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Tém tit

Trong bdo cdo ndy, ching ti tong hop vt liéu hydrogel hdp phu cé khd ndng tgii tqo trén co so
nanocellulose va alginate. Ngnocellulose tong hgp tr cellulose, dwg'c co lap tir ba mia, bang phwong phap
thuy phdn axit. Phan tich ket qua TEM cho thay nanocellulose tong hop co dang soi voi ty 1¢ L/D cao.
Vat liéu hydrogel giita nanocellulose va alginate dwoc tong hop bang qud trinh g?l hoa ion voi sy hién
dién cdq ion Ca**. Hydrogel (nanocellul9se va a{ginate) thu d‘up’c co dang hinh cau, duoc kth sat kha
nang hap phu methylene blue khi thay doi cac diéu kién nhw: nong dé chat nhuom, thoi gian hap phu va
leong chat hap phu. Hydrogel cho thdy kha nang hap phu methylene blue tot hon so véi alginate thuan.

Tir khéa: Alginate, b mia, hdp phu, nano tinh thé cellulose, xir Iy nudc.
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Abstract

In this study, recyclable adsorbents made of nanocellulose and alginate were developed.
Nanocellulose was obtained by acid hydrolysis of cellulose, isolated from sugarcane bagasse (SCB).
TEM analysis showed that the obtained nanocellulose was rod-like in structure with high aspect ratio.
Nanocellulose - alginate hydrogel beads were prepared by an ionotropic gelation method using Ca**
ions. The adsorption behavior of methylene blue by spherical (nanocellulose - alginate) hydrogel beads
was studied by varying the initial dye concentrations, contact time, and adsorbent dosage. These
hydrogel beads displayed an improved adsorption capacity compared to the pure alginate hydrogel.
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1. Mé dau

Ngay nay, su gia ting dan sd cting cac hoat
dong cua con ngudi doi hoi nhu cau vé nude
ngay cang tang, song song do6 la qua trinh tao
ra nhitng nguén nudc thai, dac biét 1a nudc thai
thudc nhudm (Batmaz & cs., 2014). Luong pham
nhudm thai ra, trong d6 phd bién 1a hop chat hitu
co gbc cation methylene blue (MB), néu khong
dugc xir Iy s& gay 6 nhiém méi trudng va anh
huong dén sirc khoe con nguoi. Khi tiép xuc,
phoi nhiém véi MB sé& gay ra céc triéu ching
nhu: bong mat, anh hudng dén hé ho hép, gay roi
loan h¢ than kinh... Do d6, loai b MB ra khoi
ngudn nudc sinh hoat 1a mot van dé quan trong
va cap thiét. Trong s cac phuo’ng phép loai bd
MB phuong phap hap phu cho thiy c6 kha nhiéu
vu diém nhu: d& ché tao, qua trinh don gian va
gia thanh ré (Fan & cs., 2013). Cacbon hoat tinh
tur lau da duoc stir dung rong rai lam vat liéu hép
phu (VLHP) trong qua trinh xtr Iy nudce thai. Tuy
nhién, do gia thanh, ning luong tiéu ton trong
qué trinh san xuét cao cling viéc tai str dung kho
khin nén hién nay xu huéng tim kiém mot loai
VLHP moi c6 gia thanh canh tranh tir nhitng
ngudn nguyén liéu tai tao dang duoc tap trung
nghién ctru (Fan & cs., 2013; Liu & cs., 2016).

Nano tinh thé cellulose, hay con dugc goi
la nanocellulose (CNC), 1a loai vét li¢u nano cé
dang soi voi dudng kinh trung binh tir 5 dén 20
nm va chiéu dai 1én dén vai trim nanomet. CNC
c6 thé duogc san xuét & quy mo cong nghiép bang
phuong phap thuy phan cellulose, dugc c6 lap
tir cac ngudn thyuc vat. Nho dién tich bé mat 16m,
dd bén co hoc cao, kha nang phan huy sinh hoc
cung véi s6 lugng 16n cac nhom chire hydroxyl
bé mit (Mohammed & cs., 2015), nhiing loai
VLHP dya trén CNC da dugc sir dung dé loai bo
kha nhiéu cac chat 6 nhiém trong nudc thai. Tuy
nhién, qua trinh c6 1ap céc loai vat li¢u trén sau
khi hap phy, thudng yéu cau ki thuat dong tu va
ly tam & tdc do cao, gay kho khin cho viée ap
dung loai vat li¢u trén & quy mo 16n (Mahfoudhi
& Boufi, 2017; Sharma & cs., 2011).

