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Abstract

The KOH-modified tea residue (KTR) was used as a adsorbent to remove efficiently Cr(\V1) from aqueous solution.
Scanning electron microscopy (SEM) images of KTR reveal a highly porous surface structure of the adsopbent. The
adsorption properties for Cr(VI) of KTR were investigated by batch method. The influence of pH (1-8), contact time
(30-180 min), and the amount of adsorbent (0.01-0.05 g) on Cr(VI) 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
adsopbent are 150 min, 1.0, and 0.15 g, respectively. The maximum monolayer adsorption capacity of KTR is 52,083
mg/g. KTR acts as a promising adsorbent for the removal of heavy metal ions from aqueous solution.

Keywords. Adsorption, tea waste residue, Langmuir isotherm, heavy metals, ankali treated tea residue.

1. MO PAU

Crom c¢6 dac tinh 1y hoc (bén & nhiét do cao, kho
oxi hod, cling va tao mau tdt. . .) nén thudng dugc st
dung rong rai trong cac nganh san Xuét pin, ma dién,
san xudt dét nhuom. Do dic thu san xuat, cac nganh
cong nghiép nay tiéu thu mot lwong rat 16n nude va
cling tao ra mdt lugng nudc thai cong nghi€p chira
cac ion kim loai ning déu cao hon nhiéu 1an so voi
tiéu chuén cho phép [1-7]. Day 1a nguyén nhan gy 6
nhidm cac nguon tiép cin: nudc mit, nudc ngdm, hé
thdng xir Iy nudc thai dan dén tich tu sinh hoc, anh
huéng toi stc khoe cong ddong. Do pH trong nudc
thai c6 su khoang dao dong rat rong nén anh hudéng
dén kha ning hoa tan kim loai va ludn co su bién
dong vé nong do kim loai nang dan dén nhimng kho
khan cho qua trinh xur 1y [5-7]. Cac két qua nghién
ctru dd cho thay Cr (VI) c6 mat trong cac ion kim
loai nang déng gop rat 1on trong cac ngudn 6 nhiém
trén. Trong thuc té, Cr(VI) chi v6i mot luong nhod
ciing 14 nguyén nhan chinh anh huéng tryc tiép dén
suc khoé con nguoi. Vi vay, xur Iy nudc thai co6 chira
Cr(VI) tir cac qué trinh san xuét trude khi thai ching
ra moi truong 14 vin dé cip thiét khong chi trong
nghién ctru khoa hoc ma ca trong san xuit cong
nghiép. Nhin chung, dé xu ly, tach loai kim loai
nang noéi chung va Cr(VI1) trong nudc thai noi riéng,
cac phuong phap sau hay dugc st dung: phuong
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phap két tia, phuong phéap trao d6i ion, phuong
phap hap phu.... Gan day, sir dung cac vat lidu tai
ché tir phu pham ndng nghiép hodc cac chat thai tai
ché c6 kha niang hap phu da va dang duoc sir dung
rat nhiéu cho cac xir Iy hip phu kim loai ning trong
nuée [3, 5]. Theo hudng nay, sir dung ba ché tai ché
lam vat liéu hap phu di cho thay kha hiéu qua va rat
kha thi do ngudn vat liéu hip phu

da dang, phong phu, ché tao don gian 1, 2]. Bai
b4o nay trinh bay két qua nghién clru sy hap phu cua
Cr(VI1), trong méi truong nude bang vat liéu hap phu
ba ché bién tinh kiém.

2. THUC NGHIEM
2.1. Héa chit

KOH, K,Cr,0;, NH; 25 %, HiPO, 85 % Br,
bao hoa, H,SO,, 1,5- dlphenylcarba2|de nuGe cat hai
1an. T4t ca hoa chat déu c6 d0 tinh khiét PA.

