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TOM TAT

Cécion kim loai nang cé thé anh hudng dén sinh vat va stc khde con ngudi néu khong dugce xa ly
triét dé trudce khi thai ra moi trudng. Trong s6 cac phuang phép xtr ly kim loai, hdp phu dang dugc
ap dung rong rai nha vao tinh don gian va hiéu qua. Zeolite NaA va NaY la loai vat liéu hdp phu cé
kha nang loai b tét cacion kim loai, tuy nhién, gid thanh cta hai loai zeolite nay tdng hop tirnguén
hoa chat tinh khiét con kha cao. Bai bao trinh bay viéc tdng hop zeolite NaA va NaY tir cao lanh, mot
ngudn nguyén liéu sdn cé va gia ré. Két qua khao sat cho thay cao lanh sau khi duge xttly nhiét bang
cach nung & 500°C trong 3 gid cé thé duac st dung lam nguén nhém va silic cho tdng hop zeolite.
Zeolite NaA va NaY da duac téng hop bang phan tng thiy nhiét & 100°C trong 24 gid. Zeolite NaA
dugc t8ng hop vdi ty 1é thanh phan mol hén hop phan tng 1,0A1,03/2,0Si0,/1,6Na; O/76H,0 va
zeolite NaY dugc t8ng hap véi ty 1& 1,0A1,03/3,7510,/2,7Nay 0/76H,0 véi su bé sung ngudn silic
tU tro bay codng nghiép. Két quéa phan tich XRD cho thdy san phdm zeolite NaA va NaY t8ng hap
tU cao lanh ¢ cac dinh nhiéu xa trung khdp vai cac dinh nhiéu xa cta vat liéu zeolite NaA va NaY
chudn. Zeolite NaA va NaY sau khi téng hop dugc str dung lam chét hap phu dé loai bé NiZt va
Co** trong méi trudng nudc. Zeolite NaY dat dung lugng hap phu cao nhat Ia 56,5 mg/g va 58,2
ma/qg déi véi lan lugt NiZ va Co**. Zeolite NaA cho thay hiéu qua xu ly kim loai cao hon zeolite
NaY, v&i dung lugng hap phu cao nhat déi vai Ni2 va Co?t [an luot 13 80 mg/g va 123,2 mg/g. DU
liéu thu dugc tir thuc nghiém pht hgp véi mé hinh dong hoc biéu kién bac 2 va mo hinh hap phu
ddng nhiét Langmuir, két qua nay cho thdy qua trinh x{ Iy clia cac ion NiZt va Co®* trén zeolite
NaA va NaY la qua trinh hap phu héa hoc don Idp.

Tu khoa: zeolite, cao lanh, kim loai nang, vat liéu x6p, vat liéu hap phu

MG DA

Su ton tai clia cdc ion kim loai ndng trong mai truong
hién van 13 mot trong nhiing vin dé dang dugc quan
tam. Céc ion kim loai nang cé thé dugc phét thai ra
modi trudng tli cdc nganh cong nghiép khai khodng,
luyén kim, xi ma, sdn sut pin, dc quy. Mot s6 ion kim
loai nang nhu Pb?*, Ni?+, Co®*, Cd?>* c6 khi ning
hoa tan trong nu6c, khong bi phan huy sinh hoc va
c6 thé tich lay trong dat, sinh vat, dic biét la tich lay
trong céc loai ciy luong thuc!?. Vi viy néu khong
dugc xt Iy triét dé, cac ion kim loai ning sau khi phat
thai ra moi truéng sé gay nhiéu dnh hudng tiéu cuc
dén sinh vat, cdc hé sinh thdi ciing nhu stic khoe con
ngudi®.

P4 c6 nhiéu phuong phip dugc phép trién va st dung
nhdm loai bo cdc ion kim loai ning trong nudc thai
nhu keo tu dién héa, dién phén, két ttia héa hoc, loc
mang, hép phy, trao d6i ion, oxy héa bac cao. Trong
cac phuong phap nay, hdp phu dang la phuong phap
dugc st dung phé bién do cong nghé don gian, dé 4p
dung va hiéu sudt x Iy cao?.

Zeolite 1a mot loai vét liéu x8p ¢6 cdu tric tinh thé véi
hé théng cdc vi mao quan xac dinh. Dya vao thanh
phén ciu tao va ciu truc ma céc loai zeolite dugc ting
dung trong rét nhiéu linh vyc khéc nhau?. Zeolite tu
nhién nhu clinoptilolite va mordenite tii 1au da dugc
sti dung lam vt liéu hip phu dé xu 1y loai bo cdc ion
kim loai ning nhu Pb%t, Cu?t, Zn?t, Co?T, Mn2t
trong méi trudng nudc . Tuy nhién, do thanh
phén héa hoc cta zeolite ty nhién con 14n nhiéu tap
chét nhu quartz, smectite, mica nén dung lugng hdp
phu ctia cac loai zeolite nay con chua cao -°.

Nhiéu nghién ctiu da khao sat kha nidng xu ly hap phu
kim loai ndng cta vét liéu zeolite tong hgp, trong d6
zeolite NaA va NaY la hai loai zeolite nhan dugc nhiéu
s quan tdm do c6 ty 1é Si/Al thdp nén dung lugng trao
d6i ion cao. Thong thudng vat liéu zeolite tong hop tu
ngudn hoéa chit tinh khiét nén d6 dong nhat va dung
lugng hip phu céc ion kim loai ning cao hon hén so
vGi zeolite ty nhién. Tuy nhién, zeolite tdng hop tu
ngudn héa chat tinh khiét c6 gia thanh cao, lam han

ché kha ning st dung vét liéu nay trong thyc t&'0-12,
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Vi véy, téng hgp zeolite NaA tit NaY tif cdc ngudn
nguyén liéu gid ré 1a mot gii phdp hita hen trong viéc
lam giam gid thanh ctia san phdm zeolite.

