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ABSTRACT

Hydroxyapatite (HA) is a calcium phosphate mineral that exists in animal
bones and it has good biological compatibility. Therefore, this study was
conducted to produce hydroxyapatite (HA) from striped -catfish
(Pangasianodon hypophthalmus) bone. After pre-treatment in dilute
NaOH solution and ethanol, the striped catfish bone was calcined at high
temperature to burn all organic compounds and then grinded by ball mill
machine to obtain powder of striped catfish bone. The powder was used
to react with HsPQO, solution to produce HA. Some important factors
affecting HA formation such as concentration of HsPQO,4, reaction
temperature, pH value, calcinating time and temperature were
investigated. Experimental results showed that it could be produced HA
in crystal size of 100 nm and patrticle size of 1,100 nm when reaction was
carried out in solution of HsPO4 60 mM, reaction temperature 90 °C, pH
11 and calcinating at 1,000°C in 2 hours.

TOM TAT

Hydroxyapatite (HA) la mét loai khodng calcium phosphate ton tai trong
xwong dong vt va cé tinh twong hop sinh hoc tot. Vi thé, nghién cieu duwoc
tién hanh nham san xudt hydroxyapatite tir xwong cd tra (Pangasianodon
hypophthalmus). Sau khi dwoc xie 1y véi dung dich NaOH lodng va con,
xwong ca dwgc nung o nhiét dj cao nham logi bé cdc hop chét hitu co va
duwoe nghién thanh bét bang mdy nghién bi. Bét xwong cd sau dé duwoc
chuyén héa thanh HA. Cdc yéu t6 anh hwéng dén su hinh thanh cia HA
nhie nong dé HiPOy, nhiét dg phan vmg, pH dung dich phan img, nhiét dé
nung va thoi gian nung HA diege tién hanh khdo sat. Két qua cho thdy, c6
thé san xudt HA dang hat véi kich thuGe tinh thé khodang100 nm va kich thieée
hat khodng 1.100 nm khi phan iing chuyén héa bét xwong ¢ diege thuee hién
& diéu kién HPOy 60 mM, nhiét @ phan g 90°C, pH 11 va nung ¢ 1.000
°C trong thoi gian 2 gio.

Trich dan: H6 Qudc Phong, Phan Pinh Khoi, Huynh Lién Huong, Nguyén Vin Nha, Nguyén Thi Bich
Thuyén, Yasuaki Takagi, Lé Thi Minh Thity va Tran Minh Phu, 2020. Nghién ctru trich ly
hydroxyapatite tir xwong ca tra (Pangasianodon hypophthalmus). Tap chi Khoa hoc Truong Dai
hoc Can Tho. 56(S6 chuyén dé: Thuay san)(2): 199-211.
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1 GIOI THIEU

Hydroxyapatite (HA) 1a mot loai mudi calcium
phosphate, c6 cong thirc hoa hoc 1a Caio(PO4)s(OH)2
véi ti 1é¢ Ca/P la 1,67. Trong xwong dong vat HA
chiém khoang 65-70%, 5-8% la nudc va thanh phan
con lai collagen (Sato, 2007). HA duoc biét nhur 1a
vt li¢u khong doc, khong gdy di ing va co tinh sat
khuan cao (Zakharov et al., 2004). Nhiing nim gan
day cac nha khoa hoc tién hanh nghién ctu tong
thanh cong HA tir cac loai hoa chat tinh khiét va cac
thir nghiém sinh hoc cho thay ring HA c6 hoat tinh
sinh hoc cao, c6 kha nang phat trién va hinh thanh
té bao mo xuong, ddng thoi thuc ddy qué trinh hinh
thanh xwong (Sadat-Shojai et al., 2013).

Trong linh vuc y hoc nhiéu tng dung cua vat liéu
HA c6 thé ké dén nhu HA dang bot min véi kich
thudc vao khoang 20 — 100 nm dugc st dung lam
thuc pham chirc ning cung cép calcium cho co thé
véi hiéu qua cao (Guicciardi et al., 2001), tao cac
tam 16t ceramic bao boc cac chi tiét kim loai va hop
kim dung trong k¥ thuat ciy ghép va thay thé xwong
(Dorozhkin and Sergey, 2010), ché tao ring gia va
sira chita cac khuyét tat cua xuong (Kasioptas et al.,
2008). Ngoai ra, HA con dugc sir dung 1a vat liéu
gia cudng tao composite véi polymer ché tao cac chi
tiét cdy ghép xuong chit lwong cao, 1am kep ndi
xuong, 1am vt liéu dan truyén thuc (Narayan and
Roger, 2009) va HA c6 cau triic x6p, nhe duoc
nghién ctru thanh céng trong viéc ché tao mat gia
thay thé cho con nguai (Kundu et al., 2004). Vi thé
viéc tong hop HA duoc rat nhiéu cac nha khoa hoc
quan tam.

