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Table 1-1 Predicted values of weight ratio (x) y X Table
at a 95% confidence interval
Peak height ratio Predicted vz;l;es::f év?ight ratio 11
—— — 95 F
(y) Methanol ‘ Formaldehyde
S - - NS, +
0.1 0.105 % 0.015 | 0.125 % 0.014 +0.014 0.011
0.2 0.206 + 0.012 ‘ 0.229 + 0,013 1m|
0.4 0.410 + 0.012 | 0.439 =+ 0.012
0.6 0.623 + 0,012 | 0,648 = 0,011 + 14mg
0.8 0.837 + 0.014 | 0,858 = 0,012
1.0 | 1.067 + 0,014
2 3 CC

GC



GC

acetal

NaOH F  Cannizzaro
GC
F
F  Cannizzaro
2.3.1 GC
GC Fig 1 5
2.3.2
F
Dilution with water
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Neutralization with HCI
Filtration 1m0| 1 2m0|
Solids Filtrate
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Fig, 1-5 Preparation procedure of sample Cannlzzaro
for GC analysis,
F  NaOH mol 1 0.5 60 90 120min
300min
Fig 1 5
Table 1-2 Reaction of formaldehyde in alkaline aqueous solution
(at60°C)
React, time | (A) i (B) (B) X 2 (A)+(B)X 2
Free formaldehyde Methanol
(min) | (X10"*mol) (X10"*mol) (X10"*mol) (X10"*mol)
o 0.9239 | -~ | - | -
10 \ 0.2658 , 0.3265 | 0.6530 0.9188
20 | 0.1859 | 0.3785 0.7570 | 0.9429
30 ‘ 0.1657 0.3844 0.7688 ‘ 0.9345
60 0.1150 i 0.4107 0.8214 ‘ 0.9364
120 ‘ 0,8376 ‘ 0.9122

| 0.0746

0,4188
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Table 1-3 Comparison of GC method and

14 titration method
React, time |‘ Free formaldehyde (g/sample)
S B
F NaOH (min) | Titration metho:lj GC method
o 0.6258 ; =
30 | 0.3526 ; 0.3591
60 ‘ 0.2696 | 0.2621
120 J\ 0.1844 [ 0.1805
180 | 0.1428 | 0.1551

Note x The hydroxylamine-hydrochloride method.

Table 1-4 Recovery data of formaldehyde and methanol in lignin resin,

F
. Added amount Calculation | g d ¢ + Found/Calcu,
98 101 o RS DTN | amount gy | Found () | FOUGEIHIen:
0'\ Forma—iMetha—\Forma—‘Metha-Forma~‘Metha— Forma-/Metha-
GC 777\ (g) ldehyde nol ‘Idehyﬁde_nol ldehyde’nol ldehyde nol
1] 10,1769 0 | 0 - — | o0.1966l 0.0881 — -
| ]
2| 9.9418 10,2487 0.3527 10,4437 0.4387\ 0.4462 0.4325‘ 100,56/ 98,59
3 | 9.8574‘ 0.,3664, 0.4976‘ 0.5599| 0.5829] 0.5553) 0.5877‘ 99,18 100.82
4 11,1677 0,4974 0.65774‘ 0.7164 0.7544' 0.7096i 0.7528; 99,05 99.79
5i10.2267‘ 0.6162, 0.6292 0.81681 0.7177; 0.8226, 0.7208 100.71 100.43
3
F F NaOH
Cannizzaro F
methylene

R R R R
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CH,0 i Cr:OH @ ocH, 0113<)©C“2‘©0c113
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WA, HBHVIE Croton fify, Polyoxymethylene #ié&7cs F 72— %2 8NL
TR LPDOBTY 7= vofIgN il IR s 2L b HTEL D, ChLOHEHMEC I F

® R-C—-CHz;+HCHO - R—C-CH=CH,
Ii I
o [¢]

PPC



Freeman

LeWiSIZ) 13) 14)
Lilley Osmond™ P
Martin'® 3 Karl
Fischer Stenmark Weiss'”
18) 10”
19) F
Karl-Fischer
) ketol
2
ortho 2
F3
10p 9.5 10.5u
Karl-
Fiscber

Stenmark'”



10ml
Karl Fischer
K K MK S Karl
Fischer
3 P BF,
100ml 1 3
BF; 2CH.OH 10ml 200g
200mg ml
K K PP
5ml
Karl Fischer
K K  Karl-Fischer SS 2.5 3.0 HO
mg ml

Table 1-5 Effect of time, temperature and catalyst on reaction
of methylol groups with phenol (Stenmark)

| React, conditions J Reaction
Compound B B Soipeayian T 7 Sl ’
Reagent T:amp, | Time | (%)
| TE (°C)_ | f(hr) |
Benzyl alcohol foA 25 1 25
60 i | 68
60 3 1 97.5 96.1 95.2
i 67 2 | 94.9
‘ ‘ 67 3 | 94.8
100 2 95.9 94.9
i B 60 1 99.6
i 60 2 99.6
60 3 99.0
2 - 6-bis (Hydroxymethyl 60 3 | 96.2 93.7 94,8
-4-methyl phenol :

‘ B 60 | 3 99.6 100.5
o-Hydroxy benzyl alcohol‘ B 60 | 3 99,2  99.4
p-Hydroxy benzyl alcohol! B 60 3 100.2  99.6
Benzhydrol } B 60 3 100.0 99.6

Note Reagents, A, 70wt,% Phenol, 28 wt,% Benzene,
2wt.% p-Toluene sulfonic acid,
B. 70 wt,% Phenol, 29 wt,% Xylene,
1wt,%, Boron trifluoride,



P-BF, Stenmark Martin p

Stenmark
Table 1 5 P BF
* E:;D - ﬂ:zl—cnz—ji;] Ril
CH,0H oH oH

oy - =—5 0 (Dibenzyl ether) i1Kk® 2 BEISIZ X » T 1 mol oA pK% M

Oen-o-aly + O -
OH
O-on £
OH CH:0H
+ Ei:D — Ei:]l_ cH: _Ei:D + H0
oH oH

+%, kL7 AFr s v - =—F 1 (Alkyl benzyl ether) (317 =/ — L &K
BTHRKEBE LW TCRETHLENRDA 5,
Al

CH,OH

H
@'é—cﬂﬁ -+ @ e @— CH; ‘@"OH —+ C3;H;OH

OH
OH

Karl Fischer
100 Stenmark
Hydro cyanic acid

2 PP

32
Stenmark P BF; Table 1 5 60  3hr



3.2.1

N pH9 60
1
3
Sl
5.88  Karl-Fischer
4.15
1.85
13.70
a C0 0.66 Er
Ph OH 4.46 €
Ph OH 3.37 €
1,334 —Rast
€ pH13.8 &' pH6.6 € pH11.8
pH6.6
S1 Imol 1mol MW 188
F2mol 35 NaOH 0.5mol IN
60  3hr
2.03 11.70 0.89
200mg 3.1
60 80 0.5 4hr
3.2.2
Table 1 6
R K (eauivalent per 108) = w'ciox1a.07 ~ 18.07
A Karl Fischer mil
B Karl Fischer mi
F Karl Fischer mg ml
w 9
D

60



Table 1-6 Determination data of water formed
(mol/100 g OD,sample)

T Em— React, time ‘ | .

React, e (kr) i

ok Sk I Lo 2.0 i 3.0 4.0
[GLD% Sample L

jo | Originallignin  0.1456 0.1470 0.1622 0.1737
|
} 0.0839| 0.1363 0.2082 0.2290

0,.1918
0.2517

Methylol lignin

|
I
1

0.2945

|

Original lignin ‘ 0.2191 0.2331 0.2530 0.2750
| 0.3314] 0.3162 0.3757 0.3080, 0.4100

80
Table } Methylol lignin

Table 1-7 Relation between methylol number calculated of methylol lignin
and reaction conditions with P-BF; reagent, (mol/OCI;)

eI React, time

React, (hr)
temp, |

. (°cy | sample -

A ‘ f 1

Methylol lignin ‘ 0.2226 i 0.3616‘ 0'5524J 0.6076
(B)

1
0.5 ‘ 1.0 | 2.0 ‘ 3.0 ; 4.0
‘\
| | 0.6678
60 Original lignin | 0.3200 | 0.3330 | 0.3675 | 0.3935 | 0.4345
(A-—-B) ’ | | [ {
Methylol number ,—(,1073 | 0.0286 0.1849 0.2141 l 0.2333

(A a ‘ !
Methylol lignin ‘ 0.8793 , 0.9185 | 0.9968 1.0560 | 1,0902
(B) |

80 Original lignin

0.4964 | 0.5281 0,5752l 0.6230:‘ 0,6672
o At et T

(A—1) | |
Methylol number | 0.3829 | 0.3904 | 0.4216 ; 0.4330 ’ 0,4230

»)
130
6hr 130 %hr 0.43mol

OCH, “ N
130 3hr 40 0.93mol  OCH,

60
4hr 80 50

80 2 4hr Stenmark'”
P-BF,

80 2 dhr
0.43mol  OCH, 100g 0.19mol)
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IR KBr GPI
Figl 7
P BFR 80  3hr
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Fig, 1-7 Infrared spectrum of kraft lignin reacted with P-BF; reagent,
ortho 835cm * para
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CH 1600cm 1
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1 8
CH 1600cm *
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80 1 4hr P BF, sl

70 e

%)
3

CH 758cm !

P BR ol
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Fig, 1-8 Explanation of the method to deter-
mine K=10g,,(70/T)5s/10g1,(T0/T) 630.

0.6

=log10(To/T )78/ (To/ T isc0

i —O0— Original lignin

—®— Methylol lignin

w
w
K
—

n "

P BF, I 54
Reaction times with P-BF; reagent (hr)
Stenmark Fig. 1-9 Comparison with the number of K of
P BF3 original lignin and methylol lignin
60 3hr
60 80 2 4hr
80 3hr
3.3.1
[¢]
Li P BF,

80  3hr



CH,

I
cH

|
CH, CH.01I CILOII
) \]l ,OIl
HOH,C ocH, i “OCH, \( CHLOI  1OMH:C CH;
oH OH OH o

Mozthylol cugenol Vanillyl alcohol o-Methylol phenol

%%

21

3.3.2 HBRERBIUE
HIsE 54524 Table 1 - 8127,

Table 1-8 Methylol number of model compounds determined with
P-BFj reagent « Karl-Fischer method

tri-Methylol phenol

T~ Models Li, salt of
[ NS °‘Methy1°d | | tri-Methylol Vanillyl alcohol |Methylol eugenol
Item s pheno phenol
Sample (g) | 0.1017 0.1012 | 0.1019 0.2185
_ Mol. weight, 124.13 189.94 | 154.13 194.23
Water  [(mol/100g) 0.7955 1.5076 | 0.6841 0.5203
formed |(mol/mol) 0.9875 ’ 28635 | 1.0544 1.0104
Found./Calcu, (%) 98.75 | 95.45 | 105,44 101.04
(]
14)
“ Part2 2 "
60
PPC F w
[¢]
Table 1 8
P BF 80  3hr
P BF
P BF
Wacek #?
Kratzl 2 2
3.4.1
No.S; NaBH, 240hr



P BF,

IR
Gem
No.50
3.4.2
P BF,
Table 1 9
mol 100g
Fig 1 10
0.12 0.15mol
»)
0.04mol
OCH,
0.06mol OCH, *
Kratzl
a
a
BF,
IR

logy, To T x log, To T 4

Fig 1 11

P BF,
PPC PPC
25 25 1

80 1 4hr

13.18 0.4246

Table 1-9 Water formed in the reaction of

NaBH, reduced kraft lignin with
P-BF; reagent under various conditions,

~-.__ React. time

s (hr) i 1.0 2.0 ‘ 3.0 | 4.0
Item T —— - | I R
[ -
Water mol/100g L 0.2763 0.3086[ 0.3202\ 0.3325
formed ‘ ‘ |

\mol/OCHg| 0.6507\ 0.7268‘ 0.7541; 0.7831

(=1
=)

(mol/OCH;)

0.7

Water formed

0.5p

0.6r

ALS

/ — o— Original lignin

o —— @— Reduced lignin

" ! —

1.0 2.0 3.0 4.0
React.time (hr)

Fig. 1-10 Comparison data of water formed

between original lignin and reduced
lignin,

M P BFR
1600cm ! 758cm !



AL ?

P BF3 f; . —0— Qriginal lignin
0 ——®= Reduced lignin
ortho para ¥
i 3 i
Reaction times with P-BF; reagent (hr)
Fig. 1-11 Comparison with the number of K of
orignal lignin and reduced lignin,
Table 1-10 Reaction of model compounds with P-BF reagent
Model | \ !
eompounds Guaiacol o-Cresol | p-Creosol } Van:lline Ac::ggllone‘ Eugenol Isoeugenol
Item TT— ; s
Sample (&) 0.2523| 0.1837 0.2751‘ 0.2072] 0.1970. 02190‘ 0.1934
Water ‘1m01/100g o 0.0132 0.0141 0.6525, 0.0774] 0. 0126 0.0520
formed| mol/mol 0 0.0143 0.0195 0.9927, 0.1284| 0. 0207‘ 0.0853
“Model - T | _H"i ‘7 - '
compounds |Trans- g Vanillic Ferulic P hy‘ rloxy .Benzolc p-Cumaric ‘
stilbe acid acid Phemv: . acid acid |
Item o ‘acetu, acid | | 1
Sample (g) 0. 2059 0.2018 0.2030" 0.2070 0.0745' 0. 1689(
——————— - 1 - |
Water | mol/100g 0. 0094 0. 4411“ 0.4840, 0.4879, 0.4599, 0.5187|
formed, mol/mol 0.0169  0.7412 0.9398‘ 0.7423) 0.5611, 0.8507|
P BF 80  3hr Karl Fischer
Table 1 10
P P
Gem
PPC P BFR; 1
yellow 4  orange brown orange red
redish orange hydrazone
Rf
PPC 3
yellow R 1 2
4 Rf orange 2 RFf
orange red 1 P 3 yellow
Rf 1  orange Rf
2 P BF, PPC



2%)

pH

2 3hr

36)
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GC

RF

GC

32),33)

Stevens™

3
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GC
Polyethylene glycol 600
Celite
15w
4m
137
200
He70ml  min
p
Fig 1 12
p
4 2
p
p
Fig 1
13 X y
15
yi 3
F
5
y X Table 1-11
0.2 1.8

Table 1-11 Predicted values of weight ratio(x) at a 95%

confidence interval,

Peak height ratio ‘ Predicted values of weight ratio
(y) I (x + B

0.2 | 0.091 =+ 0,033
0.4 ‘ 0,235 + 0,030
0.6 | 0.380 =+ 0,028
0.8 0.524 + 0,027
1.0 | 0.668 =+ 0,026
1.2 0.812 =+ 0,027
1.4 ! 0.956 =+ 0,028
1.6 ! 1,100 =+ 0,030

! + 0,033

1,244

Recorder response

KGL2

Ether

Pheno!
p-Cresol

. N\

L
0o 1 2 3 4 5 6 7 (min)
Time

Fig, 1-12 Gas chromatogram of

Peak heigkt ratio (Phenol/p-Cresol)

Phenol and p-Cresol

2.0p

o

L 1

L
° 0.5 1.0 1.5
Weight ratio (Phenol/p-Cresol)

Fig. 1-13 Calibration curve for
Phenol.



