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1. INTRODUCTION

This project was initiated at the request of

I T C Limited TRIBENI TISSUES DIV.

and was carried out under the contract No. 94/028, UMIDO Project DWG.IND. 2/316
between

IMPCO - VOEST-ALPINE Pulping Technologies Gmbh, Linz, AUSTRIA

and

UNIDO, Vienna, AUSTRIA

In that agreement the objeciives of the work were stated to be the determination of:

1.

o »» o0 NN

o

Conditions necessary to produce pulp from jute with the foliowing processes:
1. Kraft Pulping (Sulphate)

2. Kraft AQ Pulping

3. Soda Pulping

4. Soda AQ Pulping

5. Alkaline Sulphite Pulping

6. Alkaline Sulphite AQ Pulping

to reach a Kappa of 13+- 2 with Indication of yield resuits.

Selecting the optimum conditions of each process and repeating the cook,
Physical properties of the pulp produced under the optimum condition.
Bleachability of pulp produced under the optimum: condition.

Pilot plant test at CPPRI with the selected final pulping process
executed by CPPRI

Bleaching sequences using 2 chlorine-,2 ECF- and 2 TCF-sequences

Physical properties of bleached pulp
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2. RAW MATERIAL

The raw material for this project was shipped to IVA from the | T C Limited TRIBENI
TISSUES DIV, Calcutta, INDIA.

Fibre analysis measured at CPPRI laboratory

Proximate analysis of jute bast fibre

Se.No. PROPERTY UNIT BAST FIBRE
LOWER TOP WHOLE
1. Moisture % 7.7 6.8 9,1
‘ 2. Ash % 1.7 0.6 0.3
3. Water sol % 05 0.5 0.6
4. Alkali sol % 15.5 10.7 145
5. Lignin % 13.8 - 118
6. Holocellulose % 88.0 90.2 90.0
Dimensions of jute bast fibre
Se.No. PROPERTY UNIT BAST FIBRE
whole top zone bottom zone

1. Fibre length mm

average 2.77 2.33

maximum 7.44 3.59

minimum 1.02 1.18

. 2. Fibre width pm

average 11.9

maximum 20.0

minimum 39
3. Fibre lumen um

average 4.9

maximum 1.2

minimum 1.0
4. Wali thickness pm

average 3.6

Final Test Report Phase 1A Page 4
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o Froquency distribution

Length distribution of jute bast fibre

-~ Top Zone
AFL - 2.77mm
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Fibre length in mm
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RAW MATERIAL PREPARATION

Bench scale pulping tests at Pulp & Paper Institute in Ljubliana, Slovenia:
The original size of the delivered jute cuts was approx. 250 mm.

We have tested in the pre test phase different size of jute material and we succeed
with the original size of approx. 250 mm. Further pre-tests with produced pulp in

different beating equipment has been done. The result was that Sprout Waldron
Refiner is useful for beating jute pulp with Kappa < 30.

Bench scale puiping tests at CPPRI in Saharanpur, India:

The delivered jute was cute to approx. 75 mm size with the same quality as supplied
to IVA.

Pilot plant trizls at CPPRI in Saharanpur, India:

The first delivered jute was cute to approx. 75 mm size with the same quality as
supplied to IVA.

The second delivered jute was from the same quality and size as supplied to IVA.

Final Test Report Phase 1A Page 6
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4. TESTING METHODS:
The following main testing methods have been used:
- Total active and effective alkali in white liquor SCAN N2:88

- Kappa number

- Limiting viscosity number

- Beating of pulp in PFi-mill

- Sheet forming (Rapid Kothen)

- Physical properties of sheets

- Fibre fractionation (Eauer McNett)

- Average fibre length and length distribution,
Coarseness (Kajaani FS-200)

- Brightness
-Brightness reversion

-Dirt in pulp

- COD (chemical oxygen demand)

- BOD (biochemical oxygen demand)

- AOX (Determination of adsorbable organic halogens)
- Analysis of black liquors

- Viscosity of black liquor

Final Test Report Phase 1A

ISO 302-1981 (E)
ISO 5351/1-1981(E)
ISO 5264/2-1979
ISO 5269/2-1980
ISO 5270-1979
SCAN M6 :69

TAPPI T 271 PM-91
ISO 3688-1977 (5)
ISO 5630/1

ISO 5350/2-1989
TAPPI 213

DIN 38 409, Teil 41
DIN 38 409, Teil 51
DIN 38409, Teil 14
TAPPI T 625 CM-85
TAPPI T 666
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5. PULPING EQUIPMENT:

Used at Pulp & Paper Institute in Ljubliara:

Digester: 10 | rotating Digester with electric heating.
Refiner: Sprout Wal .ron Disc Refiner:

Diam. of plates: 12°

Type of plates: C-29-76

Space between plates: 0,14"
Speed of refiners: 1500 rpm

Washing:  Screen Mesh 16

Screening: WFVERK membrane screen
with screenplate’s opening: 0,15 mm

Final Test Repor: Phase 1A
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6.1.

BENCH SCALE PULPING TESTS:

The following laboratory programme was carried out at IVA™ subcontractor Pulp &
Paper Institute in Ljubliana, Slovenia to determinate the optimum pulping condition for
jute bast fibre supplied by ITC Limited, TRIBENI TISSUE DIV, Calcutta, out of the
selected processes.

Target for all tests was to reach a kappa number of 13+-2.

Cooking condition as well as Kappa number, yield, reject amount are presented for
every cook.

Kraft Pu'ping (Sulphate) and Kraft AQ Pulping

in total 18 laboratory trails were carried out in a 10 | rotary digester with electric
heating according to the Kraft process and Kraft AQ process with following
parameter:

AA Charge as NapO % 10 12 14

Heating up time min 90

Cooking time min 60 120 240
Temperature °C 150 160 165
AQ Charge % 0,05

After cooking and refining the pulp was washed over a Screen Mesh 16
and screened over a WFVERK membrane screen with screenplate’s
opening: 0,15 mm.

The Kraft pulping tests with 12% AA and 160°C with and without AQ were
repeated to verify the cooking results.

Details of cooks see table 1 to table 6 as well as figure 1 to figure 4.
Summery of the laboratory trials:

All tests shows that the required AA-charge is about 12 % ( as Nap0 ) to
get a Kappa about 13. In case of Kraft-AQ process the pulp yield was
approx. 1% point higher than without AQ.

As high temperature would influence the mechanical properties of pulp and
the low temperature would need a long cooking time the following
parameter for the finai pulping test was selected:

AA-charge 12 % as Nag0

Sulfidity 20 %

Cooking temperature 160°C

Cooking time 2 hours

AQ-charge 0,05 % in case of Kraft-AG Process

Final Test Report Phase 1A
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6.2.

Final Test Report Phase 1A

Soda and Soda AQ Pulping

In total 18 laboratory trails were carried out in a 10 | rotary digester with electric
heating according to the Soda process and Soda AQ process with following
parameter:

AA Charge as NapO % 12 14 16
Heating up time min 90

Cooking time min 60 120 240
Temperature °C 150 160 165
AQ Charge % 0,05

After cooking and refining the pulp was washed over a Screen Mesh 16
and screened over a WFVERK membrane screen with screenplate’s
opening: 0,15 mm.

Details of cooks see table 7 to table 12 as well as figure 5 to figure 8.
Summery of the laboratory trials:

All tests shows that the required AA-charge is about 14 % ( as NasO )to
get a Kappa about 13. In case of Soda-AQ process the pulp yield was
approx. 1% point higher than without AQ and the AA-charge can be
reduced by min. 0,5% point when using a cooking temperature of 160°C.
As high temperature would influence the mechanical prcperties of pulp and
the low temperature would need a long cooking time the following
parameter for the final pulping test was selected:

SODA SODA-AQ
AA-charge 14 % 13,5 asNapyO
Cooking temperature 160°C
Cooking time 2 hours
AQ-charge - 0,05 %

Page 10
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6.3.

Alkaline sulphite and Alkaline sulphite-AQ pulping

In total 8 laboratory trails were carried out in a 10 | rotary digesier with electric
heating according to the alkaline sulphite and alkaline sulphite-AQ process with
following parameter:

NaOH Charge % 2 25 4 8
SOy Equivalent % 8 10 16 24
NasSO3 Charge % 15,75 19,69 31,50 47,25

Heating up time min 90

Cooking time min 240
Temperature °C 165
AQ Charge % 0,05

After cooking and refining the pulp was washed over a Screen Mesh 16
and screened over a WFVERK membrane screen with screenplate’s
opening: 0,15 mm.

Details ot cooks see table 13 to table 14 as well as figure 9 to figure 10.
Summery of the laboratory trials:

The tests shows that alkaline sulphite pulping process with an NaOH /SO
ratio of 1:3 - 1:4, a relative high chemical charge, a high temperature of
165° and a long cooking time of 4 hours could not achieve the desired
kappa number. the lowest kappa number was 51,3 at a1 NasSOj charge
of 47,25 %. With an addition 0f 0,05 % AQ the kappa number could be
reduced to approx. 19.

As the target kappa could not be reached with alkaline sulphite process
and the results of AQ addition brought kappa down to approx. 19, it was
decided that only Alkaline sulphite final cooks with AQ-addition will be used
for the final pulping test with the following parameter:

Na2S03-charge 47,25 % (24 % SO3)
Cooking temperature 165°C

Cooking time 4 hours

AQ-charge 0,05 %

Final Test Report Phase 1A Page 11
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6.4. Final pulping tests for determination of physical properties and

bleachability tests.

In total 1G laboratory trails were carried out in a 10 | rotary digester with electric

heating according tc following pararneter:

Process AAcharge Heating up
as Nas0 time
(NasSO3)
% min

Kraft 12 90

Kraft AQ 12 90

Soda 14 90

Soda AQ 13,5 90

Alkaline sulphite no final pulping tests

Alkaline sulphite AQ 47,25 90
(=24 % as SO9)

Digesting
time

min
120
120
120

120

240

Sulfidity for Kraft and Kraft-AQ pulping process = 20 %

After cooking and refining the pulp was washed over a Screen Mesh 16

Temp.

°C

160
160
160
160

165

and screened over a WFVERK membrane screen with screenplate’s

opening: 0,15 mm.

Details of cooks see table 15a to table 19a

Physical properties of unbleached jute pulp see table 15b to table 1€b
Fibre analysis see distribution analysis of unbleached jute pulp

Physical properties of each unbleached jute pulp see figure 11 to figure 15

Fibre length unbleached jute pulp see figure 16

Coarseness unbleached jute pulp see figure 17

Slenderness factor unbleached jute pulp see figure 18

Zero span tensile unbleached jute pulp see figure 19

Physical properties unbleached jute pulp at 50 SR see figure 20

to figure 27

Physical properties unbleached jute pulp at 30 SR see figure 28

to figure 33

Viscosity of untleached jute pulp see figure 34
Final Test Repnrt Phase 1A
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Summery of the laboratory trials:

All tests verify the selected pulping conditions.

For the selection of final process to be tested in the pilot plant of CPPRI the

following matrix was prepared:

Process Kraft Kraft

>
o

Kappa number

Chemical consumption
Energy consumption
Chemical recovery

Yield unbleached
Viscosity unbleached
Bleaching chemical consumption *
Dirt content bleached *
Breaking length at 30 SR
fibre length

Fibre strength
Slendemness factor

Total

80’0!\)[\)@&&&’0!\)[\)&
= NN =2NVNNNON—Sada N

N

* ) From the bleachability test resuits

Note: 1 =
2 =
- 3 =
4 =
5 =
From this matrix the pulping processes can be ranged as follow:
1. Kraft-AQ
2. Kraft
3. Soda-AQ
4. Soda

5. Alkaline sulphite

Final Test Report Phase 1A
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BLEACHABILITY TESTS

The following laboratory programme was carried out at IVA subcontractor Pulp &
Paper Institute in Ljubliana, Slovenia to determinate the bleachability of the pulp
produced under the prescribed conditions to support the selection of the final pulping
process to be used in the pilot plant test at CPPRI in Saharanpur, India.

The bleachability tests were carned ot with the sequence C-E - H.

For the Kraft and Kraft-AQ we used the following Parameter:
Chlorinating factor for C-Stage = approx. 0,25.
As this factor was high it was reduced to 0,2 for all other tesis

Bleaching parameter:

KRAFT KRAFT SODA SODA ALK.SULF

-AQ -AQ ~AQ
C-Stage:
Chiorine factor - 0.25 0,25 0,2 0,2 0,2
Consistency % 3,0 3,0 3,0 3,0 3.0
Retention time min 30 30 30 30 30
Temperature °C 20 20 20 20 20
E-Stage:
NaOH charge % 1,56 1,2 1,2 1.2 1,2
Consistency % 10,0 10,0 100 10,0 10,0
Retention time min 90 90 90 90 90
Temperature °C 60 60 60 60 60
H-Stage:
A.Chior. charge %- 1.5 15 1.5 15 15
Consistency % 10,0 10,0 100 10,0 10,0
Retention time min 150 150 150 150 150
Temperature °C 40 40 40 40 40

Details cf bleachability tests see table 20a to table 24a

Physical properties bleached jute pulp see table 20b to table 24b
Fibre analysis see Fibre distribution analysis of bleached jute pulp
Total active chlorine consumption see figure 36
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Bleached jute pulp total yield see figure 37

Physical properties of each bleached puip see figure 38 to figure 42

Fibre length of bleached jute pulp see figure 43

Coarseness of bleached jute pulp see figure 44

Slendemess factor of bleached jute pulp see figure 45

Zero span tensile of bleached jute pulp see figure 46

Physical properties of bleached jute pulp at 50 SR see figure 47 to figure 58
Physical properties of bleached jute pulp at 30 SR see figure 59 to figure 70

Viscosity of bleached jute pulp see figure 71

Final Test Report Phase 1A Page 15
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8.1.

BENCH SCALE AND PILOT PLANT TRAILS AT CPPRI
IN SAHARANPOUR

The following laboratory programs were carried out at CPPRI laboratory and pilot
plant to check the results obtained at IVA" subcontractor Pulp & Paper Institute in
Ljubliana, Slovenia for jute bast fibre supplied by ITC Limited, TRIBENI TISSUE DIV,
Calcutta.

Target for all tests was to reach a kappa number of 13+-2.

Cooking condition as well as Kappa number are presented for every cook.

Kraft Pulping (Sulphate) and Kraft AQ Pulping

The laboratory trails were carried out in a 2.5 | rotary digester with electric heating
according to the Kraft process and Kraft AQ process with following parameter:

AA Charge as NaoO % 12 12
Sulfidity % 20 20
Heating up time min 90 90
Cooking time min 120 120
Temperature °C 160 160
AQ Charge % 0,00 0,05

Details of cooks see table 25 to table 26

The pilot plant trails were carried out in a cylindrical rotary digester (Size = 11
m3)with direct steam heating according to the Kraft process and Kraft AQ process
with following parameter:

AA Charge as NapO % 12 15 12 12 11.5
Sulfidity % 20 20 20 20 20
Heating up time mn 9 90 90 90 90
Cooking time min 120 120 180 240 120
Temperature °C 160 160 160 150 160
AQ Charge % 000 000 0,05 005 0,05

After cooking the pulp was blown in an blow tank and washed on an belt
washer.

Details of cooks see table 27 to table 32

Final Test Report Phase 1A Page 16
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Summery of the laboratory and pilot plant trials:

All the tests at the laboratory and pilot plant of CPPRI as well as tests at
Tribeni Tissue Laboratory confirm the cooking results of IVA.

AA-charge 12 % as NapO

Sultidity 20%

Cooking temperature 160°C

Cooking time 2 hours

AQ-charge 0,05 % in case of Kraft-AQ Process

See figures 81 to 92

Pulp produced during the Pilot plant tests at CPPRI was blown in a blow tank at
different pressure without any problem.

Additional trial was carried out at SHAMLI Paper Mill ( located near to Saharanpur ) in
a spherical digester with soda-AQ process to confirm the blow ability of jute pulp not
only from a cylindrical digester with conical bottom but also out of a spherical
digester.

The result of this trial is:

Jute pulp at the processed Kappa No. can be also blown from a spherical
digester!!!

Final Test Report Phase 1A Page 17
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BENCH SCALE BLEACHING TRAILS

The following laboratory programme was carried out at IVA” subcontractors Pulp &
Paper Institute in Ljubliana, Slovenia and OHFI in Vienna to determinate the
bleachability of the pulp produced in the pilot plant at CPPRI under the pre scribed
conditions to support the selection of the final bleaching process to be used at
Tribeni mill, India.

The bleaching tests were camied out with the sequences

C-E-H

C-Ep-H

O-C-EO-H

D-E-D

O-D-EO-D

O-A-EOP-P/O-Q-EOP-P

O-A-Z-P/O-Q-2Z-P

During the execution of the bleaching tests it was founded that IVA-Laboratories used
for the brightness measurement the absolute value and CPPRI and Tribeni mill the
relative value so that all results of IVA have to be increased by approx. 2 % points to
get comparable results to CPPRI! and Tribeni mill.
A = Acidification stage
C = Chiorination stage

D = Chlorine dioxide stage

E = Extraction stage

EO = Extraction stage with addition of oxygen

EOP = Extraction stage with adaition of oxygen and peroxide

EP = Extraction stage with addition of peroxide

H = Hypo stage

O = Oxygen delignification

P = Peroxide stage

Q = Chelation stage

Z = Ozone stage

Final Test Report Phase 1A Page 18




UNIDO / TRIBENI

IVA

9.1

9.2

9.3

C - E - H bleaching:

The target brightness for this sequence was 78-80 %.
In total 7 laberatory bleaching trials were carried out.
The final results of brightness measurement was :

82,8 % ISO
84,8 % ISO

Details of bleaching parameter and results see table 40

C - EP - H bleaching:

The target brightness for this sequence was 82-84 %.
in total 5 laborato'y bleaching trials were carried out.
The final results of brightness measurement was :

85,0 % ISO
87,2 % ISO

Details of bleaching parameter and resuits see table 41

O - C - EO - H bleaching:

The target brightness for this sequence was 82-84 %.
in total 4 laboratory bleaching trials were carried out.
The final results of brightness measurement was :

83,0 % ISO
85,0 % ISO

Details of bleaching parameter and resuits see table 42

Final Test Report Phase 1A
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9.4

9.5

D - E - D bleaching:

The target brightness for this sequence was 88 %.
In total 7 laboratory bleaching trials were carried out.
The final results of brightness measurement was :

85,8 % ISO
87,0 % 1SO

Details of bleaching parameter and results see table 43

O - D - EO - D bleaching:

The target brightness for this sequence was 88 %.
In total 3 laboratory bleaching trials were carried out.
The final results of brightness measurement was :

82,4 % ISO
84,4 % ISO

Details of bleaching parameter and results see table 44

O-A-EOP-P/0O-Q-EOP - P bleaching:

The target brigntness for this sequence was 84-85 %.
In total 3 laboratory bleaching trials were carried out.
The final results of brighiness measurement was :

82,7 % 1SO
84,7 % ISO

Details of bleaching parameter and resuits see table 45

Final Test Report Phase 1A
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897 O-A-Z-P/0-Q-Z-P bleaching:
The target brightness for this sequence was 84-85 %.
In total 3 laboratory bleaching trials were carried out.
The final results of brightness measurement was :

84,8-87,3 % ISO absolute
86,8-89.3 % ISO relative

Details of bleaching parameter and results see table 46

9.8 Quality of unbleached puip:

During the bleaching trials it was founded that a part of the pulp send by air fright and
submitted throw IVA to the Pulp and Paper Institute in Ljubliana was degraded and
have to be separated from the good pulp to avoid further degradation.

This was one of the reasons whey this institute felt to achieve the target brightness in
some of there tests.

