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I Introduction

A large quantity of timber species, which could be considered significantly abundant raw
material for pulp and paper manufacture, grow in the tropical countries bordering the Pacific
Ocean. Hardwoods predominate in this region, and these timber species are found intermixed
in the forests. With the rising demand for pulp and paper products throughout the world, the
establishment of pulping industries in the developing countries is assuming greater importance.
Emphasis is being directed to the utilization of indigenous forests. Likewise, the logging
residue, sawmill slabs, edgings and trimmings, and plywood mill waste from these species are
also abundant potential sources of pulping material. As an instance of demand, in 1965 about
77 million cubic meters of wood were consumed in Japan. The use of approximately one-fourth
of the total demand was imported, of which 55% was tropical wood. It was roughly estimated
that accumulated sawmill wastes amounted to more than one million cubic meters of wood.

There is a wide range of differences in the chemical components of wood and morphological
and physical properties of fibre among these species, therefore, it is important that the pulping
and papermaking studies of individual species be carried out, and that they be classified into
groups as large as possible, according to a certain “papermaking classification”.

Pulping and papermaking laboratory investigations of these tropical woods have been carried
out at the Government Forest Experiment Station, Tokyo, Japan, in order to gather relevant
data applying to the tropical forests. This paper presents results on the kraft pulping and
papermaking of some Cambodian woods (1 coniferous, 7 broad-leaved species).

II Wood Samples

The samples were collected from the coastal area of the Gulf of Thailand. The forests in this
area consist mainly of Chhoeuteal, Phdiek, Komnhan, with lower proportions of Ro yong, Rong
leang, Srol kraham and Koki khsachil.,

Following is the species used:

*  Presented at the Eleventh Pacific Science Congress of the Pacific Science Association,
held at the University of Tokyo, Japan, August-September 1966, and organized by the
Science Council of Japan.

** Laboratory of Pulp and Paper, Government Forest Experiment Station, Meguro, Tokyo,
Japan.
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Table 1. Wood samples.

Common name Botanical name | Log No.
Chhoeuteal bangkuoi Dipterocarpus insularis Hance TJA—1~TA—S8
Chhoeuteal sar Dipterocarpus alatus Boxs. I@—1~I@—6
Komnhan Shorea hypochra Haxce IB—1~1IB—14
Phdiek Anisoptera glabra Kurz NC—1~nC—4
Ro yong Parkia streptocarpa Hance nD—1
Koki khsach | Hopea pierrei Hance IE—1
Srol kraham Dacrydium elatum (Boxs.) WaLL oIF—1
Rong leang Tristania sp. IG—1

The logs had approximately 4 m length and 50 to 65 cm diameter. No information on the
ages of the trees was available for any species and could not be determined because these had
no distinct growth zones.

III Experimental

(a) Sample Preparation
Disks, 20 mm thick, were cut from each of the logs of the eight species investigated. Most
of the disks were hand cut into chips (20 by 10~15 by 2~3 mm) for pulping studies. The
pulping tests were carried out on composite samples of each species containing an equal weight
of chips from each of the logs of that species.
Representative samples from each of the eight batches of chips were ground in the Wiley mill
so as to pass a 40 mesh sieve; this wood meal was used for chemical analyses.

One disk from each species was selected for morphological investigations.

(b) Chemical Examination of Wood and Pulp Samples
All analyses were made according to JIS (Japanese Industrial Standard) methods. The holo-
cellulose was determined according to Wise®. Alpha-cellulose was determined with isolated holo-
cellulose according to the ordinary method using 17.5% aqueous sodium hydroxide. Chlorine
consumption of pulp(Roe number)was determined according to TAPPI standard method T 202 os-61.
(¢) Morphological Examination
The following morphological examinations have been carried out on the wood samples: deter-
mination of fibre length and diameter; determination of the thickness of the fibre wall; basic

density.

