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Nghién ctru kha nang hap phu Ni** bang hydroxyapatit tong hop

Lé Thj Duyén'2>*, Hoang Thanh Binh?, Tran Thi Thu Huong®, Nguyén Viét Hing', Lé Thi Phuong
Thao!, V& Thi Hanh', D Thi Hai', Nguyén Thi Thu Hién!, Pham Tién Diing', Céng Tién Diing', Dinh
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3 Khoa Méi truong — Truong Pai hoc M6 - Dia chat
4 Truong DPai hoc Khoa hoc va Cong nghé Ha Noi

TOM TAT

Hydroxyapatit tong hop c6 mau tring, dang hinh try, kich thudc hat trung binh 20x40 nm, sir dung aé
nghién ctru kha nang hép phu ion Ni%*. Anh huéng ciia mét s6 yéu t6 dén dung luong va hiéu suét hép
phu Ni?* d3 duoc nghlen ctru. Hiéu sudt va dung lugng hap phu Ni** dat 81,0 % va 12,15 mg/g & didu
kién thich hop: khéi lrgng HAp 0,1 g/50 mL dung dich, ndng do ion Ni2* ban dau 30 mg/L, pH 5,57, thoi
gian tiép xtic 60 phiit & nhiét d6 phong (25 °C). Nghién ctru duong dang nhiét hép phu dua trén hai mé
hinh Langmuir va Freundlich. BPong hoc hép phu dugc nghién ctru véi hai mo hinh dong hoc gia bac 1 va
gia bac 2.

Tir khéa: Hydroxyapatit; Hip phu; ion Ni*

1. Dit van dé

O nhim kim loai ning trong nude dic biét la nudc thai cong nghiép Ia vin dé khéng chi ciia Viét Nam ma 1a vin
d& cira toan ciu. Sy gia ting dén sb, sy ting trrdng mé 1dng cua cac khu db thi va cong nghiép, cong thém sy ting
cudng cuia cac hoat dong ndng nghiép 14 cac tac nhan chinh lam gia ting tinh trang 6 nhiém nudc, gy anh huong dén
chét lugng nudre va stic khoe con ngudi. Pa cé nhidu nghién ctru dua ra cac phuong phép xu Iy kim loai nang trong
nuée nhu: phuong phap két tia hoa hoc, phuong phap két taa dién hoa, phuong phép tich bing mang, phuong phdp
trao di ion, phuong phap hap phu, phuong phap sinh hoc v.v.... Trong sé cac phuong phap nay, phuong phap hip
phu hién nay dang duoc nhiéu nha khoa hoc quan tim nghién ctru. Dic biét, trong mot sb ndm gén day nhiing vat
liéu hép phu co nguén géc tu nhién nhu laterit, bazan, dét bun do, zeolit, bentonit, kaolin, apatit, haloysit ..., cac
polymer tr nhién: chitin, chitosan, tinh bdt, ... va cac vat lidu ti ché tir phu phdm nong nghiép khong nhimg duoc
céc nha khoa hoc Viét Nam ma trén thé gidi hét sic quan tam do c6 uu diém: chi phi thp, hiéu qua hip phu cao,
than thién véi méi truong (Nguyén Thi Dong va nnk, 2012; Nguyén Thi Hai va nnk, 2016; B3 Tra Huong va nnk,
2016; Ioannis Anastopoulos va nnk, 2018; Nazarii Danyliuk va nnk, 2020; Paulina Maziarz va Jakub Matusik, 2016).

Canxi hydroxyapatit hay hydroxyapatit c6 cong thirc Cai(PO4)s(OH), (viét tit 1a HAp), mot vét liéu duoc tmg
dung rong rdi trong cude sdng. HAp tong hop co cac dic tinh quy gid nhu: c6 hoat tinh va d9 twong thich sinh hoc
cao. Chinh vi vdy ma HAp dugc dung lam vét li¢u y-sinh trong phau thuét nbi, ghép xuong, chinh hinh sira chita
xuong va ring, bot HAp kich thudc nano duge ding lam thube bd sung canxi hiéu qua cao. Bén canh Ung dung
trong céc linh vyc y-sinh, dugc hoc, HAp con dugc st dung trong linh vyc xtr Iy moi truong VO’l hiéu sudt xt 1y cao:
¢6 thé loai bo mot sb chét va ion giy 6 nhiém trong moi truong nuée nhu Cu*', Pb*, Zn?', Cd*', Co™, Cr(VI),
Se(IV), As(V), NOs,, F, phenol, nitrobenzene, thudc do Cong go, ... Nhu vay, HAp 1a chit hap phu thén thién véi
mbi truomg, khong gay doc ddi v6i co thé nguoi va hap phu higu qua

