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hap phu kim loai nang (Pb va Cd)

Nguyén Xuan Hai*, Nguyén Ngoc Minh, Kireycheva L.V., Pham Anh Hung,
Phan Bong Pha, Vii Thi Hong Ha, Duong Khénh Van

Khoa Méi truong, Truong Pai hoc Khoa hoc Tuw nhién, DPHQGHN, 334 Nguyé~n Trdi, Ha Noi, Viet Nam

Nhén ngay 27 thang 6 ndm 2011

Tém tit. Nghién ctru str dung diatomit Bao Loc lam ngudn cung cdp Si cho qua trinh tong hop
zeolit va san phdm tong hop duoc thir nghiém dé hip phu Pb va Cd. Trong mdi trudng kiém manh
(NaOH 6N, AI(OH); 3N), nhiét 6 cao (100°C) va thoi gian phan Ung la 24h, dlatomlt bi hoa tan
sau d6 trai qua qué trinh tdi tinh thé héa dé hinh thanh zeoht sodalit. Zeolit dugc téng hop trong

diéu kién nay c6 dung tich trao (101 cation ~165 cmol, Kg™',

cao gap 5,5 lan so v6i vat liéu ban dau

1a diatomit Bao Loc. Nhiét do, ndng do kiém va luong Al bd sung c6 kha nang tic dong déng ké
den dung tich trao dbi cation cua san pham zeolit tong hop. Zeoht tong hop c6 kha nang hap phu
rat tot ddi véi Pb (~ 1600 mmol Kg’ " va Cd (~1500 mmol Kg). Do d6, vat liéu tong hop nay c6
thé 1a mot vat lidu tiém nang tmg dung trong linh vuc xir 1y 6 nhidm.

Tuwr khoa: diatomit, kim loai nang, téng hop, xu ly, zeolit, CEC.

1. Mé dau

Diatomit 12 d4 trAm tich duoc véi thanh
phan chinh 13 xdc tio cit v6i ham luong oxit
silic khoang 80 - 90% [1-3]. Ngoai ra diatomit
con dugc goi 1a kieselguhr hay dét tao silic.
Piatomit chii yéu dwoc thanh tao trong moi
truong tram tich giai doan ky dé tam va dé tir
[4,5]. Thanh phan cht yéu cta diatomit 1a Si v6
dinh hinh, ngoai ra con c6 mdt lwong nhd cic
oxit kim loai, khodng sét, mubi cacbonat va
chat hitu co [6]. Tai Viét Nam, ngudn diatomit
c6 trit lugng 165 triéu tn [7] trong d6 c6 khu
vuc mo tai huyén Tuy An, Phd Yén véi trik
lugng du bdo khoang 60 tridu tan. Do do,
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diatomit c6 thé coi 1a ngudn vat liéu twong ddi
san c6 dé téng hop zeolit.

V6i dic tinh twong d6i xdp do d6 diatomit
thuong dugc su dung lam vat liéu loc. Mot $6
nghién ctru ching minh rang diatomit c6 kha
ning hip phu mot sb chat 6 nhiém nho cic
nhém OH trén bé mat. Mic dau vay, hoat tinh
ctia diatomit van thip hon déng ké so véi cic
vat li€u tu nhién ch?mg han nhu khodng sét [8].
Dé cai thién hoat tinh bé mit cua diatomit, Jia
va nnk (2008) [9] da thyc hién cac phan Ung
nhiét dich dé chuyén héa mot ph?ln bé mit
diatomit thanh céc tinh thé zeolit va nhiing tinh
thé méi dugc hinh thanh gitip cai thién dang ké
dién tich bé mat. Nghién ctru nay thyc hién phd
b6 toan bo cdu tric ban diu cia diatomit va huy
dong toan bd lugng Si vO dinh hinh tham gia
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vao phan ung tai két tinh dé tao ra zeolit. Cic
yéu td anh hudng dén qua trinh tong hop nhu
noéng do kiém cia dung dich phan tng, thoi
gian, ty 1& Si/Al s& dugc xem xét. San pham
zeolit tong hop duoc thir nghiém hap phu cation
kim loai (Pb, Cd).

