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Tém tit. Trong nghién ctru ndy, bang phuong phép nung truyén thong da tao ra vat lidu dang bot tir vo
nghéu lua (Undulating Venus, thugc loai Veneroidea) c¢6 kha nang xtr ly kim loai ndng trong nudce. Cac déc
trung vé cau tric cta vat liéu da dugc phan tich bang cac phuong phap hoa 1y hién dai: XRD, FTIR, SEM,

EDX, BET. Két qua cho thay vo nghéu véi thanh phan chinh 1a CaCOs dang aragonite va cancite, trong d6
aragonite phan huy tao thanh CaO khi nung & nhiét do trén 400 °C. Thyc nghiém di chimg minh miu vo
nghéu nghién, nung & 700 °C (CSS_700) 14 t&i wu dé hap phuy ion kim loai ning trong nudc va di danh gia
kha nang hép phu ciia CSS_700 d6i v6i Fe(IIT) va Pb (II). V&i cac diédu kién 0.3 g/L CSS_700, 25°C, pH 3,
thoi gian lic 40 phat d6i véi Fe(III) va 0.3 g/L CSS_700, 25°C, pH 6, thoi gian lic 10 phut dbi voi Pb(II),
dung luong hap phu cuc dai dat duoc 1an lugt 13 170 mg/g tir dung dich Fe(IlI) 800 mg/L va 90 mg/g tur
dung dich Pb(Il) 600 mg/L. Két qua phan tich EDX da ching minh thanh phan nguyén t6 Fe va Pb trong
vat lidu sau hap phu lan luot 14 9.79 % va 42.40% vé khoi luong, trong khi vat liéu truéc hap phu khong
phat hién cac nguyén to nay. Két qua thue nghiém dugce mo ta tét theo mod hinh déng nhiét Freundlich va
mo hinh dong hoc kha kién bac 2. Nghién ctru da cho thay tinh kha thi, than thién vdi moéi truong, chi phi
thap nhung hiéu qua cao trong viéc sir dung vat liéu nung tir vo nghéu dé xur ly kim loai néng trong nudc.

Tir khéa: v6 nghéu lua, hap phy, Fe(III), Pb(Il), acid sulfosalicylic, UV-VIS, AAS.

1 MODAU

Céc loai hai san ¢6 vo nhu nghéu, so, dc, hén, ... 12 nhitng mén an giau protein duoc nguoi Viét Nam cling
nhu ngudi dan caa nhiéu nudce trén thé gidi ua chuong Bén canh d6, vo cua chiing con duoc coi la nguon
nguyén liéu doi dao va chi phi thap trong xu 1y méi truong. Vi ham lugng calcium oxide cao nén cac loai
Vo s0, b¢ da dugc nghién ciru va phat hién co tinh chét tuong ty nhu da voi [1]. Nhiéu nghién ctru da dugc
tién hanh tir cac loai phé thai ndy nham tao ra ngudn nguyén liéu trong xtr Iy mi trudng dat va nuoc, tir 46
giam chi phi xu ly chét thai dong thoi ciing dugce huong loi tir viéc xir Iy méi truong. Cac nha khoa hoc da
ching minh tinh kha thi cua cac vat li¢u sinh hoc nay trong xUc tac qua trinh san xuat dau diesel sinh hoc
[2], hap phu chat mau dét nhudém [3], ion kim loai ning nhu Cu [4], Cr (IV) [5], Co [6], Cd [7], Cu, Co va
Pb [8], Cu va Zn [9], va ion vd co nhu photphate [10], .... Tuy nhién cac cong bé hién nay chu yéu tap trung
vao cac loai vo 6¢ nhu ¢ sén, dc buu, b¢ buu vang, ¢ bién, ... c6 xuat xir khac nhau [1]. So sanh s6 ligu
gita cac cong b cho thay Vo nghéu co hiéu qua xtr Iy kim |0a| nang khong hé thua kém céc loai vo 6c
[1,11], nhung hién nay so luong nghién ciru vé d6i tuong nay con rat han ché. Trong khi d6, nghéu 1a loai
hai san dugc nudi phé bién ¢ Viét Nam véi san luong gan 180.000 tin/nam va chiém 2/3 trong tong san
luong dong vat nhuyén thé hai manh vo. Hang ngay, mot khdi lugng I6n vo nghéu duogc thai tir cac nha
hang, quan an va cac ho gia dinh ra méi trudng gay mai héi thdi, anh huong dén sic khoe con ngudi va
lam mat my quan. Viéc sir dung ngudn phé thai nay dé xu 1y nudc s& dem lai loi ich kép ddi v6i méi truong.
Vi muc tiéu d6 nén trong nghién ciru ndy ching tdi sir dung vat ligu tir vo nghéu dé xu ly Fe(lll) va Pb
(1), 12 hai ion kim loai nang dién hinh gay ra van dé 6 nhiém ngudn nudc thuong truc véi nhiéu nguoi dan
Viét Nam, nhat 1a nhitng ho dan gan khu cong nghiép hozc ving qué.

