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TOM TAT

Khu vuc Thach Khoan, Phd Tho la khu vuc c6 tiém nang lén vé ngudn nguyén liéu kaolin phong
hoa tir cac da pegmatit thudc phiic hé Tan Phuong. Kaolin tai day cé chat luong kha tét dugc sur
dung trong nhiéu linh vic ting dung truyén thong nhu lam men gém su, gach cao cap. Tuy nhién,
viéc st dung nguyén liéu nay trong xtr ly 6 nhiém moi trudng nudc con han ché. Trong nghién
cdu nay, kaolin tu nhién khu vuc Thach Khodn vai ti 1é haloysit dang éng chiém khodng 87% dugc
nghién ctu st dung trong hap phu ion Cd2* trong méi trudng nudc. Cac yéu té pH, thdi gian tiép
xUc, khéi lugng chat hap phu va ndng d6 ban dau ctia Cd>* 1an lugt dugc nghién ciu dé danh gia
su anh hudng téi qud trinh hap phu ion Cd** clia nguyén liéu. Két qua chi ra réng trong diéu kién
pHo 6,5 va nhiét dé phong (25°C), véi 16 g/L bot hap phu haloysit va néng dé ban dau clia Cd>*
30 ma/L, su hdp phu Cd** c6 thé dat can bing sau khodng 50 phit tiép xuc va hiéu suat dat dugc
86,31 %. Qua trinh hdp phu tuan theo mé hinh ddng nhiét hdp phu Langmuir véi dung lugng hép
phu don |6p cuc dai bang 2,75 mg/g va tuan theo phuong trinh déng hoc hdp phu gid bac 2. Két
qua cho thay, vat liéu tu nhién haloysit khu vic nghién ctu chua xt ly bién tinh co tiém nang trong
st dung loai b ion kim loai nang trong nguén nudc 6 nhiém va can dugc nghién cu mdé rong.
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Tu khoa: Haloysit, cau trdc dang éng, xtr ly mai trudng, Thach Khoan, Cd2+

GIOI THIEU

Haloysit 1a mdt trong nhiing khodng vét thudc
nhom kaolin (gébm c6 khodng vét kaolinit, dickit,
nacrit va haloysit) dugc phat hién nim 19821.
Cong thtic héa hoc ctia haloysit khi ngdm nudc la
Al SipOs5(OH)4.2H, O (v6i khoang cach gitia cac mit
mang tinh thé€ d = 10 A) va khi ¢ dang khtt nuéc la
Al SipOs(OH)4 (khodng cachd =7 A). Haloysit c6
thé ton tai dudi nhiéu dang hinh théi khac nhau nhu
dang 6ng, dang ciu va dang 16p 2. Tuy nhién, haloysit
dang 6ng dugc cho 1a phd bién nhét, trong khi do6
cac khoang vat kaolinit, dickit va nacrit cha yéu cé
hinh thai dang tdm va 16p. Kich thuéc ctia khodng vét
haloysit dang 6ng dién hinh dugc xac dinh c6 dudng
kinh ngoai 30-50 nanomet (nm), dudng kinh trong
1-30 nm va chiéu dai trung binh tii 100-2000 nm.
Bé mit ngoai cua Ong haloysit dugc cdu thanh bdi
cac nhom siloxane (O-Si-O va bé mit trong clia ng
14 nhém aluminol (AI-OH)®. Trudc day, kaolin néi
chung thudng dugc stt dung trong cac linh vyc truyén
théng nhu lam gém st, gidy, son, cao su, gach chiu
ltia,... Trong nhiing ndm gin day, do cé nhiing dic
tinh uu viét nhu cu truc siéu nho dang 6ng, khong
dodc, d6 bén cohoc cao. .. va cd gia thanh ré hon so véi

