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TOM TAT

Zeolite A la mét trong sé nhiing zeolite néi ti€ng dugc tdng hop ti tro bay nhiét dién than cé nhiéu
Ung dung trong céng nghiép nhu phu gia trong bot gidt, hdp phy, lam sach ao nudi, xt ly kim loai
nang, NHs ™, hat 8m, ray phan td, viv. St dung siéu &m trong qué trinh két tinh thay nhiét (1 giai
doan), zeolite A da dugc téng hop thanh cong véi do két tinh dat 84,9%, & hat 1-2 wm véi diéu kién
téng hop t6i uu & 90°C, 50' va bién dé rung 50%. Siéu am bé sung & giai doan trudc thly nhiét (2
giai doan) trong 15' va bién dé rung 80% gitp téng hap dugc zeolite A cé d6 két tinh tuong ducng
(83,7%) va kich thuéc hat nhd hon (0,5-1 wm). Siéu dm & giai doan trudc thy nhiét gép phan tao
mam tinh thé va qua trinh tao mam nay chinh la nguyén nhan gilp tao ra hat cé kich thudc nho
hon so vdi quy trinh téng hap khong co budc siéu am tai giai doan nay. Nang lugng siéu am vdi vai
trd chinh [a nham thic ddy qua trinh két tinh nhanh hon, hiéu qué hon, nhung chi can muc nang
luong dd dé thuc ddy qua trinh nay. DGi véi thiét bi siéu am st dung trong nghién cltu nay, bién
do6 rung can thiét la 50%. Diéu kién t8i uu téng hop zeolite A tir tro bay than nha méy nhiét dién
da dugc xac dinh theo quy hoach thuc nghiém central composite la 90°C, 50 phut va bién dé rung
50%, st dung siéu am dau phat tan s6 thap 20 kHz.
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DAT VAN DE

Tro bay tli cac nha mdy nhiét dién than tai Viét Nam
1a nguén nguyén liéu d6i dao va c6 nhiéu ting dung tai
Viét Nam 12, Nhiéu nghién ctiu da chi ra ring, zeolite
tit tro bay c6 thé xtt ly hiéu qua kim loai ning (KLN)
vaNHy " trong nudc thai. Trong s6 nhiing loai zeolite
ndi tiéng dugc tdng hop tii tro bay nhu zeolite X, A,
Y, P, Na-P1, zeolite A 1a m¢t trong nhiing loai zeolite
t8ng hgp tii tro bay c6 CEC cao nhit (4,7 meq/g) >*.
Dic tinh cta céc loai zeolite khac nhau dugc thé hién
G Bang 1.

Céc loai zeolite tii tro bay c6 thé tong hgp dugc bing
cdc phuong phdp khéc nhau, ching han nhu thuy
nhiét, nung chdy bing xuat két hgp thuy nhiét, phuong
phép mudi néng chay, phuong phap hé trg vi song.
Trong d6, phuong phdp nung chay tro bay bang xut
rdn theo sau 1a thuy nhiét dugc xem la phuong phap
manh mé nhét dé t6ng hop zeolite, giup trich dugce Si,
Al khéng nhiing & dang v6 dinh hinh ma ci & dang
tinh thé. Tuy nhién, phuong phdp nay doi hoi tiéu
ton nhiéu nang lugng khi nung & nhiét d6 cao (500-
650°C) trong nhiéu gi¢ va do d6, c6 1é khong c6 hiéu
qua kinh té khi trién khai & quy md cong nghiép 7.
Ngay nay, siéu &m dang dugc danh gid 13 phuong phép
day huaa hen gitp thay thé phuong phap nung chay
bing xut, dong thoi rut ngin thoi gian va nhiét do

thry nhiét»"~1%. Séng siéu 4m lam cho dung dich lién
tuc bi nén vao khi ap sudt cao va gidn ra khi dp suét
thép. Tai trang thdi bi gidn ra, rit nhiéu vi bot khi sé
hinh thanh, phat trién va v& rit nhanh. Qua trinh nay
goi 1a hién tugng “cativation”. Cac hiéu ting ctia “cav-
itation” trong siéu 4m giup lam tang hiéu qua trich ly

