TAP CHi KHOA HOC DHSP TPHCM Nguyén Binh va tgk

TONG HQP VAT LIEU MAO QUAN TRUNG BINH
SBA-15 TU TRO TRAU

NGUYEN BINH’, PHAN TH| HOANG OANH"

TOM TAT
SBA-15 duroc tong hop tir tro trau. San pham diot khdo sdt cac ddc trung bang cac
phuwong phdp XRD, TEM, EDS va phwong phdp hdp phulgidi hdp nito. Cac két qua thu
duroc cho thay vt ligu SBA-15 diéu ché duroc 1a vat liéu mao quan trung binh cau trac luc
phirong ¢é do trat ty cao, dién tich bé mat Ion (676,4 m?/g), sw phan bé kich 16 xép dong
nhdt, d@¢ day thanh mao quan lén (42,3 A), dwong kinh mao qudn rgng (81,5 A).

Tir khoa: SBA-15, tro trau, vét liéu mao quan trung binh.
ABSTRACT
Synthesis of mesoporous SBA-15 from rice husk ash

SBA-15 materials were synthesized using rice husk. The obtained materials were
characterized by using XRD, TEM, EDS and adsorption/desorption nitrogen methods.
The obtained results have shown that the prepared SBA-15 samples had highly ordered
hexagonal mesostructure with large specific surface area (676.4 m?g), uniform
mesopore size distribution, pore wall thickness is thickly (42.3 A) and pore diameter is
large (81.5 A).

Keywords: SBA-15, rice husk, mesoporous materials.

1. Mé dau

Tro trau 12 mot phu pham ndng nghiép dugc tao thanh khi sir dung trau lam chat
d6t trong cac 10. Tro trau cé gia thanh ré, rat giau silic dudi dang SiO, v dinh hinh nén
c6 thé 1am ngudn cung cép silic cho muc dich khac (tdng hop cac loai zeolite, vt liéu
mao quan trung binh SBA, MCM...) [1, 3]. O nudc ta, tro triu thudng duoc xem nhu
mot phu pham c6 gia tri thap, it duoc sir dung.

SBA-15 la loai vat liéu mao quan trung binh c6 k&nh mao quan tuan hoan cao, bé
day thanh mao quan lén nén c6 do6 bén nhiét cao hon so véi vat lisu MCM-41 va
zeolite. SBA-15 thuong dugc tong hop trong méi trudng axit, o st dung chat dinh
huéng cau trdc 1a mot polyme 3 khdi (Pluronic Pi,3); ngudn silic thudng dugc sir dung
1a cac hop chat co-silic dat tién hoac mudi natri silicat [2]. Do vay, néu st dung duoc
ngudn silic tir tro trau dé tong hop SBA-15 s& mang lai nhiéu loi ich kinh té.
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Trong bai bao nay, ching t6i tan dung ngudn silic hoat tinh trong tro trdu dé tong
hop SBA-15, dong thoi khao sat mot so6 thdng so cau trdc cua vat liéu nay.

2. Thuc nghiém va phwong phap nghién ciru
2.1. Hoa chat va dung cu dé diéu ché SBA-15

Céc hoa chat duoc st dung 1a NaOH réan, dung dich HCI dac, polyme 3 khbi
Pluronic P53 (Sigma-Aldrich, Mi), SiO, hoat tinh thu tr tro trau.

Cbc thuy tinh chiu nhiét dung tich 100 ml, 250 ml, 500 ml, binh thuy tinh nat kin
500 ml, pipet, buret, may khqu tr gia nhiét, con ca tur, bép dién, 10 nung gia nhiét,
chén nung, ti sdy.

2.2. Thuc nghiém va phwong phdp nghién ciru

Trau sir dung trong nghién ciru dugc lay tir thi xa Long Khanh, tinh Dong Nai.
Nung triu & 600°C trong 3 gid thi thu dugc tro triu [6]. Ham luong silic ¢d trong tro
trau dugc do bang phuong phap phd phat xa nguyén tir AES trén may AGILENT
7700x LC- ICP-MS.

