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HALOYSIT VA GIAI HAP PHU, THU HOI KEM
BANG PHUGNG PHAP KET TUA DIEN HOA
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TOM TAT

Haloysit viing Thach Khodn, Phii Tho c6 dang hinh éng nano, c6 cdng thic héa hoc khi ngam nudc la Al,Si;05(0H)..2H,0 va khi 6 dang khif nudc 1a Al,Si,05(0H), véi
dién tich bé mét riéng 20,152m?/q. Trong bai bo nay, haloysit duotc sit dung dé nghién ctiu kha ndng hap phu ion Zn?*. Anh huéng clia mot 6 yéu t6 dén dung lugng
va hiéu sudt hap phu Zn** da dugc nghién cdu. Hiéu sudt va dung lugng hap phu Zn** dat 67,09% va 2,24mg/q 6 diéu kién: khéi lugng haloysit 0,6g/50mL dung dich,
ndng dd ion Zn?* ban dau 40mg/L, pH 5,6, thai gian tiép xtic 120 phdt 6 nhiét do phong (25°C). Qua trinh gidi hap phu Zn?* ra khi vat liéu hap phu va thu hoi Zn kim
loai ciing dugc nghién c(tu. Hiéu suat thu hoi kém dat 94,52% & diéu kién thich hop: cudng do dong ap 7,5mA, thai gian dién phan 5 gid, nhiét d6 60°C. Dutng dang
nhiét hap phu dugc nghién ctiu dya trén hai md hinh Langmuir va Freundlich. Ddng hoc hap phu dugc nghién ctiu bang hai md hinh dong hoc gid bac 1 va gia bac 2.

Tirkhoa: Haloysit, hdp phu ion Zn**, gidi hdp phu Zn**, thu héi Zn, két tia dién héa.

ABSTRACT

Halloysite in Thach Khoan area, Phu Tho has a nanotube shape, has the chemical formula when hydrated is Al,Si,05(0H)4.2H,0 and when dehydrated is Al,Si,05(0H)s
with a specific surface area of 20.152m?/g. In this paper, halloysite is used to study the ability to adsorb Zn** ions. The influence of some factors on Zn** adsorption
capacity and efficiency has been studied. Zn?* adsorption efficiency and capacity reached 67.09% and 2.24mg/g under the following conditions: halloysite mass
0.69/50mL solution, initial Zn** ion concentration 40mg/L, pH 5.6, exposure time 120 minutes at room temperature (25°C). The process of desorption of Zn** from the
loaded adsorbent and recovery of metallic Zn was also studied. Zinc recovery efficiency reached 94.52% under appropriate conditions: applied current 7.5mA, electrolysis
time 5 hours, loaded halloysite mass of 0.3g, temperature 60°C. The adsorption isotherm was studied based on two Langmuir and Freundlich models. The adsorption
kinetics were examined using two pseudo-first-order and pseudo-second-order kinetic models.

Keywords: Halloysite, adsorption of Zn** ions, desorption of Zn** ions, Zn recovery, electrochemical precipitation
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1.MGPAU

Ngay nay, thé gigi khong chi d6i mat véi cudc khiing
hoang thiéu nuéc ma van dé chat lugng nudc ciing nhan
dugc su quan tam I&n tU ngudi dan va cac nha khoa hoc. Su
gia tang dan s6, su tang trudng mad rong cha cac khu doé thi
va cOng nghiép, cong thém sy tang cuong cla cac hoat
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ddéng néng nghiép la cac tdc nhan chinh lam gia tang tinh
trang 6 nhiém nudc, gay anh hudng dén chat lugng nudce va
stic khée con ngudi. Pa c6 nhiéu nghién cliu dua ra cac
phuong phép xt ly kim loai ndng trong nudc nhu: phuong
phap két tha hda hoc, phuong phap két tha dién hoa,
phuang phap tach bang mang, phuong phap trao déi ion,
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phuong phap hdp phu, phuong phap sinh hoc... Trong sé
cac phuong phap nay, phuong phap hdp phu hién nay dang
dugc nhiéu nha khoa hoc quan tdm nghién ciu. Pac biét,
trong mot s6 nam gan day nhiing vat liéu hap phu c6 nguén
g6c tu nhién nhu laterit, bazan, dat bun do, zeolit, bentonit,
kaolin, apatit, haloysit..., cdc polymer tu nhién: chitin,
chitosan, tinh bét,... va cac vat liéu tai ché ti phu pham
néng nghiép khong nhitng dugc cac nha khoa hoc Viét Nam
ma trén thé gidi hét stiic quan tam do c6 uu diém: chi phi
thap, hiéu qua hap phu cao, than thién véi méi trudng, dac
biét st dung dé xur ly nuéc thai [1-7].

