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TONG HQP HYDROTANXIT Mg/Al LAM XUC TAC

CHO PHAN UNG NGUNG TU ANDOL GIUA AXETON VA BENZANDEHIT
¢ Bui Thi Minh Nguyét®
Tém tit

Hydrotanxit Mg/Al véi ty 16 Al/(Al + Mg) khdc nhau da dwoc diéu ché thanh cong bang phwong phép
dong két tiia va dwoc xdc dinh béi cdc phwong phép: phén tich nhiét, nhiéu xa tia X va BET, Nghién ciru
cho thdy, vat liéu hydrotanxit Mg/Al thu dweoc la don pha hydrotanxit va c6 dang mao qudn trung binh
(dién tich bé mat 284 m*/g va béan kinh mao quan khodang 46 A). Ngodi ra, nghien citu con cho thdy vit
lieu hydrotanxit Mg/Al o ty 1¢ Al/(Al + Mg) = 0,30 c6 kha nang xuc tac cao nhat cho qud trinh ngung
tu andol giita axeton va benzandehit, trong diéu kién khdo sat, benzandehit gan nhw dwoc chuyén héa

hoan toan sau 120 phut phan ung.

Tir Khéa: Hydrotanxit, chdt xiic tdc, ngung tu andol, axeton, benzandehit.

1. Pit van dé

Tir axeton c6 thé ngung tu thanh cac san pham
v6i nhimng tinh chat qui gia nhu: nhiét do soi va
nhiét do bét lra cao, it tan trong nudc, c6 do nhot
t6t. Vi vay, chiing ¢ thé lam dung méi, dau phanh,
lam giau quing, tuyén than, dung trong ché bién
dau mo...

Phén trng ngung tu andol da dugc nghién ctru
rat nhiéu trén xuc tac déng thé acid hoic bazo,
nhung véi xtic tic dong thé c6 mot vai nhuoc diém:
tach va tai tao lai xuc tac gip nhiéu kho khin, gay
an mon thiét bi, gdy 6 nhiém mai trudng va khé
diéu khién theo N muén. Chinh vi thé, xtc tac di
thé dugc quan tim nghién ciru nham thay thé cho
loai xuc tac déng thé dic biét trong phan ing ngung
tu andol [4].

Hydrotanxit (HT) c6 clu trac 10’p va té bao
nguyén t61a Mg AL(OH), CO,.4H,0. Céu tric tinh
thé cia HT dugc xem nhu tlmng tu voi ciu tric
cua khoang bruxit Mg(OH),, trong d6 ion Mg?**
lién két phdi tri v6i 6 nhoém hydroxyl [2]. Khi cac
ion AI** dugc thay thé cho mot s6 ion Mg?* trong
mang ludi dé tao thanh HT, thi trén cac 16p c6 du
dién tich duong. Pi¢n tich duong nay sé dugc bu
trir bang cac anion, théng thuong la CO,*. Khodng
tréng glua cac 16p duoc lap day bang cac anion va
nudce. Poi voi HT dang Mg/Al ¢6 thé ¢6 thanh phan
hop thuc la [Mgl_xAlx(OH)z]"*.[CQ32']X/2.mH20,
trong do, x = Al/(Al + Mg), m 1a s phan tir nudc
két tinh & giita cac 16p [1], [2]. Khi xur ly nhiét
dén 200°C thi nudc thoat ra, tiép tuc nang nhiét
d6 cao hon nhung khong qua 500°C thi CO, dugc
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giai phong va bé mit bi dehydroxyl hda mot phan,
khi d6 thu duoc dang oxit hon hop Mg-Al, vi dy,
MgéAl «(OH),. HT co6 tinh chét bazo va c6 thé
lam xuc tac cho cac phan g xay ra theo co ché
cacbanion, nhét 13 trong tong hop tinh vi.

