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Tém tit. Trong nghién ctru nay, bang cach nghién rdi ngam trong dung dich phosphoric acid da tao ra vét
liéu dang bot tir vo so duong (elongate cockle, thudc ho Cardioidea) cé kha nang xtr 1y ion kim loai ndng
trong dung dich riéng 1¢ va hdn hop ciia chung. Céac dic trung vé cau tric cua vat liéu da duoc phan tich
bang cac phuong phap phan tich hién dai: XRD, FTIR, SEM, EDX, BET. Vit liéu tir vo so duong sau khi
hoat ho4, ngoai thanh phan chinh 13 CaCO; dang aragonite va calcite, con c6 Ca(HzPO.), lam thay d6i mot
phan tinh chat va do bén cua vat lidu trong moi truong acid. Véi cac diéu kién: 0,1 g vat liéu, moi truong
pH 4 va thoi gian 30 phut, da xu ly t6t cac ion Pb(ll) va Fe(lll) tr dung dich riéng 1€ (trén 97% véi cac
ndng d6 khong qua 500 mg/L ddi voi Pb(II) va trén 88% d6i véi cac dung dich c6 ndng do khong qua 400
mg/L dbi véi Fe(III)), nhung lai khong hap phu Cr(VI). M6 hinh dang nhiét Freundlich pht hop dé mo ta
cho ca hai truong hop hap phu Pb(Il) va Fe(ll1). Hon nita, nghién ctru cling da ghi nhén céc loai twong tac
khac nhau xay ra khi hap phu cac ion kim loai tir dung dich da thanh phan. Néu nhu giita Pb(II) va Fe(11I)
1a twong tac canh tranh, thi giita Fe(IIT) va Cr(VI) 1a twong tac hd trg, gitip vat liéu xur Iy dwoc phan 16n
Cr(VI) trong dung dich chira hai thanh phan Fe-Cr va ké ca dung dich ba thanh phan Fe-Pb-Cr, mic du tir
dung dich riéng 1&, Cr(V1) da bi khong hap phu. Co ché hap phu ciing da duoc dé xuat dé giai thich két qua
thue nghiém. Nghién ciru da cho thy tinh kha thi va hiéu qua cta vat liéu tir v so duong hoat hod biang
phosphoric acid trong tng dung xtr 1y tig ion kim loai riéng 1¢ hoac hon hop cua chiing trong mai truong
nudc.

Tir khéa. vo so duong, hoat hoa, phosphoric acid, hap phu hdn hop, Fe(l11), Pb(1l), Cr(VI), AAS.

1 MODAU

O nhidm kim loai nang ludn 1a mét trong nhitng van dé duoc quan tim hang dau khi nhitng hau qua do
ching gay ra ngay cang Ion. Kim loai nang ton tai trong tu nhién va bi 6 nhidm qua cac hoat dong khai
thac, xa thai, ro ri nudc thai tir d6 thi, cAc nganh cong nghiép nhu dién tur, ché tao kim loai hay ma dién,...tur
d6 tich tu trong mdi trudng dit va nude. Theo EPA - Co quan Bao vé Méi truong Hoa Ky va IARC - Co
quan Quéc té Nghién ciru vé ung thu, kim loai ning duoc coi la tic nhan gy ra ung thu & con ngudi [1].
Qua nhiéu con dudng khac nhau nhu d6 an, thirc udng, ... , chlng s& xam nhap vao co thé gay anh huong
nghiém trong dén suc khoe con nguoi va co thé dé lai di chang khi 1am tén thuong néo, co rit co, hay tac
dong dén sy phan chia ADN lam chét thai, gay di dang, quai thai. Chinh vi nhitng hau qua nghiém trong d6
nén viéc xir Iy tan ngudn van dé ludn duoc cac nha khoa hoc quan tdm. Hién nay, trong so nhirmg phuong
phép xir Iy higu qua thi hap phu lun dugc wu tién sir dung nha tinh linh hoat va nhiéu loi ich ma né mang
lai. Sw hip phu riéng Ié ting ion kim loai nang trén cac chat hip phu thudng duoc nghién cau rong réi [2],
tuy nhién, nudc thai cong nghiép thuong chira hai hodc nhiéu ion kim loai. Su ¢6 mat cua mot ion kim loai
khac trong dung dich s& anh huong dén kha ning hép phu cua ion kim loai con lai. Do d6, viéc nghién cau
hap phu cac ion kim loai tir dung dich da thanh phan, xac dinh tinh chon loc cua chat hap phu, ciing nhur
muc dd anh hudng gitra cac ion kim loai khac nhau 1a rit quan trong dé huéng t6i viéc (ng dung trong diéu
kién thuc té. Trén co so do, dé tai nay nghién ctru kha néng hap phu cta vat liéu tir vo so duong, mét loai
chat thai sinh hoat, trong xir Iy mét s6 ion kim loai nang dién hinh nhu Pb(ll), Fe(lll), Cr(V1) tu cac dung
dich chura tung loai ion kim loai riéng I¢ cling nhu chura hai va ba ion kim loai. Diém chung cua céc vat liéu
tir vé dong vat nhuyén thé hai manh vo 1a cha yéu duoc tao thanh tir calcium carbonate, cac tinh thé dugc
sap xép trong mot ma tran véi hai dang chinh 12 aragonite va calcite, nén kha kém bén trong mdi trudng
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acid [3]. D¢ cai thign van dé nay, cling nhu thay d6i mot phan tinh chét bé mat, phosphoric acid dugc sir
dung dé hoat hoa bé mat vat Iiéuﬁ. Phosphoric acid dugc lya phon vi la mot téanhén hoat ho& dugc chap
nhan trong cac tng dung thuc pham va dugc pham do ban chat khéng gay 6 nhiém cua né [4].

