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Thermal Paper Recycling
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[ Summary ]

The purpose of this study was to resolve the recycling problems associated with thermal
paper. When the paper web containing pulp from thermal paper enters the dryer section, low
brightness or dark spots will often develop. The cause of the problem is incomplete removal of the
coating materials during repulping that leads to color rendering later on. Thus, determining how to
remove these substances and improve the brightness and brightness stability of the paper products
has become a crucial issue for expanding the proportion of mixed office wastepaper in paper
products and extending its range of application. We collected mixed office waste, particularly
those containing thermal paper and investigated their treatment conditions during recycling. A
gas chromatograph-mass spectrometer (GC-MS) was used to analyze various functional additives
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in the thermal paper. The results suggested that when in acidic and highly alkaline recycling
conditions, the residual coating materials from the wastepaper were markedly reduced compared
with the control. The acidic treatment was particularly effective, and produced marked brightness
and brightness stability improvement. The color-rendering compounds were absent when in acidic
repulping, while dibutyl phthalate (a degradation product of the leuco dye) content was 90% less
than that of the control. Thus, the problem of thermal paper recycling can be mitigated by using
acidic repulping conditions. Moreover, paper from acidic treatment showed a slight decrease in
tensile strength and an increase in tearing strength, while no significance changes were observed
in the bursting strength or the total strength index. Among the extractives, GC-MS analyses
identified 4,4’-(1-methylethylidene)-phenol (color developer), 1-(phenylmethoxy)-naphthalene and
hexadecanamide (color sensitizers), and dibutyl phthalate (a degradation product of the leuco dye).

Key words: thermal paper, color developer, color sensitizer, leuco dye.
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Fig. 1. Illustrative mechanism of color
rendering in thermal paper. (Hiraishi
1990)
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Fig. 3. Dark spots on the surface of a
recycled thermal paper handsheet.
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Fig. 2. Reactions of the leuco dye during color rendering. (Hiraishi 1990, Kaneko and

Kobayashi 1995).
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Table 1. Effects of the waste thermal paper pulp disintegration pH on the brightness, P.C.
number, and CIE L* ~ a* ~ b* values of handsheets

Treatment Brightness (%ISO) P.C. No. L* a* b* AE
Thermal paper 83.41 92.15 0.63 -2.11 -
Control 71.80 1.61 90.26 0.27 2.8 -
pH3 87.75 0.86 94.87 0.53 -0.25 5.53
pH6 71.09 1.53 89.24 0.25 2.93 1.03
pH9 70.39 1.32 88.81 0.25 2.77 1.45
pH 12 81.65 1.01 93.24 0.54 1.54 3.25
DR > e vk R B A (pH 3)#R4E - BIfEZ L1k = RGO ERAR B A SRR R P GC-MS
FIE F83.1% 1SO » B i 5 Bk BAGC SR A% F1 A [
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Table 2. Effects of the waste thermal paper [ i \51 pH 4
pulp disintegration pH on the ethanol- | ]
benzene extractive content of handsheets

Extractive Brightness I )

content (%) (%1S0O) || |

Thermal paper 1.86 - T

Control 1.57 (100)"” 71.8 s
I AT

pH 3 0.62 (39.39) 87.75 l 1 M2

pH6 1.47 (93.39) 71.09 . Wi

pH9 1.40 (88.95) 70.39 Fig. 4. GC graphs of ethanol-benzene

pH 12 0.84 (53.37) 81.65 extractives from the coating layer of

" Relative content compared to the control. thermal paper.

