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1. EXECUTIVE SUMMARY

Optical whitening agent (OWA) is a chemical designed specifically to increase the perceived
brightness and whiteness of paper. According to the number of sulphonic acid groups
present in the molecule, OWAs are distinguished as di, tetra and hexa-sulphonic OWA. The
higher the number of sulphonic groups, higher the solubility of OWA and lesser the affinity to
cellulose. The selection of OWAs for wet-end application is critical. The interaction of OWA
with cellulosic fibers and wet-end additives, primarily fillers, is not well studied. This, in turn,
makes a gap between knowledge and application part. This project was proposed to select
the appropriate OWAs for addition in wet-end, and understand their effect on brightness and
whiteness of paper. In the present study, the effect of these sulphonic groups on optical
properties of paper sheets was studied. For understanding the impact for commercial
papermaking, three types of fillers, GCC, PCC and talc, were added in paper sheets to get
about 21% ash level. The sequential addition of wet-end chemicals was also studied to
analyse their impact on optical properties of paper. Optimization study for the dose of
different OWAs at wet-end using different fillers and furnishes was studied followed by split
addition of different OWAs at wet-end as well as at size press to reduce the cost without
compromising the optical properties of paper. Effect of broke addition (ranging from 5-30% in
paper making furnish) on efficiency of OWAs was also studied. Two new OWAs other than
commercially available OWAs were identified and characterization was done. Optimization of
dose at wet-end along with split addition of these OWAs at surface sizing was studied.
Different combinations of OWAs at wet -end and surface sizing were studied. Comparable
optical properties could be achieved by splitting the OWAs at wet-end and size press along
with significant reduction in cost. Validation of results was done at CPPRI on set of selected
experiments using mixed hardwood pulp along with GCC and talc filler. All sets of
experiments carried out at CPPRI show better results than experiments carried out at
ACIRD. It was recommended that the plant trial with the use of selected OWA with suitable
filler may be carried out at selected mills. Based on encouraging lab results, the plant trials
were conducted at. BILT SGU, Yamunanagar and Satia Industries Ltd., Muktsar.
Improvement in optical properties of paper along with reduction in cost of paper was
observed during the trial at BILT SGU, Yamunanagar. The reduction in the dose of OWA at
wet end was observed along with comparable optical properties of paper during the plant

trial taken at Satia Industries Ltd., Muktsar.
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2. BACKGROUND

Paper and paperboard are generally available in a wide range of appearance, colour,
brightness and whiteness. The natural colours of cellulosic fibres and mineral fillers normally
do not meet customer’s requirements, so optical whitening agent (OWA)/ optical brightening
agent (OBA)/ fluorescent whitening agents (FWA) and dyes/ pigments are added for the
paper to get the desired shade. OWAs are designed specifically to increase the perceived
whiteness of a given substrate. They are the fluorescent molecule i.e. they absorb light in
certain region of the wavelength (typically 340-360 nm) and emit it in a different one (mainly
430 to 460 nm). Fluorescence is thus blue light that is added on a substrate (normally
yellow) increasing the perceived whiteness. OWA is characterized by its absorption and
fluorescence maxima, its quantum vyield and its affinity for a substrate. Using OWAs is a
convenient way to increase the reflectance (and thus the lightness) of paper and
simultaneously to move the shade from yellow to blue. This subtle tint change makes the

paper look even whiter.

In general, there are two families for paper applications: stilbene and di-stiryl-biphenyl types.
Traditionally, the first family is better known and is divided according to the number of
sulphonic acid groups present in the molecule. One distinguishes di-tetra- and hexa-
sulphonated OWA and their field of application is related to their solubility and affinity. The
structures of these compounds are given in Figure 1-3.
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Figure 1: Di-sulphonated (Diamino-stilbene disulphonic acid) OWA
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Figure 2: Tetra-sulphonated (Diamino-stilbene tetrasulphonic acid) OWA
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Figure 3: Hexa-sulphonated (Diamino-stilbene hexasulphonic acid) OWA

The larger the number of sulphonic acid groups, higher the solubility and lesser the affinity.
Di-sulphonic and tetra-sulphonic types are better for applications in furnish, while hexa-
sulphonic is better suited for surface applications such as size press and coating. Di-
sulphonic OWA has high affinity with cellulose, but is extremely sensitive to alum and
cationic auxiliaries. Because of low compatibility with starch, it can’t be used effectively in the
size press. Tetra-sulpho OWAs are all rounder. It has adequate affinity and is compatible
with starch and alum, making it suitable for a wide range of applications. Hexa-sulphonic
OWA is applied only at the size press or in coating application for high whiteness levels, due
to its low affinity to fibers (1&2). The effects of OWAs on paper and papermaking process

are summarised in the following table:

Di-sulphonated | High affinity Sensitive to alum, low stability in the presence of
cations, not compatible with starch

Tetra- Intermediate affinity | Good stability in the presence of cations, good

sulphonated compatibility with alum, good compatibility with
starch

Hexa- Low affinity High stability in the presence of cations, high

sulphonated greening limit

Roughly one-third of the OWA is added in the wet-end and the remaining two-third is added
on paper surface through size press. The OWA requires good acid and alum stability,
compatibility with fillers, and good affinity with fibers, since any unabsorbed OWA is lost in
the white water fibers (3&4).

3
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Some of the critical factors in the use of OWAs include retention, quenching and competition
with other UV absorbers. OWA retention can be increased by addition of a coagulant to the
pulp stream, either before or after the whitener. It is necessary to note that highly charged
cationic polyelectrolytes can easily destroy the fluorescent character of the molecule. The
effect is called quenching. The coagulants used for the retention of filler, fines and fibers
have a negative effect on efficacy of OWA (5). OWAs can be considered to be anionic direct
dyes. They are substantive, capable of hydrogen bonding, and can bind to cellulosic fibers
without assistance from cationic additives to affect retention. However, strongly cationic
chemicals (including alum) which act as quenching agents should be avoided since they
adversely affect fluorescent properties and reduce brightness. Low pH and presence of
trivalent aluminum are unfavorable as far as the efficiency of an OWA is concerned. If the pH
is low enough, some of the sulphonic groups can occur in acid form. This lowers the
solubility of OWAs. Aluminum salts of OWAs are insoluble and impart a greenish shade to
the paper, in addition to reducing the effectiveness of OWAs (6-9). In higher white shades, a
hexa-sulphonic OWA is additionally applied at the size press to obtain the required
whiteness level. Moreover, colouring/tinting dyes and pigments have also been used for
increasing whiteness further as well as to adjust chromaticity co-ordinates (1). The tinting

dyes can increase the whiteness but decrease the brightness due to their masking effect.

The selection and dosage of OWAs for wet-end application are critical. The chemistry of
interaction of OWA with cellulosic fibers and wet-end additives, primarily fillers, is not well
known to papermakers. This, in turn, makes a gap between knowledge and application part.
This project was proposed to select the appropriate OWAs for addition in wet-end, and
understand their effect on brightness and whiteness of paper using different fillers at same

ash level using different pulp furnish.

3. OBJECTIVES

Scientific
e Study the chemistry of the OWA compounds with papermaking furnish
Technical

e To decide the chemical addition sequence in wet-end to get highest
brightness/whiteness of paper

o To target the ISO brightness of 90 and 95% through optimised use of OWA at wet-end
Commercial

e Decreasing dose of OWA for the target brightness level of paper

4
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4. SCOPE
» Bleached mixed hardwood pulp of different initial brightness levels
» Commercially available di-, tetra-, and hexa-sulphonic OWAs from different sources
» Different fillers like GCC, PCC and Talc

5. EXPERIMENTAL

1. Materials

1.1 Pulp

Three different pulps furnish collected from different pulp and paper mills in India have been
used in this project. The bleached pulp furnishes were mixed hardwood (MHW), mixed
hardwood (MHW), bagasse (BBS), recycled (BRC).

1.2. Wet-end Chemicals

a) Optical whitening agents

OWA Type of OWA Cost, Rs/kg (as such)

DS1 Di-sulphonated 75

DS2 Di-sulphonated 255

TS1 Tetra-sulphonated 75

TS2 Tetra-sulphonated 55

TS3 Tetra-sulphonated 185

HS1 Hexa-sulphonated 70

b) Dye i.e. iragalite violet.

c) Alkyl ketene dimer (AKD) having 21% solids content (w/v) was used at a fixed dose of 6
kg/t as an alkaline sizing agent to provide hydrophobicity to paper.

d) DSA of 0.02-0.025 degree of substitution was used at a fixed dose of 5 kg/t of pulp.

e) Low molecular weight cationic polyamine fixing agent (CFA) was used at fixed dose of
200 g/t to provide some cationicity to the pulp stock.

f) A medium to high molecular weight cationic polyacrylamide flocculant (CPAM) was
used as retention aid at a fixed dose of 200 g/t of pulp.

g) Fillers: Talc (hydrated magnesium silicate), GCC (ground calcium carbonate), PCC

(precipitated calcium carbonate).

5

Project Report - Achievement of highest brightness and whiteness in paper




2. Methods
2.1. Refining of Pulp

The bleached mixed hard wood pulp (MHW) was refined in PFI Mil to get 30°SR
(manufactured by HAMJERN MASKIN) as per TAPPI Test Method T 248 sp-00. The
freeness of pulp was measured using Schopper Riegler tester (SR) Tester.

2.2. Characterisation of Pulp

a) Moisture content of pulp was determined as per TAPPI test method (T 210 cm-86).

b) lonic behavior and charge demand: The charge (streaming potential) was measured
on Mutek PCD-03pH (Particle Charge Detector) and the sample was titrated with
cationic polymer to neutralize the charge. The cationic polymer used was
PolyDADMAC (0.001N) and the anionic polymer used was Pes-Na (0.001N).

c) Zeta potential: The zeta potential was measured with Mutek SZP-06 (System Zeta
Potential). The SZP-06 detects the surface charge of materials. The viscosity of the
pulp was determined using the Capillary Viscometer Method as per TAPPI test
method (T 230 om-99).

d) Buchner sheets were made for reflectance test as per TAPPI test method (T 218 sp-
02).

2.3. Preparation and Characterization of Wet-End Chemicals

a) Optical Whitening Agents: The solids content and E-Value of the different OWAs

were determined.

E-Value: It is the absorption of a 1% solution of unit path length. The absorbance is
directly depending on the nature of the solution, concentration and the path length of

the solution.

Principle: The absorbance of UV light in a solution at a characteristic wavelength is
used for the quantitative determination of OWA in solution. OWA reacts as a light
transformer. Only the absorption bands from 340-370 nm have the ability to
transform into and emit visible light of 440-450 nm. The E-value of a product is thus
the absorbance of a hypothetical 1% solution by 10 mm path length at a defined

wavelength.

Procedure: Absorbance of 1% (w/v) solution of OWA was measured at 350+1 nm
using 10 mm standard quartz cuvette on a UV-VIS Spectrophotometer using distilled
water as blank with absorbance zero. 2-3 mL of 5% Na,CO; solution was added to

powder OWAs before their dilution using distilled water.
6

Project Report - Achievement of highest brightness and whiteness in paper




b)

d)

The ionic behavior and charge demand of the OWAs of 0.1% concentration was also
determined using the Mutek PCD-03.

Preparation of Di-sulphonated OWA (Powder): The required amount of OBA was
weighed on solid basis and was dissolved in hot water at a temperature of 60-65°C

as its solubility in water is less.

Preparation of Tetra-sulphonated OWA (Powder): The required amount of OBA
was weighed on solid basis and was dissolved in hot water at a temperature of 40-
45°C.

AKD: 1% (w/v) solution of AKD emulsion was prepared in distilled water on the basis
of 20.8% solids in original AKD Emulsion. Particle size analyzer (Horiba, USA) was
used for measuring particle size distribution of AKD emulsion. pH of the 1% AKD
solution was determined using the pH meter. The ionic behavior and charge demand
of the 1% AKD solution was also determined using PCD 03 pH (Particle Charge
Detector).

DSA of 0.02-0.025 degree of substitution: DSA powder was dispersed in distilled
water to make 1% (w/v) slurry. The dispersed slurry was taken into a beaker and
placed into water bath. The temperature was raised to gelatinize the slurry.
Continuous mild stirring was given to the slurry. The slurry was cooked at 90°C for
about 30 minutes. It was then cooled at ambient temperature and used in wet-end as
a strength aid. The pH, solids, ionic behavior and charge demand of the DSA were

determined.

Low molecular weight cationic polyamine fixing agent (CFA): 0.1% (w/v) solution
was prepared in distilled water. 1 g of the liquid CFA was weighed and the volume
was made up to 1 L using distilled water. The ionic behavior and charge demand of
the CFA of 0.1% concentration was determined using the Mutek PCD 03 pH.

Medium to high molecular weight cationic polyacrylamide flocculant (CPAM):
0.1% (w/v) solution of the granular flocculant was prepared in distilled water by
gradual addition of the granules in lukewarm water (40-45°C). Continuous mild
stirring of about 400 rpm was given to the solution for 30 min. The ionic behavior and
charge demand of the CPAM of 1gpl concentration was determined using the Mutek
PCD 03 pH.

7
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2.4 Stock Preparation

Different components (chemicals and additives) were added to the pulp slurry in the

following order with continuous stirring:

Pulp (1% consistency), OWA solution, Dye, CFA: 200 g/t of pulp, DSA: 5 kg/t of pulp, AKD: 6
kg/t of pulp on solid basis, Filler (as required for 21% ash level), CPAM: 200g/t of pulp

2.5 Making of handsheets on sheet former

Handsheets of 70 g/m* were made on sheet former as per TAPPI test method (T 272 sp-97).
Sheets pressing and drying was done according to TAPPI test method (T 218 sp-02).
Buchner sheets were made for reflectance test following TAPPI test method (T 218 sp-02).

The handsheets were conditioned at 27+2°C and 65+5% relative humidity for at least 24
hours as per I1S/ISO: 187. The ash content of the handsheet was determined as per IS 1060

Part | at 525°C. The ash content was calculated using the following formula:

Ash content in paper, % = 0.d. weight of ash in paper (g) x 100
paper, 0. d. weight of handsheet (g)

The first pass ash retention (FPAR) was calculated using the following formula:

FPAR %% = Ash in paper (%) <100
*”® ™ Filler added based on pulp and filler (%)

2.6 Optical Properties of Handsheets

The following optical properties of paper handsheets were measured with the brightness
tester (L&W Elrepho):

° B. brightness (R457 420), 1SO brightness (R457 C), CIE whiteness (CIE W D65
D65/10), Yellowness (D65 D65/10), L*, a*, b*, ISO Opacity, Light scattering coefficient,
Fluorescence (R457 Flour D65), the fluorescence using C source i.e. R457. Flour C
was also calculated using the following formula: R457 C-R457 420 i.e. brightness - B.

brightness.

6. RESULTS & DISCUSSION

8
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1. Characteristics of wet-end chemicals

Various physico-chemical characteristics of different wet-end chemicals are given in Table 1.
GCC-60 and PCC fillers were slightly anionic and having about 4.7 peq/g and 6.9 peq/g of
cationic charge demand respectively while talc filler was cationic in nature and it anionic
charge demand was 172 peqg/g. AKD was also cationic in nature and it anionic charge
demand was 111 peq/g. The CFA and DSA were having anionic charge demand of 3050
and 1655 peqg/g. The E-value and charge demand of various OWAs are given in Table 2.
The E-value determined on the basis of dry solids was the highest for DS1 (562) followed by
TS1 (496), DS2 (493), HS1 (374), TS2 (327) and TS3 (265).

2. Characterization of Pulp

As shown in Table 3, the initial ISO brightness of pulp was 85.3%. The cationic charge
demand of the pulp was 12.2 peqg/l. It was increased to 16.8 peq/l after beating the pulp.
After addition of all wet-end chemicals but without filler, the cationic charge demand was

reduced to 11.7 peg/l as shown in Table 4.

As shown in Table 5, the optical properties were degraded on beating of pulp. The
brightness, whiteness and opacity of handsheets were reduced from 84.8%, 74.4 and 81.7%
to 82.8%, 72.1 and 75.7%, respectively on beating of pulp. Brightness and whiteness of the
handsheets were further reduced on addition of wet-end chemicals in pulp. After addition of
filler, all optical properties were improved. On addition of about 21% GCC-60 in paper
sheets, the brightness was improved from 77.6 to 82.3%, whiteness was improved from 65.3
to 74.3 and opacity was improved from 78.9 to 88.7%.

3. Effect of OWA addition on optical properties of paper
3.1. With DS2 OWA

The DS2 was now added in pulp along with other wet-end chemicals. The dosage of DS2
was increased from 0.5 to 16 kg/t. The ash content in this case also was about 22%. The
brightness of paper sheets was increased to the maximum level of 97.6% using 14 kg/t
dosage of DS2. The corresponding whiteness index value was 144.3. Further increasing the
dosage to 16 kg/t did not have any impact on brightness but slightly decreased the

whiteness of paper sheets as shown in Table 6
3.2. With TS1 OWA

In order to understand the effect of sulphonic groups in OWA, TS1, a tetra-sulphonated
OWA, was added in pulp along with other wet-end chemicals. The dosage of TS1 ranged
from 2 to 8 kg/t. The ash content in this case was about 20%. The brightness of paper
sheets was increased to 97.4% using 8 kg/t dosage of TS1. The corresponding whiteness

11
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value was 145.2. As compared with previous case with DS2, the improvement in brightness
and whiteness was more with TS1. However, in this case too, the greening effect observed

through a* value was at 6 kg/t dosage, similar to the case with DS2 as shown in Table 7.
4. Effect of sequential addition of OWA on optical properties of paper
4.1. With DS2 OWA

DS2 was added at different addition points to understand the role of its addition point on
optical properties of paper. The dosage of DS2 was kept constant at 4 kg/t. The dosage of
other wet-end chemicals was also kept constant. It was observed that the addition point of
DS2 had no much impact on optical properties of paper sheets. The brightness and
whiteness values were marginally increased when DS2 was added after CFA and DSA. The
increase in brightness and whiteness was about 0.3 and 0.5 points, respectively as shown in
Table 8

4.2. With TS1 OWA

Similar to DS2, TS1 was also added at different addition points to understand the role of
addition point of a tetra-sulphonated OWA on optical properties of paper. The dosage of TS1
was also kept constant at 4 kg/t along with other wet-end chemicals. The addition point of
TS1 had slight impact on optical properties of paper sheets. The brightness and whiteness
values were marginally increased by 0.6 and 2.5 points, respectively when TS1 was added
after the addition of CFA and DSA. In this case the cationic charge demand of the final pulp

stock was the lowest showing the less anionicity of pulp stock as shown in Table 9.
5. Effect of cationic additives on efficiency of OWA

The different cationic wet-end additives were eliminated one by one from the wet-end
process and their impact of optical properties of paper was analysed. In first case when all
the previously selected wet-end additives were added to pulp the zeta potential of pulp stock
was -21.5 mV which, as expected, was increased to more anionic on eliminating the cationic
additives. The similar effect on cationic charge demand was observed wherein the cationic
demand of pulp stock was increased from 12.2 peg/L to 16.5, 18.5 and 21.6 peqg/L on
eliminating CFA, DSA and both CFA and DSA, respectively. Ash content in paper sheets
was slightly reduced due to imbalance of system’s charge. However, no change in
brightness of paper sheets was observed. Other optical properties of paper were also more

or less comparable as shown in Table 10.

12
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6. Effect of intrinsic brightness of filler on optical properties of paper and cost
of OWA

As shown in Table 11, GCC and talc fillers were compared at same ash level of about 20-
21% for getting about 90% brightness in paper sheets. It was observed that the B.
brightness of paper sheets was different with both the fillers due to their different intrinsic
brightness. The less B. brightness with talc filler was mainly responsible for getting the lower
brightness in paper sheets as compared with GCC filler. To compensate the lower
brightness in case of talc filler, the dosage of OWA was increased so that at same level of
brightness, the whiteness was more with talc filler but cost of OWA was also very high as
compared that with GCC. From the results of different OWAs, it was observed that the
papermakers need to compromise on at least one optical property, either brightness or
whiteness, if compared at same dosage/ cost of OWA. It was observed that to get the
brightness level of about 90%, the dosage/ cost of DS1, DS2 and TS1 OWAs was almost

comparable for both the fillers separately.

Similarly at 95% brightness level, the cost of OWA was almost double for talc filler as
compared with GCC (Table 12). In this case, however for same filler also, the difference in
cost of OWA was little more than that observed at 90% brightness level. In this case the
performance of DS2 and TS1 was comparable followed by DS1, TS2 and TS3.

7. Effect of different OWAs in wet-end and in surface sizing application
(at 21% ash level using different fillers)

One OWA after dose optimization at wet-end was fixed for wet-end addition while other
OWAs were added in surface sizing at different doses followed by selection of best
combination of that particular OWA at wet-end with other OWAs at surface sizing on the

basis of cost reduction without compromising the optical properties of paper.

7.1 With GCC filler
7.1.1 Optimization of different OWAs at wet-end

DS2 was added in wet-end at different doses. At minimum dose of 3 kg/t of DS2 the
brightness was 93.0%, CIE whiteness and fluorescence was 136.4 and 21.0 respectively.
The optimum dose was 6 kg/t at which brightness was 94.4%, CIE whiteness and
fluorescence was 138.3 and 22.3 respectively. On further increasing the dose beyond 6 kg/t
the reduction in values of brightness whiteness, a* and b* was observed. At maximum dose
of 13 kg/t of DS2 the brightness was 93.2%, CIE whiteness and fluorescence was 136.1 and

24.4 respectively. TS3 was added in wet-end at different doses. At minimum dose of 6 kg/t
13
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of TS3, the brightness was 91.8%, CIE whiteness and fluorescence was 133.3 and 19.7
respectively. The optimum dose was 11 kg/t at which brightness was 93.7%, CIE whiteness
and fluorescence was 141.4 and 22.9 respectively. On further increasing the dose beyond
11 kg/t the reduction in values of brightness whiteness, a* and b* was observed. At
maximum dose of 17 kg/t of TS3 the brightness was 92.9%, CIE whiteness and fluorescence
was 139.3 and 23.2 respectively. DS1 was added in wet-end at different doses. At minimum
dose of 5 kg/t of DS1, the brightness was 92.5%, CIE whiteness and fluorescence was 142.3
and 22.9 respectively. The optimum dose was 8 kg/t at which brightness was 93.7%, CIE
whiteness and fluorescence was 142.6 and 24.2 respectively. On further increasing the dose
beyond 8 kg/t the reduction in values of brightness whiteness, a* and b* was observed. At
maximum dose of 13 kg/t of TS3 the brightness was 93.3%, CIE whiteness and fluorescence
was 141.1 and 24.8 respectively as shown in Table 13.

7.1.2 Split addition of OWAs in wet-end and surface sizing
7.1.2.1 Effect of different OWA in surface sizing with DS2 addition of 6 kg/t at wet-end

First of all, TS3 was added in surface sizing along with 6 kg/t of DS2 at wet-end. At minimum
dose of 0.4 kg/t of DS2 the brightness was 94.3%, CIE whiteness and fluorescence was
139.8 and 23.4 respectively. The optimum dose of TS3 in surface sizing was 1 kg/t at which
brightness was 94.8%, CIE whiteness and fluorescence was 141.1 and 23.9 respectively.
On further increasing the dose of TS3 to 2 kg/t, the brightness was 94.6%, CIE whiteness
and fluorescence was 140.6 and 23.6 respectively. DS2 was added in surface sizing along
with 6 kg/t of DS2 at wet-end. At minimum dose of 0.4 kg/t of DS2 the brightness was
94.1%, CIE whiteness and fluorescence was 140.4 and 23.1 respectively. The optimum
dose of DS2 in surface sizing was 1 kg/t at which brightness was 94.3%, CIE whiteness and
fluorescence was 141.2 and 23.3 respectively. On further increasing the dose of DS2 to 2
kg/t, the reduction in optical properties was observed. The brightness was 93.9%, CIE
whiteness and fluorescence was 140.3 and 23.2 respectively. TS1 was added in surface
sizing along with 6 kg/t of DS2 at wet-end. At minimum dose of 0.4 kg/t of TS1 the
brightness was 94.6%, CIE whiteness and fluorescence was 141.3 and 23.2 respectively.
The optimum dose of TS1 in surface sizing was 0.4 kg/t. On further increasing the dose of
TS1 to 2 kglt, the reduction in optical properties was observed. The brightness was 94.1 %,
CIE whiteness and fluorescence was 140.3 and 23.1 respectively. TS2 was added in surface
sizing along with 6 kg/t of DS2 at wet-end. At minimum dose of 0.4 kg/t of TS1 the
brightness was 94.2%, CIE whiteness and fluorescence was 140.2 and 23.9 respectively.
The optimum dose of TS1 in surface sizing was 1 kg/t on which the brightness was 94.6 %
and CIE whiteness was 141.0 and fluorescence was 23.5. On further increasing the dose of
TS2 to 2 kgft, the reduction in optical properties was observed. The brightness was
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94.4%, CIE whiteness and fluorescence was 140.3 and 23.5 respectively. DS1 was added in
surface sizing along with 6 kg/t of DS2 at wet-end. At minimum dose of 0.4 kg/t of DS1 the
brightness was 94.4%, CIE whiteness and fluorescence was 141.6 and 23.2 respectively.
The optimum dose of DS1 in surface sizing was 1 kg/t on which the brightness was 94.8%
and CIE whiteness was 142.0 and fluorescence was 23.4. On further increasing the dose of
DS1 to 2 kgft, the reduction in optical properties was observed. HS1 was added in surface
sizing along with 6 kg/t of DS2 at wet-end. At minimum dose of 0.4 kg/t of HS1 the
brightness was 94.1%, CIE whiteness and fluorescence was 139.9 and 23.3 respectively.
The optimum dose of HS1 in surface sizing was 1 kg/t on which the brightness was 94.4%
and CIE whiteness was 141.0 and fluorescence was 23.4. On further increasing the dose of
HS1 to 2 kg/t, the reduction in optical properties was observed as shown in Table 14.

7.1.2.2 Effect of different OWA in surface sizing with DS2 addition of 4 kg/t at wet-end

TS3 was added in surface sizing along with 4 kg/t of DS2 at wet-end. At minimum dose of
0.4 kg/t of TS3 the brightness was 95.0%, CIE whiteness and fluorescence was 141.8 and
22.9 respectively. The optimum dose of TS3 in surface sizing was 1 kg/t on which the
brightness was 95.2% and CIE whiteness was 143.2 and fluorescence was 23.7. On further
increasing the dose of TS3 to 3 kg/t, the reduction in optical properties was observed. DS2
was added in surface sizing along with 4 kg/t of DS2 at wet-end. At minimum dose of 0.5 kg/t
of DS2 the brightness was 95.1%, CIE whiteness and fluorescence was 141.1 and 23.1
respectively. This was the optimum dose of DS2 in surface sizing. On further increasing the
dose of DS2 to 1 kg/t, no improvement in optical properties was observed. TS1 was added in
surface sizing along with 4 kg/t of DS2 at wet-end. At minimum dose of 0.5 kg/t of TS1, the
brightness was 95.2%, CIE whiteness and fluorescence was 141.8 and 22.0 respectively.
This was the optimum dose of TS1 in surface sizing. On further increasing the dose of TS1
to 1 kg/t, no improvement in optical properties was observed. TS2 was added in surface
sizing along with 4 kg/t of DS2 at wet-end. At minimum dose of 0.5 kg/t of TS2, the
brightness was 95.1%, CIE whiteness and fluorescence was 141.2 and 22.2 respectively.
The optimum dose of TS2 in surface sizing was 1 kg/t. The brightness was 95.6%, CIE
whiteness and fluorescence was 141.8 and 22.6 respectively at this dose. On further
increasing the dose of TS2 to 2 kg/t, no improvement in optical properties was observed.
DS1 was added in surface sizing along with 4 kg/t of DS2 at wet-end. At minimum dose of
0.5 kg/t of DS1, the brightness was 95.0%, CIE whiteness and fluorescence was 140.9 and
22.6 respectively. The optimum dose of DS1 in surface sizing was 1 kg/t. The brightness
was 95.4%, CIE whiteness and fluorescence was 142.5 and 22.4 respectively at this dose.
On further increasing the dose of DS1 to 2 kg/t, no improvement in optical properties was

observed. HS1 was added in surface sizing along with 4 kg/t of DS2 at wet-end. At minimum

15

Project Report - Achievement of highest brightness and whiteness in paper




dose of 0.5 kg/t of HS1, the brightness was 95.2%, CIE whiteness and fluorescence was
142.2 and 23.1 respectively. The optimum dose of HS1 in surface sizing was 1 kg/t. The
brightness was 95.4%, CIE whiteness and fluorescence was 142.5 and 23.1 respectively at
this dose. On further increasing the dose of HS1 to 2 kg/t, no improvement in optical

properties was observed as shown in Table 15.

7.1.2.3 Effect of different OWA in surface sizing with DS2 addition of 3 kg/t at wet-end

TS3 was added in surface sizing along with 3 kg/t of DS2 at wet-end. At minimum dose of
0.5 kg/t of TS3 the brightness was 94.2%, CIE whiteness and fluorescence was 141.8 and
22.5 respectively. The optimum dose of TS3 in surface sizing was 1 kg/t on which the
brightness was 94.7% and CIE whiteness was 142.1 and fluorescence was 23.6. On further
increasing the dose of TS3 to 3 kg/t, the reduction in optical properties was observed. DS2
was added in surface sizing along with 3 kg/t of DS2 at wet-end. At minimum dose of 0.5 kg/t
of DS2 the brightness was 94.4%, CIE whiteness and fluorescence was 140.7 and 21.4
respectively. The optimum dose of DS2 in surface sizing was 1 kg/t on which the brightness
was 94.8% and CIE whiteness was 141.8 and fluorescence was 21.8. On further increasing
the dose of DS2 to 1 kg/t, no improvement in optical properties was observed. TS1 was
added in surface sizing along with 3 kg/t of DS2 at wet-end. At minimum dose of 0.5 kg/t of
TS1, the brightness was 94.3%, CIE whiteness and fluorescence was 139.6 and 21.9
respectively. The optimum dose of TS1 in surface sizing was 2 kg/t on which the brightness
was 94.6 %and CIE whiteness was 141.8 and fluorescence was 22.2.This was the optimum
dose of TS1 in surface sizing. On further increasing the dose of TS1 to 4 kg/t, no
improvement in optical properties was observed. TS2 was added in surface sizing along with
3 kg/t of DS2 at wet-end. At minimum dose of 0.5 kg/t of TS2, the brightness was 94.2%,
CIE whiteness and fluorescence was 139.0 and 20.9 respectively. The optimum dose of TS2
in surface sizing was 1 kg/t. The brightness was 94.5%, CIE whiteness and fluorescence
was 140.1 and 21.6 respectively at this dose. On further increasing the dose of TS2 to 3 kgft,
no improvement in optical properties was observed. DS1 was added in surface sizing along
with 3 kg/t of DS2 at wet-end. At minimum dose of 0.5 kg/t of DS1, the brightness was
94.5%, CIE whiteness and fluorescence was 141.1 and 21.9 respectively. The optimum
dose of DS1 in surface sizing was 2 kg/t. The brightness was 95.2%, CIE whiteness and
fluorescence was 143.1 and 22.5 respectively at this dose. On further increasing the dose of
DS1 to 3 kg/t, no improvement in optical properties was observed. HS1 was added in
surface sizing along with 3 kg/t of DS2 at wet-end. At minimum dose of 0.5 kg/t of HS1, the
brightness was 94.0%, CIE whiteness and fluorescence was 138.1 and 20.9 respectively.
The optimum dose of HS1 in surface sizing was 1 kg/t. The brightness was 94.3%, CIE

whiteness and fluorescence was 138.9 and 21.4 respectively at this dose. On further
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increasing the dose of HS1 to 3 kg/t, no improvement in optical properties was observed as

shown in Table 16.

7.1.2.4 Effect of different OWA in surface sizing with TS3 addition of 6 kg/t at wet-end

TS3 was added in surface sizing along with 6 kg/t of TS3 at wet-end. At minimum dose of
0.4 kg/t of TS3 the brightness was 94.1 %, CIE whiteness and fluorescence was 142.3 and
22.6 respectively. The optimum dose of TS3 in surface sizing was 1 kg/t at which brightness
was 94.4%, CIE whiteness and fluorescence was 142.3 and 23.2 respectively. On further
increasing the dose of TS3 to 4 kg/t, the brightness was 94.5%, CIE whiteness and
fluorescence was 139.2 and 23.4 respectively. DS2 was added in surface sizing along with 6
kg/t of DS2 at wet-end. At minimum dose of 0.4 kg/t of DS2 the brightness was 94.1%, CIE
whiteness and fluorescence was 142.4 and 22.4 respectively. The optimum dose of DS2 in
surface sizing was 2 kg/t at which brightness was 94.6%, CIE whiteness and fluorescence
was 142.9 and 23.6 respectively. On further increasing the dose of DS2 to 4 kgf/t, the
reduction in optical properties was observed. The brightness was 94.3%, CIE whiteness and
fluorescence was 139.3 and 23.7 respectively. TS1 was added in surface sizing along with 6
kg/t of TS3 at wet-end. At minimum dose of 0.4 kg/t of TS1 the brightness was 94.0%, CIE
whiteness and fluorescence was 143.1 and 22.8 respectively. The optimum dose of TS1 in
surface sizing was 1 kg/t. The brightness was 94.1%, CIE whiteness and fluorescence was
143.1 and 23.1 respectively at this dose. On further increasing the dose of TS1 to 4 kg/t, the
reduction in optical properties was observed. The brightness was 94.0%, CIE whiteness and
fluorescence was 138.3 and 23.0 respectively. TS2 was added in surface sizing along with 6
kg/t of TS3 at wet-end. At minimum dose of 0.4 kg/t of TS1 the brightness was 94.0%, CIE
whiteness and fluorescence was 142.8 and 22.4 respectively. The optimum dose of TS2 in
surface sizing was 2 kg/t on which the brightness was 94.5% and CIE whiteness was 142.2
and fluorescence was 23.1. On further increasing the dose of TS2 to 4 kg/t, the reduction in
optical properties was observed. The brightness was 94.4%, CIE whiteness and
fluorescence was 140.4 and 23.2 respectively. DS1 was added in surface sizing along with 6
kg/t of TS3 at wet-end. At minimum dose of 0.4 kg/t of DS1 the brightness was 94.3%, CIE
whiteness and fluorescence was 143.3 and 22.5 respectively which was the optimum dose
of DS1 in surface sizing. On further increasing the dose of DS1 to 4 kg/t, the reduction in
optical properties was observed. HS1 was added in surface sizing along with 6 kg/t of TS3 at
wet-end. At minimum dose of 0.4 kg/t of HS1 the brightness was 94.1%, CIE whiteness and
fluorescence was 143.6 and 22.4 respectively. The optimum dose of HS1 in surface sizing
was 1 kg/t on which the brightness was 94.0% and CIE whiteness was 142.6 and
fluorescence was 22.5. On further increasing the dose of HS1 to 4 kg/t, the reduction in

optical properties was observed as shown in Table 17 & 18.
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7.1.2.5 Effect of different OWA in surface sizing with DS1 addition of 5 kg/t at wet-end

TS3 was added in surface sizing along with 5 kg/t of DS1 at wet-end. At minimum dose of 1
kg/t of TS3 the brightness was 92.9 %, CIE whiteness and fluorescence was 144.0 and 23.8
respectively. The optimum dose of TS3 in surface sizing was 2 kg/t at which brightness was
93.8%, CIE whiteness and fluorescence was 144.4 and 24.1 respectively. On further
increasing the dose of TS3 to 4 kg/t, the reduction in optical properties was observed, the
brightness was 93.3%, CIE whiteness and fluorescence was 140.3 and 23.2 respectively.
DS2 was added in surface sizing along with 5 kg/t of DS1 at wet-end. At minimum dose of 1
kg/t of DS2 the brightness was 93.2%, CIE whiteness and fluorescence was 143.7 and 23.7
respectively. The optimum dose of DS1 in surface sizing was 2 kg/t at which brightness was
93.8%, CIE whiteness and fluorescence was 144.2 and 23.8 respectively. On further
increasing the dose of DS1 to 4 kg/t, the reduction in optical properties was observed. The
brightness was 93.0%, CIE whiteness and fluorescence was 138.6 and 22.6 respectively.
TS1 was added in surface sizing along with 5 kg/t of DS1 at wet-end. At minimum dose of 1
kg/t of TS1 the brightness was 92.8%, CIE whiteness and fluorescence was 143.5 and 23.8
respectively. The optimum dose of TS1 in surface sizing was 2 kg/t. The brightness was 93.5
%, CIE whiteness and fluorescence was 143.1 and 23.8 respectively at this dose. On further
increasing the dose of TS1 to 4 kg/t, the reduction in optical properties was observed. The
brightness reduced to 92.8 %, CIE whiteness and fluorescence was 139.5 and 22.9
respectively. TS2 was added in surface sizing along with 5 kg/t of DS1 at wet-end. At
minimum dose of 1 kg/t of TS2 the brightness was 92.8%, CIE whiteness and fluorescence
was 142.7 and 23.1 respectively. The optimum dose of TS2 in surface sizing was 2 kg/t on
which the brightness was 93.5% and CIE whiteness was 142.3 and fluorescence was 23.2.
On further increasing the dose of TS2 to 4 kg/t, the reduction in optical properties was
observed. The brightness was 92.9%, CIE whiteness and fluorescence was 135.5 and 22.3
respectively. DS1 was added in surface sizing along with 5 kg/t of DS1 at wet-end. At
minimum dose of 1 kg/t of DS1, the brightness was 93.1%, CIE whiteness and fluorescence
was 142.9 and 23.5 respectively. The optimum dose of DS1 in surface sizing was 2 kg/t on
which the brightness w0as 93.9%, CIE whiteness and fluorescence was 142.6 and 23.5
respectively. On further increasing the dose of DS1 to 4 kg/t, the reduction in optical
properties was observed. HS1 was added in surface sizing along with 5 kg/t of DS1 at wet-
end. At minimum dose of 1 kg/t of HS1 the brightness was 92.5%, CIE whiteness and
fluorescence was 142.5 and 23.2 respectively. The optimum dose of HS1 in surface sizing
was 2 kg/t on which the brightness was 93.3% and CIE whiteness was 142.5 and
fluorescence was 23.8. On further increasing the dose of HS1 to 4 kg/t, the reduction in

optical properties was observed as shown in Table 19.

18

Project Report - Achievement of highest brightness and whiteness in paper




7.1.3 Best Combinations of different OWAs at wet and size press

7.1.3.1 DS2 at wet-end with different OWAs at size press

Adding DS2 at a dose of 6 kg/t in wet-end, without addition of any OWA in surface sizing
and the brightness was 94.4% and CIE whiteness and fluorescence were 138.3 and 22.3
respectively. Various OWAs at different doses were added in surface sizing along with DS2
addition at wet-end. The best combinations were 3 kg/t of DS2 at wet-end with 2 kg/t of DS2
in surface sizing, 3 kg/t of DS2 at wet-end with 2 kg/t of TS1 in surface sizing, 4 kg/t of DS2
at wet-end with 2 kg/t of DS1 in surface sizing, 4 kg/t of DS2 at wet-end with 2 kg/t of TS3 in
surface sizing, 4 kg/t of DS2 at wet-end with 2 kg/t of TS2 in surface sizing, 4 kg/t of DS2 at
wet-end with 2 kg/t of HS1 in surface sizing with slight improvement in optical properties
along with significant reduction in cost. The best combination among all these was addition
of 3 kg/t of DS2 at wet-end and 2 kg/t of TS1 in surface sizing along with 3.5 unit gain in
whiteness and 0.4 unit gain in brightness. The reduction is cost at this combination was 615

Rs/t of paper as shown in Table 20.
7.1.3.2 TS3 at wet-end with different OWAs at size press

Adding TS3 at a dose of 11 kg/t in wet-end, without addition of any OWA in surface sizing
and the brightness was 93.7% and CIE whiteness and fluorescence were 141.4 and 22.9
respectively. Various OWAs at different doses were added in surface sizing along with TS3
addition at wet-end. The best combinations were 6 kg/t of TS3 at wet-end with 2 kg/t of DS2
in surface sizing, 6 kg/t of DS2 at wet-end with 0.4 kg/t of DS1 in surface sizing, 6 kg/t of
TS3 at wet-end with 1 kg/t of TS1 in surface sizing, 6 kg/t of DS2 at wet-end with 1 kg/t of
TS3 in surface sizing, 6 kg/t of DS2 at wet-end with 2 kg/t of TS2 in surface sizing, 6 kg/t of
TS3 at wet-end with 1 kg/t of HS1 in surface sizing with slight improvement in optical
properties along with significant reduction in cost. The best combination among all these was
addition of 6 kg/t of TS3 at wet-end and 0.4 kg/t of DS1 in surface sizing along with 1.9 unit
gain in whiteness and 0.6 unit gain in brightness. The reduction is cost at this combination

was 890 Rs/t of paper as shown in Table 21.
7.1.3.3 DS1 at wet-end with different OWAs at size press

Adding DS1 at a dose of 8 kg/t in wet-end, without addition of any OWA in surface sizing
and the brightness was 93.7% and CIE whiteness and fluorescence were 142.6 and 24.2
respectively. Various OWAs at different doses were added in surface sizing along with DS1
addition at wet-end. The best combinations were 5 kg/t of DS1 at wet-end with 2 kg/t of DS2
in surface sizing, 5 kg/t of DS1 at wet-end with 2 kg/t of DS1 in surface sizing, 5 kg/t of DS1

at wet-end with 2 kg/t of TS1 in surface sizing, 5 kg/t of DS1 at wet-end with 2 kg/t of TS3 in
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surface sizing, 5 kg/t of DS1 at wet-end with 2 kg/t of TS2 in surface sizing, 5 kg/t of DS1 at
wet-end with 2 kg/t of HS1 in surface sizing with slight improvement in optical properties
along with significant reduction in cost. The best combination among all these was addition
of 5 kg/t of DS1 at wet-end and 2 kg/t of DS1 in surface sizing along with comparable optical
properties. The reduction is cost at this combination was 843 Rs/t of paper as shown in
Table 22.

