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CHUONG1 TONG QUAN

1.1  Pin nhién liéu methanol

Pin nhién li¢u methanol (direct methanol fuel cell - DMFC) 1a m¢t trong nhiing
dang ctia pin nhién liéu mang trao doi proton (proton exchange membrane fuel
cell - PEMFC), str dung truc tiép methanol 1am nhién liéu dé hoat dong. Phan
chinh ciia pin 1a mét t6 hgp mang dién cuc (membrane electrode assembly) bao
gdm ba b phan: mang trao doi proton & giita, hai dién cuc anode va cathode &

hai bén dugc ghép tiép xic voi nhau [1] (Hinh 1.1).

bé pin co thé hoat dong, nhién li€u methanol dugc dua vao anode, con khi oxy
duogc bom vao cathode. Tai anode, dudi tdc dung cua chét xuc tac, mot phan tu
methanol két hop v6i mot phan tir nudc dé tao ra mot phan tir khi carbon
dioxide cting v&i sau proton va sau electron. Cac proton s& di chuyén qua mang
trao d6i proton (proton exchange membrane — PEM) vé phia cathode, tao ra su
chénh léch dién thé gitra hai dién cuc. Do do, néu hai dién cuc duoc ndi vai mot
tai ngoai, cac dién tir s€ di chuyén dén cathode dé tao thanh dong dién. Tai
cathode, chat xuc tac s& tao ra phan ung giita oxy vdi cac electron va proton dé

tao thanh nudc.

Methanol c6 mat d§ nang lugng cao, ré tién, d& san xuét, van chuyén va luu triv
[1]. Do d6, DMEC c6 tiém ning (mg dung dé phat dién cho cac khu déan cu xa
x6i. Pic biét, DMFC hoat dong ¢ nhiét do thap nén co thé ung dung cho cac
san pham di dong hodc cAm tay [1,3] hay thay thé dong co dbt trong ddi voi

mot sb loai phuong ti€n van chuyén [3,4].

Pé xtic tac cac phan (mg oxy héa — khtr & cac dién cuc pin DMFC, cac kim loai
quy nhu platinum (Pt), palladium (Pd), ruthenium (Ru), rhodium (Rh), ...
thuong dugc sir dung. Trong s cac kim loai quy nay, Pt d& kich hoat phan tng
oxy hoa — khir tai cac dién cuc nhit [6]. Tuy nhién, Pt 1 kim loai quy nén ¢
gi4 thanh cao. Do d6, dé co6 thé giam gia thanh pin nhién liéu, phai giam luong

Pt sir dung. C6 hai phuong 4n dé thuc hién didu nay: ché tao vét liéu nano hop



kim hai hodc ba thanh phin cua Pt va phén tan cac hat nano hop kim d6 trén

chét nén phu hop [6].

Bén canh d6, mdt nguyén nhan lam suy giam hiéu suét cta pin DMFC Ia sy ngd
doc carbon monoxide ¢ anode. Trong qué trinh chuyén d6i methanol thanh
CO,, cac chat trung gian khac nhau dugc hinh thanh, trong d6 c6 CO. Tuy
nhién, phén ttr khi CO lai ¢6 xu huéng hap phu manh mé trén bé mat Pt. Chiing
ngin khong cho cac phan tir methanol khac dén tiép xtic véi bé mat xtic tac, dan
dén can tro qué trinh oxy héa methanol tiép dién [7,8], hién tugng nay dugc goi
la “ngd doc CO” (Hinh 1.2). Do d6, mot thach thirc rat quan trong cho DMFC
la phat trién céac dang vat liéu dién xuc tdc moi cho anode dé han ché sy nhiém
doc CO ciing nhu ting toc d6 ciia phan Gng hinh thanh CO, [7]. Trong van d&
nay, viéc st dung cac chit xtc tac hop kim cua Pt da dugc dé xuét dé khic
phuc. Khi sir dung hop kim ciia Pt v&i cac nguyén té nhu ruthenium (Ru), thiéc
(Sn), déng (Cu), ... s& lam giam dang ké hién twong ngd doc CO & anode thong
qua co ché ludng chic ning (bifunctional mechanism) [8]. Nhu vay, viéc
nghién ctru dé tim ra loai hop kim c6 kha ning khang ngd doc CO cho anode
pin DMFC d6ng vai tro vo cing quan trong.
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Hinh 1.1 Cu tao va nguyén ly hoat dong cua mot pin DMFC [2].



1.2 Vit liéu xic tac hgp kim cia platinum cho dién cwc anode pin
DMFC

Nhimng két qua thu dugc déu cho thdy, khi sir dung chit xtc tac hop kim hai
thanh phan cta platinum (PtM) s& giam bdt sy ngd doc CO, trong d6 hop kim
PtRu cho hiéu qua cao nhét. Theo co ché ludng chirc nang, ¢ anode pin DMFC,
mdi kim loai trong chat xtc tic PtM s& thuc ddy cac budc khac nhau trong
chudi phan tng oxy héa methanol [11,38]. Khi c6 su xuit hién cua kim loai M,
d6 bén lién két Pt - CO va nang luong hoat hoa phan ng s& bi bién ddi do hiéu
g phéi tir (ligand effect) tir kim loai M. Két qua 13, CO trén bé mit platinum
can it nang lugng hon dé oxy hoa thanh CO; so véi khi chi ¢6 platinum. Ngoai
ra, sw c6 mat cua kim loai M trong chét xuc tac PtM con 1am giam dang ké dién
thé khoi phat (onset potential) so v6i xtic tic Pt nguyén chat [39].
Két qua khao sat kha ning oxy hoa methanol bang phép do quét thé vong tun
hoan (cyclic voltammetry — CV) cho thdy, kha ning oxy héa methanol cua tat
ca cac hop kim PtM déu cao hon so v6i Pt nguyén chat. Nhidu nhoém nghién
ctru d3 ché tao céc hop kim PtM nhu PtFe, PtRu, PtNi, PtCu, PtCo, PtMo,
PtRh, PtPd, ... va khao sat hoat tinh oxy hoa methanol ctiia ching so v6i xuc tac
Pt nguyén chat [9,10,12-17] (Hinh 1.3).
C6 thé két ludn rang, chat xtc tic hop kim PtM thé hién hiéu suit oxy hoa
methanol vuot troi so voi Pt tinh khiét. Tuy nhién, trong s6 cac hop kim PtM,
PtRu 1a hop kim nén dugc lya chon dé su dung cho dién cyc anode pin DMFC
vi ba nguyén nhén tiéu biéu sau:

e Thu nhét, PtRu c6 dién thé khéi phat thip hon so véi Pt tinh khiét

va cac hop kim Pt khac.

