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TOM TAT

Nano tinh thé cellulose (CNCs) la mot trong nhiing vat liéu thi vi dang thu hit dugc rdt nhiéu nha
nghién ctu t& han mét thap ky qua, dac biét trong lanh vuc téng hop vét liéu nay tir cdc nguon
sinh khéi tu nhién. Trong nghién clu nay, chidng téi st dung nguén nguyén liéu phu phdm néng
nghiép 1a vo trau dé t8ng hop CNCs. Cellulose dugc c6 1ap ti vo trau bang phuong phap hoa
hoc, thong qua qua trinh axit formic/axit peroxyformic, nham loai bé lignin va hemicellulose trong
ngudén nguyén liéu thd ban dau, thu dugc cellulose tinh khiét. Tiép dén la thly phan cellulose bang
axit sulfuric (64% wt, ty lé khoi luong cellulose va thé tich axit [a 1 g/15 mL) tai 45°C trong 30 phut.
Vat liéu sau méi budc xtr ly dugc khao sat théng qua cac phuong phap phan tich nhu phé héng
ngoai bién déi Fourrier (FTIR), nhiéu xa tia X (XRD) va anh hién vi dién t truyén qua (TEM). Hinh
thai hoc vat liéu thu dugc tir dnh TEM cho thdy CNCs c6 dang hinh kim véi dudng kinh va chiéu dai
trung binh la 15 nm va 480 nm. Thanh phan lignin da dugc loai bo khdi mau trong qua trinh x ly
hoa hoc thong qua phan tich phé FTIR. Tinh chét nhiét ctia vat liéu thu dugc trong sudt qué trinh
clng dugc khao sat thong qua phép phan tich nhiét — khéi lugng (TGA). Nhing két qua thu dugc
hira hen cho viéc sir dung vé trau lam nguyén liéu tdng hgp CNCs hudng dén ting dung ché tao
vat liéu nanocomposite.
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Ché tao nhiing vat liéu c6 tinh ning t6t, bén viing va
than thién v6i méi truong nhdm thay thé nhiing vét
liéu dya trén ngudn nhién liéu héa thach truyén thong
dang thu hut nhiéu sy quan tdm cta cdc nha nghién
cliu trén toan thé gigi. Hién nay nhiing vat liéu cé
ngudn gbc sinh hoc véi nhiing vu diém nhu bén viing,
c6 kha nang tai tao, kha ning phan huy sinh hoc va
khoéng st dung cdc phu gia doc hai dang dan ndi 1én
nhu mét ting cl vién ddy hia hen!. Trong hai thap
ky gan day, vat liéu composite v6i pha gia cuong 1a
céc sgi ty nhién dang trd nén khd phd bién. VE mit
céu tao, sgi tu nhién bao gébm ba thanh phan chinh
do la cellulose, hemicellulose va lignin; ngoai ra con
¢6 mot s6 nhiing thanh phin nho nhu pectin, sap va
phu gia?. Cellulose, ham lugng chti yéu trong sgi tu
nhién, 13 mét polymer mach thing bao gém c4c don
vimétxichla B-D-glucopyranose. Céc don vi nay lién
két v6i nhau qua lién két cdng hoa tri (B-1,4-glucan)
dugc tao thanh ti cac nhém acetal gitia cac nhom -
OH & vi tri xich dao clia nguyén ti carbon C1 va C4.
Trong ciu truc cua cellulose c6 chiia rdt nhiéu cac
nhém chiic -OH, nén gitia cac mach cellulose hinh
thanh nhiéu cac lién két hydrogen ndi phén ti va lién

phan td. Chinh nh¢ mang luéi lién két hydrogen nay
ma cdc mach cellulose hinh thanh nén c4u tric dang
s0i voi dudng kinh khoang 2-20 nm va chiéu dai 1én
dén vai micromet. Hai thanh phan chinh con lai ctia
sgi tu nhién la hemicellulose va lignin. Hemicellulose
thudc ho polymer polysaccharide mach nhanh, c6 cdu
tao tii cac phén t& nhu glucose, xylose, galactose, ara-
binose, va mannose. Lignin thu¢c ho polymer pheno-
lic ¢6 d6 khau mang cao. Ca hemicellulose va lignin
thudc ho polymer vo dinh hinh, trong khi d6 cellulose
6 cdu tric ban két tinh.

