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SUMMARY

RESEARCH ON SYNTHESIS OF HYDROXYAPATIT DOPED BARIUM POWDER
(Ba-HAp) AND ITS APPLICATION ON TREATMENT OF Cd?* ION

Hydroxyapatite doped barium powder (Ba-HAp) was synthesized by chemical precipitation method
from Ca(OH),, Ba(OH), and H3PO4 at pH 10 - 12. Effect of factors such as Ba%* concentration,
synthesis temperature on phase structure of Ba-HAp powder was investigated. The results show that
low concentrations of Ba?* (Xga = 0.05 to 0.3), Ba-HAp powders have crystalline structure, single
phase of HAp. At a ratio Xga = 0.3, Ba-HAp powder has spherical shape with average diameter 65 nm
and the barium acts as a doping element in their composition (8.25 wt.%). Factors affect Cd**
treatment efficiency of Ba-HAp powder (Xga = 0.3) which were also studied. At a temperature of 70°C,
pH =2, 0.2 g Ba-HAp powder can treat of 50 ml Cd?* 562 mg/l with high efficiency (95%).

Keywords: Hydroxyapatit doped barium (Ba-HAp), Cd?* ion, chemical precipitation.

1. MO PAU

O nhiém kim loai ning trong nuéc lam anh
huong 16n dén sic khoe, tinh mang cua con
nguoi, 1am hay hoai méi truong séng. Do do
van dé xu ly ion kim loai ning dang nhan duoc
su quan tam cua cac nha khoa hoc. Theo tiéu
chudn WHO, ham luong ion kim loai ning cho
phép co trong nudc udng rat thap, téi da voi
Pb: 0,05 mg/l; Hg: 0,5 mg/l; As: 50 mg/l; Cd:
0,003 mg/l; Cr: 0,005 mg/l; Mn: 0,1 mg/l. Néu
ham lugng vuot qua mic cho phép sé gay anh
huong dén suc khoe ciing nhu tinh mang con
nguoi. Hién nay trén thé gisi ciing nhu & Viét
Nam di va dang ap dung nhiéu phuong phap
xir ly ion kim loai nang bang céc vat liéu hap
phu khac nhau nhu: than hoat tinh, zeolit, dat
sét, cac loai vat liéu polyme va hydroxyapatit
(HAp) [2-6]. Trong d6, hydroxyapatit 1a mot
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trong nhirng vat liéu hip phu méi day hta hen
vGi dac tinh héa hoc dic biét va kha nang xir ly
nudc ¢6 chira flo va kim loai niang bang cach
hap phy, trao doi ion, két tia hoac tao phic voi
hiéu suat cao.

HAp c6 cong thic Caio(PO4)s(OH)2, la thanh
phan chinh trong xuong (chiém 65 — 70 % khéi
luong) va rang (chiém 99 %). HAp khong gay
doc va co tinh sat khuin cao. Do d6 no duoc
ung dung rong rai trong y sinh ciing nhu trong
xtr Iy cac ion c6 hai trong nudc udng va nudc
sinh hoat.

Mot vai nghién ctu chi ra ring bot HAp pha
tap thém ion Ba?*, Sr?* da cai thién duoc dién
tich bé mat riéng, tdng kha nidng xdc tic, tang
kha nang hap phu, dac biét khi pha tap ion Ba?*
thi vat liéu nay cd tinh chiu nhiét cao, c6 kha
nang hip phy, trao doi ion vai cac kim loai



nang dé dang do Ba c6 ban kinh 16n hon Ca
(0,135 A va 0,099 A twong tng) [7-13].

Bai b4o nay gisi thiéu két qua tong hop bot
hydroxyapatit pha tap Ba bang phuong phép
két tua hda hoc va nghién ciu kha nang xir ly
Cd?* cua bot Ba-HAp tong hop dugc.

