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Table 1. Average degree of polymerization -of cellulose in various boards.

%ﬁﬁﬁ* FRRRF B %4%%
1tmogen PR egree
content Rz Intrinsic | ¢ polym-
(%) viscosity | erization
AT (=T AT Ly FiLT)
Asplund pulp of pine 13.43 1.25 ' 11.60 1,450
6] 13.55 1.20 9.83 1,180
5 13.57 1.19 7.73 920
10 13,59 1.19 7.48 890
7 74 —~<y FEIKE 12 % 13.58 1,19 6.89 820
Moisture content of fibre mat 14 o 13.79 1.12 7.41 830
16 13.80 1.11 7.30 810
18 13.77 1.12 6.88 770
20 13.82 1.10 6.91 760
12 13.45 1.24 8.23 1,020
RAVTTY—~FRA 21 sec 13.43 1.25 7.28 910
Pulp freeness (Defibrator free.) 48 . 13.37 1.28 5.70 730
93 13.19 1.35 S.11 690
140 13. 37 1.28 9.53 1,220
=] s 160 o 13. 49 1.23 8.05 990
PALIREE Pressing temperature g, C 13.79 1112 7.41 830
196 13.53 1.21 4.88 590
10 13.00 1.43 7.48 1,070
- : 30 12.87 1.50 6.53 980
BUEERF)) Pressing pressure so kglem? 13.79 1.12 7.41 830
70 12,98 1.44 5.76 830
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. . 10 . 13.79 1.12 7.41 830
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20 12.92 1.47 4.90 720
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Table 2. Changes in average degree of polymerization of cellulose during

hot pressing of Asplund pulp, holocellulose and e-cellulose.

BRAHE W | & A

Nitrogen R Degree
content @ Intrinsic | of polym-

% viscosity | erization
T AT nyv ¥.i17 Asplund pulp 13.43 1.25 11.60 1,450
[flEX9oFr~F Board from Asplund pulp 13.79 1.12 7.41 830
+r/m—RA Holocellulose 13.43 1.25 11,60 1, 450
kX boE~F Board from holocellulose 13.84 1.09 5.96 650
e~k /v —R a-cellulose 13.53 1.21 6.04 730
kX »»K— F Board from e-cellulose 13.74 1.13 4,69 530
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Table 3. Changes in amounts of carbohydrate during hot
pressing in various boards.

_ 2|5 %NaOH " [a] 72 5% &
heEiE—R il\ Ik /llzlr—'l— A Residue aftefr
emicellulose |extraction o
Holocellulose | 4 2 Cied withiholocellulose
o 5 9NaOH 'with 5% NaOH
7 % i %
HE LT (YT AT LY FiuT) |

Asplund pulp of pine 70. 44 10.13 g 56.83
0 66.90 9.46 | 55.70
5 64.84 9.11 | 54.19
10 64..20 8.52 ! 53. 81
T 74—y FEKE 12 o 64.18 8.49 54,01
Moisture content of fibremat 14 o 64.15 8. 46 54,35
-16 63.01 8.29 53. 37
18 62.05 8.00 52.74
20 59. 31 7.32 50.78
12 ! 67.72 10.07 55. 82
NN TTY—FA 21 sec ! 65.C1 9.48 54,31
Pulp freeness (Defibrat. free.) 48 . 63.51 8.91 52,94
93 63.17 8.41 53. 38
140 70.04 11.15 57.93
N . 160 N 66.26 9.36 55. 39
EREIREE  Pressing temperature 180 C 6415 8 46 54,35
196 63. 34 8.73 52.37
10 66.72 9. 67 56.03
- . 30 2 64.94 8.94 55.01
EEJELG 1 Pressing pressure 50 kg/cm’ 64. 15 8. 46 54.35
70 62.03 8.05 52.55
5 | 65.36 9.21 54.82
. . 10 . ! 64.15 8.46 54.35
ENEREN] Pressing times 15 min. ' 63. 74 8. 34 54.02
20 61.82 8.83 51.56
e x/sr— A Holocellulose ‘ 100 14.12 85.53
FEXboFE~—F Board from holocellulose 1 89.53 9.11 79.65

a-t/Lr—A a-cellulose ; 100 0 100
Rtk boxr— ¥ Board from e-cellulose ) 99. 89 0 96..30

