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TOM TAT 

He enzyme phfin hiiy lignin dupc nghifin cuu rfing rfii tren thi gidi nhfim irng dyng trong nhî u ngiinh cong 
nghifip nhu: giiy va b?t giay, dfit nhupm. thufic da va nhifiu ngdnh klific. Trong bdi nay, chiing toi trinh bay mot 
so kit qua bircrc dau nghien ciiu ling dyng lignin peroxidase va laccase cd nguon gic tir nfim dam trong san 
xuit bgt giiy va xu ly nude thai nra bfil giay, nhfim giam lupng h6a chit su dung cho cag qud trinh nay. Xi> ly 
dam manh gd tnrdc khi niu bfit giay sulfate bfing bin hpp enzyme thd gdm lignin peroxidase 732 lU va laccase 
12 lU/kg nguyen lifiu khd luyfit ddi, d nhifit dg 28 - 30"C trong 10 ngay, cho phep giam 10% lupng kiem diing 
trong quy trinh nau ma khong lam thay doi chat lupng bgt giay trudc khi tiy trfing Doi vdi bgt ca hpc APMP, 
Hen xii ly dam manh bfing enzyme ldm tfing tinh chal co-ly ciia bdt. So vdi ddi chiing. chieu dai dirt, chi so buc 
va chi so xe tfing tucmg ling la 8; 12 va 25%. Tien xir [y hot giay bfing hon hpp enzyme gom lignin peroxidase 
1470 lU va laccase 23 lU/kg bgt kho tuyet ddi cho phep giam 20% miic kiem diing trong lay trang mfi bfit giay 
vin dai yeu cau chat lirpng, Bgt sau lay trfing co dp trfing 86,9% ISO, cac chi so xe va chi so buc tucmg img la 
10,32 mN.m'/g va 4.68 kPa m'/g Nirdc thai nra bgt giay c6 COD 2000 - 2200 mg/l va do mau 5000 Pt-Co 
dugc xii ly bing hon hpp lignin peroxidase 135 lU/1 va mdt Iirong nho laccase. Sau \it ly, dg mau trong mau 
thi nghiem da giam dupc 73,3%; ham lupng lignin giam 62%; COD giam 23,3% va BOD giam 53,8% so vm 
chi so ban dau Nhir vay, enzyme phan huy lignin va cac enzyme khac cd the dugc dua vao qua trinh san xuat 
bfit gidy va \\t ly nude thai, giiip giam lircmg hoa chat sit dyng va lam tang tinh than thien vdi mdi trudng ciia 
i^dnh cong nghiep nay. 

Tv khda: lignin peroxidase, laccase. dam go. bot gidy. tdy trang. nirdc itra bgt gidy 

Dî T VAN DE hk thi ky 20. Tuy nhien. nuoc thai ciia qua trinh nau 
va tiy trSng bot giay co dp mau rat cao do chira 

, . lignin va cac din xuit ciia lignin a d ^ g triing ngimg 
Trong dianh phan ciia go, cellulose chiem uu the ^^ .̂f,̂  ^^^^ ^. ^^ 2,3,7,8-tetrachIorodibenzo-p-dioxin 

nhat va ciing la thanh phan can dirpc gift lai khi san (23,7,8-TCDD). 2,3,7,8-tetrachIorodibenzofijran 
xuat giay. Chilm vi tri thir hai la ligiiin, la hpp chat (2V7'8-TCDF),' pentachlorophenol Day la nhimg 
dai phan til. c6 vai tro nhu "keo gSn" cac bo spi ^^^'^hit rSt doc h^i d6i voi he sinh thai duoi nuoc va 
cellulose va hemicellulose trong go. Lignin la thanh ^^^ ^^^^^ ^^^ ^^g^^j „j,ung lai kho bi phan buy 
phan khong mong muon trong giay nen can phai lo^i ^(^^^^^ g, ^(^ I995. pokhrei, Viraraghavan, 2004). 
bo trong qua trinh san xuit bpt giiy Thong thucmg, j ^ ^ ^ ^-^ ^,1'^ j ^ ^ ^ ^^ ^j^j miimg va sire khoe cpng 
dam manh nguyen lieu g6 dupc niu vdi hoa chat ^^^^ ^^^^ ^.^g ^^^ ^g^ ^^p thigt, cin phai lien tpc 
nham hoa tan lignin va mpt s6 chat hiiTi ca khac. O ^^^ ,|i|^ ^^y (j,i„j, g^j, ^uat d6 ban ch6, tham chi tiin 
cac nha may san xuit bpt giiy co he thong thu hoi ^̂ ĵ j^h^^g g^ jpng hoa chit dpc hai trong tiy tting 
hoa chit, toan bp phin mrac thai sau niu (djch den) ^^^ - J 
se dupc tach ra de thu h6i hoa chit. Bot giiy dupc . ; 
nia bing nuoc ven lupng su dung tir 20 - 60 mVtin, Trong nhiing nam gan day, cong nghe iCf tay 
«>ytheo cong nghe ap dung. ' trdng bpt khong su dung chlorine va cac hpp chat 

