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NGHIEN CU'U TONG HO'P MOT SO NANOSPINEL AB:O. (A = Cu®,
Zn2*; B = AI**, Cr®*) VA HOAT TINH XUC TAC CUA CHUNG TRONG
PHAN U'NG OXI DEHIDRO HOA ETYLBENZEN THANH STYREN

Phan 1. Nghién ctpu tdng hop nanospinel ZnAl,(Cr2)O, va dd hoat déng xuc tac cua
ching trong phan rng oxi dehidro héa etylbenzen thanh styren.

Pen Toa soan

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

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

ABSTRACT

Two nanospinels ZnAl,Os, ZnCr,Os have been synthesized following modified the
modhydrothermal method. The diferrent factors influencing on the averge size of the nanospinels
particles were studied. The obtained nanospinels were characterised by physico-mechanical
methods: XRD, DTA-DTG, IR, SEM, TEM, EDXS, BET, TPD-NHs. The sizes of the nanospinels
were determined by X-ray partterns and TEM being approximate < 15 nm. Their catalytic activity
was tested by bed-fixed flow reactor system at diferent reaction temperatures in the oxidative
dehydrograction reaction of ethylbenzene to styrene. The liquid products were analysed by GC-MS.
The experimental results obtained have showed that the ZnCr,O4 nanospinel having a higher
activity than the one ZnAl,O4. This result may be due to possibility of changing the oxido-reduction

degree of chromium ions.

I - MO DAU

Trong nhitng ndm gan day, san luong styren
trén thé gidi dat trén 25 triéu tn/nam [1] do nod
dugc sir dung trong nhiéu linh vuc khac nhau:
san xuét polystyren, nhira ABS, cao su SBR, san
xuét cac loai xtic tic polyme khac nhau sau khi
chire hoa polystyren [2].... Trong cong nghiép dé
thu dugc styren, nguoi ta hay dung phan ung
dehydro hoa xtic tac ethylbenzen trong sy c6 mat
y-Fe,0;3  dugce ting toc boi KoO va hoi nudc.
Gan day nguoi ta dung CO, dé thay hoi nudc qua
nhiét nham tiét kiém nang lugng hodc ding phan
tmg oxidehydro hoa ethylbenzen dé diéu ché
styren trong su c6 mat cta cac oxit kim loai. Pac
biét, trong cac qua trinh nay, cac xic tac va cong
ngh¢ xic tac van mang tinh tic quyén (patent).

470

Hon nira, do su phat trién rat manh cua linh vuc
xUc tac nano (nanocatalysts) trong vai thap ki gan
day, nén c6 nhiéu cong trinh [2 - 5] nghién ctru
ché tao xtic tac nano cho qua trinh dehidro héa
etylbenzen va oxi dehidro hoa etylbenzen thanh
styren. Trong bai bdo nay, chung t6i nghién ctru
tong hop mot s nanospinel AB,O4 (A = Cu?,
Zn**, B = AI**, Cr*) va hoat tinh xuc tac cua
ching trong phan UuUng oxi dehydro hoa
etylbenzen thanh styren. Bai bao dugc chia thanh
hai phan. Phan 1, chung t6i nghién ctru tong hop
hai nanospinels ZnAl,04 va ZnCr,0, dé tim cac
diéu kién tot nhat cho sy hinh thanh 2 nanospinel
nay nghia 13 cac yéu t6 anh huéng dén kich
thudc hat nanospinel va ban chat cua cac cation &
dang bét dién B¥ (AI** va Cr*) anh huéng dén
d6 hoat dong cua cac xuc tac thu dugc. Hién nay



c¢6 rat nhiéu phuong phap tong hop nanospinel
trong d6 c6 phuong phap thuy nhiét duoc su
dung kha pho bién. Trong bai bao nay chung toi
tong hop céac spinel theo phuong phap thuy nhiét
[6] co cai tién dé dat dugc cac hat nanospinel
mong mudn.

Il - THUC NGHIEM

1. Tong hgp nanospinel ZnAly(Crz)O,

Céc bot nanospinel ZnAl; (Cr2)Os duge tong
hop theo phuong phéap thiy nhiét cai tién theo so

d6 dudi day xuat phat tir [6].

