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MO PAU
1. Tinh cap thiét cia deé tai

Xdc t&c cho qua trinh oxy hda dong mot vai tro quan trong
trong tong hop hiru co, hoa dau dé san xuat cac hoa chat quy &
qui md cbng nghiép. Do do, viéc thiét ké cac hé xdc tac oxy
héa chon loc co6 d6 bén hoat tinh cao 1a muyc tiéu day thach
thac trong linh vyc nghién ctru xuc tac. Trong linh vyc oxy
h6a cac hop chét hiru co va san pham dau mo, phan @ng oxy
hoéa styren ludn thu hit sy quan tam cia cong ddng khoa hoc
va cac nha dau tu cong nghiép hoa chat, vi hai san pham chinh
cua phan ung, benzaldehyde va styren oxide 1a céc hop chat
trung gian dugc wng dung rong rai trong cac linh vyc nhu: hoa
chat, duoc pham, my pham va héa chat néng nghiép... Tuy
nhién, qué trinh oxy hoa nay gap kho khan vi styren 1a phan tir
vong thom c6 ndi déi & mach nhanh tuong d6i bén. Cac phan
ng tan cong electrophile c6 thé xay ra ¢ ca vong thom va
mach nhanh. Do d6, nhiéu nd lec nghién cu nham chuyén
héa chon loc styren thanh cac san pham mong mudn.

V&i muc tiéu tim kiém ché tao cac hé xudc tdc mai c6 kha
nang thuc hién phan tng oxy hoa styren ¢ diéu kién ém diu,
ching t6i tién hanh bién tinh hydrotalcite ban dau Mg-Al-CO5
bang cac kim loai chuyén tiép Cu, Ni, Cr theo phuong phap
dong két tia va nghién ctru anh huong cac diéu kién phan ang
oxy hoa styren trén cac hé xuc tac hydrotalcite thu dugc.

2. Poi twgng va pham vi nghién ciru
2.1. Déi twong nghién cizu

Nghién ctu, tong hop va dic trung 2 diy hydrotalcite Mg-
AI-COj; bién tinh bai cac ion kim loai chuyén tiép Cu®, Ni*,
Cr®*. Nghién ciru anh huong cua pH dén qua trinh tong hop
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cac mau xuc tac hydrotalcite Mg-Cu-Al-COs.
2.2. Pham vi nghién ciu

Nghién cau lam rd vai trd hoat tinh xic tac cua cac kim
loai chuyén tiép Cu®, Ni**, Cr** duoc chén trong cau tric
hydrotalcite, thanh phan va dic trung. Nghién ciru anh huong
céc diéu kién phan tmg dén do chuyén hoa va do chon loc cua
benzaldehyde va styren oxide trong phan tng oxy hoa styren.
3. Nhirng dong gop méi caa luan an

Di chi ra vai tro hoat dong cua dong, nickel va chromi
trong va ngoai mang I6p bat dién hydroxide Mg-Al-(OH), la
khéc nhau trong phan tng oxy hoa styren.

Nghién cau chi ra ion Cu®* dugc ¢é dinh trong ciu tric
mang cua cac mau xuc tac hydrotalcite 12 tam hoat dong x(c
tac chon loc ddi voi san pham styren oxide véi tdc nhan oxy
héa tert-butyl hydrogen peroxide, trong khi, ion Ni?* thuc hién
gud trinh oxy héa styren tao thanh benzaldehyde véi tac nhan
oxy hda hydrogen peroxide & cung diéu kién phan ung.

Bién tinh Mg-Al-COj; bang cach thay thé nhdm trong cac
tam brucite bang Cr** dan dén sy hinh thanh cac ion Cr (ll1)
va Cr (VI) trong va ngoai I6p hydroxide kép Mg-Al-(OH), cua
xuc tac hydrotalcite. Cac ion chromium (I11) la cac tdm hoat
dong tao thanh benzaldehyde va cac san pham phu khac nhu
acid benzoic, phenyl glycol... trong khi cac ion Cr (III) trong
tam bat dién hydroxide Ia cac tdm xdc tac cho qua trinh epoxy
hoa styren. lon Cr (VI) nam ngoai cau tr(c mang cua cac mau
xuc tac hydrotalcite tao diéu kién cho qua trinh oxy hoa kém
chon loc styren thanh benzaldehyde. Su ¢é dinh ion chromi
trong mang tinh thé hydrotalcite 1am cho ching khéng bi rira
troi trong qua trinh oxy hoda styren véi td&c nhan oxy hoéa
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hydrogen peroxide & nhiét 6 thip. Nghién ctru da tim ra diéu
kién thuc nghiém thich hgp cho phan tng oxy hoa styren trén
day xdc tac Mg-Cr-Al-COs.
4. B6 cuc caa luan an
Luan an c6 132 trang bao gom:
Mg dau: 2 trang.
Chuong 1. Téng quan: 29 trang.
Chuong 2. Cac phuong phap thuc nghiém: 20 trang.
Chuong 3. Két qua nghién ciru va thao luan: 60 trang.
Két luan: 2 trang
Tai liéu tham khao: 133 tai liéu
NOI DUNG CHINH CUA LUAN AN
Chuong 1. TONG QUAN
1.1. TONG QUAN VE OXY HOA STYREN
Phan téng quan giGi thiéu mot sé két qua nghién cau vé
phan &ng oxy hoa styren, cac tai liéu nghién ctru lién quan dén
khéi quat lich str, cAu trdc, tinh chat, phuong phéap diéu ché va
ung dung cua hydrotalcite trong va ngoai nudc.
Chuong 2. CAC PHUONG PHAP THUC NGHIEM
2.1. TONG HQP XUC TAC HYDROTALCITE
Cac mau xuc tac hydrotalcite Mg-Al-(Ni, Cu, Cr)-CO;
véi ti 1€ nguyén tir Mg : Ni : Cu : Al va Mg : Cr : Al khac
nhau dugc tong hop theo phwong phap dong két tua sir dung
mudi nitrat cua cac kim loai sau ddy: Mg®*, Cu®*, Ni**, Cr** va
AI**. Dung dich NaOH 1,5 M duoc sir dung lam tac nhan
dong két tia. Hoa tan cac mudi nitrat trong 150 mL nudc cat
va NaOH trong 150 mL nudc cit. Sau do, hai dung dich dugc
thém ddng thoi vao 25 mL dung dich Na,CO;3 0,6 M, khuay
360 vong/pht. Gié tri pH duoc diéu chinh tai trong khoang 9
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- 10 bang céach thém dung dich NaOH trong khoang 3 gio.
Hon hop huyén phi mau xanh sang thu dugc tiép tuc duge
khudy, gia hoa ¢ nhiét do 60 — 65°C va trong 24 gio. Sau do,
hdn hop duoc 1am ngudi dén nhiét 6 phong, loc rira nhiéu lan
bang nudc cat nong va say khd & 80°C trong 24 gio trong
khong khi. Chét ran tao thanh dwoc nghién thanh bét, ta thu
duoc cac mau hydrotalcite khac nhau.

