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TOM TAT:

O nhiém nu6e do ddu mé ludn gy ra cac ton hai nghiém trong dén moi trudng sinh thdi va stc

khde con ngudi. Aerogel tir xd dira c6 kha ning phan hily sinh hoc, dudc tdng hgp bing cich sit

dung chat lién két polyvinyl alcohol (PVA) va phuong phdp siy dong khd. Loai aerogel than
thién v6i moi trudng nay cé mat dd thap (0.0575 g/cm3), dd xdp cao (96.24 %). Tinh chat ky nudc
va khd ning hdp phu diu t&i da dat (20.2 g/g) sau khi cdc miu aerogel dugc phii bing

methytrimethoxysilane (MTMS). K&t qué nghién citu nay cho thdy, viéc ing dung aerogel trong

viéc x{r 1y dau md 12 hoan toan kha thi.

Tir khéa: cellulose aerogel, hdp phu dau, polyvinyl alcohol, siy dong kho, xd dira.

1. Diit van dé

Nu6c thdi nhiém diu md c6 khd ning ngdm
vao dit hodc bi cudn theo nuéc mua vao cic ting
nudc ngam lam cho nudc ¢6 mii hdi, 4nh hudng
dé&n ngudn nudc sinh hoat va sitc khde con ngudi.
Mot s6 vat lieu da dugc nghién citu d€ loai bé dau
khdi nudc va mdt xu huéng méi ndi trong nhitng
nim gan day la aerogel (Doshi et. al., 2018). Do
mat do thap, do x6p cao, khong doc hai, tuong
thich sinh hoc va kha ndng phan huy sinh hoc
(Nguyen et. al., 2022), aerogel thé hién 1a vat liéu
tiém ning trong xic tdc, loai bd chit 6 nhiém,
cdch nhiét, y sinh va nhiéu linh vuc khdc (Liu et.
al., 2021). Aerogel c6 thé dugc diéu ché tir nhiéu
ngudén khdc nhau bao gdém silica, carbon,
graphene, cellulose,... Trong d6, cellulose aerogel
da thu huit dudc sy chd y ddng ké nhu mot loai vat
liéu than thién véi moi trudng va ti€t kiém chi phi
(Lenget. al., 2021).

Xd dira 12 mot loai phé€ phu pham nong nghiép
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c6 gid tri kinh t&€ thap, v6i ham lugng cellulose
23+44%, hemicellulose 3+12% va lignin 35+54%
(Maher et. al., 2008). Vit liéu nay la Gng ctt vién
tiém ning dé chuyén ddi thanh cellulose aerogel c6
gia tri kinh t& cao d€ x{r Iy van d& 6 nhiém diu md
trong nu6c thdi. K&t qua nghién citu clia (Thai et.
al., 2020) cho thay, cellulose aerogel tir bd mia c6
kh& ning hap phu diu lén d&n 25 (g/g). Tuong tu,
cac két qua nghién ciu cia Nguyen et. al. (2013)
va Vo et. al. (2022) ciing cho thdy, kha ning hap
thu diu thd clia cellulose aerogel tir gidy thai va
rom ra lan lugt dat 24 va 21.7 (g/g). Piéu nay cho
thay, cellulose aerogel 1a vat liéu ddy tiém ning dé
xtt 1y van dé 6 nhiém dau.

2. Nguyén vat liéu va phuong phap

2.1. Nguyén vit li¢u

Xd dira dugc thu gom tir xe chd dira. Cac hoa
chat dudc st dung bao gém polyvinyl alcohol,
methytrimethoxysilane, hydro peroxide, natri
hydroxide, ure va ethanol (xuat xtt Trung Qudc).
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2.2. Phuong phdp tong hop cellulose aerogel tir
xodiia

Cellulose aerogel tir xo dira dugc tdng hgp bing
phuong phdp NaOH-ure (Fauziyah et. al., 2019)
gdm 2 giai doan:

Xit Iy so bo: diu tién, xo dira dugc xé sdi, cit
thanh tirng doan 1+2 cm va nghién min thanh bot.
Kich thudc bot xd dira dugc kiém soat bing sang
1ic phong thi nghiém (BK-TS200, Biobase, Trung
Qudc). Bot xd dira ¢6 kich thude 0.25mm phén Gng
vG6i dung dich NaOH (6% wt) véi ty 1€ 1:20 & 90°C
trong 4h dé€ pha v& lién két lignocellulose. Ti€p
theo, miu dugc tdy tring bing H,0, (10% wt) vdi
ty 1& 1:5 & 60°C trong 10 gis. Hon hgp dugc rira
sach biing nudc cit d&€n pH trung tinh va say khd &
70°C trong 24 gid thu dugc bt xd dira khd (dugc luu
trit d€ 1am tién chat tong hop cellulose aerogel).

Téng hop cellulose aerogel: bot xo dira kho (sau
khi xt 1i sd bd) dudc tron vGi dung dich NaOH-ure
(2dm NaOH 3.8 % wt, uré 1.5% wt) theo ti 1& 1:10,
roi ti€n hanh siéu 4m trong 30 phit. Hon hop dugc
dit trong ti lanh trong 24 gi & nhiét do -18°C dé
tao gel. Sau d6, maiu gel dudc rd dong & nhiét do
phong va ngam trong ethanol (98% wt) theo ti 1&
1:2 @€ ti€n hanh qu4 trinh ddng tu. Sau khi dong tu,
gel dugc ngdm trong nudc khir khodng dé trao d6i
ethanol véi nuGc theo ti 1€ 1:1. NuGc khi khodng
dudc thay dinh ky mdi gid cho dén khi dung dich
khong con ethanol. Piéu nay dugc biéu thi bing su
thay d8i mau ctia nudc tir mau vang niu sang khong
mau va khong c6 mui ethanol. Sau d6, miu dudgc bd
sung dung dich PVA (1% wt) va ti€n hanh siéu Am
ddng nhat hdn hgp trong 15 phit. Aerogel dugc
hinh thanh bing cdch sy dong kho hdn hgp trong
72 git bing mdy dong khd phong thi nghiém (BK-
FD10S, Biobase, Trung Qudc).

2.3. Lop phii ky nuidc ciia aerogel tit xo diia

Aerogel tr xd dira va nu6c do cdc nhém
hydroxyl trén bé mit. Lép phit MTMS gidp cai
thién tinh ky nu6c ma khong 1am 4nh hudng dén do
x&p clia vat liéu (Feng va cong su, 2015). Cac miu
aerogel vao hop chita MTMS da md nép bén trong.
Hop dugc day kin va dit trong ti sdy & 80°C trong 8

gid. Cudi cling, cdc miu dugc dit trong diéu kién
chan khong dé€ loai bd MTMS du thira.

2.4. Phuong phdp phédn tich

2.4.1. Phiiong phdp xdc dinh khéi luong riéng

Khéi lugng riéng (p, g/cm?) ctia aerogel (Nguyen
va cong sy, 2022) dugc xa dinh theo cong thiic:

o= m _ m
- - 2
Vv D < H
4
Trong do:

m 13 kh&i lugng mau aerogel (g), D 1a dudng
kinh kh&i miu (cm), H 1a chi€u cao khdi miu (cm).

2.4.2. Phuong phdp xdc dinh dj x6p

Do x6p (p, %) clia aerogel (Thai et. al., 2020)
dudc xac dinh theo cong thic:

(%) = (1--L-)x 100

Ps

Trong d6: pg 1a khdi lugng riéng cta cellulose
(1.528 g/cm?)