2. THUC NGHIEM VA PHUONG PHAP
NGHIEN CUU

2.1. Thiét bi va vat tu

Céc dung cu, thiét bi sir dung trong nghién ctu
bao gdm: buret, cbi ma ndo, can phan tich
Precica XR 205SM-DR (Thuy Sy), may khudy
tir gia nhiét AREX Digital Velp, ta sdy va may
do pH cam tay PH-3110

Céc thiét bi str dung dé phan tich céc tinh chat
dic trung cua vat liéu bao gom: thiét bi do phd
hong ngoai bién d6i Fourier (Nicolet 6700);
thiét bi do gian d6 nhidu xa tia X (SIEMENS
D5000) va phd tan xa ning luong tia X (Jeol
6490 JED 2300); thiét bi kinh hién vi dién tir
quét SEM S4800 cua hang Hitachi, Nhat ban.
2.2. Hoa chét

Cac héa chat sir dung trong nghién ciu gom:
Ca(N03)2.4H20, Ba(N03)2, (NH4)2HPO4, NHs
dic 25-28%, Ba(OH); Ca(OH), va HsPOu,
clorofom, HCI 0,2M, NaOH 5% la cac hoa
chat tinh khiét cua hang Xilong, Trung Qudc.
Thubc thir  dithizone PA,  Pb(NOs),,
Cd(NO3),.4H,0, Cu(NO3),.3H,0 la hda chat
tinh khiét caa Merk.

2.3. Thuc nghiém

2.3.1. Téng hep bt Ba-HAp

Bot Ba-HAp dugc tong hop bang phuong phap
két taa héa hoc theo phurong trinh:
(10-x)Ca(OH), + xBa(OH); + 6H:PO; —
Caio- xBax(PO4)s(OH), + 18H20 (1)
Nhé 19,5 ml dung dich H3sPO4 0,154 M vao 500
ml dung dich chira Ca?* va Ba?* tng nong do
0,02 M (ti 1&é Xga = [Ba?*]/[Ba?* + Ca?'] thay
déi trr 0,05; 0,1; 0,2; 0,3; 0,4; 0,7) Véi toc do
nho 1 ml/phdt (twong ng voi thoi gian tong
hop 20 phat), khudy tr veoi téc d6 800
vong/phit va thay d6i nhiét 6 tong hop 35°C,
50°C, 70°C, 80°C, 90°C. Trong suét qua trinh
tong hop pH nam trong khoang 10-12. Sau khi
nho dung dich HsPO4 xong, gia hda 4 gio 30
phit c¢6 khudy tir téc d6 800 vong/pht, luu
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mau trong 24 gio & nhiét do phong. Sau d6 loc
rira két tia nhiéu 1an bang nuéc cat dén pH =7
va say ¢ 80°C trong 48 gio. Cudi cung mau
dugc nghién trong céi mé ndo véi lugng 2,3 g
trong thoi gian 60 phut thu dugc bot Ba-HAp.
Céac nhom chire dac trung trong phén tr Ba-
HAp duoc xac dinh bang phd hong ngoai bién
d6i Fourier (FTIR) trén thiét bi Nicolet 6700,
st dung ki thuat ép vién KBr trong khoang sb
s6ng tir 4000 dén 400 cm’. CAu tric pha va
thanh phan cac nguyén té cua bot Ba-HAp
dugc xac dinh bang gian d6 nhidu xa tia X thuc
hién trén may SIEMENS D5000 va phé tan xa
nang lugng tia X (EDX) thuc hién trén may
Jeol 6490 JED 2300. Hinh thai hoc bé mat cua
bot Ba-HAp duoc xac dinh bang kinh hién vi
dién tir quét SEM S4800 cua hang Hitachi,
Nhat ban.

Hiéu suat tng hop bot Ba-HAp (H%) va hiéu
Suat pha tap Ba (Hp) dugc tinh theo phwong
trinh (2) va (3).

H%) =™ 100%

LT

m
H, =—=Tx100%  (24)
m

Ba-LT 3)
Trong d6: myt: khdi luong bot Ba-HAp theo ly
thuyét tinh dugc theo phuong trinh (1).

mr: khéi lwong bot Ba-HAp thuc nghiém thu
dugc bing cach can mau sau tong hop trén can
phan tich Precica XR 205SM-DR, Thuy SJ.
mean: Khéi lugng Ba pha tap trong thanh
phan cua Ba-HAp xac dinh tir pho EDX.
mea: Khéi lwong Ba theo ly thuyét trong
Caio- xBax(PO4)6(OH), dugc tinh theo phuong
trinh (1).

