
doan 1 ti€n hanh tdng hop xic tic, giai doan 2 cho
xuc tac vira t6ng hdp 1én bé mit dién cuc carbon
thiy tinh.

Tong hop vat ligu xiic tac Pt Fe,/C

Vit ligu xtc tic nano Pt,Fe,/C dugc tong hgp
nhv Hinh 1. Tién chat H,PtClg, FeCly (Sigma-
Aldrich) va acid citric cho vao cc thily tinh 100 mL
6 chia ca tir, thém 10 mL nu6ce DI rdi ti€p tuc bd
l1én mdy khudy véi toc d6 600 rpm trong vong 30
phiit. Ti€n hanh d4nh siéu Am hdn hop trén véi may
Heilscher-UP200Ht hoat dong & tan s 26 kHz va
cong suat 17 W/cm?, véi cong sudt diu vao 100 W
va 20 mL nuc DI trong vong 1 gid v6i coc 100 mL.
Sau d6, d6 coc chita dung dich tién chat vao coc
chita carbon bot Vulcan rdi ti€p tuc khudy trong 12
gid. Chuén bi dung dich khir NaBH,/NaOH dé tién
hanh khtt dung dich tién chit vé& kim loai. Ti€n hanh
cho chit khit NaBH, 1én buret 25ml va cho tiing giot
NaBH, vao c6c chita hdn hdp tién chit trén. Khi
qué trinh khir k&t thic, ti€n hanh loc véi gidy loc
mang Whatnam c6 dudng kinh 16 0,45 um. Miu rin
sau khi loc, rira biing nuéc cit DI, sdy kho trong moi
trudng chan khong & 80°C. Ty 1& kim loai trén nén
carbon chi€ém 20% khoi Iugng vat liéu. Tién hanh
tf;ng hop vat licu xic tic Pthey vGi céc ty 1& mol
cha x:y la 3:1, 2:1, 1:1, 1:2, 1:3. Hinh théi hoc cla
vat liéu xic tic tdng hop dugc khio sit thong qua
thi€t bi do TEM va thiét bi nhiéu xa XRD. (Hinh 1)

Chudhn bi dién cuc

Quy trinh ch€ tao dién cyc trén vat lidu vira tdng
hdp dugc ti€n hanh nhu s6 dd Hinh 2. LAy hon hgp
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Hinh 1: Quy trinh t6ng hop vét liéu xic tac PixFey trén nén carbon

[ H6h hop HoPtClg + FeClg + CA + VC + DI

>  Danh siéu am 1 gid, khudy 2 gio

g
F

Y

[ Khit bing dung dich NaBH,/NAOH. Khusy 12 gic ]

( Dung dich A + Carbon Vulcan

[ Loc v6i gidly loc 0.4um. S&y chan khong 80°C }

:[ Vat liéu Pt;Fe,/C ]

Nguén: Tdc gid thite hién

Hinh 2: S0 dé ché tao dién cuc véi vét liéu PfXFey/C

Can 2,50 mg vat liéu hoa tan
trong 1,000 mL isopropanol. Siéu
am ky hén hgp trong 30 phut

Thém vao 5,0 uL
Nafion, siéu am
ky thém 30 phat

Nho 10,0 pL hén hop Dién cuc GC
dong nhét Ién dién cuc chia vat liéu
GC. D€ kho tu nhién khao sat

gdm 2,5 mg Pt,Fe,/C; 5,0 uL Nafion 5% vé khoi
lugng (Sigma Aldrich, 65%); 1,0 mL dung dich
isopropanol. Siéu Am hdn hgdp trén trong 30 phit dé
tao sy dong nhit. LAy chinh xdc 10 puL hdn hgp
bing micropipet 0,1 uL, phd 1én trén bé mit dién
cuc carbon thuy tinh (glassy carbon-GC) (12,56
mm?) dudc st dung dé 1am dién cuc lam viéc.

