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TOM TAT

Nano composit hydroxyapatit/chitosan (n-HAp/ChS) da dwoc téng hop bdng phwong phdp
két tiia héa hoc va nghién ctru khd ndng hdp phu ion kém (11) Zn?+. Cdc yéu t6 dnh hwéng dén
qud trinh hdp phu Zn?+ ctia n-HAp/ChS dda dwoc khdo sdt: thoi gian hdp phu, pH dung dich,
néng do Zn?+ ban dadu, khéi lwong n-HAp/ChS. Hiéu sudt logi b6 Zn2+ ctia n-HAp/ChS dat 96,30
9% va dung lwong hdp phu dat 19,26 mg/q & diéu kién tdi wu. Két qud nghién ciru ndy cho thdy
trién vong ttng dung bot n-HAp/ChS xir ly ion Zn2* trong nwéc. Phwong phdp xir Iy nay hiéu
qud, dong thoi an toan vdi stkc khde con ngudi.

Tir khéa: Hydroxyapatit; Nanocompozit hydroxyapatit/chitosan; lon kim loai ndng.

1. Giéi thiéu

Trong mot vai thip ky gin diy, nén kinh té dat nwéc dang tirng bude phat trién, dic biét la
cic nganh cong nghiép. Bén canh nhirng tac dong tich cuc clia sw phat trién cong nghiép thi
no con giy ra nhitng tac dong xau dén mai trrong va sirc khoé con ngwoi, do qua trinh thai
ra méi tredng cac chit thai chwa dworc xi ly triét dé. Cac ion kim loai niing dwgc thai ra do
cac nganh cong nghiép nhw ma dién, thudc da, dét nhudm, ché bién thép, luyén kim, hoa chit,
son.., khi xa thai vao méi trrdng 1am 6 nhiém ngudn nwéc. Cac chit thai ndy giy anh huéng
rat Ién ngay ca khi chiing c6 nong d6 thap do doc tinh cao va kha nang tich Ity 1au dai trong
co thé song, trong d6 cé ion kém (II) Zn2+. KEm lam ting nguy co ting bénh thiéu mau, tn
thwong tuyén tuy, lam gidm cac cholesterol t6t va ting mic cholesterol xdu va c6 thé tang
cac triéu chirng ctia bénh Alzheimer. Kém c6 kha nang gy ung thuw dot bién, gy ngd doc hé
than kinh va thim chi d&nh hwdng dén viéc sinh san, quai thai [1]. Do vay, viéc nghién ctiru dé
dwa ra mot phwong phap méi hiéu qua, chi phi phtt hop va than thién véi moéi trueong trong
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xr Iy nwée sinh hoat chira kim loai ning dang dwgc sy quan tdm cta nhiéu nha khoa hoc
trong va ngoai nuwarc.

Hydroxyapatit, viét tat 1a HAp, ¢ cong thirc phan ti¥ 1a Ca10(P0O4)s(OH)2. Trong co thé ngwoi
va dong véat ¢ vi, HAp la thanh phén chinh trong xwong (chiém dén 65 - 70 % khéi lwong)
va rang (chiém 99 %). Vi vy, HAp c6 hoat tinh va dé twong thich sinh hoc cao, tao lién két
truc tiép v6i xwong non dan dén su tai sinh xwong nhanh ma khong bi co thé dao thai...