(d) Pulping Procedure

Sulphate pulps were prepared in 4 [ stainless steel autoclave heated to a temperature of 170°C
by a controlled-temperature electrical heater. The pulps, after washing, were screened on an
8-cut (8/1000 in. slot openings) screen plate. Pulping conditions are shown in the appropriate
table. Yield determination and subsequent evaluations were made on screened pulp.

(e) Bleaching

The pulps were bleached by a five-stage process. The bleaching conditions used are shown
in Table 5. The brightness of the bleached pulps was measured according to the appropriate
JIS method. The ether-extractives of unbleached and bleached pulps were determined, and were
investigated by thin layer chromatography. Trials were also carried out to show the effect
of extractives in the pulps for colour reversion of bleached pulps.
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for beating the pulps. Sheet making and testing were carried out according to the appropriate

JIS methods.

IV Results and Discussion

(a)

Chemical Characteristics

The results of the chemical analysis of representative samples of the wood for investigation

from these eigﬁt species are shown in Table 2.

Table

2. Chemical components of representative wood samples.
All results are based on O. D. wood.

Solubility in . - B L
Sample Ash |~ T Hot | 1% | Et-OH- celﬁ?(l)(;e*l wlo(s::*l'}zu Lignin

water | water | NaOH | Benzene A
Chhoeuteal bangkuoi| 0.39 2.9 .2 28.3 5.2 64.0 43.5 36.4
Chhoeuteal sar 0.91 1.9 3.1l 24.2 2.8 72.8 48,8  32.8
Komnhan 1.30 3.7 6.1  20.9 6.1 68.9 47.3,  32.4
Phdiek 0.91 2.2 4.7 21.3 4.5 75.0 50.2,  29.2
Ro yong 0. 94 2.2 2.8 14. 6| 1.0 77.5 50.5 29.6
Koki khsach 0.19 7.9 106  30.1 11.8 69.3 49.1  26.5
Srol kraham 0. 42 2.4 3.3 14. 8 2.8 70.3 51.0 35.4
Rong leang 0. 47 1.4i 2.7 19.8 1.1 71.9 47.6/  36.3
Beech 0.30 1.6 L4 16.9) 1.0 85.0 9.1 214

*1  Ash, Lignin free

*2  Lignin free

The hardwood samples were distinguished from beech wood by being relatively high in lignin

and low in holocellulose.

The alpha-cellululose contents of these hardwood samples, except

Chhoeuteal bangkuoi, were very similar to that of beech wood. Similar results concerning the
chemical analysis of some tropical woods have been reported by Wise®. Chhoeuteal bangkuoi
differed from the six other hardwoods by containing less holocellulose and alpha-cellulose.
There were considerable variations in ash contents (0.19 to 1.30%), alcohol-benzene solubles
(1.0 to 11.8%) and 1% sodium hydroxide solubles (14.6 to 30.1%). The chemical composition
of the wood of Srol kraham was broadly similar to that of the average for a number of
Japanese softwoods®. These chemical characteristics should affect the yield and properties of pulps.
(b) Morphological Properties of Wood
Morphological properties of wood samples are given in Table 3.

Table 3. Morphologicai properties of wood samples.
Sample Fibre lenghth | Fibre diameter |Cell wall thick-| Basic density
1
(mm) (mm) ness (p) (g/ml)
Chhoeuteal bangkuoi 1.47 0.025 6.5 0. 65
Chhoeuteal sar 1.52 0.024 6.5 0.62
Komnhan 1.31 | 0.021 4.5 0.59
Phdiek 1.68 i 0. 025 5.0 0. 56
Ro yong 1.06 0.030 2.5 0.43
Koki khsach 1.32 0.017 4.0 0.70
Srol kraham 2.91 0.046 3.5 0.42
Rong leang 1.06 0.017 7.0 0.90
Beech 1.13 0.020 3.5 0. 48
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These hardwoods ranged in fibre length from 1.06 to 1.68 mm, in diameter from 17 to 30p
and in fibre wall thickness from 2.5 to 7.0 . The fibre length and fibre wall thickness of the
wood of Chhoeuteal, Komnhan and Phdiek, predominant species in Cambodian forests, were all
higher than the average for the hardwoods used in Japan for pulping!®. There was considerable
variation in the basic density of the eight species examined, that of the wood of Rong leang
being particularly high.