2.3. Khdo sdt tinh chét dién héa

Nghién citu tinh chat dién héa trén xiic tdc nano
PtXFey/C vira té;ng hdp tai dién cuc anode bing
phuong phdp quét th&€ vong tudn hoan (CV) va
phuong phdp phan cuc tuyén tinh (LSV) st dung
mdy  potentiostat/galvanostat  PGSTAT320N
(Autolab Metrohm). Cac phép do dién héa dugc
thuc hién trong mot hé do g6m 3 dién cuyc véi dién
cuc lam viéc (WE) 1a mot 14 carbon thiy tinh dugc
bao phii bdi mot 16p vat liéu tdng hop PU/C,
Pthey/C. Mot day Pt véi dién tich hinh hoc khodng
1,41 cm? dugc st dung lam dién cuc ddi (CE) va
mot dién cuc Ag/AgCl v6i ndng do KCI 3,0 M st
dung lam dién cuc tham chi€u (RE) (c6 hiéu dién
th&€ 0,21 V so v6i SHE). Hoat tinh dién héa clia chat
xtic tac tong hgp dudc so sanh vdi thuong mai bot
Pt/C (Sigma Aldrich, 10% khdi lugng Pt trén than
hoat tinh).
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Nguodn: Tdc gid thuc hién

3. K&t qua va thio luan

3.1. Hinh thdi, cdu triic hat nano Pt Fe,

Vit ligu xiic tic tong hgp ti€n hanh chup anh véi
mdy JEOL TEM 1400, Nhat Ban tai Trudng Pai hoc
Béch khoa TP. H6 Chi Minh. Hinh 4nh TEM (Hinh
3) cho thdy vat liéu xdc tic téng hop PtXFey/C co
kich thudc hat & kich ¢ nano dugc phu trén gia
mang carbon Vulcan. Kich thuéc clia cdc hat nano
ndm trong khodng 2-8 nm, trung binh la 4 nm. Sy
phan phdi kich thudc tuong ddi ddng déu, cac hat c6
hinh dang cau, mot s6 it k&t tu thanh dam.

Ti€n hanh khdo sdt cdc miu PYC, Pt,Fe/C,
Pt;Fe/C, PtFe,/C, PtFes/C, ta thﬁ’y kich thudc hat
nano déu nhé hon 10 nm (Bang 1). Nhu vay, vt
liéu tdng hop dat dugc kich thuéc nano, trong d6
mAu Pt3Fe cho kich thudc dong déu hon cic miu
vatliéu tdng hdp con lai. (Bang 1)

bé nghién ctfu sdu hon vé ciu tric vat liéu
Pt Fe,/C, vita tong hop ti€n hanh do nhiéu xa tia X
(XRD) trén thi€t bi D8 Focus XRD Diffraction tai
Trudng Pai hoc Khoa hoc Ty nhién TP. HS Chi
Minh. Quan sit gidn d6 XRD thu dugc (Hinh 4),
trong tat ci cdc vat liéu nano tf;ng hop Pthey/C
béng phuong phap khit NaBH, déu c6 3 dinh nhiéu
xa dic trung cho cau tric 1ap phuong tAm mit (FCC)
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Hinh 3: Biéu dé phén bé kich thudc hat va dnh TEM cia mdu

PI/C va PtyFe,/C
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Bdng 1. Kich thudc hat trung binh méu

Pt/C va PtyFe,/C
Mai Kich thuE’jc hat Kinh thudc hat
phan bé (nm) trung binh (nm)
Pt/C 2-6 33
Pt,Fe/C 3-8 52
Pt3Fe/C 2-6 34
PtFe,/C 2-7 3,6
PtFes/C 2-8 4,9

Nguén: Tdc gid thite hién

cta Pt § gia tri 40°, 47°, 680 tng v6i cdc midt mang
(111), (200), (220). K&t qua thu dudc nay so sanh
vGi cac nghién ctu cia Jua Wang va cs. (2018) [5],
Korzeniewski va cs. (2004) [3], Liu va cs. (2004) [8]
1a tuong tu. Nhu vay, trong xtic tdc nano téng hop c6
st hién dién ctia hat nano Pt. Ngoai ra, khi quan sat
gian dd XRD, bén canh cdc dinh nhiéu xa ctia Pt con
c6 dinh nhi€u xa cta chit mang la carbon Vulcan &
20 ~ 26,6° 1a gid mang cta vat liéu xidc tac. Tuy
nhién, gidn @& XRD lai khong thdy cé dinh dic
trung ctia kim loai Fe tai goc 20 xap xi 45°, diéu nay

Nguén: Tdc gid thitc hién

c6 thé gidi thich do su tring lip
clia dinh nhiéu xa Pt do khoédng
cich gan. [6,7].

