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Chi tao vi sffi nanocellulose tir bun thai nha may giiy bSng phuong phap 
thuy phan su dung axit sunfuric bd sung hydropeoxit 

Shidy 00 Nanofibrillated Cellulose Preparation from Paper Mill Sludge by Sulphuric Acid Hydrolysis 
with Added Hydrogen Peroxide 
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Bun thai chira xa sgi cOa nha may giay da dugc tan dung de ch4 tao nanocellulose bSng qua trinh xa ly nhiiu 
cdng doan. Traac tien, bun thai dagc xCr 1^ vai axit elohydnc va raa dd thu hdi cellulose. Sau do, cellulose thu 
hdi dagc xO ly vai hon hgp axit sunfuric nong do 0.25% va hydropeoxit ndng dd0.1%a nhiet do 140°C, trong 
2h, rdi tay trang bSng dung dich hydropeoxit trong mdi traang kidm va nghiSn. Bac trwng cua nanocellulose 
dang xa sen ed daang kinh trung binh < 100 nm, daac phan tieh bang SEM, FTIR, XRD. Phaang phap mai 
che tao nanocelulose cd thi dwgc phat trien di san xuit ra san pham gia tn gia tang tie chat thai ran nha may 
giay 

TCr khoa. Biin thai nha may giay, 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 ceilulosic pulp was treated by mixture of sulfunc 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 SEt^, 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. Mo* dau 

Biln thai he thong xii ly nuoc thai cua cac co so 
san xuat bp£ giay va giay la chat thai r5n co so lugng 
Ion, diroc thu hoi tii qua trinh san xuat bot giay va giay. 
Ngoai cac tap chat co hoc khac, bun thai luon chiia mot 
litrnig Ion xo sgi vun, co the dugc su dung trirc tiep 
hoac chuyen hoa thanh cac san phim co gia trj cao [ 1 ]. 

Tiiy thuoc vao nguon goc cua xg sgi trong biin, 
ma bun chiia bot giiy dugc phan loai [2] thanh bun 
nguyen sinh, hinh thanh trong qua trinh san xudt bgt 
giay nguyen thuy hi g6; biin khu muc, thu h6i hi qua 
Irinh khli muc in giay tai chi; va bim thii sinh, thu dugc 
^ qua trinh xir ly nugc thai tai chd giiy. Tong lugng 
biin chiia hot gijy co thi chi6m 3-5% san lugng giiy. 
Ven ky thuat san xuat bot giay, giay, phucmg phap thu 
hoi biin hien nay, ham lugng xg sgi cellulose co the 
ehiem 40-60% kh6i luong chit rin [3], 

Tu truoc den nay, biin chira bot giay thai chii yeu 
dugc chon lap de lam giau dat [7], c6 thS dugc sir dung 
cho san xuat cacton va giay bao bi [4], composit [5,6]. 
Gan day, voi su phat trien nghien ciiu che tao 
nanocellulose bang cac phucmg phap khac nhau, biin 
thai dugc chii y nhu mot nguon xo sgi cellulose phti 
hgp de chg tao thanh nanocellulose [8,9,10,11]. U'u 
diem cua cellulose tir bim thai la co kich thuoc nho, de 
chuyin boa thanh vat lieu nano, mang Iai lgi ich Ion 
ban nhieu so voi cac phuong thirc tan dung tmyen 
thdng [ I I ] . 

Cung nhu d6i voi cellulose tir go hay cac nguon 
nguyen lieu khac, co the ap dung cac phugng phap 
khac nhau, nhu co hgc (nghien), thtiy phan bang axit 
dam dac, oxi hoa TEMPO, hay cacboxy boa, .,. 
[12,13], nhung kha thi nhit la su dung axit sunfuric 
loang lam tac nhan ci t ngin xa sgi, con tac nhan tach 
xo sgi CO th6 lira chgn mot so hgp chat oxi boa [13] 
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Bai bao nay trinh bay ket qua nghien ciiu che tao 
nanocellulose tit biin thai nha may san xuat giay tissue, 
bao gom cac cong doan so che de thu hoi va lam sach 
cellulose, chuyen boa cellulose thanh nanocellulose sir 
dung hon bgp tac nhan axit sunfiiric va hydropeoxit. 
Day la phucmg phap moi, hien dang dugc nhom nghien 
cim phat trien ap dmig doi voi cac loai cellulose khac 
nhau. 

