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Tom tat. Trong nghién ctu ndy, ching toi da téng hop thanh cong vat liéu nano composite Bentonite tich
hop Hydroxyapatite khuyet Canxi (B/CDHAp) bang phuong phap dong két tua. Két qua pho tan sic nang
lwong (EDX) cho thay vat liéu Hap sir dung khuyet Canxi vai ty & Ca/P = 1,53. Cac dac diém ciu trdc cua
vat liéu (B, CDHAp, B/ICDHAP) dugc xac dinh bang phuong phap hoa ly hién dai XRD, FTIR, TEM. Phan
tich dit liéu phd hong ngoai FTIR chi ra rang, trong cau tric vat liéu B-CDHAp xuat hién cac dinh dao
dong cua cac nhom chic PO,>, COz%, OH" dic trung cho Hydroxyapatite (HAp) va cac lién két Si-O, Al-
O dic trung cho Bentonite. Két qua TEM va dit liéu XRD cho thay vat liéu tong hop duoc c6 kich thudc
nano ( 10 — 50 nm). Thuc nghiém hap phu ion chi trong dung dich nudc caa vat liéu tong hop ciing duoc
tién hanh. D6 hap phu chi téi da cua vat liéu Bentonite va B/JCDHAp duoc tinh theo md hinh hap phu dang
nhiét Langmuir c6 gia tri lan luot 1 55,71 mg.g* va 76,92 mg.gt. Bidu nay cho phép két luan ring, vat liéu
B/CDHAp hap phu tt hon vat liéu Bentonite.

Tir khda. Hap phu, vat liéu composite, Chi, Hydroxyapatite, Bentonite

REMOVAL OF LEAD IONS FROM AQUEOQOUS SOLUTION USING BENTONITE AND
NANOCOMPOSITE BENTONITE /CALCIUM DEFICENT HYDROXYAPATITE

Abstract. In this study, nanocomposite (B/CDHAp) from Bentonite (B) and Calcium-deficient
Hydroxyapatite (CDHAp) were synthesized by co-precipitation method and investigated for lead ions
adsorption. The Energy Dispersive X-ray (SEM-EDX) analysis showed Calcium: Phosphorus (Ca:P) molar
ratio = 1,53. The structure and properties of B/ICDHAp, HAp, Bentonite were characterized by Fourier-
transformed Infrared Spectroscopy (FTIR), X-ray diffraction (XRD) and Transmission electron microscopy
(TEM) methods. The FTIR spectra of nanocomposite (B/CDHAp) showed typical Hydroxyapatite peaks
correspond to phosphate (PO4*), carbonate (COs%), hydroxyl groups (OH") and chemical bonds Si-O, Al-
O that characterized Bentonite. XRD and TEM observations have shown that the nanoparticles (B/CDHAp)
are of about 10- 50 nm in size. The adsorption of Pb (Il) onto Bentonite and B/CDHAp fitted well to the
Langmuir isotherm model, with a maximum capacity of 55,71 mg.g™* and 76,92 mg.g™, respectively. The
results show that B/CDHAp is more efficient adsorbent for Lead ions in compare with Bentonite.
Keyword. Adsorption, nanocomposite, lead, hydroxyapatite, bentonite, calcium-deficient hydroxyapatite

1.GIOI THIEU

Nhiing hoat dong cua cac nganh cong nghiép nhu thugc da, luyén kim, ma kim loai...da thai vao moi truong
nu6c Mot lugng lon cac kim loai nang. Chi (Pb-11), sat (Fe-11), crom (Cr-III), dong (Cu-I1) 1a nhitng kim
loai phd bién dugc tim thay trong cac ngudn nude thai cdng nghiép. Trong dung dich, ching khong tu phan
huy sinh hoc ma c6 xu huéng tich tu trong sinh vét va gay ra nhiing dnh hudng gian tiép dén sirc khoe con
ngudi. V6i ham lugng trén 15ug/L trong nude chi duge xem la chat doc cap tinh déi voi con ngudi, bai nd
khéng chi ph& hay gan, than ma con anh huéng nghiém trong dén ndo bo, hé than kinh[1]. Bé cai thién tinh
hinh 6 nhiém, viéc nghlen ctru tim ra phwong phap t6i wu loai bé cac kim loai ning trong nude da dugc
nhiéu nha khoa hoc chd y trong nhitng ndm qua. Nhiéu phuong phap da dugc su dung co thé ké dén 1a loc,
tao mang, chiét, trao ddi ion, hap phu, xdc tac, x(c tac quang. Trong sb do, hap phu dem lai hi¢u qua va
kinh té nhat. Hiéu qua cia phuong phap hap phu phy thuoc nhiéu vao ban chét va tinh chit cua chat hap
phu. Céac chét hip phu dugc sir dung pho bién nhat c6 thé ké dén la than hoat tinh [2], zeolite [3], bentonite
[4], va hydroxyapatite [5]. Hay dé cai thién tinh hdp phu caa vat liéu, cac vt liéu composite ciing da duoc
nghién cu téng hop.
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Trong nghién ciru ndy, dua trén cac tiéu chi nhu vat lidu cd kha nang hap phu tot, than thién véi méi truong,
gia thanh ré, nguon nguyén ligu dé tim, quy trinh téng hop don gian... ching t6i da chon bentonite,
hydroxyapatite dé tong hop mot vat ligu composite. Sy tich hop nay s& khong lam thay do6i cau tric 16p cia
bentonite ban dau, nhung lai ¢6 kha néng lam tang tinh hap phu cua vat ligu.