Trong cong trinh nay, chiing t6i thong bao mot
s6 két qua vé tong hop HT Mg/Al bang phuong
phap dong két tiia va danh gia kha nang xuc tac
trong phan ung ngung tu andol gitta axeton va
benzandehit trén san pham diéu ché duoc.

2. No¢i dung nghién ciru

2.1. Thuc nghiém

- Hoa chit:

Céac hoa chit duoc st dung trong thuc
nghiém cta hing Merck (Pic), bao gdm: NaOH,
Na CO,, Mg(NO,),.6H,0, AI(NO,),.9H,0, axeton,
benzandehit.

- T6ng hop hydrotanx1t Mg/Al

Pau tién, hoa tan hdn hop gdm 51,3 gNa,CO,
va 71 g NaOH trong 1,5 L nudc cét, thu duoc
dung dich 1. Dung dich 2 dugc tao ra bang cach
hoa tan hén hop mubi gobm Mg(NO,),.6H,0 va
AI(NO,),.9H,0 co luong xac dinh (Bang 1) trong
binh cau 3 co day tron dung tich 2 lit da chira san
500 mL nuéc cat. Tiép dén nho timg giot dung dich
1 (2 giot/gidy) vao dung dich 2 dé dat dén gia tri
pH xéc dinh. Tién hanh thay phan dung dich hdn
hop phan rng ¢ nhiét do thich hop trong 3,5 gio.
Trong qua trinh phan tmg, gia tr1 pH cua dung dich
c6 thé giam va khi d6 co thé tlep tuc bd sung bai
dung dich 1 dé giit pH c6 dinh. Hon hop phan tmg
sau khi thuy phan tiép tuc duoc giit on dinh & 65°C
trong 18 gio. Két tua thu duge dem loc, rira béng
nude cat cho dén khi pH nudc rira < 8. Tién hanh
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sdy kho két tia ¢ 80°C trong 18 gid, sau d6 nung
& 450°C trong 20 gid (c6 dan khi N, di qua trong
suot qua trinh nung).

Bang 1. Ham lwgng Mg(NO,),.6H,0 va AI(NO,),. 9H,0

2.3. Két qua va thio luin

2.3.1. Anh hieéng ciia pH dung dich phan vmg
dén quda trinh tong hop HT Mg/Al
Mac du mét vai nhan dinh cho

trong dung dich 2 rang, cu trac cuia HT Mg/Al c6 thé

Hoa chét Miu 1| Miu2 | Mau3 | Maud | Mau5 | tOn tai voi ty 18 AV/(Al + Mg) ndm
Mg(NO,) .6H.0 (g) 96,19 | 91,65 | 85,50 | 77,00 | 68,35 | trongkhoang t 0,1 dén 0,5 [2]. Tuy
AI(NO), 9HO (z) | 4697 | 53.62 | 62.63 | 7500 | 87,38 | nhién, theonhiéunghién ciucho thay,
Ti 16 AV(Al+Mg) 025 | 030 | 033 | 040 | oso | chico the thuduge HT Mg/Al tinh

- Phan irng ngung tu andol giira axeton va
benzandehit

Cho lugng chét xuc tac 0,5 g hodc 1,0 g vao
binh cau 3 ¢b (c6 lap hé thdng sinh han) di chua
san 23 mL axeton va 1 mL benzandehit. Tién hanh
khudy trén hdn hop phan g va diéu chinh nhiét
d6 phan tng dén 25°C thong qua bé diéu nhiét.
Thoi gian phan ting duoc tinh tir lic hon hop phan
ung dat nhiét do 25°C. Sau khi phan Gng xay ra &
cac khoang thoi gian khac nhau: 30; 45; 60; 120
va 180 phut, cho dimg phan tng va liy san pham
ra bang cach loc trén phéu loc xdp (1ay phan nudc
trong). Phén nuéc trong dugc cho vao lg thuy tinh
c6 nap day kin va mang di do sic ky khi dé xac
dinh thanh phan va do chuyén hoa.

