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Abstract 

The use of low cost adsorbents, agricultural byproducts (rice-
bran, sugar- cane dregs...) has been investigated as a replacement for 
current costly methods of removing heavy metals from solution. 
Natural meterials or waste products from certain industries with a high 
capacity for heavy metal removal can be obtained, employed and 
disposed of with little cost. Modification of the sorbents can also 
improve adsorption capacity. 

Tom tat 

Nude ta la mot nude ndng nghiep nen cac san pham phu tir nganh 
ndng nghiep ra't nhieu. Viec tan dung cac phu pham ndng nghiep de 
xir ly nude thai dang dugc nhieu ngudi quan tarn. LTu diem ciia phuang 
phap nay la chi sii dung cac cha't ha'p phu re tien, khdng dua vao nude 
thai cac tac nhan ddc hai khac va ra't thuan Igi cho viec thu hdi kim 
loai sau ha'p phu vi chi can dot san pham hap phu de thu oxit kim loai. 
Ra't nhieu nghien ciiu cho thay rang, kha nang ha'p phu cua cac vat lieu 
nay tang len dang ke sau khi dugc boat hoa bang axit hoac kiem. 

Trong bao cao nay chiing tdi nghien ciiu qua trinh tach loai Cr(VI) 
va Ni(II) trong dung dich bang cam bie'n tinh. 

Phan thirc nghiem 

+ Hoat hoa cam: Cam dugc ngam trong HjO hoac cac dung dich 
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••V^ A **»* «1WI KOH, H2SO4 CO ndng do khac nhau voi uiui gmu T giw, ^..^ 
lugng hoa chat cdn du va say khd d nhiet do 70 - 80"C. 

+ Nghien ciiu anh hudng ciia ndng do H2SO4 KOH, pH, thdi gian 
xir ly, khd'i lugng cam, phdi tir tao phiic (NH3) de'n qua trinh tach loai 
Cr(VI), Ni(II). 

-I- Ndng do Cr(VI), Ni(II) dugc xac dinh bang phuang phap trac 
quang. Dd'i vdi Cr(VI) dung thud'c thir diphenyicacbazit, do d budc 
sdng A = 540 nm, cdn Ni(II) diing thud'c thir dimetylglyoxim do b 
budc sdng X = 440 nm). 

Ket qua va thao luan 

Ket qua nghien ciiu anh hudng cua cam dugc hoat hoa bdi cac hoa 
chat khac nhau den qua trinh tach loai Cr(VI), Ni(II) dugc chi ra b 
bang 1. 

Trong thi nghiem nay chiing tdi sir dung 4 g cam da sa'y kho va 
ngam 4 gid trong 50 ml dung dich Cr(VI) hoac Ni(II) cd ndng do 100 
mg/1, sau dd Igc, phan dich Igc dung de xac dinh lugng Cr(VI), Ni(n) 
cdn lai. 

Bang 1: Ket qua tach loai Cr(VI), Ni(II) 
cua cam dugc x\x ly bang cac hoa chat khac nhau 

STT 

1 

2 

3 

Cam duac 
ngam trong 

KOH 10% 

H2SO4 10% 

H2O 

[Cr(VI)],,„„i 

(mg/1) 

31,74 

16,32 

25,50 

Hieu suat 
(%) 

68,26 

83,68 

74,50 

[Ni(II)]„-,„„i 

(mg/1) 

17,71 

64,53 

55,81 

Hieu suai (%) 

82,29 

35,47 

44,19 

Qua ket qua bang tren ta tha'y: cam dugc xir ly bang H2SO4 cho 
hieu suat tach loai Cr(VI) cao hon so vdi cam xir ly bang KOH va 
nude cat. Nhung ddi vdi Ni(II) thi cam dugc xir ly vdi KOH lai cho 
hieu suat tach loai cao hon. 

Theo cac tac gia [1,2] thi xir ly bang H2SO4 ngoai viec oxi hoa cac 
nhdm -CHO -OH... thanh nhdm -COOH, nd cdn gan them cac nhom -
SO4H len cam lam kha nang trao doi manh han vdi cac cation kim loai 
tren vat lieu. 
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Nhung khi cam dugc xir ly bang KOH, da lam tang them nhdm 
-COO' do phan ling giira nhdm -COOH cua cam va KOH: 

-COOH -I- KOH = -COO -i-K^ -i- H2O 

do dd khi cho Ni(II) tiep xiic vdi cam, Ni(II) se phan irng vdi nhdm 
-COO" vabi giii lai tren cam. 

