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M nbelU

Pinnhi°nli us d ngtr cti]p ethanol (Direct ethanol fuel cell - DEFC), m t
lodi thi/Jt b chuyWn L” i tr c ti/jp ho§ ntng th"nh L'i nntng. M ts” €u LiWmg a
DEFC nh€: holt L', ng“ nhi t L, thblp, mdt I, ctng sublt IT thuy/t cao theo s
I€ ngeletrontraol” i (12 €) nh trnm, tmol nhi°nli u* ph[n_ ng oxi ho§ ho™n
to"n. MHt kh§c, nhi°n Ii u ethanol 2t L', ¢, then thi nv. imtitr€ ng,d ' nch a
v blo quln hhn so v. i nhi°n Ii u kh§c nh€ hydro. Tuy nhi°n, mdt I, c*ng sublt
v hi u sublt chuyWn ho§ ntng I€ ng ¢, a DEFC c_ n thbip do m, ts” nguy°n nhén
nh€: Kh[ ntng oxi ho§ ho'n to'n ethanol trong pin ¢, n thblp, tr kh8ng ¢ al p
X¥& t§c ¢, n cao d¥n t i gifm Li n th] ¢ a pin, hi n t€ ng thxm thblu ethanol t
anode sang cathode I'm gifmt ¢, ph[n_ ng, v.v.

C8c x¥g t8c trench s kim lodi qu2 nh€ Pt, Pd ¢- kh[ ntng x¥& ti/jn cho phln
_ng oxi ho§ ho'n to"'n ethanol. Chbit mang tren ch s vdt li u carbon, LHc bi t I”
graphene '€ ¢s d, ngLWtkng L, phén t§n v holt nh ¢ a c§c x¥& t§c n’'y. Tuy
nhi°n, holt 2nh oxi ho§ Li n ho§ ethanol ¢, aPt v~ Pd" k2ch th€ ¢ nano gi[m do
s ng L ct c8h pchblttrung gian nh€ CHO4g, COugs, acetaldehyde, v.v sinh
ratrong qu§ trinh phl'n_ ng. Trong th i gian gfn L'Oy, nhiQu ¢t ng trinh nghi°nc u
L« '€ cctng b” vQ bifjn t2nh c§c loli x¥& t§c n”y v, i c§c nguy°nt kim loYi v
oxide kim lodi nh€ Sn, Ru, Al, Si, CeO,, CuO, v.v. nhimc[ithi nL, bQnv™ L,
“nlnhholttnhc ah x¥ t8c.

M ttrong nh ng b€ cquantr ng LWc- thW_ ngd. ng x¥& t&c trong pin nhi°n
liul- I"ch]tdom cx¥ t§c, m th nh pbaog m x¥ t§c c¥ag chbit k/jt d2nh
phon t8n trong dung mti d. bay hhi, tr c khi '€ cph, 1°nLi nc c (anode hotic
cathode) trong pin nhi°n 1i u. T2nh chbit v th™nh phfn ¢, a m ¢ x% t§c ¢- [nh
he ng rbit | n Ln LHc 2nh ¢ al p x¥ t§c v hi u qul holt L', ng ¢, a pin. Hi n
nay, ¢c- nhiQu c¢tng b tr°n thf] gi i vQ ch/] tYo m ¢ x¥& t§c, [nh h€ ng ¢ a c8c
thnh phfn trong m ¢ LJJn nh chblt |, p x¥ t&c, hi u qul holt L, ng ¢, a pin nhi°n
li u. Tuy nhi°n hfu hfjt c§c ctng trenh L'Qu tdp trung nghi°nc utr'nh m ¢ x¥%
t§c Pt hotic PtRu ding kh'i v h' p kim, ¢- hotic khtng mang tr°n chblt mang
carbon, ngd, ng cho pin nhi°n li um"ng trao L i proton.
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Ph,ng Th2 nghi m tr ng LiWm Ctng ngh I c, ho§ dfu (PTNTN) L« nghi°n
c uVv’c- nh ng b€ c tin nhbit L' nh trong vi ¢ ph§t trilin x%& t§c oxi ho§ Li n
ho§ methanol trn ch s Pt bi/jn t2nh byng Al v©* Si mang tren graphene oxide L«
kh , c- holt t2nh v" L, bQn holt nh cao, L« L€ ¢ th nghi m trong m* h3nh pin
nhi°nli us d, ngtr ctiJp methanol. Hhnn a, PTNTn L«v" Langti/pt ch€ ng
nghi°nc un’y Vv ngd, ngtrong phln_ ng oxi ho§ di n ho§ ethanol.

Trench's c8c ludn LiWm tren, ludn 8n: ANghi°n cou tYng hip v° bin t2nh
x¥.c t8&c¢ oxi ho§ LiMn ho§ ethanol Pt/rGO v Pd/rGO, ongdAng chA ¢ 0 mxc x¥%c
t8c cho anode trong pin nhi°n lilu DEFCO h€ ngt ic8c m, ¢ ti°u sau:

- Nghi°nc ut ng h p v’ bi]n t2nh x¥% tSc oxi ho§ Li n ho§ ethanol Pt, Pd
mang tr°n graphene oxide L« kh , b3ng t§c nhon Al v'* Si;
- Nghi°nc uch/jtdo m c x¥& t§ cho anode trong pin nhi°n Ii u DEFC.

Ludn §nL€ cth chi nd€ is h€ ngd¥nkhoah cc aGS.TS.VI Th Thu
H™ v’ GS.TS. L°Qu ¢ H¥ag.

Ludn §n nym trong khutn kh' c&c h€ ng nghi°n ¢ u ¢ a Ph, ng th? nghi m
tr ng LiWm Ctng ngh I ¢, ho§ dfu. NGy I h€ ng nghi°n ¢ um i, c- T ngha
khoah c v’ th ctin. Kt qul ¢ aludn §n '€ ¢ k8V ng s€ g- p phfn th¥e LXy
h€ ng nghi°n ¢ u phét trivn DEFC v°_ng d. ng h pin ny trong th, ¢ ti_ n tdi
Vi t Nam.



CHhwuNG 1: T NG QUAN
1.1. T ngquanc8 nghi°nc uvQpinnhi°nli us d, ngtr c tiJp ethanol
1.1.1. Giai thiMu chung vZ pin nhi°n liMu so dAng trxc tiAp ethanol

Trong s c§c lodi pin nhi°n Ii u, pin nhi°n li us d, ng tr c tiJjp alcohol
(ethanol, methanol, ethylene glycol, 2-propanol) (Direct alcohol fuel cell T DAFC)
I'€ ¢ quan tom nhiQu trong nh, ng nkm gfn LOy. Nhi°nli us d, ng cho DAFC I
dung d ch alcohol trong n€ ¢ dlng |, ng n°n khing ghp phlivbinLQ¥ nch av”
an to’'n nghi°m nght nh€ pin nhi°n Ii u hydro. Tuy nhi°n, nh€ ¢ LiWm ch2nh
DAFC I mdtL, ctng subltch€acao v hi u subit chuylin ho§ ntng I€ ng c, n thbip,
ch” kho[ng 5% L/jn 15% [1].

Pin nhi°nli us d, ngtr cti/p ethanol c- mdt I, ntng I€ ng IT thuy/t ¢ ¢
I'Ui caotheo s’ 1€ ngelectron trao L i (12 €") t2nh tron m t mol chblt ph[n_ ng oxi
ho§ ho'n to"n. MHt kh§c nguy°n li us d. ng I ethanol ¢- thWthu L€ ct qu§
tr3nh 1°n men sinh kh" i lignocellulose n°n 2t L, ¢ hi v thén thi nv, i mtitré ng.

Gi' ng nhe c8c loYi pin kh§c, DEFC bao g° m hai L'i n ¢ ¢ anode v cathode.
Giahailinc cl"m tmtitr€ ngd¥nion, th€ ngs d ng I m’ng polymer
trao I” i ion. Tuy nhi°n, LiWm kh8c I"", c8c L'i nc ctrong DEFC I c§c |, p x¥& t§c
c- L, X pv'L d¥nLi nnhbltL nh. Khipinholt L, ng, ph[n_ ng oxi ho§ ethanol
(Ethanol Oxidation Reaction i EOR) x['y ra ti |, p x¥& t8c anode, ph[n_ng kh
h-a oxy x[y ra ti | p x¥ t§c cathode. X¥& t§c trong DEFC th€ ng tr°n ch s
kim lodi quz trong L'+ Pt, Ru, Ag, Auv~ Pd '€ ¢s d, ng trong anode v"* Pt ding
kh™ i hotlc mang tren vdt Ii u carbon L€ ¢s d, ng trong cathode [1]. C8c kim loVi
n”y ¢- holt t2nh cao trong c8§c phln_ ng oxi ho§-kh v cdt mich. DEFC holt
I, ng" kholng nhi tL, thbip,t nhi tL, th€ ng L/]n kholng 90°C.

Hi nnayc- m ts h«ng s[n xublt pin tren thf gi i clng L«_ng d. ng v™ chj]
tdo pin nhi°n Ii u ethanol® m cL, trinhdi n. Ctngty NDC Power [2] L'« ch/] tdo
DEFC s d, ng x¥ t8c khing ch a platinum (Pt-free), m? h3nh n”y c- thW hoUt
I, ng '€ c tr°n m8y t2nh x8&ch tay, Li n tholi Li L, ng. Ctng sublt ¢, a pin c- thW
Ldtt 1WLJn 250 W, th igian I'mvi ¢l nhhn 3700 gi , nhi tL, I'mvi ct
-10 L)n 80°C. ni nthj ¢ apinLytt 1n21Vv id ngl'mvict 1L/n8,9
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A.

Nh- m nghi°n ¢ u ¢, atré ng LUi h ¢ Offerburg [3] L« ph§t trin DEFC s
d. ng cho phehngti ngiaothtng” m cL, th nghi m,s d, ngx¥e t§c platinum-
free HYPERMEC™. DEFC g m60b[nLli nc cv ikichthe c18x18cm, Li n
th] v cingsubltt ilac apinc: thWLUt40V v' 2 kW.

Clng ty Horizon Education [4] L« th€hng mYi ho§ b, s[n phXm DEFC v, i
di ntechholt L, ngc ali nc ckholng 10 cm?d€ i ding thift b gi§o d. ¢ khoa
h c. S I€ ng cell trong pin th€ ng kho[ng t 1 LJn 5, ctng sublt ¢_a pin trong
khofngt 02WLJn1W,Linth]t 0,8V L]n4,0 V. X% t§ anode L€ cs
d. ng I Pt-Ru black ding kh i, di nt2ch holt L, ng ¢, ali nc ckhol[ng 10 cm?

U Ph@nlo' i DEFC

Pin nhi°n Ii u DEFC '€ ¢ phén loli theo loli m ng trao L i ion: Pin nhi°n
li us d ng m'ngtrao I i proton (PEM-DEFC), pin nhi°n li us d, ng m ng
trao L i anion (AEM-DEFC) v~ pin nhi°n li us d ng m'ng trao L i cation
(CEM-DEFC).

Sh [* nguy°n IT holt L, ng ¢, a pin nhi°n Ii u PEM-DEFC L€ ¢ biiu di n
h3nh 1.1. Theo L -, tYi anode, ethanol b oxi ho§, tdo th"nh c&c s[n phxm nh€ acetic
acid, CO,, acetaldehyde. Proton H* Li qua m™ng trao L” i t anode sang cathode,

tham gia ph[n_ ng kh ho§ oxy tYo th"nh n€, c.

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

H3nh 1.1. Sh * nguy°n IT hot L, ng ¢, a pin nhi°n Ii u PEM-DEFC

C8c phl'n_ ng x[y ra trong PEM-DEFC[5]:
4



V TUi anode:

CH3CH,OH + 3H,0 ¥ 2CO, + 12H" + 12¢ (1)
CHsCH,OH ¥ CHsCHO + 2H* + 2¢ 2)
CH:CHO+H,0 ¥ CH3COOH + 2H* + 2¢ (3)
CHsCH;OH + H,0 ¥ CH3;COOH + 4H* + 4¢ (4)

V Tui cathode:
30+ 12H* +12¢¢ Y 6H,0

V Ph[n_ngt ng qust:

CH3CH,OH +30, Y 2CO;+ 3H,0

SIn phxm tlo th"nh trong pin PME-DEFC s€ t¥y thu, cv'os € ng electron
trao I i. STn phXm oxi ho§ kht ng ho"n to™"n, acetic acid, '€ ¢ tdo thnh gi&n ti/p
qua acetaldehyde, th* ng qua ph'n_ ng (2) v'" (3) hotic tr ¢ ti/Jp qua phin_ ng (4).
S" I€ ng electron trao I” i tehng ng I” 2 v"" 4 e". S[n phXm oxi ho§ ho™n to'n,
CO,, L€ ctloth 'nhkhis electrontrao I” i I 12, tht ng qua ph[n_ ng (1).

Antoniassi v c§c ' ng s [5] L« x§c L' nh s[n phxm tdo th"nh ¢, a EOR trong
DEFC bing phen t2ch sdc KT kh2 V. i x¥ t§c Pt/C, s'n phxm ¢, a ph[n_ ng ch,
y/u I acetandehyde (86%), acid acetic v CO, I c§c sfn phXmph. v. i, ch n
[ ¢ bdng nhau v'* bing 7%; mit kh§c, v. i x¥& t§c Pts(SnO,)/C, acid acetic L'€ ¢
sinh ra nhiQu hhn (48%) v khtng thbly xublt hi n CO,. niQu n"y ch ngt , c&c
electron '€ ¢ vdn chuyWin nhiQu hhn gi¥p ttng ctng sublt ¢, a pin. Clng trong
nghi°n ¢ u n"y, t&¢ gil L« kAt ludn ring khi th°m m, t I€ ng acetandehyde v''o
dung d ch ethanol s€ I'm gi[m cng sublt v I, bQn ¢ a DEFC, trong khi acetic
acid L€ cth°m v~ o khtng I'm [nh h€ ngt ictng subltc a pin.

Tuy s[n phXm CO, ¢- thid d'ng b lodi b, kh i mitré ng ph[n ng"
khoang anode nh€ng c8c s[n phXm ph, kh8c nh€ acetic acid holic acetaldehyde
s€ L'i v-'o trong dung d ch, c§c chbit n”y gy ng, L, ¢ x¥& t8&c, I'm gi[m vdn t ¢
phln_ng, d¥n t i gifm hi u subit ¢, a pin. NGy I" m tr'ocfnl nm” c§ nh”
nghi°n ¢ u cfn v€ t qua khi ch/j tdo v°_ ng d, ng lodi pin n"y. Vbin LQ n"'y ¢l ng
kh- c- thW gili quy/t b3ng c8ch s d. ng x¥& t&c Pt.

Khtng gi’ ng nh€ ph[n _ng trong mti tr€ ng acid, EOR trong mti tr€ ng
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kiQm th€ ng di. n ra nhanh hhn, do L' AEM-DEFC th€ ngchomdtl, d ngLi n
cao hhn so v. i PEM-DEFC [6i 10]. Lodi pinn"y ¢ thWs d. ng c[ c8c loYi x¥&
t8c rT tiQn hhn Pt nh€ Ag, Pd hotic c8c x¥& t8c¢ khing ph[i kim loYi qu2 nh€ Ni,
Co, hottc k/jt b p Ni-Co.

Liv'c ngs [10] L« ph§t triWn v©" th nghi m AEM-DEFC c- Li n th/] LGt
0,9V Vv mdtL ctngsubltc cLyillt60 mWcem?® nhitl, 40AC. Trong mti
tré ng kiQm, holt 2nh x¥& t§c trong ph[n ng oxi ho§ alcohol ¢, a Pt cao hhn
trong mtitré ngacid. Hhnn a, vi ¢s d, ng chbit Li' n ly kiQm s€ gi¥e ttng khl"
ntng_ng d, ng ¢, a c8c x¥& t§c khtng phli kim lodi qu2 hotc 2t kim lodi qu?, c-
gil th"nh v hhn. B°n clnh L+, t ¢ L, thXm thblu ¢, a alcohol qua m™ng Li n ly
cing gifmLidos L[ochiQuc ad, nganion OH so v, i chiQu c, ad, ng cation
H* trong h th" ng m'ng trao L i proton [11].

Kh§c v. i PEM-DEFC, nhi°n Ii u trong AEM-DEFC I” h, n h' p ethanol v”
NaOH (hotc KOH) " anode, oxy hotic khtng khz Xm" cathode (h3nh 1.2).

C8c ph[n_ ng x['y ra trong AEM-DEFC nh€ sau [12]:

V TUi anode:
NaOH Y Na'+OH
CH3;CH,OH + 120H Y 2CO, + 9H,0 +12¢ (5)
CH3CH,0H + 40H" Y CH;COOH +3H,0 +4e  (6)
CH,COOH + Na* + OH" ¥ CHsCOONa + H,0 7)

V TUi cathode:
30, + 6H,0 + 12¢ Y 120H
V Ph[n_ngt ng qust:
CHsCH,OH +30, ¥ 2CO,+ 3H,0 (8)
HoHc:
CH3CH,OH + O, + NaOH ¥ CH;COONa + H,0 (9)






DEFC, s kh§c nhau n”y thW hi n r» r'ng nhblt khi s d, ng nhi°n Ii u alcohol c-
2 nguy°nt carbon tr 1°n nh€ ethanol hotic ethylene glycol. H3nh 1.3 cho thbly
mdt [, c¢tng sublt ¢ ¢ LUic apinttngt 6 1°n 58 mW cm?, khi thay L i tehng
_ngvV. i PEM-DEFC v’ AEM-DEFC.

MHc d¥sc- nhiQu tiQm ntng nheng holt L, ng ¢, a AEM-DEFC cfn L€ ¢ c[i
thi' n rblt nhiQu tr€, ¢ khi tijn h™nh s[n xublt thehng mti m, t c§ch r. ng r«i. AEM-
DEFC phl[i " i miit v. i nh_ ng th§ch th ¢ li°n quan L/n hot t2nh thblp ¢, a x¥& t8c
I'i nho§, LHc bi tkhiholtLl, ng* nhi tL, thblp, x¥&t§cc- thWb ng L cb ic§c
h p chbit trung gian nh€ aldehyde, CO. Hhn thf], hln ch/] I, n nhblt ¢, a loti pinn™y
ch2nh I c§c t2nh chblt ho§, IT ¢, a AEM. Tuy ring AEM c¢- kh[ ntng ch” ng thXm
thblu ethanol cao hhn PEM nhéng L, bQn nhi t ¢, a AEM thblp I'm hGp kholng
nhi tL, holtL ngc apin [13].

So s§nh gi§ tr Li nth/] IT thuy/t ¢, a c§c lodi DEFC kh§c nhau [14] (h3nh 1.4)
c- thW nhdn thbly c[ hai lodi PEM-DEFC v AEM-DEFC s d, ng chbit oxi ho§ O
I'Qu cho L'i nth/]thblp (1,14 V) nheng gi§ tr th/] anode v'* cathode ¢, a AEM-DEFC
Omhhn,ch ngt t cl, ph[n_ngoxiho§Li nho§ ethanol v ph[n_ ngkh O;
trong pinn“ydi nrad d'ng hhnsov, i 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 (H20:)

Anade Eua = L61Y Cathode
9,74V 087
4,74 WV L7 ¥

Anade Eyiw = 252V Cathode

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

H3nh 1.4. Gi§tr Li n th/] IT thuy/t ¢, ac&c lo% DEFC
Khi thay th]] t8¢ nhén oxi ho§ I'” H,O,, th/] anode ¢, a c[ hai lodi pin tr°n v¥n
gi. nguy®n trong khi th/] cathode ¢, a ¢, a PEM-DEFC v" AEM-DEFC LQu ttng

IFnI€ tt 1,23VI°n1,78 Vvt 0,40V I°n 0,87 V [14]. K/t quf I, Li n th] IT
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Sau qus§ tr3nh phén ly NaOH“ phln_ ng (10), ion Na*s€ '€ ¢ chuyWn t, i ph%a
cathode qua m''ng trao L” i cation. TUi anode, CH;COONa L'€ ¢ h3nh th"nh do
ph'n_ ng (11). TUi cathode, Na;SO4 L'€ ¢ tdo th™nh thtng qua chu, i ph[n_ngt
(12) Ln (14).

hu LiWm ¢, a loYi pinn”y I"s d. ng t&c nhén oxi ho§ H,O, gi¥p ttng gis tr
L'i nth/] IT thuy/t ¢, apin, t L- néng cao ¢t ng sublt pin. Dos d. ng H202 n°n pin
c- thW holt L', ng trong mti tr€ ng thi/Ju oxy holic khing c- oxy nh€ d€ in€ c
hotic ngo™i khtng gian vi tr, . B°ncinh -, vi ¢s d, ng H,O, cl ng mang Ui m t
s Tith)sov ivics d ngO,nh€gifms mbit m§tntngI€ ngc aphln_ ng
kh .

U C8c ylu txd nh h. eng LAn hiMu gt ho' t Li ng cva DEFC

Holt L, ngc a DEFC b [nh h€ ngc anhiQuyjut nh€Ll, thXm thblu nhi°n
li uquam ng phon c§ch, 1" ng L, nhi°nli u, nhi tL, I'mvi c, tnhchbit] p x¥
t8c, v.v.

S thXm thblu ¢ a nhi°n Ii u qua m ng phon c§ch I m, t trong nh. ng y/u t
[nh h€ ng xblu t, iclngsubltc a DEFC. Ethanol thym thblut anode sang cathode
v ph[n_ngtr ctip v. i oxy LW t4o thnh c& s[n phxm nh€ acetic acid, CO,,
H,0, CO, hi nt€ ngny s€ I"'m gilm hi" u sublt chuyWn ho§ v ¢t ng subit ¢, a pin.