e Thir hai, ban than kim loai ruthenium ciing 1a mot chét xuc tac hiéu
qua [6,41]. Do @0, trong hat nano PtRu, bén canh kha ning xuc tac
tuyét voi cua cac nguyén tu Pt, sy co6 mat cua nguyén t&r Ru bén

canh Pt gitp thiic day qua trinh xtc tac dién ra nhanh chéng hon.



e Cudi cung, sy c6 mit cta thanh phan Ru din dén lam giam ning
lwong lién két giita cac chét trung gian nhu carbon monoxide véi
cac nguyén tir bé mat hat xtc tac, gitip ting kha niang chiu dung ngd

doc CO dbi voi ludng kim PtRu [42].
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Hinh 1.3 Két qua khdo st hoat tinh oxy hoa methanol bang phd CV cac mau
xuc tac PtFe/MWCNTs, PtCo/rGO, PtNi/FCNTs, PtCu/RGO, PtMo/SWCNT,
PtRu/Vulcan carbon, PtRh, va PtPd/Vulcan XC-72R so v&i Pt nguyén chat
[9,10,12-17].



Tir nhitng phan tich trén cho thdy, PtRu 1a hop kim 4n dinh nhét cho viéc st
dung 1am chat xtc tic oxy hoa methanol & dién cuc anode pin DMFC. Tuy
nhién, ca platinum va ruthenium déu 14 nhitng kim loai quy va c6 gi4 thanh cao.
Viéc str dung hé xtc tic PtRu mang lai hiéu suit xtc tic oxy hoa methanol cao
nhung vAn con han ché 1a chua giai quyét duoc van dé& giam gia thanh san
pham. Vi vay, dé co thé dong thoi dat dugc ca hai muc tiéu 1a ting hiéu suat va
giam gia thanh, cac nghién ciru tiép theo d tién hanh v6i nhitng hé xtc tac hop
kim ba thanh phan PtRuM (v6i M 1a mot kim loai ré tién).
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Hinh 1.5 Phd CV ciia xtc tac PtRuFe, PtFe va Pt/C thuong mai [49].
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Hinh 1.6 Phé CV cua hai miu xuc tac PtRuCo/GC va PtRw/GC cho thiy
kha ning oxy hoa methanol ctia mau xuc tac PtRuCo/GC cao hon [50].
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Hinh 1.7 Phd CV va tong trd ciia hai mau xtc tac PtRuNi/C va PtRu/C [21,54].

Két qua khao sat ciia nhiéu nhom nghién ctru cho thy, hop kim ba thanh phan
cua platinum (PtRuM) thé hién su vuot troi trong hoat tinh xtc tac va kha nang
chéng ngd doc CO tdt hon so véi cac ludng kim cua platinum (PtM) hodc kim
loai platinum nguyén chat (Pt) (Hinh 1.5, Hinh 1.6, Hinh 1.7). Tuy nhién, viéc
nghién ciru mot cach toan dién dé so sanh cac loai hop kim nay véi nhau
van chwa dwgc khao sat. Pic biét 1a chwa thiy cé nghién ciru vé ty 18 thanh
phin t6i wu trong hop kim cho kha niing xtc tic oxy héa methanol cao

nhat. Pay la phan trong tim ma luin an s€ di siu nghién ciru.

1.3 Chét nén trong cac hé xic tac

Néu chi ¢6 cac hat nano Pt ma khong c¢o chit nén, s& dan dén sy két dam cua
cac hat nano Pt, lam giam dién tich bé mat tiép xuc, anh huong 16n dén hiéu
suét xtic tac [29]. Nguoi ta nhan théy rr:ing, vat liéu carbon c6 dién tich bé mat
16n, do x0p thich hop, chéng in mon cao va do dan dién rat tot nén cho phép
phan tan t6t hat nano Pt va ting toc d6 truyén dién tir [30]. Do d6, viéc sir dung
pht hop cac loai vat liéu nén carbon khac nhau nhu: carbon den (carbon black —

CB), 6ng nano carbon (carbon nanotubes — CNTSs), soi nano carbon (carbon



nanofibers — CNFs), graphene, ... s€ cho phép giam Iugng Pt dugc st dung,
déng thoi tang hoat tinh xtc tac cua dién cuc. Tu nhiing nam 1990, vat liéu CB
da duoc st dung rong rai lam chit nén xuc tac cho Pt va céac hop kim cua Pt
trong PEMFC do CB ¢6 dién tich bé mit 16n, dan dién tét, cau tric xép va gia
thanh ré [61]. Nam 1991, vat liéu CNTs duoc Iijima cong bd [62] va n6 bit dau
duoc nghién ctru lam chit nén xuc tac trong dién cuc pin nhién liéu. Két qua
cho théy, chit xtc tac dua trén chit nén CNTs c6 nhiéu wu thé hon so vdi nén
CB truyén thdng. Bén canh d6, CNTs ciing 1a mét loai vat lidu ¢6 do dan dién
t6t va do xbp cao [65,66]. Nhidu nghién ciru tiép theo da chi ra ring, CNTs la
chat nén xiic tic cho hiéu suit oxy hoa methanol cao hon nhiéu so véi st dung
nén carbon thong thudng [67-69]. Ca hai dang chat nén carbon va 6ng nano
carbon déu c6 nhitng thé manh cling nhu mot s6 nhuoc diém riéng, st dung vat
liéu nén composite s& gitp phat huy duoc nhitg wu thé va loai bé nhitng han
ché cia mdi thanh phan. Tuy nhién, chwa thiy c6 nghién ciru nao vé viéc
phdi hop hai loai chit nén nay lai véi nhau dé nang cao hoat tinh xiic tic
cia vat liéu nano dung lam dién cwc trong pin DMFC. Day sé€ la mot trong

nhitng van de chinh ma luin an s€ di sdu nghién ctru.