2.3.2. Phuwong phdp xir ly Cd?*

Lay m (g) (m = 0,1; 0,2; 0,4; 0,6) bot Ba-HAp
phan tan vao 50 ml dung dich Cd?* 562 mg/l
dugc pha tir mudi Cd(NO3)2.4H,0. pH dung
dich dugc diéu chinh bang cach thém V (ml)
(v6i V =0;0,1; 0,5; 1; 4) dung dich HCI 0,1M
twong ung véi pH = 6; 5; 4; 3; 2. Céac dung
dich dugc khudy tir v6i téc do 800 vong/phat
trong thoi gian 15 phat. Nhiét do dung dich



thay ddi: 35°C, 50°C, 60°C, 70°C, 80°C, 90°C.
Thoi gian tiép xuc: 15, 30, 40, 50, 60, 120
phit. Loc lay dung dich dé xac dinh ndng do
ion Cd?* con lai sau xu Ii.

2.3.3. Phwong phdp tric quang xdc dinh ham
lwong Cd?*

Phwong phap nay dya trén nguyén tic chung la
xay dung duong chuan su phu thudc cia nong
d6 Cd?* theo do hap thu quang.

2.3.3.1. Xay dung dwong chudn

» Chudn bj dung djch

Dung dich dithizon: 2,248 (mg) pha trong 500
ml dung dich clorofom (dung dich thu dwoc c6
mau xanh den va dugc bao quan trong ngan
mat ta lanh).

Dung dich géc Cd?* 2,248 mg/l dugc chuan bi
bang cach hoa tan 6,1696 mg Cd(NO3),.4H,0
trong 1 lit nuéc cat. Tir dung dich gdc, pha mot
day 12 dung dich chuan c6 nong do Ccq (Mg/l)
khac nhau: 0,337; 0,450; 0,562; 0,674; 0,787
0,899; 1,012; 1,124; 1,349; 1,574; 2,023 va 2,248.

> Xay dung dwong chudn sw phu thugc mdt
dé quang theo nong dé Cd2*

Hat 25 ml cac dung dich trong ddy chuan trén
cho vao phéu chiét, thém 40 ml dung dich HCI
0,2 M. Sau d6 thém dung dich chua: 25 ml
dung dich dithizon/cloroform va 10 ml dung
dich NaOH 5%, lic manh trong vong 3 phut,
dung dich chuyén sang mau hdng canh sen do
sy tao thanh phuac cadimi dithizonat
(Cd(C13H12N4S),), dé yén 3 phut sau d6 chiét
phirc, do mat d6 quang ¢ dai budc séng 200
nm dén 650 nm thuc hién trén may DR/2010
spectrophotometer (HACK). Tt cac gia tri mat
do quang thu dugc xay dung duoc phuong
trinh duong chuan sy phu thudc tuyén tinh cua
mat d6 quang vao nong do Cd?*.

Phé UV-VIS biéu dién sy bién d6i mat do
quang theo budc song ¢ nhitng nong do Cd?*
khac nhau trong khoang budc séng tir 200-650
nm (hinh 1). Két qua cho thay tai budc song A
= 490 nm mat d6 quang c6 gia tri cuc dai va
tang dan khi ham luong Cd?* ting. Nong do
Cd? thay ddi tir 0,337 dén 2,248 mg/l, d6 hip
thu quang ting tuyén tinh trong khoang tir
0,075 dén 1,330, theo phuong trinh y = 0,657x
- 0,154 véi hé sb tuyén tinh R2 = 0,999 (hinh
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2). Trong d6: x 1a nong d6 Cd®* va y la mat do
quang. Dwa vao phuong trinh duong chuin c6
thé ngoai suy dwuoc néng do ion Cd?* con lai
sau xur Ii.
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Hinh 2. D6 thi dwong chudn biéu dién si phu

thugc ciia mdt dg quang theo nong dg Cd2*
2.3.3.2. Xdc dinh nong dé Cd?*
Dung dich Cd?* sau xir Ii duoc tao phuc véi
dithizon (phtrc cadimi dithizonat) va xac dinh
mat do quang duoc thuc hién tuong ty nhu
trong muc 2.3.1. Néng do6 Cd?* trong dung dich

Mat do quang




sau xu li dugc ngoai suy tir phuong trinh
duong chuan.

Hi¢u suat hap phu H (%) va dung lugng hap
phu Q (mg/g) duoc tinh theo cac cdng thuc (4)
va (5) [14].