O nudc ta, di co mot sb cong trinh nghién ciru v& HAp va céc hop chét tong hop trén co' so HAp nhu HAp pha
tap va nanocomposit HAp/polyme. Céac nghién ctru img dung HAp, HAp pha tap va nanocomposit HAp/polyme
trong xur Iy moéi truong con it (Duyen Thi Le va nnk, 2019; L€ Thi Duyén va nnk, 2015; Han Duy Linh va nnk, 2021;
Nguyen Hoc Thang va nnk, 2020) va chwa c6 cong trinh nao cdng bd kha ning xir Iy N2 trong méi trudng nude
ding bot HAp tong hop.
2. Thyc nghiém va phwong phap nghién ciu
2.1. Tong hop bot HAp va nghién ciru dic trumg héa Iy ciia vt li¢u

Bo6t HAp duoc tong hop bang phuong phap két tia hoa hoc trong moi truong nudc véoi nguyén liéu ban
ddu tir Ca(NO3),.4H,0, (NH4),HPO, va NH; (phuong trinh 1). Dung dich (NH4);HPO4 0,3M dugc bd

" Tdc gia lién hé
Email: lethiduyen@humg.edu.vn
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sung vao dung dich Ca(NO3), 0,5M véi téc d6 1 ml/phut. Trong subt qua trinh phan Gng, pH dwoc gift én
dinh & 10-12 bing dung dich NH; dic, téc d6 khudy 800 vong/phit. Sau khi thém hét (NH4),HPO4, tiép
tuc khudy trong 2 gio, luu mAu (gia hoa) trong 15 gies, mau duoc rira li tm véi tbe 6 4000 vong/phit cho
dén khi pH trung tinh. Sau d6 miu dugc siy & 80 °C trong 24 gid va nghién trong cdi mi nio thu dugc
bt HAp mau tring (Thi Thu Trang Pham va nnk, 2013).
IOCa(NO3)2 + 6(NH4)2HPO4 + 8NH; +2H,0 — Calo(PO4)6(OH)2 + 20NH4NO3 (1)
Bot HAp téng hop dwoc nghién ctru cac dic trung hoa 1y bing cac phwong phap phén tich: quang phd
héng ngoai (FTIR) trén may Thermo Nicolet tai Vién K§ thut nhiét d6i dé phén tich cac nhom chic dic
trung trong phan tir HAp, hinh thai hoc cia miu dwoc x4c dinh bang kinh hién vi dién tr quét (SEM) két
hop do phd tan xa ning lugng tia X (EDS) (Quanta 450 - FEI tai Truong Pai hoc M6 - Dia chét). Thanh
phéin pha ciia hydroxyapatit dugc xac dinh bing phuong phap nhidu xa tia X (XRD) tién hanh trén may
D5005 Siemens tai Truong Pai hoc Khoa hoc Ty nhién - PHQG Ha Noi.

2.2. Hip phu Ni** bing HAp
2.2.1. Xac dinh pHpzc cua HAp

Gi4 tri pH ma tai d6 bé mat HAp trung hoa dién tich (pHpzc) dugc xac dinh bing phwong phap do do
1éch pH. Trong phuong phap nay 0,05 g nguyén liéu HAp dugc cho vao 50 mL dung dich KC1 0,01 M co
pH ban d4u (pHo) khéac nhau, dugc didu chinh bang dung dich HC1 0,01 M hoic KOH 0,01 M. Hon hop
sau d6 dwoc khudy bing may khudy tir & téc do 400 vong/phit trong 30 phit. Cudi cing, loc ldy dung
dich va xac dinh lai pH (pHs) ctia nude loc, tir d6 tinh ApH va v& db thj biéu dién sy bién ddi cua ApH
theo pHy. Gia tri pHpzc la pHy tai d6 ApH = 0.

