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Chonwon Nam and Takamaro Maxu : Studies on the Utilization of
Lignin (1). Properties of Resin made from Lignin, Phenol and Formalde-
hyde

F L & (C

B, AL TTECRWT, KBCEAETZY 7=V, BLAEHESRDC 2R ETH
T3, V—FAIRODICHEINTW 2, FTE, BRC X 5MIIERR & OB
ALOMEE SEBEL T, FOAREE, ILRAFABEOMENBLEFINTW D, KL
T, V/=vhnve /) —AUPWEOHEERETHLZ &b, ThEx 7=/ = RILATI
FeFEED 7= 7 —AE e LUOERTE, /ERL0 BEBEFNRMKEEER BN L0
TRV EE L, TOERNRMBEL LT, V7=V, 7=/ —LREVATALFENE
RIGELT, X5 RUBOREHEERT 202 BRA Lice COBOFEREE L TR, T
T, BRI Tnw3d0550Y, ¥ a): 72/~ 2 ) 7=V EDRIEY®, b))
P2V eRAVATATE FORIGYY, ¢): a) RIBARIEHWERL AT LT FEDRIERS?
B I, TRORIEYOHHED wonwT, SHOHE, #H5F, EENH S, Lrlianb, 7
= /=, RAATATFE FRICY 7= vnbin b KISERY OB 2 ME i U 2 iF9Ek
¥R A v. bivbiik, V7 =V ORIFEERA 2CH e, FRLDIC, 277 Y 7
=v (FAV 7 =v) ORI LB T2, BEOBRKZMER,L DRI 7= / —L « KiL
AT7ATF e FBIIEZARL, chic) 7= vERE M2 THELRRAK, Til, 7=/ —
N, V7=V RBITALVATATE Feficx DRBE TG CELRIGKZ MAFELS ¥,
TR BB ONESR L CHBERBROER» D, KIEYOBLEELKRE L .

CDERICHR, HEE, #HT R It YBRFT AN LB o LRI — B R,
VEREEEN, KRB TEEHMEORAR=ZRK, MRZE0HER L LKL b~ ) VEHTFE
Tl W HE AL 7KKCKH OB L ET %,

=4 B&
1. HIEHH .
BRORIGKECOWT, BE, DUTEB<x2HEECOWTHEL &,

* REME#FT (Division of Composite Wood)



AR M B %R 5405 (1967)

1-1. %

Fu /) V=72 VALrHEGEHWT, ERAKERTHEL 2. 2

1-2. pH {&

Hy7 B el 7 5 A BlEE pH £ — 2 — % AW THEL 2.

1-3. BRI

(1) BBEYNE

KB 2ml & & o, 300ml OKPCHEL T, EHRLAERL 5 X¥MBEXETL, pH 1.5 ©
FELC, EULRBEZFIL, FRARBETICLY, dRPUBEER LRV & 2R
Licth, FMBRELERCET 5 ¥ CHEZBL, LRI T2HEEE S Lekd i,
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1-4. BRI E

RIGH 2ml % 50ml e —»—1& (H25WERGHE 20ml % 300ml e —Hh—1c) &0
BEEAYHEEL, BRSSP 140°C € 3KRRMEAL b s ¥, RIGKERICK T 2 i it
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Fig. 1 Specimen for glue shear test
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Table 1 Properties of thiolignin (Topalin

P)
Properties

colour brown
pH value 4.2 (25% slurry)
ash 0.36%
lignin not less than 95%
average M. W. 730
methoxyl 13.649
sulfur 1.13%

Quoted from catalogue of Topalin P
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KB b bV o AR 20% KW & LT Table 2 Chemicals used in reaction of lignin and

J R formaldehyde (LF)*
21, VS av BIU A=) Vb | 374 formalin (g) | 152 lignin®* (g)
5 RIGH LF 38.8 200

(i) LF K

AR D15% L ¥ & F % Table 2 /R
TEFT=E=oH 253707 S22 T * Reacted at 80°C.

% Di in 29 ] ;

D, BEER LT IEBRLAERD, 80C Dissolved in 2% sodium hydroxide
O ETMEL, FTE oR e 31X < 15ml So%2 o B L 7z,
(i) L mzag :
LF IR E OB Ok, 15% L EROH T ER KO C L5270k,

2-2. 7=/ —FA=) YRIGKEY 7= Vv BEROEERK
Table 3-1 Chemicals used in syunthesis of phenol for— L PF RJGE

