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NGHIEN CUU CHE TAO HAT GEL CHITOSAN
LIEN KET NGANG KiCH THUGOC NHO

Lé Thanh Phueéc' va Buii Vii Thanh Phwrong'
ABSTRACT

Chitosan, derived from chitin in the shell of black tiger shrimp (Penaeus monodon), was
chemically modified with glutaraldehyde to make cross-linked chitosan microspheres. In
this study, the effects of preparation methods, stirring time and speed on the
characteristics of chitosan microspheres have been studied. In the same experimental
conditions, morphology of chitosan microspheres made by emulsification method was
more uniform particle size than that of by mechanic method, and one-pot chemically
modified method gave chitosan microspheres with the best desired charaterizations. The
longer stirring time and quicker stirring rate, the more uniform particle and
anticoagulation of the chitosan microspheres. The morphology of microspheres was
studied using scanning electron microscopy (SEM) and it was shown that microspheres
had a spherical shape and smooth surface. In the comparison of adsorption rate of Cu’",
larger (2.5-4 mm) cross-linked chitosan microspheres showed slower and smaller
(2-10 um) cross-linked chitosan microspheres showed faster.

Keywords: Chitosan, glutaraldehyde, cross-linked, microspheres
Title: Study on the preparation of cross-linked chitosan microspheres

TOM TAT

Chitosan, san xudt tir chitin ctia vé tom st (Penaeus monodon), duoc bién tinh héa hoc
véi glutaraldehyde dé tao hat chitosan chira lién két ngang cé kich thiede nhé (hat vi
cau). Trong nghién ciru nay anh hwéng ciia cdc yéu té khdc nhau dén qud trinh tao hat
nhw: Phwong phdp ché tao, vin toc khudy, thoi gian khudy da dige khdo sat. T rong cung
diéu kién thi nghiém, hat thu dwoc tir phwong phdp nhii twong c6 hinh dang cdu 16t hon
phwong phap co hoc va phuong phap bién tinh héa hoc truec tiép tao ra hat cé tinh chdt
mong muén tot nhdt. Van toc khudy 16n sé lam giam kich thuée hat, thoi gian khuay dai
lam tang d¢ dong déu va giam tinh két khoi cia hat. Hinh dang cua cac hat vi cau duoc
xdc dinh bang anh hién vi dién tir quét (SEM) chimg 16 rang ching c6 hinh cau déu va bé
mat khd béng. Sw so sanh toc do hap phu Ci’* giita hat chitosan lién két ngang c6 kich
thude 1om (2.5-4 mm) va hat chitosan lién két ngang cé kich thuée nhé hon (2-10 um)
chirng to rcfng hat voi kich thwoc nho hon co t6c do hdp phu nhanh hon.

Tir khéa: Chitosan, glutaraldehyde, hat vi cau, lién két ngang

1 PAT VAN PE

Chitin 1a mot loai polymer sinh hoc c6 ngudn gbc ti nhién dugc tim thiy trong
mdt sb loai thuc vét bac thip nhu: ndm, tio (v6i vai trd gidng nhu cellulose & cac
loai cay). Chitin con xuét hién trong vo mai (by xuong ngodi) cia loai dong vat
khong xwong song nhu: tom, cua, muc; 16p bao ngoai ciia cac loai con tring
canh cung,...
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Chitosan 1a dan xuét cua chitin, dugc tao thanh béi phan tng deacetyl hoa chitin
boi dung dich kiém manh & nhiét d6 cao (120°C). Chitosan da dugc ung dung rat
nhiéu trong linh vuc dugc pham va y hoc do c6 nhimng dic tinh tot nhu: Khong
ddc, tinh twong hop sinh hoc cao, c6 thé ty phan huy,...