Hydrogel 1a nhtrng polymer khau mang
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c6 kha ning truong va hap thu mot lugng 16n
nudc trong ciu tric ma khong bi hoa tan. Ngoai
ra hydrogel con c6 thé dé dang tai ché va tai sir
dung nén vt li¢u nay thu hat dugc sy quan tam
trong linh vuc xu 1y nudc thai. Tuy thudc vao
hinh dang va dac tinh hoa ly, hydrogel duogc
chia lam 3 dang chinh 1a dang hat, dang mang
va dang nanocomposite. Viéc ché tao hydrogel
trén co so cellulose hién nay chii yéu 1a sir dung
cac dan xuat c6 kha nang tan dugc cua cellulose,
cu thé 14 carboxylmethyl cellulose, bang phuong
phéap hoa hoc thong qua phan tng khau mang.
Tac nhan khau mang chu yéu hién nay la
polycarboxylic axit, epichlorohydrin (ECH) va
N,N’-methylene-bisacrylamide (Fekete & cs.,
2017). Két qua cho thiy cac loai vat liéu nay c6
kha niang hap phu tét d6i véi cac loai ion ning
trong nudc nhu Pb?*, Ni** va Cu?*. Nguyén nhan
1a cac hydrogel trén c6 kha ning tao lién két
phdi tri véi cac ion thong qua nguyén tir oxy
ctia cac nhom carboxyl. Gan day, chitosan (CS),
mot loai polymer sinh hoc, dang thu hut duogc
su quan tam trong kha nhiéu linh vuc, dic biét
la cong nghé sinh hoc mai truong nho kha nang
héap phu cao ciing gia thanh ré (Jin & Bai, 2002;
Yoshida & Takemori, 1997). Ngoai ra, CS con
c6 thé dugc ché tao trén quy mod cong nghiép
bang mot phuwong phap don gian tir nguyén lidu
chitin. Hat hydrogel CS c6 kha nang loai bo cac
kim loai ning trong ngudn nude thai cong nghiép
hi¢u qua (Chatterrjee & cs., 2005; Chatterjee &
cs., 2007; Nggah & cs., 2002). CS ciing cho thiy
tiém nang khi str dung dé ché tao hydrogel khi
két hop v6i cac vat liéu khac. Hiéu qua hip phu
kim loai ndng cia hat hydrogel CM (cellulose
carboxymethylat)/CS dugc ché tao bang phuong
phéap khau mang birc xa cho thay cai thién hon
rat nhiéu khi str dung céc tac nhan khau mang
khéac (Zhao & Mitomo, 2008).

Alginate (ALG) 1a mdt loai polysaccharide
phé bién dé tong hop hydrogel. ALG c6 ngudn
gdc tir tao bién voi ciu trac 1a mot anion
polysaccharide do su két hop cuia cac mit xich
B-D-mannuronate (M) va a-L-guluronate (G).
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Khi ¢6 mit cac cation héa tri II, chang han nhu
Ca*, thi cac cation nay s€ dong vai tro la tac nhan
khau mang lién phan tir gitta cac mat xich G cta
céc mach polymer ké can. ALG khong nhiing c6
kha ndng tuong thich va phan huy sinh hoc ma
con khong doc hai cung gia thanh ré (Mohammed
& cs., 2015). ALG duoc sur dung lam chét hap
phu phém nhudém va ion kim loai ndng nho céc
nhém chuc carboxylate trén suon cia polymer
(Mohammed & cs., 2015; Rocher & cs., 2010).
Hién nay, nhitng nghién ctru két hop giita CNC va
hydrogel tmg dung trong hap phu dé loai bo cac
pham nhudm hiru co trong nude con kha it. Muc
dich cta nghién ctru nay 1a duwa CNC vao trong
nén ALG nhdm tao vt liéu t6 hop hydrogel ctia
ALG va CNC v6i muc dich giap cho viéc tach
cac hydrogel dugc d& dang sau qué trinh hip phy,
xu 1y nuoc thai. Viéc dua CNC vao ALG khong
nhiing cai thién kha nang hap phu, do ting dién
tich bé mat cua vt liéu, cai thién tinh nang co ly
do CNC dong vai tro 1a pha gia cuong tao tuong
tac lién dién t6t voi pha nén thong qua cac lién
két khau mang ma con thuén loi cho viéc tai su
dung. VLHP m&i htra hen s& thay thé cho cacbon
hoat tinh, loai VLHP pho bién hién dang duoc
st dung khong nhitng c6 gia thanh cao ma con
thai ra cac loai khi nha kinh trong qua trinh xt
1y nudce thai.
2. Vat liéu va phwong phap
2.1. Vit li¢u

