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Ché tao vi s¢i nanocellulose tir bun thai nha may gidy bang phwong phap
thiy phan sir dung axit sunfuric bo sung hydropeoxit

Study on Nanofibrillated Cellulose Preparation from Paper Mill Sludge by Sulphuric Acid Hydrolysis

with Added Hydrogen Peroxide
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Tom tat

Bun thai chira xo sgi ctia nha may gidy da duoc tan dung dé ché tao nanocellulose bang qua trinh xi Iy nhiéu
chg doan. Trwoéc tié:n, bun thai duoc xtr /}:/ v0i axit clohydric va rira dé thq hoi cellulose. Sau doé, cellulose thu
hoi dwoc XUp ly voi hon hop axit sunfuric néng d 0.25% va hydropeoxit nobng do 0.1% & nhiét do 140°C, trong
2h, réi tay trang bang dung dich hydropeoxit trong méi trirong kiém va nghién. bac tring cta nanocellulose
dang xo sgi ¢o dwong kinh trung binh < 100 nm, dwoc phan tich bang SEM, FTIR, XRD. Phwong phap moi
ché tao nanocelulose co thé duwoc phat trién dé san xuéat ra sdn pham gia tri gia tang tte chat thai ran nha may
giay.

T khéa: Bun thai nha may gidy, cellulose thu hoi, nanocellulose.

Abstract

The fiber-containing sludge from trearment of paper mill effluents was used for preparation of nanofibrillated
cellulose by multi-stage process. Firstly, the sludge was treated by hydrochloric acid solution and washed for
recovery of cellulose. Secondly, as-recovered cellulosic pulp was treated by mixture of sulfuric acid 0.25%
and added hydrogen peroxide 0.1% at 140°C for 2 hours. Cellulose pulp then was treated by solution of sodium
hydroxide and hydrogen peroxide followed refining. The characteristics of nanofibrillated cellulose with fiber
diameter less than 100 nm were determined by SEM, FTIR and XRD. The new method of nanocellulose

preparation can be developed for production of value-added products from paper mill solid waste.

Keywords: Paper mill sludge, recovered cellulose, nanocellulose.

1. Mé dau

Bun thai hé théng xur ly nude thai cua cac co so
san xudt bot glay va glay 1a chét thai rin cd sd luong
16n, duoc thu hoi tir qua trinh san xuat bot gidy va gidy.
Ngoai céc tap chét co hoc khac, bun thai luén chira mot
luwong 16n x0 sQi vun, co thé dugc st dung tryc tiép
hodc chuyén héa thanh cac san pham co gia tri cao [1].

Tuy thude vao ngudn gdc ciia xo soi trong bun,
ma bun chira bot gidy dugce phan loai [2] thanh bun
nguyén sinh, hinh thanh trong qua trinh san xuét bot
gidy nguyén thuy tir 0; bun khir myc, thu hdi tir qua
trinh khir myc in gidy tai ché; va bun thir sinh, thu dugc
tir qua trinh xur Iy nude thai tai ché gidy. Téng luong
bun chira bot gidy co thé chlem 3-5% san luong gidy.
V6i ki thuat san xudt bot gidy, gidy, phuong phép thu
hdi bun hién nay, ham luong xo soi cellulose c6 thé
chiém 40-60% khéi luong chat rén [3].
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Ttr truée dén nay, bun chira bot glay thai chu yéu
duoc chén lap dé 1am giau. dét [7], c6 thé duoc st dung
cho san xuét cactong va gidy bao bi [4], composit [5,6].
Gan day, voi sy phat trién nghién ciu ché tao
nanocellulose bang cic phuong phap khac nhau, bun
thai dugc chu y nhu mot ngudn xo soi cellulose phit
hop dé ché tao thanh nanocellulose [8,9,10,11]. Uu
diém cua cellulose tir bun thai 1a ¢ kich thudc nho, dé
chuyén hoéa thanh vat li¢u nano, mang lai lgi ich 16n
hon nhiéu so véi cac phuong thtrc tan dung truyén
théng [11].