, • ', _ cua chlorine da dupc quan tam uTig dyng. Tuy nhien, 
Sau khi nau, hot giay van c6 mau sam cua cac ĵ̂ j ^^^ ^^^^ jj^g p^it va nang lupng tiy trSng theo 

hjrp chat lignin biin tinh con lln trong do, do v^y .̂-̂ ^g ^jgj,^ ^ay thucmg kha cao nen san lupng bpt 
• ^ phai dupc tiy trSng tnrac khi xeo giay. Chlorine gjs^ ^j ^^:^ ^^- ^ ̂ ^f. [^j jhip (Vu Qu6c Bao, 2005). 
diryc coi la tac nhan t iy tring hi^u qua nhit nen ' ' , , x - i.-» •- A ^k.v, 
tm su dung rpng rSi tren th6 g i « trong su6t gin N u i c thai cua qua tnnh nau rua bpt gtay co chua 



Pham Thi Bich Hpp el al 

mpl lu'png liVn cac chit hCfLi co v̂  vo co hoa lan. 
Thanh phan hiiu cu chu yeu la lignin v:i dan xuil. 
axil bay hai. cac hpp chal phenol, thai iham, axil 
bî o, nhpa v.v, T6m l(ii, nir^c thai tir nha mdy san 
xual bpt giay co dp dpc h î cao va kha ndng gay 6 
nhiem moi truong nghiem irpng, (Dashtban el al. 
2010; Pokhrel. Viraraghavan. 2004: Raj el ul., 2007; 
Sakar et al, 1994) Tinh trgng nay dil va dang xay ra 
o nhieu noi tren the gioi. ctm o ViC'i Nam l̂ i cang 
trim trpng hon do cong nghi; san xual Igc h^u va 
cong tac quan ly. giam sal chua loi (Vu QMOC Bao. 
2005; Yen c/o/. 1996). 

De lo î mau cua nunc thai, cac phuong phap hoa 
ly CO till} su dyng la dien phan. sicu Ipc. trao doi ion. 
hap phy, oxy h6a \;i kel lua. Nhin chung. c^c phirong 
phdp neu tren co the lam giam mau mpt cdch hi?u 
qua, nhung lgi Igo thanh mpl lupng Ion chal thai ran, 
MJl khdc. yeu cau ve trinh dp cong ngh?. von dau lu 
va chi phi v̂ n hanh cao nen chua phii hpp voi dieu 
kicn san xual va trinh dp cong nghp cua nuac ta. 

Mpt Irong cac huong dang dupc quan tam 
nghien ciiu la su dyng enzyme trong qud trinh xu ly 
dam manh nguyen li?u cung nhir lay trdng bpt giay. 
nham giam lirpng hoa chat su dung vd xa thai ra moi 
trucmg Su dung enzyme phoi hpp vni phuorng phdp 
hoa ly de khir mau nuoc thai rira bpt giiy lam t3ng 
them hieu qua xii ly va giam lupng chal thai rdn. nho 
do CO the lam giam chi phi. 

Cdc enzyme phan hiiy lignin quan trpng nhit la 
lignin peroxidase (LiP), laccase va mangan 
peroxidase (MnP). Day Id nhom cdc enzyme oxy 
hoa. CO tinh d^c hieu co chat khong cao nen tham 
vao qua trinh phan hiiy lignin va ph6 rat rpng cac 
dan xuat ciia lignin. Trong tp nhien. nhieu lodi ihpc 
vat. nam va vi khuan, trong do xg khudn va nim dam 
la hai nhom co hogt tinh enzyme phan hiiy lignin 
mgnh nhat. Cac enzyme nay da dupc nghien ciru 
rpng rai tren Ihi gioi nhdm dp dyng vao qua trinh san 
xuat bpt giay va xu ly nuoc thai tir nha may (Akhtar 
et al, 2006; Baecker, Shelver. 1998; Bajpai et al, 
2006; Camarero et al, 2007; Kenealy. Jeffries, 2003; 
Johnson, Johnson, 2008; Kondo el al. 1994; Raj el 
al, 2007; Riva, 2006; Skals el al, 2008; Quinde, 
1994), 

Trong bai nay, chiing toi trinh bay mpt s6 kit 
qua buoc dau nghien citu kit hpp su dyng h? enzyme 
phan hiiy lignin ciia vi sinh vat trong qua trinh sdn 
xuit bpt giay va xu ly nuoc thai, nhdm giam bdt 
lupng hoa chat sir dung, dong nghia voi giam thai 
hoa chat dpc hgi ra moi truong. 

