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TONG HOP VA DAC TRUNG XUC TAC LUONG KIM LOA
SBA-15 CHIANi, Cu CHO PHAN UNG

HYDRO BE 0XY HOA GUAIACOL

SYNTHESIS AND CHARACTERIZATION OF BIMETALLIC NI-CU CONTAINING SBA-15 CATALYST

IN HYDRO - DEOXYGENATION OF THE GUAIACOL

TOM TAT

Xc tc ludng kim loai chiva Ni, Cu trén chat mang SBA-15 v6i ham luong
14%Ni va 5%Cu theo khdi Irong duroc tng hop béng phuong phép truc tiép va
phuang phap tam véi ngudn silic 14 natrisilicat. Qua trinh ting hop SBA-15 trong
diéu kién thly nhiét voi cac tien chat chra Ni, Cu dugc tinh toan trude khi dua vao
x(ic tac. St dung céc phuong phap hoa Iy hién dai dé déc trung xtc tac: XRD, IR,
TEM, EDX va BET. Banh gia hoat tinh x(c tac trong phan (ng hidro d& oxi héa
guaiacol cho két qua do chuyén hoa dat 42,04%. K&t qua nay md ra trién vong
(g dung xc tac chira kim loai chuyén tiép cho viéc néng cdp dau sinh hoc dé
san xudt nang lvong sinh hoc.

T khoa: Xdc tac lwbng kim loai, vat liéu mao quan trung binh, qua trinh HDO.

ABSTRACT

Bimetallic Ni-Cu supported SBA-15 catalyst with Ni content 14 wt% and Cu
content 5% were synthesized by direct method used agueous solution of sodium
silicate as the silica sources. For the preparation of SBA-15, the nickel and copper
sources were added to the synthesis gel in hydrothermal treatment prior. The
obtained catalysts were characterized by different techniques such as XRD, IR,
TEM, EDX and BET. The NiCu-SBA-15 catalyst exhibited the high activity in hydro-
deoxygenation of the guaiacol with a conversion rate of 42.04%. This is opening
high application potential for the improvement of bio-oil quality to producing
bio-fuels.

Keywords: Ni-Cu bimetallic catalysts, SBA-15 nanopore-size materials, direct
methods, hydro-deoxygenation.
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1. MO DAU

Trwéc thuc trang ngudn nhién liéu héa thach dang
dan khan hiém, viéc nang cap dau sinh hoc dé cé thé thay
thé mot phan nhién liéu héa thach dang duogc rat nhiéu
nha khoa hoc quan tam. Qua trinh hydro dé oxy hoa (HDO)

Pham Thi Thu Giang™",
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la mot trong nhitng phrong phap hiéu qua nhat dé nang
cdp dau sinh hoc thanh nhién liéu Idng [1,2]. Xdc tac cho
qua trinh nay thuong la cac kim loai quy (Pt, Pd, Ru, Rh.)
trén cac chat mang SiO,-AlLO, CeO,-ZrO, SiO, MgO,
Zr0,,... hay than hoat tinh [3]. Cac x(c tac kim loai quy tuy
c6 hoat tinh cao hon cac xdc tac kim loai chuyén tiép
nhung lai c6 gia thanh cao va dé bi ngd doc nén han ché
trong viéc tng dung thuc té. Cac nghién ctru da chi ra rang
viéc bd sung déng thoi hai kim loai hoat déng Ni va Cu lam
thac day qua trinh HDO va tang hoat tinh cling nhw do
chon loc sdn pham [4]. Ngoai ra, viéc pha tap Cu trén hé xtc
tac chira Ni nham giam nhiét do khir cGa oxit niken va han
ché sy tao coc trén bé mat xuic tac [2,4]. Phu thudc vao
phuong phap tong hgp va viéc lva chon chat mang phu
hop sé lam tang hiéu qua cla xuc tac.