Ba mia c6 ngudn gdc tir loai mia dudng,
thu hoach sau 6 thang sinh truéng va da duoc
ép hét nudce, duogc thu gom tur khu vuc lang Dai
hoc Qudc Gia - Linh Trung - Tht Dtrc. Bi mia
tho ban dau c6 mau tring nga vang, duogc cit bo
phan ctng gitta cac mit mia va phoi kho. Sau d6
ba mia duoc nghién thanh bot min dé st dung
cho cac budc xur 1y tiép theo. NaOH (Trung
Quéc), NaClO (Trung Quéc), H,SO, (Trung
Quodc), CHgCOOH (Trung Quodc), NaH(’jO3
(Trung Quoc) va ALG (dang bdt mau trang,
Trung Qudc). Tat ca cac hoa chit déu la dang
thuong mai va dugc st dung tryc tiép. Nudc

khtr ion dugc str dung cho tat ca cac thi nghiém
hap phu.
2.2. Phwong phap nghién ctru

Céac méu dang bot gdm bi mia tho cing voi
ba mia qua céac giai doan xu Iy khac nhau duoc
nghién min va sdy 24 gio & 80°C. Cu tric hoa
hoc duoc phan tich bang quang phd hong ngoai
bién doi Fourier (FTIR). MAu phan tich dugc ép
vién v6i KBr, sau d6 quét tir s6 song 4000 dén
400 cm™ ¢ do phan giai 4 cm™ trén may quang
phd EQUINOX 55 (Bruker, Puc).

Gian d6 XRD dugc phan tich trén may nhidu
xa D2 PHARSER — Bruker (Purc). Mau say kho
va duoc quét goc 20 tir 10° dén 80° véi bude
chuyén 0,02°/ phut. Bo két tinh ctia mau duoc
tinh theo cong thuc (Liu & cs., 2016).

Cr](%)zl—ll‘”" .100. (1)
002
Trong do, I, 1a cuong do cua miii cao nhj?'lt
tai 20 = 22,50, lam la cuong d cua mii nhicu
xa thap nhét tai 20 = 18°. Kich thudc tinh thé
duogc tinh dya trén cong thurc ctia Debye-Scherrer
(Wulandari & cs., 2016).

(nm)=

B, ,cos0 ' 2)

V6i K =091 1a hﬁng sd Scherrer, buéc
song 4=0,154 nm, f, , 1a mt nura bé r(f)ng cla
miii (200) tinh theo radian va 0 1a goc nhicu xa
tai mii do.

Hinh thai hoc ctia mau dugc x4c dinh qua
kinh hién vi dién tir truyén qua (JEOL JEM-1400)
& thé gia toc 100 kV. Mau nano tinh thé cellulose
duogc phén tan trong nudc (0,01 mg/mL) bang
siéu am khoang 30 phut, sau d6 mot giot cua hé
huyén phu nay duoc dua 1én ludi dong va phu
1én mot 16p cacbon mong, tiép dén mau duoc siy
kho trudc khi phan tich.

D6 bén nhiét cua cac miu duge xac dinh
thong qua phuwong phap phan tich nhiét — khi
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lugng (TGA). Gian d6 TGA dugc phan tich trén
may TGA Q500 (M¥), mau dugc gia nhiét tur
30°C dén 700°C trong mdi truong khi nito voi
toc do gia nhiét 1a 10°C/phut.

Qua trinh khao sat hap phu cta vat liéu duoc
thyuc hién trén dung dich MB. Nong do MB trude
va sau hap phu dugc xac dinh bang d¢ hap thu
quang ctia mau qua pho UV-Vis.

2.3. Tong hop CNC tir ba mia

Qua trinh tong hgp CNC duoc tién hanh
tuan tu qua 4 bude: xtr Iy so b, xir Iy bang dung
dich NaOH, tay trang soi bang hon hop dung
dich NaClO/CH,COOH/H, O va thiiy phan bang
axit H,SO,. Bau tién, bot ba mia dugc rira nudc
sO1 & khoang 100°C trong 1 gior dé loai bo cac
tap chat hitu co tan trong nudc bam trén bé mat
so1. Sau do, soi dugc loc va phoi kho tu nhién.
Tiép dén, soi duoc khudy hoan luu trong dung
dich NaOH 10%, ¢ 100°C trong 1,5 gio, voity 1€
soi va dung dich NaOH 1a 1:15 (khdi lwong/thé
tich). Sau phan ung, soi duoc loc, rira lai nhiéu
lan bang nudc cit cho dén pH = 7 va sdy kho ¢
80°C trong 12 gio.