2.2. Cac phuong phap phéan tich.

Két qua phan tich nhiét (DTA) duogc ghi
pho trén thiét bi Lapsys Evo-1600 tai Phong Vat
liéu vo co, Vién Khoa hoc va Céng nghé Viét
Nam. Phé nhiéu xa tia X dugc ghi phd trén may
Siemens D5000 tai Vién Khoa hoc Vit liéu, Vién
Khoa hoc va Cong ngh¢ Viét Nam. Dién tich bé
mat riéng BET dugc do trén mdy Chembet - MY,
tai Trung tam Khoa hoc va Cong nghé Quéc gia
Thanh phd HO Chi Minh. Phwong phap phan tich
sdc ky khi dugc thuc hién trén may sic ky khi GC
- Finigan (Italia) & dinh lugng san pham phan tng
ngung tu andol gitta axeton va

khiét khi ty 1¢ trén nam trong khoang
tir 0,2 dén 0,33 [1], [3]. Dé khao sat
anh huong ctua pH dung dich phan tng dén ty 1&
nay, chung toi tién hanh thay doi gia tri pH cia
dung dich phan tmg & cac gia tri khac nhau: 8,0;
9,2; 10,5 va 13,0. Phan ung dugc thyc hién ¢ nhiét
dd 65°C, cac diéu kién thi nghiém khac duoc gilr
¢ dinh nhu ¢ muc 2.1.

Tir két qua ¢ Bang 2 cho thdy, khi phan tng
tong hop HT Mg/Al xay ra & pH thap tir 8,0 dén 9,2
thi ty 1€ Al/(Al + Mg) trong HT Mg/Al dao dong
tuong tng tir 0,27 dén 0,30. Ty 1é nay gan voi ty
1¢ Al/(Al + Mg) ban dau c6 trong dung dich mubi
dem phan ung. Trong truong hop thuc hién phan
ung ¢ pH = 10,5 va pH = 13 thi ty 1¢ Al/(Al + Mg)
twong ung chi bang 0,21 va 0,19. Piéu nay cho
thiy, rat c6 thé khi dong két tia HT Mg/Al ¢ pH
cao (10,5 dén 13,0) thi AI** da khong di hét vao HT
Mg/Al ma c6 mot phan AP+ da tao thanh Al(OH),,
sau d6 bi hoa tan thanh NaAlO,, tir d6 lam giam
ty 1¢ Al/(Al + Mg) trong HT Mg/Al. Sau khi say
& 80°C v6i mau HT Mg/Al tong hop & pH = 9,2,
pH = 10,5 va pH = 13 thi khdi luong cac mau HT
Mg/Al tuong g 1a 40,2 g, 18,5 gva 15,0 g. T
viéc so sanh khéi luong HT Mg/Al thu duoc c6 thé
nhan thay viéc 1y giai nhu trén 1a hop 1y. Nhu vay,
pH dung dich phan tng thich hop dé tong hop HT
Mg/Al bang phuong phap dong két tia co ty 16 Al/
(Al + Mg) theo ¥ mudn (gan véi gia tri 0,3) 12 9,2.

Bing 2. Anh hwéng ciia pH dén qua trinh tong hop HT Mg/Al

benzandehit. Thanh phanphan | Npierag | pH dung | Thoigian | AVAI+ | AW(AL+ lu’olilhOIlLIT
tram ve khoi luong cua cac1on phéan ing | dich phén | phan Gng | Mg) trwéc | Mg) trong M * y A:gl
kim loai c6 trong mau HT Mg/ ©C) iing (¢io) | phandng | HT g san
. s Ny khi say (g)
Al dugc xac dinh bang phuong
, 2 ” , ] 65 8,0 3,5 0,33 0,27 30,7
phdp chuan d tao phuc tai 65 9,2 3,5 0,33 0,30 40,2
Vién Hoéa hoc, Vién Khoa hoc 2 2 2 2 d
va Cong nghé Viét Nam. 65 10,5 3,5 0,33 0,21 18,1
65 13,0 3,5 0,33 0,19 15,0
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2.3.2. Anh huéng cia nhiét @ phan vmg dén
qud trinh tong hop HT Mg/Al

Dé khao sat anh huong cta nhiét do phan ting
dén qua trinh tong hop HT Al/Mg, ching t6i tién
hanh c¢b dinh gia tri pH cua dung dich phan tng
khoang 9,2 va nhiét do phan tmg duoc thay doi ¢
cac gia trg khac nhau: < 5°C; 25°C; 45°C Vé: 65°C.