silicon va két tinh zeolite 3112,

VAT LIEU VA PHUONG PHAP

Vat liéu va mo hinh

Tro bay dugc ldy ngay tai silo chia tro bay cia Nha
may nhiét dién Duyén Hai, trudc khi dua ra bai chia.
Tro bay ¢6 ham lugng SiO; + Al,O3 + Fe,O3 dao
dong tit 86-87,3% > 70% 292 nén 1a tro bay loai F
phit hgp cho qua trinh téng hgp zeolite >>"312, Pic
tinh ctia tro bay diing trong nghién ctiu dugc thé hién
& Bang 2. NaAlO; (Sodium aluminate) dugc st dung
dé bd sung Al nham diéu chinh ty 1¢ SiO,/Al,03
trong dung dich truéc khi thily nhiét. Nud6c tinh khiét
dugc stt dung d€ tao dung dich hoa tan Si, Al trong tro
bay. NaOH ran dugc st dung d€ tao dung dich phéan
ung. Céc hoa chat dugc stt dung ma khong cén xt ly
thém. Siéu am dau phét c6 tan s6 thip & 20 kHz dugc

stt dung trong nghién ctu nay.

Trich dan bai bao nay: Tam LV, Tung N T, Thay L T T, Nhat P H. Tac déng ctia siéu &m lén qua trinh tdng
hop zeolite A tir tro bay than. Sci. Tech. Dev. J. - Sci. Earth Environ.; 6(2):600-608.
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Bang 1: Pic tinh chia cac loai zeolite khac nhau®

Loai zeolite CEC (meq/g) Kich thuéc 16 (A) Thé tich 16 trong (%)  Trong lugng riéng
(g/ml)
X/Linde X 5 7,3 50 1,93
Clinoptilolite-8R 2,54 3,9-5,4 39 2,16
Laumontite 4,25 4,6-6,0 34 2,20-2,30
Erionite 3,12 3,6-5,2 35 2,02-2,08
Mordenite 8R 2,29 2,6-5,7 28 2,12-2,15
A/Linde A 4,7 4,1 47 1,99
Y 3,12 7,3 i i
Na-P1 2,7 3,1x4,5/2,8x4,8 - -
Chabazite 3,81 3,7-4,2 47 2,05-2,10
Herschelite 2,1 3,5 - -

Bang 2: Pic tinh tro bay clia cic NMND Duyén Hai 2°

Thong s6 Don vi Ham lugng (%)
Lan1 Lan 2 Lan 3 Trung binh

Si02 % 51,4 52,2 51,9 51,8
A203 % 28,1 27,3 29,3 28,2

Fe203 % 6,5 6,8 6,1 6,5

CaO % 3,0 3,2 2,8 3,0

MgO % 0,6 0,4 0,5 0,5

SO3 % 0,4 0,6 0,6 0,5

Hinh 1: Tro bay khéng qua ray 50 um (bén trai) va
qua ray 50 um (bén phai)

Quy trinh tdng hop zeolite bang phuong
phap thay nhiét hé trg siéu am

Tro bay dugc sang qua ray 50 um nhdm tich phin
than chua chdy hét va cin ra khoi tro bay (Hinh 1).
Phan tro bay qua ray 50 um dugc khudy tron vao
dung dich NaOH 6 M véi ty 1é chit ran : dung dich
lal:4(g: mL), sau d6 tién hanh siéu am & cac diéu
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Hinh 2: M6 hinh nghién ctu téng hgp zeolite A

kién khéc nhau vé€ nhiét d9, thoi gian va bién d¢ rung,
sti dung thiét bi siéu 4m dang d4u phat 20 kHz, VCX
1500 HV2-220, Sonics & Materials, USA. Dung dich
thu dugc dugc bs sung thém 12,22g NaAlO, dé ty 1é
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Hinh 3: Quy trinh téng hgp zeolite A

SiO,/Al, 03 ~1,13, sau d6 tiép tuc siéu 4m & cac thoi
gian va bién d¢ rung khéc nhau. Hén hop duge dé &
nhiét do phong trong thai gian 2 gio d€ tién hanh gia
héa va sau d6 dugc tiép tuc siéu am & céc diéu kién
khac nhau. Cudi cting, dung dich dugclam ngudi dén
nhiét d6 phong, tién hanh loc 14y phan ran, ria bing
nudc cit cho dén khi pH dat 9-10, sdy kho & nhiét do
105°C, dé ngudi thu dugc sain phdm. M6 hinh téng
hop zeolite A dugc thé hién & Hinh 2. Quy trinh téng
hgp zeolite A dugc thé hién 6 Hinh 3.