Haloysit (HAL) la mét trong nhiing khodng vat ty nhién
thudéc nhom kaolin (g6m c6 khoang vat kaolinit, dickit, nacrit
va haloysit). Cong thiic héa hoc cda haloysit khi ngam nudc
1a AlLSi>Os(OH)4.2H,0 va khi & dang kh{r nuéc la AlLSi;Os(OH)4
(viét tat 1a HAL). HAL c6 thé tén tai dudi nhiéu dang hinh thai
khac nhau nhu dang 6ng, dang cau va dang I&p. Tuy nhién,
HAL dang éng dugc cho la phd bién nhat, trong khi d6 cac
khoang vat kaolinit, dickit va nacrit cht yéu cé hinh thai
dang tdm va Idp. Trong nhiing ndm gan day, do c6 nhiing
dac tinh uu viét nhu cau tric siéu nhoé dang éng, khong doc,
dd bén ca hoc cao,... va co gia thanh ré hon so vai nano
carbon dang 6ng nén HAL dugc cac nha khoa hoc quan tam
va ap dung nhiéu trong cac linh vuc tng dung khac nhau
nhu trong dugc pham, y hoc, thuc pham, vat liéu cao cép,
néng nghiép va moi truong [8, 9].

Kém |a nguyén té vi lugng can thiét trong co thé nhung &
néng doé vuot qua gidi han cho phép thi sé gay doc cho ca thé,
khi thira kém sé bi méc cac bénh: nhu tiéu dudng, bénh tim
mach, ung thu, r8i loan than kinh,...[10]. Do d6 viéc loai bd
kém ra khoi ngudn nudc bi 6 nhiém la rat can thiét. Nhiéu cong
trinh cédng b6 vé hap phu kém dung cac vat liéu hap phu nhu
thiophene chia polyme mao quan trung binh [11], cacbon
hoat hoa [12], cac hgp chat hap phu sinh hoc nhu cellulose, sgi
g6 [13], bun quang sat [14],.... Bén canh d6 viéc nghién ctu giai
hap phu va thu héi kém ciing hét stic quan trong dé tranh &
nhiém th( phat tan dung kim loai c6 ich tir nguén thai va tai
sinh vat liéu hap phu, nang cao hiéu qua kinh té.

3 nuéc ta, cAc nghién ctu vé giai hap phu, thu héi kim
loai nang ra khéi vat liéu hdp phu con han ché. Mot sé
phuang phap dugc st dung dé gidi hap phu kim loai ndng
ra khai vat liéu nhu: phuong phap trao ddi ion, phuong phap
st dung dung méi (axit, bazo, mudi, rugu etylic,...), phuang
phap tao phuc, phuong phap chiét, phuong phap s dung
nhiét,...[15-20]. Kim loai nang sau khi rira giai dugc thu hoi
bang cac phuong phap: két tia hoa hoc, két tta dién hoa,...
Trong nudc, cho dén nay, chua cé céng trinh nao céng bé
nghién cttu giadi hap phu, thu héi kim loai nang tu vat liéu
hdp phu khoang sét haloysit. Dac biét, phuong phap tach
kim loai ndng tu vat liéu da hap phu bang cach dién phan
truc ti€p trong chat 16ng ion reline ¢ uu diém la khéng can
dung moi rtia gidi, moéi trudng dién phan than thién, dong
thai vat liéu hap phu dugc tai sinh.

Trén thé giGi da cé mét s6 cong bo vé kha nang két tda
dién hoéa cla cacion Cu?*, Zn*, Cd*, Co** va Ni** trong dung
moi reline c6 diém eutecti sdu (DES) [21-25]. Nhém nghién
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clu ctia ching t6i buéc dau da nghién ciu kha nang ung
dung cta haloysit khai thac tir viung Thach Khoan, Phu Tho,
Viét Nam trong xt ly kim loai ndng é nhiém trong moéi trudng
nudc [5, 6]. Trong bai bdo nay, ching téi nghién ctu kha
nang xu ly Zn?* trong nuéc dung khoang sét haloysit. Sau do,
giadi hap phu va thu héi Zn kim loai bang phuong phap két
tua dién hoa trong nén dién li reline (ChCl-Urea).
2. THUC NGHIEM
2.1. L4y mau haloysit va nghién citu dac trung héa ly caa
vat liéu

