Tap chi Khoa hoc PHQGHN: Khoa hoc Ty nhién va Cong ngh¢, Tap 32, S84 (2016) 12-18

Nghién ctru anh hudéng cua pH dén sy hinh thanh xdc tdc
hidrotanxit Mg-Ni-Al-CO; dung cho phan trng oxi hoa
chon lgc stiren bang hidroperoxit

bang Van Long*, Han Thi Hu¢, Nguyén Tién Thao, Hoa Hiru Thu
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Tém tit: Trong bao nay, mdt diy céc chét xdc tac hidrotanxit Mg-Ni-Al-CO5 dugc didu ché theo
phuong phap dong két tiia & cac pH khac nhau dé nghién ciru anh hudng cua pH lén su hmh thanh
h1dr0tanx1t va d¢ hoat dong xic tdc cua chung Céc tinh chit cdu tric va thanh phin cau tric cia
céc chét rén thu dwoc da duoc xdc dinh bang cdc phuong phédp vat Iy: XRD, IR, SEM, TEM, EDS.
Do hoat dong xtc tic cua chung trong phan tng oxi héa chon loc ¢ pha long du(rc danh gla o cac
didu kién khac nhau. Céc két qua nghién ctru thu dugc chi ra ring cic chat rin c6 dac diém ciu
tric cua hidrotanxit va do chon loc trong phan @ng oxi héa stiren thanh benzandebhit rat cao.

Tuwr khoa: Oxi héa Stiren, hidrotanxit Mg-Ni-Al-COj;, d§ chon loc benzandehit.

1. Mé dau

Céc dan xuét chira oxi ctia cdc ankylaren 1a
cic hop chat trung gian rat quy trong cdc nganh
cong nghiép san xut cdc chit mau, dugc pham
va tong hop hitu co [1]. Vi thé viéc oxi héa
khong hoan toan hay oxi héa chon loc céc
ankylaren dic biét 1a cic ankylbenzen la rat
quan trong va dugc cidc nha héa hoc cong
nghiép rat quan tdm. Cic qud trinh oxi héa
ankylbenzen theo phuong phap truyén thong &
pha 16ng bing cic peraxit, peroxit, dung dich
bicromat, permanganat,... thudng dan dén cic
san phdm phu khéc nhau rat khé tich va dan
dén gi4 thanh san pham cao. Mt khdc, ciing rat
khé téch xic téc sau phan ting. Vi thé hién nay,
khuynh huéng oxi héa cic ankylbenzen hay
stiren, ngudi ta thuong ding cic chat xidc téc
rin v6i tic nhan oxi héa 1a oxi khéng khi hay
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hydroperoxit H,O, dé dam bao khong giy 6
nhiém moéi truong. Cac chit xic tic oxi héa &
pha khi thuong 12 céc oxit kim loai chuyén tiép
nhu Cu, Ni, Co, Mn, Cr, Ti,... [2, 3]. Gan day
c6 nhiéu cong trinh nghién ciru phan ung oxi
héa cic ankylbenzen hodc stiren bang oxi
khong khi hay H,O, [2-6] trong su c6 mat clua
céc chat rén kiéu hidrotanxit Mg-Al ma trong
d6 céc kim loai Mg** hodc AI** duogc thay thé
mdt phan bang cac kim loai chuyén tiép c6 héa
tri c6 thé thay doi nhu Ni**, Co™, Fe**, Cr'™*, ...
lam xic tdc & pha 16ng. Céc chét xiic tic di thé
nay c6 nhitng thuan lgi co ban 1a dé tich chiing
ra khoi san pham phan tng, c6 thé tdi sinh dé
dang va lam giam thiéu céc chit thai giy 6
nhiém moi trudng.

Trong bai bdo nay, ching tdi nghién ctu
anh huéng pH dén su tao thanh céc hidrotanxit
Mg-Ni-Al-CO; va danh gid do hoat dong cua
céc xidc tic rén thu dugc trong phan {mg oxi
héa chon loc stiren bang H,O, pha 1ong di thé.