Cac nghién ctru cho thdy rang HA cé thé duoc
tong hop tir cac chét tinh khiét bang cac phwong
phap, co thé phan thanh ba nhém chinh nhu (i)
phuong phap khé bao gdm phan ng pha ran va hoa
co (Barakat et al., 2009); (ii) phuong phap w6t bao
gom két tia hoa hoc, thuy phan, sol-gel, thuy nhiét,
nhii twong (Sopyan et al., 1970; Dawson and
William, 1988; Barakat et al., 2008; Shavandi et al.,
2015); (iii) phuong phéap nhiét d6 cao bao gom ddt,
phan huay nhiét (Pattanayak et al., 2007). MOi
phuong phéap ¢6 uu nhugce diém riéng nhu nhom
phuong phap kho thi d& dang tién hanh, mirc d6 tinh
thé cao nhung kich thuéc hat Ién; nhém phuong
phap uét cho kich thude hat dat nano tuy nhién phai
tién hanh qua nhidu cong doan va muc do tinh thé
khéng cao; nhém phuong phap nhiét do cao phai sir
dung nhiéu ning luong.

Ngoai ra, mot sé‘nghién cfry cling chi ra réng,
HA duogc tong hop bang héa chat tinh khiét méc du
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¢6 tinh chat sinh hoc kha t6t nhung van chua nhu
mong muén (Naga et al., 2015; Pon-On et al., 2016).
Vi thé, mét s6 nghién ctru gan day di tién hanh diéu
ché HA sir dung nguyén li¢u 12 ngudn ty nhién nhu
Vo trai (Shavandi et al., 2015), xuong bo (Barakat et
al., 2009), vo trang (Gergely et al., 2010;
Kamalanathan et al., 2014), vay ca (Pon-On et al.,
2016) nham ting cudng tinh twong hop sinh hoc dé
¢6 thé thay thé cho cac loai HA dugc téng hop tir
hoa chit tinh khiét. HA duoc diéu ché tir cac ngudn
tu nhién c6 tinh twong hop sinh hoc cao hon so véi
HA duoc didu ché tir hoa chat tinh khiét boi ngoai
thanh phan chinh 14 calcium va phosphorus thi trong
thanh phan caa xuwong con ton tai mot lwong nho cac
nguyén t6 khac nhu Al Fe, Mg, K va Cl, cac nguyén
t6 nay co thé gop phan tao diéu kién cho té bao phat
trién trén bé mat vat lidu tot hon va tir 46 phat trién
mo lién két (Lin et al., 2011a; Zhang et al., 2014).

O Viét Nam nganh thuy san rat phat trién dat biét
1a cé tra. Theo thong ké cua FAO va bao cao thuong
nién nganh thay san nim 2017 va ké hoach nim
2018, san lwong nudi trong thuy san caa Viét Nam
dat 3,6 triéu tan, trong d6 ca tra dat san lugng 1.3
triéu tn (FAO, 2018). Vi san luong thuy san, dic
biét ca tra 16n thi xwong ca thai ra trong qua trinh
ché bién 1a rat dang ké. Luong xuong ca nay co thé
tan dung lam thtrc an chin nudi, ciing co thé didu
ché ngudn calcium bo sung. Tuy nhién, trong nghién
ctru nay nham tan dung ngudn xuong ca la nguyén
liu dé diéu ché HA, mot loai vat liéu tiém ning
dugc sir dung trong linh vyc y sinh va ky thuat té
bao.

2 PHUONG PHAP NGHIEN CUU

2.1 Nguyén lidu va héa chit

Xuong ca tra khoang 1,5 tudi dugc thu mua tur
khu c6ng nghi¢p Tra Noc. Cac hoa chat nhu NaOH,
HsPO4 va NHs duogc cung cap bdi Cong ty Merck
dugc st dung trong tién xu 1y va tong hop HA tir bot
xuong ca tra.

