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ABSTRACT

The development of technology and science as well as the growth of population cause the
seriously polluted environment, especially the pollution of heavy metals. Synthesis of zeolites
and their applications in adsorption, solid catalysts and ion exchange have been concerned.
In this study, zeolite was synthesized from the precursor of sodium silicate originated from
rice husk ash (RHA) without calcination by using hydrothermal method. The percentage of
silica recovery from RHA without calcination was reached at about 90% when the optimal
reaction conditions were at the ratio of RHA to NaOH = 1:10 (g/mL), the concentration of
NaOH of 5 M, the reaction time of 3 h, the stirring speed of 300 rpm and the reaction
temperature of 90°C. The parameters affected zeolite NaA/NaX synthesis such as ratio of
SiO2 to Al2Os, the reaction temperature T1 (°C), reaction time t1 (h) and aging time t2 (h)
were investigated. The results showed that crystal percentage of zeolite NaA/NaX was
obtained at 52,7% during 4 h, 1000C, aging time of 12 h, ratio of Al2Os to SiO2 of 2,5 and
the ratio of Al:NaOH = 1:2 Although the crystal percentage of zeolite NaA/NaX in this study
was not as high as that of other published researches, the in-situ synthesis used RHA without
calcination and recovery of silica during the synthesis of zeolite NaA/NaX. Therefore, the
synthesized process is environmental friendly as well as time and energy savings.

TOM TAT

Khoa hoc ky thugt phat trién va bing né dan s6 dan dén méi truomg song bi 6 nhiém nghiém
trong, nhdt la 6 nhiém kim logi ngng. Tong hop zeolite va vmg dung lam chdt hap phu, xiic
tac ran va trao doi ion da dugc quan tam. Trong nghién citu nay, zeolite dwoc tong hop tir
tién chat sodium silicate c nguon goc tir tro trdu khong nung. Phan trdm thu héi silica tie
tro tréu khéng nung la 90% 6 ti ¢ tro trau:NaOH = 1:10 (g/mL), nong dp NaOH 5 M, thoi
gian phan vmg 3 h, t6c dg khudy 300 rpm 6 90PC. Céc yéu 16 dnh hieéng dén qud trinh tong
hop zeolite NaA/NaX nhu ti I¢ SiO2.Al20s, nhiét dp phan umg T1 (°C), thoi gian phan ing
t1 (h) va thoi gian gia hoa 12 (h) dirgc khdo sdt. Két qud cho thay phan trim zeolite NaA/NaX
két tinh la 52,7% 6 100°C, 4 h, thoi gian gia héa 12 h, ti I¢ SiO2:A0s = 1:2,5 va i I
Al:NaOH = 1:2. Mdc dii phan tram két tinh cia zeolite NaA/NaX khéng cao so véi nhiing
nghién ciru dii cong bé nhung nghién ciru ndy da siv dung triec tiép tro trau ma khong can
trdi qua qua trinh nung d@é thu hoi silica. Do do, quy trinh tong hop than thién véi méi
trieong, givip tiét kiém thoi gian va ning lwong ciia qud trinh.

Trich dan: Tran Nguyén Phuong Lan, Luong Huynh Vit Thanh, Tran Thanh Trac, Ly Kim Phung, Pham Qudc Phu,
Ng6 Truong Bao Trang, Nguyén Thi Anh Thur, Lé Phan Hung, Huynh Qudc Khanh, Thi Trin Anh Tuén
va Tran Nguyén Phuong Dung, 2020. Téng hop zeolite NaA/NaX tir tro trdu khong nung bang phwong
phap thity nhiét. Tap chi Khoa hoc Trudng Pai hoc Can Tho. 56(6A): 22-32.

22



Tap chi Khoa hoc Trirong Pai hoc Can Tho

1 GIOI THIEU

Ddng bang séng Ctru Long 1a mét trong nhitng
vya lta 16n nhat cua ca nuéc véi san luong Xxut
khau hiang nam rét Ion, trong d6 trdu 1a ngudn phu
pham cua hoat d6ng san xuat nay. Mic du san luong
trau thai ra hang nim rat Ién nhung chi dugc tan
dung lam nhién li¢u dbt chay, nguyén liéu cho gach
cdt liéu nhe, phan bon hitu co,... San pham cua qua
trinh d6t tréu 14 tro trdu — mot nguyén liéu giau silica
kho phan huy sinh hoc, do d6 chi mét phan nho san
pham nay duoc sir dung 1am phén bén hiru co. Hau
hét luong tro trau dugc st dung con qué it so véi
lwong tro triu thai ra moéi trudong. Dé tan dung va
bién ngudn phu phim néng nghiép nay thanh ngudn
nguyén liéu dé san xuét cic san phiam c6 gia tri,
nhiéu nha khoa hoc d nghién ctru va st dung tro
trau nhu nguyén liéu dé san xuét xi mang, san Xuat
gach, tdng hop zeolite (Zhang et al., 1996; Nehdi et
al., 2003; Prasad et al., 2003; Liou et al., 2004;
Habeeb et al., 2010; Tan et al., 2011; Hoang Thi
Ngoc Nir, 2012; Zhang et al., 2013; Azmi et al.,
2016; Chansiriwat et al., 2016; Todkar et al., 2016;
Yunusa et al., 2016). Silica trong tro trau chu yéu &
dang v6 dinh hinh, chiém khoang 20% khéi luong
trau ty nhién va chiém khoang 90% khéi lwong tro
trau (Zhang et al., 1996; Nehdi et al., 2003; Prasad
etal., 2003; Habeeb et al., 2010 va Hoang Thi Ngoc
Nit, 2012). Vi thé, tro trdu 1a ngudn nguyén lidu tiem
ning dé thu hdi silica, day 1a mot trong nhiing tién
chat cua qua trinh téng hop zeolite.