Table 33 and 34 shows the physical properties of both kind of pulp.

Final Test Report Phase 1A Page 21
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Summery of bleaching trials:
Generally the bleaching results were in an acceptable ranges.

With the simplest bleaching sequence C E H a brightness of 84,8 % could be
achieved.

When adding peroxide in the extraction stage the final brightness increased to 87,2
with a reduced total chlorine consumption.

Adding an oxygen delignification prior to the chlorination stage improve the total
chlorine consumption.

Introducing chlorine dioxide instead of chlorine and hypo resuits in a brightness of 87
%. Adding an oxygen delignification prior to the first chlorine dioxide stage improve
the totai chlorine consumption.

In case of total chlorine bleaching with Oxygen and peroxide the final brightness was
84,7 %. Introducing ozone in an total chlorine free bleaching sequence increased the
final brightness up to 89,3 %.

See table 47 and figures 101 to 129 and the following table !

The mill cooking trials and the bleaching tests planed in phase 1B will give more
representative resuits for a mill operation.
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10.1 Bench scale pulping tests

TABLE 1
TABLE 2
TABLE 3
TABLE 4
TABLE 5
TABLE 6
TABLE 7
TABLE 8
TABLE 9
TABLE 10
TABLE 11
TABLE 12
TABLE 13
TABLE 14
TABLE 15
TABLE 16
TABLE 17
TABLE 18
TABLE 19

Final Test Report Phase 1A

Kraft pulping at 165°C

Kraft pulping at 160°C

Kraft pulping at 150°C

Kraft AQ pulping at 165°C

Kraft AQ pulping at 160°C

Kraft AQ pulping at 150°C

Soda pulping at 165°C

Soda pulping at 160°C

Soda pulping at 150°C

Soda AQ pulping at 165°C

Soda AQ pulping at 160°C

Soda AQ pulping at 150°C

Alkaline suiphite pulping at 165°C
Alkaline sulphite AQ pulping at 165°C
Final kraft pulping at 160°C
Final kraft-AQ pulping at 160°C
Final soda pulping at 160°C
Final soda-AQ pulping at 160°C

Final alkaline sulphite-AQ pulping at 165°C
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TABLE 1
Jute pulping Kraft pulping at 165°C
Laboratory: Pulp and Paper institute
City: Ljubliana
Country: Slovenia
Conducted by: IVA, Linz AUSTRIA , Dipl.ing. Mohamed NAGA
Date: January-March 1995
Client: UNIDO, Vienna for Tribeni Mill
| Unit
|Raw material Jute | Jte | Jute
Quality of Fiber
. Size of fiber mm 250 250 250
Puiping data
Kraft | Kraft | Kraft
Pulping Process
KO1 K02 KO3
Cook No.
elect. | elect. | elect.
heated | heated | heated
Type of digester
Size i 10 10 10
Hydromodul 1:27 3,00 | 300 | 3.00
Raw material charge g 341 341 341
gBD 300 300 300
Dry content % 88,00 | 88,00 | 88,00
NaOH Charge o, | 14.60 | 1251 | 1043
‘ Na2§ Charge % 338 | 290 | 242
Sulficity % 19,20 | 19,20 { 19,20
SO2 Charge % - - -
[Na2503 Charge % - - -
Active Alkali charge as Na20 % 14,00 { 12,00 | 10,00
Effective Alkali charge as Na20 % 12,66 | 1085 | 9,04
AQ charge % - - -
Hezling up time min 90 80 90
Cooking time min 60 60 ()
Cooking temp. c 165 | 165 | 165
H Factor - 7023 | 7023 | 7023
 Yie.d unscreened % 59,50 | 5840 | 61,20
Screen reject % negl. | negl. | negl.
Yield screened % 59,50 | 5840 | 61,20
|Kappa No. 11,20 | 1250 | 2720
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UNIDO / TRIBENI

IVA

TABLE 2
Jute pulping Kraft pulping at 160°C
Laboratory: Pulp and Paper Institute
City: Ljubliana
Country: Slovenia
Conducted by: VA, Linz AUSTRIA , Dipl.ing. Mohamed NAGA
Date: January-March 1995
Client: UNIDO, Vienna for Tribeni Mill
i Unit
Raw material Jute Jute | Jute | Jute | Jute Qe
Quality of Fiber
Size of fiber snm 250 | 250 | 250 | 250 | 250 250
Pulping data
Kraft | Kraft | Kraft | Kraft | Kraft Kraft
Pulping Process
K04 KOS | KO5A} KOS58 | KOSC | KO5- K06
KO5¢
Cook No.
JRotary.e|Rotary.ef Rotary, | Rotary, | Rotary, Rotary,
heated | heated §{ heated | heated | heated heated
Type of digeser
Size ) 10 10 10 10 10 10
Hydromodul 1:7? 3,00 3,00 3.00 3,00 3.00 3,00
Raw material charge g 341 41 341 455 | 455 341
gBD 300 300 300 400 400 300
Dry content % 88,00 | 88,00 | 88,00 | 88,00 | 88.00 88.00
{NaOH Charge % 14,60 | 1251 | 1251 | 251 | 1251 1043
Na2S Charge % 332 | 290 | 290 | 290 | 290 242
Sutfidity <% 19,20 | 1920 | 1920 § 1920 | 19.20 19,20
S02 Charge % - - - - - -
Na2S03 Charge % - - - - - -
Active Alkali charge as Na20 % 14,00 | 12,00 | 12,00 | 12,00 | 1200 10,00
Effective Alkali charge as Na20 % 12,66 | 1085 | 10,85 ] 10,85 | 10.85 9.04
AQ charge % - - ° - - -
Healing up time min 90 90 90 90 90 90
Cooking ime min | 120 | 120 | 120 | 120 | 120 120
Cooking temp. c 160 160 160 160 160 160
H Factor | 8596 | 8596 | 859.6 | 6596 | €5¢ 4 859.6
Yield unscreened % 5640 1 61,00 | 60,20 ] 57,80 | 61.00 ] 60,73 | 60,60
Screen -eject % negl. | negl. | negl. | negl. | negl. negl.
Yield screened % 56,40 | 61,00 | 60,20 § 57,80 | 61.00 | 60,73 | 60,60
kappa No. 10,40 | 12,40 | 14.10 | 12,00 | 1240 | 1227 | 21,90
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UNIDO / TRIBENI IVA

TABLE 3
Jute pulping Kraft p4iping at 150°C
Laboratory: Pulp and Paper institute
City: Ljubliana
Country: Slovenia
Conducted by: VA, Linz AUSTRIA , Dipl.ing. Mohamed NAGA
Date: January-March 1995
Client: UNIDO, Vienna for Tribeni Mill
| Unit
|Raw material Jute | Jute | Jute
Quality of Fiber
. Size of fiber mm | 250 | 250 | 250
Pulping data
Kraft | Kraft | Kraht
Pulping Process
Ko7 Ko8 K09
Cook No.
heated | heated | heated
Type of digester
Size ) 10 10 10
Hydromodul 1:2? 3.00 3,00 3,00
Raw material charge 9 341 341 341
¢8D 300 300 300
Dry content % 88,00 | 88,00 | 88,00
NaOH Charge % 14,60 | 12,51 | 1043
Na23 Charge % 338 | 290 | 242
‘ Sulficity % J1920]1920] 1920
S02 Charge % - - -
Na2S03 Charge % - - -
Active Alkali charge as Na20 % 14,00 | 12.00 | 10,00
Effective Alkali charge as Na20 % 1266 | 1085 | 9.04
AQ charge % - - -
Heating up time min 90 3N 90
Cooking time min 240 240 240
Cooking temp. L] 150 150 150
H Factor . 6882 | 6882 | 6882
Yield unscreenad [ 59,30 1 59,70 { 62,30
Screen reject % neg. | neg. | neg.
Yield screened % 59,30 | 59.70 | 62.30
|xappa No. 1120 | 13,50 | 27,30

Final Test Report Phase 1A Page 27




UNIDO / TRIBENI

VA

TABLE4
Jute priping Kraft AQ puiping at 165°C
Laboratory: Pulp and Paper Institute
City: Ljubliana
Country: Slovenia
Cond by: IVA, Linz AUSTRIA , Dipling. Mohamed NAGA
Date: Janusry-March 1995
Client: UNIDO, Vienna for Tribani Mill
| Unit
|Raw material Jute | Aste | Juse
|Quasity of Fiber
Size of fier mm J| 250 | 250 | 250
[Putping data
Kt | Kraft | Krah
A | A0 | A
{Puiping Process
KAQO1| KAQO2] KAGO3
Cook No
elect. | elect. | elect.
heated | heated | heated
Type of digester
Size 1 10 10 10
{ryd-omodut 172 | 300 | 300 | 300
|Raw .naterial charge 9 341 | 341 | 341
g8D | 300 | 300 | 300
Dry content % [ 98,00 | 88,00 | 88,00
NaOH Charge % | 1460] 1251 | 1043
Na2$ Charge [ 338 | 29 242
Sulfidity o [ 1920 1920 1920
$02 Charge % - - -
Na2S03 Charge % - - -
Active Alkak charge as Na20 % 14,00 § 12,00 | 10.00
Effectve Alkali charge as Na20 % 1266 | 1085 [ 904
AQ charge % 005 | 005 | 005
Heating up time min 90 90 90
Cooking time min 60 60 80
Cooking temp. °C 165 165 165
H Factor . 7023 | 7023 | 7023
Yieid unscreened % 59,70 | 61,80 { 61,90
Screen rejoct % negl. | negl. | neg.
Yield screenad % 59,70 | 61,80 | 61,90
Kappa No. 10660 | 11,80 | 16,00
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UNIDO / TRIBENI IVA

TABLES
Jute pulping Kraft AQ puiping at 160°C
Laboratory: Pulp and Paper institute
City: Ljubliana
Country: Slovenia
Conducted by: VA, Linz AUSTRIA , Dipl.ing. Mohamed NAGA
Date: January-March 1995
Client: UNIDO, Vienna for Tribeni Mill
[ Unk
[Raw material Jute | hte | Jute | Kte | Jue Jute
of Fiber
‘ Size of fiber mm | 250 | 250 | 250 | 250 | 250 250
Wm
Krat | Kraft | Krat | Krat | Kraft Keaht
AQ AQ AQ AQ AQ AQ
Pulping Process
KAQO4 | KAQOS | KAQOS | KAQ0S | KAQOS | KAOS- | KAQOS
J A 8 C |KaQsC
Cook No
elect. | elect | elect. | elect | eloct elect.
heated | heated | heated | heated | heated heated
Type of dgester
Size i 10 10 10 10 10 10
Hydromodul 177 300 § 3,00 | 300 | 300 | 300 3,00
Raw material charge 9 341 ETT 341 | 455 | 455 341
g8D 30¢c ¥ 300 | 300 | 400 | 400 300
|Ory content % 88,00 | 88,00 | 88,00 | 88,00 | 88.00 88.00
|NaCH Charge o 1460 | 1251 [ 1251 | 1251 ] 1251 1043
Na2S Charge % | 338 [ 290 | 2950 | 290 | 290 242
. Sulficity % | 19.20 | 1920 | 1920 | 1920 | 1920 1920
SO2 Charge % - - . - - -
|Na2503 Charge % - : - - : -
Active AKali charge as Na20 % 14,00 § 1200 | 1200 | 1200 | 12.00 40,00
Effective Alkali charge as Na20 % 1266 | 1085} 1085 | 10,85 | 1085 9.04
AQ charge % | 005 | 005 [ 005| 005 [ 005 0,05
[Heating up time min 20 20 20 90 80 90
Cooking time min 120 120 120 120 120 120
Cooking lemp. c 160 { 160 | 160 | 160 | &0 160
M Factor . ]| 6596 ] 59,6 | 859,6 | 650.6 | 8596 85,6
Yield unscreened % 57.‘0 62.w G'm 61 .60 62.& 6‘.65 61,”
Yield screened % |5740] 6200] 6100 61,60 62.00 | 61.65 | 61,90
[Kappa No. 970 | 1220 ] 1230 | 1150 | 1200 | 12,00 | 1440
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UNIDO / TRIBENI IVA

TABLEG6
Jute pulping Kraft AQ pulping at 150°C
Laboratory: Puip and Paper Institute
City: Ljubliana
Country: Slovenia
Conducted by: IVA, Linz AUSTRIA , Dipl.ing. Mohamed NAGA
Date: January-March 1995
Client: UNIDO, Vienna for Tribeni Milt
I Unit
{Raw material Jute | Jute | Jute
of Fiber
. Size of tiber mm | 250 | 250 | 250
Puiping data
Kraft | Kraft | Kraft
A0 | a2 | a0
{Putping Process
KAQ07 | KaQo8| xAQ09
Cook No.
Rotary, | Rotary, | Rotary,
elect. | elect. | elect.
heated | heated | heated
Type of Gigester
Size ] 10 10 10
|Hydromoadui 1:2? 3.00 | 3,00 | 3.00
[Raw materiai charge 9 341 | 3 | 34
80 § 200 | 300 | 300
JOry content % 88,00 | 88,00 | 88.00
[NaOH Charge % {§ 1460 | 1251 | 1043
Na2S Charge % 338 | 290 | 242
’ Sutfcity % | 1920 [ 1920 [ 1920
SO2 Charge % - - -
Na2S03 Charge % - - -
Active Alkali charge as Na20 % 14,00 | 12,00 | 1000
Effective Alkak charge as Na20 % 1266 | 1085 | 9.04
AQ charge % 005 | 005 | 005
Cooking time min 240 240 240
Cooking temp. C 150 150 150
I+ Factor . 6882 | 6882 | 6882
Yisid unscreened % 6060 | 6230 | 61,90
Screen reject % neg. | neg. | neg.
Kappa No. 870 | 1240 [ 18,30
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UNIDO / TRIBENI IVA

TABLE?7
Jute pulping Soda pulping at 165°C
Laboratory: Pulp and Paper Institute
City: Ljubliana
Country: Siovenia
Conducted by: {VA, Linz AUSTRIA , Dipl.ing. Mohamed NAGA
Date: January-March 1995
Client: UNIDO, Vienna for Tribeni Mill
[ Unit
[Raw material Jute | Jute | Jute
Quality of Fiber
‘ Size of fiber mm 250 250 250
Pulping dats
Soda | Soda | Soda
Pulping Process
SOt S02 S03
§Cook No.
Rotary, | Rotary. | Rotary,
heated | heated | heated
Type of digester
| Hydromoaul 1:2? 3,00 3,00 3.00
Raw matenal charge 9 Cod) 341 341
g8D 300 300 300
content % 88,00 | 88,00 | 88,00
NaOH Charge % 20,65 | 1806 | 1548
Na2S Charge % €00 | 000 | 0,00
. Suicity % | 000 | 000 | 0,00
=" |s02 Charge % - - -
Na2S03 Charge % - - .
Active Alkali charge as Na20 % 16,00 | 14,00 | 12,00
Effective Akali charge as Na20 % 16,00 | 14,00 | 12,00
AQ charge % - - -
[Heating up time min 90 90 90
Cooking time min 60 | 60 | 60
ICM"\Q femp. 'C 165 165 165
1H Facior . | 7023 | 7023 | 7023
Yield unscresned % 56,90 | 56,10 | 57,80
Screen reject % negl. | negl. | neg.
Yield screened % 56,90 | 56,10 | 57,80
Kappa No. 14,80 | 16,50 | 37.70
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UNIDO / TRIBEN! IVA

TABLE 8
Jute pulping Soda pulping at 160°C
Laboratory: Puip and Paper Institute
City: Ljubliana
Country: Slovenia
Conducted by: IVA, Linz AUSTRIA , Dipl.ing. Mohamed NAGA
Date: January-March 1995
Client: UNIDO, Vienna for Tribeni Mill
Unit
[Raw material Jute | Jute | Jute | Jute T
Quality of Fiber
‘ Size of fiber mm 250 250 250 250 250
Pulping data
Soda | Soda | Soda | Soda Soda
Pulping Process
S04 S05 | SO5A | S058 S06
Cork No.
Rotary, | Rotary, | Rotary, | Rotary. Rotary,
heated | heated | heated | heated heated
Type of digester
Size 1 10 10 10 10 10
Hydromodul 1:2? 3,00 3,00 3,00 3.00 3,00
Raw materiai charge g 341 | 341 |45455] 45435 34
gBD ] 300 | 300 | 400,00] 400,00 300
jOry content % 88,00 | 88,00 | 88,00 | 88,00 88.00
' NaOH Charge o J265]1806] 18,06 | 1806 15,48
Na2$ Charge % 000 | 000 | 000 | 000 0.00
‘ Suffidity % 000 | 000 | 000 | 000 0,00
S$02 Charge % - - - - -
Na2S03 Charge % - - - - -
Active Alkali charge as Na20 % 16,00 | 14,00 | 14,00 | 14,00 12,00
Effective Alkali charge as Na20 % 16,00 { 1400 | 1400 | 1400 12,00
AQ charge % - - - . -
Heating up time min 90 90 90 90 90
Cooking time mir 120 120 120 120 120
Cooking temp. C 160 160 160 160 160
H Factor . 8596 | 8596 | 859.6 | 8596 859.6
Yield unscreened % 58,70 | 58,30 | 57,80 | 58,30 { 58,13 | 61,70
Screen reject % negl. | negl. | negl. | negl. negl.
Yield screened % £8,70 | 58,30 | 57,80 | 58,30 | 58,13 | 61,70
Kappa No. 14,10 | 1280 | 17,60 | 12,90 | 14,47 | 33,20
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UNIDO / TRIBENI IVA

TABLE 9
Jute puiping Soda pulping st 150°C
Laboratory: Puilp and Paper Institute
City: Ljubliana
Country: Slovenis
Conducted by: VA, Linz AUSTRIA , Dipling. Mohamed NAGA
Date: January-March 1995
Client: UNIDO, Vienna for Tribeni Mill
unit
Rew material Jute | Jute | Sute
Ouality of Fiber
. Size of fber mm ] 250 | 250 | 250
[Putping cata
Soda | Soda | Soda
Pulping Process
so7 | so8 | so9
Cook No.
Fotary, | Rotary, | Rotary
elect. | elect | elect
heated | heated | heated
Type of digester
Size 1 10 10 10
Hydromodul 122 § 300 | 300 | 3,00
Raw material charge g ] 340.91] 34091] 34091
¢80 | 300,00 | 360.00 | 300.00
Dry content % 88,00 | 88,00 | 88.00
NaOH Charge % | 2065 ] 18,06 | 1548
Na2$ Charge % 000 | 000 | 000
. Sulticity % 00c [ 600 [ 000
SO2 Charge % - - -
Na2S03 Charge % - - -
Active AKali charge as Na20 % 16,00 § 14,00 § 12,00
Effective Alkak charge as Na20 % 16,00 | 14.00 { 12,00
AQ charge % - - -
Heating up time min 90 90 90
Cooking time min | 240 | 240 | 240
Cooking temp. o 150 | 150 | 150
H Factor - €882 | 6882 | se8.2
Yield unscreened % 58,10 | 5720 | 5780
Screen reject % neg. | neg. | neg.
Yield screened % 58,10 | 57,20 | 57,80
Kappa No. 17,20 | 2030 | 42,80
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UNIDO ; TRIBENI IVA

