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ABSTRACT

Corn cobs were common agricultural waste available in large quantities in
many countries. Corn cobs contained a relatively high cellulose content of
about 11,9-41,3%. Therefore, extracting cellulose fibers from corn cobs
had significant economic and environmental implications. This study
aimed to extract cellulose fibers from corn cobs using a simple method of
nitro oxidation, which saved energy and cost. The extracted cellulose fibers
had potential applications in various fields. Scanning electron microscopy
(SEM) results showed that the dried extracted cellulose fibers had a
tendency to form agglomerations, the individual separate fiber could not be
observed. Fourier transform infrared spectroscopy (FTIR) analysis
indicated absorbed peaks at wavenumbers corresponding to the vibrations
of OH, CH, and COC groups, which were characteristic peaks for the
chemical structure of cellulose. The crystallinity index of the extracted
cellulose fibers was 69,68%, higher than that of the corn cobs.
Thermogravimetric analysis (TGA) results showed that the cellulose fibers
had higher thermal stability compared to the corn cobs. The thermal
decomposition process of corn cobs and cellulose fibers occurred in three
stages: below 200°C, 200-400°C, and above 400°C.
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TOM TAT

L&i ngd 1a phé pham nong nghiép phd bién va co sidn ¢ nhidu qudc gia véi
sO luong 16n. Lai ngd chira ham luong cellulose twong ddi cao khoang
11,9-41,3%. Vi vay, trich ly sgi cellulose tur 16i ngd c6 y nghia quan trong
vé kinh t& va moi truong. Nghién ctru nay nhiam muc dich trich ly soi
cellulose tir 16 ngd bang phuong phap oxy hoéa nitro don gian, tiét kiém
nang lwong va chi phi. Soi cellulose trich ly dugc c6 tiém nang tng dung
trong nhiéu linh vuc khac nhau. Két qua kinh hién vi dién tir quét (SEM)
cho thiy soi cellulose sau khi sdy kh6 c6 xu hudng tich tu thanh cac bé soi,
khong quan sat thiy cac soi cellulose riéng Ié. Phan tich quang phd hong
ngoai (FTIR) chi ra cac dinh hap thu tai cac sb song tuong tmg voi dao
dong clia cac nhom OH, CH va COC, 14 cac dinh dic trung cho cdu triic
héa hoc cua cellulose. Bo két tinh cta soi cellulose trich ly dugc 1a 69,68%,
cao hon so voi 16i ngd. Két qua phan tich TGA cho thay soi cellulose co
d6 bén nhiét cao hon so voi 161 ngd. Qua trinh phan huy nhiét cua 15i ngd
va sgi cellulose dién ra trong ba giai doan: dudi 200°C, 200-400°C, va trén
400°C.
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1. Giéi thigu

Nén nong nghiép ngd dang ngay mot phat trién va pho bién trén toan thé gidi, dic biét 1a cac quéc
gia & Chau My va Chau A [1]. Ngé ciing 14 loai cay luong thyc thyuc pham c6 san luong thir hai thé giGi
chi sau mia duong [1]. Song song vo1i sy phat trién d6 1a mot luong khong 16 réc thai sinh kh01 tr ngod
nhu than, vo va 16i. Hién tai, ching dugc ché bién thanh thire dn gia stc va nhién li¢u sudi Am [2]. Tuy
nhién, mot lugng 16n chiing da bi loai bo nhu chét thai néng nghi€p sau thu hoach, tao ra nhiéu thach
thirc cho céc quoc gia dang phat trién vé viéc xir Iy rac thai nong nghiép. Piéu nay da gay ra nhiéu van
dé tiéu cyc cho moi truong do viée xur ly con nhiéu han ché. Trong nam 2021, Viét Nam dat san luong
ngd khoang 4.4 triéu tan chiém 3,6% tong san luong ngd trén toan thé gisi [1] Céc s6 liéu trén da chi
ra rang, di c6 mot khéi lwong 16n rac thai tir ngd dugc thai ra moi trudng gy ra cac tac dong xau dén
hé sinh thai va strc khoe con nguoi. Vi vay, viée tim kiém cac giai phap xur 1y hiéu qua va bén vimng cho
luong rac thai nay 1a vo ciing can thiét dé giam thiéu nhimg anh huong tiéu cuc cua ching dén moi
truong.