1.4  Co ché phan tng trong dién cwc pin DMFC

Nghién ctru bang phuong phap tinh toan bén canh viéc giup hiéu rd hon vé cac
budc phan tng trung gian cu thé, con gitp tiét kiém dang ké thoi gian, cong strc
cling nhu chi phi nguyén vt liéu va qua do6 ciing gop phan bao vé méi trudng.
Cho dén nay, qua trinh oxy hoa phan tir methanol thanh khi carbon dioxide
trong dién cyc anode pin nhién li¢u DMFC dugc ch?ip nhan mot cach rong rai
nhu Hinh 1.10 [33]. Co ché ciia qua trinh oxy hoéa methanol trén platinum trong
anode DMFC dién ra thong qua mot loat cac budc phan ng lién quan dén sy
chuyén dién tur lién tiép, tirc 1a qua trinh oxy hoa timg phan, dé tao thanh cac

chit trung gian hap phu va san phim cudi cung 1a carbon dioxide.



CHOO* —> CO,*
CH,*+OH*  CH,00H* —> CHOOH* —> COOH*
t+on- f+on* 1+oH~
CH,0H* —> CH,0* —> CH,0* —> CHO* —> (QO*

e

Hinh 1.10 So d0 tong quat qua trinh oxy hoa methanol thanh khi carbon
dioxide trong dién cuc anode pin nhién li¢u DMFC [33].
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Hinh 1.11 So d6 qué trinh chuyén d6i CH;OH thanh CO, trén PtPd(111).
Nhirng con s bén canh miii tén cung cip gia tri rao can ning luong (tinh
bang eV). Chudi phan ng vé6i cac miii tén mau do hién thi con duong thuén
loi nhét [34].

Pi c6 mot sb cong trinh nghién clru vé co ché xtic tac cua nhitng hé vat li€u
khac nhau nhim tim ra hé vat liéu c6 kha ning oxy hoa methanol ti wu nht
[34,35] (Hinh 1.11). Tuy nhién, hién co rat it nghién ctru vé& co ché phan tng
oxy héa methanol cho hgp kim ba thanh phan cuia platinum. Véi nhirng phan
tich trén, mot phin ndi dung ciia ludn an nay sé sir dung géi phan mém
VASP va mé hinh nhi¢t dong luc hoc dé mé phéng qua trinh oxy héa
methanol thanh khi carbon dioxide trén hé vat liéu hop kim ba thanh phin
ciia platinum PtRuXz/C-MWCNTs (X = Fe va Co), nhim 1am ré co ché

oxy hoa methanol trén hé vat liéu méi nay.
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CHUONG 2 PHUONG PHAP NGHIEN CUU
2.1 Thue nghiém
2.1.1 Vit li¢u va héa chit
Nhirng vat liéu va hoa chat dugc str dung trong thi nghiém bao gom:
e Carbon Vulcan XC-72 (Fuelcellstore — USA);
e Multi-walled carbon nanotubes (> 95%, OD: 10-20 nm, US
Research Nanomaterials Inc.);
e Hexachloroplatinic (IV) acid hexahydrate (H,PtCls.6H,O, Merck);
e Ruthenium (III) chloride hydrate (RuCls.xH,O, Merck);
e [ron (IIT) chloride hexahydrate (FeCls.6H,O, Merck);
e Cobalt (II) chloride hexahydrate (CoCl,.6H,O, Merck);
e Nickel (II) chloride hexahydrate (NiCl,.6H»O, Merck);
e Ethylene glycol (EG, Merck);
e Sodium borohydride (NaBH4, Merck);
e Sodium hydroxide (NaOH, Merck);
o Acid sulfuric (H2SOs 98%, Merck);
e Acid nitric (HNO3 65%, Merck).
2.1.2  Thiét bi va dung cu
Céc thiét bi va dung cu thi nghiém gom co: ’
e Can phan tich c6 d6 chinh xac dén 0,1 mg (Sartorius);
e B¢ rung siéu am (Elma);
e May khudy tir gia nhiét (IKA — RCT Basic);
e May quay ly tam (Hettich D-78532 Tuttlingen);
e Tu siy (Memmert);
e Cbc thuy tinh, binh ciu thuy tinh, dng dong, pipet, ca tir, diia thay
tinh, gidy can, gidy thir pH.



2.1.3  Quy trinh hoat héa bé mit d6ng nano carbon

[ MWCNTs } [ H>S04 ] [ HNO3 ]

- Rung siéu am 15 phut
- Khuiy hoan lwu 5h & 50°C
- Loc rira vé trung tinh

- Say kho & 70°C

v
[ MWCNTSs di hoat hoa bé mit J

Hinh 2.1 Quy trinh hoat hoa bé mit ng nano carbon da thanh.