2  THUCNGHIEM

2.1 Hoa chit

Nghién ctu sir dung NH4Fe(S0O4)2.12H20 (99%), Pb(CH3CHOO)2.3H,0 (98%), axit sunfosalixilic (99%),
NaOH, NaCl, HNOs, NH3z, H.SO. cta hdng Xilong.
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2.2 Chuan bj vt liéu hap phu tir vé nghéu [2]

V6 nghéu sau khi thu gom dugc ngam, rira nhiéu lan bang nuéc may, rdi ngdm qua dém trong dung dich
acid sulfuric 0.1 M dé loai bo cac tap chat hoa tan trén bé mat. Rua lai bang nudc cat dén khi pH cia nudc
rira khong d6i. Sau d6, vo nghéu duoc sdy ¢ 120 °Ctrong 24 gio, nghién va ray dé thu hat c6 kich thuéc <
1 mm. V6 nghéu sau khi nghién duoc nung ¢ cac nhiét do 200 °C, 400 °C, 600 °C, 700 °C va 800 °Ctrong 2
gid. Vo nghéu nghién duoc ky hiéu NCS d6i véi mau sau khi say va CCS_200, CCS_400, CCS_600,
CCS_700, CCS_800 vai cac mau sau khi nung & nhiét d6 twong ng.

2.3 Phan tich dic trung vt liéu tir vé nghéu

Céc mau vo nghéu nghién duoc phan tich bang phuong phap XRD trén thiét bi shimadzu 6100 (Japan) voi
CuKa ¢ budc song 1.5417 A 40 kV, dong dién 30 mA, goc quet trong khoang 10-80°, va tbe do quét
5.000°/phut; phuong phap hién vi dién tir SEM kém EDX trén thiét bi HITACHI FE-SEM S4800 véi gia
toc dién ap 3.0-10.0 kV; phuong phap FTIR dung k¥ thuat nén vién v6i KBr trén thiét bj Tensor 37 FTIR,
Bruker, Billerica. Ngoai ra dién tich bé mit cua vat liéu con dugc xac dinh tir qua trinh hép phu N2 sir dung
duong ding nhiét Brunauer-Emmett—Teller (BET) trong pham vi 4p suit twong déi 0,05-0.4.

Diém dién tich khong (PHpzc) cta vat liéu duge xac dinh bang cach chudn bi ddy binh chira 50 mL dung
dich NaCl 0.01 mol/L véi gia tri pHpa dd dugc diéu chinh tir 2 dén 12. Cho vao mdi binh 0.1 g may vat liéu
va lac hdn hop trong 24h. Sau d6 do pHy: ciia dung dich. V& d6 thi ApH = pHygq — pHy, theo pHpq dé xac
dinh pH,,. [5].

24 Hap phu ion kim loai trén vat li¢u tir vé nghéu

Bang 1. Cac cong thirc va md hinh [12,13] dé danh gia qué trinh hap phu Fe(III), Pb(II) trén vat liéu tir vo nghéu

Mo ta Cong thirc/phwong trinh Chu thich
Do hap phu q= G-V 1) Co (mg/L), C (mgL) lan lugt la nong do
q(mag/g) m Fe(I1I)/Pb(II) trudc va sau hap phy;
Hiéu suét xir [y H (%) = G=C ) V (L): thé’ tich cua dung dich Fe(I11)/Pb(11);
H(%) Co m (g): khoi lugng chat hap phu;
M0 hinh dong hoc
Kha kién béc 1 q: = qe- (1 —e7F2t) (3)| ge (mg/g): d6 hip phu can bang;
0t (mg/g): d6 hap phu & thoi diém t;
A L kp.q2.t ki (phdt?) va k, (g/mg.phut) 1an luot 14 hang sb tdc
Kha kicn bic 2 qe = 1+ky.qet “) d6 tng v&i md hinh dong hoc kha kién bac 1 va bac
2.
M5 hinh ding nhiét
Freundlich qo = KFC:/n (5)| 9m (mg/g): do hap phu cuc dai;
Lanamui _ amKiCe ©) Ce (mg/L): ndng do can bang ciia Fe(I1T)/Pb(II);
9 Qe = Tikice R: hing s6 khi (8.314 kJ.mol™);
Temkin qe = :—T In(Kr.C.) @) T (K): nhiét d6 tuyét doi;
— re : Kr, n; KL (L/mg); Kre (L.mg™); gor (Mg.g™) va Bor
Dubinin- _ (RTIn(1+5)) 8 (mol2 KJ2) 1an luot 1a cac hing sb trong cic mo hinh
Radushkevich de = qprexp( —2Bp5° ) ®) déng nhiét.

