KHOA HOC - CONG NGHE

CHE TAO NANOCELLU LOSE

TU BOT GIAY SUNFAT GO CU’'NG AP DUNG THUY PHAN GIOT
HAN BANG AXIT SUNFURIC BO SUNG HYDROPEROXIT

Bét gidy sunfat gé cung tay
trang da duoc sir dung dé ché tao
nanocellulose bang qua trinh xur ly
nhiéu céng doan. Trudc tién, bot
gidy dugc xu ly voi dung dich axit
sunfuric lodng bé sung hydropeoxit
vGi mic str dung tuong tng 2,0% va
1,5% so véi khéi lugng bét khé &
130-160°C trong 45-120 phiit, d&€
thay phan gici han cellulose. Sau
dé cellulose da thiy phan duoc
rira, Iam sach, réi nghién dé thu gel
nanocellulose dang xo sgi. 0 dieu
kién thich hop, hiéu suat nano-
cellulose dang xo soi duong kinh
<100nm da dat dugc 57-62% so
vai khéi lugng bét giay. Dac trung
cua nanocellulose da duoc phan
tich bang SEM. Phuong phap mdéi
ché tao nanocelulose kha thi dé
phat trién san xuat nanocellulose
G quy mé pilot.

Tirkhoa: Bot gidy sunfat, cellulose,
nanocellulose, thiy phan cellulose.
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1. MO PAU

Ngay nay, trong boi cadnh ting
cuong wng dung vat liéu tir nguon
nguyén liéu tdi tao, nhitng polyme
sinh hoc, nhu cellulose, tinh bot,
hay cac polyme khdac, da dugc xac
dinh la nhitng ngudén nguyén liéu
day htra hen, nho sy sén c6 va tiem
néang doi dao cda ching va phan b6
khic noi trén thé gisi [12]. Trong
s0 dd, cho dén nay cellulose 1a hop
chat tai tao giau tiém nang nhat,
c6 thé dé dang khai thac va ché
bién, trong do6 cellulose tir gb van
la ngudén nguyén liéu 16n nhat, dé
ti€p can va cé chat lugng cao, cé gia
thanh hop ly [11], 14 mot polyme
hdp dan, mdt ngudén nguyén liéu
tho vo tin, c6 tiém nang bién déi va
chirc ndng héa vai mot s6 muc dich
st dung cong nghiép sdn c6 va van
con rat nhiéu céng dung dé kham
pha [2,6,7,].

Thong thuong, cellulose duogc
ché tao tr cdc ngudn nguyén liéu
lignocellulose khac nhau, c6 dang
x0 s¢i duong kinh tlir vai dén vai
chuc micromet. Loi ich cta cellu-
lose c6 thé dwgcmé  rong hon nita,
Kkhi cdc chudi cellulose dang két bo
lai v6i nhau dudi dang xo sgi, c6
thé dugc tdch roi nhau hon, hinh
thanh cac xo sgi cé duong kinh nhé

hon nhiéu lan, véi nhitng vung cau
trac co trat tu cao, ma sau do cé thé
dugc phén 1ap dudi dang cac xo sgi
hay tinh thé nano, c6 tiém ning wng
dung trong nhiéu linh vyc, dé ché
tao vat liéu madi, vat liéu tién tién
httu ich, nho cédc dic diém hoa ly
cla chung [3]. Ngoai khd néang tai
tao va tiém nang san xudt 1én, cac
dang vat liéu nanocellulose con két
hop tinh tro hoa hoc, dé cing tuyét
voi, d0 bén cao, hé s6 gidn nd nhiét
thap, ti trong thdp, 6n dinh kich
thudc va kha ning bién d6i hoa hoc
bé mat cta chung [4,8,10], vi vay
¢6 thé st dung cho ché tao vat liéu
khang khudn, khang nudc, vat liéu
siéu hap phuy, gia cwong cho vat liéu
compozit do bén cao.

