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Abstract. Nghién citu tong hop va cac diéu kién tong hop anh hudng dén sy hinh thanh
hat nano ZnCr204, ZnAl204 bang phuong phap thity nhiét. Tién hanh phan tich ciu
tric, cac tinh chat bé mat ciia cac vat liéu xtic tac bang phuong phap vat 1y va hoa ly
hién dai dang tin cdy: XRD, phan tich nhi¢t DTA-TGA, IR, SEM, TEM, BET, EDX,
TPD-NH3. Tir cac két qua XRD tinh kich thudc hat theo phuong trinh Scherrer, TEM,
BET da cho thiy cac nanospinel dat kich thuéc hat~10mm. Céc nanospinel c6 tinh axit
cao. Tién hanh khao sat hoat tinh xuc tac cta cac nanospinel trong phan @ng oxidehydro
hoa etylbenzen thanh styrene & cac diéu kién nhiét do va cac diéu kién khac nhu thoi
gian tiép xuc, téc do dong oxi khong khi. Trén cac xtc taic ZnAl2-xCrxO4 va Znl-
xCuxAl—204 cho thay chung c6 do chon loc rat cao 100% tinh trén san pham long
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A. GIOI THIEU LUAN AN

1. Tinh cép thiét ctia luin 4n

Nhu cau styren (ST) trén thé gi6i rat 1on, vi ST 1a monome dic biét chira nhém phenyl
trong phan tu, san lugng ST trén thé gidi hién nay dat 25 tri€u tan/nam, trong d6 Chau A
chiém khoang 9% (tirc 1a gan 2,5 triéu tin/nam). Viéc san xuat ST doi hoi phai c6 xuc tac va
tach ST ra khoi san pham phu 13 khé khan. Nha may loc ddu Dung Quat & Quang Ngii chua
c6 phan xudng san xuat ST. Vi thé viéc nghién ctru ché tao duoc xuc tac c6 do hoat dong
cao va dic biét co do chon loc cao 1a rat can thiét dé nang cao hiéu qua kinh té san xuat ST.
Mat khac, cac loai xuc tac cong nghiép ma co ban la o Fe;0s, chat ting toc K,0 va mot sb
oxit kim 1oal chuyén tiép 1am bén cau triic pha hoat dong xtc tac lam viéc ¢ nhiét d cao
600 - 700°C trong su c6 mit cua hoi nudc hay CO, khong that kinh té.

Hién ndy, su phat trién rdt manh mé cia xtc tac nano do chung c6 do hoat dong va do
chon loc cao nén ludn an c6 muc dich ché tao hé x@ic tdc nano spinen AB,O, (A=Zn, Cu;
B=Cr, Al) nham tim ra hé xtc tac méi c6 d6 hoat dong va do chon loc cao cho qué trinh
chuyén ho4 etylbenzen (EB) thanh ST.
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2. Muc tiéu cia ludn an
Téng hop dugc cac nanospinen ¢ thanh phan khac nhau theo cac quy luat nhét dinh
¢ cong thirc tong quéat 1a ZnCr,Al,, 04, ZN1CuAlLO, (x=0, 0.25, 0.5, 0.75, 1) dua trén
phuong phap thuy nhiét duogc cai tién, c6 do hoat dong xuc tac va d¢ chon loc cao cho phan
ung oxidehydro hoa EB thanh ST.

Nghién ctru sy hinh thanh nanospinen cta cac day xuc tac ZnCr,Al,,O4, Zn; 4 Cu,Al,O,4
tim ra cdc quy ludt tinh chat dic trung ciing nhu hoat tinh cia chung trong phan ung
oxidehydro hod EB thanh ST.

Trén co s& két qua nghién ctru lya chon tim ra mot loai xuc tac c¢6 hoat tinh va do
chon lgc thich hgp cho phéan ing oxidehidro hoa EB thanh ST.

3. Nhirng dong gép méi ciia ludn an

< D3 nghién ciru téng hop mot cach hé théng mot sé nanospinen AB,O, (A = Cu*",
Zn*, B = Cr**, AI**) va céc diéu kién anh huéng dén kich thude hat nanospienl trong qué
trinh téng hop. Pay c6 thé 1a cong trinh nghién ciru dau tién vé nanospinen & nudc ta.

¢ Cac dir kién danh gia do hoat dong cua cac xtc tac nanospinen va dac biét cla xuc tac
ZnCr,0, cho thiy n6 hoat déng & nhiét do thap hon (300-350°C) so véi cac xuc tac truyén
thdng hoat dong & nhiét dd cao (600-700°C) trong phan tng oxidehydro hoa EB thanh ST.

¢+ Cac xuc tac nanospinen day Zn, 4Cu,Al,04 c6 d6 chon loc ST rat cao ~100% trén san
pham long trong phan ng oxidehydro hoa EB. Piéu nay rat c6 y nghia vi cong nghé tach
ST khoi san pham 16ng rat phiic tap, no c6 thé s& don gian hoa vé cong nghé tach san pham
sau phan trng oxidehidro hoa EB.

4. Ciu tric ctia luin 4n
Luan an bao gdm cac phan sau: M dau, Tong quan, Thuc nghiém, Céac két qua va
thao luan, Két luan, Tai li¢u tham khao, Phy luc.

) B. NQI DUNG CHINH CUA LUAN AN

Chwong 1: TONG QUAN
1.1 Gi6i thigu vé ST
1.2 Tong quan xuc tac cho qua trinh san xuat ST tir EB
1.3 Co ché phan ung dehydro hoa EB
Chuwong 2: THUC NGHIEM
2.1 Tong hop nanospinen ZnCr,04

O day chung t01 su dung phuong phap thuy nhiét cai tién dé tong hop nanosplnen
ZnCr,0,.Hoa chét st dung: Zn(NOs),.6H,0, Cr(NO3);.9H,0, NH,OH.25% tinh khiét PA,
Trung Qubc.

Chung t6i tong hop spinen ZnCr,0, theo so do tong hop chung dudi day (hinh 2.1)
2.1.1 Khao sat anh hudng ctia nhi¢t do va thoi gian xur 1y sau khi thuy nhiét gel
2.1.2 Khao sét cac yéu to anh hudng dén kich thudc hat nanospinen ZnCr,0,
Anh huong cua nhi¢t d thuy nhiét (nhi€t do thuy nhiét trong autoclave) tir 130-210°C.
Anh huong ciia thoi gian thay nhiét (thoi gian thuy nhiét trong autoclave): 10h-40 h
Anh huong cia pH thuy nhlet tir 5 dén 9.
Anh huong cua nong do Zn®" tir 0.05M-0.25M.
2.2. Tong hop nanospinen ZnAl,O,
2.2.1 Khao sat anh hudng ctia nhi¢t do va thoi gian xur 1y sau khi thiy nhiét gel
2.2.2 Khao sat cac yéu té anh hudong dén kich thudc hat nanospinen ZnAl,O,
Tién hanh tuong tu nhu vdi nanospinen ZnCr,QOy,.
2.3 Bién ddi ion hoa tri 3 & hdc bat dién (Zn)“(Cr,Al,.)™0,
2.4 Bién d6i ion hoa tri ¢ héc tr dién (ZnyCuy) (Al,)*'0,
2.5 Khao sat hoat tinh xtic tic clia cac nanospinen trong phan ung oxidehydro hoa EB.
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Hinh 2.1 So do chung téng hop thity nhiét cdi tién nanospinen AB,O4 (A=Zn*",
Cu?*; B=cCr®, AP

2.5.2 Thiét bj phan trng

Chung 61 str dung thiét bj dng dong dé khao sat hoat tinh xtc tic cta cac nanospinen
trong phan tmg oxidehydro hoa EB. San pham khi duoc dé thoat ra khoi phong thi nghiém.
San pham 16ng duoc phan tich trén may GC - MS.