7.2 With Talc filler
7.2.1 Optimization of different OWAs at wet-end

DS2 was added in wet-end at different doses. At minimum dose of 2 kg/t of DS2 the
brightness was 88.3%, CIE whiteness and fluorescence was 129.3 and 19.2 respectively.
The optimum dose was 8 kg/t at which brightness was 91.9%, CIE whiteness and
fluorescence was 139.3 and 25.2 respectively. On further increasing the dose beyond 8 kg/t
the reduction in values of brightness whiteness, a* and b* was observed. At maximum dose
of 12 kg/t of DS2 the brightness was 90.1%, CIE whiteness and fluorescence was 132.3 and
22.6 respectively. TS3 was added in wet-end at different doses. At minimum dose of 8 kg/t
of TS3 the brightness was 90.0%, CIE whiteness and fluorescence was 136.9 and 23.3
respectively. The optimum dose was 16 kg/t at which brightness was 91.9%, CIE whiteness
and fluorescence was 142.5 and 26.1 respectively. On further increasing the dose beyond
16 kg/t the reduction in values of brightness whiteness, a* and b* was observed. At
maximum dose of 18 kg/t of TS3 the brightness was 91.3%, CIE whiteness and fluorescence
was 141.2 and 25.9 respectively. DS1 was added in wet-end at different doses. At minimum
dose of 6 kg/t of DS1 the brightness was 90.6%, CIE whiteness and fluorescence was 137.7
and 24.4 respectively. The optimum dose was 12 kg/t at which brightness was 91.6%, CIE
whiteness and fluorescence was 136.6 and 25.7 respectively. On further increasing the dose
beyond 12 kg/t the reduction in values of brightness whiteness, a* and b* was observed. At
maximum dose of 14 kg/t of DS1 the brightness was 91.4%, CIE whiteness and

fluorescence was 134.1 and 25.6 respectively as shown in Table 23.
7.2.2 Split addition of OWAs in wet-end surface sizing

7.2.2.1 Effect of different OWA in surface sizing with DS2 addition of 4 kg/t at wet-end

TS3 was added in surface sizing along with 4 kg/t of DS2 at wet-end. At minimum dose of 1
kg/t of TS3 the brightness was 90.1%, CIE whiteness and fluorescence was 132.4 and 21.6
respectively. The optimum dose of TS3 in surface sizing was 2 kg/t at which brightness was
90.4%, CIE whiteness and fluorescence was 131.5 and 21.6 respectively. On further

increasing the dose of TS3 to 4 kg/t, the brightness reduced to 89.7%, CIE whiteness and
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fluorescence was 128.6 and 20.5 respectively. DS2 was added in surface sizing along with 4
kg/t of DS2 at wet-end. At minimum dose of 1 kg/t of DS2 in surface sizing, the brightness
was 89.5%, CIE whiteness and fluorescence was 131.8 and 20.5 respectively. This was the
optimum dose of DS2 in surface sizing.. On further increasing the dose of DS2 to 4 kgft, the
reduction in optical properties was observed. The brightness was reduced to 88.4%, CIE
whiteness and fluorescence was 126.7 and 18.3 respectively. TS1 was added in surface
sizing along with 4 kg/t of DS2 at wet-end. At minimum dose of 1 kg/t of TS1 the brightness
was 90.0%, CIE whiteness and fluorescence was 131.8 and 11.8 respectively. The optimum
dose of TS1 in surface sizing was 2 kg/t. On further increasing the dose of TS1 to 4 kg/t, the
reduction in optical properties was observed. The brightness was 89.4%, CIE whiteness and
fluorescence was 129.4 and 11.1 respectively. TS2 was added in surface sizing along with 4
kg/t of DS2 at wet-end. At minimum dose of 1 kg/t of TS2 the brightness was 90.4 %, CIE
whiteness and fluorescence was 133.1 and 12.0 respectively. The optimum dose of TS1 in
surface sizing was 2 kg/t on which the brightness was 90.9% and CIE whiteness was 133.5
and fluorescence was 12.7. On further increasing the dose of TS2 to 4 kg/t, the reduction in
optical properties was observed. The brightness was 90.6%, CIE whiteness and
fluorescence was 131.5 and 12.1 respectively. DS1 was added in surface sizing along with 4
kg/t of DS2 at wet-end. At minimum dose of 1.0 kg/t of DS1 the brightness was 89.9%, CIE
whiteness and fluorescence was 131.6 and 11.5 respectively. Same was the optimum dose
of DS1 in surface sizing. On further increasing the dose of DS1 to 4 kg/t, the reduction in

optical properties was observed as shown in Table 24.
7.2.2.2 Effect of different OWA in surface sizing with DS2 addition of 6 kg/t at wet-end

TS3 was added in surface sizing along with 6 kg/t of DS2 at wet-end. At minimum dose of 1
kg/t of TS3 the brightness was 92.2%, CIE whiteness and fluorescence was 140.1 and 13.5
respectively. The optimum dose of TS3 in surface sizing was 2 kg/t at which brightness was
92.4%, CIE whiteness and fluorescence was 140.6 and 13.9 respectively. On further
increasing the dose of TS3 to 4 kg/t, the brightness reduced to 91.6%, CIE whiteness and
fluorescence was 137.2 and 12.7 respectively. DS2 was added in surface sizing along with 6
kg/t of DS2 at wet-end. At minimum dose of 1 kg/t of DS2 in surface sizing, the brightness
was 90.7%, CIE whiteness and fluorescence was 138.8 and 22.5 respectively. This was the
optimum dose of DS2 in surface sizing. On further increasing the dose of DS2 to 4 kg/t, the
reduction in optical properties was observed. The brightness was reduced to 89.6%, CIE
whiteness and fluorescence was 133.8 and 20.2 respectively. TS1 was added in surface
sizing along with 6 kg/t of DS2 at wet-end. At minimum dose of 1 kg/t of TS1 the brightness
was 90.7%, CIE whiteness and fluorescence was 138.8 and 22.5 respectively. The same
was optimum dose of TS1 in surface sizing. On further increasing the dose of TS1 to 4 kgit,
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the reduction in optical properties was observed. The brightness was reduced to 89.6%, CIE
whiteness and fluorescence was 133.8 and 20.2 respectively. TS2 was added in surface
sizing along with 6 kg/t of DS2 at wet-end. At minimum dose of 1 kg/t of TS2 the brightness
was 91.7%, CIE whiteness and fluorescence was 140.3 and 13.4 respectively. The optimum
dose of TS1 in surface sizing was 2 kg/t on which the brightness was 92.2% and CIE
whiteness was 141.0 and fluorescence was 14.1. On further increasing the dose of TS2 to 4
kg/t, the reduction in optical properties was observed. The brightness was reduced to
91.6%, CIE whiteness and fluorescence was 138.3 and 13.3 respectively. DS1 was added in
surface sizing along with 6 kg/t of DS2 at wet-end. At minimum dose of 1.0 kg/t of DS1 the
brightness was 91.0%, CIE whiteness and fluorescence was 138.8 and 12.5 respectively.
Same was the optimum dose of DS1 in surface sizing. On further increasing the dose of DS1
to 4 kgft, the reduction in optical properties was observed as shown in Table 25.

7.2.2.3 Effect of different OWA in surface sizing with DS2 addition of 8 kg/t at wet-end

TS3 was added in surface sizing along with 8 kg/t of DS2 at wet-end. At minimum dose of 1
kg/t of TS3 the brightness was 91.6%, CIE whiteness and fluorescence was 141.7 and 24.9
respectively. The same was the optimum dose of TS3 in surface sizing. On further
increasing the dose of TS3 to 4 kg/t, the brightness reduced to 91.3%, CIE whiteness and
fluorescence was 138.1 and 23.8 respectively. DS2 was added in surface sizing along with 8
kg/t of DS2 at wet-end. At minimum dose of 1 kg/t of DS2 in surface sizing, the brightness
was 91.6%, CIE whiteness and fluorescence was 141.7 and 24.9 respectively. This was the
optimum dose of DS2 in surface sizing. On further increasing the dose of DS2 to 4 kg/t, the
reduction in optical properties was observed. The brightness was reduced to 91.3%, CIE
whiteness and fluorescence was 138.1 and 23.8 respectively. TS1 was added in surface
sizing along with 8 kg/t of DS2 at wet-end. At minimum dose of 1 kg/t of TS1 the brightness
was 91.4%, CIE whiteness and fluorescence was 142.0 and 12.8 respectively. The same
was optimum dose of TS1 in surface sizing. On further increasing the dose of TS1 to 4 kgft,
the reduction in optical properties was observed. The brightness was reduced to 90.6 %, CIE
whiteness and fluorescence was 138.5 and 12.4 respectively. TS2 was added in surface
sizing along with 8 kg/t of DS2 at wet-end. At minimum dose of 1 kg/t of TS2 the brightness
was 92.1%, CIE whiteness and fluorescence was 142.8 and 13.8 respectively. The optimum
dose of TS1 in surface sizing was 2 kg/t on which the brightness was 92.5% and CIE
whiteness was 143.7 and fluorescence was 14.1. On further increasing the dose of TS2 to 4
kg/t, the reduction in optical properties was observed. The brightness was reduced to
91.7%, CIE whiteness and fluorescence was 140.5 and 13.3 respectively. DS1 was added in
surface sizing along with 8 kg/t of DS2 at wet-end. At minimum dose of 1.0 kg/t of DS1 the
brightness was 91.4%, CIE whiteness and fluorescence was 141.3 and 13.0 respectively.
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Same was the optimum dose of DS1 in surface sizing. On further increasing the dose of DS1

to 4 kg/t, the reduction in optical properties was observed as shown in Table .26.

7.2.2.4 Effect of different OWA in surface sizing with TS3 addition of 8 kg/t at wet-end

TS3 was added in surface sizing along with 8 kg/t of TS3 at wet-end. At minimum dose of 1
kg/t of TS3 the brightness was 90.9%, CIE whiteness and fluorescence was 141.9 and 24.3
respectively. The optimum dose of TS3 in surface sizing was 2 kg/t at which brightness was
91.2%, CIE whiteness and fluorescence was 141.5 and 24.6 respectively. On further
increasing the dose of TS3 to 4 kg/t, the brightness reduced to 90.5%, CIE whiteness and
fluorescence was 135.4 and 24.1 respectively. TS3 was added in surface sizing along with 8
kg/t of DS2 at wet-end. At minimum dose of 1 kg/t of DS2 in surface sizing, the brightness
was 90.5%, CIE whiteness and fluorescence was 141.8 and 23.5 respectively. This was the
optimum dose of DS2 in surface sizing. On further increasing the dose of DS2 to 4 kg/t, the
reduction in optical properties was observed. The brightness was reduced to 89.1%, CIE
whiteness and fluorescence was 128.4 and 21.1 respectively. TS1 was added in surface
sizing along with 8 kg/t of TS3 at wet-end. At minimum dose of 1 kg/t of TS1 the brightness
was 90.6%, CIE whiteness and fluorescence was 140.0 and 23.9 respectively. The optimum
dose of TS1 in surface sizing was 2 kg/t. On further increasing the dose of TS1 to 4 kg/t, the
reduction in optical properties was observed. The brightness was reduced to 90.6%, CIE
whiteness and fluorescence was 135.4 and 24.0 respectively. TS2 was added in surface
sizing along with 8 kg/t of TS3 at wet-end. At minimum dose of 1 kg/t of TS2 the brightness
was 90.9 %, CIE whiteness and fluorescence was 140.3 and 24.5 respectively. The optimum
dose of TS1 in surface sizing was 2 kg/t on which the brightness was 91.3% and CIE
whiteness was 140.9 and fluorescence was 24.7. On further increasing the dose of TS2 to 4
kg/t, the reduction in optical properties was observed. The brightness was 90.8%, CIE
whiteness and fluorescence was 139.6 and 24.3 respectively. HS1 was added in surface
sizing along with 8 kg/t of TS3 at wet-end. At minimum dose of 1.0 kg/t of HS1 the
brightness was 90.6%, CIE whiteness and fluorescence was 141.2 and 24.4 respectively.
Same was the optimum dose of HS1 in surface sizing. On further increasing the dose of HS1
to 4 kg/t, the reduction in optical properties was observed as shown in Table 27.

7.2.2.5 Effect of different OWA in surface sizing with TS3 addition of 10 kg/t at wet-end

TS3 was added in surface sizing along with 10 kg/t of TS3 at wet-end. At minimum dose of 1
kg/t of TS3 the brightness was 91.6%, CIE whiteness and fluorescence was 145.2 and 25.3
respectively. The optimum dose of TS3 in surface sizing was 2 kg/t at which brightness was
91.9%, CIE whiteness and fluorescence was 144.8 and 25.7 respectively. On further

increasing the dose of TS3 to 4 kg/t, the brightness reduced to 91.3%, CIE whiteness and
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fluorescence was 138.9 and 25.1 respectively. TS3 was added in surface sizing along with
10 kg/t of DS2 at wet-end. At minimum dose of 1 kg/t of DS2 in surface sizing, the brightness
was 91.2 %, CIE whiteness and fluorescence was 145.0 and 24.5 respectively. This was the
optimum dose of DS2 in surface sizing. On further increasing the dose of DS2 to 4 kg/t, the
reduction in optical properties was observed. The brightness was reduced to 89.8%, CIE
whiteness and fluorescence was 132.1 and 22.1 respectively. TS1 was added in surface
sizing along with 10 kg/t of TS3 at wet-end. At minimum dose of 1 kg/t of TS1 the brightness
was 91.2%, CIE whiteness and fluorescence was 145.0 and 24.5 respectively. The optimum
dose of TS1 in surface sizing was 1 kg/t. On further increasing the dose of TS1 to 4 kg/t, the
reduction in optical properties was observed. The brightness was reduced to 89.8 %, CIE
whiteness and fluorescence was 132.1 and 22.1 respectively. TS2 was added in surface
sizing along with 10 kg/t of TS3 at wet-end. At minimum dose of 1 kg/t of TS2 the brightness
was 91.7%, CIE whiteness and fluorescence was 144.1 and 25.7 respectively. The optimum
dose of TS1 in surface sizing was 2 kg/t on which the brightness was 92.0% and CIE
whiteness was 144.3 and fluorescence was 25.8. On further increasing the dose of TS2 to 4
kg/t, the reduction in optical properties was observed. The brightness was reduced to
91.4%, CIE whiteness and fluorescence was 142.2 and 25.3 respectively. DS1 was added in
surface sizing along with 10 kg/t of TS3 at wet-end. At minimum dose of 1 kg/t of DS1 the
brightness was 91.4%, CIE whiteness and fluorescence was 145.5 and 24.7 respectively.
The same was the optimum dose of DS1 in surface sizing. On further increasing the dose of
DS1 to 4 kg/t, the reduction in optical properties was observed. The brightness was reduced
to 89.8%, CIE whiteness and fluorescence was 132.0 and 22.1 respectively. HS1 was added
in surface sizing along with 10 kg/t of TS3 at wet-end. At minimum dose of 1.0 kg/t of HS1
the brightness was 91.4%, CIE whiteness and fluorescence was 144.6 and 25.6
respectively. Same was the optimum dose of HS1 in surface sizing. On further increasing
the dose of HS1 to 4 kg/t, the reduction in optical properties was observed as shown in
Table 28.

7.2.2.6 Effect of different OWA in surface sizing with DS1 addition of 7 kg/t at wet-end

TS3 was added in surface sizing along with 7 kg/t of DS1 at wet-end. At minimum dose of 1
kg/t of TS3 the brightness was 91.3%, CIE whiteness and fluorescence was 143.8 and 24.9
respectively. The optimum dose of TS3 in surface sizing was 2 kg/t at which brightness was
91.6%, CIE whiteness and fluorescence was 143.4 and 25.2 respectively. On further
increasing the dose of TS3 to 4 kg/t, the brightness reduced to 90.9%, CIE whiteness and
fluorescence was 137.4 and 24.6 respectively. DS2 was added in surface sizing along with 7
kg/t of DS1 at wet-end. At minimum dose of 1 kg/t of DS2 in surface sizing, the brightness

was 90.6%, CIE whiteness and fluorescence was 141.9 and 23.9 respectively. This was the

24

Project Report - Achievement of highest brightness and whiteness in paper




optimum dose of DS2 in surface sizing. On further increasing the dose of DS2 to 4 kg/t, the
reduction in optical properties was observed. The brightness was reduced to 89.5%, CIE
whiteness and fluorescence was 130.6 and 21.7 respectively. TS1 was added in surface
sizing along with 7 kg/t of DS1 at wet-end. At minimum dose of 1 kg/t of TS1 the brightness
was 91.0%, CIE whiteness and fluorescence was 142.0 and 24.6 respectively. The optimum
dose of TS1 in surface sizing was 2 kg/t. On further increasing the dose of TS1 to 4 kg/t, the
reduction in optical properties was observed. The brightness was reduced to 91.0 %, CIE
whiteness and fluorescence was 137.5 and 24.7 respectively. TS1 was added in surface
sizing along with 7 kg/t of DS1 at wet-end. At minimum dose of 1 kg/t of TS1 the brightness
was 91.0%, CIE whiteness and fluorescence was 142.0 and 24.6 respectively. The optimum
dose of TS1 in surface sizing was 2 kg/t on which the brightness was 91.3% and CIE
whiteness was 141.2 and fluorescence was 24.9. On further increasing the dose of TS2 to 4
kg/t, the reduction in optical properties was observed. The brightness was 91.0%, CIE
whiteness and fluorescence was 137.5 and 24.7 respectively. TS2 was added in surface
sizing along with 7 kg/t of DS1 at wet-end. At minimum dose of 1 kg/t of TS2 the brightness
was 91.4%, CIE whiteness and fluorescence was 142.4 and 25.2 respectively. The optimum
dose of TS2 in surface sizing was 2 kg/t on which the brightness was 91.7% and CIE
whiteness was 142.8 and fluorescence was 25.3. On further increasing the dose of TS2 to 4
kg/t, the reduction in optical properties was observed. The brightness was reduced to
91.1%, CIE whiteness and fluorescence was 141.1 and 24.9 respectively. DS1 was added in
surface sizing along with 7 kg/t of DS1 at wet-end. At minimum dose of 1 kg/t of DS1 the
brightness was 91.1%, CIE whiteness and fluorescence was 144.2 and 24.3 respectively.
The same was the optimum dose of DS1 in surface sizing. On further increasing the dose of
DS1 to 4 kg/t, the reduction in optical properties was observed. The brightness was reduced
to 89.5%, CIE whiteness and fluorescence was 130.5 and 21.7 respectively. HS1 was added
in surface sizing along with 7 kg/t of DS1 at wet-end. At minimum dose of 1.0 kg/t of HS1 the
brightness was 91.1%, CIE whiteness and fluorescence was 143.1 and 25.1 respectively.
Same was the optimum dose of HS1 in surface sizing. On further increasing the dose of HS1
to 4 kgft, the reduction in optical properties was observed as shown in Table 29.

7.2.2.7 Effect of different OWA in surface sizing with DS1 addition of 9 kg/t at wet-end

TS3 was added in surface sizing along with 9 kg/t of DS1 at wet-end. At minimum dose of 1
kg/t of TS3 the brightness was 91.8%, CIE whiteness and fluorescence was 146.1 and 25.7
respectively. The optimum dose of TS3 in surface sizing was 2 kg/t at which brightness was
92.1%, CIE whiteness and fluorescence was 145.7 and 26.0 respectively. On further
increasing the dose of TS3 to 4 kg/t, the brightness reduced to 91.5%, CIE whiteness and
fluorescence was 139.9 and 25.4 respectively. DS2 was added in surface sizing along with 9

25

Project Report - Achievement of highest brightness and whiteness in paper




kg/t of DS1 at wet-end. At minimum dose of 1 kg/t of DS2 in surface sizing, the brightness
was 91.4%, CIE whiteness and fluorescence was 145.5 and 24.8 respectively. This was the
optimum dose of DS2 in surface sizing. On further increasing the dose of DS2 to 4 kg/t, the
reduction in optical properties was observed. The brightness was reduced to 89.9%, CIE
whiteness and fluorescence was 132.9 and 22.3 respectively. TS1 was added in surface
sizing along with 9 kg/t of DS1 at wet-end. At minimum dose of 1 kg/t of TS1 the brightness
was 91.6%, CIE whiteness and fluorescence was 144.5 and 25.6 respectively. The optimum
dose of TS1 in surface sizing was 1 kg/t. On further increasing the dose of TS1 to 4 kg/t, the
reduction in optical properties was observed. The brightness was reduced to 91.6%, CIE
whiteness and fluorescence was 140.4 and 25.6 respectively. TS2 was added in surface
sizing along with 9 kg/t of DS1 at wet-end. At minimum dose of 1 kg/t of TS2 the brightness
was 92.0%, CIE whiteness and fluorescence was 145.3 and 26.1 respectively. The optimum
dose of TS2 in surface sizing was 2 kg/t on which the brightness was 92.2% and CIE
whiteness was 145.4 and fluorescence was 26.1. On further increasing the dose of TS2 to 4
kg/t, the reduction in optical properties was observed. The brightness was reduced to
91.5%, CIE whiteness and fluorescence was 142.9 and 25.6 respectively. DS1 was added in
surface sizing along with 9 kg/t of DS1 at wet-end. At minimum dose of 1 kg/t of DS1 the
brightness was 91.6%, CIE whiteness and fluorescence was 146.1 and 25.0 respectively.
The same was the optimum dose of DS1 in surface sizing. On further increasing the dose of
DS1 to 4 kgft, the reduction in optical properties was observed. The brightness was reduced
to 90.0%, CIE whiteness and fluorescence was 132.9 and 22.4 respectively. HS1 was added
in surface sizing along with 9 kg/t of DS1 at wet-end. At minimum dose of 1.0 kg/t of HS1 the
brightness was 91.7%, CIE whiteness and fluorescence was 145.8 and 26.0 respectively.
Same was the optimum dose of HS1 in surface sizing. On further increasing the dose of HS1
to 4 kgft, the reduction in optical properties was observed as shown in Table 30.

7.2.3 Best Combinations of different OWAs at wet and size press

7.2.3.1 DS2 at wet-end with different OWAs at size press

Adding DS2 at a dose of 8 kg/t in wet-end, without addition of any OWA in surface sizing
and the brightness was 91.9% and CIE whiteness and fluorescence were 139.3 and 12.9
respectively. Various OWAs at different doses were added in surface sizing along with DS2
addition at wet-end. The best combinations were 6 kg/t of DS2 at wet-end with 2 kg/t of TS3
in surface sizing, 6 kg/t of DS2 at wet-end with 2 kg/t of TS2 in surface sizing, 8 kg/t of DS2
at wet-end with 1 kg/t of DS1 in surface sizing, 8 kg/t of DS2 at wet-end with 1 kg/t of TS1 in
surface sizing with slight improvement in optical properties along with significant reduction in

cost. The best combination among all these was addition of 6 kg/t of DS2 at wet-end and 2
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kg/t of TS2 in surface sizing along with comparable optical properties. The reduction is cost

at this combination was 398 Rs/t of paper as shown in Table 31.
7.2.3.2 TS3 at wet-end with different OWAs at size press

Adding TS3 at a dose of 16 kg/t in wet-end, without addition of any OWA in surface sizing
and the brightness was 91.9% and CIE whiteness and fluorescence were 142.5 and 26.1
respectively. Various OWAs at different doses were added in surface sizing along with TS3
addition at wet-end. The best combinations were 10 kg/t of TS3 at wet-end with 1 kg/t of TS1
in surface sizing, 10 kg/t of DS2 at wet-end with 2 kg/t of TS2 in surface sizing with slight
improvement in optical properties along with significant reduction in cost. The best
combination among all these was addition of 10 kg/t of TS3 at wet-end and 1 kg/t of TS1 in
surface sizing along with comparable optical properties. The reduction is cost at this
combination was 1030 Rs/t of paper as shown in Table 32.

7.2.3.3 DS1 at wet-end with different OWAs at size press

Adding DS1 at a dose of 12 kg/t in wet-end, without addition of any OWA in surface sizing
and the brightness was 91.6% and CIE whiteness and fluorescence were 136.6 and 25.7
respectively. Various OWAs at different doses were added in surface sizing along with DS1
addition at wet-end. The best combinations among all was 9 kg/t of DS1 at wet-end with 1
kg/t of HS1 in surface sizing with slight improvement in optical properties along with
significant reduction in cost. The reduction in cost at this combination was 924 Rs/t of paper

as shown in Table 33.

7.3 With PCC filler
7.3.1 Split addition of OWAs in wet-end surface sizing

7.3.1.1 Effect of different OWA in surface sizing with DS2 addition of 2, 3, 4,5 & 6 kg/t
at wet-end

Dose of TS3 was varied in surface sizing by keeping the fixed doses of DS2 i.e. 2,3,4,5 and
6 kg/t of DS2 at wet-end. With 2 kg/t of DS2 the dose of TS3 in surface sizing was 4 kgft,
With 3 kg/t of DS2 the dose of TS3 in surface sizing was 3 kg/t, With 4 kg/t of DS2 the dose
of TS3 in surface sizing was 3 kg/t, With 5 kg/t of DS2 the dose of TS3 in surface sizing was
3 kg/t and with 6 kg/t of DS2 the dose of TS3 in surface sizing was 3 kg/t on which the
maximum values of optical properties were observed. On further increasing the dose of TS3
in surface sizing the slight reduction in optical properties was observed. Dose of TS1 was
varied in surface sizing by keeping the fixed doses of DS2 i.e. 2,3,4,5 and 6 kg/t of DS2 at
wet-end. With 2 kg/t of DS2 the dose of TS1 in surface sizing was 4 kg/t, With 3 kg/t of DS2
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the dose of TS1 in surface sizing was 3 kg/t, With 4 kg/t of DS2 the dose of TS1 in surface
sizing was 3 kg/t, With 5 kg/t of DS2 the dose of TS1 in surface sizing was 3 kg/t and with 6
kg/t of DS2 the dose of TS1 in surface sizing was 2 kg/t on which the maximum values of
optical properties were observed. On further increasing the dose of TS3 in surface sizing the
slight reduction in optical properties was observed. Dose of TS2 was varied in surface sizing
by keeping the fixed doses of DS2 i.e. 2,3,4,5 and 6 kg/t of DS2 at wet-end. With 2 kg/t of
DS2 the dose of TS2 in surface sizing was 3 kg/t, With 3 kg/t of DS2 the dose of TS2 in
surface sizing was 3 kg/t, With 4 kg/t of DS2 the dose of TS2 in surface sizing was 3 kgft,
With 5 kg/t of DS2 the dose of TS2 in surface sizing was 3 kg/t and with 6 kg/t of DS2 the
dose of TS2 in surface sizing was 3 kg/t on which the maximum values of optical properties
were observed. On further increasing the dose of TS3 in surface sizing the slight reduction in
optical properties was observed. Dose of DS1 was varied in surface sizing by keeping the
fixed doses of DS2 i.e. 2,3,4,5 and 6 kg/t of DS2 at wet-end. With 2 kg/t of DS2 the dose of
DS1 in surface sizing was 2 kg/t, With 3 kg/t of DS2 the dose of DS1 in surface sizing was 1
kg/t, With 4 kg/t of DS2 the dose of DS1 in surface sizing was 2 kg/t, With 5 kg/t of DS2 the
dose of DS1 in surface sizing was 2 kg/t and with 6 kg/t of DS2 the dose of DS1 in surface
sizing was 2 kg/t on which the maximum values of optical properties were observed. On
further increasing the dose of DS1 in surface sizing the slight reduction in optical properties

was observed as shown in Table 34 - 38

7.3.1.2 Effect of different OWA in surface sizing with TS3 addition of 6 kg/t at wet-end

Dose of TS3 was varied in surface sizing by keeping the fixed doses of TS3 i.e. 6 kg/t of at
wet-end. With 6 kg/t of TS3 the dose of TS3 in surface sizing was 3 kg/t on which the
maximum values of optical properties were observed. On further increasing the dose of TS3
in surface sizing the slight reduction in optical properties was observed. Dose of TS1 was
varied in surface sizing by keeping the fixed doses of DS2 i.e. 6 kg/t of at wet-end. With 6
kg/t of TS3 the dose of TS1 in surface sizing was 4 kg/t on which the maximum values of
optical properties were observed. On further increasing the dose of TS3 in surface sizing the
slight reduction in optical properties was observed. Dose of TS2 was varied in surface sizing
by keeping the fixed doses of TS3 i.e. 6 kg/t of at wet-end. With 6 kg/t of TS3 the dose of
TS2 in surface sizing was 4 kg/t on which the maximum values of optical properties were
observed. On further increasing the dose of TS3 in surface sizing the slight reduction in
optical properties was observed. Dose of DS1 was varied in surface sizing by keeping the
fixed doses of TS3 i.e. 6 kg/t of at wet-end. With 6 kg/t of TS3 the dose of DS1 in surface
sizing was 1 kg/t on which the maximum values of optical properties were observed. On
further increasing the dose of DS1 in surface sizing the slight reduction in optical properties

was observed as shown in Table 39
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7.3.1.3 Effect of different OWA in surface sizing with DS1 addition of 6 kg/t at wet-end

Dose of TS3 was varied in surface sizing by keeping the fixed doses of DS1 i.e. 6 kg/t of at
wet-end. With 6 kg/t of DS1 the dose of TS3 in surface sizing was 3 kg/t on which the
maximum values of optical properties were observed. Brightness was 96.4, whiteness was
142.4 and fluorescence was 22.8 at this dose. On further increasing the dose of TS3 in
surface sizing the slight reduction in optical properties was observed. Dose of DS2 was
varied in surface sizing by keeping the fixed doses of DS1 i.e. 6 kg/t of at wet-end. With 6
kg/t of DS1 at wet-end, the dose of DS2 in surface sizing was 2 kg/t on which the maximum
values of optical properties were observed. Brightness was 95.9, whiteness was 142.4 and
fluorescence was 22.6 at this dose. On further increasing the dose of DS2 to 4 kg/t in
surface sizing the slight reduction in optical properties was observed. Dose of TS1 was
varied in surface sizing by keeping the fixed doses of DS1 i.e. 6 kg/t of at wet-end. With 6
kg/t of DS1 in wet-end, the dose of TS1 in surface sizing was 3 kg/t on which the maximum
values of optical properties were observed. Brightness was 96.0, whiteness was 142.7 and
fluorescence was 22.9 at this dose. On further increasing the dose of TS1 in surface sizing
the slight reduction in optical properties was observed. Dose of DS1 was varied in surface
sizing by keeping the fixed doses of DS1 i.e. 6 kg/t of at wet-end. With 6 kg/t of DS1 at wet-
end, the dose of DS1 in surface sizing was 1 kg/t on which the maximum values of optical
properties were observed. Brightness was 95.5, whiteness was 141.4 and fluorescence was
22.6 at this dose. On further increasing the dose of DS1 in surface sizing the slight reduction
in optical properties was observed. Dose of HS1 was varied in surface sizing by keeping the
fixed doses of DS1 i.e. 6 kg/t of at wet-end. With 6 kg/t of DS1 at wet-end, the dose of HS1
in surface sizing was 3 kg/t on which the maximum values of optical properties were
observed. Brightness was 96.1, whiteness was 142.0 and fluorescence was 22.6 at this
dose. On further increasing the dose of DS1 in surface sizing the slight reduction in optical

properties was observed as shown in Table 40.

7.3.2 Best combinations of different OWAs at wet and size press

7.3.2.1 DS2 at wet-end with different OWAs at size press

Various OWAs at different doses were added in surface sizing along with DS2 addition at
wet-end. The best combinations among all was 4 kg/t of DS2 at wet-end with 3 kg/t of TS2 in
surface sizing and 4 kg/t of DS2 in surface sizing with 3 kg/t of TS1 at size press with slight
improvement in optical properties along with significant reduction in cost. The costs at these

combinations were 1181 and 1238 Rs/t of paper respectively as shown in Table 41.
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7.3.2.2 TS3 at wet-end with different OWAs at size press

Various OWAs at different doses were added in surface sizing along with TS3 addition at
wet-end. The best combinations among all was 6 kg/t of TS3 at wet-end with 4 kg/t of TS2 in
surface sizing with slight improvement in optical properties along with significant reduction in

cost. The cost at this combination was 1324 Rs/t of paper as shown in Table 42.

7.3.2.3 DS1 at wet-end with different OWAs at size press

Various OWAs at different doses were added in surface sizing along with DS1 addition at
wet-end. At 8 kg/t of DS1 the brightness was 96.3, whiteness was 140.7 and fluorescence
was 23.6. The best combinations among all was 6 kg/t of DS1 at wet-end with 2 kg/t of TS2
in surface sizing with slight improvement in optical properties along with significant reduction

in cost. The cost reduction at this combination was 551 Rs/t of paper as shown in Table 43.

7.4 Addition of broke (5 to 30%) in the papermaking furnish and its effect on the
efficiency of OWAs

7.4.1 Effect of broke addition in wet-end with GCC at 21% ash level

Broke was added in pulp stock in different proportions viz. 5%, 15% and 30% and the effect
of broke addition on optical properties of paper was analyzed. At DS2 dose of 3 kg/t the
brightness was 93.0, whiteness was 136.4 and fluorescence was 21.0. On adding the 5%
broke, slight increase in whiteness and fluorescence was observed while brightness was
almost comparable. On further increasing the proportion of broke to 30%, the optical
properties were found comparable. So there was no adverse effect of broke addition on

performance of OWA at wet-end as shown in Table 44.

7.4.2 Effect of broke addition during the split addition of OWAs in wet-end and surface
sizing with GCC at 21% ash level at wet-end

DS2 was added at wet-end at a dose of 3 kg/t and TS1 was added in surface sizing at a
dose of 2 kg/t. The brightness was 94.6, whiteness was 141.8 and fluorescence was 22.2.
On adding the 5% broke, slight reduction in optical properties was observed. On further
increasing the proportion of broke to 30%, the slight reduction optical properties were

observed as shown in Table 45.

7.4.3 Effect of broke addition in wet-end with talc at 21% ash level

Broke was added in pulp stock in different proportions viz. 5%, 15% and 30% and the effect
of broke addition on optical properties of paper was analyzed. At DS2 dose of 6 kg/t the
brightness was 90.6, whiteness was 137.4 and fluorescence was 24.3. On adding the 5%
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broke, improvement in whiteness and brightness was observed while fluorescence was
almost comparable. On further increasing the proportion of broke to 30%, further increase in
optical properties was found. This may be due to the presence of some amount of OWA in
broke. So there was no adverse effect of broke addition on performance of OWA at wet-end

along with talc filler as shown in Table 46.

7.4.4 Effect of broke addition during the split addition of OWAs in wet-end and surface
sizing with talc at 21% ash level at wet-end

DS2 was added at wet-end at a dose of 6 kg/t and TS2 was added in surface sizing at a
dose of 2 kg/t. The brightness was 92.2, whiteness was 141.0 and fluorescence was 14.1.
On adding the 5% broke, comparable optical properties were observed. On further
increasing the proportion of broke to 30%, no change in optical properties was observed as

shown in Table 47.

7.5 Identification of impurities and interfering metals in OWA and their effect on
optical properties of paper (using EDTA as chelating agent for the treatment of water)

The total hardness of process water was 164 ppm as CaCOs. The water was treated with
EDTA as chelating agent in order to remove water hardness completely. The treated water
was then used in process for making the hand sheets. DS2 at a dose of 3 kg/t was added in
wet-end. In case of without treatment of process water, the brightness was 92.4, whiteness
was 136.2 and fluorescence was 21.0. In case of using treated water at wet-end not any
significant change in optical properties was observed. So it was observed that there was no
negative effect of Ca* and Mg®" ions on performance of OWA at wet-end as shown in Table
48.
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Table 1: Characterization of wet-end chemicals

Parameters Talc GCC PCC CFA AKD DSA
ISO Brightness, % 89.7 93.4 95.8 - - -
Solids
(as such), % 94.6 69.7 58.9 - 16.1 89.6
pH (Conc., %) 10.3(10) | 8.6 (10) 9.7(10) | 74(0.1) | 3.1(2) 6.4 (1)
Zeta potential, mV +103 -97.7 -129 - - -
Charge demand, 172 4.7 6.9 3050 111 1655
peqg/g (Anionic) | (Cationic) | (Cationic) | (Anionic) | (Anionic) | (Anionic)
Table 2: Characterization of different OWAs
Name of OWA E-value
(% solids) Type of OWA (1%/1 cm)
DS2 (99.9) Di- sulphonated 493
DS1 (22.4) Di- sulphonated 562
TS1 (25.7) Tetra-sulphonated 496
TS3 (99.4) Tetra-sulphonated 265
TS2 (22.6) Tetra-sulphonated 327
HS1 (20.7) Hexa-sulphonated 374
Table 3: Characterization of pulp
Parameters Values
Viscosity, cP 71
ISO Brightness, % 85.3
Zeta potential, mV 217
Cationic charge demand, peq/L 12.2
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Table 4: Charge study of unbeaten and beaten pulp

Beaten +
Parameters Unbeaten Beaten Chemicals
(without filler)
pH 7.9 8.1 8.3
CSF, ml 600 462 470
Zeta potential, mV -21.7 -22.1 -16.2
Cationic charge demand, peq/L 12.2 16.8 11.7

Table 5: Effect of beating and wet-end chemicals on optical properties pulp (without

OWA)
Properties Unbeaten Beaten Beaten + Chemicals
GCC, kgit - - - 310
Ash, % - - - 21.8
ISO Brightness, % 84.8 82.8 77.6 82.3
CIE whiteness 74.4 72.1 65.3 74.3
Yellowness 6.37 6.41 7.53 5.08
L* 95.8 95.0 92.9 94.3
a* 0.02 0.06 0.22 0.22
b* 3.35 3.37 3.80 2.55
Fluorescence 0.37 0.25 1.2 1.0
Opacity, % 81.7 75.7 78.9 88.7
S. Coeff.,m?%/kg 39.8 29.4 29.2 53.5
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Table 6: Effect of DS2 on optical properties of paper

DS2, kgt 0.5 0.75 1 2 4 6 8 10 12 14 16
Ash, % 21.8 214 215 21.8 22.0 21.8 21.8 22.1 22.0 20.8 20.5
ISO Brightness, % 89.5 90.9 91.8 93.7 95.3 96.4 96.8 97.0 97.4 97.6 97.5
B. brightness, % 84.3 84.5 84.6 84.6 84.4 84.5 84.6 84.6 84.4 84.2 83.9
CIE whiteness 110.8 1171 122.6 131.8 139.8 142.3 143.1 143.8 144.1 144.3 1435
Yellowness -7.95 -10.5 -12.6 -16.3 -19.8 -20.8 -21.3 -21.7 -21.8 -22.0 -21.8
Fluorescence C 5.23 6.43 7.25 9.09 10.9 11.9 12.3 12.4 13.0 13.5 13.6
Fluorescence D65 10.9 13.4 15.0 18.5 22.2 23.8 24.5 25.3 25.8 26.6 26.7
L* 95.6 95.9 95.9 96.2 96.4 96.6 96.7 96.7 96.9 97.0 97.0
a* 2.05 3.07 3.07 3.08 3.30 3.10 2.90 2.75 2.53 2.30 2.04
b* -4.85 -6.24 -7.34 -9.32 -11.0 -11.5 -11.6 -11.8 -11.8 -11.8 -11.6
Opacity, % 88.5 88.0 88.9 88.7 88.6 88.7 88.9 89.0 89.2 88.0 87.7
S. Coeff.,m?/kg 55.7 55.8 56.0 55.2 55.8 55.3 57.0 56.6 56.5 55.1 55.4
Sequence: Pulp (1% consistency) + OWA + CFA, 0.2 kg/t + DSA, 5 kg/t + AKD, 6 kg/t + GCC-60, 310 kg/t = Dilution to 0.33% consistency + CPAM, 0.2 kg/t
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Table 7: Effect of TS1 on optical properties of paper

TS1, kgt 2 4 6 8

Zeta potential, mV -18.0 -20.5 -22.0 -23.2
Cationic charge demand, peq/L 7.1 13.2 17.0 23.4
Ash, % 20.0 19.5 19.2 19.2
ISO Brightness, % 94.2 95.9 97.0 97.4
B. brightness 84.6 84.6 84.5 84.4
CIE whiteness 132.8 140.3 1441 145.2
Yellowness -16.7 -19.9 -21.6 -22.1
Fluorescence C 9.6 11.4 12.5 12.9
Fluorescence D65 18.8 221 24.0 24.8
L* 96.2 96.4 96.4 96.6
ax 3.19 3.44 3.40 3.28
b* -9.56 -11.1 -11.9 -12.1
Opacity, % 87.9 87.8 87.5 86.4
S. Coeff.,m?/kg 54.3 54.0 53.8 51.6

Sequence: Pulp (1% consistency) + OWA + CFA, 0.2 kg/t + DSA, 5 kg/t + AKD, 6 kg/t + GCC-60, 310 kg/t = Dilution to 0.33% consistency + CPAM, 0.2 kg/t
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Table 8: Effect of addition point of DS2 (4 kg/t) in wet-end on optical properties of paper

+ +3 + + 3 + + 3 + + 3 + + 5
i nwm LL L un LL X LL
Particulars 0085 0885 ODBE o<8§ o<(’5§
+ + + O + C-'\-l + O + + + O + + + O + + QI) ®)
(o [oN [oN o [oN
Sigt sog 3(75@* SHo T ED Aol
ao0Zf a o = iyal a0AR o0G
Zeta potential, mV -16.5 -16.4 -15.0 -15.9 -16.6
Cationic charge demand, peq/I 10.0 10.0 8.4 6.9 7.2
Ash, % 21.8 21.4 21.3 22.0 21.5
ISO Brightness, % 95.9 95.9 96.2 95.9 96.1
B. brightness, % 84.6 84.6 84.7 84.6 84.6
CIE whiteness 140.5 140.3 141.0 140.4 140.5
Yellowness -20.0 -19.9 -20.0 -20.0 -7.95
Fluorescence C 11.4 114 11.4 114 11.5
Fluorescence D65 22.5 22.4 22.5 22.4 22.7
L* 95.6 95.6 95.6 95.6 95.6
a* 3.30 3.30 3.28 3.29 3.30
b* -11.2 -11.1 -11.2 -11.1 -11.2
Opacity, % 88.0 87.8 88.2 87.5 87.9
S. Coeff.,m?kg 54.3 55.0 54.8 55.2 55.3
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Table 9: Effect of addition point of TS1 (4 kg/t) in wet-end on optical properties of paper