ApH = pHo — pHs (2)

2.2.2. Khdo sdt cdc yéu t6 anh hieong dén hap phy Ni2*

Kha nang hép phu Ni%* ciia bot HAp duoc nghién ciru bﬁng cach cho mot lugng vat liéu HAp vao binh
chira 50 ml dung dich chira ion Ni2* ¢ cac diéu kién can nghién ctru. Cac yéu t6 anh huéng dén qua trinh
hdp phu nhu: thoi gian tiép xuc, pH, khdi lugng chat hip phu, ndng d6 dung dich Ni>* ban dau da dugc
khdo sat. Thoi gian hap phu bién doi tir 10 + 120 phut, pH ctia dung dich dugc khao sat tir 2,45 + 6,98,
khéi luong bot HAp thay d6i 0,03 + 0,2 g. N6ng d6 ctia dung dich thay d6i tir 10 + 80 mg/L. Hdn hop sau
d6 duoc khudy bang may khudy tir véi tc dd 400 vong/phit. Sau khi hip phu, loc tich chat rin, ldy phan
dung dich dé dinh lugng ion Ni2* con lai bing phuong phap khdi phd Plasma cao tin cam tmg (ICP-MS)
(Thermo Scientific (Puc) ICAP Q ICP-MS tai Truong Pai hoc M6 - Dia chét).

Dung luong hap phu va hiéu sudt hdp phu dugc xac dinh bang phuong trinh (3) va (4) (R.R. Sheha,
2007).

Q=(Co—-C).V/m 3)
H = (Co—C).100/Co “4)

Trong dé: Q (mg/g) va H (%) 1an luot 1a dung lugng hap phu va hiéu suét hip phu; Co (mg/L) va C
(mg/L) 1an luot 14 nong do ion Ni** ban dau va con lai sau hdp phy; V 1a thé tich dung dich hip phu (L);
m 1a khdi lugng haloysit (g).

Kha ning hip phu NiZ* cua haloysit dwoc tinh toan dya trén duong hip phu déng nhiét Langmuir va
Freundlich (R.R. Sheha, 2007).

Phuong trinh tuyén tinh Langmuir:

C C 1
—&—-_—c 4 (5)
Phuong trinh tuyén tinh Freundlich:
LnQ = LK + 1 LnC, (6)
n

Véi Ce (mg/L) 1a nong dd ion Ni** & trang théi can bang, Q (mg/ g) la dung luong hap phu & trang thal
can bang, Qn (mg/g) 1a dung lugng hép phu cyc dai, Ky 14 hing sé Langmuir, K va n 13 cdc hing sb
Freundlich.

Pong hoc ctia qua trinh héip phu dugc nghién ciu theo hai mo hinh dong hoc: md hinh gia bac 1
(phuong trinh 7) va mo hinh gia bac 2 (phuong trinh 8) (R.R. Sheha, 2007).

hl(Qe Qt) 1HQe kit (7)
t/Qi=1/Qe + 1/(ka. Q%) (®)

‘Trong d6, Q. 1a dung lugng hip phy ¢ trang thai can bang (mg/g), Q: 14 dung lwong hép phu & thoi
diém t (mg/g), ki va kz lan luot 1a cac hing s6 toc d6 bac 1 (phut™) va bac 2 (g/mg/phit).

1142



3. Két qua va thio luan
3.1. Téng hop bot HAp

Bot HAp duoc téng hop theo phuong trinh 1 & cac diéu kién thich hop dd duoc nghién ciru mot sé dic
trung hoa 1y nhu: chu truc, thanh phan, hinh thai hoc. Két qua cho thiy, bot c6 mau tring, don pha, dang
hinh try, kich thudc hat trung binh 20x40 nm.

Hlnh ] Bot HAp tong ho’p o

3.2. Xdc dinh pHpzc ciia byt HAp
Su bien doi cua ApH theo pHo dugc gidi thiéu trén hinh 2. Tur dd thi nhan thdy ApH =0 tai gid tri pHo bang

5,99. Biéu nay c6 nghia la pHpzc (gié tri pH tai d6 bé mat trung hoa dién tich) ciia bot HAp bang 7,49.
5 1.0

