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Abstract 

Hydroxyapatite powder doped with aluminium (Al-HAp) was synthesized from Ca(N03)2, A1{N03)3 and 
(NH4)2HP04 by chemical precipitation metiiod that has formula Caio.xAlx(P04)6(OH): with x - 0,5; 1; 2; 4; 5; 6; 8. The 
analysis results by X-ray Diffraction (XRD), Energy Dispersive X-ray analysis (EDX) and Scanning Elecfron 
Microscopy (SEM) show that Ca/Al ratio in solution varies 9.5/0.5; 9/1; 8/2; 6/4, aluminium mass in Al-HAp powder 
was from 1.23 % to 9.91 %. Al-HAp powder had crystal structure and single phase similar as HAp and diameter about 
20 nm. With Ca/Al ratio in solution 5/5; 4/6; 2/8, Al-HAp has A1(0H)3 phase (Ca/Al ratio 5/5), especial with Al content 
was too high, Al-HAp powder is not obtained, instead of amorphous A1(0H)3 powder. 

Keywords. Hydroxyapatite doped aluminium, chemical precipitation. 

i. MO DAU 

Hydroxyapatit (HAp) vdi cong thuc la 
CaioP04(OH)2 la thanh phin chinh cua xuong, rang 
va md cirng cua ngudi va dgng v|t cd vu, vi vay nd 
cd hoat tinh va do tuong thich sinh hgc cao. Do do, 
HAp thudng dugc nghien cuu iing dung trong nhieu 
ITnh vuc vdi nhimg dang tdn tai khac nhau nhu d^ng 
mang, dang gdm dugc dimg trong cay ghep xucmg, 
dang hot diing trong thudc bd sung canxi va hap phu 
mgt sd ion cd hai trong nudc nhu F", Cd *, Pb * [1-
6], D6 tdng hgp bdt HAp cd nhi^u phuong phap 
khac nhau nhu sol-gel, thuy nhi?t, ket tua hda hgc... 
vdi nhirng uu, nhugc diem rieng [2, 3, 7-10]. Trong 
dd, phucmg phap ket tiia hda hgc cd nhieu uu diem 
nhu: nhiet do phan iing thip, tao dugc kich thudc 
hat nhd, he phan ung don gian, de thuc hien d quy 
md Idn vdi do tinh khiet cao. HAp tdng hgp cd 
thanh phin va cau true tucmg ty nhu HAp sinh hgc. 
M|c dii cd nhifng dac tinh tdi iru, HAp tdng hgp van 
hi han ehe trong sir dung do kha nang hda tan cao 
trong ca the sdng va nhung tinh chat ca ly kem. De 
cai thien tinh chit cua HAp nhu giam kha nang hda 
tan, tang hoat tinh sinh hgc, tang dg ben ca ly, tang 
dien tich be mat rieng, mpt sd ion nhu Mg^*, Zn^^ 
Al^*... da dugc pha tap trong bgt HAp [4, 11-17], 
Mgt trong nhihig ung dung dlSn hinh ciia bgt HAp 

pha tap la hap phu cac ion F", NO3"... trong nudc 
udng va nudc sinh hoat. Ion F" dugc hap phu bdi 
nhdm hoat tinh, vi vay bdt HAp pha t?ip nhdm cd 
nhieu trien vgng iing dung xOr ly F" trong nudc udng 
nhd uu diem khdng gay dgc cho ca the neu Al-HAp 
cdn du sau qua trinh xir ly [4]. 

Bai bao nay gidi thieu ket qua nghien cuu lira 
chgn ty le Al pha tap thich hgp vao HAp. Hinh thai 
cau triic va dien tich bl mgt rieng ciia Al-HAp cGng 
dugc nghien ciiru. 

2. THirC NGHIEM 

Bgt HAp pha tap nhdm dugc tdng hgp bing 
phuang phap ket tua hda hgc, tir Ca(N03)2, A1(N03)3 
va (NH4)2HP04 trong nudc theo phuong trinh sau: 

(10-x) Ca^* + X AP^ + 6 P04^" + (2-x) OH" -^ 
Ca(,o-x)Al,(P04)6(OH)2 ( 0 < x < 1 0 ) (1) 

vdi x = 0; 0,5; 1; 2; 4; 5; 6; 8 tucmg irng vdi % sd 
moi cua Al la 0, 5, 10, 20, 40, 50, 60 va 80 % vdi ty 
le Ca/Al = 10/0; 9,5/0,5; 9/1; 8/2; 6/4; 5/5; 4/6 va 
2/8. 

