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Bai nghién ciiu

Cai thién tinh chat nhiét va dac tinh chay cta aerogel tu
nanocellulose va graphene oxide bang sodium bicarbonate

Khéng Bao Duy, Duong Thuy Tric Han, Ly Hiéu Phuong, Nguyén Tudng Vy"

TOM TAT

Trong nghién cliu nay, ching t6i téng hop vat liéu aerogel than thién vai méi trudng c6 ngudn
g6 tur sgi nanocelllulose (CNF) két hap véi graphene oxide (GO), polyvinyl alcohol (PVA) va sodium
bicarbonate (NaHCO3) vai dinh huéng cai thién tinh chat nhiét va dac tinh chay clia aerogel ché
tao tir nanocellulose va graphene oxide. Aerogel thu dugc bang ky thuat say dong khod co mat do
thap (0,2236 g/cm?3), d6 x3p cao 85,92%, dién tich bé mat riéng khi hap phu khi x&p xi 44,6 m2/qg
va khi gidi hap khi xp xi 67,05 m?/g. Ngoai ra, aerogel tao thanh con dugc phan tich ciu tric
théng qua nhiéu xa tia X (XRD), quang phd héng ngoai bién déi Fourier (FTIR) va kinh hién vi dién
t& quét (SEM). Nghién ctiu cho thdy su c6 mat clia NaHCO3, mot chat phu gia chéng chay xanh
va gia thanh thép, da cai thién dang ké d6 &n dinh nhiét, kha nang bat chay clia aerogel trén nén
nanocellulose. Ngoai ra, viéc cé mat thém thanh phan chéng chay nay gan nhu khéng gay anh
hudng téi khad nang hap phu loai bd MB clia aerogel tao thanh, vai hiéu sudt loai bd van 8n dinh
trén 95% sau 5 chu ky tai s dung. T nhing két qua trén, budc dau da cho thay vat liéu aerogel
CNF/GO/PVA/NaHCO3 la mot vat liéu nhe cé mat dé thép, dién tich bé mat Ién thuan loi cho cac
Ung dung hdp phu xr ly méi trudng. Bén canh do, vat liéu nay con cé do bén va dé 6n dinh nhiét
da dugc cai thien dang ké tr d6 mé ra hudng ing dung mdi cho loai vat liéu hdp phu nay trong
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MG PAU

Su ra doi clia nganh cong nghiép dét may, giay, da
da mang dén va tao ra nhiéu co hoi viéc lam cho
ngudilao dong. Theo udc tinh, hing ndm nganh cong
nghiép dét nhudm st dung 25% lugng hoa chit trén
toan thé giéi va 20% lugng 6 nhiém toan ciu do chinh
nganh céng nghiép nay thai ra, viéc nay gay hai dén
stic khoe con ngudi va tdc dong tiéu cuc dén hé sinh
thai dudi nuéc. Trong d6, methylene xanh (MB) 1a
mot trong nhiing loai thuéc nhuém dién hinh dugc
st dung trong rit nhiéu nghién ctiu d€ dinh gia kha
néng hip phu va x ly nudc thai nhiém thudc nhuém
clia c4c loai vét liéu hdp phu'. Vi vay, viéc tim va tao
ra cac vat liéu xanh c6 thé xt Iy nudc nhiém thudc
nhuom dang 1a vin d€ dugc quan tdm hién nay. Trong
dé, vt liéu aerogel nanocellulose dugc xem la mot
trong nhiing giai phép bdi vi ddc tinh than thién véi
moi truong va kha ning hip phu t6t cta loai vat liéu

n?ayz’3

. Tuy nhién, vidn d¢é cua loai vat liéu aerogel
nay la d¢ bén trong qua trinh hdp phu xt ly nudc do
cac dac tinh ua nudc cha cellulose, nén cac aerogel
nanocellulose thudng dugc két hop thém véi cac pha
gia cudng khéc dé ting dugc do bén trong nudc, dong
thoi van dam bao dugc kha ning hip phu nhu GO*,

két hgp dong thoi voi qué trinh khiu mang béing cac
hoat chét héa hoc nhu glutaraldehyde® dé dam bao
do bén t6t nhat cho vat liéu. Bén canh d6, do bén
nhiét caing 1a mot trong nhiing tinh chat con han ché
cia cac aerogel nanocellulose so v6i cac loai aerogel
khéc, nén viéc két hgp thém céc thanh phin chéng
chdy ciing 1a mot cich dugc xem xét d€ cai thién phan
nao dic tinh nay clia aerogel nanocellulose®. Viéc
cai thién tinh chét nhiét va dac tinh chdy ctia aerogel
nanocellulose sé gitp cai thién kha nang tai ché loai
bo céc chat da hdp phu trong aerogel bing phuong
phép nhiét. Trong nghién ctiu nay, ching téi ché tao
vat liéu aerogel nanocellulose két hgp véi graphene
oxide, va NaHCO3 dugc thém vao nhu mét phu gia
chdng chdy than thién mdi trudng va ré tién thdng
qua phuong phdp tron va dong kho don gian d€ cai
thién do bén nhiét clia aerogel tao thanh dong thoi
van dam bao dugc mdt trong cdc ting dung quan trong
cta loai aerogel nay trong linh vuc xt ly nudc thai
nhiém thudc nhu¢m methylene xanh.