Kamarudin v c8c ¢ ngs [1]L«nghi°nc us [nhh€ ngc anhi tl, holt
I ngv'n ngl c anhi°nli unt ihi nt€ ngthXm thblu ethanol qua m"ng phon
c§ch. K/t qul cho thbly, tdi c¥ag nhi t I, ph[n_ng I 30°C, t ¢ L, thXm thbu
ethanol ttng I°n gFn 20 IFnkhin"ng L, ttngt 1 M I°n4 M. Tlic¥ag m tn’ ng
I, ethanol 2 M, t' ¢ L, thXm thblu ¢ a ethanol ttng 1°n hhn hai IFn khi nhi t L,
I"'mvi ctbtngt 30°C I°n 75°C. MHt kh§c, s ttng nhi tL, v n ng L, ethanol
'Qu I'm tkng mdt L, d, ng, d¥n t i ttng cng sublt ¢, a DEFC, tuy nhi°n's  [nh
he€ ngc anhi tl di nraminhhhn. Do vdy, cfnc- nh ng LiQu ki nthich h p
vQn ng L, nhi°nli u,nhi tL, holt L, ngc apin LW pin holt L, ng hi uqul Vv, i
gi§ tr ctng sublt cao v tr§nh '€ ¢ qu§ trenh thxm thblu ¢, a nhi°n Ii u.

Trong nghi°n ¢ u ¢, a nh-m Marta C. Figueiredo v" c8c ¢ ng s [15], [nh
h€ ngc anhi tL, holtL ngtrong DEFC L€ c trinh by kh§ r» nét. K/t qul cho
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thbly mdt L, ¢ ng sublt ¢, a pin ttng gfn nh€ tuy/n t2nh theo s, ttng ¢, a nhi t L,
I"'m vi c. Theos gili th2ch ¢, a t§c gil, khi nhi t L, holt L, ng ¢, a DEFC ttng,
i ntr chungc aclh gilm, trong khi holt ©2nh ¢, a x¥& t§c, L, khu/jch t§n ¢, a
nhi°n I u v s[n phXm trong qu§ tr3nh phin_ ng ttng, kit qul nhdn L€ ¢ I mdt
I, ctngsubltc cLYic apinttng.

Adriana Napole«o Geraldes v c§c ¢, ngs [16] cl ng nghi°n ¢ u [nh h€ ng
¢ anhi tl, holtL ngL/Jn mdt L, ctng subt ¢ a DEFC. K/t qul cho thbly khi
nhi tL, holtL, ngttngt 60 L/Jn 85°C, gi§tr mdtL, cingsubltc c LYittng I°n
t 18 mWcm?2 L/n 36 mW cm?2 t ¢ I tkng I°n gblp L1i. 0" ng th i, gi§ tr Li n
th] ¢ apintéhng_ ngclngtkng 1°nt 0,5V LJn 0,9 V. Th°m v'o L+, khi nhi t
I, holt L, ng ttng 1°n 90°C, gi§ tr mdt I, cing sublt khng ttng, thdm ch? ¢ n
gilm nhG xu” ng 33 mW cm. Theo s gi[li th2ch ¢, a t§c gi[, nhi t L, holt L, ng
ttng 1°n giYp qus tr3nh phfn_ ng di nrad d"ng hhn, nhéng clng I'm tkng hi' n
t€ ng thXm thblu ¢, a ethanol qua mng phn c§ch. Khinhi tL, I n hhn 85°C, s
thXm thblu ¢, a ethanol I'm gi[m L'§ng kW mdt L, cng subit ¢, a pin.

Tenh chbitc al px¥&t§c[nhh€ ngl nl/ns khulcht§ng anhi°nli ul/n
c&c tom hoYt t2nh d¥n t i [nh h€ ng LJJn ¢t ng sublt ¢, a DEFC. Trong khi L+, v. i
m, i ph€hng ph8p ph, kh8c nhau, t2nh chbit | p x¥& t§c s€ kh8c nhau. Theo t2nh
chblt bdc cfu, phehng ph8p ph, ¢- [nhh€ ngt ikh[ ntngholtl, nghi uqulc a
pin. Serdar Erkan v c8c 'ng s [17] L« ctng b" c§c Kt qul nghi°n ¢ u [nh
h€ ng ¢ a phehng ph8p ph, LJn ctng sublt ¢, a L'i n ¢ c. Trong c¥Ag LiQu ki n
ph.,s IfFnph, v I€ ng x¥ t§c, phehng ph§p ph, m ¢ x¥& t§c I°n LJ] (CCS) t
ra c- nhiQu €u th/]] hhn so v, i qu§ trenh ph, 1°n m"ng (CCM). C8c k/jt qul cho
thbly, Li n ¢ c thu '€ ¢t phehng ph§p ph, CCM c- mdt L, ctng subit ¢ ¢ LUi
v, igi§tr 0,42 W cem? t4i i nth]0,4 V. Trong khi i nc ¢t phehng ph§p ph,
CCSc- gi§tr tehng. ng 0,5 W cm2, tdi Li nth] 0,5 V. K/t qu[ nghi°n ¢ ucl ng
cho thbly, mdt L, ctng sublt ¢ ¢ L'Ui ttng khi I€ ng Pt '€ cph, 1°nLi nc cttng
I°n, tehng ng gi§ tr ttng t 0,5 W cm?21°n 0,9 W cm? khi h'm I€ ng x¥& t§c
ttng t 20% Pt/C I°n 70% Pt/C. Tuy nhi°n, nju c¥ag m, t I€ ng Pt, s* Ifn ph,
kh&c nhau khtng I'm [nh h€ ngnhiQut imdtL, ctngsubltc cliic alinc c.
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U Crut oV c8 bi phonch2nh cva DEFC

C8c b, phdn ch?nh ¢, am, t cell trong DEFC [18] bao ¢"m: Tbm 1€ ng ¢ ¢
(Biopolar plate), giotng I'm k2n kh? (Gaskets), v' f h p Lin ¢ c-m'ng
(Membrane Electrode Assembly i MEA) (h3nh 1.6). Thtng th€ ng, pin s€ bao
g m nhiQu cell gh®p IYi v i nhau,” ngo”i c¥ag ¢, a pin I'" c§c tm thu Li n t
(current colector) v'" thm ngo™’i (end plate). Thit c[ c§&c b, phdn '€ cc” L nh bing
bu It ng, Lai " c.

Thm 1€ ng ¢ c th€ ng '€ ¢ I'm bing vdt Ii ubQn, d¥n Li n v~ trh ho§ h ¢
nh€ graphite. Tren thm 1€, ng ¢ ¢ L'€ ¢ chjj tdo c§c L'€ ng r«nh I nhi nhi°n Ii u
v chblt oxi ho§ t mtitré ng b°nngo”ilivot h plinc c-mngLWphn
_ng. C8c chbit sauphln_ngcling L€ cd¥nt c§cr«enhn’ylirango imtitré ng.
Hhnn, a, thm 1€ ngc cclingl-ngvaitr, nhem ttmthuli nt v I"b phdn
kjtn iphfnngo”iv it h pmnglinc c.

T6 hop dién cuc

Bo phan trong pin Tam ludmg cuc Té mang (MEA)
nhién lié

LAt am
rhién liéu , DPémkinkhi khuéch
/ tan khi

Khdi pin nhién liéu

H3nh 1.6. C8c b, phdn trong m tcell ¢, a DEFC
T h plinc c-mng (hnh1.7) c- thWg i I” tr§i tim ¢, a pin nhi°n Ii" u, Loy
I nhi x['y ra c&c qus§ trinh ph[n_ ng ¢, a pin. n¥ag nh€t°ng i, MEA ¢ chlu tYo
baog'mm tm™ngtrao I” iion" gi ahail pLinc canodev’ cathode theo
kiWu fisandwicho, I, p ngo™i c¥aag I" | p khu/jch t8n kh? (Gas Diffusion Layer i
GDL)" m ib°n.
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[ Mang trao ddi ion ] [ Tam decal (tAm Teflon) ]

Y
->[ Phu xuc tac ]*—[ Muc xuc tac ]

v
->[ Phu xuc tac H Muc xuc tac ]

Y

--{ Lam kho ] --{ Lam kho ]
ﬂ];:p nong
Chuyén 1ép xtuc tac Mang trao do1 ion ]

sang mang trao do1 ion

Y

Y
] [ 3 16p CCM-MEA ]

[ B :;én Tam khuéch [ £ :;én TAm khuéch
pnong tan khi p hong tan khi

Y

Y
51lop CCM-MEA ] [ 5lop CCM-MEA ]

H3nh 1.8. Sh " qu§ trnh chj] t% MEA theo ph€hng ph§p CCM
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(vai carbon, gidy carbon)

“
[ Tam khuéch tan khi

J

Y
->[ Phu xuc tac ]<— Muc xuc tac ]

Y

-{ Lam kho ]

h 4
[ Ep néng ]4—[ Mang trao ddi ion ]

y

[ 5 1o6p CCS-MEA ]

H3nh 1.9. Sh " qu§ tr3nh ch/] t%b MEA theo ph€hng ph§p CCS

1.1.2. C8&c nghi°n cou pha chA mxc x¥%c t8c v chA ¢ o LiMn cxc anode cho pin
nhi°n liMu

M cx¥etsc ' m th nh p° ding | ng, ding b, t nh«o hotic keo, g° m x¥&
tSc, chbit kit d2nh ion (th€ ng I nafion), c- hotic khing c- t§c nhén K n€ c v
I'€ ¢ phen t§n trong dung mti nhbit L' nh. M, ¢ x¥& t§c I tiQn chbit ding | ng ¢, a
| px¥ tSc. C8c | p x¥& t§ tehng_ng tren Li nc canode v' Li n ¢ c cathode
I nhi c§c phln_ ng x['y ra. C§c | p x¥& t§c n"y th€ ng c- chlu tr¥e X' p, c- mao
quln L€ ¢ phon t§n trong m, t | p keo li°n k/Jt phsh p. XY t§c c- thW '€ c L'€a
1°n chblt mang carbon LW gifm I€ ng x¥ t§c L'€al°nLi nc c,ttng L, khu/ch t&n
chblt phfn_ng Lnv tre¢ ax¥e t8c v d d'nglodib, s[n phXm ph[n_ ng. Hhn
n a L d¥nLi nv d¥niont tc achbit mang carbon c- thWI"mtkng hi u subltv™
clng sublt ¢, a pin [18]. L, p x¥& t§ I phfn quan tr ng nhblit ¢ a MEA. C8&c hut
x¥& t§c phl[i L€ ckitn” iv. i chblt d¥n electron v'" ion (proton, cation hotc anion).
Chbit d¥n electron thtng th€ ng I vdt Ii u carbon, titan X" p, kim lodi X" p khsc
hotic ch2nh bln thon ¢, a x¥& t§c. Vdt Ii u d¥n ion th€ ng I c§ monomer t€hng
_ng, v¢d, nhe€ nafion.

Nafion I h' p chbit tetrafluoroethylene L« sulfo ho§, '€ ¢ ph§thi nv'ocu’ i
nh_ ng ntm 1960 b i Walther Grot [20]. Nafion I m t loUi polymer f ngh p c-
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¢ ax¥etscv's kitn igi ac8cth™nhphfntrongm c. NJul, nh tqu§ thblp,
m ¢ x¥& t8c s€ Li sOu v~'o trong cblu tr¥e X p ¢, a tbim khu/jch t8n kh2, g0y thbit
tho8t x¥& t8c. M, ¢ x¥& t8c c- L nh t qu§ cao s€ gOy kh- khtn trong qus§ trénh
phon t&n | p x¥& t&c, I'mtdc v, i phun ph, v |, p x¥& t&c tlo ra s€ khing L'Qu.

M cx¥t§cs d. ngcho pinnhi°nli ug m 3 lodi chnh [21]:

- M cKkn€c I lolim cl€ cs d ngcholodivdtli unQnc: tnhk n€ c,
th€ ng '€ cs d, ngtrong ch)] tlo L'i n ¢ c theo phehng ph8p ph, decal.
Th nh phfnc alodim cn’ybao g mx¥et§c v' tsc nhén K n€ c, th€ ng
I"" polytetraflouroethylene (PTFE), polyvinylidene flouride ph@n t&n trong
dung mti ethanol. C8c t§c nhén ny ¢- t8&c d. ng  n L' nh c§c hit xV& t§c
trentim i nc cv tlohi u ngk n€ c¢ abQmHitLi nc c. Tuy nhi°n,
c§ct§c nhon ny I'm gifm L, d¥nLi ng alinc cnjuh™mI€ ng qus
| n. Thtng th€ ng, h"'mI€ ngthch h p ¢ ac§c t§c nhon ny v"o kholng
t 10% L/n 40%,;

- M c€an€ cv'm ckeo: Trong lodim cx¥&t§cny, vdtIi uk/jtdznh | p
x¥& t§c '€ c thay th/] bing t§c nhén €an€ c, th€ ng I perefluorosulfonate
ionomer €an€, ¢, ph bi/jn nhbit I" nafion. Dung m*i L€ c¢s d, ngch, yJu
I ethanol hotic isopropanol ding m ¢ | ng v butyl acetate ding m ¢ keo.
H'm I€ ng chbit kit d2nh I m, t trong nh, ng y/Ju t* then ch” t trong qu§
tr3nh ch/jtdo m ¢. Gi§tr n"y '€ cch nph¥h p, LImblos licnkjtt i
Lac aphOnt chbltkjtd2nh v hitxve tsc, ' ngth igi§tr tr kh§ng d¥n
electron/chbit phl'n_ ng ¢ al px¥ t§c I nh nhbit. C8&c vdt Ii' u carbon nhe
carbon black hay carbon Vucal 72 th€ ng '€ c tr n c¥ag theo t' [ nhblt
I"nh LWclithi n's cOn bing ny.

- Dungdchm cionPtv'b tPt: Dingm cn'yth€ ngl€ cs d ngv. i
XY t§c Pt/C d€ i ding dung d ch mu’ i Pt?* hottc Pt** c¥/ag chbit kit d2nh
ph¥sh' p, th€ ng I nafion hotic PTFE. QuS§ tr3nh kh' t ion Pt vQ Pt (0)
'€ ¢ th ¢ hi nsau khi ph, . Ngo“i ra Pt ding I§ cIng L€ c¢s d, ng nhe
m, t ngu” n x¥& t§c trong qu§ trinh phun ldng ' ng LW ch/] tdo | p x¥& t8c.
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U C8c yAu tXd nh h eng LAn t2nh chn t lap xYc t8& sau phv v hiMu gt ho' t

Li ng cva DEFC

HFu h/t c§c nghi°nc uvQ m ¢ x¥& t§c ch, y/u tdp trung v-'o c§c [nh h€ ng
¢, a th”nh phfn chbit k/t d2nh v" dung mti Ln hi uqul I'mvi c ¢ al p x¥& t§c
sau khi ph, . C§ nghi°nc un"y tdp trung tr°n L i t€ ng pin nhi°n Ii u trao L i
proton. Trong th i gian gfn LOy ¢- nh, ng nghi°nc um ivQm c x¥ t§c trong
pinnhi°nli us d, ngtr c tiJp alcohol.

V ¢ nhh engcvaph _ngph8p chAt o mxc x¥% t8c

Shinv” c8c " ngs [22] L« nghi°nc u [nh h€ ng ¢, a phehng phsp chj] tlo
m, ¢ LJn cblu tr¥e, LHe t2nh v hi u qul I'mvi c ¢, al, p x¥ t§c 20% Pt/C (theo
kh i 1€ ng). C&c t§c gil so s&nh m ¢ ding dung d ch (dung mti isopropanol) v’
m, ¢ ding keo (dung mti butyl acetate). C[ hai lodi m ¢ n™y LQu L€ ¢ chj tdo
theo ph€hng ph§p phOn t&n si°u ©m, v, i chbit k/jt d2nh I'" nafion v L€ ¢ ph, I°n
thim gibly carbon bing ph€hng ph§p phunph, ,s d. ngkhznénv, icvagm tI€ ng
xY& t§c, tr°n di n t2ch holt L, ng ¢ a pin I 25 cm?. K/t qul nghi°n ¢ u cho thbly,
m ¢ ding keo c- kzch th€ ¢ hit x¥& t§c LUt 736 nm, |. n hhn khol[ng 180 nm so
v. im cding | ng, tehng ng 550 nm. Ngo™i ra, |. p x¥& t§c m ¢ ding keo cl ng
d"y gblp L2i m c¢ ding | ng sau khi ph, v. i kich th€ ¢ mao quln trong |, p x¥&
tsc trong kho[ngt 0,07 LJn1 Om.VQhi uqul Li nho§, Li nc cchjtiot m ¢
ding keo ¢- di ntxch holt L, ng L'i n ho§ ttng 30% v mdt L, d, ng tdi 0,6 V ttng
20%sov. ilinc ct m cdingl ng tehng ngv. igi§tr 928 mA cm?. Theo
s gilithch ¢ at§c gil, nguy°nnhénd¥nt is €uvi tc am cdingkeosov, i
ding | ng I" do s li°n kit gi. a chblt kit d2nh v'* tom hoUt L', ng Pt, gi¥%e cho tr
kh&ng dXn electron nh, hhn. n"ngth il p x¥%& tSct m c keo c- chlu trve X' p
hhn, tdo LiQu ki’ n thudn I i cho qu§ trinh khul/lch t&n chblt phn_ ng v'™ sf'n phXm
trong qus trénh holt L, ng ¢, a pin.

V ¢ nhh engcvah"m| wng nafion trong mxc

H'm I€ ng ¢ achbit i n ly nafion ¢c- [nh h€ ng khing nh L/n chiu trye v
hi uqul I'mvi cc al px¥t§c. H'mI€ ng nafion qu§ nh. s€ khingl, s li°n
K/t cfn thift v. i x¥& t§c, trong khi I€ ng nafion qu§ | n c- thW I"'m che tom hoUt
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I, ng ¢ a x¥& t8&. C§ k/Jt qu[ nghi°nc uc am ts t8c gil [23, 24] cho thbly
h'm I€ ng nafion |, n hhn 35% I"m gifm di’ n t&ch bQ mit hott I, ng L'i nho§ ¢, a
xY¥e t§¢ 20% Pt/C t 110 m? gpy! xu ng 71 m? gt V- mdt L, clng sublt ¢, a pin
gifm. H'm I€ ng Nafion th2ch h" p nim kho[ng 30% L/jn 35%.

Song v~ c8cc ngs [25]s d, ng ph€hng ph8p th, y nhi t trong autoclave LW
bi/Jn t2nh t2nh chblt mao quin ¢, am ¢ x¥& t§ctrenchs Pt/Cv, icgct | nafion/C
t 0,5 LJn 1. K/t qul cho thbly vi ¢ bi/jn t2nh L« I"'m ttng holt t2nh gbip 1,4 IFn,
tehng ng L4t 42 Agttdit' I nafion/C =0,7.

M ts t§c gi[ nghi°nc unh h€ ngc avdtli utio mao quln '€ ¢ th°m
v''o trong qus§ trenh ch/] tdo m ¢ x¥& t& nh€ amoni carbonate, amoni oxalate,
lithium carbonate, ethylene glycol [26i 28] v. ih'm I€ ngdaol, ngt 27 L/n 60%
theo kh i I€ ng. C8§cvdtli uny I'mtkngl, X pc al px¥ t§, g- p phfn I'm
ttng L, hoUtL, ngc al p x¥ t8c.

Trong s§ng ch/] US 2006/0110631A1 ¢ a Olmeijer v c8c ¢ ngs [29], lovi
m ¢ x¥ t§c_ ngd, ng cho qu§ trinh ch/J tdo L'i nc c, theo phehng php ph, tr ¢
ti/Jp 1°n m"'ng nafion L« '€ ¢ nghi°nc u. Th™nh phfnc am c bao g’ m x& t§c
PtRu black, chblt L, n graphite, chblt L'i n ly nafion trong dung mtih_ u ch dimethyl
acetamine, v, i h"m I€ ng dung mti khol'ng 50% theo kh" i I€ ng m ¢ x¥& t§c.
Mdt L, d ngLi n L4t 250 mAcm?, tdi Li nth]0,4 V.

M ts t§c gi[ kh§c [30i 33] nghi°nc ut i€uho§h 'mI€ ngc anafiontrong
m cx¥etsctrenchs PYC V'l ach nlodidungmtithchh ps d ngchom c
khi ch/] tlo Li n ¢ ¢ bing ph€hng ph8p d8n decal. C&c kit qul nghi°n ¢ u cho
ring, c§c alcohol nhe n-propanol, ethylene glycol th2chh” phhnsov, in€ ctrong
vai tr, dung mtic ah m cx¥ t§, nh c§c €u LiWm nhe€ di n tch holt L, ng
¢, atom hout t2nh Pt cao, tr kh8ng d¥n electron thblp, I, p x¥& t8c c- L, X p, kich
th€ ¢ mao quln thzch h' p, £ ng LQu hhn v khing b n t g«y sau khi bay hhi
dungmti. Theo -, mdtLl, ctngsubtc ali nc clit m cx¥t§cv, idungmti
alcohol Lt gi§ tr cao hhn kho[ng 50%. MHt khsc, c§c t* I dung mti:C v~
nafion:C ¢- gi§tr tehng ng 12:1 v~ 0,65:1 1" c§ct' I t i€uchoh nh pm ¢
x¥& t§c [32, 33], L[m b[o L, d¥%n electron cao nhbit tht ng qua di n t2ch holt L', ng
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'i nho§v mdtl, ctngsubitc ali nc cchltlo.