Mau haloysit nghién ctu dugc Idy sau cong doan tuyén
ctia mo kaolin Lang Béng, Thach Khoan, Pha Tho. Cac mau
sau do6 dugc tron déu va dugc tach loc sirdung phuang phéap
sang ray uét co6 kich c& mat lugi 32um. Mau dudi mat sang
dugc gan loc va dugc dem di sdy khé & nhiét do 60°C. Mau
sau khi khé dugc st dung dé thi nghiém va phan tich trong
cac budc tiép theo. DE kiém tra su ton tai cta haloysit trong
cac mau, cac phuong phap phan tich kinh hién vi dién ta
quét (SEM) két hop do phé tan xa nang lugng tia X (EDS)
(Quanta 450 - FEI tai Trudng Dai hoc M6 - Dia chat) va kinh
hién vi dién td truyén qua (TEM) (may TEM 1010 - Jeol tai
Vién Vé sinh dich té Trung uong) dugc st dung. Thanh phan
pha cda haloysit dugc xac dinh bang phuang phap nhiéu xa
tia X (XRD) ti€n hanh trén may D5005 Siemens tai Trudng Dai
hoc Khoa hoc Tu nhién - PHQG Ha Nai [5, 6].
2.2. Hap phu Zn?* bang haloysit

2.2.1. Xdc dinh pHpzc ctia haloysit

Gia tri pH ma tai dé bé mat haloysit trung hoa dién tich
(PHpzc) dugc xac dinh bang phuong phap do dé léch pH.
Trong phuong phap nay 0,25g nguyén liéu haloysit dugc
cho vao 50mL dung dich KCI 0,01M c6 pH ban dau (pH,) khac
nhau, dugc diéu chinh bing dung dich HCl 0,01M hodc
NaOH 0,01M. Hén hgp sau dé dugc khudy bang may khuay
G toc d6 800 vong/phut trong 30 phut. Cudi cung, loc lay
dung dich va xac dinh lai pH (pHs) cda nudc loc, tu dé tinh
ApH va vé d6 thi biéu dién su bién déi ctia ApH theo pHo..
Gia tri pHpzc la pH, tai d6 ApH =0.
ApH = pH, - pHs (M
2.2.2. Khdo sdt cdc yéu té anh huéng dén hdp phu Zn**
Kha nang hap phu Zn?" cta haloysit dugc nghién ciu
bing cach cho mét lugng vat liéu haloysit vao binh chia
50mL dung dich chida ion Zn?* & cac diéu kién can nghién
ctu. Cac yéu t6 anh hudng dén qua trinh hap phu nhu: thai
gian tiép xuc, pH, khéi lugng chat hap phu, ndng d6 dung
dich Zn?* ban dau da dugc khao sat. Thai gian hap phu bién
déi tir 10 + 120 phut, pH cGa dung dich dugc khao sat tur 2,35
+ 7,0, khéi lugng bét haloysit thay dgi 0,3 + 1g. Néng dé cta
dung dich thay dé&i tor 20 + 80mg/L. H&n hgp sau d6 dugc
khudy bang may khudy ti véi toc d6 800 vong/phut. Sau khi
hap phu, loc tach chat rén, 18y phan dung dich d€ dinh lugng
ion Zn?* con lai bang phuong phap khéi phé Plasma cao tan
cam ung (ICP-MS) (Thermo Scientific (Buc) ICAP Q ICP-MS tai
Trudng Pai hoc M6 - Dia chat).

Dung lugng hap phu va hiéu suat hap phu dugc xac dinh
bang phuong trinh (2) va (3) [26].
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Q=(C-0.V/m (2)
H = (C,-0).100/C, (3)
Trong d6: Q (mg/g) va H (%) lan lugt la dung lugng hap
phu va hiéu suat hap phy; C, (mg/L) va C (mg/L) lan lugt la
néng d6 ion Zn?* ban dau va con lai sau hap phuy; V 1a thé
tich dung dich hap phu (L); m la khéi lugng haloysit (g).
Kha nang hdp phu Zn?* cla haloysit dugc tinh toan dua
trén dudng hap phu ddng nhiét Langmuir va Freundlich [26].
Phuong trinh tuyén tinh Langmuir:
C G, 1

Q 0, K,
Phuong trinh tuyén tinh Freundlich:

(4)

INQ=InK +l.InC,5 (5)
n

Vi Ce (mg/L) la nbng dé ion Zn?* & trang thai can bang,
Q (mg/g) la dung lugng hap phu & trang thai can bang, Qn,
(mg/g) la dung lugng hap phu cuc dai, K. la hang sé
Langmuir, Kr va n la cac hang s6 Freundlich.

Poéng hoc chia qua trinh hap phu dugc nghién clu theo
hai m6 hinh dong hoc: mé hinh gia bac 1 (phuong trinh 6)
va mo hinh gia bac 2 (phuaong trinh 7) [26].

In(Qe'Qt) = InQe'k1t (6)
t/Qc = t/Qe + 1/(ka2. Q%) 7)

Trong d6, Q. la dung lugng hdp phu & trang thai can
bang (mg/g), Q: la dung lugng hap phu & thai diém t (mg/g),
ki va k; lan luot 1a cdc hang sé tc d6 bac 1 (phuat”) va bac 2
(g/mg/phat).

