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SUMMARY

ADSORPTION OF Pb** AND Cu** IONS IN AQUEOUS SOLUTIONS
BY SILICA MATERIALS SYNTHESIZED FROM THE ASH OF BRICKYARD

In this work, the silica materials are synthesized from the ash of brickyard. The precursor

concentration, solid-liquid ratio, calcination temperature ... are investigated to find the best optimal

preparation conditions. The generated silica materials have silic dioxide SiO; with 10 —15 nm of

particle size, which was proved by the results of FT-IR, SEM image and XRD pattern. Moreover, these

SiO> materials had the high adsorption capacity of Cu’" and Pb*" ions in the aqueous solutions. The

first-order adsorption kinetic and second — order adsorption kinetic showed a relatively good fit as

applying to the experimental data for the Cu** and Pb*" adsorption processes.
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1. MO PAU

Hién nay, 6 nhiém moéi truong dang 1a vin
nan cdp bach ciia hau hét cac nudc trén thé
gioi. O Viét Nam, cung v6i sy phat trién cua
nén cong nghiép, tinh hinh 6 nhidm méi trudng
no6i chung va moi truong nudc ndi riéng cling
gia ting dén mirc bao dong. Nudc thai tir cac
khu cong nghiép, ving san xuit nong nghiép
thuong chura cac ion kim loai nang, chit mau,
chat doc hai khé phan huy, anh huéng nghiém
trong dén strc khoe cua con nguoi, sinh vat
cling nhu méi trudng sinh thai. Chi va dong 1a
2 trong sd 12 kim loai ning c6 kha ning giy
doc ddi voi con ngudi [1, 2].

Viéc nghién ciru tach loai ion Pd**, Cu®" va céc
ion kim loai ning khac tir cac ngudn nudc bi 6
nhidm 13 vin dé quan trong co tinh cip thiét

nham bao vé stc khoe cong déng. Do d6, n6
thu hat sy quan tdm cua nhiéu nha khoa hoc.
Di c6 nhiéu phuong phap duogc sir dung dé xir
ly tach cac chat gay 6 nhiém, ion kim loai ra
khéi nudc trude khi thai ra moéi trwong nhu
trao d6i ion, két tua, héip phy, sa léng, dién
tham.... Trong d6, xur 1y nudc thai bang vt
lidu hap phu to ra c¢6 nhidu wu diém va dugc sir
dung rong rai hon ca boi chi phi van hanh thap,
hiéu qua xtr 1y cao, it tén thoi gian, quy trinh
don gian, than thién voi méi trudng [3]. Gan
day, vat liéu xép silica dugc dac biét chu y
trong viét xir Iy nude thai do kha niang hp phu
cac chét hiru co, kim loai nang 16n va kha ning
hoang nguyén trong st dung cao. Tac gia
Nguyén Van Hung va cong su di sir dung vat
liéu nano SiO, dé xir Iy xanh methylene [4];



vat liu silica mao quan trung binh trat ty nhu
MCM-41, SBA — 16, SBA — 15 ... di duoc tac
gia David P, Serrano va cong su st dung dé
loai bo cac chit hitu co do dién tich bién mat
16n [1].

Nhimg nam gan day, cic nha khoa hoc trong
va ngoai nudc tap trung tim kiém cac ngudn
silic phé bién hon, ré hon nhu tir quing [3], tir
phu phim nong nghiép nhu vo dira, vo trau
...[4-6]. Pong bang song Ciru Long 13 vua lua
16n nhét ca nude. Nam 2016, san lugng lua cua
ca nude ude dat trén 43,75 triéu tn [7]. Tw
d6, luong vo trau phé pham san sinh 13 rat 16n,
cing voi cac phu pham khac thuong duoc sir
dung 1am nhién ligu ddt 10 gach. Tai Viét Nam
ndi chung va dong bang séng Ciru Long noi
riéng, san xuat gach theo quy mé ho gia dinh,
hop tac xa 1a nghé c6 tir 1au doi va phat trién
manh dén ngay nay. Do do6, lugng tro thai ra
tuong ddi 16n, day 1a ngudn cung cép silic dé
thay thé ngudn silic nguyén chat trong téng
hop vat liéu xdp silica.

Trong nghién ctru nay, ching t6i khao sat cac
diéu kién t&i wu dé téng hop dugc luong vt
lidu silica. Kha ning hdp phu cac ion Pb*" va
Cu?" trong nudc ciing duoc khao sat theo céc
yéu t6 nhu néng d6 cua dung dich, thoi gian
hép phu, khéi Iwong vat liéu hép phu ....

