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Tom tat: Perlite la khodang ty nhién da dwoc xu ly o cdc nhiét do nung khac nhau.
Viéc khdo sdt hinh thdi, cdu tric ciia mau vét liéu Perlite dwoc thiee hién bang cdc
phuong phap nhiéu xa tia X (XRD), pho hong ngoai (FT-IR), hién vi dién tir quét
(SEM), va ddng nhiét hap phu-giai hap phu NZ theo BET. Nghién ciru nay budc dau
tlen hanh khao sat qua trinh hap phu ion Pb trong nuoc thdi cong nghiép trén
mau vt liéu Perlite. Khd ndng hap phu Pb*" duwoc khdo sdt voi sw thay doi pH, thoi
gian va trén cdc mau perlite duoc nung ¢ cac nhiét do khac nhau. Két qua thu dwge
cho thdy, qud trinh hdp phu t6i wu 0‘pH = 7, thoi gian hdp phu 120 phut. Nghién
citu nay cho thdy qud trinh hap phu Pb*" trén vit liéu Perlite bién tinh hodn todn c6
tinh kha thi.

Tir khoéa: Perlite; Ton Pb>"; Perlite dan nd; Hép phu.
1. MO PAU

Perlite 1a d& hydrat v6 dinh hinh dugc hydrat hoa, hinh thanh tir phun trao nui Itra c6
thanh phan cha yéu 1a silic oxit (70-75%), nhom oxit (12-15%) ngoai ra ¢ natri oxit (3-
4%), kali oxit (3-5%), sat (IIT) oxit (0,5-2%), magie oxit (0,2-0,7) canxi oxit (0,5-1 ,5%) va
nudc (3-5%). Perlite khi dugce xu Iy nhiét trén 850° C nudc s¢ bay hoi bén trong cau trac
dan dén sy gidn nd bat thuong cua Perlite ting 1én gip 7-16 1an so v6i cdu tric ban dau tao
ra vat liéu nhe, dién tich bé mat dat dugc khoang 1,22m2/g, mat d6 0,6-2,3g/mL, kich
thude hat khoang 0,2 - 4mm [1]. Perlite dugc stt dung lam chét don, thiét bi tro loc, san
xuét vat liéu xdy dung, tran ngdi, thach cao nhe, bé tong vat liéu cach dién, vat liéu hap
phu, loai bo cic ion kim loai ning va cac chat 6 nhiém khac tir khi quyén, loai bo thude
nhudm gy 6 nhiém ngudn nudc [2].... Nam 2014, Edward Modiba va cac cong su [3] da
st dung Perlite lam chét xtc tac di thé dé san xuét Biodiesel tir ddu Marula, nhom nghién
ctru da str dung Perlite tim kali hydroxit (KOH) tao ra hé xtc tic di thé cho phan tng
chuyén héa Biodiesel thu dugc hiéu suit chuyén hoa 1a 91,4%. Xuc tac trén co s Perlite
cling dugc tai ché dén 3 lan nhung khéng cé su thay ddi hoat tinh, cac nhidu xa tia X va
BET cho thay khong c6 su thay doi vé cdu tric cia Perlite, ddu sinh hoc san xuét ra dap
g dugc tiéu chuan nhién lidu sinh hoc [3]. Trong linh vuc héa hoc, Perlite va Perlite bién
tinh dugc st dung la mot chét hép phu [4-6]. Perlite c6 méat do (ty trong) th?ip, dién tich bé
mit 16n, ngoai ra hau hét cac mau Pertile déu c6 ham luong silic cao (thuong 16n hon
70%) nén Perlite c6 dic tinh hap phu cao, do cic nhom silanol chi phédi dwoc hinh thanh
b6i cac nguyén ti silic trén bé mat [8].

Trén co s& do, trong nghién ctru nay, mau perlite ty nhién thu dugc tir Phu Yén, Viét
Nam dugc xir Iy & cic nhiét d6 nung khac nhau st dung 1am vat liéu hap phu ion Pb(II)
trong nudc dugce thyc hién.

2. THUC NGHIEM
2.1. Nguyén liéu va héa chat
Quang Perlite thu dugc tr mé Phu Yén, Viét Nam (PY19) voi thanh phz:fln SiO,
(68,51%); TiO, (0,35%); ALOs (14,54%); FeO (3,52%); MnO (0,09%); MgO (1,04%);
CaO (2,71%); Na,O (3,6%); K,0 (4,29%); P,Os (0,07%) va mat khi nung (LOI: 0,69%).
Dung dich Pb”* dugc chuan bi tr muéi PA(CH,COO0),.3H,0 (PA), NaOH dang vién
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(PA), dung dich HCI 36,5% (PA). Tat ca cac hoa chét st dung trong nghién ctru déu ¢
dang tinh khiét.