2. Vit liéu va phwong phap nghién ciru

2.1. Vat liéu

Mau khodng diatomit Bao Loc (D-BL)
duogc st dung cho thi nghiém téng hop zeolit.

D-BL c¢6 thanh pha‘in chinh 1a SiO,.nH,0, duoc
cu thanh chi yéu tir cdc manh vo hoidc cic
manh vun vo tdo diatomeae Kkich thudc nho va
chu yéu la oxit silic vo dinh hinh. Mét s tap
chat nhu khodng sét (kaolinit) va quartz ciing c6
mat trong mau D-BL (hinh 1). Mot s6 dac tinh
1y — héa cua D-BL dugc trinh bay trong bang 1.
Mau Diatomite nghién ctru c¢6 pH chua vira,
dung tich hip phu thap so véi sét Bentonite, cip
hat cdt chiém cha yéu, ham luong SiO, twong
dbi thip hon so véi cic cong bd cua Nguyén
Thi Thanh Huyén va nnk, 2006 [7].

Bang 1. Tinh chat co ban clia mau diatomit

Thanh cip hat, mm (%)

PHya CEC emol. Kg' 05 0,002:0.02 0,022 Si02(%) ALO; (%) Fe:03 (%)

52 30 13,8 11,6

74,6 548 24,3 4,86

Hinh 1. Anh chyp SEM (a) va ph6 nhidu xa tia X (b) mau diatomit Bao Loc.

2.2. Phuwong phdp nghién cuu

Tong hop zeolit:

10g diatomit dugc cho vao binh chiu nhiét
dung tich 250 mL. Thém vao 100 mL dung dich

hon hop cia NaOH 6N va Al(OH); 3N, day
phéu dé sinh han va khudy tir gia nhiét ¢ nhiét
d6 100°C trong 1h. Sau d6 méau dugc chuyén
sang noi hap cach thuy va giit trong 24h ¢ nhiét
d6 90°C. Thé ran két tinh sau khi két thic hap
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céch thuy duogc li tim rira nhidu 1an bang nudc
cat dé loai bo kiém du. Phan rin con lai duoc
sdy & nhiét d6 100°C, nghién nho, riy qua riy
0,25 mm. Céc mirc nhiét d6 téng hop (50; 100;
150 va 200°C), néng d6 NaOH (2N va 6N),
noéng d6 Al(OH); (0,5N; IN; 1,5N va 2N) va
thoi gian téng hop (6h; 12h; 24h; 36h; 48h va
72h) duogc thay ddi tudn tu trong cic thi nghiém
thim do nham xéc dinh cdc yéu t6 anh hudng
dén qud trinh tinh thé héa tao zeolit (két qua chi
tiét duoc binh luan trong muc 3.3).

Xdc dinh kha nang hdp phu kim loai nang (PD,
Cd) cuia mdu D-BL va zeolit tong hop:

10 g D-BL duoc lic trong 1h véi 100 mL
dung dich c¢6 chira Pb** va Cd** & céc ndng do
khac nhau (sz+: 100; 300; 600; 900; 1200;
1500; 1800; 2100; 2400; 2700; 3000; 3300 va
3600 mg L''; Cd**: 100; 300; 600; 900; 1200 va
1500 mg L™). Phan dung dich duoc ly tdm va
tach ra dé xdc dinh lugng cation kim loai du
theo phuong phdp quang phd hép thu nguyén tir
(AAS).
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DPbi véi miu zeolit tong hop: 1 g vat lidu
dugc lic trong 1h voi 100 mL dung dich ¢6
chira Pb** va Cd** & cdc ndng do khéc nhau
(Pb*: 2100; 2400; 2700; 3000; 3300; 3600
mg L'; Cd**: 1200; 1500; 1800; 2100 va
2400 mg L'"). Phin dung dich duoc ly tim
va tich ra dé xé4c dinh luong cation kim loai
du theo phuwong phép quang phd hip thu
nguyén tu (AAS).