Dung djch (NH4)2HPO^ 0,3 M dugc bd sung vao 
dung djch Ca(N0j)2 va AI(N03)3 cd tdng ndng do 0,5 
M vdi tdc dg 1 ml/phiit. Trong suot qua trinh phan 
img, pH dugc giif on djnh d 10 bing dung dich NH3 
dac, tdc do khuiy 800 vdng/phut. Sau khi phan img 
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xong, gia hda trong 2 gig, luu mau 2 gid, mlu dugc 
Igc rija bing li tam vdi tdc do 5000 vdng/phiit cho 
d6n khi vS pH trung tinh. Sau dd, mau dugc siy d 
110 °C trong 24 gid va nghiSn trong cdi ma nao thu 
dugc hot min HAp pha tap nhdm mau tring. 

Bgt HAp pha tap nhdm dugc nghien cim cac 
dac tinh bing gian dd nhieu xa tia X (XRD) tren 
may SIEMENS D5000 di xac dinh ciu true pha va 
kich thudc trung hmh cua Al-HAp. Hinh thai hgc 
ciia mau dugc xac dinh bang kinh hien vi dien tir 
quet SEM S4800 ciia hang Hitachi, Thanh phin cua 
cac nguyen td dugc xac dinh bing tan xa nang 
lugng tia X (EDX) tren may Jeol 6490 JED 2300. 
Dien tich hh mat rieng ciia hot Al-HAp dugc xac 
dinh tren may Micromerltics TriStar 3000 V6.07A. 

Ti> gian dd nhieu xa tia X cd the tinh dugc 
dudng kinh trung binh ciia tinh the HAp theo cdng 

thuc Scherrer [18]: D = 0.91 (2) 

Trong dd: D la dudng kinh tinh the (nm); X la budc 
sdng (nm) va cd gia trj la 0,15406 nm; B(rad): do 
rgng cua pic tai niia chieu cao cua pic dac trung; 9 
la gdc nhieu xa ("), B (rad) dugc ti'nh tir B(°) theo 
cdng thuc sau: B(rad) = B(°) x Ji/180. 

HAp cd mang tinh the he luc giac vdi a = b # c, a 
= j3 = 90°, Y = 120^ Tir gian dd XRD cd thg xac djnh 
dugc gia trj khoang each giii'a cac mat phang tinh the 
(d), thay gia trj d vao phuang trinh 3 xac djnh dugc 

J -(h' + kh + k') ^2 

(3) 
d a c 

Dua vao a va c tinh dugc the tich cua tinh the 
theo cdng thuc 4 [ 18]. 

V= - ^ (4) 
2 ^ [ 

Dien tich be mat rieng ciia bdt AI-FlAp cd thi 
dugc xac dinh theo phuong phap BET, Langmuir, 
phuang phap dcm diem. Theo phuang phap BET, 
xuit phat tii phuang trinh hip phu ding nhiet BET 
[19]: 

P ^ 1 | ( ^ - ^ ) » ^ 

^{P" ^ P) Vfl,^^ n̂, ^C P" 
x ^ (5) 

Trong dd: p, p° - ap suat, ap suat hai bao hda ciia 
chat hi hap phu d trang thai Idng; v,Vm - the tich 
chat bi hap phu, the tich Idp hap phu dan phan tir 
tren toan bg be mat; c - hing sd. 

N6u dung dd thj p/v(p°-p) hay l/(v(p7p-l)) phu 
thugc p/p° ta thu dugc dd thi cd dang dudng thing. 
Dd thj cd dg ddc s = (c-l)/VmC va cit true tung tai i 
= l/VmC. Biet s va i, suy ra: 

Dinh Thi Mai Thanh vd cgng su 

^m= rva c = - + l 
S + \ I 

Ngu Vn, la thi tich hip phu cue dai, irng vdi sir 
ehe phu 1 lap dan phan tir tren toan bg be m|t ciia 1 
gam chit hip phu va bigu diln bing cm^ d 0 °C va 
latm, thi di?n tich bl mat rieng S (mVg) dugc tinh 
theo cdng thirc: 

(6) 
22414 " "• 

Trong dd: No la sd Avogadro; A^ la dien tich ma 
mgt phan tir chat bj hap phu chiem tren be m|t. 