TABLE 10
Jute pulping Soda AQ pulping at 165°C
Laboratory: Puip and Paper institute
City: Ljubliana
Country: Slovenia
Conducted by: VA, Linz AUSTRIA , DiplLing. Mohamed NAGA
Date: January-March 1995
Client: UNIDO, Vienna for Tribeni Mill
I Unit
|Raw material Jute | Jute | Juse
[orsatity of Fiber
@ |5=o=- mm | 250 | 250 | 20
data
Soda | Soda | Soda
A | a0 ] a0
Pulping Process
SAQO1| SAQO2| SAQC3
Cook No
Rotary, | Rotary, | Rotary.
elect. | elect. | elact.
heated | heated | heated
Type of digester
Size 1 10 10 10
[Hydromoout 1:72 ] 300 | 3.00 | 300
Raw material charge 9 340,91 | 340,91 | 340,91
g80 | 300.00 | 300,00 | 300.00
|Dry content % 88,00 | 88,00 | 88,00
|NaOH Cnarge o | 2065 1806 | 1548
Na2S Charge % 000 § 000 | 000
. Susficity * 000 | 000 | 000
SO2 Charge % - - -
Na2S03 Charge % - - -
Active Akaki charge as Na20 o 16,00 | 14,00 | 12,00
Effective Akl charge as Na20 % 16.00 | 14,00 | 12,00
AQ charge % 005 | 005 | 005
[Heating up time min 90 90 90
Cooking time min 60 60 60
|cooking 1emp. c 165 165 165
{H Facor . [7023] 7023 | 7023
Yield unscreened % ] 5730 | 5640 | 5800
Screen reject % neg. | neg. | negl.
Yield screened % | 5730 | 5640 | 58,00
[kappa No. 1030 | 10,60 | 28,10
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UNIDO / TRIBENI IVA

TABLE 11
Jute pulping Soda AQ puliping at 160°C
Laboratory: Pulp and Paper Institute
City: Ljubliana
Country: Slovenia
Conducteri by: VA, Linz AUSTRIA , Dipl.Ing. Mohamed NAGA
Date: January-March 1995
Client: UNIDO, Vienna for Tribeni Mill
{ Unit
|Raw material Jute | Jte | Jse | Jute Jute
Quality of Fiber
. Size of fiber mm 250 § 250 | 250 | 250 250
Puiping dsta
Soda | Soda | Soda | Soda Soda
Al a0l ama| a AQ
Puiping Process
SAQO4 | SAQOS | SAQ10] SAQ10 SAQ06
A
Cook No.
heated | heated | heated | heated heated
Type of digester
Size 1 10 10 10 10 10
Hydromodul 122 | 300 | 200 | 300 | 300 3,00
Raw materia: charge g []340.91]340.91] 454,55 | 454,55 340,91
¢80 ] 300,00 | 300,00 | 400,00 | 400,00 300,00
Dry content % 88,00 | 88,00 [ 83,00 | 88,00 88,00
NaOH Charge % 2065 | 1806 [ 1742 | 17.42 1548
Na2S Charge * 0950 | ooo | o000 { 000 0,00
. Sulfidity % 000 | 000 | c00 | 000 0,00
SO2 Charge % - - - - -
Na2S03 Charge % - - - - -
Active AKak charge as Na20 % 16,00 | 1400 | 1350 | 13,50 12,00
Effective Alkali charge as Na20O % 16,00 | 1400 | 1350 | 13,50 12,00
AQ charge * 005 | 005 | 005 | 005 0,05
Heating up time min 90 90 90 80 90
Cooking time mn 120 120 120 120 120
[Cooking temp. o 160 | 160 | 160 | 160 160
IH Factor - 859,6 | 8596 | 859,6 | 859.6 8598
Yield unscreened % 5940 ] 5860 § £1,10 | 60,10 | 60,30 { 60,80
Screen reject % negl. | negl. | neg. | neg. negl.
Yield screened % 59,40 | 58,60 | 60,0 | 60,10 | 60,10 | 60,90
{Kappa No. 870 | 1020 [ 1170 1020 | 1095 | 18,70
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UNIDO / TRIBENI

IVA

TABLE 12
Jute puiping Soda AQ pulping at 150°C
Laboratory: Pulp and Paper institute
City: Ljubliana
Country: Slovenia
Conducted by: IVA, Linz AUSTRIA , Dipl.ing. Mohamed NAGA
Date: Janugry-March 1995
Client: UNIDO, Vienna for Tribeni Mill
L Unit
[Raw material e | Jute | J.e
|Ouality of Fiber
‘ Size of fiver mm | 250 | 250 | 250
|Pulping data
Soda | Soda | Soda
AQ | a0 | a0
Pulping Process
SAQ07 SAQo8| SAQ09
Cook No.
Rotary. | Rotary, | Rotary
elect. | elect. | elect
heated | heated | heated
Type of digester
Size i 10 10 10
Hydromodul 122 | 300 | 300 [ 300
Raw material charge g 340,91 | 340,91 | 340,91
98D [ 300,00 | 300,00 | 300,00
|ory content % | 88,00, 88,00 | 8800
NaOH Charge % | 2065 18,06 | 1548
Na2S Charge [ 000 | 000 | 000
. Sulficity % | 000 | 000 [ 0,00
S02 Charge % - - -
Na2S03 Charge % - - -
Active Alkali charge as Na20 % 16,00 | 14,00 | 12,00
Effective Alkali charge as Na20 % 16,00 | 14,00 | 12,00
AQ charge % 005 | 005 | 005
Heating up time min 90 90 90
Cooking time min | 240 | 240 | 240
Cooking temp. o 150 | 150 ; 150
H Factor - 6382 | €882 | 6882
Yield unscreened % 57,70 | 58,90 | S840
Screen zeject % negl. | negl. | negl.
Yield screened % 57,70 } 58,90 | 58,40
Kappa No. 990 | 1320 | 16.10
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UNIDO / TRIBENI

IVA

TABLE 13
Jute pulping Alkaline sulphite pulping at 165°C
Laboratory: Pulp and Paper institute
City: Ljubliana
Country: Siovenia
Conducted by: IVA, Linz AUSTRIA , Dipling. Mohamed NAGA
Date: January-March 1985
Client: UNIDO, Vienna for Tribeni Mill
[ Unit
JRaw material Jute Jute Jute e
Quality of Fiber
Size of fiber mm 250 250 250 250
Pulping data
Sulphite | Sulphite | Sulphite | Sulphite
Puiping Process
ASO1 | ASO2 | ASO3 [ ASO4
Cook No.
Rotary, | Rotary, | Rotary, { Rotary,
eloct. | elect. | elect. | edect.
heated | beated | heated | heated
Type of digester
Size i 10 10 10 10
| Hydromodul 1:2% 3.00 3.00 3.00 3.00

Raw material charge

340,91 | 340,91 | 340,91 | 34091

300,00 { 300,00 | 300,00 § 300.00

Dry content 8800 | 8800 | 8800 | 8800
NaOH Charge 2,00 2,50 4,00 8,00
Na2§ Charge - - - -
Sulfidity - - - -
SO2 Charge 8,00 10,00 | 16,00 | 2400
Na2803 Charge 1575 | 1969 | 3150 | 4725

Active Alkali charge as Na20

Effective Alkali charge as Na20

AQ charge

Heating up time

s*s.dg-g-s*a!a!sssss@r:

Cooking time 240 240 240 240
Cooking temp. 165 165 165 165
M Factor 25272 | 25272 | 25272 | 252712
Yield unscreened 74,20 70,30 67,90 63,60
Screen reject negl. negl. negl. negl.
Yield screened 7420 | 70,30 | 67,90 | €380
Kappa No. 56,70 | 5460 | 5230 | 51,30
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UNIDO / TRIBENI IVA ~

TABLE 14
Jute pulping Alkaline sulphite AQ pulping at 165°C
Laboratory: Pulp and Paper institute
City: Ljubliana
Country: Slovenia
Conducted by: VA, Linz AUSTRIA , Dipling. Mohamed NAGA
Date: January-March 1995
Client: UNIDO, Vienna for Tribeni Mill
[ Unit
[Raw material Jute Jute Jute Jute Jute Jute
Quality of Fiber
. Size of fiber mm 250 250 250 250 250 250
{Pulping data
Sulphite | Sulphite | Sulphite | Suiphite | Sulph. | Sulph.
Pulping Process AQ AQ AQ AQ AQ AQ
ASAQ 01]ASAQ 02]ASAQ 03[ASAQ 04]ASAQ 05] ASAQ
05A
Cook No. _
Rotary, | Rotary, | Rotary, | Rotary, | Rotary. | Rotary,
heated | heated | heated | heated | heated | heated
Type of digester
Size i 10 10 10 10 10 10
Hydromodhs! 127 | 300 | 300 | 300 | 300 [ 300 3,00
Raw material charge g | 34091 | 34091 | 340,91 | 340.91 | 454,55 | 454,55
“g8D | 300,060 | 300,00 | 300,00 | 360,00 | 400,00 | 400,00
lory content % 88,00 | 8800 | 8800 [ 88,00 | 88,00 | €800
|NaOH Charge % 200 | 250 | 400 | 800 | 600 | 600
[Na2S Charge - | - : - - : :
. Sulficity " - - - - - :
$O2 Charge % 800 | 1000 | 1600 | 2400 | 2400 | 24,00
Na2S03 Charge % 1575 | 1969 | 3150 | 4725 | 4725 | 4725
Active Aikali charge as Na20 % - . - - - -
Effective Alkali charge as Na20 % - - - - - -
AQ charge ("3 0,05 0,05 0,05 0,05 0.05 0,05
Heating up time min 90 90 90 90 80 90 N
Cooking time min 240 240 240 240 240 240
Cooking temp. C 165 165 165 165 165 165
H Factor . 25272 | 25272 | 25272 | 25272 | 25272 | 2527.2
Yield unscreened % 71,90 71,60 64,50 62,10 62,00 62,10 62,07
Screen reject % negl. | neg. | negl. | neg. | neg. | neg.
Yield screened % 7180 | 7160 | 6450 | 62,10 | 6200 | 6210 | 62,07
Kappa No. 4680 | 4190 | 27,10 | 1800 [ 21,30 | 1900 | 1943
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UNIDO / TRIBENI IVA

TABLE 15
Jute puiping Knaft pulping at 160°C
Laboratory: Pulp and Paper Institute
City: Lijubliana
Country: Slovenia
Conducted by: VA, Linz AUSTRIA , Dipl.ing. Mohamed NAGA
Date: January-March 1995
Client: UNIDO, Vienns for Tribeni Miil
TABLE 15A
[ Unit
. Raw material Jute | Jute | ae | Jue
Quality of Fibre
Size of fibre mm | 250 ) 250 | 250 | 250
Puiping data
Pulping Process Keaft | Kraft § Kraft | Kralt
Cook No. K05 | K05a | K058 | K0SC
Type of digester Rotary, | Rotary, { Rotary, | Rotary,
doct. | elect | elect | elect.
heated | heated | heated | heated
Size ] 10 10 10 10
Hydromodut 300 § 300 ] 300 | 300

Raw material charge 341 341 455 455

{Dry content as.00 | 88.~0 | 88,00 | 88,00
NaOH Charge 1261 | 1251 ] 1251 | 1251
Na2S$ Charge 2900 § 290 ] 290 | 290
Sulfidity 19,20 § 19.20 | 18,20 | 19,20
SO2 Charge . - - .

12,00 | 12,00 | 1200 | 12,00
10,85 | 10.85 ] 10,85 | 10,85

. Na2S03 Charge
Active Alkali charge as Na20

Effective Alkali charge as Na20

o
sl [S|3B el 2|22 B e

AQ charge . - - -
Heating up time 90 90 90 80
Cooking time 120 120 120 120
Cooking temp. 160 160 160 160
H Factor 860 | 860 § 860 | 860
Yield unscreened 61,00 ] 60,20 ] 57,80 { 61,00 | Aver. 60,73
Screen reject negl. | neyl. | negl. | negl
Yield screened 61,00 | 60,20 § 57,80 ] 61,001 Aver. 60,73
Kappa No. 12,40 | 14.10 | 12,00 § 1240 | Aver. 1227
Viscosity mlig 1029
Brightness % ISO 31,22
Fibre fraction Bauer McNett:
retained on mesh 14 % 83,40
retained on mesh 30 % 7.50
retained on mesh 50 % 2,00
retained on mesh 100 % 0.50
going through mesh 100 % 1.60
. NOTE: Cook no. K 058 used for physical propertie test, K 05C used for pleachability tests
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UNIDO / TRIBENI IVA
TABLE 15B
[Pnysicai properties: Sample: from Cook No. K058 KAPPA= 12,00
Iﬂ'h PF1 mit
{Beating point - 0 1 2 3
EFI revolution pm | 1450 1450 1450 1450
rev. 0 4350 7250 11600 5141 8741
min 0.00 3,00 5.00 8no 3.55 6.03
|Freeness SR 17 27 38 30 50
CSF 656 470 333 428 224
|Grammage om? | 76.96 73,46 74,41 73,25 73.72 74,01
[hickness mm {0,174 0,128 ,119 0,106 0,126 0.115
|Density kgm® | 440 575 625 690 589 647
lBu mg | 2273 1.739 1,600 1.449 1,701 1,548
(Stretch % 1.7 28 33 3.9 29 35
Breaking length m 3745 6715 7010 10175 6795 8095
Burst strength kPa 146 320 350 398 328 366
Tearing resistance mN 1138 1067 930 776 1030 877
{MID double fold 15 470 784 478 556 679
Tensile index Nm/g | 36,74 65,87 68,77 99,82 66.66 79.41
Burst index kPami/g} 1,90 4,36 4,70 5,43 4,45 4,95
Tear index mNm/g} 14,79 14,52 12,50 10.59 13,97 11,85
Bendisen porosity A/B side mimin - - - - 752 750 57 56 - - 514 512
Bendtsen smoothness A/B side mimin | 962 984 564 554 412 460 350 420 523 528 391 446
Zero bealen puip.
Fibre length Arithmetic average mm 1,27
Fidre length weighted average mm 1.69
Fibre diameter mm 0,030
Coarseness mg/m | 0,104
Slendemess factor 16.3
Fibre 2ero span tensile km 1,13
fibre zero span stregth index Nm/g § 11.085
Black liquor:
ph 9.4
Residual alkali as Na20 [+ 5.27
Viscosity at RPM 20 50 100
mPa.S 12 14 19
Dry solids content of org.liquor % 17.0
Orqanic content of dry solids % 63,8
Inorganic content of dry solids % 36.2
HHV of dry solids kcalkg § 2889
kJ/kg | 12087
Specific gravity giem® | 1,10
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TABLE 16
Jute puiping Kraft-AQ puiping at 160°C
Laboratory: Pulp and Paper institute
City: Ljubliana
Country: Slovenia
Conducted by: VA, Linz AUSTRIA , Dipl.ing. Mohamed NAGA
Date: January-March 1995
Client: UNIDO, Vienna for Tribeni Mill
TABLE 16A
i Unit
[Raw materiai Jue [ Jute | Jute | Jue
. lQ:ality of Fibre
Size of fibre mm 250 250 250 250
Pulping data
Kraft AQRKralt AGKraft AQIKraft AQ
Pulping Process
Cook No. KAQOS § KAQOS | KAQOS | KAQOS
A B8 Cc
Type of Gigester Rotary, | Rotary, | Rotary, [ Rotary,
heated | heated | heated | heated
Size i 10 10 10 10
Hydromodul 3.00 3.00 300 | 300
Raw material charge g 41 341 455 455
gBD | 300 | 300 § 400 | 400
Dry content % 88,00 | 88.00 | 88,00 | 88,00
{NaOH Charge = 1251 | 1251 | 1251 | 1259
[Na2S Charge % 290 | 290 § 290 | 290
Sulfidity o 1920 | 19.20 | 19.20 | 19.20
. SO2 Charge % - - - :
{Na2s03 Charge o - - - -
Active Alkali charge as Na20 % 12,00 § 1200 § 12,00 | 12,00
|Effective Alkaii charge as Na20 % 1085 | 1085 ] 1085 | 1085
[aQ enarge % 005 | 005 | 005 | 005
Healing up lime min 90 90 0 90
Cooking time min 120 120 120 120
Cooking temp. c 160 160 160 160
H Factor . 860 860 860 860
Yield unscreened % 6200 ] 6100 | 61,80 | 6200 | Aver. 61,85
Screen reject % negl. | negl. negl. | negl.
Yield screened % 6200 | 6100 | 6160 | 6200 | Aver. 8185
Kappa No, 1220 | 1230 [ 1150 | 1200 | Aver. 12,00
Viscosity mig 1045
{Brightness % ISO 3532
Fibre fraction Bauer McNett:
refained on mesh 14 % 84,30
refained on mesh 30 % 18,20
retained on mesh S0 % 2,40
retaned on mesh 100 % 070 ]
' going through mesh 160 % 240

, NOTE: Cook no. KAQ 05B used for physical propertie test, KAQ 05C used for bleachability tests
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TABLE 16B
|Physicat properties JSampie: trom Cook No. KAQ0S8 KAPPA= 11,50
Jwith PR i
[Beating point - 0 1 2 3
1P revolution o | 1450 1450 1450 1450
rev. 0 2900 4350 8700 4108 7411
min | 000 200 300 6.00 2,83 S,11
Freeness SR 18 P 3 53 30 S0
csF | e 501 415 164 428 224
Grammage o/m? 74,64 74.30 76.00 7441 75.72 74,88
Theckness mm_ | 0.159 0,131 0,130 0113 0,130 0.118
Density kgm | a0 565 585 660 582 638
lewx miag | 2128 1770 1,709 1515 1,719 1572
[stretcn % 21 29 29 36 29 34
|Breaking lengin m | s 6900 7340 9070 7267 8557
[Burst strength wa | 209 294 9 ag7 340 383
[Tearng resistance mn | 1303 118 1098 596 1101 745
[MID doutie foid 112 469 749 496 702 571
|Tensie index Nvg | 5327 67.69 7201 88,98 71,208 8395
[Burst naex xPamarg| 2.79 296 459 534 «a9 | 511
|vear incex mNmifgl  17.41 15,05 14.45 8.0t 14, 9,954
leencrsen porosity A/B side mimin | - - - . . 7 | w0 - . 197 | 195
Bendisen smoothness A/B side mifmn 862 878 642 516 502 376 392 537 513 417 425
Zero beaten puip:
Fibre length Anthmetic average mm 1.24
Fibre lergth weighted average mm 1,68
Fibre diameter mm 0.030
Coarseness mg/m |} 0,100
Siendemess factor 16.8
{Fibre zero span tensile km 2.61
[Fibre 2er0 span stregth index N 25,604
Biack liquor:
pH 9.3
Residua! alkali as Na20 o 4,68
Viscosity at AarM | 0 50 100
mPa.S 15 16 20
{Ory sokids content of org.liquor % 16.3
laganic content of dry solids % 675
[Egganic content of dry solids % 2s
HMV of dry solids kealkg | 2997
kikg | 12547
Specific gravity glem? 1,10
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TABLE 17
Jute puiping Soda pulping at 160°C
Laboratory: Pulp and Paper Institute
City: Ljubliana
Country: Slovenia
Conducted by: VA, Linz AUSTRIA , Dipling. Mohamed NAGA
Date: January-March 1995
Client: UNIDO, Vienna for Tribeni Mill
TABLE 17A
| Unit
|Raw material hie | Jne | Jue
JQuatity of Fibre
Size of fibre mm 250 250 250
[Butping o
Pulping Process Soda { Soda | Soda
Cook No. S05 § S0sA| sos8
Type of digester Rotary, | Rotary, | Rotary,
elect. § elect. | elect.
heated| heated | hoated
Size 1 10 10 10
[Hysromoaut 300 | 300 | 3,00
Raw materia! charge 9 341 | 455 | 455
g8D ] 300.00] 400 | 400
Dry content % | 88,00 88,00 | 88.00
NaOH Charge % | 1806 1806 | 18.06
Na2$ Charge % 000 | 000 | 0.00
Sulficty % | 000 ] 000 | 000
S02 Charge % - - -
Na2S03 Charge % - - -
Active Alkali ¢t:arge as Na20 % 14,00 | 14,00 | 14,00
Effective Alkali charge as Na20 % 14,00 § 14,00 | 14,00
AQ charge % - - -
Healing up lime min | 90 J 9 | 90
Cooking time min | 120 | 120 | 120
Cooking temp. *C ] 160 | 160 | 160
H Factor . 860 § 860 | 860
Yield unscreened % 5830 ] 5780 | 5830 | Aver. 58,13
Screen reject % neg. | neg. | neg.
Yield screened % 58,30 § 5780 | 5830 | Aver. 58,13
Kappa No. 1290 § 17601 1290 | Aver. 1447
Viscosity mlg 1030
Brightness % ISO 3731
Fibre fraction Bauer McNett:
retained on mesh 14 % 78,00
retained on mesh 30 % 13,60
relained on mesh SO % 2,50
retained on mesh 100 % 120
going through mesh $00 % 450

