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Effects of Gamma Ray Irradiation on Optical Properties of Printing
and Writing Paper*
Yu —chang Su, %4’ Kuo -ping Chao,»?! Horng - tsai Chen’ and Chia —chieh Chen?’
[ Summary )

v —Rays used as a sterilization method for paper always cause degradation of main components
such as cellulose and hemicellulose. This report elucidates the effects of -y — ray imradiation on opti-
cal properties (brighiness, color difference, etc. ) and examines the feasibility of y — ray irradiation
for sterilization at different dosages. The results obtained can be used for establishing a proper ster-
ilization method for paper. FT —IR spectrum analyses were also conducted and the results used for
understanding color degradation of paper. Gamma - ray irradiation at dosages above 2.5 Mrad gave
100% sterilization, and 2.5 Mrad seems to be a proper dosage for sterilization of paper. No signifi-
cant resultant changes in optical properties of the paper were shown at low (< 1 Mrad) and medium
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(1.0-2.5 Mrad) dosages of y ~ray irradiation. At high dosages (> 2.5 Mrad) of irradiation, the
resulting paper showed significant decreases in brightness, increases in yellowness, and greater color
differences. Conditions excluding light and air during irradiation influenced the optical properties of
the resulting paper. The presence of air affects the properties more than that of light. FT - IR spec-
trum analyses showed that a new adsorption band was formed near 1720 em~!. This reveals the for-
mation of functional groups in irradiated paper, and they are assumed to be carboxyl, aldehyde, or
ketone groups. Formation of functional groups is responsible for the discoloration of the irradiated
paper. The higher the dosage of irradiation, the higher the amounts of functional groups formed.
Key words: y - ray irradiation, FT — IR spectrum, paper properties, optical properties.
Su, Y. C,, K. P. Chao, H. T. Chen, and C. C. Chen. 1999. Effects of gamma ray irradi-
ation on optical properties of printing and writing paper. Taiwan J. For. Sci. 14 (1): 3744.
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Table 1. Characterization of test specimens®’
A B C D
Basis wt. (g/m?) 86. 1 27.7 36.5 69.2
Brightness (% 180) 92.0 78.6 82.3 84. 4
Yellowness index (% ) 3.6 12.5 3.5 6.9
Opacity (% ) — 74.2 68.9 86. 7

DA: Filter paper; B: Handmade printing paper; C: Machine - made printing paper; D: Xerox paper.
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Fig. 1. Recognition of sterlization effect of
v —ray irradiation.
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Fig. 2. Influence of gamma ray radiation
on brightness and yellowness index of pa-
pers. A: Filter paper writing paper, B: Xe-
rox paper, C: Hand -made paper, O :
Brighiness, A:Yellowness index,
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Table 2, Influence of gamma ray irradiation on optical properties of hand-

made painting paper!

1 Mrad 2.5 Mrad 10 Mrad 25 Mrad

A B A B A B A B

AL* -0.44 -0.44 -0.60 -0.50 -0.85 -0.84 -1.66 —
Aa* -0.09 -0.01 -0.12 -0.08 -0.13 -0.05 -0.05 - —
Ab* 0. 56 0.32 0.72 0. 54 1.00 0.56 1. 67 -
AE™* 0.72.  0.54 0.94 0.74 1.39  1.25 2,36 —

DA: Light( + ) Air( + ); B: Light( ~ ) Air( + ).
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Table 3. Color differences of filter paper after y —ray irradiation
1 Mrad 2.5 Mrad 10 Mrad 25 Mrad
Al B ¢ D A B C D A B C D A B C_D

CALF 0,21 0.21 0.54 0.59  0.68 0.36 0.82 0.97 122 0.95 1.48 1.56 1.21 1.24 2.01 2.0l
“Aa* 002 0.02 0.16 0.18  0.06 0.04 0.24 0.26 0.15 ¢.11 0.41 0.45 0.39 0.35 0.59 0.63
Ab* 0.41 0.41 1.11 1.00 0.85 0.75 1.84 1.88 2.07 1.86 3.39 3.48 3.05 2.93 4.99 4.94
AE* (.46 0.46 1.24 1.17 109 0.83 2,03 2,13 2.41 2.09 3.72 3.8 3.30 3.20 5.43 5.37
-AB2 0.60 0.90 2.40 2.30  2.30 1.63 3.90 4.20 4.90 420 7.10 7.30 6.10 6.00 10.2 10.0
AYID 057 0.77 2.04 1.83  1.62 1.42 3.41 3.47 3.94 3.54 .35 6.51 5.68 5.49 9,42 0.31

DAz Air( + Ylight( +); B: Air( + )light{ - ); C: Air( - )Eight( + }; D: Air( - )light( - ).

2 AB: Change in brightness; A YL change in yellowness index.
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Table 4. Influence of v —ray irradiation on color difference (AE*) of painting

and writing papers ¥

50 100 1 25 10 25

K K Mrad Mrad Mrad Mrad
Xerox paper 0.15 0.24 1.08 2.17 © 5.00 8.05
Filter paper 0.1 0.06 0.65 1. 44 3.25 5.08
Painting paper — — 0.72 0.94 1.39 2,36

DAir( + ) Light (+ ).
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Table 5. Changes of opacity, light absorption, and light scattering coefficient

of papers treated with y —ray irradiation

Al B C
) T I W W c I m N c I I I ¥
Opacity 84.2 85.9 B5.6 8.9 87.0 74.2 74.2 75.9 75.3 76,0 86.7 87.1 87.1 87.6 88.1
Light 5. C. 2 34.6 37.3 36.2 36.2 38.9 58.5 60.7 61.8 59.6 61.9 48.0 46.5 46.0 46.5 46.5
Light A.C. 2 0.02 0.02 0.02 0.03 0.04 0,26 0.27 0.25 0.25 0.27 0.04 0.05 0.05 0.06 0.07

" A: Filter paper; B: Handmade printing paper; C: Xerox paper; ¢, I, I, I, IV: y - ray imradiation at dosages of 0,

1, 2.5, 10, and 25 Mrad, respectively.

PLight S. C. : light scattering coefficient; Light A. C. : light adsorption coefficient.
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Fig. 3. FT-1IR spectrum of filter papers
after 25 Mrad vy -ray irradiation. A: con-
trol, B:25 Mrad irradiation.
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Fig. 4. Changes of FT - IR spectrum of pa-
pers after different dosages of vy -ray irra-
diation. [:Filter paper. II; Handmade paint-
ing paper, II: Machinemade painting pa-
per, IV:Xerox paper. A:Control, B: 1 Mrad
irradiation. C: 2. 5 Mrad, D: 10 mrad, E: 25
Mrad.
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