Theo phuong phap Langmuir, nhihig tieu phan 
bj hap phu lien kit vdi nhung trung tam hip phu xac 
djnh tren be mat chat hap phu, mdt tam hap phu co 
the lien ket vdi mgt va chi mdt tieu phan hi hap phu, 
cac tieu phan bi hap phu khdng tucmg tac lan nhau 
va be mat hap phu la ddng nhat, nghia la nang lugng 
hap phu tren tat ca cac tam la nhu nhau. Phucmg 
phap don dllm la phuang phap xac dinh dien tich be 
mat rieng dan gian nhat, sii dung duy nhat mgt diem 
hap phu dang nhiet trong vimg tuy8n tinh cua hieu 
dd BET. 

Hieu suit tdng hgp (H,h) dugc tinh theo cong 
thirc sau: 
H,h = (mAl-HAp-WmAI-HAp-LT) X 100 % (7) 

Hieu suat pha tap (Hp,) dugc tinh nhu sau: 
Hp, = (mAiWniAi-LT) X 100 % (8) 

Trong dd mAi-HAp-iN va mAi.HAp-LT lan lugt ]a 
khoi lugng Al-HAp theo thuc nghiem va ly thuylt, 
mAi-TN va niAi-LT la khdi lugng Al theo thuc nghiem 
va ly thuyet. 

3. KET QUA VA T H A O LUAN 

3.1. Gian do nhilu xa tia X 

_̂  Hinh 1 va 2 gidi thieu gian dd nhieu xa tia X ciia 
mau HAp pha tap vdi cac ti le Ca/Al tir 10/0 din 6/4 
(hinh 1) va tCr 5/5 din 2/8 (hinh 2). Vdi ti I? Ca/AI 
biln ddi tu 10/0 din 6/4, tren gian dd nhieu xg tia X 
chi thay xuat hien cac vach dac trung cho pha ciia 
HAp va khdng thay sir cd mat ciia cac pha khac nhu 
canxi photphat ho§c nhdm photphat (hinh 1). Vach 
nhieu xa dac trung vdi cudng do Idn nhat d vj tri 
gdc nhieu xa 29 = 31,76° tucmg irng vdi mat tinh the 
cd chi so Miller (211). Mgt vach nhilu xa khac d vj 
tri 29 = 25,85° tuang ung vdi mat tinh the cd chi so 
Miller (002). Day la hai vach nhieu xa dac trung co 
ban nhat ciia HAp. Ngoai ra, cdn tdn tai mdt so cac 
vach dac trung khac vdi cudng do nhd han tuong 
ung vdi cac mat (112) va (300). Kit qua nay cho 
phep kit lu^n, vdi ti le Al nhd hon 40 % vl so moi 
miu bgt Al-HAp tdng hgp dugc cd dang tinh thi va 
dan pha. 
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Khi tdng ham lugng nhdm vdi ti le Ca/Al bien 
doi tir 5/5 din 2/8, tren gian dd pha khdng thiy cac 
vach nhieu xa dgc trung cho HAp ma tdn tai cac pha 
khac ciia canxi va nhdm. Ddi vdi mau HAp tdng 
hgp d ty 1| Ca/Al = 5/5, ta thiy tren gian dd pha cd 
cac vgch nhieu xa dgc trung cho ca HAp va 
AI(0H)3. Tuy nhien, khi tang lugng nhdm len 60 % 
vl so moi vol ti le Ca/Al la 4/6 chi quan sat thiy cac 
vgch nhieu xa dac trung cho Al(OH)3 ma khdng cd 
cac vach dac tnmg ciia HAp va vdi ti le Ca/Al ^ 2/8 
thi mau Al-HAp cd dang vd dmh hinh (hinh 2). Tu 
ket qua phan tich cSu true pha cho phep lua chgn 
dugc khoang ndng dd Al pha tap toi da la 40 % vl 

Nghiin cim tdng hgp va xdc dinh... 

sd moi dl tdng hgp dugc Al-HAp cd ciu triic pha 
tuong tu nhu HAp. 

