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( SUMMARY

Purpose &
Contents

[Purpose]
O Development and optimization of an integrated process for lignin separation
from wood waste generated from urban areas
1) Understanding conditions for optimal pre-treatment of wood wastes and
operating parameters for an optimal dual-membrane filtration process
2) Evaluation of performance and establishment of strategies for
anti-fouling in an integrated process for lignin separation from wood

waste

[Contents]
1. Understanding conditions for optimal pre-treatment of wood wastes and

operating parameters for an optimal dual-membrane filtration process
O Literature survey for lignocellulosic biomass and pre-treatment of wood waste
- Characterization of lignocellulosic biomass and analysis of black liquors
- Establishment of analysis of lignin contents in biomass and characterization
of by-products from pre-treatment
- Understanding of characteristics of lignin fractions from membrane
filtration
O Development of a lab-scale pre-treatment process for wood waste
- Set-up of a lab-scale organosolv process
- Operation of a lab-scale organosolv process using raw wood waste
O Development of a lab-scale UF-NF process for lignin separation
- Set-up of a lab-scale UF-NF process
- Operation of a lab-scale UF-NF process using raw wood waste and evaluation of
operating parameters
2. Evaluation of performance and establishment of strategies for anti-fouling in
an integrated process for lignin separation from wood waste
O Evaluation of an integrated process performance of lignin separation from
raw wood waste
- Operation of integrated processes of oragnosolv and membrane filtration
- Evaluation of the long-term operation of a UF-NF process
O Determining optimal conditions for operating processes via an economic evaluation
- Determination of optimal operating parameters
- Determination of optimal conditions through operating a lab-scale process

Results

O Development of a lab-scale pre-treatment process handling wood waste
- Set-up of organosolv reactors
- Selection of an appropriate organic solvent for separation of components in wood waste
- Determination of optimal conditions for organosolv reactors via recovery of
lignin in black liquors
O Development of a lab-scale UF-NF process for lignin separation
- Set-up of a UF-NF process
- Selection of an optimal membrane via evaluation of recovery and fractionation of lignin
- Determination of operational parameters for membrane processes treating raw

black |iquors




O Development of an integrated process for lignin separation
- Operation of an integrated process for lignin separation
- Evaluation of the operation of UF-NF process
- Determination of optimal conditions for an integrated process

Expected
Contribution

O By recycling wood waste generated from urban areas, the utility of biomass can be
maximized. Developing new markets in Southeastern Asia could lead to strategies for
extracting valuable products from wood waste using recycling systems

O Expected outcomes
- Substantial increase in recycling of wood waste via utilization of lignin
- Establishment of sustainable systems for utilization of wood waste in mega cities

Keywords

Wood waste Recycle Lignin Separartion Valorization
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A .

=
T

O
3. A7 ® 4
14w
@é'll HRO|20gA g*xi A 0|22 M2 A1B A 78 UF-NF
M2 B SS=A} organosolv 213 438 2SI TS
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e J;_E"M‘_Eg?-—f— ;_} ""f.";‘;‘;,’.";‘,
» T EHAHRAM Y mA FiOt » MPAI QS organosolv x|

» FE22OH 342 FES
> BEI T2 Y= FEFUAHASASIBHE =71 713 =8 UF, NF B2
. 2|OY FEE EA}L L\’ #Ha] organosolv Alg] -84 ? LMY 2EFY ’

a9 4 1A A= Al W1

= H.
HPLC ¥ GC-MS 5% o]&3F F4HE (black liquors) W a3l &2 stk AL
Pedel sAIrr ddss dad FEe AL

(2) AA| AHAE o83 A2 organosolv A 43

(1) EHAA npo] o~} #HE HdAP 8 A 5 72 A7 739
O 5Z2A vpo]l v~ 7244 4 2 54 1<t
O A& AAg FAE (black liquors) A% 2 #ld A=y g4
O
O

O A& 35 organosolv &= A A

O #A&5A A E8e fFalgk 44 F718q HdA4.
O F718m W% &% pH w-SAIZE o8 =4 AA.
O Black liquors W g1 3|4& A48 B3 {718 A= 20 A3
O ¥4 348 9% A4 pH =70 Alo] Ad53.
O AAYE FAAess JAd & 5 345 A A4 A4 H 43k
(3) A4 5 UF-NF ©H

O AFollA #m== ceramic, PVDF 59 thakst Aol 154, &
W & H 24 RAE (black liquors)S iAo ® HAE,

O F&% YJade 348, 725 F7F 7F8 g4d3 UF, NF 2219 44 2 =25

O UF % NF Alzdo] dAHT Ff&oz dlqa 2i4s 94 & =

=

75, pHE TSl AA4sn




O HAEA FAHE (black liquors)e A 2|dhi= UF AladloA] BAE A4 (2lad 348,
FE) L BEF A B
O UF Alz"o A HAE 45 2Este NF A=A dAE AE4 (Fad 34
& TR 2 55T AN GIMAER~) BA AA 3g HAs)
. 22 A=
‘ Zets 2lav £&/E8) ‘ - - G:-as; EHE 2K =S
UF-NF 7| M=y
23 H=7) =H 87| H=84 = ZAY =7}
3 T iimbane clasning @l j:w‘mt'u-,ﬁifii
oF 25 Wmmlg | Membrans Clasning i . P
529"37‘%?1_" o “""""";“'““"l i = A B o 3 »
X7 2 hid el " vedad PO = |
& ® ooamis ; - L N
14388 =0, S I
ol'l 24 48 72 96 w : L & =2 —h—.&_—h_—_dJ.;
Time (hour) = oo Tomar ST
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O HRTH W& 2ad %, 358 A}
O == W& gad &, 358§ At
O 5 L/day 1% @A UF-NF x| A%}
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O At 20119 FHNA Xinjiang Ailexin PharmaceuticalAbi= &2 41 (allicin)S &
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/\}7} J‘ﬂ%ﬂ ﬁﬂ'ﬂ FAHE (black liquor) ZF-H 2] 1dS 3|58k HOEA Y S
< HAstek AT A5

g SAA gad aFIPHA 8 B v]se] FETA QlE FA o,

aL
A ARAZRE RS 5 Qs PEE obd AL v e,

Ll
M
i)