L H — 200

maldehyde resin (PF)* Table 3-1 R4+ HAx AW,
Resin phenol () 37% é(;gmalin ZO%é\I)aOH S5FED PF RIGKEZ B L 7o 7
7 vy A7 3522, P, F
PP, o 94.1 81.1 5.0 ‘Eb%j 3y 77 A=IE o
PFy.s 94.1 121.7 75 B LU KBS T ) 7 5 KR
PFy. 94 1 162.2 10.0 Lo, BaLT, 80°C ol ETiF
PFy.; 94.1 202.8 12.5 HLm2ab 208 Kt s+, #H
PFs., 94.1 2433 15.0 LiedbD% PF & L1,
* Reacted at 80°C for 2hrs (i) PF & LBWROEEWE (PF:
** Subscript denotes mol ratio of formaldehyde to L)
phenol 5o PR, PF o P Bic st
L L pEDEERS > L Table 3-2 Composition of PF : L resin*
WWREEHIML, chba PF: LY Group PF : L PF (2 l 159 lignin (g
L7 (Table 3-2), PPy Lo 9.1 0.0
2-3. V= /=, VZV=vEL PF.¢:Lo.s ” 155.2
DA<y vhbib KL 1 PFy.o:Ly.o ” 310.4
P, L ¥ J: O\« F 75‘57;&:%) *ﬂﬁﬁﬁa)’% APFl.oiL1.5 V4 4656
N PFy.: Ls. 620, 8
REeLT, (1) PrFoRE boiTe ”
Y (PF) & L #NzT, &b PFy.5:Lo 111.8 0.0
i 8% (UF PF-L &% , ;?“i“ o ;jgi
. 1.5+ L1.0 /4 .
?L?, (Ij) P 2: L Q}im% (LJ\_F PF1.5:L1.5 V4 465,6
PL EFbT) I© FahxT, X PFy.s:Lao P 620 8
i ) PL'F <
BleRits4s LT LR PFy.q: Ly 133.2 0.0
B, () L FoRity K PPyt Lo.s p 155.2
SbreXEEes (U LF-P & PFy.0:Lys ” 465.5
#hT), (=) P,L ¥IoxF#% PFy.0:Ls.o ” 620.8
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FEfC KG 22 % (UF PLF &
£hT), DA4FEEXRHAL .
Cal
(O PF-L RIGK

Table 4-1 IR TR T, 7,
PFO &R %8 & Fikkic L <80°C
T1lEfR Yy, BHETS
L LBWA M2 T, 0&oo%
80°C T 1 ksl GGt 2R IR

PFy.s5:Lo 154.5 0.0
PFy.5:Lo.s ” 155.2
4 PFy5:Li. ” 310.4
PFy.5:Ly.s ” 465.6
PFy.5: Lo - 620.8
PFs.0: Lo 176.2 0.0
PF3.9:Lo.s ” 155.2
5 PFs.0:Lyio ” 310.4
PFs.0:Lys ” 465.6
PF3.9:Lag ” 620.8

¥7z, Table 4-1 2bbnb L3
K, RIEHE»bEXT, KBS
bOrEY O PF RKIEDBHT F
RFOHEHTH B,

Table 4-1 Chemicals used in synthesis of phenol formaldehyde-lignin resin (PF-L resin)*

* ; PF : L resin is mixture of PF resin (table 3-1)
and lignin solution
*#% ; Subscript denotes weight ratio of lignin to phenol

Group PE-I | phenol (g) 57% formalin 209 NaOH | 15% lignin | ppus | I /pwss
2 ® 5 ®
A 94.1 81.1 5 0.0 4/4 | 0/4
1 B, 70.6 ” ” 1567 43 | 173
Cy 47.0 ” " 313.4 42 | 2/2
D, 23.5 ” ” 4707 41 | 311
A, 941 162.2 10 0.0 8/4 0/4
5 B, 70.6 ” ” . 156.7 8/3 | 1/3
Cz 47.0 ” ” 313.4 8/2 | 272
D, 23.5 ” ” 470.7 8/1 | 3/1
Ay 94.1 243.3 15 0.0 12/4 | 0/4
3 B, 70.6 P ” f 156.7 12/3 1/3
Cs 47.0 ” ” 313.4 12/2 | 2/2
Dy 23.5 ” ” 470.7 12/1 | 3/1

* Kept at 80°C for 1hr for the reaction of PF and L, after keeping at 80°C for 1hr for
reaction of P and F.
** ; Mol ratio of formaldehyde to phenol
*¥k o Weight ratio of lignin to phenol

(i) PL-F KJE¥

Table 4-1 o7/ 1A —~7 2 LA CEHAHAWT, P& L% 80°C T 1EMmeEL, F &XKEE
b by y aximz <, 1REBRESER (Table 4-2), ’
(ii) PLF KRG

Table &-1 7V~ 72 LR UBAHAWCT P, L, F s X OKBIEF + YV v 2% BA&L, B
iC & AR 2 BFEING & ¥ 2o

Ik, chb (a)omaEibcr, KEK 20ml % Fuv i,
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Table 4-2 Chemicals used in synthesis of phenol-lignin-formaldehyde resin (PL-F resin)*