Nhu d4 biét, kha ning hap phu ciia Bentonite dwa vao cac dac diém bé mat va cau trdc mao quan caa no
nhu dién tich b& mat 16n, kha ning trao ddi ion cao, ¢6 kiéu ciu trac 16p, c6 dd bén co hoc va héa hoc cao
. Dién tich bé mat cua Bentonite gom dién tich bé mat ngoai va bé mat trong. Dién tich bé mat trong duoc
xéac dinh bai bé mat cua khoang khong gian gitta cac 16p trong cau trlc tinh thé. Bentonite ty nhién c6 cau
trdc 16p 2: 1, tirc 1a gdm hai mang tir dién cua SiOq lién két vai mot mang bat dién AlOs. Mat do dién tich
am tap trung chii yéu & mang bét dién, tic 1a da s6 dién tich &m nam xa bé mat ngoai cua I6p cau tric, nén
luc lién két cua cac cation vai khung mang Montmorillonit khdng 16n, dan dén chung linh dong, dé trao
d6i ion véi cac cation khac, hoic ¢ kha ning tach xa bé mat, lam cho khoang cach giira cac 16p rong hon.
Viéc thém cac cation v6 co (hoic cation hiru co, phan tir hitu co) c6 kha ning trao ddi ion vai céc cation
tn tai trong khoang gitra cac 16p cua bentonite (K*, Na*, Ca?*) dé bién tinh n6 di cai thién dang ké dién
tich bé mat cua dat sét tu nhién. Hay néi cach khac, tinh hap phu caa bentonite cang tét. Trong nghién ciu
nay, bentonite di dwoc bién tinh bang axit clohydric. Hiéu qua ting dién tich bé mat bentonite ty nhién khi
bién tinh bang axit clohydric ndi troi hon cac hop chat axit, bazo khac ciing da duoc cong b trong nghién
clru cua tac gia [6].

Hydroxyapatite (HAp), (Caio(PO4)s(OH)2) duoc biét dén 1a thanh phan chinh cua ring, xuong va khoang
photphat. La vat liéu v6 co quan trong, c6 nhiéu tng dung rong rai nhu 1am chit hap phu dé loai bo cac kim
loai ndng trong moi trudng nudc [5]. Mot phan tir hydroxyapatite hoan hao (Caio(PO4)s(OH),) ¢ diy dir
mudi nguyén tir canxi ¢ ty 18 mol Ca/P = 1,67, con cac apatit khac duoc goi la Hydroxyapatite khuyét
Canxi (CDHAp) véi cong thirc  Caiox(POs)sx(HPO4)x(OH)2x (0< x <1). Kha ning hip phu cua vat liéu
HAp co ban dya trén co ché trao d6i ion Ca?* trong HAp va ion kim loai ning c6 trong nuéc. Do do6, néu
dua vao ddc diém cAu tric tinh thé cia HAp, chling ta c6 thé dua ra gia thuyét rang, phan tir hydroxyapatite
khuyét canxi (DCHAp) c6 thé s& s¢ hitu kha ning hap thu cation kim loai tt hon so v6i hydroxyapatlte
hoan hao ¢ day du 10 nguyén tir canxi, boi vi nang lugng tiéu t6n cho qua trinh cation kim loai chiém cac
vi tri khuyét canxi s& thap hon muc ning luong cation kim loai thay thé truc tiép canxi dé chiém vj tri do.
Chinh do dic trung vé nang lugng ma qua trinh cation kim loai chiém cac vi tri khuyét canxi s& xay ra dé
dang hon, dung lugng hap thu ion kim loai trén hydroxyapatite khuyét canxi s& cao hon.

Do vay, Viéc tao ra vat liéu composite Bentonite/ Hydroxyapatite khuyét Canxi hira hen sé& 1a vat liéu co
kha nang hap phu ion kim loai nang tét hon, dé xu ly hon sau khi hap phu va mang lai hiéu qua kinh té cao.

