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TOM TAT

Nghién clu da tién hanh t8ng hop vat liéu aerogel trén nén sai cellulose (CNF) két hop véi pha
gia cudng la graphene oxide (GO) va polyvinyl alcohol (PVA) théng qua ki thuat trao d6i dung méi
va sdy kho & diéu kién phong thi nghiém don gian. Soi nanocellulose dugc ché tao tir cuéng la
cdy dira nudc thong qua phuong phap xt Ii co hoc va hda hoc co dé két tinh khoang 69% va kich
thudc tinh thé khodng 2,01 nm. Ba loai aerogel dugc ché tao thong qua qua trinh khao sét trao d6i
dung moi véi acetone, ethanol va isopropyl alcohol & cting diéu kién thusng cé mat dé lan luot la
0,025 £ 0,002 g/cm3, 0,023 £ 0,001 g/cm3, 0,024 £ 0,003 g/cm3 va do x6p cao la 98,350 4 0,129%,
98,538 =+ 0,057%, 98,436 + 0,193%. Cau tric x6p va su tuong tac clia cac thanh phan bén trong
aerogel dugc kiém tra qua kinh hién vi quang hoc (OM), nhiéu xa tia X (XRD), quang phd héng
ngoai bién déi Fouier (FTIR) va dién tich bé méat bang phan tich Brunauer-Emmett-Teller (BET). Bén
canh do, cac dac diém vé tinh chat va kha nang ting dung trong xt ly nuéc nhiém thudc nhudém
xanh methylene (MB) cling dugc kiém tra trong nghién ctu nay. Trong d6, tinh chét nhiét clia cac
aerogel dugc phan tich qua két quéa do nhiét trong lugng (TGA), tinh chét ca ly dugc kiém tra bang
ki thuat do nén, kha nadng hap phu loai bd MB clia cac aerogel trao ddi lan luct véi cac dung moi
vdi acetone, ethanol va isopropyl alcohol lan lugt la 99,52%, 99,77%; 99,49% théng qua phan tich
quang phd tir ngoai- kha kién (UV-VIS). Kha nang téi st dung clia cac aerogel sau 5 chu ky tai hdp
phu dat lan lugt la 99,00%, 99,11%, 99,07%; md hinh dong hoc bac hai pht hop cho qua trinh hap
phu loai bd MB clia aerogel CGP-Et va CGP-Iso, trong khi aerogel CGP-Ac phiu hgp vai mé hinh hap
phu déng hoc bac mot. Nghién cliu cho thdy tiém nang trong viéc st dung mét quy trinh ché
tao don gian va hiéu qua vao viéc tao ra mot vat liéu hdp phu xanh trong xtt ly nuéc nhiém thudc
nhuém hiu co xanh methylene.

Tur khoa: aerogel, graphene oxide, nanocellulose, polyvinylalcohol, sdy diéu kién phong, trao déi

dung moi.

MG DA

Cong nghiép hoa da thuc ddy su phat trién vugt bac
ctia nganh cong nghiép dét may, dic biét trong qua
trinh nhu¢m, qua trinh nay dung lugng 16n nudc sach
va héa chit, dan dén viéc thai ra moi trudng mot khoi
lugng nudc thai, thudng la cac thuéc nhuém con du
trong qud trinh nay. Do d6 sé gay ra tinh trang 6
nhiém mai trudng nudc boi thuéc nhudém téng hgp,
anh hudng tryc tiép con ngudi va hé sinh thai bién
néu tiép xaic lau dai véi chung. Theo thong ké, nganh
dét may thai ra méi trudng khoang 24 - 30 triéu m>
nudc thai méi ndm, trong d6 chi ¢ khoang 10% dugc
xt ly trudc khi thai ra mai truong tiép nhan. Thudc
nhudém phd bién nhét trong nganh dét may la thudc
nhuom azo. Thudc nhudom azo thudng c6 mau sic
tuoi sang va bén viing nhung ciing chiia cac hgp chit
c6 thé gay ung thu. Mot s6 thuéc nhudém azo phd
bién bao gom Congo red, methyl orange va methylene

blue (MB). MB la mét loai phdm mau hitu co bén, kho
phén huy trong ty nhién, va cé thé gay 6 nhiém nudc,
anh hudng dén chat lugng nguén nudc va stic khoe
con ngudi. Khi thii vao moi trusng, MB c6 thé gay
hai cho hé sinh thai, can trd sy quang hgp cua thuc
vat thay sinh va lam gidm chdt lugng nudc uéng. Cac
chét doc hai c6 trong MB con c6 thé gy ra cac bénh
vé da, mét, va anh hudng dén hé than kinh va n¢i tiét
néu con ngudi tiép xuc lau dai. Giai quyét cac vin
dé 6 nhiém nay khong chi 1a vin dé gay tranh cai ma
con la moi quan tdm 1én hién nay. Trong cic phuong
phép hién nay dugc ting dung vao xt ly nudc thai 6
nhiém tdc nhan boéi thudc nhudém géom cé dién phan 1
xt Iy sinh hoc? va chét liéu hdp phu’. Vit liéu hdp
phu 13 phuong phap hiéu qua cao, chi phi tuong déi
thép, it 6 nhiém thit cdp va kha nang ti st dung cao
hon dé tach lugng 16n thudc nhudém khoi ngudn nude
6 nhiém. Aerogel nanocellulose dugc coi la vat liéu