2 THUCNGHIEM

2.1 Ho4 chit

Nghién ciru sir dung cac hoé chat NHaFe(SO4)2.12H20 (99%), Pb(NOs)2 (99%), K2Cr207 (99,8%), HsPOq,
NaOH, NaCl, HNOs, cua hang Xilong, Trung Quac.

2.2 Chuan bi vat liéu hap phu tir vé so duong [4]

V6 so duong sau khi thu gom, dugc ngam, rira nhiéu lan bang nuwéc may, réi ngdm qua dém trong dung
dich sulfuric acid 0,1 M dé loai bo céc tap chat hoa tan trén bé mat. Rua lai bang nudc cat dén khi pH cua
nudc rira khong doi. Sau do, vo so dugc sy ¢ 120 °C trong 24 gio, nghién va riy dé thu hat ¢6 kich thudc
<1 mm. V6 so sau khi nghién duoc chia 1am hai phan, mét phan dwoc bao quan dé sir dung (NECS), mot
phan duoc hoat hoa bang HsPO4 20% bang céach tron véi ti 16 1:1 (acid : vat lidu), khudy lién tuc & 80 °C
trong 2h. Sau d6, hon hop duoc loc va rira béng nudée khir ion dén pH7va séy & 120 °C trong 12h, thu dugc vat
liéu NECS _ H3PO..

2.3 Phén tich dac trung vt liéu tir vé so dwong

Cac mau vat lidu tir vo so duong NECS va NECS_ H3PO; dugc phan tich bang phuong phap XRD trén
thiét bi shimadzu 6100 (Japan) v6i CuKa ¢ budce song 1,5417 A 40 kV, dong dién 30 mA, géc quét trong
khoang 5-80°, va tbc do quet 5,000°/phut; phuong phap hién vi dién tir SEM trén thiét bi HITACHI FE-
SEM S4800 v¢i gia toe dién ap 3,0-10,0 kV; phuong phap FTIR nén vién véi KBr trén thiét bj Tensor 37
FTIR, Bruker, Billerica. Ngoai ra dién tich bé mat ctia vat liéu va phan bd 15 x6p con dugc xac dinh tir qua
trinh hap phu N sir dung duong dang nhiét Brunauer—Emmett-Teller (BET) trong pham vi ap suit twong
doi 0,0-1.

Diém dién tich khong (pHpZC) clia C4c vat liéu duoc xac dinh bang cach chudn bi diy binh chira 50 mL
dung dich NaCl 0,01 mol/L v&i gié tri pHoefore ¢ durgc diéu chinh tir 2 dén 12. Cho vao mdi binh 0,1 g mau
vat liéu va lac hon hop trong 24h. Sau d6 do pHarer ciia dung dich. V& d6 thi ApH = pHpefore — PHafrer
theo pHpefore € xéc dinh pH,,. [5].

24 HAap phu ion kim loai trén vt liéu tir v so dwong

Bang 1. Cac cong thirc va md hinh [6,7] dugc sir dung dé danh gia qua trinh hap phu Pb(II), Fe(l11), Cr(VI) trén vat
ligu tir vo so duong

Mo ta Cong thirc/phuwong trinh Chu thich i i
Do hap phu q= (Co-O)V (1) Co (mg/L), C (mg/L) lan lugt 1a nong do Pb(11)/
g(mg/g) m Fe(I11)/Cr(V1) trude va sau hap phu;
. _ Co—=C V (L) thé tich cua dung dich
H (%) == 2 g d
ﬁl(;u)suat xurly (%) @) Fe(II)/Pb(II/CI(VI);
0 m (g): khoi lugng chat hap phy;
M0 hinh ding nhiét
Freundlich q. = KzC2" (3)| m (mg/g): do hap phu cuc dai;
L ] dmKLCe 4 Ce (mg/L): ndng do6 can bang cua Fe(IIT)/Pb(II);
angmult 9e = 11k, )| . hang sb khi (8.314 kJ.mol*);
Temkin qo = :—Tln(KTeC ) (5)| T (K): nhiét do tuyét dbi;
— Te Kr, n; K (L/mg); Kre (L.mg™); dor (Mg.g™) va
Dubinin- (RTIn(1+))? Bor (Mol2.KJ?) 1an luot 1a cac hing sb trong cac
Radushkevich qe = QDRGXP(—ZBDBZ ) ®)| 15 hinh ding nhit.