nano carbon dang éng nén haloysit dugc cac nha khoa
hoc quan tdm va ap dung nhiéu trong céc linh vuc Ging
dung khic nhau nhu trong dugc phdm, y hoc, thuc
phédm, vat liéu cao cip, nong nghiép, va moi tru(‘)’ng“.
Trong linh vuc xt Iy mo6i trudng, mot sé cong trinh
nghién ctiu da st dung haloysit dang 6ng chua bién
tinh d€ hip phu céac ion kim loai ning trong nudc
dem lai hiéu qua nhit dinh>°. Dong (2012)° da st
dung haloysit d& hdp phy ion Zn”* trong méi trudng
nudc. Két qué da chi ra ring v6i diéu kién thi nghiém
clia dung dich ban d4ula 10 mg L1, pH 2-9 thi dung
lugng hip phu dat t6i 9,87 mg.g~!'. Nghién ctiu kha
ning hip phu ion Co®* st dung haloysit, Li (2013)°
da cho thdy dung lugng hip phu dat khoing 6 mg.g~!
v6i pH nghién ctu trong khoang 3-11. Tuy nhién,
trong cac nghién cttu trén, nguyén liéu haloysit dang
Ong dugc st dung 1a nguyén liéu thuong phdm, dugc
mua clia cac cdng ty thuong mai nén cé d tinh khiét
cao va gid mua cao hon nhiéu so véi kaolin tu nhién.
Khu viyc Thach Khoan, Pht Tho dugc ghi nhan 1a khu
vic ¢6 tiém nang vé nguyén li¢u kaolin’~?. Hién tai,
ngudn nguyén liéu kaolin chi yéu dugc khai thac su
dung trong cong nghiép gém st. V6i viéc xac dinh
su ton tai khodng vat haloysit dang 6ng véi ti 1é dang
ké trong kaolin khu vuc nay cé thé mé ra cdc ting
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dung khac ngoai ting dung lam gom st truyén théng,
g6p phin nang cao hiéu qua kinh t€ cia nguyén liéu
khoang nay. Trong bai bdo nay, haloysit viing nghién
ctiu Thach Khodn, Pht Tho dugc nghién ctiu ¢€ danh
gia kha ning giam thiéu néng d6 ion Cd** trong moi
trudng nudc.

VAT LIEU VA PHUONG PHAP

Mau va xi ly mau

Miu haloysit nghién ctu dugc 14y sau cong doan
tuyén ctia mo kaolin Lang Pong, Thach Khoan, Phu
Tho. Cic mau sau d6 dugc tron déu va dugc tach loc
st dung phuong phap sang ray udt c6 kich c& mat ludi
32 pm. Mau dudi mit sang dugc gan loc va dugc dem
di sdy kho ¢ nhiét d6 60°C. Mau sau khi kho dugc st
dung dé€ thi nghiém va phan tich trong cac budc tiép
theo. Dé kiém tra sy ton tai ctia haloysit trong céic
mau, cac phuong phap phan tich kinh hién vi dién tt
quét (SEM) két hgp do phd tén xa ning lugng tia X
(EDS) (Quanta 450 - FEI tai Truong Pai hoc M6 - Dia
chat) va kinh hién vi dién tt truyén qua (TEM) (mdy
EM 1010 - Jeol tai Vién Vé sinh dich té Trung uong)
dugc st dung.

Thanh phéan cta haloysit trong mau dugc xdc dinh
theo phuong phép dugc dé xuit bdi Churchman &
Theng (1984) 10, Theo phuong phép nay thi d6 16n tai
vi tri peak 10 A va 7 A ctia két qua phan tich nhiéu
xa tia X (XRD) cho miu nghién ctiu trudc va sau
khi dugc tdm chit hoa hoc Formamide (FA) (Cong
thiic la CH3NO) mét thoi gian nhdt dinh khoang 30
phut c6 sy thay d6i. Su thay ddi nay do chét FA da
di vao cdu tric dang 6ng cta khodng vét haloysit,
trong khi dé khodng vat kaolinit gdn nhu khong bi
dnh huéng. Do vay, thanh phén haloysit (&) trong
hén hgp véi kaolinit duge xdc dinh nhu sau: o =
[T10/(X10+17]*100%. Trong d6 1o, I; d6 16n cta cic
dinh tai vi tri d ~ 10 A va 7 A sau khi t&m ch4t
Formamide '°. Phan tich XRD dugc tién hanh trén
may D5005 Siemens tai Trudng Pai hoc Khoa hoc Ty
nhién - PHQG Ha Noi.