Cao lanh 13 mot khoang vat c6 thanh phan cht yéu
la silic oxide va nhom oxide. Hai thanh phin nay
cang 1a nhiing nguyén liéu chinh cho qud trinh t6ng
hgp zeolite. Hién nay, da c6 nhiéu nghién ctiu trén
thé gidi tdng hop zeolite, dat biét 1a zeolite NaA va
NaY tii ngudn nguyén liéu gid ré nay bang phuong
phép thuy nhiét. Tuy nhién trong cac nghién ctiu nay,
dé téng hop dugc vat liéu zeolite cao lanh phai dugc
nung & nhiét khodng 600-950°C va hén hgp phan
ting thudng chia lugng kiém cao !4, Hai yéu t6 ké
trén 1a nhiing han ché ctia cdc nghién ctiu trude day
trong viéc tiéu tn ning lugng khi hoat hoa cao lanh
va qua trinh rta loai bo kiém du trong san phdm phan
tng. Cing cung loai nghién ctiu nay, bai bao trinh bay
viéckhdo sdt mot cach hé théng kha ning tng hop ze-
olite NaA va NaY tii ngudn nguyén liéu cao lanh cong
nghiép va tro bay. Cac thong s6 v€ nhiét do va thoi
gian hoat hda cao lanh, ty 1¢ st dung NaOH phu hop,
ty 1é b8 sung SiO, thong qua tro bay dugc khdo sat
nhim tim dugc diéu kién t6t nhit d€ tdng hop zeolite
NaA va NaY c6 tinh thé cao. San phdm zeolite t6ng
hop dugce st dung cho hip phu loai bo céc ion NiZt va
Co?* trong méi trudng nude. Cac yéu t6 anh huéng
dén qud trinh hdp phu bao gém thoi gian hdp phu va
ndng do cua cac ion kim loai da dugc khao sat.

VAT LIEU VA PHUONG PHAP

Hoéa chat

Céchda chit dugc st dung trong nghién ctiu bao gom:
cao lanh, sodium hydroxide (NaOH > 96%) , tro bay
(tl cdc ngudn nguyén liéu cong nghiép cé sén trén thi
truong trong nudc), cobalt chloride (CoCly.6H,O >
99%), nickel chloride (NiClp.6H,O > 99%) (Guang-
dong Guanghua, Trung Qudc). Cac hoa chét dugce st
dung truc tiép sau khi mua va khong qua budc tinh
ché nao thém.

Phuong phap x{ ly nhiét cao lanh

Trong nghién ctu nay, nguyén liéu cao lanh trudc
khi st dung dugc phan tich thanh phin nguyén t6
béng phuong phép phé tan xa ning lugng tia X (EDS).
Trudc khi dugc stt dung trong trong tdng hop zeo-
lite, cao lanh dugc nung & cac nhiét do khao sat 400
600°C trong 3 gid.

Phuong phap téng hop zeolite NaA

Zeolite NaA dugc tong hgp ti cao lanh, NaOH va
nudc cét theo phuong phap thuy nhiét véi ty 1¢ thanh
phan mol hén hop phan tng 1,0 Al,03/2,0 Si05/1,2
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Na;0/76 H,O. Ty 1é nay dugc lya chon dua trén két
qua phan tich thanh phan cao lanh va nghién ctu
téng hgp zeolite NaA trudc day'®. Dau tién, 0,96 g
NaOH (tuong ting véi ty 1é 1,2 NayO) dugc hoa tan
bing 13,68 g nudc cit trong cbc nhua, sau d6 2,2 g
cao lanh dugc thém vao c6c d€ tao thanh hén hop
phan ting. Hon hgp nay dugc gia hda trén may khudy
ti & nhiét do phong trong 24 gid. Sau thoi gian gia
héa, hén hgp phan tng duge chuyén vao binh phan
tng bang thép c616i teflon. Phin ting thity nhiét dugc
thuc hién ¢ nhiét 46 100°C, thoi gian phan ting 24 gio.
Sau thdi gian phan ting, san phdm dugc thu hoi va loc
rtia nhiéu lan bang nudc cdt d&n pH 7. Cac yéu t6 anh
hudng dén kha ning tao thanh zeolite NaA dugc khio
sat trong nghién ctiu nay bao gébm nhiét d6 nung cao
lanh, va ty 1é mol Na,O trong thanh phan hén hgp
phén ting la 1,2-4,2 v6i muc dich lya chon dugc ty 1¢
t6t nhét, ddm bao thu dugc sdn phdm zeolite tinh thé
cao va thun loi trong cong doan rtia loai NaOH du
trong san phdm sau phan tng. Sdn phdm zeolite NaA
dugc bao quan trong nudc cit. Trudc khi st dung,
zeolite NaA dugc sdy kho & 105°C trong 8 gio.

Phuong phap téng hop zeolite NaY

Zeolite NaY dugc téng hgp theo phuong phap thuy
nhiét ti ngudn hoéa chit cao lanh, tro bay, NaOH va
nudc cdt véi ty 1é thanh phan mol hén hgp phan tingla
1,0 Al,03/3,0 SiO;/1,2 Nay O/76 HyO. Dau tién, hoa
tan hoan toan 0,96 g NaOH (tuong ting véi ty 1é mol
1,2 NayO) béng 13,68 g nudc cit trong cdc nhya, sau
d6 thém 0,59 g tro bay vao dung dich NaOH va khudy
trén may khudy tu trong 2 gid. Sau thoigian trén, 2,2 g
cao lanh tiép tuc dugc thém vao cdc d€ tao thanh hon
hgp phén ting. Hon hgp nay dugc gia hoéa bang cach
khudy trén may khudy ti ¢ nhiét do phong trong 24
gi6. Sau thoi gian gia héa, hdn hgp phan tng dugc
chuyén vao binh phan ting bing thép c6 16i teflon.
Phan ting thay nhiét dugc thuc hién trong 16 phan
ung & nhiét d6 100°C, thoi gian phan ting 24 gid. Cac
yéu t6 anh hudng dén kha nang tao thanh zeolite NaY
dugc khao sat trong nghién ctiu nay bao gém ty 1¢ mol
Na;O (1,2-2,7) va ty 1& mol SiO; 3,0; 3,7; 4,4 (tuong
ung véi lugng tro bay thém vao 13 0,59; 1,0 va 1,42 g)
trong thanh phan hén hgp phan ting. San phdm zeo-
lite NaY dugc thu hoi, bdo quan va st dung tuong tu
nhu zeolite NaA.

Khao sat déng hoc hap phu kim loai

Ponghoc ctia qud trinh hip phu cic ion kim loai dugc
khao sat bang cach cho 14n lugt 0,10 gram zeolite NaA
hodc NaY vao céc thiy tinh chita 150 mL dung dich
2+’ C02+

cua tling ion Ni néng d6 100 mg/L, pH cta
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dung dich dugc gitt & 6,0-7,0. Qua trinh hdp phu
dugc tién hanh bang cach khudy hon hgp trén bang
mdy khudy ti 6 nhiét 46 phong. Sau tiing khoang
thoi gian xdc dinh, trong 5-180 phut, sti dung mi-
cropipet hut 2 mL hén hgp bao gém ca dung dich kim
loai va zeolite ra khoi cdc thuy tinh trong khi hé thi
nghiém van dugc khudy, diéu nay nhim dam béao duy
tri khong doi ty 1é gitta khdi lugng chat hidp phu va
dung dich kim loai. Zeolite NaA/NaY dugc tach khoi
dung dich bing cach ly tim, ndng d6 ion kim loai con
lai trong dung dich dugc xdc dinh bing phuong phép
do ph6 hép thu nguyén tit (F-AAS).

