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Recovery of Hemicellulose From Chemithermomechanical Pulp and
Thermomechanical Pulp Process Water

— Combined Membrane Filtration and Laccase Enzymatic Treatment

Ting-Chen Huang * ~ Yu-Chang Su **

Summary

Hemicelluloses with suitable (high) molecular mass could provide an excellent feedstock for the manufacture of renewable barrier
films that could replace fossil-based materials in packaging. In this review article, process water from chemithermomechanical pulp
(CTMP) and thermomechanical pulp (TMP) mill was divided into many fractions by filtration, membrane filtration and enzymatic
treatment with laccase. Suspended matter, extractives, hemicelluloses and lignin was mainly isolated in the retentate from the drum
filter, microfiltration, ultrafiltration and nanofiltration, respectively. Nanofiltration permeate was purified water of fresh water quality.
Hemicellulose with higher molecular mass is advantageous in the manufacture of value added products. Increased molecular mass of
hemicelluloses by enzymatic treatment with laccase after concentrated and purified hemicellulose fraction with ultrafiltration. And
second ultrafiltration step was carried out to separate hemicelluloses with higher molecular mass from those with low molecular mass.
The results demonstrated that process water can be fractioned into several potentially valuable products. 90% of suspended solids were
retained in drum filtration stage (10 kg/ton). The remaining suspended solids and the extractives were removed in the subsequent MF

stage. In the UF stage, hemicellulose was been purified. At last, The remain water was been purified to fresh water quality.

Using membrane filtration combine with laccase treatment can recover hemicelluloses with higher molecular mass. In MF stage,
the suspended matter and colloids were been removed efficiently. In UF stage, hemicellulose in MF permeate was been concentrated

and purified.

The laccase treatment was found to successfully crosslink hemicellulose molecules with bound lignin moieties. Thus, the average
molecular mass of hemicelluloses and lignin and the viscosity of the solution increased significantly. About 90% of hemicellulose were
retained in higher molecular mass fraction and can be separated from low molecular mass in second UF stage with ultrafiltration
membrane with a nominal molecular weight cut-off of 10 kDa. The hemicellulose recovered by these stage could be used for produce
renewable barrier films that could replace fossil-based materials in future packaging. And the lower molecular mass fraction could be

used for materials on produce biogas and bioethanol.
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“ (Edlund et al., 2010 ; Gabrielii et al., 2000 ; Bai et al., 2012)
e P A (B E rm by TR o 7R PR =~ e 22 A8 S s [ ke
i - NIERFTMP 2 CTMPEIRZ K iy e 2 A 1T (RIS
2R BHELENEAR -

AR B T R AR &Y BB e TR
MR PR - REZR - R AR (AR
R ZBE) % B TRSHR PR - S0 HBHAMAREEY)
YRR ST e - BEHEE A (Membrane filtration ) E—H A5
PRI HERRERY D BERT - EE R IR Bl FSE - B iEE

(Ultrafiltration ) L AT $1 EERGEVK Y R ARMRERRY
FER B L (Yaich et al,, 2012) o AWFFERE_LAlE
i 28 A EE AR AR AR /KA ey (B0 M3 e B & s
JE (Microfiltration ) ~ & #Z##)% (Ultrafiltration) HYZZES#E)E
IREAPNEIIE S &N

AR EE EH AU S S & X S I E A
EEan > IPHRRERE ~ BRI S T RBAYPELER - 28T - AR
R K R R R o T R R - BRI 31
PHIL - B TS S B R AR Pt
W F T8 - BB (Laccase) HYBEZFEH o] DAY fn#UAEIS
UREEK PV TAY RS 2l T8 0 RS A(L
By R R A AR IS B AP R > R SRR R &
Y o KRR A THYELA] (Henriksson et al., 2012) » JZHE R AT

Solids &
Extractives

Particles &
Fines

PROCESS . .
WATER D F M F
DRUM FILTRATION MICROFILTRATION
1. S EmRFLE (Persson et al., 2010)