Béang 3. Anh huéng ciia nhiét d¢ phan &ng dén qua

trinh tong hop HT Mg/Al
o - Khéi
Nhl(;t pH T.ho’l Al/(Al AV(AI | Twong
do dung gian | + Mg) + Mg) I-iT
phan dich phin | trudc g
. ha . hi trong | Mg/Al
Ung | phan | tng  pAaAl |y | sau khi
°C un i0’ un P
‘O g | (gi0) g sy (2)
<5 9,2 3,5 0,33 0,242 17,8
25 9,2 3,5 0,33 0,350 | 36,5
45 9,2 3,5 0,33 0,368 37,8
65 9,2 3,5 0,33 0,300 | 40,2

Két qua & Bang 3 cho thay, khi thyc hién phan
g trong diéu kién pH khong thay ddi va tang dan
nhiét do trong khoang tir 5°C dén 45°C, ty 18 Al/
(Al + Mg) trong HT Mg/Al ¢6 xu huéng ting dan
tir 0,242 dén 0,368. Nhu vy ¢ cac khoang nhiét
d6 nay, ty s6 Al/(Al + Mg) hodc 1 qua bé hodc 1a
16n hon so véi ty s6 Al/(Al + Mg) ban dau. Tuy
nhién, khi ting nhiét d6 phan tmg dén 65°C thi ty
s Al/(Al + Mg) trong HT Mg/Al 14 0,3, gan v&i
ty s6 Al/(Al + Mg) trudc phan (mg ciing nhu gan
Vi gia tri mong mudn.

Tir khao sat trén chiing toi ¢6 thé nhan dinh:
dé tong hop cac mau HT Mg/Al ¢o ty 18 Al/(Al +
Mg) theo ¥ mudn can tong hop ¢ diéu kién nhiét do
65°C, phan tng trong 3,5 gio ¢ gia tri pH =9,2. Vat
liéu HT Mg/Al sau khi tong hop theo nhimng diéu
kién tbi wu, ching toi tién hanh ghi ph6 nham xéac
dinh mot sé tinh chat dic trung cta ching.

Tu gian d6 TG-DTA ctia mau HT Mg/Al
¢ Hinh 1 nhan thay xuat hién ba ving mat khoi
lugng, bao gdbm: ving thir nhét (150 - 240°C) ing
v6i sy mat nudc giita cac 10p cdu trac HT Mg/Al;
vung thtr hai (350 - 410°C) ung v&i su gidi phong
CO, do qua trinh phan hily CO* trong cAu trac HT
Mg/Al va Vung thtr ba (410 - 600°C) dugc cho la
qué trinh tiép tuc mat CO, va OH- trong chu triic
HT Mg/Al. Két qua phd TG DTA con cho thiy,
trong khoang nhi¢t do tir 450 - 600°C c6 sy giam

khéi luong khéng dang ké, do d6 chiing t6i nhan
dinh nhié¢t d6 nung vat licu HT Mg/Al thich hop
la khoang 450°C.
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Hinh 1. Gian dd phén tich nhiét vat ligu HT Mg/Al