Trong luan &n nay chiing t6i da nghién ctru:

a) Anh hudng cua nhiét do phan tmg 1én do chuyén hoa EB thanh ST.

b) Anh hudng cia thoi gian tiép xuc giita chat tham gia phan (mg va xtic tac 1én do
chuyén hoa EB:

¢) Anh huong cua tbe d6 dong khong khi hay ty 18 oxi/EB.

d) Xac dinh d bén xtc tac theo thoi gian phan ting

e) Khdao sat kha nang tai sinh cta xuc tac

Chuong 3. CAC KET QUA VA THAO LUAN
3.1 Tong hop va dic trung cic xic tic nanospinen AB,O, theo phwong phap thuy
nhiét.
3.1.1.Tong hop nanospinen ZnCr,0,.
3.1.1.1. Tim khodng nhiét d) nung sau khi thiy nhiét.
Sau khi thuy nhiét va thuy nhiét trong autoclave chung t61 da thuc hi¢n phan tich nhiét gel
dé tim khoang nhiét d6 nung. Két qua trinh bay & Hinh 3.1.
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Hinh 3.1 Phd ph Gt tich nhict DSC va Hinh3.2. Phé nhiéu xa tia X ciia cdc mdu
TGA cia mau gel Zn(OH),. Cr(OH); ran ZnCr,0, duwroC Xit 1y trong 5h ¢ cdc nhiét
do khac nhau.

Két qua phan tich nhiét cho thdy mau gel can phai nung & nhiét do 16n hon 407.2°C.
3.1.1.2. Anh huéng ciia nhiét dd xir 1y sau khi thiiy nhiét gel (nhiét do nung).

Chung t61 dé nung gel kém crom hidroxit ¢ cac nhiét do tu 100°C dén 500°C rdi ghi
pho XRD.Két qua dugc trinh bay trén hinh 3.2. Két qua cho thiy ¢ nhiét do 500°C mau
ran thu dugc c6 dic trung rd rang 1a tinh thé nanospinen 2-3 nghia la mau nung & 500°C va
5h kiém tra két luan nay, chung t6i 1ap lai bang cach lay lai mau gel hidroxit kém va crom
o SOOOC 5h 1di gh1 phé XRD (hinh 3.3). Mau cho cic goc ‘phan xa 20= 31%(d0);
35.5%(d330) va 63°(daso) diic trung cho nanospinen. Két qua nay rat phu hop véi phuong
phép phan tich nhiét da trinh bay & hinh 3.1.

Chung toi dd tinh dugc kich thudc hat ctia nanospinen 1a D = 11.34 nm. Anh TEM
(hinh 3.5) cho thay hat spinen ~10nm. Nhu vay qua cac két qua XRD, TEM da khang dinh
vat liéu téng hop duoc la nanospinen ZnCr,0,4 ¢6 kich thudc hat khoang tir 10-11.3nm.

3.1.1.3. Anh hwéng ciia thoi gian nung dén kich thwéc hat nanospinen ZnCr,0,

Thoi gian thuy nhiét rat quan trong trong qua trinh thuy nhiét cac phan tmg ngung tu
giita nhan va cac phan tr tién chat xay ra. Chung toi thuc hién thiy nhiét véi thot gian 20h.
Sau d6 nung xtic tac & 500°C trong 5h chung t6i da ghi phé XRD cua cic mau va két qua
trinh bay ¢ hinh 3.4 tr cac phd XRD cua cac spinen thu duoc cho thdy d6 1a cac
nanospinen: Chung déu cho céc pic dic trung cho nanospinen trong khoang tir 20 - 70°C &
cac goc 20=31°, 35,5° va 63,2°C, trong d6 mau tng v6i thoi gian 5h cho két qua tét nht.
Céc thi nghiém sau nay chiing toi lam theo cac két qua nay:

- Nhiét d6 nung 500°C

- Thoi gian nung Sh.
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3.1.1.4.Két qua phan tich IR

Trén hinh 3.6 14 pho IR ciia mau nanospinen ZnCr,0, chiing toi thay xuat hién cac
dai hap thy & 519 va 623 cm™. Pic & 623 cm™ dic trung cho lién két kim loai Cr-O trong
héc bat dién cua mang tinh thé spinen con pic & 519 cm™ dic trung cho lién két Zn-O &
trong hdc tir dién.

Trén hinh 3.7 1 két qua phén tich phé EDX cta mau ZnCr,0y, ta thay cic nguyén to
Zn, Cr, Al, O d3 duoc phat hién véi ty 18 Zn/Cr= 34.87/65.13 (Zn,1Cr140,4) ty 1& nay gan
v6i ty 18 dy kién trong ZnCr,0,.
Mot dac trung quan trong cua cac hat nano la di¢n tich bé mat riéng 16n. Ching t61 da
xéc dinh dién tich bé mat riéng ctia ZnCr,0O, theo phuong phap BET.
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Hinh 3.7. Pho EDX cua nanospinen ZnCr,0,

ZnCr,0, .

Két qua dién tich bé mit riéng cua ZnCr,0,4 1a: 111.150 m*/g.

Két qua xac dinh d9 axit cua cac nanospinen bang phuong phap TPD-NHs.

Gian d6 TPD-NHj; cta ZnCr,0, trén Hinh 3.8 dugc déc trung boi 3 pic hap phu. Nhu
vy trén xdc tic nanospinen ZnCr,O, t6n tai ca ba loai tAim axit yéu, trung binh va axit
manh. Nhu vay, tat ca cac két qua da duoc trinh bay & trén da khang dinh hat ZnCr,0, dugc
chung t61 tong hop la hat nano spinen véi thanh phan hoa hoc nhu ¥ muén va mang tinh
axit, mot yéu to thuan loi cho tinh chat xuc tac cua vat liéu.

3.1.2 Céc yéu td anh hwéng téi kich thwée hat nanospinen
3.1.2.1 Anh huéng ciia nhiét do thuy nhiét

Nhiét d6 thay nhiét 1am ting toc
"] d6 hinh thanh nhan va téc d6 ngung tu
" - I6n 1én ciia hat. Ching t6i da thay doi
o . nhiét do thay nhiét trong autoclave tu

we130-210°C. Gel thu dugc sau d6 nung &
MMWM 500°C, 5h. Chup XRD két qua trinh bay
e & Hinh 3.9. Trén Hinh 3.9 1a pho phdi

hop XRD cua mau nanospinen ZnCr,0,.
10 Ta thay khi taing dan nhiét do thay nhiét
e e “ o 1én 130°C dén 210°C thi kich thudc hat
LT T giam dan tr 130°C dén 190°C dat dén
Hinh 3.9. Nhiéu xa do ciia cdc kich thuéc nho nhat 5.26nm.,
nanospinen Z.C(7)(5) duoc xu Iy o cac
nhiét do khac nhau.

Céc hat thu dugc duoc phan tich thanh phan héa hoc bang phuong phap EDX. Két qua
phan tich duoc trinh bay & bang 3.2. Mau duoc thay nhiét & 150°C cho thanh phén rat phu
hop véi két qua da duoc tinh tir cong thirc cua spinen. Chung t6i coi day 1a diéu kién phu
hop cho sy hinh thanh hat va tir d6 lay diéu kién nay dé nghién ciru tiép theo.



Bang 3.2 Anh hwong ciia nhiét do thuy nhiét toi kich thudc hat nanospinen ZnCr,Q,.

