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Tong hop zeolite X va danh gia kha niing hap phu chat mau crystal violet
trong moi truomg nurde
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Tém tit:

Bai bao nay trinh bay két qua nghién ciru tong hop zeolite X ing dung 1am vt liéu hap phu loai bé chit mau crystal
violet trong méi trwdng nwéc. Cac dic tinh ciia vat liéu gom lién két diic trung, hinh thai va cdu tric; dién tich va
dién tich bé mit; nhiét trong lwong da dwoc phén tich. Két qua di khing dinh, vét liéu dwoc tong hop thanh cong
va ¢6 ciu tric dién hinh ciia zeolite X. Trong diéu kién t6i wu nhu méi trwong pH 9, thoi gian hip phu 2 gio va nong
dd ban du ciia crystal violet 1a 15 mg/l, hiéu suat dat ~92% vng véi dung lwgng 6,9 mg/g. Nghién ctru cho thiy qua
trinh hép phu crystal violet bing zeolite X di tong hop c6 dong hoc hap phu bic 2 gia dinh, tuin theo mé hinh hip
phu ding nhiét Langmuir, va 13 hip phu vt ly. Vit liéu zeolite X cho thiy kha niing tai sir dung t6t sau khi xir 1y
nhiét. Vit liéu zeolite X da tong hop c6 thé sir dung nhw mot loai vét liéu hap phu loai bé crystal violet hiéu qua tir
moi treong nwoc.
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Abstract:

This article investigated the adsorption ability of synthetic zeolite X materials for the removal of crystal violet
from water. The characteristics of the synthesised materials including characteristic bonds, crystalline structure
and morphology; specific surface area and surface charge; and thermogravimetric were examined. The results
confirmed that the material was successfully synthesised and exhibited the typical structure of zeolite X. Under the
optimal conditions of the adsorption process such as pH 9, adsorption time of 2 hours and initial concentration of
crystal violet of 15 mg/l, the synthesised material bead adsorbed crystal violet up to ~92% efficiency corresponding
to a capacity of 6.9 mg/g. The study showed that the adsorption process of crystal violet by synthesised zeolite X
has assumed second-order adsorption kinetics, adhered to the Langmuir isotherm adsorption model, and physical
adsorption. Zeolite X material showed good reusability after heat treatment. The synthesised zeolite X material can
effectively be used as an effective adsorbent for removing crystal violet from an aqueous environment.
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1. Dat van de

Nganh cong nghi¢p dét may chiém mot ty trong lon trong
cac nganh cong nghi€p ¢ Viét Nam. Nudc thai to nganh
cong nghiép nay chtra nhiéu loai chat mau hiru co kho phan
huy sinh hoc, khi bi thai ra moéi truong, ¢6 ddc tinh cao déi
v6i con ngudi va dong thuc vat. Cac ngudn nude thai tir

cong nghi¢p dét nhugm noi chung va cac nganh khac chira
thudc nhudém can phai duoc xir 1y, loai bo cac chét 6 nhidém
dé dat cac tiéu chuan theo quy dinh cuia By Tai nguyén va
Mai truong [1] trude khi xa thai tryc tiép vao ngudn nude
mat xung quanh.

Zeolite X 1a tinh thé aluminosilicate thudc ho faujasite
(FAU) ¢6 cdu tric bén vimg va hé théng vi mao quan dong
déu (hay rdy phan tir) dugc ing dung trong nhiéu linh vic
khac nhau nhu: xtic tac, son phti, my pham, hap phu va xtr Iy
mdi truong. Mat khéc, nho vao cac uu diém nhu: dién tich
bé mat 16n, thé tich 15 xép 16n, d bén cao, lai c¢6 thé duge
téng hop t nguyén lidu dau 1a cao lanh Viét Nam, day la
nguon nguyen lidu rt ddi dao va gia thanh thip, nén zeolite
X ¢6 tiém ning ding dé ché tao thanh cac vat liéu hip phu
hiéu qua. Crystal violet (CV) con goi la methyl violet 10B
hay basic violet 3 hodc gentian violet, 1a chdt mau cation
cAu trac triphenylmethane [2, 3] duoc sir dung nhiéu trong
nganh dét may va nghién ctru y-sinh [4]. Mot s6 loai chat
hap phu khéc nhau di dugc nghién ciru nhim loai bo CV
trong mdi trudng nude [5-7]. Bai bao nay trinh bay két qua
nghién ciru tong hop zeolite X tir nguyén liéu cao lanh cua
tinh Pht Tho, Viét Nam va danh gia kha nang hép phu CV
cua vat liéu.