Ph6 XRD & Hinh 2 cho thiy, vat liéu HT
Mg/Al xuét hién cac pic co cudng d6 cao & cac
goc 20 = 11,7°; 23,3°; 60,8° va 62° tuong Gng
v6i cac mat (003), (006), (110) va (113) 1a dac
trung cuia vat liéu HT Mg/Al ¢6 ciu trac 16p [3].
Ngoai nhitng pic dac trung cho pha HT Mg/Al
khong thay xuét hién cac pic cta pha la ndo khac,
chimg t6 vat HT Mg/Al diéu ché dugc c6 d6 tinh
khiét cao. Két qua phd XRD cua chung toi ciing
phu hop véi két qua nghién ctru cua & cac cong
trinh trude day [3], [S].
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Hinh 2. Gian d6 nhiéu xa tia X ciia miu HT Mg/Al

Puong hap phu va giai hap N, trong két qua
chup BET duoc dua ra & Hinh 3. Tir Hinh 3 nhéan
thiy duong dang nhiét c6 mot vong tré. Piéu do
chtng to ring mau HT Mg/Al thudc dang vt lidu
mao quan trung binh. Két qua BET cho thay vat
liéu HT Mg/Al c6 dién tich bé mat riéng khoang
284 m*g va c6 ban kinh mao quan khoang 46 A.
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Vi két qua nay thi vat liu HT Mg/Al c6 thé dung
lam chét xuc tac cho phan tng ngung tu andol.
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Hinh 3. Bu’(‘mg~h5p phu - gidi hip N,
ciua mau HT Mg/Al

2.3.3. Phan ung ngung tu andol giita axeton
va benzandehit

- Anh hwéng ciia ty 1 Al/(Mg + Al):

Luong chat xac tic HT Mg/Al duoc sir dung
1a 0,5 g, phan tng dugc thyc hi¢n ¢ 25°C trong 1
gio. Chung toi tién hanh khao sat anh hudng ciia
ty 1¢ Al/(Mg + Al) dén qua trinh ngung tu gitra
axeton va benzandehit (4.10* mol/L) béng cach
thay d6i lugng mudi dwa vao sao cho ty 1& nay dat
gi4 tri trong khoang tir 0,25 dén 0,50. Két qua vé
d6 chuyén hoa cua benzandehit trong phan g
ngung tu voi axeton theo ty 1¢ Al/(Mg + Al) thay
d6i dugc trinh bay trong Bang 4.
Bang 4. Do chuyén héa ciia benzandehit trong phin

rng ngung tu véi axeton
Vat liéu HT Mg/Al

Ty 1 AU(Mg + Al) | 0,25 | 0,30 | 0,33 | 0,40 | 0,50
D6 chuyén hoa (%) | 42 | 60 | 65 | 56 | 55

Két qua ¢ Bang 4 cho thdy, khi ting dan ty 18
Al/(Mg + Al) tir 0,25 dén 0,33 d6 chuyén héa ting
tir 42% dén 65%, sau d6 giam xudng khi ty 18 Al/
(Mg + Al) > 0,33. Piéu nay cho thay xtc tac thu
duoc co ty 18 Al/(Mg + Al) = 0,33 thé hién ddy du
tinh chat cia HT Mg/Al.

- Anh hieong ciia lwong xiic tdc va thoi gian
phan ung:

Anh hudng cua luong chat xuc tic HT Mg/
Al va thoi gian phan tng dén qua trinh ngung tu
andol gitra axeton va benzandehit (4.10* mol/L)
duogc khao sat bang cach st dung luong HT Mg/
Al ¢ cac gia tri 0,5 ghodc 1,0 gva tién hanh phan
g trong khoang thoi gian thay doi tir 30 dén 180
phut. Két qua thi nghiém vé d6 chuyén hoa va su

84

phéan bd san pham theo khao sat nay dwogc trinh
bay ¢ Bang 5.