Dieu nay cung phii hgp vdi so lieu tren pho hong ngoai. Khi cam 

dugc xir ly bang axit H2SO4 cd dai t^n so V,,„=1710 cm"' ciia nhdm 

cacboxyl khdng bi ion hoa (-COOH) va dai tan so V,̂ „ = 1659 cm"' 
cua nhdm cacboxyl bi ion hoa (-COO). 

Khi dung KOH xu ly cam dai tan so d viing tren 1700 cm ' khdng 

xuat hien, chi xuat hien mot vai pho va dai tan so U ^̂ ,, = 1653 cm ' irng 
vdi nhdm -COO" dugc md rgng han va cd dich chuyen xud'ng thap hon 
m6t chiit so vdi cam dugc xir ly bang H2S04(1659 cm '). 

Do dd chiing tdi chgn xir ly bang H2SO4 cho qua trinh tach loai 
Cr(VI) va xir ly bang KOH cho qua trinh tach loai Ni(II). 

Anh hudng ciia ndng do H2SO4 den qua trinh tach loai Cr(VI), 
nong do KOH de'n qua trinh tach loai Ni(II) dugc chi ra d bang 2. 

Trong thi nghiem nay chiing tdi sir dung 4g cam xir ly bang axit 
H2SO4 cho qua trinh tach loai 50 ml dung dich Cr(VI) cd nong do 100 
mg/1 va 4g cam xir ly bang KOH cho qua trinh tach loai 50 ml dung 
dich Ni(n) cd ndng do 100 mg/1. 

Bang 2: Anh hudng cua nong do H2SO4 den qua trinh tach loai 
Cr(VI) va nong do KOH den qua trinh tach loai Ni(II) 

TT 

1 
2 

3 

4 

5 

6 

7 
8 

[H2SO4] 
(%) 

5 

10 

15 

20 

25 

30 

40 
50 

[Cr(VI)],,„„i 
(mg/1) 

18,91 

16,38 

14,69 

13,40 

13,02 

12,49 

12,43 
12,40 

Hieu suat 
(%) 

81,09 

83,62 

85,31 

86,60 

86,98 

87,51 

87,57 
87,60 

[KOH] 
(%) 
5 

10 

15 

20 

25 

30 

40 
50 

[Ni(Il) ].,„„: 
(mg/1) 

18,79 

17,61 

16,36 

14,54 

12,22 

14,87 

14,59 
14,29 

Hieu suat 
(%) 

81,21 

82,39 

83,64 

85,46 

87,78 

85,13 

85,41 
85,71 
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- Dd'i vdi Cr(VI), khi ndng do H2SO4 dung de xU ly cam cang lang 
thi kha nang tach loai Cr(VI) cang tang. Mac dii viec xir ly bang 
H2SO4 d ndng do cao tot han, song ndng do H2SO4 cao hieu sua't tach 
loai tang cham nen de giam gia thanh chi phi chiing tdi chi dung 
H2SO4 30% cho qua trinh tach loai Cr(VI). 

- Dd'i vdi Ni(II), khi ndng do KOH tang tir 5%- 25% thi hieu suat 
tach loai Ni(II) tang (dat hieu sua't cao nha't la 87,78%), sau dd hieu 
suat tach loai giam khi ndng do KOH tang. Do dd chiing tdi chgn mlu 
cam xu ly bang KOH 25% cho cac thi nghiem tie'p theo. 

Anh hudng ciia pH den qua trinh tach loai Cr(VI), Ni(II) dugc chi 
ra d bang 3. 

Dd'i vdi Cr(VI) dung 4g cam xir ly bang H2SO4 30%, cdn Ni(n) thi 
dung 4g cam xir ly bang KOH 25%. Dieu chinh pH cua dung dich 
thay doi tii 1- 7. Rdi lam tuang tu nhu tren. 

