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TOM TAT

Vat liéu nanocomposite dua trén su két hgp gilia cac oxit kim loai cé cdu tric nano va cellulose
dang ma& ra rat nhiéu trién vong cho viéc tng dung cda loai vat liéu nay trong linh vuc ning lugng
tdi tao va xt ly nudc thai. Trong nghién cdu nay, ching t6i tdng hap nanocellulose (CNC) t& nguén
nguyén lieu ba mia, mét phu phdm néng nghiép doi dao tai Viet Nam, thdng qua qué trinh axit
formic/ peroxyformic va thlly phan axit tai dp sudt khi quyén. Vat liéu thu dugc dugc khao sét thanh
phén héa hoc, cdu truc tinh thé va hinh thai hoc. K&t qua nhiéu xa tia X (XRD) cho thay ham luong
pha tinh thé clia mau téng 1én sau cac giai doan xU ly. CNC thu dugc c6 dang soi véi dudng kinh
va chiéu dai trung binh lan lugt 1a 10 nm va 410 nm. CNC sau do6 dugc st dung lam gid mang dé
téng hop CuO co cdu tric nano bang phuong phap két tda trong dung dich. Hoat tinh xuc tac
Fenton quang hda dugc danh gid thong qua qua trinh phan hiy Methylene Blue véi tac nhan oxi
hoa la HyO, dudi anh sdng mat trai. Khd nang phan hiy Methylene Blue ctia vat liéu t6 hop gilta
CNC va CuO la 98% trong 150 phut. Tac nhan H,O, khong nhiing déng vai tro ngdn can hiéu qua
su tai hop gitia electron va 16 tréng ma con gop phan tao thém nhiéu géc tu do e OH hoat tinh, ti
dd lam tang hiéu qud xuc tac.

Tu khoa: Ba mia, qué trinh axit formic/ peroxyformic, nano tinh thé cellulose, phu phdm néng
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nghiép, xUc téc Fenton quang hdéa

MG PAU

Ngay nay sy gia ting d4n s6 cung cac hoat dong cong
nghiép ctia con ngudi doi hoi nhu ciu vé nude ngay
cang nhiéu, song song dé 1a qua trinh san sinh ra
nhiing nguén nudc thai. Ngudn nudc thai dugc xuit
phat tif nhiéu nguén khac nhau nhu: cong nghiép,
sinh hoat d6 thi, néng nghiép...Tuy thudc vao loai
chét 6 nhiém c6 trong nudc thdi ma lya chon cong
nghé xt ly khic nhau'. Nuéc thii cong nghiép
thudng chida cac chdt 6 nhiém hiu co hodc vo co,
nhu 13 phdm nhuém?, céc hop chét c6 chia phenol ?,
va cac kim loai nang?. Tai nhiing nuéc dang phat
trién, ph&m nhudm la mot trong nhiing chét 6 nhiém
dugc thai ra moéi trudng hang nam véi s6 lugng 16n.
Lugng phd&m nhudm théi ra néu khong dugc xt ly
béng quy trinh pht hgp sé tron 1an v6i ngudn nudce
trong song, sudi, ao, ho..., tiép dén la xdm nhap xudng
nhiing mach nuéc ngdm lam 6 nhiém canh quan moi
truong va gay doc hai dén doi séng ctia con ngudi.
Cu thé nhu khi tiép xuc, phoi nhiém véi Methylene
Blue (MB), mét loai ph&m nhudm gdc cation, sé gay ra
nhiing triéu chting nhu bong mat, kho thé, budn non,
6i mtia, d6 mo6 hai trom, réi loan tdm thin ciing cac
bénh Iy vé thin kinh khac!. Do d6 viéc xi Iy loai bd
MB, ciing nhu céc loai phdm nhu¢m khac trude khi

thai ra moi truong la v cung quan trong. Trong sudt
hon ba thép ky qua, mét s6 phuong phap vat ly, héa
hoc va sinh hoc da dugc nghién ctiu va cong bé trong
viéc loai bo phdm nhuém va lam sach nguén nuéc.
Trong s6 nhiing phuong phap nay, vé mit thuc tién va
kha nang ting dung trén quy mo 16n, thi phuong phép
phén htty phdm nhuém thong qua xtc tdc quang héa
thu hut dugc sy quan tdm nhiéu nhit.

Trong nhiing nam gan déy, cac hat c6 cdu tric nano
(NPs), ddc biét 1a kim loai va oxit kim loai, ing dung
trong linh vuc xtc tdc da thu hut dugc sy quan tam
décbiét nho vao nhiing tinh chat dién ti doc ddo, hoat
tinh xdc tdc linh hoat va dién tich bé mét cao. Trong
s6 nhiing NPs ctia kim loai va oxit kim loai, dong oxit
(CuQ) NPs, vdi kich thudc va hinh thai khic nhau,
la nhiing chat xuc tac htia hen nhd vao hiéu qua xuic
tac cao d6i voi mét s6 phan tng héa hoc (t6ng hop
dimethyldichlorosilane, phan ting m& vong, phan huy
phdm nhuom...)> va chi phi tng hop ré hon so véi
nhiing hat nano kim loai quy khacla Agva Au. CuOla
mot chit ban dan loai p v6i nang lugng viing cim hep
1,7 eV va c6 cac tinh chat quang hoc, tui tinh va tinh
chét dién néibat. CuO da dugc dp dung trong céc linh
vuc khac nhau nhu quang xuc tac®, cam bién khi”*8,
chét siéu din nhiét do cao, pin lithium® va pin mat
trdi 1%, Trong s6 d6, nhiing nghién ctiu vé st dung don

Trich dan bai bao nay: An VN, Hoa L TN, Linh NT M, Khoa L T, Hi€u L V. Téng hgp va khao sat hoat tinh
xuc tac Fenton quang héa cta vat liéu t6 hop giita nanocellulose va CuO. Sci. Tech. Dev. J. - Nat. Sci.;

5(2):1055-1067.