(C0 -C, )xlOO

H= ® @

Q=W mglg) )

Trong d6: Co: Nong d6 ion Cd?* ban dau
(mg/l).
Ci: Nong d6 ion Cd?* tai thoi diém hap phu dat
can bang (mg/l).
V: Thé tich dung dich ion kim loai (1).
m: Khéi lugng bot Ba-HAp (g).
Sy hip phu Cd?* Ién bé mat Ba-HAp duoc xéac
dinh theo md hinh hép phu déng nhiét
Langmuir va Freundlich twong tng véi céc
phuong trinh tuyén tinh (6) va (7) [14].

C 1 1

(6)

—e - e t—
Q Qm QmKL
InQ=In K. +%In(Ce) )

Trong d6, Ce la ndng d6 Cd?* & trang thai can
bang; Q 1a dung lwong hip phy; Qm la dung
lwong hap phu 16n nhit tinh theo dudng dang
nhiét Langmuir Qe = f(Ce); K. 1a hing s can
bang hdp phu. Kr va n 1a cac hing sé thuc
nghiém Freundlich.

Dong hoc cua qué trinh hap phu Cd?* dwoc xac
dinh theo phuong trinh dong hoc gia bac 2
[15]:

t 1 1

—=—1t+ 5
Qt Qe KZ'Qe
Trong d6: Qe va Q 1a dung lwong hip phu ¢
trang thai can bang va ¢ thoi diém t (mg/g), K
la hang s6 toc d6 cia phan tng (g/mg.phut).
2.4. Xac dinh ndng d9 Ca?*
Nong do Ca?* trong dung dich sau xir li dugc
xac dinh bang phuong phap chuan do st dung
EDTA 0,02 N. Liy V = 50 ml dung dich sau
xt I vao binh nén dung tich 250 ml. Thém vao
binh nén 4 ml dung dich dém amoni clorua
(pH = 10), chi thi ETOO (khoang 1/2 hat gao),
5 giot dung dich NazS 10%. Dung dich cé mau
tim hoa ca (pH = 101t 0,1). Chuin d6 ngay
bing dung dich EDTA. Diém két thdc chuan
d6 mau cua dung dich chuyén tir mau tim hoa

(8)
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ca sang mau xanh. Nong d6 Ca?* trong mau
duoc tinh theo cong thuc sau:

o VN

ca® 2\/
O day N= 0,02 N, la nong d6 dwong lugng cua
EDTA, V, (ml) la thé tich dung dich EDTA.
3. KET QUA VA THAO LUAN
3.1. Téng hop Ba-HAp
3.1.1. Anh hwong cua ti 1é thanh phan
Hinh 3 biéu dién phd FT-IR cua bot Ba-HAp
V6i ti 1& Xga thay d6i: 0,05; 0,1; 0,2; 0,3; 0,4 va
0,7 téng hop & 70°C. Cac phd déu xuit hién
cac pic dac trung cho cac dao dong caa nhom -
OH va PO,* trong phan tr HAp. Pic hip thu
V6i cudng d6 manh, van phé rong, tu tai sb
séng khoang 3450 cm* dic trung cho dao dong
cia nhom —OH. Ngoai ra dao dong cua nhém
nay con dic trung bai mot s6 van phd & vi tri
s6 séng khoang 1630 cm™, twong wng cho dao
dong hoa tri va dao dong bién dang cua nhém
—OH, ving hap thy tai 1430 cm™ dic trung cho
dao dong cta nhém cachonat COs%. Cac dinh
hip thu tai khoang budc séng 1040 cm?; 560
cm? ung dao dong bién dang cua nhém
photphat PO,%.

