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KHAO SAT HAP PHU Cu?* BANG VAT LIEU BENTONIT
VA BENTONIT HOAT HOA: Z\NH HUONG CUA LUONG CHAT HAP PHU,
NONG PQ BAN PAU VA PANG NHIET HAP PHU

e TS. Bui Van Thang", Nguyén Thi Thuy Trang"”

Tém tit
Khodng sét bentonit dugc hoat hod bdng axit H;SO, 4 M va dugc sit dung lam chédt hdp phu ion
Cu** trong nudc. Anh hudng cia ligng chat hdp phu, ndng do ban ddu va nhiét do dén khé néng hdp
phu Cu?* trén vt ligu duoc khdo sdt. Dung lugng hdp phu cuc dai ciia bentonit va bentonit hoat hod
la 34,36 mg/g va 39,21 mg/g. Gid tri dm ciia AG va gid tri duong ciia AS cho thdy su hdp phu Cu**
trén bentonit va bentonit hoat hod la tod nhiét va tu xdy ra.
T khod: bentonit, bentonit hoat hod, ion Cu**, néng do, dcfng nhiét hap phu.

1. Biit van dé

Mot s6 kim loai ning trong mdi trudng cé
dnh hudng 16n dén sy s6ng clia sinh vat trong
hé sinh thdi. Phan 16n cdc chat hitu cd 6 nhiém
thudng dé bi phan huy sinh hoc, con cdc kim
loai ning sé& khong bi phdn huy thanh sin
phffm khong doc hai. Mot s6 ion kim loai niing
12 chat chuyén hod trung gian nguy hai bdi vi
chiing tich tu trong cic mdé va giy doc tinh
trong chudi thitc dn [6], [7]. Mot s6 kim loai c6
khad ning nguy hai d6i v6i moi trudng 1a Al,
As, Cd, Cr, Co, Cu, Pb, Mn, Hg, Ni va Zn.
Trong s6 nay, ddng dudc st dung chd y&u dusi
dang kim loai, hgp kim va trong mot sd loai
thudc diét naim, diét tdo. Pong ton tai § cdc
dang Cu*, CuCO; Cu(COs),”, Cu(OH)s,
Cu(OH),* tuy thudc vao pH ciia dung dich,
trong d6, Cu** 1a dang doc nhat. Nong d6 dong
qué cao 4nh hudng d&€n dudng tiéu hod va ho
hap, hai gan, than va giy ra hién tugng thi€u
mau... Mot s6 hop chdt clia ddng c6 thé gy ra
ung thu da day va ung thu phdi. Theo USEPA,
quy dinh néng d6 Cu?* trong nudc uéng khong
vudt qud 1,3 mg/l [3].

Viéc gidm thi€u va loai bd Cu** trong
nudc 12 vin dé quan trong can dugc quan tim
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nghién cttu. Mot s6 phuong phdp thudng dugc
stt dung d€ loai bd Cu** trong nudc 13 phuong
phdp két tia hod hoc, trao d6i ion, thim thiu,
oxi hod... Tuy nhi€n, cdc phuong phdp trén c6
nhitng nhuge diém nhat dinh nhu chi phi xt 1y
cao, phifc tap va khé ki€m sodt, c6 thé phat
sinh ra cdc sdn phaim ddc hai khidc. Piéu nay
c6 thé khic phuc dudc bing cich chuyén ion
Cu** trong nudc sang dang rin bén vitng qua
qué trinh hap phu. Pha rin phdi c6 4i luc manh
vdi ion Cu®* muc tiéu, lién k&t chit ché khong
cho phdt sinh tr§ lai moi trugng va luu gitt
chiing trong khodng diéu kién hod 1y tuong doi
rong [4].