Thong s6 Nhiét do [Kich thudc tinh thé[Thong so t€ baof Ty1é | Ty 1é duoc
thuy nhiét, | tinh theo nhidu xa | tinh thé, A° Zn/Cr, xac dinh
) °C dd XRD, nm tinh toan | theo EDX
Tén mau
ZC(7)(20)(130) 130 10.98 2,=8.3267 0.5 0.52
ZC(7)(20)(150) 150 9.02 a,= 8.3267 0.5 0.53
ZC(7)(20)(170) 170 6.76 2,=8.3267 0.5 0.32
ZC(7)(20)(190) 190 5.26 2,=8.3267 0.5 0.31
ZC(7)(20)(210) 210 5.95 2,=8.3267 0.5 0.27

3.1.2.2 Anh huéng cia thoi gian xir 1y thuy nhiét

Dé nghién ctiru anh hudng cia cia thoi gian xir 1y thiy nhiét chung toi da lya chon: ty
1¢ ion kim loai Zn*/Cr** = 0,5 ; pH =7, nhiét d6 thuy nhiét 150°C, thoi gian thuy nhiét thay
d6i tir 10 h dén 40 h. Cac két qua thu duoc duoc ghi phé XRD (hinh 3.10). Tinh kich thudc
hat, hang s6 mang va phan tich EDX. Cac két qua duogc trinh bay & bang 3.3.

Bang 3.3 Anh huéng ciia thoi gian thuy nhiét t6i kich thwée trung binh cia
nanospinen ZnCr,0, & diéu kién:Zn**ICr®* = 0,5, pH =7, nhiét @ thuy nhiét 150°C trong

autoclave.
Thong s6 Thoi gian  [Kich thude Héng sO mang |Ty 1€ Zn/Cr|Ty 1€ thuc
hanémg | thuy nhiét | hat, nm a,, A° thi nghiém | do theo
Tén mau trong EDX
autoclave, h
ZC(7)(10)(150) 10 13.00 ag =8.3267 0.50 0.42
ZC(7)(20)(150) 20 11.34 a9=8.3267 0.5 0.50
ZC(7)(30)(150) 30 6.94 a9=8.3267 0.5 0.37
ZC(7)(40)(150) 40 8.02 a9=8.3267 0.5 0.26

S 400
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20h
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Hinh 3.10 Phd phdi hop XRD ciia cdc Hink 311 Phé phoi hop XRD ciia cde
nanospinen ZnCr,O, thu dwoc theo Nanospinen ZnCrA’204 theo pH thuy nhigét
thoi gian thuy nhiét khdc nhau. khac nhau tir 5 den 9.
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3.1.2.3 Anh huéng ciia pH thuy nhiét (pH thay doi tir 5 dén 9)

Trong qua trinh thuy nhiét, xay ra cic phan ing ngung tu giira cdc nhan va tién chat,
pH c6 thé dong vai tro 1am xuc tac cho qua trinh nay. Chung t6i tién hanh tong hop ZnCr,0,
& cac pH khac nhau. Sau d6 cac chét ran thu dugc duge ghi XRD. Tinh kich thude tinh thé
theo phuong trinh Sherrer, phan tich nguyén té theo phwong phap EDX. Céac két qua duoc
trinh bay & Bang 3.4.

Bang 3.4 Anh huéng ciia pH dén kich thuéc trung binh ciia hat nanospinen ZnCr,0,

(ty 16 mol Zn**ICr®* = 0,5 ; nhiét d thuy nhiét 150°C; thoi gian thuy nhiét 20 h; pH:5- 9).

Thong s6 pH Kich thudc | Ty 1€ Zn/Cr tinh | Ty 1€ Zn/Cr

han Gng hat, nm toan xac dinh

Tén mau theo EDX
5.0 24.9 0.50 0.55

ZC(5)(20)(150)

ZC(6)(20)(150) 6.0 22.91 0.50 0.53
ZC(7)(20)(150) 7.0 11.34 0.50 0.53
ZC(8)(20)(150) 8.0 16.12 0.50 0.53
ZC(9)(20)(150) 9.0 19.46 0.50 0.56

Nhu vay, khi pH > 7 hodc pH < 7 déu c6 tac dung 1am ting kich thuéc hat nghia 1a
1am tang téc do phan Gng phét trién hat. O pH = 7, cho kich thudc hat nanospinen ZnCr,0,
1a nho nhit d = 11,34A°. Véi ty 1& mol Zn*/Cr** ~ 0,5 phi hop véi ty 1é mol Zn*/Cr** ma
chung t6i da thu dugc theo phuong phap phan tich EDX.

3.1.2.4 Anh hwéng ciia ndng do ion Zn**

Trong qua trinh tong hop ZnCr,0,, nong do cation kim loai ¢6 anh huong dén leh
thudc hat d6 1a do yéu t6 bao hoa cic tién chat gdy ra. Chung toi da thay d6i ndng do Zn*
tir 0.05-0.25M dé nghién ciru anh huong ciia néng do. Cac mau duoc chup XRD dé tinh
kich thudc hat va SEM dé thay sy phan bd kich thudc hat. Cac két qua dugc trinh bay trén
hinh 3.12 va bang 3.5. Cho thiy ndng d6 mol Zn®** 0,1 M 1a thich hop.

Trén bang 3.5 cho thiy céac hat kha ddng déu va co kich thuée ~ 10 nm.

un (Ups
5B o 8 B B =

0.25M

0.2M

M-M o

0.1IM

Hinh 312 Anh SEM cia mau
nanospinen ZnCr,0, diéu chée ¢ pH Hmh 3. 13 Anh hLm’ng cua nhlet do nung
=7, nong d¢ Zn**=0.1M deén su hinh thanh nanospinen ZnCr,0,.



Bang 3.5 Anh hudng ciia nong dé ion Zn®* (M) dén c& hat nanospinen ZnCr,0,.

Thong so p}:f::g N;rnlgfo thlglcciat, Hang s6 rglang T}"l, 1€ Zp{Cr Ty 1¢ thuyc do
Tén miu - nm a,, A thi nghiém theo EDX
ZC(7)(20)(150)(0,05)]  0.05 8.18 ap =8.3267 0.50 0.40
ZC(7)(20)(150)(0,20) 0.10 11.34 2p=8.3267 0.5 0.53
ZC(7)(20)(150)(0,15) 0.15 9.02 2p=8.3267 0.5 0.32
ZC(7)(20)(150)(0,20) 0.20 5.40 2,=8.3267 0.5 0.34
ZC(7)(20)(150)(0,25)] 0.25 7.65 2,=8.3267 0.5 0.38

Tir cac két qua nghién ctru da trinh bay o trén, chung toi rit ra diéu kién t6i wu cho sy
hinh thanh hat nanospinen ZnCr,O, nhu sau: Nong d6 Zn(NO),: 0.1M, Cr(NOs); 0.2M, pH
=7, thoi gian thuy nhiét (thuy nhiét) mau gel trong autoclave 20-30h, nhiét do thuy nhiét:
150°C, sdy & 60°C trong 5h, nhiét d6 nung 500°C, thoi gian nung Sh.

3.1.3 Téng hop nanospinen ZnAl,O,

Chung t6i da nghién ctru diéu ché xtc tac nanospinen ZnAl,O, theo cach hoan toan
twong tu nhu dicu ché nanospinen ZnCr,0,4 (xem hinh 2.1).

3.1.3.1 Két qua TEM

Két qua TEM (hinh 3.16) cho thdy kich thudc hat trung binh ZnAl,0, 4-5nm. Két
qua so sanh nay rat phu hop véi cac két qua tinh dugc tir phwong trinh Scherrer nho gian do
nhiéu xa tia X (hinh 3.15b) va chup ph6 héng ngoai IR (hinh 3.17).

Cac két qua phan tich XRD, IR, TEM déu khéng dinh vat liéu xuc tac cua ching to1
thu dugc 1a nanospinen ZnAl,O, .