Trén bé mat dng nano carbon khong c6 chira cic nhom chire lién két nén rat bén
virng voi cac phan ing hoéa hoc. Vi thé, dé cac hat xuc tic nano bam 1én bé mat
CNTs, can dung acid HNOs va H,SO; xtr Iy nham pha v& cac vong thom va
hinh thanh trén bé mit chung cic nhom chic nhu carboxyl (-COOH), hydroxyl
(-OH) hay carbonyl (>C=0) [88-92]. C4c nhém chirc ndy dé dang tao phan tng
héa hoc lién két bé mat CNTSs véi cac ion kim loai, giup gilr chat cac hat xic
tac nano. Quy trinh hoat hoa 6ng nano carbon da thanh trong thi nghiém nay

duoc thuc hién nhu so @ Hinh 2.1.

2.1.4  Quy trinh tong hop vt liéu xiic tdc PtRu/C9pMWCNTs,

Co bay mau xuc tac PtRu/CiooxMWCNTs, dugc ché tao, tit ca cdc mau déu
duogc tong hop theo ciing mot quy trinh, d6 1a st dung phuong phép dong khir
dé tao cac hat xiic tac nano hop kim PtRu trén chit nén hdn hop carbon Vulcan
XC-72 véi dng nano carbon da thanh (C-MWCNTs). Lugng kim loai PtRu trén
tat ca cac mau 1a nhu nhau, chiém ty 1¢ 20 wt.% (80 wt.% con lai 14 chit nén C-
MWCNTs). Khac biét duy nhét gita cac mau xtc tac 1a ty 1& st dung
MWCNTs trong chat nén. Ty 1& phén trim khéi luong gitta C:MWCNTSs trong
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thanh phan chit nén ¢ bay miu lan luot 1a: 100:0, 90:10, 80:20, 70:30, 60:40,
50:50, va 0:100. Quy trinh téng hop cac mau xtc tac duge thuc hién nhu so dd
Hinh 2.2.

S

-

- Rung siéu am ~.
15 phl'}r Rung siéu
- Khudy tir & am 15 phut I
nhiét do phong Nho timg giot vao
. & B H:PiCls
RuCls
Nho timg giot vao
NaBH: 0.5 M

Mho timg giot vao,
diéu chinh pH = 12

H

NaOH 5,0 M

- Loc rira vé trung tinh;
- Sy khé & 70°C.

| PR C100:MWCNTsx ]

Hinh 2.2 Quy trinh tong hop cic mau xiic tic PtRu/CiooxMWCNTs;.

11



2.1.5 Quy trinh tong hop vit liéu xic tic PtRuX (X = Fe, Co, Ni)/C-
MWCNTs

Cenoa ) Coawarns (ro ) (e
IO,

——

[ ]

- Rung s1éu dm

lifh?t: . Rung siéu
- Khuay tir & AL Siet
nhiét 6 phong. am 15 phat

Nho titng giot vao

Nho tirng giot vao
— NaBH; 05 M

Nho tirng giot vao,
diéu chinh pH=12

Y

NaOH 5.0 M

!

[ Khuiy tir 5h & nhiét 6 phong ]

r

{ - Loc rira vé trung tinh; J

- Sy khé & 70°C.

h,

[ PtRuX/C-MWCNTs ]

Hinh 2.3 Quy trinh tong hop cdc mau xtic tic PtRuX/C-MWCNTs.

Cac méu xic tac PtRuX (X = Fe, Co, Ni)/C-MWCNTs dugc tong hop theo
cung mot quy trinh, d6 1a sir dung phuong phap dong khir dé tao cac hat xuc tac
nano hop kim PtRuX (X = Fe, Co, Ni) trén chat nén hdn hop carbon Vulcan
XC-72 vé6i dng nano carbon da thanh theo ty 18 khdi lugng C:MWCNTSs = 7:3.
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Luogng kim loai PtRu trén tat ca cac mau la nhu nhau, chiém ty 1€ 20 wt.% (80
wt.% con lai 14 kim loai X va cht nén C-MWCNTSs). Ty 1é nguyén tir Pt:Ru:X
dugc giit ¢b dinh 13 1:1:1 cho tt ca cic mau. Quy trinh téng hop cac miu xtc
tac PtRuX (X = Fe, Co, Ni)/C-MWCNTs dugc thyc hién nhu so dd Hinh 2.3.
2.1.6 Cdc phwong phap danh gia
e Thanh phan cau tao ciia mau dugc xac dinh théng qua phan tich phd
tan xa nang lugng tia X (energy dispersive X-ray spectroscopy —
EDX, thiét bi str dung 1a loai Jeol 6490 JED 2300).
e Céu trac tinh thé cua cac hat nano trong mau dugc xac dinh thong
qua phan tich nhiéu xa tia X (X-ray diffraction — XRD). May do la
loai Bruker D8- Advance, sir dung birc xa Cu Ko (A = 1,5406 A).
e Kich thudc va sy phan bo hat nano trén chit nén dugc khao sat béng
kinh hién vi dién tir truyén qua (transmission electron microscopy —
TEM, thiét b sir dung 13 loai Jeol JEM 1010).
e Kha ning oxy hoéa methanol ciia cic mau xtc tac dugc do bing
phuong phap quét thé vong tuan hoan (cyclic voltammetry — CV).
Hé may do la Autolab, st dung phan mém Nova 2.1.4.
O nghién clru nay, dién cuc ddi duogc st dung 1a mét day platinum tinh Kkhiét,
dién cuc so sanh 1a loai Ag/AgCl1 KCI 3,5 M va dién cuc lam viéc 1a 1,0 cm? bé
mit chira 2,0 mg chét xtc tac can do. Maéi trudng dién hoa 1a hdn hop HaSO4
98% 0,5 M va CH3;0H 1,0 M. Céac duong cong CV dugc ghi lai trong pham vi
quét thé -0,2 — 1,2 V véi toc d6 quét 50 mV.s'. Bén canh dé, phép do phd tong
tro dién hoa (EIS) ciing dugc thuc hién trén cung hé do CV.
2.2 Ly thuyét
Trong luan an nay, 1y thuyét phiém ham mat d¢ duogc sir dung thong qua goi
phan mém mé phong VASP dé tSi wu hoa céu trac ciing nhu tinh toan ning
lugng va céu triic dién tir. Hai chat nén PtRuFes/C-MWCNTSs va PtRuCos/C-
MWCNTs dugce thiét ké voi cu trac fee 5 16p gdm mét 16p Pt & trén cling, mot
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16p Ru & ngay phia dudi, ba 16p Fe hodc Co tiép theo, va dudi cing 1a mot 16p
graphene cung vai nguyén tir carbon (Hinh 2.5).

