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SAN XUAT HYDROGEN HIEU QUA CAO
BANG PHUONG PHAP HOA HOC SU DUNG XUC TAC FeB

THE HIGHT EFFECTIVE HYDROGEN GENERATION BY CHEMICAL METHOD USING FeB CATALYSIS

TOM TAT

Hydrogen lamot trong nhitng ngudn ndng lrgng rét hira hen trong trong lai
bdi nhiing wu diém ndi tr6i clia nd nhu 14 nhién ligu sach, an toan va st dung
thiét bi lvu triF ré tién. Hydrogen c6 nhiéu (ing dung trong pin nhién liéu, dong co
it khi théi va tau vii tru. San xuét hydrogen béng phurong phép hoa hoc drgc
duing rat phd bién bdi gid thanh ré, san pham tinh khiét va thoi gian phan (ing
nhanh. Trong nghién ctu nay, tac gia st dung hda chat Natri borohydride
(NaBH,) dé san xust hydrogen véi su tham gia clia x(ic tac FeB nham thiic déy toc
d6 phan tng. Trong qué trinh thi nghiém, céc digu kién phan tng duoc thay doi
@€ toi vu hda viéc ché tao xtic tc va nang cao hiéu qua san xuat hydrogen. Két
qua thi nghiém cho thdy, t6c do phat sinh hydrogen Ién t6i 3,8L/phit/g, gia tri
nay ¢d thé so sanh vdi cac nghién ctru khéc sir dung x(c tac kim loai qui hiém.

Tlr khda: Hydrogen, natri borohydride, xdc tac, sat (Ilf) clorua.

ABSTRACT

Hydrogen is one of potential energy resources in the fulture due to
remarkable advantages such as clear and safe fuel, and cheap storage. It has
several applications on fuel cell, non-exhaust engine, and spacecraft. Hydrogen
generation by chemical method is very popular because of its cost-effectiveness,
pure product, and time saving. In this rerearch, author uses Natri borohydride
(NaBH,) to produce hydrogen with speeding up the reaction of FeB catalysis.
Here, reaction conditions are varried in order to optimize catalysis production for
enhancing hydrogen generation capacity. The result shows that hydrogen
generation rate achieves 3,8L/min/g which can compare with other studies using
noble metal catalyises.
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1.DAT VAN BE

Sy phat trién nhanh chéng nén céng nghiép va bung
no dan s6 thé gigi hién nay khién nhu ciu nang lvgng ngay
cang lén trong khi cac nguoén tai nguyén thién nhién khong
thé dap ng duoc. Giai phap téi wu nhat la sir dung cac
nguén nang lvgng tai tao, trong dé nguon nhién liéu tiém
nang nhat hién nay la Hydrogen (H,). Hydrogen la nguyén
t6 doi dao nhét trong vii tru va dugc coi la nhién liéu sach

Trinh Ngoc Tuén

tiém nang trong trong lai, rat an toan, khéng thé gay ra bat
ct s ¢ mdi treong nao cho con nguoi. Hydrogen co réat
nhiéu tng dung hitu ich; s dung lam nhién liéu déng co,
pin nhién liéu, la thanh phan chi chét trong hé théng ndng
lvgng sach va bén virng [1, 2].

Hydrogen c6 thé duoc san xuat tir cac phan (ng hoa
hoc [1], dién phan nuwéc [2], nhiét phan c&c hydrocarbon [3]
hay phuvong phap sinh hoc [4]. Phwong phép dién phan
nwéc co thé san xuat dwgc hydrogen sach nhung lai tiéu
tén nhiéu nang lvgng dién va gia thanh xdc tac cao,
phuvong phap nhiét phan hydrocarbon va sinh hoc gia
thanh ré hon nhung hydrogen dwgc sadn xuat khong tinh
khiét bdi 1an rat nhidu khi khac nhw CH,, CO, va SO,. Voi
phuong phap héa hoc, hydrogen thu dugc vira c6 do tinh
khiét cao gia thanh lai ré b&i phuong phap san xuat rat don
gian va str dung xuc téc ré tién.