Ngay nay, mdi trudng séng dang bi 6 nhidm tram
trong, nén cac nghién ciru vé xir Iy méi truong thu
hat sy quan tdm ctia nhiéu nha khoa hoc trén thé
gidi, dac biét 1a xur 1y kim loai nang. Bén canh d6
viéc tan dung cac ngudn phé pham nong nghiép dé
tdng hop cac vat liéu co gia tri dang duoc quan tam.
Zeolite duoc biét dén nhu 1a mot chit xtc tac dj thé
quan trong trong cac phan tng téng hop hitu co,
ngoai ra zeolite ciing duoc biét nhur 1a vat liéu hip
phu trong qua trinh xtr Iy nude. Qua qua trinh lugc
khao tai liéu, zeolite chu yéu duoc san xuét tir mot
s6 ngudn nguyén lidu nhu cao lanh, tro bay, tro triu.
Céc nghién ctu vé tong hop zeolite tir cao lanh t
nhién da dugc thuc hién bsi Lé DS Tri va ctv.
(2008), Belviso et al. (2013), Ma et al. (2014), Wan
et al. (2016), Abdullahi et al. (2017) va Garshasbi et
al. (2017). Tro bay cling la mét trong nhiing nguyén
liéu tiém niang dé téng hop zeolite (Ayala et al.,
1998; Woolard et al., 2000; Ojha et al., 2004).
Nghién ctru cua Yao et al. (2018) cho thay zeolite X
¢ thé duoc téng hop tir diatomite bang phwong
phap thay nhiét. V& phuong phap tong hop zeolite,
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da s& cac nghién ctu st dung phuong phéap thuy
nhiét (Katsuki and Komarneni, 2009; Yao et al.,
2018; Chansiriwat et al. 2016; Wan et al., 2016).
Ngoai ra, Bao et al. (2013) d tién hanh téng hop
zeolite NaA tir tro d4 phién dau.

Hién nay, chua tim thay nhitng cong bd nao
nghién ctru tdng hop zeolite truc tiép tir tro trau
khong nung va khong co su khac biét lon khi s
dung tro trdu khéng nung va tro trdu nung trong qué
trinh thu hoi silica. Chinh vi thé, viéc sir dung tro
trdu khong nung s& rat ngin thoi gian phan tng tao
zeolite, tiét kiém nang luong cua qua trinh thu hdi
silica vi khong can phai nung tro triu truéc khi thuc
hién phan ing tao dung dich sodium silicate, day 1a
mét trong nhirng diém mai ciia nghién ctru nay.

Muc tiéu ciia nghién ctru nay nham téng hop
zeolite NaA/NaX tryc tiép tir tro trdu khong nung
bang phuong phap thity nhiét. Cac yéu t6 anh huong
dén qua trinh tong hop zeolite NaA/NaX nhu ti 18
SiO2:Al;03, nhiét d6 phan ung T1 (°C), thoi gian
phan ng t; (h) va thoi gian gia hoa t; (h) dugc khao
sat. Bén canh d6, cac yéu to anh huong dén qua
trinh thu héi silica nhu thoi gian, nhiét d6 va nong
d6 NaOH str dung dugc nghién ciru, nham xac dinh
diéu kién thich hop dé tao tién chat sodium silicate,
mot trong nhiing tién chét cua qué trinh tong hop
zeolite. Bing phuong phap tbng hop zeolite
NaA/NaX tryc tiép tir tro trau khong nung gitip don
gian hoa cac budc cua quy trinh tong hop.