2.2 Thuc nghiém

2.2.1 Diéu ché bot xirong cd

HA duoc tdng hop tir xwong cé tra theo qui trinh
duogc mo6 ta nhu Hinh 1. Xuong ca sau khi thu mua
s& duoc rira sach va ham trong 4 gio dé loai bo thit
va md. Mau xwong sau d6 duoc xir li trong dung
dich NaOH 0.1 M trong 24 gid dé loai béo, protein
trén xuong. Mau duoc tiép tuc rira voi nuée cat va
ethanol 96°, sy kho ¢ 100 °C nham lam sach mau
sau khi da xir Iy bang NaOH. Mau s& dwoc nung
trong 10 (Nabertherm LHT 1750) & céac nhiét d6
khac nhau tir 700°C - 1.100°C trong 6 gio dé loai bo



Tap chi Khoa hoc Trirong Pai hoc Can Tho

hét tap chat hiru co con lai trong xwong. Mau xuong
¢4 sau khi nung duoc nghién tao thanh bot véi kich
thudc khoang 5-10 um sir dung may nghién bi siéu
tdc thanh bot xwong ca (BXC) sir dung cho qué trinh
chuyén héa thanh HA.

2.2.2 Chuyén héa bét xwong cd thanh HA

Dé chuyén hoa bot xuong c4 thanh HA, mot
lvong 10 g BXC nguyén liéu phan ung vai dung
dich HsPO4 véi ti 16 1/10 (g/mL) & cac ndng dd khac
nhau (0-60 mM). Dung dich sau d6 dugc dwa vé
nhiét d6 phong va on dinh pH 9-12 bang dung dich
amoniac va khudy déu trong 2 gid. Két thuc phan
g dung dich dwoc giir 6n dinh 24 gio ¢ nhiét do
phong, loc va sy khé mau & nhiét do 100°C. Cudbi
cuing, mau duoc nung & nhiét do cao (700 — 1.000
°C) nham 6n dinh cau tric va thu duoc bot HA san
pham. San phim HA dwoc xac dinh kich thudc hat
dura trén phan tich anh chup cua kinh hién vi dién tir
quét (SEM). Céu trac va kich thudce caa tinh thé cua
HA dugc xéac dinh bang phuong phéap nhidu xa tia X
(XRD). Chat lugng san phém duoc danh gia dya
trén so sanh gitra cac peak nhiéu xa XRD cua mau
san pham va mau HA chuan duoc cung Cap tir hang
Merck. Qua d6 mau duoc danh gia la t6t hay chat
luong cao khi c6 su tuong dong vé goc nhiéu xa va
cuong d6 peak nhidu xa va dong thoi khong xuét
hién cic peak nhiéu xa cua cic cdu trac khac.
Nghién ctru duoc tién hanh khao sat theo phuwong
phap luan phién timng bién.

Nguyén li¢u XC
=Rira so bo
-Ham 4 gio
=Xu li trong NaOH 0,1M, 24 h
=Rira lai bang nu6c va ethanol
- Sy kho

XC tién xir Ii
=-Nung
=Nghién min
Bot XC

=Phan ﬁ[lg le H3PO4
=On dinh pH bang dd NH,

HA

Hinh 1: So' d6 qui trinh diéu ché bt HA tir
xwong ca tra
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2.3 Phwong phap phan tich danh gia
2.3.1 Phuong phdp nhiéu xq tia X

Thanh phén pha va kich thuéc trung binh tinh
thé dugc xac dinh bang phuong phap nhiéu xa tia X
(XRD), trén méy D8 Advance ctia hang Bruker
(CHLB buc), vai goc quét 26 WL = 1,54060 quét
tir 10 —55°, bude do 0,01 do/phit, thiét bi hoat dong
& hiéu dién thé U = 40 kV va cudong do dong dién |
=30 A. Kich thuéc tinh thé dugc tinh dua vao phd
nhidu xa XRD, sir dung phuong trinh Scherrer
(Vorokh, 2018). Mau téng hop duoc so sanh véi HA
chuan (Merck) véi do tinh khiét > 99,5%.

2.3.2  Phuong phdp quét kinh hién vi dién tir

Céc dic trung vé hinh thai va kich thudc hat
dugc quan sat bang phuong phap quét kinh hién vi
dién to (FE-SEM), S-4800 cua hiang HITACHI
(Nhat Ban) c6 d¢ phan giai cao va do phong dai tir
x25 dén x800, va dién ap gia téc 30 kV. Kich thugc
ctia hat HA duoc xac dinh bang phan mém phan tich
anh Image] thong qua anh SEM ctia mau.