Mot s6 chat thudng dudc st dung 1am chat
hap phu Cu®* trong nudc la diatomit va
diatomit bi€n tinh [1], tro bay [4], zeolit bién
tinh [2], bentonit va bentonit hoat hoa [6], [7],
[8]... Trong s& do, bentonit 1a vat liéu ty nhién
c6 khd ning hdp phu ion kim loai trong nudc
hiéu qua. Bentonit 12 khodng chit s&n c6, gid
ré va thin thién v6i moi trudng, c6 dién tich bé
mit 16n, bén, c6 kha ning trao d6i cation cao,
chira cac tAm axit Bronsted va Lewis [6],... Cac
tinh chdt nay dugc cai thién ding ké khi
bentonit dugc x& 1y bing cdc loai axit vd co
(thudng dugc goi la bentonit hoat hod), sau khi
hoat hod bentonit biing axit lam ting kha ning
hap phu ion Cu®* trong nuéc [6], [8]. Trong
diéu kién nhu vay, cdc cation trao d6i 16p giita
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cta bentonit thudng dugc thay thé ion H* di
kém vdi sy phdt sinh ra ion AI** va cédc cation
khédc tr cdc tAm t& dién va tdm bdt di€n, trong
khi nhém SiO, hau nhu khong thay ddi [6].

Muc ti€u ctia nghién cifu nay la khao sét
mdt s6 yéu t§ dnh hudng dé€n khd ning hap
phu ion Cu®* trong nuéc bing vat liéu bentonit
va bentonit hoat hod bing axit H,SO4 nhu 4nh
hudng clia lugng chit hap phu, nong dd ban
dau va nhiét d6 phan tng.

2. Thuc nghiém va phuong phap nghién ciu

2.1. Nguyén liéu

Bentonit nguyén li€u st dung trong nghién
citu ndy 12 bentonit kiém (Binh Thuin) c6 ham
lugng montmorillonit >80% (Bent). Dung lugng
trao di cation 12 75 meq/100g.

Cdc hod chdt H,SO,;, AgNO;, BaCl,,
NaOH, HNO;, CuS04.5H,0 1a nhitng hod chat
sach phan tich (Trung Qudc) vd mot s6 tdc
nhin cin thiét khac.

2.2. Piéu ché& chit hap phu

Qu4 trinh hoat hod bentonit dudc ti€n
hanh nhu sau: 14y 10 gam Bent cho vao 100 ml
dung dich H,SO, 4 M va khudy véi toc do 800
vong/phit,  nhiét do 70°C trong thdi gian 4
gid. Sau phan ng, huyén phu dudc loc tich va
rifa bing nudc cit vai 1an d€ loai bd hét ion
SO,* du (thit bing dung dich BaCl, 0,01 M) va
s&y kho miu & 60°C trong 10 gid thu dugc vat
li€u bentonit hoat ho4, ky hié¢u BentH.

2.3. Phuong phap xac dinh ciu tric

Xdc dinh dinh phd dic trung cia vat liéu
Bent vi BenH biing phd XRD trén mdy D8
Advance-Bruker (Pic) st dung bic xa 40 kV,
300 mA, quét tir 0,5-50°.

2.4. Khao sat hap phu

Qud trinh hidp phu dudc ti€n hanh bing
cdch thém 0,1 gam vat li¢u Bent va BentH vao
100 ml dung dich Cu**. Hén hop dudc tién
hanh phdn ¢ng trong thdi gian nhit dinh, sau
dé ly tAm va phin nuSc loc con lai dude xdc
dinh ham lugng Cu®* biing phd hip thu nguyén

tlr, AAS. pH clia dung dich dugc diéu chinh
bing dung dich NaOH 1 M hodc HNO; 1 M.

Dung lugng hap phu (g;) dugc tinh tir cong
thie (1):

qt:(co_ct)'V (1)

m

Trong d6, Cy va C; (mg/l) 1an lugt 12 ndng
dd ban diu va ndng dd & thsi di€m ¢ (phit); V
12 thé tich dung dich (lit), m 13 khdi lugng chat
hap phu (gam).

