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SUMMARY

ADSORPTION ON A FIXED - BED COLUMN OF Cr(VI) FROM AQUEOUS
SOLUTION ON KOH- MODIFIED REJECTED TEA

Abstract: The KOH - modified rejected tea (KRT) was used as a adsorbent to remove
efficiently Cr(VI) from aqueous solution in fixed-bed column. Scanning electron microscopy
(SEM) images of KRT reveal a highly porous surface structure. Experiments were performed
as a function of initial feed of Cr(VI) concentration, particle size, the amount of adsorbent. At
the time of C = 0,001C, and C = 0,05C,, the maximum bed capacities is 1472.69 mg/L (7.36
mg /g), downtime is 0.6526 h and 3917.86 mg/L (19.56mg/g), downtime is 0.6445h;
respectively. KRT also was used as a adsorbent to remove efficiently Cr(VI) from waste water
of Minh Khai Lock Company (WWMK). This study indicated that the KRT can be used as an
effective and environmentally friendly adsorbent for the treatment of Cr(VI) ions in aqueous
solutions.

Keywords: Adsorption, tea waste, fixed- bed column,; heavy metals;, KOH- modified rejected tea.

1. MO PAU

Crom c6 dac tinh 1y hoc bén & nhiét do cao,
khé oxi hod, cing va tao mau tt... nén
thuong dugc sir dung rong rai trong cac
nganh san Xuét pin, ma dién, san xuét dét
nhudm. X 1y nudc thai c6 chira Cr(VI) tur
cac qua trinh san xut 1a vin d& cip thiét.
Nhin chung, dé xt 1y, tach loai kim loai

nang néi chung va Cr(VI) trong nudc thai
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ndi riéng, cac phuong phap sau hay dugce sur
dung: phwong phap két tia, phuong phap
trao d6i ion, phwong phap hip phu... Gan
day, st dung cac vat lidu tai ché tr phu
phim ndéng nghiép hodc cac chat thai tai
ché c6 kha niang hip phu di va dang duoc
st dung nhiu cho cac xur 1y hap phu kim
loai nang trong nudc[2-8]. Theo hudng nay,

sir dung ba cheé tai ché 1am vat liéu hap phu



c6 hiéu qua va kha thi do nguc“m vat liéu
hip phu da dang, phong phu, ché tao don
gian. Bai bao nay trinh bay két qua nghién
ctru sy hdp phu dong cua Cr(VI), trong mdi
truong nude sit dung vat lidu hip phu ba
ché bién tinh KOH.
2. THUC NGHIEM
2.1. Héa chat
KOH, K,Cr,0, NH; 25%, H;PO, 85%, Br;
bao hoa, H,SO,, 1,5 - diphenylcarbazide,
nude cit hai 1an. TAt ca hoa chit déu c6 do
tinh khiét PA.
2.2. Phwong phap nghién ciru thuc
nghiém
2.2.1. Ché tao vat liéu hip phu ba che
bién tinh kiém (VLHP)
Ba ché sau khi thu thap tir cac hd gia dinh,
cac quan nudc duge rira sach voi nudc may
va nude cAt nhidu 1an dé loai bo tit ca cac
céc hat bui ban, sau d6 dugc dun sdi nhiéu
lan dé loai bo cafein, tanin. Tiép tuc rira
sach bang nudc cit dén khi nudce rira khong
c6 mau. Sau d6 ngdm trong KOH 0,5M 0,5
gio, dé thay phan protein, tiép theo 1a rira
sach bang nudc cit dén méi trudong trung
tinh va sdy kho 12 gio ¢ 95° C. Sau dé vat
liéu duoc nghién, ray dén kich thude
khoang 200 - 450um va bao quan trong
binh hat 4m [7]. Vat liéu nay (ki hiéu la
VLHP) duoc sir dung cho cac phép khao
sat dic diém bé mat, tinh chat vat 1y va
nghién ctru sy hip phu Cr(VI) dong trén
cOt.
2.2.2. Khio sat tinh chat vat 1y, dic diém
bé mit ciia VLHP

Hinh thai hoc cia VLHP duoc khao sat
trén kinh hién vi dién tor quét JEOL JSM-
6500F tai dién thé tai 15 kV. Phép do trén
duogc thuc luan tai khoa Khoa hoc va Ki

thuat Vat li¢u, Pai hoc Giao thong Quéc
gia Dai Loan. Cac nhom chirc bé mit cua
VLHP duoc phan tich thong qua phd hdng
ngoai IR trén may Impact - 410 (Germany).
Vién Hoa hoc - Vién Han lam Khoa hoc va
Cong nghé Viét Nam.