Ciing nhu ddi vai cellulose tir gb hay cac ngudn
nguyén lidu khéc, co thé ap _dung cac phuong phap
khéc nhau, nhu co hoc (nghlen) thily phan bang axit
dam dac, oxi hoa TEMPO, hay cacboxy hda,
[12,13], nhung kha thi nhat la st dung axit sunfuric
lodng lam tac nhén cit ngan X0 s¢1i, con tac nhan tach
x0 s0i ¢6 thé lua chon mot sb hop chét oxi héa [13].
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Bai b4o nay trinh bay két qua nghién ctru ché tao
nanocellulose tir bun thai nha may san xuét gidy tissue,
bao gém cac cong doan so ché dé thu hdi va lam sach
cellulose, chuyén hoa cellulose thanh nanocellulose sir
dung hon hop tac nhan axit sunfuric va hydropeoxit.
bay la phuong phap méi, hién dang dugc nhom nghién
ctru phat trién ap dung d6i véi cac loai cellulose khac
nhau.

2. Nguyén vét liéu va phuwong phap
2.1.Vit liéu

Bun thai chira bot gidy sir dung cho nghién ctru
dugc 14y tir bai chira bun thai ciia Cong ty gidy tissue
S6ng Pudng. Hoa chat sir dung dang phén tich 1a hoa
chét dang tinh khiét, xuat x(r Viét Nam, Trung Quéc,
Sigma Aldrich (Merck).

2.2. So' ché bun thai

Bun thai 1§y tr nha may duoc rira, sang chon, loai
b6 céc tap chat 16n. Sau d6 duoc ngdm véi HCI 2%
trong 24h dé loai bo so bo chét ban va vi sinh vat, roi
duoc loc, rira bé“mg nudc sach dén pH =7. Xo soi duoc
lam sach bang cach xir 1y voi dung dich NaOH bd sung
hydropeoxit v&i mue su dung tuéng ung 1a 2% va 1%,
6 nhiét do 70°C, trong 6 phut. biéu kién cong nghé nay
dugc tdi vu hoa biang mot nghién ciru riéng, dap ing
muc tiéu thu dugc bot cellulose c6 ham lugng cellulose
cao va do trang phu hop (khoang 70% ISO). Bot
cellulose dugce dé kho gio, xac dinh d6 4m, va phan
tich tinh chat theo cac phuong phap tiéu chuan hoa
TAPPI: ham lugng cellulose (theo TAPPI T17 wd —
70), d6 tro (TAPPI 211), ham lugng pentosane (theo
TAPPI T223), d6 tring (TAPPI T217), dong thoi st
dung cho nghién ctru ché tao nanocellulose.

2.3. Ché tgo nanocellulose

Phuong phap ché tao nanocellulose 1a phuong
phap hoa - co két hop. Qua trinh  bao g@)m 2 cong
doan: trudc tién bot cellulose dugce xtr Iy v6i dung dich
H>S0;4 va H,05 trong cac ndi nau bang inox dung tich
1 lit, gia nhiét trong bé glyxerin. Mdi thyc nghiém
dugc tién hanh vai 30 g bot kho tuyét ddi. Mire sir dung
hoa cht, nhiét do va thoi gian xtr 1y dugc diéu chinh
tuy theo muc tiéu cta tung thuc nghiém.

Két thuc qua trinh xur 1y, bot duoc loc rura, rdi xtr
1y (tay tring) bang hydropeoxit véi muc sir dung 0,5
% H20, va 2 % NaOH so véi khdi lugng bot, voi ndng
d9 bot 10% ¢ 80°C trong 30 phut. Sau d6 bot dugc rira,
vét nude, rdi bd sung nuoce cét toi thé tich 300 ml va
nghlen bang may nghlen phong thi nghiém (1a mdt may
xay da ning hai tang ludi OSAKA cong sudt 350 W)
v6i ndng do bot khoang 5% trong 5 phut dé thu gel
nanocellulose.