2.4.3. Phuong phdp dinh khd ndng hdp phu dau

Khé ning hap phu dau t6i da (Q, g/g) (Feng va
cdng su, 2015) dugc tinh theo cong thiic:

Q _ m2 _] m]

m

Trong dé: ml 13 trong lugng khd clia miu
aerogel trudc khi hap phu dau (g), m? 13 trong lugng
clia miu aerogel sau khi hdp phu dau (g).

2.4.4. Phiiong phdp phdn tich, xit Iy sé liéu va
ddnh gid két qua

Céc s6 liéu phan tich dugc x{r 1y va vé trén phan
mém Microsoft excel. Hinh théi ctia aerogel dugc
quan sit bing kinh hién vi 4nh sing phan cuc
(DM2500P, Leica, Ptc) va kinh hién vi dién t¥
quét (JSM-IT500, Nhat Ban). Quang phS hdng
ngoai bi€n ddi Fourier (FTIR) ctia miu dudc thuc
hién trong pham vi 400+4000 cm™, vGi d0 phéan gidi
4 cm! & nhiét d6 phong (Tenser 27, Bruker, Bic).

3. Két qua va thio luan

3.1. Hinh thdi va vi cdu triic ctia aerogel tit
xodiia

Hinh la cho thdy, miu aerogel c6 cau tric x6p,
nhe. Anh chup kinh hién vi quang hoc (Hinh 1b)
cho thiy ciu tric mang ludi xO6p cla cdc sdi
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BAng 1. Khéi lugng riéng va dé xép cua
aerogel tU xo dua

Mau Khoi lugng rieng (g/cm®) | Do x6p (%)

0.0575+0.002 96.24 +0.08

Aerogel

nanocellulose va moi lién két giita chiing véi chat
lien k€t PVA. Céc sdi nanocellulose c¢6 dang méanh,
dai, bé mit phang va min v6i dudng kinh ddng déu
nhau. Tudng tv nhu cdc két qud nghién cdu cla
Fauziyah et. al. (2019), Dang et. al. (2022), aerogel
tlr x0 dira ¢6 ciu triic xdp dic trung (v6i dudng kinh
s¢i tr 20+200 nm) va do x0p cao (94.2+96.7%).

Hinh 1: Hinh &nh thuc té

Dua vao két qua phan tich SEM (Hinh 1c¢), viéc sit
dung PVA lam chat lién két ngang véi cic sdi
nanocellulose gitip hinh thAinh mang tinh thé dong
nhat t8t hon (Thai et. al., 2020). Ngoai ra, viéc st
dung chat lién k&t 1a PVA khong chi tao ra vat liéu
c6 ciu triic x8p va nhe hon (k&t qua phan tich Bing
1) ma con tao diéu kién thuan 1¢i cho viéc ting dung
lam vat liéu hap phu.

3.2. Phén tich quang phé FTIR ctia aerogel tit
xo diia

Phd FTIR ctia mau aerogel dugc minh hoa trong
Hinh 3.2. Pinh hap phu dic trung & 3419 cm™! thé
hién dao dong kéo gidn cia lién két O-H va dinh

(). Hinh chup kinh hién vi qudng hoc, (b). Hinh chup SEM, (c) cGa mau aerogel i xo diia

$-4800 10.0kV 8.0mm x500 SE(M)

Hinh 2: Phé FTIR cGa aerogel tif xd diia
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hap phu & 2905 cm! tuong ng v6i dao dong kéo
gidn cla lién k&t C-H trong nhém methyl va
methylen cta cellulose (Reddy et. al., 2014). Theo
gid thuyé&t, cdc so¢i lignin lignocellulose da bi loai
bé dang k€ sau bude xit 1y kiém va tiy tring. Do
d6, dinh dic trung cda ching & 1730 cm khong
dugc nhan biét trong phd FTIR clia aerogel dudc
nghién ctu (Thai et. al., 2020). C4c dinh hidp phu
1634 cm! va 1426 cm™! dic trung cho su kéo dai
clia lién k&t C=0. Pinh hap phu & 1507 cm™ va
1373 cm™ ¢6 lién quan d&én dao dong kéo dai clia
vong thom C=C trong lignin va dao dong udn cong
clia liéen k&t C-H. C4c dinh hap phu ghi nhan & 1426
cm! va 1266 cm™! lién quan dén dao dong udn cong
va dao déng gian cta nhém C-H va C-O tuong Gng
(Meenakshi et. al., 2022). Ngoai ra, dao dong kéo
dai khong d6i xing clia C-O (1110 cm™), dao ddng
clia cdc vong pyranose (1059 cm') va dao dong ldc