1 1 1 1 +
%8 59 ;8 ;8 < ¥
Lo s Pos RB0s BOs 382
: + + < + + < + + < + + < + 00
Particulars <03 <03 <03 <G < QO
n X L X L X wn w O 4+
- < + o<+ o<+ oF+ O+ o
+ + 3 + + Q + + 3 + 13 +Avm
g g = 29 ox
i) ) T F g < 7
Zeta potential, mV -22.0 -21.9 -21.5 -21.2 -20.9
Cationic charge demand, peq/L 19.2 18.0 16.1 17.0 17.3
ISO Brightness, % 95.7 96.1 96.3 96.4 96.1
B. brightness, % 84.1 84.2 84.2 84.4 84.2
CIE whiteness 141.0 142.4 143.5 143.4 142.2
Yellowness -20.1 -20.9 -21.3 -21.3 -20.8
Fluorescence C 11.6 11.9 12.1 12.0 11.9
Fluorescence D65 22.6 23.2 23.5 23.4 23.1
L* 96.3 96.4 96.4 96.4 96.4
a* 3.45 3.50 3.58 3.57 3.48
b* -11.3 -11.6 -11.9 -11.9 -11.6
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Table 10: Effect of cationic additives on efficiency of OWA (DS2)

+ Cl) + + +
T0 3o T 02
0O0= a g 0 <Q
. + + < +0s +0s + O
Particulars N=ks ~nOZ N OZ ot
n X n O n O 0 o
QA<+ a4+ 0O 04+ 0 (| u?
+ + 8 + N + N + O
o < oY o Y o O
=9 5< 5 < z°

an o o o
Zeta potential, mV -21.5 -23.7 -25.9 -26.8
Cationic charge demand, peq/L 12.2 16.5 18.5 21.6
Ash, % 20.1 19.5 19.1 19.3
ISO Brightness, % 97.8 98.0 98.0 98.0
B. brightness 84.1 84.0 84.2 84.0
CIE whiteness 145.0 145.0 145.4 145.8
Yellowness -22.3 -22.3 -22.4 -22.7
Fluorescence C 13.7 14.0 13.8 14.0
Fluorescence D65 26.3 26.9 26.5 26.8
L* 96.8 96.9 96.9 96.8
a* 2.50 2.30 2.59 2.50
b* -12.0 -11.9 -12.1 -12.2
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Table 11: Effect of filler on the cost of OWA at 20-21% ash level and 90%brightness

OWA DS1 DS2 TS1 TS2 TS3
Filler GCC Talc GCC Talc GCC Talc GCC Talc GCC Talc
ISO Brightness, % 89.9 90.5 90.2 90.0 90.3 90.3 90.5 90.2 90.5 90.4
B. brightness, % 88.1 86.7 88.1 86.6 88.4 86.6 88.5 86.9 88.3 86.8
CIE whiteness 92.1 103.4 93.8 101.1 93.8 101.9 94.0 100.3 95.5 102.4
Fluorescence C 1.9 3.8 2.0 3.5 2.0 3.6 1.9 3.2 2.3 3.5
Fluorescence D65 3.71 7.7 4.1 7.1 4.0 7.3 4.0 6.4 4.5 7.2
Dose, kgt 0.05 0.17 0.06 0.2 0.06 0.2 0.1 0.27 0.15 0.45
Table 12: Effect of filler on the cost of OWA at 20-21% ash level and 95%brightness
OWA DS1 DS2 TS1 TS2 TS3
Filler GCC Talc GCC Talc GCC Talc GCC Talc GCC Talc
ISO Brightness, % 95.2 95.4 94.8 95.2 95.1 95.2 95.3 95.1 954 95.3
B. brightness, % 88.1 86.5 88.2 86.7 88.6 86.8 88.7 86.8 88.5 86.9
CIE whiteness 123.0 129.6 120.2 129.2 120.6 128.2 121.0 127.5 122.5 128.9
Fluorescence C 7.1 8.9 6.6 8.5 6.6 8.4 6.6 8.5 7.0 8.5
Fluorescence D65 14.2 17.3 13.0 16.9 13.0 16.4 13.1 16.3 13.7 16.5
Dose, kgt 0.5 1 0.6 1.15 0.6 1.15 1 1.7 1.3 2
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Effect of different OWAs in wet-end and in surface sizing application

(at 21% ash level using different fillers)

With GCC filler

Table 13: Optimization of different OWAs at wet-end

OWA DS1 DS2 TS3
Dose, kg/t 5 8 10 13 3 4 6 8 10 13 6 10 11 13 15 17
OLSO Brightness, | 925 | 937 | 936 | 933 | 93.0 | 932 | 944 | 935 | 932 | 932 | 918 | 932 | 93.7 | 934 | 933 | 929
0
B. brightness, % | 81.4 | 81.2 | 81.1 | 806 | 834 | 839 | 81.8 | 81.2 | 80.9 | 81.3 | 81.7 | 81.8 | 81.4 | 814 | 812 | 81.2
CIE Whiteness | 142.3 | 142.6 | 142.1 | 141.1 | 136.4 | 137.2 | 138.3 | 137.6 | 137.3 | 136.1 | 133.3 | 140.1 | 141.4 | 140.2 | 140.3 | 139.3
Fluorescence 229 | 242 | 244 | 248 | 210 | 227 | 223 | 238 | 239 | 244 | 197 | 227 | 229 | 237 | 241 | 232
Fluorescence,C | 11.8 | 125 | 125 | 127 | 106 | 114 | 112 | 123 | 123 | 123 | 101 | 114 | 123 | 12.0 | 12.1 | 117
Yellowness 216 | -21.4 | 210 | -21.2 | -20.4 | -20.4 | -20.3 | -20.0 | -20.4 | -19.7 | -18.0 | -21.5 | -21.3 | -20.0 | -21.2 | -20.6
L* 951 | 955 | 956 | 957 | 956 | 951 | 953 | 955 | 954 | 956 | 950 | 953 | 957 | 954 | 953 | 953
a* 337 | 318 | 248 | 193 | 346 | 311 | 312 | 293 | 272 | 222 | 350 | 351 | 361 | 3.43 | 330 | 3.01
b* -11.8 | -10.9 | -10.8 | -10.3 | -11.0 | -105 | -10.9 |-10.9 | -109 | -105 | -10.2 | -11.8 | -11.4 | -11.6 | -11.6 | -11.4
Opacity, % 879 | 876 | 873 | 878 | 867 | 87.1 | 872 | 832 | 839 | 849 | 857 | 84.2 | 837 | 834 | 839 | 835
S.Coeff. m%kg | 465 | 455 | 46.1 | 46.7 | 478 | 466 | 468 | 441 | 449 | 452 | 455 | 428 | 438 | 439 | 441 | 432
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Split addition of different OWAs in wet-end and surface sizing

Table 14: Effect of different OWAs in surface sizing with DS2 at a dose of 6 kg/t at wet-end

DS2 at wet-end,

kg/t 6
OWAin | Type DS1 DS2 TS1 TS2 TS3 HS1
s.ur'face Dose 0 Only
sizing, kgt ’ starch | g4 | 1 2 04| 1 2 (04| 1 2 104 1 2 |04 1 2 (04| 1 2
kgt
ISO Brightness, % | 94.4 940 | 944 | 948 | 945 | 941 | 943 | 93.9 ( 94.6 | 94.4 | 94.1 | 942 | 946 | 94.4 | 94.3 | 94.8 | 94.6 | 94.1 | 94.4 | 93.6
B. brightness, % 81.8 824 | 825|827 |824 |826|823|823|823 825 823|823 825|821 |825|823|824|824 827|824
CIE Whiteness 138.3 | 139.5 |141.6|142.0|141.3|140.4|141.2|140.3|141.3|141.1|140.3|140.2|141.0|140.3|139.8 |141.1 |140.6 | 139.9 | 141.0 | 140.6
Fluorescence 22.3 229 | 232|234 (233|231 |233|232 (232|232 231|229 235235234239 |236|233|234/|233
Fluorescence, C 11.2 116 | 119 | 121 | 121 | 115|120 | 116 | 123 | 119 | 11.8 11.9 | 121 | 123 | 11.8 | 125 | 12.2 | 11.7 | 11.7 | 11.2
Yellowness -20.3 | -204 |-20.6|-21.1 -21.0 |-20.8|-21.0|-20.8|-20.7 | -20.7 | -20.5 | -20.6 | -21.3 | -21.1 | -20.7 | -21.1 | -21.2 | -20.3 | -20.7 | -20.7
L* 95.3 956 | 958 | 952 | 956 | 95.7 | 955 | 95.7 | 956 | 95.9 | 95.6 | 95.6 | 95.8 | 95.4 | 955 | 95.7 | 95.7 | 95.1 | 95.3 | 95.9
ar 3.12 331 | 342|340 (335|337 |342|320|341 | 342 | 334 (333|340 (327|334 348|340 335330321
b* 2109 | -11.2 |-113|-11.4 (-11.2|-11.5(-11.7 | -11.8 | -11.4 | -11.4 | -11.4 | -11.2 | -11.4 | -11.4 | -11.4 | -11.6 | -11.5 | -11.3 | -11.4 | -11.5
Opacity, % 87.2 87.7 | 873 |871|875|873|87.2|868 (872|868 |87.2|87.2|876|87.4|87.2|875|87.3|869 |87.6| 873
S. Coeff., m*/kg 46.8 474 | 478 | 469 | 47.2 | 46.9 | 46.1 | 46.7 | 46.9 | 465 | 47.4 | 475 | 47.1 | 47.8 | 47.0 | 47.2 | 475 | 47.6 | 47.1 | 46.9
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Table 15: Effect of different OWAs in surface sizing with DS2 at a dose of 4 kg/t at wet-end

DS2 at wet-end,

kglt 4
OWAin | Type TS3 DS?2 TS1 TS2 DS1 HS1
s.ur.face Dose 0 Only
ilzmg, Kot ' starch [0.4 1 2 3 0.5 1 05 1 05 1 5 05 1 5 05 1 5
ght
ISO Brightness, % | g3, | 941 | 950 | 952 | 952 | 95.0 | 95,1 | 950 | 95.2 | 947 | 95.1 | 956 | 95.2 | 95.0 | 954 | 951 | 95.2 | 954 | 9438
B. brightness, % 839 | 836 | 834|832 832|830 | 834 | 832 | 831|831 |831| 833 | 830 | 832|831 |832]| 829 | 83.2 | 83.1
CIE Whiteness 137.2 | 138.2 |141.8|143.2 |141.4|139.8 | 141.1 | 141.2 | 141.8 | 140.4 | 141.2 | 141.8 | 141.1 | 140.9 | 142.5 | 142.1| 142.2 | 142.5 | 140.9
Fluorescence 22.7 21.5 229 | 237 | 238 | 236 | 231 | 228 | 220 | 222 | 222 | 226 | 226 | 22.6 | 22.4 | 222 | 231 | 231 | 22.9
Fluorescence, C 11.4 10.9 11.6 | 120 | 120 | 12.0 | 11.7 | 11.8 | 121 | 116 | 12.0 | 123 | 122 | 11.8 | 123 | 11.9 | 123 | 122 | 11.7
Yellowness 203 | -205 |-215|-212 |-21.1|-19.8 | -20.1 | -20.0 | -21.2 | -20.9 | -21.9 | -22.1 | -21.9 | -21.7 | -21.3 | -21.1 | -21.1 | -20.6 | -20.4
L* 951 | 957 | 955 | 958 | 96.0 | 96.1 | 957 | 958 | 954 | 953 | 952 | 958 | 96.0 | 959 | 953 | 957 | 958 | 955 | 95.7
a* 311 | 349 | 334|336 | 259 | 1.62 | 344 | 271 | 341 | 338 | 351 | 358 | 3.42 | 3.49 | 351 | 3.46 | 3.53 | 3.49 | 3.33
b* 105 | -11.4 |-116 |-12.1 |[-11.3|-104 | -11.9 | -11.6 | -11.8 | -11.1 |-11.6 | -11.7 | -11.7 | -11.8 | -11.4 | -11.1 | -11.6 | -11.3 | -11.3
Opacity, % 87.1 87.1 85.8 | 86.6 | 86.9 | 86.8 | 86.7 | 86.1 | 86.8 | 86.6 | 87.3 | 87.8 | 87.1 | 87.3 | 86.3 | 87.6 | 86.3 | 86.7 | 87.2
S. Coeff., m/kg 46.6 | 472 | 462 | 469 | 47.4 | 467 | 481 | 47.8 | 47.9 | 481 | 47.9 | 481 | 47.3 | 49.0 | 47.9 | 485 | 469 | 47.4 | 481
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Table 16: Effect of different OWAs in surface sizing with DS2 at a dose of 3 kg/t at wet-end

DS2 at wet-end, kg/t 3

OWA in Type TS3 DS2 TS1 TS2 DS1 HS1
surface 0

- DOSG,

sizing, kgt kgt o5 1| 2| 3|o5|1|2]|3|0o5| 2|3 ]|4|05|1]|2]3|o5|1|2|31]o5]1]|2]3

ISO Brightness, % 93.0 |94.2|94.7|94.6|945(94.4|194.8|94.2|193.7|94.3|194.6|94.1|93.2|94.2|94.5|94.4|93.5|94.5|94.9|95.2|94.4|94.0|94.3|93.9|93.5

B. brightness, % 83.4 |82.6(82.8|82.5|82.6(82.9(83.1|825|82.6|82.9|82.6|82.8(82.7|82.7(82.9|82.8(82.6|82.7|82.8(83.1|82.5|82.4(82.3|82.3|82.2

CIE Whiteness 136.4 |141.8/142.1/139.6|137.3]140.7|141.8/140.9|139.7|139.6|141.8|141.3[138.7|139.0(140.1|139.7/138.9141.1|142.9(143.1|139.9|138.1/138.9(138.2[137.5

Fluorescence 21.0 |22.5(23.6|23.6|23.1(21.4|21.8|21.1(20.8|21.9[22.2|22.0(21.4|20.9 |21.6|21.3|20.9|21.9 [22.3|22.5(21.6|20.9|21.4|20.9 |20.4
Fluorescence, C 10.6 |11.6{11.9|12.1|11.9|11.5(11.7|11.7|11.1 |11.4 |12.0|11.3|10.5| 11.5 |11.6 | 11.6 | 10.9| 11.8 | 12.1|12.1|11.9 | 11.6 | 12.0 | 11.6 | 11.3
Yellowness -20.4 |-21.7|-21.6(-20.9]-20.1|-21.0-21.3|-20.8|-20.4|-21.2|-21.3|-21.2|-20.8|-20.8 |-20.9|-21.1|-20.8|-21.1 |-21.6 |-21.8|-21.4|-20.3|-20.5|-20.3| -20.9
L* 95.6 |95.5|95.7|95.8|96.1 |95.2|95.8(95.9|95.3|95.8|95.6|95.7 |95.3| 95.6 |95.4 [95.396.0| 95.2 | 95.7 | 95.6 | 95.9 | 95.5 | 95.2 | 95.6 | 95.1
a 3.46 |3.58|3.11|2.53|1.77 |3.51(3.48|3.17 | 2.69 | 3.49 | 3.45 | 3.09 | 2.69 | 3.28 [3.31 [3.21 [2.93 | 3.51 | 3.52 | 3.41 | 3.24 | 3.48 | 3.44|3.24 | 2.39
b* -11.0 |-11.9|-11.7(-11.2|-10.6|-11.8|-12.1|-11.7|-11.5|-11.7|-12.2|-11.9|-11.2|-11.8 |-11.3|-11.7|-11.1|-11.4|-12.1(-11.9|-11.4|-11.6|-11.8|-11.3|-11.2
Opacity, % 86.7 |86.5|85.886.8|86.3|87.2|86.2|86.8|86.4|85.9|86.1|86.9|86.3|86.9|86.2(87.1|86.4|86.1|86.7|87.3|86.4(87.1|86.8|86.2|86.4
S. Coeff., m?/kg 478 |46.4|465|47.1|46.3|47.9|46.1|46.9|47.2|46.4|47.3|46.7|47.1|47.5|47.1|47.2|46.7|46.9 |46.8|47.3|47.1|47.2|46.4|46.1|46.9
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Table 17: Effect of different OWAs in surface sizing with TS3 at a dose of 6 kg/t at wet-end

TS3 at wet-end, kg/t 6

OWA in Type TS3 DS2 TS1 TS2

surface Only

i 7i Dose, 0 starch

sizing, kg/t kgt 04 | 1 2 3 4 |04 1 2 3 4 04| 1 2 3 4 (04 1 2 3 4

1 0]
ISO Brightness, % | 15 | 938 | 941 | 944|947 (947|945 | 941|943 |946|946|943|94.0 (941|943 | 942|940 |94.0 941|945 044|044

B. brightness, % 81.7 | 828 | 827 | 824 (828|824 |825|826|827|827|826|824 828|828 |82.7|826|826|828|828]|825|826|82.6

CIE Whiteness 133.3 | 142.1 | 142.3|142.3|141.9|/140.9|139.2(142.4|142.4|142.9]/140.9|139.3|143.1|143.1|142.3|140.7|138.3|142.8(142.5|142.2|141.1 (140.4

Fluorescence 19.7 | 221 | 226 | 232|238 236|234 224|230 |236|239|237|228|231|234/|234|230]224|226]231|231]232

Fluorescence, C 101 | 11.0 | 11.4 | 120|119 | 123 |120| 115|116 | 11.9| 120|119 | 11.2 | 11.3 | 115 | 11.7 | 11.8 | 11.2 | 11.3 | 12.0 | 11.7 | 11.8

Yellowness -18.0 | -21.2 | -21.3 |-21.3|-21.3|-21.2|-20.9|-21.3|-21.4 | -21.3 | -21.2 | -21.1 | -21.5 | -21.8 | -21.9 | -21.4 | -20.5 | -21.5 | -21.6 | -22.1 | -21.7 |-21.6
L* 95.0 | 951 | 953 | 951|953 |958 (957|956 955|954 |957|954|951 |951 |950|955| 957|956 |95.4 | 955 | 95.4 |95.7
a 350 | 4.18 | 3.83 |3.37 | 2.80 | 2.47 | 2.38 | 3.72 | 3.56 | 3.24 | 2.86 | 2.42 | 3.43 | 3.44 | 3.39 | 3.26 | 3.04 | 3.44 | 3.46 | 3.22 | 3.07 | 2.63
b* 102 | -11.1 |-11.9 |-11.8|-11.5|-11.3 |-11.1 |-11.7 [-11.7 | -11.7 | -11.6 | -11.4 | -12.1 | -12.1|-12.0 | -11.7 | -11.1 | -11.8 [ -11.9 | -11.6 | -11.9|-11.8
Opacity, % 85.7 | 859 | 86.4 |86.0|86.4 |862|859|86.7 859|862 (857860867 |859 862|864 |86.1|86.2|86.0|86.1|86.186.0
S. Coeff., m*/kg 455 | 46.0 | 46.1 | 46.3 | 46.8 | 46.1 | 46.0 | 46.4 | 46.0 | 46.7 | 46.2 | 46.4 | 46.3 | 46.0 | 46.1 | 47.0 | 46.7 | 46.1 | 46.3 | 46.4 | 46.3 | 46.5

44

Project Report - Achievement of highest brightness and whiteness in paper




Table 18: Effect of different OWAs in surface sizing with TS3 at a dose of 6 kg/t at wet-end

TS3 at wet-end, kg/t

Slj/r\‘/an(;Z sizing, -I[;ype 0 Only psl HSt

kglt e105 starch 0.4 1 2 3 4 0.4 1 2 3 4
ISO Brightness, % 91.8 93.8 94.3 94.4 94.5 94.4 94.2 94.1 94.0 94.0 94.0 94.0
B. brightness, % 81.7 82.8 82.6 82.5 82.3 82.3 82.6 82.7 82.5 82.4 82.3 82.1
CIE Whiteness 133.3 142.1 143.3 142.7 141.4 139.5 137.2 143.6 142.6 141.7 140.8 140.0
Fluorescence 19.7 22.1 225 22.7 23.0 23.1 23.1 22.4 225 226 22.7 228
Fluorescence, C 10.1 11.0 11.7 11.9 12.2 12.1 11.6 11.4 115 11.6 11.7 11.9
Yellowness -18.0 -21.2 -21.6 -21.6 215 -21.2 -20.6 -21.2 -21.3 -21.4 -21.4 -21.4
L* 95.0 95.1 95.4 95.1 95.5 95.7 95.2 95.2 95.9 95.1 95.4 95.7
a 3.50 4.18 3.40 3.37 3.20 2.90 2.45 3.34 3.28 3.12 2.86 2.50
b* -10.0 -11.1 -12.0 -11.9 -11.7 -11.4 -10.9 -11.9 -11.9 -11.9 -11.7 -11.4
Opacity, % 85.7 85.9 85.9 86.2 86.7 86.1 86.2 86.1 86.0 86.2 86.7 85.9
S. Coeff., m?/kg 455 46.0 46.0 46.2 46.4 45.9 46.1 46.3 45.8 46.1 46.3 46.0
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Table 19: Effect of different OWAs in surface sizing with DS1 at a dose of 5 kg/t at wet-end

DS1 at wet-end, kg/t 5
OWA in Type TS3 DS2 TS1 TS2 DS1 HS1
surface 0
sizing, kg/t | DOse, 1| 2 4112 4112 4 | 1|2
Al o 3 3 3 31412 |3|4|1]|2]|3]| 24
1 0,
ISO Brightness, % 925 | 92.9 |93.8]94.0|93.3|93.2|93.8|93.8(93.0|92.8|93.5|93.4|92.8(92.8|93.5|93.5(92.9(93.1|93.9|93.8|93.0|92.5|93.3|93.4|92.7
1 0,

B. brightness, % 81.4 | 81.6 |81.5|81.4|81.6|81.8|81.5|81.4(81.6|81.2|81.1|81.5(81.4|81.4|81.3|81.1|81.6|81.5|81.6|81.4|81.4|81.4|81.5|815|81.7
CIE Whiteness

142.3 | 144.0 |144.4/143.2|140.3|143.7/144.2(142.5(138.6|143.5/143.1|141.7|139.5(142.7|142.3(140.0[135.5(142.9|142.6/140.6|136.9|142.5/142.5/140.6|137.0
Fluorescence 229 | 23.8 [24.1(23.9(23.2(23.7|23.8|23.5|22.6|23.823.8|23.5|22.9|23.1(23.2|22.9|22.3|235(23.5|22.9|21.8|23.2|23.8|23.7| 228
Fluorescence, C 11.8 | 11.3 |12.3|12.6(11.7 |11.4[12.3[12.4[11.4 116 |12.4[11.9[11.4 |11.4|12.2|12.4|11.3[11.6 |12.3[12.4|11.6 |11.1]11.8[11.9| 11.0
Yellowness -21.6 | -21.8 |-21.7|-21.4|-20.8|-21.7|-21.1|-19.4|-16.8|-21.6|-21.6|-21.9|-21.1|-20.4|-21.1|-21.2|-20.6|-21.7|-21.9|-21.6|-20.6 |-21.5|-21.5|-21.1| -20.3
*
L 95.1 | 95.6 |95.1|95.5|95.7|95.7|95.1|95.8(95.6|95.6|95.8|95.8|95.2|95.1|95.5|95.1|95.7|95.3(955|95.1|95.7|95.7|95.6 | 95.7 | 95.8
*
a 3.37 | 3.47 |3.44|3.32|3.10|3.38|3.39|3.25 | 2.98|3.62 | 3.64 | 3.38 | 2.84 | 3.63|3.69|3.47 | 2.98 | 3.81|3.88 | 3.64 | 3.00 | 3.64|3.76|3.54 | 2.98
b* -11.8 | -12.0 |-11.9/-11.5/-10.8(-12.3]-12.1|-11.8/-11.0|-11.4|-12.0|-11.7|-10.9|-11.8|-11.9|-11.0|-10.6|-12.0|-12.1|-11.5|-10.4|-11.7|-11.7|-11.4| -10.8
Opacity, %

87.9 | 87.2 |86.9/87.9|86.5|86.8|87.8|86.7|85.8|87.1|86.7|87.6|86.2|86.1|87.1|86.4|85.8|87.7|87.3|86.5|86.8|86.9|87.3|87.1|86.1

2
S. Coeff., m“/kg 459 | 46.2 |47.1|47.6|46.3|47.3|46.8|47.6|47.1|47.3|46.8|47.6|47.1|46.5|45.9|46.9|47.1|47.2|47.6|45.8|46.9|45.9|46.1|46.0|46.2
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Best Combinations of different OWAs at wet and size press

Table 20: Best combinations of OWAs with talc (DS2 at wet-end and other OWASs at size press)

DS2 at wet-end, kg/t 6 3 4 3 4 4 4

OWA . DS2 DS1 TS1 TS3 TS2 HS1
At size press

Dose, kgt - 2 2 2 2 2 2
ISO Brightness, % 94.4 94.8 95.4 94.6 95.2 95.6 95.1
B. brightness, % 81.8 83.1 83.1 82.6 83.2 83.3 83.2
CIE Whiteness 138.3 141.8 142.5 141.8 143.2 141.8 142.5
Fluorescence 22.3 21.8 22.4 22.2 23.7 22.6 23.1
Fluorescence, C 11.2 11.7 12.3 12.0 12.0 12.3 11.9
Yellowness -20.32 -21.3 -21.3 -21.3 -21.2 -22.1 -20.6
L* 95.3 95.8 95.3 95.6 95.8 95.8 95.5
a* 3.12 3.48 3.51 3.45 3.36 3.58 3.49
b* -10.95 -12.1 -11.4 -12.2 -12.1 -11.7 -11.3
Opacity, % 87.2 86.2 86.3 86.1 86.6 87.8 86.7
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Table 21: Best combinations of OWAs with talc (TS3 at wet-end and other OWAs at size press)

TS3 wet-end, kg/t 11 6 6 6 6 6 6
atsizepress | OWA . DS2 DS1 TS1 TS3 TS2 HS1
Dose, kg/t -- 2 04 1 1 2 1
ISO Brightness, % 93.7 94.6 94.3 94.1 94.7 94.5 94.0
B. brightness, % 814 82.7 82.6 82.8 82.4 82.5 82.5
CIE Whiteness 141.4 142.9 143.3 143.1 142.3 142.2 1426
Fluorescence 22.9 236 225 23.1 23.2 23.1 22.63
Fluorescence, C 12.3 11.9 11.7 11.3 12.0 12.0 115
Yellowness -21.3 213 21.6 21.8 213 221 225
L* 95.7 95.4 95.4 95.1 95.1 95.5 95.5
a* 361 3.24 3.40 3.44 3.37 3.22 3.35
b* -11.4 117 112.0 12.2 11.8 116 11.9
Opacity, % 83.7 86.2 85.9 85.9 86.0 86.1 86.7
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Table 22: Best combinations of OWAs with talc (DS1 at wet-end and other OWAs at size press)

DS1 at wet-end, kgt 8 5 5 5 5 5 5
At size press OWA -- DS2 DS1 TS1 TS3 TS2 HS1
Dose, kg/t _ > > > > > >
ISO Brightness, % 93.7 93.8 93.9 93.5 93.8 93.4 93.3
B. brightness, % 81.2 81.5 81.6 81.1 81.5 814 81.5
CIE Whiteness 142.6 144.2 142.6 143.1 144.4 142.5 142.5
Fluorescence 24.2 23.8 23.5 23.8 24.1 22.8 23.8
Fluorescence, C 12.5 12.3 12.3 12.4 12.3 12.0 11.8
Yellowness -21.4 -21.1 -21.9 -21.6 -21.7 -20.7 -21.5
L* 95.5 95.1 95.5 95.8 95.1 95.7 95.6
a* 3.18 3.39 3.88 3.64 3.44 3.79 3.76
b* -10.9 -12.2 -12.1 -12.0 -11.9 -11.9 -11.7
Opacity, % 87.6 87.8 87.3 86.7 86.9 86.9 87.3
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With Talc filler

Table 23: Optimization of different OWAs at wet-end

OWA DS2 TS3 DS1
Dose, kg/t 0 2 4 6 8 10 12 8 10 12 14 16 18 6 9 12 14
ISO Brightness, 805 | 883 | 895 | 906 | 919 | 905 | 90.1 | 90.0 | 905 | 909 | 914 | 919 | 91.3 | 90.6 | 915 | 916 | 914
0B/n. brightness, % 787 | 79.0 | 786 | 79.1 | 790 | 789 | 786 | 783 | 783 | 785 | 78.6 | 78.6 784 | 782 | 785 | 785 | 78.3
CIE Whiteness 73.3 | 129.3 | 131.1 | 137.5 | 139.3 | 134.7 | 132.3 | 136.9 | 138.4 | 140.4 | 141.4 | 142.5 | 141.2 | 137.7 | 138.1 | 136.6 | 134.1
Fluorescence 182 | 19.2 | 219 | 243 | 252 | 228 | 226 | 233 | 23.9 | 249 | 253 | 26.1 259 | 244 | 254 | 257 | 25.6
Fluorescence, C 2.8 9.3 109 | 115 | 129 | 116 | 115 | 11.7 | 122 | 124 | 128 | 133 129 | 124 | 13.0 | 13.1 | 131
Yellowness 49 | -174 | -19.2 | -205 | -206 | -17.1 | -159 | -204 | -21.1 | -22.0 | -225 | -229 | -225 | -21.1 | -21.3 | -20.8 | -19.8
L* 93.7 | 939 | 941 | 942 | 943 | 940 | 942 | 943 | 9431 | 944 | 945 | 946 | 945 | 944 | 94.7 | 949 | 949
a* 203 | 301 | 320 | 3.23 | 3.29 | 248 | 192 | 3.73 | 368 | 3.69 | 3.61 | 3.48 | 332 | 3.14 | 266 | 2.20 | 1.64
b* 0.19 | -9.77 | -10.2 | -10.8 | -11.4 | -109 | -10.4 | -11.3 | -11.6 | -120 | -12.2 | -124 | -121 | -11.4 | -11.4 | -11.0 | -104
Opacity, % 838 | 842 | 845 | 839 | 84.7 | 843 | 840 | 796 | 805 | 809 | 820 | 80.3 | 815 | 82.0 | 80.3 | 815 | 80.6
S. Coeff.,m%kg 357 | 361 | 364 | 359 | 36.3 | 36.1 | 358 | 322 | 324 | 33.08 | 34.2 | 336 | 339 | 342 | 336 33.9 | 33.9
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Split addition of OWAs in wet-end and surface sizing

Table 24: Effect of different OWAs in surface sizing with DS2 at a dose of 4 kg/t at wet-end

DS2 at wet-end, kg/t

4
OWA in Type TS3 DS2 TS1 TS2 DS1
surface Only
iZi Dose, starch
sizing, 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
kgt
kg/t
ISO Brightness, % 895 |90.1|90.4 | 90.2 |89.7 | 895 |89.4 | 89.0 | 88.4 | 90.0 | 90.1 | 89.9 | 89.4 | 90.4 | 90.9 | 91.0 | 90.6 | 89.9 | 89.8 | 89.3 | 88.3
B. brightness, % 783 | 787|784 | 785|781 | 782|780 | 781|780 | 782|783 |782| 783|784 |782|784|785| 784|785 78.1 | 786
CIE Whiteness 131.1 |132.4|131.5(130.2|128.6|131.8|130.7 |129.0|126.7 | 131.8|132.5|130.8 | 129.4 | 133.1 | 133.5[132.0| 131.5|131.6 | 130.6 | 128.9 | 126.4
Fluorescence 21.9 21.6 | 21.3 | 209 | 205 | 205 | 195 | 187 | 183 | 11.8 | 11.8 | 11.7 | 11.1 | 12.0 | 12.7 | 126 | 12.1 | 115 | 11.3 | 11.2 | 9.7
Fluorescence, C 11.2 114 | 120 | 11.7 | 116 | 11.3 | 11.4 | 109 | 104 | 215 | 21.2 | 20.9 | 205 | 21.9 | 21.9 | 21.7 | 21.2 | 20.7 | 195 | 185 | 17.8
Yellowness -19.2 |-195|-19.5|-19.2 | -185|-18.1 | -16.8 | -16.0 | -15.7 | -19.5 | -19.5 | -19.2 | -18.7 | -19.8 | -20.1 | -20.1 | -19.7 | -18.5 | -17.1 | -16.1 | -15.4
L* 941 | 941 | 942 | 942 | 942 | 943 | 943 | 94.2 | 942 | 93.8 | 94.0 | 94.1 | 94.3 | 93.8 | 94.0 | 94.1 | 94.2 | 942 | 94.2 | 94.1 | 94.1
ar 320 | 304|279 |243 | 197 | 280|250 |216 | 1.77 | 3.05 | 266 | 2.33 | 2.05 | 3.08 | 298 | 2.75 | 2.38 | 3.08 | 2.90 | 2.55 | 2.04
b* -10.2 |-10.7 | -10.4 | -10.0 | -9.57 | -10.4 | -100| 96 | -9.1 |-11.2 |-11.2 | -10.7 | -10.0 | -11.3 | -11.4 | -10.9 | -10.5 | -10.2 | -9.9 | -9.5 | -9.0
Opacity, % 83.5 [83.0|84.1 |838 (837|837 |835|83.1|837|837 (839830834 (836|831 |839|83.1|836|837]|83.2]835
2
S. Coeff., m7kg 35.2 | 342|361 |358|351|358|351|350|358|351|358|354|352 359|353 |358]|352|357]|351]| 353|350
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Table 25: Effect of different OWAs in surface sizing with DS2 at a dose of 6 kg/t at wet-end

DS2 at wet-end, kg/t

6
OWA in Type TS3 DS2 TS1 TS2 DS1
surface sizing, Only
kg/t Dose, Istarch| 4 | 5 | 3 | 4 | 1| 23| 4|12 |3|a|1|2|3|a|1|2]3]a
kgt

ISO Brightness, % 91.7 | 92.2 | 92.4 | 92.1 | 91.6 | 90.7 | 90.6 | 90.2 | 89.6 | 90.7 | 90.6 | 90.2 | 89.6 | 91.7 | 92.2 | 92.1 | 91.6 | 91.0 | 91.0 | 90.5 | 89.6
B. brightness, % 786 |787 |785| 782|789 | 781|783 | 785|784 |781|783|785|784 783|781 |782| 783|785 786 |782]|78.1
CIE Whiteness 139.4 |140.1|140.6|138.4 [137.2|138.8 | 137.7 | 136.1 | 133.8 | 138.8 | 137.7 | 136.1 | 133.8140.3| 141.0| 138.9| 138.3 | 138.8 | 137.9| 136.3 | 133.9
Fluorescence 13.1 | 135|139 | 139 | 12.7 | 225 | 21.4 | 20.7 | 20.2 | 225 | 21.4 | 20.7 | 20.2 | 13.4 | 141 | 13.9 | 13.3 | 125 | 12.4 | 12.3 | 11.5
Fluorescence, C 242 | 244|244 | 242|237 (126|123 |11.7 | 112|126 | 123 | 11.7 | 11.2 | 24.4 | 243 | 241 | 236 | 22.7 | 21.5 | 20.7 | 20.1
Yellowness 211 |-215|-21.7 | -21.6 | -21.3 | -18.7 | -17.5 | -16.8 | -16.6 | -18.7 | -17.5 | -16.8 | -16.6 |-21.4 | -21.7 | -21.6 | -21.2 | -19.1 | -17.9 | -17.1 | -16.6
L* 93.9 | 94.0 | 94.1 | 942 | 943 | 943 | 94.3 | 943 | 94.2 | 94.3 | 94.3 | 94.3 | 94.2 | 94.0 | 94.1 | 94.2 | 94.3 | 942 | 94.2 | 94.1 | 94.1
a* 3.26 | 3.32 320|288 (237|290 |261|228|191|290 261|228 191317310289 | 255321303269 218
b* 121 |-12.2|-12.1|-11.4 |-11.3 | -11.3 | -10.9 | -10.4 | -9.8 | 11.8 | -10.8 | -10.4 | -9.8 |-12.7|-12.2 | -11.2 | -11.5 | -11.2 | -10.8 | -10.4 | -9.1
Opacity, % 83.7 | 832|831 |839 (835|839 |831|835|837|841|838|83.7|835|83.6|831|839|831]831|835]831]837
S. Coeff., m*/kg 357 | 350 | 34.8 | 35.7 | 35.9 | 35.8 | 35.2 | 36.0 | 35.1 | 36.1 | 35.8 | 35.8 | 35.1 | 35.9 | 35.3 | 35.8 | 35.2 | 35.2 | 35.1 | 35.0 | 35.8
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Table 26: Effect of different OWAs in surface sizing with DS2 at a dose of 8 kg/t at wet-end

DS2 at wet-end, kg/t 8

OWA in Type TS3 DS2 TS1 TS2 DS1

surface sizing, Only

kgt Eg;e’ starch) ¢\ o | 3 | 4| 1|2 |3 |al1]2|3|a|l1]2]3|a|1]|2]|3]a4
ISO Brightness, % 90.9 916 | 91.8 | 91.7 | 91.3 | 916 | 91.8 | 91.7 | 91.3 | 914 | 915 | 91.2 | 90.6 | 92.1 | 925 | 924 | 91.7 | 91.4 | 914 | 90.9 | 90.1
B. brightness, % 78.5 78.3 | 783|787 | 784 | 783 | 783 | 787 | 784 | 7186 | 78.2 | 783 | 78.2 | 783 | 784 | 78.2 | 784 | 784 | 784 | 785 | 78.1
CIE Whiteness 139.3 |141.7|140.9(139.7|138.1|141.7|140.9|139.7 [138.1|142.0|141.2|140.0|138.5|142.8(143.7|141.2|140.5|141.3|140.5(139.1|136.8
Fluorescence 25.2 249 | 246 | 24.2 | 23.8 | 249 | 246 | 242 | 23.8 | 128 | 13.3 | 129 | 124 | 13.8 | 14.1 | 14.2 | 13.3 | 13.0 | 13.0 | 12.4 | 12.0
Fluorescence, C 12.4 13.3 | 135 | 13.0 | 129 | 13.3 | 135 | 13.0 | 129 | 249 | 245 | 241 | 23.6 | 25.2 | 25.1 | 249 | 244 | 235 | 225 | 21.7 | 21.1
Yellowness -20.6 |-20.9|-21.0|-20.7|-20.0|-20.9|-21.0|-20.7|-20.0|-21.0|-20.9|-20.6 | -20.0|-21.6 |-21.8|-21.7|-21.3|-19.0|-18.0|-17.4|-17.1
L* 94.3 94.3 1943|1943 | 943|943 | 943 | 943 | 943 | 942 | 943 | 944 | 944 | 94.1 | 942 | 942 | 943 | 94.2 | 942 | 941 | 941
ar 3.12 3.00 | 278|245 | 203 | 3.00 | 278 | 245 | 2.03 | 296 | 2.66 | 242 | 225 | 298 | 294 | 2.76 | 243 | 3.10 | 292 | 258 | 2.08
b* -11.3 |-11.8|-115|-11.1|-10.7 |-11.8|-11.5|-11.1|-10.7 | -12.2 | -120|-11.7 | -11.2 | -12.2 | -12.3 | -11.8 | -11.3 | -11.6 | -11.2 | -10.7 | -10.1
Opacity, % 83.4 83.6 | 83.2 | 836 | 83.1|83.6|83.2 836|831 |84.1|838 842|837 |839|83.0|834|84.2|839|83.1]|84.1 | 83.8
S. Coeff.,mzlkg 35.5 358 350|139 |353|358|30|359|353|361|358|36.1|358|358|354|352)|36.1|358]|352]|36.1]|35.8

53

Project Report - Achievement of highest brightness and whiteness in paper




Table 27: Effect of different OWAs in surface sizing with TS3 at a dose of 8 kg/t at wet-end

TS3 at wet-end, kg/t 8
OWA in Type TS3 DS2 TS1 TS2 HS1
surface Only
sizing, kglt Egl‘:‘e’ starcch| 1 | 2 | 3 | a | 1| 23|41 2|3|a|1|2|3|a|1]2]3]|a
ISO Brightness, % 90.2 | 90.9 | 91.2 | 91.0 | 90.5 | 90.5 | 90.5 | 90.0 | 89.1 | 90.6 | 90.9 | 90.9 | 90.6 | 90.9 | 91.3 | 91.2 | 90.8 | 90.6 | 90.5 | 90.3 | 90.1
B. brightness, % 779 | 786|782 | 782|779 |782|784 |779|784|779|782| 784|782 |783|782|780|77.9|781|784|782]78.1
CIE Whiteness 140.7 |141.9|141.5(139.3|135.4|141.8|140.4 | 135.9|128.4 | 140.0 | 139.2 | 137.6 | 135.4 | 140.3 | 140.9 | 140.7 | 139.6 | 141.2 | 140.2 | 139.2 | 138.3
Fluorescence 235 | 243|246 | 246|241 | 235 | 232|224 |21.1|239 |242|243|240 | 245|247 | 246 | 243|244 | 243 | 241 | 239
Fluorescence, C 123 | 123|130 | 12.8 | 126 | 12.3 | 121 | 12.1 | 10.7 | 12.7 | 12.7 | 125 | 124 | 12,6 | 13.1 | 13.2 | 12.9 | 125 | 12.1 | 12.1 | 12.0
Yellowness 223 |-23.9|-24.4|-23.9|-22.3|-22.4 |-21.7 | -20.0 | -17.4 | -23.1 | -23.5 | -23.2 | -22.2 | -23.5 | -24.2 | -24.3 | -23.6 | -22.8 | -22.4 | -21.9 | -21.6
L* 943 | 937|942 944|941 942|941 (941|941 | 945|942 |941|941 |94.1 |939|942 |94.2|93.6 | 93.6 | 94.2 | 94.2
a* 373 | 388|371 (324 |245|3.79 |3.74|3.16 | 2.05 | 3.86 | 3.69 | 3.34 | 2.80 | 3.71 | 3.68 | 3.55 | 3.30 | 3.53 | 3.47 | 3.41 | 3.34
b* -12.3 |-12.8|-12.6 | -12.3 | -12.1 |-12.4 |-12.0 | -10.9 | -9.3 |-12.2 | -12.1 |-11.8 | -11.2 | -12.1 | -12.3 | -12.3 | -11.9 | -12.3 | -12.1 | -11.9 | -11.7
Opacity, % 83.7 | 832|835 (830|841 (830|841 |838 837|837 (839|830 834|836 831|839 831|837 |839|830]834
S. Coeff., m’kg 35.1 | 353|350 |342|361 342|361 358|351 |351|358|354|352|350|353|358|352|351|358]354 352
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Table 28: Effect of different OWAs in surface sizing with TS3 at a dose of 10 kg/t at wet-end