Khi san xudt hydrogen bang phuong phap hoa hoc,
nguoi ta thwong st dung héa chat Natri borohydride
(NaBH,) bdi nhitng vu diém nhu khong c6 kha ning chay
nd, rat bén trong khong khi, dé kiém soat qua trinh phat
sinh hydrogen va hiéu suat thu dugc hydrogen cao (10,8%
khai lvgng H,/NaBH,). Phurong trinh phan (ng ¢é thé dugc
trinh bay nhv sau;

NaBH, +2H,0 Xuc—tai 4H, T +NaBO, (1)
Trén thé gi6i cd nhiéu nghién ctu st dung xdc tac co
nguoén gbc kim loai. Xdc tac la cac kim loai quy hiém da duoc
thir nghiém trong cac phan (ng thiy phan NaBH, nhung
gap han ché & gia thanh dat do [5-8]. Vi xuc tac ré tién hon,
Cobalt va Nikel dwgc ding pho bién véi két qua thu dwoc
kha kha quan. Nam 2018, H.Y. Kao da nghién ctru &nh huéng
cla xuc tac CoB t6i viéc san xuat hydrogen sach va (rng dung
hydrogen lam nhién liéu cho pin nang lvgng [9]. Mt nghién
ctru khac clia R. Fernandes thir nghiém xdc tac Co/(Co+Ni)
véi két qua cé thé gidm duoc nang lvgng hoat tinh kich thich
phan ¢ng tir 45kJ/mol trong trueng hop chi s dung xdc tac
Co/B) xubng con 34kJ/mol [10]. Nam 2017, Z. Liang va cdng
st nghién clru ché tao xUc tac NiB/NiFe,O,, két qua chi ra
rang hiéu qua san xuat hydrogen dat duoc 299,88mL/phut/g
khi str dung NaBH, 5% [11].
O Viét Nam chwa c6 chuong trinh quéc gia trong diém
nao lién quan dén nang lveng hydrogen chuén bi cho thoi
ky “hau héa thach”. Xét trong chién lwgc phat trién nang
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lvgng quéc gia dén ndm 2020, tam nhin dén nam 2050 cha
yéu phat trién nang lwvgng nhw dién, than, dau khi... D&
phat trién, hydrogen giai quyét si thiu hut nang lugng
trong tuwong lai thi ngay tir bay gi¢ thi ching ta can cé
chinh sach dau tv nghién ctu phat trién ngudn nhién liéu
day trién vong nay.

Trong nghién clru nay, tac gid nghién cru ché tao xuc
tac Fe-B dugc phl 1én tdm Nikel méng, st dung phuong
phap nhidng ngap. Tam Nikel mdng va bén nhiét cé tac
dung c6 dinh xdc tac Fe-B va gidm thiéu viéc hao hut xtc
tac trong qua trinh phan &ng sinh khi hydrogen. Xic tac
Fe-B duwgc ché tao bdi phan (rng oxy héa khir gitta NaBH,
vGi mubi sat FeCl, duoc ky vong c6 dd bén va hoat tinh
cao. FeB tao thanh dwoc st dung lam xdc tac dé tang toc
dd cho phan ng phat sinh hydrogen tir NaBH, trong mdi
trvong nwéc (theo phuong trinh phan tng (1)). Viéc st
dung nguyén liéu mudi s&t FeCl, gia thanh ré hon rét
nhiéu so v&i mudi clia cac kim loai qui khién chi phi ché
tao xUc tac da duwoc tiét kiem dang ké. Trong qua trinh thi
nghiém, &nh hudng clia ndng dod hoéa chét, nhiét do phan
(’ng va s6 1an nhing héa chat sé dugc nghién ciu dé tao
ra xdc tac tét nhat dung cho phan ¢ng san xuat khi
hydrogen sach.

2. PHUONG PHAP VA NOI DUNG NGHIEN CUU

Nghién cttu nady dwgc xay dwng dya trén hai thi nghiém:
phan (ng ché tao xUc tac Fe-B va phan (ng san xuat
hydrogen sach.