2.4. Xdc dinh hi¢u sudt nanocellulose
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Dé xac dinh hiéu suét . gel nanocellulose dugc lic
déu, roi lay 10 mau mdi mau 2 ml va ly tim trén _may
ly tim v&i toe ¢ 10.000 vong/phut, gan nudc, sdy va
xéc dinh khéi lugng. Hiéu suit nanocellulose (%) duoc
tinh theo cong thuc :

= [(V/2)xBx100]/A

Trong d6 : V - Tong thé tich gel nanocellulose
thu duoc sau nghién (ml); B — Khdi lwong trung binh
cua nanocellulose thu dugc tr 2 ml gel nanocellulose
sau siy (g);A- Khéi luong bot cellulose ban dau ()

2.5. Péc trung nanocellulose

Nanocellulose sau nghién duoc pha lodng véi
etanol dé thu dugc huyén phii ndng d6 khoang 0,05%,
khudy siéu 4m trong bé siéu 4m trong 15 phiit, roi phan
b6 méu trén tidu ban kinh, sy kho ¢ nhiét d6 phong va
phén tich SEM trén may phan tich FESEM JEOL JSM-
7600F tai Phong thi nghiém hién vi dién tir va vi phan
tich, Vién tién tién Khoa hoc va Cong nghé, Truong
DPHBK Ha Ngi.

Chi sb do két tinh cta cellulose va nanocqllulose
duoc xac dinh théng qua cuong d6 pick ciia pho XRD,
theo d6 chi s6 d6 két tinh dugc tinh theo cong thirc sau
[14]:

CrlI (%) = (Ioo2 — Tam)/Too2*100

Trong d6 ooz - Cudng d¢ pick tai goc 2Theta = 22,6;
Iam - Cuong d9 pick tai goc 2 Theta =18,7.

. Phé FT-IR cua nanocellulose dugc phan tich
bang thiét bi FT-IR NICOLET 6700 NRX RAMAN
MODULE - THERMO.

3. Két qua va ban luin
3.1. Thu héi cellulose tir buin théi chiva bt gidy

Bun thai chira bot gidy cua san xuét gidy tissue,
con chira sinh vat phan hity, cac chit vo co, ..., c6 mui
kho chiu, vi viy can phai so ché @é loai bo cac tap chét
va thu hdi xo soi cellulose.

Céc chét vo co chita trong bun thai chu yéu la
chat don CaCOs sir dung khi san xuét gidy in, viét, 1a
ngudn gbe xuit xur cla gidy 1 thu hoi hay gidy in bao,
st dung lam nguyén li€u san xut gidy tissue. Xt Iy
bun thai véi axit sunfuric va axit clohydric da tach
dugc cac chat bin va mot phin CaCOjs (c6 thé quan sat
duoc khi sui thoat ra khi xur Iy bun véi dung dich HCI).
Bot cellulose thu dugc sau so ché da khéng con mui
kho chiu, do tréng cao hon va dd tro thép hon.

Sau khi rtra, bot cellulose tiép tuc dugc xt 1y voi
dung dich NaOH va H,O; v6i muc dich trung hoa va
tay trang. Tinh chit cta bot cellulose di dugc phan tich
theo cac phuong phap tiéu chuin héa TAPPI: ham
luong cellulose 70,6%; d0 tro 8,7%; ham luong
pentosane 12,0%; cac hop chét khac 8,7%. Cellulose
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thu hoi da khong con mui kho chiu, ¢6 d¢ tring 68,3%
ISO, duogc su dung cho nghién ctru tiep theo.

Hién nay, cic nha may san xuét glay tissue noi
chung va Cong ty Gidy tlssue Séng Pudng néi riéng,
chi sir dung hoac la bot glay hoa hoc nguyén sinh, hodc
gidy 18 phé liéu cua san xuét gidy in, gidy viét va gidy
tissue, nén cellulose thu hdi tir bun thai khong chira
lignin. Bén canh do, tuy thudc vao muc dich st dung
ciia nanocellulose ma yéu cdu v& do tring cua
cellulose. Co thé thiy, chi v6i quy trinh tdy tring do
trang nhu vy ciing da lam sach dugc cellulose thu
hdi, c6 do tring twong duong vudi bot gidy sir dung
cho san xuit gidy in. Di v6i cellulose thu hdi tir bun
thai thi kho co thé téy tréng dé dat do tréng cao, boi da
bi vi sinh vét phan hity mot phan.