>
X,, = 0,05 -OH CO, PO,

/]

26) ©
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Hinh 3. Phé FT-IR cia bét Ba-HAp tong hop ¢
cac t7 Ié Xga khac nhau
Cau triic pha cua bot Ba-HAp tong hop & cac ti
16 Xga khac nhau dwoc thé hién trén hinh 4.
V6i Xga = 0,05; 0,1; 0,2 va 0,3 gian db nhiéu
xa tia X chi thdy xuit hién cac pic nhidu xa dac
trung cua tinh thé HAp. Hai pic nhiéu xa dic
trung nhat véi cuong do 16n & géc nhidu xa 260
= 31,9° va 25,86° tuong ng v6i mit phing
tinh thé c6 chi sb Miller (211) va (002). Tuy
nhién, khi ham Iugng Ba?* l6n hon (Xga =
0,4 va 0,7), gian d6 nhidu xa tia X ngoai
céc pic dic trung cho tinh thé HAp con xuat
hién cac pic dic trung 1a cac mudi khac cua Ba
nhu Bas(PO4)2 va BaCOs. Sy cé mat cua hai



mudi cacbonat va photphat cua bari c6 thé
dugc giai thich nhu sau: ban kinh ion cta Ba?*
l6n hon nhiéu so véi ban kinh cua Ca?* (0,135
A va 0,099 A), do d6 Ba thay thé Ca trong
phén tc HAp kho khin hon; khi Xg, tang, ion
Ba%* trong dung dich nhiéu, dé dang két hop
v6i PO,> va COz?% dé tao thanh Bas(PO4), va
BaCOs. Su ¢d mit cua CO3% dugc giai thich do
su hoa tan cia CO; trong nudc.

Thanh phan cua bot Ba-HAp véi ti 1¢ Xes =
0,05 va 0,3 dugc danh gi4 boi phuong phép tan
xa nang luong tia X (hinh 5). Trén ca hai pho
EDX déu quan sat thay nhiing pic dic trung
cho cac nguyén té trong thanh phan cua Ba-
HAp 1a Ca, P, O, Ba. Hiéu suat tong hop va
hiéu suat pha tap Ba duoc tinh toan theo cong
thirc (2) va (3). Hiéu suat tong hop bot Ba-
HAp trén 72%. Hiéu suat pha tap tang khi ting
ti 18 Xga tir 0,05 dén 0,3. Khi ti 18 Xga ting tir
0,05 dén 0,3, hiéu suat pha tap ting tir 65 dén
73% (bang 2).

a
a a a
a _
a X,, =005
- —
; Xoa = 0,1
=
= —
g Xaa = 0,2
=
o0
X, =03
,§ ) Ba
3]
b cb X, =04
X, =07

10 20 30 40 50 60 70
20 (do)
Hinh 4. Gidn do nhiéu xa tia X cia bét Ba-
HAp tong hop ¢ céc ti 1é Xsa khac nhau (a:
HAp; b: Bas(PQa),; c: BaCOs)
fo) P Ca

Cuong do tan xa

X, = 0,05

3 456 7 8 9 10

Nang lugng (keV)
Hinh 5. Pho tan xa nang heong tia X cua Ba-
HAp véi ti 16 Xga = 0,05 va 0,3Bang 2. % khdi
lirong (% m), % nguyén tir (% a) va hiéu suat
pha tap (Hp) cua bét Ba-HAp véi Xga = 0,05
va 0,3.
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Mau % O P Ca Ba Hu(%)
Ba-HAp % m 48,76 14,14 32,68 4,42 65
(Xea=  %a 70,0310,89 17,43 0,74

0,05)

Ba-HAp % m 19,07 22,20 50,48 8,25 73
(Xsa= %a 32,76 27,82 46,58 1,87

0,3)

Hinh thai hoc ctua bot Ba-HAp dd dugc khao
sat bang phuong phap SEM cua bot Ba-HAp
vaGi ti 1&é Xga = 0,3 & cac d6 phong dai khac
nhau (hinh 6). C4c tinh thé HAp pha tap Ba c6
dang hinh ciu, kha ddng déu vé kich thudc, véi
duong kinh hat trung binh khoang 65 nm.

byt 0 At ‘._‘s? :

