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TOM TAT

Tro bay Pha Lai (FA) dugc bién tinh héa hoc bang dung dich HCI va NaOH 2M ¢ 50 °C
trong 24 gid. Két qua cho thay tro bay bién tinh bang NaOH (FA-NaOH) c6 dién tich bé mit
riéng va thé tich 15 x6p 16n hon rat nhiéu so vdi tro bay thd va tro bay bién tinh bang HCI (FA-
HCI). Dong thoi anh FE-SEM ciing chiing t6 sau khi bién tinh bang NaOH, nhiing hat tro bay
v6i hinh dang ciu, tron nhin di trd nén nhdm, san sii, didu nay khong quan sit thiy trong
truong hop FA-HCI. Két qua nghién ciru kha nang hap phu cation Cu?* trong nudc da chi ra ring
FA-NaOH c6 hiéu suat tich loai ting 1én ddng ké, v6i dung dich chira 300 mg/L Cu?*, gi4 tri nay
tang tir 1,05 % 1én toi 82,05 %. Kha nang hap phuy ting theo pH dung dich va dat cin bang rat
nhanh, chi sau 15 phit. Céc s6 liéu hap phu Cu?* trén vat liéu FA-NaOH tuén theo md hinh ding
nhiét Langmuir, dung luong hip phu cuc dai dat 80 mg/g.

Tir khéa: tro bay Pha Lai, bién tinh héa hoc, hap phu Cu?.

1. MO PAU

Trong h¢ théng dién ¢ nudc ta, lugng dién cung cép tr cdc nha mdy nhi¢t dién van lu6n
chiém mot ty phan quan trong. Theo Quy hoach phét trién dién lyc quéc gia giai doan 2011 -
2020, t6i ndm 2020 cong sudt clia cdc nha may nhiét dién than chiém toi 48 % téng san lugng
dién ca nude [1]. Cdc nha mdy nay hoat dong mdi nam thai ra hang triéu tin tro bay, gdy mot
stc €p lon cho moi truong. Cho dén nay, ngay ¢ cdc nudc phat trién, luong tro bay dugc tdi st
dung van con it, chil yéu trong san xuat xi ming va vat liéu xay dung [2]. Viéc nghién ciru phat
trién cdc hudng tmg dung khac cua tro bay dang dugc cdc nha khoa hoc hét siic quan taim, dic
biét 1a hudéng trng dung lam vét li¢u hép phu xtr 1i nudce thai [3].

Dong voi mot lugng nho 1a yéu té can thiét cho co thé _nguoi va dong vat, tuy nhién khi khi
vuot qua ngudng cho phép dong 6 thé gy mot sb bénh vé than kinh, gan, than, lugng 16n hap
thu qua dudng tiéu hod c6 thé gdy tir vong. Vi vy viéc xir Ii, tich loai dong trong nudc 6 nhiém
1a van dé cap thiét va c6 'y nghia. Tro bay ty nhién c6 dung lugong hap phu c’[ong khong cao [3, 4],
dé cai thién kha ning hdp phu nguoi ta thuong chuyén héa tro bay thanh zeolit bang cdch nung
v6i kiém & nhiét d6 khoang 600 °C [5, 6].
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Trong bai bdo nay chiing t6i trinh bay két qua nghién ciru kha nang hap phu ion Cu?* ctia
tro bay nha mdy nhiét dién Pha Lai va anh hudng cua qua trinh xtr 1i axit, xur i kiém & nhiét do
thap téi hi¢u suat hap phu cua vét lidu.

2. THUC NGHIEM
2.1. Ché tao vt li¢u hip phu

Str dung tro bay (FA) ctia Nha mdy san xudt tro bay Pha Lai loai nh6 min (kich thudc hat c&
10 pm), cho 10g vao 20 mL dung dich HCI va NaOH nong d6 2 M, khuay lién tuc & 50 °C trong
24 gio. Rira sach san phdm bang nudc cit téi mdi truong trung tinh, sy khd ¢ nhiét d6 105 °C
trong 24 gid, thu dugc tro bay FA-HCI va FA-NaOH. Hinh th4i cau tric ciia tro bay trudc va sau
khi bién tinh dugc nghién ctru bang kinh hién vi dién tir quét phat xa truong (FE-SEM) trén thiét
bi Hitachi 4800 (Nhat Ban). Dién tich bé mat riéng dugc xac dinh theo phuong phdp BET trén
thiét bi Micromeritics TriStar 3000.