NOTE: Cook no. S 05A used for physical propertie test, S 0SB used for bleachability tests
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TABLE 17B
|Physical properties: JSample: trom Cook No. SASA KAPPA= 17,60
Jwith PRI mat
|Beating point - o 1 2
{PF revolution mm | 1450 1450 1450
rev. 2900 4350
min 0 2 3
|Freeness SR 21 26 3
csF | sn 485 415
|Grammage gm: | 77.60 75.63 75.90
| Thickness mm | 0167 0138 0,131
{Density kgm | 465 545 580
{Buk 2,150 1,835 1,724
| Stresch % 22 28
. [Breaking tengm m_J 2930 5590 5760
{Burst strength kPa J 158 250 274
[Tearing resistance mN | 1267 1062 1032
|MmiD doutre toia 35 416 a71
[Tensde inox Nvg | 3855 54.84 56.51
(Burst index kPamigl 204 330 as
|vear index mNmgl 16.33] 13.90 13,60
|Bendis=~ porosity A/B side mimin - - - - - -
[Bendtsen smoottness AMBside | mmin§ 780 | 740 | 582 | 456 | 556 | 438
{Zero beaten putp:
Fibre leng'h Anthmetic average mm 1,02
Fibre length weighted average mm 1,58
Fibre chameter mm § 0.030
Coarseness mg/m | 0.106
Slendemess factor 14.9
Fibre zero span tensie km 2.60
Fibre zero span stregth index Nr/g § 25.506
Black hiquor:
pH 9.4
. Residual akah as Na20 o1 | 87
Viscosity at APM 1 20 50 | 100
mPaS| 10 13 19
Dry sobds content of org hiquor % 147
Organic content of dry sokids % 662
Inorganic content of dry solids % 3.8
{rv of oy sokds kcalkg | 3206
kikg | 13799
Specific gravity glem? | 1.09
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TABLE 18
Jute puiping Sods-AQ puiping at 160°C
Laboratory: Puip and Paper Institute
City: Ljubliana
Country: Slovenia
Conducted by: VA, Linz AUSTRIA , Dip! ing. Mohamed NAGA
Date: January-March 1995
Client: UNIDO, Vienna for Tribeni Mill
TABLE 18A
| Unit
. [Raw meterial hne | Jme
Quality of Fibre
Size of fibre mm 250 250
L
data
l i
Pulping Process AQ AQ
Cook No. SAQ10}| SAQ10
A
Type of digester Rotary, | Rotary,
elect. | elect.
heated ] heated
Size 1 10 10
Hydromodul 300 | 300
Raw material charge 9 455 | 455
g8D | 400 | 400
Dry content % 88.00 | 88.00
[NaOH Charge % 1742 | 17.42
[Na2S Charge % | 000 | 000
Sultidity % 0.00 [ 0.00
' SO2 Charge % - -
Na2503 Charge % - -
Active Alkali charge as Na20 % 13,50 | 13,50
|Estective atxali charge as Na20 % 1350 | 1350
|a0 charge % | 005 | 005
IHeating up time min 90 90
Cooking time min 120 120
Cooking lemp. C 160 160
H Factor . 860 | 860
Yieid unscreened [ 60,10 | 60,0 | Aver. §0,10
Screen reject % negl. | negl.
Yieid screened % 60,10 ] 60,10 | Aver. 60,10
Kappa No. 11,70 | 1020 | Aver. 1095
Viscosity mig | 1002
Brightness % I1SO 40,87
Fibre fraction Bauer McNett:
retaingd on mesh 14 % 87,70
refained on mesh 30 % 9,50
retained on mesh 50 % 1,70
retained on mesh 100 % 1,00
' going through mesh 100 L' 0,10

. NOTE: Cook no. SAQ 10 usad for physical propertie test, SAQ 10A used for bleachability tests
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TABLE 18B
Physical properties: Sample: from Cook No. SAQ 10 KAPPA= 11,70
with PFI mat
Beating point - 0 1 2 3
PFl revolution pm 1450 1450 1450 1450
rev 0 4350 7250 10150 4350 8378
min 0 3 5 7 3.00 5.78
{Freeness SR 18 30 43 61 30 S0
CSF 633 428 284 144 428 224
Grammage gm: | 76,11 76.11 74,52 75.47 76,11 74,89
Thickness mm | 0,363 0,130 0,119 0,113 0,130 0117
|Density kg/m' § 465 585 625 665 585 641
Buk m¥kg | 2.150 1,709 1,600 1,504 1,709 1,563
Stretch % 22 3.4 3.7 38 34 37
Breaking length m 3980 6070 6380 6720 6070 6512
Burst strength kPa 180 306 341 378 306 355
‘ Tearing resistance mN | u7z 1146 1052 1059 1146 1059
MID double foid 31 366 1853 1893 366 1869
Tensile index Nm/g § 39.04 59,55/ 62.59} 65,92 59.550 63.88
Burst index xPam%g] 2,36 4,02 4.58 5,01 402 } 475
Tear irdex mNmrg] 15,46 15,06 14.21 14,03 15,06 14,148
Bendtsen porosity A/B side mimin - - - - 710 708 216 206 - - 518 513
Bendtsen smoothness A/B side mimin § 886 842 512 438 442 318 302 292 512 438 388 308
Zero bexzten puip:
Fibre length Arithmetic average .nm 1,14
Fibre length weighted average mm 1,760
Fibre diameter mm 0,030
Coarseness mg/m | 0,101
Sienderness factor 17.4
Fibre zero span tensile km 217
Fidbre zero span stregth index Nm/g | 21,288
Black liquor:
pH 94
Residual atkali as Na20 g 6,44
‘ Viscosity at RPM 20 50 100
mPa.$ 10 13 19
Dry solids content of org.liquor % 14,2
Organic content of dry solids % 70.3
Inorganic content of dry solids % 29,7
HHYV of dry solids kcaikg | 3388
kJ/kg ] 14185
Specific gravity glem? 1,08
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TABLE 19
Jute puiping Alkaline sulphite-AQ pulping at 165°C
Laboratory: Pulp and Paper Institute
City: Ljubliana
Country: Slovenia
Conducted by: IVA, Linz AUSTRIA , DiplLing. Mohamed KAGA
Date: January-March 1995
Client: UNIDO, Vienna for Tribeni Mill
TABLE 19A
Unit
Raw material Jute | ke | Jute
. Quality of Fibre
Swze of fibre mm 250 | 250
[Putping data
Akal. | Akal. | Akal.
Suiph.A] Suiph. | Suiph.
{Pulping Process Q AQ AQ
Cook No. ASAQO| ASAQ | ASAQ
4 05 | osa
Type of digester Rotary, | Rotary. | Rotary,
elect. | elect. | elect.
heated | heated | heated
Size i 10 10 10
Hydromodul 300 § 3.00 | 300

Raw maternal charge

300,00) 400 400

D'y oontent 88,00 | 68.00 | 88.00
NaOH Charge 600 | 600 | 600
Na2S Charge - - -
o = RERE
S02 Charge 24,00 | 24,00 | 24.00
Na2503 Charge 4725 [ 4725 ] 4725

Active Alkali charge as Na20Q
Effective Alkali charge as Na20

wlefor]. (83 [2[ot]oe [oe ]oe [or oo ot a2 ot [ o

AQ charge 0,05 0,05 0,05
Heating up time 90 90 20
Cooking lime 240 | 240 | 240
Cooking temp. 165 | 165 | 165
H Factor 2527 | 2527 | 2527
Yield unscreensd 62,10 | 62,00 | 62,10 | Aver. 62,07
Screen reject negl. | negl. | negl.
Yield screened 62,10 ] 6200 | 62,10 | Aver. 62,07
Kapps No. 1800 § 21,30 | 1900 | Aver. 1943
Viscosity milg . 1302 .
Brightness % ISO 38,73
Fibre fraction Bauer McNett:
retained on mesh 14 % 78,90
refained on mesh 30 % 13,00
retained on mesh 50 % 2,50
. retained on mesh 100 « 1,10
going through mesh 100 % 4,50
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TABLE 198
{Physical properties: Sampile: trom Cook No. ASAQ 05 KAPPA= 21,30
fwith PFI mil
|Beating point - 0 1 2 3
|PF1 revokstion pm | 1450 1450 1450 1450
rev. 0 4350 7250 10150 4086 8700
min 0 5 5 7 282 6.00
|Freeness SA 18 31 42 58 30 50
[ csk | 63 415 293 164 428 224
{Grammage gm | e0a9 74,94 75.47 78.55 74,89 77.01
[ricimess mm § 0168 0.115 0,109 0,107 0.116 0,108
jDensity kgym | 480 650 90 735 646 713
| mkg | 2450 1538 1,449 1.360 1.546 1,405
Istrerch % 24 42 43 48 42 46
Fﬂﬂn m | 3880 6650 6870 8740 6630 7605
' Burst strength wa | 161 366 418 486 361 452
{Tearing resistance mN_| 1393 1295 1165 1165 1307 1165
[miD dowtie 1o 40 3317 an 2735 3330 2954
[Tensie index Nevg | 38.06} 65.24 67.39) 85,74 65,048 76.57
E_urst index kPamug] 1.99 488 | 5.54 6.15 482 | 5,87
Tear index mNmig] 1722 17,28} 15,44 14,83 17,458 15,
Bendisen porostty AB side mumin § - - | 1048 | 1016 | 310 | 308 | 102 | 102 - - 206
Bendtsen smoothness ABside | mimin | 912 | 824 | 422 | 426 | 406 | 302 | 404 | 264 | 423 | 437 | 405
Zero besten pulp:
Fibre length Anthmetc average mm 1,200
Fibre length weighted average mm 1.660
Fibre csameter mm 0,030
Coarseness mg/m | 0,130
Siendemess factor 12.8
|Fibre zero span tensile km 6.79
Ieiwe zero span stregth index Nm/g | 66.610
Black liquor:
8.8
. Residual alkali as Na20 o | aa
Viscosity at RPM 20 50 100
mPas] 15 16 2
1Ory solids content of org.liquor % 2.3
Organic content of dry solids % 59,2
Inorganic content of dry solids % 40,8
{HHV of dry solids kea 1821
Kixg | 7626
Specific gravity gem® | 1,16
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10.2 Bleachability tests
TABLE 20 Kraft-jute-pulp
TABLE21  Kraft-AQute-pulp
TABLE22  Soda-jute-pulp
TABLE 23 Soda-AQ-jute-pulp
. TABLE 24 Alkali sulphite-AQ-jute-pulp
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TABLE 20

Bleachability test of kraft-jute-puip

Laboratory: Pulp and Paper Institute

City: Ljubliana

Country: Slovenia

Conducted by: IVA, Linz AUSTRIA , Dipl.ing. Mohamed NAGA
Date: March-April 1995

Client: UNIDO, Vienna for Tribeni Mill

TABLE 20A
I Unit

. [Puiping process Kraft
Kappa No. unbleached 12,40
initial Brightness %ISO  §31,22
Viscosity mlig 1029
Bieaching Sequence: CEH
First Stage C
HCI Charge % 0,00
Sullamic acid % 0,00
Active Chiorine apphied % 3.00
Residual Chiorine % 0,80
Active Chiorine consumed % 220
Temperature °C 20
Retention time min 30
Consistency % 3.00
pH stan
pH end 2,40
|second Stage E
NaOH % 1,50
Peroxid applied % 0.00
Oxygen pressure kg/cm?

. Temperature °C 60
Retention time min 90
Consistency % 10,00
pH start 12,00
jpH end 11,80
Third Stage H
Sultamic scid % 0,00
Active Chlorine applied % 1,50
Residua! Chiorine % 0,85
Active Chiorine consumed % 0.65
NaOH as Buffer % 0,00
Temperature °C 40
Retention time min 150
Congistency % 10,00

stan 11,80

ond 9,90

Total Active Chiorine applied % 4,50

Total Active Chiorine consumed % 2.85

Final Brighiness absolute % I1ISO 76,50
Briginess revertion % 2,21

. Viscosity mlg 662
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|ash contera % 1,02
[Bleaching yiew % 93.40
[Unbleached yield average % 60,73
Total yieid bleached pulp % 56.72
Classification of speks
>S5 mm?| speks/hgBO) -
1,04,99 mm?| spekskgBD | 679
0.4-0,99 mm3| speksA&gBD { 1903
0,15-0,39 mm?| speksAgBD | 3807
[Fiber fraction Baver McNeft:
Jretained on mesh 14 % 67.00
retained on mesh 0 % 21,90
retained on mesh 50 % 3,40
retained on mesh 100 % 1.50
. going through mesh 100 % 6.20
TABLE 20B
Physical properties: Unit
with PFI mill
Beating point - 0 1 2 3
PFI revolution pm 1450 1450 1450 1450
rev. 0 4350 7250 11600 5141 11600
min 0,00 3,00 5,00 8.00 3.55 8,00
|Freeness SR 19 27 38 50 30 50
CSF 611 470 333 224 428 224
Grammage g/m? 77.39 76,33 75,90 74,41 76,21 74,41
Thickness mm 0,163 0,134 0,123 0.118 0.131 0118
Density kg/m? 475 570 615 630 582 630
Bulk m¥kg 2105 1.754 1,626 1,587 1,719 1,587
Stretch % 24 2,9 3,6 3,7 3,1 3,7
Breaking length m 3425 5547 5854 6278 5631 6278
Burst strengtn kPa 146 283 288 307 284 307
. Tearing resistance mN 1499 1353 1146 1118 1297 1118
MID double fold 29 275 568 1114 355 1114
Tensile index Nm/g 33,60 54,42 57,43 61,59 55,2 61,59
Burs! index kPamg | 1.89 3,70 3,79 4,13 a7zl 413
Tear index mNmaig | 19,37 17,73 15,10 15,02 17,010 15,02
Bendisen porosity A/B side mumin . -] -] - | 912 ]902] se2 | s60] scooliaooc)| ss2 § seo
Bendisen smoothness A/B side mUmin 935 176881 656 | 556 ] 466 | 404 ] 422 | 354 )| 604 II 515 422 § 354
Scattering coefficient m2/kg 25,1 1259 24,7 1 25,0] 25,2 | 25.1] 26,1 | 24,70 24,8 “ 25,08 26,1 §24,7
Opacity % 825 | 82.2] 809 }81.1] 81,5 [ 81.3] 81,7 81,3 81,1 f 81.2)] @1,7 [|81.3
Zero beaten pulp:
Fibre length Arithmetic average mm 1,100
Fibre length weighted average mm 1.60
|Fibre diameter mm 0,030
Coarseness mg/m 0.102
Slendemess factor 15.7
Fibre zero span tensile km 1,13
fibre zero span stregth index Nm/g 11,1
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TABLE 21
Bleachability test of kraft-AQ-jute-pulp
Laboratory: Fuip and Paper nstitute
Country: Slovenia
Cond by: VA, Linz AUSTRIA , DiplL.ing. Mohamed NAGA
Date: March-Apri! 1995
Client: UNIDO, Vienna for Tribeni Mill
TABLE 21A
l Unit
[Pulping process Kraft-
AQ
Kappa No. unbleached 12.00
Initial Brightness % ISO | 35.32
Viscosity mig 1045
| Bieaching Sequence: CEH
[First Stage c
HCI Charge % 0.00
Sullamic acid % 0.00
Active Chiorine applied % 3,00
Residual Chiori.ve % 1,90
Active Chlorine consumed % 1,10
Temperature *C 20
Retention time min 30
Consistency % 3.00
oH stant
end 2,40
Second Stage E
|NaoH % 1,20
|Peroxia appiea % 0.00
Oxygen pressure kg/cm?
Temperature °C 60
Retention time min 80
Consistency % 10.00
stant 11.50
end 11,00
Third Stage H
Sulfamic acid % 0.00
Active Chiorine applied % 1,50
Residual Chiorine % 0.70
Active Chiorine consumed % 0,80
NaOH as Bufter % 0.00
Temperature *C 40
Retention time min 150
Consistency % 10,00
pH stan 11,40
pH end 9.90
Total Active Chlorine applied % 4,50
Total Active Chiorine consumed % 1,90
Final Brightness absoiute % ISO 76,30
Briginess revertion % 2,14
Viscosity mlg 743
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[Ash content % 0.84
[Bleaching yieid % 93,00
|unbleached yieid average % 61,65
Total yield bleached pulp % 57,33
Classification of speks
>5 mm?] spekskgBD | -
1,0-4,99 mm?| spekskgBD§ 364
0.4-0.99 mm3| speks/kgBD | 1119
0,15-0,39 mm?| speks/kgBD | 2175
Fiber fraction Bauer McNett:
retained on mesh 14 % 81,80
retained on mesh 30 % 11,00
retained on mesh 50 % 2,40
. retained on mesh 100 % 1,10
|going through mesh 100 % 3.70
TABLE 21B
Physical properties: Unit
with PFI mifl
Beating point - 0 1 2 3
PFI revolution pm 1450 1450 1450 1450
rev. 4] 4350 7250 14500 7250 11927
min C.00 3,00 5.00 10,00 5,00 8,23
Freeness SR 17 25 13 61 30 50
CSF 656 501 428 144 478 224
Grammage  g/m? 74.30 75,05 76.85 74,63 76,85 75.42
Thickness mm 0.149 0,133 0,126 0,111 0,126 0,116
Density kg/m? 440 565 605 680 605 653
Butk m: kg 2,272 1,770 1,633 1,470 1,633 1,523
Stretch % 2.1 3.4 34 4,1 34 3.9
Breaking length m 2976 5283 5447 5984 5447 5793
Burst strength kPa 117 242 276 313 276 300
' Tearing resistance mN 1126 1451 1538 969 1538 1171
MID double fold 14 149 622 1427 622 1141
Tensile ndex Nm/g 29,19 51,83 53,44 58,70 53,4411 56,83
Burs! index xPamyg | 1,57 122 3,59 419 3se l 3,98
Tear index mNm3g | 15,15 19,33} 20.01 12,98 20,01 15,5
Bendisen porosty A/B side mUmin - -1 - 1 -1 - 1 -] 371 ] 168l 3000k 3000f 171 [ 168
Bendisen smoothness A/B side mimin 916 | 825 ] 570 ; 442 | 486 | 360 334 | 268 R 486 I 3608 388 § 301
Scattering coefficient ] ma/kg 24,7 | 24.1] 23,7 | 24,2] 243 1 24,3] 24,2 | 24,2]| 24,3 H 2438 242 (1242
Opacity % 81,32 | 8i.6] 80,1 | 80,7 80,9 [ 81.2] 80,9 | 81,0} 809 § 81,2} 809 Ke1.1
Zero beaten pulp:
Fibre fength Arithmetic average mm 1,21
Fibre length weighted average mm 1.7
Fibre diameter mm 0.030
Coarseness mg/m 0,129
Slendemess factor 13,3
Fibre 2ero span tensile km 1,27
libre zero span stregth index Nm/g 12.5
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TABLE 22
Bieachability test of soda-jute-puip
Laboratory: Pulp and Paper institute
City: Ljubliana
Country: Slovenia
Conducted by: IVA, Linz AUSTRIA, Dipl.ing. Mohamed NAGA
Date: March-April 1995
Client: UNIDO, Vienna for Tribeni Mill
TABLE 22
Unit

. rulping process Soda
Kappa No. unbleached 12,50
inital Brightness %150 | 37.31
Viscosity mig 1030
|Bleaching Sequence: CEH
lFist Stage c
HC! Charge % 0,00
Sulfamic acid % 0,00
Active Chiorine apphed % 2,60
Residual Chiorine % 1,31
Active Chiorine consumed % 1,29
Temperature *C 20
Retention time min 30
Consistency % 3,00
pH stant
pH end 2,30
Isecond Stage E
NaOH % 1,20
Pe-oxid applied % 0.00
Oxygen pressyre kg/cm?

