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The Effects of Raw Material on Paper Durability
Hong-Lin Lee Shang-Tzen Chang and Yun-Chuan Ku
(Summary]

Paper is affected by enviromental factors which reduce its permanence. How to mai—
ntain its durability thus become a main focus of pulp and paper industry. The objective
of this research is to investigate the effects of raw material on paper durability. Papers
were separately exposed to three different conditions, i. e., under fluorescent lamps,under
xenon lamp weatherometer chamber and in temperature & humidity test chamber. The
changes in paper properties including surface color,pH value,1% NaOH extraction,breaking
lengthfolding endurance,surface microstructure, chemical structure,cellulose molecular
weight distribution and lignin content were monitored. The experimental results reveal
that acidification occurs in unbleached paper surfaces during accelerated aging and
leads to decreased pH value.One-percent NaOH extraction and color difference are propor-
tional to accelerated aging time, but breaking length and folding endurance are in in—
verse proportions. After accelerated aging,the strength retentions of four wunbleached
papers in decreasing order are: Taiwan acacia (Acacia confusa Merr.) >China fir (Cun-
ninghamia lanceolate (Lamb.) Hook) >rice straw (Oryze sativa Linn) >ma bamboo C
Dendrocalamus latiflorus Munro.) ; the relative reaction rates of papers are; ma bam-
boo>>rice straw>China fir>Taiwan acacia; the surface color changes of aging paper in
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decreasing order are:Taiwan acacia>rice straw>China fir>ma bamboo. In addition, the

. effects of exposing papers made of the four different raw materials to accelerated aging
conditions on the changes of chemical structure, cellulose molecular weight distribution

and surface microstructure are also compared and discussed in detail.
Key words : accelerated aging of paper, breaking length, folding endurance, color difference,

chemical structure, surface microstructure, molecular weight.
Hong-Lin Lee, Shang-Tzen Chang, Yun-Chuan Ku. 1989. The Effects of Raw Material on
Paper Durability. Bull. Taiwan For. Res. Inst. New Series.4 (3) ¢ 137— 152
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1985 ; Kringstad » 1969 ) » g2 7 8
{t o REAEER BT SR RERLE » LRSI
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Table | Pulping conditions and pulp properties of raw material.

Pulping condition pulp properties
specics
active liquor  sullidity  time to max. temp,  time at
alkali ratio (%) max. temp. C) max. temp. yield Dbrightness kappa
as Na O(%%) 1/keg (hrs.} (hrs.)
2 ' (%) (%GE) no.
F 28 411 2 1.5 170 1.5 4.1 24.5 ~ 32,51
M . 17 4:1 25 1.5 . 160 1.5 43.7 31.0 22,51
15 4:1 25 1.5 170 1.5 43.2 20.5 21.88
12 73] 23 1.5 165 2 36.4 37.0 9.51

F : Ching firs M : ma bamboo » A } Taiwan acacia * R ¢ rice straw

Table 2 Brightness retention and color difference of unbleached papers after exposure to
temperature & humidity test chamber at €0°C, <59 RH and 60~C, 75% RH for 250 hours.

ma bamboo ' Taiwan acacia
aging condition irradiation time s hours
100 250 160 250
-60%C -:.’_5;’:. RH 100.1 100.2 ~.100.1 . 100.3
BR
60*C» 75%% RH 104.1 104.3 108.5 110.2
60°Cr < 5% RH 0.01 0,06 0.04 0.07
AE*
60°C + 759 RH 1.92 2,10 2.48 3.05 .

BR : brightness retention ¥ AE* ¢ color difference

Table 3 Lignin content (%) of uubleached papers after exposure to weatherometer and fluorescent lamp

weatherometer fluorescent
species control a0~ C 60°C 60°C lamp
100 hrs. 100 hrs. 230 hrs. 12 weeks
China fir 4.92¢ 4.92 1.32 0,43 1.66°
(0.46) (0,51) {0.57) B (0.76)
ma bamboo 3.41+ .43 0.34 0.18 0.56
€0.54) (0.67) (0.69) (0.83)

*: Klason lignin s { ) :acid soluble lignin
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Table 4 The rate constant of four unbleached papers after exposure to weatherometer and fluorescent lamp

-rate constant relative life
aging condition species
hr.m1x 103

60°C M 0.63 9.38
< 5%RH A 0.51 : 11.59
60°C M 1.41 4,19
769 RH A 0.58 10,19
weather F 4.07 1.45
ometer M 5.91 1.00
60°C A 2.67 2.21
75%RH R 4.97 1.19
weather F 2.84 2.08
ometer M 4.77 1.24
50°C A 2.00 2.95
T9%RH R 3.77 1.57
F 0.13 45 46
fluorescent M 0.27 21.89
lamp A 0.17 34.76
R 0.15 39,40

F ¢ China fir s M : ma bamboo r A : Taiwan acacia * R ! rice straw
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outer and borosilicate
inner filters

200

WAVELENGTH IN NANOMETERS

Fig. 1.
xenon long arc lamp.
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50 100 150 200 280
Exposure Time tHoursy

Color difference of four unbleached
papers after exposure to weatherometer
at 60°C and 50°C for 250 hours.

A: Talwan acacia, F: China fir,
bamboo, R: rice straw.

M: ma

Brightnass Fetention {%)

200

150 |

120

ao L

40 |

Spectral energy distribution of irradiance energy from the

60°C,75% R.H.