Trich dan bai bao nay: Qui L T, Phat N T, Duy K B, Thty N T N, Vy N T. Nghién citu ché tao aerogel
nanocellulose gia cudng graphene oxide va polyvinylalcohol & diéu kién phong dinh huéng xit ly
nudc nhiém xanh methylene. Sci. Tech. Dev. J. - Nat. Sci. 2025; 9(3):3425-3434.
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hép phu diy hia hen d€ xtt 1i nuéc ¢ thudc nhudm,
déc biét la MB. Vat liéu aerogel nanocellulose dugc
ung dung rong rai vi c6 cdu tric xop, dién tich bé mit
161 va nanocellulose (CNF) dugc tong hgp tii ngudén
sinh khdi nén than thién véi moéi trudng. Tuy nhién,
loai aerogel nay c6 tinh chat co hoc thip nén kho thu
hoi va han ché trong viéc tai stii dung ngoai thuc té
. V6i dién tich bé mit 16n va kha ning hip phu tét,
graphene oxide (GO) la mot trong nhiing lya chon dé&
gia cudng va ci thién kha ning hip phu ctia aerogel

nanocellulose *

. Ngoai ra, polyvinyl alcohol (PVA),
mot loai polyme t6ng hop c6 gia thanh khong qua cao
va dugc biét dén nhu mot chat két dinh hitu co than
thién moi truong trong hé thong aerogel, da dugc st
dung d¢€ tao céc lién két khau mang véi glutaralde-
hyde (GA)* trong c4u tric ciia aerogel CNF két hgp
GO, PVA. Bang cich tang cudng lién két chéo gitia cac
nhoém hydroxyl ciia CNE GO, PVA va GA, c¢6 thé cai
thién céc tinh chét co hoc ctia aerogel nanocellulose
nay.

Cécki thuat ché tao aerogel thong thuong nhu sy siéu
t6i han c6 gid thanh cao va quy trinh ché tao phic
tap >, hay nhu mét phuong phap phé bién khéc 14 sdy
dong kho 1a mot ki thuat sdy dugc cho 14 it phic tap
thi gid thanh ché tao ctia aerogel nanocellulose ciing
khd dat do va hiéu suét ché tao khong cao®. Trong
nghién ctiu nay, ching t6i st dung phuong phép sdy
& diéu kién phong dé€ ché tao aerogel nanocellulose vi
day 1a ki thuat dugc xem 1a c6 gid thanh thép, ¢ thé
chu dong trong viéc ché tao mau ngay tai diéu kién
cac phong thi nghiém co ban va cho hiéu suét t6t hon
s0 v6i cac ki thuat nhu sdy siéu t6i han hay sdy dong
khd” nén it d6 cé thé dinh huéng dua vao san xuit &
quy mo6 16n hon. Dé c6 thé ché tao aerogel tit hydro-
gel bing phuong phép sdy & diéu kién phong, aero-
gel cin trai qua mot s6 giai doan phai trao d6i dung
moi d€1am gidm siic cing bé mat ctia nudc trong ciu
truc trude khi dugc sdy. Mot s6 cdc dung moi ¢6 stic
cang bé mit thdp da dugc lya chon dé st dung trong
nghién ctiu nay la acetone®, ethanol®, isopropyl al-
cohol ' trong buédc trao d6i dung méi lan thit nhét
va sau cling 14 trao d&i v6i hexane!! trong budc trao
d6i dung mai thtt hai. Céc aerogel tao thanh ti cac
budc trao d6i dung moéi khdc nhau sé duge kiém tra
tat ca cac dac tinh vé cu tric va tinh chat cing nhu
kha nang xt Iy nu6c nhiém MB nhim dua ra dugc cai
nhin téng quat vé sy anh hudng ctia cac loai dung moi
nay 1én aerogel nanocellulose tao thanh.

VAT LIEU VA PHUONG PHAP

Vat liéu

Céc sgi nano cellulose (CNF) trong nghién ctiu nay
dugc ché tao tit phdn cudng 14 (sin phdm phuy) cta

céy diia nuée (TP H6 Chi Minh, Viét Nam) sau qua
trinh thu hoach. Graphene oxide (GO) dugc t6ng
hop theo phuong phap Hummer céi tién. Polyvinyl
alcohol (PVA) la san phdm cua Himedia; ethanol
(C,H50H), acetone ((CH3),CO), isopropyl alcohol
((CH3),CHOH), dung dich axit sunfuric (HySO4,
10%), va dung dich glutaraldehyde 25% déu la san
phém cta Xilong Scientific (Trung Qudc).