PHUONG PHAP NGHIEN CUU 

Vat lî u 

Nguyen lî u cho san xual bpt giay la go keo tai 
lirpng va go bgch dan 6 tuoi lay tir Phii Thp. Mau 
d§m mdnh go dupc chuan bj theo quy trinh chuan 
TAPPIT257cm-85, 

Nuac thai la nuoc rua bpt giay. co cac chi sd ban 
diu: TSS. 317 mg/I; COD. 4400 mg/l: BOD.. 1410 
mg/l; lignin. 902 mg/l: dp mau 10000 Pt-Co va pH 
9.6. 

To hpp enzyme tho (sau day gpi 131 la enzyme). 
bao gom chu yeu lignin peroxidase \a laccase. duac 
thu nhgn lir djch nuoi cac chung vi sinh vgl ciia 
Ph6ng Cong nghp len men trong thiet bj len men tp 
dpng Bioflo IIO (USA) tai Vipn Cong nghe sinh 
hpc. VAST, 

Xac djnh hoat tinh enzyme 

Hogt tinh lignin peroxidase dirpc xac dinh theo 
phirong phap cua Niladevi vd dong tdc gid (Niladevi 
e/a/.. 2005). 

Hoat linh laccase dupc xac dinh theo phuong 
phap cua Cho va dong tac gia (Cho el al, 2008). 

Phan tich chat lirpng cua nir6'c thai rira bpt giay 

Xac dinh dp mau theo TCVN 6185:2008; xdc 
djnh COD iheo ISO 15705 (2002) (E). xac dinh 
BOD Iheo TCVN 6001-2:2008. Ddnh gia hdm lupng 
lignin trong nuoc thai theo phucmg phdp Pearl va 
Benson (Raj et al. 2007). 

gia \ u ly diim manh nguyen li|u bing enzyme 

Ddm manh trong mau doi chirng dupc ngam 
trong nuoc, mau thi nghiem dupc ngam trong dich 
enzyme, theo cong thiJrc LiP 732 lU/kg va laccase 11 
lU/kg nguyen li?u kho tuyet d6i; nhiet dp 28 -̂  30''C. 
Thoi gian ngam tu 5 din 15 ngay. tiiy theo thi 
nghipm. Sau khi ngam li. manh nguyen lieu dupc rira 
sgch de san xuat bpt giay. 

San xuat bpt gi^y sulfate 

Tong kiim theo NaOH la 20% theo trpng lupng 
nguyen lieu kho tuyet d6i (KTD). dp sunphua 25% 
so voi tong kiim. ty Ie bpt trong dich 25%. Thai gian 
gia nhiet tai HOT la 90 phut va duy tri trong 150 
phiit. Bpt sau niu dupc nia sgch, vit kho, xe nho va 
bdo quan trong tiii nilon a nhiet dp 4''C. Cac chi s6 
phan tich la: hipu suit niu, trj s6 kappa theo TAPPI 
T236 om-99 vd dp bin co - ly theo cac phuang phap 
chuan TAPPI tuong ung. 
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San xuit bgt giiy ep hpc (APMP) 

Manh sau khi sir ly bang enzyme inhu d3 nfiu a 
uen) dupc iigliieii so bp tren mdy nghien Ha Lan 20 
111 Sau do, vai kho vd tham thau h6a chit lin thii 
nhit vai dung dich diethylenetriamine pentaacelic 
acid (DTPAI 0.4"" so vi!ri trpng lupng nguyen lieu 
kho luyet dtn. ly IC' nguyfin lifiu trong dich Id 25%; 
iihiOl do 6(l"C: thai gian 60 phiit. Sau d6, tham thau 
hoa chiit lan thu hai (NaiSiOj 3%; MgSOi 0,05%; 
H,0.4 "'•<), NaOl I : , 5 % ; DTPA 0,5%) trong th6i gian 
15 pliiii o ^yX'. ly 1? bpt 15%. Kit thiic thim thiu, 
nguyen hen dupc nghiin tren mdy nghien bpt co hoc 
vm ty li- boi U) - 20%, dp nghien bpt 17 - I9''SR. 
Sau do. boi duac iita sgch, sang logi qua luai sang # 
60 mesh, di"ine am, xdc dinh d$ kho vd tiy tring 
baiiL! Na.-Sil ):"y\.: MgSOfl 0,05%; H2O3 6%; NaOH 
l,.vv DTP \M,4"„, thin gian tiy 180 phiit 6 85"C; ty 
le bill I .̂ " I. C at mlu bpt thu dupc dupc nghien tren 
may nghiin PFl, ap lye nghien 3,33 N/mm, ly le bpt 
10%. s6 vong nghifin 7500 vong vd xdc dinh tinh 
chal CO - ly 
Sir dung en/\nie trong tay trfing bpt giay 