Theo phuong phap nay mot dung dich nudc
Zn(NO3), c6 nong do xac dinh dugc tron véi
dung dich A1(NOs)s hodac Cr(NOsz)s theo ti 1¢ mol
Zn*/AIF*(Cr¥*) = 1/2. Dung dich hon hop hai ion
kim loai trén duge thém mét thé tich xac dinh
dung dich NH,OH 5% dén pH xac dinh tao nén
gel. Gel dugc dua vao autoclave dé gia hod & cac
nhiét do va thoi gian khac nhau. Sau d6 1iy chat
ran ra khoi autolave, loc, rira va séy kho & nhiét
dd xac dinh. Nung san phém rin & cac nhiét do
khac nhau, thu dugc bt nanospinel.

Dung dich tién chat A%*
(A=Zn?"), dang Zn(NOs)2.

Dung dich tién chat
B¥*(B=AI**,Cr®), dang
AI(NO3)s va Cr(NO3)s

Dung dich
amoniac NH4OH,5%

A 4

A 4

Khudy tron dung dich hdn hop céc cation

A?*[B** (mol/mol)= Y2 & t°%hong

A 4

Gel hoa dd ¢ pH khac nhau, [
thoi gian khac nhau

A 4

Gia hoé gel trong autoclave &
nhiét 6 va thoi gian khac

A 4

Loc, rira,say kho ¢ nhiét do
va thoi gian khac nhau.

A 4

Nung & cac nhiét d6 va thoi
gian khac nhau.

A 4
Bo6t nanospinel

Hinh 1: So d6 chung téng hop thuy nhiét cai tién nanospinel ZnAlx(Cr2)O4
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2. Cac phuwong phap dic trung xic tac

- Phuong phap nhiéu xa tia X clia bot san
phim XRD dugc ghi trén may SIEMENS-DS
Avanced, goc quét 20 tir 20° dén 70°, ding tia
CuK, (A = 1,5406 A), tai Khoa Héa hoc, Truong
PHKHTN-DHQG Ha Noi.

- Phuong phép phan tich nhiét vi sai chi ra
cac chuyén hoa duéi tac dung cua nhiét 1én miu
nghién ctu dugc ghi trén may Shimadzu DTA-
50H, tai Trung tdm Vat Liéu, Khoa Hoa hoc,
Truong PHKHTN-DHQG Ha Ngi.

- Phuong phap quang phd hong ngoai, IR
duogc xac dinh trén may FT-IR-8101 Shimadzu,
tai Khoa Hoa hoc, Truong PHKHTN-DHQG Ha
Noi.

- Phuong phap xac dinh dién tich bé mat
riéng duoc thuc hién trén may Autochem II, tai
Trung tdm Vat liéu Xdc tAc va Loc hoa dau, Vién
Cong ngh¢é Hoa hoc, PHBKHN

- Phuong phép chup danh SEM va EDXS
dugc thuc hién trén may JEOS JSM-5410NV, tai
Trung tdm vat ligu Khoa Vat li, Truong
PHKHTN - PHQG Ha Noi.

- Phuong phap chup anh TEM duogc thuc

hién trén méy JEM-1010, Tai vién v€ sinh dich té

trung wong, Ha Noi.

- Phuong phap TPD-NH3 dugc thuc hién trén
may autochem II, tai Trung tam vét li€u xuc tac
va loc hoa dau, Vién Cong nghé Hoa hoc, PHBK
Ha Néi.

3. Phuwong phap tién hanh phan {ng
oxidehydro hoé etylbenzen thanh styren
Phan tng oxi dehyro hoa etylbenzen thanh

styren duoc tién hanh trong hé théng éng dong
16p ¢b dinh chat xuc tic. Etylbenzen dugc dua
vao vung xuc tac theo mdt tdc d6 nhat dinh cung
voi oxi khong khi ¢ nhiét do phan ng mong
muén. San pham long thu duoc duoc phan tich
trén GCMS tai Trung tim Hoa dau, Khoa Hoa
hoc, Truong PHKHTN-DHQG Ha Nai.