Phuong phap phan tich

Xéc dinh cdu trac tinh thé, thanh phin khodng trong
zeolite bang XRD (phuong phép nhiéu xa tia X/X-ray
diffraction) st dung thiét bi Model D2 Phaser, hiang
Bruker, Duc. Phuong phap kinh hién vi dién ti quét
(SEM-Scaning Electron Microscopy) trén may JSM-
IT200, hang Jeol, Nhat Ban dugc stt dung d€ xac dinh
hinh dang va ciu tric bé mat vat liéu.

Thiét ké thi nghiém va xt ly sé liéu

Binh phén ting hai 16p, bé 6n nhiét va dau do nhiét do
dugc st dung d€ kiém soat nhiét do trong qud trinh
phén ting. Sau giai doan phan ting, hdn hgp dugc xt
ly ngay 1ap tic d€ giam thiéu sai s6. Thiét bi loc chan
khong dugc stt dung dé tach hén hgp, sau d6 thanh
phén chit 1ong dugc phan tich. Mdi mau dugc phan
tich ba l4n va gid tri trung binh ctia 03 lan do dugc
trinh bay trong nghién ctiu nay.

Diém dic trung cta thiét bi siéu am dau phat la bién
d6 rung cta ddu phét (tinh theo %) la yéu t6 quyét
dinh géy ra hién tugng “cavitation”. Khi bién d¢ rung
cang 16n thi cudng d¢ séng 4m tic dong 1én mau cang

cao. Thiét bi cho phép cai dit cdc mic bién d¢ rung
mong mudn bat ky, ti t6i thi€u 20% dén 100%. Tuy
nhién, d€ dam bao an toan thiét bi, giéi han bién do
rung dugc khuyén cdo la <90%. Trong sb cac yéu td
anh hudng trén, ba yéu t6 nhiét do, thoi gian va bién
d6 rung anh hudng 16n nhat dén qua trinh trich Si. Vi
vay, mién khdo st v6i ba yéu t6 nhiét d9, thoi gian va
bién d¢ rung dugc lya chon !112:14-16,

Thi nghiém dugc xti ly théng ké stt dung phuong phéap
thiét ké thi nghiém central composite st dung phin

mém Design Expert?3

v6i 17 thi nghiém trong do s6
mau l3p tai diém trung tdm 14 03 14n. Cac gid tri thuc
ctia céc yéu t6 thuc nghiém dugc ma hoa dé xii ly s6
liéu nhu tai Bang 3.

x;=(X;-X;)/DX;, ¢=1,68

Anh hudng ctia siéu 4m trong giai doan trudc gia héa
dén kha néng két tinh zeolite & giai doan thuy nhiét
phia sau dugc khdo sat v6i 02 yéu té anh hudng chinh
la thoi gian siéu 4m va bién d¢ rung. Mo6i tuong quan
gilia gia tri ma hda va gid trj thuc dugc chira ¢ Bang 4.
x;=(X;-Xo;)/DX;

Trong dé: x; 1a gia tri ma hda cta bién thu i, X; 13 gia
tri that cta bién thi i, Xo; 1a gia tri that ctia bién thu
i tai diém trung tim, DX; 1a gid tri bu6c nhay ctia bién
thi i