2.1. Ché tao xuc tac Fe-B bam dinh trén tdm Ni méng

XUc tac Fe-B dugc ché tao béi phan (rng hda hoc gitra
mubi sat FeCl, va dung dich NaBH, trong méi tredng kiém
tinh NaOH. FeCl,, NaBH, va NaOH tinh khiét duoc cung cap
b&i cong ty Sigma Aldrich, CHLB Bc. Tam Nikel day 2mm
cO céu truc ludi rdng, kich thudc dai x réng 1a 30 x 20mm.
Tam Nikel c6 dac tinh réng x8p, bé mat nham, tir tinh cao
va rat nhe gilip hdp phu dé dang FeB lén bé mat. Sau khi
duwoc hap phu, lwc lién két clia xac tac va tdm Nikel rat t6t
khién FeB khong bi tach roi ra trong qué trinh phan (rng san
xudt hydrogen. Bau tién, tdim Ni dwoc nhing chim trong
dung dich FeCl, trong 10s sau d6 dwgc nhing ti€p va dung
dich NaBH, (c6 dém méi treong NaOH) trong 30s. Phan (rng
tao thanh FeB xay ra nhu sau:

Fe* +3BH; +2H,0 +20H ~ —» FeB+2B0; +9H, T (2)

FeB dugc tao thanh sau phan (ng sé dinh bam vao tdm
Nikel. Cac bugc phan (tng dugc 13p lai cho téi khi lvgng FeB
dinh bam du 16n va dat dwoc khdi lvgng mong muén dé
lam x(c tac cho phan (ng san xuét khi hydrogen sach. FeB
duoc tao thanh sé dwgc rira qua béi nudc cat sau doé say
kho & 60°C trong 2h dé loai bo hoan toan do am.

2.2. Xac dinh cau truc va tinh chat xuc tac FeB

Phan tich ciu trGc bé mat va cac thanh phan céac
nguyén t6 trong xuc tac dwgc thyc hién béi may do
scanning electron microscope (SEM, JEOL JSM 5200) va X-
ray diffraction (XRD, Rigaku D/MAXIIIA).
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2.3. Thi nghiém san xuat khi hydrogen sach

Thi nghiém st dung xUc tac FeB trong phan tng phat
sinh khi hydrogen dugc thé hién & hinh 1. Binh phan (rng
duoc lam béng thay tinh voi thé tich 200mL. Xdc tac FeB/Ni
c6 dién tich 1cm? va kich thuwdc 1 x 1cm dwgc dat vao trong
binh phan ng, 100mL dung dich 5% NaBH, va 1% NaOH
duwgc rot vao trong binh phan ting. Nhiét do phan ¢ng duoc
do bai nhiét ké. Phuong trinh phan ¢ng nhu sau:

NaBH, +2H,0 EE 4H, T +NaBO, 3

San pham clia phan ng chita hydrogen va hoi nwéc
duwoc di qua thiét bi phan tach pha khi - 1dng (chira chat
hap phu hoi nuwéc Silicagel). Tai day hoi nuéc duoc gili lai va
khi hydrogen di qua dugc do lvu lugng béi két ndi véi may
do lwvu lwvgng cam tay.

Dolvuluong

I3

Donhiétdo

Donhiétdo
Binh phan L'mg Binh chira nwoc
onnhiét
Xuctac |
A 4
() (i)

Hinh 1. Thi nghiém san xuét hydrogen
3. KET QUA VA THAO LUAN
3.1. Anh hwéng ctia s6 1an nhang ngap Nikel trong qué
trinh ché tao xuc tac

