Tap chi phan tich Hoa, Ly va Sinh hoc - Tdp 21, Sé 3/2016

HAP PHU As(III) TRONG MOI TRUONG NUOC BANG
VAT LIEU HAP PHU BA CHE BIEN TiNH KOH

Pén toa soan 10 - 08 - 2016

P Tra Hwong, Nguyén Thanh Hai, Nguyén Quéc Diing
Truong Dai hoc Suw pham- Pai hoc Thadi Nguyén,
Pang Vian Thanh
Truong Dai hoc Y duwoc- Dai hoc Thai Nguyén

SUMMARY

ADSORPTION OF As(111) FROM AQUEOUS SOLUTION
BYKOH-MODIFIED TEA RESIDUE

The KOH-modified tearesidue (KTR) was used as a adsorbent to remove
efficiently As(l11) from aqueous solution.Scanning electron microscopy (SEM) imagesof
KTR reveal a highly porous surface structure of the adsopbent.The adsorption
properties forCr(VI) ofKTR were investigatedby batch method. The influence of pH (1-
9), contact time (60-300 min), and the amount of adsorbent (0.1-0.5g) on As(lll)removal
efficiency by the KRT were also determined. The results show that the time to reach
adsorption equilibrium, the optimal pH value, and mass of adsopbentare210 min, 2.0,
and0.1g, respectively. The maximum monolayer adsorption capacity of KTR is
6.489mg/g. KTRacts as a promising adsorbent for the removal of heavy metal ions from
aqueous solution.

Keywords: Adsorption; tea wasteresidue;Langmuirisotherm;heavy metals; ankali
treatedtearesidue

1. MO PAU

Asen 1a mot chat doc, sy 6 nhidm asen trong ngudn nudc ngam hién nay dang 1a
mot van nan toan cau va thudng duoc vi nhu mét tai hoa trong thé ki21. Theo mot bao
c40 gan day, cac nuéc MY¥, Trung Qudc, Chile, Bangladesh, Pai Loan, Mexico,
Argentina,Ba Lan, Canada, Hungary, Nhat Ban va An D6 la cac qudc gia c6 nong do
asen trong ngudn nuéc ngam vuot qua mac cho phép.Tai Viét Nam, theo cac nghién
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clru gan day, nguoi dan Ha Noi va mét sé tinh mién Bac (thudc ddng bang Séng Hong),
mién Nam (thuéc ddng bang Séng Ciru Long) dang phai sir dung nudc c6 ham luong
asen cao gap tir 10 dén hang trim 1an tiéu chuin nudc sach. Piéu ndy anh huéng
nghiém trong va tryc tiép téi suc khoe con ngudi. Nhiém doc asen gay ra dot bién gen,
ung thu, thiéu mau, cac bénh vé tim mach (cao huyét p, rdi loan tuan hoan mau, viém
tac mach ngoai vi...), cac loai bénh ngoai da (bién déi sic tb, sam da, sing hoa, ung thu
da...). Pay la vin dé dang bao dong ddi véi ching ta. Vi vay, viéc loai bo asen trong
nude dic biét 1a trong ngudn nudc ngam 1a v cing can thiét va cap bach.Nhin chung,
dé xu ly, tach loai kim loai ning néi chung va As(l1l) trong nudc thai néi riéng,cac
phuong phap sau hay dugc sir dung:phwong phap két tua, phuong phap trao doi ion,
phuong phap hap phu... Gan day, st dung cac vat liéu tai ché tir phy pham ndng nghiép
hodc cacchat thai tai ché c6 kha nang hap phu da va dang dugcst dung rat nhiéu chocac
xtr 1y hap phu kim loai ning trong nuéc[3,5]. Theo hudng nay, sir dung ba ché tai ché
lam vat liéu hap phudi cho thiy khé hiéu qua va rat kha thi do nguén vat liéu hap phu
da dang, phong phu, ché tao don gian[1-2].Bai bao nay trinh bay két qua nghién ctu su
hap phu cua As(III), trong mdi trudng nudc bangvat lieuhap phuba ché bién tinh KOH.
2. THUC NGHIEM