KET QUA VA THAO LUAN

Téng hop zeolite A theo quy trinh siéu am
giai doan thuay nhiét

Céc mau zeolite dugc tdng hop & cic diéu kién khac
nhau dugc dem di phan tich XRD dé€ xdc dinh cdu
truc tinh thé, thanh phan khodng trong mau téng hgp
dugc. Két qua dugc trinh bay ¢ Hinh 4 cho théy su
khac nhau vé d6 két tinh & cac diéu kién nhiét do, thoi
gian phan ting va bién d¢ rung khic nhau. Mot chudi
cac peak ddc trung dugc quan sat thiy & 20 goc 7,260,
10,230, 12,537, 16,20°, 21,74°, 24,10°, 27,182, 30,02°, va
34,25, phtt hgp véi cac peak chudn ctia zeolite A.
Gian d6 XRD ctia mau ii-09 khong c6 su xuét hién cac
peak ctia zeolite, chiing té diéu kién nhiét d6 qua thap
(82°C) sé khong hinh thanh zeolite. K&t qua nay phu
hop véi cac nghién ctiu trugc day 12151618,

Hinh 5 cho thdy d6 két tinh ctia 17 mau san phim zeo-
lite A t6ng hgp dugc dat tit 79,3-84,9%, trii cdc mau ii-
09 (26,8%), i-07 (67,8%), trong d6 mau trung tdm dat
do két tinh cao nhét 84,9%. Day 1a hiéu qua chuyén
héa tuong duong vé6i cac nghién ctiu trude day, vi du
nhu, t6ng hgp zeolite Na-P1 c6 do két tinh 81% 19
téng hop zeolite A va X c¢6 d6 két tinh 98% va thanh
phan pha don tinh thé'°, t8ng hgp Na-P cho zeolite
c6 d6 két tinh 87% 7.

Két qua cho théy trong s& cdc mau c6 cudng do peak
t6t nhat da phén tich bén trén, cdc mau TT ii-04, TT
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Bang 3: Gia tri ma héa va gia tri thuc nghiém cta cac yéu té thuc nghiém

Bién s6 Ky Ky hiéu gia tri ma héa
hiéu
-a -1 0 +1 +o
to (°C) X1 81,6 85 90 95 98,4
t (phut) X2 33,2 40 50 60 66,8
Bién d6 rung (%) X3 25 35 50 65 75

Bang 4: Gia tri ma héa va gia tri thuc nghiém ctia cac yéu té thuc nghiém

Bién s6 Ky hiéu Ky hiéu gid tri ma héa
-1 0 +1
t (phut) X1 10 15 30
Bién do rung (%) X2 40 60 80
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Hinh 4: Gian d6 XRD cla 17 mau téng hgp zeolite A bang quy trinh thay nhiét hé trg siéu am 1 giai doan.

ii-05, mau ii-1, ii-2, ii-6, ii-8, ii-11 ciing la nhiing mau
c6 do két tinh cao nhét. Trong do, cac mau ii-2, ii-
6, ii-8 tiéu tén nang lugng nhiéu hon do tong hop &
nhiét d6 cao (95°C). Mau ii-11 tuy c6 nhiét d¢ thuy
nhiét & 90°C nhung so vé cudng do peak va do két
tinh khong bang cdc mau trung tim. Riéng mau ii-1
(85°C) tuy c6 cuong do peak t6t nhung cdu truc tinh
thé chua hoan thién (Hinh 5). Do d6, c6 thé nhén thay
& muc nhiét d 90°C la muc nhiét d¢ phu hop dé su
dung siéu 4m. Gian d6 XRD ctia cdc mau trung tdm
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(TT ii-04, TT ii-05, TTii-06) c6 chiéu cao peak tuong
duong nhau, chiing to d¢ tin cdy cta thi nghiém.
Nang lugng siéu am véi vai tro chinh 1a nham thuc ddy
quaé trinh két tinh nhanh hon, hiéu qué hon, nhung
chi cAn muc nang lugng du dé thuc déy qué trinh nay,
trong trudng hop nay la bién do rung 50%.

Hinh 6 cho théy zeolite A t6ng hop dugc & mau trung
tam (mau TT ii-05) c6 hinh khdi lap phuong sic nét,
dong déu va it tap chat hon cdc miu & cc diéu kién
téng hgp khac trong quy hoach thuc nghiém, cho thdy
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Hinh 5: Do két tinh clia mau téng hgp zeolite A.