) 159 lignin | 37% 209 NaOH
Group PL-F pheno! (g) ”<g> forr?xalin ) 0( o F/P L/P
Ay 9.1 0.0 | 1622 | 100 8/4 | 0/
o B 70.6 1567 p py 8/3 | 13
Cy 47.0 313.4 | ” ” 8/2 | 2/2
D,’ 23.5 4707 p y 8/1 | 3/1

* Kept at 80°C for 1hr for the reaction of PL and F, after keeping at 80°C for 1hr for
reaction of P and L

Table 4-3 Chemicals used in synthesis of phenol-lignin-formaldehyde resin (PLF resin)*

159 lignin 379 209 NaOH ‘
Group PLF phenol (g) 0(g) formalin (g) @ F/P ' L/p
Ay 94.1 0.0 162.2 10.0 8/4 | 0/4
2! Bz” 70_6 156.7 7 4 8/3 1/3
'’ 47.0 313.4 p ” 8/2 | 2,2
D, 23.5 470.7 p " 81 | 3/1

* Reacted at 80°C for 2 hrs

Table 5 Chemicals used in synthesis of resin

: 379 formalin 209 NaOH 15% lignin

Resin | phenol (g) () @ ®
"PFy.¢-Li* 94.1 81.1 5.0 627.3
PF1.5'L1 V4 121,5 75 ”
PFy.o-Ly ” 162.2 10.0 ”
PFy.s-L; ” 202.6 12.5 ”
PLy-Fy.o* 941 81.1 5.0 627 .3
PLl-Fl.s V4 1215 75 7
PLer.o V4 1622 100 4
PL-Fy.5 ” 202.6 12.5 ”
Ly Fy.o-P** 9.1 81.1 5.0 627.3
L\Fy.sP ” 121.5 7.5 7
Lle.o'P 4 1622 100 7
LiFs.5-P ” 202.6 12.5 ”
PL,Fy.¢* 941 81.1 5.0 627 .3
PLiF1.5 ” 121.5 7.5 Ve
PLle.o Ve 1622 100 V4
PL,Fs.5 ” 202.6 12,5 ”

* Reacted at 80°C (ref. table 4)
** Kept at 80°C for 1hr for the reaction of LF and P, after keeping at 80°C for 1hr for
reaction of L and F
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SHANIGHKIC oWT, P & L %R SofvwkiIbnwicodFRigL Nz 5o, Table
5 KT REAE RIS AT L2, T, LF-P ik, L & F#% 80°C T—HEKE ¥,
P2z T3b 1REKGE®LEBDTD %,

FRERGIUER
1. 2HAKRIGE
Table 2 IR L L RKIGKOKE, BILBWES X OMABE (LY OINE % Table 6 #1CR T,

Table 6 Properties of LF and L®

Reaction Viscosity @ p\I;Ialue@) Yields of precipitate® Solid br;la}tlfaearting‘s’
time Methoxyl

(min) LF* L LF. LF (%) inpptof L (%) |LF (%)| L (%)
LF (%)

0 1.00 1.00 11,18 12.5 — 14.9 14,7 16.2
10 0.98 1.00 11,00 — — — 14.9 —
20 1,17 1.00 10.85 12.7 13.4 — 15.0 —
30 1.20 1.00 10.65 12.8 - 14.9 14.9 16.3
45 -1.30 1.00 10,51 12.9 13.4 — 15.0 —
60 1.64 1.00 10,40 13.1 — 14.9 15.0 16.4
75 2.45 1.01 10,24 13.1 13.1 — 15.0 —
90 4.35 1,01 10,10 13.1 — 14.9 15.0 16.4

120 — 1.02 10,00 13.3 12.9 15.0 15.0 16.5

(1) Ref. table 2
(2) Ratio of viscosity in each reaction time to viscosity in reaction time zero with Cannon-

Fenske viscometer

* at 30°C, ** at 25°C
3) At 12°C
(4) At pH 1.5, adjusted with 5% sulfuric acid
(5) At 140°C, for 3hrs in oven

1-1. K

L RIGHoOFIM, e, zoEERA L LCoFHchoTik, ¥, RIGKOME, B
NEEE D, me i, —F4 7L A—VYOFHAFELTHWB LR, L LTHES
BT 57D, BMEMRNZ EALEEFHTH AR, —EULORENERIRDI 2D,
EREDREL L TREDRV, EEE, P, LB X F b, BEEOBEYED & &,
P,F,L #X0r5REACTINRAKRELMET, L #%<LE3 L TNELOBERO D
ZOT7TAA)VELELL, ¥BE, FOLERTAHIVCED FOEBLL kD, Li
30T, BIEOAEREZEROR W F 2 &0l &E TS &b, Table 2 kRl LF
R TR, RISTHcw SAREORTFAR bR S 2, RIGHME & belERERL,
FOGRSHE 2 Befl 2 83 L M BT, MENONBFEENS S THETE %, LERDH
T, 80°C i L CAMERLRAbR LW &0b, BELAC F B85 LTwsz &
RHE LN TH S, CORERELT, FOI=y Y7 —a LB IOERTOREEN A L DK
& XD, o pHIEMRT2% (Table 6) bW L ORELELT B &3 Ex1 bR D