2.1. Héa chit

KOH, K,Cr,0O7, NH3 25%, H3PO, 85%, Br,bao hoa, H,SO4,1,5 -diphenylcarbazide,
nude cat hai 1an. Tt ca hoa chat déu c6 d¢ tinh khiét PA.
2.2. Phwong phap nghién ciru thuc nghiém
2.2.1. Ché tao vat liéu hdp phu ba ché bién tinh kiém(VLHP)

Ba che sau khi thu thap tir cac ho gia dinh, cac quan nudc dugce rira sach véoi nude
may va nudc cat nhiéu l1an dé loai bo tat ca cac cac hat bui ban, sau d6 duoc dun sbi
nhiéu lan dé loai bo cafein, tanin. Tiép tuc rura sach bﬁng nudc cat dén khi nude rua
khong c6 mau. Sau do6 ba che nay dugc ngdm trong KOH 0,5M véi thoi gian 1a 0,5 gio,
dé thuy phan hét protein, tiép theo duocrira sach bang nudc cat dén méi trudng trung
tinh va sdy khé trong 12 gio & 95° C. Sau d6 vat liéu dugc nghién, rdy dén kich thudc
khoang 180 - 300um va bao quan trong binh hat am [7].Vat liéu nay duogc ki hiéu 1a
VLHP dugc st dung cho cac phép do khao sat dac diém bé mat,tinh chat vat ly va
nghién ctru sy hap phy As(IIT) trong méi trudng nude.

2.2.2. Khao sat tinh chdt tinh chat vat ly, dac diém bé mat ciia VLHP

Hinh thai hoc cua VLHP duoc khao sat béng kinh hién vi dién tir quét JEOL JSM-
6500Fhoat dong tai dién thé 15 kV. Phép do trén duoc tién hanh tai khoa Khoa hoc va
Ki thuat Vat liéu, Dai hoc Giao thong Qudc gia Pai Loan.Cac nhom chirc bé mat cua
VLHP duogc phan tich biang phd hong ngoai IR trén méay Impact - 410 (Germany) tai
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Vién Hoa hoc - Vién Han Iam Khoa hoc va Céng nghé Viét Nam.
2.2.3. Nghién cieu hdp phu As(IIl) ciia VLHP bang phwong phdp hap phu tinh

*Khdo sdt anh hwong ciia pH

Cho vao mdi binh 0,1g VLHP va 50ml dung dich As(Ill) c6 ndng d6 dau la
1,074mg/L(dd dugc xac dinh chinh xac ndng do), co pH thay ddi tir 1,05 dén 9,06 duoc
giit 6n dinh boi dung dich HNOzva NaOH. Tién hanh lic trong 210 phut, v6i tée d6 200
vong/phit, & nhiét do phong (~ 25°C). Sau dé cac dung dich dugc quay li tim bang may
li tam, tbc do6 1a 4000 vong/phut, véi thoi gian 100 phit, rdi st dung micropipet dé hut
dung dich sau li tdm va xac dinh lai ndng d6 As(111) sau hap phu.

*Khdo sat anh huong cua thoi gian

Cho vao mdi binh 0,1g VLHP va 50ml dung dich As(lll) c6 nong d6 dau 1a
1,000mg/L (dd dugc xac dinh chinh xac ndng do). Pem lic déu trén may lic trong cac
thoi gian60, 90, 120, 150, 180, 210, 240, 300 phut; & nhiét dophong(~ 25°C), vdi toe do
lic 200 vong/phut. Sau d6 cac dung dich dugc quay li tim bang may i tam, toc do 1a
4000 vong/pht, voi thoi gian 100 phat, rdi str dung micropipet dé hut dung dich sau li
tAm va xac dinh lai ndng d6 As(l11) sau hip phu.