< Ky hiéu va thanh phan caa ddy mau xtc tac Mg-(Ni, Cu)-
Al-CO:s.

Bang 2.1 Cac mdu xuc tac Mg-(Ni, Cu)-Al-CO,

Ky hiéu Cong thic du kién

THO Mgo.7Alo 3(OH)5(CO3)g.45.MmH,0

THO1 Mgo,63CUo,07Alo3(OH)2(COs5)o.15.MH-0
THO2 Mdo,56CUo.14Alp3(OH)(CO3)0,15.mH,0
THO3 Mdo.49C U0 21Alp3(OH),(CO3)0,15.mH,0
THO4 M0o.42CUog 28Al0,3(OH)2(CO3)0,15.MH,0
THO5 Mo,35CUg 35Al0,3(OH)2(CO3)o,15.MH,0
THNC Mgo,sNig,Cug 1Alg3(OH),(CO3)o.45.mH,0
THN2 MgosNig»Aly3(OH),(CO3)g45.mMH,O

THO-CUO  MgosAlya[CuO]oss
MgO/CuO/Al;0: [MgO]o42[ CuO]o28[Al203]03
% Ky hiéu va thanh phan cua ddy mau xuc tac Mg-Cr-Al
Bang 2.1. Thanh phan xtic thc Mg-Cr-Al-CO,.

Ky hiéu Cong thirc dy kién

THOO Mgo,6Alo.4(OH),(CO3)g..mH,0
THCr01 Mgo,6Cro.1Aly3(OH),(CO3)o,.mH,0O
THCr02 Mgo,6Cro2Aly2(OH),(CO3)o,.mH,0
THCr03 Mgo,6Cro3Alp1(OH),(CO3)o,.mH,0
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THCr04 MQO,GCI’o,4(OH)2(C03)0,2.mH20

THO00/Cr,04 Mdo.6Al0.4-[Cr203]0.2(OH),(CO3)2.mH,0
Cr,05/Al,05/ MgO  [MgO]o6[Al03]02[Cr,05]02
Cr,0s/MgO [MgOlo6[Cr20s]o4

THCr,0; MggsAlg4-Cr,0;

2.2. NGHIEN CUU PAC TRUNG XUC TAC BANG CAC
PHUONG PHAP VAT LY

Céc mau hydrotalcite tong hop dugc nghién ciru dic trung
vat ly bang cac phuong phap nhu: XRD, FT-IR, EDS, SEM,
TEM, BET, UV-Vis va XPS.
2.3. PHAN UNG OXY HOA PHA LONG STYREN

Phan ttng oxy hda c6 xuc tac cua styren st dung dung moi
DMF duoc thuc hién trong binh ciu thay tinh 3 ¢4 100 mL
dugc gin véi hé théng sinh han ngung tu hoan luu, véi cac tac
nhan oxy hoa la oxy khéng khi, TBHP va H,0,. 2 mL styren,
8 mL dung mdi DMF va 0,2 g xtic tic dugc dua vao binh cau.
Han hop phan tmg duoc khudy va gia nhiét dén nhiét do mong
mudn, dong chat 16ng cua tac nhan oxy héa dugc nhod vao
cham tung giot theo ty I&é mol cua styren so véi tac nhan
TBHP hay H,0,, duy tri khudy va thoi gian phan tmg duoc bét
dau tinh. Sau phan @ng, hdn hop duoc dwa vé nhiét d6 phong,
lam lanh khoang 15°C va loc x(c tac. Phan dung dich loc duoc
phan tich bang GC-MS (HP-6890 Plus).

Chuong 3: KET QUA NGHIEN CUU VA THAO LUAN
3.1. DAY XUC TAC HYDROTALCITE Mg-(Ni, Cu)-Al-
CO;

3.1.1. Ddc trung cua day hydrotalcite Mg-(Ni, Cu)-Al-CO4



Gian dd nhiéu xa tia
X ctia cac mau x(c tac
Mg-(Ni, Cu)-Al-CO;
c6 thanh phan khéc
nhau ¢ hinh 3.1 xuat

hién cac pic nhiéu xa
Hinh 3.1. Gian d6 nhiéu xa tia X ~ déc trung cho cau tric
ciia cae mau Mg-(Ni, Cu)-Al-CO,. hydrotalcite.

Thém vao do6, gian 6 XRD khdng xuét hién cac dinh pic
nhiéu xa tuong ng vé&i cac tin hiéu nhiéu xa cia CuO nhu
trén cac mau MixO ching to san pham didu ché cha yéu 1a
pha hydrotalcite. That vay, cac tin hiéu nhidu xa sic nét, ddi
xung va cuong dé6 manh tai cac goc 20: 11,57; 23,45, 34,86;
39,5; 47,1; 60,9 va 62,3° 1an luot twong ng véi cac mit phang
co s (003), (006), (012), (015), (018), (110) va (113) twong
g cang khing dinh 13 hon cdu trac hydrotalcite véi mang
tinh thé luc giac ddi ximng cua dy vat liéu didu ché.

Phé hong ngoai ciia cac mau xic tac Mg-(Ni, Cu)-Al-CO,
& hinh 3.2 xuat hién dai hap thu manh va rong & 3480 cm™ dic
trung cho dao dong hoa tri cua lién két O-H cuaa phan tir nude
hip phu va nhém hydroxide trén tim brucite.

