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ABSTRACT

This study presents effective approaches for producing
hydrogen using the electrolysis method, with the aim of future
development for electric and hybrid vehicles in Vietnam. Three
approaches were tested: (i) using aqueous methanol, (ii)
implementing a porous flow field, and (iii) increasing the
electrolyzer cell temperature. These approaches were evaluated
for their impact on hydrogen production efficiency. The results
showed that at a current density of 0,2A/cm2, the consumed
electric energies were 19,8, 17,8, and 15,4 kWh to generate 1kg
of hydrogen gas, with energy conversion efficiencies of 71,8%,
74,7%, and 78,6% respectively for cell temperatures of 298K,
323K, and 348K when using the porous flow field. These findings
demonstrated that the approaches utilized in this study effectively
improve hydrogen production efficiency.
TOM TAT

Bai bdo nay trinh bay cdc phirong thirc san xudt hydro hiéu
qua bang phirong phdp dién phan iing dung cong nghé pin nhién
liéu phuc vu huong phat trién xe dién, xe lai tai Viét Nam trong
twong lai. 03 cdch tiép cdn bao gom: (i) siv dung dung dich
methanol-miede, (2) sir dung trieong dong chay xop, va (iii) ting
nhiét do binh dién phan duoc thi nghiém dé chung minh viéc tang
hiéu qua san xudt khi hydro. Tai cing heong san xudt khi hydro
voi mdt do dong dién la 0,2A/cn?’, nang luong dién tiéu thu lan
lwot 1o 19,8, 17,8 va 15,4 kWh dé tao ra 01 kg khi hydro, twong
ing voi hiéu sudt chuyén doi nang luong lan luot la 71,8, 74,7 va
78,6% cho nhiét do 298, 323 va 348K khi su dung truong dong
chay xop. Két qua trén cho thdy cdch tiép cdin trong nghién civu
nay givip cdi thién hiéu sudt cia qud trinh san xudt hydro.
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1. GIOI THIEU

Vién @ tiét kiém nhién liéu va giam 6 nhiém
moi trudng tir cac ngudn dong luc st dung dong
co dot trong mang tinh cap thiét doi hoi nhiing
giai phap phat trién bén vimg tir cac nha thiét ké
va ché tao xe hoi trén thé gii. Cac nghién ctru
gan day cho thay gan 1/3 khi thai nha kinh trén
thé gidi c¢6 ngudn goc tir qua trinh dot chay
nhién liéu héa thach cua dong co dét trong ding
trén cac phuong ti¢n giao thong van tai [1].
Theo s6 liéu théng ké [2], Thanh phé HO Chi
Minh da ¢6 gan 9,0 triéu phuong tién giao thong
duong bo; trong d6, lugng xe may chiém 95%
va tiéu thu 56% lugng xang, nhung thai ra 94%
HC, 87% CO va 57% NOj trong téng lugng
phat thai cua cac loai xe co gidi. Pang noi trong
s6 nay c6 rat nhiéu cac phuong tién nhu xe 6 t,

xe may qua nhiéu nim st dung c6 chat lugng,
hiéu qua sir dung nang lugng thap, ndng do chat
gdy 6 nhiém va bui trong khi thai cao gy anh
huong nghiém trong dén sirc khoe con nguoi.
Céc tram quan tric moi truong khong khi hang
ngdy tai TP.HCM gan day ludn canh bao mirc
d6 6 nhiém byi PM2.5 & murc cao [3], cac hé
théng nay hién chi do dugc hat bui co kich c&
trén 2.500 nm. Hinh 1 minh hoa kich c¢& hat va
) luong hat thai ra tir dong co diesel Mitsubishi
4M42 (2AT3) truong hop c6 va khong gin bo
xu ly khi thai DOC (Diesel Oxidation Catalyst)
[4]. Két qua tir thir nghiém cho thay hau hét cac
khi thai tao ra tir dong co diesel cd kich cd hat
nho hon 200 nm, va cic may do chit lugng
khong khi hién nay khong xac dinh dugc lugng
bui véi kich ¢d si€u nho nay.
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ED 1.E+05 .—..; w
a @
8 w oYy ks
g o* [ A
= 1.E+04 |~ ®Engine out ,_Q..
= ® DOC + Cordierite o .
@ DOC + SiC |
1.E+03 |
Engine load: 200Nm
Engine speed: 1800rpm
1LE+02 gihe 5p P
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Phén bé kich thwéc hat (nm)
Hinh 1. Phén b6 kich c& hat va so lwong hat thai ra tir dong co Mitsubishi 4M42 [4]

Bang 1. So sanh ning lwgng tich lily ciia cac chat mang niing lwong [8]