1055



Tap chi Phdt trién Khoa hoc va Céng nghé - Khoa hoc Tu' nhién, 5(2):1055-1067

chat CuO lam chét quang xuc tac hién tai con kha it vi
oxit nay khong c6 kha ning tao ra cac goc @ OH (tac
nhén chinh trong viéc phan huy cic hgp chit hitu co
6 nhiém) v6i s6 lugng 16n. C6 nhiéu phuong phép da
dugc dp dung dé ting cudng hiéu sudt phan htty quang
xuc tac ctia CuO. Trong s6 d6, viéc cho thém H,O,
vao phan tng da dugc chiing minh 13 mét phuong
phép hiéu qua. Pong (Cu) cling c6 thé cai thién hiéu
sudt phan htly thong qua cac phan ting Fenton quang
héa. Chinh vi véy, trong nghién ctiu ctia Yan Zhang
va cac cong su !, CuO tinh thé dang sgi da dugc téng
hop bang phuong phép electrospinning. Mot loat cac
thong s6 thi nghiém da dugc nghién ciu mot cach c6
hé théng cho thdy qua trinh Fenton quang héa ctia cac
s0i CuO c6 su két hgp Hy O, rét hiéu qua cho sy phan
huay ctia phdm nhuém MO.

Ngoai ra, m¢t nhugc diém niia ciia CuO NPs1a khong
bén, dé bj téi tu tép lai do c6 dién tich bé mit 16n va
néang lugng bé mit cao. Kha nang xtic tdc ctia cdc NPs
¢6 lién quan truc ti€p véi dién tich bé mit ctia xtc téc
nén chinh qua trinh tu tip nay lam gidm hoat tinh
xuc tdc. DE khic phuc nhugc diém trén CuO NPs
dugc ché tao thanh nhiing cdu tric ddc trung nhu
vi hat hinh béng hoa (flower-like microsphere) >, con
nhim (urchin) ! va c4u trtc hat nano réng (hollow
nanospheres) '>. CuO d dugc Meshram va cong sy '
téng hgp dudi cac dang hinh théi ¢6 ciu truc nano
khéc nhau va khdo sat tinh chét quang xtc tac clia cac
vat liéu nay. Behrouz va cdng su 15 cing da téng hgp
cac ciu truc nano CuO hinh hoa va cdc hat nano CuO
& dang cum nho c6 hoat tinh xuc tac t6t d6i v6i phdm
nhuém Rhodamine B (RhB) duéi buic xa tia UV.
Nhiing phuong phép ché tao CuO NPs c¢6 hinh
dang ddc thu nhu vy thuong doi héi quy trinh
va thiét bi phtic tap. Phuong phdp thi hai
1a tdng hgp CuO gin lén mot gida mang. V6i
phuong phdp nay, CuO dugc nghién ctiu dé€ két
hgp véi cac hgp chdt khac véi muc dich xt ly 6
nhiém nudc thai, nhu CuO/ZnO 17, CuO/TiO, '8,
Cu0/Sn0, ', CuO/BiVO,4%°, CuO/graphene?! va
CuO/Clinicoptilolite??. Trong trudng hop nay, hoat
tinh xtc tac ctia CuO NPs c6 thé bi gidam dang ké do
trong céc quy trinh nay NPs thudng dugc dat trong
nhiing chit mang hodc chit nén c6 dién tich bé mit
tuong ddi nho, diéu nay dan dén sy tiép can cta xic
tac v6i chat phan ting gip kho khan. Véi muc dich tin
dung dugc hét nhiing uu diém vé chiic nang xuc tac
ctia CuO NPs, cac nha khoa hoc dang rit quan tm
dén viéc tim ra vét liéu méi déng vai tro la gid mang
cho CuO NPs.