Céc yéu to anh huong dén kha nang hap phu nhu lugng vat liéu, moi truong pH va thoi gian déu da duoc
khao sat va toi wu ddi voi mdi ion kim loai ning duoc nghién ctru. Pong thoi, dé so sanh két qua gitra cac
thi nghiém v&i nhau, cac diéu kién dugc lya chon sao cho nhu nhau gitra cac truong hop hap phu. Cu thé,
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cac thi nghiém hép phu ion kim loai ndng tr cac dung dich don, da thanh phﬁn trén cac vat liéu tir vo SO
duong duoc thyc hién nhu sau: can chinh xac khdi luong vat li¢u khoang 0,1 g cho vao binh chira 50 mL
dung dich chira ion kim loai riéng 1¢ hodc hdn hop ion can xir I, ¢6 ndng do biét trudc va da chinh pH 4.
Lac hdn hop trong thoi gian 30 pht. Sau d6, loc va phéan tich nong do ion kim loai con lai trong dung dich
bang phuwong phap AAS. Cac thi nghiém dugc thuc hién Iip lai ti thiéu ba 1an dé tinh gia tri trung binh va
khoang tin cdy theo tiéu chuan Student.

3 KET QUA VA THAO LUAN

3.1 Phéan tich dac trung cia vat liéu tir vé so dwong
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Hinh 1. Phd XRD va FTIR cua céc vt liéu NECS, NECS — H3POy trudce va sau khi hép phu hén hop ion kim loai
Pb(I1), Fe(l11), Cr(VI)
Qua trinh hoat hoa bang HsPO4 di dan dén nhiing thay d6i nhat dinh trong thanh phan va bé mit cua vat
lidu. Két qua phan tich bang cac phuong phap XRD, FTIR, SEM va EDX di ghi nhan su thay d6i nay. Pho
XRD vt lidu tir vo so duong trude va sau khi hoat hoa déu c6 cac peak nhon, 1& va cudng do manh dic
trung ctia CaCOs dudi hai dang pha tinh thé 1a aragonite va calcite (JCPDS s 41-1475 va 29-0306), pho
bién ddi véi cac loai vat liéu tir vo dong vat nhuyén thé hai manh vo [3,8]. Ngoai ra, sau khi hoat hoa béng
HsPO4, nhan thdy sy xuat hién ciia mot s6 peak méi ctia Ca(H2PO.); tai 29,1°; 40,64°; 47,82°; 48,12°; duoc
hinh thanh trong qua trinh hoat hoa theo phan ung [9]:
CaCOs + 2H3P0O4 > Ca(H2P0O4)2 + CO2 + H20

Ph6 FTIR (Hinh 1) cta hai vat liéu trudc va sau hoat hoa déu ghi nhan cac dinh hip thu tai 1477; 860 va
713 cm? dic trung ion carbonate COs? [3,10,11] va van phd tai 1789 cm™ [12] twong tmg v6i nhom
carbonyl C=0 trén bé mit. Viéc hoat hoa bang phosphoric acid lam dich chuyén dinh hap thu ctia ion COz*
tir 1080 cm* sang ving s song thip hon, 1070 cm', cling nhu xut hién cac peak méi tai 3442; 1136; 993;
890 va 580 cm™. Trong d6, cuc dai hép thu tai 3442 cm™ twong (g dao dong nh(')m OH cua nuéc hép phu
hoic trén bé mat vat lieu Vung hap thu xung quanh CéC cuc dai tai 1136, 993 cm? dic trung cho dao dong
nhém P — O; 890 cm™ ctia nhém P — O (H); 580 cm™? ctia nhém O — P — O (H) [9]. Pong thoi, thanh phan
P dugc phat hién trong phd EDX cua vat liéu sau hoat hod cung véi cac thanh phan nguyén t6 chinh Ca, C
va 0. Cac két qua nay minh chtng cho sy xuét hién ctia thanh phan Ca(H,PO4), bén canh thanh phan chinh
la CaCOs trong vat liéu sau hoat hoa.
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Hlnh 2. Két qua x4c dinh thanh phan nguyén t6 ciia vat heu NECS va NECS H3PO4

Hinh 3. Hinh SEM cua vat heu NECS (a b) va NECS H3PO4 (c d)
Két qua phan tich SEM cho thiy vat liéu ban diu véi cac tinh thé xép 16p, ndi tiép nhau tao nén bé mit kha
nhin. Sau khi hoat hod, ciu triic nay bi pha v&, cic 16p ban d4u bi gdy va tao cic manh nhé véi cc hinh
dang khac nhau trén bé mat. Nhu vy trong qua trinh ngdm hoat hod, phosphoric acid da xAm nhap va phan
g v6i thanh phan trén bé mat 1am thay doi thanh phan va tinh chét trén bé mit cua vat liéu. Diéu nay ciing
anh huéng nhe dén diém dang dién ciia vat liéu (Hinh 4), giam tir 8,0 xudng 7,4.
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Hinh 4. Két qua nghien ctru diém dang dién va BET cua vat liéu