FeB dugc chuan bi trong cac diéu kién khac nhau va anh
huéng clia cac diéu kién nay téi hoat tinh cla xdc tac sé
duwoc phan tich. bau tién, tién hanh xac dinh méi lién hé
gilta s6 lan nhung ngap cla tdm Nikel trong dung dich t6i
khéi lvgng xac tac thu dugc (xGc tac dinh bam trén tdm
Nikel sau phan tng). Nong do FeCl,, NaBH, va NaOH duoc
c6 dinh lan luvot & 15%, 10% va 1% (tinh theo khdi lugng).
Sau phéan (rng ché tao xuc tac, FeB dinh bam trén tdm Nikel
duwoc do khoi lvgng. Méi lién hé gilta khoi lvgng xdc tac va
s6 [an nhang ngap Nikel duoc thé hién & hinh 2. O day, khéi
lvgng xdc tac tang ty Ié thuan véi s6 1an nhang. Khéi lvgng
FeB lan lvot 1a 15,3; 151,8; 300,0 va 361,9mg/cm? tirong ting
vei 5; 10; 15 va 20 lan nhung chat mang (Nikel) vao dung
dich phan tng. &' 5 lan nhing dau tién, khéi lvong xic tac
tao thanh rat it nhung khi tdng s6 lan nhang 1én 10 va 15
lan, khéi lvgng nay tang dot ngot 1én 10 va 20 lan. Biéu nay
c6 thé duoc gidi thich bai trong binh phan tng c6 phan
(rng xay ra dong thoi: phan (’ng oxy hoda khir ché tao xuc
tac FeB (phuwong trinh 2) va phan (ng thiy phan phat sinh
khi hydrogen nh¢ chinh xic tdc FeB duwgc tao thanh
(phwong trinh 3). Khi s [an nhang thép, rat it FeB duoc tao
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thanh dd cho phan Ging thly phan tao hydrogen. V6i s6 lan
nhing tang Ién, FeB tao thanh cling tang gilp ting toc
phan (rng thly phan, phan &ng nay téa nhiét khién nhiét
d6 tang rat nhanh lai giip day nhanh t6¢c d6 phan trng oxy
héa khtr, xtc tac FeB sé dugc tao thanh voi khéi lvgng tang
dot bién. Khi nhiét do phan (rng dat dén muic gi6i han, toc
do phan (ng oxy héa khir khdng tang nita khién khdi lugng
FeB tang cham hon. K&t qua nay giai thich cho viéc tang s6
lan nhang tir 15 Ién 20 lan nhung khoi lvgng xudc tac FeB
tao thanh chi tdng 1,2 lan so véi tang 2 lan tlr s6 Ian nhiing
10 t¢i 15.

Dé xac dinh anh huéng ctia s6 lan nhiing ngap téi hiéu
qua clia xuc tac, tac gia thwc hién thi nghiém thdy phan san
xudt khi hydrogen véi 4 xGc tac nay, két qua dugc thé hién
& hinh 2. Nhiét dd bén ngoai binh phan (ng duoc gitk cd
dinh & nhiét dé phong, dung dich phan (ng duoc chuén bi
V@i 5% NaBH, va 1% NaOH. Lvu lugng khi hydrogen sinh ra
dugc do dé xac dinh toc dd phat sinh khi hydrogen tinh
trén dién tich xdc tac. Két qua thi nghiém chi ra rang tc do
phat sinh hydrogen tang v&i s6 1an nhdng ngéap: 4,1; 64,7,
198,0 va 243,0mL/phut/cm? twong (rng vai 5; 10; 15; 20 1an
nhing. O 5 1an nhing ngap dau tién, téc dd san xuét
hydrogen tang rat cham, téc do nay dat duoc cuc dai & s6
Ian nhiing 15 sau d6 giam dan. Cu thé, tir [an nhiing 10 dén
15, toéc do phat sinh hydrogen tédng 3 lan tvong (tng véi
133,3mL/phdt nhueng & lan nhing thi 20, lvu lwgng
hydrogen chi tang 1,2 lan tvong tng véi 45mL/phat. Két
gué nay cé thé duoc gidi thich béi & lan nhing th 20, do
lwvgng xUc tac dinh bam trén Ni l6n, sy ti€p xUc gilra cac hat
FeB & cac I6p bén trong véi hoa chat phan (ng FeCl; va
NaBH, s& bi han ché hon dan t6i két qua hiéu qua phat sinh
hydrogen (tinh theo khdi lvgng xUc tac) giam nhe mac du
tong lvu Ilwong hydrogen thu dwgc van tang
(243mL/phat/cm? so vai 198mL/phat/cm?). Do do, tac gia
chon xic tac dwgc ché tao véi 15 lan nhing cho céc thi
nghiém tiép theo.
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Hinh 2. MGi lién hé gita khdi luong xdc tac, téc d phat sinh hydrogen va s6
[an nhiing
3.2. Anh huéng ctia ndng dd FeCl, dén qué trinh ché tao
xuc tac
Noéng do FeCl; trong phan rng ché tao xdc tac dugc
chuan bi tlr 5; 10; 15 va 20% (tinh theo khai lvgng), trong

khi néng do ctia NaBH, va NaOH dugc gilt c6 dinh & 10 va
1%, s6 lan nhing ngap la 15 nhu dugc chon & thi nghiém
tredc. K&t qua thi nghiém dwoc thé hién & hinh 3. Theo
do, v6i nong FeCl, tir 5 dén 15%, khéi lvgng xdc tac bam
dinh trén tdm Nikel va téc do san xudt hydrogen tdng, dat
t6i da 300mg/cm? va 198mL/phat/cm? nhung tang ndng
do FeCl; Ién 20%, lvgng xuc tac va téc do phat sinh
hydrogen giam dan.
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Hinh 3. MGi lién hé gitra khéi lvong xdc tac tao thanh, toc do phat sinh
hydrogen va nong dd FeCl,