Tir gian dd nhilu xa tia X cua cac mau HAp 
vdi % nhdm nhd han 40 % tren hinh 1 chiing ta cd 
the xac dinh dugc dudng kinh tinh the HAp tir cdng 
thiic Scherrer (bang 1). Dudng kinh tinh the HAp 
tinh d 29 = 25,85° cho thiy, khi tang ham lugng Al 
dan den kich thudc tinh the giam dan tir 25 nm den 
14 nm. Ket qua nay cd the giai thich do ban kinh Ion 
Al'^ (0,48 A) nhd han ban kinh Ion Ca^* (0,99 A) 
nen khi thay the cac ion canxi bdi nhdm trong mang 
tinh the HAp lam kich thudc tinh the giam dan. 

C a f A 1 = 1 0 / 0 

Hmh 1: Gian do XRD cua HAp pha tap Al vdi cac ti 
1$ Ca/Al khac nhau tCr 10/0 din 6/4 (* - HAp) 

2e (do) 

Hinh 2: Gian dd XRD ciia mau pha tap Al vdi 
cac ti le Ca/Al khac nhau tir 5/5 den 2/8 

(* - HAp, o - A1(0H)3) 

Bdng I: Dudng kinh trung binh tinh thi tinh dugc tu gian dd XRD 

Ti le Ca/Al 

Duong kinh trung binh tinh the Hap, nm 

10/0 

25 

9,5/0,5 

19 

9/1 

18 

8/2 

14 

Bang 2 gidi thieu khoang each giua cac mat 
phang tinh the (d) cua cac mau HAp pha tap nhdm 
tinh dugc tir gian dd XRD. So sanh mau HAp theo 
tieu chuan NIST [20] va mlu HAp tdng hgp dugc 
cho thay cac gia trj d tai cac mat phing (hkl) cd su 
tuang ddng. Tu cac gia tri d thay vao cdng thuc 3 cd 
the tinh dugc cac gia tri hang sd mang a, b, c (bang 
3). Khi tang ham lugng nhdm cac gia tri a, b, c giam 
din, til dd thi tich V (tinh theo cdng thuc 4) ciia 
tinh the cung giam dan, ket qua nay phii hgp vdi 
dudng kinh tinh the trung binh d bang 1. Su giam 
cac gia tri hing sd mang a, b, c khing djnh ion Al̂ * 
da thay the ion Ca^* trong mang tinh the ciia HAp. 

3.2. Thanh phan cua bgt HAp pha tap nhdm 

Hinh 3 va bang 4 gidi thieu phd EDX va thanh 

phan cac nguyen td cd trong mau bdt HAp cd va 
khdng pha tap nhdm. Tren phd EDX ciia mau HAp 
quan sat thay nhimg pic dac trung cho cac nguyen td 
cd trong thanh phan cua HAp la Ca, O, P. Tu sd lieu 
ve phan tram nguyen tii ciia cac nguyen td cd trong 
cac mau HAp (bang 4) cd the tinh dugc ty le ciia 
Ca/P va Ca/P/0 nhu sau: Ca/P - 1,667 (ly thuylt 
1,67); Ca/P/0 = 10:6,01:35,59 (ly thuylt 10:6:26), so 
sanh giifa ly thuyet va thuc nghiem cua ty le Ca/P/0 
cho thay mau du oxy do su cd mat ciia COj^" trong 
HAp. Ty le Ca/P cua mau HAp tdng hgp dugc cd gia 
tri phii hgp vdi ty le ti'nh toan theo ly thuylt. 

Tren phd tan xa nang lugng tia X cua cac mau 
HAp pha tap nhdm quan sat thay nhung vach dac 
trung cho cac nguyen td cd trong thanh phan ciia 
HAp la Ca, O va P. Ngoai ra, cdn cd cac vgch cua Al 
do dd cd the khang dinh Al da dugc pha tap vac 
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Bang 2: Gia trj khoang each giOa cac mat phjng tinh thi d ciia HAp pha tap nhom 