Nhi*rng ndm gan day, vat liéu mao quan trung binh SBA-
15 do cau tric mao quan ddng déu, dién tich bé mat riéng
cling nhu kich thwéc mao quan twong déi lén, thanh mao
quan day va dé bén thdy nhiét cao, nén c6 kha nang rng
dung trong nhiéu Iinh vuc: hdp phuy, chiét tach, dac biét la
chat mang xuc tac [5,6,7,8]. Trong bai bao nay, ching t6i
trinh bay téng hop, dac treng xdc tac SBA-15 chira Ni va Cu
bang phuong phap téng hop truc tiép va phuong phap
tam dé tao ra vt liéu c6 dd phan tan kim loai cao. Panh gia
hoat tinh clia cac xic tac trong phan trng HDO guaiacol
(thanh phan chinh trong dau sinh hoc).
2. THUC NGHIEM
2.1. Tong hop vat liéu

Tong hop SBA-15: Chat hoat déng bé mat Pluronic P123
((EO),0(PO);(EQ),) duge hoa tan trong 60ml dung dich axit
HCI 2M, tao ra dung dich A. Tiép theo dung dich thay tinh
I6ng (27% Si0,) dwgc nhé giot vao dung dich A véi diéu
kién khudy manh trong 2gi®. Sau d6 hon hop duoc cho vao
binh teflon va khudy trong 24 gio & 45°C. Gel tao thanh
duoc lam gia 24 gio & 100°C. San pham ran duoc rira dén
pH =7, sdy khoé & 80°C trong 10 gi¢ va nung & 550°C trong 6
gi® d€ loai bo chét tao cdu trc.
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Téng hop NiCu-SBA-15 (t6ng hop truc tiép): Qua trinh
téng hop vat liéu chira Ni va Cu cling giéng nhu tdng hop
vat liéu SBA-15: Ni(NO,),.6H,0 va Cu(NO,),.3H,0 dugc dua
vao dung dich A v&i ham lvgng Ni la 14% va Cu la 5%. Sau
do cho dung dich thay tinh léng va cac buéc ti€ép theo
tvong ty nhu téng hop SBA-15. Mau thu duoc dwoc ky hiéu
NiCu-SBA-15(S).

Toéng hop NiCu/SBA-15 (phuong phap tam): Ni va Cu duoc
dua Ién chat mang SBA-15 di téng hop & trén bang
phuong phap tdm. Cho 2g SBA-15 vao 10ml dung dich clia
14,5g Ni(NO,),.6H,0 va 0,375g Cu(NO,),.3H,0 trong nudc
sao cho ham lugng Ni va Cu trong mau trong ¢ng la 14%
va 5%, khudy déu va dé kho tw nhién. San pham dugc sdy &
80°C trong 10 gi® va nung & 500°C trong 3 gi0. San pham
dugc ky hiéu la NiCu/SBA-15(T).

2.2. Phrong phép dac trung

Nhiéu xa tia X (XRD): cac mau téng hop dwoc xac dinh cau
tric bang ky thuat nhiéu xa tia X trén may D8 ADVANCE -
Bruker & gdc 26 trong khoang 0,5° - 10° va 10° - 90°.

Hap phu va khtr hap phu N, (BET): dién tich bé mét, duong
kinh mao quan va céc thong s lién quan clia cac mau duoc
xac dinh trén thiét bi Micromeritics Tristar 3000 & 77K.

Hién vi dién t& truyén qua (TEM): hinh &nh cau trdc mao
quan cla vat liéu dwoc chup trén thiét bi JEM 1010.

Nhiéu xa nang lvong tia X (EDX): phé nhiéu xa ning
lvgng ctia mau dugc do trén may Analysis Station JED-2300
dé xac dinh ham lvgng nguyén t6.

Khtr hydro theo chuong trinh nhiét d (TPR-H,): cac mau
duwoc phan tich trén thiét bi hdp phu héa hoc AutoChem
2920 Il ctia hang Micromeritics (M¥).

3. KET QUA VA THAO LUAN
3.1. Nhiéu xa tia X (XRD)

Gian dd nhiéu xa tia X goc nhé clia 2 mau xUc tac truc
ti€p va tdm (hinh 1) déu co6 3 pic cuc dai nhiéu xa & goc
26 ~1° 26 ~1,6° va 20 ~1,8° tvong (’ng véi mét (100), (110)
va (200) dac treng cho céu trac luc lang (2D hexagonal) clia
vat liéu mao quan trung binh SBA-15[7,9]. Pic & goc 20 = 1°
c6 cudng do 16n va sac nét chirng té cdu trdc mao quan clia
vat liéu c6 do trat ty cao. Nhu vay khi dua kim loai truc tiép
hay gian tiép trong qua trinh téng hop vat liéu da khéng
lam thay déi cau trdc clia SBA-15.
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Hinh 1. Gidn d6 XRD goc nhdva gac lon clia NiCu-SBA-15(S), NiCu/SBA-15(T)