2 PHUONG PHAP NGHIEN CUU
2.1 Nguyén vit li¢u va héa chit

Tro trdu khong nung dwoc thu gom tir cong ty
Co phan Nam Tién, khu cong nghiép Tra Noc,
Thanh phb Can Tho. Hoa chit dwoc st dung trong
nghién ctru nay gdm 14 nhom 99% (Union Chemical
Industry Company Ltd.), sodium hydroxyde 96%,
hydrochloric acid 36-38%, bromothymol blue,
potassium flouride dihydrate (KF.2H20) 99% va
sodiumtetraborate decahydrate (Na.B407.10H:0,
99,5%) c6 nguon goc tir Xilong, Trung Qudc.

2.2 Quy trinh tong hep zeolite NaA/NaX

Tro triu sau khi thu thap v&, duoc xir 1y so bd
bang cach loai bo tap chat co kich thugc Ién, dwoc
nghién min va xac dinh do am bang thiét bi do do
am Sartorius MA-45C (Puc). Do 4m cua tro trau 1a
2%. Tro triu dugc su dung truc tiép trong cac thi
nghiém ma khong can phai trai qua qua trinh nung.
Quy trinh tong hop zeolite tir tro trdu duoc thuc hién
theo Hinh 1 bang phwong phap thity nhiét.



Tap chi Khoa hoc Trirong Pai hoc Can Tho

Dau tién, thu hdi SiO, tir tro triu dudi dang
Na,SiO3 bang cach dun hoan luu tro trdu véi NaOH
Vi nhitng nong d6 khac nhau tir 1 M dén 5 M, ti lé
tro trAu:NaOH = 1:10 (g/mL) & cac khoang nhiét do
50, 70 va 90°C va thoi gian phan ang tir 1 h dén 4 h.
Muc dich cua thi nghiém nay la xac dinh ham luong
silica trong tro triu va ham luong silica hoa tan trong
dung dich NaOH, dé tao tién chat Na,SiOs. Sau do,
hén hop sau phan tng dugc loc rira nhiéu lan dén
khi pH trung tinh. Chat ran sau loc dugc say va xéac
dinh khéi Iugng. Hon hop dung dich sau loc dugc
goi 1a hdon hop 1. Ham lugng SiO; trong hdn hop 1
duoc dinh lwong bang phuong phéap chuén do Véi
KF va chét chi thi mau bromothymol blue (TCVN:
Tiéu chuén nganh 64TCN 38:1986 sodium silicate).

Dung dich NaAIO, dugc chuén bi bang cach hoa
tan nhom véi 30 mL NaOH theo ti I€ 1:2 (mol/mol).
Lay 50 mL hon hgp 1 cho vao dung dich NaAlO,,
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khudy cho hdn hop ddng nhat véi téc do khudy 300
rpm, gia nhiét hdn hop dén nhiét @6 T, (°C) trong
thoi gian ty (). H6N hop 2 thu duoc sau phan @ng
dugc gia hoa trong thoi gian t; (h). Qua trinh gia hoa
két thiic, hdn hop duoc loc rira nhiéu lan véi nudc
cit dén pH trung tinh, két tua tring thu duoc sdy &
60°C trong 24 h. San pham 1a bot zeolite thu dwoc
sau say. Qua qué trinh lugc khao tai lidu, toc do
khudy khong anh huong nhiéu dén qua trinh tong
hop zeolite (Ghoufi et al., 2009). Vi vay, céc thong
s0 khao sat trong nghlen cttu gom ti 1€ mol
Si0,:Al,03 = 2 - 5; nhiét @6 phan tng T (°C) =50 —
150; thoi gian phan ang t; (h) = 2 — 6; thoi gian gia
hoéat, (h) = 12— 36 & nhiét d6 phong. Cac thi nghiém
dugc thuc hién theo phuong phép luan phién ting
bién dé tim ra gia tri ti uu & Moi yéu t6 khao sat.
Trong nghién ctru nay, mdi thi nghiém dugc 1ap lai
it nhat hai lan. Cac yéu t6 anh huéng dén qué trinh
t6ng hop duoc trinh bay ¢ Bang 1.

(RHA:NaOH) = 1:10, g/mL

Tro trau (RHA) + NaOH

Al NaOH
X (mol) Y (mol)

A 4

NaAlO»
30 mL

A 4

K hudy
300 rpm, T (°C), t (h)

!

le—— Nudc cét
LL_)C O
—— Cén rin
v
Hén hop 1
50 mL

Gia nhiét Ty (°C). khong khudy

Thoi gian phan (g t; (h) y

Hén hop 2

A 4

Thoi gian gia hoa t2 (h)

Hbn hop sau gia hoa

A 4

Loc rira, sily & 60°C, 24 h

Bot zeolite NaA/NaX

Hinh 1: Quy trinh téng hep zeolite NaA/NaX tir tro trau
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Béng 1: Cac diéu kién phan @ng téng hop zeolite NaA/NaX

