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TONG HOP VA NGHIEN CUU XUC TAC Cu/SBA-15 TRONG
PHAN UNG OXI HOA HOAN TOAN LPG

Dén Toa soan 12-4-2007

TRAN VAN NHAN, HOANG HIEP, HOA HOU THU, LE THANH SON, KHUC QUANG DAT
Khoa Héa hoc, Truong DPHKHTN PHQG Ha Noi

SUMMARY

The mesoporous SBA-15 with lage pore sizes as a new type of material was for the first time
synthesized by Stuky and Co-workers in 1998 [1]. These materials with ordered hexagonal meso
structure, thick silica walls and high surface areas are obtained by using polyethylene oxide-
polypropylene oxide-polyethylene oxide called P123, as structure-directing agent in acid media.
The subject of this article is to obtain SBA-15 and to use Cu/SBA-15 as catalyst in the oxidation of

LPG.

- MG DAU

Vat liéu mao quan trung hinh SBA-15 cé
kich thuéc mao quan trung binh 1a mot loai vat
liéu méi duge Stuky va cong su tong hop dugc
dau tién nam 1998 [1]. Vat liéu nay c6 céu tric
mao quan luc lang trung binh, c6 thanh silic day
va bé mat riéng cao da dugc téng hop khi ding
chét tao cau triic 1a polyetylen oxit-polypropilen
oxit—polyetylen oxit duoc goi l1a P123 trong
moi truong axit. Noi dung cla bai bdo nay la
tong hop SBA-15 va mang Cu lén bé mat dé lam
xuc tac cho phan tng oxi hoa LPG.

I - THUC NGHIEM

SBA-15 dugc téng hop bang céach cho 3 g
P123 vao 27 ml H,O da thém 7,8 ml HCI 37%
trong mot binh bang polypropilen, giit & nhiét
do 35°C trong 3 gio. Thém 6,9 ml TEOS
(tetraetoxisilan) vao va khudy manh, SiO, mau
trang két tha trong vong 1 gio. Tiép tuc khudy &
35°C trong 24 gid, nging khudy, dua vao 10 &
nhiét do 110°C trong 24 gio. Loc mau khong
rira, sau d6 lam kho & 100°C trong 12 gio. Dé
loai P123 con du, rira miu béang etanol + HCI

37%, khudy, loc, cho etanol bay hoi & 100°C.
San phdm nung & nhiét do 550°C trong 4 gio.

Cu/SBA-15 dugc ché tao bing cich tdm
SBA-15 bang dung dich Cu(NO;), véi nong do
va thoi gian khdc nhau dé thu dugc xic tic c6
ham luong Cu mong mudn.

111 - KET QUA VA THAO LUAN

1. Céac dac trung cau tric

a) Pho hong ngoai (IR) cia miu Cu/SBA-15
(hinh 1) xudt hién cédc pic dac trung cho cau tric
ctia SBA-15.

b) Gian d6 nhiéu xa tia X (XRD) ctia miu
SBA-15 (hinh 2) cho thdy su xuét hién cac pic &
gbc quét hep, 20 = 1-2° diac trung cho céu tric
mao quan trung binh. Pic sdc nhon chiing to do
két tinh cao.

¢) Hap phu va gidi hap phu N2. Puong dang
nhiét hdp phu — giai hdp phu cua mau SBA-15
(hinh 3) ¢6 vong tré & ving ap suat P/P, = 0,80 -
0,95 dac trung cho kiéu mao quan hinh tru hé 2
dau. Puong thang BET (hinh 4) cho phép xic
dinh duoc dién tich bé mat riéng cta SBA-15 la
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S = 430 m?*/g. Dudng phan bé kich thuéc mao  thuéc mao quin trung binh ctia SBA-15 1a d =
quan (hinh 5) cho phép xdc dinh dugc kich 10 nm).
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Hinh 1: Phé hong ngoai ctia Cu/SBA-15 Hinh 2: Gian d6 XRD ctia mau SBA-15
.
= i e
m&D Do &
g .
o Fs H e
=
Jé.‘ 400 P
o = agm
i W 2 an015- \, . =
\2 2y 1 i )/
= Nt 1. e ML) r"“
@ L | o
ﬁ - i e S S [P
K- e + i OO ]
; /ﬁ - g 1
A ae o1 o8 09 16 ou ol ol ! - N “’
Ap sudt tuong doi, P/P, Ap suat tuong doi, P/P,