2.3. Giai hap phu ion Zn?* va thu héi Zn kim loai bang
phuong phap két taa dién hoa

2.3.1. Nghién ciu duéng von-ampe vong ctia Zn** va
Zn-HAL trong nén dién li reline

Phuong phéap do von-ampe vong (CV) cho phép ddt Ién
dién cuc nghién cliiu moét dién thé cé gia tri xac dinh duoc
quét theo hudng anot hoac catot dé quan sat dong tuang
tng. Trong phuong phap do nay, bé mat dién cuc phai dugc
phuc héi trudc khi do, dung dich khong cé su khudy tron va
su chuyén khéi theo su khuéch tan.

Cau tao thiét bi do CV gém 3 dién cuc nhdng trong mét
dung dich dién phan: dién cuc lam viéc (WE), dién cuc so
sanh (RE) va dién cuc phu trg/dién cuc déi (CE).

Bang 1. Cac thong s6 quét CV cta Zn?* 0,005M va Zn/HAL 0,3¢ trong reline

WE Au(S=10,0201cm?) Budcnhaythé | 0,005V
RE Ag/Agdl/CI Tocdd quét thé | 0,02V/S
CE Pt Vieline SmL
Khoang thé quét | 0,1+-0,9(V)

2.3.2. Gidi hdp phu Zn** va két tia Zn kim loai Ién bé
mat dién cuc Au

Qua trinh giai hap phu ion Zn?* ra khéi Zn-HAL va két tia
kim loai Zn dugc thyc hién trong binh dién phan dung ky
thuat dp dong vai ba dién cuc: WE la tam vang (dién tich
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hinh hoc = 1cm?), RE la dién cuc bac Ag,AgCl|Cl"va CE la mét
lugi bach kim co dién tich 16n. Kém dugc thu hoi bidng
phuong phap két tda dién hoa trong dung méi reline cé dién
thé két tia <-1,3 V, T = 60°C. Méi trudng DES dugc lam sach
bang khi nita it nhat 20 phut mai bat dau dién phan va suot
qua trinh dién phan tién hanh trong méi trudng khi nitc.
Cac gia tri cudng d6 dong khac nhau dugc dat: 1; 2; 3; 5;
7,5mA; khéi lugng vat liéu dugc thay déi tir 0,3 - 1,0g; thdi
gian dién phan dugc nghién ctu tur 1 - 7 gio. Sau khi dién
phan, bt Zn-HAL dugc loc ra khoi hén hgp sau dé lam sach,
say kho va xac dinh lugng Zn con lai trong bot bang phuong
phap ICP-MS.
3. KET QUA VA THAO LUAN
3.1. Dac trung hoéa ly chia vat liéu haloysit
*Mau sdc:

Hinh 1. Mau bt haloysit
*Hinh anh SEM va EDX:

Al

00 13 26 39 52 65 78 43 104 117 130

Lsec: 9.30 Cnts 0.000 keV Det: Octane Pro Det

Hinh 2. Phan tich SEM-EDX cda bt HAL

Hinh 1 chi ra, haloysit c6 mau vang nhat. Hinh anh SEM
(hinh 2) cho thay, haloysit c6 dang 6ng nano, thuén lgi cho
viéc hap phu cacion kim loai nang.
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*Dién tich bé mdt riéng BET

Két qua nghién ctu dién tich bé mat riéng theo phuong
phép BET chi ra, dién tich bé mat riéng cda vat liéu HAL la
20,152m?/q.

* Xdc dinh pHpzc ctia haloysit

1 y=088771x-53174

1.04 R? = 0,9955

0.54
x 0.0 - T T PHo
9- 65 7.0 75

0.54

1.0+

154

-2.04

Hinh 3. Su bién d6i A\ pH theo pH,

Su bién d8i ctia ApH theo pH, dugc gidi thiéu trén hinh
3. Tu d6 thi nhan thay ApH = 0 tai gia tri pH, bang 5,99. Diéu
nay cé nghia la pHpzc (gid tri pH tai d6 bé mat trung hoa dién
tich) cia hat haloysit bang 5,99.
3.2. Anh huéng ctia cac yéu té dén kha nang hap phu Zn*
cta haloysit

3.2.1. Anh huéng cia thoi gian hép phu

Anh huéng cuta thdi gian tiép xic dén hiéu suat va dung
Iuong hap phu Zn?* cta haloysit theo thdi gian dugc thé hién
trén hinh 4. Két qua cho thay, khi thai gian ti€p xuc tang,
dung lugng va hiéu suat hdp phu tang. Trong khoang thai
gian khao sat tir 10 phut dén 140 phat, dung lugng hap phu
tang dan & 20 phut dau, sau d6 tang nhanh & 90 dén 100
phut va sau d6 gan nhu 6n dinh. Hiéu sut hap phu tang dan
theo thai gian, tuy nhién khi thai gian > 120 phut thi hiéu
suat dat gia tri 8n dinh, khoadng 62%. Do vay, thai gian 120
phut dugc lua chon dé& hap phu Zn?*.