2.3.3  Phuwong phdp quang phé huynh quang
tia X (XRF)

Thanh phan va ham luong cac hop chat trong
xuong nguyén liéu dugc phéan tich bang phuong
phap quang pho huynh quang tia X (XRF). Phuong
phap duogc thuc hién trén dong may XRF-310, san
Xuét boi hang PG Instruments. Thong s6 thiét bj nhu
cac nguyén to trong pham vi do Al - U, pham vi ham
lwong do tir 1 ppm — 99.9%, ngudn nang lwong phat
Xa 50 W, d6 phan giai dau do 149 Eyv, liéu luong
phat xa < 0.2 uSv/h.

3 KET QUA VA THAO LUAN
3.1 Didu ché bot xwong ca

Xuong ca dd qua cac giai doan ham 4 gio, rira va
xir 1i bang ethanol, mau xuong c4 van con nhiéu
thanh phan hitu co ton tai phia trong. Dé loai bo toan
b6 thanh phan hitu co nay, xwong ca sau khi xtr li
duoc nung ¢ cac nhiét do khac nhau trong khoang
700°C dén 1.100 °C. Két qua & Hinh 2 cho thiy
xuong ca nung & nhiét ¢ 700°C ¢6 mau xam den
ching to & nhiét do nay tap chét hiru co va carbon
chwa phéan hity hoan toan. O nhiét d6 900°C, mau
xuong ¢4 ¢6 mau tring sang do do6 tap chit hitu co
trong xuong di duoc loai bo hoan toan. Péi véi mau
xwong nung & 1.100 °C, xuong cd mau tring anh
xanh.

Bén canh, két qua phén tich thanh phan nguyén
t6 XRF (Bang 1) cho thdy & ca hai mau xuong déu
¢6 thanh phan twong tw nhau. Ca va P 13 hai thanh
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phan chinh dugc tim thiy nhiéu nhét trong xuong &
dang oxide CaO va P,0s, con lai 1a cac thanh phan
oxide khac. DS v6i miu nung & nhiét d6 900°C,
ham lugng CaO 43.4% va P,0s5 36.2%, bén canh
mau nung ¢ nhiét d6 1.100°C ham luong CaO
44.6% va P,0s 39.1%. Bang 1 ciing cho thay ti 1&
cua Ca/P giam khi nung ¢ nhiét d¢ 1.100°C so véi o
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900°C. Két qua twong tu Vvéi nghién ciu coa
Venkatesan et al. (2010) khi nung xuong ca ngur thi
ham lugng CaO 38.9% va P05 32.7% (Venkatesan
and Kim, 2010). Vi thé, 900°C dwoc chon lam nhiét
d6 nung xuong cac dung lam bot nguyén liéu tong
hop HA.

Hinh 2: Miu xwong c4 nguyén li¢u dwgc nung & nhiét d9 khac nhau: (a) 700°C, (b) 900°C va (c¢) 1100°C

Bang 1: Thanh phin xwong ca sau khi nung dwgc phén tich bing XRF

Nhiét do nung,

Thanh phin héa hoc bt xwong c4 sau khi nung, %khéi lwong

°C Al2Os  Fe20s CaO0 MgO K20  NaO Cl P.Os  Cal/P
900 0,09 0,01 4340 1,16 0,01 3,42 0,01 36,23 1,52
1100 0,11 0,01 44,63 1,14 0,01 3,96 0,01 39,16 1,44

3.2 Anh huéng ciia ndng do dung dich
H3POg4 dén s chuyén héa HA tir BXC

Sau khi nung & 900°C, thanh phan khdi lwong
Cua xuong ca chiém 43,4% CaO va 36,2% P,0s
(Bang 1) va két qua phan tich nhiéu xa tia X (XRD)
(Hinh 3a) cho thiy ring mau BXC da ton tai cac
dinh dt trung ctia HA tai cac vi tri 26 = (25.9; 28;
28.9; 31.9; 32.2; 32.9; 34.1; 39.8; 46.7; 48.1; 49.5;
50.6; 51.3; 52.1; 53.2) cung véi cac dinh dac trung
cua B-TCP va CaO & cac vi tri 20 = 31,3 va 34,7.
Nhu vay, xwong ca sau khi nung da ton tai ciu trac
tinh thé HA. DBé khao sat anh huong cua nong do
HsPO,4 dén sy hinh thanh HA, bot xuong ca (BXC)
dugc phan ng véi dung dich HsPO4 ¢ cac nong do
khac nhau thay d6i tir 40 mM dén 60 mM. Diéu kién
phan tmg duoc ¢ dinh ti 16 BXB/dd HsPO, = 1/10
(g/mL), nhiét d@ phan tng 80 °C, pH 11 va nhiét do
nung 6n dinh céu triic 1a 900°C trong 1 gio. Két qua
phan tich XRD cho thiy cac mau sau khi phan ting
c6 cuong do peak dac trung cua HA tang 1én khi
tang ndéng do dung dich HsPO, va dong thoi cac
cuong do cua cac peak ¢ cac vitri 20 = 31,3 va 34,7
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giam xudng (Hinh 3b-d) chung t6 ham luong B-TCP
va CaO da giam xuong.

