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Abstract: Chicken eggshells, containing approximately 38% calcium, are a valuable source of this
mineral and offer significant potential as a raw material in the pharmaceutical industry. In this study,
calcium citrate was synthesized from chicken eggshells, whose main component is calcium
carbonate. Calcium citrate is known for its higher solubility and bioavailability compared to the
original calcium source. The synthesis was performed using a dissolution—precipitation method
involving two acids through an intermediate acetate salt, resulting in a product with a purity of
98.70% and a yield of approximately 58.8%. To improve the efficiency of the synthesis, several
factors were evaluated for process optimization. The optimal conditions were identified as follows:
the initial reaction with an aqueous solution of acetic acid was conducted at room temperature for 5
hours, followed by a reaction with citric acid at 50 °C for 1 hour. The molar ratio of calcium acetate
to citric acid was 3:2. The resulting product was a neutral salt in dihydrate form. Product
characterization confirmed the identity and quality of the synthesized calcium citrate. The synthesis
method is simple, environmentally friendly, and allows for solvent reuse. These results contribute
to the valorization of agricultural and food industry by-products through the development of
pharmaceutical ingredients.
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Tong hop calci citrat tir vo trimg ga
va danh gid mot s6 dac tinh ctiia sdn pham

Nguyén Thi Thanh Binh", Bui Thi Thuong

Trwong Pai hoc Y Duwgc, Pai hoc Quéc gia Ha Ngi, 144 Xudn Thaiy, Cau Gidy, Ha Ngi, Viét Nam

Nhén ngay 11 thang 02 ndm 2025
Chinh sira ngay 8 thang 6 nam 2025; Chap nhan dang ngay 7 thdng 8 nam 2025

Tém tit: Vo tring ga, voi ham luong calci khoang 38%, la nguén nguyén liéu doi dao va giau tiém
nang ddi v6i nganh cong nghiép san xuat nguyén liéu duoc pham. Trong nghién clru, thanh phan
chinh cua vo trimg 1a calci carbonat da duoc chuyén d6i thanh calci citrat, dang mudi co d¢ tan va
sinh kha dung cao hon. Qua trinh tong hop dugce thuc hién theo phuong phap hoa tan — két taa st
dung hai acid qua trung gian 1a mudi acetat, thu dwoc calci citrat véi do tinh khiét 98,70% va hiéu
suét khoang 58,8%. Nghién ctru da khao sat anh hudng ciia mot sé yéu t6 nham téi wu héa qua trinh
tong hop, dong thdi mé ta mot sé dic tinh cua san pham. Két qua cho thiy phan ung dau tién véi
dung dich acid acetic nén dugc thyc hién & nhiét d6 phong trong 5 gid. Pha long thu duoc tiép tuc
phan tmg v&i acid citric & 50 °C trong 1 gio, ty 16 mol calci acetat : acid citric 14 3 : 2. San phim thu
dugc 1a mudi trung tinh ¢ dang dihydrat. Quy trinh tong hop ¢6 nhidu wu diém nhu don gian, than
thién voi moi truong va cho phép tai su dung dung moi. Nghién clru nay gop phan phat trién nguyén

lidu hoa duoc c6 gia tri tir phu pham ctia san xuat ndng nghiép va ché bién thuc pham.

Tir khoa: Calci citrat, vo trimg ga, tong hop, tdi wu héa, dic tinh.

1. Mé dau

Calci 12 nguyén t6 thiét yéu ddi voi su séng
clia moi sinh vat, dong vai tro dac biét quan trong
trong sinh ly hoc té bao. O co thé ngudi, nguyén
tb ndy c6 ham lugng 16n, chiém t6i 40% tong
khdi lugng khoang. Calci 1a thanh phan cau tao
chinh ctia cac mo6 cung nhu xuong va rang, tham
gia vao nhiéu hoat dong sinh 1y cua co thé nhu
dan truyén xung than kinh, kiém soat co co, duy
tri can bang pH, diéu hoa phan tng sinh héa va
déng méau [1]. Calci duge bd sung théng qua tiéu
thu cac thuc phém nhu sira, trimg, bong cai xanh,
céc san pham tir sita nhu phd mai, sita chua,...
Tuy nhién, do diéu kién kinh té - xa hoi, ché do
dinh dudng va nhiing nguyén nhan khac, d6i véi
mot bo phan khong nho nguoi dan, nhu cAu calci
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can thiét khong duoc dap img day du thong qua
thuc pham. Pic biét 1a & nhitng nudce thude khu
vuc Chau A nhu Viét Nam, noi c6 nhiéu nguoi
mic hoi ching khong dung nap lactose [2]. Vi
vdy, van d& quan trong 13 phai tim dugc ngudn
calci pht hop dé cung cdp khoang chét nay cho
co thé.