Thuc nghiém kha nang xi ly ion Cd** trong
nudc chia vat liéu haloysit

Xdc dinh pHp;c cta vat liéu haloysit

Gia tri pH ma tai d6 bé mat haloysit trung hoa dién
tich (pHpz¢) dugc xdc dinh bang phuong phip do
do léch pH. Trong phuong phép nay 0,25 g nguyén
liéu haloysit dugc cho vao 50 mL dung dich KCI 0,01
M c6 pH ban d4u (pHy) khac nhau, dugc diéu chinh
béng dung dich HC1 0,01 M hodc NaOH 0,01 M. Hén
hop sau d6 dugc khudy bang médy khudy & t6c do 800
vong/phut trong 30 phut. Cudi ciing, loc 14y dung dich
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vaxac dinh lai pH (pHj) ctia nuécloc, tit d6 tinh ApH
va vé d0 thi biéu dién sy bién d6i ciia ApH theo pHy.
Gia tri pHpzc 1a pHy tai d6 ApH = 0.

ApH = pHy, — pH, 1)

Hép phu ion Cd**

Kha nang hdp phu Cd?>* ctia haloysit dugc nghién ctiu
bang cach cho mot lugng nguyén liéu haloysit da dugc
nghién ctiu & trén vao binh chitia 50 ml dung dich gia
thai chda ion Cd** & cic diéu kién cin nghién ctu.
Dung dich gia thai dugc chudn bi trong phong thi
nghiém, stt dung mudi Cd(NO3), 4H,O hoa tan vao
nudéc § cac nong do khac nhau, dung dich dugc diéu
chinh pH béng dung dich HCI 0,01 M hodc NaOH
0,01 M.

Cac yéu t6 anh hudng dén qud trinh hdp phu nhu:
thoi gian tiép xuc, pH, khdi lugng chit hdp phuy, nong
d6 dung dich Cd?* ban dau di dugc khao sat theo s
liéu ¢ Bang 1.

Thuc nghiém dugc tién hanh béng cich cho mot
lugng nguyén liéu haloysit vao binh chda 50 ml dung
dich Cd?*t ¢6 noéng do ban diu thay dai ti 20 < 80
mg/L, thoi gian hdp phu bién ddi tit 10 < 120 phut, pH
ctia dung dich dugc khéo sat tui 2,95 + 7,5, khoi lugng
bot haloysit thay d6i 0,3 + 1 g. Hb6n hop sau d6 dugc
khuéy bing méy khudy ti véi tdc do 800 vong/phut.
Sau khi hip phy, loc tich chit ran, 14y phan dung dich
dé dinh lugng ion Cd** con lai bing phuong phép
khdi phé cam ting Plasma (ICP-MS) (thiét bi Thermo
Scientific iCAP Q tai Trudng Dai hoc Mo - Dia chit).
Dung lugng hdp phu va hiéu sut hdp phu dugc xac
dinh béng phuong trinh (2) va (3)!1.

Q=(Cy—C).V/m @)

H = (Cy—C).100/Cy (3)

Trong dé: Q (mg/g) va H (%) lan lugt la dung lugng
hép phu va hiéu sut hap phu Cy (mg/L) va C (mg/L)
lan lugt 1a n6ng do ion Cd?* ban dau va con lai sau
hép phu V la thé tich dung dich hap phu (L) m la khéi
lugng bot haloysit (g).
Kha nang hip phu Cd2* ctia bot haloysit dugc tinh
toan dua trén dudng hdp phu déng nhiét Langmuir
va Freundlich 112,
Phuong trinh tuyén tinh Langmuir:

C. Ce 1

Q Qm KiQm &

Phuong trinh tuyén tinh Freundlich:

1
LnQ = LnKg + - .LnC, (5)
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Bang 1: Cac yéu t6 anh hudng dén qua trinh hap phu ion Cd’" chia haloysit

