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TOM TAT

Trong sé cdc cong nghé da dwoc nghién ciru dé logi bo cdc anion gdy ra do é nhiém Arsen,
phwong phap hap phu dd nhdn dwoc sw quan tam dang ké. Vermiculite (VER) la logi khodng sét
co trit lwong doi dao, gid thanh thdp, than thién véi méi truong va dwoc danh gid la vit liéu hap
phu tiém ndng dé loai bé Arsen khéi méi truong mede. Trong cong trinh nay, VER gian né dugc
nghién cieu dé hap phu Arsen(V) trong nwée. Anh hwéng ciia nong do, thoi gian t6i hiéu sudt hdp
phu dwoc khdo sdt chi tiét va ddy di. Khd nang hdp phu t6i da ciia VER gian né doi véi As(V) la
17,123 mg. g, thoi gian hdp phu bdo hoa trong khoang 120 phiit. Céc két qua mé hinh déng hoc
cho thdy cdc qud trinh hdp phu tudn theo déng hoc béc hai.

Tiwr khéa: Vermiculite gian nd; Hap phu; H20:.
1. GIOI THIEU

Asen va cac hop chat ciia chiing 1 nhiing chét c6 ddc tinh cao, co thé tich liy va gy ung thu
gdy nguy hiém cho con ngudi va dong vat [1]. O nhiém As c6 thé do tu nhién hay do su gia tang
nhanh chéng cua cac hoat dong d6 thi hoa va cong nghiép hoa. M&i nam, hon 60.000 tin As dugc
phat thai vao méi truong [2]. Vi vay, viée xir Iy cdc ngudn 6 nhiém asen dang duoc sy quan tim
16n cua cac nha khoa hoc. Cé nhiéu phuong phap xir Iy da dugc nghién ctru nhu oxy hoa, keo tu,
két tua, loc mang, chiét, xir Iy sinh hoc,.. [3 5]. Tuy nhién, moi phuong phap déu c6 han ché nhu
chi phi cao, quy trinh phtrc tap, hiéu qué thap hodc yéu cau hoa chit va niang lugng cao. Phuong
phap hip phu dugc st dung phd bién do c6 mot s6 wu diém 1a mang lai hiéu qua cao, don gian,
kinh té [1, 6].

Khoang Vermiculite (VER) c6 trit lugng doi dao, gia thanh thap, than thién v6i méi truong.
Chung duogc sir dung nhu mét vat liéu hap phu trong xir Iy méi truong do c6 dién tich bé mit riéng
16n, tich dién 4m, kha ning trao dbi cation cao [7]. Tuy nhién, hiéu qua hip phu d6i véi As caa
VER ty nhién 14 twong ddi thap [8]. Khi VER & trang thai gidn né s& tao thanh vét liéu xp co dién
tich bé mat riéng 16n hon, kha nang trao d6i ion manh m& hon. Trong nghién ctru nay sé& sir dung
VER gién n6 dé tang hiéu qua hap phu As trong mo6i trudng nudce. Vat ligu VER gian n¢ dugc
tong hop khi sir dung tac nhan H,0, két hop véi vi song.

2. THU'C NGHIEM VA PHUONG PHAP

2.1. Héa chit, thiét bi

- Hoéa chat: Khoang Vermiculite (4-8 mm, Vit Nam), Hx0, (30%, Trung Qudc),
Na;HAsO4.7H,0 (An DJ).