Carbonat va citrat déu 1a cac dang mudi
chinh cua calci thuong dugc st dung trong cac
ché pham b sung khoang chét dudng udng hién
nay. Tuy vay, hai hop chat nay lai s& hiru nhitng
déc trung khac biét. Calci carbonat tan trong moi
truong acid yéu, phan tng voi acid manh nhu
hydrocloric trong dich da day dé giai phong khi
carbonic. Nguoc lai, calci citrat hoa tan tot hon
trong moi trudng trung tinh va moi truong kiém,
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khong giai phong khi. Mot diém dang luu ¥ nira
1a calci dugc hap thu qua dudng tidu hoa dudi
dang ion Ca%, trong khi d6 hing s6 phén ly cua
dang muéi citrat cao hon so v6i carbonat, vi vy
calci citrat c6 sinh kha dung dudng udng cao
hon. Calci citrat dugc hdp thu tét hon calci
carbonat khoang 22-27% khi bung doi hodc dung
cung vdi bira an [3].

Theo xu hudng cua nganh cong nghé duogc
pham bén vimg va hién dai, cac nha khoa hoc da
va dang khong ngung tim kiém, nghién ciru
nham phat trién nhimg san pham gia tri cao tir
ngudn nguyén liéu san ¢6. Tan dung dugc nhiing
phu pharn phé pham cua nganh néng nghiép va
che bién thuc pham 1a mot hudng v Ung dung giau
tiém nang. Trong do, vo trimg gia cam 1a nguon
cung cap calci 16n voi ham lugng xap xi 38% [4].
Vo trung ga chura toi 94% 1a calci carbonat, 1%
la magnesi carbonat va calci phosphat, con lai la
cac khoang chat khac va chét hitu co [5]. Tuy
véy, nguon phu pham khong lo nay dang bi lang
phi. Mdi ngay c6 dén hang tan vo trimg bi virt
b6. Chung thuong duge dwa vao cac bai chon 1ap
dé ty phan huy va theo thoi gian s& tao ra lugng
l6n metan - mot loai khi nha kinh manh gay ra
hién tuong nong 1é€n toan cau [6]. Mot sb co s
tim cach ché bién vo trimg thanh phan bon, thirc
an chan nu6i nhung san lugng khong cao, kha
nang tiéu thy han ché, gia tri thap. Trong khi do,
nguodn calci carbonat nay c6 thé duoc chuyén dbi
thanh cac mudi cta calci khac nhu citrat,
phosphat,... mdi loai déu c6 nhitng tmg dung
khac nhau trong nganh cong nghé duoc pham,
thuc phém, y sinh. Trén co s& do, muc ti€u dugc
dit ra 13 tan dung vo trimg ga 1am nguyén liéu dé
tong hop calci citrat va danh gia mot sé dic tinh
ctia san pham thu duoc.

2. P6i twong va phwong phap nghién ciru
2.1. Poi twong nghién ciru

Calci citrat (Hinh 1) c6 cong thuc phan tir
Cas(CsHs07)2, khdi lwong mol 498,4334 g/mol,
1a chit rin dang bot mau trang, khong mui, phan
hay ¢ nhiét d6 nong chay. Tinh thé tetrahydrat
[Cas(CeHs07)2(H20)2].2H20 c6 khdi lugng mol

570,4945 g/mol, dang hinh kim, mat hau hét
nude & 100 — 120 °C va mét toan bd nude & 1
50 °C. Tan trong 1050 phan nuéc lanh, nhidu hon
mot chut trong nudc nong (0,85 g/ ¢ 18 °C,
0,95 g/L ¢ 25 °C), khong tan trong ethanol.

O OH O

Q
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Hinh 1. Céu triic hoa hoc cua calci citrat.
2.2. Nguyén liéu, thiét bi

Vo trimg ga duoc thu gom tir cac co s& ché
bién thyc pham. So ché nhu sau: ngdm ngip
trong nudc may sinh hoat, sau mdi 6 gid thi
khudy déu, dé lang. Sau 24 gid thi gan bo phan
dich ndi, thay bang nuéc méi. Lip lai cho dén
khi nude trong. Sdy ¢ 150 °C trong 12 gio. Dé
ngudi, nghién min va riy qua rdy s6 250 thu duoc
bot vo trimg ga. Pung trong tii PET kin va bao
quan & nhiét do phong.