Bon xuc tac dwgc ché tao & thi nghiém nay dugc thé
hién & hinh 4. O ndng do6 FeCl, 5%, x(c tac FeB sau khi sdy
khé c6 mau nau do cho thdy sy c6 mat clia tap chat Fe**
trong xUc tac va da c6 sw oxy hoa clia sat. Khi tang ndng do
FeCl, 1én thi mau sic cla xdc tac chuyén dan tir nau do
sang den cho thdy ham lvgng tap chéat Fe** trong xdc tac
gidm dan va FeB khé bi oxy héa cé ham lwgng Ién trong
xUc tac.

Nikel FeCl; 5% FeCl; 10%

FeCl; 15%

FeCl; 20%

Hinh 4. Cac x(c tac chudn bi tlr céc ndng do FeCl, khac nhau

Sur oxy hoa clia xUc tac FeB co thé duoc giai thich bai co
ché phan (ng oxy héa khir ctia FeCl, véi NaBH, trong moi
treong kiem NaOH nhuw sau:

Fe3* +3BH; +2H,0 +20H ~ - FeB +2B0; +9H, 1(4)

FeB
NaBH, +2H,0 — NaBO, +4H , 1 5)
Fe3* +30H ~ - Fe(OH); | (6)
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Phan ¢ng (4) va (6) xay ra dong thoi v&i phan (ng san
xuét khi hydrogen (5). Trong hén hop cac dung dich, ion CI
¢6 tac dung gilp giam hoat tinh ctia phan ¢tng (6) do dé
phan rng (4) sé chiém wu thé. Néu nong do FeCl, thap
(ham lvgng CI' nhd), phan ng (6) sé chiém wu thé khién
Fe(OH), tao thanh 16n, xic tac c6 mau nau dé. Khi tang
nong doé CI, phan ting (4) chiém wu thé, phan ¢ng (6) xay ra
rat cham khién ham lugng Fe(OH), tao thanh nhd, diéu nay
giai thich cho nguyén nhéan xuc tac c6 mau den (trung voi
mau clia FeB). K&t qua thi nghiém la twvong déng vai nghién
ctru cdla Chuan Wu [12].

K&t qua do nhiéu xa XRD clia x(c tac dwoc thé hién &
hinh 5. X(c tac dwgc ché tao tir phan (rng oxy héa khir voi
nong do FeCl,, NaBH4 va NaOH lan luot la 15; 10 va 1%
(tinh theo khdi luvgng). Xdc tac c6 cdu tric tinh thé véi cac
peak 57,65° duoc xac dinh 1a nhiéu xa (001) ctia FeB (JCPDS
No. 75-0033), peak 36,7° va 61,2° la nhiéu xa clia Fe(OH),
(JCPDS No. 75-0033). Nhu vay, chiing ta thay st c6 mat cla
ca FeB va Fe(OH), trong xuc tac. Ham lwgng cua hai chat
nay thay déi phu thuéc vao néng do clia hda chat trong
qua trinh ché tao xuc téc.

* Fe(OH)3
o] . FeB
T 40 -
S
-
LS
g
©
B
(&)

206

Hinh 6. Phan tich SEM vdi x(c tac Fe-B chuan b tir (a) FeCl, 5% (b) FeCl,
10% (c) FeCl, 15% (d) FeCl, 20%

60 | Tap chi KHOAHOC & CONG NGHE @ S6 54.2019

Hinh 6 1a c4u trdc SEM cuia cac x(c tac duoc chuén bi voi
ndng doé FeCl, khac nhau. Cac x(c tac ¢é hinh thai thay doi
khi tdng ndng dd FeCl,. Kich thuéc va hinh dang clia xtc
tac duoc ché tao tlr FeCl, ndng dd 15 va 20% dong déu hon
SO vGi & ndng do thap.