HAp nguyén chat c6 nhiéu (rng dung khac nhau, song viéc sit dung HAp nguyén chat cling c6
nhirng han ché nhit dinh do tinh chit co Iy kém. Nhwoc diém nay ctia HAp da dwoc cac nha
khoa hoc trén thé gi¢i nghién ctru va khic phuc bang cach pha tap HAp véi mot s6 nguyén td
vi lwong c6 mat trong co thé ngwoi: Mg?+, Na+, K+, Zn?+... 1am ting hoat tinh sinh hoc va tang
d6 bén co 1y [2-4] hoac tao nén vt liéu t6 hop (composit) cia HAp véi cic polyme nhu:
Polylactic axit, colagen, chitosan, chitin, polyetylen v.v... [5-8] khong nhitng dung lam vat liéu
sinh hoc t6t hon ma con tang kha nang hap phu mot so6 chit 1én bé mat so véi HAp. Cac vat
liéu composit ndy da duoc nghién ctru téng hop bang cac phwong phap khac nhau va bén
canh nhitng (g dung trong y sinh con dwogc ing dung xtr Iy mot s chat gdy 6 nhiém trong
moi tredng nwdc nhu: Phenol, Cu?+, Cd?+, Pb2+, Co?+, Niz+, Fe3+, Cré+, AsO43, F-,... [2,6-8].

Trong s6 cac polyme, viéc lwa chon chitosan két hop véi HAp tao thanh nanocompozit
hydroxyapatit/chitosan (n-HAp/ChS) dwoc quan tdm nghién cttu do chitosan 1a mot polyme
tw nhién, khi chitosan chuyén héa trong co thé ngudi tao thanh nhirng hop chat khéng doc,
khong gay hai dén strc khde con nguwdi, mé ra ing dung méi ciia n-HAp/ChS trong xtr Iy cac
kim loai nang trong nwéc véi kha nang xi ly tot hon so véi HAp.

Bai bao nay trinh bay két qua khéo sat kha nang xtr ly Zn2+ trong nwéc cliia nanocompozit
hydroxyapatit/chitosan téng hop bang phwong phap két tia héa hoc.

2. Thuc nghiém

2.1. Hod chdt

- Ca(N03)2.4H20, [NH4)2HPO4, NH3z déC 25-28%, ZH(N03)2.4H20, CH3COOH, HCI, NaOH: 1a cac
hoa chat tinh khiét ctia Merk.

- Chitosan la hoa chat tinh khiét ctia Aldrich.
- Nwére cit 1 1an, 2 1an dwgrc cit tai phong thi nghiém.
2.2. Téng hop vit liéu n-HAp/ChS

Vat liéu n-HAp/ChS duworc tdng hop bang phwong phap két tia hoa hoc, di tir Ca(N03)2.4H-0,
(NH4).HPO, trong nwérc va chitosan/axit axetic 2% & pH 10-12 theo so d6 sau [9]:

10Ca2* + 6P043- + 20H- + Chitosan— Ca1o(P04)s(OH)./Chitosan
2.3. Khdo sdt khd ndng xir ly Zn?+ trong nwocc cua vdt liéu n-HAp/ChS
2.3.1. Chudn bi dung dich Zn?+

Hoa tan 0,50192 g Zn(N0O3)2.4H20 vao 250 ml nuwéc cit dwoc dung dich Zn2+ goc ¢6 nong do
500 mg/L, tir dung dich nay pha lodng tiép dworc cac dung dich Zn2+ 1am viéc c6 nong d6 khac
nhau. Thém V (ml) dung dich HCI 0,2 M hodc NaOH 5% dé diéu chinh pH.
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2.3.2. Khdo sdt cdc yéu to dnh hwéng téi khd ndng xw ly ion Zn?*

Thém m g n-HAp/ChS vao 50 ml dung dich Zn2+, khdo sat anh hwdng cua cac yéu td téi hiéu
sudt xt ly va dung lwong hdp phu Zn2+ cia vét liéu n-HAp/ChS véi khoang khao sat twong
rng nhw sau:

+) Thoi gian hap phu: 5, 10, 20, 30, 40, 50 phut

+) pH: 3,6; 5,5; 6,3; 6,7

+) Khoi lwgng vat liéu: 0,02; 0,03; 0,05; 0,07; 0,1; 0,15; 0,2 g
+) Nong do Zn2+ ban dau: 10, 15, 20, 30, 40, 50, 60 mg/L

2.3.3. Xdc dinh nong dé ion Zn?+ trong dung dich sau xir ly bang phuong phdp AAS

Nong do ion Zn2+ trong dung dich sau khi xir ly bang bot n-HAp/ChS dwgc xac dinh trén thiét
bi AAS (ICE3500 ctia M) tai Vién Ky thuat Nhiét déi, Vién Han 1am Khoa hoc va Cong nghé
Viét Nam.