VAT /== Hinh 3.2. Phé hong
ngoai cia cdc mau XUc
tac THO0O, THO02, THO4,
THN2 truéc va sau phan
ing (THO2S, THO4S).

MixO a/

THNC
THOS

400 800 1200 1600 2000 2400 2800 3200 3600 4000
S6 song (em)

Bo vai xuat hién ¢ 3079 cm™ duoc gan cho dao dong cua
lien két hydro gitra H,O va anion CO3> trong céac 16p xen
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gitta. Pinh phd yéu ¢ 1635 cm™ la dao dong bién dang cua
nhom OH" trong phan tir nuéc. Dai hap thu cuong do manh c6
dinh tai 1357 cm™ dic trung cho dao dong bat dbi xung cua
CO5? trong 16p xen giita. Cac dai hap thu & ving < 1000 cm™
kh& phic tap duoc gan cho dao dong bién dang cua Al-OH va
dao dong tinh tién caa nhém lién két M-O-M va O-M-O trong
cac tam hydroxide voi M 1a Mg, Cu, Ni hoac All.

Phé EDS cua cac mau
xuc tac ¢ hinh 3.3 cho

thay su hien dién cua tat
c N A Cu(Kg) 5 4 2 A
mees il ~————J—— ca cac thanh phén
mt“i t’}\L“* nguyén té can thiét. Nhu
oz S —— | —— ~ TR
Tt it e e VAY, @3 thay thé thanh

Haing lwang (keV)

Hinh 3.3. Phé EDS ciia cdc mau
hydrotalcite (THO1 - THNC) va
sau phdan vng (THO2S va THOAS).

cong ddng thoi ion Cu?*
va ion Ni* cho ion Mg*"
vao mang tinh thé
hydrotalcite.

Hinh thé hoc cua ba miu xtc tac dai dién dugc dua ra &
hinh 3.4. Anh SEM cua cac mau x(c tac cho thay cac tam hinh
luc gidc co kich thudc kha ddng déu vaoi duong kinh trung
binh 80 - 100 nm. Khi ting lugng ion Cu®* trong xuc tac, kich
thudc hat c6 xu hudng tang 1én. Quan sat trén anh SEM ta
thdy xuc tac c6 khoang khong gian giita cic hat, tao nén ciu
trac x6p. Pong thoi anh SEM ciing chi ra sy tao thanh cac hdc
hd, véi cac kénh mao quan ngoai dugc hinh thanh tur sy nhém
hop cac hat so cip (nanomet) va thir cip (micromet).

Anh TEM ciia cac miu xuc tac cho thiy rd hon cac hat
phang c6 dang luc gidc mong va bién gioi hat rd rét, phan b
kha dong déu. Hinh anh SEM va TEM mau x(c tac sau phan
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tng THO2S cho kich thudc hat va ciu trdc cua hydrotalcite
hau nhu khong thay doi.
" :\ i ?! THO4

Hinh 3.4. Anh SEM va TEM cua cac mau THO02, THO4 va
sau phan #ng THO2S.

Dién tich bé mat riéng
cua cac mau hydrotalcite
trong khoang 60 - 90
m?g, nhung giam nhe
khi ting ham lugng Cu®*

005 025 045 085 085

Ap sudl wong ddi (P/Po) trong mau
Hinh 3.5. Burong hap phulgidi hdp nito ciia cac mau Mg-Cu-

Al-CO; hydrotalcite truéc va sau phan ing.

Hinh 3.5 md ta su hip phu/giai hip nito ting dan theo ap
suat twong ddi P/P, tang 1én do sy hip phu xay ra trong mao
quan/Iép hydrotalcite, duong cong hip phu/giai hip cua cac
hydrotalcite Mg-Cu-Al-CO; khéng ddi trong ving ap suat
tuong ddi tir 0 - 0,6 va xuat hién su tré & 4p suat twong ddi tir
0,7 - 1,0; déc trung cho hé vat li¢u loai IT va cac duong cong
tré thuoc loai H3 cua vat liéu c6 chira cac mao quan trung binh
hay vat liéu xdp.



Pho XPS ¢ hinh 3.6A xuit hién cac muc nang lugng lién
két cua ion ddng trong cac mau THO2 va THO2S & céac gia tri
935,4 va 955,5 eV. Dinh phd XPS cua Cu 2ps;, ¢ mirc ning
luong lién két 9354 eV cao hon so vé&i niang lugng lién két
cua Cu?®* trong CuO (932,5 eV) va gan véi nang luong lién két
cia ion Cu nam trong mang tinh thé khoang chat. Pho XPS
ciia mau THO4 ¢6 ham lwong dong cao hon xuat hién thém hai
tin hiéu phé dao dong ¢ cac mire ning lugng lién két 944,8 va
963,8 eV (hinh 3.6B). Do d9, cac tin hi¢u nay dugc gan cho
ion Cu? 0 tam ngoal cac béat dién hydrOX|de

Wi N T
il M' Wil Flle i i
M‘ k \M‘ “rl!f \( !H .,M',H i ]

920 925 930 935 940 945 950 955 G60 965 970 975 980 90 @25 930 835 940 945 950 955 90 985 970 975 80
Néing luong lién két (V) Niing luong lién két (eV)
D cts

963,78

275 280 285 260 295 300 305 310 315
Nang lrong e két (eV)

Hinh 3.6. Phé XPS cuiia Cu 2p (AvaB), O 1s (C) va C 1s (D)

Mdu THO2 va THO04 truéc va sau phan ing TH02S, THO4S.
Hinh 3.6C hién thi phd XPS caa O 1s cac mau THO2 va
THO4 (trudc va sau phan tng) xuit hién tin hiéu cuong do yéu
& 530,4 eV dic trung cho lién két cua cation-hydroxyl-
carbonat. Cac dinh phd ké tiép ¢ 532,2 eV duoc gan cho lién
két cua hydroxide-kim loai va dinh phd ¢ 532,9 eV dic trung
nang luong lién két cua oxy trong cac nhém carbonat, phu hop



v6i két qua phan tich IR va pho XPS cua C 1s. Nhu thé, pho
XPS caa C 1s c6 hai dinh phd chéng 1én nhau ¢ 284,5 va
285,8 eV (hinh 3.6D). Tin hiéu c6 mirc nang luong lién két
285,8 eV la carbon cua nhom carbonat (lién két C=0, C-O)
nam trong 16p xen gita.