‘ Temperature °C 60
Retention time min 80
Consistency % 10.00
|pH stant 11,70
pH end 11,30
Third Stage H
Sulfamic acid % 0,00
Active Chiorine applied % 1,50
Residual Chiorine % 0.58
Active Chiorine consumed % 0.92
NaOH as Buffer %
Temperature *C 40
Retention time min 150
Consistency % 10,00

start 11,23

IpH end ] 10,05

Total Active Chlorine applied % 4,10

Total Active Chiorine consumed % 2,21

F.nal Brightncss absolute % I1ISO 76,90
Briginess revertio: % 2,65

. Viscosity mig 660
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[Ash content % 0.52
|Bleaching yietd % 93,60
Junbleached yield average % 58,13
Total yield bieached puip % 54,61
Classification of speks
>5 mm?| spekskgBD] -
1,0-4,99 mm?] speksikgBD] 333
0.4-0,95 mm?| spekskgBD ] 832
0,15-0,39 mm2] spekskgB0 | 1197
Fiber fraction Baver McNett:
retained on mesh 14 % 73,00
retained on mesh 30 % 16,20
retained on mesh S0 % 3,10
. retained on mesh 100 % 5,40
going through mesh 100 %
TABLE 22B
{Physicat properties: Unit
[with PF1 min
|Beating point - 0 1 2 3
PFI revolution pm 1450 1450 1450 1450
rev. 0 4350 7250 10150 5179 9321
min 0.00 3.00 5,00 7.00 3.57 6,43
Freeness SR 16 26 40 54 30 50
CSF 680 485 313 193 428 224
Grammage o/m? 74.52 74,73 76,11 75,05 75,12 75.35
Thickness mm 0171 0,136 0,125 0,116 0,133 0,119
Density kg/m? 435 545 605 645 562 634
Bulk makg 2,299 1,835 1.653 1.550 1,783 1.579
[stretcn % 17 2,7 3,1 33 28 32
IBreaking lengtn m 2807 4126 4967 5135 4366 5087
Burst strength kPa 104 192 233 247 204 243
‘ Tearing resistance mN 765 890 694 659 834 669
MID douwt'e fold 5 26 33 100 28 81
Tensile index Nm/g 27.54 40,48} 48,73 50,37| 42,83 49,90
Burst index kPam?g | 1,40 2,57 3,06 3,29 27§ 322
Tear index mNmeg | 10,27 11,91 8,10 8.78 11,100 8
|Bendisen pesosity A/B side mUmin - - - - - - | 652 | 6481 3000 3000f 652 § 648
Bendisen smoothness A/B side mimin 936 16890 612 1 S00| 518 | 374 428 | 310]] 585 || 464 | 454 § 328
Scattering coefficient mi/kg 26,0 | 26,1} 248 1253} 256 125.7| 259 (2531 250l 2548 258 §25.4
Opacity % 829 | 82,7] 81,5 |81.4] 82,1 |823) 825 [823]1 81,7} 81,7} 82.4 ]823
Zero beaten pulp:
|Fibre length Anthmetic average mm 0,720
Fibre length weighted average mm 1,460
Fibre diameter mm 0,030
Coarseness mg/m 0,109
Slendemess factor 134
Fibre zero span tensile km 1,83
[ﬁbre zero span siregth index Nm/g 18.0
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TABLE 23
Bleachability test of soda-AQ-jute-puilp
Laboratory: Pulp and Paper institute
City: Ljubliana
Country: Slovenia
Conducted by: IVA, Linz AUSTRIA , Dipl.ing. Mohamed NAGA
Date: March-April 1995
ient: UNIDO, Vienna for Tribeni Mill
TABLE 23A
l Unit
@ [ yry
AQ
{xappa No. unbleached 10.20
Initial Brightness % ISO ] 40.87
Viscosity mig 1002
Bleaching Sequence: CEH
First Stage C
{HCI Charge % 0.00
Sulfamic acid % 0,00
Active Chiorne applied % 2,04
[Residual Chiorine % 1.60
Active Chiorine consumed % 0,44
Temperature ‘C 20
[Retention time min 30
Consistency % 3,00
stant
pH end 2,45
{Second Stage E
NaOH % 1,20
Peroxid applied % 0,00
‘ Oxygen pressure kg/cm?
Temperature *C 60
Retention time min 90
Consistency % 10,00
start 12,00
end 10,80
Thirg Stage H
Suffamic acid % 0.00
Active Chiorine applied % 1.50
Residual Chlorine % 0,73
Active Chiorine consumed % 0,77
NaOH as Butier % 0,00
Temperature *C 40
Retention lime min 150
Consistency % 10,00
pH stant 11,55
pH end 10,10
Total Active Chlorine applied % 3,54
Total Active Chlorine consumed % 1,21
Final Brighlness absolute % I1SO 74,40
. Briginess revertion % 2,37
Viscosity mlg 691
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{Ash content % 0,62
|Breaching yiels % 93,70
|unbleached yield average % 60,10
Total yield bleached pulp % 56,31
[Classihcation of speks
>5 mm?| speks/kgBD -
1,0-4.99 mm?} speks/kgBD} 660
0.4-0.99 mm?| speksxgBO | 1814
0.15-0.39 mm?} speksA&gBD | 6596
|Fiber fraction Baver McNeft:
retained on mesh 14 %
retained on mesh 30 %
refained on mesh 50 %
retained on mesh 100 %
‘ going through mesh 100 %
TABLE 23B
{Physical properties: Unit
with PFi milt
|Beating point - 0 1 2 3
PF1 revolution pm 1450 1450 1450 1450
fev. 0 4350 7250 11600 5961 10730
min 0,00 3,00 5.00 8,00 411 7.40
Freeness SR 17 25 A 54 30 50
CSF 656 501 378 193 428 224
Grammage g/m? 74,20 75,69 75.80 74,52 75.75 74.78
Thickness mm 0,171 0,137 0,127 0.114 0.131 0,117
{Density kgy/m? 435 550 595 655 575 643
Bufk mykg 2,293 1.818 1,681 1,531 1.742 1,561
Stretch % 1.7 2.6 3.1 37 29 36
Breaking length m 2737 4703 5043 5789 4892 5640
Burst strength kPa 101 199 234 272 218 264
. Tearing resistance mN 844 849 981 757 967 802
MID double fold 5 52 91 183 74 1685
Tensie mdex NmJ/g 26.85 46,14 49,47 56,79} 47,998 55,33
Burst index kPam¥g | 1.36 2,63 3,09 3.65 288 ) 354
Tear index mNm?/g | 11,37 12,54 12,94 10,16 12,76 10,
Bendisen porosiy A/B side mumén - - -] - - | - | 536 | s30] 3000 3000f 536 [ 530
Bendtsen smoothness A/B side mimin 942 { 9221 608 | 510 562 | 388 | 428 | 370 582 I 442 455 | 374
Scattering coefficient m/kg 25.4 1262) 24,6 | 24,6] 250 [ 25.4f 25.3 | 25.2% 24.8 l 2508 252 §25.2
Opacity % 82.9 | 83,3] 82.1 | 82.0] 80,3 | 82.7] 83,0 | 828 81,1 fe2.4} 825 fa2s
Zero beaten pulp:
Fibre lengih Arithmetic average mm 088
Fibre length weighted average mm 1,54
{Fibre diameter mm 0,030
Coarseness mg/m 0,108
Slendemess factor 14,3
Fibre zer0 span tensile km 1,95
fibre zero span streqth index Nm/g 18,1
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TABLE 24
Bleachability test of slkali sulphite-AQ-jute-pulp
Laboratory: Puip and Paper institute
Country: Slovenia
Conducted by: VA, Linz AUSTRIA , Dipling. Mot.amed NAGA
Date: March-April 1995
Client: UNIDO, Vienna for Tribeni Mill
TABLE 24A
| Unit
. |Puiping process Al
Sulphite-|
AQ
|xaop.. No. unbieact-ed 19.00
initial Brightness % ISO 38,73
Viscosity _mig_ 1302
Bieaching Sequence: CEH
Fust Stage C
HCI Charge % 0.00
Sulfamec acd % 0.00
Active Chiorine apphed % 3.80
Reswdual Chiorine % 1.26
Actve Chicrne consumed % 2,54
Temperature “C 20
Retention time min 30
Consistency % 3.00
pH stan
end 2.10
|Second Stage E
NaOH % 1.20
‘ Peroxid a pk2d * 0.00
Oxygen pressure kg/cm
Temperature °C 60
Retention hme min 90
Consistency % 10.00
stant 11,90
&u 11,40
Third Stage H
Sufamic acid % 0.00
Active Chiorine applied % 1,50
Residual Chiorine % 0.84
Active Chlorine consumed % 0.66
INaOH as Bufier % 0.00
l‘hmpem “C 40
[Retention time min 150
[consisiency % 10.00
stan 11,30
ond 10,00
Total Active Chiorine applied % 5.30
Tolal Active Chiorine consumed % 3.20
. |Finat Brightness absoiute % 1SO 83.40
[B—cigmcu revertion % 1.81
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ViSCOsity miig 1051
Ash contert % 0.86
Bleaching yield % 94,10
Unblsached yield average % 62.07
Total yield bleached pulp % 58.40
[Classification of speks
>S mmi] speksgBD -
1.0-4.93 mm?| spekshkgBD | 691
0.4-0.99 mm?| speksigBO| 1613
0.15-0.39 mm?| spekshoBD | 4839
Fiber fraction Bauer McNett:
retasned on mesh 14 % 73.00
retained on mesh 30 % 14,80
retained on mesh 50 % 2.60
. retained on mesh 100 % 1,20
{going through mesh 100 % 8.40
TABLE 24B
Physical properties: Unit
with PFl mib
Beabng point - 0 1 2 3
PFI revolution pm 1450 1450 1450 1450
rev. 0 4350 7250 13050 6888 12041 i
min 0.00 3.00 5,00 9,00 4,75 8.30
Freeness SR 18 23 31 54 0 50
CSF 633 535 415 193 428 224 |
Grammage o/m 77.49 75,05 76.00 76.00 75.88 76.00 :
Thickness mm 0.166 0.125 0118 0.110 0,119 0111 R
Density kg/m? 465 600 645 690 639 682 | |
Buk mkg 2.151 1,666 1.550 1,449 1,565 1.467 ;
Stretch % 23 34 4.1 42 40 4.2 1
Breakmg length m 2713 5449 6955 7390 6767 7314 0
‘ Burs! strength xPa 128 288 324 386 320 375 A
Tearing resistance mN 969 1668 1460 1315 1486 1340 i
MID double fold 14 2470 1981 2020 2042 20137 |
Tensile index Nm/g 26.61 53.45 68.23 72,50 66,38 71.75 i
Burst index wamiy, | 165 384 4.26 5.08 a21] 494
Tear index mNevig | 12,50 2.2| 19.21 17.30 19.580 1763 |
Bendisen porosity A/B side mumin - - -l - - - | 224 [ 211§ 3000 f3000] 224 [z1:1)
Bendisen smoothness A’B side mi/min 860 838 | 604 J451| 464 | 304| 456 | 3220 482 § 401 | 457 s
Scattering coefficient m/kg 251 256 | 214 ) 215] 224 [21.6] 216 [21.9) 223 21.6] 217 [lr.ci
Opacity % 80.5 806 | 765 |760] 776 [76.8] 772 [77.5] 7sfre7] 773 74
Zero beaten pulp:
Fibre length Arithmetic average mm 1,15
Fibre length weighited average mm 1,65
Fidre diameter mm 0.030
Coarseness mg/m 0,118
Siendermess factor 14,0
Fibre zero span tensie km 7.13
fibre zero span siregth index Nm/g 69.9
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10.3 Bench scale and pilot plant pulping tests

at CPPRI

TABLE 25
TABLE 26
TABLE 27
TABLE 28
TABLE 29
TABLE 30
TABLE 31
TABLE 32
TABLE 33

TABLE 34

Firal Test Report Phase 1A

Kraft pulping at 160°C, 12 % AA, 2 h LAB, CPPRI
Kraft-AQ pulping at 160°C, 12 % AA, 2 h LAB, CPPRI
Kraft pulping at 160°C,12% AA, 3h  PIL, CPPRI
Kraft pulping at 160°C,11,5% AA, 2h  PIL, CPPRI
Kraft pulping at 160°C,11,5% AA, 2h  PIL, CPPRI
Kraft-AQ pulping at 160°C 12% AA, 2h PIL, CPPRI
Kraft-AQ pulping at 150°C 12% AA, 4h  PIL, CPPRI
Kraft-AQ pulping at 160°C 11,5% AA, 2h

Physical properties of unbleached pulp produced in the pilot
plant with Kraft-AQ pulping process prepared for bleaching

tests, Gut pulp sample

Physical properties of unbleached pulp produced in the pilot
plant with Kraft-AQ pulping process prepared for bleaching

tests, Degraded pulp sample
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TABLE 25
Jute pulping Kraft pulping at 160°C, 12% AA, 2 h
Laboratory: Central Pulp and Paper Research Institute
City: Ssharanpur
Country: india
Conducted by:
Date: 18.4.1995
TABLE 25A
- . o
{Raw material e | Jute | Jute | Jue
Quality of Fibre
Size ol fibre mm 75 75 75 75
o Puiping
Putping Process Krah | Keaft | Kraft | Kraht
Cook No. 1 2 3 Avg.
Type of digesier Rotary, | Rotary. | Rotary. | Rotary,
heated { heated | heatec | heated
Size 1 25 25 25 25
Hydromodki 300 | 300 | 300 | 300
Raw matenal charge "]
 gBl 200 200 200 200
Dry content %
NaOH Charge % 1239 | 1239 | 1239 | 1239
{Na2S Charge % 302 | 3.02 302 3,02
Sulfrdity % 20,00 | 20.00 | 2000 | 20.00
S$O2 Charge % - - - -
Na2S03 Charge % - - - -
[active Aati charge as Na20 = 12.00 | 12,00 | 12.00 | 1200
Effective Alkali charge as Na20 o 10,80 | 10,80 | 10,80 | 10,80
AQ charge o 000 t 000 § 000 [ 000
Heating up time min 90 80 90 [)
‘ Cocking time min 120 120 120 120
Cooking temp. C 160 | 160 | 160 160
IH Factor - 860 860 860 860
Yield unscreened % 6226 | 60,32 | 6230 | 61,63
Kappa No. 1430 | 1490 § 1500 | 14,73
Viscosity miig 1080
c3p 56
Brghiness % 294
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TABLE 258
Physical properties: Sampile: from Cook No. 1-3 KAPPA: 1473
Lwion PRy mi
[Bazting poir - 0 1
PP revolution £pm 1450 | 1450
ov. 0 | «000 | 1500 | 3s00
min 000 | 276 | 103 | 241
Freeness SR 15 55 30 50
CSF 7206 | 656 | €56 | €56
Grammage _ghmt 64,40 | 6350 § 64,06 § 63.61
|Density kpm* § 470 | 740 § ST1 | 706
|Streten % s7 [ aa f 37 [ ae
[Breaking length m 5057 | 10308 § 70es § 973s
|8urst strength xPs 135 | a35 | 2e8 | 308
Tearng resistance mN 892 721 828 742
Tensile index Ny [ 5000 | 102.00] 69.50 [ 9550
{Burst index wawrg | 210 | 685 f 388 § 626
[Tear index mNmg | 1385 | 135 1291 ] 1166
' [Bencasen porosity mbmin | 3000 | 140 § 1928 | 408
[Btack iquor:
Lﬂ 11,5
Resicual akak ss Na20 9 893
[Dry sotids content of org squor % 99
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TABLE 26

Jute puiping Kraft-AQ puiping st 160°C, 12 % AA, 2 h

Laboratory: Central Pulp and Paper Research Institute

City: Ssharanpur

Country: india

Conducted by:

Date: 18.4.1995

TABLE 26A

| Unit

{Raw material Jute | Jue | Jute | Jse

{Quality of Fibre

Size of fbre mm 75 s 75 75
. [Putping data

Kraft | Kaft | Kraft | Kraht
Pulping Process AQ AQ AQ AQ

‘Cook No. 4 5 6 | Avg.

Type of chgesier Ratary, | Rotary, | Rotary. | Rotary,
heated | hested | heated | heated
Size | 25 25 25 25
Hydromodl 300 | 300 | 300 | 300
Raw material charge 9
gBD 200 | 200 | 200 | 200
Dry content %
{N2OH Charge % 1239 | 12,39 | 12,39 | 12.39
{Na2s Charge % 302 [ 302 | 302 | 302
Sulfity % 20,00 | 20,00 | 20.00 | 20.00
SO2 Charge % . - - -
Na2503 Charge % - - - -
Active Akafi charge as Na20 % 12,00 | 1200 | 12,00 | 12.00
[Eftective Aikaii charge as Na20 % 10,80 | 1080 | 10.80 | 10,80
{AQ charge % 005 | 005 | 005 | 005
’ |Heating up time min % | 9% | % | %
Cooking time min 120 | 120 | 120 | 120
Cooking temp. C 160 160 160 160
{H Factor - 860 | 860 | 860 | 860
lvieid unscreened % 60,39 | 6205 | 61.19 | 6121
|xapga No. 1360 | 13,50 | 13,60 | 1357
{viscosity mlg 1050
[Brightness % 33,1
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TABLE 268
Physical properties: Sampie: from Cook No. 1-3 KAPPA= 13,57
jwieh PFY mi
Beating point R o 1
PFl revoktion pm 1450 | 1450
rov. 0 | 4000 | 1463 | 3415
omin 000 | 276 [ 107 | 235
Froeness SR 15 56 30 50
CSF 706 | 178 § 428 § 224
Grammage [ 66,60 | 6220 § 64.99 | 6284
|Density foghm? 470 mjL 561 £ 683
[Strerch % 18 | 39 f 26 § 36
{Breaking length m 4485 | 11111 § 6909 { 10141
|Burst strength Pa 120 | 476 J 250 | a2
Tearing resistance mN 9 678 839 715
Tensie index Nevg | 44,00 | 109.00] 67.78 | 99.49
{Burst index kPamd/g 180 { 765 § 39« } 679
Tear index mhmyg | 1400 | 1090 ] 1287 ] 1135
Bendtsen porosity mimin § 3000 | 60 J 152¢ | 450
. Black liquor:
pH 115
Residual akali as Na20 g/ 899
Dry solids content of org kquor % 15.23
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TABLE 27
Jute pulping Kraft pulping at 160°C,12% AA, 3h
Pilot plant: Central Pulp and Paper Research institute
City: Saharanpur
Country: india
Conducted by:
Date: 24.4.1995
TABLE 27A
[ Unit
|Raw materiat Jute
Quatity of Fibre
Size of fibre mm 75
‘ Puiping data
Pulping Process Kraft
Cook No. PPO1
Type of digester Piot
Plant
Size m 11
Hydromodut 2.50
Raw matenal charge kg 560
kgBD 500
Dry content % 89.29
NaQH Charge % 12,39
Na2S Charge % 3,02
Sulfidity % 20.00
S02 Charge % -
Na2S03 Charge % -
Active Aikall charge as Na20 % 12,00
Efiective Alkali charge as Na20 % 10,80
AQ charge % 0,00
Heating up time min 90
Cooking lime min 180
Cooking temp. °C 160
. H Factor - 1257
Kappa No. 10.60 9,30 tested at TTD
Viscosity mlg 610
cps 33,00
Brightness % 296 38.10

. .'