26 O 

25,85 
28,14 
28,93 
31,76 
32,16 
32,89 
34,03 
39,17 
43,83 
45,28 
46,69 
48,07 
49,45 
52,07 
53,14 
55,87 
57,10 

hkl 

002 
102 
210 
211 
112 
300 
202 
212 
113 
203 
222 
312 
213 
402 
004 
322 
313 

dHAp 
(NIST) 
0,344 
0,317 
0,308 
0,282 
0,278 
0,272 
0,263 
0,2298 
0,2063 
0,2000 
0,1944 
0,1891 
0,1842 
0,1755 
0,1722 
0,1644 
0,1612 

d AI-HAD 

Ca/Al =10/0 
0,3444 
0,3174 
0,3086 
0,2804 
0,2798 
0,2725 
0,2636 
0,2266 
0,2063 
0,2002 
0,1946 
0,1894 
0,1843 
0,1757 
0,1722 
0,1649 
0,1612 

Ca/Al = 9,5/0,5 
0,3440 

0,2814 

0,1844 

Ca/Al = 9/1 
0,3445 

0,2801 

0,2649 

0,1847 

0,1723 

Ca/Al = 8/2 
0,3442 

0,2707 

Bang 3: Cac gia tri h5ng s6 mang a. 

Ca/Al =10/0 
Ca/Al = 9,5/0,5 

Ca/Al = 9/1 
Ca/Al = 8/2 

a, A 
9,440 

9,420 
9,367 

8,975 

b, c va th6 tich tinh th§ (V) ciJa HAp pha tap nhom 

b,A 
9,440 
9,420 
9,367 

8,975 

c,A 
6,898 
6,880 

6,876 
6,872 

V,A' 
532,3507 

528,8230 
522,4774-. 

479,3831 

I - ' 

'•) 
0 

A! 

p 

p 

\ ... 
p 

p 

Ca HAp 

a 

Ca L 
Ca A l - H A p 9,5/0,S 

b 

Ca 1 
,...-

J 

A l 

P 

2 

f/ 

J 

0 

A l 

0 ,1 

p 

p 

'^' A l - H A p 6 

Ca 

* eV * 8 

*^* A l - H A p 9/1 

L. 
Ca A l - H A p 8/2 

d 

Ca 

4 
e 

10 

Hinh 3: Ph6 EDX cua hot HAp (a), HAp pha tap Al ti le Ca/Al = 9,5/0,5 (b), 9/1 (c), 8/2 (d), 6/4 (e) 
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hydroxyapatit. Khi tang lugng nhom pha tap tii ty le 
Ca/Al 9,5/0,5 din 6/4 % khdi lugng va phan h-am 
nguyen tu ciia nhdm tang tuang ung tii 1,23 % den 
9,91 %va tir 1,03 din 7,78%. 

Dua vao cdng thuc phan tu ciia hydroxyapatit 
pha tap nhdm d phucmg trinh (1) cd the tinh dugc 

Nghiin cuu tdng hgp va xdc dinh... 

ham lugng Al theo ly thuyet. Tii ham lugng Al pha 
tap theo ly thuylt (LT) va thuc nghi?ra (TN) tinh 
dugc hleu suit pha tap. Hieu suit pha tap nhdm ciia 
mau Al-HAp tdng hgp vol ty le Ca/AI:8/2 la 98,73 % 
dat gia tri cao nhat. 

Bdng 4: % khdi lugng (% m), % nguyen tu (% a), hieu suit tdng hgp (H,h) va 
hieu suat pha tap (Hp,) cua mau HAp, Al-HAp d cac tl le Ca/Al khac nhau 

HAp 

Al-HAp 

9,5/0,5 

9/1 

8/2 

6/4 

%m 
%a 
%m 
%a 
%m 
%a 
%ra 
%a 
%ra 
%a 

0 
49,23 
68,97 
47,84 
67,60 
50,36 
69,58 
42,20 
61,58 
53,25 
70,48 

P 
16,11 
11,65 
15,91 
11,61 
14,90 
10,63 
18,71 
14,11 
14,64 
10,01 

Ca 
34,66 
19,38 
35,02 
19,75 
32,37 
17,85 
33,64 
19,60 
22,20 
11,73 

Al 

1,23 
1,03 
2,36 
1,94 
5,45 
4,71 
9,91 
7,78 

H,h 

84,64 

94,15 

89,97 

94,54 

97,68 

HDI 

90,88 

' 86,62 

98,73 

87,35 

3.3. Hinh thai hQC cua bdt HAp pha tap nhdm 

Hinh 4 gidi thi8u hinh anh SEM cua bdt HAp 
pha t^p Al vdi cac tl 1? Ca/Al khac nhau. Khi tang ti 
1$ Al hinh thai HAp pha t^p khdng thay ddi. Cac 
tinh the Al-HAp cd dang hinh tru nhd, klia ddng deu 

ve kich thudc va cd be mat tuong ddi xdp, do vay 
cho phep du doan vat lieu nay cd kha nang hap phu 
vdi dung lugng cao. Tir hinh anh SEM cd the tinh 
kich thudc trung binh cua tinh the (bang 5), kich 
thudc tinh the giam dan khi ham lugng nhom tang, 
phii hgp vdi ket qua XRD. 

