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SUMMARY

STUDY ON ADSORPTION CAPACITY OF Ni(II), Cr(VI) ON
CARBON DERIVED FROM LOTUS STALKS

This paper focus on the adsorption of Ni(ll) and Cr(VI) in aqueous solution on
carbon derived from lotus stalks. The experiments were conducted using the
following parameters: absorbent mass is 0.1g for Ni(ll), 0.05g for Cr(VI); the
volume solution is 25mL for each ion; shaking speed is 200 rounds/minute;
equilibrium time is 90 minutes for Ni(ll), 30 minutes for Cr(VI) at room
temperature (25+1°C); pH is 4.0 — 5.0 for Ni(ll), 1.0 — 2.0 for Cr(VI). Maximum
adsorption capacity is calculated by the Langmuir isothermal model. Maximum
adsorption capacity for each metal was found as 16.95 mg/g for Ni(ll) and 76.92
mg/g for Cr(VI) at 25°C, respectively. The result indicates that, the adsorption of
both ions on the carbon lotus followed Lagergren's second-order apparent kinetic
model.

1. MO PAU c6 nguon géc xenlulozo nhu: vo
Xt 1y méi truong bi 6 nhiém noi dira[1], vo ca phé [5], gdb Tamarind-
chung va méi truong nuéc bi 6 nhiém mot loai cdy gd & An Do[2], than cay
bai kim loai nang néi riéng la mot ngo[6], ba che [8]...

trong nhiing van dé cap thiét hién O Viét Nam, cdy sen dugc trong pho
nay. Than [7] va than hoat tinh bién tr Bac vao Nam, sen moc &
thuong duoc lya chon lam chat hap nhiéu ao ho, cé sac séng manh liét.
phu trong viéc xur Iy ngudn nudc bi 6 Hoa sen khong chi dep, thom ma céac
nhiém bang phuong phap hap phu boi bo phan khac trén cdy sen tuir hat, 14
dién tich bé mat riéng 16n nén ching dén cu...déu co tac dung chira bénh
c6 kha ning hap phu cao. Than hoat rat tét. Tuy nhién, phan than cay sen
tinh dugc didu ché tir cac nguyén liéu sau thu hoach chua duoc st dung vao
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muc dich nao, gay ladng phi mét
nguon tuong do6i 16n xenlulozo.

Bai bao nay trinh bay cac két qua
nghién ctu hap phu Cr(VI), Ni(ll) st
dung than ché tao tir than sen lam
chat hap phu.

2. THUC NGHIEM

2.1 Hoa chat va thiét bi nghién cieu
Hoa chdt:

NiSO,4.6H,0, dung dich NHs;, dung
dich brom béo hoa, dimetylglyoxim,
K,Cr,04, diphenylcarbazide,
C,HsOH, dung dich H3PO, 40%,
dung dich NaOH 0,1M; dung dich
HNOs 0,1M. T4t ca hda chat néu trén
déu co do tinh khiét PA.

Thiét bj nghién cizu: May nghién,
thiét bi ray, can phan tich 4 s6, may
lic, may do pH, tu sy, may do quang
UV-Vis 1240.

2.2 Ché tao than sen

Chudn b nguyén liéu

Nguyén liéu dugc su dung trong
nghién ciu nay la than ciy sen liy &
dam sen thugc x& Yén bac, huyén Duy
Tién, tinh Ha Nam. Sau khi lay vé
nguyén liéu duoc ria sach, siy kho ¢
80°C trong 12 gio, nghién nho bang
may nghién dan dung, phan loai hat
vai kich thudce d < 5mm.

Ché tqo than sen

Nguyén ligu chuan bi xong duoc
ngam trong dung dich axit HszPO4
40% véi ti & khéi luong 1:2 (gam
nguyén liéu: gam axit HsPO,) trong
12 gio, lam kho, nung & 450°C trong
1 gio. Sau d6 lam ngudi & nhiét do
phong, roa bang nudc cat dén pH
trung tinh, siy khd & 80°C trong 5 gid

82

[3], nghién nho, ray lay c& hat 0,1 +
0,5 mm ta thu dugc than than sen.