2.2. Phwong phap nghién ciru thuc nghiém

2.2.1. Ché tao vit liéu hdp phu b ché bién tinh kiém
(VLHP)

Ba cheé sau khi thu thap tir cac hd gia dinh, cac
quan nudc dugc ria sach voi nude may va nudc cat
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nhiéu 1an dé loai bo tat ca cc cac hat bui ban, sau d6
duoc dun soi nhiéu 1an dé loai bo cafein, tanin. Tiép
tuc rira sach bang nudc cat dén khi nudc rira khong
c6 mau. Sau d6 ba ché nay dugc ngdm trong KOH
0,5 M vdi thoi gian 14 0,5 gio, dé thuy phan protein,
tiép theo dugc ria sach bang nuédc cit dén moi
truong trung tinh va sdy kho trong 12 gio & 95 °C.
Sau do vat liéu duoc nghién, ray dén kich thude
khoang 180-300 um va bao quan trong binh hit 4m
[7]. Vit liéu nay dugc ki hiéu la VLHP duogc st
dung cho cac phép do khao sat dic diém bé mat, tinh
chat vat 1y va nghién ctru sy hap phy Cr(VI) trong
moi truong nudc.

2.?.2. Khdo sat tinh chdt tinh chat vit ly, dac diém
bé mat cua VLHP

Hinh thai hoc cuia VLHP duoc khao sat béng
kinh hién vi dién tor quét JEOL JSM-6500F hoat
dong tai dién thé tai 15 kV. Phép do trén duoc tién
hanh tai khoa Khoa hoc va Ki thuat Vit liéu, Dai
hoc giao thdng qudc gia Pai Loan. Cac nhém chirc
bé mat cia VLHP dwoc phan tich bang phd hong
ngoai IR trén may Impact-410 (Buc). Vién Hoéa hoc,
Vién Han 1dm Khoa hoc va Cong nghé Viét Nam.

2.2.3. Nghién ciru hdp phu Cr(V1) ciia VLHP béng
phuong phap hap phu mo

Khdo sat anh hwong ciia thoi gian

Cho vao mdi binh binh tam giac (dung tich 100
ml) 0,15 g VLHP va 25 ml dung dich Cr(VI) ¢o
ndng do dau 1a 52,683 mg/L. Pem lic déu trén may
lac trong cac thoi gian 30, 60, 90, 120, 150, 180
phut; ¢ nhiét d6 phong (~ 25°C) vai toc do 200
vong/phat. Lam 1an lugt nhu thi nghiém trén véi cac
ndng d6 1a: 77,297 mg/L; 103,830 mg/L.

Khao sat anh huong cua pH

Cho vao mdi binh binh tam giac (dung tich 100
ml) 0,15 g VLHP va 25 ml dung dich Cr(VI) c6
ndng d6 dau 1a 100,087 mg/L dd duoc diéu chinh pH
boi dung dich HCI va NaOH c¢6 pH tir 1,02 dén 8,04.
Tién hanh lic trong 150 phat voi toc do 200
vong/phut, & nhiét do phong (~ 25 °C).

Khao sat anh hwong ciia khoi hrong VLHP

Céan VLHP va cho vao binh tam giac c6 dung tich
100 ml véi khéi lugng 1an luot 1a: 0,1; 0,2; 0,3; 0,4;
0,5 g VLHP, cho tiép vao binh tam giac 25 ml dung
dich Cr(VI) véi ndng d6 51,682 mg/L. Cc hé huyén
phi trén duoc giit on dinh ¢ pH = 1,0. Tién hanh lic
trong 150 phut véi te dd 200 vong/phut, & nhiét do
phong (~ 25 °C).
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*Khao sat anh hwong cua nhiét do

Chuén bi 4 binh eclen c6 dung tich 100 ml, cho
vao mdi eclen 25ml dung dich dich Cr(VI) v&i ndng
d6 102,75 mg/L va pH 1a 1,0. Sir dung may khudy tir
gia nhiét diéu chinh nhiét d6 cia mdi binh tuong
mg 12 25, 35, 45, 55 °C (x1 °C); tiép d6 cho vao mdi
eclen 0,15 g VLHP, khuay trong thoi gian 150 phit,
tbc do khudy 200 vong/phiit.