Shinichi Takahashi v c§c ' ng's [34] ¢tng b" ctng trinh nghi°n ¢ u chlu
trYe nano ¢, a ionomer (nafion) v-* x¥& t§c trong m, ¢ x¥& t§c nhi t L, rblt thbip
(trong mti tré ng ethane | ng), byng hiWn vi Li n t truyQn qua (TEM). Th nh
phfnm cbao g m x¥ t§c tr°n ch s hlt nano Pt/C, nafion trong dung mtin€ ¢
v n-propyl alcohol. C§c kit qul cho thbly, nafion L€ ¢ phOn t§n LQu v, i kach
the ct 2LJn5nm, trong h, nh pdung mti. Vi ¢s d, ngth°m C v hit nano
Pt d¥n t i xublt hi nt ng L§m Pt/C phén t§n c¥ag v. i nafion, v. i k2ch th€. c trung
benh ¢, a c§c hit khol'ng 40 nm. Tr°n [nh TEM ci ng ¢- thW quan s§t thbly s, bao
b ¢ ¢ anafion quanh c§c hit xV& t§c Pt/C.

V ¢ nhh engcvac8cla'idung mti

Korawat Wuttikid v" c§c ¢ ng s [35] clng nghi°n ¢ u [nh h€ ng ¢, a c§c
lodi dung mti kh8c nhau khi ch/jtdom ¢ x¥& t§c tr°nch's 20% Pt/C (theo kh' i
I€ ng). Dungmtil€ cs d nglfnl€ tl isopropanol, tetrahydrofural v'* ethanol.
KNt qul cho thbly, I, d”y | p x¥ t§c kh§c nhau v, it ng lodi dung mti, tehng_ ng
I'" 28,22 v" 18 Om. M. ¢ x¥& t§c trong dung mti ethanol c- mdt L, d, ng cao nhblt
v LGt 697,02 mAcm? tli Li nth] 0,6 V,v. i h'm I€ ng x¥& t§c I 0,3 mg.cm2.
K/t qul nghi°n ¢ u cl ng cho thbly, h"m I€ ng nafion th2ch ' p n3m trong kho[ng
t 20%Ln30%sov, i kh i€ ng x¥& t§c.

Herter viic§cc ngs [36] L«nghinc uchtiom cx¥tsctronchs h p
kim PtRu/C (th”"nh phfn 60% PtRu) trong dung m*i 1-hexanol . ng d, ng trong
DMFC. K/t qul nghi°nc uchothbly, I, dyv' L L tg¥yc al px¥t§s
d, ng dung mti 1-hexanol sau khi ph, | n hhn so v i khi s d, ng dung mti
isopropanol. Tuy nhi°n, tdi c¥ag m t mdt L, x¥& t§c, 2 mg cm? m_ ¢ x¥& t§c trong
dung mti 1-hexanol ¢c- mdt L, ctng sublt cao hhn kholng 1,5 Ifn, ti c¥ag m t
Linth], °ngth iL, "nlnhg am cclngcao hhn. Lodim cnythzch b p
cho c§c qu§ trenh L', i h, i th igian ph, d”ihhn. Trong nghi°nc un’y, nh- m t§c
gi[ clng nghi°n ¢ u [nh h€ ngc aclng sublt v th igian phon t&n si°u Om Ln
kach th€ c ¢ a hlt x¥& t§c v  mdt L, c¢tng sublt ¢, a Li n ¢ c. K/t qul cho thbly,
ctng sublt phon t&n si°u ©m th2ch h p 1" 50 W v'" th i gian phon t§n | n hhn 120
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giGy. Khi L'+, kach th€ ¢ trung b3nh ¢, a hlt x¥& t§c kho[ng 10 Om v" mdt L, ctng
sublt ¢ a DMFC L4t gfn 100 mW cm? tdi nhi t L, 70°C.

Tae-Hyun Kim v c§c ' ng s [37] L« nghi°n ¢ u [nh h€ ng ¢ a dung mti
I'/Jn LHc tréng h3nh th8i h ¢ ¢ a | p x¥& t&c trong pin nhi°n li us d, ng m ng
trao L” i proton. Trong nghi°n ¢ u n"y, c&c loti dung mti '€ ¢ s d ng nhe
isopropanol, dimethyl sulfoxide v'* n-methyl-2-pyrolidone. T8c gi[ s d, ng m’ng
PTFE nh€ m tb€ ctrung giantrong qustrinh ph, m c¢ x%& t8c theo ph€hng phgp
CCM V. i 4 Ifn chuyWn I, p x¥ t§c sang m™'ng trao L i proton. C§c k/jt qul” nghi°n
¢ u cho thbly bln chblt ¢, adung m*i [nhh€ ngl nLins linh L, ng ¢ a nafion,
[nhhe€ nglns tcht ¢ ac8 c§e g mhit (bao g’ m x¥e t§¢* trung tom v
c§c phon t nafion” ph2a ngo™i) trong qus§ trinh ph. m ¢ x¥& t8c. NiQu ny t8
L ngl nljnmdtL, citngsubltc apinv'L, dyc al px¥t§c. Theo L, trong
c§c dung mti nghi°n ¢ u, N-methyl-2-pyrolidone '€ ¢ tr*nh by I lodi dung mt i
thech b p nhbit v, i mdt I, d_ ng LUt gi§ tr kholng 0,925 A.cm tli L'i nth/] 0,6 V
v tr kh8ng thblp nhblt © gi§ tr 0,331 q.cm? K/t qul [nh hiWn vi Li nt quet
(SEM) ci ng cho thbly, c- 2t c§c ficlusterd nafion k/jtt, tr°n bQ mit mng phén c§ch
v. i nh&nh ch2nh ¢, aphont ny li°n kAt v. i bQ mit ¢, a tom holt t2nh Pt. niQu
Ny d¥n t i hi uqul hott ho§ tom x¥& t§c d, d"'ng hhn® mdt L, d, ng thbip.

Meichen An v c§c ' ngs [38] L«nghi°nc uh x¥ t§c Pt mang tren chbit
mang graphene v graphene bi/Jn t2nh b3ng sulfur v phosphorous (SPG), ng
d. ng trong ph'n_ ng oxi ho§ L'i n ho§ methanol (Methanol Oxidation Reaction i
MOR), mti tré ng acid H,SO4 0,5 M. M. ¢ x¥& t§c L'€ ¢ nh- m t§c gi[ ch/jtlo t
b, tx¥& t§c kht v’ dung d ch nafion, trong h, nh" pdung m*in€ c v isopropanol,
t" I kh i I€ ng nafion/x¥& t§c khol'ng 30%. K/t qu[ cho thbly, holt tnh L'i' n ho§
G ax¥e t§c Pt/SPG LUt gi§ tr t tnhbitv, i mdtL, d, ng LUt 1127 mAmget v L,
" n L' nh holt t2nh ¢, a x¥& t§c sau 1000 v, ng quét LYt 59,3 %.

Jinfa Chang v c8c ' ng s [39] L« nghi°n ¢ u x¥ t§ tr°n ch's  30%Pt/C
bi/jnt2nh_ ng d, ng trong DMFC, s d. ng mng nafion 117. Nh-mt8c gi['s dung
dung d ch nafion trong th'nh phfn ¢, am cx¥ t§c, t' [ kho[ng 30% kh i I€ ng
x¥& t§c. K/t qul cho thbly, c§c tiWu phén Pt phén t§n I ng LQu tren bQ mit Li nc ¢
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v. i kich th€ ctrung b3nht 2 L/Jn 2,5 nm. Mdt L, clng sublt ¢ c LUt gi§ tr 88,5
mW cm?2," 70°C,v. imdtL, ph x¥&t§c 1,2 mgcm?.

Figueiredo v c§c " ngs [15] L« nghi°nc uchjtlom cx¥% t§ctrenchs
40% Pt/C v nafion v. i t' I kh"i I€ ng 30 %, ng d. ng cho pin nhi°nli us
d. ng tr c tiJp ethanol v. i m"ng phén c§ch nafion 115. C&c kit qul cho thbly, L,
d'y | px¥ t§c anode dao L, ngt 20 LJn22 Om, v. i h"'m I€ ng x¥& t§c 2,3 mg
cm?. Mdt L, ctngsubltc cLUiLdt15,6 mwcm2tdinhi tL 70°C.

V ¢ nhh engcvali d'y lap x¥& t&

Trongm tcing b  gfn LOy, nh- mt8c gi[ Naomi Kumano v ¢ ngs [40] L«
nghi°nc us [nhh€ ngc ac8cth™nh phfntrongm cx¥e tsc Pt/C Ln L, n t
¢ al px¥e t§c. KNt qul cho thbly, khi L, d"y | p x¥ t§c khol'ng 8 Om, xubit hi' n
cgcvtn tdingch Yhaych T,s I€ ngcScvitn tttngl°nkhil, d7yl p
XY t§c ttng. Nguy°n nhon '€ cl'€aral dos kitt c§c mingx¥e t§c v nafion
h3nh th'nh b i's bay hhi ¢ a dung mti trong qu§ trinh kht. K/t qul [nh SEM
cho thbly, s ph6n t8n ¢, a nafion trong dung mti ethanol t' t hhn so v. i trong
propanol thWhi' n* s li°nk/tc, anafion v’ hit x¥& t§c Pt/C " ng L'Qu hhn, kht ng
b t8ch ra trong qus§ tr3nh bay hhi dung mti.

Nh€ vdy L/jn nay, hfu h/jt c8c ¢t ng trénh LQu tdp trung nghi°n ¢ u x¥& t§c Pt
hotlc PtRu ding kh™ i v" h p kim, c- hotic khing mang tr°n chbit mang C, ng
d. ng cho pin nhi°n Ii u m™'ng trao I i proton. Theo hiWlu bifjt ¢ a ch¥ag tti, L/n
nay hfu nh€ ch€ac- ctngtrinh cing b kit qul nghi°nc uvQ m c x¥e t8 tr°n
chs x¥& t§c kim lodi quz mang tr°n graphene, ng d, ng trong pin DAFC, m"'ng
trao L” i anion. Do vdy, ludn 8n n”y ti/jn h""nh nghi°n ¢ u ch/] tYo m ¢ x¥& t§c Pt
(Pd)/rGO bi/jn t2nh. Trong L -, ludn §n s€ tdp trung nghi°n ¢ u[nhh€ ngc adung
mti phon t§n L/n holtt2nh ¢, am_ ¢ trong EOR, LJJn t2nh chblt | p x¥& t§c tren Li' n
¢ canode sau khiph, m c v hi uqul hoYt L, ng ¢ a DEFC.

1.2.  T3nh h3nh nghi°n ¢ u vQ x%c t8c anode trong DEFC tr°n th/] gi. i

Nh€ L« tr3nh by © tron, x¥& t8c tron ch s kim lodi qu2 nh€ Pt, Pd th€ ng
'€ ¢s d ngtrong Li nc canode trong DEFC. C§c kim loli ny ¢- holt t2nh
cao trong ph['n_ ng oxi ho§ Li n h-a ethanol. Tuy nhi°n, ¢- hai vbin L'Q cFn ph[i

22



khdc ph, ¢ v. i lodi x¥& t§c n’'y:
Th nhblt: Pt,Pdd b ng L cb ic§ h pchblttrung gian sinh ra trong qu§
tr3nh phn_ ng nh€ CHO4gs, COugs, CO, d¥n t i gifm hoUt t2nh, thdm ch? mblit
holt t2nh. Do vdy, c§c loli x¥& t§c n"y th€ ng L'€ ¢ bi/jn t2nh LW ttng c€ ng
holt t2nh v' L, bQn holt t2nh, ¢l ng nh€ gilm gi§ th"nh ¢ a x¥& t8c.
Th hai: Ph[n_ ng oxi ho§ Li n ho§ ethanol di n ra trong pha |, ng, do vdy,
I, ph@n t&n chblt ph[n_ ng v s[n phXm L- ng vai tr, rbit quan tr ng. NiQun™y
ph., thu ¢ phfnl nv'o L phon t§n pha holt t2nh trong x¥& tSc v L, X p
¢ al p x¥ t&. nW gili quy/t vbin LQ n™y, Pt v Pd th€ ng '€ ¢ phon t&n
tren chblt mang nano carbon c- L, X pv'L, d¥ndi n cao.

Sau LGy It ng quan c§c nghi°n ¢ u vQ x¥& t8c oxi ho§ L'i n ho§ ethanol tren

chs kim loYi qu? (Pt, Pd) v"* c8c x¥& t§c kh§c.

1.2.1. XYc t8&c anode trong DEFC tr°n ¢ s€ kim lo* i qu? Pt

XY t§c tron ch's kim lodi qu2 Pt mang tr°n carbon I loli x& t§c L€ ¢ s
d. ng ph bi/jn nhbit trong DEFC. Rblt nhiQu nghi°n ¢ u vQ phln_ ng oxi ho§ Li n
ho§ ethanol tr°n x¥& t§c Pt v©* x¥& t§c Pt bi/Jn t2nh b i c8c kim loYi kh§c mang tr°n
chbit mang nano carbon L« '€ cctngb .

U Vaitr, cvachnt mang v' pha biAn t2nh trong x%& t8c anode tr°n ¢ s€ Pt

Theo c8c nghi°n ¢ u vQ x¥ t§ anode tr°n ch's  Pt, c8c pha bi/jn t2nh ¢- t8c
d. ng I"'m tkng holt t2nh v L, bQn holt t2nh ¢, a x¥& t§c Pt trong khi chbit mang
nano carbon gi¥f phon t§n Pt~ ding k2ch th€ ¢ nano, gi¥p ttng L, holtL ngg a
XY t§c v gifm I€ ng Pt hao ph?.

R.M.Antoniassi v c§c ' ngs [5] L«nghi°nc utf ngh px¥etSctrenchs
PtSn/C v, ic8ct [ Pt:Sn kh§c nhau, so s§nh v, i nhau v'* x¥& t§c Pt/C, tr°n PEM-
DEFC. K/t qu[ cho thbly, x¥& t§c Pt/C cho mdt L, d, ng cao nhblt L4t 20 mA cm2
v mdt L, ctng subltc c LYi LUt 24 mwWcm?,~ 100°C. Trong khi L-, khib sung
Sn, mdt I, ctng subtt ¢ ¢ LYi ¢ a pin tkng 1°n 127 mW cm?, v i x¥% t§c
Pt3(Sn0,)/C.

Weijiang Zhou v c§c L' ng's [41] L« nghi°nc um tcSchh th ng c§c x¥e
t8c tr°n ch s Pt mang tr°n carbon (Vulcan XC-72R), . ng d, ng trong pin nhi°n

23



li u PEM-DEFC nh€: PtRu/C, PtW/C, PtSn/C, PtPd/C, PtRuW/C v"* PtRuMo/C.
K/t qul cho thbly, x¥& t§c PtSn/C cho k/t qul t" tnhbit v. i gi§tr mdt L, d, ng LUt
56,2 mA cm?2, tdi i n th]) 0,71 V. Ngoi ra, trong nghi°nc un’yt' [ gi aPtv"
Sn L€ c thay I i nhdm c[i thi n holt t2nh ¢ a x¥& t§c, d a theo kh[ ntng tlo ra
h p chbit trung gian (OHags). K/t qul cho thbly, x¥& t§c Pt,Sn;/C ¢- holt t2nh t t
nhbit trong pin m tcell, v. i gi§tr mdt L, ctng sublt ¢ ¢ LYi LYt 60 mW cm?, tUi
90°C, L'i nth/]0,42 V.

Gonzalo Garcza v c§c L' ngs [42] L«nghi®nc ut ngh ph x¥ t§c bi/n
t2nh La kim lodi, PtRuMo/C, nhim c[i thi n holt nh ¢, a x¥& t§c PtRu/C trong
EOR, mtitré ngacid. Ngo™i ra, t§c gi[ cl ng L« x§c L nh c§c s[n ph¥m ch2nh ¢, a
ph['n _ng theo ph" K" ng ngoti bi/jn I i Fourier (FTIR). Theo L., khi cho th°m
m tI€ ngnh Mov'oh xY¥ t§c PtRu, chu try Idp ph€hng tom di' n kht ng thay
I” i, thtng s ming kholng 3,89 i, kich th€ c hit x¥ t§c theo [nh TEM c- gi§
tr t 2,6 LJn 2,7 nm. Tuy nhi°n, x¥& t§c PtRuMo ¢- holt t2nh Li n ho§ cao hhn
x¥& t8c PtRu. Ngo~i ra, sfnphXxmc, aph[n_ngthay” it CO,sang acetandehyde
v acid acetic, s thay I i r» nhbit khi h"m I€ ng Mo LUt 3% theo kh™ i I€ ng.

Jyoti Tayal v c§c ' ng's [43] L« nghi°n ¢ u [nh h€ ng ¢, a pha bi/n t2nh
Rhenium (Re) LJJn holt t2nh L'i n ho§ ¢ a h xY¥ t§c Pt-Sn/C trong EOR, mt|
tré ng acid. K/t qul cho thbly, Re ¢- thW I'm ttng holt t2nh v L, bQn¢ ah x¥
t8c Pt-Sn* t' [ kh'i I€ ng kim loYi Pt:Re:Sn I 20:5:10. Khi L' ¢€ ng L, peak
quét thudn tren '€ ng cong thj-d, ng tufn ho''n ¢, a EOR LUt 67,7 mA cm?, tdi
I'i nth/]0,78 V,cao hhnso v, i h x¥ t§c Pt-Sn/C v Pt-Re/C, tehng _ ng gi§ tr
44,5 mA cm? v 10,8 mA cm2. Clng trong nghi°n ¢ un’y, h x% t§c Pt-Sn-
Re/C (20:15:5) '€ ¢_ ng d. ng trong m* hinh DEFC, K/t qu[ mdt L', ctng sublt
¢ ¢ LYic apin L4t 30,5 mwW cm?, tdi 100°C.

Qi Wang v c8c ' ngs [44] L«nghi°nc uLiQuch'nht" I kim lodi trong h
x¥e t8¢ PtRuSn/C, _ ng d, ng trong PEM-DEFC. K/t qu[ cho thbly, x¥& t§c
Pt26SN:RU04/C, V. i f ng h"m 1€ ng kim loti kho['ng 60% theo kh' i I€ ng, c:
hoUt t2nh cao nhbit v i mdt L, ¢tng sublt ¢ ¢ LYiI°nt i 121 mW cm?, t4i 90°C.
T§c gil L« x8c ' nh '€ ¢ s[n phXm ¢, a ph[n_ ng theo FTIR, trong L'- s[n phXm
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ch2nh I acid acetic v. i hi u sublt L4t 90%. nW ndng cao hoYt 2nh Li n ho§ ¢, a xV&
tSctronchs Pt vi ¢l ach nchblt mang th2ch h p givke c8c tiWu phon kim lodi
phOn t8n m, t c§ch L ng LQu tr°n bQ chbit mang, tr&nh hi n t€ ng ktt c§c tilu
phon n”y, cing I vbin LQ quan tf ng. V. i c§c t2nh chblt ho§ IT €u vi t nhe di n
t2ch bQ mHt ri°ng cao, L, d¥n Li n, d¥n nhi t rbit cao, L, bQn ch, nhi t rbit cao,
graphene (G) L« thu h¥s quan tom nghi°n ¢ u ¢, a rbit nhiQu nh™ khoa h ¢ nh€
m, t lodi chbit mang x¥& t§c Lfy tiQm ntng. Hi n nay, xu h€ ngs d. ng x¥& t§c
Pt/G trong ph['n_ ng oxi ho§ i’ n ho§ ethanol Lang ng™y ¢'ng L'€ ¢ quan tom.

Lifeng Dong v c§c L' 'ng s [45] L« nghi°nc utf ngh ph x¥% t§c Pt-Ru
tren chbit mang rGO v C, s d, ng ph€hng ph8p tXm € tt tiQn chblt ¢, a Pt, Ru
v GO (hotic C), v. i chbit kh  ethylene glycol, trong mti tré ng kiQm. K/t qul’
'€ ng quét th/]-d, ng tufn ho n trong EOR cho thbly, mdt I, d, ng qu®t thudn L0t
16,2 v 13,8 mA cm?, teéhng_ng V. i h x% t§ Pt-Ru/fGO v Pt-Ru/C. T &
I''nh peak quét thudn/ngh ch (I¢/Ig) tehng  ng v. i x¥& t&c tren hai chbit mang Lt
3,66 v 0,9. Ngo™i ra, holt t2nh L'i n ho§ ¢, a x¥& t§c Pt-Ru/rGO trong MOR ci ng
'€ ¢ khl[o s§t, tehng_ ng LUt 19,1 mAcm?2v, it s Ie/lg=6,25. Theo L', gi§ tr
mdt L, d, ng trong EOR b3ng khol'ng 2/3 mdt L, d, ng trong MOR, tr°n c¥Ag m t
h xY¥ t§c.

Chih-Chien Kung v c8c " ng's [46] L«nghi®nc uv 't ngh ph x% t§c
Pt-Ru tr°n ba lodi chbit mang kh§c nhau: carbon (Vulcan XC-72R), graphene
thehng mdi (Calverton, New York) v b t graphene 3D thu '€ ¢t ph€hng ph§p
ngéngt, ho§ h c pha hhi kh? metan tr°n nQn niken. K/t qu[ cho thbly, x¥& t§c Pt-
Ru tren chbit mang b t graphene 3D cho k/t qul di’ n t&ch bQ mHt holt L, ng Li n
ho§ cao nhbit, L4t 186,2 m? g™. Hhnn, a, mdt L, d_ng ¢, a MOR, trong mtitré ng
acid, LUt 109,3 mA cm?, gi§ tr n”'y gifm kho[ng 0,7% sau 900 v, ng quét th]-
d, ng tufn ho"n. MHt kh§c, trong EOR, c§c gi§ tr tehng_ ng LYt 78,6 mAcm2v"~
gifm 67,5%.