ANT Nhiét do Thoi gian Thoi gian
Mau Ti I& mol SiO2:Al203 Ti (Ifngll"r:;())H phandéng T:  phanéng t1 gia hoa
(W) (h) t2 (h)
Z1 2,0 11 90 4 12
Z2 3,0 11 90 4 12
Z3 5,0 11 90 4 12
Z4 2,0 1:2 90 4 12
Z5 2,5 1:2 90 4 12
Z6 3,0 1:2 90 4 12
z7 2,5 1:2 90 4 24
Z8 2,5 1:2 90 4 36
Z9 2,5 1:2 50 4 12
Z10 2,5 1:2 150 4 12
Z11 25 1:2 100 2 12
Z13 2,5 1:2 100 6 12

2.3 Cac phwong phap phan tich vit li¢u
NaA/NaX sau khi tong hep

Cac phuong phap phan tich nhu: nhiéu xa tia X
(XRD), phuong phap quang ph6 hong ngoai bién
d6i Fourier (FTIR), phuong phap xéac dinh dién tich
bé mit riéng va kich thugc 16 rdng BET (Brunauer-
Emmet-Teller), phuong phap kinh hién vi dién tir
quét (SEM), phan tich kich thudéc hat DLS
(Dynamic Light Scattering) duoc ding dé xac dinh
tinh chét Iy hoa, cAu trac tinh thé ciing nhu hinh thai
hoc cua SiO; va cac mau zeolite NaA/NaX sau khi
téng hop.

3 KET QUA VA THAO LUAN

3.1 Thu hoi SiO2 trong tro triu khong nung

Qua qua trinh luwoc khao tai liéu, tat ca cac
nghién ctru déu cho thiy rang nhiét d6 tdi wu cho
qué trinh thu hoi silica tir tro trdu dao dong trong
khoang 70-100°C v¢i thoi gian phan tmg 1a 1-5 h
(Margandan et al., 2010; Shelke et al., 2010; Ezzat
et al.,, 2012; Phan Bao Ngoc, 2016; Tran Hoang
Anh, 2017). Trong do, néng d6 NaOH c6 anh huong
rat 16n dén hiéu suat thu hoi silica, nong do cang cao
thi thoi gian phan ng cang ngan tiletro trau:NaOH
(g/mL) cang nho. Do d6, dé giam ndng d6 NaOH
trong phan ing can lya chon thoi gian phan tng va
ti 1& tro trdu:NaOH thich hop (Katsuki et al., 2009;
Shelke et al., 2010; Ram et al., 2012; Suthatip et al.,
2017; Tran Hoang Anh, 2017).

Trong nghién ctru nay, ti I¢ tro triu: NaOH =
1:10 (g/mL) va van toc khudy 300 rpm dugc ¢d dinh,
diéu kién tbi uru dé tao dung dich Na,SiOs tir tro triu
khong nung da duoc xac dinh qua cac khao sat vé
nhiét do phan ing, nong d6 NaOH va thoi gian
khudy. Tét ca cac didu kién phan tng trong thi
nghiém thu hdi silica dugc trinh bay & Hinh 2. Phan
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tram silica thu hdi hon 50% & diéu kién phan ting
nhu sau: tro trdu: NaOH = 1:10 (g/mL), néng do
NaOH 3 M va khudy 300 rpm trong 1 h. Hinh 2(a)
cho thay khi nhiét d6 phan tng ting thi phan trim
thu hoi silica tang, cu thé ham huong silica thay doi
tir 5% ¢ 50°C va dat dugce hon 50% ¢ 90°C. Do do,
nhiét do ti uu dugc chon dé thu hdi silica 1a 90°C.
Hinh 2(b) trinh bay sy anh huéng cia nong do
NaOH dén qua trinh thu hoi silica. Phan tram silica
thu hoi ting 71,43% tir 20% dén 70% khi ndng do
NaOH thay ddi tir 1 M dén 6 M. Khong c6 sy khac
biét nhiéu trong qué trinh thu hdi silica & nong do
naOH 5M va 6M, do do, néng dd6 NaOH téi wu trong
thi nghiém duoc lya chon 1a 5 M. Thoi gian phan
g anh huong 16n dén qua trinh hoa tan silica trong
tro trau khong nung tao _dung dich NazSiOs, day la
tién chat cua qua trinh tong hop zeolite. Két qua thi
nghiém cho thiy phan trim silica thu duoc ting
nhanh khi thoi gian phan ung dugc kéo dai (Hinh
2(c)). Ham luong silica thu hdi cuc dai 14 90% ¢ 3 h
va khong thay d6i nhiéu khi ting thoi gian phan tng
1én 4 h, nén thai gian téi wu dwoc chon 13 3 h.