2.3 Quy trinh thwc nghiém va céac
thi nghiém nghién cau

2.3.1 Quy trinh thyc nghiém

Trong mdi thi nghiém hap phuy:

- Thé tich dung dich Ni(ll) hoic
Cr(VI): 25 mL véi néng do xéac dinh.

- Luong chat hap phu: 0,05g di véi
dung dich Cr(VI); 0,1g ddi véi dung
dich Ni(1)

- Thi nghiém duoc tién hanh & nhiét
d6 phong (25 + 1°C), sir dung may lic
Véi tée do 200 vong/phut.

2.3.2 Cac thi nghiém nghién cuzu

+ Khao sat mot sé yéu té anh huong
dén qua trinh hap phu Ni(ll), Cr(VI)
cua than than sen:

- Anh huéng cua pH: Cac diéu kién
tién hanh thi nghiém nhu ghi & muc
2.3.1; pH thay doi tir 1 dén 7; d6i Vi
dung dich Ni(ll): néng d6 dau 48,8
mg/L, thoi gian hap phu: 90 phat; ddi
vé6i dung dich Cr(VI1): nong do dau:
53,33 mg/L; thoi gian hap phu: 30
phut.

- Thoi gian dat can bang hap phy: Cac
diéu kién tién hanh thi nghiém nhu
ghi ¢ muc 2.3.1; su dung gia tri pH
t6i uu da xac dinh ¢ thi nghiém trudc;
thoi gian hap phu thay doi tr 10 phat
dén 200 phut dbi voi sy hap phu
Ni(ll) (C,=48,92 mg/L); tir 5 phiit dén
60 phut dbi voi sy hap phu Cr(VI)
(Co=51,52 mg/L).

- Anh hudng cua nong do dau Ni(ll),
Cr(VI) va xac dinh dung luong hap
phu cuc dai: Cac diéu kién tién hanh
thi nghiém nhu ghi & muc 2.3.1, st



dung gia tri pH va thoi gian téi wu da
xéac dinh & thi nghiém trudc; nong do
ban dau thay doi tir 15,65 dén 118,79
mg/L ddi véi su hap phu Ni(ll); tur
29,12 dén 171,38 mg/L d6i véi sy hap
phu Cr(VI).

+ Nghién ctu dong hoc hap phu Ni(ll),
Cr(VI) cua than than sen.

Nong do Ni(II), Cr(VI) truéc va sau
hap phu dugc xac dinh bang phuong
phap do mat d6 quang & budc song
twong ung 536, 526 nm.

Hiéu suat hap phu cua qué trinh hap
phu duoc tinh theo cong thuc:

Co_Ct

H= .100%

1)

Trong d6: H: hiéu suat hap phu (%);
Co, Ci: nong dd dau va nong do tai
thoi diém t caa dung dich Ni(ll),
Cr(VI) (mg/L).
Dung luong hap phu cuc dai cua
Ni(II), Cr(VI) dugc xac dinh dua vao
viéc V& db thi Cep/q = f(Cep) — phuong
trinh hap phu ding nhiét Langmuir
dang tuyén tinh:

Co_ 1o 1 ©)

0 O 0 e 0
Trong d6: q, qma: dung luwong hap
phu va dung lugng hap phu cyc dai;
Ce: NONg do tai thoi diém can bang
cua dung dich Ni(ll) hodc Cr(VI); b:
hang sb
Pong hoc qua trinh hiap phu duoc xac
dinh theo phuong trinh dong hoc bac
1 (3) va dong hoc bac 2 (4) cua
Lagergren dang tuyén tinh:

k
log(ge — qr) = logge - —2—t 3)

2.303
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t 1 t
L s
d koo q,
Trong dé: qe, i dung lwong hap phu
cua Cr(VI), Ni(ll) trén than than sen
tai thoi diém can bang va thoi diém t
(mg/g); ki: hang sé toc do hap phu
bac 1 (phit™); ko: hiang sb tdc do hap
phu bac 2

(9. mg™t.phat™); t: thoi gian hip phu
(phit).
3. KET QUA VA THAO LUAN
3.1 Mot sb dic diém bé mit cia
nguyén ligu, vat ligu hap phu

Két qua xac dinh hinh thai hoc bé mat
ctia nguyén liéu ban dau va cua than
than sen dugc trinh bay ¢ hinh 1
e e T S

4
-

(4)

Hinh 1. Anh SEM ciia nguyén liéu (a)
va than than sen (b)
Két qua hinh 1 cho thiy than than sen

che tao dugc c6 bé mat xop hon nhicu
so voi nguyén li¢u ban dau.