1.0 p
1g 1.0 + 26mg 1.8
+ 33mg
4 3 GC

GC

GC
GC
GC

4.3.1 G
GC Fig 1-14

Reaction mixture

Stirred vigorously

Neutralization with HCH

Saturation: with NaCt

Aqueous sgolution Ether layer
and pptd. solids.

f Sample for G.C.analysis

PPC

Fig, 1-14 Preparation procedure of sample for
GC analysis,

4.3.2
GC
F3
GC

GC



68.6g

48.79
8.8g
255.29
60
30min
2 PPC¥
Table 1 12
Table 1-12 Recovery data of Phernol in lignin resin,
No ’ Resin Phenol added Calculation amount, Found, B/ A
. (g, | (g) A (g) i B (g) } (%)
1| 4,5144 i 0 ‘ — i 0.1250 : s
2 ’ 4.8238 i 0.,0669 0.2005 ‘ 0.1975 98.50
3 4.8211 0.1100 ‘ 0,2435 | 0.2433 99,92
4 ‘ 5.3143 | 0.2145 i 0.3617 '\ 0.3646 100.08
5 | 4.9536 | 0.3630 | 0.5002 ] 0.4997 99.90
2.73
1.5
B GC
Table 1 13 Table 1-13 Comparison of GC method and steam
distillation method
GC Per cent present
Samples T Rtonm 1ictillation T i
;t::}:réddlstlllatxon G C method
A 12,97 12.26
B 12,60 12,07
|
p c | 1.35 1,27

GC
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methylene

1948 1950  Hultzsch®™-©®
nucleophilic nature
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@‘ H
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101
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pH5

Na
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phenoxy
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w IR
21
Bjorkman

0.82mol

ortho

Para 0 p

2.1.1
0

Metboxy 1-4 methyl phenol
1

CH;
OH
0-Cresol
F
PPC
20ml
2.1.2
Table
21 GC
F
F Fo
Fi Table 2 2

F PPC  Gem
C G 0.96mol pine
30)
ortho
ortho
2 4 2
F NaOH mol 12
40
CH: CH,
ocC
o;n Hy QLCHJ i\ocna
‘0H OH
Guaiacol 2+4 Xylenol Creosol
Fig 1 5 6C
1.4g NaOH 100ml
4ml 25ml 30ml
Table 2-1 Keaction conditions of formaldehyde
and model compounds,
(X10"%mol)
Model | [ ; T
»Q?mpound Guaiacol 1 o-Cresol Creosol [2:4 Xylenol
Item S ‘ = |
o s I
Sample 0701 | 0.6983 0.6972 | 0.7095
HCHO | 1.3801 | 1.4084 | 1.4466' 1.4183
NaOH | 0.7052 | 0.6956 | 0.7000 |  0.6736




Table2 2

1mol F
mol
Fig 2 1
ortho
para

ortho

PPC

F 180
220min
PPC

FeCl,

Table2 3
FeCl3

ortbo

0.5 40 3nhr

Table 2-2 Effect of reaction times on the reaction of model

compounds with formaldehyde, (at 40°C)
\\\ Item Guaiacol o-Cresol | Creosol 2+ 4 Xylenol
Ret?;fe'(mz)\ + Fi |Fo-Fi | Fi | Fo-Fi ) Fi |Fo-Fi| Fi Fo-Fi

0 1,380 0| 1.408 0 1.447| 0 1.418 0
20 = —| 1.z70{ o0.138] 1.385 0.062 - —
30 1.2100 0,170 — - | — 1.363 0,055
40 = —| 1,74 o0.234 1.305 0.142 — -
60 1.132 0.248] 1.145] 0,268 —" —|  1.200] 0,209
90 = = = — - —| 1.1100 0,308
100 - - - | 122 0.3 = =
120 0.949]  0.431) 0,926/ 0.482 . - - —
150 — . — — —»i —| 0.996] 0,422
160 - - = —|  1.077] 0.870 — -
180 0.803 0.577 0.783 0.619 ! - - —
210 — - ~ - —| —| 0.872] 0,546
220 - - -~ 1020 0.z — -

*Note Fi; Free formaldehyde (X10~*mol)
Fo i Formaldehyde added (X10~2mol)

=3
o0

o
k=

0.4

Formaldehyde absorbed (mol/mol)

(=
S

L 1 L L L
0 30 60 90 120 150 180 210
React.time (min)
~—0— Guaiacol ~-=a~~- Creosol

Fig, 2-1

PPC

~— 0-Cresol

~«-£--=~ 2.4 Xylenol

Formaldehyde absorbed with model compounds,

NaOH

PPC FeCl13

mol 1

metha



Table 2-3 Paper chromatography of reaction mixture,

N e Model Guaiacol o-Cresol Creosol 2+ 4 Xylenol
\ ~-.__ compound - .
Color producing | Diaz, | Diaz, Diaz, Diaz,
reagent FeCly FeCl, FeCl, FeCly
RE value & —— sulf, acid sulf, acid sulf, acid sulf, acid
+ (RO)|+ (B) % (0) + (o))
0.1
& (RO) Fb (0)
0.2 + + O+ + (B) + 4 (0)
+ (RO)
+ 0)
0.3 +++ (Y)|+++ (B)
+++(RO)J+++(DB)
0.4 ++ (go D]
+++(RP)+++ (G)
0.5
+ (0) :
0.6
= (0)
0-7 1
+++ (0)
0.8 Guaiacol(O)
++4+(YO)+++ (B)
0.9 Creosol( P)
(0) o-Cresol (B)
1.0 2.4Xylenol
! (RO)
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Table 2-4 Reaction conditions of formaldehyde and model compounds,

~ Model 113 % |
\\\\compound Vanillin Acetovanillone ‘Curcu-
Item ~_ | 1| 2 | 3 | 4 | 2| 8| 4 min

React, Temp.  (°C) 20‘ eo“ 60| 20 40| 80, 90, 20

React, Time  (min)| 5760 ~180| ~180] 900 5760 ~180, ~180] ~180, 5760
] o J oo

Sample  (X10-*moD)| 0, 7005‘ 0. 7001i 0.7053 0.6635 0.7040 0,609 0.7002 0.6996/ 0,3461

HCHO  (X107*moD)| 1.3880 2.1392 2. 1183 2, 1185 1.3889 1.4591 1.4680 1.4680 1.3822
]

NaOH (X10"*mol)| 0, 7144‘ 0.3625 0.7000) 0.6750 0.7144, 07258 0.7319) 0.73191 0.7523
Mol, ratio i ‘ ‘ i ‘ l “
(Model compound = | 1:2:1 1:3:0.5 1:3:1 1:3:1 1:2+1 1:2:1/1:2:1 1:2:1 1:4:2
HCHO : NaOH) | , | | | | |

Table 2-5 Effect of reaction conditions on the reaction of Vanillin with formaldehyde,

(X10"%2mol)
—_ '
— Item l\ S . S v
T, 1
React, ~~=— Fi l Fo-Fi  Fi | Fo-Fi  Fi \ Fo-Fi| Fi |Fo-Fi
condition ~—_ | . ! |

React, temp,  (°C) | 20 \ 60 } 60 } 60
‘ 0 [ 1.389 0‘ 2.139] 0" 2.119! 0 2.119] 0
| 30 —! _i 2,080/ 0,059, 2.112 0007 ~‘ -
React.time, 60 -i = 2.056{ 0.083 2.108/ 0,011 - —
L 120 \ - ~| 2016 0.123 = = - —
(min), 180 “ »—“ — 2.022 0.117) 2,027 0.092‘ —l .-
| 900 | = = —l *} = | 1.853‘ 0.266
l 5760 Po1l.241] 0,148 - —i = = =4 —

Table 2-6 Effect of reaction conditions on the reaction of Acetovanillone with

formaldehyde, (X107 %*mol)
|
. Item | L __l 2 ___J . -3_ — _vi
React e l Fi | Fo-Fi!| Fi Fe-Fi ! Fi } Fo-Fi Fi | Fo-Fi
condxtmn ~ i | |
React, temp.  (°C) | 20 ‘ 40 ] 80 \ )
| 0 ' 1.389 ol 1.459, o 1 468; 0 1.468 0
l 20 , - —~ 1381 0.078 1304 0.164 --i —
React, time 60 \ —‘ — 1.401 0,058 1,192) 0.276, - -
{
100 t — ——‘\ 71 - 1.029) 0. 439‘ —| —
1
(min) 120 [ - - 1380 0079 - - 0.599  0.869
180 | E — 1_375‘) 2. 084‘ 0.818i 0. 650& 0.372.  1.096
| 5760 | 1.129, 0.260 il | —i i - -
Table 2-7 Reaction of Curcumin with
formaldehyde at 20°C,
(X10"*mol)
\ - Note FigFree formaldehyde
- Item I Fi ‘EF _F Fo 3 Formaldehyde added
React, e ' 1 l =1
. time(min) e 1 1
0 I 1.382 0
5760 i 0.691

0 691|
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Cannizzaro

NaOH
Ph CHO CHO - Ph CH0OH HCOONa
PPC
Rf0.57 24 Rf0.20
RFf
2 4 FeCl,
0 Table 2 8
Davidson
Table 2-8 The color reaction of Vanillyl alcohol
and Methylol vanillin with various reag-
ik NaOH
Sgbstance Vanillyl Methylol al
Color producing ™, | alcohol | vanillin Davidson
reagent . TR0 o
Diaz, sulf. acid | Orange | Orange Imol 3mol NaOH
FeClg . t Blue ] Purple
hydean, 0T | Red:brown
1.0mol
Cannizzaro Na
NaOH
F
KCO,
)
/‘:Hz *—0\
Cs Hs COCH3 + 3CH,; O—Cgs Hs COCH\ CH, +H, O
\CH, —07
Acetophenone Dimethylol acetophenone ¢ formal

ortho

Lederer Manasse
Tollens PPC WV

0.5



Table 2-9 Paper chromatography of reaction mixture, (Acetovanillone)

N N React_,jemp‘.¥(iC)i 20 1 10
React, time (min)‘ T T S
I 5760 1 180
Color producing T T T T T T —
reagent Diaz, sulf, 2 -+ 4 Dinitro- FeCl | Diaz, sulf. | 2-4 Dinitro-
P acid ph.hydraz, e I‘ acid ph. hydraz,
value S e i 1 - —
0.02 ‘ | % i
0.05 | \ ‘ |
0.07 ! \
0,10 ‘
0.19 +4+ (0) | ++ (RO +4 (P) |+ o) |+ (RO
|
0.23 ‘ |
0.30 ‘ !
0.47 ! !
0.58 (0) (RO) (+) Acetovanillone
£ React, temp.r (iC; 80 90
st imd diad
Color praducing R o o T MI T .
reagent Diaz, sulf, 2+ 4 Dinitro- | Diaz, sulf, | 2-4 Dinitro-
c i acid * ph, hydraz, acid ‘ ph, hydraz,
Rf value i
0.02 & 0] % 0y = (0] = (€D
0.05 + (0) =+ 0| + o) + (o))
0.07 + (0 o)
0.10 * o + (o)
0.19 FL+ (0) +++ (RO) +++ (O 44+ (RO
0.23 + -+ (RO) o+ (RO
0.30 + Q) |+ ()|
0.47 I !
0.58 A cetovanillone
i distance of the spot ;)f a substance from the front
Note Rf value = -—-—.—— e = i i
distance of the spot of 24 Xylenol from front
(Q) 3 orange, (RO) § red, orange, (P) } purple, (Y) j yellow
PPC Table2 9 Rf0.19 Rf0.23
Rf0.19
Rf0.23 Rf0.19
Photo2 1
hydrazone
FeCl, 0
Rf0.23 hydrazone FeCl,
Tollens
Rf0.10 FeCl, purple
80 60 180
min € Fig 2 4
pH6.6 pH11.8 pH12.8
PPC Photo
21

pH €
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350mp P BFR
0.5mol  OCH,
ortho
Rf0.23 80
100min
4days 1mol 2mol F F
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BF, Table 2 10
F

Table 2-10 Methylol group introduced to Curcumin,

~\\\\‘\ _— 4_:001_17'L B Water formed -CH,;OH
Sample - o | | gy |mol/

o % mol/100g | mol/100g | mol/OCH, O S cH, x5 mol/mol.
Curcumin — 0.5428 0.2027 0.5%1 | 10782 | -~
Methylol curcumin 12.05 0.3882 0.5238 1.3493 | 2.6986 | 1.6204
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Table 2 11

PPC Rf 0.01
orange FeCl, purple brown
orange hydrazone RF
0.01 Rf0.04 0.05 0.21 orange
FeCl, 2 4
€
GPI- KBr IR Fig 2 5
Fig 2 6
€ 300mu
280mp IR
820cm !
1400cm * 1700cm *
a B 2
IR
1700cm *
2 3 c C2
C 0.09mol
phenoxy
Bjorkman
C
2.3.1
GC F PPC
ﬁH; (XSHs
?H ﬁil HC==.. €11
il cH @@
@ocu, OCH;
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NaOH

F
Table
2 12 Table
2 13
60

F 0.6476x 10 2
mol
0.3573x 10 ?

mol

Table 2-11 Reaction conditions of formaldehyde and model compounds,

v Model ¢
- Eugenol Isoeugenol Trans
~~ compound | _ BN PN SO o e | Tren
Item |1 ‘ 2 | 3 | 1, 2 J‘ 3 |stilbedy
React, temp. (°C))| 20/ 40i 60| 20 40 60! 20

