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’ CAC YEU TO ANH HUONG ’
DPEN QUA TRINH PIEU CHE ZEOLITE 4A TU TRO TRAU

PHAN THI HOANG OANH’, NGUYEN BINH NGUYEN"™

TOM TAT
DA dieu ché zeolite 4A tir tro trdau — mgt chat thai nong nghiép chira silic dioxit hogt
tinh. Da khao sat cac yeu to anh huong den qua trinh tong hop va xdc dinh duwoc dieu kign
toi wu dé tong hop zeolite 4A tir SiO tro trdu. San phdm & dang tinh thé ldp phirong
Na,0.Al,03.1,85Si0,.5,1H,0, kich thuéc 700-900nm. Dién tich bé mat riéng 14,662m2/g,
bén duéi 400°C.
Tirkhoa: tro trau, SiO; hoat tinh, tong hop zeolite, zeolite 4A.
ABSTRACT
Factors affecting the synthesis of 4A zeolite from rice husk ash

The 4A zeolite was prepared from rice husk ash, an agricultural waste material in
large quantity that contains amorphous, active silica. The factors affecting the synthesis
were investigated to determine the optimal conditions for synthesis. The 4A zeolite crystal
with the formula Na,;0.Al,03.1.85Si0,.5.1H,0 has cubic shape, crystal size in range of
700 -900 nm, almost decomposes completely at 400°C. Surface area is 14.662 m%/g.

Keywords: Rice husk ash, active silica, synthesis of zeolite, 4A zeolite.

1. Giéithigu

Zeolite 12 mot trong cac khoang aluminosilicat quan trong va phd bién vai hon 40
loai trong tw nhién. Bén canh dé, zeolite van duoc tong hop véi trén 200 loai do nhiing
tinh chat dac biét nhu lam chét x(c tac trong céng nghiép dau mo, hap phu kim loai
nang, trao d6i ion, 1am sach ngudn nudc, 1am phan bon... [1-3; 7]. Trén thé gidi, hién
nay d4 c6 nhiéu cong trinh nghién ciru tong hop thanh cong zeolite tir nhitng nguon
khac nhau nhu cao lanh, tro bay... [4-6]; mot trong nhitng ngudn do 1a tro trdu. 80 —
90% khdi luong cua tro trau 1a SiO, vo dinh hinh ¢6 hoat tinh héa hoc rat cao, day la
nguyén liéu dé tong hop rat nhiéu san pham c6 gié tri, c6 nhiéu tinh chat quy gia nhu
cac chat phu gia trong cong nghiép xi ming, mot sé loai aerogel, zeolite, silicagel...
Tuy nhién ¢ Viét Nam, trau hién tai bi a6 bo hay d6t dé lay nang luong. Lwong tro tao
thanh sau d6 ciing duoc st dung rat han ché, phan 16n thai bo. Viéc nghién ctu diéu
ché zeolite 4A tir tro trau va tim hiéu ung dung cta n6 s& gilp nang cao gia trj sir dung
cua trau, giam thiéu tinh trang 6 nhim moi truong va cé thé tang thém thu nhap cho
nguoi dan.

:*TS, Trwdng Dai hoc Sw pham TPHCM; Email: oanhpth@hcmup.edu.vn
CN, Trwong Pai hoc Sw pham TPHCM
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2. Thuc nghiém

Tréau duoc |y tai khu phé 1, thi trin Vam Léng, huyén Go Cong Péng, tinh Tién
Giang, dwoc rira sach bang nudc, siy kho ¢ 105°C trong 6 gio roi nung ¢ 600°C trong
60 phat va 800°C trong 30 phdt. San pham dugc dé ngudi ¢ nhiét do phong. Lugng
silic ¢ trong tro triu dugc xac dinh bang phurong phap ICP — AES.

Dung dich natri silicat dugc didu ché tir tro trdu va dung dich NaOH. Nhom duoc
bo sung tir mot trong ba ngudn: (1) natri aluminat diéu ché tir nhom bot véi NaOH (ki
hiéu mau ZA*); (2) natri aluminat diéu ché tir AlCl;.6H,0 voéi NaOH (ki hiéu mau
MZA*): (3) bot nhém hidroxit (ki hiéu miu HZA*). Ti 1é mol SiO./ALOs; Na,0/SiO,
va H,O/Na,O dugc khao sat qua cac gia tri twong tng lan luot 1a (1; 2; 3); (2; 4; 6; 8;
10) va 56,51.