Final Test Report Phase 1A Page 65




UNIDO / TRIBENI IVA

TABLE 278
Physical properties: Sample: from Cook No PPO1 KAPPA= 10,60 [tested at TTD
with PF1 mill KAPPA=x 9,30
Beatng point - 0 1 2 3 0 1 2
PF1 revolution pm 1450 ] 3450 | 1450 | 1450 1450 | 1450
rev. 0 2000 { 4000 { 6000 | 2400 | 46% 7000 | 11000 | 7444
mn 0.00 1,38 276 | 414 166 | 3.24 483 | 759 | 513
Freeness SR 15 27 42 65 0 50 18 47 74 50
CSF 706 470 293 119 428 224 633 | 248 67 224
Drainage time s 4.5 5.0 6.5 13,5 5.30 8.93
Grammage o/m? 68,30 { 6230 | 65.00 | 6240 § 6284 § 64.10 75.00| 75.00 § 75.00
Thickness mm
|Density kg/m3 460 610 700 750 77 590 | 650 597
Bulk m/kg
Stretch % 22 2.6 3.1 37 27 33 286§ 267 § 2.86
Breaking tength m 3721 | 6830 | 7441 | 7085 § 6952 § 7317 6017 6777 § 6101
Burst strength kPa 99 212 270 253 223 264 272 | 288 § 274
Tearing resistarce mN 826 455 400 346 444 381 644 | 602 f 639
MID double fold
Tensile index Nm/g 36.50 | 67.00 | 73,00 | 69.50 f 68,20 § 71.78 59.03| 66.48 §§ 59.86
Burst index kPam?/g 1.45 3.40 4,15 4,05 3.56 4,12 363 | 384 § 3.65
fear ndex mNm?/g 1210 | 7.30 6.15 5,55 7.06 5,95 858 | 803 ) 852
Bendtsen porosty mimin 3000 | 2810 720 130 2392 515 127y 2n 1032
Bendtsen smoothness mb/min
Zero beaten puip:
Fibre length Anthmetic average mm 1,10
Fibre length weighted average mm 1.61
Fibre diameter mm
Coarseness mg/m 0.105
Slenderness factor 15.3
Fibre zerc span tensile km
fibre zero span stregth index Nm/g

Black liquor:

pH 11.6

Residual alkah as Na20 [l 8.20

Viscosity at RPM 20 50 100
mPa. S 2

Dry solids content of org.liquor % 13.2

Organic content of dry solids % 35.4

Inarganic content of dry solids % 64.6

HHV of dry saoligs kcalkg 2478
kJ/kg 10375
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TABLE 28
Jute pulping Kratt puiping at 160°C,11,5% AA, 2h
Pilot plant: Central Pulp and Paper Research Institute
City: Saharanpur
Country: india
Conducted by:
Date: 23.5.1995
TABLE 28A
[ Unit
Raw material Juse
Quality of Fibre
Size of fibre mm 250
‘ Puiping data
Pulping Process Kraft
Cook Mo. PPO5
Type of digester Pilot
Plant
Size m 11
Hydromodul 2.50
Raw matenal charge kg
kgB0D 300
Dry content %
NaOH Charge % 11,87
Na2S Charge % 2.89
Suttidity % 20.00
SO2 Charge % -
Na2S03 Charge % -
Active Alkali charge as Na20 % 11,50
Ettective Alkali charge as Na20 % 10.35
AQ charge % 0.00
Heating up time min 90
Cooking time min 120
Cooking iemp. *C 160
' H Factor - 860
Kappa No 13,60 | 13,00 testedatTID
Viscosity mily 1010
cps 62,70
Brghtness % 31,00
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- Twir e WWWWTE WS I 1 i 1 | § |
Tensde ndex Nvg 38.90 | 64.20 | 7040}) 83,70 § 8676 } 67.52
Burst inctex kPamiig 2.16 476 | 5251 576 4 400 § 502
Tear wndex mNmg 1600 § 1210 [11.30] 1180 13.25 § 11.67
Bendtsen poros:ty A'B sxde miymn 1483 | 181 53 926 § 427
Bendtsen snoathness AB si3¢ mi'mn
Zero beaten pulp:
Fibre leng'™ Anthmehc average mm 1.20
Fibre length werghted average mm 1.61
Fiore chameter mm
Coarseness mg'm 0.148
Slendemess factor 0.9
F:bre zero Span tens.le km
libre zero span stregth mdex Nenv/g
Ot cont ace TAPPL mmim® 235
Black liquor:
oM e
Res:dua’ a'kah as Na20 ot 4.90
Dry solids content of org quor % 12.04
Qrganic content of dry solds % 0.9

‘ ingrganic content of dry sohds » €9.1
HHV of gry soligs kealkg 3200

k&g 13398
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TABLE 40B
Sample: from tast no. 6
Physical properties: Unit
with PFI mill
Beating point - 0 1 2 3
PFI revolution pm 145C 1450 1450 | 1450
rev. 0 5500 | 8008 | 11500 | 5500 | 10694
min 000 | 379 | 552 { 793 | 3,79 | 7.38
Freeness SR 15 30 40 53 0 50
CSF 706 428 313 200 428 224
Drainage time S H(
Grammage g/m? 76,03 | 7532 | 75,00 { 7492 | 7532 J| 74,94
Thickness mm 0,170 | 0,330 | 0,921 | 0,113 1 0130 } 0,115
Lensity kg/m? 447 579 620 663 579 653
Bulk ) mi/kg 2237 | 1,727 ] 1612 | 1,508 )| 1,727 }i 1,532
Stretch % 18 | 35 | 39 | 42 | 35 | 41
' Breaking length n 2456 | 5355 | 5705 smﬁ" 5355 || 5490
Burst strength kPa 1069 { 2795 | 2991 | 3295 § 2795 || 3225
s Tearing resistance mN 1114 | 1123 | 912 { 949 || 1123 || 940
i MID double fold 9 1212 1203 1047 1212 1083
Tensile index Nm/g 24,09 | 5253 | 55,97 | 65,98 || 52,53 || 63.67
Burst index kPam?/g 141 370 | 399 | 4.40 3n 4,30
Tear index mNm?/g 14,65 | 1491 ) 1216 | 12,67 || 14,91 || 12,55
Bencisen porosity mi/min 59€,9 | 2844 - 356.5
Bendisen smoothness mi/min 9251 | 465.7 | 3625 } 3807 |1 4657 |} 3765
Scattenng coefficient mAkg 24,6 24,1 24.9 24.9 24,1 249
Opacity % 8085 | 81,76 | 8299 | 8339 || 81,76 {| 83,30
Zero beaten puip: 1 2 laverage
Fibre length Arth:metic average mm 1,220 | 1,230 | 1.225 |
Fibre length weighted average mm 1,66 1,67 1.5/
Fibre diameter mm 0.030 { 0030 | 0.0% |
Coarseness mg/m 0.100 | 0,105 | 0,103
Slendemess factor 16,6 15.¢ 16.3
Fibre zero span tensile km 8.34
Fbre 2er0 cpai, otr ‘ -




' Pulping data
Pulping Process Kraft
Cook No PPOG
Type of Ggester Piot
Pant
Sue m 1
Mygromaoul 250
Raw maienal charge kg
kgBD 1500
Dry content %
NaOM Charge % 11,87
Na2$ Charge % 289
Suftckty % 20.00
SO2 Charge % -
Na2503 Charge > o
Active Alkal charge as Na20 % 11.30
Eftective Alkal charge as Na20 % 10.3$
AQ charge % 0.00
Heanng up time mn 90
Cooking tme min 120
Cnoilung temp C 160
®  Face =
Kappa No 17,00 1470 tested 2t TTD
Viccosty mig 1100
cps 103,80
IBrghiness ™y 37.30
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TABLE 40C
Sample: from test no. ™
Physical properties: Unit
with PFI mill
Beating point - 0 1 2 3
PFI revoluton pm 0 1450 1450 1450
rav. 0 3500 § 7000 § 9000 { 3500 } 6300
min 0,00 241 4,83 6,21 2,41 4,34
Freeness SR 16 30 55 72 30 50
CSF 680 428 185 78 428 224
Drainage tir. e S
Grammage g'm? 7480 | 76,00 § 72901 7510 } 76,00 | 74,52
Thickness mm 0174 | 0136 | 0119 ] 0111 }{ 0,136 § 0,122 §
Density kg/m® 430 560 610 680 560 600
Bulk m3/kg 2330 | 1,790 | 1,640 | 1,470 || 1,790 § 1.670
Stretch % 1,69 3.05 3,37 3.45 3,05 3,31
Breaking length m 2280 | 5240 | 6070 | 6240 || 5240 §{f 5904
‘ Burst strength kPa 862 | 2557 | 293,7 | 2982 || 2557 || 286.1
Tearing resistance mN 743 799 684 612 799 707
MID double fold 4 203 S00 550 203 || 441
Tensile index Nm/g 2237 | 51,40 | 5955 | 6121 || 5140 || 57.92
Burst index kPam?/g 1,15 370 | 403 397 3.36 3,84
Tear index mNm?/g 993 | 1051 { 938 8,15 § 10,51 || 9.49
Bendisen porosity mi/min 3000 | 2950 | 400 230 | 2950 || 450
Bendtsen smoothness mi/min 900 450 315 240 450 342
Scaftering coetficient kg 2622 | 29.14 | 29.38 | 30,07 {{ 29,i4 J| 29,33
Opacity % 806 | 83.77 | 8342 | 85.74 |} 83.77 || 8349 |
Zero beaten pulp:
Fibre fength Anthmetic average mm 1,090
Fibre length weighted average mm 1,54
Fibre diameter mm
Coarseness mg/m 0,100
Slenderness factor 154
Fibre zero span tensile km 1€,00
Fibre 2ero span stregth index Nm/q 157.0




- ARD doutte foks
Tens:e ngex Nm'g 3298 1 6507 | 7225 | 7920 § 65.07 § 7160
Burst mdex kPamig 209 | 463 | 585 | 596 K 463 § s57¢
Tear index mNmZig 1516 | 1465 | 1361 | 1346 § 1465 f 1370
Bentsen porosity mimn 3000 | ta25 | a4t 121 § 1425 | 5%
Bencisen smoothness mimn
Zero beaten pulp:
Fidre length Anthmenc averzge mm 1.13
Fire lengh weghied average mm 1.55
Fibie cameter mm
Coarseness mg™ 0135
Siendemess factor 1ns
Dit cont acc TAPP! mmim? 149
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TABLE 41
Bleaching of kraft-AQ Jute pulp
Laboratory: Pulp and Paper Institute
City: Ljubliana
Country: Slovenia
Conducted by: IVA, Linz AUSTRIA , DiplLing. Mohaned NAGA
Date: Mai-Jul 1995
Client: UNIDO, Vienna for Tribeni Mill
TABLE 41A
TEST NUMBER
Unit 1 2 3 4 5°
Pulping process - Kraf- | Kraft- | Kraft- | Kraft- | Kraft-
AQ AQ AQ AQ AQ
Kappa No. unbleached 10,2 10,2 10.2 10,2 9.6
. Initial Brightness % 1SO 44 .90
Viscosity mlg 1029 § <029 | 1028 | 1029 ] 101§
_cps
Bleaching Sequence: CEpHRICEpHICEpH{CEpHICEpH
First Stage C C C Cc C
HCI Charge %
Sultamic acid % 0,00 0,00 0,00 0,10 0,10
Chiorination factor 0,27 027 0.29 0,34 0,31
Active Chionne applied % 2,80 2,80 3,00 3.50 3,00
Residual Chlorine % 0,99 0,29 0,52 0.68 0,66
Active Chionne consumed % 1,81 251 248 2,82 2,34
Temperatyre *C 20 35 35 30 0
Retention time nin 30 30 45 45 45
Consistency % 3,00 300 | 300 3,00 3,00
pH stan 2,30 210 | 200 180 { 2,00
pH end 3,40 240 | 230 1,75 | 2,00
Kappa 1,20
Viscos milg 1 702 .
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TABLE 30
Jute pulping Kraft-AQ pulping at 160°C 12% AA, 3h
Pilot plant: Central Pulp and Paper Research Institute
City: Saharanpur
Country: India
Conducted by:
Date: 25.4.1995
TABLE 30A
P Unit
|Raw materiat Jute
Quality of Fibre
Size of fibre mm 75
o ==
Kraft
Puiping Process AQ
Cook No. PPO2
Type of digester Piot
Plant
Size m 11
Hydromodul 2.50
Raw material charge kg 560
kgBD 500
Dry content % 89,29
NaOH Charge % 12,39
{Na2S Charge % 3,02
Sultic'ty % 20,00
SO2 Charge % -
Na2S03 Charge % -
Active Alkah charge as Na20 % 12,00
Etfective Alkal charge as Na20 % 10.80
AQ charge % 0.05
Heating up tme min 90
Cooking time mn 180
. Cooking temp. °C 160
H Factor - 1257
Kappa No. 10.40 930 tested 81 TID
'/1sCoSity milg 690
cps 32,00
Bnghtness % 296 8.4
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TABLE 308
Physicsl properties: Sampie: from Cook No PPO2 KAPPA= 10,40 |rested at TTD
{witn. PFY mat KAPPAx 9,30
Beatng pont - [ 1 2 3 [ 1 2
PFI revolsbon pm 1450 | 1450 | 1450 | 1450 1450 | 1450
rev. 7000 } 11000 | 7462
mn 483 | 759 | 5.15
[Freeness SR 13 47 73 50
1B CSF 63 28] 72 § 22«
Dranage tme [3
|Grammage gim’- 75.00] 75.00 § 75.00
Theckness mm
[Densay kg/m® 610! 620 f 611
{Buk mhy
Stretch % 281 | 267 § 2719
Breaking length m 6049 | 6185 | 6065
|Burst strength Pa 284 | 266 § 2w
{Teanng resistance mN s75s | sm | srs
[MID double foid
[Tensie ingex Nvg 5934 6068 | 5348
{Burst ndex kPamig ar9]| 3s¢ far
[Tear maex mNmg 767 | 760 | 766
|Benctsen porosity mumn 1016 | 236 | 95
1Bendrser smoothness mimn
Zero beaten pulp:
Fidre length Anthmelic average I 1.13
Fiore length werghted average mm 1.60
Coarseness mg/m 0.095
Stendemess factor 16.8
Black liquor:
pH 11.67
Resdual aikal as Na20 [ 2.60
Dry sohds content of org kaguor % 13.7
Qrgaruc content ot dry sohds % 36.3
Inorganic content of dry solrds % €37
HHV of dry souds kcalkg 2469
kg 10337
Specihic gravity g/em’
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TABLE 31
Jute puiping Kraft-AQ puiping st 150°C 12% AA, 4h
Pilot plant: Central Pulp and Paper Research institute
City: Saharanpur
Country: india
Conducted by:
Date: 26.4.1995
TABLE 31A
Unit
Raw materiat Jute
Qualty of Fibre
Swze of hbre mm 75
o ==
Krah
Pulping Process AQ
Cook No PPG3
Type of digester Piot
Plant
Sae . m? )
Hydromodul 2.50
Raw matenal charo kg 672
kgBD 600
Dry content % 89.29
NaOH Charge % 1239
INa2S Charge % 3.02
|Sutticity % 20,00
S02 Charge % -
Na2SC3 Cnarge % -
Active Alkah charge as Na20 % 12.00
Effective Alkali charge as Na20 % 10,80
AQ charge % 0.05
Heatng up me mm 20
Cooking ime mn 240
0 Cooking temp. *C 15C_|
H Factor . 688
Kappa No 11,60 830 festedat TTD
Viscosiy mlg 880
Bnghiness % 420
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TABLE 31B

Physical properties: Sample: from Cook No PPO3 KAPPA= 11,60 |iested at TTD

[t PET mat KAPPA= 930

|Beating pont - 0 1 2 3 ) 1 2

PF1 revolutior: pm 1450 | 1450

rev. 7000 | 11000 | 8120
min 4831 759 | 560

|Freeness SR 43 68 50
L CSF 284 | 100 | 22¢
Drainage time s

Grammage gm? 75.00] 75.00 § 75.00
Thickness mm
{Density kg/m3 570 |1 610 581
Buik mkg

Streich % 2991 295 § 298
|Breaking length m 6537 | €511 § 6530
Burst strength kPa 290 | 396 f 320
LTeanng resistance miN 726 | 689 § 716
{MIC doutre told

Tensile mdex Nm/g 64,12] 63.87 § 64.05
rsurst index kPam?/g 387 528 § 426
Tear ndex mNmi/g 968 | 918 f1 954
Bendtsen porosity mimin 110 190 846
Bendisen smoothness mimin

Zero beaten pulp:

Fibre length Anthmetic average mm 1,18

Fibre length weighted average mm 1.63

Fibre d:ameter mm

Coarseness mg/m 0.104

Slenderness factor 15.7

Fibre zero span tensile km

fibre zero span stregth index Nm/g

Black liquor:
pH
Residua! alkah as Na2Q gl 2.6?
Viscosity at RPM
mPa.S
Dry sci:ds content of org hquor % 13.7?
Organic content of dry solids %
Inorganuc content of dry solids %
HHYV of dry solids kecalkg
kg _
Specihic grawvty g/cn?
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TABLE 32
Jute puiping Kraft-AQ pulping st 160°C 11,5% AA, 2h
Pilot plant: Central Pulp and Paper Research Institute
City: Saharanpur
Country: India
Conducted by:
Date: 27.4.1995
TABLE 32A
Unit
Raw material Jute
Quality of Fibre
Size of hbre mm 75
. Pulping data
Kraft
Pulping Process AQ
Cook No. PPO4
Type of aigester Pilot
Plant
Size m A4
Hydromodul 2.50
Raw matena! charge kg 448
kgBD 400
Dry content % 89.29
NaOH Charge % 11.87
ta2S Charge % 2,89
Sutfrcity % 20.00
S02 Charge % -
Na2S03 Charge % -
Active Alkal charge as Na20 % 11,50
Effective Aikah charge as Na20 % 10,35
AQ charge % 0.05
Heating up time min 90
Zooking time min 120
. Cooking temp R 160
H Factor - 1257
Kappa No. 14,10 1280 tested at TTD
Viscosity mug 1010
cps 78,00
Bnghtness % 41.80
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TABLE 32B
Physical properties: Sample: from Cook No PPO4 fiesied at TTD
KAPPA= 14,10 KAPPA= 12,80
with PF1 mill
Beating point - 0 0 1 2 3
PF1 revolution pm 1450 | 1450 1450 | 1450
rev. 2769 | 5263 [} 4000 | 8000 | 12000 } 4667 | 9053
min 000 | 276 | 552 | 828 | 322 | 624
Freeness SR 30 50 18 27 45 64 30 S0
CSF 428 224 633 470 266 125 428 224
Dramage time $
Grammage g/m? 60,00 | 60.00{ 75.00 | 75,00 { 75,00 ; 75.00 § 75,00 § 75.00
Thickness mm
{Density kg/m3 610 680 410 540 590 630 548 601
Bulk mkg
Stretch % 26 29 135 | 288 | 342 | 387 § 297 § 354
Breaking length m 6524 | 7238 | 2723 | 6244 | 7279 | 7916 | 6417 | 7447
Burst strength kPa 408 330 95 290 347 407 300 363
' Tearing resistance miN 660 696 825 9% 894 848 975 882
MID double fold
Tensile mdex Nm/g 64.00 | 71,00 § 267t | 61,26 | 71.40 | 77.66 § 62,95 § 75.05
Burst index kPam?3/g 6.80 5.50 1,26 3.87 4,63 5.43 4,00 4.84
Tear index mNmi/g 1100 ] 11.60§ 11.00§ 1321 ] 11,92 ] 1130 | 13.00 f 11,76
Bendisen porosity mi/min 3000 { 3000 629 177 2605 510
|Bendtsen smo.thness mimin
Zero beaten pulp:
Fibre length Anthmetic average mm 1.24
Fibre length weighted average mm 1.65
Fibre diameter mm
Coarseness mg/m 0.125
Slengemess factor 13.2
Dint cont ace. TAPPI mm?/m?3 168
Black liquor:
pH 11,95
Residual alkal as Na20 gh 6.24
Dry soids content of org iquor % 11,62
Organic content of dry solids % R.7
inorganic content of dry solids % 663
HHV of dry solids kcalkg 2044
' kikg 12324