Khuay tro trau (d4 tinh toan dé c6 lwong silic can thiét) trong dung dich NaOH
nong do phu hop trong 8 gior dé thu duoc dung dich natri silicat (ngudn silic). SBA-15
duoc téng hop trong méi treong axit manh (pH~1) tir ngudn silic trén véi sy c6 mit
cua chat dinh huéng céu trac 1a Pluronic Pios. Ti 18 mol céc chat trong gel: 58Si0; :
1P53: 353HCI : 11734H,0 [5]. P123 dugc hoa tan trong dung dich HCI tao dung dich
trong subt, sau d6 nho tur tir dung dich natri silicat vao dé tao két taa. Toan bo hdn hop
d6 duoc dua vao binh thay tinh nat kin, u nhiét & 105°C trong 24 gid dé tao gel. Gel
duoc rira sach bang nuée cat dén trung tinh (pH ~ 7), sdy qua dém & nhiét d6 105°C va
giri phan tich nhiét TGA-DSC trén may LABSYS Evo (Phép) ¢ ché d6 nung tir nhiét
d6 phong dén 800°C, toc d6 nung 10°C/phut trong khi quyén khdng khi. Tur két qua
phan tich nhiét, san pham gel dwoc nung ¢ 550°C trong 6 gid, san pham thu dugc 1a bot
trang min, dugc ghi phé XRD, chup anh TEM, phén tich EDS, khao séat hip phu/giai
hap ding nhiét N, dé xac dinh dién tich bé mat va kich thudc 16 x5p.

Phé nhiéu xa XRD do trén may Bruker D8-ADVANCE (Puc), ngudn tia X 14 tia
Cu-K,= 1,54 A. Phd XRD g6c nho c6 ché do quét: 0,5° — 10°, budc nhay 0,019%s; phd
XRD géc 16n c6 ché d6 quét: 10° — 90°, budc nhay 0,05%s.

Anh vi céu trc va hinh thai hoc dugc chup bang kinh hién vi dién tir truyén qua
(TEM) trén may JEOL-1400 (Nhat Ban).

Puong dang nhiét hap phu - giai hip N, dugc thiét 1ap ¢ 77K trén may NOVA
3200e cua Quantachrome (Mf). Ham lugng cac nguyén t6 cua mau duogc thuc hién qua
phuong phap do phd tan sic ning luong tia X (EDS) trén may Horiba 7593-H (Anh).

3. Kétqua va thao luan

Hinh 1 1a gian d TGA-DSC cua san pham gel. Gian d6 phan tich nhiét cho thay
duong TGA c6 2 giai doan mat khoi luong:
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- Giai doan 1: Chi mét khoang 2,5% khdi lwong, bét dau & khoang 59°C va két thic
tai 122,5°C. Tuong (tng V&i giai doan nay, trén dudng DSC c6 hiéu ttng thu nhiét nho,
dugc quy két cho hiéu ttng mat nudéc lién két vat 1i ndm siu trong cac mao quan va vi
mao quan do qua trinh siy chwra hoan toan mét hét nudc. Va nhiét d6 mat nudc bat dau
tir 59°C cho thdy mau d& hat am tré lai trong qua trinh giri mau di ghi gian db phan tich
nhiét.

- Giai doan 2: Bit dau ¢ khoang 202°C va két thic tai 719,75°C, mat khoang 33%
khdi lwong. Ung véi giai doan mat khdi lugng nay, theo Ii thuyét, trén duong DSC phai
¢6 hiéu trng thu nhiét, nhung trén thyc té giai doan nay chi xuét hién 2 hiéu ung toa
nhiét. Nguyén nhan: do dong thoi véi qua trinh mat khdi luong thu nhiét da xay ra qua
trinh oxi hoé khir toa nhiét 1a phan tng chay cua chét polime hiru co P;»;. Hiéu rng toa
nhiét Ién cua qué trinh oxi hoa khir nay d4 che pha hiéu tng thu nhiét cia qué trinh mat
khéi luong.
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Hinh 1. Gidn d6 TGA-DSC cua mdu gel thu dwoc sau khi u nhigt

Hiéu wng toa nhiét tha nhat kha 16n (ng véi qué trinh boc chay hau hét chét tao
cau truc Py,3, phu hop vai su mat khoi luong 16n (~ 33%).