D.V. Long va nnk. / Tap chi Khoa hoc PHQGHN: Khoa hoc Ty nhién va Coéng nghé, Tdp 32, $64(2016) 12-18 13

2. Thyc nghiém

2.1. Chét xiic tic kiéu hidrotanxit Mg-Ni-Al-
CO; duge diéu ché theo phuong phdp dong két
tha cic ion Mg**, Ni** va AI** trong méi trudng
pH tir 7 dén 11 véi sy c6 mat dong thoi cua cic
anion OH™ va COs>. Mot dung dich nudc gom
hon hop céc mudi Mg(NOs3),, Ni(NOs), va
AI(NO»); da dugc léy theo tinh todn tur trudc va
NaOH. M6t dung dich Na,CO; ¢6 ndng do xdc
dinh, dugc nhd giot tir tr vao dung dich céac
mudi kim loai & trén dé céc anion CO;” xen vao
gifta cdc 16p hidrotanxit. Phan (mg dong két tia
duoc giltt & 65°C trong 24 gio.

Thi dy: dung dich Na,CO; gom 1,113 g hoa
tan trong 25 ml nudc cit. Dung dich hén hop
cdc mudi kim loai gém Mg(NOs),.6H,0 5,376¢g
, NI(NO3)26H20 8,148g, AI(NO3)39H20
7,875g va thém NaOH vao dung dich trén dé
dat dugc cac dung dich c6 pH=7,0; 9,5 va 11.
San pham dugc loc, rira va say & 65°C dén kho.

2.2. Cdc phwong phdp dic trung tinh chdt ciu
triic cua vat liéu ran thu dwoc

- Phuong phép nhiéu xa tia X duoc ghi trén
mdy DSADVANCE, tai Khoa Héa hoc -
Truong PHKHTN-PHQG Ha Nbi, 6ng phit tia
CuKo (A=1,54056 A°), cuong d6 dong dng phat
40 mA, géc quét 20 tir 10° va 20° d&én 70°, toc
do géc quét 0,2°/phuit.

- Phuong phép quang ph6 hdng ngoai (FT-
IR) cdc mau xiic tic trén mdy GX-Perkin Elmer
(USA), dai quét tir 400 - 4000cm™, do6 phan
gidgi: 4 cm’, tai Khoa Héa hoc - Trudng
DHKHTN - PHQG Ha Nai.

- Phuong phép phd phan tin ning luong tia
X (EDS). Cac phé thu duogc tai Trung Tam Vat
Li€u, khoa Vat Ly, truong PHKHTN - PHQG
Ha Noi.

2.3. Phuong phdp ddnh gid do hoat dong xiic
tdc ciia cdc chdt rdan

Do hoat dong cua céc xiic tac ran thu duoc
dugc danh gia trong phan ung oxi hoda stiren &
pha 16ng di thé. Cic diéu kién phan (g nhu
sau: stiren (0,03 mol) dugc cho vao mot binh

cu 3 cé, thém vao d6 10 ml etanol lam dung
mbi, 0,2g xiic tic rdn. Lip hé thiét bi c6 sinh
han hdi luu, theo doi thé tich H,O, dua vao hé
phan tmg. Hon hop phan ung dugc khudy lién
tuc trong 4 gio.

2.4. Phan tich san phdam phan img

Sau khi két thiic phan tng, dung dich hdn
hop dugc loc dé 1oai bo xdc téc rin, phén dung
dich dem phén tich bang phwong phdp sic ky
khi lip ghép detector khoi phd, GC-MS véi
diéu kién nhu sau:

- May HP-6890 Plus, cot tich HP-5 MS
crosslinked PH 5% PE Siloxane, 30m x 1pum x
0,32um, khi mang He.

- Nhiét do buéng bom mau 250°C, nhiét do
detector 260°C.

- Chuong trinh diéu nhiét 40°C (2min), tang
5°C/min dén 120°C ding ¢ nhiét d6 d6 10 min
trude khi tiép tuc ting 1én 200°C véi toc do ting
15°C/phiit.

T d6 tach duoc:

Do chuyén hod (%) =

A +ASPP

Ben.

100 PO chon loc benzandehit

ABen + ASPP + ASri
(%)= w109
N Ben N, SPP

Trong do: ABen, ASti, ASPP : Dién tich
pic cua san pham benzandehit, stiren va céc
san pham phu.

3. Két qua vao thao luin

31 Ké qua diéu ché céc hidrotanxit.
Hidrotanxit ¢ coéng thuc tong quit Ia
MM (OH),]A", mH,0 [7]. Pé thu duoc
hidrotanxit tinh khiét c4c gi4 tri ciia x phai nam
trong ving 0,20< x <0,33. Trong nghién ctru
nay, dé¢ dam bao thu dwoc cdc san phim
hidrotanxit mong mudn ching ti giit nguyén
gid tri x=0,3, chi thay ddi ty 1¢ mol cta cdc ion
kim loai héa tri hai 1a Mg®* va Ni**. Bé so sanh
cic két qua ching toi da tong hop mot mau
hidrotanxit véi ham lugng Mg**=0,7 mol va céc
két qua thu dugc dugce trinh bay ¢ bang 3.1.
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Bang 3.1. Cdc mau hidrotanxit thu dugc