Nano tinh thé cellulose (Cellulose nanocrys-
tals_CNCs) dugc tao thanh béng cich loai bé phan
vo dinh hinh trong cdu tric cta cellulose tinh khiét.
Quid trinh nay sé anh hudng dén cau truc, ham lugng
tinh thé, hinh thdi bé mit va d6 bén nhiét cta vat
liéu. Mot s6 nhiing nghién ctiu gin day da c6 ging
cai thién ham lugng tinh thé va do chiu nhiét cua vét
liéu>*. V& mit hinh thai, CNCs c6 cdu tric hinh que
cting v6i ham lugng pha tinh thé khoang 54 dén 88%.
Hinh thai va ham lugng pha tinh thé trong CNCs
phu thudc vao ngudn nguyén liéu ban ddu va phuong
phép t6ng hgp. CNCs s& hitu mét s6 nhiing tinh
ndng quan trong nhu d¢ ciing cao, ty trong thép (xdp
xi khoang 1,57 g.cm™3), hé s6 gian n& nhiét thip
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va modun dan hoi cao (khoang 150 GPa). Chinh
nh¢ nhiing tinh chat ndi tri nay ma CNCs dang trd
thanh mot Ging cti vién ddy trién vong trong viéc lam
pha gia cudng cho céc loai polymer nhiét déo va nhiét
rin nhim huéng dén cic ing dung khac nhau’~’.
Trong nhiing ndm gan day, cac nghién ctu dang tap
trung vao viéc téng hgp CNCs tui cdc nguén phu phim
ndng nghiép. Mot s6 cic nghién ciiu di dugc cong
b6 vé viéc st dung cac ngudn nguyén liéu khic nhau
nhu ba mia®, xo dita®, rom ra'?, than cay chusill,
ba la tra ', Tai Viét Nam, trong khoang hai thap ky
vita qua, vo trdu da dugc Ging dung khé nhiéu 3. Triu
la 16p vo boc tu nhién tao thanh xung quanh hat gao
trong qué trinh phat trién, 14 mot loai sgi ty nhién
dugc thai ra ti quy trinh san xudt gao.Vo trau dugc
xt ly hoa hoc bé mat d€ ung dung lam vat liéu hép
phu kim loai nang, hoéc st dung lam chat don trong
ché tao vt liéu composite. Gan déy nhat 1a st dung
vo trdu lam nguoén nguyén liéu ché tao silica hodc than
hoat tinh thong qua quad trinh xt ly nhiét. Tuy nhién,
nhiing nghién ctu chi tiét vé viéc ché tao CNCs tu
nguén nguyén liéu nay tai Viét Nam hién nay van con
kha it.

Viét Nam la mdt nudc cé nén van minh lda nudc lau
doi. Nam 2016, san lugng lua cta Viét Nam dat hon
42 triéu tdn, trong d6 lugng vo trdu thai ra chiém dén
20% 4. Hau hét chung dugc dem di d6t hodc d6 bd
nhu mot loai rac thai, ddy 1a moét phuong phap khong
kha thi do ham lugng tro cao dugc sinh ra trong qua
trinh chuyén hoa carbon khi vo trdu chdy. Ngoai ra,
qué trinh phin hay bdi vi sinh vt caa tréu sé giai
phong khi methane gy hién tugng néng 1én ctia vo
trai d4t, anh hudng dén sy thay d6i khi hau toan cau.
Bén canh d¢, trdu ton tai dudi dang hat min, nhe c6
thé giy cic vin dé vé ho hdp cho con ngusi'®. Chinh
nhiing nguyén nhan ké trén dang gay ra nhiing thach
thic trong van dé xt ly loai phu phdm nay tai cdc nha
may san xudt gao.