Qua trinh ché tao nanocellulose
bao gom 02 cong doan chinh: ché
tao cellulose tdy trang tir vat liéu
lignocellulose va chuyén hoa cellu-
lose thu dwogc thanh nanocellulose
dang x0 soi (NCF) hay dang tinh
thé (CNC). Céng doan dau tién vé co
ban cé thé 4p dung nhu qua trinh
san xudt cellulose 1am bot gidy hoac
cho sdn xuat cellulose tan. Cong
doan 2 dugc cac nha nghién cttu
tap trung nhiéu trong nhitng nam
gan day, s dung cdc nguén nguyén
liéu da dang, theo cac phwong phap



khac nhau, nhuv co hoc (nghién),
thdy phan bing axit dam déc, oxi
héa TEMPO, hay cacboxy hda, ...,
da dugc toéng két trong cac cong bo
va dn phdm dugc xudt ban [12,13],
nhung do nhiéu ly do khéac nhau,
cht yéu la nhitng khé khan
vé cong nghé, ma cho dén nay
nanocellulose van chwa dugc san
xudt & quy mo cong nghiép [2]. Vi
vay, nghién cttu cadc phuong phap
kha thi dé c6 thé ap dung & quy mo
cong nghiép la can thiét. Bén canh
dé, sdn xuat nanocellulose doi hoi
chi phi cao, nén viéc s dung nguon
nguyén liéu tai ch6 co tiém ning va
thé manbh, cling 1a hudng phat trién
cong nghé san xudt nanocellulose
can dau tw nghién ctu.

Trong nudc, phuong phap mdi,
s dung hé tadc nhan la axit sunfu-
ric lodng két hgp vdi hydropeoxit
& nhiét dd cao, dé ché tao nanocel-
lulose tir celulose thu dwgc tir cac
nguodn nguyén liéu khac nhau, nhu
rom ra [13], bun thai nha may gidy
[14], bd san, da dugc cong bo cho
thay tinh kha thi 4p dung phuong
phép nay & quy mo pilot va quy mo
céng nghiép. Hon nira, bot gidy tay
trang tir nguyén liéu gbé cing 1a mot
sdn phdm san c6 va tiém nang san
lwgng 1én clia Viét Nam.

Bai bdo nay trinh bay két qua ng-
hién citu ché tao nanocellulose tlr
bot gidy sunfat tdy trang goé cing
stt dung hon hgp axit sunfuric va

hydropeoxit & nhiét do cao, két hop
cac cong doan lam sach va nghién.
Nanocellulose ché tao duwoc sé duoc
s dung cho x ly bé mat gidy bao
bi thyc pham.

2. NGUYEN VAT LIEU VA THUC
NGHIEM

2.1. Vat liéu

BOt gidy (cellulose) st dung cho
nghién ciu la bot gidy thuong
phdm cta Cong ty c6 phan Gidy
An Hoa, c6 d6 trang 84,6 % ISO, do
bén kéo 3,84 kN, d6 bén xé 523 mN.
Hoa chat st dung la héa chat dang
tinh khiét, xuat x& Viét Nam, Trung
Quoc, Sigma Aldrich.

2.2. Ché tao nanocellulose

Qua trinh ché tao bao gom 2 cong
doan: Trudc tién, bot gidy dugc x&
ly v6éi dung dich H2SO4 va H202
trong cac noi ndu bang inox dung
tich 11it, gia nhiét trong bé glyxerin.
M6i thye nghiém dugc tién hanh
voi 30 g bot kho tuyét doi. Muc s
dung héa chat, nhiét do va thoi gian
xtt ly dwgc diéu chinh tuy theo muc
tiéu cda tirng thye nghiém. Két thic
qua trinh x@ ly, bot dugc loc ria,
lam sach, vat nwdc, réi nghién bang
may nghién OSAKA® multicutter
(500 mL, cong suat 350 W, 2500 v/
phit) trong 2 phut dé thu gel nano-
cellulose.

2.3. Xac dinh hiéu suit nanocellulose

Dé xac dinh hiéu suét, gel nano-
cellulose dugc lc déu, roi 1dy miu
va ly tam trén may ly tdm vdi toc
do 10.000 vong/phut, gan nudc, say
va xdc dinh khoéi lwgng, quy doi ra
khéi lugng gel nanocellulose thu
duoc déi voi mdi mau.