3.2. Di¢n tich bé mdt dién
héa

Dién tich bé mit dién hda thé
hién hoat tinh dién héa ctia xic
tdc. Thong thudng dién tich bé
mait dién héa cang I6n thi hoat
tinh ctia xic tic cang cao. P&
tinh dién tich bé mit dién hdéa
thuc t& (ECA) clia xic tic dién
cuc trén nén Pt ¢6 thé duge xdc
dinh bing sy hip thu va gidi hap
cia hydrogen trén dién cuc
trong mdi trudng HC1O4 0,5 M
va dugc tinh theo cong thitc ECA
= QH/QM, véi QH (uC)
(Gumeci va cs., 2012)[2] tuong
duong véi dién tich dinh tin hiéu
trong qud trinh gidi hap hydrogen (tir -0,16V - OV).
QM tuong duong vdi su hap phu hydrogen & 16p
monolayer (210 uC.cm). Hinh 5 cho ching ta thdy
phd CVs d6i vé6i su nghién ctiiu cic dién cuc trong
khodng hiéu dién th& tir -0,2 V d&n 1,0 V véi toc do
quét 50 mV/s. Hinh 6 cho thdy sy khdc nhau ctia céc
mau Pt;Fe,/C trong qua trinh khio st ph6 CV.

Hinh 4: Gidn dé XRD clGa cdc mdu vét liéu

nano Pt/C va PtyFe,/C
24000 - C z % ?%
U "
— __#__,gj | PtFe
||j 1"
/;:\ 60001 | /AN N PtFe
\S i
;g- 120004 | S A R PtFe,
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0 ~— N Pt
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Goc 2 theta

Nguon: Tdc gid thuc hié¢n
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Hinh 5: Budng cong CV téng hop cla céc
mdéu PfXFey/C frong méi triéng N2/0,5M
Hy504 v=25mV/s

Bdng 2. Gid tri ECA tinh todn dudc va vi tri dinh
gidi hdp Pt-OH thu dugc tir dudng cong CV cua
cdc mau PtyFe, /C
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Nguédn: Tdc gid thitc hién

Hinh 6: Budng cong CV téng hgp cla céc
md@u Pty Fe,,/C trong méi tridng Ny/0,5M
H350,, v=25mV/s
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Nguén: Tdc gid thic hién

Gi4 tri ECA thuc t€ ciling dudc xdc dinh bdi sy
khir cdc oxit & hiéu dién th& 0,55V (Bing 2). Trén
nén carbon Vulcan, dién tich bé mit dién héa cao
nhat 12 miu Pt3Fe/C. So v6i Pt thuong mai thi
chiing ta thiy Pt3Fe/C trén nén carbon Vulcan dién
tich hoat hda dién héa c6 gid tri 16n hon d6i véi cac
mAu con lai.

3.3. Khdo sdt phdan iing khit oxygen (ORR)
trong moi truong 0,/0.5M H,SO0,

Vit liéu PtXFey/C t6ng hop dugc dua 1én dién
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Mai Ecaem) | V! tr::'gl'_lg('\"‘;')hap
Pt 0,510 0,46
PtFe/C 0,338 0,48
Pt,Fe/C 1476 0,55
PtyFe/C 3,538 0,55
PtFe,/C 0,267 0,49
PtFes/C 0,643 0,44

Nguén: Tdc gid thie hién

cyc GC va khéo sat hoat tinh xtic tdc dién héa bing
mdy do dién héa da ning Autolab, két qua dugc xir
1i trén phAn mém Nova 1.10. Dién cuc ché tao sé&
dugc khio sdt trong mdi trudng 0,/0,5M H,SO, dé
khdo sit phan ttng ORR biing phuong phip quét thé
phan cuc tuyén tinh (LSV), sit dung dién cuc dia
quay GC phi vat liéu xtc tic & cdc toc dd quay
khéc nhau 400, 665, 998, 1398, 1865, 2400 rpm. D&
loai bd sy dnh hudng ciia O, trong dung dich, trudc
khi do, suc khi N2 vao dung dich 15 phit d€ dudi
khi O, (trong khong khi) hoa tan tru6c d6 trong
dung dich, sau d6 suc khi O, 99,99% vao hé do 25
phiit d€ lugng O, hoa tan trong dung dich dugc bio
hoa. Nong do O, hoa tan biao hoa trong dung dich
do dugc tai nhiét do 25°C 1a 20,40 mg/L. Sau do,
dién cuc dia quay c6 ti€m vat li¢u xdc tdc dugc
ngam vao dung dich va d€ &n dinh 15 phit rdi méi
ti€n hanh do.

