Nghién ciru khoa hoc cong nghé

NGHIEN CUU CHE TAO VAT LIEU COMPOZIT Fe,04/TiO, TU XI
TITAN UNG DUNG HAP PHU Pb** TRONG MOI TRUONG NUOC
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Tom tit: T rong nghién ciru nay, vat liéu compozit Fe,O3/TiO, duoc ché tao bcing qua
trinh sunphat héa xi titan, nung ¢ 600 °C trong 2 gic' va nghién bi trong 45 phit. Két qua
nghién citu cho thdy qua trinh hcfp phu Pb** cua vit liéu Fe,O4/TiO, tuan theo md hinh
déng nhiét Langmuir va mé hinh dong hoc biéu kién bdc 2. Vit liéu compozit Fe,04/TiO,
tong hop duoc co dung liwong hdp phu Pb** cue dai la 82,63 mg/g o pH =7, va la vat liéu
c6 tiém nang dwoc iing dung trong hap phu loai bé Pb** tir méi truong nude.

Tir khéa: Xi titan; Hip phu; Kim loai nang; Compozit.
1. MO DAU

Tt rat lau chi dugc bién dén 1a kim loai nang dugc s dung rong rai trong nhiéu nganh cong
nghi€p quan trong nhu pin, san Xuét va in 4n cac chat mau, nhién liu, vat liéu nhiép anh va san
Xudt thuoc n6. Chi 1a mot trong ba kim loai ning doc hai nhat, c6 thé 1a nguyén nhan giy ra
nhiéu véan dé vé stic khoe, dic biét c6 thé gay ra tir vong cho con ngudi [1, 2].

Do c6 dgc tinh cao, viéc xur ly loai bd chi khéi nudc va nude thai 1a mot trong nhitng van dé
trong yéu nham dam béo sirc khoé cong dong va bao vé mdi truong. C6 rat nhidu phuong phap
da duogc ap dung dé loai bo Pb** ra khoi moi trudng nudc nhu két tua hoa hoc, hip phu va trao
ddi ion, cong nghé mang,... [3]. Trong do, hap phu duogc coi la mot trong nhitng phuong phap
hiéu qua va day htra hen dé loai bo cac ion kim loai ngng nhu Pb*". Hién nay, c6 nhiéu loai vat
lidu hap phu khac nhau di dugc nghién ciru sir dung nham loai bo cac ion kim loai tir nudc va
nudce thai nhu: dng nano cacbon, oxit kim loai, zeolit, polime, polime-oxit kim loai [4-6]. Trong
do vat liéu compozit 1a hon hop cua 2 oxit kim loai s€ lam tang ai lyc voi céc ion kim loai nang
tir d6 1am tang kha nang hip phu.

Vit ligu compozit Fe,O4/TiO, da duge mot s6 tac gia nghién ctru ché tao tir quing ilmenite
bang qua trinh sunphat hoa két hop voi nung, sau d6 nghién bi dé nhan duoc vat lidu cu tric
nano tng dung trong xuc tac quang va hip phu xir Iy kim ning dat hiéu qua cao [7, 8].

Trong nghién cru nay, vat liéu compozit F 'e,04/TIO, du'oc tong hop tir xi titan bang quy trinh
don gian. Mot sb tinh chit va kha ning hdp phu Pb* trong méi trudng nudc cua vét lidu
compozit Fe,05/TiO, cling dugc nghién clru

2. THUC NGHIEM VA PHUONG PHAP NGHIEN CUU
2.1. Héa chit, thiét bi
2.1.1. Hba chdt

Xi titan (Cong ty CP Khoang san Binh Dinh); H,SO, 98% - Xilong, Trung Qudc; Pb(NO3),
99% - Xilong, Trung Qudc; Nudc cat.
2.1.2. Thiét bi

Tu sdy Ketong 101; Lo nung nhiét d6 cao HT 16/18 Nobertherm; Can phan tich; May ly tam
toc do cao; May nghién bj rung.
2.2. Téng hop vit liéu compozit Fe,O4/TiO, tir xi titan