Pho tir ngoai ciia hai mau c6 ham lugng ddng khac nhau
duoc ghi ¢ budc song tir 200 — 800 nm (Hinh 3.7).

Pho UV-vis cta mau

THO2 va THO4 xuét hién

dai phé 210 — 240 nm
dugc qui két cho su

Bbdtrsiny o chuyén dich dién tich tir
Hinh 3.7. Pho UV-vis ciia cd&c 0% — Cu?.
mau THO2 va THO4.

Dai phé rong tir 700 — 800 nm la do sy chuyén dich dién
tr d-d cua ion Cu?* trong céu trdc bét dién I6p hydroxide, diéu
nay phu hop véi két qua phan tich XPS.

3.1.2. Hogt tinh xuc tac day Mg-(Ni, Cu)-Al-CO; trong phdn
ng oxy hoa styren

3.1.2.1. Vai trd ciia tdc nhin oxy héa va tdm Cu®* va Ni**
trong xuc tadc Mg-(Cu, Ni)-Al-CO,

Quan sét sb liéu & bang 3.5 mau xtc tdc THOO chuyén hoa
mét lugng styren twong ddi thap khoang 9% so véi cac mau
xuc tac hydrotalcite bién tinh Mg-(Ni, Cu)-Al-CO; va chi tao
thanh san pham chinh benzaldehyde. Vi mau hydrotalcite
bién tinh chira ion nickel THNO2 thi d6 chuyén hoa ting nhe
(13%) va dd chon loc (99%). Tuy nhién, do chuyén hoa ting
cao dén (47%) nhung d6 chon loc benzaldehyde (49%) giam
sau do cac phan ung tht cdp trén mau hydrotalcite bién tinh
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chira dong THO3. Khi thay tdc nhan oxy hoéa H,0O, bing
TBHP, mau xuc tdc THO3 chuyén héa lugng styren 17% tao
thanh trén 80% san pham chinh Ia styren oxide. Trong khi do,
mau hydrotalcite THOO va mau THNO2 khéng c6 kha ning
xuc tac phan tng oxy héa styren. R6 rang la tdc nhan oxy hoa
dong vai tro quan trong ddi véi sy dinh hudng san pham oxy
hoa trén cac hop phan kim loai khac nhau cua cac mau xdc tac
day Mg-(Ni, Cu)-Al-COs.

Bang 3.1. PG chuyén héa va chon loc ciia san pham phan img

oxy hoa styren b&ng nhéan oxy hoa H,0,, TBHP trén xic tac
Mg-(Ni, Cu)-Al-COs ¢ 70°C, 4 gio, dung méi DMF.

Tac nhan Mau xuc tac PCH Do chon loc (%)
oxy héa () BzH SO Spkhac
THOO [Mgo7Alps] 9 >99 - -
THO3 [MgossCloAlgs] 47 49 - 51
272 THNO2 [MgqsNis Al ] 13 >99 - -
THNC [Mgo.Nio,Cus Algs] 27 85 - 15
THO0 [Mgo-Aly2] - - -
TBHP  THO3 [MgosClo,Alps] 17 - 81 19

THNO2 [MgosNig,Algs] - - - -

(-) Khdng phan #ng hodc dudi gidi han phan tich.
3.1.2.2. Anh huwéng ciia ham lwong ion Cu” trong
hydrotalcite

Hinh 3.8 md ta do chuyén hoa styren ting manh va do
chon loc cua cAc san pham thay doi dang ké theo luong dong
trong x(c tac va ban chat tac nhan oxy hdéa. Quan sét hinh
3.8A cho thay, mau x(c tac THOO thé hién hoat tinh kha thap
trong quéa trinh chuyén hoa styren thanh benzaldehyde. Tuy
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nhién, do chuyén héa styren ting trén cac mau hydrotalcite
chta Cu chung to cac ion ddng thay thé Mg®* trong
hydrotalcite Mg-Al-CO; dong vai tro quan trong trong phan
ung oxy hoa styren (Hinh 3.8A).

A 80 — 0, B

$ ———TEHF
o ~ 100

BCHStyren (9%
\v
/
L

THOD - THOT - THO2 - THO3 - THO4  THOS " THOO  THO1  THO2  THO3  THO4  THOS
i tic e tdc

Hinh 3.8. B¢ chuyén héa (4) va dé chon loc san pham (B)
trén xdc tac hydrotalcite Mg-Cu-Al-CO; ¢ 70°C, 4 gio, dung
moéi DMF vgi H,O, va TBHP.

Khi ion Cu** c6 mit trong xtic tac, dd chuyén hda styren
bién ddi theo ndng do ion Cu®* trong mang tinh thé
hydrotalcite. Pang cha ¥ 1a d6 chon loc styren oxide dat Xap xi
trong khoang 80 - 90% ma khdng phu thugc nhiéu vao lwong
ion dong trong xtc tac (Hinh 3.8B). Do d6, ching ta c6 thé
nhan dinh rang cac ion dong trong hydrotalcite 13 cac tm hoat
doéng cho phan ung oxy hoéa chon loc styren thanh epoxide.
Nguoc lai, khi st dung tac nhén oxy héa H,0, phan wng
khong tao thanh styren oxide trong san phim ma chi cho ra
san pham benzaldehyde va cac mot s6 san pham phu. Trong
khi, d6 chuyén hoa styren giam khi lwong ddng trong x(c tac
tang va do chon loc cua benzaldehyde ting theo lwong ddng
trong xuc tac. Pidu nay chung to benzaldehyde duogc tao thanh
trén cac tim ddng trong phan wng oxy héa styren bang H,0,.
3.1.2.3. Anh hwéng ciia nhiét dg phan iing
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Hinh 3.18 biéu dién do chuyén hda styren thay doi theo
nhiét @6 phan tng. O khoang nhiét d6 thap 50 — 60°C, do6
chuyén hoa styren thap trén tat ca cac mau xdc tac (Hinh 3.9
A), nhung tang theo cap sé nhan ¢ nhiét do cao hon (> 65°C).
Trong ba mau xitc tic duoc khao sat, dd chuyén héa cua
styren sap xép theo thtr tw giam dan nhu sau: THO5 > TH04 >
THO02 trong khoang nhiét do khao sat cho thay do chuyén hoa
styren phu thudc vao luong dong trong hydrotalcite . Trong
khi d6, dudng cong biéu thi d6 chon loc styren oxide trén ca
ba mau xuc tac hydrotalcite chira Cu (Hinh 3.9 B) dat cuc dai
& nhiét do 65°C. O nhiét 6 cao hon, styren oxide duong nhu
bi chuyén hoa thanh benzaldehyde dic biét trén cac mau chira
nhiéu doéng. Phan tng oxy hoéa ¢ nhiét d6 khoang 70°C dat
duge do chon loc san pham mong muén tuong ddi cao (82 -
92%) nhung d6 chuyén hoa chi dat gia tri trung binh (15 -