- Thiét bi:

Tu say; thiét bi vi song, can phén tich HR 200, thiét bi quang phd hap thu nguyén tor AAS, thiét
bi phan tich nhicu xa tia X (XRD), pho tan xa nang luong tia X (EDX), kinh hién vi dién tir quet
(SEM), thiét bi do di¢n tich bé mat riéng (BET).
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2.2. Phwong phap
2.2.1. Phwrong phdp tong hop Vermiculite gidn no

Trude do, chung toi da nghién ciru quy trinh téng hop VER gidn ng bang phuong phap héa hoc
(str dung tac nhan H,0») két hop véi vi song [9] va s€ ap dung cac dicu kién da khao sat dugc vao
trong trong nghién ctru nay. Quy trinh tong hop vét li€u:

Can 1g Vermiculite (VER) cho vao dia petri (d=120 mm) c6 chira 6ml H20: (30%), dé yén &
nhiét do phbqg, sau 60 phut mang di u thét 0 60 °C trong 90 phut. Tiép theo, vat liéu dugc dem
di vi song 5 1an, moi lan 1 phat sau d6 say kho ¢ 120 °C trong 60 phut.

2.2.2. Khao sat qua trinh hdp phu
a. Khao sat anh huong ciia nong do As(V)

Thém 0,1 g VER gién n¢ vao cac binh non chira 50 mL dung dich As(V) ¢6 nfmg d6 1an luot
la 5, 10, 20, 30, 40, 60, 80 mg/L. Hon hop dugc day kin dé tranh bay hoi, lac & toc d6 150 vong/
phut ¢ nhiét d6 phong trong 300 phut. Dung dich sau hap phu duoc loc qua mang loc kich thude
0,45 um va mang di kiém tra nong d6 As bang thiét bi AAS. Céc s6 liéu thu duoc 1am co so dé
nghién ctru xay dung duong ding nhiét hap phu.

b. Khao sat anh hudng ctia thoi gian hap phu

Thém 0,1 g VER gién ng vao binh nén ¢6 chira 50 mL dung dich As(V) noéng d6 10 mg/L. Tién
hanh thi nghiém nhu muc trén’ V(’)'i cac khoang thoi gian hap phu lz‘{ 10, 20, 40, 60, 90, 120, 180
phut. Su phu thudc cua hiéu suat hap phu theo thoi gian duoc dung d€ lam dir liéu nghién ctru dong
hoc ctia qua trinh.

c. Khao sat dong hoc hap phu
Ping nhiét ctia qua trinh hip phu As(V) duoc dnh gia qua hai mé hinh:

. C 1 C
Langmuir: L= 4= 1
g Je dmb dm ( )

Freundlich: Log g = log ki+ = log C )
Dong hoc qué trinh hap phu danh gia thf)ng qua 2 mo6 hinh dong hoc biéu kién:

M® hinh bac 1: Log (ge— i) = log Qe - FTEL 3
MG hinh bac 2: R @)

qc k2qe* Qe
d. Khao sat kha nang tai st dung vat liéu
Thém 0,1 g VER gidn nd vao binh nén ¢6 chira 50 mL dung dich As(V) nng d6 10 mg/L. Hon
hop dugc day kin, lic ¢ tec dd 150 vong/phut & nhiét ¢ phong. Sau 90 phut, loc dung dich qua
mang loc kich thudc 0,45 pm va mang di kiém tra ndng d6 As bang thiét bi AAS. Sau mdi lan hép
phu, thu hdi vat liéu hap phu, giai hap bang dung dich NaOH 1M, rira lai nhiéu 1an bang nudc cat
va sy kho, tai str dung cho thi nghiém sau.

3. KET QUA VA THAO LUAN

3.1. Pac trung vat liéu Vermiculite gian né

Két qua phén tich nhiéq xa tia X dugc hién thi trong hinh 1. Mau XRD c¢6 dang tuong ty nhu cac
cong trinh da dugc cong b6 trude day vé VER gidn no, véi cac dinh nhicu xa tai 26=8.82°, 27,2° va
34,32° twong (g v6i khoang cach d 1a 14,54, 3,3A, 2,6A [10]. Cac dinh nhiéu xa khac dugc mo ta
cho céc tap chat khac nhau nhu talc, cordierite va cac loai dat sét khac c6 trong vat li€u.

