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NGHIEN CUPU CHE TAO MANG SOI NANO
CHITOSAN/POLY VINYL ALCOHOL

NG DUNG LOAI BO ION KIM LOAI NANG TRONG NUOC

STUDY ON FABRICATION OF CHITOSAN/POLY (VINYL ALCOHOL) NANOFIBER MATS

FOR HEAVY METAL ION REMOVAL IN WATER

Nguyén Thi Thu Thay*”, Nguyén Thi Phuong Thu?

TOMTAT

Hap phu 1a mt trong cac phuong phap cd higu qua dé loai b cac kim loai ndng trong nwrdc duac sir dung phd bién
hién nay. Muc dich clia nghién ctru nay la ché tao mang soi nano chitosan/poly vinyl alcohol (CS/PVA) dé hép phu céc
ion kim loai néng Cu?* va Pb** trong nir6c. Mang soi CS/PVA drgc ché tao bang phurong phap kéo soi dién truong quay
(electrospinning) tir hon hop ctia dung dich CS 6% khdi lvong trong acid acetic va dung dich PVA 12% khai lgng trong
nwéc theo t7 1€ dung dich CS/PVA Ia 3/7. Diéu kién ché tao soi la dién &p 18V, tdc do cap liéu 0,5 mi/h, khoang cach tir
dau kim phun dén bd thu 13 cm. Sau d6 mang soi duroc 6n dinh bang hoi glutaraldehyde dé st dung trong méi trong
nudc. Anh SEM clia mang soi cho théy dirong kinh ctia soi CS/PVA trong khoang 170 nm dén 305 nm. Bac trung héa hoc
clia mang soi trude va sau khi 8n dinh bang hoi glutaraldehyde dwroc xéc dinh bang phd hong ngoai IR. Kt qué do tinh
chét co Iy clia mang soi CS/PVA cho thay do bén kéo dit va do dan dai clia mang dat [an lugt 1a 3,05 N/mm?va 77,02%.
Dung lwgng hép phu curc dai clia mang soi ddi voi Cu®* va Ph?* [an luot 1a 39,5 va 40,9 mg/g. Mang soi cling duwoc st
dung d& x{ ly mAu nu6e théi clia qué trinh ma dong bang Ni, Cr clia cdng ty C6 phan Khi cu dién 1. Két qua cho thay
mang soi lam giam déng k& nong d6 clia Cu®*, Ph?*, Ni** va Cr** trong nurdc thai, md ra tiém nang lon trong g dung
X(t 1y nuc thai cong nghiép.

Tir khéa: Si nano, chitosan, electrospinning, hap phu, kim loai néng.

ABSTRACT

Adsorption is an effective method which is widely used for the removal of toxic heavy metal ions in an aqueous
solution. The purpose of this research is fabrication of Chitosan/Poly (vinyl alcohol) (CS/PVA) nanofiber mats as an adsorbent
for removing Cu?* and Pb** ions. CS/PVA nanofiber mats were fabricated by electrospinning mixture of 6 %wt CS solution in
acetic acid and 12 wt% PVA solution in water with ratio of 3/7 of CS/PVA. The electrospinning conditions were voltage of 18
kV, feed rate of 0.5 ml/h, distance between the needle tip and collector of 13 cm. The prepared nanofiber mats were
stabilized by glutaraldehyde vapor. The diameter of nanofibers was in the range from 170 nm to 305 nm. Chemical
characteristics of nanofiber mats before and after stablizing by glutaraldehyde vapor were examined by IR. The tensile
strength and strain of CS/PVA nanofiber mat were 3.05 N/mm? va 77.02 %, respectively. The maximum adsorption
capacities of nanofiber mat was 39.5 mg/g for Cu?* and 40.9 mg/g for Pb?*. The CS/PVA nanofiber mat was also used for
heavy metal removal of waste water of electroplating manufactory. As the result, the concentration of Cu?*, Pb?*, Ni* va
Cr** ions in waste water significantly reduced after treating by CS/PVA nanofiber mat.

