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Abstract: Dissolving pulp consists of high purity cellulose and is widely used to as raw materials for the production of

regenerated cellulose fiber, cellulose ester and cellulose ether. The characteristic of dissolving pulp affects greatly the
production and processing performance of subsequent products. The a-cellulose content, hemicellulose content, pulp viscosity,
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ash, transition metal ion content, fiber morphology, molecular weight distribution of cellulose and the reactivity are the
important properties. Because of its green, mild and high efficiency, the application of enzymes in improving the properties of
dissolving pulp has a promising application prospect and has been researched significantly. In this review, the main properties
of dissolving pulp are presented first, followed by a recommendation of the enzymes to improve these properties. The
application and current research of cellulase and xylanase in improving the properties of dissolving pulp are emphasized. The
main problems and the future research areas in improving the properties of dissolving pulp by enzymes are revealed. Finally,

the technology prospects in this field are proposed.
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Table 1 Chemical composition of dissolving pulp for different uses®”

. Uses
Chemical :
composition P Cellophane Nitrocellulose PI?SUCS Viscose Lyocell Cord Cellulose Cellulose
pulp filler acetate  acetate sheet

a-cellulose (%) <88 90-96 93-97 87.8 90-96 92 96-98 98.3 97.7
R1o (%) 87.1 89.7 91.8 86.7 95.2 91 98.2 97.7 97.0
R1g (%) 88.9 95.5 94.2 88.9 97.0 93 98.9 98.9-97.1 98.4
R1g—R10 (%) 1.8 5.8 3.6 2.2 1.8 1.0 0.7 1.2-0.6 1.4
Xylan (%) 2.1 1.1 1.5 2.1 2.0 1.7 0.6 0.6 0.8
Mannose (%) 6.7 15 2.3 6.7 1.1 25 0.7 0.8 1.1
Ether extract (%) 0.10 0.16 0.13 0.11 0.01 0.07 0.01 0.04 0.03
Ash (%) 0.16 0.19 0.15 0.16 0.09 0.1 0.09 0.05-0.09 0.01
SiO; (%) 0.003 0.002 0.002 0.002 0.003 0.002 0.003 0.002-0.004 0.002
Fe (mg/kg) 1.6 2.0 4.0 2.0 10.0 5.0 5.0 2.0-4.0 3.0
Cu (mg/kg) 0.1 0.1 0.3 0.1 1.0 1.0 1.0 0.1-1.0 0.5
Mn (mg/kg) 0.05 0.01 0.10 0.10 0.20 0.10 0.30 0.04-0.10 0.08
Viscosity (mL/g) 950 430 750 950 570 280-350 610 700-900 880
Elrepho 95.7 94.4 91.6 957 919 90 859 94.4-95.2 95.1
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Fig. 1 Mode of action of different cellulases™".
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Table 2 Treatment efficiency of cellulase under different experimental conditions

Enzyme species  Dissolving pulp

. Conditions Results References
or sources species
Aspergillus niger Softwood Dosage of cellulase 5 ECU/g The Fock reactivity increased from 77.5% to [24]
sulphite oven-dried pulp, at a pulp 90.4%;

dissolving pulp  consistency of 1%, 50 °C,

22.5 h, pH 7.0.

Aspergillus niger Softwood
sulphite

dissolving pulp

oven-dried pulp, at a pulp
consistency of 3%, 50 °C,

10 min, pH 7.0.
Novozymes Hardwood Dosage of cellulase 1.5 mg/g
(Fiber Care D) kraft-based oven-dried pulp, at a pulp

dissolving pulp

10 min, pH 4.8.
Novozymes Hardwood Dosage of cellulase 0.5 U/g
(Fiber Care U) kraft-based oven-dried pulp, at a pulp

dissolving pulp  consistency of 4%, 55 °C,

120 min, pH 5.0.
Novozymes Bamboo Dosage of cellulase 0.1 U/g
kraft-based oven-dried pulp, at a pulp

dissolving pulp  consistency of 5%, 55 °C,

60 min, pH 4.6.

Dosage of cellulase 27 ECU/g

consistency of 20%, 55 °C,

The viscosity decreased from 517 mL/g to

489 mL/g.

The Fock reactivity increased from 75% to [25]
almost 100%;

The viscosity decreased from 550 mL/g to

450 mL/g.

The Fock reactivity increased from 70.3% to [41]
77.6%.

The viscosity decreased from 510 mL/g to

471 mL/g.

The Fock reactivity increased from 47.67% to [42]
66.02%.

The viscosity decreased from 634.8 mL/g to

490.8 mL/g.

The Fock reactivity increased from 69.5% to [43]
88.2%.

The viscosity decreased from 643 mL/g to

593 mL/g.
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B2 HAwEBEE (A RAEBEMBR: B: 0.3UQH
HEFEAIRRMRE; C: 5000 5% PFI BEiEk L IE AR
% D: 0.3 Ulg eA4:Z=EE4LIE S 5 000 % PRI BEH5 4k
BE A AR

Fig. 2 SEM images. (A) Untreated dissolving pulp. (B)
0.3 U/g of cellulase treated dissolving pulp. (C) Refined
dissolving pulp for 5 000 revolutions. (D) Combined
treated dissolving pulp with 0.3 U/g cellulase and PFI
refining for 5 000 revolutions!®.
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a-4-O-Me-GIlcUA
Endo-1,4-B- xylanase OOH

M«N%N%N%N

o-L- arablnofuran051dase

CH,OH

B3 ARBRHELEH R H 4 A BRI a0 AR AL

Fig. 3 Structure of xylan and the sites of its attack by xylanolytic enzymes
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O
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p-coumaric acid or
ferulic acid esterase
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FERIN, WA B R (R B0, 4R s 5
RO, MBI R 450 Ulg 43K, 20
AbFE 24 h 5 EAEA IR . T 22BR 359 M .