Soi sau khi xtr Iy NaOH, s& dugc tay trang
bang dung dich NaClO 8% (ty 1é soi va NaClO
la 1: 0,75) va dung dich axit acetic vdi ty 1€ nude
va axit acetic 13 1:50. Qua4 trinh tay tréng dién
ra trong 2 gio va lap lai 2 1an cho dén khi soi
cO6 mau trang Sau moi qua trinh, loc va rtra san
pham nhiéu lan bang nudc cit cho dén khi pH
trung hoa, sdy kho, can lai khdi luong. Viéc tay
trang ngoa1 muc dich 1am tring soi, con phd v&
céc hop chit phenolic hodc cac phan tir c6 nhém
chromophoric hién dién trong lignin va dé loai
bo cac san phém phu. Sgi thu dugce sau qua trinh
tay tring c6 mau tring sang va duoc ky hiéu la
CMC. CMC sau d6 duogc thiy phan bang dung
dich axit H,SO, 64% ¢ 45°C, v6i ti 1€ soi : axit 1a
1: 15 (kh01 lu0’ng/ thé tich). Sau 45 phat huyén
phu dugc ly tam ¢ tée do 4000 vong/ phut trong
10 phat nhiéu 1an bang nudc cho dén khi pH =
7. Tiép dén mAu rin duoc co lap va séy kho, thu
dugc san phém dang bot tréng min. San phém
bot min nay duoc ky hiéu 1a CNC.
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2.4. Quy trinh tao hat composite tir
microcellulose va CNC két hgp ALG

Bot ALG duogc cho vao nudc, khuéy déu
& 40-50°C trong 6 gio' dé tao thanh dung dich
ALG 1%. Pong thoi, CMC va CNC duogc phin
tan vao nudc dé tao thanh huyén phi CMC va
CNC 1%, sau d6 cho vao hé khudy cing ALG.
Céc hdn hop sau d6 duoc siéu am trong bé siéu
am 20 phut dé cac thanh phan phan tan tét va
pha v cac bot khi tao thanh. Sau d6 dung dich
CMC-ALG va CNC-ALG dugc nho giot tu tu
vao dung dich CaCl, 2%. Dung dich dugc dé yén
15 phut, t1ep dén dung ray loc liy hat va rua lai
nhiéu lan bang nuoc ct dé loai sach mudi CaCl..
Hat sau d6 dugc sdy dong kho trong 12 gio de
thu duoc hat kho.

2.5. Khao sat qua trinh hap phu cia cac
hat vat li¢u

Khao sat kha nang hap phu: Pha dung dich
MB véi néng d6 1a X. Lay V thé tich dung dich
X cho vao bercher ciing mét luong m chat hap
phu (CMC-ALG, CNC-ALG va ALG). Hon hop
dugc khudy trong khoang thoi gian t phat. Hon
hop sau khi khudy tai cac khoang thoi gian khac
nhau s€ dugc loc va do do hép thu quang tai budc
song 664 nm dé xac dinh ndng do MB sau xir 1y.
Tir phuong trinh dudng chudn ciia MB (co
dang y = ax + b) va do hip thu ctia mau can phan
tich & mdi thoi diém ta tinh duoc néng do MB ¢
timg thoi diém theo cong thirc:

Abs = (a. [C],, +b)
Suy ra
(], = A”;"’ (ppm). 3)

Tiép dén, hiéu suat xir Iy MB va dung luong
hap phu cua vat liéu dugc tinh theo cong thire sau:

H_CO_CI
C

.100%. (4)

o =Cey. (5)
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Trong d6: H 14 hiéu suat hip phu MB (%),
C, la nong d6 MB ban dau (ppm), C la nong do
MB ¢ thoi diém t (ppm). Trong cong thure xéc
dinh dung luong hap phu thi q, la dung lugng hap
phu ciia VLHP (mg/g), V 1a thé tich dung dich
MB khao sat (L), m 1a khbi luong cua VLHP (g),
C.,C. la néng d6 dung dich MB ban dau va sau
hap phu (mg/L).

Dung luong hap phu cuc dai duoc x4c dinh
theo phuong trinh dang nhiét hip phu Langmuir
tuyén tinh:

P (6)

q q,. @ K

Trong d6: K 1a hang s6 Langmuir, q,, la
dung lugng hap phu cuc dai (mg/g) va C,la nong
d6 MB tai thoi diém can bang hip phu (mg/L).

Xay dung dd thi sy thay d6i cua C./ q
theo C_, s€ xac dinh dugc céc hing s6 K, Qo
trong phuong trinh. Puong dang nhiét hap phu
Langmuir va do thi su thay d6i cta C,/ q theo
C,, ¢6 dang nhu Hinh 1.