Cellulose, loai polymer tu nhién c6 tri lugng phong
pht nhiét trén Trai déit, da cho thdy nhiing Gng dung
htia hen trong linh vuc xtc tac véi vai tro lam gia
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mang d€ téng hgp cic hat kim loai hay oxit kim loai **.
Cellulose c6 thé dugc ¢d lap ti nhiéu ngudn thuyc vat
khéc nhau nhu cdc loai ciy than go, ciy than thdo,
cotton, céc loai tdo hay c6 thé dugc téng hgp tit mot
s6 chung vi khuén. Trong s6 cac dan xudt cta cellu-
lose thi nanocellulose (CNC) thu hut dugc rit nhiéu
su quan tam ctia cac nha nghién ctiu trén thé gidi nho
vao do két tinh cao, ¢é kha nang phan huy sinh hoc
va nhiéu tinh chit ddc ddo khac nhu: doc tinh thap,
ty trong thap 24 va d6 bén co hoc cao, gan voi do bén
o hoc Iy thuyét ctia cellulose?®. Xuc tic gin trén gid
mang nanocellulose sé gitip cho qud trinh thu hoi va
tai sti dung dé dang. Hudng nghién ctiu nay dugc tiép
cén dua trén mot s6 ly do nhu sau 24; (j) Nanocellu-
lose bén nhiét, c6 dién tich bé mit cao va kha ning
chiic héa bé mit thong qua nhiing phan ting héa hoc,
(ii) Cac nhdm chiic trén bé mét ctia nanocellulose, chi
yéu 1a hydroxyl va nhom ester sulfate, la nhiing nhém
¢6 kha ning khu nhiing ion cta kim loai dé tao kim
loai 6 kich thudc nanomet, hon niia cdu truc két tinh
cao va tinh tha tinh ctia nanocellulose cting sé dong
vai tro hiéu qua trong qua trinh xdc tac. (iii) Hé huyén
phu ctia nanocellulose trong nudc rit bén, tu d6 gop
phén 6n dinh nhiing xtc tdc gin trén bé mit. (iv) Cudi
cung 1a nanocellulose c6 ngudn gdc sinh hoc, c6 kha
nédng phan huy sinh hoc, khong doc hai va c6 kha nang
4p dung trén quy moé cong nghiép.

Theo hiéu biét ctia chting t6i viéc nghién ctiu tdng hop
va khao sat hoat tinh xtc tdc quang héa cuia vét liéu t6
hop gitia nanocellulose va CuO NPs cho dén nay van
con kha it. Trong nghién ctiu nay, chung t6i téng hop
nanocellulose bang phuong phap hoéa hoc tit ngudn
phu phim ba mifa Viét Nam. Sau d6 nanocellulose
dugc st dung lam gid mang dé€ t6ng hgp CuO NPs
bang phuong phép két ttia héa hoc. Hoat tinh xuc tac
Fenton quang hoa cua vat liéu dugc khao sat thong
qua phan ting phin hay MB duéi diéu kién anh sing
ty nhién tai nhiét d¢ phong.

VAT LIEU VA PHUONG PHAP

Vat liéu

Ngudn nguyén liéu ba mia dugc thu gom ti khu vic
Dai hoc Qudc Gia - Linh Trung - Thtt Blc. Ba mia
thd ban ddu c6 mau tring ngd vang, dugc cit bo
phén cling gilia cic mét mia va phoi kho. Sau do,
ba mia dugc nghién thanh bot min d€ st dung cho
cac budc xt ly tiép theo. NaOH, HCOOH, H,O, va
H3PO4 déulahoa chit thuong mai c6 xudt xi Trung
Quoc. Tién chit ctia dong la Dong (IT) Nitrate Trihy-
drat (Cu(NO3),.3H,0) va phdm nhuém Methylene
Blue (C16HgN3CIS) cing déu la dang thuong mai
ctia Trung Quéc. Tat cd cic hoa chit dugce st dung
truc tiép ma khong cin phai tinh ché lai.
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Phuong phap nghién citu

Phé hong ngoai bién d6i Fourier (FT-IR): Cac mau
phén tich dugc nghién min va siy 24 gio 6 80°C, tiép
dén dugc ép vién v6i KBr theo ty 1¢ khéi lugng méu va
KBr 1a 1:100 & luc nén 250 kN va phén tich trén méy
quang phé TENSOR 27 (Bruker, Diic) trong viing s§
song tli 4000 cm ! dén 400 cm~! véi do phan giai 1
4cm™ !,

M?iu khoé dang bot duge phan tich nhiéu xa tia X (D2
PHARSER, Bruker) v6i goc quét 20 tii 10° dén 80° va
buédc chuyén 0,02°/phat. Do két tinh ctia mau dugc
tinh theo cong thtc (1) 26,

Crl (%) =1— fam_ 100 (1)
Iooz
Trong d6, Inp, la cudng do ctia mii cao nhat tai 20 =
22,5°, Iym la cudng do ctia mai nhiéu xa thap nhit tai
20 =18°.

Phuong phép phén tich SEM dugc dung d€ danh gid
hinh thdi bé mat vat liéu va duoc thuc hién trén thiét
bi S-4800 v6i thé gia t6c 10kV. Ham lugng nguyén
t6 hién dién trén bé mit dugc xac dinh thong qua
phd EDX, st dung hé EMAX ENERGY két hgp trén
thiét bi S-4800. Anh hién vi dién td truyén qua (TEM)
dugc chup trén thiét bi JEOL JEM-1400 (Nhat Ban).
Trudc khi phén tich, mau CNC dugc phén tin trong
nudc (0,01 mg/mL) bang siéu 4m trong 30 phit, sau
d6 mot giot ctia hé huyén phu nay dugc dua lén ludi
dong va phu 1én mét 16p carbon mong, ti€p dén mau
dugc sdy kho trude khi phan tich.

Phg UV-Vis ctia cac dung dich MB dugc do bing mdy
UV-Vis V-670, trong viing budc séng tii 200 -800 nm,
véi toc d6 400 nm/phut.

