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MO DAU

Pin nhién liéu sir dung tryc tiép ethanol (Direct ethanol fuel cell - DEFC), mot
loai thiét bi chuyén doi truc tiép hod ning thanh dién ning. Mot s6 wu diém cua
DEFC nhu: hoat dong & nhiét do thép, mat do cong suit ly thuyét cao theo s6
luong eletron trao d6i (12 ) tinh trén mot mol nhién liéu & phan ting oxi hoa hoan
toan. Mit khac, nhién liéu ethanol it doc, than thién voi moi truong, dé tdn chira
va bao quan hon so voi nhién lidu khac nhu hydro. Tuy nhién, mat 6 cong suét
va hiéu suét chuyén hoa ning lugng ciia DEFC con thap do mot s nguyén nhan
nhu: Kha ning oxi hoa hoan toan ethanol trong pin con thap, trd khang cia 16p
xtc tac con cao dan tdi giam dién thé cua pin, hi¢n tugng thadm thau ethanol tur
anode sang cathode 1am giam toc d6 phan ung, v.v.

Céc xuc tac trén co s& kim loai qui nhu Pt, Pd ¢6 kha nang xuc tién cho phan
ung oxi hoa hoan toan ethanol. Chét mang trén co s¢ vat li¢u carbon, dac biét la
graphene dugc str dung dé ting do phan tan va hoat tinh ctia cac xuc tac nay. Tuy
nhién, hoat tinh oxi ho4a dién hod ethanol ctia Pt va Pd ¢ kich thudc nano giam do
su ngd doc tir cac hop chat trung gian nhu CHO,4s, COuq, acetaldehyde, v.v sinh
ra trong qua trinh phan Gmg. Trong thoi gian gan day, nhiéu cong trinh nghién ctru
d3 duoc cong bd vé bién tinh cac loai xtic tac ndy véi cac nguyén t6 kim loai va
oxide kim loai nhu Sn, Ru, Al Si, CeO,, CuO, v.v. nhim cai thién do bén va do
6n dinh hoat tinh cua hé xtc tac.

Mot trong nhimg budc quan trong dé co thé img dung xuc tac trong pin nhién
liéu d6 1a ché tao muc xtc tac, mot hon hop bao gém xUc tac cung chét két dinh
phan tan trong dung moi dé bay hoi, trudc khi duge phu 1én dién cyc (anode hoac
cathode) trong pin nhién liéu. Tinh chat va thanh phan ctia muc xtc tac ¢ anh
huong rat 1on dén dic tinh coa 16p xtc tac va hi€éu qua hoat dong cua pin. Hi¢n
nay, ¢6 nhiéu cong bd trén thé gii vé ché tao muc xtc tac, anh hudng cua cac
thanh phﬁn trong muc dén tinh chat 16p xtc tac, hiéu qua hoat dong cua pin nhién
liéu. Tuy nhién hau hét cac cong trinh déu tap trung nghién ctru trén hé muc xtc
tac Pt hodc PtRu dang khéi va hop kim, c6 hodc khéng mang trén chat mang

carbon, ung dung cho pin nhién li¢u mang trao doi proton.
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Phong Thi nghiém trong diém Cong nghé loc, hoa dau (PTNTD) da nghién
clru va c6 nhitng budc tién nhét dinh trong viéc phét trién xtc tac oxi hoa dién
hoa methanol trén co s& Pt bién tinh bang Al va Si mang trén graphene oxide da
khir, c6 hoat tinh va d6 bén hoat tinh cao, da dugc thir nghiém trong mo hinh pin
nhién liéu sir dung truc tiép methanol. Hon nita, PTNTD di va dang tiép tuc hudng
nghién clru nay va ung dung trong phan g oxi hoa di¢n hoa ethanol.

Trén co s cac luan diém trén, luan an: “Nghién ciru tong hop va bién tinh
xiic tdc oxi hod dién hod ethanol Pt/rGO va Pd/rGO, trng dung ché tao mue xiic
tac cho anode trong pin nhién liegu DEFC” hudng t61 cac muc ti€u sau:

- Nghién ctru tong hop va bién tinh xtc tac oxi hoa dién hoa ethanol Pt, Pd
mang trén graphene oxide da khir, bang tac nhan Al va Si;
- Nghién ctru ché tao muc xtc tic cho anode trong pin nhién liéu DEFC.

Luan 4n duoc thuc hién dudi su huéng dan khoa hoc ctia GS. TS. Vii Thi Thu
Ha va GS. TS. Lé Qudc Hung.

Luan 4n nam trong khuon kho cac huéng nghién ctru ciia Phong thi nghiém
trong diém Cong nghé loc, hoa dau. Pay 1a hudng nghién ctru méi, co6 y nghia
khoa hoc va thyc tién. Két qua cua luin 4n duoc ky vong s& gop phan thuc day
huéng nghién ciru phat trién DEFC va mg dung hé pin nay trong thuc tién tai

Viét Nam.



CHUONG 1: TONG QUAN
1.1. Tong quan cic nghién ciru vé pin nhién li¢u sir dung true tiép ethanol
1.1.1. Gidi thiéu chung vé pin nhién liéu si dung truc tiép ethanol

Trong s6 cac loai pin nhién li€u, pin nhién li€u st dung truc tiép alcohol
(ethanol, methanol, ethylene glycol, 2-propanol) (Direct alcohol fuel cell - DAFC)
dugc quan tAm nhiéu trong nhitng nim gan day. Nhién liéu str dung cho DAFC 13
dung dich alcohol trong nuéc & dang 1ong nén khong gip phai van dé tdn chia va
an toan nghiém ngit nhu pin nhién liéu hydro. Tuy nhién, nhuoc diém chinh
DAFC la mat d6 cong suat chua cao va hiéu suat chuyén hoa nang luong con thap,
chi khoang 5% dén 15% [1].

Pin nhién liéu st dung truc tiép ethanol c6 mat dé nang luong 1y thuyét cuc
dai cao theo s6 lugng electron trao doi (12 ¢) tinh trén mot mol chat phan tng oxi
hoa hoan toan. Mit khac nguyén liéu str dung 13 ethanol c6 thé thu duoc tir qua
trinh 1én men sinh khoi lignocellulose nén it ddc hai va than thién vdi méi truong.

Giéng nhu céc loai pin khac, DEFC bao gém hai dién cuc anode va cathode.
Giira hai dién cyc 1a mot moi trudng dan ion, thuong sir dung 13 mang polymer
trao doi ion. Tuy nhién, diém khac 13, cac dién cuc trong DEFC 1a cac 16p xuc tac
¢ d6 x6p va do dan dién nhat dinh. Khi pin hoat dong, phan {mg oxi hoa ethanol
(Ethanol Oxidation Reaction — EOR) xdy ra tai 16p xtc tadc anode, phan tng khir
hoa oxy xay ra tai 16p xuc tac cathode. Xuc tac trong DEFC thuong trén co s&
kim loai qui trong d6 Pt, Ru, Ag, Au va Pd dugc stir dung trong anode va Pt dang
khéi hodc mang trén vt liéu carbon dugc st dung trong cathode [1]. Cac kim loai
nay co hoat tinh cao trong cic phan Gng oxi hoa-khir va cit mach. DEFC hoat
dong & khoang nhiét o thép, tur nhiét 4o thuong dén khoang 90°C.

Hién nay c6 mdt s6 hing san xuat pin trén thé gidi cling da tmg dung va ché
tao pin nhién li¢u ethanol & muc d9 trinh dién. Cong ty NDC Power [2] da ché tao
DEFC sir dung xtic tac khong chira platinum (Pt-free), mo hinh nay c6 thé hoat
dong duoc trén may tinh xach tay, dién thoai di dong. Cong suat cua pin c6 thé
dat tor 1 W dén 250 W, thoi gian lam viéc 1én hon 3700 gio, nhiét d§ lam viéc tu
-10 dén 80°C. Pién thé cia pin dat tir 1 dén 21 V v6i dong lam viéc tir 1 dén 8,9
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A.

Nhom nghién ctru cia truong dai hoc Offerburg [3] d phat trién DEFC sir
dung cho phuong tién giao thong ¢ mirc do thir nghi€ém, str dung xtc tac platinum-
free HYPERMEC™. DEFC gdm 60 ban dién cuc véi kich thudc 18 x 18 cm, dién
thé va cong suit tdi da ctia pin co thé dat 40 V va 2 kW.

Cong ty Horizon Education [4] d4 thwong mai hoa bo san pham DEFC voi
dién tich hoat ddng cua dién cuc khoang 10 cm? dudGi dang thiét bi giao duc khoa
hoc. S6 luong cell trong pin thudng khoang tir 1 dén 5, cong sudt ctia pin trong
khoang tir 0,2 W dén 1 W, dién thé tir 0,8 V dén 4,0 V. Xuc tac anode duoc st
dung 1a Pt-Ru black dang khdi, dién tich hoat dong cua dién cuc khoang 10 cm?.

» Phén logi DEFC

Pin nhién liéu DEFC dugc phan loai theo loai mang trao ddi ion: Pin nhién
liéu str dung mang trao doi proton (PEM-DEFC), pin nhién liéu st dung mang
trao d6i anion (AEM-DEFC) va pin nhién liéu sir dung mang trao doi cation
(CEM-DEFC).

So d6 nguyén 1y hoat dong cua pin nhién liéu PEM-DEFC duoc biéu dién &
hinh 1.1. Theo do, tai anode, ethanol bi oxi ho4a, tao thanh cac san phrflm nhu acetic
acid, CO,, acetaldehyde. Proton H" di qua mang trao d6i tir anode sang cathode,

tham gia phan g khir hoa oxy tao thanh nudc.

Dong dién

*

CcO:

Acetic acid <g=m ' e’ =p H,0
Acetaldehyde ) ‘ —
e H*
tl =P |ho
e &» o=
e H+ L
=> 0
Ht| <= 2
=
CH3CH:0H . 4= O,
+H20 . .
Anode | Cathode

Mang trao dbi proton

Hinh 1.1. So' d6 nguyén 1y hoat déng ciia pin nhién liéu PEM-DEFC

Cac phan g xay ra trong PEM-DEFC[5]:
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v’ Tai anode:

CH;CH,OH + 3H,0 — 2CO,+ 12H" + 12¢ (1)
CH;CH,OH — CH;CHO + 2H" + 2¢° 2)
CH;CHO +H,0  — CH;COOH +2H' + 2¢ 3)
CH;CH,OH + H,0 — CH;COOH + 4H" + 4e (4)

v Tai cathode:
30, +12H"+12¢ — 6H,0

v' Phan Gng tong quat:

CH;CH,OH +30, — 2CO,+3H,0

San pham tao thanh trong pin PME-DEFC s& tuy thudc vao sb lugng electron
trao doi. San pham oxi hoa khong hoan toan, acetic acid, dugc tao thanh gian tiép
qua acetaldehyde, thong qua phan tmg (2) va (3) hoic truc tiép qua phan tGng (4).
S6 lugng electron trao doi twong Gmg 13 2 va 4 e”. San pham oxi hoa hoan toan,
CO,, duogc tao thanh khi sb electron trao d6i 1a 12, thong qua phan tng (1).

Antoniassi va cac dong sy [5] dd xac dinh san pham tao thanh ciia EOR trong
DEFC bang phan tich sac ky khi: Véi xtic tac Pt/C, san pham ctia phan tmg chu
yéu 1a acetandehyde (86%), acid acetic va CO, 1a cac san pham phu v6i do chon
loc bang nhau va bang 7%; mat khac, voi xtc tac Pt;(Sn0,)/C, acid acetic duoc
sinh ra nhiéu hon (48%) va khong thay xuat hién CO,. Piéu nay chung to, cac
electron dugc van chuyén nhiéu hon gilp ting cong suat cua pin. Ciing trong
nghién ctru nay, tac gia da két luan rang khi thém mot lugng acetandehyde vao
dung dich ethanol s& lam giam cong suit va d6 bén ctia DEFC, trong khi acetic
acid dugc thém vao khong lam anh hudng toi cong suat cta pin.

Tuy san pham CO, c6 thé dé dang bi loai bo khoi méi trudng phan tng &
khoang anode nhung cic san pham phu khac nhu acetic acid hodc acetaldehyde
s& di vao trong dung dich, cac chat ndy gdy ngd doc xuc tac, 1am giam van toc
phan tng, dan t6i giam hiéu suét cia pin. Pay 1a mot rao can 16n ma cac nha
nghién ctru can vuot qua khi ché tao va tng dung loai pin ndy. Van dé nay ciing
kho c6 thé giai quyét bang cach str dung xuc tac Pt.

Khéng gidng nhu phan Gng trong mdi truong acid, EOR trong méi trudng
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kiém thuong dién ra nhanh hon, do @6 AEM-DEFC thudng cho mat d6 dong dién
cao hon so voi PEM-DEFC [6-10]. Loai pin nay c6 thé st dung ca cac loai xtc
tac ré tién hon Pt nhu Ag, Pd hodc cac xuc tic khong phai kim loai qui nhu Ni,
Co, hoic két hop Ni-Co.

Li va cong su [10] da phat trién va thir nghiém AEM-DEFC c¢6 dién thé dat
0,9 V va mat d¢ cong suét cuc dai dat 60 mW cm? & nhiét do 40°C. Trong moi
truong kiém, hoat tinh xuc tac trong phan mg oxi hoa alcohol cta Pt cao hon
trong mdi trudng acid. Hon nita, viéc st dung chat dién ly kiém sé& giup tang kha
nang Ung dung cua cac xuc tac khong phai kim loai qui hodc it kim loai qui, co
gia thanh ré hon. Bén canh d6, téc d6 tham thau cua alcohol qua mang dién ly
cling giam di do su dao chiéu cua dong anion OH" so véi chiéu cta dong cation
H* trong hé théng mang trao doi proton [11].

Khac voi PEM-DEFC, nhién liéu trong AEM-DEFC 1a hon hop ethanol va
NaOH (hoic KOH) ¢ anode, oxy hoic khong khi am & cathode (hinh 1.2).

Céc phan Umg xay ra trong AEM-DEFC nhu sau [12]:

v’ Tai anode:
NaOH — Na"+OH
CH;CH,OH + 120H° — 2CO; +9H,0 +12¢ (%)
CH;CH,OH + 40H  — CH;COOH +3H,0 +4e”  (6)
CH;COOH + Na" + OH  — CH;COONa + H,O (7)

v’ Tai cathode:
30, + 6H,0 + 12¢ — 120H
v Phan tmg tong quat:
CH:CH,OH+30,  — 2CO,+3H,0 (8)
Hoac:

CH;CH,OH + O, + NaOH — CH;COONa + H,0 (9)



| CH.OH +H,0 + CH3COO" Khong khi/O,

CH.OH +H,0 + Ol ' Khéng khi/O, + H,0
Hinh 1.2. So 6 nguyén Iy hoat dong AEM-DEFC

Tuy nhién, tuy vao tirng loai xuc tac va trang thai ctia xuc tac anode, phan img
oxi hoa hoan toan thanh CO, thong qua phan tmg (5) hoic san pham acetic acid
theo phan tmg (6). Trong hé AEM-DEFC, d¢ tang toc d6 phan g oxi hoa ethanol
va do dan ion ctia mang AEM, mot luong kiém nhé duoc thém vao trong nhién
liu ethanol. Khi d6, san pham acetic acid s& phan tmg v6i kiém nay, tao thanh
sodium acetate, thong qua phan ung (7). Thuc té, nhién liéu ethanol rat kho bi bé
gay lién két C-C trong phan tir dé tao thanh san pham CO, theo phan tng (8). Do
vay, hau hét cac phan tng tong quat trong hé AEM-DEFC thuong dugc viét theo

phéan g (9).

W AW [ 3ens Guod op e

Bién thé cla cell /W

z.

100 150 200 250
Mat d6 dang / mA em™

Hinh 1.3. So sanh sy hoat dong cia PEM-DEFC (°) va AEM-DEFC (°)
Zhao va cac déng su [11] da so sanh su hoat dong cua PEM-DEFC va AEM-
DEFC. Két qua cho thiy, mat d6 cong suit cia PEM-DEFC thap hon so véi AEM-



DEFC, su khac nhau nay thé hién rd rang nhét khi st dung nhién li€u alcohol c6
2 nguyén tir carbon trd 1én nhu ethanol hoic ethylene glycol. Hinh 1.3 cho thay
mat do cong suét cyuc dai cta pin ting tir 6 1én 58 mW cm2, khi thay doi twong
ung voi PEM-DEFC va AEM-DEFC.

Mic du ¢6 nhiéu tiém nang nhung hoat dong cia AEM-DEFC can duoc cai
thién rat nhiéu trude khi tién hanh san xuit thuong mai mdt cach rong rai. AEM-
DEFC phai d6i mat véi nhiing thach thirc lién quan dén hoat tinh thap cua xtic tc
dién hod, dac biét khi hoat dong & nhiét do thép, xUc tac co thé bi ngd doc boi cac
hop chat trung gian nhu aldehyde, CO. Hon thé, han ché 16n nhét cua loai pin nay
chinh 14 céc tinh chat ho4, 1y ciia AEM. Tuy rang AEM c6 kha nang chéng tham
thau ethanol cao hon PEM nhung d6 bén nhiét cia AEM thap 1am hep khoang
nhiét do hoat dong cua pin [13].

So sanh gié tri dién thé 1y thuyét ciia cac loai DEFC khac nhau [14] (hinh 1.4)
c6 thé nhan théy ca hai loai PEM-DEFC va AEM-DEFC st dung chét oxi hoa O,
déu cho dién thé thap (1,14 V) nhung gia tri thé anode va cathode cia AEM-DEFC
am hon, chtng t6 tbc do phan tng oxi hoa dién hoa ethanol va phan tung khu O,
trong pin nay dién ra dé dang hon so véi PEM-DEFC.

0.0%% 1L.23 W
Anode Egn =114 ¥ Cathode

PEM-DEFC (0z)

AEM-DEFC (0z)

Anade Epin = LI4YV Cathode

.74V 0A4Y
009 v 178 ¥

Anode Epin = 169 V Cathode

PEM-DEFC (H:0:)

AEM-DEFC (H202)

Anade Eua = L61Y Cathode

4,74 W 957V

A4V 1.78 ¥V

Anade Eyiw = 252V Cathode

Alkaline-Anode  CEM-DEFC({H:0:)  Acid-Cathode

Hinh 1.4. Gia tri dién thé 1y thuyét ciia cac loai DEFC
Khi thay thé tic nhan oxi hod 13 H,O,, thé anode cua ca hai loai pin trén van
giit nguyén trong khi thé cathode ctia cia PEM-DEFC va AEM-DEFC déu ting

lan luot tir 1,23 V1én 1,78 V va tir 0,40 V 1én 0,87 V [14]. Két qua 13, dién thé ly
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thuyét ctia cac pin nay ting lén, dat 1,69 V (PEM-DEFC) va 1,61 V (AEM-DEFC).
Diéu dang chu y 13, thé anode cia AEM-DEFC luén thap hon so véi thé anode
ctia PEM-DEFC, va thé cathode cia PEM-DEFC luén cao hon thé cathode cia
AEM-DEFC. Cac két qua nay chimg t6 vi moi truong kiém va tac nhan oxi hoa
H,0,, pin ¢6 gia tri dién thé Iy thuyét cao hon va téc d6 phan tmg oxi hod ethanol
(EOR) 16n hon.

Tir y tudng nay, pin CEM-DEFC dang acid-kiém duoc ché tao [14], st dung
chat oxi hoa H,O,, (hinh 1.5) véi dién thé 1y thuyét 2,52 V, dién ap cia mach ho
dat 1,60 V va mat d cong suat cuc dai dat 240 mW cm? & 60°C. Xuc tac anode
dugc dung la PANiC, xtc tac cathode 1a bot Ni. Theo do, anode s€ hoat dong trong
moi trudng kiém va cathode s& hoat dong trong méi truong acid. Loai mang trao

doi ion duoc dung trong pin nay la mang trao doi cation, trao doéi Na™.

CHOH
H.O + OH

H;0, +
H.50,

HLO +

SHICO0r + Hi (i
CHAICOOr + HO Na.SO,

Hinh 1.5. So 6 nguyén ly ciia pin CEM-DEFC
Céc phan ung trong CEM-DEFC hoat dong trong méi trudng kiém-acid:
v' Phén Gng tai anode:
4NaOH —  4Na"+40H (10)
CH3CH,OH +40H" + Na* —  CH3COONa + 3H,0 +4e” (11)
v' Phan g tai cathode:

2H,S0Oq4 — 4H" + 2S04* (12)
2H,O, +4H +4e — 4H,0 (13)
4Na* + 28042' — 2Na,SOq4 (14)

v/ Phan tng tong quat:
CH;CH,0H + 4NaOH + 2H,0, + 2H,SO4 — CH3COONa + 7H,0O + 2Na,SOq4
9



Sau qua trinh phan ly NaOH & phan tmg (10), ion Na* s& dugc chuyén téi phia
cathode qua mang trao d6i cation. Tai anode, CH;COONa duoc hinh thanh do
phan tmg (11). Tai cathode, Na,SO, duoc tao thanh thong qua chudi phan tmg tir
(12) dén (14).

Uu diém cua loai pin nay 1a str dung tac nhan oxi hoa H,O, gitp ting gié tri
dién thé 1y thuyét cia pin, tir 46 nang cao cong suit pin. Do sir dung H,O, nén pin
c6 thé hoat dong trong mdi trudng thiéu oxy hodc khong cé oxy nhu dudi nudce
hoac ngoai khong gian vii tru. Bén canh do, viéc str dung H,O, cling mang lai mot
s6 1oi thé so véi viée sir dung O, nhu giam sy mat mat nang luong ciia phan tng
khu.

> Cdc yéu to anh hwéng dén higu qua hoat dong ciia DEFC

Hoat dong ctia DEFC bi anh hudng cta nhiéu yéu té nhu 6 tham thau nhién
liéu qua mang phan cach, nong d6 nhién liéu, nhiét d6 lam viéc, tinh chat 16p xtc
tac, v.v.

Su tham thau ciia nhién liéu qua mang phan cach 1a mot trong nhiing yéu t6
anh hudng xau toi cong suat cia DEFC. Ethanol tham thau tir anode sang cathode
va phan tng truc tiép véi oxy dé tao thanh cac san pham nhu acetic acid, CO,,
H,0, CO, hién twong nay s& lam giam hiéu suat chuyén hod va cong suat cta pin.

Kamarudin va cac cong su [1] da nghién ctru su anh hudéng ctia nhiét do hoat
dong va néng do cua nhién liéun téi hién tuong tham thau ethanol qua mang phan
cach. Két qua cho thdy, tai cung nhiét do phan tng 1a 30°C, tbc do tham thau
ethanol ting 1én gan 20 1an khi ndng d6 tang tir 1 M 1én 4 M. Tai cting mot nong
d6 ethanol 2 M, tdc d6 tham thau cua ethanol ting 1én hon hai 1an khi nhiét do
lam viéc tang tr 30°C 1én 75°C. Mat khéc, su tang nhiét do va néng do ethanol
déu 1am tang mat do dong, dan toi ting coéng suat cia DEFC, tuy nhién su anh
huong cua nhiét do dién ra manh hon. Do vay, can ¢6 nhiing diéu kién thich hop
vé néng dd nhién li€u, nhiét do hoat dong cua pin dé pin hoat dong hi¢u qua voi
gia tri cong sudt cao va tranh dugc qua trinh thdm thau cta nhién liéu.

Trong nghién ctru cua nhém Marta C. Figueiredo va cac cong su [15], anh

huoéng cta nhiét d6 hoat dong trong DEFC dugc trinh bay kha rd nét. Két qua cho
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thdy mat d6 cong suat ctia pin tang gan nhu tuyén tinh theo sy ting cta nhiét do
lam viéc. Theo sy giai thich cua tac gia, khi nhiét 6 hoat dong cia DEFC tang,
dién tré chung cua ca hé gidm, trong khi hoat tinh ctia xtc tac, d khuéch tan cua
nhién liéu va san pham trong qua trinh phan tng tang, két qua nhan duoc 1 mat
d6 cong suit cuc dai cta pin ting.

Adriana Napoledo Geraldes va cac cong su [16] cling nghién ctru dnh hudng
cua nhiét do hoat dong dén mat do cong suat cua DEFC. Két qua cho théy khi
nhiét do hoat dong tang tir 60 dén 85°C, gia tri mat do cong suat cuc dai tang 1€n
tir 18 mW cm dén 36 mW cm?, tirc 1a tang 1én gip doi. Pong thoi, gia tri dién
thé cua pin twong tng ciing ting 1én tir 0,5 V dén 0,9 V. Thém vao d6, khi nhiét
do hoat dong tang 1én 90°C, gid tri mat d§ cong suat khong tang, tham chi con
gidm nhe xuéng 33 mW cm™. Theo su giai thich cua tac gia, nhiét do hoat dong
ting 1én giip qua trinh phan ung dién ra dé dang hon, nhung ciing lam ting hién
tuong tham thau cua ethanol qua mang phan cach. Khi nhiét ¢ 16n hon 85°C, su
tham thau cua ethanol 1am giam déng ké mat do cong suét cua pin.

Tinh chét cua 16p xtc tic anh huong 16n dén su khuéch tan ctia nhién lidu dén
cac tam hoat tinh dan t6i anh hudng dén cong suit cua DEFC. Trong khi d6, véi
mdi phuong phap pha khac nhau, tinh chat 16p xtc tac s& khac nhau. Theo tinh
chat bac cau, phuong phap phu ¢6 anh hudng téi kha niang hoat dong hiéu qua ciia
pin. Serdar Erkan va cac dong su [17] d3 cong bd cac két qua nghién ctru anh
huéng cta phuong phap phu dén cong suat cua dién cuc. Trong cing diéu kién
phu, s6 1an phu va lugng xuc tac, phuong phap phit muc xuc tac 1én dé (CCS) to
ra ¢6 nhiéu vu thé hon so v&i qué trinh phu 1én mang (CCM). Cac két qua cho
théy, dién cyc thu dugc tir phuong phap phu CCM c6 mat do cong suat cuc dai
vGi gid tri 0,42 W cm?, tai dién thé 0,4 V. Trong khi dién cuc tir phuong phap phu
CCS c¢6 gia tri twong Gmg 0,5 W cm’, tai dién thé 0,5 V. Két qua nghién ciru ciing
cho thay, mat do cong suat cuc dai ting khi luong Pt duoc phu 1én dién cuc ting
1én, tvong mg gia tri ting tir 0,5 W cm™ 1én 0,9 W cm™ khi ham lugng xtc tac
tang tir 20% Pt/C 1én 70% Pt/C. Tuy nhién, néu cing mot luong Pt, s6 1an phu

khac nhau khong lam anh huong nhiéu té1 mat do cong suat cuc dai cua dién cuc.
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> Cdu tao va cdc bd phin chinh ciia DEFC

Cac bo phan chinh ctia mét cell trong DEFC [18] bao gém: Tam ludng cuc
(Biopolar plate), gioing lam kin khi (Gaskets), va to hop dién cyc-mang
(Membrane Electrode Assembly — MEA) (hinh 1.6). Thong thuong, pin s€ bao
gdm nhiéu cell ghép lai v6i nhau, & ngoai cing cua pin 1a cac tim thu dién tir
(current colector) va tAm ngoai (end plate). Tat ca cac bd phan dugc ¢b dinh bang
bu 16ng, dai dc.

Tam ludng cuc thuong duoc lam bﬁng vat liéu bén, dan dién va tro hoa hoc
nhu graphite. Trén tAm ludng cuc dugc ché tao céac duong ranh la noi nhién li¢u
va chat oxi hoa tir mdi truong bén ngoai di vao to hop dién cuc-mang dé phan
mg. Céc chat sau phan ung ciing duogc dan tir cac rdnh nay di ra ngoai moi truong.
Hon nita, tAm ludng cuc ciing dong vai trd nhu mot tim thu dién tir va 12 bd phan
két ndi phan ngoai vai to hop mang dién cuc.

T6 hop dién cuc

Tém ludmg cue mang (MEA)

Bg phan trong pin Tam

£ o i o nhién liéu Dém kin khi  khuéch
Khoi pin nhién liéu / ) ."k.L i
/ tan khi

— [ /

\ / Lop xic tac
\ v v op
‘ ',/' e

Lo Mang

Hinh 1.6. Cac by phan trong mot cell cia DEFC
Té hop dién cuc-mang (hinh 1.7) c¢6 thé goi 1a trai tim ctia pin nhién liéu, day
1a noi xay ra cac qua trinh phan tng cta pin. Ping nhu tén goi, MEA c6 ciu tao
bao gém mot mang trao ddi ion & gitta hai 16p dién cuc anode va cathode theo
kiéu “sandwich”, 16p ngoai cung 1a 16p khuéch tan khi (Gas Diffusion Layer —
GDL) ¢ mdi bén.
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T'o hop dign curc-mang (MEA) - 5 lap

Lirp khasich tin khi
1GDL)

Lo khancch tin
Lhi (GLIL S

Lop i e Limp sl tic

difn du J didn cu

Miag temo 86 ko
Hinh 1.7. Cac bd phéan hop thanh t6 hop dién cwc-mang

Mang trao ddi ion c6 hai tic dung chinh trong pin: th nhat, ngin cach nhién
liéu va chat oxi hoa, hay ngéan cach dién cuc anode va cathode; thir hai, van chuyén
proton hodc cation tir anode sang cathode dé hoan tat qua trinh phan tmg d6i voi
mang trao doi proton va mang trao doi cation, hodc van chuyén anion tir cathode
sang anode d6i v6i mang trao d6i anion. Yéu cau chinh véi mang trao d6i ion nay
1a do bén co hoc, hoa hoc va d6 6n dinh dién hoa cao, ngoai ra do dan ion cua
mang anh huong rat 10n toi cong sut va hiéu suat lam viéc cua pin.

L6p khuéch tan khi 1a mot 16p x6p c6 hai tac dung chinh: Thtr nhat, khuéch
tan chat phan tng tir tim ludng cuc dén bé mat cua 16p dién cuc chia xuc tac va
khuéch tan san phim phan Gng; Thir hai, giit cho 16p dién cuc chtra xtc tic khong
bi bong tréc khéi mang trao d6i ion do san pham khi thoat ra khi phan tmg. Lép
khuéch tan khi ndm gilr tAm ludng cuc va dién cuc nén can phai co dién tré suét
thap. Vai carbon hoic gidy carbon thudng dugce sir dung trong truong hop nay.

MEA c6 thé chia 1am hai loai chinh theo phuong phap ché tao [19]: Qua trinh
phu xtc tac 1én mang trao d6i ion (CCM) goi 1a CCM-MEA va phu xtc tac 1én
tam khuéch tan khi (CCS) goi 1a CCS-MEA (hinh 1.8 va hinh 1.9). Phuong phap
CCM c6 d6 bam dinh ctia xuc tac 1én bé mit mang trao doi kha tét. Tuy nhién,
phuong phap nay phire tap va thudng sir dung véi loai muc dang sén sét, gip kho
khan khi str dung muc dang long. Trong khi do, phuong phap CCS don gian hon

va kha nang ap dung cao hon, phu hop véi ca myc dang s¢t va dang 16ng.
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Hinh 1.8. So' @6 qua trinh ché tao MEA theo phwong phap CCM
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[ Tam khuéch tan khi

(vai carbon, giay carbon)
vy

Y

—->[ Phu xuc tac ]<— Muc xuc tac ]

Y

--{ Lam kho ]
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[ Ep néng ]4—[ Mang trao ddi ion ]
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[ 5 1o6p CCS-MEA ]

Hinh 1.9. So dd qua trinh ché tao MEA theo phwong phap CCS

1.1.2. Cdc nghién civu pha ché mwe xiic tac va ché tao di¢n cwc anode cho pin
nhién liéu

Muec xtc tac 1a mot hon hop ¢ dang 16ng, dang bot nhao hodc keo, gém xuc
tac, chat két dinh ion (thuong 1a nafion), c6 hodc khong co6 tac nhan ki nuéde va
dugc phan tan trong dung moi nhat dinh. Myc xtc tac 14 tién chat dang 1ong cua
16p xtc tac. Cac 16p xic tac twong tng trén dién cuc anode va di¢n cuc cathode
1a noi cac phan tmg xay ra. Cac 16p xtc tac nay thuong co cau tric x6p, c6 mao
quan dugc phan tan trong mot 16p keo lién két phu hop. Xuc tac cé thé dugc dua
1én chét mang carbon dé giam lugng xtc tac dua lIén dién cuc, tang do khuéch tan
chat phan tng dén vi tri clia xtic tc va dé dang loai bo san pham phan tmg. Hon
nita, 40 dan dién va dan ion tdt ctia chat mang carbon co thé lam tang hi¢u suit va
cong suat cua pin [18]. Lop xtc tac 1a phan quan trong nhat cia MEA. Cac hat
xuc tac phai duoc két ndi v6i chat dan electron va ion (proton, cation hodc anion).
Chét dan electron thong thuong 1a vat liéu carbon, titan Xép, kim loai xép khac
hoic chinh ban than cta xtic tac. Vat liéu dan ion thudng 1a cdc monomer tuong
ung, vi du nhu nafion.