Chuan bi aerogel CNF/GO/PVA

Qud trinh t6ng hgp CNF tl cudng ciy dita nudc va
GO dugc chuén bi bing phuong phidp Hummer cai
tién dugc thuc hién theo quy trinh da céng bé trude
day clia chiing t6i°. Céc huyén phit CNF 1,5 %wt va
GO 1,5 %wt dugc chuén bi bang cach khudy CNF va
GO véi nudc cit tuong tu dung dich PVA 1 %wt véi
nudc cit ciing dugc chuén bi bang cach hoa tan PVA
trong nudc cat 6 85°C trén bép khudy tu. Tron ba
thanh phén phan da chuén bi va tién hanh khudy véi
téc do trung binh 300 vong/ phut trong 1 gid. Sau
d6, dung dich axit sunfuric (1 %wt) va dung dich glu-
taraldehyde (25 %wt) lam tdc nhan lién két aerogel
dugc thém vao hon hgp va khudy. Sau 1 gi¢, hon hop
dugc ngdm trong bé siéu am & tin s6 37Hz trong 30
phut dé€loai bo bot khi. Sau d6, hon hgp duge d6 vao
khu6n hinh tru thé tich 30 ml (2,5%5 cm) va 1 & 75°C
trong 3 gid. Tiép do, khuon dugc 1dy ra bén ngoai dé
6n dinh cdu tric trong 24 gid, trudc khi dugc dua vao
ngan d4 trong t lanh d€ gel hda hoan toan. Sau 24 gio,
gel dugc ngam 14n lugt trong cac dung moi khdo sat.
Mbi loai dung moi sé dugc ngam trao d6i 3 14n, méi
lan 24 gig. Sau dd, cdc dung moi sé dugc loai bo bing
céch cho trao d6i lan hai v6i n-hexane, tién hanh lap
lai 3 14n , mbi 14n 24 gio. Sau khi két thuc qué trinh
trao d6i dung méi, cic hydrogel dugc sdy kho trong
ta sdy chan khong d€ khong dén khéi lugng khong
d6i. Céc aerogel ba thanh phan la CNF, GO va PVA
sau khi trao d6i vi cac dung moi acetone, ethanol va
isopropyl alcohol dugc ki hiéu tuong ting la aerogel
CGP-Ac, aerogel CGP-Et va aerogel CGP-Iso.

DPéac diém vat li va cau trac

C4u truc vi mo clia cdc vat liéu dugc quan st bing
kinh hién vi quang hoc (OM) & kich thudc 200 pum.
bic diém cdu truc cta cic aerogel va cac thanh phan
ciing dugc dédnh gid bing FTIR trong pham vi s6 song
trong khoang tif 4000-400 cm~!, miu dugc bao quan
& do 4m tii 30 - 35% va phén tich ¢ nhiét d6 phong, c6
d6 phén giai 4 cm ! va XRD trong diéu kién do &m
tuong d6i 30 — 35%, goc chup 26 tit 5°- 40°, dién &p
gia toc 40 kV, cuong do dong 40 mA, btic xa Cu- Kot
(tdm loc Ni). D¢ 6n dinh nhiét ctia mau dugc do bing
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TGA trong diéu kién phan tich mau trong moéi trudng
khi nito va gia nhiét tit nhiét d6 phong dén 800°C véi
téc do gia nhiét 10°C/ phat. Do bén nén cua mau
dugc do biang méy do do bén kéo Autograph ASH-X
hang Shimadzu - Trung Qudc. Mau do nén theo tiéu
chuin ASTM D1621, ¢6 dudng kinh la 23,1 mm va
chiéu cao1a 25 mm dugc nén theo phuong thing diing
v6i téc do nén 5 mm/phut. Dién tich bé mit riéng
dugc xdc dinh bang phuong phap Brunauer-Emmett-
Teller (BET) tit dudng ding nhiét hdp phukhiN,. Thé
tich 16 réng va kich thudc 16 rong dudc xéc dinh bing
phuong phap Barrett-Joyner-Halenda (BJH) .

Ty trong thuc té€ (p.) ctia aerogel dugc tinh theo cong
thic (1):

pc=m/v (1)

Trong do, p. la ty trong thuc té€ ctia aerogel; m la khoi
lugng ctia aerogel; v 1a thé tich ctia aerogel.

Ty trong tuong ddi ( ps) cta aerogel dugc tinh theo
cong thiic (2):

1
Weo
PGo

ps = Wpya (2)

PrvA

Wenr
PCNF

Trong d6, Wenr 1a phin tram trong lugng ciia CNF;
W0 1a phan trim trong lugng ciia GO; Wpy4 la phan
tram trong lugng ctia PVA; p, la ti trong tuong doi clia
aerogel; pcvr> PGo va ppya 1an lugt 1a ti trong ctia
cellulose, graphene oxide va polyvinyl acohol.

Do x6p dugc tinh theo cong thiic (3):

P(%) = (M) % 100% (3)

s

Trong d6, p; la ti trong tuong d6i; p. la ty trong thuc
té ctia aerogel.

Do két tinh va kich thuéc tinh thé ctia CNF
Do két tinh ctia CNF dugc tinh theo cong thiic (4):

_ I — Igm

C%) ="

x 100 (4)

Trong d6, Ic 1a cudng do cuc dai ctia hai phan v6 dinh
hinh va tinh thé cta cellulose; lam 14 cudng do nhiéu
xa cta phén vo dinh hinh.

Kich thudc tinh thé cia CNF dugc tinh theo cong
thtc (5).

kA
"~ B.cos6

(5)

Véik=0,9; A (nm) 1a budc song ctia tia X; B (radian)
14 chiéu rong ntia chiéu cao cta dau tin hiéu; 6 (d6)
13 géc Bragg 2.