Kich thudce tinh thé duoc xac dinh tir nhidu xa sir
dung cong thirc Scherrer va trinh bay trong Bang 2
cho thay kich thudc tinh thé dao dong tir 96 — 97 nm.
Ngoai ra, két qua phan tich SEM (Hinh 4) cta céac
mau cho thdy, cac mau c6 dang hat cau bat ddi xung.
Quan sat tir anh c6 thé thay & ndng d6 HsPO4 khac
nhau, cac hat hiu nhu it c6 sy thay d6i vé hinh thai
va kha dong déu va kich thudc hat khoang 900-1150
nm. Tir nhitng nhan dinh trén, ndng d6 HaPO4 60
mM duoc chon 1am diéu kién ¢ dinh cho cac khao
sat tiép theo.

Bang 2: Anh hwéng néng dd dung dich HsPO4

dén HA
Kich thudc Nong d§ HsPOs, mM)
(nM) 0 40 50 60
Kich thuéce
tinh thé 974 9,9 972 968
E;f hthuoe ¢o51102 1055290 1150485 1150495
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Hinh 3: Nhiéu xa XRD mg’lu HA tépg hop & cac ndng dd HsPOs khac nhau: (a) 0 mM, (b) 40 mM, (c)
50 mM va (d) 60 mM. Diéu kién cb dinh: BXC/ dd HsPO4 = 1/10, nhiét d phin tmg 80°C, pH 11 va
nhiét d§ nung on dinh cau tric 1a 900°C trong 1 gio

Hinh 4: Anh SEM ciia miu HA tdng hep ¢ cic nong dj HsPO4 khéc nhau: (a) 0 mM, (b) 40 mM, (c)
50 mM va (d) 60 mM. Diéu ki¢n cé dinh: BXC/ dd HsPOx4 = 1/10, nhiét dj phan dmg 80°C, pH 11 va
nhiét @9 nung on dinh cau trac 1a 900°C trong 1 gio

3.3 Anh huéng ciia nhigt dg phan dmg dén cua nhiét do dén sy hinh thanh HA. Diéu kién phan
sw chuyén hoa HA tir BXC ung dugc c6 dinh ti & BXB/dd HsPO, = 1/10
(9/mL), dung dich HsPO, 60 mM, pH 11 va nhiét do

Thi nghiém diroc tien hanh & dicu kign nhiét 46 nung 6n dinh chu trac 1a 900°C trong 1 gio. Két qua

thay doi tir 60 °C dén 90 °C dé khao sat anh huong
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phan tich XRD (Hinh 5) cho thay nhiéu xa cta cac
mau téng hop déu co cac dinh dic trung cua HA tai
cac vi tri 20 = (25.9; 28; 28.9; 31.9; 32.2; 32.9; 34.1;
39.8; 46.7; 48.1; 49.5; 50.6; 51.3; 52.1; 53.2).
Cuong d6 cia cac dinh cia HA ting dan khi ting
nhiét d6 phan g dong thoi cac dinh didc trung ciia
B - TCP tai cac vi tri 20 = 31,3 va 34,7 giam dan. O
nhiét 6 phan wng tir 70 - 90 “C ¢6 sy chuyén héa -
TCP theo huéng hinh thanh HA. Két qua nay ciing
phu hop véi cac nghién ctru trudge d6 cua Jing Luo
et al. (2015) khi tién hanh tong hop HA tir nhiét do
75 - 95 °C, B - TCP ¢6 xu hudng chuyén dan sang
HA, khi nhiét d6 phan g trén 90 °C trong thanh
phan hau nhu con lai 1 pha duy nhat 1a HA (Luo et
al., 2015).