Nafion 1 hop chit tetrafluoroethylene da sulfo hod, duoc phat hién vao cudi

nhitg nam 1960 bai Walther Grot [20]. Nafion 1a mot loai polymer tong hop c6
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tinh chat ion nén con dugc goi 1a ionomer. Céc dic tinh ion doc d4o cua nafion 13
két qua cta viéc két hop cac nhom ether perfluorovinyl két thuc véi cac nhom
sulfo (-SOs;H), trén mdt khung tetrafluoroethylene (hinh 1.10). Nafion dugc st
dung nhu mot chat dan proton trong cac pin nhién liéu mang trao doi proton (PEM)
nho tinh 6n dinh nhiét va co hoc tuy€t voi cua no. Proton trén nhém sulfo (-SOs;H)
c6 thé “nhay” tir tim acid nay sang cac tdm acid khac trén ciu tric ctia nafion.
Tinh chat nay cho phép nafion c6 thé van chuyén proton hoic cation nhung khong

cho phép electron hodc anion di qua.

ﬁ\ /CF4\ ,CFQL
CF, RCcF %}
/
0

\CF //o
2 O _CFg
FC CF; Sa. XH0
| / o
CFs HO

Hinh 1.10. Hinh 4nh mé phéng cau triic ciia nafion
Hinh 1.11 biéu dién mot so dd ma phan tng dién ra trén ranh gi6i 3 pha voi
xuc tac Pt trong pin nhién liéu PEM. Mat khac, 16p xtic tic phai di xop dé khuéch
tan chat phan tmg va san pham trong qua trinh phan tmg dién ra [18]. Dé dap tmg

cac y€u cau nay, thanh phan ctia myc xuc tac rat quan trong va anh hudéng nhiéu

téi cau truc cua 1op xuc tac cling nhu cong suat ctiia pin nhién liéu.

H,0

Hinh 1.11. So d0 phén ng tai ranh giéi 3 pha ciia hat xic tac
> Thanh phin myc xiic tic
Khi chuin bj myc xtc tac, viée dau tién can quan tam la thanh phﬁn cua muc,
tiép theo 1a tinh d6ng nhét va d6 nhét. Cac thanh phan trong muc xtc tac thudng

dugc tron déu vo1 nhau, hodc stir dung song siéu am dé dam bao kich thudc nano
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clia xtic tac va su két ndi gitra cac thanh phan trong muc. Néu do nhét qua thép,
muc xuc tac s& di sdu vao trong cdu tric xOp cia tdm khuéch tan khi, gdy that
thoat xuc tdc. Muc xac tac c6 do nhot qué cao sé gay kho khan trong qua trinh
phan tan 16p xtc tac, lam tac voi phun pha va 16p xtc tac tao ra sé& khong déu.

Muc xtuc tac str dung cho pin nhién li¢u gém 3 loai chinh [21]:

- Muc ki nuéc, 1a loai muc dugce sur dung cho loai vat liéu nén ¢6 tinh ki nuéc,
thuong duoc st dung trong ché tao dién cyc theo phuong phap phu decal.
Thanh phan cta loai muc ndy bao gom xuc tac va tac nhan ki nudc, thuong
la polytetraflouroethylene (PTFE), polyvinylidene flouride phan tan trong
dung moi ethanol. Céac tic nhan nay c6 tic dung on dinh céc hat xtc tac
trén tAm dién cuc va tao hiéu ung ki nudc cua bé mat dién cuc. Tuy nhién,
cac tdc nhan nay lam giam do dan dién cua dién cuc néu ham lugng qua
16mn. Thong thuong, ham luong thich hgp cia cac tdc nhan nay vao khoang
tir 10% dén 40%;

- Muc va nuédc va muc keo: Trong loai muc xuc tac nay, vat li¢u két dinh 16p
xuc tac duoc thay thé bang tic nhan ua nude, thuong 1a perefluorosulfonate
ionomer ua nudc, pho bién nhit 1 nafion. Dung méi duogc st dung chu yéu
1a ethanol hodc isopropanol dang myc 1dng va butyl acetate dang muc keo.
Ham lugng chat két dinh 1a mot trong nhimg yéu té then chét trong qua
trinh ché tao muc. Gia tri nay dugc chon phu hop, ddm bao su lién két tdi
da cua phan tir chat két dinh va hat xtic tic, dong thoi gia tri trd khang dan
electron/chat phan tmg cua 16p xtic tac 1 nho nhat. Cac vt liéu carbon nhu
carbon black hay carbon Vucal 72 thuong duoc tron cung theo ti 16 nhat
dinh dé cai thién sy can bang nay.

- Dung dich myc ion Pt va bgt Pt: Dang myc nay thuong duoc st dung vai
xuc tac Pt/C dudi dang dung dich mudi Pt** hodc Pt*" cing chat két dinh
pht hop, thuong 14 nafion hodc PTFE. Qué trinh khir tir ion Pt vé Pt (0)
dugc thuc hién sau khi phu. Ngoai ra Pt dang 14 cling dugc st dung nhu

mot ngudn xuc tac trong qua trinh phun ling dong dé ché tao 16p xuc tac.
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> Cdc yéu té dnh hwong dén tinh chit 16p xiic tic sau phii va hiéu qud hoat

dong cia DEFC

Hau hét cac nghién ctru vé muc xuc tac chu yéu tap trung vao cac anh hudng
ctia thanh phan chét két dinh va dung moéi dén hiéu qua lam viéc cta 16p xuc tac
sau khi phii. Cac nghién ctru ndy tap trung trén d6i tuong pin nhién liéu trao ddi
proton. Trong thoi gian gan day c6 nhirng nghién ciru modi vé muyc xic tac trong
pin nhién liéu str dung tryuc tiép alcohol.

V' Anh huéng ciia phirong phdp ché tao muec xiic tdc

Shin va cac dong sy [22] di nghién ctru anh huéng cua phuong phap ché tao
muc dén cdu tric, dic tinh va hiéu qua lam viéc cua 16p xtc tac 20% Pt/C (theo
khéi lugng). Céc tac gia so sanh muc dang dung dich (dung méi isopropanol) va
muc dang keo (dung méi butyl acetate). Ca hai loai muc nay déu duoc ché tao
theo phuong phap phan tan siéu am, voi chat két dinh 14 nafion va duoc pha 1én
tam gidy carbon bang phuong phap phun phu, st dung khi nén véi cing mot luong
xuc tac, trén dién tich hoat dong cua pin la 25 cm?, Két qua nghién ctru cho théy,
muc dang keo co kich thudc hat xuc tac dat 736 nm, 16n hon khoang 180 nm so
vo1 muc dang 1dng, trong tng 550 nm. Ngoai ra, 16p xuc tdc muc dang keo cling
day gap d6i muc dang 1ong sau khi phu voi kich thuéc mao quan trong 16p xtic
tac trong khoang tir 0,07 dén 1 um. Vé hiéu qua dién hoa, dién cuc ché tao tir muc
dang keo co6 dién tich hoat dong di¢n hod tdng 30% va mat do dong tai 0,6 V tang
20% so v6i dién cuc tir muc dang 16ng, twong g véi gia tri 928 mA cm™. Theo
su giai thich cua tac gia, nguyén nhan dan t4i sy uu viét cia muc dang keo so véi
dang 1ong 1a do sy lién két giira chat két dinh va tdm hoat dong Pt, giup cho trd
khang dan electron nho hon. Pong thoi 16p xtic tac tir myuc keo c¢6 cau tric xop
hon, tao diéu kién thuén loi cho qua trinh khuéch tan chat phan (rng va san phém
trong qua trinh hoat dong cta pin.

v’ Anh huwong ciia ham lwrong nafion trong murc

Ham luong cua chat dién ly nafion ¢6 anh huéng khéng nho dén cu trac va
hiéu qua lam viéc cua 16p xuc tdc. Ham lugng nafion qua nho s€ khong dua sy lién

két can thiét v6i xuc tac, trong khi luong nafion qua 16n c6 thé lam che tAm hoat
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dong cua xtc tac. Cac két qua nghién ciru ctia mot s tac gia [23, 24] cho thay
ham lugng nafion 16m hon 35% lam gidm dién tich bé mit hoat dong dién hoa cua
xuc tac 20% Pt/C tir 110 m? gp! xubng 71 m® gp! va mat do cong suat cua pin
giam. Ham luong Nafion thich hop nam khoang 30% dén 35%.

Song va cac cong sy [25] str dung phuong phap thuy nhiét trong autoclave dé
bién tinh tinh chat mao quan ctia myc xuc tac trén co s Pt/C vai cac ti 1¢ nafion/C
tir 0,5 dén 1. Két qua cho thiy viéc bién tinh di lam tang hoat tinh gép 1,4 lan,
tuong tmg dat 42 A g'! tai ti 1& nafion/C = 0,7.

Mot sb tac gia nghién ctru anh hudng cua vat liéu tao mao quan dugc thém
vao trong qua trinh ché tao muc xuc tdc nhu amoni carbonate, amoni oxalate,
lithium carbonate, ethylene glycol [26-28] véi ham lwong dao dong tir 27 dén 60%
theo khéi luong. Cac vat liéu nay lam ting do xdp cua 16p xtc tac, gop phan lam
tang do hoat dong ctia 16p xuc tac.

Trong sang ché US 2006/0110631A1 ctia Olmeijer va cac cong su [29], loai
muc xtc tac tng dung cho qua trinh ché tao dién cuc, theo phuong phap phu truc
tiép 1én mang nafion da dugc nghién ctru. Thanh phan ciia myc bao gom xuc tac
PtRu black, chit don graphite, chit dién ly nafion trong dung moi hiru co dimethyl
acetamine, v&i ham luong dung moi khoang 50% theo khoi luong muc xuc tac.
Mat d6 dong dién dat 250 mA cm™, tai dién thé 0,4 V.

Mot sd tac gia khac [30-33] nghién ctru toi wu hoa ham lugng ctia nafion trong
muc xuc tac trén co s& Pt/C va lya chon loai dung moi thich hop str dung cho muyc
khi ché tao dién cuc bang phuong phap dan decal. Cac két qua nghién ctru cho
rang, cac alcohol nhur n-propanol, ethylene glycol thich hop hon so v&i nudc trong
vai tro dung moi cia h¢ myc xuc tac, nho cac uu diém nhu dién tich hoat dong
cua tam hoat tinh Pt cao, tr¢ khang dan electron thép, 16p xtc tac ¢6 do xép, kich
thudc mao quan thich hop, déng déu hon va khong bi nit giy sau khi bay hoi
dung moi. Theo d6, mat dd cong suat cia dién cuc di tir muc xuc tac voi dung méi
alcohol dat gia tri cao hon khoang 50%. Mat khac, cac ti 1¢ dung moi:C va
nafion:C c6 gia tri twong ung 12:1 va 0,65:1 1a céc ti 1& toi wu cho hdn hop muc

xuc tac [32, 33], dam bao do dan electron cao nhat thong qua dién tich hoat dong
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dién hoa va mat dg cong suét cua dién cuc ché tao.

Shinichi Takahashi va cac dong su [34] cong bd cong trinh nghién ctru céu
tric nano ctia ionomer (nafion) va xtic tic trong muc xuc tac nhiét do rat thap
(trong moi trudng ethane 1ong), bang hién vi dién tir truyén qua (TEM). Thanh
phan muc bao gdm xuc tac trén co s¢ hat nano Pt/C, nafion trong dung méi nuée
va n-propyl alcohol. Cac két qua cho thdy, nafion duoc phan tan déu véi kich
thude tir 2 dén 5 nm, trong hdn hop dung méi. Viée st dung thém C va hat nano
Pt dan t6i xuat hién timg ¢am Pt/C phan tan cung véi nafion, véi kich thudc trung
binh cua cac hat khoang 40 nm. Trén anh TEM ciing c6 thé quan sat thay sy bao
boc cuia nafion quanh céac hat xuc tac Pt/C.

V' Anh huéng cia cdc logi dung méi

Korawat Wuttikid va cac cong sy [35] cling nghién ctru anh hudéng cua céac
loai dung moé1 khéc nhau khi ché tao muc xtc tac trén co sé 20% Pt/C (theo khoi
lrong). Dung mdi duge st dung 1an luot 13 isopropanol, tetrahydrofural va ethanol.
Két qua cho thay, 4o day 16p xuc tac khac nhau véi timg loai dung moi, twong tng
1428, 22 va 18 um. Muc xuc tac trong dung méi ethanol c6 mat do dong cao nhat
va dat 697,02 mA cm, tai dién thé 0,6 V, voi ham luong xuc tac 13 0,3 mg.cm™.
Két qua nghién ciru ciing cho thay, ham lugng nafion thich hop nam trong khoang
tir 20 % dén 30 % so voi khoi lugng xiic tac.

Hiirter va cac cong su [36] da nghién clru ché tao muc x0c tac trén co s6 hop
kim PtRu/C (thanh phan 60% PtRu) trong dung mdi 1-hexanol tmg dung trong
DMFC. Két qua nghién ctru cho thiy, do day va do dut gy cua 16p xtc tac su
dung dung méi 1-hexanol sau khi phu 16n hon so véi khi st dung dung moi
isopropanol. Tuy nhién, tai cing mt mat do xtic tac, 2 mg cm™ muc x1c tac trong
dung moi1 1-hexanol ¢ mat do cong suét cao hon khoang 1,5 lan, tai cung mot
dién thé, déng thoi do On dinh cua muc cling cao hon. Loai myc nay thich hop
cho cac qua trinh doi hoi thot gian pha dai hon. Trong nghién clru nay, nhém tac
gia ciing nghién ctru anh hudng clia cong suat va thoi gian phan tan siéu am dén
kich thudc cua hat xuc tac va mat do cong suat cta dién cuc. Két qua cho théy,

cong suit phan tan siéu 4m thich hop 1a 50 W va thoi gian phan tan 16n hon 120
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gidy. Khi do, kich thudc trung binh cua hat xuc tac khoang 10 um va méat do cong
suat cia DMFC dat gan 100 mW cm tai nhiét d6 70°C.

Tae-Hyun Kim va cac dong sy [37] dd nghién ctru anh huéng ctia dung moi
dén dic trung hinh thai hoc cia 16p xtc tac trong pin nhién liéu sir dung mang
trao d6i proton. Trong nghién ciru nay, cac loai dung méi duoc st dung nhu
isopropanol, dimethyl sulfoxide va n-methyl-2-pyrolidone. Téac gia sir dung mang
PTFE nhu mot budc trung gian trong qua trinh phti muc xuc tac theo phuong phap
CCM véi 4 1an chuyén 16p xtic tic sang mang trao doi proton. Céc két qua nghién
ctru cho thdy ban chit ctia dung méi anh hudng 16n dén sy linh déng cta nafion,
anh huong dén su tich tu ctia cdc cac cum hat (bao gém xUc tac ¢ trung tdm va
cac phan tir nafion ¢ phia ngoai) trong qua trinh phii muc xuc tac. Diéu nay tac
dong 16n dén mat d6 cong suit cua pin va do day cia 16p xuc tac. Theo do, trong
cac dung moi nghién ctru, N-methyl-2-pyrolidone dugc trinh bay 1a loai dung moi
thich hop nhat v6i mat do dong dat gia tri khoang 0,925 A.cm™ tai dién thé 0,6 V
va trd khang thap nhit & gia tri 0,331 Q.cm® Két qua anh hién vi dién tir quét
(SEM) ciing cho thdy, c6 it cac “cluster” nafion két tu trén bé mit mang phan cch
v6i nhanh chinh ctia phan tir nay lién két voi bé mat cia tim hoat tinh Pt. Diéu
ndy dan t6i hiéu qua hoat hoa tAm xtc tac dé dang hon ¢ mat do dong thap.

Meichen An va cac déng sy [38] d nghién ctru hé xtc tac Pt mang trén chat
mang graphene va graphene bién tinh bang sulfur va phosphorous (SPG), img
dung trong phan tng oxi hoé dién hoa methanol (Methanol Oxidation Reaction —
MOR), méi truong acid H,SO4 0,5 M. Muc xtc tac dugc nhom tac gia ché tao tir
bot xtic tac kho va dung dich nafion, trong hdn hop dung méi nuée va isopropanol,
ti 1& khéi luong nafion/xitic tic khoang 30%. Két qua cho thay, hoat tinh dién hoa
ctia xtc tac Pt/SPG dat gia tri tot nhat véi mat d6 dong dat 1127 mA mgp!' va do
6n dinh hoat tinh cua xuc tac sau 1000 vong quét dat 59,3 %.

Jinfa Chang va cac dong su [39] di nghién ciru xuc tac trén co sé 30%Pt/C
bién tinh img dung trong DMFC, sir dung mang nafion 117. Nhom tac gia sir dung
dung dich nafion trong thanh phﬁn ciia muc xuc tac, ti 1€ khoang 30% khdi lugng

xuc tac. Két qua cho thdy, cac tiéu phan Pt phan tan dong déu trén bé mat dién cuc
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vé6i kich thuée trung binh tir 2 dén 2,5 nm. Mat d cong sut cuc dat gié tri 88,5
mW cm?, & 70°C, v6i mat do phu xuce tac 1,2 mg cm™.

Figueiredo va cac dong su [15] dd nghién ctru ché tao myc xuc tac trén co s¢
40% Pt/C va nafion v6i ti 1& khdi lugng 30 %, ting dung cho pin nhién li¢u su
dung truc tiép ethanol v4i mang phan cach nafion 115. Cac két qua cho thiy, do
day 16p xtc tic anode dao dong tir 20 dén 22 pm, v6i ham luong xtc tac 2,3 mg
cm2. Mat do cong suat cuc dai dat 15,6 mW cm™ tai nhiét do 70°C.

V' Anh huéng ciia @6 day I6p xiic tac

Trong mdt cong bd gan diy, nhom tac gia Naomi Kumano va cong sy [40] da
nghién ctru sy anh hudng cia cac thanh phan trong muc xtc tac Pt/C dén d6 nit
ctia 16p xtic tac. Két qua cho thay, khi do day 16p xuc tac khoang 8 pm, xuat hién
cac vét nirt dang chir Y hay chit T, s6 lwong cac vét nit ting 1én khi do day 16p
xuc tac ting. Nguyén nhan dugc dua ra 1a do su két tu cic mang xuc tac va nafion
hinh thanh béi su bay hoi cia dung méi trong qua trinh kho. Két qua anh SEM
cho thdy, su phin tan cta nafion trong dung moéi ethanol tot hon so voi trong
propanol thé hién & su lién két ctia nafion va hat xuc tac Pt/C déng déu hon, khong
bi tach ra trong qua trinh bay hoi dung moi.

Nhu vay dén nay, hau hét cac cong trinh déu tap trung nghién ciru xtc tac Pt
hodc PtRu dang khoi va hop kim, c6 hodc khong mang trén chat mang C, (mg
dung cho pin nhién liéu mang trao d6i proton. Theo hiéu biét cua ching toi, dén
nay hau nhu chua c6 cong trinh cong bd két qua nghién ctru vé muc xuc tac trén
co sO xuc tac kim loai qui mang trén graphene, ing dung trong pin DAFC, mang
trao doi anion. Do vay, luan an nay tién hanh nghién clru ché tao muc xuc tac Pt
(Pd)/rGO bién tinh. Trong do, luén an sé tip trung nghién ctru anh hudng cia dung
moi phan tan dén hoat tinh ctia muc trong EOR, dén tinh chat 16p xtc tac trén di¢n
cuc anode sau khi phtt myc va hi¢u qua hoat dong cua DEFC.

1.2.  Tinh hinh nghién ctru vé xiic tic anode trong DEFC trén thé giéi

Nhu da trinh bay ¢ trén, xtc tac trén co s& kim loai qui nhu Pt, Pd thuong
duoc st dung trong di¢n cuc anode trong DEFC. Céc kim loai ndy c6 hoat tinh

cao trong phan ung oxi hoa di¢n hoa ethanol. Tuy nhién, c¢6 hai van dé can phai

22



khac phuc véi loai xtic tac nay:

. Tht nhét: Pt, Pd d& bi ngd doc bai cac hop chét trung gian sinh ra trong qua
trinh phan tmg nhuw CHO,gs, COaqs, CO, dan téi giam hoat tinh, tham chi mét
hoat tinh. Do vy, cac loai xuc tac nay thudng duge bién tinh dé ting cudng
hoat tinh va d6 bén hoat tinh, cling nhu giam gi4 thanh cta xuc tac.

- Tht hai: Phan tng oxi hoa dién hoa ethanol dién ra trong pha long, do vay,
d6 phan tan chat phan tng va san pham dong vai tro rat quan trong. Piéu nay
phu thudc phan 16n vao do phan tan pha hoat tinh trong xtic tac va do xbp
cta 16p xuc tac. Dé giai quyét van dé nay, Pt va Pd thudng duoc phan tan
trén chat mang nano carbon c6 do xép va d6 dan dién cao.

Sau déy 13 tong quan cac nghién ctru vé xuc tic oxi hoa dién hoa ethanol trén

co s kim loai qui (Pt, Pd) va cac xuc tac khac.
1.2.1. Xuc tac anode trong DEFC trén co so kim logi qui Pt

Xuc tac trén co s& kim loai qui Pt mang trén carbon 1a loai xuc tac dugc st
dung pho bién nhét trong DEFC. Rat nhiéu nghién ctru vé phan (mg oxi hoa dién
hoa ethanol trén xtic tic Pt va xuc tac Pt bién tinh boi cac kim loai khac mang trén
chat mang nano carbon da duoc cong bd.

> Vai tro ciia chdt mang va pha bién tinh trong xiic tdc anode trén co s¢ Pt

Theo cac nghién ctru vé xuc tac anode trén co sé Pt, cdc pha bién tinh co tac
dung lam tang hoat tinh va do bén hoat tinh cta xtc tac Pt trong khi chat mang
nano carbon gitip phan tan Pt & dang kich thudc nano, giup tang do hoat dong cua
xuc tac va giam lugng Pt hao phi.

R.M.Antoniassi va cac dong su [5] d3 nghién ctru tong hop xtc tac trén co s¢
PtSn/C véi cac ti 1€ Pt:Sn khac nhau, so sanh vdi nhau va xuc tac Pt/C, trén PEM-
DEFC. Két qua cho thé'ly, xuc tac Pt/C cho mat do dong cao nhat dat 20 mA ¢cm™
va mat do cong suét cuc dai dat 24 mW cm™, & 100°C. Trong khi d6, khi b6 sung
Sn, mat do cong sudt cuc dai cua pin ting 1én 127 mW cm™, vdi xac tac
Pt3(SnO,)/C.

Weijiang Zhou va cac dong sur [41] d4 nghién ciru mot cach hé thong cac xitic

tac trén co s& Pt mang trén carbon (Vulcan XC-72R), ing dung trong pin nhién

23



liéu PEM-DEFC nhu: PtRu/C, PtW/C, PtSn/C, PtPd/C, PtRuW/C va PtRuMo/C.
Két qua cho th.'fly, xtc tac PtSn/C cho két qua tdt nhat véi gia tri mat do dong dat
56,2 mA cm2, tai dién thé 0,71 V. Ngoai ra, trong nghién ctru nay ti I¢ gitra Pt va
Sn dugc thay d6i nham cai thién hoat tinh cta xtc tac, dua theo kha nang tao ra
hop chat trung gian (OHag). Két qua cho thdy, xtc tac Pt,Sni/C c¢6 hoat tinh tot
nhat trong pin mot cell, vdi gia tri mat do cong suét cuc dai dat 60 mW cm?, tai
90°C, dién thé 0,42 V.

Gonzalo Garcia va cac dong sy [42] da nghién ciru tong hop hé xuc tac bién
tinh da kim loai, PtRuMo/C, nhim cai thién hoat tinh cua xuc tac PtRu/C trong
EOR, mdi trudng acid. Ngoai ra, tac gia cling da xac dinh cac san pham chinh cua
phan tng theo phd hong ngoai bién d6i Fourier (FTIR). Theo d6, khi cho thém
mot lugng nhd Mo vao hé xuc tac PtRu, cAu tric lap phuong tam dién khong thay
doi, thong ) mang khoang 3,89 A, kich thudc hat xuc tac theo anh TEM c6 gia
tri tir 2,6 dén 2,7 nm. Tuy nhién, xtic taic PtRuMo c6 hoat tinh di¢n hod cao hon
xuc tac PtRu. Ngoai ra, san pham ctia phan tmg thay doi tir CO, sang acetandehyde
va acid acetic, su thay d6i ro nhat khi ham luong Mo dat 3% theo khoi luong.

Jyoti Tayal va cac dong su [43] dd nghién ctru anh huéng cua pha bién tinh
Rhenium (Re) dén hoat tinh dién hoa ctia hé xuc tac Pt-Sn/C trong EOR, moi
truong acid. Két qua cho théy, Re c6 thé 1am tang hoat tinh va do bén cua hé xuc
tac Pt-Sn & ti 1& khoi luong kim loai Pt:Re:Sn 1a 20:5:10. Khi d6 cuong do peak
quét thuan trén duong cong thé-dong tuan hoan ciia EOR dat 67,7 mA cm?, tai
dién thé 0,78 V, cao hon so vi hé xtc tac Pt-Sn/C va Pt-Re/C, tuong ung gia tri
44,5 mA cm? va 10,8 mA cm™. Cling trong nghién ctru nay, hé xtc tic Pt-Sn-
Re/C (20:15:5) duoc ung dung trong mo hinh DEFC, két qua mat do cong suat
cuc dai cua pin dat 30,5 mW cm, tai 100°C.

Qi Wang va cic dong su [44] da nghién ctru diéu chinh ti 1& kim loai trong hé
xuc tac PtRuSn/C, ung dung trong PEM-DEFC. Két qua cho thdy, xuc tac
Pt,6SniRup4/C, véi tong ham lugng kim loai khoang 60% theo khdi luong, co
hoat tinh cao nhat véi mat d6 cong suat cuc dai 1én toi 121 mW cm™, tai 90°C.

Tac gia dd xac dinh dugc san phidm cua phan tng theo FTIR, trong d6 san pham
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chinh 14 acid acetic véi hiéu suat dat 90%. Dé nang cao hoat tinh dién hod ctia xtc
tac trén co s& Pt, viéc lya chon chat mang thich hop giup cac tiéu phan kim loai
phan tan mogt cach déng déu trén bé chat mang, tranh hién tuong két tu céc tiéu
phan nay, ciing 12 van dé quan trong. Véi cac tinh chat hoa 1y vu viét nhu dién
tich bé mat riéng cao, dd dan dién, dan nhiét rat cao, dd bén co, nhiét rat cao,
graphene (G) da thu hat sy quan tim nghién ctru cta rat nhiéu nha khoa hoc nhu
mot loai chat mang xuc tic day tiém ning. Hién nay, xu hudng st dung xuc tac
Pt/G trong phéan Uing oxi hod di¢n hoé ethanol dang ngay cang dugc quan tam.

Lifeng Dong va cac dong su [45] d& nghién ciru téng hop hé xtc tac Pt-Ru
trén chat mang rGO va C, sir dung phuong phap tam udt tir tién chat caa Pt, Ru
va GO (hodc C), voi chat khir ethylene glycol, trong mdi truong kiém. Két qua
duong quét thé-dong tuan hoan trong EOR cho thay, mat do dong quét thuan dat
16,2 va 13,8 mA cm™, twong ung v&i hé xuc tac Pt-Ru/rGO va Pt-Ru/C. Ty )
dinh peak quét thuan/nghich (I/Ig) twong Ung v&i xuc tac trén hai chat mang dat
3,66 va 0,9. Ngoai ra, hoat tinh di¢n hoa cua xuc tac Pt-Ru/rGO trong MOR ciing
duoc khdo sat, tuong Umg dat 19,1 mA cm? véi ty s6 I/Ig = 6,25. Theo do, gia tri
mat d6 dong trong EOR bang khoang 2/3 mat d6 dong trong MOR, trén ciing mot
hé xtuc tac .

Chih-Chien Kung va cac dong su [46] di nghién ctru va tong hop hé xuc tac
Pt-Ru trén ba loai chit mang khac nhau: carbon (Vulcan XC-72R), graphene
thuong mai (Calverton, New York) va bot graphene 3D thu dugc tir phuong phép
ngung tu hoa hoc pha hoi khi metan trén nén niken. Két qua cho thay, xuc tac Pt-
Ru trén chit mang bot graphene 3D cho két qua dién tich bé mit hoat dong dién
hoa cao nhét, dat 186,2 m?> g”'. Hon nita, mat do dong ctia MOR, trong méi trudng
acid, dat 109,3 mA cm?, gia tri ndy giam khoang 0,7% sau 900 vong quét thé-
dong tuan hoan. Mit khac, trong EOR, céc gia tri tuong ing dat 78,6 mA cm? va
giam 67,5%.

He va cong su [47] da chirng minh réng, cac nhom chire con lai trén bé mat
graphene sau qua trinh khir c6 thé 1am ting kha ning chéng ngd doc CO cho xuc

tac Pt. Theo d6, cac tam khuyét tat chira O trong tinh thé graphene c6 thé hap phu
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nhom OH, tir d6 thuc day qua trinh oxi hod CO,g,. Mit khac, qué trinh phan ly cac
phan tir nude hap phuy trén GO sé tao ra cac nhom (OH ), trén bén mit graphene
theo phan Umg (15) va (16). Hon nfra, khi dugc thém vao xuc tac Pt/GO, Sn con
ngin can tuong tac gitta Pt va CO,gs dé hinh thanh Pt-CO,gs, dong thoi, OH,gs cling
6 thé dé dang duogc tao ra trén bé mat Sn khién cho CO d& bi oxi hoa hon, theo
phan tmg (17). Theo d0, co ché cua phan tng oxi hoa ethanol trén xtc tac Pt-

Sn/GO c6 thé dugc md ta nhu sau:

GO + H,0 — GO-(OH)ygs + H* + & (15)
Pt-CO + GO-(OH)us — CO, +H +Pt+GO+e  (16)
Pt-COugs + Sn-OHugy — CO» +H + ¢ (17)

Tom lai, Pt-Sn 1a hé xuc tac c6 hiéu qua cao ddi v6i phan tng oxi hoa dién
hoa ethanol, vi¢c thém Sn vao pha hoat tinh Pt co thé lam tang tdc do qua trinh
EOR, dan t6i tang gia tri mat do dong cuc dai. Tuy nhién, cac két qua pho in situ
FTIR va pho khdi vi phan dién hoa cho thay rang, so vdi xtic tic Pt tinh khiét, xuc
tac Pt-Sn khong lam tang nhiéu d6 chon loc ddi véi CO,, acetaldehyde va acid
acetic van 1a cac san pham chu yéu, trong EOR [48]. Nhu viy, viéc ting hoat tinh
xuc tac dong thoi ting hiéu suat chuyén hod ethanol thanh CO, dang 14 van dé can
nghién ctru thém.