Hinh 6. Anh SEM cuia Ba-HAp (Xga = 0,3) &
cdac do phong dai khéac nhau

3.1.2. Anh hwéng cia nhigr dp

Anh huong cua nhiét do toi bot Ba-HAp da
duoc khao sat bang phuong phap nhidu xa tia
X. Gian dd nhidu xa tia X cua bot Ba-HAp ti Ié
Xga = 0,3 tong hop & cac nhiét ¢ khac nhau
35; 50; 70; 80 va 90°C dugc thé hién trén hinh
5. Két qua cho thiy ¢ nhiét do tong hop thap
35°C va 50°C quan sét thay cac pic dic trung
cho Bas(PO4),. Khi nhiét do tong hop cao: 70;
80 va 90°C, gian dd nhidu xa tia X thu duoc la
don pha ctia HAp, duoc dic trung boi cé&c pic ¢
cac goc nhiéu xa 20 = 31,9° va 25,86° tuong
ng véi mat phang tinh thé c6 chi sé Miller
(211), (002). Két qua nay cd thé duoc giai
thich khi tang nhiét 46 phan Gng lam tang kha
nang hoa tan cta Ca(OH), va Ba(OH),.8H-0,
luong ion OH" sinh ra nhiéu, thuan lgi cho quéa
trinh hinh thanh HAp. Bang 3 cho thdy khi
nhiét d6 tong hop ting tir 70°C dén 90°C, hiéu
suét téng hop gan nhu khéng thay doi (H = 91-
92%). Do d6 dé tiét kiém ning lwong ching toi
lya chon téng hop bot HAp pha tap Ba ti 1¢ Xga
= 0,3 & nhiét d6 70°C. Bot Ba-HAp duoc tdng



hop V('Yqi Xga = 0,3 ¢ nhiét @6 70°C duoc sir
dung dé xur If ion Cd?* trong nuréc.

a 2 aa 90°C
a a
- o
= a a
2 a a  af 80°C
= 1
= a
g Lol o =2 70°C
g o
'= b 0
© o 50°C
b
b b 350(:

10 20 30 40 50 60 70
20 (do)

Hinh 7. Gidn do nhiéu xg tia X ciia bt Ba-HAp tong
hop ¢ cac nhiéz do khac nhau (a: HAp; b: Bag(POx),)

3.2. Xir ly Cd?*

3.2.1. Nghién ciru mé hinh ding nhiét hip phu
Bang 5 dua ra cac thong sé anh huong cua
nong d6 dén dung luong hip phu Cd?* bing
Ba-HAp ¢ pH = 3, nhiét d6 30°C. Trén co s&
d6 xay dung phuong trinh dang nhiét hap phu
cho Cd?* theo md hinh dang nhiét hap phu
Langmuir va Freundlich (hinh 8 va hinh 9).

Bdng 5. Su phu thuge dung liwong hdp phu vao néng do ion Cd?*

Mea-Hap (9) Co(mg/l) Ce (mg/l) Log Ce Q (mg/g) Log Q CelQ
56,19 6,71 0,827 24,741 1,393 0,271
112,38 17,23 1,236 47,576 1,677 0,362
224,76 61,75 1,791 81,507 1,911 0,758
0,1 280,95 78,07 1,892 101,445 2,006 0,770
336,49 132,04 2,121 102,225 2,010 1,292
449,53 216,05 2,335 116,739 2,067 1,851
561,91 324,99 2,512 118,46 2,074 2,743
30 Tir hé sb twrong quan cua hai phuong trinh hinh
. y=]({);ﬂ:)7())f9-;;).25 8 va 9 cho thﬁy phuong trinh hép phu déng
201 nhiét Langmuir (R? = 0,988) md ta tot hon
9151 . phuong trinh dang nhiét Freundlich (R? =
104 / 0,923) ddi vai qué trinh hdp phu Cd?* bang bot
05{ Ba-HAp.
%00 70 80 150 160 200 240 280 330 Bang phuong phép chuan do si dung EDTA
C, (mg/) va phuong phap do quang dung dich sau xu ly

Hinh 8. Puong dding nhiét hap phu theo md
hinh dang nhiét Langmuir
24

y=0,402x+1,149
R’=0,923 _
o

2.2

12—
08 10 1.2 14 16 1.8 2.0 22 24 26
log C,

Hinh 9. Puong ddang nhiét hap phu theo md
hinh dang nhiét Freundlich
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cho gié tri nong do ion Ca?* va Cd?* lan luot la
6,1 mmol/l va 4,64 mmol/l. Két qua nay khing
dinh quéa trinh loai bd ion Cd?* trong nuéc sir
dung bot Ba-HAp xay ra theo hai co ché: co
ché dau tién 1a su hip phu cia cac ion Cd?* trén
bé mit Ba-HAp va co ché tht hai la sy hoa tan
cua Ba-HAp va sy trao ddi ion giita Cd?*hip
phu trén bé mat va cac ion Ca?*, Ba?* trong Ba-
HAp. Hai co ché nay ciing da duoc bao céo
trong cac tai liéu truge d6 [14-17]. Phuong
trinh héa hoc cuia hai co ché nay nhu sau:

+ Co ché 1: Qua trinh hap phu ion Cd?* trén bé
mat Ba-HAp:




HA-(OH), + Cd?* = HA-O,-Cd?* + H* (10)

+ Co ché 2: Su hoa tan cua Ba-HAp va su trao
dbi ion gita Cd2* hdp phu trén bé mat va cac
ion Ca?', Ba?* trong Ba-HAp theo phuong
trinh:

Calo.xBax(PO4)e(OH)2 + 14H" —» (IO-X) Ca? +
XBa2* + 6HPO4~ + 2H,0 (11)

10Cd?* +6H,P0O; +2H,0 —

Cd10(PO4)s(OH)2 + 14H* (12)

3.2.3. Anh hwéng ciia khoi lwong Ba-HAp
Khao sat anh huong cua khéi lugng Ba-HAp
thay ddi tir 0,1 d¢én 0,6 g & pH = 3 dén hi¢u
sut xir ly Cd?* 562 mg/I cho thay khdi lugng
Ba-HAp tang, dung lwong hip phu giam va
hiéu suat xu 1y tang (hinh 10). Hiéu suat xu Iy
tang nhanh tir 40% dén 71% khi khéi luong
Ba-HAp tang tir 0,1 dén 0,2 g. Sau d6 hiéu sut
tang cham lai (tr 71% dén 90%) khi khdi
luong Ba-HAp tang tir 0,2 - 0,6 g. Do d6 khdi
lwong 0,2 g Ba-HAp duoc lya chon dé xir ly
Cd?*,

3.2.4. Anh hwéng ciia pH dung dich

Hinh 11 biéu dién su bién déi dung lwong va
hiéu suat hap phu theo pH. Két qua cho thiy tai
pH = 2, dung luong va hiéu suat hap phu dat
gi4 tri cao nhit twong ung 11 mg/g va 79%.
Khi ting gia tri pH tir 3 dén 5 dung lugng hip
phu giam xubng con 7,2 mg/g ang voi hiéu
suat 65%. Hiéu suat chi con 36% khi pH = 6.
Két qua nay c6 thé dwoc giai thich nhu sau:
trong modi truong axit, Ba-HAp tan tét hon dan
dén ting kha ning trao ddi ion Cd?* véi ion
Ca?* va Ba?* trong HAp; trong méi truong
trung tinh, hiéu xuat xir I ion Cd?* giam do tao
thanh Cd(OH)*. Do d6 pH = 2 duoc lya chon
dé xir If ion Cd?* trong nuéc.

120 100

110 "~ / 90
100

704 —as—H
——Q 50

5o \ L40

T T T T T T 30
01 02 03 04 05 06
Khoi lugng Ba-HAp (g)

Hinh 10. Sw bién déi ciia dung hrong va hiéu
suat hap phu Cd?* theo khai lrong Ba-Hap
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Hinh 11. Su bién déi ciia dung heong va hiéu
sudt hap phu Cd?* theo pH

3.2.5. Anh hwéng cia thoi gian tiép xic
Sy bién ddi higu suit va dung lugng hap phu
Cd* ctia 0,2 g bot Ba-HAp trong dung dich ¢
nong do Cd? 562 mg/l tai pH = 2 theo thoi gian
duoc thé hién trén hinh 12. Thoi gian tiép xdc
tang, dung lwong va hiéu suat hip phu ting.
Trong khoang thoi gian khao st tir 15 phut dén
120 phut, dung lwong hip phu ting dan & 30 phat
dAu, sau d6 tang cham va gan nhu 6n dinh trong
khoang tir 40 phut dén 120 phat. Hiéu suit hip
phu ting dan theo thoi gian, tuy nhién & nhiing
thoi gian > 30 phut hiéu sudt ting khong nhiéu,
hiéu suat tang tir 79% 1én dén 82% khi thoi gian
tiép xuc ting tir 30 phut dén 120 phut. Do d6 thoi
gian tiép xtc 30 phut dugc lya chon cho nhing
nghién cau tiép theo.
» Nghién citu dong hoc phan wing cua qua
trinh hdp phu Cd2*
Str dung phuong trinh dong hoc phan ung gia bac
2 &p dung s6 liéu thuc nghiém cua su bién doi
dung luong hap phu Cd?* theo thoi gian (t/q) cua
qué trinh hap phu Cd?*. P4 thi biéu dién sy phu
thuoc cua t/q theo thoi gian t duoc thé hién trén
hinh 13. Tir hinh 13 cho thdy hé s twong quan R2
= 0,999 chiing to qué trinh hap phu Cd?* tuén theo
mb hinh dong hoc phan g béac 2 véi hiang sb can
bang K = 328,1 (g/mg.phut).