Vi vay, diéu kién t6i wu cho qua trinh tao dung
dich Na,SiO; tir tro trdu khong nung 1a 90°C, ndng
d6 NaOH 5 M, thoi gian phan ¢ng 3 h, tbc d6 khudy
300 rpm va ti & tro trAu:NaOH = 1:10 (g/mL). Ham
lwong SiO; thu hdi dugc tir tro tru ciing duge xac
dinh bang phuong phap chuan do véi két qua
khoang 90% + 0,01 so véi khéi luong tro trau da st
dung. Pong thoi, qua phwong phap chuan do ham
luong Na,O ciing duoc xac dinh 14 chiém 60,78% =
0,01 trong dung dich sau phan tng (chwra dung dich
Na,SiO3 va NaOH du). Ket qua nay tuong tu Vi két
quéa phan tich ICP ciia mau tro trau khong nung &
Bang 2. Hinh 3 thé hién két qua XRD cua SiO; tir
tro triu khong nung va thay riang peak dic trung cia
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Si0, ¢ goc 20 = 22,8867°, va chu yéu la ¢ pha vo
dinh hinh chiém wu thé. Do do, silica trong tro triu
khong nung sé 1a nguyén li€u thich hop cho qua trinh
téng hop zeolite.

100
Nhiét 46 (°C)
(a)
80 1
70 -
60 -
50 -
40 -
30 -
20 -
10

% Si02

S S
Nong do NaOH (M)
(b)
95 -
90 -
85 1
80 -
75 1
70 1

65 T T T T 1
0 1 2 3 4

Thoi gian phan tng (h)

(©)

%Si0

h

Hinh 2: Céc diéu kién phan @ng thu hdi SiO: tir
tro triu khong nung & ti ¢ tro trAu:NaOH =
1:10 (g/mL) va téc d9 khudy 300 rpm; (a) Nhiét
do phan ng ¢ 1 h, ndng d9 NaOH 3 M ; (b)
Néng d NaOH & 90°C, 1 h; (c) Thei gian phan
irng & 90°C, ndng d NaOH 5 M.

Bing 2: Két qua phan tich ICP ciia miu tro triu

khéng nung

Thanh phan Phan trim %
SiO, 90
Al;O3 0,075
CuO 0,05
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Hinh 3: Két qua XRD ciia SiO2 tro trau khong
nung

32 Cac yéu té anh hwéng dén qua trinh
tong hop zeolite NaA/NaX
321 Ti lé SIOZ . A|203

Ti I& Si02:Al,O3 14 yéu t6 quan trong quyét dinh
dén loai zeolite tao thanh. Trong nghién ciru nay, ti
1é Si0O2:Al,03 duogc khao sat tir 2,0 dén 5,0 va ti lé
mol Al: NaOH = 1:1 (Hinh 4). Két qua XRD cua
zeolite NaX/NaA (Z1, Z2 va Z3) cho thdy rang
khong tim thiy cac peak cia NaA va NaX, nguyén
nhan 1a do Al(OH); chua hoa tan hoan toan. Vi thé,
ti 16 mol Al: NaOH da duoc thay ddi thanh 1:2 dé
dam bao nong d6 NaOH du dé hoan thanh phan tng.
Nghién ctu cua Yao et al. (2018) khi téng hop
zeolite X tir AI(OH)s ciing c¢6 két qua tuong tu, peak
ciia Al(OH); & gbc 20 =18,35°. O miu Z5, cac peak
ctia NaX va NaA duoc tim thay & goc 20 = 6-7° khi
ti 1¢ mol Al:NaOH = 1:2 va két qua nay tuong tu Vi
nghién ciru cua Bukhari et al. (2014). Mac du cuong
d6 peak cua zeolite & didu kién nay con thip nhung
NaA da duoc tao thanh 6 ti 16 SiO2:AlO3 = 2. Két
qua nay ciing phu hop véi nghién ctru ciia Tanaka et
al. (2002).

Zeolite NaX/NaA dugc hinh thanh khi ti 1€
Si02:Al,03 = 2,5. Sau 4 h phan tng & 90°C va gia
hoa 12 h, phan trim két tinh cia NaX/NaA thu duoc
khoang 25,2% (Z4). Khi ti 1é SiO,:Al,O3 = 3 (Z6),
phan tram két tinh cua tinh thé zeolite NaX/NaA
khoang 25,9%. Khi ti I¢ SiO2:Al203 = 2,5 (Z5),
phan trim két tinh ciia zeolite NaX/NaA khoang
59% va cao hon nhiéu so phan trim két tinh cuia mau
zeolite Z4 va Z6. Céac peak cta NaX va NaA cua
mau Z5 dugc thé hién kha rd rang, do d6 ti 1¢ cua
Si02:Al,03 = 2,5 dugc lwa chon dé tién hanh céc thi
nghiém tiép theo. Ti 1& nay ciing twong tu Véi ti 1&
Si0O2:Al,03 trong nghién cttu cua Zhou et al. (2014).
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Hinh 4: Két qua XRD ciia miu zeolite véi cac ti
& SiO2:AlL,Os =2 (Z1), 3 (Z2) va 5 (Z3), & T(°C)
=90, t1 (h) = 4, t2 (h) = 12, Al: NaOH = 1:1. Két
qua XRD ctia mau zeolite véi cac ti ¢
SiO2:Al20s = 2 (Z4), 2,5 (Z5) va 3 (Z6) & T(°C) =
90, ta (h) = 4, & (h) = 12, Al:NaOH = 1:2