Mot nhom nghién ctru khac [49] da tong hop va so sanh hoat tinh cta cac xtic
tac kim loai mang trén graphene it 16p (FLG) nhu Pt/FLG, PtRu/FLG, PtNi/FLG
va PtRuNi/FLG, trong MOR va EOR, méi truong acid (H,SO,). Két qua cho thay,
xtic thc PtRuNi/FLG thé hién hoat tinh cao nhét véi mat do dong cuc dai tuong
tng dat 1,31 va 1,08 A mg'!. Mit khéc, sy khac biét trong hoat tinh cta cac xtc
tac dugc 1am sang to nho hiéu Gng ludng chirc, hiéu tng phdi tir va hiéu tmg bién
dang cua Pt khi bo sung Ru va Ni. Theo do6, xtc tac PtRuNi/FLG c6 hoat tinh cao
duogc giai thich theo hiéu tng lién hop giira cac thanh phan. Cu thé, Pt dong vai
tro chinh trong phan tung dehydro hoa céc phan tir alcol. Trong khi, Ni lam yéu
cac lién két va hap phu cac hop chat trung gian trén bé mat Pt bang hiéu ing hinh
hoc. Ru va Ni duéi dang oxide cung cap cac hop chat chia oxy, hd tro loai bo cac

hop chét trung gian duya trén co ché ludng chirc.
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Hossain va Park [50] da tong hop xtc tac Pt-Pd/rGO, phan tan xtc tic nay
trén di¢n cuc dang mang mong va danh gia hoat tinh cua xuc tac trong EOR, moi
truong kiém. Céac két qua nghién ctru di cho thay, xuc tac Pt-Pd/rGO thé hién hoat
tinh dién héa cao hon nhiéu so véi cac xtc tac don kim loai Pt/rGO, Pd/rGO, gia
tri Ir twong tmg dat 120,2 mA cm, 53,0 mA cm™ va 11,4 mA cm™.

Liu va cong su [51] dd nghién ctru 4nh hudng cua ham lugng Pd dén hoat
tinh va kha nang chong ngd doc CO cua xtic taic PtPd/GNR trong EOR, méi trudng
kiém. Cac xuc tac Pt,Pd,./GNR (x 1a ty 1& thé tich ciia dung dich H,PtCls 1% va
PdCl, 1%) dugc tong hop bang phuong phap vi song trong mdi trudng EG. Két
qua cho thiy, xtc tac dang hop kim Pto4sPdoss/GNR c6 hoat tinh dién hoa cao
nhét va cao hon nhiéu so véi xuc tac don kim loai, tuong ung gia tri Iy dat 192,3
mA cm?, cao gap 1,9 1an so vdi xtc tic Pt/GNR, gap 1,7 1an so vdi xuc tac
Pd/GNR. Mit khéc, xtc tac Pto4sPdoss/GNR c6 kha ning chong ngd dc cao, thé
hién qua viéc duy tri mat do dong & gia tri cao (60 mA cm) sau 1000 gidy trén
duong quét dong theo thoi gian tai dién thé -0,2 V.

Gupta va cac dong su [52] da nghién ctru cac diéu kién cho phan tng oxi hoa
dién hoa ethanol va methanol, vé1 xtc tac anode Pt-Ru (30%: 15% theo khdi
luong)/C thuwong mai, tng dung trong pin nhién liéu st dung truc tiép alcohol
(hdn hop ethanol va methanol) trong mdi truong kiém. Két qua nghién ctru cho
thay, mat d6 dong ctia phan tng ting theo sy ting ctia ham luong xtc tic nhung
khong tuyén tinh, ham luong xtc tac thich hop 1a 1 mg cm? ddi véi ca methanol
va ethanol. Nhom tac gia nhan dinh rang, ciing voi dang pin kiém, d6i véi DMFC,
ndéng d6 KOH thich hop cao hon gip khoang 3 1an so voi DEFC, tuong tmg 13 6
M va 2 M. Khi két hop hai loai nhién liéu nay trong mot mo hinh pin, tac gia cling
da tim ra dugc ti 1€ thich hop nhat gilta methanol va ethanol 1a 1:3. Khi d6 mat do
cong suit pin dat 1,98 mW cm™.

Xuc tac lai Pt-AIOOH-Si0,/rGO da duogc tong hop thanh cong boi nhém
nghién ctru cia GS. TS. Vii Thi Thu Ha [53—-55] ting dung trong phan irng oxi hoa
dién hoa methanol trong moi truong acid. Cac két qua cho thay, sy c6 mit ctia Al-

Si da giap su phan tan cua Pt tot hon thé hién & cau tric t€ vi cia xic tac trén anh
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TEM va kich thudc tiéu phan Pt dat tir 2,30 nm dén 3,70 nm. Mit khac, hoat tinh
dién hoa cua xtc tac tang 4,8 lan, do bén hoat tinh gép 1,6 1an so v&i xuc tac
Pt/rGO, tuong tng Ir dat 1720 mA mgp', cao nhét trong cac xuc tac dién hoa trén
co so Pt tai thoi diém d6. Bén canh d6, xtc tac Pt-AIOOH-SiO»/rGO c6 d6 on
dinh hoat tinh t6t v6i do giam hoat tinh sau 1200 vong quét dat khoang 19% trong
MOR va khoang 35% trong EOR, mdi trudng acid. Cac két qua phan tich tinh
chit dic trung cua xuc tac cho théy, Al va Si ton tai & dang AIOOH and SiO», c6
tac dung vira ting do phan tan cta Pt, vira hap phu canh tranh cac hop chat trung
gian sinh ra trong qué trinh phan tng, giup 1am giam su ngd doc ddi véi tam hoat
tinh Pt. Két qua la, hoat tinh dién hoa cua xuc tac dugc cai thién.

> Anh hudng ciia phwong phdp téng hop dén hoat tinh va do bén hoat tinh

dien hoa EOR cua xuc tac anode Pt

Y. Wang va cong su [56] nghién ctru anh hudng ctia ham luong nude dén hoat
tinh trong EOR ciia xtic tac Pt-Sn/G duoc tong hop bang phuong phap khir hoa
hoc vai tac nhan EG. Ty 1€ EG/nudc duoc khao sat 1a 100:0, 95:5, 90:10 va 80:20.
Két qua phan tich cau trac té vi cta cc xtc tac cho thay, ham lugng Sn va su két
tu cua cac hat xuc tac tang 1én khi ham lugng nudce tang. Mat khac, hoat tinh oxi
ho4 dién ho ethanol ctia xuc tac ting 1én khi ham luong Sn ting do co ché ludng
chtic ctia xuc tac va hiéu Gng phdi tir. Hoat tinh cta xuc tac dat gia tri cao nhat
khi ham luong nudce dat 5%. Khi ham lugng nudce tang, dién tich bé mit hoat dong
dién hoa cua xuc tadc gidm do bi d&nh hudng bdi SnO; va cac hat xuc tac két tu lai,
dan t6i hoat tinh ctia xuc tac giam.

Xuc tac Pt-Sn/G, 1a mot trong nhiing xtc tac c¢o hoat tinh cao trong EOR, tuy
nhién ham lugng kim loai mang trén chat mang thudng thap hon rét nhiéu so véi
ham lugng 1y thuyét. Trong mot cong trinh khac, Y. Wang va cong su [57] d3 téng
hop thanh cong xuc tac Pt-Sn/G bang phuong phap xtr 1y acid va khir trong moi
truong ruou cao, ki hiéu Pt-Sn/G-A. Cac két qua nghién ctru cho thy, so véi xuc
tac duogc tong hop trong diéu kién twong tu nhung khong xir Iy acid (Pt-Sn/G),
ham luong Pt-Sn mang trén graphene trong mau Pt-Sn/G-A tang 1én dang ké,

tuong tmg 13 18,5% - 1,2% va 41,3% - 2,7% (x4p xi ham luong trong hdn hop
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ban déu). Két qua dién tich bé mit hoat dong dién hoa trong dung dich H,SO4 0,5
M, toc do quét 50 mV s cho théy, xuc tac Pt-Sn/G-A c6 gia tri cao hon so voi
xtc tac Pt-Sn/G, twong tng 1a 42,2 m? gp! va 30,1 m? gpi!. Trong nghién clru nay,
tac gia nhan dinh kich thudc hat Pt khong bi anh hudng nhiéu do xir 1y acid. Do
vay, su tang di¢n tich bé mit hoat dong di¢n hoa cé thé 1a két qua cua viéc tang
lwong tam hoat tinh trén bé mit xtc tac va sy phan manh cua cac tim graphene
sau khi xur ly acid. Mat khac, trong EOR, moi truong acid, xuc tac Pt-Sn/G-A co
hoat tinh cao so véi xuc tac Pt-Sn/G, tuy nhién, ti 1€ Il cua xuc tac nay tuong
duong so voi xtc tac Pt-Sn/G (lﬁn luot 1a 1,18 va 1,13), do ti 1¢ Pt:Sn cua hai xuc
tac twong duong nhau.

Karim Kakaei [58] d4 tong hop xtic tac Pt;Sn/rGO c6 hoat tinh cao trong EOR,
moi trudng acid. Trong nghién ctiru nay, GO dugc tong hop tir dién cuc graphite
bang phuong phap troc no dién hoa, st dung chat long ion. Sau d6, xuc tac
Pt;Sn/rGO dugc khir mot cach cé kiém soat bang chat khir EG. Trong qua trinh
nay, EG vira dong vai tro tac nhan khtr, ddng thoi ciing 14 tac nhan bén hoa, gitip
cac tiéu phan Pt va Sn phan tan dong déu trén bé mat chat mang. Mit khac, GO
chtra cac nhom chirc va nudc nhu -O-, OH, -COOH, c6 kha ndng thu hut cac
proton, dugc tao thanh thong qua mang ludi lién két hydro cua 16p mang H,O hap
phu trén bé mat. Trong khi d6, rGO hoat dong nhu mot chat mang x(ic tic nhung
cling déng thoi 1a 16p dan proton, duoc tao ra bang phuong phap dién hod, nhim
thay thé dung dich nafion trong 16p xuc tac cia PEM-DEFC. Két qua cho thay,
xtc tc Pt;Sn/rGO c¢6 dién tich bé mat hoat dong di¢n hod cao hon nhiéu so véi
xuc tac Pt/rGO, Pt/G + nafion, gia tri dién tich bé mat hoat dong dién hoa tuong
g dat 66,2 so véi 47,3 va 28,8 m? g'. Mit khac, trong EOR, mdi truong kiém,
xuc tac Pt;Sn/GO khéng chi c6 hoat tinh cao ma con c6 kha ning chdng ngd doc
cao ddi véi cac hop chit trung gian, twong tng ty s6 I¢/Ix dat 2,8.

Kakaei va dong su [59] da tong hop thanh cong xuc tac nano Pt-CeO, trén
rGO duoc sulfo hod, c6 hoat tinh cao trong EOR, méi truong acid. GO dugc téng
hop theo phuong phap troc né dién hoa “graphite rod” trong moi trudong dién ly,
sau d6 duoc sulfo hoa va khir hoa dé tao thanh chat mang SRGO . Két qua danh
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gia dién tich bé mit hoat dong dién hoa cho thay, xuc tac Pt-CeO,/SRGO dat gia
tri cao nhat (71 m? g'), cao hon xuc tac Pt/SRGO va CeO,/SRGO, twong tmg dat
49,3 va 42,4 m? g'. Diéu nay c6 thé dugce giai thich do anh hudng ctia nhom chirc
—SO;H trén bé mit graphene gitp cac tiéu phan Pt, c6 kich thuéc nhd, phan tan
dong déu trén bé mit chit mang. Pdng thoi, hiéu tmg lién hop giita Pt va CeO,
cling 12 mdt nguyén nhan dan t6i dién tich bé mat hoat dong dién hod cua xuc tac
tang 1én. Két qua nghién ctru ciing cho thdy, mic du CeO, khong thé hién hoat
tinh trong EOR nhung sy két hop gitra CeO, va Pt giup hoat tinh cua xtc tac Pt-
Ce0,/SRGO ting dang ké, thé hién qua niang luong hoat hoa ctia xtic tic nay thip
hon so v6i xtc tac Pt/SRGO, twong mg gia tri 29,04 va 37,32 04 kJ mol™!, phan
mg xay ra d& dang hon. Ngoai ra, chat mang SRGO, voi nhoém chtc sulfo, c¢6 kha
nang van chuyén proton cao, ting tbc 46 EOR trong méi truong acid.

Chia-Liang Sun va cong su [60] d3 nghién ctru kich thuéc hat Pt trén chat
mang graphene sunfo hod (Pt/s-G), img dung trong EOR, méi truong kiém. Két
qua cho thay, qua trinh sulfo hoa graphene lam ting sy hap phu Pt va gitip Pt phan
bb dong déu trén bé mat chat mang. Mt khéc, cac két qua tinh toan 1y thuyét da
chirng minh r'fmg, cac nhom chire sulfo hoa co thé van chuyén dién tich cho Pt,
giam nang lugng hap phu CO trén Pt, giam su ngd doc tdm hoat tinh. Céac yéu to
tich cuc ndy dan téi hoat tinh dién hoa va d6 bén cua xtc tac duge ting 1én. Theo
do, xtc tac Pt/s-G voi kich thudce hat Pt trung binh 2,5 nm, c6 hoat tinh cao nhat,
dat 3480 mA gp;!, cao hon so vGi xuc tac Pt/C ¢ cung kich thude hat Pt, tuong
g dat 1290 mA gp!.

> Co ché phan iing oxi hod dién hod ethanol trén xiic tic Pt

Jonathan Flérez-Montano va cac dong sy [61] da str dung cac phuong phap
dién hod va phd khdi dé phan tich san pham, xac dinh co ché ctia phan tng oxi
hoa dién hod ethanol, v&i xtic tac trén co so Pt, trong moi truong acid. Két qua
nghién ciu cho thiy, san pham cha yéu tr qua trinh phan mg bao gom
acetaldehyde, acetic acid, CO; va mot phén nhé ester ethyl acetate, methane,
ethylene. Tir cac két qua thu dugc, tac gia da dé xuat co ché EOR trong méi truong

acid vo1 xuac tac Pt nhu sau:
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Dudi tac dung cua xtc tac Pt, nudc bi phan tach tao thanh H' theo phan

ung (18):

1

Pt+H,0O = Pt-OH+H'+e¢ (18)
O tam Pt khac, cac phan tir ethanol dugc hap phu 1én bé mat, xay ra phan
ung dehydro hod tir nhém hydroxyl (-OH), theo phan tng (19), (20), (21)
& khoang dién thé E > 0,05 V:

CH:CH,OH + Pt = P(CH;CH,OH) (19)
P{(CH;CH,OH) = Pt-OCH,CH;+H" + ¢ (20)
PY(CH;CH,OH) = Pt-CHOHCH; + H* + ¢ 21)

Khi dién thé ting dan dén 0,38 V, qua trinh giai hip xay ra theo phan tmg
(22) va (23), san pham acetaldehyde duoc hinh thanh va giai phong tim Pt:
Pt-CHOHCH; = Pt(CHOCH;)+H" +¢ (22)
Pt(CHOCH;) = Pt+ CH;CHO (23)
Khi dién thé tang dén 0,6 V, san phém acetic acid duoc hinh thanh tir phan
g (24) nho sy két hgp véi OH,gs sinh ra tir phan Gng (18) va CHOqq, tir
phéan Umg (22):
Pt(CHOCHj3;) + Pt-OH = 2Pt+ CH3;COOH + H" +¢ (24)
Luc nay, trong moi truong H', mot lwong nho este ethylacetate dugc hinh
thanh:
CH;COOH + CH;CH,OH = CH3;COOCH,CH; + H,O (25)
Bén canh do6, khi c6 tdm hoat dong Pt & dang tu do & bén canh, phan Gng
khac c6 thé xay ra nhu sau:
Pt-CHOHCH; + Pt = Pt,-COHCH; + H" +¢ (26)
Dang hop chat trung gian méi nay sé duoc giai hap dé hinh thanh CO»:
Pt,-COHCH; = Pt-CO+Pt-CH; +H" +¢ (27)
Pt-CH; +2Pt-OH = CO, + 3Pt+ 5H" + 5¢ (28)
Mot s6 san pham khac nhu methane, ethane dugc hinh thanh trong qua trinh

quét v€ véi chat trung gian Hgs:
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Pt+H'+e = Pt-H (29)

Pt-CH; + Pt-H = CHj+ 2Pt (30)
Pt,-COHCH; + 4Pt-H = CH;-CH; + 6Pt + H,O (31)
Pt-COHCH; +4Pt-H — CH;-CH; + 5Pt + H,O (32)

Nhu vay, theo co ché nay, cac san pham nhu acetaldehyde, acetic acid va CO,
dé dang duoc tao ra tir EOR trong mdi trudng acid, trong d6 phan mg oxi hod
hoan toan c6 kha nang xay ra thap nhat, chi khoang 11% theo ty 1¢ san pham.

Trong mot s6 cong bd khac [62, 63] cho rang Rh ¢6 tiém ning 16n trong viéc
cat lién két C-C trong phan tir ethanol. Hop kim Pt-Rh dang lap phuong mang trén
graphene (Pt,Rh,/GN), vi ti 1¢ nguyén tir Pt va Rh khac nhau lan dau tién duoc
Lu Rao va dong sy [64] tong hop thanh cong, str dung chét tao cau tric chira Br
(tetramethyl ammonium bromide). Bén canh d6, tic gia cling nhan dinh rang, chat
mang graphene 1 yéu t6 quan trong trong viéc hinh thanh xuc tac PtRh dang lap
phuong, hd trg cac tiéu phan nano PtRh phan tan mot cach dong déu. Cac két qua
nghién ctru chi ra rang, PtRh t6n tai & dang hop kim dong nhét, kiéu 1ap phuong
tam mat. Trong EOR, moi trudng acid (HC1O,), cac xtc tac Pt,Rhy & tat ca cac ti
1€ nguyén tir Pt, Rh déu thé hién hoat tinh cao, dic biét, xtic tac vai ti 18 Pt:Rh =
9:1 c6 hoat tinh cao nhat. Tuy nhién, cac két qua phan tich san pham trén phd in
situ FTIR di cho thdy rang, mic du d6 chuyén hod ethanol trén xuc tac véi ti 16
Pt:Rh = 1:1 chua cao nhung xuc tic nay c6 kha ning thuc day viéc bé giy lién két
C-C cao nhét va dd chon cua xtc tac nay ddi vé6i san phrflm cubi CO, cao hon so
v6i cac hop kim c6 ti 1€ nguyén tir Pt, Rh khéac. Nguyén nhan duogc tac gia dua ra
1a do hinh thai dac biét ciia hop kim, hi€u tng li€én hop gitra hai kim loai va gitra
kim loai v&i chat mang graphene.

Xiaolin Hu va cong su [65] da tong hop xuc tac dang hop kim Pt-Au trén chat
mang dai nano graphene (GNR) bang phuong phéap vi song dudi sy ¢ mit cua
hop chét polyol. Trén anh TEM quan sat duoc cac tiéu phan hop kim nano PtAu
voi kich thuée tir 4 nm dén 8 nm. Ngoai ra, hoat tinh dién hoa trong EOR, moi

truong kiém, ctia xuc tac ludng kim PtAu/GNR dat 135,8 mA cm, cao hon nhiéu
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so voi céac xuc tac don kim loai nhu Pt/GNR (60,3 mA cm?) va Au/GNR (18,8
mA cm?). Mit khac, tac gia nhan dinh rang, ty sé I¢/Ig cua xuc tac PtAu/GNR va
xuc tac Pt/GNR, tuong trng dat 1,97 va 1,27, chting t6 kha nang oxi hod hoan toan
ethanol dugc cai thién nho sy c6 méat cua Au. Thém vao do, pha bién tinh Au thic
day phan tmg oxi hod cat mach C-C, phan (mg oxi hoa CO d tao thanh san pham
CO, va giai hép khoi bé mat xuc tac, giam thiéu su ngd doc tam hoat tinh.

Nhu vdy, cac nghién ciru di cong bd vé xuc tac Pt va Pt bién tinh da giai quyét
hau hét cac kho khan cua dong xuc tic ndy trong phan tng oxi hod dién hoa
ethanol, dién hinh nhu nang cao d6 bén cua xuc tac do anh hudng cua cic hop
chat trung gian trong qua trinh phan tng. Tuy nhién, cic cong trinh thudng moi
dung lai & viéc téng hop xtc tac va khao sat hoat tinh dién ho4, chi co sb it cac
cong trinh ung dung céc xdc tic nay trong viéc ché tao muc anode cho DEFC.
Mit khac, gia thanh cao cta Pt ciing 1a mot trong nhiing kho khan dé ung dung
né vao trong thuc té. Do vay, viéc giam ham lugng Pt trong thanh phan xc tac,
hodc thay thé Pt bang kim loai c6 hoat tinh twong dwong nhung gia thanh thap
hon nhu Pd, dang duogc cac nha khoa hoc quan tdm nghién ctru trong thoi gian
gan day.

1.2.2. Xuc tiac anode trong DEFC trén co so kim logi qui Pd

Xtc tac Pd ¢6 ciu trac tuong ty, gia thanh thap va tinh hoat cao twong duong
Pt. Tuy nhién, khac véi Pt, Pd c6 hoat tinh rat thap d6i véi phan ing oxi hoa dién
ho4 alcohol, trong mdi truong acid, do xtc tac bi thu dong trong mdi trudng nay.
Trong khi, v61 moi truong kiém, kim loai nay c6 do hoat dong cao [66]-[68].
Thém vao dé, Pd co thé két hop v61 don hodc da kim loai, cling nhu oxide kim
loai chuyén tiép nham giam thiéu ham luong Pd ma van duy tri dugc hoat tinh
dién hoa cao. Do vay, cic nghién ctru tip trung chu yéu bién tinh Pd, thay thé chét
mang va danh gia hoat tinh dién hoa phan ing oxi hoa ehtanol trong mdi truong
kiém.

> Co ché phan iing oxi hod dién hod ethanol trén xiic tic Pd

Khac véi xuc tac Pt trong mdi truong acid, san pham ciia EOR, trong moi

truong kiém, véi xac tac Pd chu yéu l1a dang mudi acetate cua kim loai kiém. Co
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ché phan tmg da duoc dé xuét boi Liangin Wang va cac dong sy [69] nhu sau:

- Budc dau tién, cac chat phan tmg duoc hip phu 1én bé mit cia tdm hoat
tinh Pd theo phan g (32) va (33):
Pd+OH = Pd-OHyst+e (32)
Pd + CH;CH,OH = Pd-(CH3CH,0H)aqs (33)

- Tiép theo, phan g xay ra trén cac tdm hoat tinh theo phan ung (34) va
(35):
Pd-(CH3CH,0H)ygs + OH- = Pd-(COCHz)ags + 3H O +3 e (34)

Pd-(COCH3)ags + Pd-OHngs = Pd-(CH3COOH )4 + Pd (35)
- Cudi cung, san pham duogc nha hip phu theo phan tng (36):
Pd-(CH;COOH),¢s + OH- = Pd+ CH;COO + H,0O (36)

Theo co ché trén, budc dau tién (phan tng (32) va (33)) dién ra cham nhat va
quyét dinh dén toc d6 ctia phan tng. Vi vy, cac pha bién tinh xtc tac Pd thuong
str dung & dang oxide cua kim loai chuyén tiép, co kha ning hap phu cao ddi véi
cac hop chét chua oxi, hodc ion hydroxyl, gitp tang toc do phan tng chung. Mt
khac, hop chét trung gian Pd-OH,g 1a mot trong nhitng tic nhan giy giam hoat
tinh do Pd d& bién ddi thanh dang oxide PdO c6 hoat tinh thap trong EOR.

> Vai tro ciia chdt mang va pha bién tinh trong xiic tdc anode Pd

Obradovic va cong su [70] dd nghién ctru tong hop xtc tac Pd/C va Pd-Ni/C
(nni/npg = 3:1), str dung NaBH, 1am chat khir tng dung trong EOR. Két qua TEM
cho théy, cac tiéu phan kim loai c6 kich thudéc hat cd 3,3 nm. Mat khac, két qua
dién hoa cho théy, xuc tac Pd-Ni/C co6 hoat tinh dién hoa cao hon xuc tac Pd/C,
v6i mat do dong Ir = 1158 mA mg™', gap 2 lan so véi mat do dong cua xdc tac
Pd/C. Thém vao d6, két qua danh gia thoi gian hoat dong cua xuc tac cho thay, Ni
gitip cai thién d6 bén hoat tinh cua xtc tac. Cu thé, sau 250 vong quét CV, hoat
tinh xuc tdc Pd-Ni/C giam khoang 30%, trong khi, hoat tinh xtc tac Pd/C tuong
ung giam 40% gia tri.

Yang va céac cong su [71] da nghién ctru hé xuc tac trén co s& Pd-Ni (ti 1€

npa:nn; = 1:1,12) trén chit mang C va/hodc carbon sulfo hoa (SC), st dung chét
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khir NaBH,. Két qua anh TEM cho thay, kich thudc cac tiéu phan kim loai trong
khoang tir 6,5 nm dén 11 nm. Mit khac, két qua hoat tinh dién hod trong EOR cho
théy, xtic tac PANi/SC ¢6 hoat tinh cao nhit véi mat do dong quét thuan dat 2350
mA mgpq . Theo nhan dinh cta tac gia, chat mang SC gitp tang kha nang hip phu
tac nhan OH", lam tang tbc 46 EOR, dan toi tang mat d¢ dong.

Zesheng Li va cong su [72] di tong hop xtc tac Pd trén vt liéu composite
carbon nitrid-graphite carbon (Pd@g-C;N4/GC), theo phuong phap vi song, véi
ham lugng Pd khoang 25% theo khéi lugng, chat khir ethylene glycol, tng dung
trong EOR. Nhom tac gia nghién ciru anh huong cia ti 18 khéi luong giita graphite
va melamine thong qua qua trinh téng hop vat liéu composite g-C3N4/GC, bang
phuong phap polymer hoa nhiét, dén hoat tinh dién hoa ciia xuc tac. Két qua cho
thay, xtac tac Pd@g-C3N4(0,065)/GC c6 hoat tinh dién hoa tot nhat v6i mat do
dong quét thuan Ir dat 2156 mA mgpq!, d0 6n dinh hoat tinh cao, sau 200 vong
quét CV, mat do dong con lai 88%. Theo tac gia, chét mang C3;Ny 1a tac nhan chinh
lam tang hoat tinh va dg bén hoat tinh cta xtc tac Pd.

Feng va cong su [73] di tién hanh tong hop xuc tiac PdSn trén chat mang
graphene, bién tinh bang nito (NG) véi céc ti 16 kim loai khac nhau, st dung
NaBH, 1am chat khir, ing dung trong EOR. Két qua cho thay, xtic tic Pd;Sni/NG
c6 hoat tinh tot nhat, Ir dat 2983,33 mA mg!, dién tich bé mit hoat dong dién hoa
dat 562,01 cm? mg™'. Két qua quét do bén cho thiy, trong thoi gian dau hoat tinh
clia cac xuc tac suy giam manh. Tiép do, sau 1800 gidy, mat d6 dong bat dau 6n
dinh va sau 3600 gidy, mat d0 dong cua xtc tac Pd;Sn;/NG con lai khoang 20,5%.
Theo tac gia, vai tro ciia Sn va chit mang bién tinh da ting cuong hoat tinh dién
hoa va do 6n dinh cua xuc tac Pd trong EOR.

Rostami va cOng su [74] da tién hanh tong hop xtc tac Pd-Cu,O mang trén
carbon nano tube da thanh (MWCNT), (mg dung trong EOR. Két qua cho thay,
pha bién tinh Cu,O 1am tang hoat tinh va do bén hoat tinh cua xuc tac. Cu thé, xtc
tac PACu,O/MWCNT c6 mat 6 dong Ir dat 100 mA cm2, 16n gip khoang 2,2 1an
so v&i mat do dong cua xuc tdic PA/MWCNT. Thém vao do, két qua quét CA cho
théy, sau 2000 giay hoat dong, mat o dong cua xuc tac PdCu,O/MWCNT con lai
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khoang 37,5%, gap khoang 6 l1an so véi xtc tac PA/MWCNT.

Tavakolian va cong su [75] da nghién ctru tong hop vat liéu nano composite
Pd-ZnO, tmg dyng 1am xtic tac trong qua trinh EOR. Két qua quét dong thé tuan
hoan cho théy, xtic tac Pd-ZnO co hoat tinh dién hoa tot hon, tuong ing mat do
dong Ir dat 2,4 mA, gép 6 1an so véi xuc tac Pd. Mit khac, xuc tac Pd-ZnO cb
hoat tinh dién hoa trong EOR cao hon so véi trong MOR va oxy hoé isopropanol,
trong cung diéu kién.

Ahmed va cong su [76] dd nghién ctu téng hop xtc tic PduMn; Oy trén
graphene (Pd,Mn,.,O./G), tng dung trong EOR. Két qua quét dong thé tuan hoan
cho thiy, xtic tic PdysMnysO,/G c6 hoat tinh tot nhat, véi mat d6 dong Iy dat 881
mA mgps! (tuong duong 36,3 mA cm?), ty 1¢ I¢/Is dat 2,5, dién tich bé mit hoat
dong dién hoa dat 72,6 m? gpa™.

Krishna va cong su [77] d3 nghién ctru tong hop vat liéu nano Pd@Ni,B/rGO,
g dung lam xuc tac trong EOR. Két qua anh TEM cho thay, kich thudc céc tiéu
phan kim loai dat tir 8 nm dén 12 nm. Ngoai ra, xuc tic Pd@Ni,B/rGO c6 hoat
tinh dién hoa cao, sau 50 vong quét, mat do dong dat 19,7 mA cm™. Mit khac,
xuc tac bién tinh c6 6 bén cao hon thé hién ¢ phé CA cua Pd@Ni,B/rGO cao
hon so véi xuc tac khong bién tinh, sau 2000 gidy hoat dong.

Ma va cac déng su [78] da phat trién loai xtc tac PAPtNi/DNA-rGO, véi DNA
1a Deoxyribonucleic acid. Két qua dién hod cho thay, xuc tac Ni;Pd,Pt;/DNA-rGO
c6 hoat tinh t6t nhat voi Iy = 3400 mA/mgx, tuong tmg véi 11516,54 mA mgpq™.
Pay 1a mot trong nhimg két qua hoat tinh cao nhét tinh dén thoi diém hién tai
trong EOR, moi trudng kiém. Theo cac két qua dic trung hoa 1y, DNA gitip ting
su grfm két gitra tam kim loai hoat tinh va chat mang, cai thi¢n dang ké su phan bd
va kha nang niu gilr tdm hoat dong trén bé mit chat mang, dan t61i, hoat tinh va d6
bén hoat tinh ctia xtic tac ting.

Wang va cac dong su [79] da tong hop xtc tic PdAu(Cu)/rGO-CNT 3D bang
phuong phap khir hoa hoc, sir dung chit khir NaBH,, méi trudng ethanol (pH =
13), trong 4 gio. Trong nghién ctru ndy, tac gia khao sat xtc tic dugc bién tinh boi

Au va Cu, ciing nhu khao sat ham luong kim loai trong thanh phan xuc tac. Két
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qua cho thay, trong MOR, xtic tac Pd-Au-Cu (50%)/rGO-CNT, c6 hoat tinh cao
nhat, Iy dat 1046,72 mA mgpq", cao hon 1 s xtic tic nhu: Pd-Au-Ag (1:1:1)/rGO
(968,9 mA mgpq!), Pd-Au (1:1)/rGO (808,8 mA mgpg'), PASnCu/CNT (395,94
mA mgpq). Tuong tu, trong EOR, xuc tac Pd-Au-Cu (50%)/rGO-CNT ciing thé
hién hoat tinh cao nhét véi Iy dat 2347,97 mA mgpq!, cao hon mot s6 xuc tac khac
nhu: Pd-Cu (1:1)/rGO (2105,4 mA mgpg'), PdrGO (2000 mA mgpq!), Pd-
Au/CRG (1566 mA mgpq "), Pd-Au(1:1)/rGO (1218 mA mgpa™).