TS3 at wet-end, kg/t

10
OWA in Type TS3 DS2 TS1 TS2 DS1 HS1
surface Only
Sizing,kg/tES/fE’StarChl23412341234123412341234
ISO Brightness, % 90.9 |91.6(91.9(91.7|91.3(91.2(91.1|90.7|89.8|91.2|91.1|90.7 | 89.8|91.7 |92.0 | 91.9|91.4 |91.4 | 91.3|90.8 |89.8 |91.4|91.2 |91.0|90.7
B. brightness, % 77.9 |78.2|78.2(78.0|78.2|78.4|77.9|78.4|78.3|78.4|77.9|78.4|78.3|78.4|78.3|78.2| 78 |78.2|78.0|78.3|78.3|77.9|78.1|78.1|77.9
CIE Whiteness 143.9 [145.2|144.8|142.7|138.9|145.0(143.8|139.5(132.1/145.0(143.8|139.5(132.1(144.1|144.3|143.7|142.2|145.5|144.4|139.9|132.0(144.6|143.3(142.0/140.6
Fluorescence 24.6 |25.3|25.7(25.6|25.1|24.5|24.2|23.4|22.1|24.5|24.2(23.4|22.1|25.7|25.8(25.7 | 25.3|24.7|24.4|23.6 |22.1|25.6|25.4|25.2|24.9
Fluorescence, C 13.0 |13.4(13.7(13.7|13.1|12.8|13.2(12.3|11.5|12.8|13.2(12.3|11.5|13.3|13.7[13.7[13.4|13.2|13.3|12.5|11.5|13.5|13.1[12.9|12.8
Yellowness -23.7 |-25.3|-25.9|-25.4|-23.8|-23.7|-23.7|-21.4|-18.8|-23.7|-23.7|-21.4|-18.8|-25.2|-25.8|-25.7 |-24.8|-23.8|-23.2|-21.5|-18.8|-24.2|-23.7|-23.2}-22.6
L* 94.1 |94.4|94.4|93.7|94.4|94.1|93.7|94.1|93.9|94.1|93.7|94.1|93.994.3|94.1|94.3|94.3(94.0|94.2(93.8|93.8(94.4|93.5(94.4|94.1
a* 3.90 |4.08(3.95|3.51|2.75|4.03|4.02|3.48|2.41|4.03|4.02|3.48|2.41|3.87 |3.81|3.64 |3.35|4.07 | 4.03|3.49 | 2.47 |3.69 | 3.57 | 3.45 | 3.32
b* -12.9 |-12.9]-12.9]-12.9|-12.9(-13.0|-12.4|-11.7|-10.1|-13.0|-12.7(-11.7|-10.1|-12.9|-13.0|-12.9|-12.5|-13.0|-12.7|-11.7|-10.0|-13.0|-12.7|-12.0|-12.3
Opacity, % 83.7 |83.2/83.5|83.0/84.1|83.0|84.1|83.8|83.7(83.7(83.9(83.083.4|83.683.1|83.9|83.1|83.6|83.7|83.2|83.5(83.7|83.9 [83.0|83.4
S. Coeff., m?/kg 35.1 |35.3(35.0/34.2|36.1|34.2(36.1|35.8|35.1|35.1|35.8|35.4|35.2|35.9|35.3|35.8|35.2(36.5|35.5(35.2|35.1(35.1|35.8(35.4|35.2
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Table 29: Effect of different OWAs in surface sizing with DS1 at a dose of 7kg/t at wet-end

DS1 at wet-end, kg/t 7

OWA in Type TS3 DS2 TS1 TS2 DS1 HS1
surface 0

SiZing’kQ/tES/fe’ 1 |2 |3|4|1|2|3|4|1|2|3|a|1]|2|3|4|1|2|3|4]1|2]|3]a4
ISO Brightness, % 90.6 | 91.3 |91.6|91.4/90.9|90.990.8|90.4|89.5(91.0|91.3(91.3|91.0(91.4|91.7|91.6{91.1|91.1|91.0|90.5|89.5|91.1|90.9|90.7 | 90.4
B. brightness, % 78.2 | 78.2 |77.9|78.2|78.2|78.0|78.4|78.4|77.9|78.2|78.4|78.2|78.5|78.0|78.2|78.4|78.3|78.3|78.2|78.2|78.1|78.1| 78 |77.9|78.1
CIE Whiteness 142.5 |143.8(143.4(141.2(137.4(143.7|142.4/138.0/130.6(142.0(141.2(139.7|137.5/142.4|142.8(142.4(141.1/144.2|143.1/138.5/130.5(143.1(141.9140.8|139.6
Fluorescence 24.1 | 24.9 |25.2(25.1|24.6(24.1|23.7|23.0|21.7|24.6 |24.9(24.9(24.7|25.2|25.3|25.2|24.9|24.3|24.0|23.1(21.7|25.1|24.9(24.7| 245
Fluorescence, C 12.4 | 13.1 [13.7[13.2(12.7|12.9|12.4|12.0|11.6 | 12.8|12.9(13.1|12.5(13.4|13.5|13.2|12.8(12.8(12.8|12.3|11.4|13.0|12.9|12.8|12.3
Yellowness -23.1 |-24.8 |-25.3|-24.8|-23.2|-23.2|-22.5|-20.9(-18.2|-24.1|-24.5|-24.2|-23.2|-24.4|-25.1|-25.1|-24.4|-23.3|-22.6|-21.0|-18.2|-23.6|-23.1|-22.7|-22.2
L* 94.4 | 94.8 |94.1|94.4(94.4(93.9|94.1|94.1|93.7|94.1(93.9(94.2|93.8|94.2|94.3|93.694.3(94.2|94.1|94.0|94.2|93.6 94.294.2|93.6
a* 3.84 | 4.00 |3.85|3.39(2.62(3.94|3.91|3.35|2.26|3.94[3.793.47 | 2.96 | 3.80 | 3.76 | 3.61 [ 3.34 [ 3.97 | 3.90 | 3.34 | 2.29 | 3.62 | 3.53 | 3.44 | 3.34
b* -12.7 |-12.7 |-12.6|-12.6|-12.6|-12.7|-12.4|-11.4|-9.79|-12.6|-12.5|-12.2|-11.7|-12.5|-12.6|-12.6|-12.3|-12.8|-12.4|-11.4|-9.70|-12.7|-12.4|-12.2|-12.0
Opacity, % 83.7 | 83.2 |83.5(83.0(84.1(83.0|84.1|83.8|83.7|83.7|83.9(83.0(83.4|83.6(83.1|83.9|83.1|83.6|83.7|83.2(83.5(83.7|83.9(83.0|83.4
S. Coeff., m?/kg 35.1 | 35.3 35.0|34.2(36.1|34.2|36.1|35.8|35.1|35.1|35.8(35.4(35.2|35.9|35.3|35.8(35.2|35.7(35.1|35.3|35.0(35.1|35.8|35.4|35.2
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Table 30: Effect of different OWAs in surface sizing with DS1 at a dose of 9 kg/t at wet-end

DS1 at wet-end, kgt 9
OWA in Type TS3 DS2 TS1 TS2 DS1 HS1
surface
Sizing,kgltfglfe’0123412341234123412341234
ISO Brightness, % 91.1 [91.8[92.1[92.0(91.5|91.4|91.3|90.8|89.9|91.6|91.9|91.9|91.6|92.0|92.2|92.0|91.5|91.6|91.5|91.0|90.0 |91.7 |91.5|91.2|90.8
B. brightness, % 78 |78.2|78.6|77.9|786|77.9|78.1|78.2|78.4|785|78.2|78.2|78.0|77.9|77.9| 78 |78.2|78.3|78.2|78.2|78.1|78.4|78.2|78.1|78.4
CIE Whiteness 144.7 |146.1|145.7|143.7|139.9|145.5|144.4(140.2(132.9(144.5|143.8|142.4|140.4|145.3|145.4|144.6(142.9|146.1|145.1|140.7|132.9|145.8|144.3|142.8|141.3
Fluorescence 249 |25.7|26.0(25.9|25.4|24.8(24.4|23.6(22.3|25.6|25.8|25.8|25.6(26.1|26.1|26.0|25.6|25.0|24.7|23.8(22.4|26.0|25.8(25.5|25.2
Fluorescence, C 13.1 |13.6|13.5(14.1|12.9|13.5|13.2|12.6 |11.5|13.1|13.7 |13.7|13.6 |14.1|14.3|14.0 [13.3|13.3|13.3|12.8|11.9|13.3|13.3|13.1|12.4
Yellowness -24.1 |-25.8|-26.3|-25.8|-24.2|-24.0|-23.4|-21.8|-19.8|-25.3|-25.7 |-25.4 |-24.4|-25.7 |-26.3|-26.1|-25.2 |-24.1 |-23.5|-21.9|-19.2 |-24.7 |-24.1|-23.5|-22.2
L* 93.7 |94.4(94.3(94.3/93.7|94.1|93.8|94.2|94.1|94.1|94.1|94.5|94.2|94.3|94.3|93.8|94.3(120.0{121.0/122.0{123.0{ 94.4 | 93.5 | 94.4 [ 94.1
a* 3.91 (4.11|3.99|3.57|2.83(4.07|4.08|3.56|2.51|3.97|3.88|3.61|3.16 |3.91(3.83|3.64|3.33|4.12 [4.10|3.59 | 2.60 | 3.75 | 3.60 | 3.44 | 3.28
b -13.2 |-13.1]-13.1{-13.1{-13.1{-13.9|-12.8|-11.2|-10.1|-13.2(-13.4(-12.8|-12.4|-13.2|-13.2|-13.0|-12.9|-13.2|-12.9|-11.9|-10.2 |-13.3|-13.0|-12.7|-12.6
Opacity, % 83.7 |83.2(83.5(83.0(84.1(83.2(83.5|83.0|84.1|83.7|83.9(83.0|83.4(83.6(83.1|83.9|83.1|83.6|83.7|83.2|83.5(83.7|83.9|83.0|83.4
S. Coeff.,m?kg 35.1 [35.3(35.0(34.2|36.1|35.3|35.0/34.2|36.1|35.1|35.8|35.4|35.2|35.9|35.3|35.8|35.2(35.7|35.1|35.3|35.0|35.1|35.8|35.4(35.2
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Best Combinations of different OWAs at wet and size press

Table 31: Best combinations of OWAs with talc (DS2 at wet-end and other OWAs at size press)

DS2 at wet-end, kg/t 8 6 8 6 8 8
At size press OWA -- TS3 DS2 TS2 DS1 TS1

Dose, kg/t -- 2 1 2 1 1
ISO Brightness, % 91.9 92.4 91.1 92.2 91.4 91.4
B. brightness, % 79.0 78.5 78.2 78.1 78.4 78.6
CIE Whiteness 139.3 140.6 141.3 141.0 141.3 142.0
Fluorescence, C 25.2 13.9 234 14.1 13.0 12.8
Fluorescence 12.9 24.4 12.9 24.3 235 24.9
Yellowness -20.6 -21.7 -18.8 -21.7 -19.0 -21.0
L 94.3 94.1 94.4 94.1 94.2 94.2
a* 3.29 3.20 2.79 3.10 3.10 2.96
b* -11.4 -12.0 -11.5 -12.0 -11.8 -12.1
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Table 32: Best combinations of OWAs with talc (TS3 at wet-end and other OWASs at size press)

TS3 wet-end, kg/t 16 10
At size press OWA il TS3 DS2 TS1 TS2 DS1 HS1
Dose, kg/t 2 1 1 2 1 1

ISO Brightness, % 91.9 91.9 91.2 91.2 92.0 91.4 91.4
B. brightness, % 78.6 78.2 78.4 78.4 78.3 78.2 77.9
CIE Whiteness 142.5 144.8 145.0 145.0 1443 145.5 144.6
Fluorescence 26.1 25.7 24.5 24.5 25.8 24.7 25.6
Fluorescence, C 13.3 13.7 12.8 12.8 13.7 13.2 13.5
Yellowness -22.9 -25.9 -23.7 -23.7 -25.8 -23.8 -24.2
L* 94.6 94.4 94.1 94.1 94.1 94.0 94.4
a* 3.48 3.95 4.03 4.03 3.81 4.07 3.69
b* -12.4 -12.9 -13.1 -13.1 -13.0 -13.1 -13.1
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Table 33: Best combinations of OWAs with talc (DS1 at wet-end and other OWAs at size press)

DS1 at wet-end, kg/t 12 9
At size press OWA -- TS3 DS2 TS1 TS2 DS1 HS1
Dose, kg/t -- 2 1 1 2 1 1

ISO Brightness, % 91.6 92.1 914 91.6 92.2 91.6 91.7
B. brightness, % 78.5 78.6 77.9 78.5 77.9 78.3 78.4
CIE Whiteness 136.6 145.7 145.5 144.5 145.4 146.1 145.8
Fluorescence 25.7 26.0 24.8 25.6 26.1 25.0 26.0
Fluorescence, C 13.1 13.5 13.5 13.1 14.3 13.3 13.3
Yellowness -20.7 -26.3 -24.0 -25.3 -26.3 -24.1 -24.7
L* 94.9 94.3 94.1 94.1 94.3 120.0 94.4
a* 2.20 3.99 4.07 3.97 3.83 4.12 3.75
b* -11.0 -13.2 -13.2 -13.2 -13.2 -13.2 -13.3
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With PCC filler
Split addition of OWAs in wet-end and surface sizing

Table 34: Effect of different OWAs in surface sizing with DS2 at a dose of 2 kg/t at wet-end

DS2 at wet-end, kg/t 2

OV\/fA in Type TS3 TS1 TS2 DS1

surrace

sizing, kgt Egl“:'e’ ° 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4
ISO Brightness, % 91.1 | 91.2 | 91.7 | 921 | 92.4 | 926 | 91.3 | 91.8 | 92.0 | 92.1 | 91.8 | 915 | 92.0 | 92.3 | 92.3 | 92.2 | 91.1 | 91.3 | 91.3 | 91.0
B. brightness, % 84.1 | 83.8 | 83.9 | 83.8 | 84.3 | 84.3 | 83.4 | 842 | 840 | 836 | 84.1 | 834 | 839 | 84.1 | 84.3 | 83.8 | 83.6 | 83.0 | 84.0 | 84.2
CIE Whiteness 130.2 | 134.3|136.0 | 136.9 | 136.8 | 135.9 |134.1|136.3 | 137.4 | 137.4 | 136.4 | 136.8 | 137.8 | 138.4 | 138.6 |138.3| 132.7 | 132.7 | 132.2 {131.3
Fluorescence 18.9 | 20.2 | 21.4 | 222 | 22.8 | 23.0 | 20.0 | 21.0 | 21.7 | 22.0 | 22.0 | 20.7 | 21.0 | 21.3 | 21.4 | 21.4 | 19.4 | 19.6 | 19.7 | 19.7
Fluorescence, C 70 | 74 | 78 | 83 | 81 | 83 | 79| 76 | 80 | 85 | 77 | 81 | 81 | 82 | 80 |84 | 75 | 83 | 73 | 6.8
Yellowness -16.5 | -17.6 | -18.4 | -18.8 | -18.9 | -18.5 |-17.6 | -18.9 | -19.8 | -20.0 | -19.7 | -18.3 | -18.8 | -18.9 | -18.7 |-18.1 | -16.7 | -16.8 | -16.8 | -16.6
L* 958 | 96.0 | 96.7 | 96.4 | 96.2 | 96.8 | 96.5 | 96.6 | 96.4 | 96.2 | 96.5 | 96.1 | 96.2 | 96.4 | 96.5 | 95.2 | 96.4 | 96.4 | 96.5 | 96.2
ar 3.38 | 322 | 298 | 269 | 235 | 1.97 | 328|321 | 3.08 | 289 | 2.63 | 348 | 3.34 | 3.28 | 3.28 | 3.36 | 3.24 | 289 | 2.39 | 1.75
b* -8.96 | -9.70 | -9.90 | -9.90 | -9.70 | -9.30 |-9.60 | -10.1 | -10.4 | -10.5 | -10.4 | -10.3 | -10.5 | -10.5 | -10.3 |-9.90 | -9.50 | -9.60 | -9.70 | -9.80
Opacity, % 90.1 | 91.2 | 915 | 91.7 | 90.5 | 91.9 | 91.0 | 92.1 | 91.5 | 91.2 | 91.5 | 90.8 | 91.3 | 92.0 | 90.7 | 91.4 | 90.8 | 91.3 | 92.0 | 91.8
S. Coeff., m?/kg 621 | 651 | 66 | 658 | 652 | 66.1 | 65.0 | 66.1 | 64.2 | 65.1 | 66.0 | 64.9 | 65.2 | 66.0 | 64.8 | 65.8 | 64.9 | 65.2 | 66.0 | 65.3
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Table 35: Effect of different OWAs in surface sizing with DS2 at a dose of 3 kg/t at wet-end

DS2 at wet-end, kg/t

3

OWA in Type TS3 TS1 TS2 DS1
s.ur'face Dose Only
sizing. kgit | SR 2 s a1 2 s34 s 1234|5023
ISO Brightness, % 932 | 938 | 942 | 946 | 948 | 93.8 | 94.3 | 94.6 | 94.6 | 94.3 | 937 | 94.1 | 94.4 | 94.4 | 942 | 93.4 | 93.8 | 93.7 | 93.4 | 92.9
B. brightness, % 841 | 835|838 |839 |838 |836 |834|842 840|836 |83.7|834 839|841 |843| 835 | 836|830 |84.0 | 84.2
CIE Whiteness 134.7 [137.0 | 138.5|139.0 | 138.7 | 137.5 | 139.4 | 140.3 | 140.0 | 138.7 | 138.4 | 139.5 | 140.1 | 140.2 |140.0| 134.9 | 135.3 | 135.0 | 134.1 [132.7
Fluorescence 20.1 | 21.4 | 22.4 | 231 | 235 | 21.4 | 223 | 228 | 229 | 22.7 | 21.6 | 22.0 | 22.3 | 22.4 | 22.4 | 20.4 | 20.7 | 20.9 | 21.0 | 21.0
Fluorescence, C 9.1 |10.3 | 104 | 10.7 | 11.0 | 10.2 | 10.9 | 10.4 | 10.6 | 10.7 | 10.0 | 10.7 | 105 | 10.3 | 9.9 | 9.9 | 10.2 | 10.7 | 9.4 | 87
Yellowness -17.6 | -18.7 | -19.4 | -19.7 | -19.6 | -19.0 | -20.4 | -21.2 | -21.4 | -21.1 | -19.4 | -19.9 | -20.1 | -19.9 |-19.4 | -17.7 | -18.0 | -18.0 | -17.8 |-17..5
L* 96.3 | 96.0 | 96.0 | 96.7 | 96.4 | 96.3 | 96.5 | 96.6 | 96.4 | 96.2 | 96.2 | 96.1 | 96.2 | 96.4 | 96.5 | 96.5 | 96.2 | 96.3 | 96.0 | 96.3
a* 3.38 | 320 | 2.97 | 270 | 2.38 | 3.42 | 3.36 | 3.24 | 3.06 | 2.82 | 3.65 | 3.54 | 3.49 | 3.52 | 3.61 | 3.38 | 3.07 | 2.68 | 2.16 | 1.49
b* -9.70 |-10.0 | -10.1 | -10.0 | -9.70 | -10.1 | -10.5 | -10.7 | -10.7 | -10.5 | -10.9 | -11.1 | -11.1 | -10.9 | -10.5 | -9.85 | -10.0 | -10.1 | -10.2 | -10.3
Opacity, % 91.8 | 90.8 | 91.2 | 91.5 | 91.7 | 90.7 | 91.8 | 91.0 | 92.1 | 91.5 | 90.5 | 91.9 | 92.2 | 90.8 | 91.3 | 91.4 | 90.8 | 91.3 | 92.0 | 91.8
S. Coeff., m*/kg 932 | 64.6 | 65.1 | 66.0 | 65.8 | 64.8 | 65.9 | 65.0 | 66.1 | 64.2 | 65.2 | 65.6 | 022 | 65.3 | 66.1 | 65.8 | 64.9 | 65.2 | 66.0 | 65.3
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Table 36: Effect of different OWAs in surface sizing with DS2 at a dose of 4 kg/t at wet-end

DS2 at wet-end, kg/t ‘4

OWA in Type | Only TS1 TS2 DS1 TS3

surface starch

sizing, kgt E;lfe’ 1| 2| 3| 4| 5| 1| 2]3]|4]|5s5| 1| 2|3/ 4 2 3 4 5
ISO Brightness, % | 945 | 952 | 957 | 959 | 959 | 95.7 | 95.0 | 95.4 | 95.6 | 956 | 954 | 950 | 951 | 95.1 | 948 | 95.6 | 959 | 96.1 | 96.2
B. brightness, % 834 |840| 841 | 841 | 836 | 834 | 842 | 841 | 835 | 837 | 834 | 840 | 838 | 839 | gao | 840 | 83.9 | 835 | 838
CIE Whiteness 136.8 [139.5| 141.1 | 141.7 | 141.1 | 139.5 | 139.4 | 140.4 | 141.0 | 141.2 | 140.9 | 137.1 | 137.3 | 137.1 | 136.3 | 140.2 | 140.5 | 139.9 | 138.4
Fluorescence 214 |225| 232 | 235 | 235 | 231 | 223 | 227 | 229 | 231 | 231 | 214 | 217 | 219 | 221 | 233 | 23.8 | 240 | 240
Fluorescence, C 111 |11.2| 116 | 11.9 | 123 | 123 | 108 | 11.3 | 121 | 11.9 | 120 | 11.0 | 11.3 | 11.2 | 108 | 116 | 120 | 126 | 124
Yellowness 182 |-20.1| -21.4 | -22.2 | -225 | -22.1 | -19.9 | -20.4 | -20.7 | -20.6 | -20.2 | -18.8 | -18.9 | -18.9 | -18.8 | 20.1 | -20.3 | -20.0 | -19.4
L* 96.2 | 96.4 | 96.1 | 96.3 | 96.3 | 965 | 965 | 96.4 | 96.0 | 96.2 | 96.1 | 964 | 964 | 965 | 962 | 96.2 | 96.3 | 96.0 | 96.0
a* 340 |341| 337 | 326 | 3.08 | 285 | 354 | 3.45 | 342 | 347 | 359 | 329 | 316 | 2.88 | 247 | 295 | 269 | 2.39 | 2.04
b* -9.70 |-10.2| -10.5 | -10.6 | -10.5 | -10.2 | -11.3 | -11.5 | -11.5 | -11.3 | -10.9 | -10.1 | -10.2 | -10.3 | -10.1 |-10.10| -9.90 | -9.50 | -8.90
Opacity, % 91.9 | 922 | 91.3 | 920 | 91.8 | 90.7 | 91.2 | 91.4 | 905 | 91.9 | 91.7 | 914 | 905 | 919 | 914 | 91.4 | 91.8 | 90.8 | 91.2
S. Coeff., m?/kg 66.1 | 66.5| 652 | 66.0 | 653 | 64.8 | 651 | 658 | 65.2 | 66.1 | 658 | 65.8 | 652 | 66.1 | 66.3 | 6°-8 | 698 | 64.6 | 65.1
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Table 37: Effect of different OWAs in surface sizing with DS2 at a dose of 5 kg/t at wet-end

DS2 at wet-end, kg/t

5

OWA in Type TS3 TS1 TS2 DS1
surface Only
sizing, kg/t Eg,fe’ starcchl 1 5 V5 | 5 | 71|23 |a|ls|1|2|3|a|s5|1]2]|3]a
ISO Brightness, % 951 | 955 | 95.8 | 96.1 | 96.2 | 96.0 | 95.4 | 95.9 | 96.2 | 96.2 | 95.9 | 95.3 | 95.6 | 95.8 | 95.8 | 95.5 | 95.3 | 95.5 | 95.4 | 95.1
B. brightness, % 84.3 | 84.2 | 835 | 835 | 84.0 | 83.4 | 84.1 | 836 | 84.1 | 83.7 | 83.4 | 83.8 | 84.2 | 843 | 84.0 | 83.9 | 83.8 | 83.6 | 83.8 | 835
CIE Whiteness 138.6 |140.3|141.2 | 141.2|138.5|132.3 | 140.1 | 141.4 | 141.7 | 140.9 | 139.0 | 139.5 | 140.6 | 141.2 | 141.4 | 141.2 | 138.4 | 138.8 | 138.6 | 138.0
Fluorescence 221 | 232|239 | 243|241 | 228|232 (237|239 (237|231 |225|230 232|234 |235|222|225|228| 230
Fluorescence, C 10.8 | 11.3 | 12.3 | 126 | 122 | 12.6 | 11.3 | 12.3 | 12.1 | 125 | 125 | 115 | 11.4 | 115 | 11.8 | 11.6 | 115 | 11.9 | 11.6 | 116
Yellowness -19.3 | -20.2 | -20.6 | -20.6 | -19.4 | -16.7 | -20.8 | -22.2 | -23.0 | -23.2 | -22.9 | -19.8 | -20.4 | -20.8 | -20.7 | -20.4 | -19.4 | -19.6 | -19.6 | -19.4
L* 96.2 | 96.8 | 95.8 | 95.8 | 96.2 | 96.2 | 96.5 | 95.9 | 96.1 | 96.5 | 96.2 | 95.2 | 96.5 | 96.2 | 96.4 | 96.2 | 96.3 | 96.3 | 96.4 | 96.4
a* 3.24 | 3.09 | 2.90 | 2.66 | 2.05 | 1.25 | 3.26 | 3.22 | 3.12 | 2.96 | 2.73 | 3.14 | 3.07 | 3.07 | 3.14 | 3.27 | 3.18 | 3.16 | 2.99 | 2.68
b* -9.90 | -10.0 | -9.90 | -9.60 | -8.40 | -6.40 | -9.90 | -10.1 | -10.1 | -9.90 | -9.50 | -11.5 | -11.7 | -11.7 | -11.5 | -11.1 | -10.1 | -10.2 | -10.3 | -10.4
Opacity, % 90.5 | 91.9 | 91.7 | 92.2 | 91.4 | 90.8 | 91.5 | 91.2 | 91.5 | 91.7 | 90.5 | 90.8 | 91.3 | 92.0 | 90.7 | 91.4 | 90.7 | 91.4 | 90.8 | 90.7
S. Coeff., m?/kg 65.2 | 66.1 | 66.0 | 66.5 | 65.8 | 65.8 | 64.2 | 65.1 | 66.0 | 65.8 | 65.2 | 64.9 | 65.2 | 66.0 | 64.8 | 65.8 | 64.8 | 65.8 | 65.8 | 65.9
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Table 38: Effect of different OWAs in surface sizing with DS2 at a dose of 6 kg/t at wet-end

DS2 at wet-end, kg/t

6

OWAin Type TS3 TS1 TS2 DS1
surface Only
sizing, kgt E;;e’ starch| 4 3 5 7 9 1 2 3 4 5 1 2 3 4 5 | 1 2 3 4
ISO Brightness, % 943 | 947 | 951 | 952 | 94.8 | 94.0 | 945 | 95.0 | 95.2 | 95.2 | 95.0 | 94.6 | 95.0 | 95.1 | 95.0 | 94.8 | 94.6 | 94.8 | 94.7 | 94.4
B. brightness, % 840 | 839 | 835 | 838 | 83.9 | 838 | 83.6 | 84.1 | 83.7 | 834 | 84.0 | 83.4 | 83.9 | 84.1 | 84.3 | 83.8 | 83.6 | 83.0 | 84.0 | 84.2
CIE Whiteness 139.4 |[140.9|141.2 |138.0|131.2|120.8 | 139.3 | 140.3 | 140.3 | 139.2 | 137.0 | 139.0 | 140.0 | 140.7 | 140.9 [140.6| 139.2 | 139.6 | 139.6 | 139.0
Fluorescence 229 | 237 | 245 | 241 | 224 | 195 | 235 | 239 | 23.9 | 235 | 228 | 225 | 22.9 | 23.2 | 23.4 | 234 | 22.7 | 23.1 | 23.4 | 23.7
Fluorescence, C 10.3 | 10.8 | 11.6 | 11.4 | 10.9 | 10.2 | 10.9 | 10.9 | 11.5 | 11.8 | 11.0 | 11.2 | 11.1 | 11.0 | 10.7 [ 11.0 | 11.0 | 11.8 | 10.7 | 10.2
Yellowness -19.9 | -20.6 | -20.8 | -19.6 | -16.5 | -11.8 | -21.2 | -22.6 | -23.3 | -23.6 | -23.3 | -19.2 | -19.9 | -20.3 | -20.3 |-20.0 | -19.8 | -19.9 | -20.0 | -19.8
L* 96.2 | 96.3 | 96.0 | 96.0 | 96.7 | 96.4 | 95.9 | 96.1 | 96.5 | 96.2 | 96.4 | 96.1 | 96.2 | 96.4 | 96.5 | 95.2 | 96.2 | 96.3 | 96.3 | 96.4
ar 314 | 301|261 | 202|126 |032|295| 292|284 | 268|247 | 246 | 241 | 243 | 252 | 2.68 | 2.98 | 3.06 | 3.01 | 2.81
b* -9.70 | -9.70 | -9.10 | -7.70 | -5.50 | -2.50 | -9.20 | -9.30 | -9.20 | -8.90 | -8.40 | -11.5 | -11.7 | -11.7 | -11.5 |-11.1 | -9.90 | -10.0 | -10.1 | -10.2
Opacity, % 914 | 91.8 | 90.8 | 91.2 | 91.5 | 91.7 | 91.8 | 90.7 | 92.2 | 91.3 | 92.0 | 90.5 | 91.9 | 91.7 | 90.5 | 91.9 | 90.8 | 91.3 | 92.0 | 91.8
S. Coeff., m?/kg 65.8 | 65.8 | 64.6 | 65.1 | 66.0 | 658 | 65.3 | 64.8 | 66.5 | 65.2 | 66.0 | 65.2 | 66.1 | 65.8 | 65.2 | 66.1 | 64.9 | 65.2 | 66.0 | 65.3
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Table 39: Effect of different OWAs in surface sizing with TS3 at a dose of 6 kg/t at wet-end

TS3 at wet-end, kg/t

Project Report

6

OWAin Type TS3 TS1 TS2 DS1
surface Dose Only
sizing, kg/t kgt ’ starch| 1 2 3 4 5 1 3 4 5 1 3 4 5 6 1 2 3 4
ISO Brightness, % 94.0 | 948 | 954 | 956 | 956 | 953 | 94.6 | 949 | 952 | 952 | 942 | 949 | 951 | 951 | 950 | 94.6 | 94.8 | 94.7 | 94.3
B. brightness, % 84.0 | 838 | 839 | 83.8 | 83.8 | 836 | 83.7 | 83.8 | 83.8 | 83.7 | 83.9 | 839 | 835 | 83.8 | 83.7 | 84.1 | 83.9 | 839 | 83.8
CIE Whiteness 135.7 | 138.4 | 140.0 | 140.5 | 139.7 | 137.8 | 138.4 | 140.0 | 140.1 | 138.5 | 137.3 | 140.4 | 140.9 | 140.7 | 139.9 | 137.4 | 137.3 | 136.3 | 134.3
Fluorescence 201 | 21.6 | 227 | 233 | 236 | 234 | 215 | 22.4 | 23.0 | 22.8 | 21.3 | 223 | 22.7 | 23.0 | 232 | 21.3 | 21.7 | 21.7 | 215
Fluorescence, C 10.0 | 11.0 | 115 | 11.8 | 11.9 | 11.7 | 109 | 11.1 | 11.4 | 115 | 104 | 11.0 | 116 | 11.3 | 11.2 | 105 | 109 | 10.7 | 105
Yellowness -18.2 | -19.3 | -20.1 | -20.3 | -20.1 | -19.5 | -19.1 | -19.8 | -20.1 | -19.6 | -18.6 | -19.9 | -20.3 | -20.4 | -20.3 | -19.2 | -19.2 | -18.9 | -18.2
L* 96.1 | 96.2 | 96.0 | 95.7 | 96,5 | 97.1 | 958 | 95.1 | 96.3 | 96.1 | 969 | 959 | 96.3 | 96.0 | 96.2 | 96.1 | 96.1 | 96.1 | 96.2
a* 331 | 318 | 299 | 273 | 242 | 205 | 350 | 3.47 | 3.07 | 272 | 352 | 354 | 352 | 3.47 | 3.40 | 3.35 | 3.22 | 299 | 2.66
b* -12.0 | -12.4 | -12.6 | -12.6 | -12.4 | -12.0 | -10.2 | -10.6 | -10.8 | -10.6 | -11.3 | -11.5 | -11.3 | -10.9 | -10.0 |-10.60| -10.4 | -10.0 | -9.40
Opacity, % 91.4 | 91.8 | 90.8 | 91.2 | 91.5 | 91.7 | 91.8 | 90.7 | 92.2 | 91.3 | 90.5 | 91.9 | 91.7 | 90.5 | 91.9 | 90.8 | 91.3 | 92.0 | 91.8
S. Coeff., m%kg 65.8 | 65.8 | 64.6 | 65.1 | 66.0 | 65.8 | 65.3 | 64.8 | 66.5 | 65.2 | 65.2 | 66.1 | 65.8 | 65.2 | 66.1 | 64.9 | 65.2 | 66.0 | 65.3
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Split addition of OWAs in wet-end surface sizing

Table 40: Effect of different OWAs in surface sizing

DS1 at wet-end, kg/t 6
OWA in Type on TS3 DS2 TS1 DS1 HS1
nly
surface
DOSG,
sizing, kg/t | g starch | 1 | 5 | 3 | 4| 1| 23| 4|5 1|2|3|a|1|2|3|1]2]3]a
ISO Brightness, % 95.0 |95.2|958|96.4|96.1|954|959|957|951|95.4|952|957|96.0[952|955|954|951|957|96.0|96.1]95.8
B. brightness, % 84.1 |84.0|84.3|84.2|84.0|843|83.9|84.1|84.2(84.3(83.8|84.0|83.9|84.2|84.4|84.1|84.0|83.8|84.0/|84.1/83.9
CIE Whiteness 140.3 |141.0(141.9|142.4|141.7|141.3|142.4/139.8(138.5|141.3|141.1|141.5(142.7|139.8|141.4|139.5|138.5(141.9(142.7|142.0|138.2
Fluorescence 221 | 224226228225 |22.4 226223220224 (222225229 |22.1|226|22.4|220/22.4|228]226|22.2
Fluorescence, C 109 |11.2|115|122]12.1 (111120116 /109|111 [11.4|11.7|12.1|11.0|12.1|11.3|11.1]11.9| 12 | 12 |11.9
Yellowness -18.7 |-18.9/-19.0/-19.3|-19.1|-18.9/-19.3|-19.2|-19.1|-18.9|-18.9|-19.1 |-19.3|-18.7|-18.8|-18.7|-18.1 | -19.2 | -19.3 | -19.2| -18.9
L* 96.4 |96.2|96.2|96.4|96.3|96.3|96.1|96.5|96.1|96.3|96.3|96.1|96.1|96.3|96.0|96.4|96.3|96.1|96.5]96.2|96.1
a* 3.24 |3.29|3.39|3.48|3.11|3.33|3.41|3.27|2.99|3.33|3.30|3.46|3.51|3.20|3.35(3.20|2.87|3.32|3.46 | 3.39 | 3.33
b* 111 |-11.3|-11.4|-11.9|-11.3|-11.1|-11.7|-11.0{-10.5|-11.1|-11.2|-11.4|-12.3|-10.9|-11.3|-11.0|-10.2 | -11.4 | -12.7 | -12.1 | -10.6
Opacity, % 92.2 |91.3]92.0/91.8|/91.5|91.3|91.1|91.3|92.0|/91.3|91.4|90.9|91.1[91.4|92.2[91.8|91.7|91.2|91.4|91.0/91.0
S. Coeff., m%/kg 66.5 |65.2|66.0|653|650]|652|64.9]|652|66.0]|65.2]|66.3|64.9|650|66.4|665]|654|659]|65.1|658]|65.2]65.0
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Best Combinations of different OWAs at wet and size press

Table 41: Best combinations of OWAs with PCC (DS2 at wet-end and other OWAs at size press)

DS2 at wet-end, kg/t 4 5 4 5 4 5

OWA in surface sizing, Type TS3 TS3 TS1 DS1 TS2 TS2
kght Dose, kglt 3 5 3 3 3 3

ISO Brightness, % 95.9 96.2 95.9 954 95.6 95.8
B. brightness, % 83.9 84.0 84.1 83.8 83.5 84.3
CIE Whiteness 140.5 138.5 141.7 138.6 141.0 141.2
Fluorescence 23.8 24.1 23.5 22.8 22.9 23.2
Fluorescence, C 12.0 12.2 11.9 11.6 12.1 11.5
Yellowness -20.3 -19.5 -22.2 -19.6 -20.7 -20.8
L* 96.3 96.2 96.3 96.4 96.0 96.2
ax 2.69 2.05 3.26 2.99 3.42 3.07
b* -9.90 -8.40 -10.6 -10.3 -11.5 -11.7
Opacity, % 91.8 91.4 92.0 90.8 90.5 92.0
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Table 42: Best combinations of OWAs with PCC (TS3 at wet-end and other OWAs at size press)

TS3 at wet-end, kg/t 5 6

Type TS3 TS1 DS1 TS2
OWA in surface sizing, kg/t

Dose, kg/t 3 4 2 4
ISO Brightness, % 95.2 95.2 94.8 95.1
B. brightness, % 83.6 83.8 83.9 83.5
CIE Whiteness 138.9 140.1 137.3 140.9
Fluorescence 22.8 23.0 21.7 22.7
Fluorescence, C 11.6 114 10.9 11.6
Yellowness -19.6 -20.1 -19.2 -20.3
L* 95.8 96.3 96.1 96.3
a* 2.82 3.07 3.22 3.52
b* -11.3 -10.8 -10.4 -11.9
Opacity, % 92.2 92.2 91.3 91.7
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Table 43: Best combinations of OWAs with PCC (DS1 at wet-end and other OWAs at size press)

DS1 in wet-end, kg/t 8

Type DS2 TS3 DS1 TS2 TS1 HS1
OWA in surface sizing, kg/t 0

Dose, kg/t 2 3 1 2 3 3
ISO Brightness, % 96.3 95.9 96.4 95.5 96.4 96.0 96.1
B. brightness, % 84.2 83.9 84.2 844 84.1 83.9 84.1
CIE Whiteness 140.7 142.4 142.4 141.4 142.8 142.7 142.0
Fluorescence 23.6 22.6 22.8 22.6 22.9 229 22.6
Fluorescence, C 12.1 12.0 12.2 11.1 11.5 12.1 12.0
Yellowness -20.3 -19.4 -19.3 -18.9 -19.2 -19.3 -19.3
L* 96.3 96.1 96.4 96.0 96.0 96.1 96.2
a* 3.37 3.41 3.48 3.35 3.42 3.51 3.39
b* -11.1 -11.7 -11.9 -11.3 -12.0 -12.4 -12.1
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Addition of broke (5 to 30%) in the papermaking furnish and its effect on the efficiency

of OWAs
Table 44: Effect of broke addition in wet-end with GCC at 21% ash level
DS2, kgt 3 0 0 0 3 3
Broke addition, % 0 5 15 30 5 30
ISO Brightness, % 93.0 84.1 86.3 87.0 93.1 92.9
B. brightness, % 83.4 81.2 82.3 82.0 82.2 81.7
CIE Whiteness 136.4 91.1 99.9 106.7 138.3 140.1
Fluorescence 21.0 2.92 4.03 4.98 21.69 22.27
Yellowness -20.4 -1.27 -4.29 -7.40 -19.9 -21.1
L* 95.6 94.3 94.8 94.5 95.33 95.0
ax 3.46 1.21 1.62 1.89 3.67 3.78
b* -11.0 -1.14 -2.83 -4.5 -11.2 -11.7
Opacity, % 86.7 87.1 86.5 86.2 86.1 85.3
S. Coeff., m?kg 47.8 47.1 45.9 46.2 46.9 47.1
Table 45: Effect of broke addition during the split addition of OWAs in wet-end and
surface sizing
DS2 at wet-end, kg/t 3 3 3 3
TS1in surface sizing, kg/t 2 0 2 2
Broke addition, % 0 5 5 30 30
ISO Brightness, % 94.6 93.1 93.6 92.9 93.5
B. brightness, % 82.6 82.2 82.3 81.7 82.1
CIE Whiteness 141.8 138.3 140.1 140.1 141.2
Fluorescence 22.2 21.7 21.8 22.3 22.0
Yellowness -21.3 -20.0 -20.4 -21.1 -21.3
L* 95.6 95.32 95.6 94.9 95.1
ax 3.45 3.67 3.75 3.78 3.81
b* -12.2 -11.2 -11.3 -11.7 -11.8
Opacity, % 86.1 86.1 85.2 85.3 85.1
S. Coeff., m?/kg 46.1 46.9 47.2 47.1 46.8
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Table 46: Effect of Broke addition in wet-end with Talc at 21% ash level

DS2, kg/t 6 0 0 0 6 6
Broke addition, % 0 5 15 30 5 30
ISO Brightness, % 90.6 81.4 83.7 84.9 91.5 91.7
B. brightness, % 79.1 79.3 79.9 79.7 79.3 79.7
CIE Whiteness 137.5 81.6 94.2 104.2 140.1 140.8
Fluorescence 24.3 2.11 3.21 10.6 23.9 23.7
Yellowness -20.5 -1.75 -2.86 -6.88 -21.9 -22.3
L* 94.2 93.6 93.9 93.8 94.4 94.7
ar 3.23 0.70 1.39 2.01 3.65 3.60
b* -10.8 -0.60 -2.07 -4.24 -11.9 -12.2
Opacity, % 83.9 83.2 83.1 84.0 83.2 84.1
S. Coeff., m¥kg 35.9 39.8 40.1 40.2 40.2 40.1
Table 47: Effect of broke addition during the split addition of OWAs in wet-end and
surface sizing with talc at 21% ash level at wet-end
DS2, kgt 6 6 6 6 6
TS2, kg/t 2 0 2 0 2
Broke addition, % 0 5 5 30 30
ISO Brightness, % 92.2 91.5 92.0 91.7 92.2
B. brightness, % 78.1 79.3 79.5 79.7 80.0
CIE Whiteness 141.0 140.1 141.2 140.8 142.0
Fluorescence 24.3 23.9 24.1 23.7 24.0
Yellowness -21.7 -21.8 -21.9 -22.3 -23.0
L* 94.1 94.4 94.7 94.4 94.6
ar 3.10 3.65 3.85 3.60 3.87
b* -12.0 -12.0 -12.3 -12.2 -12.5
Opacity, % 83.1 83.2 83.5 84.1 84.3
S. Coeff., m?kg 35.3 40.2 39.4 40.1 39.9
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Table 48: Identification of impurities and interfering metals in OWA and their effect on
optical properties of paper (using EDTA as chelating agent for the treatment of water)

DS2, kg/t 3 3

Total hardness as CaCOs, ppm 164 Zero
ISO Brightness, % 92.4 92.0
B. brightness, % 82.3 81.3
CIE Whiteness 136.2 137.7
Fluorescence 21.0 21.9
Yellowness -19.1 -19.7
L* 954 95.2
a* 3.70 3.86
b* -10.8 -11.1
Opacity, % 86.2 85.1
S. Coeff., m¥kg 46.9 47.1
Ash, % 17.9 10.2
FPAR, % 77.8 44.3
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CHAPTER -2

Bleached Bagasse
(BBS) Pulp

Y
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RESULTS & DISCUSSION

2 Effect of different OWAs in wet-end and in surface sizing application
(at 21% ash level using different fillers)

Study was done using bleached bagasse pulp and each OWA after dose optimization at wet-
end was fixed for wet-end addition while other OWAs were added in surface sizing at
different doses followed by selection of best combination of that particular OWA at wet-end
with other OWAs at surface sizing on the basis of cost reduction without compromising the

optical properties of paper.