3.3. Anh huéng ctia ndng dé NaBH, dén dén qua trinh
ché tao xuc tac

O thi nghiém nay, tac gi tién hanh diéu tra anh hudng
clia ndng do NaBH, t&i tdc dd oxy hoa kht, tir d6 t6i vu hoa
duwoc diéu kién cla qud trinh ché tao xuc tac. Nong do
NaBH, dwgc thay doi & 5; 10, 15 va 20% (tinh theo khoi
lvgng). Xdc tac sau phan ¢ng duoc st dung cho phan ¢ng
phat sinh hydrogen. Tai day, nong dé NaBH, va NaOH dugc
chuan bi & 5 va 1%. K&t qua mai lién hé gitra khoi lvgng xtc
tac, toc do san xuét hydrogen va nong dé NaBH, duoc thé
hién & hinh 7. V6i nong dd NaBH, tir 5 - 15%, khéi lvong
FeB dinh bam trén tdm Nikel tang tuyén tinh tr 72,9 -
399,1mg/cm? nhung gidm xubng con 362,5mg/cm? & 20%
NaBH,. Hién tugng nay duoc gidi thich béi & nong do
NaBH, cao, qua trinh khit dién ra rdt nhanh, kho kiém soét
va gay kho khan cho xuc tac FeB dinh bam trén tadm Nikel.

O thi nghiém thly phan NaBH, s&n xuét H, c6 mét clia
xUc tac FeB, tr 5 - 10% NaBH,, toc do phat sinh H, rat
cham, tr 28,7 - 198,0mg/phut/cm?, tuy nhién tir 10 - 15%
NaBH,, t6c do6 phat sinh H, tdng dot ngdt Ién Ién
617mg/phat/cm? sau dé gan nhuv khéng tang du tang
noéng do NaBH, tir 15 1én 20%, béi khéi lvgng xlc tac tao
cung cdp cho hai phan ¢ng nay da giam nhe. RS rang, xdc
tac dugc chudn bi voi ndng dé NaBH, 15% cho hiéu qua
tét hon & cac nong do khéc.

Két hgp véi thi nghiém xac dinh anh huéng clda ndng
do FeCl, t6i qua trinh ché tao xdc tac, chdng t6i chon cac
ndng do thich hgp clia héa chét trong qua trinh ché tao xtc
tac: FeCl; va NaBH, déu la 15%, s6 1an nhang ngap 15, ndong
dd NaOH tao méi truong kiem cho phan ting la 1%.

400 - .

700

600

300
500

- 400
200 - /
L300

1004 200

100

Xuc tac dinh bamtrén Nikel (mg/cm?)

= T T T 0
0 5 10 15 20 25

Néng do NaBH, (%)

Hinh 7. MGi lién hé gitra khéi lrong xdc tac tao thanh, toc do phat sinh
hydrogen va nong d NaBH,. Nong do NaBH, thay ddi tir 5 - 20%, nong do FeCl,
va NaOH duoc gitr cd dinh & 15% va 1%

3.4. San xuat hydrogen ttr xUc tac FeB

O thi nghiém nay, téc gia st dung xdc tac FeB duoc ché

tao tir 15% FeCl,, 15% NaBH, va 1% NaOH. H, duwoc san xuat

(zwopnyd/qw) usboipAy yuis jeyd ép 291
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tlr 20% NaBH, va 1%NaOH. Nhiét do thi nghiém duwoc kiém
soat & 20; 30; 40 va 50°C dé tir d6 xac dinh co ché, dong luc
va nang lvgng hoat tinh clia phan ng. Nhv dwoc thé hién
& hinh 8, t6c do phat sinh hydrogen tang rat nhanh khi
tang nhiét do phan tng. O' 15 phat dau tién ctia phan tng,
téc dd tao thanh hydrogen tang tuyén tinh, sau do giti ¢
dinh & thoi gian phan ¢ng ti€p theo. Khi nhiét dd phan rng
tang tr 20 - 50°C, t6¢c dd phat sinh hydrogen tang tlr 461 -

5487mL/phut/g xic téc.
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Hinh 8. Anh huéng clia nhiét do phan (ng t6i téc do phét sinh hydrogen.
Dung dich phan (ing gdm 20% NaBH, va 1% NaOH