“Khdo sdt anh hwéng ciia khéi lwong VLHP

Can VLHP vao binh tam gidc c6 dung tich 100ml véi khdi luong lan luot 1a: 0,1;
0,2; 0,3; 0,4; 0,5g VLHP, cho tiép vao binh tam giac 50ml dung dich As(I11) c6 ndng do
1,095mg/L (da dugc xac dinh chinh xac ndng do). Cac dung dich trén duoc giit 6n dinh
& pH = 2,0. Tién hanh lic trong 210 phit, véi téc d6 200 vong/phut, & nhiét do phong (~
25°C). Sau d6 dung dich duocquay li tim bang may li tam, toc do 1a 4000 vong/phiit,
v6i thoi gian 100 phat, ri st dung micropipet dé hut dung dich sau li tim va xac dinh
lai nong d6 As(IIT) sau hip phu.

“Khdo sdt anh hwéng ciia nong dé diu

Cho vao mdi binh 0,1g VLHP va50ml dung dich As(III) c6 ndng do dau thay doi:
1,095; 5,635; 11,30; 22,60; 28,24; 55,44mg/L (da dugc xac dinh chinh xac ndng do).
Céc dung dich trén dugc giir 6n dinh & pH = 2,0bang dung dich HNOs. Tién hanh lic
trong 210 phit, voi tde d6 200 vong/phut, & nhiét do phong (~25°C).Sau d6 dung dich
dugc quay li tim bang may li tam, toc do 1a 4000 vong/phdt, véi thoi gian 100 phat, roi
str dung micropipet dé hut dung dich sau li tim va xac dinhndng d6 As(III) sau hip phu.

* Xip Iy méu nwéc thai chiva As(IIl) ciia xd Ban Thi, Huyén Chg Pon, Tinh
Bic Kan

Céc mau nudc thai chira As(IIT) dugc ldy va bao quan theo dung TCVN4574 -88.
Dung cu lay mau la chai polyetylen sach.Mau nuéc thai dwoc ¢d dinh bang dung dich
HNO3. Thyc hién sy hap phu ¢ nhiét d6 phong (~ 25°C), liy 0,1g VLHP cho vao binh
tam giac 100ml va thém vao dé 50ml nudc thai co ndng do As(II) 1a 0,066 mg/L(da
dugc xéac dinh chinh xac nong do), thoi gian khuay 1a 210 phut, diéu chinh pH t6i uu 1a
2,0 bang dung dich HNO3. Sau d6 dung dich dugcquay li tim bang may li tim, toc do 1a
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4000 vong/pht, voi thoi gian 100 phat, rdi str dung micropipet dé hut dung dich sau li
tam va xac dinh ndng d6 cua ion As(III) sau hap phuy.

Nong d6 trudc va sau khi hip phu cia ion As(lIT)trong dung dich dugc xac dinh
bing phwong phap ICP-OS.Trén thiét bi OPTIMA DV7300 Perkin Elmer ctia My tai
Trung tam Phan tich Thi nghiém dia chét- Ha Noi.

- Dung luong hip phu tinh theo cong thtc:

(Co~Cyp )V
m

Trong d6: V 1a thé tich dung dich (1). m 1 khéi lwong chat hap phu (g), Co 12 ndng
d6 dung dich ban dau (mg/l), Cep 12 ndng d6 dung dich khi dat can bang hap phu (mg/l),
q 1a dung luong hép phu tai thoi diém can bang (mg/g).

q:

- Dung luong hép phu cuc dai dugce xac dinh theo phuong trinh hép phu Langmuir
dang tuyén tinh:
c, 1 1
= *~cb +
q qmax qmax 'b

Trong d6: qmax 12 dung lwong hip phu cuc dai (mg/g),

b 12 hing s6 Langmuir.
3. KET QUA VA THAO LUAN
3.1. Két qua khio sat dic diém bé mit, tinh chit vat 1y ciaVLHP
Hinh 1 va 2 1 két qua chup SEM cua bé ché va VLHP.

