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NGHIEN ClPU TONG HQP MOT SO NANOSPINEL AB20; (A = Cu?*,

Zn%*: B = Al%,

Cr3*) VA HOAT TINH XUC TAC CUA CHUNG TRONG

PHAN U'NG OXI PEHIDRO HOA ETYLBENZEN THANH STYREN

Phan 2. Nghién cteu bién déi cation héa tri 3 & hoc bat dién (Zn)™(Alx Crx)8%0, va cation

hoatri 2 & héc tr dién (Zn1.xCux)™@AlB0, tlr spinel ZnAl,O4 va hoat tinh xuc tac cta
chung trong phan ng oxi dehidro hoéa etylbenzen thanh styren

Pén Toa sogn 12-7-2011

NGO THI THUAN!, NGUYEN HONG VINH? NGUYEN THANH BINH!, LE THANH SON?,
HOA HUU THU!

'Khoa Hoa hoc, Triong PHKHTN-PHQG Ha Nji
2Khoa Hoa hoc, Trirong PH CN Viét Tri, Phi Tho

ABSTRACT

Two series of nanospinels modified from ZnAlO4 being (Zn)™®(Al.xCr)*°Os and (Zn;.
«Cu)TCAL°C0," (x = 0.25; 0.5; 0.75; 1) were prepared following the modified hydrothermal method
in order to examine their catalytic property when the cations in octagonal and tetragonal positions
were substituted by cations having different oxido- reduction degree changing in the reaction
process. The obtained nanospinels were characterized by physico-chemical methods such as XRD,
FT-IR, EDXS, SEM, TEM, TPD-NHs;. Their catalytic activity in oxidative dehydrogenation of
ethylbenzene to styrene was examined in fixed-bed flow reactor system in order to evaluate the role
of cations substitution in composition of original nanospinel ZnAl,O4. The results have shown a very

high selectivity in styrene of the series of nanospinels (Zn)"(AlxCry)°€O..

* TG: tetragonal; OC: octagonal.
| - MO PAU

Trong phan I, chung t6i da diéu ché thanh
cong theo phuong phéap thiy nhiét cai tién nano
spinel ZnAl;04 va ZnCr,04. Pa nghién ciu mot
s6 tinh chat cau tric, hinh thai caa cac san pham
thu dugc dong thoi da danh gia do hoat dong xuc
tac cua chang trong phan ung oxi dehydro hoa
etylbenzen thanh styren.

Viéc tong hop céc nanospinel c6 nhiéu
phuong phap, trong d6 ki thuat tong hop thiy
nhigt la thuan loi va dé thuc hién. Phuong phép
nay cho phép tong hop duoc lugng lon cac vat
liéu cdu trdc nano trong thoi gian twong d6i ngén
[2 - 7]. Hon nita,  phuong phap nay con cho phép
tim ra nhiét do ti thiéu dé giam thiéu su Ion 1én
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cua cac hat nano khi xir Ii ¢ nhiét do cao, thay
ddi duoc cac tinh chat héa Ii va tinh chat xdc tac
cua vat liéu trong phan tng oxi dehydro héa cac
hidrocacbon. O phan I, chung ti di tim dwoc cac
diéu kién cho su hinh thanh cac nanospinel va do
hoat dong xuc tac cua ZnCr,O, kha cao va cao
hon nanospinel ZnAl,Os (¢ 350°C, xUc tac
nanospinel ZnCr,04 va do hoat dong xuc t&c cua
nod cho do chuyén hoa 36,3%, do chon loc styren
78,19%, trong khi d6 xuc tac ZnAl,O4 hoat dong
tdt & 450°C, cOn cac xuc tac trén co sé Fe—K chi
hoat dong & nhiét @6 cao 600 - 700°C) trong phan
ung oxidehidro hoa etylbenzen thanh styren [1].
Ching t6i cho riang nanospinel ZnCr,O, hoat
dong xuc tdc manh hon ZnAl,O4 trong phan tng
ndy & cing didu kién 1a do & céc vi tri bat dién
chira cac ion Cr3* c6 kha ning thay dbi chi s6 oxi