Tir s6 liéu d,q, tvong ng voi mat phan xa (100) cé thé
xac dinh duogc théng s6 mang a, theo phuong trinh: a, =
2d 100/ /3 [10]

Két qua duoc dwara trong bang 1

Bang 1. Thdng s mang a, clia vat liéu SBA-15 chita Ni va Cu

Mau dygo(nm) a,(nm)
SBA-15 89 10,2
Ni-Cu-SBA-15(S) 91 105
Ni-Cu/SBA-15(T) 8,8 10,1

Tl bang 1 cho thay, théng s6 mang cua vat liéu SBA-15
chtta Ni, Cu tdng hop theo phuong phap truc ti€p thay déi
khong dang ké, diéu nay cho thdy cac ion kim loai Ni, Cu ¢
thé khong thay thé déng hinh Si** trong mang lvéi cla
SBA-15 hay trong thanh tuong clia vat liéu ma c6 thé phan
tan trong cac mao quan cla SBA-15.
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Gian dd nhiéu xa tia X goc 1¢n 20 = 10 + 70° clla mau
téng hop truc ti€p khong thay xuét hién cac pic dac treng
cho NiO va CuO, trong khi d6 trén mau tdm xuét hién cac
pic nhiéu xa tng voi goc 26 = 37,36% 43,32% 62,84° dac
treng cho tinh thé NiO dang cubic [11]. Biéu nay ching to
ham lvgng Ni, Cu trén SBA-15 tGng hop truc tiép la rat thap
va phan tan rat tot trén vat liéu SBA-15.

3.2. Hap phu va kht hap phu N, (BET)
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Hinh 2. Burdng d&ng nhiét hap phu - khir hap phu N, (BET)
Bang 2. C4c thoing s6 cAu trc clia c4c XU tac

6 T6ng thé tich | Thé tich mao | Butng kinh
X(c tac (mEZ‘;T ) maoquan | quanmeso | maoquan
g (cm3/g) (cm’lg) (nm)
SBA-15 622 | 127 0,878 71
NiCu-SBA-15(S) | 583 | 1,39 1,117 9,0
NiCu/SBA-15(T) | 422 | 0,98 0,762 74

Puong dang nhiét hap phu - khir hap phu N, ctia 2 mau
xUc tac (hinh 2) cho thay tét ca déu xuat hién duong cong
tré loai IV theo phan loai ciia IUPAC, hién tvong tang dot
bién thé tich hap phu N, & ap suét twong d6i P/P,~0,6 dac
treng cho sy ngung tu mao quan trong cac mao quan
trung binh. Buong cong tré ctia cac mau SBA-15 chira Ni va
Cu (téng hop truc tiép) kéo dai dén ving ap suat tvong déi
P/P, = 0,8+1, diéu do6 chiing té c6 tdn tai mao quan c6 kich
thudc 16n gilta cac hat cua vat liéu [12]. Buong phan bd
mao quén clia c&c mau nay rong hon so véi mau SBA-15
cho thay do trat tv gidam khi thém ham lvgng kim loai.

Tir bang 2 c6 thé thay, d6i véi mau NiCu-SBA-15 (t6ng
hop tryc ti€p), dién tich bé mat Sg gidm nhe va duwong
kinh mao quan thay d6i rd rét khi c6 mat Ni va Cu. Mau
SBA-15 ¢6 dwdng kinh mao quan 7,1nm trong khi cac mau
Ni cé duwong kinh mao quén tang I1én. Nhuv vay sy cO mat
cla Ni va Cu trong khung mang SBA-15 anh huéng dén cac
thong sb vé cdu trac va do trat ty cda vat liéu mao quan
trung binh SBA-15.