VAT LIEU VA PHUONG PHAP

Vat liéu

Culng 14 cay diia nudc dugc thu nhén ti Thanh
phé Thu Dic, Thanh phé H6 Chi Minh sau dé

Trich dan bai bdo nay: Duy K B, Han D T T, Phuong L H, Vy N T. Cai thién tinh chat nhiét va dac tinh
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mang di phoi kho dugc xay thanh bot. Acid sunfu-
ric (HSOy4, 98%), acid phosphoric (H3POy4, 85%),
acid acetic (CH3COOH, 96%), hydrogen peroxide
(H20,, 30%), kalipenmaganat (KMnOy, 99,5%), na-
tri hydroxide (NaOH, 96%), natri hypochlorite (Na-
ClO, 8%) va natri bicarbonat (NaHCOj3, 99,5%) tit
cd dugc mua ti cong ty héa chit 6 Xilong, Trung
Qudc. Glutaraldehyde 50% dugc mua tu Aladdin,
Trung Qudc. Graphite 99% dugc mua ti Sigma-
Alrich, Duc. Polyvinyl alcohol (PVA, khéi lugng
phén ti ~ 160 000 M, do thay phéan 86,50 - 89,00%)
dugc mua tit Himedia, An D9. Methylene xanh (MB)
(C16H1gN3SCL3H,0) dugc cung cdp bdi cong ty
dugc phdm OPC).

Phuong phap nghién ctu

Cac mau sau khi say kho ¢ 60°C dugc nghién thanh
bot va bao quin 6 d¢ 4m khoang 35%. Cau truc hda
hoc dugc phan tich bang quang phé hong ngoai bién
d6i Fourier (FTIR) trén mdy quang phd Nicolet iS10
FT-IR (Thermo Scientific, My) dugc quét tii s6 song
4000 - 400 cm™~!, 46 phan giai 4 cm™!.

Gién d6 quang phé nhiéu xa tia X (XRD) dugc phan
tich trén mdy nhiéu xa Empyrean (Panalytical, Ha
Lan). Mau dugc siy khova quét goc 26 tii 57 - 400,
dién 4p gia toc 40 kV, cuong do dong 40 mA, buic xa
Cu - Ka (tdm loc Ni). Do két tinh cia mau dugc tinh
theo cong thiic Segal”.

Crl (%) = p—dam 00 (1)
I
Trong d6, I, 1a cudng d6 ctia mét mang tinh thé (200)
tai 20 = 22,297, I_am la cudng d¢ chia mii nhiéu
xa thap nhat tai 26 = 16,1© véi mit mang tinh thé
(110). Kich thudc tinh thé dugc tinh theo cong thiic
clia Debye-Scherrer”.
K.A

D (nm) = Brcosd (2)
V6i k = 0,91 12 hding s6 Scherrer, budc song A = 0,154
nm, f (radian) 12 d¢ ban rong ctia mai tinh hiéu va 6
(d0) 1a goc nhiéu xa tai mai do.
Bé mit hinh thai (SEM) cua vat liéu aerogel va kich
thudce sgi dugc xdc dinh qua kinh hién vi dién ti quét
FESEM $4800, Hitachi (HiTech - Nhat Ban) d¢ phong
dai tti 50 - 2000 l4n, vé6i dién ap gia tdc 10 kV.
Thi nghiém kiém tra d6 bén nhiét: o bén nhiét cua
cic miu dugc xdc dinh qua mdy phan tich nhiét -
khéi lugng (TGA) Linseis STA PT 1600 (Dtic), téc do
quét 4L/h, cac miu dugc gia nhiét tii nhiét d6 phong
dén 800°C véi téc do gia nhiét 10°C/phut trong moi
truong khi argon.

Thi nghiém kiém tra kha ning chéng chdy qua viéc
do cich nhiét va do chéng chdy. Thi nghiém do kha
néang cach nhiét ctia cdc mau aerogel CNF/GO/PVA
va aerogel c6 NaHCO3 dugc tién hanh nhu sau: cac
aerogel dugc cét theo hinh tru c6 cting kich thudc 1
x 2,3 cm dugc dat gitia tdim nhom véi kich thuéde 2 x
100 x 100 mm (day x dai x rong) va ddu que diém &
gitia mau aerogel, sau d6 dugc gia nhiét bang dén con
va quan sat hanh vi chay ctia dau que diém.

Thi nghiém kiém tra tinh ch6ng chdy cac méu aero-
gel dugc tién hanh nhu sau: cc aerogel c6 cung kich
thudc 1 x 2,3 cm dugc dot trén den con nghiéng goc
45° so v6i ngon 1tta®19, Sau dé tién hanh quan sat
hanh vi chdy cta cdc mau.

Thi nghiém hép phu loai bé methylene xanh ctia cac
mau aerogel dugc thuc hién bang cach cho 0,10 gam
chét hdp phu vao 50,00 mL nuéc c6 methylene xanh
(MB, 20 mg/L) & 298K. Thi nghiém hdp phu khudy
bing mdy khudy ti véi téc d6 300 rpm.

Quy trinh gii hdp dugc thuc hién cic miu dugc tién
hanh theo quy trinh sau: cac aerogel sau khi dat bao
hoa hdp phu MB trong 14n hidp phu thi 1 sé dugc
ngam trong 50 ml ethanol trong 90 phut d€ giai hap
hét lugng MB da hip phu trong ciu truc (cho t6i khi
dung moi ethanol khong mau), sau d6 ca aerogel va
tui loc dugc d€ kho ty nhién trong 24 h dén khi khéi
luong khong d6i. Khoi lugng aerogel va tdi loc trude
va sau khi tai hip phu déu dugc ghi nhéin lai. Thi
nghiém tai hap phu trong chu ki thi hai dugc khao sat
tuong tu quy trinh hip phu lan thit nhat, lam tuong
tu cho cac chu ki hép phu va tai hdp phu tiép theo.
No6ng do MB trudce va sau khi hip phu dugc do bing
mdy quang phé tt ngoai kha kién (UV-Vis) JASON V-
730 (Nhat Ban) véi bude séng chay tii 350 nm - 900
nm. Dé dénh gid vé ddng hoc hip phu cta aerogel
CNF/GO/PVA va aerogel CNF/GO/PVA/NaHCOj3
trén MB, dii liéu dong hoc ctia qud trinh hdp phu MB
dugc biéu dién bang hai m6 hinh dong hoc biéu kién
bac mot va bac hai theo phuong trinh 3 va 4:

In(ge —q:) = Ing, — kyt 3

t 1 t

— =t @
a  kqZ  qe

Trong do: q, va q; (mg/g) lan lugt 1a ham lugng thude
nhuém MB dugc hép phu tai thoi diém can bang va
tai thdi diém t khéc nhau; ki (phat™!), k (g/mg x
phut) 14n lugt 1a hing s6 t6¢ do theo m6 hinh dong
hoc hdp phu b4c mot va bac hai.