Ngoai thay d6i mot phan thanh phan, két qua phan tich BET con cho thay co sy tang vé d6 xp cua vat lidu.
Dién tich bé mit ting tr 0,518 1én 1,050 m?/g (Hinh 4), ddng thoi thé tich 15 xdp cting dugc cai thi¢n. Diéu
nay co thé giai thich rang qué trinh hoat hoa gidp loai bo cac chat bam trén bé mit chat rén, dong thoi
phosphoric acid bi mét nudc trong qua trinh hoat hoa va tao dang mubi cia phosphoric acid bén trong cau
trac x0p cua vt liéu, chiém thé tich dang ké. Sau d6 chung duogc gidi phong bang cach rira k¥ va siy tao ra
lugng 16n vi 16 rong [4]. Su cai thién dang ké v& dién tich bé mat cling cai thién do hap phu cuta vat liéu dbi
v6i ion Pb(Il), dugc khao sat & nong do 50 mg/L (Hinh 5).
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Hinh 5. So sanh kha ning hip phu Pb(II) ctia vat liéu NECS, NECS — HsPOy va hinh anh thyc té cua vét liéu
Can nhan manh thém rang, so sanh do tan cta vat liéu trong cac moi trudng pH khac nhau thong qua ndng
d6 ion Ca? trong dung dich ngam, cho thdy NECS — H3PO, bén hon trong moi truong acid, déc biét la pH
3 va 4, trong khi vat liéu ban dau a ¢ cac mo1 truong nay thuong tan mot phan. Pay ciing 1a muc tiéu ban dau
mudn bién tinh vét liéu, vi mot sé kim loai nang chi ton tai trong méi truong acid, dic biét 13 v6i ndng do
tuong ddi 16n.
Nhu vay, viéc hoat hod vat liéu béng phosphoric acid lam thay d6i mot phén thanh phﬁn trén bé mat, lam
tang do bén trong moi truong acid, cling nhu ting do xép cua vat li€u. Vét liéu nay s€ dugc khao sat va
danh gia kha ning hip phu ddi véi cac ion Pb(II), Fe(III) va Cr(VI) tir dung dich don va da thanh phan ion
kim loai trong mdi trudng nudc.
3.2 Nghién ciru hip phu kim loai tir dung dich chira ion kim loai riéng 1é
Kha ning hap phu cua vat liéu NECS — H3PO, da dugc khao sat d6i vai ba ion kim loai Pb(II), Fe(lll) va
Cr(VI). Véi diéu kién thyc nghiém di néu & trén, cac ion khao sat chu yéu ton tai dudi dang lan luot 1a
Pb?", Fe(OH)? va Fe(OH).", HCrO4, tirc 1a c6 sy khac biét vé dién tich ctia Cr(VI) so vé6i hai ion kim loai
con lai. Ngoai ra, khi d6 bé mat vat liéu mang dién tich dwong vi thyc hién ¢ pH 4 (< pHpzc 7,4).
Két qua thyc nghiém cho thdy véi ciing ndng d6 ban dau, kha nang hap phu ddi véi cac ion kim loai nang
giam dan theo thtr tu Pb(IT) > Fe(IIT) > Cr(VI), trong d6 kha nang hap phy ion Cr(VI) gan nhu khong dang
ké. Viéc wu tién hap phu cac cation so véi anion HCrOq4™ ¢6 thé giai thich béi co ché trao ddi ion déng vai
tro chui dao trong qua trinh ndy. Py ciing 1a co ché dugc nhiéu tac gia nhidn manh trong cac nghién ciru
hap phuy ion kim loai nang trong nudc [13-15]. Khi do, tinh chat anh hudng quyét dinh dén kha ning hap
phu 13 ban kinh ion ngdm nudc, béi vi né anh hudéng dén kha ning tiép can cia ion vao céac 156 rong. Do
chénh 1éch vé kha ning hip phu cia hai ion Pb(II) va Fe(III) c6 thé giai thich boi yéu té nay véi ban kinh
lan luot ctia ciia hai ion ngdm nude 12 4,01 va 4,75A [16]. Tuy nhién anh hudng nay ciing kho c6 thé 1a duy
nhét vi kich thuéc 16 réng gip nhiéu 1an so voi ban kinh ion kim loai. Sy khac biét con c6 thé do co ché
trao d6i ion, wu tién tao ra chat két tiia co do tan thp hon, cu thé, tich sb tan cua PbCOs 14 1,5.107%3;
Pb3(PO,) 1an luot 12 1,8.10%, trong khi Fe(III) tao két tiia kém bén.
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Hinh 6. Puong dang nhiét hap phu Pb(II) va Fe(III) trén NECS - H3PO,4
Bang 2: Cac thong sé déng nhiét hip phu Pb(IT), Fe(III) trén vat lidu tir v6 so duong NECS - HsPO,
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M6 hinh Pai lwgng Pb(11) Fe(l11)
K, (mg.gt)(L.mg1)n 36,82 18,80