D6i voi mau tdm NiCu/SBA-15, c6 su giam dang ké vé
dién tich b& mét riéng Sg; tr 622m?/g (mau SBA-15) xudng

con 422m?/g, thé tich mao quan cting giam con 0,76cm?/g
S0 vGi trede khi tAm 1a 0,878cm?/g. Nguyén nhan co thé la
do céac oxit kim loai (Ni-Cu) hinh thanh trong qué trinh
nung c6 kich thwdc 16n ndm trén bé mat, che chan mot
phan mao quéan dan dén giam dién tich bé mat cla vat lieu
SBA-15.

3.3. Hién vi dién tr truyén qua

' NiCwSBA-15(T)

NiCuSBATS)

Hinh 3. Anh TEM clia cac mau SBA 15 NiCu/SBA-15(T); NiCu-SBA-15(S)

Anh TEM (hinh 3) cho théy tat ca cac mau téng hop déu
¢6 cdu trac mao quan 2D hexagonal (luc 1ang). Mau SBA-15
c6 do trat ty cao, c6 duwdng kinh mao quan khoang 7nm.
Mau téng hop truc ti€p NiCu-SBA-15 c6 do trat tw kém hon
va dutng kinh mao quan ~9 nm Ién hon so voi clla SBA-15.
Khong thay xuét hién cac tinh thé kim loai mau den trén
anh TEM, chirng t6 dd phan tan cao cla cac oxit kim loai
trén cac mau nay. K&t qua TEM hoan toan phu hop véi két
qua XRD va BET. Trén mau tdm NiCu/SBA-15 xuét hién ro
nét cac tinh thé oxit kim loai mau den tham c6 kich thuéc
~50-100 nm va phan tan kha dong déu trén bé mat cla vat
lieu SBA-15, két qua nay phu hop voi so liéu phan tich XRD.
3.4. Nhiéu xa nang lugng tia X
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Hinh 4. Nhiéu xa EDX clia x(ic tac NiCu-SBA-15(S)
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PE xac dinh ham lwong kim loai, cac mau téng hop da
duoc dac trung bang nhiéu xa ndng lwgng tia X trong ving
nang lvgng tir 0-10 keV, két qua duwgc duara trén bang 3.

Bang 3. Thanh phan hda hoc clia cac nguyén to

Vi Ham lzgng trung binh cua cac nguyén t6 (%)

0 Si Ni Cu

NiCu/SBA-15(T) 48,31 33,08 13,75 4,86
NiCu-SBA-15(5) 62,85 36,21 0,48 0,46

Gian dd nhiéu xa EDX clia mau téng hop truc tiép NiCu-
SBA-15 (S) (hinh 4) cé céc pic dac treng cho nguyén té Ni va
Cu. Mau NiCu/SBA-15 (T) ciing cho két qua twong tuw. Tl
bang 3 cho thay ham lugng Ni va Cu duoc gitt lai trén SBA-
15 sau tong hop rat thap so véi ham lvgng clia ching khi
dua vao gel ban dau, diéu nay co thé do diéu kién tong hop
trong moi truong axit manh (pH < 1), nén céc ion kim loai
dé bi hoa tan tré lai va theo nudc rira ra ngoai. Déi voi
phuong phap tdm, ham lvgng kim loai (Ni va Cu) trong
méau hau nhu van gir nguyén so véi ham lvgng tinh toan
ban dau.

K&t qua (bang 3) cling cho thdy, d6i véi mau téng
hop tryc ti€p, tuy ham lvgng Cu tinh todn ban dau chi
bang 1/5 so véi Ni, nhung ham lvgng Cu dwgc gitt lai
trén SBA-15 cling tvong dwong véi ham lvgng Ni. Nhw
vay kha nang dwa cac kim loai chuyén ti€p 1én vat liéu
SBA-15 bang con duong téng hop truc tiép tuvong doi
kho va khéng giong nhau. Céc ion kim loai ton tai trong
vat liéu duéi cac dang khac nhau: trao d6i ion véi nhoém
Si-OH, polime hoa thidp Me-O-Me va polime hda cao tao
tinh thé MeO [10,13].