-

L AR AR NE NN
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Hinh 2.5 M6 hinh cac h¢ xuc tac PtRuXs/C-MWCNTs (X = Fe, Co).

O don vi ¢o kich thudc 10,4 A x 10,4 A x 23,4 A voi doan chan khong theo
phuong z khoang 12 A. B6 co s¢ song phang dugc st dung v6i nang luong cat
12 400 eV. Phép xap xi gradient tong quét Perdew-Burke-Ernzerhof (PBE) duoc
sir dung cho ning lugng twong quan trao ddi [105,107] va phuong phép ting
cuong song chiéu (PAW) cho twong tac ion-electron hoa tri [108]. Mau luéi
diém k = 5x5x1 véi ky thuat ldy mau diém dic biét ciia Monkhorst-Pack duoc
sir dung dé tinh tich phan ving Brillouin [109]. Gia tri sigma 14 0,2 eV dé ti wu
hoéa hinh hoc va 0,05 eV dé thu cac tinh chét dién tir.

Ning luong hap phu E,, dugce tinh theo cong thirc sau:

Eq = Efsub+aas) = (Esup + Eaas), (2.18)

trong d6 E|sup+aas)s Esub> Vd Eqds lan luot 1a ning luong cta hé “chit trung
gian — chit nén”, ning luong cua chat nén & trang thai ¢o 1ap, va ning lugng

clia chat trung gian ¢ trang thai c6 lap.
Sai khac mat do dién tich Ap duogc xac dinh theo biéu thirc:

Ap = Plsub+ads] — Psub — Pads> (2.19)

trong d0 Prsub+ads]> Psub V& Pads 1an luot 1a mat d6 dién tich ciia hé “chét trung
gian — chit nén”, mat do dién tich caa chét nén va cua chat trung gian & trang

thai twong tac nhau.
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Nang Iugng tu do Gibbs vdi cac hiéu chinh thé dién cuc dugce tinh nhu sau:
AG(U) = AG(0) + neU. (2.20)

O day, AG(0) = AE + AZPE — TAS, v6i AE va AZPE 13 nang luong phan (g
va do bién thién ning lugng diém khong ctia cac phan ng trung gian, AS 1a d6
bién thién entropy dugc tinh tryc tiép boéi VASPKIT [115]; n 1a sb dién tir trao
doi trong mdi bude phéan tng; U la thé dién cuc so véi thé dién cuc hydro
chuan. Gia tri U d6i voi qua trinh oxy hoa methanol trong cong thiic (2.20)
twong duong véi 1,005 Vva U=0 V.

CHUONG 3 KET QUA VA THAO LUAN

3.1 Khaio sat anh hudng ciia ty 1é carbon Vulcan va ng nano carbon
Két qua phé XRD ciia ba mau duoc
thé hién & Hinh 3.1. C6 thé thiy rd

nim dinh nhiu xa xuat hién trong

mdi phd. Trong d6, dinh thir nhét &
PtRWC_MWCNTs,,

goc 20 khoang 26° tuong ung voi
mat mang (002) trong cAu trac luc
FIRUMWONTs phuong cua tinh thé graphite
[117,118]. Bén dinh tiép theo & cac
goc 20 lan luot co gia tri 39.8°,
46,4°, 67,9° va 81,6° tuong ung vaoi

cac mat mang (111), (200), (220),

PtRu/C

9

220
L Ru(103)
[ Pt(311)
[ Ru(112)
I~ Ru (201)

Ru (11

T— Graphite, C (002)
)

20 30 40 50 80 70 € 90 va (311) cta ciu trac 1ap phwong
20 (deg) . 2
* tim mat (fcc) ¢ tinh thé Pt
Hinh 3.1 Phé nhidu xa tia X ctia ba [119,120]. O day khong thay xuét

mau xuc tac PtRu/C, PtRW/MWCNTSs
va PtRu/CsoMWCNTsq [48].

hién céac dinh nhiu xa cta ciu tric
luc gidc xép chat (hep) ¢ tinh thé
Ru. Diéu nay c6 thé dugc giai thich
1a do trong cac tinh thé hop kim PtRu, cac nguyén tir Ru di thay thé cac nguyén

tir Pt tai cac nat mang cta ciu tric fec [123].
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Anh hién vi dién tir truyén qua (TEM) duoc st dung dé nghién ctru sy phan
phan bd va kich thuéc hat nano PtRu trén nén Cio0xMWCNTs, (x = 0 — 100
wt.%). C6 thé thiy 13, cac hat nano hop kim PtRu phan b tuong ddi dong déu
trén chéat nén. Kich thudc hat trung binh & cic mau xuic tac nam trong khoang
1,8 — 3,8 nm. Theo nghién ciru cia nhém Y. Takasu, kich thudc hat PtRu tot
nhét cho xtic tac trong pin DMFC 1a vao khoang 3,0 nm [125]. Nhu véy, két
qué kich thu6c hat trong nghién ctru nay 1a gan véi kich thudc hat téi wu da

dugc cong bo.