TERARIERT - 24t ER R T ETIRE L b T3E
HHf285Y) (Retentate ) [2815%) (Permeate ) E5{EAERHE
thEER - TBABIERAERS - BT EHEIEIR T2 EY)
RITE R A -

AR R A TR CITEES) - BRI T 75
E2EAREES] > TR R FOR R H T RERE02E
HIER 7 By KGR T » EEHEER JJ ( Transmembrane pressure ) £y
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BURR/KR B i BN TMPRRBUEE AR - AT YR R 2

12 > DAUBETJ4 bar ~ R E140°CIR(F T HEETTHERERSE - 5o

AR S TUER920 L EAFEIREK - BUE /KSR KA G

43 71 880°C F250°C ~ pHIE By4.3 ~ PARAEZET B1.2 g/l

( F3E5GGM ; Galactoglucomannan ; -7 % H 8850 ) »
P T R4 R10kDa -

2. FERAAE

DAS Bz R s i i e A T AR KA B ([8]1) - =7
TEREAER: (NF ~ UF ~ NF) SEREFHLL > MFRUFZ4T
DLt (Semi-bateh ) ST > Bl AAYR SR ITRT
HERHE (200 L) > & RRAVEBIIAL SR DAL
17 > NFZGRIBRAHLAEE

Lignin &

Hemicelluloses
Salt

" FRESH
D.l F WATER
(r—-

A

;J-F

ULTRAFILTRATION

NANOFILTRATION

ACOEE TR 2 AR ) 2 O BRIRYZE(E - RUBERTES
R BE S B BRI E SR S B Y E SR %E - JRIZDAPt 100
thermocouple element 7€ - 37 LAPID regulator{ 7425 » /215
eI R AE R EIAWER - B~ JRE RS EREEL
fiC 5 LabView 6.081 A8 1Y EHS4C 8% > IE AN FAEHEIE R E
(Volume reduction) NAHERHE f 2 BEY)/E GRETE -

SERTRIEARLL0.5 Y%A R EEH  Ultrasil 10 (Henkel
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Chemicals Ltd., Germany ) 2311 min » ;2 EHAR A £50°C »
B DLERET AR -
3. & #8JE (Drumfiltration)

Dgh=0iH)Ess (Model HDF802-1F ) i &G BUAR/K iy
SRR R A s L by o HIBM 2 FLEE R 10 pm ~ [HIFR £50.9
m2 > MRS FHEEE (2 B YRR > PLIEIEREESO
CFHEAT -

4. #eERE (Microfiltration )

5% BB R 1Y R R — 2 DURUB 8 BT 1B S PR TS
BRIEIAS R ) > PEEE(E A FLAR0.2 pmYFEZEJERE (Atech
Innovations GmbH, Germany ) » FHARREE F1 m H A 7EN K 6
mmfEATHERHEE > AR £50.13 m3 > MEJETES0C T
HETT o R Fe4 /s ~ TIESHEARE ] F50.7 bar -

5. #8iE% (Ultrafiltration)

TVCAE 58 1% FO DR VR AEE — 10 DA A8 U5 B AR 17 28 U0 DU M
S b PARAERE - DUFA48-mil 2 NEFEAY (Spacers) #2517
UFX5 BB Es  (Alfa Laval Corp., Sweden) #{T38
JE o HATEEFE & (MWCO ;: Nominal molecular weight
cut-off) /5 kDa » MK F50.06 mif =% 50.43 m ~ JEHAHITE
F50.7 m2 - BEEAE80C NAHETT » BEHEEE ] K6 barlfftiH Fy 1.5
m3/h > ZERHREE I (Pressure drop ) £50.3 barffij f 28BS
[% £50.6 bar ( Volume reduction ; VRE99%MF ) » )85 45%
BERR AR A — R Ry 1l