2.4. Pac trng nanocellulose

Hinh thdi xo s¢i nanocellulose
dugc phan tich bang SEM trén may
phéan tich FESEM JEOL JSM-7600F
tai Phong thi nghiém hién vi dién t@
va vi phén tich, Vién tién tién Khoa
hocva Cong nghé, Trudng PHBK Ha
Noi.

3. KET QUA VA BAN LUAN

ba tién hanh thyc nghiém ché
tao nanocellulose tir bt gidy sun-
fat, theo phuwong phap thiy phan
gigi han bang axit sunfuric lodng &
nhiét do cao, c6 b6 sung hydropeox-
it lam tdc nhan tach xo sgi va tay
trang. Khac vdi cellulose ché tao
tt cdc ngudn phé phu phidm néng
nghiép, cellulose cta bt gidy tw
g0 cung c6 bac trung hop va do két
tinh cao hon, vi vay diéu kién qud
trinh chuyén héa thanh nanocel-
lulose s& c6 nhitng khéc biét. Bang
mot loat cdc thyc nghiém tham do
nghién ctu dnh hudng cta cac yéu
t6 cong nghé, bao gom muc s dung
hda chéat, nhiét do va thoi gian x&
1y cellulose, Iya chon mic s& dung
hoéa chat thich hgp trén co s¢ ké
thwta cdc nghién ctu tuong ty da

Hinh 1. Anh SEM ctia bot gidy d6 phan gidi 1.000x (A) va SEM d6 phan gidi 50.000x ctia nanocellulose thu duroc & nhiét dé xdr Iy 1300C (B),

1400C (C), 1450C (D), 1500C (E) va 1550C (F).
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duoc tién hanh vé ché tao nanocel-
lulose.

3.1. Anh hwdng caa nhiét dé thay
phéan

Mot loat thuc nghiém da dugc
tién hanh, dé khao sat anh hudng
cla nhiét dd trong khodng 130-
160°C t6i hiéu sudt va tinh chit cta
nanocellulose, khi x@ ly bt gidy
trong 120 phut véi mic s dung
2% H2S04 va 1,5% H2032 so vai khoi
lwgng bot. Mic st dung nay dugc
xac dinh 1a gia tri thich hop bang
mot loat thyc nghiém.

Phén tich hinh dnh SEM (Hinh 1)
cda cdc mau bot sau x 1y & cdc mic
nhiét dé 130-160°C, vGi do phong
dai 100.000 14n c6 thé thdy, mic do
thay d6i ciu trdic ctia xo sgi cellu-
lose dién ra manh khi nhiét do tang
dan. O nhiét do 130°C, cellulose da
bat dau chuyén héa thanh dang bot
(Hinh 1B,1C,1D), cac xo sqi cellulose
c6 kich thwde nhoé hon da dwgc hinh
thanh, nhung chung van két khéi
véi nhau, ma chwa tach thanh cac
X0 s@i riéng biét. Dén khi nhiét do
ting lén muc 150-155°C, céc X0 sgi
da tach biét thanh cac xo sgi dudng
kinh <100 nm (Hinh 1F).

Cac mau nanocellulose thu dugc
déu c6 dang gel. & cac muic nhiét
dd <145°C nanocellulose bi két 1ang
khi @€ ling sau 24h, con cidc mau
xt ly & nhiét d6 cao hon khong bi
két lang khi git trong thoi gian kéo
dai, chirng té da thu dugc gel nano-
cellulose kich thudc kha dong nhat,
duong kinh vi sgi <100mm.