Dung lugng hép phu va hiéu sudt loai bo kim loai ctia
zeolite 1an lugt dugc tinh todn theo cong thic (1) va
(2) bén dudi:

&= (G -C)xV (1)
m
(G —-G)
H; = o (2)

Trong do, t (phut) la thoi gian khao sat, Cy (mg/L) va
C; (mg/L)14n lugt1a n6ng d6 ion kim loai ban dau va
tai thoi diém t, m (g) 1 khéi lugng zeolite st dung, V
(L) 1a thé tich cta dung dich, q; (mg/g) 1a dung lugng
hép phu va H; (%) la hiéu suit loai bo kim loai tai thoi

diém t.

M 6 hinh déng hoc hap phu

Dboéng hoc hidp phu ctia cacion kim loai 1én zeolite NaA
va NaY dugc mo phong bang cach st dung moé hinh
dong hoc biéu bién béc 1 va mo hinh dong hoc biéu
kién béc 2. Phuong trinh dong hoc biéu kién bac 1 ¢6
thé dugc biéu dién bing phuong trinh (3) '°:

ky
_ — - 3
log (ge —qr) =log (4e) = 55571 ©)
Mo hinh ddng hoc biéu kién bac 2 c6 thé dugc biéu

dién bing phuong trinh (4) 17

t 1 t

—= @
a kg qe

Trong do, q; (mg/g) 1a dung lugng hdp phu tai thoi
diém t, q. (mg/g) 14 dung lugng hip phu tai thoi diém
can bang, k; (1/phut) 1a hing s6 t6c d6 hip phu biéu
kién bac 1, ky (g/mg.phut) 1a hing s6 t6c d6 hip phu
biéu kién bac 2. Mtic d6 phu hgp ctia cic m6 hinh
trong gidi thich di liéu thuc nghiém dugc danh gia
dua trén hé s tuong quan R2.

Khéo sat qua trinh hap phu déng nhiét

Qua4 trinh hdp phu ding nhiét clia cic ion kim loai
1én zeolite NaA va NaY dugc khéo sat bang thi nghiém
hép phu dang mé. Trong thi nghiém nay, 0,10 g zeolite
NaA/NaY dugc cho vao cdc thay tinh chita 150 mL
dung dich ctia ting ion riéng 1& Ni2t, Co®>*. Néng do
ban d4u cta cac ion kim loai dugc khao sat & 50—-450
mg/L. pH ctia dung dich dugc gitt ¢ 6,0-7,0. Hén
hop dung dich kim loai va zeolite dugc khudy trong 3
gi¢ d€ qud trinh hdp phu dat dén trang théi can bang.
Sau thoi gian hdp phuy, zeolite dugc tach khoi hén hop
bang cach ly tAm, néng d¢ ion kim loai con lai trong
dung dich dugc xdc dinh bing phuong phap F-AAS.
Dung lugng hdp phu can bing (q.) va hiéu suétloai bo
kim loai (H,) tai thoi diém can bang ctia zeolite dugc
tinh todn theo céc cong thiic da dién giai & phén trén,
v6i thoi diém can bang ctia qua trinh hdp phu dugc
lya chon la 3 gio.

M 6 hinh hap phu dang nhiét

Trong nghién cttu ny, md hinh hip phu ding nhiét
Langmuir va Freundlich dugc st dung d€ mé phong
dii liéu thyc nghiém. M6 hinh Langmuir dya trén gia
thuyét rang qud trinh hdp phu don 16p, xdy ra tai cac
vi tri hdp phu dong nhdt. Tit ca cac vi tri hdp phu
déu c6 cling nang lugng va luc lién két gitia cac phin
tu gidm manh theo khodng cach tit bé mat chat hap
phu'®. M6 hinh Langmuir c6 thé dugc biéu dién béi
phuong trinh (5):

G, 1 G

. 0K ©)

Trong d6, q. (mg/g) 1a dung lugng hip phy, C,

(mg/L) 12 néng d6 ion kim loai tai thdi diém can bang,
Q" (mg/g) 1a dung lugng hip phu don 16p va K, 1a
hing s6 Langmuir '8,

bic trung ctia m6 hinh hdp phu ding nhiét Lang-
muir dugc biéu dién bdi hang s6 cin bing, hing s6
nay dugc tinh toan theo phuong trinh (6):

1

- 6
1+ K1.Cy ©

R
Trong d6, Cp (mg/L) 13 ndng d6 ban d4u cao nhit cta
ion kim loai. Gid tri Ry, cho biét déc trung ctia qua
trinh hép phu la khong thuan nghich (R;, = 0), thuin
lgi (0 < Ry, < 1), tuyén tinh (R = 1), hodc khong
thuan loi (R, > 1) 8.
M6 hinh hdp phu ding nhiét Freundlich mé ta qué
trinh h4p phu da 16p 1én trén cac bé mit khong dong
nhét. M6 hinh nay cho thdy tinh khong déng nhét ctia
bé mit vat liéu va sy phan bg theo ham ma cua céc vi
tri hdp phu va ning lugng clia cic vi tri nay '8, Mo
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hinh hdp phu ding nhiét Freundlich c6 thé dugc biéu
dién boi phuong trinh (7)

tog (40) = g (Kr) + 1 Tog (C.) o)

Trong d6, q. (mg/g) 1a dung luong hip phy, C.
(mg/L) 1a nong do kim loai tai thoi diém cin béng,
Kr 13 hang s6 Freundlich biéu thi kha ning hdp phu
ctia chdt hdp phu va 1/n 1a hing s6 biéu thi cho cudng
d9 clia qué trinh hép phy '8,

Phuong phap phan tich

Hinh thai, kich thudc ctia vat liéu zeolite sau khi téng
hop dugc phan tich bing kinh hién vi dién tit quét
(SEM) JEOL JSM-6400 van hanh & 5kV. Phuong phép
nhiéu xa tia X (XRD) dugc phan tich bang thiét bi
Bruker D8 Advance van hanh & 40 kV va 40 mA vdi
ngudn phong xa Cu-Ka. Phé tin xa ning lugng tia
X (EDS) dugc phan tich béing thiét bi Hitachi FESEM
$4800 va Horiba EDX H-7593. Nong d¢ cac ion kim
loai dugc phan tich bang phuong phap phé hip thu
nguyén tu v6i ky thut nguyén ti héa bing ngon ltia
(F-AAS) v6i thiét bi Shimadzu AA-6300 sti dung ngon
ltia acetylene va khong khi nén.