STT Thoi gian ti€p xiuc pH dung dich gia
(phut) thai

1 10 2

2 20 4

3 30 5

4 40 5,5

5 50 6

6 60 6,5

7 70 7

8 80 -

9 100 -

10 120 =

Khéi lugng chit hdp Néng d6 dung dich Cd**

phu (g/L) ban d4u (mg/L)
6 20
10 30
14 40
16 50
18 60
20 70
- 80

V6i C, (mg/L) 1a néng d6 ion Cd>* & trang thai can
bing, Q (mg/g) 1a dung lugng hip phuy & trang thai can
bang, Q,, (mg/g) la dung lugng hép phu cuc dai, Ky 1a
hang s6 Langmuir, K va n la cac hang s6 Freundlich.
Dbong hoc cta qué trinh hdp phu dugc nghién ctu
theo hai mé hinh dong hoc: moé hinh gia béc 1
(phuong trinh 6) va mo hinh gia bac 2 (phuong trinh
7)1

In(Qc — Qi) = InQ¢ —kjt (6)

t/Qi=1/Qc+1/ (k2/Q2) 7)

Trong d6, Q. la dung lugng hip phu & trang thai cin
bang (mg/g), Q; la dung lugng hdp phu & thoi diém t
(mg/g), k; va kj lan lugt 1a cac hing s6 tdc do bac 1
(phut™") va bac 2 (g/mg/phit).

KET QUA VA THAO LUAN

Pac diém vat liéu haloysit

Hinh anh phan tich SEM chup nguyén liéu haloysit
sy kho cho thdy trong mau phan tich c6 cac khodng
vat dang hinh que ndm chéng 1an 1én nhau tao thanh
nhiing 16p bong (Hinh 1). Ngoai ra, két qua phan tich
thanh phén st dung ddu do EDS ghi nhén su c¢6 mit
cac nguyén t6 chinh trong khodng vt nay gom Al
va Si, tuong ung véi cong thiic héa hoc ctia khodng
vat nhom kaolin (Al,Sip O5(0OH)4.nH,0O). Céc két
qua nghién ctu nay chi ra sy ton tai cia khodng vat
haloysit dang 6ng trong trong mau nghién ctu.

Két quéa phén tich XRD cho méu haloysit & hai trudng
hgp la trude va sau khi tdm chit formamide (Hinh 2).
Két qua cho thdy d¢ 16n dinh tai vi tri 10 A thay d6i
16n sau khi dugc tdm chit formamide. Diéu nay do

chat formamide da x4m nhép vao cdu truc dang 6ng
ctia haloysit, trong khi d6 kaolinit gan nhu khong bi
anh hudng va vi trf dinh 7,2 A van giit nguyén. Ti ¢
haloysit trong mau dugc xdc dinh 13 khodng 87% (&
= [586,4/(586,4+85)] ¥*100% = 87,3%).

Xdc dinh pHpyc ctia vat liéu haloysit

Su bién d6i ctia ApH theo pHy dugc gidi thiéu trén
Hinh 3. T d6 thi nhén thdy ApH = 0 tai gia tri pHy
bang 5,99. Diéu nay c6 nghia la pHpyc (gia tri pH tai
d6 bé mit trung hoa dién tich) ctia hat haloysit bing
5,99.

Khdo sat cic yéu té anh huéng dén kha
niang hap phu Cd>* ctia bot haloysit

Anh huéng cua théi gian hdp phu

Anh huéng ctia thoi gian tiép xtc dén hiéu sudt va
dung lugng hip phu Cd>* ctia bot haloysit theo thoi
gian dugc thé hién trén Hinh 4. Két qua cho thdy
khi thoi gian tiép xuc ting, dung lugng va hiéu suit
hép phu ting. Trong khoang thoi gian khao sit, dung
lugng cing nhu hiéu suit hip phu tang nhanh & 20
phut dau, sau d6 ting chdm va gan nhu 6n dinh tit 50
phut trg di do su hdp phu tién t6i trang théi cn bing.
Do vy, thai gian 50 phut dugce lya chon cho nghién
ctiu tiép theo.