Man Spinel-7aAl4 M 1322

Ln (S ounte)
- -

Hinh3.15b. Phé nhiéu xq tia X ciia mdu ran Hinh 3.16. Anh TEM czia mdu ZnAl,O,
ZnAl,O, duroc Xt Iy nhiét ¢ 500°C, trong 5 gio.



3.1.4 Cac yéu td anh huéng dén kich thuée hat nanospinen ZnAl,O,

Céc nghién ctru cac yéu to anh hudng toi kich thude hat nanospinen ZnAl,O, ciing tuong tir
nhu cach nghién ctru céc y€u to anh hudng tdi kich thudc hat ZnCr,0,.

Chung t6i rat ra mot sé diéu kién cho téng

. hop nanospinen ZnAl,O,; Nbng do:
" Zn(NOs),: 0.1M, AI(OH)3: 0.2M, dung
“o dich NH,OH 5% nhé giot va khudy déu tir
i 1.5-2h, pH=6.5, thoi gian thay nhiét gel
o 30h, nhiét do thay nhiét 150°C, nhiét do

/b nung 600°C, thoi gian nung 5h.

Hink 3.17. Phé IR cia mdu nanospinen
ZnAl,Q, dwoc xur Iy 6 500°C, trong 5 gio.

<Fz
i
-

Tir cac thuwe nghiém khao sat cic yéu té6 danh hwéng dén qua trinh diéu ché
nanospinen ZnCr,04 va nanospinen ZnAl,O, chiing toi c6 nhan xét nhw sau:

1. pH, ndng d6 ban diu cua Zn”* c6 anh huéng nhiéu dén kich thude hat va hinh
dang hat nanospinen. pH tét nhat dé tong hop hai xuc tac noi trén 13 pH 7 ndng do
Zn?* thich hop nhit 1 0.1M.

2.Thoi gian thuy nhiét 20-30h, nhiét d6 nung tir 500-600°, thoi gian nung 5h cho ca
hai xuc tac.

3. Thoi gian, nhiét d thuy nhiét gel trong autoclave cling anh hudng nhiéu dén c&
hat ctia nanospinen ZnCr,O,4. Tuy nhién & treong hop nanospinen ZnAl,O, it anh
huéng hon ma chi 4nh huong dén do dong déu cia hat.

3.1.5 Bién dbi ion hoa tri 3 & héc bat dién (Zn)"(Cr,Al,.)**0, (x=0; 0.25; 0.5; 0.75; 1.0)
Céc két qua nghién ctru xtic tac (Zn)"(CreAly,)*0,.
3.1.5.1 Céc két qua phén tich nhiét va XRD

Ham lugng mol ion Cr¥* dugce thay thé tang dan tir 0; 0.25; 0.5; 0.75; 1.0. Diéu kién
téng hop: pH=7, [Zn*'] =0.1M, nhiét do thay nhiét 150°C, thoi gian thuy nhiét 30h. Nhiét
d6 nung sau khi thity nhiét trong autoclave: 500-600°C trong 5h.

Két qua XRD. Hinh 3.25 trinh bay cac két qua XRD cla cic mau xic tac
(Zn)"(CrAl,,)*0, v6i x = 0; 0.25; 0.5; 0.75; 1.0. Két qua cho thay tt ca cac mau déu cho
goc phan xa 20=31° 35.5° 63° diéu d6 ching to cac mau ran thu duoc déu 1a cac
nanospinen. Cac cong thirc cua cac nanospinen theo tinh toan va cong thirc nanospinen tim
duogc theo phwong phap phén tich nguyén t6 EDX. Tir két qua XRD rut ra cac dic trung cla
cac hat nano spinen ZnAl,,Cr,O, (bang 3.12).
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Hinh 325 Pho XRD phoi hop cia cic Hinh 3.26 Phé IR phdi hop ciia cdc
nanospiel ZnCr,Al,4O4 voi x=0; 0.25; 0.5;  mau nanospinen ZnCr,Al,,O,.
0.75; 1.0.

Bang 3.12 Cac dai lwong ddac trung cua cac nanospinen ZnCr,Al, O, .

TT | Nanospinen (cong | Hang so mang Céng thuc Kich thuéc
thirc tinh toan) | tinh thé a°, A° | nanospinen xac dinh hat, nm
theo phuong phap
EDX
1 ZnA|204 a9=8.0879 Zn1.25A|1.7504 5.99
2 chr0.25A|1.75O4 a0:8.088 Znolgcrol44A|1.3404 5.17
3 chr0.5A|1.5O4 a9=8.088 Znolggcr0_69A|1_34O4 6.41
4 chrol75A|1.25O4 a9=8.2800 Zn0.7gcr1.1A|1.104 5.65
5 ZnCrAlQ, 2,=8.2800 ZngoCry28Alg g3 7.90

3.1.5.2 Cac két qua phan tich IR

Hinh 3.26 trinh bay pho IR cua cac spinen ZnCr,Al,,O, véi x = 0; 0.25; 0.5; 0.75;

1.0. Chiing t6i thdy xuit hién cac ving hip thu dic trung cho cac spinen. Tir 533-559cm™
dic trung cho dao dong hoa tri Me-O (Me-Kim loai) trong cac hdc tir dién. Tir 649-681 cm™
dac trung cho dao dong hoa tri cua Me-O trong cac hdc bat dién. T 1614-1637cm™ 1a dao
dong hoa tri cta cic phan tir nude bi hap phu. Nhu vy qua cac két qua IR, mot 1an nira
khang dinh da tong hop thanh cong cong thirc nanospinen
3.1.5.3 Cac két qua do BET, TPD-NHj
a) Két qua do BET

Trén bang 3.13 trinh bay két qua do bé mit riéng BET cuia cic xuc tac nanospiel
ZnCr,Al,O,.

Bang 3.13 Dién tich bé mat riéng BET ciuia cac nanospinen ZnCr,Al,,O,.

STT X tic nanospinen S ger (M)
1 ZnAl,O, 75.035
2 ZnCrq25Al; 7504 115.469
3 ZnCrysAl; 504 80.469
4 ZnCrq75Al; 2504 104.297
5 ZnCrAlQ, 80.921

Céc két qua do dién tich bé mat riéng cho thay cac hat xtc tac thu dugc 1a cac hat
nanospinen.
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Mit khac, cac duong hap phu-khtr hap phy dang nhiét déu khong co vong tré, ching
t6 cac nanospinen chi 13 cau tric hat don thuan. ‘Chung t6i dé xac dinh tinh axit bé mit cua
cac nano spinen theo phuong phap TPD-NHs. Két qua trinh bay ¢ Bang 3.14.

Bang 3.14 Két qua xdc dinh bé mdt riéng theo phirong phdp BET va TPD-NHjs ciia
cac xuc tac nanospinen ZnCr,Al, ,O,4

TPD-NH,
Xuc téc Dién tich bé mat .. ... | Thétich NH3 duoc
STT | hanospinen riéng, m2/g ﬁg;trggxg(}é' giai hap phu, ml/g
’ xuc tac.
205.6 4.67
L ZhALO, 70.04 360.3 0.60
515.5 2.23
193.9 1.89
2
ZnCrg 25Al1 7504 115.47 279.5 0.07
503.9 1.15
206.6 1.76
3
ZnCrosAl; 50, 80.47 - 0
519.6 0.69
187.5 1.93
4
ZnCro75Al12504 104.30 250.1 0.01
530.0 0.87
191.6 1.29
5
ZnCrAlQ, 80.92 - 0
521.2 0.91

Xuc tac nanospinen ZnCrg Al 7504 va ZnCrg75Al1 250, ¢6 ca ba loai tdm axit
manh, axit trung binh va axit yéu. Trong khi xuc tac nanospinen ZnCrysAl, 50, va
ZnCrAlQy, chi c6 hai loai tam axit manh va yéu.