Nhiing nghién ctiu trudc day tap trung kha nhiéu vao
viéc xtt Iy bé mat cua trdu nhim tng dung lam pha
gia cuong trong linh vuc ché tao vét liéu composite 15
hodc xii Iy trdu & nhiét d6 cao dé thu dugc silica '°. Vé
mat ham lugng thanh phén ctia trdu 17 trfu bao gom
ba thanh phan chinh la cellulose (25-35%), hemicel-
lulose (18-21%), lignin (18-21%), silica ( 15-17%) con
lai 14 céc hop chit hoa tan va do &m (7-15%). Do do,
hién nay nhiting nghién ctiu vé€ viéc st dung vo trdu
lam nguoén nguyén liéu d€ tong hop nano tinh thé cel-
lulose dang thu hit dugc rt nhiéu sy quan tam.
Muc dich ctia chung t6i trong nghién cttu nay la c6 lap
cellulose tif ngudn nguyén liéu vo trau va thay phan
tao tinh thé nanocellulose (CNCs) nham huéng dén
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ung dung lam pha gia cuong cho vat liéu compos-
ite. Cellulose dugc c6 1ap thong qua qué trinh axit
formic/axit peroxyformic bao gém ba budc chinh: xu
1y béng axit formic (HCOOH), xti ly béng axit perox-
yformic (PFA-hén hgp dung dich HCOOH + H,O; +
H,0) va tdy tring bang hén hgp dung dich NaOH va
H,0,. Tiép dén la thay phan cellulose bang axit sul-
furic. Xt ly vo trdu trong mdi trudng axit 1a d€ mot
phén hemicellulose, sap, pectin... bi hoa tan. Phan
con lai va lignin sé truong lén trong moi trudng axit
va di hanh ra bén ngoai bé mat, tao di€u kién cho qua
trinh x ly bang PFA. Giai doan PFA sé lam mém s¢i,
tiép tuc loai bd phin 16n hemicellulose va mot phin
lignin nh¢ vao su c6 mét ctia chit oxy héa HyO,. Trai
qua cac budc xtt ly axit va PFA, phan 16n hemicellu-
lose, sap, pectin trong vo trdu da dugc loai bo. Tuy
nhién, thanh phan lignin van con bam bén ngoai sgi.
Do d6 cin phai tiép tuc thuc hién qua trinh tdy tring
déloai bo hoan toan lignin va thu dugc cellulose tinh
khiét. Sgi cellulose 1a mét dang polymer ban két tinh
ma tai d6 cdc vung tinh thélién két véi nhau thong qua
vung v dinh hinh. D€ c6 dugc cdu tric bén va mang
lai hiéu qua cao trong vai tro pha gia cudng ctia sgi cel-
lulose, nhiing viing v6 dinh hinh nay cin thiét bi loai
bd. Do do, giai doan cudi cuing chiing t6i thuc hién
thiy phén axit. Trong qud trinh nay axit sé uu tién
tan cong vao vung vo dinh hinh trong khi cac viing
6 cu tric tinh thé sé khong bi axit tdn cdng do miic
do trat tu cao. Chtic nidng chu yéu cua cic axit la giai
phong céc ion hydronium (H™) dé cit dut cdc lién két
glycoside va ether trong chudi phén ti cellulose cta
vung vo dinh hinh.

VAT LIEU VA PHUONG PHAP

Vat liéu

Vo trdu c6 ngudn gbc ti vung trong lda Cu Chi,
Tp.HCM. Vb trdu sau khi thu gom vé dugc rtia sach
v6i nude sau d6 dem di xay nhuyén thanh dang bot
min. NaOH (Trung Quéc), HCOOH (Trung Quéc),
H,0; (Trung Qudéc) va HySO4 (Trung Qudc). Tat ca
cac héa chit déu 1a dang thuong mai va dugc st dung
truc tiép.

Phuong phap nghién ciu

Céc miu dang bot gdm vo trau tho cling véi vo triu
qua cac giai doan xt Iy khac nhau dugc nghién min
va sdy 24 git ¢ 80°C. Thanh phan héa hoc dugc phan
tich thong qua quang phé hong ngoai FTIR (TENSOR
27, Bruker). Mau phan tich dugc ép vién véi KBr, sau
d6 quét tii s6 song 4000 dén 400 cm~!. Ham lugng
nguyén t6 hién dién trén bé mit dugc xac dinh thong
qua phé EDX, stt dung hé EMAX ENERGY két hgp
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trén thiét bi FESEM S-4800. M4u khé dang bot dugc
phén tich nhiéu xa tia X (D2 PHARSER, Bruker) véi
gbc quét 26 tit 10?2 dén 80° & budc chuyén 0,02°/phut.
Ham lugng tinh thé ctia mau dugc tinh theo cong thiic
( 1 ) 18 .

Crl (%) =1— g (1)

Gid trj Ly, Gng v6i cudng do nhiéu xa thip nhét tai 260

khoang 187, Ippp la mii cao nhat ctia mit mang (200)
tai 20 khoang 22,1-22,9°. Kich thudc tinh thé dugc
tinh dya trén cdng thiic ciia Debye-Scherrer.

D (nm) = g8 (2)

Véik = 0,91 1a hang s6 Scherrer, bu6c séng A = 0,154
nm, B, 1a mot ntia bé rong ctia miii (200) tinh theo

radian va 6 1a géc nhiéu xa tai mai d6.

Hinh théi hoc ctia mau dugc xdc dinh qua kinh hién
vi dién tt truyén qua (TEM). Trudc khi quan sat, mau
nano tinh thé cellulose dugc phén tin trong nudc
(0,01 mg/ml) bang siéu 4m khoang 30 phut, sau dé
mot giot cia hé huyén phu nay dugc dua lén ludi dong
va phti 1én mét 16p carbon mong, tiép dén mau dugc
sdy kho trugc khi phén tich.