Cac hoa chét acid citric, acid acetic, acid
hydrocloric, dinatri edetat, natri hydroxyd dat
tiéu chuan AR hodc RG, xanh hydroxy naphthol
dat tiéu chuan ACS (Sigma-aldrich).

Cac thiét bji chinh dugc su dung la may
quang phd hdng ngoai bién ddi Fourier (FTIR)
Agilent Cary 630 FTIR (Hoa Ky), may phan tich
nhiét quét vi sai (DSC) Linseis DSC PT1000
(D), tu siy WiseVen WON 105 (Han Qudc),
méay cat nuéc Hamilton WSC/4D (Anh), may
khuay tir gia nhiét IKA C-MAG HS7 (D).

2.3. Phuong phap nghién ciru

2.3.1. Phwong phdp khao sdt diéu kién tong
hop calci citrat tir vo trieng ga

Qua trinh tong hop calci citrat tir vo tring ga
duoc tién hanh qua hai giai doan voi san phim
trung gian la muoi calci acetat, quy mo 10 g
nguyén liéu/me. Cac phan tmg dugc thyc hién
dudi ap sut _thuong va moi truong khi quyén,
trong binh cau thiy tinh mét ¢6 dung tich 500
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mL, ddi v6i cac phan ung co gia nhiét thi lip
thém sinh han. Sir dung may khudy tir gia nhiét
IKA C-MAG HS7 (btic) ¢ mtrc d9 2 voi thanh
khuay hinh thoi 20 x 8 mm. Tham khao céng bo
cua Zeng X. va cong su [5] dé xac dinh mot sb
diu kién ban dau. Khao sat anh hudng ctia mot
sO yéu t6 dén qua trinh tong hop. Thir nghiém &
mdi diéu kién duoc tién hanh 3 1an, ldy hiéu suat
trung binh. Cu thé nhu sau:

- Giai doan 1: cho b6t vo triing phan ung voi
acid acetic dé chuyén calci carbonat thanh calci
acetat theo phuong trinh: CaCO3 + 2 CH;COOH
— (CH3C0O0),Ca + CO.1 + H20.

Ty 1¢ giita nguyén liéu rdn va dung méi 1ong
la 1 :20. Ti I¢ mol phan ung giira calci carbonat
va acid acetic 1a 1 : 2. Coi ham lugng calci
carbonat trong vo trimg ga 13 100% dé tinh lugng
acid acetic t0i da can cho phan ung. Giai doan
nay sir dung acid acetic dé bay hoi nén thyc hién
& nhiét d6 thudong. Sau phan ung, loc, rira chit
ran khong tan bang 50 mL nudc cat, kiém tra dé
dam bao dich rira trung tinh. Thu liy dung dich
chtra mudi calci acetat. Siy phan chat rin khong
tan & 150 °C dén khdi lugng khong ddi rdi can
dé xac dinh luong nguyén liéu ban dau da tham
gia phan ung, dong thoi ude tinh luong calci
acetat tao ra. Khao sat anh hudng cta thoi gian
phan tmg (2, 3, 4, 5, 7, 24 gio) dén hiéu suat giai
doan 1.

- Giai doan 2: stir dung acid citric dé chuyén
mudi calci acetat thanh calci citrat theo phuong
trinh: 3 (CH3COO),Ca + 2 HOC(CO:H)
(CHZCOZH)Z — Cas(CeH507)2 + 6 CH3COOH.

Dua vao lugng calci acetat tinh dugc & cudi
giai doan 1 @ xac dinh luong acid citric tuong
g can duing. Sau phan mg, dé ngudi vé nhiét
d6 phong roi dé yén trong khoang 12 gid, loc,
rira tiia dén khi dich rira trung tinh, siy ¢ 150 °C
trong 6 gio. Tam coi cac san pham tao ra déu la
mubi trung hoa ¢ dang khan dé tinh hiéu suit
toan qua trinh va so sanh gitta cac diéu kién khac
nhau. O giai doan nay, khao sat anh huéng cua
thoi gian (1, 2, 3, 5, 7 gid) va nhiét d¢ phan ting
(30, 50, 60, 70 °C) dén qua trinh tong hop.