Hinh 3: Pudng dang nhiét hap phu gii hip nito Hinh 4: Duong thang BET clia miu SBA-15
cta mau SBA-15

d) Anh hién vi dién tit truyén qua phan gidi cao (HR-TEM)

Anh HR-TEM ctia miu SBA-15 (hinh 6) cho thdy rd cdc mao quén luc lang déu dan trat tu
cao, ¢ thé udc lugng do day thanh mao quéan ¢& 6,5 — 7 nm va dudng kinh mao quéan 10 nm, trung
khép véi két qua do dang nhiét hap phu va giai hap N, & trén.

e) Anh hién vi dién tir quét (SEM)

Anh SEM clia miu SBA-15 (hinh 7) cho phép thay o vat lieu SBA-15 dugc tao thanh tir cic
b6 soi, duong kinh bé khoang 10 um va dai hang tram pm.

412



B Cesarption Sumesioive Pos Volime

Thé tich 16, cm’/g

P Vilwne

Pudng kinh 16, A

Hinh 5: Duong phan b6 kich thude 16 cia SBA-15

Hinh 6: Anh HR-TEM ctia miu SBA-15

2. Cac dac trung xic tac

Da ché tao 4 mau Cu/SBA-15 v6i ham lugng
1-8.10* mol Cu/g SBA-15 nhim chiing minh
quan hé gitta do phan tdn va bac phan tng do6i
v6i kim loai trén chit mang, trong mot phan Gng
cu thé 1a oxi hoa hoan toan LPG. Phan tng tién
hanh theo phuong phap dong, dong LPG = 4,5
Lh", dong khong khi 20,5 L.h", thé tich xuc tac
2cm’, téc do thé tich 12500 h', néng do dau
LPG C, = 5536 ppm. Cich tinh do chuyén hoa

Hinh 7: Anh SEM ctia miu SBA-15

X, hing s6 toc do k, (s, (s'.g") vak, (s",mol
Cu™) theo tai liéu [2].
a) Anh hiiéng ciia nhiét do

Két qua thi nghiém & 5 nhiét do trén mot
xuc tac Cu/ SBA-15 dugc trinh bay trén bang 1.

Dung d6 thi Inkv, Ink,, phu thuoc 1/T. T do
déc ctia duong thing Arenius tinh duoc ning
Iuong hoat hod E = 12,29 kcal/mol.
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Nhan xét: SBA-15 1a vat liéu ludng mao quan,
gbém cdc mao quan trung binh kich ¢& 10 nm va
cdc vi mao quan xuyén qua thanh cdc mao quan
trung binh [3, trang 34]. Viéc thu duoc ning
luong hoat hoa tuong do6i 16n (12, 29 kcal/mol)
chiing t6 phan tng khong bi can tr& bdi khuéch

tan, nghia l1a xdy ra trong ving dong hoc trén bé
mat clia mao quan trung binh.
b) Anh hudng ciia ham luong kim loai

Két qua thi nghiém véi 4 miu xdc tic c6
ham lugng Cu khdc nhau & nhiét do khong déi
(310°C) duoc trinh bay & bang 2.

Bdng 1: Anh hudng clia nhiét do dén toc do phan tng trén xic tic Cu/SBA-15

Xictic | T | VTx10°| [LPG] k(sh | Kyshe) | Ink, | Ink,
(KD | (ppm)
543 1,840 5324 0,038 0,392 7,840 -0,936 2,509
583 1,715 4530 0,182 2,016 40,320 0,701 3,697
SB(jﬁu—/IS 623 1,605 3607 0,348 4,119 82,385 1,417 4411
663 1,508 2965 0,464 5,845 116,90 1,765 4,761
703 1,422 2052 0,629 8,401 168,031 2,128 5,124
Bdng 2: Anh hudng clia ham luong kim loai dén t6c do phan tng & 310°C
?&i’f S(’(?)ur/?gl In(Cu) [LPG] X k(s" | k,s'molCu’ | Lnkv Ink,,
tic | SBA-I5 (ppm)
1.10* -9,21 4825 0,128 1,418 1,418.10* 0,349 | 4,349
SCI;IX— 2.10* -8,52 4480 0,190 2,105 1,015. 10* 0,744 | 4,015
15 5.10" -7,60 3552 0,358 3,966 0,793. 10* 1,378 3,768
8.10* -7,13 2701 0,512 5,673 0,709. 10* 1,736 3,656