Dién tich bé mit riéng ctia nguyén liéu
va than than sen xac dinh theo phuong
phap BET lan luot 1a 1,38 va 1261,8
m?g. Nhu vdy, than than sen ché tao
duoc ¢o dién tich bé mat riéng tuong dbi
16n va nam trong khoang dién tich bé
mat riéng cua than hoat tinh béan trén thi
truong (500 — 2500 m#/g).

Két qua xac dinh diém dang dién cua
than than sen thu duoc la pl = 3,5.
Diéu nay cho thay khi pH < pl thi bé
mat than tich dién duong, khi pH > pl
thi bé mat than tich dién am.

3.2 Khao sat mdt s6 yéu t6 anh huéng
dén qué trinh hap phu Ni(l1) va Cr(VI)
cia than than sen

3.2.1 Anh huéng cua pH

Két qua nghién cu anh huong cua
pH dén dung luwong hap phu Ni(ll) va
Cr(VI) cua than than sen dugc trinh
bay & hinh 2.

(@)

s /m
oo
£
T

—u

pH

—= (b)
E° ‘)\K
o
E
o

pH

Hinh 2. Anh hweng cia pH dén dung
lirong hap phu Ni(ll) (a) va Cr(VI1) (b)
cua than than sen
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Két qua hinh 2 cho thdy trong

khoang pH tur 1 + 7 da khao sét thi:
Déi véi Ni(1l): dung luong hap phu
tang cham trong khoang pH tur 1+2;
tang nhanh trong khoang pH tu 2 +4
va dat gia tri cao nhét trong khoang
pH tr 4 + 5; khi pH > 5 thi dung
luong hap phu lai giam. Piéu nay co
thé giai thich nhu sau: Trong moi
truong pH thap, ndng d6 ion H* cao
nén c6 su hap phu canh tranh gita ion
H* ciia mdi trudng va cation kim loai
bi hap phu trén bé mat tich dién
duong cua than. Do do6 than than sen
hap phu cation kim loai it. Khi pH
tang nong d6 ion H* giam, nén dung
lugng hap phu cation kim loai ting,
boi vay qua trinh hap phy cation kim
loai & day co thé xay ra phan @ng trao
d6i ion H* - M** (M: kim loai). Tuy
nhién, & pH cao hon, dung luong hap
phu cia than d6i véi ion nay giam.
Diéu nay c6 thé do & pH cao cb su
hinh thanh phuc hidroxo cua ion kim
loai trén da lam han ché sy hap phu
caa than. Vi vay, da chon pH=4+5
la khoang pH tot nhat cho sy hap phu
ctia than than sen doi vai Ni(ll). Két
qua nay dugc stir dung cho cac nghién
ctu tiép theo.

Déi véi Cr(VI): Khi pH ting thi dung
lwong hap phu giam, trong khoang pH
tir 1+3 dung luong hap phu giam cham,
khi pH > 4 thi dung luong hap phu giam
nhanh.

Diéu nay co thé giai thich nhu sau: O
pH thiap Cr(VI) ton tai chu yéu ¢
dang HCrO, va Cr,0;%, do vay xay
ra lyc hat tinh dién gitra bé mat than



than sen tich dién duong va céac dang
ion Cr(VI) tich dién &m nén sy hap
phu Cr(VI) xay ra ¢ pH thap la thuan
lgi. O pH cao, dung luong hap phu caa
than than sen dbi voi Cr(VI) giam la
do su canh tranh gita cac dang ion
Cr(VI) tich dién am vai ion OH" trong
dung dich va lyc day tinh dién giira bé
mat than than sen tich dién am vai cac
dang ion Cr(VI) ciing tich dién am.

Vi vay, da chon pH= 1 + 2 la khoang pH
t6t nhat cho su hap phu cua than than
sen do6i vai Cr(VI). Két qua nay duoc st
dung cho cac nghién ciu tiép theo.