0.8
1.0 \ 06 ]
0.5 0.4

. 0.2
ApH g0, T | ApH oo

5 6 7 8 9
0.5/ PH, g
041
1.0] 28]
0.8+
-1.5 10

Hinh 2. Sy bién doi ApH theo pHy

3.3. Anh hwong ciia cdc yéu té dén khd ning hép phu Ni?* ciia bt HAp
3.3.1. Anh hwong cua thm gian hap phu

Su bién ddi hidu suit va dung lwong hip phu Ni2* cia bot HAp theo thdi gian hdp phu duogc thé hién
trén hinh 3. Két qua cho théy, khi thoi gian tiép xtc ting, dung lrong va hiéu sudt hip phy ting. Trong
khoang thoi gian khao sat tir 10 phut dén 120 phut, dung lwong hap phu ting nhanh & 30 phut dau, sau do
tang cham hon tir 30 dén 60 phit va sau d6 gan nhu 6n dinh tir 60 phit tré' di do qua trinh hép phu tién t6i
trang thai can bing. Do viy, thoi gian 60 phut dugc lya chon dé hip phy Ni2*.

3.3.2. Anh huong ciia pH

Viéc loai bo ion Ni** phu thude nhiéu vao pH cuta dung dich vi pH lam thay @i tinh chit bé mit cia
chat hap phu. Dé tranh hién twong tao két tia Ni(OH), trong méi trudong kiém, anh huong ctia pH da duoc
khéo sat trong diéu kién pH < 7. Két qué bién thién hiéu suat hip phu theo pH dugc gi6i thidu trén hinh 4.
Tu day nhan thiy, trong khoang pH khao sat, hiéu suét hép phu tang khi pH tang. Két qua nay duoc giai
thich 1a do trong méi truong axit, HAP bi proton hoa, khi do bé mit cta hat s& tich dién duong dan dén
lam giam sb luong tim hip phu cia HAp va xay ra sy hdp phu canh tranh giita ion H' va ion Ni?*, do d6
lam giam kha ning hdp phu. Khi pH ting, mat d6 dién tich dwong ctia bé mit giam din, kha ning hép phy
Ni2* s& ting dan cho dén khi pH > pHpzc s& thuén loi cho su hip phu Ni2". Tuy nhién, dé c6 thé xir ly
lwong 16n ma khéng phai diéu chinh pH, gia tri pH = 5,57 (pH ban d4u) duogc lya chon cho qué trinh hip
phu NiZ* & nhitng nghién ciru tiép theo.

3.3.3. Anh huong ciia khoi heong vt liéu HAp

Qué trinh hép phy duogc tién hanh v6i khdi lugng bot HAp thay dbi tir 0,03 g dén 0,2 g. Két qua nghién
ctru duge chi ra trén hinh 5. Khi khéi lwong HAp tang tir 0,03 dén 02 g, dung luong hép phy giam tir
39,94 xubng 12,67 mg/g, hiéu suat tang tir 43,57% dén 92,16%. Tuy nhién, néu tlep tuc tang luong chat
hép phu thi hiéu sut gan nhu khong ddi do sy hip phu dat t6i trang thai can bing con dung lwong hip
phu lai giam dan. Dé dat dwoc dung lwgng va hiéu sut hip phu twong quan vé d6 16n thich hop (21,49
mg/g; 78,14 %), khéi Iugng 0,1 g HAp duogc Iya chon dé nghién ctru hép phu ion Ni%*.
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Hinh 3. Anh huéng ciia thoi gian hap phu dén

dung lirong va hiéu suat hap phu
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Hinh 4. Anh huéng ctia pH ban ddu dén hiéu sudt
hap phy

muap = 0,05g, Cni2™ = 50 mg/L, T = 25°C, t = 60 phut

Cni' =50 mg/L, T = 25°C, pH = 5,57, muap = 0,05g

3.3.4. Anh huong ciia néng dé Ni** ban ddu

Nong d6 ion Ni2* ban ddu c6 anh huong 16n dén dung lugng va higu sudt hap phu. Két qua khao sat
qua trinh hip phu véi ndng d6 Ni** ban ddu thay déi tir 10 mg/L dén 80 mg/L cho thy, khi ndng do Ni2*
tang, dung lwong hip phu ting din con hiéu sudt hip phu giam dan (hinh 6). Bé dat dwoc dung lwong va
hiéu sut hip phu dong thdi cao, ndng do Ni2* thich hop dwoc chon trong khoang 30 + 50 mg/L. Tai ndng
d6 Ni2* 30 mg/L, dung lugng va hidu suat hip phu dat 12,15 mg/g va 81,0 %.