hoa — khtr. Nhung céc san pham phu (xem trong
phan I) dwoc hinh thanh rat nhiéu bao gom céc
hidrocachon va dan xuat chia oxi cua ching.
Nham tim hiéu tac dong xuc tac cia cc cation &
cac vi tri bat dién va ta dién Ién phan Gng oxi
dehidro hda etylbenzen thanh styren, chung toi
da thay thé timg phan ion APP* (khdng c6 kha
nang thay ddi chi s6 oxi hoa) bang Cr¥* (c6 kha
ning thay doi chi s6 oxi héa) va Zn?* (khong co
kha ning thay d6i chi s6 oxi hda) bang Cu?* (co
kha nang thay doi chi s6 oxi hoa), nhur thé ching
tbi s& thu duoc hai ddy xdc tAdc nanospinel
(Zn)(Al2-4Cry)B904 va (Zn1xCuy)™ ALLBYO, (x =
0,25; 0,5; 0,75:1) véi cung phuong phap diéu
che.

Il - THUC NGHIEM

1. Téng hop cac nano spinel dwoc bién tinh
bing céc cation c6 kha ning thay déi chi s6
oxi hoa

Hai ddy xtc tac nanospinel (Zn) ™(Aly«Cry-

)%04 va (ZnixCux)™ AL*04 (x = 0,25; 0,5;

0,75;1) dugc téng hop nhu phan |, véi cac diéu

kién: pH = 7, [Zn**]oan aau = 0,1 M, [APF*]oan ai=

0,2 M va dugc thay thé ting phé‘ln boi Cr3* véi x

=0; 0,25; 0,5; 0,75; 1,0 mol va [AI¥] + [Cr**] =

2[Zn*] wvoi day spinel (Zn)T(Al,-«Cry)BO..

Tuong ty nhu vay doi véi day nanospinel (Zn;.

«Cuy)™ AlLPYO, v6i x = 0; 0,25; 0,5; 0,75; 1,0

mol. Nhiét d6 gia hda 150°C, thoi gian gia héa

30 gio, nhiét d6 nung 500 - 600°C.
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2. Cac phwong phap vit li xac dinh tinh chat
cau truc va hinh thai xuc tac

Phuong phéap nhiéu xa tia X, XRD; phuong
phép phan tich hda hoc khdng phé v cau tric bé
mat EDXS; phuong phap TEM; phuong phap
BET; phuong phap TPD-NHs3 nhu da st dung
trong phan I.

3. Panh gia do hoat dong xUc tac

Do hoat dong cua cac nanospinel duge danh
gia trong phan ung oxi dehidro hoa etylbenzen
thanh stiren. Céc phan tmg duoc tién hanh trong
hé thdng phan &ng dng dong véi 16p xic tac cb
dinh, c6 thé diéu khién duoc nhiét do, toc do dua
etylbenzen vao ving xuc tic va luu lugng oxi
khéng khi. Cac san pham long thu duoc sau phan
ung dugc phén tich trén may GC-MS tai trung
tam Hoa dau Khoa Hoa hoc, truong PHKHTN-
DHQG Ha Noi va phong thi nghiém trong diém
loc Héa dau, Vién Hoa hoc Cong nghiép Viét
Nam.

Il - KET QUA VA THAO LUAN

1. Céc két qua XRD

Céc spinel (Zn)™(Al«Cr)80s va (Zn.
«Cux) ™ AlLBYO, (x = 0; 0,25; 0,5; 0,75; 1 mol) thu
duoc theo cach diéu ché da duoc trinh bay ¢ 2.1.
da dugc ghi phd nhiéu xa tia X dé dong nhat cac
spinel va tinh kich thuéc tinh thé theo biéu thiic
Debye — Scherrer hiang s6 mang cau tric cua cac
spinel. Cac két qua duoc trinh bay o hinh 1a, 1b
va bang 1.