Hiéu ng toa nhiét thi hai kha nho xuat hién o nhiét do cao hon, 1a qua trinh béc
chay can cacbon con sot lai tir viéc phan huy chat tao cau tric nam sau trong mao quan
cua SBA-15.
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Tur sau nhiét do 500°C, duong khéi luong giam rat it va khong con cac higu ting
trén duong DSC nén chiing toi chon nhiét do 550°C dé nung khi tong hop SBA-15.

Gian dd nhiu xa XRD gdc nho cua mau SBA-15 (Hinh 2) cho thay su ton tai cua
3 peak nhiéu xa twong (g véi 3 mat mang (100), (110) va (200) dic trung cho cau tric
luc lang 2 chiéu cua SBA-15, phi hop Véi cac tai liéu tham khao [2, 5], tir d6 xac nhan
SBA-15 di duoc hinh thanh. Gian do nhiéu xa XRD goc 16n hon 10° (Hinh 3a) cho
thiy trong SBA-15 khong ton tai & pha tinh thé SiO,, do d6 c6 thé khang dinh ciu tric
15 x6p cua SBA-15 la dang SiO, vo dinh hinh,

Ngoai ra, tir gian d6 XRD gdc nho c6 thé tinh dugc khoang céch giira 2 tim mao
quan lién k& nhau (Hinh 3b) theo cong thic a = _Zdqp [4], trong do digo = 2:1? Két
qua thu duoc dygo = 107,2 Avaa= 1238 A.

Két qua khao sat thanh phan nguyén té trong miu SBA-15 biang phuong phap do
EDS (Hinh 4) cho thdy mau thu duoc hoan toan tinh khiét vai thanh phan chi chira 2
nguyén té 1a Si va O, trong tng véi thanh phan 1 SiO, vo dinh hinh, phii hop véi két
qua XRD goc lon.
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Hinh 2. Gidn do nhiéu xa¢ XRD goc nhé ciia mau SBA-15
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Hinh 3. (a) Gian do nhiéu xa XRD goc I6n ciia mau SBA-15 va (b)
Khoadng cach giiza 2 mat mgng (100) trong vat liéu SBA-15

Spectrum 2

] 2 4 g a 10 12 14 16 18 2
Full Scale 512 cts Cursor; 8603 (0 cts) ket

Hinh 4. Phé EDS ciia mau SBA-15

Anh TEM cua SBA-15 duoc chyp theo hai goc do khac nhau (Hinh 5). Hinh 5a
tuong tNng Véi chum electron dugc ban theo huéng triing véi truc caa kénh mao quan
(top view), thé hién rd cac 16 mao quan hinh luc ling kha déng nhat, c6 dwong kinh
mao quan khoang 7,15 nm; bén canh d6 goc chup & Hinh 5b twong Gng véi chum
electron duoc ban vudng géc véi truc kénh mao quan (side view), thé hién rd céc kénh
mao quan chay song song véi nhau va kha dong nhat.
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SBA 15[TEM]
JEM-1400 100KV

Hinh 5. Anh TEM top view (a) va side view (b) cua vt lieu SBA- 15

Tinh chét x4p cua vat lieu SBA-15 duogc khao sat qua duong dang nhiét hap phu -
giai hip N, (Hinh 6). Puong dang nhiét hap phu cia SBA-15 thugc loai IV theo phan
loai cua IUPAC. Nhanh hap phu va giai hap gan nhu vudng goc va song song véi nhau
trong khoang &p suét twong dbi P/P, ting tir 0,6 - 0,8, tiéu biéu cho vat liéu mao quan
trung binh dang hinh try, diéu nay c6 nghia 12 mao quan trung binh cua vt liéu khé
ddng nhét va hé hai dau.

Do thi biéu dién phan bd kich thudc 16 xop (Hinh 7) cho thay mau c6 bén kinh 15 xop
tap trung chir yéu trong khoang 35 — 50 A, ching to kich thudc 16 ¢ do dong déu cao.