Mat khac, ty 1¢ gitra cac thanh phén tham gia
phan img ciing c6 thé anh hudng dén toc do, hicu
sut va loai san phdm tao ra. Cu thé trong truong

hop nay, acid citric 1 mot acid nhiéu nic, c6 thé
tao ra cac mudi acid hodc trung hoa tity theo mirc
d6 phan Gmg. Ty 16 mol Iy thuyét giita calci acetat
va acid citric 1a 3 : 2. Tuy vay, lugng calci acetat
c6 trong dung dich khong dugce xac dinh mot
cach truc tiép ma tinh toan thong qua khdi lugng
chat ran con lai ¢ cudi giai doan 1. Dé xac dinh
dugc ty 18 thuc nghiém tdi wu giira hai chat nay
d6ng thoi kiém tra kha nang ap dung cua phuong
phap tinh toan ké trén, tién hanh thay doi ty 1é
mol calci acetat : acid citric tir 1,6 : 3 #n 2,2 : 3
va danh gia anh huong dén qué trinh téng hop
calci citrat.

2.3.2. Phuong phdp déanh gid cau tric ciia
sdan pham

Tién hanh danh gid cdu trac cia cac san
pham thu duoc véi hiéu sut tot thong qua viéc
phan tich cac bang dic trung cho nhom chirc xuat
hién trén phd FTIR. Piéu kién phan tmg cho
phép thu dugc mudi trung hoa véi hiéu suit cao
nhit dugc xac dinh 13 diéu kién téi wu. Str dung
thiét bi Agilent Cary 630 FTIR (Hoa Ky) ghi
nhan tin hiéu trong viing 4000-650 cm*. So sanh
phd cta cic san phim dugc tong hop trong
nhiing diéu kién khac nhau. Cha ¥ dén cac bing
dac trung cho nhom -COOH chua tao mudi.

2.3.3. Phuong phdp déanh gid tinh chdt nhiét
dong hoc ciia san pham

Panh gia tinh chit nhiét dong hoc cua san
pham thu duoc ¢ didu kién téi wu bang phuong
phép DSC. Qua d6 xac dinh trang thai hydrat hoa
clia san pham va tinh lai hiéu suat tong hop theo
dang nay. Gian d6 DCS duoc ghi lai trén hé
thong may Linseis DSC PT1000 (Dirc), st dung
chén nung nhom. Gia nhiét tir nhiét d6 phong dén
250 °C, tbc do 10 °C/phat. Khdi lwong miu
khoang 5 mg. Chu y dén ving thu nhiét twong
ung véi qua trinh khir cac phén ti nudce.

2.3.4. Phurong phap dinh luong calci citrat

Xac dinh ham lugng calci citrat trong san
phim duogc téng hop ¢ didu kién tdi wu theo
phuong phap mé ta trong duge dién Hoa Ky
USP43-NF38 [7]. Hoa tan 350 mg calci citrat, da
dugc 1am khé trude & 150 °C dén khdi luong
khong d6i, trong 12 mL dung dich acid
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hydrocloric 0,5 M va pha lodng trong nuéc dén
100 mL. Vira khudy vira thém 30 mL dung dich
dinatri edetat 0,05 M tir buret 50 mL. Thém 15
mL dung dich natri hydroxyd 1 N va 300 mg
xanh hydroxy naphthol va tlep tuc chuan d6 dén
diém két thuc mau xanh. M&i mL dung dich
dinatri edetat 0,05 M tuong duong véi 8,307 mg
calci citrat. Tiéu chuan chap nhan: 97,5-100,5%
theo khéi luong kho.

3. Két qua

3.1. Khdo sat mét s6 dieu kién téng hop calci
citrat tu vo trung ga

3.1.1. Anh huong ciia thoi gian phan iing véi
acid acetic

Tién hanh giai doan 1 —tao mubi calci acetat
tor vo triing ga va acid acetic. Panh gia anh

49

hudng ctia thoi gian phan tmg dén hiéu suat tao
mubi calci acetat theo phuong phap dugc mo ta
trong muyc 2.3.1. Mdi thir nghiém sir dung 10 g
bdt vo trimg va 200 mL dung dich acid acetic
5,7% (thé tich/thé tich). Két qua duoc trinh bay
trong Bang 1.