3. Két qua nghién ciru

3.1. Hinh thdi, cdu triic ciia zeolit tong hop

Két qua phan tich nhiéu xa tia X cho thiy
trong thé rin dwgc hinh thanh c6 chua zeolit
sodalit khong tén (Nag[AlSi04]¢(NO,), (Sodium
Aluminum Nitrite Silicate nitrite sodalite
Unnamed  zeolit); d =6,344A; 4,4784;
3,65714...) (hinh 2). Ngoai ra, van con tdn tai
mét lugng quartz 14n véi zeolit tong hop.

d=2.1118
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Hinh 2. Phd X-ray ciia miu zeolit tong hop tir diatomit.
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Hinh 3. Anh SEM ciia zeolit tong hop tir diatomit.

Anh chup véi kinh hién vi dién tir quét
(SEM) cho thiy cdc tinh thé zeolit dwoc hinh
thanh c6 kich thudc kha ddng nhat (~1 - 2 pm)
va lién két v6i nhau tao thanh dang khéi vay.
Hinh thdi cia san phdm zeolit tong hop hoan
toan khdc biét so v6i D-BL ban dau cho thy
phan mg nhiét dich da phd hiy hoan toan cu
tric diatomit ban dau dé tao ra dang két tinh
méi (hinh 3). Trong méi trudng kiém manh cic
tinh thé zeolit dugc hinh thanh thong qua cic
trang thdi phan tdn va két tinh. Qué trinh két
tinh ciia zeolit gitip cho cdc tinh thé zeolit hinh
thanh va phat trién vé kich thudc. V& Iy thuyét
thoi gian két tinh cang lau thi kich thudc tinh
thé cang 16n. Tuy nhién, mot sé nghién ctru da

chi ra rang qu4 trinh hoa tan va tai két tinh ciing
g6p phan anh hudng dén su bién dong vé kich
thudc cua tinh thé zeolit trong qué trinh tdng
hop [10].

3.2. Dung tich trao doi cation cua zeolit tong
hop

Dung tich trao ddi cation (CEC) cua zeolit
¢6 lién quan tryc tiép dén ludi dién tich 4m
thuong tryc (permanent charge) trén bé mit
duoc tao ra do sy thay thé déng hinh cda cac
cation (vi du nhu: AI** cho Si**) [11]. Ion H*
tach ra tir cdc vi trf Bronsted va Lewis trén bé
mit zeolit c6 thé 1am cho ludi dién tich bé mit
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tré nén am dién hon [12-14] va lam tang CEC.
Két qua phan tich cho thdy zeolit tong hop c6
CEC tuong ddi cao (160 cmol. Kg™), gip 3.6
lan so v6i mau than bun — My Puc — Ha Noi
(~43 cmol, Kg™) va gip 3,4 1an so vai bentonit
C6 Dinh — Thanh Héa (~47 cmol, Kg™). So véi
vat lidu ban dau 1a D-BL, CEC cua zeolit tong
hop da dugc cai thién 5,3 1an (160 cmol, Kg'1
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so vdi 30 cmol, Kg'l) (hinh 4). Véi dung tich
trao ddi cation 16n, zeolit tong hop c6 tiém ning
rat 16n trong linh vuc xtr 1y 6 nhiém, dic biét 1a
cic tmg dung dé loai bo cdc cation trong nudc.
Bén canh d6, gid tri CEC cta mau téng hop cao
c6 thé coi 12 mot dau hiéu khang dinh sy hinh
thanh cua zeolit [15,16].

NN .
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D-BL Than kin

Bentonit C& Dinh Zeolitténg hop
trD-BL

Hinh 4. Dung tich trao ddi cation ctia D-BL va zeolit téng hop so véi mot $6 vat li€u khac.