Phan (rng phat sinh hydrogen c6 thé dugc coi la phan
(*rng bac 0, véi phwong trinh téc dé phan tng:

k = k,exp (;—D (M

Trong do, k: tc do phan (ng (mL/phut/g), k,: hang s6
phan ng (mL/phut/g), E: nang lwvgng hoat héa clia phan
ng, R: hang s6 khi ly twéng va T: nhiét dd phan tng (°K). Tl
phuong trinh (7) ta tinh dwgc In(k/k0) = (-E/R)*T™. Dwa vao
sO liéu vé m6i quan hé gilra toc d6 phan (*ng phat sinh
hydrogen va nhiét dé phan t¢ng & hinh 8 ta vé dugc do thi
ma&i quan hé gitra Ink va 1/T nhv hinh 9. R6 rang, Ink va 1/T
ty 1é tuyén tinh v6i nhau, tr dé nang lugng hoat hoéa cho
phan (*rng san xuat hydrogen tinh duoc la 67,0kJ/mol. Gia tri
nay cao hon nghién ctiu khac ctia Amendola si dung xuc
tac kim loai qui Ru, 56kJ/mol [13] va twong tv gia tri cda xdc
tac CoB, 65 - 69kJ/mol tlr cac nghién ctru khac [14,15]. Két
quéa nay chitrng td méc du xdc tac FeB ré hon nhung van c6
wu diém trong viéc giam thoi gian khéi dong va day nhanh
téc do phan tng san xuat khi hydrogen.

Nghién ctru vé hiéu qua san xuat hydrogen tlr xtc tac
cling duoc xac dinh véi viéc khéng kiém soat nhiét dé phan
(ng, trong dé ndng dé ctia NaBH, va NaOH van dwoc cd
dinh & 20 va 1%. K&t qua thi nghiém duwoc thé hién & hinh
10. Tr d0 thi ta thay & 40 phat dau tién, nhiét do phan tng
tang cham, twong (ng voi no la tée dd phat sinh hydrogen
cling thap. O 20 phat sau, khi nhiét d6 phan (rng tang di
Ién, xdc tac cé hoat tinh t6i da, phan ing xay ra rat manh
liét va nhiét do ciling tang lién tuc 1én 104°C. Sau khoang 60
phut, nhiét d gidm nhe cho t¢i khi NaBH, phan ng hét.

Cé thé ndi, phan (ng nay 1a qua trinh tw xay ra, tda nhiét va
tan dung hoat tinh cla x(c tac dé ting t6c do phan (ng.
Khi tdc d6 phan (ng dat dwgc t6i da, lwu lwgng khi
hydrogen thu dwgc khodng 3,8L/phut/g. K&t qua nay cao
hon céc gia tri & cac nghién cru khac cda Krishman [16],
(24L/phat/lg  v6i xdc  tac  PtRu-LiCoO,), Ingersoll
(2,6L/phat/g véi xdac tac Ni-Co-B) va thap hon gia tri
5,1L/phdat/g trong nghién cru si dung xic tac CoB cua
Huang [17].

2.0

79 BN Inkky) = (-E/R)*T*
: ™ E = 67.0 kI/mol
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Hinh 9. B0 thi ndng lvong hoat tinh (In k va 1/T) clia phan (ng phat sinh
hydrogen
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Hinh 10. S hién ddi clia nhiét do phan tng va toc dd phat sinh hydrogen
trong phan tng san xudt hydrogen vdi st c6 mat clia xtic tac FeB
4. KET LUAN

Trong nghién ctru nay, tac gid da thanh céng trong viéc
ché tao xuc tac FeB cho phan (ing san xuat khi hydrogen,
day la ngudn nhién liéu sach cho viéc phat trién nang
lwvgng tai tao va bén viing & Viét Nam. Cac diéu kién phan
(rng da duwgc tdi vu hda véi ndng dod FeCl;, NaBH, va NaOH
lan luot 1a 15%, 15% va 1%. Xuc tac c¢6 cau trdc bé mat va
cac déc tinh rat thich hgp cho phan (ing san xuat hydrogen.
Nang lwgng hoat tinh cia phan (rng phat sinh hydrogen la
67kJ/mol va lvu lvgng hydrogen tao ra téi da 3,8L/phit/g
c6 thé so sanh dugc véi cac nghién ctru khac trén thé gidi.
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