C6 lap cellulose tur ba mia va thiay phdn tao
CNC

Quid trinh t8ng hgp CNC dugc tién hanh tuin tu qua
4 budc theo nhu két qué nghién ctiu trude diy cua
nhém ching t6i%” bao gém xii Iy axit HCOOH, xt
ly axit peroxyformic (PFA), tdy tring bang hon hgp
NaOH/H, 0, va thuy phan axit H3PO4. P4u tién, bot
ba mia dugc rtia bang nudc & khoang 100°C trong 1
gi d€loai bo cdc tap chét hitu co tan trong nuGe bam
trén bé mat. Sau d6, ba mia dugc loc va phoi kho tu
nhién. Tiép dén, miu dugc khudy tron déu trong 2
gio v6i HCOOH 90 % (ti 1é gitia khdi lugng sgi va thé
tich axit HCOOH 90 % la 1:15) & 100°C. Sau khi qué
trinh két thic, mau dugc loc, riia nhiéu l4n bang nude
néng va sdy kho 6 80°C trong 6 gid. Ba mia sau xtt ly
axit tiép tuc dugc khudy hoan luu véi dung dich PFA
(90 % HCOOH, 4 % H» 07, 6 % H,0) & 80°C trong 2
gid. San phdm cta qué trinh nay dugc loc, rtra lai 14n

lugt véi axit formic 80%, nhiéu lan bang nudc cit va
sau d6 séy kho ¢ 80°C trong 12 gid. Giai doan thu ba
la t&y trang bdng hén hop NaOH/H,0; . Cu thé, mau
sau khi xt ly PFA dugc tao dung dich huyén phu véi
nudc (4%), huyén phit duge diéu chinh dén pH = 11
bing dung dich NaOH 1M, tiép dén H,O; 30% (khdi
lugng chiém 40% khdi lugng soi) dugc thém vao tir ti
va hén hgp dugc khudy 6 80°C trong 1 gid. San phim
sau d6 dugc loc va riia nhiéu 1an bang nude cit va sdy
& 80°C trong 12 gid. Sau qua trinh nay, san phdm thu
dugc c6 dang sgi mau tring sang. Soi sau d6 dugc
thty phan béng dung dich axit phosphoric 64% (ty 1&
khdi lugng sgi: thé tich axit 1a 1:15) & 100°C trong 90
phat. Huyén phti sau khi thity phan dugc tién hanh ly
tam trong nudc kh ion tai luc ly tim RCF 1a 4124 xg
trong 10 phut. Budc ly tim nay dugc thuyc hién nhiéu
lan dén khi dung dich trung hoa c6 pH = 7. Sau d¢,
ly thm tiép 2 l4n bang acetone. Két qua thu dugc mau
dang bot trang sau khi sdy kho ¢ 80°C trong 6 gid. San
phém sau qua trinh thy phan dugc ky hiéu la CNC.

Diéu ché CuO

Hoa tan 6,04g mudi Cu(NO3),.3H, 0 vao 50mL nuGc
cét dugc dung dich Cu(NO3);, 0,5M. Dung dich dugc
khudy 6 90°C trong 1 gi¢. Nho thit chdm 50mL dung
dich NaOH 1M vao, sau d6 tiép tuc khudy trong 3 gi¢
& 90°C. Cudi cuing san phdm dugc loc, rtta nhiéu 1an
bang nudc va sdy kho.

Diéu ché Cu0/CNC

Hén hgp (50mL dung dich Cu(NO3),.3H,0 0,5M +
1,15g CNC) dugc khudy 6 90°C trong 1 gi6. Nho that
chdm 50mL dung dich NaOH 1M vao, sau do tiép
tuc khudy trong 3 gi¢ & 90°C. Cudi cung loc, riia san
phdm nhiéu 14n bang nudc va sdy kho.

KET QUA THAO LUAN
Phan tich phé FTIR

Ph6 FTIR clia miu ba mia tho, miu xu ly axit
HCOOH, mau xti ly PFA, mau tdy tring va CNC dugc
thé hién trén Hinh 1. Nhin chung céc phd thé hién
rd rang cac nhém chiic hién dién trong ciu truc cta
sgi thuc vat v6i cac dinh phé va dai phé c6 s6 song
trong khoang 1270-1020 cm ™!, 1a céc dao dong dic
trung ctianhém C-O-C (lién két ether ctia vong pyra-
nose) c6 trong hgp chit polysaccharide?®. Tinh chit
ua nudc cua sgi thuc vat dugc déic trung bdi mot dai
phd rong tai 3418 cm™ 1 day la ving dao ddng manh
ctia nhém hydroxyl”. Dinh phd tai 2918 em~! dic
trung cho dao dong kéo gian cua lién két C-H hién
dién trong hau hét cac thanh phan hiiu co bao gom ca
a-cellulose, hemicellulose va lignin®°. Pinh phd tai
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1739 cm™! quan sat dugc d6i v6i mau ba mia tho cho
théy su hién dién cia nhém acetyl hodc nhém ester
6 trong thanh phan hemicellulose hodc nhém car-
boxyl ctia axit ferulic va axit p-coumeric trong thanh
phan lignin*"*2, Pinh phd dic trung cho dao dong
bién dang lién két O-H cic phén ti nuéc hip phu
dugc quan sat thdy trong viing s6 song ti 1650 —
1630 cm~!33. Pinh 1459 cm ™! ting véi dao dong
bién dang ctia cdc nhém ~CHj-. Pinh quan st dugc
tai 1330 cm~! 1a dao dong bién dang bat d6i xing
ctia lién két -C-H. Céc dinh trong khoang 1200-950
cm~! 12 do dao dong kéo gian ctia lién két -C-O .
Su dao dong khung -C-O-C ctia vong pyranose lam
xudt hién mot dai ndi bat tai 1047 cm™! ' Sosanh mau
trude va sau tdy tring cho théy, cuong do cta dai nay
tanglén, chiing td ham lugng cellulose tinh khiét ting.
Cuodng d6 dinh 865 cm™! trong phd FTIR clia cdc
mau qua tiing budc xt ly ngay cang ting. Dy chinh
la dinh déc trung cho ciu tric cua cellulose. Dinh nay
nho va nhon dic trung cho dao dong bién dang -C; -
H két hop véi dao dong udn ctia —-O-H trong lién két
B-glycoside’.