2000 -

Irterety (au)

1500 4

1000

500 o

d0 két tinh ctia miu tdng hgp cao. Kich ¢4 hat zeolite °

A cdc méu téng hop khoang tit 1-2 um.

2000

1800 -

1800 o

Téng hagp zeolite A theo quy trinh siéu 4m
02 giai doan

4400

1200 o

1000 o

Irtensity (au)
3
L

2 8
a

Siéu am tai giai doan trudc téng hop thuy nhiét gitp
tao ra zeolite c6 kich thudc nhd hon (0,5-1 um,
Hinh 7) so v6i quy trinh chi c¢6 siéu 4m trong giai doan 00
thay nhiét va ¢6 do két tinh tuong duong (83,7%)
(Hinh 8). Céc mau c6 thdi gian siéu 4m nhiéu hon

400 -

3000 -

(15} 20’) ¢6 xu hudng tao ra hat 16n hon so véi cac a0 ]
mau chi siéu 4&m 10> Mau 15’-80% va 20°-80% la 02
mau co két tinh zeolite A t6t nhit. Mau 15°-80% co

2000

1500 o

Irtersity(aL)

A: Zeolite A

thoi gian siéu 4m ngdn hon nén tiét kiém néng lugng A

hon. Nhu véy, c6 thé nhan théy khi thoi gian siéu 4m 9

kéo dai tit 15-20, cdc mam tinh thé sé bit ddu hinh ° o EN g B
thanh.

Céc nghién ctiu thoi gian gin day da tdng hop duge Hinh 6: Anh SEM ctia 04 mau dai dién téng hop zeo-

zeolite véi c5 hat 16n hon (zeolite X, c6 hat 2-3um; lite A bang quy trinh thay nhiét hé trg siéu am 1 giai

nhugc diém la stt dung quy trinh nung tiéu tén nhiéu

zeolite A, c& hat 2-3um 14 zeolite X, c& hat 1-3um9; deal
zeolite A, X, ¢& hat vai um'3; zeolite A, ¢& hat vai
/,Lmlz; zeolite A, c¢G hat vai /.Lm15; zeolite A, c& hat
vai um 10; zeolite Na-P, ¢& hat ti 0,2 pm dén 200 um
v6i 5,5% thé tich 1a hat c& 35um7; zeolite A, X, c& hat 86 -
<2 dén >500 um '°) hoic tuong duong (zeolite Na-P1, 84 8685, 87 -
cdhat0,2 um 19; zeolite X, c& hat 1-2 um 17, zeolite X, = 82 o —
& hat zeolite 0,4-1 um!'!. Cac nghién ctiu nay déu c6 2801,
5 78 | 76.8
=

nang luong hodc thoi gian thuy nhiét kéo dai. Mot ]

nghién ctiu téng hop duogc zeolite X v6i c5 hat nano '8,
tuy nhién, quy trinh tdng hgp van con st dung nung I A P
tro bay v6i NaOH rén v thity nhiét kéo dai 6h. DR R R I

DPic biét, v6i diéu kién thi nghiém tuong dong véi Miu

Bukhari S.S. nim 2016 2, két qua ctia nghién ctiu nay
t6ng hop dugc kich thudc nhé hon nhiéu, cho thdy Hinh 8: D6 két tinh ctia san pham zeolite A.
budc siéu 4m bd sung & giai doan trude thiy nhiét c6

vai trd quyét dinh tao hon hat véi kich ¢6 nho.
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Mdu 20°-40%, 20°-60%, 20°-80%

Hinh 7: So séanh c3u trac tinh thé 09 mau t8ng hgp zeolite A bang quy trinh thly nhiét hé trg siéu am 2 giai doan
(phéng dai 10.000 lan).
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St hoa tan va khi triing hgp cic nhém polymer cia  TAI LIEU THAM KHAO