Opan=1.8£0.1 M

Opean = 2.4+ 0.20m

Ty 1¢ (%)

1 2 3 4 5 L] T
Kich thudc hat (nm)

Kich thuéc hat (nm)

Ogsn = 2.3 4 0.10m o= 2.4 +0.1 nM

Ty 18 (%)

.
5
Kich thude hat (nm)

e T

Kich thudée hat (nm)

Opean=2.220.1 0

Ty 18 (%)
Ty 1§ (%)

e 1 2 3 a4 s €& 7T

Kich thude hat (nm)

S R S S T SRl
Kich thudc hat (nm)

Onean = 3.8 +0.1 nm

3
Kich thude hat (nm)

Hinh 3.2 — 3.8 Anh TEM ¢ thudc do 50 nm va phan bd kich thudc hat cta
mau xuc tac PtRu/ C, PtRu/CooMWCNTSs19, PtRu/CsoMWCNTSsyo,
PtRu/C70MWCNTss30, PtRu/CsoMWCNTSs4, PtRu/CsoMWCNTss,
PtRU/MWCNTs.
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Hoat tinh oxy héa methanol ciia cac mau xtic tac PtRu/C1ooxMWCNTSsy (x =0 —
100 wt.%) dugc khao sat bang phd dién hoa CV va tong tré EIS. Hinh 3.10 va
3.11 1a téng hop phd dién hoa CV va EIS clia 7 mau xuc tac trong nghién ciru.
V6i wu thé 1a kha ning oxy héa methanol 16n nhit va gia tri R nhé nhit,
miu xic tic PtRu/C7yMWCNTs3 dwoc dé xuit sir dung cho dién cue pin

nhién liéu methanol.

120

PRUIC 15 | —=—PiRuC
~ g PIRUC, MWCNTs, —e— PIRWC,_MWCNTS, R
& - 1
=] PIRU/C, MWCNTs, —A— PtRU/C, MWCNTs,, -
o PIRWC, MWCNTS, 12 PIRU/C;:MWCNTSW
2 60 " * —4— PIRWC, MWCNTs,,
PIRUCEMICNTS,q —4—PIRWC_MWCNTs,,
é PIRWCMWCNTS,, o] —»—PRUMWENTS
30 ——PRUMWCNTs
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k=]
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Hinh 3.10 — 3.11 Két qua tong hop phd dién hoa CV va phod tong trd EIS cua

bay mau xtc tac trong thi nghiém.

3.2 Khaio sat kim loai thir ba phit hop nhét cho hgp kim PtRuX (X = Fe,

Co, Ni)/C-MWCNTs
Pt,Ru,/C-MWCNTs Pt,Ru,Fe /C-MWCNTs Pt,Ru,Co,/C-MWCNTs Pt,Ru,Ni /C-MWCNTs
240 240 240 240
—~ 200p ~ 200 | ~= 200 ~200
o & = =
= ] o &
0] oL 160 |- T a0 160 =T
£ = = E
= - s - - =
E < 120} - E 120 E
g ! E E
& o 8OF o 80 sr
g 2 : 2 £
:8 o 0pFi=145 = 40 M=
s = . o s
b= k=) = ©
- - O if w 0 -
- = <. <3
= Z ol / Z 40 =
.80 =1 . L L L 80
00 04 08 12 00 04 08 12 00 04 08 12 00 04 08 12
Pién thé (V) Dién thé (V) Dién thé (V) Dién thé (V)

Hinh 3.16 Phé dién hoa CV ciia miu xtc tic PtRu/C-MWCNTSs va cac mau
PtRuX (X = Fe, Co, Ni)/C-MWCNTs [116].
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—a— PIRU/C-MWCNTS Dua vao cac gia tri jr, kha nang
PtRuFe/C-MWCNTs ~
—4— PIRUCO/C-MWCNTs oxy hoa methanol ctia caic mau
+— PtRUNI/C-MWCNTs

60 |

xuc tac duoc xép theo thu tu

Ca

640- = sau: PtRuCo/C-MWCNTs >
NEd - PtRuNi/C-MWCNTs >
&l T PtRuFe/C-MWCNTSs > PtRu/C-
or MWCNTs. Con thir tu gia tri
T e s w % % % wm  Rea la: PtRWC-MWCNTs >
Z.0) PtRuFe/C-MWCNTs >

Hinh 3.17 Phd téng trg EIS ctia mau xic PtRuNi/C-MWCNTs >

tic PtRu/C-MWCNTSs va cic mau PRUX  pruCo/C-MWCNTs.  Nhu
(X =Fe. Co. N1)/C-MWCNTs [116]. vy, véi wru thé 13 ¢6 khi ning
xtc tac oxy h6a methanol 16n nhét cung véi gia tri tré' khang Re nho nhit,
miu xic tic PtRuCo/C-MWCNTs dwoc dé xuit sir dung cho dién cue pin

nhién liéu methanol.

3.3 Khdo sit ham lwgng ciia kim loai cobalt trong hop kim PtRuCo

240

—a—Pt,Ru,Co,/C-MWCNTs Ca
200
PtRu,CO, 5/C-MWCNTs R ¥
Pt,Ru,Co,/C-MWCNTs 4:1—| F
160 —#+— Pt,Ru,C0,/C-MWCNTs R

10 b +P\|Ru1COJFCvMWCNTs
Pt,Ru,Co,/C-MWCNTs

120

80

40

Mit do dong (mA/mgre.)

0

-40

-80
-0.2 0.0 02 04 06 08 10 12 14

Dién thé (V)

Hinh 3.20 — 3.21 Pho dién héa CV va pho tong tré EIS cua cac mau xic tac
Pt;Ru;Coy (y =05 0,5; 1; 2; 3; 4)/C-MWCNTs [116].
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Céc mau duogc ché tao voi ham lugng hai kim loai PtRu chiém 20 wt.% cung
v6i chat nén C-MWCNTS ¢6 ty 18 khdi lwong C:MWCNTSs = 70:30 duoc giit ¢6
dinh, chi c¢6 thanh phan kim loai thir 3 (Co) la thay doi véi ty 1& nguyén tur
Pt:Ru:Co lan lwot 1a 1:1:0; 1:1:0,5; 1:1:1; 1:1:2; 1:1:3; va 1:1:4, dugc ky hi¢u
lan luot 1a: Pt;Ru;Coo/C-MWCNTs, Pt;RuiCoos/C-MWCNTs, Pt;Ru;Coi/C-
MWCNTs, Pt;Ru;Co./C-MWCNTSs, Pt;Ru;Cos/C-MWCNTs, va Pt;Ru;Cos/C-
MWCNTs. Do vira c6 kha niing oxy h6a methanol cao nhit, lai cé gi tri Re
nhé nhit, Pt;Ru;Co,/C-MWCNTs dwge dé xuit 1a miu xic tic sir dung

trong dién cwc anode pin nhién liéu DMFC.