ciia C-H (899 cm™) tuong tng véi cdc gia tri dic
trung cla cellulose (Sun et. al., 2024).

3.3. Khd ndng hdp phu diu

Dau dira ¢ ty trong 0.9242(g/cm?) duge st dung
dé khao sat kha ning hidp phu diu t6i da cda
aerogel. PAu tién, dau dira dugc dd vio trong cdc
¢6 chita nuc (Hinh 3a). Sau d6, mAu aerogel dugc
dit trén 16p dau (Hinh 3b). C4u tric xdp nhe va ky
nudc clia miu aerogel tao diéu kién thun Igi cho
viéc hap phu diu hiéu qui trong mdi trudng nudc.
Sau 20 phiit 16p diu trong c6c bi€n mat (Hinh 3c),
chitng t4 aerogel da hit hé&t dau. Sau khi hip phu,
mau aerogel van giit dudc hinh dang ban dau. Két
qud phan tich SEM (Hinh 4 a, b, ¢) cho thiy sy thay
ddi ciu tric clia mAu aerogel sau qua trinh hap phu
diu. Kha ning hap phu dau t&i da dat 20.2 g/g cho
thay tiém ning ctia vat liéu nay trong linh vuc xit 1y
diu md clia nuSc thai.

Hinh 3: Thi nghiém hé&p phu déu trén aerogel 1 xJ dia

Hinh 4: Hinh chup SEM cua xd diia

(a), aerogel 1t xa dtia trudc khi hdp phu dau (b) va sau qud trinh hdpe phu dau (c)

5-4800 10 0kV 8.2mm x500 SE(M)
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4. Kétluan

K&t qua nghién ctu cho thiy, c6 thé chuyén ddi
x0 dira - mot loai ph& phu phim nong nghiép c6
gi4 tri kinh t& thap thanh vat liéu hap phu c6 gia tri
kinh t& cao. Cellulose aerogel tir xo dira c6 mat dod

thap, dd x0p cao, c¢6 khd ning hiap phu diu tot
(lugng diu duge hap phu gip 20 lan trong lugng
ban du clia chinh né). Piéu nay thé hién, aerogel
tir xo dira 12 gidi phap ddy hira hen cho viéc gidi
quy&t van d& 6 nhiém dau md clia nudc thii m

Loi cam doan: Chiing toi cam doan bai bdo do nhém tdc gid thuc hién va khong cé bat ky mau thudn

nao giita cdc tdc gid.

Loi cam on:
Nghién ciiu duoc tai tro béi Truong Pai hoc Nong Lam Thanh phé” Ho Chi Minh (ma nghién ciiu:
CS-SV23-HHTP-05).
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ABSTRACT:

Water pollution by oil and grease always causes serious damage to the ecological
environment and human health. Biodegradable aerogels from coconut fiber were synthesized by
using polyvinyl alcohol (PVA) as a linker and freeze-drying method. This environmentally
friendly aerogel has low density (0.0575 g/cm®) and high porosity (96.24%). Aerogels from
coconut fiber have hydrophobic properties. If these aerogels are coated with
methytrimethoxysilane (MTMS), their maximum oil adsorption capacity will reach 20.2 g/g.
This study’s findings showed that it is feasible to use aerogels for treating oil and grease.

Keywords: cellulose aerogel, oil absorbent, polyvinyl alcohol, freeze drying, coconut fiber.
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