Hinh 4: Hinh anh SEM cua cac mau HAp pha t?p nhdm vdi cac ti le 
Ca/Al - 10/0 (a); 9,5/0,5 (b); 9/1 (c) va 8/2 (d) 

Bdng 5: Kich thudc tinh thi trung hinh tinh dugc tir anh SEM 

cyAi 
Kich thudc tinh the trung binh, nm 

10/0 
19x29 

9,5/0,5 
18x28 

9/1 

16x26 
8/2 1 

15x24 1 

3.4. Dif n lich be mat rieng cua vat lieu Al-HAp pha tap nhom voi tl le Ca/Al = 9,5/0,5 du r̂c xac dinh 
^ bing sir hip phu khi N;. Hinh 5 giai thieu ducmg hSp 

Dien tich be mjt rieng ciia bot HAp va bpt Hap phu djng nhiet cua N2 duoc xac djnh 6 viing ap suit 

681 
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tuong ddi tit 0 tdi 1, nhiet dd 77,35 K cua hot HAp 
va Al-HAp. Dudng hap phu dang nhiet ciia HAp va 
Al-HAp CO hinh dang tuong tir nhau va cd dang hap 
phu da Idp theo ly thuyet BET. Khi khir hap phu, su 
bay hoi chat Idng tir mao quan xay ra d ap suat thap 
hon ap suat can bang khi hap phu, do do cd hien 
tugng t r l khi khu hap phu. Tir dd, cd the du doan 
day la vat lieu mao quan trung binh vdi dudng kinh 
mao quan trung binh tir 2 den 50 nm. 

- • - H S p p h u - M A p 
- • - K h i l h S p p h u - H A p 
- • - H S p p h u - A l - H / t o 

Ap suat luOng d6\ 

Hinh 5: Dd thi dudng hap phu dang nhiet BET cua 
bdt HAp va HAp pha tap Al 

ti le Ca/Al = 9,5/0,5 

Binh Thi Mai Thanh va cdng su 

Dien tich be mat r ieng d u g c xac djnh tir do thj 
BET trong viing ap su i t t u a n g ddi tit 0 - 0,25 (theo 
phuang trinh 6) (hinh 6) . Al -HAp cd dien tich be miit 
rieng 205,161 m^/g Idn han g i n 3 i in so vol HAp 
74,7338 mVg. H A p cd kich thudc Id xdp trung binh 
la 23,70181 nm, t h i tich Id xdp trung binh 0,442832 
cmVg trong dd Al -HAp cd kich thudc Id xdp trung 
binh la 10,57 nm nhd hon so vdi HAp , the tich Id xdp 
trung binh 0,5 cmVg. Ket qua nay cho phep du doan 
kha nang hap phy ciia A l - H A p Idn hon HAp. 

0 014-

0 012-

oooa-
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Hinh 6: Dd thi bieu dien theo toa do BET cua hot 

H A p va bdt H A p pha tap Al ti le 

Ca/Zn = 9,5/0,5 h i p phu N ; 

4. KET LUAN 

Da tdng hgp thanh cdng bgt hydroxyapatit 
pha tap nhdm b ing phuang phap k i t tiia hda hgc 
vdi ham lugng nhdm cd mat trong bgt HAp bien ddi 
tir 1,23 % d in 9,91 % tuong ting vdi ty le Ca/Al 
trong nguyen lieu tdng hgp tir 9,5/0,5 den 6/4. Hieu 
suat tong hgp Al-HAp dat tren 90 %. Dien tich b l 
mat rieng ciia Al-HAp Idn hon gap 3 lan hot HAp 
khdng pha tap. Ket qua nay m d ra trien vgng iing 
dung bgt Al-HAp lam vat lieu hap phu ion F" trong 
nudc. 
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