2. THU'C NGHIEM

2.1. Thiét bi, dung cu va hoéa chit.

Trong nghién clru nay, tac gia van dung cac
thiét bi hién dai dé xdc dinh cdc dic tinh cia
vat liéu téng hop duwoc nhu: may do FT-IR,
may do SEM, X-ray va thiét bi do do h'f\p phu
va giai hap nitrogen ... Mot s6 héa chat co ban
nhu NaOH, HCI, Cu(NOs3),. 2H,O va
Pb(NO3),. 2H,0 duoc cung cép boi Aldrich.
2.2. Phuong phap tong hop vt liéu silica
Tro d6t dwoc 14y tir 16 gach MINH TRANG dia
chi s6 301 T6 23, K3, Phuong 4, thanh phd
Cao Lanh, Pong Thap. Tro dbt duoc sang dé
loai bo dét, cat, da va cac chét ban, ngam tro
dbt trong dung dich NaOH, khudy tir gia nhiét
110 °C trong 4 gio. Sau do, dé ngudi, loc léiy
dung dich trong sudt va acid hoa dich loc bang
timg giot dung dich HCI 4 M thu duoc huyén
pht mau tring (huyén phu nay dé 1 thang van

khong ling). Loc rira nhiéu lan dé loai hét tap
chat nhu HCI du, NaCl. Phén rédn sau ria dugc
sdy kho ¢ 105 °C trong 24 gid va nung 6 T °C
trong h gio. Cubi cing, miu duoc dé nguoi ty
nhién vé nhiét d6 phong, nghién min.

Khdo sat anh hwéng cia nong d¢ NaOH dén
qua trinh tach vat liéu silica tiw tro dot 1o gach:
Pé xac dinh néng d6 NaOH thich hop trong
quy trinh diéu ché t6i thay déi nong d6 NaOH
& cac gia tri khac nhau tor 1M, 2M, 3M, 4M,
5M, 6M. Cac diéu kién khac dugc giir cd dinh
bao gém: nong do HCI 4M, thoi gian gia hoa
15 gio va nung & nhiét d6 550°C trong 2 gio.
Tién hanh thi nghiém cén 10 gam tro, cho vio
binh tam giac 250 ml cho 100 ml dung dich
NaOH véi nong d6 trong Bang 1, thoi gian dun
180 phut, ta thu duoc két qua ¢ Bang 1.

Khdo sat anh hwéng cia ti 1é rdan — long dén
qud trinh tach vat liéu silica tir tro dot Io gach:
Tién hanh thi nghiém can 10 gam tro, cho vio
binh tam gidc 250 ml cho dung dich NaOH
voi nong d6 5M thoi gian dun 180 phut thay
doi thé tich: 40 ml, 60 ml, 80 ml, 100 ml, 120
ml, 140 ml va 160 ml ta thu duoc két qua.
Khdo sat anh hwéng cia thoi gian dén qud
trinh tdch vt liéu silica tir tro dot 1o gach:
Tién hanh thi nghiém can 10 gam tro, cho vio
binh tam giac 250 ml cho 100 ml dung dich
NaOH véi nong do 5M thay dbi thoi gian dun.
Khdo sat anh hwéng cia nhiét @6 dén qud trinh
tach vit liéu silica tir tro dot 10 gach:

Tién hanh thi nghiém can 10 gam tro, cho vio
binh tam giac 250 ml cho 100 ml dung dich
NaOH v6i néng do 5M thoi gian dun 240 phat
thay d6i nhiét do tir 350 °C, 400 °C, 450 °C,
500 °C, 550 °C, 600 °C, 650 °C, ta thu dugc két
qué 6 Bang 1.

2.3. Nghién ctru kha ning héip phu céc ion
Cu?*, Pb?* ciia vat liéu silica.

Lay 0,25 gam mau cho vao cdc chira 100 ml
dung dich M?* (Pb?* va Cu®"), véi cac nong do
50 mg/l, 70 mg/l, 100 mg/l, pH = 6. Khuay déu
trén may khudy tir & nhiét d6 phong 25°C trong
khoang thoi gian 5 phut, 10 phat, 15 phut, 30
phut, 45 phut, 60 phut, 90 phat, 120 phut, 150
phut.



3. KET QUA VA THAO LUAN

3.1. Két qua tong hop vt liéu SiO:

Anh hieong ciia nong do NaOH dén qud trinh
tach vat lieu silica tir tro lo gach: Két qua
khio st anh huong cua néng d6 NaOH dén
qua trinh tong hop vat liéu silica tir tro 16 gach
duoc trinh bay trong Bang 1 va Hinh 1.

