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Effects of Gamma Ray Irradiation on the Mechanical and Chemical
Properties of Papers
Yu ~chang Su,*) Kuo -ping Chao,*®) Horng —tsai Chen!” and Chia —chieh Chen?’
[ Summary ]

This study evaluated the mechanical and chemical properties of vy — ray irradiated papers under vari-
ous dosages of v —ray irradiation. Papers for writing and painting such as filter paper, handmade painting
paper, machine- made painting paper, and xerox paper were used for testing, Results showed that at low
and medium levels of y - ray irradiation (= 2.5 Mrad) mechanical properties of resulting papers showed a
10-15% decrease. At higher dosage (> 10 Mrad) the mechanical properties of papers were strongly degrad-
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ed and xerox paper showed the least retained strength. Papers for industrial usages such as liner board and
corrugated medium base paper were also tested. Resulting papers showed no significant difference in me-
chanical properties at low dosages of irradiation. Samples with higher dosages of irradiation showed decreases
in tearing and folding strength, but compression strength of these samples increased even at 25 Mrad imadia-
tion. These resulis reveal that +y —ray irradiation is suitable for use as a sterilization method for this grade of
paper. Chemical properties of resulting papers at every dosage of irradiation changed greatly, such as a de-
crease in pH values, an increase of 19% NaOH solubles, decreasing viscosities, and a decrease of DP; at
higher dosages of irradiation, papers degraded lo a greater degree. At low dosage of irradiation, no signifi-
cant strength property changes were shown, but the chemical properties of irradiated paper showed a certain
degree of degradation. No significant changes of cellulose crystallinity index were shown at any dosage of ir-
radiation. Resulis reveal that degradation occurred at amorphous regions.
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Table 1. Characterization of test specimens used
Specimen
Property
A B C D E F
Basis wt. (g/m?) 86. 1 27.7 36.5 69.2 182 173
Brightness (% ISO) 92.0 78.6 82.3 84.4 25.7 23.1
Yellowness index 3.6 12.5 35 6.9 37.3 39.5
Opacity (% ) — 74.2 68. 9 86. 7 99.3 09. 2

D A: Filter paper, B: Handmade painting paper, C: Machine-made painting paper, D: Xerox paper, E: Liner, F: Corru-

gated medium.
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Table 2. Mechanical properties of 4 kinds of printing and writing paper ¥

Specimen
Property
B C D
Basis weight. (g/m?®) 86.1 27.7 36.5 69. 2
Caliper{mm) 0. 201 0. 069 0. 092 0.003
Tensile index (N * m/g) 15.60 17.55 15. 80 41. 50
Tearing index(mN * m*/g) 11. 40 9.91 12. 45 7.48
Bursting index (Kpa « m*/g) 5.60 1. 18 1.19 3.92
Folding endurance (d. folds) 0.94 25.5% 1427 26. 1
YA, B, C, D: same as in Table 1.
DTest with 0. 4 kgf load instead of 1 kgf load.
Tensile Tensile
100
Tearing  Folding Tearing
Filter paper I-.Iarfdmade
painting paper
Bursting Bursting
Tenstle Tensile
100 g _
Folding oM Tearing ~ Folding Tearing

Bursting

Machine-made
painting paper

Xerox paper

Bursting

Fig. 1. Changes of mechanical properties of papers after v-ray irradiation. outer— inner as
¢— 1 Mrad. @---:2.5Mrad. A—--—"10 Mrad. O - - - : 25 Mrad.

BB RGEERR - ER GRS R
& EERARIER R - RAETH - [kt

HR DU A RREF - SEAEEAR—RUEHR
IR 2 SR L - BRI - ASEFHER



BEFHERE 14(2) 1 119 - 130, 1999

TERSHEHS  RBEERDER v -
SRR A LIER 3 - TRBELIRESY
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Table 3. Zero-span tensile strength of printing and writing paper after vy-ray

irradiation’
. Dosage ( Mrad)
Specimen
o 1.0 2.5 10 25
A 95.3(100) 94.8(99.5)  90.4(94.7}  55.7(58.4) 33.3(34.9)
B 93.3(100) 83.2(89.2) 83.9(89.9)  75.8(76.6) 63.8(65.1)
C 105.2(100)  95.4(90.7)  90.1(85.6)  71.3(67.7) 57.4(54. 6)
D 111(100)} 105(94.6) 98.55(88.8)  64.2(57.8) 33.1(29.8)

Y(): % based on control. A, B, C, D: same as in Table 1.
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Table 4. Mechanical properties of papers

Tensile index Tearing index  Bursting index Ring crush factor

Specimen (N-m/g) {mN - m’/g) {Kpa + m*/g) (kef - m*/g)
Liner MD" 79.1 9. 67 3.32 11.2
Ch?¥ 28.9 11. 4 3.32 15.4
Corrugated MDY 55.3 8.30 1.72 10.3
medium cD? 20.5 9. 66 1.72 16.4

UMD : machine direction.
ICD : cross direction.
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Fig. 2. Changes of physical properties of
liner board-based paper after y-ray 1rrad1a
tion. [] Tensile mdex, [ | Tearing index, BB
Bursting index, 7 Ring crush factor.
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Fig. 3. Changes of physical properties of
corrugated medium-ba r after y-ray
irradiation. , L, % :same as in
Fig. 2.
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Fig. 4. Changes of pH of different grades of papers after y-ray irradiation. € Filter paper, &
Xerox paper, ¥+ Machine-made painting paper, ¥ Handmade painting paper.
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Table 5. Changes of viscosities of
irradiated papers"’

. Dosage (Mrad)
Specimen
0 1 2.5 10 25
A 30.91 4.94 2.95 1.78 1.53
B 6.46 3,26 2.17 1.63 1.49
C 9.12 4,02 2.58 1.81 1.54
D 8.52 3.660 2.46 1.70 1.49

Y'mPa - s, A, B, C, D: same as in Table 1.