Tap 56, S6 chuyén dé: Thiy san (2020)(2): 199-211

Két qua phan tich SEM (Hinh 6) cho thy cac
mau déu c6 sy hinh thanh HA dang hinh ciu khong
d6i xung. Kich thudc hat HA vao khoang 1.000 nm
va khong ¢ su khac nhau giita cac mau. Tuy nhién,
két qua phan tich kich thugc cho thay HA co kich
thudc tinh thé trung binh kha nho (60-100 nm), khi
tang nhiét do phan mg kich thudc tinh thé tang 1én
(Bang 3). Piéu nay c6 thé thay rang khi nhiét do ting
lén lam ting tdc do phan Gng dan dén ting kich
thudc tinh thé. Két qua nay ciing pht hop vai nghién
ctru cua Lazié et al. (2001) khi tdng hop HA trong
dung dich. Tir cac két qua thu dwoc cho thiy, nhiét
d6 90°C thich hop dé chuyén hoa BXC thanh HA.
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Hinh 5: Nhleu xa XRD mau HA téng hop ¢ cac nhiét d9 khac nhau: (a) 60°C, (b) 70°C, (c) 80°C va (d)
90°C. biéu klen ¢b dinh: BXC/ dd H3PO.4 = 1/10 (9/mL), HsPO4 (60 mM), pH 11 va nhiét d) nung on
dinh ciu tric 12 900°C trong 1 gio
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Hinh 6: Anh SEM mau HA téng hep & cac nhiét d§ khac nhau: (a) 60°C, (b) 70°C, (c) 80°C va (d)
90°C. biéu kién cé dinh: BXC/ dd HsPO4 = 1/10 (9/mL), HsPO4 (60 mM), pH 11 va nhiét dy nung on
dinh ciu triic 12 900°C trong 1 gio

Bang 3: Anh hwéng cua nhiét do phan ing dén

HA
Kich thirc, Nhiét d¢, °C
nm 60 70 30 20
Kich thuée
tinh thé 617 883 96,6 99,3
ﬁfh thude 995190 1.025498 1.010£105 1.050495

3.4 Anh hwéng pH dén sy chuyén héa BXC
thanh HA

Khao sat anh huong cua pH 1én su chuyén héa
BXC thanh HA dugc thi nghiém thyc hién trong méi
truong pH (9-12). Diéu kién phan g duoc ¢ dinh
ti 1&¢ BXB/dd HsPO, = 1/10 (g/mL), dung dich
H3PO4 60 mM, nhiét do phan ting 1a 90 °C va nhiét
d6 nung 6n dinh ciu trac 1a 900 °C trong 1 gid. Két
qué phan tich nhidu xa tia X cho thdy rang cac mau
déu tdn tai cac peak dic trung cua HA tai vi tri 20 =
(25.9; 28; 28.9; 31.9; 32.2; 32.9; 34.1; 39.8; 46.7;
48.1; 49.5; 50.6; 51.3; 52.1; 53.2) (Hinh 7). Cuong
d6 cua cac peak dic trung HA tang dan khi pH ting
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tr 9 -11 sau d6 giam khi pH 12. Cuong d6 peak cua
B - TCP tai vi tri 20 = 31,3 va 34,7 giam dan khi ting
pH va hiu nhu tiéu bién ¢ pH 11. Tuy nhién, khi
tang pH 1én 12, cuong do peak tai vi tri 20 = 31,3 va
34,7 xuét hién trg lai. Palanivelu et al. (2014) cho
thay rang khi tang tir pH s& tang dan sy bién doi cua
cac ion Ca?* va PO,% va lam tiang sy chuyén hoa
theo hudng hinh thanh HA va pH 11 1a diéu kién tot
nhat. Bang 4 cho thiy kich thuéc tinh thé cia HA
vao khoang 100 nm. Két qua phan tich SEM (Hinh
8) cho thiy & méi truong pH khac nhau c¢6 hinh dang
tuong tu nhau va kich thudc caa hat 1a khang 1000
nm (Bang 4).

Bing 4: Anh hwéng cia pH wng dén kich thwéc

cua HA
Kich pH
thudc, nm 9 10 11 12
chh tl}uoc 102,0 101,6 99,3 100,9
tinh thé, nm
Kich thuéc 1.005491 1.035+99 1.060+106 1.010+£94
hat, nm
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Hinh 7: Nhiéu xa XRD m?‘,u HA tong hop & médi trwong pH khac nhau: (a) pH 9, (b) pH 10, (¢) pH 11
va (d) pH 12. Diéu kién co dinh: BXC/ dd HsPO4 = 1/10 (g/mL), HsPO4 (60 mM), nhiét d§ phan ing
90°C va nhiét do nung on dinh cau truc 1a 900°C trong 1 gio