F 2. AN o] we 4%

Preparing Method of Allicin Injection Brackish and Sea Water Desalination

and Low Temperature Continuous Using a Hybrid Ion
Stirring Ultrafiltration Device Thereof Exchange—Nanofiltration Process
C 5
Y -‘.‘! 1-YEL EINC',T":"’-‘_‘_" ,.":'_:I ﬁg ::JrEs'::..:m [ 0T EAR
—— 1+ [ - I X sanoes |
L | By c oy
H I ] | ] | 'w_-.ku oo ]
g o P A e P
F o | "o
o | | rx’ci;uufcﬁ [
—{ - |

* =<l Xinjiang Ailexin e =99l SenGupta Arup K
Eﬁggzg?gfg}gfg 151125 (20110608 || S aE Uy 20110308 (20080213)
¢ omelmTe) dUlodl VO e STEHI(EFYHZE): 7901577 (12030532)
. SE2HF(ZYWE) 2586425 ° =T
(11797456.8)
Resin Compositions Comprising Lignin Method for Separating Lignin from
Derivatives Black Liquor
-] L. 55 1.r irr &
14 12 10 ﬂ-l'\!b.‘:'n@ & A L' ’ — ;;:'“ﬁvf'v
8 ‘l 0 | EII;:: I
owﬁ - ~ 75 ’jr;; _rn —Tl:__m__

— T
85 sh 45 40 a5 3.0 ppm

=Y _FIBRIA INNOVATIONS INC. |« Z=92I: LignoBoost AB
T5Y (%'?f_ ). 2016.02.23 (2010.05.27) e TEHU(EYY): 2012.02.01 (2005.09.08)
TEHS(EYHE) 9267027 (13322890) |« SE2MI(ELHI): 1794363 (5778944.8)
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7 %A vhelevjash BAE AAY BA 24 5 71z AT 59

(O NREL(National Renewable Energy Laboratory)®} TAPPI(Technical Association of the
Pulp and Paper Industry)oll A AAlet= Aatgi=2 dA]glo] AFE #H&5A 2 Aozt

om £ EFEAY £, A, B, I, V8 22 G%, 428 5o 2a 24
A 4,

O FFHGA shdida ol 923 718 A%s ANA 23557 A% A5YL
AN,

O FFHA el 24T Af2old EFHA VEYS AT

e
O NREL/TP-510-42621°] w&} FE3adS £413 dA5Ae R332 4.38+0.05 % ©H
s 549 FEFHFS 9.09+0.13 % = 43
O NREL/TP-510-42622 wie} A stake F-23)
2 EFEA A TS 0964010 %= 2!
O NREL/TP-510-42619° we} 718} FE5&9 &S 4% A5
of gheF2 7H7F 398 %, 3.92 %A ow tEwr EFHEAE ZH7 0.29 %,

(3

ge 55 12 %
=

O NREL/TP-510-426182} TAPPI T222¢] we} glad 2 o] s B3, #5549
A e Had, A BeA gad @3 77 157+0.03 %, 26.59+0.32 %o) ™tz
== 247 0.97+0.01 %, 26.20£0.14 %= EAE. HEZA4S xa =] F2
W FeFo] A2 Aol gle o Kol HEAl= dAg e A vpo]em]~l Ao
2 Jas = 9L

a9 6 A=Y ® A5 a9 7 AEgR E£5E)

O 92 Glucose, Xylose, Mannose, Galactose, Arabinose & 57] @& st #2495 AA
st HEAQ A AF9d SAHE 2944+1.98 %, 6.25+0.28 %, 3.41+0.33 %, 0.94+0.003
%, 0.47+0.0005 % How Uz SFHA= 44.18+0.85 %, 7.15+0.27 %, 7.93+0.12 %,
1.89+0.02 %, 0.91+0.02 % %+

O YA2E2AL Flash 2000 series 7]7]5 o] &8l ErAh, 4, 4bh A4 9 3o stk B

Ag #AEAe] A9 77 42142014 %, 5.86+0.03 %, 40.35+0.36 %, 2.23+0.06 %,
0.18+0.02 %R o™ tzx=a TFEAE= 27 45.12+0.12 %, 6.50+0.006 %, 43.45+0.015 %,

14



A9 A o] thE AlEe] dAEERY 4 we AS
o ')F Ae. ol HAE TFEste HAAA BHEA, WA 5o SFAE AMEsta #H7
HAANA A7FE 2 5o olFHo] EHY] WEoR HY
CAA HE5AE o] &3 dAHE organosolv AF 3.
3 A7 535 AT A EHE(CCD, central composite design)oll ™} organosolv Ax]g] 213
ALE Al H AE 53,
AAMNES WS FEHEAH(RSM, response surface methodology)g ©]-&3F #4118 Eaf 23

Organosolv. A 2lE Fda7] 1% 1218715 CHEMRE SYSTEM Inc®l

=
R-101R2 S 7|wto g FR A 23}

Az o] AlEE F7]1 8 dELIE (65%, v/v) FEHoln, ZA9l F EFE F
AW &S 1110 (30 g @ 300 g o= st AAE AAGFAS. F71&v= v FHF
st 2 AAY, A T 1HE T AFHUJS. 9ol Eua u Hixel A
2] E 9138l Whatman grade 1 filter paperE °]&3le] 7ol atE AA 519 . 29 &
T 2T 600 ml 2 AlF 2 AxAZ 5 AESRAFEC Y JARS .