Boi giay diroc xir ly bdng enzyme truoc giai 
doan tay trang ICT, Hon hpp enzyme gom LiP 1470 
ID va laccase 23 IU/kg,bpt giiy kho tuyet doi. Che 
do \Lr ly ly le boi giiy trong djch 10%, miic dimg 
chlorine hoat tinh 4,5% so vai trpng lucmg bpt kho, 
luyei ddi: nhiei do 28 ^ 30"C; thai gian tiiy theo dii 
nghiem, Kel Ihiic \u ly enzyme, bpt duoc tach logi 
nude va tiy trang bing quy trinh ECF (D0E0D1E1D2). 

Phan tich tinh ch i t cff- ly eua bpt giay 

\ei) mau dc rac dinh dp trdng cua bpt theo 

TCVN 6729 (2006). Xdc dinh dp bin keo theo 
TCVN 1862 -1 (2006). Xac dinh do bin xe theo 
TCVN 3229 (2006). Xdc dinh dp chiu buc theo 
TCVN 3228-1 (2006)). Nghifin mlu tifiu chuin bdng 
may nghien PFI theo TAPPI T 248 sp-00. Xac dinh 
do tring theo TCVN 1865 (2000) Xdc dinh tri s6 
kappa theo TAPPI T 236 cm-85. 

Xiir ly nir6x th i i rua bpt giiy bdng enzyme 

Nu6c thai dupc pha lodng bdng nude miy tiiy 
theo thi nghifim, trung hoa bdng sulfuric acid. 
Dieu kien thi nghifim: Mirc diing enzyme LiP 135 
lU/lit vd laccase 12 IU/1; nhifit dp 28 - 30''C; thoi 
gian xir ly t6i 72 h. 

KET QUA VA T H A O L U A N 

Sir dung enzyme trong xir 1̂  dam manh nguySn 
li^u 

Khi xir ly dam mdnh bdng enzyme LiP hoac 
laccase rieng bifit thi tri so kappa ciia bpt giay sau 
niu sulfate khong giam di dang ke so vcfi d6i chiing 
Kappa chi giam r6 ret trong tmdng hpp xii ly bang 
h6n hpp hai enzyme noi tren. 

Tdc dgng phan hiiy lignin cua enzyme 

Dam mdnh dupc xijr ly bang enzyme \d\ cdc 
khoang thcri gian khdc nhau Iruac khi nau bpt 
sulfate. Miic dp phan huy lignin do xu ly enzyme 
dupc ddnh gid qua cac chi s6 nhu tan kiim va tri 
s6 kappa cua bpt giay sau niu. Ket qua dupc trinh 
bay trong hinh 1. 

n ^ H l 

Thd'l gian (ngay) 

Hinh 1 Muc dp phan H lignin trong dSm manh b&i enzyme. DC Dam manh dupc n^u ngay, khong qua XLP I? enzyme 



Tri so kappa dupc xdc djnh nhSm danh gid mirc 
dp khir lignin cua bpi sulfate sau nau (TAPPI T236 
cm-85), Ngam ii ddm mdnh v6i enzyme phSn hiiy 
lignin 1am giam dang ke kappa cua cdc mau bpt sau 
nau. So vdi doi chirng. kappa ciia mSu xir ly vdi 
enzyme 5 va 10 ngdy gidm luong irng 18,75% vd 
26.6%, Tuy nhien, khi kfio ddi Ihiri gian ii v6i 
enzyme len 15 ngay thi kappa khdng giam nhieu 
hem. Tan kiem tdng I + 2 «/l trong miu c6 xir ly 
enzyme, nghia la qud Irinh nau lifiu ion ft kiem hem. 
Hi?u suit thu hoi bpt sau niu khong bj dnh huong 
bdi qud trinh ngam u enzyme vd giO 6n djnh d mirc 
x i p \ i .''0"<, 

Tir kel qua trfin cho thiy, neu sii dpng 
enzyme dfi ngam u ddm mdnh irut^c khi nau thi 
van duy tri dupc hifiu sual Ihu hoi bpt. gidm trj so 
kappa han so voi mau khong qua xir ly enzyme 
va CO the giam muc diing kiem, nhu vgy c6 the 
hgn che sp suy giam tinh chdt co - ly cua bpt, 
Thiri gian xir ly ddm manh vdi enzyme thich hpp 
nhal la 10 ngay. 