Table 6. Changes of DP of irradiat-
ed papers"

) Dosage (Mrad)
Specimen
0 1 2.5
A 1664 452 149
B 619 205 —
C 840 326 73
D 796 272 53

UDP: Degree of polymerization; A, B, C, D: same as in
Tahle 1.

fFiFe 1.0 Mrad BT - BEEH 1660 £
ETEZ40AE - HRFIER - BRE
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(Light+)

Copper number
L

0 10 20 30
7 -Ray irradiation (Mrad)

BB Sy - RS S HGR I E L B B iR

80 —;

1% NaOH solubles

G s 10 15 20 25 30

v — Ray irradiation (Mrad)

Fig. 5. Changes of 1% NaOH solubles of
papers after y-ray irradiation. ¢, ®, r,%:
same as in Fig. 4.
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Fig. 6 BIRSTHIR < SENEML - B

(Light-)

T T
0 10 20 30
v -Ray irradiation (Mrad)

Fig. 6. Changes of copper number of papers after y-ray irradiation. ¢, @, v, 3 : same as in

Fig. 4.



EEAREREE 14(2) 1 119 - 130, 1999

B B AT AREIE R » LR B i e 3
HrER - ENEREEER 100 g #KiEd
BB S-S EHRE mE o JRENTEEE S
EHERPHEHEMERESR KIEREHRE
LB aiEER  SREMBEERERE
Al 5 18 SR{E RS INZRENSR R 1Y
IR RSN > AR SIER 4L -
] T E TS B SR B 52 ) 7 I FE (peeling reac-
tion) FIES T L ES SRR EHES TR
TE AT A B B AV %0 (Usuda, 1984) © 8
v - SRR RARNAESS - BrEHE
RIEFEMERST ~ SClESR - BAES
EMH LT e - FREREREE MmN -
HHBIEK - RS T HEESE(CHRIE
TR ARE  REREPREESERE
RIEREEBERS - BEKkEEs-F5
% W EHRENEAR 1% NaOH i 28
% o FSEEEERRZEEHE (10 Mrad) g
BEERAEN - BB 10 Mrad HIHE NG ZE
/I o FAERY B SREBBEEE B IR AR - BN
BENHLRIE ©

BRAHHR ISR HKIER pH TR
1% NaOH RN A » 2 RN
TR BHEREENTRREEERENT
& - SRR v - 55 RETE UL BiRAYS
L2 EERE RS TR AIE AT 1878 - SRR
IR T (R 1R B RS SL - (BEMETE
{& ~ R E (1-2. 5 Mrad) BD3RER ~ BB EAY
WET » #E ~ RGBSR TR - fEMES

B FT-1R ERERETR A ST LD REE L
B EEREEAITE (Su e al., 1998)  BRE
BHENSERIE M v - BHRESNER
Fi¥ 52 U A SO A Y8R ~ IEERIE - BDIE
IR RIRERCR - B gy 3l
S LIEES - EFEFE -

('Connor et al. (1957) 3% 7 & i & itk 4k
HEF 7.0-9. 5um AR MTFEEE LTI
BF  AH Bz AV B B T L R ] 7y o R e
FRFRE - MR HIEY 6. 90 (1430 em ™) B R
FIE AR » 11. 0p (900 em ! [H3E) 5
FE R BRI - H 11, o BRI B9IE R
E G E RN (O’ Connor et al., 1958) < Fig.
7 BER B E (10 Mrad, 25 Mrad) BB ST AT 5AY
FT-IR [&] © Fig. 7 R EEH R R R
WIHME LS > T ERERZFHE S
b o B4 Schultz e ol (1985) £ 5 18 X
FT-IR [ 55 < Wi > Sl ~ 5 & A%
(peak valley method )} 7] i 55 | B S 4E S5 S BT
BIfEAE - BEEFEFERIRE < 20 1108 em™'/
1091 em ™' ~ 1430 em ' /1403 em ™} ~ 1459 ¢m ™t
/1403 em™' HEERIFILEZ B E AT
Ezalb BEERIEXNERES
Table 7 SERIBERE % » ISR IIE > HF)8E
R AL HEF 2 BHE o
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Table 7. Changes in crystallinity of cellulose of y-ray irradiated filter papers

Dosage (Mrad)
0 1.0 2.5 10 25
Relative crystallinity (% )" 91. 15 91. 07 89. 23 80.6 89. 8
1107 em~'/1091 em ™' ¥ 0.710 - 0.824 - 0.927
1431 cm~!'/897 ecm™' ? 4.274 - 4, 062 - 3.951
1459 em~!'/1403 em~' ? 1.228 - 1.217 — 1.170
1431 em~'/1403 em~' ¥ 1. 882 - 1. 631 - 1. 359

DX ray diffraction results.

Ypeak /valley relative absorbance ratio of FT-IR band.
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Fig. 7. FI-IR spectra of irradiated filter papers. 1:1459 em-?, 2: 1431 cm™Y, 3: 1403 ecm™Y, 4:

1107 em™", 5:1091 ¢, 6:897 cm-'.
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Fig. 8. X-ray diffraction patterns of vy-ray
irradiated filter papers.A: control; B:
10-Mrad irradiation; C: 25-Mrad irradiation.
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