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Calcium carbonate nanomaterial shows high applicability in many
different fields, especially in the pharmaceutical industry. Meanwhile,
chicken eggshells, a solid waste that has the potential to pollute the
environment, contain a large amount of calcium carbonate from 94—
97%. Therefore, the research was conducted to synthesize and
investigate the properties of nano calcium carbonate synthesized from
chicken eggshells as a raw material for application in the
pharmaceutical industry. Nano calcium carbonate was synthesized
using the sol gel method using citric acid combined with ultrasound and
investigating factors affecting the synthesis process. Survey results
showed that calcium carbonate nanomaterials are synthesized under
optimal conditions: eggshell powder size: 315um, citric acid
concentration: 1M; pH of reaction solution: 6; Na2COs loading time =5
minutes and reaction solution temperature 30°C. The study also
investigated the properties of nano calcium carbonate using scanning
electron microscope (SEM), X-ray diffraction (XRD) and infrared
spectroscopy (FTIR), EDX spectrum. The results reveal that calcium
nano synthesized from chicken eggshells has a spherical shape with an
average size of 147.3 nm and can be developed into a standard material
for application in the pharmaceutical industry.
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Siéu am

Nano canxi cacbonat cho thiy tinh tng dung cao trong nhiéu linh vuc
khac nhau, dac biét 1a trong nganh Duogc. Trong khi d6, vo tring ga, mot
chét thai rin c6 nguy co giy 6 nhidm méi truong co chira mot lwong Ién
canxi cacbonat tir 94-97%. Do d6, nghién ctru dugc thuc hién véi muc
dich téng hop va khao sat duge cac dic tinh cia nano canxi cacbonat duoc
tong hop tir vo trimg ga dé 1am nguyén liéu tng dung trong nganh Duoc.
Nano canxi cacbonat duoc téng hop bing phuong phap sol gel ¢6 st dung
acid citric két hop siéu &m va khao sat cac yéu t6 anh huong dén qué trinh
tong hop. Két qua khao sat cho thdy nguyén liéu nano canxi cacbonat
dugc tong hop ¢ cac didu kién tdi uu: kich thudc bot vo tring: 315um,
ndng d6 acid citric: 1M; pH dung dich phan &ng: 6; thoi gian nap Na,COs
= 5 phdt va nhiét ¢o6 dung dich phan tng 30°C. Nghién ctru ciing da khao
sat dugc cac dic tinh cua nano canxi cachonat bang kinh hién vi dién tir
quét (SEM), Phé nhiéu xa tia X (XRD) va phé hong ngoai (FTIR), phd
EDX. Két qua cho thiy nano canxi tong hop dugc tir vé tring ga cé dang
hinh cau véi kich thudc trung binh 147,3 nm va c6 thé phat trién thanh
nguyén liéu dat chuan dé ung dung trong nganh Dugc.
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1. Giéi thiéu