Bang 3.15 So lwong tam axit cua cac xuc tac nanospinen ZnCr,Al, O, tinh theo PTD-NH3.

(S6 tam (S6 tam axit , (Tong so
X tac - axit trung (SO tam axit tam
STT | nanospinen | yéu/g).10" | binh/g).10"° | manh/g).10" | axit/g).10"
1 ZnAl,O4 12.53 1.63 5.99 20.15
2 ZNnCrq5Al; 750, 5.18 0.18 3.17 8.38
3 ZNnCry5Al; 50,4 4.76 - 1.87 6.63
4 | ZnCry-sAl 50, | 5.18 0.02 235 755
5 ZnCrAlQ, 3.49 0 2.47 5.96
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Sd lugng céc tam axit manh thi nho hon, dac biét cac tdm axit trung binh rat nho
Bang 3.18
Do thi biéu dién lugng tam axit yéu, trung binh va manh phu thudc vao ty 1¢ crt
trong cac xuc tac dugc trén Hinh 3.27.

3.1.6 Bién ddi ion kim loai & héc ti dién (Zn...Cuy) "*(Al,)®?0O,
Ham lugng mol Cu® tang dan tix 0; 0.25; 0.5; 0.75; 1.0.
3.1.6.1 Céc két qua nhiéu xa tia X ciia cac xuc tic (Zn,Cu,) "*(Al,)?0,

Két qua XRD cua cic miu (an_XCuX)Td(Alz)BdO4 voi x = 0; 0.25; 0.5; 0.75; 1.0 duoc
trinh bay & hinh 3.28, cac két qua rat ra tir XRD dugc trinh bay ¢ bang 3.16.
Khi thay thé mot phan hay hoan toan ion Zn?* c6 ban kinh ion 0.74A° & vi tri tir
dién bang ion Cu?* (c6 ban kinh ion 0.72A°%). Chung t6i d thu dugc cac nanospinen vi
chung c6 céc phan xa dic trung 20 tuong tng & 20=31°, 35.5°, va 63° trong phd XRD. Cac
két qua phén tich nguyén t6 EDX khé phu hop véi cac két qua tinh toan. Két qua dugc trinh
bay & bang 3.10. P6i v6i CuAlLLO, kich thudce hat 13 18.15nm nhung bé mit riéng lai 16n
(112.37m%/g) diéu nay c6 thé do khi miu dugc do BET cac hat nano da két tu thanh cac hat
16n (Xem hinh 3.29).

. 7

[ ] 6 4

[ ] a 5 n
= Q

. =10 % 4l

= E 3 56 tém ait manh
¥=0.73 :ﬁ 5 — 5§ tim ait yéu

. =05 1]

' ““M-*—*-*A—A*m =025 0 . . : :

: ' ) ' . ' 0 025 05 075 1 125

Th-Bae X, mol

Hinh 3.28 Phé phéi hgp XRD cua
cac mau nanospinen Zn,.,Cu,Al,0, Vi cdc
x khac nhau.
Hinh 3.29a 1a két qua chup TEM, cho théy kich thudc hat ~10nm, nhung anh SEM cho théy
két tu thanh hat 16n hon (hinh 3.29b).
Bang 3.16 Két qua phan tich déc trung cdu triic va kich thirde nanospinen
Zn,,Cu,Al,O,

Hinh 3.27 Dé thi biéu dién leong tam axit
theo ty 1¢ Cr* (x).

ST Xdc tac Dién tich | Cong thitc dwoc | Hangso | Kich thudc hat,
T nanospinen bé mat | xac dinh theo EDX | mang ay, nm
riéng m°/g A°

1 ZnA|204 75.03 Zn1.25A|1.75O4 a,=8.0879 5.99

2 Zn0_75CUO_25A|204 122.06 Zn0_78CUO_3A|1_7304 a0:8.0620 4.67

3 Zn0.5CU0.5A|204 99.10 Zn0.6CUo.3A|1.73O4 a,=8.0790 5.32

4 Zn0_25CUO_75A|204 96.95 Zno_ngU0_71A|204 a0:8.079 7.05

5 CuAl,O, 112.37 Cug.70Al5 21,0, a9=8.079 18.15
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3.1.6.2 Cac két qua SEM, TEM
Trén hinh 3.29 la anh TEM va anh SEM cua nanosplnenZno sCUo. 5|204

.l
= b LS o i
] T = o=
: s, & . = . - P o8
e, e e T, o e s
a5 o 43?:;. » T 5 '&E PR R I,' B b) V
a)

Hinh 3.29 Anh TEM (a), SEM (b) ciia nanospinen ZnysCugsAl,O,
1.6.3 Cac két qua BET va TPD-NH;

a) Két qua BET:
Bang 3.17 trinh bay cac két qua BET cua céc spinen Zn; 4Cu,Al,O,
Bang 3.17 Keét quad BET cua cdc nanospinen Zn,,Cu,Al,O,

STT Nanospinen BET, m“/g
1 ZnAl,O, 75.0350
2 ZNng 75CUgo5Al,04 122.0640
3 Zny5Cug sAlL,0, 99.1031
4 Zng 25CUg 75A1,04 96.9540

Két qua BET cho thay dién tich bé mit riéng cta cac hat spinen kha 16n, ching t6
chiing 1a cac hat nanospinen.
b) Két qua TPD-NH,

Hinh 3.30a 1a gian d6 TPD-NH; cia mau nanospinen ZngsCuosAl,O,. Bang 3.18 va
bang 3.19 trinh bay cac két qua rat ra tir gian d6 TPD- NH; cua hai mau xdc tic Znj.
xCUxAlLO4 (x= 0.5 va 1). Két qua cho thay sb tdm axit giam dan tir x = 0 cho tdi x = 1. Dic
biét sO tAm axit manh trén ZnA1204 16n hon rat nhiéu so voi CuA1204 Tu két qua da trinh
bay khi nghién ciru thay thé ion AI** trong mang luéi spinen bang ion Cr** va thay thé ion
Zn** trong mang ludi tir dién bang Cu?*, chiing t6i thiy khi bién dbi ion hoa tri 3
AT (cr® thay thé AIP") trong mang bét dién thi
thong so t€ bao mang tinh thé thay doi nhiéu,
con khi bién ddi ion hoa tri 2 ( Cu?** thay thé)
' ' ' ' ' trong khong gian tr dién thi thong s6 té bao
| mang tinh thé hau nhu duoc gitt nguyén.
S ' ' ~ ' Luong tam axit ¢ ca hai truong hop cé su thay
/ = d6i nhidu tuy thude vao ty 1é Cr** hogc Cu®*

F

Hznh 330a Glan do TPD NH3 cua
nanospinen ZnysCuqsAl,04

wl G
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Bang 3.18 Két qua TPD-NHs ciia cdc mdu xiic tée nanospinen Zn;,Cu,Al,O4

STT Nanospinen Nhiét 6 giai hap Thé tich NH,
max, °C duogc giai hap ml

NHa3/g xtc tac
434.7 4.67
1 ZnAl,0O, 459.9 0.60
699.8 2.23
181.0 0.93
2 Zno5CUgsAl0, 302.3 1.58
570.9 0.56
189.4 1.56
3 CuAl0, 323.6 0.29
591.6 0.56

Bang 3.19 S lwong tam axit cua cdc xuc tac nanospinen Zn,,Cu,Al,O,

Xuc tac (S0 tam (S0 tam axit (S6 tam axit (S6 tam
STT nanospinen axit trung manh/g).10"° | axit/g).10"
P yéulg).10%° | binh/g).10*° | MY 9)-
1 ZnAl,O, - - 20.14527 20.14527
2 | ZNnesClesALO, | 2.498702 4.23486 1494408 | 8.22797
3 CuAl,O, 4.203401 0.792174 1.494973 6.490548

3.2 Két qua nghién ciru d9 hoat dong xiic tac nanospinen trong phan wng oxidehidro
hoa EB thanh ST

Chung t6i da danh gia d6 hoat dong xtc tac cuia cac nanospinen thu dugc trong phan
ung oxidehidro hoa EB thanh ST & pha khi, trong thiét bi 6ng dong, voi su ¢d mat cia oxi
khong khi.