React. time (min)’ 5760  ~2200 ~180, 5760 ~200, ~14o[ 5760

Sample (KX107*mol)| 10,7054 0.7000{ 0.7026/ 0.7099] 0.7047} 0.7004  0,6997
HCHO  (X107*mol) 1.3889‘ 1.3589 11,4726 1.3846| 1,3589] 1,4466 1,3822
0,7523

NaOH (X10~*mol) 0.7144]‘ 0.7000“ 0.7000!‘ 0.7144; 0.7000‘ 0,7000

—

|
|
i
|

Mol. ratio | ‘ ‘ i
(Model compound : ‘\1=2:111=2=1‘ 1:2:1 1:2:1 1:2:1
HCHO : NaOH) | ‘ ] | \
= . J . -

|
i
o HY pi R o

1:2:1%1:2:1

Table 2-12 Reaction of Eugenol with formaldehyde,

(X10~2mol)
Item | 1 | 2 | 3
React, [ T R ~ T W v
condition “ Fi | Fo-Fi ! Fi | Fo-Fi| Fi ‘ Fo-Fi
React, temp, (°C) | 20 1 40 \ 60
0 1.389 0 1.359 0 1.473 0
20 | - | L.247 0,112 1,130 0,343
: 40 = = 1.158" 0.201) 0,935 0,538
React., | 80 ~ - - —| 0797 0.676
. ! w00 | — - 1,080 0,329 = —
time H | i i i |
\ 120 | - = = - 0.719, 0.754
(min) | 160 | =i 10,945 0.414 = =
I 180 | — - »; ~i 0.680; 0,793
‘ 220 | ~} -~ 0.928 0.431 — —
. 5760 | 0.669 0.720 —i ~| — --
Note Fij Free formaldehyde
Fo ; Formaldehyde added
Table 2-13 Reaction of [soeugenol with formaldehyde,
(X10"%mol)
Item | 1 \ 2 “ 3
React, T — | . [
vy ‘ Fi ‘me | Fi  Fo-Fi | Fi  Fo-Fi
React. temp. (°C) [ 20 ‘ 40 } 60
| 0 | 1.385 0 1.359 0 1.447 0
| 20 - —{ 1,022 0.337] 0,590  0.857
> B N i ! i
— ‘ { | | 0.835  0.524  0.363 1,084
i 60 —-i - i ~-‘ 0.271] 1,176
time | 80| - | 0.664! 0.695 = -
(min) ‘ 100 | u - - — 0.257 1.100
‘ 140 i —| 0.476] 0,883 0,249 1,198
; 200 —i —| 0.4209] 0.930, - -
| 5760 0.331 1,054 - -] - -
Note Fi; Free formaldehyde )
Fo ;i Formaldehyde added
F 1.3822 0.6476 2x 0.3573 x 10 2 0.0200x 10 Zmol
F
1mol F mol

Fig2 7

4days 60  90min Imol 40  220min
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Note eugenol,
® No, React, temp,(°C) React, time(min)
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® Color producing reagent
; diazotized sulfanilic acid
Photo 2-2 PPC of reaction mixture of
Eugenol
min 1mol 1.7mol
2 phenoxy ortho
1mol
PPC Table2 14
F NaOH
40  120min PPC
NaOH

Table 2-14 Paper chromatography of reaction mixture,

(Isoeugenol)
. Color nReact. temp.  (°C) 5y | 4 60
€ Fig —=———————— | \ React. time , ‘
Diaz. FeCl e (min) 5760 | 140 | 140
sulf, acid s Rf value = ——o '
2 9 Bult
Red,orange; - 0.03 + - -
€ Orange — 0.12 ++ 44 #
Red,orange Blue 0.29 4+ + + + o+
K band 284 P = 0.60 e " +
B i =
mu B ba.nd 7 lue 0.71 &+ + =+ b+ ot
7 = 0.89 Isoeugenol
314m“ distance of the spot of a substance from the front

Note Rfvalue=_ , — — "~ "~ "~~~ o
distance of the spot of 2-4 Xylenol from front

pH
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cooH
COOH élh COOH
OCH3
o1l ol OH
P-Hydroxy phenyl p-ygydroxy
Vanillic acid acetic acid benzoic acid
(l:oou CH;
CcH COOH CH:
]
CH
OH
o

p-Cumaric acid

Benzoic acid

P-Ethyl phenol

(%OOH

OH

OCH;,

Ferulic acid

2.4.2
Table2 15 F Table2 16 NaOH
1mol F Fig 2 10 Fig 2 11
phenoxy 60
0.2mol/mol F 99 0.9
mol mol F P 40 1260min
0.14mol mol F 99 60min
Table 2-15 Reaction conditions of formaldehyde and model compounds,
__ Model | Vanillic acid Ferulic acid
~ \‘compound o o
Item e . 1 2
React. temp. (°C) 20 20 40 60 | 9 | 20 | 20
React, time  (min) | 5760 5760 ~160 ~180 | ~120 ‘ 5760 1 5760
Sample (X10~%*mol)|  0.7003 0.6897 |  0.7028 |  0.7031 0.6997 0.6978 | 0,7079
HCHO (X10~?mol) |  1,3889 1.3986 1.3390 | 1.4506 1.4287 1.3889 1.3986
NaOH  (X10~2mol) 0.7144 1.4300 0.7000 ' 0.7046 0.7281 0.7146 1.4301
Mol, ratio | | |
(Model compound : 1:2:1 12412 ‘ 1:2:1 1201 1:2:1 1:2:2

HCHO : NaOH)

p-Hydroxy| Benzoic

ST T Model |~ .t p-Hydroxy phenyl ot el
T~ compund ‘p Cumaric | otic acid ‘ p-Ethyl phenol benzoi
T~ . Il — €enzoic
~ id o acid
Item — ]"’CI _1 | 2 i 1 } 2 acid !
React. temp. (°C) 20 20 2 | 20 20 40 99
React. time (min) ‘ 5760 5760 | 5760 5760 5760 | ~1260 60
Sample (X107~ ?mol) E 0.7140 0.6983 0,7113 0.6986 0.7015 0.7000 0,7035
HCHO (X107 *mol) | 1,4118 1.3846 1.3986 1.4288 1.4288 1,4526 1.4097
NaOH (X100~ %?mol) 1 1,3657 0,7146 i 1.4301 i 0,7163 1,4326 0.7046 0,7428
Mol, ratio | ‘.
(Model compound : | 1:2:2 | 1:2:1 1:2:2 | 1:2:1 1izi2 | 1i211 1:2:1
HCHO : NaOH) ’ 1 | ’\




Table 2-16 Reaction of carboxyl derivatives with formaldehyde,
(X10"%mol)

| Vanillic acid p-Hydroxy

‘ 1 ‘b 2 ‘ 3 \ 4 o 5 benzoic acid

| ~—— — s § e e -
R;;;Ei.ifig[v[ Fi IFo—Fi | Fi  |po-Fi | Fi |F0~Fi | Fi [Fo-Fi | Fi 'F0~Fi Fi )Fo—Fi
React, o — | ;
temp. (°C) 20 “ 20 \ 40 1 60 ‘ 99 | 40
0 1389 0 1.399 0 1.339| 0f 1.451] 0 1.429' 0 1.453 0
20i — ~~‘ — ~’ 1.3091 0.030 1,443 0.008} — —|  1.403  0.050
ao‘ »i = — - - —| —! 1042 0.387 - —
40, 7 —«l‘ ~§ —| 1.265 0,074 1.373 0.078 — —| 1.397| 0.056
React, 601 7 | = =i —! — —| =i 0.835 0,504 - -
cme 80, l = - - —I —| 1.369 0.082 ‘ —|  1.407]  0.046
e R e e B I - -
(min) | 130| =i “‘ = —1 - ~! 1.361‘ 0.0900 0.819, 0.610 - -
160 - - = — 1.281  0.058 - - = e
180, —|1 =l - ~1 | - 1.321! 0.130) —|  1.413] 0,040
1260 = =i = — — — —I — —~ —  1.353 0,100
5760, 1.230[ 0.159) 1.205 0,194 - - -«‘ —J — = — —
(X107 *mol)
\\ Item Ferulic acid p-Cumaric ‘p-Hydroxy phenyl acetic acid "
“ e e e oot -~ — | Benzoic acid

1 2 acid 1 2
R;‘;%Q Fi [Fo-Fi | Fi [Fo-Fi | Fi  FoFi Fi [Fo-Fi ‘ Fi  Fo-Fi | Fi |Fo-Fi

React,

; ' ¥ *
i
Stemp. ol M| 20 20| 2 ”
React, time I I [ [ 1 | ol ‘
5760 min ! 1.259} 0'1301 0.510‘ 0'889i 0.5581 0.854 1.228‘ 0.157' 0.711‘ O.GS_SJ 1.336J 70H(17_4
# React, time 60min
(X107%mol)

\\ » I;;ém _ p-Ethyl phenol Note Fi; Free formaldehyde

\\ —_ - R o Fo : Formaldehyde added

. 1 ! 2

React, ~_ | .. b_fizi.’ ‘7;i7fih :

condition ™ lil li‘o,,FL ,,‘F_iA, ;‘Ij‘fil._
React, i

temp, (‘jC)}*___ZO*W_,, L,,_,, 2(,)_,
React, time | !
5760 min | 0.5651 0.%(?4: i 1.858 0,071

0.11mol  mol
1mol NaOH 1mol
NaOH 2mol
NaOH
CHO COR

PPC
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Table2-17 Paper chromatography of reaction mixture
of Vanillic acid,
Y React, ‘ | |
\ ° | |
Color '\ temp.(°C) 5 99 I 99
T |
| React, \‘\\177 I B ,7'77 -
. time(min) | i [
Diaz |
® i FeCly | | 5760 | 120 180
sulf, acid ‘Rf valus ‘ !
Orange : 0,01 1 - + =
Red, orange | Blue | 0.05 | ++ P 4
Yellow, orange 1 i 0,16 | - ¥
Orange i Orange ‘ 0.22 ! Vanillic acid
Yellow, orange ' | 0.56 f -- |
Note Rf value*diStance of the spot of a substance from the front
° B distance of the spot of 24 Xylenol from front
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%
540_
20F
3850 32100 26‘()0 20(00 1810() 16100 14100 12‘00 1()100 8(;() GLI)U 4C,KJ
Wave number (em=1)
Fig, 2-13 IR spectrum of reaction mixture of Vanillic acid,
KBr
IR 1680cm *
€ 280mu
IR
F F
G
p phenoxy
p 4days No 1 0.22
mol/mol No 2  0.97mol mol F PPC
Rf0.01 0.04
red FeCl, blue
phenoxy
a
NaOH ortho
p
NaCH mol No 1 1.01mol
mol 2 mol No 2 0.10mol/mol F
No 2 F 57  Cannizzaro
F
PPC
14) )



mol

Recorder response

Recorder response

phenoxy

1mol

F
1.20mol mol F

F No 1 0.19mol mol NaOH
No 2  1.26mol mol F
p
NaOH
F
I Acetone
o Water
L
Unknown
r Formaldehyde
Time
Fig. 2-14 Gas chromatogram of reaction liquor of
Ferulic acid with formaldehyde,
r Acetone
Water
Unknown
Formaldehyde
mol
2 L 1

Time
Fig. 2-15 Gas chromatogram of reaction liquor
of p-Cumaric acid with formaldehyde,

Cannizzaro
Fig 2 14
Fig 2 15
F
mol NaOH
F
F
Fimol 1
2 F



Ferulic acid ; 17713—990_ (7)6;1—0—5-2=o_ 54 mol /mol
5 . . -0. X
p-Cumaric acid ; 1412 , ()71545§~'—2 =0.41 mol/mol
0.4 0.5 Tablez-18 PPC of reaction mixture
mol mol F of Ferulic acid,
* | Color |
NO 2 F Rf value ‘Diaz, T T P 71 No. 2
NaOH 2mol  mol e Losultacia | TGl |
0.01 ‘ Orange | Blue +
PPC Table 0.02, Pink b -
0.05 | Purple | Brown ‘ -
2 18 0.07 | Salmon pink ‘ : B g
NaOH *% 0,27 Scarlet : Brown } + 4+ +
. Note * Rf value= T

distance of the spot of 2:4 Xylenol from front

* % Ferulic acid
F ortho
p

Cannizzaro F

3
Marton™

Cs C; 100 Table2 19

Marton Freudenberg native

Fig2 16



Table2-19 Functional groups of lignin,

Groups in :
C. C. 100 100 Co-Cs units } MWL spruce Kraft pine
6 3 CoH 0  CoHy\ 403,15 T
Calcd. CGVCS uﬂits ‘ 8+8 2.4 L] Te® 241901
(OCHjy)o.ps (OCHg)o.s2
Total OH ‘ I 120
Guaiacyl OH ‘ 30 i 60
2 X Catechol — | 12
Aliphatic OH* 90 i 48
COOH 5 ! 16
G G G G o B S
Total CO 20 15
Coniferyl aldehyde 3 —
a-CO 7 5
R and other -CO®* 10 10
D NR e
Note a : By difference
C, C, 2
(}Hs (;OOH
¢-0 on S
HC __
OCH;3
. OH
~CH:  GOOH CH,0 g =g OCH, glf.o
C=0 CH, CH OoH !
OCH3

; CH:OH HC_--< on @r
CH:0 @‘@‘LOC 3 _ 1 G~

[ 1 — C}I — CH Ol

~
City
O11 C ——CH
HoCH, | 0CH,
H<|> ol
s

Fig. 2-16 Tentative structural features in a segment of
pine kraft lignin molecule,

87 C G 13 G G,
8 CH; NH
Mannich 25 40

phenoxy

2 né
CH»OH =
— - 1
HC ‘-@ CH, 01
E ] /
Ci130



Mg OH , Li OH

NaOH

3.1.1

3.1.1.1
“Part 1 3.2
6.08
Table 2 20
1mol 188
100ml
4ml

NaCH

NaCH

F F mol
pH

49) 50)

