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Tém tit: Trong thoi gian qua, cic nghién ctru vé viéc st dung phu phdm néng nghiép dé xur 1y
kim loai ning (KLN) trong nuéc dang dugc quan tdm boi tinh kinh té ciing nhu hidu qua ma né
mang lai. Nghién ciru tién hanh bién tinh mot s vat liéu phy phadm nong nghiép bang axit H;PO,,
tu d6 nhan thay vt lidu sau bién tinh c6 kha ning hap phu xanh metylen cao hon so véi vat li¢u
goc tir 2 dén 5 lan. Qua d6, lua chon 2 vat li€u c6 hiéu suat hap phu t6t nhat 1a vo chubi va rom dé
tién hanh thi nghiém hip phu KLN. Anh SEM ciia vt liéu cho thiy qu4 trinh bién tinh da lam thay
dbi cau triic cua vt liéu theo hudng lam tang téng dién tich bé mat vat liéu din téi kha ning hép
phu ting. Khao st anh hudng ciia ndong d6 ion KLN t6i qué trinh hdp phu ta thay, qud trinh hap
phu tudn theo md hinh duodng hap phu déng nhiét Langmuir véi dung luong hap phu cuc dai
(Qmax) cua cdc vt liéu 1a vo chudi BT : 121,95 mg Pb*/g va 53,2 mg Cu**/g; rom BT : 55,56 mg

Pb**/g va 46,3 mg Cu**/g.

Tir khéa: Hap phu, xtr Iy nuée thai, kim loai ning, HyPO,, phu phim ndng nghiép.

1. Mé dau

Trong mét vai thap ky gan day, sy phat
trién manh cia kinh té ciing nhu biing no dan so6
dataora nhiéu ste €p 1én moi trudong sdng, mot
trong s6 d6 12 van dé 6 nhiém kim loai ning
(KLN) trong nudc. Cac hoat dong cong nghiép
hay sinh hoat ctia con ngudi da phét thai mot s6
luong 16n kim loai nang doc hai vao moi truong
dat va nudc, tich lily trong chudi thirc an va
cudi cling tac dong toi con ngudi [1].

Do d6, nghién ctu xtr ly kim loai nang
trong nudc dang 1a mot chit dé néng dugc nhiéu
quan tam, va nghién ctu. Cic cong nghé phd
bién hién nay c6 thé liét ké nhu két tiia héa hoc,
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trao ddi ion, hap phy, loc mang, keo tu tiia bong
hay dién héa hoc...[2]. Tuy nhién vin chua c6
phuong phdp nao thyc sy uu viét ca vé hiéu
suét xir 1y cling nhu gi4 thanh.

Ngay nay viéc trng dung cic vit liéu ty nhién
hoic tan dung phu phidm ndng nghiép dé xir ly
KLN trong nudc 1a mot trong nhitng hudng
nghién ciru dang dwoc quan tim boi tinh kinh té
cting nhu hiéu qua ma n6 mang lai. Cac nghién
ctru trén thé gidi ciing nhu tai Viét Nam v€ kha
ning hap phu ctia mot s6 vat liéu ty nhién nhu
vo cam [3], rong [4], than sinh hoc [5][6][7], vd
lac [8], thay sinh [9], xo dira [10][11] va v6 trau
[10], ... trong viéc xir Iy KLN va budc dau
cling da c6 nhitng két qua kha quan.

Thanh ph?ln héa hoc chinh cua cdc loai sgi tu
nhién thudng bao gdm xenlulozo (30 - 91%),
hemixenlulozo (4 - 16%) va lignin (0,6 - 26%)
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[1’2][13]. Céc hop chit héa hoc trén chura cac
g0c —OH c6 kha nang tao phan ng este héa voi
axit photphoric, theo phuong trinh sau [14]:

_OH /opoana
|
H O_OH H T O, oH
| H -H,0 H
RoH H + HPO, A Now H
HO : H HO H
H OH H OH

Gong.R. va cdc cong sy [14] da chi ra rang
sau qué trinh este héa, viéc xudt hién cic gbc —
H,PO; nay lam ting kha ning trao ddi cation ctia
vt liéu soi tw nhién. Piéu nay cho thiy kha ning
g dung vat liéu soi tw nhién bién tinh bang axit
photphoric trong hap phu kim loai nang.