2.8 70
—=— Q (mgig) -
26] |—e— H (%) I . [65
*—0—
" o—

D 2.4 ' / 60
/e S
? P <
- _m I

g 2.2- S L 55

/././
2.0 _// o 50
/
1.8 T T T T T T T 45
0 20 40 60 80 100 120 140 160

t (phut)

Hinh 4. Anh hudng ctia thai gian hap phu dén dung lugng va hiéu sudt hap
phu Cz,2* = 50mg/L, T=25°C, pH = 5,6, myy. = 0,69

3.2.2. Anh huéng ciia pH

Viéc loai bd ion Zn?* phu thudc nhiéu vao pH clia dung
dich vi pH lam thay d&i tinh chat bé mat cta chat hap phu.
Dé tranh hién tuong tao két ta Zn(OH), trong méi trudng
kiém, anh hudng cla pH da dugc khao sét trong diéu kién
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pH < 7. K&t qua bién thién dung lugng va hiéu suat hap phu
theo pH dugc gidi thiéu trén hinh 5. Ti day nhan thay, trong
khoang pH khao sat, hiéu suat va dung lugng hap phu ting
khi pH tang. Két qua nay dugc giai thich 1a do trong moi
truong axit, haloysit bi proton hoa, khi dé bé mat cia hat sé
tich dién duong dan dén lam gidam s6 lugng tam hdp phu
cUa haloysit, d6ng thai xay ra su hdp phu canh tranh gitta ion
H* va ion Zn%*, do dé lam gidam kha nang hap phu céac ion
Zn?*, Khi pH tang, mat do dién tich duong ctia bé mat giam
dan, kha nang hap phu Zn?* sé tang dan cho dén khi pH >
pHezc s& thudn lgi cho su hdp phu Zn?". Tuy nhién, dé c6 thé
x0 ly lugng I6n ma khong phai diéu chinh pH, gid tripH =5,6
(pH ban dau) gan véi pHpzc dugc lua chon cho qua trinh hap
phu Zn?* & nhiing nghién cuu tié€p theo.

4.0 90
3.5 —m— Q (mg/g) °
—e—H (%) .?- L75
'~ 3.0
&) ./0#0/ F60
?2 5 -—" <
=~ I
] 45
2.0 1
1.5 .”.\. 30
— g
1.0 T T T T T 15
2 3 4 5 6 7
pH

Hinh 5. Anh hung cta pH ban ddu dén dung luong va hiéu sudt hap phu
My = 0,69, G2+ = 50mg/L, T=25°C, t =120 phut

3.2.3. Anh huéng cta khéi luong vat liéu haloysit

3.0 80
u [ ]
\
/ L 70
2.7+
§ e < S
E24 —=—Q <mg/g> g
o \7. H (%) - 50
2.1 40
‘-
1.8 T 30
0.2 0.4 0.6 0.8 1.0

m (g)

Hinh 6. Anh huéng clia khdi lugng haloysit dén dung lugng va hiéu sut hap
phu .2t = 50mg/L, T=25°C, t = 120 phit, pH=5,6

Qua trinh hap phu dugc tién hanh véi khéi lugng haloysit
thay dé&i tir 0,3g dén 1,0g. K&t qua nghién ctru dugc chira
trén hinh 6. Khi khéi lugng haloysit tang tir 0,3 dén 0,89,
dung lugng héap phu gidm tr 2,87 xuéng 2,1mg/g, hiéu suat
tang tUr 33% dén 65,8%. Dung lugng hdp phu 6n dinh &
khoang 1,94mg/g trong khoang bién ddi khéi lugng chat
hédp phu tir 0,9g dén 1g. Tuy nhién, néu tiép tuc tang luong
chat hap phu thi hiéu suat gan nhu khéng déi do su hap phu
dat tGi trang thai can bang con dung lugng hap phu lai gidm
dan. Bé dat dugc dung lugng va hiéu suat hap phu tuong
quan vé d6 I6n thich hop (2,64mg/g; 62,01%) khéi lugng
0,69 haloysit dugc Iua chon dé nghién ctu hdp phu ion Zn?*,
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3.2.4. Anh huéng ctia néng d6 Zn** ban ddu

Nong d6 ion Zn?* ban dau c6 anh hudng I6n dén dung
lugng va hiéu suat hap phu. K&t qua khao sat qua trinh hap
phu véi néng d6 Zn* ban dau thay ddi tir 20mg/L dén
80mg/L cho thay, khi ndbng dé Zn?* tang, dung lugng hap
phu tang dan con hiéu suat hap phu gidm dan (hinh 7). Dé
dat dugc dung lugng va hiéu suat hap phu dong thdi cao,
néng do Zn*" thich hop dugc chon trong khoang 30 +
50mg/L. Tai néng dé Zn* 40mg/L, dung lugng va hiéu suat
hap phu dat 2,24mg/g va 67,09%.