3.4 Co ché phan ing oxy h6a methanol trén cic hé xic tic PtRuXs/C-
MWCNTs (X = Fe, Co)

Pé khao sat cu thé phan ing oxy hoa methanol ctia cac chat trung gian, timg
chat trung gian dugc thiét ké trén bé mit chit nén véi nhiéu huéng khac nhau
va ¢6 vi tri ban dau cach bé mat khoang 3 A. Sau do, tat ca cac cAu truc da thiét
ké duoc téi uru hoa rdi tinh toan ning luong hap phu. Két qua tinh nhu duoc thé
hién trong Hinh 3.25. Pang luu y 13, cudng d6 hip phu cua carbon monoxide
(CO*) trén bé miat PtRuCos/C-MWCNTs 1a t6t hon trén bé mit PtRuFes/C-
MWCNTs, voi nang lugng hép phu 1an luot 1a -1,335 eV so véi -1,097 eV. Két
qua nay hoan toan phu hop véi phan nghién ctru thuc nghiém.

Ban chit cta su tuong tac giita cac chat trung gian va chit nén dugc lam rd
thong qua tinh toan cac gia tri nhu: trao ddi dién tich Bader, mat do trang thai
dién tr (DOS, Hinh 3.27) va sai khac mat d6 dién tich (CDD).

Dé xac dinh cac con dudng phan ung thuan loi, ning lugng ty do Gibbs (AG)
cho tat ca cac budc trung gian dugc tinh toan. Hinh 3.30 mé ta so dd ning
lwong tu do Gibbs cho phan tng oxy hoa methanol trén chit nén PtRuFes/C-
MWCNTs va PtRuCos/C-MWCNTSs & dién thé dugc ap dung 1a U = 0. C6 thé
thdy rang, d6i v6i U = 0 V thi Pathl (CH;OH — CH;OH* — CH,OH* —
CH,O*/CHOH* — CHO* — CHOOH* — CHOO*/COOH* — CO;*) la con

duong thuan loi nhét trén ca hai chat nén do c6 rao thé thép nhét.
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2) Chit nén nhin theo Chiit nén nhin theo

. budmg tir trén xuéng~ ©)  huéme mit bén 9 CH,OE*
@ o
Q =
o Ru
0 roco
o

Hinh 3.25 Anh nhin tir trén xudng va tir mit bén cua chit nén va cau
hinh hip phu cac chét trung gian 6n dinh nhat trén bé mat chit xtc tac
PtRuX3/C-MWCNTs (X = Fe, Co) [140].
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Mt d§ rang thai dién tr quy dao (trang thiaife V)

E-E, (eV) E-E, (eV)

Hinh 3.27 Mat d¢ trang thai dién t& quy dao cua chat nén PtRuFes/C-
MWCNTS va céc chat trung gian hap phu. Trang thai dy, giong hét véi dy,,
va dyy giéng hét voi dya.y2 [140].

21



CH,00H"
4+ a) (325951 4r p) CH,00H*
— (3.503)
—
3+ 3tk
: 2
=2
9 cHo* cH,0 '
(1357) CHOH*| \ . > ot )
‘ ~(1.127) . , CHOO' (1.037) Lol oH® '
J/ — COH® [CHOOH® ) 907) 1+ 792 \cHooN® CHOO
1+ CH.OH® R o« J0879) 1 (0.835) —— ’ v lo7e) (0.634)
= 7 CHO® s = o CH,OH® ¢ . e jloses) 77
(0.513)' . —— (1.084) N % - ] : ' f# "CHOH* - - co.
. w #COOH™ 0.167)7, —— NG
”1—" CH,0H’ cHom Y, K (0.789) (0.329) CH,OH ,( X 4~ CH,OH* (0.641) CHO* W K COOH* ~ (0.033)
o | Ghon (0.653) {o508) "y, ¢ oF — 0.388) 0398) ' j0as3)
o e
(0.003) (-0.260)
Cac budc trung gian phan (ng Cac budc trung gian phan tmg

Hinh 3.30 Biéu d0 ning lugng tuy do Gibbs ctia phan tng oxy hoa methanol
trén chat nén a) PtRuFes/C-MWCNTs va b) PtRuCos/C-MWCNTs & dién
the U =0V, ap suat 1 bar va nhiét d6 300 K. Bé don gian, cic phan ta
hydro va nudc trong moéi bude da duge luge bdt. Trong ngodc 1a gia tri
nang luong tu do Gibbs tuong doi (eV) [140].
Con dudng phan mg thuan loi nhat (Path1) trong nghién ctru ndy ciing cho
thdy rang, chét xtic tac PtRuFes;/C-MWCNTs va PtRuCos/C-MWCNTs c6 kha
ning khang ngd doc CO cao do khong phai di qua vi tri CO* trong cac chét hap
phu trung gian.