2.HOA CHAT VA PHUONG PHAP THUC NGHIEM

2.1. Hoa chat

Trong nghién ciru ndy cac hoa chét duoc sir dung bao gdm: Canxi hydroxit Ca(OH)2, HsPO, 85 % , HCI 36
% (Trung Quéc), axit HNOs 65 %, Hydroxy Peroxit H,0, 30 %, Chi nitrate Pb(NO3); -99 % (Trung Qudc).
Cac hoa chat duoc st dung truc tiép, khong qua xu Iy 1am sach lan 2. Cac dung dich st dung trong thuc
nghiém dugc pha bang nudc cat hai lan.

Bentonite — c6 ngudn gc tir Ninh Thuan, mién Nam Viét Nam, & dang bot min.

2.2. Phwong phap thuc nghiém

2.2.1. Hoat héa Bentonite

Bentonite duoc xir 1y lai va hoat hoa bang axit HCl 10% truée khi sir dung. Qua trinh hoat hoa Bentonite
dugc thuc hién nhu sau: ngdm 200 g Bentonite trong nudc 24h. Gan bé phan nuéc ngam, sau dé cho thém
750 mL axit HCI 10% va khudy & nhiét 6 70 °C, toc d6 800 vong/phut trong 3h. Dung dich thu dugc tién
hanh loc va ria nhiéu lan bang nudc cat hai lan dé loai bo ion CI. Ham lwong CI- sau mdi lan rira dugc
kiém tra bing AgNOs. Mau bentonite sau khi loc rira duoc dem sdy khd & nhiét do 110 °C trong 2-3h va
nghién min.

2.2.2. Tong hop vat ligu composite Bentonite- Hap

Vit liéu composite Bentonite - HAp duoc tong hop bang phwong phap ddng két tua. Can 150 g Bentonite
da hoat hoa, thém lan luot 750 mL nuéc cit hai lan va 20 mL HzPO, 0,01M. Nhé tir tir 20 mL Ca(OH);
0,015M vao hdn hop trén. Khuay déu va gia nhiét ¢ 80 °C trong 2h. Dung dich dugc diéu chinh & pH = 8,5
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bang dung dich NHz 10%. San pham duoc loc rira bang nudce cat hai 1an. San pham sau loc duge dem sy
& nhiét d6 110 °C, nghién min va duoc giir trong binh hit 4m cho cac l1an sir dung tiép theo.
2.2.3. X&c dinh ciu trdc va thanh phan caa vat ligu
Phwong phap nhiéu xa tia X (XRD) dé xac dinh cau truc, kich thudc cua vat lidu. Cac mau vat liéu nghién
ctru dugc ghi trén may nhidu xa tia X (D2 PHARSER — Brucker - Buc) véi 6ng phét tia CuKa budc song
¢ 1,5406 A, goc quét tir 5 dén 80°.
Phwong phap phd hong ngoai (FTIR) ding dé xac dinh cac nhém nguyén tir ddc trung cia vat liéu
CDHAp va Bentonite. Cac mau vat liéu tong hop duoc ghi nhan trén may FTIR (EQUINOX 55 Bruker —
Germany), bot mau vat liéu phén tich dugc tron véi chat nén KBr, do trong viing song tir 400 dén 4000 cmr™.
Thiét bi kinh hién vi dién tir truyén qua (TEM) (JEM 1400, Cong ngh¢ Nhat Ban, v6i d phong dai cua
thau kinh tir 50x - 800x) dé chup cac anh vi ciu trac va kich thugc cua mau vat licu.
Thanh phan cac nguyén té va hinh thai bé mat cia mau vat liéu duge xac dinh trén thiét bi SEM-EDX (Jeol-
ISM 6610LV).
2.2.4 Phwong phap hap phu
Qua trinh hap phu ion kim loai Pb?* bang vat liéu composite Bentonite —-HAp duoc tién hanh trong cac diéu
Kién téi wu nhu: moi truong pH, ndng do ion kim loai, thoi gian.
Dung dich ion kim loai chi Pb?* duoc chuan bi vai cac ndng do khac nhau lan luot 1a 100 mg/L, 200 mg/L,
300 mg/L, 400 mg/L va 500 mg/L.
Céc mau dung dich dugc chuan bi nhu sau: cho vao binh Erlen dung tich 100 mL 0,1g vat liéu hip phu
Bentonite/ B-CDHap). Cho thém vao Erlen 50 mL dung dich ion kim loai chi. Biéu chinh méi truong pH
5 cuia dung dich bang NHz 10%. Day kin erlen va lic hdn hop dung dich bang may lic c6 kiém soat nhiét
do tai 30 °C trong khoang thai gian 60 (phat). Dung dich va vat liéu duoc loc tach don gian bang giay loc.
Ham luong ion kim loai chi Pb%* sau hap phu duoc xac dinh bang phuong phap phd nguyén tir hip phu
AAS.
Dung lugng hap phu ion kim loai chi Pb?* cua vat liéu duoc xac dinh bang cong thuc:
Co—C
e = 0 ‘v

