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Effects of the BCTMP Content in Furnish on the
Performance of Fluorescent Optical Brightening Agents

Yuan-Shing Perng,”  Eugene I-Chen Wang,>”
Wen-Chen Yang,”  William Hao-San Huang”
[ Summary ]

The purposes of this study were to use fluorescent optical brightening agents (OBAs) to study
the effect of the bleached chemi-thermomechanical pulp (BCTMP) content in papermaking stock
on the optical properties of the resulting paper, and find means to improve problems associated
with BCTMP use, such as paper yellowing and the tendency for such paper to have lower bright-
ness and apparent whiteness. The OBAs used were commercial di- (2S) and tetra-sulfonic (4S)
types which were added to pulps with different BCTMP contents. The optical properties, including
brightness, apparent whiteness, CIE L*a*b* values, and light-fastness, of the resulting handsheets
were then tested. The results indicated that the 2S-OBA group exhibited greater efficacies with
regard to brightness and apparent whiteness than the 4S-OBA group. At an OBA dosage of < 1.0%
and a BCTMP content of 10%, the whiteness-enhancing effect was maximized. At OBA dosages
of > 1.0%, however, 15% of BCTMP in the furnish yielded the best effect. The 2S-OBA tended to
shift the paper color more toward the green-blue axis than did the 4S-OBA. The saturation point
occurred when the 2S-OBA dosage reached 1.0~1.5%; and for 4-S OBA it was 1.5%. Yellowing of
paper tended to increase with an increasing BCTMP content. In BCTMP-containing paper, adding
OBAs decreased the yellowing trend which was proportional to the OBA dosage. Yellowing was
more moderate with the 2S-OBA than the 4S-OBA with regard to apparent whiteness; however; for
brightness measurements, both OBA groups had similar yellowing trends. Summarizing the above
results, the 2S-OBA was more suited to BCTMP-containing furnishes.

Key words: fluorescent optical brightening agent, bleached chemithermomechanical pulp (BCTMP),
yellowing, brightness, apparent whiteness.

Perng YS, Wang IC, Yang WC, Huang WHS. 2011. Effects of the BCTMP content in furnish on
the performance of fluorescent optical brightening agents. Taiwan J For Sci 26(3):211-9.

" Department of Environmental Engineering, Dayeh University, 168 University Rd., Datsuen,
Changhwa 51591, Taiwan. KIEKEZEIRT R » 5159 1 LR AR HFE T 16857 -

Y Division of Wood Cellulose, Taiwan Forestry Research Institute, 53 Nanhai Rd., Taipei 10066,
Taiwan. MREEREEFTARMMEHER - 100665 JLTH TGS S35% -

» Hsinwu Mill, Yuen Foong Yu Paper Mfg. Co., 250 Xiazhuangzhi Rd., Yong-An Village, Hsin-Wu
Township, Taoyuan 32744, Taiwan. 7k ERAGGER 1A RN BT ER - 327440k B R0 B K LN T
JEF2505%

“ TFM International Co., Ltd., 84 Minzhu West Rd., Taipei 10365, Taiwan. 725 &% B 143 G BR 2
F] - 103655 b R R VE 8457

* Corresponding author, e-mail:iwang@tfri.gov.tw HEA{EF -

Received January 2011, Accepted May 2011. 2011451 H %% 201185 H @M -



212 Perng et al.—BCTMP content on OBA performance

BOLERBEAESBHABAMOHARNY
o) THAY B wE4)
B OB

AWSE B A R R RS SR iR LS BB AR S & RN F IR s SRR B2 % -
REAE Y7o FH O3 (R A SR R A0 1 bl R B B (L B R S OR o O 10d F J  F  E Fy — e
B TR A - SINEA R LE B (L B2 BEAR S SR - FIROCBEMEENAE » HH
J& ~ CIE L*a*b* f B LB G5 - EBRAS REUR RRIRER 0 Bl DU R R B O 1 A By 1 1
Rl BEFRBL o TR LIS EURIA IR 1.0 5 10935 FHLER BBR S 2 1l Al EM ERR - B
FEBDEHE R IR = 1. 0% s - 15 %R LS BEA S & B 2R B A RUR - ZRREL e
TR A AR C I k- BEE T PO R R B O 1 AT - IR G EVBIE VR IR 1.0~ 1.5 R B AL RS
EPUERR RO HRAITEL. 5% - FHMBECEREE RO 2EARR S BMNE - ERMEHEE
Ba R EE LS - EERMERIELPIRGG - HNTEENS - RN AR s LB R 8
VAR RR RO SRR - HEHNEENS - MR ARAEERNS - 5.2 » “ERELY