2.1 With GCC filler
2.1.1 Optimization of DS2 at wet-end

DS2 was added in wet-end at different doses. Without adding DS2 at wet-end the brightness
of paper was 87.0, whiteness was 80.0 and fluorescence was 0.80. At minimum dose of 4
kg/t of DS2 the brightness was 98.7%, CIE whiteness and fluorescence was 144.3 and 21.9
respectively. The optimum dose was 10 kg/t at which brightness was 102.3%, CIE whiteness
and fluorescence was 155.3 and 28.1 respectively. On further increasing the dose beyond
12 kg/t the reduction in values of brightness whiteness, a* and b* was observed. TS3 was
added in wet-end at different doses. At minimum dose of 4 kg/t of TS3 the brightness was
96.8%, CIE whiteness and fluorescence was 138.4 and 19.3 respectively. The optimum
dose was 14 kg/t at which brightness was 101.4%, CIE whiteness and fluorescence was
154.3 and 26.8 respectively. On further increasing the dose beyond 14 kg/t the reduction in
values of brightness, whiteness, a* and b* was observed. At maximum dose of 16 kg/t of
TS3 the brightness was reduced to 99.2%, CIE whiteness and fluorescence was 154.3 and
26.8 respectively. DS1 was added in wet-end at different doses. At minimum dose of 4 kg/t
of DS1 the brightness was 99.0%, CIE whiteness and fluorescence was 147.1 and 23.4
respectively. The optimum dose was 10 kg/t at which brightness was 101.1%, CIE whiteness
and fluorescence was 154.2 and 28.5 respectively. On further increasing the dose beyond
12 kg/t the reduction in values of brightness whiteness, a* and b* was observed. At this
dose, the brightness was reduced to 99.2%, CIE whiteness and fluorescence was 150.3 and

27.0 respectively as shown in Table 49.
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2.1.2 Split addition of OWAs in wet-end and surface sizing
2.1.2.1 Effect of different OWA in surface sizing with DS2 addition of 7 kg/t at wet-end

TS3 was added in surface sizing along with 7 kg/t of DS2 at wet-end. At minimum dose of 1
kg/t of TS3 the brightness was 99.1%, CIE whiteness and fluorescence was 151.3 and 25.64
respectively. The optimum dose of TS3 in surface sizing was 3 kg/t at which brightness was
100.1%, CIE whiteness and fluorescence was 150.4 and 25.95 respectively. On further
increasing the dose of TS3 to 4 kg/t, the brightness was 98.1%, CIE whiteness and
fluorescence was 148.3 and 24.87 respectively. DS2 was added in surface sizing along with
7 kg/t of DS2 at wet-end. At minimum dose of 1 kg/t of DS2 the brightness was 99.1%, CIE
whiteness and fluorescence was 151.3 and 25.64 respectively. The optimum dose of DS2 in
surface sizing was 2 kg/t at which brightness was 101.9%, CIE whiteness and fluorescence
was 154.9 and 27.72 respectively. On further increasing the dose of DS2 to 4 kg/t, the
reduction in optical properties was observed. The brightness reduced to 98.1%, CIE
whiteness and fluorescence was 148.3 and 24.87 respectively. TS1 was added in surface
sizing along with 7 kg/t of DS2 at wet-end. At minimum dose of 1 kg/t of TS1 the brightness
was 101.9%, CIE whiteness and fluorescence was 155.2 and 27.90 respectively. The
optimum dose of TS1 in surface sizing was 2 kg/t. On further increasing the dose of TS1to 4
kg/t, the reduction in optical properties was observed. The brightness was reduced to 97.2%,
CIE whiteness and fluorescence was 149.2 and 24.82 respectively. TS2 was added in
surface sizing along with 7 kg/t of DS2 at wet-end. At minimum dose of 1 kg/t of TS2 the
brightness was 99.3%, CIE whiteness and fluorescence was 153.1 and 25.14 respectively.
The optimum dose of TS2 in surface sizing was 2 kg/t on which the brightness was 103.1%
and CIE whiteness was 158.6 and fluorescence was 28.12. On further increasing the dose of
TS2 to 3 kg/t, the reduction in optical properties was observed. The brightness was
100.0%, CIE whiteness and fluorescence was 148.7 and 25.36 respectively. DS1 was added
in surface sizing along with 7 kg/t of DS2 at wet-end. At minimum dose of 1 kg/t of DS1 the
brightness was 98.9%, CIE whiteness and fluorescence was 151.6 and 25.23 respectively.
The optimum dose of DS1 in surface sizing was 2 kg/t on which the brightness was 100.8%
and CIE whiteness was 153.8 and fluorescence was 26.01. On further increasing the dose of

DS1 to 4 kg/t, the reduction in optical properties was observed as shown in Table 50.

2.1.2.2 Effect of different OWA in surface sizing with TS3 addition of 9 kg/t at wet-end

TS3 was added in surface sizing along with 9 kg/t of TS3 at wet-end. At minimum dose of 1
kg/t of TS3 the brightness was 99.2%, CIE whiteness and fluorescence was 152.4 and 25.7

respectively. The optimum dose of TS3 in surface sizing was 3 kg/t at which brightness was
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100.4%, CIE whiteness and fluorescence was 155.2 and 26.8 respectively. On further
increasing the dose of TS3 to 4 kg/t, the brightness reduced to 99.4%, CIE whiteness and
fluorescence was 154.7 and 26.5 respectively. DS2 was added in surface sizing along with 9
kg/t of TS3 at wet-end. At minimum dose of 1 kg/t of DS2 in surface sizing, the brightness
was 98.6 %, CIE whiteness and fluorescence was 150.9 and 25.1 respectively. On further
increasing the dose of DS2 to 2 kg/t, the reduction in optical properties was observed. The
brightness was reduced to 97.6%, CIE whiteness and fluorescence was 147.9 and 24.5
respectively. TS1 was added in surface sizing along with 9 kg/t of TS3 at wet-end. At
minimum dose of 1 kg/t of TS1 the brightness was 98.7%, CIE whiteness and fluorescence
was 151.2 and 26.7 respectively. The optimum dose of TS1 in surface sizing was 3 kg/t. On
further increasing the dose of TS1 to 4 kg/t, the reduction in optical properties was observed.
The brightness was reduced to 98.5%, CIE whiteness and fluorescence was 153.2 and 26.7
respectively. TS2 was added in surface sizing along with 9 kg/t of TS3 at wet-end. At
minimum dose of 1 kg/t of TS2 the brightness was 99.1%, CIE whiteness and fluorescence
was 151.2 and 25.3 respectively. The optimum dose of TS2 in surface sizing was 2 kg/t on
which the brightness was 99.5% and CIE whiteness was 153.7 and fluorescence was 25.8.
On further increasing the dose of TS2 to 4 kg/t, the reduction in optical properties was
observed. The brightness was reduced to 97.8%, CIE whiteness and fluorescence was
147.6 and 24.3 respectively. HS1 was added in surface sizing along with 9 kg/t of TS3 at
wet-end. At minimum dose of 1.0 kg/t of HS1 the brightness was 99.4%, CIE whiteness and
fluorescence was 150.5 and 25.3 respectively. The optimum dose of HS1 in surface sizing
was 3 kg/t, on which brightness was 100.6, whiteness and fluorescence was 155.2 and 26.2
respectively. On further increasing the dose of HS1 to 4 kg/t, the reduction in optical

properties was observed as shown in Table 51.

2.1.2.3 Effect of different OWA in surface sizing with DS1 addition of 6 kg/t at wet-end

TS3 was added in surface sizing along with 6 kg/t of DS1 at wet-end. At minimum dose of 1
kg/t of TS3 the brightness was 99.1%, CIE whiteness and fluorescence was 153.0 and 27.90
respectively. The optimum dose of TS3 in surface sizing was 2 kg/t at which brightness was
99.4%, CIE whiteness and fluorescence was 154.8 and 28.13 respectively. On further
increasing the dose of TS3 to 4 kg/t, the brightness reduced to 97.5%, CIE whiteness and
fluorescence was 144.8 and 27.17 respectively. DS2 was added in surface sizing along with
6 kg/t of DS1 at wet-end. At minimum dose of 1 kg/t of DS2 in surface sizing, the brightness
was 97.7%, CIE whiteness and fluorescence was 141.0 and 25.40 respectively. This was the
optimum dose of DS2 in surface sizing. On further increasing the dose of DS2 to 2 kg/t, the

reduction in optical properties was observed. The brightness was reduced to 95.8%, CIE
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whiteness and fluorescence was 130.3 and 22.35 respectively. TS1 was added in surface
sizing along with 6 kg/t of DS1 at wet-end. At minimum dose of 1 kg/t of TS1 the brightness
was 99.2%, CIE whiteness and fluorescence was 153.0 and 28.01 respectively. The
optimum dose of TS1 in surface sizing was 3 kg/t. On further increasing the dose of TS1to 4
kg/t, the reduction in optical properties was observed. The brightness was reduced to 99.9%,
CIE whiteness and fluorescence was 155.0 and 28.72 respectively. TS2 was added in
surface sizing along with 6 kg/t of DS1 at wet-end. At minimum dose of 1 kg/t of TS2 the
brightness was 99.5 %, CIE whiteness and fluorescence was 153.8 and 28.32 respectively.
The optimum dose of TS2 in surface sizing was 2 kg/t on which the brightness was 99.8%
and CIE whiteness was 154.8 and fluorescence was 28.70. On further increasing the dose of
TS2 to 3 kglt, the reduction in optical properties was observed. The brightness was reduced
to 89.4 %, CIE whiteness and fluorescence was 149.2 and 28.21 respectively. HS1 was
added in surface sizing along with 6 kg/t of DS1 at wet-end. At minimum dose of 1.0 kg/t of
HS1 the brightness was 99.5%, CIE whiteness and fluorescence was 154.8 and 28.21
respectively. The optimum dose of HS1 in surface sizing was 3 kg/t. On further increasing
the dose of HS1 to 4 kg/t, the reduction in optical properties was observed as shown in
Table 52

2.1.3 Best Combinations of different OWAs at wet and size press

2.1.3.1 DS2 at wet-end with different OWAs at size press

Adding DS2 at a dose of 7 kg/t in wet-end, without addition of any OWA in surface sizing
and the brightness was 102.3% and CIE whiteness and fluorescence were 155.3 and 28.1
respectively. Various OWAs at different doses were added in surface sizing along with DS2
addition at wet-end. The best combinations were 7 kg/t of DS2 at wet-end with 2 kg/t of DS2
in surface sizing, 7 kg/t of DS2 at wet-end with 3 kg/t of TS3 in surface sizing, 7 kg/t of DS2
in wet-end and 2 kg/t of TS1 in surface sizing, 7 kg/t of DS2 in wet-end along with 2 kg/t of
TS2 in surface sizing, 7 kg/t of DS2 at wet-end with 2 kg/t of DS1 in surface sizing with slight
improvement in optical properties along with significant reduction in cost. The best
combination among all these was addition of 7kg/t of DS2 at wet-end and 2 kg/t of TS2 in

surface sizing along with comparable optical properties as shown in Table 53.

2.1.3.2 TS3 at wet-end with different OWAs at size press

Adding TS3 at a dose of 9 kg/t in wet-end, without addition of any OWA in surface sizing and
the brightness was 101.1% and CIE whiteness and fluorescence were 154.3 and 26.8

respectively. Various OWAs at different doses were added in surface sizing along with TS3
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addition at wet-end. The best combinations were 9 kg/t of TS3 at wet-end with 3 kg/t of TS3
in surface sizing, 9 kg/t of TS3 at wet-end with 3 kg/t of TS1 in surface sizing, 9 kg/t of TS3
in wet-end and 2 kg/t of TS2 in surface sizing, 9 kg/t of TS3 in wet-end along with 3 kg/t of
HS1 in surface sizing. The best combination among all these was addition of 9kg/t of TS3 at
wet-end and 3 kg/t of HS1 in surface sizing along with comparable optical properties as

shown in Table 54.
2.1.3. 3 DS1 at wet-end with different OWAs at size press

Adding DS1 at a dose of 10 kg/t in wet-end, without addition of any OWA in surface sizing
and the brightness was 101.1% and CIE whiteness and fluorescence were 154.2 and 28.50
respectively. Various OWAs at different doses were added in surface sizing along with DS1
addition at wet-end. The best combinations were 6 kg/t of DS1 at wet-end with 2 kg/t of TS3
in surface sizing, 6 kg/t of DS1 at wet-end with 3 kg/t of TS1 in surface sizing, 6 kg/t of DS1
in wet-end and 2 kg/t of TS2 in surface sizing, 6 kg/t of DS1 in wet-end along with 3 kg/t of
HS1 in surface sizing. The best combination among all these was addition of 6kg/t of DS1 at
wet-end and 3 kg/t of HS1 in surface sizing along with comparable optical properties as

shown in Table 55.

2.2 With Talc filler
2.2.1 Optimization of DS2 at wet-end

DS2 was added in wet-end at different doses. Without adding DS2 at wet-end the brightness
of paper was 85.1, whiteness was 79.0 and fluorescence was 1.54. At minimum dose of 4
kg/t of DS2 the brightness was 95.1%, CIE whiteness and fluorescence was 139.6 and
21.86 respectively. The optimum dose was 10 kg/t at which brightness was 99.4%, CIE
whiteness and fluorescence was 149.2 and 26.5 respectively. On further increasing the dose
beyond 10 kg/t the reduction in values of brightness whiteness, a* and b* was observed.
TS3 was added in wet-end at different doses. At minimum dose of 4 kg/t of TS3 the
brightness was 95.1%, CIE whiteness and fluorescence was 140.0 and 21.8 respectively.
The optimum dose was 10 kg/t at which brightness was 99.0%, CIE whiteness and
fluorescence was 148.9 and 26.4 respectively. On further increasing the dose to 12 kg/t the
reduction in values of brightness, whiteness, a* and b* was observed. DS1 was added in
wet-end at different doses. At minimum dose of 4 kg/t of DS1 the brightness was 96.8%, CIE
whiteness and fluorescence was 145.4 and 22.9 respectively. The optimum dose was 12

kg/t at which brightness was 100.0%, CIE whiteness and fluorescence was 152.0 and 27.8
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respectively. On further increasing the dose beyond 12 kg/t the reduction in values of
brightness whiteness, a* and b* was observed. At this dose, the brightness was reduced to
98.4%, CIE whiteness and fluorescence was 150.1 and 25.7 respectively as shown in Table
56.

2.2.2 Split addition of OWAs in wet-end and surface sizing

2.2.2.1 Effect of different OWA in surface sizing with DS2 addition of 6 kg/t at wet-end

TS3 was added in surface sizing along with 6 kg/t of DS2 at wet-end. At minimum dose of 1
kg/t of TS3 the brightness was 96.8%, CIE whiteness and fluorescence was 150.2 and 26.8
respectively. The optimum dose of TS3 in surface sizing was 2 kg/t at which brightness was
98.5%, CIE whiteness and fluorescence was 152.4 and 28.2 respectively. On further
increasing the dose of TS3 to 3 kg/t, the brightness was 97.9%, CIE whiteness and
fluorescence was 151.8 and 28.1 respectively. DS2 was added in surface sizing along with 6
kg/t of DS2 at wet-end. At minimum dose of 1 kg/t of DS2 the brightness was 96.7%, CIE
whiteness and fluorescence was 147.6 and 26.4 respectively. The optimum dose of DS2 in
surface sizing was 2 kg/t at which brightness was 96.7%, CIE whiteness and fluorescence
was 146.0 and 26.4 respectively. On further increasing the dose of DS2 to 3 kgf/t, the
reduction in optical properties was observed. The brightness reduced to 95.2%, CIE
whiteness and fluorescence was 141.4 and 22.8 respectively. TS1 was added in surface
sizing along with 6 kg/t of DS2 at wet-end. At minimum dose of 1 kg/t of TS1 the brightness
was 98.2%, CIE whiteness and fluorescence was 154.5 and 27.5 respectively. The optimum
dose of TS1 in surface sizing was 2 kg/t. On further increasing the dose of TS1 to 2 kg/t, the
reduction in optical properties was observed. The brightness was reduced to 98.2%, CIE
whiteness and fluorescence was 154.5 and 27.5 respectively. TS2 was added in surface
sizing along with 6 kg/t of DS2 at wet-end. At minimum dose of 1 kg/t of TS2 the brightness
was 97.0%, CIE whiteness and fluorescence was 150.4 and 27.1 respectively. The optimum
dose of TS2 in surface sizing was 2 kg/t on which the brightness was 98.7% and CIE
whiteness was 154.4 and fluorescence was 27.8. On further increasing the dose of TS2 to 3
kg/t, the reduction in optical properties was observed. The brightness was 98.0%, CIE
whiteness and fluorescence was 152.8 and 27.9 respectively. HS1 was added in surface
sizing along with 6 kg/t of DS2 at wet-end. At minimum dose of 1 kg/t of HS1 the brightness
was 96.9%, CIE whiteness and fluorescence was 149.7 and 26.4 respectively. The optimum
dose of HS1 in surface sizing was 2 kg/t on which the brightness was 99.1% and CIE
whiteness was 155.8 and fluorescence was 27.9. On further increasing the dose of HS1 to 3

kg/t, as shown in Table 57
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2.2.2.2 Effect of different OWA in surface sizing with TS3 addition of 6 kg/t at wet-end

TS3 was added in surface sizing along with 6 kg/t of TS3 at wet-end. At minimum dose of 1
kg/t of TS3 the brightness was 95.9%, CIE whiteness and fluorescence was 147.3 and 25.1
respectively. The optimum dose of TS3 in surface sizing was 2 kg/t at which brightness was
97.8%, CIE whiteness and fluorescence was 147.9 and 25.4 respectively. On further
increasing the dose of TS3 to 3 kg/t, the brightness reduced to 95.5%, CIE whiteness and
fluorescence was 145.3 and 24.2 respectively. DS2 was added in surface sizing along with 6
kg/t of TS3 at wet-end. At minimum dose of 1 kg/t of DS2 in surface sizing, the brightness
was 95.4%, CIE whiteness and fluorescence was 146.2 and 24.8 respectively. On further
increasing the dose of DS2 to 3 kg/t, the reduction in optical properties was observed. The
brightness was reduced to 94.1%, CIE whiteness and fluorescence was 142.0 and 23.9
respectively. TS1 was added in surface sizing along with 6 kg/t of TS3 at wet-end. At
minimum dose of 1 kg/t of TS1 the brightness was 96.0%, CIE whiteness and fluorescence
was 147.2 and 25.2 respectively. The optimum dose of TS1 in surface sizing was 2 kg/t. On
further increasing the dose of TS1 to 3kg/t, the reduction in optical properties was observed.
The brightness was reduced to 96.1%, CIE whiteness and fluorescence was 145.3 and 24.2
respectively. TS2 was added in surface sizing along with 6 kg/t of TS3 at wet-end. At
minimum dose of 1 kg/t of TS2 the brightness was 96.1%, CIE whiteness and fluorescence
was 147.0 and 25.1 respectively. The optimum dose of TS2 in surface sizing was 2 kg/t on
which the brightness was 97.8% and CIE whiteness was 147.9 and fluorescence was 25.4.
On further increasing the dose of TS2 to 3 kg/t, the reduction in optical properties was
observed. The brightness was reduced to 95.0%, CIE whiteness and fluorescence was
146.4 and 23.9 respectively. HS1 was added in surface sizing along with 6 kg/t of TS3 at
wet-end. At minimum dose of 1.0 kg/t of HS1 the brightness was 96.7%, CIE whiteness and
fluorescence was 146.8 and 25.2 respectively. The optimum dose of HS1 in surface sizing
was 2 kg/t, on which brightness was 98.1, whiteness and fluorescence was 148.8 and 25.9
respectively. On further increasing the dose of HS1 to 3 kg/t, the reduction in optical

properties was observed as shown in Table 58.

2.2.2.3 Effect of different OWA in surface sizing with DS1 addition of 8 kg/t at wet-end

TS3 was added in surface sizing along with 8 kg/t of DS1 at wet-end. At minimum dose of 1
kg/t of TS3 the brightness was 97.3%, CIE whiteness and fluorescence was 149.5 and 25.1
respectively. The optimum dose of TS3 in surface sizing was 2 kg/t at which brightness was
97.6%, CIE whiteness and fluorescence was 150.9 and 27.2 respectively. On further

increasing the dose of TS3 to 4 kg/t, the brightness reduced to 97.3%, CIE whiteness and
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fluorescence was 147.9 and 26.5 respectively. TS1 was added in surface sizing along with 8
kg/t of DS1 at wet-end. At minimum dose of 1 kg/t of TS1 the brightness was 97.3%, CIE
whiteness and fluorescence was 149.4 and 25.2 respectively. The optimum dose of TS1 in
surface sizing was 2 kg/t. On further increasing the dose of TS1 to 4 kg/t, the reduction in
optical properties was observed. The brightness was reduced to 97.2%, CIE whiteness and
fluorescence was 143.0 and 25.4 respectively. TS2 was added in surface sizing along with 8
kg/t of DS1 at wet-end. At minimum dose of 1 kg/t of TS2 the brightness was 97.2%, CIE
whiteness and fluorescence was 149.9 and 26.4 respectively. The optimum dose of TS2 in
surface sizing was 2 kg/t on which the brightness was 98.2% and CIE whiteness was 152.7
and fluorescence was 27.5. On further increasing the dose of TS2 to 4 kg/t, the reduction in
optical properties was observed. The brightness was reduced to 98.0%, CIE whiteness and
fluorescence was 151.2 and 27.3 respectively. HS1 was added in surface sizing along with 8
kg/t of DS1 at wet-end. At minimum dose of 1.0 kg/t of HS1 the brightness was 97.2%, CIE
whiteness and fluorescence was 149.6 and 26.4 respectively. The optimum dose of HS1 in
surface sizing was 4 kg/t. On which the brightness was 99.4 and whiteness and fluorescence
was 153.4 and 27.6 as shown in Table 59.

2.2.3 Best combinations of different OWAs in wet-end and surface sizing

2.2.3.1 DS2 at wet-end with different OWAs at size press

Adding DS2 at a dose of 10 kg/t in wet-end, without addition of any OWA in surface sizing
and the brightness was 99.4% and CIE whiteness and fluorescence were 149.2 and 26.5
respectively. Various OWAs at different doses were added in surface sizing along with DS2
addition at wet-end. The best combinations were 6 kg/t of DS2 at wet-end with 2 kg/t of TS2
in surface sizing, 6 kg/t of DS2 at wet-end with 2 kg/t of HS1 in surface sizing, 6 kg/t of DS2
in wet-end and 2 kg/t of TS3 in surface sizing, 6 kg/t of DS2 in wet-end along with 2 kg/t of
DS2 in surface sizing, 6 kg/t of DS2 at wet-end with 2 kg/t of TS1 in surface sizing with slight
improvement in optical properties along with significant reduction in cost. The best
combination among all these was addition of 6kg/t of DS2 at wet-end and 2 kg/t of TS2 in

surface sizing along with comparable optical properties as shown in Table 60.
2.2.3.2 TS3 at wet-end with different OWAs at size press

Adding TS3 at a dose of 10 kg/t in wet-end, without addition of any OWA in surface sizing
and the brightness was 99.0% and CIE whiteness and fluorescence were 148.9 and 26.4
respectively. Various OWAs at different doses were added in surface sizing along with TS3
addition at wet-end. The best combinations were 6 kg/t of TS3 at wet-end with 2 kg/t of TS3
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in surface sizing, 6 kg/t of TS3 at wet-end with 1kg/t of DS2 in surface sizing, 6 kg/t of TS3 in
wet-end and 2 kg/t of TS1 in surface sizing, 6 kg/t of TS3 in wet-end along with 2 kg/t of TS2
in surface sizing. The best combination among all these was addition of 6kg/t of TS3 at wet-
end and 2 kg/t of TS2 in surface sizing along with comparable optical properties as shown in
Table 61.

2.2.3.3 DS1 at wet-end with different OWAs at size press

Adding DS1 at a dose of 12 kg/t in wet-end, without addition of any OWA in surface sizing
and the brightness was 100.0% and CIE whiteness and fluorescence were 152.0 and 27.8
respectively. Various OWAs at different doses were added in surface sizing along with DS1
addition at wet-end. The best combinations with 8 kg/t of DS1 at wet-end were 2 kg/t of TS3,
2 kg/t of TS1, 2 kg/t of TS2 and 6 kg/t of DS1 in surface sizing. The best combination among
all these was addition of 8kg/t of DS1 at wet-end and 4 kg/t of HS1 in surface sizing along
with comparable optical properties as shown in Table 62.

2.3 With PCC filler
2.3.1 Optimization of DS2 at wet-end

DS2 was added in wet-end at different doses. Without adding DS2 at wet-end the brightness
of paper was 87.5, whiteness was 80.6 and fluorescence was 0.70. At minimum dose of 4
kg/t of DS2 the brightness was 96.8%, CIE whiteness and fluorescence was 145.4 and 22.9
respectively. The optimum dose was 10 kg/t at which brightness was 101.5%, CIE whiteness
and fluorescence was 153.4 and 26.3 respectively. On further increasing the dose beyond
10 kg/t the reduction in values of brightness whiteness, a* and b* was observed. TS3 was
added in wet-end at different doses. At minimum dose of 4 kg/t of TS3 the brightness was
96.5%, CIE whiteness and fluorescence was 142.2 and 0.70 respectively. The optimum
dose was 13 kg/t at which brightness was 101.0%, CIE whiteness and fluorescence was
149.2 and 23.4 respectively. On further increasing the dose to 15 kg/t the reduction in values
of brightness, whiteness, a* and b* was observed. DS1 was added at wet-end at different
doses. At minimum dose of 4 kg/t of DS1 the brightness was 97.8%, CIE whiteness and
fluorescence was 149.2 and 26.3 respectively. The optimum dose was 10 kg/t at which
brightness was 101.8%, CIE whiteness and fluorescence was 154.2 and 26.4 respectively.
On further increasing the dose beyond 10 kg/t the reduction in values of brightness

whiteness, a* and b* was observed as shown in Table 63.
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2.3.2 Split addition of OWAs in wet-end and surface sizing

2.3.2.1 Effect of different OWA in surface sizing with DS2 addition of 7 kg/t at wet-end

TS3 was added in surface sizing along with 7 kg/t of DS2 at wet-end. At minimum dose of 1
kg/t of TS3 the brightness was 101.2%, CIE whiteness and fluorescence was 154.1 and 26.2
respectively. The optimum dose of TS3 in surface sizing was 2 kg/t at which brightness was
101.8%, CIE whiteness and fluorescence was 156.1 and 27.2 respectively. On further
increasing the dose of TS3 to 4 kg/t, the brightness was 102.0%, CIE whiteness and
fluorescence was 155.5 and 27.1 respectively. TS1 was added in surface sizing along with 7
kg/t of DS2 at wet-end. At minimum dose of 1 kg/t of TS1 the brightness was 100.9%, CIE
whiteness and fluorescence was 153.7 and 25.2 respectively. The optimum dose of TS1 in
surface sizing was 4 kg/t. The brightness was 101.7%, CIE whiteness and fluorescence was
154.3 and 27.4 respectively. TS2 was added in surface sizing along with 7 kg/t of DS2 at
wet-end. At minimum dose of 1 kg/t of TS2 the brightness was 101.2%, CIE whiteness and
fluorescence was 156.7 and 27.4 respectively. The optimum dose of TS2 in surface sizing
was 2 kg/t on which the brightness was 101.9% and CIE whiteness was 157.7 and
fluorescence was 27.4. On further increasing the dose of TS2 to 4 kg/t, the reduction in
optical properties was observed. The brightness was 101.5%, CIE whiteness and
fluorescence was 156.5 and 28.5 respectively. HS1 was added in surface sizing along with 7
kg/t of DS2 at wet-end. At minimum dose of 1 kg/t of DS1 the brightness was 100.7%, CIE
whiteness and fluorescence was 154.8 and 26.8 respectively. The optimum dose of DS1 in
surface sizing was 2 kg/t on which the brightness was 101.0% and CIE whiteness was 156.8
and fluorescence was 28.1. On further increasing the dose of HS1 to 4 kg/t, the reduction in

optical properties was observed as shown in Table 64.

2.3.2.2 Effect of different OWA in surface sizing with TS3 addition of 9 kg/t at wet-end

TS3 was added in surface sizing along with 9 kg/t of TS3 at wet-end. At minimum dose of 1
kg/t of TS3 the brightness was 100.8%, CIE whiteness and fluorescence was 152.7 and 25.5
respectively. The optimum dose of TS3 in surface sizing was 4 kg/t at which brightness was
101.7%, CIE whiteness and fluorescence was 156.8 and 28.2 respectively. TS1 was added
in surface sizing along with 9 kg/t of TS3 at wet-end. At minimum dose of 1 kg/t of TS1 the
brightness was 100.6%, CIE whiteness and fluorescence was 148.5 and 23.1 respectively.
The optimum dose of TS1 in surface sizing was 4 kg/t. TS2 was added in surface sizing
along with 9 kg/t of TS3 at wet-end. At minimum dose of 1 kg/t of TS2 the brightness was
101.0%, CIE whiteness and fluorescence was 155.2 and 26.9 respectively. The optimum

dose of TS2 in surface sizing was 2 kg/t on which the brightness was 101.7% and CIE
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whiteness was 157.6 and fluorescence was 27.8. On further increasing the dose of TS2 to 4
kg/t, the reduction in optical properties was observed. HS1 was added in surface sizing
along with 9 kg/t of TS3 at wet-end. At minimum dose of 1.0 kg/t of HS1 the brightness was
100.6%, CIE whiteness and fluorescence was 151.7 and 24.5 respectively. The optimum
dose of HS1 in surface sizing was 4 kg/t, on which brightness was 101.8%, whiteness and

fluorescence was 156.7 and 26.9 respectively as shown in Table 65.

2.3.2.3 Effect of different OWA in surface sizing with DS1 addition of 6 kg/t at wet-end

TS3 was added in surface sizing along with 6 kg/t of DS1 at wet-end. At minimum dose of 1
kg/t of TS3 the brightness was 101.6%, CIE whiteness and fluorescence was 153.8 and 26.2
respectively. The optimum dose of TS3 in surface sizing was 2 kg/t at which brightness was
102.1%, CIE whiteness and fluorescence was 154.8 and 27.3 respectively. On further
increasing the dose of TS3 to 4 kgft, slight reduction in optical properties was observed. TS1
was added in surface sizing along with 6 kg/t of DS1 at wet-end. At minimum dose of 1 kg/t
of TS1 the brightness was 101.2%, CIE whiteness and fluorescence was 153.9 and 26.5
respectively. The optimum dose of TS1 in surface sizing was 2 kg/t. On further increasing
the dose of TS1 to 2 kg/t, the reduction in optical properties was observed. TS2 was added
in surface sizing along with 6 kg/t of DS1 at wet-end. At minimum dose of 1 kg/t of TS2 the
brightness was 101.8%, CIE whiteness and fluorescence was 153.9 and 26.1 respectively.
The optimum dose of TS2 in surface sizing was 4 kg/t on which the brightness was 102.5%
and CIE whiteness was 156.3 and fluorescence was 27.6. On further increasing the dose of
TS2 to 4 kglt, the reduction in optical properties was observed. HS1 was added in surface
sizing along with 6 kg/t of DS1 at wet-end. At minimum dose of 1.0 kg/t of HS1 the
brightness was 102.6%, CIE whiteness and fluorescence was 154.2 and 26.4 respectively.
The optimum dose of HS1 in surface sizing was 4 kg/t. On which the brightness was 102.2

and whiteness and fluorescence was 156.9 and 28.1 as shown in Table 66.

2.3.3 Best Combinations of different OWAs at wet and size press

2.3.3.1 DS2 at wet-end with different OWAs at size press

Adding DS2 at a dose of 10 kg/t in wet-end, without addition of any OWA in surface sizing
and the brightness was 101.5% and CIE whiteness and fluorescence were 153.9 and 26.4
respectively. Various OWAs at different doses were added in surface sizing along with DS2
addition at wet-end. The best combinations were 7 kg/t of DS2 at wet-end with 4 kg/t of TS3
in surface sizing, 7 kg/t of DS2 at wet-end with 3kg/t of TS1 in surface sizing, 7 kg/t of DS2 in
wet-end and 2 kg/t of TS2 in surface sizing, 7 kg/t of DS2 in wet-end along with 2 kg/t of HS1
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in surface sizing with slight improvement in optical properties along with significant reduction
in cost. The best combination among all these was addition of 7kg/t of DS2 at wet-end and 2

kg/t of TS2 in surface sizing along with comparable optical properties as shown in Table 67.
2.3.3.2 Best combinations of different OWAs at surface sizing with TS3 at wet-end

Adding TS3 at a dose of 13 kg/t in wet-end, without addition of any OWA in surface sizing
and the brightness was 101.0% and CIE whiteness and fluorescence were 149.2 and 23.4
respectively. Various OWAs at different doses were added in surface sizing along with TS3
addition at wet-end. The best combinations were 9 kg/t of TS3 at wet-end with 4 kg/t of TS3
in surface sizing, 9 kg/t of TS3 in wet-end and 4 kg/t of TS1 in surface sizing, 9 kg/t of TS3 in
wet-end along with 2 kg/t of TS2 in surface sizing. The best combination among all these
was addition of 9kg/t of TS3 at wet-end and 2 kg/t of TS2 in surface sizing along with
comparable optical properties as shown in Table 68.

.2.3.3.3 Best combinations of different OWAs at surface sizing with DS1 at wet-end

Adding DS1 at a dose of 10 kg/t in wet-end, without addition of any OWA in surface sizing
and the brightness was 101.8% and CIE whiteness and fluorescence were 154.8 and 27.3
respectively. Various OWAs at different doses were added in surface sizing along with DS1
addition at wet-end. The best combinations with 6 kg/t of DS1 at wet-end were 2 kg/t of TS3,
2 kg/t of TS1, 2 kg/t of TS2 and 4 kg/t of HS1 in surface sizing. The best combination among
all these was addition of 6 kg/t of DS1 at wet-end and 2 kg/t of TS1 in surface sizing along
with comparable optical properties as shown in Table 69.
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Effect of different OWAs in wet-end and in surface sizing application

(at 21% ash level using different fillers)

With GCC filler

Table 49: Optimization of different OWAs at wet-end
OWA DS2 TS3 DS1
Dose, kgt 0 4 8 10 12 4 8 12 14 16 4 8 10 12
ISO Brightness, % 87.0 98.7 100.3 | 102.3 | 101.2 96.8 98.7 99.8 101.1 99.2 99.0 100.8 | 101.1 99.2
B. brightness, % 86.8 87.8 87.4 87.3 87.5 87.4 86.7 87.1 86.8 87.1 87.5 87.2 87.1 86.5
CIE Whiteness 80.0 1443 | 151.4 | 155.3 | 153.2 | 138.4 | 148.8 | 152.6 | 154.3 | 153.6 | 147.1 | 153.0 | 154.2 | 150.3
Fluorescence 0.80 21.9 25.86 28.1 27.24 19.3 24.2 26.0 26.8 25.7 23.4 27.0 28.5 27.0
Fluorescence, C 0.2 10.9 12.9 15.0 13.7 9.4 12.0 12.7 14.3 12.1 11.5 13.6 14.0 12.7
Yellowness 426 |-2050| -235 | -25.0 | -245 | -18.2 | -228 | -244 | -25.0 | -242 | -219 | -246 | -25.2 | -24.8
L* 95.8 97.3 97.6 97.4 97.6 96.9 97.1 97.3 97.2 97.3 97.3 97.5 97.6 97.4
ax 0.24 3.73 3.77 3.81 3.54 3.62 4.04 4.08 4.15 3.99 3.86 3.68 3.42 3.24
b* 2.14 -116 | -13.0 | -139 | -13.7 | -105 | -128 | -13.6 | -13.7 | -136 | -123 | -135 | -13.7 | -13.0
Opacity, % 89.9 89.5 90.0 90.6 89.1 90.7 91.0 90.4 91.1 90.2 89.0 90.4 91.2 90.0
S. Coeff., m%/kg 70.4 70.1 70.7 71.0 69.5 71.2 70.6 71.5 70.6 71.2 69.2 72.5 72.3 69.2
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Table 50: Effect of different OWA in surface sizing with DS2 addition of 7 kg/t at wet-end

DS2 at wet-end, 10 7

kgt

OWA in Type TS3 DS2 TS1 TS2 DS1
surface | 5 se 0 0 S?ar}'é’h

sizing, ' 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 1 2 3 4
kglt kglt

ISO Brightness, % 102.3| 99.5 | 98.4 |99.1(101.9(100.1| 98.1 | 99.1 |101.9(100.1| 98.1 | 99.0 |101.9| 99.8 | 97.2 | 99.3 |103.1|100.0| 98.9 |100.8| 99.0 | 97.8

B. brightness, % 873|876 | 872 |[87.4|87.2|87.3|87.0|87.4|87.2|87.3|87.0|873|87.2|87.3|870|874|875|870|87.1|87.4|87.0|87.4

CIE Whiteness 155.3|149.4 | 150.7 |151.3/154.9|150.4 |148.3|151.3|154.9(150.4 | 148.3|151.8|155.2|152.4|149.2|153.1|158.6 |148.7|151.6 | 153.8|149.5|145.4

Fluorescence 281 | 25.0 | 25.1 [25.6| 27.7 | 259|248 | 256 | 27.7 | 259 | 248 | 254 | 79 | 26.1 | 24.8 | 25.1|28.1| 253|252 | 26.0 | 25.0 | 24.2

Fluorescence, C 150 | 119 112.2 [11.7 | 14.7 128 11.1 (1.7 | 14.7 128 (11.1 (1.7 | 14.7 125 [10.2 |11.9 | 156 13.0 [11.8 | 134 [12.0 |104

Yellowness -25.0|-22.1 | -21.9 |-22.7|-24.8 | -23.7 |-21.1 |-22.7 | -24.8 | -23.7 | -21.1 | -22.7 | -24.8 | -23.1 | -21.8 | -22.6 | -25.1 | -22.1 | -23.0 | -24.1 | -22.0 |-21.5

L* 974|973 | 970 |97.1|97.2 | 970|970 |97.1|97.2|970 | 970 |97.0| 973|970 | 973|973 |97.0|97.1|97.0|97.1 |97.4|97.2

a* 381|375 | 3.74 |[3.763.80|351|312|3.76 380 |351|312|3.75|3.79|361|317|3.69|381|297|370| 372|329 |297

b* -13.8|-124 | -12.9 |-12.9|-13.5|-13.0|-12.2|-129|-13.5|-13.0 | -12.2|-12.9|-13.5|-13.0|-12.7 | -13.0 | -13.8 | -12.3 | -13.0 | -13.2 | -12.5 |-12.0

Opacity, % 90.6 | 89.2 | 89.1 [89.2| 90.5|90.0 | 89.7 | 89.2 | 90.5 | 90.0 | 89.7 | 89.5 | 89.1 | 89.7 | 90.5 | 90.2 | 90.0 | 90.4 | 89.9 | 90.1 | 91.1 | 91.8

S. Coeff., mZ/kg 710|711 | 702 |714|716|70.7| 704 | 714|716 | 70.7| 704|709 |712|703|716|716|710|714|709| 705 | 715|719
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Table 51: Effect of different OWA in surface sizing with TS3 addition of 9 kg/t at wet-end

TS3 at wet-end,

Project Report - Achievement of highest brightness and whiteness in paper

14 9
kg/t
OWA in Type TS3 DS2 TS1 TS2 HS1
surface Only
i7i Dose, 0 0 starch
sizing, 1 2 3 4 1 2 1 2 3 4 1 2 3 4 1 2 3 4
kgft kgt
ISO Brightness, % |101.1| 99.0 98.4 |199.2| 995 [{100.4| 994 | 98.6 | 976 | 98.7 | 99.1 | 99.6 | 985 | 99.1 | 995 | 99.0 | 97.8 | 99.4 | 99.8 |100.6 | 98.5
B. brightness, % 86.8 | 86.9 86.0 |86.4| 86.6 | 86.4 | 86.1 | 86.1 | 86.0 | 858 | 8.1 | 859 [ 859 | 86.0 | 86.4 | 86.1 | 858 | 85.6 | 86.1 | 85.7 | 85.8
CIE Whiteness 154.3149.6 | 150.5 (152.4| 154.3|155.2 | 154.7 [|150.9| 147.9 |151.2 | 153.9 | 154.7 |153.2| 151.2 | 153.7 | 150.2 | 147.6 | 151.2 | 154.9 | 155.2 |154.4
Fluorescence 26.8 | 24.8 25.0 |25.7| 265 | 26.8 | 265 | 25.1| 245 | 26.7 | 276 | 27.8 | 26.7 | 25.3 | 25.8 | 254 | 243 | 253 | 258 | 26.2 | 25.9
Fluorescence, C 14.3 | 12.1 124 | 128 | 129 | 140 | 133 | 125 | 116 | 129 | 130 | 13.7 | 126 | 13.1 | 131 | 129 | 120 | 138 | 13.7 | 149 | 12.7
Yellowness -25.0 | -229 | -23.0 |-24.8| -25.4 | -25.7 | -25.8 |-23.1| -23.2 | -23.8 | -25.6 | -25.7 | -25.2 | -23.8 | -25.1 | -25.0 | -23.8 | -23.4 | -25.7 | -25.8 | -24.9
L* 97.2 | 97.4 97.2 |97.1| 971 | 970 | 96.8 | 97.0| 96.7 | 97.2 | 97.1 | 970 [ 96.8 | 97.1 | 969 | 970 | 97.1 | 97.0 | 96.7 | 97.0 | 96.9
a* 415 | 405 | 411 413|415 | 421 | 398 |4.02 | 3.35 | 408 | 365 | 3.70 | 351 | 419 | 437 | 430 | 3.87 | 4.13 | 420 | 4.29 | 3.87
b* -13.6 | -128 | -129 |-13.3|-14.0|-14.3 | -14.2 |-129| -12.7 |-13.1|-13.9 | -14.0|-139| -13.4 | -13.9| -13.8 | -12.4 | -13.4 | -14.0 | -14.9 | -13.8
Opacity, % 91.1 | 91.1 90.7 |91.0| 90.7 | 895 | 899 (914 | 895 | 918 | 904 | 90.7 | 89.7 | 91.0 | 90.8 | 89.8 | 90.6 | 89.0 | 89.6 | 90.8 | 89.1
S. Coeff., mZ/kg 715|714 | 708 |71.2| 705 | 706 | 71.8 | 706 | 699 | 698 | 705 | 69.0 | 709 | 71.2 | 715 | 694 | 699 | 706 | 719 | 71.7 | 70.0
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Table 52: Effect of different OWA in surface sizing with DS1 addition of 6 kg/t at wet-end