KET QUA VA THAO LUAN

Anh huéng ctia nhiét @6 nung khoang cao
lanh dén su hinh thanh zeolite

Két qua phén tich thanh phan nguyén t6 ctia nguyén
liéu cao lanh bang phuong phiap EDS dugc thé hién
trong Bang 1. Ty 1é nguyén t6 Si/Al trong cao lanh
gin béng 1, tuong ting véi ty 1¢ Si/Al trong cdu tric
clia zeolite NaA. Vi véy, nghién ctu tién hanh téng
hgp zeolite NaA tii ngudn cao lanh cong nghiép ma
khéng cin b6 sung thém silic hodc nhém tit ngudén
héa chit nao khac.

Két qua tng hgp zeolite NaA v6i thanh phan mol hén
hop phan tng ban dau gém 1,0 Al,O3/ 2,0 SiO,/1,2
Na;O /76 H, O, st dung ngudn cao lanh dugc nung &
cac nhiét do khac nhau, dugc trinh bay trong Hinh 1.
Két qua cho thdy khi stt dung nguyén liéu cao lanh
khong nung san phidm thu dugc hiu hét 1a nhiing hat
c6 kich thuéc nano véi hinh dang khong xdc dinh
(Hinh la). Khi nguén cao lanh dugc nung & nhiét
do trong khoang 400-600°C, san phdm thu dugc c6
su xudt hién cdc tinh thé hinh khéi 1ap phuong dac
trung cua zeolite NaA. Thong thuong khi cao lanh
dugc nung & 400°C chi pha v& mét phan trang thai
tinh thé ban ddu thanh trang thdi vo dinh hinh &
bac 1 nén chi mét phin cao lanh chuyén vé dang

19,20

metakaolin San phdm zeolite NaA téng hop

ti nguyén liéu ndy van con lan nhiéu tinh thé cao
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lanh dang phién (Hinh 1b). Khi nhiét d¢ nung trong
khoang 500-600°C, lién két hydroxyl -OH trong cao
lanh bi mét di khién cho cao lanh chuyén sang trang
thai metakaolin, va ton tai & trang thai vé dinh hinh
nén dé bi hoa tan trong NaOH '*?°, Do d6 tinh thé
san phim zeolite NaA hinh thanh nhiéu hon, hinh
dang lap phuong rd rang, sic canh hon va kich thu6e
tinh thé 3-5 um (Hinh lc-d). Ngoai ra, gian d6 phan
tich XRD ctia miu cao lanh nung & 500°C trong 3
i khong con cdc dinh nhiéu xa dic trung ctia tinh
thé cao lanh, két qua khéng dinh cao lanh da chuyén
hoan toan sang trang thai metakaolin v6 dinh hinh
(Hinh 2). Vi véy, nghién ctiu nay st dung cao lanh
nung & 500°C lam nguén nguyén liéu cho cac khao
sat tiép theo.

Caolanh nung 500°C

gAY it

Cao lanh khong nung

20 25 30 35 40 45 50
2 theta (dd)

5 10 15

Hinh 2: Két qua phan tich XRD cua vat liéu cao lanh
khong nung va cao lanh nung & 500°C.

Két qua téng hop zeolite NaA

Két qua khao sat anh hudng ctia ham lugng NaOH
dén qua trinh tdng hop zeolite NaA dugc trinh bay
trong Hinh 3. Trong nghién ctiu nay NaOH viia dong
vai tro 13 tdc nhan khodng héa va ciing d€ hoa tan SiO;
va Al, O3 trong nhiing phién cao lanh tao nguyén liéu
hinh thanh cfu truc tinh th€ zeolite NaA va NaY.
Két qua cho thdy san phidm zeolite NaA t6ng hop
v6i thanh phin mol hén hgp phén ting ban dau gém
1,0A1,03/2,0Si0,/1,2Nay 0/76H,0, sti dung ngudn
cao lanh nung & 500°C tuy da c6 hinh dang khéi lap
phuong dic trung ctia zeolite NaA nhung vin con 1an
cdc phién cao lanh chua phan ting hét (Hinh 3a). Khi
tang ham luong NaOH trong hon hop gel tuong ting
ty 16 mol 1,4 va 1,6 NayO, s6 lugng tinh thé zeolite
NaA thu dugc nhiéu hon va kich thudc céc tinh thé
dong déu, khoang 1,5 pm va sin phdm khong con
xudt hién cdc phién cao lanh chua phéan ting (Hinh 3b,
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Bang 1: Két qua phan tich thanh phan cac nguyén té trong cao lanh

Nguyén t6 Ty 1é khoi lugng (%) Ty 1& nguyén ti (%)
C 8,92 13,21
o 59,96 66,68
Si 15,66 9,92
Al 15,46 10,20
Tong 100,00 100,00

SKRUF 210,000

Hinh 1: K&t qud phan tich SEM cua zeolite NaA téng hgp tU cao lanh khéng nung (a) va cao lanh nung & 400°C

(b), 500°C (c) va 600°C (d)

3c). Khi tiép tuc ting ty 16 mol NaOH trong gel 1én 1,8
va 2,2 Nay O, san phdm phén ting thu dugc van tuong
tu nhu ty 1¢ 1,6 Na;O (Hinh 3d, 3e). Tuy nhién, khi
tang ty 1é Nay O dén 3,2—4,2, cdc tinh thé zeolite NaA
bét dau bi hoa tan béi lugng NaOH du va khong con
gili dugc hinh dang lap phuong déc trung Hinh 3f,
3g). Két qua phén tich XRD cho thdy san phdm zeo-
lite NaA tdng hop tit hén hgp phan ting chia ty 1é mol
1,6 Nay O ¢6 céc dinh nhiéu xa hoan toan triing khép
véi gidn d6 XRD chudn ctia zeolite NaA (Hinh 3h). Vi
véy, nghién ctiu nay lua chon zeolite NaA tdng hgp véi
diéu kién nhu trén dé tién hanh thi nghiém khdo st
kha ning hép phu ion kim loai.

Két qua tdng hop zeolite NaY

Két qua phan tich thanh phan cao lanh cho thdy ty
1¢ Si/Al trong cao lanh la gin bang 1, trong khi ze-
olite NaY c6 ty 1¢ Si/Al tii 1,5-3,0%!. Vi vay, trong
qua trinh khao sét tim diéu kién téng hgp zeolite NaY
tit cao lanh, céc thi nghiém dugc tién hanh véi su b6
sung ngudn silic it tro bay, va hén hgp phan tng c6
thanh phén mol 1,0Al,03/3,0Si0,/1,2Na; 0/76H;O.
Két qua khao sat anh hudng ctia ham lugng NaOH
dén qua trinh tdng hgp zeolite NaY dugc trinh bay
trong Hinh 4. Két qua phan tich &nh SEM cho théy &
ty 1é 1,2 va 1,7 Na, O, sdn phdm thu dugc khong xuit
hién zeolite NaY (Hinh 4a, 4b). Khi ting ty 1¢ Na,O
dén 2,2 va 2,7, san phdm phan ting bit dau xuét hién