6. Z=k3E8 (Nanofiltration)

49200 LIRS EY#E—F DFOoRBR R S
7K b5 S (o FH B B s 575 30-miil 2 [FEIR4E ( Spacers )
(2517 NF99HF (Alfa Laval) SEHEEHE - JEREAVEE 1.1
m2 o RIZEK AT e R PR R - PRI A R AR AE 50
T T ST (BLIERHATERE ERR) > ESHEEE )7 5520 barffijt
k1.1 m3/h o

1A EY Y FHI SR
(1) EEFRST ~ BIFVRIBEIIE ~ Ko

HFad R LA105C HtRz 1% 0 E HARRZ B WG st R AL E Y oy
(Total solid ; TS ) ° A1 pmjEFf ( Whatman GFB ) #3855 »
T TR ERYTRERYIE ST R E YRR o KR E
BLESTSCAFFM24 h o AR B 105°C HFERZE4 hDL
b FFREREIGTER T EE -

) REZ

PUArYeErEET (UV-160, Shimadzu Corp., Kyoto, Japan )
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T 7 280 nmBE AR LI E T R ABE ZAVIRE < JHLEHE

( Extinction coefficient) £517.8 L/g cm » [ T AREZEA) >
HY -~ BESCTA(LEYIE280 nm T A UVERSLE - [HI
YA TR HEORE Z R S -

Q) FEBERKERE

FRABENREL J7 7% DA RF 25 18 7K A2 pi B I 12 I i e 22
fY2RE (Ruiz and Ehrman., 1996 ) » ZKEERTEVEESELAL umiERR
R EFRABNL - 18 DU A AR E 2R 25~ S el TS
JEf{& (High-performance anion-exchange chromatography )
HEATEREN 34T » 2% R Carbo Pac PA10OHRERE » H#EK}
510 pL > DU mL/min ~ 2 mM NaOH#JZ 87K {505
HEER > LLD-galactose ~ D-glucose ~ D-xylose ~ D-mannose -
¢ L-arabinoseZE AR i ETTERES o
IKfERT% BT B S A Wt RN R S &
Rl 7KIBERTIR AV ZEEL » AURREE R SRR KA R B 5
1 £50.88 520.90 -

(4) fEREET

PARGERS & AL 145 IOl
plasma atomic emission spectroscopy ; ICP AES ) #E{THEI45
BT OREHTHIE - [ FIHYREEES RsPerkin-Elmer  (MA, USA)
Optima 3000DV ICP AES instrument o A8 02T 5 Hil = i
HETOERE AL THIE - [ FHRYERES FSliL A Metrosep A SuppEfE:
fYModel 861 Advanced IC ( Metrohm, Switzerland ) °

(5) i

R #% Jb Br A= % {E 75 Z ( Nordic Standardization
Programme ; NSP ; SCAN) AYfZEAEJ77ASCAN-W 151 XE »
PIGEAEE % (Gas chromatography ; GC) #fTHiHYaE
HHIE - [ERIAYE 85 By Agilent Technologies GC 6890 N gas

chromatograph °

(6) REEFBRE

PUHEHEUR 853 ( StressTech, Reologica Instruments AB,
Lund, Sweden) JH7E%EE (Cup-and-bob geometry ) » EIH 7
#u[E (Torque range) %50.05 uN mZ200 mN m » BT 3H ]
[ £51-100 s-1 ~ S F560°C -

DUEREST (2100P ISO, HACH Co., Loveland, CO) &
SERAVENE - DR EFormazinffEY) (HACH Co.) fLIEHEES
fY0 ~ 20 ~ 100 ~ 52800 nephelometric turbidity units (NTUs ;
SR -

=
=

( Inductively coupled

(2 EeER AR E

VOL,20 No.1 #4351l (2016)



EES  BfH

1. SABRAE

B2 AGEREVRAE - & e AR I8 B R i 8 s

N

0>
0o

P PR R A EIR A e 2R - (AR oy TR SRR
& - 1255 MR Bl ki s o0 T B AY-F R YKy

=Ny sz‘ JAN: 1N
CTMPBYE K P e Z BT RA IR 08 + LU | o e A T

Lignin, Mono- Small hemi-

sugars, Salts celluloses

Process T T
water 0N Enzymatic \
M 1SR treatment 2"™\JF
Hemi-

Suspandsd celluloses Large hemi-

celluloses

matter & Colloids

@2, (ESKavEEs b iLE (Krawezyk etal., 2013)