— 7 —
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2, Lo@Esfibeb—REHER IS, \EY, 2P brOSTEUEDHESE, 7T&E 550~
600 ®H DA 1,100~1,300 BELCHEML TWAZ E2MEL TWD, HELCOWTIR, BO
LF-P RIGROETIBRERT %,

1-2. BRILBY)

LF RIS OBInE R, MIGKRTO L o552 EHS K 12.6% X o k&<, RIGHME
LB WL SABEML Twb, Fiz, BRILEBYHO 2 b3 v W ERRIGRH & & dicEd LT
Wh, chik, Lic L Ao FEE Lz ticks &REL, BEYET (PpH15) Tk L
i, BIERRCET A 2D, 12.6% B EoWoE, (V5 =vihcHFEETDL AL AF
LF (COOH) @ + vy wath (COONa) ~op L& & Zx bhix+5m), KcAATAT
L FIC iRt 50T E, LEFTIALVATAT e VO BB, KIGERE 2B
4.8% ThHH, LML, EOKMECEHTEZbNL LS RESTILR, HIMKED A BT
s bnRhmbwnb, MLk ra7A5e N OHBARIBEYRE T5&, L LoRGES
Lich b A7 AT e Pk, 2080w EE2RIEELRV. Z)NBYE, L & F oGk
BT, KBEOWMMELZEEL &R, LAl Fre -2 LTHEALTWDEELDLC
EMTERVC LD, AR 8 X CKBEEOHML 2w L OfISE~OEEEZHIL TW
%o

1-3. s Y

MEE L) ORI, LF IS B L LEROW T & FictoTh oL Tk
Vo ERROE TN &S, MEALER, ERBFTTROoTW50T, Attt
e L Ttx 0, BLcET 2 mBRRHAEW D, BRECToRRMME L b2, LF T
I, RIGEOEWHOb A ICAERET, RIEEOHVWLOOREYEDT, HHEANKC
i, AURBCELTW DL Exbhb, KIGHETDO L (12.6%) LKELT +V 7 A
(1.4%) »HEEEAVZ &t B s LREL, chbofit (14%) Zkx
LA, Gdon< COOH—COONa 0B b&E b FRET 5%, DAL A7 AT e FICHET
5H0EE2DE, TOREIT LKL 7.9% &b, BIOBEEMOETR<EZ LD 4L
OEEWINAL DN S,

2. 3RO RIGEK

2-1. K

Table 5 IR L 2 KIGEDMiE% Table 7 @ (1) #iciR¥d. LF-P, PLF OHE®RE L,
Kifg LA, Table 6 ORI A B L5, L & FofFiilicky, K&z
nNorE2bNS, ¥tz, LF-P, PLF 1%, HiEORHAENKE V. &<, LF-P i, &
BEKH CHS X5 i oR+4E 5, Thbb, REECHERS 2 EELDBND,

2-2. WEILE)

Table 5 CFE L ERICKOBEILEY B4 Table 7 i % & tz, Table 7 © (2) #ix, Kt
WEEICHT 2BYEROESH, WM, KEETo LERCH T 2MBYEROE S
Ethr. RIGEFO LW, BEELCHBET5EELTIVWDOT, D»5100%xELF IV
bOBNBHPCEEINTWE P IO F 044, Thbb L LEHEELIEECESL
TWD PRARLVATAFE FORE P LARALATAFE FORIEHD 5 b REIL L 12545 D
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Table 7 Properties of resin made from phenol, lignin and formaldehyde

O (2 ©)) 4
Resin Viscocity (Centi-stokes) Precipitate Methoxyl in | (PPt/l)**
30 days* 60 days* (%) PPt (%) x100 (%)
PFy.o-Ly 12,6 16,3 13.8 11.8 118
PF\ .1, 8.6 9.1 16.6 9.4 149
PF>.—L, 7.5 8.3 20.0 7.5 190
PF;.5-L, 7.0 7.4 12.7 11.3 121
PL\-Fy.o 11.6 13.2 12.2 13.4 104
PL-Fy.5 9.3 11,5 12.4 12.0 110
PL\-Fs., 7.7 8.3 13,9 10.1 132
PL-Fs.5 7.1 7.4 12.0 11.7 119
LiFi.¢-P 23.0 38.0 13.4 12.1 114
LiF\.5-P 18.9 32.0 13.5 11.5 122
LFy.0-P 11.9 17.1 13.5 10.2 128
LiFs.5-P 10.3 12.4 12.0 11.6 119
PL,Fi.0 17.8 21.9 13,0 12.5 111
PLFy.5 16.5 19.4 13.0 11.9 117
LP Fs. 14.0 17.1 13.5 11,1 129
PLFy.5 13.6 16.4 13.5 10.5 134