Y M m Y r 2
Trong d6: Co, Ce lan luot la nong do ion kim loai chi Pl’)2+ ban dau va sau hap phu (mg/L). V la theé tich
dung dich chat bi hap phu (L) va m Ia khoi luong cua chat hap phu (g).
Hiéu suat hap phu (H%) duoc tinh theo céng thuc

c, —C
R(%) = "C £.100
o

3. KET QUA VA BAN LUAN

3.1.Phan tich cau tric caa vat ligu

Tir két qua pho tan sac ndng lugng EDX thu dugc (hinh 1), thiy rang chi cac nguyén t6 chinh cau tao nén
vt liéu Hydroxyapatite (HAp ) di duoc danh diu trong mau phan tich: Canxi (13.66%), Phét pho (8. 94%),
Oxi (49.95%) va Cacbon (27.45%). Anh xa caa cac nguy@n tb trén hinh anh thu dugc cho thay sy phan bd
dong déu cuia cac nguyén tb trén mau (hinh 2). Phan tram khi luong ciia cac nguyén tb trong mau duoc
thé hién & bang 1. Ty 1é Ca/P tinh dwoc 1a 1,53, diéu d6 c6 nghia 1a vat liéu HAp téng hop duoc khuyét
Canxi. Vit liéu téng hop CDHAp c6 cong thic 1a; Cag2(POs)s 2(HPO4)os(OH)12 V&i x= 0,8.

Bang 1. Két qua EDX Vvé ty I¢ thanh phan cac nguyén té trong mau vat liéu Hydroxyapatite

Nguyén té 0 P Ca C Totals
% khbi luong 49.95 8.94 13.66 27.45 100
% nguyén ti 52.14 4.59 6.98 36.29 Ca/P =153

© 2022 Truong Dai hoc Cong nghiép thanh phd H6 Chi Minh



NGHIEN CUU LOAI BO ION KIM LOAI CHI TRONG NUGC BANG VAT LIEU BENTONITE VA 35
NANO COMPOSITE BENTONITE TICH HOP HYDROXYAPATITE KHUYET CANXI
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keV/

Hinh 1. Phé tan sic nang luong EDX cua mau vt lisgu CDHAp

O Kal

K1 . T o Za kal
Hinh 2. Hinh anh phan b cuaa cac nguyén té trong mau vat liéu CDHAp

Ty 1é thanh phan va sy phan bé clia cAc nguyén t6 cAu tao nén vat ligu Bentonite dugc bién tinh bang axit
clohydric dugc trinh bay ¢ bang 2 va hinh 4. Phan tich ket qua EDX (hinh 3) thay rang chi cac nguyén to
chinh cau tao nén bentonite dwgc danh dau: Oxi (55,62 %), nhém (8,03 %) va Silic (25,96 %).

Bang 2. Két qua EDX vé ty I¢ thanh phan cac nguyén t5 trong mau vat liéu bentonite

Nguyén té 0 C Al Si K Na
% khdi luong 55.62 1.75 8.03 25.96 8.10 0.54
% nguyen tir 68.50 2.87 5.86 18.21 4.08 0.47

Ngoai ra khong tim théy‘su xuét hién cac dinh dai dién cho cac ion nhu Fe®*, Mg?". Diéu nay c6 nghia 1a
khi hoat héa bentonite bang axit clohyric da xdy ra su trao doi, thay thé gitra ion H* véi cac cation Fe3*,
Mg?*, Na* trong cau tric cua bentonite ty nhién.
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Spectrum 9

Hinh 3. Phé EDX cua mau vat liéu Bentonite

Sikal

Hinh 4. Hinh anh phan b cua cac nguyén t trong mau vat liéu bentonite

Két qua thuc nghiém do quang phé hong ngoai FTIR céc mau vat liéu bentonite, CDHAp, B/CDHAp khao
st trong dai hap thu tir 400 cmt dén 4000cm duoc thé hién & hinh 5-7.