Canxi cacbonat & khoang chat phong phu nhét trong ty nhién, c6 gia thanh ré, doc tinh thap,
kha ning twong thich t& bao, nhay cam voi pH méi truong, c6 kha ning phan huy sinh hoc va
than thién voi moéi truong [1]. Tuy nhién, canxi cacbonat thyc té khdng hoa tan trong nudc. Do
d6, dé nang cao kha ning hoa tan ctia canxi cacbonat trong nudc, mot sé nghién ciru da sir dung
cdng nghé nano lam giam kich thuéc hat dé ting kha nang hoa tan cua canxi cacbonat. Dbi véi
linh vyc dugc pham, hop chat nay ¢6 tiém nang tré thanh chat mang thudc 1y tuéng [2], ¢6 tinh
khéng khuan [3] va kha ning van chuyen gen trong li¢u phép chéng ung thu [4] - [6]. Cac hat
nano canxi thuong c6 dang hinh cau va cau trac rong Xop, do tinh khiét cao va kich thudc tir 5-
350 nm thudng duoc st dung. Trong khi do, vo trang, nguon nguyén liéu giau canxi 1a mot trong
cac chat thai ran gop phan lam suy thoai méi trudng. Nhleu phuong phéap da dugc st dung dé
t6ng hop nano canxi cacbonat nhur phuong phap nhiét rin, vi nhii twong, két tia dong thoi va birc
xa [7] - [10]. Nam 2020, Huang va cac cong su [11] di diéu ché nano canxi tir vo tring bang
phuong phap nghién bi uét. Két qua cho thay kich thuéc hat nano canxi nam trong khoang 500-
550 nm. Tuy nhién, nano canxi duoc diéu ché tir phuong phap nay c6 tinh déng nhat khéng cao.
Trong nghién ctru cua Ghiasi va cong su [12], nano canxi cacbonat dwoc tong hop bang phuong
phap sol-gel sir dung chat 6n dinh 12 acid citric. Acid citric cho thiy 1a mot chat 6n dinh thich hop
lam giam kich thuéc hat. Phuong phap sol-gel ciing duoc sir dung dé nghién ctu tong hop nano
canxi cacbonat hinh cau tir v so huyét va thu dugc nano canxi cachonat hinh cau c6 kich thudc
hat trung binh 39 nm [13]. Do d6, Sol-gel 14 mot trong nhitng phuwong phap tong hop nano tir
dudi Ién hay duoc sir dung voi nhitng wu diém nhu phan ung hoa hoc dién ra & nhiét do thap,
cling nhu quy trinh don gian va hiéu qua vé mat chi phi [13].

Trong nghién ciru ndy, nano canxi cacbonat dugc tong hop tir vo tring ga c6 thé giam su 6
nhidm méi trudng do cac chat thai ran va tao ra nguon nguyén liéu cho nganh duoc. Nghién ciu
da khao sat cac yéu té anh huong dén qué trinh tong hop nano bang phuong phép sol-gel ciing
nhu danh gia cac dic tinh cia nano tong hop dugc.

2. Nguyén li¢u va phwong phap nghién ciru
2.1. Nguyén li¢u

V6 triing ga; Diammonium oxalate monohydrat; Potassium sulfat; Barium chloride dihydrat;
Axit citric; Oxalic acid dihydrat; Ammonium chlorid; Amoni hydroxit; Sodium sulfate
anhydrous; Sodium hydroxid; Ammonium iron(l1l) sulfat dodecahydrat; Ammonium acetat; Acid
hydroclorid; Ethylenediamine tetraacetic acid disodium salt dat tiéu chuin duoc dung.

2.2. Thiét bi

Can phan tich Satorius, May khudy tir gia nhiét VELP ARE, May do pH staster 3100 Ohaus,
May li tam EBA 20, May rung siéu &m Elmasonic, Lo nung Nabertherm, May quang ph6 hdng
ngoai chuyén héa Fourier FT/IR-6800, May quang phd nhidu xa tia X Bruker; Kinh hién vi dién
tr quét phan giai cao Hitachi S-4800, May do phd tan xa ning luong tia X Horiba 7593-H va mot
s6 thiét bi, dung cu thi nghiém khac.

2.3. Phwong phdp nghién curu
2.3.1. Téng hop nguyén ligu nano canxi cacbonat tir vo tring ga

Tong hop bang phuong phép sol gel ¢o sir dung acid citric két hop siéu &m. Acid citric dong vai
trd nhu 13 chat nhii twong, hinh thanh cac phuc hop citrat voi cac kim loai mot cach hiéu qua, gitr
cho céc cation kim loai phan tan dong nhat, tir 6 hinh thanh san pham d& dang hon. Bén canh do,
siéu &m c6 thé duoc str dung dé tong hop cac cau tric nano rat nho véi kich thude dong déu va cai
thién su két tinh [3]. Trong qua trinh hinh thanh hat nano Canxi cacbonat, truéc hét 1a anion citrat
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két hop véi ion Ca®* tao thanh canxi citrat. Sau khi rung siéu &m, COz* ¢6 thé phan ing véi Ca?*
trong canxi citrat tao thanh Canxi cacbonat vi Canxi cacbonat 6n dinh hon canxi citrat.