2.2. Thyc nghiém

2.2.1. Khado sat kha ning hdp phu Pb*" trén cdc mdu vit liéu Perlite

Trudc tién, mau Perlite tho (PY19) duoc nghién min va nung & cac nhiét d¢ 650, 750
va 900°C trong khoang thoi gian 3h thu duoc cidc mau ki hiéu twong tmg 1a PY19-650,
PY19-750, va PY19-900. Cac mau nay dugc st dung dé tién hanh khao sat ion Pb*".

Chon ndng d Pb*" ban du la 20mg/L (gap 40 14n so voi QCVN ham luong téi da
cho phep 1a 0,5mg/L) dé khao sat kha nang hép phu.

Céc thi nghiém hap phu dugc tién hanh: (i) Sir dung 0,01g d6i véi méi mau Perlite; (ii)
Thém 50 mL dung dich Pb*"; (iii) Khudy hdn hop trong 2h & nhiét phong (25°C) voi pH =
6 dugc duy tri trong dung dich.

Qua trinh hép phu duogc khao sat voi mau vat liéu nung & cac nhiét o khac nhau; céac
thoi gian hap phu khac nhau, pH thay ddi. Dung dich con lai sau qué trinh hip phu tién
hanh dugc loc, tach va tién hanh do phd hap thu nguyén tir dé xac dinh nong do Pb>".

2.2.2. Cac phuwong phap nghién cieu ddc trung vat liéu Perlite

Xac dinh céac lién két bang phép do phd FT-IR trong khoang 400-4000 cm™ voi do
phan giai 4cm™, cdu trac Perlite bién tinh bang phuong phép nhiéu xa tia X (XRD) bang
thiét bi X’Pert PRO goc quét 28 tir 5°-90°, tbe do quét 1a 0,1°/0,5s dir dung birc xa dong
(Cu) (A = 1,5406A°), hinh thai dugc quan sat bang phwong phap hién vi dién tir quét
(SEM) dugc chup bang thiét bi HITACHI S — 4800, dién tich bé mit riéng xac dinh qua
phép do BET duoc thuc hién trén may MicroAcitve for TriStar II Plus Version 2.03 bang
hap phu Nito & nhiét d6 77,35K.

3. KET QUA VA THAO LUAN
3.1. Cac dic trung cia vit liéu Perlite

Hinh 1 cho thdy cac mau Perlite ban du va cdc méu Perlite nung & cac nhiét d khac
nhau déu xuat hién cac peak nhiéu xa tai cac goc 26 tai 24,5°, 27°, va 50°. Phan tich XRD
ciing cho thiy cuong do peak giam vé6i nhiét dd nung miu ting. Ngoai ra, con c¢6 cc peak
xuét hién tai 20 = 21; 36 va 41° day chinh la cac peak dac trung cua chritobalite (SiO,),
diéu nay phu hop véi cac hop phan cua perlite [3]. Hon nita, cung tir nhiéu xa X-ray nhén
thay khi nhiét d6 nung tang cau tric Perlite dugc chuyén tir ciu tric khong trat tu sang ciu
trac dugc sip xép co do trat tu cao hon véi goc 20 chuyén dich vé 26,67°. Mit khac,
cuong do peak ciing tang khi nhiét ¢ nung ting, diéu nay cho thiy khi nung nudc duge
giai phong tir bén trong céu tric mang lam vat lidu gidn no [7].
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Hinh 1. Gian dé nhiéu xa tia X (XRD) cia vit liéu: (4) Perlite tho,
(B) nung 6 650 °C; (C) 750 °C va (D) 900 °C.
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Ph6 hdng ngoai (FT-IR) dugc ghi lai trong khoang 500 - 4000cm™ (hinh 2). Két qua
FT-IR cho thay, dai ph trong khoang 3700 — 3300cm™" 14 s ton tai ctia nhom —OH bé mit
cua silica (Si-OH). C6 thé nhan thay Perlite tho c6 do rong cua dai cao hon, diéu nay cho
thiy murc d6 lién két cao cua cic nhom hydroxyl, trong khi do, mau Perlite d3 dugc xur 1y
nhiét thi cuong do va do rong cia dai giam didu nay do su mét nude boi nhiét d6 nung.
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Hinh 2. Phé FT-IR cua: (a) Perlite nung ¢ 900 °C va (b) Perlite thé.