2.2. Nghién ctru khi ning hip phu ion Cu®

Céc thi nghiém nghién ciru hip phu duoc thuc hién tai nhiét do phong trong diéu kién hap
phu tinh v6i 0,1 g vat liéu trong 25 mL dung dich Cu?* dugc pha tir CuClo.2H,O (Merck). Néng
d6 Cu?* trudc va sau khi hap phu duoc xac dinh bang phuong phép tric quang sir dung thudc thir
hién mau Sodium bicinchoninate (cua hang Hach) tai budc séng 560 nm trén mdy Hach
DR/2010.

3. KET QUA VA THAO LUAN.
3.1. Ché tao vat liéu hap phu

Tro bay (FA) dugc bién tinh bing cic dung dich HCI va NaOH ndng d6 2 M & nhiét do
50 °C trong 24 gio, rira sach, siy kho & nhiét 6 105 °C trong 24 gid, thu dugc tro bay FA-HCI
va FA-NaOH. Dé xdc dinh dién tich bé mat riéng, cdc mau tro bay dugc hit sach khi trong
budng do tai nhiét d6 300 °C trong vong 4 gid trude khi tién hanh thuc nghiém hap phu - giai
hap phu khi nito trén thiét bi Micromeritics TriStar 3000. Dién tich bé mit riéng dugc xdc dinh
theo phwong trinh BET, thé tich 15 xp dugc tinh todn theo phuong phap BJH. Két qua thu duoc
trinh bay trén bang 1.

Bdng 1. Két qua do dién tich bé mat va thé tich 15 x6p.

Mau Dién tich bé mit riéng (m?/g) Thé tich 15 xdp (cm*/g)
FA 1,16 0,0030
FA-HCI 2,69 0,0031
FA-NaOH 40,94 0,1357

Tir bang 1 ta thay sau khi xir If axit, dién tich bé mit riéng cta tro bay ting nhe, nhung thé
tich 16 x6p gan nhu khéng thay doi. Nhung trudng hop xir 1i bang kiém cho két qua khac han:
dién tich bé mit riéng va thé tich 156 xdp déu ting manh, 16n gip c& 40 14n so v6i khi chuwa xir 1i.
Céc phan tich hinh thdi c4u triic cia tro bay da minh hoa cho két qua nay. Quan st anh kinh
hién vi phat xa truong (FE-SEM) ctia cic mau FA, FA-HCI, FA-NaOH trinh bay trén hinh 1, ta
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thdy sau khi xtr If axit, tro bay gin nhu van giit nguyén hinh dang ban dau 1a nhimg qua cau véi
bé mét tron nhan. Trong khi d6 tro bay sau khi bién tinh bang kiém c6 bé mat trd nén nham va
san sui, khac han hinh dang ban dau.

Tro bay bién tinh kiém (x 20 000)

ro bay . tinh kim (x 5 000) --
Hinh 1. Anh FE-SEM ciia cdc mau tro bay trudc va sau khi bién tinh.
3.2. Qua trinh hap phu Cu*
3.2.1. Anh huong ciia diéu kién bién tinh

Céc méu tro bay ban dau (FA), tro bay xur Ii axit (FA-HCI) va tro bay xu Ii kiém (FA-
NaOH) dugc khao sit kha nang hap phu v6i dung dich chtra ion Cu?* ndng d6 300 mg/L, thoi
gian hap phuy 1a 15 phut, nong do chat hap phy 1a 4 g/L. Xdc dinh ham luong Cu?* con lai trong
dung dich sau khi hap phu (Cy), tr d6 xac dinh hi¢u suat (H) va dung luong hap phu (q). Cac Kkét
qua thu dugc trinh bay trén bang 2.

Bdng 2. Két qua hip phu Cu?* ciia cdc miu tro bay.

Mau Cr (mg/L) H (%) q (mg/g)
FA 296,85 1,05 0,79
FA-HCI 270,45 9,85 7,39
FA-NaOH 53,85 82,05 61,54

109



Nguyén Tuén Dung, Nquyén Thanh My, Trdn Thi Minh Huyén, Vi Xudn Minh

Tir bang 2 ta thdy hi¢u sudt hap phu Cu?* ctia tro bay rat thap, ddi v6i dung dich chira
300 mg/L ion Cu*, sau 15 phdt chi tich loai dwoc ¢ 1 %. Sau khi xu If axit, hiéu suat hdp phu
tang 1én (c& 10 %) nhung khong thé so sdnh dwoc véi trudng hop xir 1 bang kiém: hiéu suét tich
loai 1a 82 %.
Chting t6i tiép tuc nghién ctru anh huéng cia cdc yéu tb: do pH, thoi gian tiép xidc, ndng do
ion ban dau, t6i kha ning hap phuy ctia tro bay xir If kiém.