2. Nguyen vat lieu va phirffng phap 

2.1.Vatlieu 

Bim thai chiia bgt giiy sir dung cho nghien ciiu 
dugc liy tu bai chiia biin thai ciia Cong ty giay tissue 
Song Duong Hoa chat sii dung dang phan tich !a boa 
chit dang tinh khiit, xuat xii Viet Nam, Trung Quoc, 
Sigma Aldrich (Merck). 

2.2. Sff che bun thdi 

Biin thai lay tir nha may dugc nia, sang chgn, loai 
bo cac tap chit Ion. Sau do dugc ngam voi HCl 2% 
trong 24h de loai bo so bg chat ban va vi sinh vat, roi 
dugc loc, rira bang niroc sach den pH = 7, Xa sen dugc 
lam sach bang each xu ly voi dung dich NaOH bo sung 
hydropeoxit vai miic sii dung mong iing la 2% va 1%, 
a nhiet do 70°C, trong 6 phiit Dieu kien cong nghe nay 
dugc toi im hoa bang mot nghien cuu rieng, dap img 
muc tieu thu dugc bot cellulose c6 ham Iugng cellulose 
cao va do trang phii hgp (khoang 70% ISO). Bot 
cellulose dugc de kho gio, xac dinh do am, va phan 
tich tinh chat theo cac phuong phap tieu chuan boa 
TAPPl: ham Iugng cellulose (theo TAPPl T17 wd -
70), do tro (TAPPl 211), ham luang pentosane (theo 
TAPPl T223), dp hrgng (TAPPl T2I7), dfing thoi sii 
dung cho nghien ciiu che tao nanocellulose. 

2.3. Che tao nanocellulose 

Phuang phap che tao nanocellulose la phuong 
phap hoa - ca ket hgp. Qua trinh bao gom 2 cong 
doan' tnrac tien bgt cellulose dugc xu ly vgi dung dich 
H2SO4 va H1O2 trong cac noi nau bang inox dung tich 
1 h't, gia nhiet trong be glyxerin, Moi tbuc nghiem 
dugc tien hanh vcri 30 g bgt kho myet doi. Miic su dung 
hda chat, nbiet do va thai gian xii ly dugc dieu chinh 
tiiy theo muc rieu cua timg thuc nghiem. 

Ket tbiic qua trinh xir ly, bgt dugc Igc rira, roi xii 
ly (tiy tring) bing hydropeoxit vai miic sir dung 0,5 
% H2O2 va 2 % NaOH so voi khoi lugng bgt, vcri nong 
do bgt 10% o 80°C trong 30 phiit. Sau do bpt dugc nia, 
vi t nuoc, rdi b6 simg nuoc cat tai the tich 300 ml va 
nghi8n bing may nghien phong thi nghiem (la mpt may 
xay da nang hai l^ng tuoi OSAKA cong suit 350 W) 
voi ndng do bdt khoang 5% trong 5 phiit de thu gel 
nanocellulose. 

2.4. Xdc dinh hieu suat nanocellulose 

Da xac dinh hieu su5t,_gel nanocellulose dugc lac 
dau, rdi l iy 10 min moi mau 2 ml va Iy tam tren_may 
ly tam vai toe do 10.000 vong/phiit. gan nude, say va 
xac dinh khdi lupng. Hieu suit nanocellulose (%) dugc 
tinh theo cong thiic : 

M = [(V/2)xBxl00]/A 

Trong do : V - Tdng tha rich gel nanocellulose 
thu dugc sau nghiin (ml); B - Khdi Iugng trung bmh 
cua nanocellulose thu dugc rir 2 ml gel nanocellulose 
sau siy (g ) ; A - Khdi Iugng bdt cellulose ban dau (g). 