Acid carbonic c6 pKa: = 6,35 va pKa2 = 10,33
trong khi acid acetic c6 pKa = 4,76 nén ban dau
phan tng dién ra twong d6i nhanh nhung sau d6
tdc dd cham dan. Bén canh d6, do su can trd cua
céc tap chét rin khong tan co mit trong vo trimg
ga nén cang vé sau calci carbonat cang kho tham
gia phan tmg. Thyc nghiém cho théy, trong 3 - 5
gid dau hiéu suét phan Gng da dat khoang 70%.
Khi thoi gian phan tng kéo dai hon, hiéu suét chi
tang cham. Mat khac, diéu nay con co thé anh
hudng dén chi phi va viée bd tri san xuét sau nay.
Vi vay, lua chon thoi gian phan Gng giai doan 1
1a 3 gio va 5 gid dé tiép tuc khao sat giai doan
tao mudi calci citrat.

Bang 1. Hiéu suat tao mudi calci acetat theo thoi gian phan tmg

Thoi gian (gio) 2

3

5 7 24

Hiéu suat (%) 63,20

69,77

71,05 72,37 76,60

3.1.2. Anh huong cia thoi gian va nhiét do
phadn ung voi acid citric

Tién hanh téng hop calci citrat tir vo trimg ga
qua ca hai giai doan. Giai doan 1 dugc thuc hién
0 nhi¢t d¢ phong, trong 3 gio hodc 5 gio. Giai
doan 2 thyc hién ¢ 30-70 °C trong 1-7 gio. Tinh
hiéu suét ctia ca qua trinh. Tir thuc nghiém da
xéc dinh dugc thoi gian phan ung giai doan 1 la
5 gid mang lai hiéu suat cudi cing cao hon hin

s0 voi 3 gio (Bang 2) mdc du hiéu suét tao mudi
calci acetat giita 2 diéu kién nay chi c6 sy chénh
léch nho (Bang 1). Piéu nay co thé 1a do viéc kéo
dai thoi gian phan tmg tao mudi acetat khi hdn
hop di gan dat dén trang thai cin bang da khién
cho lugng acid acetic con du bay hoi bot. Do do,
mic du hiéu suét giai doan 1 chi c6 su thay ddi
nho nhung lai tao diéu kién thuan lgi dang ké cho
giai doan 2 - tao mudi citrat tiép theo.

Bang 2. Hiéu suat tong hop calci citrat tir vo trimg ga theo thoi gian va nhiét do phan ing

Giiai doan 1: phin g Giai doan 2: phan ing V(:)'i acid citric
v6i acid acetic Thoi gian Nhiet do
30°C 50 °C 60 °C 70 °C
1 gio 44,.21% | 48,36% 47,14% 45,02%
2 gioy 48,15% | 51,45% 48,83% 46,70%
3 gio 3 gioy 51,98% | 54,82% 50,37% 49,64%
S5 gio 52,74% | 55,84% 54,40% 54,00%
7 gio 61,53% | 60,24% 56,20% 53,01%
1 gio 56,71% | 63,04% 60,68% 60,40%
2 gioy 60,51% | 63,21% 62,07% 60,99%
5 gio 3 gio 62,67% | 63,39% 61,97% 58,64%
5 gio 62,83% | 63,67% 60,56% 59,60%
7 gio 63,21% | 58,46% 58,40 57,24%
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Két qua con cho thay, khi giai doan 2 duoc
thuc hién ¢ nhitng nhiét d§ trung binh (30 va 50
°C) hiéu suét tong hop calci citrat nhin chung gia
tang dong thoi v6i ca nhiét do va thoi gian phan
ung. Tuy nhién, khi nang muc nhiét 1én cao hon
(60 va 70 °C) hoac kéo dai thoi gian phan tng
(1én dén 7 gio tir 50 °C), Xu huéng nay khong con
duy tri. Cu thé, hiéu suét chi dong bién voi mot
trong hai dai luong, thdm chi con nghich bién véi
c4 hai. Nguyén nhan c6 thé 1 do & nhiét do cao
hoic thoi gian phan Gmg kéo dai, san pham calci
citrat tr& nén dé hoa tan hon, lam giam kha ning
két tua, tir d6 anh hudng bét loi dén hiéu suit
phan tmg theo chiéu thuén.