Vielum it ST {ealg)
w

Hinh 6. Puwong dang nhiét hap phu - gidi hap N, cua vat liéu SBA-15
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Hinh 7. Do thj biéu dién phan bé kich thuéc 16 xop ciia SBA-15

Tur cac s liéu hap phu/giai hap thu duoc, dién tich bé mat san pham dugc tinh
theo phuong phap BET.

A,
o

Mot sb thdng sé ciu tric caa SBA-15 tong hop tir tro trdu dugc thé hién trong
Bang 1. Cac thdng so cau tric cia SBA-15 duoc tong hop trong tai liéu [7], véi nguon
silic Ia hgp chat co-silic tetracthoxysilane (TEOS) dugc thé hién trong Bang 2.

Bdng 1. C4c thdng s¢ cau trac cua vat ligu SBA-15 tong hop tir tro trau
Méu leO (Ao) a(A°) D (Ao) D’ (Ao) tw (Ao) SeeT (m2/g)
SBA-15 107,2 123,8 81,5 71,5 42,3 676,4
Trong Bang 1:
e alakhoang céch giira 2 tim mao quan lién ké nhau (thu tir s6 liéu XRD g6c nho);
e D la dudng kinh trung binh mao quan (thu tir d6 thi phan b kich thuéc mao quan);
D’ 1a duong kinh mao quan tir anh TEM,;
e Sger la dién tich bé mit riéng;
e t,la bé day thanh mao quan (ty = a - D).
Bdng 2. C4c thdng so cau tric cua vat ligu SBA-15 tong hop tir nguon silic
la hop chat co-silic TEOS [7]
Mau a(A% D (A% tw (A°) Sger (M?/g)
SBA-15 108 70 38 709

Bang 1 cho thay SBA-15 c6 dién tich bé mit riéng khé I6n, do day cua thanh mao
quan trong SBA-15 I6n, day 1a If do l1am cho vat lidu SBA-15 c6 do bén thay nhiét Ion.
Két qua ciing cho thay duong kinh trung binh mao quéan thu duoc tir phép do hap phu
dang nhiét khi N, 16n hon duong kinh trung binh mao quan thu tir anh TEM. Diéu nay

duoc giai thich 1a do trong qua trinh hip phu ding nhiét N,, ngoai viéc lap day kénh
mao quan chinh, cac phan tir N, con lap day duoc ca cac vi mao quan (SBA-15 ngoai
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kénh mao quan chinh con c6 cac vi mao quan ndi cac kénh mao quan chinh véi nhau),
dan dén két qua dudng kinh thu dugc s& 1on hon két qua tir anh TEM, vi & anh TEM
duong kinh thu dugc 1a duwong kinh cia kénh mao quan chinh.

So sanh cac thdng s6 cau tric ¢ Bang 1 va 2, chling tdi nhan thiy céac gié tri
duong kinh mao quan trung binh, do day thanh mao quan va dién tich bé mit riéng caa
vat lisu SBA-15 tong hop tir ngudn silic trong tro triu xap xi véi SBA-15 duoc tong
hop tir nguon silic trong hop chét co-silic TEOS. Diéu nay cho thdy SBA-15 tinh khiét
c6 thé tong hop dugc tir ngudn silic trong tro trau, 1a nguyén liéu ré tién hon.

4.  Kétluan

SBA-15 da dugc tong hop thanh cong tir ngudn silic hoat tinh caa tro trau. Mau
tong hop da dwoc khao sét bang cac phuong phap hoa Ii hién dai nhu XRD, TEM,
EDS, hap phu dang nhiét - giai hap N,. Tir cac két qua thu dugc c6 thé két luan ring
SBA-15 thu dugc la tinh khiét, c6 cau tric luc ling 2 chiéu, ho 2 dau; kénh mao quan
song song, tudn hoan va dong nhat. Buong kinh mao quan rong (81,5 A), bé day thanh
mao quan lén (42,3 A), dién tich bé mat riéng 16n (khoang 676,4 m?/g).
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