DS1 at wet-end,

Project Report - Achievement of highest brightness and whiteness in paper

10 6
kgt
OWA in Type TS3 DS2 TS1 TS2 HS1
surface 0 0 Only
sizing, Dose, starch| 4 2 3 4 1 2 1 2 3 4 1 2 3 1 2 3 4
kg/t kg/t
ISO Brightness, [101.1]99.4 | 989 | 99.1 | 99.4 | 998 | 975 | 97.7 | 95.8 | 99.2 | 99.4 | 99.9 | 99.3 | 99.3 | 99.8 | 89.4 | 99.5 | 99.8 |100.8 | 99.5
%
B. brightness, % | 87.1 | 86.0 | 85.7 | 854 | 859 | 85.4 | 858 | 85.9 | 854 | 85.4 | 86.0 | 85.7 | 85.4 | 85.4 | 85.8 | 856 | 85.1 | 855 | 853 | 85.6
CIE Whiteness 154.2 |151.8| 152.7 | 153.0 |154.8 | 155.9 | 144.8 | 141.0 | 130.3 | 153.0 | 153.8 | 155.0 | 151.0 | 151.0 | 154.8 | 149.2 | 153.4 | 154.8 | 156.0 | 153.4
Fluorescence 285 | 272 | 278 | 279 | 281 | 284 | 272 | 254 | 223 | 28.0 | 286 | 28.7 | 28.0 | 28.0 | 28.7 | 282 | 282 | 28.7 | 28.9 | 27.9
Fluorescence, C | 14.0 | 13.4 | 132 | 137 | 135 | 144 | 11.7 | 11.8 | 104 | 13.8 | 134 | 142 | 139 | 139 | 14 | 38 | 144 | 143 | 155 | 13.9
Yellowness 251 |-243|-242 | -12.3 | -246 | -24.7 | -22.4 | -20.6 | -165 | -25.0 | -25.8 | -26.0 | -24.6 | -24.6 | -25.9 | -23.9 | -25.2 | -255 | -26.4 | -25.8
L* 976 | 97.3 | 969 | 970 | 972 | 970 | 970 | 971 | 97.0 | 971 | 97.0 | 97.1 | 972 | 97.2 | 97.1 | 97.0 | 97.3 | 97.1 | 97.3 | 97.0
a* 342 | 364 | 374 | 379 | 380 | 383 | 166 | 1.68 | 056 | 3.39 | 3.44 | 351 | 2.79 | 2.79 | 3.79 | 298 | 3.67 | 3.81 | 3.88 | 3.05
b* -13.7 | -13.3| -13.9 | -13.9 | -13.9|-14.1 | -11.7 | -10.9 | -85 | -13.9 | -13.9 | -14.2 | -13.2 | -13.2 | -14.2 | -13.0 | -13.9 | -14.1 | -14.4 | -13.7
Opacity, % 91.2 | 90.1 | 89.2 | 91.0 | 90.4 | 90.1 | 89.4 | 90.1 | 91.3 | 91.0 | 90.2 | 90.7 | 90.0 | 90.0 | 91.4 | 89.8 | 90.2 | 91.8 | 89.7 | 90.0
S. Coeff., m?/kg 723|712 | 703 | 715 | 710 | 70.8 | 69.7 | 704 | 71.2 | 71.6 | 705 | 69.9 | 70.2 | 70.2 | 715 | 69.7 | 70.9 | 69.4 | 70.1 | 70.9
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Table 53: Best combinations of OWAs at size press and wet-end with 21% ash level of GCC

DS2, kgt 10 7

OWA in surface sizing, kg/t Type _ bs2 1S3 TSt 152 bst

Dose, kg/t - 2 3 2 2 2
ISO Brightness, % 102.3 101.9 102.7 101.9 103.1 100.8
B. brightness, % 87.3 87.2 87.1 87.2 87.5 87.4
CIE Whiteness 155.3 154.9 157.8 155.2 158.6 153.8
Fluorescence 28.1 27.8 28.0 27.9 28.1 26.01
Fluorescence, C 15.0 14.7 15.6 14.7 15.6 134
Yellowness -25.0 -24.9 -25.1 -24.9 -25.2 -24.1
L* 97.4 97.2 97.1 97.3 97.0 97.1
a* 3.81 3.80 3.78 3.79 3.81 3.72
b* -13.9 -13.5 -13.7 -13.6 -13.8 -13.3
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Table 54: Best combinations of OWAs at size press and wet-end with 21% ash level of GCC

TS3 wet-end, kg/t 14

OWA in surface sizing, Type - 153 5t 152 51
kg/t Dose, kg/t -- 3 2 2 3
ISO Brightness, % 101.1 100.4 99.6 99.5 100.6
B. brightness, % 86.8 86.4 85.9 86.4 85.7
CIE Whiteness 154.3 154.9 154.7 153.7 155.2
Fluorescence 26.8 26.8 27.8 25.8 26.2
Fluorescence, C 14.3 14.0 13.7 13.1 14.9
Yellowness -25.0 -25.7 -25.8 -25.2 -25.9
L* 97.2 97.0 97.0 96.9 97.0
a* 4.15 4.21 3.70 4.37 4.29
b* -13.7 -14.4 -14.0 -13.9 -14.9
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Table 55: Best combinations of OWAs at size press and wet-end with 21% ash level of GCC

DS1 wet-end, kg/t 10 6

OWA in surface sizing, |Type - TS3 TS1 TS2 HS1
kght Dose, kg/t -- 2 3 2 2
ISO Brightness, % 101.1 99.4 99.9 99.8 100.8
B. brightness, % 87.1 85.9 85.7 85.8 85.3
CIE Whiteness 154.2 154.8 155.0 154.8 156.0
Fluorescence 28.50 28.13 28.72 28.70 28.91
Fluorescence, C 14.0 13.5 14.2 14 15.5
Yellowness -25.1 -24.7 -26.0 -25.9 -26.4
L* 97.6 97.2 97.1 97.1 97.3
a* 3.42 3.80 3.51 3.79 3.88
b* -13.7 -14.0 -14.2 -14.2 -14.4
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With Talc filler
Table 56: Optimization of different OWAs at wet-end

OWA DS?2 TS3 DS1
Dose, kgt nil 4 8 10 12 4 8 10 12 4 8 12 16

SO Brightness, % 851 | 951 | 972 | 994 | 982 | 951 | 972 | 990 | 982 | 968 | 971 | 1000 | 984
B. brightness, % ga4a | 843 | 846 | 843 | 850 | 843 | 842 | 8.1 | 850 | 839 | 836 | 851 | 852
CIE Whiteness 790 | 1396 | 1462 | 1492 | 1477 | 1400 | 1462 | 1489 | 147.7 | 1454 | 1495 | 1520 | 150.1
Fluorescence 154 | 219 | 249 | 265 | 261 | 218 | 249 | 264 | 261 | 229 | 263 | 278 | 257
Fluorescence, C 07 | 108 | 126 | 151 | 132 | 108 | 130 | 139 | 132 | 128 | 135 | 149 | 132
Yellowness 408 | -199 | -228 | 234 | 232 | -1009 | -228 | 233 | 232 | 2139 | -229 | 248 | -240
L* 935 | 962 | 965 | 962 | 98 | 9.2 | 95 | 95 | 968 | 969 | 971 | 974 | 973
a* 004 | 350 | 336 | 349 | 311 | 350 | 336 | 349 | 311 | 378 | 350 | 342 | 302
b 211 | <111 | -125 | -139 | -126 | -112 | -125 | -128 | -126 | -120 | -134 | -135 | -132
Opacity, % 859 | 850 | 862 | 849 | 851 | 850 | 8.3 | 859 | 8.1 | 859 | 851 | 850 | 854
S. Coeff., m2/kg 49.7 | 490 | 501 | 49.0 | 492 | 491 | 502 | 494 | 400 | 494 | 490 | 490 | 404
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Split addition of OWAs in wet-end surface sizing

Table 57: Effect of different OWA in surface sizing with DS2 addition of 6 kg/t at wet-end
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DS2 at wet-end, kg/t 10 6
OWA in Type TS3 DS2 TS1 TS2 HS1
surface 0 0 Only
sizing, kg/t | Dose, kgt starch |4 2 3 1 2 3 1 2 3 1 2 3 1 2 | 3
ISO Brightness, % 99.4 | 96.2 | 958 | 96.8 | 985 | 97.9 | 96.7 | 96.7 | 95.2 | 96.4 | 982 | 975 | 97.0 | 98.7 | 98.0 | 96.9 | 99.1 | 98.3
B. brightness, % 843 | 841 | 834 | 834 | 831 | 833 | 83.1 | 830 | 832 | 83.2 | 834 | 835 | 83.2 | 834 | 832 | 835 | 83.6 |834
CIE Whiteness 149.2| 142.3 | 144.1 | 150.2 | 152.4 | 151.8 | 147.6 | 146.0 | 141.4 | 146.0 | 154.5 | 149.8 | 150.4 | 154.4 | 152.8 | 149.7 | 155.8 {149.8
Fluorescence 265 | 223 | 223 | 268 | 282 | 28.1 | 26.4 | 264 | 228 | 244 | 275 | 268 | 27.1 | 27.8 | 27.9 | 26.4 | 279 |27.2
Fluorescence, C 151 | 12.1 | 124 | 134 | 154 | 146 | 136 | 13.7 | 120 | 132 | 148 | 140 | 138 | 153 | 148 | 134 | 155 | 149
Yellowness -23.4| -20.2 | -20.3 | -26.2 | -26.4 | -26.3 | -24.4 | -23.6 | -20.4 | -24.9 | -26.2 | -27.1 | -26.8 | -26.9 | -26.9 | -26.4 | -26.9 |-26.7
L* 96.2 | 96.2 | 96.0 | 959 | 96.1 | 96.0 | 958 | 959 | 96.0 | 958 | 96.0 | 95.8 | 95.8 | 959 | 96.0 | 959 | 96.1 | 96.1
ax 349 | 338 | 341 | 366 | 3.68 | 3.15 | 3.37 | 247 | 214 | 3.49 | 359 | 341 | 361 | 3.62 | 3.44 | 355 | 3.72 | 3.28
b* -13.4| -120 | -12.4 | -14.0 | -14.4 | -13.9 | -13.1 | -12.8 | -11.9 | -12.9 | -14.3 | -13.7 | -14.0 | -14.8 | -14.4 | -13.8 | -14.9 |-14.1
Opacity, % 849 | 857 | 859 | 8.1 | 859 | 957 | 86.1 | 84.7 | 849 | 858 | 86.0 | 86.2 | 86.2 | 853 | 86.0 | 86.0 | 86.4 | 85.8
S. Coeff., m%kg 49.0 | 49.8 | 50.5 | 49.8 | 49.1 | 50.1 | 51.1 | 49.2 | 48.7 | 50.2 | 499 | 50.5 | 50.5 | 49.7 | 50.1 | 50.0 | 49.4 | 49.9
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Table 58: Effect of different OWA in surface sizing with TS3 addition of 6 kg/t at wet-end

TS3 at wet-end,
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10 6
kgt
OWA in Type TS3 DS2 TS1 TS2 HS1
surface Only
i Dose, 0 0 starch
sizing, Kalt 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
kgft g
ISO Brightness, 99.0 | 96.1 95.5 95.9 97.8 95.5 95.4 95.1 94.1 96.0 98.1 96.1 96.1 97.8 95.0 96.7 98.1 96.0
B. brightness, % 85.1 | 84.1 83.4 83.2 83.4 83.3 83.0 83.1 83.0 83.2 83.4 83.1 83.5 83.2 83.0 83.3 83.6 83.0
CIE Whiteness 148.9| 145.2 | 146.1 | 147.3 | 147.9 | 145.3 | 146.2 | 144.2 | 142.0 | 147.4 | 148.2 | 145.3 | 147.0 | 1479 | 146.4 | 146.8 | 148.8 | 145.3
Fluorescence 26.4 | 24.4 24.8 25.1 25.4 24.2 24.8 24.4 23.9 25.2 25.6 24.2 25.1 25.4 23.9 25.2 25.9 24.9
Fluorescence, C 13.9 | 12.0 12.1 12.7 14.4 12.2 12.4 12.0 11.1 12.8 15.1 13.0 12.6 14.6 12.0 13.4 14.5 13.0
Yellowness -23.3| -22.1 | -22.3 | -22.9 -23.0 -23.3 -22.4 -22.2 -22.1 -23.1 -23.6 -23.0 -23.0 -23.4 -22.9 -22.5 -23.2 | -22.1
L* 96.5 | 96.5 95.8 95.6 95.8 95.5 95.4 95.2 95.1 95.2 95.5 95.0 95.4 95.6 95.2 95.5 95.2 95.1
a* 3.49 | 3.39 3.41 3.61 3.64 3.26 3.49 3.12 2.45 3.59 3.62 3.23 3.45 3.51 3.12 3.37 3.51 3.10
b* -12.8| -12.1 | -12.3 | -12.5 -12.6 -12.1 -12.3 -12.0 -11.9 -12.4 | -12.7 -12.0 -12.3 -12.5 -12.2 -12.3 -12.8 | -12.1
Opacity, % 85.9 | 86.1 85.8 86.0 86.4 85.8 86.5 86.0 86.4 86.4 85.3 86.0 86.1 85.8 86.1 85.4 86.0 85.2
S. Coeff., m2/kg 49.4 | 50.0 49.5 50.0 49.4 49.9 50.5 50.3 50.2 50.8 50.1 50.1 50.1 49.6 50.2 50.1 50.8 49.5
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Table 59: Effect of different OWA in surface sizing with DS1 addition of 8 kg/t at wet-end
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DS1 at wet-end, 12 8

kgt

OWA in | Type TS3 TS1 TS2 HS1

surface | | o o | ©nly

sizing, |\ on starch| 1 2 4 1 2 4 1 2 4 1 2 4

kglt

ISO Brightness, 100.0 | 97.1 97.0 97.3 97.6 97.3 97.3 98.1 97.2 97.2 98.2 98.0 97.2 97.4 99.4

B. brightness, % 85.1 | 83.6 83.4 83.7 83.7 83.6 83.8 84.5 84.1 83.7 84.0 83.8 83.7 83.8 85.2

CIE Whiteness 152.0 | 149.5 | 150.1 149.5 150.9 147.9 149.4 149.9 143.0 149.9 152.7 151.2 149.6 149.8 153.4

Fluorescence 27.8 | 26.3 24.8 25.1 27.2 26.5 25.2 25.6 254 26.4 27.5 27.3 26.4 26.5 27.6

Fluorescence, C 149 | 135 12.9 12.7 14.0 13.7 12.8 15.1 13.14 13.6 14.1 14.2 135 13.6 14.20

Yellowness -24.8 | -22.9 | -23.3 -22.9 -25.4 -24.4 -23.1 -23.6 -21.8 -22.9 -26.5 -25.7 -22.9 -24.7 -25.7

L* 974 | 97.1 97.0 95.6 96.1 96.1 95.2 95.5 96.6 97.3 96.2 96.1 97.1 96.1 96.6

a* 3.42 | 3.50 3.65 3.61 3.46 2.81 3.59 3.62 2.31 3.51 3.63 3.39 3.52 3.64 3.83

b* -13.5 | -13.4 | -13.4 -12.5 -13.7 -12.2 -12.4 -12.7 -11.6 -13.5 -13.7 -13.8 -13.4 -13.4 -14.0

Opacity, % 85.0 | 85.1 85.8 86.0 86.4 85.8 86.4 85.3 86.0 85.1 85.8 86.1 85.1 86.0 85.2

S. Coeff., m2/kg 49.0 | 49.0 50.1 50.0 49.4 49.9 50.8 50.1 50.1 49.0 49.6 50.2 49.0 50.8 495
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Table 60: Best combinations of OWAs at size press and wet-end with 21% ash level of Talc

DS2 wet-end, kg/t 10 6

Type -- TS3 DS2 TS1 TS2 HS1
OWA in surface sizing, kg/t

Dose, kg/t -- 2 2 2 2 2
ISO Brightness, % 99.4 98.5 96.7 98.2 98.7 99.1
B. brightness, % 84.3 83.1 83.0 83.4 83.4 83.6
CIE Whiteness 149.2 152.4 146.0 154.5 154.4 155.8
Fluorescence 26.5 28.2 26.4 27.5 27.8 27.9
Fluorescence, C 151 154 13.7 14.8 15.3 15.5
Yellowness -23.4 -26.5 -23.6 -26.2 -26.9 -27.0
L* 96.2 96.1 95.9 96.0 95.9 96.1
a* 3.49 3.68 2.47 3.59 3.62 3.72
b* -13.92 -14.44 -12.87 -14.29 -14.89 -14.99
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Table 61: Best combinations of OWAs at size press and wet-end with 21% ash level of talc

TS3 at wet-end, kg/t 10 6
OWA in surface sizing, kg/t Type 0 1S3 bs2 11 12 RSt
Dose, kg/t 2 2 2 2 2
ISO Brightness, % 99.0 97.8 954 98.1 97.8 98.1
B. brightness, % 85.1 83.4 83.0 83.4 83.2 83.6
CIE Whiteness 148.9 147.9 146.2 148.2 147.9 148.8
Fluorescence 26.4 254 24.8 25.6 25.4 25.9
Fluorescence, C 13.9 14.4 12.4 15.1 14.6 14.5
Yellowness -23.3 -23.0 -22.5 -23.6 -23.4 -23.2
L* 96.5 95.8 954 95.5 95.6 95.2
a* 3.49 3.64 3.49 3.62 3.51 3.51
b* -12.8 -12.6 -12.3 -12.7 -12.5 -12.8
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Table 62: Best combinations of OWAs with DS1 at size press and wet-end with 21% ash level of Talc

DS1 wet-end, kg/t 12 8

OWA in surface sizing, Type N Ts3 =1 Ts2 HS1
kght Dose, kg/t -- 2 2 2 4
ISO Brightness, % 100.0 97.6 98.1 98.2 99.4
B. brightness, % 85.1 83.7 84.5 84.0 85.2
CIE Whiteness 152.0 150.9 149.9 152.7 1534
Fluorescence 27.8 27.2 25.6 27.5 27.6
Fluorescence, C 14.9 14.0 15.1 14.1 14.2
Yellowness -24.8 -25.4 -23.6 -26.5 -25.7
L* 97.4 96.1 95.5 96.2 96.6
a* 3.42 3.46 3.62 3.63 3.83
b* -13.5 -13.7 -12.7 -13.8 -14.0
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With PCC filler

Table 63: Optimization of different OWAs at wet-end

OWA

DS2 TS3 DS1
Dose, kght nil 4 7 10 12 4 7 9 13 15 4 6 10 12
ISO Brightness, % 875 | 96.8 | 100.8 | 1015 | 1001 | 965 | 982 | 1002 | 1010 | 1001 | 97.8 | 1015 | 1018 | 100.9
B. brightness, % 868 | 87.4 | 875 | 879 | 873 | 872 | 871 | 875 | 871 | 880 | 879 | 882 | 82 | 879
CIE Whiteness 80.6 | 145.4 | 1534 | 153.9 | 150.1 | 142.2 | 1446 | 147.8 | 1492 | 1482 | 1492 | 1532 | 1542 | 1523
Fluorescence 070 | 229 | 263 | 264 | 257 | 231 | 229 | 233 | 234 | 225 | 263 | 262 | 264 | 26.9
Fluorescence, C 070 | 940 | 133 | 136 | 128 | 93 | 121 | 127 | 139 | 121 | 99 | 133 | 136 | 130
Yellowness 429 | 214 | 245 | 245 | 240 | -195 | 199 | 217 | 220 | 213 | 235 | -24.4 | 239 | 229
L* 955 | 969 | 974 | 974 | 973 | 952 | 956 | 975 | 972 | 971 | 978 | 976 | 975 | 968
a* 024 | 378 | 411 | 412 | 302 | 412 | 395 | 401 | 402 | 401 | 392 | 396 | 395 | 3.96
b* 214 | -120 | 137 | -137 | -132 | -121 | -124 | 123 | 129 | ‘112 | -135 | -136 | -133 | -13.2
Opacity, % 80.9 | 89.6 | 895 | 909 | 902 | 896 | 895 | 909 | 902 | 900 | 882 | 889 | 882 | 883
S. Coeff., m¥/kg 754 | 756 | 750 | 75.7 | 758 | 756 | 759 | 757 | 758 | 762 | 796 | 782 | 779 | 778
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Split addition of OWAs in wet-end surface sizing
Table 64: Effect of different OWA in surface sizing with DS2 addition of 7 kg/t at wet-end

DS2 at wet-end,
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10

kg/t
OWA in Type TS3 TS1 TS2 HS1

Only
surface 0 0 tarch
sizing, kg/t | POS®: starc 1 2 4 1 2 4 1 2 4 1 2 4

kgt
ISO Brightness, % | 101.5 | 100.8 | 100.6 | 101.2 | 101.8 | 1020 | 1009 | 101.4 | 101.7 | 101.2 | 101.9 | 1015 | 100.7 | 101.0 | 100.2
B. brightness, % 879 | 875 | 873 | 876 | 87.8 | 877 87.7 876 | 875 | 874 | 874 | 88 | 861 | 8.5 | 856
CIE Whiteness 153.9 | 1534 | 1536 | 1541 | 156.1 | 1555 | 153.7 | 154.1 | 154.3 | 156.7 | 157.7 | 1565 | 154.8 | 156.8 | 156.6
Fluorescence 264 | 263 | 252 | 262 | 272 | 271 26.4 271 | 274 | 274 | 286 | 285 | 268 | 281 | 286
Yellowness 245 | 245 | 248 | -251 | -258 | -256 | -249 | -251 | -254 | -259 | -265 | -26.1 | -26.4 | -26.9 | -26.4
L* 97.4 | 974 | 972 | 972 | 975 | 975 97.4 97.7 | 97.9 | 973 | 976 | 974 | 972 | 9.8 | 97.2
a* 412 | 411 | 415 | 415 | 417 | 4.19 4.16 418 | 419 | 422 | 433 | 408 | 440 | 405 | 4.40
b* -13.7 | -137 | -137 | -139 | -143 | -141 | -138 | -139 | -13.8 | -141 | -147 | -144 | -146 | -146 | -14.6
Opacity, % 909 | 895 | 882 | 881 | 885 | 884 88.0 885 | 883 | 8.2 | 884 | 89 | 885 | 8.7 | 85
S. Coeff., m?/kg 757 | 759 | 758 | 751 | 749 | 756 74.9 761 | 754 | 761 | 760 | 758 | 758 | 759 | 758
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Table 65: Effect of different OWA in surface sizing with TS3 addition of 9 kg/t at wet-end
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TS3 at wet-end, kg/t 13 9
OWA in Type onl TS3 TS1 TS2 HS1
surface Dose 0 0 y
sizing , starch| 1 2 4 1 2 4 1 2 4 1 2 4

’ kgt
Lo It
ISO Brightness, % 101.0 | 100.2 | 100.1 | 100.8 101.4 101.7 100.6 101.1 101.3 101.0 101.7 101.4 100.6 101.1 101.8
B. brightness, % 87.1 87.5 87.2 87.6 87.6 87.8 88.0 88.0 88.1 87.3 87.7 87.4 88.2 88.1 88.3
CIE Whiteness 149.2 | 147.8 | 148.5 152.7 156.7 156.8 150.8 151.5 151.8 155.2 157.6 157.2 151.7 153.7 156.7
Fluorescence 234 | 23.3 | 231 25.5 27.5 28.2 24.3 25.3 26.3 26.9 27.8 27.5 24.5 25.5 26.9
Yellowness -22.0 | -21.7 | -21.2 -22.9 -24.9 -25.1 -22.9 -23.6 -23.9 -24.2 -26.5 -26.5 -23.6 -24.4 -25.7
L* 97.2 97.5 97.2 97.2 97.5 97.8 97.5 97.6 97.8 97.2 97.6 97.5 97.2 97.5 97.6
a* 4.02 | 4.01 | 4.05 4,12 4.30 4.35 4.10 4.15 4.21 4.30 4.47 4.34 4.19 4.30 4.40
b* -11.9 | -12.3 | -12.4 | -13.1 -13.6 -14.3 -12.8 -13.0 -13.1 -14.3 -14.6 -14.5 -13.5 -13.7 -14.3
Opacity, % 90.2 90.9 90.9 90.1 89.6 89.7 90.1 90.4 90.3 90.1 90.3 90.5 90.3 90.8 90.0
S. Coeff., m%kg 758 | 75.7 | 76.1 | 76.2 76.1 76.0 76.0 76.5 76.2 76.0 76.2 76.5 76.2 76.2 76.5
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Table 66: Effect of different OWA in surface sizing with DS1 addition of 6 kg/t at wet-end
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DS1 at wet-end, kg/t 10 6
OWA in Type TS3 TS1 TS2 HS1

Only
surface 0 0 tarch
sizing, kgit | POS& starch| 2 4 1 2 4 1 2 4 5 1 2 4 5

kglt
ISO Brightness, % 101.8 {101.2| 101.2 | 101.6 | 102.1 | 102.0 | 101.2 | 101.4 | 101.0 | 101.8 | 102.2 | 102.5 | 101.7 | 102.6 | 102.0 | 102.2 | 102.0
B. brightness, % 88.2 | 88.2 | 88.1 88.1 88.2 88.1 88.0 87.0 87.0 88.2 88.4 88.7 88.6 88.0 88.2 87.8 88.1
CIE Whiteness 154.2 {153.2| 153.6 | 153.8 | 154.8 | 154.6 | 153.9 | 154.2 | 153.9 | 153.9 | 1554 | 156.3 | 154.3 | 154.2 | 155.1 | 156.9 | 154.7
Fluorescence 26.4 | 26.2 | 25.9 26.2 27.3 27.2 26.5 27.8 27.4 26.1 26.9 27.6 26.3 26.4 26.9 28.1 26.2
Yellowness -239 | -244| -24.3 | -245 | -25.0 | -24.8 | -246 -24.8 | -24.7 | -24.3 -253 | -25.6 -254 | -24.6 | -25.1 | -26.1 | -24.6
L* 975 | 97.6 | 974 97.6 97.8 97.8 97.5 97.6 97.5 97.5 97.7 97.9 97.4 97.5 97.7 97.7 97.4
a* 3.95 | 3.96 | 3.98 3.99 4.05 4.04 3.99 411 4.01 4.02 4.05 4.02 4.02 3.99 4.02 4.09 3.98
b* -13.2 | -13.5| -135 | -136 | -13.8 | -136 | -134 -135 | -134 | -13.7 -141 | -14.1 -13.8 | -13.8 | -139 | -14.4 | -13.9
Opacity, % 88.2 | 88.9 | 88.7 88.5 88.5 88.6 88.2 88.0 88.9 88.5 88.2 88.0 88.4 88.2 88.5 88.6 88.2
S. Coeff., m2/kg 779 | 78.2 | 78.6 78.2 77.9 78.6 78.2 78.3 78.9 78.2 78.9 78.6 78.2 79.1 78.6 78.9 79.0
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Table 67: Best combinations of OWAs at size press and wet-end with 21% ash level of PCC

DS2 at wet-end, kg/t 10

Type TS3 TS1 TS2 HS1
OWA in surface sizing, kg/t nil

Dose, kg/t 4 4 2 2
ISO Brightness, % 101.5 102.0 101.7 101.9 101.0
B. brightness, % 87.9 87.7 87.5 87.4 86.5
CIE Whiteness 153.9 155.5 154.3 157.7 156.8
Fluorescence 26.4 27.1 27.4 28.6 28.1
Yellowness -24.5 -25.6 -25.4 -26.5 -26.4
L* 97.4 97.5 97.9 97.6 97.2
a* 4.12 4.19 4.19 4.33 4.40
b* -13.7 -14.1 -13.8 -14.7 -14.6
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Table 68: Best combinations of OWAs at size press and wet-end with 21% ash level of PCC

TS3 wet-end, kg/t 13

Type -- TS3 TS1 TS2 HS1
OWA in surface sizing, kg/t

Dose, kgft -- 4 4 2 4
ISO Brightness, % 101.0 101.7 101.3 101.7 101.8
B. brightness, % 87.1 87.8 88.1 87.7 88.3
CIE Whiteness 149.2 156.8 151.8 157.6 156.7
Fluorescence 23.4 28.2 26.3 27.8 26.9
Yellowness -22.0 -25.1 -23.9 -26.5 -25.7
L* 97.2 97.8 97.8 97.6 97.6
a* 4.02 4.35 4.21 4.47 4.40
b* -11.9 -14.3 -13.1 -14.6 -14.3
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Table 69: Best combinations of OWAs at size press and wet-end with 21% ash level of PCC

DS1 wet-end, kg/t 10

Type -- TS3 TS1 TS2 HS1
OWA in surface sizing, kg/t

Dose, kg/t -- 2 2 4 4
ISO Brightness, % 101.8 102.1 101.4 102.5 102.2
B. brightness, % 88.2 88.2 87.0 88.7 87.8
CIE Whiteness 154.2 154.8 154.2 156.3 156.9
Fluorescence 26.4 27.3 27.8 27.6 28.1
Yellowness -23.9 -25.0 -24.8 -25.6 -26.1
L* 97.5 97.8 97.6 97.9 97.7
a* 3.95 4.05 4.11 4.02 4.09
b* -13.3 -13.9 -13.5 -14.1 -14.4
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RESULTS & DISCUSSION
3 Effect of different OWAs in wet-end and in surface sizing application
(At 21% ash level using different fillers)

Study was done using bleached recycled pulp and each OWA after dose optimization at wet-
end was fixed for wet-end addition while other OWAs were added in surface sizing at
different doses followed by selection of best combination of that particular OWA at wet-end
with other OWAs at surface sizing on the basis of cost reduction without compromising the

optical properties of paper.

3.1 With GCC filler
3.1.1 Optimization of different OWAs at wet-end

DS2 was added in wet-end at different doses. Without adding DS2 at wet-end the brightness
of paper was 86.0, whiteness was 114.8 and fluorescence was 14.36. At minimum dose of 3
kg/t of DS2 the brightness was 87.6%, CIE whiteness and fluorescence was 128.2 and
19.36 respectively. The optimum dose was 8 kg/t at which brightness was 91.02%, CIE
whiteness and fluorescence was 139.2 and 21.55 respectively. On further increasing the
dose beyond 8 kg/t the reduction in values of brightness whiteness, a* and b* was observed.
TS3 was added in wet-end at different doses. At minimum dose of 3 kg/t of TS3 the
brightness was 87.2%, CIE whiteness and fluorescence was 130.1 and 17.11 respectively.
The optimum dose was 8 kg/t at which brightness was 89.9%, CIE whiteness and
fluorescence was 139.5 and 20.67 respectively. On further increasing the dose beyond 8
kg/t the reduction in values of brightness, whiteness, a* and b* was observed. At maximum
dose of 10 kg/t of TS3 the brightness was reduced to 89.4%, CIE whiteness and
fluorescence was 138.2 and 19.85 respectively. DS1 was added in wet-end at different
doses. At minimum dose of 4 kg/t of DS1 the brightness was 88.1%, CIE whiteness and
fluorescence was 134.5 and 20.12 respectively. The optimum dose was 11 kg/t at which
brightness was 91.3%, CIE whiteness and fluorescence was 142.8 and 24.38 respectively.
On further increasing the dose beyond 11 kg/t the reduction in values of brightness
whiteness, a* and b* was observed. At this dose, the brightness was reduced to 90.9%, CIE

whiteness and fluorescence was 140.1 and 24.21 respectively as shown in Table 70.
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3.1.2 Split addition of OWAs in wet-end and surface sizing

3.1.2.1 Effect of different OWA in surface sizing with DS2 addition of 5 kg/t at wet-end

TS3 was added in surface sizing along with 5 kg/t of DS2 at wet-end. At minimum dose of 1
kg/t of TS3 the brightness was 89.6%, CIE whiteness and fluorescence was 138.2 and 22.92
respectively. The optimum dose of TS3 in surface sizing was 3 kg/t at which brightness was
90.7%, CIE whiteness and fluorescence was 141.2 and 24.98 respectively. On further
increasing the dose of TS3 to 4 kg/t, the brightness was 90.4%, CIE whiteness and
fluorescence was 140.9 and 24.67 respectively. TS1 was added in surface sizing along with
5 kg/t of DS2 at wet-end. At minimum dose of 1 kg/t of TS1 the brightness was 89.3%, CIE
whiteness and fluorescence was 138.1 and 23.62 respectively. The optimum dose of TS1 in
surface sizing was 3 kg/t. On further increasing the dose of TS1 to 4 kg/t, the reduction in
optical properties was observed. The brightness was reduced to 89.6%, CIE whiteness and
fluorescence was 139.5 and 24.67 respectively. TS2 was added in surface sizing along with
5 kg/t of DS2 at wet-end. At minimum dose of 1 kg/t of TS2 the brightness was 89.1%, CIE
whiteness and fluorescence was 138.2 and 23.81 respectively. The optimum dose of TS2 in
surface sizing was 4 kg/t on which the brightness was 89.9% and CIE whiteness was 140.3
and fluorescence was 24.85. On further increasing the dose of TS2 to 5 kg/t, the reduction in
optical properties was observed. DS1 was added in surface sizing along with 5 kg/t of DS2
at wet-end. At minimum dose of 1 kg/t of DS1 the brightness was 89.5%, CIE whiteness and
fluorescence was 138.9 and 23.90 respectively. The optimum dose of DS1 in surface sizing
was 4 kg/t on which the brightness was 90.8% and CIE whiteness was 143.68 and
fluorescence was 26.18. On further increasing the dose of DS1 to 5 kg/t, the reduction in

optical properties was observed as shown in Table 71.

3.1.2.2 Effect of different OWA in surface sizing with TS3 addition of 5 kg/t at wet-end

TS3 was added in surface sizing along with 5 kg/t of TS3 at wet-end. At minimum dose of 1
kg/t of TS3 the brightness was 89.0%, CIE whiteness and fluorescence was 137.2 and 21.23
respectively. The optimum dose of TS3 in surface sizing was 3 kg/t at which brightness was
89.5%, CIE whiteness and fluorescence was 139.5 and 23.62 respectively. On further
increasing the dose of TS3 to 4 kg/t, the brightness reduced to 88.9%, CIE whiteness and
fluorescence was 141.1 and 24.30 respectively. TS1 was added in surface sizing along with
5 kg/t of TS3 at wet-end. At minimum dose of 1 kg/t of TS1 the brightness was 88.9%, CIE
whiteness and fluorescence was 135.9 and 21.16 respectively. The optimum dose of TS1 in
surface sizing was 4 kg/t. On further increasing the dose of TS1 to 5 kg/t, the reduction in

optical properties was observed. TS2 was added in surface sizing along with 5 kg/t of TS3 at
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wet-end. At minimum dose of 1 kg/t of TS2 the brightness was 89.1%, CIE whiteness and
fluorescence was 136.2 and 21.31 respectively. The optimum dose of TS2 in surface sizing
was 4 kg/t on which the brightness was 89.9% and CIE whiteness was 141.4 and
fluorescence was 26.64. On further increasing the dose of TS2 to 4 kg/t, the reduction in
optical properties was observed. The brightness was reduced to 89.1%, CIE whiteness and
fluorescence was 137.8 and 24.38 respectively. HS1 was added in surface sizing along with
5 kg/t of TS3 at wet-end. At minimum dose of 1.0 kg/t of HS1 the brightness was 89.1%, CIE
whiteness and fluorescence was 138.2 and 20.98 respectively. The optimum dose of HS1 in
surface sizing was 4 kg/t, on which brightness was 90.6, whiteness and fluorescence was
145.4 and 26.24 respectively. On further increasing the dose of HS1 to 4 kg/t, the reduction
in optical properties was observed as shown in Table 72.

3.1.2.3 Effect of different OWA in surface sizing with DS1 addition of 7 kg/t at wet-end

TS3 was added in surface sizing along with 7 kg/t of DS1 at wet-end. At minimum dose of 1
kg/t of TS3 the brightness was 89.5%, CIE whiteness and fluorescence was 138.1 and 24.10
respectively. The optimum dose of TS3 in surface sizing was 3 kg/t at which brightness was
90.8%, CIE whiteness and fluorescence was 142.9 and 26.12 respectively. On further
increasing the dose of TS3 to 4 kg/t, the brightness reduced to 90.2%, CIE whiteness and
fluorescence was 140.3 and 25.83 respectively. TS1 was added in surface sizing along with
7 kg/t of DS1 at wet-end. At minimum dose of 1 kg/t of TS1 the brightness was 89.6%, CIE
whiteness and fluorescence was 138.9 and 24.90 respectively. The optimum dose of TS1 in
surface sizing was 3 kg/t. On further increasing the dose of TS1 to 4 kg/t, the reduction in
optical properties was observed. The brightness was reduced to 88.6%, CIE whiteness and
fluorescence was 137.9 and 25.23 respectively. TS2 was added in surface sizing along with
7 kg/t of DS1 at wet-end. At minimum dose of 1 kg/t of TS2 the brightness was 89.4%, CIE
whiteness and fluorescence was 138.1 and 24.10 respectively. The optimum dose of TS2 in
surface sizing was 4 kg/t on which the brightness was 90.7% and CIE whiteness was 142.9
and fluorescence was 25.63. On further increasing the dose of TS2 to 5 kg/t, the reduction in
optical properties was observed. HS1 was added in surface sizing along with 7 kg/t of DS1
at wet-end. At minimum dose of 1.0 kg/t of HS1 the brightness was 89.5%, CIE whiteness
and fluorescence was 138.6 and 24.13 respectively. The optimum dose of HS1 in surface
sizing was 3 kg/t. On further increasing the dose of HS1 to 4 kg/t, the reduction in optical

properties was observed as shown in Table 73.

113

Project Report - Achievement of highest brightness and whiteness in paper




3.1.3 Best Combinations of different OWAs at wet and size press

3.1.3.1 DS2 at wet-end with different OWAs at size press

Adding DS2 at a dose of 8 kg/t in wet-end, without addition of any OWA in surface sizing
and the brightness was 91.0% and CIE whiteness and fluorescence were 139.2 and 21.55
respectively. Various OWAs at different doses were added in surface sizing along with DS2
addition at wet-end. The best combinations were 5 kg/t of DS2 at wet-end with 3 kg/t of TS3
in surface sizing, 5 kg/t of DS2 at wet-end with 3 kg/t of TS1 in surface sizing, 5 kg/t of DS2
in wet-end and 4 kg/t of TS2 in surface sizing, 5 kg/t of DS2 in wet-end along with 4 kg/t of
HS1 in surface sizing with slight improvement in optical properties along with significant
reduction in cost. The best combination among all these was addition of 5kg/t of DS2 at wet-
end and 4 kg/t of HS1 in surface sizing along with comparable optical properties as shown in
Table 74.

