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Tom tat

Vit liéu silica mao quan trung binh SBA-15 duoc téng hop tir cac nguyén liu reé tién,
san c6 trong nudc gia thanh thap. SBA-15 duoc tng dung dé nghién ctu qua trinh hap phy ion
Th(IV) trong nuéc. Anh huong cua pH, thoi gian hap phu, md hinh hap phu da dwoc nghién
ctru va thao luan. Két qua cho thay, qua trinh hap phu phu thudc vao pH cua dung dich, vat
lieu SBA-15 c6 kha ning hap phu tét ion Th (IV) trong dung dich, dong hoc hap phu tuan
theo phuong trinh dong hoc biéu kién bac 2, dung lugng hap phu cuc dai dat 116,3 mg/g va
quéa trinh hap phu duoc md ta theo mé hinh ding nhiét Langmuir.

Tur khoa: Th (1V), SBA-15, hdp phu.
l. MO PAU

Vit liéu silica mao quan trung binh SBA-15 duoc tong hop tir oxit silic hodc oxit
nhdm, SBA-15 c¢6 dudng kinh mao quan tir 3 — 10nm, ¢6 cac vi mao quan lién két giira cac
mao quan trung binh va thanh trdng mao quan day nén bén vé thay nhiét. Dién tich bé mit
I6n tir 400 — 900 m%/g nén SBA-15 rét linh hoat va dwoc tng dung trong nhiéu linh vic nhu
xUc tac va xir Iy méi truong. Trén thé gisi, vat liéu mao quan trung binh thudng dugc tong
hop tir TEOS tuy nhién gia thanh cao nén can nghién ctu tim loai vat liéu silica thay thé.
Trong nghién cau nay, thay tinh long (Na,SiOs3) va axit sulfuric (H,SO,4) dam dac duoc su
dung dé téng hop SBA-15.

Qua trinh khai thac va ché bién quing phéng xa va quing sa khoang ven bién dang
phét trién & Viét Nam. Song song vai sy phat trién d6 1a cac vin dé dam bao an toan moi
truong phong xa, dac biét 1a nude thai nhidm cac nguyén t6 phong xa (U, Th, Ra, ...) khong
duogc xir 1y dat tiéu chuan da thai ra moi trudng dang 1a van dé rat nghiém trong, gay 6 nhiém
moi trudng dat, nude va doi song dong thuc vat, con ngudi trong thoi gian dai.

Trong nhitng nim gan, ion Th (IV) dugc xir Iy bang qué trinh hap phu trén cac vat
liéu khéc nhau da duoc nghién ctu rong réi. Trong do, viéc lra chon vat liéu hip phu cé hiéu
qua cao, gia thanh thap nhan duoc sy quan tdm cua rat nhiéu nha khoa hoc. Trong nghién cau
nay, qua trinh hap phu ion Th(IV) trong nudc trén vat lieu SBA-15 dugc tong hop tir cac
ngudn nguyén liéu ré tién trong nude da duoc nghién ciu. Cac nghién ctu anh huéng cua
thoi gian tiép xdc pha, pH va mé hinh hip phu caa ion Th trong dung dich da dugc tién hanh.

1.  THUC NGHIEM

11.1. Héa chdt s dung: Pluronic (P123) EO»PO70EQy, thiy tinh long (NaySiOs) Viét Nam,
dung dich H,SO,4 98%, mudi Th(NOs)s, dung dich HNO3 0,01 mol/l, NaOH, nuéc ct.



11.2. Téng hep vit liéu silica mao qudn trung binh SBA-15

Can 8g chit hoat dong bé mat Pluronic P123 cho hoa tan trong 380 ml nudc cat, cho
vao cbc thay tinh 1000 ml khudy & 35 - 40°C trén bép tir trong vong 2h, téc d6 khudy 500v/p
cho dén khi tao dung dich trong suét (A). Can 37g thay tinh long (28,8% SiO,, 3,2% Na,0)
thém vao A bang may khudy tir & nhiét do phong. Hon hop duoc git khudy trong 1 — 2 gior
tao dung dich dong nhat. B6 nhanh 10 ml axit sulfuric dam dic (98%) vao va khudy manh
trong vong 1h, sau d6 hdn hop dugc chuyén sang binh cau thay tinh ¢6 6ng hdi luu va dua
vao 10 vi song dé két tinh trong 3 gid. HAN hop sau d6 dugc gia héa trong tu siy & 80°C trong
20 gio, sau d6 dé ngudi va loc, rira phan rin thu duoc vé pH = 7 va sdy ¢ 80°C qua dém, va
nung trong khong khi & 550°C trong 5 gio thu duoc san pham SBA-15.

11.3. Thi nghiém hdp phu

Dung dich thori dugc pha tir mudi thori nitrat (Th(NOg3)s) trong nudc cat. Céc thi
nghiém dugc tién hanh theo mé & nhiét dé phong trén may lic ngang IKA HS 260 basic & toc
d6 120 vong/phut.

