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Bai bdo trinh bay két qua nghién ciu ddng hoc va dang nhiét hdp phu ion Pb** bang vt
liéu diatomite tw nhién va diatomite bién tinh bang phiong phdp tam MnOy(Mn-diatomite) tir
diatomite Phii Yén. Két qua cho thday md hinh hap phy bdc mét biéu kién 1a mé ta tot nhat cho
qué trinh hdp phu ion Pb?* I1&n vat lieu Mn-diatomite. Qud trinh hdp phu ion chi lén diatomite
va Mn-diatomite déu tudn theo mé hinh hdp phu dang nhiét Langmuir, tirc chii yéu hinh thanh
16p hdp phu don [én vit liéu. Dung lirong hdp phu cuc dai cia diatomite bién tinh (98,04 mg/g)
cao hon nhiéu so véi diatomite tw nhién (22,52 mglg).

Tir khéa: Diatomite, bién tinh, hd’p phu, kim logi ndng.

1. Mé dau

Hién nay, vin dé 6 nhidm ngudn nudc
do c4c kim loai ning dang 1a van dé duoc
nhiéu nha khoa hoc quan tdm. Cac kim loai
nang nhu cadimi (Cd), crom (Cr), chi
(Pb)va thuy ngan (Hg) khong phan huy
sinh hoc va c6 khuynh hudng tich 1y trong
co thé sinh vat, gay ra nhiéu bénh va réi
loan khac nhau [1]. Cac co so cong nghiép
nhu san xuét pin - ac quy, khai thac mo,
ma, c¢éng nghiép thuy tinh va gom su la
nhitng nguyén nhan lam ting mtc do 0
nhiém chi trong cac ngudn nudc, gay anh
huong nghiém trong d6i véi stic khoe cong
ddng.

Pi ¢6 nhidu phuong phap khac nhau
dugc nghién ctu va ap dung dé tach loai
kim loai chi ra khoi méi truong nude nhu
keo tu, dién hoa, két taa, hap phu, trong do,
hap phu la mét trong nhitng phuong phap
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dugc &p dung phd bién nhit do d& van
hanh va hiéu suat cao. Mot xu huéng dang
duoc nhiéu nguoi quan tam hién nay la tan
dung cac phu phdm néng nghiép, cong
nghiép nhu vo trdu, bd mia, vo lac,
bentonit, zeolit, khoang sét,...lam vat liéu
hp phu cac ion kim loai. Phuong phap nay
¢ uu diém 12 sir dung ngudn nguyén liéu ré
tién, sin c6 va khong dua thém vao moi
truong cac tac nhan doc hai khac. O nuéc
ta, tinh Phi Yén cd trir lvgng 16n khoéang
diatomite (wdc tinh khoang 69 trieu md).
Cac nghién ctru cho thay tir diatomite Phu
Yén c6 thé ché tao cac vat liéu hip phu ly
tuong. Trong cac bai bao trudc, ching toi
da trinh bay két qua cua viéc nghién cau
bién tinh diatomite Phi Yén bang MnO, va
kha ning hip phu ion Fe** va Cu?*" trong
moi truong nudc cua vat li€u diatomite bién
tinh [2, 3]. Trong bai bao nay chung toi
trinh bay két qua khao sat qua trinh hap phu
ion Pb?* trong moéi truong nudc bang
diatomite tu nhién va diatomite bién tinh.

2. Thuc nghiém
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2.1. Vit liéu hap phu

Diatomite thuwong mai liy tr Tuy An
(Phu Yén) duoc lam sach va siy khd &
100°C. Bién tinh diatomite bang mangan
clorua va natri hidroxit dugc thuc hién theo
cac quy trinh da dwoc dua ra [2,3]. 15¢
diatomite dugc ngam véi NaOH 6 M trong
2 gid ¢ 90°C. Han hop dugce dua vé nhiét
d6 phong, diéu chinh pH dén 1-2 bang HCI,
thém tir tir 200ml MnCl; 2,5 M va dé yén
trong 17 gio. Sau d6 loc ldy chét rin tir hdn
hop phan ng, cho tac dung véi dung dich
NaOH 6M ¢ nhiét do phong trong 48 gio
dé két tta Mn(OH),. Rira sach kiém hdn
hop thu duoc va tiép tuc loc iy chat ran,
say khd & 100°C va bao quan trong chai
thay tinh kin, c6 ndt nhdm. Diatomite da
bién tinh duoc goi 1a Mn-diatomite.