*Xir 1y mau muwde thai chira Cr(VI) cia Nha mady
Khoa Viét Tiep

Céc mau nudc thai chira Cr(VI) lay tai nha may
khoa Viét Tiép. Nude thai duge ldy va bao quan
theo dung TCVN4574-88. Dung cu liy mAu: chai
polyetylen sach. Mau nudc thai duoc 6n dinh bing
dung dich H,SO,. Thuc hién su hip phu & nhiét do
phong (~ 25 °C), lay 0,15 g VLHP cho vao binh tam
giac 100 ml va thém vao d6 25 ml nudc thai co ndng
d6 Cr(VI) ban dau 1a 64,575 mg/L, thoi gian khudy
1a 150 phut, diéu chinh pH t6i wru 1a 1,0.

Nong do truéc va sau khi hdp phu cia ion
Cr(VI) trong dung dich duoc xac dinh bang phuong
phap do quang.

- Dung luong hip phu tinh theo cong thirc:

(G ~Cy)V

q - e

m

Trong d6: V 1a thé tich dung dich (I). m la khoi
lugng chat hap phu (), Co la n6ng d6 dung dich ban
dau (mg/l), Cep 1a ndng do dung dich khi dat can
bang hap phu (mg/l), q 1a dung luong hap phu tai
thoi diém can bang (mg/g).

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

c, 1 1

4 due " D
Trong dd: qmax 1a dung luong hap phu cuc dai
(mg/g), b 1 hang sb Langmuir.

3. KET QUA VA THAO LUAN

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

Hinh 1 va 2 1a két qua chup SEM cua ba che va
VLHP.

Tir hinh 1 va 2 nhan thiy, ba ché sau khi dwoc
hoat hoa bﬁng KOH d3 c6 hinh thai hoc bé mat thay
di 6 rét so voi khi chua hoat hoa. Cu thé, trude khi
hoat hoa, ba ché co cAu trac chira cAc mao quan voi
kich thuéc rat 16n, ¢& micron. Sau khi duoc hoat
hoa, cac mao quan 16n nay bi mét di mot phan, cung
su phat trién mao quan dang 16p, tao nén nhidu
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khoang tréng bé mit t’rén,bé mat hon dan dén tiém
nang tng dung lam chat hap phu tot hon [5, 7].

NCTU SEI 150KV %2000 10zm WD 11.6mm

Hinh 2: Hinh thai hoc bé mat cua VLHP

Hinh 3 va 4 1 su thay ddi cac nhom chtrc trén bé
mit cia cac vat liéu duoc kiém tra thong qua chup
phd hdng ngoai cia ba ché chura bién tinh va sau khi
bién tinh bang KOH. Trudc khi hoat hoa, b ché
chua bién tinh KOH (hinh 3) xuat hién cac dinh phd
rong & 3423,28 cm?, dai dién cho nhom —OH,
2924,87 cm™ lién hé véi sy hap thu ctia nhém C-H
no. Pinh phd tai tan s6 1736,29 cm™ dugc cho 1 ctia
nhém cacbonyl C=0 (cacboxylic). Dai hép thu c6
tan s tir 1671,60 va 1629,16 cm™ twong tng voi su
hép thu ciia nhém C=0 kéo dai lién hop voi NH,.
Dinh & 1544,29 cm™ twong g v6i nhdm amin bac
hai. Sy hép thu hong ngoai ciia nhém CH; ddi xtig
duoc chi ra tai dinh phd 1456,38, 1335,13 cm™. Céc
dinh phd xung quanh 1236,13; 1036,03 cm™ c6 thé
gan cho dao dong ctia nhom SOz va C-O [5, 7]. Khi
so sanh phd hong ngoai VLHP trudc va sau khi bién
tinh bang KOH & hinh 3 va 4 cho thiy mot s dinh
phé da bi bién mat va mot s6 khac lai xuat hién trén
bé mat VLHP sau khi bién tinh. Cu thé d3 xuét hién
cac dinh phé trén bé mat VLHP sau khi bién tinh tai
cac tan sd 2859,35; 1152,75; 822,84 cm™, va cac
dinh phd bién mat trén bé mat VLHP sau khi bién
tinh KOH duoc phat hién tai cac tan s6 2930,18;
1671,64; 798,09 cm™. Nhiing thay ddi nay cho thay
d3 bién tinh thanh coéng bi ché bang KOH va cac
nhém chitc bé mit cacboxylat, phenolic, nhém

