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TONG HOP VAT LIEU MAO QUAN TRUNG BINH
SBA-16 UNG DUNG LAM CHAT HAP PHY

ThS NGUYEN THI HONG HOA, TS TRUGNG THI THAO
Truorng Pai hoc Khoa hoc, Pai hoc Théi Nguyén

Vat liéu SBA-16 dugc tong hgp cé thanh phan mol cia gel gom 1 Si0 ,(TEOS): 0,035 P127:
0-2 BuOH: 0,9 HCI: 122 H,0. Vat ligéu thu dugc dugc xac dinh cac dac trung bing nhiéu xa
tia X, hién vi dién ti quet SEM. Két qua cho thay, SBA-16 cd dién tich bé mat cao va sép
xép trat tv. Kha niang hap phu cta vat liéu dugc khdo sat thong qua nghién ciiu sy hap
phu khi n-hexan, toluen va dung dich xanh methylen. Pac trung hap phu xanh methylen
trong dung dich xac dinh dugc 13 hap phu vat ly, tu phat, tuan theo mé hinh Langmuir va

Freundlich.

Tir khéa: hap phu, SBA-16, Si0,, vat ligu mao quan.

SYNTHESIS OF 8BA-16
MESOPOROUS MATERIAL
USED A& ADSORBENT

Summary

SBA-16 material has bheen
synthesized with the following
mol composition of gel: 1 Si0,
(TEOS): 0.035 P127: 0-2 BuOH:
0.9 HCI: 122 H,0. The obtained
material was characterized by
XRD and SEM. SBA-16 has large
surface area and highly ordered
structure. Adsorption capacity of
the material has been examined
by studying the adsorption of
n-hexane gas, toluene gas and
methylene blue solution. The
characteristics of methylene blue
adsorption process are: physical,
spontaneous and in compliance
with both Langmuir and Freudlich
models.

Key words: adsorption, SBA-16,
8i0,, mesoporous materials.

Dat van dé
7

SBA-16 la vat liéu x8p, mao quan trung binh hinh chai véi cac hoc mao quéan
c6 kich thudc 5-12 nm, trat ty, sdp xép dang lap phuong 3 chiéu, hé théng kénh
I6n, ¢ cau tric ddi xiing tdm thudc nhom khong gian Im3m. Vat liéu SBA-16
c6 cAu tric rat trat tu, tiy phuong phap diéu ché ma co dién tich bé mat rat cao,
tlr 600 dén 1000 m?g, kich thudc mao quan tu 0,8 dén 8 nm, doi khi Ién dén 30
nm. SBA-16 thudng dugc ting dung lam chat h&p phu cac chét hiiu co doc hai
trong méi trudng [1, 2, 3].

Trong nghién ciu nay, SBA-16 dugc tong hop bang phudng phap thuy nhiét,
dugc d&c trung cau truc va nghién cliu hap phu mot sé chat hitu ¢ & dang khi
(hexan, toluen) va & dang dung dich (xanh metylen).

Néi dung va phuong phap nghién ciu
Téng hop SBA-16

SBA-16 dudgc tdng hop theo quy trinh: pha dung dich axit HCI, thém tu tu
BuOH vira thém vira khudy sao cho dung dich hoan toan dong nhat; tiép theo
hoa tan chat hoat dong bé méat P127 vao dung dich néy cho dén khi trong
suot, cudi cung thém tu tu TEOS vao dung dich trén & nhiét do 45°C trong
diéu kién khudy. Thanh phan gel ctia hdn hgp TEOS/F127/BuOH/HCI/H ,0l1a
1/0,035/0-2/0,9/122. Hon hdp trén tlep tuc dugc khudy & 45°C trong 24h trucc
khi dugc x{ Iy thuy nhiét & 100°C. K&t tla trang thu dugc dudc loc, riia, sdy &
100°C trong 24h, sau d6 nung & 550°C trong 5h dé loai bd chat hoat dong bé
mat [4].

