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ABSTRACT

This study investigated the effects of different factors on the migration of a fluorescent
whitening agent (FWA) from paper treated with FWAs to non—fluorescent papers. FWA
migration experiments were carried out in vertical and friction contacts between the pa—
pers dyed with FWAs and non—fluorescent papers. During the experiments, we identified
the effects of the addition and types of FWASs, contact time, temperature, and relative
humidity (RH) on FWA migration. The fluorescence indices of the non—fluorescent papers
were measured before and after the migration experiments, and the Student’s t test, a
statistical tool, was utilized to compare results from different migration experiments,

In vertical contact experiments, FWA migration to non—fluorescent paper was observed
at 30°C and 70% RH; this was attributed to the high moisture content of the paper. FWA
migration did not occur significantly at 23°C and 50% RH. In the friction contact experi—
ments, FWA migrations were identified at both temperature conditions and RH percent—
ages. The addition and types of FWAs did not increase the fluorescence index of non—flu—
orescent papers. Therefore, it was concluded that the moisture content of paper and the
friction contact affected FWA migration from the papers containing internal and surface
FWAS,
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Fig. 1. Experiments for the migration of
FWAs from papers dyed with FWAs to
non—fluorescent papers, (a) vertical
contact, (b) repeating friction contact.

Table 1. Pre—treatment conditions for papers

Standard Harsh
condition condition
Temperature(C) 23 30
Relative humidity(%) 50 70
22.4 F0|o| FHEN 53 U EA 24
V7

WA #HA ] FgsWAR 247 Aee K ol
9] #srEAL HIS1T 7] (Elrepho spectrophotom—
eter, L&W, Sweden)S ©]-&35to] W% (CIE white—
ness), WA= (ISO brightness), &34 4>(fluorescence
index; F)& 2431911 7T EE90] 24X AL Table
20l EAIBHch,

ol 1018 b
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Table 2. Light sources for optical property

measurements
Item Light source
Fluorescence index D65
CIE whiteness D65
ISO brightness C
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Spooled N1y + M3

where
(my+mn,—2)

j512 (= 1)+ 5,2, — 1)
Spooled =

(where, x is an average of fluorescence index,
n is the number of fluorescence index mea—
surement and spooled is a pooled standard de—
viation making use of both sets of data)
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CIE whiteness, %
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D-FWA addition on o.d. fibers, %

Table 3. Values of Student’s t”

Confidence level(%) Degree of freedom t value
50 0.700

90 1.812

95 2.228

98 10 2.764

99 3.169

99.5 3.581

99.9 4,587
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Fig. 2. Effect of the addition and type of fluorescent whitening agent on the CIE whiteness of in—
ternal—treated (left) and surface—sized (right) papers with FWAs,
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3. Effect of the addition and type of fluorescent whitening agent on the ISO brightness of in—

ternal—treated (left) and surface—sized (right) papers with FWAs,
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Fig, 4. Effect of the addition and type of fluorescent whitening agent on the fluorescence index of
internal—treated (left) and surface—sized (right) papers with FWAs,
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Fig. 5. Change of the fluorescence index of non—fluorescent papers after vertical migration at 23C
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Table 4, Calculated value of Student’s t after vertical contact experiment during 1 hour

Pretreatment condition FWA type and addition = No, of measurements Fluorescence index t value
Control 6 0.53 -
D 0.5 (D-FWA 0.5%) 6 0.55 0.961
23T / 50% RH D 1.0 (D-FWA 1,0%) 6 0.57 0.069
T 10 (T-FWA 10%) 6 0.55 0.035
T 20 (T-FWA 20%) 6 0.56 0.052
Control 6 0.23 -
D 0.5 (D-FWA 0.5%) 6 0.60 11.382
30T / 70% RH D 1.0 (D-FWA 1,0%) 6 0.51 11,275
T 10 (T-FWA 10%) 6 0.60 11,900
T 20 (D-FWA 20%) 6 0.56 11.689
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Table 5. Calculated value of Student’s t after vertical contact experiment during 2 hours

Pretreatment condition FWA type and addition = No, of measurements Fluorescence index t value
Control 6 0.53 -
D 0.5 (D-FWA 0.5%) 6 0.55 0.394
23T / 50% RH D 1.0 (D-FWA 1,0%) 6 0.57 2.402
T 10 (T-FWA 10%) 6 0.55 1.031
T 20 (T-FWA 20%) 6 0.56 1.546
Control 6 0.23 -
D 0.5 (D-FWA 0.5%) 6 0.60 11,440
30C / 70% RH D 1.0 (D-FWA 1,0%) 6 0.51 11.778
T 10 (T-FWA 10%) 6 0.60 11.053
T 20 (D-FWA 20%) 6 0.56 11.053
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Fig.
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pretreatment of papers at 23°C and 50% RH (left) and at 30°C and 70% RH (right).
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7. Change of the fluorescence index of non—fluorescent papers after friction migration after
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Table 6, Calculated value of Student’s t after the migration by friction contact

Pretreatment condition FWA type and addition = No, of measurements Fluorescence index t value
Control 6 0.53 -
D 0.5 (D—FWA 0.5%) 6 0.55 3.943
23C / 50% RH D 1.0 (D-FWA 1,0%) 6 0.57 4,731
T 10 (T-FWA 10%) 6 0.55 2.135
T 20 (T-FWA 20%) 6 0.56 3.990
Control 6 0.23 -
D 0.5 (D—FWA 0.5%) 6 0.60 10,430
30C / 70% RH D 1.0 (D-FWA 1,0%) 6 0.51 15,477
T 10 (T-FWA 10%) 6 0.60 11.134
T 20 (D-FWA 20%) 6 0.56 10.301
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