3. K&t qua va thio luin

3.1. Pic tinh cuiia chit hap phu

Phd XRD ctia miu Bent va BentH dugc
chi ra trong Hinh 1 cho thdy, miu Bent c6 chita
thanh phan chinh 12 montmorillonit (Mont) vé&i
dinh phé dic trung & 20= 5,47; 19,45; 27,55 va
34,64° vi mot s6 dinh phd dic trung cho cédc
khodng tap chit clia quartz (Q), microline
(Mic), calcit (Cal), albit.

a) Bent

zzzzz

Lin (Cps)

2-Theta Scale

Hinh 1. Phé XRD ctia miu: a) Bent va b) BentH

Cau tric tinh thé va tinh chdt cda
bentonit thay ddi khi dugc x& 1y bing axit nhu
chi ra trong Hinh 1. Cudng dd cia cdc dinh
phd XRD clia BentH gidm so vdi bentonit
chua hoat hod va dinh phé md rong hon [7],
do cau triic 16p ban dau clia bentonit d3 bi ph4
vd mot phin. Bentonit ton tai chd y&u dang
phan tdn va dang v6 dinh hinh sau khi x@ 1y
bing axit thé hién qua cudng d6 dinh phd ting
trong vung nhiéu géc nhd va gidm dd rong
cda dinh phd [6], [7]. Mot s& két qua rit ra tir
phd XRD nhu sau:

(i) Mot so tap chat trong miu Bent da bi
hoa tan trong sudt qud trinh hoat hod bentonit
bing axit H,SO,. Trong miu Bent c¢6 dinh phd
rat cao clia khodng calcit tap chat va trong miu
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BentH khong xuit hién dinh phd & vi tri d6, do
calcit da bi hoa tan trong qud trinh hoat hoa.

(ii) Cudng d6 ctia hiu hét cic dinh phd
XRD clia miu BentH gidm manh sau khi xit 1y
axit 12 do sy thay ddi trong cdc tAm bat dién va
tAm t& dién cda 16p bentonit.

(iii) Mau BentH xuat hién thém hai dinh
phd méi & 25,88A (20 =3,41°) va 17,01A (260 =
5,19°), trong khi d6, miu Bent khdng thdy xuat
hién hai dinh nay.

3.2. Anh huéng cta lugng chat hap phu

Khdo sdt dnh hudng clia lugng chit hap
phu dén kha ning hip phu Cu®* trong nuéc
bing miu Bent vd BentH dugc thuc hién véi
ndng dd Cu®* ¢§ dinh 1a 100 mg/l, lugng chat
hffp phu st dung tuong ng vdéi 1; 2; 3; 4; 5; 6
va 7 g/l, pH = 6, nhiét do 30°C, t6c do khudy
800 vong/phiit trong thdi gian 2 gi. Lugng Cu®*
hap phu tinh todn tir phuong trinh (1) va sy phu
thudc cta dung lugng hap phu vao lugng chat
hap phu dugc trinh bay trong Hinh 2.

T k&t quéd chi ra trong Hinh 2 cho thay,
khi Iugng chat hdp phu ting thi lugng ion Cu**
hap phu trén don vi khdi lugng s& gidm (q.).
Diéu nay c6 thé gidi thich nhu sau: khi lugng
ch&t hap phu nhd, ion Cu®* trong dung dich dé&
dang ti€p cin cdc tAm hoat dong clia chit hap
phu va két qua cho gid tri g, cao. Khi lugng
chdt hap phu ting, tuong tng vdi sy gia ting
lugng chi't hap phu trén don vi khdi lugng din
dén ion Cu®* trong dung dich ti€p can cdc tim
hap phu khé khin hon do tinh trang qué tdi clia
cac hat sét bentonit.

36
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—&— Bent
—— BentH

qe (mg/g)
N

1 2 3 4 5 6 7
Khéi lgng bentonit (g)

Hinh 2. Dung lugng hap phu ion Cu** clia Bent
va BentH theo lugng chat hap phu
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Tuy nhién, phan trim hip phu ting nhanh
khi lugng chit hap phu dua vao cang nhiéu.
Khi c¢6 dinh ndng dd ion Cu** bing 50 mg/l,
lugng chat hdp phu cang cao c6 nghia 1a dién
tich bé mit 16n va chita nhiéu tAm hip phu.
Khi lugng chat hap phu ting 1 1én 7 g/ thi
dung lugng hap phu gidm tr 32,38 xudng 6,52
mg/g va 35,32 xudéng 7,84 mg/g d6i véi miu
Bent va BentH. Nhung phan trim hap phu ting
tir 32,38 1&én 45,64% va 35,32 1én 54,88% doi
véi miu Bent va BentH. K&t qué nay tuong ty
nhu mot s& bdo cdo da cdng bd trude day [6],
[71, [8].