Céc vatliéu xic tac sé dugc khéo sét trong cling
diéu kién do & nhiét do phong (~25°C). Vung thé sé
khdo sit tir 0,8V d&n -0,15V (quét thé theo chiéu
am), toc do quét v = 10 mV/s. Hinh 6 thé hién
dudng cong phan cuc cla dién cuc Pt Fe,/C trong
dung dich 0,/0,5M H,SO,.

Tu k€t qua Hinh 6 cho thdy, LSV cta phdn tng
ORR ctia vt liéu xic tac c6 sy tich dong rd rang &
céc toc dd quay khic nhau ciia dién cuc. Khi quét
th€ phan cuc tuyén tinh tir thé 0,8V vé dén 0,65V,
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B&ng 3. Thé bét ddu khlf clia vét liéu PtyFe, /C

Mau Thé& bét dau khli Eop (V)
Pt/C 0,51
PtFe/C 0,49
PtFe,/C 0,59
PtFeq/C 0,53
PtyFelC 0,54
PtgFe/C 0,63

Nguédn: Tdc gid thicc hién

dong khtt van chua xuét hién hoiic chi ¢ gid tri rat
nhd, day 1a viing ki€m soat chuyén dién tich. Khi
quét ti€p tir 0,65V vé 0,2V, dong khit bit diu xut
hién va mat do dong khir bit diu ting manh - diy
12 viing vira kiém sodt chuyén dién tich vira ki€ém
sodt chuyén chat. Tir khoang 0,2V vé -0,15V mat
dd dong khir khong ting nita, xuat hién dong gidi
han va day 1a viing kiém soét chuyén chat. Mat do
dong khit cla cdc vat liéu PtsFe/C nam trong
khodng tir 1,20 d€n 2,40 mA/cm, tai-0,15V.

So sdnh kha ndng xic tdc ctia vat liéu xic tac
cho phén tng ORR duya vao thé bit dau khir Eop.
Thé& bit dau khir cla vat liéu cang 16n thi vat liéu
dé& xiic tdc cho phan ttng ORR do qui thé& nhd.
Ngudc lai, vat liéu c6 thé bit dau khit cang nhd, vat
liéu cang kho xiic tdc cho phdn ttng ORR. K&t qua &
Bang 3 cho thay, vat liéu Pt;Fe/C c6 kha nang xdc
tdc tot cho nhit phin tng ORR nhit vi c6 thé Eop
16n nhat (0,64V), trong khi d6 vat liéu PtFe/C c6
kha ning xtc tidc cho phin tng ORR kém nhit do
c6 thé Eop thap nhat (0,49V).

Véi mdi vat lidu xic tic, mat do dong do dudc
va toc do quay clia dién cuc c6 mdi quan hé véi
nhau, méi quan hé nay dugc thé hién thong qua
dudng thing Koutecky-Levich tai thé E = 0V. S&
electron trao d6i (n) trong mdi trudng hdp s& dudc
tinh thong qua hé s§ géc clia dudng thing thong qua
cong thic [2]:

1

2 1
a(0.62FCD397%)

n=

Trong d6: n 14 s6 electron trao d6i ctia phan dng;
a la hé s§ goéc clia duong thing; F 12 hing s&
Faraday (mA.s.mol"); C 1a ndng d6 Oxygen bio
hoa tai 25°C (mol.cm?), gid tri xdc dinh dudc 1a
20,40 mg/L:D 1a hiing s6 khuéch tdn clia Oxygen,
D =2 x 10-5 (cm?s™!); : 1a dd nhét dong hoc cla
dung dich dién gidi, =0,01 (cm?.s™).

Hinh 7 c6 thé thdy phan tng ORR cho dudng
thing Koutecky - Levich tuyén tinh. Theo nghién
ctfu co ché phan ting dién cyc cathode, phan c6 thé
di theo hai chiéu huéng khic nhau: chiéu huéng tao
ra H,0, rdi sau d6 tao ra H,O va chiéu hudng tao
truc ti€p H,O [10]. Trong d6, chiéu hudng tao ra
hop chét trung gian H,O, 1a chiéu huéng khdng
mong mudn, lam gidm gi4 tri clia xtic tdc. Phdn ting
tao trung gian H,0, c6 sd electron trao ddi 1a 2.
Phén @ng tao ra tryc ti€p H,0, s6 electron trao ddi
1a 4. K&t qua tinh todn s6 electron trao ddi dudc thé
hién 6 Bang 4.