Quan sat két qua trong Bang 1 va d6 thi Hinh
1(A) ta thdy ndng do ting 1én thi khéi lwong
vat li¢u silica tach ra tang 1én. Twr néng do 4M
trg 1én thi khdi lwong vat liéu silica tach ra
tang khong dang ké. Tur két qua trén ta chon
ndng d6 NaOH 5M tdi wu cho céc két qua tach
sau nay.

Bdng 1. Cdc yéu t6 anh hwéng dén qud trinh tong hop vit liéu silica tir tro 16 gach

Anh hirong ciia nong

Anh huong ti ¢

Anh hwong cua thoi Anh hwong cua nhiét

do NaOH ran-long gian nung dé nung
~ Chaor m Vaor m Thoi gian m Nhiet do m
Mau , nung

M) © (mL) (g)  nung (phut) © C) ©
1 1 6,12 40 4,70 90 3,70 350 2,42
2 2 7,18 60 6,10 120 5,58 400 3,86
3 3 8,25 80 7,70 150 6,36 450 6,42
4 4 9,20 100 8,04 180 7,84 500 6,86
5 5 9,45 120 8,36 240 8,34 550 8,20
6 6 9,51 140 8,42 270 8,42 600 8,42
7 --- --- 160 8,50 300 8,72 650 8,38

Anh hieong ciia ti 1é rin — long dén qud trinh
tach vit liéu silica tir tro dot 1o gach:

Két qua anh huéng cua ti 18 rin — 1ong dén qua
trinh tach SiO; tu tro 10 gach duogc thé hién &
Bang 1 va Hinh 1(B). Két qua cho thay khi
tang thé tich dung dich NaOH tir 40 ml dén 80
ml thi khéi luong vat liéu silica tang 1én nhanh.
Khi ting thé tich dung dich NaOH tir 80 ml
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dén 120 ml thi khéi luong SiO, tang 1én rit it.
Khi thé tich dung dich NaOH tir 120 ml tré 1én
thi khéi luong SiO, ting 1én khéng dang ké.
Do d6 t6i chon dung dich NaOH 5M va thé
tich dung dich 1a 120ml, dé tach SiO, tir 10
gam tro 10 gach. Vay ti 18 rdn — 1ong tbi vu 1a
10 gam tro v&i 120 ml dung dich NaOH 5M.
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Hinh 1. Anh hudng ciia nong do (A) va thé tich (ti 1é rdn - long) (B) dén ham lwong SiO;

Anh hieong ciia thoi gian nung dén qud trinh
tach vat li¢u silica tu tro lo gach:
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Két qua anh huong cua thoi gian nung dén qua
trinh tach vat li¢u silica tu tro 10 gach dugc thé
hién & Bang 1 va Hinh 2(A).
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Hinh 2. Anh hieong ciia thoi gian nung va nhiét dé nung dén ham heong vit liéu SiO;

Tir Hinh 2(A) ta thay: Khi tang thoi gian nung
tir 60 phat dén 240 thi khéi luong SiO; ting
1én nhanh. Khi tang thoi gian nung tir 240 phut
trg 1én thi khoi luong vat lidu silica ting 1én
khong dang ké. Do do t6i chon 120ml dung
dich NaOH 5M thdi gian nung 240 phut, dé
tach vat liéu silica tur tro 10 gach.

Anh hieong cia nhiét d¢ nung dén qud trinh
tach vt liéu silica tir tro 1o gach duoc thé hién
& Bang 1 va Hinh 2(B). Két qua cho thdy: Khi
tang nhiét do nung tir 350°C dén 500 °C thi
khdi lugng SiO; tang 1én nhanh. Khi tang nhiét
d6 nung tir 550 °C trg 1én thi khéi luong SiO,
tang 1én khong dang ké. Do d6 toi chon 120ml
dung dich NaOH 5M thoi gian nung 240 phut,
nhiét d6 nung 550 °C 14 téi uu dé tach vat ligu
silica tur tro 10 gach.

3.2. Pac tinh caa vat liéu silica

Két qud chup SEM cua vdt ligu silica: Hinh
3(A) thé hién anh chup SEM ciia mau vat liéu
silica tong hop tir tro 16 gach. Tur két qua chup

SEM ta thdy mau SiO, co cac hat vi tinh thé c6
kich thirc khoang 10-15 nm, cic hat két dam
lai v6i nhau thanh nhitng dam hat c6 dang cdu
tric x6p cho vat liéu. Pay 1a dic tinh quan
trong gitip cho vat liéu SiO, tach tir tro triu c6
dic tinh hap phu t6t ding dé hap phu ion kim
loai nang trong nudc.