(¢) Pulping

‘The conditions used for pulping and the properties of the pulps are shown in Table 4.

Table 4. Pulping conditions and properties of sulphate pulps.
Pulping conditions: sulphidity, 25% (based on active alkali); liquor to wood
ratio, 5:1; schedule, 1 hr. 40 min. to 170°C, and 1 hr. 30 min. at 170°C.

Cook No. | ’Igg';alNzlzléa)h Yield (%) Roe Brightneess
% +|  screened screenings total number | (unbleached)

Chhoeuteal bangkuoi
NA—a 20 37.9 0] 37.9 3.19 12,4
IA—b 18 40. 4 0 40. 4 4.60 14.6
Chhoeuteal sar.
I@&—a 20 44,3 0 44.3 2.07 15.8
Komnhan
IB—a 20 43,2 0 43.2 3.64 21.3
Phdiek
nIC—a 20 43.9 0.1 44.0 3.20 22.4
Ro yong
ID—a 20 47.5 0] 47.5 3.12. 21.1
oD—b 18 49.9 0 49.9 3.86 30.9
Koki khsach
NE—a 20 42.5 0.1 42.6 3.27 21.6
TE—b 18 43.8 0.6 44.4 4.00 28,1
Srol kraham
IF—a 20 40.5 0.1 40,6 6.99 17.3
Rong leang
0G—a 20 40. 4 0.2 40.6 3.65 15.1
Beech* 15 49.7 0 49,7 2.19 25.8

* Pulping condition: liquor to wood ratio, 4:1.

Pulp was prepared from each of the woods with 20% total alkali and a cooking time of 1 hr.
30 mins. at 170°C : these conditions were previously found satisfactory for the production of
bleachable sulphate pulp from certain tropical wood species’”®, One other condition (18% total
alkali) was investigated to determine the effect of varying the total alkali.

Total pulp yfeld ranged from 37.9% (Chhoeuteal bangkuoi ITA-a) to 49.9% (Ro yong IID-b).
The Roe numbers were within the range desirable for bleachable pulps in all cases. The yield
seemed to be correlated with the species extractive and lignin contents. Pulp yield decreased
with increasing extractive and lignin contents. Chhoeuteal bangkuoi gave low pulp yield owing

to low alpha-cellulose content.
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(d) Bleaching
The bleaching conditions and the properties of the bleached pulps are given in Table 5.

Table 5. Bleaching conditions and properties of bleached sulphate pulps.
Bleaching conditions.

Treatment conls)il;ltgncy Tefnperature R?iiglteiaon Chemicals
(%) ! (&S] (hr.) (%)
First stage (Chlorination) 4 ' {gr.;xrgera ture 1 llizo%%ngfnber
Second stage (NaOH extraction) 6 70 1 2.5%
Third stage (ClO; bleaching) 6 70 2 1.0%
Fourth stage (NaOH extraction) | 6 70 1 1.5%
Fifth stage (ClO; bleaching) 6 70 2 1.0%
Sixth stage (SO; treatment) 3 igﬁﬁ; erature 0.5 0. 5%
* Pulp basis
Properties of bleached sulphate pulps.
Pulo N Brightness Yield (%)
u o.
? unbleached bleached ‘g&ll)llje%cahs?g 0. t]):; S}ZOOd
Chhoeuteal bangkuoi
T A—aB 12. 4 82.5 96. 4 36.5
TA—bB 14.6 85.9 94.7 38.3
Chhoeuteal sar
I@—aB 15.8 82.0 98.1 43.5
Komnhan
IB—aB 21.3 87.4 98.0 42.3
Phdiek
nC—aB 22.4 88.2 98.0 42.3
Ro yong
ID—aB 21.1 86.6 95.5 45.4
ID—bB 30.9 87.6 96.1 47.9
Koki khsach
NE—aB 21.6 89.8 96.0 40.8
OE—bB 28.1 88.0 98.1 43.0
Srol kraham ’
IF—aB 17.3 { 87.1 97.5 39.4
Rong leang
IF—aB 15.1 87.6 96.3 38.9
Beech* 25.8 l 90. 4 98.8 49,1

* Third stage (Ca-hypo. bleaching) 2% (pulp basis); other bleaching conditions are the
same as for the other samples.