Trong céc thi nghiém hap phu: 5mg vat lieu hap phu (SBA-15) dugc thém vao binh
nén chira 50ml dung dich ion Th (1V) véi cac nong d6 pha sin. Khi qua trinh hap phu dat can
bang, loc bang gidy loc bing xanh tach pha ran — long. Dung dich thu duoc phan tich nong do
thori con lai bang phuong phap trac quang so mau véi arsenazo 111 & budc séng 655nm hoic
phan tich ICP-OES.

—Ct
V' (mg/g)
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Trong d6: Co: ndng d6 ion Th(IV) ban dau (mg/l), C;: néng do ion Th(IV) tai thoi diém t
(mg/1), m: lwong vat lidu hap phu SBA-15 sir dung (g), V: thé tich dung dich (ml).

- Dung luong tai thoi diém t: ¢ =
C0—-Ce

- Dung lugng can bang: ge =

1.  KET QUA VA THAO LUAN
I11.1. Anh hwéng cia thoi gian hip phu

Dé xé4c dinh thoi gian hdp phu dat can bang, tién hanh mot loat cac thi nghiém theo
mé Vé6i cac diéu kién sau: nong do ion Th(IV) ban déu = 100 mg/l, pH = 4, lugng chét hap
phu sir dung = 5 mg, thoi gian tiép xuc pha (1dy mau) sau 15 phat, 30 phat, 60 phat, 120 phut,
240 phiit, 480 pht nhu hinh 1.

Két qua cho thdy, qué trinh hap phu ion Th(IV) trén vat liéu SBA-15 dién ra twong
d6i nhanh. Sau 60 pht quéa trinh hap phu dat b&o hoa, ndng do can bang cua ion Th(IV) trong
dung dich gan nhu khong thay doi.

Duya vao dé, chon 60 phut I thoi gian hap phu ion Th(IV) trong dung dich dat can
bang dé tiép tuc nghién ciru céc thi nghiém tiép theo.
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Hinh 1. B4 thi anh hudng cua thoi gian tiép xtc pha dén nong do can bang ion Th(IV) trong
dung dich.

I11.2. Anh hwéng caa pH dung dich

pH cua dung dich c6 thé anh hudng dén trang théi ton tai cua ion Th(IV) trong dung
dich va vi tri gan ion kim loai trén bé mat. Anh hudng cua pH dau dén qua trinh hap phu da
duoc nghién ctiu trong dai pH dung dich tir 2 dén 6, thoi gian hap phu 60 phat, nong d6 dau
10 mg/l, lugng chat hap phu 5 mg (hinh 2), pH dung dich dugc diéu chinh bang dung dich
NaOH loéng.
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Hinh 2. D6 thi anh huéng pH dén qua trinh hap phu ion Th(1V) trong dung dich.

D thi hinh 2 cho thay, khi pH dung dich tang tir 2 dén 4 thi hiéu suat hip phu Th(IV)
trong dung dich ting nhanh dén dat cuc dai (99%), tiép tuc ting pH >4 thi hiéu suat khong
thay d6i. Dya vao giam d6 trang thai ton tai caa ion Th(IV) trong nuéc (hinh 5 — phu luc) c6



thé nhan xét rang vat lieu SBA-15 hap phu tét nhét ion Th(IV) ¢ trang thai [Th(OH)]** va
[Th(OH),]*, khi pH > 4 cac ion Th(IV) c¢6 xu hudng két tua trong dung dich & dang
[Th(OH)*], khi pH thap (2 — 3) hiéu suit hip thu thip c6 thé do trong méi trudng axit ¢ su
canh tranh caa ion H* du thira trong dung dich véi ion Th(IV). Tir d6 thi cd thé thdy pH = 4
la gié tri pH téi wu dbi véi qua trinh hap phu ion Th(IV) trong dung dich.

Két qua cho phép chon gia tri pH dau = 4 1a gia tri pH t6i wu dé tiép tuc nghién ctu cac thi
nghiém khéac.

I11.3. Nghién ciu md hinh hap phu ion Th(IV) trong nwéc

Nghién cu mé hinh hap phu cho két qua nhu mot ham cua nong d6 véi nong do dau
dao dong tir 10 — 150 mg/l, pH = 4, thoi gian hap phu 1a 60 phat va lwong vat liéu 12 5 mg,
(hinh 3). C6 thé dé& dang nhan thiy rang, dung luong hap phu tiang khi ting ndng d6 ban dau
tir 10mg/1 dén 70 mg/l do khi néng d6 ion Th(IV) thap, c4c ion nhanh chéng dugc hap phu
trén céc tam hap phu tréng trén bé mat vat lieu SBA-15, tuy nhién khi tiép tuc ting nong do
dau lén 70 mg/l va 150 mg/I thi hau hét cac tdm hap phu tréng da bi chiém gitr dan dén dung
luong can bang thay d6i gan nhu khong dang ké. Diéu nay cho thiy qué trinh hap phu da dat
dén trang thai can bang, vat liéu SBA-15 da hap phu bao hoa ion Th(1V).
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Hinh 3. D4 thi quan hé Co va ge qua trinh hap phu ion Th(IV) trong dung dich.