Tir hinh 5 cho thay su xuat hién cac dao dong tng voi cdc nhém nguyén tir PO,*, CO3%, OH" va HPO,Z.
Céc dao dong chinh dic trung cho nhém photphat duoc tim thay tai 946,2 cm™; 567,5 cm'™; 604,7 cm! va
469,5 cm™ [7]. Su xuat hién rd rang cua cac dinh dao dong nay di chang minh cho sy tao thanh caa
hydroxyapatite. Dao dong duoc tim thiy ¢ 874,3cm™ duoc ghi nhan cho su xuét hién cia nhém HPO.?
hodc COs?[8]. Nhém OH- xuat hién cac dinh & dai twong ddi rong 3567,7 cm'’; 1644,4cm'?; va 3453,5 cmr
1[9]. Cac dao dong voi cudng do yéu xuét hién tai 1556,2 cm™ va 1419,5 cm™ dic trung cho nhom COZ%.
Diéu nay la do trong qua trinh téng hop, mot lugng Ca(OH). da bi cachonat hda mét phan thanh cac nhém
CO3%, thay thé cac nhom PO, hoic nhém OH- trong thanh phan cau tao cua HAp.

Hinh 6 ghi nhan phé hong ngoai FTIR caa mau vat liéu Bentonite sau khi bién tinh bang axit. Tir hinh thay
rang, trong viing phd 3500 — 4000 cm™ xuat hién cac dao dong dic trung cho nhom OH" lién két véi cac
cation AI¥*, Fe®*, Mg?* cua bat dién, dao dong cuc dai xuét hién tai tin s6 3632 cm™. Cac dao dong xuat
hién tai tan s6 3463 cm! va 1641 cm'! dic trung cho cac dao dong hda tri va dao dong bién dang cua OH
trong phan tir H,O ty do. Dai pho rong, sic nét dugc ghi nhan tai tan s6 1064 cm dic trung cho dao dong
hoa tri cua lién két Si-O trong tir dién, cac dao dong bién dang cua lién két Si-O dugc tim thay tai cac tin
s6 531cm™ (Si-O-Al) va 471 cm't (Si-O-Si). Xuét hién ¢am pho tai tan s6 787,5 cm™ va 691,7 cm™ dugc
cho 1a dic trung ciia dao dong Si-O trong orthoclas va thach anh [10]. Khéng tim thay cac dai pho tai tan
s6 917 cm, 845 cm'?, lan lugt twong tng véi cac lién két (Al-Mg-OH) va (Al-Al-OH) [11], diéu d6 cho
thiy hoat h6a bentonite bang axit d rira trdi cac cation cua bat dién.

Hinh 7 biéu dién pho hong ngoai FTIR caa mau composite B/CDHAp. Tir hinh 7 nhan thay, trong mau
composite xuét hién cac dam phé dac trung cho cac nhom cua CDHAp va Bentonite hoat tinh.Nhu vy su
tich hop CDHAp vao bentonite dé tao vat liéu composite khong lam thay dbi c4u trac ban dau cua bentonite.
Ngoai ra sy giam xudng ctia cac dam pho dic trung cho nhém CO3z% cho thiy phan (g tao CDHAp xay ra
hoan toan.

© 2022 Truong Dai hoc Cong nghiép thanh phd H6 Chi Minh



NGHIEN CUU LOAI BO ION KIM LOAI CHI TRONG NUGC BANG VAT LIEU BENTONITE VA
NANO COMPOSITE BENTONITE TICH HOP HYDROXYAPATITE KHUYET CANXI

transmittance

transmittance

37

Transmittance [%]

372215 ——
3567.67 ——
3465.30 ——
5348 —
2981.05 ——

—1991.89 ——

604.65 ——
567.46 —
469.53 ——

750.07 ——

T
4000 3500 2500 2000

Wavenumber cm-1

3000

Hinh 5. Phé dao dong FT-IR cua vat liéu CDHAp
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Hinh 7. Phé dao dong FT-IR cua vat liéu composite BICDHAp

Phé nhidu xa tia X dé xac dinh rd hon vé cdu trac va kich thudc caa vat lisu CDHAp, bentonite va B-

CDHAp dugc thé hién tir hinh 8-10.

Hinh 8 trinh bay gian d6 nhiéu xa tia X ctia mau vat lisu CDHAp tong hop véi cac dinh nhiéu xa dic trung

cua vat lieu Hap thu duoc tai cac vi tri goc 20 1a 26,1 °; 32,1 % 39,8 % 46,9 ©; 49,6 °. Su xudt hién cac dinh

nhleu Xa ciia mau vat liéu CDHAp tong hop phu hop véi cac dlnh nhleu Xa cua HAp nguyén mau (JCPDS
9-0432). Diéu d6 ciing cho thay rang mau vat liéu CDHAp tong hop chi gdbm mot pha duy nhét.