2.2, Hf'lp phu ion chi

Chuan bi dung dich chuin: Hoa tan
Pb(NOs3),, thém vai giot HNOj3, thém nudc
cit dén 1000 mL dé duoc dung dich co
nong dé Pb* 12 0,5g/L.

Hap phy ion Pb*": Can 0,1 g vét liéu hip
phu (diatomite hoac Mn-diatomite), cho
vao binh tam giac chia sin 50 mL dung
dich Pb?* ¢6 cac ndng d6 khac nhau trong
khoang 50 — 300 mg/L. O timg thoi gian
nhét dinh dung dich duogc léy ra loc bo chét
rén, x4c dinh ndng d¢ ion chi bang phwong
phap do quang trén may UV-VIS RS
spectrophotometer & budc song hip thu cuc
dai Amax = 510 nm. Cac nghién cau hap phu
trong cong bd nay déu duoc thyc hién &
nhiét do phong (30°C), pH = 6 dugc diéu
chinh bang dung dich HNO; hoic NaOH.

Dung luong hap phu ion Pb* vao vat
liéu, q; (mg/g) dugc tinh theo cong thuc:

o = (C,-C)V 1)
m

trong d6 Cp va C; (mg/L) lan luot 1a

ndng do ion Pb? & thoi diém ban dau va thoi

29

diém t. V va m lan luot 13 thé tich dung dich
Pb?*chuan (L) va luong diatomite hodc Mn-
diatomite (g) dung cho mdi 1an hép phu.
Nong do dau cua ion Pb? (C) trong nghién
ctru dong hoc 1a 50 mg/L, con trong nghién
clru dang nhiét hip phu lan luot 1a 50, 100,
150, 200, 250, 300 mg/L..

Pé nghién ciru dong hoc qua trinh hip
phu chuing t6i st dung mé hinh dong hoc
hap phu biéu kién bac nhat (pseudo first
order equation) va biéu kién bac hai
(pseudo second order equation). Sy trung
khop nhét giira s6 lidu thyc nghiém va mo
hinh dong hoc s& cung cap nhiing thong tin
vé md hinh dong hoc cta qua trinh hip phu
nay. M6 hinh dong hoc biéu kién bac nhét
c6 dang tich phan la:

In(q, - ) = Ing, - kt

trong d6 k; (phat™) 1a hang s toc do bac
nhat; g V& g; lan luot 13 dung luong hip
phu (mg/g) & thoi diém can bang va ¢ thoi
diém t. Gia tri ge duoc tinh nhu ¢ ¢ thoi
diém can béng. M6 hinh dong hoc biéu
kién bac hai ¢6 dang tich phan nhu tai
phuong trinh (3):

t 1 1
— = + —t )

g koo

trong d6 ko (g.mgphat™?) 1a hing sb toc
d6 bac hai.

Hai m6 hinh dang nhiét hap phu phd
bién nhit 13 Langmuir va Frendlich [4]

dugc dung dé nghién ctru can bang hip
phu. M6 hinh dang nhiét Langmuir c6 dang
tuyén tinh:

C C 1

[ €

- = - 4 — 4
qe qm I<Lqm ( )
trong d6 Qn (mg/g) 1a dung luong hap

phu don 16p cuc dai; b 1a tham sé phuong

trinh Langmuir. Pang nhiét Freundlich c6
dang tuyén tinh 1a:
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1
Ing, =In KFWLHInCe )
trong do6 Krg va n la cac tham s6 cua
phuong trinh Freundlich.

3. Két qua va thao luin
3.1. Pac trung vat liéu

Cac dac trung cua vat liéu diatomite tu
nhién va diatomite bién tinh tir diatomite
Phu Yén da duoc khao sat bang cac phuong
phap XRD, SEM, BET, FT-IR va EDX va
duoc trinh bay trong bai bao trudc day cua
chung t6i, theo d6 SiO, 14 thanh phan chinh
cua diatomite Phi Yén (42,54%) va viéc
bién tinh diatomite bang MnCl, trong moi
truong NaOH thanh Mn-diatomite da dua
vao diatomite mot lwong dang ké MnO,
(15,75%) dudi dang cac hat MnO, phan tan
sdu vao cau trac SiO,, phat trién thém
nhiéu mao quan, tao thanh hé nano trén bé
mit diatomite dd dan dén viéc thay thé Si
trong lién két v6i O bang Mn va ting ham
lwong nhom OH (lién két Mn-OH), dan dén
lam gia ting s6 tim hdp phu. B& mit riéng
xac dinh bang phuong phap do dang nhiét
hap phu va giai hap nito (BET) & 4p suat
tuong ddi P/Py dén 0,23 cua Mn-diatomite
la 153,6747 m%g gip 2 1an so v6i diatomite
(87,0485m?/g) [2, 3].
3.2. Nghién ctru dfong hoc