2710



Tap chi Phdt trién Khoa hoc va Céng nghé - Khoa hoc Tu' nhién 2023, 7(3):2706-2720

“ JEDL '!Tﬁaru m. a'é%i grlnm

——NaA t6ng hop

Wb

——NaA chuin

o lﬂ 1370733033d04330
2 theta (d9)

Hinh 3: Két qua phan tich SEM ctia zeolite NaA téng hgp véi cac ty Ié Nay O khac nhau: (a) 1,2 (b) 1,4 (c) 1,6 (d) 1,8
(e) 2,2 (f) 3,2 (g) 4,2. Két qua phan tich XRD cua zeolite NaA t6ng hgp tuty 1& 1,6 Na,O (h).
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céc tinh thé c6 hinh dang bét dién dit trung ctia zeolite
NaY (Hinh 4c, 4d). Véi hé gel c6 ham lugng NaOH
tuong ung véi ty 1é 2,7 Nay O tuy san phdm phan tng
da xudt hién tinh thé zeolite NaY nhung san phdm van
con chia cac hat dang phién cao lanh chua phan ting
(Hinh 4d). Diéu nay c6 thé do lugng silic thém vao
chua du d€ phan tng hét véi lugng nhom trong cao
lanh. Vi véy, nghién ctu tién hanh khao sat viéc thay
ty 1é SiO, trong thanh phan hén hgp gel phan tng.
Két qua phan tich hinh SEM ctia san phdm phan tng
cho thdy khi tang lugng silic trong hén hgp gel tuong
ung véi ty 1¢ 3,7 SiOy, 6 lugng tinh thé san pham c6
hinh dang bat dién cta zeolite NaY thu dugc nhiéu
hon, kich thuéc tinh thé cing giam ti 5 pm tGing véi
ty 1é 3,0 SiO; xudng con khodng 3 um véi ty 1é 3,7
SiO; (Hinh 5a, 5b). Khi tiép tuc tang lugng silic ting
véi ty 1€ 4,7 SiO», ¢6 thé do lugng tro bay thém vao
qua nhiéu, khong du lugng NaOH dé hoa tan, dan
dén san phim ran thu dugc cht yéu la cao lanh va
tro bay chua phan ting (Hinh 5c¢). Két qua phén tich
XRD cuia zeolite NaY t6ng hop tit hén hgp gel véi ty
1é¢ mol gom 1,0A1,03/3,7Si0,/2,7Na; O/76H; O trinh
bay trong Hinh 5d cho théy cic dinh nhiéu xa ctia san
phém thu dugc hoan toan tring khép céc dinh nhiéu
xa déc trung clia zeolite NaY. Vi véy, nghién ctiu lya
chon ty 1¢ nhu trén dé€ téng hgp zeolite NaY va khao
sat kha nang hép phu ion kim loai.

K&t qua khao sat ddng hoc hap phu

Két qua khao sét sy thay ddi dung lugng hip phu cac
ion kim loai Ni2™ va Co?" cia zeolite NaA va NaY
dugc thé hién trong Hinh 6. Dung lugng hép phu
Co®* trén zeoltie NaA dat can bing sau khoang 60
phiit trong khi dung lugng hép phu Ni>* vin con
c6 xu hudng tang 1én sau 180 phat (Hinh 6a). Qua
trinh h&p phu Ni2* va Co?* trén zeoltie NaY dién ra
khd nhanh va dat can bang chi sau khoang 15 phut
(Hinh 6b). Nhin chung, qua trinh hdp phu Ni** va
Co?t trén zeolite NaA dién ra chdm hon so véi ze-
olite NaY. Diéu nay c6 thé giai thich dya trén kich
thudc mao quan cua zeolite NaA la 4,1 A, cac mao
quén nay nhé hon nhiéu so véi kich thudc mao quan
ciia zeolite NaY 12 7,4 A2!. Vi vay qué trinh khuyén
tan cac ion kim loai tii dung dich vao bén trong mao
quan cua zeolite NaY dién ra dé dang hon, dan dén
thoi gian dat dugc trang thai bao hoa clia qué trinh
hép phu céc ion kim loai trén zeolite NaY nhanh hon
s0 vGi zeolite NaA.

Két qua moé phong di liéu thuc nghiém hép phu ion
Ni?* va Co?* 1én zeolite NaA va NaY bing mo hinh
dong hoc biéu kién béc 1 va m6 hinh dong hoc biéu
kién béac 2 dugc thé hién trén Hinh 7, va céc thong

s6 tinh todn ti 2 m6 hinh nay dugc thé hién trong
Bing 2. Hé¢ s6 tuong quan R? ctia c4c phuong trinh
dong hoc biéu kién bac 2 déu cao hon so véi phuong
trinh ddng hoc biéu kién béc 1 tuong ting, dung lugng
hép phu tinh toan thu dugc tli mé hinh nay tuong
dong véi gid tri thuc nghiém. Két qua mo phong cho
thiy qué trinh h&p phu ctia ion Ni?t va Co?* trén ze-
olite NaA va NaY tuan theo mo6 hinh déng hoc biéu
kién bac 2, va 1a qué trinh hdp phu héa hoc .

Két qua khao sat qua trinh hap phu dang
nhiét

Két qua khao sit dung lugng hép phu ion Ni** va
Co?t cha zeolite NaA va NaY duogc thé hién trén
Hinh 8. Dung lugng hdp phy ion Ni>* va Co>* ctia
ca hai vat liéu zeolite NaA va NaY ting dan khi ting
ndng do ban dau clia cac ion kim loai va din dat dén
trang thdi bao hoa. Dung lugng hip phu ion Nit va
Co?* cao nhit trén zeolite NaA dat lan lugt 1 80 mg/g
va 123,2 mg/g (Hinh 8a). D6i v6i zeoltie NaY, dung
lugng hdp phu cao nhat déi véi Ni2*t 1a 56,5 mg/g va
déi véi Co?* 1a 58,2 mg/g (Hinh 8b). Nhin chung,
dung lugng hdp phu ion Ni?T va Co>t ciia zeolite
NaA cao hon so véi zeolite NaY. Qua trinh hdp phu
cdc ion kim loai béi zeolite 1a qua trinh trao ddi gitia
cac ion kim loai trong dung dich va céac cation bu trit
dién tich trong cdu truc tinh thé zeolite. Zeolite NaA
6 ty 1é Si/Al =1, thdp hon so véi ty 1é Si/Al = 1,5 - 3
ctia zeolite NaY dan dén dung lugng trao ddi ion cua
zeolite NaA cao hon so véi zeolite NaY.