Vit liéu compozit Fe,04/TiO, dugc tong hop tir xi titan theo quy trinh da dugc cong b trude
ciia nhom tc gia [8]. 20 g xi titan duge ngdm trong 100 mL dung dich H,SO, 98 % trong 30

phut, loc rira nhiéu 1an bang nudc cat dé loai bo lugng axit du. Vat li¢u comp021t Fe,05/TiO,
dugc ché tao bang cach nung xi titan sau ngdm boi dung dich H,SO, trong méi truong khong khi
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& 600 °C trong 3 gio. Mau dé ngudi xudng nhiét do phong, sau do, dugc nghién bang thiét bi
nghién bi zircon duong kinh bi tir (2 - 5) mm. Qua trinh nghién dién ra ¢ nhiét d6 phong trong 45
phat. San pham dugc loc, rira va sdy ¢ 100 °C trong 6 gio, thu duoc vat liu compozit
F9203/T|02

2.3. Panh gia dic trung tinh chit vat lidu

Xac dinh thanh phan pha vat ligu bang ky thuat nhidu xa tia X (XRD) trén thiét bj X’Pert Pro
str dung CuKa goc quét tir 5° dén 90° tai Vién Hoa hoc - Vat liéu/Vién KH-CN quén sy.

Thanh phan hoa hoc duge xac dinh bang ky thuat tan xa ning luong tia X (EDX) va hinh thai
duoc khao sat bang k¥ thuat hién vi dién tr quét (SEM) trén cung thiét bi Hitachi S-4600 tai
Vién Khoa hoc Vat liéu, Vién Han 1am Khoa hoc va Cong nghé Viét Nam.

2.4. Nghién ciru kha ning hip phu Pb*" ciia vat liéu

Pb(NO;), dugc hoa tan trong nudce cét tao thanh dung dich Pb** ndng do 1000 ppm dé sur
dung cho cac nghién ctru. Nong do Pb** dugc do bang phuong phap quang phd hép thu nguyén
tir AAS trén thiét bi Contraa A700 (Analytikjena - Ptrc) tai Vién Hoa hoc-Vat liéu.

Dung luong hip phu Pb?* ciia vat liéu duoc tinh theo cong thirc:

Co —Cp).V
qe — ( o e) (1)

m
Trong d6: qe - Dung lugng hap phy Pb*" (mg/g); C. - Nong do Pb”" trong dung dich (mg/L);
C, - Nong do Pb* ban diu (mg/L); V - Thé tich dung dich (mL); m - Khoéi lugng vat liéu
FeZOngiOZ (g)
3. KET QUA VA THAO LUAN
3.1. Pic trung tinh chit vat ligu

Gian d6 nhidu xa tia X (XRD) cua xi titan va vat liéu compozit Fe,04/TiO, duoc thé hién &
hinh 1.

» Fe,TiO;
T: TiO,
F: Fe,0,

Fe203/TiO2
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Hinh 1. Gian dé XRD cua xi titan va vdt liéu compozit Fe;O3/TiO,.

Trén gian dd XRD cua xi titan xudt hién céc peak dic trung cua pha Fe,TiOs (thé chuén
JCPDS 01-076-1158). Sau qua trinh nung ¢ 600 °C trong 2 gi® va nghién bi, xi titan da chuyén
thanh pha hon hqp Fe,03/TiO,, thé hién rd rang trén pho XRD cua vat liéu compozit FezOngiQZ.
Céac peak trén pho XRD cua vat liéu Fe,05/TiO, tuong ung véi pha Fe,0; (hematite,q thé chuan
JCPDS 01-073-0603) va pha TiO, (anatas, thé chuan 01-073-1764). Nhu vdy, pho XRD da
chirng minh sy hinh thanh compozit Fe,03/TiO,.
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Thanh phan cac nguyén t6 trong xi titan va vat ligu compozit Fe;04/TiO, dugc xéc dinh bing
phuong phap pho tan xa nang luong tia X (EDX), két qua thé hién ¢ hinh 2.

Element | Weight % | Atomic %
OK 59.36 §1.09
T K 34.33 15.66
Fe K 294 1.15
Al K 1.14 0.92
SiK 0.74 058

Element Weight % | Atomic %
OK 57.22 79.53
TK 3530 16.39
Fe K 283 1.13
Al K 1.11 091
SiK 1.58 1.25

Mn K 1.50 0.60
Totals 100.00

Mn K 1.97 0.80
Totals 100.00

“ull Scale 2036 cts Cursor 16.052 ke (1 cis)
Hinh 2. Phé EDX cua (a) xi titan va (b) Fe,Q3/TiO,.
Xi titan c6 ham lugng Ti tuong ddi cao (35, 30%), sau do 1a Fe (2,83%) va mot lugng nho Al
Si va Mn (hinh 2a). Theo hinh 2b, sau qua trinh téng hop vat liéu gan nhu khong 1am thay doi
thanh phan cac nguyén td trong vat liéu compozit Fe;Ox/TiO,.
Hinh thai cua >5i titan va vat liéu compozit Fe,03/TiO, dugc nghién ctru bdi kinh hién vi dién
tir quét (SEM), thé hién & hinh 3.