35%).
A 100 ——THO5 B 100
—+ THO4
80 —omTHO2 s ®
_ 80 3
F 3
c
5 4 g 4
8 &
20 2 20
a
0 . - 0 +—d
45 50 55 60 65 70 75 80 85 90 95 45 S0 55 B0 65 70 75 80 8 90 95
Nhiét 4 (°C) Nhigt d8 (°C)

Hinh 3.9. Méi twong quan giita hoat tinh xiic tac va nhiét do
phan vmg trén cdc mau xic tac THO2 - THOS (4 gio, DMF).
3.1.2.4. Anh hwong ciia thoi gian phan g
Hinh 3.10 cho thiy do chuyén hoa styren ting tuyén tinh
theo thoi gian phan @ng va lwgng Cu® (Hinh 3.10 A). Bg chon
loc san pham chinh van trén 80% sau 6 gio va giam khoang
10% sau 8 gid phan &ng. Hinh 3.10 ciing cho chung ta thiy do
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chon loc cua cac san pham phu tiang nhe khi kéo dai thoi gian
phan ng. Trong s6 d6 thi benzaldehyde 1a thanh phan chinh
chiém khoang (4 — 10%) sau 8 gio (Hinh 3.10 B). Pay co thé
1a san pham chinh chuyén héa thanh san pham phu do phan
ung thay phan va mé vong oxyran cua phan tu styren oxide.

A 100 =—THOS B 100 25
== THO4 1

80 ——THOZ et — = . e
s 5 ™4 <
QEBD ~ % ol THOZ THO4 THOS 15}
o o S st - - —_— Z
8 4 /// S 4. 103

s 6\307 g g

20 — FRER s 5 5

= 10+ 2
04 0 Lo
1 2 3 4 5 B 7 8 9 1 2 3 4 5 [ 7 8 9

T gan (g o o
Hinh 3.10. Méi fuong quan giira hogt tinh xtc tac va thoi gian
phan ing trén cac mau xdc tac THO2 — THO5 (70°C, DMF).

Cac phan tng thir cAp nay xay ra trén cac tdm acid cua cac
mau xuc tac. Nudc ¢d mat trong hdn hop phan tng cé thé
canh tranh véi chat phan tng va duoc hap thy trén céc tam
Lewis cua chat xuc tac tao ra cic tdm acid Bronsted xUc tac
cac phan tng thir cp xay ra.
3.1.2.5. Téi sir dung xUc tac

ol Smamae " vt Hinh 3.11. T&i sinh xuc
tac THO4 trong phan
ung oxy hoa styren (4
gio, 70°C, DMF,
styren/TBHP = %.

Hinh 3.11 minh hoa két qua hoat tinh xdc tac cua mau
THO4 sau 6 1an tai sir dung. Két qua cho thay hoat tinh x(c tac
khé& bén & diéu kién phan ng oxy hoéa pha long. Hoat tinh xtc
tac hau nhu 6n dinh sau 6 lan tai st dung. D6 chon loc hai san
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pham chinh van duy tri kha cao mac du thém mot luong nho
san pham phu tao thanh sau lan tht tu tai sinh xdc tac.
3.1.3. Thdo lud@n két qud phdn #ng oxy hda styren trén xdc
tac Mg-Cu-Al-CO4

Xdc tac hydrotalcite Mg-Cu-Al-CO5 thé hién hoat tinh
xUc tac cao trong phan tng oxy héa styren. Két qua nghién
ctru hoat tinh xUc tac ddy thir nhat cho thay su ton tai cua cac
ion Cu® trong mang cua hydrotalcite 1a diéu kién tién quyét
cho qué trinh epoxy hda styren vai tac nhan oxy héa TBHP.
Tuy nhién, cac mau xdc tac chira ham luong ddng 16n s& 1am
giam do chuyén hoa styren véi tac nhan oxy héa H,0,. Mit
khéc, khi tdc nhan oxy héa H,0, duogc thay thé cho TBHP,
phan ung oxy héa xay ra theo hudng cua phan tng oxy hoa.
Do chon loc san pham c6 sy thay doi rat dang ké khi thay doi
chat oxy hoa do sy khac nhau vé con dudng phan tng oxy
hoa. Khi sir dung chat oxy héa TBHP, cac ion Cu®* dong vai
tro 1a cac tdm hoat dong cho sy hinh thanh cac gdc tert-
butylhydroxy (tBuOe+) hodc tert-butylhydroperoxy (tBuOOr)
tir TBHP. Sy tn cong cua t-BuOs/t-BuOO- cac gbc tu do cia
nhom ethylenic dan dén sy tao thanh chon loc cho epoxide.
Mt khac, cac ion Cu®* tuong tac véi H,0, tao thanh Cu*+O,H
trung gian rdi tiép tuc két hop voi mot phan ti H,0, khac dé
cung cip cho cac ion Cu®*, O,, H,0 va OH. Cac gbc *OH tan
cong vao lién két d6i C=C & mach nhanh cia vong benzen dé
tao thanh gbc aldehyde hoic céc san pham oxy héa khac.
3.2. DAY XUC TAC HYDROTALCITE Mg-Cr-Al-CO;
3.2.1. Ddc trung xuc tac day Mg-Cr-Al-CO3

Gian @5 XRD (Hinh 3.12) cho thdy cac miu xuc tac cua
ddy THCr [Mg-Al-Cr-CO;] c6 cac pic dac trung tinh thé hinh
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thoi cua vat liéu hydrotalcite. Gian d6 XRD khdng xuat hién
cac dinh pic nhiéu xa twong ung voi cac pic nhiéu xa cua
Cr,05 nhu trén cac mau MixO.