Hap phu Cr(VI) trong méi truong nudc...

hydroxyl va oxyl thom trén bé mat VLHP vén chiém
uu thé [7].
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Hinh 3: Phd hdng ngoai cua bé cheé
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Hinh 4: Ph6 hong ngoai ciia VLHP

3.2. Khio sat thoi gian cin bing hip phu cia
VLHP

~ Hinh 5 Ia két qua khao sat thoi gian can bing
hap phu cua VLHP.

100 -
“ f‘
—+—52.683mg/L

—8—77.297mg/L

—a—103,830mg/L

0 50 100 150 200

t(Phut)

Hinh 5: D thi biéu dién anh huong cua thoi gian
den hiéu suat hap phu Cr(VI1) cia VLHP
Céc nghién ciru trude cho thiy thoi gian 1a mot

trong nhitng yéu t6 anh huéng dén kha ning loai bo
ion kim loai trong dung dich nudc cia VLHP. Két
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qua khao sat tir 30-180 pht cho thiy dung luong
hép phu cia VLHP & ca 3 nong do trén déu ting
theo thoi gian. Trong d6, dung lwong hap phu ting
nhanh tir 30-120 phut, ttr 120-180 phtt, dung lugng
hép phu ting cham va dan 6n dinh. Do d6, chiing toi
lwa chon 150 phut 14 thoi gian dé nghién ciru tiép
theo d6i v6i sy hap phu ion Cr(VI) cia VLHP.

3.3. Khao sat anh hwéng cia pH

Két’ qua khao sat anh huong cia pH dén kha
nang hap phu Cr(VI) dugc chi ra ¢ hinh 6.

——Cr(VI)

a(mg/L)
5

o o &= o o

1 2 3

p
Hinh 6: D4 thi biéu dién anh huong ctia pH dén
dung lugng hap phu Cr(VI) cia VLHP

4 6 8

Tir d6 thi cho thiy khi pH ting tir 1,02+8,04,
dung luong hap phu cua VLHP gidm. bieu nay c6
thé giai thich nhu sau: Trong khoang pH dang xét be
mat VLHP tich dién duong, khi gia tri pH tang, néng
do ion OH ~ciing tang dan, trong dung dich ldc nay
s€ xay ra sy hap phu canh tranh gitta ion Cr(VI)
mang dién tich am dudi dang HCrO;,CI’Oi_ va
ion OH . Mat khéc, gia tri nang luong ty do qua
trinh hap phu cac dang ton tai cta ion Cr(VI)
(HCro, ,CrO?%") tai gia tri pH khac nhau la khéc
nhau [1]. Trong khoang pH tir 1-6, Cr(VI1) ton tai
chu yéu ¢ dang HCrO; sau d6 chuyén dan sang
dang CrO? khi pH ting. Vi vay su hap phu dang
Hcro, thuén lgi hon dang CrO? khi & cling nong do
hay viéc loai bo Cr(VI) tai céc gid tri pH thap chu
yeu la do su hap phu cia HCrO;, . Trong méi truong
pH thap, bé mat cia VLHP bj proton hda dan dén
tich dién duong, trong khi dang ton tai Cr(VI) chu
yeu la cac anion HCrO, , do d6 xdy ra sy tuong tc
tinh dién giita bé mat chat hap phu va chat b hip
phu. Su hap phu ¢ gia tri pH thap con duogc gial
thich boi co ché khur tryc tiep Cr(V1) thanh Cr(ll)
theo phuong trinh:

~ HCrO; +7H" +3e = Cr*" + 4H,0

bong thoi tai cac gia tri pH thap, nhom amin
(NH) c6 trén bé mit ba ché nhan H* va mang dién
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tich dwong (xdy ra theo phuong trinh 2.1). Do d6
qua trinh hap phu Cr(VI) caa VLHP s& xay ra thuan
loi hon [1].