Saced Shahrokhian va cac dong sy [80] da tong hop hé xtc tac Pd-
Ni@MnO,/rGO trén dién cuc carbon thily tinh, bang phuong phap dién phan tir
cac dung dich mudi cua cac kim loai twong tmg. Két qua nghién ctru cho thay,
MnO; ¢6 su twong hd véi hon kim Pd-Ni trén chat mang rGO trong viéc ting hoat
tinh xuc tac, kha nang chéng ngd doc. Két qua xac dinh gia tri di¢n tich bé mat
dién ho4, thong qua phép do dién hoa hap phu CO (CO stripping), ctia xtc tac Pd-
Ni@MnO»/rGO, dat gia tri 53,7 m? gps!. Twong (mg, hoat tinh dién hoa trong
EOR, moé1 truong kiém, dat 115,2 mA cm?, ty s6 Ip/Ig = 2,2, cao nhat trong s6 cac
loai xuc tac dugc nghién ctru. Ngoai ra, trong nghién ctru nay, tac gia cling khao
sat ty 1& kim loai Pd va Ni trong thanh phan xuc tac. Két qua cho thay, ty 1¢ mol
Pd:Ni = 7:3 1a ty 18 thich hop nhat.

> Anh huéng ciia phwong phdp téng hop dén hoat tinh va do bén hoat tinh

dien hoa EOR cua xuc tac anode Pd

Rajesh Kumar va cac dong su [81] di nghién ctru tong hop xtc tac Pd/rGO
theo phuwong phép vi song, cong suat 810 W, dong thoi khao sat thoi gian chiéu vi
song khac nhau, tir 55 dén 120 gidy, ing dung trong EOR. Két qua cho thiy, sau
qua trinh tong hop vi song, Pd da dugc khir vé dang kim loai va phan tan déu trén
chat mang rGO véi kich thude khoang 20 dén 25 nm. Xuc tac Pd/rGO, thoi gian
chiéu vi séng 90 gidy, co hoat tinh dién hoa tot nhat, dat gia tri 10,23 mA cm™
(Pd). Theo nhan dinh cia tac gia, khi thoi gian chiéu vi song ngan, cac tiéu phan
Pd chua duoc khir hoan toan, van ton tai & dang oxide, c¢6 hoat tinh thép. Trong
khi d6, néu thoi gian chiéu vi séng dai hon, Pd s& nong chay va két tu lai thanh

cac hat 16n hon, giam dién tich hoat dong dién hoa, tré nén thu dong hon dan t6i
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hoat tinh xuc tac giam.

Tan va cac ddng sy [82] dd nghién ctru tong hop xtc tac nano Pd-Ni/rGO. Xtc
tac dugc tong hop tir GO, cac tién chat Pd va Ni, chat khir NaBH,, tng dung trong
qué trinh EOR, méi trudng kiém, tai nhiét d6 phong trong 12 gio. Két qua cho
théy, xtc thc PANi/rGO c6 hoat tinh dién hoa cao nhét, cao hon so véi xuc tac
PdNi/C va PdNi, gia tri Ir dat twong tmg 770,6 mA mgpq', 604,6 mA mgp! va
250,5 mA mgpq'.

Jana va cong sy [83] d4 tién hanh tong hop cac hat nano dang hoa (flower-like
nanocrystal) Pd;Pb bang phuong phap polyol hoa va phuong phap thuy nhiét, tng
dung trong EOR. Két qua cho thay, xtic tac tong hop bang phuong phéap polyol
ho4 c6 hoat tinh dién hoa t6t hon, dat Ir= 2,02 mA cm2. Tuong tng, dién tich bé
mat hoat dong dién hod cua xuc tac trong dung dich KOH 0,5 M dat 2,82 cm? va
trong dung dich HC1040,5 M dat 1,7 cm?.

Lingzhi Li va cac dong su [84] da phat trién hé xuc tac Pd-Ag/rGO, tng dung
cho MOR va EOR. Trong nghién ctru nay, tac gia tong hop xuc tac Pd-Ag/rGO,
str dung phuong phap khir nhiét (khong sir dung chat khir) & 84°C, méi truong pH
= 8, trong 3 gio, tir tién chit AgNOs, K,PdCly va GO. Sau do, tiép tuc duoc xt 1y
nhiét & 200°C, trong 24 gio. Két qua cho thay, xtc tac Pd-Ag/rGO, véi ti 18 mol
tuong ung 1:1, ¢6 hoat tinh cao nhat, mat do dong I dat 603 va 1601 mA mg py’!
tuong img véi methanol va ethanol.

Hiilya Oztiirk Dogan [85] str dung phuong phap dién phan dé tong hop xuc
tac Pt@rGO trén dién cuc Ni x6p. Két qua cho thay, xtc tac Pt@rGO/Ni xbp cd
hoat tinh rat cao trong EOR voi gia tri Ir = 130 mA cm2, gip tir 6,5 dén 65 lan so
v6i1 cac dong xuc tac tuong ty theo cung phuong phap dién phan nhu Pd-Ni trén
graphene oxide troc no, xuc tac Pd/C, Pd-Ni/C,v.v. Nguyén nhan chinh dugc
Dogan dua ra 1a nho cau triic clia tim Ni x6p gitip 1am ting dién tich hoat dong
bé mit dién hoa cuia xuc tac, dong thoi lién két gitta Pd va rGO tré nén bén chéc
hon khi duoc ngung tu dién phan trén nén tAm Ni x0p. Ngoai ra, két qua nghién
ctru nay cho thy hoat tinh cua xtc tac Pt@rGO/Ni x6p ty 1 thuan véi nong do

chat phan tmg 13 ethanol va tdc d6 quét thé voi do tuyén tinh cao, dat xap xi 1,0.
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> Vai tro ciia pha bién tinh Na trong dong xiic tdc Pd

Nicola Seriani [86] d4 sir dung cac phép tinh toan nhiét dong hoc dé danh gia
vai trd cua chét bién tinh Na trong viéc thay dbi trang thai pha cua xuc tac Pd.
Theo két qua tinh toan mat do ham 1y thuyét trong nghién ctru nay, su ¢6 mat cia
Na d3 1am thay doi trang thai cau trc tinh thé ctia NaPd;O, tir tinh thé dang tir
dién sang dang 1ap phuong, trang thai bén vitng hon. Két qua cho thdy, tinh thé
dang 1ap phuong NaPd;0, c6 ning luong tao thanh thap nhat va co thé bén ¢ nhiét
dd khoang 917°C. Theo nhan dinh cua tac gid, viéc thém Na c6 hai tac dung chinh:
Thér nhit, Na giup cho cAu trac cua oxide dugc On dinh, dan t6i Pd ton tai & pha
kim loai dang lap phuong tdm madt. Thir hai, nho kha nang cho electron cua kim
loai kiém 1am tang su hoat dong ciia x{ic tac trong cac phan tng oxi hoa ndi chung.

Nhu vay, hau hét cac két qua nghién ctru trén vé xtc tac dién hod trén co so
kim loai qui Pd c6 chung nhén dinh rang, dong xuc tac ndy c6 hoat tinh cao trong
EOR, trong méi trudng kiém. Tuy nhién, d6 6n dinh hoat tinh ciia xtc tac chua
cao 12 mot trong nhimg diém yéu cua dong xtc tac nay. Mit khac, trong tu nhu
voi1 xuc tac Pt, gid thanh cia Pd con khé cao, day 1a mdt trong nhiing trong viéc
ap dung dong xtic tic nay trong pin nhién liéu, img dung vao thuc té.
1.2.3. Cdc xuc tac anode khac

Nhu da trinh bay ¢ trén, cac chét xuc tac trén co s& kim loai qui nhu Pt va Pd
c6 hoat tinh tot trong qua trinh oxi hod dién hoa ethanol, thich hop cho DEFC.
Tuy nhién, cac kim loai qui nay c6 gia thanh dit va bi han ché trong ty nhién. Mat
khac, viéc ing dung trong thuc tién cic pin nhién liéu phu thudc chi yéu vao gia
thanh, hoat tinh va do bén hoat tinh cua xtc tac dién hoa. V&i mong mudn tang
hiéu qua st dung ctia DEFC nhung khong bi phu thudc vao xuc tac kim loai qui,
cac nha khoa hoc di nghién ctru tong hop cac vat lidu nano trén co sé cac kim loai
chuyén tiép hodc oxide. Két qua cho thay, cac xtc tac nay cé hoat tinh kha t6t
trong EOR, déng thoi xtc tac cling c6 tinh khang doc nhét dinh va d6 6n bén hoat
tinh tot.

Jayaseelan va cong sy [87] da nghién ctru bién tinh vat liéu nano composite

aerogel trén co s& NiCo,04 bang 6ng nano carbon da thanh (MWCNT), ing dung
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trong EOR, mdi truong kiém. Theo d6, cac chét xuc tac voi ham lugng MWCNT
tir 0 dén 15 mg da duoc diéu ché. Két qua cho thay, xuc tac c6 ham luong 15 mg
MWOCNT c¢6 hoat tinh dién ho4 tot nhit, v&i mat do dong quét thuan Ir dat khoang
56 mA cm® Theo su giai thich cua tac gia, cac hat nano NiCo,O, lién két véi
nhau, dong thoi lién két v6i MWCNT trén nén aerogel di cai thién kha ning
khuéch tan cia ethanol. Mit khac, NiCo,04 1am ting tinh dan electron cta xuc
tac. Cac yéu to nay két hop gitip tang dang ké hoat tinh xuc tac trong EOR.

Kakaei va cong su [88] da téng hop vat li¢u Ni, Co va Ni-Co mang trén chat

mang graphene oxide dd khtr bién tinh boi nito (Ni/NrGO, Co/NrGO va Ni-
Co/NrGO, ty s6 mol Co/Ni bang 4), bang phuong phap héi luu, tng dung trong
EOR, méi trudong kiém. Két qua cho théy, xuc tac Ni-Co/NrGO c6 hoat tinh dién
hoa tot nhat voi mat d6 dong Ir dat 85 mA cm®. Nguyén nhan dugc dua ra 1 nho
su két hop gitta Ni va Co tao nén dang hop kim c6 tinh hiép tro, 1am ting d6 dan
electron, dan t6i ting tbc d6 EOR. Do d6, hoat tinh cta xtc tac dugc cai thién.

Nasser A. M. Barakat va cong su da cong bd mot s cong trinh nghién ctru vé

xuc tac trén co s& Ni, Ni-Co hay Cd-Co, ung dung trong EOR:

- Tac gia da tong hop cac xuc tac Ni/rGO, Ni/C va Ni/soi nano carbon bang
phuong phap sol-gel [89], tmg dung trong EOR, mdi trudng kiém. Nhin
chung, chat mang C da cai thién duoc hiéu qua cua xuc tac Ni thong qua kha
nang hap phu ethanol va van chuyén cac chat phan tng trén bé mit xuc tac.
Bén canh do6, xuc tdc Ni/rGO c6 d0 tang hoat tinh ty 1€ thuan véi ham lugng
Ni, do kha ning phan tan cta Ni trén bé mit graphene oxide da khir ting lén,
theo do, hoat tinh dat gia tri cao nhét tai ham luong Ni 1a 60% theo khoi
lugng, dat 103,5 mA cm™. Mit khéc, chat mang rGO s¢€ hép phu canh tranh
cac hop chat trung gian nhu CHO,gs, COuqs, V.V., tinh chat ndy gitp cai thién
kha ning chdng ngd doc cuia xuc tac Ni khi nong do ethanol ting 1én, dong
nghia véi viéc ham lugng chat doc ciing ting 1én twong tmg. Theo do, xtic
tac Ni/rGO c6 thé lam viéc & néng do ethanol 6 M, trong khi ddi vai cac xtc
tac Ni trén C hodc soi nano carbon chi c6 thé 1am viéc t6t véi ndng do6 ethanol

thép, khoang tir 0,5 M dén 1 M;
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- Trong mdt nghién ctru khac, xtc tac Ni-Co-oxide trén rGO [90] dugc tong
hop bang cach tam wét mudi Ni, Co acetate trén chat mang rGO, dudi sy c6
mit cta chat khir hydrazine, sau 6 khir & 850°C, moi trudng Ar, trong 2 gid.
Két qua cho thay, Co-Ni ton tai dudi dang hop kim véi kich thude céc tiéu
phan khoang 68 nm. Mit khac, tac gia cho rang, chit mang graphene dong
vail tro quan trong trong viéc phan tan pha kim loai va lam tang hoat tinh
cling nhu do bén hoat tinh ctia xuc tac, thong qua gia tri Eonse, trén phd CV
trong EOR, giam tir 390 mV xudng 90 mV. Két qua ciing cho thay xuc tac,
Nig2C00.2/rGO (v6i 0,2 1 khéi lwong mudi tinh theo g, tién chét trén 300 mg
GO) c6 hoat tinh cao nhét trong EOR, méi trudng kiém, gia tri Ir dat khoang
28 mA cm?;

- Xuc tac Cd-Co/C dugc tong hop bang phuong phap sol-gel, tmg dung trong
EOR trong méi trudng kiém. Két qua cho thay, xuc tac Cd-Co/C c6 hoat tinh
tot véi mat do dong Ir = 70 mA cm™, tai dién thé 365 mV, gia tri nay cao hon
s0 voi xtic tac 40% Pt/C va Co/C & cung diéu kién phan tng. Loi giai thich
duoc dua ra 13 do sy xuét hién cua Cd di lam ting do dan electron cia Co
khi ¢ ¢& hat nanomet. Mt khac, su két hop Cd-Co ciing 1am ting kha ning
oxi hoa tiép hop chat trung gian nhu CO trén bé mat xuc tac. Do d6, hoat
tinh xtc tac tang lén va do bén hoat tinh dat két qua kha quan. Dong xtc tac
nay mé ra hudng nghién clru gidm gia thanh cia DEFC, ing dung trong thuc
té.

W. Du va cong su [91] d3 tién hanh tong hop xtc tic Ir,Ru)./C bang phuong
phap tam uét & 170°C va khtr hoa bang H, & 100°C, tmg dung trong EOR, mdi
truong acid. Két qua cho thiy cac xtic tac ché tao duoc co kich thude trong khoang
2,9 nm dén 3,7 nm. Két qua khao sat ty 1& Ir va Ru cho thdy, xuc tac Ir;7Ru,3/C c6
hoat tinh dién hoa tot nhat, véi mat 6 dong Ir dat 72 mA mg™, cao hon so véi
mot s xuc tac ¢ chita kim loai qui Pt nhu Pt/C (thuong mai) va PtsoRuso/C. Dua
trén cac két qua nhan duoc, tic gia d3 md phong va tinh toan duoc ning luong
hoat hoa ctiia phan tng. Theo d6, nang lugng hoat hoa ciia EOR vé1i xuc tac [rRu/C

thap hon khoang 1,5 1an so véi st dung Pt/C thuong mai.
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L. Cao va cong su [92] da tién hanh tong hop xuc tac Ir;Sn/C va Pt;Sn/C sir
dung NaBH, lam chat khtr, tng dung trong EOR, méi trudng acid. Két qua cho
thay, xtic tac Ir;Sn/C va xtic tac Pt;Sn/C c6 hoat tinh dién hod twong duwong nhau.
Tuy nhién, xtc tac Ir;Sn/C c6 do bén cao hon, cu thé sau 1200 giay lam viéc trén
gian dd CA, mat do dong con lai khoang 0,28 mA, cao hon so vo1 xuc tac Pt;Sn/C
& cung diéu kién (0,2 mA). Theo két qua phan tich hong ngoai san pham, tac gia
nhan thay, san pham ciia EOR cia ca hai loai xtic tac déu bao gom acid acetic,
acetaldehyde. Tuy nhién, san pham andehyde c6 thé duoc hinh thanh trén bé mit
Ir, & dién thé 4m hon so v6i xtc tac Pt. Mit khéc, dong hoc cua qua trinh phan ly
OH,qs v6i xuc tac Ir dién ra nhanh hon so véi Pt do sy khac nhau vé ciu tric bé
mat cua hai tdm hoat dong.

Nhu vay, cac nghién ctru cho thiy, ngoai xuc tac truyén théng nhu Pt hoic Pd,
cac xuc tac anode khac trong EOR, chil yéu trén co s& cac kim loai chuyén tiép
nhu Co, Ni, Ir, v.v. va dang oxide ctia ching ciing thé hién thé hién hoat tinh va
d6 bén hoat tinh trude tic dong ciia cac san pham trung gian nhu carbon monoxide,
aldehyde, acid acetic kha tot. Cac xtc tac ndy c6 thé dugc tong hop ¢ dang don 1¢
hodc két hop vé1 nhau, co thé duoc mang trén vat li¢u carbon nham tang d§ phan
tan ctia tim hoat tinh. Mot sb kim loai chuyén tiép nhu Ni, Co tuy réng chua co
hoat tinh that sy n6i bat nhung chung 1am tang do bén hoat tinh khi két hop voi
Pt hodc Pd. Piéu nay lam giam gia thanh téng hop xtc tac va nang cao kha ning
g dung pin nhién li¢u trong thuc té.

1.2.4. Gidi thigu vé chit mang graphene oxide

Graphene c6 cdu tao 1a mot don 16p carbon tinh khiét, lién két chat ché voi
nhau thanh mot mang ludi luc giac hinh to ong, nd 1a mot dang thu hinh cua carbon
v6i cdu tric phang (2D). Graphene 1a loai vat liéu duoc xem 1a mong nhét trong
sO tat ca cac dang vat liéu da duoc biét dén tir trude t6i nay, graphene c6 nhiing
tinh chét rat dic biét nhu siéu mong, siéu phang, dién tich bé mat riéng rat 16n,
dan nhiét, din dién tét va c6 d6 bén co hoc cao.

Nam 2010, graphene dugc boc tach thanh cong va xac dinh céc tinh chét dic

trung boi Andrei Geim va Konstantin Sergeevich Novoselov [93]. Cho dén nay,
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graphene luon nhan dugc su quan tdm nghién ciru cia cac nha khoa hoc trén thé
gidi. Vit liéu nay c6 thé duoc tong hop tir phuong phéap vat 1y don gian nhu boc
tach co hoc, hodc song siéu am, song viba, v.v., dén phuong phap phirc tap hon,
doi hoi k¥ thuat cao nhu phuong phéap lang dong pha hoi phan tir, phuong phap
lap ghép phan tir, phuwong phap tach 16p hoa hoc.

Phuong phap tach 16p hoa hoc con dugc goi 1a phuong phép “uwor” hay phuong
phap ché tao mang graphene tir dung dich [94, 95], dua trén qua trinh solvate hoa
dudi tac dung khuéy tron manh cua song si€u am; hodc bﬁng dién phan trong dung
moi thich hgp véi nguyén li¢u graphite tréc nd hodc graphite vay. Phuong phéap
nay don gian, dé thuc hién, tuy nhién nhuoc diém cta no 1a mang graphene tao ra
c6 chat lugng khong dong déu, hiéu suat thap. Hon nita, kha ning Gng dung cua
san pham bi han ché do anh hudng ciia moi truong phan tan. San pham ché tao
theo phuong phép nay thuong tao ra graphene it 16p.

Phuong phap diéu ché graphene thong qua phan mg oxi hoa khtr 1a phuong
phap duoc st dung rong rdi nhat hién nay. Qua trinh diéu ché graphene tir graphite
thuc hién qua ba giai doan.

Giai doan 1: Tach 16p graphite vay bang cac phuong phap hoa hoc, vat 1y,
hoa 1y hodc két hop [96]. San pham cua giai doan nay dugc goi 1a graphite troc
né (ExG). Hién nay, ExG d3 duoc thuong mai hoa nén c6 thé di truc tiép tir ExG
thay vi graphite. Trong truong hop do, budce tach 16p graphite dugce bd qua.

Giai doan 2: Oxi hoa ExG bang céc chat oxi hoa manh, sé& thu duoc graphene
oxide (GO) ¢6 ti 18 C:0 tir 2,1 dén 2,9 [97-99]. Ban than GO ciing c¢6 nhiéu ing
dung, dic biét duoc dung 1am chat trung gian trong qué trinh tong hop graphene,
lam chat mang trong qua trinh tong hop xtc tac dién hoa.

CAu tric va dic tinh cia GO phu thudc vao timg phwong phép téng hop va
mirc do oxi hoa. N6 van giit ciu tric 16p didc trung ciia graphite ban dau, nhung
cac 16p nay khong bang phang va khoang cach giira hai 16p (~7A) 16n hon khoang
hai 14n so v6i trong graphite [99]. Nguyén nhén 1 do sy xudt hién cta cac nhom
chtic chira oxy duoc dinh trén bé mit va & mép cta tim graphene. Cac nhom chirc

chtra oxy phd bién nhat ma thyc nghiém tim thay trén GO bao gdm: Nhom epoxy
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(C-0-C), nhom carbonyl (=CO), nhom hydroxyl (-OH) va nhém carboxylic (-
COOH) (hinh 1.12).

HOOC

Hinh 1.12. Céu tric dé xuat ciia graphene oxide

Su xuét hién cua cac nhom chirc nay lam bé mit GO c6 mat do dién tich Am
16n, d& dang tao lién két hydro véi nude. Pay 1a nguyén nhan chinh giup GO phan
tan tot trong moi trudng nudc ma khong bi két lang. Mit khac, cac nhom chirc
chtra oxy trén bé mat GO 1a nhimg trung tdim hoat déng, giup bé mit GO c6 hoa
tinh t6t trong nhiéu phan tng hod hoc. Do vay, GO dé dang thuc hién cac qua
trinh bién tinh nho su két hop, hoic bang phan tng hoa hoc gitra cac nhom chirc
chtra oxy cia GO v6i1 cac nhom chirc khac (lién két cong hoa tr1), hoac br?mg luc
ion, lyc Van der Waals, lyc hut tinh dién gitra cdc nhom chirc chira oxy mang dién
am ctiia GO v6i cac phan tr mang dién duong cta ion kim loai.

Phuong phép tong hop GO dugc tmg dung phd bién nhit hién nay 1a phuong
phap Hummers [97]. Phuong phéap ndy c6 hiéu sut cao, don gian va gan nhu da
duoc chuin hoa. Mrc do oxi hoa dat dugc thé hién boi ty s6 C:0 giam tur 4:1
(ExG) dén 2:1 (GO), thé hién & phan carbon lai hoa sp? giam di, thay thé bang lai
hoa sp? khi lién két véi cac nhom chire chira oxy.

Bén canh d6, nhiéu nha khoa hoc da nghién ctru cai tién qué trinh téng hop
GO dua theo phuong phap Hummers, tranh su oxi hod manh va giam thiéu qua
trinh tao ra cac loai khi doc nhu NOy, SO [100-103]. Cac phuong phap nay dugc

goi chung 14 phuong phap Hummers cai tién.
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Giai doan 3: Giai doan khir hoa GO thanh graphene. Dé thu dugc graphene
can phai khtr hoa cac nhom chirc chira oxy trén bé mat GO [104], [105] bang cac
tac nhan khur thuong dung nhu hydrazine, NaBH4, ethylene glycol hodac phuong
phap khir nhiét, phuong phap dién hoa, phuong phép quang, v.v.. Graphene thu
duoc sau qua trinh nay dugc goi la graphene oxide da khur (rGO). Vat li¢u nay
khong hoan toan giéng véi graphene nguyén ban. Cau triic cia rGO van con ton
tai cdc nhém chuc chira oxy chua bi khir hoa hét, do d6, d6i khi rGO con duoc
goi la graphene chuc hoa (FG).

Trong thuc té, phuong phap oxi hoa khtr 12 phuong phép c6 thé sir dung dé
tach dugc mot luong 16n graphene voi hiéu suét cao. Giai doan dugc xem la quan
trong nhat ctia phuong phép 1a giai doan khtr hoda GO, nham thu duge rGO c6 tinh
chat gan voi graphene nguyén gdc nhat. Nhuoc diém 1a qua trinh oxi hoa c6 thé
pha hiy mang graphene hay gy ra cac khuyét tat. Du rang graphene c6 khuyét
tat khong thé dap ung nhimng yéu cau gan nhu tuyét déi trong cac tng dung dién
ttr, nhung chiing c6 thé dung trong viéc gia cudng bd cam Gng, tu dién hay dién
cuc pin. Pic biét, phuong phap nay rét thich hop trong diéu ché rGO cho cac ting
dung trong hoa hoc néi chung, dac biét lam chat mang xuc tac.

1.3. Tinh hinh nghién ctru & Viét Nam

Khong nam ngoai xu huéng chung cia thé gidi, pin nhién lidu st dung truc
tiép alcohol cling dang nhan dugc sy quan tam cta cac nha khoa hoc trong nuée
[106-111]. Céac cong trinh nghién ctru di dugc cong bd chu yéu tap trung vao:

Nghién ctru mot sb loai xtic tac trén co s¢ Pt/C bién tinh, tng dung trong
phan tng oxi hod dién hod methanol va ethanol;

Nghién ciru ché tao mo hinh pin, sir dung cac dién cuc ding mang tham
thau carbon c¢6 d6 dan dién cao va co thé cho chat khi di qua;

Nang cao hiéu suat ciia pin bang cach nghién ciru khao sat cac yéu to anh
huong (ndong d6 methanol, nhiét 46 ctia pin) dén hiéu suét caa pin.

Mot sb cong trinh nghién ctru vé xtc tac dién hoa dién hinh nhu nhom nghién
ctru Thi Giang Huong Nguyen va cac dong sy [109] di nghién ctru tong hop vat
liéu nano Pt/C, theo phwong phap khir vi song, chat khtr ethylene glycol & céc gia
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tri pH khac nhau, img dung trong phan tng oxi ho4 dién hoa alcohol. Két qua cho
théy, kich thuée tiéu phan Pt dat khoang 3 nm, dién tich bé mit dién hoa dat tir
12,90 dén 30,77 m? g, cao nhat véi xtic tac 20% Pt/C-9,5. Mit khac, hoat tinh
xUc tac trong moi trudong kiém, Ir, ctia xtc tac nay giam dan theo thir ty nhién liéu:
Ethylene glycol (105,5 mA cm™) > glycerol (30,49 mA cm?) > MeOH (22,93 mA
cm?) > EtOH (7,07 mA cm™).

Mot s6 cong trinh khac ctia TS. Pham Vian Vinh cing cac cong su [110, 111]
da nghién ctru ché tao xuc tac trén co s hat nano hop kim CuPt va NiPt x4p, tng
dung trong EOR, mdi truong kiém. Két qua cho thay, cac pha bién tinh Cu,O va
NiO thé hién vai trd hd trg trong qua trinh oxi hoa cac hop chét trung gian. Theo
do, hoat tinh dién hoa theo Ir dugc cai thién, tuong tng, gép tr 10 dén 13 14n so
v6i day Pt khong bién tinh.

Tu nam 2012, nhém nghién ctru tai PTNTD [53-55, 112—-118] dudi sy hudng
dan ctia GS.TS Vii Thi Thu Ha di bat dau thuc hién dinh huéng chién luoc vé
phat trién cong nghé ché tao va ung dung vat liéu nano graphene, xuc tac di¢n hoa
Pt/rGO bién tinh trong pin nhién liéu str dung alcohol truc tiép.

Nam 2015, nhom nghién ctru d3 hoan thanh dé tai nghién ctru khoa hoc cép
quéc gia, cong bd mot sd cong trinh trén cac tap chi trong nudc va qudc té, vé
tong hop va tmg dung vt liéu graphene, xtic tac Pt/rGO bién tinh boi Al va Si ¢6
hoat tinh rat cao, bén hoat tinh, tng dung trong pin DMFC. Céac két qua c6 thé
duogc tom tit nhu sau:

- Pa thiét 1ap duoc qui trinh 6n dinh va tong hop thanh cong graphene it 16p
(duéi 10 16p) bang cac phuong phap khac nhau, bao gébm phuong phap
CVD, phuong phép tach 16p co hoc va phuong phép tach 16p hod hoc thong
qua chét trung gian 13 graphene oxide;

- D nghién ctru tong hop va bién tinh xuc tac Pt/G bang cac kim loai Au,
Pd, Sn, Rh, Ru, Ni, Si, Si-Al theo phuong phéap tam udt. Theo do, xéac dinh
duge xtc tac Pt/rGO bién tinh bang Si-Al (Pt-7%ASG) ¢6 hoat tinh va do
bén hoat tinh rat cao trong MOR, méi truong acid. Cu thé, céc tiéu phan Pt

c6 kich thude khoang tir 2 nm dén 5 nm, gia trj Ir dat 1720 mA mgp', hoat
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tinh giam khoang 35% sau 1200 vong quét thé-dong tuan hoan;

- Dba ting dung xtc tac Pt-7%ASG trong pin DMFC, mang nafion, dién tich
dién cuc 49 cm? (7 cm x 7 cm) v6i mat do phu 3,5 mgp, cm2, mat do cong
suat cuc dai dat 104,9 mW cm™ (tai 60°C). Hiéu suét chuyén hod nang
lugng dat 35,3%.

Nam 2016, PTNTD di hoan thanh dé tai cip Bo vé nghién ciru, tong hop xtc
tac dién hod xuc tac Pt/rGO bién tinh bang Al va Si, c6 hoat tinh cao trong EOR
trong ca hai moi truong acid va kiém (day 1a mot trong cac dé tai ma luan 4n nam
trong khuon kho).

Tir nam 2018 dén nay, PTNTD tiép tuc tién hanh cac dé tai, du an khoa hoc
cong nghé vé cac loai vat liéu graphene nhu: Graphene aerogel, graphene cham
luong tu, graphene it 16p; vat li¢u xuc tac dién hoa va myc xac tac trén cac loai
chat mang nay, tmg dung trong pin nhién liéu DMFC va DEFC. Cac két qua budc
dau cho théy, XUc tac co hoat tinh cao hodc rat cao trong MOR, EOR trong ca hai
mdi truong kiém va acid.

