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EFFECT OF REACTION TIME ON THE GROWTH OF HYDROXYAPATITE
CRYSTAL NANO-RODS SYNTHESIS FROM SHELLS OF YELLOW FLOWER
CLAM BY HYDROTHERMAL METHOD

Nguyen Ngoc Minh
School of Materials Science and Engineering - Hanoi University of Science and Technology
ARTICLE INFO ABSTRACT
Received: 31/3/2025 Hydroxyapatite is one of the important minerals and it is applied widely in
) biomedical fields because of its high biocompatibility with living organisms. In
Revised: 14/6/2025 this study, hydroxyapatite crystal nano-rods were synthesized using a
Published: 15/6/2025 hydrothermal method, utilizing the calcium-rich source of shells of yellow flower

clam. The effect of hydrothermal reaction time on the size of the hydroxyapatite

crystal nanorods was evaluated in the range of 2 hours to 12 hours at a reaction
KEYWORDS temperature of 140 °C. The morphology and size of the nanorods were determined
using Field emission scanning electron microscopy, while the phase composition
of the hydroxyapatite product was identified by X-ray diffraction and Fourier
transform infrared spectroscopy was used to determine the chemical bonding
Biomaterials groups present in the resulting product. The results showed that the hydrothermal
reaction time affected the size and length of the obtained hydroxyapatite nanorods.
Under the experimental conditions, with the aim of synthesizing hydroxyapatite
crystal nano-rods for applications in coating fabrication on biomedical alloys, the
minimum time required to achieve uniformity among the nano-rods was 10 hours.
This result help guide the timeframe for future syntheses of similar hydroxyapatite.
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Ngay nhan bai:  31/3/2025 Hygiroxyapatite 14 mot trong nhimg khoang chat quan trong va dugc g dung
nhi€u trong céc linh vyc y sinh do ¢ tinh tuong thich sinh hoc cao cua n6 véi
Ngay hoan thién:  14/6/2025 . 1,3 song. Trong nghién ctru nay, cac thanh nano tinh thé hydroxyapatite
Ngiy ding:  15/6/2025 duoc téng hop bang phuong phép thuy nhiét véi viée tan dung ngudn nguyén
liéu giau calcium 1a vo ngao hoa. Anh huong ctia thoi gian phan tg thiy nhiét
| . dén kich thude cac thanh nano hydroxyapatite da dugc danh gia trong khoang
TU KHOA 2 gio dén 12gid & nhiét do phan tmg 140 °C. Hinh thai va kich thudc thanh
nano dugc xac dinh bing kinh hién vi dién tr quét phat xa truong, trong khi
thanh phdn pha cta san pham hydroxyapatite duoc x4c dinh bing phép do
nhiéu xa tia X va phé hf‘)ng ngoai dugc sir dung dé xac dinh cac nhom lién két
Vat liéu y sinh hoa hoc ¢6 trong san phdm tao thanh. Cac két qua nghién ctru dé cho thay, thoi
gian thiy nhiét c6 anh huong dén kich thuéc va chiéu dai cac thanh nano
hydroxyapatite thu dugc. Trong diéu kién nghién ctru, véi muyc dich tong hop
dugc céc thanh tinh thé nano hydroxyapatite img dung trong linh vuc ché tao
mang phu trén hop kim y sinh, thoi gian t6i thiéu can thiét dé nhan duoc sy
tuong dong gitra cac thanh 1a 10 gio. Két qua nay giup dinh hudng vé khoang
thoi gian vai cc tong hop hydroxyapatite tuong tu trong tuong lai.

Hydroxyapatite
Ngao hoa

Thanh nano
Phuong phap thuy nhiét

DOI: https://doi.org/10.34238/tnu-jst.12437

Email: minh.nguyenngoc@hust.edu.vn

http://jst.thu.edu.vn 198 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn
https://doi.org/10.34238/tnu-jst.12437