Keyword: Nanofiber, chitosan, electrospinning, adsorption, heavy metals.
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1. DAT VAN BE

Cong nghé nano dang la
huéng ti€p can chd yéu trong
nhiéu dé tai nghién cru hién
nay. Trong dé, phuvong phap
ché tao soi nano béng dién
trvong (electrospinning) cho
phép tao ra cac mang sgi co
nhiéu dac tinh tha vi nhw
dwong kinh sgi nhd (trong
khoang tlr vai tram nano mét
dén vai nano mét), dién tich
bé mat riéng lén, a6 xbp Ion,
kich thuéc mao quan hep
[1,23]. Hé thong
electrospinning bao gdm mét
xylanh chita dung dich
polyme c6 gan voi kim phun
dwoc nodi véi dién ap cao va
b6 thu san pham dwogc néi voi
dat. Dung dich trong xylanh
dwoc bom lién tuc voi toc do
thdp sé tao thanh giot dung
dich hinh ban cau & dau kim
phun va chuyén thanh nén
Taylor khi dién &p cao duwoc
ap dat vao. O mot dién ap t6i
wu, lyc dién trwong sinh ra
gita dau kim phun va bd thu
san phadm thang dwoc stc
cang bé mat clha giot dung
dich tao thanh dong polyme
di chuyén dén bd thu san
pham. Trong qua trinh di
chuyén dong polyme trai qua
giai doan bat 6n dinh, dan
dai, va bay hoi dung méi. Két
qua la cac sgi nano polyme
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tap trung va thu dwoc & bd thu san pham [2]. Cac sgi nano
da dugc ché tao tir nhiéu loai polyme khac nhau nhu
gelatin, poly lactic acid, poly vinyl alcohol, poly urethane,...
duwoc s dung v6i nhiéu (’ng dung khac nhau nhu y sinh,
phan tach, sensor,... [4].

Chitosan la mt trong nhitng polyme ty nhién c6 nhirng
wvu diém nhr khoéng doc, va nwdc, phan hiy sinh hoc,
twong thich sinh hoc, khang khuan,... Vat liéu loc ché tao tir
chitosan cé nhitng dac diém n6i bat nhu chiva cac nhém
phan cuc va cé thé ion hoa va than thién méi trwong. Do
ddc tinh ctia nhém amino tv do trong cdu trdc chitosan
duoc tao thanh khi deacetyl héa chitin, cac phirc chelat cla
chitosan lam cho né cé kha nang hap phu kim loai tdng
gdp 5 dén 6 lan so vai chitin [5,6]. Theo thdng ké clia tac gid
Amit Bhatnago va cong s [6], nghién cu da cho thay kha
nang hap thu cua chitosan déi véi ion Hg(ll), Cu(ll), Ni(ll) va
Zr(ll) 1an lwot la 815, 222, 164 va 75 mg/g. Cac nghién clru
vé st dung chitosan dé hap phu ion kim loai cho thay kha
nang hap phu cla chitosan phu thudc vao dang vat liéu va
diéu kién hap phu. Nghién ctru clla Ngah W. S. [7] dua ra
kha nang hdp phu Pb (Il) bang chitosan dang hat (35,21
mg/g) cao gap 5 lan chitosan dang vay (7,72 mg/g). Trong
khi d6 kha nang hdp phu t6i da déi voi Cu(ll) 1a 33,44 va
47,85 mg/g khi st dung chitosan dang hat va chitosan/PVA.
Céc béo céo cling cho thay, si hap phu clia chitosan d6i voi
cac ion kim loai khac nhau cling tuan theo cac mo hinh hap
phu khéc nhau [8].

Péc diém noi bat cia mang sei nano (rng dung lam vat
liéu hdp phu la dién tich bé mét I6n, dé dang thu hoi sau
khi st dung. Tuy nhién, viéc ché tao mang soi nano
chitosan gap nhiéu khé khan do chitosan khi hoa tan trong
axit tao cac nhém mang dién tich, gay kho khan cho qua
trinh electrospinning [9]. Hon nita, mang chitosan c6 tinh
chat co hoc kém nén khong c6 tinh ('ng dung cao. DE cai
thién cac nhugc diém trén, PVA dugc bd sung thém vao
thanh phan cla sgi chitosan do PVA la loai polyme c6 kha
nang phun kéo sgi dé dang, c6 dod bén co hoc 16n va kha
nang tuong hgp tot véi chitosan.

Trong nghién clru nay, mang sgi nano CS/PVA dugc
danh gia kha nang hap phu doi véi ion Cu* va Pb®* trong
dung dich nuéc va kha nang xt ly loai ion kim loai ndng
trong nudc thai cia qua trinh ma déng bang Ni, Cr cla
cong ty C6 phan Khi cu dién 1.

