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Abstract 

Enzyme application has emerged as a powerfiil tool for providing benefits to paper mills in various sections like 
pulpmg, bleaching, refining or beating and deinking. In this paper, the laboratory study on enzymatic freatment of 
mixed hardwood (acacia CTMP and LBKP 90) and softwood pulp (NBKP 90) has performed for evaluating the effect 
of commercial enzyme FibreZyme LBR by applying the freatment at different temperature (from 30 "C to 60 "C) 
reacUon times (from 30 min to 180 min) and enzyme dosage (from 215 U/kg to 720 U/kg) that were comparable with 
non-emzyme freated samples before the refining step. The valid technological regime was chosen as follows: enzyme 
dosage of 420-440 U/OD kg pulp, freatment temperature of 40-45 "C and freatment time of 60-120 min. This freatment 
improved pulp refining and quality by development of fibrillation and also affected physical sttength properties of 
paper. There was a significant decrease in refining time to achieve same level of Schopper Riegler Freeness (°SR) of 
pulp The fiber morphology difference between before and after freatment was revealed by the microscopic 
observations performed by Scanning Elecfron Microscope (SEM). The SEM analysis showed that the surface of 
cellulase treated fibre had some swelling and fibrillar phenomenon that lead to sfrong paper properties such as tear 
index, tensile index and bursch index 

Keywords: Acacia CTMP, pulp enzymatic freatment, pulp refining, fibre morphology, paper sfrength. 

I. MO DAU 

Trong san xuat bgt giay, qua frinh san xuat bpl 
CO la qua trinh tieu tdn nhieu dien nang, gap nhieu 
khd khan trong viec duy tri va nang cao chat lugng 
bdt giay, con mot trong nhung cdng doan phirc lap, 
cd anh hudng quyet djnh tdi tinh chat ciia giay va 
cung tieu ldn nhieu dien nang, do la cdng doan 
nghien bdt cho xeo giay ddi vdi tat ca cac loai 
bgt giay, 

Ung dung enzym frong san xuat bpl giay da 
khang dinh hieu qua va dang dugc trien khai rdng rai 
frong nhieu cdng doan san xuat, mang lai nhirng Igi 
ich ve kinh te, mdi trudng, nang cao tinh canh franh 
ciia san pham, ma cac giai phap cdng nghe khac 
khdng dap irng dugc [1, 4, 6]. Trong cdng doan 
chuan bi hot giay cho xeo giay, khi ma tieu hao dien 
nang nghien cd the chiem tdi tren dudi 30 % long 
tieu hao dien nang ciia ca qua trinh san xuat, thi img 
dung enzyme bien tinh xo sgi la giai phap cdng nghe 

hiru hieu nhat, giiip nang cao chat lugng giay va tiel 
Idem dien nang [2, 3, 5]. 

FibreZyme®LBR la loai enzym thuang pham fro 
nghien hieu qua ciia hang Dyadic International, co 
ngudn gdc tir chiing Chrysosporium, da dugc nghien 
cuu va dang iing dung cho cac loai bdt gmy khac 
nhau, nhu bgt sunfat gd ciing, tir fre va OCC, sir 
dung cho san xuat giay bao gdi, giay in, giay viet 
chat lugng cao [1, 7]. Mac dii vay, ddi vdi mdi loai 
nguyen lieu xo sgi, qua frinh san xuat, thuc te iing 
dung lai ddi hdi nhirng nghien cim cu the ve lugng 
diing enzyme, thdi gian phan ung, ..., nham dat 
dugc hieu qua tdt nhdt ve giam lieu hao nang lugng 
va cai thien chat lugng ciia bgt giay. 

Trong mgt sd cdng bd trudc day, chiing toi da 
trinh bay ket qua nghien ciiii ung dung enzym cho 
qua frinh tay frang bgt giay. Trong bai bao nay, 
chiing tdi trinh bay ket qua nghien ciiu iing dung 
enzyme frg nghien ddi vdi hdn hgp bdt giay sir dung 
cho san xuat giay in, viet. 
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2. VAT LIEU VA PHUONG PHAP 

Bdt giay sir dung la hdn hgp 55 % bdt CTMP75 
gd keo ciia Tap doan Tan Mai, cd do frang 75 % 
ISO; 30 % bdt sunfat gd ciing tdy frdng LBKP 90 
(Chile), cd do frdng 90 % ISO va 15 % bdt sunfat gd 
mem tay frang NBKP 90 (Indonesia), cd do frdng 90 
% ISO. Ti le phdi frdn nay la ti le phdi frgn cho san 
xudt giay in, viet ciia nha may giay Binh An (Tap 
doan Tan Mai) va mgt sd nha may giay khac d 
nudc ta. 