Do trong ciu triic cua chitosan c6 su hién dién ciia nhém hydroxyl (-OH) va nhém
amine (-NH,) c¢6 kha ning tao lién két v6i cac nhom chirc khac nén chitosan
thuong duoc dung lam chit mang trong nganh dugc pham. Bén canh do, chitosan
con duoc Gmg dung vao linh vuc méi truong, ding lam chit hap phu sinh hoc dé
tach cac ion kim loai ning ra khoi nudc thai. Da c6 mot sb dé tai nghién ctru deé
cap dén kha “nang hap phu kim loai trong nudce thai cua chitosan, dong thoi khao
sat nhirng yéu t6 anh huéng den hiéu suat hap phu nhu: pH, nhiét d6 moéi trudng,
nong do kim loai, thoi gian tiép xtc cua chat hip phu voi ion kim loai, téc do
khudy,... nhung thuong sir dung chat hdp phu 1 nhiing hat chitosan lién két ngang
v6i kich thudc 16n (tir 2.5 mm dén 4 mm) (BPS Thi My Phuong, V& Cam T,
2005). O pH duéi 5.5 chitosan tao gel lam giam kha nang héap phuy ion kim loai
nang cting nhu kho xt ly hdn hop san pham sau khi hip phu do vay mot s6 hoa
chat da dugc sir dung dé 1am bén hat chitosan bang cach tao lién két ngang trong
hat chitosan nhu: Epichlorohydrin, glutaraldehyde, sodium tripoly-phosphate,..
Hat chitosan lién két ngang kich thugc nhé thu dugc chang nhimng khong tan trong
dung dich acid ma con c6 tinh chat co 1y bén hon (Oliveiral B. F., et al., 2005;
Rajesh R. Dubey et al., 2003).

Trén 1y thuyét, khi duong kinh ctia hat chat hap phu cang nho thi higu suat hap phu
cang 16n do tong dién tich bé mat hap phu ting 1én, do d6, kha ning hap phu cua
hat chitosan lién két ngang kich thudc nho s& 16n hon hat c¢6 kich thuée 16n (sir
dung cung mot khéi luong chét hap phy ban dau).

Nbi dung bai viét nay s& chu yéu trinh bay cic phuong phap tao hat chitosan lién
két ngang kich thudc nho véi glutaraldehyde, khao sat cac yeu t6 anh huong dén
hinh dang va kich thuéc hat, sau d6 tién hanh thi nghiém hap phy kim loai trong
dung dich dé so sanh hiéu suit hép phu gitra hat thu duogc véi hat cé kich thude
2.5 mm.

2 PHUONG TIEN VA PHUONG PHAP
2.1 Nguyén liéu

Vo tom su duoc lay tai Xi nghiép Ché bién Thuy san Cafatex, nam trén Qudc 16
1A, huyén Chau Thanh, tinh Hau Giang. Cac héa chat sir dung: glutaraldehyde
(Merck, Dtc); con lai hydrochloric acid, sodium hydroxide, potassium
permanganate, oxalic acid, ethanol c6 xuat xr tir Trung Qudc.

2.2 Phuong phap

Diéu ché chitosan: Chitosan dugc diéu ché (theo Nguyén Thi Thay Ai, Nguyén
Hoang Dao, 2004) nhu sau: V6 tom tuoi duge rira sach, dem phoi kho trong nang
10i nghién va rdy tao bot. Tién hanh loai khoang véi dung dich HCI 5%, sau do
loai protein bang dung dich NaOH 1%, nhiét 6 khoang 90-100°C. San pham dugc
tay mau bang dung dich KMnO, 0.1% va tay tring bang oxalic acid 0.2%. San
pham rira va say kho thu dugc chitin. Chitosan dugc tao ra bang cach deacetyl hoa
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chitin thu dugc voi dung dich NaOH 55% & nhiét ¢ 120-130°C trong 2.5 gio.
Loc va rira hdn hop bang nudc cit dén pH = 7 sau d6 rira lai bang ethanol, siy kho
thu dugc chitosan. Tir d6 dung dich nhdt chitosan 2% wt/vol duoc tao ra bang cach
hoa tan chitosan trong dung dich AcOH 5% theo ti lugng va dugc st dung cho ba
phuong phap diéu ché hat gel chitosan lién két ngang c6 kich thudc nho dudi day.