2. PHUONG PHAP NGHIEN CUU
2.1. Nguyénvatliéu

PVA(khdi lvgng phan t&r 88.000 g/mol, Acros Organic
Co.), Chitosan(kh6i Iluvgng phan t&¢ 690.000 g/mol,
Biomaterials Co.), acid acetic (95%, Xilong, Trung Qudc),
glutaraldehyde (50%, Merk).

2.2. Phuvong phap ché tao mang soi CS/PVA

Chuan bi dung dich CS 6% khéi lwvgng trong acid acetic
0,5M va gung dich PVA 12% khdi lugng trong nwéc. Tron va
khudy hon hgp dung dich CS 6% va dung dich PVA 12%
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theo ty I&é CS/PVA la 1/9, 2/8 va 3/7 dén khi thu duoc hén
hop dong nhat va dé 6n dinh trong 24h.

Pua dung dich CS/PVA da én dinh vao xylanh nhua
dung tich 6ml. Xylanh ngay dwoc gén vai kim phun c6
duong kinh 22 gauss va dwgc dat Ién may bom microlit. Két
noi gitra may dién ap va kim phun. Cai dat cac diéu kién clia
qué trinh electrospinning nhu sau: dién 4p 18 kv, téc do
bom 0,5 ml/h, khodng céach tlr dau kim phun dén b6 thu 13
cm. Thoi gian ché tao sgi tlr 6 dén 10 h. Sau d6 mang soi
duoc sdy & 75°C trong 20 phut.

Mang soi duoc 6n dinh bang hoi glutaraldehyde (GA)
50% trong 24h & 25°C trong binh kin, sau dé duoc sdy &
75°C trong 45 phut.

2.3. Xac dinh hinh thai hoc va dac tinh cau tric ctia vat
liéu

Hinh théi hoc clia soi nano CS/PVA dwoc quan sat bang
kinh hién vi dién t& quét (SEM, Jeol 6490 JED 2300, Nhat
Ban) thubc Vién Khoa hoc Vat liéu, Vién Han 1am Khoa hoc
va Cdng nghé Viét Nam.

D06 bén co hoc clia mang sgi bao gom dd bén kéo va do
bén kéo dirt dugc xac dinh trén may Zwick Z2.5 clia B, tai
Vién Ky thuét Nhiét doi, Vién Han 1am Khoa hoc va Céng
nghé Viét Nam theo tiéu chuan ISO/DIN 527 véi téc do kéo
5mm/ phat & 25°C.

2.4. Panh gia kha nang hap phu ion kim loai néng cla
mang sgi CS/PVA

- Banh gia kha nang hap phu ion Cu? va Pb*"; Kha nang
hap phu ctia mang sgi doi vai ion kim loai ndng Cu?* va Pb*
duwoc thuc hién dya trén cac thong s6 bao gém thoi gian
hap phu (15 dén 300phut) va ndéng dd ban dau cla cac ion
kim loai ndng (50 + 130 mg/l). Can chinh xac 0,12g mang
soi CS/PVA sau khi da 6n dinh bang GA va dwa vao céc
dwng 50ml dung dich mui dong hodc mudi chi cé néng
dd khac nhau va trong cac khodng thoi gian khac nhau.
Nong dd ion kim loai sau khi hdp phu duoc do bang
phwong phap hap thu nguyén tir (AAS). Dung lvong hap
phu theo thoi gian dugc tinh theo cdng thire sau:

Gt S G v
a

Trong dé:

g: Dung lvgng chat bi hip phu theo thoi gian trén 1g
mau (mg/g)

C,. Nong dd ban dau cta chat phan tich (mg/l)

C.. Nong do chat phan tich khi dat can bang hip phu
(mg/l hay ppm)

a: Lvgng chat hap phu (g)

V: Thé tich dung dich hap phu (lit)

- bénh gia kha nang hap phu clia cac ion kim loai trong
mau nudc thai trede xi ly clia qua trinh ma déng bang Ni, Cr
clla Cong ty C6 phan Khi cu dién 1 (dia chi: phuong Xuan
Khanh, thi xd Son Tay, thanh phd Ha Noi). Can chinh xac
0,12g mang nano CS/PVA sau khi 6n dinh bang GA, sdy kho
va dua vao coc thly tinh c6 chira 50ml dung dich mau méi
treong dé hap phu trong vong 300 phut. Tién hanh xac dinh
ndng dé Cu?, Pb*, Ni** va Cr** con lai trong dung dich.
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3. KET QUA VA THAO LUAN
3.1. Hinh thai hoc ctia sgi nano CS/PVA