Enzyme sir dung la FibreZyme™LBR (Dyadic 
Int.), dang dung dich dac, cd nhiet do su dung 25-60 
"C, pH thich hgp 6,0-^,0, bj mdt hoat lire d pH ~ 11 
va nhiel dp > 70 T . 

Hoat luc ciia enzym dugc xac djnh d thdi diem 
sir dung cho nghien ciiru bao gdm CMCase (720 
U/ml), xylanase (740 U/ml) va mannanase (35 
U/ml). 

Xir ly hdn hgp bgt giay bang enzym dugc tien 
hanh trong tin polyetylen kin, ngam frong be nudc 
6n nhiet, vdi ndng do bdt 10 %. Mdi lan xir ly vdi 
khoang 30 g bdt khd gid. Dieu kien xir ly (mirc sii 
dung enzyme, nhiet do, thdi gian xir ly) dugc diiu 
chinh liiy theo muc tieu ciia timg thuc nghiem. 
Trong gua frinh xu ly, cii sau khoang 10 phiit, ttii bpt 
dugc lay ra va bdp trdn deu, tdi khi ket Ihiic thuc 
nghiem, sau dd liii bdt dugc chuyen sang be chira 
nudc nong mdi sdi va ngam trong lOphiit de khii 
hoat Igc ciia enzym, rdi tiep tuc chuyen sang cdng 
doan nghien. 

Nghiin hdn hgp bdt pidy dugc tien hanh bang 
may nghiin Ha Lan vdi ndng dp bdt 1 %, Do nghien 
ciia bgt dugc do theo phuang phap tuong ung vdi 
ISO 5267-1. 

Xeo mau cho phan lich tinh chat dugc tien hanh 
bdng may xeo RTI Rapid-Kolhcn (Ao) Iheo ISO 
5269-2. Tinh chdl ciia bdt gidy dugc xac djnh: chiiu 
dai dirt theo ISO 1924-1; do bin xe theo ISO 1974; 
dp chju buc theo ISO 2578. 

Anh hiln vi dien tu quet SEM cua bpt giay dugc 
xac djnh bdng kinh hien vi dien lir Jeol 5410 LV. 

3. KET QUA VA THAO LUAN 

Theo dac tinh su dung, khoang nhiet do sii dung 
ciia FibreZyme"'LBR tuang ddi rdng. dac Irung cho 
enzyme ihl he mdi, ung dung frong san xuat bpt 

S'^y- • . . . u • 
Nhu da biet, qua frinh nghien bgt co anh huaiig 

rat ldn tdi tinh chdt cua giay. Bdng mdt loat cac 
nghien ciiu sa bg, ve anh hudng cua xir ly hdn hgp 
bgt bdng enzym (vdi muc sir dung 0,2 ml/kg, d 30-
40 °C frong 120 phut) tdi tinh chdt ciia bgt gmy, da 
xac djnh dugc rdng hi?u qua ciia enzym tSng khi 
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nhiet do tang, tuy nhien khdng cd su khac biet nhieu 
Trong thuc le san xuat, bgt gidy sir dung cho san 
xuat giay thudng dugc danh toi vdi nudc ndng, vi 
vay ma huyen phii hot thdng thudng cd nhiet do 30-
50 "C tiiy thudc vao dieu kien san xuat, mdi trudng. 
Tir dd da lua chgn nhiet do xii ly la 40 °C cho cac 
nghien cim tiep theo. 

Theo doi su thay ddi do nghien cua bot theo thdi 
gian nghien, ddi vdi hai mau bdt xii ly bang nudc va 
xir ly bang dung djch enzym vdi mirc sur dung 
enzym 0,2 ml/kg cd the thay, enzym cd anh hudng 
rd ret tdi qua trinh nghien (hinh 1). So vdi khdng sir 
dung enzym, mdi chi khoang 5 phiil sau khi bat dau 
nghien, bdt da cd do nghien cao hon. Anh hudng ciia 
enzym cang bieu hien ro ret hon khi keo dai thdi 
gian nghien. Tuy nhien de dat dp nghien 40°SR 
hoac cao ban (theo yeu cau ciia qua trinh san xuat 
giay), thi thdi gian nghien bpt da qua xir ly bang 
enzyme van cdn phai keo dai, vi vay da Uen hanh 
cac thuc nghiem vdi miic su dung enzym cao hon. 