Diéu ché hat gel chitosan lién két ngang c6 kich thwéc nho
Tao hat bang phirong phdp co hoc roi tao lién két ngang

Hoa tan dung dich nhét chitosan 2% wt/vol vao nude cat theo ti 1& 3 ml dung dich
nhét: 100 ml nuwée cit rdi cho vao cde nhya 250 ml va khudy véi toc do 1600
vong/phut. Sau khi khudy dwgc 60 phut, thém vao dung dich 1.6 ml NaOH IN dé
trung hoa lugng acid trong mudi tao hat chitosan khong tan. Sau 90 phit, giam van
téc khudy tir 1600 vong/phiit xudng 600 vong/phit nhém duy tri trang thai lo ling
cua cac hat chitosan. Sau 30 phut, tat may khuay, giit 6n dinh dung dich trong 2
gio dé cac hat chitosan ling xudng day cdc. Loc 1ay hat sau d6 rira k§ v6i nudc cét
dén khi trung hoa. Ngam hat chitosan thu duoc vao dung dich glutaraldehyde (Glu)
25 % (theo ti 1€ 1 kg chitosan: 0.15 kg Glu, dugc dung cho ca ba phuong phap)
trong 3 gid dé thuc hién qua trinh tao lién két ngang. Loc va rira phan hat rin bang
ether sau d6 dé kho trong diéu kién ty nhién, thu dwoc hat chitosan da lién két
ngang dudi dang bot.

Tao hat bang phirong phdp nhii twong réi tao lién két ngang

Tao nhii twong (theo Singla A. K., et al., 2001): Su dung 50 ml dung dich nhdt
chitosan 2% wt/vol 1am pha phén tan. Pha lién tuc gom 200 ml déu paraffin va 1 g
chat hoat dong bé mat Span 80.

Hdn hop trén dugc khudy trong 20 phat dé hinh thanh nhii twong nudc trong dau.
Sau d6, 15 ml dung dich NaOH 1 N duoc thém vao hon hop. Tdc do khuéy duoc
duy tri ¢ van tdc 1600 vong/phut trong 2.5 gio nita. Két thiic thi nghiém, hon hop
duoc cho vao binh chiét va dé 6n dinh qua mdt dém. Dudi tac dung cua trong luc,
cac hat chitosan s& ling xubng day binh chiét. Phan bong cin ldy ra tir binh chiét
dugc ly tim trong 2 phiit, van tdc 2500 vong/phut dé loai bo phan dau thira con s6t
lai, sau do tiép tuc rira voi nude cit dén khi trung hoa. Tao lién Kkét ngang cho hat
chitosan thu dugc bang Glu 25% trong 3 gio rdi rira lai bang ether. Dé kho trong
mdi trudong ty nhién s€ thu dugc bot chitosan.

Tao hat bang phirong phdp bién tinh héa hoc triee tiép

Hoa tan 2 g chitosan vao 100 ml dung dich AcOH 5% dé hinh thanh dung dich
nhét chitosan. Ly 100 ml dau paraffin va 1 ml chat hoat dong bé mit Span 80 cho
vao cbc nhua 250 ml. Khudy véi van toc 500 vong/phat. Thém vao hdn hop 3 ml
dung dich nhét & trén, dong thoi ting toc do khudy lén 1600 vong/phut. Sau khi
khudy 5 phat ké tir Itc két thic qua trinh thém dung dich nhét chitosan vao hdn
hop, tiép tuc thém vao 0.012 ml dung dich Glu 25%, toc do khuay khong d6i. Sau
5 phit, giam toc do khudy vé 500 vong/phut. Trong 2 gio tiép theo, 0.024 ml dung
dich Glu 25% dugc thém vao, mdi 1an 0.012 ml va cach nhau 60 phut. Tiép tuc
duy tri van toc khudy khong d6i trong 1 gid nira rdi ngimg. Hon hop luc nay
chuyén thanh dang huyén phii v&i cac hat chitosan lién két ngang phan tan trong
dau duoc dé yén trong 1 gio cho cac hat nay ling xudng. Loc lay phan két tiia dem
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ly tim dé loai bo phan dau thira. Rira vai 1an véi ether, dé kho trong khong khi, thu
duoc bot chitosan.

Bot chitosan thu dugc trong cac thi nghi€m trén dugc chup anh hién vi SEM dé
khao sat hinh dang, kich thudc va cau trac bé mat cua hat.

3 KET QUA VA THAO LUAN

3.1 Anh huwéng ciia phwong phap ché tao 1én kich thuéc va hinh dang hat
chitosan

3.1.1 Phuong phap co hoc

Bt chitosan da lién két ngang thu dugc tir phwong phap nay c6 mau nau nhat,

khong mui. Két qua chup anh hién vi SEM cua thi nghiém nay thé hién trong

hinh la.