I1l - KET QUA VA THAO LUAN

1. Két qua phan tich nhiét

Dau tién, dé x4c dinh dugc khoang nhiét do
hinh thanh cac bt nanospinel, chung t6i da thuc
hién phan tich nhiét vi sai ciia cac mau ran thu
dugc ¢ giai doan sau khi gia hoa trong autoclave
két qua duoc trinh bay & hinh 2a va 2b.

Hinh 2a: Cac duong cong TG-DTG va DSC cua

mau gel Zn(OH),.Cr(OH); duoc gia hoa trong
autoclave ¢ 150°C trong 20 gio

Trén hai duong cong DSC va TGA cua hinh
2a, ¢6 thé thdy mot pic thu nhiét ¢ 117°C va
tuong Ung véi lwong nudc bi giai hap phu la
10,83%. Khi nhiét d6 tang, cac nhém OH cua
Zn(OH); va Cr(OH); twong tac véi nhau tao nén
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Hinh 2b: Céc duong cong TG-DTG va DSC
cua mau gel Zn(OH),.Al(OH); duoc gia hoa
trong autoclave & 150°C va trong 30 gio

cac lién két Zn-O-Cr va giai phong cac phan tir
nudc tuong (mg véi giam trong lugng mau la
11,35%. Dén 497°C c6 pic phat nhiét twong ddi
manh Ia do sy hinh thanh tinh thé spinel ZnCr,O4
va kém theo sy mat nude ciu tric khoang 3,46%.



Céc duong TG, DTG, DSC rat phit hop nhau cho
thiy can xir 1i gel rén, sau khi gia hoa trong
autoclve ¢ nhiét do it nhat 1a trén 420°C dé thu
dugc bot tinh thé spinel. Twong tyr v6i mau gel
Zn(OH)2.Al(OH)s cua hinh 2b, pic thu nhiét
trong mg v6i sy mat nudc hap phu ~12%, &
~143°C, pic thu nhiét thir hai do mat nuéc ciu
tric va hinh thanh cac lién két Zn-O-Cr & khoang
284°C. Pic téa nhiét cubi cing & gin 312°C
twong ung véi sy hinh thanh spinel ZnAlyO..

500
. 400
: M 300
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Hinh 3a: Pho nhidu xa tia X cta cac mau ran thu
duogc sau khi xtr li & nhiét d¢ khac nhau trong Sh
doi voi mau Zn(OH)2.Cr04

Két qua cho thay sy hinh thanh mot tinh thé
spinel ZnCr,04 va ZnAl;Oa4. v6i goc phan xa dac
trung 20 ¢ 31° 35,5° va 63° trén pic rong phu
thugc vao nhi¢t d6 nung. Nhiét d6 nung thich
hop cho qua trinh diéu ché bot hai nanospinel 13
5h & 500°C vi nhiét ¢ nung cao hon dé dan dén
cac hat nano co cum tao hat 16n. Cac goc phan xa
dac trung 20 ¢ trén phu hop vdi cac tai liu da
dugc cong bé. Kich thude tinh thé dugce tinh theo

Hinh 4a. Anh TEM cua mau ZnCr,0s4
dugc xur li nhiét & 500°C, trong 5 gio

Nhu vay dé thu duoc spinel ZnAl,O4 can phai xir
1y nhiét sau khi gia hoa trong autoclave & nhiét
do > 312°C.

2. Cic két qiia nhiéu xa tia X, XRD

Pé khang dinh diéu nhan xét ¢ trén, ching
toi da xa 1i nhiét cac gel sau khi gia hoéa trong
autoclave & cac nhiét do khac nhau tu 200-
600°C, cac mau ran thu dugc duoc ghi phd XRD.
Két qua dugc trinh bay o hinh 3a va 3b.

Hinh 3b: Pho nhiéu xa tia X clia cac mau ran
thu duge sau khi xur 1i & nhiét d¢ khac nhau
trong 5h d6i vai mau Zn(OH)2.AloO4
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cong thie Debye-Scherrer cho pic ¢6 cuong do
phan xa cao nhat (6 20 ~ 35,5 la 11,34 nm va
~12 nm.