3.3. Anh hudng cia nong dé kiem, ty 1 AU/Si,
nhi¢t do va thoi gian tong hop den dung tich
trao doi cation cua zeolit

Thoi gian phan tng anh hudng truc tiép dén
tdc d6 tinh thé héa va kich thudce trung binh cua
zeolit tao thanh. Két qua khao sat ddi voi zeolit
tong hop & céc thoi gian cho thay it c¢6 su khic
biét vé dung tich trao ddi cation giira cdc mau
zeolit. Cdc mau zeolit c6 thoi gian tong hop
trén 12h déu cho gid tri CEC ~170 cmol, Kg'
(hinh 5a). Nhiét d¢ cao 1am dp sudt phan tng
tang theo va dan dén qud trinh hoa tan, tdi
két tinh dién ra nhanh hon. Nhiét d6 cao c6

thé rdt ngan qud trinh tinh thé héa, 12 mot giai
phdp tiét kiém kinh té. Tuy nhién, két qua xac
dinh CEC cua zeolit tong hop ¢ cic nhiét do
khic nhau cho thay nhiét d6 téng hop c6 anh
hudng khong tudn theo mot xu hudng nhit dinh
va CEC 1a cao nhat khi zeolit dugc téng hop tai
100°C (hinh 5b). Co ché anh huéng ctia nhiét
d6 tong hop dén kha ning trao ddi cation cua
zeolit 12 chua rd rang. Tuy nhién c6 thé gia dinh
rang nhiét do phan ung quyét dinh phan nao
dén sur tdn tai cia cac nhém silanol va aluminol
trén bé mat zeolit tong hop va do d6 anh huong
dén kha nang trao ddi cation cua zeolit.
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Hinh 5. CEC cua cdc mau zeolit tong hop theo thoi gian va nhiét ¢ khic nhau.

Lugng AI’* khic nhau dugce dua vao trong
qué trinh tong hop gép phan tao ra nhiing san
phém zeolit ¢c6 CEC khac nhau (hinh 6). Khi
noéng d6 AI** trong méi truong tong hop ting
Ién tr 0,5 — 1,0 N thi CEC cua zeolit tao thanh
trong mdi trudong NaOH 2N tang tuwong ung tu
108 — 153 cmol. Kg' va trong méi truong
NaOH 6N tang tuong ung tir 173 — 188 cmol,
Kg'. Tuy nhién, khi ndng do Al trong dung
dich tiép tuc tang (1,0 — 2,0 N) thi CEC cua
zeolit dwoc tao ra lai ¢6 xu hudng giam. O ndng
do AP’* 2N, CEC cua zeolit duoc tao ra trong
mdi truong NaOH 2N giam xudng con 102
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cmol, Kg' va zeolit tao ra trong mdi truong
NaOH 6N 1a 113 cmol, Kg'. Su thay thé cua
AI** cho Si** din dén sy mét cn bang dién tich
trong cau tric va dugc biét dén nhu 12 nguyén
nhan 1am ting kha ning hap phy trao ddi cation
cua zeolit [11]. Tuy nhién, ty 1€ AP qué cao c6
thé dan dén su phé v cdu tric zeolit va 1am suy
giam s luong cdc nhém silanol bé mat. Pay c6
thé 12 nguyén nhan sut giam CEC cua zeolit khi
lugng AI™* bd sung trong qud trinh tong hop
qud 16n. Moi truong téng hop c6 ndng do
NaOH cao hon nhin chung tao ra zeolit c6 CEC
cao hon (0 tat ca cdc néng do Al bd sung).

—— NaOH 2N

—d— NaOH 6N

0 T
0 0.5

1 1.5 2

Néng d6 AlI{OH); (mol L)

Hinh 6. Twong quan giita CEC cuia zeolit tong hop va nong do AI(OH); .
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3.4. Kha nang hdp phu ciia zeolit tong hop doi
voi mot so kim logi nang