Kha nang héi phuc ctia vat liéu aerogel

Kha ning hoi phuc ctia cac loai aerogel theo chu ki
dugc tién hanh nhu sau: Mau ban dau dugc cat co
chiéu cao 1 cm (Hinh 4a), sau d6 dat ta 500 g 1én cic
mau aerogel (Hinh 4b) cho dén khi mau khong bi bién
dang niia thi nhéc ta, do va ghi lai nhn chiéu cao. Sau
d6 mau dugc héi phuc t6i do cao khong déi. Thuc
hién quy trinh lap lai sau 5 chu ky mau c6 nhu thay
d6i nhu Hinh 3c. Hai mau aerogel CGP con lai cling
thuc hién tuong tu.

Podng hoc hap phu

Kha nang hip phu MB béng aerogel CGP dugc khao
sat bang mo hinh dong hoc gia bac nhit va mo hinh
dong hoc gia béc hai lan lugt theo cong thic (6) va
cdng thic (7).

In(Qs— Qr) = —kit+ In(Qy) (6)

11t

0 k&0
Trong do, Qy (g/g) 1a dd hip phu bio hoa; Q; (g/g) 1a
d6 hép phu tai thai diém t; k; (h~!) 1a hing s6 t6c d¢
hép phu dugc xac dinh tit d¢ doc cua In(Qy - Q;) so
véi t; ko (h™1) 1a dong hoc hing s6 t6c d6 dugc xac
dinh tit d6 thi (t/Q;) so véi t 5.

@)

Kha nang hap phu va giai hap phu cda vat
liéu aerogel

Chudn bi 3 erlen 60 ml dung dich MB & néng d6 20
ppm lam dung dich khdo sat. Sau dé 14y mot lugng
mau cdc vét liéu aerogel CGP, tién hanh cin va ghi
nhén s6 liéu. Quy trinh hdp phu bét ddu bing cich
dat cdc mau aerogel CGP vao céc erlen chiia dung dich
methylen xanh trong 90 phut va ldy 3 ml dung dich &
moi thoi gian nhét dinh dé phan tich lugng methylen
xanh con lai sau thoi gian do.

Pudng chuin methylen xanh dugc thiét lap tit cac
nong do khao sat va d6 hdp phu tai nong do do thi
suy ra dugc hé s6 goc (a) va thong s6 tung do (b) nhu
cdng thic (8).

A= aC+b (8)

Trong do, A 1a do hip phu (abs); C 1a néng do
methylen xanh; a 1a hé s6 goc; b 1a thong s6 tung do.
Tu hé s6 goc va thong s6 tung d9, tinh néng d6 ctia
chét hdp phu trong dung dich tai thoi diém t theo cong
thuc (9):

. —b

Ct = T (9)
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Trong do, C; 1a n6ng d6 cta cta chat hip phu trong

dung dich tai thoi diém t; A, 1& d6 hdp phu do dugc

tai thoi diém t.

TPhan tram chét dugc hdp phu tit dung dich (E%)

dugc tinh theo cong thtic (10):
E% = % x 100%

1

(10)

Trong dd, R (%) 1a phan tram methylen xanh biloai bo
khoi dung dich; C 13 nong d6 ban dau tiic 6 20 ppm
dugc ki hiéu mau 13 0 phut; C; 1a néng d9 luc sau.
Qua trinh giai hdp phu la qud trinh tach MB ra khoi
vat liéu aerogel CGP dé€ tiép tuc stt dung cho nhiing
lan hép phu sau. Gidi hdp dugc thuc hién ngay sau
khi két thuc hip phu & phut 90. Vat liéu aerogel CGP
da hdp phu MB dugc ngdm vao ethanol. Sau méi 30
phut, thay lugng ethanol, va thuc hién budc nay cho
dén khi ethanol thay vao khong bi d6i mau. Sau do,
aerogel dugc dé kho tu nhién trong khong khi & diéu
kién phong. Trudc khi cho hip phu & chu ki tiép theo,
aerogel dugc ghi nhan khéi lugng con lai d€ tinh do
mat khéi lugng ctia méi chu ky theo cong thiic (11).
Lép lai chu quy trinh nhu trén d6i v6i cac chu ky hip
va giai hdp con lai.

m
Jom = —
mo

(11)

Trong d6, %m 1a d6 mat khoi lugng; m 13 khéi lugng
sau khi hdp phuy; mg la khéi lugng aerogel trudc khi
hép phu.

KET QUA VA THAO LUAN

Péc diém cdu tric cac vat liéu aerogel CGP

Hinh 1a cho thdy CNF c6 mii tinh thé ndm &2 = 15,6°
va 2 = 21,9° 1a dic trung cho vung két tinh ctia CNE.
Duia vao cong thiic (4) va (5) 6 két tinh dugc xac dinh
khoang 69% va kich thudc tinh thé khoang 2,01 nm.
CGP-Ac, CGP-Et va CGP-Iso la ba aerogel dugc chon
dé€ khao sat vé anh hudng ctia dung méi dén ciu tric
aerogel. Két qud cho théy ca ba déu c6 hai mai tin
hiéu déc trung cia CNF va mii tin hiéu ddc trung cia
GO, PVA 14 10,7° va 19,1° gan nhu khong xudt hién
trén mi tin hiéu ctia ba vat liéu aerogel. Diéu d6 cho
théy rang cd GO va PVA d3 phan tan hoan toan trong
nén ctia CNF khi tao thanh vét liéu aerogel. Phé FTIR
cta CNE GO, PVA va ba aerogel 1an lugt 1a CGP-Ac,
CGP-Et, CGP-Iso (Hinh 1b) xuat hién cic tin hiéu dic
trung ctia CNE, GO va PVA. Cac mau CGP-Ac, CGP-
Et va CGP-Iso ¢6 cic dinh tuong ty nhau, cho thiy
chung c6 ciu truc héa hoc tuong dong nhau. Tin hiéu
ddc trung cho nhém -OH ctia cdc mau aerogel dich
chuyén vé s6 song nho hon so v6i quang phé ctia CNF,
GO va PVA cho théy su tuong téc gitta cac chat véi