3. Két qua chup TEM
Dé khang dinh kich thudc tinh thé cia bot
nanospinel & trén, chung t6i da chyp anh TEM

ciia cac mau nay. Két qua dugc trinh by ¢
hinh 4.

Hinh 4b: Anh TEM cua mau ZnAl,O,
dugc xur li nhiét & 500°C, trong 5 gio
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So sanh voi kich thudc da cho trén anh TEM cuia
cac mau, kich thudc hat trung binh cua bot tinh
thé spinel 1 khoang 10 nm + 11 nm.

Céc két qua nay phu hop voi cach tinh kich
thudce hat dua trén gian dd nhidu xa tia X va céac
san pham chiing t6i thu dugc 1a cac nanospinel.
4. Két qua xac dinh bé mit riéng theo phwong

phap BET

Céc két qua xac dinh bé mit riéng theo
phuong phap BET cua hai miu nanospinel duoc
trinh bay & bang 1. Cac gia tri thu dugc vé dién
tich bé mat riéng cua hai xtic tic mot 14n nira da
khéng dinh cac vat liéu thu duoc la cac hat
nanospinel vi dién tich bé mat ctia chung nhu vy
rat cao so voi cac nanospinel khoi, thong thudng
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Hinh 5a: Pho EDX ciia nanospinel ZnCr,O4

Két qua cho thiy voi miu ZnCr0s ty 16
Zn/Cr = 34,87/65,13 nghia 1a cong thirc thuc
nghiém cua spinel nay la Zn;1Cr1904. Ty 1€ nay
phu hop vai cong thirc 1y tudng cua spinel kém-
crom 1a ZnCr,0,. Con véi mau nano ZnAl,O4 ty
1€ Zn/A1=34,07/65,43 ty 1¢ mol Zn/Al nay ciling
rat gan véi ty 18 1 13 ty 18 1y tudng voi spinel
ZnAI204.

6. Két qua pho hong ngoai IR

Hai mau nanospinel ZnCr,O4 va ZnAl,O4 da
duogc ghi phd hong ngoai. Két qua dugc trinh bay
& hinh 6. Tir phd hdng ngoai cho thiy nanospinel
ZnCry04 cho pic dao dong hoa tri dic trung cho
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cac vat lidu khdi spinel c6 dién tich bé mit riéng
nho < 15 (m?/g).

Bdng 1: B€ mat ri€éng cta hai nanospinel

ZnCr,04 va ZnAl;O4,
STT | Ténxic | Dién tich bé mat riéng,
tac m?/g
1 ZnCr,04 111,15
2 ZnAl,O4 75,04

5. Két qua phén tich nguyén t6 nhd phwong
phép EDXS
Chung t61 déa thyc hién phén tich thanh phan
nguyén to hoa hoc cta hai mau nanospinel ¢ trén,
ket qua dugc trinh bay ¢ hinh 5a va 5b.
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Hinh 5b: Phé EDX ctia nanospinel ZnAl,O,

lién két Cr-O trong mang bat dién 1a 623 cm™.
Nanospinel ZnAl;Os €6 vzno ¢ mang tir dién 1a
556cm™ va varo & mang bat dién 12 682cm™.

Nhur vay khi thay thé mot nguyén tir nhe hon
vao mang bat dién néng luong dao dong tang 1€n

do tan s6 song V= |— (6 day k va c 1a hang

s, p 1a khéi lu'(_)’ng rut an cua cac nguyén tu
trong lién két KL-O).

Trong ca hai phd cho thiy chung giit nudc
kha manh. Thit vdy dao dong hoa tri cia nhom
OH cua nudc xuit hién & 3550 cm™ va & 1460
cm'! d6i voi ca hai mau.