3.2.2 Anh huéng cua thoi gian

Két qua nghién cau anh huong cua
thoi gian dén dung luwong hap phu
Ni(ll) va Cr(VI) cta than than sen
duoc trinh bay ¢ hinh 3.

(a)
= XK
)
E
o /
thoi gian (phat)
/H(

q(mg/g)

thoi gian (phut)

Hinh 3. Su phu thugc cua dung luong
hdp phu vao thoi gian déi véi Ni(ll)
(@) va Cr(VI) (b)

Két qua hinh 3 cho thay:

Déi véi Ni(ll):  trong khoang thoi
gian khao sat tir 10 + 200 phut, tir 10
+ 90 phut dung lugng hap phy ting
nhanh, tr 90 + 200 phtt dung lugng
hap phu tang cham va dan 6n dinh.
Doi véi Cr(VI): trong khoang thoi
gian khao sat tu 5 + 60 phat, tu 5 +
30 phut dung luwong hip phu ting
nhanh, tr 30 + 60 phut dung luong
hip phu ting cham va dan 6n dinh
(qua trinh hip phu da dat can bang).
Do d6, lwa chon thoi gian hap phu 1a
90 phut va 30 phat dé tién hanh céc
nghién ctu tiép theo d6i véi su hap
phu ion Ni(ll) va Cr(VI).

Tir két qua nghién ctu anh huong cua
thoi gian hap phu, ching tdi tién hanh
nghién ciru dong hoc qué trinh hap phu
Ni(II), Cr(VI) theo 2 m6 hinh dong hoc
hap phu bac 1 va bac 2. Két qua duoc
chi ra ¢ hinh 4, hinh 5 va bang 1

¢ (a) Thei gian, phat

(qe-qt)

y =200.0095x + 0.2377
R?=0.9754

(b) y =0.1841x + 1.2301
R2 = 0.9999

t/qt

Thoi gian, phuat

Hinh 4. Béng hoc hap phy biéu kién

béc 1 (a) va biéu kién bdc 2 (b) dang

tuyén tinh cuia than than sen doi Voi
Ni(11)



(a) =°0-1204x+3.1657
* R? = 0.7094

Ig(qe-qt)
[ ]

Thoi gian, phat

b y =0.038x + 0.0348
(b) R?=0.9998

t/qt

Thai gian, phat

Hinh 5. Béng hoc hap phu biéu kién bdc 1 (a) va biéu kién bdc 2 (b)
dang tuyén tinh ciia than than sen déi véi Cr(VI)

Bang 1. Cac tham sé trong mé hinh

déng hoc hap phy cia Lagergren

) ) Pong hoc bac 1 q thye bong hoc bac 2
Chat bi hap R2 O ki nghigm R? Qe ka(9.mg’
phu (mg/g) | (phut™) | (mg/g) (mg/g) | * .phat")
Ni(Il) 0,975 | 1,73 0,02 53 0,999 54 0,028
Cr(VI) 0,709 | 1462 0,28 255 (0,999 | 26,3 0,043

Két qua trén hinh 4, hinh 5 va bang 1
cho thdy, hé sé tuong quan R® tinh
theo md hinh dong hoc hap phu bac 2
dbi voi ca Ni(Il) va Cr(VI) déu cao
hon so v6i md hinh dong hoc hap phu
bac 1; Mat khac, ddi véi ca 2 truong
hop hap phu Ni(ll) va Cr(VI) gia tri
dung luong hap phu can bang tuong
ung tinh theo mé hinh dong hoc bac
2 (9. = 5,4 mg/g va 26,3 mg/g) gan
Vi gid tri xac dinh theo thuc nghiém
hon (d6i voi Ni(11): Qe nghiem = 5,3
mg/g — tai Co = 48,92 mg/l, V = 50
Bang 2. Anh hwong cuia nong dé Ni(ll) va

ml, Mhan than sen = 0,10 g,t=90 phl:lt,
pH =5; ddi vé6i Cr(VI): Ginye nghiem =
25,5 mg/g — tai Co = 51,25 mg/l, V =
50 ml, Mpan than sen = 0,05 g, t = 30
phat, pH =2). Do vay qua trinh hap
phu Ni(Il) va Cr(VI) trén than than
sen phu hgp hon v4i mo hinh dong
hoc hap phu bac 2 caa Lagergren.
3.2.3 Anh hwong cua nong dé Ni(ll),
Cr(VI) ban dau va xdc dinh dung
leong hdp phu cuee dai

Két qua dugc trinh bay & bang 2.