Thém acid citric.
‘ diéu r]lmh pu
ung s

Hinh 1. So' d6 diéu ché nano canxi cachonat Hinh 2. 4nh chup SEM cua nano Canxi cacbonat
khi khdo sat kich thudc vo trung:
(a) 315 um; (b) 800 pm; (c) 1250 um; (d) 2000 um
*Céch tién hanh dugc mé ta theo Hinh 1: V6 tramg ga duoc rua sach va xu ly bang nudc néng
¢ 100°C trong 10 phdt va rua lai bang nudc cit 2 lan dé lam sach. Sau dé, vo trang duoc nghién
bang chay céi dé tao ra bot. Ray qua cac c& riy khac nhau thu dugc bot vo trang ¢ cac kich ¢
khac nhau. Sdy bot & 100°C trong 30 phat. Can 1 g bot vé tring cé kich thudce xac dinh hoa tan
trong 2 ml acid hydrochlorid dic, thém 40 ml nuéc cat, loc thu dugc dich loc. Cho 40 ml dich loc
vao binh nén, thém lugng axit citric (CeHsO7) twong tng voi cac nong d6 can khao sét 1a 0,25M,
0,5M, 1M, 2M, 3M, khudy déu dung dich. Trung hoa pH bang NH4OH téi pH mong mudn, rdi
dem mau di danh tan tua keo bang may rung siéu &m trong 20 phit. Thém 50 ml dung dich natri
cachonat (Na;COs), khudy déu dung dich trén may khudy tir. D¢ lang trong 24 gis. Dem mau di
ly tim dé lay taa, ly tim den khi lay het taa thi rira tia lai bang nuéc cat 3 1an. Lay hét tua cho
vao chén sir, dem c6 can gan hét nude roi dem sdy & nhiét do 100°C trong vong 30-60 pht.

2.3.2. Phurong phap khdo sat dac tinh cia nano

Hat nano canxi sau khi duoc tong hop duoc xac dinh kich thudc, hinh dang, cdu tric va thanh
phan. Cac phuong phap thudng duoc st dung trong giai doan nay bao gom kinh hién vi dién tir
quét (SEM) quét bé mat mau dé xac dinh hinh dang, phé nhiéu xa tia X (XRD) dé phan tich cu
trdc tinh thé, du doan kich thuéc va phd hong ngoai (FTIR), phd tan sic ning lugng tia X (EDX)
dé phan tich thanh phan héa hoc ciia nano canxi tao thanh.

3. Két qua nghién ciru va ban luan
3.1. Khdo sdt kich thwdc bt vé trieng

Tir Hinh 2 cho thiy miu nano canxi cacbonat téng hop tir bot vo trimg kich thudc 315 pm co
kich thuéc nho nhat va Hinh 2a thé hién cau triic hinh thoi va da gidc, phan tan tot véi kich thudc
kha dong déu. Néu tiép tuc ting kich thudc vo triing nguyén liéu ban dau thi kich thudc cua cac
mau canxi thu dugc kha 16n, ¢é hinh khéi to va c6 hién twong vén cuc va két tu.

V& kich thudc bot vo tring, theo thuc té quan sat khi thuc hién phan tng dé hoa tan canxi
trong vo tring, kich thugc nguyén ligu cang 1on, phan ang xay ra rat cham va khéng hoan toan.
Tir 46 dan dén cac mau dung dich CaCl; thu duoc khi st dung bot vo tring c6 kich thuéc 800,
1250 va 2000 pm c6 ndng d6 thap hon hay néi cach khac 1a do pha lodng mau Ién hon. Tir d6 s&
cung cap khdng gian nhiéu hon cho su chuyén dong cua cAc hat nano canxi cachonat tao thanh,
c4c hat nay c6 xu hudng bi solvat héa do d6 1am tang kich thudc va dan dén sy két tu [13]. Do
do, kich thudc bot vo tring 315 um duoc chon cho cac khao sét tiép theo.
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3.2. Khdo sét néng dé acid citric

