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Abstract

Adsorbent was prepared from tea residue by H,SO, activation (TRA), and was applied to remove
2,4-dichlorophenoxyacetic acid (2,4-D) from aqueous solution. The TRA was characterized by scanning electron
microscopy (SEM) technique. The influence of pH (1.5-11), contact time (30-240 min), and the amount of adsorbent
(0.01-0.05 g) on 2,4-D removal efficiency by the TRA were also investigated. The results show that the time to reach
adsorption equilibrium, the optimal pH value for adsorption of 2,4-D and the the amount of adsorbent of TRA are 150
min, 2.5 and 0.05 g, respectively. The maximum monolayer adsorption capacity of TAC is 156.25 mg/g. The as-
prepared TAC therefore acts as a promising adsorbent for the pesticide removal from the polluted water.
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1. MO PAU

Viét Nam la mot nuéc nébng nghiép, trong dé san
Xuat lua nudc van 1a cha yéu, luong hoa chat bao vé
thuc vat duoc sir dung ngay ting. Sir dung thudc trir
sau, diét co giup tang ning suat cdy trong, mang lai
loi ich kinh té cho nguoi dan. Hau hét cac thudc trir
sau nay 1a nhitng hop chat hiru co bén viing khong bi
phan huy trong méi truong theo thoi gian, tham chi
khi di chuyen tr ving nay dén vung khac, c6 thé rat
Xa véi nguon XUAt phat ban dau van khong bi bién
dbi. Thudc trir sdu con co hai cho cudc sbng vi doc
tinh, gdy ung thu va dot bién gen cua né. Anh huong
c6 hai cua thudc trir sdu ddi véi stic khoe con ngudi
va méi truong da dan dén viéc ap dung phap luat
nghiém ngat ve udng chat lugng nudc & nhiéu quéc
gia.. . Péxuly loai thuéc trir sau, thude diét co, co
thé sir dung mot s6 phuong phap sau: quang hoa, oxi
hoa, hiéu khi, ozon héa, hap phu.... Trong d6 hip
phu Ia mét trong nhitng phuong phap ¢6 nhiéu uu
diém so Véi cac phuong phap vi cac vat liu sir dung
lam chét hip phu twong dbi phong phu, d& diéu ché,
khong dit tién, than thién véi méi truong [1-8]. Cac
nghién ctru vé chat hap phu ré tién, hiéu qua duoc
ché tao tir vat liéu ty nhién hozc vat liéu phé thai
trong cac hoat dong cdng nghi¢p va ndng nghi¢p
hién 1a van d¢ thu hit duoc sy quan tAm cua rat

nhiéu cac nha khoa hoc trong va ngoai nudc. Bai bao
nay trinh bay két qua nghién ciu sy hip phu thudc
diét co 2,4-D trong mdi truong nudc cua vat liéu hap
phu ché tao tir b che.

2. THUC NGHIEM
2.1. Ché tao vit li¢u hip phu tir ba ché

Ba cheé duoc rira sach dung nude cAt dun soi dé
loai bo tat ca cac hat bui ban. Vat liéu thu duge sau do
duoc phan mg voi véi axit H,SO, nong do 98 % (ty
1¢ khoi luong ba ché:thé tich H,SO,= 1:1,5), duy tri
nhiét do 90 °C trong 4 gio. Hon hop sau phan ng
duoc 1am ngudi dén nhiét do phong va dugc loc qua
phin loc, rira sach nhiéu 1an v6i nude cat, trung hoa
bang dung dich natribicarbonate 1 % dé loai bo axit
du. Sau do tiép tuc dugc rira sach nhiéu lan voi nude
cét, 1am kho tai 120 °C trong 24 gio bang ti siy. Vat
lidu thu duoc c6 mau den mang ra nghién nho trong
¢bi mi nido, riy dén kich thudc khoang 180-300 pum
va bao quan trong binh hut 4m [5]. VAt lidu nay duoc
ki hiéu la TRA. Hinh thai hoc ciia TRA dugc khao sat
sir dung kinh hién vi dién tr quét Hitachi SU 8000
hoat dong tai dién thé tai 15 kV. Tt ca cac phép do
trén duoc tién hanh tai Khoa Khoa hoc va Ki thuat
Vit liéu, Pai hoc Giao thdng Qubc gia Pai Loan.
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2.2. Nghién ciru hip phu 2,4-D ciia TRA bing
phwong phap hap phu mé

2.2.1. Khao sat anh huong cua pH

Can khoang 0,05 gam TRA 1di cho vao binh
eclen dung tich 100ml, cho thém vao binh 25 mL
dung dich 2,4-D (Sigma-Aldrich, 97 %) nong d6 100
mg/L, diéu chinh pH trong khoang tir 1,5 dén 11, lic
déu trong thoi gian 150 phut ¢ nhiét d6 phong
(~ 25 °C) véi toe do 200 vong/phut.