B0 5 P AE 5 LB BB B

RASEEE  BOUM A RS AEASE - B B BHE -
EE s ERE B BEM - 2011 - FEEERAEARS B RO A RRANZE - 58

MREERHE26(3):211-9

INTRODUCTION

In order to maintain competitiveness in
a globalized marketplace, lighter grammage
has become a goal for which paper mills are
striving. How to meet customers’ quality re-
quirements while lowering costs has become
a major concern, and one often-taken route
by various mills is to increase proportions
of bleached chemi-thermomechanical pulp
(BCTMP) added to pulp mixes. The measure
can increase the bulk and opacity of paper
products, but due to the higher lignin content
of the pulp, is also liable to cause problems of
yellowing and decreased apparent whiteness
(Sykes et al. 1998). Hence, fluorescent optical
brightening agents (OBAs) are often added to
enhance the brightness and apparent white-
ness of the paper products.

The most commonly used OBAs in the
paper industry are triazinyl diaminostilbene
derivatives. The number of sulfonic groups
on the derivatives influences the solubility of
the OBA and its affinity to fibers. The OBAs
that are added at the wet end of paper ma-
chine are generally di- (2S) and tetra-sulfonic
(4S) OBAs. The basic whitening mechanisms
of OBAs are absorbing ultraviolet light and
re-emitting it as bluish light. As a conse-
quence, paper with OBA looks brighter and
whiter when it is exposed to daylight or UV
light. OBA molecules diffuse through the
cell wall structure and become fixed through
hydrogen bonding. The performance of an
OBA depends on the influences of its con-
centration, drying conditions, and other paper
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additives. The whitening effect of OBAs is
often quenched by a cationic polymer (Crouse
and Snow 1981). Adding OBA to furnishes
containing mechanical pulps can lower the
intensity of UV reaching the fibers and thus
lessen the yellowing of such papers (Roltsch
and Lloyd 1987, Ragauskas et al. 1998, Bour-
going et al. 2001).

Effects of the process variables on OBA
applications, such as contact time, process
water hardness, furnish makeup, anionic trash
and fines, PCC filler, etc., on the whitening ef-
ficacy and OBA retention rate were examined
(Zhang 2007a-c). The results indicated that at
a contact time of more than 5 min and water
hardness of 25 ppm, the OBA performance
was optimized. OBA retention in BCTMP-
containing paper was poorer than those of
wood-free ones. The large amount of anionic
trash and fines arising from BCTMP some-
what affected the OBA retention, while add-
ing PCC filler did not affect OBA retention,
but reduced its whitening effect. In practical
use, they noted that at a BCTMP proportion
of <30% and an OBA dosage of > 0.5%, the
OBA retention was > 90%.

The purposes of this study were to use
fluorescent OBAs to study the effect of the
BCTMP content in papermaking stock on the
optical properties of the resulting paper, and
to find means to improve problems associated
with BCTMP use, such as paper yellowing
and the tendency for such paper to have lower
brightness and apparent whiteness. The OBAs
used were commercial 2S and 4S types which
were added to pulps with different BCTMP
contents. The optical properties, including the
brightness, apparent whiteness, CIE L*a*b*
values, and light-fastness, of the resulting
handsheets were then tested.

MATERIALS AND METHODS

Materials
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The bleached softwood kraft pulp
(BSKP), from Canfor, McKenzie, Canada,
had a freeness of 425 mL CSF, a sampling
consistency of 37.61%, and a brightness of
87~88% GE. The bleached hardwood kraft
pulp (BHKP), on the other hand, was supplied
by Chunghwa Pulp and Paper Co., Haulien,
Taiwan, and also had a freeness of 425 mL
CSF, a sampling consistency of 36.37%, and
a brightness of 87~88% GE. The BCTMP
used was from Millar Western, Whitecourt,
Alberta, Canada, and had a freeness of 250
mL CSF, a sampling consistency of 91%, and
a brightness of 85% GE.

The 2 types of OBAs added were 2S and
48 types, both made by former Ciba Specialty
Chemicals Inc., Basel, Switzerland, with
trade names of Tinopal UP and Tinopal ABP,
respectively. Both chemicals were in a form
of an anionic liquid. A direct violet dye added
in the study was Irgalite violet R-L by Ciba,
which was an anionic liquid.