1.4. Nhirng két luin rut ra tir tong quan tai liéu
Qua téng quan tdi ligu, tdc gid rit ra mét sé nhin xét sau:

- DEFC stir dung nhién li¢u ethanol, it doc hai, than thién vé1 moi truong hon so
v6i methanol. Mit khac, mat do cong suat 1y thuyét cia DEFC cao hon DMFC,
do sd electron trao doi tinh trén mot mol chit ctia phan tng oxi hoa hoan toan
ethanol cao hon so véi1 methanol. DEFC duoc chia lam 3 loai chinh bao g(‘A)m
pin acid PEM-DEFC, pin kiém AEM-DEFC va pin kiém-acid CEM-DEFC,
tiy thudc vao ban chit ctia mang trao d6i ion twong ting trong pin. Cac nghién
ctru cling chi ra ring, mat d6 cong suat cua pin kiém thudng cao hon so véi
pin acid do dong hoc ctia EOR trong méi trudng kiém cao hon so v6i moi
truong acid. Cac san pham cua hai loai pin nay ciing khac nhau nhung cha yéu
bao gdom acid acetic (hodc dang mudi acetate), acetaldehyde va CO,. Ty 1é cac
san pham tuy thudc vao loai xuc tac va méi trudng phan tng;

- Xuc tac duoc su dung trong DEFC thuong trén co s¢ kim loai qui nhu Pt, Pd,

c6 hoat tinh cao trong phan tmg oxi hoa dién ho4 ethanol. Cac nghién ctlru tap
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trung tong hop va bién tinh xtc tac bang cac tac nhan don kim loai, t6 hop kim
loai hodc oxide nhu Sn (SnO5), Ru, Co, Ni, v.v. nham nang cao hoat tinh va do
bén hoat tinh ctia xtc tac trong EOR, & ca hai moi trudng acid va kiém. Tuy
nhién, gia thanh cao cling nhu dd bén hoat tinh cua xtc tac Pt va Pd 13 mot
trong nhimg kho khin chil yéu dé tmg dung cac xuc tac ndy trong pin. Ngoai
ra, mot s nghién ctru gan day vé dong xuc tac khong chia kim loai qui cling
dat duoc cac két qua kha quan. Mat khéc, hudng nghién ctru vé viéc ché tao
muc anode cho DEFC, chtra cac xtc tac oxi hoa dién hoa ethanol Pt/rGO va
Pd/rGO bién tinh, con méi, hau nhu chua c6 cong trinh cong bd;

Graphene oxide da khir t6 ra 1a mot loai chit mang c6 hiéu qua cao trong xdc
tac dién hoa cho DEFC. Cac nghién cong bd gan day, cho thay, hé xuc tac Pt,
Pd bién tinh trén chat mang rGO, c6 hoat tinh cao trong EOR trong ca moi
truong acid va kiém. Ngoai ra, cac loai xuc tac nay con duoc (mg dung trong
DEFC, c¢6 mat d6 cong sudt cao. Bén canh dé, qua trinh tong hop GO theo
phuong phap Hummers gan nhu da duoc chuan hoa;

Muc xtic tac cho pin nhién liéu 1a hdn hop dang 1ong hoic bot nhao hoic dang
keo bao gom xtc tac, dung mdi va chat két dinh ion (thudng 1a nafion). Cac
cong trinh di cong bd vé diéu ché muc xtc tac chil yéu nghién ctiru vé dung
moi, ti 1& dung moéi, ti 1& nafion trong thanh phan myc xdc tac va anh huong
clia cac yéu td nay dén tinh chat cia 16p xuc tac cling nhu hoat dong cua dién
cuc. Bén canh d6, mdi loai muc xuc tac s& tuong tmg v6i phuong phap phu
dién cuc phu hop. Pén nay, cic cong trinh déu tap trung tong hop muc xuc tac
trén co s¢ Pt dang bot hay hop kim, c6 hodc khong mang trén chat mang C,
g dyng trong pin nhién liéu sir dung mang trao d6i proton;

O Viét Nam, mot s6 nhom nghién cuu vé ché tao xtc tac cho pin nhién li¢u
mang trao doi proton trén co sd Pt trén carbon (khong phai graphene) dat duoc
nhing két qua kha quan. Pac biét, nhom nghién ciru cia PTNTD, dtng dau 1a
GS. TS Vi Thi Thu Ha, da va dang nghién ctru vé vat liéu graphene va h¢ xtc
tac trén co sé Pt/rGO va Pd/rGO bién tinh bang Al-Si, c6 hoat tinh va do bén

hoat tinh cao, trong MOR va EOR, ¢ ca hai moi truong acid va kiém;
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1.5. Muc tiéu va ngi dung chinh cia luan an

Tir qua trinh tong quan tai liéu, luan 4n hudng téi muc tiéu va ndi dung nghién
ctru nhu sau.

Muc tiéu ciia lugn én: Nghién ctru tong hop va bién tinh xtc tac Pt/rGO,
Pd/rGO bang Al va/hoic Si trong phan tmg oxi hoa dién hod ethanol, nghién ctru
ché tao muc xuc tac anode trong DEFC tir cac xtic tac da tong hop duoc.

Pé dat duoc muc tiéu nay, luan an tién hanh thue hién cac ndi dung sau:

- Nghién ctru tong hop va dic trung tinh chat graphene oxide;

- Nghién ctru tong hop va bién tinh xtic tic oxi hoa dién ho4 ethanol, Pt/rGO

va Pd/rGO, bang tac nhan Al va/hoic Si;

- Nghién ctru diéu ché myc xuc tac Pt, Pd/rGO bién tinh, nghién ctru anh
huodng cua thanh phﬁn pha muc dén hoat tinh dién ho4 cua xtc tac, tinh chat
16p xuc tac trén bé mit dién cuc anode va hoat dong cua DEFC.

Luin 4n nam trong khudén kho cac dé tai khoa hoc cong nghé cua PTNTD da
va dang thyc hién lién quan dén xtc tac dién hod trén co sé Pt, Pd/rGO bién tinh
trong phan tng oxi hoa dién hoa alcohol. Do vay, luan 4n ké thira mot s6 két qua
nghién ctru tir cac dé tai trude d6 nhu: Phuong phap tong hop graphene oxide;
phuong phap téng hop xtic tac Pt/rGO bién tinh bang Al. Piém moi dinh hudéng
chinh cho luin 4n nay la nghién ctru bién tinh xtc tac Pd/rGO bang tac nhan Al
va/hoac Si trong EOR; nghién clru diéu ché myc xtc tac Pt(Pd)/rGO bién tinh,
tmg dung trong DEFC. Noi dung ctia luén an 1a két qua nghién ctru ctia cac dé tai

dang thuc hién tai PTNTD.
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2.1.

CHUONG 2: THU'C NGHIEM

Ho4 chat, dung cu va thiét bi

Nguyén vat liéu, hod chét st dung trong luan an dugc trinh bay ¢ bang 2.1.

Bang 2.1. Danh muc nguyén vt liéu, ho chit sir dung trong luin an

Nguyén vat li€u,

STT ) DPac tinh ky thuat Ngudn goc, xuat xir
hoa chat
Ham lugng C > 99,95%
1 | Graphit tréc n& Thé tich troc nd: 100-300 Phap
cm’ gl
2 | KMnOg4 Tinh khiét phan tich > 99% Sigma Aldrich
3 | Acid H,S0, dic Nong do > 96% Merck
4 | NaNOs; Tinh khiét phan tich > 99% Sigma Aldrich
5 | Acid HCI dac Nong d6 35-37% Merck
. Ham lugng 5%, trong hon
Dung dich Nafion
6 17 hop  lower  aliphatic Sigma Aldrich
alcohols va nudce
7 | NaBH4 Tinh khiét phan tich > 99% Sigma Aldrich
Ethylen Glycol Tinh khiét phan tich
8 Merck
C2H602 99,5 %
9 | Dung dich H,0, Nong d6 30% trong nudc Merck
Tinh khiét phén tich
10 | H,PtCls.6H,O Sigma Aldrich
Ham lugng Pt > 37,50%
11 | PdCl, Tinh khiét phan tich >99% Sigma Aldrich
12 | Tetra orthosilicate Tinh khiét phan tich 99,7% Merck
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Nguyén vat li€u,

STT ) Pic tinh ky thuat Ngudn gbc, xuit xir
hoa chat
13 | Al-isopropoxide Tinh khiét phan tich 99,6% Merck
14 | Ethanol Tinh khiét phan tich 99,7% Merck
Tinh khiét phan tich >
15 | CH3COONa Sigma Aldrich
99,0%
16 | n-Butyl acetate Khan, tinh khiét > 99,0% Sigma Aldrich
Tinh khiét phan tich
17 | Isopropanol Merck
99,95%
Tinh khiét phan tich
18 | NaOH Sigma Aldrich
99,95%
19 |KCl Tinh khiét phan tich>99% |  Sigma Aldrich
Kich thude 20 x 20 cm
' . MTTI Coporation,
20 | Vai carbon Day 454 pm
: My
Phu 16p C xop
Kich thudc 30 x 30 cm
21 | Mang nafion 117 Fuelcell Store, My
b0 day 183 um
Mang trao doi anion | Kich thuéc 20 x 30 cm, do
22 . Fuelcell Store, My
FAA-3-PK-130 day 130 pym
Do day 410 um
Cathode thuong 3
23 . Phu Pt den trén vai carbon | Fuelcell Store, My
mai Pt/C
mat d6 2 mg cm™
Tinh khiét
24 | Nuoc deion PTNTD

Do dan < 0,055 pS cm’!
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Céc dung cu va thiét bi st dung trong ludn an hau hét 1a cac dung cu va thi
nghiém co ban trong cac phong thi nghiém nhu: cbc thi nghiém, binh cau thuy
tinh, bép khqu tur c6 gia nhiét, thiét bi loc chan khong, v.v..

Ngoai ra, luan &n con st dung mot s6 céc thiét bi dic biét khac nhu: Thiét bi
rung si€u am dau do cong suét 750W (Ultrasonic, An b)), thiét bi dién hoa PGS
HH12 (Viét Nam), thiét bi sdy dong kho (M¥), thiét bi phii quay mang mong vat
liéu nano (KW-4E, M¥), thiét bi ép dién cuc bang nén thuy luc (Trung Qudc) va
hé thiét bi ché tao phan ctrmg md hinh pin (Viét Nam).

2.2. Phwong phap tong hop xiic tic va mue xiic tac
2.2.1. Phwong phdp tong hop GO va rGO

Phuong phap tong hop GO dugc ké thira tir dé tai nghién ctru khoa hoc cia
PTNTD [115][119], trén co s& phuong phap Hummers cai tién, tir ExG.

Phuong phép tong hop GO duoc thuc hién nhu sau:

» Cho 5,0 g bot ExG vao cdc, dung tich 1000 mL, da dugc lam lanh béng
nuéc da. Thém 2,5g NaNOs. Tiép theo, thém tir tir dén hét 300 mL acid
sulfuric dic, khudy déu hdn hop trong 5 phut. Thém tir tir 15 g KMnO4 vao
hdn hop (trong khoang 10 phut);

> Nang nhiét d6 hdn hop phan tng 1én 38+2°C, giit 6n dinh trong 2 gio;

> Thém 600 mL nuéc cat. Nang nhiét d6 hé phan tmg ting dan dén 95°C. Giir
6n nhiét trong 2 gio. Thém 30 mL dung dich H,0, 5%. Khudy déu trong 15
phut. Ngimg gia nhiét va lay hdn hop phan tng ra khéi bé diéu nhiét;

> Loc ly tam voi toc d6 quay 5500 vong/phut, trong 5 phit thu 1ay chat ran.
Tiép tuc loc rira ly tAm chét ran v6i 500 mL dung dich HCI 3%, giit nguyén
tbc do quay va thoi gian.

Loc, rira chat ran nhiéu 1an bang ly tAm, v&i nude cat, & toc do 6000 vong/phit,
trong 5 phut, cho dén khi dich loc ¢6 pH = 6 - 7. Chat ran thu duoc 1a GO. Say
dong khé GO trong 48 gi0 sau d6 phan tan trong nudc deion voi ham luong 5 mg
mL!.

So dd qué trinh tong hop GO dugc trinh bay ¢ hinh 2.1.
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Graphite
troe nd

H,S0,

—

Khuay tron, 150 vong/phut
< 5°C, 5 phuat

KMnoO,

"

Khuay tron, 150 vong/phut
< 40°C, 2 gio

(cho tir tir)

v

Khuay tron, 200 vong/phut
95°C, 2 gi0

Nudc deion
(= 50°C)

|

Khuay tron, 200 vong/phut
95°C, 15 phut

Dich léng

Ly tam, 5500 vong/phtit

I Dich 1ong

Chat ran b

HCI1 5%

Trung hoa
dich ly tm i

Ly tam 5500 vong/phut

Dich long

Chat ran

I

Nudc deion

0 6 o

F

Ly tam, 6000 vong/phut
pH =65

Chét rén l

Say dong kho 48 gio

Phan tan bang rung siéu am

Dich huyén phu
Graphene oxide,
5 mgmL!

Hinh 2.1. So' @6 tong hop GO theo phwong phap Hummers cai tién

Chét mang rGO dugc tong hop tir GO thong qua qua trinh khir, sir dung chat
khtr ethylene glycol (EG) ¢ 110°C trong 24 gi¢. Sau qué trinh khur, rGO duoc rua

sach bang nudc cat, sdy dong kho trong 48 gid, trude khi tién hanh phén tich danh

gia didc trung tinh chat hoa 1y.
2.2.2. Phwong phdp téng hop xiic tic Pt/rGO bién tinh bang Al (PtAG)

Phuong phép tong hop xtic tac PtAG bang phuong phap tam uét duoc thira ké
tir dé tai nghién ctru khoa hoc cong nghé ctia PTNTD [120]. Ham lugng Pt va Al

bang nhau va bang khoang 14,3% so véi tong khbi lwong xuc tac.

So db tong hop xuc tac PtAG dugc trinh bay & hinh 2.2.

Quaé trinh dugc thuc hién nhu sau: Can chinh x4c 8,2 mg Al-isopropoxide phan
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tan trong 2 mL isopropyl alcohol (IPA) va 15 mL nudc cét, khudy tron trong 1
gid. Tiép tuc bd sung tir tir 10 mL dich huyén phtt GO (ham luong 5,0 mg mL™).
Hdn hop duge khudy tron trong 1 gid tai nhiét d6 phong. B6 sung thém 10,25 mL
dung dich H,PtCls 0,01 M va 30 mL EG vao hdn hop va tiép tuc khuay déu trong
1 gio. Hon hop duge gia nhiét hdi luu trong 24 gid & 110°C. San phim ran sau
phan tmg dugc loc rira bang nudce cat, trude khi sdy dong kho trong 48 gid. Phan
tan xuc tac trong nudc cit voi ham luong 5 mg mL ™. Xuc tac Pt/rGO bién tinh

bang Al dugc ky hiéu 1a PtAG.

Al-isopropoxide Isopropanol Nude deion

Y

—————P| Khudy trén <

Dung dich Nho tir tir
H,PtCl; 0,01 M L 4

»| Dich huyén phii GO

Ethylene
glycol

)

h 4
Khudy tron
110°C, 24 giv

\ 4

Gom nuéce loc, Loc. rita xiic t4 Nudce
3. oc¢, Tra Xuc tac .
thu hoi Pt ; deion

A 4

Sy déng khé trong
48 givr

A 4

—

Phan tan bang rung
siéu am dau do

Dich huyén phu
xuc tac PtAG,
5 mg mL!

Hinh 2.2. So' d6 tong hop xic tic PtAG
2.2.3. Phwong phdp téng hop xiic tic Pd/rGO bién tinh bang Al, Si, Na
Xuc tac Pd/rGO bién tinh bang Al Si va Na duoc tong hop véi cac ham lugng
khéi lugng theo 1y thuyét va diéu kién thira ké trén co s¢ dong xtc tac Pt/rGO
[53] do c6 su twong dong vé cau tric cua Pd so véi Pt.
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So d qua trinh tong hop xtc tac trén co s& Pd/rGO bién tinh bang t6 hop Al-

Si-Na duogc trinh bay ¢ hinh 2.3.
Dung dich PdCI, Dich huyén phu
0,01M . GO
Phéan tan bang rung siéu am

Al-isopropoxide + .
IPA, H,0 Hén hop 1 TEOS CH;COONa

Hén hop phan ting,
110°C, 24 gitr

Hén hop phan ting
Nhiét d§ thuong, 15 gid

TrTTrTTTrT T = Phén té_n_béng_rtlngéi@u_ém _____________
E N Dung dich [
Ethylene glycol i B :
5 i l i
a rteerres———— rrasennesnnns Lo o el o — ‘.| b
h 4 !

é v |

Gom nuée loc, | s
thu hdi Pd < Loc, nra xtc tac H,0

!

Séy dong kho trong
48 givr

A

Phan tan bang rung
siéu am dau do

Dich huyén phu

xUc tac PASGN
5 mg.mL!

Hinh 2.3. So' d6 tong hop xiic tic trén co sé¢ Pd/rGO bién tinh bang to hop
Al-Si-Na sir dung chat khir EG (a) hoac NaBH4 (b)
Vi du mé ta vé phuong phap tong hop xtc tac Pd/rGO bién tinh bang to
hop Al-Si-Na véi hai chat khir khac nhau NaBH, hodc EG, nhu sau:
> 18,8 mL dung dich PdCL, 0,01 M va 10 mL dung dich huyén phu GO ham
luong 5,0 mg mL" duge phan tan déu bang thiét bi rung siéu am dau do,
cong suit 750 W, trong 2 phut. Thém vao hdn hop 8,2 mg Al-isopropoxide,
2 mL IPA, 20 pL TEOS va 34 mg CH;COONa sau d6 dong nhét lai bang
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thiét bi rung siéu am dau do, trong 2 phat. Hon hop phan tng dugc khir
theo hai cach, sir dung tac nhan khac nhau, cing diéu kién tuong tng:

+ Sir dung chat khir NaBH,: Thém tir tir 20 mL dung dich NaBH, 0,15 M
vao hon hop, trong khoang 15 phut. Pong nhat bang thiét bi rung siéu am
dau do, trong 2 phut. Thuc hién phan tmg & nhiét 46 thudng trong 15 gid;
+ Sir dung chdt khir ethylene glycol: Thém 30 mL ethylene glycol vao hdn
hop phan tng, déng nhat bang thiét bi rung siéu am dau do, trong 2 phut.
Chuyén toan bo hdn hop vao binh cau 3 ¢d dung tich 100 mL, lap sinh han
héi Ivu. Thyc hién phan Gng ¢ 110°C trong 24 gio;

» Hon hop sau phéan trng dugc loc chan khong, léy chit rin mau den, rira sach
bang nudc cat va sdy dong kho trong 48 gid. Phan tan xtc tac trong nudc
cat, bang rung siéu am dau do trong 2 phat véi ham lugng 5,0 mg mL™.

Xic tac Pd/rGO khong/co bién tinh bang Al, Si hoic Na dugc thyc hién tuong

tw v6i ca hai loai chat khir NaBH, va EG.

Danh muc ky hiéu cidc mau xuc tac trong lusn an dugc trinh bay ¢ bang 2.2.

Bang 2.2. Danh muc Ky hi¢u va thanh phan xiic tic theo ly thuyét

Thanh phan xc tic
STT | Ky hi¢u Loai xuc tac ,
theo ly thuyét

Xuc tac Pt-Al/rGO, khu | 14,30% Pt + 14,30% Al +
1 PtAG .

bang EG 71,40% GO

Xuc tac Pd/rGO, khu
2 PG.E . 28,57% Pd + 71,43% GO

bang EG

Xuc tac Pd/rGO, khu
3 PG.N . 28,57% Pd + 71,43% GO

bang NaBH4

Xuc tac Pd-Al-Si/rGO, | 27,21% Pd + 1,36% Al + 3,42%
4 PASG.E .

khtr bang EG Si +68,01% GO

Xuc tac Pd-Al-Si/rGO, | 27,21% Pd + 1,36% Al + 3,42%
5 PASG.N . '

khtr bang NaBH4 Si+68,01% GO

Xuc tac Pd-Na/rGO, khu | 26,40% Pd + 7,61 Na + 65,99%
6 PNG.E .

bang EG GO

56




Thanh phin xc tac

STT | Ky hi¢u Loai xuc tac ,
theo ly thuyét

Xuc tac  Pd-Na/rGO, | 26,40% Pd + 7,61 Na + 65,99%
7 PNG.N .

khtr bang NaBH,4 GO

Xuc tac Pd-Al-Si-Na, khur | 25,23% Pd + 1,26% Al + 3,15%
8 | PASGN.E | |

bang EG Si+7,27% Na + 63,08% GO

Xuc tac Pd-Al-Si-

. 25,23% Pd + 1,26% Al + 3,15%

9 | PASGN.N | Na/rGO, khu  bang

NaBH4

Si+7,27% Na + 63,08% GO

2.2.4. Phwong phdp ché tao muc xiic tic

Muec xtc tac 13 hdn hop ctia dich huyén phu xtc tac, dung méi va dung dich

nafion véi ti 1& nhat dinh. Cac loai dung méi dugce st dung bao gdm n-butyl acetate

(NBA), 1sopropyl alcohol (IPA) va ethanol (EtOH). Dich chtra xtuc tac PtAG va

dich chira xuc tac PASGN.N duoc goi chung 1a dich xtuc tac.

Vi du vé€ qua trinh ché tao muc xtc tac voi dung moi NBA dugc thuc hién nhu

sau: Mot hdn hop bao gom 15 mL dich xuc tac, 15 mL dung méi, 550 uL dung

dich nafion dugc dong nhat hoa bang thiét bi rung siéu am dau do, cong suat 750

W, trong 5 phait. Hon hop sau dong nhét duoc goi muc xuc tac.

So d6 phuong phap tong hop muc xuc tac dugc trinh bay & hinh 2.4.

xuc tac nafion

5 phut

Phan tan bang rung siéu am dau do

Hinh 2.4. So' 46 phwong phép téng hep muec xiic tic

Danh muc ky hi¢u myc xuc tac dugc trinh bay & bang 2.3.
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Bang 2.3. Danh muc ky hi¢u va thanh phin muec xiic tac

STT Ky hi¢u Thanh phan
Muc xuc tac duoc diéu ché tir dich xuc tac PtAG va
1 CI-WATER . .
dung moéi nudec, ti 1¢ thé tich 1/1
Muc xuc tac duogc diéu ché tir dich xtc tac PtAG va
2 CI-NBA(1/1) ,
dung moi n-butyl acetate, ti I¢ thé tich 1/1
Muc xuc tac duogc diéu ché tir dich xtc tac PtAG va
3 CI-NBA(2/1) _ .
dung mo1 n-butyl acetate, ti I¢ thé tich 2/1
Muc xuc tac duoc diéu ché tir dich xtc tac PtAG va
4 CI-NBA(1/2) _ ,
dung moi1 n-butyl acetate, ti I¢ the tich 1/2
Muc xtc tac duge diéu ché tir dich xtic tic PtAG va
5 CI-IPA(1/1) N .
dung moi isopropyl alcohol, ti 1¢ thé tich 1/1
Muc xtc tac duge diéu ché tir dich xtic tic PtAG va
6 CI-IPA(2/1) N i
dung méi isopropyl alcohol, ti 1€ the tich 2/1
Muc xuc tac duoc diéu ché tir dich xtc tac PtAG va
7 CI-IPA(1/2) i
dung méi isopropyl alcohol, ti 1€ thé tich 1/2
Muc xuc tac duge diéu ché tir dich xtc tac PtAG va
8 CI-EtOH(1/1) _ .
dung moi ethanol, ti 1¢ thé tich 1/1
Muc xuc tac duge diéu ché tir dich xtc tac PtAG va
9 CI-EtOH(2/1) . ,
dung moi ethanol, ti 1€ the tich 2/1
Muc xuc tac duoc diéu ché tir dich xtc tac PtAG va
10 | CI-EtOH(1/2) ,
dung méi ethanol, ti I¢ thé tich = 1/2
Muc xtc tac duogc diéu ché tir dich xtc tic PASGN.N
11 CI-Pd/rGO _ .
va dung moi ethanol, ty 1€ thé tich 1/1
2.3. Phwong phip phi muec xic tic, ché tao dién cwe anode va lip ghép

DEFC

2.3.1. Phwong phdp phii muc xiic tic, ché tao dién cuc anode cho DEFC

Trong muc nay, dién cuc anode ctia DEFC duoc ché tao bang phuong phap

CCS, tirc 1a myc xuc tac duoc phil 1én bé mat vai carbon theo phuong phap phu
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quay.
So dd phuong phap pht muc xtc tac duoc trinh bay & hinh 2.5.

Comeieie D vaicaon )

v

Phun phu
trén thiét bi phi quay mang mdng

\ 4

Dé kho tu nhién

Hinh 2.5. So' d6 phwong phap phii mue xic tic
Qua trinh thuc hién cu thé nhu sau:
» Vai carbon duoc cit thanh cac manh ¢6 kich thude 3,3 cm x 3,3 ¢cm, sau d6
dugc dit trén dé quay cua thiét bi phii quay mang mong;
> Thiét bi phu quay lam viéc ¢ toc d6 150 vong.phat”, thoi gian 300 gidy,
moi trudong chan khong khoang 0,2 bar;
» Phun, phu myc xuc tac theo timg 10p bang sung phun 1én bé mit vai carbon
dén khi hét toan bd muc xtc tic. Mat do pha dugc ¢b dinh ¢ gia tri 2,5
mg.cm? (tinh theo lwong xtc tac ran).
» Tam dién cuc sau khi phu dugc dé kho tu nhién trong it nhat 5 gio;
> Bdo quan dién cuc anode trong ti kin.
2.3.2. Phwong phdp xir ly bé mdt mang trao doi ion

Mang trao d6i ion duoc sir dung & ddy bao gom 2 loai, mang trao d6i proton
(mang nafion 117) va mang trao doi anion (FAA-3-PK-130). Ca hai loai mang can
duogc xtr Iy bé mit trude khi tién hanh ché tao. Phuong phap xt Iy nhu sau:

» Mang nafion duoc tién hanh xtr 1y véi cac dung dich, 1an lugt gom: Nudc
deion, dung dich H,O; 3%, nudc deion, dung dich H,SO4 1 M, nuéc deion.
Mbéi loai dung dich dugc tién hanh trong 30 phut, tai nhiét do soi;
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» Mang trao d6i anion duoc tién hanh xtr Iy bé mat voi cac dung dich, lan
luot gém: Nudc deion, dung dich H,O, 3%, nudc deion, dung dich NaOH
1 M, nudc deion. Mdi loai dung dich dugc tién hanh trong 30 phut, tai nhiét
do soi;

> Ca hai loai mang trao doi ion sau khi xur Iy duge bao quan trong nude deion,

tai nhiét 6 thuong va dugce dé kho tu nhién trude khi ché tao MEA
2.3.3. Ché tao MEA va lip ghép mé hinh DEFC

Cathode thuong mai duoc cat thanh tung manh theo kich thude 3,3 cm x 3,3
cm. Mang trao ddi ion duoc cit thanh cadc manh c6 kich thude 5,3 cm x 5,3 cm
(bang v6i kich thudc ciia tim ludng cuc graphite).

Qua trinh ché tao MEA duoc tién hanh nhu sau: Sap xép theo thir tu tir dudi
1én trén dé tao thanh mot khdi gém: TAm chiju nhiét, dién cuc anode, mang trao
ddi ion, dién cuc cathode, tAm chiu nhiét. Dt toan bo khéi vao gitta khuon ép
dién cuc, gém hai tAm thép khong gi, kich thudc 23 cm x 23 cm x 5 cm. Gia nhiét
khuoén ép dén 135°C, tdc do gia nhiét 5°C/phut. Tién hanh ¢p dién cuc véi luc ép
5 MPa, gitr nguyén trong 3 phat. Sau khi ép MEA duogc dé ngudi ty nhién. Bao
quan MEA trong tti kin.

Tam thu di¢a nr

Thm ludmg cuc O (khong khi)

Tam ngoat

E/l!unol ( MEA)

T'0 bop ming-di¢n cyc

' o o / Tém ngoai
CO; + HO 4+ ‘
Hinh 2.6. So dd lip dit DEFC
DEFC 1a mét khéi chic chan dugce 1ap ghép theo thit tw (hinh 2.6): TAm ngoai,
tam thu dién to anode, tdm ludng cuc, gioang lam kin, MEA (anode-mang-
cathode), giodng 1am kin — tim ludng cuc — tdm thu dién tir cathode — tAm ngoai.
Bulong, dai dc c6 tac dung cb dinh cac bo phan dé tao ra mo hinh pin. Trong qua
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trinh lép dat pin, cht y vi tri chinh x4c cua dién cuc anode va cathode trén MEA

tuong ung voi duong vao nhién li¢u ethanol va khong khi. Siét chat oc vit vira

phai, da lam kin cac khoang cua pin, tao mot khéi pin chic chan.

24.

>

Cic phuong phap xac dinh dic trung tinh chat

Gian d6 nhiéu xa tia X duoc thuc hién trén may D8 Advance (Bruker) voi
goc quét 20 tur 5 dén 80°, v&i birc xa KA cuia anode Cu ¢6 A = 0,154056 nm
tai Khoa Cong ngh¢ Hoa hoc, Truong Pai hoc Khoa hoc Tu nhién, Pai hoc
Quéc gia Ha Noi;

Pho IR ctia cac mau nghién ctru (dang ran) duoc ghi trén ving phd tir 400
dén 4000 cm™, trén méy Nicolet 6700 FTIR spectrometer, tai Khoa Cong
ngh¢ Hoa hoc, Truong Pai hoc Khoa hoc Tu nhién, Pai hoc Quéc gia Ha
NOoi;

Hinh thai cau tric té vi ctia xuc tac dugc dic trung bang phuong phap TEM,
trén may Philips Tecnai 10 Microscope, tai phong Hién vi dién tir, Vién Vé
sinh dich t& Trung uong;

Hinh thai cau trac té vi clia xtc tac duoc dic trung bang phuong phap SEM,
trén may Field Emission Scaning Electron S-4800, tai Vién Khoa hoc Vat
liéu, Vién Han 1am Khoa hoc va Cong nghé Viét Nam;

Thanh phan cic nguyén td trén bé mat cua xtc tac duge phén tich boi phd
tan xa tia X, trén thiét bi EDX (Genesis), tai Vién Ky thuat nhié¢t déi, Vién
Han 1am Khoa hoc va Cong nghé Viét Nam;

Thanh ph?m co ban, trang thai hoa hoc, trang thai dién tir ciia cac nguyén td
trén bé mat cua miu duoc dic trung bang phuong phap XPS trén mdy
KRATOS Axis Ultra DLD, nguén tia X don sac Al ka (E = 1486,6 eV), tai
Pai hoc Sungkyunkwan, Han Qudc;
Ph6 Raman dugc do ¢ nhiét dd phong, trén thiét bi Horiba HR 800, sir dung
tia laser ion Ar” ¢ budc song 514 nm tai PTNTD;

Ham luong Pt trong cac miu xtc tac duoc phan tich bang phuong phap
ICP-OES trén thiét bi Icap 6000 (Thermo Fisher Scientific), tai Vién Hoa
hoc, Vién Han 1am Khoa hoc va Cong nghé Vi¢t Nam va tai PTNTD;
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> Hinh anh bé mit duoc chup trén may anh d6 phan giai 16 mega pixel ¢ do
phong dai 1a 1x.
2.5. Phuwong phap danh gia hoat tinh dién hoa cua xtic tac va mure xuc tac

Céc phép do dién hod dugc thuc hién ¢ nhiét dd phong, trén thiét bi PGS-ioc-
HH12 Potentiostat/Galvanostat véi hé ba dién cuc (hinh 2.7), tai PTNTD. Dién
cuc lam viéc (WE) 1a dién cuc carbon thity tinh (duwong kinh 5 mm). Pién cuc dbi
(CE) 1a dién cuc day platin va dién cuc so sanh (RE) la dién cuc Ag/AgCl. Cac
gia trj dién thé duoc hién thi 12 gia tri so voi dién cuc so sanh nay.

Pién cuc lam viéc duge pha 10 pl hdn hop chira xtic tac hodic muc xuc tac va
dé kho tu nhién & nhiét d6 phong. Hon hop chira xtc tic duoc chuan bi bang cach
phan tan 0,9 mL dich xuc tac va 0,3 mL dung dich nafion 1% bé“mg thiét bi rung
siéu am dau do, cong sudt 750 W, trong 2 pht, trude khi phi 1én dién cuc 1am
viéc.

—

98 - R RN 17
Hinh 2.7. H¢ thiét bi dién hoa PGS-ioc-HH12 Potentiostat/Galvanostat

Hoat tinh di€n hod trong phan mg oxi hoa ethanol dugc danh gia thong qua
phép do thé-dong tuan hoan (CV) véi toe d6 quét 50 mV s, tai khoang thé khac
nhau twong tng v6i1 hai méi truong:

+ Khoang thé tir 0,0 dén +1,0 V, trong moi truong ethanol 1 M + H,SO4 0,5 M;
+ Khoang thé tir -0,8 dén +0,5 V, trong méi trudng ethanol 1 M + NaOH 0,5 M.

Dung dich di¢n hoa dugc suc bao hoa N, nham loai bé O,, CO, trudce khi thuc
hién cac phép do.

Do bén xuc tac duoc danh gia bang phép do bién thién mat d6 dong dong theo
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thoi gian (CA) tai thé khong ddi, twong Gmg véi tirng moi trudng acid hodc kiém.
D6 6n dinh hoat tinh xuc tac trong cac moi truong duoc danh gia théng qua
su giam mat do dong theo sd vong quét CV trong dung dich dién hod twong tmg.
2.6. Phuong phap di€én hoa danh gia kha nang hoat dong cia DEFC
Hinh anh DEFC duoc trinh by ¢ hinh 2.8. Hinh 2.9 biéu dién so ¢4 nguyén
1y két ndi pin véi thiét bi do dién hod trong cac phép do.