Tir anh chup SEM thu duoc (Hinh 3), v& mit kich thudc, & ndng d6 acid citric 1M, nano canxi
cacbonat thu dugc c¢6 kich thudc téi wu nhat. Khi khao sat ndng dé acid citric, vai trd cua acid
citric dugc cho 1a chit c6 kha nang lam giam kich thudc hat va lugng acid citric thém vao tdi wu
& mot ty 16 hoac ndng d6 nhét dinh, luong acid citric ting cao hon s& khdng mang lai lgi ich thém
nhu giam kich thuéc hat, ting dién tich, thay déi hinh dang. O nghién ctu nay, ching tdi lua
chon ndng d6 1M 1a ndng d6 t6i wu cho cac khao sét tiép theo.

PPN ~ d

Hinh 3. Anh chyup SEM cia nano Canxi cachonat khi khdo sat nong dé acid citric: (a) 0,25M; (b) 0,5M;
(c) IM; (d) 2M; (e) 3M

3.3. Khdo sat pH dung dich phdan #ng

O thang do 500 nm (Hinh 4), khi diéu chinh pH=6, kich thuéc cua hat nano canxi cachonat
giam rd rét so vai khi & pH dung dich ban dau (xap xi bang 1) va pH= 4. Khi ting pH dén 7 va
cao hon la 9 thi cac hat c6 xu huéng két tu va tang kich thuac.

Nghién ctru trude ddy cho thiy d6 pH cua dung dich cé thé tic dong manh mé dén hinh théi
va kich thudc cua canxi cachonat tong hop duoc. Theo nghién ctiu caa Jian Liu va cong su [14]
khi tong hop canxi cachonat sir dung cac chat hd tro khac nhau ban chat 1a cac polymer va cac
chat hoat dong bé mit, sy gia ting kich thudc tinh thé duoc kiém soét phu thudc vao mic do
tuong tac giira c4c nhdm axit cachoxylic trong chét hd trg va ion Ca?* trong dung dich. Cang c6
nhiéu nhdm cacboxylic bi ion héa thi cang c6 nhiéu vi tri dé lién két véi ion Ca%*do d6 tc ché su
phét trién tinh thé theo moi huéng. Bo pH ciia dung dich anh huong dén ca mic do proton héa cua
nhom acid cachboxylic va d6 bdo hoa canxi cacbonat trong dung dich. Muac d6 ion hoa ctia nhém
cachoxylic tang khi do pH ting nhung dung dich bao hoa ciing tang. Do vay, can diéu chinh do pH
dé t6i wu hoa qua trinh ion héa cia cac nhom cacboxylic dong thoi 1am giam tdc d6 tao mam cua
tinh thé do do bdo hoa dung dich cao. O pH cang cao, d6 bdo hoa cao cua dung dich 1in &t muc do
ion hoa cuia cac nhdm axit cacboxylic, dan dén sy phat trién tinh thé khong kiém soat duoc va sy
Xuét hién cta cac tinh thé I6n hon, cac hat c6 kich thuéc, hinh dang khong déu. Nghién cau nay
ciling tuong dong vai két qua khao sat cua ching toi. O cac pH thap xap xi 1 va pH 4, mic d6 ion
héa ctia cac nhom cachoxylic trong acid citric giam. Khi ting pH dén 7 v cao hon 1a 9, mirc d6 ion
hoa cac nhom cacboxylic ting nhung do b&o hoa cua dung dich ciing ting, dan dén céc hat c6 xu
huéng két tu va ting kich thuéc. O pH = 6, ¢6 sy can bang giira qué trinh ion hoda cua cac nhém
cacboxylic ddng thoi 1am giam téc d6 tao mam caa tinh thé do do bdo hoa dung dich cao. O nghién
ctru ndy, chiing t6i lra chon pH 6 1a pH tdi wu cho cac khao sat tiép theo.
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g of

Hinh 4. Anh chup S ano Caniti khao sat phan dﬂ: (a) pH dung dich;
(b)4; (c)6; (d)7; ()9