Céc thi nghiém hap phu ion Fe (111) va Pb(II) trén cac vt liéu tir vo nghéu dugc thyc hién nhu sau: can
chinh x4c khéi lugng vat liéu cho vao binh chira 100 mL dung dich Fe(l11), Pb(Il) c6 ndng do biét trudc va
da chinh pH trong truong hop can thiét. Lic hdn hop trong thoi gian xac dinh. Sau d6 loc va phan tich ndng
d6 ion kim loai con lai trong dung dich bang phuong phap UV-VIS ddi véi Fe(Ill) véi thude thir acid
sulfosalicylic va phuong phap AAS d6i v6i Pb(II). Két qua duoc xir Iy, tinh toan theo cac cong thirc va mo
hinh trong Bang 1. Cac thi nghiém dugc thyc hién 1dp lai tdi thiéu ba 1an dé tinh gia tri trung binh va khoang
tin cdy theo tiéu chuan Student.
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3 KET QUA VA THAO LUAN

3.1  Xic dinh thanh phén vit lidu tir vé nghéu

Céc mau vo nghéu nghién khong nung (NCS) va sau nung & céc nhiét d6 khac nhau da dugc phan tich béng
phuong phap XRD (Hinh 1). Thanh phan chinh ciia vo nghéu ngh1en chua nung la CaCOs & hai pha tinh
thé aragonite va calcite, dugc xac nhan tir dit liéu CaCOz (JCPDS s6 41-1475 va 29-0306). Qué trinh nung
da lam giam manh cuong do cac tin hi€u cua aragonite. Pac biét, khi nung ¢ nhiét do trén 400 °C, trong
mAu xuat hién thanh phan CaO (JCPDS sb 48-1467), trong khi d6 tin hiéu ctia aragonite gan nhur bién mét.
Diéu nay co thé do qua trinh gia nhiét da lam cho CaCOs; dang aragonite bi phan huy va tao thanh CaO.
Dinh nhon véi cuong d6 manh ddi voi cac mau chua nung va da nung cho thiy ban chat tinh thé cua chung,
tuong tu véi két qua cua nhom tac gia da cong bo [2,11].
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Hinh 1. Phé XRD va hinh anh thyc té ciia cac mau chét hap phu tir vo nghéu
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Hinh 2. Phé FTIR cua céac chit hap phu tir vo nghéu ¢ dang day du (a) va phong to (b)

Trén phd FTIR clia cic mau vat liéu tir vo nghéu (Hinh 2) déu ghi nhan cac dinh hap thu tai 1473, 1082,
860 va 713 cm?t dic trung ion cacbonat CO3%[2,3,14]. Dinh kép tai 698 cm ™! va 713 cm! va cuc dai tai
1082 cm! chi thu dwoc d6i v6i cac mau NCS va CCS_200 (Hinh 2b) dic trung cua cdu trac -aragonite [4].

Diéu nay phu hop véi két qua phan tich XRD khong ghi nhan peak ddc trung cua aragonite d6i voi cac mau
v6 nghéu nung tir 400 °C trd 1én. Nhom carbonyl C=0 trén bé mat NCS va cac mau CCS, tuong (mg voi
van phd tai 1786 cm™ [15]. Su c6 mit ciia mot lwong nhé thanh phan hiru co trong vé nghéu duoc ghi nhin
tai 2873 va 2987 cm! tuong g véi lién két C-H [2,14]. Cuc dai tai 2515 cm™" dic trung cho nhém O-H
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trong HCO3" [14]. Su giam cuong d6 peak va sy dich chuyén cua cac dai hép thu twong g véi COz% ddi
v6i cac mau nung & nhiét do tir 400 °C da khing dinh sy phan hiy mot phan CaCOs thanh CaO [2].