Mép hinh
hién thi

Thiét bi do dién hoa

R W
p [ ]
+ f—
0, +H,0 | Pin DEFC Ethanol
AN DR

Hinh 2.8. DEFC, dién tich dién cwe  Hinh 2.9. So' @6 nguyén ly két ni
10 cm? (3,3 cm x 3,3 ¢cm) DEFC va thiét bi do dién hoa

Mat do cong suét ctia mo hinh DEFC duoc xé4c dinh va tinh toan theo phép do
dudng phan cuc tai 50°C. O dién cuc anode, véi PEM-DEFC, nhién liéu duoc st
dung la dung dich ethanol 2 M; vé1 AEM-DEFC la dung dich ethanol 2 M + NaOH
1 M, téc d nap nhién liéu 1a 10 mL.phat". O dién cuc cathode, nap dong khi O,
& ap sudt 1 bar dugc 4m hoa bang cach suc qua nudc cat.

Hiéu suat chuyén hoa hoa nang thanh dién nang cia DEFC dugc xac dinh
thong qua sy phy thudc cta dién thé theo thoi gian tai mat 6 dong c¢d dinh [121],
0 25°C, dugc tinh toan theo cong thirc (1) [69]:
o [ifvde 4

AH,, Mror

complete

&

(1)

Trong do:
+ ¢: Hiéu suét chuyén hoa nang luong, %:;

+ I =300 mA: Dong ¢ dinh dat vao pin, tinh trén toan bd dién tich dién
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cuc cua pin (10 cm?);

+ V(t) dt: Ham sd cua dién thé theo thoi gian;

+t: Thoi gian do, gidy, t = 0 duoc tinh tai thoi diém khi dién thé cua pin bat
dau & gia tri on dinh, khi dién thé giam khoang 20% so véi gia tri dién thé
tai t =0, qua trinh do két thuc.

+ AHgomplete = —1326 kJ.mol™1: Enthapy cua phan ing oxi hoa hoan
toan ethanol;

+ M£,;: Tong s6 mol ciia ethanol da bj tiéu thy trong khoang thoi gian do,

mol, xac dinh bang phuong phéap sic ky khi trén detector dan nhiét.
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CHUONG 3: KET QUA VA THAO LUAN

3.1. Tong hop va dic trung tinh chat ciia GO

Muc nay trinh bay noi dung nghién ctru dau tién cta ludn an, tong hop va dic
trung vat liéu GO, img dung lam chét mang xuc tac dién hod trén co sé kim loai
qui Pt va Pd. Cac két qua dic trung tinh chét cau tric cua vat liéu graphene oxide
dugc trinh bay sau day.

Gian dd XRD cuia nguyén liéu ExG va GO duoc trinh bay & hinh 3.1. Két qua
cho thay, trén gian do cua ExG xuat hién mot peak sic nét & 20 ~ 26°, twong tng
voi khoang cach gifta cac 16p trong graphite troc nd khoang 4 A. Trong khi do,
quan sat gian dd XRD cua GO, xuét hinh mot peak nhon, cuong d0 cao ¢ 20 =
11°, twong tng véi khoang cach gitra cdc mit mang khoang 8 A, phu hop véi gia
tri khoang cach giita cac 16p trong vat liéu GO, thay doi tir 7 dén 9,5 A [99]. Két
qua nay chimg t6 da cac nhoém chire chira oxy da duoc tao ra trén bé mit graphite
va xen chén vao giita cac 16p vat liéu, dan téi khoang cach giita cac 16p duge néi
rong. Mit khac khong quan sat thay peak dic trung ctia ExG trén gian do XRD
ctia GO. Nhu vay, cc tinh thé ExG di bi oxi hoa thanh graphene oxide.

20=11° 20 =26

10 20 30 40 50 60 70 80
2-theta

Hinh 3.1. Gian @6 XRD ciia ExG va GO
Ph6 Raman ctia mau GO va nguyén liéu ExG (hinh 3.2) xuét hién peak dai D
c6 dinh Ip tai vi tri 1350 cm™', dic trung dao dong cua C lai hoa sp? trong cau tric

2 chiéu cta cac tAm graphene va peak dai G, voi Ig tai vi tri 1575 cm, twong tng
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v6i trang thai lai hoa sp? vong 6 canh trong ciu tric ctia graphite [53, 119]. Nhan
thay, d6i v6i nguyén liéu graphite troc nd, Ip thap hon Ig, twong tng ty 18 Ip/Ig ~
0,20. Trong khi do ddi véi GO, ty 1€ Ip/lg = 0,737, tuong thich vdi phé) Raman
ciia GO [99]. Pay 1a d4u hiéu cho thiy c¢6 su chuyén dich cudng d6 cua cac dai
peak dic trung va c6 sy gidn nd, boc tach cia cac 16p graphite dé tao thanh GO.
Két qua nay pht hop voi sd liéu phan tich trén phd XRD. Ciing tir két qua ty 18
Ip/I trong phd Raman, s 16p ciia GO duoc xac dinh trong khoang tir 4 dén 5 16p,

theo cong thirc tinh toan trong cac tai liéu di cong bd [122-125].

G band

D band GO
ExG

A
S

1200 1400 1600 1800 2000 2200_1 2400 2600 2800 3000
Raman shift / cm

Hinh 3.2. Gian @6 Raman ciia GO va nguyén liéu ExG

C=C /
0-H C-0

C-0-C
I | | 1 I ] | 1 I ] I | | ] I ] | 1 I
4000 3600 3200 2800 2400 2000 1600 1200 800 400

N|
Wave number / cm

Hinh 3.3. Phé FTIR cia GO
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Pho FTIR ctia GO duoc trinh bay trong hinh 3.3, cho thiy, dao dong kéo cia
lién két O-H tai s song khoang 3000-3500 cm™ (rong), dao dong bién dang ctia
lién két O-H (acid) gan 1369 cm™ (hep), dao dong kéo cua C=O (carboxylic,
aldehyde) khoang 1722 cm!, dao dong kéo cua khung C=C (vOng thom) khoang
tir 1429 cm™ dén 1614 cm™ (2, 3 dam pho). O ving sb song thap hon, xuat hién
dac trung cua cac dao dong kéo cua C-O ¢ 1230 cm™! va C-O-C (epoxyl) ¢ 1037
cm’', va dao dong bién dang cua lién két C-H & khoang s song tir 600 dén 740
cm’'. Cac két qua nay twong dong véi két qua da cong bd trong tai lidu [99].

Két qua dic trung ciu trac té vi caa GO trén anh TEM (hinh 3.4a) cho thiy,
cac tam GO rong, gan nhu trong sudt, co su chong chép giita cac 16p (mang dam

mau). Hinh thai c4u tric nay ciing dugc khang dinh mot 1an nira bang anh SEM,

WML S.0KY 4 8mm =100k SEM

Hinh 3.4. Anh TEM (a) va SEM (b) cia GO

Két qua phan tich thanh phan nguyén t4 trong cau tric cua GO (hinh 3.5) cho
thay, C va O chiém phan 16n trong cau tric cua GO. Ty 1& C/O c6 gié tri khoang
3,3 theo nguyén tir va khoang 2.47 theo khdi luvong, ndm trong khoang tir 2,1 dén
2,9, tuong Umg vaéi ty 1€ dac trung cua vat liéu graphene oxide [97-99]. Ngoai ra,
c6 thé quan sat thy su xuat hién cua cac nguyén té khac nhu Cl, K, Mn, Na véi
ham luong thap (< 0,2 % theo khdi lugng), nhitg nguyén té niy c6 thé da di sau
vao trong cau trac ctia GO, con sot lai trong qua trinh rira. Mit khac, két qua ciing
cho th:?'ly ham lugng S trong GO c6 ham lugng khoang 1,76%, co thé 1a do su xuét
hién ctia nhém -SOsH trén bé mit GO, duogc hinh thanh trong qué trinh oxi hoa

tai moi truong acid sulfuric dac.
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Hinh 3.5. Gian @6 EDX ciia graphene oxide

Nhu vay, c6 thé nhan dinh rﬁng, cac két qua dac trung dugc trinh bay trén day
cho thdy GO di duoc diéu ché thanh cong tir graphite troc nd bang phuong phap
Hummers cai tién.
3.2. Tong hop va dic trung tinh chit xic tac anode PtAG

Muc nay trinh bay mdt phan trong ndi dung thir hai ctia luan an, tong hop xtic
tac dién hoa trén co sé kim loai qui Pt/rGO, img dung lam xuc tadc anode trong
DEFC. Cac két qua khao sat, lya chon pha bién tinh trén hé xtc tac Pt/rGO da
dugc nghién ctru trong ludn an cua nghién ciru sinh Tran Thi Lién (cung thudc
hudéng nghién clru cuia dé tai). Thura ké trén co s& két qua do, luan an da lya chon
xuc tac Pt-Al/rGO (PtAG) véi ti 1& Pt:Al = 1:1 theo khéi lwong. Céc két qua dic
trung tinh chat, ciing nhu hoat tinh dién hoa cua xuc tac duoc trinh bay dudi day.

Két qua dic trung tinh chat ciu tric pha (hinh 3.6) cho théy, trén gian d6 XRD
ctia rGO chi xuat hién mot peak ti ¢ chan rong, kéo dai tir 20 = 15° dén 30°, véi
dinh peak tai 26 =~ 26°, cuong do thap, dic trung cho vat liéu rGO [119]. Tuy nhién,
khong quan sat thay peak dic trung cua GO tai 20 = 11° (Hinh 3.1). Theo d6, GO
da bi khtr thanh rGO.
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Hinh 3.6. Gian d6 XRD ciia rGO va xiic tic PtAG

Quan sat gian d6 XRD cuia xtic tac PtAG cho thdy duong nén kha cao va nhiéu,
dic biét tai 20 nho hon 30°, c6 thé ddy 1a do hiéu tng nhiéu cta vat liéu chit mang
rGO. Thém vao do, trén gian dd c6 su xuét hién céc tin hiéu dic trung cua Pt lan
luot xuit hién & cac gboc quét 20 tai 39°; 46° va 69°, trong rng véi cac mat phan
xa Pt (111), Pt (200) va Pt (220) [53]. Nhu vay, pha hoat tinh Pt da dugc dua thanh
cong 1én rGO trong thanh phan xtic tic PtAG. Tuy nhién, khong thay sy xuét hién
peak dac trung cua pha bién tinh Al, c6 thé do Al ton tai & dang v6 dinh hinh va
khong thé xac dinh dugc bang phd XRD.

Két qua phan tich pho Raman ciia rGO va xtic tac PtAG, trén hinh 3.7, cho
thay, trén ca hai gian do c6 su xuat hién peak dai G (Ig) c6 gia tri xap xi 1600 cm
! twong Gng v&i trang thai lai hoa sp? cta lién két C-C trong mang luc ling cia
céc vat liéu graphitic va peak dai D (Ip) tai 1350 cm™ déc trung dao dong cua C
lai hoa sp’ trong cac tam graphene [53], [119]. Tuy nhién, ti 1& In/Ig co gia tri khac
nhau tuong tng: PtAG 1,07 (PtAG) va rGO (1,42), cac gia tri nay déu 16n hon so
v6i ctia GO (0,73). Nguyén nhan c6 thé do sau qua trinh kht, trong ciu trac cua
rGO, cac nhom chirc chira oxy bi loai bo lam cho d§ hoan thién ctua bé mat 16p
graphene t6t hon, dan t6i cuong do dai D ting, cao hon cudng do dai G. Trong
khi d6, ddi véi xuc tac PtAG, do khuyét tat mang graphene cao hon so vdi rGO
nhung thap hon GO, do sy xuat hién ctia cac tiéu phan Pt, Al trén bé mit graphene,

gan tai cac vi tri ctia cac nhom chirc chira oxy da bi khtr.
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Hinh 3.7. Pho Raman cua rGO va xuc tac PtAG
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Hinh 3.8. Giin d6 EDX va thanh phan nguyén t6 ciia xic tic PtAG
Két qua thanh phan nguyén t6 ctia xuc tac PtAG, thong qua gian d6 EDX
(Hinh 3.8) cho thay, ham luong Pt va Al c6 gia tri 1an luot 1a 13,98% va 14,26%,
tie 14 ti 18 P/Al xap xi 1/1, twong dong véi gia tri khoang 14,3% so véi 1y thuyét.
Két qua dic trung tinh chat hinh thai hoc cho thay cdu trac dang mang mong,
rong, ¢ vai 16p chong 1én nhau trén anh TEM caa rGO (Hinh 3.9a). Mt khac, ¢6
thé quan sat thay cac tiéu phan hoat tinh phan b thanh timg ddm nhd, trén céc
tam chit mang graphene, tap trung & cic nép gap véi kich thude trung binh cua

cac tiéu phan trong khoang tir 2 nm dén 5 nm (Hinh 3.9b-c).
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Hinh 3.9. Anh TEM ciia rGO (a) va xiic tac PtAG (b, c) tai cac do phan giai
khac nhau

Phuong phap quét thé-dong tuan hoan 1a mét trong nhitng phuong phap thong
dung dé danh gia hoat tinh ctia xtc tac dién hod. Theo cac cong bd [126-128],
trong qua trinh EOR, mat d¢ dong quét thuan (con goi 1a mat 40 dong quét anode)
— Ir — déc trung cho mat do dong sinh ra tir phan tng oxi hoa di¢n hoa ethanol;
mat d§ dong quét thé nghich (con goi 1a mat d§ dong quét cathode) — Iz — dac
trung cho mat do dong cua to hop bao gdm nhiu qua trinh nhu oxi hoa ethanol
va cac nhom chire chira oxy, qué trinh khir oxide vé dang kim. Néu ti 18 Ip/Ig két
hop véi gia tri Iz cang cao, phan tng oxi hoa dién hoa ethanol dién ra hoan toan
hon, hoat tinh xuc tac cang cao.

Hoat tinh dién hod cua xtc tac PtAG trong phan trng oxi hoa di¢n hod ethanol
trong ca hai moi truong acid va kiém dugc trinh bay ¢ hinh 3.10.

Céc két qua cho thay, hoat tinh dién hoa cta xuc tac PtAG c6 gia trj cao trong
ca hai moi truong. Cu thé, trong moi trueong acid, gia tri Ir dat 1200 mA mgp,;

gia tri Ip dat gid tri 1136 mA mgp!, twong ung ti 1€ Ig/Iz = 1,03. Tuwong tu, trong
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moi trudng kiém, mat do dong Ir dat 3674 mA mgp,! va mat do dong Ig dat 2060
mA mgp, !, twong tng ti 1€ Ix/Ig = 1,78.
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(b) Trong moi trwong NaOH 0,5 M + C:HsOH 1 M
Hinh 3.10. Phé CV cia xiic tic PtAG trong EOR
(toc dp quét 50 mV/s)

Nhu vay, xtic tic PtAG trong méi trudong kiém co hoat tinh cao hon trong moi
truong acid. Hién tuong nay c6 thé dugce giai thich 1a do, trong qua trinh phan tng,
trong moi trudng acid, cac san pham co tinh acid nhu CO, hoic acetic acid c6 su
khuéch tan cham, tao thanh mot mang mong ngan can sy tiép xuc cua ethanol véi
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xuc tac cling nhu su khuéch tan cac san pham trung gian khéc, téc do phan tmg

giam. Trong khi do, néu trong méi truong kiém, cac san pham nay dé dang bi

khuéch tan boi méi truong giau nhoém OH-, dan téi toe do phan tmg khong bi anh

huong nhiéu. Két qua 13, Iy trong moi trudng kiém dat cao hon trong mdi trudng

acid, nhung d6i véi I lai xay ra qua trinh nguoc lai.

3.3. Tong hop va dic trung tinh chit xiic tic anode Pd/rGO bién tinh bing
t6 hop Al-Si-Na

Céc két qua nghién ctru trén hé xuic tac Pt/rGO trong cac dé tai nghién ctru
khoa hoc cia PTNTD [53, 120] cho thiy xuc tac Pt-Al-Si/rGO c6 hoat tinh cao
trong phan ing oxi hoa dién hoa methanol va ethanol. Mat khac, nhu da trinh bay
& phan tong quan, Pd co céc cau tric twong ddng véi Pt. Do vay, trén co so ké
thira co s¢ khoa hoc ctia cac két qua nghién ctru ndy, trong khudn kho ludn an, to
hop Al-Si duoc lya chon 1a tac nhan bién tinh chinh cho hé xtc tac dién hoa trén
co s6 Pd/rGO, tmg dung trong EOR. Cac két qua duoc trinh bay dudi day.

3.3.1. Nghién civu dnh hwéng ciia tic nhén khiv dén tinh chit ciia xic tdc trén
co' s6 Pd/rGO bién tinh

Hoat tinh dién hoa cta cdc mau xuc tac trén co s& Pd/rGO bién tinh b:?mg hé
Al-Si, str dung hai loai chéat khir khac nhau: Ethylene glycol (PG.E va PASG.E)
va NaBH4 (PG.N va PASG.N) dugc trinh bay & hinh 3.11 va bang 3.1.

Céc két qua cho thay, xtc tac khong bién tinh (PG.E va PG.N) c6 hoat tinh
thap hon so voi xtic tac bién tinh bang t6 hop Al-Si (PASG.E va PASG.N) (Hinh
3.11). Mat khéc, trén cung mot hé xuc tac Pd/rGO bién tinh, qua trinh téng hop
str dung tac nhan khir NaBH, to ra hiéu qua hon so v6i qué trinh khir bang tac
nhan EG. Cu thé, hoat tinh dién hoa cta céc xtc tac trén co s& Pd/rGO duoc sip
xép theo thir tir ting dan mat d6 dong Ir nhu sau: PG.E (5369 mA mg'pg) < PG.N
(7457 mA mg'ps) < PASG.E (7822 mA mg'ps) < PASG.N (10705 mA mg'p4).
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Hinh 3.11. Pho CV ciia xtc tac Pd/rGO bién tinh
v6i cac tac nhan khir khac nhau
(moi trwong NaOH 0,5 M + C:HsOH 1 M, toc dé quét 50 mV s™)

Két qua bang 3.1 cho thay, trong méi truong kiém, hoat tinh cua xtc tac
Pd/rGO, bién tinh bang t6 hop Al-Si trong EOR, cao hon khoang 45,7% so véi
xtc tac khong bién tinh. Két qua cling cho thay, trén ciing mot hé xtic tac, tac nhan
khir NaBHj4 t6 ra hi¢u qua hon so vai tac nhan khir EG, gia tri hoat tinh tang 1én
khoang 36,8%.

Bang 3.1. Gia tri Ir va I ciia cac xuc tac véi cac tac nhan khir khac nhau

(méi trwong NaOH 0,5 M + C:HsOH 1 M, téc dé quét 50 mV s™)

Xic tac Ir / mA mg'pa Is/ mA mg'pq I¥/Is
PG.E 5369 3915 1,37
PASG.E 7822 6111 1,28
PG.N 7457 3967 1,88
PASG.N 10705 5531 1,94

Gian dd CA tai dién thé -0,25 V (hinh 3.12) cho thy, mat do dong giam rat
nhanh sau khoang 50 gidy dau tién trong qua trinh do. Nguyén nhéan c6 thé do mot

s6 hop chit trung gian nhuw CHO,q,, CO.gs va acetaldehyde duogc tao thanh trong
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phan tmg oxi hod ethanol, 1a cac tdc nhan gay ngd doc va giam do hoat dong cua

tam hoat tinh.
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Hinh 3.12. Pho CA ciia xiic tdc Pd/rGO bién tinh
véi cac tac nhan khir khac nhau
(méi trwong NaOH 0,5 M + C:HsOH 1 M, E = -0,25V)

Mit khac, xuc tac Pd/rGO bién tinh bang t6 hop Al-Si (PASG.E va PASG.N)
c¢6 d6 bén hoat tinh tot hon so véi xtc tac khong bién tinh (PG.E va PG.N). Ngoai
ra, khi sir dung tac nhan khir NaBH,, kha nang chong ngd doc cta hé xuc tac ciing
dugc tang 1én. Cu thé, sau 4000s, mat do dong con lai trong Umg theo thur ty PG.E
(21,6 mA mg'pg) < PASG.E (104,4 mA mg'ps) < PG.N (210,6 mA mg'pg) <
PASG.N (288,4 mA mg'p). Két qua nay co thé giai thich boi sy xuét hién cua
pha gia boehmite (AIOOH) va silica (SiO,) trong thanh phan cta xtc tac bién tinh
bang Al-Si [53], cac pha ndy c6 thé hap phu canh tranh cic hop chat trung gian
sinh ra trong qua trinh phan ng, gidi phong cac tam kim loai Pd khdi cac hop
chat nay, gitp ting cac tim hoat dong hiéu qua trén bé mat xuc tac. Két qua dan
t&i, phan tmg oxi ho dién hoa ethanol dién ra dé dang hon, mat do dong thu duoc
cao hon.

Pé giai thich rd hon cac két qua nay, mot s6 phuong phap phan tich dic trung
tinh chat xuc tac dugc tién hanh, cac két qua duoc trinh bay sau day.

Ham luong kim loai qui Pd va cac nguyén té khac duoc xac dinh bang phuong

phap ICP-OES, két qua dugc trinh by & bang 3.2.
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Bang 3.2. Ham lwong Pd va pha bién tinh ciia xic tic trén co sé Pd/rGO

Ham lwong khoi hrong Ham lwong khoi hrong
Xiic tac theo 1y thuyét theo ICP-OES
Pd/% | Phabiéntinh/% | Pd/% | Phabién tinh/ %
PG.E 28,57 Khong cé 8,53 Khong co
1,36 (Al); 0,34 (Al);
PASG.E 27,20 . 8,34 .
3,42 (Si) 2,15 (S1)
PG.N 28,57 Khong ¢o6 9,71 0,15 (Na)
0,34 (Al);
1,36 (Al); |
PASG.N 27,20 _ 8,78 2,41 (Si);
3,42 (Si)
0,12 (Na)

Két qua cho thay, ham lugng pha hoat tinh Pd trong thanh phan ciia xtc tac
c6 gia tri gan bang 1/3 ham luong Pd theo 1y thuyét, twong tng, ham luong Pd dat
xap xi 10% khdi luong so véi khoang 27% dén 28% khéi luong theo 1y thuyét.
Ham luong cac pha bién tinh xac dinh dugc 1an lugt 1a Al khoang 0,34% va Si
khoang hon 2 % khoi luong. Pac biét, co thé théy duoc su xuit hién cia Na, ham
luong chi khoang 0,12 dén 0,15% d6i voi cac xtc tic dugc khir bang tac nhan
NaBH,. Nguyén nhan c6 thé do Na di sdu vao ciu tric cua xuic tac va chua dugc
loai bo hoan toan trong qua trinh rira. Tuy nhién, két qua cho thay, tic nhan khir
NaBH, lam ting ham lugng Pd trong thanh phan cia xtc tac khi so sanh véi EG,
tuong mg 9,71% va 8,78% trong PG.N va PASG.N so vdi 8,83% va 8,34% trong
PG.E va PASG.E. Nguyén nhan c6 thé do sy giai phong hydro nguyén tir (H),
trong NaBHy4, tdc nhan c6 tinh khir manh, tang hiéu qua qua trinh khtr [129].

Hinh 3.13 trinh bay rd hon trang thai oxi hoa cua pha hoat tinh va pha bién
tinh trén bé mat xuc tac PASG.N bang gian d6 huynh quang dién tir tia X (XPS).
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Hinh 3.13. Gian do XPS (a), Pd 3d (b) va C 1s (c) cia xiic tac PASG.N
Trén gian d6 hinh 3.13a c6 thé quan sat thdy sy xuét hién cua céc peak dic

trung véi cac trang thai nang luong cua C 1s, O 1s, Al 2s, Al 2p, Si 2s va Si 2p.
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Thém vao d6, xtc tic PASG.N duoc tong hop theo phuong phap khir hoa trong
cong bd [53], do vay, Al va Si trong thanh phan xtc tac c6 thé ton tai & dang gia
boehmite (AIOOH) va silica vo dinh hinh (SiO,). Mit khéc, trén gian do XPS,
quan sat théy peak dac trung cua Pd 3d. Dac biét, co su xuét hién cta céac peak
dac trung cua Na ¢ trang thai nang luong Na 1s ¢ vi tri 1072,4 eV va Nagyp ¢
496,3 eV [130], két qua nay twong tmg v6i két qua ICP trude d6. Pay 1a phat hién
moi ma chua cé tai liéu ndo dé cap dén va co thé 1a tac nhan quan trong dan t6i
su ting cudng hoat tinh va do bén cla xuc tac trén co s¢ Pd/rGO bién tinh bang
Al-Si, khir bang NaBH,4 dbi v6i phan tng oxi hoa dién hoa ethanol trong moi
truong kiém.

Hinh 3.13b thé hién gian d chi tiét mirc nang lugng cta Pd 3d. Sau qua trinh
giai pho, co thé thay rd su xen pht spin-obitan cta céac trang thai lai hoa 3ds;, va
3ds; [131]. Theo do6, trang thai lai hod Pd 3d dugc tach thanh cac peak tuong Uimg
v6i Pd (0) — dang kim loai va Pd (IT) dang oxit. Quan sat trén gian do c6 thé thay
r0 Pd (0) twong tng véi cac peak & mirc nang luong 335,7 eV va 340,9 eV; Pd (1)
tuong ing vai cac peak ¢ vi tri 336,7 eV va 342,6 eV. Két qua cho thay, chiéu cao
va dién tich peak cta Pd (II) hoan toan thap hon nhiéu so vé&i Pd (0). Piéu nay cho
thay qua trinh khir Pd (IT) vé Pd (0) d dién ra hau nhu hoan toan.

Bén canh do, tir két qua gian d6 hinh 3.13b, thong qua gia tri dién tich peak,
xac dinh dugc phan trim tuong tng caa Pd (0) va Pd (II) 1a 53,6% va 37,81%,
tuong tng véi ti 16 Pd (0)/Pd (II) = 1,41 trong tong ham lwong Pd trong xuc tac
PASG.N. Hon nita tong ham luong Pd trong xuc tic ndm trong khoang 8,23%,
ham lugng cac pha bién tinh nhu Al, Si, Na tuong tng 0,38%, 2,44% va 0,19%.
Céc két qua nay tuong dong véi két qua ICP-OES (bang 3.2) vi lugng pha hoat
tinh Pd va bién tinh Al-Si-Na déu mat di trir 1/3 dén 2/3 so véi Iy thuyét.

Mit khac, trang thai muc nang luong C 1s c¢6 thé quan sat thdy rd rang trén
gian d6 XPS cuia rGO trong thanh phan cia xtc tac PASG.N (hinh 3.13c). Sau
qua trinh giai phd, c6 thé nhan thay su xuat hién cia cac peak dic trung cua trang
thai lai hoa sp® trong lién két C=C & mirc ning luong 284,4 eV, tuong g v4i lién

két cua C trong cac 16p graphite; trang thai lai hoa sp® C-O & 285,8 eV va 2894
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eV, twong g véi cac lién két trong nhom hydoxyl va nhém epoxy trong cau tric
mang graphene oxide [131].

Nhu vay, tur cac két qua thu dugc & trén cé thé nhan dinh rﬁng, vo1 xuc tac
Pd/rGO bién tinh bdi to hop Al-Si, tic nhan khir NaBHj to ra hiéu qua hon so véi
ethyleneglycol, thé hién & ham lugng Pd trong xtc tac 16n hon, va hoat tinh di¢n
hoa trong EOR dat gia tri cao hon. Hon nira, su xuét hién cua Na trong thanh phén
xuc tac khur béng NaBHj ¢6 thé 1a mot yéu td anh huong tt t6i hoat tinh dién hoa
clia xuc tac trén co s& Pd/rGO. Vai tro cua Na s& duogce trinh bay ¢ muc tiép theo.
3.3.2. Nghién ciru anh hwong ciia tic nhén bién tinh Na dén tinh chit ciia xiic

tic trén co s¢ Pd/rGO bién tinh

Sy xuat hién cta Na véi kha ning nhuong electron cao hon, d6 am dién 16n
hon so v6i Pd [86], ¢6 1oi thé hon trong qua trinh hap phu canh tranh oxy, xtic tién
cho qué trinh oxi hod cac hop chat trung gian nhu CO,g, CHO,q, nhd d6, gidm
su ngd doc dan toi mat hoat tinh ciia tAm hoat dong Pd Két qua 14, hoat tinh va dg
bén hoat tinh ctia xuc tac duoc tang 1én. Do vay, pha bién tinh Na di duoc chu
dong thém vao véi ham lugng thich hop. Két qua khao sat so bo cho thdy, cac
mAu xic tac c6 ham luong khoang 7% Na (theo 1y thuyét) cho két qua hoat tinh
tdt nhat. Cac két qua hoat tinh dién hoa va dac trung tinh chét cua dong xtc tac
nay duogc trinh bay dudi day.

Hoat tinh xtc tac trén co sé Pd/rGO bién tinh trong phan tmg oxi hoa dién hoa
ethanol trong méi truong kiém thong qua phé CV dugc trinh bay ¢ hinh 3.14 va
bang 3.3.

Bang 3.3. Gia tri Ir va I ciia xiic tic Pd/rGO bién tinh
(moi trwong NaOH 0,5 M + C:HsOH 1 M, toc dé quét 50 mV s™)

Xic tac Ir , mA mg'pq Is, mA mg'pg Iv/1g
PG.E 5369 3915 1,37
PNG.E 6988 5273 1,33
PASG.E 7822 6111 1,28
PASGN.E 8800 4367 2,02
PG.N 7457 3967 1,88
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Xte tac Ir , mA mg'pq Is, mA mg'pq Iv/Is
PNG.N 8357 4687 1,78
PASG.N 10705 5531 1,94
PASGN.N 16138 7949 2,03
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Hinh 3.14. Pho CV ciia xiic tac Pd/rGO bién tinh bang hé Al-Si (Na)
(méi trwong NaOH 0,5 M + C:HsOH 1 M, téc dé quét 50 mV s™)

Két qua cho thdy rang, voi ca hai loai chat khir, NaBH, va EG, céc xic tac
duogc bo sung Na c6 hoat tinh cao hon cac mau khong c6 Na. Hon nita, vai tro cta
Na hoan toan ddc 1ap voi su anh hudng cia tac nhan khir. Hai yéu t6 nay c6 su
tuong hd 1an nhau trong viéc 1am tang hoat tinh va do bén cta xuc tac. Cu thé,
trong truong hop st dung chat khir EG, hoat tinh xtc tac tinh theo Ir ting 1én khi
thém pha bién tinh Na, va dugc sdp xép theo tht tu: PG.E (5369 mA mg'pg) <
PNG.E (6988 mA mg'ps) < PASG.E (7822 mA mg'pq) < PASGN.E (8800 mA
mg'pq). Khi thay thé bang chat khir NaBH,, hoat tinh ctia dong xtc tac nay duoc
tang 1én. Pac biét, gia tri Ir cia PASGN.N (16138 mA mg 'pq) cao hon gép khodng
2 1an so v6i gia tri Ir cia PASGN.E (8800 mA mg'pq). Mit khac, ti 18 Ig/I cua
dong xtic tac duge bién tinh bang Na, két hop cung tac nhan khir NaBHy, cao hon
so vOi cac xuc tac sir dung chat khir EG, twong tGng trong khoang tir 1,88 dén 2,03

va tir 1,37 dén 2,02 (bang 3.3). Theo d6, qua trinh oxi hod dién hod ethanol trén
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xuc tac bién tinh bang Na két hop khir bang NaBH, duoc dién ra hoan toan hon.
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Hinh 3.15. Phé CA ciia xiic tic Pd/rGO bién tinh bang hé Al-Si (Na)
(moi trwong NaOH 0,5 M + C:HsOH 1 M, E =-0,25 V)

Hinh 3.15 biéu dién duong quét CA cia xuc tac trén co s& Pd/rGO bién tinh
bang hé Al-Si c6 hodc khong c6 Na. Két qua cho thay, sy c6 mit ciia Na 1am ting
d6 bén va kha niang chéng ngd doc cia xuc tac Pd/rGO bién tinh thong qua do dbc
va hinh dang phé CA

Cu thé, trong trudng hop cung st dung chat khir 13 EG, phd CA cua xuc tc
bd sung Na (PASGN.E, dudng mau do) c6 do ddc thip hon so véi xuc tac khong
thém Na (PASG.E, duong mau xanh) ¢ khoang 2000 gidy dau tién cua qué trinh
do. Tuy nhién, sau 4000 gidy, hoat tinh cua hai loai xtc tac co6 gia tri tuong duong.
Trong khi do, khi sir dung chit khir NaBH., phé) CA c6 su khac biét o0 rét gifra
xuc tac khong thém Na (PASG.N, duong mau cam) va bo sung Na (PASGN.N,
duong mau den). Theo d6, phd CA cua xuc tic PASGN.N c6 d6 doc thap nhat,
tic 1a c6 d6 giam nho nhat. Sau 4000 gidy do, mat d6 dong cuia xuc tic PASGN.N
(b6 sung Na, khtr bang NaBH,) giam con 680 mA mgpq™', cao hon khoang 2,3 1an
so v6i xuc tac PASG.N (khong bo sung Na, khir bang NaBH,). Nhu véy, do bén
va kha ning chéng ngd doc bai cac hop chat trung gian trong EOR, cta hé xuc
tac trén co s Pd/rGO duoc cai thién dudi su ¢c6 mat cua Na.