2. Thyce nghiém
2.1. Héa cht, vit liéu

Cac vat liéu phy phidm néng nghiép bao

gdm ba mia, vo chudi, xo dira, min cua, vo
ngo, vo trau, rom, vo lac dugc thu thép tir cac
khu vyc quanh Ha Noi.
Céc hoa chat khac nhu H;PO, 98%; Axeton;
Uré; NaOH; Etanol 70%, Xanh metylen déu 1a
héa chét tinh khiét. Str dung nudc cit deion
trong thi nghiém

2.2. Thuc nghiém

Xur Iy vat liéu tho

Rira sach miu bang nudc cit va ngim
trong NaOH 0,02M trong 30 phit dé loai bo
cdc tap chét trong mdu, sau d6 sdy kho &
60°C. Cit cdc mau thanh cdc soi dai 0,5cm ta
duoc vt lidu gdc.

Quy trinh bién tinh [14]

Ngim 5,43¢ mau trong axeton dé qua dém.
Sau d6 rira lai miu bang nudc cat ngam_ lan
nita trong axeton trong 6 gid. Loc mau roi say o
50-60°C trong 4 + 5 gid. Tiép tuc ngdm mau
trong 200 ml axeton, thém 5,04g uré va khudy,
trong qud trinh khudy nho vao ting giot HyPO,
(3,1g). Sau 1 gio khuay, nang nhiét d§ lén
100°C va tiép tuc khudy trong 2 gid. Sau d6 1am

lanh mau dén nhi¢t d phong va loc. Rua lai
mau véi etanol 70% va nude cat. Khudy mau
trong NaOH 0,1M. Sau 1 gio, rira lai mau véi
nudc cat va say ¢ nhiét do 50°C trong 24 gio ta
duogc vat liéu bién tinh. Mau géc va mau bién
tinh cua hai loai vat liéu trén dugc nghién nho
dé dem di chup SEM.

Khdo sdt kha nang trao doi cation ciia
vat liéu

Ngam 0,5g vét liéu gbc va sau bién tinh
trong 200mL xanh metylen nong do 0,5g/L tai
pH=7, tlen hanh lic trong 2h dé khao sat sb
luong goc anion trong vat li¢u. Tt d6, chon hai
vat liéu c6 dung lwong hap phu 16n nhét tién
hanh khao st kha ning hip phu kim loai ning.

Khdio sdt khd nang hép phu KLN ciia vit liéu

Tién hanh thi nghiém theo mé khao sat cac
yéu t6 anh huong ti kha nang hip phu Pb™ va
Cu** trén vat liéu duge lva chon, khao sdt anh
huong cta thoi gian, pH, va ndng do KLN lén
vat licu. Banh gi4 kha nang hép phu cta vét liéu
dugc chon theo mo6 hinh Langmuir [15] va
Freundlich [16].

Cdc phwong phdp phan tich

Trong nghién ciru dd st dung kinh hién vi
dién to quét FEI Nova Nanolab 200, Glasgow,
UK - tai Khoa Vat Ly, Pai hoc KHTN Ha N¢i
dé xdc dinh sy bién doi ciia bé mat vat ligu.
M4y quang phd hidp thu nguyén tir AAS SP9
Pie Unicam, UK — Tai trung tam phan tich dia
chat dé xdc dinh ham lwong KLN trong mau.
M4y quang phd L — VIS — 400, tai khoa Mbi
Truong, Pai hoc KHTN Ha Noi dé phan tich
mau Xanh metylen trong thi nghiém khao sat
kha ning trao ddi cation.

Bang 1: Hiéu suét hip phu xanh metylen cua vt liéu
g0c va bién tinh

Vat lidu Vat liéu gbc Vat liéu bién tinh
(%) (%)
B3 mia 14,39 43,51
Vo chubi 30,35 79,44
Xo dira 48,04 76,36
Mun cua 10,65 52,85
Vo ngd 38,26 61,18
Vo triu 9,65 42,92
Rom 36,10 81,75
Lac 17,77 32,86
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3. Két qua va thio luan
3.1. Khao sdt kha nang trao ddi cation ciia vat lieu

Bang 1 cho thdy hi¢u suat hip phu xanh
metylen cua vat licu géc va bién tinh duoc, theo
d6, sau khi bién tinh bang axit photphoric, tat ca
céc vat liéu déu ting kha niang hap phu xanh
metylen khd mang (2-5 lan so vai vat liéu gdc),
chung to goc -H,PO; sau bién tlnh da lam tang
téng s6 goc anion cua vat liéu. Pidu nay du béo
kha ning hip phuy KLN ciia vat lidu sau bién
tinh. Hai vat liéu bién tinh c6 kha ning hap phu
xanh metylen 16n nhét 12 vo chudi (79,44%) va
rom (81,75%) duoc lua chon dé tién hanh thi
nghiém hap phu KLN.