Két qua do mau nhiéu xa (XRD) ciia mdu vit
liéu silica tir tro 1o gach dwoc biéu dién trong
Hinh 3(B). Tir Hinh 5 ta thdy rang chi c6 mot
pic xudt hién & 20 gan bang 22° nhung cudng
d6 rat thap (< 80 cps) nén co thé khing dinh
rang Silic dioxit duoc tach ra tir tro trdu 1o
gach ton tai & dang vo dinh hinh, mém c6 do
xép cao, thuan lgi cho viéc sit dung h'f\p phu
ion kim loai nang trong nudc.

Cwdrng 46 (abs. unit)
e

Hinh 3. Anh SEM (A) va gidn dé XRD (B)
ctia mau vt liéu silica tir tro 10 gach.
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Hinh 4. Phé hong ngoai FT-IR (4) va dwong dang nhiét hdap phu - gidi hap phu N> (B)
cua vat liéu silica

Két qua do mau hong ngoai (FT-IR) ciia mdu
vdt liéu silica (Hinh 4A) cho thiy nhiing hat
nano silica déu c6 dinh phé tai sb song 473,76;
805,89 va 1111,45 cm™ 1a dao dong ddi xung
va dao dong bat d6i xung cua lién két Si— O —
Si, Tai dai hap phu 2881,58 va 1636,95 cm™ Ia
do sy hién dién cua dao dong kéo gidn nhom
O — H cua nhém silacol dé duy tri su hip thu
nudc. Nhu vay, vat liéu thu dugc tr tro 10 gach
trong nghién ciru nay chu yéu 1a vat liéu
dioxide silic SiO».

Két qua do hap phu dang nhiét khi Ny ciia mau
vat li¢u SiO,: T Hinh 4B va dién tich bé mat
ctia BET cho thay ddy 1a duong dang nhiét hap
phu loai IV va co sy tré giita dudng giai hap va
hap phy, tuy nhién dién tich khoang tré nho.
Két qua nay cho théy vat liéu SiO; thu duoc cod
kich thudc 16 x6p micro lam chi yéu va mot
phan 1a 16 meso. Tir két qua chup BET va qua
chup SEM ta thdy mau SiO; c6 cac hat vi tinh
thé ¢o kich thire khoang 10-15 nm, céc hat Kkét
dam lai v&i nhau thanh nhiing dam hat c6 dang
cAu tric xOp cho vat liéu. Py 1a dic tinh quan
trong gitp cho vat liéu SiO, tach tir tro triu ¢
dic tinh hap phu t6t ding dé hp phu ion kim
loai ning trong nude. Kich thude 18 xbp, dién
tich b& mat va thé tich 16 xdp duoc trinh bay
trong Bang 2.
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Bang 2. Kich thuoc 16, dién tich bé mat va thé
tich 16 cua vt liéu SiO

o Dintich s enis K
Loai 10 bé mat 3 thudc 10
e M o)
Lo trung
binh 11,85  —memmem- 23,355
Micropore 3,14 0,0015 -
Mesopore 8,44 0,0530  —--eeee-

3.3. Két qua hip phu cac ion Cu**, Pb** ciia
vat liéu SiO»

Két qua anh huéng cta thoi gian khudy dén
qua trinh hép phu ion Cu?* va Pb** cua vat liéu
Si0; dugc trinh bay 6 Bang 3 va Hinh 5.

Két qua ¢ Bang 3 va Hinh 5(A) cho thdy, thoi
gian khudy hay thoi gian tiép xtc cua vat liéu
hap phu SiO, dbi véi cac ion Cu* véi cac nong
d6 50 ppm, 70 ppm, 100ppm thi néng d6 ion
kim loai con lai trong dung dich giam va sau
mot khoang thoi gian khudy nhét dinh thi nong
d6 ion con lai trong dung dich gan nhu khong
d6i nén t6i chon thoi gian hap phu la 60 phut.
Hinh 5(B) va Bang 3 ciing chi ra rang: Thoi
gian khudy hay thoi gian tiép xtc cua vat liéu
hép phu SiO, dbi véi cac ion Pb** véi cac ndng
d6 50 ppm, 70 ppm, 100ppm thi duong hap
phu néng d6 ion kim loai cé sy thay ddi va dén
mot khoang thoi gian 120 phit thi nong d6 ion
con lai trong dung dich gan nhu khéng d6i nén
t6i chon thoi gian hap phuy 1a 120 phut.
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Hinh 5. Dung lwong hdp phu Cu?* (4) va Pb** (B) ciia vdt liéu silica theo thoi gian