Final Test Report Phase 1A Page 76




UNIDO / TRIBENI IVA

TABLE 33

Physicat properties of unbleachad pulp produced in the pliot plant with Kraft-AQ

pulping process prepared for blsaching tests

Messured at : Puip and Paper Institute, Ljubliana, Slowenia
Sample from Pilot plant test No. PPO4

Gt pulp sampile
with PFl mil
Beating point - 0 1 2 3
lPF1 revolution mpm § 1450 | 1450 | 1450 | 1450
rev. 0 2120 | 6850 | 8880 | 3971 7720
min 0,00 1.46 4,72 6,12 274 5,32
Freeness SR 15 b4 A4 58 30 50
CSF 706 5N 275 164 428 24
Grammage om* | 7930 | 7595 | 7484 | 7420 § 7552 § 7457
Thickness mm 0174 | 0,142 | 0.124 | 0,118 § 0,135 § 0,121
Density kgms § 456 | 535 | 60¢ | 620 | s62 § 615
. |Buik mkg § 2193 ] 1.869 | 1656 | 1.590 § 1,786 & 1,628
{Stretch % 18 ) 32 | 41 | 40 0 36 § 41
|Breaking length m ] 2152 | 6075 | 7818 | 780 § 6757 | 7814
|Burst sirength kPa f 104 | 264 | 364 | 386 § 303 | 374
Tearnng resista.ce mN 1260 | 1233 919 922 1310 920
Tensile index Nrmvg | 27,00 §{ 59.60 | 7669 | 76.60 § 66.29 R 76.65
{Burst index kPamygl 131 | 347 | 487 ] 520 § 401 | 501
Tear index mNma/gf 1589 | 1623 | 1228 | 1243 § 1470 § 1234
Zero buaten pulp:
Fibre length Arithmetic average mm 1.30
Fibr: length weighted average mm 1.65
Fibre diameter mm
Coarseness mg/m | 0165
Siendemess factor 100
Fibre fraction Bauer McNett:
retained on mesh 14 % 90.8
retained on mesh 30 % 20
retained on mesh 50 % 4.9
retained on mesh 100 % 15
ng through mesh 100 % 08
' Viscosity mig 968
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TABLE 34

Physics! properties of unbleached pulp produced in the pliot plant with Kraft-AQ

puiping process preparad for bleaching tests

Messured at : Pulp and Paper institute, Ljubliana, Slowenia
Sampie from Pilot plant test No. PPO4

Degraded puip sample
[with PR man
|Beating point - 0 1 2 3
1PFi revokution mpm | 1450 | 1450 | 1450 | 1450
rev. 0 4350 | 7250 | 11600 | 6042 | 9660
min 0,00 3.00 5,00 8.00 417 6.80
Freeness SR 16 23 k] 60 30 50
CSF 680 535 366 151 428 224
Grammage om 7345 | 7545 | 7297 | 7356 || 7342 | 722
Thickness mm 0,183 ] 0,137 | 0.119 | 0.158 § 0.127 § 0,142
Density kg/m? 434 515 605 681 563 651
{Buik mikg [ 2304 | 1810 ] 1530 | 1,468 | 1.647 § 1.493
{stretch % 10 | 25 | 29 { a3 § 27 [ 31
|Breaking tlengm m | 1497 | 3862 | 4525 | 4612 § 4249 | 4577
Burst strength kPa 56 177 198 214 189 208
Tearing resistance mN 838 -14) 643 562 738 534
Tensile index Nm/g § 1469 | 3789 | 4439 | 4524 § 41,68 § 4490
Burst index kPami/g] 0,76 235 275 2,91 2.58 2.85
Tear index mNm¥/g| 11,41 | 11,54 8,93 7.64 10.05 8,15
Bendisen porosity A/B side mi/min 363 0 218
Bendtsen smoothness A/B side mlmin 575 428 325 489 366
Scattering coetficient 237 216 217 214 217 215
Opacity % 9780 { 98.10 | 97,70 | 97.14 |t 97.87 § 97.36
Zero beaten pulp:
Fibre length Arithmetic average mm 1,13
Fibre length weighted average mm 1,55
Fibre diameter mm
Coarseness mg/m | 0.172
Slendemess factor 9.0
Fibre fraction Bauer McNett:
retained on mesh 14 % 85,1
relained on mesh 30 % 6.4
retained on mesh 50 % 2.0
retained on mesh 100 % 13
going through mesh 100 % 54
Viscosity myg § ee9
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10.4 Bench scale bleaching tests

TABLE40  CEH
TABLE41  C-EPH
TABLE42  O-C-EO-H
TABLE43  D-ED
TABLE44  O-D-EO-D
TABLE45  O-A-EOP-P
TABLE46  O-A-Z-P

TABLE 47 Summery of Bleaching tests for kraft-AQ Jute pulp
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TABLE 40
Bleaching of kraft-AQ Jute pulp
Laboratory: Pulp and Paper Institute
City: Ljubliana
Country: Slovenia
Conducted by: IVA, Linz AUSTRIA , Dipl.ing. Mohamed NAGA
Date: Mai-Jul 1995
Client: UNIDO, Vienna for Tribeni Mill
TABLE 40A _
TEST NUMBER
| Unit 1 2 3 4 | 5 6 r
lPqutng process Kraft- | Kraft- | Kraft- | Kraft- | Krat- | Kraft- | Kraft-
AQ AQ AQ AQ aQ AQ AQ
. IKappa No. unbleached 102 | 102 ] 102 | 102 [ 102 ]| 102} 96
Initial Brightness % ISO 44,90
Viscosity milg 1029 | 1029 | 1029 | 1029 | 1029 { 1028 | 1015
cps
Bleaching Sequence: CEH|CEH|{CEH| CEH|CEH| CEN| CEH
First Stage c c c c C c c
HCI Charge % .
Suttamic acid % 000 | 000 | 000 | 000 | 000 | 010 | ©.10
Chiorination factor 627 | 027§ 029 | 029 | 034 | 034 | 031
Active Chiorine app.ied % 2,80 2,80 300 | 300 | 350 3,50 3.00
Residwal Chiorine % 105 | 024 | 043 | 006 | 014 | 049 | 083
Active Chlorine consumed % 1,78 2,56 257 | 294 336 3,01 217
Temperature °C 20 35 35 0 30 30 30
Retention time min 30 30 45 45 45 45 45
Consistency % 3,00 3,00 3,00 300 ) 300 3.00 3,00
{pH start 210 | 200 | 180 | 180 § 180 | 200
pH end 3,30 2,30 224 225 | 180 1.80 2,00
Kappa 1.20
Viscosity mi/g 702
® =
Brightness % 1SO . 60,70
Second Stage E E E E | € E E
NaOH % 1,20 1,20 1,20 2,00 200 2,00 2,00
Temperature °C 60 60 60 70 70 70 70_|
Retention time min 90 90 90 80 | 120 120 120
Consistency % 10,00 § 10,00 ¢ 10,00 { 1000 | 10,00 § 1000 { 10,00
pH starnt 11,90 | 12,10 | 12,90 | 1250 { 12,45 | 1250 | 1140
pH end 11,60 | 11,20 | 11,50 | 1200 | 11,70 ] 1140 | 1120
Kappa 1,60 1,70 1,10 100 | <10 | 090
Viscosity mlg 632 556 951 1008 998 646
cps
Brightness % 1SO 5370 { 54,00 | 57,80 { 5460 | 56,70 | 62,80
Third Stage H H H H H H H
Sulfamic acid % 0,00 0.00 0,00 0,10 | 0,10 0,10 0,10
Active Chiorine applied % 1,00 | 100 | 150 | 100 ] 130 | 1,30 | 130
Residual Chiorine % 026 | 026 | 060 { 043 | 071 | 070 | 080
Active Chiorine c. ~sumed % 074 | 074 | 090 | 051 | 059 | 060 | 040
NaOH as Buffer % L
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Temperature *C 38 42 42 40 40 40 40
Retention time min 180 180 210 120 180 180 150
Consistency % 10,00 | 10,00 | 10,00 | 10,00 | 10,00 | 10.00 { 10,00
pH stant 1040 ] 1090 ] 10,70 { 1080 | 10,20 | 1140
EH end 7,720 8,90 8.20 930 | 10,13 ] 9,10 | 1090
Total Active Chlorine applied % 3,80 380 4,50 4,00 4,80 4,80 4.70
Total Active Chiorine consumed % 249 3.30 347 345 3.5 3,61 2,57
Final Brghtness % ISO 7790 | 7580 7550 | 7640 | 7740 | 79,70 | 82,80
Final Brightness corrected *% 1SO 7990 | 7780 | 7750 | 7840 | 7949 | 61,70 | 84,80
;lﬂm_ess revertion % 8,30
Viscosity mig 499 539 448 916 817 811 540
Classification of speks
>5 mm?| speks/m? 0,0
1,0-4,99 mm?| speks/m? 57.8
0,4-0.99 mm?| speks/m? 101,0
0.15-0.39 mm?| speks/m? 231.0
Dirt cont acc. TAPPI mm3/m? 305,68
. Fiber fraction Bauer McNett:
retained on mesh 14 % 83,10
retained on mesh 30 % 7.90
retained on mesh 50 % 2,00
retained on mesh 100 % 0,30
going through mesh 100 % 6,70

* Bleaching tests at OHFI, Vienna
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Residua! Chlorine % 0.67 0.00 0,40 0,73 1,03
Active Chiorine consumed % 0.33 0,70 0,30 0.57 027
NaOH as Buffer %

Temperature c 38 42 42 40 40
Retention time min 180 180 180 180 180
Consistency % 10,00 | 10,00 | 10,00 § 10,00 { 10.00
pH stant 11,50 | 10301 1060 | 1000 { 1130
lgH end 1130 | 860 9,20 915 | 1080
Total Active Chiorine applied % 3,80 3.50 3,70 4,80 4,30
Total Active Chilorine consumed %o 2,14 321 2.78 3,39 261
Final Brightness % ISO 78,50 § 75,70 | 77,80 | 8160 | 85,00
Final Brightness comrected % 1SO 80,50 | 81,70 | 79,80 | 83,60 | 87.20
Brigness revertion % 6.80
Viscosity mlg 670 966 480 854 517
Classification of speks ISO
>5 mm?] speks/m? 0.0
1,0-4.99 mm?| speks/m? 43,0
0.4-0,.99 mm?| speks/m? 43,0
0.15-0,.39 mm?| speks/m? 535.0
Dirt ce.it acc. TAPPI mm3/m2 3031
Fiber fraction Bauer McNett:
retained on mesh 14 % 81,70
retained on mesh 30 % 7.70
retainec on mesh 50 % 1,90
refained on mesh 100 % 0.70
going through mesh 100 % 8,00
* Bleaching tests at OHFI, Vienna
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TABLE 41B
Ssmple: from test no. 4
Physical properties: Unit
with PFI mill
Beating point - 0 1 2 3
PFl revolution pm 1450 1450 1450 1450
rev. 0 4930 | 8015 | 11900 | 5694 | 9715
min 000 | 343 553 | 821 3,93 6.70
Freeness SR 15 26 43 59 l 0 S0
CSF 706 485 284 157 420 224
Grammage g/ 75.16 | 7595 | 7723 | 7635 § 7625 | 76,85
Thickness mm 0,161 { 0,131 | 0,123 | 0,112 ] 0,129 § 0.118
Density kg/m> 467 | 580 | 628 | 682 § 591 § 652
Bulk kg  § 2141 | 1,724 | 1592 | 1466 § 1,693 § 1.537
Stretch % 1.7 3.1 35 43 I 32 3.9
Breaking length m 2212 ] 5158 | 6035 | 7004 § 5364 f 6459
Burst strengin kPa 102.0 | 254.0 | 3050 | 323¢ | 266.0 § 313.1 |
Tearing r:sistance mN 1133 | 1085 | 1050 92¢€ 1077 996
MID doutre fold 7 829 1438 1046 972 1267
Tensile index Nm/g 21,70 | 5060 | 59,20 | 68.71 {f 52,62 § 63,36
Burst index kPam?/g 1,36 2,70 3,95 4,24 3,49 4.07
Tear mdex mNm3/g 15,14 1429 | 1360 | 1213 )| 1412 || 1296
Bendtsen porosily mi/min 493751 15625 - 346,09
Bendtsen smoothness mi/min 918,75 ) 568.75] 493,75 312,50} 551,10}] 414.45
Scattering coefficient m3/kg 25,06 | 2447 | 2537 | 2537 || 2468 §§ 2537
Opacity % 80.67 | 80,98 | 83.53 | 84,19 || 81,58 || 83,82
Zero beaten pulp: 1 2 avera
Fibre length Anthmetic average mm 1,240 | 1,240 | 1,240
Fibre length weighted average mm 1,65 1,66 1.66
Fibre diameter mm 0,030 § 0,030 | 0,050
Coarseness mg/m 0,106 | 0.106 | 0,106
Slenderness factor 15,6 15,7 15,6
Fibre zero span tensile km 8,16
fibre zero span stregth index Nm/g 80.0
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TABLE 41C
Sample: from test no. L
Physical properties: Unit !
with PFI mill
Beating point - 0 1 2 3
PF1 revolution pMm 0 1450 § 1450 | 1450
rev. 0 3530 | 7000 | 9000 § 3500 | 6192
min 0,00 241 4,83 6,21 241 427
Freeness SR 16 30 56 72 30 50
CSF 680 428 178 78 428 224
Drainage time S
Grammage _gm? 7240 | 73,10 | 7230 | 7360 § 7310 § 72.72
Thicknes. mm 0165 | 0,128 | 0,117 } 0,111 § 0,128 § 0,120
Density __kg/m? 440 570 620 660 570 608
Bulk m¥kg 2270 J 1,750 ] 1,610 | 1,520 § 1,750 § 1.642
Stretch % 164 | 304 | 349 | 315 § 3.04 3.39
‘ Breaking length m 2180 | 5090 | 5970 | seoo § 5090 | 5767
Burst strength kPa 795 { 2452 | 2781 | 2923 § 2452 || 2705
Tearing resistance mN 513 649 588 529 649 602
MID double fold 4 186 320 248 186 283 ¢
Tensile index Nmv/g 21,39 | 49,93 | 58,57 | 56.90 |} 49.93 }i 56.57
Burst index kPam?/g 1,0 | 3,70 | 385 ] 397
Tear index mNm?/g 7.09 8.88 8,13 7,19
Bendtsen porosity vL/min 3000 | 2730 400 220
Bendtsen smoothness mimin ) 915 | 525 | 325 | 235 W 525 § an
Scattering coefficient mkg | 224 | 274 | 296 | 290 || 27.4 || 29.11
Oyacity % 7299 | 8270 | 313 | 8519 || 8270 || 83.03
Zero beaten pulp: )
Fibre length Arithmetic average mm 1,150
Fibre .ength weighted average mm 1.60
Fibre diameter mm
Coarseness mg/m 0,106
Slendemess factor 15,1
Fibre zer0 span tensile km 16,20
. Fibre zero span stregth index Nm/g 158.9
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TABLE 42
Bleaching of kraft-AQ Jute pulp
Laboratory: Pulp and Paper Institute
City: Ljubliana
Country: Slovenia
Conducted by: IVA, Linz AUSTRIA , Dipl.ing. Mohamed NAGA
Date: Mai~Jul 1995
Client: UNIDO, Vienna for Tribeni Mill
TABLE 42A _
TEST NUMBER
Unit 1 2 3 4
Pulping process Kraft-AQ | Kraft-AQ | Xraft-AQ | Kraft-AQ
Eappa No. unbleached 102 10,2 10,2 10,2
initial Brightness % ISC
Viscosity ml/g 1029 1029 1029 1029
cps
Bleaching Sequence: OCEOH|OCEOHIOCEOH|OCEOH
First Stage o 0 o] o
NaOH % 1.50 1,50 1,50 2.00
MgSO4 % 0.5¢ 0,50 0.50 0,10
Oxygen pressure ko/em? 4,00 4.00 6.00 6.00
Temperature °C 90 90 95 95
Retention time min 60 6C 60 60
Consistency % 10.00 10,00 10,00 10,00
p starnt 12.00 12,10 12,20 12,40
LpH end 10.90 11,00 19,50 10,90
».appa 7.80 7.80 7.80 7.80
1Viscosity mi/g
cps
Brightness % 1SO
Second Stage C C c C
HCI Charge %
Sulfamic acid % 0,00 0.00 0.00 0.10
Chlorination factor 0.20 0.20 0.21 0,25
_A-cﬁve Chlorine applied % 1.56 1,56 1.64 1,95
Residual Chlorine % h.14 014 0,30 0,39
Active Chiorine consumed % 1,42 1,42 1,34 1,56
Temperature *C 20 35 35 Y
Retention time min 30 0 45 45
Consistency % 3,00 3.00 3,00 3,00
pH stan 2,00 2,10 2,10 1,80
pH end 2,13 2,40 2,50 1,80
anpa
Viscosity g
cps
Bnghiness % SO
Third Stage E/O E/O €/0 E/Q
NaOH % 1,00 1,00 1,00 1,50
Oxygen pressure kg/cm? 2,50 2.50 2.50 250 |
Temperatuie *‘C 80 70 6n 70
Retention time min 60 90 &0 €0
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|consistency % 1000 | 1000 | 1000 | 1000
pH start 12,10 12,00 12,10 12,20
pH end 10,30 11,00 10,70 1120
Kappa 0,70 0,34
Viscosity mi/g 591 903
cps
Brightness % ISO 68,90 68,00 73,20
Forth Stage H H H H
Sultamic acid % 0,10
Active Chionne applied % 1,00 0.70 1.50 1,00
Residua! Chlorin: % 0.73 0.28 0,81 0,51
Active Chionin~ _onsumed % 027 0,42 0.69 0.49
NaOH as Sutter %
Temperature °C 40 42 42 40
Retention time min 180 180 210 180
Consistency % 10,00 10,00 10.00 10,00
pH stan 10,10 10,40 10,70 9.90
{pH end 890 | 89 950 | 8.0
| Total Active Chiorine applied % 2,56 226 3,14 2,95
Total Active Chlonne cqnsumed % 1,69 1,84 2,03 2,05
Final Bnghtness % SO 80,50 79,00 79,10 83.00
F:nal Brightness corrected % I1SO 82,50 81,00 81,10 85,00
Brigtness revertion % 4.3
Viscosity mlig 756 583 473 792
Classification of speks ISO
>S5S mm?| speks/m? 0,0
1,0-4,92 mm?| speks/m?2 72,0
0,4-099 mm?| speksm? | 430
0.15-0,39 mm?| speks/nd 376,0
Dirt cont acc. TAPPI mma/m@ 7,0
Fiber fraction Bauer McNett:
retained on mesh 14 % 92,40
retained on mesh 30 % 4,40
refained on mesh 50 % 1.40
retained on mesh 100 % 0,20
going th-ough mesh 100 % 1,60
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TABLE 42B
Sample: from test no. 4
Physical properties: Unit
with PF1 miil
Beaiing point - 0 1 2 3
PFI revolution pm 1450 1450 1450 1450
ev. 0 5000 7960 11471 6184 | 11470
min 0.00 345 549 7,91 4,26 7,91
Freeness SR 16 24 33 50 0 50
CSF 680 517 323 224 428 224
Grammage g/m? 7762 | 7675 76,19 { 7619 §7653) 76190
Thickness mm 0176 | 0136 | 0122 | 0117 fo130f 0,117 }
Dens.ty kg/m? 441 564 625 651 568 | 651
Suik m/kg 2267 1,773 1.600 1,536 1,704 § 1,536
Stretch % 1.6 3.3 3,9 40 3.5 40 |
8reaking length m - 2028 5083 5613 5963 f 5295 ¥ 5963
Burst strength kPa 824 2471 300,5 312.8 08,5 )y 3128
Tearing resista xce mN 960 1070 956 900 1024 §§ 900
MID double fold 4 447 1390 1392 824 1392
Tensile index Nm/g 19,89 49,86 55,06 58,50 I 51,94 ff 58.50
Burst index kPam?/g 1.06 370 3.94 4,11 3.51 4 L
Tear index mNn¥/g 12,37 13,94 12,55 11,81 13.39 | 11.8%
_Bendtsen porosity mi/min 715,65 281,30 || 3000 |} 281,30
Bendlsen smoothness mi/min 956,25 478,15 387,50 362.50 {} 441,89}i 362 50
Scattering coefficient mkg 26.10 24,74 25.20 25,41 2492 || 2541
Opacity % 80,44 24,31 82,12 82,76 81,03 {| 82,76
Zero beaten pulp: 1 2 3 average
Fibre length Arithmetic average mm 1210 1210 1,210 1210
Fibre ‘ength weighted average mm 1.€2 1,62 1.63 1,62
Fibre diameter mm 0.030 0,050 0,030 0,030
Coarseness mg/m 0,144 0,146 0,149 0,146
Slenderness factor 113 1.1 10,9 111
7ibre 2er0 span tensile km 5.21
fibre zero span stregth index Nm/g 51,1
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TABLE 43
Bleaching of kraft-AQ Jute pulp
Laboratory: Pulp and Paper lustitute
City: Ljubliana
Country: Slovenia
Conducted by: IVA, Linz AUSTRIA , DipLing. Mohamed NAGA
Date: Mai-Jul 1995
Client: URIDO, Vienna for Triben: Mill
TABLE 43A _
TEST NUMBER