e

29 9. 150-80 um A= K
A

15



recoveried lignin(g)

> 100

Lignin yield (%) = driedwaste wood (g)

O Organosolv AA & 374 HAsE sl vb&2
il

s A 2de SHNS, fad e TS5

)
T2 AA A s FAFHIAGH
(CCD, central composite design)< AF&3le] 157 AMEZS 7 AdS A 2 YW
7o WHeE Ws2% 1364 - 2036 T, &4te] %= 0 - 25 %, HESAIZF 2636 -
9364 & <
3 A N SHHESTE o] &3 SARAE A A3 AES a4 wE gad
Concentration of . . . . o
Standar Tem%)%rflture sulfuric acid in Reac(tr1rcl)irr1l )tune ngng;yylsg(,)d/o of
d mixture (% w/w)
order Coded Real Coded Real Coded Real actual predicted
value value value value value value value value
1 -1 150 -1 0.5 -1 40 1.117 3.364
2 +1 190 -1 0.5 -1 40 5.002 5.040
3 -1 150 +1 2 -1 40 9.499 10.159
4 +1 190 +1 2 -1 40 11.974 11.836
5 -1 150 -1 0.5 +1 80 2.127 3.364
6 +1 190 -1 0.5 +1 80 6.083 5.040
7 -1 150 +1 2 +1 80 9.185 10.159
8 +1 190 +1 2 +1 80 11.696 11.836
9 -1.68179 136.4 0 1.25 0 60 8.1745 5.634
o T 2036 0 125 0 60 7.355 8.451
11 0 170 -1.68179 0 0 60 1.8305 0.956
12 0 170 +1.68179 2.5 0 60 12.758 12.282
13 0 170 0 1.25 -1.68179 26.36 8.112 9.527
14 0 170 0 1.25 +1.68179 93.64 10.398 9.527
15 0 170 0 1.25 0 60 8.296 9.527
16 0 170 0 1.25 0 60 10.527 9.527
17 0 170 0 1.25 0 60 12.371 9.527
O Design-Expert (Version 7.0.0, Stat-Ease Inc.)& o] &8)A 2 ZAyo] o3l W33 HE

16



22 (ANOVA, analysis of variance)S 3% S w325 (X)),
Fake] FE(Xy) F O HESAIZHX )P FHEHF Had FE(y)He] A gk 23 =
g e ey e TuAAW (Backward elimination)o] ¢ @A WA 7My #AeEg 3}
2 =]

Homdo] wel gate] v @ wbsLewr) 2oy Fed oW g v =X ol
adx gl Suds E v

Design-Expert?Software

One Factor
Lignin st —|
@ Design Points
®

X1=B:SA

10831 —4 .
Actual Factors
A: Temperature = 170.00
C: Time = 60.00 ®

7221

as10 —|

X1: B: SA
X2: Lignin

9 13 Rl 2 shhbeee} glad 8] A 2=

Design-Expert?Software

One Factor
Lignin raser
@ Design Points
®
X1 = A: Temperature
1081 —| >
Actual Factors
B:SA=125
C: Time = 60.00
oY L J
7221 ] 4

1610 —|

000 —|

X1: A: Temperature
X2: Lignin

a9 14 2o whE whe2es} glod 480 v e




Design-Expert?Software ngnln
225
Lignin
# Design Points
12.758

1.117
X1 = A: Temperature
X2=B:SA

Actual Factor =
C: Time = 60.00

( C ) 12000 15500 17000 18500 20000

O mdo we} Axd H2 274 w32% 17820 T, 349 % 233 % ojn mdlo]
AN A gad 82 12459 % . Zdo] AA Ay AxEE=A sty sl
A HEARS 9% 17820 C, 3ake] 5% 233 % 2 ¥ A7 60 H-ol A organosolv
AAEE AlPPe. v S L5 T HESAIZE o] el o EXF
2 ek WEo] do= FAHES 60 B AAMA AFS s A
2y T8 14606 %2 UEREE ol Rde] AAg grch oF 17 % =& gl

O 22 figt #5359 vess F23AMe] drpyt & AHs F71s ddde=
el 2 A A S (coefficient of determination; R?)$F R GolA AwE= AA WE
S U FASE 4FS ads 88 AA AT (Adjusted coefficient of determination;
Adjusted RHE A=3% A3 R? = 0.8531, Adjusted R* = 0.8041 & Y&

7}, organosoly Al HHzolA ofA = e 54 she}

O 71 #8399 organosolv A &4 HA 3t A3 3d 54 gade 545 4
W EREAEZRYH FEE YHady ¥uE S dEA fFd fgad AREe ARAES
Hdstr] 9lste] 9AEA, TGA, GPC, FT-IR #4202 glade AARAS 395,
o Zad F&8 HEZA4 12364 g/ 100 g of dry wood, &&= 13.292 g/ 100 g of
dry wood & YEFSS

18



E 4 54 R ogade] daEs A

s}k (%) C H 0 N S
H =AY 42.135 5.860 40.348 2.295 0.184
o £ A
BN 63.857 5.813 25.496 1.468 0.440

AurE A 45155 6.504 43.450 1.443 0

& WkE- 7

a]“:l_'u 65.077 5.631 23.737 1.123 0.304

¥ 5. YAEA Ao ue AAtE HEA L glade] 54
£4 C/0 H] & chekA] 2 E¥3=
| %‘ZH 1.044 CeH1001043 2.131
7= 2505 CroH1060 5,649
=t . 10H109202.99 .
A HEE ) 1.039 CeHi10370433 1.897
2l 74y 2.742 Ci0H103802.74 5.384

O wge 547 vholemz= 09914 L1Akelel C/O Hl&& 7HA

1044, 1.039=2 &g WS wrHehH Hls2gd %k% el e s R
e C/O Ml&S ZH7h 2505, 27422 AAEY wEo Fou] o) F
& C/0 W&ol 1o 72 fke 7= AgRexg dudERe syt
HZPH = 2507 dee= Alsd.