Tinh chét nhiét cia mau vo triu tho va vo trdu qua cac
giai doan xti ly khac nhau dugc xdc dinh béng phuong
phép phén tich nhiét - khéi lugng (TGA). Gian dé
TGA dugc phan tich trén may TGA Q500, mau dugc
quét tit 30°C dén 700°C trong moi trudng khi nitro-
gen, tdc do gia nhiét 1a 10°C/phat.

C6 lap cellulose tir vo trau va thuy phan tao
nano tinh thé cellulose

Tién xur ly

Vo triu thu gom ti ving tréng lda Ca Chi, Tp.HCM
dugc rua sach véi nu6e sau d6 dem di xay nhuyén
thanh dang bot min (s¢i macro).

Bot vo triu dugc hoa vao nude cit, dun 6 100°C trong
2 gi6 nham loai bo céc thanh phan min va mét s6 tap
chét ban khic bam bén ngoai. Sau d6, hén hgp duge
loc va sdy & khoang 70°C trong 8 gio.

Xtr ly axit HCOOH

Vo triu sau qud trinh tién xt 1y dugc khudy hoan luu
trong axit formic 90% (ti 1€ trdu/ axit = 1:10) 6 100°C
trong 2 gid. Sau do, loc bing phéu Buchner va riia lai
mot lan véi axit formic tinh khiét, sau d6 rua tiép ba
14n v6i nuéde cit dun soi d€ loai bo axit con du va sdy
kho.

Xt ly axit peroxyformic (FPA)

Sau khi xti ly axit, vo tréu ti€p tuc dugc khudy hoan
luu véi dung dich PFA (90% HCOOH, 4% H; O3, 6%
nudc cit) & 80°C trong 2 gid rdi loc, rua lai 14n lugt
véi axit formic 80% va nudc cat.

Tdy trdng

Sén phim sau khi xt ly PFA dugc tdy tring v6i dung
dich NaOH 1M va H, Oy, ti1é mau/H, O, la 1:1, khudy
hoan luu 6 80°C trong 1 gid. Loc va rua lai nhiéu lan
v6i nuGe cat. Giai doan ty trang duoc thuc hién hai
lan.

Thay phan axit

Sau tdy tring, san phdm thu dugc c6 mau tring, min
dugc khudy trong dung dich axit sulfuric 64% & 45°C
trong 30 phut. Huyén phui sau khi thity phin dugc tién
hanh ly tdm trong nudc cat véi téc do 4000 vong/phit
trong 10 phut. Budc ly tdm nay dugc thuc hién nhiéu
lan dén khi dung dich trung hoa c6 pH = 7. San phdm
cudi cung thu dugc dang bot trang dugc sdy kho &
khoéang 80°C trong 24 gid. Hiéu sudt tong cta toan
qua trinh dugc tinh theo cong thiic (3), trong d6 khéi
luong kho ctia cic méau tho va mau sau thay phan da
dugc sdy dong kho tai ap sudt 100 mTorr trong 24 gio:
H(%) = ™ x 100 (3)

Trong do:

my 13 khéi lugng kho ctia miu sau thay phén (g).

my la khoéi lugng kho ctia mau vo trau thd ban dau (g).

KET QUA THAO LUAN
Phan tich két qua phé FTIR va EDX

Ti nguén nguyén liéu vo trdu tho ban déu, trai qua
qué trinh xt ly hoa hoc tii budce tién xu ly dén thuy
phén axit, hiéu sudt téng thu dugc tinh theo c6ng thiic
(3) la khoang 27-29%. Qua trinh tach chiét cellulose
va tong hgp CNCs dugc ddnh gid thong qua phd bién
d6i hong ngoai Fourier (FTIR) cta vét liéu ti miu
vo trdu thd dén mau thay phan dugc thé hién trén
Hinh 1.

Céc két qua dugc thé hién trong Hinh 1 cho thiy su
thay d6i ctia cdc miii tin hiéu déc trung qua tling giai
doan. Mii bdu rong trong viing tii 3100 cm~! dén
3500 cm ™! dic trung cho dao dong kéo din ctia nhém
—OH t0n tai trén bé mdt ctia cdc mach cellulose, dong
thoi dao ddng nay ciing cho thdy sy hién dién ctia cac
phén tit nuéc bi hdp phu vao miu. O s6 séng khoang
2900 cm ™! 1a dao dong kéo dan clia cac lién két C-
H trong cac thanh phan cellulose, hemicellulose va ca
lignin ', Céc thanh phan vé dinh hinh hemicellulose,
mot phan lignin, sap, pectin va céc tap chat khac dan
dugc loai bo qua céc giai doan tit mau tho dén xu ly
PFA kém theo d6 la sy gidm hép thu &m trong mau
nén tin hiéu mai -OH gidm déan. Diéu nay cling dugc
minh chiing thong qua sy thay d6i mau sic ctia vo trdu
qua cac giai doan xt ly ti mau tho ban ddu dén xt ly
PFA (Hinh 2).
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Hinh 1: Phé FTIR cGa cdc mau (a) mau thé; (b) mau x{ ly axit; (c) mau xt ly PFA; (d) mau tdy tréng va (e) miu thay