Han hop céc phdi liéu chira silic va nhom dugc khudy tron trong 1 gior & nhiét do
phong, sau dé thay nhiét dé két tinh zeolite 4A bang cach cho hdn hop phdi liéu vao
binh thity tinh ¢ nat chat (hodc khong nut), dat trong bé didu nhiét ¢ 100°C tir 4 — 12
gio. Sau khi két thuc, dé nguoi tu nhién vé nhiét d6 phong roi loc lay zeolite 4A. Sau
d6 rira sach kiém va say kho & 80°C dén khéi lugng khong doi.

Céc san pham duoc ghi XRD, chup SEM, ghi gian d6 nhiét, do BET va tinh kich
22 V6i D 1a kich thuéc

thudc hat tinh thé trung binh theo c¢ong thirc Scherrer: D = foosd’

hat (nm); A 1a budc séng tia X cua éng phat Cu (Ac, K, = 0,15406 nm); B 1a d6 rong ban
pho (rad); 0 14 goc nhiéu xa (rad).

3. Kétqua va thao luan

3.1. Silica tir triu

San pham tro trau thu dwoc c6 mau tring, kha min. Lugng tro thu duoc 13 9,54%
S0 V6i lwong trau ban dau. Trong tro triu c6 40,6% silic hay 87% SiO,. Nhu vay, Vo
trau chira khoang 3,87% SiO,.

Gian d6 XRD cho thiy SiO, trong tro trdu ton tai duéi dang vo dinh hinh. Anh
SEM thé hién silica tro triu 1a nhitng hat nho c6 kich thudc nanomet, két tu thanh dam,
phu hop véi két qua thu duoc & gian d6 XRD.
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Hinh 1a. XRD cza tro trdu
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Hinh 1b. Anh SEM cua tro trau

SiO, tro trau tan d& dang trong dung dich NaOH chiing to hoat tinh héa hoc cao
cua SiO, nano.

3.2. Cac yéu 16 anh hwong dén qud trinh diéu ché zeolite 4A tir tro triu
- Anh hwéng ciia nguén nguyén ligu
Cac mau khao sat c6 ti 16 mol c6 dinh SiO,/AlL0;=2; Na,0/Si0,=8,09;
H,0/Na,0= 56,51 véi ngudn nhdm khac nhau. Gian do XRD cia mau MZA2 (NaAlO,
diéu ché tr AICI;.6H,0 va NaOH, hinh 2a) khong cé pic nhidu xa cua zeolite 4A, chi
c6 pic cua zeolite Faujasite—Na, nén khong thé sir dung ngudn nguyén liéu nhém nay.
Mau ZA20 (NaAlO, diéu ché tir Al bot va NaOH, hinh 4) ¢6 pic nhidu xa cua zeolite
4A va cua zeolite Faujasite—Na. Mau HZA2 (dung bot AI(OH)s, hinh 2b) ¢6 pic nhiéu
Xa ddc trung cua zeolite 4A va pic dac trung cua zeolite sodalite, gibbsite. Nhu vay, c0
thé str dung nhdm bot + natri hidroxit hay bot AI(OH); 1am nguyén liéu tong hop
zeolite 4A & diéu kién tién hanh khao sat.

Lin (Cps)

Sodium Aluminum Silicate Hydrate o Sodium Aluminum Silicate Hydrate

Hinh 2a. XRD cza mau MZA2
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Két qua tinh toan cho thay kich thuéc hat caa mau ZA20 (33,800 nm) Ién hon
HZA2 (30,743 nm) va FWHM bé hon nén ZA20 két tinh hoan chinh hon. Vi vay
ngudn nhom dé téng hop zeolite 4A duoc chon la dung dich natri aluminat duoc diéu
ché tir nhém bot va dung dich natri hidroxit.