K&t qua anh kinh hién vi dién t& quét (SEM) cia mang
sgi CS/PVA & cac ty 1é dung dich CS/PVA khac nhau dugc
thé hién trén hinh 1. Quan sat hinh thai cac soi PVA,
CS/PVA & cac ty 1& 1/9, 2/8 va 3/7 cho théy rang sgi nano
PVA c6 duong kinh sgi to, dai, min va dong déu hon hinh
thai cac soi clla mang soi CS/PVA. Cac sgi clla mang
CS/PVA c6 dutng kinh trong khoang 170 nm dén 305 nm.
Khi thanh phan cta CS trong hén hop cang tang I1én thi
cac sgi tr& nén thd hon, dwong kinh sgi khdng dong déu
va cac soi bat dau co hién twong két dinh. Khi tiép tuc
tang ham lvgng dung dich chitosan thi qua trinh phun sgi
khong lién tuc, trén bd thu san pham chl yéu thu dwoc
cac giot dung dich. Do d6 dé dat dwoc hiéu qua hap phu
cao nhat, mang sgi CS/PVA cé ty 1é 3/7 duoc si dung cho
cac thi nghiém tiép theo.

|||||||||||
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Hinh 1. Anh SEM clia soi nano CS/PVA & cc ty 12 dung dich CS/PVA khéc

nhau va vdi d6 phdng dai khac nhau: (a, a) PVA, (b, b) 1/9, (c, ¢) 2/8, (d, d) 3/7

3.2. bac trvng hda hoc cila mang soi nano CS/GA/PVA

Cac nhém chirc dac trung clia mang soi CS/PVA va
CS/PVA duoc 6n dinh bang glutaraldehyde (CS/GA/PVA)
dugc thé hién qua ph6 héng ngoai (hinh 2).
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Hinh 2. Phé IR cliamang soi (a) CS/PVA (b) CS/GA/PVA
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Trén ph6 hong ngoai (hinh 2) cho thay sw xuat hién cla
cac pic dac treng cho cac lién két trong phan tir chitosan va
PVA. & 3355 cm™ mét pic rong xudt hién dac trung cho dao
dong dén ctia nhém -OH cda PVA. Cudng do cla pic nay
doi voi mang CS/GA/PVAthap hon so véi mang CS/PVA,
chirng td dd c6é cac nhom -OH cta PVA phan Gng voi
glutaraldehyde dé tao thanh cau ndi axetal. Diéu nay cling
duoc khdng dinh khi pic & buéc song 1069 cm™ dic treng
cho lién két O-C-O mé rong hon sau khi mang CS/PVA phan
(*ng v6i glutaraldehyde. Sy hinh thanh cau néi axetal giup
cho mang CS/GA/PVA khéng tan trong mdi trudng nwéc
khi hap phu.Pic d&c trng cho nhém amid | (-C=0) va nhém
amid Il (-NH,) xuét hién & cac budc séng lan luot 1a 1655cm™®
va 1580 cm™. Phan (ng gilra chitosan va glutaraldehyde
hinh thanh nhém imine (-C=N) dugc chitng minh bang su
tdng cuvong do va dich chuyén clia pic & bwdc séng 1658
cm™ clla mang CS/PVA vé buwéc séng 1655 cm™ clla mang
CS/GA/PVA.

3.3. Tinh chat co ly clia mang sgi CS/GA/PVA
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Hinh 3. Két qué do do bén kéo dut clla mang soi CS/GA/PVA

Két qua do do bén kéo cho thdy mang sgi CS/GA/PVA
c6 do bén kéo dit la 3,05 M/mm? va do dan dai khi dit la
77,02%. D6 bén kéo clia mang sgi thap co thé ly giai do
chitosan la mét polyme c6 d6 bén co hoc thap [11].
3.4. banh gia kha nang hap phu céac ion kim loai nang
cliamang CS/GS/PVA
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Hinh 4. Két qua do dung lwong hap phu theo thi gian ctia mang soi CS/GAPVA

Ngam 0,12 g mang CS/GA/PVA trong tlrng c6c thay tinh
chtra 50 ml dung dich Cu* 100pmm va Pb? 100ppm trong
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thoi gian la 15; 30; 60; 180 va 300 phat. Két qua do dung
lvgng hap phu theo thoi gian clla mang CS/GA/PVA theo
thoi gian dwoc thé hién trén hinh 4.