3.1.3.2 TS3 at wet-end with different OWAs at size press

Adding TS3 at a dose of 8 kg/t in wet-end, without addition of any OWA in surface sizing and
the brightness was 89.9% and CIE whiteness and fluorescence were 139.4 and 20.67
respectively. Various OWAs at different doses were added in surface sizing along with TS3
addition at wet-end. The best combinations were 5 kg/t of TS3 at wet-end with 3 kg/t of TS3
in surface sizing, 5 kg/t of TS3 at wet-end with 4 kg/t of TS1 in surface sizing, 5 kg/t of TS3
in wet-end and 4 kg/t of TS2 in surface sizing, 5 kg/t of TS3 in wet-end along with 4 kg/t of
HS1 in surface sizing. The best combination among all these was addition of 5 kg/t of TS3 at
wet-end and 4 kg/t of HS1 in surface sizing along with comparable optical properties as

shown in Table 75.
3.1.3.3 DS1 at wet-end with different OWAs at size press

Adding DS1 at a dose of 11 kg/t in wet-end, without addition of any OWA in surface sizing
and the brightness was 91.3% and CIE whiteness and fluorescence were 142.8 and 24.38
respectively. Various OWAs at different doses were added in surface sizing along with DS1
addition at wet-end. The best combinations were 67kg/t of DS1 at wet-end with 3 kg/t of TS3
in surface sizing, 7 kg/t of DS1 at wet-end with 3 kg/t of TS1 in surface sizing, 7 kg/t of DS1
in wet-end and 4 kg/t of TS2 in surface sizing, 7 kg/t of DS1 in wet-end along with 3 kg/t of
HS1 in surface sizing. The best combination among all these was addition of 7 kg/t of DS1 at
wet-end and 3 kg/t of HS1 in surface sizing along with comparable optical properties as

shown in Table 76.
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3.2 With Talc filler
3.2.1 Optimization of DS2 at wet-end

DS2 was added in wet-end at different doses. Without adding DS2 at wet-end the brightness
of paper was 83.5, whiteness was 110.2 and fluorescence was 13.49. At minimum dose of 4
kg/t of DS2 the brightness was 85.9%, CIE whiteness and fluorescence was 130.1 and
20.12 respectively. The optimum dose was 9 kg/t at which brightness was 87.3%, CIE
whiteness and fluorescence was 138.8 and 21.94 respectively. On further increasing the
dose beyond 9 kg/t the reduction in values of brightness whiteness, a* and b* was observed.
TS3 was added in wet-end at different doses. At minimum dose of 4 kg/t of TS3 the
brightness was 85.9%, CIE whiteness and fluorescence was 128.1 and 18.4 respectively.
The optimum dose was 9 kg/t at which brightness was 86.8%, CIE whiteness and
fluorescence was 138.6 and 20.11 respectively. On further increasing the dose to 12 kg/t the
reduction in values of brightness, whiteness, a* and b* was observed. DS1 was added in
wet-end at different doses. At minimum dose of 4 kg/t of DS1 the brightness was 86.8%, CIE
whiteness and fluorescence was 130.1 and 19.12 respectively. The optimum dose was 11
kg/t at which brightness was 88.2%, CIE whiteness and fluorescence was 137.6 and 23.32
respectively as shown in Table 77

3.2.2 Split addition of OWAs in wet-end and surface sizing

3.2.2.1 Effect of different OWA in surface sizing with DS2 addition of 6 kg/t at wet-end

DS2 was added in surface sizing along with 6 kg/t of DS2 at wet-end. At minimum dose of 1
kg/t of DS2 the brightness was 86.4%, CIE whiteness and fluorescence was 133.4 and 21.3
respectively. The optimum dose of DS2 in surface sizing was 3 kg/t at which brightness was
87.1%, CIE whiteness and fluorescence was 137.9 and 24.4 respectively. On further
increasing the dose of DS2 to 4 kg/t, the reduction in optical properties was observed. TS1
was added in surface sizing along with 6 kg/t of DS2 at wet-end. At minimum dose of 2 kg/t
of TS1 the brightness was 86.9%, CIE whiteness and fluorescence was 136.1 and 22.19
respectively. The optimum dose of TS1 in surface sizing was 4 kg/t. On further increasing
the dose of TS1 to 5 kg/t, the reduction in optical properties was observed. TS2 was added
in surface sizing along with 6 kg/t of DS2 at wet-end. At minimum dose of 1 kg/t of TS2 the
brightness was 86.3%, CIE whiteness and fluorescence was 134.2 and 21.3 respectively.
The optimum dose of TS2 in surface sizing was 2 kg/t on which the brightness was
86.9% and CIE whiteness was 138.9 and fluorescence was 24.9. On further increasing the
dose of TS2 to 3 kg/t, the reduction in optical properties was observed. The brightness was
98.0%, CIE whiteness and fluorescence was 152.8 and 27.9 respectively. DS2 was added in
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surface sizing along with 6 kg/t of DS2 at wet-end. At minimum dose of 2 kg/t of DS2 the
brightness was 87.3%, CIE whiteness and fluorescence was 137.4 and 24.7 respectively.
The optimum dose of DS2 in surface sizing was 2 kg/t. On further increasing the dose of

HS1 to 3 kg/t, the reduction in optical properties was observed as shown in Table 78.

3.2.2.2 Effect of different OWA in surface sizing with TS3 addition of 6 kg/t at wet-end

TS3 was added in surface sizing along with 6 kg/t of TS3 at wet-end. At minimum dose of 1
kg/t of TS3 the brightness was 86.4%, CIE whiteness and fluorescence was 133.9 and 22.16
respectively. The optimum dose of TS3 in surface sizing was 2 kg/t at which brightness was
86.9%, CIE whiteness and fluorescence was 138.9 and 23.54 respectively. On further
increasing the dose of TS3 to 4 kg/t the reduction in optical properties was observed. TS1
was added in surface sizing along with 6 kg/t of TS3 at wet-end. At minimum dose of 1 kg/t
of TS1 the brightness was 86.3%, CIE whiteness and fluorescence was 133.4 and 20.92
respectively. The optimum dose of TS1 in surface sizing was 4 kg/t on which the brightness
was 86.7% and whiteness and fluorescence was 137.9 and 23.38. TS3 was added in
surface sizing along with 6 kg/t of TS3 at wet-end. At minimum dose of 2 kg/t of TS2 the
brightness was 86.4%, CIE whiteness and fluorescence was 135.3 and 22.3 respectively.
The optimum dose of TS2 in surface sizing was 2 kg/t on which the brightness was 86.7
%and CIE whiteness was 138.2 and fluorescence was 23.36. On further increasing the dose
of TS2 to 4 kg/t, the reduction in optical properties was observed. The brightness was
reduced to 86.6 %, CIE whiteness and fluorescence was 137.5 and 23.26 respectively. HS1
was added in surface sizing along with 6 kg/t of TS3 at wet-end. At minimum dose of 1.0 kg/t
of HS1 the brightness was 86.1%, CIE whiteness and fluorescence was 133.9 and 22.20
respectively. The optimum dose of HS1 in surface sizing was 4 kg/t, on which brightness
was 87.3, whiteness and fluorescence was 139.9 and 25.17 respectively. On further
increasing the dose of HS1 to 4 kg/t, the reduction in optical properties was observed as

shown in Table 79.

3.2.2.3 Effect of different OWA in surface sizing with DS1 addition of 7 kg/t at wet-end

TS3 was added in surface sizing along with 7 kg/t of DS1 at wet-end. At minimum dose of 1
kg/t of TS3 the brightness was 87.5%, CIE whiteness and fluorescence was 135.2 and 23.32
respectively. The optimum dose of TS3 in surface sizing was 3 kg/t at which brightness was
88.1%, CIE whiteness and fluorescence was 88.1 and 24.15 respectively. On further
increasing the dose of TS3 to 4 kg/t, the brightness reduced to 88.0%, CIE whiteness and
fluorescence was 136.2 and 23.35 respectively. TS1 was added in surface sizing along with
7 kg/t of DS1 at wet-end. At minimum dose of 1 kg/t of TS1 the brightness was 87.4%, CIE
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whiteness and fluorescence was 135.1 and 23.25 respectively. The optimum dose of TS1 in
surface sizing was 3 kg/t. On further increasing the dose of TS1 to 4 kg/t, the reduction in
optical properties was observed. The brightness was reduced to 87.1%, CIE whiteness and
fluorescence was 133.0 and 23.10 respectively. TS2 was added in surface sizing along with
7 kg/t of DS1 at wet-end. At minimum dose of 1 kg/t of TS2 the brightness was 87.5%, CIE
whiteness and fluorescence was 135.5 and 23.26 respectively. The optimum dose of TS2 in
surface sizing was 2 kg/t on which the brightness was 87.9% and CIE whiteness was 134.2
and fluorescence was 24.66. On further increasing the dose of TS2 to 4 kg/t, the reduction in
optical properties was observed. The brightness was reduced to 86.9%, CIE whiteness and
fluorescence was 134.3 and 23.21 respectively. HS1 was added in surface sizing along with
7 kgl/t of DS1 at wet-end. At minimum dose of 1.0 kg/t of HS1 the brightness was 87.4%, CIE
whiteness and fluorescence was 136.1 and 23.56 respectively. The optimum dose of HS1 in
surface sizing was 3 kg/t. On which the brightness was 88.2 and whiteness and fluorescence
was 138.5 and 25.12 as shown in Table 80.

3.2.3 Best Combinations of different OWAs at wet and size press

3.2.3.1 DS2 at wet-end with different OWAs at size press

Adding DS2 at a dose of 9 kg/t in wet-end, without addition of any OWA in surface sizing
and the brightness was 87.3 %and CIE whiteness and fluorescence were 138.8 and 21.9
respectively. Various OWAs at different doses were added in surface sizing along with DS2
addition at wet-end. The best combinations were 6 kg/t of DS2 at wet-end with 3 kg/t of TS3
in surface sizing, 6 kg/t of DS2 at wet-end with 4 kg/t of TS1 in surface sizing, 6 kg/t of DS2
in wet-end and 2 kg/t of TS2 in surface sizing, 6 kg/t of DS2 in wet-end along with 2 kg/t of
HS1 in surface sizing with slight improvement in optical properties along with significant
reduction in cost. The best combination among all these was addition of 6kg/t of DS2 at wet-
end and 2 kg/t of HS1 in surface sizing along with comparable optical properties as shown in
table 81.

3.2.3.2 Best combinations of different OWAs at surface sizing with TS3 at wet-end

Adding TS3 at a dose of 9 kg/t in wet-end, without addition of any OWA in surface sizing and
the brightness was 86.8% and CIE whiteness and fluorescence were 138.6 and 20.11
respectively. Various OWAs at different doses were added in surface sizing along with TS3
addition at wet-end. The best combinations were 6 kg/t of TS3 at wet-end with 2 kg/t of TS3
in surface sizing, 6 kg/t of TS3 at wet-end with 4kg/t of TS1 in surface sizing, 6 kg/t of TS3 in
wet-end and 3 kg/t of TS2 in surface sizing, 6 kg/t of TS3 in wet-end along with 4 kg/t of HS1
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in surface sizing. The best combination among all these was addition of 6kg/t of TS3 at wet-
end and 4 kg/t of HS1 in surface sizing along with comparable optical properties as shown in
Table 82.

3.2.3.3 Best combinations of different OWAs at surface sizing with DS1 at wet-end

Adding DS1 at a dose of 11 kg/t in wet-end, without addition of any OWA in surface sizing
and the brightness was 88.2% and CIE whiteness and fluorescence were 137.6 and 23.32
respectively. Various OWAs at different doses were added in surface sizing along with DS1
addition at wet-end. The best combinations with 7 kg/t of DS1 at wet-end were 3 kg/t of TS3,
3 kg/t of TS1, 2 kg/t of TS2 and 3 kg/t of HS1 in surface sizing. The best combination among
all these was addition of 7kg/t of DS1 at wet-end and 3 kg/t of TS3 in surface sizing along
with comparable optical properties as shown in Table 83.

3.3 With PCC filler

3.3.1 Optimization of DS2 at wet-end

DS2 was added in wet-end at different doses. Without adding DS2 at wet-end the brightness
of paper was 86.5, whiteness was 115.8 and fluorescence was 14.36. At minimum dose of 4
kg/t of DS2 the brightness was 88.8%, CIE whiteness and fluorescence was 129.5 and 19.8
respectively. The optimum dose was 8 kg/t at which brightness was 91.8%, CIE whiteness
and fluorescence was 140.5 and 21.40 respectively. On further increasing the dose beyond
8 kg/t the reduction in values of brightness whiteness, a* and b* was observed. TS3 was
added in wet-end at different doses. At minimum dose of 4 kg/t of TS3 the brightness was
88.1%, CIE whiteness and fluorescence was 128.1 and 16.12 respectively. The optimum
dose was 9 kg/t at which brightness was 91.4 %, CIE whiteness and fluorescence was 141.6
and 19.21 respectively. On further increasing the dose to 12 kg/t the reduction in values of
brightness, whiteness, a* and b* was observed. DS1 was added at wet-end at different
doses. At minimum dose of 4 kg/t of DS1 the brightness was 90.5%, CIE whiteness and
fluorescence was 130.1 and 20.12 respectively. The optimum dose was 11 kg/t at which
brightness was 91.9%, CIE whiteness and fluorescence was 142.1 and 23.32 respectively.
On further increasing the dose beyond 11 kg/t the reduction in values of brightness

whiteness, a* and b* was observed as shown in Table 84.
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3.3.2 Split addition of OWAs in wet-end and surface sizing
3.3.2.1 Effect of different OWA in surface sizing with DS2 addition of 5 kg/t at wet-end

TS3 was added in surface sizing along with 5 kg/t of DS2 at wet-end. At minimum dose of 1
kg/t of TS3 the brightness was 90.3%, CIE whiteness and fluorescence was 137.5 and 22.45
respectively. The optimum dose of TS3 in surface sizing was 3 kg/t at which brightness was
91.3%, CIE whiteness and fluorescence was 142.1 and 24.90 respectively. On further
increasing the dose of TS3 to 4 kg/t, the brightness was 91.2%, CIE whiteness and
fluorescence was 141.1 and 24.82 respectively. TS1 was added in surface sizing along with
5 kg/t of DS2 at wet-end. At minimum dose of 1 kg/t of TS1 the brightness was 90.2%, CIE
whiteness and fluorescence was 136.9 and 21.22 respectively. The optimum dose of TS1 in
surface sizing was 3 kg/t. The brightness was 91.4%, CIE whiteness and fluorescence was
141.2 and 24.40 respectively. TS2 was added in surface sizing along with 5 kg/t of DS2 at
wet-end. At minimum dose of 1 kg/t of TS2 the brightness was 90.4 %, CIE whiteness and
fluorescence was 135.6 and 22.90 respectively. The optimum dose of TS2 in surface sizing
was 4 kg/t on which the brighthess was 91.7 %and CIE whiteness was 140.3 and
fluorescence was 24.42. On further increasing the dose of TS2 to 4 kg/t, the reduction in
optical properties was observed. HS1 was added in surface sizing along with 5 kg/t of DS2
at wet-end. At minimum dose of 1 kg/t of DS1 the brightness was 90.5 %, CIE whiteness and
fluorescence was 139.1 and 24.12 respectively. The optimum dose of DS1 in surface sizing
was 4 kg/t on which the brightness was 92.0 %and CIE whiteness was 143.0 and
fluorescence was 25.64. On further increasing the dose of HS1 to 4 kg/t, the reduction in
optical properties was observed as shown in Table 85.

3.3.2.2 Effect of different OWA in surface sizing with TS3 addition of 6 kg/t at wet-end

TS3 was added in surface sizing along with 6 kg/t of TS3 at wet-end. At minimum dose of 1
kg/t of TS3 the brightness was 90.0%, CIE whiteness and fluorescence was 140.0 and 18.86
respectively. The optimum dose of TS3 in surface sizing was 3 kg/t at which brightness was
91.2%, CIE whiteness and fluorescence was 141.2 and 24.15 respectively. TS1 was added
in surface sizing along with 6 kg/t of TS3 at wet-end. At minimum dose of 1 kg/t of TS1 the
brightness was 89.9%, CIE whiteness and fluorescence was 140.1 and 21.12 respectively.
The optimum dose of TS1 in surface sizing was 3 kg/t. TS2 was added in surface sizing
along with 6 kg/t of TS3 at wet-end. At minimum dose of 1 kg/t of TS2 the brightness was
89.7%, CIE whiteness and fluorescence was 140.1 and 21.12 respectively. The optimum
dose of TS2 in surface sizing was 4 kg/t on which the brightness was 91.5% and CIE

whiteness was 141.9 and fluorescence was 23.9. On further increasing the dose of TS2 to 4
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kg/t, the reduction in optical properties was observed. HS1 was added in surface sizing
along with 6 kg/t of TS3 at wet-end. At minimum dose of 1.0 kg/t of HS1 the brightness was
89.9%, CIE whiteness and fluorescence was 141.2 and 22.10 respectively. The optimum
dose of HS1 in surface sizing was 4 kg/t, on which brightness was 91.6, whiteness and

fluorescence was 145.4 and 26.10 respectively as shown in Table 86.

3.3.2.3 Effect of different OWA in surface sizing with DS1 addition of 7 kg/t at wet-end

TS3 was added in surface sizing along with 7 kg/t of DS1 at wet-end. At minimum dose of 1
kg/t of TS3 the brightness was 91.2%, CIE whiteness and fluorescence was 139.1 and 23.50
respectively. The optimum dose of TS3 in surface sizing was 3 kg/t at which brightness was
91.6%, CIE whiteness and fluorescence was 141.9 and 25.12 respectively. On further
increasing the dose of TS3 to 4 kgft, slight reduction in optical properties was observed. TS1
was added in surface sizing along with 7 kg/t of DS1 at wet-end. At minimum dose of 1 kg/t
of TS1 the brightness was 91.2%, CIE whiteness and fluorescence was 139.1 and 24.10
respectively. The optimum dose of TS1 in surface sizing was 3 kg/t. On further increasing
the dose of TS1 to 4 kg/t, the reduction in optical properties was observed. TS2 was added
in surface sizing along with 7 kg/t of DS1 at wet-end. At minimum dose of 1 kg/t of TS2 the
brightness was 91.2%, CIE whiteness and fluorescence was 140.1 and 23.90 respectively.
The optimum dose of TS2 in surface sizing was 3 kg/t on which the brightness was 91.8%
and CIE whiteness was 140.9 and fluorescence was 24.95. On further increasing the dose of
TS2 to 4 kglt, the reduction in optical properties was observed. HS1 was added in surface
sizing along with 7 kg/t of DS1 at wet-end. At minimum dose of 1.0 kg/t of HS1 the
brightness was 91.3%, CIE whiteness and fluorescence was 139.1 and 23.50 respectively.
The optimum dose of HS1 in surface sizing was 3 kg/t. On which the brightness was 91.8

and whiteness and fluorescence was 142.5 and 24.90 as shown in Table 87.

3.3.3 Best Combinations of different OWAs at wet and size press

3.3.3.1 DS2 at wet-end with different OWAs at size press

Adding DS2 at a dose of 8 kg/t in wet-end, without addition of any OWA in surface sizing
and the brightness was 91.8% and CIE whiteness and fluorescence were 140.5 and 21.40
respectively. Various OWAs at different doses were added in surface sizing along with DS2
addition at wet-end. The best combinations were 5 kg/t of DS2 at wet-end with 3 kg/t of TS3
in surface sizing, 5 kg/t of DS2 at wet-end with 3kg/t of TS1 in surface sizing, 5 kg/t of DS2 in
wet-end and 4 kg/t of TS2 in surface sizing, 5 kg/t of DS2 in wet-end along with 4 kg/t of HS1

in surface sizing with slight improvement in optical properties along with significant reduction
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in cost. The best combination among all these was addition of 7kg/t of DS2 at wet-end and 2
kg/t of TS2 in surface sizing along with comparable optical properties. The reduction is cost

at this combination was 494 Rs/t of paper as shown in Table 88.
3.3.3.2 Best combinations of different OWAs at surface sizing with TS3 at wet-end

Adding TS3 at a dose of 9 kg/t in wet-end, without addition of any OWA in surface sizing and
the brightness was 91.4% and CIE whiteness and fluorescence were 141.6 and 19.21
respectively. Various OWAs at different doses were added in surface sizing along with TS3
addition at wet-end. The best combinations were 6 kg/t of TS3 at wet-end with 3 kg/t of TS3
in surface sizing, 6 kg/t of TS3 in wet-end and 3 kg/t of TS1 in surface sizing, 6 kg/t of TS3 in
wet-end along with 4 kg/t of TS2 in surface sizing, 6 kg/t of TS3 in wet-end along with 4 kg/t
of HS1 in surface sizing. Addition of 6 kg/t of TS3 in wet-end along with 4 kg/t of TS2 in
surface sizing was the best combination among all these along with comparable optical
properties as shown in Table 89.

3.3.3.3 Best combinations of different OWAs at surface sizing with DS1 at wet-end

Adding DS1 at a dose of 11 kg/t in wet-end, without addition of any OWA in surface sizing
and the brightness was 91.9% and CIE whiteness and fluorescence were 142.1 and 23.32
respectively. Various OWAs at different doses were added in surface sizing along with DS1
addition at wet-end. The best combinations with 7 kg/t of DS1 at wet-end were 3 kg/t of TS3,
3 kg/t of TS1, 3 kg/t of TS2 and 3 kg/t of HS1 in surface sizing. The best combination among
all these was addition of 7 kg/t of DS1 at wet-end and 3 kg/t of HS1 in surface sizing along

with comparable optical properties as shown in Table 90.
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Effect of different OWAs in wet-end and in surface sizing application at 21% ash level using different fillers
With GCC filler
Table 70: Optimization of different OWAs at wet-end

OWA DS2 TS3 DS1

Dose, kgt Nil 3 5 8 10 3 5 8 10 4 7 11 13
ISO Brightness, % 860 | 876 | 892 | 91.0 | 9.9 | 872 | 839 | 899 | 894 | 881 | 897 | 913 | 909
B. brightness, % 789 | 782 | 795 | 796 | 792 | 791 | 792 | 795 | 794 | 781 | 786 | 785 | 784
CIE Whiteness 114.8 | 1282 | 137.2 | 139.2 | 137.3 | 1301 | 1335 | 1395 | 138.2 | 1345 | 137.8 | 142.8 | 140.1
Fluorescence 144 | 194 | 214 | 215 | 215 171 | 197 | 207 | 198 | 201 | 241 | 244 | 242
Yellowness 116 | -161 | 213 | -21.4 | 213 | -161 | -196 | -198 | -19.7 | -189 | -225 | -228 | -226
L* 938 | 939 | 941 | 942 | 942 | 939 | 943 | 952 | 959 | 941 | 943 | 944 | 943
a* 222 | 245 | 293 | 298 | 294 | 246 | 305 | 311 | 307 | 246 | 252 | 261 | 256
b 660 | -890 | -11.4 | -115 | -114 | -89 | -107 | -11.1 | -12.0 | -106 | -11.8 | -12.0 | -11.9
Opacity, % 876 | 872 | 871 | 873 | 872 | 877 | 879 | 878 | 872 4 7 11 13
S. Coeff., m%/kg 69.2 | 689 | 689 | 688 | 689 | 683 | 679 | 681 | 682 | 881 | 897 | 913 | 90.9
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Split addition of OWAs in wet-end surface sizing

Table 71: Effect of different OWAs in surface sizing

Project Report - Achievement of highest brightness and whiteness in paper

DS2 at wet-end, kgt 5
OWA in Type TS3 TS1 TS2 HS1

Only
surface 0 tarch
sizing, kgit | 2°5® starch| 4 2 | 3 | 4 1 2 | 3 | 4 1 2 | 4 | 5 1 2 | 3| 4 |5

kgt
ISO Brightness, % 89.2 89.1 89.6 | 90.1 | 90.7 | 904 | 89.3 | 89.5 | 905 | 896 | 89.3 | 89.5 | 89.9 | 89.2 | 89.5 90.3 | 90.5 | 90.8 | 89.7
B. brightness, % 79.5 79.2 79.2 | 78.93|78.76 |78.70| 785 | 786 | 789 | 79.0 | 789 |79.22|79.05| 789 | 79.2 |79.42| 79.2 | 79.3 | 79.2
CIE Whiteness 137.2 | 137.6 | 138.2 {140.61| 141.2 | 140.9 | 138.1 | 138.2 | 141.2 | 139.5| 138.2 | 139.5 | 140.3 |138.1| 138.9 [142.51| 142.9 | 143.7 | 138.8
Fluorescence 21.5 21.6 229 | 23.8 | 249 | 247 | 23.6 | 24.6 | 24.7 | 24.7 | 23.81 | 239 | 249 | 23.8 | 23.9 25.0 | 2565 | 26.2 | 23.9
Yellowness -21.3 | 214 | -215|-235|-239 | -238 | -22.1|-23.1| -23.4 | -23.4 | -23.0 | -23.3 | -23.7 |-23.0| -235 | -245 | -246 | -25.1 | -23.5
L* 94.1 94.2 943 | 946 | 949 | 947 | 941 | 942 | 942 | 93.1 | 931 | 934 | 934 |93.1| 94.2 93,5 | 93.6 | 93.7 | -94.2
a* 2.93 2.95 299 | 3.04 | 3.14 | 274 | 249 | 259 | 264 | 254 | 285 | 291 | 269 | 2.84 | 2.96 3.09 | 3.02 | 283 | 2.95
b* -11.4 | -11.4 | -12.1 | -12.4 | -12.7 | -12.4 | -120 | -12.4 | -125 | -12.2 | -12.4 | -12.4 | -12.4 | 12.3 | -12.0 | -12.9 | -12.9 | -13.0 | -12.0
Opacity, % 87.1 87.2 87.1 | 873 | 87.2 | 87.2 | 87.3 | 87.2 | 87.4 | 874 | 875 | 875 | 87.8 | 87.6 | 87.1 874 | 87.6 | 87.4 | 87.3
S. Coeff., m2/kg 68.9 68.8 68.2 | 685 | 689 | 684 | 68.2 | 685 | 68.4 | 68.7 | 68.7 | 68.8 | 68.5 | 68.5 | 68.5 68.4 | 68.7 | 68.8 | 68.4
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Table 72: Effect of different OWAs in surface sizing

TS3 at wet-end, kg/t 5
OWA in Type TS3 TS1 TS2 HS1

Only
surface D 0 tarch
sizing, kglt 0S€, starchl 9 | 2 | 3 | 4 | 1| 2| 3| 4|51 2 | 3|4 | 1| 2| 3] 4

kgt

ISO Brightness, % 88.9 88.8 89.0 | 89.3 | 895 | 889 | 889 | 889 | 89.1 | 89.2 | 88.7 | 89.1 | 89.3 | 89.9 | 89.1 | 89.1 | 89.7 | 90.2 | 90.6
B. brightness, % 79.2 79.1 79.2 | 79.62| 79.2 | 7954 | 784 | 78.1 | 782 | 788 | 782 | 79.1 | 79.1 | 793 | 789 | 79.1 | 782 | 78.3 | 78.6
CIE Whiteness 133.5 | 134.2 | 137.2 | 139.1 | 139.5 |141.06| 135.9 | 137.9 | 139.1 | 139.3 | 136.2 | 136.2 | 140.4 | 141.4 | 137.8 | 138.2 | 142.4 | 144.2 | 145.4
Fluorescence 19.6 20.1 212 | 228 | 236 | 243 | 211 | 23.7 | 242 | 246 | 219 | 21.3 | 239 | 266 | 243 | 209 | 245 | 249 | 26.2
Yellowness -19.6 | -19.6 | -20.9 | -22.7 | -22.9 | -23.8 | -21.1 | -22.9 | -23.1 | -23.3 | -22.9 | -21.9 | -23.6 | -24.0 | -22.9 | -20.9 | -24.4 | -24.9 | -25.8
L* 94.3 94.3 943 |194.40 (94.42 | 9455 | 94.3 | 945 [ 9452|9459 | 94.6 | 94.21 | 94.31 |94.51 |94.23| 94.6 |94.36 | 94.39 | 94.51
a* 3.05 3.06 311 | 3.30 | 3.31 | 3.00 | 3.10 | 3.01 | 296 | 298 | 3.11 | 3.12 | 3.18 294| 3.15 | 3.11 | 3.25 | 3.29 | 3.24
b* -10.6 | -10.8 | -11.5| -12.1 | -12.3 | -125 | -109 | -115 | -12.1 | -12.1 | -10.8 | -11.9 | -124 | -126 | 11.9 | -11.2 | -12.9 | -12.9 | -13.5
Opacity, % 87.9 87.8 87.7 | 87.2 | 876 | 87.8 | 875 | 87.6 | 87.7 | 878 | 875 | 87.2 | 875 | 87.6 | 87.3 | 875 | 87.6 | 87.8 | 87.6
S. Coeff., m2/kg 67.9 67.5 68.1 | 678 | 67.8 | 67.7 | 675 | 67.8 | 67.7 | 67.8 | 67.5 | 674 | 67.6 | 67.8 | 67.8 | 67.6 | 67.6 | 67.7 | 67.8

124

Project Report - Achievement of highest brightness and whiteness in paper




Table 73: Effect of different OWAs in surface sizing

DS1 at wet-end, kg/t 7
OWA in Type TS3 TS1 TS2 HS1

Only
surface 0 starch
sizing, kgit Dose, 1 2 3 4 1 2 3 4 1 2 4 1 2 3 4

kgt

ISO Brightness, % 89.7 | 895 | 895 | 90.1 | 90.8 | 90.2 | 89.6 | 90.3 | 90.4 | 886 | 89.4 | 89.7 | 90.7 | 895 | 89.7 | 91.0 | 89.6
B. brightness, % 786 | 791 | 79.2 | 789 | 785 | 789 | 789 | 79.2 | 79.1 | 786 | 785 | 785 | 785 | 79.2 | 789 | 79.1 | 789
CIE Whiteness 137.8 | 138.1 | 138.6 | 141.05 | 142.9 | 140.3 | 138.9 | 140.2 | 140.5 | 137.9 | 138.9 | 138.9 | 142.9 | 138.6 | 140.7 | 143.1 | 139.97
Fluorescence 241 | 241 | 241 | 254 | 261 | 258 | 249 | 251 | 251 | 252 | 254 | 255 | 256 | 241 | 256 | 26.8 | 26.1
Yellowness 225 | -225 | -226 | 239 | -24.1 | -23.7 | -229 | -23.1 | -233 | -229 |-23.7 | -23.2 | -23.6 | -225 | -23.9 | -24.1 | -23.8
L* 942 | 942 | 943 | 946 | 947 | 947 | 943 | 946 | 946 | 932 | 933 | 935 |93.79 | 9424 | 934 | 946 | 934
a* 252 | 263 | 264 | 267 | 272 | 260 | 264 | 264 | 268 | 213 | 254 | 259 | 262 | 264 | 264 | 271 | 2.29
b* -11.8 | -11.7 | -11.8 | 121 | -12.3 | -12.2 | -11.9 | -12.1 | -121 | -11.7 | -12.3 | -12.3 | -12.4 | -12.1 | -12.4 | -13.1 | -12.2
Opacity, % 873 | 874 | 875 | 875 | 87.7 | 875 | 874 | 875 | 875 | 876 | 87.4 | 875 | 875 | 875 | 876 | 874 | 87.2
S. Coeff., m¥kg 69.5 | 69.2 | 69.4 | 69.4 | 69.7 | 694 | 69.2 | 695 | 69.4 | 69.4 | 69.1 | 69.2 | 69.3 | 69.9 | 68.9 | 68.9 | 68.9
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Table 74: Best combinations of OWAs at size press and wet-end with 21% ash level of GCC

Project Report -

DS2 wet-end, kg/t 8

Type -- TS3 TS1 TS2 HS1
OWA in surface sizing, kg/t

Dose, kg/t -- 3 3 4 4
ISO Brightness, % 91.0 90.7 90.5 89.9 90.8
B. brightness, % 79.6 78.76 78.9 79.05 79.30
CIE Whiteness 139.2 141.2 141.2 140.25 143.68
Fluorescence 21.55 24.98 24.71 24.85 26.18
Yellowness -21.35 -23.91 -23.43 -23.66 -25.09
L* 94.20 94.90 94.20 93.54 93.69
a* 2.98 3.14 2.64 2.69 2.83
b* -11.49 -12.69 -12.47 -12.34 -13.05
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Table 75: Best combinations of OWAs at size press and wet-end with 21% ash level of GCC

TS3 at wet-end, kg/t 8

Type TS3 TS1 TS2 HS1
OWA in surface sizing, kg/t 0

Dose, kg/t 3 4 4 4
ISO Brightness, % 89.9 89.5 89.2 89.9 90.6
B. brightness, % 79.5 79.2 78.8 79.3 78.6
CIE Whiteness 1394 139.5 139.3 141.4 145.3
Fluorescence 20.6 23.6 24.3 26.6 26.2
Yellowness -19.8 -22.9 -23.3 -24.0 -25.8
L* 95.2 94.42 94.59 94.51 94.51
a* 3.11 3.31 2.98 2.94 3.24
b* -11.1 -12.3 -12.3 -12.6 -13.5
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Table 76: Best combinations of OWAs at size press and wet-end with 21% ash level of GCC

DS1 at wet-end, kg/t 11

Type -- TS3 TS1 TS2 HS1
OWA in surface sizing, kg/t

Dose, kg/t -- 3 3 4 3
ISO Brightness, % 91.3 90.8 90.4 90.7 91.0
B. brightness, % 78.5 78.5 79.1 78.5 79.1
CIE Whiteness 142.8 142.9 140.5 142.9 143.1
Fluorescence 24.4 26.1 25.1 25.6 26.8
Yellowness -22.8 -24.1 -23.3 -23.6 -24.1
L* 94.4 94.8 94.7 93.8 94.6
a* 2.61 2.72 2.68 2.62 2.71
b* -12.0 -12.3 -12.1 -12.4 -13.1
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With Talc filler
Table 77: Optimization of different OWAs at wet-end

OWA DS2 TS3 DS1

Dose, kgt Nil 4 6 9 12 4 6 9 12 4 7 11 13
ISO Brightness, % 835 | 859 | 85 | 873 | 88 | 859 | 863 | 88 | 85 | 88 | 875 | 882 | 874
B. brightness, % 766 | 765 | 764 | 765 | 764 | 761 | 767 | 765 | 764 | 764 | 767 | 769 | 764
CIE Whiteness 1102 | 130.1 | 132.9 | 1388 | 1361 | 1281 | 1287 | 1386 | 137.1 | 1301 | 1345 | 137.6 | 133.9
Fluorescence 135 | 201 | 217 | 219 | 218 | 184 | 1914 | 201 | 200 | 191 | 232 | 233 | 232
Yellowness 104 | -181 | 205 | 206 | 206 | -151 | -186 | -189 | 187 | -181 | -214 | 216 | -21.4
L* 929 | 929 | 929 | 932 | 931 | 929 | 932 | 934 | 933 | 931 | 932 | 936 | 931
a* 202 | 262 | 28 | 292 | 295 | 242 | 280 | 295 | 292 | 218 | 226 | 235 | 224
b 59 | 912 | -109 | -114 | ‘112 | 842 | -100 | -101 | 101 | 91 | -121 | -116 | -11.0
Opacity, % 825 | 823 | 824 | 823 | 827 | 824 | 826 | 827 | 824 | 826 | 826 | 824 | 823
S. Coeff., m¥/kg 465 | 471 | 472 | 469 | 468 | 461 | 463 | 465 | 467 | 465 | 468 | 462 | 464
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Split addition of OWAs in wet-end surface sizing
Table 78: Effect of different OWAs in surface sizing

DS2 at wet-end, kg/t 6
OWA in Type TS3 TS1 TS2 HS1

Only
surface 0 starch
sizing, kg/t Dose, 1 2 3 4 2 4 1 2 4 2 4

kglt
ISO Brightness, % 86.5 86.3 86.4 86.8 87.1 86.9 86.9 87.1 86.3 86.9 86.6 87.3 87.2
B. brightness, % 76.4 76.2 76.1 76.8 76.4 76.4 76.2 76.4 76.1 76.2 76.3 74.6 74.4
CIE Whiteness 132.9 | 133.2 | 1334 135.5 137.9 136.2 136.1 138.6 134.2 138.2 136.8 137.4 137.9
Fluorescence 21.7 20.9 21.3 23.5 24.4 24.3 22.19 24.12 21.3 24.9 24.4 24.7 25.46
Yellowness 206 | -21.0 | -21.2 22.2 -22.9 22.8 21.1 22.1 21.9 22.2 22.1 -23.0 -23.4
L* 92.9 93.0 93.12 93.5 93.6 93.5 92.7 93.2 93.1 93.2 93.1 92.7 92.7
a* 2.82 2.01 2.86 2.85 2.75 2.55 2.98 3.12 2.92 3.16 3.06 2.90 2.63
b* -10.9 | -10.9 -11.0 -11.6 -12.0 -11.8 111 -11.2 -11.1. -11.6 -11.4 -12.0 -12.1
Opacity, % 82.4 82.2 82.4 82.4 82.3 82.5 82.5 82.3 82.1 82.2 82.2 82.5 82.2
S. Coeff., m%kg 47.2 46.8 46.5 46.1 45.9 47.1 47.1 46.8 46.8 46.9 46.8 46.8 46.8
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Table 79: Effect of different OWAs in surface sizing
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TS3 at wet-end, kg/t 6

OWA in Type TS3 TS1 TS2 HS1

surface 0 Only

sizing, kgt | D°%® sarchl 4| 2 | 3 | 4| 1| 2|3 | a| 2|3 /|a4]| 1| 2|3/ a4
kg/t

ISO Brightness, % 86.3 86.3 86.4 86.9 86.4 86.7 86.3 86.4 86.5 86.7 86.4 86.7 86.6 86.1 86.2 86.4 87.3

B. brightness, % 76.7 76.7 76.1 76.2 76.1 76.1 76.1 76.2 76.5 76.8 76.5 76.5 76.4 77.1 77.2 77.1 77.2

CIE Whiteness 128.9 | 129.2 | 133.9 | 138.9 | 134.6 | 137.6 | 133.4 | 1345 | 135.9 | 137.9 | 135.3 | 138.2 | 137.5 | 133.9 | 134.6 | 136.6 | 139.9

Fluorescence 19.1 19.1 22.6 23.4 22.2 22.2 20.2 21.2 22.9 23.3 22.2 23.3 23.2 22.2 22.5 23.9 25.1

Yellowness -184 | -184 | -20.2 | -22.6 | -21.8 | -21.2 | -20.4 -205 | -21.1 | -22.1 | -21.1 -225 | 225 | -20.1 | -21.9 | -229 | -24.4

L* 92.3 92.1 92.3 93.0 92.4 92.9 93.0 93.0 93.1 93.2 92.4 93.4 93.0 91.5 92.7 93.7 93.4

a* 2.89 2.92 2.95 2.99 2.98 2.98 2.89 2.96 2.96 2.97 2.93 2.95 2.92 3.03 3.05 3.08 3.11

b* -10.7 | -10.8 | -115 | -114 | -114 | -11.4 | -10.8 -10.0 | -115 | -11.9 | -11.0 -11.5 | --115| -115 | -11.7 | -11.7 | -12.0

Opacity, % 82.6 82.6 82.6 82.5 82.5 82.3 82.3 82.5 82.4 82.7 82.6 82.6 82.1 82.3 82.4 82.4 82.3

S. Coeff., m2/kg 46.3 46.2 46.5 46.5 46.2 46.8 46.2 46.3 46.4 46.5 46.5 46.4 46.5 46.1 46.2 46.2 46.7

131




Table 80: Effect of different OWAs in surface sizing
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DS1 at wet-end, kg/t 7

OWA in Type onl TS3 TS1 TS2 HS1

surface 0 ¢ yh

sizing, kgt Dose, starc 1 2 3 4 1 2 3 4 1 2 4 1 2 3 4
kglt

ISO Brightness, % 875 | 87.4 | 875 | 879 | 881 | 880 | 87.4 | 87.8 | 880 | 87.1 | 875 | 87.9 | 869 | 874 | 87.6 | 882 | 87.7

B. brightness, % 76.7 | 761 | 76.1 | 767 | 76.8 | 768 | 762 | 76.2 | 76.8 | 766 | 76.7 | 76.8 | 762 | 76.2 | 76.4 | 763 | 76.4

CIE Whiteness 1345 | 135.1 | 135.2 | 136.3 | 137.2 | 136.2 | 135.1 | 135.5 | 136.5 | 133.0 | 135.5 | 134.2 | 134.3 | 136.1 | 137.0 | 138.5 | 136.2

Fluorescence 232 | 231 | 233 | 233 | 241 | 233 | 232 | 232 | 241 | 231 | 232 | 246 | 232 | 235 | 246 | 251 | 253

Yellowness -21.4 | -21.49 | -215 | -215 | -21.6 | -21.5 | -21.4 | 215 | -21.6 | -21.4 | 215 | -22.6 | -22.2 | -22.2 | -22.9 | -23.6 | -23.0

L* 932 | 933 | 934 | 935 | 935 | 934 | 933 | 935 | 936 | 933 | 933 | 925 | 923 | 934 | 93.1 | 935 | 92.7

a* 226 | 227 | 232 | 232 | 234 | 231 | 227 | 230 | 232 | 225 | 228 | 234 | 226 | 230 | 236 | 242 | 232

b* 111 | -11.2 | -11.3 | -11.4 | -11.5 | -11.6 | -11.1 | -11.4 | -116 | -11.2 | -11.2 | -116 | -11.3 | -11.3 | -11.7 | -11.6 | -11.7

Opacity, % 826 | 823 | 821 | 824 | 823 | 824 | 824 | 823 | 825 | 824 | 824 | 823 | 824 | 821 | 825 | 824 | 824

S. Coeff., m¥/kg 46.8 | 465 | 465 | 46.4 | 46.7 | 465 | 465 | 467 | 46.8 | 46.7 | 465 | 46.6 | 46.7 | 465 | 46.4 | 465 | 46.5
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Table 81: Best combinations of OWAs at size press and wet-end with 21% ash level of Talc

DS2 wet-end, kg/t 9

OWA in surface sizing, Type N TS3 TSt TS2 HS1
kglt Dose, kg/t -- 3 4 2 2
ISO Brightness, % 87.3 87.1 87.1 86.9 87.3
B. brightness, % 76.5 76.4 76.4 76.2 74.6
CIE Whiteness 138.8 137.9 138.6 138.2 137.4
Fluorescence 21.9 24.4 24.12 24.89 24.69
Yellowness -20.6 -22.9 -22.1 -22.4 -23.0
L* 93.21 93.6 93.2 93.2 92.7
a* 2.92 2.75 3.12 3.16 2.90
b* -11.4 -12.0 -11.2 -11.6 -12.0
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Table 82: Best combinations of OWAs at size press and wet-end with 21% ash level of Talc

TS3 wet-end, kgit 9

Type - TS3 TS1 TS2 HS1
OWA in surface sizing, kg/t

Dose, kg/t -- 2 4 3 4
ISO Brightness, % 86.8 86.9 86.7 86.7 87.3
B. brightness, % 76.5 76.2 76.8 76.5 77.2
CIE Whiteness 138.6 138.9 137.9 138.2 139.9
Fluorescence 20.11 23.5 23.3 23.3 25.1
Yellowness -18.94 -22.8 -22.1 225 -24.4
L* 93.0 93.1 93.1 935 93.4
a* 295 2.99 2.97 295 3.11
b* 101 -11.9 -11.5 118 -12.7
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Table 83: Best combinations of OWAs at size press and wet-end with 21% ash level of talc

DS1 wet-end, kg/t 11

Type -- TS3 TS1 TS2 HS1
OWA in surface sizing, kg/t

Dose, kg/t -- 3 3 2 3
ISO Brightness, % 88.2 88.1 88.0 87.9 87.7
B. brightness, % 76.9 76.8 76.8 76.8 76.4
CIE Whiteness 137.6 137.2 136.5 134.2 136.2
Fluorescence 23.3 24.1 24.1 24.6 25.3
Yellowness -21.7 -21.6 -21.6 -22.6 -23.0
L* 93.6 93.5 93.6 92.5 92.7
ax 2.35 2.34 2.32 2.34 2.32
b* -11.6 -11.5 -11.6 -11.6 -11.7
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With PCC filler
Table 84: Optimization of DS2 in wet-end