Céc mau sau khi bao quin trong ta lanh trong 24 h
6 nhiét do 4°C sé dugc phén tich dién tich hat thong
qua may HORIBA SZ—100 (Nhat Ban) v6i d6 nhét
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phén tan trung binh: 0,897 mPa-s, d6 dan dién: 0,920
mS/cm va stt dung dién ap dién cuc: 3,3 V.

Céc miu dugc dem thyc hién thi nghiém do nén béing
may do do bén kéo Shimadzu model AGS-10kNX,
Nhat Ban va dugc ho trg véi phdn mém TRAPEZIUM
LITE X. Theo chuin ASTM D 1621, mau tht nghiém
c6 dudng kinh 2,3 cm, cao 2,5 cm, mau dugc nén véi
toc dd 5 mm/phut véi do bién dang 80%.

Céc mau aerogel sau khi sdy dong kho va dugc do
dién tich bé mit riéng Brunauer Emmett Teller (BET)
va kich thudc dudng kinh mao quan béng may BET
- 201A hang Porous Materials Inc, Mj. Mau & dang
khéi phén tich ¢ nhiét d¢ -195,65°C.

Ché tao nanocellulose CNF

Nanocellulose CNF tti bt cudng 14 diia nudc dugc
tién hanh theo quy trinh da cong bé trudc d6 cua
nhém?, theo cic buéc sau; DAu tién, sgi dita da
nghién min cling véi nudc cit cho vao binh ciu ba
6 va tién hanh khudy & 90°C trong 1 h. Sau d¢, s¢i
dugcloc, rita va siy ¢ 65°C cho dén khéi luong khong
doi. Tiép tuc, s¢i dugc st ly bang dung dich sodium
hydroxide 5% (NaOH) cho vao binh cau ba c¢8, khudy
3 90°C trong 1 h déloai bo pectin, hemicellulose va
céc tap chit khéc. S¢i dugcloc, riia bang nude cit dén
khi pH béng 7 va sdy dén khoi lugng khong d6i. Cudi
cung, s¢i dugc xt ly véi acid acetic (CH3COOH) va
sodium hypochloride 5% (NaClO) & 75 °C trong 2 h
dé€loai bo lignin. Sau do, loc va riia bing nude cit dén
khi pH béng 7. Qua trinh nay thyc hién 2 14n. Cudi
cung, danh siéu 4m va ly tdm thu dugc CNE.

Téng hop graphene oxide GO

GO dugc téng hop dua theo phuong phiap Hummer
cai tién''. Chuén bi HySO4 va H3PO, véi ti 1é 9:1
(v/v) cho vao binh cau ba ¢ va khudy & 50°C. Khi
nhiét d6 ctia hé 6n dinh & 50°C, cho graphite va
KMnOy4 vao binh ciu, tiép tuc khudy 6n dinh nhiét &
50°C trong 12 h. Sau khi két thic, hén hgp duge d6
ra cOc 3 lit chia sdn nudc cit da dugc lam lanh va tién
hanh khudy tu. Ti€p tuc nho ti tii dung dich H,O,
vao hén hgp cho dén khi dung dich d6i sang mau vang
sang. Cudi cung, dem ly tdm véi nudc cét nhiéu lan
dén khi pH béng 7.

Ché tao aerogel chéng chay tir nanocellu-
lose, graphene oxide, polyvinyl alcohol va
NaHCO; (CNF/GO/PVA/ NaHCO3)

Cho 0,8 g NaHCO3 va huyén phu CNF (4 g, 1,5wt%)
cho vao c6c vakhudy tii § 100°C trong 1 h. Sau do, cho
hén hgp vao c6c inox cung v6i huyén phit GO (1 g, 1,5
wt%) va dung dich PVA (0,6 g, 0,1 g/ml), tién hanh

khudy co trong 1 h. Sau d6, cho dung dich acid sun-
furic 1% (H»SO4) va dung dich glutaraldehyde 25%
vao hén hgp, tiép tuc khudy trong 1 h. Hoén hgp sau
d6 mang di siéu 4m trong 30 phut va sdy 6 75°C trong
3 h. Cuéi ciing mau bao quin 6 4 °C trong 24 h trudc
khi sdy theo phuong phap dong kho dé thu dugc aero-
gel CNF/GO/PVA/ NaHCOs3.

Aetrogel khong cé phu gia chéng chdy dugc ché tao
theo quy trinh tuong tu véi viéc bd qua budc cho
NaHCOs3.

KET QUA VA THAO LUAN

Cau truc ctia CNF

Gian d6 nhiéu xa XRD ctia CNF thé hién ¢ Hinh 1a
cho théy c6 sy xudt hién hai dinh nhiéu xa & géc nhiéu
xa26=16,1° (110) va20 =22,29° (200) déc trung cho
c4u tric tinh thé nanocellulose 2.