NaOH KOH Ba OH , CH, NOH Ca OH ,

NaOH pH

4 159 NaOH
0.5mol 10.63
12
20ml Iml
GC F

1mol 0.5mol pH



Table2-20 Reaction conditions,

T No. T Cannizzaro
Item e 1 i 2 |
Lignin (mol) .00 | 0.50 ’ 0.25
HCHO (mol) .00 | 1.00 Lo
NaOH (mol) 0.500 | 0.250 | 0.125
React. temp.(°C) { 60 60 1
React. time(min) | ~180 ~180 | ~180 188
G G
Marton
94
3.1.1.2
Table 2 21 Table2-21 Rate of mixing,
F F - No, ! ]
ttem e | 12 |3
1009 F mol Liens } 2.8682 ‘ 1.5172 | 0.7669
ignin |
mol/¢ 0.6102 0.3228 0.1632
Table 2 22 I L N | L
_— | | 0.4842 | 0.4842 |  0.4869
NaOH |mol/e | 0.6449 |  0.6449 |  0.6485
- i | 0.3265 ‘ 0.1644 | 0.0841
. 2 | mol/¢ | 0.3264 | 0.1644 |  0.0841
Cannizzaro SRR —— —
F
Table2-22 Effect of lignin concentration in the reaction
of kraft lignin with formaldehyde, (at 60°C)
\ —— No. 1 | 9 3
N ”\‘\‘ >—“‘T 1 - H |
Item { . _n: F.absorbed . ‘ ey lF.absorbed . ] _: F.absorbed
React, . | Sh Fo=Fi l (mol/100g)| T Ho-Fi i (mol/100g) Fi Fo-Fi {(mol/lOOg)
time (min) | | |
0 1.612 0| 0| 1612 | 0o | 0 1.621 | 0| 0
30 1.441 0.171 | 0,060 | 1.424 | 0.188 0.124 1.606 ‘ 0,015 l 0.058
60 1.297 0.315 0.110 | 1.391 ‘ 0.221 0.145 1,546 0.075 0,098
90 1.224 0.388 0.135 | 1.370 | 0.242 0.159 1.522 I 0.099 0.130
120 1.198 0.414 | 0.144 | 1.319 0.293 0.194 | 1,501 0.120 0,156
180 1.149 | 0.463 | 0.161 1.302 ‘ 0.310 0.204 1.467 0.154 0,201
Note Fi; Free formaldehyde(X10~%mol)
Fo ;i Formaldehyde added( X10~2mol)
Fig2 17

Fig2 17 F
2
Isolation method
90min Table 2 23



rap iy

i<

_(4F_ . . N Loy
Vo_(dt )on g (AP £ F+— £ F)

AL h=F JREWERH ~ @

HEo—prRICTET G No. 1)
Time F AF 42 F
0 0.6449
——  0.0755
30 0.5694 ~—— —0.0248
0.0507
60 0.5187 —0.0114
0.0393
20 0.4794

48 F

Vo=7%-(&0ﬁ5+—QMXOﬂZB+—;fXOﬂB4)=308Xm—”(m010”1nm‘9

0.74x 10 3mol

No 2 No 3
Inin ?
\o Fig2 18

Table2-23 Corrected value of free

formaldehyde, (smol/¢)
T | |
I{eact:\\\\\\\\\ ‘ 0.6102 | 0.3228 | 0.1632
time(min) T | i
0 1 0.6449 | 0.6449 | 0.6485
30 | 0.5694 \ 0.5920 0.6305
60 05187 | 05566 ! 0.6185
90 | 0.4794 | 0.5380 |  0.6087

23
S
&
1
=
5
A—g
©
o
>
o
L
=
o
B
-
o
-
§ lig.conc.(mol/g) o
= —0 — 0.6102
e = .0.3228
1.0} —* — 0.1632
T ! 1 L L 7 ol
0 30 60 90 120° 150 180
React.time (min)
Fig. 2-17 Relation between lignin concentration

and free formaldehyde,

2.06x 10 3
CAo
1
99
~2.4F
—2.6¢
o
o
> —2.8p
']
L
.,3.0 -
(¢
_32 b
L—f,‘ i i 1 1
—-0.8 -06 —0.4 —0.2
log Cao

Fig. 2-18 Log CA, versus log Vo,



3.1.2

“ Part 1-3
F
F
3.1.2.1
Sy
S, S,
4.03
F NaCH  mol 1 2 05
95 F GC
15ml 80
450ml
pH
S,
60 180min GC
IR
M 4 pH
3.1.2.2
S1 Table2 24
Table2-24 Reaction conditions,
—— React, . 1 ’ | [
——_temp.C°C) | 4y 60 | 80 | 95
Item e ‘ ‘ i { B
. " | 1.5117) 1.5037] 44,3264 43,9218
Lignin o1z | 0.5% 0.533 0.524 0,510
| g | 0.4843 0.4821 14.8532 14,8131
oS mol/¢ | 1,075 1.070 1,099  1.086
1 & | 0.1598 0.1544 4.5388 4.6453
NaOH | moie 0.266] 0.257, 0,252 0,258
F Table2 25
Table2 25 80

NaOH
13.37 €
1.79
40 60 80
40 60
95
20ml
150ml
pH
Ostwald pH
40 60
0
80 90
15min
GC 100g
F

pH



Table2-25 Effect of reaction temperature
lignin with formaldehyde,

in the reaction of kraft

\ React,
\ temp. (°C) 40 % 80 xx
\\\ - —;;7\ o o —
S Item | |
e . . |F.absorbed : . Fo-(Fi F.absorbed
React, Fi Fo-Fi  (mol/100g) T H FiraM o +2M)| (mol/100g)
time (min) |
0 } 1,613 0 0 0.4946 0 0.4946 0 0
30 l 1.538 0.075 0.049 0.4112 0.0184 0.4480 0.0466 0.105
60 1.510 0.103 0.068 0.3686 0.0281 0.4248 0,0698 0.157
120 1.462 0.151 0.100 0.3244 | 0.0355 0.3954 | 0.0992 0.224
180 1,422 0.191 0,126 0.2955 | 0.0458 0,3871 0.1075 0.242
_React. B
\ temp. (°C) 60 * 95 * %
- i Tl [ —— S
~. Item | \' |
. _ F.absorbed s - Fo-(Fi F.absorbed
React, > Fi Fo-Fi (moI/IOOng‘ Fi M WSS £ 2M)| (mol/1002)
time(min) i ‘
0 1,605 0 0 0.4932 | 0 | 0.4932 0 0
30 1,507 0.098 0.065 | 0.3014 0,0355 0.3724 ; 0.1208 0,275
60 1.429 0.176 0.117 ‘ 0.2465 0,0399 0.3263 | 0.1669 0,380
120 1,299 0.306 0,203 0.1660 0.C399 0.2453 0.2474 0.563
180 1,233 0.372 0.247 | 0,1144 0.C392 0.1928 0.3004 J 0.684
Note x Fi; Free formaldehyde(X10~2?mol) *% Fi; Free formaldehyde(mol)
Fo ; Formaldehyde added( X10~2mol) Fo ;i Formaldehyde added(mol)
M. ; Methanol formed(mol)
Fig 2 19
NaOH
F
60 2
oo}
a
105 o d F dt Kk L F
e 95°C ”
of Cannizzaro
| . N A
0 60 120 180
. 2
React. time (min)
Fig. 2-19 Relation between reaction conditions
and pH of the solution,
80
pt—— L Lo (Fo —x]
[Fo —Lo ) “Fo Lo —x]
L Fo =F ®iRKE (mol/ £)
R X mol/|
Lo =V 7= v#ikH (mol/£) P



nkdFo=x)
DFo(Lo—3%)

1
(Fo—Lo)

GC
pH

80
0.7 React,temp,
~—o0— 40°C
0.6 —eo— 60°C i
* —x— 80°C Cannizzaro
0.5F
0.41r F
#
0.3 / . Fi 20
2 /
0-2 / /°
o
ot S
0 60 120 180
40
React.time (min)
Fig, 2-20 Second order rate plot for lignin-formalde- 60
hyde reaction,
kt
40 80
0
Fig 2 20 Fig 2 20
k Table2 26 80 30min
180min
Table2 27 Table2-26 Second order rate constant for kraft
lignin-formaldehyde reaction,
80 95
React. temp. (°C)| 40 \ 60 80
pH B mo ] 119 | se0 | 7,06
1
Table2-27 Relation between reaction temperature
and viscosity of the solution,
\ ‘Item Specific | Viscosity
. | gravity | (c.p.)
React, temp.(i"ci)r':_rl R
F 60 | 1.0431 1.57
80 1.0443 1.88
95 1.0432 12,81
F ——_ -3
80 S,
Table2 28
100g F Table2 29
Table2 30 pH
Fig 2 19 80  30mh



Table2-28 Reaction conditions, (sample ; S;)
i React, i | \
T temp . (°C) i 60 } 80 | 94
React, I ! I } T
_— time(min)| 60 180 | 60 EO ‘ 180
—_— ] g i 15,4217 | 15,4175 \ 15.4338 15.4047 | 15,3949 15.4205
gnin mol/¢ | 0.532 0.535 0.537 0.531 | 0.535 0.535
| | |
_— \I g I 4.9186 ‘ 4.8337 | 4.8237 4.8304 . 4.8285 |  4.8352
[ mol/e | 1,063 |  1.051 | 1,005 1.052 | 1.050 ’ 1,049
—— g 1.5582 |  1.5417 ‘ 1.5179 1,5225 1.5221 | 1.5208
2 mol/¢ 0,253 ] 0.252 | 0,248 0.249 0.248 ‘ 0.248
Table2-29 Effect of reaction conditions in the reaction of
kraft lignin (S;) with formaldehyde,
Item | | . ' ;
“. React, Fo Fi M Fi+2M ;Fo'— ‘
~_ time (Fi—.LzM)iF.absorbed
N (min) i
React, . (mol) | (mol) \ (mol) ‘ (mol) (mol) | (mol/100g)
temp.(°C) ' ; |
i 60 0.1638 ‘ 0.1538 0 0.1538 0.0100 0,065
&0 I 180 0.1610 |  0.1293 0 0.1293 0.0317 0,206
i 60 0.1606 |  0.1326 | 0 | 0.1326 0.0280 0.181
B4 | 180 0.1609 l 0.1192 } 0.0044 |  0.1280 0.0329 0.214
| 60 | 0.1608 | o071 | 0.0051 ' 0.1173 0.0435 | 0.283
94 180 | 0.1610 | 0.0080 | 0.0095 ‘ 0.1170 0.0440 0.285
Note Fo 3 Forinaldehyde added M § Methanol formed
Fi j Free formaldehyde
Table 2-30 pH and viscosity of the reacted solution,
— Item i
React, React. H i Viscosity _
temp, time F l (c.p.) 60min
(°C) C(miny |
0 10.96 | —
6
0 l 60 1040 | 1.8
R ‘7 0 T 1 0.9;) iMV 2,01
60 ‘
! 180 0.05 | 1.82
- I 0 10.85 ‘ —
! 60 9.80 | 1.90
i ‘ 0 10.95 | 2,02
| 180 9.35 ‘ 2.29
- ‘ 0 10.86 —
| 60 9.30 2,33 80 60min
0 ‘ 0 [ 10,98 | —
| 180 | 8.73 L 3.59
60 3.90x 10 * mol™
min ? 60min 180min  F

60min



2.303 0.532(1.063—x)
—3 g St O g W m ke N SN AR
3.0 1078 % 60= 1~ 323 5 535 * 1081 063 (0 532—x)

x=Fo—Fi=0.077 mol ¢-1
%g£OW A
x=Fo—Fi=1.063—-0.997=0.066 mol 41
® LKEH 180 min

i B OE
2.303 0.535 (1.051 —x)
-3 .. L. - bt AW TR
3.90x1079x 180= 0215 535 * 1981 057 (0 535~ x)
x=Fo—Fi=0.252 mol ¢-1
£ OW A
Fo—Fi=1.051—0.844=0.207 mol ¢-1
0
2
F
“part1 3

Table 2-31 Relation between methylol number calculated
of methylol lignin(S;) and reaction conditions,

= React, temp,(°C)
I Foact. time~ (078 | 2 . 7; "o
eact, lignin I |
Item (min) | [ 60 180 | 60 180 | 60 | 180
% 1837 [11.87 175 1070 | 10,94 | 1152 10,57
-OCH,

i mol/100g = 0.4307, 0.3818 0.3785 10,3447 0.3524 0.3710 0.3405

|

Water formed | !

| mol/100g | 0.2633 0.3567] 0.3679 0.3886 0.3752 0.3676' 0.2478
| mol/OCH, 0,613 0.9342 0,9720 1,1274 1.0647 0.9908 0.7277

-CH,OH mol/OCH, ‘ ~‘ 0.3220' 0.3607' 0.5161 0.4534 0.3795 0,1169
pH Table2 30 pH
Table 2-31

80  180min 94

94 60min 180

min F 0.657mol 0.283 0.4307
0.662mol 0.285 0.4307 0.38mol
mol

80

0.12



60 F

60  180min Table 2-32 Comparative data of K value,
0.36mol/0CH, Sy Sample | Orig. lignin | MOV
0.43mol OCH, Table 1 7 LBl Sl e
P BF IR Ss ‘ 0.284 | 0.354
K logy To T 5 logy, e
T o Table 2 32 . "
3.1.3
NaCH imol MW 188
0.5mol  NaOH
® NaOH £ o
NaCH Cannizzaro
0.5mol  NaOH
p
2mol mol  NaOH
F Fig 2 10 phenoxy
NaOH
NaCH Cannizzaro
F F
P Fig 2 10
F 2
NaOH
3.1.3.1
> 60  90min 25 5760
min 4days F