100

® - 40 - 18
il i /-__________.-—-—-""" o0
- | . . 418
=
80 " -/ 80 P
—a—H 0 __
gt s 3 &7 \ e e
= s E s
= . o T oeo 410
60 b ~e \\
-
\ 420 ol - 48
L -
= . 18
J \ 4 1s a0 |
40 | » 14
" L L L . L ] 10 40 L
003 006 008 012 015 018 021 0 10 20 30 40 50 60 70 BD 90
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Hinh 6. Anh hwong ciia nong dg Nizr+ ban ddu dén
dung lwong va hiéu suat hap phu
=0,1g, pH=15,57, T = 25 °C, t = 60 phut

Hinh 5. Anh hirong ciia khoi heong HAp dén
dung lwong va hiéu suat hap phu

CniZ" =50 mg/L, T = 25°C, t = 60 phut, pH = 5,57 MHap

3.4. Puong ding nhiét hip phu

Tién hanh hip phu Ni** & diéu kién thich hop da nghién ctru: 0,1 g bot HAp/50 ml dung dich Ni** ¢6
ndng do ban dau thay déi vai thoi gian tiép xuc 60 phut & pH ty nhién 5,57, nhiét do phong (25 °C), sau
d6 xac dinh néng d6 Ni?* con lai ¢ trang thai can béng (Ce), tr d6 co thé tinh dugc cac gia tri InCe, InQ, ti
s6 Co/Q va xdy dung phwong trinh ding nhiét Langmuir (hinh 7a) va Freundlich (hinh 7b).

3.5 3.0
3
3.0 = 28 | ?/"
~ * @ -
il y = 0.0589x% + 0.0765 25 | ¥=0.26955x+ 1,919 il
R2 = 098668 r? = 0.01087 .
S0t e 24 P i
= e ;
[= e 1 c 22 ’,
B [ B ] = -
o 20 | 7
10 b P
i o 18 |
L b
L 3 (a) 186 |- -3 ( )
ool *
L L R n L sl L L i L L L
0 10 20 30 40 50 -1 o 1 2 3 4
Ce (mg/L) LnCe

Hinh 7. Puong ding nhiét hap phu Ni** tai 25 °C theo Langmuir (a) va Freundlich (b)

Dua vao dd :[hi cua duong hép th.l dflng nhiét, xac dinh dU{qc cai’c hﬁng s6 thuc nghiém: glung }u’(_)‘ng
hap phu 16n nhat tinh theo duong dang nhiét Langmuir (Qm), hang s0 Langmuir (K¢) va cac hang so thuc
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nghiém Freundlich (Kr, n). K&t qua thu duoc dwa ra trén bang 1 cho thdy, sy hdp phu Ni2* trén HAp tuan
theo md hinh hip phu déng nhiét Langmuir (R? = 0,98668), dung lwong hip phu cuc dai 16,69 mg/g
Bang 1. Cdc hang s6 thuc nghiém Qu, Ki, Kr, n trongphu"ong trinh Langmuir va Freundlich cua qud
trinh hap phy Ni?*

Langmuir Freundlich
Qm (mg/g) KL R? n Kr R?
16,69 0,783 0,98668 3,7099 6,779 0,91087

3.5. Bjng hoc ciia qud trinh hép phu

Dua vao két qua nghién ctru anh huéng ciia thoi gian hap phu t6i dung lugng hép phu Ni2* trong didu
kién: ndng do Ni** ban ddu 50 mg/L, khdi lwong bot HAp 0,1 g & pH = 5,57 va tai nhiét d6 phong (25 °C),
xdy dyng dugc d thi cuia phuong trinh dong hoc hip phu gia bic mét (theo phwong trinh 7) va bac hai
(theo phuong trinh 8), két qua thé hién & hinh 8.

5k
2l . = g
. y ?-_-0_05824x + 2 6953 vy = 0.03737x + 017611
L i R# = 0.97093 at R® = 0.99944 -
i " =
5 o Sof -
& -
& 2 -
pegry = i
5 . 52 -
% = =
2 3
(a) - T (b)
-3 Tm =
o 20 40 60 80 100 ° +] z.o 4.0 alo s:u- 1:;0 120
t (phuit) t (phit)

Hinh 8. Mo 1 s6 liéu thuc nghiém bcingphmfng trinh dong hoc hdp phu gia bdc 1 (a) va gid bdc 2 (b)