3.5
o -/- 90
.
3.0
/ 80
—_ L |
o5 9
? 0 &
6 \ —m— Q (mg/g) T
—e— H (%)
2.01 -/ .\.\ -60
/ °
154 o ~, |50
20 40 60 80
C (mg/L)

Hinh 7. Anh huéng clia nong do Zn?* ban dau dén dung luong va hiéu suat
hép phu myy. = 0,69, pH = 5,6, T=25°C, t =120 phiit

3.3. Pudng dang nhiét hap phu
14

121 y = 0,28444x + 1,24799

104 R%?=0,9638

84

c/a@L)

64
4 4
2 4
o] = (@

C. (mg/L)

1.20 °
y = 0,13364x + 0,59652 o®
R2 = 0,72207

1.05
0.90 1
0.754
0.60 4

0.454

2 -1 0 1 2 3 4
LnCe

Hinh 8. Dudng dang nhiét hap phu Zn** tai 25°C theo Langmuir (a) va
Freundlich (b)

Tién hanh hap phu Zn?* & diéu kién thich hgp da nghién
ctu: 0,69 haloysit/50ml dung dich Zn?* ¢6 néng d6 ban dau
thay déi véi thai gian tiép xdc 120 phat & pH 5,6, nhiét d6
phong (25°C), sau d6 xac dinh néng d6 Zn?* con lai & trang
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thai can bang (C.), tUr d6 c6 thé tinh dugc cac gia tri InC,, InQ,
ti s6 Co/Q va xay dung phuaong trinh dang nhiét Langmuir
(hinh 8a) va Freundlich (hinh 8b).

Dua vao d6 thi clia dudng hap phu ddng nhiét, xac dinh
dugc cac hang s6 thuc nghiém: dung lugng hap phu lon
nhat tinh theo dudng ddng nhiét Langmuir (Q.), hang sé
Langmuir (K\) va cac hang s6 thuc nghiém Freundlich (K, n).
Két qua thu dugc dua ra trén bang 2 cho thay, su hap phu
Zn* trén haloysit tudn theo mé hinh hap phu ding nhiét
Langmuir.

Bang 2. Cac hang s6 thuc nghiém Qn, Ki, K, n trong phuong trinh Langmuir
va Freundlich cta qud trinh hdp phu Zn?*

Langmuir Freundlich
Qn K. R n Ke R?
3,51 0,2283 0,9638 7,482 1,8158 0,72207

3.4. Déng hoc ctia qua trinh hap phu

nQ,-Q

@

) 20 40 60 80 100 120 140
t (phut)

y = 0,34593x + 3,85518
R? = 0,9942

Q (hit.gimg)
w
o

(b)

0O 20 40 60 80 100 120 140 16!

t (phat)

Hinh 9. M6 ta s6 liéu thuc nghiém bang phuang trinh dong hoc hap phu gia
bac 1 (a) va gid bac2 (b)

Dua vao két qua nghién ctu anh huéng cta thoi gian hap
phu t6i dung luogng hap phu Zn?* trong diéu kién: nong dé
Zn* ban dau 50mg/L, khéi lugng haloysit 0,69 & pH = 5,6 va
tai nhiét do6 phong (25°C) xay dung dugc dé thi ctia phuong
trinh dong hoc hap phu gia bac mot (theo phuang trinh 6)
va bac hai (theo phuang trinh 7), két qua thé hién & hinh 9.

Dua vao céac do thi thu dugc trén hinh 9 tinh dugc cac
hdng s6 téc d6 hap phu (k) va dung lugng hap phu & trang
thai can bang (Q.). K&t qua tinh toan dugc gidi thiéu trong
béang 3. Theo d6, tinh theo phuong trinh déng hoc hap phu
gia bac 1, gia tri Q. thu dugc la 2,21mg/g. Gia tri nay khac
nhiéu so v&i gia tri Qe xac dinh tur thuc nghiém (2,71mg/q).
Tinh theo phuong trinh déng hoc hap phu gia bac 2, thi gia
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tri Qe thu dugc la 2,89mg/g, gan tuong ducng vdi gia tri Qe
xac dinh ti thuc nghiém. Bong thoi, hé s6 héi quy cla
phuang trinh dong hoc gia bac 2 (R? = 0,9942 = 1) cling cao
hon so véi hé s6 héi quy clia phuang trinh dong hoc gia bac
1(0,822). K&t qua nay chiing to qua trinh hap phu Zn?* bang
haloysit tuan theo phuong trinh déng hoc hap phu gia bac
2. Hang s6 toc do hap phu xac dinh dugc c6 gia tri bang
0,031g/mg/phut.