3.2 Lura chon nhié¢t d9 nung ti uu

Béng phuong phap XRD va FTIR trén ddy da chimg minh su thay d6i thanh phan khi nung vé nghéu. Bé
lwa chon vat liéu hap phy tdi uu trong xu ly ion kim loai néng, thi nghiém hap phu Fe(IlI) tir hai dung dich
250 va 500 mg/L da duogc thyuc hién ddi voi tat ca cac mau tir vo nghéu (Hinh 3). Két qua khao sat cho thay
qué trinh nung da anh hudng tich cuc dén kha nang xu ly ion kim loai nang cta vat li€u, dac biét dé dang
nhan thay ddi véi ndng do 500 mg/L. Piéu niy co thé giai thich, khi khi CO, thoét ra trong qua trinh phan
huy CaCOs tao cac 16 r6ng trong vat li€u, lam tang do xép, tao diéu kién cho céc ion kim loai d& dang tiép
can cac tam hap phu. Két qua xac dinh dién tich bé mat cho thay vat liéu CCS_700 c6 Sger dat 11,118 m%/g,
cao gip 5 1an so voi NCS. Twong tu, Laskar va cong su ciing d thong qua két qua phén tich BET chiing
minh 16 x4p trong vo dc ¢o kich thudc trung binh va kich thudc nay cang tang sau khi nung kém theo viéc
giai phong CO; Va tao ra CaO trong chat hap phu [2]. Dya vao két qua phan tich hinh thai bé mit SEM
ciing cho thay trén bé mit cia CCS_700 c6 nhiéu rénh va 15 rong so véi mau vat liéu khéng nung (Hinh 4).
Tuy nhién khi nhiét d6 nung ting 1én 800 °C, d6 hap phu thay ddi khong dang ké, nén vét liéu CCS_700 s&
duge chon 1am vt lidu tbi uu dé xtr 1y ion kim loai nang trong nudc.
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Hinh 3. Anh hudng cua nhiét do nung dén kha ning
hap phu Fe(IlI): m= 0,3 g; V = 100 mL; t = 60 phut;
pH =3; 25 °C.

Hinh 4. Hinh SEM cua vét liéu NCS (a, b) va
CCS_700 (c, d)

14 pH,=10.1
0 h! /.

Element Mass% Atom% 2 4 6 8 0 12
C 11.96+£0.12  19.8940.20 -1 pH,,y
(0] 48.02+0.12 59.94+0.68 _
Ca 38.08+033 18.97+0.02 = -2
= Orthers 1,94 12 T
z Total 100.00 100.00 = -3
@ =
= o
= -4
=
-5 -
e
-
-6 |/
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Hinh 5. Két qua xac dinh thanh phan nguyén t6 va diém dién tich khong ciia CCS_700

Vit liéu CCS_700 cling da dugc xac dinh thanh phan nguyén to (Hinh 5a). Két qua phén tich EDX cho thy
trong CCS_700, cac nguyén t6 Ca, O va C chiém phén 16n vé thanh phan (trén 98% vé khdi lugng). Cac
nguyén t6 con lai bao gdm Na, Mg, Al, Si, S, CI, Sr v6i ham luong khong dang ké (dudi 2%). S6 liéu nay
phu hop véi két qua XRD di néu vé6i thanh phan chinh 1a CaCOs dang calcite va CaO.
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Ngoai ra, v6i pH,,. = 10.1, bé mit vat liéu CCS_700 mang dién tich duong véi pH < 10.1 va nguoc lai.
C6 thé giai thich dién tich bé mat chat hip phu dwa vao phan ung thiy phén calcite CaCOj3 trong thanh phan
[14]. Qua trinh thuy phan tao ra cac loai ion khac nhau, trong d6 cac ion CaOH*, Ca?*, CaHCOs* chiém uu
thé & pH < pHpzc s& quyét dinh dién tich duong va cac ion COs?, HCOs™ chiém uu thé & pH > pHpzc s& quyét
dinh dién tich 4m trén bé mit. Tai diém cit truc hoanh trén dd thi, bé mit chit h'flp phu mang dién tich

khong. Két qua twong tu ciing dugc ghi nhin bai mot sb tac gia dbi voi chit hap phu cung loai [14-16].

Nhu vay, vat liéu tir vo nghéu duoc lua chon dé nghién ctru x1r ly Fe(II) va Pb(Il) trong nudc dugce nghién,
nung & 700 °C (CCS_700); c6 kich thudc < 1mm, mau xam den; v6i cac thanh phan chinh 1a CaCOs dang
calcite va CaO, trong d6 thanh phan nguyén t Ca, O va C chiém trén 98% vé khéi luong; bé mat co dién
tich thay doi theo pH clia mdi truong voi pH,z. = 10.1 va cac tim héap phu HCO3'; ¢6 nhiéu rénh va 18 xp

v6i Sger = 11.118 m#/g.
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Hinh 6. Anh huéng cua Thoi gian tiép xuc; Lugng vat liéu va pH dén kha ning hip phu Fe(III), Pb(ll) trén
CCS_700

Thoi gian tiép xiic

Theo két qua khao sat (Hinh 6) d6 hap phu tang manh trong thoi gian dau tiép xtic do cac tAm hip phu con
trong, cac ion d& dang tiép can va hip phu trén d6. Thoi gian tang Ién, 5O luong tam hép phu chua bio hoa
giam dan nén q ting cham dén khi dat can bang sau 40 phuat tiép xtc dbi voi Fe(Ill) va 10 phat ddi véi
Pb(Il).