Bang 3: Anh hudng ciia pH den qua trinh tach loai Cr(VI), Ni(II) 

STT 

1 

2 

3 

4 

5 

6 

7 

pH 

1 

2 

3 

4 

5 

6 

7 

[Cr(VI)],,„„i 

(mg/1) 

0,30 

4,71 

10,07 

11,31 

12,10 

12,46 

13,43 

Hieu suat 
(%) 

99,70 

95,29 

89,93 

88,69 

87,90 

87,54 

86,57 

[Ni(II)].,,„„i 

(mg/1) 

15,93 

12,75 

11,85 

8,16 

7,38 

7,72 

7,74 

Hieu suat (%) 

84,07 

87,25 

88,15 

91,84 

92,62 

92,28 

92,26 

Ta tha'y, khi pH tang thi hieu sua't tach loai Cr(VI) giam. 6 pH = 1 
hieu sua't tach loai cao nha't (99,7%). Theo chiing tdi, dieu nay cd the 
giai thich nhu sau: trong dung dich Cr(VI) cd the ton tai d cac dang 
chu yeu nhu Cr207^", Cr04^", H2Cr04, HCr04',... ngoai ra cdn cac dang 
polime khac ciia Cr(VI). Tuy thudc vao pH ciia dung dich, Cr(VI) se 
ton tai chii ye'u d dang nay hay dang khac. d pH tha'p (1-2) dang ton tai 
chu ye'u ciia Cr(VI) la HCr04", cac anion nay se la dang trao doi chu 
yeu vdi ion HSO4" tren cam do dd kha nang luu giir Cr(VI) cao d pH 
tha'p, cdn d pH cao Cr(VI) ton tai chu yeu d dang Cr04^" kha nang trao 
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ddi giam xud'ng. Ket qua nay cung phu hgp vdi mot so cdng trinh da 
cdng bd [1]. Do dd chiing tdi chgn pH = 1 cho qua trinh tach loai 
Cr(VI) trong cac thi nghiem sau. 

Cdn dd'i vdi Ni(II), khi pH tang tir 1-5 hieu suat tach loai Ni(II) 
tang, d pH=5 hieu suat tach loai cao nhat (92,62%), chiing tdi chgn 
pH=5 cho cac thi nghiem sau nay. 

Anh hudng ciia thdi gian den qua trinh tach loai Cr(VI), Ni(II) 
dugc chi ra d bang 4. 

Tie'n hanh thi nghiem tuang tu nhu tren nhung dieu chinh pH ciia 
dung dich Cr(VI) bang 1, ciia dung dich Ni(II) bang 5 va thay ddi thdi 
gian ha'p phu. 

Bang 4: Anh hudng ciia thdi gian den qua trinh tach loai Cr(VI), Ni(II) 

STT 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Thai gian 

(giej) 

1 

1,5 

2 

2,5 

3 

3,5 

4 

4,5 

5 

[Cr(VI)],,„„i 

(mg/1) 

2,80 

2,19 

1,71 

1,33 

1,05 

0,77 

0,30 

0,28 

0,28 

Hieu sua't 

(%) 

97,20 

97,81 

98,29 

98,67 

98,95 

99,29 

99,70 

99,72 

99,72 

[Ni(II)],,„,,i 

(mg/1) 

11,63 

9,84 

8,81 

8,19 

7,66 

7,35 

7,19 

7,14 

7,14 

Hieu suat 

(%) 

88,37 

90,16 

91,19 

91,81 

92,34 

92,65 

92,81 

92,86 

92,86 

Dd'i vdi ca Cr(VI) va Ni(II) khi thdi gian tang tir 1-4 gid thi hieu 
sua't tach loai tang nhanh, hieu suat tach loai tang cham va dat can 
bang sau 4,5 gid. Chung tdi chgn thdi gian la 4 gid cho cac thi nghiem 
tie'p theo. 

Anh hudng cua khd'i lugng cam de'n qua trinh tach loai Cr(VI), 
Ni(II) dugc chi ra d bang 5. 