Hinh 8: Anh SEM méu HA téng hep & méi truong pH khac nhau: (a) pH 9, (b) pH 10, (¢c) pH 11 va
(d) pH 12. Dieu kign co dinh: BXC/ dd HsPO4 = 1/10 (g/mL), HsPO4 (60 mM), nhiét d¢ phén wng 90°C
va nhiét d9 nung on dinh cau tric 1a 900°C trong 1 gior

35 Anh huéng cia nhiét dd nung dén sy
chuyén hoa caa HA

Pé khao sat anh huong cua nhiét do nung dén
HA céc thi nghiém dugc khao sat & trong khoang ti
700°C - 1000°C. Trong d6, cac diéu kién ¢ dinh:
BXC/ dd H3PO,4 = 1/10 (g/mL), HsPO, 60 mM, nhiét
d6 phan ttng 90°C, pH 11 va thoi gian nung trong 1
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gio. Két qua phan tich nhidu xa tia X cho thiy cac
mau déu ton tai cac peak dic trung cua HA tai vj tri
26 = (25.9; 28; 28.9; 31.9; 32.2; 32.9; 34.1; 39.8;
46.7; 48.1; 49.5; 50.6; 51.3; 52.1; 53.2) (Hinh 9).
Cuong do cua cac peak dic trung HA ting dan khi
pH khi tang nhiét ¢ nung va cao dat cao nhit &
1000°C. Nguoc lai, cuong d6 peak cua 3 - TCP tai
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vi tri 20 = 31,3 va 34,7 giam dan khi tang nhiét do
va hau nhu biét mat khi nhiét d6 ¢ 1.000°C. Nhu
vay, nhiét d6 nung c6 anh huong Ién dén qué trinh
thanh va 6n dinh cdu trac tinh thé HA. Tuy nhién,
can luu ¥ khi nhiét d6 cao 1.100°C,HA s& chuyén
thanh cac dang khac nhu B-TCP, o’-TCP hay a-TCP
(Oshida, 2014).

Két qua phan tich kich thudc tinh thé trung binh
tir gian dd XRD (Bang 5), thdy rang céc kich thudc
tinh thé tang khi ting nhiét d6. Kich thudc tinh thé
cua HA 1a 61,7 nm, 88,3 nm, 99,3 nm va 101.2 nm,
tuong tng nhiét d¢ nung 1a 700°C, 800°C, 900°Cva
1.000°C. Nhu vay, nhiét d6 nung c6 anh hudng quan
trong dén sy 6n dinh va hinh thanh cu trac HA va
hinh thanh tinh thé HA. Tuy nhién, khi tong hop HA

Tap 56, S6 chuyén dé: Thiy san (2020)(2): 199-211

bang héa chat tinh khiét cho thiy nhiét d6 nung phu
hop @ 6n dinh cdu tric chi vao khoang 600°C
(Pattanayaket al., 2007; Abidi and Murtaza, 2014).
Diéu nay cho thdy HA dugc chuyén hoa tir xurong tur
nhién can nhiét d6 nung khé cao dé 6n dinh cau truc.
Tuong tu nhu trong trueong hop su dung bot xuong
bo 1am nguyén liéu, nhiét dd nung on dinh ciu tric
cling 1a 900°C trong khoang thoi gian 4 gio (Phong
et al., 2019). Nhu vay, nhiét do thich hop dé nung
6n dinh ciu triic cua HA khi st dung BXC lam
nguyén liéu la 1.000°C trong khoang thoi gian 2 gio.
Két qua phan tich SEM (Hinh 10) cho thay & nhiét
d6 nung tir 700 dén 1.000°C, HA c6 hinh dang tuong
tu nhau va kich thuéc caa hat 1a khoang 1.050 nm.
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Hinh 9: Nhiéu xa XRD méu HA dwgc nung ¢ cac nhiét d khic nhau: (a) 700°C, (b) 800°C, (c) 900°C
va (d) 1000°C. Piéeu kién co dinh: BXC/ dd HzPO4 = 1/10 (g/mL), HsPO4 (60 mM), nhiét dd phan wng
90°C, pH 11 va thoi gian nung trong 1 gio
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Hinh 10: Anh SEM miu HA dwgc nung & cic nhi¢t d§ khac nhau: (a) 700°C, (b) 800°C, (c) 900°C va
(d) 1000°C. bieu kién co dinh: BXC/ dd HsPO4 = 1/10 (g/mL), H3PO4 (60 mM), nhiét d phan ing
90°C, pH 11 va thai gian nung trong 1 gio