Experimental design and methods

The experimental design entailed using
2 OBAs (2S and 4S types) under different
dosages (0.5, 1.0, 1.5, and 2.0%, with respect
to the dry pulp) to various BCTMP- content
pulps (with a content of BSKP of 20%, and
BHKP/BCTMP ratio of 70/10, 65/15, 60/20,
and 50/30% of the pulp mixes) and examined
the effects on the optical properties of the
resulting handsheets. Irgalite violet R-L at a
fixed 0.05% dosage was also added. Optical
properties investigated included pulp bright-
ness, apparent whiteness, CIE L*a*b* values,
and light-fastness. There were 70 sets of
specimens and 210 handsheets.

The procedure for stock preparation
entailed stirring pre-blended pulps of BSKP-
BHKP and BCTMP of 1.2% consistency at
150~180 rpm. Then, a suitable quantity of
OBA (0~2.0% to dry pulp) was added. After
stirring for 5 min, 0.05% Irgalite violet R-L
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was added and further stirred for 5 min. The
pulp furnish was then diluted to a 0.3% con-
sistency and used to prepare the handsheets.

Handsheets were prepared according
to the TAPPI T205 standard method, but the
basis weight of the handsheets was 80 g m”
instead of 60 g m™ for optical measurement
purposes. The couched handsheets were
placed in an oven maintained at 105+2°C for
20~30 min. Then the handsheets were placed
in a constant temperature and humidity (CTH)
room for 24 h before testing. Measurements
of the optical properties were conducted in
accordance with the TAPPI T452 om-02
standard method using a Technidyne (New
Albany, IN, USA) model Micro S-5 unit (D
illuminant) for measuring brightness, appar-
ent whiteness, and CIE L*a*b* values. Light-
fastness was tested according to ISO 4892,
using an accelerated aging environment pro-
vided by a Q-panel (Q-Lab, Cleveland, OH,
USA), wherein specimens were irradiated
with UV light for 2, 8, and 24 h, and retested
for the light-fastness of the specimens. In
the optical property tests, 3 handsheets were
prepared for each condition, and 5 points on
a handsheet were tested for a total of 15 data
points. Then, the average and standard devia-
tion were calculated.

RESULTS AND DISCUSSION

Brightness and apparent whiteness

The brightness and apparent whiteness
of the handsheets with a nominal basis weight
of 80 g m” are shown in Fig. 1. The pooled
standard deviations of brightness and ap-
parent whiteness were 0.12 and 0.15% GE,
respectively. Both the brightness and apparent
whiteness of the handsheets decreased with
an increasing content of BCTMP. To begin
with, the brightness and apparent whiteness
of the BCTMP were lower than those of the
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Fig. 1. Effects of bleached chemi-

thermomechanical pulp (BCTMP) contents

on handsheet brightness and apparent

whiteness.

BSKP and BHKP; hence, the greater the
amount of BCTMP there was, the lower the
brightness and apparent whiteness of the base
paper were. Thus, the range of brightness was
83.4~81.5% GE, whereas the apparent white-
ness decreased from 75.4 to 73.1% GE.

The effects of both the BCTMP content
and the 2S- and 4S-OBA dosages on the
brightness and whiteness measurements of the
handsheets are shown in Figs. 2 and 3. The
figures indicate that the blending proportions
of BCTMP and OBA dosages affected the
handsheet brightness and apparent whiteness
with similar trends. When furnish contained
no BCTMP, adding the 4S OBA tended to
produce paper with a higher brightness than
those with the 2S-OBA added. However, for
pulp blends containing BCTMP, the perfor-
mance was reversed; the latter was brighter
than the former. As for the apparent white-
ness, regardless of whether there was BCTMP
in the pulp or not, the 2S-OBA group always
had higher values than the corresponding 4S-
OBA one. For BCTMP-containing furnishes,
both the 2S- and 4S-OBA groups exhibited
increasing patterns of brightness and appar-
ent whiteness with increasing dosages, before
reaching a maximum, then decreasing with
a further increase in the OBA dosage. When
the OBA dosages were < 1.0%, the maximum
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Fig. 2. Effects on handsheet brightness at different dosages of 2 types of optical
brightening agents (OBAs) for handsheets from furnishes with different bleached chemi-
thermomechanical pulp (BCTMP) content.
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Fig. 3. Effects on handsheet apparent whiteness at different dosages of 2 types of optical
brightening agents (OBAs) for handsheets from furnishes with different bleached chemi-
thermomechanical pulp (BCTMP) content.
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brightness and apparent whiteness occurred
in paper from furnishes containing 10% BCT-
MP. For OBA dosages > 1.0%, however, the
maximum brightness and apparent whiteness
shifted to the paper containing 15% BCTMP.
From graphs (A) to (D) in Fig. 2, apparently
both brightness and apparent whiteness in-
creased with OBA dosages to a maximum at
a 1.5% dose. When the OBA dosage reached
2.0%, both the brightness and apparent white-
ness decreased. Supported by the CIE L*a*b*
measurements, at this level, the OBA was al-
ready overdosed and past the saturation point.