Sau khi tién hanh trit dudng nén va ldy cudng do bing
phin mém origin theo chudn Savizky Golay két hgp
v6i cong thiic (1) va (2) ta c6 két qua ctia do két tinh
va kich thudc tinh thé€ dugc hién thi trong Bang 1.
Anh FESEM ctia CNF dung d€ xdc dinh kich thudc
tinh thé nanocellulose. Tu hinh &nh chup FESEM
dugc thé hién & Hinh 1b cho thdy CNF c¢6 cdu tric
dang sgi. Cac bo sgi trong céu truc cta cellulose da
dugc tach thanh nhiing soi riéng 1é c6 kich thudc nho
hon do NaOH va CH3COOH dugc sti dung trong qua
trinh x 1 kiém s¢i da phd huy céc lién két eter va es-
ter gitia cellulose v6i hemicellulose va lignin. Pudng
kinh sgi CNF dugc tinh todn bang phin mém Image].
Tu gian d6 phéan b kich thudce s¢i 6 Hinh 1, ta cd
thé thdy duong kinh sgi phan b6 tit 10 dén 50 nm, tap
trung nhiéu nhét & khoang 20 - 35 nm. Hai cach tinh
toan dya trén XRD va FESEM c6 su chénh léch trong
kich thudc ctia CNE, su khéc biét nay 1a ban chat hai
phuong phép phén tich 1a khic nhau. Tuy nhién ca
hai phuong phap déu cho thdy CNF tao thanh da c6
kich thuéc & thang nanomet.

Cau tric cla cac aerogel

Gian d6 XRD & Hinh 2 cho théy nanocellulose ¢6 hai
dinh dic trung cho cdu truc tinh thé 1a 26 = 16,1°
(110) va 26 = 22,29° (200). Graphene oxide xudt
hién moét dinh nhiéu xa & géc 20 = 10,9° tai mit
mang (001) dic trung cho cdu tric ctia GO'!. Dsi
v6i polyvinyl alcohol xudt hién mét dinh nhiéu xa
& gbc nhiéu xa 26 = 19,7° tai mit mang (101) dic
trung cho cdu tric ctia PVA. Gidn d6 XRD ctia aero-
gel CNF/GO/PVA chi xudt hién m¢t dinh nhiéu xa
G goc 26 = 22,29° dic trung cho céu tric cia CNF
ma khong thdy sy xuét hién cta dinh dic trung cho
GO va PVA diéu nay chiing to c6 su tuong tac gitia
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Hinh 1: Gian d6 XRD (a), &nh chup FESEM (b) va gidn d6 phan bé kich thudc sgi ctia CNF (c).

Bang 1: D6 két tinh va kich thudc tinh thé cia sgi CNF

Tén mau Do két tinh (%)

CNF 75,86 (110)

2,3507

Kich thudc tinh thé (nm)

(200) Trung binh

3,2480 2,7994

GO va PVA trong CNF va lam thay déi trat tu sap
xép trong cdu tric ctia GO va PVA khi phan tan
trong CNE Trong khi d6, gian d6 XRD cua aero-
gel CNF/GO/PVA/NaHCOj3 chi thiy dugc su xuit
hién ctia cic dinh nhiéu xa ¢ khoang 26 = 18,5°,
30,5°, 34,6° dac trung cho cdu truc tinh thé vo co
ctia mudi NaHCO3, do cac dinh nay xuit hién véi
cudng do cao nén gin nhu cic dinh dic trung cta
cac thanh phan khac nhu CNE, GO hay PVA khong
thé quan sat dugc trong gidn d6 XRD clia aerogel
CNF/GO/PVA/NaHCO3.

‘CNF/GO/PVA/NaHCO

j L ju"j .\'-1_— ,_j'\;

SISy T WSy W,

NaHCO, |

A

CNF/GO/PVA|

PVA
/\/\ CNF

5 10 15 20 25 30 35 40
2 Theta (Degree)

Intensity (a.u.)

GO

Hinh 2: Gidan d6 XRD cua CNF, GO, PVA,
aerogel CNF/GO/PVA, NaHCO3; va aerogel
CNF/GO/PVA/NaHCO3

Céu truc cta cac aerogel tao thanh dugc danh gid
thoéng qua phan tich phd hong ngoai bién d6i Fourier
dugc thé hién & Hinh 3. Trong phé ctia CNF déu
xudt hién du cdc mai tin hiéu dic trung cho ciu trac
cuia vat liéu nanocellulose nhu: & dai tin hiéu 3000
— 3600 cm~! dic trung cho dao dong kéo dan ctia
nhom hydroxyl (—OH), mii & 2903 cm~! dic trung
cho dao dong kéo dan cia nhém C—H va mii & 1055
ecm~! dic trung cho dao dong kéo din ctia nhém
C—O—C. Ddi v6i graphene oxide, ta thdy c6 su xudt
hién ctia mdi tin hiéu manh & 3405 cm™ ! dic trung
cho dao dong kéo dan cta hydroxyl, & mii tin hiéu
2924 cm~ 'v6i cudng do tin hiéu yéu dic trung cho
dao dong kéo dan —CH, 1732 cm—! déc trung cho
dao dong kéo dan C=0 ctia nhém carboxylic, 1620
cm~'dic trung cho dao déng kéo dan ctia nhém
C=C ctia vong thom va mdi tin hiéu 1215 cm™'dic
trung cho dao dong kéo dan ctia nhém C—O—C cuia
vong epoxy '®. Déi véi polyvinyl alcohol xuit hién
mii tin hiéu manh & 3491 cm™! dic trung cho dao
dong kéo dan —OH, 2939 cm~! dac trung cho su
kéo dan cua nhéom —CH3, —CH2 va —CH, 1731
cm~! dc trung cho dao dong kéo dan ctia nhom car-
bonyl (C=0), 1052 em! dic trung cho dao dong kéo
dan ctia nhém C—O—C!%. Aerogel CNF/GO/PVA
va aerogel CNF/GO/PVA/NaHCO3 déu ton tai cac
dinh déic trung cia CNE GO va PVA. Ngoai ra,
aerogel CNF/GO/PVA/NaHCO3 con c6 su xuét hién
ctia hai mai tin hiéu mdéi 6 1460 cm-1 va 835 cm-
1 dac trung cho dao dong uén ctia nhém O=C=0,
cho thdy ¢6 NaHCO3 trong cdu tric ctia aerogel
CNF/GO/PVA/NaHCO3. Trong phd FTIR cua hai
aerogel, sy dich chuyén s8 s6ng ctia miii tin hiéu trong
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viing 3000 — 3600 cm ! ctia dao dong kéo din clia néi
O-H la do tuong tac gitia cdc thanh phan bén trong
ctia hai aerogel nay thong qua cdc néi hydrogen lién
phan ta®715,

CNF/GO/PVA/NaHCO,
[ 1 \.ff\- A N\
\‘\ T el vy | =
N vl |
CNF/GO/PVA "’nk _‘.' !
8 ,_
=
o
E .
s PVA
w
=
=
-
-
F_'W ‘{rp\—-‘,—_/—_\m
GO
Ww“’
CNF
T T T T
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Hinh 3: Phé FTIR cia CNF, GO, PVA, aerogel
CNF/GO/PVA va aerogel CNF/GO/PVA/NaHCO3.