F NaOH mol 1 2 0.5 2.0



3.1.3.2

Table 2 33 60 90min
NaOH 2mol Cannizzaro
60 90min F Table2 34
Cannizzaro F
2mol  NaOH F 66.81
0.4709%x 2 0.5050x 2
72.96% (f——¥ff~ x 100~ aaa X 100) DBUGFIINC B TEINGC X
o \"T.4007 1.3844 S RIBUGIS XD T2
F F NaOH
ml 1 2 0.5 No 3 1 21 No 2
NaOH
mol/0CH, F
mol  OCH, Table 2-35
F
25  4days
Table 2-33 Reaction conditions,
. React, conditions \ 60° C~—90m1n | 25°C —5760min
B I e o ‘ Table2 36
Ttem - | 1| v 2 ‘ s | e | s |
S 2 i !
Lieni ‘ ‘ 13421\ 1.3681 11,3540, 1.3382  1.3187] 1.3128 1.3189
‘g“”‘! X10° 2mol | 07139‘ 07277\ 07202‘ 0.7118 0,697, 0.6983 0.7015
HEHO \ g | 0.4157, 0.4235 0.4157 0.4157 0.42:7 0.4237] 0.4237
l X107*mol | 1.3844] 1.4097 1.3844 1.3844] 1,4109) 1.4109 1.4109
i 0.5685 0.5624 0,2843 0,1421) 0.1382 0.2764 0,5528 NaCH
NaOH | i
><1o-2mox | 1.4209‘ 14101 0.7105 0.3552] 0,3454) 06909‘ 1.3817
Lignin : HCHO NaOH io 159 530 4 <0 B .0 g £ 99
(mol.ratioy| 1:2:2 172:2 1:2: 1 1:2:0.5) 1:2:0.5, 1 2 1:2:2
NaOH
mol
Table 2-34 Effect of NaOH amount in the reaction F
of kraft lignin with formaldehyde,
N\ Item| i [ |
“ . - Fo- F.absorbed
Eo . M Fi+2M (Fi--2M)| (mol/100g) 2mol  NaOH
No. N J>
1 1.3844' 0.2468 0.5050 1.2568} 0.1276" 0.0951 80.43
14 1.4097 0.3067‘; 0.4709 1.2485 0.1612, 0.1178
2 1.3844 0.8414; 0.1282 1.0978’ 0.2866 0.2116 /Q,SQM,X,Z 100)
3 1,844 1.1692! o 1,1692 0.2152 0.1608 v 1.4109
Note Reaction conditions ; 60°C--90min
Fo ; Formaldehyde added (X10~%mol) F
Fi ; Free formaldehyde (X100~ %mol)
M ; Methanol formed (X10"2mol)



Table 2-35 Methylol number of methylol kraft lignin
and formaldehyde absorbed by lignin
under various quantity of NaOH,

. - No. |‘
. 1 1 2 | 3
Item N ‘
T i % l 13.15 ’ 12.99 | 12,20 | 12.14 NaOH
* | mol/100g | 0.4236 0. 4185 0.3959 0.3911
Water | mol/100g ‘ © 0.3133 0.3503 0.3804 0.3789
formed| mol/OCH, 0,7396 0.8585 0.9836 0.9688 1ol 0.5 1.0
-CH,0H  mol/OCH,/ 0. 1166\ 0.2355 0. 3606! 0.3458 mol NaOH F
F.absorbed e T

_ngll_qgﬂsl 0.2153 0.2669] 0.4793‘ 0.3653

o R i

Note Reaction conditions ; 60°C—90min

phenoxy

Table 2-36 Formaldehyde absorbed with kraft lignin at 25°C.

\Item } | ' F. absorbed

Fi M Fi+2M il

Fl -+2M)
No\ | ¢ mol/100g mol/OCH

i | / . Marton
: >

4 | 1.4109] 1.2291) 0 1.2291 0.1818‘ 0.1384 0.3135
5 1.4100|  0.9527,  0.1148  1,1823  0,2286 0.17¢41 0.3944

6 1.4109 0. 2380" 0.5674, .

1,3728 0.0381 0,0289 0,0655

Note Reaction cond1t1ons i 25 C—D760ﬂlln (4days)

Fo ; Formaldehyde added (<10 *mol) Tablez 19
Fi ; Free formaldehyde (X107 *mol)

M ; Methanol formed (X107 *mol)

100g  0-49mol 1mol 188y

0.93mol
60+12+16 _
“17.g33 " X100 0.493 mol/100 g
phenoxy
ortho G ® Cs
25 40 Na

66 x (0.25~0.40)+16
17,833 LY

=0.182 mol/100 g~0.238 mol/100 g
=0.34 mol/188g~0.45 mol/183 g
NaOH 1mol 188y
0.5 1.0mol
NaOH 1mol 0.5mol NaOH
Borisek®™



2
cC
3.2.1
Marton
3.2.1.1
S, Fig 2 21
Sample(2008)
Acetone( 2¢)
Stirred( 2hr)
|
Extract Insoluble

freed of solvent in vacuo
freed of solvent

in vacuo( 4 hr)

Fi-5
Acetone-water
€—(10: 1 weight ratio)
Soluble Insoluble
|
Methanol —| Fi-1
(40)
Soluble Frecipitate
1/400N HCI F l
(5080m1) =2
Soluble Precipitate

HCI

(pH2) Fi- 3
Soluble Precipitate

!

Loss Fi- 4

Fig. 2-21 Fractionation scheme of lignin,



3.2.1.2

Fig 2 21 Table 2 37
Table 2-37 Fractional data of kraft lignin(S,),
-\\Fr. No. ‘ | 1 ‘ }
- F;-1| F,-2| F;-3| F;-4| F,-5, Loss | Total
FF1F 23F 4 Yield . , | |
E 54 g | 65.0 | 10,9 o258 212 7.4 12,4 1027
1 % | 33.738 5.67 13.30 11.00 29.79,  6.42 100,00
Table 2-38
Rast a 0 Er
€
Rast
Table 2-38 Number average molecular weight and functional
groups of fractionated kraft lignin,
T tem - TTNe loriginal | Fi-1 Fuc203| Fut | Fus
Number avg. [
) ) mol_weigh:ﬁﬂimwt 2, 240| /1;331{ 1'129! 821
ocH. | % \ 13.37 | 12.42 | 12,59 ’ 18.45 | 13.57
8 mol/100g | 0,4307,  0.4001  0.4056  0.4333  0.4372
o l mol/100g | ’ 0.028  0.0284  0.0262]  0.0371
mol/OCH,' | 0.0644  0,0701  0,0605  0.0845
] 1
{ mol/loogl | 0.6624 0.66591 0.6553  0.6882
. ‘ ! [
Total-OH | 101/0CH, 1.6556  1.6418  1.5123  1.5741 S
1
Total (A, mol/100g | 0.2371  0.1835 0.2276| 0.2529’ 0.3141
Ph(OH) | mol/OCH,  0.5505  0.4586 0.5689‘ 0.5837,  0.7184
o . ] D N ‘ - 1 T
(B)' mol/100g | 0.14209,  0.1871]  0.1994  0.2788
Dissociable E 1 ‘ wm 1’334 Page
Ph (OH) ' mol/OCH,! | 0.3572  0.4613  0.4602  0,6377
! ' \ I ; 13 Mar
* A — B ‘ I
e ‘ | 0.22 0.18 o.z1| 0.11 ton®® Vapor
» Note The ratio of weak Ph(OH) group to total Ph(OH) pressure osmom
group in lignins.
eter
pine Mn 1,600 Rast
€ Marton Table
2 19
Sub A para pKa %
Sub B pHl4
pH12
pH12 € " pH12.0

e’ (pH6.7) (B) & (pH13.8) ¢ ' (pH6-7)



cooxt .
Gl e ‘—E ocH,
OCIT; |

Hc

| “H o
CH, oH Ch
1
OCH, OCHs
OCH; OCH; R = Carboxyl 3 /b3
Sub. A Sub., B

PERBRIECAYE LT, (A-B)/A 1y & PRIBBIZTUBRB0) o o it i

€ Fig 2 22 300my
350mp NaBH,
10 12days 300mu Goldschmld®
o CO  NaBH,
300hr 350mu Er 24,600 ®
F, 23 F, 4 F, 5 F, 1 59

o
oF —0—F- 1 Je (pH12.0-pH6.7)
o= 0---F1- 1 Je (pH13.8-pH6.7)
~ 8 —x— F1- 5 J¢ (ph12.0-pHE6.7)
g --—x-—— F1- 5 4¢ (pH13.8-pH6.7)
Q
27
6-
o O
K]
4
3»
2k
b
. L N PR L N P . . N
260 280 300 320 340 360 380
Wave length  (mp)
Fig. 2-22 Je curves of fractionated lignins,
50 37 a CO

F S5k 1 100g 95
79 A B A



iy
g
4
NaBH,
F, 4
A
0.03mol  OCH,
F, 5
3.2.2
3.2.2.1

13r —©°— Fi-1,4e(pH12.0-pH6.7)
==~0-=~ Fi- 1 ,4e (pH13.8-pH6.7)
12f —a— F;-2,3,de(pH12.0-pH6.7)
---8-- F1-2,3,Je (pH13.8-pH6.7)
1r —o0— Fi-4 ,4e(pH12.0-pH6.7)
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1 F, 2
200g
Table 2-39 Fractional data of sample
for experiment. Table2 39
~.Fr. No. | { | \ NaBH, 10 12days
Yield ———_ Fr1| Fa2 | F-rSJTotal
- . - NaOH
g o ‘ 80 ’ 56 |
% [ 810, 406  28.4 100.0 R
- 3 3 1 ”
1mol Imol NaOH
80
Cannizzaro
F NaCH mol 1 2 0.5mol
60
3.2.2.2
Table2 40 F
F Table2 41 100g Fig 2 24
Table2-40 Rate of mixing,
= * % * ‘ *
-~ Sample S, RS: Faol RF:-1 Fo-2 ! RF:2 | Fao3 RF.-3
Item ) ! | ‘ |
Ligntn | % 1.5016 ' 1.5025 1.4914 | 1.4881 1.4854 i 1.4806 |  1.4998 1.4921
X10-2mol|  0,7987 0.7992 0.7933 | 0.7915 |  0,7901 |  0,7875 ‘ 0.7979 0.7937
HGEHO g 0.4768 |  0.4768 ‘ 0.4768 | 0.4768 0.4755 i 0.4755 |  0.4768 ’ 0.4768
%10~ 2mol 1.5877 | 1.,5877 | 1.5877 1.5877 |  1.5834 |  1.5834 '  1.5877 1.5877
cH.om % \ 0.0740 ! 0.0740 0.0740 0.0740 i 0.0800 ! 0.0800 0.0800 |  0.0800
: X10~2mol | 0.2311 ! 0.2311 0.2311 0.2311 | 0.2496 | 0.2496 ! 0.2496 0.2496
Satvm | B 0.1514 ‘ 0.1554 0.158¢ |  0.1536 0.1550 ’ 0.1535 |  0.1538 |  0.154¢
I
%10~ 2mol 0.3784 |  0.3884 0.3833 |  0.3839 |  0.3874 |  0.,3836 |  0.3844 |  0.3850
Note * NaBH, reduced lignin )
Table2-41 Formaldehyde absorbed with fractionated or
reduced lignin, (:£10~%mol)
S Sample' i ’ i | |
React, ~. | S | RS:| Ful|RFs2 Fuo2| RFs2 Fo-3 ! RFo3
time(min) L N I |
30 ! 0.1172) 0.0404 0.4205‘ 0.0330] 0.2529’ 0.0393 0.4194 0.2119
60 [ 0.2269! 0.0990/ 0.5712 o.zoze% 0.1825 0.0742, 0.53351 0.2863
120 0.3036 0.1423 0.6052 0.1489 0.2650, 0.1285 0.7257| 0,3048
| ' | |
180 | 0.3121 0.2502 0.7355 0.2600, 0.3901’ 0.2895 0.7781] 0,4410




) (mol/100g)
n
1
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1 1 1
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Fig. 2-24 Formaldehyde absorbed with original
and fractionated kraft lignin at 60°C,
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Fig. 2-25 Formaldehyde absorbed with reduced
kraft lignin at 60°C.
S, 60min 180min
NaBH,
NaOH
NF, 2 NF, 3 F
Table2 43
S, RS,

F,

F
60min 0.15mol
100g 0.35mol/0CH,  180m
in 0.21mol 100g 0.48mol
OCH, F,
1 0.38mol 100g 0.51
mol 100g 1.24mol OCH,

F, 1 F, 5

NaOCH  mol
4days
F, 1 0.31mol 100g
0.78mol OCH, F, 5
0.34mol  100g 0.-79mol
F

1 2 05

OCH;

F Table2 42
NaBH,
NF, 1

F

1R, 1F 2F 3



Table2-42 Methylol groups added and formaldehyde absorbed with each sample,

— T ‘
\ - Item -OCH, | Water formed ‘ -CH,OH ‘ F. absorbed
React ~ i o e I R
time(min) \ i J o i T
s \ % mol/lOOg‘} mol/lOOg mol/OCH, mol/OCH; mol/100g; mol/OCH;  mol/100g
Sample \ \ | i | i i
0 13.37 0.4307 ' 0.2633 | 0.6119 | = | — | — | -
S, 60 11.85 0.3818 0.3567 | 0.9342 ‘ 0.3229 | 0.1391 ' 0.3508 | 0.1511
180 11,75 0.3785 0.3679 | 0.9720 |  0.3607 |  0.1554 |  0.4825 [ 0.2078
0 13.17 0.4243 0.3329 i 0.7841 — — | — —
RS 60 11,94 0.3847 0.4099 1.0655 0.2814 0.1194 |  0.1553 |  0.0659
180 11.82 0.3808 0.4335 ’ 1.1384 0.3543 0.1503 0.3324 |  0.1665
0 11,94 0.3847 0.3718 |  0.966% — - { - -
Fa-1 60 12.24 0.3943 0.4051 } 1.0274 0.0609 0.0234 = 1.0045 0.3830
180 11.80 0.3801 0.4139 |  1.0889 |  0.1224 0.0470 |  1.2035 0.4932
0| 11.93 0.3843 0.4061 | 1,0567 - - — —
R Fa-1 60 | 12.32 0.3969 0.4460 1.1237 0.0670 0.0257 0.3547 0.1363
180 11.37 0.3663 0.4318 1.1788 0.1221 0.0469 0.4546 | 0.1747
0 12,94 0.4168 0.3230 | 0.7740 = = | — -
Fa-2 60 12.30 0.3963 0.3861 0.9743 0.1994 0.0831 0.2949 0.1229
180 11.75 0.3785 0.4001 I 1.0571 0.2822 | 0.1176 0.6300 0.2626
0 12,74 0.4104 0.3316 0.8080 _— = — -
RF: 60 12.26 0.3950 0.3980 1.0070 0.1990 0.0817 0.1221 0.0501
180 11.63 0.3747 0.4189 1.1180 | 0.3100 0.1272 0.4764 0,1955
0 13,44 0.4330 |  0.3203 0.7397 — — - —
| {
F2-3 60 11,13 0.3586 0.3870 1.0791 0.3394 |,  0.1470 0.8215 0.3557
180 | 10.70 0.3447 ‘ 0.4088 1.1860 0.4463 | 0.1932 1.1889 0.5148
| 0 13.55 | 0.4367 0.2789 0.6387 — — | — -
RF.-3 60 10,77 | 0.3470 0.3872 1.1156 0.4772 0.2084 |  0.4394 0.1919
180 10,67 0.3447 | 0,4174 1.2141 0.5754 0.2513 | 0.6768 0.2956
i
Table2-43 Methylol number of methylol samples which
was NaOH treated after fractionated,
T Sam ple
A\ ) S g NF.-1 ‘ NF2-2 i NF2-3
React, ~~— |
time(min) | ; ‘ | o A
Ttem - o 1 | ¢ oo b o ‘ 120
—— | % i 12,09 | 11.59 | 13.02 } 11.53 | 13.34 11.04
, mol/100g |  0.3895 0.3734 |  0.4195 0.3715 |  0.4298 0.3557
Water | mol/100g | 0.3785 |  0.3980 | 0.3248 | 0.3872 | 0.2505 | 0.3627
| ‘ i
for"1ed‘xn01/()C}{3! 0.9718 ' 1.0659 |  0.7743 |  1.0423 |  0.5828 &  1,0197
| | | '
-CH.OH gmoUOCHs! ‘Af 0.0941 ( — A 0.2680 | — ) 0.4369
| |
polyoxymethylene methylene
F
3.1.2 "
F, 5 Mn 821 F 1,064 F,