C,Hs CH=CH>,

Xuc tac, Ty
+ H 20
Y2 O,

3.2.1 Anh huéng ciia nhiét do phan tng

3.2.1.1 Anh huéng cia nhiét dd phan wng dén d hoat dong xiic tic ciia nanospinen
ZnCr,0,

Chung t6i d nghién ctru anh hudng cta nhiét d6 phan ung dén d6 chuyén héa EB cia
cac xuc tac. Két qua dugc trinh bay ¢ bang 3.20 va hinh 3.31.
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Bang 3.20 Anh hwong cua nhiét dg dén dp hoat dgng Ciia xiic tac nanospinen
ZnCr,0, (téc dé nap EB la Imlh™ oxi khong khi la 1.2 I/h, khoi heong xiic tac 1.09).

Nhiét d6 phan [D6 chuyén hoa [Po chon loc|Hiéu sudt phan| ., . .. ., .
Tl ingoc | EB,%mol [ST, % mol |tng tao ST, v | <3¢ san pham long phu khc
1 250 20.05 30.22 6.05 Axetophenon,axit benzoic
2 300 28,59 35.17 1005  [“MEB __methanol,
axetophenon, axit benzoic
Benzen, toluen, 3 metyl -
3 350 36.3 78.19 28.38 heptan, 4 etyl - 2 hexen,
1,3 dimEB,
Benzen, toluen, oct-4-en,
4 400 29.22 14.78 4.31 bixiclo (4.2.0) octa — 1,3,5
trien, 1,3 hexadien 5-in
90 %20
o . \_/
70 - 70
60 - a0 -
—~ 50 1 —- D9 chuyén hod 50 - -0-30 chuyén
S -# P chon loc b 0d
9 -—;euhs'ua: ' 40 1 Do chen loc
30 1 /\ 30 /\ -~ Hiéy suit
20 2 |
] N
10
. ‘-/‘ | ‘ 10 - ______ﬂ_,/
200 250 300 350 400 450 0 ‘ ' ' ‘
Nhiét do 0C 300 350 400 iSO 500 550
Nhigt df, °C
Hinh 3.31. Dé thi biéu dién dnh hwéng Hinh 3.32 Dé thi biéu dién anh hwéng

cua nhiét d¢ phan ing dén dé chuyén hod, dé  cua nhiét dé dén do chuyén hod, dé chon loc
chon loc, hiéu sudt phan ing Cia xic tic  va hiéu sudt cia phan ing oxidehydro héa
nanospinen ZnCr,0, (toc dg nap EB 1mlh™, EB thanh ST trén xiic tdc nanospinen
oxi khéng khi 1,2 I/h, khoi lwong xiic tac 1.0g). ZnAl,O,.

3.2.1.2 Anh huéng cia nhiét dd dén hoat tinh xic tac nanospinen ZnAl,O,

Trén Hinh 3.32 1a d6 thi biéu dién anh huong cia nhiét d6 dén phan ung
oxidehydro hoa EB trén xtc tac nanospinen ZnAl,O,.
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Bang 3.21 Anh hwong cia nhiér 6 phan img dén dg chuyén hod, dj chon loc ST va
hi¢u suat phan ing oxidehydro hoa EB thanh ST trén xiic tac nanospinen ZnAl,O4 (véi toc
do nap EB ImLh™, fLuew hwong oxi khéng khi 1.21/h, khéi lwong xiic tic =1.0g)

Nhiét d6 | D6 chuyén | D6 chon | Hiéusuit | Cac san pham long phu
TT phan hoda EB, % | loc ST, % | phéan ting khac
{ng,0C mol mol tao ST, %
Axetophenon,
1 350 8.50 8200 6.97 benzandehit,  etenyloxi
benzen
Axetophenon,
2 400 16.20 73.14 11.84 benzandehit,  etenyloxi
benzen, benzen, toluen
450 31.34 67.45 21.14 Benzen,toluen
4 500 16.24 80.03 12.99 Benzen;etenyloxibenzen

Tir cac két qua nghién ciu ¢ trén, chung toi rat ra mot sd yéu t6 mang tinh chét so
sanh gitra hai xtc tac nanospinen ZnAl,04 va ZnCr,0,4. Két qua dugc trinh bay ¢ bang
3.22.

Bang3.22. Céc két qua so sanh ciia hai xiic tdc nanospinen ZnAl,O, va ZnCr,0,4 6 diéu
kién nhiét do phan wng tot nhat trén moi xuc tdc .

Xuc tac
; ZnAl,O, ZnCr,0,
Céc thong so
Nhiét d6 phan tng, °C 450 350
D6 chuyén hoa EB, % mol 31.34 36,30
Do chon loc ST, % mol 67.45 78,19
Hiéu suat phan tng, % 21.14 28,38

Tir két qua trén ta thdy nhiét d6 thich hop cho phan ung oxidehydro héa EB trén xtc
tac nanospinen ZnCr,0, l1a thip hon so v&i nhiét do phan mg trén x{ic tdc nanospinen
ZnAl,O,.

V61 muc dich cua ludn an 1a nghién clru dé tim ra mot loai xuc tac nanospinen
AB,O, c6 hoat tinh va do chon loc tét trong phan ung oxidehidro héa EB thanh ST, than
thién v&i moi truong, co thé chon xtic tac nanospinen ZnCr,0Oy.
3.2.1.3 Khio sat hoat tinh cac xtic tac nanospinen ZnAl,_,Cr,O,4 va Zn,,Cu,Al,O,

Chung t61 da danh gia do hoat dong cia cac xuc tac nanospinen ZnCr,Al,,O4 va
Zn,.xCu,Al,O, trong phan g oxidehydro hoa EB thanh ST & 350°C (véi téc d6 dong EB
1ml.h™, luu lwgng oxi khong khi 1.21/h, khéi luong xuc tac =1.0g). Cac san phim long dugc
phan tich trén may sic ky khi GC-MS. Két qua duoc trinh bay & bang 3.24. Tir cac két qua
duogc trinh bay ¢ trén, nanospinen ZnCr,O4 cho do hoat dong xuc tac tdt nhat trong phan
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trng oxidehidro hoa EB thanh ST & 350°C, nén cac xtc tac thu duoc trong diy ZnCr,Al,, O,
(x=0, 0.25, 0.5, 0.75, 1.0) va Zn,,Cu,Al,O4 (x =0, 0.25, 0.5, 0.75, 1.0) dugc nghién ctru &
350°C, két qua dugc trinh bay ¢ Bang 3.24.