Két qua cho thay trong khoang thoi gian hap phu tr 15
phat dén 180 phut hiéu sudt hap phu Cu? va Pb? cla
mang s¢i nano CS/GA/PVA tang nhanh. Nhung tir 180 phut
tre di thi hiéu sudt hap phu nay tdng cham va twong doi én
dinh. Biéu do6 ching td kha nang hap phu clia mang soi
CS/GA/PVA da dat dén trang thai can bang & 300 phut.

Pé xay dung duong can bang hap phu theo mé hinh
dudng dang nhiét Langmuir, tién hanh do kha ning hép
phu ctia mang CS/GA/PVA trong cac dung dich Cu®* va Pb**
c6 ndng dd lan lugt la 50pmm, 80ppm, 100ppm; 130ppm
trong 300 phat. Brong dang nhiét hdp phu Langmuir va
duong biéu dién sy phu thudc cla C./q, vao C.d6i véi cac
ion Cu?* va Pb?* duoc thé hién trén hinh 5. Trong do, C, va
g. 1an luot 1a néng do6 ion Cu?(hodc Pb**) va dung lugng
h&p phu & trang thai can bang.
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Hinh 5. (a, b) Budng dér]g nhiét hdp phu Langmuir d6i voi cac ion Cu?* va
Pb?**va (a', b’) Buong biéu dién st phu thudc ctia C,/q, vao C, ddi voi cac ion Cu®*
vaPb*,

T m6 hinh dwong déng nhiét hap phu Langmuir va do
thi tuyén tinh thé hién magi quan hé ctia Ce/q va Ce doi voi
moi ion kim loai (Cu?* va Pb?*) c¢6 thé tinh toan lvong chéat
bi hdp phu t6i da gmax va hang s6 can bang Langmuir (K)
vGi moi kim loai (bang 1).

Bang 1. Dung luong hap phu cuc dai va héng 6 Langmuir

lon kim loai nang cu* Pb*
Dung lvgng hép phu cuc dai gmax (mg/g) 39,526 40,984
Hang s6 Langmuir K 0,999992 0,9999904
He s0 twong quan (R9) 0,999 0,999

Mang CS/GA/PVA dugc kiém tra kha nang tng dung
trong thuc té€ badi thi nghiém xt ly ion kim loai nang trong
mau moi tredng. Mau nudc thai clia qua trinh ma dong
bang Ni, Cr ctia Cong ty C6 phan Khi cu dién 1 bao gdm cac
thanh phan chinh la cac thanh phan chinh la Cu*, Pb?*, Ni#*
va Cr®*. Két qua xi ly biang mang sgi CS/GA/PVA dugc thé
hién trong bang 2.

Bang 2. K&t qué xit Iy mau nudc thai bang mang soi CS/GA/PVA

, . Nong do truéc khi Nong ddsaukhi | %chatbi
Kimloal | happhu(mg/) | hépphu(mgf) | hépphy
Cu® 91,1 28,5 68,72
Ph% 1,737 0,458 73,63
NiZ* 0,233 0,097 58,37
Ccr* 11,576 3,325 71,28

Tir bang 2 cho thay, ion Pb* ¢6 ham lwvgng hap phu trén
mang |&n nhat, trong khi Ni** ¢6 ham lvgng hap phu nhé
nhéat. C6 thé sap xép phan trdim hap phu céc ion kim loai
nhw sau: Pb?> Cr¥*> Cu®> Ni?*. Piéu nay cho thdy kha
nang hap phu ctia mang CS/GA/PVA d6i v6i cac ion kim loali
khéc nhau 1a kh&c nhau.

4. KET LUAN

Két qua nghién clru cho thady thoi gian dat dén hap phu
can bang clia mang soi CS/GA/PVA la 300 phut. Luvgng chét
hap phu cuc dai doi véi ion Cu?* 1a 39,526 mg/g va Pb?* la
40,984 mg/g. Ung dung thuc té clia mang soi trong x& Iy
nuéc thai clla qua trinh ma déng cling cho thay dat hiéu
qua cao khi cé thé loai bo 73,63% Pb?*; 71,28% Cr**; 68,72%
Cu®* va 58,37% Ni**, ma ra trién vong ap dung cla vat liéu
trong x ly nuéc thai cong nghiép nhiém kim loai ning.
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