2.2.2. Khdo sat anh huong cia thoi gian

Can 8 mau véi khdi lugng cho 1 miu 1a 0.05
gam TRA cho vao 8 binh eclendung tich 100 ml, sau
d6 cho vao binh 25 ml 2,4-D ndng d6 xéc dinh, diéu
chinh pH dén gia tri 2,5, lac trong cac khoang thoi
gian tir 30 dén 300 phut trén may lic ¢ nhiét do
phong (~25 °C) véi toc d6 200 vong/phiit.

2.2.3. Khdo sdt anh hwéng ciia khoi heong TRA

Can TRA vao mdi eclen c6 dung tich 100 ml véi
khéi lwong 1an luot 13: 0,01 d&én 0,3 g. Cho tiép vao
mdi eclen 25 mL dung dich 2,4-D c6 nong
d6103,605 mg/L (di duoc xac dinh chinh x4c ndng
d6). Piéu chinh gia tri pH bang 2.5; lic déu trong
thoi gian 150 phut & nhiét d6 phong (~25 °C) vdi tde
do 200 vong/phut.

2.2.4. Khdo sat anh huong cua nhiét do

Chuén bi cac eclen c6 dung tich 100 mL, mdi binh
chtra 0,1 g TRAva 25 mL dung dich 2,4-D ¢ ndng
d6 98,369 mg/L (di dugc xac dinh chinh xic ndng
d6). Dung dung dich NaOH 0,1 M va HCI 0,1 M dé
diéu chinh pH ciia dung dich dén gia tri pH bang 2,5.
Tién hanh gia nhiét cho cic dung dich trén may
khudy tlr gia nhiét voi thoi gian 1a 120 phut, toc do
200 vong/phit & cac gia tri nhiét d6 twong tng 1a 23,
30, 40, 50 °C (+1 °C).

Nong do trudc va sau khi hip phu cia 2,4-D
trong dung dich duoc xac dinh bang phwong phap do
quang.

- Dung lugng hip phu tinh theo cong thirc:
(Co—C )V

m

Trong d6: V 1a thé tich dung dich (1). m 1a khoi
lwong chat hip phu (g), Co 1a ndng d6 dung dich ban
dau (mg/l), Ce 1a nong d6 dung dich khi dat can
bang hap phu (mg/l), q 1a dung lugng hap phu tai
thoi diém can bang (mg/g).

- Dung lugng hip phu cuc dai dugc xac dinh theo
phuong trinh hap phu Langmuir dang tuyén tinh:

Dang Van Thanh va cong sy

1 1
—<b — .C,, +

q qmax qmax ’b

Trong do: qmax 1a dung luong hap phu cyc dai
(mg/g), b 12 hiang s6 Langmuir.

3. KET QUA VA THAO LUAN
3.1. Két qua khao sat dic diém bé mit cia VLHP

Két qua chup SEM cua bi ché va TRA duoc trinh
bay trong hinh 1 va 2. C6 thé nhan thiy, bé mit cua
TRA khac biét rd rét so véi bd ché ban dau do su
xudt hién cac cu trac xop va 16p. Két qua nay
chimg t6 TRA c6 kha nang lam vat liéu hap phu.

SEI 150kV  X10,000 1um

°U8000 10.0kV 12.7mm x10.0k SE(U) ' ]