Bang 3.24 .Két qua khao sat hoat tinh cdac xuc tac nanospinen ZnCrXAI;_XO4 o nhiét do
350°C (véi téc do nap EB Imlh™, luu hwong oxi khong khi 1.21/h, khéi heong xiic tdc
=1.09).

s Do chuyén n Hiéu suat| ., . 2
P mol ' 70 tao ST, % &Pt
1 ZnCrg25Al1 750, 12.085 100.00 2.085 _
2 ZnCrysAl; 504 13.702 100.00 13.702 _
oct-4-en,
byxiclo (4.2.0)
3 ZnCrq75Al1 250, 15.448 88.032 4,796 octa—1,3,5
trien, 1-
metylEB
4 ZnCrAlQ, 12.888 100.00 12.888 _

Két qua nay cho thay vai tro dinh huéng tao ST cua cation Cr*, mot cation c6 kha
nang trao ddi electron trong phan tmg oxidehidro hod EB thanh ST.
Tai khoang nhiét d6 phan tmg tir 350°C dén 400°C ching t6i thu dugc diy do hoat
dong sau:
ZnCr,0, > ZnAl,,Cr,O, > Zn.,Cu,Al,O4 > ZnAl,O,

3.2.2 Khao sat anh hwéng ciia thoi gian tiép xiic trén xic tic nanospinen ZnCr,0,

Chung t61 da khao sat anh huong cua thoi gian tjép xuc dugc tinh theo cong thirc dnh
huong 1én d§ chuyén hoa EB, d0 chon lgoc ST. Céac két qua dugc trinh bay & bang 3.26 va
dugc minh hoa trén hinh 3.33.

t..
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Bdng 3.26 Anh hudng cia thoi gian tiép xiic dén dp chuyén hod, do chon loc va hiéu sudt
ST trén xuc tac nanospinen ZnCr,04 (luu lwong khong khi 0.33ml/s (1.2l/h), khoi luong
xuic tac =1.0g, ©° = 350°C).

Do chon loc Hiéu suat

T _Théi D@; ST/san phdm | phan Gng o . i )

T | 91an tx, | chuyén 16ng, % tao ST, % Céac san pham phu long khac
S hoa, %

1| 340 | 541 32,62 17.64 2-etyl-1,1°- biphenyl, 1,2-

Diphenyletylen, Phenantren

Benzen, toluen, 3 metyl - heptan,
2| 4.45 36.3 78.19 28.38 4 etyl - 2 hexen,
1,3- dimetylbenzen

Benzen, toluen, 2-etenyl —
3| 5.56 45.93 46.56 21.38 naphtalen, 1,1’-etylidenbis-
benzen, 1,2-Diphenyletylen.

Benzen, toluen, 2,3’-Dimetyl-

4 | 6.68 59.73 28.26 16.88 1.1>-Diphenyl. (E)-stiben

Két qua cho thay khi thoi gian tiép xtc giita cac chat phan tng EB va bé mat xtic tac
tang 1€n, @6 chuyén hoa dat cuc ti€u thi do chon loc ST twong ung dat cuc dai.
m -

— D& chuyén hod
- Bd chon loc
——Hiéu suit phan tng

% mal
8 ¥ 5 88 3

T T~

1 340 4.45 5.56 668 7.80
Thiri gian, gidy
Hinh 3.33. Anh huong cua thoi gian tiep xuc dén hoat tinh xuc tac nanospinen ZnCr,0, .

3.2.3 Khao sat sy anh huéng ciia toc d0 dong oxi khong khi téi phin img oxidehidro
hoa EB trén xuc tac nanospinen ZnCr,0,

Véi ty 1& oxi/EB (mol/mol)=0.5 dén 1.72, cac phan mg duogc tién hanh tuong tu
nhu trén, chi thay ddi ty 1 oxi/EB qua luu lugng dong khong khi tao thanh cac san phim
phan mg c6 chtra oxi nhu benzaldehit, benzofuran, axetophenol,...Cac két qua d6 chuyén
héa EB, d6 chon loc ST va hiéu suét tao ST dugc trinh bay ¢ bang 3.27 va hinh 3.34.
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Badng 3.27 Anh huéng cua toc dé dong oxi khong khi dén chuyén hod EB, do chon loc
ST va hiéu sudt phan vmg trén xiic tdc ZnCr,04 ¢ 350°C (véi toc dé dong
EB 1ml.h™, hueu heong oxi khéng khi 1.21/h, khoi heong xiic tac =1.0g).

Thé tich D(f)q Po chon | Hiéu suat | Cac san phém phu léng
1A . | chuyén | loc ST/san |phan Uing tao khac
TT khong khi,| “UYeR [ 10 p gk
R "[héa EB, [pham long, | ST, %
% %
1 04 B tol
enzen, toluen
(OXI/EB = 0.4) 27.65 56.6 15.82
Benzen,
) 0.8 toluen,2.3’dimetyl-
(Oxi/EB =0.86) 43.94 58.7 25.3 1,1’diphenyl: (E)-Stiben,
Phenantren
Benzen, toluen, 2-etenyl
1.2 —naphtalen, 1,1°-
3 36.3 78.19 28.38  letylidenbis-benzen, 1,2-

(OxI/EB =1.29) Diphenyletylen..

Benzen, toluen, 14
metyletyl-benzen,

4 1.6 Benzandehit, Benzofuran,
(Oxi/EB =1.72) 318 21.48 16 Axetonfenon, dibenzyl,
1,2-difenyletylen,
phenantren.

Tir nhitng nghién ctru ndy chung toi rat ra nhan xét vé diéu kién thich hop cho phan
ung oxidehydro hoa EB trén xtc tac nanospinen ZnCr,O,4 nhu sau:

Nhiét d6 phan tmg 350°C, thoi gian tiép xuc 4.45s, tbe d6 dong oxi khong khi 1.21/h
(0.33ml/s) (twong duong véi ty 1€ oxi/EB (mol/mol) 1a 1.29.
90

100

80 - 901
70 81
70 -
60 -
- N 60 -
50 | -o—D? chuyén hoéa ) —-Do chuyén hoa
L -=-Pd chon loc S 50
40 | ——Hiéu sué ]
Hiéu suat 40 -=-Po chon loc
| 30 -
30 — .
20 | / 201 -ﬁ—gi]éu suét phan
10 - &
10
0

T T T T T T T T 0 5 10 15 20
0O 02 04 06 08 1 12 14 16 1.8 Thoi gian phén ¢ng, h
Téc d6 dong oxi khong khi, l/h

Hinh 3.34. Anh huéng cua toc dé dong oxi khong khi
toi hoat tinh xiic tac nanospinen ZnCr,0,.

0

Hinh 3.35 Do thi biéu dién dg bén xiic tac
nanospinen ZnCr,0, theo thoi gian (véi tac
dé nap EB 1 mL.h™, luu lwong khéng khi
1.2I/h, khéi leong xiic tac =1.0g).
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3.2.4. P bén xiic tic nanospinen ZnCroQOy theo thoi gian .

Do bén 1am viée cta xdc tac co y nghia thyuc té, dac biét 1a vé mat kinh té. Vi thé chung t6i
da nghién ctru d6 bén xuc tac cua ZnCr,0O,4 theo thoi gian lam viéc. Cac két qua duoc trinh

bay ¢ bang 3.28.

Bdng 3.28 Két qud khdo st do bén xiic tac nanospinen ZnCr,0, theo thoi gian (véi toc dd

dong 1 mlIEB.h™, luu lwongoxi khong khi 1.21/h, khéi lwong xiic tac =1.0g).

Thoi | Do Do chon loc | Hiéu suat
TT | gian, | chuyén | ST/san pham | phan tng, Cac san phim ohu 160
h | hoa % |long, % % a¢ san pham phut fong
Benzen, toluen, 3 metyl -
1| 10 | 363 78.19 28.38 | heptan, 4 etyl - 2 hexen,
1,3 dimEB
Benzen, toluen, 1 metyl — 2
EB, 9,10-dihidroxy antraxen,
2 2.0 32.0 SL.47 16.47 biciclo [4.2.0] octa -1,3,5-
triene
Benzen, toluen, biciclo [4.2.0]
octa -1,3,5- triene, 2- etenyl —
3 | 30 32.8 58.00 19.02 naphtalen, antraxen,
phenantren
Benzen, toluen, biciclo [4.2.0]
4 | 40 | 39.0 62.8 24.49 | octa-1,3,5- triene, 2-hydroxy
hexandial, antraxen
Benzen, toluen, 1,3 dimetyl
51 5.0 42.6 84.87 36.15 benzel, 2-hydroxy hexandial,
phenantren
Benzen, toluen, axetophenol,
6 6.0 46.0 89.73 41.27 1,5 — hextadien-3-in, 1,3,7 —
octatrien — 5-in, phenantren
7 9.0 50.66 52.10 26.39 Benzen, naptanen, phenantren
8 | 12.0 43.3 20.00 8.66 Benzen, naptanen, phenantren
9 | 15.0 36 8.00 0.8 Benzen, naptanen, phenantren,
antraxen.