Hinh 1: Anh SEM hat chitosan hinh thanh biing phuong phap co hoc (a - trai)
va bang phwong phap nhii twong (b — phai)
Chitosan tao ra khong dat duoc hinh dang cu nhu mong mubn. Bé mit g6m nhiéu
16p vay nho xép chong 1én nhau. Do anh huéng cua luc khudy nén xuét hién nhirng
vét dudi kéo dai ¢ phia sau hat. Kich thuéc va hinh dang hat khong 6n dinh.
Nhu véy, phuong phap nay khong cho két qua tot khi khudy véi van tde
1600 vong/pht.

3.1.2 Phwong phdp nhii twong

Két qua chitosan thu dugc c6 mau nau nhat, 1a mot khéi 16n gém nhitng hat nhd
két dinh lai v6i nhau (Hinh 1b).

Hat tao ra theo phwong phap nay dua trén co ché hinh thanh nhimng hat nhii chira
dung dich chitosan bén trong nén c6 thé thiy cac hat thu dwgc c6 hinh dang tron
hon so v&i phuong phap co hoc. Tuy nhién, do bé mat hat gel chitosan luc nay rat
mém va dinh, bé mit hat bi bién dang va xay ra hién tuong két khoi.
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3.1.3 Phwrong phdp bién tinh héa hoc
Két qua bdt chitosan thu dugc c6 mau vang dam (Hinh 2; 3).

Hinh 2: Bt chitosan Hinh 3: Anh SEM ciia hat chltosan che tao
bang phuong phap bién tinh héa hoc

Phuong phap niy tao dugc hat chitosan rat tron, duong kinh bién thién trong
khoang tir 5 um dén 13 um. Chinh nhiing lién két ngang Glu di lam tang luc lién
két giita cac mach polyme cua chitosan, 1am bé mat hat tré nén cting hon so véi
hat ché tao bang phwong phéap nhii twong nén tranh dugc hién twong két khdi khi
ly tam.

So sanh véi két qua tao hat chitosan lién két ngang bang phuong phép siy phun
(Spray-Drying) ma Oliveira B. F. et al. (2005) da st dung, hat thu dugc tu thi
nghiém c6 do dong dang cao hon va khoang bién thién kich thude nho hon. Tuy
nhién, cac hat chitosan van chua tach roi nhau hoan toan do thoi gian khuay thap,
phu hop véi két luan cua Rajesh R. Dubey et al. (2003) khi st dung van toc khudy
nhé hon 2000 vong/pht.

Nhu vay, trong ciing mot diéu kién thi nghiém (nguyén liéu ban dau, nhiét do, toc
d6 khuay 1600 vong/phiit), phuong phap bién tinh héa hoc truc tiép cho két qua tot
nhét, hat tao ra dat dugc hinh dang nhu mong muén. Phuong phap nay s€ dugc su
dung trong cac thi nghiém tiép theo dé khao sat anh hudng ctia qua trinh khudy dén
su hinh thanh hat chitosan.

3.2 Khao sat anh hwéng cia sy khudy tron dén kich thwéc va hinh dang hat
3.2.1 Anh hwéng cia toc do khudy

Téc do khuéy & mdi thi nghiém duoc thay ddi theo cac murc: 1200, 1400,
1600 vong/phut. Khoang thdi gian tinh tir lic két thuc thém dung dich nhét
chitosan dén trude khi thém dung dich Glu 1an thtr nhét (khoang thoi gian tao hat)
dugc ¢b dinh 1a 5 phit trong ca 3 thi nghiém. Téng thoi gian khudy 1a 190 phut.
Pem hat chitosan thu dwugc di chup anh hién vi SEM, thu duoc cac két qua nhu
hinh 4.

Két qua chup anh hién vi SEM cua hat hinh thanh bang phuong phap bién tinh hoa
hoc, theo cac toc dd khudy khac nhau trong ciing khoang thoi gian khudy tao hat Ia
5 phut, phi hop v6i gia thuyét ban diu vé anh huong cua téc do khudy 1én qua
trinh tao hat.
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Kich thudc (gan ding) cta hat 16n nhit ghi nhin dwoc tuong Gmg véi cac van toc
khudy 1200, 1400, 1600 vong/phut 1a 55 um, 34 um, 25 um. Nhu vay, véan toc
khuay lon s€ lam giam kich thudc trung binh cua hat va cac hat it bi két dinh hon.