Bang 1. Tinh ch^t co - ly ciia b l̂ sau ndiu khi gidm mirc dCing ki^m. 

Phgm Thi Bich Hpp f^o/. 

Ong dung enzyme nhdm gidm mdc dung kiem 
trong sdn xuat h^t sulfate 

Thi nghifim nhu trfin dupc lap Igi, nhung giam 5, 
10. 15 vd 20% cua lupng kifim sir dyng trong quy 
Irinh chuin san xuit bpi sulfate. So sanh ket qua cho 
thiy gidm mirc kiem sii dyng 10% (Bang I) la 
phuang dn t6t nhal, Thoi gian ngam u enzyme khong 
anh huong r6 rfit den hifiu suat bpi sau nau. Mdc dii 
dd giam 10% lupng ki^m, song b$t sau nau cua cac 
mau CO xu ly enzyme van co trj so kappa thap han 
doi chimg. Sau 10 ngay xu ly, kappa giam 16,7%. 
Trj s6 kappa khong giam nhieu han nita khi xir ly 
keo ddi hon 10 ngdy. Chieu dai din vd chi so buc 
giam, nhung chi so xfi Igi tdng. 

Nhin chung, kfit qud cua thi nghifim nay lai khdng 
djnh thiri gian ngam u ddm manh thich hpp nhit la 10 
ngay, Theo Akhtar va dong tac gia (2006) vd Baecker, 
Shelver (1998) dd ddng ky patent hai quy trinh xu ly 
dam manh nguyen lifiu bdng nam myc trdng sinh 
enzyme phan hiiy lignin trong 7 - ^ 1 0 ngay, chinh la 
then gian van chuyen nguyen lifiu tai nai san xuaL 

Thd-i gian ii vi>l 
enzyme (ngay) 

DC 

5 
10 

15 

Trt s6 kappa 
(ml/g) 

22.1 

21.7 
18.4 

18.5 

Hi$u suit b$t 
sau nliu (%) 

50,65 
50,64 

50,10 
50,82 

Chieu d i i dui 
(m) 

9850 
9500 

8990 
9240 

Chi 86 x6 
(mN.m'/g) 

6.97 
7,18 

7,96 
7,66 

Chi sS bpc 
(kPa.mVg) 

6.30 
6.42 

5.91 
6.69 

DC' D6I chPng (ddm mdnh khdng ngam u vPi enzyme). 

Sir dung enzyme trong san x u i t bpt giay ctf hpc 
(APMP) 

Anh hirdng cua xd ly enzyme tdi hifii sudt thu hdi 
vd dg trdng cua bgt cff hpc (APMP) 

Kfit thiic qud trinh tien xir ly ddm manh bdng 
enzyme, nguyfin lifiu dupc thdm thiu boa chit, 
nghien vd xdc djnh hifiu suit thu hoi va dp trdng ciia 
bpt ca hpc APMP. Ket qua dupc trinh bay trong 
Bang 2. 

Xu ly enzyme khong dnh hudng nhifiu tdi hifiu 
sudt thu hoi bpt co hpc. Ca thi nghifim va doi chiing 
dfiu dgt tir 80.18 - 80.94 %. Rifing dp trdng cua bpt 
giay sau tham thau chiu anh hudng r6 rfit cua qud 
trinh xu ly enzyme vi tdng dan theo Ihdi gian xir ly. 
Tuy nhien, khi kfit thiic qua trinh tay tring, dp trdng 
ciia sdn phdm bpt thu iJupc Igi thap ban so vdi mau 

doi chiing khoang 1% ISO. Day la ket qua budc dau 
nfin can lifin hdnh nghifin cim them de co thfi giai 
thich rd hem cho hifin tupng nay. 

Anh hirdng cua xu" ly enzyme tdi tinh chdt ca - ly 
cua bpt Cff hgc APMP 

Mpl trong nhimg anh hudng tich cpc nhat Id xu ly 
enzyme dd lam tdng dp ben ca - ly cua bpt (Bdng 3). 

Theo bang 3, dp ben co - ly cua bpt APMP tang 
len dang ke khi xii ly enzyme. Dac biet, chifiu dai 
dirt Idng tir 4920 m Ifin 4960 m va 5310 m (tang 3,5 
^ 8,0%) khi ngam u ddm manh tir 5 ^ 10 ngay, Voi 
thdi §ian u 15 ngay thi chifiu dai diit giam nhe. Cac 
chi sd khac cua gidy ciing tang ddng k l : chi sd xe 
tdng 7 - 12% va chi s6 bpc tang 9 ^ 25%. Nhu vdy, 
dudi tdc dung ciia enzyme, bpt co APMP thu dupc 
CO chat lupng ca - ly tdt ban mlu ddi chirng. 