Anh huéng cia pH

Viéc loai bd ion Cd*t phu thuéc nhiéu vao pH cia
dung dich vi pH lam thay d6i tinh chat bé mit caa
chét hdp phu. Tu gid tri pHpzc = 5,99, tién hanh khao
st & cac pH xung quanh 5,99, nhung d€ tranh hién
tugng tao két tha Cd(OH), trong mdi truong kiém
(pH > 7,5), anh hudng cta pH da dugc khao sit trong
diéu kién pH < 7,5. Két qua theo doi bién thién dung
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Al (B)
Si
Element Weight (%)

(o] 51.55

Al 2415

Si 2433
‘In- - e T — “IL - 1
1 2 3 4 5

Kev

Hinh 1: K&t qua phan tich hinh dnh SEM (A) va phé EDS (B) cta vat liéu haloysit

(A) Trwére khi tam FA

7.2

Intensity

10.1

8 10 12 14
2 theta

(B) Sau khi tdm FA
10.3

‘ 586.4

2 theta

Hinh 2: Két qua phan tich XRD cho mau nguyén liéu haloysit truéc (A) va sau khi tam chat formamide (B)

lugng va hiéu suit hip phu cta bot haloysit theo pH
dugc gidi thiéu trén Hinh 5. K&t qué cho thiy, trong
khoang pH khao sat, hiéu sudt va dung lugng hap phu
tang khi pH tang. Diéu nay dugc giai thich la do trong
modi truong axit, haloysit bi proton hoa va khi d6 bé
mdt cuia hat sé tich dién duong nén lam giam s6 lugng
tam hép phu cta hat va xdy ra sy hdp phu canh tranh
gitfta ion H* va ion Cd** do d6 lam giam kha ning
hép phu.

Khi pH > pHpzc thi bé mét hat tich dién 4m, thuan lgi
cho sy h&p phu ion duong Cd>*. Vi véy, c6 thé chon
pH trong khoang pH = 6,0 < 7,5. Tuy nhién, dé thuan
lgi cho qua trinh xt Iy nhdt 1a xt ly v6i lugng 16n, pH
tu nhién (~ 6,5), dugc chon cho nhiing nghién ctiu
tiép theo.
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Anh huéng cta khéi lugng haloysit

Két qua khdo sit anh huodng ctia khoi lugng bot
haloysit dén dung lugng hép phu va hiéu suét xi ly
Cd?*50 mg/L dugc thé hién trén Hinh 6. Khi khéi
lugng ting tii 6 dén 14 g/L, dung lugng hip phu giam
nhanh tii 4,41 xuéng 2,29 mg/g va hiéu sudt hip phu
tang tli 52,96 dén 64,19 %. Khi khéi lugng chat hap
phu tang tii 16 dén 20 g/L, dung lugng giam d4n chdm
ti1 2,03 xuéng 1,78 mg/g va hiéu sudt hap phu ting dén
71,19 % do su hép phu tién t6i trang théi can bang.
Dé thu dugc dung lugng va hiéu suét hdp phu dong
thdi cao thi ¢6 thé stt dung lugng chét hip phu trong
khoang 10 = 16 g/L. Tuy nhién, haloysit la vat liéu c6
sdn trong tu nhién, gid thanh ré nén c6 thé su dung
lugng chét hip phu nhiéu véi muc dich dat dugc hiéu
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Hinh 4: Su bién ddi dung lugng va hiéu suat hap phu theo thdi gian my,,,,; = 10 g/L; Cy = 50 mg/L; pH, =

6,5;T=25°C
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Hinh 5: Su bién d&i dung lugng va hiéu suat hap phu theo pH ctia dung dich ban dau my,,y,; =10 g/L Co =

50 mg/L; t =50 phut; T =25°C

sudt hdp phu cao thi khéi lugng haloysit 16 g/L dugc
Iya chon d& nghién ciiu xti Iy Cd>+.