nhau. Tin hiéu C=0, C=C & s6 séng 1718 cm ™!, va
1640 cm ™! c4c miu aerrogel déu co. Tuy nhién cudng
d6 khéc nhau dic biét la mau CGP-Ac c6 cudng do
yéu hon so v6i hai mau CGP-Et va CGP-Iso.

OH_cH C=0C=C_C-0-C
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Hinh 1: Gidn d6 XRD (a) va Phé FTIR (b) ctia CNF, GO,
PVA, aeogel CGP-Ac, aerogel CGP-Et, aerogel CGP-
Iso.

Hinh thai va tinh chat vat li cia cac aerogel

Anh camera ctia CGP-Ac, CGP-Et, CGP-Iso (Hinh 2a,
b, ¢) cung cép cdc cdu tric vi mo clia cac vat liéu aero-
gel. Cac Hinh 2d, e, fla hinh anh theo chiéu nganglan
lugt cia CGP-Ac, CGP-Et, CGP-Iso cho théy cic vét
liéu c6 do xOp cao véi cdu truc mang ludi véi nhiéu
16 x3p (dugc danh ddu bang vong tron vang). Céc sgi
dugc két ndi v6i nhau chic chin cho théy vét liéu co
cdu truc manh mé, linh hoat. Tuy nhién, ciu tric bé
mdt khong hoan toan déng nhit, c6 su khac biét vé
kich thuéc va hinh dang 16 x8p gitia cac vung khac
nhau la do trong qua trinh sdn xudt ra cac sgi CNF cd
cac kich thudc khong déng nhat. Cac Hinh 2g, fvaila
hinh anh theo chiéu doc lan lugt cia CGP-Ac, CGP-
Et, CGP-Iso. Céu truc x6p van hién ra cho théy ciu
truc mang ludi ba chiéu cta vat liéu aerogel. Khac véi
mang hinh dnh mit cit ngang véi ba mau kha dong
déu thi 16 x6p & aerogel CGP-Et phat trién to hon so
v6i CGP-Ac va CGP-Iso gy anh hudng dén tinh chit
vat ly ctia vat liéu.

Céc tinh chit vét ly ctia cdc mau aerogel CGP dugc
trinh bay trén Bang 1. Cic mau x4p xi nhau vé ty trong
lan do xdp. Ty trong ctia cdc mau trung binh chi tu
0,024 g/cm? cho thdy cic vat liéu nay rét nhe. Do x6p
la trén 98% chiing to vét liéu c6 tiém nawmg dugc Ging
dung lam vét liéu hdp phu xt Iy nguén nude. CGP-Iso
12 mau c6 dién tich bé mit cao nhit va cé thé tich 16
x0p cao nhét. Cac tinh chét vat Iy nay c6 thé1a hé qua
cta sy bay hoi cia dung moéi: dung moi acetone cd
kha ning bay hoi nhanh nhdt lam sup céu trac nhiéu
hon nén dién tich bé mat giam.

buong ding nhiét hdp phu BET (Hinh 3) cho thiy
aerogel CGP-Ac va aerogel CGP-Iso ¢6 mo6 hinh hip
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Bang 1: Tinh chat vat ly ctia cdc mau aerogel CGP

Méau Ty trong Do x0p (%) Dién tich bé Thé tich 16 x3p Dudng kinh 16 x6p
mat riéng (cm? /8) (A)
(cm? /g)
CGP-Ac 0,0254-0,002 98,350£0,129 3,999 0,006 10,501
CGP-Et 0,025+0,001 98,538+0,057 6,639 0,001 53,914
CGP-Iso 0,024£0,003 98,436+0,193 8,159 0,008 20,215
Mt cit ngang Miit ciit doc 5 |
M
3
S
23
=
<
=24
Q@
=
=11
0

CGP-Iso

Hinh 2: Anh camera chup mat cit ngang va mat ct
doc bang OM ctia cdc mau aerogel.

phu loai IV 4, dic trung cho sy xudt hi¢n mao quan
kich thudc mesoporous, c6 vong tré H3 theo phan
loai ctia TUPAC'# ¢6 sy khéc biét & mtic d6 ngung
tu mao dan. CGP-Iso c6 vong tré H3 nho hon nén
c6 mao quan dang khe nhung v6i phin bé kich thuéce
mao quén hep hon hodc it 16 mao hon so véi CGP-
Ac. Pudng ding nhiét cia CGP-Et thugc loai 11,
diéc trung cho su xudt hién mao quan kich thuéc mi-
croporous va khong c6 vong tré ro rang.