Yy

3.4. Khdo sét thei gian ngp Na,COs

Anh chyp SEM (Hinh 5) cho thay thoi gian nap Na,COjs trong 5 phiit cho kich thudc tdi wu.
Khi thoi gian nap ting 1én thi cac hat c6 xu huéng két tu va l1am giam dién tich bé mat. Vé hinh
dang, da s cac mau thu duoc c6 dang hinh cau va da giac, riéng miu cd thoi gian nap Na2COs
trong 45 phit c6 dang hinh khéi. Didu nay cho thay thoi gian phan tng véi Na,CO3 ¢6 anh huong
dén ca kich thuéc va hinh dang cua nano canxi cacbonat tong hop duoc. Nghién ciru nay ciing
tuong ddng vai két qua didu ché nano canxi cachonat tir vo so huyét. Theo nghién ctu nay khi
thoi gian nap cang ting thi cang tao ra cac vi ciu c6 dudng kinh 13 rdng trén bé mat cang I6n dan
dén hién tuong cac hat Ién hon phat trién va tiéu thu cac hat nho hon do sy khac biét vé gradient
nong dé [13]. O nghién ciu nay, ching toi lva chon thoi gian nap Na,COj; trong 5 phut 1a thoi
gian phan ng ti wu cho cac khao sét tiép theo.

\a:i [

pht; (c) 30 phut; (d) 45 phat; (e) 60 phat

3.5. Khdo sat nhiér dé phdn ieng

Anh chyp & thang do 500 nm (Hinh 6) cho thiy & nhiét 6 30°C, kich thudéc va hinh dang cua
MAu nano canxi thu dugc tdi wu hon so vdi cAc mau & cac nhiét do con lai.

Dua trén cac két qua khao sét, didu kién t6i wu cho sy hinh thanh nano canxi cachonat theo
phuong phép sol gel co sir dung acid citric két hop siéu am la: kich thudc bot vo trang: 315 um,
ndng do acid citric: 1M; pH dung dich phan &ng: 6; thoi gian nap Na,CO3 = 5 phit va nhiét do
dung dich phan wng 30°C. V& nhiét do, trén thuc nghiém, mau & nhiét d6 20°C, su hinh thanh
nano canxi xay ra rat cham, hiéu suat thap hon mot chdt so véi cac mau con lai. Cac mau (40°C;
50°C; 60°C) c6 xay ra hién tuong két tu va c6 dang da giac. Két qua nay ciing tuong dong véi bao
céo cuia Jian Liu va cong su [14] cho thay su phét trién céc tinh thé khi c6 cac chit hd trg sé ting
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& nhiét d6 cao. O nghién ciru nay, ching t6i lva chon nhiét do cua dung dich phan ung 30°C la
nhiét @6 phan wng toi wu.

Hinh 6. Anh chup SEM ciia nano Canxi cachbonat khi khdo sat nhiér dé phan ing: (a) 20°C; (b) 30°C; (c)
40°C;(d) 50°C; (e) 60°C

3.6. Khdo sdt cdc ddc tinh ciia nano canxi cacbonat
3.6.1. Két qud do phé hong ngoai (FTIR)

Trén phd d6 thu dugc cd thé quan sét thiy cac dao dong héa tri trong nhém COs? duoc xac
dinh bai cac van hap thu ¢ 1393,92 cm'’; 1083,8 cm™ 870,703 cm™ va 711,604 cm'™. Bén canh
d6 ciing xuat hién mot van hap thu yéu & dai song 3443,28 cm™ 1a dao dong hoa tri O-H tir phan
tir nude bi hap phy. Cac dit liéu phd FTIR hoan toan tuong ddng vai dir liéu phd trong cac nghién
ctru trude d6 vé canxi cachonat [13]. Pho EDX cho thiy cac nguyén té dy kién nhu Ca, C, O déu
c6 mit trong mau thu duoc.