;ML;,L

(b)

Hinh 1: Céc phd XRD phdi hop ciia cac nanospinel: (a) (Zn)™(Al»xCry)®0,
(x=0;0,25; 0,5; 0,75; 1 mol) va (b) (Zn1xCuyx) ™ AlB%0, (x = 0; 0,25; 0,5; 0,75; 1 mol)
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Céc phd XRD trén hinh 1a va 1b cua cac
spinel déu cho gdc 20 ¢ 31°C, 35,5° va 63° la c4c
phan xa dic trung cho cau triic nano ciia cac hat
spinel. Ap dung biéu thirc Debye-Scherrer cho
pic cao nhat ¢ 35,5°, chung toi thu dugc kich
thudc tinh thé cua cac spinel (xem bang 1). Két
quéa di khing dinh d6 14 cac nanospinel, vai kich
thudc trung binh < 10nm, trir mau CuAl,O4 1a do
su két tu hat nano sau khi do dién tich bé mat

Anh TEM cho théy kich thuéc hat trung binh
caa nanospinel ZnosCuosAl.04 chi vao khoang 5
- 6 nm, phu hop véi két qua tinh theo biéu thirc
ctuia Debye-Scherrer dua trén gian d6 nhiu xa tia
X véi pic dic trung & 20 = 35,5°.

Anh SEM cho thdy miu c6 d6 hat kha ddng
déu va d6i chd cd sy két tu coua cac hat
nanospinel thanh cac mang I6n hon. Piéu nay
ciing c6 thé ap dung giai thich cho mau CuAl,O,
¢6 kich thudc hat khé 16n, bét thuong so véi cac
mau trong ddy nanospinel tong hop duoc.

Két qua vé hiang s6 mang tinh thé ag cho thay
khi thay thé AI** (ban kinh ion 0,50 A) bang Cr3*
(ban kinh ion 0,52 A) thi hing sé mang tinh luéi
thé 1ap phuong tim mit ao cua spinel ting, ag
cang ting khi ham luong APR* bi thay thé cang
nhiéu nghia 1a khi x tang tir 0 dén 1. Trong khi
d6 cac cation hod tri 2 & cac hdc tir dién, khi thay
cé4c ion kém Zn?* (ban kinh ion 0,74 A) bang cac
ion ddng Cu?* (ban kinh ion 0,72 A) thi hang s6
mang ludi a giam di nhe va gan nhu khéng phu
thudc vao ham lugng ion dong tang tir 0 dén 1.
Diéu nay c6 thé giai thich vi thé tich khong gian
cua céc vi tri te dién trong ciu tric spinel l6n
hon thé tich khéng gian caa céc vi tri bat dién.
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riéng theo BET.
2. Két qua TEM, SEM

Vi két qua tinh kich thuéc hat tinh thé
nanospinel thu dugc theo biéu thuc Debye-
Scherrer kha nho, < 10 nm, chiing t6i da chup
anh TEM cta mau ZnosCuosAl,0,; va anh SEM
cta chinh mau do6. Két qua dugc trinh bay ¢ hinh
2ava 2b.

(b)
Hinh 2: Anh TEM (a) va SEM (b) ciia mau nanospinel ZnosCuosAl:0s4

3. Két qua phan tich nguyén té

Céc két qua phan tich nguyén t6 EDXS dugc
dua vao cac cong thic thuc nghiém cua céac
spinel va dugc trinh bay ¢ bang 1. So véi cac
cong thie du kién 1a cong thae c6 thanh phan
hop thirc theo ly thuyét, cac gia tri thu dugc theo
két qua phan tich theo phuong phap EDXS la
tuong dbi phu hop va co thé thay cac nanospinel
c6 thanh phan pht hop véi cac spinel dugc du
kién tong hop.

4. Két qua xac dinh bé& mit riéng caa céac
spinel

Céc két qua do bé mat riéng cua cac spinel
duoc trinh bay ¢ bang 1. Cac két qua nay cho
thay, n6i chung, cac mau rén déu co dién tich bé
mit riéng 1én hon nhiéu so vai cac vat liéu spinel
khdi. Mot lan nita két qua do BET da khang dinh
cac vat liéu spinel thu dugc & cac nanospinel
mong mudn.

5. Két qua phan tich theo phwong phap hong
ngoai

Dé xéac dinh cac dic trung ciu tric cua cac
nanospinel thu dugc trong day ZnCrxAl>x (X = 0;



0,25; 0,5; 0,75; 1), chiung t6i da ghi ph hdng

ngoai cua ching. Két qua duoc trinh bay ¢ hinh 3.