DE quan sat rd hon vé bé mit hinh thai cta vt liéu
aerogel ta tién hanh quan sit qua phén tich anh SEM
va anh ki thuat s6 ctia aerogel CNF/GO/PVA va aero-
gel CNF/GO/PVA/NaHCO3 dugc thé hién 6 Hinh 4.
T anh SEM, ta c6 thé quan sat dugc cac aerogel dugc
tao thanh c6 cdu tric khong dong nhat véi kich thude
16 x6p ngau nhién. Kich thudc duge xdc dinh thong
qua phuong phép phén tich dién tich bé mat riéng thé
hién két qua nhu trong Bang 2.

Bang 2 cho thdy ring sy xuét hién ctia NaHCO3 bam
trén bé mit ctia vat liéu aerogel dan dén méit d¢ cua
cac aerogel c6 NaHCOj3 cao hon va d6 x6p thdp hon
so v6i aerogel CNF/GO/PVA. Aerogel CNF/GO/PVA
va aerogel CNF/GO/PVA/NaHCO3 déu c6 dién tich
bé mat riéng Sprr & qud trinh gidi hdp cao hon
hép phu. Kich thudc dudng kinh mao quan & qud
trinh giai hdp cao hon qua trinh hip phu cta aero-
gel CNF/GO/PVA/NaHCO3 ngugc lai v6i aerogel
CNF/GO/PVA. biéu nay cho thdy ring kha ning
hép phu ctia aerogel CNF/GO/PVA/NaHCO3 cao
hon aerogel CNF/GO/PVA. Aerogel CNF/GO/PVA
c6 céu truc mang ba chiéu do su két hgp gitia cac
sgi CNF va cac tdim GO dang 16p, céu truc dugc

bén hda boi tuong tac hydrogen va qué trinh khau
mang ctia PVA véi glutaraldehyde, tao cac mao quan
16n va ngau nhién trong aerogel dugc thé hién trong
Hinh 4a. Trong khi d6, mit cit doc cua aero-
gel CNF/GO/PVA/NaHCO cho thiy gom cac s¢i va
khung dang t4m hai chiéu véi cic canh nho bi xep
xudng thé hién & Hinh 4e, ngoai ra con ¢6 thé quan
sat thdy sy bao phu trén bé mit aerogel boi cac hat
tinh thé mudi NaHCO3 1am che 14p cdc mao quén bén
dudi mic du van quan sat dugc dang cdu truc x6p
ctia vét liéu. Tuong tu ¢ Hinh 4b va Hinh 4f 13 mit
cit ngang tuong ting ctia hai aerogel CNF/GO/PVA
va CNF/GO/PVA/NaHCO3, cling quan sit thay dang
cdu truc x6p ngdu nhién véi sy két hgp gitia cac
tim GO va sgi CNF trong cdu tric ctia aerogel
CNF/GO/PVA, con aerogel CNF/GO/PVA/NaHCOj3
thi van cho thdy su bao phu bdi cic hat tinh thé
NaHCOj3 tao bé mdt nham va thé rap hon.

Tu anh chup k¥ thuét s6 trong Hinh 4d va Hinh 4h ta
6 thé thay sau khi sdy dong kho cac aerogel déu c6 ciu
tric dang khéi x6p rdn chic va khong c6 sy co ngét
trén bé mit. Tuy nhién mau sic cta chung lai khac
nhau, aerogel CNF/GO/PVA/NaHCO3 ¢6 mau xam
sanghon do c6 sy hién dién ctia céc tinh thé NaHCO3.

Tinh chat nhiét va kha nang chéng chay cua
cac aerogel

Do 6n dinh nhiét cta hai mau aerogel va NaHCO3 &
Hinh 5a va Hinh 5b cho thdy hai mau aerogel déu thé
hién giai doan mat khoi lugng bat dau xay ra & nhiét
dd dudi 150°C do su bay hoi ctia nuide cing nhu 1a cac
tap chat thap phan ti. Ngoai ra day cling dugc xem la
vung phin hay nhiét cia mudi NaHCO3 tao thanh
Na, CO3, CO;, va HyO tu trude 150°C va kéo dai sau
200°C. Do d6 mau aerogel CNF/GO/PVA/NaHCOj3

c6 kha nang cach nhiét t6t hon vi phan ting nay sinh
ra hoi nuéc va khi CO;, gitp hdp thu nhiét, lam
giam nhiét d6 xu6ng. Ngoai ra khi d6t mau aero-
gel CNF/GO/PVA/NaHCOj3 thi mudi NaHCO3 phan
hay sinh ra Nay COj3 tao thanh 16p béo vé trén bé mat
vat liéu giup ngéin sy chdy tiép tuc nén mau aerogel
bén nhiét hon.

Aerogel CNF/GO/PVA/NaHCO3 c6 ving phan hay
khoéng 150°C dén 210°C c6 thé lién quan dén su
phén hay cia NaHCOs3, ving tit 200°C - 600°C la
st phin hiy clia cdc nhém chtic chia oxy trén CNF,
GO hay PVA va sau 600°C la sy phan huy cua cac
nhom chtic chita oxy con lai ciing nhu cic vong car-
bon %17, Aerogel CNF/GO/PVA/NaHCO; c6 nhiét
bat dau phan hay thip hon tuy nhién khéi lugng tro
con lai cao hon so véi aerogel CNF/GO/PVA diéu
nay 1a do c6 sy xudt hién ctia phu gia chéng chay
NaHCOj;.
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CNF/GO/PVA

CNF/GO/PVA/NaHCO,

Hinh 4: Anh chup ky thuét s6 (a, d) va anh chup SEM (b, e) mét cit doc, mit ct ngang (e, f) clia cac aerogel.