Ket qua thu dugc ¢ Bang 5 cho thay, ngoai
san pham chinh 14 4-hydroxy-4- -phenylbutan-2-on
(B- andol) con thu duoc benzanaxeton. C6 thé thay
phan g gita axeton va benzandehit xdy ra theo
so d6 sau day:

CgHs—CHO + H;C— ﬁ CH;y 2> ;- CH—CH GCHy —— CeHly~CH=CH —C~CH,
-H,0
OH 0 2 (H)

Trong hai giai doan, giai doan quan trong nhat
la giai doan x4y ra phan ting cong vao >C=0. Giai
doan nay c6 thé xay ra trén trung tim bazo ctia xtic
tac, cac trung tdm bazo nay giap hoat hoa qua trinh
tao thanh cacbanion -CH,COCH,. Chinh cacbanion
nay tac dung véi phﬁn tor axeton thtr hai hay voi
phan tir benzandehit dé cho phan ing tiép dién.

Bang 5. D¢ chuyen héa va sy phan b6 sén pham trén
xuc taic HT Mg/Al

Thoi | Do D§ chon loc (%)
mxt | gian chu};én San
(g) | phan | hoa B Benzanaxeton | phdm

ing | (%) |~ndol khéc
0,5 30 44,75 | 95,02 4,98 0,00
1,0 30 76,89 | 92,60 7,40 0,00
0,5 45 57,80 | 93,07 6,93 0,00
1.0 | 45 | 8514 | 87.80 | 1020 | 2,00
0,5 60 65,23 | 91,15 3,24 5,61
1,0 60 91,20 | 83,15 3,24 5,61
0,5 120 95,10 | 89,79 4,44 5,77
1,0 120 98,37 | 78,24 16,56 5,20
0.5 | 180 | 9750 | 85,00 |  5.10 8,00
1,0 180 - - - -

Két qua 6 Bang 5 con cho thay, mau HT Mg/
Al vé6i khéi luong 1,0 g thi toe d6 chuyén hoa ¢
thoi gian dau nhanh hon so v6i mau HT Mg/Al
v6i khéi lugng 0,5 g, nhung khi phan tng xay ra
duoc 120 phut thi téc d6 chuyén héa ciia hai miu
nay gan nhu nhau. Dic biét, mau HT Mg/Al véi
luong 1,0 g thi sau 120 phut xay ra phan ng,
ndng do ciia benzandehit hau nhu di chuyén hoa
hoan toan.

3. Két luin

P xac dinh dugc mot sb diéu kién thich hop
cho qué trinh diéu ché vat liéu HT Mg/Al, bao gém:
ty 18 Al/(Al + Mg) ban dau 0,33, pH ctia dung dich
phan tng 9,2 va nhiét 4o phan img 65°C. V&1 nhiing
diéu kién nay thi vat lieu HT Mg/Al thu duoc 1a don
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pha HT, & dang mao quan trung binh (dién tich bé  ning xuc tac t6t nhat cho qua trinh ngung tu andol
mit 284 m%/g va ban kinh mao quan khoang 46 A)  giita benzandehit va axeton. Lugng benzandehit
va 6 ty 18 Al/(Al + Mg) = 0,33. Trong s6 d6, madu  gan nhu duoc chuyén héa hoan toan trén 0,5 g vét
HT Mg/Al véi ty 1€ Al/(Al + Mg) = 0,30 c6 kha li¢u sau 120 phut phan tng./.
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SYNTHESIZING Mg/Al HYDROTALCITES FOR CATALYZING
IN ALDOL CONDENSATION REACTION BETWEEN ACETONE AND BENZADEHYDE

Summary

Hydrotalcites with different Al/(Al + Mg) ratios were prepared by coprecipitation method and their
physicochemical properties were determined by TG-DTA, XRD and BET methods. The results showed
that the Mg/Al hydrotalcite minerials were single-phase and mesoropor structure (specific surface area
at 284 m?/g, pore radius about 46 A). Moreover, it was found that the Mg/Al hydrotalcites with Al/(Al +
Mg) ratio of 0.30 were best to catalyzing andol condensation between acetone and benzaldehyde. In the
investigated conditions, benzaldehyde was mostly transformed completely after 120 minutes reacting.

Keywords: Hydrotalcites, catalyst, aldol condensation, acetone, benzaldehyde.
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