2, WHMOHRPETTOEESMEZTIBREREREHAE T L L DI, BHOBBEITL L7k 5 gD
HEMCE D=y P~OBUHRMSR LB LHRRDOLDTHS S,
©) BUELM:E OBR (BB1LK)

BEIREEA 180°C %8 %X % & 5% NaOH i~ I €A r— AL LAKEMOEARFL, THIZHE
LCEEDRANL DV ABRE LB LBRDLN5E, Thbh, SHEEOKSTLIX180°C L ETREI
ETT530LBbh, Wioere - ABEEOEFLWETE 31T, HREGET 5 LHMNGEE
DHHFLMYLELEEITOTREVWI LTINS,

BT EHNCOWCHIRIETEBINTENTIEF LT, BEORDBBDLNDH, e - REFEOK
T4 50kg/cm? LLETSIZEZ{L LRV DICHL, 5% NaOH LEERERL L ARIOERZHE LS IC
Bbhs, Lt THENTRE, FGERSTOERSFEBE IR 50 TIRAVrL bHfEfIsh 5,

EUERERI5 5 ML L T3 5 % NaOH #if~ I £ rm— 2 EMLIXC®, ZhiCHE L TEEDKD
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FAK K— Fho 1% NaOH WiEHKG s X OCFHAE
- Table 4. The amounts of materials extracted with 1 % NaOH and

organic acids in various boards.

. ez |1 % NaOH
st | 5 % m | mawm A0
Total org-| Volatile | Non- Extracted
anic acids| acids volatile | & th 19
acids [With 1%
(BEER & L T) % NaOH
(As acetic acid) . %
MBI T (Y TATLY Fin) r
Asplund pulp of pine 0.713 0. 142 0.571 16.45
0 0. 563 0. 150 0.413 _ 15,22
5 0. 466 0. 242 0.224 " 16.66
10 1.008 0. 286 0.722 17.32
T 74— = 5 FEIKE 12 % 2.196 1.649 0. 547 18.04
Moisture content of fibermat 14 o 2.306 1.746 0. 560 18.43
16 2.350 1.810 0. 540 19. 86
18 2.362 1.884 0.478 20.51
20 3.061 2.371 0. 690 20.74
12 2.039 1.491 | 0.548 18.07
RNTTY—FA 21 sec 2.376 1.782 0. 594 18. 50
Pulp freeness (Defibrat. free.) 48 . 2.380 2.017 0. 363 21.06 -
93 2.469 1.958 0.511 21.98
140 1.958 1.683 . 0.275 18.44
op 1 H . 160 o 2.075 1.701 0.374 18.'70
PUEIPE Pressing temperature 180 C | 237 1.782 | 0.594 | 19.20
196 3. 482 2.853 0. 629 19.32
10 1,063 0.518 0.545 17.47
0 . 30 2.132 1.590 0.542 . 18.08
FARLIE# ) Pressing pressure so kelem?® | 9376 | 1,782 | 0.594 | 18.43
70 2.941 2.204. 0.737 19. 38
5 0.724 0. 282 0. 442 18.10
- . - 10 . 2.376 1.782 0. 594 18. 43
AR Pressing times 15 1.867 1.353 0.514 17.86
20 0.562 0.323 0.239 17.21
#he#ir—% Holocellulose 0.162 | 0.054 0.108 17.07
fltxboE~—~ ¥ Board from holocellulose 0.751 | 0.362 0. 389 21. 40
e~/ m—2R a-cellulose 0.205 ! 0.115 0.090 7.34
[MLExbox— 1 Board from e-cellulose 0.238 | 0.130 0.108 7.73

@ 774-3—<v bAkGEDOME GBI3K)

1% NaOH Wi KS & L TELNEDIE, ~Itwir— 20—k X CEQHEM, V7 =v0—i,
AR, MR, BHIRRE O—8 5B, LihioT, BB S CHMARNZLETH B, LT
WBUFIZ X > TERSNBTIARA R M52 EAEANTH D, FERL DML TV LDL LTS
wAE— RO, BEOEO 2 RINEIE, £RERRLESERS EELLND,

D#EOEBETIRIE AROFHRY D, BUEMO A THBORS EBEREZF Wcli, T/bbaiE TR
ik &Iz 1 % NaOH #iFk o & X CFEBOE(LIC DWW TIIRL, @MLHT LT 5,

T v MAGOMIMT Ly, 1% NaOH AR, SEEMITRTA, BKkOBEITe
AT BTy, S

FIHEBRERORR, BBEOL,CIIHEREES KRS % o, REREIIEZ LD TOELDEREY
CXBZEBIFLAEBDONR, BUEICK DARIN D D33 & UTEE « Bifiks & ORMTH 5
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Studies on Hot Pressing and Drying Process in the Production of
Fibreboard (The 2nd Report).