Tinh chat co hoc va nhiét

Két qua do d¢ hoi phuc dugc trinh bay trén Hinh 4
va Hinh 5. Sau 5 chu ky nén, aerogel CGP-Ac giam
48% chiéu cao, aerogel CGP-Et gidm 47% chiéu cao,
aerogel CGP-Iso gidm 46% chiéu cao so véi ban dau
va khong d6i tu chu ky nén-héi phuc thi 3. Két qua
cho théy cdc miu aerogel khong c6 sy thay déi déng
ké va c6 tinh 6n dinh cu tric tuong doi tot khi nén
bang ta 500 g.

Bén canh d6, mau c6 kich thudc theo tiéu chuin
ASTM D1621 véi dudng kinh 23,1 mm, chiéu cao 1a
25 mm dugc nén theo phuong thing diing véi t6c do
nén 5 mm/phut bing mdy thiét bi Autograph ASH-
X (Shimadzu - Trung Quéc) véi két qua dugc trinh
bay trén Hinh 6. Két qua do modul Young ctia aerogel

00 02 04 06 08 1.0

Ap suit twong dbi

Hinh 3: Budng cong hap phu-gidi hap clia cac aero-
gel CGP.

CGP-Ag, aerogel CGP-Et, aerogel CGP-Iso 14n lugt 1a
231 KPa, 136 KPa, 146 KPa. D€ d¢ bién dang cuia vét
liéu dat 80% thi d6i véi aerogel CGP-Ac cdn cung cip
luc gép 1,8 1an so v6i aerogel CGP-Et va gép 1,6 lan so
v6i aerogel CGP-Iso. Nhu vay aerogel CGP-Ac c6 d6
bén nén & do bién dang 80% 1a cao nhit va kha ning
chiu ti t6t hon so v6i hai aerogel con lai. Tuy nhién, &
cdc d bién dang tit 10-70% thi aerogel CGP-Ac ¢6 do
bén nén thdp hon so v6i hai mau con lai. Két qua nay
¢6 thé dugc giai thich 1a do aerogel CGP-Ac c6 ciu
tric chtia nhiéu 16 x8p to va it dong nhét hon so véi
CGP-Iso va CGP-Et, nén bi nén chit hon tit d6 lam
tang do cung cta vat liéu va khi bién dang 1én 80%
thi cho ting sudt ting manh. Trong khi d6, hai aero-
gel CGP-Iso va CGP-Et c6 6 bén nén trong viing bién
dang tli 10-70% cao hon do ciu truc dat dugc su dong
nhét tot hon, nén vt liéu cé tinh linh hoat hon do d6
& ¢ modul tong thé thap hon so v6i aerogel CGP-Ac.
Do bén nhiét ctia cac aerogel CGP dugc thé hién &
gian d6 TGA (Hinh 7a), cac vét liéu aerogel CGP
khong c6 khéc biét nhiéu trong d6 bén nhiét khi thay
d6iloai dung moi trao dai. O nhiét d6 ti1 50 - 150°C 1a
st mat khéi lugng do hoi nudce bay hoi va mot s6 tap
chét c6 khoi lugng phén tt thip qua trinh nay dién ra
& ca ba aerogel CGP, ta c6 thé thdy giai doan phan huy

3429



Tap chi Phét trién Khoa hoc va Céng nghé — Khoa hoc Tu'nhién 2025, 9(3):3425-3434

a)

)

Hinh 4: Anh thuc nghiém ctia mau aerogel CGP trudc khi nén (a), khi diing ta 500 g dat trén mau (b) va sau khi

nén 5 chu ki (c).

Chu ky (lin)
w

1

48 50 52 54 56 58 60
B ccr-ac [ cGrEt [ ccp1s0
P héi phuc (%)

Hinh 5: D6 hoi phuc cdc mau aerogel CGP sau khi bi
nén 5 chu ki bang béng ta tay.

0 20 40 60 80
Do bién dang (%)

Hinh 6: D6 bién dang clia cdc mau aerogel CGP theo
luc nén

chinh ctia vét liéu Ia ti 200°C dén 400°C do giai doan
nay cac vat liéu aerogel mat khoi lugng nhiéu nhat, cu
thé1a 6 mau CGP-Ac méit khéi lugng 40%, CGP-Et va
CGP-Iso thi khong c6 sy khic biét véi nhau vé d6 mit
khéi Iugng 13 34%. Trén 500°C thi vét liéu gidm khdi
lugng cham khoang ti 3 - 4%.

Kiém tra kha nang hap phu MB ciia cic aero-
gel CGP

Kha niang hdp phu MB dugc khao sat & nong do 20
ppm trong nudc. Cac aerogel CGP véi khéi lugng
nhét dinh, dugc ngdm vao trong cic cdc thuy tinh
chtia mot lugng dung dich MB v6i ndng do va thé tich
béng nhau. Tién hanh do kha ning hidp phu MB cua
cdc aerogel CGP trong cac méc thoi gian khac nhau va
tinh todn hiéu suit hdp phu MB clia cic aerogel thong
qua dudng chuéin MB. Theo thdi gian lugng MB trong
dung dich gidm dén trong ca ba thi nghiém hép phu
bai aerogel CGP dugc thé hién qua do hdp phu giam
dan tai cac mai déc trung cho MB khi do trén quang
ph6 UV-VIS nhu thé€ hién trong Hinh 8. Dinh hidp
phu chinh & 0 phut cho ca ba d6 thi va c¢6 dinh dic
trung cho MB & 665 nm. Mau aerogel CGP-Ac c6 d6
gidm do hdp phu chdm hon so v6i hai mau con lai,
dinh 665 nm giam dan tu phut thit 5 dén phit 50, sau
d6 do hdp phu gin nhu béng 0. P hdp phu MB gian
nhu c6 d6 gidm nhu nhau véi hai mau con lai, déu c6
d6 hép phu MB nhanh tii sau 5 phut dén 15 phit, sau
d6 gin nhu d¢ hip phu gan nhu béing 0.