Glan d6 nhiéu xa tia X ctia mau vat liéu Bentonite bién tinh bang axit (hinh 9) cho thay rang, cac dinh nhiéu

Xa ddc trung cua bentonite Xuat hién tai cac vi tri 2theta 20,78 °; 26,6 °; 36,52 ° va 54,92 ° (JCPDS card no.
01-088-0891).
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Hinh 8. Phé nhidu xa tia X cua vt liéu Hydroxyapatite khuyét Canxi (CDHAp)
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Hinh 9. Phd nhidu xa tia X cua vat liéu bentonite hoat hoa
Ddi véi mau vat lieu composite BICDHAp nhan thiy c6 su xuét hién cac dinh nhidu xa dic trung cua

hydroxyapatite voi cuong d6 khong dbi, tuy nhién cac dinh nhidu xa cua bentonite tai cac vi tri 20 21,6 %
25,9 °va 53,2 ° ¢ su dich chuyén cua va giam cuong d6 mac du khong dang ké .
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Hinh 10. Ph6 nhiéu xa tia X cua vat liéu B/CDHAp

Kich thudc trung binh cua tinh thé d6i v6i mau vt liéu bentonite va B/CDHap tng véi cac dinh nhidu xa
c6 cudong do manh tai vi tri goc 26 = 26,6 ° va 25,9 ° da duoc tinh toan (bang 3) theo phuong trinh Sherrer:
KA
- BcosO
Trong d6: D 1a kich thudc tinh thé trung binh (nm), 8 1a g6c nhiéu xa, B ( hay FWHM) la d6 rong vach
nhiéu xa dac trung (radian) lay gié tri bang nira cudng do cuc dai, A = 0.15406 nm la budc song cia tia téi,
k 12 hing sb Scherrer phu thudc vao hinh dang cua tinh thé va chi sé Miller cua vach nhidu xa (d6i véi HAp,
k=0,09).
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Bang 3. Kich thuéc trung binh cia tinh thé tinh theo phuong trinh Scherrer ctia mau vat lidu tong hop bentonite

va CD/HAp
Mi 20 FWHM FWHM D
! [] [] [Radian] [nm]

Bentonite 26,6071 0,41764 0,0072892  19,52227

B-CDHAp 25,89447 0,80919 0.0141236 10,07328

Mau_3 [ TEM ] 5 Mau_3 [ TEM ]
JEM-1400 100} 100k 1009 12/04/20 JEM-1400 100KV x200K 1009

Hinh 11. Hinh anh TEM cua vat liéu B/CDHAp 6 cac dd phan giai khac nhau

Nhu vay, tir két qua tinh toan cho thay vat liéu tong hop duoc c6 kich thuéc nanomet vai gié tri lan luot 12
19,5 nm va 10 nm. Va gia tri trén ciing hoan toan phu hop voi két qua thu duoc tir hinh anh chup cua
phuong phap TEM (hinh 10).

3.2.Hap phu ion Pb?* ciia vat liéu Bentonite va B/CDHAp.

3.2.1. Khao sat anh hwéng caa pH

Mai truong pH 1a mot trong s6 cac yéu t quan trong anh hudng dén kha niang hip phy ion kim loai cua vat
liéu. Trong nghién ctu ndy, ching toi khao séat kha niang hip phu ion chi cua vat liéu Bentonite, B/CDHAp
trong khoang pH tir 3 dén 11 véi khéi lwong vat liéu 0,1 gram, nong do ion kim loai chi 100 ppm. Thuc
nghiém duoc thuc hién ¢ nhiét do phong. Tir hinh 12, nhan thdy dugc rang, trong viing pH < 4, su hap phu
dién ra nhanh va dat hiéu suat tuong tng 12 55 % va 64%. Hiéu suat hap phu chi cao nhét khi pH 5 véi 60
% cho Bentonite va 80% cho B/CDHAp. Vi céc gia tri pH > 5, nhan thay rang c6 su xuat hién cac két taa
chi hydroxit, nong d6 ion chi trong dung dich giam xudng dudi muc gigi han phat hién. Nén khi ting pH
thi hiéu suat hap phu chi cua vat liéu gan nhu thay dbi khong dang ké. Két qua thu duoc trong nghién ctu
nay ciing twong tu nhu cac két luan cua céc tac gia trong cac nghién cau [5, 12].

Ho%

80 —

70

60

Bentonite

50

40 -

30

pH
20 T T T T T T T T
2 3 4 5 6 7 8 9 10 11

Hinh 12. Anh huéng cua pH dén hiéu suat hip phu ion Pb?* tai nong d6 200ppm cua cac vat liéu tdng hop

Theo nghién ctu cua tac gia [5,13], khi pH tur 4 dén 6,5 thi kha ning loai bo chi cua hai vat lidu tong hop
tang 1én va theo co ché trao doi ion. Cu the giira cation Ca** ctia Hap voi ion Pb** trong dung dich, con doi
voi bentonite la sy trao doi gitra cac cation Na*, K*, Mg?* ¢ mit tai cac I6p bé mat cua bentonite véi ion
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Pb?*. Khi tang pH, d6i véi bentonite thi qué trinh hap phu kém theo sy giai phong céac ion H* ciing nhu 1a
dan dén sy hinh thanh cac phic chat véi cac nhom =Si-O- va = Al-O- cua bentonite va 1am giam kha nang
trao doi gitra cac cation trong cac 1op xen k& cua vat liéu.