Lién két siloxane Si-O-Si duogc thé hién tai sb song 1039cm™ d6i véi Perliter tho va
duoc chuyén sang s6 song cao hon 1a 1147cm™ thuong thiy trong cic mau silic vo dinh
hinh ¢ Perlite d3 dugc xtr Iy nhiét [6]. Mt khac, dai dao dong manh & sb song 1645cm™
clia Perlite tho chinh 1& sy xuat hién ciia nhém —OH trong phén tir nudc, nhung cuong do
nay lai giam d6i v6i Perlite nung. Ngoai ra, s6 song xuét hién tai 792 va 464cm™ dic trung
cho lién két Si-O va Al-O [4, 9].
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Hinh 3. Anh SEM ciia (a,b) Perlite thé va (c,d) Perlite nung ¢ 900°C.
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Hinh anh SEM (hinh 3) cho thdy hinh thai Perlite th va nhiing thay di trén Perlite
khi nung. Déi véi Perlite thd co dang hinh khéi, ciu trac tinh thé, bé mat min, it xép do
nude van ton tai trong cdu trac [1]. Trong khi d6, khi xtr 1y nhiét hinh thai cua Perlite co
cAu tric xép cao, bé mat g6 ghé, 6 thé duge x4c nhén 1a do sy thoat nudce tr vat liéu khi
nung. Nhu vy, khi Perlite dugc nung din dén sy md ciu tric, tao ra nhitng 16 nho (do quéa
trinh thoat nudc) lam cho vat lidu xop hon [3].
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Hinh 4. (a) Puong ding nhiét hip phu-khir hap phu N va (b) Duong phdn bé kich thude
mao quan cua Perlite thé va Perlite nung ¢ 900 °C.

Hinh 4a cho thiy duong ding nhiét hip phu va giai hip N, cua Perlite thd ndm giira
kiéu III va IV véi vong tré H3 theo phan loai cia IUPAC chimg t6 c6 sy ton tai cua cac
mao quan 16n va mao quan trung binh nhung kich thuéc mao quan khong ddng déu (17,9
nm). Dbi v6i mau Perlite nung 6 900°C duodng ding nhiét hap phu thudc loai IV ¢6 vong
tré 16n loai H3 tuong tmg véi ciu trac mao quan trung binh dang khe, véi dudng kinh mao
quan trung binh la 26,39 nm (hinh 4b).

Dién tich bé mit riéng ciia mau Perlite tho 13 2,3m?/g véi thé tich mao quan 1a 0,0094
cm’.g”, sau khi nung 900°C dién tich bé mit riéng giam so v6i mau thd con 1,9m’ /g dugc
giai thich 1a do sy qua néng cia perlite 1am cho gian né cuc dal sau d6 giam dan dén dién
tich bé mit riéng giam va thé thé tich mao quan 13 0,0106cm’.g™.

3.2. Két qua khao sat kha niing hiap phu Pb** ciia Perlite
3.2.1. Khdo sdt kha nang hap phu ion Pb*" ciia cdc mau Perlite

95 4
90 -

85 -

t (%)

A

¢u sua

80 -

75 1

~

Hi

70 1

65 T T T 1
PY19BD PY19650 PY19750 PY199500

Vit liéu

Hinh 5. Hiéu sudt hcfp phu Pb** trén cdc mau vit liéu khdc nhau.
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Céac mau Perlite sau khi nung & cac nhiét do khac nhau (650, 750 va 900°C) dugc tién
hanh khao sat kha nang hip phu Pb*" (20 mg/L) & nhiét d6 25°C, trong 3 gid voi pH = 6.
Két qua thu dugc ¢ hinh 5 cho thdy, kha nang hip phu cua Perlite nung & 900 °C (PY19-
900) dat hiéu suit cao nhat (90,3%), trong khi d6 miu Perlite thd kha ning hip phu voi
hiéu suit dat 75,84%. Nhu vay, c6 thé thiy khi Perlite dugc nung & nhiét d6 cao, nuéc &
trong cac mao quan bét dau bay hoi, thoat ra ngoai, dan dén mé rong kich thude mao quan
trong cau trac lam tang kha néng hap phu cuta Perlite [10]. Va sy m& rong mao quan nay
dén mot nhiét d6 nhit dinh sé& 1a t6i da va khong thé tang thém duoc nita. Do vay, nghién
ctru nay sir dung Perlite nung & 900 °C dé tién hanh cac thi nghiém tiép theo.

3.2.2. Khdo sat anh huong cua thoi gian dén khd ning hdp phu cia Perlite

Tién hanh khao sat thoi gian 30, 60, 120, 240 va 480 phut dén qua trinh hip phu Pb*"
duogc thyc hién trong moi truong pH = 6, nhiét do h?ip phu 25°C va vét liéu hép phu duoc
sir dung PY-19-900. Két qua duoc thé hién & hinh 6.
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Hinh 6. Anh huéng ciia thoi gian dén hiéu sudt hap phu.