Theo thdi gian hdp phu ting din thi mau xanh dic
trung ctia MB ¢6 ddu hién nhat dan (Hinh 9a-c), két
qué nay ciing tuong doéng véi két qua ghi nhan ti
Hinh 9g v6i kha nang hip phu MB ting theo thoi gian
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Hinh 7 : Gidn d6 TGA (a), DTG (b) clia cac aerogel CGP

hép phu ctia cac aerogel CGP. B bén trong nudc ctia
cac aerogel CGP sau khi hdp phu bao hoa & 90 phut
dugc ghi nhén lai trong Hinh 9d-f. Hinh anh dung
dich MB sau cac méc thai gian hdp phu thuc té€ cho
thdy réng mau cta dung dich nay sau khi tiép xtc véi
CGP-Et va CGP-Iso nhat dan tii phut 10, trong khi
tiép xuc v6i CGP-Ac mau nhat dan tit phat 40. Tu
Hinh 9g c6 thé thdy hiéu suit hdp phu tai 90 phut cua
CGP-Acl1399%, cao hon CGP-Etva CGP-Is01499,5%.
Tuy nhién, téc d6 hdp phu ctia CGP-Ac cham hon so

v6i hai mau con lai trong khoang tit phat thi 5 dén
phit 60.

DPong hoc hap phu MB ctia cac aerogel

Pong hoc hdp phu MB clia cic aerogel CGP dugc
khéo sat dua trén hai mé hinh déng hoc gia bac nhét
(Hinh 10a) va déng hoc gia bac hai trong (Hinh 10b).
Céc thong s dong hoc dugc trinh bay trong Bang 2.
Déi véi CGP-Ac, qua trinh hdp phu MB tuin theo mé
hinh dong hoc gia bac nhit véi R? cao hon (0,9537)
so v6i mo hinh déng hoc gia bac hai R? (0,7552), tuy
nhién gia tri Q, d6 thi khéng gin véi Qg thuc nghiém.
Diéu nay cho thdy ring CGP-Ac hip phu chu yéu la
hép phu vat ly va c6 hiéu suit hdp phu thdp nhét. D6i
v6i CGP-Et, m6 hinh dong hoc gia bac 2 ¢ R? cao
hon (0,9995) so v6i moé hinh dong hoc gia bac nhat
R? (0,9686), Q; d6 thi bac 2 gin st vé6i gié tri Qy thuc
nghiém. Tuong tu, CGP-Iso cling tuan theo m6 hinh
dong hoc gia bac 2 véi R? cao hon (0,9995) so v6i mod

hinh déng hoc gid bic nhat R> (0,9580) va Q, dé thi
béc 2 cling gan vdi gia tri Qg thuc nghiém. Diéu nay
chiing t6 raing CGP-Et va CGP-Iso ¢6 hiéu sudt hdp
phu MB gan nhu ngang nhau theo co ché hip phu vt
1y va hép phu héa hoc va déu cho hiéu sudt hip phu
cao hon CGP-Ac.

Kha niang tai hap phu MB clia cac aerogel

Céc aerogel da hdp phu MB dugc giai hip bang
ethanol va d€ kho cho dén khi khéi luong khong déi
va dugc cho tai hap phu MB. Sau 5 l4n tdi hap thi kha
nédng hdp phu MB (Hinh 11) ¢6 su gidm nhung khdng
dang k&, cd ba mau aerogel déu dat hon 99%, chiing to
rdng miu c6 kha ning tdi st dung va hdp phu lugng
MB t6t. Trong d6, hiéu sudt loai bo MB ctia CGP-Et
cao hon cac CGP-Ac va CGP-Iso trong ca nim chu
ki. Sau nam chu ki hép va tai hap khéi lugng aero-
gel CGP-Iso, CGP-Et va CGP-Ac bi giam (lan lugt 1a
3,4%, 4,9% va 5,4%) do bi rd moét phan trong nudc.