Dua véo cac d6 thi thu duoc trén hinh 7 tinh dugce céc hing s6 tbe do hép phu (k) va dung lugng hép
phu & trang thai can bang (Q.). Két qua tinh toan dugc gidi thiéu trong bang 2. Gia tri Q. tinh theo
phuong trinh dong hoc hip phu gia bac 1 (14,81 mg/g) khac xa gia tri Qe xac dinh tir thuc nghiém (25,6
mg/g), trong khi d6 gié tri Q. tinh theo phwong trinh déng hoc hip phu gia bac 2 (26,76 mg/g) rat gin véi
gié tri Q. xac dinh tir thyc nghiém, ddng thoi hé s6 hdi quy ciia phuong trinh dong hoc gia bac 2 dat R2 =
0,99944 =~ 1 con hé sb hdi quy ciia phuong trinh dong hoc gia bac 1 (0,97093) khac 1 nhidu hon. Két qua
nay chig té qué trinh hap phu Ni2* dung vt liéu bot HAp tudn theo phuong trinh dong hoc hip phu gia
bac 2. Héng $6 tbe do hép phu xac dinh duoc co gia tri béng 0,00793 g/mg/phut.

Bdang 2. Cdc gid tri k va Q. tinh theo phwong trinh dong hoc gia bdc mét va gia bdc hai

Phuong trinh dong hoc gid bic mot Phuong trg:: i‘;‘;g hoc gia Q.
X Q 'k thuc nghiém
1 2 e 2 2
QM) | (phart) R nge) | (gmgphiy | R (me/e)
1481 0.05824 | 0.97093 | 26.76 0.00793 0.99944 25.60
4. Két luan

Hydroxyapatlt v6i kich thude hat trung binh 20x40 nm da dugc s dung dé nghién clru qud trinh hap
phu ion Ni2*. Két qua thu dugc cho thiy, qué trinh hap phu chiu sy anh huéng cua céc yéu t6: pH, nong
d0 Zn?* ban déu, khdi luong chét hap phu, thoi gian t1ep xtc. T d6, lva chon duoc didu kién thich hop dé
xir Iy Ni?* trong mdi truong nude: khdi lwong HAp 0,1g/50 mL dung dich, ndng dé Ni2* ban diu trong
khoang 30 + 50 mg/L, thoi gian tiép xtic 60 phat, pH 5,57 tai nhiét do phong (25 °C). Qué trinh hip phu
tudn theo md hinh déng nhiét hip phy Langmuir v6i dung lwong hdp phu cuc dai bang 16,69 mg/g. Tai
ndng d¢ Ni%* 30 mg/L & diéu kién hip phu thich hop dd nghién ciru, dung lugng va hiéu suat hip phu dat
12,15 mg/g va 81,0 %. Két qua nay cho thiy, c6 thé tmg dung HAp dé loai bo ion Ni** trong nudc bi 6
nhiém.

Loi cdm on
Cam on d8 tai cip Bo ma sb B2022-MDA-03 di gitip hoan thién nghién ciru.
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ABSTRACT
Adsorption behavior of Ni*" using synthetic hydroxyapatite

Le Thi Duyen'**, Hoang Thanh Binh?, Tran Thi Thu Huong?, Nguyen Viet Hung', Le Thi Phuong Thao', Vo
Thi Hanh'!, Do Thi Hai', Nguyen Thi Thu Hien', Pham Tien Dung', Cong Tien Dung', Dinh Thi Mai Thanh*
! Department of Chemistry - Hanoi University of Mining and Geology
2 Centre for excellence in analysis and experiment - Hanoi University of Mining and Geology
3 Faculty of Environment - Hanoi University of Mining and Geology
4 Hanoi University of Science and Technology

Synthetic hydroxyapatite was white, cylinder shape with average size of 20x40 nm and used for
research on adsorption behaviour of Ni?* ion. The effect of factors on the Ni** adsorption efficiency and
capacity was investigated. The adsorption efficiency and capacity obtained 81.0% and 12.15 mg/g
respectively at suitable condition: hydroxyapatite mass of 0.1 g/50 mL solution, initial concentration of
30 mg/L Ni**, pH 5.57, contact time 60 minutes at room temperature (25°C). Adsorption isotherm curves
were studied based on Langmuir and Freundlich models. The kinetic of adsorption process was
investigated follow the pseudo-first-order and pseudo-second-order models.

Keywords: Hydroxyapatite; Adsorption; Ni**
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