Hiéu suét dat duoc cao nhat khi tién hanh
giai doan 1 & nhiét d§ phong trong 5 gio va giai
doan 2 & 50 °C trong 5 gid. Tuy vdy, tai diéu kién

nay chi c¢6 su bién dong nhoé vé hiéu suat khi gia
tang thoi gian phan tmg voi acid citric tur 1 dén 5
gio. Can nhéc phi ton vé mat nang lugng, lya
chon thoi gian phan tng giai doan 2 khong qua
1 gio dé tiép tuc khao sat.

3.1.3. Anh huong ciia ty 1é calci acetat va
acid citric

Ty 1€ mol giira calci acetat va acid citric dugc
thay d6i tir 3 : 1,6 dén 3 : 2,2 d¢ danh gia anh
huong dbi véi qua trinh tong hop. Tir cac thir
nghiém trudc do, chon diéu kién: giai doan 1
thuc hién & nhiét d6 phong trong 5 gio; giai doan
2 thuc hién & 50 °C trong 1 gio, riéng d6i véi ty
1¢ 3 : 2 thi khao sat ca & 0,5 gio. Két qua dugc
trinh bay ¢ Bang 3.

Bang 3. Anh hudng cua ty 1¢ mol giita calci acetat va acid citric dén hiéu suat tong hop calci citrat

Mau M1 M2 M3 M4 M5
Ty 1€ mol calci acetat : acid citric 3:16 3:1,8 3:2 3:2 3:2,2
Thoi gian phan ing giai doan 2 (gi0) 1 1 0,5 1 1
Hiéu suat (%) 54,85 58,46 62,13 63,04 61,53

Két qua cho thy, khi ty 1¢ mol acid citric
tang tur 1 04 dén 2 thi hiéu suét tong hop cling tang
Ién (cac mau tir M1 dén M4) Tuy nhién, néu tiép
tuc gia ting ty 1& nay dén 2,2 thi hiéu suat lai
giam di (mau M5). Ty 1é mol giita calci acetat va
acid citric la 3 : 2 v6i thoi gian phan tng 1 gio
mang lai hiéu suét tong hop cao nhat (mau M4).
Diéu nay con chimg t6 phuong phélp tinh toan
1uong calci acetat mot cach glan tiép, thong qua
khéi luorng chat rin con lai ¢ cudi giai doan 1 1a
phu hop dé ap dung.

Oty 18 mol 3 : 2, viéc riit ngan thoi gian phan
mg xudng con mot nira (mau M3) khéng anh
hudng nhiéu dén hiéu suat tong hop. Su khac biét
vé hiéu suét giira ty 18 mol 3 : 2 (mau M3, M4)
va ty 1é mol 3:2.2 (mau MS5) ciing khong 16n.
Tuy Vay, can luu y rang ddi véi céc acid nhiéu
néc, diéu kién phan tng c6 thé anh huong dén
loai mudi tao ra. Do vay, bén canh hi¢u suat téng
hop, can quan tam dén cac dic tinh cua san phém
thu dwoc dé tir d6 xac dinh diéu kién phan tng
t6i uu.

3.2. Pdnh gid mét sé ddc tinh ciia san pham

3.2.1. Céu triic héa hoc

CAu tric cia cac san phdm M3, M4, M5
dugc danh gia thong qua viéc phan tich nhiing
tin hiéu dic trung cho nhém chire trén phd FTIR
(Hinh 2). Trén phd ctia ca 3 mau déu c6 dai hap
thu rong & khoang 3600 - 3400 cm* do giao dong
kéo gidn ctia cac phan tir nudc hydrat hoa. Trong
calci citrat, do nhém carboxyl phdi hop véi ion
calci tao thanh carboxylat nén c6 thé phat hién
dugc nhiéu dinh hap thy manh trong khoang
1618 - 1387 cm™. Phan nay dugc chia thanh hai
dai do hiéu trng ghép d6i manh ctia dao dong kéo
gian bat dbi xtmg (1618 - 1543 cm™") v6i hoat do
hdng ngoai rit cao va ddi xung (1468 - 1387
cm™") v6i hoat d6 hong ngoai thip hon. Dai hap
thu ndm trong khoang 1315 - 1275 cm™ tuong
g voi dao dong kéo gidn cua lién két C-O.