2.5. Bac trimg nanocellulose 

Nanocellulose sau nghien dugc pha loang vdi 
etanol de thu dupe huyen phii ndng dp khoang 0,05%, 
khuay sieu am trong be siau am trong 15 phiit, roi phan 
bd mau tren tieu ban kinh, say khd a nhiet dp phong va 
phan tich SEM tran may phan rich FESEM JEOL JSM-
7600F tai Phong tbi nghiem hian vi dien ni va vi phan 
tich, Vien tien tien Khoa hpc va Cong nghe, Tmong 
DHBKHaNpi . 

Chi sd dp ket tinh ciia cellulose va nanocellulose 
dugc xac dmh thdng qua cudng dp pick ciia phd XRD, 
theo do chi sd do ket tmh duoc tioh theo cdng thiic sau 
[14]: 

CrI (%) = (I002 - lan,)/Io02* 100 

Trong do I002 - Cucmg do pick tai goc 2Theta = 22,6; 
lam - Cuong do pick tai g6c 2 Theta = 18,7. 

Pho FT-IR ctia nanocellulose dugc phan rich 
bing thilt bi FT-IR NICOLET 6700 NRX RAMAN 
MODULE - THERMO. 

3. K i t qua va ban luan 

3.1. Thu hoi cellulose tii- bun thdi chtra bpt giSy 

Bim thai chiia bpt giay ciia san xuat giay tissue, 
cdn chira sinh vat phan buy, cac chit vd co,. . . , cd miii 
khd chiu, vi vay can phai so chd dd Ioai bo cac tap chit 
va thu hdi xa sgi cellulose. 

Cac chat vd co chiia trong bim thai chii yau la 
chat ddn CaCOj sir dung khi san xuit giiy in, vidt. la 
nguon gdc xuat xii cua giay 1̂  thu hdi bay giiy hi bao, 
sir dung Iam nguyen lieu san xuit giiy tissue. Xu Iy 
bim thai vdi axit sunfijric va axit clohydric da tach 
dugc cac chit b in va mpt phin CaCOs (co thd quan sat 
dupe khi siii thoat ra khi xir ly bim vdi dung dich HCl). 
Bdt cellulose thu dupe sau so cha da khdng cdn miii 
kho cbiu, do tring cao ban va dg tro thip hmi, 

Sau khi nia, bdt cellulose tilp Uic dugc xit ly vgi 
dung dich NaOH va H2O2 vgi muc dich tmng hda va 
tay trang. Tinh chat ciia bdt cellulose da dugc phan tich 
theo cac phuang phap tieu chuan hda TAPPT ham 
Iugng cellulose 70,6%; dp tro 8,7%; ham lugng 
pentosane 12,0%; cac hgp chat khac 8,7%. Cellulose 
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thu h6i da khong con mui kho chiu, cd do trang 68,3%) 
ISO, Augc siJ dung cho nghien cmi tidp theo. 

HiSn nay, cac nha may san xuat giay tissue noi 
chung va Cdng ty Giay tissue Sdng Duong noi rieng, 
chi sir dung hoac la bdt giay hda hgc nguyen sinh, hoac 
giSy 1̂  phe lieu ciia san xuat giay m, giay viet va giiy 
tissue, nan cellulose thu hdi tit bim thai khdng chiia 
hgnin. Ben canh do, tiiy thugc vao muc dich su dung 
ciia nanocellulose ma yeu cau ve dd trang cua 
cellulose, Co th6 thay, chi vdi quy trinh tay trang dp 
tring nhu vay cung da lam sach dugc cellulose thu 
h6i, CO do hing mong duang vtrdi bdt giay sir dung 
cho san xuat giay in. Ddi vdi cellulose thu hdi tir biin 
thai thi kho co thd tay trang de dat do trang cao, bdi da 
bj vi sinh vat phan hiiy mdt phan. 