Dang nhiét hip phu mé ta sy phan bd caa chat hap phu trong pha long ¢ thoi diém can
bang. Hai mé hinh dang nhiét hap phu pho bién 1a Langmuir va Freundlich.

Dang cong thirc toan hoc cua mé hinh Langmuir |a:

C, L, G

q e a KL- Amax Amax




Trong d6: qe (mg/g) 13 dung luwong hap phu ¢ thoi diém can bang, gmax (Mg/g) 12 dung
lwong hap phu cuc dai cua vat liéu, K. (I/mg) hing sé dic trung cho luc twong tac gitta chat
hap phu va chat bj hip phu tai mot nhiét do xac dinh.

Mo hinh dang nhiét Freundlich mé ta qué trinh hap phu da 16p, dugc sé hoa bang
phuong trinh:

1
logq, = logKr +El0gCe

Kr va n I cac hang s6 Freundlich dic trung cho dung luong va cuong do hap phu.

Tir cac s6 liéu thu dugc & trén, xay dung phwong trinh dang nhiét Langmuir va
Freundlich ta dugc két qua nhu trong bang 1 va bang 2.

Bang 1. Céc tham sb dang nhiét Langmuir cta qua trinh hap phu ion Th(IV) trén
SBA-15 ¢ 298K

Omax (MQ/Q) Ky (L/mg) R’

116,3 0,035 0,991

Bang 2. Cac tham s6 dang nhiét Freundlich caa qué trinh hap phu ion Th(IV) trén
SBA-15 ¢ 298K

K (mg/g) n R®

24,547 4,016 0,836

Tir bang 1 va bang 2 cho thay, qué trinh hap phu ion Th(IV) trén vat liéu SBA-15 tuan
theo mé hinh ding nhiét hdp phu Langmuir (R? = 0,991) tét hon so v6i md hinh Freundlich
(R? = 0,836). Gia tri hap phu cuc dai dat 116,3 mg/g.

Tir két qua nghién ciu anh huong thoi gian hap phu, nghién ciru dong hoc qua trinh
hap phu thori trén vt liéu SBA-15 (hinh 4)
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Hinh 4. Bong hoc hap phu biéu kién bac 1 (a) va bac 2 (b) hip phu thori trén SBA-15




Tir hinh 4 ¢6 thé thdy, qua trinh hap phu thori trén SBA-15 tuan theo mé hinh dong hoc
biéu kién bac 2 (R? = 0,9995). C4c tham sé mé hinh dugc cho trong bang 3.

Bang 3. Céc tham sb ctia phuong trinh dong hoc biéu kién bac 2 hap phu Th(IV) trén SBA-15

Dang phuong trinh dong hoc R? k> Ctn Ot
(9/mg.phut) | (mg/g) | (mg/g)

y =0,0113x + 0,0526 0,9995 2,43.10° 97,67 | 88,50

IV. Kétluan

Nghién ctru nay da chi ra rang, SBA-15 la vat liéu hap phu hiéu qua ion Th(IV) trong
nudc, trong diéu kién téi wu 1a: nong d6 dung dich ban dau 70 mg/l, pH = 4, thoi gian hap
phu 1a 60 pht véi lugng vat lidu hap phu 13 5 mg trong diéu kién nhiét d6 phong (25°C).

Trong cac md hinh dang nhiét 4p dung dé nghién ciru, moé hinh dang nhiét Langmuir
cho thdy 1a md hinh phl hop nhat phan anh qua trinh hap phy. Biéu nay chang to bé mat vat
liéu hap phy 1a d6ng nhat va qua trinh hap phu 1a don 16p. Dung luong hap phu tdi da cua vat
licu SBA-15 theo mo hinh Langmuir trong diéu kién tbi wu 1a 116,3 mg/g.
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Hinh 5. Gian d trang théi ton tai ciia ion Th trong nudc

STUDY ON ADSORPTION OF Th (IVV) ION ONTO MESOPOROUS SILICA
SBA-15 MATERIAL

Abstract

SBA-15 mesoporous silica was prepared by a cheap and inexpensive source of raw
materials in Vietnam. SBA-15 is used as an efficent adsorbent for solid phase extraction
(adsorption) of thorium (1V) ion from water solution. The effect of pH, contact time, initial
concentration were investigated and discussed. The results show that, extraction process of
thorium ion was shown to be pH dependent, the SBA-15 material has a good adsorption
capacity of radioactive element Th (IV), the maximum sorption capacity under the
experimental conditions was 116,3 mg/g. Adsorption process was described by the Langmuir
isotherm and pseudo second order models.

Key words: Th (1V), SBA-15, adsorption.