3.2. Anh hudng cia qud trinh bién tinh t6i bé
mat vat liéu

Qua anh chyp SEM cua rom trudc va sau
bién tinh (hinh 1), ta thay vat liéu rom goc c6
nhitng ndt san trén bé mat ciu tric ranh, trong
khi rom bién tinh c6 bé mat dang bd soi, toan
bd 16p vo ngoai da bi pha v& va lam 16 ra sgi
bén trong. Dién tich bé mat vat liéu sau bién
tinh tang.

Hinh 2 cho théy cAu tric bé mat cua vat liéu
vo chubi bién tinh da thay ddi so voi vat lidu
gdc, 16p ngoai cua vét liéu da bi phd v&. Nhu
vy qud trinh bién tinh d 1am thay doi cau tric
bé mat vat liéu, sy thay doi nay 1am ting dién
tich bé mat, qua d6 lam ting kha ning hap phu
thubc nhudm ctia vat ligu.

Hinh 1. Anh chup SEM cua vat liéu rom géc (trai)
va rom bién tinh (phai).

Hinh 2. Anh chyp SEM ciia vt ligu vo chubi gbc
(tréi) vA v6 chubi bién tinh (phai).

3.3. Cdc yéu té6 anh hudng t6i qud trinh hdp
phu Pb va Cu
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Hinh 3. Anh hudng ciia pH t6i hiéu suat hap phu
Pb** va Cu**

Anh hieong ciia pH

Két qua khao st anh huong cua pH dén qua
trinh hap phu cua vat liéu voi nong do ion Pb**
va Cu®* lan luot 1a 333 mg/L va 353 mg/L &
khoang pH tir 1-5 dugc biéu dién trén hinh 3.

Tir hinh 3 ta c6 thé thiy, khi pH ting thi
hiéu suat hip phu ciing tang theo. O pH thip,
hiéu suat hip phu ting khong dang ké, diéu nay
c6 thé duoc giai thich do c6 sy canh tranh cua
ion H* voi céc ionkim loai. pH cang cao thi
hiéu suat hap phu cang tang, trong hau hét cic
trudng hop hiéu suat hip phu khong thay doi tai
pH 16n hon 4 (trir trudng hop vat liéu chudi
bién tinh hip phu Cu®*). Trong nghién ciru pH



P.H. Giang, P.Q. Huy / Tap chi Khoa hoc PHQGHN: Khoa hoc Tur nhién va Cong nghé, Tdp 32, S6 18 (2016) 96-101 99

khdo st dimg lai tai pH bang 5, dwa vao tich s6
tan cia 2 KLN voi OH nhan thay khi pH > 5
hai ion kim loai Pb** va Cu®* bét dau tao két tia
hydroxit, do d6 lya chon pH = 5 1a pH tbi uu
cho céc thi nghiém tiép theo.

Anh huong cia thoi gian hdp phu

Két qua khao sat anh huong ciia pH dén qué
trinh hap phu cta vét liéu voi nong do ion Pb**
va Cu™ lan luot 1a 333 mg/L va 353 mg/L ¢
khoang pH tir 1-5 dugc biéu dién trén hinh 4.
Theo d6 thoi gian t6i wu cho qud trinh hap phu
ctia chi v6i vo chudi bién tinh 1a 180 phiit, cta
dong voi vo chudi bién tinh 14 120 phiit, ctia hai
kim loai v6i rom bién tinh 12 60 phit.
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Hinh 4. Anh hudng ciia thoi gian téi hiéu suat hap
phu Pb** va Cu**.