2. Nguyén liéu va phuong phap nghién ciiu
2.1. Nguyén liéu

Metacaolanh (SiO,/Al,0,=2,74) thu duoc bang cach
nung cao lanh cua tinh Pht Tho ¢ 650°C trong 3 gio;
NaOH 99%; crystal violet, ethylenediaminetetracetic acid
disodium salt (EDTA); NaCl 96%, thuy tinh long c6 ty khoi
d=1,36-1,4 g/ml, thanh phan khéi lugng: Si0,=25-29%;
Na,0=8,5-9,5%; nudc cat mot lan.

2.2. Téng hop zeolite X

Vit liéu zeolite X dugc tong hop bang phuong phap
két tinh thiy nhiét [8 9], theo quy trinh c6 sira doi dé
rit ngan thoi gian tong hop va phu hop voi nguyén li¢u
cao lanh dau vao. Tao hdn hop véi ty 1&: 3 ,5Na,0: ALO,:
4,5810,:130H,0: 1,2EDTA: 2NaCl. Cén va hoa tan NaOH
NaCl vao nudc trong thiét bi dong thé hoa c6 khudy. Sau
d6 bo sung 1,8 kg metacaolanh va thity tinh Iong theo khdi
luong (hoidc quy ddi theo thé tich) vao thiét bi. Sau 10 phit,
chd hdn hop duge khudy déu s& bd sung EDTA. Hon hop
dugc ddng thé hoa ¢ nhiét dd phong (25-30°C) trong 48 gidy
va két tinh & nhiét d6 90+3°C trong 8 gio, c6 khudy tron lién
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tuc. Két thic phan tmg, mau dugc dua sang thiét bi loc, rua
de giam pH t6i 9-10, say tai nhiét do 120°C trong 4 gio, roi
nghién va ray lay c& hat 0,18-0,35 mm.

2.3. Phén tich tinh chit vit ligu

Céc dao dong dic trung tmg véi cac lién két (nhom chirc)
trong ciu tric cia vat liéu hip phu zeolite X di tong hop
dugc xac dinh bang phuong phap do phd hong ngoai bién
ddi Fourier (sir dung thiét bi cua hing Thermo Scientific,
Hoa Ky). Ciu trac tinh thé vat liéu dugc xac dinh thong
qua phép do nhidu xa tia X (XRD) trén thiét bi Siemens D8
Advance- Brucker (Ptrc). Hinh thai hoc cua vat li€u duoc
xéc dinh thong qua kinh hién vi dién tir quét (SEM), Hitachi
S-4800 (Japan Electron Co., Nhat Ban). Bén canh do, phan
tich nhiét trong Iugng (TGA), Linseis (Puc) dugc st dung
dé xac dinh su thay ddi trong lugng cua vat li¢u theo nhiét
d6. Dién tich bé mit riéng Brunauer-Emmett-Teller (BET)
va duong kinh 16 xép cua hat vat liéu dugc xac dinh boi
thiét bi Micromeritics model ASAP 2060 - Hoa Ky. Diém
dang dién (PZC) ctia zeolite X dugc xac dinh bang phuong
phap khao sat su thay d6i pH ctia dung dich CV trude va sau
khi thém vat liéu [10].