- Anh hwéng cia cach tién hanh téng hep
Mau ZA20K (diéu ché trong binh khdng day nip) chi cho zeolite sodalite. C6 I&
khi khong day nap, ap suat khong du dé ket tinh zeolite 4A, dong thoi sy bay hoi nudc
anh hudng dén ti 18 mol H,O/Na,O.

Sodium Aluminum Silicate Hydrate

Lin (Gps)

9.8
gig

Hinh 3. XRD ciia m4u ZA20K

- Anh hwéng cia ti 18 mol SiO,/Al, 05
Gian dd XRD (hinh 4) cua céc san pham c6 ti 1& mol SiO,/Al,0; thay déi cho
thay ti 18 mol SiO,/Al,O; 16n hon 2,0 khong thuan loi cho qua trinh két tinh zeolite 4A.
ZA15 c6 kich thuéc hat 1on nhat va FWHM bé nhét (hinh 5a), chung to zeolite 4A &
mau ZA15 phét trién tinh thé hoan chinh hon hai mau ZA10 va ZA20. Anh SEM (hinh
5b) cho thay hat tinh thé zeolite 4A két tinh ¢ dang lap phuong dic trung, tuy nhién cap
hat chua dong déu.
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Hinh 4. Két qua XRD ciia C4c mau tir ZA10 dén ZA30
(t7 1¢ mol SiO./Al,03 = 1,0; 1,5; 2,0; 2,5; 3,0; Na,0/SiO, = 8,09; H,0/Na,0 = 56,51)
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Hinh 5a. FWHM va kich thudc hat
Cﬁa CéC deu ZA].O, ZA15, ZAZO 8-4800 15.0kV 8.6mm x5.00k SE(U)
Hinh 5b. Anh SEM ciza mdu ZA15

- Anh hwéng cia ti 1¢ mol Na,O/SiO,

Khi ¢6 dinh ti 1&6 mol SiO,/Al,0; = 1,5 va cho ti 1é mol Na,0/SiO, thay ddi qua
cac gia tri 2; 4; 6; 8; 10 san pham thu dugc déu co pic dac trung cua zeolite 4A (hinh
6). Gia tri FWHM, kich thudc hat tinh thé trung binh, anh SEM cuia cac mau duoc trinh
bay ¢ hinh 7.
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Hinh 6. Két qua XRD ciia c&c mau tir ZB02 dén ZB10
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Hinh 7a. FWHM va kich thiéc hat cia cac | = - S
méu ZB* Hinh 7b. Anh SEM cuia ZB10

Mau ZB10 c6 FWHM bé nhét va kich thudc hat 16n nhat ching to zeolite 4A ¢
mau ZB10 phat trién hoan chinh hon. Zeolite 4A ciia ZB10 két tinh & dang lap phuong
dic trung. Kich thugc hat khoang 700 nm. Mirc d6 don pha zeolite 4A cua san pham d4
tang 1én kha nhiéu, tuy nhién cap hat vin chua co do dong déu cao. Bé thu duoc san
pham t6t hon, ti 16 mol Na,0/SiO, = 10 duoc sir dung trong cac nghién ctu tiép theo vé
anh hudng caa thoi gian thay nhigét.
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- Anh hwéng cia thei gian thiy nhiét
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Hinh 8. Két qua XRD cua cac mau tir ZC04 dén ZC12

Thoi gian thiy nhiét duoc ting dan tir 4 gid dén 12 gio (ki hiéu cac mau: ZCO4;
ZC06; ZC08; ZC10; ZC12). Gian dd XRD cho thiy cac mau ZC04 — ZC12 déu cho
zeolite 4A (hinh 8). D6 rong ban phé FWHM va kich thudc hat tinh thé trung binh cua
cac mau dugc cho & hinh 9.