Bang 2: Dién tich bé mat riéng (Spr7), dudng kinh mao quan, mat dé va dé xép ciia aerogel CNF/GO/PVA va

CNF/GO/PVA/NaHCO;
Tén mau Qud trinh SBET (m?/g) Duong  kinh  Matdo (gm3) Do x6p (%)
mao quan (A)
CNF/GO/PVA  Hip phu 10,661 40,094 0,0337 97,80
Gii hdp 15,671 35,175
CNF/GO/PVA/  Hip phu 44,556 10,270 0,2236 85,92
NaHCO3

DPic tinh cdch nhiét clia aerogel CNF/GO/PVA va cac
aerogel co NaHCO3 dugc thti nghiém nhu Hinh 6, ta
c6 thé thiy dau que diém bat chdy cyc nhanh & 53s
va duy tri su chdy trong vong 6s khi khong c6 aerogel.
Trong khi do, aerogel CNF/GO/PVA va cac aerogel c6
NaHCO3 déu c¢ thdi gian bét chdy lau hon khoang
hon 50s. Do d6 c6 thé xem cic aerogel nay nhu mét
16p cich nhiét. G Hinh 6b, aerogel CNF/GO/PVA
dugc dat gitia tim nhom va d4u que diém, aerogel sau
61s c6 su thay d6i mau sic tii mau néu sang mau den
va ¢ 104s dau que diém c6 hién tugng b6c khoi tring
md nhung khong c6 ngon ltia, khéi boc 1én dén giay
thit 180 thi khong con xuét hién. Trong khi d6, & aero-
gel CNF/GO/PVA/NaHCOj3 sé cach nhiét t6t hon, cu
thé & Hinh 6¢ cho thdy su chuyén d6i mau sac tit nau
sang den tai 232s, tiép tuc c6 khoi tring dén 240s r6i
bung chéy va ngting chdy & 245s. Qua d6, thdy dugc
& aerogel CNF/GO/PVA/NaHCOj3 truyén nhiét kém
hon nén que diém bj 14u den hon.

T Hinh 7a ta c6 thé thdy ring aerogel CNF/GO/PVA
dé dang bat chdy chi sau 1s va chdy hét trong

913s va khong con tro. Trong khi dé aerogel

CNF/GO/PVA/NaHCOj3 c6 thoi gian bat chdy lau
hon 25 l4n va ngon ltia sau d6 bi dap tit sau 680s
dugc thé hién trong Hinh 7b. Cac két qua vé kha ning
chdng chdy trén ciing phu hgp véi cac nghién ctu da

cong b6 trude d6.8-1°

Tinh chat co ly chia cac aerogel

Két qud do nén clia aerogel CNF/GO/PVA va
CNF/GO/PVA/NaHCO3 dugc thé hién trong Hinh 8
v6i d6 bién dang 80%, aerogel c6 phu gia chéng chay
c6 kha ning chiu nén cao hon so véi khi khong cé
phu gia véi ting sudt cao hon khoang 192 lan. Piéu
nay c6 thé do sy ton tai clia cic tinh thé mudi vo
co NaHCOj3 ¢6 kich thuéc nho duéi tic dung ctia
Iic nén co hoc theo phuong doc, c6 thé ching da
lam can trd su pha v& cdu tric bén trong clia aero-
gel dudi ting sudt nén bén ngoai. Két qua la aerogel
CNF/GO/PVA/NaHCO3 c6 d0 bén nén cao hon aero-
gel CNF/GO/PVA.
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Hinh 5: Gidn d6 TGA (a) va DTG (b) ctia cac mau aerogel.
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Hinh 6: Thi nghiém céch nhiét cia dau diém (a), aerogel CNF/GO/PVA (b), aerogel CNF/GO/PVA/NaHCOs (c).
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Hinh 7: Thir nghiém chdy clia aerogel CNF/GO/PVA (a) va aerogel CNF/GO/PVA/NaHCO3 (b).
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Hinh 8: K&t qua do nén cta aerogel CNF/GO/PVA va CNF/GO/PVA/NaHCOs.

Kha nang hap phu déng nhiét N, cda cac
aerogel

Dudng ding nhiét hip phu - gidi hip N, thé
hién ¢ Hinh 9a va sy phén b6 kich thuéc 16 x8p
6 Hinh 9b cua aerogel CNF/GO/PVA va aerogel
CNF/GO/PVA/NaHCOj3. budng déng nhiét hdp phu
- gidi hdp Ny chia aerogel CNF/GO/PVA va aero-
gel CNF/GO/PVA/NaHCO3 dugc quy cho dudng
hép phu loai IV theo phén loai ciia IUPAC dic
trung cho cdu tric mao quéan trung binh véi kich
thudc nano'®.  Aerogel CNF/GO/PVA va aerogel
CNF/GO/PVA/NaHCO3 déu cho thiy duong hép

phu va giai hip khong trung nhau. Dudng déng nhiét
ctia mau aerogel CNF/GO/PVA/NaHCOj3 c6 do doc
cao hon dudng déng nhiét ctia aerogel CNF/GO/PVA,
qua do aerogel c6 chit chong chdy cé kha ning hép
phu déng nhiét N, t6t hon mau aerogel khong cé chit
chdng chay do su thay déi trong dién tich bé mit.