Freundlich n 141 1,72
R? 0,99 0,98

gm, Mmg.g*t 319,29 150,10

Langmuir Ky, L.mg* 0,14 0,15
R? 0,98 0,90

bre, J.mol™ 70,26 101,86

Temkin Kre, L.g* 6,39 3,24
R? 0,86 0,90

Bubinin Qor, Mg.g*t 199,81 118,64
. Bor, mol?.kJ? 12,05 4,70
Radushkevich R 0.66 042

Dé t6i wu hoa thiét ké cho hé thong hap phy, diéu quan trong 1a phai thiét 1ap mé hinh dang nhiét phu hop.
Cac md hinh déng nhiét nhu Freundlich, Langmuir, Temkin va Dubinina - Raduskevicha da dugc st dung
dé mo ta cac dic diém can bang don thanh phan ctia qua trinh hap phy Pb(II) va Fe(III) trén vt liéu (Hinh
6). Cac thong ) hép phu cta mdi ion kim loai thu duoc theo cac md hinh déng nhiét khac nhau duoc liét
ké trong Bang 2 cung véi cac hé s6 hdi quy tuyén tinh, R2. Trong cac md hinh dwoc 4p dung, md hinh dang
nhiét Freundlich biéu dién tét hon dit 1iéu hap phu trong pham vi ndng d6 di nghién ctru véi gia trj R? gan
v6i 1 nhét. Piéu nay phu hop véi thuc té bé mat khong dong nhat cua vat liéu va cling duoc mot sb tac gia
ghi nhan khi nghién ctru dang nhiét hap phu ion kim loai trén cac vat liu cung loai [15,17,18]. Héng sO
Freundlich hap phu don thanh phan, K¢, va n 1an luot biéu thi dung luong hép phu va cudng do hap phu.
Gia tri s6 mii n cang cao thi i luc va tinh khong dong nhat ctia cac vi tri hdp phu cang 16n. Vin > 1, ca hai
ion kim loai déu duoc vt lidu hap phu thuan loi ¢ diéu kién khao sat. Gia tri Kr cho thay kha nang hap phu
Pb(II) cao hon so voi ion Fe(IIl).

Gia tri hap phu cuc dai ddi voi ion kim loai riéng 1¢ trong nghién ciru nay dat duoc 1an luot 13 238 mg/g va
273 mg/g, d6i véi Pb(II) va Fe(IlI). Cac gi4 tri ndy hoan toan co thé so sanh véi nhidu vat liéu tw nhién khac
(Bang 3), va hoan toan kha thi trong img dung xir 1y cac ion kim loai ning nay trong nudc.

Bang 3. D6 hip phu cuc dai ciia mot s6 vat liéu ddi vai Fe(IIT) va Pb(11)

Hap phu Fe(II) Héap phu Pb(II)

Chit hip phu Qmax, (Mg/g) | Trich din Chit hip phu Omax, (M@/g) | Trich din
Apatite tu nhién 10 [19] Carbon gel 16,95 [25]
Dat sét tu nhién 12,86 [20] Rong mo 9,9 [26]

Dit sét hoat hod axit 19,25 [20] Néam co tranh 5,8 [26]
C Molybdenum
Than hoat tinh tir v6 37,16 [21] disulfide/reduced 384,16 [27]
qua Bombax ceiba .
graphene oxide

Blue bentonite 11,64 [22] V6 ¢ buu vang 57,25 [28]
Brown bentonite 16,65 [22] Pat do 10,31 [29]
Than hoat tinh tir Vit liéu composite

trau 289 [23] than sinh hoc tir tinh 142 [30]

Vo6 nghéu nung 170 [24] Vo nghéu nung 85 [24]