phan

Duéi tic dong cta axit HCOOH & nhiét d6 cao
(100°C), moét phan hemicellulose, sap, pectin... bi
hoa tan trong axit. Riéng lignin bi truong lén va c6
xu huéng di hanh ra bén ngoai bé mit, lam giam sy
hép thu 4m cta miu. Do cdc din xudt phenol ton
tai trong lignin 13 thanh ph4n hép thu dnh sing kha
kién nén lam cho mau & giai doan nay c6 mau nau
do d4m hon ban ddu. Phé FTIR clia cdc mau nay co
su hién dién ctia mii tin hiéu & vung tit 1714-1735
cm ! 1a dao dong déc trung ctia nhém acetyl (C=0)
hodc nhom ester (-COO) c6 trong thanh phan hemi-
cellulose hodc nhém carboxyl ctia axit ferulic va axit
p-coumeric trong thanh phan lignin?’. Tiép dén giai
doan téy tring, dudi tdc dong ciia hdn hgp gobm NaOH
1M vaH,0,. NaOH déng vai tro nhu mot moi truong
tao diéu kién cho H,O; phén ly. Trong nudc Hy, O,
phan ly thanh cc ion H va ion perhydroxyl (HO, ™)
14 ion hoat dong tdy tring. Céc ion nay téc kich vao
cac n6i doi trén mach va dan xudt vong thom c6 trong
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lignin va hemicellulose gitip loai bd 16p vo boc bén
ngoai, giai phong ciu tric cellulose. Trai qua giai doan
tdy trang lignin dugc loai bo gdn nhu hoan toan, lic
nay vat liéu c6 mau tring sang hon so vdi céc giai doan
trude, nhu dugc thé hién trong Hinh 3.

Sau giai doan nay, cdu truc cua cellulose dugc giai
phong, cac nhém -OH trong céu tric 16 ra ngoai nén
cuong do mai ting cao trong phd FTIR. Tiép dén, mau
tdy trang dugc thuy phin trong mdi trudng axit, cac
ion hydronium (H™) sé vu tién tdn céng vao viing vo
dinh hinh trong khi cdc viing c6 cdu tric tinh thé sé
khong bi axit tdn cong do mic d¢ trat tu cao. Sau qua
trinh phd v cdu tric vo dinh hinh, tiing tinh thé riéng
biét dugc giai phong véi kich thudc nanomet, trong
khi cac khéi tinh thé van gitt nguyén huéng phan b
doc theo chiéu dai bé sgi nho ban dau. Ngoai ra, axit
sulfuric trong qua trinh thay phén ciing hinh thanh
trén bé mit sgi cic nhém sulfate tich dién am'. Chinh
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Hinh 2: Su thay d6i mau sdc mau qua tiing giai doan x{ ly (a) mau thé,(b) mau tién xu Iy, () mau xu Iy axit va (d)
mau xur ly PFA

Hinh 3: Sgi sau khi tdy trdng |an mot (a) va sgi sau khi tdy trdng lan hai (b)
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Hinh 4: Huyén phu cellulose sau khi thtly phan axit (a) Huyén phu sau khi trung hoa va danh siéu am (b)

cac nhém nay giap cho hé huyén phu cia CNCs trg
nén bén viing trong moi truong nudc (Hinh 4).

Phd FTIR cho thdy, ¢ hai mau tdy tring va thay phén,
mii tin hiéu cta thanh phan lignin 6 viing 1714-1735
cm~! d hoan toan bién mét. Ngoai ra, dao dong kéo
dan lién két C=C trén vong thom ctia lignin & khoang
1500 cm ™! ¢6 thé quan sét thiy & cic miu tho, xi Iy
axit va xtt Iy PFA ciing hoan toan bién mét & hai mau
tdy trdng va thay phan. Két qua phd FTIR phu hgp
v6i sy thay d6i mau sdc va hinh théi sgi, chiing minh
hiéu qua ctia quy trinh tach chiét cellulose ctia chiing
toi.