3.5. Phrong phap khtr hydro theo chrong trinh nhiét do
(TPR-H,)

Dé khao sat va danh gia tinh chat khir ctia xdc tac duoc
téng hop truc ti€p va téng hgp theo phwong phap tdm, céc
mau duoc tién hanh khir hydro theo chrrong trinh nhiét dd,
gian dd TPR-H, clia cac mau dugc thé hién & hinh 5.
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Hinh 5. Gian dd TPR-H, ciia cAc xiic tac NiCu-SBA-15(S,) NiCu/SBA-15(T)
Trén gian d6 TPR-H, (hinh 5) nhan thdy d&i véi mau
NiCu/SBA-15(T) xudt hién 2 pic khir riéng biét & nhiét do
280°C va 550°C twong (ng véi qua trinh khr CuO va NiO
thanh céc kim loai. Trong d6 & mau NiCu-SBA-15(S) ton tai
vung pic & nhiét do thap 210-250°C cling ring véi qua trinh
kh(r cac oxit kim loai thanh kim loai. S chénh Iéch nhiéu vé
nhiét khir gitra mau tdm va mau téng hop truc ti€p ching
t6 & mau tdm NiO va CuO ton tai doc lap khéng co si twong
tac pha, trong khi d6 & mau tryc ti€p da co sy twong tac
pha va s phan tan dong déu cla cac oxit trén bé mat I6n
SBA-15, ngoai ra cé thé cé si t6 hop gitta cac oxit kim loai
va mot phan nho céc silicat tao thanh lam nhiét do kht
gidm xudng [2].
3.6. Hoat tinh xuc tac trong phan irng HDO Guaiacol
Hoat tinh cla xtc tac NiCu-SBA-15(S); NiCu/SBA-15(T) va
dé chon loc clia sdn pham trong phan (ng HDO guaiacol
thic hién & nhiét dé 320°C, thoi gian phan ¢ng 3 gio, ap
sudt P,,,= 50 bar (35% H, trong Ar) dwgc trinh bay & bang 4.
Béng 4. B chuyén hda guaiacol trén xiic téc NiCu-SBA-15(S), NiCu/SBA-15(T)

S (%) Do

. . . chon

XUc tac B6  Phenol methoxy | benzen | xiclohexan loc

chuyén benzen HDO

hoa (X%) (%)

NiCu/SBA-| 39,92 50,28 | 27,03 17,82 4,87 22,69
15(T)

NiCu- 42,04 13385 3752 21,12 7,51 28,63
SBA15(S)

Tlr bang 4 nhan thdy, xdc tac NiCu-SBA-15 téng hop
bang phrong phép sol- gel ¢ st dung chat tao cu tric
cho d6 chuyén hoa guaiacol cao (42,04%) va do6 chon loc
HDO cao (28,63%) so v&i mau xuc tac NiCu/SBA-15(T) (co
dé chuyén hoa 39,92%, do chon loc HDO 22,69%). Két qua
nay dugc ly gidi la mac du ca hai xdc tac déu co dién tich bé
mét riéng 16n nhung xdc tac duoc téng hop bang phuong
phap truc ti€p co su twong tac gilra cac oxit: NiO, CuO, SiO,
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lam thay d6i cu hinh dién t, tinh chat khir cla xuc tac
trong khi d6 véi xuc tac téng hop bang phuong phap tdm
cac oxit nay ton tai riéng biét khong co sv twong tac dién ti
va tuong tac pha.

4. KET LUAN

D4 tdng hop thanh céng vat liéu mao quan trung binh
SBA-15 c6 do trat tv cao, dién tich bé mat riéng ~622m?/g
duwong kinh mao quan ~7nm tir thay tinh léng.

Khi dua Ni va Cu lén SBA-15 bang phwong phép truc
tiép va phuong phap tdm cac mau xdc tac van gilr duoc cau
trac d&c trung 2D hexagonal clia vat liéu SBA-15.

Déc biét vai xtc tac tong hop tryc ti€p, ham lvgng Ni va
Cu ton tai khi dua vao xuc tac twong d6i thap, nhung chiing
duoc phan tan tét va cé tuong tac pha trong vat liéu SBA-
15 dan dén nhiét do khir giam. Hoat tinh xuc tac thé hién &
dé chuyén hoa va do chon loc HDO trong phan (rng HDO
guaiacol cao hon han so v6i xtc tac tAm mac du c6 ham
lvgng Ni va Cu lén. Két qua nay mé ra dinh huéng Gng
dung c6é thé str dung xtc tac kim loai chuyén tiép trong cac
phan (rng HDO dé nang cdp dau sinh hoc.
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