O % gade Ex3x ke 217t 5649, 58347 EFGS. WA #Hime] Ex3lE7} 40
vg B Ao dojd F glade oFAdg XIAE I ) e F NS z2te ek
= 1gle] FEHE JHAE AoR ®Hel HEA 2 dukEA {8 gade] 9ARA A3

|

(2) TGA(Thermogravimetric analysis)

O glade 45 242 TA Instruments Discovery TGA 7|71l 9l&] 3= . H&
A7A st A 25 204 800 C 7FA 10 C/mine] £E=2 FSAIAA == U
3 gladel A AWMES(TGA 2=, 19 16) % AHEFAEE=(DTGA 13=x 1
H 1NDE 7153 =

O gade §52 #3251 9(150 - 800 C)& 7M1= ohgst A
o], &&=7F Ak %‘%@Oﬂ mel 2gads FASE A F Fae Y EAR ey
™ 800 Ceoll thoh=2A W ghavre] oz = FA .

=

19



=
=)
=]

— =7 g

8

—YURHRA i
s =
S 80 50
R ‘a
ﬁh 70 B B
@ 60 & -0.15
Y 2
E 50 s
@ B o2
40
30 025
0 100 200 300 400 500 G600 700 80O 0 100 200 300 400 500 600 700 800
Temperature (°C) Temperature (°C)
a9 16, g1de] TGA 1= a9 17, gl1d o] DTGA 1=

O dvAdEZe 2~ 200 - 350 C HHNA 3l 5™, DTGAne F 268 TolAl e}
2291 DTGAmxT ¢F 355 CTolA vl 300 TE 7o Z A2oAe g1
W w2 @45 oyAE Zte A3 ddd mE glad 2 dojve v, a1
NA = A H AF dedo] o3 a7t Aoyt
O & d7dA A dA5A fFd gade] 45 800 T7HA +%7F Asdd wet 5
526 %< Aol TAHUS. DTGA Z#Zo] w= Ao oa AuaEde e

105 C, 105-240 C (DTGAmax = 182 ), 240 -500 C(DTGAm = 373 T), 500-800C

of SEGYAAM dojd Ao s YEyt ojZlor & w 2adS #dd 727 ofy
H, A2 gE EdA FilEH= FE2E AL A JHA ol 2esta Es YEh
A5

O 105 T7HAe A& Has F2 S os] dojubm, o 8 %9 Aol Ay U+
105-240 C HH A= oF 5% Aol FaH=d], o] HMedAE AndERZex9 &
W AR gloade] a7 dojd 240-800 C W SldlAE glad wee] e d 7
27F doluks

O dubt=A e gade 4 54 2% WelodM F 546 % fFastdlon, e 22y
Aol A=A Fd Hadd H523 DTGApax 1 e . olell whel, 7 oad
= H=3 EASAEE T € 7 e

(3) FT-IR(Fourier transform infrared spectroscopy)

O FT-IRE o] &% #gade etz 242 ga1d AMEFS KBr pellet Jej= vheE H,
Thermo Scientific Nicolet 6700 FT-IR 33330 oa)A 3= 4000-450 cm ' $ ol
A Z2AERL. AEA 8 glade FT-IR 29Ed 9 v3 A7 el = 9=
Zkzy 1%l 189 3 622 UEHHSL S

20



100

20 L= S
H S g1
g
=
g
E 80
=]
w
=
g
=
1S
=70
=)
<
<t
o
60
4000 3500 3000 2500 2000 1500 1000 500 0

Wavenumber (cm™)

9 18 gade] FT-IR ~HEH

E 6 FT-IR 29 Ege]4 92 9147 vehlje 48 2 72

37 )X (em-1) ek

3430 - 3455 O H stretching
2923 - 2929 C H stretching
1705 - 1711 C O stretching, unconjugated
1633 - 1638 Aromatic skeletal vibrations
1508 - 1511 Aromatic skeletal vibrations
1464 - 1468 C H deformations in CH3 and CH?2
1424 - 1429 Aromatic skeletal vibrations
1327 - 1329 S ring breathing

1220 G ring breathing
1116 - 1120 Aromatic C H in plane deformation
1038 - 1044 Aromatic C H in plane deformation
835 - 838 Aromatic C H deformation and ring vibrations

O F #glad 25 3440 cm' oM wWE £ v
UEFES. 2933 em! 2ol A C-H 29 2l
1710 cm™ ¢ ¥ A= 7@&%714 NEETEOR
daE gad v Adz2e 7o BEE ue AEdd o] L}E‘mu 1460 cm-1°]
e v 38 A3 49 C-H ZAdo] 93 337 JeERES. 1380 ecm ' 2 1120
cm o) A syringyl7] el 93k 9 =7} IJrF/]rM%. 1268 cm™t 2 1161 cm ol Al guaiacyl”] 9l
ofgt I A7F eSS

O 1117 ecm ! o= dH= /\Eﬂﬂﬂ of 7]¢15t, 1030 cm ! A= 12 ¢37L(R-OH)ol
o3 v a7t e, 838 em ! ol E C-H Z2¢e Wy 2 3 Aol 93 var u
Ehe. ¥ 2249 FT-IR AFEHS Ayrd £359 lojgt &4 & v729] ¢