Bang 3.4 trinh bay ham luong cic nguyén td pha hoat tinh va pha bién tinh
clia xtc tac trén co sé Pd/rGO, xac dinh bang phuong phap ICP-OES.
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Bang 3.4. Ham lwong Pd va pha bién tinh ciia xic tac Pd/rGO
bang phwong phap ICP-OES

Ham lweng khoi lrong Ham lweng khoi lrgng
Xiic tac theo 1y thuyét theo ICP-OES
Pd /% Phabiéntinh/% | Pd/% | Phabiéntinh/%

PNG.E 26,40 7,61 (Na) 7,51 2,52 (Na)
PASGN.E | 2523 7,25 (Na); 7,57 2,40 (Na);
1,26 (Al); 0,27 (Al);

3,15 (Si) 2,30 (Si)

PNG.N 26,40 7,61 (Na) 9,21 2,72 (Na)
PASGNN | 2523 7,25 (Na); 8,54 2,62 (Na);
1,26 (Al); 0,29 (Al);

3,15 (Si) 1,83 (Si)

Két qua cho thay, ham luong cic nguyén td trong thanh phan xuc tac chi bang
khoang 1/3 so véi ham lugng theo 1y thuyét. Trong d6, ham lugng pha hoat tinh
Pd niam trong khoang tir 7,5% dén 9,2%. Ham lugng cac nguyén t6 bién tinh twong
tmg nhu sau: Al tir 0,27% dén 0,29%: Si tir 1,83% dén 2,3% va Na tir 2,4% dén
2,6%. Thém vao do, dbi véi cac mau xuc tac dugc khir béng NaBH, luén c6 ham
luong Pd cao hon so véi cac xac tac duoc khu bﬁng EG.

Trén gian d6 pho Raman ciia chat mang rGO va cac mau xtc tac (Hinh 3.16.),
c6 su xuat hién peak dai G (Ig) c6 gié tri xap xi 1600 cm™ va peak dai D (Ip) tai
1350 cm™". Bén canh d6, phd Raman cua cac xtc tac va rGO c6 hinh dang tuong
tu nhau, nhung khac nhau ¢ ti I¢ Ip/Ig, theo thir tu: PASG.N (1,02) < PASGN.N
(1,10) <rGO (1,42) <PASG.E (1,98). Theo cac tai liéu da cong bo [82, 132, 133],
Ip > I c6 nguyén nhan do xudt hién cac khuyét tat mang, dudi sy c6 mat cua Pd
kim loai hoic oxide PdO trén bé mat chat mang va sy khtr cic nhoém chirc chira

oxy trong qua trinh chuyén hoa tir GO sang rGO.
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Hinh 3.16. Phé Raman ciia rGO va céc xic tac
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Hinh 3.17. Pho hép thu FTIR ciia (a) GO va (b) xiic tic PASGN.N

Quan sat phd hong ngoai ciia GO (Hinh 3.17a) nhan thay, xuét hién cac peak

dic trung cho cac dao dong cua cac lién két chira oxy nhu O-H & gan 3500 cm’!

va xung quanh 1400 cm!; C=0 ¢ 1760 cm™!; va C-O ¢ khoang 1100 cm™'.
Tuy nhién, trén phd FTIR cua xtc tic PASGN.N (Hinh 3.17b), cuong do cac

peak nay suy giam r0 rét, tham chi khong xuat hién. Hon nira, trén gidn d6 con

quan sat thay tin hiéu tai s6 séng 1600 cm™’, dic trung cho dao dong C=C. Nguyén
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nhan c6 thé do sy giam so lugng cac nhom chira chire chita oxy sau qua trinh khir
tor GO thanh rGO.

Hinh 3.18 biéu dién anh TEM va biéu d6 phan bé kich thudc hat ciia cdc mau
xuc tac. Kich thudce hat trung binh d, dugc xac dinh tur biéu d6 phan bd kich thuée
hat [134].

Két qua cho thay, cac tiéu phan nano kim loai phan tan thua thot trén mang
mong graphene, tuy nhién, kich thudc ctia chiing c6 su khac nhau tuong tng voi
tac nhan khir. Vi dy, véi xtic tic PASG.N va PASGN.N (kht bang NaBH,) ¢6 kich
thude cac tiéu phan Pd tir 7 nm dén 14 nm (hinh 3.18b va hinh 3.18c), trong khi,
vé6i xuc tac PASG.E (khir bang EG) kich thuéc hat 16n hon 3 1an, tir 20 nm dén 36
nm (hinh 3.18a). Theo d6, tac nhan khir NaBH, c6 su anh hudng dén phan bé cua
céc tiéu phan nano kim loai trén bé mat chat mang graphene theo chiéu huéng tot
hon so v&i tic nhan EG. Pay c6 thé 1a nguyén nhéan giai thich cho viéc hoat tinh
dién hod cua xuc tac Pd/rGO bién tinh khir bang NaBH,, trong EOR, ¢6 gia tri cao
hon so voi xtc tac khir bang EG.

Bén canh d0, cac tiéu phan nano kim loai cia PASGN.N (b6 sung Na) duogc
gidn v6i mat do phan bd cao hon so véi xtic tac PASG.N (khong c6 Na). Pay c6
thé 1a 101 giai thich hop 1y cho viéc hoat tinh dién hod cua xuc tac cé bd sung Na
trong EOR, cao hon so véi xuc tac khong bo sung Na.

Ngoai ra, c6 thé quan sat thdy rang, cac tiéu phan nano kim loai trong xuc tac
PASGN.N c6 xu huéng két tu dé hinh thanh cac cum hat c¢6 kich thudc 16n hon &
ngoai ria, hodc nép gap cua cc tam graphene. Nguyén nhan c6 thé do su c6 mit
cua Na, hinh thanh pha lap phuong NaPd;Oy, trong d6 cac tdm hoat dong Pd lién
két véi 8 nguyén tlr oxy, tao nén tam hoat dong 16n hon [86]. Trong khi d6, néu

khong c6 sy c6 mat ciia Na, pha tir dién PdO ¢6 kich thudc nhé hon.
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Hinh 3.18. Anh TEM va biéu d6 phan bé kich thwéc hat ciia cac xic tic
PASG.E (a) PASG.N (b) va PASGN.N (¢) v6i cac d¢ phan gidi khac nhau
Dién tich bé mit hoat dong dién hod (EASA) cua dién cuc chtra xuc tac trén
co s0 Pd/rGO dugc xac dinh bdi duong lugng dién su dung trong phéan g khu
PdO tao thanh kim loai Pd va duoc tinh theo cong thirc [135]:

Q
EASA = ——— 2
S SXde ()

Trong do:
O : Buong luong dién Coulombic (don vi mC), xac dinh bﬁng phép do dién
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hoa;

mpq - Khoi luong Pd trong xtic tdc (don vi mgpq) trén bé mit dién cuc, xac

dinh bang phuong phap ICP-OES

S : Hang s6 duoc 1y bang 0,405 mC cm? 1a gia tri duong luong dién

Coulombic tinh cho mdt don vi dién tich 1 16p PdO dé chuyén hoa hoan toan

tao thanh kim loai Pd

Gia tri EASA va kich thudc hat trung binh d, dugc trinh bay trong bang 3.5.

Bang 3.5. Gia tri EASA va kich thwdc hat trung binh cua cac xuc Pd/rGO

Xuc tac Kich thudc hat Q/mC EASA/
trung binh / nm cm? mg'pq
PASG.E 28,07 1,902 x 1073 1502
PASG.N 10,49 2,583 x 1073 1937
PASGN.N 9,97 2,693 x 1073 2076

Két qua cho thay gia tri EASA duoc sap xép theo thi tu: PASG.E (1502 m? g
'pa) < PASG.N (1937 cm? mg'pq) < PASGN.N (2076 cm? mg'pq). Két qua nay
tuong déng voi két qua TEM (hinh 3.18). Kich thudc hat cang 16n, dién tich hoat
dong dién hoa cang nho [136].

Nhu vay, tir cac két qua trén, nhan théy, pha bién tinh Na c6 anh huéng tdt dén
vige tdng hoat tinh dién hod cua xtc tac Pd/rGO bién tinh trong EOR.

Tuy vy, do 6n dinh hoat tinh (thoi gian sdng) ctia xtc tac 1a mot yéu to quan
trong trong viéc ting kha ning tmg dung cta vat liéu trong thuc té. Cac két qua
dudi day trinh bay khao sat anh huéng ciia Na dén thong s6 nay ciia xuc tac
Pd/rGO bién tinh trong EOR, tai moi truong kiém.

Thoi gian séng cua xuc tac PASG.N va PASGN.N duoc xac dinh qua 500
vong quét CV trong khoang dién thé tir -0,8V dén 0,5V. Cac két qua nghién ctru
dugc trinh bay ¢ bang 3.6, hinh 3.19 va hinh 3.20.

Trudce tién, theo két qua khao sat, sau 15 vong quét dau tién, cac xuc tac duoc
hoat ho4 va 6n dinh hoat tinh, do vay, gia tri mat do dong quét thuan tai vong quét

thir 15 duoc lya chon 1am gi4 tri so sanh (Ir 15™), 4p dung cho tat ca cac xuc tac.
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Péi véi xtic tic PASGN.N (b6 sung Na), toc do giam hoat tinh dién hoa thap,
au 200 vong quét, mat dd dong Ir 200™ = 84% Ir 15™, sau 500 vong quét, I 500"
~ 68% I 15,

18x10°
a 15" cycle I
167 b. 50th cycle
14 c. 100" cycle a
i d. 2001: cycle
_ = e. 300 cycle
‘ 2 10 f. 400" cycle
< g g- 500th cycle
E
] 6 —
4 -
2 p—
0 —

-0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4
E/V (vs. Ag/AgCl)

Hinh 3.19. Phé CV ciia xiic taic PASGN.N sau 500 vong quét
(méi trwong NaOH 0,5 M + C:HsOH 1 M, toc dé quét 50 mV s™)

12x10° . |
a. 15 cycle F
th
10 4 b. 50 trE:ycle
c. 100" cycle a
5| d. 200" cycle
_ = e. 300th cycle
" on f. 400" cycle
€ 6 th
< g. 500 cycle
g
- 4
2 —
0 —
I T I T I T I T I T I T I !
-0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4

E/V (vs. Ag/AgCl)
Hinh 3.20. Phé CV ciia xiic tac PASG.N sau 500 vong quét
(méi truwong NaOH 0,5 M + C:HsOH 1 M, toc dp quét 50 mV s™)

Theo cach twong tu, hoat tinh xtic tic PASG.N (khong bo sung Na) ciing giam
dan khi tang s6 vong quét (hinh 3.20). Tuy nhién, toc d6 giam hoat tinh nhanh hon
so voi xuc tic PASGN.N. Tuong g, sau 500 vong quét, Ir 500 = 27% Ip 15%,
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Nhu vay, c¢6 thé nhan dinh rang, d6 6n dinh hoat tinh ciia xtic tic PASGN.N duoc

cai thién dang ké khi bd sung vao xuc tac mot lugng thich hop Na.

Bang 3.6. Gia tri Ir cua xic tac PASGN.N va PASG.N sau 500 vong quét CV
(méi truong NaOH 0,5 M + C:HsOH 1 M, téc dp quét 50 mV's™)

Mat d¢ dong quét thuin - Ir/ mA mg'pq

Xiic tac I 15th IF IF IF 200“1/ IF IF IF IF SOOth/
! 100" | 200" Ir 15% 300" | 400™ | 500" | I 15™

PASGN.N | 16138 | 14175 | 13816 0,84 1275112342 | 10864 | 0,68

PASG.N | 10705 | 9100 | 8565 0,80 6884 | 4956 | 2884 0,27

Nguyén nhan c6 thé dugc dua ra & day 1a do sy bam dinh cta pha hoat dong
(tiéu phan nano Pd) trén bé mit ctia chat mang graphene dugc 6n dinh hon duéi
su xuat hién cta to hop pha bién tinh Al-Si-Na. Anh TEM (Hinh 3.21) cua cac
xuc tac PASG.N va PASGN.N trudc va sau 500 vong quét CV trong moi trudong
NaOH 0,5 M + C,HsOH 1 M, toc d6 quét S0 mV s trinh bay rd hon luan diém
nay.

Cu thé, trong trudng hop cia xuc tic PASGN.N, sau 500 vong quét, cac tiéu
phan pha hoat tinh c6 xu hudng két tu tao thanh cac hat co kich thuéc 16n hon, tir
60 nm dén 130 nm (Hinh 3.21c). Hon nita, mat d0 phan bd cac tiéu phan trén bé
mit graphene giam, chu yéu tip trung ¢ ria ngoai hoic nép gip cua tim graphene.
Tuy nhién, trong truong hop cta xtc tac PASG.N, duong nhu chi quan sat thay
cac tAm graphene va xudt hién rat it cac tiéu phan, din t6i hoat tinh cua xtc tac
giam nhanh. Theo Nicola Seriani [86], nguyén nhan c6 thé 14 do sy tao thanh pha
NaPd;04 khi ham luong cua Na du 16n (bing khoang 1/4 so v6i ham lugng Pd),
trong xtc tic PASGN.N. Theo cach nay, mdi nguyén tir O s& lién két thém voi
cation Na & canh no, dé lam giam dién thé tinh trong lién két, yéu t6 chinh trong
viéc 1am bén cau trac. Trong khi d6, khi Na dugc bd sung v6i ham luong qua nho
(khoang 1/50 so véi ham lugng Pd, trong xtic tic PASG.N), ¢6 thé dan téi giam
dién thé tinh nhung khong nhiéu, pha PdO tur dién duoc tao thanh nhiéu hon, trong
d6 mdi nguyén tir O s& lién két voi 3 nguyén tir Pd, ¢6 6 bén kém hon so véi pha
1ap phuong NaPd;O4 [86, 137].
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Hinh 3.21. Anh TEM ciia xiic tic PASGN.N va PASG.N
trudce (a, b) va sau 500 vong quét CV (c, d)
(moi trwong NaOH 0,5 M + C:H50H 1 M, toc do quét 50 mV s™)

¥ »

Hinh 3.22. Anh SEM ciia xiic tic PASGN.N
trudc (a) va sau 500 vong quét CV (b)
(méi trwong NaOH 0,5 M + C:HsOH 1 M, téc dé quét 50 mV s™)
Anh SEM (Hinh 3.22) cho thiy rd hon sy thay doi vé dic trung hinh thai hoc
cua xuc tdc PASGN.N theo trude va sau 500 vong quét CV, trong moi truong
NaOH 0,5 M + C;HsOH 1 M. Theo @6, trude phan ung 16p xtc tac tao thanh cac
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“khoi” ddng nhat, tuy nhién, cac khéi ndy bi nit v& sau phan tmg. Hon nita, trén
hinh 3.22b con quan sat thdy mot s6 luong thanh dai xen 1dn nhau. Pay duong
nhu 1a cac pha hoat dong Pd c6 thé bi tach khoi bé mat graphene va két tu lai véi

nhau sau hang trim vong quét CV lién tuc, dan t&i hoat tinh dién hoa cua xtic tac

giam.
b
3 NaPd;0, PdO (110)
A Pd (111) PdO (103)
>
';;; NaPd;O,
=
1 M
a
AN
| | | | | | |
10 20 30 40 50 60 70
26/ degree

Hinh 3.23. Giin d6 XRD ciia xiic tic PASGN.N
trudce (a) va sau 500 vong quét CV (b)
(méi trwong NaOH 0,5 M + C:HsOH 1 M, téc dé quét 50 mV s™)

Gian d6 XRD (Hinh 3.23) cho thay su thay doi vé pha trong cau tric cta xic
tac PASGN.N trudc va sau 500 vong quét CV, trong moi trudng NaOH 0,5 M +
C,HsOH 1 M. Theo d6, trén gian 6 XRD cua xtc tac trude phan tmg (hinh 3.22a),
c6 thé quan sat thay peak dic trung & 20 ~ 40,5° twong tng véi Pd (111) [138,
139], peak ¢ 20 = 21°, 39,5° twong ng v6i tinh thé NaPd;04 [140]. Trong khi d6
trén gian d6 cia xuc tac sau phan Gmg, quan sat thém duoc cac peak dic trung &
20 ~ 43°, 63° twong g véi tinh thé PO (110) va PdO (103) [139]. Két qua nay
cho thiy tinh thé PdO dugc hinh thanh trong qué trinh phan tmg.

Nhuw vy, trong cac loai xtc tic Pd/rGO bién tinh, tng dung trong EOR, t6
hop Al-Si-Na va dédc bi¢t la Na, lam tang dang ké hoat tinh, do bén hoat tinh dién
hod ctia xtc tac. Mit khac, chat khir NaBHy t6 ra hiéu qua hon so v61 EG, thé hién
khong chi & kha nang cai thién do phan tan céc tiéu phan hoat tinh trén bé mat

chat mang ma con lam gidm kich thudc cia cac ti€u phan nay, dan té1 hoat tinh
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xuc tac dugc tang 1én. Pac biét, xtic tdic PASGN.N cho két qua hoat tinh rat cao
vGi gia tri mat d6 dong Ir dat hon 16000 mA mg'p4, cao nhat trong cac cong trinh
da duoc cong bd vé xuc tac trén co s& Pd [78], [82]. Mat khac, do on dinh hoat
tinh cia xuc tac trén co s& Pd/rGO bién tinh bang t6 hop Al-Si-Na, khir bang
NaBH, khé cao, chi giam khoang 32% sau 500 vong quét. Két qua nay mé ra mot
hudng nghién ctru méi vé tac nhan bién tinh xuc tic Al-Si-Na, vira lam ting dang
ké hoat tinh, vira cai thién d6 bén va dd 6n dinh cua hoat tinh xtc tac trén co s
Pd/rGO trong phan tng oxi hoa dién hoa ethanol trong méi trudng kiém.
3.4. Nghién ciru ché tao va dic trung tinh chit ciia mue xiic tac PtAG cho
anode trong DEFC

Dung mdi phan tan 13 mot yéu t6 linh dong, tuy thudc timg loai xtc tac, cling
nhu kha nang phan tan nafion va hat xtc tac trong dung mé1 d6. Dya trén cac tai
li¢u da cong bd [19,21-24,40] va diéu kién thuc té trong qua trinh thyuc hién luan
an, ba loai dung moi ti€u biéu dugc lva chon cho qua trinh ché tao muc bao gé)m:
Ethanol, isopropanol va n-butylaceate va chét dién ly nafion dugc lya chon trong
thanh phan cta muc. Nudc duge str dung nhu mot loai dung moéi so sanh trong
ndi dung nay. Mot sd tinh chat vat 1y ctia cac dung méi duoc trinh bay & bang 3.7
[141].

Bing 3.7. Mot so tinh chat vat 1y ciia dung moi

Dung méi Piém soi Po nhét & P tan & 20°C/

¢ 760 mmHg / °C 25°C, cP g trong 100 mL nwéc

Nudc 100,20 0,56 -
n-butylacetate 126,10 0,68 0,68
Isopropanol 82,60 1,96 Tron 1an hoan toan
Ethanol 78,20 1,07 Tron 1an hoan toan

Mait khac, cac két qua thu duogc tir qua trinh khao sat so b, luan an lya chon
céc ti 1& gitra dich xtc tc va dung méi nghién ctru bao gom: 1/2, 1/1 va 2/1 (tinh

theo thé tich). Cac ty I¢ nay dam bdo do ham luong xuc tac trong muc va do nhot
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ctia hon hop & khoang gia tri thich hop, khong 1am anh hudng qua nhiéu dén tinh

chit cua 16p phu trén dién cuc anode.

3.4.1. Anh hwéng ciia dung méi va ty 1¢é pha ché muwc xiic tic dén tinh chit
dién cwc anode

Anh TEM cua muc xuc tdc PtAG, dugc trinh bay ¢ hinh 3.24. Quan sat anh
TEM cho théy, cac dung dich muc xuc tac déu co su phan bd déng déu cac tiéu
phan hoat tinh trén mang mong rGO. Kich thudc trung binh ciia tiéu phan Pt trong
muc CI-WATER (hinh 3.24a) va CI-EtOH(1/1) (hinh 3.24b) c6 gia tri tir 4,2 dén
4,5 nm.

V61 muc CI-NBA(1/1) (hinh 3.24c¢) va CI-IPA(1/1) (hinh 3.24d), c6 su tang
nhe vé kich thudc cua tiéu phan (~ 4,7 nm), nguyén nhan c6 thé do su két tu va
phan tan lai cta cac tiéu phan nay trong qua trinh diéu ché muc, khi str dung dung
moi NBA va IPA. Nhu vay, co6 thé nhan dinh rr?mg, qué trinh pha myc khong anh
hudng nhiéu dén sy phan b va kich thudce cac tiéu phan kim loai trén bé mit chat

mang.

Frequency / %
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Hinh 3.24. Anh TEM va phan bé kich thuéc ciia mue CI-WATER (a);
CI-NBA(1/1) (b); CI-IPA(1/1) (¢) va CI-EtOH(1/1) (d)

Theo cac tai li€u da cong bd [33, 40] mot sb tac nhan nhu su lién két gitra xuc
tac va nafion, do phan tan cua xuc tac trong dung méi c6 anh hudng truc tiép dén
hiéu qua hoat dong dién hod cua dién cuc va kha nang hoat dong cua pin DAFC.
Cac yéu tb nay cling c6 anh huong nhat dinh dén su tao thanh cua cac vét nut trén
bé mat dién cuc. Khi cac vét niit xuét hién, bé mat 16p xuc tac tré nén g6 ghé, chia
thanh cac dam nho, lién két roi rac, do bam dinh véi bé mit vai carbon khong cao,
dé bi bong troc sau khi lam kho. Két qua 1a, hiéu qua hoat dong dién hoa cta di¢n
cuc va mat do cong suét ctia pin giam.

Quan sat hinh anh bé mit & hinh 3.25a cho théy bé mit nhin, min cta dé vai
carbon. Trong khi do, bé mit caa 16p xuc tac CI-WATER xudt hién cc vét nit
(hinh 25b). Nguyén nhan c6 thé do nudc khong phai 13 dung méi thich hop dé
phan tan nafion va xuc tac, vi vay, su lién két gilta ching chua tt, cac ionomer bi
tach ra va két tu lai thanh timg dam 16n.

L&p carbon xdp trén dé vai carbon duge quan sat rd hon trén anh SEM (hinh
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3.26a). Hinh 3.26b cho théy, su xuit hién cua cac vét nat dang chir I va cac 16
hong trén bé mat cua 16p xuc tac phu muc CI-WATER. Hién tuong nay cé thé
duogc giai thich do lién két kém bén ctia ionomer va xtc tic PAG trong dung méi

nudc.

Hinh 3.25. Hinh anh bé mit ciia dé vai carbon phii 16p carbon xdp (a)

va dién cuc phi muc CI-WATER (b)

X0 BEM)

Hinh 3.26. Anh SEM dé vai carbon phii 16p carbon x6p (a)
va dién cuc phi muc CI-WATER (b)

Hinh anh bé mat cta dién cuc phu muc CI-NBA (hinh 3.27) cho théy su xuat
hién cta cac vét niit véi mat do 16n. Pién hinh nhu trong truong hop muc CI-
NBA(1/1), cac vét nit so cap dang chit I xuat hién nhiéu do cac luc ép dang hudng
va bat dang hudng trong vi cau tric khong dong déu [40]. Trong khi d6, ddi voi
16p xtc tac CI-NBA(1/0,5) va CI-NBA(1/2), cac vét nit thir cip dang chit Tva'Y
xudt hién nhiéu hon. Hon nita, xuat hién nhiéu khe, rinh gilta cac tAm nho cla 16p
xuc tac.

Anh SEM ciia céac dién cyc phi muc CI-NBA (hinh 3.28) cho thay rd hon céac

bé mit khong bang phang cua 16p xtc tac. Két qua nay cho thiy, dung méi n-
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butylacetate chura phai 12 dung méi thich hop dé két hop vé6i dich huyén phu xuc
tac da phan tan sin trong nudc. Mit khac, do tan trong nudc cia dung moi ndy
thap, khoang 0,68 g/100 g nudc (bang 3.7), hdn hop muc ton tai dang nhii, day
duoc cho 1a nguyén nhan tach ionomer khoi hat xuc tac. Theo do, nhitng hat xtc
tac hodc nafion & dang riéng r&, khong c6 hoic lién két kém va bé mit 16p xtic tac

c6 su phan tach va gb ghé cao [142].

Hinh 3.27. Hinh anh bé mit dién cwe phit mue CI-NBA(1/1) (a),

Hinh 3.28. Anh SEM dién cuwe phit mue CI-NBA(1/1) (a), CI-NBA(1/0,5) (b)
va CI-NBA(1/2) (¢)

Két qua dugc trinh bay trén hinh 3.29 cho théy, bé mit cac dién cuc phu muc
CI-IPA khé bang phing, ddng déu hon so véi dién cuc pha mue CI-NBA va CI-
WATER. Khong quan sat thay vét niat trén bé mat 16p xuc tac CI-IPA(1/1) va CI-
IPA(1/0,5) (hinh 3.29a-b). Tuy nhién, mot vai vét niit nhé dang chir I va U xuat
hién trén bé mat cua dién cuc phu CI-IPA(1/2) (hinh 3.29¢).

Bé mit 16p xtic tac CI-IPA(1/1) it gd ghé nhat va khong xuat hién vét niit (hinh
3.29a). Trong khi d6, bé mit dién cuc phu muc CI-IPA(1/0,5) (hinh 3.30b) khong

dong nhat, xuat hi¢n cac 16 nho va cac cum xuc tac kich thudce vira va nhd, khong
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quan sat thay cac vét nit. Hinh 3.30c cho thay, bé mat 16p xtc tic CI-IPA(1/2)

phang hon, tuy nhién, cé sy xuat hién mot s6 vét nirt so cap dang chir I cung mot

sO cum hat xuc tac trén bé mat dién cuc.

Hinh 3.29. Hinh anh bé mat dién cwe phi muc CI-IPA(1/1) (a), CI-
IPA(1/0,5) (b) va CI-IPA(1/2) (¢)

Hinh 3.30. Anh SEM dién cuc phi mue CI-IPA(1/1) (a),
muc CI-IPA(1/0,5) (b) va muc CI-IPA(1/2) (¢)
Theo cac nghién ctru trude do6 [40], [142], nguyén nhan cua hién tugng nay co
thé do su pha lodng va qua trinh bay hoi dung méi di anh hudéng dén vi cau trac
16p xtc tac sau khi lam kho. Trong truong hop dién cuc phu muc CI-IPA(1/2),
ham lugng dung méi IPA cao, cac giot myc s€ trai rong hon trén bé mat dé vai
carbon khi phil. Tuy nhién, dung méi va nafion c6 d6 khuéch tan cao hon, lam
giam lién két giira xtc tac va nafion. Két qua 13, bé mit khong bang phang va vi
cau trac 10p xuc tac khong déng nhit. Pay 13 nguyén nhan chinh dan toi cac vét
nGt xuat hién trén bé mat 16p xuc tac [40].
Nguoc lai, trong truong hop muc CI-IPA(1/0,5) ham lugng dung moi trong
thanh phan muc xuc tac thap, dan tdi trong qua trinh phu, toc d6 khuéch tan cac

giot muc trén dé vai carbon thap. Do d6, chiéu cao cac giot xtc tac khi kho khong
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d6ng nhat, bé mat 16p xtc thu duoc gd ghé, cac 16 hong xuét hién nhiéu hon [40].
Nhu vy, véi dong muc xtc tac CI-IPA, ty 18 thé tich giita dich huyén phu xtc
tac va dung méi 1a 1:1, twong tmg v6i muc CI-IPA(1/1) 1a phit hop nhét dé ché

tao dién cuc voi bé mat dong nhat va khong co vét nut.

.-

Hinh 3.31. Hinh anh bé mit dién cwe phit mye CI-EtOH(1/1) (a),
CI-EtOH(1/0,5) (b) va CI-EtOH(1/2) (¢)

Hinh 3.32. Anh SEM dién cuc phit mue CI-EtOH(1/1) (a), CI-EtOH(1/0,5)
(b) va CI-EtOH(1/2) (¢)

Hinh 3.31 trinh bay hinh dnh bé mat cac dién cuc phu dong muc xtc tac CI-
EtOH. Két qua cho thay, bé mit 16p xtc tac trén cac dién cuc ndy bang phang va
min hon so v&i 16p xtc tac tir cac dong muc trude do voi dung modi nudc, NBA
va IPA. Thém vao d6, khong quan sat thdy vét nit trén 16p xtc tac CI-EtOH d6i
v6i ca 3 hdn hop muc c6 ty 1é khac nhau.

Anh SEM hinh 3.32a cho thay, 16p xtic tic CI-EtOH(1/1) c6 bé mit bang
phang va ddng déu cao nhét. Trong khi, bé mit dién cuc phu CI-EtOH(1/0,5) g
ghé, xuét hién mot s6 16 hong va vét 16m 16n (hinh 3.32b) va bé mit 16p xtc tac
CI-EtOH(1/2) ciing c6 d¢6 dong déu nhu CI-EtOH(1/1) nhung xuat hién nhiéu
diém cao, kém bang phang hon (hinh 3.32c).
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So sanh voi1 muc CI-IPA(1/1), bé mit dién cuc phu myuc CI-EtOH(1/1) cho
thay su bang phang va déng déu hon. Diéu nay c6 thé dugc giai thich 1a do do
nhét cua ethanol thap hon IPA (1,07 so v6i 1,96) (bang 3.7), dan ti 4o chay cua
muc CI-EtOH(1/1) t6t hon muc CI-IPA(1/1). Piéu nay giup cho 10p xtc tac trén
dién cuc sau phu mong, dong déu, it khuyét tat va bang phang hon sau qua trinh
lam kho.

Hinh 3.33. Anh SEM dién cwe phii muc CI-WATER (a), CI-NBA (1/1) (b),
CI-IPA(1/1) () va CI-EtOH(1/1) (d) & d) phan giai 1:50.000

Céac luan diém trén dugc khéng dinh r0 hon trén anh SEM & do phan giai cao
(1:50.000) (Hinh 3.33). Hinh 3.33a cho thdy, 16p xtic tic CI-WATER chia thanh
ting dam véi cac vét nat 16n. Bé mat 16p xuc tac CI-NBA(1/1) khong dong déu,
chtra nhiéu 16 hong, vét nit (hinh 3.33b). Trong khi d6, khong xuat hién cac vét
nut trén 16p xac tac CI-IPA(1/1) va CI-EtOH(1/1), tuy nhién, bé mit 16p pha CI-
EtOH(1/1), phang va ddng déu hon.