Kha nang x{ ly nuéc nhiém thuéc nhuém
methylene xanh ctia cac aerogel

Hiéu sudt loai bd MB trong nudc ctia cic aerogel
dugc tinh thong qua ndéng d6 MB dugc xac dinh
ti dudng chuidn MB (Hinh 10a). Tu Hinh 10b,
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Hinh 9: Két qud dudng ddng nhiét hap phu - gidi hap

CNF/GO/PVA va aerogel CNF/GO/PVA/NaHCOs3.

ta c6 thé thdy ring t6c d6 hdp phu cta aero-
gel CNF/GO/PVA/NaHCO3 nhanh hon aerogel
CNF/GO/PVA trong khoang thai gian tii 0 phut t6i
15 phut dau tién va ca hai mau aerogel déu dat dugc
trang thdi cin bang khi hdp phu methylene xanh
(MB) trong vong 50 phut. Aerogel CNF/GO/PVA
hiéu sudt loai bo gan nhu da dat bao hoa dat 97,2%
sau 30 phut va dat cuc dai la 98,7% sau 90 phut tuong
duong dung lugng hép phu t6i da la 9,8725 mg/g.
Aerogel CNF/GO/PVA/NaHCO3 gén nhu da dat
bao hoa vé6i hiéu suét loai bo dat 96,4% & 50 phit va
sau 90 phut hiéu sudt chi ting lén dat 97,4% tuong
duong dung lugng hip phu t6i da la 9,7421 mg/g.
Viéc loai bé dan MB ra khoi miu nudc bi nhiém
cing dugc thé hién qua sy nhat ddn mau xanh ddc
trung cua MB theo thoi gian thé hién nhu trong
Hinh 10c. Diéu nay chiing t6 rang ca hai aerogel
déu cho két qua loai bd MB véi hiéu suét loai bo
la gdn nhu nhau, trong d6 aerogel CNF/GO/PVA/
NaHCO3 c6 t6c do hép phu nhanh hon. Két qua
hép phu ciing phu hgp vé6i két qua thé bé mit Zeta
ctia aerogel CNF/GO/PVA/NaHCO3 c¢6 gia tri la
—182,7 mV thidp hon aerogel CNF/GO/PVA c6
gid tri 1a —118,1 mV) khi gid tri dién tich bé mdt
cang 4m (do nhém chiic trén mau aerogel mang
dién tich anion) thi té6c d hdp phu cdc dién tich
cation cang nhanh (MB). Tuy nhién, hiéu suit loai
bd MB ctia aerogel CNF/GO/PVA cao hon aerogel
CNF/GO/PVA/NaHCO3 diéu nay 1a do duong
kinh mao quan cta aerogel CNF/GO/PVA 16n hon
aerogel CNF/GO/PVA/NaHCO3 va hé théng mao
quan ctia aerogel CNF/GO/PVA khong bi che lap
boi cac hat tinh th€ mu6i NaHCO3 nhu aerogel
CNF/GO/PVA/NaHCO3, can trd viéc phan tdn céc
phén t& MB vao bén trong cu tric vat liéu.

Trong aerogel CNF/GO/PVA/NaHCO3 ¢6 chtia mudi
NaHCOj3 la mot mudi rdt dé bi thay phan khi gip

b) 0.0012
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—_
B0 0.0008 /
< /
=
1>
S 00006 /
=S
g /
= 0.0004 /
=
0.0002
J ——— CNF/GO/PVA
0.0000 g CNF/GO/PYA/NaHCO,

0 10 20 30 40 50 60
Diameter

N, (a) va phan b6 kich thudc 16 x6p (b) cla aerogel

nudc tao mudi trung hoa, qua trinh nay c6 kém theo
sinh ra khi CO; nén rit dé lam phd v& ciu tric
ctia aerogel tao thanh. Do d6 d€ khao sat kha ning
tai st dung cta hai aerogel CNF/GO/PVA va aero-
gel CNF/GO/PVA/NaHCOj3 chung t6i tién hanh cho
hai aerogel hdp phu théng qua tui loc ti vai khong
dét. Thi nghiém tién hanh trong 5 chu ki hdp va
giai hép trén hai aerogel CNF/GO/PVA va aerogel
CNF/GO/PVA/NaHCOj3 trén dung dich MB 20 ppm
& nhiét do phong. Qua trinh thi nghiém dugc tién
hanh véi su anh hudng ctia cac yéu t6 nhu nhiét do
va su hdp phu ctia tui vai khong dét rat it, khoi lugng
cia aerogel va tui loc gdn nhu khong thay déi trude
méi chu ky hdp phu va giai hip phu MB. Hinh 11a,
cho thdy hiéu suit loai b6 MB chu ki dau tién cta
aerogel CNF/GO/PVA 1a 98,7%, 1an hai la 98,5% va
sau nam lan hép phu - giai h4p thi hiéu suit ¢ 1an thu
ndm con 95,4%. Hinh 11b, cho thay hiéu sutloaibd &
chu ki d4u tién cua aerogel CNF/GO/PVA/NaHCO3
14 97,4% va sau ndm lan hép phu - giai hdp thi hiéu
sudt ¢ lan thi nam con 89,8%. Diéu nay cho thdy
c6 sy giam nhe trong hiéu qua loai b6 MB khoang
3,4% cho aerogel CNF/GO/PVA va 7,5% cho aero-
gel CNF/GO/PVA/NaHCOj3 sau nam l4n hip phu va
giai hdp. Nhu véy, viéc cho thém chit chong chay
NaHCOj3 c6 lam giam nhe kha nang tai st dung dé
loai bo MB cuia aerogel CNF/GO/PVA/NaHCOs3.