Thoi gian gia hoa dong vai tro quan trong trong
qua trinh phat trién mam cua tinh thé zeolite. Trong
qua trinh nay, cdu triic va thanh phan cua zeolite bj
thay d6i khi thay ddi thoi gian gia hoa. Qua qua trinh
lugc khao tai lidu, da s6 cac nghién ctu trude day
déu cho rang thoi gian gia hoa phu hgp cho qua trinh
tong hop zeolite NaA va NaX trong khoang tir 12-
36 h (Novembre et al., 2011; Bao et al., 2013;
Yunusa et al., 2016; Yao et al., 2018), do d6 thoi
gian gia hoa dugc khao sat tir 12-36 h. Tai thoi gian
gia héa 1a 12 h, phan trim tinh thé hinh thanh 1a
52,5% s0 vai thoi gian gia hoa 24 h va 36 h lan luot
1a 25,3% va 27,2% (Hinh 5). T4t ca cac peak cua
zeolite Z5 déu twong ty nhu cic peak chudn cua
zeolite NaX/NaA vai thoi gian gia hoa 12 h. Cac
peak cua zeolite Z7 (24 h) cao hon céc peak cua mau
zeolite Z8 (36 h) cho thiy thoi gian gia hoa cang dai,
ti 1¢ két tinh cang giam. Piéu nay c6 thé dugc giai
thich 1a do qua trinh chuyén pha giita cac loai
zeolite, cac peak dic trung cia zeolite chua xuat
hién rd rang. Thoi gian gia hda 24 h (Z7) va 36 h
(Z8) twong d6i dai nhung phan trim tao thanh tinh
thé lai thip, do d6 ting thoi gian gia hoa 1a khong
can thiét. Sy anh huong cua thoi gian gia hoa dén
qua trinh két tinh cua tinh thé da dwoc nghién ctu
bai Chansiriwat et al. (2016). Do d96, thoi gian gia
hoa tdi wu trong thi nghiém nay 1a 12 h.
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Hinh 5: Két qua XRD cia miu zeolite NaX/NaA

voi thoi gian gia hoa t2 (h) = 12 h (Z5), 24 h (Z7)

va 36 h (Z8) & SiO2:Al0s = 2,5, T(°C) = 90, ta(h)
=4, Al: NaOH =1:2

3.2.2 Nhiét do va thoi gian phan vung

Trong thi nghiém nay, nhiét d6 phan tng dugc
khao sat ¢ 50°C, 100°C va 150°C. Zeolite NaA tinh
khiét duoc tong hop 6 ti 18 SiO2:Al,03 = 2 trong 24-
30 h, & ti I¢ Si0x:AlL,Os = 2,5 tinh thé NaX bat dau
Xuit hién va ting 1én khi ting ti 1& SiOx/Al,O3
(Tanaka et al., 2004). Hinh 6 trinh bay két qua XRD
cuia cac mau zeolite Z5, Z9, Z10 va Z11 & céac gia tri
nhiét d6 khac nhau tir 50°C dén 150°C, thoi gian
phan ting 12 4 h va thoi gian gia hoa 1a 12 h. C6 thé
thdy rang phan tram két tinh cua zeolite ting dan
theo nhiét do phan ung (tir 50°C dén 150°C) . O
50°C, luong tinh thé tao thanh 1a 26,9% (Z9), thip
hon nhiéu so véi luogng tinh thé tao thanh 59%,
52,7% va 54,7% lan luot & 90°C (Z5), 100°C (Z10)
va 150°C (Z11). Nghién cau cta Purnomo et al.
(2012) chi ra rang nhiét d6 phan tmg c6 anh huong
nhiéu dén qua trinh tao mam cua tinh thé. Khi nhiét
d6 cang cao, nang lugng cung cip cang 16n nén hiéu
qua két tinh s& cang cao (Dalai et al., 1985; Davis et
al., 1992; Don et al., 2013; Seyed et al., 2013;
Anbia et al., 2015; Guangyuan et al., 2018). Mac du
hiéu suit két tinh cao hon so hiéu suat két tinh cua
710 nhung cac dinh cta Z11 trung véi peak dac
trung cua sodalite (S). Nguyén nhan nay c6 thé duoc
giai thich 1a ¢ nhiét do cao, mau zeolite NaA/NaX
bi pha v& céu trac, tao thanh cac don vi so cdp nho
hon va chuan bi hinh thanh céu trac tinh thé khac so
v6i mau zeolite NaX/NaA can tong hop.