Ni’s research group (Zhang et al. 2007a-c)
pointed out that when BCTMP was added
to the furnish, the fibers retained most of the
original lignin in the wood. Compared to
chemical pulp, there were fewer pores onto
which the OBA could adsorb. In addition,
BCTMP contained greater amounts of fines
and anionic trash, which thus also affected
retention of the OBA as well. Thus, when the
furnish contained BCTMP, retention of the
OBA was lower than that with the chemical
pulp (Zhang et al. 2007a-c). The 2S-OBA
intrinsically contained fewer sulfonic groups
than the 4S-OBA. Hence, it had a better af-
finity with cellulosic fibers and a lower water
solubility (Crouse and Snow 1981). Due to
OBAs’ charge-carrying nature and preferen-
tial adsorption onto micropores, the 2S- OBA
group exhibited better whitening effects than
did the 4S-OBA group. The results of the
25-OBA group indicated that when a small
amount of BCTMP was added to the furnish,
the resulting paper showed an even better
whitening effect than for paper with chemical
pulp only. However, for furnishes containing
> 15% BCTMP (with OBA dosages 0.5 and
1.0%) or 20% (with OBA dosages of 1.5 and
2.0%), the whitening effect began to decrease.
In the 4S-OBA group, however, any amount
of BCTMP reduced the whitening effect com-
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pared to paper with chemical pulp only. Yet
graphs (C) and (D) of Fig. 2 indicate that at a
BCTMP charge of 15% and 4S OBA dosages
of 1.5 and 2.0%, the whitening effect sud-
denly rebounded. The cause for this requires
further investigation.

CIE L*a*b* values

Figure 4 shows the effects of various
BCTMP contents and the 2 types of OBAs
on CIE L*a*b* values of the resulting hand-
sheets. The pooled standard deviations of
L*a*b* were 0.13, 0.056, and 0.038, respec-
tively. L* values of 2S-OBA-treated paper
are shown in graph (A) of Fig. 4. L* values
ranged 90.5~91.0, with no statistical sig-
nificance. Graph (B) of Fig. 4 shows that a*
value of the 2S-OBA group slightly increased
at a 10% BCTMP content. A further increase
in the BCTMP content caused a* values
to decrease, indicating that the paper color
shifted from redness to greenness. At a 1.5%
dosage of 2S-OBA, the a* value reached a
maximum; and at a 2.0% dosage, the a* value
began to decrease, suggesting that the dosage
had exceeded the OBA saturation point. From
graph (C) of Fig. 4, it appears that b* values
of the 2S-OBA group decreased with an in-
creasing BCTMP content, and at 15% BCT-
MP, it reached an inflection point and began
to increase. A decrease in b* values indicates
that the paper color shifted from yellowness
to blueness. At a 2S-OBA dosage of 1.0%,
the b* value was at a minimum; while at dos-
ages of > 1.5%, b* values increased, indicat-
ing that the saturation point had been reached.
From both graphs, at a BCTMP charge of <
15%, the 2S-OBA could shift the paper color
to greenness-blueness and achieved a whiten-
ing effect as shown in Figs. 2 and 3 above.

L* values of 4S-OBA-treated paper
are shown in graph (D) of Fig. 4. L* values
ranged 90.7~92.0. For paper containing 10%
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(A) 2S-OBA group L* values
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(B) 2S-OBA group a* values
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Fig. 4. Effects on handsheet CIE L*a*b* values at different dosages of 2 types of optical
brightening agents (OBAs) for handsheets from furnishes with different bleached chemi-

thermomechanical pulp (BCTMP) content.