Mit khac, trén phd FTIR ctia cac mau M3 va
M5 déu quan sat dugc cic bang dic trung cho
nhém —COOH tu do tai 1647 cm™ (C = O) va
3302 cm'! (O-H). Piéu nay phan anh sy c6 mit
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ctia mudi acid trong san pham thu duoc do thoi
gian phan ung chua du (M3) hoac lugng acid
citric du (M5). Trong khi d6, trén ph6 cua M4
khong xuat hién cac tin hiéu tuong tu, cho phép

— M5 — M3

nhén dinh san phém thu duoc 1a mudi trung hoa.
Nhu vay, ¢ giai doan tao mudi calci citrat ty 1&
t6i wu giita calci acetat va acid citric dugc xac
dinh 12 3 : 2 véi thoi gian phan ung 1 gio.

M4

100

Transmittance
0,8, 9

w

%Wm\z&; . -*’““‘;“?“SW-”“’“_ e

& & .0 & F & 1 & E_
4000 3500 3000 2500

T P T S TP SO N B TR Y R G
2000 1500 1000

Wavenumber (cm-1)

Hinh 2. So sanh phé FTIR cua san phém thu duge tir mot sb diéu kién phan ing khac nhau.

3.2.2. Tinh chdt nhiét déng hoc

Tién hanh danh gi4 tinh cht nhiét dong hoc
cuia mau thu dugc trong di€u kién t6i uvu M4 bang
phuong phap phén tich DSC (Hinh 3).

Onset point: 107.8 °C (7 min)
Offset point:  131.8°C (10 min) o
Point of reaction: 10.562 mW at 116.7 °C (8 min) —

Peak maximum: 12,059 mW at 126.1°C (9 min)

Enthalpy: 318 lg

Heat flow (mW)

«© P P 100 1 10 1% w0 w = W m
Temperature (°C)

Hinh 3. Gian d6 DSC caa miu M4.

Trén gian d6 ghi nhan duoc chi co 1 ving thu
nhiét & khoang 108-132 °C véi dinh tai 126 °C,
tuong ung voi qué trinh khir 2 phan to nudc
tinh thé cua calci citrat dihydrat dé tao thanh
dang khan [8]. Hiéu sut téng hop dugc tinh lai
theo dang nay la 58,8%.

3.2.3. Xac dinh ham luong calci citrat
vTié'n héqh dinh luqng calci gitrat trong sép
pham dugc tong hop ¢ dieu kién toi vu (M4). Keét
qua dugc trinh bay trong Bang 4.

Bang 4. Ham luong calci citrat trong mau M4 thu
duogc ¢ diéu kién toi wu

Lan Theé tich EDTA Ham luong
(mL) calci citrat (%)
1 41,1 97,54
2 415 98,50
3 41,7 98,97
Trung binh 98,70

Ham luong calci citrat tir ca 3 1an phan tich
déu nam trong khoang 97,5 100,5% tinh theo khdi
luong da 1am khé. Gia tri trung binh 1a 98,7%, dat
yéu cau vé& ham luong theo USP43-NF38.

4. Ban luin
D3 c6 mot s6 nghién ciru téng hop calci citrat

tir vo trimg ga duoc cong bd, mdi phuong phap
déu céd nhiing vu, nhuoc di€m riéng. Trong do,
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phuong phap nung két hop voi trung hoa co ty ¢
tan dung nguyén liéu th6 cao, do tinh khiét tot,
ning suit cao nhung lai tiéu ton nhiéu ning
lugng, chi phi 16n, gy 6 nhiém bui [5]. Phuong
phap thuy nhiét ¢ wu diém 1a diéu chinh duoc
kich thudc hat va thu duge san pham c6 d6 tinh
khiét tot nhung lai kho cong nghiép hoa do quy
trinh phirc tap, yéu cau vé thiét bi va thoi gian
dai [9]. Phuong phap truong xung dién mang
nhuoc diém 1a khong lién tyc va cong suat xir ly
thap St dung truong xung dién cuong do cao
khic phuc dugc nhing van dé nay, ngoai ra con
dé van hanh, than thién véi moi truong, tiéu thu
it nang lugng hon, hoat ddng ¢ nhiét o thfip, tuy
vay nhugc diém 1a chi phi dau tu thiét bi cao
[10]. Phuong phap hoa tan roi két taa lan luot véi
hai acid c¢6 thoi gian phan tng kéo dai nhung lai
cho phép thu dugc san pham tinh khiét, giam tiéu
thu nang luong, it gay 6 nhiém méi truong nén
thich hop véi san xuét cong nghiép. Ap dung
phuong phép nay, Zeng va cong sy da thu duoc
san pham c6 ham luong 99%, hi¢u suat quy trinh
dat 85,4%. Tuy nhién, cau truc hoa hoc va trang
thai hydrat hoa cta san pham chwa dugc mé ta
cu thé [5 ]. Trén co s6 do, lya chon phuong phap
hoa tan roi ket tha dé tiép tuc nghién ctru. Tham
khao mot s didu kién ban dau tir cong bd cua
cac tac gia trén, dong thot khao sat thém anh
hudng cua mot s yéu té nhur thoi glan nhiét do,
ty 1¢ giita cac nguyén lidu va danh gia mot s dic
tinh ctia san pham dé xac dinh diéu kién phan
ung phu hop.