Tir két qua Hinh 6 cho thdy su hip phu Pb*" xay ra rit nhanh trong giai doan dau: véi
30 phat dau hi¢u suat hip phu dat 52,4% va khi thoi gian ting 1én 60 phit thi hiéu suat hap
phu tang cham (56,98%). Nhung trong khoang thoi gian tir 120 dén 240 phut sy hip phu
gan nhu khong d6i va hiéu suit hap phu cuc dai voi thoi gian 120 phat, c6 thé nhan thiy
sau 240 phut thi hiéu suat hép phu c6 chiéu hudng giam do sau khi dat dén trang thai can
bang Su giam kha nang hap phu nay ¢6 thé do mao quan cta vat liéu o giai doan dau
tréng réng nén nhanh chong hut cac ion kim loai Pb** 1am cho qua trinh xay ra nhanh, khi
cac mao quan phia ngoai bi lap day thi viéc kéo dai thoi gian hap phu lam cho ion Pb2+
khuéch tan vao bén trong cac khe mao quan lam tang luong hap phu nhung véi toc do
cham hon va sau 120 phut thi dudng hap phu nim ngang qua d6 thiy ring qua trinh hap
phu dat dén trang thai can bang. Do vdy, thoi gian 120 phit dwoc chon 14 thoi gian tdi wu
dé tién han khao sat cac thi nghiém tiép theo.

3.2.3. Khdo sat anh huéng ciia pH dén qud trinh hap phu

Tién hanh khao sat kha ning hap phu ion Pb*" trong diéu kién pH thay ddi (pH = 2, 4,
5, 6,7 va9). Cac diéu kién thi nghiém khac duoc thyc hién nhu trén nhung véi thoi gian
hép phu 120 phut. Két qua khao sat thu duoc ¢ hinh 7.

Két qua thu duoc cho thiy, & méi truong pH thap hodc qua cao thi hiéu qua hép phu
thip hon so véi moi truong trung tinh (pH = 7) hiéu suat hap phu dat 93,04% trong khi do
pH=2 thi hi¢u suat hap phy giam xudng con 68,12% va khi pH tang 1én 9 thi hi¢u suat
hép phu con 87,55%. Nhu vay, khi pH thip (pH < 5) hiéu suat hap phu thap do sy ting
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mat do dién tich duong (proton) trén bé mat vat liéu, khi d6 hinh thanh Si-OH** chinh vi
vady s€ canh tranh trén bé mat Perlite va day ion kim loai Pb*" [11,

12]:-MOH+H-OH — -MOH," + OH".
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Hinh 7. Anh hwéng cia pH dén hiéu sudt hap phu.
Trong mdi trudong kiém pH cao (pH > 7), b:é mit Perlite tich dién am dan dén lyc hat
tinh dién va kéo ion Pb>" 1am ting dung lwong hap phu Pb*":
-MOH<=-MO" +H" va -MO™ +Pb** = -MO-Pb"

4. KET LUAN

Mau quang Perlite th6 da duoc nung ¢ cac nhiét do khac nhau, két qua XRD cho théy
sau khi nung cau trac déc trung cua cac Perlite van duoc duy tri. Voi két qua SEM va dang
nhiét hip phu N, theo BET cho thdy, vat liéu sau khi nung ¢6 céu trac x6p va duong kinh
mao quan ting va lam ting dung luong hip phu ion Pb*". Hoat tinh hap phu Pb*" cua
PY19-900 cho thiy hiéu suat hp phu trén 90%. Va thoi gian hap phu cuc dai 120 phut,
qua trinh hip phu xay ra trong méi truong trung tinh (pH = 7), khi do, hiéu sut hap phu
dat 93%. Nhu vay, vat liéu Perlite ty nhién hoan toan c6 trién vong lam vat liéu hap phu
trong xir Iy méi truong va lam chat mang cho qué xic tac trong tuong lai.

L(‘n',cdm on: Nh’o'm tdc gia cam on sy tai tro vé kinh phi cua Pé tai Khoa hoc va Cong
nghé Cap Bo, Md so: B2016-MDA-04PT.
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ABSTRACT

USING PERLITE AS MATERIAL FOR ADSORTION OF Pb(II)
FROM AQUEOUS SOLUTION

Perlite is a natural, which is treated by the various calcination temperatures. An

examination of the structural, morphological and mineralogical features of perlite

sample was carried out by XRD, FT-IR, SEM, and N,-adsorption-desorption
analytical techniques. This article features the primary step of study of the
experiments were to use expanded perlite to adsorb lead in industrial wastewater.

The adsorption properties of Pb’" by the modified Perlite were investigated with

changes in pH, adsorption time, and Perlite samples were calcined at the various
temperatures. The obtained results show that the optimum pH for adsorption is 7.
Pb (1) metal adsorption reached equilibrium for 120 min. Studies have shown that
the adsorption of Pb*" ions of modified perlite is feasible.

Keywords: Perlite; Pb>"; Expanded perlite; Adsorption.
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