KET LUAN

1. Hé xuc tac PtRu/CiooxMWCNTs, dugc tong hop thanh cong bing
phuong phap dong khir voi lugng kim loai PtRu chiém ty 18 20 wt.% va
80 wt.% la chit nén C-MWCNTs. Ty 18 phéan traim khéi luong gitra
C:MWCNTs trong thanh phan chét nén thay ddi 1an luogt 1a: 100:0, 90:10,
80:20, 70:30, 60:40, 50:50, va 0:100. Két qua khao sat XRD va TEM cho
thiy, cac hat nano hop kim PtRu hinh thanh ¢ cdu tric fcc cta tinh thé
platinum va phan bd twong ddi dong déu trén chat nén, kich thudc hat

trung binh nam trong khoang 1,8 — 3,8 nm. Phd CV va EIS ching t6 mau
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xuc tac PtRu/C7oMWCNTSs30 ¢6 kha ning oxy héa methanol 16n nhét va
gia tri tro khdng Re nho nhat. Do do6, chat nén véi ty 1& khdi lugng
C:MWCNTs = 70:30 duoc dé xuét six dung cho dién cyc anode pin nhién
liéu methanol.

Cac vat liéu nano xtc tac PtRuX (X = Fe, Co, Ni)/C-MWCNTs (ty 1€
khéi lwong C:MWCNTs = 70:30) dugc tong hop thanh cong bang
phuong phap dong khir voi lugng kim loai PtRu 1a 20 wt.% (80 wt.% con
lai 1a kim loai X va chat nén C-MWCNTS) va ty 1 nguyén tir Pt:Ru:X =
1:1:1 cho tit ca cac mau. Két qua khao sat EDX cho thdy thanh phan
nguyén tb trong cic mau dung véi muc dich ché tao, khong bi 1an tap
chat. Két qua khao sat XRD cho thdy cac hat nano hop kim PtRuX hinh
thanh ¢6 céu trac fce cua tinh thé platinum. Anh TEM thé hién cac hat
nano hop kim PtRuX phan bd twong ddi dong déu trén chat nén, kich
thudc hat trung binh trong khoang 2,7 — 3,9 nm. Pho CV va EIS chimg to
mau xuic tic PtRuCo/C-MWCNTs cé khi ning oxy hoéa methanol 16n
nhit va gia tri trd khang Re nho nhét. Do d6, miu xuc tic PtRuCo/C-
MWCNTs dugc dé xuit sir dung cho dién cuc pin nhién li€u methanol.
Cac mau xuc tac PtiRuiCoy (y = 0; 0,5; 1; 2; 3; 4)/C-MWCNTs (ty 1€
khdi lwong C:MWCNTs = 70:30) dugc tong hop thanh cong bang
phuong phap dong khir voi lugng kim loai PtRu 1 20 wt.% (80 wt.% con
lai 14 kim loai Co va chit nén C-MWCNTSs), thanh phin cic nguyén tir
Pt:Ru:Co thay ddi theo cac ty 1€ sau: 1:1:0; 1:1:0,5; 1:1:1; 1:1:2; 1:1:3; va
1:1:4. Két qua khao sat XRD cho thdy cac hat nano hop kim PtRuCo
hinh thanh c6 céu tric fec cua tinh thé platinum. Anh HRTEM thé hién
c4c hat nano hop kim PtRuCo phén tan t6t trén chit nén v6i phan bd kich
thudc hep, kich thudc hat trung binh trong khoang 2,6 — 3,9 nm, gin véi
kich thude t8i uu (~ 3,0 nm) cho hoat dong oxy hoéa methanol. Do vira c6
kha nang oxy hda methanol cao nhét, lai c6 gia tri Re nhd nhét,

23



Pt;Ru;Coo/C-MWCNTSs dugc dé xuit 1a miu xuc tac si dung trong dién

cuc anode pin nhién liéu DMFC.

Céc phép tinh ly thuyét phiém ham mat dg, md hinh nhiét dong luc hoc
va phan tich cac tinh chat dién tir duwoc thyc hién trén hai chit nén
PtRuFe;/C-MWCNTs va PtRuCos/C-MWCNTs dé 1am sang to su tuong
tac gifta cac chit trung gian trong qua trinh oxy hoéa methanol v6i bé mit
chat nén, dong thoi giai thich mot s6 két qua & phan thyc nghiém. Két
qua cho thiy do dai lién két tir nguyén tir gan nhat cta cac chét trung
gian hap phu dén bé mat chat nén c6 thi tw nhu sau: hollow < bridge <
top va top-top < top-bridge. Xu hudng cua cic vi tri hap phu, do dai lién
két va ning luong hap phu cua cac chat trung gian 13 twong tu nhau ddi
véi ca hai cht nén, voi su hép phu thudn lgi hon trén PtRuCos/C-
MWCNTSs so véi trén PtRuFes/C-MWCNTSs. Ngoai ra, cuong do hap phu
ctia carbon monoxide (CO*) trén bé mit PtRuCos/C-MWCNTs 14 tét hon
trén bé mit PtRuFes/C-MWCNTs. Két qua nay hoan toan phu hop véi
phan nghién ctru thyc nghiém véi kha ning khang ngd doc CO cua
PtRuFe/C-MWCNTs cao hon so voi PtRuCo/C-MWCNTs. Cac phan
tich tinh chét dién tir cho thiy, ngoai trir CH,O* va CHOOH* 1a tuong
tac do lyc hut tinh dién, tuong tac giita cac cht trung gian con lai véi cac
chét nén 1a tuong tac do c6 sy trao ddi dién tich; ngoai ra, tuong tac giita
cac quy dao p (ps, Py, P-) ca tat ca cac chét trung gian c6 cac quy dao d
spin-up chiéu truc z véi cac quy dao d spin-down cila cac nguyén tir Pt,
Ru, va Fe/Co 1a nguyén nhan gy ra sy hip phu cac chat trung gian trén
cac chat nén PtRuX:/C-MWCNTs (X = Fe, Co). Tinh toan ning lugng tu
do Gibbs cho thiy, dbi véi U =0 V thi Pathl (CH;OH — CH;OH* —
CH,OH* — CH,O*CHOH* — CHO* — CHOOH* —
CHOO*/COOH* — CO*) la con duong oxy hoéa methanol thuan loi

nhat cho ca hai chat nén.
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