Hiéu suit xt Iy H (%) va dung lwgng hap phu Q (mg/g) duoc tinh theo cac cong thikc sau [7]:

(Cy—G;Ix100

Hiéu suit xt ly: H
CD

(%)

Dung lwong hdp phu: Q = @ (mg/g)

trong d6: H: Hiéu suat hip phu (%).

Co: NOong dd ion kim loai ban dau (mg/L).

Ci: Nong do ion kim loai con lai tai thoi diém nghién ctru (mg/L).

Q: Dung lwong hip phu tai thoi diém nghién ctru (mg/g).

V: Thé tich dung dich ion kim loai (L).

m: Khdi lwong bot n-HAp/ChsS (g).
Kha ning hap phu Zn?* cia n-HAp/ChS duoc tinh todn dwa trén duwdng hip phu ding nhiét
Langmuir va Freundlich [7].
3. Két qua thao luidn
3.1. Khdo sdt kha ndng xir ly Zn?+ trong nwé-c cia vdt liéu n-HAp/ChS
3.1.1. Khdo sdt dnh hwdng cia thoi gian hdp phu

Sw bién doi hiéu suit va dung lwong hap phu cta vt liéu véi Zn2+ dugc chi ra trong Bang 1.
Két qua cho thiy hiéu suat xtr Iy va dung lwong hap phu ting dan theo thoi gian. Khi thoi gian
tiép xdc tang tir 5 phut dén 30 pht thi hiéu suit x ly ting nhanh tir 69,75% lén 89,75% va
dung lwong hap phu tang tir 13,95 mg/g 1én 17,95 mg/g. Tuy nhién & nhirng thoi gian = 30
pht hiéu suat va dung lwong hip phu ting chdm. Do viy thoi gian 30 phut dwoc coi 1a thoi
diém can bang va dwoc chon cho nghién ctru tiép theo.
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Bdng 1. Anh huéng ctia thoi gian tiép xic (Mu-napyces = 0,059, pH = 6,3, T = 30 °C)

Thoi gian Nong do Zn2+ Nong do

(phit)  banddu (mg/L) conlai(mg/r) L (M8/8) H (%)
5 20 6,05 13,95 69,75
10 20 5,42 14,58 72,90
20 20 315 16,85 84,25
30 20 2,05 17,95 89,75
40 20 1,90 18,10 90,50
50 20 1,80 18,20 91,00

3.1.2. Khdo sdt dnh hwdng ctia pH

Viécloai bo ion Zn2+ phu thudc vao pH ciia dung dich vi né 1am thay d6i bé mat trén chat hip
phu. Két qua nghién ctru anh hwdng ctia pH dén dung lwong va hiéu suit hap phu duwoc thé
hién & Bang 2.

Bdng 2. Anh huéng ctia pH (Mu-uapscns = 0,059, t = 30 phiit, T = 30 °C)

pPH bggxclé‘g (E:lgz/L) C(‘)ll:l ?;ifg@/m Q (mg/g) H (%)
3,6 20 3,85 16,15 80,73
5,5 20 3,00 17,00 85,00
6,3 20 2,18 17,82 89,10
6,7 20 0,95 19,05 95,25

Tl két qua thu dwoc cho thiy, khi tang pH tir 3,6 dén 6,3 (pH tw nhién) hiéu suit va dung
lwong tang nhanh (80,73 1én 89,10 % va 16,15 1én 17,82 mg/g), sau d6 hiéu suit va dung
lwong hap phu ting chAm do sw hip phu tién t&i cAn bang. Piéu nay co thé gidi thich 1a & pH
thap, do su canh tranh gitra cac ion H* v&i ion Zn2+tai cac vi tri lién két trén bé mat chit hip
phuy, lam giam kha nang hap phu Zn2+1én bé mat chat hap phu. Khi pH ting mc d6 canh tranh
giam, dién tich dwong ctia bé mat gidm nén hiéu suat xtr ly Zn2+ tang [7]. D€ thuin loi cho qua
trinh xtt Iy, khéng cin diéu chinh pH nhét la x& Iy lwong 16m, chon pH = 6,3 lam pH téi wu cho
qua trinh loai b6 Zn?+ trong nwéc str dung bot n-HAp/ChsS.