2. BEK
R /KK B B S CTMPRRHY RS - S8 AR

WHERZ AT 7E S A Y B BE AR - ELBUAR KBV E 49 5400
m3/h -

3. (B R A AR IE AR

F2 15 A S B s 8 R B e e (5 P e FEE o e e i
FEIREZEJEHE > 1 Atech Innovations GmbH 2\ 5] 4= &

(Gladbeck, Germany ) » JHhJEHEA 7{E T F525 mmY 174
TeHmE - JEREAYAE RS By 1 m MR 525 mm > WG 28R
FEE M & Rt A 48-mil 2 (NFEIFR4E (Spacers) HYIRFEZ(iA
JE2% (Alfa Laval Nordic A/S, Seborg, Denmark ) » JEHEATIMEK
564 mmfiREE50.43 m » {HRIGHE R I A TEIE R 7>
F2HI~E (MWCO ; Nominal molecular weight cut-off) » 3
1. (ROETE KR i 2 IR RS (Krawezyk et al., 2013)

Microfiltration 1st Ultrafiltration 2nd Ultrafiltration
Membrane 7/6 UEX5pHt UFX10pHt
Membrane material o-Alumina oxide Hydrophilized polysulfone Hydrophilized polysulfone
Filtration area 0.13 m? 0.7 m? 0.7 m?
Pore size/MWCO 0.2 pum 5 kDa 10 kDa
Range of pH resistance 1-14 1-13 1-13
Maximum temp. >100 °C 75°C 75 °C
Maximum pressure 10 bar 15 bar 15 bar

4. FBRRAE
(1) RRATRERE

AR R P R o R R AT B 2L0.7 % Yl
e 88 Ultrasil 11 (Ecolab AB, Alvsjo, Sweden) 2560
min > fifEEIRIEEAILI0.4 % AYERTEE R EER

##75 Ultrasil 10
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(Ecolab AB) 245 min » JZ/HHARTRE 5507C » 2L HE
FoK e e R G ERRITE30C T RASKR
SRR EAE -
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DIAHE250 umAYERAEHETT AR BAR /KA THAEE - ULEE49950
LAYTRME R /K TR BB IR B HE - (RUBIEIRF R 190 LiY
ABEMAGOTC HIFEIE 4T - AR B REE 55 m/s ~ B
B2 AR ¥ AR BE 7 ( Transmembrane pressure ) 35%% 50.7
bar > gz 0 BERY) (Retentate) ()27 (Permeate) 754
PHETEER30 minURRIE 248 » BIT IR ENIRIERRG MRS E
Yriat - dERHER R RAR K AR DS E ORI - BRI
SERSTENEUE KR - W RFFERHEIR AL T R E BRI

AR TR Ry Ik - NEEIERF IR (32 h) > UAEIEEERAER
AL P27 - PR SRR B - ROR SRR

50°C ~ AWEEABRAE RS IER12 h > ShERIHREA B R -

& AP ETRTAY R EATE
930 LZ2#EY) -

1T Ry

8 o s

EYcERN S S

AT IER %UUFXSPHtFEﬁ (PHFS 7> T2 /5 kDa)

AT FLURSES

LifiE 288 5442 Lﬁ%ﬁﬁ%’i&@w L>
TR B AR IR E] > HOR A KOR 4y Al B 1.3 m3/h K 60
e s BB AR Ky 16 h H AR

C > BEHAERTIHHEEES bar - EH#

RiEidas]

Q) ZESE R R BRI

BBV TR  ERERUR930
AL

BB BV T RN R T IR R R A TR RS IR S
FE f8 [N # {7 ( ReactoMate 30000 CLR, Asynt Ltd,,