C6 thé thiy, dé thu dugc nano-
cellulose c6 kich thuéc trung binh
<100 nm va phan sgi t6t, nhiét do
thly phan phai duy tri & muc trén
150°C. & nhiét dd nay c6 t&i gan 40%
cellulose bi phan hiy manh va hoa
tan, lam cho hiéu sudt nanocellu-
lose gidm (Hinh 2). So véi qua trinh
chuyén hoa cellulose cia nguyén
liéu than thao [13] hay tir bun thai
nha may gidy [14], nhiét do chuyén
hoa cellulose thanh nanocellulose
cao hon d6i véi gd. Cling cé thé
thdy, méi twong quan gitta nhiét
dd x& ly va hiéu sudt nanocellulose
c6 moi twong quan twong doi chat
ché. Pé thu dugc nanocellulose ¢
hiéu sudt chdp nhan dugc, c6 thé ap
dung nhiét d6 x@ ly trong khodng
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Hinh 2. Anh huéng ctia nhiét dé tdi hiéu sudt ctia nanocellulose

150-155°C.

3.2. Anh hwéng ctia thoi gian thuy
phéan

Phan tich SEM (hinh 3) cta céac
mau bot gidy dugc x@t ly ¢ cung
nhiét @6 (155°C), v6i thoi gian xi&
ly khac nhau trong khoang 45-120
phut co6 thé danh gia, thoi gian thay
phan < 90 phut chwa da dé phén
tdch xo sgi cellulose kich thudc
16n thanh cac xo sgi ¢6 kich thudc
nano, trong khi d6 polysaccarit
dad bi phan hdy manh, lam gidm
hiéu suat cia nanocellulose. Ngay
khi thoi gian thiy phan chi maéi
dat khodng 45 phut, da co tdi trén
35% polysaccarit da bi thiy phan,
nhung sau dé khi ti€p tuc kéo dai
thoi gian thdy phéan, toc do phan
hudy polysaccarit dd cham hon. biéu
nay ching t6 polysaccarit trong bot
gidy bi thiy phan rat nhanh, phan
con lai la phan tinh thé bi phan hay
cham hon. Can thiét phai kéo dai it
nhdt 90 phut, dé c6 thé chuyén hoa
cellulose thanh dang xo sgi nano.
Nhu vay thoi gian x@ ly thich hop
14 90-120 phut. Hiéu suat nanocellu-
lose thu dugc 1a 57-62% so v6i khoi
luong bot gidy tdy trang.

Vé vai tro cda hydropeoxit trong
qua trinh chuyén hoéa bot gidy, co
thé noi ngoai vai tro thuc day sw
phén sgi cda xo sgi cellulose, bang
cach tao thanh cdc cation OH+
trong moéi trudong axit, nho d6 cac
caction nay tao mét lwc diy nhat
dinh khang lai cac lyc lién két hy-

dro gitta cdc nhém chwe HO- va cac
nguyén t& H+ ca dai phan t cellu-
lose, lam cho cdc X0 soi tac roi nhau
ra dé dang hon [5], hydropeoxit
con co6 tac dung phan huay cac chat
humin tao thanh tir qua trinh thay
phén cellulose & nhiét o cao. Bang
ching la khi st dung hydropeox-
it thi viéc lam sach nanocellulose
sau thdy phan dién ra dé dang hon.
biéu nay thuc sy quan trong va xem
la mot rao cdn cta phuwong phap
thuy phan cellulose bang axit loang
& nhiét o cao dé thu nanocellulose.
Phat hién nay da 1a tién dé dé phat
trién phuong phap thiy phan gici
han bing hén hop axit sunfuric bd
sung hydropeoxit.

Anh huéng cia hydroperoxit c6
thé thdy r6é khi phéin tich SEM cida
cac mau bot gidy x 1y véi axit bo
sung hydropeoxit so v6i mau déi
ching (Hinh 4). C6 thé thay, khi
thlly phéan cellulose & 155°C trong
105 phut, v6i mac st dung 2%
H2S04, khéng b6 sung H202 cho
mau nanocellulose c6 dudng kinh
X0 sgi 16n hon 100 nm (hinh 4A),
két soi va bi két lang sau khi nghién,
dong thoi nanocellulose sau thay
phan kho lam sach, do trang thap
0 vOi truong hop bo sung hydrope-
oxit. Sy phan tach xo soi dién ra ro
rét hon khi b sung mot lwgng nhét
dinh H202 (Hinh 4B,0C).