Biang 5: Anh hwéng caa nhiét d9 nung dén kich
thwdc cia HA

Kich Nhiét d3 nung (°C)
thuée, nm 700 800 900 1000
Kich thuée

ot tha 61,7 883 993  101,2
ﬁfh thude ) 175196 1075497 1080£98 10604104

3.6 Anh huéng cha thoi gian nung dén sy
chuyén hoa caa HA

Dé khao sat anh huong cua thoi gian nung 1én sy
hinh thanh HA, cac miu sau téng hop dwoc nung &
cac nhiét d khac nhau 1000 °C trong cac khang thoi
gian tir 1- 4 gio. Trong do, cac diéu kién cb dinh:
BXC/dd HsPO4 = 1/10 (g/mL), H3PO4 60 mM, nhiét
d6 phan tmg 90 °C, pH 11 va nhiét d6 nung 1000
°C. Két qua phan tich nhiéu xa tia X cho thay cac
mau déu ton tai cac peak dic trung cua HA tai vi tri
20 = (25.9; 28; 28.9; 31.9; 32.2; 32.9; 34.1; 39.8;
46.7; 48.1; 49.5; 50.6; 51.3; 52.1; 53.2) (Hinh 11).
Cuong d6 cua cac peak dac trung HA tang khi thoi
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gian nung tang tir 1 gio 1én 2 gid. Tuy nhién, khi thoi
gian tang lén 3 gio va 4 gio, cuong d) cac peak nay
¢6 xu hudng giam xudng. Cuong do peak cua p -
TCP tai vi tri 20 = 31,3 va 34,7 giam dan va bién
mat khi thoi gian nung 1a 2 gio. Kich thudce tinh thé
HA dugc tinh toan va trinh & Bang 6, cho thiy kich
thudc tinh thé c6 xu hudng tang khi ting thoi gian
nung tir 1 dén 4 gio. Két qua phan tich SEM (Hinh
12) cho thay thoi gian nung tir 1 dén 4 gio, HA ¢o
hinh dang tuong tu nhau va kich thudc cua hat 1a
khoang 1100 nm. Két qua trén ciing phu hop V6i
nghién ctru cia Aminatun et al. (2013) khi tién hanh
tong hop HA tir nang muc. Nhu vay, 2 gio 1a thoi
gian thich hop cho qué trinh nung dé hinh thanh va
6on dinh ciu trac HA.

Biang 6: Anh hwéng caa thoi gian nung dén HA

Thoi gli.l‘ll 1 2 3 4
nung, gio

I.<1Ch tl}uoc 101,9 1129 1165 129,5
tinh thé, nm

Kich thuée 415,99 1095102 1140298 1160105
hat, nm
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Hinh 11: Nhiéu xa XRD miu HA dwgc nung & cac khoang thoi gian khac nhau: (a) 1 gio, (b) 2 gio, (¢)

3 gior va (d) 4 gio. Piéu kién cé dinh: BXC/ dd HsPO4 = 1/10 (g/mL), HsPO4 (60 mM), nhiét d9 phan
rng 90°C, pH 11 va nhigt d9 nung 1000°C
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Hinh 12: Anh SEM miu HA dwec nung ¢ cac khodng thoi gian khac nhau: (a) 1 gio', (b) 2 gio, (¢) 3
gio va (d) 4 gio. Pieu kién co dinh: BXC/ dd H3PO4 = 1/10 (g/mL), HsPO4 (60 mM), nhiét d9 phan wng
90°C, pH 11 va nhiét do nung 1000°C
4 KET LUAN ¢6 thé san sudt HA ¢6 kich thugc tinh thé khoang

) 100 nm va kich thudc hat khoang 1.100 nm khi tien

Nghién ctru d& chuyén hoa thanh cong xuong ¢ hanh thyc hién phan tng chuyén hoa giira BXC va
tra thanh hydroxypaptite. Cac khao sat cho thay rang
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H3PO4 c6 nong d6 60 mM, nhiét do phan tng 90°C,
pH dung dich 1a 11 va nhiét d6 nung ¢ 1.000°C trong
thoi gian 2 gio. Két qua cho thay nghién ciru da gop
phan nang cao gié tri tng dung clia xwong ca tra va
dura xuong ca trg thanh ngudn nguyén ligu tiém ning
trong nghién ciru san xuat HA c6 nhiéu tng dung
quan trong trong linh vuc y sinh.

LO1 CAM ON

Nhom tac gia Xin cam on kinh phi nghién cuu
duoc tai tro boi Dy an Nang cip Truong Pai hoc
Céan Tho VN14-P6 bang ngudn vén vay ODA tir
chinh pha Nhat Ban.
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