2.2.3. Nghién ciru hip phu Cr(VI) cia
VLHP b%mg phwong phap hz"lp phu dong
trén cot

Dic trung cho qué trinh hip phu dong trén
cdt la duong cong thoat. Puong cong nay
thu dugc tur thuc nghiém. Cho dong chat bi
hép phu chay qua cot vat lidu c6 kich thude
va luu lwong biét trude cho dén khi 16p chét
hip phu bi bdo hoa. Nong d6 cua chit hap
phu ban dau 1a C,, sau khi qua cdt, giam
xudng ndng d6 co gia tri nhé hon C,. Ban
dau, khi chat hép phu van con méi, n(“)ng do
chit bi hip phu ra khoi cot thip hon murc
ndéng do C,. Nhung sau mot thdi gian vén
hanh, thi chit hip phu dat bio hoa, khi d6
ndng d6 chit bi hip phu ¢ dau ra ting 1én
dén mot gia tri C, nao do, goi do diém udn.
Chiéu cao x cua 16p chdt hip phu tai do
ndng do cua chat bi hdp phu giam tir C,
dén 0 trén dudng cong duoc goi 1a tAng trao
dbi chét. Khi 16p trén cung da bio hoa, chat
bi hip phuy, tAng trao dbi chat s& di chuyén
xudng phia du6i cho dén khi diém ubn xay
ra. Diém ubn xay ra khi ndng d6 chit bi hap
phu trong nudc ria dat 5% gia tri ciia ndng
d6 dau vao, qua trinh dat bao hoa. Hép phu
trong cot nhim muc dich loai bo mot tap
chit nao d6 trong nudc, ndng do tap chat
trong nudc dau ra phai bang 0 hodc bing
mot gia tri C, nao d6. Trén muc C, qua
trinh hap phu phai dirng lai dé chuyén sang
cot méi. DO 16n cua ting chuyén khéi tng

véi sy suy giam nong d6 tir Cy xudng Cy,
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khong c6 gia tri sit dung nén dugc goi la
ting chét. Thoi gian tir diu qua trinh dén
thoi diém ndng do dau ra ting 16n Cy, 14 thoi
gian bao vé t [1].

Shilov [1] da chi ra rang thoi gian bao vé
t va chidu day Z cua 16p vat liéu tuan theo
phuong trinh:

t=kx- to (1.1)

Trong do:
t: thoi gian bao vé, ing voi thoi diém ndng
do diu ra tang 1én Cyy.
t, : thoi gian chét, ing v6i d6 dai ting chét.
k: hé sb bao vé&, phu thudc vao kha ning
héap phu, ndng dd ban diu va téc d6 dong
chay.
Theo Bohart va Adams [1] quan hé tuyén
tinh gifra chiéu cao cOt vat liéu Z va thoi
gian bao vé t, lién hé v4i nhau baoi phuong
trinh:

=Nz 1 1n(5—1) (1.2)
C,F KC, C,
Phuong trinh trén c6 dang:
t=aZ-b (1.3)
N,
a=—>2 (1.4)
CF
1 C
b=——1In(—2-1) (1.5)
KC, C,
Trong do:
Co: ndng d6 ban dau cua chit bi hip phu
(mg/L).
Cy: n6ng dd cta chat bi hép phu tai diém
udn (mg/L).
K: hing sb tbc d6 st dung chat hip phu
(m’/g).

No: dung tich hap phu trén cot (mg/L).
Z: chidu cao cot vat liéu (m).
F: van téc chay tuyén tinh (m®*/m%/h).

t: thoi gian bao vé (h).
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b: thoi gian chét (h).

Khi tinh toan thap hap phu cho mdt dong
thai méi voi luu lwong va ndng d6 cho
trudc, phuong trinh (1.3), (1.4) va (1.5) cho
phép ngoai suy cac hing sé méi cho thap

hép phu.