Phé EDX ciia VER gidn n¢ dugc thé hién trong hinh 2. Thanh phén hoéa hoc ciia VER chii yéu
bao gdm SiOy, MgO, Al,O3, Fe;03, Ca0, K,0 va TiO,. C6 thé thiy, thanh phan héa hoc va, ty 18
clia cac nguyén té nay dudi dang oxit phit hop vai cac tai liéu cong bd trude do [11].
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Hinh anh SEM cho thdy hinh thai cia Vermiculite ¢ trang thai ty nhién va gidn né déu c6 céu
tric dang tim (hinh 3). Quan sat VER & trang thi gidn nd cho thay ching da bi tach 16p tao thanh
vt lidu x6p. Sau khi cac phan tir hydro peroxide dugc duge thém vao khong gian giira cac 16p cua
VER, véi sy ¢6 mat phan tir nude cung voi chét xtic tic cua Fe?* va mot sb cation hydrat khac sé bi
phéan huy tao thanh khi nén c6 thé tao ra ap suat trong khong gian giira cic 16p ciia VER lam ting
khoang cach giita cac 16p va gdy ra sy gidn nd VER [11]. Hon nita, khi két hop véi vi song lam cho
qua trinh gidn nd dién ra hiéu qua hon va tao ra VER “x&p” véi toe do gidn nd cao hon.
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Hinh 1. Gidn dé nhiéu xa tia X
cua VER gidn no.

IMS-NKL 5.0kV 5.5mm x50.0k SE(M)

Két qua do dién tich bé mat riéng cia VER

0 hai trang thai cling cho thady VER ¢ trang thai
gian nd cod dién tich bé mat riéng (42,5013
m?/g) 16n hon khi & trang thai tu nhién (0,9929
m?%g). VMT gién n¢ khong chi sé hiru cau tric
16 xOp va dién tich bé mat riépg lon dqu xem
nhu vat liéu khung CI}O cac chat hﬁg phubé métﬁ,
ma cc‘)p ch1'1ar cac diém hqat hoa bf: mat c6 thé
lién két va hap phu mot s6 cac chat dac trung.
3.2. Khio sit qua trinh hip phu
3.2.1. Khado sat déng hoc hdp phu
a. Khao sat mé hinh dang nhiét hip phu

~ Mot trong nhirng déac diélp quan trong nhat
d€ danh gia hiéu suat cua chat hap phu la dung
luong toi da cia chat hap phu ma mét chat hap
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Hinh 2. Phé tan xa ndng lwong tia X

cuia VER gidn ng.

IMS-NKL 5.0kV 5.4mm x50.0k SE(M)

Hinh 3. Anh SEM ciia VER tw nhién (a) va gian né (b).
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phu c6 thé hép phu dugc. Céac sb lidu thu duoc s& lam co s& dé xay dung theo cac phuong trinh
dang nhiét hap phu Langmuir va Freundlich dugc tinh toan dya vao phuong trinh (1), (2) thu duoc
nhu sau:
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Hinh 5. M6 hinh dang nhiét Langmuir (a), Freundlich (b).
Langmuir Freundlich
2 2
qm(mg/g) | b R n ks R
17,1232 | 0,3257 0,9931 2,9985 44,6169 0,9546

M0 hinh Langmuir (hinh 5a) c6 hé s hoi quy R?= 0,9931 gan t6i gid tri chuan 1 hon so véi
R?=0,9546 cua m6 hinh Freundlich (hinh 5b). Nhu vay, ¢6 thé thay m6 hinh Langmuir 1a pht hop
hon, qua trinh hap phu la don 16p. Kha nang hap phu toi da cua vat li¢u dugc tinh toan tir mo hinh
Langmuir la 17,123 mg/g. Kha nang hap phy cua VER gidn né doi veéi As(V) c6 the duoc giai
thich bang viéc khi gidn na 1én thi dién tich bé mat riéng, do xop va kich thudc hat tang.