3.2. Chi tao nanocellulose tie cellulose cua biin thdi 

0a tian hanh thuc nghiem che tao nanocellulose 
(ii cellulose cua biin thai, theo phuang phap thuy phan 
gioi han bang axit sunftiric loang d nhiet dp cao, co bd 
sung hydropeoxit lam tac nhan tach xa sgi. Day la 
phuong phap mdi che tao nanocellulose da dugc nhdm 
nghien ciru phat trien iing dmig vdi cac loai cellulose 
tir go, rom ra, ba mia, phu hgp vdi thuc tien va kha thi 

ap dung d quy md ldn. Co thd thiy, xo sgi cellulose thu 
hoi hi biin thai co kich thudc nhd, se de dang chuyen 
hda han, so vdi cellulose nguyen thiiy tir cac ngudn 
nguyen lieu khac. 

Bing mdt loat cac thuc nghiem tham dd nghien 
Cliu anh hudng cua cac yeu td cdng nghe, bao gdm miic 
sir dung hda chat, nhiet do va thdi gian xtr ly cellulose, 
lua chpn miic sir dung hda chit thich hgp tren co sd kl 
riiira cac nghien ciiu mcmg hr da duoc tiln hanh vd chi 
tao nanocellulose. Ndng do bgt dugc lua chpn la 5%, 
tuong duong ti Ie (rin,long) la (1:20), mice sir dung 
H2O2 la 2% va H:S04 5% so vdi hot (mong duong 
ndng dp 0,1% va 0,25%). 

Khao sat anb hudng cua nhiet do (trong khoang 
120-150^) khi xir ly bgt cellulose ffong 120 phiit, tdi 
hieu suat va tinh chat ciia nanocellulose cho thay, d 
nhiet do 120''C cellulose da bi thuy phan, co su bien 
ddi nhat dinh va hinh thai xa sgi, my nhian xo sgi van 
con ket bo, ke ca d nhiet dd cao hon (130''C), Khi tang 
nhiet dp tdi MO^C, su hinh thanh xa sgi kich thugc 
nano dien ra ro ret hon, cac xo sgi dugc tach biet nhau 
mgng doi tdt Nanocellulose thu dugc cd dudng kinh 
trung binh <100 nm (hinh 1), 

mnh 1. Anh SEM cua nanoceliuose tif bun thai xir ly d cac nhiet do khac nhau 
(A: I20"C. B l3(fC, C MITC, D: I50"C) 
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Hinh 2. Anh hudng cua nhiet do tdi hieu suat ciia 
nanocellulose 

Cac diau kien cdng nghe neu tren deu cho cac 
mau nanocellulose cd dac tnmg khac nhau, cd tha dugc 
ling dung cho nhiing muc dich khac nhau. De cd the 
danh gia diau kien cdng nghe nao la thich hgp ve mat 
cdng nghe lan hieu qua kinh te, da xac dinh biau suat 
cua cac mau thu dugc tir cac diau kien cdng nghe khac 
nhau (hinh 2). Cd the thay, khi nhiet do xir ly > 140''C, 
hieu suat nanocelulose thu dugc giam nhanh chdng, do 

thiiy phan cellulose diln ra manh, ddng didi kich thudc 
nano nho khd thu hdi bing phuong phap ly tam. Nhu 
vay, d l thu dugc nanocellulose cd hieu suat chap nhan 
dugc, cd tha ap duns nhiet do xu ly trong khoang 
146°C. 