TT Coéng nghé Pin Nang lugng tich liy
(Wh/kg)

1 Acidchi 30-50
2 Ni-Cd 45 - 80
3  Ni-Mh 60 - 120
4  Li-ion 110 - 160
5  Pin nhién li€u v6i hydro hda long & nhiét o 1.000 - 1.600

thudng, 4p suét cao (35 + 70 Mpa)
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Trong linh virc nghién ctru phét trién nganh
cong nghiép 6 to gﬁn day, xe dién ndi 1én 1a mot
trong nhimng xe “xanh” gép phan dang ké vao
viéc giam phat thai 6 nhiém moi trudng va nang
cao hiéu qua sir dung nang luong [5],[7]. Nhung
mot thue t& khong thé phu nhan 14 hién nay co
qué it nhitng tram sac dién cho xe dién tai Viét
Nam; ngoai ra, thoi gian sac pin ciing gidi han
pham vi hoat dong va di chuyén cia xe dién.
Bang 1 so sanh nang lugng tich luy ciia cac chit
mang nang luong ding cho phat trién céng nghé
pin xe dién [8]. So vdi pin Li-ion, pin nhién li¢u
v6i hydro hoa long & ap sudt cao thé hién lgi
diém dang ké vé mat d¢ nang luong, ddng nghia
v6i viée ting quing duong di chuyén cua xe
dién cho mot 1an nap liéu. Tuy nhién, khi hydro
khong sin c6 trong tu nhién ma can phai dugc
ché tao; v& mat ly thuyét, mirc tiéu thu ning
luong dé san xuat hydro 1a 39,4 kWh/kg hydro,
trong khi déi v&i cac cong nghé san xuét hydro
hién tai muc nay la khoang 50-55 kWh/kg
hydro [9]. Cong nghé xe dién dung pin nhién
lidu sé& tro nén hap dan hon néu hydro dugc ché
tao vGi muc tiéu thy ning lugng thap hon.
Trong nghién clru nay, tdc gia trinh bay cach
tiép can phuong thirc san xuat hydro hiéu quéa
bang phuong phap dién phan tmg dung cong
nghé pin nhién liéu phuc vu hudng phat trién xe
dién, xe lai tai Viét Nam. Methanol dugc pha
thém vao dung dich nudc va duge str dung lam
chat dién phan nham giam tiéu thu nang lugng
trong qué trinh san xuat khi hydro.

2. PHUONG PHAP

Céch tiép can 1: Dung dung dich nudc va
methnol-nude lam chat dién phan dé so sanh
hiéu suat ctia qué trinh san xudt hydro. Hinh 2
trinh bay nguyén ly lam viéc cua binh dién phan

san xuit hydro sir dung dung dich methanol —
nudée (a) va nudc (b). PSi voi binh dién phan su
dung dung dich methanol-nudc, methanol dugc
dua vao dién cuc duong cua binh di€n phan, sau
d6 duogc khuéceh tan qua 16p gidy carbon tiép xuc
v6i chét xuc tac tai dién cuc nay. Nguén dién
mot chiéu cung cdp ngudn cho binh dién phan
dé phén ly dung dich methanol-nudc thanh CO,,
proton va electron nhu trong phan ung (1). Cac
electron di chuyén dén phia cuc 4m cua binh
dién phan thong qua mach dién ngudn cung cap;
trong khi cdc proton dugc hinh thanh & cuc
duong s& di chuyén qua mang trao ddi proton
dén dién cyuc am va két hop véi nhau tao ra khi
hydro tai dién cuc am nhu phan ung (2); toan bd
qua trinh cin cung cép dién ap 0,016V theo ly
thuyét dé bat dau qua trinh dién phan. Mac du
CO; dugc tao ra trong qua trinh nay, nhung
lugng CO; thyuc phat thai s& khong dang ké vi
methanol c6 thé duoc san xut tir sinh khéi [9].
Qua trinh dién phan dung dich nudc dién ra theo
cac phan ung tur (4)-(6), tai dién cuc duong s€
tao ra phan tir O, cac proton va electron, sau dé
khi H, tuong tu s€ dugc hinh thanh tai dién cuc
am; s6 phan tir H, cua phuong phép dién phan
dung dich nudc s€ it hon so véi dung dich
methanol — nudc, va dién ap can cung cép cho
toan bd qua trinh theo tinh toan ly thuyét 1a
1,23V. Hinh 3 minh hoa c4u tao cua binh dién
phan ung dung cong nghé pin nhién li¢u ding
trong nghién ctru.