Ché thtr nanocellulose & quy mo
pilot 500g nanocellulose moi mé,
cho thay tinh chat cia nanocellu-



lose tuwong dwong & quy mé thuc
nghiém 30g bot gidy /mé (khodng
15g nanocellulose/mé). Hiéu suat
dat 58,4% so vd&i bot gidy.

4. KET LUAN

D4a ché tao dugc nanocellulose tir
bot gidy sunfat tdy trang gb cing
thuong phdm, bang phuong phap
thiy phan giéi han, s dung hé tac
nhan axit sunfuric loing bé sung
hydropeoxit.

X 1y bot gidy bang dung dich axit
sunfuric va hydroperoxit véi muc
st dung 2% H2SO4 va 1,5% H202 &
nhiét d6 150-155°C trong 90-120
phut c6 thé thu dwgc nanocellulose
c6 duong kinh xo sgi <100nm, hiéu
suat nanocellulose dat 57-62% so
voi bot gidy.

TAI LIEU THAM KHAO

1. DjalalTrache, et al., 2020, Nanocellu-
lose: From Fundamentals to Advanced Ap-
plications, Frontiers in Chemistry, 8, 1-33.

2. DjalalTrache, etal.,2020,Recent-
TrendsinPreparation,Characterization-
andApplications of Nanocellulose,
Frontiers in Chemistry, doi: 10.3389/
fchem.2020.594379.

3. Foster, E. J. et al., 2018, Current char-
acterization methods for cellulose nano-
materials. Chem. Soc. Rev. 47,2609-2679.

4. Kose, K., Mavlan, M., and Youngblood,
J. P, 2020, Applications and impact of
nanocellulose based adsorbents, Cellulose,
27,2967-2990.

5. Matheus Poletto and Heitor Luiz Or-
naghi Junio, 2015, Cellulose - Fundamen-
tal Aspects and Current, IntechOpen, DOI:
10.5772/59889

6. Mokhena, T., and John, M., 2020, Cel-
lulose nanomaterials: new generation ma-
terials for solving global issues, Cellulose,
27,1149-1194.

7. Moohan, J., et al., 2020, Cellulose
nanofibers and other biopolymers for bio-
medical applications. A review, Appled Sci-
ence, 10, 65-97.

8. Naz, S, et al, Ali, J. S, and Zia, M.
(2019). Nanocellulose isolation character-
ization and applications: a journey from
non-remedial to biomedical claims, Biode-
sign Manuf, 2, 187-212.

9. Orlando J. Rojas, 2016, Cellulose
Chemistry and Properties: Fiber, Nanocellu-

B

Hinh 3: SEM d¢ phén gidi 50.000x va 100.000x cda nanocellulose vdi thoi gian xdr Iy 90
pht (A) v 105 phiit (B)

Hinh 4. Anh SEM d6 phén gidi 50.000x ctia nanocellulose thu duoc khi thiy phdn bot gidy
khéng b6 sung H202 (A) va b6 sung 1,5% H202 (B)

loses and advanced materials, Springer, Switzerland.

10. Phanthong, P, et al., 2018, Nanocellulose: extraction and application, Carbon Resour.
Convers, 1,32-43.

11. Trache, D., et al., 2017, Recent progress in cellulose nanocrystals: sources and produc-
tion, Nanoscale, 9, 1763-1786.

12. Trache, D., 2018, Nanocellulose as a promising sustainable material for biomedical
applications, AIMS Mater. Sci., 5,201-205.

13. Le Quang Dien, et al., 2019, Nanocellulose fabrication from Oryza sativa L. rice straw
using combined treatment by hydrogen peroxide and dilute sulfuric acid solution, Energy
Sources, Part A: Rec., Utiliz., and Environ. Effects, doi.org/10.1080/155670 36.2019.1687617.

14. L& Quang Dién, NguyénThé Sang, NguyénThanh Long, 2019, Ché tao nanocellulose tir
bun thai nha mdy gidy bang phuong phép thdy phan st dung axit sunfuric b8 sung hydrope-
oxit, Tap chi KHCN,133, 85-90.

Thang 8-9/2022 33



