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NGHIEN CcUU TONG HOP
VA PAC TRUNG XUC TAC NANOSPINEL ZnAl,0,
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ABSTRACT

Nanospinel ZnAlL,O, has been prepared by hydrothermal method and treated thermally at
different temperatures under atmospheric pressure. The obtained solids have been characterized
by physical methods: DTA, DTG, XRD, TEM and BET. Their physical characteristics showed that
the materials synthesized under thermally treating at 600°C were found to be actually the
nanospinel ZnAl,O,. Its catalytic activity was measured in oxidehydrogenation of ethylbenzene

into stirene in a temperature range 400 to 500°C.

- MO PAU

Trong nhiing ndm gan day, c6 rit nhiéu ky
thuat tong hop vat liéu nanospinel bac ba
AB204, trong d6 A la cation hod tri 2 va B la
cation kim loai hod tri 3, nhu k¥ thuat phan huy
phun céac oxit kim loai vao plasma [1], k§ thuat
sol-gel [2], k¥ thuat d6t chay, k¥ thuat dot chay
nitrat kim loai vé6i uré [3], k§ thuat déng két tha
[4], k¥ thuat 1am kho lanh céc dung dich sunfat
[5], k¥ thuat thuy phan khong ché phan huy cic
ankoxit kim loai va ky thuat thuy nhiét [2].

Trong bai bdo nay s€ trinh bay phuong phap
tong hgp nanospinel ZnAl,O, theo phuong phép
thuy nhiét di tr cdc nguyén lieu dau
Zn(NO;),.6H,0, Al(NO;);.9H,0 trong moi
truong kiém NH,OH, & dp sudt tu sinh trong
autoclave, & nhiét do 150 - 200°C trong 24 gio,
sau d6 xir 1y nhiét chét ran thu dugc & cdc nhiét
do khac nhau: 500°C, 600°C va 700°C trong 5 gio
va theo doi su hinh thanh nanospinel ZnAl,O,
bang phuong phdp XRD va chup anh TEM.

II - THUC NGHIEM, KET QUA
VA THAO LUAN
1. Tong hop thuy nhiét nanospinel ZnAl,O,

Cidc nguyén lieu dau Zn(NO,),.6H,0,
AI(NO;);.9H,0 c6 do tinh khiét phan tich (PA),
dugc pha thanh cdc dung dich Zn(NO;), 0,1 M
va AI(NO;); 0,2 M trong nudc cit. Lay lugng
dung dich Zn(NOs), 0,1 M va AI(NO;); 02 M
sao cho ty 1¢ mol Zn**/AI** bang 1/2 va tron ky
hai dung dich v6i nhau. Sau do6, trong khi khudy
déu dung dich chita hai cation Zn** va Al** thém
tir tr vao d6 dung dich NH,OH 5% dén pH = 7.
Két tua gel thu dugce giit & 80°C trong 1 gio, sau
dé chuyén vao autoclave bing teflon va gia hod
& nhiét do tir 150 - 200°C trong 24 gid. Sau khi
két thic giai doan gia hod, dem loc 1dy san
phdm trén phéu loc. Rira hai 14n bing nudc cat.
Sdy kho chét ran thu dugc & 70°C trong 24 gid.
Lay mot phan chat ran ndy 1am phan tich nhiét
vi sai, phan con lai dem nung trong 10 nung &
céc nhiét do tir 500 dén 700°C, trong 5 gio. Cac
méau duoc kiém tra do tinh thé bang phuong
phap nhiéu xa tia X.

2. Két qua phan tich nhiét vi sai DTA va

TGA

O pH = 7, cdc ion Zn™ va AI** déu bi két
tha. D€ trdnh hién tugng hoa tan ctia nhom dang
aluminat ching toi ding tdc nhan déng két tua
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NH,OH va lic d6 thu dugc gel 1a hon hgp hai

hidroxit Zn(OH), va Al (OH); tron déu nhau.