Phan tich SEM (hinh 3) ciia cac miu xd ly d cimg 
nhiet dp (140''C) vdi thdi gian xu iy mong irng 60 phiit 
va 90 phiit, ddng thai so sanh vdi mau xii ly yoi thdi 
gian keo dai hon (hinh 1C) cho diiy. cd the didu chinh 
thdi gian xii ly 6 miic dp nao dd, my nhien vdi thdi 
gian xii Iy <90 phiit, cellulose da bj bian ddi nhung kha 
nang chuyen hoa thanh dang xa sgi kich thudc nano 
hau nhu chua dang ke. Nhiet do xir ly thuc day kha 
nang tach xa sgi. 

Thdi gian xir ly cang keo dai, cellulose bi thiiy 
phan cang manh, lam cho hieu suat nanocellulose cang 
giam (hinh 4). Cd the thay. thdi gian xir Iy can duy tri 
trong khoang 90-105 phiit, du de bien doi cellulose 
thanh nanocellulose vdi thanh phan kich thudc phu 
hgp, ddng thdi dam bao hieu suat nanocelMose d miic 
cao hem. 

Hmh 3. SEM cua nanocellulose vdi thdi gian xir ly khac nhau 

(A: 60phut; B: 90phut; C: 105phut; D-120phiil) 
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Hinh 4. Anh hirdng cua thdi gian xu ly tdi hieu suat 
cua nanocellulose 

Phan tich do kdt tinh ciia cac mlu nanocellulose 
thudugc d didu kien cdng nghe thich hgp da xac dinh 
dirge (miic sir dung hydropeoxit 2%, axit sunfuric 5%, 
nhiet do MCC, thdi gian 90 phut), thdng qua phd XRD 
(hinh 5) cho thiy nanocellulose cd dp kat tinh S4,75%>, 
tang 14% so vdi cellulose tay trang (70,1%). Do ket 
tinh ciia nanocellulose tang, la do mdt phan cellulose 
v6 dmh hinh da bi thiiy phan trong qua trinh xu !y. 

Kit qua phan rich phd FTIR cua cellulose tay 
tring va nanocellulose trong dieu kien xac dinh (hinh 
6), d6u cho thiy khdng cd su xuat hien pick mdi mang 
ling v6i mdt dang lien ket nao dd trong nanoceellulose, 
chimg td cellulose khdng bi chuyen hda thanh cac dhi 
xuat khac, ma van giQ dugc cau triic xg sgi, Nhu da 
neu trSn, cellulose thu hdi tir biin thai la cellulose (bgt 
giay hoa hgc) tay trang, su dung cho san xuat giay in, 
giay viet. Trong thanh phan cua bgt nhu vay khdng cdn 
cac thitnh phin khac la lignin hay hemicellulose. Vi 
vay phi FTIR la phd dac ttimg cho cellulose. 

U fflnh 5. Phd XRD cua cellulose t iy tring (A) 
'^nanocellulose (B) 

Hinh 6. Phd FTIR cua cellulose tay trang 
va nanocellulose 

4. Ket luan 

Da che tao dugc nanocellulose tir cellulose thu 
hdi tirbun thai chuabdt giay cuanha may san xuat giay 
tissue, bang phuang phap thiiy phan gidi han, sir dung 
he tac nhan axit sunfiinc loang bd sung hydropeoxit. 
Phuong phap che tao nancellulose tii bun thai nha may 
giay gdm cac cdng doan: 

- Thu hdi cellulose tii bim : xie Iy bim thai bang 
HCI 2% trong 24h, kit hap vdi sau do Ipe va nia den 
pH tmng tmh; 

- Lam sach cellulose, xii Iy bgt cellulose 5% vdi 
dung dich NaOH va H2O2 vdi mdc sii dung mong iing 
la 5% va 2% so vdi bdt, d 70^0 trong 60 phiit; 

- Chuyin hda cellulose thanh nanocellulose: thiiy 
phan cellulose 5% bing H2SO4 bd sung H2O2 vdi ndng 
dp mong ling 0.25% va 0.1%, d 140°C trong 90 philt, 
ki t hgp tiy tring bing dung dich NaOH bd sung H2O2 
va nghien 
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