K&t qua tir BAng 4 ciing nhu tir Hinh 7 cho thay:
Do thi Koutecky-Levich clia cdc vat liéu Pt,Fe,/C
c6 hé sd tuyén tinh trén 99%, dicu nay c6 nghia 1a

Bdng 4. Phuong trinh Koutecky-Levich va s6 electron trao déi clia vat liéu PtyFey/C

Mau Phuong trinh Koutecky- Levich S6 electron trao doi

Pt/C y=7,1351x + 0,88 (R2=0,9922) 2,3
PtFe/C y=7,5118x +0,3048 (R*=0,9923) 2,2
PtFe,/C y=7,2509x + 0,0634 (R*=0,9999) 2,3
PtFes/C y=6,9276x +0,0957 (R*=0,9991) 24
PtyFe/C y=8,8467x + 0,123 (R?=0,9997) 1,9
PtsFe/C y=6,7631x + 0,0122(R?=0,9989) 25

Nguon: Tdc gid thuc hién
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Hinh 7: Dé thi dudng thdng Koutecky-Levich cho phdn iing
ORR tai thé E = 0V cua céc vt liéu xic tac PtFey/C

Nguén: Tdc gid thite hién

4. K&t luan
Qua nghién cttu nay, chiing

P& = t6i da tdng hop thanh cong vat
14 | liéu xdc tdc nano Pthey/C trén
+ PtFe/C A

12 - . ) nén carbon Vulcan XC-72R cho
. PtFe2/C . Ca Cn . L N
% 1- & iR pin nhién li¢u. Kich thudc vat
2 08 - B Pure/c liéu ndm trong khodng tlr 2-8 nm,
_@ 06 W P3Fe/C c6 ciu tric hinh ciu, phin bo
~ 04 -0—rt tuong d6i dong déu it tu dam.
0.2 Dién tich hoat héa dién héa cao
0 ' ' - ' nhat 1a 3,538 cm? tng v6i mau

006 0.08 01 0.12 0.14 0.16 ) . s
W @ (cadsy2 khao sit PtzFe/C. Vit li€u tong

! rad sy«

hgp dugc khao sat hoat tinh xic

tdc bing cdc phuong phip dién
héa ddi véi s oxygen tai cathode

cdc di€m x4c dinh tr thyc nghiém tuyén tinh véi trong moi trudng acid da cho thdy phan tng khir
nhau. S8 electron trao ddi tinh toan dugc clia phan oxygen cho dudng thing Koutecky-Levich véi hé
ing ORR dudc xiic tic bdi cdc vatlieu Pt,Fe /Cv6i g5 tuyén tinh trén 99%, s& electron trao ddi trong
cdc ti 1¢ mol khdc nhau nim trong khodng tf 1,9 - khoang 1,9-2,5. Thé bit ddu khit 1a 0,63 V. Nhu
2,5, nghia la trong qua trinh phan Gng tao ¢ tao san vy, vat liéu tSng hdp phit hop 1am vat lieu xidc tc

phdm phu H,0, .
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THE OXYGEN REDUCTION REACTION
ON CATHODE ELECTRODES WITH PtXFey/C
NANOMATERIALS IN THE PROTON EXCHANGE
MEMBRANE FUEL CELL

® Ph.D VU THI HONG PHUONG
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ABSTRACT:

The Pt-Fe bimetallic nanoparticles supported on nano carbon (Pt,Fe, /C) are synthesized by the
NaBH, reduction under ultrasonic irradiation. The morphology, crystal structure and specific area
of synthesized nanomaterials are characterized by using X-Ray diffraction (XRD) and
transmission electron microscopy (TEM). The electrocatalytic activity for the oxygen reduction
reaction of the synthesized Pt,Fe, /C materials and the commercial 10wt.% Pt loaded on activated
carbon catalyst (Aldrich Sigma, Pt/C_com) are investigated by using cyclic voltammetry (CV) and
linear sweep voltammetry (LSV). The major size of synthesized metallic particles is around 2- 8
nm. The best catalyst for ORR with the onset potential is 0,63 V. The electron charge transfer
number deduced from Koutecky-Levich equation using Pt,Cu,/VC catalyst materials for ORR
ranges from 1,9 to 2,5.

Keywords: bimetallic PtXFey/C, NaBH, reduction, fuel cells.
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