BCTMP, the L* value reached a maximum:;
whereas as the dosage increase, L* value be-
gan to decrease. The a* values of 4S-OBA-
treated paper, as shown in graph (E) of Fig.
4, tended to decrease with an increasing
BCTMP content. The slope of the decrease
was greater than that of the 2S-OBA group.
Decreasing a* values suggest that the paper
color shifted from redness to greenness. At
a 4S-OBA dosage of 1.5%, a* reached a
maximum; whereas at a dosage of 2.0%, a*
began to decrease, indicating that the green-
ing point had been reached. The b* values
of paper treated with 4S-OBA, as shown in
graph (F) of Fig. 4, tended to increase with
an increasing BCTMP content, except for the
15% one. The b* value was at a minimum for
paper containing 15% BCTMP. A decrease in
b* indicates that the paper color shifted from
yellowness to blueness. At 4S-OBA dosages
of > 2.0%, b* further increased, similar to
a* values, indicating that the saturation point
had been reached. The overall a*b* results
suggested that when the 4S-OBA was applied

to BCTMP-containing furnishes, the resulting
paper tended to have a greenness- yellowness
coloration. The OBA produced a better whit-
ening effect only for those with 15% BCTMP
as shown in Figs. 2 and 3.

Figure 4 also indicates that the 2S-
OBA was more suitable for use in BCTMP-
containing furnishes than was the 4S-OBA.
It produced a paper color that tended toward
greenness-blueness, and provided a better
whitening effect. At a BCTMP charge of 15%,
the best whitening efficacy was reached. The
causes of this require further investigation.
The saturation point of the 2S-OBA might be
between 1.0 and 1.5%; whereas, the satura-
tion point for the 4S-OBA appeared to be at a
1.5% dosage.

Light-fastness of the whitening effect
All handsheets were irradiated with UV
inside an accelerated aging chamber for 2,
8, and 24 h, and then their brightnesses were
compared. The results are shown in Figs. 5~7.
Figure 5 indicates that at an OBA dosage
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Fig. 5. Effects of ultraviolet irradiation length on the brightness of handsheets made from
different bleached chemi-thermomechanical pulp (BCTMP)-containing pulps treated with 2
types of optical brightening agents (OBAs) at a 1.0% dosage.
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Fig. 6. Effects of ultraviolet irradiation length on the brightness of handsheets made from
15% bleached chemi-thermomechanical pulp (BCTMP)-containing pulps treated with
different dosages of 2 types of optical brightening agents (OBAs).
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furnish, adding either the 2S- or 4S-OBA
moderated the rate of yellowing. Figure 6
indicates that at a furnish BCTMP content
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Fig. 7. Effects of ultraviolet irradiation
length on the brightness or whiteness of
handsheets with 15% bleached chemi-
thermomechanical pulp (BCTMP) and
1.0% of either types of optical brightening
agents (OBAs).

ages. The retarding effect was in agreement
with the results of Roltsch and Lloyd (1987),
Ragauskas et al. (1998), and Zhang et al.
(2007a, c). Figure 7, on the other hand, indi-
cates that for the apparent whiteness, the 2S-
OBA group had a more-moderate yellowing
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trend with the UV irradiation time than that of
the 4S-OBA group. However, the yellowing
trends of handsheet brightness for both OBAs
appeared to be quite similar.

CONCLUSIONS

When an OBA was applied to a BCTMP-
containing furnish, the results indicated that
for both paper brightness and apparent white-
ness, the whitening effect of the 2S-OBA
was superior to that of the 4S-OBA. At an
OBA dosage < 1.0% and a BCTMP content
of 10%, the whiteness-enhancing effect was
maximized. At an OBA dosage of > 1.0%,
however, the best whitening performance was
exhibited by papers containing 15% BCTMP.
Adding the 2S-OBA tended to shift the paper
color more toward the greenness-blueness
axis than did the 4S-OBA. The saturation
point for the 2S-OBA was probably at a dos-
age between 1.0 and 1.5%; whereas, that
for the 4S-OBA was at a 1.5% dosage. The
yellowing phenomenon increased with an in-
creasing BCTMP content in the pulp furnish.
For BCTMP-containing furnishes, adding
OBAs slowed down the yellowing. The mod-
erating effect increased with an increasing
OBA dosages. For the apparent whiteness of
the resulting paper, yellowing of the 2S-OBA-
treated paper was slower than those treated
with the 4S-OBA. But for paper brightness,
the 2 OBAs performed similarly. In summary,
the 2S-OBA appeared more suitable for use
with BCTMP-containing furnishes.
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