STT pH Cong thtrc hidrotanxit Ky hi¢u
1 9,5 Mg0,7A10,3(CO3)0,15.nH20 HDO1
2 7,0 Mg0,3Nio,4Alog3(CO3)0,15.HH20 HDO02
3 9,5 Mg0,3Nio,4Alog3(CO3)0,15.HH20 HDO3
4 1 1,0 Mg0,3Nio 4A10,3(CO3)0,15.HH20 HDO04

Trong qu4 trinh két tia cdc hidroxit kim loai
Mg*, Ni** va AI** dé tao nén cic hidrotanxit
trong hon hop céc ion kim loai da sir dung &
trén, AI** khi két tia ¢ dang hidroxit thudng
biéu thi tinh chat ludng tinh nghia 12 & pH cao
hidroxit AI(OH); c6 thé tan ra. Va nhu thé céu
tric ctia hidrotanxit s& bi pha v&. Dé khao sat
didu nay ching toi da thay doi pH tir 7,0 dén 11

trong su ¢4 mat cia anion CO5”.
3.2. Két qua nhiéu xq tia X
Cac mau ran thu duogc & trén dugc dem xac

dinh céu tric bang phuong phap nhidu xa tia X.
Két qua duogc trinh bay ¢ hinh 3.1.

1000 (006) {012

(015) (018)

(110) (113) g3

HDO2

| T W R,

— Mg Al | blank ]

PH=2.5 PH=7

2 theta

Hinh 3.1. Gian d6 nhi€u xa tia X ctia cdc mau ran.

Céc nhiu xa do trén cho thay céc chat rin
c6 do tinh thé tbt, dic trung cho vat liéu
hidrotanxit véi cdc géc phan xa 2 6=10,3; 23,4,
34,4 va 61,0°, dic biét & mau HD02 va HDO3.
Diéu nay cho thiy ¢ pH cao da c6 anh hudng
dén d6 két tinh hidrotanxit, nhung anh huong
khong nhiéu, nhu da thdy céc gian d0 nhiéu xa
tia X clia cdc mau gan nhu nhau c6 thé 1a do su
c6 mat dong thoi cia OH va CO5> tir Na,COs
trong qua trinh dong két tia cic hidroxit kim
loai. TUr c4c nhiéu xa dd & trén, chiing toi rit ra
céc dic trung ciu tric cho hai mau HDO2 va
HDO3 nhu sau (bang 3.2).

Bang 3.2. Mot s6 dic trung ciu triic ciia cdc mau
hidrotanxit

Céc thong so
mang luédi, A°
a b
HDO02 7,37 3,7 1,52 3,04 22,16
HDO3 7,67 3,81 1,52 3,04 22095

Nhu vay c6 thé thay khi thay thé mot phan
Mg2+ bang Ni** trong cau tric cua hidrotanxit
gan nhu khong lam thay d6i cau tric cia
hidrotanxit. C4c thong sb mang ludi c6 thay doi
chiit it theo pH ¢6 thé do sy twong tic tinh dién
ctia cdc anion CO;™ 1én céc tim Al cua 16p

Mau doos doos diio
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brucite bi bién tinh boi Ni**
3.3. Két qua IR
Pé 1am 1o cu tric cua cdc vat liéu ran thu

%0

000 3600 3200 2800 2400

duogc, ching t6i di ghi phd IR cua cédc mau
HDO02, HD03 va HD04. Cac két qua dugc trinh
bay trén hinh 3.2.

HDO2(pH=7)

HDO3(pH=9.5)

HD04(pH=11)

Hinh 3.2. Phd IR cua cdc miu rin HD02, HDO3 va HD04.

Trén hinh 3.2, cho thdy mot bang hip thu
manh va réng & 3397 cm’ dic trung cho dao
dong hoa tri cia nhém OH ge"m vOi cac ion
Mg™ va Al trong 16p hidrotanxit. Gidi hap thy
nay dugc mo rong ra khi pH téng hop vat liéu
giam, va xuat hién mot vai & 3034 cm™ c6 thé
la do dao dong cua nhém OH' trong phén tir
nuée lién két voi cdc anion nam glu’a céc 16p.
Mot giai hap thy yéu ¢ 1649 cm” 1a do dao
dong bién dang cia nhém OH cua phan tir
nuée. Giai hap thy & 1358 cm™ rat manh dic
trung cho dao dong bit ddi xung cua anion
CO;”. Con céc giai hap thy & ving < 800 cm™
dac trung cho cic dao dong hoa tri cua cac kim
loai — oxi (Mg-O, Ni-O va Al-O).