KET LUAN

Trong nghién ctiu nay, su anh hudng ctia qua trinh
trao d6i dung moi véi cac loai dung moi nhu ace-
tone, ethanol va isopropyl alcohol 1én qua trinh ché
tao aerogel nanocellulose két hgp graphene oxide va
polyvinylalcohol béng ki thuét sdy & diéu kién phong
da dugc khdo sat. Cac két qua phan tich vé cau truc va
déc diém vé tinh chit budc dau cho thdy viéc trao déi
v6i cac dung méi khac nhau khong lam anh huéng
nhiéu dén cac dic tinh cta aerogel ba thanh phén tao
thanh. Cac aerogel CGP tao thanh déu cho d¢ x6p
trén 98%, c6 ti trong thip & mic 13 0,020 g/cm? va c6
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Hinh 8: D6 thi quang phé UV-VIS hap phu MB ctia CGP-Ac (a), CGP-Et (b), CGP-Iso (c).
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Hinh 9: Su thay d8i mau séc cta dung dich MB theo thai gian hdp phu ctia CGP-Ac (a), CGP-Et (b), CGP-Iso (c);
Aerogel sau khi hdp phu 90 phut CGP-Ac (d), CGP-Et (e), CGP-Iso (f); Hiéu qua loai bd MB clia cac aerogel CGP theo
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Hinh 10: Phuong trinh déng hoc hap phu bac 1 (a) va bac 2 (b) ctia cac aerogel.
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Bang 2: Cac théng s6 dong hoc udc tinh va hing sé ctia cac mé hinh hap phu d8i véi MB trén cac aerogel CGP.

Pong hoc gia bac nhat

Mau Qsthuc Qg déthi ki (') R?
nghi¢ém (g/g)
(g/®)
CGP-Ac 19,0049 35,7018 0,0718 0,9537
CGP-Et 19,1816 10,5013 0,0828 0,9686
CGP-Iso 19,1730 8,9468 0,0769 0,9580

Dong hoc gia bac hai
Qy thuc Q, do ky (™) R?
nghiém thi (g/g)
(g/g)
19,0049 43,1034 0,0003 0,7552
19,1816 19,9600 0,0169 0,9995
19,1730 19,8807 0,1819 0,9995

u CGP-Ac

= CGP-Et u CGP-Iso

Hinh 11: Két qua tai hap phu MB sau 5 chu ki ctia
cac mau aerogel

kha ning loai bo trén 99% MB trong nudc, van cho
kha ning tai hip phu cao trén 99% sau 5 l4n tdi hdp
phu, trong d6 aerogel trao d6i véi ethanol cho hiéu
sudt hdp va tai hdp cao hon so véi hai aerogel con lai
va cdc aerogle CGP déu dat d¢ 6n dinh trong nuée cao
(hon 94%) sau khi hdp phu bao hoa MB. Hai aerogel
CGP-Et va CGP-Iso cho thdy qua trinh hip phu MB
c6 su tham gia ctia ca hip phu vét Iy va hoa hoc trong
khi aerogel CGP-Ac thi cht yéu la do hdp phu vat
ly. Nghién ctiu nay da chi ra kha nang ting dung ctia
aerogel CGP trong linh vyc xti Iy nudc thai 6 nhiém
do thu6c nhudém MB béng phuong phap ché tao don
gian.

XUNG DOT LOIiCH

Nhoém tac gia xin cam doan khong c6 bat ki xung dot
lgi ich khi cong bé bai bao cdo.

PONG GOP CUA CACTACGIA

Hai tac gid Lé Tran Qui va Nguyén Thanh Phat da
déng gép nhu nhau cho céng trinh nay. Lé Thanh Qui
va Nguyén Thanh Phét: khéi niém hoa, phuong phép
ludn, diéu tra, xdc thyc va viét ban thdo goc; Khéng
Béo Duy va Nguyén Thuy Ngoc Thuay diéu tra, phan
tich; Nguyén Tudng Vy: gidm sit, xac thuc, viét, xem
xét va bién tép.
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ABSTRACT

This study investigates the synthesis of aerogels based on cellulose nanofibers (CNF) reinforced with
graphene oxide (GO) and polyvinyl alcohol (PVA) via a simple solvent exchange and ambient drying
method. Cellulose nanofibers were extracted from a stem of the nipa palm tree through mechani-
cal and chemical treatments, exhibiting a crystallinity index of approximately 69% and a crystallite
size of about 2.01 nm. Three types of aerogels were prepared through solvent exchange processes
using acetone, ethanol, and isopropyl alcohol under ambient conditions, resulting in densities of
0.025 +0.002 g/cm3,0.023 4 0.001 g/cm?, and 0.024 + 0.003 g/cm?, respectively, and high porosi-
ties of 98.350 =+ 0.129%, 98.538 =+ 0.057%, and 98.436 + 0.193%. The porous structure and inter-
actions between components within the aerogels were characterized using optical microscopy
(OM), X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FTIR), and Brunauer-Emmett-
Teller (BET) surface area analysis. Additionally, the properties and methylene blue (MB) dye removal
performance of the aerogels were investigated. Thermal properties were evaluated using thermo-
gravimetric analysis (TGA), mechanical properties were determined by compression tests, and the
MB adsorption capacities of aerogels exchanged with acetone, ethanol, and isopropyl alcohol were
found to be 99.52%, 99.77%, and 99.49%, respectively, as determined by UV-Vis spectroscopy. The
reusability of the aerogels after five adsorption-desorption cycles was 99.00%, 99.11%, and 99.07%,
respectively. The pseudo-second-order kinetic model was suitable for describing the adsorption
process of MB onto CGP-Et and CGP-Iso aerogels, while the pseudo-first-order kinetic model was
more appropriate for the CGP-Ac aerogel. This study demonstrates the potential of a simple and
efficient fabrication process for producing a green adsorbent for the removal of methylene blue
dye from contaminated water.
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