o 3
ull Scale 2413 cts Cursor 15271 ke (3 cts)

IMS-NKL 5,0kV 4, 1mm x100 SEM)

Hinh 3. Anh SEM ciia (a) xi titan va (b) F€203/Ti02
Theo hinh 3a, xi titan c6 kich thuéc micromet, duong kinh hat nam trong khoang (100 - 300)

um. Sau khi nung & 600 °C va nghién bi trong 45 phut, kich thudc hat giam xubng con khoang
(50 - 400) nm (hinh 3b).

3.2. Kha niing hip phu Pb** ciia vét liéu Fe,04/TiO,

3.2.1. Su anh hudng ciia nhiét d¢ nung va pH dén dung hrong hap phu Pb**

Khao sat sy anh hudng cua n~hiét d6 nung vt li¢u dén dung lugng hép phu Pb** duoc tién
hanh nhu sau: Cho 0,1 g ting mau vat liéu nung ¢ nhiét do tir (400 - 900) °C trong 2 giod va xi
titan vao cac binh tam giac chtra 50 mL dung dich Pb®* ndng d6 80 ppm (pH = 7). it céc binh
tam giac trén may lic véi toc do 100 vong/phut trong 5 gio dé qua trinh hap phy dién ra, sau do
loc ly ta,m tach vat liéu ra khoi dung d1§:h. Két qua su anh hugng cua nhiét d6 nung dén dung
luqng hép phu Pb®* cua vat liéu dugc the hién ¢ hinh 4a cho thay, khi nhi¢t d6 nung tang tir 400
OQ dén 600 °C thi dung lugng hap phu Pb®* cuia vat liéu ting dan va giam dan khi nhiét d6 nung
tiép tuc tang tir 700 °C dén 900 °C. O nhiét do nung 600 °C, vat liéu Fe,03/TiO; c6 dung luong
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hap phu Pb** 1a cao nhat 17,9 mg/g, xi titan c6 dung lugng hap phu Pb** 1a khong dang ké 2,9
mg/g. Két qua nay chimg minh rang, khi vat liéu compozit Fe,04/TiO, nung & 600 °C ¢ dung
lwong hap phu Pb”* 1 cao nhit so voi xi titan va vét lidu nung & cac nhiét d 400 °C, 500 °C, 700 °C,
800 °C va 900 °C
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Hinh 4. Anh huéng ciia (a) nhiét d¢ nung va (b) pH dén dung lwong hdp phu Pb*".

Trong qué trinh hip phy, pH dung dich 14 yéu té quan trong anh huong dén dung lugng hap
phu ctia chat hip phu. pH tuong tac v6i cic ion kim loai trong dung dich va lam thay déi dién
tich b& mat chat hap phy [9]. Hinh 4b mé ta sy anh huéng cia pH dén dung lugng hép phu Pb?*
ctia vat liéu compozit Fe,04/TiO, nung & 600 °C. O pH < 5, dung luong hap phu Pb** 1a tuong
dbi thap c6 thé do sy canh tranh cta ion H' trong dung dich, khi pH ting tir 6 dén 8 thi dung
luong hép phu Pb** tang va pH > 9 thi dung luong hép phu la cuc dai, loai bd gﬁn nhu hoan toan
lugng Pb** trong dung dich. Piéu nay 14 do sy tao thanh két tia Pb(OH), trong dung dich khi pH
> 7 [10]. Dé loai bo anh hudng cia sy tao thanh két tua trong dung dich, pH = 7 dugc chon dé
tién hanh cac nghién ctru tiép theo.