506 
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Sing 2, Anh hu6ng cua xi> ly enzyme tdi dO trang vd hi§u suk thu h6i bOt co hpc APMP. 

Thfti gian u v6rl enzyme 

(ngsy) 

D$ trang 
(% ISO) 

53.7 

54,3 

56.7 

55,8 

sau thdm t h i u D$ t rdng: 
(% ISO) 

75,4 

74,5 

74,8 

73,5 

sai 1 t i y t r i n g Hi^u s u i t b9t (%) 
80.18 

80,8 

80,6 

80,94 

OC D& chirng (ddm mdnh khfing ngdm Ci vdi enzyme). 

Bing 3, Anh t iu*ng cOa qud trinh xie ly enzyme t6i llnh chSt co - 1 ; / ciia bftl co hpc APMP 

TliM gian xir ly (ngdy) 

EC 

5 

ID 

15 

D$ n g h i i n 

(•SR) 

40 

38 

40 

41 

C h i i u 

(m) 

4920 

4960 

5310 

5120 

ddid i>t Chi s6 x6 

{mN,m^/g) 

4,0 

4.3 

4,5 

4.0 

Chi s6 buc 

(kPa.m'/g) 

2,03 

2.18 

2,55 

2,24 

E)C: Doi chimg (bpt g i i y khdng ngSm 0 VCTI enzyme) 

iTng dung lignin peroxidase va laccase trong tay 
tring b9t giay hda hpc 

Anh hirdng cua xir ly enzyme trong tdy trdng bgt 
g^ay hoa hgc 

Bot sulfate dupc ngam u vdi enzyme va tiy 
tring bdng cfing nghe ECF. Ket qua xac dinh dp 
trang ciia bpt giiy sau tiy va tinh chat co - ly dupc 
neu tnmg bang 4. 

' Cac mlu bpt dupc xii ly enzyme trudc khi dem 
&y trdng dfiu cho hifiu qua tdt ban so vdi ddi 
chmg: dp trdng ciia bdt tang Ien 0,6 -̂  l,3%i ISO 

tuang ling vdi thdi gian xir ly enzyme I va 3 h, 
Tdng thdi gian li len 5 h khong cho hieu qua cao 
ban nCra, vi dO tring ciia bpt sau tiy trdng vin giu 
d muc 87,8% ISO. Nhu vay, thdi gian xii ly 
enzyme cho bfit giay tfit nhat la 3 h. 

Dfii vdi cac dp bfin co - ly ciia bpt sau tiy Pang, 
chi s6 xe va chi s6 bye nhin chung khdng thay doi 
nhifiu, rifing chifiu dai dirt ciia cac mlu giam 12,5% 
dfin 13,1% so vdi mlu ddi chimg khi tdng thdi gian 
xii 1̂  tir 1 Ifin 3 h. Nhu vay, dfi hgn chfi su giam do 
bfin CO - ly va tifit kiem chi phi thi thdi gian xii ly bdt 
bdng enzyme tdt nhat Id 3 h. 

BSng 4. Anh hip&ng cua Ihdi gian XLP ly enzyme td-i dO tr^ng vd tinh chat co - ly cOa b^t gi iy. 

Thdi gian xO ly enzyme 

DC 

i l 

n 

• s 

0 $ trang 
(% ISO) 

86,5 

87,1 

87,8 

87,8 

C h i i u dai a<rt (m) 

8540 

7430 

7470 

7420 

Chi so 
(mN.m 

10,19 

10,64 

10,84 

10,95 

x^ 

'/g) 

Chl s6 b^c 
(kPa.m'/g) 

4,66 

4,48 

4,59 

4,42 

K : t)6i chii'ng (bgt g i i y khdng ngdm 0 vdi enzyme). 
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Khd ndng gidm Itr^fng chlorine dioxide trong thy 
trang sau khi xA ly enzyme 

Thi nghifim nfiu irfin dupc l$p Igi (b^t giiy dupc 
xLf ly vdi enzyme trong 3 h trudc khi lay tring), 
rifing miic dimg chlorine dioxide (C'lOj) gidm 15% 
vd 20%, tuong duang vdi 3,83% vd 3,6% chlorine 
hogt tinh so vdi trpng lupng b<» khd luyfit d6i. Ket 
qud dupc dua ra trong bdng 5. 