3.1.3. Anh hwéng ciia ndng dé Zn2+ ban ddu

No6ng do Zn2+ ban dau cé anh hwdng lém dén dung lwong va hiéu suat hip phu dwoc chira
trong Bang 3. K&t qua nghién ctru cho thiy, khi néng d6 Zn2+ thay déi khac nhau tir 10 dén 60
mg/L trong thoi gian 30 phut, dung lwgng hip phu ting dan dong thoi hiéu suat hip phu
gidm dan. Nhwng dén mot nong do nhit dinh, theo quy luat, dung lwong va hiéu suit sé dat
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gia tri 6n dinh. D€ dat dwoc dung lwong hip phu va hiéu suat hip phu twong doi cao (17,46
mg/g va 87,30 %), nong do Zn2+ t6i wu dwgce chon 1a 20 mg/L cho nhitng nghién ctu tiép
theo.

Bdng 3. Anh huréng ctia ndng do Zn2*(Myuapsces = 0,05g, pH = 6,3, t = 30 phiit, T = 30 °C)

baNr? g‘agaf (i)nzlg/L) cbnl\llglil%rgg/L) Q(mg/g) H (%)
10 018 9,82 98,24
15 1,13 13,88 92,50
20 2,54 17,46 87,30
30 573 24,27 80,90
40 9,89 30,11 75,28
50 13,38 36,62 73,24
60 16,91 43,10 71,83

3.1.4. Anh hwéng ctia khéi lwong n-HAp/ChS
Bdng 4. Anh huéng ctia khéi lwong vt liéu hdp phu n-HAp/ChS (pH = 6,3, t = 30 phiit, T = 30

C)

Khailwong it Qemg/g)  H(%)
n-HAp/ChsS (g) 'z:‘gc/'i';‘ Con lai (mg/L) o/8 '
0,02 20 7,82 12,18 60,90

0,03 20 7,68 12,32 61,60

0,05 20 2,70 17,30 86,50

0,07 20 1,69 18,31 91,55

0,10 20 1,15 18,85 94,25

0,15 20 0,74 19,26 96,30

0,20 20 0,62 19,38 96,90

0,25 20 0,44 19,56 97,80

13



Ky yéu Hoi nghi CBES2-2018

Két qua nghién ciru anh hwdng cta khéi lwong n-HAp/ChS dén dung lwong va hiéu suit dworc
chira trong Bang 4 cho thay khoi lwgng bét n-HAp/ChS ting thi néng do ion Zn2+ con lai trong
dung dich gidm, hiéu sut xi Iy va dung lwong hap phu ting dan. Cu thé nhw sau: hiéu suat
xtr ly tang nhanh tir 60,90 % dén 91,55 % khi khéi lwgng n-HAp/ChS ting tir 0,02 dén 0,07
g. Sau do hiéu suat va dung lwgng hip phu ting chim lai trong khoang bién do6i khoi lwgng
hap phu tir 0,1 dén 0,25 g do sw hp phu dat tdi cAn bang. Vi vay, d€ dat dwoc hiéu suit xtr ly
va dung lwong hap phu twong déi cao, khoi lwgng 0,15 g n-HAp/ChS dwoc lwa chon dé xt ly
Zn2,

Nhuw vy tai diéu kién & nhiét d6 30°C, thoi gian tiép xic 30 phat, pH = 6,3, nong do ban dau
Zn2+1a 20 mg/L, khoi lwgng vat liéu n-HAp/ChS 0,15 g thu dwoc dung lwgng hip phu 19,26
mg/g va hiéu suit xir Iy 96,30 %. Két qua nay cho thay, vat liéu hap phu n-HAp/ChS c6 kha
nang xw ly tot Zn2+,