Céc phuong phép dic trung mau
Phé nhiéu xa Ronghen ghi trén méay D8 Advance Brucker, sii dung 6ng
tia Ronghen bang bic xa Cu-Ka tai Khoa Hoa hoc, Trucng Dai hoc Khoa hoc

Tu nhién, Dai hoc Qudc gia Ha Noi. Anh SEM chup trén may HITACHI-S4800
Scanning Electron Microscope (Vlen V& sinh dich t& Trung uang).
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Nghién cuu kha ndng hap phu cua SBA-16
Khéo sat kha nang hdp phu n-hexan, toluen ctia SBA-16:

bat tUng coc thiy tinh dung g, (g) vat liéu SBA-16 vao
binh hat &m da bao hoa toluen (hodc n- hexan) sau moi
khoang thai gian dem cén lai xac dinh khai lugng vat liéu
va chat bi hap phu (g). Tu dé tinh hiéu suat h&p phu (H)
theo cong thuc:

=878 1 (1)
&,

Trong do: g_la khoi lugng vat liéu trude hap phu (9); g
la khéi lugng vat liéu sau hap phu (vat liéu va chat bi hap
phu) tai théi diém khao sat (9); H la hiéu suat hap phuy tai
thdi diém khao sat (%).

Khao sat kha nang hdp phu xanh methylen clia SBA-16:

Lay 100 ml dung dich xanh methylen nong do xac
dinh C (mg/l) cho vao céc 250 ml (day kin), dat trén may
khuay tu gia nhiét dén 40°C. Tiép theo, thém chinh xac

m (g) SBA-16, tiép tuc khudy trén may khudy tu. Sau 30
phat 18y ra V ml dung dich, loc va tach ché’t rdi cho vao
tling lo nhoé cd nut cao su day kin, bao quan & nhiét do
phong. Nong do dung dich sau hap phu C (mg/l) dugc xac
dinh béng do do hdp thu quang trén may do UV-Vis (Light
ware Il, Biochrom, Anh) budc séng 664 nm tai Trudng Dai
hoc Khoa hoc (E)ai hoc Thai Nguyén). Dung lugng hap
phu (q) dugc tinh theo cdng thc:

Cc,-QO)V
=(0m> 2

Trong do: q la dung lugng hap phu can bang (mg/g);
V la thé tich dung dich chat bi hap phu (I); m la khoi lugng
chat hap phu (g); C,la nong do cla chat b| hap phu tai
thdi diém ban dau (mg/I) C la néng do cla chéat bi hap
phu tai thai diém can bang (mg/l).

Két qua va thao luan
bdc trung vat liéu SBA-16
Hinh 1 12 phé XRD cla vat liéu SBA-16 thu dugc.

s ‘
2-Theta - Scale
- Stop-0.008 " - Step tme: 1.5 - Tomy

Hinh 1: phé XRD clia SBA-16
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Hinh 1 cho th&y xuét hién pic nhiéu xa chinh § goc 20
< 1, diéu nay chiing t vat liéu téng hgp dugc c6 cAu tric
mao quan trung binh; hai pic phu & cac géc 1,27°va 1,91°
dac trung cho vat liéu c6 kich thudc dong déu va co do
trat tu cao [5, 6].

Anh SEM (hinh 2) cho thdy, SBA-16 c6 do xdp cao va
phan bo dong déu.

<200k SEWLERS) S/27/2005

SA800=NIHE 10.0kV:8. 7m

Hinh 2: 4nh SEM cia vat liéu SBA-16
Nghién cuu kha nang hdp phu mét sé chat hitu co
déc hai ciia SBA-16
Ké&t qua khao sat su hap phu mot sé hdp chét hiiu co
doc hai 6 40°C thé hién trén do thi 1 va do thij 2.
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Pé thi 2: dung lugng hdp phu
xanh methylen trén SBA-16
6 cdc néng dé khac nhau

D6 thi 1: kha nang hdp phu
n-hexan, toluen clia SBA-16
theo théi gian

Pa thi 1 cho thay: hiéu suat hap phu n-hexan, toluen cla
SBA-16 déu tang theo thdi gian, kha nang hap phu toluen
cao hon n-hexan. Diéu nay c6 thé 1a do toluen c6 momen
[uBng cuc 16n han n-hexan, tic la cé tinh phan cuc cao hon,
dé bi hap phu han n-hexan. Nhu vay, ching to bé mat vat
liéu téng hop dudc cé tinh phan cuc.

D6 thi 2 cho thay: ndng do xanh methylen cang I6n thi
dung lugng hap phu cang cao. Dung lugng hap phu tang
nhanh trong 30 phut dau & tat ca cac nong do khi ma dién
tich bé mét vat liéu h&p phu con 16n. Sau do, dung lugng
hap phu tang cham dan, sau 150 phut dung lugng hap phu
it thay déi. Nhu vay, thdi gian dat can b&ng h&p phu clia vat
liéu déi véi dung dich xanh methylen 1a khodng 150 phut.