L6i ngd 1a mot phé pham nong nghiép giau cellulose, nd mang nhiéu tiém ning 16n dé ché tao cac
san pham c6 gia tri cao [2]. Khbi lugng cua 161 ngd chiém tir 20-30% khéi lugng ngd [3]. Pidu nay co
nghia rang trong nam 2021 da co it nhat khoang 240 triéu tan rac thai 16i ngd dugc thai ra moi trudng.
K. Harini va cong su da bao cao rang, 161 ngo co nguon goc tir An DO chtra ham lugng cellulose 34,1%,
hemicellulose 20,2%, va lignin 15,1% [4]. Trong mdt nghién ctru khac cua Sirikarn Satimanont va cong
su chi ra rr;ing 161 ngd tai Thai Lan c6 chira cellulose 41,3%, hemicellulose 46,0% va lignin 7,4% [5].
Tuy nhién, Wiwin Rewini Kunusa va cdng sy lai bao cao ré‘mg, 161 ng6 duoc thu thép tai Indonesia chira
ham luong cellulose 11,9%, hemicellulose 38,8%, va lignin 1a 44,4%, con lai la cac thanh phﬁn khac
[6]. Piéu nay ching to rang, thanh phan cellulose trong 15i ngd phu thudc vao ngudn gde thyc vat va
diéu kién sinh dudng. Cac nghién ciru trén di cho thay rang, 15i ngd 1a mot phé pham ndng nghiép day
tiém néng dé trich ly sgi cellulose ¢6 tiém ndng éng dung trong nhiéu linh vuc khac nhau. Viéc nghién
ctu trich ly soi cellulose tur phe pham néng nghiép 13i ngd bang phuong phap don gian, bén viing mang
lai nhiéu y nghia v& miat kinh té va méi truong.

Cellulose 1a mot loai polysaccharide, la polymer c6 nguon gde thién nhién, than thién v6i mdi truong,
6 san va co thé tai tao [7]. Vat liéu ndy co ciu tric ban két tinh bao gdm cac ving v6 dinh hinh va viing
két tinh [2]. Cellulose c6 nhiéu dic tinh doc dao bao gdm kha ning twong thich sinh hoc, khong doc hai,
kha nang phan hiy sinh hoc va dac biét la tinh chét co hoc cao [2]. Vi vay, cellulose da thu hat sy quan
tam to 10n trong cac tng dung khac nhau nhu y té, my phém chat don cho vt liéu bao bi thuc pham,
chat gia cuong cho vat liéu nanocompozit sinh hoc [3], chat hap phu Xur Iy nuéc thai. Soi cellulose la
vat liéu tiém ning c6 the duoc trich ly hiéu qua tir nhiéu ngudn khac nhau nhu gd, ¢6, bong, phé pham
ndng nghiép, tao, ba sin [8]-[9].

Soi cellulose co thé duoc trich ly tir phé pham ndng nghiép bang nhiéu phuong phap khac nhau nhu
phuong phap co hoc, hoa hoc va sinh hoc (su dung enzym), va phuong phap két hop Xu ly co hoc va
héa hoc [10], [11], [12]. Trong do, phuong phap hoa hoc dugc sur dung phd bién nhét 1a thity phan axit.
Phuong phdp nay kha phuc tap bao gom nhleu quy trinh, dau tién 1a xir Iy kiém bang dung dich NaOH
dé loai b hemicellulose, tiép theo 14 tiy tring bang NaClO hoic H,O2 nhim loai bo lignin, cubi cung
1a thuy phén axit dé thu duoc soi cellulose. Vi vdy, phuong phap nay c6 nhiéu han ché nhu trai qua
nhiéu qua trinh xtr 1y hoa hoc gy ra anh huong xau dén chat lugng soi cellulose (mach cellulose co thé
bi giam cip) ciing nhu lam giam hiéu suat trich ly, tiéu tbn nhiéu nang luong, thoi gian va lugng nudc
dung xir Iy lam sach mau. bang ngai hon 1a van dé nhiéu héa chét doc hai sau phan tng duoc thai ra
mdi truong. Do d6 dé giai quyet nhiing van dé trén, trong nghién ciru nay phuorng phap oxy hoa nitro
dugc sir dung dé trich ly soi cellulose tir phé pham néng nghiép 15i ngd. So v6i phuong phép thily phan
axit, phuong phap nay don gian, chi st dung mét phan ng duy nhat. Piéu nay giup tiét kiém nang
lugng, chi phi va ning cao hi¢u suat trich ly. Dac biét, héa chat sau phan tmg c6 thé thu hoi dé san xut
phan bén [13].
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2. Nguyén liéu va phwong phap
2.1. Nguyén liéu