Céc phuong trinh phan tng tr (1)-(6) minh
hoa 02 phuong phéap dién phan vadi 02 dung dich
khéc nhau:

Qua trinh dién phan st dung dung dich
methanol-nudc:

Tai dién cuc dwong: CH;0H + H.O = CO, + 6H' + 6¢° E%=-0,016V vs. SHE (1)

Tai dién cuc am: 6H" + 6 — 3H,

Overall: CH3;0H + H,O = 3H, + CO»

Qua trinh dién phan stir dung dung dich nudc:

E%= 0V vs. SHE (2)
AE=-0,016V vs.SHE  (3)
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Tai dién cuc duong: H,O — 0.50, + 2H" + 2¢

Tai dién cuc am: 2H"+ 2¢— H,

Overall: H,O = H, + 0.50;

E%=-1,23V vs. SHE (4)
E%.= 0V vs. SHE (5)
AE=-123Vvs.SHE  (6)

Ghi chii: SHE — standard hydrogen electrode: Pién cuc hydro tiéu chudn

. —-AG
voi: E = o @) 7
Trong do: AG 1a thay ndi nang luong tu do
cta phan tmg, n 13 s6 electron tham gia vao phan
{g hoa hoc, F 1a hang s Faraday (96.487 C/mol),

Ngudn cung cap dién DC
be” 6e
CO, [ 6H 6H — 3H,
CH:OH + H,0 Dién cuc 4m

Mang trao d6i

bién cuc duong
proton

(@)

va E 1a dién ép tai dién cuc cua binh di¢n phan
so voi dién cuc hydro ti€éu chuan.

Nguon cung cap dién DC

| |

2e e
050, | 2H' 2H*— H>
\H O/‘ Dién cuc am
2
Dién cuc duong Mang trao d6i
- proton

(b)

Hinh 2. So sanh nguyén ly hoat dong cia dién phan dung dich nwéc (b) va methanol-nwoc (a)

Mang trao d6i proton (MEA)

Ngo ra cuc duong

<

Gidy carbon khuéch tan

Truong dong chay

Tam lay dién

ayayi

End plate

—> [

Ngd vao cuc duong

I

Ngo ra cuc am
T——>

Gidy carbon khuéch tan

Truong dong chay

Tam ldy dién

\

NEANANAN

End plate

T—1—>

Ngo ra cuc am

Pém cach dién

Hinh 3. Ciu tao binh dién phan ng dung céng nghé pin nhién liéu
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Céch tiép can 2: Thay ddi cdu hinh truong
dong chay cua binh dién phan nhdm giam lugng
dién néng ti€u thu. Hinh 4 minh hoa 02 loai
truong dong chdy st dung trong thi nghiém bao
gom trudng dong chay ranh thing (groove type
flow field — loai truyén thong) va truong dong
chay x8p (porous type flow field). Bang 3 trinh
bay thong s6 k¥ thuat cua truong dong chay xép

it T

(a) Trwong dong chay xép

v6i thanh phﬁn vat li€u, duong kinh hat va ty 1€
16 x6p; trong khi Bang 2 mé ta thong sb k§ thuat
cia mang trao d6i proton dung trong thi
nghiém cua cach tiép can 1 va 2. Trudong dong
chay ranh thing c6 d6 sau 2 mm, thé tich cua
truong dong chay 13 2,9 cc va duoc lam bang
vat liu JIS SUS316L.

(b) Truong dong chay ranh thing

Hinh 4. Truong dong chay khac nhau sir dung cho binh dién phan

Bang 2. Thong s6 ciia mang trao ddi proton

Mang polymer

Dién tich phan ung

Chat xtc tac trén dién cuc duong
Chat xiic tac trén dién cyc 4m

Nafionl17 (175 pm)
25 cm? (5 x 5 cm)
Pt-Ru 1.0 mg/cm?

Pt 1.0 mg/cm?

Bang 3. Thong s6 k§ thuit ciia trudong dong chay xop

Thanh phan
Puong kinh hat
Ty 18 15 xp

Fe-19Cr-12Ni-2Mo (JIS SUS316L)

350-500 um
48%

Céch tiép can 3: Thay dbi nhiét do cta binh
dién phan l1an luot 13 298, 323, va 348K nham
danh gi4 anh hudng cua viéc thay ddi nhiét do
dén hiéu suét qua trinh san xuat hydro.