3.2. Ché tao nanocellulose tir cellulose ciia bin thdi

D3 tién hanh thyc nghiém ché tao nanocellulose
tu cellulose ctia bun thai, theo phuong phap thuly phan
gidi han béng axit sunfuric lodng ¢ nhiét d¢ cao, cd bd
sung hydropeoxit lam tac nhan tich xo soi. Pay la
phuong phap méi ché tao nanocellulose dd dugc nhom
nghién ciru phat trién tng dung véi cac loai cellulose
tir g, rom ra, ba mia, phu hop véi thuc tién va kha thi

e 100nm AIST 3/2

X 100,000 5.0kv  s] SEM WD 5.5mm 1

ap dung & quy mo 16n. C6 thé thy, xo soi cellulose thu
hoi tir bun thai ¢6 kich thudc nho, s& dé dang chuyén
hoa hon, so véi cellulose nguyén thuy tir cac ngudn
nguyén li¢u khac.

Bé“mg mdt loat cac thyc nghi¢m tham do nghién
ctru anh hudng cuia cac yéu t cong nghé, bao gdm mirc
st dung hoa chét, nhiét do va thoi gian xt 1y cellulose,
lya chon murc str dung hoa chét thich hop trén co so Kké
thira c4c nghién ctru tuong tu di dugc tién hanh vé ché
tao nanocellulose. N6ng d6 bot dugc lua chon 1a 5%,
twrong dwong ti 1& (rin:1ong) 1a (1:20), muc st dung
H0: 1a 2% va HzSO4 5% so voi bt (twong duong
ndng d6 0,1% va 0,25%).

Khao sat anh hudng cta nhiét do (trong khoang
120-150°C) khi xur ly bot cellulose trong 120 phut, tdi
hiéu suat va tinh chat ctia nanocellulose cho thiy, &
nhiét d¢ 120°C cellulose da bi thuy phan, co sy bién
d6i nhat dinh v& hinh thai xo soi, tuy nhién xo soi van
con két bo, ké ca ¢ nhiét dd cao hon (130°C). Khi ting
nhiét d6 té1 140°C, sy hinh thanh xo soi kich thudc
nano dién ra 13 rét hon, cic xo soi duoc tach biét nhau
tuong dbi tot. Nanocellulose thu dugc c6 dudng kinh
trung binh <100 nm (hinh 1).

 — 100om AIST
X 100,000 5.0kv S SEM WD 5. 6mm

100nm AIST 3/
X 100,000  5.0kv S SEM WD 5.4mm 1.

Hinh 1. Anh SEM ctia nanocelluose tir bun thai xu ly & cac nhiét d6 khac nhau
(A: 120°C, B: 130°C, C: 140°C, D: 150°C)
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Hinh 2. Anh hudng cia nhiét do toi hiéu sudt cua
nanocellulose

Céc diéu kién cong nghé néu trén déu cho cac
mau nanocellulose c6 dic trung khic nhau, ¢6 thé duoc
tmg dung cho nhimg muc dich khac nhau. Dé c6 thé
danh gia diéu kién cong nghé nao 1a thich hop vé mat
cong nghé 1an hiéu qua kinh té, da xac dinh hiéu suét
ctia cac mau thu duoc tir cac didu kién cong ngh¢ khac
nhau (hinh 2). C6 thé thiy, khi nhiét do xur 1y > 140°C,
hiéu suit nanocelulose thu dugc giam nhanh chong, do

thity phan cellulose dién ra manh, ddng thoi kich thude
nano nhé khé thu hoi bang phwong phap ly tam. Nhu
vay, dé thu dugc nanocellulose c6 hi¢u suat chap nhan
duoc, co thé ap dung nhiét d§ xt 1y trong khoang
140°C.