Hinh 2: Hinh thai hoc bé mat cia TRA

3.2. Khdo sat anh huéng ctiia pH

Qua trinh hap phu bi anh huéng rit nhiéu boi pH
cia moi truong. Sy thay d6i pH cua moi truong dan
dén sy thay doi vé ban chit cta chit bi hap phu, cac
nhom chirc bé mit, thé oxi hoa khur, dang ton tai cla
hop chéat d6. Vi vay, pH luon 1a yéu té dau tién va
quan trong anh hudng toi tit ca cac qua trinh xur ly
moi truong nudc hién nay. Viéc xac dinh dugc
khoang pH nhat dinh cho mét qua trinh nao do dé
dat hi€u qua cao nhét 1a khong thé thiéu duge. Hinh
3 cho thdy, khi gia tri pH ting thi hiéu suat hap phu
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2,4-D cua TRA giam dan. Didu nay duoc giai thich
nhu sau: 2,4-D 13 axit yéu véi pKa nim trong
khoang 2,6-3,0 [8], tai cac gia tri pH 16n hon cac giad
tri pKa, thudc diét c6 2,4-D ton tai chu yéu 0 dang
anion hay khi gia tri pH tang 1én, mac d phan ly
cia phén tir 2,4-D tang 1én. Do d6 lam giam hiéu
sudt hap phu cua TRA. Ngoai ra, tai cac gia tri pH
16n bé mat TRA s& phai tich dién tich 4m va 2,4-D
tdn tai & dang anion, do do xuét hién luc déy tinh
dién giita bé mat TRA va 2,4-D ¢ dang anion. Vi
vay chung t6i chon gia tri pH = 2,5 st dung cho cac
thi nghiém tiép theo.

H (%)

85
80
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70
65 ——H (%)
60
55
50
3
%0 . . ; ; . . . . pH
228 35 413 539 666 736 88 981 1092

Hinh 3: B4 thi biéu dién sy phy thugc cua higu suat
hap phu 2,4-D cua TRA vao pH

3.3. Khio sat thoi gian dat cAn bang héap phu

Két qua khao sat anh huong cua pH dén kha
nang hap phu 2,4-D duogc chi ra ¢ hinh 4.

© ——C0=52,014
% < (mg/l)
80 —&— Co0= 76,258

(ma/l)
70 —&—C0=105,77
- 5 (mg/l)
50 t (phat)
20 120 220 320

Hinh 4: D4 thi biéu dién su phuy thugc cua higu
suat hap phu 2,4-D cua TRA vao thoi gian

Tt hinh 4 cho thy, cac duong db thi biéu dién
su phu thudc caa hiéu suat hip phu 2,4-D vao thoi
gian khi khao sat & nhiing néng do khac nhau déu
cho dang diéu dd thi nhu nhau. Cu thé 1a: trong
khoang thoi tir 30-240 phut, hiéu suat hip phu ting
tuong d6i nhanh tir 30-150 phlt va ting theo quy
luat gan nhu tuyén tinh va dan 6n dinh trong khoang
thoi gian 150-300 phat. Do vay, thoi gian dat cén
bang hap phu Ia 150 phdt. Két qua nay duoc st dung
cho cac thi nghiém tiép theo.

Ché tao chat hap phu tir ba ché...
3.4. Khao sét anh huong ciia khoi lugng TRA

Hinh 5 1a d thi biéu dién anh huong cua khoi
luvong TRA dén hiéu suat hip phu 2,4-D.

Tt hinh 5 nhan thy, khi tang khoi luong TRA
hiéu sudt hap phu 2,4-D ting, dung lugng hép phu
giam trong khoang khi lugng vt ligu hap phu duoc
khao sat (0,01-0,3 g). Diéu nay co thé li giai do sy
tang 1én cua sb vi tri cac tam hép phu. Nguoc lai
lugng 2,4-D da bi hép phu trén mot don vi trong
luong cua TRA giam do ting khdi lwong ciia TRA.
Tuy nhién ddi véi 2,4-D trong khoang khdi luwong
TRA ting tir 0,01-0,05 g, hiéu suat hap phu ting
nhiéu (tir 41,61 % dén 85,96 %), con khi khéi luong
TRA ting tir 0,05-0,3 g thi hiéu suit hip phu ting
khong dang ké. Do d6, chung toi Iya chon khdi
lwong TRA bing 0,05 g cho cac nghién ciru tiép theo
dbi voi 2,4-D.
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Hinh 5: Do thj biéu dién anh huong
cua khoi lugng TRA deén hi€u suat hap phu 2,4-D

3.5. Khao sat anh huéng ciia nhiét do

Két qua duoc chi ra ¢ hinh 6 cho thiy, khi ting
nhiét do thi ca hiéu suat hip phu va dung lwong hip
phu déu giam. Piéu nay ching té su hip phu 2,4-D,
cua TRA la qud trinh téa nhiét. Vi vay, khi ting nhiét
do, can bang hap phu chuyén dich theo chiéu nghich
tire 1am tang nong do chat bi hap phu trong dung dich
va dan dén lam giam hiéu suit va dung luong hap phu
ctia qué trinh hap phu. Diéu nay ciing cho thdy sy hip
phu 2,4-D trén TRA I hap phu vat ly [8].