Sy ton tai cdc ving hip thy ndy trong viing
héng ngoai, mot lan nita ching to vat liéu
hidrotanxit Mg-Ni-Al-CO; di dugc tong hop
thanh cong.

3.4. Két qua SEM va phan tich nguyén té bang
phwong phdp EDS

Dé thay dugc céc hinh thdi ctia vat liéu thu
dugc 1a cdc vat liéu 16p va thanh phan nguyén
td cua vat li€u, ching t6i da chyp anh SEM va
phan tich nguyén t6 ctia vat liéu theo phuong
phap EDS. Cic két qua duoc trinh bay trén hinh
3.3; 3.4 va bang 3.3.

Hinh 3.3. Anh SEM ctia mdu HD02 va HDO3.
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Hinh 3.4. Phd EDS cua cdc mau HD02, HDO3 va HD04 va miu dbi ching HD.OI.

Bang 3.3. Két qua phan tich nguyén t6 cia mau HD02, HD03 va HD04.

Mau Mg (% KL) Al(%KL) Ni(%KL) Ty ¢ mol

HDO4 (pH=11) 9,37 19,36 50,7 0,20/0,36/0,44
HDO3 (pH=9.5) 9,74 20,11 50,16 0,20/0,37/0,43
HDO02 (pH=7) 2,31 22,23 57.8 0,05/0,43/0,52
HDO2 (phén tmg) 2,35 22,62 57,09 0,05/0,44/0,51

Céc két qua XRD va IR & trén da khing
dinh céac hidrotanxit Mg-Ni-Al-CO; da dugc
hinh thanh va pH gan nhu khong anh hudng
dén ciu tric, nhung & pH cao (pH=11) anh
huéng manh hon mét chat dén do Kkét tinh cua
tinh thé hidrotanxit.

Pé thdy dugc dang 10p cua vat liéu, chiing
t6i da chup anh SEM cua céc mau HDO3 va
HDO04. Két qua & hinh 3.3 cho thay dang 16p 1o
rang cua cdc vat lidu rdn va pH tong hop ciing
anh hudng dén dang 16p cua vat liéu thu dugc.
O pH=7 dang 16p rat ro rang, & pH=9,5 dang
16p ciing 16 nhung d6 hat nho va dong déu hon.
O bang 3.4 1 két qua phan tich nguyén t6 1a rat
gin voi cdc thanh phan dy dinh theo thuyét
nMg/nAl/nNi=0,3/0,3/0,4.

3.5. Két qud ddnh gid hoat déng xiic tdc ciia
cdc hidrotanxit

Trong cac muc 2.3 va 2.4, ching t6i da trinh
bay céc danh gid va phan tich cic san pham thu
dugc. Trong cdc san phim, benzandehit 1a san
phim quy ma ching ta quan tim. Céc két qua
thu dugc dugc trinh bay ¢ bang 3.4.

Mau HDO1 13 mau dugc danh gid do hoat

dong xuc tac trong phan ung oxi héa chon loc
stiren ¢ 70°C va cdc diéu kién khéac tuong tu
nhu do6i v6i cac mau HDO2, HDO3.

Bang 3.4. B9 chuyén héa va d¢ chon loc
benzandehit trong phan (g oxi héa stiren di thé pha
long, dung moi C,HsOH, tic nhan oxi hda 1a H,O,, thoi

gian phan (g 4 gio, trong diéu kién khudy lién tuc

Nhiét bo Do chon loc, (%)
Xic  do chuyén San
tac phan héa benzandehit phidm

ing, °C_ (%) khdc
HDO1 70 9,3 100 -

60 53 99,9 -
HDO02 70 75 66 44

80 - -

60 11 99,9 -
HDO03 70 14 99,9 -

80 15 92,0 8,0

N6i chung, khi nhi¢t d§ phan ung tang tr
60 - 80°C ca hai xic tic cho do chuyén héa
tang. Xiic tic HDO2 cho d6 chuyén héa cao
nhit 75% & 70°C nhung do chon loc
benzandehit the”ip (60%). Con xic tac HDO3 cho
d6 chuyén héa thap hon nhiéu nhung d6 chon
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loc benzandehit it cao ~100% & 70°C. Theo
quan diém hién nay ca hai xic tic déu cho d6
chon loc benzandehit rit cao:HD02 gé‘in 100% o
60°C va HDO3 gan 100% & 60 - 70°C. So véi
mau ddi ching HDO1 ca ba xiic tic nay déu c6
tdc dung trong phan mg oxi héa stiren bang