Ldi ngd duoc thu thap tai khu vuc Thanh phd Tha Duc, Thanh phé H6 Chi Minh, Viét Nam. Axit
nitric (HNO3), Natri nitrit (NaNO2) va Natri hydroxit (NaOH) dugc mua tir Sigma Aldrich. Nudc cat
dugc cung cap tir phong thi nghiém Cong nghé vat liéu, khoa Khoa hoc tng dung, trudng Pai hoc Su
pham K3 thuat Thanh phé H6 Chi Minh.

2.2. Phwong phap nghién curu

Trich ly soi cellulose tir 16i ngé bang phirong phdp oxy héa nitro: Lai ngd sau khi duge phoi kho
trong ba ngay da duoc siy kho ¢ nhiét d6 70°C trong 24 gid va dugc nghién min. Sau do, cho 5 gam
nguyén liéu thd vao binh cau ba ¢ ciing véi 70 ml dung dich axit HNO3 7,5 M, hdon hop dugc dun nong
& 70°C va khudy déu lién tuc bang may khudy co. Sau 10 phit, thém 9,8 gam NaNO; vao hdn hop va
tiép tuc khuay lién tuc trong 6 gio. Phan tmg duoc hoan thanh bang cach thém lugng nude cat du. Vat
lidu thu dugc dugce rira bang nudce ct nhidu lan va ly tim & tde do 5000 vong/phut trong 10 phut. Luong
axit du duoc trung hoa bang dung dich NaOH 1%. Cubi cliing, miu duoc say dong kho cho dén khi kho
hoan toan dé thu duoc soi cellulose.

Phan tich hinh thai bé mat: Hinh thai bé mat cua 16i ngd va soi cellulose dugc quan sat bang kinh
hién vi dién tir quét model FESEM S-4800 HITACHI (Nhat Ban) tai Trung tim R&D SHTP — Khu cong
nghé cao TP.HCM, véi thé xac tién 10 kV. Trong qué trinh chuan bi mau, cac mau dugc ¢ dinh vao
khung kim loai bang bang Cacbon. Truéc khi quan sét, tat ca cac mau déu dugc phu mét I16p Pt dé dam
bao tinh dan dién.

Phan tich cau tric hoa hoc: Cau tric hoa hoc cua I18i ngd va soi cellulose duoc phan tich bang may
quang phé hong ngoai bién dbi Fourier, NICOLET 6700-Therm (M¥) tai Dai hoc Tai chinh-Marketing
Thanh phé H5 Chi Minh, Viét Nam. Cac mau duoc do vai s6 song trong khoang 400-4000 cm'?, véi do
phan giai 4 cm™ va 64 1an quét.

Phan tich cdu tric tinh thé: K§ thuat nhiéu xa tia X dugc sir dung dé xac dinh cau tric tinh thé cua
18i ngd va soi cellulose. Dya trén vi tri cac dinh nhiéu xa va cudng do cua cac dinh nhidu xa, cau tric
tinh thé ciing nhu chi s6 d6 két tinh cua cac mau dugc xac dinh. Trong nghién ciu ndy, 16i ngd va soi
cellulose dugc phan tich bang thiét bi nhiéu xa tia X EMPYREAN cua PANalytical (Ha Lan) tai Dai
hoc Tai chinh - Marketing tai Thanh ph H6 Chi Minh, Viét Nam. Tat ca cac phép do duoc thuc hién
v6i pham vi goc tir 5 — 80° (20) va sir dung ngudn tia X 1a CuKa (a = 1.54056 A°) & 40 kV va 45 mA.
Chi s6 do két tinh duoc tinh toan bang phwong trinh 1 [3].