Cambridgeshire, UK ) » 1R BN IR pHIE SO 53 71 DA
Tt e o 357 08 I IR RES TG B0 8PS R T 7K R 6.0 52 40°C > 1% 171
A20 U/ghY%s ( Sigma 51639, Sigma—Aldrich Chemie GmbH,
HEITIE » [ TERFRE M3 h B FEHAR

Steinheim, Germany )i

FHEE AR

2 T B 2K B 1% DAUFX10pHUE B (PHFR S 1 & R 10
kDa ) #E{TEE _JHEHEIEE: - RS A28 Lo FE e R
1.2 m3/h ~ SEFEF560 ~ [ EHREES] 553 bar » #EIEHF A3 h o
R R BT L -

=~ GOREER AR

(=)~ —RrEmEpEE

AT A s SRR B DDV AR K 4] (B3R5 B
FREHKE R SRS IEY) Fo2 erp)h SRR &2 > i
TR IR B A 30 LA AR - PRI A R RHY
T3 A LR A e ssH TR ER R - A Y UF IR
TTAoRIBIEEE (200 L) » BERHZIEY) FO2eR IR 73 AT
ERGE RBURNR2 -

Fo TSR PPEBEZN T2 > 45029 LaviEE
Arabinan | 0.12 0.09 0.03 0.36
Galactan | 0.35 0.47 0.16 0.46
Glucan 0.50 0.51 0.27 0.74
Xylan 0.00 0.03 0.03 0.13
Mannan 1.00 1.00 1.00 1.00
R1 R2 R3 R4
[50| ‘ZOI ‘ml |50I
1 el we ] e
9201 p l 8401 M 8201 }J 1 2001 L\l 150 |
301 610 |
Arabinan 0.09
Galactan | 0.25 0.08 0.04 0.34
Glucan 0.34 0.25 0.18 0.49
Xylan 0.03 0.34 0.28 0.74
Mannan 1.00 0.03 0.03 0.14
1.00 1.00 1.00

3. ZECRIEM/KE K& RS EY) oS h & TS & (Persson etal., 2010)
Stream 1 &BUFE/K ; Stream 5540 B8 2>

UFE& B20 h 5 NFEG B4 h

B

RIECRZERY) © R PEIFH 48 h s DFEZ Ryl h s MFEZ /523 h s
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2. BEHBIEY OB ERYIAHR 3 738t (Persson et al., 2010)
In Permeate Retentate
Stream 1 2 3 4 57 R1 R2
Total solids (wt.%) 0.51 0.43 040 029 003 2.10 252
Suspended matter (g/1) 0.90 0.09 - - - 12.643.22
Lignin (g/1) 0.73 0.72 0.72 061 002 0.62 3.85
Hemicelluloses (g/1) 1.15 1.16 0.83 0.07 - 131 11.55
Monosaccharides (g/l) - - 0.04 0.04 n.d. - -
Conductivity (mS/cm) 2.0 - 21 20 02 - -
Ash (g/l) 1.76 - 1.76 1.70 n.d. 1.93 1.79
Al (mg/l) 1.49 - - 1.37 003 - -
Ca (mg/l) 37.2 - - 32.2 06 - -
Fe (mg/l) 1.23 - - 222 004 - -
Cl (mg/l) 15.8 - - 142 7.2 - -
S04-S (mg/l) 275 - - 312 15 - -
Purity® (%) 28 28 21 - - 16 52
n.d. = Not detectable with amount of sample available.
= Not analysed.
4 At VR = 50%.
> Hemicellulose concentration/dissolved matter.
3. BREBECSERYIR Y ERIAAR ST (Persson et al., 2010)
Substance/stream DF MF UF NF
retentate retentate retentate retentate
R1 (%) R2 (%) R3 (%) R4 (%)
Suspended 76 8 4 0
matter
Hemicelluloses 6 23 63 0
Lignin 5 12 22 72
Ash 6 2 5 79
1. IEESR B Z AT AR 2 BB N 10% o AINFESRIREREK - X
R ATEAR @ (IR - PR - REZRR
BRI AR B B S8y » &4 pe el b RO TSR R -
B9/ (R1~R2 ~ R3%R4) RKéli/K (Stream 5) 0 KE
palfed DFJEi% MF 2Bk y §
SIS UB R ECER | - SI60%K LR e A WA » DERIIMEBEDITIMTIRIL » Ho