MgO

«(003)

\THO00/Cr,0y

I\,
et AT A
N -/” THCro1 /\\-'JLN\"J

AR A st g oo

T Yl \ Sy S L e IR\ ¥ 9
) THO0 J (006)(012) m,“m (113)
Py

1015 40 45 50 55 60 65

2-theta (°)

Hinh  3.12.  Pho
nhiéu xg tia X cua
cac mau hydrotalcite
THCr; THCr,0; va
MixO-Cr,0:s.

Déi v6i miu so sanh, Mg-Al-Cr,0;, 16p xen giira duoc
chén bing anion Cr,0,* (miu THCr,0;), tin hiéu nhidu xa
tia X c6 chan pic rong hon va nhiéu hon so v&i mau cia Mg-

| —JHCn0:E
THCr02S
THCr04

THCr03

T
THCrol1

4000 3600 3200 2800 2400 2000 1600 1200 00
Sbs6ng (cm™)

Hinh 3.13. Phé IR cua cac mau Mg-Cr-
Al hydrotalcite trudc va sau phan ing.

Hinh 3.13 phé
FT-IR cua cac mau
xuc tac trudc phan
ung va sau phan ung
xuat hién cac dinh
cua dai phé dic trung
cho cac dao dong cac
nhom va lién két caa
vat liéu hydrotalcite.

Hinh 3.13 ciing cho thay sy khéc biét v& phd IR gitra cac
hydrotalcite chira chromi trong cac 16p hydroxide (THCr01 -
04) va céc 16p xen gira (THCr,05) xuét hién dinh hip thy &
915 va 865 cm™ tuong wng véi dao dong bat ddi xang cua cac
anion dichromat trong khoang khong gian 16p xen gitra.

16



Phd UV-vis caa cac mau chira Cr dugc md ta ¢ hinh 3.14.
Khéng gidng nhu phd cac hdn hop oxide cua Cr,O5 trong
viing UV-vis, phé cua cdc mau Mg-Cr-Al-CO; (THCr02 va
THCr04) xuat hién hai dai rong tai 420 va 580 nm dugc gén
cho dich chuyén dién tir 4A2g (F) — 4T1g (F) va 4A2g (F) —
4T2g (F) cua cac ion bét dién Cr** trong cac tAm brucite.

Hinh 3.14. Phs
i UV-vis cua mau
T Mg-Cr-Al truc va
_ mew sau phan @ng oxy
hoa styren.

.= THCr, 07

, THCH2-S.

T THEAR

200 300 400 500 600 700 800
S séng (nm)

Dbi voi miu THCr,0;, phdé UV-vis xuat hién pic nho &
270 nm va mot dinh hip thu rong ¢ 350 nm c6 dudi vé phia
song dai dic trung cho qua trinh dich chuyén dién tr 0* —
Cr® cua chromat. Ca hai dinh nay dwgc mé rong va cuc dai
dich chuyén vé phia song dai, do cac anion dichromat dugc
cheén vao gitra cac lop Mg-Al-(OH),.

I Hinh 3.15 biéu dién
cuong do tin hiéu niang
luong tng Vvéi nong do
chromi tang tr THCrO1

" dén THCr04. Ty l¢ nay
B e —A e—— T i tang khi tai sinh xtc tac
. _ cho thiy mot s6 ion
Hinh 3.15. Phé EDS cua ddy mau  chromi ndm ngoai mang
Mg-Cr-A/ truéc va sau phan ung. pj rira troi.

0 s e 10

4 3 6
Ning hrgng (keV)

Hinh 3.16 B biéu dién phd XPS tuong @ng véi mirc ning
luong lién két Cr2p cua mau THCr02 va THCr04. Ph XPS
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xuat hién hai dinh pic rong tai 577,5 va 587,9 eV lan luot
tuong tng véi mirc ning luong lién két cua Cr 2p1/2 va Cr
2p3/2 (Hinh 3.16 B) la ning luong lién két cua cac ion Cr®*
tr9ng cac lop bat dién cua hyhdrotalcite.

[} A C

Nang heong lién két (eV) Ning lryng lién két (V)

Hinh 3.16. Phé XPS ciia Cr2p (B) va Ols quét (C) ddi véi cac
Mau THCr02, THCr04 trueéc va THCr02S, THCr04S.
Ngoai ra, phé XPS ¢ hinh 3.16 B con thay xuat hién bo
vai & 578,4 eV/587,5 eV ing véi mic niang luong lién két Cr
2p cua Cr®*. Xem xét thém v& viing mirc ning lwong lién két
ctia Ols dé xac nhan thém thang tin vé trudng dién tich xung
quanh ion Cr**. Nhin chung, ph O1s XPS cua tit ca cac mau
c6 mot dinh rong, c6 sy chong lap giita hai dinh tai ning
lwong lién két thip (khoang 530,9 eV) va cao ¢ 532,7 eV. Gia
tri ning luong lién két thap hon thuong duoc quy cho oxy
trong mang ciu tric tim brucite trong khi nang luong lién két
cao dac trung cua cac nguyén tir oxy trong cac nhém hydroxyl
trén bé mit ngodi cua cac tim brucite. Do d6, phd XPS da chi
ra su ton tai cung ldc ion Cr¥* va Cr®* trong cac mau xuc tac
hydrotalcite ¢6 ham lugng Cr cao va cac ion nay sé& thé hién
do6 hoat dong khéc nhau trong phan ung oxy hoa styren.
- R

B: THCr02




Hinh 3.17. Anh SEM (A, C) va TEM (B, D) cua ¢ mdu Xuc
tac hydrotalcite THCr02 va THCr04.