Clop = Yovz—lam) ¢ 19 (1
loo2

Trong do, looz1a cuong do nhiéu xa cuc dai cta dinh mang (002) tai  goc 20 tur 21° dén 23°, dai dién
cho ca phén tinh thé va vo dinh hinh cua cellulose. lam 13 cuong d6 nhiéu xa cuc tiéu duoc xac dinh tai
goc 20 tir 18° dén 20°, dai dién cho phan vo dinh hinh cua cellulose.

Phdn tich d bén nhiét: Gian d6 TGA ciia 16i ngd va soi cellulose trich ly duge xac dinh bang may
phan tich nhiét trong ]qug TGA/DSC 3+ hang MetlerNToledo cua Thuy Sy tai Vién Khoa hgc Vat liéu
Ung dung, Thanh pho H6 Chi Minh, Viét Nam. Cac mau dugc gia nhiét tir 30°C-800°C voi toc do 10°C
/phdt va str dung luu lugng khi nito 20 ml/phut.

3. Két qua va théo ludn
3.1. Hinh thdi bé mt ciia 16i ngé va sgi cellulose

Quan sét tir hinh 1a cho thay, 161 ngd c6 hinh thai bé mat go ghé voi kich thude twong dbi 16n. Bé
mat cua 161 ngd chua qua xtr Iy c6 ciu trac x6p, khong dong déu, c6 cau trac 16p duoc bao phu béi mot
16p cac hop chét hiru co (lignin, hemicellulose va céc tap chét khac). Sau phan ung, su Xudt hién rd rét

clia céc bo s¢i va cac tim mong dan xen nhau cé thé quan sat thay (hinh 1b). Soi cellulose sau siy khd
¢6 khuynh hudng két tu thanh cac bo soi, diéu nay la do c¢é sy hinh thanh céc lién két hydro théng qua
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cac nhom charc hydroxyl trén bé mat cua soi cellulose. Qua trinh xu ly hoa hoc oxy hoa nitro da giup
loai bo mot phan hemicellulose, lignin va cac hop chat khong chura cellulose, tir d6 bé mat mau tré nén
nhan bong va dong nhat hon (hinh 1b).

Hinh 1. Anh SEM ciia 16i ngé (a) va soi cellulose sau khi sdy kho (b).

3.2. Cdu triic héa hoc ciia I6i ngé va si cellulose

— Loi ngd
——— Sgi cellulose

3362 2921 1740 1517 1375

. 1158

D) truyén qua (%)

O-H C-H C=0 C=C C-H C-0-C

v T v T T T T T v T T T T
4000 3500 3000 2500 2000 1500 1000 500
S6 séng (cm™)
Hinh 2. Phé FTIR ciia 16i ngé va soi cellulose.

Phan tich phd FTIR cho thiy nhiing thay d6i vé cau trac hoa hoc cuia vat liéu xay ra sau khi xir Iy hoa
hoc oxy héa nitro. Phd FTIR ctia 15i ngd va soi cellulose trich ly dwoc thé hién trong hinh 2. Nhu quan sat
thay tir hinh 2, ca hai mau déu thé hién dinh hap thy tuong (ng véi dao dong kéo cang ciia nhom -OH
trong ciu trac hoa hoc cua cellulose & vi tri sé song khoang tir 3100-3600 cmr?, véi s6 song co do hap thy
cuc dai khoang 3362 cm™. Bén canh do, cling quan sat duge cac dinh hip thu tuong (ing véi dao dong kéo
cang va udn cong ctia nhom CH tai s6 song 2921 cm™ va 1375 cm™ trong ciu tric hoa hoc ciia cellulose.
Ngoai ra, dinh tai s6 song 1044 cm™ tmg véi dao dong kéo cing ciia nhom COC trong ciu tric hoa hoc
ctia cellulose ciing dugc tim thdy. Cac két qua nay ching to ring cu trac héa hoc cuia cellulose khong bi
bién ddi sau qua trinh xir Iy hoa hoc. Diéu thi vi 1a so v6i phd FTIR cua 13i ngd, phd FTIR cia soi cellulose
cho thdy c6 sy xuit hién mot dinh nho & vi tri 1730 cm™® dic trung cho dao dong kéo cing cua nhom
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carbonyl (C=0) cua nhom COO". Ngoai ra, cac dinh tai s6 song 1740 ecm™ va 1517 cm™ twong tng thudc
V€ dao dong keo cang cua nhoém -C=0 trong cu trac hoa hoc hemicellulose va dao dong kéo cang cua
vong benzen trong ciu tric hoa hoc cua lignin da bién mét trong phd FTIR cua soi cellulose. Két qua nay
chi ra rang, qua trinh xtr Iy oxy héa nitro sir dung tac nhan cé tinh oxy hoa manh da giap chuyén hoa mot
phan cac nhom hydroxyl trén bé mit cua cellulose thanh cac nhém COO". Ngoai ra, qua trinh xir Iy oxy
héa nitro ciing giup loai bo cac thanh phan nhu hemicellulose va lignin c6 trong phé pham 15i ngd. Céc
két qua trén tuong tu voi két qua tir cdng trinh nghién ciru ctia Xinyi Shao va cong sur [2].