(1) At 25°C with Cannon-Fenske viscometer
* Days after synthesis of resin
(2) At pH 1.5, adjusted 5 % sulfuric acid
(3) (Methoxyl group/precipitate) %100
(4) (Precipitate/lignin) »% 100
**% From column (2) of table 8-2

BELOMEEREDLT IO TH S, COEOCHAZ, BILBEYD 2 b+ LV EOEEME» DA TR
BLELZDOND, B/ A~ 7OMOBMILBY OEEZ, HEDOLZATROh LS RELWE
BRAD BNV, PF-LIcnw SAKEFRfERNR b, PL-FTREL TN W, PF-L Off
BRENDOW, RUDE P L FERIEX®TWEDT, flichkLT% < © PF B L Tw
hrriwkbeEzbh, PL-F OEXANIVWOR, 7AHIVMETCRP &L OEESRS
oifFs v e e, P FodERHESEN L PF OREY R PR LICE b eE L
bita,

2-3. HNEEE{LY

RGBT 5 IEE{ Y O IR O FE 4 I H % Table 8-1,8-2,8-3 1K & L iz, \» %,
MEBERCRSWT P, L, KEEF ) 7 A0EENRBVLDEREL, (2) MICRL LK
R E H CElO T FOER T OMEMELTHE Q) MR LedbD kb, Tk,
Sfa 1%, 10025 Q) o P, L, Kb+ + ) v A 3FEOMEELEWiedbDTH 5, Q) Mo
fo DK/, BAREEZRT 1 o0EEELZLDbN %, Table 8-2 T, Zd fo &b
TREL, B FEBO TR AL ATATFE FRAF L VYEE PO TWE EELBNLC &
HHLTRERKREV, Thbb, HEZHdELLEE TR, BYhc 2 ERICKDOK, RIG

_9..._-
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KEICRKIGENATAFTE FERSEINTWD EEZRER LT, chix, 20ml 0K
G x 300ml e —Hh —h TS B LIt X b EEXBNS, —F, Table 8-1, 8-3 ¢
x, QMo fo fBEr/pEL, FRBZADHETHOHTL %, chik, 2ml OREE % 50ml &
€= — R THEBEL S 2 TV B DT, Kis X CRIEH OEMMNELECTEbR T e &
&, BB LERT L, P 5 XOKEEF ) v ADBERLERELLZ LIciERT S L

Table 8-1 Composition of PF: L resin

@) ©) 1 ]

O TR T T, [ e |2 @ ®

G | BT ERT Y2V EY SV 15 5 @ |

PFy.o:Le 56.8 | 52,2 16.7 0]0.56]92.0 0/ 1.0, 70| 56.8 | 100.0
PFiotLes | 29.0 |19.0 6.1 9.6 /128655328 4.4|-2.7| 31.1 93.1

1 PFiotLio ] 239 11,6 3.7 |11.6 | 1,44 | 48,5 485| 6.0 ,—-3.01 254 94,1
PFio:Lys | 22,2 8.4 27 (12,6 1152 |37.8|56,8| 6,8|—-1.4| 22,9 97.0
PFi.o:Lpo | 20.2 6.6 2,1 |13.1]1.56(327|65.0, 7.7 |-54]| 21,5 93.9
PFy.5:Lg 52.0 [ 42,1 20.2 0]0.67|81.1 0| 1.3|17.6 52.0 |100.0
PFi.stLos | 30,7 | 17.5 8.4 881127570 ,286| 41]10.3| 31.2 98.4
2 PFis:Lig| 234 111 5.3 | 11,2143 475 |47.8| 6.1 |—-1.4{ 258 90.8
PFys:Ly.s| 215 8.1 3.9 /121,150 /37.6/563| 7.0/-09]| 232 92.6
PFi.2:Loes | 19.5 6.4 3.0 127|154 327|651} 7.9|-57] 21.8 89.4
PFs:Ly 49.2 1353 22,5 010.75171.8 0 1.5126.7| 49.2 | 100.0

" PFyq:Les | 29.6 |16.2 ) 10.3 8111,26|548|276| 4.3|13,3| 31.4 94.3
3 PFoo:Lio, 24.0 |10.5 6.7 |105|1,41143.8(43.7| 59| 65| 262 91.6
PFyo:Lys| 217 7.8 4,9 | 11,7 11,47 1368|540 6.8| 24| 23.6 91.9
PFyo:Lse | 20.0 6.2 40 1237153310615 | 7.6(-0.1] 22.2 90.2
PFy.5:Lg 47,1 30,5 24.3 010,81 64,5 0| 1,7(338 47,1 | 1000
PFo5:Les | 300 | 1511 12,0 7.61125]1503 1252 4.2]20.4| 31.6 94.9
4 PFys:Lie| 24,5 |10.1 80 1101141412 141.0| 5.8|12.0| 26.5 92.5
PFy5:Ly.s | 22,1 7.5 6.0 |11.311,48133.9 510 67| 8.4 240 92.0
PFa5:Ls | 20,2 6.0 4.8 (1201152297596 75| 3.2 22,5 89.8