Hinh 62 Pho IR ctia nanospinel ZnCr,04

7. Két qua TPD-NH;3

Su hinh thanh spinel cé thé duogc coi 1a do
phan tmg két hop giita hai oxit bazo va axit.
Nghia 1 véi ZnCr,04 ta ¢6 phan ung ZnO +
Cr:03 = ZnCr,04 va ZnAl;O4 ta c6 phan ung

ZnO + Al,03 = ZnAl,O4. Vi thé tinh chét axit,
bazo cua cac spinel cling lién quan kha chat ché
dén d6 hoat dong xuc tac cua chung. Vi thé,
chung t6i di xac dinh dic trung axit cta hai mau
XUc tac ndy v6i theo phuong phap TPD-NHs. Két
qua dugc trinh bay ¢ hinh 7 va bang 2.
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Hinh 7a: Pho TPD-NH3 cia nanospinel ZnCr,O4

Nhiét do

Bang 2: Cac dac trung axit ciia cac nanospinel

 Nhigtds
Hinh 7b: Phé TPD-NHj3 ctia nanospinel ZnAl,O4

o Dic trung axit nhiét do giai hip (s6 ml NHs gidi hap)
STT | Xdc tac .
Axit yeu <200°C Axit trung binh giita 200-400°C | Axit manh > 500°C
1 | ZnCr,04 | 175°C (3,71 ml) 231°C (1,96 ml) 525°C (4,46 ml)
2 | ZnALO,s | 205°C (4,67 ml) 369°C (0,60 ml) 515°C (2,23 ml)

Ca hai x1c tac nay déu co6 tam axit rat manh,
nhung nanospinel ZnCr,O4 c6 tam axit manh

nhiéu gap ddi so v6i ZnAl,Os.

8. Két qua danh gia d9 hoat dong xiic tic
oxidehidro hoa etylbenzen thanh styren

MG&i 1an thi nghiém chung t6i dung 0,5g bot

XUc tac, tron voi cac hat thach anh tro tao nén lop

xuc tac ¢d dinh trong 6ng phan Ung thach anh
duong kinh 1cm. Trudc khi tién hanh phan Gng,
xtc tac duoc hoat hoa & 450°C trong 2h trong
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dong khi nito kho. Sau d6, dua nhiét d6 vung xuc
tac vé nhiét d6 phan Gng mong mubn va
etylbenzen cing véi oxi khong khi dong thoi
dugc dua vao vung xuc tac theo mot ty 1€ xac
dinh. San pham long dugc phén tich trén may
GC-MS. Két qua thu duoc duoc trinh bay &
bang 3.

Két qua vé d6 hoat dong xtic tac trong phan
ung oxidehidro hod etylbenzen cia cac
nanospinel trong bang 3 cho thay vai trd cta
cation B®* trong cac hdc bat dién dong mot vai
tro rat quan trong.

That vay, phan ung dugc hidro hoa
etylbenzen thanh styren:

CsHs-CH:-CHs x CeH:-CH=CHz + Hz (yy.
xUc tac)

La mdt phan Gng oxi hoa khir ma trong do
hidro va cacbon c6 sy thay ddi chi s oxi hoa. Vi
thé, khi trong thanh phan xtic tic nhu ZnCr,04
trong cac hdc bat dién co ion Cr¥* c6 kha ning
thay d6i trang thai hoa tri hay co thé tham gia
vao qua trinh truyén electron tir chat khir 1a nhom
etyl (CoHs-) trong phan tir etylbenzen t6i cht
nhén electron 1a oxi thi d§ hoat dong xc tac cla
chung s€ thuén lgi hon so vdi nanospinel
ZnAl,0.khéng co tinh chat trén. Trong thuc té
nanospinel ZnAl,O4 van cho do hoat dong xiic
tdc ¢ nhiét do cao hon (xem bang 3). Ching t6i