Anh huéng ciia néng dé6 Cd** ban dédu

K&t qua nghién ctiu 4nh huéng ctia néng do ion Cd>*
ban ddu dén dung lugng va hiéu sudt hdp phu dugc thé
hién trén Hinh 7. Khi néng d6 Cd>* ting, dungluong
hép phu ting d4n con hiéu suit hdp phu gidm dan. Dé
dat dugc hiéu sudt va dung lugng hdp phu dong thoi
cao, noéng do Cd?* thich hop c6 thé lya chon trong
khoéang 30 -+ 50 mg/L va d€ dat hiéu suit cao (86,31%)
thi néng do Cd>* 30 mg/L dugc lya chon cho céc thi
nghiém tiép theo. Hiéu suit xi ly nay cao hon cac
nghién ctiu kha ning hp phu ion Cd>* ctia kaolinit
dang tdm chua bién tinh khdc nhu nghién ctiu cua
Michael (1997) 13 (hiéu sudt dat 25-45%) va Prashant
(2004) ' (hiéu sudt dat 50-60%). Diéu nay cho thdy
rdng, haloysit v6i cdu tric dang 6ng c6 khé ning hip
phu Cd>2* t8t hon kaolinit dang tdm. Ngoai ra, hiéu
sust hdp phu Cd** ciia haloysit trong nghién ctiu nay
cao hon véi cac loai nguyén liéu khéc nhu than hoat
tinh (hiéu sudt dat 66-85%) '° va bing biin thai mo sit
(hiéu sudt dat 9,8 - 56,3 %) 1°.
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Nghién citu dudng déang nhiét hap phu

Tién hanh hdp phu Cd** trong diéu kién t5i wu da
nghién ctiu: 16 g/L bot haloysit v6i thoi gian hdp phu
50 phut & pHy = 6,5 va néng do Cd>" ban dau thay
d8i tit 20 dén 80 mg/L, tai nhiét d6 phong (25 °C). Sau
do, xac dinh néng Cd2* conlai & trang thai can bang
(Ce), tlt d6 c6 thé tinh dugc cac gid tri InC,, InQ va ti
s6 C/Q, két qua dugc tém tit trong Bang 2.

Dua vao két qua Bang 2 dé x4y dung dudng déng nhiét
hép phu theo mo hinh déng nhiét hdp phu Langmuir
(theo phuong trinh 4) va Freundlich (phuong trinh
5), két qua dugc thé hién trén Hinh 8a va Hinh 8b.
Trén co s6 cdc dudng ding nhiét hip phu nay cé thé
tinh dugc cdc hang s6 thuc nghiém Langmuir va Fre-
undlich tuong Gng. Két qua tinh todn dugc dua ra
& Bang 3. Két qua thu dugc cho théy, su hip phu
Cd?* trén haloysit déu c6 thé dugc mod ta theo ca
hai mé hinh hdp phu ding nhiét Langmuir va Fre-
undlich. Tuy nhién, theo mé hinh Langmuir cho két
qua tét hon (R? = 0,9852) so v6i mé hinh Freundlich
(R? = 0,9426) do co ché hap phu ion Cd** 1én vat liéu
haloysit cht yéu la don 16p.
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Hinh 6: Anh huéng ciia khéi Iugng haloysit dén dung lugng va hiéu suat hap phu Cd?*: Cy = 50 mg/L; pHy=
6,5;t=50 phut; T=25°C
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Hinh 7: Anh huéng ctia néng d6 ban dau ciia Cd>* dén dung lugng va hiéu suat hap phu: mj,;.y; = 16 g/L;

pHo=6,5; t=50 phut; T=25°C
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Bang 2: Cac gia tri InC,, InQ, C./Q tai cic ndng d6 Cd>* ban dau khac nhau

Co (mg/L) C. (mg/L) LnC, Q (mg/g) LnQ C./Q(g/L)
20 2,13 0,76 1,12 0,11 1,91

30 411 1,41 1,62 0,48 2,54

40 10,50 2,35 1,84 0,61 5,69

50 17,60 2,87 2,02 0,71 8,69

60 22,10 3,10 2,37 0,86 9,33

70 32,64 3,49 2,34 0,85 13,98

80 37,96 3,64 2,63 0,97 14,45

14] y=0,3636.x +1,4851 . 104  y=0,217.x +0,0032
RF=0,9852 R'=0,0426

104
)
B 84 g
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44
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Hinh 8: Pudng déng nhiét hap phu Cd?* tai 25°C theo Langmuir (a) va Freundlich (b)

Bang 3: Cac hang sé thuc nghiém Q,,, K., K¢, n trong phuong trinh Langmuir va Freundlich

Langmuir

Qm KL R2

2573 0,24 0,9852

3,82

Freundlich

n Kr R?