' PFs.4: Ly 40,6 26,7 25,5 00,85 656 0| 2,1,323| 40.6 | 1000
PFs.o:Les | 27,0 | 14,1 | 13,5 7.1,1,25,524263| 4.6 |16.7| 295 91.4

5 PFj.0:Lie | 24.1 9.6 9.2 9.511.40|39.9,39.5, 58148 251 96.0
PF3.o:Lys | 22,4 .3 7.0 1109 |1.46 325|486 65124 23,0 97.1
PFs.0:Lae | 215 58 56 |11,7 151270545 7.0 11,5 21.6 99.5

(1) (Weight of cured resin/Weight of PF : L resin) %100
(2) Weight perecentage of chemicals used in preparation of PF : L resin
(3) Composition of the cured resin at 140°C
These values were calculated as follows
* (Each value of column(2)/ H) > 100
**% 100 —total value of phenol, lignin and NaOH in column(3)
(4) (The total of solid matter of PF resin and L solution by heating/PF : L resin) »100
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Table 82 Composition of resin

gé? 2) 3
Group Resin (2 | phenol fg{drgh 4o lignin | NaOH | phenol* | lignin* | NaOH* | f,**
v (%) (%)y (%) (%) (%) (%) (%) (%)
A, 58.2 52.2 16,7 0 0.56 89.8 0 1.0 9.2
1 B, 36.6 22.5 9.6 7.5 1.18 61.5 20.5 3.2 14.8
Ci 27.8 10.5 6.7 10.6 1.37 37.8 37.9 5.1 19.2
Dy 26,2 4.1 52 12.2 1.50 15,5 46.5 5.9 32.1
A, 48.9 35.3 22.5 0 0.75 72.2 0 1.5 26.7
9 B, 38.8 17.7 15,0 5.9 1.18 455 15.2 3.0 36.3
C. 29.1 8.8 11.3 8.8 1.13 30.3 30.4 4.9 34.6
D; 20.5 3.5 9.0 10.6 1.50 17.2 51,7 7.3 23.8
Ay
o By 36.3 17.7 15.0 5.9 1.18 48.7 16.2 3.3 31.8
Cy' 28.1 8.8 11.3 8.8 1.37 29.9 29.9 4.9 35,3
D,’ 20.3 3.5 9.0 10.6 1.50 17.4 53.1 7.4 22.1
Ay’ 48.9 35.3 22.5 0 0.75 72.2 0 1.5 26,7
o B’ 35.3 17.7 15.0 5.9 1,18 50.0 16.6 3.3 30.1
G’ 26.9 8.8 11.3 8.8 1,37 32.8 32,9 5.1 29.2
D,/ 19.9 3.5 9.0 10.6 1,50 17.8 53.2 7.5 21.5
Aj 40,7 26,7 25,5 0 0.85 65.7 0 2.1 32.2
3 B; 32.7 14,5 18.5 4.8 1.17 4.5 14.8 3.6 37.1
Cs 23.4 7.6 14.6 7.6 1.34 32,5 | 32,5 5.7 29.3
Ds 17.4 3.1 12,0 9.4 1.46 18.0 53.9 8.4 19.7
Ref. table 4 and table 8-1
Table 8-3 Composition of resin
M @ 3
Resi H form- . % | Trom:
esin. (%) phenol aldehvde lignin | NaOH | phenol* | lignin* | NaOH* | f **
DT | R e | e e | G | |
PFy.L, 24.0 11.7 3.7 11.7 1.5 48.5 48.5 6.3 0
PFy.s-L, 24.7 1.1 5.3 11.1 1.4 45.0 45,0 5.7 4.3
PFo.-Ly 25.3 10.5 6.7 10.5 1.4 41,5 41.5 5.5 11.5
PFs.5~Ly 25.4 10.1 8.0 10.1 1.4 36.8 39.8 5.5 14.9
PL-Fi.o 23.4 49.8 49.8 6.4 | —6.0
PL-Fy.5 24,4 ” P p ” 45,5 455 | 57 3.3
PL-Fy. 249 42,1 42,1 5.6 12.2
PL~Fa.5 25.7 39.4 39.4 5.4 15.8
LiF.—P 22.9 50.9 50.9 6.5 —-8.3
L\Fy.5s-P 23,4 ” ” ” ” 47,5 47,5 6.0 | —1.0
LiFz.-P 24.2 43,5 43,5 5.8 7.2
LFy.5-P 24.1 42,0 | 420 | 5.8 | 10.2
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PLiFr 23.6 49.4 | 49.4 | 63 | =51
PL,Fy.s 232 |, , -, , 48,0 | 480 | 6.0 | —2.0
PL;Fa.o 25.5 412 | 412 | 55 | 12.1
PLiFy.s 25.5 3&6'%6 5.5 | 15.3