Si va Al lién két v6i nhau dé€ tao thanh dang gel alu-
minosilicate 1a co ché chinh cho sy két tinh cta ze-
2425 Gel cin dugc dong nhét & cho phép sy
hinh thanh ctia hat nhan cta pha mong muén. Sau
khi c6 sy hinh thanh ctia hat nhén thi sy gia taing nhiét
d6 méi dan dén sy phat trién cta cdc tinh thé zeolite
tinh khiét. Qud trinh nay sé dugc xdc tién manh hon
bdi tdc dong cua siéu 4m, tuy nhién, néu qua trinh

olite

tdc dong ctia siéu 4m khong du thi sy phat trién cta
tinh thé sé khong xay ra'2. Két qua nghién ctiu cho
théy siéu am & giai doan trudc thiy nhiét gép phan
tao mam tinh thé va qua trinh tao mam nay chinh la
nguyén nhan giup tao ra hat c6 kich thuéc nho hon
so v6i quy trinh tdng hgp khong c6 bude siéu 4m tai
giai doan nay.

KET LUAN

Quy hoach thuc nghiém theo phuong phap central
composite da xac dinh dugc diéu kién t6i vu tong hgp
zeolite A tui tro bay than Nha may nhiét dién ¢ 90°C,
50 phut va bién d6 rung 50%, st dung siéu am dau
phat tdn s6 thip 20 kHz. Zeolite A tdng hgp c6 do két
tinh dat dén 84,9%, cG hat tii 1-2 um.

Siéu 4m b6 sung & giai doan trudce thay nhiét trong 15
phut va bién do rung 80% giup tao ra zeolite c6 kich
thudc nho 0,5-1 um ma van duy tri d¢ két tinh tuong
duong & 83,7%.

LOI CAM ON

Tac gia xin chin thanh cam on Vién Khoa hoc va
Cong nghé Quén sy da tai trg cho cong trinh nay.
Nghién ctiu da nhan dugc su hd trg vé co s6 vat chit
ctia Vién Nhiét d6i Méi trudng va su tham gia, phoi
hop ctia cac dong nghiép trong va ngoai Vién.

DANH MUC CAC TU VIET TAT

BET: Brunauer-Emmett-Teller
CEC: Dung lugng trao d6i cation
KLN: Kim loai ning

NMNBD: Nha mdy nhiét dién
SEM: Kinh hién vi dién tii quét
XRD: Nhiéu xa tia X

XUNG POT LO1iCH

Tac gia tuyén bd khong c6 xung dot lgi ich.

DONG GOP CUA CAC TACGIA

Lé Vin Tam: dinh hudng nghién ctu, thiét 1ap thi
nghiém, viét bai. Nguyén Thanh Tung: trién khai thi
nghiém, xt ly s6 liéu. Lé Thi Thu Thay: tham gia
thi nghiém, xt ly s6 liéu. Pham Hong Nhat: ¢ vin
chuyén mon.
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ABSTRACT

Zeolite A is one of the most famous zeolite types synthesized from coal-fired fly ash with many in-
dustrial applications such as an additive in washing powder, adsorption, pond cleaning, treatment
of heavy metals, NH4+, desiccation, molecular sieve, etc. Using ultrasonic in hydrothermal crystal-
lization process (1 stage), zeolite A was successfully synthesized with crystallinity reaching 84,9 %,
particle size of 1-2 wm with optimal synthesis conditions at 90 °C, 50 minutes and amplitude of 50
%. Additional ultrasound at the pre-hydrothermal stage (2 stages) for 15 minutes and amplitude of
80 % helped to synthesize zeolite A with equivalent crystallinity (83,7 %) and smaller particle size
(0,5-1 m). Ultrasonication in the pre-hydrothermal stage contributes to crystal nucleation and
this nucleation is responsible for the smaller particle size compared to the synthesis without the
ultrasonic step at this stage. The main role of ultrasound energy is to promote faster, more efficient
crystallization, but only enough energy is needed to accelerate this process. For the ultrasonic de-
vice used in this study, the required vibration amplitude is 50 %. Optimal condition for synthesizing
zeolite A from coal fly ash from thermal power plants were determined according to the central
composite experimental plan, it was 90 °C, 50 minutes and 50 % vibration amplitude, using 20 kHz
low frequency ultrasonic generator.
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