TBEZEIZERS » MIAE 25 B T B ok
R4 (41#R3) -

bR T EORE

EEEL A2

BIRERESN - BELHVRE 77 ~ MR R
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4. BlFEK - DEJER EMEZEYHiE YN R~ (Persson et al., 2010)

Process water DF filtrate MF permeate
(stream 1) (stream 2) (stream 3)
Saturated fatty acids 5 4 0.4
(mg/1)
Unsaturated fatty 31 25 04
acids (mg/1)
Sterols (mg/l) 8 6 0.1
Resin acids (mg/l) 8 6 0.4
Total (mg/l) 52 41 1.3

2. HERFAE B HAE R

PIE IR E B RS K & R LY B E 7%
HWEHUR T EAERS B ry R iR R (R & 2 B 7% (Persson et al.,
2010 ) - Z2HIAER - EMFENVREZEEE » ME2E8Y) (Stream
R2) [EUGHIFE4EZ & g K - e RASHEE R ETR
R AL IV - AUF28:Y) (Stream R3) AYAREZ/
REBUEZLLBIFEVR = 50%H% 550.56 ~ VR = 90%H% 550.29 ~ VR
= 99%H% 50.22 -

[E 48R AR K R B E o A oy - SEUBIBRT 2 6RY)
EER ST R RER T ERME RUFRZERY) T
MY Ok7y) EZEPRNF2EYH -

OEFER

LR  RER RIS R SEURIRES » I
DESZ I IE| ey 5 ) R (S TS ILEL RS
B R 595% » 3B OSYl LA « AE BRI
Sy EICEDEE - DESM A RSNEY S & (J0E4
FT) » AT S RSB A R T 2+ HIUBEAS HLEN
PR -

@) HoBE

MOBTEE B — EI R > R
MESERI P LSS + 24T 4975% 0K hede 22 590%
FRE ZE BCEMEE Y o ELHR 8 e VR 4R
}{- o

(3) i

HERH T ETHIS %R B F U287 - (HAE
ZRIHA25% - i TR A R oRaE - i B b
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([E4) > R T REAERSI - Ry TEYENEHENE - fkEE
TEAELLETR A RR - URZeRY) Ry 2 B(5 HOE %
PIE60% - HEZAFTFHE S HAIRE - (H/EN IR R BN
TT4LEE - HERREBCR RO (REZEME) - HIE#E
ST B M R S Ry A A A H BRI
T REEAY

(@) FAKER

FORMIE B H A2 R PRAT IR A SRR 24 A R HY
Y& > NF2arY) £ HAY R BB K b &Y RARNE 2R
HAEYEYIE ) - NFIEEE A TR EEY) > MNF25E
Pyrp ) R > BRI R 1/10 ~ 58T
ey RS T 5 HIRIER 1/60 ~ 1/50 K 1/30 -

3. BEITHIRRKIESPI4ERL

AEBFTR > #4F2/K (Stream 1) ~ DFJEK (Stream 2)
KMF:2i%%) (Stream 3) HYHEHALL > DF26RY) (Stream
R1)~ MF2638%) (Stream R2) K UF;2%EY) (Stream4) A
WESH AN R AENE - URSEY B (BT HEmD
HMEE S5 RN H BB R UFEIS i R fF -