ZC06 c6 FWHM bé nhét, ching to san pham zeolite 4A duogc két tinh tét nhit.
Bén canh d6, mu ZC06 ciing c6 kich thudc hat 16n hon so véi cac mau con lai, diéu
nay ching to zeolite 4A & mau ZC06 dat mirc do tinh thé hoa cao nhat. Anh SEM cua
mau ZCO06 (hinh 10) cho thay c4c hat tinh thé zeolite 4A két tinh & dang l4p phuong dic
trung. Kich thudc hat khoang 700 nm. Muac d6 don pha zeolite 4A cua san pham da
tang 1én.
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Hinh 9. FWHM va kich thwéc hat cia cdc mau ZA*
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Hinh 10. Anh SEM cza médu ZC06

Tur cac két qua khao st trén, chdng t6i chon dwgc diéu kién thich hop qué trinh
dieu che zeolite 4A tir SiO, tro trau nhu sau:

nglljlgéunoﬂéu Céch tién Nhiét do -QI_]_IZOY.]I
nhém ban Ti 1&¢ mol hanh_tAhuy thl-l}/ thiiy
A nhiét nhigét 2
dau ¢ ¢ nhigt
NaAlO, tir Al SiO,/Al;O3 | Na,O/SiO, | H,O/Na,O Tl:ong b|nh 0 }
va NaOH 15 10 56 51 thay tinhcé | 100°C 6 gio

' : nat chat

3.3. M@t sé dic trung ciia sin phim vit li¢u zeolite 44

Hinh thai hat

Mot luong 16n san pham zeolite 4A duge diéu ché theo cac diéu kién d chon ¢
trén, san pham duoc chup SEM (hinh 11) dé danh gia hinh thai hat va so sdnh vagi anh
SEM caa mau zeolite 4A dugc dicu ché tir tro bay cua K.S. Hui. [6]

Nhdn xét: Cac hat zeolite 4A diéu ché tur tro trau theo cac diéu kién da khao sat co
dang khoi lap phuong dac trung. Kich thudc hat da so dao dong trong khoang tir 700
dén 900 nm, c4c hat tinh thé hau nhu khong bi bién dang, cap hat phan bé twong ddi
ddng déu. Van con mot lugng nho pha vo dinh hinh xuat hién trén mot vai bé mit tinh
thé zeolite 4A.
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Hinh 11. Anh SEM cuia san phdam zeolite 44 diéu ché tir tro trau
theo cdc diéu kién da khao sét (4nh trai) va ter tro bay [6] (4nh phdai)

Dé bén nhigt

Dé khao sat d6 bén nhiét cua san pham, san pham zeolite 4A dugc ghi gian dd
nhiét TGA (hinh 12).

Gian d6 nhiét cho thdy san pham zeolite 4A tao thanh bi mat nudc cau tric &
khoang nhiét do duéi 400°C, trén nhiét do nay cau trdc mang lugi cia san pham zeolite
4A cd thé bi sap hoan toan.
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Hinh 12. Gian d6 TGA ciia zeolite 44 diéu ché duoc

Dign tich bé mgt riéng (BET)

Dién tich bé mat riéng cua san pham zeolite 4A dwoc xac dinh bang cach ngam
san pham da rira sach kieém trong dung dich b&o hoa NaCl trong vong 30 phdt, rira sach
bang nudc cat (thu dich loc bang AgNOs) roi say khd ¢ 80°C dén khoi luong khong
d6i, sau d6 tién hanh do BET. Két qua BET cua san pham zeolite 4A 1a 14,662 m%/g.
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4. Kétluan

- Vit lidu zeolite 4A da tong hop dugc tir tro trau, day 1a ngudn nguyén lidu giau
silic, ¢6 san, ré va chua duoc wng dung nhiéu trong doi séng. Chét luong cua san pham
zeolite 4A dugc xac dinh théng qua gian ¢6 XRD va anh SEM. San pham & dang don
pha tinh thé Na,0.Al,0;.1,85Si0,.5,1H,0, kich thuéc tinh thé tir 700 nm dén 900 nm,
cap hat phan b twong dbi dong déu.

- Piéu kién thich hop nhét dé tong hop zeolite 4A tir tro trdu nhu sau: ti 18 mol
SiO,/Al,03: Na,O/SiO,: H,O/Na,O = 1,5: 10 : 56,51; nguén nguyén liéu nhém: dung
dich aluminat dwgc diéu ché tir nhém bot va dung dich natri hidroxit; cach tién hanh
téng hop: thiy nhiét trong binh thuy tinh ¢6 nat chat tai nhiét do 100°C trong 6 gio.
Zeolite 4A tong hop dugc c6 dién tich bé mat riéng BET 1a 14,662 m?/g, bén véi nhiét
do6 duai 300°C.
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