Bdng 1: Cac dic trung cau tric cia cac nanospinel

Nanospinel s« | Kichthudc VS
Cong thirc thuc nghiem | HaNgs0 | "oy e | Dientich b
STT n . y L mang tinh . mat riéng
Cong thtc du kien xac dinh theo phuong thé a0 A nanospinel, BET m/
phap EDXS o nm » M9
1 ZnAI204 Zn1,25AI1,7504 8,0879 6,0 75,04
2 chro,25A|1,7504 Zno,gcro,4eA|1,e4O4 8,0880 5,2 115,47
3 chro,5A|1,504 Zno,97C|’o,69A|1,3404 8,0880 6,4 80,47
4 chro,75A|1,2504 Zno,78CI’1,1A|1,104 8,2800 5,7 104,30
5 ZanA|O4 Zno,gCF1,10A|o,9304 8,2800 8,0 80,92
6 Zno,75CUo,2sA|zo4 Zno,78CUo,3A|1,7304 8,0820 4,7 112,06
7 ZNno5CuosAI0, ZNo6CUo4AlL 7304 8,0790 53 99,10
8 Zno,25CUo,75A|204 Zno,29CUo,71A|204 8,0790 7,1 95,95
9 CuAl,O4 CuogoAl2 1104 8,0790 18,2 112,37
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Hinh 3: Phéd IR phdi hop cua cac nanospinel ZnCr,Al,« (x = 0; 0,25; 0,5; 0,75; 1)

T céc két qua duoc trinh bay & hinh 3,
chiing t6i thay trén tat ca cac phd IR cia cac mau
nanospinel déu xuat hién cac pic ¢ ving 533 -
559 cm? dic trung cho dao dong héa tri ctia kim
loai-oxi, Me-O (Me = Zn) trong cac héc tu dién;
vling tr 649 - 68 cm? dic trung cho dao dong
ho tri cua Me-O trong cc héc bat dién. Cac pic
Xuét hién & ving trén 3400 cm'! va 1614 - 1637
cm* 14 dao dong cua nhdm OH trong céc phan tu
nudc bi hap phu trén cac nanospinel.

6. Két qua dic trung tinh chit axit cia cac
nanospinel
Céc két qua xac dinh tinh chat axit bé mat
cua cac nanospinel theo phuong phap TPD-NH3

dugc trinh bay ¢ bang 2.

Tir cac két qua thu duoc duogc trinh bay tai bang
2 cho thay trong hai spinel bac 3: ZnAl,04 va
ZnCr,04 oxit Cr,0; ¢ tinh axit manh hon Al,O3
do Crom c6 tinh & kim manh hon nhom, vi thé
spinel ZnCr,0, cho thé tich NHz dugc giai phéng
I6n hon ZnAl,Os hay ZnCr,Os ¢6 s6 tAm axit
nhiéu hon ZnAl,O4 va s6 tdm axit rat manh cua
ZnCr,04 nhiéu gép ddi so véi ZnAl,O4. Chinh vi
thé ZnCr,04 cho d6 hoat dong xuc tic cao hon
nhiéu so vai ZnAl,0, (xem phan ).

Khi thay thé ting phan nhom bang crom hay
kém bang dong ket qua cho thay so tam axit
giam di rat manh tir 2-3 lan so véi ZnAl,O, dac
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biét sé trung tdm axit rit manh (co nhiét do giai
hap NHs > 500°C) giam di rat nhiéu. Két qua co
thé dan téi do6 hoat dong xdc tac cua Ccac
nanospinel giam. Mat khac khi thay thé nhom
bang crom trong ddy ZnCrxAl,xOs theo quan

diém axit bazo, nhom c6 tinh kim loai manh hon
nghia 1a Al>Oz c6 tinh bazo manh hon Cr,O3 va
chiing c6 thé twong tac véi nhau, két qua 1a lugng
axit giam di nhanh va cac tim axit rit manh ciing
giam di (xem bang 2 tir mau s 1 dén 6).

Bang 2: Két qua xac dinh tinh chat axit bé mit ciia cdc nanospinel theo phurong phap TPD-NHs.