Hinh 1 trinh bay su bién thién dung
luong hip phu Pb?* vao Mn-diatomite theo
thoi gian. C6 thé thiy qua trinh hap phu
dién ra theo 2 giai doan. Giai doan dau
(trong khoang 6 gio) toc do hap phu xay ra
nhanh va chiém khoang trén 90% , tir 6 gio
tro di téc do hap phu xay ra cham va tién
dén can bang. C6 thé noi sau 6 gio tiép xuc,
qué trinh hap phu da dat trang thai can
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bang. Do d6, chung toi chon thoi gian can
bang 12 6 gi cho cac nghién ciu tiép theo.
25 -

20 ~

a; (mg/g)

t (gi0)
Hinh 1. Do thi biéu dién qua trinh hap phu
ion chi vao Mn-diatomite

Hinh 2, 3, trinh bay dong hoc qué trinh
hip phu dugc biéu dién theo cac mé hinh
biéu kién bac 1 va bac 2. Két qua tinh toan
cac tham s cua cac phuong trinh twong
g duogc dua ra ¢ bang 1 cho thady mé hinh
dong hoc hap phu hod hoc bac mot biéu
kién cho mdi quan hé tuyén tinh vai hé sb
trong quan cao (R;>0,984) d6i voi tit ca
céc nong do khao sét.

3.5 1
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F 2 - ~— 720984
o ~
E‘ 1.5 \_

1 - \\

0.5 -

0 T T
° 2 tgiv) ¢

Hinh 2. Bgng hoc hap phu biéu kién béc 1
cza Pb?* trén Mn-diatomite
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0.5 - Bdng 1. Cac tham so Ciia cdc mé hinh dong
hoc hap phu Pb** trén Mn-diatomite
0.4 -
- " Qe Qe
y=0.071x+0.002 M
=03 Rr=0.047 h‘moh R | K |(nh | (thuc
3z toan) | nghiém)
~ X
- Biéu
kién 0.984 | 0.415 | 23.64 23.7
bac 1
0 . . . Biéu
0 t(gi(‘)’% 6 kién 0.947 | 0.071 | 23.69 23.7
bac 2
Hinh 3. Péng hoc hdp phu biéu kiédnbgc2 ~ 3.3. Nghién ciru cén bing hdp phu cia
ciia Pb?* trén Mn-diatomite diatomite va Mn-diatomite véi ion Pb%*
Cac tham sd nhu g tinh toan tir md hinh Két qua khao sat can bang hap phu ion

bac mét biéu kién gan véi g. thuc nghiém chi trén diatomite va Mn-diatomite st dung
hon nén c6 thé két luan ring mé hinh hip ~ cac mo hinh Langmuir va Freundlich dwgc
phu bac mot biéu kién 1a mo ta tét nhit cho  trinh bay & hinh 4 va hinh 5

qua trinh hap phu ion chi I&n vat liéu Mn-

diatomite.
12 14
y = 0.0444x + 0.2686 y=0.0102x +0.0772
10 R2 = 0.9987 1.2 R2=0.9935
8 1
) o 0.8
o6 =
8 O 0.6
4
0.4
2 0.2
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a) Ce b) Ce

Hinh 4. Puong dang nhiét hap phu dang tuyén tinh ciia md hinh Langmuir qué trinh hap phy Pb**
trén diatomite (a) va Mn-diatomite (b)
Tir gié tri doan cat vai truc tung va do doc cta cac duong thang hdi qui ta tinh dugc cac
tham sb ciia phuong trinh Langmuir theo phuong trinh (4) va Freundlich theo phwong trinh
(5). Két qua trinh bay & bang 2.
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| R? = 0.9425 -
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Hinh 5. Puong dang nhiét hap phu dang tuyén tinh ciza md hinh Freunlich qué trinh hap phu Pb**
trén diatomite (a) va Mn-diatomite (b)