He v’ c ngs [47] L« ch ng minh ring, c§c nh-mch cc, n i tron bQ mHt
graphene sau qu§ trinh kh' ¢- thW I"'m ttng kh[ ntng ch" ng ng, L, ¢ CO cho x%
t8c Pt. Theo L'+, c§c tom khuy/]t tdt ch a O trong tinh thW graphene ¢- thif hbip ph,
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nh-mOH,t L. th¥ LXy qus trinh oxi ho§ CO.gs. MHt khSc, qus§ trénh phOn ly c8c
phont n€ c hblp ph, tr°n GO s€ t4o ra c§c nh- m (OH)ags tr°n bQn mit graphene
theo ph'n_ ng (15) v'* (16). Hhn n_ a, khi L€ ¢ th°m v"'0 x¥& t§c Pt/GO, Sn ¢ n
ngtn c[n tehng t&c gi. a Pt v" COugs LW h3nh th'nh Pt-COugs, L ng th i, OHags ¢l ng
c- thWd d'ng L€ c tdo ra tren bQ mHt Sn khiJjn cho CO d. b oxi ho§ hhn, theo
phin _ ng (17). Theo L-, ch ch/] ¢, a ph[n . ng oxi ho§ ethanol tr°n x¥& t8c Pt-
Sn/GO ¢- thW '€ ¢ m! t[ nhe sau:

GO + Hy0 Y GO-(OH)ags + HY + € (15)
Pt-CO + GO-(OH)ags Y CO,+ H*+Pt+ GO + ¢ (16)
Pt-COags + SN-OHags ¥  CO, + H* + & (17)

T-mIdi, Pt-Sn I" h x¥% t§c c- hi uqul cao L"i v, i ph[n_ ng oxi ho§ Li n
ho§ ethanol, vi ¢ th°m Sn v™'o pha holt nh Pt ¢- thW I'm ttng t" ¢ L, qus§ trenh
EOR, dXnt ittng gi§tr mdt L d ngc c LUi. Tuy nhi°n, c8c kit qul ph in situ
FTIRV ph kh"iviphen Li nho§ cho thbly ring, so v. i x¥& t§c Pt tinh khi/lt, x¥&
t8c Pt-Sn khing I'm ttng nhiQu L, ch nl c L iv i CO,, acetaldehyde v acid
acetic v¥n I c8c s['n phXm ch, y/u, trong EOR [48]. Nh€ vdy, vi c ttng holt t2nh
x¥& t§c " ng th itkng hi' u sublt chuyWin ho§ ethanol th"nh CO; Lang I” vbin L'Q cfn
nghi°n ¢ uth°m.

M tnh- mnghi°nc ukh§c [49] L«t ngh p v so s&nh holt t2nh ¢, a c§c x¥e
t§c kim lodi mang tr°n graphene 2t I, p (FLG) nh€ Pt/FLG, PtRu/FLG, PtNi/FLG
v PtRUNi/FLG, trong MOR v'" EOR, mti tré ng acid (H.SO4). K/t qu[ cho thbly,
x¥& t§¢ PtRUNi/FLG thW hi n holt t2nh cao nhblt v. i mdt I, d_ ng ¢ c LUi tehng
- ng LGt 1,31 v 1,08 A mgt. MHt kh§c, s kh§c bi t trong holt t2nh ¢, a c§c x¥&
tsc L€ cI'ms8ngt nh hi u ngl€ ngch ¢, hi u ngph it v hi u_ngbi]n
ding ¢ aPtkhib sung Ru v Ni. Theo L-, x¥& t§c PtRuNi/FLG c- hoUt t2nh cao
I'€ ¢ gili th2ch theo hi u_ ng li°n h' p gi_ a c§c th nh phfn. C, thW, Pt L'+ ng vai
tr, chznh trong phln . ng dehydro ho§ c8c phon t alcol. Trong khi, Ni I'm y/u
c§c lien k/t v hbip ph, c§c h p chbit trung gian trn bQ mit Pt bang hi u_ ng hénh
h c.Ruv" Nide€ iding oxide cung chip c&c h p chbitch aoxy, h tr lotib, c§c
h p chbit trung gian d a tr°n ch chj] 1€, ng ch_ c.
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Hossain v'* Park [50] L« t ng h' p x¥ t§c Pt-Pd/rGO, ph®n t&n x¥& t§c n"'y
tren Ui nc cding m™ng m ng v L'§nh gi§ holt t2nh ¢ a x¥& t§c trong EOR, mt i
tré ng kiQm. C8c k/jt qul nghi°n ¢ u L« cho thbly, x¥& t§c Pt-Pd/rGO thW hi n hoUt
t2nh Li' n h- a cao hhn nhiQu so v, i c8c x¥& t§c Lhn kim lodi Pt/rGO, Pd/rGO, gi§
tr Iz tehng ng L4t 120,2 mAcm?, 53,0 mAcm? v~ 11,4 mA cm™.

Liuv'c ngs [51] L«nghi°nc ulnhh€ ngc ah'mI€ ng Pd L/n holt
t2nh v~ kh[ ntngch” ngng, L ¢ CO ¢, axY¥& t§c PtPd/GNR trong EOR, mtitré ng
kiQm. C8c x¥& t§¢ Pt,Pd;,/GNR (x It I thWtxch ¢, a dung d ch HoPtCls 1% v
PdCl, 1%) '€ ¢t ng h' p bing ph€hng ph8p vi s- ng trong mti tré ng EG. Kt
qul cho thbly, x¥& t§c ding h' p kim PtgssPdoss/GNR ¢ holt £2nh Li n ho§ cao
nhbit v’ cao hhn nhiQu so v, i x¥ t&¢ Lhn kim lodi, tehng _ ng gi§ tr ¢ LYt 192,3
mA cm?, cao ghlp 1,9 Ifn so v. i x¥& t§c Pt/GNR, gblp 1,7 Ifn so v. i x¥& t§
Pd/GNR. MHt kh8c, x¥& t8¢ Pto46Pdoss/GNR ¢+ kh[ ntng ch” ngng, L, ccao, thW
hi nquavi cduytr®mdtl, d ng" gi§tr cao (60 mA cm?) sau 1000 gily tren
'€ ng qudt d,ng theo th i gian tdi Li nth/]-0,2 V.

Gupta v’ c§c ' ngs [52] L« nghi°nc uc§c LiQu ki ncho phln_ ng oxi ho§
L'i n ho§ ethanol v* methanol, v. i x¥ t§c anode Pt-Ru (30%: 15% theo kh’ i
I€ ng)/C thehng mbi, ng d, ng trong pin nhi°n li us d, ng tr ¢ tip alcohol
(h. n h' p ethanol v methanol) trong mti tr€ ng kiQm. K/t qul nghi°n ¢ u cho
thbly, mdt L, d_ng ¢ aphln_ ngttngtheos ttngc ah™mI€ ng x¥& t§c nhéng
khtng tuy/n 2nh, h'm I€ ng x¥% t§c thzch b p I" 1 mg cm™? L i v. i c[ methanol
v ethanol. Nh- m t§c gi[ nhdn L nh ring, c¥ag v. i ding pin kiQm, I i v, i DMFC,
n ng L, KOH thach h p cao hhn gblp kho[ng 3 Ifn so v. i DEFC, téhng_ ng 1" 6
M v 2 M. Khi kit h’ p hai lodi nhi°n Ii un™y trong m, t m* h3nh pin, t§c gil ¢l ng
L«ttmral€ ct' [ thach h p nhbit gii a methanol v ethanol I 1:3. Khi L'+ mdt L,
ctng sublt pin L4t 1,98 mW cm2,

XY t§c lai Pt-AIOOH-SiO./rGO L« I'€ ¢ t ng h p th™nh ¢ctng b i nh-m
nghi°nc uc aGS. TS. VI Th ThuH " [53i55]. ng d, ng trong phn_ ng oxi ho§
L' n ho§ methanol trong mtitr€ ng acid. C§c k/jt qul cho thbly, s ¢ mHtc, a Al-
Sil«giYps phéntsng aPtt thhnthWhi n® chiutrye t] vi ¢, a x¥& t8c tr°n [nh
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TEM v k2ch th€. c tilu phon Pt LUt t 2,30 nm L/n 3,70 nm. MHit kh&c, holt t2nh
L'i n ho§ ¢ a x¥& t§ ttng 4,8 Ifn, L. bQn hot t2nh gblp 1,6 Ifn so v. i x¥& t§c
Pt/rGO, tehng_ ng I¢ L4t 1720 mA mge., cao nhblt trong c§c x¥& t&c Li n ho§ tren
chs Pttdith iLiWmL-.B°n clnh L., x¥& t§c Pt-AIOOH-SiOx/rGO ¢- L, " n
I"nh holtt2nh t" tv. i L, gilm hoUt t2nh sau 1200 v, ng quét L4t khol'ng 19% trong
MOR v~ kho[ng 35% trong EOR, mti tré ng acid. C§c k/t qul phOn tch t2nh
chbit LHc tréng ¢, a x¥& t§c cho thbly, Al v Sit ntli* ding AIOOH and SiO,, ¢
tscd ngv. attng L, phént§nc, aPt, v. ahbp ph, clnh tranh c§c h' p chblt trung
gian sinh ra trong qu§ tr3nh ph[n_ ng, gi¥p I'mgifms ng, L cL iv itOm holt
t2nh Pt. K/t qul I, hoUt 2nh i n ho§ ¢ a x¥& t§c '€ ¢ c[i thi n.

U ¢ nh h eng cva ph. _ ng ph8p tYng hap LAn ho' t t2nh v Li bZn ho' t t2nh

LiMn ho8 EOR cva x¥& t8c anode Pt

Y.Wang V' ¢ ngs [56] nghi°nc ulnhh€ ngc ah'mI€ ngn€ c LJn holt
t2nh trong EOR ¢, a x¥& t§c Pt-Sn/G '€ ¢ f ng h p bing phehng ph§p kh' ho§
h cv itS§cnhen EG. T [ EG/n€ cl'€ ckh[os§t1" 100:0, 95:5,90:10 v'* 80:20.
K/t qul phen tich chiu trye t/] vi ¢, a c§c x¥& t§c cho thbly, h'm I€ ng Snv™s kIt
t ¢, ac8c hit x¥& t§c ttng 1°n khi h'm I€ ng n€ ¢ ttng. MHt kh§c, holt t2nh oxi
ho§ L'i' n ho§ ethanol ¢, a x¥& t§c ttng 1°n khi h"m I€ ng Sn ttng do ch chi] 1€, ng
ch cc ax¥ t§c v hi u_ngph it .Holtt2nh ¢ ax¥e t§c LYt gi§ tr cao nhblt
khih'm 1€ ngn€ cLit5%. Khih"mI€ ngn€ ctktng,di ntichbQ mit holtLl, ng
i nho§c ax¥t§cgifmdob [nhh€ ngb iSnO, Vv  c8c hit x¥ t§c kit t, 14i,
d¥n t i hott t2nh ¢, a x¥& t§c gilm.

X¥g t8¢ Pt-Sn/G, I'" m; t trong nh, ng x¥& t§c ¢- hodt t2nh cao trong EOR, tuy
nhi°n h"m I€ ng kim lodi mang tr°n chbit mang th€ ng thblp hhn rbit nhiQu so v, i
h"mI€ ng IT thuy/t. Trong m; t ¢t ng trinh khsc, Y. Wang v ¢, ngs. [57] L«t ng
h p th nh ctng x¥& t§c Pt-Sn/G bing phehng ph8p X T acid v kh' trong m?i
tré ng r€ u cao, k2 hi u Pt-Sn/G-A. C&c k/Jt qu[ nghi°n ¢ u cho thbly, so v, i x¥&
tsc '€ ¢ f ng h p trong LiQu ki n tehngt nheng khing X IT acid (Pt-Sn/G),
h'm I€ ng Pt-Sn mang tr°n graphene trong m¥u Pt-Sn/G-A ttng I°n L§ng kW,
tehng ng I 18,5% - 1,2% V™" 41,3% - 2,7% (xbp X" h'm I€ ng trong h, n h' p
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ban Lfu). K/t qul di n t&ch bQ mit holt L, ng Li n ho§ trong dung d ch H,S0,4 0,5
M, t c L, qudt 50 mV s cho thbly, x¥& t§c Pt-Sn/G-A c¢- gi§ tr cao hhnso v, i
XY t8¢ Pt-Sn/G, tehng_ ng I” 42,2 m? gpy* v 30,1 m? gpeL. Trong nghi°nc un’y,
t§c gi[ nhdn L” nh k2ch th€ ¢ hit Pt khtng b [nh h€ ng nhiQu do X IT acid. Do
vdy, s ttng di n t2ch bQ mit holt L, ng L'i n ho§ c- thW I K/t qul ¢, a vi ¢ ttng
1€ ng tom hoVt t2nh tr°n bQ mit x¥& tc v-'s, phOn mlnh ¢, a c§c thim graphene
sau khi X IT acid. MHt kh§c, trong EOR, mti tr€ ng acid, x¥ t§c Pt-Sn/G-A c-
holt t2nh cao so v, i x¥& t&¢ Pt-Sn/G, tuy nhi°n, t' I Igls ¢ a x¥& t§c n”y t€hng
I'ehng so v, i Xx¥& t§c Pt-Sn/G (IFn 1€ t17 1,18 v 1,13), dot [ Pt:Sn ¢, a hai x¥&
t8c tehng L€hng nhau.

Karim Kakaei [58] L«t ngh p x¥& t§c PtsSn/rGO c¢- holt t2nh cao trong EOR,
mtitré ng acid. Trong nghi°nc uny, GOL€ ct ngh pt Li nc cgraphite
bing phehng ph8p tr-c n° Li n ho§, s d ng chblt | ng ion. Sau L-, x¥ t§c
Pt;Sn/rGO L€ ¢ kh m t c§ch ¢ killm so§t bing chbit kh  EG. Trong qus§ tr3nh
ny, EGv. al-ngvaitr, tscnhon kh , L ngth iclng I t§c nhon bQn ho§, givh
c§c tillu phon Pt v Sn phén t8n L ng LQu tr°n bQ mit chbit mang. MHt kh§c, GO
ch a c8 nh-m ch ¢ €a n€ ¢ nh€ -O-, OH, -COOH, c¢- kh[ ntng thu h% c8c
proton, '€ ¢ tlo th'nh tht ng qua ming I€ i li°n kt hydro ¢, al p mng H,O hblp
ph. tr°n bQ mit. Trong khi L, rGO hoUt L, ng nh€ m, t chblt mang x¥& t&c nh€ng
cing £ ngth il | pd¥n proton, L€ c tlo ra bing phehng phsp Li n ho§, nhim
thay th/] dung d ch nafion trong | p x¥ t§c ¢, a PEM-DEFC. K/t qul cho thbly,
xY& t§¢ PtzSn/rGO c- di n t2ch bQ mit holt L, ng Li n ho§ cao hhn nhiQu so v, i
xY& t§c Pt/rGO, Pt/G + nafion, gi§ tr di n t2ch bQ mtt holt L, ng Li n ho§ t€hng
_ng LUt 66,20 v, i47,3Vv" 28,8 m? gt. MHt kh&c, trong EOR, mti tré ng kiQm,
x¥& t8¢ PtsSn/GO khtng ch’ ¢c- holt t2nh caom™ ¢ nc- kh[ ntngch ' ngng, L ¢
cao L’ iv. ic§ h pchblttrung gian, tehng_ ngt s I¢/lg LUt 2,8.

Kakaei v ['ngs [59] L« f ng h p th"nh ctng x¥& t§ nano Pt-CeO; tr°n
rGO '€ c sulfo ho§, ¢- holt t2nh cao trong EOR, mtitré ngacid. GO '€ ¢t ng
h p theo phehng ph8p tr-cn* Li n ho§ figraphite rodd trong m2i tré ng Li n ly,
sau - L€ ¢ sulfo ho§ v kh ho§ LW tdo th nh chbit mang SRGO . K/t qu[ L'§nh
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gi§ di n t2ch bQ mit holt ' ng Li' n ho§ cho thbly, x¥& t§c Pt-CeO,/SRGO LUt gi§
tr cao nhblt (71 m2g), cao hhn x¥ t§c Pt/SRGO v'* CeO2/SRGO, tehng ng LYt
493V 42,4m2gt niQun’yc: thWL€ cgilithchdo [nhh€ ngc anh-mch ¢
I SO3H tr°n bQ mHit graphene gi*fp c8c tiWu phOn Pt, c- kich th€ ¢ nh , phOn t&8n
" ng L'Qu tr°n bQ mit chblt mang. N ng th i, hi u_ng li°n h p gi a Pt v° CeO,
clng I” m tnguy®n nhon d%nt idi' ntich bQ mit holt L, ng Li n ho§ ¢, a x¥& t§c
ttng 1°n. K/t qull nghi°n ¢ u cl ng cho thbly, mic d¥%CeO, khtng thi hi n hott
t2nh trong EOR nhéng's k/th p gii a CeO, v Pt givh holt t2nh ¢, a x¥& t§c Pt-
CeO,/SRGO ttng L'§ng kW, thi hi n qua ntng I€ ng holt ho§ ¢, a x¥& t§c n™y thbp
hhn so v. i x¥& t8¢ Pt/SRGO, tehng_ ng gi§ tr 29,04 v 37,32 04 kJ mol?, ph[n
~ngxlyrad d’nghhn. Ngo“ira, chbit mang SRGO, v. i nh-mch c sulfo, ¢c- kh[
ntng vdn chuyWin proton cao, ttng t ¢ I, EOR trong mti tré ng acid.

Chia-Liang Sun v ¢, ng s [60] L« nghi°n ¢ u kich th€ ¢ hdt Pt tr°n chbit
mang graphene sunfo ho§ (Pt/s-G), ng d. ng trong EOR, mti tr€ ng kiQm. K/t
qul cho thbly, qu§ trnh sulfo ho§ graphene I'mttng s hblp ph, Ptv™ gi¥f Pt phon
b" [ ng L'Qu tr°n bQ mHt chblt mang. MHt khsc, c§c kit qul t2nh to§n IT thuy/t L«
ch. ng minh ring, c§c nh-m ch c sulfo ho§ c- thiW vdn chuyWn Li n t%ch cho Pt,
gifm ntng I€ ng hblp ph, CO tren Pt, gifm's ng L ¢ tOm holt t2nh. C&c y/u t
tchc cnyd¥nt iholt2nh Li nho§ v L, bQnc axY¥ t§c L€ cttng I°n. Theo
L', x¥& t§c Pt/s-G v. i k2ch th€ c hit Pt trung b3nh 2,5 nm, c- holt t2nh cao nhblt,
LUt 3480 mA gp?, cao hhn so v, i X% t8c Pt/C* c¥ag k2ch th€ ¢ hit Pt, tehng
_ng LYt 1290 mA gpi.

U C_ chd pt n ong oxi ho§ LiMn ho§ ethanol tr°n x¥& t8c Pt

Jonathan Fl- rez-MontaRo v c8c ' ng s [61] L« s d, ng c§ ph€hng ph8p
L'i nho§ v ph" kh"i LW ph@n t2ch s[n phXm, x8c L' nh ch chj] ¢, a ph[n_ ng oxi
ho§ L'i n ho§ ethanol, v, i x¥& t§ tr°n ch s Pt, trong mti tr€ ng acid. K/t qul
nghi°n ¢ u cho thbly, sfn phXm ch, y/Ju t qu§ tr3nh ph[n ng bao g’ m
acetaldehyde, acetic acid, CO, v m t phfn nh ester ethyl acetate, methane,
ethylene. T. c§c k/Jt qul thu '€ c, t§c gi[ L« LQ xublt ch ch/] EOR trong mtitré ng

acid v. i x¥& t8c Pt nh€ sau:
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- D€ it8cd ngc ax¥ t& Pt, n€ c b phon t&ch tio th"nh H* theo phln
. ng (18):
Pt+H,O = Pt-OH+H"+¢ (18)
- . tOm Pt khc, c§c phén t ethanol L'€ ¢ hblp ph, 1°n bQ mit, X[y ra phln
_ng dehydro ho§ t nh-m hydroxyl (-OH), theo ph['n_ ng (19), (20), (21)
* kholng Li nthj] E >0,05V:

CH3CH,OH + Pt = Pt(CH;CH,OH) (19)
Pt(CHsCH,OH) = Pt-OCH,CHs+ H* +¢ (20)
Pt(CHsCH,OH) = Pt-CHOHCH;+ H* + ¢ (21)

- Khi Li nth/ttng dfn Ln 0,38 V, qu§ trenh gili hblp X[y ra theo ph[n_ ng

(22) v'* (23), s['n phxm acetaldehyde '€ ¢ h3nh th™nh v gili ph- ng tom Pt:
Pt-CHOHCH; = Pt(CHOCH;) + H* + e (22)
Pt(CHOCH;) = Pt+ CH3CHO (23)

- Khi Li nth] ttng L/n 0,6 V, s['n phXm acetic acid '€ ¢ h®nhth™nht ph[n
ng(24)nh s KJth pv i OHassinhrat phfn ng (18) V' CHOgugs t
phn_ ng (22):

Pt(CHOCH;) + Pt-OH = 2Pt + CH3COOH + H* + e (24)

- LY ny, trong mtitr€ ng H*, m tI€ ng nh este ethylacetate '€ ¢ h3nh
th"nh:

CH3;COOH + CH3CH,OH = CH3;COOCH,CHj; + H,0 (25)

- B°ncUnh L+, khic- tom holt L, ng Pt" dingt do" be°n clnh, ph[n_ ng
kh§c c- thW x[y ra nh€ sau:

Pt-CHOHCH; + Pt = PL-COHCH3 + H* + & (26)

- Dlng h' p chblt trung gian m i n"y s€ '€ ¢ gi[i hbip LW henh th™nh CO,:
P,-COHCHs = Pt-CO + Pt-CHg + H* + & 27)
Pt-CHy +2Pt-OH = CO, + 3Pt + 5H* + 5¢° (28)

- M, ts" s[n phXm kh§c nh€ methane, ethane L'€ ¢ h3nh th”'nh trong qus§ tr3nh
qudt vQ v. i chblt trung gian Hags:
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Pt+H +e = Pt-H (29)

Pt-CHs + Pt-H = CHj, + 2Pt (30)
Pt,-COHCH; + 4Pt-H = CH3-CHs + 6Pt + H,0 (31)
Pt-COHCH; + 4Pt-H = CHs-CHs + 5Pt + H,0 (32)

Nh€ vdy, theo ch ch/n™y, c8c s['n phXm nh€ acetaldehyde, acetic acid v CO,
d d'ngL€ ctiorat EOR trong mtitr€ ng acid, trong - ph[n_ng oxi ho§
ho'ntonc- khl ntng x[y ra thblp nhbit, ch™ kholng 11% theo t I s[n phxm.