Lwong vt liéu

Khao sat duge thuc hién véi 0.1; 0.2; 0.3; 0.4; 0.5; 0.7 va 1.0 g vat lidu va thé tich dung dich Fe(III), Pb(ID)
1a 100 mL (Hinh 6). Ban dau dung 1u0’ng hap phu ting dan khi ting lugng vat liéu do dién tich tlep Xuc
cling nhu s6 lwong tAm hap phu ti 16 thudn voi luong vt lidu. Sau do, kha ning hap phu giam dan vi véi
luong vat liéu lon s€ tang kha nang va cham gitra cac hat, lam che khuét va giam kha nang tiép can cta ion
kim loai véi cac tm hap phu. Di véi ca hai loai ion khao sat, voi luong chat hip phu 3 g/L déu thu duoc
gi4 tri hap phu 16n nhit nén dugc chon 1a didu kién t6i wu dé thyuc hién cac thi nghiém sau.

Moi trweong pH

Anh huéng ctia mdi truong duge khao sat ddi voi cac gia tri pH trong khoang tir 2 dén 8 (Hinh 6). O pH
cang thip, ngoai qua trinh canh tranh cua ion kim loai ning v6i H* do ndng d6 va do linh dong cta cac ion
H* cao hon, mot phﬁn vat liéu véi thanh phﬁn chu yéu la CaCOs3 va CaO bi hoa tan trong mdi truong acid
manh, dan dén hiéu qua hap phu thap. Tang pH, nong do ion H* trong dung dich gidm va lugng HCOs” va
COs? trén bé mit chat hap phu ting 1én [4], lam ting luc twong tac tinh dién giita ion kim loai v&i bé mat
chat hip phu nén hiéu qua xur 1y dwoc cai thién.

Véi ion Fe(III), & pH 4 bat dau tao két tia Fe(OH)s, dic biét ddi voi cac dung dich c6 ndng do 1on [17,18],
nén pH 3 dugc chon 1am pH t6i wu. Ddi véi dung dich Pb(II) bit dau ghi nhan két tua hydroxide ¢ pH trén
6 [8] nén moi trudng pH 6 duoc Iya chon 13 pH tdi wu. Céc gia tri pH t6i uvu nay duoc sir dung trong cac thi
nghiém tiép theo.

3.4 Pong hoc hip phu

Cac dac tinh vat 1y, hoa hoc cua chat hip phu, chat bi hap phu cling nhu diéu kién thi nghiém la nhirng yéu
t6 quyét dinh dong hoc cua qua trinh. Viéc nghién ciru dong hoc hap phu cho phép udc tinh téc do hap phu,
du doan va giai thich téc d6 hap phu. Nhiing thong tin nay rat can thiét cho viéc thlet ké va md hinh hoa
qua trinh hap phu. S6 liéu khao sat kha ning hap phu theo thoi gian dbi voi cac ndng do khac nhau (Hinh
6) dugc mo ta theo moé hinh dong hoc ¢ dang phi tuyén Vi cac cong thuc (3) va (4).

Theo két qua trong Hinh 6 va Bang 2, dong hoc hap phu Fe(III), Pb(II) trén CCS_700 tuan theo md hinh
dong hoc kha kién bac 2. Theo d6, & cing nhiét do, ko giam khi tang néng d¢ ion kim loai ban dau, ciing co
nghia thoi gian dat can bang hip phu ting theo ndng d6 cua chat bi hap phu trong dung dich [19].
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Bang 2. Mot s6 thong s6 dong hoc hap phu ion Fe(III) va Pb(II) trén CSS_700

- ) Fe(l11) Pb(I1)

Mo hinf Datluong 250mg/L | 500mg/L | °S0mg/L | 100mg/L
Gocal (MQ/Q) 76.81 143.8 14.70 32.77
Pong hoc bac 1 ki (L/pht) 0.121 0.1100 0.337 0.229
R2 0.79 0.83 0.90 0.98
Ge.cal (MY/g) 85.65 162.3 18.56 45.36
Pong hocbic2 | ko (g/[mg.pht]) 0.002 0.0009 0.019 0.004
R2 0.92 0.94 0.93 0.99