All pulps produced clear and white pulps; however, the pulps from Chhoeuteal cooked with
20% total alkali showed relatively low brightness (approximately 82). In the case of the pulps
cooked with 18% total alkali the brightness of bleached pulps was improved, although the pulps
required a little more chlorine consumption than the pulps cooked with 20% total alkali.
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It is considered that printing troubles are caused by the residual resin (extractives) in bleached
hardwood sulphate pulps, and the colour reversion is also influenced by them. Be that as it
may, it is very difficult to remove such resin from the pulps in the pulping and bleaching
process, because they are stable for chemical reaction”?,

A large number of pitch flecks were shown on the pulp sheets from Chhoeuteal according to
the ultraviolet light radiation method which was suggested to determine pitch flecks by Konbo
et al.”. It would be expected, therefore, that the colour reversion would appear on the pulp
sheets from Chhoeuteal.

Data on the effect of extractives in the pulps for colour reversion of bleached pulps are shown

in Table 6. The reversion is expressed as the post colour number, as defined by Giertz?®.

Table 6. Effect of ether-extractives for colour reversion of

bleached sulphate pulps.

Untreated Treated
Pulp No. Brightness Brightness
PC No. * PC No. *
before ageing | after ageing before ageing I after ageing
TA—bB 85.9 70.2 417 84.6 ' 78.4 1.58
I1D—bB 87.6 77.2 2.49 88.1 81.0 1.43
IE—bB 88.0 80.6 1.54 86.7 l 81.2 1.16

Ageing condition: 120°C, 18 hrs.
* PC No.=(k/s after heating—k/s before heating) X100
where k/s=(1—Re)2?/2Re
and k=the absorption coefficient of the sheet.
s=the scattering coefficient of the sheet.
Ra=brightness.

The residual resin appeared as brown spots on the pulp sheets after ageing procedure,
although these resin spots were indistinguishable owing to their white colour before ageing
procedure. The pulp from Chhoeuteal bangkuoi showed highest colour reversion, however, this
reversion was improved remarkably by ether extraction of bleached pulp. By the facts presented
above it was confirmed that the extractives remaining in the bleached pulp from Chhoeuteal
bangkuoi adversely affected the colour reversion. Croon ef al. reported that sterols were one of
the extractive components influencing colour reversion of birch sulphate pulp®. Beta-phytosterol
was found in the ether-extractives of unbleached pulp from Chhoeuteal bangkuoi by thin layer
chromatographic techniques.

In another experiment the ether extractives of unbleached and bleached pulp from Chhoeuteal
bangkuoi were determined. The results are as follows:

Pulp sample Resin content
Unbleached pulp (I A-b) 1.39% (unbleached pulp basis)
Bleached pulp (I A-bB) 1.31% (unbleached pulp basis)

The data show a significant difficulty of removing residual resins in the pulp by bleaching
procedures.
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(e) Pulp Evaluation
Evaluation data for the unbleached and bleached pulps are shown in Table 7.

Table 7. Evaluation of sulphate pulps.

Pulp No. vzrsez;sg'il'sxt ‘Thickness| Density Bll'zﬁlg(.tlﬂg ?urst Tear | Folding Freengss
g/m? mm g/ml km actor | factor |endurance| (C.S.F.)