2.4. Danh gia kha nang hcfp Phu crystal violet bdi vit
liéu zeolite X

Thi nghiém khao sat sy hép phu duoc thyc hién nhu sau:
thém 0,2 g vat li¢u zeolite X vao cde 250 ml chira 100 ml
dung dich CV ¢6 ndng d6 15 mg/l & nhiét d6 phong, khudy
dung dich véi tbe d6 360 vong/phut. Sau 15 phut 1iy ra 3 ml
mau, loc qua mang loc PTFE 0,22 pm va dua dich loc vao
cuvet thiy tinh dé tién hanh phan tich. Nong do chit mau
CV trong dich loc (C, mg/l) duoc phan tich bang may do
UV-Vis tai budc song hip thu 582 nm (A,,,) theo phuong
trinh A, = 0,1062C - 0,1322. T1ep tuc thyc hién qua trinh
hap phu nhu trén lién tuc, mdi lan 15 phut, dén tong 150

phut.

Kha nang hap phu chit mau CV va hiéu suat hap phy
loai bo chung khoéi nudc duge danh gia bang phuong
trinh (1):

_ (€ =C)V (1)

m

de

Hiéu suat hip phu chit mau CV (H%) cua vat liéu duogc
tinh theo cong thurc (2):

Co—Ct

H= .100% (2)

0
trong do: C, C, va C_ tuong img 1a ndng do chat mau CV
(mg/l) lac ban dau (= 0) sau thoi gian t va tai thoi diém can
bang hap phu (phit); m 1a khdi lwong vat lidu (g); V 1a thé
tich dung dich (1).

91



3. Két qua va ban luan
3.1. Ddc trung vt li¢u

Phé nhiéu xa tia X (XRD): Tir hinh 1 c6 thé thdy, trén
phd XRD cta mau tong hop xuat hién pic dic trung cia
zeolit X tai goc 26=6,20° (mau chuan JCPDS 38-0237) vai
cudng do pic cao va dudng nén phing, nén c6 thé két luan
mau c6 chira zeolit X v&i do tinh thé cao.
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Phé hong ngoai bién doi Fourier (FTIR): Pho FTIR cia
hat zeolite X da téng hop duoc trinh bay ¢ hinh 2. Pinh
hép thu (chan rong) ¢ 3351,77 cm™ lién quan dén dao dong
kéo dén cua lién két —OH, cho th?iy su ¢6 mat ciia nudc hép
phu hodc cac nhom hydroxyl trong cdu triic zeolite. Thong
thuong, dai hap thy & 2168,60-2209,12 cm™ lién quan dén
dao dong cuia cac nhom C=C hodc C=N, nhung trong vat
lidu zeolite, n6 c6 thé lién quan dén tap chét hodc cac ciu
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Hinh 2. Phé hdng ngoai bién dbi Fourier cua vat liéu zeolite X tong hop.

8‘: ; H'\%CHE 66(10DB-HH) 10.2024



Khoa hoc Tu' nhién | Héa hoc; Khoa hoc Ky thudt va Céng nghé | Ky thuat héa hoc; Ky thuat méi trudng n—

tric bé mat. Pinh hap thu ¢ 962,12 cm™ dwoc gan cho dao
dong kéo dan cua lién két Si—O hodc Al-O trong khung
zeolite, cho théy su c6 mat cua lién két silicate va aluminat.
Pinh hz"ip thu tai 540,53 cm! 1a tin hi€u dic trung cho dao
dong lién két ngoai tr dién TO , cua vong kép 6 canh trong
zeolite X ¢6 cuong dd manh ciing gop phan khang dinh mau
téng hop c6 do tinh thé cao. Dai hip thu 704,37 cm™ lién
quan dén cac dao dong ngoai mit phing cua cic nhom Si—O
hodc Al-O trong khung zeolite. Nhur vy, cac dinh hap thu
dac trung trong phé FTIR da khéng dinh sy c6 mat cua cac
nhom chirc va cdu tric dién hinh cua zeolite X c6 sy phu
hop véi két qua theo tai liéu [8, 9].

Hinh danh hién vi dién tir quét (SEM): Anh SEM (hinh 3)
cho thiy bé mit cia zeolite X c6 dang da dién, gb ghé xen

X & do phéng dai x 10.000.