3.2.2. Anh huong ciia pH

Chung t6i nghién ctru kha nang hap phu Cu?* cua 0,1 g FA-NaOH trong 25 mL dung dich
chtra Cu?* ndng d6 300 mg/L, thoi gian hap phu 1a 15 phit, d6 pH cua dung dich 1a 4,7. Str dung
HCI dé giam pH dung dich xudng téi gid tri pH = 1. Két qua khao sét sy thay doi cia hiéu suat
hap phu theo pH dung dich duoc biéu dién trén hinh 2.
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Hinh 2. Anh hudng ciia pH t6i hiéu suat hdp phu Cu?* cia FA-NaOH.

Tir hinh 2 ta thdy kha ning hap phu Cu®* ciia vat liéu giam khi pH giam. Tai pH = 1, hiéu
suat hap phu dat rat thap, chi con 7,8 %. Chiing t6i khong khao st cdc truong hop pH > 4,7 vi
khi tang pH bang cdch cho thém NaOH s& sinh ra két tia Cu(OH),. Trong cic thi nghiém tiép
theo ching tdi gitt nguyén khong thay doi pH cua dung dich.

3.2.3. Anh huong ciia thoi gian tiép xiic

Chting tdi tién hanh khdo sit qué trinh hip phu theo thoi gian cia FA-NaOH, ham luong
chat hip phu duoc gitr nguyén 1a 4 g/L, ndng d6 Cu®* ban dau 12 300 mg/L. Gia trj hiéu sudt hap
phu H (%) dugc xac dinh theo thoi gian va trinh bay trén hinh 3.

Két qua cho thay qué trinh hap phu Cu?* din ra khd nhanh, chi sau 10 phit hiéu suit hip
phu di dat 77,7 %, sau d6 chi ting nhe, sau 5 phiit tiép theo H dat 82 %, va sau 5 phuit nita thi H lai
giam nhe, con 75,3 %. Trong cac thi nghiém tiép theo, chiing t6i tién hanh hap phu trong 15 phit.
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Hinh 3. Anh huong cua thoi gian tiép xiic t6i qua trinh hap phu.
3.2.4. Anh huong ciia nong dg ion Cu** ban dau
Chting t6i tién hanh khao sat kha ning hap phu Cu®* véi ndng d ban dau thay ddi tir 100 —

1000 mg/L, lugng FA-NaOH dugc gitr nguyén 1a 4 g/L va thoi gian hap phu 1a 15 phiit. Cac
thong so Cr, H va q dugc xac dinh va trinh bay trén hinh 4.
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Hinh 4. Anh hudng ciia ndng d6 ion Cu®* ban déu téi qué trinh hip phu.

Tir hinh 4 ta thay khi nong d6 Cu?* tang, hiéu suat hap phu giam. Véi truong hop ndng do
thap, 100 mg/L, hiéu suat hip phu dat toi 96 %. Trong khi d6 gia tri dung lugng hap phu q ting
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dan theo chiéu ting nong d6 Cu®*, tuy nhién q chi ting téi mot gid tri ndo d6 rdi dan 6n dinh.
biéu nay ching to sy hap phu ion Cu?* trén bé mat vat liéu 1a hap phu don 16p.

3.2.5. Nghién ciru mo hinh ding nhiét hap phu

Dong hoc clia qud trinh hép phu dugc nghién ciru dya trén hai md hinh hap phu I ding nhiét
Langmuir (phuong trinh 1) va dang nhiét Freundlich (phuong trinh 2).

i K Cr C'__f 1 1
9= Gmax e Y G+ — M
= 1
q =KFCF hay lgg =g K + —Ing 2)

trong d6: q la dung luong hip phu cén bang cua chét b hap phu trén mot don vi khdi luong chit
hap phu (mg/g); Cr 12 ndng do cin bang cta ion chét bi hap phu con lai trong dung dich (mg/L);
Qmax la dung lugng hap phu cuc dai (mg/g); Ky 1a hang s6 hap phu Langmuir (L/mg); K, n 12
hang s6 Frendlich.