TA—a 59.94 0.078 0.77 6.5 3.7 120.1 30 210
OTA—b 62.95 0.086 0.73 5.9 4.0 117.6 39 205
I1@—a 60, 41 0.079 0.77 6.8 3.6 127.1 49 205
IB—a 62,61 0.081 0.77 6.0 3.4 117.6 28 210

-8 OIC—a 61.20 0.083 0.74 5.7 3.1 137.6 25 205
'g ID—a 60. 97 0.072 0.85 7.9 4.6 125.0 66 230
% oD—b 60.72 0.073 0.83 8.3 5.4 108.5 100 205
5| DE—a 59. 80 0.080 0.75 6.4 3.8 | 127.4 34 230
ITE—b 62.33 0.084 0.74 6.7 4.3 107.8 43 205
OF—a 60.91 0.071 0.86 9.5 6.9 123.5 1,300 225
IG—a 60. 27 0. 080 0.74 | 6.3 3.8 127.4 29 220
Beech 60. 29 0.070 t 0. 86 10.7 7.3 94.9 590 220
TA—aB 60. 02 0.078 0.77 4.4 2.0 | 108.3 10 210
TA—bHB 62.81 0.079 0.80 5.3 3.3 | 110.8 20 205
I@—aB | 62.84 0.076 0.83 4.8 2.5 | 106.9 16 205
IB—aB 58. 43 0.075 0.78 5.1 2.7 | 101.3 14 210

g | IC—aB 61.00 0.075 0.81 5.4 2.8 | 114.4 18 225
5 | ID—aB 60. 21 0.067 0.90 7.4 4.3 109.9 58 230
%‘ ID—bB 62.35 0.072 0.87 6.8 4.3 92.9 29 205
IE—aB 59. 13 0.077 0.77 5.4 3.0 | 118.0 17 220
IE—bB 61.08 0.083 0.73 4.9 2.8 93.3 13 230
IF—aB 62.08 0.068 0.91 6.1 6.1 | 107.3| 1,200 225
IG—aB 60. 89 0.078 0.78 3.1 3.1 | 120.9 14 220
Beech 62.07 0.074 0.83 8.0 4.4 57.4 31 230

The pulps from the hardwood samples had higher tearing resistance and lower tensile strength,
bursting strength and folding endurance than the pulp from beech wood. These pulps also gave
lower hand sheet density than that of the pulp from beech wood. The strength properties and
the hand sheet density of the pulps from Ro yong and Srol kraham were similar that of the
pulps from beech and pine wood respectively.

It is considered that the principal fibre properties influencing tearing resistance are fibre
length, fibre wall thickness and probably also fibre strength, and other pulp strength properties,
such as bursting and tensile strength, are dependent on fibre bonding rather than on fibre
length. The thickness of the fibre wall has an important bearing on most paper properties.
Dapswerr and Wartson® found that thick-walled fibres give bulky, open sheets with rather rough
surface, whereas thin-walled fibres give dense, well-formed sheets. Pulp strength properties
such as burst, tensile, and folding endurance are adversely affected by an increase in fibre wall
thickness. These thick-walled fibres do not collapse readily when formed into sheets and thus
present less opportunity for fibre bonding.
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It seems that higher tearing resistance and lower tensile strength, bursting strength and
folding endurance of the pulps from Chhoeuteal, Komnhan, Phdiek and Koki khsach are caused
by the longer fibre and thicker fibre wall of these hardwoods than that of beech wood. The
pulp from Rong leang developed relatively high tearing resistance in spite of its shorter fibre
length than that of the other hardwoods and beech, which, may be attributed to the extremely
thick-walled fibre of this species. The pulp from Ro yong gave similar properties compared
with the pulp from beech wood owing to the similarity of the morphological and chemical
properties between these two species.

In conclusion, it should be emphasized that all pulps from the wood samples investigated,
with the exception of Chhoeuteal, are suitable for production of sulphate pulp for papermaking,
although they have relatively low pulp yield and strength properties than those of beech and
pine. It is necessary to develop a residual resin removing method of the pulps from Chhoeuteal
for papermaking purposes, because these pulps contain residual extractives which would be a

cause of various pitch troubles.

Acknowledgement. The authors wish to express their hearty thanks to Mr. Toshio TakaHasHi,
Wood Extractive Laboratory, Government Forest Experiment Station, for valuable help in

conducting the thin layer chromatography.
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