Zeolite NaA va NaY déu cho thdy kha ning hép phu
Co?* t6t hon so véi Ni2t, Két qua nay c6 thé dugc
giai thich dua trén néng lugng dehydrate héa ctia 2
ion nay. Két qua ctia nghién ctu trudc day da cho thiy
& pH 6,5 hodc thip hon, cic ion kim loai trong dung
dich ton tai & dang hydrate hoa. Tuy ban kinh hydrate
héa clia Co** 16n hon so vé6i ctia Ni>™ nhung Co**
lai ¢6 nang lugng dehydrate héa thdp hon (Bang 3).
Vivay Co** dé chuyén sang dang ion dehydrate va dé
khuéch tan vao sau bén trong mao quan cta zeolite
hon so véi Ni2+ 22,

Két qua khao sat dung lugng hép phu cuc dai d6i véi
ion kim loai Ni>* va Co®* trong méi trudng nudc st
dung zeolite NaA va zeolite NaY tdng hgp tit cao lanh
va tro bay cong nghiép trong nghién ctiu nay cho thdy
céc san phim c6 dung lugng hip phu cao hon hin so
v6i cac nghién ctiu khéc (Bang 4).

Két qua mo phong dit liéu hdp phu déng nhiét bing
phuong trinh Langmuir va phuong trinh Freundlich
dugc biéu dién trong Hinh 9. Céc thong s6 tinh todn
tit hai m6 hinh nay dugc biéu dién trong Bang 5. Dua
trén hé s8 tuong quan R%, mé hinh Langmuir 1a pha
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Hinh 4: K&t qua phan tich SEM clia zeolite NaY téng hop véi cac ty 1& Na, O khac nhau: (a) 1,2 (b) 1,7 (c) 2,2 (d) 2,7.

hop hon d€ dién gidi dit liéu thuc nghiém so v6i mé
hinh Freundlich. Dung lugng hip phu t6i da tinh todn
dugc ti mo hinh Langmuir ciing gan bang véi di liéu
thuc nghiém. Do d6, c6 thé két luan qué trinh hép
phu céc ion Ni%t va Co?* 1én zeolite NaA va NaY 1a
qué trinh hép phu don 16p. Thong s6 cin bang Ry,
(0,0027-0,0019) trong khoang 0-1, cho thdy qua trinh
hép phu thuin lgi ctia céc ion nay 1én zeolite NaA va
NaY.

KET LUAN

Zeolite NaA va NaY da dugc t6ng hgp thanh cong
ti nguén cao lanh thuong mai bing phan tng thuy
nhiét. Kha nang xt ly hdp phu cac ion kim loai nang
Ni2T va Co?*t clia hai loai zeolite nay da dugc khao
sat. Nho vao ty 1é Si/Al thdp, zeolite NaA cho thdy
khé nang loai bo cac ion kim loai t6t hon so véi zeo-
lite NaY. Dii liéu thuc nghiém pht hgp v6i moé hinh
dong hoc biéu kién bac 2 cho thdy qud trinh hép phu
cac ion kim loai trén zeolite NaA va NaY la hdp phu
héa hoc. Su phu hgp clia md hinh Langmuir trong
viéc mé phdng dit liéu hdp phu ding nhiét cho thiy
qué trinh h&p phu don 16p ctia céc ion Ni%*+ va Co?*
lén trén bé mit cta zeolite NaA va NaY.
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Hoc, Truong Pai hoc Khoa hoc Ty nhién, PHQG
Tp.HCM d4 h6 trg thiét bi phan tich ndng do kim loai
ndng cho nghién cttu nay.

DANH MUC VIET TAT

SEM: scanning electron microscopy

EDS: energy dispersive X-ray spectroscopy
XRD: X-ray powder diffraction

F-AAS: flame atomic absorption spectroscopy

XUNG POT LO1iCH

Nhom téc gid cam két khong méu thudn quyén lgi va
nghia vu ctia cdc thanh vién.

PONG GOP CUA CACTACGIA

Nguyén Hoai Phuong Duy, téng hop zeolite, xti Iy s6
liéu va viét ban thdo bai bao, Lé Thanh Quang phan
tich cdu tridc va tinh chat vét liéu zeolite. Nguyén
Phudc Hiéu thuc hién thi nghiém xt 1y kim loai ndng
béng zeolite va phéan tich néng d¢ kim loai ning.
Pham Cao Thanh Tung thiét ké n¢i dung nghién ctiu
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Hinh 5: K&t qua phan tich SEM clia zeolite NaY t8ng hgp tu cac ty |é SiO, khac nhau: (a) 3,0; (b) 3,7; (c) 4,4. K&t qua
phan tich XRD cua zeolite NaY téng hgp tu ty 1é 3,7 SiO» (d).

@loo—a) @50-")
=y W
Z 8ot 2
= | HE
a . a,
o 50F G30F
E i o ,
g 40 —o— (lecgellt g2} —o— Nickel
= s B —o— Cobalt
= 20 = 10F
=

a | a

0 L 1 I L O L L 1 'l

0 40 80 120 160 0 40 80 120 160
Thdai gian (phit) Thdi gian (phiit)

Hinh 6: Dung lugng hap phu Ni>* va Co?** clia zeolite NaA (a) va zeolite NaY (b) theo thai gian.
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Hinh 7: M6 phong dung lugng hap phu Ni2* va Co?" clia zeolite NaA (a, b) va zeolite NaY (c, d) theo thdi gian
bang phuong trinh déng hoc biéu kién bac 1 (a, ¢) va phuong trinh dong hoc biéu kién bac 2 (b, d).
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Hinh 8: Dung lugng hap phu Ni?t va Co** clia zeolite NaA (a) va zeolite NaY (b) theo ndng d6 ban dau.
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Bang 2: Cac théng sé ctia phuong trinh dong hoc biéu kién bac 1 va bac 2 cho qua trinh

hap phu Ni’>* va Co?" trén zeolite NaA va NaY

Zeolite NaA

Phuong trinh dong hoc b

iéu kién bac 1

Ton kim loai Qes (“)(mg/ 2) k; ®) (1/phut) R2
N2t 45,83 0,0294 0,91
Co?t 35,38 0,0488 0,7089

Phuong trinh dong hoc biéu kién bac 2

Ton kim loai Qes (“)(mg/ 2) ko (©) (g/mg.phit) R2 qe(d) (mg/g)

NiZ+ 66,36 0,00065 0,9699 62,69

Co?t 100,70 0,00231 0,9991 99,58
Zeolite NaY

Phuong trinh dong hoc biéu kién bac 1

Ton kim loai qes(“)(mg/g) k; ®) (1/phut) R?