120 90
1151 [ L85
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1107 7 et 80
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< 1001 R r70

951 / T s

60
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Thoi gian tiép xic (phat)
Hinh 12. Su bién doi dung lwong va hiéu suat

hap phu Cd?* theo thoi gian
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Hinh 13. Su thay doi gia tri t/q theo thoi gian

3.2.6. Anh hwéng ciia nhigt dp

Hinh 14 cho thy nhiét d6 ting, hiéu sut va
dung lwong hap phu Cd? ting. Nhiét do ting
tir 35 dén 70°C, hiéu suit hap phy ting manh
tir 79 dén 95%. Pdng thoi dung lwong hap phu
tang tir 110,3 dén 134 mg/g. Két qua nay duoc
giai thich do nhiét @6 tang lam ting kha nang
hoa tan Ba-HAp, ddng thoi 1am ting van téc
chuyén dong cua cac ion trong dung dich dan
dén kha nang trao doi ion d& dang hon. Tuy
nhién trong khoang nhiét do 70 dén 90°C hiéu
suit gan nhu khong thay dbi, didu nay cé thé
dugc giai thich do trong khoang nhiét do tir 70
dén 90°C do tan cua Ba-HAp dat bdo hoa. Do
vdy, nhiét do 70°C duoc lya chon dé xu Iy ion
Cd?*,

1404 100

» los
125 / t90

——Q 85

H(%)

r80

30 40 50 60 7‘00 g0 90
Nhiét do (°C)
Hinh 14. Su bién déi dung lirong va hiéu sudt
hap phu Cd?* theo nhiér dé
T nhitng két qua trén cho thiy diéu kién thich
hop dé xtur ly ion Cd?* trong nudc: 0,2 g Ba-
HAp; pH = 2; nhiét do 70°C, thoi gian tiép xdc
30 phat. O diéu kién nay nong do Cd?* con lai
sau xu ly 1a 26,638 mg/l twong wng voi hiéu
sut xur ly dat 95%.
Nong do caa Cd?* con lai trong dung dich sau
xir ly & diéu kién nay ciing duoc Kiém tra ddi
chimg bang phuong phap hip thu nguyén tu
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(AAS). Két qua do AAS cho thay nong do ion
Cd?* con lai sau xur 1y 1a 28,15 mg/1, tuong tng
Vi hiéu suat xir ly xap xi 95%. Két qua chi ra
rang khong cé su khac biét dang ké cua nong
dd Cd?* khi sir dung ca 2 phép do: phép do tric
quang va phép do AAS.

4. KET LUAN

Bot Ba-HAp dugc téng hop bang phuong phap
két tua hoa hoc v6i ham lwong Ba pha tap 16n
nhat dat 8,25% vé khdi lugng tuong tng véi ti
16 Xga = 0,3 tai nhiét d6 tong hop 70°C. Céc
két qua phan tich chi ra bot Ba-HAp c6 ciu
trdc tinh thé, don pha cia HAp, dang hinh cau
vai duong kinh trung binh 65 nm. 0,29 bét Ba-
HAp c6 khd ning xtr Iy 50 ml dung dich Cd?*
ndng d6 562 mg/l véi hiéu suat cao (95%). Qué
trinh loai bo Cd?* tudn theo mé hinh dang nhiét
hp phu Langmuir va c6 sy trao di ion gitra
Cd?* hap phu trén bé mat voi cc ion Ca?*, Ba?*
trong Ba-HAp. Bong hoc qué trinh loai bo
Cd?* tuan theo md hinh dong hoc phan tng gia
bac 2 voi hing sb can bing K = 3281
(g/mg.phut).
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