TNU Journal of Science and Technology 230(10): 198 - 203

1. Gi6i thiéu

Mot sb vat lieu gém sinh hoc trén co s¢ Ca-P da chirng minh dugc sy tuong thich sinh hoc rat
tot do c6 su tuong déng khé cao vé mit hoa hoc khi so sanh vé thanh phén khoang ciia mot by phan
trong co thé ngudi nhu ring va xuong. Dién hinh trong nhom vat liu nay phai ké dén la
hydroxyapatite (HAp), (Caio(PO4)s(OH)2) [1]. HAp la pha v6 co ty nhién, chiém ty 1¢ cao trong
xuong, ring dong vat c6 vi va chu yéu bao gdm hop chét calcium phosphate ¢6 ty 18 Ca/P dao
dong trong khoang 1,50 dén 2,13 [2]. Do c¢6 dic tinh tuong thich sinh hoc cao, nén HAp thuong
duogc tmg dung lam chat d6n xuong, 16p phu trén bé mit cac chi tiét cay ghép, v. v. trong linh vyc
y sinh [3] - [5]. Trong tu nhién, hydroxyapatite c6 thé duoc tong hop tir cac ngudn gidu calcium
nhu, chiang han nhu vo cac loai nhuyén thé nhu VO trai, vo hau va vo so [6], xuong dong vat c6 va
nhu xuwong bo, lac da va ngya [7], va tir cic ngudn khoang chat nhu da voi [8].

Nhiéu phuong phap tong hgp HAp di dugc cong bd nhu sol-gel, thity phan, két tia hoa hoc,
thuy nhiét, v.v. [9] - [11]. Trong d6, thily nhiét 1a mot phuong phap phd bién nhét dé thu dugc
hydroxyapatite dudi dang tinh thé dai va cho phép kiém soat hiéu qua hinh thai HAp [12]. Qua
trinh thay nhiét dugc thuc hién bang phan tng cta cac hoa chit trong dung dich nuée & nhiét do
va 4p suét cao. Qua trinh nay cho phép nhan dugc cac thanh nano tinh thé HAp véi chiéu dai phu
thudc vao thoi gian phan tng trong binh thiy nhiét.

Trong nghién ctru ndy, tinh thé nano HAp duoc téng hop tir v6 ngao hoa (ngudn giau calcium)
vGi thoi gian phan Umg trong binh thuy nhiét thay d6i trong khoang 2 + 12 gi¢. Céc két qua nghién
ctru da cho théy, can tdi thiéu thoi gian phan ing la 10 gio dé tong hop dugc cac thanh tinh thé
nano HAp c6 kich thudc tuong dong tmg dung ché tao mang phu trén hop kim y sinh.

2. Thuc nghiém

Nguyén liéu st dung 1a vé ngao hoa dugc thu nhét, lam sach va rira béng nude cét, sau d6 séy
kho & 80 °C trong 7 gio. Tiép theo, nghién vé ngao thanh bot min bang thiét bi nghién bi véi buong
nghién bémg thép khong gi, thé tich 350 mL trong thoi gian 5 gio v6i tée do quay 200 vong/phit.
Hoa chit triethyl phosphate (d0 tinh khiét > 99,8%) va dung dich axit acetic (46 tinh khiét > 99,5%)
déu dugc nhap khau tir hang Himedia (An D6). Dung dich amonia (28%) duoc lya chon tir hing
Vietchem (Viét Nam).

bé téng hop dugc tinh thé nano HAp, can 0,4 g bot min vé ngao va hoa tan trong 35 mL dung
dich axit acetic bang may khuay tir. Sau khi bot vo ngao hoa tan hoan toan, thém tiép dung dich
triethyl phosphate vao sao cho ty 1¢ Ca:P duy tri & mirc 1,67. Cudi ciing, dung dich amonia duoc
thém nho giot dé duy tri on dinh gia tri pH cta hdn hop trong khoang 8+9. Bé dung dich 6n dinh
trong 15 phut, sau do chuyén toan bo dung dich vao cde teflon, dat trong binh kin béng thép khong
gi va thyc hién thiy nhiét & 140 °C trong cac khoang thoi gian 2, 4, 6, 8, 10 va 12 gid nham thu
nhan duoc tinh thé nano HAp. Sau khi két thuc thoi gian phan tng, dé ngudi binh phan tmg dén
nhiét d6 phong. Loc, rira két tua bang nude cat 3-5 1an, sau d6 sy kho & 80 °C trong 3 gid. San
pham sau d6 dugc bao quan va phan tich danh gia cac tinh chat.

Dé quan sat hinh théi va kich thudc cia tinh thé nano HAp, kinh hién vi dién tir quét phat xa
truong (FE-SEM, JEOL JSM-6500F) da dugc st dung. Thiét bi nhidu xa tia X (D8-Advance) gitip
danh gié thanh phan pha tinh thé va thiét bi quang ph6 hong ngoai FT-IR (FT/IR-6300 TypeA)
dugc str dung dé phan tich cac nhom lién két hoa hoc ciia san pham.