Tlidi gian nghien bgt (phiil) 

Hmh i: Sir thay doi dp nghien eua bdt giay 
theo thdi gian nghien 

(I - Bpt xti ly bang nudc, 2- Bpt dupc xir ly biing enzyme v6i 
mtic sti dgng 0,2 ml/kg, Thtfi giait xir ly- 120 phiit a 40 °C) 

Kit qua thu dugc (hinh 2) cho thay, vdi mirc sir 
dung 0,3 ml/kg, hieu qua cOa enzym van con rat 
thap D I dal dd nghiin 40''SR phai can thdi gian 
nghiin tdi > 90 phiil. Trong khi dd, vdi mirc sii dyng 
cao hon (0,4-0,6 ml/kg), de dat dp nghien luon§ 
duong cd thi giam dugc thdi gian nghien dang ke 
(luong irng la tir 8 den 30 phiit). 

NIU nhu vdi miic sir dung 0,5 ml/kg, thdi gian 
nghiin cdn thiit de dat dg nghiin 40 "SR khoang 20 
phiit, thi vdi miic sii dung 0,6 ml/kg, thdi gian tuang 
ling chi khoang 13 phiit. Tilp tuc tang mirc dimg Ien 
Iml/kg, cd the giam dugc thdi gian nghien xudng 
cdn khoang 8 phut. Xet vl hieu qua kinh te thi mirc 
sir dung khoang 0,5-0,6 ml/kg (tuong duong 420-
440 U/kg) la thich hgp, bdi vdi miic sir dyng gdn 
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gap ddi miic nay ma thdi gian nghien giam khdng 
dugc nhieu. Hon nira, khi can dat dd nghien cao hon 
(45°SR) thi thdi gian nghiin bdt vdi hai miic su 
dung enzym nay la tuang duong nhau (khoang 40 
phiit) 

Thdi gian nghien bdt, phiit 
Hinh 2' Anh hudng ciia miic sir dung enzym 

ldi do nghien cQa bdt giay 
(I 0,3 inl/kg, 2 0,4 ml/kg, 3 0,5 ml/kg. 4. 0,6 ml/kg; 51,0 
ml/kg, Thai gian xtily bgt bing enzym 120 phtJta40''C) 

Tren thuc te, ddi vdi nhirng nha may san xuat 
bpt giay lay trang va sii dung tai chd cho san xuat 
giay, cdng doan xir ly bpl bang enzym cd the lien 
hanh frong cac be chiia bdt vdi thdi gian luu tham 
chi cd the keo dai hang chuc gid, vi vay se khdng 
gap kho khan khi thdi gian xu ly bang enzym bi keo 
dai Nhung ddi vdi nhuTig nha may san xuat giay lir 
bdt thuong pham (chiem phan ldn d nudc ta), viec 
xu ly bang enzym vdi thai gian keo dai se gap nhieu 
khd khan, khi phai dau tu he thdng be xir ly. Vi vay 
xac dinb dugc Ihdi gian xu ly thich hgp la yeu to 
quan frpng. 

Thdi gian nghien, phut 
Hinh 3: Anh hudng ciia thdi gian xu Iy bdt gidy 

bang enzym tdi dp nghiin 
(I \ir ly 30 phiJl; 2 60 phut; 3 90 phtJt, 4 120 phut; 

5.180 phtit, Mirc sii dgng enzym; 0,6 ml/kg: 
Nhiet dp xti ly bgt bJng enzym; 40''C) 

Nghien cuu su dung enzym.. 

Thay ddi thdi gian xir ly bgt bang enzym va 
khao sat su bien ddi do nghien ciia bgt theo thdi gian 
nghien (hinh 3) cd the thay, thdi gian xir ly hot bdng 
enzym cd anh hudng rd ret tdi qua trinh nghien. Cu 
the, vdl thdi gian xir ly 30 phiit, anh hudng cua 
enzym hau nhu chua dang ke. De dat dp nghien 
40''SR, thdi gian nghien bdt can thiel la khoang 80 
phiil. Vdi thdi gian xu ly 90 phiit, thai gian nghiin 
giam xudng cdn khoang 50 phiit, cdn vdi thdi gian 
xii ly 120 phiit, thdi gian nghien bgt ldi ciing do 
nghien chi cdn khoang 20 phiit, Tuy nhien, tiep luc 
tang thdi gian xir ly (tdi 180 phiit), thdi gian nghiin 
can thiet cd giam nhung khdng dang ke nira. Do do 
cd the thay thdi gian xu ly bdt 120 phiil la thich hgp. 
Mac dii vay, tiiy thudc vao do nghien can dat va 
nang suat day chuyen san xuat ma tien hanh xii ly 
frong thdi gian 60-120 phut. 