Sau 15h lam viéc, xuc tac gém nhu mat d6 hoat dong.

3.25 Kha nang tai sinh cia xuc tac

Tir két qua & trén chiing t6i di hoat hoa xuc tac trong dong oxi khong khi & 600°C

trong 2h. Sau d6 lai chay phan tmg. Két qua duoc trinh bay & Bang 3.29.
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Bang 3.29 Két qua khdo sdt khd ndng tdi sinh ciia xiic tdc nanospinen ZnCr,0,.gian

(Vi toe do dongEB ImlLh™,

lueu leong oxi khéng khi 1.21/h, khoi lwong xiic

tac =1.0g)
Do chon
Sé1an | Bo chuyén | loc ST/san Hiéu suat g \
TT 1 i sinh hoa, % | phamlong, | phan ang, % Céc san pham phu long
%
Benzen, toluen, 1 metyl —
EB, 9,10-dihidroxy antraxen,
I 15.22 58.19 8.85 biciclo [4.2.0] octa -1,3,5-
triene
Benzen, toluen, 1 metyl —
2 2 17.46 51.47 8.89 EB, 9,10-dihidroxy antraxen,
biciclo [4.2.0] octa -1,3,5- trien
Benzen, toluen, biciclo [4.2.0]
3 3 19.95 52 32 10.07 octa -1,3,5- triene, 2- etenyl —
naphtalen, antraxen,
phenantren
Benzen, toluen, Benzandehit,
4 4 22.3 62.8 14.7 Benzofuran, Axetonfenol

Két qua cho thay sau lan tai sinh, do chuyén héa gan nhu khong giam ma tang nhe.
Diéu nay co thé do su d6t chdy cdc van khong hoan toan. Coc con lai c¢6 thé dong vai tro
1am chat xuc tac cho phan tng oxidehydro hoa EB thanh ST.

70

&0 -

5007

40 7

;‘E

30 1

20 7

10 7

0 1 2 3 4
54 lin tisinh

-"-El-:- cluyén hoa
"-D-:- -:hon Lo

- —Hitn mat

Hinh 3.36 Do thi biéu dién kha néng tdi sinh xiic tdc nanospinen ZnCr,0,

3.26 Thao luin co ché phin tmg oxidehydro hoa EB trén xiic tic nanospinen AB,O,

Phan tmg oxi hoa tach loai hidro tao lién két C-C(¢ day tao ndi d6i C=C trong phan
tr ST) 13 sy oxi hoa chon loc voi oxi dén tir mang ludi va cac spinen khong hap phu héa hoc
d6i vai oxi va ta co thé coi hé spinen c6 tic dung chuyén oxi dé tach loai hidro tir phan ti
EB. Tir d6 c6 thé biéu dién qua trinh oxi dehidro héa EB thanh ST nhu Hinh 3.37 d6i véi

xuc tac nano ZnCr,04 theo quan di€ém hoa hoc xuc tac.
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Céc san phim nhu benzen, toluen duoc tao thanh 14 do qué trinh oxi hoa dut giy cac
lién két C-C va céac san pham oxi hoa sau khac.

crt
GHCHLCH
= CA Cly

h

Ea

So do co ché quay vong xuc tac trong phan ung oxidehydro hoa EB thanh ST
0O,, CeHsCH,CH3: la cac chat dau H,O, ST: la san pham cua qua trinh xuc tac.

KET LUAN
Tir cac két qua nghién ciru téng hop cac nanospinen ZnCr,0,, ZnAl,O, ZnAl,.
L0, va an_XCu‘XA|204, xdac dinh cac tinh chat cau tric, kich thudce cac hat vat liéu xuc
tac thu duogc, cac diéu kién tong hop anh huong téi kich thude hat va danh gia d6 hoat dong
Xuc tac cua cac vat liéu nanospinen trong phan ung oxidehydro hoa EB thanh ST, chiing t6i
rat ra mot sO két luan sau day:

1. Da nghién ctru cac diéu kién tong hop anh huong dén sy hinh thanh hat nano
ZnCr,04, ZnAl,0O4 bang phuong phap thuy nhiét co cai tién. Cac yeu to tot nhat cho sy hinh
thanh cac xtc tac trén nhu sau:

e Nong do chit dau: 0.1M

e Téc nhan két tia NH,OH: 5%
e Nhiét do thuy nhiét: 150°C

e Thoi gian thuy nhiét: 20-30h
e pH=7

e Thoi gian nung 5-6h.

e Nhiét d6 nung:500-600°C

2. b tién hanh phan tich cAu tric cua vat lidu xtc tac va cac tinh chit bé mat cta cc
vat liéu xtic tac bang cac phuong phép vat 1y, hod ly hién dai dang tin cdy: XRD, phéan tich
nhi¢t DSC-TGA, IR, SEM, TEM, BET, EDX, TPD-NH; cho thay cac pha tinh th¢
hanospinen c6 d¢ tinh the tot, do sach pha cao,kich ¢& hat kha nho (<10nm) va hat phén bo
dong deu.

3.ba téng hop va nghién clru cac déc trung xtc tac cua cac vat lieu Zn; ,Cu,Al,O4

va ZnAl,,Cr,O,. Két qua cho thiy chiing c6 nhitng tinh chét cau tric tinh thé dic trung cho
nanospinen va tinh chat xtc tac tot.
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4. Pi tién hanh khao sat hoat tinh xc tic ciia cac nanospinen trong phan tng
oxidehydro hoa etylbenzen thanh styren & cac nhiét d6 va cac diéu kién khac nhau nhu thoi
gian tiép xuc, tbc do dong oxi khong khi va da nhan thay rang ¢ diéu kién nghién ciru cac
xUc tac nanospinen c6 hoat tinh va do chon loc cao (80%) (¢ diéu kién téc do dong oxi
khong khi 1.2 Vh, thoi gian tiép xtc 4,45s) va hoat dong ¢ nhiét do thap tir 350-450°C. Dic
biét 1a xtic tac nanospinen ZnCrpOy4 hoat dong & nhiét do thap hon ca (350°C). Pay c6 thé 1a
mot yéu t6 thuan loi cho phan tng oxidehydro hoa etylbenzen thanh styren.

5. Khi thay thé cac ion khong c6 kha ning thay ddi chi sb oxi hoa khir nhu A%, Zn**
bang céac cation c6 kha ning thay d6i chi s6 oxi hoa nhu Cr¥ va Cu® ching t61 rat ra cac
trat ty sau day:

Nanospinen ZnCr,0O,4 hoat dong manh hon nanospinen ZnAl,O4

Nanospinen ZnAl,,Cr,O, hoat dong manh hon nanospinen Zn,,Cu,Al,0, va
ZnCr,0,4 > ZnAl,,Cr,0, > Zn,4Cu,Al,0,> ZnAl,O, trong phan ting oxidehydro héa EB
thanh ST.

6. Trong phan tng oxidehydro hoa EB thanh ST, cac xuc tic ZnAl,. «CryO4 va Zn;.

xCUxALLO4 6 dd chon loc rat cao ~100% trong san pham long. Bay co thé 14 mot nhan xét

c6 ¥ nghia cho van dé nghién ciru cong nghé san xuat va tinh ché san pham cua phan Gng
dehydro hoa EB.
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