Bdng 3. Dung lwong hdap phu ion Ci?* va Pb>* theo thoi gian

Thoi gian t Ham luong Cu®* Ham luong Pb**
(phut) 100 ppm 70 ppm 50 ppm 100 ppm 70 ppm 50 ppm
0 0 0 0 0 0 0
5 5,792 5,912 5,108 1,220 1,524 3,176
10 10,416 7,768 7,140 3,972 2,756 4,616
15 13,020 10,704 8,568 4,744 3,976 5,140
30 15,348 13,752 9,116 8,340 5,928 6,356
45 17,124 14,292 11,384 10,644 7,104 7,888
60 18,860 14,728 11,704 12,212 8,008 9,808
90 19,524 15,124 12,060 14,068 11,500 9,730
120 19,616 14,592 12,440 15,048 9,272 9,584
150 19,508 14,612 12,348 15,368 10,036 9,696
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Hinh 6. Phuong trinh dgng hoc hap phu biéu kién

bac 1 cua Cu’* (A) va Pb** (B) cuia vat liéu silica

Két qua ap dung dir liéu hap phu Cu®* va Pb?*
vao phuong trinh dong hoc hap phu biéu kién
bac 1 va bac 2 loai 2 dugc thé hién trong Hinh
6 va Hinh 7 véi khoang thoi gian khao sat tir 0
dén 90 phut. Két qua cho thdy sy hip phu Cu?*
va Pb?* trén vat lidu silica tong hop tir tro 10
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gach tudn theo phuong trinh dong hoc hap phu
bac 1 va bac 2 loai 2 v6i R? > 0,9 cho tat ca cac
ndng d6. Hang sb téc do va dung lwong hap
phu cuc dai dugc biéu dién trong Bang 5. Tu
két qua nay cho thidy ham luong hap phu cuc
dai giam khi giam ndng d6 dung dich ban dau.
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Hinh 7. Phurong trinh dong hoc hdp phu béc 2 logi 2 ciia Cu** (4) va Pb*>* (B)
trén vat liéu silica tir tro lo gach
Bdng 4. Dung lwong hdp phu cuwce dai (mg/g) va hang sé toc do hap phu biéu kién
N5ng do dd  Phuong trinh bdc 2 logi 2 Phuwong trinh bac 1 Hdng 56 téc do k;
ban ddu Cu2+ Pb2+ Cu2+ Pb2+ Cu2+ Pb2+
(ppm)
100 21,645 21,882 15,770 14,817 0,05 0,034
70 18,116 16,804 13,868 10,740 0,08 0,020
50 12,903 11,627 10,566 8,306 0,08 0,036
4. KET LUAN hép phu cuc dai q. ciia Cu®* 1a 21,645 mg/g va

Pi xac dinh duge cac diéu kién thich hop cho
qua trinh diéu ché vat liéu silica bang phuong
phap hoa tan va két tia voi ngudn nguyén lidu
tro trau 1o gach. Cac diéu kién cu thé nhu sau:
Nong d6 dung dich NaOH — 5M va dung dich
HCI — 4M; thoi gian gia hoa két tha 1a 15 gio;
diéu kién nung tbi wu 1 tai 550 °C trong 4 gio
va ty 1¢ rdn — long t6i wu 1a 10 gam tro trong
120 ml dung dich NaOH 5M.

Vit liéu silica thu duogc 1a silic dioxide SiO»:
dang hat véi kich thudc tir 10 — 15 nm; chu yéu
0 dang v dinh hinh; d% xép tuong ddi cao;
kich thudc 16 réng gébm ca micro va meso,
trong d6 186 micro chiém phan chi yéu.

Dung luong hip phu q (mg/g) ion Cu?* va Pb?*
tang khi ting ndéng d6 dung dich ion kim loai
ban dau va ting thoi gian hap phy, tuy nhién
sau 90 phut hau nhu ting khong dang ké.Qué
trinh hap phu Cu?* va Pb*" tuan theo phuong
trinh dong hoc hap phu biéu kién bac 1 va bac
2 loai 2. Két qua tinh toan cho thiy dung luong
hap phu cuc dai ting khi ting nong do dung
dich ion kim loai ban diu. Trong d6, v6i nong
d6 ion kim loai ban dau 100 ppm, dung luong
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cua Pb*" 12 21,882 mg/g.
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