b. Khao sat dong hoc hap phu

_Dong hoc hap phu la nhiing dac tinh rt quan trong gilp dw doan higu sut hap phu cua chét
hap phu. O déy, cdc md hinh dong hoc gia dinh bac 1 (hinh 6a) va bac 2 (hinh 6b) da dugc su dung
dé nghién ctru su hap phu As(V) cua vét liéu.
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Hinh 6. M6 hinh gia dinh dong hoc bdc 1 (a), bdc 2 (b).
Céc thong sb dong hoc duoc tinh toan dia vao cac phuong trinh (3), (4):

Thei gian ( phat )

M6 hinh dong hoc bdc 1 M6 hinh dong hoc bdc 2
e (Mg/g) | ki (phat™) R? 0. (Mg/g) ko (g/mg.phiit) R2
3,0338 \ 0,029 0,8828 5,1046 2,845 x 103 0,9837

C6 thé thay, cac hé sé tin cay cua mé hinh dong hoc biéu kién bac hai 16n hon nhiéu so véi cua
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mo hinh bac nhat. Dung luong hap phu can bang tinh toan dugc tir phwong trinh dong hoc bac 2
déu gan so vai gia tri thuc nghiém (ge=5,5502 mg/g) hon phwong trinh dong hoc bac 1. Hé sé
tuong quan ctia mo hinh dong hoc gia dinh bac mét la thap (R2 = 0,8828), vai su khac biét dang
ké giira gia tri ge thuc nghiém va gié tri ge tinh toan (3,0338 mg/g). Nhu vdy, mé hinh dong luc
hoc bac 2 phi hop, diéu nay c6 thé suy doan hap phu hoa hoc chiém vai tro chu dao.
3.2.2. Kha nang tai sw dung vat li¢u

Vit liéu hap phu VER gi&n né sau mdi lan hap 100 - - - -
phu dwoc thu hoi va giai hap. Két qua khao sat — -
kha ning tai sir dung vat lidu duogc thé hién trong 507 I
hinh 7. C6 thé thy, hiéu suat loai bo As giam
khoang 20% sau 4 chu ki str dung vat liéu.

4. KET LUAN

Vermiculite gidn no da duoc ché tao thanh 204
cdng bang cach sir dung tac nhan H,0, (30%) Vi
su hd tro cua 10 vi song. Vit liéu ché tao c6 ciu 0
trdc x4p, dién tich bé mat khoang 42,5013 m2/g,
c6 kha nang hap phu As(V) tét. Khao sat qué
trinh hap phu cua As véi vat lieu VER gidn no
cho thdy mé hinh Langmuir phi hop véi céc dir
liéu thuc nghiém cao hon so v&i mé hinh
Freundlich, dung lugng hap phu cuc dai As a 17,12 mg/g. Qua trinh hap phu tuan theo mé hinh
dong hoc bac 2. VER gién ng duoc xem la mot chat hap phu ddy tiém ning cho viéc xir ly moi
trudng trong tng dung thuc tién.

_ Bii bdo nay di dwgc bao co tai Hji thio khoa hgc Quéc gia “Ung dung Cong ngh¢ cao vao thuc

tién” nam 2024.

Loi cam on: Nhém tac gid xin tran trong cam on sw tai tro kinh phi tie dé tai cap B6 TNMT.2024.05.09.
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ABSTRACT

Fabrication of expanded vermiculite using the mixed methods
of microwave and H,O, agents for arsenic adsorption in water

Among the technologies that have been studied to remove anions caused by Arsenic
pollution, adsorption has received considerable attention. Vermiculite (VER) is a clay
mineral that is abundant, low cost, environmentally friendly and is considered a potential
adsorbent material for removing Arsenic from aqueous environments. In this work,
expanded VER was studied for the adsorption of Arsenic(V) in water. The effects of
concentration and time on adsorption efficiency were investigated in detail and fully. The
maximum adsorption capacity of expanded VER for As(V) was 17.123 mg.g-1, and the
saturation adsorption time was about 120 minutes. The kinetic model results showed that
the adsorption processes followed second-order kinetics.

Keywords: Expanded Vermiculite; Adsorption; Hz202.
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