s "9

1BOKY X500 Wem WD 119mm

Hinh 1: Hinh thai hoc bé mdt cua ba ché

Hinh 2: Hinh thai hoc bé mdt cia VLHP
Tir hinh 1, 2 nhan thiy ring, bi ché sau khi dugc hoat hoa bang KOH da c6 hinh
thai hoc bé mat thay ddi rd rét so voi khi chua hoat héa. Cu thé, truée khi hoat hoa, ba
ché c6 ciu trac chta cic mao quan voi kich thudc rat 16n, ¢& micron. Saukhi duoc hoat
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hoéa, cac mao quan 16n nay bi mat di mot phan, cting sy phat trién mao quan dang 16p,
tao nén nhiéu khoang trong bé mit trén bé mit hon dan dén tiém ning tng dung 1am
chat hip phu tét hon [5,7].
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Hinh 3: Phé hong ngogi cua ba ché
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Hinh 4: Phé héng ngogi ciia VLHP

Hinh 3.4 1a su thay ddi cac nhoém chure trén bé mit cua cac vat liéu duoc kiém tra
thdng qua chup phd hong ngoai ciiabd ché chua bién tinh va sau khi bién tinh bang
KOH. Trudc khi hoat hoa, ba ché chua bién tinh KOH (hinh 3) xut hién cac dinh phd
rong O 3423,28cm™,dai dién cho nhém-OH, 2924,87cm™lién hé véi su hép thu cia
nhém C-H no. Pinh phd tai tdn sé 1736,29cm™dwoc cho 1a cua nhém cachonyl C=0
(cacboxylic). Dai hap thu c6 tan sd tir 1671,60 va 1629,16cm™ tuong tng v6i su hap thu
cta nhom C=0 kéo dai lién hop v6i NHa. Pinh & 1544,29 cm™ twong tng v&i nhém
amin bac hai. Sy hip thu hdng ngoai ctia nhém CHj ddi xtmg duogc chi ra tai dinh phd
1456,38;1335,13cm™.C4c dinh phd xung quanh 1236,13:1036,03cm™ ¢6 thé gan cho
dao dong cia nhém SOz va C-O [5, 7]. Khi so sanh phd hong ngoai VLHP trudc va sau
khi bién tinh bang KOH & hinh 3 va4 cho thidy mdt s6 dinh phé da bj bién mat va mot sb
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khac lai xuat hién trén bé mit VLHP sau khi bién tinh. Cu thé daxuét hién cac dinh phd
trén bé mat VLHP sau khi bién tinh tai cc tan sb 2859,35; 1152,75; 822,84 cm™vacéc
dinh phé bién mat trén bé mat VLHP sau khi bién tinh KOH dugc phat hi¢n tai céac tan
s6 2930,18; 1671,64; 798,09cm™. Nhirng thay dbi ndy cho thiy da bién tinh thanh cong
ba ché bang KOH va cic nhom chirc bé mit cacboxylate, phenolic, nhém hydroxylva
oxyl thom trén bé mit VLHP van chiém wu thé [7].
3.2. Khdo sat anh hudéng cua pH

Két qua khao sat anh hudng cua pH dén kha ning hap phu As(III) dugc chi ra &
hinh 5.

—=—q(mg/g)
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Hinh 5: D6 thi biéu dién anh hidng ciia pH dén dung hrong hap phulhs(\)ciia VLHP
Nhin chung khi pH ting tir 1,05 + 9,06 thi dung luong hap phu cia VLHP déu
giam. Piéu nay duoc giai thich nhu sau: Trong khoang pH tir 2- 6,5 thi dang HzAsO;
chiém ti 1é chinh. Do do, khong c6 tuong tac tinh dién gitta H3AsO3; va dién tich duong
cta bé mat VLHP (khi gia tri pH < pHp,c bé mat VLHP tich dién dwong do c¢6 su hap
phu ion H"). Nhu vay, luc hit giira bé mat VLHP va As(l11) ¢6 thé dugc giai thich la do
lyc phan tir Van der Waals. Khi pH ting, thi dung luong hap phu giam 1a do khi d6
dang H,AsO; bat dauchiém wu thé va xuat hién lyc day gitra H.As07 voi VLHP mang
dién tich am. Ngoai ra, co ché hap phu As(IIl) con duoc giai thich rang ion As(llI)
tuong tac voi nhdm amin trén bé mat VLHP, cu thé 1a da xay ra lién két hidro giira ion
As(111) v6i cac nhdm amino. Qud trinh tuong tac co thé dugc thé hién nhu sau [8]:

NH,e /O-

HO —— As

et N
% 2

Do vay, ching t6i lya chon pH hip phu tt nhat dbi voi dung dich As(III) cua
VLHP la khoang pH = 2,0.

o
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3.3. Khio sat thoi gian cin bang hip phu ciia VLHP
Hinh 6 12 két qua khao sat thoi gian can bang hip phu cia VLHP.

|
N

Hinh 6: D6 thi biéu dién dnh huong cia thoi gian dénhiéu sudt hap phu
As(1ll) cua VLHP

Thoi gian 12 mot trong nhitng yéu t anh hudng dén kha ning loai bo ion kim loai trong
dung dich nude cia VLHP. Trong khoang thoi gian khao sat tir 60 + 300 phut thi dung
lwong hap phu ciia VLHP déu tang theo thoi gian. Trong d6, dung lugng hap phu ting
nhanh tir 60+ 210 phut, tor 210 + 300 phut, dung luong hép phu dan 6n dinh. Do do,
chung t6i lya chon thoi gian dat can béng hép phu 1a 210 phut.
3.4. Khio sat anh hwéng cia khéi lwong VLHP
Anh hudng cta khéi lugng 1én két qua hap phu duoc chi ra ¢ hinh?7.

—=—q(mg/g)

0.15 | \.
~—

T T T T T
0.1 0.2 0.3 0.4 05
Khii hegng VLITP (2)

Hinh 7: Pé thi biéu dién dnh hweng
ciia khéi heong VLHP dén dung lwong hap phu As(11) ciia VLHP

Tir két qua trén cho thay,khi ting khéi lwong VLHP thi hiéu suat hap phy ting va
dung luwong hap phu giam. Hiéu suat hap phu tang khi khéi lwong VLHP ting 1a do c6
su tang s lwong vi tri cac trung tdm hap phy. Tuy nhién, khdi lugng ion kim loai da bi
hap phu trén mét don vi trong lwong caa VLHP giam do sy ting khéi lwong caa VLHP,
khi khéi lugng VLHP tang tir 0,1g 1én 0,5g, lac dau thi dung lwong hip phu giam nhanh
khi khdi lugng VLHP tang tir 0,1g 1én 0,3g, sau d6 giam cham hon khi khdi lugng
VLHP ting tir 0,4g 1én 0,5g. Chinh vi vay, chung t6i lwa chon khdi luong vat liéu t6i uu
12 0,1g.
3.5. Khao sat anh hwéng cia nong d dau

Trong khoang ndng do khao sat, khi ting nong d6 dau cua dung dich thi dung
luong hap phu ting, con hiéu suit hip phu caa VLHP lai giam (bang 1).Diéu nay duogc
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giai thich nhu sau:Téc do hap phu tuan theo quy luat Vip=Knp.C.(1-6); 8: Do che phu.

O ndng do thap (dung dich lodng), 1-0=const, khi ndng do ting thi Vhp tdng tuyén tinh.

Tuy nhién, giai doan nay chi tdn tai & mot gi61 han nhét dinh tuy thudc vao ban chét ion

va chat hap phu. Sau d6, néu tiép tuc ting ndng do thi Vpp tdng khong dang ké va dén

mot mirc nao d6 néu tiép tuc ting nong do thi Vhp hau nhu khong ting nita tham chi c6

thé giam di.

Bang 1: Anh hieéng ciia nong dé ban dau dén dung hrong, hiéu sudt hap phu cia VLHP

C, (mg/L) C. (mg/L) q(ma/g) H(%)
1,095 0,203 0,446 81,461
5,635 1,988 1,824 64,720
11,30 4,960 3,170 56,106
22,60 13,870 4,365 38,628
28,24 18,440 4,900 34,703
55,44 43,530 5,955 21,483

3.6. Khio sat dung lwong hap phu As(111) cia VLHP
Chung t6i tién hanh khao sat can bang hap phu theo mé hinh ding nhiét hap phu
Langmuir. Két qua duoc thé hién trong cac hinh 8 va 9.