Vo6 so duong hoat Nghién Vo so duong hoat Nghién ctru

. S 173 I . SO 238 X

hoa phosphoric acid cttu ndy | hoa phosphoric acid nay

3.3 Hip phu kim loai niing tir dung dich chira da thanh phan ion kim loai

Dé thir nghiém vat li¢u trong diéu kiép ge‘in hon véi thuc té, song song vai viéc 1§héo sat ha"ip phu riéng lé
ting ion kim loai, viéc nghién ctru hap phu tir dung dich chira hai, ba hodc nhi€u ion kim loai hon coy
nghia quan trong. Khi do, hon hop céc chat khac nhau khi hap phu c6 the bi€u hién ba kha nang xay ra:
tuong tac ho trg, twong tac canh tranh va khong tuwong tac [15].
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Trong nghién ctru nay, dé danh gia tinh kha thi ciia vat liéu trong xir Iy méi trudng nudc nhiém kim loai
nang, thuong chira nhiéu thanh ph'?ln khac nhau, vat liéu da duoc nghién ctu héip phu ddi véi cac dung dich
chtra dong thoi hai ion kim loai Pb — Fe; Fe — Cr va ba ion kim loai Pb — Fe — Cr. Dé thyc hién diéu nay,
néng d0 cua cac thanh phﬁn trong dung dich dugc luan phién ¢ dinh, va thay ddi thanh phﬁn con lai. Tuy
nhién, vi cac kim loai dugc khao sat thugc nhom kim loai nang, dé tao tua trong diéu kién pH va néng do
thich hop nén cac ndng do s& duoc lira chon dé dam bao cac thanh phan khao sat khong bi két tia trong
dung dich trudce khi thuc hién khao sat hép phu.
Nhu di d& cap ¢ trén, co ché hap phu co ban 14 trao doi ion, nén hiéu tng canh tranh phurc tap giita cac
cation kim loai c6 thé dugc du doan trong hap phu tir dung dich nhiéu thanh phan. Khi 46, viéc danh gia
hiéu sut hap phu trd nén phirc tap hon. Anh hudng ciia cac ndng do khac nhau cia mot ion kim loai 1én
kha ning hip phu ciia ion kim loai khac da duoc khao sat. Két qua khao sat anh huong gitra Pb(11) va Fe(111)
cho thay loai twong téc 1a canh tranh khi hap phuy hai ion kim loai nay trén NECS -HsPO4 (Hinh 7a,7b). So
v6i hap phu Fe(111) riéng 1&, su co mit ciia Pb(11) (ndng d6 ban ddu 25 mg/L) khién cho hiéu qua hip phu
Fe(lll) giam & moi ndng d6 ban dau tir 25 dén 400 mg/L. Pong thoi, khi ting nong do ion Fe(lll) tir 0 dén
400 mg/L, hiéu suit hap phu ion Pb(lIl) tir dung dich 25 mg/L giam rd rét, tir 99,16 % con 54,96%. Tuong
tu nhu vay, khi ¢ dinh ndng d6 cta Fe(ll1) 14 25 mg/L, hiéu suét xtr 1y ion Pb(I1) véi cac nﬁ)ng do tr 25
dén 500 mg/L déu giam so voi truong hop khong co Fe(l11). Trong khao sat nay, hi¢u qua hap phu Fe(l1l)
cling giam nhe khi ting ndong @6 Pb(ll). Tuy nhién, ciing c¢6 thé ghi nhan d6 giam hiéu suat hap phu khi xét
anh huong cua Fe(l11) 18n Pb(Il) 1a rd rét hon so véi truong hop nguoc lai. Twong tac canh tranh cling dugce
nhiéu tac gia ghi nhan khi hap phu tir dung dich hai thanh phan chta Cu(ll) - Ni(Il) trén vat lidu tir vo bc
gai [14], Cd(11) - Ni(II) trén dat sét ty nhién [13], Cu(ll) — Zn(11) trén vat liéu tir dét sét alginate [15].
Mot loai twong tac khéc, do 1a twong tac hd tro, dd duoc ghi nhan trong két qua khao sat anh hudng trong
cap Fe - Cr (Hinh 7c). Khao sat duoc thuc hién khi ¢6 dinh ndng do cua Fe(lll) & 25 mg/L, va nong do
Cr(VI) tang tir 10 d&én 100 mg/L. Két qua cho thdy do hap phu ctia Fe(IIT) gan nhu khong d6i va da loai bo
hoan toan ion kim loai nay ra khoi dung dich. Trong khi do, do hép phu cua Cr(VI) tang dan theo nong do
ban dau, mic du tir dung dich don thanh phan, Cr(VI) khong bi hap phu. Két qua twong tac hd trg cua
Fe(Il1) d6i voi Cr(V1) c6 thé giai thich dya vao phuong trinh phan tng sau day:

=Fe—0OH +HCrO; + H* > =Fe—HCO, + H,0
Dbi voi dung dich ba thanh phén ion kim loai Pb — Fe — Cr, thuc hién khao sat vdi viée cé dinh ndng do ion
Pb(11) va Fe(Ill) ¢ 25 mg/L, nong d6 Cr(VI) tang tir 10 dén 50 mg/L (Hinh 7d). Céc ndng d6 nay di duoc
lya chon de tranh hién tuong tao tia trong dung dich trude khi xir Iy. Can noi them rang, v6i cung diéu kién
va cung ndng do Pb(1l) va Cr(VI), nhung trong dung dich hai thanh phan s& xuat hién két tiia ngay sau khi
tron 1an. Do 6 thé 1a két tia PbCrOy4 véi tich s tan 1,8. 10° 14 Trong khi do, sy c6 mat cua Fe(IlII) trong
dung dich lai ngdn can qua trinh tao tiia nay, va dung dich van trong sudt truéc khi thuc hién hap phy. Piéu
nay cang khang dinh kha niang phan tng gitta Fe(I1l) va HCrO, theo phan tng trén. Két qua thuc nghiém
hap phu tir hdn hop ba ion kim loai cho thay ca Pb(Il) va Fe(lll) déu bi hap phu gan nhu hoan toan, dong
thoi d¢ hap phu ctia Cr(VI) ting dan theo nong do ban dau. Tuy nhién, xét trong cling khoang ndng do
Cr(VI) tir 10 dén 50 mg/L, tir dung dich hai thanh phan Fe-Cr, hiéu suat xu 1y ting theo ndng do, trong khi
tr hé Pb-Fe-Cr hiéu suét lai giam nhe theo néng do. Piéu nay co thé duogc ly giai boi sy vu tién hép phu
ctia Pb(11) so vai Fe(lll) va Cr(VI). Nhu da néu 6 trén, Cr(V1) hdp phu theo cung véi Fe(l11), nén khi c6 dbi
tuong canh tranh hip phu véi Fe(l11) da 1am giam hiéu qua hap phu theo ciia Cr(VI).
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Hinh 7: Hap phu ion kim loai tir hdn hop ciia chiing trén vt liéu NECS-HsPO,