3.3. Anh huéng ctia ndng do Cu®* ban dau

Nong d6 Cu®* ban ddu c6 dnh hudng ding
ké dé&n dung lugng hap phu (g.) nhu chi ra
trong Hinh 3. Dung lugng hap phu (q.) ting khi
ndéng d6 Cu®* ting lén, trong khi phin trim hap
phu lai gidm. O ndng do Cu®* thap, s6 lugng
16n tim hap phu sin c6 dé hap phu ion kim
loai dung dich va qué trinh hdp phu khong phu
thudc vao ndng dd ban dau. Khi nong do Cu**
tdng 1én c6 sy canh tranh hdp phu giita ion kim
loai hap phu trong dung dich 1é€n cdc tAm hip
phu trén bé mit bentonit [6], [8]. Trong trudng
hdp nay, don vi khdi lugng clia chat hdp phu cé
thé hap phu nhiéu ion kim loai hon so v&i ndng
dd ion kim loai thap. Pi€u nay lam ting dung
lugng hap phu, nhung phin trim hap phu (%)
lai gidm.

40
30

20 7 —&— Bent

—— BentH

qe (mg/g)

10

0 T T T T 1
0 10 20 30 40 50

Néng do Cu’*(mg/l)

Hinh 3. Dung lugng hap phu ion Cu** clia Bent
va BentH theo nong dé Cu** ban diu
Khi ting néng dd Cu®* tir 5 mg/l 1én 50
mg/l (lugng chat hap phu 1 g/1), dung lugng
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hap phu (ge) ting tir 4,87 1én 32,1 mg/g d6i véi
miu Bent va tir 4,91 1én 36,35 mg/g doi v6i
mAiu BentH, trong khi d6 phan trim hip phu
gidm tlr 97,4 xudng 64,2% ddi v6i miu Bent va
tr 98,2 xudng 72,7% do6i v6i miu BentH. K&t
qué nay pht hdp v6i mot s6 nghién citu trude
d6 vé sy hap phu Cu®* trén bentonit va bentonit
hoat hoa [6], [7], [8].

3.4. Pudng ding nhiét hap phu

Puong ding nhiét hdp phu ion Cu?** trén
vat liéu rin, khodang phyllosilicat va khodng sét
bentonit [4], [6], [7], [8] thuGng mé6 td theo
phuong trinh Langmuir (2) va Freundlich (3)
nhu sau:

ﬂzi.ce - 2)
qe qm KL 'qm
Ing, =lln C,+InK, 3)
n

Trong d6 C, (mg/l) va g, (mg/g) 1a ndng
do6 Cu®* can biing trong dung dich va trong pha
rin, g, 1a dung lugng hap phu cuc dai (mg/g),
K. 1a hiing s6 hap phu Langmuir, Kr va 1 1a

n
céc hiing s6 Freundlich.

Ti€n hanh kh3o sit dudng ding nhiét hap
phu dugc ti€n hanh trong diéu kién nhiét do
30°C, 35°C, 40°C va 45°C, ndbng do Cu** tir 1
mg/l dé€n 100 mg/l, lugng chat hap phu 1 g/l,
pH = 6, t6¢c d6 800 vong/phiit trong khodng thdi
gian 2 gid. P6 thi tuyén tinh theo phuong trinh
Langmuir va Freundlich dugc trinh bay trong
Hinh 4 va Hinh 5. Tinh todn cdc tham s6 trong
trong Hinh 4 va Hinh 5 chi ra trong Béng 1.