Khi biét lvu luong F', ta c6 4 =£..a
F

(1.6)

Trong do:

F: luu lugng dong vao khi thuc nghiém.
F ': luu lwong cua dong chay thuc té.

a: hang sb thuc nghiém.

a": hing sb ngoai suy.

Khi biét n6ng do C,', tinh duoc

=Sy (1.7)
CO
p = pCo (G- (1.8)
C, In(C,-1)
Trong do:

Co: n6ng d6 dau vao khi thuc nghiém.

Co': ndng d6 dau vao cia dong chay moi.

b: hing s tir thuc nghiém.

b’ hing sb ngoai suy.

Dung cu thi nghiém nghién ctru su hap phu
Cr(VI) cia VLHP trén c6t 1a cot bang thay
tinh cao 35cm, duong kinh trong 1,2 cm;
van didu chinh lwu luong va binh chira
dung tich 16n. Kich thuéc VLHP trong cot
hip phu c6 ¢ hat 200 - 450 pm. Khoéi
lwugng VLHP lan luwgt 1a 1g; 1,5g va 2g,
turong tng véi cac chiéu cao cot (Z) duoc
trinh bay trong bang 1. Dung dich Cr(VI)
ndng d6 50mg/L pha tir dung dich gbc, diéu
chinh pH = 1,0. Thiét 1ap dé hé chay lién
tuc, véi luu lugng 2mL/phut cho dén khi
ndéng do Cr(VI) trong nudc diu ra bing
0,05mg/L  theo yéu ciu QCVN
24:2009/BTNMT (C=0,001C,) va bang 5%



nude thai dau vao (C/C,=0,05), d6 1a diém
uén.

Thé tich tang chat rin V duoc tinh biang
tich chiéu cao cua 16p vat liéu do dugc voi
tiét dién cot hodc biang ty sb giita khdi
lwong va khdi lugng riéng cia VLHP. Mbi
thé tich dung dich chay qua cot c6 thé tich
bang thé tich luong vat liéu 1a két thiic mot
giai doan xir 1y va dugc dem di do ndng do
Cr(VI).

V& do thi dudng cong thoat tir cic gid tri
ndng d6 Cr(VI) sau khi xir Iy ung voi thoi
gian bao vé t cia mdi cot. Ung véi cac thoi
diém C = 0,05mg/L va C = 2,5mg/L, v& dd
thi t-Z thé hién mbi quan hé tuyén tinh giira
su thay ddi chiéu cao tﬁng vat liéu Z va su
thay ddi thoi gian bao vé t. Hé sb goc va
tung d6 gdc ctia duong thing t-Z 1 tham s
dé xé4c dinh hé s bao vé (a), dung tich hép
phu (No), dung lugng hip phu (N'o), thoi
gian chét cua cot (b). Nong do trude va sau
khi hip phu cua ion Cr(VI) cia VLHP
trong dung dich dwoc xac dinh bing
phuong phap do quang.

Sau khi tinh todn mé hinh dua trén sd liéu
thi nghiém tir mau pha, tién hanh khao sat
trén miu nudc thai ldy tr nha may Khéa
Viét Tiép - Ha Noi dé kiém tra mirc do phu
hop va kha nang ap dung ciia mo hinh so
v6i 1y thuyét.

3. KET QUA VA THAO LUAN

3.1. Két qua khio sat dic diém bé mit,
tinh chit vat Iy ciia VLHP

Hinh 1 va 2 1a két qua chup SEM cia b ché
va VLHP. Tir hinh 1 va 2 nhan thiy ring, ba
ché sau khi dugc hoat hoa bﬁng KOH da c6
hinh thai hoc bé mit thay dbi rd rét so véi khi
chua hoat héa. Cu thé, trudce khi hoat hoa, ba

ch€ c6 cau tric chita cdc mao quan voi kich

thude rat 16n, ¢& micron. Sau khi dugc hoat
hda, caic mao quan 16n nay bi méat di mot
phan di cung su phat trién mao quan dang
16p, tao nén cac nhiéu khoang trong bé mit
trén bé mat hon dan dén tiém ning lam chit
hip phu t6t hon [6,8].