3.5

Két qua khao sat anh huong nong d6 Fe(Ill) va Pb(I) dugc xir 1y bing cac md hinh ding nhiét nhu
Freundlich, Langmui, Temkin va Dubinin-Radushkevich véi cac cong thic (5)-(8) dugc trinh bay trong
Bang 1. Pbi véi ca hai kim loai ning, md hinh Freundlich phu hop dé mo ta két qua thuc nghiém vi cho hé
sd twong quan cao nhat (Hinh 7, Bang 3). Hé s6 Kr co gia tri kha cao, 1an lugt 1 40.80 va 26.17 (mg.g’
)(L.mg™)" d6i voi Fe(IT) va Pb(II) cho thiy cac ion kim loai hap phu tét trén CSS_700. Gia tri n 1an luot
d6i voi Fe(IIT) va Pb(Il) 1a 4.00 va 3.92 (déu >2) chimg 6 cac diéu kién thyc nghiém da thiét 1ap la phu
hop [12]. Ngoai ra, viéc s6 liéu thuc nghiém tuong quan t6t voi md hinh Freundlich chimg to bé mat vat
liéu c6 tinh chat di thé. Diéu nay ciing dugc mot sb tac gia ghi nhan khi nghién ctru dang nhiét hap phy ion

Ping nhiét hip phu

kim loai trén vat li€u cung loai [20,21].

a, mg/g

180 - Fe(l11)
160 -
140 -
120 -
=
£ 100 .
S W :
80 Iy m Két qua thyc nghiém
L —- - - M0 hinh Langmuir
60 —— M hinh Freundlich
- -+ M0 hinh Temkin
40 1 MG hinh Dubinin-Radushkevich
| |
20 -
T T T T T
0 50 100 150 250
C., mg/L
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Hinh 7. Puong dang nhiét hap phu Fe(III) va Pb(II) trén CCS_700

Béng 3: Cac thong s6 ding nhiét hip phy Fe(III), Pb(II) trén vat liéu tir vo nghéu CCS_700

Mb hinh Dai lwong Fe(l11) Pb(I1)
Kg, (mg.gt)(L.mgt)¥n 40.80 26.15
Freundlich n 4.00 3.92
R? 0.95 0.93
gm, Mg.g* 148.63 76.4
Langmuir Ky, L.mg? 0.174 0.41
R? 0.88 0.91
Temkin bre, J.mol? 106.81 240.86
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Kre, L.g" 3.01 17.34

R? 0.94 0.91

b Oor, Mg.g* 137.84 68.94

Dubinin- - s
Radushkevich Bor, Mol kJ 10.43

R? 0.83 0.85

Qua trinh hip phu cac ion kim loai nang Fe(IIl) va Pb(II) trén vo nghéu nung c6 thé dugc giai thich theo
céc co ché khac nhau. Qua trinh trao ddi ion khi thay thé Ca®* bang cac ion ¢ kha ning tao hop chat co do
tan kém hon CaCOs (tich s6 tan cua CaCOs va PhCO; lan luot 1a4.8* 10 va 7.49*10"%). Co ché nay dugc
mot s tac gia dé xuét trong nghién ctru hap phu Cu(Il) trén vo dc [4], hay hap phy Cd(II) va Pb(Il) trén cac
loai vo chira nhidu véi [15]. Luc hit tinh dién giita cac ion COz%, HCO3™ trén bé mat vat liéu véi cac ion
kim loai ndng mang dién tich duong, dac biét khi pH dung dich cang cao. Tuong tac ndy cling dugc ghi
nhan boi mot s6 tac gia khi hap phu Cu(Il) trén vo 6¢ [4], Hg(Il) va As(III) trén vo so hai mau Cardita
bicolor nung [22]. Ngoai ra viéc dua vo nghéu nghién dd nung vao cac dung dich chira ion kim loai ning
cling lam tang nhe pH cia dung dich, dac biét ddi véi cac dung dich c6 tinh acid, khi mét lwong nho CaCOs
bi hoa tan [23]. Diéu nay tao diéu kién cho cac ion kim loai két tia dudi dang hydroxide trén bé mat vat
liéu hoac keo tu trong dung dich. Hién tugng nay cang de dang xay ra dbi voi sat, khi & pH 3, sat ton tai
dusi dang Fe**, Fe(OH)* va Fe(OH),", trong do dang ton tai chu yéu la Fe(OH)2+ [24]. Minh chimg cho
hiéu qua xtr ly dwa trén co ché két tiia hydroxide chinh 14 sy khac biét vé gia tri do hap phu cuc dai cia vt
liu d6i v&i Fe(I1T) so véi Pb(IT) trong nghién ciru nay, ciing nhu su vuot troi so véi mot sd vat lidu tu nhién
khac khi cung xur 1y Fe(1lI) trong nuéce [25-30]. Ngoai ra, 16p mau néu d6 phu trén bé mat vat liéu sau xtr
ly Fe(IlI) (Hinh 8) cang 16 rang cho thdy su c6 mit ctia két tia Fe(OH)s. Dya vao kha nang lam giam pH
dung dich va gy két tia chét tan, Oladoja va cic cong su da sir dung vo so dé keo tu phén ctia malachite
green trong nudce [23].