3.2.2. Khao sat anh hwéng caa thoi gian

Khao sat thoi gian hap phu ion chi cua Bentonite va CDHAp duoc thuc hién trong khoang tir 30 phut dén
90 phut véi khdi lugng vat ligu 1a 0,1 gram, méi truong pH 5, ndng d6 dung dich chi 200 ppm. Thyc
nghiém dugc tién hanh & nhiét d6 phong. Tir hinh 13, ta thay trong khoang thoi gian 30 dén 50 phut dung
luong hap phu tang déu va dat gia tri cao nhat & 60 phit. Tang thoi gian 1én 90 phut dung lwong hap phu
cuia vat li¢u thay doi rat it.

] de(mg.g™) —m
80 © B/CDHAD

70

60 -
Bentonite
50

40 ~

30

t(phut)

3‘0 4‘0 5‘0 6‘0 7‘0 8‘0 9‘0
Hinh 13. Anh huong cua thoi gian dén dung lugng hap phu cua vat ligu

Nhu véy thoi gian 60 1a thoi gian ti wu dé qua trinh hap phu ion kim loai chi biang cac vat liéu Bentonite

va B/CDHAp.

3.2.3. Khao sat anh huéng cia nong dd

Anh huéng ndng d6 ion kim loai chi dén kha nang hp phu cua vat liéu tong hop duogc thuc hién véi cac

nong d6 100 mg/L, 200 mg/L, 300 mg/L, 400 mg/L va 500 mg/L, mdi truong pH cua dung dich bang 5,

khéi lwong vat liéu hap phu str dung 12 0,1 gram, thoi gian thuc hién trinh hap phu 60 phat & nhiét do phong.

80

801 = B/CDHAp =
1= B/ICDHAp — &40
70 - =
Bentonit '/ 4 60
60 . .
] N Bentonite
. / . Y
40 - \\. -7 - 40
30 A L N
= -~ -4 30
] ..
20 - TT-e
T T T T T 20
100 200 300 400 500

Hinh 14. Hiéu suat xir Iy ion kim loai chi trong nudc va dung lwong hip phu chi cia vat liéu tai céc nong do
khac nhau

Tir hinh 14 thay rang, khi ting ndng do tir 100 mg/L dén 500 mg/L thi dung luong hip phu cua vat liéu 1an
lwot tang tir 30,25 mg.g* dén 51 mg.g™ cho Bentonite, va tir 39,95 mg.g* dén 72,9 mg.g* ddi véi
B/CDHAp. Bong thoi hiéu suit loai bo kim loai cua cac vat liéu trén giam lan luot tir 60,5% xudng 20,4 %
- cho Bentonite va 80 % xudng con 29,2 % ddi voi BICDHAp.

3.2.4. Nhiét dong hoc qua trinh hip phu

Dé danh gia kha niang hap phu ion chi cua vat liéu Bentonite va B/JCDHAp, chiing t6i d4 str dung hai phuong
trinh hap phu dang nhiét ciia Freundlich va Langmuir.

Theo phuong trinh hap phu ding nhiét cua Freundlich:
1
qe = K.Cen
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Phuong trinh dang duong thang
1
logge = logK + —1ogCe

Trong do: Ce, Qe lan luot la nong d6 can bang cua ion kim Ioal chi trong dung dich va trén bé mat vat liéu
hap phu. K 1a hang s can bang hap phy, n 1a hang sé thuc nghiém, lién quan dén cuong d6 hap phu.

Theo phuong trinh Langmuir:
qeb. C,

=1%b.c,

Trong d6, Ce 12 ndng d6 can bang cua chat bj hap phu trong dung dich, ge 1a dung luong hap phu cua vat
ligu (mg.g), gm 12 dung luong hap phu I6n nhét cia 16p don phan tir, b 13 hing s6 Langmuir.
Phuong trinh dudng thang c6 thé dugc viét thanh