3. KET QUA VA THAO LUAN
3.1 So sanh hi¢u qua san xuat hydro ding
dung dich nwéec va methanol — nuwéc

Hinh 5 so sanh két qua mirc dién ap can cung
cap dé san suat hydro khi st dung dung dich

nudc va methanol — nudce. Trong thu nghi¢m
nay, trudng dong chay ranh thang duoc sir dung
dé so sénh; dung dich methanol — nudc véi néng
do 13,2 wt% va dung dich nudc duoc ce‘ip vao
dién cuc duong véi luu lugng 10cc/phut. Nhiét
dd cua binh dién phan dugc duy tri ¢ 298K va
dién 4p cung cap thay déi tir 0 dén 2V. Theo thur
nghiém thuc té, dién 4p bat dau dé tao ra khi
hydro cho qué trinh dién phan dung dich
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methanol-nude la khoang 0,45V, trong khi do
dién ap cho nudc la khoang 1,4V. So véi dién
phan dung dich nudc, di€n phan dung dich
methanol-nude chi can dién ap cung cap thip
hon nhiéu dé tao ra cung mot luong hydro. Vi dy,
dé dat dugc mat do dong dién 0,1A/cm?, phuong
phép dién phan dung dich nudc can higu dién thé
xap xi 1,95V, trong khi dién phan dung dich
methanol-nudc chi cdn 0,76V dé tao ra cung mot
luong hydro. Ly do giai thich cho viéc di¢n ap
cung cip cho qué trinh dién phan dung dich
methanol-nudc thdp hon dugc dua trén ning

luong tu do Gibbs cua methanol thép hon so voi
nang lugng ndy cua nudce. Hinh 7 trinh bay su so
sanh muc nang lugng tu do cia céac loai nhién
liéu khac nhau st dung cho qua trinh dién phan.

Dién 4p can cung cap thap hon cho dién phan
ctia dung dich methanol-nuée dan dén muc tiéu
thu nang lugng dién cua dung dich methanol-
nudc thap hon nhu thé hién ¢ két quéa trong Hinh
6; do d6 viéc sir dung hon hop methanol-nurée
1a cach tiép can c6 tinh phil hop cao dé san xuét
hydro mét cach kinh té trong trudng hop chi phi
dién cao va gia methanol thap.

0.14 f

o

—

[
T

e

-

=)
T

Mit do dong dién [A/cm?]
e e °
2 & 2

o

=)

2
T

Luwu lvong dung dich ce"ip cho dién
cuc dueong: 10cc/min

Nhiét 36 binh dién phin: 298K y
Trudng dong chay rinh thang =

MeOH HO 7
(13.2wt%) ~/
’
|
’
r
!
O
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i
s
=
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Pién ap [V]

Hinh 5. So sanh mirc dién 4p cin cung cap khi sir dung dung dich nwéc va methanol — nwée

6 I L lwong dung dich cép cho dién cwe deong: 10ce/min

Nhiét d6 binh dién phan: 298K
| Truong dong chay rénh thang

Niang lwgng tiéu thu [W]
(3]

MeOH (13.2wt%)

L L I

0.04 0.06

0.08 0.10 0.12 0.14

Mit do dong dién [A/cm?]

Hinh 6. So sanh mirc nang lwgng tiéu thu khi sit dung dung dich nué'c va methanol — nuéc

116



Tap chi Khoa hoc va Kinh té Phdt Trién T ruong Pai hoc Nam Can Tho

ISSN: 2588 1272. S6 24 (2023)

250 1
200 |

150 |
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50 |

Nang lwong tw do, AG [kJ/mol]

| a0

L

CH3;OH C;HsOH

n-CsH,OH H,O

Hinh 7. So sanh nang lwgng tw do cac loai nhién liéu khac nhau st dung cho dién phan

3.2 So sanh hiéu qua san xuat hydro truwong
dong chay rinh va dong chay xop

Hinh 8 so sanh muc dién ap can cung cap dé
san xuét hydro khi st dung truong dong chay
ranh va x6p, dién ap cip dugc thay doi tir 0 dén
0,9V. Dung dich methanol-nudc véi ndng do
13,2 wt% duoc cép vao dién cuc duong vdi luu
luwong 10 cc/phut; nhiét d§ cua binh dién phan

va dung dich methanol-nugc 1a 298K. Co thé
nhan théy tai cung mot dién ap cép cho binh
dién phan, mat d¢ dong dién cuia truong dong
chay x&p dat gia tri cao hon cua trudng dong
chay ranh. Vi mat do dong dién theo 1y thuyét
ty 18 thuan véi lugng khi hydro san xuét, diéu
nay cho thiy rang hiéu qua san xuét khi hydro
v6i trudng dong chay x6p 13 cao hon.