(1) LESHk

S A SR W T AL PR i SR TR R AR 4 R Y
R EZA IR . KA. BRI BHE . K
BHARE . pH . TR FIET A1 SE AR SO Ak 38 s B
HRb 2 e K 0 TS S PR L3R 3.

AR RYT, AR SR B AL A (L RE 85 R AR
IR e e R O, IS REHRE T N R
R 2 2 U AR R AL T 25 450 R X
AV AR EATRFAL P 90 min, Z8EAL RS AT
AL o-2F4ER S, RIS 5 = AT,
FNPERE W I T 70%, F54 B A AR R M
REAYEER . AR SROME 4R /50 e S S 0y M g iy AL 2
B R A AN, £ 4 F s VIR 1
HEREAIR 2 1ol B SO M RE s AR RO I 2 i
TP FIRR J P i R, (LR 4R 15 5N E 4K

x3 ABREBEARLERFHTHLEHR

BiAS, LF4ERIALAR R G I, X SeE A A T
BN I 25 4 54 2R A T Bk, AT
VA A B0 R P RO

(2) GRS ARRIENEE S

HER AR AL PR MK, mTagER
MBS, TN ERa g R AR IR T T
TAVAR A SR T XV A7 32 v ) AR SR T B Mt
IC, MELL S ARIRME A A RN o TR R il 25 81
WA RNERG, M TR S AER . LY
RUARRZIA B A% 52 AL 2 R Y
A K, BRI RSOR . REDFFERY], K
Mg A BRI R], 3G KR &, AR RBERE RIS,
HIX 2 RRBEARA: P2 R0% , S A, R,
AR P OB DO =E S 2 e 0] 4 5 Py /N
HEW

R HR R R SREME Bl A~ 21 4 2R W RCR, R
B H At 7 1 5 K SR G b B A 45 A o T o 2 1O
TF 5% & B e i T Ah 3 AT DUAG 304 0 R 5 M T e
TR AR AR RME, X T ARRME R > 77 MR A
PN 23 e A KR, AR TN o3 15 & A= TC R Y
TR, Wi R G EBARM AR R 77, K
BB SRR ARZBAKAEWE AU (Lignin-
carbohydrate complexes, f&#% LCC) &45H47E i i
02577 — R REIR . TERS iR AR ok AR
A DL o 35 K A N ZE B LA SR, (et

Table 3 Treatment efficiency of xylanase under different experimental conditions

Enzyme species

Pulp species Conditions Results References
or sources

Schizophyllum  Thermomechanical Dosage of xylanase 1 600 U/mL pulp, at The pentosans content [62]
commune pulp (TMP) a pulp consistency of 3%, 30 °C, 1 h, pH  decreased from 20.4% to

5.0. 13.4%.
Trichoderma  Unbleached kraft pulps Dosage of xylanase 500 IU/g oven-dried ~ The xylan content decreased [63]
harzianum pulp, at a pulp consistency of 4%, 37 °C,  from 17.0% to 15.0%.

24 h, pH 4.8.
Aureobasidium Unbleached hardwood Dosage of xylanase 15 IU/g oven-dried The pentosans content [64]
pullulans sulphite dissolving pulp pulp, at a pulp consistency of 9%, 55 °C,  decreased from 3.9% to 3.4%.

1h, pHA4.7.
Bacillus Bleached bamboo Dosage of xylanase 127.2 IU/g oven-dried  The a-cellulose content [65]
licheniformis  kraft-based dissolving  pulp, at a pulp consistency of 4%, 55 °C,  increased from 84.13% to

pulp 40 min, pH 9.0.

88.31%.
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x4 ARBEHBEFCEREFHTHLEYR
Table 4 Treatment efficiency of xylanase under different experimental conditions
Enzyme species or
sources
logen Bio-products Bamboo kraft- Refining (9000 revolutions)
Corporation based dissolving pulp  and xylanase (70 °C, pH 5.0, 3 h).
Bacillus Bleached ethanol wheat Dosage of xylanase 1.0 1U/g oven-dried
straw dissolving pulp pulp, at a pulp consistency of 3%, 50 °C,
3h, pH 7.0.
Dosage of xylanase 24 U/g oven-dried The brightness increased [67]
pulp, at a pulp consistency of 10%, 45 °C, by 1%.
64 h, pH 6.0.

Dissolving pulp species Conditions Results References

The brightness increased [11]
from 86.2% to 87.2%.

The brightness increased [13]
by 2%.

Trichoderma
aurantiacus

Hardwood sulphite
dissolving pulp

x5 ARBHBULERSHMRAEREBREPHFAESR
Table 5 Xylanase treatment, in combination with others, to remove hemicellulose from dissolving pulp
Enzyme species or sources Treatment methods Results References
Novozymes The S;4 content is 6.9%. [9]
The S;g content is almost unchanged.
The S;5 content is 1.3%.
The xylan content is 3.25%. [11]
The xylan content is 2.92%.
The xylan content is 2.38%.

Control

Xylanase only

Xylanase and alkali extraction
Control

Xylanase only

logen Bio-products
Corporation

Refining and xylanase

Fresh cellulase

& Squeezer

Dissolving pulp _1' Enzyme

treatment

Pulp washer

Activated
dissolving pulp

Recycled cellulase

Recirculation stream

E4 AEEBBRALERIZREERREZE
Fig. 4 Schematic of recycling cellulase treatment and recirculation of process streams!’?.
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