Quan sat anh hien vi dien tii quel (SEM) ciia bgt 
giay vdi dp phdng dai khac nhau (hinh 4), cd the 
thay xii ly bdt giay bang enzym da anh hudng nhat 
djnh den hinh thai xo sgi ciia bgt giay. Neu nhu doi 
voi bpt chua nghien khdng xir ly vdi enzyme (hinh 
al,bl,cl) va da xir ly enzym vdi cac mii"c sir dung 
khac nhau (a2,b2,c2 va a3,b3,c3), sir anh hudng 
chua rd ret lain khi chua cd lac dung co hpc, hinh 
dang xa sgi hau nhu khdng cd su thay ddi. Tuy 
nhien quan sal ky be mat xo sgi d cac miic phong 
dai cao hon, cd thi thay be mat cac xo sgi (fibnls) 
ciia bdt da qua xir ly enzym nhan hon, tOrc enzym da 
lam tach cac xo sgi ngan va vi sgi (microfibril) ra 
khdi cac xa sgi, phdn cdn lai la cac xo sgi dai. Day 
cung la mdt trong nhiing ly do lam cho bdt sau xu ly 
bang enzym cd the cd do ben dirt va do bin xe tang. 

Sir anh hudng ciia enzym dugc bieu hien ro ret 
ban sau nghien (hinh 5). So vdi bdt khdng xir ly 
enzym, bpt giay qua xir ly enzym da frd nen toi han, 
mirc dp phan la, chdi hda ciia xa sgi tdt hon (hinh 
a4,b4,c4) va a5,b5,c4), cd xo sgi than hon va dai hem 
(hinh a5,b5,c5). So vdi mau bdt khdng sii dung 
enzym thi kha nang phan to, chdi hda be mat xo sai 
la cao ban d muc dimg enzym 0,5 ml/kg va cao hem 
hdn d miic dimg 0,6 ml/kg KTD. Su tach ldp giira 
cac ldp xa sgi vdi nhau tao thanh nhiing xo sgi 
mdng hon ciing da dien ra dl dang han, nhd dd ma 
giam dugc thdi gian nghiin bdt den cimg mgt dp 
nghien. 

Ket qua phan lich tinh chal co-Iy hpc ciia bgt 
giay cho thay, xir ly bdt giay bang enzym khong 
nhirng khdng anh hudng den dp ben co hpc ciia bgt, 
ma cdn cai thien dugc do ben diit, ben xe va dg chju 
buc, cu the la do dai dut tang 13 %, chi so xe va chi 
sd buc tang gan 20% (bang 1). 

788 
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Bdng 1: Tinh chat co-ly hpc ciia hot giay 

Chi sd 

Chieu dai dirt, m 

Chi sd xe, mN.m^/g 

Chi sd buc, kPa.mVg 

Bdt khdng xii ly bang enzym' 

2145 

4,0 

0,5 

Bdt xii ly bang enzym vdi mirc 
su dung 0,6 ml/kg 

2418 

4,8 

0,6 

(•)-ThHi gian xu !>' bpt, 120 phtit d 40 "C, 

Hinh 4: Anh SEM cua bpl gidy chua nghiin vdi do phdng dai khac nhau 
(1; Bgt khong xu ly vdi enzym; 2; Bot xii ly bdng enzym ven miic sir diJog 0,5 ml/kg; 
3; Hot xir ly enzym vdi miic sir dung 0,6 ml/kg. Thai gian xu ly bpt: 120 phiit d 40°C) 

thign mpt sd tinh chdt ca ly hpc ciia bgt giay. 
3. Chl dg cdng nghe thich hgp ung dyng 

FibreZyme®LBR cho qua frinh nghien hdn hgp bgt 
nhu sau: miic sir dung enzym 420-440 U/kg, nhi?t 
dp xir ly 40-60°C, thdi gian xir ly 60-120 phut. 

1. Enzyme FibreZyme®LBRja enzym frg nghien 
hieu qua cho t̂ ua trinh nghien hon hgp bpt gidy hda-
nhi?t-co tdy trang tir gd keo ciia Viet Nam va mdt sd 
loai bgt hda gd cung va gd mem khac, sir dung cho 
san xuat giay in, giay viet. 

2. Sir dyng enzym trong trucmg hop neu tren deu 
cho phep giam dang kl thdi gian nghien bgt, cai 

Ldi cam on: Nghien ciru dugc thuc hi^n bdng hd 
tr^ ktnh phi tir Tap doan Dyadic International 
(USA), Inc. vd phdi ht^p cua Cdng ty Gidy Binh An 
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Hinh 5: Anh SEM bdt gidy sau nghiin (43-45 °SR) vdi do phdng dai khac nhau 
(4. Bgt khong xii ly vdi enzym; 5: B6t xti ly bdng enzym vdi miic sii dung 0,5 ml/kg; 
6: B6t xii ly enzym vdi miic sii dung 0,6 ml/kg; Thdi gian xii ly bgt: 120 phiit is 40 °C) 
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