1 1
tang =——= = ,
Qoo " wana’ ()
1
ON = (8)
qmax K

Mét trong cac dac tinh déac trung cua
phuong trinh Langmuir duoc thé hién qua hé
sO phan ly R :

1

" 1+K,.C, ©)

V6iC_la ndéng dd6 MB cao nhat. Gi4 tri clia
R, s€ phén loai cho qua trinh dang nhiét 1a khong
thuan loi (R>1), tuyén tinh (R=1), thuan loi

(0 <R <1) va khong thuan nghich (R = 0).

q Ca/q

Qux | o j a

N

0
0 Ceb

Hinh 1. Puwong hép phu Langmuir va db thi biéu
dién sy thay doi C,/q theo C

3. Két qua va thio luin

3.1. Phan tich va danh gia sin pham
thu dwgc

3.1.1. Két qua phén tich phé hong ngoai
bién doi Fourier (FTIR)

Su thay d6i thanh phan trong cAu triic ctia soi
sau cac giai doan xur Iy dugc phan tich dya vao
phd FTIR dugc thé hién trén Hinh 2. Mii 1739
cm’' & mau ba mia tho 1a dao dong dic trung cho
cac nhom ester hodc acetyl cua hemicellulose
hodc nhoém carboxyl cua axit ferulic va axit
p-coumeric trong thanh phan lignin. Mii nay
khong xuat hién ¢ phd xtr Iy NaOH 10% chimg
t6 thanh phan hemicellulose va lignin da duoc
loai bo. Tuy nhién sau khi tay trang va thiy phan,
soi van ¢ mau tréng nhung lai c6 su xuét hién
citamii 1733 cm™ va 1717 cm™. Nguyén nhan la
trong qua trinh tay trang, hoa chat dugc st dung
la NaClIO va CH,COOH, trong qua trinh phan
ung mot phan tao ra axit hypochlorite c6 tinh oxy
héa manh hon NaClO, nhém CIO- s€ tuong tac
1én cac dan xuat vong thom chta trong cac hop
chat cua lignin va hemicellulose (Wulandari &
cs., 2016). Piéu nay 1am lignin va hemicellulose
bi cat dut va loai bo ra khoi s¢i. Do do, 16p mau
sam bén ngoai s¢ dugc loai bd nén sg1i sau cung
c6 mau trang tinh. Ngoai ra, thoi gian oxy héa
kéo dai cung v6i lugng NaClO chua phan tng
hét s& 1am cho cac nhom C6- hydroxyl bién d6i
thanh cac nhém C6- carboxyl. Do d6, mau soi
sau khi tiy trang c6 xuat hién mii ctia -C=0 voi
tin hi¢u nho (Xing & cs., 2018).
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Trong thanh phan cellulose ¢6 su hién dién
ctia mili hdp thu dang bau tai 3421 cm!, twong
ung voi dao dong cua nhom hydroxyl, dac trung
cho tinh wa nudc cua soi thuc vat. Ngay sau do
1a tin hi¢u tai 2903 cm' 1a dao ddng kéo gian
—C-H cua cac hop chat béo bio hoa co trong
hau hét thanh phan cua cellulose, hemicellulose
va lignin (Chatterjee & cs., 2007). Dao dong
khung — C-O-C cua vong pyranose cho tin hi¢u
tai 1032 cm™ va so v6i cac phd ciia ba mia tho
va ba mia xtr ly NaOH miii nay c6 cuong do tang
dan chimg t6 ham luong cellulose tang 1én. Miii
896 cm! xuat hién trong cac pho FTIR ciia s¢i 1a
dic trung cua cdu trac cellulose. Miii ndy nho va
nhon dic trung cho dao dong bién dang —-C1-H
két hop véi dao dong udn O-H cua glycoside
(Oun & Rhim, 2016).

Duya vao két qua phan tich FTIR trén, ta thdy
rang cac mii 1164 cm™', 1462 cm’, 1514 cm’!,
1606 cm™, 1739 cm™ cua lignin da khong con,
cho thiy viéc loai hemicellulose va lignin twong
ddi hiéu qua, mac du xuét hién mii 1717 cm’!

Transmittance (%)

T38|

1606 |

= 1514 | 436q -1
j462

L L 1
3000 2500 2000

1 L
1500 1000 S00

VWave number (cm™)

Hinh 2. Ph6 FTIR bi mia thé (a), s¢i xir ly
NaOH (b), s¢i tay trang (c) va sgi thiy phan (d)

do su bién d6i thanh phan hoa hoc cua cellulose
(Ngah & cs., 2002). Pong thoi, cac miii 1059
cm’, 896 cm! trong pho ctia soi thity phan 1a dao
dong kéo gian —C-O-C ctia vong pyranose va lién
két B- glycoside co cuong do ting 1én, ching to
mau sau thiy phan c6 chtra thanh phan cellulose
tinh khiét (Oun & Rhim, 2016).

3.1.2. Két qud phdn tich nhiéu xa tia X (XRD)

CAu trtc tinh thé va do két tinh cua cellulose
tach chiét tir bd mia duoc thé hién qua két qua
ctia gian do nhiéu xa tia X (Hinh 3) & cac dinh 20
lan lugt 14,8°, 16,5°, 22,5° va 34,4° (mg voi cac
ho mat mang (101), (101), (002) va (040). Hai
mili nhidu xa tai 22,5° va 14° cho thay cellulose
thu duoc c6 cAu trac tinh thé dang I (Xing & cs.,
2018). Két qua XRD cho thiy do két tinh cua
mAu ting dan sau qua trinh xir Iy. DO két tinh va
kich thuée tinh thé cia cac mau duoc tinh theo
cong thuc (1) va (2) véi két qua duogc thé hién
trong Bang 1.