3.3. Céu tricc tinh thé ciia 16i ngé va soi cellulose

Trong ty nhién, cellulose c¢6 cau tric ban két tinh bao gom ving két tinh va vo dinh hinh. Tuy nhién,
hemicellulose va lignin c6 cau trac vo dinh hinh [14]. Dac tinh cau tric tinh thé cta phé pham 16i ngd
va soi cellulose trich ly duoc thé hién trong hinh 3. Gian d6 XRD ctia hai mau déu cho thiy cac dinh
nhidu xa & vi tri 2theta tuong &ng vai cau trac tinh thé cua cellulose loai | voi ba dinh nam ¢ cac goc 26
lan luot 14 16.2°, 22.2° va 34.1° tuong tng v6i cac mat mang (110) (200) va (004). Cac két qua nay chi
ra rang viéc sir dung cac tac nhan cé tinh oxy hoéa manh trong qua trinh trich ly da khong 1am bién doi
cu triic tinh thé cia cellulose. Két qua nay dong nhat vai két qua FTIR & hinh 2. Ngoai ra, quan sat gian
dd XRD cua 161 ngd thdy rang, cac dinh nhiéu xa c6 cudng do thip va mot sé dinh khéng xac dinh. Ly
do cho hién tuong nay 1a cac phéan tir hemicellulose va lignin da 1am giam kha nang hinh thanh lién két
hydro lién phén tir dan dén sy suy yéu cuong do cua cac dinh nhiéu xa, cung vdi do la do sy ton tai ctia
mot s6 tap chét v dinh hinh trong phé pham 15i ngd [13]. Mat khac, gian do XRD cua soi cellulose chi
ra rang, cac dinh nhidu Xa trd nén hep va sic nhon hon. Piéu nay cho thay rang hemicellulose va lignin
dd duoc loai bo mot cach hiéu qua sau qua trinh xir Iy héa hoc. Chi s6 do két tinh duoc tinh toan tir
phuong trinh (1) cho thay soi cellulose c6 do két tinh 69.68%, 1on hon nhiéu so voi phé pham 16i ngd
(23.22%). Cac két qua tuong ty di dugc bao cio trong nghién ciru ctia Priyanka R. Sharma va cong su
[13].

L&i ngd
Soi cellulose

Cuwing do (a.u.)