A= ol B A YERES. olE B F o gade w3k 31e A 2

A

(4) TAHF 2 4
O gade Ex% 2¥x= g Egsto|=2F &(THF, Tetrahydrofuran) 1 mlo] #z2d 5
mgeS SA7I= MZE AA2 Fo] Thermo Yltimate 3000 GPC(Gel permeation
= =]

chromatography) 7]7 oA e, +AE T My(FAFTEAH), ML(5

21



-

s

1059 Da ©|d
| A o] A

. a9 @A (coniferyl and sinapyl alcohols)®] #x}aFo] ok 200Da o] =& F #1
=}

983 Da ©] <.

—_L

[€)

=4

-

R

PDI
1.28
1.29
= 7 ERE 7 g

. TS (Polydispersity)
FEfe] 2-3

Belom, My
Halew, My

(Number
average)
767
805

h84

3 219

o

o

T

My
(Weight
Average)
983
1059

7 ol A

), THE2F=(PDI, polydispersity index)
g
A Wk A

e gad

A=A )

5 GEA R T4
1.28, 1.292 yElyks-. A= 19 747t

b

A
FEA fre 2l d S 239-4754 W9l A 7

ki

=]

Q)
=

O #H&5A fef 2l1d2 242-4900 = ¢

(5) 2&

el

min

LHERSE

o
=

il

fok-

=il

w7 =)

75

4

-
> %

o

1

Hz

il
=]

75 UF-NF

=

PRSP
=

A

-4 A

—_—

Bge
O UF/NF wHgelo] 9

=R

(1)

av

Cig e

(CPXS010L, SEMIFOG
cross flow filtration

}

ksl
pul

sgom, olvtele ALt

3T
S}
%

S

3

S
&

bz
=

i

NF wHBgel Ao

71l &

sho] mE <l

o145 2.
o] &3
22

[e)

Eg o]

ol
PN
Ay

ate] gad ol

SPDC Data Collection V.2.01 4

S

Co., Guangdong, China)®}, UF
(CFF) 2=(CF016, STERLITECH)
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concentrate F
-

permeate

E‘f pass
feed
19 19. Lab-scale WX g2l g Az AT

a9 20, Al Belol o9 ofste) A% dolEt AN P B
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(a) (b) (c)
1822, (a) WEHS 2= Y —%H]Q ZA (b)) W
T WA BE (o) BEE FA FesY A3 g5

(2) WEel A4

O Wuelde 2o 1ot Ay 2 7lg Bege) R gade] 2% 8 2E 9
3 1 kDa, 5 kDa, 20 kDa®] &=< 7}2 WX g2 (Synder Filtration, CA, USA)S A7
S, RE "H ol AL&EHE fdlo pH= 1Edle] AR ZANAE AR 7
3l polyethersulfone(PES) ™ B g ¢l 2 A e 5=

' = CF016D
' Membrane active area | 20.6 cm2
Hold-up vol. 13 mL
Slot dimension (D*W) | 2.28 * 39 mm (0.09 * 1.54 In)
Outer dimension 12.7*10*8.3cm
Active area dimension | 4.52*4.52cm (1.78* 1.78 In)
Material Acetal (Delrin)
Feed : “aln FNPT
Connections Concentrate : Y2 In FNPT
Filtrate : 1/8 In FNPT
Aee mE 2 AR
8 WHAl $4 2ol AFH WraA Apd
Name MWCO Material pH Size SKU
SM 20,000 PES 2-11 CF016 1120960
Synder ST 10,000 PES 1-11 CFO016 1121036
Filtration™ MT 5,000 PES 1-11 CF016 1121005
XT 1,000 PES 1-11 CF016 1121057

A S
kDa, 5 kDa, 20 kDa)®] 545 #otste]l &&42 4 95 dAAlstna g

Aubdel AL wrgd FAH A e T Wugels WA AFEE] 9 Algs
o A W £3S FAIstHEA o3 (permeate) &7 E2 EH o] AEHH< FHFo] e
gk olo wet E AFdA = A T SAUE WBEs wAste] AL5AQ FEE
st WH(Type DI, & (20 kDa)9] WHEZHAS WA Algsto] Z7] HAE =

24




o
o

329 (fouling) A4S &3t F UmA & JAPsh= H(Type 2) o2 F 7HA

~20 kDa

1 kDa 5 kDa 20 kDa _ Black % P*“_‘]*a‘f*“% __~1kpa
Black liquor’ permeate
liquor \\‘- 1 kDa~ \\‘\ 5 kDa~ \\‘-2[] kDa | |

1=~20kDa

.L retentate - . retentate - retentate ! concanirte %_P
~1 kDa 4~5 kDa 520 kDa 20 kDa ~
permeate ermeate ermeate concentrate
Ilgnln
Type1 Type2
a9 24 Ak HE 2 2 £A =9
Ll —1kDa
50 - - R ., T, T
— 40 4
ob
% ]
o]
E _
o
o 20 4
10 - .
E' T T T T T T T T T T T T T T T 1
0 200 400 B0 200 1000 1200 1400 1600
Time (min)

g 25 PR el wE ojvbe] F5a v

O 9 a9=Z= Y +dx7A (flowrate: 30L/hr, inlet pressure: 20 bar, TMP(trans
membrane pressure): 20 bar) dtollA W B FSo] wE At F5TF Hluw AYHS

TR AdE aYze HoFa 9lF. 20 kDad] ®BEH AFS doly HEol A
SRS RS RS B gko AHoz #7892

O A% ﬁer 20 kDa«] Bol Ao oF 10A17F T WrF el Aol FAE 7Hrs
o Kol

o
of we}, 20kDae] WHH S WA AHL3] permeateE 3|4+ & 1kDa, SkDa W E.
Z X

13Y O]’M .
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200.00 -
180.00 :
160.00 :
140.00 :
o 120,00 :

100.00

Permeate (g}

B0.OO -

60.00

wm—— |rilet P2 5 bar, V:50 L/hr
s INVIEE P2 10 bar, V30 LS Nr

Inlet P: 10 bar, V:10L/hr

Iy 26.