Ce_ 1 1,

, Ge b.Gm am °

Két qua thu duge theo mo hinh Freundlich va Langmuir dugc trinh bay & bang 4.
Tir gia tri hé sb twong quan tuyén tinh R2 > 0,99 , thiy rang su hap phu chi bang vat liéu bentonite va
B/CDHAp déu mo ta tét theo mo hinh dang nhiét ciia Freundlich va Langmuir. Tuy nhién, vat liéu bentonite
mo ta tot nhat theo mo hinh Langmuir hon 1a mé hinh ciia Freundlich, con B/CDHAp — theo mé hinh
Freundlich (bang 4). Dung lwong hap phu chi tbi da (qm) theo md hinh Langmuir cua vat liéu bentonite va
B/CDHAp ¢6 gia tri lan luot 14 55,71 mg/g va 76,92 mg/g.
Theo md hinh Freundlich, gi4 tri hiang s6 can bang hap phu chi (K) d6i voi hai mau vat liéu thu duoc cao
va hang sé thuc nghiém (n) nam trong khoang 1< n <10 (bang 4), cho biét ring qua trinh hap phu tu dién
ra (AG <0). Tuy nhién, gia tri Ke/conap)> Kenwonitey Cho phép ta két luan rang, vat liéu composite hap phu
chi tét hon vat liéu don bentonite.

Bang 4. Hap phu ding nhiét theo Freundlich va Langmuir cua vat liéu Bentonite va B/CDHAp

Phuong trinh dang nhiét Freundlich Phuong trinh dang nhiét Langmuir
Vit lieu hap phy 1 n K R? Om R? b
n
Bentonite 0,2307 4,335 15,06 0,9925 | 55,71 0,9985 0,0248
B/CDHAp 0,206 4,854 21,52 0,9985 | 76,92 0,9929 0,0325

1,9

{logq, y = 0,206x + 1,3328
R2 =0,9985

y= 0,013x+0,4052 B/CDHap

Celge

1,8

Bentonite 1,7 4
y=0,018%x+0,7262

2
34 R =0,9985 1,6 4 y =0,2307x + 1,1178
R2=0,9925
2 -
1,5
1 -
| Ce |
0 T T T T IOgCe
0 100 200 300 400 1.4 T T T T T T T
1,2 1,4 1,6 1,8 2,0 2,2 2,4 2,6

Langmuir .
Freundlich

Hinh 15. Do thi biéu dién theo phuong trinh hap phu ding nhiét

Thuyc vay, su ting kha nang hap phu chi cia vat ligu composite BJCDHAp bi anh huong nhiéu do su tich
hop thém CDHAp, cu thé la dwa vao sy tham gia ciia cac nhém nguyén té Ca2*, PO,*, OH" vao cac phan
{rng trén bé mit. Co ché dau tién cua su hip phu |a phan tng trao doi ion gitta Pb%* va Ca?*. Sy trao dbi nay
thuc hién dé dang do ion Pb?* thé hién &i luc cao vai ion Ca?* cua HAp vi do am dién cao (2,33eV) va béan
kinh ion 16n (1,2A) cua chi. Co ché chinh tiép theo 12 sy tao thanh cac két taa pyromorphite cua cac nhom
HPO,2 va PO,* véi Pb(I1). Ngoai ra con c6 kha niang xuat hién két tia =POPb* do sy trao ddi cua ion H*
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trong CDHAp (=POH) véi ion chi. Cac phan tng dién ra trén bé mat vat liéu c6 thé bidu dién qua cac
phuong trinh sau:
Cag2(PO4)5.2(HPO4)0s(OH)12 + H+ — 9.2Ca?* + 6HPO4* + 2H,0
xPb?* +5.2HPO.Z +2H,0 —8H* + Pby(PO4)s.2(OH).
Cas 2(PO4)s2(HPO4)os(OH)12 + XPb?** — Cag 2Pbx(POs)s2 + XCa** + Hz0
Két luan twong tur ciing dwoc tac gia nghién ctu [14] dwa ra khi nghién ctiru sy hdp phu ion chi trong dung
dich bing vat liéu composite B/CoFeOQ./HAp.

4. KET LUAN

Vit lieu bentonite va composite B/CDHAp c6 thé sir dung nhu mot vat liéu hip phu hiéu qua céc ion kim
loai ning trong nudce. Tuy nhién két qua thuc nghiém cho thay su tich hgp thém vat liéu Hap vao bentonite
da tang 1én kha nang xir Iy kim loai trong nudc xap xi 2 1an so vai vat liéu don bentonite. Sy hap phu ion
kim loai chi cua vat lidu ting 1én khi ting pH cua dung dich, thai gian hip phu va nong do kim loai chi ban
dau. Co ché hip phu ion kim loai chi cua vat liéu tong hop dugc md ta tét theo phwong trinh cua Langmuir.
Dung lugng hip phu téi da cta vat liéu bentonite va B/CDHAp lan luot 14 55,71 mg/g va 76,92 mg/g.

LOI CAM ON , o

Nhom tac gid xin guri 161 cam on chan thanh dén Truong Dai hoc Cng nghi¢p thanh pho H6 Chi Minh va
Khoa Cb6ng nghé Hda hoc da tao diéu kién thuan lgi cho chlng t6i trong suét qué trinh thuc hién nghién
chru nay.
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