3.2. Nghién ciru dwong dding nhiét hdp phu

Bdng 5. Cdc gid tri LnC., LnQ,, C./Q. bién déi theo ndng dd Zn?* & trang thdi cdn bdng

Nong d¢ Zn2+  Nong dg Zn2+
ban dau can bang (C.) LnC. Q. (mg/g) LnQ. Ce/Qe

(mg/L) (mg/L)
10 0,18 -1,715 9,820 2,284 0,018
15 1,13 0,122 13,880 2,630 0,081
20 2,54 0,932 17,460 2,860 0,145
30 5,73 1,746 24,270 3,189 0,236
40 9,89 2,292 30,110 3,405 0,328
50 13,38 2,594 36,620 3,601 0,365
60 16,91 2,828 43,100 3,764 0,392

0.5 4.0

0.4+
354

0.3+

y =0,02182x + 0,06848
R =0,96281

3.0 y =0,3219x + 2,70129

n R®=0,9749

LnQ,

0.2+

CJQ, @)

2.09

c, LncC,

Hinh 1. Pwirng dang nhiét hdp phu theo mé  Hinh 2. Pwong dang nhiét hdp phu theo mo
hinh ddng nhiét Langmuir hinh ddng nhiét Freundlich

Tién hanh hip phu Zn2+ & diéu kién t6i wu da nghién ctru: 0,15 g n-HAp/ChS trong 50 mL
dung dich Zn2+ c6 néng d6 ban dau thay doi véi thoi gian hdp phu 30 phut, pH = 6,3, nhiét do
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30 °C, sau d6 xac dinh ndng Zn2+ con lai & trang thai cAn bang (C.) va tinh dung lwong hip phu
twong ng (Qe). Tl d6 c6 thé tinh dworc cac gia tri LnCe, LnQ. va ti sd Ce/Qe, két qua dworc tom
tat trong Bang 5. Xay dung db thi ciia phwong trinh dwong hap phu dang nhiét Langmuir va
Freundlich (Hinh 1 va Hinh 2).

Trén co s& cac dwong dang nhiét hdp phu nay c6 thé tinh dwoc cac hang s6 thwc nghiém
Langmuir va Freundlich twong (ng. Két qua dwoc dwa ra trong Bang 6.

Bdng 6. Cdc hdng sé thuc nghiém Qm, K1, Ki, n trong phwong trinh Langmuir va Freundlich

Langmuir Freundlich
Qm K. R2 n Kr R2
45,83 0,32 0,96281 3,11 149 0,9749

4. Kétluian

Bot n-HAp/ChS tdng hop bang phwong phap két ttia hoa hoc da dwoc st dung dé nghién ctru
qua trinh hap phu Zn2+trong dung dich nwéc. Két qua thu dworc cho thay, qua trinh hip phu
chiu sy anh hwéng ctia cac yéu t6: pH, nong d6 Zn2+ ban dau, khéi lwong chat hap phuy, thoi
gian tiép xdc. Tir d6 lwa chon dwoc diéu kién thich hop dé xi 1y Zn2+: thoi gian 30 phut; pH =
6,3; khdi lwgng bot n-HAp/ChS 0,15 g/50 mL dung dich ¢6 nong d6 Zn2+ ban dau 20 mg/L.
Hiéu suat loai bo Zn?+ ctia n-HAp/ChS dat 96,30 % va dung lwong hip phu dat 19,26 mg/g &
diéu kién t6i wu. Qua trinh hap phu tudn theo ca hai m6 hinh ding nhiét hip phu: Langmuir
va Freundlich véi dung lwong hap phu cuc dai bang 45,83 mg/g. Két qua ndy mé ra trién
vong cho viéc ing dung bot n-HAp/ChS loai bd ion Zn?* trong nwéc 6 nhiém.
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