Trongm ts ctngb” kh§c [62, 63] cho ring Rh ¢- tiQm ntng | n trong vi ¢
cdt lien k/jt C-C trong phént ethanol. H p kim Pt-Rh dlng Idp ph€hng mang tr°n
graphene (Pt,Rh,/GN), v. it [ nguy°nt Ptv" Rh kh§c nhau Ifn Lfuti°n L€ ¢
LuRao Vv L' ngs [64]t ngh pth'nhcing,s d. ng chblt tdo chiu trve ch a Br
(tetramethyl ammonium bromide). B°n clnh L'- , t§c gil ¢l ng nhdn L nh ring, chblt
mang graphene I y/jut quan tr ng trong vi ¢ h3nh th"nh x¥& t§c PtRh dlng Idp
phehng, h, tr c§c tiWu phon nano PtRh phon t§n m; t c§ch " ng LQu. C§c kit qul
nghi°n ¢ uch’raring, PtRh ntdi® ding h" p kim " ng nhbit, kiWu Idp ph€hng
tom mit. Trong EOR, mti tré ng acid (HCIO,), c§c x¥& t§c Pt,Rh, thit c[ c§c t’
I nguy°nt Pt, Rh L'Qu thW hi n holt t2nh cao, Lic bi t, x¥& t§c v, it [ Pt:Rh =
9:1 ¢+ hott t2nh cao nhblt. Tuy nhi°n, c8c kit qul phon t2ch s[n phXm tr°n ph' in
situ FTIR L« cho thbly ring, mic d%2l’, chuyWn ho§ ethanol tron x¥& t§c v, i t' [
Pt:Rh = 1:1 ch€a cao nheéng x¥& t§c n"'y ¢- kh[ ntng th¥e L'Xy vi ¢ bl g«y li°n kit
C-Ccaonhbitv'L, ch ng ax¥ t§cn”y L iv is[nphXmcu i CO; cao hhn so
v. icgch pkimc- t' I nguy°nt Pt, Rhkh&c. Nguy®n nhén L'€ c t§c gi[ ['€ara
I do henh th§i LHc bi t¢ ah pkim, hi u_ngli°nh pgi_ a hai kim lodi v gi_ a
kim loYi v, i chblt mang graphene.

XiaolinHuv ¢ ngs [65]L«t ngh px¥ t§c dingh p kim Pt-Au tr°n chbit
mang d[i nano graphene (GNR) bing ph€hng ph8p vis-ngd€ is c- mHtc a
h p chblt polyol. Tren [nh TEM quan s§t L'€ ¢ c8c tiWu phén h' p kim nano PtAu
v. i kch th€ ¢t 4 nm LJn 8 nm. Ngo'i ra, holt ©2nh Li n ho§ trong EOR, mti
tré ng kiQm, ¢, a x¥& t§c I€. ng kim PtAu/GNR Lt 135,8 mA cm, cao hhn nhiQu
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so V. i c8¢ x¥& t& Lhn kim loYi nh€ Pt/GNR (60,3 mA cm?) v° Au/GNR (18,8
mA cm?). MHt kh8c, t&c gi[ nhdn 'nhring, t s Ie/lg ¢ a x¥& t§c PtAU/GNR v~
XY t§c Pt/GNR, tehng_ ng LYt 1,97 v 1,27, ch ngt kh[ ntng oxi ho§ ho'nto™n
ethanol '€ cclithi nnh s c¢- mitc aAu. Th°mv'o -, pha bi/jn t2nh Au th¥e
Xy ph['n_ ng oxi ho§ cdt mUch C-C, ph[n_ ng oxi ho§ CO LW t4o th"nh s[n phXm
CO, v gili hblp kh, i bQ mHt x¥ t&c, gifm thiWu's ng, L ctom hoYt t2nh.

Nh€ vdy, c&c nghi°nc ul«cingb” vQx¥e t&c Pt v Pt bi/jn t2nh L« gilli quy/t
hFu hit c& kh- khtn ¢ a d, ng x¥& t§ ny trong ph[n ng oxi ho§ Li n ho§
ethanol, LiWn h3nh nh€ néng cao L, bQn ¢, a x¥& t§c do [nh h€ ngc ac§c h p
chbit trung gian trong qus§ trinh phln_ ng. Tuy nhi°n, c§ ctng tr*nh th€ ng m, i
d ngl4i® vi ct ngh px¥ t§ v kh[o s§t holt t2nh L'i n ho§, ch” c- ™ 2 c§c
ctng trinh_ ng d, ng c8c x¥& t&c n”’y trong vi ¢ chj] tdo m ¢ anode cho DEFC.
MHt kh§c, gi§ th'nh cao ¢, a Pt cing I” m t trong nh, ng kh- khtn LW _ng d, ng
n- v'o trong th ¢ t/]. Do vdy, vi ¢ gifm h"m I€ ng Pt trong th"nh phfn x%& tSc,
hottc thay th/] Pt bing kim loYi ¢- holt t2nh t€hng I'€hng nh€ng gi§ thnh thbip
hhn nhe Pd, Lang '€ ¢ c§c nh™ khoa h ¢ quan tm nghi°n ¢ u trong th i gian
gfn LOy.

1.2.2. X¥c t8& anode trong DEFC tr°n ¢ s€ kim o' i qu? Pd

XY t8¢ Pd ¢- chlu tr¥g tehng t , gi§ th"nh thblp v t2nh holt cao t€hng L'€hng
Pt. Tuy nhi°n, kh&c v, i Pt, Pd ¢- holt t2nh rblt thblp L™ i v. i phfn_ ng oxi ho§ Li n
ho§ alcohol, trong mti tr€ ng acid, do x¥& t§c b th, L. ngtrong mtitré ngn’y.
Trong khi, v. i mti tr€ ng kiQm, kim lodi ny ¢- L, holt L, ng cao [66]i [68].
Themv'o L+, Pd ¢c- thWk/Jth p v, i Lhn hottc La kim lodi, cl ng nhe oxide kim
loti chuyWn tifjp nh¥m gi[m thiiu h”™m I€ ng Pd m™ v¥n duy tr3 L€ ¢ holt t2nh
L'i n ho§ cao. Do vdy, c§c nghi°n ¢ u tdp trung ch, y/u bi/jn t2nh Pd, thay th/] chblt
mang v L'&nh gi§ holt 2nh L'i n ho§ ph[n_ ng oxi ho§ ehtanol trong mti tré ng
KiQm.

Ut C_ chA ptf n ong oxi ho8 LiMn ho8 ethanol tr°n x%& t8c Pd

Kh&c v, i x¥& t§c Pt trong mti tré ng acid, sfn phXm ¢, a EOR, trong mti
tré ng kiQm, v. i x¥& t§¢ Pd ch, y/Ju I ding mu’ i acetate ¢, a kim lodi kiQm. Ch
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ch] phn_ ng L« '€ ¢ LQ xublt b i Liangin Wang v'" c§c ' ng's, [69] nh€ sau:
- B€ c Lfu ti°n, c§c chbit ph[n_ng '€ ¢ hbip ph, 1°n bQ mit ¢, a tém hoUt
t2nh Pd theo phl'n_ ng (32) v'" (33):

Pd+ OH +— Pd-OHggs + € (32)
Pd + CH3CH,OH = Pd-(CH3CH,0H)aqs (33)

- Tifp theo, ph[n _ ng x['y ra tr°n c§c tom hoVt t2nh theo ph[n_ng (34) v~
(35):

Pd-(CH3CH,0H)as + OH" = Pd-(COCHg)ags + 3H,0 + 3 & (34)

Pd-(COCHj3)ags + Pd-OHygs = Pd-(CH3COOH),gs + Pd (35)
- Cu ic¥hg, sfnphXm '€ ¢ nh[ hblp ph, theo ph[n_ ng (36):
Pd-(CHsCOOH).gs + OH- = Pd + CH;COO" + H,0 (36)

Theo ch chjj tren, b€ ¢ Lfu ti°n (phfn_ ng (32) v (33)) di. n ra chdm nhbit v
quyft 'nh Lnt ¢ L, ¢ aphfn_ ng. V3 vdy, c§ pha bifn t2nh x¥& t§c Pd th€ ng
s d ng" ding oxide ¢ a kim lodi chuyWn tifJp, ¢- kh[ ntng hblp ph, cao L iV, i
c§c h p chblt ch a oxi, hottc ion hydroxyl, gi¥p ttng t" ¢ L, phln_ ng chung. MHt
kh§c, h" p chblt trung gian Pd-OHags I m, t trong nh, ng t&c nhon goy gilm hoVt
t2nh do Pd d_ bi/jn LU i th”nh dUng oxide PdO c- hoUt t2nh thhip trong EOR.

U Vaitr, cvachnt mang v' pha biAn t2nh trong x%& t8c anode Pd

Obradovic v ¢ ngs [70] L« nghi°nc ut ngh p x¥& t§c Pd/C v* Pd-Ni/C
(nni/npg = 3:1), s d. ng NaBH4 I'm chblt kh_ ng d. ng trong EOR. K/jt qu[ TEM
cho thbly, c§c tiWu phon kim loli ¢- k2ch th€ ¢ hit c. 3,3 nm. MHt kh8&c, kit qul’
L'i n ho§ cho thbly, x¥ t§c Pd-Ni/C c- hoUt t2nh Li n ho§ cao hhn x¥& t§c Pd/C,
v, imdtl d ngls=1158 mA mg? gbp 2 Ifnsov i mdtl, d, ngc ax¥e t§
Pd/C. Th°m v~ o L+, k/jt qul L'&nh gi§ th i gian holt L, ng ¢ a x¥& t§c cho thbly, Ni
gi¥% c[i thi nL, bon holt t2nh ¢, a x¥& t§c. C, thW, sau 250 v, ng quét CV, holt
t2nh x¥& t8c Pd-Ni/C gilm kho[ng 30%, trong khi, hoUt t2nh x¥& t§c Pd/C t€hng
_ng gifm 40% gi§ tr .

Yang v c8c ¢ ngs [71] L« nghi°nc uh x¥% t§c tronchs Pd-Ni (t" [
Npa:Nni = 1:1,12) tr°n chblt mang C v */hotc carbon sulfo ho§ (SC), s d. ng chbit
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kh NaBH,. K/t qu[ [nh TEM cho thbly, k2ch th€ c c§c tilu phén kim lodi trong
kho[ngt 6,5nm L)n 11 nm. MHt kh8c, k/jt qul holt t2nh Li' n ho§ trong EOR cho
thbly, x%& t§c PdNi/SC c- holt t2nh cao nhblt v, i mdt L, d, ng qu®t thudn LYt 2350
mA mgeq L. Theo nhdn I nh ¢, a t§c gi[, chbit mang SC gi%p ttng kh[ nt.ng hbip ph,
t8c nhon OH-, I'mttngt ¢, EOR, d¥nt ittng mdt L, d, ng.

Zesheng Li v c ngs [72] L« t ng h p x¥& t§c Pd tr°n vdt i u composite
carbon nitrid-graphite carbon (Pd@g-CsN4/GC), theo ph€hng ph8p vi s-ng, v. i
h'm I€ ng Pd kho[ng 25% theo kh' i I€ ng, chhit kh  ethylene glycol, ng d. ng
trong EOR. Nh- mt§c gil nghi°nc u[nhh€ ngc at' | kh"il€ nggi agraphite
v melamine thtng qua qu§ trinh £ ng h p vdt Ii u composite g-CsN4/GC, bing
phehng ph8p polymer ho§ nhi t, L/Jn holt t2nh Li n ho§ ¢, a x¥ t§c. K/t qu[ cho
thbly, x¥& t§c PA@g-CsN4(0,065)/GC c- holt t2nh L'i n ho§ t t nhbit v i mdt L,
d, ng quét thudn I LUt 2156 mA mgeg?, L, ~ n L' nh holt t2nh cao, sau 200 v, ng
quet CV, mdt L', d, ng c, n I4i 88%. Theo t&c gi[, chbit mang C3N4 I t§c nhén ch2nh
I"m ttng holt t2nh v L. bQn hoVt t2nh ¢ a x¥& t&c Pd.

Feng v c ngs [73] L« tifjn h'nh £ ng h' p x¥& t§c PdSn tren chbit mang
graphene, bi/n 2nh b¥ng nith (NG) v. i c§c t' I kim loli kh§c nhau, s d, ng
NaBH, I"'m chblit kh ,_ ng d, ng trong EOR. KJ]t qu[ cho thbly, x¥& t§c Pd3Sni/NG
c- holt t2nh t t nhbit, I LGt 2983,33 mA mg™?, di n t2ch bQ mHt holt L, ng L'i n ho§
10t 562,01 cm? mg™. K/t qul quét L, bQn cho thbly, trong th i gian Lfu hott t2nh
G, a c§c x¥& t§c suy gifm munh. TifJp L'+, sau 1800 gi®y, mdt L, d, ng bdt Lfu" n
I” nh v"" sau 3600 gi®y, mdt I, d, ng ¢, a x¥& t§c PdsSni/NG c, n IUi kho['ng 20,5%.
Theo t§c gi[[, vai tr, ¢ a Sn v chbit mang bi/jn nh L« ttng c€ ng holt t2nh Li n
ho§v'L, " nl nhg ax¥ t§ Pd trong EOR.

Rostami V' ¢, ng s [74] L« tijn h™nh { ng h p x¥& t§c Pd-Cu,O mang tr°n
carbon nano tube La th'nh (MWCNT), . ng d. ng trong EOR. K/t qu[ cho thbly,
pha bi/jn t2nh Cu,O I'm ttng hoYt 2nh v" I, bQn holt t2nh ¢ a x¥& t8c. C, thWl, x¥&
t§¢c PACu,O/MWCNT ¢- mdt L, d, ng I¢ L4t 100 mAcm?, |, n gblp kho[ng 2,2 Ifn
sov. imdtLl d,ngc, ax¥ t§c PA/MWCNT. Th°m v o L., k/jt qu[ qu@t CA cho
thbly, sau 2000 gi®y hoUt L, ng, mdt L', d, ng ¢, a x¥& t§c PACu,O/MWCNT ¢, n IYi
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kho['ng 37,5%, gblp khol['ng 6 IfFn so v. i x¥& t§c Pd/MWCNT.

Tavakolian v ¢, ng s [75] L« nghi°nc ut ng h p vdt li u nano composite
Pd-ZnO, . ng d, ng I'm x¥& t8c trong qus trinh EOR. K/t qul" quét d, ng th/] tufn
ho'n cho thbly, x¥& t§c Pd-ZnO c- hoYt t2nh Li n ho§ t t hhn, tehng ng mdt L,
d, ng I L4t 2,4 mA, gblp 6 Ifn so v, i x¥ t§c Pd. MHt kh8c, x¥& t§c Pd-ZnO c-
holt t2nh Li' n ho§ trong EOR cao hhn so v. i trong MOR V" oxy ho§ isopropanol,
trong c¥ag LiQu ki n.

Ahmed v ¢, ngs [76] L« nghi°n ¢ ut ng h p x¥% t§¢ PdmMnymOx tren
graphene (PdnMn1-.nO,/G),. ng d, ng trong EOR. K/Jt qu[ qu@t d, ng th/jtufn ho'n
cho thbly, x¥& t8¢ Pdg sMngsOx/G ¢- hoYt t2nh t” t nhbit, v. i mdt L, d, ng I LUt 881
mA mgeq? (t€hng L€hng 36,3 mAcm?),t I I¢/lg L4t 2,5, dii n t2ch bQ mit holt
I, ng Li nho§ LYt 72,6 m? geg™.

Krishnav'c, ngs [77]L«nghi°nc ut ngh pvdtli unano Pd@NixB/rGO,
_ng d, ng I'm x¥& t§c trong EOR. K/t qu[ [nh TEM cho thbly, k2ch th€ ¢ c§c tiWu
phén kim loYi LYt t 8 nm LJJn 12 nm. Ngo™’i ra, x¥& t§¢ Pd@NixB/rGO c- hoVt
t2nh L'i n ho§ cao, sau 50 v, ng quét, mdt L, d_ ng LGt 19,7 mA cm2. MHt khsc,
xY¥& t§c bi/jn t2nh ¢- L, bQn cao hhn thW hi n° ph’ CA ¢ a Pd@NiB/rGO cao
hhn so v, i x¥ t&¢ kht ng bi/]n t2nh, sau 2000 gi®y hot L', ng.

Mav~ c§c ' ngs [78] L« ph§ttrilin loti x¥& tSc PAPtNi/DNA-rGO, v. i DNA
I Deoxyribonucleic acid. K/jt qul L'i n ho§ cho thbly, x¥& t§c NiyPd;Pti/DNA-rGO
c- holt 2nh t' t nhblt v i I = 3400 mA/mgk. téhng_ ng v, i 11516,54 mA mgpq™.
noy 1" m t trong nh, ng kAt qul’ holt nh cao nhblt t2nh Ln th i LiWm hi n tdi
trong EOR, mti tr€ ng kiQm. Theo c§c k/t qul LHc tréng ho§ IT, DNA gi¥p ttng
s gdn kAt gi_ a tom kim lodi holt t2nh v'* chblt mang, c[i thi n L§ng kWs phon b
v kh[ ntng n2u gi. tom hoUt L, ng tr°n bQ mit chbit mang, d¥n t, i, hoUt 2nh v'" L,
bQn hoYt t2nh ¢, a x¥& t§c tkng.

Wang v c§c L ngs [79] L«t ngh p x¥e t§c PAAU(Cu)/rGO-CNT 3D bing
phehng ph8p kh' ho§ h ¢, s d. ng chbit kh NaBH,4, mti tr€ ng ethanol (pH =
13), trong 4 gi . Trong nghi°nc_un’y, t& gil khl[o s§t x¥& t§c '€ chijnnh b’ |
Au v~ Cu, cl ng nh€ kh[o s§t h"m I€ ng kim loli trong th"nh phfn x¥& t§c. K/t
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qul cho thbly, trong MOR, x¥& t§c Pd-Au-Cu (50%)/rGO-CNT, c- holt t2nh cao
nhbit, I LYt 1046,72 mA mgeq?, cao hhn 18" x¥& t§c nh€: Pd-Au-Ag (1:1:1)/rGO
(968,9 MA mgeql), Pd-Au (1:1)/rGO (808,8 mA mge¢), PASNCU/CNT (395,94
mA mgpegl). T€hng t , trong EOR, x¥& t§c Pd-Au-Cu (50%)/rGO-CNT cl ng th
hi n holt ©2nh cao nhbit v i Ir L4t 2347,97 mAmgeqg?, cao hhnm, ts” x¥ t§c kh&c
nh€: Pd-Cu (1:1)/rGO (2105,4 mA mgpg?t), Pd/rGO (2000 mA mgpq?), Pd-
AU/CRG (1566 mA mgpqt), Pd-Au(1:1)/rGO (1218 mA mgpqL).

Saeed Shahrokhian v c§c 'ng s [80] L« f ng h p h x¥% t§ Pd-
Ni@MnO,/rGO tr°n Li n ¢ ¢ carbon th, y tinh, byng ph€hng phsp Li n phén t
c&c dung d ch mu” i ¢, a c8c kim loYi tehng . ng. K/t qu[ nghi°n ¢ u cho thbly,
MnO,c- s tehngh V. ih nkim Pd-Ni tren chbit mang rGO trong vi ¢ ttng hodt
t2nh x¥& t§c, kh[ ntng ch” ng ng, L, c. K/t qul x&c L' nh gi§ tr di n t2&ch bQ mit
I'i n ho§, tht ng qua ph®p Lo L'i n ho§ hblp ph, CO (CO stripping), ¢, a x¥& t§c Pd-
Ni@MnO,/rGO, LYt gi§ tr 53,7 m? geqt. T€hNG  ng, holt t2nh Li n ho§ trong
EOR, mtitr€ ngkiQm, LUt 1152 mAcm? t s I¢/lg =2,2, cao nhbittrong s~ c§c
lodi x¥& t§c L€’ ¢ nghi°n ¢ u. Ngoi ra, trong nghi°n ¢ un’y, t&c gil cl ng kh[o
s§tt [ kim lodi Pd v'* Ni trong th"nh phfn x¥& t§c. K/t qu[ cho thbly, t [ mol
Pd:Ni=7:31"t I thchh p nhbt.