Bdng 2. Cac tham sé dang nhiét cia qua trinh hap phy ion chi trén diatomite va Mn-diatomite

e 1o n M&é hinh Langmuir M©é hinh Freundlich
Vit ligu . 5
KL Um (m/g) R n Ke R
Diatomite 0.165 22,52 0.9987 25.189 16.61 0,9425
Mn-diatomite 0.132 98,04 0.9935 1.333 3.794 0,8559

Cac két qua cho thidy dbi véi ca
diatomite va Mn-diatomite thi hé sb twong
quan R cua md hinh Langmuir cao hon
Freundlich, chiing té qué trinh hép phu ion
Pb?* Ién diatomite va Mn-diatomite phu
hop véi thuyét hap phu Langmuir hon, tirc
chu yéu hinh thanh 16p hép phu don 1én vat
liéu.

Dung lugng hip phu cuc dai ion Pb**
duoc tinh theo mé hinh hap phu ding nhiét
Langmuir cho thiy, d6i voi Mn-diatomite:
Om(Mn-diatomite)=1/0,0102=  98,04mg/g
cao gap gan 4 lan dung luong hap phu cuc
dai ddi véi diatomite: qn(diatomite) =
1/0,0444 = 22,52mglg. Két qua nay tuong
ddi phd hop voi két qua xac dinh bé mat
riéng. Nhu vay bang viéc bién tinh vat lidu
diatomite, chung toi da tao ra vat liéu Mn-

diatomite ¢6 kha nang hip phu ion Pb**
tang dang ké so vé6i diatomite ty nhién va
su ting kha nang hap phu ion chi cua Mn-
diatomite chu yéu la do sy tang dién tich bé
mat vat liéu so vaGi diatomite ty nhién.
4. Két luan

Nghién ctru dong hoc hap phu cua qué
trinh diatomite va Mn-diatomite hap phu ion
chi cho thy thoi gian can bang trong hip phu
ion chi cua Mn-diatomite & 6 gio, mé hinh
hap phu bac nhét biéu kién 1a mé ta tot nhat
cho qua trinh hap phu ion chi 1én vat liéu.
Nghién ctru ddng nhiét hip phu qua trinh hap
phu ion Pb* trén diatomite va Mn-diatomite
cho thdy dung lwong hap phu cuc dai
diatomite: gm(diatomite) = 22,52 mg/g, thip
hon dung luong hap phu cuc dai déi véi Mn-
diatomite: qm(Mn-diatomite)= 98,04 mg/gd



TAP CHI KHOA HQC SO 14 * 2017 33

TAI LIEU THAM KHAO

[1] Y. Al-Degs, M. A. M. Khraisheh and M. F. Tutunji (2001) “Sorption of lead ions on
diatomite and manganese oxides modified diatomite”, Wat. Res. Vol. 35, No. 15, pp.
3724-3728.

[2] Bui Thi Bich Ngoc (2014), Nghién citu bién tinh diatomite Phi Yén va tinh chat
hap phu kim logi ngng trong dung dich nwéc, Luan van Thac si Hoa ly thuyét va
Hoa ly, Truong Dai hoc Qui Nhon.

[3] Tran Vinh Thién (2014) “Nghién ctru bién tinh diatomite Phu Yén va tinh chat hap
phu kim loai nang trong dung dich nuéce”, Tap chi Khoa hoc va Cong nghé 52 (5B) tr.
539-545.

[4] Ho, Y.S., McKay, G., Wase, D.A.J, Foster, C.F. (2000),"Study of the sorption of
divalent metal ions on to peat”, Adsorption Science & Technology, 18, pp. 639-650.

Abstract

A study on Kinetics and isotherm of Pb*" ion adsorption from aqueous solutions into
natural and modified diatomite from Phu Yen diatomite

In this paper, a study on kinetics and isotherm of Pb®* ion adsorption into natural and
modified diatomite (Mn-diatomite) from Phu Yen diatomite was demonstrated. The results
showed that the pseudo first order model has best described the process of Pb®* ion
adsorption into these types of material. The adsorption of Pb®* ion into these types of
material meets Langmuir isotherm model. The adsorption capacity toward Pb** ion of two
types of material was also investigated and resulted that Mn-diatomite was showed about 4
times higher effective in comparison with natural diatomite.

Key words: Diatomite, modification, adsorption, heavy metal.



