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Utilizing Saccharification Residues for Wood Adhesive

Islam Hafez', Han-Seung Yang', William Tai Yin Tze'*", Feng-Cheng Chang®

! Bioproducts and Biosystems Engineering, University of Minnesota, 2004 Folwell
Avenue, 203 Kaufert Building, Saint Paul, MN 55108, USA.

2 School of Forestry and Resource Conservation, National Taiwan University. No 1, Sec
4, Roosevelt Rd, Taipei, 10617.

" Corresponding Author, wtze@umn.edu
Abstract

Saccharification, the process of releasing fermentable sugars from polysaccharides, is an
important step in producing bio-alcohols. The saccharification of woody biomass often
leaves behind lignin-rich residues. The overall goal of this study was to utilize the
residue by tapping the adhesive nature of its lignin without pre-purification. Specifically,
the effects of grinding (increasing surface areas) and chemical crosslinking on wood
bond strength was investigated for enzymatic saccharification residues of Aspen wood.
The residue was wet-milled to various particle sizes. A trifunctional carboxylic acid
(TCA), known to form ester linkages with the biomass hydroxyl groups, was added as a
crosslinker. The mixture was cured between two wood pieces as single lap joints by
hotpressjng for various time durations. Lap shear tests revealed that saccharification
residues exhibited stronger bonding to wood if they were pre-ground to smaller particles.
Addition of the TCA crosslinker further enhanced the dry and wet bond strength to
values comparable to an industrial phenol-formaldehyde resin. Infra-red spectroscopy
verified the formation of ester groups which strongly correlated to bond strength
evolution during hotpressing. Only a subtle improvement in wet bond strength was
observed when a bi-functional carboxylic acid was used in lieu of TCA. The implication
of this finding, together with results of supplemental experiments, will be discussed
pertaining to crosslinking. Overall, this study demonstrated a competitive, biobased

thermosetting adhesive from the solid waste stream of woody biomass saccharifrication.
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Characterization and adsorption potential of

Lignosulfonate-based activated carbon fibers

Szu-Han Wangl, Feng-Cheng Changl*

'School of Forestry and Resource Conservation, National Taiwan University. No 1, Sec
4, Roosevelt Rd, Taipei, 10617.
" Corresponding Author, fcchang@ntu.edu.tw

Abstract

Lignosulfonate, the industrial waste derived from the pulping process, has been proved
to be a promising raw material for producing activated carbon fibers. The objectives of
the study are to examine the physical and chemical features of the lignosulfonate-based
activated carbon fiber and its adsorption capacity for various metal ions. The
lignosulfonate fiber was firstly prepared by the electrospinning technique, and further
went through a two-step carbonization and followed by an 800°C activation process to
fabricate active carbon fibers, where the activation agent was CO,. After the fabrication,
properties were investigated, including its surface morphology, specific surface area,
pore size distribution, elemental composition, and surface chemistry structure.
Moreover, its potential to adsorb metal ions was explored. The results suggested that it
contains a competitive specific surface area (898.74 m*/g), and consists of mesopores in