Trong thi nghiem nay chiing tdi Ian lugt cho 50 ml dung dich 
Cr(VI), Ni(II) cd nong do 100 mg/1 vao 2, 3, 4, 5, 6 g cam. 
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Bang 5: Anh hudng cua khd'i lugng cam den qua trinh t^ch loai 
Cr(VI), Ni(II) 

STT 

1 

2 

3 

4 

5 

Khoi lugng 
cam (g) 

2 

3 

4 

5 

6 

[Cr(VI)],e,n,a, 

(mgA) 

7,45 

2,00 

0,30 

Hieu sua't 
(%) 

92,55 

98,00 

99,70 

[NidDleonlai 

(mg/1) 

18,45 

10,95 

7,24 

2,32 

1,93 

Hieu sua't 
(%) 

81,55 

89,05 

92,76 

97,68 

98,07 

Qua cac ke't qua tren cho thay, khi lugng cam tang thi hieu sua't 
tach loai tang. Dd'i vdi Cr(VI), khi lugng cam la 4g thi lugng Cr(VI) con 
lai dat tieu chuan nude thai dugc phep thai ra ngoai mdi trudng (< 0,5 
mg/1). Cdn dd'i vdi Ni(n), khi lugng cam la 6g thi lugng Ni(n) mdi dat 
tieu chuan nude thai dugc phep thai ra ngoai mdi trudng (< 2 mgA). 

Anh hudng ciia phdi tir tao phiic de'n qua trinh tach loai Ni(II) 
dugc chi ra d bang 6. 

Trong thi nghiem nay chiing tdi diing 4g cam, 50 ml dung dich 
Ni(II) cd ndng do 100 mg/1 va dung dich NH3 (ti le ve the tich giiia 
NH3: H2O la (1:20) cd the tich thay doi Ian lugt: 50, 60, 70, 80, 90, 
100 ml. Ngam trong 4 gid, Igc, dem xac dinh lugng Ni(n) cdn lai. 

Bang 6: Anh huang cua phot tii tao phiic den qua trinh tach loai Ni(II) 

The tich 
NH, (ml) 

[Ni(II)].,„u, 

(mg/1) 

Hieu suat (%) 

50 

8,83 

91,17 

60 

9,11 

90,89 

70 

10,30 

89,70 

80 

11,12 

88,88 

90 

11,51 

88,49 

100 

11,91 

88,09 

Khi ndng do NH3 tang thi hieu sua't tach loai giam. Ban ddu khi 
ndng do NH3 chua dii Idn de tao phiic [Ni(NH3)6] '̂' ma chi mdi tao k t̂ 
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tua hidroxit Ni(OH)2, khi dd ket tiia nay se dugc giir lai tren giay Igc, 
do dd hieu suat tach loai cao. Khi lugng NH, du nd se hoa tan ket tua 
hidroxit tao thanh phii'c. Tuy nhien sir cd mat ciia NH, lam hieu suat 
tach loai Ni(II) giam khdng nhieu. Do dd ta van cd the dung cam tach 
loai Ni(n) trong nude thai cd chiia NH,. 

Ket luan 

Tir cac ke't qua nghien cii'u, chiing tdi rut ra mot so ket luan sau: 

* Dieu kien tdi uu cho qua trinh tach loai Cr(VI): 

- Cam dugc xir ly bang H2SO4 30% 

- pH ciia dung dich bang 1 

- Thdi gian hap phu la 4 gid 

- Khd'i lugng cam la 4g cho 50ml dung dich Cr(VI) cd ndng do 
lOOmg/1 thi lugng Cr(VI) cdn lai dat tieu chuan cho phep thai ra ngoai 
mdi trudng. 

* Dieu kien tdi uu cho qua trinh tach loai Ni(II): 

- Cam dugc xir ly bang KOH 25% 

- pH ciia dung dich la 5 

- Thdi gian hap phu la 4 gid 

- Khd'i lugng cam la 6g cho 50 ml dung dich cd ndng do Ni(II) 
lOOmg/1 thi lugng Ni(II) cdn lai dat tieu chuan cho phep thai ra ngoai 
mdi trudng. 

- Khi cd mat NH, trong nude thai, hieu sua't tach loai Ni(II) giam 
di khdng nhieu nen van cd the diing cam de tach loai Ni(II) trong nude 
thai cd mat NH,. 
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