Hinh 1: Hinh thai hoc bé mat

cua ba che

150KV X2,000 10zm WD 11.6mm
Hinh 2: Hinh thai hoc bé mat
cua VLHP

Date: Mon Sep 20 06.44:17 2014 M4 KB
Scans: 32

Resolution 4000

Hinh 3: Phé hong ngoaqi ciia bd ché
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..............

Hinh 4: Phé hong ngoai ciia VLHP
Hinh 3.4 14 sy thay ddi cac nhém chirc trén bé
mat cua cac vat liéu duoc kiém tra thong qua
chup phd hdng ngoai ciia bi ché chwra bién tinh
va sau khi bién tinh bing KOH. Trudc khi
hoat hoa, bd ché chua bién tinh KOH (hinh 3)
xuat hién cac dinh phd rong & 3423,28cm’, dai
dién cho nhém
-OH; 2924,87cm’ lién hé véi su hép thu cua
nhém C-H no. Dinh pho tai tin sb 1736,29cm’
' duwoc cho 1a cua nhém cacbonyl C=0O
(cacboxylic). Dai hp thu c6 tan sé tir 1671,60
va 1629,16cm’” twong Gmg voi su hdp thu coa
nhém C=0 kéo dai lién hop v6i NH,. Pinh &
1544,29cm™ twong tmg v&i nhém amin bac
hai. Su hip thy ctiia nhém CH; dbi xing duoc
chi ra tai dinh phé 1456,38; 1335,13cm’’. Cac
dinh phé xung quanh 1236,13;1036,03 cm™ ¢6
thé gan cho su hp thu ciia nhém SO;va C-O
[6, 8]. Khi so sanh phd hong ngoai bd ché
trudc va sau khi bién tinh bang KOH & hinh 3

va 4 cho thdy mot s6 dinh phd da bj bién mat
va xuét hién trén bé mat VLHP sau khi bién
tinh, cu thé cac dinh phé xudt hién trén bé mat
VLHP sau khi bién tinh dugc phat hién tai cac
tan s6 2859,35; 1152,75; 822,84 em™ va bién
mét trén bé mat VLHP sau khi bién tinh KOH
duoc phat hién tai cic tAn s6 2930,18;
1671,64; 798,09cm™. Nhimng thay ddi nay cho
thiy da bién tinh thanh céng bi ché bang KOH
va cic nhom chic bé mit cacboxylate,
phenolic, nhém hydroxyl va oxyl thom trén bé
mit VLHP van chiém wu thé [8].

3.2. Khido sat cic yéu t6 dnh hwéng toi
kha ning hip phu ciaa ion Cr(VI) cia
VLHP

3.2.1. Thi nghiém voi dung dich Cr(\VI) tw
pha

Két qua dat sau khi tién hanh thuc nghiém
trén 3 cot hcfp phu voi chiéu cao vat lieu
khdc nhau, véi cing nong @6 Cr(VI) ban
dau Cy=52,25mg/L, duoc diéu chinh dén
gid tri pH = 1,0; toc dé chay tuyén tinh
F=1,0616 m’/m’/h (lweu lwong Q=2 mil/phiit,
dwong kinh cot 1,2cm) duoc trinh bay trén
céc hinh 5 dén 8.
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Hinh 5: Puong cong thodt véi chiéu cao cot
VLHP Z = 44 mm; Cy= 52,25mg/L; pH =
1,0; F = 1,0616 m’/m’/h;
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Hinh 6: Puong cong thodt véi chiéu cao cot
VLHP Z = 70,5 mm; Cy= 52,25mg/L;
pH=1,0; F= 10616 m’/m’/h;



thé tich VLHP = 5 mL

thé tich VLHP = 8 mL
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Hinh 7: Puong cong thodt voi chiéu cao cot
VLHP Z = 105 mm; Cy=52,25mg/L. pH = 1,0;
F = 1,0616 m’/m’/h; thé tich VLHP = 12 mL

Kiém tra tai hai gi4 trj ndng do dong ra
C/Cy = 0,05 (theo 1y thuyét) va C/ C, =
0,001 (theo yéu ciu cia QCVN
24:2009/BTNMT. Nudc thai cong nghiép,
cot A, ndng do gidéi han cho phép cua
Cr(VID) = 0,05mg/L). Tinh toan, thu dugc
két qua thuc nghiém & bang 1.