Dic tinh axit Téngthé tich NH, | Thé tich NHs
Thetich | 4yqc giai phéng, ml | tuong duong voi
TT Nanospinel TOgiai hap NH; duoc (6 dktc) (somol | lyc axit rat manh,
NHs (°C) giai hap NHs duoc giai ml (s6 mol NH,
fwong ung, phong) duoc giai hap)
ml (¢ dktc)
10,14
! ZnCr., (4,53.10% mol) 4,46
205,60 4,67
75 2,23
2 ZnALO, 369,30 0,60 (1,39.10%mol) | (1,39.10%mol)
515,50 2,23
193,90 1,90
3,12 1,15
3 ZnCro25Al1,7504 279,5 0,07 (1,39 :I:O“1 mol) (0,51 Z,|.0'4m0|)
503,9 1,15
206,60 1,76
- - 2,45 0,6
4 | ZnCrosAlLs0s (1,09.10* mol) (0,31.10% mol)
519,6 0,69
187,50 1,93
2,81 7
5 | ZnCrozsAlz0y | 2501 oot (125 o mol) | (0 39104 mol)
530,00 0,87 o T
191,60 1,29
- _ 2,20 0,91
6 ZnCrAlO, (0,98.10%mol) | (0,41.10*mol)
521,20 0,91
7 Zno,75CUo,25A1204 - - (1,39.10* mol) (1,39.10*mol)
181,00 0,93
7
8 | ZnosCuosAlOs | 30230 199 Aa7i0emo) | (02510%mo)
570,90 0,56 T T
9 Zng,25CU0,75A1204 - - - -
189,40 1,56
2,42 0,56
323,60 0,30 : :
10 CuAlO, (1,08.10%mol) | (0,25.10*mol)
591,60 0,56
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Ciing twong tu nhu vay cac ion dong c6 tinh
kim loai manh hon k&m gan nhu c6 tac dung 1am
giam tinh axit ctia Al,QOs.

7. Két qua danh gia d hoat dong xUc tac caa
céc vat lidéu trong phan wng oxidehidro hoa
etylbenzen thanh styren

Trong phan danh gia do hoat dong xuc tac
cua cac nanospinel ZnCrAl,xOs va CryAl,Os
(x=0; 0,25; 0,5; 0,75; 1,0) trong phan ung

oxidehidro hod etylbenzen thanh styren, ching
t6i chi tién hanh & cac diéu kién téi uu da tim
thdy cho xuc tac nanospinel ZnCr,O,, nghia la
nhiét d6 phan ung: 350°C, téc do6 dong
etylbenzen 1ml.h? luu lwgng oxi khong khi
1,21.h". Céc két qua thu duoc duogc trinh bay ¢
bang 3 (c6 nhic lai két qua danh gia do hoat
dong cua 2 xuc tadc nanospinel ZnCr,Os va
ZnAl,O, trong phan tng nghién ciru dé so sanh).

Bang 3: Bo chuyén hoa, d6 chon loc styren cua céc nanospinel ¢ 350°C, toc d6 dong etylbenzen

1 mlLh'%, Tuu lwgng oxi khong khi 1,21.h%, khéi lwong xuc tac 1 g

. . . | DPochon | Hiéu suit a2
. O & C ; h h
TT Nanospinel Do chuyen hoa loc styren, | phan ung, Cac san pham phy
etylbenzen, %
% %
Benzen, toluen, 3-metyl
1 ZnCr;04 36,30 78,19 28,38 heptan, 4-etylhex-2-en,
1,3-dimetylbenzen.
ZnAl,04 31,34* 67,45* 21,14* Benzen, toluen.
ZnCI’o,zsA|1,7504 12,09 100 2,09 -
ZnCros5Al1 504 13,70 100 13,70 -
Oct-4-en, bixiclo (4.2.0)
5 ZnCI’o,75A|1,2504 15,45 88,03 4,00 octa. 1,3,5-trien, 1,3-
metyletylbenzen.
6 ZnCrAlQ, 12,89 100 12,88 -
7 Zno,75Cuo,25AI204 12,08 100 2,09 -
8 Zno,5CUo,5A|1,204 12,32 100 2,32 -
9 Zn0,25Con75A|204 11,83 100 1,83 -
10 CuAl,O4 11,98 100 1,98 -