Ref. table 5 and table 8-1
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Table 9-1 Soluble matter of the cured resin and bonding strength as wood adhesive

Soluble matter in Bonding strength
Group PF: L %r\ ':%A qg)/\ Dry strength Wet strength* .
EN | S| £ *k Wood failure J*E Wood failure
2> el v | (kg/cm?) D _(kg/cm?) )
< & min. av, max.| min, av, max, min, av, max.| min, av. max.
PFy.9:Lo 6.1 50| — |70~ 8~ 90| 55~ 60~ 70 0~ 6~15 0~ 30~. 40
PFig:Lys| 64| 56| — |76~ 91~ 98| 30~ 40~ 60 25~27~29 0~ 0~ 5
1 PFio:Lie| 931116 — | 68~ 80~ 91 0~ 10~ 30 16~22~31 0~ 0~ O
PFio:L5| 15,7 | 17,0 | — | 60~ 61~ 65| 20~ 20~ 30 18~21~27 0~ 5~ 10
PFi.o:Lso| 16,6 | 181 | — | b5~ 56~ 63 | 10~ 15~ 15 15~18~29 0~ 0~ O
PFys5:Ly 211 20| 03|75~ 92~101 | 50~ 50~ 60 18~26~28 5~ 10~ 10
PFis:Los| 23| 2.3| 0.5| 80~ 88~ 90| 10~ 25~ 50 32~38~40 5~ 10~ 20
2 PFis:Lyg| 47| 2.9 09|72~ 89~ 92 0~ 10~ 15 24~32~35 0~ 0~ O
PFis:Lys| 5.9 3,9 1,465~ 78~ 85 0~ 25~100 42~42~43 5~ 30~100
PFis:Le| 69| 48| 1.7 )62~ 70~ 73| 10~ 30~ 50 31~37~40 0~ 10~ 15
PFyq: L 20} 1.8| 0,388~ 90~ 96, 60~ 80~ 90 34~36~42 5~ 10~ 10
PFyo:Lys| 23| 2.2| 05 8l~ 95~105| 15~ 30~ 40 33~35~37 20~ 25~ 25
3 PFsotLio| 45| 3.8| 0,886~ 88~ 89| 30~ 40~ 40 42~43~43 5~ 10~ 10
PFyo:Lis| 62| 41| 1,5}57~ 80~ 89| 45~ 45~ 50 36~38~41 5~ 25~ 30
PFyo:Lz0| 6.8 4.7, 1.6 | 45~ 58~ 64 0~ 30~100 25~29~40 0~ 0~ 10
PFy.5: Lo 2.2 20| — |92~102~106 | 100~100~100 44~45~47 50~ 70~100
PFes:Los| 24| 24| — 192~ 99~117 | 100~100~100 28~42~48 | 100~100~100
4 PFys:Lio| 4.8 3.9 — |94~102~115| 60~ 90~100 39~40~41 0~ 30~ 50
PFy5:Lys| 67 45| — |95~ 98~108 | 70~ 80~100 40~40~41 15~ 20~ 20
PFys:Lse| 7.1 53| — |79~ 80~ 80| 75~ 80~ 80 39~40~42 80~ 80~ 90
PF3.0:Lo 771 7.0 — |75~ 86~103 0~ 30~ 85 26~31~46 20~ 30~ 35
PF3.0:Los| 89| 7.7 — | 65~ 88~ 93 5~ 10~ 10 32~36~42 | 0~ 20~ 85
5 PFs.0:Lio 86| 7.2 — |65~ 82~ 88| 40~ 60~ 65 25~41~46 10~ 20~ 35
PFs.o:Lis| 9.6 | 6.8 — |47~ 83~ 92 5~ 40~ 60 35~37~44 0~ 30~ 40
PFs.0:Lag| 97| 7.7 — | 65~ 69~ 85| 10~ 25~ 40 28~30~31 10~ 20~ 70