4. BpRHHELHITHAE
1) SER

g EE R Y B2 B R e A R SRR BT H 2 R
W B B R AR S dmasd - SlEpaE RBURILERRE A R
BT NE & BRI (Stream 2) TSV Z Y A F10%
PEEE R ARG Fy 31 Limin > F &P 53 S 0 i iz
WE> TR » S B 29 L/min (2 m3/m2h) o
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Process water (1) Drum filter (R1)
6%
9% _ 2% 3%
A2 23% 21%
IIII IIII I'II
35% % BB
. XX X :I
9%
14% 60%
18%
MF retentate (R2) MF permeate (3)
s 17% kS
19% % 21%
£ 3
46% 3
7% :
18%
13%
44%
0%
15%
UF retentate (R3) UF permeate (4)
2%
X 18% 2583
21% P 3 019,
= 2 59% %
0%
7%
0%
13% 509
NF retentate (R4)
0,
13% 2%
.‘i:: 23%
62% O Hemicelluloses
N' . .
B Lignin
0%
0% O Suspended matter
B Ash
A Others

&4, HEIERIE & HE5n(EE24HE (Persson et al., 2010)
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(OHRCETE

T 8 i B P 8 P 2 B e T\ T 23 2 S ML B AP I
NIt > B Y H AR A S IR S e S5 A
IR R R 2 8T

PR EE T R SRS A REE - B AR
MELCAVRRRR (E5 a) » PHETIREE SRR F
Ry B A 330 L/m2h 52300 L/m2h ©

PARETR IR T M B8 E B R R B T A Y
4Y5 (Fouling ) ’é"fi » JEAN o BURTRE T DA BRAE R R
BEZREA IR & - MFTERS RIS EFI98% Bpsk il
By LA A //‘B’Jﬁ“ﬁ@‘imf fOENE -

R R S BAE REE 1 - IR
U E At FE T A R BRAV/K ST IR BE T RS - TRUBIB B e X
AVERRFRINTAR] - 280 > AslBal R Eme - v
BT R A T A Ry 55% 2 90% » (85 - dhdfe e
1.2 g/LI#(K0.8 g/L » 2T AIVRE] LU 2 24 it
ZHVRE (QESb) -

i

=
jie2)

Semi-batch Batch

a 500 NI L L L L L L L B ILENLIND L B 100
= 400 | 180
= ¥/ ] =
= r | ] 3
x 300 F 460 ©
= [ T @
E [ I\o ] E’
© 200 % 140 2
® r | * 1 )
E | S -

L ry 1 —_—
@ 100 | LY J20 ¥

[ |

0 B N N [N T T T T N T T I | I |- 0

0 5 10 15 20 25

Time (h)
b1,0_...,...|...,...,..._
= 08| 000%
2 L /-o'O
& o06F o ° ]
g [ °o--°~
o 04f ]
2 r 1
o _ -
© o2l .
0.0 P SRR REPEE T BT R
0 20 40 60 80 100

Volume reduction (%)
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(Persson et al., 2010)
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A2 E LTt - 5ER1R DA 4 R EER| Ultrasil 105088 M52
g2 Ultrasil 7075 80 B ARG HAAU/KRE  serrRE
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PRI BRI (KB T 2E76% - DUEE RS I ILERBATE T
85-94% HIBET - M2 BV KL &R R A ik
R EVRE50% I 2EY) R EAREE T RENSLEK
ZAIM - EVRET6% I BEY)AEETRERERE BT (RS) -
BEAN - EVRET6% I - ZERYIHIEE T RS T T BEL
KIS E EBRAY SR > AL - FERTR T3 B > VRAHE
#50-60% ° QNE TR - FUERERE T HRaasd B IR AR -
EEIVR 50% K76% BF > SR #45y All F563 L/m2h K227
L/m2h -

(2~ EEBER KA E

1. CTMPEUE/KEI LA 4H K

ROBURAFECTMPRAE KK EH Ty IR
W5y~ REZRRAFEGER - FEAERATREL08 g/L - €95
[T 53 10% - - 22 2 SATAH R BEE Ry HF BRI ~ R AgiE i
FALEE - SR T RARKAY E AR R BRI A R
ELEASE e iy S R
[F) > AAFHED) ~ SREE - ZBE X PR G R | CTMPRRHY
SRR K HP AR YRREHE S - WEYE AR
A5THRIMZRR0.1-2 pmAYIBAS » (I o] DA BEeA S BRI K
ZIER A R EYE -