Bang 2: Thong s6 dong hoc hap phu ding nhiét
Langmuir cta 2 vat liéu bién tinh

Langmuir Cu

g Rz Qmax Rz Qmax
gl%“‘“ 0.9458 121.95 0.9638 53.2
RomBT  0.9975 5556 09118 46.3

Anh hieong ciia nong dé

Khao st kha nang hap phu céc ion kim loai
ciia vat liu ¢ cic ndng do khic nhau (Pb:
10,926 — 382,41mg/l; Cu: 10 — 353,1mg/1).
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Hinh 5. Anh huéng ctia 'n(‘A)ng d6 kim loai ban dau téi
dung lugng hap phu cua vat liu.

Bang 3: Thong s6 dong hoc hap phu dang nhiét
Freundlich cua 2 vat liéu bién tinh

. Pb Cu
Freundlich K, Y Ky Y
Chuoi BT 13.842 0.5728 3.54 0.8743
Rom BT 27.289 0.5841 9.486 0.6901

Két qua thu dugc dp dung vao duong ding
nhiét hip phy Langmuir va Freundlich duoc mo
td bang 2 va 3.

Béng 2 va 3 cho thiy qua trinh hap phu cua
tat ca cdc trudng hop déu c6 sy tuong quan 16n
v6i md hinh duong ding nhiét hap phu
Langmuir ( R* >0,91), d6i v&i phuong trinh hap
phu déng nhiét Freundlich hé s6 twong quan dat
dugc thap cao nhat dbi véi chudi bién tinh dat
0.87. Tir phuong trinh dang nhiét hap phu
Langmuir ta c¢6 thé xdc dinh dugc dung luong
hap phu cua cdc vat lidu, theo d6 chudi BT ¢6
dung lugng hép phu cuc dai cao nhit véi Pb 1a
121.95 mg/g gp hon 2 1an so véi dung luong
hap phu cia Pb vé6i vit lidu bién tinh 1a rom
(55,56 mg/g). Chudi bién tinh ciing c6 kha ning
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hép phu cao l}orn rom voi kirp loai Cu, cu thé
dung Iuvong hap phu cua chudi véi Cu la 53,3
mg/g con cua rom BT 12 46,3 mg/g.

4. Két luan

Nghién ctru da ché tao duge vat liéu bién
tinh tor v6 chudi va rom bang axit H;PO,, anh
chup SEM cua vat liéu cho thdy qud trinh bién
tinh da lam thay ddi cAu trdc cua vat liéu do d6
lam ting tong dién tich b& mat vét liéu nén kha
ning hip phu ting. Khao sit hiéu sut hap phu
cua vat li¢u trudc va sau bién tinh véi xanh
metylen cho két qua céc vat liéu sau bién tinh
déu c6 kha ning hap phu xanh metylen cao hon
so voi vat liu goc, trong d6 vo chudi va rom
sau bién tinh c6 hi¢u suat hap phu cao nhat.
Khdo sit anh huéng cia ndng do ion KLN t6i
qud trinh hip phu ta thdy, qud trinh hdp phu
tuAn theo mo hinh dudng hip phu ding nhiét
Langmuir véi dung lwong hip phu cuc dai
(Qmax) cua cac vat liéu 1a vo chudi BT: 121,95
mg Pb**/g va 53,2 mg Cu*'/g; rom BT: 55,56
mg Pb**/g va 46,3 mg Cu*'/g.
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Removing Heavy Metals in Water by Sorption using
Phosphoric Acid Modified Rice Straw

Pham Hoang Giang, Do Quang Huy

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

Abstract: In recent years, research on the use of agricultural by-products for remove heavy metals
in water has been attracted much attention because of its economics and efficiency. In this study, some
material agricultural by-products were modified by H;PO,. After modified, blue methylene adsorption
capacity of the material increased from 2 to 5 times. Thereby, two modified materials which have
highest adsorption capacity was selected. SEM images showed modified material changed the surface
structure thereby increasing the total surface area of the material leading to increase of the absorption
capacity. The effects of heavy metal ion concentration on the adsorption capacity show this process
consistent with the Langmuir isotherm model with maximum adsorption capacity (Qu..) of the
modified banana peel of 121.95 mg Pb**/g and 53.2 mg Cu**/g; modified straw of 55.56 mg Pb*'/g
and 46.3 mg Cu**/g.

Keysword: Adsorption, wastewater treatment, heavy metals, H;PO,, agricultural by-product.