Ni?+ 6,45 0,0526 0,1914

Co*t 10,04 0,0397 0,3770

Phuong trinh dong hoc biéu kién béc 2

Ton kim loai Qes (“)(mg/ 2) ko (©) (g/mg.phit) R2 qe(d) (mg/g)
Ni%*+ 49,21 0,01457 0,9996 49,17
Co** 52,30 0,00878 0,9991 52,32

@ Dung lugng hdp phu can béing tinh todn ti phuong trinh ©) Hing s6 hdp phu biéu kién bac 1 ©) Hing s6 hdp phu

biéu kién bac 2 (Y Dung liigng hdp phu can béng tit thuic nghi¢m

Bang 3: Mot vai thong s cia ion Ni’>* va Co>*

Kim loai Ban kinh ion (A) Ban kinh hydrate hoéa  Ning lugng dehydrate hoa
(A% (kJ.mol—1)23

Co*t 0,72 4,23 2054

NiZ+ 0,70 4,04 2106

va giam sat thuc hién thi nghiém. Lé Ty Thanh cht
tri nghién ctiu va hiéu chinh ban thdo.
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Bang 4: So sanh dung lugng hap phu cuc dai ciia ion kim loai Ni’>* va Co?*

Kim loai Loai vat liéu Dung lugng hdp phu cao  Tailiéu
nhat (mg/g) tham khao
Ni?* Zeolite A tif cao lanh Ai Cap 24,6 Ibrahim %*
Zeolite X tii cao lanh Ai Cap 33,5
Khoéng cao lanh tho 1,7 Yavuz >
NaA tii cao lanh 80 Nghién ctiu nay
NaY tii cao lanh va tro bay 56,5
Co** Zeolite 4A tii tro bay 16,8 Yuna?®
Zeolite tu nhién (Clinoptilolite) 14,4 Erdem’
Khodng cao lanh tho 0,9 Yavuz 2>
NaA tii cao lanh 123,2 Nghién ctiu nay
NaY tii cao lanh va tro bay 58,2
s0p® 2s[® o
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Hinh 9: Két qua md phéng dung lugng hap phu NiZt va Co?* clia zeolite NaA (a, b) va zeolite NaY (c, d) theo thai
gian béng phuang trinh Langmuir (a, ¢) va phuang trinh Freundlich (b, d).
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Bang 5: Cac théng sé ctia phuong trinh Langmuir va Freundlich cho qua trinh hap phu Ni?* va Co’* trén zeolite

NaA va NaY.
Zeolite NaA
Phuong  trinh
Langmuir
Kim loai Q° (mg/g)@ KL (1/g) ®) R, R, (©) Q') (mg/g)
Ni%t 78,86 0,1097 0,9961 0,0199 79,99
Co?* 113,64 0,8357 0,9937 0,0027 123,25
Phuong trinh Freundlich
Kim loai 1/n @ KF (mg/g) (¢) R?
Ni**+ 0,0881 38,306 0,8405
Co** 0,1198 41,080 0,8186
Zeolite NaY
Phuong trinh
Langmuir
Kim loai Qo (mg/g) () KL (1/g) ) R? RL© qm(f ) (mg/g)
Ni%* 57,54 0,1261 0,9997 0,0173 56,51
Co** 57,84 0,2461 0,9994 0,0089 58,17
Phuong  trinh
Freundlich
Kim loai 1/n (@) Kr (mg/g) (©) R?
Ni**+ 0,0756 35,962 0,9226
Co** 0,0562 37,304 0,8856

@ Dung lugng hdp phu don 16p © Hding s Langmuir ) Thong s6 can bing @ Héng s6 cuong do hdp phy © Héng s6 Freundlich ' Dung
lugng hdp phu cao nhdt tix thuic nghiém .

s13762-019-02466-5.

. Galletti C,Dosa M, Russo N, Fino DJES. Zn2+ and Cd2+ removal

from wastewater using clinoptilolite as adsorbent. Environ Sci
Pollut Res Int. 2021;28(19):24355-61;PMID: 32212074. Avail-
able from: https://doi.org/10.1007/s11356-020-08483-z.

. El-Kamash AM, Zaki AA, El Geleel MA. Modeling batch kinet-

ics and thermodynamics of zinc and cadmium ions removal
from waste solutions using synthetic zeolite A. J Hazard Mater.
2005;127(1-3):211-20;PMID: 16125311. Available from: https:
//doi.org/10.1016/j.jhazmat.2005.07.021.

. Lu X, Wang F, Li X-y, Shih K, Zeng EY. Adsorption and thermal

stabilization of Pb2+ and Cu2+ by zeolite. Ind Eng Chem Res.
2016;55(32):8767-73;Available from: https://doi.org/10.1021/
acs.iecr.6b00896.

. Hong M, Yu L, Wang Y, Zhang J, Chen Z, Dong L et al. Heavy

metal adsorption with zeolites: the role of hierarchical pore
architecture. Chem Eng J. 2019;359:363-72;Available from:
https://doi.org/10.1016/j.cej.2018.11.087.

. Kovo AS, Holmes SM. Effect of aging on the synthesis of kaolin-

based zeolite Y from Ahoko Nigeria using a novel metakaolin-
ization technique. J Dispers Sci Technol. 2010;31(4):442-
8;Available from: https://doi.org/10.1080/01932690903210218.

. Liu H, Peng S, Shu L, Chen T, Bao T, Frost RL. Magnetic zeo-

lite NaA: synthesis, characterization based on metakaolin and
its application for the removal of Cu2+, Pb2+. Chemosphere.
2013;91(11):1539-46;PMID: 23340053. Available from: https:
//doi.org/10.1016/j.chemosphere.2012.12.038.

20.

21.

. JulJ, Zeng C, Zhang L, Xu N. Continuous synthesis of zeolite

NaA in a microchannel reactor. Chem Eng J. 2006;116(2):115-
21;Available from: https://doi.org/10.1016/j.cej.2005.11.006.

. Ho YS, McKay G. The sorption of lead (ll) ions on peat. Wa-

ter Res. 1999;33(2):578-84;Available from: https://doi.org/10.
1016/50043-1354(98)00207- 3.

. HoYS, McKay G. Pseudo-second order model for sorption pro-

cesses. Process Biochem. 1999;34(5):451-65;Available from:
https://doi.org/10.1016/S0032-9592(98)00112-5.

. El-Kamash AM. Evaluation of zeolite A for the sorptive removal

of Cs+ and Sr2+ ions from aqueous solutions using batch
and fixed bed column operations. J Hazard Mater. 2008;151(2-
3):432-45;PMID: 17644247. Available from: https://doi.org/10.
1016/j.jhazmat.2007.06.009.

. Frost RL, Horvith E, Maké E, Kristof J, Rédey A. Slow

transformation of mechanically dehydroxylated kaoli-
nite to kaolinite - an aged mechanochemically acti-
vated formamide-intercalated kaolinite study. Ther-
mochim  Acta.  2003;408(1-2):103-13;Available  from:
https://doi.org/10.1016/S0040-6031(03)00316-2.