3. Két qua va ban luin
3.1. Anh hién vi dién tiv quét phdt xa truong

Quan sat anh FE-SEM cua cac mau HAp téng hop duoc trén Hinh 1 cho théy, st dung phuong
phap thuy nhiét trong diéu kién nghién ctru da thu nhan dugc céc thanh tinh thé kich thudc nano.
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Hinh 1. Anh FE-SEM ciia cdc mau HAp tong hop véi thoi gian thity nhiét khdc nhau tai 140 °C:
(a) 2 gio; (b) 4 gioy; (c) 6 gio; (d) 8 gio, (e) 10 gioy, va (f) 12 gio

So sanh nhimg mau tong hop trong cac thoi gian phan tng khac nhau c6 thé théy khi thoi gian
phan tng ngan dudi 4 gio (Hinh la - 1b), cac thanh nano tinh thé HAp da bat dau hinh thanh. Tuy
nhién, su phat trién chiéu dai cac thanh 13 chua dang ké va kich thudc chua twong ddng. Khi thoi
gian phan (mg dai hon tir 6 — 8 gio (Hinh Ic - 1d), sy phat trién nhanh theo chiéu dai cac thanh
nano di duoc thé hién rd rét khi két qua do chi ra chidu dai cac thanh c6 thé dat t6i hang tram pm.
Mac du vay, su phat trién theo chiéu rong ciia cac thanh van con co su khac biét 1 rét. Sau cung,
v6i cac mau c6 thoi gian phan tng di 16n (10 gio, Hinh le - 1f), sy twong dong vé ca chiéu dai va
bé rong cac thanh déu da duoc ghi nhan. Nhu vay, trong diéu kién thuc nghiém, dé nhan duoc cac
thanh nano HAp tuong dong ca vé chiéu dai va bé rong, thoi gian phan tmg thay nhiét tbi thiéu can
& murc 10 gio. Bé rong cac thanh HAp thu nhan duoc sau 10 gid thiy nhiét nim trong khoang 50-
60 nm va chiéu dai dat t6i vai pm.

3.2. Gién dé6 XRD

Hinh 2 trinh bay gian d6 XRD ctia mau bdt v ngao sau nghién min va cic mau HAp tong hop
trong cac khoang thoi gian phan tng thiyy nhiét khac nhau, tir 2-12 gi¢. Véi mau bot vo ngao (Hinh
2a), su xuat hién mot s6 dinh nhidu xa chinh twong tmg véi cac miat phan xa (111), (021), (012),
(200), (112), (211), (202) va (113), twong tng v6i pha tinh thé cia CaCOj5 theo thé chuan JCPDS
05-0453 [13].

Gian d6 nhidu xa XRD ciia cic mau HAp tong hop trong cac khoang thoi gian thuy nhiét khac
nhau (Hinh 2b - 2d), cho thiy sy twong dong vé vi tri cac dinh nhiéu xa chinh. Cac dinh nhiéu xa
v6i cudng do cao nhat ing véi cac mat phan xa (002), (21 1), (112), (300), (202), (130), (222) va
(213) cua HAp theo thé chuén JCPDS 01-072-1243 [14]. Két qua nghién ctru XRD da khing dinh,
HAp dugc tong hop thanh cong bang phuong phap thity nhiét va phan tng tao thanh HAp dugc dé
xuat nhu sau:

10CaCOs + 6(C2H5)3PO4 + 10H,O LUC) Calo(PO4)6(OH)2 + 18C,Hs0OH + 10CO;,
Trén gian d6 XRD ciia cac mau HAp tong hop duoc, khong quan sat thiy su xuat hién dinh
nhiéu xa ctia cic pha khac. Diéu nay chimg t6, bot HAp thu dugc sau tong hop co do tinh khiét
cao, lugng tap chat néu co 14 rat nho va dudi gidi han phat hién cia tin hidu X-ray.
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Hinh 2. Gidn do6 nhiéu xg XRD cua cac mau: (a) mau bot vé ngao sau nghién; (b) mau sau thoi gian thity
nhiét 6 gio; (c) mau sau thoi gian thuy nhiét 8 gio va (d) mau sau thoi gian thuy nhiét 12 gio
Két qua tinh toan hang s6 mang cta tinh thé HAp duoc thuc hién va duoc mo ta trong Bang 1.
Bang 1. Két qud tinh todn hang s6 mang va thé tich 6 mang co so ciia tinh thé HAp theo thoi gian thity nhiét
Hing s6 mang tinh thé MAu thity nhiét sau 6 gio' Miu thiiy nhiét sau 8 gi6 MAu thiy nhiét sau 12