bé danh gia do bén cia chit hép phu khi xtr 1y kim loai ndng, vat li€u sau hép phu duoc phan tich béng
phuong phap XRD va FTIR. So sanh phf) XRD va FTIR ciia CCS_700 trudc va sau khi hap phu Fe(Ill),
Pb(II) cho thdy thanh phan pha duoc giir nguyén (Hinh 8,9). Sy c6 mét cua Fe hoac Pb trong vat liéu sau
hép phu duoc minh ching rd rang bang két qua EDX (Hinh 9). Ham lugng Fe va Pb trong vt liu chiém
9.79 % va 32.40% vé khdi luong twong mg 3.46 Yo va 3.78% vé thanh phan nguyén tb, trong khi trong vat
lidu truéc hap phu khong phat hién cac nguyén t6 nay. Didu nay cho thiy sy co6 mit clia cac kim loai ning
Fe(lIl) va Pb(I1) trén vat liéu sau xur 1.

Ngoai ra, phd EDX con ghi nhan ham lugng S chiém 2.09% vé khéi luong trong vat ligu CSS_700 sau khi
tiép xtic vai dung dich mubi Morh. Biéu nay c6 thé giai thich do qué trinh trao ddi ion giira ion SO42 trong
dung dich véi ion COz% trén bé mat vat lieu dé tao két tua co tich sb tan bé hon (Teaco, = 48+

1079, Teaso, = 1.08 x 1071°) song song véi qué trinh hap phu Fe(lll).

—— ccs_700 P
—— CCS 700 Fe

—— CCS_700
vy
T - W
3 j
£ fa,&;
3 Y

T%

Intensity, a.u

——CCS_700-Pb ‘

———CCS_700- Fe

——CCS_700 W
T T T T T T T

4000 3500 3000 2500 2000 1500 1000 500

1

YT
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20 (degree)

Hinh 8. Phd XRD, hinh anh vat liéu va phé FTIR cta vt liéu CCS_700 truée va sau hip phu Fe(III)

S6 song, con”
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Mass% Atom%
11.37:0.10 | 18.67+0.17
o] 52.2140.39 | 64.36+0.48
S 2.09+0.05 1.29+0.03
Ca 23.40+0.21 | 11.5240.11
Fe 9.79+0.24 | 3.46+0.09
1.14
100.00

[ ]Css 700-Pb

Mass% Atom%
) 16.28+0.25 | 32.75+0.35
0 35.76+0.27 | 54.00£0.52
Ca 1531+0.18 | 9.2320.13
Pb 32.40+0.42 | 3.78+0.08
0.25 0.24
100.00 100.00

Intensity

Intensity

Hinh 9. Két qua phan tich EDX cac miu vo nghéu nung CSS_700 sau khi hap phu Fe(l11) va Pb(11)
So sanh két qua thu dugc véi cac cong b vé& hip phu Fe(IID), Pb(11) trén mot s6 vat lidu cho thay kha nang
hép phu cta ddi tuong nghién ciru khong nhirng co thé so sanh ma con c6 gia tri vuot troi doi véi mot so

vat lidu (Bang 4), nén rat kha thi trong img dung xtr 1y ion kim loai ning trong nudc.

Bang 4: D6 hip phu cuc dai cia mot s vat liéu ddi vai Fe(III) va Pb(l1)

Hap phu Fe(III) Hap phu Pb(II)
£, 4 A , x X, 4 A Qmax, Tai liéu tham
Chat hap phu Omax, (M@/g)| Trich dan Chat hap phu (mglg) Kkhio
Zeolit NaY 57.80 [25] Carbon gel 16.95 [31]
Apatite ty nhién 10 [18] Perlite 6.27 [32]
Dét sét ty nhién 12.86 [26] Rong mo 9.9 [33]
Dit sét hoat ho4 axit 19.25 [26] Né&m c6 tranh 5.8 [33]
Layered-double-
Silica gel chirc nang hydroxides-
> 112.2 [27] coated/hollow carbon 205.68 [34]
thiocyanat .
microsphere
composites
f Molybdenum
Than hoat tinh tir vo 37.16 [28] disulfide/reduced 384.16 [35]
qua Bombax ceiba .
graphene oxide
Zeolite Micro 20 10.19 [29] V6 b¢ buu vang 57.25 [36]
Zeolite Micro 50 9.73 [29] Solamen Vaillanti 26.04 [8]
Blue bentonite 11.64 [29] Dit do 10.31 [37]
. Vit liéu composite
Brown bentonite 16.65 [29] than sinh hoc tir tinh 142 [38]
Than hoz,}t tinh tur 28.9 [30] Synthetic AII_ophane 88 [39]
trau Suspension
Vo nghéu nung 170 Nghle‘n cuu Vo nghéu nung 85 Nghle‘n cud
nay nay