* After soaking in boiling water for 3 hrs
** By tension shear test



Table 9-2 Soluble matter of the cured resin and bonding strength as wood adhesive
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Soluble matter in Bonding strength
Group  Resin hot water methanol Dry strengh
f (kg/cm?) Wood failure (%)
(%) (%) min, av, max, min, av. max,
A, 6.1 8.7 69~ 85~ 91 55~ 60~ 70
1 B, 3.6 2.4 85~ 89~ 94 50~ 60~ 80
G 5.4 4.3 85~105~108 40~ 70~ 85
D, 9.9 7.3 56~ 64~ 71 50~ 65~ 70
A, 21 1.8 72~ 88~ 99 60~ 80~ 90
9 B, 5.4 4.8 103~109~119 60~ 70~100
: C, 10,6 8.2 89~102~109 20~ 40~ 60
D, 13.7 12.1 41~ 48~ 57 0~ 5~ 10
Ay
o1 By 7.4 4,2 84~102~106 10~ 40~ 60
Gy 10.9 7.1 80~ 99~135 0~ 30~ 60
Dy’ 13.4 10.6 42~ 46~ 53 0~ 30~ 40
Ay 2.1 1.8 72~ 88~ 99 60~ 80~ 90
o0 By 6.8 5.6 85~ 91~ 93 25~ 40~ 50
G’ 12.6 9.0 67~ 94~124 20~ 35~ 60
Dy’ 14.9 11.0 31~ 40~ 54 0~ 30~ 60
A, 7.7 7.0 76~ 85~102 40~ 75~ 90
3 Bs 10.1 7.4 87~100~110 10~ 20~ 40
Cs 14.1 11.5 74~ 83~ 88 10~ 25~ 30
D; 19.6 15.0 29~ 42~ 45 15~ 20~ 35

Table 9-3 Soluble matter of the cured resin and bonding strength as wood adhesive

Bonding strength
Soluble matter
Resin in methanol Dry strength Wet strength

o £ (kg/cm?) Woo% yfoa)ﬂure £ (kg/em) Woo% %%xlure

min, av, max. | min. av. max. | min, av, max. | min. av, max,

PFy.-Ly 0.3 98~ 98~100 20~ 40~ 80 36~ 39~ 40 0~ 0~ 58
PFy 5L, 0.5 104~105~108 | 100~100~100 38~ 39~ 40 0~ 85~ 90
PFy.4-Ly 0.4 116~120~121 50~ 80~100 52~ 56~ 61 10~ 25~ 30
PFy.5-Ly 2.4 96~103~111 15~ 20~ 30 43~ 49~ 54 0~ 5~ 10
PL-Fi. 4.8 77~ 81~ 83 30~ 50~ 60 43~ 50~ 54 5~ 10~ 20
PL-Fy.5 1.2 104~111~116 20~ 25~ 30 46~ 47~ 48 0~ 5~ 15
PLi-Fy.o 0.8 81~102~115 35~ 40~ 50 40~ 44~ 51 0~ 5~ 10
PLi-Fo.5 3.3 78~ 83~ 96 15~ 20~ 25 38~ 38~ 39 20~ 25~ 30
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L\F.-P 4.5 92~ 93~ 95 20~ 40~ 50 36~ 37~ 37 0~ 10~ 30
L,F,.5-P 4.1 96~ 98~102 50~ 55~ 60 42~ 42~ 42 0~ 0~ 5
LiFs.¢-P 5.1 96~101~103 20~ 45~ 80 35~ 36~ 38 0~ 5~ 10
L Fy.5-P 4.2 88~ 95~103 50~ 60~ 90 40~ 41~ 41 20~ 25~ 30
PLiFi., 0.6 91~ 94~ 96 | 350~ 60~ 70 29~ 29~ 29 20~ 20~ 20
PL\Fy.5 1.0 75~ 81~ 85 80~ 85~100 21~ 27~ 28 10~ 15~ 30
PLiF3.¢ 0.6 - 93~ 95~ 99 40~ 55~ 80 26~ 27~ 28 5~ 10~ 10
PLiFy.5 1.8 91~ 96~ 10 10~ 60~100 25~ 25~ 26 5~ 5~ 10

FERCBErEE RN 2Ic L5 B 5910, %4, Table 9-2 ® /v — 7 2 % L of Table
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Summary

Several kinds of phenol-lignin-formaldehyde resins were prepared from thiolignin
under various conditions, and were investigated about viscosity and quantity of preci-
ptitate with sulfuric acid.

Besides, quantity of solid matter by heating, sivent resistance of the solid matter
and bonding strength as wood adhesive were determined about the above resins.

Following results were obtained ;

(1) Under the existence of larger quantity of thiolignin, phenol and formaldehyde
wEme=stdl] reacted well, and the products cured enough during heating.

(2) When lignin was used as extender of phenol-formaldehyde resin (PF resin),
the resin synthesized with the rate of phenol 1 mol to formaldehyde 2.0~2.5 mol showed
better solvent resistance and bonding strength as wood adhesive. The bonding strength
of the PF resin extended by thiolignin was almost the same as PF resin up to weight
ratio 1/1 of phenol to thiolignin.

(3) When phenol, lignin and formaldehyde reacted with several diflerent procedures,
PF-L resin (phenol and formaldehyde reacted first, and subsequently lignin reacted with
the phenol-formaldehyde) showed fairly better results in not only preservability and
yield of cured resin but also solvent resistence and bonding strength.

(4) About the yields of extractives from the resins, it was thought that thiolignin
considerably reacted with phenol and formaldehyde, though all quantity of unextracted
lignin can not be regarded as reacted lignin.

(5) Each kind of resin showed the similar tendency in solvent resistance and
bonding strength, therefore, the former was also regarded as good index of bonding
strength.
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