\|+OH

Tam hoat dong trén nhéom (niken)
bat dién trén hidrotanxit

OH CH=CH,
\/|M< LCL,
7| "OH | Logi tach - khir

Phic bat dién
Phiic dugc tao thanh két hop v6i nhém
olefin cua stiren tao nén hop chét trung gian

o [Sh
OH on va . Hop chit trung gian

CH—CH, | OH CH—OH
I I + \Al< —_— I 4 (I)H
OH OH / | OH OH

Céac gem diol phan huy cho cic andehit
tuong Ung va nudc di pha dung moéi ancol
C,HsOH rat hao nudc. Vi thé do chon loc cua

H,C—OH
H,0 + HCHO <— I

CH—OH
H,O + @ - @

CH— CH,
orte

OH OH
N A

Al

[/I\

H,O,

H,0,. Pidu nay c6 thé giai thich 1 do vai trd
clia xiic tdc hidrtotanxit nhu sau: Céc ion AI’*
hay Ni** trong ciu tric bat dién trén bé mat 16p
hidrotanxit c6 thé phan ly va trao ddi cdc phdi
tir véi H,0, dan dén su tao thanh cac liand X
nghia 1a cdc gbc OH.

Phan ly | Cong h

L6 tréng trén
ALY (Ni2*) bat dién

CH—CH
Alg | 4 s
OH OH

nay lai két hop vé&i phuc chét bét dién tao nén
cac gem diol.

H,C—OH

'

HCHO + H,0

CHO
+ H,O

phan {mg rat cao.
Qud trinh nay dugc trinh bay theo co ché
vong xuc tac nhu sau:

\l/
/|\

lTach phai tir

o
)\ [\LIDJ @CH:CHz

| H,O,
SAl
% 0 {

| OH
~ L
Al
[/| ~OH

ICH— ICH2
OH OH
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Nhu vdy, viéc dwa Ni** vao thanh phan
hidrotanxit chi 1am ting s6 trung tim hoat dong
xuc tdc. Chinh vi vdy cédc xuc tic HDO2 va
HDO3 c6 d9 hoat dong xtc tac cao hon nhiéu so
véi HDO1 chi ¢6 cdc tam Al

4. Két luan

- Pi didu ché thanh cong cic xic tic
hidrotanxit & cic pH khac nhau. O pH tir 7 - 9,5
cho cdc hidrotanxit c6 cau tric dic trung nhat.

- ba xéac dinh dugc cac dac trung cAu tric
clia cic hidrotanxit thu dugc bang cdc phuong
phdp vét 1y c6 d¢ tin cdy cao: XRD, IR, SEM,
EDS. Cho thay pH anh hudng rét it dén céu tric
va hinh thai cua cac hidrotanxit thu dugc.

- P06 hoat ddng cua cac xic tac kha cao, dac
biét mau HDO2 cho d6 hoat dong cao nhét
~53% véi do chon loc benzandehit ~100%.

- P bude dau giai thich tic dung xic tdc va
dd chon loc cua hidrotanxit Mg-Ni-Al-COj;
trong phan g oxi héa stiren bang H,0, & pha
16ng di thé véi dung méi 1a etanol.
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Effects on pH on the Formation of Mg-Ni-Al-CO;
Hydrotalcite-like Catalysts for Selective Oxidation Reaction
of Styrene by Hydrogenperoxide

Dang Van Long, Han Thi Hue, Nguyen Tien Thao, Hoa Huu Thu

Faculty of Chemistry, VNU University of Science, 19 Le Thanh Tong, Hoan Kiem, Hanoi, Vietnam

Abstract: In this article, one series of Mg-Ni-Al-CO; hydrotalcite-like catalysts were prepared by
co-precipitation method at different pH for investigation the influence of the pH on hydrotalcite-like
formation and their catalytic activity. The structural and textural properties of obtained solids were
determined by: XRD, IR, SEM, TEM, EDS methods. Their catalytic activity in selective oxidation
reaction in liquid phase was evaluated at different conditions. The obtained results showed that the
solids had the structure characteristics of hydrotalcites and the benzaldehyde selectivity in styrene
oxidation reaction was very high.

Keywords: Styrene oxidation, Mg-Ni-Al-CO; hydrotalcite, benzaldehide selectivity.