Cuong do tin hiéu ciia nhém -OH sau khi thiy phan
gidm 1a do cac vung cellulose v6 dinh hinh da bi loai
bo, dong thoi qua trinh ester hoa da gan cac nhom
sulfate 1én bé mat sgi thay thé mét phan nhém -OH.
Céc dao dong udn tuong ting ctia cic nhém C-O-H
& khoang 1200-1400 cm ™!, bi ghép cip véi céc dao
dong khac xudt hién dudi dang mii tuong doi yéu.
Céc dai hdp thu manh ctia dao dong kéo dan C-O va
C-C xudt hién trong ving 1000-1100 cm ™!, ciing véi
cac hdp thu cta lién két ether C-O-C bén trong mbi
vong glucopyranose va cac lién két ether néi gitia cac
viing ké cin trong ciu tric cellulose & 1059 cm™ 12!,
Su chong l4p clia nhiing dai ether nay va cac dai C-O
ctia alcol tao nén hinh dang déc trung cho toan b¢ dai
trong viing 1000-1100 cm ™!,

Ngoai ra, dai hip thu yéu & 897 cm ™! cia dao dong
udn C;-H cho thdy nguyén td hydro gin vao nguyén
ti C; cua vong glucopyranose 1a & vi tri truc (do d6
cho thdy OH 6 vi tri xich dao). Chinh vi vy cic vong
pyranose lién két v6i nhau kiéu 3-1,4 khing dinh cdu
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tric hoa hoc cuia cellulose 1a mét polymer lién két 3-
glucose & vi tri 1,422,

Nham hiéu r6 hon thanh phén cdc nguyén t6 c6 trong
mau sau qud trinh tdy tring, ching t6i tién hanh phan
tich EDX. Phé EDX ctia mau sau qua trinh tdy tring
dugc hién thi trén Hinh 5. Két qua cho théy qua cac
qua trinh xt ly héa hoc, t6i qua trinh tdy tring, cac
tap chét cta vo trdu da dugc loai bd, san phidm cudi
cung chi bao gobm C va O.

Phan tich gian dé TGA

Theo M. Mariano va céc cong su?’, qua trinh phan
hty nhiét ly tudng cta cellulose c6 ba ving chinh.
DPau tién 1a sy mat khai lugng do bay hoi nhu nude va
cac tap chat co trong lugng phan tt thdp. Giai doan
mat khoi lugng thd nhét1a qua trinh oxy héa nhiét cac
nhoém -OH trén bé mdt, cit dit va phan hiy mach cel-
lulose tao thanh 16p than. Qua trinh oxy héa tiép tuc
16p than cin cho dén khi ngling gia nhiét xay ra & giai
doan phan hiy tht hai?3.

Nhin vao gian d6 TGA va DTG (Hinh 6) cia mau tho
cho thdy d6 mét khdi lugng do bay hai nude 6 khoang
98°C (mAt 4,08% khoi lugng). Nhiét do bit dau phan
hay (T,) la 285°C. Vung mat khoi lugng thi nhat
dugc thé hién qua mii tin hiéu DTG tu 285°C dén
315°C 1a su chong chéo cac qua trinh phan hay cta
lignin, hemicellulose, sap va mot s6 thanh phén phu
khéc (giai doan nay phan huy 22,09% khéi lugng).
Lignin va hemicellulose sau khi phan hay sé d€ lai
thanh 16p than bao boc bén ngoai sgi cellulose, dong
vai trd nhu mot téc nhan chdng chdy pha rén han ché
su tiép xuc gitia sgi va ngudn nhiét lam chim qua
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Hinh 6: Gian d6 TGA va DTG clia cdc mau vo trau thé, tdy trang va thdy phan

trinh chdy. Tl 315°C- 450°C la qua trinh phéan huy
cac nhom -OH trén bé mit va sy xdy ra dong thoi cac
qué trinh dé€ polymer héa, d€ hydrat héa lam phan huy
cac don vi glucosyl trong mach cellulose tao thanh cac
16p than can. Trén 450°C, 16p than tiép tuc bi oxy héa
tao thanh cac san phdm c6 phan ti lugng thip hon.
Lép than con lai & 900°C cao (28,62%) (Bang 1).