200 [
160
120 |
80 L

40 L

50C, 75% A.H.

5 s a

50 100 160 200 250

Expogsure Time (Hours)

Brightness retention of four unbleached
papers after exposure to weatherometer
at 60°C and 50°C for 250 houyrs,

A: Taiwan acacia, F: China fir,

M: ma bamboo, R:rice straw.
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20
16

2

AE®, Color Difference
-]

449 F

60'C,75%R.H.

30 F

Edposure Time (Wooke)

»n B X

Fig. 4. Color difference of four unbleached
papers after exposure to fluorescent
tamp for 24 weeks.

A: Talwan acacia, F: China fir,
M: ma bamboo, R: rice straw.

1% MaOH Extraction

]
200 o™ M
A A
F
= 60
z
g
€ 20
.z [+ 50 100 150 200 250
T ' Exposure Time (Houre)
§ 8o |
z Fig. 6. One-percent NaOH extraction of four
= unbleached papers afier exposure 10
R westherometer at 60°C and 50°C for
3 250 hours.
° P T A: Talwan acacia, F: China fir,
P a 8 12 16 20 24 M: ma bamboo, R:rice straw.

Exposure Time (Woeks)

Fig. 5. Brightness retention of four unbleached
papers after exposure to fluorescent
lamp for 24 weeks. )

A: Taiwen acacia, F: China fir,
~ M: ma bamboa, R: rice straw.
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40

1% MoOH Extraction

pagD

Fig. 7.

pH Value
-

4 B 12 18 20 24
Exposura Time (Weaaks)

One-percent NaOH extraction of four

unbleached papers after exposure to

fluorescent lamp for 24 weeks.

A: Talwan acacia, F: China fir,
M: ma bamboo, R: rice straw.

nmr» B

' 1 " L ' L M M i M " L

Fig. 9.

4 -] 12 16 20 24
Exposure Time 1Weoks)

The pH values of four unbleached papers
after exposure to fluorescent lamp for
24 weeks.,

A: Talwan acacia, F: China fir,

M: ma bamboo, R: rice straw.
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8 80°C. TS%A. M.
6 M‘—-——A— A 8
L= 8
a L Y
¥
2 b
; [ o "
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-
2 | '
B L 50°C, 75%A.H,
]
4
2 L
1] r L M L L A L i 1
0 50 100 150 200 250
Exposure Time { Hours)
Fig.B. The pH values of four unbleached

papars after exposure to westherometer

-at 60°C and 50°C for 250 hours.

A: Talwan acacis, F: China fir,
M: ma bamboo, R: rice straw.
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1800 1700 1500 1300 ) 1100 800 ro0

Wavanumber , cm

Fig. 10. IR spectra of unbleached China fir paper afier exposure
to weatherometer {80°C, 75% RH),
A: Conirol, B: 50 hours, C: 1 00 hours, D: 250 hours,

L I ] 1 I i ]

ag 1700 1500 1300 1og 200 700

Wavenumber, cm

Fig. 11. IR spectra of four unbleached papers after exposure to
weatheromater {60°C, 75% RH) for 250 hours.
A: China fir, B: Taiwan acacia, C: ma bamboo,
D: rice straw.




MERBRAITESHREZT4(3) 1 137—152 1989 — 149 -

Columna: 107 10% 10°A Ultrastyragei (80°C)
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Maoblle phase: NN-dimethylacetamide/ 0.5% LIG!
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Dotector: Watera 410 Rolractiye Index
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Talwan aceeia Ww En Hw/itn
A 248752 37287 667
B 226520 28654 ™

100

60°C 754 RLH.

Chine 1ir B Hn Hw/in
A 3nsas 64505 424
B 268923 39615 679

.ma bamboo ) [ Wn  Bw/En
A 286181 44009 805
8 228036 28774 192

tlee straw W ®n Ew/Gin
A 284560 51713 550
B 251346 37824 [:1:11

Folding Enduronce Retentionix)

—_—l ] 1 A
285410°  aapwo® 5.25410° a.a540° 0 50 100 180 200 25D
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Fig. 12. GPC analysis of four unbleached papers Fig. 13. Folding endurance retention of four
after exposure to weatherometer unbleached papers after exposure to
{60°C 75% RHj. weatherometer st 60°C and 50°C
A: Control, B: 250 hours. for 260 hours.

A: Taiwan acacia, F: China fir,
M: ma bamboo,  R: rice straw.
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Fig. 14. Folding endurance retentlon of four
unbleached papers after exposure to 20 |
flurcescent lamp for 24 weeks.
A: Talwan acacia, F: China fir,
M: ma bamboo, R:rice straw.
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0 & Fig. 15. Braaking length retention of four
- unbleachad papers after exposure 1o
20 | waatherometer st 60°C and 50°C
for 250 hours.
1 A: Taiwan acacla, F: China fir,
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Fig, 16. Breaking length retention of four
unbleached papers after exposure to
fluorescant lamp for 24 weeks.

A: Talwan acacia, F: China fir,
M: ma bamboo, R: rice straw.
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C{(250 hours, x500) D(250 hours,x]1000)

Fig. 17. SEM micrograph of unbleached ma bamboo paper after axposure to weatherometer at 60°C 75%
RH. A: Control, 8: 50 hours, C,D: 250 hours.
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