2 3 Mn 1,331 1,363
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Fig 2 29
Samn»le
extracted with
acetone-water(9 : 1)
| 1
Extract Insoluble
freed of solvent in i
vacuo.and extracted €:Y)
with dioxane
I 1
Extract Insoluble
(]
'
. 1
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Soluble Precipitate
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i i : !
V i poured into Lo
' i (Bz)
(B#) (BD) — ether
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i i
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Fig. 2-29 Fractionation scheme of lignin materials,
2
4.2.1
Table2-44 Analysis of variance, (Insoluble matter)
Source of | "
et 47} s.s. | o | v F’' |E.S.S| £ (%)
I | ! ‘ * X
A ;1,595.27‘ 3 ’ 531.76‘ 326.231,590.38‘ 97.55
| *
Table B ‘ 10.oai\ 1 10.03" 6,18 5.45; 0.52
\ i ‘
C i 3.41 1 3.41 2.09 1.78; 0.11
44 Table2 45 | | \ 1 1
A X B ‘ 10.14 3 3.38 2.07‘ 5.25  0.32
i
E’ 1 11.47i 7| 163 a5 Lo
NaOH T 1,530.31} 15 | | 1,630.31) 100,00
97.6 F3(0.01)=8.45 F1(0.01)=12.25

F§(0.05>=4.35 F

1
7

(0.05)=5,59



Table2-45 Analysis of variance, (Lignin acid)

Source of

; [s.s. | ¢ | v | F’ 'E.S.S. 0(%)
estimate T | T o H
; - B | Fig 2 30
A \1.009.80‘| 3 . 336.61 145.721,002.92 94.45
. | ‘
B o0z 1 9,02‘ 3.90 6.7  0.63
[ . ‘
c Cowas 1 g 4.39} 7.82) 074 20
i [
A X B i 13.48' 3 449 1.94 11.171 1.05 2
1 { |
B XD | 5.46 1] 5.46 2.35  3.15  0.30
E’ l 13.89 6 | 2.3 30.06‘ 2.83 NaOH
T 51,061.83: 15| ‘ 1,061.83 100,00 10 20
= o ! =3
3 _ 1 i
F(0.01)=9.78 F (0.05)=5.99
F200.05)=4.76 F (0.01)=13.74
NaOH
Fig
-
g sof
5= 2-31
Sl
£ oot NaOH 20
-
30
EE 40
2 b_iso:C
*%ﬁ___—*—y}
) _1sC T !
10 20 30 40
NaOH -added to orig. lignin (%)
Fig, 2-30 Relation between the amount of
insoluble matter and degradatior
conditions, NaOH
Fig 2 32
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Fig. 2-31 Relation between the yield of PPC
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Fig. 2-32 Relation between the amount
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80
Fig 2 29

Table 2 46

Table2-46 Fractional data of hydrolysis lignin
and kraft lignin,

& Wood hydrolysis : Kraft ligni
Fraction | lignin (%y) ; (%)gnm
A+B, | 61.26 0.11
B: | 17.53 28.96
B: | 2.76 19,39
By 4,33 19.35
B5+6 16,29 ! 36.79
80k
£ -
2% AN AB, B, By B, ¢
!
=
S5 60 I\—-: 4
&2 v
P
byt
§§ o !
58 Fig 2 33 Fig
AN
- 20r
. 34
I re
3 gk“r 4
L i
10 20 30 40
NaOH added to orig. lignin (%) AB,
Fig, 2-33 Relation between the yield of
AB,,B,,B; fractions and NaOH NaOH 77-5
added to original lignin, 20
30
0
2 B, NaOH
Ty
150 & A—t 78.0
ER O
m = 160°C b ? 20
s8¢
=
-
29 NaOH
~ R P . i L
= 10 20 30 40
NaOH added to orig. lignin (%)
40 80

Fig. 2-34 Relation between the yield of
B4+546 fraction and degradation
conditions, B3 NaOH



79.4 4.1
4.9 NaOH
NaOH
B s ¢ NaOH
8.8
4.8 Fig 2 34
NaOH 1
NaOH 30 180 1 6 2hr
B, Bise

4.2.3
man®? F

Kratzl®

o, 6 6  bicreosol
F
NaCH
F
180
Table2-47 Methoxyl group contents of
the lignin acid, * 0'21
5 NaOH 10
NaOH added (%) x 10 20 30 40
-OCHs (%) 16.03 15,30  15.28  15.09

76.0
76.0
Ek
Table2 47



Sarkanen® NaOH NaOH

AB, 9.63
NaOH
30 1 6
Table2-48 Amount of phenolic hydroxyl group 180 2hr
by the g¢ method,
camples | OM o) (ay | ORcd) By | B/A
Orig. ?
lignin 1.87 0.85 . 0.45
Lignin i
acid | 3.79 | 1.20 | 0.32
Kraft .
lignin | 4.25 P 0.83 | 0.20 NaBH,
pH11 8 13 8
300mp
(Table2 48 ) € (pH13 8) €' (pH6 6)
€ (pH13 8) € " (pH11L 8) (B A
3
NaBH, (30 59 )
1 02 2 59 2
G 42 ) Cs
Table2 49 20ml

80 GC F



Table2-49 Reaction condition of lignins
with formaldehyde.

Sy Sample | w. |
—— | ood hydro-| §oo 3 3
Ltem ‘ lysis lignin Lignin acid
Lignin I g 1.5002 1.2818
|/<1 ‘mol 0.7979 ‘ 0.6818
i ) T
HCHO 1 i 0.4904 0.4821
[x10 "mol : 1.6330 | 1.6053
e : —
R | g ,» 0.3200 | 0.2400
X10-*mol | 0.7997 | 0.5998

F NaOH
mol 1 2 1
F
Fig 2 35 Fig 2 36
30min

60min 39 180min
43 F Cannizzaro
Cannissaro
reaction
H
T F
x
Free
0.4 1 CH;OH R
L AL s F A 3 A A "
o © 120 180
React. time (min)
Fig. 2-35 Reaction of the hydrolysis lignin with
formaldehyde, F
Absorbed
formaldehyde
= Cannizzaro
£ reaction 3
S
x F
Frec
0.4 formaldehyde
CH,0H .
o
)
30 60 % 120 150 180
React. time  (min) Fig 2 36

Fig. 2-36 Reaction of the lignin acid with formaldehyde,
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FRY /= YBOBERGHIRIRC L 5T, TORFEIDMRECZ L > TRELRADH,
ARRWEATIZ NaOH ZMKO W H L it bM< 54, BOHMESTr A L%
WO, 721U, RO Lcgt, BREBMEH 777 +Y 7= vBIELET#MER
Tieho i,

(i) ¥ 7 = vED MR

WIEf AT NaOH it LT bty 72 YR 7 = 7 — bR & 1G4S A
LT, V7=YBOMBIE7 =/ — A KRERE, 2.59% L ikY 7= v o 2 (50 Lz
HmL, MAEERLPER-T D, it97=7M,1?£;UPhOHﬁH}R%
1 :2: 1mol, fi{)x 80°C TIIGH Lab7=8if, V¥ 7= v 100 g% LE:A# 0.15 mol

D F 2RINT %,
LEDGERER LD, ERERERTIKG MY 7 = v %2 BIE4AET NaOH AR+ %

Ckit, FLOREXEMETDIH G777 v ) 7= v LY RIGHILE £ B05EHLD j14
TEBRL BT LEHDT,



Part 3 LA L5 Y 7= g
D ByE

L2 2 DB

Part 2 THIN- BRI LT, 757 1) /= vk kX NaOH SEIC & b iG#EAL
L BBREE AR Y 7 = /12, 3R NaOHABHAIC 35\ CFERIELAF 1 —
KM THIEXWRALIL, 2777 b)) 7/=ViIRRIBEESRLHT 1002 4 b 0.22 mol
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matrix LFxETHY, BAWELL D2 BROLBRNEMAL 7=/ — L kL2 &
ELARC LR LizE s TH B, Fr-matrix OFRIC X - THIEOMERE, Bz E1L
T30, KMMBEGF~OF ML EBAME Lickw, v/ A BORIRZEE LTS,

V7=V, 7= Ak LOFRERETHRITREHE L LTRERE D2 < Dis,
BN RRINTVDH, MK EEOED LSBT A LATETH D,

@ B&#&LH3HLEMHGETRBHE

@ 7=/—-r - -FOMGHEWCY 7=vimz, SoCHEEEDD L

® HoMUBY F=vi7=/ A RRESRIEREORKEH 1205, FeRiG
DIk

LREFED S b, EAMEYSFA—-05E20% LUCQORKICHIZEL LI L0 TH D
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AECR T EREEMEAMBO—B T, 7577+ Z=vERBELTH
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i1 5 St :

2.1 RBBIvRRFE

£EARRARBCIZ 2777 YV 7=2v Se kv, V/=v 7=/ —-LORAERR
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CHELTIRIEHCKFTAFR L0 7= —LZBEBEY GCETRET S - £ b, 60°C,
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*ng,P&ﬁ&ﬁ%ﬁibiﬁmﬁ%wiLruﬁ:v@x%nigkﬁﬁﬁ%ik&
B Lic, BBHABED 7=/ -1 - 72—k, HFDO PPCHIC L > THRE L1,

DEITY 7= v REHiR, 7=/ —afilare L A e Ly, TP BKERLSS
V7= v OBZE O RHEEL, X6IC S DFJRBTHD Fa-1, Fe-28X0F2-30
AFa—p{thl bV AF - 72/ - LOREHHFALT20x20 cm DA% 2

R



BSOBE L JAS I L1cdis T B BRBK O RLBANBE X WE Lz, ARBERER
DEDZLLTHY, TLHERAE, BH VELBEEOWER X ThThIZF & LT,
M 57y - m—%)—BiK
HREXE; 7%
BB 70 18, 10% R
HRHER: 1 —2— 1mm
B 5 30g/(30cm)?
BE4#E  10kg/cm2 , 60min
BAE4 5 10kg/cm?, 140°C, 5min
2.2 ®BRLER
2.2.1 EBARIGHCET HEERSOEL

LM A% #ixTable
Table 3-1 Conditions of co-reaction,
3-1DZE{TH> o
e 1 2 $ b
T Ve vEaE = :
2 React, Temp.(°C) 80 60 80 60
—ﬂ«@ﬁ%bttifﬁo 55 conditions | Time(min) ~60 ~180 ~120 ~240
g 21,2052 21.2549 | 24,9498 25,0815
s - s ’
:0.45, NaOH A Ligsts mol 0.m128| 081  0.1827 ( 0.1334
. TR | I
BV 7s=vic¥ L o g ' 16,8376 16.4542 22,0011 21,7914
mol 0.1791 0.1750 0.2341 0.2318
CA% ELT, V7 s ] g 14,5162 14,6605 22,1564 23,8032
L F £ ORI BT | mol 0.4833 0.4882 0.7378 0.7926
v DRIGIZ
. S i g | 2.2085|  2.3194 3.5212 3.7849
% B (Part 2-3)% g mol 00716  0.0724 0.1099 0.1181
g 4,1859 4,1894 5.0667 5.0670
S e P NaOH
IUHEPErAB IR | mol 0.1046 0.1047 0.1266 0.1266
PPCE T B 727+~ Water | g 99,9874 | 100.6314 [ 117659 | 120.3833
2 Lignin : phenol : 0.39:0.61 | 0.39:0.61 | 0.36:0.64 | 0.37:0.63
/l’ﬁ”]a ﬁi ﬁi‘;)’@ ?}::@E{‘ HCHO : NaOH (mol,ratio) | :1,66:0.36 | :1.69:0.36 ‘ :2,01:0,35 | :2,17:0,35

BT XHE, V=V
¥k 7=/ - L% mol ® NaOHNFET B L ERIELHC A F v —fbIhBZ &
D TE D, il K7e NaOH oA LEE oMK X ot 7 # BF [ (pot life)
CHEZETD2I LF2bRDND, V= 2% LE 1 mol ® NaOH # 43 %I &
P
BHARUTHIERLOBEOF $XU07=/ — A% bhiy Table3-2ic, ¥f@aY 7
=vi7=/—r 1mol KT ZBINF % Fig.3-2 253, ALY /=vD)y 3k
(X188 L RE, RBOFERIC LD E, RIGRENEL F B2zl F RIEAS <
F/oRIGHEEE S i, 80°C TRIEE® D E F BRI H260minTiRIE—EME R LTE D,
7= 20min HOFRILLE 12 60°C, 180 min iZHI4 LTV 5,
SFIIEACET DY) F2vE F LORIGEHRAT 5%, No.3 X0 No. 4o
HiAWEI DY) 7= VIS HMARRIEHEZHRIR L A F oAk X UERBKRZRE L, I