Tir bdng 5 cho thiy, d6i vdi b^t da qua xii ly 
enzyme, vific gidm muc dimg chlorine dioxide khdng 
dnh hudng nhi^u d^n tinh chit co - ly cua giiy. Sp 
dao dpng trong mlu Ihl nghifim so vdi d6i chitng Id 
khdng Idn ldm. Quy trinh ECF Id quy trinh chuin 
nfin mirc diing chlorine hogt tinh dd dupc l6i uu hda 
cho bpt giiy hda hpc. Vi v§y, sir dyng enzyme ldm 
giam dupc 15 -̂  20% mirc diing dioxide chlorine Id 
kit qud budc diu cd y nghTa quan trpng ve kinh t^ vd 
tdc dpng mdi trudng, 

U'ng dung enzyme (rong xii 1;̂  n u ^ thdi rira bOt 
giay 

Anh hirdng COD ban ddu den hi^u qud xd ly cua 
enzyme 

Difiu kifin xu ly nhu dd mo td trong phuang phdp 

nghifin ciru. Nhdm xdc djnh COD ban dau thich hpp, 
thi nghiam dupc tien hdnh vdi cdc mau nude thai cd 
COD trong khodng tii 1100 - 4400 mg/l (Bdng 6). 

Kel qud trong bdng 6 cho thay enzyme khdng 
phdt huy dupc hifiu qud trong nude thai cd COD trfin 
4000 mg/l. Vdi COD khoang 2200 mg/l thi enzyme 
da ldm gidm khodng 70% dp mau vd gidm 25% COD 
ban dau 6 nhOng dO pha lodng cao hem thi hifiu qua 
khir mdu vd COD khflng tang nhi^u. Nhu vdy, nude 
thdi cd COD d mirc 2200 mp/1 Id thich hpp cho xii ly 
bing enzyme dgt hifiu qua tdt. Vdng xii l^ ndy c6 the 
khfip kin nhdm lilt kifim lupng nude dimg cho pha 

I nude Ihdi rua b^t sau xu ly vdi Chht lufmg i 
enzyme 

Til vh qud khdo sdt dilu kifin xir ly nude thdi nia 
bOt giiy vdi enzyme da xdc lap dupc dieu ki?n thi 
nghifim nhu sau: Nude thdi vdi COD khoang 2000 ^ 
2200 mg/l vd dp mdu 5000 Pt-Co; miic dimg enzyme 
LiP 135 lU/I, laccase 12 lU/I nude thai; nhifit dp 28-^ 
30''C; thdi gian xii ly khoang 72 h. Chit lupng cua 
nude thai sau xii ly enzyme dupc trinh bdy tren hinh 
2, theo dd dp mdu gidm 73,3%. COD gidm 23,3%, 
BOD5 giam 53,8%) va ham lupng lignin gjam 62%i. 

Bdng 5. Anh hudng cOa mirc dOng chionne dioxide tdi tinh chdt ccr - iy cua t>Ot gi4y. 

Mi>c dung chlorine 

(%) 
D$ triing 
(^ISO) 

Chiiu dil dirt Chi 56 x6 Chi so bpc 
(m) (mN.mVg) (kPa.mVg) 

DC 

Khfing gidm (4,5% chiorine hogt llnh) 

Gidm 15% (3,63% chlorine hogt llnh) 

Gidm 20% (3,6% chlorine hogt llnh) 

86.5 

87.8 

87.2 

86,9 

8540 

7470 

7680 

6220 

10.19 

10,84 

10.56 

10.32 

4.66 

4.59 

4.61 

4.68 

DC: Dii chirng (B$t giiy khdng xO- ly enzyme. miPc dung 4,5% chionne ho^t tinh so vdi trpng lupng bpt khd tuyet d6i). 

Bdng 6: Anh hudng cua COD twin ddu ciia nude thdi tdi higu qud yai ly. 

COD (mg/l) 

Tnpdc XLK ly 

4400 

2200 

1470 

1106 

S a u x u 

4382 

1637 

1092 

818 

1* 191$ gidm 

0.4 

25,1 

25,7 

26,0 

.(%) Trudc x i i 

10.000 

5061 

3340 

2507 

•ly Sau xir 

9871 

1474 

955 

707 

ly Ty 1$ giam (%) 

1,3 

70.9 

71,4 

71.8 
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HOh 

• 72h 

Dp mau. Pt-Co COD, mg/l 

Hlnh 2. Kit qud xi> ly nude Ihdi bling enzyme sau 72 h. 

BODS, mg/l Lignin, g/i 

KfiTLUAN 

Hfi finzyme phan hiiy ciia vi sinh v^t dupc thit 
nghiem (mg dyng trong mdt sd cdng dogn ciia qud 
trinh san xuat bpt giay sulfate va bpt co APMP, 
nh&m gidm miic dimg kiem va chlorine dioxide dfi 
giam lliieu hda chat dpc hai. 