3.2.2. Pdng nhiét hap phu

Pé xac dinh dung lugng hap phu Pb* cuc dai cua vat liéu compozit Fe,03/TiO,, dang nhiét
hap phu theo hai mé hinh Langmuir va Freundlich s& dugc nghién ctru va so sanh. Nghién ctru
qué trinh hap phy dang nhiét dugc tién hanh nhu sau: Cho 0,1 g vat liéu Fe,04/TiO, vao c4c binh
tam giac chua 50 mL dung dich Pb®* ¢6 nong do thay doi tir 10 dén 95 mg/L & pH = 7. Cac binh
tam giac duoc dit trén may lic voi toc dd 100 vong/phut trong 5 gid dé qué trinh hip phu dién
ra. Dang tuyén tinh cia mé hinh Langmuir va Freundlich 14n luot theo phuong trinh 2 va 3 nhu
sau:

c 1 N C @
q KiGm qm
1
Ing = —lnC + InKp 3)

Trong do: q - Dung lugng hap phu tai th0’1 diém can bang (mg/g); qm - Dung lugng hap phy
cuc dai (mg/g); C - Nong do chat bi hap phu tai thoi diém can bang (mg/L); K, - Hang s
Langmuir; K¢ - Hang s6 Freundlich; n - Hé s6 khong dong nhat.

D6 thi hap phu ding nhiét Langmuir va Freundlich dang tuyén tinh hip phu Pb** cua vat liéu
Fe,04/TiO, md ta & hinh 5. Tt cac s0 liéu thuc nghiém, tinh toan cac tham so trong md hinh hap
phu ddng nhiét Langmuira va Freundlich cua vat liéu Fe,04/TiO, dbi v6i Pb*" duoc trinh bay &
bang 1.

Tir cac két qua & bang 1, nhan thiy rang hé sé twong quan R? d6i v6i ca hai mé hinh hip phu
ddng nhiét 1a kha cao (R? > 0,85); cac gia tri hé s6 n va tham sé R (R, = 1/(1+K_.C,)) déu nim
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trong khoang thuan loi cho qué trinh hép phu (1 <n < 10; 0 <K, < 1) [11]. Do d6, mé hinh hap
phu déng nhiét Langmuir va Freundlich déu 1a mé hinh thuan lgi dé mé ta qua trinh hap phy Pb**
cua vt liéu compozit Fe,03/TiO, ché tao dugc. Tuy nhién, héng $b twong quan d6i véi mo hinh
Freundlich (R* = 0,9981) cao hon hing s twong quan ciia mé hinh Langmuir (R? = 0,9863) cho
nén md hinh Freundlich phtt hgp hon mé hinh Langmuir.

131 y=00121x+0,8212 () 351 y=0.832x + 0,3041 ®
. dmax = 82,64 mgig 30 RZ =0.9982
; RZ =0,9863 a
- =
> 1.1 = 25
-; - |
©Q 4.0 2.0
. Experiment
= Experiment " "
0.9 Lall::gmuira model 154 Fruendlich model
0.8 ————r————T—T— 1.04— , . r r r
0 5 10 15 20 25 30 35 40 10 15 20 25 30 35 4.0

C (mg/L) Ln(C)

Hinh 5. 6 thi ding nhiét hdp phu (a) Langmuir va (b) Freundlich doi véi Pb**
ctia vat liéu Fe,05/TiO,.

Bing 1. Cdc tham sé trong mé hinh hdp phu dang nhi¢t Langmuir
va Freundlich ctia vit liéu Fe,05/TiO, doi véi Pb*

M6 hinh Langmuir M6 hinh Freundlich
Om (MY/Q) K, (L/mg) R’ Ke (ma/g) n R?
82,64 0,015 0,9863 1,483 1,202 0,9982

Qua trinh hép phu Pb** ctia Fe,04/TiO, 1a khong dong phét trén bé mat vat liéu compozit, c6
su tham gia dong thoi ciia Fe,05 va TiO, trong qua trinh hap phu Pb*. Dung lwong hip phu Pb**
cuc dai cua vat liéu Fe,O3/TiO, tinh theo mé hinh Langmuir la 82,64 mg/g.

3.2.3. Béng hoc hdp phu

DBong hoc qua trinh hap phu Pb* cua vat lidu Fe,03/TiO, duoc danh gia thong qua 2 mo hinh

dong hoc biéu kién bac 1:

IN(Qe - ) = Inge - Ky.t (4)
va bac 2:

L ©)

G K0 G

Trong d6: q. - Dung lugng hap phu tai thoi diém can bang (mg/g); g, - Dung luong hap phu
tai thoi diém t (mg/g); K, - Hang s toc dd hap phu biéu kién bac 1 (L/phit); K, - Hang s toc do
hép phu biéu kién bac 2 (mg/g.phut).