Két qua FTIR sau budc xu ly PFA ching to da loai
bd hau hét hemicellulose va mét phén lignin. Ham
lugng lignin van con nhiéu trong sgi, can trd bé mit
lién két ctia thanh phan o-cellulose, lignin la thanh
phén khé loai bo nhiét c6 trong s¢i ty nhién. Do d6 dé
loai bo hiu hét lignin, s¢i phai dugc trai qua budc tiép
theo dugc goila budc “tdy trang’, qua trinh nay con c6
thé goi 1a delignin hoa, 1a mot bude quan trong va can
thiét @€ xti Iy cac thanh phén con st lai trong sgi 31,35,
Duia vao phan tich phd FTIR ctia mau CNC va mau sgi
tho ta thdy ring dinh 1739 cm~! da khong con trong
phé ctia mau cellulose, nhu vdy qué trinh tdy tring
loai bo hemicellulose va lignin da dat hiéu qua. Ca hai
phd déu xuit hién dinh tai viing s6 séng khoang 1640-
1650 cm~!. Céc dinh nay lién quan dn sy hdp thu
hoi 8m tao lién két hydrogen lién phan ti ctia nhém -
OH déc trung trén cac thanh phan cua sgi thuc vat véi
cac phan t nu6c trong khong khi. Bén canh do, dinh
1061 cm~! va dinh 898 cm ™! ¢6 trong miu CNC la
dao dong kéo gidan C-O-C ctia vong pyranose va lién
két B-glycoside, c6 cudng do cao va ro rang ching to
rdng CNC thuc su chida thanh phén cellulose.

Phd FTIR ctia hai mau CuO va CuO/CNC (Hinh 2)
cho théy xuét hién 2 dinh hép thu tai vi tri 1371 cm™!
v 1049 cm~!, d4y 1 tin hiéu kéo gidn va bién dang
cia lién két Cu-OH *°. Tin hiéu hép thu tai vi tr{ 608
cm~! va 525 cm~! 1a tin hiéu dao dong dic trung
cua lién két Cu-O. Nhu védy két qua FTIR thu dugc
cho théy & ca 2 mau CuO va CuO/CNC déu c6 su tao
thanh oxit dong, dinh tin hiéu manh cho thdy thanh
phan ctia d6ng trong san phdm CuO/CNC chiém ty 1¢
cao”’.
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Phan tich gian dé nhiéu xa tia X (XRD)

Hinh 3 ]a gian d6 XRD ctia cdc mau ba mia thé, mau
tdy trang va CNC. Gidn d6 XRD cta cellulose (mau tdy
trdng) va CNC bao gém ba dinh nhiéu xa tai cac vi tri
26 lan lugt1a 16,5%; 22,6 va 34,5, nhiing dinh nhiéu
xa nay dic trung cho cu tric cta tinh thé cellulose-I,
ting v6i cac mit mang (110), (200) va (004) 3839, Két
qud XRD cho thdy ba mia th6 ban dau sau cic qud
trinh xt Iy axit, xt Iy PFA va tdy trang, cdc dinh nhiéu
xa da tré 1én sdc nét va ¢ cudng do cao. Nguyén nhan
la do mAu ba mia tho ban d4u chia céc thanh phin
v6 dinh hinh nhu hemicelulose, lignin v6i ham lugng
dang ké; sau cac qud trinh xt Iy cac thanh phan trén da
dugc loai bo, chi con thanh phén cellulose tinh khiét
véi tinh chat cia mot polysaccharide ban két tinh. Do
d6 cdu tric tinh thé ctia mau ting 1én.

Do két tinh ctia cdc mau dugc tinh todn dya vao gian
d6 XRD theo cong thitc (1). K&t qua cho thiy do két
tinh ctia ba mia tho la 35,6%, sau qud trinh tdy tring
mau cellulose c6 do két tinh 1a 68,3% va sau qua trinh
thay phén 13 72,5%. Céu truc cta chudi cellulose bao
gom cac vung két tinh (cdu truc trit ty) xen ké véi
vung v6 dinh hinh (cdu tric long 1éo). Nhiing ving
vo dinh hinh nay dé dang bj axit t4n c6ng trong qué
trinh thity phan. Trong giai doan nay, ion H3O™ sé
thAm nhap vao cdc vung v dinh hinh, thuc ddy su
thay phan va cat dut cac lién két glycoside ctia cellu-
lose, tii d6 loai bo viing v6 dinh hinh, va git lai ving
két tinh. Do d6, mau sau khi thity phan d¢ két tinh
dudgc cai thién 1én dén 72,5%.