Nhu vy, mic di ¢6 twong tic canh tranh, 1am giam nhe d hap phu cta Pb(II) va Fe(III) trong hdn hop cia
ching, nhung tuwong tac hd trg ciia Fe(IIl) di voi Cr(VI) trong dung dich hai thanh phan Fe(III)-Cr(VI) va
trong ca dung dich ba thanh phan Pb(IT)-Fe(l11)-Cr(V1), d3 giup xt 1y dugc phan 16n Cr(VI) trong dung
dich. Tir d6 cho thiy kha ning tmg dung vat liéu NECS — HsPO, trong xir 1y cac kim loai ndng nay trong
nudce thai thuc té. Mot vat liéu thu duge tir chat thai sinh hoat, qua qua trinh hoat hoa don gian co thé mang
dén 1oi ich to 1on trong xir Iy nudc thai nhiém kim loai ning.

Vit liéu sau hip phu hon hop ion kim loai di duoc danh gia bang phuong phép FTIR, XRD va EDX (Hinh
1, 8). Theo két qua XRD va FTIR, sau hap phu hdn hgp Pb-Fe-Cr, thanh phan chinh trong v6 so duong 14
CaCO; van duoc giit nguyén voi cac peak dic trung nhu truée khi hap phu. Mot vai thay doi thé hién ddi
v6i céc peak méi xudt hién sau hoat hod va dic trung cho thanh phan phosphate. Cu thé, phé XRD ghi nhan
su giam cuong do mot s6 peak dic trung cia mudi phosphate tai 29,1°; 40,64°; 47,82°; 48,12°; 49,92°. Két
qua phd FTIR cho thiy giam cudng do peak tai 3442; 1136; 993; 890; 580 cm™, ciing 1a nhirng peak méi
xut hién sau hoat hoa. Ngoai ra, con ghi nhan mot sb thay ddi khac trén phd FTIR, nhu ting cuong do
peak hap thu tai 860; 713 cm™ va mé rong peak tai 1475 cm? . Cac két qua nay cho thdy qua trinh hap phu
dan dén su thay d6i nhat dinh, ddc biét 1a d6i voi thanh phan xuat hién sau khi hoat hoa, nhung van giit
nguyén céu trac vat liéu va thanh phan trong diéu kién thuc nghiém. Su c6 mat cua Pb (II), Fe (1), Cr(VI)
trong vat liéu sau hép phu dugce minh ching bang su thay d6i mau sic cua vat liéu va két qua EDX. Cac
tinh thé mau trang chuyén sang mau vang nau sau héap phu hdn hop ion kim loai (Hinh 5). Bong thoi, két
qua EDX cho thiy ham luong Pb, Fe va Cr lan luot chlem 0,35%; 0,45% va 0,16% vé khdi luong tuong
g 0,04%; 0,16% va 0,07% vé thanh phan nguyén té (Hinh 8), trong khi trong vt liéu trude hip phu
khong phat hién cac nguyén t6 nay (Hinh 2). Mic du ham lwgng kim loai phat hién trén vat liéu khong cao
do ndng do duge xtr Iy dé thu vat lidu nay twong dbi thip. Nhung didu nay ciing du cho thiy sy co6 mit cta
cac kim loai nang Pb, Fe va Cr trén vat li€u sau hr?ip phu.
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Hinh 8. Két qua xac dinh thanh phan nguyén t6 ctia vat  Hinh 9. Két qua nghién ciru kha ning tai sir dung ctia vat