Isotherm Linear Plot
— X-H 04-D5 : X-H 04-05 : Adsorption®— X-H 04-05 : X-H 04-05 : Desorption
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k&, c6 nhiéu khe ho 16n. Hinh thai nay lam dién tich bé mat
tang, tao diéu kién thuan lgi cho CV gén vao tam hép phu
va déng thoi tao ra nhiéu vi tri h?ip phu hon. Hinh anh SEM
cling cho thdy cac tinh thé c¢é kich thudc dao dong trong
khoang 1-2 micromet. Diéu nay cé thé do cac tinh thé dang
vay bat dién lién két véi nhau boi sol silica trong qua trinh
tong hop, sau qua trinh siy s& tao thanh hat zeolite X to hon.
Bén canh do, cling quan sat dugc hat zeolite X c6 khe ho
giita cac tinh thé hinh thanh viing mao quan trung binh thtr
cap twong (mg véi vong tré trén do thi duong dang nhiét hap
phu - giai hép phu N, khi do dién tich bé mét. Chinh sy hinh
thanh cac hat zeolite X da lam tang do bén hoa Iy va ho trg
hép phu céc chat mau.

Dién tich bé mat riéng (BET): Hinh 4 biéu dién cac két
qua phan tich BET ctia zeolite X d tong hop. Puong déng
nhiét hip phu - giai hap phu N, & 77K (hinh 4A) cho thdy,
vat li€u Zeolit X thudc dang vat liéu vi mao quan, c6 dung
lwong hip phu 16n ngay ca & P/Po thip. Két qua do cho thiy,
mau 6 dién tich bé mit riéng 16n, S, dat ~492 (m?/g), thé
tich 10 x0p vi mao quan (t-Plot) va thé tich 16 xop nha hap
phu (theo BJH) c6 gia tri tuong Ung 1a 0,174 (cm’/g) va
0,117 (cm?/g); dién tich vi mao quan: ~358 (m?%g); dién tich
bé mit ngoai ~134 (m%g). Cac gia tri ndy & mic cao trung
binh cuia vat liéu zeolite X (dién tich bé mat riéng 400-600
m?/g), tuong duong voi cac vat liéu zeolite FAU (X, Y) da
dugc dé cap trong [8, 9]. Pic biét mau c6 phan dién tich bé
mit ngoai cao 1a do mao quan trung binh thir cap hinh thanh
giita cac hat tinh thé zeolite X, img véi vong tré nho trén
dudng hap phu-giai hdp phu N, phu hop véi két qua SEM.
Theo phan bo tai hinh 4B, kich thudce 16 x0p cua vt liu co
mao quan trung binh (mesoporous) thir cip tap trung & ving
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Hinh 4. (A) Pwéng dang nhiét hap phu - gii hdp phu N, & 77K va (B) phan b kich thwérc 16 xbp cia vt liéu zeolite X.
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30-40 A. Kich thudc 16 mao quan thudc vao loai mesopore
nén lam cho viéc hip phu cac phéan tir CV duoc d& dang.

Piém dang dién (PZC) cua vit liéu zeolite X: Hinh 5
biéu dién két qua xac dinh diém ding dién ciia zeolite X
téng hop. Theo d6, khi pH<8,85 bé mit vat liéu sé tich dién
duong, nguoc lai khi pH>8,85 bé mat cua vat liéu s& tich
dién am, va diém dang dién cua vat liéu 1a pHpzc=8,85. Tur
d6 co6 thé du doan ring, cation tim tinh thé (dang CV*) s&
bi hdp phu tét boi bé mit hat vat liéu khi pH>8,85 phu hop
v6i tinh chat cua zeolite X 1a vat liéu c6 dung lugng trao doi
cation (CEC) cao.