U ¢ nh h eng cva ph _ ng ph8p tYng hap LAn ho' t t2nh v Li bZn ho' t t2nh

LiMn ho§ EOR cva x¥& t8c anode Pd

Rajesh Kumar v c§c ' ng s [81] L« nghi°nc ut ng h p x¥& t§c Pd/rGO
theo ph€hng ph8p vi s- ng, ¢t ng sublt 810 W, I ng th i kh[[o s§tth i gian chi/ju vi
s-ng kh§c nhau, t 55 L'/jn 120 gidy, ng d. ng trong EOR. KJJt qu[ cho thbly, sau
qu§ tr’nht ngh pvis-ng, Pd L« '€ ckh vQding kim loli v'" phon t§n L'Qu tren
chbit mang rGO v. i kch th€, ¢ kho[ng 20 L/n 25 nm. X¥%& t§¢ Pd/rGO, th i gian
chifju vi s- ng 90 giCy, c- hoYt nh Li n ho§ t t nhblt, LYt gi§ tr 10,23 mA cm?
(Pd). Theo nhdn L nh ¢, a t§c gil, khi th i gian chi/Ju vi s- ng ngdn, c8c tiWu phon
Pd ch€a '€ ckh ho'nton, v¥n ¥ ntldi* ding oxide, c- holt t2nh thblp. Trong
khi L+, nfu th i gian chifJu vi s-ng d”i hhn, Pd s€ n-ng chly v" kit t. 14i th''nh
c§c hdt | n hhn, gifm di nt2ch holt L, ng L'i nho§, tr n°nth L nghhndXnt i
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hoUt t2nh x¥& t&c gilm.

Tanv~ c§c L ngs [82]L«nghi°nc ut ngh px¥e t§c nano Pd-Ni/rGO. XY&
tsc '€ ctf ngh pt GO, c§c tiQn chbit Pd v'" Ni, chbit kn' NaBHa, ngd. ng trong
qus§ trinh EOR, mti tr€ ng kiQm, tdi nhi t L, ph, ng trong 12 gi . K/t qul cho
thbly, x& t§c PdNi/rGO c- holt t2nh Li n ho§ cao nhblt, cao hhn so v, i x¥& t§c
PdNi/C v PdNi, gi§ tr I LUt tehng  ng 770,6 mA mgeg?, 604,6 MA mgpg™ V-
250,5 mA mgpq.

Janav'c ngs [83]L«tinhnht ngh pc§c hitnano ding hoa (flower-like
nanocrystal) PdsPb bing ph€hng ph8p polyol ho§ v ph€hng ph§p th, y nhi t, ng
d. ng trong EOR. K/t qul cho thbly, x¥& t§c t ng h p bing ph€hng ph&p polyol
ho§ ¢- holt t2nh L'i nho§ t" t hhn, L4t I:= 2,02 mA cm™. T€hng _ ng, di n t2ch bQ
mit holt L. ng Li n ho§ ¢, a x¥& t§c trong dung d ch KOH 0,5 M L4t 2,82 cm? v
trong dung d ch HCIO40,5 M L4t 1,7 cm?.

Lingzhi Liv c8c ' ngs [84] L« ph§ttrilin h x¥& t§c Pd-Ag/rGO, ngd, ng
cho MOR v" EOR. Trong nghi°n ¢ un’y, t§c gil f ng h p x¥& t§c Pd-Ag/rGO,
s d, ng phehng ph§p kh' nhi t(khtngs d, ngchbitkh )° 84°C, mtitré ng pH
=8, trong3gi ,t tiQn chbit AGNOs, KoPdCl, v" GO. SauL-, tifpt c L€ cx IT
nhi t° 200°C, trong 24 gi . K/t qul cho thbly, x& t§¢ Pd-Ag/rGO, v, it [ mol
tehng ng 1:1, ¢- hoYt t2nh cao nhbit, mdt I, d_ ng I LYt 603 v° 1601 mA mg pg*
tehng  ng v. i methanol v ethanol.

Helya ¥ztérk Dojan [85] s d. ng phehng ph8p Li n phon LWt ng h p x¥&
t§c Pt@rGO tren Li n ¢ ¢ Ni X p. K/t qul cho thbly, x¥& t§c Pt@rGO/Ni X p c-
hoUt t2nh rbit cao trong EOR v, i gi§tr 1 =130 mAcm?, ghlpt 6,5 L/Jn 65 Ifn so
V. i c8c d, ng x¥& t8c tehng t theo c¥aig phehng ph8p Li n phén nhe Pd-Ni tren
graphene oxide tr-c n , x¥& t§¢ Pd/C, Pd-Ni/C,v.v. Nguy°n nhOn ch2nh L€ ¢
Dojan '€aral" nh chu trve ¢ athm Ni X p gi¥% I"'m tkng di n t2ch holt L, ng
bQ mit L'i nho§ ¢, ax¥ t§c, L ngth ili°n kit gi_ aPd v rGO tr n°n bQn chdc
hhn khi L€ ¢ ngéng t, Li n phén tren nQn tbim Ni X p. Ngo™'i ra, k/t qul’ nghi°n
¢ un"y cho thbly holt 2nh ¢ a x¥& t§c Pt@rGO/Ni X pt [ thudnv in ngL
chblt phn_ ng I ethanol vt ¢ L, quétth/v. iL, tuy/]n t2nh cao, LYt xblp X" 1,0.
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U Vai tr, cva pha biAn t2nh Na trong d, ng x%& t8c Pd

Nicola Seriani [86] L« s d. ng c§c ph@p t2nh to§n nhi tL, ng h ¢ LW L'§nh gi§
vai tr, ¢, a chblt bijn 2nh Na trong vi ¢ thay L i tring th8i pha ¢, a x¥& t§c Pd.
Theo kit qul #nh to§n mdt L, h"m IT thuy/t trong nghi°nc un™y,s c- mitc a
Na L« I"'m thay L i tring th8i cblu tr¥ tinh thW ¢, a NaPdsO4 t tinh thiW ding t
di’ n sang ding Idp phehng, tring th§i bQn v, ng hhn. KJt qul cho thbly, tinh thif
ding Idp phehng NaPdsO4 ¢+ ntng I€ ng tdo th"nh thbip nhblt vi™ ¢- thiwbQn“ nhi' t
I, kho[ng 917°C. Theo nhdn L' nh ¢, at§c gil, vi cth°m Nac- hait§c d, ng ch2nh:
Th nhblt, Na gi¥ cho cbu tr¥e ¢, aoxide '€ ¢  nL'nh,d¥nt iPdt ntldi® pha
kim loYi ding Idp ph€hng toém mit. Th  hai, nh kh[ ntng cho electron ¢, a kim
lodi kiQm I"'mttngs hoYtL ngc ax¥e t8c trong c8c phfn_ ng oxi ho§ n- i chung.

Nh€ vdy, hfu hfjt c§c kit qu[ nghi°n ¢ u tr°n vQ x¥ t§c L'i n ho§ tr°nch s
kim loYi quz Pd ¢ chung nhdn L” nh ring, d, ng x¥& t§c n”’y ¢- hoUt t2nh cao trong
EOR, trong mti tr€ ng kiQm. Tuy nhi°n, L, * n L' nh holt 2nh ¢, a x¥& t§c ch€a
cao I m ttrong nh_ ng LiWm y/ju ¢, a d, ng x¥& t8c ny. MHt kh8c, tehng t nh€
V. i x¥ t§c Pt, gi§ th'nh ¢ a Pd ¢, n kh§ cao, LOy I m, t trong nh_ng trong vi ¢
§p d. ng d, ng x¥& t§c n"’y trong pin nhi°n li u,_ ngd, ngv- oth ct.
1.2.3. C8c x¥%c t8& anode kh&c

Nhe L« trinh by tren, c8c chblt x¥& t8c tren ch's kim lodi qu2 nh€ Pt v Pd
c- holt t2nh t' t trong qus§ trinh oxi ho§ Li n ho§ ethanol, thch ™ p cho DEFC.
Tuy nhi°n, c§c kim loYi quzny ¢- gi§th nh Ldt v b hlnch/trongt nhi°n. MHt
kh&c, vi ¢_ng d. ngtrong th cti nc&c pinnhi°nli uph, thu cch yjuv o gi§
thnh, holt t2nh v I, bQn hoYt t2nh ¢, a x¥& t8c Li n ho§. V. i mong mu’ n tkng
hi uquls d ngc aDEFC nhéng khingb ph, thu, c v o x¥ t§c kim lodi qu?,
c§c nh” khoah cl«nghi°nc ut ngh pc8cvdtli unanotrenchs c§c kim loUi
chuyWn ti/Jp hotic oxide. K/t qul’ cho thbly, c§c x¥& t§c n”y c- hoUt t2nh kh§ t' t
trong EOR, " ng th i x¥ t§c cing c- #nh kh§ng L, ¢ nhblt L' nh v L, * n bQn hott
tnht t.

Jayaseelan v ¢, ng s [87] L« nghi°n ¢ u bi/jn t2nh vdt li u nano composite
aerogel trenchs NiCo,04 bing " ng nano carbon L'a th"nh (MWCNT),  ng d. ng

39



trong EOR, mti tré ng kiQm. Theo L -, c§c chbit x¥& t§c v. i h"'m I€ ng MWCNT
t 0L/n15mg L« '€ ¢ LiQu chl. Kt qul cho thbly, x¥& t§c c- h"m I€ ng 15 mg
MWCNT c- holt 2nh i nho§ t tnhblt, v imdtL, d, ng quét thudn I LGt khol[ng
56 mA cm™. Theo s gili th2ch ¢, a t8c gil, c&c hit nano NiCo,04 li°n kit v. i
nhau, " ng th i li°n kit v. i MWCNT tr°n nQn aerogel L« c[i thi n kh[ ntng
khu/ch t8n ¢, a ethanol. MHt kh8c, NiCo,0O4 I"'m ttng t2nh dXn electron ¢, a x%&
t§c. C&cy/ut n"y kjth p gi¥ tkng L8ng kW holt t2nh x¥& t§c trong EOR.
Kakaei v c ngs [88] L«t ngh pvdtli uNi, Cov" Ni-Co mang tr°n chbit
mang graphene oxide L« kh biJn t2nh b i nith (Ni/NrGO, Co/NrGO v~ Ni-
Co/NrGO, t s mol Co/Ni bing 4), byng phehng ph§p h”i 1€u, ng d. ng trong
EOR, mti tré ng kiQm. K/t qul cho thbly, x¥& t§¢ Ni-Co/NrGO c- holt t2nh Li n
ho§ t tnhbitv. i mdtL, d, ng Ir LGt 85 mA cm?2. Nguy°n nhon '€ cL€aral nh
s kijth pgi aNiv Cotlon°ndingh pkimc: #nhhi ptr ,I'mtkng L, d¥n
electron, d¥nt ittngt c L, EOR. Do L-, holt 2nh ¢, a x¥& t§c '€ c c[i thi n.

Nasser A. M. Barakatv'c ngs L«ctngb” m ts ctngtrnh nghi°nc uvQ

x¥g t8c trench s Ni, Ni-Co hay Cd-Co,_ ng d, ng trong EOR:

- TSc gil L« f ng h p c§c x¥& t§c Ni/rGO, Ni/C v Ni/s i nano carbon bing
phehng ph8p sol-gel [89], ng d. ng trong EOR, mti tr€ ng kiQm. Nhén
chung, chbit mang C L« c[i thi n L€ chi uqul ¢, ax¥& t§c Ni tht ng qua kh[
ntng hblp ph, ethanol v~ vdn chuyWn c8c chblt ph['n_ ng tr°n bQ mit x¥& t8c.
B°nclnh L+, x¥& t§¢ Ni/rGO ¢- L, ttngholtt2nht I thudnv ih'mI€ ng
Ni, do kh[ ntng ph©n t&n ¢, a Ni tr°n bQ mtt graphene oxide L« kh ttng I°n,
theo L'+, holt t2nh LUt gi§ tr cao nhbit tdi h"m I€ ng Ni I 60% theo kh' i
I€ ng, LGt 103,5 mA cm2. MHt kh&c, chbit mang rGO s€ hbip ph, ctnh tranh
c§c h p chbit trung gian nh€ CHO4gs, COugs, V.V., t2nh chblt n”"y gi¥p c[i thi' n
khl ntng ch' ng ng, L, ¢ ¢ ax¥e t§c Ni khin ng L, ethanol ttng 1°n, L ng
nghoa v, i vi ¢ h'm I€ ng chbit L, ¢ clng ttng I°n tehng _ ng. Theo L-, x¥&
t§c Ni/rGO ¢c- thW I'mvi ¢ n" ng L, ethanol 6 M, trong khi " i v, i c§c x¥&
t§c Nitren C hotlic s inano carbonch”c- thWI'mvi ¢t tv in ngl, ethanol
thblp, kholngt 0,5M L/n 1 M;
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- Trong m t nghi°n ¢ u kh8c, x¥& t§c Ni-Co-oxide tr°n rGO [90] L€ ¢ ng
h p bing c&ch tXm € t mu” i Ni, Co acetate tr°n chbit mang rGO, d€ is c-
mHt ¢, achbit kh hydrazine, sau - kh' © 850°C, mtitré ngAr, trong2gi .
K/t qul cho thbly, Co-Ni T n tli d€ i ding h' p kim v, i k2ch th€. ¢ c§c tilu
phon kho[ng 68 nm. MHt kh&c, t&c gil cho ring, chbit mang graphene L'- ng
vai tr, quan tr ng trong vi ¢ phén t&n pha kim lodi v I'm ttng holt t2nh
clng nhe L, bQn holt t2nh ¢, a x¥& t§c, thtng qua gi§ tr Eonet, tron ph CV
trong EOR, gifmt 390 mV xu” ng 90 mV. KJJt qu[ cl ng cho thbly x¥& tSc,
Nio2C00/rGO (v. 10,2 " kh' i I€ ng mu’ i ,t2nh theo g, tiQn chblt tr°n 300 mg
GO) ¢- holt t2nh cao nhblt trong EOR, mti tré ng kiQm, gi§ tr Ir LGt khol'ng
28 mAcm?;

- XY t§c Cd-Co/C L€ ct ngh p bing phehng phsp sol-gel, ng d. ng trong
EOR trong mti tré ng kiQm. K/t qul cho thbly, x¥& t§c Cd-Co/C c- holt tnh
t tv imdtl, d ngle=70mAcm? tliLi nthj]365mV,gi§tr n"ycao hhn
sSo V. i x¥& t§¢ 40% Pt/C v Co/C* c¥hg LiQu ki nph[n_ ng. L i gi[i thich
'€ clearal dos xubthi nc aCdLl«l ' mting L, d¥n electron ¢, a Co
khi‘ c_ hdt nanomet. M#t kh§c, s k/t h' p Cd-Co cl ng I'm ttng kh[ ntng
oxi ho§ tifjp h p chblt trung gian nh€ CO tr°n bQ mHt x¥& t§c. Do L+, holt
t2nh x¥& t8c tkng 1°n v™ L, bQn hodt t2nh L4t kit qull kh[ quan. D, ng x¥& t§c
n“ym rah€ ngnghi°nc ugifmgi§th'nhc¢ aDEFC, ngd, ngtrongth c
).

W.Duv'c ngs [91]L«tinhnht ngh px¥e t§c IrkRu100x/C b¥ng phehng
ph§p tXm € t° 170°C v" kh' ho§ byng H,~ 100°C, ng d, ng trong EOR, mti
tré ng acid. K/t qul cho thbly c§c x¥& t§c ch/j tdo '€ ¢ c- k2ch th€ c trong khol'ng
2,9nm Ln 3,7 nm. K/t qul kh[o s§tt I Irv™" Ru cho thbly, x¥& t§c Ir-7Ru,3/C c-
holt ©2nh L'i n ho§ t t nhblt, v. i mdt L, d, ng I L4t 72 mA mg?, cao hhn so v, i
m ts XY t§cc- ch akim loYi qu2 Pt nh€ Pt/C (th€hng mii) v'* PtsoRuse/C. D a
tren c§c kit qull nhdn L€ ¢, t8c gil L« m! ph ng v" t2nh to§n L€ ¢ ntng I€ ng
holt ho§ ¢ aph[n_ ng. Theo L', ntng I€ ng holtho§ ¢, a EOR v, i x¥& t§c IrRu/C
thblp hhn kho[ng 1,5 Ifnsov. is d, ng Pt/C thehng mui.
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L.Caov ¢ ngs [92] L«tifln h'nh{ ng h p x¥& t& IrsSn/C v PtsSn/C s
d. ng NaBH, I"'m chblit kh , ng d. ng trong EOR, mti tr€ ng acid. K/jt qu[ cho
thbly, Xx¥& t§c IrsSn/C v* x¥& t§c PtsSn/C ¢- holt t2nh Li n ho§ te€hng L'€hng nhau.
Tuy nhi°n, x¥& t§c Ir;Sn/C ¢- L, bQn cao hhn, ¢, thW sau 1200 gidy I"'m vi ¢ tr°n
giln " CA, mdtLl, d, ngc,n Ilikho[ng 0,28 mA, cao hhnso v, i x¥& t§c PtsSn/C
“ cvhg LiQu ki n (0,2 mA). Theo k/t qul phon t2ch h” ng ngodi s[n phXm, t§c gil
nhdn thbly, sTn phXm ¢, a EOR ¢, a c[ hai loli x¥& t§c L'Qu bao g m acid acetic,
acetaldehyde. Tuy nhi°n, s[n phXm andehyde ¢ thW '€ ¢ h3nh th"nh tren bQ mt
Ir," Li nth]©m hhnso v, ix¥ t§ Pt. MHt kh&c, L', ng h ¢ ¢ a qu§ trinh phon ly
OHags V. i Xx¥& t8& Ir di n ranhanh hhnso v, i Pt dos kh§c nhau vQ cblu tr¥e bQ
mit ¢, a hai tom holt L, ng.

Nh€ vdy, c§c nghi°n ¢ u cho thbly, ngo™i x¥& t&c truyQn th” ng nh€ Pt hotic Pd,
c§c x¥& t§c anode khSc trong EOR, ch, y/Ju tr°n ch's c8c kim lodi chuyWn tifjp
nh€ Co, Ni, Ir, v.v. v ding oxide ¢, a ch¥ag ci ng thW hi' n thiW hi' n holt #nh v~
I bQn hoYt 2nh tr€. ct8c L', ng ¢, a c§c s[n phXm trung gian nh€ carbon monoxide,
aldehyde, acid acetic kh§ t t. C§c x¥&t§cn"yc- thW '€ cf ngh p° ding Lhn 1T
hotic k/t h' p v, inhau, ¢- thW L€ ¢ mang tren vdt Ii u carbon nhim tkng L, phon
t8n ¢, a tom hoYt t2nh. M, ts” kim loYi chuyWn tiJjp nh€ Ni, Co tuy ring ch€a c-
holt t2nh thdt s n' i bdt nhéng ch¥ag I"m tkng L, bQn holt 2nh khi kit h p v, i
Pt hotic Pd. niQu n™y I'm gifm gi§ th'nh f ng h’ p x¥& t§c v ndng cao kh[ ntng
_ng d, ng pin nhi°n Ii u trong th, ¢ ].

1.2.4. Giai thiMu vZ chr t mang graphene oxide

Graphene ¢- cblu tYo I'" m t Lhn |, p carbon tinh khift, li°n k/t chtt chE v, i
nhauth™nhm tmingl€ il cgiSch3nht ong,n- I m tdlingth¥h3nhc acarbon
V. i cblu tr¥ ph3ng (2D). Graphene I” lodi vdt I u '€ ¢ xem I m _ng nhblt trong
s thit c[ c& ding vdt Ii u L« '€ cbit LJnt tr€ ct i nay, graphene ¢c- nh ng
t2nh chblt rhit LHc bi' t nhe si°u m, ng, si°u ph3ing, di n t2ch bQ mHt ri°ng rbit | n,
d¥nnhi t,d¥nLi nt tv'c- L bQnchh ccao.

NLm 2010, graphene '€ ¢ b- ¢ t§ch th”nh ctng v x§c L nh c§c t2nh chbit Lic
tréng b i Andrei Geim v'* Konstantin Sergeevich Novoselov [93]. Cho L/n nay,
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graphene lutn nhdn '€ ¢s quan tom nghi°n ¢ u ¢, a c§c nh™ khoa h ¢ tren th/]
gi i. Vdtliun“yc- thWl€ ¢t ngh pt phehng phsp vdt IT Lhn giln nh€ b- ¢
t8ch ch h ¢, hoHc s- ng si°u ©m, s- ng viba, v.v., L/Jn ph€hng ph8p ph ¢ tip hhn,
L,ih ik: thudt cao nh€ ph€hng ph8p ldng L' ng pha hhi phén t , ph€hng phsp
ldp gh®p phén t , ph€hng ph8p t&ch |, p ho§ h c.

Phehng ph§ptschl pho§h cc nl€ cg il" phehngph8pfi atd hay phehng
ph8p ch/] tYo m'ng graphene t dung d ch [94, 95], d a tr°n qus§ trnh solvate ho§
d€ it§cd, ng khubly tr n minh ¢, as- ng si°u@m; hotic bing Li n phén trong dung
mti thach h p v. i nguy°n li u graphite tr-c n" hotc graphite v['y. Ph€hng ph§p
n"y Lhngiln, d th chi n, tuynhi°nnh€ cLilmc, an- I" m ng graphene to ra
c- chblt I€ ng khing L ng LQu, hi u sublt thblp. Hhn n_a, kh[ ntng_ng d, ng ¢, a
sfn phXm b hin ch/j do [nh h€ ng ¢, a mti tré ng phon t&n. Sn phXm chJ] tlo
theo phehng ph8p ny th€ ng to ra graphene 2t | p.