1 mol 2 mol
F 80 ,
60 min 60 ,
240 min
M
Fa 2
Fa 1
P BFs
Table3 3
Fa 1
FaA 2
S2

60

Lom ;
3-2 Composition of co»reacf.d ebtfuitinii, rm.)c‘tum

Table
|
No. 1
i React, ™| ) o ) B
. temp.("C)} 80
React, St e ‘ S—— : - ‘ —
time Item s M Fo- | : o
(min) R | Fi ‘ (Fi+2M) ! Fi ‘ Po X100
0 | 0.4833 0 o | o.1701 | 0
20 | o0.1258 0.0078 0.3419 0.0161 ' 91.01
40 0.0920 ‘ 0.0188 0,3537 0.0097 ‘ 94,58
60 | 0.0796 | 0.0209 | 0.3619 | 0.0064 | 96,43
BN o ~w. No 2
N e S o e
'\ React, |
\Q\ temp (°C)§ 60
React [
5 . | | Po—Pi
time .. Item : i Fo- 3 )
min) ~. B | M | (Fi+2M)’ i po (100
0 I 0.4882 0| o | 0.1750 0
30 | 0.2733 ‘ 0.0014 | 0.2121 [ 0.0459 73.77
60 ; 0.2214 0,0065 0.2538 | 0.0330 81.14
i i
120 } 0.1722 i 0.0131 0.2898 | 0.0203 88,40
180 | 0.1483 i 0.0022 I 0.3355 2 0.0159 90,91
3
80
. [ | Fo- . Po—-Pi
" (min) g L D (Fi*zl\g{l Pi [Tpy X100
0 | 0.7378 l 0 0 0,2341 | 0
20 0.2178 0.0089 1 0.5022 0,0192 ! 91.79
40 0.1617 1‘ 0.0080 ,  0,5601 0.0111 l 95,25
60 i 0.1425 | 0.0026 | 0.5901 0.0069 | 97.05
120 l 0.1235 l 0.0208 0.5727 0 | 100, 00
AN No.| 4
React, ; ‘ T )
temp.(°C) 60
React, '”” R s o ————— o
time Item o Fo- | . [Po—Pi
(min) i B | M ‘ (Firgmy | FI o [p X100
0 | 0.7926 | 0 ‘ 0 [ 0.2318 0
30 0.4070 | 0,0104 0.3648 } 0.0574 | 75.23
60 0,3367 | 0,0163 " 0,4233 0.0294 87.32
120 { 0.2709 | 0.0196 | 0.4825 0.0209 90,98
180 ] 0.2455 | 0.0160 | 0.5151 0.0117 94,95
240 | 0.2014 ‘ 0.0284 |  0.5344 |  0,0080 96.55
Note Fi ;i Free formaldehyde (mol)
Fo ; Formaldehyde added (mol)
M ; Methanol formed (mol)
Pi ; Free phenol (mol)
Po : Phenol added (mol)
F
180min
11.75 0.9720mol OCHs 80 60



min . e
,j a
e
1.5
10.70 g , e
~s -
1.1274mol OCH3 /
60°C e
/
1.0 @
~
Fa 1 = —
o
o
2
153
)
o
>
ﬁ 0.5 —0— No. |
] s 5
= ¢— No. 2
3 —a— No. 3
Lz —4— No. 4
L N L A . s x ke
0 30 60 90 120 150 180 210 240
React, time (min)
Fig. 3-2 Formaldehyde absorbed with lignin+phenol
under various conditions.
Table 3-3 Water formed in the reaction of co-reaction
products with P-BF; reagent,
N() 3 S React,condition “‘ 60°C—240min [ 80°C— 60min
Item Sample | | Fa-1 | Fa2 ’ M | Fa-l | Fa-
o 1
No. 4 mol ; ‘ i
-OCH; (%) ‘ 10.38 © 11.84 10.04 9.50 ‘ 10.40 | 8.09
|
Water formed | |
(mol /OCH,;) ‘ 1.5099 | 1,1948 | 1,5583 | 1.4521 ‘ 1,3978 ‘ 2.2348
PPC PPC 1 2
5 5 1 2
methylene Fig 3 3

Rf
80  20min 60 60min 80  60mim
PPC Fig 3 4
Fig 3 5 matrix
Fig 3 4

matrix



~«— Number of methylol group
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04!

i
|
|
| CH)
i (0’

Mononuclezar resol type derivatives

Dinuclear novolac type derivatives

resol type derivatives

Trinuclear novolac type derivatives

(H)” ITrinuclear resol type derivatives

e S

< Number of methylene bridge

OoH OH OH
j O—cnzon 6 OC”EG
on SyenL>
7 cH, < on
e
CH,0H 8 HO<)-cm,{_)-on
oH
5 HomC ¢y CILon CH,0H
5 mo< e« o1
oH
, Cycmon CH:OH
CH,0H 10 HOOCHZOOH
CH,OH
on
5 HOH,C CH,0H CHOH CH,OH
A 11 o< ycHm,< o1

i (O Yellowish brown (G} Red @2 Redish purple @ Bluish purple

cH01  ClLOH
12 110 y-CH:< )01
CILOH
CILOH  CH,0H
13 HO{ »ci:{_-on
CH,OH  CILOIL
on  On  ou
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Fig. 3-3 Intermediate products of phenol resin,

E @ a»
L <
/ & an
G, B
T N —
React. condition ; 80°C,20min React. condition ; 60°C,60min
- 80°C,60min

Fig. 3-4 Phenol derivatives of the lignin resin,



Phenol/F=1/1

NaOH ; 0.02mol. React

. temp. 90°C

10 min

O
8
3

1.5 hr

Phenol/F=1/2

NaOH ; 0.02mol, React.

temp. 90°C

10 min

1.5 hr

NaOH ; 1.0mol, React.temp, 40°C

Phenol [F= /1

48 hr

:

NaOH : 0.1mol, React.temp. 40°C

Phenol/F=1/1

48 hr

Fig, 3-5 Condensation conditions of resol and its compositions, (By Seto)
2 2 2
Table 3 4
NaOH (NaOH 20
140 2hr 140
1hr lg 300ml 100ml
Table 3-4 Preparing conditions of resin,
e | Weight of preparing (g) | React, condition
\Item ‘ T N‘ pH e e
- “gnin‘ Phenol HCHO | NaOH | Water | (Temp. (°C) r
Phenol resin ‘ — 77} 94,0 | 59,9 14.4 513.7 10.6 1 80 60
Lignin resin 93.9 | 94.0 } 59.9 21.3 | 415.9 10.6 | 80 60
Table 3-5 Samples for hot water e: 2 hr
\ 1G4
- ltem Thermo cure Thermo cure
\»\ material of material of
Sample \\) phenol resin (g) lignin resin (g)
a l 0 0
b | 0. 40 0 Table3 5
c | 0.57 0 b d
a | 0,73 0
e l 0 1.00
f | 1.00 0




Table 3 6
NaOH a 100

Table &-6 Results of examination,

S Item

. ol o rate BEL of filtrace Hot Z:ttx?:ct(%)
Sample . o

a Black 10.8 100.0

b 7 11.0 66.5(66,5) %

c 7 11.3 52,0052,0) %

d 7 1.1 39.2(38,9)*

e Brown 11,1 13.2

f Red, purple 11.5 15.7

Note *Calculated from a and f

2 2 3
F, 1 F 2 F, 3 Par2 3 2 2
ME, 1 MR, 2 MR, 3 Table 3
7 3
Table 3-7 Preparation of resin adhesives for plywood,
60 180min == Noo :
“. A kind of methy- ooy 2 ‘ 3
lol lignin - i
Ttem . ) M Fz-l M F-2 | M F2-3
Methylol lignin(g) 7.8877 7.9884 7.4043
1 Trimethylol phenol-L:,salt(g) 16,2732 15,8061 15,3393
NaOH (g) 1.5931 ' 1,5976 1.4835
1 Water (g) 31.4521 = 25,3811 24,4075
P-Extender (g) 5 ! 5 5
Table 3 8 - '

Table 3-8 Results of the tensile shear test of plywood,

IS N\ tem| Pryfest | Boiling cycle test
No\ T,S. W.F. 1 T.s. | W.F.
kg o CON | kglemn | %" | ceglemty | Gp
1 [ 4.5 | 66.6 110 | 57.5
2 ‘ 14.6 I 32,5 11.5 } 12,0
3 154 | 56.7 | 0.1 | 20,0




Table2 42
lunit
mol unit Marton

0.0470
Fg —1 § —2Uaf
e 100

B, -9 ; 0-1176

-x 2,300=1.08mol/unit

x1,200=1.41mol/unit

F - 3 :—9%%%3»< 800=1.55mol/unit

Mw Mn 2 2

Mw Mn

F3

JAS 1

1116



311
mol
“ part2”
3111
20 NaOH 140 2hr
E
13
F NaOH 30 16 180 3hr
Part 2 4
Table
9 7poise
94
Table 3-9 Manufacturing conditions of kraft lignin resin,
Factor | Level ,

Lignin : Phenol : HCHO(mol) 0.58:0.42:1,32, 0.58:0,42:1,05, 0,69:0,31:1,30, 0,69:0,31:1,04
React, temp.(°C) 70, 80, 90,
React,time(min) | 30, 60, 90,

Note Molecular weight of kraft lignin was assumed as 94

30x 30cm 3 JAS



1 2 1mm

10g  30cm ? 209  30cm 2
10kg cm 60min
10kg cm? 140  S5min
K3 q oo
3112
PH B 30r p
m 20 Table 3 10
Table 3-10 Properties of kraft lignin resin adhesives,
\\\\ < No. |
Them e ' 1 \ z__"_|' 3 | 4 | s | 6 | 7 8 e
Lignin : Phenol : X i
7717_{7@}110(11191—)_ 0.58:0,42:1,32 - 0.58: 0.43;—1.05
1 [
React,.temp, (°C) 70 I 80 ! 90 l 70 ‘ 80 70 l 80 i 70 ! 80
React.time (min) 60 ‘ 60 60 \ 90 } 90 60 \ 60, 90| 90
7\ before con- T | B T \ T I
Vissesicy| sonsegted | U8 ‘ 252 | Mo~ l 1.03 | 7.33 | 0.68 | 146 | 0.82; 3.6
(Poise) |after con- %
(Fome) [ Centrated | T4 | 7.8 8.4 | 7.2 l 783 812 9.40 l 7.92 l-iff
[ ]
pH of resin 10.80 | 10.89 | 11,03 | 10.80 { 10.89 | 10.92 | 10.93 . 1097 ] 11.02
Non-volatile matter : ] [T A { o
of rouin (o] 56.0 1 52.7 | 29.9 \ 51.7| 42,9 53.6| 52.8| 53.1 [ 47,0
Ttem Nl | [ e | s | o | s [ e | o | s |19 |20
Lignin : Phenol :
HCHO (mol) 1 0.69+0.31+ 1,30 0.69 ¢ 0.3+ 1,04
__ HCHO( ol _ .
React.temp. (°C) 70 ] 80 } 0] 80 0| 8 ‘ 90 { 700 80 ’ 9| 70
React.time (min) oo e, e, | s s| s el 0| 6] o
before con-| T ! [ l [ l ‘ . { —_
Viscosto| Sentraies ,,EZVI,,,L""‘?I | ) om] on] sa| on] 1e| o] om
(Poxse) after con— | L | ‘
A !Centmted | o028 63| 8.2 7.32) 11, 12} 852[ 8.56 | 6.68 | 6.68 848’ 9.80
pH of resin \ 11.14 | 11, 13| 11. 12[ 11.37 | 11, zo[ 11, 20\ 11. 33‘ 11. 08‘ 11.36 11 40[ 11.26
o Y ’ 6| 6.5 3 s2.0| 48.7] 42.8| 4.8 53] 505 88
Note «Diluted with water to regulate the viscosity of adhesives,
No 3 No 13 No 19
No 5

Tunit

Part2



Table3 11
Fig 3 6 Fig
39
No 3 5 13
19
0 58 0 42mol
F 1 32mol
80 60min
No
12 No 20
JASI
mol O 58
0 42
F

Table 3 8

Table 3-11 Results of the tensile shear test of Shina plywood
bonded with kraft lignin resin adhesives,

oo Item

N\, Spread | . Drytest. . Boiling cycle test
. Cg/(30em)®\ | TS, W.F, T.S. W.F.
No, ™. V| (kg/cm?) (%) _ | (kg/cm?) %)
20 15.3 | 98 14.7 62
t 10 12.5 46 13.1 38
, 20 15.2 98 14.7 48
& 10 15.1 66 15.4 28
20 9.6 20 5.6 8
3 10 14.0 52 | 12.2 20
20 15.8 84 | 12.9 28
4 10 13.9 68 12.9 56
20 14.3 70 12.6 30
8 10 13.9 28 15.3 14
20 13.8 62 ! 11.6 12
6 10 1.4 22 10.1 6
20 6.2 | 80 13.4 16
7 10 12.9 66 | 12.2 50
20 17.7 | 100 | 15.4 70
8 10 4.1 64 | 12.8 22
| i i S i
20 15.8 | 92 i 12.4 50
o 10 13.4 62 | 12.4 58
I 20 18.7 | 76 10.0 20
W 10 0.4 20 10.8 10
. 20 11.4 42 9.5 16
! 10 12.3 38 12.9 22
12 20 16.0 68 12.5 34
10 12.4 54 10.7 24
) 20 1.0 | 30 7.7 8
3 10 13.7 | 24 11.8 38
. 20 12,9 60 | 9.3 | 2
! 10 11.7 36 10.7 22
. 20 14.6 96 12.7 48
% 10 10.7 34 12.7 24
i, 20 13.2 54 11.0 34
10 11.8 56 11.7 58
» 20 14.7 76 12.2 14
10 10.4 14 8.8 26
s 20 13.5 84 10.0 30
10 11.4 80 10.1 38
0 20 9.6 22 6.3 8
10 1.1 88 10.9 78
20 16.0 .
- 72 11.5 10
10 9.4 28
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o

(kg/em2) |

—
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T
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Lignin : Phenol : HCHO =0.58 : 0.42 : 1.32 mol

>
e
—

=
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sh
ol y L
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React, temp, (°C)
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Fig, 3-6 Boiling cycle test of plywood. (1)

% ... Lignin: Phenol : HCHO
E2 —0.58 :0.42 : 1.05 mol.
™
&
15}

Tensile shear strength
>

>
+—0
<~ o—>
A——————ee P
———

JAS limit

Same symbols asfor Fig.3-¢’

4L

70 80
React, temp, (°C)

Fig. 3-7 Boiling cycle test of plywood. (2

Tengile shear strength

Fig. 3-8

r Lignin : Phenol : HCHO

=0.69 : 0.31 : 1.30 mol

13

JAS limit

\
1

70

80
React, temp. (°C)

Same symbols as for Fig.3-6

Boiling cycle test of plywood., (3)

Lignin : Phenol : HCHO == 0.69 : 0.31 : 1,04 mo!