4 KET LUAN

Trong nghién ctru ndy, vat liéu sinh hoc dang bot tir vo nghéu lya thu duge bang phuong phap nung truyen
thong da duoc sir dung dé loai bo cac ion Pb(Il) va Fe(III) trong nudc. Anh huéng cua cac thong s6 khac
nhau nhu nhiét d6 nung vt liéu, moi truong pH, thoi gian tiép xic, lugng vat liéu hap phy, nong d6 ban
déu cua cac ion kim loai di duoc khao sat. Thuc nghiém da chimg minh mau vo nghéu nghién nung & 700
°C 1a t6i uu dé hap phuy cac ion kim loai ning trong nudc. Véi lugng vat liéu 0.3 g/L, 25°C, pH 3, thoi gian
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lac 40 phut d6i voi Fe(IIT) va 0.3 g/L, 25°C, pH 6, thoi gian lic 10 phat ddi véi Pb(IT), dung luong hip phu
dat dwoc 1an luot 1a 170 mg/g tir dung dich Fe(III) 800 mg/L va 90 mg/g tir dung dich Pb(II) 600 mg/L. So
v6éi mot s6 mé hinh d'fmg nhiét dugc danh gia, moé hinh déng nhiét Freundlich c6 tinh nhét quan tdt hon vai
s6 liéu thuc nghiém khi c6é h¢ sb twong quan 16n nhét. Nghién ctru dong hoc ctia qua trinh hép phu con cho
thdy ring mé hinh dong hoc kha kién bac hai thich hop dé mé ta két qua thuc nghiém. Nghién ctru da cho
thiy tinh kha thi, than thién voi moi truong, chi phi thap nhung hiéu qua cao trong viée sir dung vat liéu
nung tir vo nghéu dé xur 1y kim loai nang trong nudc.

LOI CAM ON

Xin cam on Khoa’CGng nghé Hoa hoc — an(‘rr}g Pai hoc Cong nghi¢p TP HCM da tao diéu kién vé thiét
bi va co s& vat chat trong qua trinh thuc hién d€ tai nghién ctru nay.
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USING MATERIAL FROM CLAM SHELLS (UNDULATING VENUS) TO REMOVE Fe
(111) AND Pb (11) IN WATER

DO THI LONG*, DOAN ANH THU, TRAN THI DIEU THUAN
Faculty of Chemical Engineering, Industrial University of Ho Chi Minh City,
*Corresponding author: dothilong@iuh.edu.vn

Abstract. In this study, using the traditional method of calcination, powdered materials from crushed clam
shells (Undulating Venus) were created, that were capable of treating heavy metals in water. By XRD,
FTIR, SEM, and EDX analysis methods, identified clam shells with the main component CaCQOs in the
form of aragonite and calcite. This composition was changed if calcinating clam shells at a temperature
above 400 °C, with mainly CaCOs in the form of calcite and CaO. It was determined that the crushed clam
shell calcined at 700 °C (CSS_700) was optimal for the treatment of heavy metal ions in water. With the
specified conditions: 0.3 g/L, pH 3; 25 °C and shaking time 40 minutes for Fe(lll) and 0.3 g/L CSS_700,
25°C, pH 6, shaking time 10 minutes for P(I1), the maximum adsorption capacities achieved 170 mg/g from
the Fe(l11) concentration of 800 mg/L and 90 mg/g from the Pb(l1) concentration of 600 mg/L Pb(1l). EDX
results demonstrated that the composition of Fe and Pb in the after-adsorption material accounted for about
9.79% and 42.40%, respectively, by mass, while in the before-adsorption material, weren't detected. The
experimental results were well described according to the Freundlich isotherm model and pseudo second-
order kinetic model. The research has shown feasibility, environmental friendliness, and low cost but high
efficiency in using calcined materials from clam shells to treat heavy metals in water.

Keywords: Clam shells, adsorption, Fe(l11), Pb(ll), sulfosalicylic acid, UV-VIS, AAS.
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