*30°C
n35C
Ad0C
X45°C

T T T T T 0.0 WF T T T T T T 1
0 10 20 30 4 50 60 70 0 10 20 30 40 50 6 70

Ce (mg/L) Ce (mg/L)
Hinh 4. Dang tuyén tinh theo phuong trinh diing
nhiét Langmuir cta qu4 trinh hap phu Cu® trén
a) Bent va b) BentH

45 a) Bent 40 b) BentH

&

430°C 220
35°C =
Ad0°C 10
X45°C
WS+ 00

43210 123 45 503 413 s
InCe InCe
Hinh 5. Dang tuy&n tinh theo phuong trinh ding
nhiét Freundlich ctia qua trinh hap phu Cu®* trén
a) Bent va b) BentH

—_

Trong phuong trinh Freundlich, Kr va —
n

1a cdc hiing s§ c6 lién quan dén khd ning hap
phu va cudng do6 hap phu tuong tng. Gid tri K
ctia mau BentH 16n hon miu Bent & cdc nhiét
do tuong tng. Hau nhu gid tri K» ting khi nhiét
dd ting, diéu nay cho thdy dung lugng hip phu
ion Cu”* trén vat liéu Bent va BentH ting khi
nhiét do ting. Gia tri 1 nim trong khodng tir 0
n
dén 1, cho thdy qud trinh hdp phu ion Cu** trén
bentonit dat hiéu qua cao.
Bang 1. Cdc tham s phudng trinh Langmuir va

Freundlich ctia qué trinh hap phu ion Cu** trén
Bent va BentH ¢ 30°C, 35°C, 40°C va 45°C

Langmuir Freundlich

hat c, cC 1 1
iﬁ’; Nhiét PR mqg:(_jmcemKF

Woa. a4, Kiq, n

phu | do
K, qm R l Kr R
(L/mg)|(mg/g) n | /g

30°C | 0,712 |33,445]0,9990 0,374 | 9,595 |0,7174
Bent |35°C | 0,795 |33,898]0,9991 0,365 | 10,118 |0,7139
40°C | 0,951 |34,247(0,9994 | 0,351 | 10,828 |0,7235
45°C | 1,233 |34,364]0,9996 | 0,333 | 11,779 |0,7586
30°C | 1,508 |37,453/0,9996 0,343 | 12,830 [0,8472
Bentpl 33-C | 1:650 [37.879]0.9997 | 0,315 | 14.248 |0.8152
40°C | 1,673 |38,314]0,9997]0,309 | 14,732 [0,8099
45°C | 1,678 |39,216]0,9996 | 0,302 | 15,405 |0,8091

K&t qua trong Bing 1 cho thdy tit cd cdc
hé s6 tuong quan clia phuong trinh Langmuir
déu 16n hon (R’ > 0,99) so véi phudng trinh
Freundlich (R2 > 0,71), diéu d6 cé nghia la
phuong trinh ding nhiét Langmuir mo6 ti qud
trinh hdp phu ion Cu®* trén Bent va BentH
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pht hgp hon so v6i phuong trinh Freundlich
trong khodng nhiét do 30°C dén 45°C. Hé s6
tuong quan cao (R* > 0,99) trong phuong trinh
Langmuir cho thdy trang thdi cin bing (4)
chuyén dich sang phdi theo hudng tao thanh
phitc cha't gitta cha't hap phu - ch4't bi hap phu.

1
2t e 2+
Bent + Cu -~ Cu
-1

Bent 4)

Tir k&t qua chi ra trong Bdng 1 cho thay,
dung lugng hap phu bido hoa don 16p (g,) ti 1&
thuan vé6i nhiét do, nghia 12 dung lugng hip phu
ion Cu”* trén Bent va BentH ting khi nhiét do
tdng va qué trinh hap phu 1a thu nhiét. Gia tri g,
ting di k&ém vdi nhu cau ning lugng cao cho qua
trinh hdp phu ion Cu®* trén céc vat liéu hap phu
khao sat. Gia tri g,, va K trinh bay trong Béng 1
cho thay, dung lugng hap phu cuc dai va 4i luc
ctia Bent va BentH ddi v6i ion Cu®* trong dung
dich dugc sip x€p theo thit tv Bent < BentH.
Céc k&t qua nay phi hgp véi cic bdo cdo trudc
d6 vé sy hap phu ion Cu** trong dung dich nudc
trén chat vat liéu zeolit [2], tro bay [3], bentonit
va bentonit hoat ho4 [6], [8].