Bang 3. Cac gia tri k va Q. tinh theo phuang trinh dong hoc gia bac mot va gia
bac hai

Phuong trinh dnghoc ~ Phuang trinh ddng hoc gia Q.
gia bac mot bac hai thuc
Q. ki , Q k; nghiém
(mg/g) (phut") (mg/g) (g/mg/phit) (mg/g)
221 0030 082 289 0,031 0994 2,71

3.5. Dic trung cla HAL trudc va sau qua trinh hap phu

Cac dac trung clia bot HAL trudce va sau qua trinh hdp phu
dugc phan tich bang FT-IR, XRD va SEM-EDX. Phé FT-IR cho
thay qua trinh hap phu Zn?** khéng lam thay d6i nhém chiic
trong phan t& HAL (hinh 10). Gian d6 nhiéu xa tia X cta bot
HAL trudc va sau qua trinh hap phu Zn?* (hinh 11) ctia mau
HAL va Zn-HAL tuong tu nhau. Anh SEM ctia HAL sau khi hap
phu Zn?* (hinh 12) cho thay hinh thai bé mat cta HAL ban
dau va HAL sau khi hap phu Zn?* @éu cé dang 6ng nano. Sau
qua trinh hdp phu Zn?", khéng cé su thay déi dang ké nao vé
kich thuéc va hinh dang cla hat. Phé EDX da cho thay su ¢
mat clia kém trong HAL sau qua trinh hap phu (hinh 12).

Zn-HAL

T(%)

T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Sé séng, cm™’

Hinh 10. Phd FT-IR ctia HAL trudc va sau khi hap phu Zn?*

H - halloysite
K - kaolinite

Zn - HAL

Cuong do

T 20 so 40 so e 70
2 theta (©)
Hinh 11. Gian d6 XRD cda HAL trudc va sau khi hap phu Zn?*
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Hinh 12. Hinh dnh SEM va phd EDX clia Zn-HAL
3.6. Giai hap phu Zn?* va thu héi Zn kim loai

3.6.1. Puong von-ampe vong ciia Zn(NO;); trong dung
méi reline

Két qua trén hinh 13 cho thay c6 su xuat hién pic khir ctia
Zn?* tai -1,28V va pic oxi héa clia Zn° tai -1,08V trén dudng
cong von - ampe vong cla reline chiia Zn(NOs),. Két qua nay
phu hop véi phép do von-ampe vong cla Zn?* thu dugc
theo tai liéu [24]. Diéu nay dugc giai thich nhu sau:

Giai doan 1: Su tao thanh phuc clia Zn?* véi CI clia reline
tao thanh phuc ZnCl,*". Sau d6, su khit Zn?* (ctia ZnCl,2")
thanh Zn kim loai trén bé mat dién cuc Au:

ZnCl,2" +2e — Zn + nCl
Giai doan 2: Su hoa tan Zn kim loai thanh Zn?*:
Zn-2e — Zn*

Zn-reline

/ -—

j (mA/em?)

1.8 -16 -14 -12 -1.0 -08 -06 -04 -0.2
E (V)

Hinh 13. Duting von-ampe vong ctia Zn?* trong dung moi reline
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Hinh 14. B& mat dién cuc Au sau khi dién phén

Két qua do von-ampe vong cla Zn?* trong dung moi
reline cho thay, pick khir ctia kém & dién thé -1,28V. Diéu nay
c6 nghia la, su két tha kim loai Zn trén bé mat dién cuc Au cé
thé tién hanh & dién thé < -1,28V.

gid & nhiét d6 60°C. Hiéu suat thu héi Zn dugc thé hién trong
bang 4.