Gian d6 XRD ctia CuO (Hinh 4) dugc tdng hgp bing
phuong phép két tia cho thdy hai dinh dic trung c6
cudng do cao tai 26 = 35,6° va 20 = 38,7° tuong ting
vGOi mit tinh thé (-111) va (111) trong cdu truc mon-
oclinic ctia CuO. Nhiing dinh tuong ting véi cdc mat
tinh thé (110), (-202), (020), (202), (-113), (-311), va
(220) ctia CuO xuit hién véi cuong do thdp hon tai
cac vi tri 20 = 32,7°, 48,8°, 53,4°, 58,2°, 61,6°, 66,3°
va 68,0°. Ngoai ra dinh nhiéu xa tuong tng v6i mit
phing (400) con phat hién thdy tai 20 = 75,5° 404!, sy
xudt hién cta cdc dinh nhiéu xa tai cdc vi tri 20 tuong
tu trong mau CuO/CNC cho thdy céc hat CuO da gin
1én dugc gia mangla CNC.

Tuy nhién khong quan sat thdy cac dinh dac trung cho
tinh thé ctia CNC trong miu CuO/CNC. Diéu nay c6
thé dugc gidi thich la do sy khdc nhau cta yéu t6 tan
xa nguyén ti cing nhu qua trinh déng két tha trong
modi trudng kiém ¢ 90°C da lam giam do két tinh ctia
CNC, do d6 lam gidm cudng do cic dinh nhiéu xa
trong CuO/CNC*2.
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Hinh 1: Ph& FTIR cua (a) Ba mia thé, (b) Ba mia xt li axit HCOOH, (c) B& mia xtt li PFA, (d) Ba mia tdy tréng va (e) CNC.

Phan tich anh SEM, TEM va phé EDX

Hinh 5 la két qué dnh TEM ctia mau huyén phu CNC.
Vé mit hinh thai hoc, CNC c¢6 dang hinh que hay sgi
nho véi kich thude khoang 10-20 nm, céc sgi CNC ¢
xu huéng két tu lai v6i nhau thanh dam l6n do tuong
tac gitia cac sgi cellulose véi nhau.

Anh SEM thu dugc ctia CNC (Hinh 6a) cho thdy CNC
sau qua trinh tach chiét ti ba mia va thuy phan c6
dang sgi ngan. Két qua trén 13 phu hgp véi hinh thai
hoc ctia sgi sau khi dugc khéo sit bing anh TEM,
ngoai ra phé EDX (Hinh 7a) cing cho thidy CNC
thu dugc c6 d6 tinh khiét cao, théng qua ham lugng
nguyén ti C (49,76%) va O (50,24%). Két qua EDX
ctia mau CuO/CNC (Hinh 7b) ciing xdc nhéan viéc
gin CuO trén gid mang CNC thong qua sy c6 mit cua
nguyén ti Cu, v6i ham lugng nguyén ti 15,46%. Anh
SEM cho thdy CuO dugc téng hgp dua trén dung dich
Cu”* va NaOH c6 dang phién manh (Hinh 6b).

Tuy nhién khi st dung CNC lam gid mang thi CuO
thu dugc c6 dang hat ciu véi duong kinh ~ 150nm va
bam dinh trén bé mit cia CNC (Hinh 6¢, d). Vai tro
gia mang ciia CNC dé anh hudng dén qua trinh phat
trién ctia tinh thé CuO, dan dén CuO thu dugc trong
truong hop nay c6 dang hat cau chii khong phai dang
phién nhu luc dau.

Khao sat kha nang phan hiy Methylene
Blue cia CuO va CuO/CNC

Kha ning phan hiuy Methylene Blue (MB) ctia CuO
va CuO/CNC dugc khdo sit theo quy trinh nhu sau.
DPau tién, 100mL dung dich MB néng d6 20ppm dugc
khudy trong bong t6i v6i 0,05 g CuO hodac CuO/CNC
va2mL dung dich H, O, 30% tai nhiét d6 phong trong
1 gi dé€ dat can bang hép phu - giai hdp phu. Tiép
dén, hon hop duge tiép tuc khudly dudi sy chiéu sdng
ctia anh sang mat trdi trong khoang thoi gian tit 9 gio
dén 12 gio séng. Hé phan ting dugc gitt 6n dinh tai
nhiét do phong trong suét qud trinh khdo sat. Ngoai
ra song song v6i qua trinh khéo sat kha nang phan huy
MB ctia hat nano CuO, m¢t hé dung dich MB 20ppm
khong c6 bat ky chdt xic tdc nao va mot hé dung dich
MB 20ppm chi c¢6 thém dung dich H,O; ciing dugc
thyc hién. Ham lugng MB dugc xdc dinh nhd phé
UV-Vis bang cich do d6 hdp thu cia dung dich MB
sau cac khoang thdi gian phan ting khéc nhau va két
qua dugc thé hién trén Hinh 8. T gid tri d6 hép thu
va dua vao dudng chudn ctia MB d€ xac dinh néng d6
MB con lai trong dung dich. Kha nang phian huy MB
dugc tinh theo cdng thiic (2):

Kha nang phan hay = g—(’] x 100 (2)
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Hinh 2: Phé FTIR ctia (a) CNC, (b) CuO/CNC va (c) CuO.