* CAC gid tri nay thu diege ¢ diéu Kién toi weu trén xiic tde ZnAlOy ¢ 450°C

Tir cac két qua thu duoc duoc trinh bay &
trén, cd thé thay, khi thay thé nhdm bang crom &
cé4c vi tri bat dién hay thay thé kém bang dong Il
& cAc vj tri tir dién trong spinel ban dau ZnAl,O,
da khong lam tang lyc va lugng axit dac biét
luong cac tam axit rat manh dé c6 thé tach proton
ttr nhom etyl cua phan tir etylbenzen nhu da trinh
bay & trén. Vi thé tir cac xtic tac nay do chuyén
hda etylbenzen thap nhung dac biét do chon loc
cua styren rat cao gan nhu dat 100% trén cac
mau. Day ciing c6 thé 1a mot phat hién méi trong
cong trinh nghién ciru nay. D chon loc vé styren

cho phép tach va sir dung styren trong cac cong
nghé hién dai yéu cau styren rét tinh khiét.

M6t nhan xét th vi & bang 3 con cho thiy
khi thay thé hoan toan cac ion AI** & cac vi tri
bat dién bang Cr®* thi d6 hoat dong xUc tac rat
cao. Cu thé véi mau xic tdc ZnCr,04 cho do
chuyén hoa etylbenzen va d6 chon loc caa styren
cao nhat, & nhiét do rat thap (350°C) so véi cac
xuc tac Fe-K cdng nghiép (700 - 800°C). Piéu
nay c6 thé do ion Cr®* c6 kha ning thay déi chi
s6 Oxi hoa trong qué trinh phan mg nghia 1a c6
can bang Cr¥* < Cr?* va mat khac phan tng
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oxidehidro hoa etylbenzen thanh styren Ia phan
ung oxi hod khir hitu co tach loai hidro tao lién
két C-C, nén co ché cua qué trinh nay xay ra theo
co ché vong dd duoc dua ra boi Mars va Van
Krevelen. Theo co ché ndy phan tng oxidehidro
hoa etylbenzen thanh styren bao gom cac budc
sau:

EB Cr*

H,O
2 Cr**

ST

KET LUAN

1. Viéc thay thé céc cation AI** bang céc
cation Cr3* & cac vj tri bat dién va Zn** bing
Cu?* & cac vi tri ta dién cua spinel ZnAl,O4
nguyén thuy da thu dugc hai ddy nanospinel
(Zn)T(Al,-«Cry)B904 va (Zn1.xCuyx) "Al,04 (X= 0;
0,25; 0,5; 0,75 va 1,0) qua phuong phap thuy
nhiét c6 cai tién. Cac dic trung cau tric va tinh
chat bé miat cua ching da dugce xac dinh bang
cac phuong phap vat ly tin cady nhu: XRD, IR,
EDXS, TEM, XEM, BET, TPD-NHs. Cac két
qua phan tich nguyén t6 EDXS da cho thiy
thanh phan héa hoc cua bé mat xlc tac 1a phu
hop véi cong thirc du kién cua cac nanospinel
va cac két qua IR khang dinh cau tric cia san
pham thu dugc.

2. Khi bién tinh nanospinel nguyén thiy
ZnAl,04 bang cac cation c6 kha niang thay doi
hoa tri & cac vi tri tr dién va bat dién khong lam
tang luc va lugng axit cua cac spinel thu duoc.

3. D6 hoat dong cua cac spinel dugc bién
tinh khéng cao nhung d6 chon loc styren trong
phan wng oxidehidro héa etylbenzen thanh
styren rat cao, m ra kha nang tim kiém cac xuc
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EB + xUc tac dang oxi hod - [xUc tac dang
khu-OEB] - H20 + ST + xuUc tac dang khu.

XUc tac dang khir + %2 O, - xUc tac dang
oxi hoa.

Nhu thé cd thé biéu dién cac qua trinh xuc
tac nhu sau:

O day:
EB: Etylbenzen
ST: styren.
0 [} Cae chit tham gia phan
ung.
[__ICac san pham phan tmg.

tac nanospinel ¢6 do chon loc cao, d6 hoat déng

cao (hoat dong & nhiét do thap < 400°C) trong

phan tng nghién cau nay.
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