Phehng ph8p LiQu ch/] graphene thng qua ph[n _ ng oxi ho§ kh I ph€hng
ph8p '€ ¢s d. ngr ngr«inhbithi nnay. Qu§ tr3nh LiQu chj] graphene t graphite
th ¢ hi n qua ba giai Lon.

Giai Loth 1: T8ch | p graphite v[y bing c§c ph€hng ph8p ho§ h ¢, vdt IT,
ho§ IT hotlc k/jt h' p [96]. S[n phXm ¢, a giai LoUn n"y '€ c g i I graphite tr-c
n (ExG). Hi nnay, ExG L« L€ cthehng mbi ho§ n°nc- thW Litr ctipt ExG
thay V@ graphite. Trong tr€ ngh pL-, b€ ct§ch | p graphite '€ cb, qua.

Giai Lot 2: Oxi ho§ EXG bing c§c chblt oxi ho§ mtnh, s€ thu '€ ¢ graphene
oxide (GO)c- t'I C:Ot 2,1L/n2,9[97199]. B[n thon GO cl ng ¢c- nhiQu_ ng
d. ng, LHe bi t '€ ¢ d¥mg I"'m chbit trung gian trong qu§ trinh t ng h' p graphene,
I""'m chbit mang trong qu§ trinh t ng h p x¥& t8c L'i n hos.

Chlu tr¥e v LHc t2nh ¢, a GO ph, thu ¢ v'o t ng phehng ph§pf ng h p v"
m ¢ L, oxi ho§. N- vXn gi_ cblutr¥e | p LHc tréng ¢, a graphite ban L'fu, nh€ng
c8c |, pn”y khing bing ph3ng v kholng c8&chgi  ahail p(~7i) 1 nhhnkholng
hai Ifn so v. i trong graphite [99]. Nguy°n nhén I do s xublt hi n ¢ ac§c nh-m
ch cch aoxyl'€ cl2nhtrenbQmit v m@p ¢, athim graphene. C§c nh- mch ¢
ch aoxyph biJnnhblt m™ th c nghi’ m t3m thbly tr°n GO bao g~ m: Nh- m epoxy
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Giai Lot 3: Giai LoYn kh' ho§ GO thnh graphene. nW thu '€ ¢ graphene
cfn phli kh ho§ c& nh-mch cch aoxy tr°n bQ mHit GO [104], [105] b3ng c8c
t§c nhén kh' th€ ng d¥mg nhe€ hydrazine, NaBH,, ethylene glycol hotic ph€hng
ph8p kh' nhi t, ph€hng ph8p Li n ho§, phehng ph8p quang, v.v.. Graphene thu
'€ ¢ sau qu§ trnh ny '€ ¢ g i I graphene oxide L« kh' (rGO). Vdt Ii un"y
khing honton gi’ ng v. i graphene nguy®n bln. Chlu tr¥e ¢, arGO v¥nc nt n
tdi c§&c nh-mch cch aoxy ch€ab kh ho§ hft, do L'-, Li khi rGO ¢, n '€ ¢
g i I” graphene ch c ho§ (FG).

Trong th c t/], ph€hng ph8p oxi ho§ kh I ph€hng ph8p c- thWs d, ng LW
tsch '€ ¢cm tI€ ngl ngraphene v, ihi usublt cao. Giai Lotn '€ ¢ xem I” quan
tr ng nhbit ¢, a ph€hng phsp I giai Loln kh  ho§ GO, nham thu L€ ¢ rGO c- tnh
chbit gFn v, i graphene nguy°n g ¢ nhbit. Nh€ ¢ LiWm 1" qus§ trinh oxi ho§ c- thW
ph§ h, y ming graphene hay gOy ra c§c khuy/t tdt. D¥%ring graphene c- khuy/t
tdt khing thW L'§p ng nh, ng y°u cfu gfn nh€tuy t L i trong c§c_ng d. ng Li n
t , nhéng ch¥fag c- thW dvhag trong vi c giac€ ngb c[m_ ng,t Li nhayLin
¢ c pin. nic bi' t, phehng ph§p n”y rbit thach h p trong LiQu ch/] rGO cho c§c_ ng
d. ng trong ho§ h ¢ n- i chung, LHc bi t I"'m chbit mang x¥& tSc.

1.3. Tnhh3nhnghi°nc u® Vi t Nam

Khng nm ngo™i xu h€ ng chung ¢, ath] gi i, pinnhi°nli us d ngtr c
ti/Jp alcohol ¢l ng Lang nhdn '€ ¢s quan tém ¢, a c§c nh™ khoa h ¢ trong n€ ¢
[1067 111]. C8c ctng trinh nghi°nc u L« '€ cctngb” ch, y/u tdp trung v o:

Nghi°nc um ts  lodi x¥& t&c tren ch s Pt/C bi/n t2nh, ng d. ng trong
phl'n_ ng oxi ho§ Li n ho§ methanol v'* ethanol;

Nghi°n ¢ u ch/jtdo m? h3nh pin, s d, ng c8c Li nc ¢ d¥ag m ng thxm
thblu carbon ¢- L. d¥n L'i ncao v c- thW cho chblt kh? Li qua;

N@ng cao hi" u sublt ¢, a pin bing c§ch nghi°n ¢ u khlo s§t c§c yJut™ [nh
h€ ng (n"ng L, methanol, nhi tL, ¢ apin) LJn hi usubltc a pin.

M ts" ctng trinh nghi°n ¢ uvQ x¥& t& Li n ho§ LiWn h3nh nh€ nh- m nghi°n
¢ u Thi Giang Huong Nguyen v c§c ' ng s [109] L« nghi°nc ut ngh p vdt
li u nano Pt/C, theo ph€hng ph8p kh™ vi s- ng, chbit kh ethylene glycol* c§c gi§
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tr pH khs&c nhau,_ ngd, ng trong phl'n_ ng oxi ho§ Li n ho§ alcohol. K/t qu[ cho
thbly, kach th€, ¢ tiWu phén Pt L4t khol'ng 3 nm, di n t2ch bQ m#t L'i n ho§ Lt t
12,90 L/n 30,77 m? g2, cao nhblt v, i x¥& t&¢ 20% Pt/C-9,5. MHt kh§c, hoYt t2nh
XY& t§c trong mtitr€ ng kiQm, Ig, ¢, ax¥& t§cny gifmdfntheoth t nhi°nli u:
Ethylene glycol (105,5 mA cm2) > glycerol (30,49 mA cm2) > MeOH (22,93 mA
cm?) > EtOH (7,07 mA cm2).

M, ts" ctng trinh khc ¢, a TS. Phim Vin Vonh c¥ag c§c ¢ ng's [110, 111]
L« nghi°nc uch/tiox¥et§ctronchs hltnanoh p kim CuPt v NiPtx p, ng
d. ng trong EOR, mti tr€ ng kim. K/t qul cho thbly, c§c pha bi/Jn t2nh Cu,0 v
NiO thW hi nvaitr, h, tr trong qu§ tr*nh oxi ho§ c§c h p chbit trung gian. Theo
-, holt t2nh Li n ho§ theo I '€ ¢ c[i thi n, tthng ng, gbp t 10 L/n 13 Ifn so
V. i dOy Pt kh'ng bi/]n t2nh.

T. ntm 2012, nh- m nghi°nc utdi PTNT [53755, 1121118] d€ is h€ ng
d¥n ¢, a GS.TS VI Th Thu H” L« bdt Lfu th ¢ hi n L'nh h€ ng chijn I€ ¢ vQ
phst trin ctng ngh ch/jtlo v ngd, ngvdtli unano graphene, x%& tSc L'i n ho§
Pt/rGO bi/Jn 2nh trong pin nhi°n li us d, ng alcohol tr c tifp.

Ntm 2015, nh- m nghi°n ¢ u L« ho™n thnh LQ t”i nghi°n ¢ u khoa h ¢ cbip
qu c gia, ctng b" m ts* cing tr3nh tren c8c tUp ch? trong n€ ¢ v qu’ ¢ tf], vQ
f ngh pv"_ ngd, ngvdtli ugraphene, x¥ t§c Pt/rGO bi/jn tnh b’ i Al v Si c-
hoUt t2nh rblt cao, bQn holt t2nh, ng d. ng trong pin DMFC. C8&c k/t qul ¢ thW
'€ ¢ t-m tdt nhe sau:

- n«thitldp '€ cquitrnh” nL'nh v f ngh p th'nh ctng graphene 2t | p
(d€ i 10 I, p) bing c§¢ phehng ph8p khsc nhau, bao " m phe€hng ph8p
CVD, phehng ph§p t&ch | pchh ¢ v phehngph8pt&chl p ho§h cthing
qua chblt trung gian I graphene oxide;

- n«nghi°nc ut ngh p v’ biln t2nh x¥& t§¢ PG bing c§c kim lodi Au,
Pd, Sn, Rh, Ru, Ni, Si, Si-Al theo ph€hng ph8p tXm € t. Theo L, x8c L” nh
'€ ¢ x¥& t§c Pt/rGO bi/jn t2nh bing Si-Al (Pt-7%ASG) ¢- holt t2nh v'" L,
bQn holt t2nh rbit cao trong MOR, mti tr€ ng acid. C, thW, c§c tiWu phon Pt
c- kechth€ ckho[ngt 2nmLn5nm, gi§tr Ir LYt 1720 mA mge:?, holt
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t2nh gi[m khol'ng 35% sau 1200 v, ng quét th/]-d, ng tufn ho™n;

- n«_ ng d. ng x¥& t§c Pt-7%ASG trong pin DMFC, m”ng nafion, di n tich
linc c49cm?(7cmx7cm) v imdtL ph, 3,5mge cm? mdtl, cing
sublt ¢ ¢ LYi L4t 104,9 mwW cm? (t4i 60°C). Hi u sublt chuyWn ho§ ntng
I€ ng Lt 35,3%.

NEm 2016, PTNTN L« ho'nth™nh LQ t"i cblp B, vQ nghi°nc u,f ngh p x¥e
tSc L'i n ho§ x¥& t§c Pt/rGO bi/Jn 2nh bing Al v'* Si, ¢- holt t2nh cao trong EOR
trong c[ hai mitré ngacid v" kiQm (L@y I" m ttrong c§c LQ t"i m™ ludn §n n3m
trong khutn kh ).

T. ntm 2018 LJjn nay, PTNTn tilp t, ctijn h"'nh c8&c LQ t7i, d 8§n khoah ¢
ctng ngh vQ c8&c loli vdt Ii u graphene nh€: Graphene aerogel, graphene chbim
I€ ngt , graphene 2t |, p; vdt Ii u x¥ t§c Li n ho§ v'm ¢ x¥ t§c tr°n c&c lodi
chblt mang n”y, ng d, ng trong pin nhi°n li u DMFC v" DEFC. C8c k/jt qu[ b€ ¢
L'fu cho thbly, x¥& t§c ¢- holt t2nh cao hotc rblit cao trong MOR, EOR trong c[ hai
mtitré ng kiQm v acid.

1.4. Nh ngkjtludnr¥trat t ngquant’ili u
Quat¥Yng quan t”i liMu, t& g r¥%t rami t sXnhan x8t sau:

- DEFCs d, ngnhi°nli uethanol, 2L, ¢ hli, thon thi nv. i mtitré ng hhnso
v. i methanol. MHt kh§c, mdt L, ctng sublt IT thuy/t ¢, a DEFC cao hhn DMFC,
do s electron trao I” i t2nh tr°n m, t mol chbit ¢, a ph[n_ ng oxi ho§ ho'nto™n
ethanol cao hhn so v. i methanol. DEFC L'€ ¢ chia I"'m 3 loli ch2nh bao g m
pin acid PEM-DEFC, pin kigm AEM-DEFC v pin kiQm-acid CEM-DEFC,
t¥ thu ¢ v~ o b[n chbit ¢, am ng trao L i ion tehng_ ng trong pin. C8c nghi°n
¢ uclngch’raring, mdt L, ctng sublt ¢ a pin kiQm th€ ng cao hhn so v, i
pin acid do L ng h ¢ ¢ a EOR trong mti tr€ ng kiQm cao hhn so v. i mti
tr€ ng acid. C8c s[n phXm ¢, a hai lodi pin n”"y cl ng kh§c nhau nhéng ch, y/u
bao g~ m acid acetic (holc dling mu’ i acetate), acetaldehyde v' CO,. T I c§c
s['n phXm t¥ thu, ¢ v'o loli x¥& t§c v" mti tr€ ng ph[n_ ng;

- XY t8c '€ c¢s d ngtrong DEFC th€ ngtrenchs kim lodi qu2 nhe Pt, Pd,
c- holt 2nh cao trong ph'n_ ng oxi ho§ Li n ho§ ethanol. C&c nghi°n ¢ u tdp
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trung t ngh p v bi/n t2nh x¥& t§c bing c&c t&c nhon Lhn kim lodi,  h p kim
loYi hotic oxide nh€ Sn (SnO,), Ru, Co, Ni, v.v. nhim nong cao hoYt t2nh v'" L,
bQn holt t2nh ¢, a x¥& t§c trong EOR, * c[ hai mti tr€ ng acid v* kiQm. Tuy
nhi°n, gi§ th™nh cao clng nhe L., bQn holt nh ¢ a x¥& tSc Pt v Pd ' m t
trong nh, ng kh- khtn ch, y/Ju LW_ ng d, ng c8c x¥& t8c n’’y trong pin. Ngo™i
ra, m ts nghi°nc ugfn Loy vQ d, ng x¥& t§c khtng ch_a kim lodi qu? cl ng
L4t L€ ¢ c8c kAt qul khl quan. MHt khsc, h€ ng nghi°n ¢ u vQ vi ¢ chl] tdo
m c anode cho DEFC, ch a c§c x¥& t§c oxi ho§ Li n ho§ ethanol Pt/rGO v
Pd/rGO bi/jn t2nh, ¢, nm i, hfu nh€ ch€ac- ctngtrinhcing b’ ;

Graphene oxide L« kh™ t ra " m; t lodi chbit mang ¢- hi u qul cao trong x¥&
t§c Li n ho§ cho DEFC. C8c nghi°nctng b gfn L@y, cho thbly, h x¥& t§c Pt,
Pd bi/jn t2nh tr°n chbit mang rGO, c- holt t2nh cao trong EOR trong c[ mti
tré ng acid v kiQm. Ngo™i ra, c§c loli x¥& t§c ny ¢, n L€ ¢_ ng d. ng trong
DEFC, ¢- mdt I, c'ng sublt cao. B°n clnh L+, qu§ trinh f ng h' p GO theo
phehng ph&p Hummers gfn nh€ L« I'€ ¢ chuXn ho§;

M ¢ x¥ t§c cho pinnhi°nli ul"h, nh pding| ng hotc b, t nh«o hotc ding
keo bao g° m x¥& t§c, dung mti v chblt kit d2nh ion (th€ ng I nafion). C§c
cing tr3nh L« ctng b” vQ LiQu ch/] m ¢ x¥& t8 ch, y/u nghi°n ¢ u vQ dung
mti, t' [ dung mti, t" [ nafion trong th”nh phfn m ¢ x¥& t§c v" [nh h€ ng
cacScyJut n'yLJntnhchbitc al px¥ t§c clng nhe holtl, ngc ali n
¢ c.B°nclnh L, m i lodi m ¢ x¥ t§c s€ tehng . ng v, i ph€hng phsp ph,
Li nc cph¥h p. ninnay, c§c ctngtrinh LQu tdp trung t ngh p m. ¢ x¥ t§c
tren ch's Ptding b, t hay h p kim, ¢- holic khing mang tren chblt mang C,
. ngd, ng trong pin nhi°nli us d, ng mngtrao L i proton;

Vi t Nam, m ts" nh-m nghi°n ¢ u vQ chj] tdo x¥& t§¢ cho pin nhi°n i’ u
m™ngtrao L i protontrenchs Pt tron carbon (kht ng phli graphene) LGt ['€ ¢
nh_ ng kAt qul kh[ quan. nic bi t, nh- mnghi°nc uc aPTNTN, L. ng Lfu I
GS.TSVI Th Thu H", L« v Lang nghi°nc uvQvdt Ii ugraphenev h x%
t8c trench s Pt/rGO v Pd/rGO bifn t2nh b3ng Al-Si, ¢- hoUt t2nh v'" L, bQn
holt t2nh cao, trong MOR v EOR, * c[ hai mti tr€ ng acid v'* kiQm;
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1.5. M, cti°uv’ n idungch?nhc, aludn 8n

T qu§trtnht ngquant’ili u,ludn8nh€ ngt im cti°uv’n idung nghi°n
C u nh€ sau.

MAc ti°u cva luon 8§n: Nghi°n ¢ u f ng h p v bin tnh x¥% t§c Pt/rGO,
Pd/rGO bing Al v'/holic Si trong ph'n_ ng oxi ho§ Li n ho§ ethanol, nghi°n ¢ u
chjtdo m ¢ x¥& t§c anode trong DEFC t. c§c x¥& t§c L« ngh p L€ c.

nW L4t € ¢cm, ctiun’y, ludn §ntijn h'nh th ¢ hi nc8c n i dung sau:

- Nghi°nc ut ngh p Vv’ LHc tréng t2nh chblt graphene oxide;

- Nghi°nc ut ngh p v’ biln t2nh x¥& t§c oxi ho§ i’ n ho§ ethanol, Pt/rGO
v Pd/rGO, b%ng t8c nhOn Al v'“/hokc Si;

- Nghi°n ¢ u LiQu ch]] m ¢ x¥& t8c Pt, Pd/rGO bi/jn t2nh, nghi°n ¢ u [nh
h€ ngc, athnhphfnpham cL/nholtnh Li nho§ ¢ ax¥& t§c, t2nh chhit
| p x¥& t§c tr°n bQ mit L'i nc ¢ anode v holt L', ng ¢, a DEFC.

Ludn §n nym trong khuln kh' c8c L'Q t7i khoah ccingngh ¢ aPTNTN L«
v Lang th ¢ hi nli°n quan L/n x¥& t§c Li nho§ tr°nch s Pt, Pd/rGO bi/jn t2nh
trong ph['n_ ng oxi ho§ Li n ho§ alcohol. Do vdy, ludn §n k/jth. am, ts kit qul
nghi°nc ut c8§c LQ t'i tr€ ¢ - nh€: Phehng phSp f ng h' p graphene oxide;
phehng ph8p t ng h' p x¥& t§c Pt/rGO bi/jn t2nh bing Al. nilm m,_ i ' nh h€ ng
ch2nh cho ludn 8n ny I nghi°n ¢ u bi/jn 2nh x%& t8c Pd/rGO b3ng t§c nhén Al
v'/holic Si trong EOR; nghi°n ¢ u LiQu ch/] m ¢ x¥& t8c Pt(Pd)/rGO bi/]n t2nh,
_ngd, ngtrong DEFC. N idungc, aludn8n I k/tqul nghi°nc uc, ac8cLQt’i
lang th ¢ hi ntdi PTNTn.
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2.1.

CHhWNG 2: TH CNGHI' M

Ho§ chtt, d, ngc, v thiftb
Nguy®n vdt Ii u, ho§ chbit s d, ng trong ludn §n L€ ctrinh by b[ng 2.1.

B[ng 2.1. Danh m_ ¢ nguy°n vdt Ii u, ho§ chBl's d, ng trong ludn &n

Nguy®°n vdt i u,

STT ) nkb t2nh k: thudt Ngu“ ng ¢, xubt x,
ho§ chbt
H'mI€ ng C 0 99,95%
1 | Graphittr-cn ThW t2ch tr-¢ n' : 100-300 Ph8p
cmé gl
2 | KMnO, Tinh khi/t phon t2ch 0 99% |  Sigma Aldrich
3 | Acid H2SO, Lic N ng Ll 096% Merck
4 | NaNO; Tinh khi/Jt phon t2ch 0 99% Sigma Aldrich
5 | Acid HCI LHc N ng L, 35-37% Merck
| H"'m I€ ng 5%, trong h, n
Dung dch Nafion| |, o _ _
6 17 h p lower aliphatic Sigma Aldrich
alcoholsv'™ ' n€ ¢
7 | NaBH, Tinh khift phon t2ch 0 99% |  Sigma Aldrich
Ethylen Glycol Tinh  khijt phOn tch
8 Merck
C2H602 99,5 %
9 | Dung d ch H,0, N ng L, 30% trong n€ c Merck
Tinh khi/Jt phOn t2ch
10 | H2PtCle.6H,0 . ) Sigma Aldrich
H'm I€ ng Pt O 37,50%
11 | PdCl, Tinh khi/Jt phon t2ch 0 99% Sigma Aldrich
12 | Tetra orthosilicate Tinh khi/jt phOn tach 99,7% Merck

50




Nguy®n vdt Ii u,

STT ) ntb t2nh k: thudt Ngu“ ng ¢, xubt x,
ho§ chbt
13 | Al-isopropoxide Tinh khi/Jt phOn t2ch 99,6% Merck
14 | Ethanol Tinh khi/jt phOn tach 99,7% Merck
Tinh khift phon tch 0 _ _
15 | CH3;COONa Sigma Aldrich
99,0%
16 | n-Butyl acetate Khan, tinh khi/jt 0 99,0% Sigma Aldrich
Tinh  khit phGn txch
17 | Isopropanol Merck
99,95%
Tinh  khi/t phtn tch _ _
18 | NaOH Sigma Aldrich
99,95%
19 | KCI Tinh khi/jt phon t2ch 0 99% Sigma Aldrich
Kzch th€ ¢ 20 x 20 cm
) N MTI Coporation,
20 | VTi carbon Dfy 454 Om M-
Ph, L pCx p .
Kzch th€ ¢ 30 x 30 cm
21 | M"'ng nafion 117 ) Fuelcell Store, M:
n, dy1830m
M”ng trao L i anion | K2ch th€ ¢ 20 x 30 cm, L,
22 - . Fuelcell Store, M:
FAA-3-PK-130 d”y 130 Om
n, d’y 410 Om
Cathode thehng
23 | Ph, Pt Len tr°n v[i carbon | Fuelcell Store, M:
myi Pt/C
mdt L, 2 mg cm
Tinh khi/t
24 | N€ cdeion PTNTn

n, d¥n<0,0550S cm?
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C8d ngc Vv thitb s d ngtrong ludn §n hfu hJt I" c§c d ng ¢, Vv th?
nghi m ch bln trong c8c ph, ng thz nghi m nh€: ¢’ ¢ th? nghi m, b3nh cfu th y
tinh, b/Jp khubly t ¢+ gianhi t, thiJt b I ¢ chén khing, v.v..