2% 30 313 k74] T(K)

Hinh 6: D thi biéu dién su phu thudc higu suat
hap phu vao nhiét do
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3.6. Khio sat dung lugng hip phu theo md hinh
hap phu dang nhiét Langmuir

Ching t6i tién hanh khao sat can bang hap phu
theo md hinh dang nhiét hap phu Langmuir. Ket qua
dugc thé hién trong céc hinh 7.

Ccblg
45 ¥=0,0064% ¥ 0,2578

4 R? = 0,999

Celb (mg/L

0 100 200 300 400 500 600 700

Hinh 7: Su phu thudc Cep/qvao Cey, ctia 2,4-D

Tir do thi biéu dién sy phu thudc cua Ce/q (g/l)
vao Cg, (mg/l) ddi véi 2,4-D tinh duoc céc gia tri
dung luong hap phu cuc dai Omex VA hiang sb
Langmuir b nhu sau:

Bdng 1: Dung luong hap phu cuc dai va hing s6
Langmuir

Dung lugng hap phu cuc dai Qmex (Mg/g) | 156,25

Hang s6 Langmuir b 0,0248

Tir cac két qua thuc nghiém cho thiy hé sb hoi
quy tuyén tinh R* > 0,99 cho thy qua trinh hap phu
2,4-D tuin theo mé hinh ding nhiét hdp phu
Langmuir, hap phu xay ra trén bé mat TRA 1a hap
phu don 1op.

3.7. Khio sat qua trinh hap phu theo md hinh
hap phu dang nhiét Freundlich

Két qua dugc trinh bay ¢ hinh 8.

Chart Title
lgq

25 y="0,3735x +1,1982

2 _
) R-omum +
15

M ¢ lgg
1 — Linear (Igq)

0,5

lgCe/b

Hinh 8: D thi bicu dién sy phu thudc lgq vao 1gCe,
do61 véi su hap phu 2,4-D

Dang Van Thanh va cong sy

Tu dd thi sy phu thudc cua lgq vao 1gCqp dbi voi
su hap phu 2.4-D cia TRA xéc dinh dugc cac hang
s0 cua phuong trinh Freundlich (bang 2).

Bdng 2: Cac hang sb ctia phuong trinh Freundlich

k n
15,495 2,677

Mb hinh dang nhiét hap phu Freundlich mé ta
tuong ddi chinh xéac su hép phu 2,4-D cia TRA.
Piéu nay thé hién qua hé so twong quan R® ciia
duong dang nhiét hap phu 2,4-D la 0,9436. Tuy
nhién mé hinh ding nhiét hap phu Langmuir mo
ta thich hop hon qua trinh hap phu 2,4-D cia
TRA so v6i mé hinh ding nhiét hip phu
Freundlich. M6 hinh ding nhiét hap phu
Langmuir thuong duoc ap dung cho qua trinh hap
phu don 16p, tat ca cac tm hap phu déu & trang
thai ddng nhat, mdi phan tir chi hap phu trén mot
tam xac dinh va cac phan tu bi hép phu doc 14p
khong tuong tac véi nhau.

4. KET LUAN

- P budc dau ché tao thanh cong vit liéu hép
phu tir bi ché bién tinh H,SO,.

- Khao sat duoc mot s6 yéu té anh huong dén
kha nang hap phu 2,4-D cta TRA theo phuong phap
hap phu m& cho két qua:

+ Thoi gian dat cin bang hdp phu 1a 150 pht.

+ pH hap phuy tot nhat ddi véi 2,4-D 13 2,5.

+ Luong vat liéu t6i uu cho su hip phu 2,4-D 1a
0,054g.

+ Khi tang nhiét do tir 23-50 °C thi hiéu suat hap
phu 2,4-D giam.

- Xac dinh duoc dung luong hip phu cuc dai
d6i voi 2,4-D 12 Qrmax = 156,25 mg/g.

- Tir két qua tinh toan theo md hinh hap phu
dang nhiét Langmuir, Freundlich, cho phép két luan
qua trinh hip phu 2,4-D 1 qu4 trinh toa nhiét. Sy hap
phu 2,4-D trén TRA la hdp phu vat 1y xay ra don 16p.

Viéc sir dung TRA dé hip phu 2,4-D cho két qua
tdt. Cac két qua thu dugc s& 1a co sé cho dinh hudng
nghién ctru nhim tng dung TRA trong viéc xir 1y
ngudn nude bi 6 nhidm.
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