—a— pH ban dau
124—e— pH sau

pHpzc (8.85)

10

pH sau

2 4 6 8 10 12
pH ban dau

Hinh 5. Diém déng dién cha vat liéu zeolite X.
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Phan tich nhiét trong hrong (TGA): Két qua phan tich
nhi¢t trong lugng cua hat vat liéu zeolite X duogc biéu dién
& hinh 6. Pudng cong TGA biéu thi 2 giai doan suy giam
khéi lwong. O giai doan 1, ¢6 pic thu nhiét khoang 100 dén
200°C véi muc giam 17,2% khéi lugng. Khéi luong bi mAt
1a do su bay hoi cua nudc bé mit va trong mao quan. Giai
doan 2 khoang 250 dén 600°C véi mirc giam 7,9% khdi
luong, chu yéu & ving 500-600°C rng v6i pic toa nhiét nhe
va c6 thé do sy phan hily hodc chay ctia cac hop chét hitu co
con lai trong vat liéu, cu thé 1a phuc chét tao ciu trac con du
chua loc rira hét. Tir 600°C trg 1én, biéu do khong cho thiy
su thay ddi khdi luong dang Kké, chung t6 vat liéu con lai on
dinh va c6 thé khong bi pha hity thém trong khoang nhiét do
cao hon chiing té cAu trac cua zeolite c6 dd bén nhiét cao.

3.2. Qud trinh hép phu crystal violet béi vit ligu zeolite X

Anh hwong cia pH: Két qua khao sat (pH 3-9) chi ra
rang, hiéu suat hip phy tang theo pH (hinh 7). O pH 3 hi¢u
suat hip phu chi dat 74,8% do bé mit vat liéu tich dién
duong khong thuan loi cho qué trinh hap phu. O cac gia tri
pH 5,7, 9 hi¢u sudt hép phu tuong tng 1a 79,7%, 82,0% va
91,90%. CV trong nudc ton tai & dang cation CV*. Khi &
pH 9 dién tich am trén bé mat vat lidu s& tao diéu kién thuan
loi cho qua trinh hép phy. Mat khac, gia tri pH 9 van thudc
trong khoang cho phép theo Quy chuan Viét Nam (QCVN
24:2009/BTNMT) [1] vé nudc thai cong nghiép dbi véi
nguén nudc tiép nhén, nén pH 9 dugc chon dé khao sat cac
yéu t6 anh hudng tiép theo.
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Hinh 6. Biéu d6 phan tich nhiét trong Iwong cuia vat liéu zeolite X.
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Hinh 7. Anh hwéng ctia pH dén kha nang hap phu cua vat liéu
zeolite X (t=120 phat, C =15 mg/l, m=0,2 g, V=360 vong/phut).

Thoi gian hdp phu: Hinh 8 chi ra két qua danh gia sy hap
phu CV béi zeolite X theo thoi gian. Theo d6, hidu sudt hap
phu dat duoc 1a 91,9% sau 2 gid tmg v6i dung luong hap
phu 13 6,9 mg/g. Sy hap phu dién ra nhanh trong khoang thoi
gian tr 15-60 pht.
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Hinh 8. Anh hwéng cua thi gian dén kha ning hap phu crystal
violet b&i vat liéu zeolite X (pH=9, C, =15 mg/l, m=0,2 g, V=360
vong/phut).

Déng hoc hdp phy: Phuong trinh dong hoc biéu kién bac
1 (a) va bac 2 (b) dang tuyén tinh dugc biéu dién nhu sau:

In(q, - q)—Ing, =kt (a)
t 1 t

— + — b

qe kead q ®)

e

trong do, q, va q, (mg/g) lan luot 1a dung lugng hip phu tai
thoi diém can bang va thoi gian t; k, va k, 1a hang sb toc do
bac 1 (1/gio) va bac 2 (g/mg.gio) gia dinh.
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banh gia cac tham s6 cua phuong trinh (a) va (b) thu
duogc két qua nhu ¢ bang 1. Gia tri q,.~=1,54 mg/g thip hon
nhiéu so véi thuc nghiém ching t6 phuong trinh dong hoc
bac mot gia dinh la khong phu hop. Gia tri R*=0,9983 va
96,99 mg/g gan véi thuc nghiém dan dén két luan ring
phuong trinh dong hoc bac hai gia dinh 1a hoan toan phu
hop dé mé ta qua trinh hap phu CV bai zeolite X.

Bang 1. Cac tham s6 dong hoc bac mét va bac hai gia dinh.