. Céc két qua phan tich qud trinh hap phu ion Cu®* trén tro bay bién tinh FA-NaOH dugc
bicu dién trén d6 thi theo hai m6 hinh: Langmuir va Freundlich (hinh 5).

_ a) b)
10 y= 0.20125x+ 0.22 25 y =0.202x + 1.3637
g R’ =0.9992 N R’=0.8958
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Hinh 5. Duong déng nhiét hdp phu theo mé hinh a) Langmuir va b) Freundlich.

Tir hai @b thi trén hinh 5a va 5b, ta ¢ thé xdc dinh cdc hing s6 déng nhiét hip phu
Langmuir, Freundlich va trinh bay trén bang 3.

Bang 3. Céc hang s6 ding nhiét hip phu.

Ping nhiét Langmuir Ding nhiét Freundlich
R2 KL (L/mg) | gmax (mg/g) R2 KF (mg/g) n
0,9992 0,057 80,00 0,8958 23,105 4,95

Tu hé s6 twong quan cua phuong trinh hdi quy (R?) xdc dinh dugc (bang 3), ching t6 mo
hinh dang nhiét Langmuir thich hop véi FA-NaOH hon dang nhi¢t Frendlich. Nhu vay qua trinh
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hap phu Cu®* 1én bé mit FA-NaOH 1a hip phy don 16p, khong c6 twong tac gitra cdc phan tur hap
phu. Dung luong hap phu Cu?* ciia FA- NaOH dat rit cao, Qmax = 80 mg/g, chinh la do vat liéu c6
dién tich bé mit riéng BET va thé tich 15 x5p 16n. Két qua nay tot hon nhiéu so voi cong bd cua
S.C. Kot va cong su khi chuyén héa tro bay thanh zeolit, qmax dat 50,45mg/g [7].

4. KET LUAN

Tro bay Pha Lai bién tinh ¢ nhiét d6 thap (50 °C) bang dung dich NaOH 2 M ¢6 dién tich bé
mat riéng va thé tich 15 xp tang manh, 16n gép ¢& 40 14n so véi ban dau. Truong hop xir Ii tro
bay bang dung dich HCI 2 M khong thu dugc ket qua tuong ty. Anh FE-SEM ciing cho thay sau
khi xir Ii kiém, bé mt tro bay tré nén nham, san sii, khong tron nhin nhu trude khi bién tinh
hay x1r If axit. Diéu nay da cai thién ddng ké kha nang hap phy ion Cu?* ciia tro bay: di voi dung
dich chtra 300 mg/L ion Cu*, sau 15 phiit, hiéu suét tich loai Cu®* ting tir 1 % lén dén 82 %.

Két qua nghién ciru qud trinh hap phy ion Cu?* ctia FA-NaOH cho thdy hiéu suat hap phu dat
cao nhit tai pH = 4,7, v6i pH thap hon hi¢u suat hap phu giam manh. Qua trinh hip phuy dat cin
bang sau 15 phiit va tuan theo md hinh ding nhiét Langmuir, dung lwong hap phu cao nhat dat
80 mg/g.
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ABSTRACT

INVESTIGATION OF THE ION Cu* ADSORPTION ON MODIFIED PHA LAI FLY ASH

Nguyen Tuan Dung”, Nguyen Thanh My, Tran Thi Minh Huyen, Vu Xuan Minh
Institute of Tropical Technology, VAST, 18 Hoang QUoc Viet, Cau Giay, Hanoi, Vietnam
“Email: ndung @itt.vast.vn

Pha Lai fly ash was chemically modified with HCl and NaOH 2 M solutions at 50 °C within
24 h. It was found that the NaOH-treated fly ash (FA-NaOH) had a much greater specific area
(SSA) and pore volume than the HCl-treated fly ash (FA-HCI) and untreated fly ash (FA). The
FE-SEM images showed that after the NaOH treatment, FA changes its shape of smooth balls
into the rough surfaces, but not in the case of FA-HCI. The treated and untreated fly ash samples
were tested for the copper adsorption in aqueous solution. The results showed that modifying fly
ash with NaOH solution would significantly enhance the removal efficiency of copper ion, from
1.05 % to 82.05 % for the case of 300 mg/L ion Cu?* solution. The Cu** adsorption capacity
increased with pH and initial Cu®* concentration, the sorption capacity of FA-NaOH could reach
80mg/g. The adsorption isotherm data could be well fitted by Langmuir model.

Keywords: Pha Lai fly ash, chemically modification, Cu?* adsorption.
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