Phan tich SEM (hinh 3) cta cac mau xtr 1y & ciing
nhiét d9 (140°C) voi thoi gian xu 1y tuong ing 60 phit
va 90 phut, dong thoi so sanh v6i mau xir 1y véi thoi
gian kéo dai hon (hinh 1C) cho théy, c6 thé diéu chinh
thoi gian xir Iy & muic d§ nao do, tuy nhién véi thoi
gian xtr 1y <90 phit, cellulose d bi bién d6i nhung kha
nang chuyén hoa thanh dang xo soi kich thudc nano
hau nhu chua déang ké. Nhiét do xir 1y thuc ddy kha
nang tach xo soi.

Thoi gian xtr ly cang kéo dai, cellulose bi thiy
phan cang manh, lam cho hi¢u suét nanocellulose cang
giam (hinh 4). C6 thé thiy, thoi gian xir 1y can duy tri
trong khoang 90-105 phit, da dé bién doi cellulose
thanh nanocellulose véi thanh phan kich thudc phi
hop, ddng thoi dam bao hiéu suat nanocellulose & mirc
cao hon.

Hinh 3. SEM cuia nanocellulose v6i thoi gian xir 1y khac nhau

(A: 60 phiit; B: 90 phiit; C: 105 phut; D-120 phiit)
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Hinh 4. Anh huéng cua thoi gian xt 1y t6i hiéu sudt
cua nanocellulose

Phén tich d két tinh cua cac miu nanocellulose
thu dugc & didu kién cong nghé thich hop da xac dinh
dugc (muc su dung hydropeoxit 2%, axit sunfuric 5%,
nhiét d 140°C, thoi gian 90 phit), thong qua phé XRD
(hinh 5) cho théy nanocellulose c6 d két tinh 84,75%,
tang 14% so vai cellulose tdy trang (70,1%). Do két
tinh cua nanocellulose tang, 1a do mot phﬁn cellulose
v6 dinh hinh da bi thiy phan trong qua trinh xtr ly.

Két qua phan tich phé FTIR cua cellulose tiy
trang va nanocellulose trong diéu kién xac dinh (hinh
6), déu cho thdy khong c6 su xudt hién pick méi twong
(g v&i mot dang lién két nao do trong nanoceellulose,
chimg t0 cellulose khong bi chuyen hoéa thanh cac dan
xuét khac, ma van giir dugc ciu triic xo sgi. Nhu da
néu trén, cellulose thu hdi tir bun thai la cellulose (bot
g1ay hoa hoc) tay tring, s dung cho san xuét gidy in,
gidy viét. Trong thanh phan ctia bt nhu vay khong con
cac thanh phan khéac 14 lignin hay hemicellulose. Vi
vay ph6 FTIR la phd dic trung cho cellulose.

Hinh 5. Phé XRD cua cellulose tay tring (A)
va nanocellulose (B)
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Hinh 6. Phd FTIR cua cellulose tdy tring

va nanocellulose
4. Két luan

Pa ché tao dugc nanocellulose tur cellulose thu
hoi tir buin thai chira bot gidy ctia nha may san xuét gidy
tissue, bang phuong phap thiy phan giéi han, str dung
hé tac nhéan axit sunfuric loing bd sung hydropeoxit.
Phuong phap ché tao nancellulose tir bun thai nha may
gidy gdm céc cong doan:

- Thu hoi cellulose tir bun : xir Iy bun thai bang
HCI 2% trong 24h, két hop véi sau d6 loc va rira dén
pH trung tinh;

- Lam sach cellulose: xtr 1y bot cellulose 5% voi
dung dich NaOH va H,0, véi muc st dung tuong trng
1a 5% va 2% so vdi bdt, & 70°C trong 60 phut;

- Chuyén hoa cellulose thanh nanocellulose: thiy
phan cellulose 5% bang H,SO4 bd sung H,O, véi ndng
do tuong tng 0.25% va 0.1%, & 140°C trong 90 phut,
két hop tay tring bang dung dich NaOH b6 sung H,O,
va nghién.
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