Do mit khéi lugng do bay hoi nudc ciia mau téy trang
& nhiét d6 & khoang 74°C. O giai doan nay cdc nhém
-OH trong mach cellulose 1 ra ngoai nén ting kha
nédng hut &m lam khoi lugng mat nude cao hon so véi
mau tho (7,08%). Nhiét d6 bit ddu phan huy gidm con
256°C. Cac vung cellulose v dinh hinh phén huy tu
256°C dén 290°C. Tt 300°C- 450°C la sy phan huy
mach cellulose tao thanh 16p than. Do sau qua trinh

tdy trdng da loai gdn nhu hoan toan lignin va hemi-
cellulose nén ham lugng than con lai & 900°C thép
(16,10%). Do bén nhiét tiép tuc gidm & mau thay
phén bing axit sulfuric. Nhiét d¢ bat ddu phan huy
228°C thip hon 11% so v6i mau vo triu tho. Nguyén
nhén cta hién tugng nay lién quan dén sy xuit hién
ctia cdc nhém sulfate trén bé mat soi.

Theo cac nghién ctiu clia Maren va cac cdng su 24 thi
su ¢6 mit ctia cdc nhom sulfate gan trén bé mat s¢i
sau khi thuy phén axit c6 anh hudng dén d6 bén nhiét
ctia nanocellulose. Ham lugng nhém sulfate ting khi
tang nong do, ty 1é va thoi gian thity phan kem theo d6
la sy gidm d6 bén nhiét ctia s¢i ciing da dugc chiing
minh. Cédc nhém hydroxyl hién dién trén bé mit ctia
tinh thé cellulose lam gia ting sy hdp thu do &m trong
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Bang 1: Phan tich su phan hidy nhiét ca mau vé trau thé, mau tay trang va thay phan

Mau Giai doan  Giai doan mot Giai doan hai Ham
mét nudc lugng than
G900°C
WL (%) T, (°C) Timax (°C) WL (%) T, Thmax WL (%) (%)
Tho 4,08 285 315 22,09 320 374 44,43 28,62
Tﬁy 7,08 256 277 11,87 280 369 64,85 16,10
tring
Thﬁy 2,56 228 284 37,76 290 389 33,08 19,59
phéin

Trong do: T, la nhiét dp bt ddu phan hity, Ty la nhiét do phan hiy cuc dai, WL la do mdt khéi lugng.

khong khi két hgp véi su gidi ester hoa nhém sulfate
G nhiét do cao (hon 150°C) tao ra axit sulfuric. Axit
sulfuric tao diéu kién cho su phan hty cdc nhom hy-
droxyl trén vong bing cach xdc téc truc tiép phan ting
khtt nuge 4, Trong giai doan mot, d6 mét khai lugng
tuong d6i 16n dén 37% trong 10 phut & 228°C-360°C
14 do sy xay ra dong thoi phan ting khi nudc, dé sul-
fat héa, va mot phin phan ting depolymer hoéa. Tu
trén 360°C, qud trinh phan hay tiép tuc ctia tinh thé
cellulose dong thoi xay ra qud trinh phéan hiy axit sul-
furic sinh ra do qua trinh gidi ester hda. Cac phén tu
axit sulfuric sau khi sinh ra, ndm trong viing nhiét va
khéng phan hity cho dén khi nhiét dat 380°C?*. Ham
lugng 16p than cudi cung 6 900°C ting cao hon so véi
mau thuy phin 19,59% do cic nhom sulfate ngoai viéc
gay ra sy giam d6 bén nhiét thi n6 con hoat dong nhu

mot tdc nhan lam chdm qua trinh chay.

Két qua XRD

Cung véi két qua phan tich phé hong ngoai va phd
EDX, két qué phén tich nhiéu xa tia X (Hinh 7) mdt
14n nita khéng dinh ring sén phdm thu dugc 1a cellu-
lose tinh khiét. Theo ly thuyét, gian d6 XRD cta cel-
lulose tinh khiét sé bao gom cac mii két tinh tai cac vi
tri 20 lan lugt la 14,4%, 16,57, 22,6° va 34,97, ting véi
céc mit phing (101), (1017), (002) va (040)%°. Dya
vao XRD,... ham lugng tinh thé tinh theo cong thic
(1) va kich thudc tinh thé tinh theo cong thic (2) véi
két qua dugc thé hién trén Bang 2.

Bang 2: D két tinh va kich thudc tinh thé ctia cdc mau

Mau Do két tinh  Kich thudc tinh
(%) thé (nm)

Mau tho 56,52 2,1

Mau tdy tring 70,04 4,7

Mau thuy phan 74,47 7,1
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T vo tréu tho, trdi qua cdc qua trinh tu tién xti ly dén
tdy trang d loai bo dugc céc thanh phan vo dinh hinh
nhu hemicelulose, ligin va pectin. Diéu nay lam cho
ham lugng tinh thé cellulose cia méau sau tdy tring
tang 1én (70,04% so v6i 56,52% ctia mau tho ban dau).
Cellulose v6i ban chit1a mot polymer ban két tinh, véi
cdc vung v6 dinh hinh va tinh thé dan xen nhau. Qud
trinh thay phén lam cat ddt cic lién két B-glycoside
bai cac ion hydronium ctia axit manh, cac ion nay tin
cdng vao vung vo dinh hinh trén s¢i dong thoiloai bo
cdc ving nay, chi d€lai nhiing viing c6 d¢ két tinh cao.
Két quala do két tinh tang tit 70,04% v4i mau cellulose
1én 74,47% d6i v6i mau da qua thuy phan (Bang 2).