lidu NECS — H3POy sau hip phu hdn hop Pb - Fe - Cr 1iéu NECS — H3PO, trong hip phu hdn hop Pb - Fe - Cr
3.4  Tai sir dung vat liéu
Kha ning tai sir dung dwoc thir nghiém dbi v6i dung dich ba thanh phan ion kim loai Pb(ll) - Fe(lll) -
Cr(VI). Vit liéu duogc str dung qua nhiéu 14n, sau mdi 1an dugc giai hap bing cac dung méi la nude, HCI
0,1 M hodc NaOH 0,1 M (Hinh 9). Nhin chung, ddi véi ca ba ion kim loai, xét vé& hiéu suit tai sir dung,
truong hop rira giai bang nuéc va NaOH 0,1 M déu cho két qua tét hon so véi HC1 0,1 M. Diéu nay ciing
d& hiéu vi khi rira giai bang acid, mot lugng nho vat lidu bi hoa tan. Do d6, hiéu suat xir Iy cling giam manh
sau mdi 1an tai st dung. Véi dung moéi raa gidi HCI 0,1 M, thi nghiém dung lai ¢ lan sir dung thur 3, vi sau
lan nay lwong vat liéu con lai qua it dé c6 thé sir dung tiép. So sanh gitra ba kim loai, qua trinh tai sir dung
anh huong nhiéu nhéat dén Cr(V1) véi hiéu suat hip phu giam manh sau mdi lan. Trong khi véi Fe(lll) va
Pb(I1), hiéu suat bit dau giam khi tai sir dung 1an 3. Dau vay, hiéu qua xur Iy sau 3 lan sir dung déu trén 95%
dén v6i Pb(IT) va Fe(IlI), va gan 60% ddi voi Cr(VI). Két qua nay cho thay tinh kha thi ctia viéc sir dung
vat liéu tu nhién tir v so duong sau khi hoat hoa qua phosphoric acid, khong nhiing giam thiéu viéc vit
bira bii ra moi trudng ma con mang lai loi ich xtr Iy hon hop ion kim loai ning trong nuéc.

4 KETLUAN

Nhu vay, tir vo so duong sau khi nghién va hoat hod trong dung dich phosphoric acid da thu duoc mot vat
liéu dang bot day trién vong trong xtr 1y ion kim loai ning trong nude. Vat liéu sau khi hoat hoa v&i bé mit
thay ddi vé thanh phin di cai thién d6 bén trong méi trudng acid, ciing nhu dién tich bé mit va kich thudce
16 x6p. Vit lidu khong chi xu 1y tot cac ion kim loai Pb(II), Fe(III) tir cac dung dich riéng 1& v&i do hip thu
cuc dai dat duoc 1an lugt 14 238 mg/g va 173 mg/g, ma con xu 1y dong thdi nhidu ion kim loai tir dung dich
da thanh phan ciia chiing. DA xac dinh ton tai hai loai tuong tac trong hap phu hdn hop ion kim loai. Giita
Pb(II) va Fe(IlI) la twong tac canh tranh, lam giam nhe hi€u qua x{r 1y cia nhau nhung véi Cr(VI) 1a tuong
tac ho trg. Tir viée vat lidu khong hap phu Cr(VI) tir dung dich chira ion riéng 1¢, sy c6 mat ctia Fe(l11) trong
dung dich da gitp xur Iy phan 16n Cr(V]) trong dung dich da thanh phan Fe(l11) — Cr(V1) va Fe(lll) — Pb(l1)
—Cr(VI1) . Piéu nay di mo ra trién vong 16n trong viée xur 1y nude thai nhiém kim loai ning trén thyc té cua
mot vat liéu tu nhién thu duge tir chit thai sinh hoat.

LOI CAM ON
Xin cam on Khoa,C(A)ng nghé Hoéa hoc — Truong Pai hoc Cong nghiép TP HCM da tao diéu kién vé thiét
bi va co s¢ vat chat trong qua trinh thuc hién de tai nghién ctu nay.
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STUDY ON APPLICATION OF MATERIAL FROM ELONGATE COCKLE SHELLS
IN HEAVY METALS TREATMENT IN SINGLE AND MULTI-COMPONENT
SOLUTIONS
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Abstract. In this study, by grinding and soaking in phosphoric acid solution, a powdered material from
elongate cockle (Cardioidea family) was prepared, capable of treating heavy metals in single and multi-
component solutions. By XRD, FTIR, SEM, and EDX analysis methods, the structural characteristics of
the materials before and after activation were identified. In addition to the main component of CaCOs in
the form of aragonite and calcite, activated material also contained Ca(H.PQ.),, which partially changed
the properties and durability of the material in an acidic environment. Under the conditions of 0.1 g of
material, pH 4, and 30 min, Pb(I1) and Fe(l11) ions were well removed from individual solutions (over 97%
with concentrations not exceeding 500 mg/L for Pb(Il) and over 88% for solutions with concentrations not
exceeding 400 mg/L for Fe(l11)), but Cr(\V1) was not adsorbed. The Freundlich isotherm model was suitable
for describing Pb(Il) and Fe(lll) adsorption. Furthermore, the study also revealed different types of
interactions that occurred when metals were adsorbed from multi-component solutions. While the
interaction between Pb(ll) and Fe(lll) was competitive, the interaction between Fe(lll) and Cr(VI) was
supportive, which helped the material to adsorb and treat most of Cr(\VI) from the Fe-Cr binary and even
the Fe-Pb-Cr ternary solutions, although Cr(V1) was not adsorbed from the single solution. The adsorption
mechanism was also proposed to explain the experimental results. The study has demonstrated the
feasibility and effectiveness of the phosphoric acid activated material, from elongate cockle shells, in
treating individual metals or their mixtures in the aqueous environment.

Keywords. elongate cockle shells, binary adsorption, ternary adsorption, Fe(l1l), Pb(ll), Cr(VI), AAS.
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