110
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Hinh 7. Phé hdng ngoai ciia mdu nano Canxi cachonat da duwot téi wu diéu kién phan img

3.6.2. Két qua chup bang kinh hién vi dién tir quét (SEM)

Mau nano Canxi cachonat da duoc toi wu diéu kién phan tng dugce dem di do bang kinh hién

vi dién tir quét & cac thang do khac nhau cho thay hinh dan

g hinh cu kha dong déu.
ry

Hinh 8. 4nh chup SEM do kich thuéc cia nano Canxi cachonat da duoc toi wu diéu kién phan ing ¢ cac

thang do: (a) 500 nm; (b) 1 um; (c) 2 um; (d) 5 um
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3.6.3. Két qud chup phé nhiéu xa tia X (XRD)

PHONG HOA PHAN TiCH

| 09042024
I_PDF 00-005-0585 Ca C O3 Calcte, syn

(RERRRRRRRRARRRRRR

" I e e e e e
20 £ ) 50 L

2Theta (Coupled TwoTheta/Theta) WL=154060

Hinh 9. Anh chup phé XRD cia nano Canxi cachonat da diroc téi wu héa diéu kién phan ing

Sy c6 mit ciia nano canxi cachonat ¢ thé quan sat & diém 2Theta 1a 23,07; 29,42; 31,46; 36;
39,44; 43,19; 47,15; 47,54; 48,54; 56,61 57,44; 60,72; 61,05; 61,43; 63,1; 64,71; 65,67; 69,24.
Nhirng vi tri nay twong (g véi cau tric tinh thé lan Tuot 12 (01 2), (1 04), (006), (110), (11
3),(202),(024),(018),(116),(211),(122),(214),(208),(119),(125),(300),(00
12) va (2 1 7). Cac thong so khac nhu a = b = 4,9890 A, ¢ =17,0620 A, a = B =90,0000°. Viéc
gén céc vi tri 2-Theta va cac thdng sé khac trong phd XRD da duoc so sanh véi ma tham chiéu
1283-1316 cua hé tinh thé hinh thoi va nhém khong gian R-3c cua pha calcite. Theo dit liéu phd
XRD thu duoc, sy c6 mit cia nano canxi cachonat ¢é thé quan sat ¢ cac diém 26 tuong ang va &
dang calcite vai kich thudc trung binh ctaa nano 1a 147,3 nm dugc tinh theo phuong trinh Debye—
Scherrer (D= K.\/B.cos©). Trong d6 K 1a hang s6 Scherrer = 0,9; A 1a budc song tia X (0,15406
A); B 14 @6 ban rong (FWHM); © la gdc nhiéu xa.

3.6.4. Két qua chup EDX

Thanh phan cta nano Canxi cacbonat dugc t6i wu hoa dugc thé hién trén Hinh 10. C4c nguyén
t6 du kién nhu Ca, C O déu c6 mat trong mau thu duoc.

ull Scale 6256 cts Cursor: 15.824 ke (1 cts)

Hinh 10. Anh chup EDX cua nano Canxi cacbonat da dirot téi wu héa diéu kién phan iing
4. Két luan

Nghién ctru da tong hop duoc nguyén liéu nano canxi cachonat tir vo trang ga bang phuong
phap sol-gel st dung acid citric ket hop siéu am veéi céc dieu ki¢n toi uu: kich thudc bt vo trang:
315 um, nong d6 acid citric: 1M; pH dung dich phan Gng: 6; thoi gian nap Na;COsz = 5 phat va
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nhiét do dung dich phan tng 30°C. Bong thoi khao sat duogc cac dic tinh cua nano canxi cacbonat
bang kinh hién vi dién tir quét (SEM), phd nhiéu xa tia X (XRD) va phd hong ngoai (FTIR), phd
EDX. Két qua cho thay nano canxi tong hop duoc tir Vo tring ga c6 dang hinh cau véi kich thudc
trung binh 147,3 nm va c6 tiém ndng tr¢ thanh ngudn nguyén liéu cho nganh Duoc. Nhiing dit
liéu khoa hoc nay s la tién d& dé ma rong cho céc nghién ctu tiép theo vé xay dung tiéu chuan
co s& cho nguyén liéu va bao ché cac ché pham chira nano canxi cacbonat.
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