Xac suét xudt hién nhing hat c6 kich thudc nhé (nhé hon 5 pm) trong 3 hinh chup
tang dan theo van toc khuéy. Van toc khqu 16n, luc khqu manh lam hat bi v6 ra
thanh nhiéu hat nhé hon. Gitta cac hat khong c6 sy déng nhét vé kich thude do su
phan bd khong déu cua lyc khudy trong dung dich. Ting van tc khudy s& lam
giam khoang bién thién kich thudc giira cac hat.

Hinh 4: Anh SEM ciia hat chitosan hinh thanh béing phuong phép bién tinh héa hoc véi van
toc khuay 1200, 1400 va 1600 vong/phut; (a), (b), (c) twong ung

3.2.2 Anh hwéng cua thoi gian khudy

Tuy vén téc khudy 1600 vong/phut cho két qua t6t nhung ciing gdy hao hut mot
luong 16n dung dich do dung dich bi ving ra ngoai trong khi khudy. Do d6, van toc
khudy 1000 vong/phiit dugc chon sir dung trong ca 3 thi nghiém. Khoang thoi gian
tinh tir lac két thuc thém dung dich nhot chitosan dén trude khi thém dung dich
Glu lan thtr nhit dugc thay doi theo 3 mirc: 60, 120, 240 phat. Thi nghiém tién
hanh trong diéu kién binh thuong cua phong thi nghiém. Két qua chup anh hién vi
SEM nhu hinh 5:

Hinh 5: Anh hién vi SEM ciia hat chitosan hinh thanh bing phuong phap bién tinhhéa hoc

véi thoi gian khuéy 60, 120 va 240 phut; (a), (b), (¢) twong rng
Thi nghiém nay cho thdy rd duoc tic dong ciia thoi gian khudy dén qua trinh hinh
thanh hat micro chitosan. Ttr mot khéi 16n gf”)m nhitng hat nho dinh lién vao nhau
ban dau, khi thoi gian khudy ting 1én, hat dan tach khoi nhau va dén mét lic nao
d6 thi tach han ra thanh nhitng hat riéng biét. Sy két khdi c6 anh huong rat 16n dén
tinh chét cua hat (vi du nhu kha ning hap phu) do nd lam thay d6i hinh dang, kich
thudce va lam giam dién tich bé mait cua hat.

Két qua cho thdy rang, v6i thi nghiém c6 thoi gian khudy 60 phat va 120 phat, toc
do 1000 V,(‘)ng/phlit khong du stre tao dugc hat c@u c6 do dinh b& mat thap nhu khi
st dung toc do 1200 vong/phut trong 5 phit. Piéu nay chiing minh nhan dinh: toc
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d6 khudy cang nho thi kha nang két khéi giita cac hat cang 16n (Rajesh R. Dubey

et al., 2003). Tuy nhién, diéu ma hai 6ng chua d€ cép dén 1a khi thoi gian khuay

du 16, hat s€ tach roi khoi nhau hoan toan nhu két qua cua thi ’nghiém su dung

thoi gian khudy 240 phut thé hién trong hinh 5a. Nhu vdy, mudn giam tinh ket

khdi ctia hat, thay vi st dung van tdc khudy 16n (dén 3000 vong/phut trong thi

nghiém cua Rajesh R. Dubey e al., 2003) chung ta c6 thé kéo dai thoi gian khudy

ra (toc do khudy 16n nhat ma may khuay,trong phong thi nghiém dat dugc la

2000 vong/phut ). Tuy vay, vdi toc do khuay tang thi thoi gian dé tao hat c6 kich

thude nho s€ giam.

S6 lwong hat co kich thudc khoang 5 um dén 6 pm xudt hién trong 240 phut cling

nhiéu hon so v6i 60 va 120 phat. Tir day rat ra két luén, khi thoi gian khuay dugce

kéo dai, s& c6 nhi€u hat 16n ban dau bi vd nho dén kich thudce toi thi€u tuong ing

véi luc ma né chiu tdc dong, do d6 lam tang do dong deu gitra cac hat vdi nhau.

3.3 So sanh kha niing hip phu Cu®" ciia hat chitosan lién két ngang kich
thwée nhé véi hat ¢6 kich thuée 16n hon

Hat chitosan lién két ngang co kich thudc nho (2-10 pm) thu duoc bang phuong

phap bien tinh héa hoc ¢ trén, s dung vén toc khudy 1600 vong/phut va thoi gian

khudy 1a 240 phut s& dugc s dung dé khao sat kha nang hap phu Cu’" (do bang

may cuc pho CPA-HH3) r6i so sanh voi kha nang hap phu cua hat c6 kich thude

2.5 mm (P06 Thi My Phuong, V& Cam Tu, 2005).