Trong d6 C; va C, 14n lugt la n6ng d9 tai thoi diém t
va néng d6 ban d4u ctia MB.

Toéng hop tat ca két qua khao sat, toc do phan huy
MB ctia mdi loai xtc tac theo thoi gian dugc hién thi
trén Hinh 9. T két qua thu dugc cho théy trong moi
truong ban ngay, dudi diéu kién anh sdng mat troi
thi dung dich MB gan nhu khong bi thay déi néng
d6. Khi thém H»O; 30% vao dung dich MB thi nong
d6 MB giam nhanh trong thoi gian ngan va sau do6
khong thay d6i, diéu nay cho thdy HyO; phan tng
v6i MB nhu mét phan ting héa hoc binh thuong, thoi
gian phén ung ngén (it hon 30 phat). Khi khong c6
mat ciia HyO; trong dung dich thi kha nang phan huy
MB ctia CuO/CNC t6t hon so véi CuO, nhan thdy qua
viéc nong d6 MB trong dung dich c¢é chiia CuO/CNC
giam manh hon trong 30 phut du tién. Nhu da dé
cdp dén trong két qua anh SEM (Hinh 6¢, d), CuO
dugc téng hop trén gid mang CNC c6 dang hat ciu va
phén tan déu trén bé mat cia CNC. Diéu nay c6 thé

1060

gitp cho sy tuong tac ctia CuO véi cac phan tt MB
thuéan lgi hon so véi CuO & dang phién manh, dugc
tong hgp khi khong c6 CNC. Két qua 1a khé nang phan
hty MB ctia CuO/CNC 6t hon so véi CuO thuén. Sau
2,5 gid phan ting, kha ning phan hity MB ctia CuO va
CuO/CNC trong dung dich tuong ting 13 60% va 62%.
Khi c6 mit ctia HyO; thi két qua van theo mét chiéu
huéng d6 la kha nang phan hity MB ctia CuO/CNC
cing t6t hon CuO va t6t hon nhiéu so véi trudng
hgp khong ¢6 mit ctia HyO;. Cu thé tai thoi diém
2,5 gi6 phan ting, kha ndng phan huy MB khi c¢6 mat
H, 05 clia CuO va CuO/CNC l4n lugt 1a 80% va 98%.
Co ché vé vai tro ctia HyO, trong viéc gia tang hoat
tinh quang xdc tac ctia CuO da dugc Zhang va cic
cong syl dé nghi, HyO, khong chi déng vai trd ngin
chén sy tai hop ctia cdp electron-16 tréng ma dudi dnh
sang kich thich con tao thém cac géc e OH. Chinh
cdc gbc tu do nay da tham gia vao qud trinh phan hay
MB. Hinh anh minh hoa co ché dugc thé hién trong
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Hinh 3: Gian d6 XRD cUa (a) Ba mia thé, (b) B4 mia tdy trdng va (c) CNC.

Hinh 10.

CuO+hv — CuO (ecp +hyy) (1)

hip +H,0 — ¢OH+H' (2)

h$B -+ MB — san phdm oxi hoa ctia MB (3)

e OH + MB — san phdm phéan hty ciia MB (4)

ecg + H02 — e« OH + OH™ (5)

hyp + HyOz + 20H™ — @ 05 +2H,0 (6)

e0; +2H" +2¢” — ¢ OH+ OH"™ (7)

Khi CuO hép thu btic xa anh sang, electron tii viing
héa tri (VB) dugc kich thich sé nhay 1én viing dan
(CB), hinh thanh e va d€lai cic 16 trong tai VB, goi
la hi}B (Phuong trinh (1)). Céac h‘J,rB 6 thé phan ting
v6i HyO dé tao ra g6c hydroxyl (e OH) hodc truc tiép
oxy hoa MB (Phuong trinh (2) va (3)). Tuy nhién, cac
ecp cia CuO khong khii duge O; thanh dang e O,
(Eg2 Joo; = ~0046 eV). Vi E° = +3,06 eV, « OH la
mot chit oxy héa manh va c6 thé phan hiy MB thanh
céc hgp chit phan ti vé co nho !, Do d6, @ OH chi
c6 thé oxy héa MB trong co ché quang xuc tic cua
CuO (Phuong trinh (4)). Khong c6 chit nhan elec-
tron trong phdn ing nay, e, c6 xu huéng giam va tai

hop lai véi Ay 5, dan dén hoat tinh quang xtic tic kém
do d6 MB bi phan hity bai cdc CuO chi 60%.

Khi H,O, dugc thém vao trong qua trinh. Mot mit,
H0; c6 thé phan ing v6i e va h‘t g d€taoracice
OH hoat tinh manh va 0, (Phuong trinh (5) va (6)).
Goc tu do #0; tiép tuc phin ting véi HyO; tao e OH
(Phuong trinh (7)). Sau d6, cac goc @ OH oxy hda
MB thanh cic hgp chét phén ti v6 c6 nhd. Tac nhin
H, O, khéng nhiing déng vai tré ngan can sy tai hop
hiéu qua gifia electron va 16 tréng ma con gop phin
tao thém nhiéu gbc tu do @ OH hoat tinh, tit d6 lam
tang hiéu qua xuc tac.