Anh SEM va TEM ctiia mau THCr02 va THCr04 gém céc
tinh thé dang tam duogc sap xép theo dang hoa hong “rosette”
(Hinh 3.17 A va B). b6 day cua cac hat xic tac la 10 - 20 nm
va kich thuwéce khoang 250 - 300 nm.

A

/- hydrotalcitt  Mg-Cr-
Li Al
Dién tich bé mat
rieng cia cac mau
- hydrotalcite ~ trong
o [T khoang 63 - 90 m?/g,
T e nhung giam nhe khi
Hinh 3.18. Puong cong hdp phu/gidi  tang ham lugng Cr*
hdp nito (4) cua ddy mau xdc tic  trong mau.

Hinh 3.18 thé hién duong cong hap phu/giai hip dang
nhiét ctia cac mau xuc tac THCr01-THCr03 [Mg-Cr-Al-CO;]
hydrotalcite (Hinh 3.18) dic trung cho dwong hip phu dang
nhiét loai IV vai vong lap tré kiéu H3. Nguoc lai, duong cong
hap phu/giai hap dang nhiét cia mau hydrotalcite THCr04 dic
trung loai 1 c6 vong lap tré loai H4. Vi su xuat hién vong tré
tai gi4 tri 4p suat twong dbi tir 0,45 dén 1,0. Trong khi do,
dudng cong hap phu/giai hap dang nhiét cia mau THCr,0; c6
vong lap tré loai H4.

3.2.2. Hogt tinh xac tac Mg-Cr-Al-CO; véi phdn #ng oxy
hoéa styren

3.2.2.1. Anh hwong ciia ion chromi dén hogt tinh xUc tac
Mg-Cr-Al-CO; va Mg-Al-Cr,0; trong phdn #ng oxy hoa
styren

THCr03
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Hinh 3.19 biéu dién do chuyén hoéa styren ting dan tir mau
xtc tic THOO dén THCr03; nhung giam nhe véi mau xdc tac
THCr04. Diéu nay dugc giai thich boi thuc té 1a céc ion
chromi nam & tam bat dién I6p brucite dong vai tro 13 cac tim
hoat dong cho qua trinh oxy hda styren. Po chuyén hda styren
giam nhe v6i mau xdc tac THCro4 vi mot luong dang ké ion
chromi nam ngoai mang tinh thé hydrotalcite. Hinh 3.19 cho
thidy do chuyén hoa trén miu xuc tac chia Cr,O3 (THOO -
Cr,03; MgO — Al,O; — Cr,03) dao déng trong khoang 10% va
trén mau THCr,0; la 30%. San pham tao thanh trén mau xuc
tac THCr,O; chon loc hon trén cac hon hop oxide.

B I Hinh 3.19. Hoat tinh
xUc tac cua day Mg-
Cr-Al ¢ 40°C, 2 gio,
dung mbdi DMF,
styren/H,0, = Y.

3.2.2.2. Anh hwéng cia thoi gian phan ing

Hinh 3.20 md ta bién thién do chuyén hoa styren la twong
tu nhau trén ca 3 mau theo thoi gian phan ang tir 2 - 10 gio &
nhiét o thap 40°C. Bo chuyén hoa styren ting tir 20 - 35%
dén 80 - 92% khi kéo dai thoi gian phan tng tir 2 dén 10 gio
(Hinh 3.20 A), nhung d6 chon loc san pham caa mdi mau xuc
tac c6 thay doi khac nhau (Hinh 3.20 B).

A0 B @@ THCR207-Bell W THCH2- Bzl e THCrO4-BzH
207 —x=THCHR-S

-
- THCr2 — 90 = THCRO7-50 o= THCHMSO
80 THCr04 ,/“//
£
F 60 / 2
g A [
0 -

Thisi gian (gi) Thii gian (gii)
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Hinh 3.20. Anh hirong cua thoi gian phdn ing 1&n hogt tinh
xUc tac (A) va chon loc san pham (B) cia cac mau
hydrotalcite THCr02, THCr04, THCr,0.

Do chon loc benzaldehyde va styren oxide it thay d6i sau
thoi gian 4 gio phan ung ddi véi miu THCr02 va THCr04,
nhung giam dan d6i véi mau THCr,0; khi thoi gian phan éng
tang. Hon nira, khi thoi gian phan tng kéo dai, phan ung trén
mau THCr,0 tao thanh nhiéu san pham phu (Hinh 3.20 B).
3.2.2.3. Anh hwong cia nhiét dp

Phan ung oxy hoa styren dugc khao sat ¢ dai nhiét do tur
25 dén 70°C trong 2 gio (hinh 3.21). O khoang nhiét d6 khao
sat, do chon loc benzaldehyde c6 xu hudng giam khi tang
nhiét d6. Cu thé hon, khi nhiét d6 tang tir 25 dén 70°C, do
chuyén héa styren ting tir 16-25% |én 47—76% trong khi do
chon loc benzaldehyde giam tir 78 xudng 45%.

A 100 + 1Cr2  —o-THCrod B 100 ICH Bl e THCHM-Ball
9 ~THCHHSO

\
\ﬂ.

Hinh 3.21. Anh hirong cuia nhiét @6 phan ing lén hogt tinh xdc
tac (A) va chon loc san pham (B) ciia cac mdu hydrotalcite
THCr02, THCr04, THCr,0;.

Bén canh d6, nhiét d6 phan ng cao thuan lgi cho su tao
thanh styren oxide. Cac mau THCr02 va THCr04 cho do chon
loc styren oxide tt & nhiét do cao (Hinh 3.21 B).
3.2.2.4. Tdi sir dung XUc tac

Hinh 3.22 chi ra cac anion Cr,O;* trong mau THCr,0; c6
thé d& dang trao ddi véi céc anion khac hoic bi rira trdi nhanh
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trong qua trinh phan tng do luc lién két giita Cr,0,* va tim
hydroxide bat dién rat yéu. Nguoc lai, cac ion Cr** trong cac
tam bét dién tim brucite khong bi trdi ra trong qua trinh phan
tng. Hinh 3.22 cho thidy do chuyén hda styren trén mau
THCr02 ¢ tinh 6n dinh cao ¢ hoat tinh cao va do bén xuc tac
tot v6i do chuyén hoa styren duy tri khoang 20 — 26% véi do
chon loc benzaldehyde la 65 — 75% va d6 chon loc cua styren
oxide giam tir 28 xudng 16% sau 5 lan tai s dung & 40°C, sau
2 gio phan ung.