Tir két qua nghién ctru sy anh hudng dung luong hép phu Pb?* theo thoi gian cua vt liéu
compozit Fe;04/TiO,, d thi va cac tham s trong cac mo hinh dong hoc hip phu dang tuyén tinh
duogc trinh bay ¢ bang 2 va hinh 6.

Bing 2. Cdc tham soé trong mé hinh dong hoc hdp phu ciia vit liéu Fe,Q3/TiO, doi véi Ph**.

M4 hinh déng hoc biéu kién bic 1 M hinh déng hoc biéu kién bac 2
Qe Ki 2 N Qe ¢ 2
(mg/g) (L/phl:lt) R qthuc nghiém (mg/g) (mg/g) K2 (mg/gphUI) R
5,360 0,0151 0,8719 17,9 18,59 0,0063 0,9997
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Theo két qua bang 2 thay rang, hang sé tuong quan theo m6 hinh dong hoc hap phu biéu kién
bac 2 I6n hon nhiéu so véi theo mo hinh dong hoc biéu kién bac 1 va gan véi don vi. Ngoai ra,
gia tri dung luong hap phu can bang tinh theo thuc nghiém va gia tri tinh theo mé hinh dong hoc
biéu kién bac 2 1a tuong duong nhau, trong khi d6 gia tri nay tinh theo mé hinh dong hoc biéu
kién bac 1 la khac nhau rat 16n. Nhu vay, mé hinh dong hoc biéu kién bac 2 mé ta qua trinh hap
phu Pb®* cua vat liéu compozit Fe,04/TiO, phil hgp hon mé hinh déng hoc biéu kién bac 1.
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Hinh 6. P thi dong hoc hdp phu Pb** dang tuyén tinh (a) bdc 1, (b) béc 2 va (c) sw phu thudc
dung luong hap phu theo thoi gian va cua vt liéu Fe,O3/TiO,.

5. KET LUAN

D3 ché tao thanh cong vat liéu compozit Fe,04/TiO, tir xi titan bang qué trinh sunphat héa,
két hop véi nung trong 2 gio va nghién bi. Vat liéu Fe,O4/TiO, sau khi nghién co kich thuéc
khoang (50 - 400) nm. Dung luong hap phu cyc dai tinh theo md hinh Langmuir 1a 82,64 mg/g.
Di khao sat mot s yéu té anh huong dén dung luong hip phu Pb? cua vat liéu nhu nhiét do
nung, pH. O nhiét d6 nung 600 °C vat liéu c6 dung lwgng hap phu cao nhét, hiéu qua hap phu
Pb** trong khoang rong pH. Véi chi phi thip va phuong phap ché tao don gian ciing nhu kha
nang hap phu nhanh va cao vat liéu compozit Fe,04/TiO, la mot vat liéu ddy hira hen dé loai bo
ion Pb?* ra khoi mdi trudng nudc.

Loi cam on: Nhom tdc gia gui loi cam on t6i Chuwong trinh Khoa hoc va Cong nghé trong diém cap
quoc gia phuc vu doi méi, hién dai héa cong nghé khai thac va ché bién khodng san dén nam 2025 thic

hién Dé dn Doz moi va hién dai hoa cong nghé trong nganh cong nghiép khai khodng dén nam 2025 béi
dé tai ma sé6 PT.CNKK.QG.002/21 da tai tro cho nghién ciru nay.
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ABSTRACT

STUDY ON FABRICATION OF Fe,03/TiO, COMPOSITE FROM TITANIUM SLAG
AND ITS APPLICATION FOR Pb* REMOVAL IN AQUEOUS MEDIA

In this study, the Fe,O4/TiO, composite was fabricated by sulphation of titanium slag
followed by calcination at 600 °C for 2 hours. The adsorption behaviour of the Fe,04/TiO,
composite as adsorbent toward Pb?* was investigated by carrying out batch adsorption.
The adsorption isotherm process of Pb®" adsorption was closely related to Freundlich
model and the adsorption kinetics of adsorbent toward Pbh®* adsorption was found to be
pseudo-second order. The adsorption of Fe,04/TiO, composite toward Pb®" is highly
effective with a maximum capacity of 82,64 mg/g at pH 7, and relatively fast. Therefore,
this as-prepared Fe,05/TiO, composite could be promising and cost-effective adsorbent
for effective removal of lead contaminant from aqueous environment.

Tir khoa: Titanium slag; Fe,O3/TiO,; Composite; Heavy metals; Adsorption.
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