Nghién ctu nhiét dong hoc qué trinh hap phu ran -
dung dich

Hién nay c6 nhiéu mé hinh déng nhiét hap phu, véi cau
tric mao quan x0p thi co hai moé hinh phii hgp hon ca la mé
hinh dang nhiét hap phu Langmuir va Freundlich [7].



Phuong trinh toan theo mé hinh hap phu dang nhiét
Langmuir 1a:
_KC (3)

Hodac & dang tuyén tinh:

vt (4)

4. 49 49.-K, C,

Trong do: q, la dung lugng chat bi hdp phu cuc dai
(mg/g) g, la dung lugng can béng hap phu (mg/g) C, la
nong do dung dich chat bi hap phu tai thoi diém can bang
(mg/l); K la hang s6 hap phu Langmuir.

Phudng trinh toan theo mé hinh hap phuy déng nhiét
Freundlich Ia:

qe = KFCel/n (5)
Hod&c & dang tuyén tinh: (6)
Ing, =1InB. + 1/n.In C,

Trong dd: g, la dung lugng can béng hap phu (mg/g);
B-vanla hang so.

DE kiém chiing sy tuan theo mé hinh Langmuir, ta dung
dé thi su phu thudc clia 1/q, vao 1/C, (theo phuang trinh 4,
do thi 3a). Tudng tu, ta dUng do thi su phu thudc gitia Inq,
vainC, (theo phuang trinh 6, d6 thi 3b) kiém chung su tuan
theo mé hinh Freundlich. Cac 6 lieu |4y ti két qua phan
nghién ctu kha nang h&p phu mét sé chéat hitu cg doc hai
cla SBA-16.
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a. M6 hinh Langmuir b. M6 hinh Freundlich

D0 thi 3: Cac dudng ding nhiét hdp phu thuc nghiém doi vdi
su hdp phu xanh methylen ctia SBA-16

Céc db thi dyng dugc déu c6 R2 x&p xi bang 1 (=0,986
déi véi moé hinh Langmuir, = 0,982 (d6i véi md hinh
Freundlich) chiing t6 cac két qua thyc nghiém kha phi
hgp véi ly thuyet qua trinh hap phu xanh methylen trong
dung dich bdl vat liéu téng hop dudc tuan theo mé hinh
hap phu déng nhiét Freundlich va md hinh Langmuir.

_TU phuong trinh Langmuir thuc nghiém tinh dugc hang
s8 can bang hap phu K, =033 Tu hang s6 can bang
K, dé dang tinh dugc nang lugng tu do Gibbs tiéu chuén
(A G ) theo phuang trinh [8]:
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AG° = - 2,303 RTlog (55,5xK) ) = -7,2 kd/mol.

VGiR la hang s6 khi, T 1a nhiét do thuc nghiem 55,5 14
nong dd mol/l cia dung mdi nudc, K 1a hang sé can bang
hé&p phu.

Gia tri AG® cho thdy, qua trinh hap phu nay la hoan toan
tu phat va thudc loai hap phuy vét ly.

Két 1 an

- ba tong hgp thanh cbng vat liéu mao quan trung binh
SBA-16 bang phuong phép thiy nhiét. T cac phudng phép
XRD va SEM cho thdy, SBA-16 ¢6 dd x0p cao, kich thudc
nhd, déng déu, thudc nhom cau tric 1ap phucng tam khoi
Im3m véi kénh mao quan 3 chiéu.

- D4 tién hanh khao sat qua trinh hap phu chéat khi (toluen,
n-hexan) cla vat lieu SBA-16 & nhiét do phong theo thdi
gian, két qua cho thay: SBA-16 c6 kha nang hap phu toluen
t6t hon n-hexan. Diéu d6 ching td bé mat vat liéu cé tinh
phan cuc.

- Nghién ctu sy ha'p phu xanh methylen cla vat liéu SBA-
16 trong dung dich & 40°C cho thay, dung Iuong hap phu tang
theo ndng dd xanh methylen, thai gian dat can bang hap phu
la 150 phut.

- Xem xét nhiét dong hoc qua trinh hé&p phu xanh methylen
cua SBA-16 cho thay, qua trinh hap phu tuan theo mé hinh
dang nhiét Langmuw va md hinh dang nhiét Freundlich; cac
qua trinh déu ty xay ra va thudc loai hap phu vat Iy
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