Chemical degradation of the components in hot pressing of fibre
mat for hardboard making.

Norio Takamura
(Résumé)

. This paper’ presents the results of an investigation into some chemical reactions of fibrous
materials in hot pressing for hardboard making and discusses the mechanism of bonding form-
ation in.board sheet.

The measurement of a degree of polymerization of cellulose and determination of acidic
matters were performed with the board samples which had been examined in a previous work?!”

and milled by a crusher for using the chemical analysis.
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(1) The degree of polymerization (DP) of cellulose was determined in accordance with the
viscosity measurement of nitrated cellulose in acetone solution1$16)

With increasing of the moisture content of fibre-mat and hot pressing temperature, pressure
and time, the DP of cellulose decreased respectively as shown in Fig. 3,5,6,7.

In general, the strength of board is attributed partly to the strength of individual fibre
and partly to the bonding strength between the fibres. ’

Assuming that the DP of cellulose indicates the approximate level of individual fibre st-
rength, it could be said that the fibre strength as a building element of board sheet is to be
weakened progressively in hot pressing owing to thermal decomposition.

Nevertheless, the board strength shows remarkable increase with severer hot pressing con-
dition, excepting the case of board pressed at 196°C, as described in a previous paper?.

In other words, the strengthening of board structure by hot pressing would be explained
by the fact that the bond area and bonding strength between fibres are significantly increased
due to thermoplasticizing of fibrous materials with the aid of moisture and linking reactions

in the system of wood fibre-moisture-heat.

In the case of applying the highest temperature 196°C in this work, however, the board
strength declined appreciably, corresponding to the extreme lowering in DP of cellulose (Fig.5).

Thus, it seems likely that the formation of rigid board sheet in hot pressing is influenced
more strongly by the production of bonding strength between fibres and by the large increase
in density of the sheet than the strength of fibre as a building element, within a limited con-
dition.

(2) As a mean of detecting the hydrolytic reaction of fibrous materials during hot press-
ing, the amount of organic acids and the soluble matter in 1% NaOH solution were determined
with board samples. i

The amount of 1% NaOH soluble material is proportionally increased with the moisture
content of fibre mat, higher temperature and pressure in hot pressing procedure(Fig. 13, 15, 16).

It was obvious that the soluble matter in 1% NaOH consists mainly of volatile organic
acids produced in hot pressing by hydrolytic reaction of carbohydrates with water.

But, at a pressing time longer than 10 minutes, the soluble material is decreased due to
the evaporative reduction of volatile acids from fibre sheet (Fig.17).

The organic acids in board sample was determined according to the distillation of ether

extractives of board under reduced pressure and estimated as an acetic acid?®.

The amount of volatile acids is also proportionally increased with the moisture content of
fibre mat, higher temperature and pressure, but decreased at a pressing time longer than 10
minutes, too (Fig.13,15,16,17).

It should be pointed out that there is n6 production of volatile acid in hot pressing of moi-

sture-free fibre mat, as well as no strengthening of sheet (Fig.13).

Thus, the hydrolytic degradation of carbohydrates with presence of moisture in fibre mat
is the pronounced reaction in hot pressing procedure and it would be important to consider
that the molecule which separates an acetyl group by hydrolytic degradation becomes highly
active to further reactions for approaching the bonding formation between fibre components.

The thermal plasticity of fibre materials is also accelerated by the presence of acidic matter,
then contributes to the increasing of bonding area between fibres and eliminating of internal
stress in fibre.
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The amount of hemicellulose exracted by 5% NaOH solution is decreased with increasing
of moisture content in fibre mat and hot pressing pressure.

On the other hand, with higher temperature and longer pressing time, a hemicellulose shows
slight increase after reducing once at lower temperature and beginning (Fig.9,11).

In conclusion, the results of the present investigation suggest that within a certain limit
of pressing condition, the strengthening of sheet structure is achieved by the compressive en-
larging of bond area and formation of chemical linking between fibres with presence of moi-
sture, regardless of the weakening of strength of individual fibre as a building element for
sheet net-work.