R

| R
TW-NH + H"

|
TW-NH,"

(2.1)

Khi pH tang, sur ¢6 mit caa ion OH™ giy ra twong
tac tinh dién day giita ching véi céc ion bicromate
va dicromate, lam can tré qua trinh hip phu cac ion
nay lén bé mat VLHP. Vi vay, chlng t6i chon pH =
1 ddi véi sy hap phu Cr(VI) cho céc thi nghiém tiép
theo.

3.4. Khio sat anh huwéng ciia khoi lwrong VLHP

Anh huong cua khdi lugng 1én két qua hap phu
duoc chira ¢ hinh 7.

—e—51.682 mg/L

77,980 mg/L

—— 105,303 mg/L

10 15 20

Liéu lvgng VLHP (g/L)

Hinh 7: D6 thi bieu dién anh huong
cua khoi lugng VLHP dén dung lugng hap phu
Cr(VI) cua VLHP

Tir két qua trén cho thdy, khi ting khoi luong
VLHP thi hiéu suat hap phu tang va dung luong hap
phu giam. Higu suat hap phu ting khi khéi lugng
VLHP ting 13 do sb luong cac trung tdm hap phu
tang. Tuy nhién khdi luong ion kim loai di bi hip
phu trén mét don vi trong lwong cia VLHP giam do
su tang khdi lugng cia VLHP. Chung t6i nhan thay
rang khi khdi lugng VLHP ting tir 0,1 1én 0,5g, lic
dau thi dung lugng hap phu gidm nhanh khi khoi
lugng VLHP tang tir 0,1 Ién 0,2 g, sau d6 giam cham
hon khi khéi lwong VLHP ting tir 0,3 1én 0,5 g.
Chinh vi vdy, ching t6i lya chon khéi lugng vét licu
t6i uru 12 0,15 g cho thi nghiém nghién ctru.

3.5. Khdo sat anh hwéng cia nhiét d§

Hinh 8 1a két qua khao sat anh huong cua nhiét
d6 1én su hip phu cua Cr(V1). C6 thé nhan thiy
trong khoang nhiét d6 nghién cuou trr 25-55 °C
(+1°C); khi tang nhiét d¢ thi ca higu suit hap phu va
dung luong hip phu déu giam. Diéu nay c6 thé giai
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thich nhu sau: Do hap phu I qué trinh toa nhiét cho
nén khi ting nhiét d6 can bang hap phu chuyén dich
theo chiéu nghich tirc 1am ting nong do chat bi hap
phu trong dung dich va dan dén lam giam hiéu suat
va dung luong hap phu cua qua trinh hap phu. Piéu
ndy ciing cho thdy sy hap phu Cr(VI) trén VLHP
tuan theo co ché hap phuy vat ly [7].

98,5 4

98.0 1

H(%)

96,5 4

96,0 4

93,5

298 308

I(K)
Hinh 8: Do thi bicu dién sw phu thuge
hiéu suat hap phu vao nhiét do

3.6. Khio sat dung lwong hiap phu Cr(VI) caa
VLHP

D3 tién hanh khao sat can bang hip phu theo md
hinh dang nhiét hap phu Langmuir. Két qua duoc thé
hién trong céc hinh 9 va 10.

Tir do thi biéu didn su phu thuoc cua Cglq
(9/1) vao Cgy (mg/1) ddi véi Cr(VI) tinh duoc cac gia
tri dung luwong hap phu cuc dai mex Va hing sé
Langmuir b (bang 1).