Irtesity {au)

L a
L s 1 N =5
10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

26(°)
Hinh 3. Gian d6 XRD ciia bi mia thé (a), soi da
tay trang (b) va s¢i sau khi thiy phan (¢)

Biang 1. D két tinh tir phéan tich XRD ciia miu sau cac qua trinh xir Iy

Miu Bi mia tho Soi tiy tring Soi thity phin
Do két tinh (%) 53,8 76,5 81,2
Kich thudc tinh thé (nm) 1,83 2,60 3,60

Két qua Hinh 3 va Bang 1 cho thay do két
tinh cia mau ting dan sau qua trinh xir Iy. Do két
tinh ciia ba mia tho ban dau thap (53,8%), do cau
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triic cua ba mia tho ngoai cellulose con co cac
thanh phan vo dinh hinh 1a hemicellulose, lignin,
pectin... Trai qua qud trinh x&r 1y kiém va tay
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trang, cac thanh phan nay duoc hoa tan va loai
bo, chi gitr lai cellulose nén do két tinh tang 1én
76,5%. Cellulose c6 kha nang két tinh cao do su
hinh thanh ctia mang luéi lién két hydrogen lién
phan tr va ndi phan tir ctia cdc nhom hydroxyl
trén bé mat. Cau tric cta chudi cellulose bao
gdm cac ving két tinh (ciu trac trat ty) xen k&
v6i viing vo dinh hinh (cau trac 16ng 1¢0). Nhimg
ving vo dinh hinh nay dé dang bi axit tin cong
trong qua trinh thuy phan (Batmaz & cs., 2014).
Trong giai doan nay, ion H,O" s¢ tham nhap vao
cac vung vo dinh hinh, thiic day sy thiy phan
va cat dut cac lién két glycoside, tir d6 loai bo
ving vo dinh hinh, va giit lai ving két tinh. Do
d6, mau sau khi thuy phan d6 két tinh duogc cai
thién 1én dén 81,2%.

3.1.3. Két quad phdn tich nhiét - khéi
luwong (TGA)

Duong cong phan huy nhiét ctia ba mia tho,
soi xtr Iy NaOH, soi tay tring va soi sau qua
trinh thity phan duoc thé hién trong Hinh 4. Két
qua cho thay viing mat khdi luong ban dau trong
khoang tir 40-200°C ctia mau sau thuy phan 1a

100

80

=2}
(=]
1

Weight (%)
8

20

Temperature (°C)

T L T T T ] T T T v
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do su bay hoi ciia nuéc [16]. Mau sau qué trinh
thiy phan c6 2 giai doan mét khdi luong chinh,
trong khoang tir 200-315°C va tir 350-600°C. Su
phan hity nhiét dau tién xay ra & khoang 200°C
(phan huy cuc dai tai 218°C) trong khi ba mia
tho 1a khoang 220°C, diéu nay cho thay qua trinh
phan huy nhiét cia mau sau thily phan xay ra sém
hon so véi mau ba mia thd. Nguyén nhan 1a do
tinh kém bén nhiét ctia nhom sulfate gin trén bé
mat sgi qua qua trinh thity phan axit. Nhém chure
nay thiic day qua trinh phan hity nhiét dan dén
sy mat khéi lwong va dan hinh thanh 16p than
(Liu & cs., 2016). Diéu nay ciing dugc thé hién
trong gian @6 DTG v&i nhiét do tai diém mat khbi
luong cao nhét cia mau thily phan 14 218°C thap
hon so v6i ba mia tho 14 242°C. Nguyén nhan la
do méu sau qua trinh thity phan c6 nhiéu nhém
hydroxyl trén bé mat gop phan lam tang sy hut
am trong khong khi va két hop véi su giai ester
hoéa cua nhém sulfate khi & nhiét do cao tao
thanh axit sulfuric, dan dén qué trinh khir nude
trong mau va su phan hity nhiét sém hon (Zhao
& Mitomo, 2008).

Deriv. Weight (% /min)

100 200 300 400 500 600 700
Temperature (°C)

Hinh 4. Puong cong TGA va DTG ciia cic miu qua céc giai doan xir ly, bd mia tho (a),
soi xir Iy NaOH (b), soi ty tring (c) va s¢i thiiy phan (d)

Bén canh do, nhiét do bat dau phéan huy va
nhiét d6 phan huy cuc dai ciia mau thiiy phan
cling thap hon so v6i bd mia tho trong viing phan
huy nhiét cua cellulose, va lugng than con lai &
khoang 700°C ciing 16n hon rat nhiéu. Piéu nay

1a do nhom sulfate gén trén bé mit soi dong vai
trd nhu chat chéng chay, tuy 1am cho qua trinh
phan hity nhiét xay ra sém hon, nhung dong thoi
tao ra mQt 16p than bén nhiét bao boc bén ngoai
lam han ché qua trinh chay dién ra tiép theo
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(Xing & cs., 2018). Do d6 ¢ giai doan phan huy
tr 350-600°C 1a qua trinh phan huy cua cellulose
¢6 tde @6 phan hiy cham va do mat khdi luong
it hon 1a 29% so v6i1 44%.