Dung do6 thi Ink,, Ink,, phu thuoc In [Cu], tir
do doc clia cic dudng thing tinh duoc bac phan
ting n d6i v6i kim loai Cu. Trén do6 thi Ink,-
In[Cu] tinh dugc n(Cu) = 0,79. Trén do6 thi Ink,
— In(Cu) tinh duoc n(Cu) = -0,26. Cac bac am
va duong nay da dugc giai thich trong cac cong
trinh [2, 4]. T bac phan tng do6i véi kim loai ¢
thé dénh gid do phan tan cua kim loai trén chat
mang nhu da cong bo trong cong trinh [4,5].
Theo [4, 5] néu gia thiét cidc nguyén ti Cu tap
hop lai thanh cdc cum 16n (cluster) hinh cdu thi
n(Cu) = 0,66; Ngugc lai, néu gia thi€t cac
nguyén tir Cu & trang thai bi phoi ra hoan toan
(s6 nguyeén tir Cu trong 1 cluster < 27) thi n(Cu)
=1.

Goi: M Ia téng ham luong Cu trén chat
mang;

M, la ham lugng Cu bi phoi ra hoan toan

(cluster c6 s6 nguyén tir < 27);

M, la ham luong Cu trong cum 16n hon.

Vi bac phan tng déi véi Cu la n(Cu) = 0,79,
nén ta c6 thé viét cac phuong trinh.

M=M,+M, (1)

K, = kM"” = k(M', + M,*%) (2)

Tu 2 phuong trinh (1) va (2), biét M, bang
phuong phdp gan ding tinh duoc M, va M,. Két
qua tinh todn dugc trinh bay trén bang 3.

Nhan xét: Trén 4 mau xdc tdc Cu/SBA-15 da
nghién ctu, ¢c6 80-85% ham luong Cu & trang
thdi phan tdn nguyén to va cluster bé (< 27
nguyén t) va 15 - 20% con lai ndm trong
cluster 16n (> 27 nguyén tir) khi mot s6 nguyén
tu bi che khuat. Ham luong Cu cang cao thi ti 1&
bi che khuat cang cao.
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Bdng 3: Ham lugng Cu trong cum bé M, va cum 16n M,

Mau xtc tac M (mol Cu) M, (mol Cu) | M, (mol Cu) M,/M M,/M
1 1.10* 0,85.10* 0,15.10* 0,850 0,150
2 2.10* 1,67.10* 0,33.10* 0,835 0,165
3 5.10* 4,09.10* 0,91.10* 0,818 0,182
4 8.10* 6,43.10" 1,57.10* 0,803 0,197

IV - KET LUAN

1. ba téng hop duoc vat liéu mao quéan trung
binh SBA-15 dung P123 lam chat tao céu tric
trong moi trudng axit. Bang cdc phuong phép
IR, XRD, BET, TEM, SEM da kiém tra cdu tric
va xdc dinh dugc céc dac trung: SBA-15 gém
cdc mao quan luc lang dong nhét duong kinh c&
10nm x&p song song thanh bé sgi cé dudng kinh
cd 10 pm, dai hang tram pm, c¢6 bé mat riéng cd
430 m*/g.

2. ba mang Cu Ién bé mat SBA-15 lam xiic
tdc cho phan ung oxi hod LPG. Pa xic dinh
duoc nang luong hoat hod E c& 12 kcal/mol
chiing t6 phan tng xay ra trong ving dong hoc
trong mao quan trung binh.

3. Pa xdc dinh bac phan tng d6i véi Cu, tir
d6 tinh dugc c6 khoang 80 - 85% Cu & trang thai
phan tdn nguyén tu va cluster bé (< 27 nguyén
tr), 15 - 20% nam trong cdc cluster 16n (> 27
nguyén tir) lam cho mot phan Cu bi che khuat.

Cong trinh nay duoc hoan thanh vdi su ho
tro kinh phi cua chuong trinh nghién ciiu co bdn
trong linh vic khoa hoc tu nhién.
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