DCL Siyren Oxide (%)

H (%)
i
/ ]
/
/
/
I
|
I
|
|
DCL Benzaldehyde

Ban din 1 2 3 1 s Bandin 1 2 3
$614n til sit dung S0 lan tii si dung

Hinh 3.22. Kha ndng tdi sir dung ciia mau THCr02 va
THCr,0; hydrotalcite cho phan #ng oxy hoa styren vai H,0,
¢ 40°C, 2 gio, dung mdi DMF, styren/H,0, = Y.

3.2.3. Thdo ludn két qud phdn teng oxy héa styren trén xiic

tac Mg-Cr-Al-CO;

Céc mau Mg-Cr-Al-(OH),, cac ion chromi ton tai cha yéu
dang ion Cr (Ill) ¢ tdm béat dién trong méi treong oxy hda.
Trong khi, cac mau xdc tac giau Cr va cac mau xdc tac sau
phan &ng cho thay sy ton tai cac ion Cr (V1) nim ngoai mang
hydroxide. Nhin chung, hoat tinh ctia cac mau xdc tac chaa Cr
do su chuyén ddi trang thai oxy héa — khir theo chu ky Cr** «
Cr®* nhung sy chuyén ddi trang thai oxy héa — kha Cr (111) -
Cr (VI) thi khé khan du ¢ diéu kién nhiét d6 cao. Su hién dién
cia ion kim loai Cr®* niam ngoai cac bat dién caa l6p
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hydroxide phan ng véi H,0, tao thanh benzaldehyde va céac
san pham phu acid benzoic, phenyl glycol... Tuy nhién, cac
ion Cr nam ngoai tam bét dién cua hydrotalcite dé dang bi rua
troi sau phan tng. Trong khi d6, chromi tao lién két ion Cr®*—
O trong céc 16p hydroxide Mg-Al-(OH), thuc hién qué trinh
oxy hda chon loc styren tao thanh benzaldehyde va styren
oxide. Trong khi do chon loc cua benzaldehyde va styren
oxide hau nhu khong thay ddi theo thoi gian phan ung. Diéu
nay ching to, hai san pham chinh duoc tao thanh bai hai con
dudng song song.

KET LUAN

1. D&y hydrotalcite Mg-(Ni, Cu)-Al-CO; Vvéi ty I¢
Mg/Ni/Cw/Al khic nhau dugc téng hop thanh cong bang
phuong phap dong két tua & pH (9,5 = 0,3). G ham luong
ddng, nickel thap céc ion Cu®* va Ni** chu yéu nam trong cac
tam brucite. Cac anion carbonat ton tai trong khong gian cac
I6p xen gitra. Cac mau hydrotalcite Mg-(Ni, Cu)-Al-CO; ¢6
dién tich bé mat riéng trung binh Sger tir 63 dén 90 (m?/g),
tinh thé dong déu, kich thudc hat tinh thé trung binh 80 — 100
nm diéu kién tdng hop vt liéu téi vu & 60°C.

2. Hé xuc tac Mg-(Ni, Cu)-Al-CO; da thé hién hoat tinh tot
d6i véi phan ing oxy hoa pha long styren. Do chon loc san
pham phu thudc vao lugng ion kim loai dong, nickel trong xuc
tac va ban chat cua tac nhan oxy hoa. lon Cu®* tai tam céc béat
dién cua hydrotalcite 1a tdm hoat dong cho phan tng epoxy
hoa styren thanh styren oxide véi tdc nhan oxy hoa la tert-
butyl hydrogen peroxide. P chon loc styren oxide dat tai 80 -
85% & do chuyén hoa styren 90 - 95% & nhiét do 80°C, thoi
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gian 4 gio, dung méi DMF, ty I1¢ mol TBHP/styren = 2/1 vdéi
xuc tac THO4 [ Mgo42Cug28Alo3(OH),(CO3)g,15.mH,0]. lon
Ni?* tai tam céc bét dién cua hydrotalcite lai thuc ddy qué trinh
oxy hoa styren tao thanh benzaldehyde véi tdc nhan oxy hoéa
hydrogen peroxide.

3. Day hydrotalcite Cr-chén vao cac lop Mg-Al-(OH), téng
hop dugc c6 cau tric 16p dang tim hay miéng, cé dién tich bé
mit riéng 16n 147 — 207 m?/g va céc hat tinh thé c6 kich thudc
khoang 250 — 300 nm. Su thay thé ion Mg?* va AI** boi ion
Cr® trong cac tim Mg-Al-(OH), din dén su hinh thanh cac
ion Cr (III) va luong nho Cr (VI) trong cac mau xuc tac
hydrotalcite Mg-Al bién tinh.

4. Day xuc tac Mg-Cr-Al-(OH), da thuc hién tét phan tng
oxy héa chon loc styren thanh benzaldehyde va styren oxide &
nhiét d6 thap. Cac ion chromium (111) 1a cic tm hoat dong tao
thanh benzaldehyde va cac san pham phu khac nhu acid
benzoic. .. trong khi cac ion Cr (III) trong tim brucite ctia xdc
tac hydrotalcite cho phan ang epoxy hoa styren. Bén canh do,
su ton tai ion Cr (V1) nam ngoai mang hydrotalcite tao diéu
kién cho phan ung oxy hda styren kém chon loc thanh
benzaldehyde. Cac ion chromi (III) dugc ¢b dinh trong cac 1op
hydroxide bat dién da cai thién do bén hoat tinh cua xtc tac
chromi trong phan tng oxy hoa pha long styren véi hydrogen
peroxide. Hoat tinh va d6 6n dinh cua xdc tac phu thudc vao
ham luong va trang thai oxy hoéa cua ion chromi trong mang
tinh thé hydrotalcite. P chuyén hoda cua styren dat khoang
60%, do chon loc benzaldehyde la 72% va styren oxide la
11% & 25°C trong 10 gio, dung méi DMF, ty lé¢ mol
H,O,/styren = 2/1.
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