Thoi gian phan tmg dugc khao sat tir 2 h dén 6 h
trong thi nghiém nay (Hinh 6). Phan tram két tinh
ctia Z12 khoang 31,9% sau 2 h, day la thoi gian can
thiét dé hinh thanh tinh thé zeolite NaX/NaA. Khi
kéo dai thoi gian phan ung dén 4 h, phan trim két



Tap chi Khoa hoc Trirong Pai hoc Can Tho

tinh cia Z10 13 52,7%, ting 39,5% so v&i phan trim
két tinh ciia Z12. Thoi gian phan ung dai trong ng
v6i phan tram két tinh cua zeolite tang vi hdn hop
¢6 du thoi gian dé tao ra tinh thé hoan chinh Z10 va
tat ca cac peak déu trong tu nhu cac peak chuan cua
zeolite NaX/NaA. O thoi gian phan (g 1a 6 h, phan
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tram két tinh cua Z13 13 67,5%, nhung lai xuat hién
mot loai zeolite khac 1a NaP vai cuong d6 peak cao.
Do d6, thoi gian phan tmg va nhiét d6 phan ung lan
lwot 13 4 h va 100°C 1a diéu kién t6i wu cua qua trinh
tong hop va thoi gian phan tmg nay ciing tuong tu
nhu nghién ctru cia Henmi et al. (2014).

Intensity

20 (Degree)

Hinh 6: Két qua XRD ciia miu zeolite NaX/NaA véi T (°C) = 50 (Z9), 90 (Z5), 100 (Z10) va 150 (Z11)
& SiO2ALOs = 2.5, t1 (h) = 4, t2 (h) = 12, Al:NaOH = 1:2

3.2.3 Tinh chat ciia zeolite NaA/NaX tong hop

Mau zeolite NaA/NaX & diéu kién t6i wu duoc
phan tich cac chi tiéu vé hoa 1y va hinh thai hoc. Két
qua BET cho thiy ring kich thudc mao quan va dién
tich bé mat riéng cua zeolite NaA/NaX lan luot 1a
16,72 nm va 24 m?/g. Kich thudc trung binh cua hat
zeolite 14 5,2 pm dugc phén tich bang DLS. Hinh 7
trinh bay két qua phan tich FTIR cua zeolite
NaA/NaX t6i uu. Peak & vi tri 1038 em 14 vi tri dao
dong bén trong khong ddi xung cua lién két T-O-T
(T 1a Si hoac Al), dac trung cho clu tric zeolite.
Peak nay dugc mo rong trong khoang tir 900 dén
1320 cm', biéu thi cho dao déng ciia nguyén tir Al
trong cau tric tir dién TO4. O s6 song 3469 cm? thé
hién peak dic trung ctia nhém -OH trong lién két Si-
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OH. Peak ¢ sé song 1650 cm™ phat sinh boi dic
trung xuét hién cua cac phan tir nuéc (Sudha et al.,
2015; Zahra et al., 2012; Menad et al., 2018). Mot
s6 peak dic trung cua zeolite NaX/NaA ciing xuat
hién & cac vi tri: bude séng 453 cm?! dic trung cho
dao dong cua lién két T-O trong cau triic tir dién
AlO,4 hay SiO4, 569 cm? dic trung cho dao dong
vong doi cua cau tric zeolite, 684 cm™ dic trung cho
dao dong vong doi chi trong céu triic cua zeolite
NaX, 792 cm® dic trung cho lién két T-O-T dbi
ximg phia ngoai va 860 cm™ dac trung cho lién két
cua Si-OH dic biét trong ciu tric cua zeolite NaA
(Zahra et al., 2012). Két qua phd FTIR cia mau toi
wu c6 sd song léch so véi s6 lieu tham khao, tuy
nhién cung 1éch vé mot hudng nén két qua van dugc
chap nhan.
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Hinh 7: Gian d6 FTIR caa zeolite NaA/NaX téng hop ¢ diéu kién téi wvu

Két qua SEM ciia zeolite NaA/NaX (Hinh 8) thé
hién cau trac dac trung cua zeolite NaA va NaX la
lap phuong tdm khoi va luc phuong. Qua trinh phan

kV

tich hinh thai hoc va cu trac tinh thé cua zeolite
NaA/NaX nhan thiy rang, zeolite tong hop 1a mot
vt liéu tiém ning cho qua trinh hap phu kim loai
nang trong nudc thai.