3.5. Nhiét dong hoc hap phu

Khdo sit 4nh hudng clia nhiét do dén qud
trinh hdp phu, cling nhu tinh todn cic dai lugng
nhiét dong hoc, thay ddi nhiét do khio sat tir
303 dé&n 318 K. Gia thiét riing, qud trinh hap
phu ion Cu® trong dung dich nu6c biing vit
liéu Bent va BentH axit tudn theo phuong trinh
(4) thi K¢ dugc tinh theo phuong trinh (5).
Trong dé: k; va k.; 1an lugt 12 hing sd toc dd
clia qud trinh hdp phu va khit hap phu.

Hing s6 cin bing K¢ dudc tinh theo cong

k C 2+
thic: Kp= —L=— L (5)
0 Cops
Trong d6, C,.. ,va C.. & (mg/l) 1an lugt

12 ndng dd cin biing ciia ion Cu?* trén chi't hap
phu va trong dung dich. Pay ciing 1a ti s& gitta
ndng do ion Cu®* di bi hap phu trén chit hap
phu va ndng do ion Cu®* con lai trong dung
dich tai thdi di€m can biing.
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D€ tinh cdc gid tri nhiét dong hoc clia qua
trinh hap phu, st dung phudng trinh (6), xem
AH va AS khong phu thudc vao khodng nhiét
d6 khdo sat [6], [8].

AG=-RTIhK.=AH-TAS (6)

Trong d6 R 1a hi“lng so khi (8,314 J/mol.K),
K¢ 1a hiing s6 cin bing hdp phu va T la nhiét
dd (K). Phuong trinh (6) dugc bi€n ddi thanh
phuong trinh (7) nhu sau:

SPEYA Fpe
R \T) R

Gia tri K¢ dudc tinh tir phuong trinh (5) va
K (tinh tit phuong trinh ding nhiét Langmuir)
G cdc nhiét @0 khdc nhau dugc chi ra trong

(7

Béng 2.
Bang 2. Gia tri K¢ va K, 6 ciac nhiét do 303 K, 308 K,
313 Kva318K
Chat 303 K 308 K 313K 318K

hﬁ’p phll KC K; KC K; KC K; KC K;
Bent |3,098]0,712 (3,372/0,795 |3,499/0,951 (3,700{ 1,233
BentH |4,369| 1,508 |4,764|1,650]5,015]1,6735,380[1,678

Hodi quy tuyén tinh cdc gid tri thyc nghiém
1 Lo X
(InK, ?) theo phuong trinh (7) dugc bi€u dién

trong Hinh 6. V& nguyén tic thi gid tri K¢ va K,
trong Bang 2 déu c6 thé 4p dung d€ tinh todn
cac tham s§ dong hoc. K&t qua thu dudc tir

. . s
dutng hoi quy tuyén tinh InK¢ va T deu cho gid

tri am AH va AS duong va khong ddi trong
khoang nhiét d0 dang nghién cttu. Tuy nhién,
trong nghién ctu nay, st dung gid tri K¢ tinh tir
phuong trinh (5) chi ra trong Bang 2. Pay la gid
tri thuc nghiém cu thé tai cic nhiét do6 khac
nhau. Tir @6 doc cta dudng hdi quy va diém cit
clia dudng hdi quy véi truc tung tinh duge gid tri
AH va AS. Tat cd cdc tham sd nhiét dong hoc
tinh toan tr Hinh 6 dugc liét ké trong Bang 3.
Gid tri am cia AG va AH cho thdy hap
phu ion Cu?** trén Bent va BentH tu x3y ra
trong diéu kién nhiét dong va tod nhiét. Kha
ning hap phu ion Cu** ting khi nhiét do ting,
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thé hién qua gia tri AG cang gidm khi ting
nhiét do. Gid tri cia AG gidm -2,85 dén -3,30
kJ/mol (Bent) va -3,71 kJ/mol dén -4,24 kJ/mol
(BentH) trong khodng nhiét d6 303 - 318 K.