—=—q(mg/g)

T T T T T )
o 10 20 30 40 50
C,(mg/L)

Hinh 8: Puong dang nhiét Langmuir cia VLHP déi véi As(I11)

® C_/q(mg/L)
Linear (C_/q)

y=0.1541x - 0.762
R 09922

C_ fa(mg/g)
6 = N w & @ & N @
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Hinh 9: Sy phu thuéc Ceplqvao Cep cria As(I11)

Tir d6 thi biéu dién su phu thudc cia Cep/q (9/1) vao Cep (mg/l) ddi voi As(l1N)
tinh duoc cac gia tri dung luong hap phu cuc dai gmax Va hang sé Langmuir b nhu sau:
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Bdng 2: Dung lirong hdp phu cwc dai va hang sé6 Langmuir

Dung luong hap phu cuc

- g lugng hap phu Cu 6,489
dai Qmax (Mg/g)
Hang s6 Langmuir b 0,202

Tir cac két qua thuc nghiém cho thdy hé sé hdi quy tuyén tinh R 0,99.nhu vy qué

trinh hip phu As(111) tuan theo md hinh dang nhiét hip phu Langmuir.

3.7. Két quaxir Iy miu nwéc thai chia As(111)

Két qua duoc trinh bay ¢ bang 3:

Bdng 3: Két qua tach loai As(III) khéi nwée thai
ion | C,(mg/L) | C,(mg/L) H%

As(111) 0,066 <0,002 96,96%

Két qua thuc nghiém cho théy, VLHP ¢6 kha nang tach loai ion As(IIl) khoi nude
thai twong ddi tét. Cac mau nudc thai chira ion As(III) v6i nong do 1a 0,066mg/L, sau

khi hap phu 1an mot nong do As(IIl) da dat tiéu chuan cho phép ddi véi nude thai do
vao céc khu vue lay nude cung cép cho sinh hoat theo QCVN24:2009/BTNMT.
4. KET LUAN

- Da ché tao thanh cong VLHP tir b ché dugc bién tinh bang KOH.

- B3 xac dinh dugce dic diém bé mat, mot sd nhom chire cia cac VLHP ba che
bién tinh bang KOH qua anh hién vi dién tir quét va phd hong ngoai.

- Pi khao sat mot s6 yéu t6 anh huong dén qua trinh hap phy cia VLHP dbi voi
céc ion As(11T) bang phuong phap hap phu tinh, két qua thu duoc nhu sau:

+ Thoi gian dat can bang hap phuy 1a 210 pht.

+ pH hap phu t6t nhat dbi véi 1a 2,0.

+ Trong khoang khéi luong vat li¢u hép phu da khao sat thi khéi luong vat ligu tbi
wu cho sy hip phu 12 0,1g.

+ Khi ting ndong d6 As(l11) trong khoang ndng do khao sat thi hi¢u suat hap phu
giam, dung luong hap phu ting.

- Xac dinh dugc dung lugng hép phu cuc dai cia VLHP dbi véi As(IIl); qmax=
6,489mg/g.

- Dung VLHP ché tao duoc xir Iy mau nudc thai chira ion As(l11) taixd Ban Thi,
Huyén Cho P6n, Tinh Bac Kan. Két qua cho thay, khi hap phu 1an mot ndng do As(IIT)
da dat tiéu chuan cho phép ddi véi nude thai d6 vao cac khu vuc 1ay nude cung cp cho
sinh hoat theoQCVN24:2009/BTNMT.

Céc két qua thu dugc cho thiy vat liéu hip phu ba ché bién tinh KOH c6 kha ning
hap phu cac ion As(I1T) tét va co thé trién khai nghién ctru tmg dung né cho viéc xir Iy
c4c ngudn nudc bi 6 nhiém bdi nhitng ion kim loai khac.
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