60

50 100 150 200 250

Hinh 9: Buong dér)g nhiét Langmuir caa VLHP
doi vai Cr(V1)

y=0,0192x +0,1779
R*=10,9978

—==Ccblg

=L inear

(Ceb/i

T T 1
150 200 250

100

Hinh 10: Sy phu thudc Cg,/qVvao Cy, cua Cr(VI)
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Bang 1: Dung lugng hép phu cuc dai va
hang s6 Langmuir

Dung luong hap phu cuc dai
max (MY/Q) 52,083
Hang s6 Langmuir b 0,108

Tur cac két qua thuc nghiém cho thay hé sb hoi
quy tuyén tinh R? > 0,99, nhu vdy qué trinh hap phu
Cr(VI) tuan theo mdé hinh dang nhiét hip phu
Langmuir. Hap phu xay ra trén bé mat VLHP 1a hap
phu don 16p.

3.7. Két qua xir Iy mau nwéc thai chira Cr(VI1)

Két qua dugc trinh bay ¢ bang 2.

Két qua thuc nghiém cho thay, VLHP c6 kha
nang tach loai ion Cr(VI) khoi nudc thai twong ddi
tt. Cac mau nudc thai chia ion Cr(VI) véi nong do
la 65,101 mg/L. Sau khi hap phu lan mot ndng do
ion Cr(VI) da dat tiéu chuan cho phép dol véi nudc
thai d6 vao cac khu vuc lay nudc cung cap cho sinh
hoat theo QCVN24: 2009/BTNMT.

Bang 2: Két qua tach loai Cr(VI) khoi nuéc thai

lon | C,(mg/L) | C, (mg/L) H%
Cr(VI) | 64,575 0,000 100
4. KET LUAN

- Di ché tao thanh céng VLHP tir b4 ché duogc
bién tinh bang KOH.

- Pi x4c dinh dugc dic diém bé mat, mot sd
nhém chic cia cac VLHP bi ché bién tinh bang
KOH qua anh hién vi dién tr quét va phd hong
ngoai.

- P3 khao sat mot sb yéu té anh huong dén qua
trinh hip phu cia VLHP d6i voi cac ion Cr(VI) bang
phuong phap hép phu tinh, két qua thu dugc nhu
Ssau.

+ Thoi gian dat can bang hip phu Cr(VI) 1a 150
phut.

+ pH hap phu t6t nhat dbi véi Cr(VI) 1a 1,0.

+ Khi tang khéi luong VLHP, hiéu suit hip phu
tang, dung lugng hip phu giam.

+ Khi tang nhiét do tir 25-55 °C (1 °C);
dung lwong va hiéu suét hap phu Cr(VI) giam.

- M6 ta qué trinh hdp phu theo mé hinh ding
nhiét hap phu Langmuir, dd xic dinh duoc dung
luong hép phu cuc dai cia VLHP dbi véi cacion
Cr(VI) 1a 52,083 mg/g.

- Dung VLHP ché tao dwoc xtr Iy mau nude thai
chua ion Cr(VI) cia Nha may khoa Viét Tiép Ha
Noi. Két qua cho thdy, khi hip phu lan mot ndng do

thi
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Cr(VI) d3 dat tiéu chudn cho phép di véi nudc thai
dd vao cac khu vuc lay nudce cung cap cho sinh hoat.

Céc két qua thu duogc cho thay vat lidu hap phu

ba ché bién tinh KOH c6 kha ning hap phu céc ion
Cr(VI) tot va co thé trién khai nghién ctru tmg dung
né cho viéc xtr Iy cac ngudn nudc bi 6 nhiém boi
nhiing ion kim loai khac.

Loi cam on. Nghién ciu ndy duwoc tai tro boi Quy
Phat trien khoa hoc va cong nghé Quoc gia
(NAFOSTED) trong dé tai ma so 103.02-2014.68.
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