020 | Néng d6 dung dich methanol — nwde (13 2wit%a) = .
. Lwu lwong cap tai dién cwe deong: 10cc/phit L’
— | Nhiét d6 binh dién phin: 298K e
F‘E ,ﬂ
i 015 | yui
= Trong dong e
fg, i chay x6p - B
=
ep 0.10 mg Truong dong
g R chay ranh
=
Qe
L=
= 005
-
=
0 [ : . : .
0.50 0.60 0.70 08 0.90

Pién 4p [V]

Hinh 8. So sanh mirc dién ap cung cip dé san xuit khi hydro khi sir dung trwdong dong chay
rinh thiang va trwong dong chay xop
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Hiéu suét cua binh dién phan vé6i 02 trudong
dong chay dugc tiép tuc tinh todn va thé hién
trong két qua ¢ Hinh 9. Dé dat duoc cuing mat
dd dong dién, dién ap ti€u thu cua truong dong
chay x6p 1a thap hon so vdi truong dong chay
ranh. Piu nay c6 nghia 13 truong dong chay
x6p ¢6 hiéu qua cao hon dé san xudt hydro, hiéu

sudt chuyén déi nang lugng ciia binh dién phan
c6 xu hudng giam khi tdng mat do dong dién
(tic ting téc do san xuat hydro). Tuy nhién,
truong hop véi truong dong chay xp muc do
suy giam hiéu sudt chuyén ddi nang luong it hon
so voi truong dong chay ranh.

85
83
81 r
79
77
75
73
7
69
67

lwong [%]

éu suat chuyén déi nang

Hi

Néong dé dung dich methanol — nwée (13.2wt%s)
Lwu lwong cap tai dién cuc dwong: 10cc/phut
Nhiét 36 binh dién phin: 298K

65 I il '
002 004 006 008

010 012 014 0.6

0.18 0.20

Mat do dong dién [A/cm?]
Hinh 9. Hiéu suit san xuit khi hydro trwdng dong chay rinh thing va truwong dong chay xop

3.3 So sanh hiéu qua san xuat hydro khi thay d6i nhi¢t @9 binh dién phan

02 | Luwu lwong ta.i di,én cuc o , A
dwong: 10cc/phut P A
.'-5‘0_1?5 - Nong do dung dich 348K s’
= S 2 04
R | metlilanolﬁmroc. _13..}&1/0 323K 7 A
< Trurong dong chay xop ~ P
o L7 298K
20125 | ’ ~
s 0.1 ;/_\1
2 A
=0.075
g'g-
w~ 0.03
<0
(=]
=0.025
0 =
04 045 0.5 0.55 0.6 0.65 0.7 0.75 0.8
Cell voltage [V]

Hinh 10. So sanh dién cap cung cAp dé san xuét khi hydro ¢ cac nhiét dd khac nhau
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92 1 Luu lwong tai dién cye dwong: 10cc/phit

g 90 Nong d6 dung dich methanol-nude: 13.2wt%
E’ s | Truong dong chay xop
3

o

1=

"o

c

“O

L
&

>

=1

=

o
s

=

L

3

- 1

T

68

0.02 004 006 0.08
Mat do dong dién [Alcm?]
Hinh 11. Hiéu suit san xuét khi hydro & cAc nhiét dd khac nhau

Hinh 10 trinh bay két qua thuc nghiém cia
qué trinh san xudt hydro & cac nhiét do khac nhau
gdm 298, 323 va 348K. Dung dich methanol-
nude véi nong do 13,2 wt% duge cap vao dién
cuc duong véi luu luong 10cc/phut. Co thé thay
mat do dong dién tang khi nhiét do binh dién
phan ting 1én & cling mét dién 4p cdp vao binh
dién phan. Noi cach khac, co thé van hanh binh
dién phan dung dich methanol-nudc & mdt dign
ap cung cap thap hon khi ting nhiét d6 dé cing
san xuat mot luong khi hydro giéng nhau. Pién
ap thap hon & ciing téc d6 san xuat hydro din dén
tiéu thu nang luong dién thip hon. Hinh 11 tiép
tuc so sanh hiéu suét chuyén d6i nang luong cho
céc két qua trong Hinh 10. Dé dat dugc cling mat
do dong dién 1a 0,2A/cm?, nang lugng dién tiéu
thy 1a 19,8, 17,8 va 154 kWh dé tao ra 1 kg
hydré ¢ nhi¢t d§ binh di¢n phan tuong Ung 1a
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298, 323 va 348K, twong Ung v6i hiéu suit
chuyén d6i nang lwong 1an luot 12 71,8, 74,7 va
78,6%. Két qua trén chi ra rang viéc ting nhiét
d6 1a mot yéu 6 quan trong giup qua trinh san
xuét hydro hiéu qua hon.
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