=
2
: 1
& 155
] l. ]I
< ! 072
§ 10F 1l
Z 4 i v
"” l . ]
R
ot
7 ) NI S U S
B JAS limit Q
&
) E——— . s
70 80 90
React. temp, (°C)
React. time(min) Spread (g/(30cm)2]
—_—0— 30 20
—.-—- 30 10
—0- 60 20
—.-- 60 10
—a- 90 20
— A 90 10

Fig, 3-9 Boiling cycle test of plywood, (4)



F mol 0 53 0 47 1 45 80 60min
Table3 12
10
20g  30cm 2

Table 3-12 Properties of hydrolysis lignin resin adhesive,

Tensile shear strength

(kg/cm?)

Non-volatile

Viscosity (Poise) i
S A S N, ) . f | }
|

before after matter of Dry test ! Boiling cycle test
concentratedi concentrated‘ resin resin (%) ;ﬁ\;gih{’;a;'_- '7;{[;? ';viéjwi max,f | mm*
0.90 i 6.29 il 11.10 | 40,46 9.7 i 12.5 } 7.7, 4.2 ‘ 16.8 l 12.0
Lignin : Phenol : HCHO=0,53 : 0,47 : 1,45 mol,
React., temp., i80°C
React. time ;60min
NaCH
50
JAS1
312
F 3
60
JAS1
3121
“3 11 20 NaOH
F

0 58 0 42 1 32mol 80  60min



Table 3-13 Preperties of kraft lignin resin adhesive,

|

Table3 13
pH ‘ Viscosity Non-volatile ’Thermovcuring Free formalde-
} (Poise) 1 matzer (%) |time (sec)‘ hyde (%)
11.7 7.79 ’ 16.0 1,100 ‘ 2.6
20mm
5g 9
F GC
10y 30cm ?
P K K 10 40
0 9 2 30 O 90mm
7kg o 60min
10kg cm® 140  5min
P 10
3 1 JAS
Table 3-14 Hot pressing conditions,
\‘\\\ Item | Temp. | Time | Press,
09 230 0 90m svectes | 01 | (mim | Gegfem®)
Shina 120,140,160 3, 5, 7.9 10
Kaba 120,140,160 5 i 15
0 95 2 40 0 95mm
3122
o L ’
: RO
3 o i TR
A 0 083
~ ’ oG8 [T 98)y
= 14 (96 v ot 1 N
2 120, ¥ ¢
| *x (88
s vi(72) 1
b i
; v
o
2 10p
- = —0— Dry test
Flg 3 10 g —x— Boiling cycle test
o o .
¢ ) Wood failure (%)
20 30 S P X ;"
1) 20 30 40
Extender added (%)

Fig. 3-10 Relation between extender added to
adhesive and bonding strength,
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Fig 3 11

140

10kg/ci? 140

Fig 3 13
140

5min

20 RH 65

Fig 3 12
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4 1
L///// )
!
10 (36) X 4
' b (1)
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JAS limit |
1
oF }
0) Hot press, temp.(°C)
i
, —O0— 120
! —¥%— 140
4t ¢ —0— 160
3 (0) ( ) Wood failure ¢~
o " V.2 )
0 3 5 7 9
Hot press. time min»

Fig. 3-11 Relation between hot pressing conditions

181

lﬁr

and bonding strength of Shina plywood.

e x———
<
o
<

(86)

b m = Qe — =

—O— Dry test
~——X~—- Boiling cycle test

( ) Wood failure (¢;)

I 1

1 2

Elapsed time after pressing (month)

Fig, 3-12

Relation between elapsed times after
pressing and bonding strength of Shina
plywood,

o)
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Hot press, temp.

Fig. 3-13 Relation between hot pressing conditions
and bonding strength of Kaba plywood,

3 3 1 21! F
3131
Table 3-15 Preparation procedure of samples to measured
F Tab|e3 15 thermo-curing time,
h Item! Lignin resin “ Resorcinol HCHO
Sample ) ‘. (part) ‘ (part) i (part)
L Gl o S =

28t 1 a } 100 | 1~10 0.8 ~8

b | 100 | 0o | 0.8~14

c ; 100 | o1~10 | 0



2 46 B

“ 3 1 2 1" 28
Table3 15
Sample a
F 1mol 3mol F
Sample b F
Sample ¢ F hardner
p 10
13 3 1 2"
1 JAS 3
120 140 160 5min
3132
Table3 15 5
Fig v
3 14 Sample a
o
;L
g
600 *
F 2 N y
3 /
NaOH & 400 ¢ \ '
N
R\
20+ \/* :::Sm;nple a
Q —~— 7 c
\\
0 A L e S S
Resorcinol 2 4 6 8 10
F Sample b Formaldehyde 1.6 3.2 4.8 6.4 8.0
Added rate of curing promotion chemicals
to the lignin resin (%)
Fig. 3-14 Relation between added rate of hardner
to lignin resin and thermo-curing time,
Sample ¢ 6



(Poise)

Sample a €0
ok 1l
c ol
]
6
-2
hardner F
2 's|
w
3 6
"
\O\—.‘M
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Fig. 3-15 Relation between added rate of
6 resorcinol to lignin resin and the
variation of viscosity,
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Fig, 3-16 Bonding properties of lignin resins,
F -Shina plywood-
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Fig, 317 Bonding properties of lignin resins,
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8kg/cm?
48 JAS 2

120 5min
11.5kg/cm?
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60min

15
Imm
3 2 2

0.7

20 NaOH
F mol 055 0.45 1.40 80

Table3 16

Tanle 3-16 Properties of kraft lignin
resin adhesive,

oH Viscosity I Non-volatile
| (Poise) | matter(%)
10,0 | 3.56 44,72

15mmx 320mmx 340mm

0.7
6 10
10 14
1
180 45kg/cn?
10min 30min 45sec
20 2weeks
20 24hr 20 24hr
180 120min
2 50mmx 310mm 5
5
Table3 17 n
Table3 18




Table 3-17 Manufacturing conditions of lignin resin particle board and its properties,

| | Heat treatment
Amount of Hot press, = , 77mn

Properties of lignin resin particle board

i
|
\ frem | i e | Tensile ‘
Y lignin resin time I Temp. Time | Meus Bending strength  Water | Thickness
\ i ‘ strength perpendicu-| absorption swelling
Y i H i lar to I
No \ (%> | (min) | (°C) (min) | 9e0SItY | yg/emey surface | 24 BT 24 hr
t | | | i | (kg/em2) | (%) (%)
1 6.5 | 10 | — 1 = 1 069 135 J 0.3 | o7 32.3
2 6.5 ' 10 1 180 | 120 ‘ 0.67 147 ‘ 0.4 ‘ 76 14.6
3 5.7 [ 30 ‘ - ' - 0,70 186 1.5 | 76 20.5
|
4 6.5 | %0 180 1o | 0.7 163 0.7 ‘ 72 13.2
5 e | W | ~ - | om 95 0.1 75 29.0
6 10.8 ’ 30 \ - — 07 211 1.5 63 13.3
7 10.8 ! 30 i 180 120 | 0.72 206 1.4 56 10.2
Table 3-18 Manufacturing conditions of phenol resin particle board and its properties,
(Saito et al)7l)
\ ! Hot press, Heat treatment I Properties of phenol resin particle board
I Amount of 77 : . AR i
\ tem henol ; \ Tensile |
N p + Temp. Time Temp Time Bending strength  Water Thickness
\ resin i strength perpendic Jabsorption swelling
\ i
No. ‘ jular to 24 hr 24 hr
. \ (%) i (°C) (min) (°C) ‘ (min) (kg/cm?) 'surface
‘ |  kegzem®d | %) %)
1 8 I 180 10 —_ — 249 } 0.9 ' 77 17.4
2 8 180 10 180~200 | 120 232 ‘ 1.3 } 71 10.9
3 8 180 30 = — 248 | 1.5 | 72 14.8
4 8 180 30 180~200 | 120 187 ! 1.3 & 67 9.5
3 3
3 3 1" 3 3 21! 50 60



matrix

0.05

Kraft lignin Phenol Formaldehyde

Condensation

1 3 |

Noutra'ization with H.SO,(pH 7 )

NaOH 20
Scpa rations[to two phascs

140 120min N
Fig

Under part (Precipitate’ Upper part

Concentration

Foaming agent (Dinitroso pentamethylene tetramin

r
L Foamable lignin resin

Fig, 3-18 Preparing procedure of foamable lignin resin,

25
H,S0, 2
DPT7 3 10

50mmx 50mmx 25mm 50
150  20min
Table3 19
94
P BF;



Table 3-19 The conditions of condensations,

[ .Mol, ratio of mixing f React, condition
No, - -- — - —— -
| Lignin | Phenol | HCHO Temp. (°C)"Time (min)
1] 050 050 | 0.50 80 60
2 [ 0.50 | 0.50 | 0.50 80 120
8| 050 050 1.00 8o | 60
4 | 0.50 0.50 1.00 80 120
5 | o.50 0.50 1.50 80 | 60
6 } 0.50 0.50 1.50 80 | 120
70 o055 | 045 0.50 80 ‘ 60
150 8 | 0.55 l 0.45 0.50 80 | 120
9 | 055 | 0.5 1.00 80 | 60
10 { 0.55 | 0.45 1.00 80 | 120
11 0.55 | 0.45 1.50 80 60
12 ‘ 0.55 | 0.45 1.50 80 120
B prit
p =2
84v
n Poise
p g cm sec ?
r cm
t 1 \Y; Sec
332
2 Fig 3 19 Fig 3 20
34 60
18 20
P BF
Table 3 20 “ Partl 3
0.51mol/0CH, Table3 20 0.11 0.12mol
~ o i
3° (V|
@ Q
= 8r \\
2 il W\
50 PRE
~ ‘E\\\\\\
) AN
ok \\
- B 'y
50) = \‘;\\?\A\ T
R Ty
T . x | e ™
0.5 1.0 1.5 4 \\i}'
Formaldchyde (mol:
Lignin : Phenol  React. time(min) ) Same symbols as for Fig.3-19
~—o0— .50 :0.50 60 F
—--e=-- 0.50: 0.50 120 T . .
—a— 0.55:0.45 60 0.5 1.0 1.5
—-a-- 0.55:0.45 120 Formaldehyde (mol)
Fig. 3-19 Relation between condensation conditions Fig, 3-20 Relation between condensation conditions

and yield of solid in under part, and ash in under part,



1.5mol

Volume of flow out

Table 3-20 Water formed in the reaction of
lignin resin with P-BF; reagent,

(mol/100g)
\ —~-_ _HCI O(mol)‘ i |
\ T [ |
i | l
\Reacttime N es | one |
Lignin® ™ \ | ‘
Phenol(mol) . B P
Table 3 20 05:0.5 | 8 \‘ 0.4036 0.6173 ‘ 0.7913
120 0,3875 0,5549 0.7377
o \ 63 | Ueauds | UeORE
0.35 0.82mol/100g F
/
150 ;oo
A(400) !
/ #
53,0001 / /
/ /
21 / ;
/ /
AB / /
/ //
/ /
/ /
C // » (150
c s / (100)
L / /
. / { a(30)
D 2
:
&y
B
':2
3
K3
=
D
A
10V
/
1,00F
C; .
(o) Same symbols as for Fig.3-19
( ) Pressure (kg/cm?) in
the determination
5 5001 / Heat temp. ; 150°C
| o
" N :
tA J,/ 0.5 1.0 1.5
sl L Formaldehyde (mol)
Time

Fig, 3-21 Flow curve,

Fig. 3-22 Relation between viscosity of lignin
resin and conditions of condensations,



Fig 3 22

Table 3-21 Aspects

of lignofoam,

10 | - HCHO(mol);
1 \\ | i
Table3 2 Bepr, Bos 0.5 | 1.0 1.5
Lignin : i
Table 3 22 P_l}ggpvl(imi:rlg}_i_;‘ﬁiA, PP N N
I ©] X
2 m/min 0.50 050, 9 o
[o120 0 A H#
10 0,55 :0.45 60 o © hid
) ' 120 ) # =
Note © Excellent O Good A Fair
X Poor ## Bad
F Table 3-22 Relation between compression
strength of lignofoam, (kg/cm?)
~_  HCHO(mol)]| |
‘ |
Moo o b 08 1.0 1.5
Lignin : X
PhenoltmoD\ N o L
I 0.44 1,29 B
E 0.50 : 0,50 | (0.057) €0.058)
120 0.75 | 0.66 —
| €0.056) | (0.055)
1 mol 60 min & 0.63 | 1.68 _
0.55: 0,43 (0.(1)53; i (0,062)
PO (0.059) { - -
150 - S —
Note Parenthesis means density of lignofoam.
10* Poise
10° Poise
4
Part 3 Part 1 Part 2

F3



1 Part 2
3 mol
matrix
i
0.55 0.45
80 F F )
min
“Part2 3 1 2
60 180min F
80 F
60 240min
1mol 2 mol F
60 min 60 240min
P BF;

10.40  1.3978mol/0CH,

matrix
PPC

11.84  1.1948mol/0CH,

matrix

60
80

80

60

20min

80 ,



JAS1

60

94

lunit

“ Part2”

1.3 1.4mol

100

F

lunit

0.2mol1/100g

JAS1

1mol
80 60min

10 P



hardner 2 3

50 1mol Imol F
80 60min 2

matrix

50 60



Cannizzaro

Cannizzaro 3

80 3hr Karl Fischer



NaCH

PPC w
phenoxy

Leaderer Manasse a
Phenoxy
C
NaOH

2 2
NaOH N

2 60 180min 80
60min

NaOH Imol MW.188 0.5 1.0mol

0.22m01/100g



phenoxy

Marton

NaOH 30

Part2

KMNnO,

phenoxy ortho
lunit

NaCH

180 2hr

NaOH

matrix

0.55 0.45

3,500 J



60 180min
80 60min
80
2 3
3
4
NaOH
3
lunit
3 2
3
321
60
80 60min
32 2

80

P BF,

60min
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