Ca zeolit tong hop va D-BL déu c6 kha
ning hip phu Pb** va Cd** twong ddi t6t. Khi
ndng do cdc cation nay trong dung dich ting 1én
thi xu hudng tich iy cac kim loai trén cic vat
lidu nay ciing ting 1én (hinh 7). Lugng hap phuy
t6i da cuia D-BL ddi v6i Pb** va Cd** trong cic
thi nghiém dat dugc lan luot 1a ~1056 mmol
Kg' va ~42 mmol Kg'. Qua trinh bién tinh vat
liéu gbc 1a D-BL dé tao ra zeolit dd cai thién
déng ké kha niang hip phu cation kim loai.
Luong Pb* va Cd* lan luot 1a ~1633 mmol
Kg' va ~1507 mmol Kg'', ting tuong ung gip
~1,5 lan (Pb) va ~35 lan (Cd) so véi D-BL.
Trang thii bdo hoa quan sat dugc ddi véi Cd**
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trong khi d6 kha nang hap phu cua ca 2 vat liéu
ddi v6i Pb* van chua dat dén muc tdi da.

Déi véi cac mau D-BL, lwong Pb** hip phu
cao hon déng ké so voi dung tich trao ddi cation
cua vat liéu (~300 mmol, Kg’l). Trong khi d6,
Cd* lai cho thiy kha ning c6 dinh trén céc vi
tri h?ip phu trao dbi cua vat liéu rat kém. Luong
Pb** hip phu vuot qué dung tich trao ddi cation
do su Kkét tha bé madt tao ra, trong khi dé cd*
thuong biéu hién i lyc hap phy thip hon so véi
cac cation kim loai khac nhu Pb va Cu [17].
Dbi véi zeolit tong hop tir D-BL, lugng hip phu
t6i da ciia Pb>* va Cd** trong cdc thi nghiém Ia
khi tuong dong va xap xi dung tich trao doi
cation cua vat liéu (~1650 mmol, Kg'l).
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Hinh 7. Kha nang hip phu cation kim loai ciia D-BL (a), va zeolit tong hop (b).

4. Két luan

Tu diatomit chira ham luong 16n cic oxit
silic, ¢6 thé téng hop dugc zeolit nhan tao.
Trong mdi trudong kiém manh, diatomit bi hoa
tan va tdi két tinh dé hinh thanh cdc tinh thé
zeolit & nhiét d6 100°C trong binh khudy tir c6
gin sinh han. San pham zeolit tong hop c6 mot
s6 ddc tinh nhu: kich thude tinh thé khd dong
déu (2-4 um), CEC cao (~170 cmol, Kg'l). Kha
ning hap phu rat tét ciia zeolit tong hop dbi véi

mot s6 kim loai (Pb: ~1600 mmol Kg'1 va Cd:
~1500 mmol Kg") cho thiy san pham zeolit
tong hop nay c6 thé 1a mot vat liéu tiém ning
mg dung trong linh vyc xir 1y 6 nhiém.

Loi cim on
Bai bdo dwgc hoan thanh dudi sy hd tro

kinh phi ciia dé tai Hop tic theo nghi dinh thu
v6i Lién bang Nga mi s 44/2010/HD-NDT.
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Synthesis of zeolite from natural diatomite and its application
to the removal of heavy metals (Pb and Cd)

Nguyen Xuan Hai, Nguyen Ngoc Minh, Kireycheva L.V., Pham Anh Hung,
Phan Dong Pha, Vu Thi Hong Ha, Duong Khanh Van

Faculty of Environmental Sciences, VNU University of Science, 334 Nguyen Trai, Hanoi, Vietnam

Diatomite collected from Bao Loc has been used to serve amorphous Si for zeolitization.
Synthesized zeolit was tested for adsorption of lead and cadmium. Hydrothermal reaction at high
temperature and high concentration of sodium dissolved diatomite and recystallization process formed
sodalit zeolite. Synthesized zeolite has relatively high capacity for exchange cations (~165 cmol, Kg™)
which is 5,5 times higher than that of Bao Loc diatomite. Lead and cadmium show high affinities with
synthesized zeolite. Maximum adsorption amounts of lead and cadmium are ~1600 and ~1500 mmol
Kg', respectively. Thus, zeolite synthesized from natural diatomite can be a promissing candidate for
heavy metal removal.

Keywords: diatomite, heavy metal, removal, synthesis, zeolite.