3.1.4. Két qua phdn tich dnh kinh hién vi
dién tir truyén qua (TEM)

Tir anh hién vi dién tir truyén qua mau huyén
phu ctia soi sau qua trinh thuy phan & Hinh 5, cho
thiy cac soi thu dugc co duong kinh va chidu dai
trung binh khoang 15 va 300 nm. M6t s6 soi co
xu hudng két tu lai v6i nhau, do céc soi ¢6 kha
ning tao lién két hydrogen lién phan tir, thanh
cac bod soi 16n. Nhu vay thong qua anh TEM va
cac két qua phan tich ¢ trén cho thay quy trinh
thue nghiém da tach chiét dugc cellulose tir ba
mia va thiy phan cellulose bang axit sulfuric da
tao ra CNC.

Hinh 5. Anh TEM méu huyén phi ciia soi sau
qua trinh thiy phan
3.2. Khao sat kha ning hap phu MB cia
cac vat liéu
3.2.1. Anh hwong ciia khoi heong VLHP

Céc loai VLHP (c6 khdi lugng thay ddi tir
0,2-0,5 g) duoc khudy trong 50 mL dung dich
MB ¢6 ndng d6 9,028 ppm (tinh tir dudng chuan
MB) véi tbe d6 500 vong/phit trong 120 phut
& nhiét do phong. Hiéu suat hap phu (tinh theo
phuong trinh 4) ciia cac VLHP dbi voi MB duoc
thé hién trong Hinh 6. Hiéu suat hip phu ting
khi ting khdi lugng VLHP. Trong d6, hat ALG
¢6 hiéu suat hap phu tang tir 39-53%, hat CMC-
ALG tang tir 58-68% va hat CNC- ALG la cao
nhét khi tang tir 69-82% va c6 kha ning dat cin
bang trong khoang 0,45-0.5 g.
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Theo nghién ctru cua Nishil Mohammed &
cs. (2015) kha niang hap phu cia CNC-ALG cao
hon CMC-ALG la do so voi CMC thi CNC ¢
dang soi c6 kich thudc nanomet nén s€ co dién
tich bé mat 16n va nhiéu vi tri hap phu hon. Di
v6i ALG tinh khiét, hiéu suat hap phu thap do do
x6p trén hat thap. Khi c6 sy hién dién cia CMC
va CNC, ciu trac hat cu cta hydrogel tao thanh
s& dugc truong 1én, dan dén cau trac réng xop
clia vat lidu tang va ham lugng MB duoc hap
phu trén bé mat nhiéu hon. Két qua thu duoc la
phu hop vai cac cong bd nghién ciru vé vat lidu
hydrogel trén co sé CNC trong sudt gan mot thap
ky vura qua (Fan & cs., 2013; Fekete & cs., 2017;
Mohammed & cs., 2015).

3.2.2. Anh huong ciia nong do MB

0,45 g cac VLHP duoc cho vao 50 mL
dung dich MB ¢6 ndng db tir 3-9 ppm, cac
dung dich dugc khudy & toc d6 500 vong/
phut trong 120 phut ¢ nhiét d§ phong.
Hiéu suit hip phu cua cac VLHP dbi véi
MB dugc thé hién trong Bang 2 va Hinh
7. Két qua cho thdy khi ndng d6 MB ban
dau tang 1én thi hiéu suat hap phu cua cac
loai VLHP giam. Trong khoang ndng do
khao sat (2,813-8,525 ppm), hiéu sudt hip phu
cia CNC-ALG giam tir 81,6-64,2 %, CMC-ALG
giam tr 64,9-41,8 % va ALG giam tir 41,1-30,8
%. Nhu vay, hiéu sut hép phu MB cua hat CNC-
ALG t6t hon CMC-ALG va ALG.