KET LUAN

Chung t6i da o 14p dugc cellulose, sau khi loai bo
cac thanh phén lignin va hemicellulose tii nguyén liéu
ba mia bing phuong phép axit formic/ peroxyformic.
Tiép dén, cellulose dugc thuy phan bing dung dich
axit phosphoric 64% dé loai bo nhiing viing v6 dinh
hinh trong mach cellulose va thu dugc CNC c6 d¢ két
tinh cao. Két qua anh TEM x4c dinh CNC c6 dang
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Hinh 4: Gian d6 XRD cua (a) CNC, (b) CuO/CNC va (c) CuO.

Hinh 5: Anh TEM ctia mau huyén phu nanocelluose sau khi thily phéan axit & cac thang do a) 1 um, b) 500 nm va
c) 200 nm.
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Hinh 7: Phé EDX clia a) CNC va b) CuO/CNC.

sgi v6i dudng kinh va chiéu dai trung binh 14n lugt 1a
10 nm va 410 nm. Vat liéu t8 hgp gitia CuO va CNC
dugc tong hgp bang phuong phép két tha héa hoc, c6
khé ning phan hity MB trong dung dich t6t hon so véi
CuO thuan. Khi c6 mit HyO», sau 2,5 gi¢ phan ting,
kha nang phan htty MB ctia CuO/CNC téng tii 62 lén
98%. Hop chit HyOp khong nhiing tham gia phan
ung véi electron va 16 trdng, nhd d6 ngin can sy tai
hgp ctia hai tdc nhén nay, ma con tao thém nhiéu goc

tu do e OH hoat tinh, tit d6 lam ting hiéu qua xuc tac.

LOI CAM ON

Nghién ctiu dugc tai trg boi Trudng Dai hoc Khoa hoc
Ty nhién, PHQG-HCM trong khuédn khé Dé tai ma
s6 T2020-25. Tac gia ciing xin gui 16i cdm on chin
thanh dén Phong thi nghiém Vit liéu da chic nang,
khoa Khoa hoc va Coéng nghé Vit liéu, Trudng Dai
hoc Khoa hoc Ty nhién, Dai hoc Quéc gia TPHCM
vi da tao diéu kién dé thyc hién nghién ctiu nay.

DANH MUC TU VIET TAT

CNC: Nanocellulose tinh thé
FTIR: Phé hong ngoai bién d6i Fourier
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Hinh 8: Phé UV-Vis clia MB theo thai gian phan (ing khi st dung cac hé xuc tac khac nhau.
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Hinh 9: D6 thi biéu dién qua trinh phan hiy MB theo thdi gian cia cac hé xuc tac khac nhau.
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Hinh 10: Co ché dé nghi ctia qua trinh xuc tac quang

MB: Methylene Blue

PFA: Acid Peroxyformic

SCB: Ba mia
SEM: Kinh hién vi dién t& quét
TEM: Kinh hién vi dién ti truyén qua

UV-Vis: Phé ti ngoai kha kién 7

TUYEN BO XUNG POT LOI iCH

Nhoém tac gid cam két khong c6 xung dot lgi ich. 8

DONG GOP CUA CAC TAC GIA

Vi Nang An, Lé Thi Ngoc Hoa, Nguyén Thi My Linh: o
thuc nghiém

Vit Ning An, Lé Tién Khoa, Lé Van Hiéu: chuén

bi ban thao va chinh stia/phan hoi phan bién, hoan
chinh bén théo. 10.
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Preparation and photo Fenton-like activities of CuO/
nanocellulose composite

Vu Nang An’, Le Thi Ngoc Hoa, Nguyen Thi My Linh, Le Tien Khoa, Le Van Hieu

ABSTRACT

A combination between the nanostructured photocatalyst and cellulose-based materials promotes
a new functionality of cellulose towards the development of new bio-hybrid materials for water
Use your smartphone to scan this treatment and renewable energy applications. In this study, nanocellulose (CNC) was synthesized
QR code and download this article from sugarcane bagasse (SCB) biomass via formic /peroxyformic acid process treatment and acid
hydrolysis at an atmospheric pressure. The resulting CNC of sugarcane bagasse were characterized
by crystallinity index, chemical structure and morphology. X-ray diffraction (XRD) analysis revealed
that the crystallinity increased with successive treatments. Images generated by TEM showed that
CNC was rod-like in morphology, average diameter and length of 10 nm and 410 nm, respectively.
The obtained CNC was used as a biotemplate for the synthesis of copper oxide (CuO) nanostruc-
tures through in - situ solution casting method. The photo-Fenton catalytic activity was evaluated
via the degradation of methylene blue under sunlight irradiation with HyO, as a oxidizing agent.
The methylene blue degradation ratio of CuO/ CNC composite could achieve 98% in 150 min. The
addition of H,O, enhanced photocatalytic activities of the CuO/CNC. H,O, not only prevented the
recombination of charge carriers by accepting the photogenerated electrons and holes effectively
but also produced additional e OH.

Key words: Agricultural waste, cellulose nanocrystals, formic/peroxyformic acid process, photo-
Fenton catalysis, sugarcane bagasse
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