Cr(VI) ban dau dén khd ndng hap phu

cua than than sen

Ni(l1) Cr(VI)
Co ch q H ch/q Co ch q H ch/q
(mg/L) | (mg/L) | (mglg) | (%) (@L) | (mg/L) | (mg/L) | (mglg) | (%) (glL)
15,65 5,73 2,48 63,40 2,31 | 29,12 0,16 14,48 99,44 0,011

28,17 11,04 4,28 60,82 2,58

51,01 0,26 25,37 | 99,49 0,010

48,06 20,32 6,93 57,72 | 2,93

79,83 0,52 39,66 | 99,35 0,013

68,08 32,64 8,86 52,05 3,68

101,22 2,28 49,47 | 97,75 0,046

90,67 49,85 | 10,20 45,02 4,89

119,56 591 56,82 | 95,05 0,104

99,15 56,19 | 10,74 4332 | 5,23

151,33 | 16,99 | 67,17 | 88,77 0,253

118,79 71,97 | 11,70 39,41 6,15

171,38 | 21,10 | 75,14 | 87,69 0,281
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Cac két qua thuc nghiém ¢ bang 2 da
ching to hiéu suat hap phu giam,
dung lugng hip phu cua than than sen
tang khi néng d6 dau caa Ni(ll) va
Cr(VI) tang. Piéu nay 1a hoan toan
phu hop vaéi quy luat.

Ciing tir cac két qua thuc nghiém nay,
dwa vao phuong trinh dang nhiét hap
phu Langmuir dang tuyén tinh (hinh
4) ta tinh dwoc dung luong hap phu
cuc dai cua than than sen ddi véi
Ni(II) 1a 16,95 mg/g, d6i véi Cr(VI)
la 76,92 mg/g. Két qua nay cho thiy
than than sen c6 kha nang hap phu
Cr(VI) t6t hon Ni(II). Kha nang hap
phu Cr(VI) cua than ché tao duoc la
cao hon so véi than hoat tinh ché tao
duoc tir gd Tamarind (An Do) hoat
héa bang kém clorua (Qmax=28,02
mg/9)[2].

y =0.0594x + 1.8662

R2=0.996

=
3
g (@)
o)
[8]
o

Ccb(mg/L)

y =0.0134x + 0.0123
R? = (09925

jary
SN
&
o
S~
8
© (b)

Ccb (mg/L)

Hinh 6. Puwong dang nhiét hdp phu
Langmuir dgng tuyén tinh cua than
than sen doi véi Ni(ll) (a) va Cr(VI) (b)

87

4. KET LUAN

Pi ché tao duoc than tir than cdy sen
va xac dinh duoc dién tich bé mat
riéng, hinh thai hoc bé mit cua nguyén
liéu ban dau va cua than ché tao duoc.
Sy hap phu Ni(Il) va Cr(VI) cia than
ché tao tir than cdy sen da dugc nghién
ciu dudi cac diéu kién thi nghiém
khéc nhau. Két qua thu duoc:

- pH tét nhat cho su hap phu cua than
than sen ddi voi Ni(ID) 1a 4+5; ddi véi
Cr(VI) la 1+2.

- Thoi gian dat can bang hap phu cua
than than sen d6i véi Ni(ll) 1a 90
phut; Cr(\V1) la 30 phat.

- Theo mé hinh ding nhiét hap phu
Langmuir xac dinh dugc dung luong
hép phu cuc dai cua than than sen ddi
v6i Ni(Il) 1a 16,95 mg/g; d6i voi
Cr(VI) 1a 76,92 mg/g.

- Trong cung diéu kién thi nghiém
than than sen c6 kha ning hip phu
Cr(VI) tét hon Ni(II).

- Sy hiap phu Ni(ll) va Cr(VI) trén
than than sen déu tuan theo quy luat
dong hoc biéu kién bac 2 Lagergren.
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