1.8

€ Bent
1.6 1 .\'\QH
:‘2 1.4 4
=
1.2 1 \
1.0
0.00312 0.00317 0.00322 0.00327 0.00332
1/T

. o ex 1
Hinh 6. Do thi biéu dién InK; qua ? ciia Bent

va BentH
Bang 3. Cac tham s6 nhiét dong hoc ciia qua trinh
hap phu ion Cu**1én bentonit va bentonit hoat ho4

Chat AG AS AH
hap phu T(K)| Kc (kJ/mol)| (J/mol.LK)| (kJ/mol)
303 3,10| -2,85
Bent 308 |3,37| -3,06 48,05 -9,14
313 |3,50| -3,16
318 |3,70| -3,30
303 (4,37 | -3,71
308 (4,76 | -3,93
BentH 313 [5.02] -4.06 39,66 -10,83
318 |5,38| -4,24

Tu Béng 3 nhan thdy ring, gid tri AH dd
16n d€ ddm bio tuong tic manh giita cdc ion
Cu”* trong dung dich va chat hap phu bentonit.
Gi4 tri AH cia Bent va BentH 1an lugt 14 -9,14

va -10,83 kJ/mol. Cdc gid tri duong cua AS cho
thay, ion Cu®* bi hdp phu 1én bé mit tuong tic
rin-16ng dugc phan tin dong thdi giita 2 pha,
do vdy entropy cao hon trong dung dich [7].
Gid tri AS duong c6 thé 1a do ion Cu®* bi khi
nudc phdi tri, nuéc hydrat khi hdp phu manh
1&n cdc tAm h4p phu va gidi phéng cdc phan
nuéc nay din t6i sy ting entropy. Dung lugng
hap phu ctia Bent va BentH ting & nhiét do
cao c6 thé nguyén nhin gy ra bdi kich thuéc
10 x6p va bdn chit clia tAm hoat dong trong
chat hap phu [6], [7].

4. Két luan

Bentonit dugc hoat hod bing axit H,SO,
1am ting so lugng tAm hoat dong, dong thdi da
hoa tan mot s6 tap chit c6 trong nguyén liéu
dau. Do d6, BentH c6 kha niang hap phu Cu**
trong nudc hiéu qua hon Bent.

Anh hudng lugng cha't hap phu, ndng do
Cu?* va nhiét d6 dugc khio sit. Lugng cha't
hap phu c¢6 4nh hudng ding ké d€n khi niing
hap phu Cu** trén Bent va BentH. Khi lugng
cha't hap phu ting thi dung lugng hap phu (q.)
gidm nhung phin trim hap phu lai ting.
Trong khi, ndng d6 Cu”* ban diu ting thi dung
lugng hap phu (g.) ting nhung phan trim hip
phu lai gidm. Phuong trinh ding nhiét
Langmuir m6 ti qud trinh hap phu Cu** clia
Bent va BentH t8t hon so véi phudng trinh
Freundlich trong khodng nhiét d6 khdo sat ti
30°C dén 45°C.
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AN INVESTIGATION OF Cu** ADSORPTION BY BENTONITE
AND ACID-ACTIVATED BENTONITE: EFFECTS OF CLAY AMOUNT,
INITIAL CONCENTRATION AND ADSORPTION ISOTHERM
Summary

Native bentonite minerals were treated with 4 M H,SO, and were used as adsorbents of
Cu**ion in water. The effects of adsorbent amount, initial concentration and temperature on the
Cu**ion adsorption were investiagted. The adsorption capacities of bentonite and acid-activated
bentonite were respectively 34.36 mg/g and 39.21 mg/g. The negative value of AG and the
positive of AS showed that the Cu**ion adsorption onto bentonite and acid-activated bentonite was
thermally evaporated and self-made.

Keywords: bentonite, activated bentonite, Cu?* ion, concentration, adsorption isotherm.
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