Hinh 8 cho thdy chiéu cao cot cang ting,
thoi gian tiép xuc tng rdng t, cang 16n thi
hiéu qua xr Iy ion Cr(VI) cang cao va thoi

7 - *C/CO=
g% 1 = WC/CO=
21 y=70.63x - 0.64
4 R2=0.999
3]
23 y #6.55% - 0.65
13 R2=0.975
03
T T 1 Z (l

Hinh 8: D6 thi biéu dién t = f(Z) tai C/Cy=
0,001 va 0,05; Cy = 52,25 mg/L,
pH=1,0, F=1,0616 m’/m’/h

diém xuét hién diém udn cang lau. Néi cach
khac, tai cung mot thoi diém, n6ng do chét
thai trong dong ra ty 1& nghich véi chiéu
Tu cong thac: (1.4); (1.5) tinh
duoc Ny, N va K. Két qua duogc thé hién &

cao cot.

bang 2. Trong d6: Ny 1a dung luong hép
phu trén cot (mg/g).

Bdng 1. Két qua thuc nghiém

Khéi lugng VLHP, m(g) 1 1,5 2
Chiéu cao cot, Z(m) 0,044 0,0705 0,105
Thé tich VLHP, (ml) 5 8 12

Nong do Cr(VI)
dong vao, Co (mg/L) 52,25 52,25 52,25
Tbc d6 chay tuyén tinh,
F(m’/m?/h) 1,0616 1,0616 1,0616
C/Cy= 0,001
Thé tich nude dugce xi 1y tai
diém uén, V (L) 0,072 0,128 0,264
Thoi gian bao v¢, t(h) 0,6 1,07 2,2
C/Cy=0,05
Thé tich nude dugce xir 1y tai
diém uén, V (L) 0,3 0,512 0,816
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Thoi gian bao v¢, t(h) 2,5 4,27 6,8
Bang 2: Cac hang so hap phu dong
C/C, ¢ e b(h) No No) K R?
(mg/l) | (Wm) (mg/L) (mg/g) | (L/mg.h)
0,001 0,05 26,55 0,652 1472,69 7,36 0,204 0.975
0,05 2,5 70,63 0,644 3917,86 19,56 0,089 0,999

Tu bang 2 cho thay ty so C/Cy cang tang,
hé s bao vé a va thoi gian chét b cang 16n.
Tai thoi diém C = 0,1%C, thi dung tich héap
phu 14 1472,69mg/L, dung lwong hip phu 1a
7,36 mg/g, thoi gian chét 1a 0,652h. Tai
thoi diém C = 5% C, thi dung tich hip phu
1a 391786 mg/L, dung lwong hip phu
19,56mg/g, thoi gian chét 1a 0,644h.

Dua trén cac gia tri ndy cho phép ta tinh
toan udc luong cac mod hinh thap hip phu
khi ap dung vao thuc té dua trén n6ng do
Cr(VI) trong dong chit thai va luu luong
thai ma khong phai tién hanh thém qua
trinh thuc nghiém.

3.2.2. Xtr Iy nudc thai nha may Khoa Viét
Tiép- Ha Noi

Nuoc thai Nha may Khoa Viét Tiép - Ha
Néi ¢6 nong dé Cr(VI) ban dau C,=
64,575mg/L, duoc diéu chinh dén gid tri
pH = 1,0 (gid tri pH t6i wu cho qud trinh
hap phu Cr(VI). Sau dé, thiét lap hé lién tuc
v6i F=1,0616 m’/m’/h (O = 4,5 mL/phit);
Cy'= 64,575 mg/L; khoi lwong VLHP = Ig
twong ung Z = 0,045 m. Vi luu lwong ban
dau thay doi so véi luu heong khi thuc

nghiém (Cy = 50mg/L) nén dap dung cong
thire chuyén d@oi (1.7) va (1.8), dwa trén ty
s6 Cy/Cy xdc dinh hé s6 bao vé a’ va thoi
gian chét b’. Thoi gian bdo vé thuc nghiém
tinh theo

duoc trinh:

' =aZ+b

Trong do, a’, b’ 1a cac hang s6 ngoai suy tir

phuong

md hinh c6t hip phu, t’ 14 thoi gian bao vé Iy
thuyét, t* la thoi gian bao vé theo thuc
nghi¢m.