Trong nghién ctru, calci citrat dugc téng hop
tr vo trung ga thong qua quy trinh gom 2 giai
doan. Acid acetic dugc chon dé tao mudi trung
gian vi c¢6 d6 acid nam giira acid carbonic va acid
citric lai it doc hai. Mat khac, trong vo trung,
ngoai calci carbonat con cd calci phosphat,
magnesi phosphat,... va mot luong chat hiru co,
hau hét déu khong tan trong nudc va khong phan
g v6i acid acetic. Vi vy sau phan tung dau
tién, thong qua cong doan loc dé loai bo dugc cac
tap chét ran khong tan nay dong thoi thu duoc
dung dich chua calci acetat. Sau phan Ung thi
hai véi acid citric, calci citrat dugc tao thanh
va tach ra khoi dung dich dudi dang rén, 1an nay,
dén luot cac tap chét tan trong nudc duoc loai bo.

Hiéu suat tong hop bi anh hudng boi nhidu
yéu td, ddc biét 1a thoi gian va nhiét do phan tng.
Nhiét d6 cao c6 thé 1am cho phan Ung xay ra
nhanh hon nhung lai giy that thoat nhiing
nguyén li¢u dé bay hoi, gia tang d¢ hoa tan cua
san pham dang két tiia do d6 1am giam hiéu suat,
tiéu t6n nhiéu ning lugng. Kéo dai thoi gian
phan tng thuong gitp thu duoc luong san pham
nhiéu hon nhung co the keo theo nhimg kho khan
cho viéc bb tri san xuét. Vi vdy can cin nhic dé
lga chon thoi gian va nhi¢t do thich hop. Mat
khac, ty 1¢ giita cc thanh phan tham gia phan
tmg chang han nhu calci acetat va acid citric
cling dong vai tro quan trong. Acid citric khéng
da dé phan ung s& lam cho hiéu suit bi thap.
Nguoc lai, néu nguyén liéu nay bi du thira s€ dan
dén viéc tao thanh cac mudi acid.

So véi cong bd cla Zeng va cdng su, hiéu
suit tong hop trong nghién ctru nay tuy thap hon
nhung san phim c6 ham luong calci citrat trong
duong, cau trac hoa hoc va trang thai hydrat hoa
dugc khang dinh. Hon nira thoi gian phan ng
giai doan 2 da dugc rit ngin xudng chi bang mot
phan ba. Tir cac két qua thu dugc, sé tiép tuc
nghién ctru theo hudng dénh gia cac chi tidu chat
luong khéac ciia san pham nhu gidi han tap chat
va nang quy mod téng hop.

5. Két luan

Nhu vay da khao sat dugc anh hudng cia
mot sd didu kién nham t6i vu hoa qua trinh tong
hop calci citrat tir v trimg ga va md ta mot sb
dic tinh ciia san pham. Phuong phéap hoa tan roi
két tha dugc thuc hién qua hai giai doan. Pau
tién 1a phan Gng voi acid acetic ¢ nhiét 6 phong
trong 5 gio. Tiép dén, cho pha 16ng phan img véi
acid citric & 50 °C trong 1 gio, ty 1€ gitta calci
acetat va acid citric 12 3 : 2. Hiéu suit dat khoang
58,8%. San pham thu dugc 1a mudi trung hoa &
dang dihydrat, ham lugng calci citrat 98,70%
theo khéi luong di lam kho. Két qua nghién ctru
g6p phan vao viéc phat trién mot nguyén lidu hoa
dugc c6 gia tri tir phu pham ciia nganh san Xuét
nong nghiép va cong nghiép che bién thyuce pham,
huéng dén muc tiéu phat trién kinh té - xd hoi
bén viing.
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