Ngam u dam mdnh nguyen lieu vdi enzyme 10 
ngay tnrdc khi nau bpt giay sulfate cho phep giam 
10% lupng kiem ma van dap img yfiu ciu chit lupng 
bpt tmdc cong doan tay trang. Trong quy trinh san 
xuai bpt CD hpc, dp bfin co-Iy ciia bpt APMP tang len 
dang kfi khi xii ly enzyme cho dam manh Chifiu dai 
diilfing 8,0%, chi sd xe tang 12% vd chi so buc tdng 
25% so vdl doi chiing. 

Xir ly bpt giay trong 3 h vdi enzyme trudc cdc 
giai doan tiy trdng ECF cho phep giam 20% miic 
diing chlorine dioxide md khflng lam anh hudng dfin 
'm lupng bpt giay. Bpt sau tay trdng cd dp tring 
86,9% ISO, ehifiu ddi dirt 8220 m, chi sfl xe 10.32 
inN,mVg vd chi s6 buc 4.68 kPa.m^/g. 

Xir 1̂  nude thai nia bpt gidy bdng hfln hpp 
lignin peroxidase va laccase vdi cac difiu kifin: COD 
ciia nude diu vao 2000 ^ 2200 mg/I; miic diing 
enzyme LiP 135 IU va laccase 12 lU/I; nhifit dp xii: 
ly 28 - 30°C. Sau 72 h, dp mau ciia mdu thi nghifm 
giam 733%, COD giam 23,3%, BOD5 giam 53,8% 
va ham lucmg lignin giam 62%> so vdi gia trj ban dSu 

Ui cam pn: Cdng irinh dtr^rc ldi tra kinh phi td Bg 
^°tg Ihuang cdp cho di tdi md so 
0W.08/CNSHCB thugc di dn "Phdt tridn vd dng 
mzcong nghe sinh hgc trong ITnh VMC cdng nghiep 

che bien den ndm 2020 " vd sg ho trg vi trang thiit 
bi cua Phdng thi nghiem trgng diim Cong nghi gen, 
Vien Cong nghe sinh hgc. Vien Khoa hgc va Cong 
nghe Viet Nam. 
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APPLICATION OF LIGNIN DEGRADING ENZYMES TO REDUCE CHEMICAL 
CONSUMPTION IN PULP AND PAPER INDUSTRY 

Pham Thi Bich Hop', Cao Van S o n \ Vu Van Loi ' , Phan Thi Hong Thao', Luong Thi Hong^ Phi Quyet 
T ien ' - ' 

'inslilule of Biotechnology 
Institute of Paper and Cellulose Technology 

SUMMARY 

The microbial lignin-degrading enzymes, such as lignin peroxidase (LiP). laccase, mangan peroxidase etc., 
can be used for pulp bleaching and decolorization of the effluents from pulp and paper industry. This paper 
presents some preliminary results of our research on the role of lignin-degrading enzymes in the reduction of 
chemical consumption in pulp and paper indusUy. Before pulping, wood chips were treated for 10 days at 
ambient lemperaPire with the mixture of LIP and laccase of 732 lU and 12 lUflcg dried material, respectively. 
This allowed 10% reduction of NaOH used in die subsequent sulfate pulping without changes in the quality of 
the pulp entering bleaching. For alkaline penaxide mechanical pulping (APMP), the same enzymatic pre
treatment significantly enhanced the physico-mechanical strength of the pulp, showing increase in the breaking 
length, tear and burst indexes of 8%, 12% and 25%. respectively Pre-treatment of the pulp with ligninase 
lowered the amount of chlorine dioxide used in ECF bleaching to 20% without changing the quality of 
bleached pulp, i.e. the brightness was of 86,9% ISO, breaking length of 8220 m, tear and burst indeces of 10.32 
mN.mVg and 4.68 kPa,m^/g, respectively. The sulfate pulp wash efluent was treated with lignin-degrading 
enzymes under the following conditions' initial COD up lo 2200 mg/l; LiP 135 IU/1 and small amounts of 
laccase; ambient temperature; duration of 72 h. This treatment resulted in significant decrease of initial values 
as follows: 73.3% of color intensity, 62% lignin content, 23 3% COD and 53.8% BOD. Thus, the use of lignin-
degrading enzymes as process-intergrated biocalalysts promises an effective solution for sustanaible pulp and 
paper production 

Keywords: APMP pulp, laccase. lignin peroxidase, pulp bleaching, pulping effluents, sulfate pulp, wood chip 
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