Diéu kién tién hanh thi nghiém nhu sau:

- Cb dinh yéu td nhiét do: cho hat chitosan hép phu Cu** trong dung dich Cu**
50 mg/L & nhiét do phong.

- Can 4 g hat chitosan cho vao cbe chira 68 ml dung dich Cuzf 50 mg/L. B tri
lam 3 coc (d€ thu lay két qua trung binh), moi coc sé la mot 1an 1ap lai.

- Cirsau 1 gid, mau & 3 cde duoc 14y ra mot it dé do ham lwong Cu®" con lai
trong dung dich. Po lién tuc trong 10 gio.

Két qua thi nghiém trinh bay trong bang 1.

Bing 1: Két qua hip phu Cu®* bing hat micro chitosan

Nong dd Cu** con lai

Thoi gian . Trung binh Hiéu suat
hap phu (h) ngolng dungg%cchlimg/L) Coc III (mg/L)  hip phu (%)
1 6.41990 5.81482 5.80632 6.01368 87.87
2 5.53700 5.33381 5.52167 5.46416 88.98
3 5.09620 5.16558 5.33012 5.19370 89.52
4 4.71649 5.04134 4.97997 4.91260 90.09
5 4.70510 5.03095 4.97040 4.90215 90.12
10 3.90128 4.04670 3.89146 3.94648 92.04

Hiéu sudt hip phu ciia hat micro chitosan trong 1 gio du tién va sau 10 gio lan
lugt 1a 87.87% va 92.04% (so v6i hat 2.5 mm la 73.19% va 86.84%). Sau 1 gio,
hiéu suat ma hat micro chitosan dat dugc 16n hon hat 2.5 mm hap thuy trong 10 gio.

D6 thi so sanh hiéu sut hip phu giita hat micro chitosan va hat chitosan kich
thudc 2.5 mm dugc trinh bay trong hinh 6.
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Hinh 6: D thi so sanh hiéu sudt hip phu giita hat micro chitosan va hat chitosan kich thudéc
2.5 mm

Tir d6 thi ta thiy rang, higu suat hip phu cua hat chitosan lién két ngang c6 kich
thudc nho tang rit nhanh trong 1 gio dau tién, sau d6 tang cham dan cho dén gio
thir 10, con hiéu suat hip phu cua hat 2.5 mm ting dan sau 10 gio. Két qua nay
duoc gidi thich dya trén su khac biét vé kich thude gitra hai loai hat. Hat micro
chitosan c¢6 kich thudc rit nhé nén dat duoc téng dién tich bé mat hép phu 16n hon
nhiéu 14n so v6i hat 2.5 mm st dung cung mot khéi lwong. Do vay, tde do hép phu
cua hat micro chitosan 16n va nhanh chong dat duoc hi¢u suét tbi uu chi trong mot
thoi gian ngén, sau d6 on dinh dan.

4 KET LUAN

Nhirng yéu t6 anh huéng dén qué trinh tao hat chitosan lién két ngang c6 kich
thudc nho nhu: phuong phép ché tao, van toc khudy, thoi gian khudy da duge khao
sat. Trong cung diéu kién thi nghiém, v6i 3 phuong phép diéu ché da néu, phuong
phap bién tinh hoa hoc truc tiép cho két qua tdt nhét, hat thu duoc c6 kich thudce
nho (5-13 um), hinh cau tron déu va it bi két khéi.

Céc két qua thi nghiém ciing ching t6 mbi quan hé giira qua trinh khudy va su
hinh thanh hat. Véan téc khuay 16n (1600 vong/phut) s& lam giam kich thudc hat,
thoi gian khudy dai (240 phit) lam ting d¢ dong déu va giam tinh két khoi cia hat.
Hiéu suét hép phu Cu*" ctia hat chitosan lién két ngang kich thudc nho toc do hép
phu sé& ting 1én, do d6, néu dung chung dé tach kim loai ning trong nudc thai s&
vira ting duoc hiéu suit hdp phu vira rat ngan thoi gian va hat bén dé xur 1y.
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