O 9 29L& 5 kDa ®EHJANA A 5 7o mE oA g=524FS YeEddls.
Q] Sdog Zol 300ge AlEs o, ZF o] tdk TMP(trans membrane pressure)
v FdHe] dHy sdsA AAFIS(TMP = In P).

O 7z A3 =12 434 = fWEygd ZA oA =4 7Hed 19 oA AAs o
9 4=e] 4 bbar, 10bar, +&2 45 10, 30, 50L/hrE AR o & =714
From gk WstE 27| flste] 37H4] & A S,

O 7+ A& 4 x1oA Fast7] 98 AFEaHA 82 5 kDa®l B ls o] &3to] 12
AlZE o] A ekl S, L A wd Y stellA fFEol s offd 5o §
olA M, F9 ¢ FF Fe fA =2 I5HS BAS.

45 7
40 -
35 ~
@3{} .
225 -
2 20 -
E 15 ~
10
5 u
0 T T T T T T 1
0 300 1000 1500 2000 2500 3000 3500
Time (min)
a9 27. SN gk 1 kDa WEH] &8 FAZE (5017 o]
TE A 2=

O % 298 45 o] &3k 1 kDa HEHAY FAIZE 240 & ool 525 ekl
gz, §9 4E2 5 bar, S 50 L/hE JqEReH, 5L #AB ] djste]
A7] Abgel mE s FAlo Flstarat 53] ol AR 2 MHIAAFE 713 AEY
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o
AurA oz A§aHE AR AH e F 05M NaOHE AHg3ht, B AgelA A

EEERE

of Fiol We YEPtE FRAAS
A

pH =A0-1DA Blojus e SHez, AH e #estA]

HE WHgQe
2o o7 FtaS

O iete g F7]&vfel &3ie= 2lad 54
o] 100 mle ¢ZFS 1023 8A0 F 7R
A il F2 o] EAs
Bl o &3 #lad &+ A
g A7 EAEA =

<Cleaning tim
— ] TimE
—] time

2 times

ax

A3 (Y 28), TE T 8A7F 7)F 42-45% ©] I =

&0 120 18D 240 300 360

a9 28 &=

5

Time (min)

420 480 540 GO0 660 720

. 0.01M
Aem, o

U AlA e A4S A B v F2 TERoER =2F A8 flol=
g w2g 2lade] ¢hds AAL F Q=S 0.IMe] NaOH &8 AL489
Hakd T waeele] £48 7] fAstel FA el EAlste WEAUAE AAD
stao] WjEHE ARE dol A 4 glo] FA WRE w@etv 2l 1ol

o] o

=

2 Ao A= ofy 1Y A9t o] Al A A
o] 20 kDa ®EZQ #27F ddH F 1 kDa WEHAS o] &3 #
=

o w2 way £28 FzsE] 99

gl A 18 s3H=
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(a) (b) (c)
a9 29, 35 HA(a), e Az F(h), EF AlF F(c)e] "Brgcal

(5) glad Eg
O 20 kDa #E# 2: 13]F 300ge] I
¢l EE AldEd S oW & =S F
olm 37 Huj 198g¢] AAH}AL 3] F8H S
oF 674g2] permeates Y5t om, FH
= e 2ol vEd s

o "3 ¥a 10 A3 7Fo® WHy
2t2 10 bar, TMP 10 bar, % 50 L/h
Az AFL 53] whEato] =85}
|Eo® oo} 9l FEol #d AF

£
:\_I‘
ot

N

- Permeation coefficient: P, = C,/C, = 4.03/25 = 1.612
C,: solute concentration in the permeate stream
Gyt solute concentration in the bulk stream

- Rejection: Ry = (1- C,/Cy) = (1- 4.03/25) = -0.612

- Concentration factor: CF = ( Vol initial Water. ) = 300/102 = 2.94
V of retentate solution
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Wodel ®eE Adss B A9 daunn 4o g 2A5S AAG] 9
stol #aH00m oo me 5 FAL olgdte] £E ¥ PIUS FSFHE A
o] mAQ) A4x £H zAL 7 FASAR ZAGRSY 4 10 bar, TMP 10 bar, %
SOL/h)7 BAsA FAHAOM, 300 g W 374 o F el Relse] §Ue Be F
7} 1042HEe TEHAL. 1 A3 217 1186 g, 150 go) elztelo] AARow, ol

O 5 kDa ‘:‘“Hflﬂo] =2 1 kDa WHE#H &8 & 53 4054g2] FF°
A3 e =Ads ZZ(inlet pressure 1
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oS 2




o
= .

AR

2 150g °]}

=

ol

oo} & 87g, ¥

-

R

SR

taew, 1 Ay

Ho

_Z._O

Ho

N
B
ol
A
o

]

i

+

il

R

X

R

&

-§-l,

171 wZel 3l

S

48

224

B7h obd A Abeje] A

ol

™

4= N

e

goe] o] gt 7
53

bol &
IR

95
5

=
=

Q3 o
.

i
FaZ 4000 rpmell Al 30

S

2171
&3t

=

b)
5-20 kDa #1d (b)

(a)

d (a)2

kDa 2] 1

Zk7F 0.089 g, 6.015 g ol ew, HF

20 kDa®] #1d2
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%100 = 0.47%
X100 = 32.18%

> 100
12.46¢g lignin
(100 +900)g black liquor

12.46g lignin
(100+900)g black liquor

29

1o 2l 1Y g
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B Balgl organosolv #l1d o] B2 313t EA
shar, o1 AREe] tid APAS sesly] 98 AaE R A gads dxae
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TGA(Thermal Gravimetric  Analysis), FT-IR(Fourier transform infrared)) NMR(nuclear
magnetic resonance)w2] ¥} A&} GFFol AALES el fste] HPLC #4418 3

B3 2.