Zn** + 200 ——>» Zn(OH),

A’Y + 30H —» AI(OH);

Khi gia hod gel Zn(OH),.Al(OH); trong
autoclave & nhiét do 150 — 200°C trong 24 gio,
da xdy ra hién tugng tuong tic giira hai hidroxit
Zn(OH), bazo va Al(OH), axit tao nén mot s6
lién két Zn-O-Al, chua tao nén pha spinel (xem
hinh 2). Pé x4c dinh nhiét do nung can thiét tao

—— Zn(OH),.AI(OH);
(dang gel)

nén pha spinel, ching t6i da ghi phé phan tich
nhiét DTA va TGA cua gel sau khi da duge gia
hod trén may DSC 131 Setaram, tai Trung tam
Nghién ctu vat liéu, Khoa Hod hoc, Truong
DHKHTN - DHQG Ha Noi. Két qua dugc trinh
bay trén hinh 1.

SETARANM Figure: Experiment: ZnAl204 14-1
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Hinh I: Phan tich nhiét DTA, TG va D, TG ctia mau gel Zn(OH), va Al(OH),

Cac két qua trén hinh 1 cho thay, dau tién
gel bi mit nuée lién két & nhiét do 142,95°C.
Pay Ia hién tuong mat nudc thong thudng cia
cic gel vo co dudi dang cic oxit ngdm nudc.
Ham luong nuéc bi mét di tuong dng 1a gan
12%. Khi nhiét do tang, su tuong tic axit-bazo
clia cdc hidroxit kém va nhom tang 1én dan dén
su loai nudc cdu tric 35% & nhiét do 284,63°C,
dong thoi dan dén tao nén pha méi kém theo
hiéu tng toa nhiét & 312,60°C. C4c dudng DTA,
TG va D, TG rét phu hop nhau cho thdy cic hiéu
ung rat rdo rang dudi tic dung cua nhiét lén gel
rin va cho phép rit ra két luan phai xir 1y gel rin
& nhiét do > 313°C méi ¢6 thé thu dugc pha tinh
thé hén hop hai oxit ZnO va Al,O;.
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3. Két qua phan tich nhiéu xa tia X, TEM va
BET

Pé tim dugc diéu kién xir Iy nhiét cho cdc
hat nanospinel ZnAl,O,, chiing toi da nung gel
trong 10 nung khong khi & cac nhiét do 200°C,
300°C,400°C, 500°C, 600°C va 700°C, trong thoi
gian 5 gio. Cic méu ran thu dugc dugc ghi phd
nhiéu xa tia X trén mdy D8-5005 Advance
Bruker tai Trung tam vat liéu, Khoa Ho4 hoc,
Truong PHKHTN, DPHQG Ha Noi v6i géc quét
tir 0 dén 35°, budc séng tia X CuK, = 1,5406 A.
Két qua dugc trinh bay trén hinh 2 va 3.

Két qua trén hinh 2 va 3 cho thay, céac
nanospinel dugc hinh thanh phu thudc rét nhiéu
vao xr 1y nhiét. Trong khoang nhiét do nung



tang tir 200°C dén 700°C, nhiét do thich hop
nhat cho sy hinh thanh nanospinel 1a 600°C. 0
700°C cdc hat nanospinel ZnAl,O, két tu tao
thanh hat 16n hon vugt qué ¢& hat 100 nm.

: M 600°C g
Al 500°C 9,
MM‘MM 400°C ’
WWMW%M 300°C
WMMWM 200°C

Hinh 2: Phé nhiéu xa tia X clia c4c miu ran
ZnAl,Q,, dugc xtt 1y & cac nhiét do khac
nhau, thoi gian x 1y 5 gio

(a)
Hinh 4: (a) Anh TEM ctia miu ZnAl,0, dugc x{t 1y nhiét & 600°C, trong 5 gid
(b) Anh TEM ctia miu ZnALO, sau phan ting oxidehidro héa etylbenzen thanh stiren va hoat
héa & 550°C trong dong khong khi 1,0 1/h, trong 3 gio

Dé khang dinh thém nhan xét nay, ching toi
dad chup anh TEM mau ZnALO, dugc xu 1y ¢
600°C trén may JEM 1010 JEOL tai Vién Vé
sinh dich t€ Ha Noi. Két qua duoc trinh bay &
hinh 4 (a).