Ngoira, ludn8nc ns d ngm ts c8thiJtb LHc bi tkh§c nhe: Thiftb
rung si°u ©m Lfu d, ctng subit 750W (Ultrasonic, gn n ), thift b Li n ho§ PGS
HH12 (Vi t Nam), thift b’ shly Ling kht (M:), thift b ph, quay m'ng m ng vdt
li unano (KW-4E, M:), thijt b @ Li nc cbingnénth y 1 ¢ (Trung Qu c) v"
h thitb ch/] tYo phfnc ng mt h3nh pin (Vi t Nam).

2.2. Phehngph8pt ngh px¥ct8c v’ m c x¥c t8
2.2.1. Ph._ngph8p t¥ng hip GO V' rGO

Phehng ph§ptf ngh p GO L'€ ck/jth at LQt’i nghi°nc ukhoah cg a
PTNTn [115] [119], tr°nch s ph€hng ph8p Hummers c[i ti/jn, t EXG.

Phehng ph§pt ngh' p GO L'€ cth c hi nnhe sau:

u Cho5,0ghb tExGVv'oc c dung t2ch 1000 mL, L« L€ ¢ I'm IUnh bing
n€ c LS. Th°m 2,59 NaNOs. Ti/Jp theo, th°m t t L/n h/t 300 mL acid
sulfuric LHc, khubly LQu h, n h' p trong 5 ph¥s Th°mt t 15 g KMnO4 V0
h, nh p (trong kho[ng 10 ph4);

a NOngnhi tL, h,nh pphin_ngl°n38N2°C, gii “nl' nhtrong2gi ;

a Th°m 600 mL n€ cchit. Nong nhi tL, h ph[n_ ngttng dfn L/n 95°C. Gi,
“nnhi ttrong 2 gi . Th°m 30 mL dung d ch H,0, 5%. Khubly 'Qu trong 15
ph¥t Ng ng gianhi tv" Iy h, nh pphln_ngrakh i bWLiQu nhi t;

a L clytdmv it ¢l quay 5500 v, ng/ph¥ trong 5 ph¥4 thu Ibly chbit rdn.
Tipt cl cr alytom chblt rdn v. i 500 mL dung d ch HCI 3%, gi_. nguy®n
t cl, quay v’ th igian.

L' ¢, r achbitrdn nhiQu IfFn byng ly tom, v. in€ cchblt,” t' cl, 6000 v, ng/phA,
trong 5 ph¥, cho Ljn khidch I ¢ c- pH =6 - 7. Chblt rdn thu L'€ ¢ I GO. Shly
I'tng kht GO trong 48 gi sau L'- phOn t§n trong n€, ¢ deionv, ih™mI€ ng 5 mg
mL™.

ShE qu§trenht ngh pGOLE ctrnh by hinh2.1.
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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

HCI1 5%

Chat ran b

Trung hoa
dich ly tm i

Ly tam 5500 vong/phut

Dich long

Chat ran

Nudc deion

I

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!

H3nh 2.1. Sh " t ngh p GO theo ph€hng ph&p Hummers c[i ti/Jn

Chbit mang rGO '€ ¢t ngh pt GO thing quaqu§trinh kh ,s d. ng chbit
kh ethylene glycol (EG)" 110°C trong 24 gi . Sau qu§ trnh kh ,rGO L€ cr a
sUch bing n€, ¢ cbit, sbly L't ng kht trong 48 gi , tr€ c khi ti/jn h"nh ph@n t2ch L'§nh

gi§ LHc tréng t2nh chbit ho§ IT.
2.2.2. Ph._ngph8p tYng hup x¥%c t§ Pt/rGO biAn t2nh b’ ng Al (PtAG)

Phehng ph§p t ngh p x¥& t§c PtAG bing phehng ph§p txm € t L€ cth akj]
t LQt'inghi°nc ukhoah cctngngh ¢ a PTNTN [120]. H'mI€ ng Ptv Al

bing nhau v'* byng kholng 14,3% so v, it ng kh' i I€ ng x¥& tSc.
ShI” f ngh px¥e t§c PtAG '€ ctr3nh by  henh 2.2.

Qu§trinh '€ cth chi nnh€ sau: Cén ch2nh x§c 8,2 mg Al-isopropoxide phén
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t8n trong 2 mL isopropyl alcohol (IPA) v 15 mL n€. c cblt, khubly tr n trong 1
gi .Tilpt cb sungt t 10 mL d ch huyQn ph4GO (h"m I€ ng 5,0 mg mL™).
H, nh pL€ ckhublytr ntrong1gi tdinhi tL, ph ng.B sungth°m 10,25 mL
dung d ch H,PtClg 0,00 M v 30 mLEG v'oh nh p v ti]p t. ¢ khubly L'Qu trong
1gi .H nh pL€ cgianhi thileutrong24gi ° 110°C. S[n phXm rdn sau
phln_ng L€ cl cr abing n€ c cbit, tre c khi sbly L1 ng kh? trong 48 gi . Phon
t8n x¥& t§c trong n€ ¢ chit v. i h™m I€ ng 5 mg mL*. X¥& t§c Pt/rGO bi/jn t2nh
bing Al L€ ¢ KT hi ul” PtAG.

Al-isopropoxide Isopropanol Nude deion

Y

—————P| Khudy trén <

Dung dich Nho tir tix
H,PtCl; 0,01 M ) 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!

H3nh 2.2. Sh " t ngh p xY%c t& PtAG
2.2.3. Ph__ ngph8p tYng hup x¥%c t§& Pd/rGO biAn t2nh b’ ng Al, Si, Na
XV t§c Pd/rGO bifjn 2nh bing Al, Siv' NaL€ ct ngh pv ic§ch ' mI€ ng
kh' i 1€ ng theo IT thuy/Jt vi" LiQu ki nth ak/Jtrenchs d, ng x¥& t§c Pt/rGO
[53]doc- s tehng Ll ngvQcblutre ¢ aPdsov, i Pt.
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Sh” qu§trnhf ngh p x¥et§ctrenchs Pd/rGO bifjn tnh bingt h p Al-
Si-Nal'€ ctr3nh b’y hnh 2.3.

Dung dich PdCI, Dich huyén phu
0,01M . GO
Phéan tan bang rung siéu am

Al-isopropoxide + .

IPA, H,O Hén hop 1 TEOS CH;COONa
|  Phintinbing mgsiéwdm
: : N i Dung dich |
i Ethylene glycol i o ! ’ i
g i Hon hop 2 ! i
E : E l i E
i a L SR b e e e e = - —_— b i

Hén hop phan ting, : : Hén hop phan ting
110°C, 24 gitr i i | Nhiét dd thuong, 15 gid
U * ______________ 1 I I
....................................... === —Emmmmme
4
Gom nuée loc, | s
thu hdi Pd < Loc, nra xtc tac H,0
Séy dong kho trong
48 givr
A
Phan tin bing rung
siéu 4m dhu do

A 4

Dich huyén phu
x0c taic PASGN
5 mg.mL!

H3nh2.3.Sh I t ngh px¥ct&trenchs Pd/rGO bijnttnhbagt h p
Al-Si-Nas d. ngchbtkh EG (a) hoHb NaBH. (b)

V2d. mt t[ vQ phehng ph8p f ng h p x¥& t§c Pd/rGO bi/n t2nh bing {
h p Al-Si-Na V. i hai chbit kh' kh§c nhau NaBH, hotic EG, nh€ sau:

a 18,8 mL dung d ch PdCI, 0,01 M v" 10 mL dung d ch huyQn ph¥sGO h™m

I€ ng 5,0 mg mL* L€ ¢ phén t§n LQu bing thit b’ rung si°u ©m Lfud,,

ctng sublt 750 W, trong 2 ph¥s Th°mv'oh nh p 8,2 mg Al-isopropoxide,

2 mL IPA, 20 eL TEOS v 34 mg CH;COONa sau L'- " ng nhblt 1%i bing

55



thi/t b rung si°u ©m Lfu d_, trong 2 ph¥s H, n h" p phfn_ ng L€ ¢ kh
theo hai c§ch, s d. ng t§c nhén kh§c nhau, c¥ag LiQu ki n tehng  ng:

+ So dAng chn t kha NaBH4: Th°mt t 20 mL dung d ch NaBH,4 0,15 M
v'oh nh p,trong kho[ng 15 ph¥4 n" ng nhblt bing thit b rung si°u ©m
'fud,, trong 2 ph¥ Th chi nph[n_ng" nhi tL, th€ ngtrong 15 gi ;
+ So dAng chn t kho ethylene glycol: Th®m 30 mL ethylene glycol vi'o h, n
h p phfn_ ng, " ng nhbit byng thi/t b rung si°u @m Lfu d,, trong 2 ph'.
Chuyinto'nb, h nh pv’ob3nhcfu3c dungtch 100 mL, Idp sinh h™n
h ileu. Th chi nphln_ng® 110°C trong 24 gi ;
H, nh psauphln_ngL€ ci cchOnkhtng, Ibly chbit rdn m u Len, r aslch

bing n€ c chit v sbly Lt ng kht trong 48 gi . Phon t§n x¥& tSc trong n€. ¢

chit, byng rung si°u ©m Lfu d, trong 2 ph¥sv. i h"'m I€ ng 5,0 mg mL™.
XY t§¢ Pd/rGO khng/c- bi/n t2nh bing Al, Si hotic Na '€ cth, ¢ hi' ntéhng

t v icl hailodi chbit kh NaBH,; Vv EG.
Danh m, ¢ KT hi' u c§c m¥u x¥& t§c trong ludn §n L'€ ctrinh by b[ng 2.2.

Blng 2.2. Danh m, ¢ KT hi u V" th" nh phfn x%c t& theo IT thuy/t

. . Th" nh phfn x¥%c t&
STT| Klhi u Lo4i x¥c t8c —
theo I thuy/t

XY t8 Pt-Al/rGO, kh |[14,30% Pt + 14,30% Al +
1 PtAG

b¥ng EG 71,40% GO

XY t8¢ Pd/rGO, kh
2 PG.E 28,57% Pd + 71,43% GO

bing EG

XY t8¢ Pd/rGO, kh
3 PG.N 28,57% Pd + 71,43% GO

bing NaBH,4

X¥% t8¢ Pd-Al-Si/rGO, | 27,21% Pd + 1,36% Al + 3,42%
4 PASG.E _ _

kh bing EG Si +68,01% GO

X% t8¢ Pd-Al-Si/rGO, | 27,21% Pd + 1,36% Al + 3,42%
5 PASG.N . :

kh b3ing NaBH, Si +68,01% GO

X% t8¢ Pd-Na/rGO, kh |26,40% Pd + 7,61 Na + 65,99%
6 PNG.E

bing EG GO
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Th"nh phfn x¥%c t&
theo IT thuy/t
X% t8¢ Pd-Na/rGO, | 26,40% Pd + 7,61 Na + 65,99%

STT| KThi u LoU x¥c t8c

7 PNG.N ,

kh bing NaBH,4 GO

X% t8c Pd-Al-Si-Na, kh | 25,23% Pd + 1,26% Al + 3,15%
8 | PASGN.E _

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

X¥%  t8¢  Pd-Al-Si-
9 | PASGN.N [ Na/rGO, kh bing
NaBH,

25,23% Pd + 1,26% Al + 3,15%
Si+7,27% Na + 63,08% GO

2.2.4. Ph._ngph8p chAt 0o mxc x¥%c t8c

M cx¥%t8c 1" h nh pc ad chhuyQn phiax¥e tsc, dung mti v dung d ch
nafionv, it [ nhbit " nh. C§clolidungmtil'€ cs d. ngbaog m n-butyl acetate
(NBA), isopropyl alcohol (IPA) v ethanol (EtOH). D ch ch a x¥ t§¢ PtAG v~
d chch ax¥ t§c PASGN.N '€ cg ichung I d ch x¥& tSc.

Vv2d, vQqu§trnhchtiom cx¥ t§cv, idungmtiNBALE cth chi nnhe
sau: M th nh pbaog m 15 mL d ch x¥ t§c, 15 mL dung mti, 550 OL dung
d ch nafion '€ ¢ '’ ng nhblt ho§ bang thi/t b rung si°u ©m Lfu d, , ¢t ng sublt 750
W, trong 5 ph¥t H. nh psau " ng nhbit '€ ¢ g im ¢ x¥ tsc.

Sh " phehng ph§pt ngh pm cx¥ t§c '€ ctrinhby" h3nh 2.4.

nafion

Phan tan bing rung siéu am dau do
5 phut

H3nh 2.4. Sh " phehng ph§pt ngh pm ¢ x¥c t&
Danhm, ckThi um cx¥t8c L€ ctrnh by blng 2.3.

S7



BIng 2.3. Danh m, ¢ KT hi uv" th"nh phfn m. ¢ x¥c t&c

STT KT hi u Th"nh phfn

M ¢ x¥ t§c I'€ ¢ LiQu ch]jt d ch x¥ t§c PtAG v~
1 CI-WATER _ o,

dungmtin€ c,t | thWtch 1/1

M ¢ x¥ t§c '€ c LiQu ch]jt dch x¥& t§c PtAG v
2 CI-NBA(1/1) _ ..

dung mti n-butyl acetate, t | thWt2ch 1/1

M ¢ x¥ t§c '€ c LiQu ch]jt dch x¥ t§c PtAG v
3 CI-NBA(2/1) _ .

dung mti n-butyl acetate, t | thW t2ch 2/1

M ¢ x¥ t§c I'€ ¢ LiQu ch]t d ch x¥ t§c PtAG v~
4 CI-NBA(1/2) _ o,

dung mti n-butyl acetate, t | thW t2ch 1/2

M c x¥ t§c '€ ¢ LiQu ch]]t dch x¥ t§c PtAG v
5 CI-IPA(1/1) N o

dung mti isopropyl alcohol, t | thWtch 1/1

M c x¥ t§c '€ ¢ LiQu ch]]t dch x¥& t§c PtAG v
6 CI-IPA(2/1) . o,

dung mti isopropyl alcohol, t I thW t2ch 2/1

M ¢ x¥& t§c I'€ ¢ LiQu ch]t d ch x¥ t§c PtAG v~
7 CI-IPA(1/2) N .

dung mti isopropyl alcohol, t I thW t2ch 1/2

M ¢ x¥ t§c '€ ¢ LiQu ch]]t d ch x¥ t§c PtAG v~
8 CI-EtOH(1/1) _ .

dung mtiethanol, t | thWtxch 1/1

M ¢ x¥ t§c '€ ¢ LiQu ch]]t dch x¥ t§c PtAG v
9 CI-EtOH(2/1) _ ..

dung mtiethanol, t | thWtxch 2/1

M ¢ x¥ t§c '€ c LiQu ch]jt dch x¥ t§c PtAG v~
10 | CI-EtOH(1/2) _ L.

dung mti ethanol, t I thWtxch =1/2

M ¢ x¥% t§c '€ cLiQuch]t dch x¥ t§c PASGN.N
11 CI-Pd/rGO _ .

v dung mtiethanol,t I thWtxch 1/1

2.3.  Phehng ph8p ph, m ¢ x¥%c t&c, ch] ttb Li n ¢ ¢ anode v ldp gh®p

DEFC

2.3.1. Ph _ ngph8p phv mxc x¥%c t8c, chA ¢ o LiMn cxc anode cho DEFC
Trong m, ¢ ny, Li n ¢ ¢ anode ¢, a DEFC '€ ¢ chj] tYo bing phehng phsp
CCS,t cI"m ¢ x¥ t§c L€ ¢ ph. 1°n bQ mht v[i carbon theo ph€hng ph8p ph,
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quay.
Sh " phehng phSp ph, m ¢ x¥ t§c '€ ctrinh by h3nh 2.5.

Phun phu
trén thiét bi phi quay mang mdng

Dé kho tu nhién

Pién cuc
anode

H3nh 2.5. Sh " ph€hng ph&p ph, m ¢ x¥c t§c
Qu§ tr3nh th, ¢ hi n ¢ thWnh€ sau:

a VTicarbon '€ ccdt th"nh c§c mnh ¢ kich th€, ¢ 3,3 cm x 3,3 cm, sau L-
'€ cLHttron L] quay ¢, a thit b ph, quay m™ng m ng:

a Thitb ph quay I'mvi ¢ t ¢l 150 v, ng.ph¥?, th i gian 300 gioy,
mtitr€é ng chon khtng kholng 0,2 bar;

a Phun,ph. m cx¥&t8ctheot ngl p b¥ngs¥ag phun I°n bQ mHt v[i carbon
L/n khi hjtto'n b, m ¢ x¥% t§c. Mdt I, ph, '€ cc¢ L'nh" gi§tr 2,5
mg.cm (t2nh theo I€ ng x¥& t§c rdn).

a THmLi nc csaukhiph L€ cLWkhtt nhi°ntrong2tnhbt5gi ;

a BloqulnLi nc canode trong t¥ k2n.
2.3.2. Ph _ngph8p xo ITbZ mtm"ng trao LYi ion
M ngtrao I iion '€ ¢s d ng" LOybaog m 2 lodi, m"ng trao " i proton
(m"ng nafion 117) v" m"'ng trao ' i anion (FAA-3-PK-130). C[ hai lodi m"ng cfn
'€ ¢ X IThQ mit tre c khi ti/jn h™nh chj] tdo. Phehng php X IT nhe€ sau:
u M'ng nafion L€ ctijln h'nh X ITv ic8 dungdch, IFn 1€ tg m: N€ ¢
deion, dung d ch H,0, 3%, n€, ¢ deion, dung d ch H,SO4 1 M, n€. ¢ deion.
M i lo%i dung d ch L€ c tijn h™nh trong 30 ph¥4, tdi nhi t L, sti;
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tr3nh Idp LHt pin, ch¥4l v tr2 ch2nh x8c ¢, a L'i nc c anode v cathode tr°n MEA
tehng ng v. i '€ ng v'o nhi°n Ii u ethanol v~ khtng kh2. Si/jt chiit "¢ vt v. a

phli, L. I"'m k2n c&c khoang ¢, a pin, tYo m, t kh" i pin chdc chdn.

2.4,

G

C8&c phehng ph8p x&c L' nh LHo tréng t2nh chbl

Giln L’ nhi uxdtia X '€ cth chi ntr°n m§y D8 Advance (Bruker) v, i
g-cqudt2dt 5L/n80°% Vv ib cxUKac aanode Cuc- a=0,154056 nm
tdi Khoa Ctngngh Ho§h ¢, Tré ngndih cKhoah ¢ T nhi°n, ndih ¢
Qu cgiaH N i;

Ph IR ¢, ac§c m¥u nghi°n ¢ u (ding rdn) L€ c ghi tren visg ph t 400
I'n 4000 cm?, tr°n m8y Nicolet 6700 FTIR spectrometer, tdi Khoa Cng
ngh Ho§h ¢, Tré ng nlih ¢ Khoah ¢ T nhi°n, ndih ¢ Qu cgiaH"
N i;

H3nh th§i cblu trve t] vi ¢, ax¥& tsc '€ ¢ LHc tréng bing phehng ph§p TEM,
tren m8y Philips Tecnai 10 Microscope, tdi ph,ng HiWn vi Li nt , Vi nV

sinh d cht Trung €hng;

H3nh th§i chlu trve t/] vi ¢, ax¥& t§c L'€ ¢ LHc tréng bing phehng phsp SEM,
tren m8y Field Emission Scaning Electron S-4800, tdi Vi n Khoa h ¢ Vdt
li u,Vi nH'nlém Khoah cv"Ctngngh Vi t Nam;

Th"nh phfn c§c nguy®n t” tr°n bQ mit ¢, a x¥& t§c L€ ¢ phon tzch b’ i ph

t§n xU tia X, tren thit b EDX (Genesis), tdi Vi n K: thudt nhi tL, i, Vi n
H'nlém Khoa h ¢ v Ctngngh Vi t Nam;

Th*nh phfn ch b, tring th§i ho§ h ¢, tring thi i nt ¢ ac8c nguy°n t

tron bQ mit ¢ a m¥u L€ ¢ Lhe tréng bing phehng phSp XPS tren m8y
KRATOS Axis Ultra DLD, ngu’ n tia X Lhn sdc Al kU (E = 1486,6 eV), tli
nYi h ¢ Sungkyunkwan, H'n Qu’ c;

Ph Raman '€ clo“ nhi tL, ph,ng, trenthiJtb Horiba HR 800,s d. ng
tia laser ion Ar*" b€ cs-ng 514 nm tdi PTNTR;

H'm I€ ng Pt trong c§c m¥u x¥& t§c '€ ¢ phln t2ch bing ph€hng phsp
ICP-OES tren thifJt b Icap 6000 (Thermo Fisher Scientific), tdi Vi n Ho§
hc,Vi nHnlémKhoah cv'Ctngngh Vi tNamv” tli PTNTn;
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