Théng sb Biac 1 Bic 2
a -0,0071 0,143
b 0,4297 0,5352
q, (mg/g) 1,54 6,99
k, 0,0071 -

k, = 0,0382
R2 0,9435 0,9983

Anh hieong ciia nong do dung dich crystal violet ban
dau: Két qua ¢ hinh 9 cho thiy, khi ndng do dung dich CV
tang (5-25 mg/1) thi hiéu suat hap phu giam (100%-70,6%),
nhung dung lugng hdp phu lai ting ~3,5 lan (2,50-8,83
mg/g). Piéu nay c6 thé dugc giai thich do, dung dich vai
ndng do6 thuéc nhudm thép cé gradient ndng d6 nho, do do
su khuéch tan CV viao trong ciu tric cta zeolite X cham
hon so véi dung dich & ndng do cao. Tuy nhién, dung dich
co n@)ng d6 thube nhudém thép lai cho hiéu suit hép phu cua
vat li¢u 16n hon do lugng tdm hép phu chua bao hoa trén bé
mit vat liéu con nhiéu.
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Hinh 9. Anh hwéng cuia ndéng dé crystal violet ban dau dén kha
ning hap phu ciia vatliéu zeolite X (pH=9, t=75 phut, m=0,2 g, V=360
vong/phut).
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Pang nhiét hap phu: Két qua cac tham sé hap phu theo
md hinh dang nhiét Langmuir va Freundlich dugc trinh bay
& bang 2. Két qua cho thy, theo mo hinh Freundlich, hé
sé twong quan tuyén tinh (R>=0,9835) thap hon so véi theo
mé hinh Langmuir (R>=1). Dbi voi md hinh Freundlich thi
khi n=-7,241 hay 1/n=-0,1381 thi qué trinh hdp phu c6 thé
khong 6n dinh hodc khong thuan lgi. Nhu vdy c6 thé két
luan réng qué trinh hép phu CV b'fmg hat vat li¢u zeolite X
tudn theo mo hinh hap phy dang nhiét Langmuir - hap phu
don 16p, mt chiéu (K, =0).

Bang 2. Cac tham sé hap phu theo mé hinh ding nhiét Langmuir
va Freundlich.

Théng sb Langmuir Freundlich
K, 0 -

Gy 7,502 -

K, - 91,791

n - -7,241

R? 1 0,9835

Khd nang tai sie dung vdt liéu zeolite X: Nghién clru nay
danh gia viéc tai sir dung vat liu bang phuwong phap xir ly
nhiét, nung & nhiét do 550 trong 3-4 gid dé loai bo chat hip
phu, sau do tai su dung vat li¢u trong chu trinh tiép theo. Két
quéa & hinh 10 cho thay hiéu suit loai bo chit mau CV thay
d6i khong qua dang ké trong ba chu ky khao sat. Hiéu sut
loai bo chit hap phu 12 89,2% & chu ky thtr 2 va con 81,0%
& chu ky thir 3. Diéu nay co thé thiy chat hip phu zeolite X
1a mot loai vat liéu c6 do bén cao va kha nang tai su dung
tuong ddi tot. Tuy nhién, trong qué trinh tai sir dung, hat vét
liéu ciling c6 thé bi bién dang hodc vo, lam giam mot phﬁn
kha niang hap phu cua nd.
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Hinh 10. Kha ning loai bé chat mau crystal violet qua ba chu ky
tai str dung.
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4. Két luan

Nghién ciru nay di tong hop thanh cong vt lidu zeolite
X ¢6 kha nang hip phu tét chat mau CV trong nudc. Vat
liéu thu duoc ¢6 cu trac vi mao quan va dién tich bé mit
riéng 16n véi nhidu khe ranh, 16 x6p va mao quan thir bac,
phéan bd tir 1én dén nho, tur ngoai vao trong, tao ra nhiéu vi
tri h'?ip phu. Vat liéu zeolite X cho hi¢u sudt hép phu CV dat
~92% véi dung lwong hip phu 6,9 mg/g & cac diéu kién tdi
wu pH=9, ndng d6 chat mau CV 1a 15 mg/l va thoi gian 1a
2 gio. Bén canh do, vat liéu cho théy kha nang tai su dung
tuong ddi tot v4i ba chu ky xr Iy nhiét lién tiép.
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