( Galactoglucomannan ) (

5. FORMEIETHERL - VRES50% BF223EY) ~ R VREs16% W5 22159 K2 eRYIRI{LER4HA (Persson et al., 2010)

Feed Permeate at Permeate at Retentate at
VR =50% VR =76% VR =76%

Lignin (g/1) 0.61 0.03 0.29 2.08
Carbohydrates 0.12 n.d. 0.02 0.32

(g/l)
Conductivity 2.0 0.2 0.7 5.0

(mS/cm)
Al (mg/1) 1.37 0.03 0.56 442
Ca (mg/l) 32.2 0.6 124 127.6
Fe (mg/l) 222 0.04 0.97 7.09
Cl (mg/1) 142 7.2 7.2 28.2
S04-S (mg/1) 312 15 152 835
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Z<6.

(s I CTMPEU/KEY (B2 (Krawezyk et al,, 2013)

Concentration (g/1)

Percentage of total solids (%)

Total solids 8.01 -
Suspended matter 3.25 40.6
Ash 1.85 28.7
Lignin 1.30 16.2
Hemicelluloses 0.79 9.9
Mannose? 0.46
Glucose? 0.22
Galactose? 0.13
Arabinose?® 0.04
Xylose® 0.03
¢ Concentration after acid hydrolysis.
2. Ry BN AR
400 80
FOFRCTMPEUE /KAVAEER 73 3 i és iR > R /I By T |
*
[E U e e 2R B LA L Y SRR - R R BRET S HAt e 300 """‘Nhu:a_.._.l 60 g
Hep RSP BRI T R MBS - B E e < \ 5
R TR R EES (Prefiltration) K {wGEIEEE (Microfiltration ) ;E, 200 40 :é;
x C
FREHE B o FTHAEREEE250 nmiYERLERY - SR YINTR = §
FER3.3 g/LIFEL.0 g/L > MEEVETY BB AITEREM 100 20 3
HEIEELA MR - U2 EY) L E 2RI
N 3D 42 , B 0 O Ot O O T T 0
715 > RESMEE 200 NTURRRE3 NTU » B A& 0 50 = 60 50 0

(Kéyhks etal.,, 2002) F5HERRBFIRAREIDKEEE
EIAM R YRR AR - I > MUEIE2 BN REE I T
BRI A P R AR PR R L -
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b [P RERUEIEE A TR BRI F
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#E 2B BRI ECR 2 R R E R 2 EY)
Bt E  (4998%) @ (Ui B i A & 54 F5260
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& - EE BRI ATY00%T - AR N - HJFEE R
FELEIF 2 8RY) 2 SR BTt -
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Volume reduction (%)

8. CTMPEUFZ /K&K (it s B PR T I i R S S YR FE RS
FEFREENHE (Krawczyk etal., 2013 )
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5355 kDa( UFX5pHt )JERE#L[H 77 T2 10 kDa (RC70PP
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98 R AUFX SpHUE RS R AR I P a4 2 R E R
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f&9. AUFX SpHUE RS (cut-off 5 kDa)HEFTHEMAERY - ~F4fidfER
RAEZ ARG B AR (Krawezyk et al,
2013)

FH I8 97R A3 A1 fidE R ORNE R TRV R E R
AR Pl R E I - HR N BRI P 7 2R -
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o FERES B ERY) T AR ) T EHE 5 R2-20 kDa
MAE 2 Ky 1-4 kDa
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TR -
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[ EEAIHRE] (Krawczyk et al., 2013)
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[ 12. 250 B P i 1% HE 28 82 6 Y () P R () RNE
ZS T 2571 (Krawcezyk et al., 2013)
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& 13. LLUFX10pHt i B (cut-off 10 kDa)4li b > 4 4k 25 45 T
B PR NNEZRITEE - SRR S RS RENE
{REAIFERE (Krawcezyk et al., 2013)
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