major, and micropores in minor, indicating that the product is an effective adsorbent.
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method » SSM) =R X AR EF2Z LW BERT 2 - FREFHT > FgliF2
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& @ 7 60~65%ik f= (Urushiol ) ~ 20~25%-k & ~ 5~7%H% F (Gum) ~ 2~5% % %
$ & (Nitrogenous compounds) % ¥ 1%z ;& fs (Laccase) > H ¥ kfis i &5 2 &
friplétz 48 % - s (catechol ) #-H p 48 2 3gprv = 2V 4l ks 5 22 4
ROA K 3o FF A2 ERF > FRECTLETELIAGIR - A7 L%
friefT3kF *F o ¥APs - k¥ & Pt (Epichlorohydrin) 2 ¥ 7 A= ¢ A & i
4% (benzyltriethylammonium chloride ) it #) & = %k % ;&> (epoxy urushiol ) » £
BTk F hps kTR F AR/ 5]=100/85 ~ 100/100 ~ 100/125 2 100/150 /,’J‘ be 3-m il
P &= ¥ A# % (3-aminopropyltrimethoxysilane, APTES) & = » % ¥ /% fis
/APTES 5 {8- 48R * #f7 > £ 4> BRLE R ITS A A d5d BR300 F b
(sol-gel) AT it = m > 45 H FL AP %27 FE-FTIR 2 %3 § EA 178 %
BT Tk At APTES 2 k¥ AR F4 i F K7 =5 & 2%k § /A f-/APTES
oA e /?J‘ SRl 1YW (s 0 TR ¥ B F/APTES (R = g7 ¢ 5] 100/150 "ﬁ £ 3 ®io
B (1h) %A R % 105sec BHE FFF 5 954% £ 7 %A 5 1.0Mpa >
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(Cryptomeria japonica) £ & ++ > M %76 » = = A7 b & # 9 & £ (0°-30° ~
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iR R (160°C-200C)% & F BB T & (7 #AIL o B pF > 1% & F J1E » 45 (FFT)
FAVERE FALFEEURGALPFEETEAT F o BEHT 0 AR
T AT 2 BEEA TR A K 6 F B AILIE R A e D A b 2 AIE 200C
ZFRFAFHG 6% WA BREFRGFIH 4o d 8 4e 0 BRIEFF S0%2 § &
4o 55 70%-90%2 [ > @ & i AL £ 61°-90° BAEF 50% 0 & B AILEH 2 %
Bodf e 5 5 ® K 88.5% © BB R R v kb B3 (DMOEY) ¢ “L ¥ &
SRR B BAZERREP BEEE S BRET 50%2 #H9 11-13GPa - 3#
HdEEEFRASLERR e I EbiriiF o L I80CH 4 ¢ 7 P BT IFS o
FHEUSBFEAL  AREHTERRES 2200 20 0 g2 4o
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£ 148+ (Rosa laevigata) % ¥ 4 (Rosaceae) ¥ /b (Rosa) 244 > R4t 5
BrHHARSELEY c AFTHRER BARPUE RELST 0 A REETT
EMISEFLBERFOIL > TRFLFBAFELEGE c AETESET AR
TR o R I 4 S etk (HepG2) ~ 54 dm s $& (MCE-7) ~ 3 7] 3L
Hpwetk (LNCaP) % /] REsim? (RAW264.7) thX ficdrd])k B (IC50) % *

3t 80 pg/ml o TR g E ML 0 £ 2 L A RINBEA RN T
DPPH p ¢ A 22425 p o ikm,)%“,ﬁt‘ &1 2 DPPH p & £ & 11 EtOAc fraction %
Fb i > IC50 5 165 ug/mL > &5 F iz o  F@ s T - BT £ RS
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%5%PEG s 2 RIERRES KA > FF P RANF EF 2L BET 2 B
PEE o RERERRET o B s Hfppke KA e 2 7 e 5 %PEG gl R N
W2 Fi05 KFA B 5 686 %737 %% 592 % Hirpbs KA fF2 s KF2 B
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% 2.55~3.09 GPa > @ i 4c 5 %PEG e 42 pba M fr 2 L 754 » (H MOR 2
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% ¥ #+75 (Epoxy resin ; ER) £ # iR R e Fr ~ F) el ?’T LS R
ERRLG W X e Sl AR el e &ﬁ‘»% ELIARE AN A~ G AR
FEMK > X LA LML R PR ER’%‘J_F"IP MEH % > 4k 2 b 2
ft B BTar B oo BT ﬁ‘&ﬁqﬁj”’q (Polyurethane resin ; PU) B 2 & &% % &7 (£ % fir
Fiv 2 fuic 4 hE S A Begtd A B ERABE S FREMRERE
# 4 (Interpenetrating Polymer Networks s IPNs) B ¥ % & & fafdin 2 iRm0 B
M2 458 o AP A1 Be ? 4@ @ (PTMG-2000) 2 B 4 - B §
fafig (IPDI) & B35 = 5 NCO s enig B & g 0 £ 4o > ¢ = sl gase £ & F R
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