Treatment
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phthalate, 1-(phenylmethoxy)-naphthalene, 4,4’
-(1-methylethylidene)—-phenol, hexadecanamide
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Table 3 K Fig. 5 °
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Table 3. Compounds in the ethanol-benzene extractives of thermal paper identified by

capillary gas chromatograph-mass spectrometry

Peak Betentlgn Molecular Mole‘cular Compound ID Identification
time (min) formula weight
1 13.06 C,;Hy,O, 278 dibutyl phthalate Leuco dye
2 14.33 C,H,,0 234 1-(phenylmethoxy)-naphthalene Color sensitizer
3 1439  CsH,0, 228 4,4’-(1-methylethylidene)-phenol ~ Color developer
4 15.6 C,H;;sNO 255 hexadecanamide Color sensitizer
5 >16.0 C,H,,., (n>18) long alkyl chain

I. Dibuty] phihaloge

Ll

IL 1<i Phenyimethoxy l-naphthalene 1L 4,48'-{ 1-Methylethylidense -phenol] BPA

H
.;.w N ng:—[—f%:—thj
H

I'V. Hexadecanamide V. Long alky] chain
Fig. 5. Structure of compounds identified in ethanol-benzene extractives of thermal paper

by capillary gas chromatography-mass spectrometry.
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Table 4. Effects of the waste thermal paper
compound contents of recycled handsheets
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T e % e p H A i B R o A HE A
ZALEYTLUER - HAGHR A Table 4F77K ¢

| aRE M R A EY) ¢ dibutyl phthalate
fEHER (pH 3)RHE & & Eixd B PERIRA AT
BAHKI90% ;5 MR (pH 12)JE 8] - A& R
#169% 5 FikypH 6 ~ OFFIFRER » I & &4 ke
K2 55% » MOHURF LIRR (pH 3)p2 2 - Hlldibutyl
phthalate @& H90%HHEH -

2 34EF : 1-(phenylmethoxy)-naphthalene - {5
FIER(pH 3)iE 3% » BRI C ot 5 T o
(pH 12)REE » HIE &RFERAI65% 5 %5 FpH 6
9% R H » Bl & RS R9% » BRI LA
FR(pH 3)pEH - BRI T 2 vt -

3.BEM 1 4,4°-(1-methyl ethylidene)-phenol
(bisphenol A) » K EpHEH % » SHEETEE
ety -

4.FEEb &)« hexadecanamide » fif FHFE(pH 3)
R EEEALEYE 2R o ks (pH
12)R 5 » Q& REAKAI78% + #5 FypH PRI
Rl SR MR AR - #pH 9BREE - RIS BREE
60% » HOHURE B FHER(pH 3)BRH - WL
BV -

S REEILAY) « A FEpH{E R % AT R

pulp disintegration pH on the residual

Conpound”
Treatment ! 2 3 4 >
Thermal paper 0.047 1.32 0.464 0.031 -
Control 0.047 (100) 1.316 (100) 0.160 (100) 0.027 (100) 0.024
pH3 0.005 (10.6)” N.D.” N.D. N.D. 0.615
pH6 0.046 (97.9) 1.256 (95.44) N.D. 0.027 (100) 0.100
pH9 0.035 (74.5) 1.209 (91.87) N.D. 0.011 (40.74) 0.145
pH 12 0.015 (31.9) 0.470 (35.71) N.D. 0.006 (22.22) 0.349

" Compounds 1~35 are the same as those in Fig. 5.
? Relative content compared to the control.
9'N.D., not determined.
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Table 5. Effects of the waste thermal paper pulp disintegration pH on the strength

properties of handsheets

Treatment Tensile index  Tear index Brustindex Folding endurance Streneth index””
(N-m/g) (mN-mYg) (kpa-mYg)  (double folds) rength mndex
Thermal paper 47.2 533 2.69 62 10.6
Control 46.3 6.92 2.83 19 11.5
pH3 43.6 7.99 2.68 22 11.7
pH6 46.5 6.86 2.79 19 11.5
pH9 44.6 6.98 2.76 18 11.3
pH 12 439 7.56 2.74 21 11.6

" Strength index = Breaking length + Brush factor / 10.2 + Tear factor / 17.9 + Folding endurance /

665.
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