Bang 4. Hiéu suat thu hdi Zn tlr 0,5 g Zn-HAL & cuGng do dong khac nhau trong
2gio

1(mA) 1 2 3 5 7,5

H % 64,23 68,44 71,33 73,76 82,14

K&t qua cho thay, Zn?* da duogc giai hap ra khéi Zn-HAL
va kim loai Zn két thia trén bé mat ctia dién cuc tdm Au. Dong
dién dat vao tang dan dén lugng Zn két ta trén bé mat dién
cuc Au tang do d6 hiéu suat thu héi Zn tang (bang 4). Hiéu
suat thu hoi Zn dat 82,14% sau 2 gid dién phan & cudng do
dong dién 7,5mA. D& tranh xdy ra qua trinh phu khi dién
phan & cuong d6 dong cao nén cudng dé dong 7,5mA dugc
chon cho nghién cttu tiép theo.

b) Anh huéng ctia khéi luong Zn-HAL

Su bién thién hiéu suat thu héi Zn phu thudc vao khéi
luong Zn-HAL. Khéi lugng Zn-HAL tang dan dén lugng Zn
két tua trén bé mat dién cuc Au ting nhung hiéu suat thu
hoi Zn gidm. Két qua dugc mé ta trong bang 5. D& thu dugc
hiéu suat thu héi Zn cao (84,95%), 0,3g Zn-HAL da dugc chon
cho nghién cuu tiép theo.

Bang 5. Hiéu sudt thu hoi Zn & cuong do dong ap 7,5mA trong 2 gi¢ vdi khi
luong Zn-HAL thay ddi

m(g) 03 0,5 0,7 1,0
H% 84,95 82,14 79,22 75,85

2
752 A
658
64
401
3%
0
188 E] . e
1 J-J.... 8§
e ) , A=
00 13 25 39 52 6S 73 EM 104 17 130
Status: idle 50 or:00 Lsec 83 15Cets 3615 keV Det: Octane Pro

Hinh 15. Ph EDX cla bé mét dién cuc Au (a) trudc va (b) sau khi dién phan

Giai hdp Zn? tu vat liéu HAL da hap phu va thu héi kém
kim loai dugc thuc hién bang phuong phap két tua dién héa
trong dung moi reline s& dung ky thuat ap dong sao cho
dién thé dat dugc < -1,28V. K&t qua thé hién trén hinh 14 va
15.Nhu vay ion Zn?* c6 thé dugc gidi hap phu ra khéi Zn-HAL
sau d6 bi khit thanh kim loai Zn trén bé mat dién cuc Au
trong dung méi reline va cé thé thu lai chat hap phu HAL dé
tai s dung cho nghién ctu tiép theo.

3.6.2. Anh hudng cila cdc yéu té dén kha ndng gidi hdp
phu, thu héi Zn

a) Anh huéng ctia cudng dé dong dp

Pudng cong phan cuc catot clia dién cuc Au & cac gid tri
dong dién dat vao khac nhau dugc ti€n hanh véi thai gian 2

120 | Tap chi KHOA HOC VA CONG NGHE @ Tap 59 - S6 6C (12/2023)

¢) Anh huéng cta thoi gian dién phdn

Bang 6 cho thay su bién thién hiéu suat thu hoi Zn theo
thai gian dién phan. Thai gian dién phan tang dan dén lugng
Zn két tda trén bé mat dién cuc Au tang nén hiéu suat thu
héi Zn tang. Khi thai gian tang ti 5h dén 7h thi hiéu suat thu
hoi ting lén khéng dang ké (94,52 dén 95,10%). Do d6 dé
dat dugc hiéu suat thu héi Zn cao (94,52%) nhung thai gian
dién phan khong dai 1dm, thai gian dién phan thu héi Zn
dugc chon la 5h.

Bang 6. Hiéu sudt thu hoi Zn tir 0,3g Zn-HAL tai cuong d6 dong ap 7,5mA va
thai gian dién phan khac nhau

t(h) 1 2 3 4 5 7
H% | 8226 | 8495 | 87,24 | 90,68 | 9452 | 9510
4, KET LUAN

Khodang sét haloysit da dugc st dung dé nghién cdu qua
trinh hdp phu ion Zn?*. K&t qua thu dugc cho thdy, qua trinh
hédp phu chiu sy anh hudng clia cac yéu t6: pH, néng dé Zn?*
ban dau, khoi lugng chat hdp phu, thai gian ti€ép xdc. Qua
trinh hdp phu tuan theo mé hinh ddng nhiét hdp phu
Langmuir v&i dung lugng hap phu cuc dai bang 3,51mg/g.
Tai néng dé Zn?* 40mg/L & diéu kién hap phu thich hgp da
nghién ctu, dung lugng va hiéu suat hap phu dat 2,24mg/g
va 67,09%. Qua trinh giai hap phu Zn?* va thu héi Zn kim loai
phu thudc vao cudng dé dong dién, khéi lugng vat liéu va
thai gian dién phan. Hiéu suat thu hoi Zn dat 94,52% & diéu
kién thich hgp. K&t qua nay ma ra trién vong cho viéc (ing
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dung khoang sét haloysit loai b ion Zn?* trong nuéc bi 6
nhiém va thu héi kim loai Zn dé tan dung va tranh 6 nhiém
thi phat ciing nhu tai s dung vat liéu hap phu.
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