Tu Hinh 12a,b, aerogel CNF/GO/PVA cho thdy két
qua tinh todn tii m6 hinh dong hoc biéu kién béc
hai c6 gia tri tinh toan (q. = 10,6157 mg/g) va gia
tri tuong quan (R% = 0,9958) phii hop véi két qua
thuc nghiém hon mo6 hinh dong hoc biéu kién béc
mot (Bang 3). Aerogel CNF/GO/PVA/NaHCO3 cho
thdy rang két qua tinh todn tit mo6 hinh dong hoc biéu
kién bac hai c6 gid tri tinh todn (q. = 9,8522 mg/g)
vA gi4 tri tuong quan (R? = 0,9999) phil hop véi két
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Hinh 10: Pudng chuidn MB (a), khd ning loai bé MB (), sy thay d6i mau séc nudc nhiém MB cla aerogel
CNF/GO/PVA (c) va aerogel CNF/GO/PVA/NaHCO; theo thai gian (phut) (d).
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Hinh 11: So d6 biéu dién kha nang loai bd MB ctia aerogel CNF/GO/PVA (a) va aerogel CNF/GO/PVA/NaHCO;3 (b)

sau nam chu ki téi s&r dung.

qua thuc nghiém hon. Vi thé m6 hinh dong hoc biéu
kién bac hai phu hgp hon véi sy hdp phu loai b6 MB
trong nudc ctia ca aerogel CNF/GO/PVA va aerogel
CNF/GO/PVA/NaHCO3. Diéu nay cho thdy ring su
hép phu thudc nhuém dugc kiém sodt boi bude xdac

dinh téc d9, bén canh d6 noé con cho thdy co ché

hép phu vat ly ctia ca hai aerogel déu dya trén tuong
tac tinh dién giia cdc cation ctia thudc nhuém MB
v6i cdc nhom chiic mang dién tich anion trén aerogel
CNF/GO/PVA va aerogel CNF/GO/PVA/NaHCO3.
Aerogel chong chay CNF/GO/PVA/NaHCO3 cho
th4y nhiing tiém ndng trong viéc ting dung lam vt
liéu hip phu c6 do 6n dinh nhiét cao.

KET LUAN

Aerogel CNF/GO/PVA/NaHCOs3 tao thanh c6 sy
c¢6 mit NaHCO3 cho thdy nhiing cii thién trong
tinh chdt nhiét va kha nang chéng chdy véi thoi
gian bét chdy lau hon 25 ldn. Ngoai ra, aero-
gel CNF/GO/PVA/NaHCO3; c¢6 thé chiu nén cao
hon khoang 192 14n so véi aerogel CNF/GO/PVA.

Dbong thoi, kha ning loai bd thudc nhudém methy-
lene xanh ctia aerogel nanocellulose va graphene ox-
ide gn nhu khong thay ddi khi c6 thém NaHCOs3,
v6i phin tram loai bo va li€u hip phu cta hai
aerogel 13 gdn nhu nhau. Hiéu sudt hip phu cua
CNF/GO/PVA/NaHCO3 van duy tri ¢ miic hon
95,4% sau 5 chu ki hip va giai hdp thuéc nhudm
methylene xanh. Nghién ctiu da mé ra thém kha
nang tai ché bang phuong phdp nhiét cho aerogel
CNF/GO/PVA/NaHCOj3 trong linh vuc hdp phu xt
1y vdn d€ 6 nhiém ngudn nudc hién nay.

XUNG POT LO1iCH

Nhoém tac gid xin cam doan khong c6 bat ki xung dot
lgi ich khi cong b6 bai bdo cdo.

PONG GOP CUA CACTACGIA

Khéng Bao Duy, Duong Thuy Truc Hén va Ly Hiéu
Phuong ciing thuc hién cac thi nghiém ché tao, phan
tich két qua, viét ban thao va hoan thién bai bao.
Nguyén Tudng Vy dinh hudéng nghién ctu va thao
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Hinh 12: M6 hinh d6ng hoc gia bac moét (a,c) va mé hinh dong hoc gia bac hai (b,d) ctia aerogel CNF/GO/PVA va

aerogel CNF/GO/PVA/NaHCO; hap phu MB.

Bang 3: Bang thdng sé dong hap phu MB ctia aerogel CNF/GO/PVA/NaHCO;

Mau Phuong trinh dong hoc biéu kién bac mot
9e qe K R?
thuc d thi (ph7h)
nghiém (mg/g)
(mg/g)
CNF/GO/P 19,8725 5,1992 0,0914 0,9286
CNF/GO/P 9,7421 3,2111 0,0798 0,9309

Phuong trinh dong hoc biéu kién béc hai

9e qe K R?
thuc d thi (ph™!)

nghiém (mg/g)

(mg/g)

9,8725 10.6157 0,0234 0,9958
9,7421 9.8522 0,0938 0,9999

luin chuyén mon trong qua trinh nghién ctiu, viét ban
thao va hoan thién bai bdo.
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ABSTRACT

In this study, an environmentally friendly aerogel derived from nanocellulose fibers (CNF) com-
bined with graphene oxide (GO), polyvinyl alcohol (PVA), and sodium bicarbonate (NaHCO3) was
synthesized with the aim of improving the thermal properties and flame characteristics of aerogels
made from nanocellulose and graphene oxide. Aerogel obtained by freeze-drying technique has
a low density (0.2236 g/cm?), a high porosity of 85.92%, a specific surface area when adsorbing
and desorbing nitrogen gas is approximately 44.6 m?/g and 67.05 m?/g, respectively. Additionally,
the resulting aerogel was structurally analyzed using X-ray diffraction (XRD), Fourier transform in-
frared spectroscopy (FTIR), and scanning electron microscopy (SEM). The research shows that the
presence of NaHCO3, a green and low-cost flame retardant additive, has significantly improved the
thermal stability and flammability of the nanocellulose-based aerogels. In addition, the presence
of this flame retardant additive has almost no effect on the MB adsorption and removal ability of
the resulting aerogel, with the removal efficiency remaining stable at over 95% after 5 reuse cy-
cles. The results show that the CNF/GO/PVA/NaHCO3 aerogel is a lightweight material with low
density and a large surface area, making it favorable for adsorption applications in environmental
treatment. Additionally, the CNF/GO/PVA/NaHCO3 aerogel has significantly improved in thermal
stability, which opens up new possibilities for the thermal recycling of this adsorbent.
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