WD 9.2mm

124m

X5,000

Hinh 8: Két qua SEM cia zeolite NaA/NaX & diéu kién toi wu

3.3 So sanh két qua nghién ctru Véi cac
cong trinh da cong bo

Trong cac nghién ciu vé tong hop zeolite, nhiéu
phuong phap tong hop zeolite khac nhau tir cac
nguon nguyén lieu tu nhién, nguyén liéu phé pham
tir qué trinh san xut cong nghiép va néng nghiép
nhu tro bay, diatomite, cao lanh ti nhién, tro trau...
da duoc trinh bay. Nhin chung, hau hét cac nghién
ctru déu trai qua qua trinh nung nguyén liéu trude
khi tién hanh phan mng tong hop. Hu et al. (2017)
nung tro bay & 800°C d¢ loai bo tap chat va thu hoi
silica trude khi tong hop zeolite NaA va NaX bang
phuong phap thiy nhiét. Ti I¢ SiO2:AlxO3 va nhiét
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d6 va ctia qua trinh tong hop zeolite NaA va NaX
lan Tuot 12 1:0,6 va 1:0,2 ¢ 80°C va 100°C. Tuong tu
nhu nghién ciru caa Hu et al. (2017), tro trau dugc
nung nung & 750°C trong 6 h truéc khi tdng hop
NaA/NaY (Tan et al., 2011). Biéu kién cua phan
ung 1a ti 1& SiO2:Al,03 = 1:10,52 & 100°C, 5 h va
thoi gian gia hoa 1a 24 h. Ngoai ra, tro trdu khong
nung con duoc st dung cho phan wng téng hop
zeolite NaX béang hai buéc (Santasnachok et al.,
2015). Pau tién silica dugc hoa tan trong NaOH &
300°C thu dugc dung dich NaySiOs, sau do dung
dich nay dwoc cho phan ung voi NaAlO; & cac
khoang nhiét do tir 90-120°C tur 20-24 h. Bén canh
tro trdu va tro bay, zeolite NaX va NaA con dugc



Tap chi Khoa hoc Trirong Pai hoc Can Tho

tdng hop lan luot tir oil shale ash va diatomite bing
phuong phap nung chay ¢ 600°C va phuong phap
thay nhiét & 30°C. Trong nghién ctu nay, zeolite
NaA/NaX dugc téng hop truc tiép tir tro trau khong
nung, c¢6 phan tram két tinh 13 52,7% & 100°C, 4 h,
thoi gian gia hoa 12 h, ti 1€ SiO2:Al,03=1:2,5 va ti
16 Al:NaOH = 1:2. So sanh véi cac nghién ciru da
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dugc trinh bay, uu diém cta nghién ctru nay 1a rat
ngén duoc thoi gian va tiét kiém nang lwong cia qua
trinh tong hop. Tuy nhién, do zeolite NaA/NaX
duoc tao thanh tir tro trau khong nung, con 13n nhiéu
tap chét nén dién tich bé mit riéng cua zeolite tong
hop con nhé so Véi cac zeolite dwoc tong hop theo
cac phuong phap khac.

Bing 3: Cac nghién ciru tong hop zeolite tir cac ngudn nguyén liéu khac nhau

Piéu kién phan g

Loai Phwong phap téng

%  Tailigu

Neuyén lieU oolite  hop sion ATZ‘(;@S T1(°C) ti(h) t(h) kéttinh tham khio
Tro bay nung NaA, , L 1:0,62 80 6 68 Hu et al.
§800°C  Nax |huynhiet 1:02° 100 8 62 (2017)
Diatomite ~ NaX Thuy nhiét - 30 - 055C - é%olg; al
Oil shale ash NaA Nung chay 1:1 600 2 2%5, 63 (82%01% al.
£ Budc 1: Trich ly silica

I}:‘(’)ﬁraﬁ . NaX  ¢300°C véi NaOH 1:2 90-120 20-24 Sf‘gltaigg‘igg’k

gnung Buéc 2: Thay nhiét '
g%g?g "9 NaA/NaY Thiy nhiét 1:1052 100 5  24¢ -(Tza§133 al.
Trotrau o A/NaX Thiy nhit 1:25 100 4 12 52,7 \ghién cuu
khong nung nay

a: NaA; P: NaX; ¢ két tinh 5h ¢ 110°C, H20/Na20 =40, Na2O/SiO2 = 1.4; U: thoi gian két tinh; ®:gia héa trude khi tong

hop zeolite

4 KET LUAN

Tro tréu, dwoc biét nhu 13 ngudn nguyén liéu
giau silica, c6 thé duoc tryc tiép sir dung cho phan
g téng hop zeolite NaA/NaX ma khong can phai
nung. Zeolite NaA/NaX dugc tao thanh ¢ ti Ié
SiO,: Al O3 = 1:2,5, ti 6 Al:NaOH = 1:2, 100°C, 4

h, va thoi gian gia hda 12 h. Kich thudc hat va dién
tich bé mit riéng ctia zeolite NaA/NaX tong hop lan
luot 13 5,2 pm va 24 m%g. Nghién ctru nay gitp tiét
kiém dugc thoi gian va nang lugng clia qua trinh
téng hop.
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