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Strength Properties of Plant Fiber Based Insulation Paper

JIA Pan, LIU Yu, JIA Wangqiang, ZHENG Jinzhi, LIU Zehua

(Tianjin Key Laboratory of Pulp and Paper, College of Light Industry Science and Engineering,
Tianjin University of Science & Technology, Tianjin 300457, China)

Abstract: Unbleached kraft pulp was selected as the raw material in the preparation of plant fiber based insulation paper.
The effect of beating and cellulose nano-fibril (CNF) on the strength properties of insulation paper was studied in detail. The
influence of oil immersion time and temperature on the strength properties of insulation paper was also investigated. The
results showed that the suitable beating degree to increase the strength of paper sheets is 50 °SR, and the tensile index can be
increased to 84.4 N-m/g. When CNF was added, the tensile index could be further increased to 95.5 N-m/g. The suitable dos-
age of CNF was 2% (relative to absolute dry pulp) when the insulation paper's strength properties and cost were taken into
consideration. Oil immersion treatment of the insulation paper showed that the strength properties of insulation paper sheets
decreases gradually with the increase of oil immersion time and temperature. The tensile index of the paper without CNF,
after oil immersion at 150 ‘C for 5 h, decreased to 76.9 N-m/g, while the tensile index of CNF paper was 80.9 N-m/g, which
showed that the CNF paper had much better strength properties than the samples without CNF.

Key words: plant fiber based insulation paper; CNF; strength performance; oil immersion
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Fig. 1 Effect of beating degree on the tensile index and
elongation
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Tab.1 Morphological changes of pulp fiber before and
after beating

FTHRBEPSR AR /mm  FYETEEE /um KL
10 (J513%) 2.446 30.0 81.7
20 2379 32.0 743
30 2379 32.1 74.1
40 2367 32.1 73.7
45 2352 32.1 733
50 2325 31.8 73.1
55 2.294 314 73.1
60 2.189 31.2 70.2
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Fig.3 Micromorphology of paper sheets before and after
beating
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Tab.2 Effect of beating degree on the tightness of insula-

tion paper
FIREPSR BB/ (gem?) | FTHEPSR B E/ (gem”)
20 0.42 50 0.60
30 0.45 55 0.63
40 0.48 60 0.64
45 0.56
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Fig. 4 Effect of CNF dosage on the tensile index and
elongation of insulation paper
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Fig. 5 Effect of CNF dosage on the folding strength and
tear index of insulation paper
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AL, BRI CNF AT AOGAR AR DU 2544 , B2
ACVTAYSREEVERE , 25578 TR A SR AR 5k TV BE KA
[, e CNF USInE L 2% S HL.

AEHEAREEE H358 FH1

2.3 HERXTASANEE BRI RN
2.3.1 bR B IR A4 L AR TR T AL 80 R e
ST EFHFTIEEE A 50 °SR AR, ARUshn CNF

TSI 2% CNF R XS T8 T-5) 23 5140 i, 78
30 CR MR AL B, W5 IR I ] X 4 2% 405 BE 14 g
ISR, S5 5R W3 3.

R3 HIRE ETASARE AR R

Tab.3 Effect of oil immersion time on the strength prop-
erties of insulation paper

i Pk Ey N'm-g™) /%
BffEl/h - RESHMICNF 2% CNF RIS CNF - 2% CNF
0 84.4 93.6 3.21 3.35
5 82.3 87.9 2.99 3.12
12 82.0 86.7 2.80 2.90
24 76.0 83.2 2.75 2.85
48 75.8 82.8 2.76 2.89
92 75.5 82.7 227 2.79
ik 4T BEAX WZHERY (mN-m>g ")
B/ h RESHINCNF - 2% CNF - R¥SHICNF - 2% CNF
0 881 967 18.9 20.6
5 800 880 153 17.2
12 650 705 13.1 16.0
24 666 688 13.5 16.1
48 608 662 13.2 15.7
92 589 690 12.8 15.5
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Tab. 4 Effect of oil immersion temperature on the strength
properties of insulation paper

BlLIRES PrikdE By N-m-g") HER%
MREE/C RUSINCNF 2% CNF RN CNF - 2% CNF
30 82.3 87.9 2.99 3.12
60 82.1 87.4 2.78 2.89
90 81.6 82.8 2.75 3.00
120 77.1 80.4 2.64 2.72
150 76.9 80.9 2.57 2.63
it Tt 37 BE /K WEHEHY (mN-m™g )
WE/C REINCNF 2% CNF SRS CNF 2% CNF
30 800 880 15.3 17.2
60 786 796 15.3 17.1
90 630 667 14.5 15.6
120 531 589 14.4 14.7
150 498 535 10.7 13.9
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