thay ZnCr;04 cho d6 hoat dong xuc tac t6t nhat:
d6 chuyén hoa etylbenzen dat 36,3% véi d6 chon
loc styren 78,19% & 350°C. Chung t6i 1iy nhiét
do nay dé danh gia do hoat dong xuc tac cia
ZnAl,0y , két qua cho thay do hoat dong xuc tac
ctia ZnAl,O4 cho két qua tt nhat cua 450°C véi
d6 chuyén hoa etylbenzen 1a 31,34% va do chon
loc styren 67,45%. Két qua nay chi ra ring
nanospinel ZnCr,O4 hoat dong hon nanospinel
ZnAl;04. Nanospinel ZnAl,O4 khong chira cac
nguyén té kim loai ¢ kha nang thay d6i hoa tri
nhung van c6 tic dung tot trong phan tng oxi
hoa khtr, phan ung lién quan dén su truyén
electron 13 vi theo quan diém axit bazo,
nanospinel ZnAl,04 duoc tao thanh 1a su két hop
cua oxit bazo ZnO va oxit axit Al,O3 va chlng
ton tai dudi dang dung dich rin trong d6 ZnO la
oxit ban dan loai n c6 kha ning dan dién & nhiét
d6 cao. Trong phadn tUng oxi dehidro hoa
etylbenzen trén xdc tac ZnAl,O, c6 thé thay ring
cac nguyén tir hidro trong lién két C-H ctia nhom
C>Hs- bi tach proton bdi cac oxit axit trén AloO3
(xem bang 2) tao nén cic nhém OH bé mit va
truyén electron cho ZnO dé oxi dén tir pha khi
nhan electron di vao mang spinel bi tiéu tén do
cac nhom OH bé mit vira dugc hinh thanh tach
nudce (loai bo hidro kém theo oxi cua mang). Pay
ciing 1a diéu xuat phat khi chung t6i dit ra trong
phan nghién ciru nay.

Bang 3: Anh hu(‘”mg cua r}hiét dd dén do hoat dong x1c tac clia cac nanospinel
ZnCr,04, ZnAl,O;4 & diéu kién toc do dong etylbenzen: 1ml.h?, luu lvgng khong khi 1,21.h?

Nhiét | Dochuyén | Do chon | Hiéu suat
ST Xic tac d0 phan hoa loc phan Céc san pham phu khac
T ung, °C | etylbenzen, | Styren,% | ung, %
%
250 20,05 30,22 6,05 Axetonphenon,axit benzoic
300 2859 35.17 10,05 Methylbenzen, metanol, axit
benzoic
1 Benzen, toluen, 3-metyl
ZnCr.04 | 350 36,30 78,19 28,38 | heptan,4-etyl hexen-2; 1,3-
dimetylbenzen.
Benzen, toluen, oct-4-en,
400 29,22 14,78 4,31 bixiclo (4.2.0), octa 1,35
trien; 1,3-hexandien-5-in.
2 | ZnAl;O4 350 8,5 59,50 4,40 Axetophenon, benzandehit,
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etenyl oxi benzen.
400 115 7314 8,44 Axetophe_non, benzandehit,
etenyl oxi benzen, toluen.
450 31,34 67,45 21,14 Benzen, toluen.
500 16,24 80,03 13,00 Benzen, etenyloxibenzen.

Mot nhan xét thu vi vé cac san phim phy  khin cho quéa trinh tach lay styren. Trong phan
dugce tao thanh trong phan (mg oxi dehidro hoda  sau chung t61 d€ cép dén kha nang loai bo cac
etylbenzen thanh styren la kha phirc tap, gdy khd  san pham phu nay.

477



KET LUAN

1. Cac vat liéu xuc tac nanospinel ZnCr20s ,
ZnAl,0; di dugc tong hop thanh cong theo
phuong phap thuy nhiét co cai tién. Cac vat liéu
nano nay da dugc khé“lng dinh vé kich thuée hat
trén co s cia biéu thirc Debye-Scherrer dira vao
pic dic trung nhét (35,5°) trén gian do nhidu xa
tia X va chup anh TEM. Bén canh d6 két qua do
dién tich bé mat riéng theo BET ciing khiang dinh
vat liéu nano nay.

2. Cac tinh chét cdu tric cta cac nanospinel
ZnCr,04, ZnAlyO4 cling dugce xac dinh theo cac
phuong phap vat 1i tin cay nhu: IR, TPD-NHs,
EDXS.

3. Sy c6 mit ciia cation c6 kha ning thay doi
chi s6 oxi hoa khir, Cr**trong cac héc bét dién cua
chu triic spinel cho do hoat dong xuc tac cao hon
trong phan ung oxi dehidro hoa etylbenzen thanh
styren.

4. Nanospinel ZnCr,04 ¢6 d6 hoat dong xtic
tac trong phan ung oxi dehidro hoa etylbenzen
thanh styren & nhiét d thip 350°C. Diéu nay rat
thudn loi cho viéc ing dung thuc té cua vat lidu
nay.
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