Nhuw vy, trén co s so sanh vi cdu trac bé mat 16p pht tir mue xuc tac c6 dung

moi khac nhau cho théy, muc xuc tac CI-EtOH(1/1) dugc xac dinh 1a loai muc
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phul hop nhét dé phii 1én dé vai carbon tao thanh dién cuc c6 bé mat phang va dong

déu cao. Theo do, dung mdi ethanol cing véi ty 1¢ thé tich giita dich xuc tac trén

dung mdi 1a 1/1 trong thanh phan muc xuc tac dugc sir dung cho dong muc tiép

theo.

3.4.2. Anh hwéng ciia dung méi va ty 1é pha ché muec xiic tic dén hoat tinh dién
hod cua muc xuc tic

Hoat tinh dién hoa cta muc xtc tac CI-PAG, diéu ché v6i cac dung moi khac
nhau, trong EOR dugc trinh bay tir hinh 3.34 dén hinh 3.36 va bang 3.8.

Trude hét, hoat tinh dién hod cua tt ca muc xtc tic trong EOR, moi truong
kiém déu cao hon so véi moi trudng acid, két qua nay twong dong véi cac nghién
ctru dd cong bd vé xuc tac dién hoa cho EOR, trong ca hai méi truong acid va
kiém [1, 7]. Nguyén nhan duoc hau hét cac tac gia dua ra la do dong hoc ctia EOR
trong moi trudng kiém dién ra thuan loi hon trong acid (Eonset v Eyj2 trong kiém
hudng 4am hon nhiéu so véi trong acid).

Thir hai, hoat tinh dién ho4a ctia muc xtc tac CI-NBA thép hon so vo1 muc xac
tac CI-WATER, trong ca hai méi truong (hinh 3.34a-b). Cy thé, trong moi trudng
acid, cuong d6 Ir dugc sip xép theo chiéu giam dan: CI-WATER (1486 mA mgp,
I > CI-NBA(1/1) (1257 mA mgp ') > CI-NBA(1/0,5) (857 mA mgp ") > CI-
NBA(1/2) (742 mA mgp,"), ty s6 Ig/Iz: CI-NBA(1/2) (1,12) > CI-WATER (0,83)
~ CI-NBA(1/1) (0,85) > CI-IPA(1/0,5) (0,65).

Trong mdi trudng kiém, Ir giam dan theo thir ty: CI-WATER (3.951 mA mgp¢
1> CI-NBA(1/1) (3.114 mA mgp,') > CI-NBA(1/0,5) (721 mA mgp') > CI-NBA
(1/2) (476 mA mgp"), va ty s6 Ig/Ig: CI-NBA(1/1) (2,63) > CI-IPA(1/2) (2,17) >
CI- WATER (2,09) ~ CI-NBA(1/0,5) (1,98) (bang 3.8).

99



2400 1 = CI-WATER
2000 ] —— CI-NBA(1/1)
—— CI-NBA(1/0.5)
=_ 1600 ] —— CI-NBA(1/2)
of
£ 1200
o ]
E 00
400

_400 '” — 1 1 I I 1 1 1 I I
0 o1 02 03 04 05 06 07 08 09 1
E /Vvs Ag/AgC]

a: Moi truwong C:HsOH I M + H>S0, 0,5 M

4800 -
3800 i I —— CI-WATER
—— CI-NBA(1/1)
- —— CI-NBA(1/0.5)
g 2800 —— CINBA(172)
<
E 1500
800 -
-200 i
-0,8 -0,6 -0.4 -0,2 0 0,2 0,4
E/Vvs Ag/AgCl

b: Moi truwong: C:HsOH I M + NaOH 0,5 M
Hinh 3.34. Phé CV ciia muec xic tic CI-NBA trong EOR
(toc dj quét 50 mV s™)
Nguyén nhan duoc giai thich do su gin két thip giira xtic tac va nafion trong
dung mdi NBA, dugc trinh bay ¢ muc 3.4.1, dan t6i sy két ndi kém ¢ ranh gidi 3
pha: hat xuc tac, chat din nafion va moi trudng phan tng [37]. Két qua 13, phan

ung oxi hoa dién hoa ethanol xay ra kho hon so vo1 muc CI-WATER.
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Bang 3.8. Gia tri Ir va Ig cua mue xuc tac PAG trong EOR

(toc dp quét 50 mV s™)

Murc xuc tac

Trong méi truong acid

Trong mdi truong kiém

I, s, | Mo s, s
mA mgpi! | mA mgp! mA mgpi! | mA mgp!

CI-WATER 1486 1784 0,83 3951 1894 2,09
CI-NBA(1/1) 1257 1478 0,85 3114 1182 2,63
CI-NBA(1/0,5) 857 1310 0,65 721 364 1,98
CI-NBA(1/2) 742 661 1,12 476 220 2,17
CI-IPA(1/1) 1187 2046 0,58 3435 1724 1,99
CI-IPA(1/0,5) 723 1261 0,57 3080 1496 2,06
CI-IPA(1/2) 1133 1693 0,67 2911 1298 2,24
CI-EtOH(1/1) 1793 2553 0,70 4751 2438 1,95
CI-EtOH(1/0,5) 719 1.095 0,66 3980 1726 2,31
CI-EtOH(1/2) 987 1.532 0,64 2364 1103 2,14

b

Hoat tinh dién hod cua muc CI-IPA c6 su cai thién so voi muc CI-NBA (hinh

3.35a-b). Cu thé, trong moi trudng acid, mat do dong Ir duogc sip xép theo thu tu:
CI-WATER (1486 mA mgp') > CI-IPA(1/1) (1187 mA mgp!) > CI-IPA(1/2)
(1133 mA mgp') > CI-IPA(1/0,5) (723 mA mgpih). Ty s Ig/Is ctia muc CI-IPA
thap hon so v6i muc CI-WATER, duoc sap xép nhu sau: CI-WATER (0,83) > CI-
IPA(1/2) (0,70 > CI-IPA(1/1) (0,58) ~ CI-IPA(1/0,5) (0,57). Theo cac nghién ctu

da cong bd [128, 143], trong mdi truong acid, muc CI-IPA c6 hoat tinh di¢n hoa
va d0 6n dinh dién hoa thap hon so vi muc CI-WATER.
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Hinh 3.35. Gian d6 CV ciia muec xiic tic CI-IPA trong EOR

Theo cach tuong tu, trong moi trudng kiém, ddy sap xép ciia mat d6 dong Ir
la: CI-WATER (3951 mA mgp') > CI-IPA(1/0,5) (3431 mA mgp;!') > CI-IPA(1/1)
(3234 mA mgp") > CI-IPA(1/2) (2877 mA mgp") va ty s6 I/Iz dugc trinh bay
theo tha tu: CI- IPA(1/2) (2,24) > CI- WATER (2,09) = CI-IPA(1/0,5) (2,06) ~

800

—— CI-WATER
= CI-IPA(1/1)
—— CI-IPA(1/0.5)

E /Vvs Ag/AgCl

a: Moi trwong C:HsOH I M + H>S0,4 0,5 M;

1

— CI-WATER
= CI-IPA(1/0.5)
—— CI-IPA(1/1)
— CI-IPA(1/2)

-0,2 0
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b: Moi trwong: C:HsOH I M + NaOH 0,5 M

(toc dp quét 50 mV s™)
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CI-IPA(1/1) (1,99).
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b: Moi trwong: C:HsOH 1 M + NaOH 0,5 M
Hinh 3.36. Gian do CV ciia muec xic tic CI-EtOH
(toc dp quét 50 mV's™)

Két qua nay co thé dugc giai thich 1a do qué trinh phan tach ciia nafion trong

vi cAu trac khong ddng nhét cua 16p xuc tac CI-IPA, dan t6i 1am giam d6 dan

proton trong 16p xiic tac trong qua trinh phan tmg. Két qua 1a, hoat tinh xuc tac
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giam.

Quan sat gian 6 CV hinh 3.36, chi duy nhit mau myc xuc tac CI-EtOH(1/1)
¢6 hoat tinh dién hoa cao hon so v&i muc xuc tac CI-WATER. Cu thé, trong moi
truong acid, day hoat tinh dién hoa sap xép theo chiéu giam cudng do Iy nhu sau:
CI-EtOH(1/1) (1793 mA mgp,!) > CI-WATER (1486 mA mgp') > CI-EtOH(1/2)
(987 mA mgp") > CI-EtOH(1/0,5) (719 mA mgp") va ty sd Ig/l twong tng 1a:
CI-WATER (0,83) > CI-EtOH(1/1) (0,70) > CI-EtOH(1/0,5) (0,66) ~ CI-
EtOH(1/2) (0,64).

Tuong tw, tai moi trudng kiém, diy giam dan cua mat d6 dong Ir nhu sau: CI-
EtOH(1/1) (4751 mA mgp,!) > CI-WATER (3959 mA. mgp!) = CI-EtOH(1/0,5)
(3980 mA mgp') > CI-EtOH(1/2) (2364 mA mgp') va ti s6 Ip/Is dugc sap xép
theo day: CI- EtOH(1/0,5) (2,31) > CI-IPA(1/2) (2,14) > CI-WATER (2,09) ~ CI-
EtOH(1/1) (1,95).

Céc két qua nay tuong ung voi két qua dic trung tinh chat hoa 1y cia muc CI-
EtOH di trinh bay ¢ muyc 3.4.1. Diéu nay c6 nghia 13, ethanol 1a dung mai thich
hop nhat dé diéu ché muc phu dién cuc anode tir xuc tac Pt-Al/rGO, khi d6, su
lién két giira nafion va hat xuc tac tré nén tét nhat. Két qua 13, phan tng oxi hoa
dién hoa ethanol dién ra dé dang hon.

3.4.3. Mt @ cong suit DEFC sir dung dién cwc anode phii myc CI-PtAG

Muyc xtc tac dugce phu lén dé vai carbon dé ché tao dién cuc anode cho DEFC.
Tir hinh 3.37 dén hinh 3.39 va bang 3.9 biéu dién gidn d6 quét dong-thé va mat
do cong suét cia PEM-DEFC va AEM-DEFC, tai 50°C, str dung dién cuc anode
pht muc xuc tac CI-PAG véi cac dung moi khac nhau khac nhau.

Nhin chung, di¢n thé mac hd cia AEM-DEFC cao hon so véi PEM-DEFC.
Cu thé, véi cung dién cuc anode, dién thé mach ho cia PEM-DEFC trong khoang
tir 0,3 dén 0,6 V, trong khi d6, véi AEM-DEFC, gi4 tri nay xap xi 0,73 V (bang
3.9). Két qua nay dan dén mat d6 cong suat cia AEM-DEFC luén cao hon so véi
PEM-DEFC & cung diéu kién. Loi giai thich co6 thé dugc dua ra trong trudng hop
nay, l1a do AEM-DEFC c6 dién tré ndi thép hon so vé1 PEM-DEFC. Mat khac,

dong hoc cua phan tng oxi hoa dién hoa ethanol va phan tng khir O, trong pin
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kiém dién ra nhanh hon trong pin acid [14].
Bang 3.9. Mat d cong suit cyc dai ciia DEFC, sir dung dién cuc anode

dwgc phu cac loai muc xtc tac khac nhau

Myce xie tde phil Mat dd cong suat cuc dai, mW cm™
PEM-DEFC AEM-DEFC
CI-WATER 4,42 15,17
CI-NBA(1/1) 3.29 12,23
CI-NBA(1/0.5) 2,57 10,19
CLI-NBA(1/2) 2,17 6,48
CI-IPA(1/1) 13,86 14,21
CI-IPA(1/0.5) 6,60 11,35
CI-IPA(1/2) 11,09 12,72
CL-EtOH(1/1) 19,10 27,07
CI-EtOH(1/0.5) 15,29 19,61
CI-EtOH(1/2) 17,38 21,99

Trong trudng hop dung mdi NBA, anode CI-NBA c6 mat d6 cong suat thap
hon so véi anode CI-WATER (miu so sdnh) (hinh 3.37a-b). Cu thé, véi PEM-
DEFCs, mat d cong suét pin Sép xép theo thtr tu: CI-WATER (4,42 mW cm™) >
CI-NBA(1/1) (3,29 mW cm™) > CI-NBA(1/0,5) (2,57 mW cm™) > CI-NBA(1/2)
(2,17 mW cm?). Véi AEM-DEFC, gia tri dat tuong mg 1a: CLWATER (15,17
mW cm?) > CI-NBA(1/1) (12,23 mW cm™) > CI-NBA(1/0,5) (10,19 mW cm™)
> CI-NBA(1/2) (6,48 mW cm™) (bang 3.9).

Trong PEM-DEFC (hinh 3.38a-b), mat d0 cong suét cta dién cyc anode CI-
IPA dat cao hon so véi mau so sanh (CI-WATER), thir ty ting dan nhu sau: CI-
WATER (4,42 mW cm?) < CI-IPA(1/0,5) (6,60 mW c¢m™) < CI-IPA(1/2) (11,09
mW cm?) < CI-IPA(1/1) (13,86 mW cm™). Tuy nhién véi AEM-DEFC, mat do
cdng suat cta dién cuc CI-IPA dat gi4 tri thap hon gia tri so sdnh, theo tht ty: CI-
WATER (15,17 mW cm™) < CI-IPA(1/1) (14,21 mW cm™) < CI-IPA(1/2) (12,72
mW cm?) < CI-IPA(1/0,5) (11,35 mW c¢m™) (bang 3.9).
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Bén canh d6, gian d6 quét dong-thé va mat do cong suat cia DEFC sir dung
anode phu myc CI-EtOH (hinh 3.39a-b) mot lan nita chiing minh dung mo6i thich
hop nhat dé ché tao muc xdc tic PtAl/rGO, trong DEFC la ethanol. Mat d0 cong
suat cia PEM-DEFC str dung dién cuc CI-EtOH cao gép gan 4 1an gid trj so sdnh,
tuong tmg dat tir 15,29 mW cm? véi dién cuc CI-EtOH (1/0,5) dén 19,10 mW
cm v6i dién cuc CI-EtOH(1/1), so séanh véi gid tri 4,42 cua anode CI-WATER.
Cic két qua nay hoan toan tuong doéng voi két qua hoat tinh dién hoa da trinh bay
O trén.

Nhu vay, ethanol véi ty 16 dung mdi 1/1 khong chi mang dén hoat tinh dién
ho4 cao nhit cho myc xic téc trong phan tng EOR & ca hai méi trudng acid va
kiém ma cac dién cuc pht muc xic tdc CI-ETOH(1/1) con c6 mat do cong sudt
16n nhit véi ca trong PEM-DEFC va AEM-DEFC.

Tu cac két qua thu dugc, luan an lya chon dung moi ethanol dé ché tao muc

xuc tac trong cac nghién curu tiép theo.

106



0,7
0.6
0.5
0.4
k!

0,2

0,1

—CI-WATER —CI-NBA(1/1)
—CI-NBA(1/0.5) ——CI-NBA(1/2)
a =
_—
S ~g L
\
N -~ — i
S = ""-..q___‘
- ::“‘:\-‘h\“b h‘-"'"--
-« ~ -~ ~—
0 5 10 Is 20 25 30 35 40 45
I (mA cm™)

P/ mW cm?

0,9
——CI-WATER ——CI-NBA(1/1)
0’8 | ——CI-NBA(1/0.5) ——CI-NBA(1/2)
b |
N .
AN
Lﬂ0,4 . M \\'_':\ - i
N NN ~
03 - SURENENIREN
? . NS ~ -
‘\‘ \\\\ S
0.2 1 \\\ =~ \.\ S >~ i
O 1 | \\\ S~ -~ ~ - ~ ~ - i
> ~ ~ =~ ~ -~
. < ~ -
0 T T T T T T T T T T
O 10 20 30 40 50 o0 70 &80 90 100 110
I/mA cm™

Hinh 3.37. Gian d0 quét dong-thé va mat do cong suat cia PEM-DEFC (a), AEM-DEFC (b)

st dung dién cuc anode phu muc CI-NBA;

Cathode:dong khi O, dp sudt 2 atm;

Nhigt dp: 50°C
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Anode: C;Hs0H 2 M, 10 mL min"! (PEM-DEFC); C:HsOH 2 M + NaOH 1 M, 10 mL min"! (AEM-DEFC)
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Hinh 3.38. Gian do quét dong-thé va mat do cong suiat cia PEM-DEFC (a), AEM-DEFC (b)

st dung dién cuwc anode phi muc CI-IPA;

Cathode:dong khi O3, dp sudt 2 atm;
Anode: C;Hs0H 2 M, 10 mL min"! (PEM-DEFC); C:HsOH 2 M + NaOH 1 M, 10 mL min! (AEM-DEFC)
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Hinh 3.39. Gian d0 quét dong-thé va mat do cong suat cia PEM-DEFC (a), AEM-DEFC (b)
st dung dién cuc anode phu muc CI-EtOH;
Cathode:dong khi O3, dp sudt 2 atm;
Anode: C:HsOH 2 M, 10 mL min"! (PEM-DEFC); C:HsOH 2 M + NaOH 1 M, 10 mL min”' (AEM-DEFC)
Nhiét do: 50°C
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3.5. Nghién ctru ché tao va diic trung tinh chit mue xic tac CI-Pd/rGO phi
anode trong DEFC
Dich huyén phu xtic tic PASGN.N, dung mdi ethanol va dung dich nafion la
cac thanh phén trong muc xuc tdc va phu 1én vai carbon ché tao dién cuc anode
trong AEM-DEFC. Cac két qua ctia nghién ctru duoc trinh bay trong muc nay.
Anh TEM ctia myc xuc tic CI-Pd/rGO ¢ cac do phan giai khac nhau dugc
trinh bay ¢ hinh 3.40.

Hinh 3.40. Anh TEM ciia muc CI-Pd/rGO & cac dd phéng dai khac nhau
Két qua cho thdy, cac tiéu phan hoat tinh phan bd kha ddng déu trén tim mang
mong graphene va tap trung chil yéu & cac nép gap hoic ria ngoai. Quan sat anh
TEM & d6 phan gii cao cho thay, su xuat hién ciia mang mong duoc tao thanh tir
chét két dinh nafion bao phu céc tiéu phan kim loai, nhung khong 1am thay doi
nhiéu vé kich thudc cac tiéu phan nay, gia tri trung binh khoang 10 nm. Két qua
nay tuong duong voi két qua anh TEM da néu ¢ trén dbi véi xuc tac PASGN.N
(hinh 3.18). Tir két qua nay, luan an nhan dinh rang, dung méi trong thanh phan
muec xuc tac khong 1am anh huéng dén d6 phan tan va kich thudc hat ciia céc ticu
phan Pd ma chi c6 tac dung pha lodng dich huyén phu xuc tac trude khi phu.
Hinh 3.41 trinh bay hinh anh bé mit va anh SEM cua dién cuc anode phu muc
CI-Pd/rGO. Két qua cho thay, quan sat duoc 16p xuc tac trén tAm vai carbon sau
khi phu (hinh 3.41b), dugc phan bd ddng déu trén moi vi tri ctia 16p vai va khong
thay sy xuat hién cta cac vét nit. Tuy nhién khi quan sat trén anh SEM & cac do
phan giai khac nhau cho thiy c6 su chong 1én nhau cta cac 16p xuc tac voi do day

mong khac nhau. O d phan giai cao hon, hinh 3.30c, ¢6 thé quan sat thdy cac khe
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ranh gitra cac 16p sau khi dung moi bay hoi hoan toan. Cac khe rénh nay tao diéu
kién cho dung dich ethanol di sau vao cac 16p xuc tac trong qua trinh hoat dong

cua pin.

Hinh 3.41. Hinh anh bé mat trudc (a), sau (b) va anh SEM (¢, d)

cia dién cwe anode phi muc CI-Pd/rGO, & cac dj phan gidi khac nhau
Hinh 3.42 trinh bay két qua gian do quét dong-thé va mat do cong suit cua
AEM-DEFC, str dung dién cuc anode phu muc CI-Pd/rGO. Két qua cho théy, mat
do cong suét cuc dai ciia mo hinh pin dat khoang 43,0 mW c¢m & nhiét do 50°C

tai dién thé khoang 0,25 V.
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Hinh 3.42. Gian dd quét dong-thé va mat do cong suiat cia AEM-DEFC,
st dung dién cwe anode phi muc CI-Pd/rGO
(anode: Ethanol 2 M + NaOH I M — 10 mL min’’;
cathode: Oxy ky thudt, 1 atm, nhiét do 50°C)

Hinh 3.43 trinh bay két qua gian do su phu thudc cia dién thé theo thoi gian
& mat do dong ¢ dinh, cia AEM-DEFC, st dung di¢n cuc anode phu muc CI-
Pd/rGO. Gia tri mat d§ dong dugc lya chon tuong g véi dién thé cua pin khoang
0,6 V, xac dinh tir dudng quét dong.
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Hinh 3.43. Gian dd sw phu thudc ciia dién thé theo thoi gian & mit do dong
¢ dinh ciia AEM-DEFGC, sir dung dién cue anode phit muc CI-Pd/rGO
( =30 mA cm?, nhiét dp 25°C)
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Két qua cho thiy sy giam dién thé cia DEFC duoc chia 1am 3 giai doan [69]:

- Giai doan 1: Khoang 10 gidy dau tién, gié tri dién thé giam manh tir khoang
0,8V Xuéng dién thé 6n dinh 0,6 V. Nguyén nhan ctia hi¢n tugng nay la do
su giam dién thé do trd khang cua 19p xuc tac trén dién cyc va mang trao
d6i ion khi ap dong;

- Giai doan 2: DPién thé cua pin & trong khoang on dinh khoang tir 0,5 dén 0,6
V véi tée do giam cham. Giai doan nay kéo dai khoang hon 7 gio. Pay ciing
1a khoang thoi gian duoc str dung dé tinh hiéu suét cua pin véi t = 0 duoc
tinh tai thoi diém dién thé cua pin khoang 0,60 V (bat dau giai doan 6n
dinh). Thoi gian két thiic cta giai doan ndy dugc xac dinh khi dién thé cua
pin giam xudng khoang 0,48 V (giam 20% so v&i gia trj dién thé tai t = 0).
Nguyén nhan 14 do cac hop chit trung gian dugc sinh ra trong qua trinh 1am
vigc cua pin hép phu trén 16p xuc tac, dan dén sy giam hoat tinh do ng6 doc,
tang tré khang trén 16p xtc tac, giam téc d6 phan Gmg. Mit khac, sy giam
ctia nong d6 chat phan ung 1a ethanol trong nhién liéu cling 1a mot nguyén
nhan dan téi su giam vé dién thé cia pin. Giai doan nay cang kéo dai, ching
t6 4 bén ciia pin cang tot;

- Giai doan 3: Trong giai doan nay, dién thé cua pin gidm voi tdc do nhanh,
cudi cung dién thé ctia pin giam dén gia tri gan bang 0. Liic nay pin khong
con hoat dong. Nguyén nhan cta hi¢n tugng nay la do sy tich tu cua cac
hop chit trung gian gay ngd doc di dat dén mot trang thai du 16n dé giam
manh hoat tinh xtic tac, d6ng thdi ngan can ethanol tham gia phan ung. Két
qua 1a téc d6 phan tmg giam manh, thim chi dimg hoan toan (khi dién thé
pin giam vé 0).

Véi cac thong s thu duoc nhu: I=0,3 A; gia tri tich phan duoc xac dinh trong

khoang thoi gian cua giai doan 2:

it
det = 27687 Vs
t

0
Téng s6 mol ethanol di phan Gng trong giai doan nay khoang 0,80 mol. Ap

dung cong thic (1) & muc 2.6, hiéu suit chuyén hod ning luong cta pin dat
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khoang 7,83%. Gia tri ndy cao hon khoang 0,8% so véi két qua da cong bd trong
nghién ctru cua Lianqin Wang va cac cong su [69], trén cung AEM-DEFC va xtc

tac trén co so Pd.

AS-PMEL 5.0k 4 B 1 D0k SEM II} 4.6mm

Hinh 3.44. Anh SEM ciia dién cwe anode phit muc CI-Pd/rGO,

sau khi chay bén (khoang hon 9 gio) ¢ cac do phan gidi khac nhau

Hinh 3.44 trinh bay anh SEM cua dién cuc anode phu myc CI-Pd/rGO, sau
qué trinh do dién thé ciia pin & mat d6 dong c¢d dinh (sau khoang 9 gio thuc hién
phép do). Két qua cho thay, & 6 phan giai thap khong quan sat thdy sy khac nhau
so voi dién cuc anode trudce khi chay bén (hinh 3.41). Tuy nhién, & d6 phan giai
cao hon, cac tiéu phan Pd két tu thanh dang thanh dai, tao thanh ting ddm nhu
cac soi chong chéo 1én nhau. Két qua nay twong dong véi két qua anh SEM cua
mau xac tic Pd/rGO bién tinh (hinh 3.22, muc 3.3.2), nguyén nhan c6 thé do qua
trinh oxi ho4 tdm hoat tinh Pd chuyén thanh dang PdO, twong tu nhu két qua da
trinh bay ¢ muc 3.3.2.
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KET LUAN

1. D3 tong hop thanh cong chat mang graphene oxide (GO) bang phuong phap
Hummers cai tién tir graphite troc né. GO duge dic trung bang cac phuong
phap XRD, TEM, SEM, Raman. Két qua cho thay, GO ¢6 ciu triic dang mang
moéng rong co kich thudc 16n hon 5 pm; chira cdc nhom chure chira oxy nhu
nhém -OH, -COOH, -CO, ti I¢ C/O dat khoang 2,47 theo khéi luong.

2. Pa tong hop thanh cong xtc tac Pt-Al/rGO, st dung chat khir EG, véi kich
thudc tiéu phan hoat tinh trong khoang tir 2 nm dén 5 nm dugc phan tan déu
trén mang graphene. Ham lugng Pt va Al c6 gid tri tuong ung 13,98% va
14,26%. Xuc tac PtAG co hoat tinh di¢n hoa cao trong EOR trong ca hai moi
truong acid va kiém, twong ing mat do dong Ir dat 1200 mA mgp! va 3674
mA mgp'. Xuc tac cd dd bén hoat tinh cao trong ca hai moi trudng;

3. P tong hop thanh cong xuc tac Pd-Al-Si/rGO, c¢6 hoat tinh cao trong EOR,
moi trudong kiém. Ham luong Pd theo ICP dat khoang 8,34%. Hoat tinh cta
xuc tac Pd-Al-Si/rGO cao hon khoang 45,7% so véi xtic tic khong bién tinh,
Pd/rGO. Trén cung mot h¢ xtc tac, tac nhan khir NaBH4 té ra hiéu qua hon so
v6i tac nhan khir EG, thé hién o kich thudc tiéu phan hoat tinh nho hon khoang
3 1an, hoat tinh xtic tac ting khoang 36,8%. Ngoai ra, phat hién thiy sy c6 mit
ctia Na trong thanh phan xtc tac duoc khir bang NaBHy;

4. Pa khao sat &nh hudéng cia tac nhan bién tinh Na dén hoat tinh va do bén hoat
tinh cua xuc tac Pd/rGO. DPac biét, xtc tac Pd-Al-Si-Na/rGO, khtr béng
NaBHy, c6 gia tri Ir dat 16138 mA mgpq!, ty s6 T/l = 2.0, trong EOR, cao
nhat trong cac cong trinh di duoc cong bd vé xic tac trén co sé Pd. Lam rd
dugc vai tro ciia Na trong viée ting do bén hoat tinh va kha nang chong ngd
ctia xtc tac Pd/rGO bién tinh (thé hién & gié tri Ir sau 500 vong quét thé-dong
tuan hoan giam khoang 32%), 1a do su tao thanh pha 1ap phuong NaPd;0, khi
c6 mat cia Na c6 do hoat dong va do bén cao, dan téi tang do lién két gitra Pd

va chat mang rGO;
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5. P4 ché tao thanh cong muyc xuc tac chira Pt-Al/rGO, ing dung cho anode trong
DEFC. ba xac dinh dugc ethanol 1a dung moi thich hop nhat (muc CI-EtOH),
thé hién & hoat tinh cao nhét trong EOR, tai ¢4 hai méi truong acid va kiém,
tuong tng Iz dat 1793 mA mgp! va 4751 mA mgpc'. Mit khéac, bé mat dién
cuc pht myc CI-EtOH phang, dong déu, khong quan sat thdy cac vét nit. Mat
do cong suit cuc dai cia PEM-DEFC va AEM-DEFC st dung anode phi muc
CI-EtOH, dat gia trj cao nhét, trong tng 19,10 mW cm™? va 27,07 mW cm?;

6. Da ché tao thanh cong dién cuc anode phi muc xuc tac chura Pd-Al-Si-
Na/rGO, cho AEM-DEFC. Khéng quan sét thiy cac vét niit trén bé mat dién
cuc. Mat dg cong suét cuc dai cia DEFC dat 43,0 mW cm2. Hiéu suét chuyén
hoa nang lugong dat 7,83% sau hon 7 gio lam viéc voi dién thé 6n dinh &
khoang 0,5 dén 0,6 V, cao hon so véi cong trinh da dugc cong bd vé AEM-
DEFC vi xtc tac trén co so Pd. Cac tiéu phan Pd c6 xu hudng két tu lai thanh

dang thanh dai sau qua trinh do d6 bén cua pin.
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CAC PONG GOP MOI CUA LUAN AN

v' Téng hop dugce xtc tic Pd/rGO bién tinh bang t6 hop Al-Si-Na (Pd-Al-Si-
Na/rGO), c6 hoat tinh cao cho phan ung oxy hod dién hoa ethanol trong
moi truong kiém. véi Iy dat 16138 mA mgpq!, cao hon cédc gia tri hoat tinh
XUc tac trén co s¢ Pd trong cac cong trinh di dugc cong bd. Lam rd dugc
vai tro ctia Na trong viéc ting d6 bén hoat tinh va kha ning chdng ngd cia
xuc tac Pd/rGO bién tinh (thé hién & gia tri Ir sau 500 vong quét thé-dong
tuan hoan gidm khoang 32%), 1a do su tao thanh pha 1ap phuong NaPd;O4
khi c6 mat cua Na c6 do hoat dong va do bén cao, dan tdi tang do lién két
giita Pd va chat mang rGO;

v' Xac dinh dugc ethanol 13 dung méi thich hop nhat trong s6 cac dung mai
dugc khao sat (nudc, n-butylacetate, isopropanol va ethanol) dé pha ché
muyc xuc tac CI-Pt-Al/rGO, phu trén dién cuc anode cua pin nhién li¢u st
dung tryc tiép ethanol (DEFC), cho phép xuc tac thé hién hoat tinh cao nhét
trong phan tmg oxy hoa dién hoa ethanol trong ca moi trueong acid (I dat
1793 mA mgp,') va kiém (Ir dat 4751 mA mgp."). Khong quan sat thay su
xudt hién cac vét nut trén bé mit dién cuc sau khi phu muc xtc tac. Mat do
cong suét cuc dai cta pin nhién li¢u sir dung truc tiép ethanol - mang trao
d6i proton (PEM-DEFC) va mang trao d6i anion (AEM-DEFC), véi anode
phu muc CI-Pt-Al/rGO, dat gia tri cao nhat, twong ung 19,10 mW cm™? va
27,07 mW cm;

v Ché tao duoc anode phi muc xuc tac CI-Pd-Al-Si-Na/rGO, timg dung trong
AEM-DEFC. Khong quan sat thiy cac vét nat trén bé mit dién cuc sau khi
phu muc xtc tac. Mat do cong suat cuc dai cia DEFC dat 43,0 mW cm™.
Hiéu suat chuyén hoa niang luong dat 7,83% sau hon 7 gid lam viéc voi
dién thé 6n dinh & khoang 0,5 V dén 0,6 V, cao hon so véi cong trinh da

dugc cong b vé AEM-DEFC véi xuc tac trén co so Pd.
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