0 20 30 4 50 6 70 80
20 (Il)
Hinh 3. Gidn d6 XRD ciia I6i ngé va soi cellulose.
3.4. Bj bén nhiét ciia 16i ngé va sei cellulose
bo bg%n nhiét ctia 16i ngd va soi cellulose dugc danh gia bang phuong phap nhiét trong luong TGA
duoc thé hién trong hinh 4. Qua trinh phan huy nhiét cua 151 ngd va soi cellulose dién ra qua ba giai
doan chinh, moi giai doan dac trung boi cac khoang nhiét 36 khac nhau va su thay doi vé khoi lugng
mau. Giai doan phan huy nhiét dau tién xay ra ¢ nhiét do dudi 200°C. Trong giai doan nay, sy giam
khoi lugng mau khoang 10% da dugc quan sat thay. Nguyén nhan chinh ctia sy giam khoi luwong nay la
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do sy bay hoi d6 4m va loai bo cac thanh phan c6 khdi lugng phan tir nho. Giai doan thi hai dién ra
trong khoang nhiét do tir 200-400°C. Day 1a giai doan giam khdi lugng chinh, v6i su giam khoi lugng
1én téi khoang 65%. Trong giai doan nay, cac thanh phan nhu hemicellulose va cellulose bat dau phan
huy. Hemicellulose va cellulose 14 cac polysaccharide chinh trong vat liéu sinh khéi, va chung chiu su
phan hily manh mé khi nhiét d tang cao. Hemicellulose thudng bi phan hity & nhiét do thap hon so véi
cellulose, nhung c4 hai déu bi phan hiy trong khoang nhiét do nay, dan dén su mét khdi luong miu dang
ké xay ra trong khoang nhiét d6 nay. Giai doan phan hay cudi xay ra khi nhiét d6 vuot qua 400°C. Tai
giai doan nay, su giam khéi lugng khoang 10% tiép tuc dién ra, cha yéu do sy phan huy cua lignin.
Lignin 1a mdt polymer c6 cAu trac hoa hoc phirc tap, chira nhiéu vong thom, diéu nay 1am cho n6 bén
nhiét hon so voi hemicellulose va cellulose. Do do, lignin phén huy ¢ nhiét do cao hon va qua trinh nay
kéo dai hon, din dén su giam khdi lwong ¢ giai doan cubi ctia qua trinh phan huy nhiét. Ngoai ra, sau
qua trinh xtt Iy héa hoc, hemicellulose va lignin da dugc loai bé hiéu qua nén do két tinh ctia soi cellulose
duoc cai thién, dan dén d6 bén nhiét cua soi cellulose cao hon so véi phé pham 18i ngd (hinh 4). Két qua
nay déng nhat voi két qua phan tich XRD thé hién ¢ hinh 3. Cac két qua nay twong tu véi bao cio cua
V.P. Kalpana va cong su [7].
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Hinh 4. Gidn d6 TGA ciia 16i ngé va soi cellulose.
3. Két luan

Soi cellulose da dugc trich ly thanh cong tir phé pham ndng nghiép 16i ngd bang phuong phap hoa
hoc oxy héa nitro don gian, bén viing, sir dung mot phan ing hoa hoc duy nhat. Phuong phéap nay khong
chi gitip tiét kiém ning lugng va chi phi, ma con nang cao hiéu suit trich ly soi cellulose. Pang cha y,
san pham phy, hoa chét sau phan tng c¢6 thé dugc thu hdi va tai st dung cho viéc san xuat phan bon
nito, dong gop vao hoat déng kinh té tuan hoan, bén vimng va giam thiéu tac dong dén moi truong. Két
qua phan tich SEM caa miu sau siy kho cho thiy cac soi cellulose thu dugc c¢6 khuynh hudéng tich tu
thanh cac bo soi. Két qua XRD chi ra rang, soi cellulose trich ly dugc ¢é ciu tric tinh thé cua cellulose
loai T v&i d6 két tinh khoang 69.68%. Phd FTIR cua soi cellulose cho thdy qua trinh xt Iy hoa hoc bang
c4c tac nhan c6 tinh oxy héa manh di khong lam thay ddi cu trac hoa hoc cua cellulose véi su xuat
hién cta cac dinh hap thu twong tmg véi dao dong ctia cac nhom chirc OH, CH, COC. Ngoai ra, khong
tim thay dinh héap thy twong tng véi dao dong cua cac lién két C=0 va C=C trong cau trac héa hoc cua
hemicellulose va lignin trong phd FTIR caa soi cellulose thu duge. Két qua danh gia d6 bén nhiét TGA
cho thdy soi cellulose trich ly dugc c6 ba giai doan phan huy nhiét bao gdm dudi 200°C, tir 200-400°C
va trén 400°C. Vi cac dac tinh héa |y dugc phan tich va danh gia, dac biét la sy hién dién cua cac nhom
COO" mang dién tich &m trén bé mit, soi cellulose trich ly dugc tir phé pham ndng nghiép 15i ngd c6
tiém nang tmg dung 1am chat hip phu hiéu quéa dé loai bo cac ion kim loai ning (mang dién tich duong)
¢6 trong nudc thai, gitip cai thién chat lugng nude va bao vé mdi trudng. Hon nita, soi cellulose nay con
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¢6 tiém ning tng dung 1am pha gia cudng trong cac vat liéu composite dira trén cac loai polymer than
thi€n moi truong nhu polylactic acid, dac biét hitu ich lam vat li€u in 3D, mé ra cac hudng ng dung
mdi trong linh vuc cong nghé va san xuat xanh.
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