H THFE &viz 3lo] glad AE2S 3 mg/ml7t =5 &A1 F 2% 30uE
ANBRZ AR S, o] 54 £5E 035 mL/minelH, 23 25& 40 T2 AAEAL
O gad Nss A &vfol tiste] $bd &a=A &7] wiiol dAA= FAS &3] 7F7]

WA 7= Aol Badh dukygoz {7 & ot
A ¥ = acetylation A 2HS Bo] x€s}

| = =
I o B oAgo dixgl gL A =1 (RHage et al, 2009)°] wE.
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¥ 9 WeEHgel F9d gade] Ay FAH X Ay
Mn Mw Mw/Mn
Raw 483 1220 2.52
1-5kDa 337 516 1.53
5-20 kDa 412 791 1.92

O ¢ &= GPC A w& fueel 2 A2 #(1-5 kDa, 5-20 kDa) 2|19 23
T FAFMw), T EAFMn) 2 GEAEPDDE e,

O Wrdel 8 de gladel 45 sd7 BAF} dFdd FAF Aol Aozt A &
< OEAES A, HY Z2AkFe] 10,0007HA4] sk e Bolal & ool wt
& wreg e Fo gade JuHor AL dEAEE Holw FElw gyl
Aol HAerE A2 thEdtE s Helal 9le

X
O AEdgsn g5 TGA 4 A1(Q600, TA Instruments)E E3 sid &2
o] 94 oA F HAHINM Yeiys

wa 54 B, A2EN7] WelA]
100mge] A1&EE 800TC7HA 10C/min®] S2&EoA 43513 5.
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100 0
90 -
1 0.05 -
80 -
~ 701 £ 0.1 4
g S
z 907 £ 0.15 -
= 50 E
2 40 ] Raw| = 021
= . =
30 1 e _ '?-0.25 7
20 | 1-5kDa & 380 °C
1 -0.3 -
107 270 °C
0 T T T T T T T T T T T T T T T —['-35 T T x T T T X T L T x T T T L
0 100 200 300 400 500 o600 700 800 0 100 200 300 400 3500 600 700 800
Temperatare (°C) Temperature (°C)
a9 31 WEEQ] F2E gade] TGA % DTGA 13 =
O 9 2z 9B A5 gade] 2= mE 944 23 545 v s 28
& 2 Ze 2o mE gade) 23 £RE5 HEhlidE
O 105 T wgte A YEIUE AL Fwo=Z, oF 2-3%E A g, 150T F-LolA e
= v &Fo] AR organosolv A HAo A AFEE S4E FHiERY 7]Q1E Sk
Aol ojgt o= FAHE. 1-5 kDa 1A ZA YERE= 270 T 49 peaks 2t
< =4 sgtEe EYe gad aiEA Abs gwedd 48 H.0, CO, COz9 W&
W #Ee] 9le. 380 T el glad E&i7h 7HE Bol dojud, glade uad
44718 T 2lo] 185500 C W) We BEE A0 2F waizh A v}

al
A e gad B dojubs 380 T A HA WEHd T4 AR 5-20 kDagl €
= AAA g2 Yaded 2w 9 dHo= A FxE A= A

=71719e A gade A Fx oS
6700 71718 =3 FT-IR 24< A 3392, A 8E KBr R4S wE
#als 2 em! 2AOA 4000400 em ! SO e 9aE B33

23l Nicolet
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5-20kDa

I ¥

% Transmittance

4000 3500 3000 2500 2000 1500 1000
Wavenumber (cm)

o 32 WEgel EEd gade] glade] FT-IR 289 EH

i

# 10 FT-IR 2984 912 927k yehe 248 2 7%

wavenumber (cm!)
Raw 5-20 kDa 1-5 kDa

3285 3265 - Phenolic and aliphatic O-H stretch
2935 2932 2924 C-H stretch

- - 2853 C-H stretch methoxy groups

Assignment

1701 1707 1708 C=0 stretch unconjugated

1669 - - C=0 stretch conjugated

1605 1599 1601  C-C stretch (aromatic skeletal vibration)

1511 1511 1511 C-C stretch (aromatic skeletal vibration), G>S
1458 1459 1459 C-H deformation methyl and methylene

1426 - - C-H deformation (aromatic skeletal vibration)

Phenolic O-H and aliphatic C-H stretch

methyl groups
1266 1266 1267 C - O stretch, G

1212 1208 1209 Aromatic C - H deformation, G
1114 1114 1116  Aromatic C-H deformation, S>G
1028 1027 1029 Aromatic C-H deformation, G+ S

1369 1369 1372

O
ol o

8“10u

O
8

916 917 915  Aromatic C-H deformation

355 358 850 C-H deformation, G

- 816 824  C-H deformation, G

767 770 766  C-C stretch ring of the sugar and lignin
g Argel 2 A% gade FT-IR 84 ZAxold, dld gad sidsts A
ol AR =
cm! FolA \e EYXE HolE Ak dHim 9 WIS Yo EA8s O-H 2
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st o3t yaE de nyE MR gadel @9 A (guaiacyl group, p-hydrophenyl
% | sl

group, syringyl group) SAA Ao A#glo] BE g Hola S
O 2935-2853 cm ' F-#olA C-H A AFeEol oo vavs e g g1y
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= = 2= [e]
#=3 F S
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DMSO

Aromatic C

5-20 kDa

160 140 120 100 80 80 40 20 [ppm)