Phan tich anh hién vi dién t& truyén qua
(TEM)

Két qua anh hién vi dién tu truyén qua cta sgi sau
khi dugc thity phan béng axit sulfuric & néng do 64%
trong Hinh 8 cho thdy dugc dudng kinh sgi c6 kich
thudc trung binh 15 nm, va d¢ dai udc tinh trung binh
khoang 480 nm.

KET LUAN

Chung t6i da 6 lap dugc cellulose tit nguén vo trdu
Viét Nam bing phuong phap hoa hoc, thong qua qué
trinh xd ly axit formic/ axit peroxyformic. Quy trinh
trén dé loai bo thanh cong cac thanh phén lignin va
hemicellulose v dinh hinh c6 trong vo trdu, tu do6
thu dugc cellulose tinh khiét. Tiép dén, cellulose dugc
thiy phan véi axit sulfuric 64% dat dugc kich thude
nano. Két qua XRD cho thdy d¢ két tinh cua sgi ting
tl 56,52% voi mau tho 1én 74,47% véi mau da qua
thay phan. Nguyén nhan chinh 13 do qua trinh c6 lap,
tiép dén la thuy phan da loai bo cac thanh phéin vd
dinh hinh nhu hemicelulose, lignin, pectin va viing
cellulose v6 dinh hinh c6 cdu tric 1ong 1éo trong cau
tric sgi. Nano tinh thé cellulose thu dugc c6 dang
hinh kim véi duong kinh va chiéu dai trung binh cta
soi 1an lugt la 15 nm va 480 nm. V6i nhiing két qua
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Hinh 7: Gian d6 XRD cla cac mau(a) mau thé, (b) miu tdy trdng va (c) mau thdy phan

Hinh 8: Anh TEM ctia mau huyén phti nanocellulose

thu dugc, nanocellulose hiia hen c6 tiém ning 16n
trong dinh huéng tGing dung lam pha gia cudng cho

vat liéu nanocomposite.

LO1 CAM ON

Nghién ctiu dugc tai trg bsi Dai hoc Qudc gia Thanh
phd H6 Chi Minh (PHQG-HCM) trong khudn khé
Dé tai ma s6 “562-2018-18-01”. Nhém tac giad xin

chéin thanh cdm on.

DANH MUC TU VIET TAT

CNCs nano tinh thé cellulose

TEM Anh hién vi dién téi truyén qua
XRD nhiéu xa tia X

FT-IR phd hong ngoai bién d6i Fourier
EDX phé tan sic nang lugng tia X
TGA phén tich nhiét - khéi lugng
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Isolation of cellulose nanocrystals from rice husk using the formic/
peroxyformic acid process

Vu Nang An, Nguyen Van Nhi, Tran Thi Thanh Van, Ha Thuc Chi Nhan, Le Van Hieu®

ABSTRACT

Cellulose nanocrystals (CNCs) is one of the interesting materials attracting many researchers from
the decades, especially when they are extracted from natural biomass resources. The aim of this
Use your smartphone to scan this study was to explore the utilization of rice husk residues as source for the production of CNCs. Cel-
QR code and download this article lulose was extracted from rice husk based on chemical method, using the formic/ peroxyformic
acid process in order to effectively remove lignin and hemicelluloses from raw material. The cel-
lulose was then treated by acid hydrolysis process performing at 45°C for 30 min, using 15 mL of
H2SOy4 (64% wt) for each gram of cellulose. The material obtained after each stage of the treat-
ments was carefully characterized by Fourier transform infrared spectroscopy (FTIR), X-ray diffrac-
tion (XRD) and Transmission electron microscopy (TEM). Morphological characterization from TEM
revealed the appearance of needle-like shaped CNCs, average diameter and length of 15 nm and
480 nm, respectively. FT-IR results indicated that lignin was completely removed from the samples
during chemical treatment. The thermal stability of the materials in successive treatments was also
investigated using thermogravimetric analysis (TGA). These promising results proved revalue of this
by-product for the production of CNCs and its potential use as reinforcement in the preparation of
nanocomposites.
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