1,00 0,9426

Pdng hoc ctia qua trinh hap phu

Dua vao két qua nghién ctiu anh hudng ctia thoi gian
hép phu téi dung lugng hdp phu Cd** trong diéu
kién: ndng d6 Cd>* ban ddu 30 mg/L; 10 g/L haloysit
& pH = 6,5 va tai nhiét d6 phong (25°C). Tu do6 xay
dung dugc d6 thi ctia phuong trinh dong hoc hdp phu
gid bdc mot (theo phuong trinh 6) va bac hai (theo
phuong trinh 7), két qua thé hién & Hinh 9.

Dua vao céc d6 thi thu dugc trén Hinh 8 tinh dugc cac
héng s6 tdc d6 hép phu (k) va dung lugng hip phu &
trang thai can béng (Q,). K&t qua tinh toan dugc gidi
thiéu trong Bang 4. Gia tri Q, tinh theo phuong trinh
dong hoc hdp phu gia bac 1 (1,33 mg/g) khac xa gia
tri Q. xdc dinh tu thuc nghiém (2,91 mg/g). Trong
khi d6 Q. tinh theo phuong trinh dong hoc hip phu
gid bac 2 (3,09 mg/g) khong khéc nhiéu so véi Q. xac
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dinh ti thuc nghiém, déng thoi hé s6 héi quy R? =
0,9988 ~ 1. K&t qua nay chiing té qua trinh hip phu
Cd?* bing haloysit tuén theo phuong trinh déng hoc
hép phu gia bac 2. Hing s6 t6c 4 hdp phu xac dinh
dugc bing 0,048 g/mg/phat.

KET LUAN

Két qua phan tich hinh danh SEM-EDS cho thédy
nguyén liéu kaolin ty nhién khu vuc Thach Khoan,
Phu Tho dugc st dung trong nghién ctu c6 ton tai
khoang vét haloysit dang 6ng. Dua trén két qua phan
tich XRD sau khi mau tdm chat formamide, ti 1é
haloysit dugc xac dinh chiém khoang 87%.

Két qua nghién ciiu xti ly ion Cd** ctia nguyén liéu
nay trong moi trudng nudc cho thdy qua trinh hdp
phu Cd?* chiu sy anh hudng nhét dinh cta cac yéu
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Hinh 9: M6 ta sé liéu thuc nghiém bang phuong trinh ddng hoc hap phu gia bac 1 (a) va gia bac 2 (b)

Bang 4: Cac gia tri k va Q, tinh theo phuong trinh déng hoc gia bac mét va gia bac hai

Phuong trinh dong hoc gia bic mét Phuong trinh dong hoc gia bac hai Qe thuc nghiém (mg/g)
Q. (mg/g) k; (phut-1) R? Q. (mg/g) ky (g/mg/phit) R?
1,33 0,042 0,9189 3,09 0,048 0,9988 2,91

t6 pH, thoi gian tiép xtc, khéi lugng chat hdp phu  XUNG DOT LOI iCH

va néng d6 ban ddu ctia Cd**. Trong diéu kién pHy
6,5 va nhiét do phong (25°C), véi 16 g/L bot hap phu
haloysit va ndng do ban ddu ctia Cd>* 30 mg/L, su hdp
phu Cd*>* ¢6 thé dat can biing sau khoang 50 phiit tiép
xdc va hiéu suat dat dugc 86,31%.

Qua trinh hdp phu Cd** cta haloysit tusn theo mé
hinh déng nhiét hdp phu Langmuir v6i dung lugng
hép phu don 16p cuc dai bang 2,75 mg/g va tuén theo
phuong trinh dong hoc hdp phu gia bac 2. Két qua
cho thdy, vét liéu tu nhién haloysit khu vic nghién
ctiu chua xt ly bién tinh c6 tiém nang trong st dung
loai bo ion kim loai ning trong ngudn nudc 6 nhiém.
Tuy nhién, d€ iing dung trong moéi trudng thuc té véi
nhiéu loaiion khac nhau cin c6 nghién ctiu sdu vé viéc
bién tinh nguyén liéu khoang nay nhdm nang cao hiéu
sudt hip phu.