gio
a(A) 9,416 9,420 9,418
c(A) 6,874 6,872 6,871
V (A% 609,456 609,797 609,449

Két qua trong Bang 1 cho thiy: khong c6 su sai khac dang ké vé& hing sb mang va thé tich 6
mang co s trong tinh thé HAp tong hop duge & cac khoang thoi gian phan Gng thuy nhiét khac
nhau. Nhu véy, thoi gian phan tng thiy nhiét cht yéu anh huong dén kich thude (bé rong va chiéu
dai) ctia thanh nano HAp thu nhéan duoc.

3.3. FT-IR

Pé 1am 16 hon vé sy tao thanh HAp, mot s6 mau dai dién duoc kiém tra be‘ing phé héng ngoai
(FT-IR) nham xac dinh cac lién két co trong bot tao thanh.

Hinh 3 trinh bay pho hong ngoai bién 601 trong dai s6 song tir 850 cm™' dén 3850 cm™ ciia mau
bot vo ngao sau nghién va ~cac mau HAp tong hop & cac thoi gian phan tmg 6 gio, 8 gio va 12 gio.
Két qua pho FT-IR ctia mau bot vo ngao sau nghlen (Hinh 3a) da chi ra nhom lién két CO3 Xuét
hién & cac s6 song khoang 875 cm™!, 1489 cm™ va 2519 cm™. Két qua nay chi ra thanh phan chinh
clia v ngao 1a CaCOs. Véi cac mau sau thay nhiét (Hinh 3b - 3.d), két qua cho thiy, pho FT-IR
clia cic mau nghién ctru déu c6 sy tuong ddng vé kiéu dang va vi tri cac dinh ddc trung. Két qua
cho thdy nhom lién két COs> xuét hién & cac s6 song khoang 876 cm™ va 1491 cm trong khi nhom
lién két PO,> xuét hién lan luot & cac sé song 966 cm™, 1062 cm™ va 1091 cm’'. Pdc trung cho
dao dong cua lién két -OH" xuit hién ¢ cac sb song 2860 cm™, 2929 cm™ va 3573 ecm™. Qua do
khang dinh dugc sy c6 mat cua nhom carbonate (COs%), photphate (PO4*) va hydroxyl (- OH)
trong cac mau HAp thu nhan duoc [15]. Ngoai ra, khong thay su xuit hién cua cac nhém lién két
khac, két qua nay c6 sy phit hop voi phan tich nhidu xa XRD & phan trén.
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Hinh 3. Phé FT-IR cia cac mau bét HAp: (a) mau bét vé ngao sau nghién; (b) mau sau thoi gian thity
nhiét 6 gio; (c) mau sau thoi gian thuy nhiét 8 gio va (d) mau sau thoi gian thuy nhiét 12 gic

4. Két luan

Thanh nano hydroxyapatite d6 sach cao da dugc tong hop tir ngudn nguyén liéu gidu calcium
1a vo ngao hoa bang phuong phap thity nhiét. O diéu kién thuc nghiém gom: ty 1¢ Ca/P = 1,67, pH
= 8+9, t = 140 °C trong cic khoang thoi gian phan ng khac nhau tir 2-12 gid déu cho két qua san
phiam HAp nhan dugc dudi dang thanh nano.

Thoi gian phan tng thity nhiét c6 anh hudng dén chiéu dai va do rong ctia thanh HAp thu dugc.
Dic biét, thoi gian phan ¢mg ting 1am tang nhanh chiéu dai cac thanh HAp. Trong pham vi va diéu
kién nghién ctru, dé nhan dugc mirc d6 trong ddng vé mat hinh hoc gitta cac thanh HAp, thoi gian
phan tmg thiy nhiét can téi thiéu 1a 10 gio.

Viéc tong hop thanh cong thanh nano 'HAp tr v6 ngao hoa 1a tién & mo rong pham vi nghién
ciiu nham tan dung vo cac loai nhuyén thé khac trong nong nghiép, gop phan nang cao gia tri trong
nudi trdng thity san va dinh huéng Gng dung xir 1y 6 nhidm mai truong.
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