Man Spinel DM M 1322

Hinh 3: Phd nhiéu xa tia X clia mau duogc xir 1y &

600°C
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Két qua chup TEM mau ZnAlLO, dugc xtt 1y
nhiét & 600°C cho thdy kich thudc hat trung binh
ZnAl,O, 4 - 5 nm. K&t qua nay rat phi hop véi
céc két qua trén gian d6 nhiéu xa tia X (hinh 3).
That vay, céc pic dac trung dm =2.857 A, ds;,
= 2433 A, du = 1,428 A cho céu tric lap
phuong cua spinel ZnAl,O, c¢6 chan pic rong,
nghia 12 cau triic tinh thé ctia hat spinel rat nho
chua hoan chinh. D6 1a cdc hat nanospinel
ZnAlLQ,.

Chiing t6i da xéc dinh dién tich bé mat riéng
ctia chat ran thu dugc, ZnAl,O, duoc xir 1y nhiét
& 600°C, tai phong thi nghiém Vat liéu xtc tac-
Héa dau, Truong Pai hoc Bich khoa Ha Noi,
trén mady Micromerictics ASAP 2010. Két qua
cho thay vat liéu rén c6 dién tich bé mit riéng 1a
75,035m*/g nghia la vat liéu spinel c6 hat rat
nho nén bé mat riéng phét trién. Thong thudng
céc vat liéu xdc tdc khoi nhu spinel dién tich bé
mat riéng rat kém phat trién, ching chi dat
(10m*/g[5]). Nhu vay, céc két qua phan tich
XRD, TEM, BET déu khang dinh vat liéu xic

tic cla chuing t6i thu dugc la nanospinel
ZnAl,0,.

4. Hoat tinh xtic tac cia nanospinel ZnAl,O,
trong phan tng oxidehidro hoa etylbenzen
thanh stiren

BudGc dau, chdng toi dd ddnh gid do hoat
dong xic tac ctia vat lieu nanospinel ZnAl,O,
thu duoc trong phan Ung oxidehidro hoa
etylbenzen thanh stiren & pha khi, trong thiét bi
ong dong.

C,H; CH=CH,

Zl’lAle 4, to

1/2 0, + H20

Sén phdm phan dng & trang thdi 16ng dugc
phan tich trén mdy sic khi GC-MS tai Trung
tam Hod dau, Khoa Hod hoc, Truong
DHKHTN- DHQG Ha Noi. Cac két qua thu
duoc trinh bay trong bang 1.

Bdng 1: Anh huéng ctia nhiét do dén do hoat dong xtc téc cia nanospinel ZnAl,O, trong phan ting
oxidehidro ho4 etylbenzen thanh stiren

(t6c do thé tich dua etylbenzen vao viing xdc tdc 0,5h™,

toc do khong khi 1a 1,00 1/h)

Nhiét do phan| Do chuyén hod | Do chon loc stiren trong P 2 1o p
T tng, °C etylbenzen (%mol)| san pham 16ng (% mol) Céc sin pham 16ng phy khéc
1 400 11,148 38.73 IAxetophenon, benzandehit,
etenyloxybenzen, toluen, benzen
2 450 31,340 67,45 Bezen, toluen
3 500 16,241 80,03 Benzen, etenyloxybenzen

Nhu vay c6 thé thdy ring vat liéu nay thé
hién tinh chat xdc tic t6t cho phan ung
oxidehydro hoa etylbenzen thanh stiren.

IV - KET LUAN

+ Pa nghién ctiu anh hudng cta x{r 1y nhiét
l1én gel thu duogc tir qué trinh thuy nhiét dén su
tao thanh vat liéu nanospinel ZnAl,O,.

+ Céc két qua phan tich XRD, TEM, BET da
khang dinh gel Zn(OH),.Al(OH); dugc xir ly 5
gid & nhiét do 500 - 600°C trong khong khi da
tao nén vat liéu nanospinel ZnAl,O,, v6i kich
thuéce hat 4 -5 nm.

332

+ D0 hoat dong xic tdc cua vat liéu
nanospinel ZnAl,O, trong phan tng oxidehidro
hoé etylbenzen thanh stiren & diéu kién nghién
ctru cha chiing toi dat két qua tot. Tur day cho
thay can phai han ché€ kha nang két hop giita cac
hat nanospinel thanh cdc hat 16n hon dén muic
t6i thiéu dé dam bao duoc do hoat dong xuc tac
tot hon cta vat liéu xdc tic nano.
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