Cheng H, Liu Q, Yang J, Ma S, Frost RL. The thermal behavior
of kaolinite intercalation complexes - a review. Thermochim
Acta. 2012;545:1-13;Available from: https://doi.org/10.1016/j.
tca.2012.04.005.

Baerlocher C, McCusker LB, Olson DH. Atlas of zeolite frame-
work types. Elsevier; 2007. p. 140-1, 194-5;Available from:
https://doi.org/10.1016/B978-044453064-6/50278-4.

2718


https://www.ncbi.nlm.nih.gov/pubmed/32212074
https://doi.org/10.1007/s11356-020-08483-z
https://www.ncbi.nlm.nih.gov/pubmed/16125311
https://doi.org/10.1016/j.jhazmat.2005.07.021
https://doi.org/10.1016/j.jhazmat.2005.07.021
https://doi.org/10.1021/acs.iecr.6b00896
https://doi.org/10.1021/acs.iecr.6b00896
https://doi.org/10.1016/j.cej.2018.11.087
https://doi.org/10.1080/01932690903210218
https://www.ncbi.nlm.nih.gov/pubmed/23340053
https://doi.org/10.1016/j.chemosphere.2012.12.038
https://doi.org/10.1016/j.chemosphere.2012.12.038
https://doi.org/10.1016/j.cej.2005.11.006
https://doi.org/10.1016/S0043-1354(98)00207-3
https://doi.org/10.1016/S0043-1354(98)00207-3
https://doi.org/10.1016/S0032-9592(98)00112-5
https://www.ncbi.nlm.nih.gov/pubmed/17644247
https://doi.org/10.1016/j.jhazmat.2007.06.009
https://doi.org/10.1016/j.jhazmat.2007.06.009
https://doi.org/10.1016/S0040-6031(03)00316-2
https://doi.org/10.1016/j.tca.2012.04.005
https://doi.org/10.1016/j.tca.2012.04.005
https://doi.org/10.1016/B978-044453064-6/50278-4

Tap chi Phdt trién Khoa hoc va Céng nghé - Khoa hoc Tu' nhién 2023, 7(3):2706-2720

22.

23.

24,

Sounthararajah DP, Loganathan P, Kandasamy J, Vigneswaran
S. Adsorptive removal of heavy metals from water using
sodium titanate nanofibres loaded onto GAC in fixed-bed
columns. J Hazard Mater. 2015;287:306-16;PMID: 25668299.
Available from: https://doi.org/10.1016/j.jhazmat.2015.01.067.
Nightingale Jr ER. Phenomenological theory of ion solvation.
Effective radii of hydrated ions. J Phys Chem. 1959;63(9):1381-
7;Available from: https://doi.org/10.1021/j150579a011.

Ibrahim HS, Jamil TS, Hegazy EZ. Application of zeolite pre-
pared from Egyptian kaolin for the removal of heavy metals: II.
isotherm models. J Hazard Mater. 2010;182(1-3):842-7;PMID:

2719

25.

26.

20655657. Available from: https://doi.org/10.1016/j.jhazmat.
2010.06.118.

Yavuz O, Altunkaynak Y, Glizel F. Removal of copper, nickel,
cobalt and manganese from aqueous solution by kaolinite.
Water Res. 2003;37(4):948-52;PMID: 12531278. Available from:
https://doi.org/10.1016/S0043-1354(02)00409- 8.

Yuna Z. Review of the natural, modified, and synthetic zeolites
for heavy metals removal from wastewater. Environ Eng Sci.
2016;33(7):443-54;Available from: https://doi.org/10.1089/ees.
2015.0166.


https://www.ncbi.nlm.nih.gov/pubmed/25668299
https://doi.org/10.1016/j.jhazmat.2015.01.067
https://doi.org/10.1021/j150579a011
https://www.ncbi.nlm.nih.gov/pubmed/20655657
https://doi.org/10.1016/j.jhazmat.2010.06.118
https://doi.org/10.1016/j.jhazmat.2010.06.118
https://www.ncbi.nlm.nih.gov/pubmed/12531278
https://doi.org/10.1016/S0043-1354(02)00409-8
https://doi.org/10.1089/ees.2015.0166
https://doi.org/10.1089/ees.2015.0166

Science & Technology Development Journal - Natural Sciences 2023, 7(3):2706-2720

8 Open Access Full Text Article

Research Article

Preparation of NaA and NaY zeolites from kaolin and their use as
adsorbent for the removal of Ni°" and Co’" in aqueous solution

Nguyen Hoai Phuong Duy'2, Nguyen Phuoc Hieu'2, Le Thanh Quang3, Pham Cao Thanh Tung3,

Le Tu Thanh'?*

Use your smartphone to scan this
QR code and download this article

"University of Science

*Vietnam National University - Ho Chi
Minh City, Vietnam

ABSTRACT

Heavy metal ions can cause environmental problems and affect human health if they are not prop-
erly removed before waste water released into the environment. Adsorption is one of the most
widely used method for removal of heavy metal ions due to its simplicity and efficiency. Among
many adsorbents, NaA and NaY zeolites showed good ability to remove metal ions in aqueous so-
lution due to their high ion exchange capacity. However, the cost of zeolites NaA and NaY, synthe-
sized from pure chemical sources, is still quite high. Therefore, this paper presented the synthesis of
NaA and NaY from kaolin, a commercial available and cheap material. Experimental results showed
that kaolin calcined at 500°C was appropriate to be used as aluminium and silic source for synthesis
of zeolite. NaA and NaY zeolites were synthesized by hydrothermal reaction at 100°C in 24 hours.
NaA zeolite was synthesized in a gel with the molar ratio in term of 1.0 Al,03/2.0 SiO»/1.6 Na,O/76
H»>O and NaY zeolite was synthesized with the molar ratio of 1.0 Al;03/3.7 SiO2/2.7 Na,O/76 H,O
with the addition of silic from industrial fly ash. XRD results of both synthesized NaA and NaY ze-
olites showed that the diffraction peaks of these zeolites matched with simulated XRD pattern of
NaA and NaY zeolite. Synthesized NaA and NaY zeolites were used as adsorbents to remove Ni**+
and Co** in aqueous solution. NaY zeolite showed the highest adsorption capacity of 56.5 mg/g
and 58.2 mg/g for Ni** and Co?*, respectively. NaA zeolite showed higher metal removal effi-
ciency than that of NaY zeolite, with the highest adsorption capacity for Ni?* and Co?* at 80 mg/g
and 123.2 mg/qg, respectively. Experimental data fit the pseudo-second-order model and Langmuir
isotherm adsorption model well. The results showed that the removal of Ni2* and Co?* ions by
NaA and NaY zeolites was of the monolayer chemosorption.
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