OWA DS2 TS3 DS1

Dose, kgt Nil 4 5 8 12 4 6 9 12 4 7 11 13
ISO Brightness, % 865 | 888 | 899 | 918 | 916 | 881 | 896 | 914 | 912 | 905 | 911 | 919 | 927
B. brightness, % 789 | 791 | 797 | 791 | 789 | 789 | 794 | 794 | 795 | 789 | 793 | 791 | 79.2
CIE Whiteness 1158 | 1295 | 135.4 | 1405 | 1395 | 1281 | 1396 | 1416 | 1409 | 1301 | 1385 | 1421 | 1412
Fluorescence 143 | 198 | 210 | 214 | 211 | 161 | 186 | 192 | 191 | 201 | 2320 | 233 | 232
Yellowness 115 | <171 | 200 | 214 | 213 | -151 | -178 | 211 | 208 | -189 | -216 | 221 | -22.0
L* 937 | 939 | 945 | 946 | 944 | 938 | 943 | 943 | 946 | 937 | 947 | 948 | 947
a* 222 | 249 | 275 | 284 | 281 | 252 | 280 | 285 | 290 | 240 | 247 | 252 | 250
b 6.6 90 | -108 | -114 | -124 | 871 | 979 | -111 | -120 | 912 | -115 | -115 | -115
Opacity, % 886 | 885 | 889 | 888 | 887 | 881 | 882 | 887 | 882 | 884 | 889 | 883 | 885
S. Coeff., m¥/kg 694 | 689 | 691 | 692 | 690 | 692 | 695 | 693 | 697 | 693 | 691 | 695 | 69.4
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Split addition of OWAs in wet-end surface sizing

Table 85: Effect of different OWAs in surface sizing

DS2 at wet-end, kg/t 5
OWA in Type TS3 TS1 TS2 "HS1

Only
surface 0 tarch
sizing, kg/t | Dose, starchl 4 2 3 4 1 2 3 4 1 2 4 1 2 3 4

kgt
ISO Brightness, % 89.9 | 89.8 90.3 90.5 91.3 91.2 90.2 90.7 91.4 91.1 90.4 91.3 91.7 90.5 91.3 91.6 92.0
B. brightness, % 79.7 | 79.8 79.6 78.9 79.1 78.9 79.5 79.5 79.1 78.9 79.5 78.9 79.2 79.1 78.4 79.5 78.8
CIE Whiteness 135.4 | 135.6 | 137.5 | 139.3 | 142.1 | 141.1 | 136.9 | 138.1 | 141.2 | 139.1 | 138.1 | 140.5 | 140.3 | 139.1 | 141.8 | 142.1 | 143.0
Fluorescence 21.0 | 211 224 23.3 24.9 24.8 21.2 234 24.4 24.3 22.9 24.1 24.4 24.1 25.0 254 25.6
Yellowness -200 | -20.1 | -215 | -223 | -224 | -229 | -20.2 | -21.4 | -225 | -224 | -21.4 | -229 | -22.8 | -229 | -23.5 | 23.6 | -24.0
L* 945 | 94.6 94.5 94.1 94.4 94.3 94.6 94.7 94.8 94.7 94.6 94.2 94.3 94.6 94.6 94.7 94.7
a* 275 | 2.77 2.79 291 2.90 2.79 2.79 2.81 2.83 2.81 2.79 2.84 2.54 2.81 2.95 2.85 2.73
b* -10.8 | -10.8 | -11.1 | -118 | -119 | -11.7 | -11.1 | -114 | -119 | -11.8 | -115 | -12.1 | -12.0 | -115 | -124 | -124 | -12.6
Opacity, % 88.9 | 88.9 88.5 88.4 88.9 88.2 88.5 88.6 88.4 88.3 88.3 88.5 88.7 88.1 88.6 88.5 88.7
S. Coeff., m2/kg 69.1 | 69.2 69.1 69.0 69.0 69.2 69.3 69.7 69.5 69.1 69.4 69.1 69.5 69.5 69.3 69.4 69.1
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Table 86: Effect of different OWAs in surface sizing

TS3 at wet-end, kg/t 6

OWAin | Type TS3 TS1 TS2 HS1

surface 0 Only

sizing, | Dose, starch |41 5 | 3 | 4 | 1 2 | 3 | 4 | 1 2 | 4 | 1 2 | 3 | a4

kglt kgt

ISO Brightness, % | 89.6 895 | 900 | 905 | 91.2 | 91.1 | 89.9 | 905 | 912 | 90.9 | 89.7 | 90.7 | 915 | 89.9 | 90.6 | 91.1 | 91.6

B. brightness, % 79.4 791 | 792 | 794 | 792 | 792 | 792 | 793 | 795 |7834| 79.1 | 789 | 787 | 792 | 79.0 | 79.1 | 79.2

CIE Whiteness 139.6 | 139.8 | 140.0 | 140.1 | 141.2 | 142.3 | 140.1 | 140.5 | 141.1 | 139.9 | 140.1 | 140.8 | 141.9 | 141.2 |142.30 | 144.1 | 145.4

Fluorescence 18.66 | 18.86 | 21.12 | 23.18 | 24.15 | 24.77 | 21.12 | 23.45 | 24.44 | 24.34 | 21.12 | 23.58 | 23.9 | 22.10 | 24.40 | 25.50 | 26.10

Yellowness -17.84 | -18.15 |-20.52 |-22.35 | -23.49 |-23.69 | -19.90 | -21.85 | -22.80 |-22.70 | -19.45 | -22.41 | -23.52 | -21.45 | -23.48 | 24.10 | -24.88

L* 9430 | 94.32 | 94.30 | 94.25 | 94.30 | 94.32 | 94.35 | 94.40 | 94.54 | 94.44 | 94.39 | 94.09 | 94.25 | 94.35 | 94.40 | 94.41 | 94.42

a* 2.80 283 | 292 | 311 | 312 | 315 | 284 | 286 | 292 | 271 | 2.90 | 295 | 2.98 | 2.95 | 3.23 | 3.24 | 3.34

b* 979 | -9.90 |-10.19 |-11.97 |-12.10 |-12.49| -10.12 | -11.52 | -12.10 |-12.07 | -10.12 | -11.96 |-12.43 | -11.25 | -12.53 | -12.60 | -12.74

Opacity, % 88.2 883 | 885 | 884 | 889 | 882 | 884 | 885 | 888 | 88.1 | 883 | 885 | 887 | 882 | 883 | 885 | 88.0

S. Coeff., m?/kg 69.5 689 | 682 | 685 | 681 | 69.4 | 683 | 684 | 685 | 69.1 | 681 | 68.2 | 68.4 | 682 | 68.1 | 683 | 685
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Table 87: Effect of different OWAs in surface sizing

DS1, at wet-end, kg/t 7
OWA in Type TS3 TS1 TS2 HS1
surface Dose 0 s?z;gh
sizing, kglt kgt ’ 1 2 3 4 1 2 3 4 1 3 4 1 2 3 4
ISO Brightness, % 91.1 91.1 91.2 91.3 91.6 91.4 91.2 91.3 91.5 91.1 91.2 91.3 91.5 91.3 91.4 91.8 91.7
B. brightness, % 79.3 79.1 79.2 79.3 79.2 79.1 79.1 79.2 78.9 78.9 79.1 79.2 78.9 79.2 79.4 79.1 78.5
CIE Whiteness 138.5 138.9 | 139.1 | 141.3 | 141.9 | 140.8 | 139.1 | 140.2 | 1425 | 137.6 | 139.1 | 140.2 | 142.5 | 139.1 | 139.5 | 1425 | 140.5
Fluorescence 23.2 23.3 235 24.8 25.1 254 241 24.3 24.5 24.3 24.1 24.2 24.5 235 24.6 24.9 24.7
Yellowness -21.6 -21.7 | 223 | -23.2 | -23.3 | -23.2 | -21.7 | -219 | -22.2 | -22.1 | -21.7 | -21.9 | -22.2 | -21.7 | -22.7 | -23.1 | -23.3
L* 94.7 94.7 94.8 94.9 94.9 94.9 94.8 94.9 94.9 94.1 94.8 94.9 94.9 94.8 93.9 94.1 94.0
a* 2.47 2.48 2.52 2.61 2.70 2.25 2.49 2.52 2.53 2.10 2.49 2.52 2.53 2.50 2.54 2.65 2.28
b* -11.5 -115 | -116 | -122 | -123 | -121 | -116 | -116 | -112.7 | -115 | -116 | -116 | -11.7 | -115 | -119 | -12.2 | -12.1
Opacity, % 88.9 88.5 88.4 88.3 88.1 88.9 88.3 88.2 88.0 88.7 88.3 88.2 88.0 88.3 88.5 88.1 88.7
S. Coeff., m2/kg 69.1 68.9 68.7 67.9 68.0 69.1 68.9 67.7 68.2 69.0 68.9 67.7 68.2 69.0 67.7 68.8 69.2
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Table 88: Best combinations of OWAs at size press and wet-end with 21% ash level of PCC

DS2 at wet-end, kg/t 8

Type -- TS3 TS1 TS2 HS1
OWA in surface sizing, kg/t

Dose, kg/t -- 3 3 4 4
ISO Brightness, % 91.8 91.3 91.4 91.7 92.0
B. brightness, % 79.1 79.1 79.1 79.2 78.8
CIE Whiteness 140.5 142.1 141.2 140.3 143.0
Fluorescence 21.4 24.9 24.4 24.4 25.6
Yellowness -21.4 -22.4 -22.4 -22.8 -24.0
L* 94.6 94.4 94.8 94.4 94.7
a* 2.84 2.90 2.83 2.54 2.73
b* -11.4 -11.9 -11.9 -12.0 -12.6
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Table 89: Best combinations of OWAs at size press and wet-end with 21% ash level of PCC

TS3 wet-end, kg/t 9 6

OWA in surface sizing, Type N TS3 Ts1 TS2 HS1
kglt Dose, kg/t -- 3 3 4 4
ISO Brightness, % 91.4 91.2 91.2 91.5 91.6
B. brightness, % 79.4 79.2 79.5 78.7 79.2
CIE Whiteness 141.6 141.2 141.1 141.9 145.4
Fluorescence 19.2 24.1 24.4 23.9 26.10
Yellowness -21.1 -23.5 -22.8 -23.5 -24.9
L* 94.4 94.3 94.5 94.2 94.4
a* 2.85 3.12 2.92 2.98 3.34
b* -11.1 -12.1 -12.1 -12.4 -12.7
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Table 90: Best combinations of OWAs at size press and wet-end with 21% ash level of PCC

DS1 Powder wet-end, kg/t 11

Type - TS3 TS1 TS2 HS1
OWA in surface sizing, kg/t

Dose, kg/t -- 3 3 3 3
ISO Brightness, % 91.9 91.6 915 91.8 91.8
B. brightness, % 79.1 79.2 78.9 78.6 79.1
CIE Whiteness 142.1 141.9 142.5 140.9 142.5
Fluorescence 23.3 25.1 24.5 24.9 24.9
Yellowness -22.1 -23.2 -22.2 -23.0 -23.1
L* 94.8 94.9 94.9 94.8 94.1
a* 2.52 2.70 2.53 2.52 2.65
b* -11.5 -12.3 -11.6 -12.1 -12.2
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ldentification of new OWAs In place
of commercially available OWAs

and their effect on optical properties
of paper using MHW pulp furnish
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4. ldentification of new OWAs in place of commercially available OWAs and their
effect on optical properties of paper using MHW pulp furnish

4.1 Characterization of OWAs

Two OWAs were identified other than commercially available OWAs and were characterized
in terms of e- value. First one was AAMD which was disulphoned OWA having e value of
505 1%/1cm, other OWA was APOH which was hexasulphonated OWA having e value 483

1%/1 cm as shown in Table 91

4.2 Optimization of AAMD in wet-end with GCC at 21% ash level

AAMD was added at wet-end at different doses. At minimum dose of 4 kg/t of AAMD the
brightness was 92.6%, CIE whiteness and fluorescence was 136.6 and 20.91 respectively.
The optimum dose was 6 kg/t at which brightness was 93.6%, CIE whiteness and
fluorescence was 139.5 and 22.83 respectively. On further increasing the dose beyond 8
kg/t the reduction in values of brightness whiteness, a* and b* was observed as shown in
Table 92.

4.3 Split addition of OWAs in wet-end surface sizing

AAMD was fixed for wet-end addition at a dose of 4 kg/t while other OWA i.e. APOH were
varied at different doses in surface sizing.

4.3.1 Effect of APOH in surface sizing

APOH was added in surface sizing along with 4 kg/t of AAMD at wet-end. At minimum dose
of 0.5 kg/t of APOH the brightness was 93.3%, CIE whiteness and fluorescence was 139.0
and 22.12 respectively. The same was the optimum dose of APOH in surface sizing. On
further increasing the dose of APOH to 4 kg/t, slight reduction in optical properties was

observed as shown in Table93.

It was observed that on adding 0.5 kg /t of APOH which is a hexa-sulphonated OWA in
surface sizing along with 4 kg/t of AAMD (Di-sulphonated OWA) at wet-end gives
comparable optical properties to that of adding 6 kg/t of AAMD at wet-end.
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Identification of new OWAs in place of commercially available OWAs and their effect on optical properties of paper

Table 91: Characterization of different OWAs

Name of OWA (% Solids) Type of OWA E-value (1%/1 cm)
AAMD (99.9) Di- sulphonated 505
APOH (99.9) Hexa- sulphonated 483
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Table 92: Optimization of AAMD in wet-end with GCC at 21% ash level

AAMD, kg/t 4 6 8

ISO Brightness, % 92.6 93.6 93.2
B. brightness, % 84.4 84.5 84.6
CIE Whiteness 136.6 139.5 139.1
Fluorescence 20.9 22.8 23.6
Fluorescence, C 10.2 11.3 11.6
Yellowness -19.3 -20.5 -20.5
L* 95.3 95.6 95.7
ax 3.50 3.37 3.06
b* -10.8 -11.3 -11.2
Opacity, % 88.5 88.6 88.8
S. Coeff., m2/kg 55.7 56.2 57.2

Split addition of OWAs in wet-end surface sizing
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Table 93: Effect of APOH in surface sizing

AAMD, kglt 4

APOH, kg/t Only starch 0.5 1
ISO Brightness, % 91.9 93.3 93.1
B. brightness, % 84.4 84.5 84.6
CIE Whiteness 136.9 139.0 139.1
Fluorescence 21.0 22.1 22.1
Fluorescence, C 10. 11.0 11.0
Yellowness -19.9 -20.4 -20.1
L* 94.9 94.9 94.9
a* 3.60 3.63 3.62
b* -4.08 -4.07 -4.08
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Validation studies on
selected combination of
OWAs at CPPRI
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5. Validation of the results carried out by CPPRI with selected OWA on mixed
hard wood pulp and different fillers

Studies carried out by ACIRD, six different OBA were used on bleached mixed had wood
pulp and bleached bagasse pulp along with GCC and Talc as fillers in various combinations
maintaining 21% ash level. CPPRI selected four best combinations and carried out lab
experiments at CPPRI laboratory as per details given below:

Table 1. Addition of OWA (DS2) in wet-end application with GCC filler

DS2 at wet-end, kg/t 6

OWA -
At size press -

Dose

Control ACIRD Control CPPRI

Basic ISO Brightness, % 81.8 76.8
ISO Brightness, % 94.4 94.2
CIE Whiteness 138.3 130.6
Fluorescence 22.3 30.1
Fluorescence, C 11.2 13.1
Yellowness -20.3 -9.9
L* 95.3 94.5
a* 3.12 3.27
b* -10.9 -6.1
Opacity, % 87.2 79.4
Cost, Rs/t of paper 1530

5.1 Observations:

1. The B. brightness of control sample (mixed hard wood bleached pulp) taken for
experiment at CPPRI was 76.8% ISO, whereas the pulp brightness of control
sample was 81.8% at ACIRD.

2. While addition of OWA (DS2) in wet-end @ 6.0 kg/t using GCC as filler
maintaining 21% ash in paper achieved an increment of 17.4% brightness at
CPPRI against 12.6% brightness at ACIRD.
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Table 2: Split addition of OWAs in wet-end and surface sizing application with
GCC filler (DS2 at wet-end and TS1 at size press)

DS2 at wet-end, kgt 3
At size press OWA/ Dose, kg/t TS1/2

ACIRD CPPRI
Basic ISO Brightness, % 82.6 76.8
ISO Brightness, % 94.6 93.8
CIE Whiteness 141.8 128.0
Fluorescence 22.2 40.5
Fluorescence, C 12.0 11.6
Yellowness -21.3 -8.61
L* 95.6 94.5
a* 3.45 3.01
b* -12.2 -5.42
Opacity, % 86.1 82.1
Cost, Rs/t of paper 915 (-615)

5.2 Observations:

1. The B. brightness of control sample (mixed hard wood bleached pulp) taken for
experiment at CPPRI was 76.8 %, whereas the pulp brightness of control
sample was 82.6% at ACIRD.

2. While addition of OWA (DS2) in wet-end @ 3.0 kg/t and addition of OWA (TS1)
in surface sizing application @ 2.0 kg/t using GCC as filler, maintaining 21% ash
in paper achieved an increment of 17.05% brightness at CPPRI against 12.00%
brightness at ACIRD along with cost reduction of 615 Rs/t of paper.
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Table 3: Addition of OWA (DS2) in wet-end application with talc filler

DS2 at wet-end, kg/t 8
At size press OWA -

Dose, kg/t -

Control ACIRD Control CPPRI

Basic ISO Brightness, % 79.0 76.8
ISO Brightness, % 91.9 92.1
CIE Whiteness 139.3 128.4
Fluorescence 25.2 46.3
Fluorescence, C 12.9 13.3
Yellowness -20.6 -0.94
L* 94.3 93.8
ar 3.29 3.13
b* -11.4 -6.11
Opacity, % 84.7 81.0
Cost, Rs/t of paper 2040

5.3 Observations:

1. The B. brightness of control sample (mixed hard wood bleached pulp) taken for
experiment at CPPRI was 76.8%, whereas the pulp brightness of control sample
was 79.0 % at ACIRD.

2. While addition of OWA (DS2) in wet-end @ 8.0 kg/t using talc as filler maintaining
21% ash in paper achieved an increment of 15.35% brightness at CPPRI against
12.9% brightness at ACIRD.
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Table 4: Split addition of OWAs in wet-end and surface sizing application with

talc filler (DS2 at wet-end and TS2 at size press)

DS2 at wet-end, kgt 6
At size press OWA/ dose, kg/t TS2/ 2

ACIRD CPPRI
Basic ISO Brightness, % 78.1 76.8
ISO Brightness, % 92.2 94.2
"CIE Whiteness 141.0 132.5
Fluorescence 24.3 46.1
Fluorescence, C 14.1 12.6
Yellowness -21.7 -10.9
L* 94.1 94.2
ax 3.10 3.36
b* -12.0 -6.64
Opacity, % 83.1 79.3
Cost, Rs/t of paper 1640 (-400)

5.4 Observations:

1. The B. brightness of control sample (mixed hard wood bleached pulp) taken for
experiment at CPPRI was 76.79% ISO, whereas the pulp brightness of control
sample was 78.10% at ACIRD.

2. While addition of OWA (DS2) in wet-end @ 6.0 kg/t and addition of OWA (TS2)
in surface sizing application @ 2.0 kg/t using talc as filler maintaining 21% ash in
paper achieved an increment of 17.37% brightness at CPPRI against 14.1%
brightness at ACIRD along with cost reduction of 400 Rs/t of paper

5.5 RESULTS

In all the four sets of experiments carried out at CPPRI shows better results than

experiments carried out at ACIRD.
5.6 RECOMMENDATION

It is recommended that the plant trial with the use of selected OWA with suitable filler may be
carried out at TNPL/ BILT.
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ACIRD
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6. Pre plant trial studies at ACIRD
6.1 Mixed hardwood pulp

A meeting was conducted with BILT personal to discuss the outcome of the project entitled
“Achievement of highest brightness and whiteness in cost effective manner through selective
addition of OWA at wet-end and size press” (CESS sponsored). Following members were
present in the meeting:

ACIRD BILT, SGU - Yamunanagar
Dr. N.K. Bhardwaj, Joint Director Mr. M.K. Gupta, Unit Head
Mr. Ashish Sharma, Research Engineer Mr. Shamim Ahmad, Manager R&D

During the meeting it was decided to carry out lab study using existing plant conditions prior
to conducting the plant trial. The best combination of OWAs (in wet-end and size press)
optimized in laboratory under this project was tried on two paper grades of BILT unit SGU viz.
grade 1 and grade 2 and it was found that there was a cost saving potential of 28-30% to get
the comparable optical properties in case of grade 1. The cost saving potential in case of
grade 2 was 4-23% to get the comparable optical properties.

In case of paper grade 1, the brightness was 94.5%, whiteness and fluorescence was 146.2
and 25.7. Handsheets of same grammage and ash content was prepared in lab following the
same chemical dosage and dosing sequence with comparable optical properties. According
to lab findings the best combinations were addition of 5 kg/t of DS2 with 6 kg/t of TS1 and
addition of 5 kg/t of DS2 with 6 kg/t of HS1 at wet-end and size press respectively. The
optical properties were found slightly superior than that of lab prepared garde 1 paper along
with reduction in cost of 660 Rs/t of paper and 690 Rs/t of paper as shown in Table 1.

In case of paper grade 2, the brightness was 90.0%, whiteness and fluorescence was 130.0
and 18.0. Handsheets of same grammage and ash content was prepared in lab following the
same chemical dosage and dosing sequence with comparable optical properties. According
to lab findings the best combinations were addition of 3 kg/t of TS1 with 2 kg/t of HS1, 3 kg/t
of DS1 with 1 kg/t of HS1 and 2 kg/t of DS1 with 2 kg/t of HS1 at wet-end and size press. The
optical properties were found comparable along with reduction in cost of 10 Rs/t, 80 Rs/t and

85 Rs/t of paper at the proposed combinations as shown in Table 2.
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Table: 1 Lab study on paper grade 1 for PM-2

Paper samples In mill In Lab Best Combination (Proposed)
OWA DS2+TS3 DS2+TS3 DS2+TS1 DS2+HS1 | DS2+HS1
Dosage, kg/t 5kgit + 6 kg/t | Skalt+6 S5kg/lt+6 Skgit+6 |3.5kg/t+6
(wet-end + size press) kgt kg/t kg/t kgt
ISO Brightness, % 94.5 95.1 94.9 954 95.4
Ash, % 12.6 12.1
B. brightness, % -- 80.4 80.3 80.6 81.5
CIE Whiteness 146.2 137.6 141.1 146.0 144.2
Fluorescence 25.7 27.4 27.6 28.1 26.3
Yellowness -13.0 -19.9 -21.3 -23.0 -22.0
L* - 96.4 96.1 96.0 96.1
a* - 1.53 2.53 3.60 3.65
b* - -10.49 -11.46 -12.62 -12.17
Cost, Rs./t paper 2385 2385 1725 1695 1313
(-660) (-690) (-1073)
Table: 2 Lab study on paper grade 2 for PM-2
Paper samples In mill In Lab Best Combination (Proposed)
OWA TS1+TS1 TS1+TS1 | TS1+HS1 | DS1+HS1 | DS1+HS1
Dosage, kg/t 3+2 3+2 3+2 3+1 242
(wet-end + size press)
Ash, % 16.0 15.0
ISO Brightness, % 90.0 92.2 91.8 91.5 90.9
B. brightness, % 81.1 81.3 81.6 81.7 80.7
CIE Whiteness 130.0 132.9 130.3 128.4 129.0
Fluorescence 18.0 21.5 19.9 194 20.1
Yellowness -21.5 -17.1 -15.9 -14.6 -14.4
L* 93.5 95.8 95.7 95.1 95.4
a* 3.96 3.30 3.44 3.17 3.10
b* -11.81 -9.76 -9.20 -8.46 -8.37
Cost, Rs./t paper 375 375 365 295 290
(-10) (-80) (-85)
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6.2 Study for agro based mill

Pre-trial lab scale study for Satia Industries Ltd. on writing and printing grade of paper was done following the mill conditions and it was found that with the
addition of 2 kg/t of DS2 at wet end and 3 kg/t of HS1 at surface sizing the cost saving potential was 8% and by addition of 1.5 kg/t of DS2 at wet end and 5
kg/t of HS1 in surface sizing the cost saving potential was 7% as shown in table 3.

Table 3: Study on writing and printing grade paper

BMKD at wet end, kg/t 2.5 2.5 2.0 15
OWA

SPPZH at size press, kg/t 0 2 2 (R) 3 3 (R) 5 5(R)
CIE Whiteness 146.8 149.7 149.1 148.8 148.1 150.3 148.6
Basic brightness, %ISO 79.9 79.5 79.3 79.4 79.5 79.4 79.6
Brightness, %ISO 90.3 90.3 90.8 90.4 90.8 90.8 91.2
L* 92.2 92.1 92.2 92.3 92.3 92.3 92.3
a* 5.30 5.45 5.32 5.38 5.29 5.43 5.28
b* -14.4 -15.1 -14.9 -14.8 -14.6 -15.1 -14.7
Fluorescence 20.6 22.1 21.9 21.8 21.6 224 21.5
Cost, Rs/t of paper - 742.5 685 (-57.5) 692.5 (-50)
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7. Demonstration of results in the plant scale
7.1 Plant scale trial in hardwood based mill

Based on the encouraging lab results obtained at Avantha Centre for Industrial Research &
Development (ACIRD), Yamunanagar using different combination of OWAs at wet-end and
size press under the project “Achievement of highest brightness and whiteness in cost
effective manner through selective addition of OWA at wet-end and size press” sponsored
by IPMA, it was proposed to explore the suitability of any one combination of OWAs on plant
scale at Ballarpur Industries Ltd. Unit Shree Gopal, Yamunanagar. Prior to carrying out plant
scale trial, validation of the results was done at Central Pulp & Paper Research Institute
(CPPRI), Saharanpur. The objective of the plant scale trial was to demonstrate the best
combination of commercial OWAs at wet-end and size press to reduce the cost of OWAs

without compromising the optical properties of paper. The details of the trial are given below:

Paper M/c No. (Production) : 2 (40 TPD)

Pre trial Period: February 07, 2017 (9 AM) to February 08, 2017
(9 AM)
Total 24 hrs

Trial Period: February 08, 2017 (12 Noon) to
February 09, 2017 (11 PM) Total 35 hrs

Total production during trial: 525T

Paper Product/ Grammage: Paper grade 2/ 90 GSM

Chemical dosage during pre trial period: OWAs i.e. TS1 @ 3 kg/t at wet-end and 2 kg/t in
size press. Rest of the conditions i.e.
chemical, doses and dosing points are same

Chemical dosage during trial period : OWAs i.e. DS1 @ 3 kg/t at wet-end and HS1 @
1.5 kg/t at size press (i.e. addition of 6 kg of
DS1 in batch of 2T pulp at wet-end and 6 kg
HS1 in a batch of 4T starch at size press on as
such basis)

Chemical Cost (Rs/kQ): TS1 @73.5, DS1 @74.0 and HS1 @67.0
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Dosing points: DS1 in mixing chest at wet-end, HS1 in size
Press

Quantity used: 157.5 kg DS1 and 78.8 kg HS1

7.1.1 Observations:

o Different OWAs were characterized in terms of % solids, E value and colloidal
charge demand. It was observed that the DS1 was having the highest E value
followed by TS1 and HS1. While TS1 was having the highest charge demand
followed by HS1 and DS1 as shown in Table 1.

e During pre trial period, the average values of paper brightness, whiteness,
yellowness and fluorescence were 89.9, 135.8, -11.3 and 18.5, respectively.

e With the addition of DS1 at a dose of 3 kg/t at wet-end and HS1 at a dose of 1
kg/t at size press improvement in optical properties was observed.

e The average brightness of paper increased from 89.9 to 90.8 %. The occurrence
of higher (291) brightness values was 45% during trial period while it was nil
during pre trial period. (Please refer Figure A and Table 2)

e During the trial the average value of CIE whiteness of paper increased by 1.4
unit i.e. from 135.8 to 137.2. The occurrence of higher (2137) whiteness values
was improved to 65% from 20%. (Please refer Figure B and Table 3)

e In case of yellowness also, the maximum values during the trial were greater
than pre trial values. The average paper yellowness reduced from -11.3 to -11.5
as shown in Figure C.

e Fluorescence of paper increased to 18.8 from 18.5. Almost comparable values
of fluorescence were observed before and during the trial as shown in Figure D.

e Reduction in cost of Rs 45/t of paper was observed during the trial. The cost of
OWAs before the trial was Rs 375.0/t of paper which was reduced to Rs 330.0/t
of paper during the trial as shown in Figure F.
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Table 1: Characterization of different OWASs

E-value
. (1%/1 cm) Cationic
Name of OWA Type of OWA % Solids - charge
On solids demand, ueq/g
basis
TS1 Tetra- 25.7 496 2575
sulphonated
DS1 Di- sulphonated 22.4 562 2298
Hexa-
HS1 20.7 374 2340
sulphonated
Table 2: Number of occurrence in brightness slabs
Brightness slabs Pre trial During trial
>91 0 9 (45%)
>90<91 6 (40%) 9 (45%)
>89<90 9 (60%) 2 (10%)
Table 3: Number of occurrence in CIE whiteness slabs
Whiteness slabs Pre trial During trial
>139 0 (0%) 2 (10.0%)
>138<139 1 (6.7%) 2 (10.0%)
>137<138 2 (13.3%) 9 (45.0 %)
>136<137 3 (20.0 %) 3 (15.0%)
>134<136 9 (60.0%) 4 (20.0%)
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7.2 Plant scale for agro based mill

Based on the encouraging lab results obtained at Avantha Centre for Industrial Research &
Development (ACIRD), Yamunanagar using different combination of OWAs at wet end and
size press under the project and pre-trial study following plant conditions. It was proposed to
explore the suitability of any one combination of OWAs on plant scale at Satia Industries Ltd.
Muktsar, Punjab. The objective of this plant scale trial was to demonstrate the best
combination of commercial OWAs at wet end and size press to reduce the cost of OWAs
without compromising the optical properties of paper in agro based mill. The details of the

trial are given below:

Paper M/c No. (Production): 3 (150 TPD)

Trial Period: March 30, 2017 (12 Noon to 6.30 PM)
Total 6.5 hrs

Total production during trial: 345T

Paper Product/ Grammage: Writing and printing paper/ 64 GSM

Reduction in chemical dosage during trial period: Reduction in dose of OWAs i.e. from
3.5 kg/t to 3.1 kg/t in case of DS2 at wet end
along with 4 kg/t of HS1 addition at size press
(DS2 was added at a conc. of 75 gpl at wet
end monitored by DCS. HS1 was added in size
press by preparing solution of 500 gpl and
maintaining a flow of 1 Ipm in starch slurry on
the basis of paper draw of 7.5 t/hr)

Dosing points: DS2 in mixing chest at wet end, HS1 in size
press
Quantity used: 155 kg DS2 and 130 kg HS1
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7.2.1 Observations:

o Different OWAs were characterized in terms of % solids, E value and colloidal
charge demand. It was observed that the DS2 was having the higher E value
than HS1. While HS1 was having the higher cationic charge demand than DS2
as shown in Table no. 1.

e Dose of DS2 at wet end was found higher initially that was 4.5 kg/t of paper and
dose of HS1 was 2 kg/t of paper at size press.

e During the trial period, the dose of HS1 was increased by 2 kg/t at size press
(i.,e. from 2 kg/t to 4 kg/t) with the assumption of improvement in optical
properties but not a significant change in optical properties of paper was
observed.

e The dose of DS2 was reduced gradually (i.e. from 4 to 3.1 kg/t) at wet end and
the comparable optical properties were observed. (Please refer Table 2)

e The average brightness of paper was 89.4 %ISO. The standard deviation in the
values of brightness was 0.30. (Please refer Table 3)

e The average CIE whiteness of paper was 145.0. The standard deviation in the
values of whiteness was 0.85. (Please refer Table 3)

e The average Yellowness of paper was -29.4. The standard deviation in the

values of yellowness was 0.53. (Please refer Table 3)
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Table 1: Characterization of different OWAs

E-value
Name of OWA Type of OWA % Solids (1%/1 cm) C(:jaetri::rimz ,CS:(;?ge
On solids basis

DS2 Di-sulphonated 99.9 493 2145

HS1 Hexa-sulphonated 20.7 374 2340

Table 2: optical properties of paper during trial period

DS2 dose at wet end, kg/t 4.5 4.0 4.0 3.5 3.5 3.2 3.2 3.1 3.1 3.1 3.1 3.1 3.1
E';% dose at size press, 2.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Brightness, %ISO 89.5 89.9 90.0 89.3 89.1 89.3 89.1 89.1 89.3 89.3 89.6 89.4 89.5
CIE Whiteness 145.1 145.8 146.2 144.0 144.1 143.8 145.4 145.1 144.1 144.6 146.2 145.2 145.0
Yellowness -28.9 -29.0 -29.2 -29.2 -29.0 -28.8 -30.0 -29.0 -29.0 -294 -30.2 -30.1 -30.1
L* 89.0 89.1 89.0 89.5 89.5 89.5 89.3 89.4 89.6 89.6 89.6 89.6 89.6
a* 3.14 3.20 3.20 3.20 3.16 3.20 3.20 3.20 3.14 3.15 3.20 3.20 3.20
b* -10.2 -104 -10.5 -10.3 -10.2 -10.1 -10.6 -10.5 -10.2 -10.3 -10.6 -10.5 -104
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Table 3: Average values of optical properties

Properties Average Standard deviation
Brightness, %ISO 89.4 0.30
CIE Whiteness 145.0 0.85
Yellowness -29.4 0.53
L* 894 0.21
ax 3.19 0.02
b* -10.38 0.16
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7. CONCLUSIONS

The E-value determined on the basis of dry solids was the highest for DS1 (562) followed by
TS1 (496), DS2 (493), HS1 (374), TS2 (327) and TS3 (265).

The addition point of OWA had slight impact on optical properties of paper though it was also
OWA specific. The addition point of DS2 had no much impact on optical properties of paper

sheets, whereas addition point of TS1 had slight impact on optical properties of paper sheets.

The choice of addition of several wet-end cationic additives after OWA had impact on zeta
potential and cationic charge demand of pulp stock, however, no change in brightness of

paper sheets was observed.

The brightness of paper sheets was increased with increase in dosage of OWA. But after a
certain addition level of OWA, the brightness either remains constant or reduces due to the

greening effect of OWA.

The intrinsic brightness of filler also had significant impact on brightness of paper. At same
dosage of OWA, the optical properties including B. brightness were higher with GCC as
compared that with talc filler. The less B. brightness with talc filler was mainly responsible for
getting the lower brightness in paper sheets as compared with GCC filler. To get the
brightness level of about 90% using talc filler, the dosage of DS1, DS2 and TS1 OWAs was
comparable (0.17-0.2 kg/t) followed by TS2 (0.27 kg/t) and TS3 (0.45 kg/t). It was observed
that to get the brightness level of about 90%, the dosage/ cost of DS1, DS2 and TS1 OWAs
was almost comparable for both the fillers separately. At 95% brightness level, the cost of
OWA was almost double for talc filler as compared with GCC.

Mixed hard wood pulp

Using GCC filler, the best combination along with significant reduction in cost of OWA in wet-

end and surface sizing were as follows

> Addition of 3 kg/t of DS2 at wet-end and 2 kg/t of TS1 in surface sizing along with 3.5 unit
gain in whiteness and 0.4 unit gain in brightness.

» Addition of 6 kg/t of TS3 at wet-end and 0.4 kg/t of DS1 in surface sizing along with 1.9
unit gain in whiteness and 0.6 unit gain in brightness.

» Addition of 5 kg/t of DS1 at wet-end and 2 kg/t of DS1 in surface sizing along with

comparable optical properties.

Using talc filler, the best combination along with significant reduction in cost of OWA in wet-

end and surface sizing were as follows
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>

>

>

Addition of 6 kg/t of DS2 at wet-end and 2 kg/t of TS2 in surface sizing along with
comparable optical properties to that of direction addition of 8 kg/t of DS2 at wet-end .
Addition of 10 kg/t of TS3 at wet-end and 1 kg/t of TS1 in surface sizing along with
comparable optical properties to that of direct addition of 16 kg/t of TS3 at wet-end only.
Addition of 9 kg/t of DS1 at wet-end with 1 kg/t of HS1 in surface sizing with slight
improvement in optical properties to that of direct addition of 12 kg/t of DS1 at wet-end
only.

Using PCC filler, the best combination along with significant reduction in cost of OWA in wet-

end and surface sizing were as follows

>

>

>

Addition of 4 kg/t of DS2 at wet-end with 3 kg/t of TS2 in surface sizing and 4 kg/t of DS2
in surface sizing with 3 kg/t of TS1 at size press with slight improvement in optical
properties.

Addition of 6 kg/t of TS3 at wet-end with 4 kg/t of TS2 in surface sizing with slight
improvement in optical properties.

Addition of 6 kg/t of DS1 at wet-end with 2 kg/t of TS2 in surface sizing with slight

improvement in optical properties.

Addition of broke (5 to 30%) in the papermaking furnish and its effect on the efficiency
of OWAs

Using GCC and talc fillers, there was no adverse effect of broke addition on performance of

OWA at wet-end, this may be due to presence of certain quality of OWA already in broke

while slight reduction in optical properties of paper were observed in case of surface sizing

the sheets having broke %age from 5 to 30.

Bagasse pulp

Using GCC filler, the best combination along with significant reduction in cost of OWA in wet-

end and surface sizing were as follows

>

>

>

Addition of 7kg/t of DS2 at wet-end and 2 kg/t of TS2 in surface sizing along with
improvement in optical properties to that of direct addition of 10 kg/t of DS2 at wet-end
only.

Addition of 9kg/t of TS3 at wet-end and 3 kg/t of HS1 in surface sizing along with
comparable optical properties to that of direct addition of 14 kg/t of TS3 at wet-end only.
Addition of 6kg/t of DS1 at wet-end and 3 kg/t of HS1 in surface sizing along with

comparable optical properties to that of direct addition of 10 kg/t of DS1 at wet-end only.
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Using talc filler, the best combination along with significant reduction in cost of OWA in wet-

end and surface sizing were as follows

>

Addition of 6kg/t of DS2 at wet-end and 2 kg/t of TS2 in surface sizing along with
comparable optical properties to that of direct addition of 10 kg/t of DS2 at wet-end only.
Addition of 6kg/t of TS3 at wet-end and 2 kg/t of TS2 in surface sizing along with
comparable optical properties to that of direct addition of 10 kg/t of TS3 at wet-end only.
Addition of 8kg/t of DS1 at wet-end and 4 kg/t of HS1 in surface sizing along with
comparable optical properties to that of direct addition of 12 kg/t of DS1 at wet-end only.

Using PCC filler, the best combination along with significant reduction in cost of OWA in wet-

end and surface sizing were as follows

>

Addition of 7kg/t of DS2 at wet-end and 2 kg/t of TS2 in surface sizing along with
comparable optical properties to that of direct addition of 10 kg/t of DS1 at wet-end only.
Addition of 9kg/t of TS3 at wet-end and 2 kg/t of TS2 in surface sizing along with
comparable optical properties to that of direct addition of 13 kg/t of TS3 at wet-end only.
Addition of 6 kg/t of DS1 at wet-end and 2 kg/t of TS1 in surface sizing along with

comparable optical properties to that of direct addition of 10 kg/t of DS1 at wet-end only.

Recycled pulp

Using GCC filler, the best combination along with significant reduction in cost of OWA in wet-

end and surface sizing were as follows

>

Addition of 5 kg/t of DS2 at wet-end and 4 kg/t of HS1 in surface sizing along with
comparable optical properties to that of direct addition of 8 kg/t of DS2 at wet-end only.
Addition of 5 kg/t of TS3 at wet-end and 4 kg/t of HS1 in surface sizing along with
comparable optical properties to that of direct addition of 8 kg/t of TS3 at wet-end only.
Addition of 7 kg/t of DS1 at wet-end and 3 kg/t of HS1 in surface sizing along with
comparable optical properties to that of direct addition of 11 kg/t of TS3 at wet-end only..

Using talc filler, the best combination along with significant reduction in cost of OWA in wet-

end and surface sizing were as follows

>

Addition of 6 kg/t of DS2 at wet-end and 2 kg/t of HS1 in surface sizing along with
comparable optical properties to that of direct addition of 9 kg/t of DS2 at wet-end only.
Addition of 6 kg/t of TS3 at wet-end and 4 kg/t of HS1 in surface sizing along with
comparable optical properties to that of direct addition of 9 kg/t of TS3 at wet-end only.
Addition of 7kg/t of DS1 at wet-end and 3 kg/t of TS3 in surface sizing along with

comparable optical properties to that of direct addition of 11 kg/t of DS1 at wet-end only.
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Using PCC filler, the best combination along with significant reduction in cost of OWA in wet-

end and surface sizing were as follows

»  Addition of 7 kg/t of DS2 at wet-end and 2 kg/t of TS2 in surface sizing along with
comparable optical properties to that of direct addition of 8 kg/t of DS2 at wet-end only.

»  Addition of 6 kg/t of TS3 in wet-end along with 4 kg/t of TS2 in surface sizing was the best
combination among all these along with comparable optical properties to that of direct
addition of 9 kg/t of TS3 at wet-end only..

»  Addition of 7 kg/t of DS1 at wet-end and 3 kg/t of HS1 in surface sizing along with
comparable optical properties to that of direct addition of 11 kg/t of DS1 at wet-end only.

Identification of OWAs other than commercially available OWAs

The E-values of identified OWAs other than commercially available OWA, determined on the
basis of dry solids was the highest for AAMD (505) followed by APOH (483). It was observed
that on adding 0.5 kg /t of APOH which is a hexasulphonated OWA in surface sizing along
with 4 kg/t of AAMD (Disulphonated OWA) at wet-end gives comparable optical properties to
that of adding 6 kg/t of AAMD at wet-end.

Validation of results at CPPRI

Validation of results was done at CPPRI on set of selected experiments using mixed
hardwood pulp along with GCC and talc filler. All sets of experiments carried out at CPPRI
shows better results than experiments carried out at ACIRD. It was recommended that the

plant trial with the use of selected OWA with suitable filler may be carried out at TNPL/ BILT.

Pre plant scale trial study at ACIRD

The pre plant scale trial study was carried out at ACIRD and the best combination of OWAs
(in wet-end and size press) optimized in laboratory under this project was tried on two types of
paper grades of BILT unit SGU and it was found that there was a cost saving potential of 28-

30% to get the comparable optical properties in case of paper grade 1. The cost saving

potential in case of paper grade 2 was 4-23% to get the comparable optical properties.
Demonstration of results in the plant scale

Improvement in optical properties of paper along with reduction in cost of Rs 45/t of paper was

observed during the trial taken on mixed hardwood based mill i.e. BILT SGU-Yamunanagar

Reduction the dose of OWA at wet end was observed during the plant trial taken at agro

based mill i.e. Satia Industries Ltd.-Muktsar
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