Nghién ctru can bang hap phu MB cua
cac loai VLHP cho thiy sy hap phu tuong
dbi on dinh theo mo hinh hap phu dang nhiét
Langmuir. T cac gia tri C_/q vao C cua cac
loai VLHP, gia tri dung luong hap phu cuc
daiq, va hang s6 Langmuir K cua cac loai
vat liéu dugc xac dinh theo phuong trinh (6)
va duoc thé hién trén Bang 3. Nhu vay dung
luong hap phu cuc dai caa CNC-ALG cao
hon CMC-ALG va ALG. Tuy nhién céac gia
tri dung lugng hap phu nhin chung c6 gia tri
rat thép. Nishil Mohammed va céac cdng su
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(Mohammed & cs., 2015) da sir dung CNC voi
kich thudc chiéu dai va duong kinh trung binh
1an luot 12 100 nm va Snm dé ché tao hydrogel
v6i ALG. Két qua cho thiy qua trinh hap phu
MB trén hydrogel tuan theo phwong trinh hap
phu ddng nhiét Langmuir voi dung luong hap
phu cuc dai lén t61 256,4 mg/g.
3.2.3. Anh hwéng ciia thoi gian hap phu

0,2 g cac VLHP duoc khudy trong 50 mL
dung dich MB ¢6 nong do 9,028 ppm véi toc
do 500 vong/phut trong khoang thoi gian tur 5-
150 phiit & nhiét ¢ phong. Nong d6 MB con lai
duoc xac dinh bﬁng phé UV-Vis. Qua do, hiéu
suit hap phu cia cac VLHP d6i v6i MB duogc
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Hinh 6. P6 thi biéu dién hiéu suit hap phu MB
¢ khdi lwong VLHP khac nhau

thé hién trong Hinh 8.

Két qua cho thiy hiéu suat hap phu cta cac
VLHP ting nhanh theo thoi gian sau d6 dan 6n
dinh (qué trinh hdp phu di dat can bang). Diéu
nay duogc giai thich 1a do cac 16 xdp phan b
trén bé mat VLHP, theo thoi gian, kha ning tiép
xtc véi MB tang 1én va hip phu dugc nhiéu
hon, nhung t6i mot khoang thoi gian nhat dinh
thi d6 hap phu s& bdo hoa. Khi qua trinh hap
phu bit dau dién ra 8 CNC-ALG, sb lugng tim
hap phu con nhiéu nén qua trinh hap phu ting
theo thoi gian va dat gia tri bao hoa tai 62,6%
sau 120 phut, d6i véi CMC-ALG thi hiéu suét
hap phu thap hon va dat bdo hoa tai 50% sau
80 phut.
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Hinh 7. P6 thi biéu dién hiéu suit hap phu cia
VLHP khac nhau theo ndng dé

Bang 2. Anh hwéng ciia ndong do MB déi véi hiéu suat hdp phu cia ALG, CMC-ALG va CNC-ALG

Néng ALG CMC-ALG CNC-ALG
oo o) o el St Ce M A Gda G M 4 Gl
2,813 1,572 44,1 0,276 5,770 0987 64,9 0,406 243 0,518 81,6 0,510 1,02
4850 2976 36,0 0420 7,09 2420 50,1 0,540 448 1,218 74,9 0,810 1,50
6,950 4,720 32,1 0,496 9,52 3,692 46,9 0,724 5,10 2403 69,5 1,010 2,38
8,525 5,760 30,8 0,614 9,37 4,962 41,8 0,790 6,28 2,989 64,2 1,230 2,43
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Bang 3. Cac thong s6 phwong trinh ding nhiét Langmuir ciia cac loai VLHP

ALG CMC-ALG CNC-ALG
q q q
max RL max RL max RL
(mg/g) (mg/g) (mg/g)
1,038 0,224 0,331 1,079 0,522 0,175 1,652 0,803 0,121
65
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Hinh 8. Do thi biéu dién hi¢u suit hip phu ciia cic VLHP
theo thoi gian

3.Két ludn

T ngudn bd mia thd, bang cac phuong
phap xtr Iy héa hoc, chung t6i di tong hop duge
céc nano tinh thé cellulose, va sit dung cho vi¢c
tong hop hat hydrogel v6i ALG. Qué trinh thiy
phan tao CNC bang axit sulfuric dugc thuc hién
voi néng do axit 64%, nhiét do phan tng 45°C
trong 45 phat. Ham lugng CNC, ALG 1% tao
duoc vat liéu CNC-ALG c6 kha niang hap phu
t6t hon so véi CMC-ALG va ALG tinh chat.
Anh huéng cua thoi gian, ndng d6 MB va khoi
lwong clia cac chat hap phu ciing da dugc khao
sat. Vat lidu hydrogel t6 hop gitta CNC va ALG
hira hen ¢6 thé thay thé cho vat liéu cacbon hoat
tinh truyén thng trong viéc hap phu cic pham
nhudm hiru co doc hai, kho phan huy trong moi
truong nudc./.

L&i cdm on: Nghién ctiru dugce tai trg
boi Pai hoc Qubc gia Thanh phd HO Chi
Minh trong khuén kho Dé tai ma s6 “T2019-
35”. Nhém tac gia xin chan thanh cam on.
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