29 33 @Rl #eE gade] FC-NMR 24 ~¥Ed

o
O st WIS sgE GolAe] A2t FS el W €3, A ehte, H3 W
S ol A= C1 % 55 ot} B-5 9 2& AwAF Ul vl 9@ vt 1}
E}
]

B-BATE UEhiE Fat 4o 2R
o eadelA] 2 deon, ey 48ze s AD B4 1 Al AP o
"% d0ppm Pl AWE EA Qo)A E@ Ao BAFe aveld @




AEE o, 2% 30ppm % 33ppm PG ade] F AR B-0-4 Aol FaH]
of AR g Jo] oF W2E vpEhy,
O Aedoz e 2AFL 742 dadeld 04 4o Bk bF oFo] fov
T Al wE F74Hel Pabgo]l AAHE AL A F 9L
DRI_SO funcl-'-iic]l-:llghla:: ups
Aromatic region OCH; Aliphatic QH
Hin aromatic ring of G f{ﬁ_ﬁ} ;
B-0-43nd B-1 Phdunolic (OH
g Hg!sof iy \ rgmup I ;\
Raw | AAA \
5-20 kDa et | A }\AJL\_;J p
reripD\[SO L\JM \‘J
1-f kDa [\JAERY b 4 ]
T T T T T T T T | T T T
10 8 6 4 2 [ppm]
a9 34 WEgel BEaE glade 'H-NMR £4] A9 Eed
O H-NMRAA = kA #4 AR5 fA1s 2985 HAS A glad 25 B-0-4 2%
of et WAzt EAsA ok AT Aol GF Bt AN AR, £
S unitel] FetE XY G unitdl]l W a7t wo] EAFFY G unite] B W
de %+ g
(5) HPLC #4
O Agdsta sAdst 571719604 dade] Andel 2 F dEde fUTS
golsl7] ¢8te] HPLC 4] (Ultimate 300002 X &39S, NREL/TP-510-426183}
TAPPI T2220 wel 3 &=F 245 fgk dA-g7t Fa=dem 5714 7/ (Glucose,
Xylose, Mannose, Galactose, Arabinose)S ¥3r3t & o stk ofgo} 1o

% 1L EAEy eade) 3

FF (%)

Sugar (%)

Raw 1.02%
1-5 kDa 1.73%
5-20 kDa 0.61%
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el E @el 5 kDa WE R 948 AAF] 71 oul 40% 7}
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Hed. A+t oM =Eet ofe] nistr|s HH

O Organosolv A& FAA A&t {78l odEs ook WEgs, Z23s Fu
= 5 OYE &FS ol&ste AAYYE FRENeH, 7F H 27 4Fe] mE dAY &
o that A7 Jd@HE A7 A0S, Jelle Wildschut: 20139 2SS iAoz 3k o
-2 organosolv AAlg oA Ak Zvf 30mM 2 W% 210%Cl A 605 EoF WS4
71 A3 84%°] Tlad &5 9997, Run-Cang Sune 2AS 9 Lo A (7%
40%2] oEeS o] g3ste] 4F Ful 0.02M =7 St A F AZFEE WSAIAES W 20%2
a9 &S 995, Hiroshi Teramurats 201613 A-5%=¢] 1-butanols ©]-8&3Fo] 80%<]
gad FEs AU

O AA gade] 8 AFE 59 ZAYE H7He A2 E gaddt o] o] EAjsts
FE ] o] AREEANE So] EASHA] & soda Bl 1ol organosolv Bl 1 ¥ 2
= A5 A BEel g Aleko] AU sHAINE Al Nadi= 20029 EE=ELE W water
reducer=4 o] gle #adS AHEIS W &o] e gadry FAET 6 =52 A
AFsFi+. B. Kosikovat 20041 sto] gl glads o] &8t 2gd-Ferel 5o 2
stA =AY AME THs S AlAFEER S

O Yun Li & 20159 2AdA F=8 <z gade Eadd 285 &8 glade 4
ol & &G4 7] whgel mAE GFS gRlgt A9 & B fads ¥es
5 84 7t o] AstEAvtar BasklE.

O A. Toledano+= 2010 &zte] gl1de] Expad o e 545 F<lstaa ABuygQl
of o Zel¥ 5 kDa, 10 kDa, 15 kDa®] g2l thste] FT-IR, TGA, GPC % HSQC
NMR 415 T390+

O Dheeraj Ahujat= 20173 jute bags °©]-&3ste] &Ze] AAg Al 478 F% % pHel w2
gade] 78 £k E}SW ?7‘ 2 dEs] 5 g wstE #EEY S o= 4 A
g 2ol we} 27-58 %, & 50-94 %9 WItE Helow 47 5% 8 %, pH 2042
gade e 94 PZW BHls HaskilE.

E 12 AT AAAA FHE e AU R

60% EtOH
68 min

60% EXOH

190C
90 min omm

omi
100 -

——Delignification  ——Xylan hydrolysis

(Fractionation efficiency and enzymatic digestiblity,
J. Wildschut et al., 2013)

Enzymatic digestibility  ——Lignin yield

AL4
05L
11

Lignin47.31g
Lignin 58.02 g V
—

06L
Lignin9.21
AL3

221
Lignin 68.89 g

451 F

Lignin 82.71 g 000 Da
Alkaline rice straw 231L
hydrolyzate

Lignin 12.68 g
(Schematic diagram of ultrafiltration, Yun Li et al,,

[y G
Lignin9.30 g
AL2

"f‘».H
il |
A

(FT-IR spectra, A. Toledano et al., 2010)

ALl
2010)

/

400  as0 sdn 550

2017)

i 5‘ﬂ ‘“iﬂ |§II 200 ?50 J-DI! 158
Temperature(°C)

(DTGA graph, D. Ahuja et al,,
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