Két qua duogc thé hién qua dd thi hinh 9 va

bang 3:
0.2 -
(=]
<
015 4 ©
0.1 A
0.05 -
0 . . |
0 100 200 300 400
Thé tich nwéc duge xir ly, V (mL)

Hinh 9: Két qua xir Iy mede thai ma Cr(VI),
Cy=64575mg/L; pH =1,0; Z=0,045m;
khéi lwong VLHP = 1g; thé tich VLHP =
SmL

Bang 3 : So sanh thoi gian bao vé theo tinh toan va theo thuc nghiém

trén mau nuéc thai ma Cr(VI)

Co C’ a b a’ b’ z t t*
C’/C% Co/C’

(mg/L) | (mg/L) (h/m) | (h) | (Wm) | (h) | (m) | (h) (h)
0,001 | 52,25 | 64,575 | 0,809 | 26,55 | 0,652 | 21,48 | 0,557 | 0,045 | 0,41 | 0,42
0,05 | 52,25 | 64,575 | 0,809 | 70,63 | 0,644 | 57,14 | 0,55 | 0,045 | 2,02 | 2,00
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Tir bang 3 cho thiy gia tri t* gin dung véi
t*. Vi vy hoan toan c6 thé ap dung cac gia
tri héng s6 dat duogc tir md hinh vao viée
tinh toan cac thap hip phu xir Iy nuée thai
ma crom.
4. KET LUAN
- DBi ché tao thanh cong VLHP ba ché bién
tinh bing KOH.
- P3 xac dinh duoc dic diém bé mat, mot
s6 nhom chirc cia cac VLHP ba ché bién
tinh bang KOH thong qua anh hién vi dién
tir quét va phd hong ngoai.
- B khao sat mot sb yéu t6 anh huong dén
quéa trinh hip phu cia VLHP dbi véi cac
ion Cr(VI) bang phuong phap hip phu
dong, két qua thu dugc nhu sau:
+ Nghién ctru hdp phu bing phuong phap
dong trén cot, vdi su thay ddi cua chiéu cao
cot hip phu va cac hing sb 1a thong sb
ndéng do Cr(VI) ban dau, luu luong, da xac
dinh duoc cac thong s6 cho mé hinh thiét
ké thap hip phu xir 1y Cr(VI) véi khéi
luong vat liéu (kich thudc 200-450um). Tai
thoi diém
C = 0,1%C, thi dung tich hip phu la
1472,69mg/L, dung lugng hip phu 1a 7,36
mg/g, thoi gian chét 1a 0,652h. Tai thoi
diém C = 5% C, thi dung tich hip phu la
3917,86 mgL, dung luong hip phu
19,56mg/g, thoi gian chét 1a 0,644h.
+ Ap dung xtr Iy thir nghiém nudc thai chira
Crom cua Nha may Khoa Viét Tiép - Ha
Noi theo phwong phap dong cho két qua
gin véi tinh toan, cho thiy c6 thé dé xuit
md hinh tng dung vao thuc tién dé xir 1y
nudce thai ma dién chira Cr(VI).

Céc két qua thu duogc cho thiy vat lidu
hap phu bi ché bién tinh KOH c6 kha ning

hap phu cac ion Cr(VI) tét va co thé trién

khai nghién ctru tng dung cho viéc xir ly
cac nguon nudc bi 6 nhiém boi nhirng ion
kim loai khac.
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NGHIEN CUU PIEU KIEN TOI UU XAC PINH........ (tiép theo tr. 73)

3. ba xac dinh duoc d6 1ap lai va tinh toan
dugc gioi han phat hién, giéi han dinh
lwong cua phuong phap dbi véi phép xéac
dinh Vit.C trong mau phan tich. Két qua
cho thiy phép do c6 do lap lai cao va gi6i
han phat hién, gidi han dinh lugng 1an luot
la 1,66 va 4,99 ppb.
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