DANH MUC TU VIET TAT

SEM (Scanning Electron Microcospy): Kinh hién vi
dién tl quét.

EDS (Energy-dispersive X-ray spectroscopy): Phé tan
sac nang luong tia X.

TEM (Transmission electron microscopy): Kinh hién vi
dién tl truyén qua

XRD (X-ray diffraction): Nhiéu xa tia X

ICP-MS (Inductively coupled plasma mass spectrom-
etry): Phuong phap khéi phd cdm ting Plasma

Nhoém tac gid cam doan khong cé xung dét lgi ich
trong cong bé bai bao nay.

PONG GOP CUA CAC TAC GIA

Tap thé tac gia déu tham gia vao qua trinh di thyc dia,
14y mau, thi nghiém va phén tich mau. Qua trinh viét
ban thao, stia chita ban thdo do cac tac gid Bui Hoang
Béc, V6 Thi Hanh va Lé Thi Duyén thyc hién.

LO1 CAM ON

Nghién ctiu nay dugc tai trg bdi Quy Phat trién khoa
hoc va cong nghé Qudc gia (NAFOSTED) trong dé tai
ma s6 105.99-2017.317.
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Study on the ability to remove Cd’" ions in water environment by
using halloysite mixture from Thach Khoan area, Phu Tho
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ABSTRACT
Thach Khoan, Phu Tho area is the area with great potential for weathered kaolinite source from

: A pegmatites of the Tan Phuong complex. This kaolin has quite good quality and is used in many
Use your smartphone to scan this traditional applications such as high quality ceramic glaze, high-grade bricks. However, the use
QR code and download this article of this material in the treatment of water pollution is still limited. In this study, the natural kaolin

material from Thach Khoan area, Phu Tho province with about 87% amount of tubular halloysites
was used to remove Cd?* ion from water. The factors of pH, contact time, the adsorbent weight,
and initial concentration of Cd** were studied to access their effects on the Cd?* ion adsorption
process using this raw material. The results indicated that under the conditions of pHgp of 6.5 and at
room temperature (25°C), with 0.8 g of halloysite powder and Cdtinitial concentration of 30 mg/L,
the adsorption of Cd** could reach equilibrium after 50 minutes with an efficiency of 86.31%. The
adsorption process follows the Langmuir adsorption isotherm model with the maximum mono-
layer adsorption capacity of 2.75 mg/g and follows the second-order pseudo-adsorption kinetic
"Department of Exploration Geology, equation. The results show that the n‘atural halloysite material without treatment has the potential
Hanoi University of Mining and in using to remove heavy metal ions in polluted water and needs to be studied further.

Geology, Vietnam Key words: Halloysite, tubular structure, environmental treatment, Thach Khoan, Cd2+

Centre for Excellence in Analysis and
Experiment, Hanoi University of Mining
and Geology, Vietnam

*Department of Chemistry, Hanoi
University of Mining and Geology,
Vietnam

Correspondence

Bui Hoang Bac, Department of
Exploration Geology, Hanoi University of
Mining and Geology, Vietnam

Centre for Excellence in Analysis and
Experiment, Hanoi University of Mining
and Geology, Vietnam

Email: buihoangbac@humg.edu.vn
History
e Received: 13-12-2020

o Accepted: 17-3-2020
o Published: 05-6-2020

DOI : 10.32508/stdjsee.v5i1.551

‘ '.) Check for updates

Copyright

© VNU-HCM Press. This is an open-
access article distributed under the
terms of the Creative Commons
Attribution 4.0 International license.

A

Cite this article: BacBH, Hanh VT, Duyen L T, Thao N T T, Hung KT, An D M, Luc T T. Study on the ability
—

to remove Cd>" ions in water environment by using halloysite mixture from Thach Khoan area, Phu
VNU-HCM Press Tho. Sci. Tech. Dev. J. - Sci. Earth Environ.; 5(1):312-322.

322



	Nghiên cứu khả năng xử lý ion Cd2+ trong môi trường nước bằng haloysit khu vực Thạch Khoán, Phú Thọ
	GIỚI THIỆU
	VẬT LIỆU VÀ PHƯƠNG PHÁP
	Mẫu và xử lý mẫu
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