Unit 1 Fad 3 4 5 6 T

Pulping process Kraft- | Kraft- | Kraft- | Kraft- |} Kraft- | Kraft- | Kraft-
AQ AQ AQ AQ AQ AQ AQ

Kappa No. unbleached 1C2 10,2 10,2 10,2 10,2 9.6 9,6
In'tial Brightness % ISO 44,90 | 4490
Viscosity mlg 1020 | 1029 | 1029 | 1029 | 1029 | 1015 | 1015
Bleaching Sequence: DED! DED| DED | DED | DED| DED | DED
First Stage . DO DO Co DO DO DO DO
HCI Charge %
| Sulfamic acid % 000 { 000 | 000 | 0,10 | 00 | 000 0,00
Criorination factor 027 | 027 0.34 0.25 0,25 .31 0,31
Active Chiorine applied % 280 | 2,80 | 350 255 | 255 | 3,00 | 3,00
Residual Chlorine % 0,22 6,27 1,74 0,70 0,93 0,01 0.01
Active Chiorine consumed % 2,58 2,53 1,76 1,85 1,62 2,99 2.99
Temperature *C 65 60 60 60 60 60 60
Retention time min 35 35 60 60 60 60 60
Consistency % 10,00 | 10,00 | +0,00 } 10,00 | 10,00 | 10,00 | 10,00
pH start 200 , 200 | 350 300 | 320
pH end 2,10 650 | 236 2,15 2.82 260 | 240
Kappa 3.40 3.20
Viscosity ml/g 1013 | 1010

cps
Brighiness % ISO 68.80 | 70,70
Second Stage E E E E E E E
NaOH % 1,20 1,20 1,20 200 | 200 | 200 § 200
Temperature *C 60 90 60 70 70 70 70
Retention time min 80 60 90 120 120 120 120
Consistency o 0,00 | 10,00 } 10,00 | 10,00 { 1000 | 10.00 | 10,00
pH start 1230 | 12,10 ] 12,10 | 1230 § 1225 | 1160 | 11,30
pH end 11,90 § 11801 11801 1150 | 11,80 | 11,30 | 11,00
Kappa 4,80 320 | 290
Viscosity mi/g 972 973 961 989 982

cps
Brightness % 1SO 59,80 { 63,50 | 69,00 { 70,30 | 70,80 | 71,80
Third Stage D1 D1 D1 D1 D1 (22 01
Sulfamic acid % 0,00 0,00 0.00 0,10 ] 010 | 000 | €,00
Active Chlorine applied % 1,00 1,00 1,50 2,00 | 200 5,30 250
Residual Chlorine % 0.16 0,12 0,24 0.03 0,30 0.09 0,08
Active Ch'orine consumed % 0,84 0,88 1,26 1,97 1,70 5.21 242
NaOH as Buffer %
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Temperature *C 70 70 70 75 75 70 70
Retention time min 150 180 210 210 210 180 180
Consistency % 10,00 § 10,00 | 1000 | 10,00 | 10,00 { 10,00 | 10.00
pH start 3,00 3,40 3,78 3.80 4,3C 6.00
pH end 3.30 720 3,80 233 2.60 2,60 3,80
Total Active Chlorine applied % 3.80 3.80 5,00 4,55 4,55 8,30 5.50
Total Active Chlorine consumed % 3,42 3,41 3,02 3,82 3,32 8,20 541
Fina! Brightness % 1SO 7760 | 7330 | 7720 | 78,80 § 78,00 { B350 | 85,80
Final Brightness cormected % ISO 79,60 { 75,30 | 79,20 { 80,80 | 80ONO | 8580 ) 87,00
Brigtness revertion %

Viscosity ml/g 962 642 973 941 936 935 937
|Fourth Stage D2
Suttamic acid % 0,10
Active Chlorine applied % 1,00
Residual Chlorine % 0.53
Active Chlorine consumed % 047
NaOH as Buffer %
Temperature *C 75
Retention time min 150
Consistency % 10.00
pH stan 3,70
pH end 3.56
Total Active Chiorine applied % 5.55
Total Active Chlorine consumed % 4,29
Final Bright.1ess % ISO 81,70
Finai Brightness corrected % 1SO 83.70
Brigtness revertion % 3,30
Viscosity ml/g 925
Ctassification of speks ISO
>5 mm?| speks/m? 0,0
1,0-4,99 mra?] speks/m? 32,0
04-0,99 mm?| speks/m? 127,0
0,15-0.39 mm?| speks/m? 382,0
Dirt cont acc. TAPPI mm?/m? 287.2
Fiber fraction Bauer McNett'
retained on mesh 14 % 87.50
ietained on mesh 30 % 4,40
retained on mesh 50 % 240
retained on mesh 100 % 0,10
going through mesh 100 % 5,60

* Bleaching tests at OHFI, Vienna
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TABLE 43B
Sample: from test no. 4
Physical properties: Unit
with PFI mill
Beating point - 0 1 2 3
PF1 revolution pm 1450 | 1450 | 1450 | 1450
rev. 0 5400 8000 | 11300 | 6050 | 11300
min 0.00 372 §| 552 7,79 417 7.79
Freeness SR 14 7 39 50 0 i 50
CSF 733 470 323 224 428 224
Grammage g/m? 7396 | 7396 § 7452 | 7388 ] 7410 § 73,88
Thickness mm 0165 | 0,125 | 0118 ]| 0.114 § 0.123 § 0.114
Density kg/m? 4482 | 5916 | 6315 | 648,1 § 6016 § 6481
Bulk mifkg 2231 | 1690 § 1583 | 1543 1.seal 1,543
Stretch % 1.5 3.3 4,0 40 3.5 4.0
Breaking length m 2100 | 5142 | 6523 | 6688 || 5487 B 6688
Burst strength kPa 745 | 2775 1 3128 | 3197 f{ 2863 § 219.7
Tearing resistance mN 790 1172 | 1066 990 1146 990
MiD double fold 3 1223 | 1279 | 1463 J| 1237 H 1463
Tensile index Nm/g 20,60 | 5044 | 63,99 | 6561 f| 53.83 § 65,61
Burst index kPam?/g 1.01 3.70 4,20 4,33 3,86 433
Tear index mNm?/g 10,68 | 1585 | 1430 | 1340 || 15.46 |, 13.40
Bendtsen porosity mi/min 638 400 - 400
Bendtsen smoothness mi/min 918,50 | 488,00 | 406,50 | 350.00 }| 467,63 }| 350.00
Scattering coefficient mikg f§ 2326 | 2386 | 24,28 | 24,45 It 23,96 | 24.45
Opacity % 78,88 | 8130 | 82,08 | B254 || 81,49 || 82,54
Zero beaten pulp: 1 2 average
Fibre length Arithmetic average mm 1,180 | 1,200 | 1,185
Fibre length weighted average mm 1,60 163 | 1615
Fibre diameter mm 0,030 | 0,030 | 0,030
Coarseness mg/m 0,110 } 0,108 |{ 0,109
Slenderness factor 14,5 15.1 14.8
Fibre zero span tensiie km 6,36
fibre zero span stregth index Nm/g 62,4
* Bleaching tests at OHFI, Vienna
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TABLE 43C
Sample: from test no. r
Physical properties: Unit
with PFI mill
Beating point - 0 1 2 3 4
PFI1 revolution pm 0 1450 1450 1450 1450
rev. 0 3500 §{ 7500 | 12000 | 14500 | 473t | 9750
min 0,00 | 241 517 | 828 | 1000 ] 326 | 672
Freeness SR 16 26 32 61 71 30 50
CSF 680 485 323 144 83 428 224
Drainage time s
Grammage g/m? 71,80 | 7200 | 7200 | 71,70 | 7230 f| 72,00 § 71,85
Thickness mm 0163 | 0129 § 0,118 § 0,112 |1 0,108 §§ 0,126 § 0,115
Density __kg/m? 440 | s60 | 610 | 640 | 670 B 575 | 625
Butk mkg 2270 § 1,790 | 1,640 | 1.560 | 1,430 ) 1,744 || 1,600
Stretch % 1,87 3,01 3,31 3.67 3,84 3.10 3.49
Bceaking length m 2130 | 4850 | 6320 | 6660 | 7000 ]| 5302 J 6490 Jf
. Burst srrength kPa 81,05 | 244,96 | 326.40 | 343,61 | 356.30{f 270,02 335,01 ||
Tearing resistance mN 868 | 1071 | 883 | @864 | 795 J| 1013 || 874 §
MID double fold 4 237 | 1317 | 1046 | 1502 )| ses J 1182 |
Tensile index Nm/g 2090 | 4758 | 62,00 | 6533 | 68,67 ]| 52.02 )} 63.67
Burst index kPam?/g 1,13 3,70 453 4,79 4,93 3,75 4,66
Tear index mNm?2/g 12,09 | 1488 | 1226 | 1205 | 11.00 | 1407 || 1216
Bendisen porosity mi/min 3000 | 3000 } 1320 § 305 160 2483 465
Bendisen smoothness mi/min 920 475 390 300 270 449 345
Scattenng coefficient m2/kg 24,08 | 2346 | 2755 | 29,97 | 29.16 | 24,72 || 28.76
Opacity % 80,57 | 79,18 | 81,78 | 83,87 | 8535 || 79.98 | 82,83
Zero beaten pulp:
Fibre iength Arithmetic average mm 1,100
Fibre length weighted average mm 1,56
Fibre diameter mm
Coarseness mg/m 0,106
Slendemess factor 14,72
Fibre zero span tersile km 17,00
Fibre 2er> span stregth ir-Jex Nm/g 166,8
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TABLE 44
Bleaching of kraft-AQ Jute pulp

Laboratory: Pulp and Paper Institute

City: Ljubliana

Country: Slovenia

Conducted by: IVA, Linz AUSTRIA , DipLing. Mohamed NAGA

Date: Mai-Jul 1995

Client: UNIDO, Vienna for Tribeni Mill

TABLE 44A

TEST NUMBER

| Unit 1 2 3

[Pulping process Kraft-AQ | Kraft-AQ ! Kraft-AQ

Kappa No. unbleached 10.2 10,2 10,2
‘ Initial Bngitness % ISO

Viscosity mi/g 1029 1029 1029

Bleaching Sequence: ODEOD|ODEOD|ODEOD

|First Stage 0 [ o

NaOH % 1,50 1,50 2,00

MgSO4 % 0.50 0,50 0.10

Oxygen pressure kg/cm? 6.00

Temperature *C 90 20 95

Retention time min 60 60 60

Consistency % 10,00 10,00 10,00

{pH start 12,00 11,90 12,40

{pH end 1060 | 1060 | 11,00

Kappa 7,80 7.80 7.50

Viscosity mYg 953.00

cps

Brightness % 1SO

Second Stage DO DO D0

HCI Charge %

Sulfamic acid % 0,00 0.00 0.10
' Chlorination factor 0.20 0.20 0.26

Active Cnlorine applied % 1.56 1,56 1,95

Residual Chiorine % 0,48 0,38 0.73

Active Chlorine consumed % 1,08 1,18 122

Temperature °C 65 60 60

Refention time min 60 80 60

Consistency - % 10,00 10,00 10,00

pH stan 2,00 2,00 2,00

{pH end 3,20 3,10 2,18

Kappa

Viscosity mi/g

cps

Brightness % 1SO

Third Stage E/O E/O E/0

{NaOH % 1,00 1.00 1,50

Oxygen pressure kg/cm? 2,50 2,50 2,50

Temperature *C 90 70 70

Retention time min 60 80 60
. Consistency % 10,00 10,00 10,00
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pH start 12,00 11,90 12,30
pH end 10,60 10,70 11,40
Kappa 3,30 520
Viscosity mi/g 616,00 915,00

cps
X % 1SO 66,00 68,00 7430
Forth Stage D1 D1 D1
Sutfamic acid % 0,10
Active Chionne applied % 1,00 2,00 2,00
Residual Chlorine % 0.10 0,13 0,00
Active Chiorine consumed % 0,90 1.87 2.00
NaOH as Buffer %
Temperature *C 70 75
Retention time min 150 210
Consistency % 10,00 10,00
pH stant 4,00 4,03
pH end 4,10 240
Tota! Active Chiorine applied % 2,56 3.56 3.95
Total Active Chlorine consumed % 1.98 3,05 3,22
Final Brighiness % ISO 78,30 77,50 82,40
Final Brighiness corrected % I1SO 80.30 79.50 84,40
Brigtness revertion %
Viscosity ml/g 924 821
cps
Fourth Stage D2
Suttamic acid % 0.10
Active Chiorine applied % 1.00
Residual Chlorine % 0.50_ |
Active Chlorine consumed % T d
NaOH as Buffer %
Temperature *C 75
Retention time min 150
Consistency % 10,00
pH stan 3,80
{pH end 370
Total Active Chiorine applied % 4,95
Total Active Chiorine consumed 3.72
Final Brightness % 1S0 82,70
Final Brighiness corrected % 1SO 84,70
Briginess revertion % 6.50
Viscosity mVg 811
Classification of speks ISO
>5 mm?| speks/m? Cc.0
1,0-4,99 mm?}  speks/m? 48,0
0,4-0,99 mm?| speks/m? 96,0
0,15-0,32 mm?| speks/m? 303,0
Dirt cont acc. TAPPI mm3/m? 2923
Fiber fraction Bauer McNett:
refained on mesh 14 % 9170 .
retained on mesh 30 % 5,20
refained on mesh 50 % 0.80
refained on mesh 100 % 0,20
going through mesh 100 % 2,10
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TABLE 44B
Sample: from tast no. 3

Physical properties: Unit
with PF1 mél
Beating point - [ 1 2 3
PFI revolution pm 1450 1450 1450 1450

rev. [ 4900 6680 9500 | soes | 9688

min 0.00 338 461 6,55 412 | 668
Freeness SR 15 24 34 49 330

CSF 706 517 ars 232 428
Grammage _gm? 7460 | 7611 7603 | 68.79 § 76,06
Thickness mm 0166 | 0132 | 0123 | 0.106 § 0,127
Density kg/m? 449 577 618 649 602
Bulk mkg 2227 1,733 1,618 1541 § 1,664
Stretch % 15 34 37 39 36
Breaking length m 1917 5300 5994 6597 N 5716
Burst strength kPa 814 2537 | 3052 | 23195 § 2846

‘ Tearing resistance mN 776 1267 1053 825 1137 § 810

MID double fold a 933 1053 1093 N 1005 [ 1096 §
Tensile index Nm/g 1881 | 5199 | 5880 | 6472 | 56,08 GS.LI
Burst index kPam?/g 1,09 370 401 464 374 J| 469
Tear index mNm2/g 10.40 16.65 13,82 1199 || 1495 || 11.86
Bendtsen porosity mi/min 944 338 3000 | 298
Bendtsen smoothness mi/min 866.00 | 60050 | 431,50 | 313.00 } 499,10} 305.10
Scattering coefficient ma/kg 24.03 24,54 25,01 211 || 2482 ‘
Opacity % 7856 | 8043 | 8174 | 8023 | 8121 || 8012
Zero beaten pulp: 1 2 avirage |
Fibre length Arithmetic average mm 1,200 1,200 1270 |
Fibre length weighted average mm 1,62 1.60 1,610
Fibre diameter mm
Coarseness mg/m 0,121 0.125 0,123
Slenderness factor 134 128 13,1
Fibre zero span tensile km 5.97
fibre zero span stregth index Nm/g 58.6
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TABLE 45
Bleaching of kraft-AQ Jute pulp
Laboratory: Pulp and Paper Institute
City: Ljubliana / Vienna*
Country: Stovenia / AUSTRIA®
Conducted by: VA, Linz AUSTRIA , Dipl.ing. Mohamed NAGA
Date: Mai-Jul 1995
Ciient: UNIDO, Vienna for Tribeni Mill
TABLE 45A
TEST NUMBER
I Unit 1 3 3
Pulping process Kraft-AQ | Kraft-AQ | Kraft-AQ
Kappa No. unbleached 10.2 9.6 102
’ Initial Brightness % ISO 44,90
Viscosity milg 1029 1015 1029
cps
Bleaching Sequence: OAEOPPIOAEOPP|OQEOPP
First Stage o o )
NaOH % 1,50 1,50 1,50
MgSO4 % 0.50 0.50 0,10
Oxygen pressure kg/cm? 6,00 6.00 6,00
Temperature *C 95 95 95
Retention time min 60 60 60
Consistency % 10,00 10,00 10.00
pH start 11.90 11,10 12,40
pH end 10,80 11,40 11,60
Kappa 7.80 6,60 7.50
Viscosity ml/g 953 944
cps
Brightness % 1SO 56,60
Second Stage A A Q
‘ HCI Charge %
DTPA % 0.00 0,20
H2S04 So
Temperature < 70 70 70
Retention ime min 60 60 60
Consistency % 10,00 10,20 10,00
pH start 2.00 2,00 5-55
pH end - 220 2,20 5,32
Kappa
Viscosity m/g
cps
Brightness % 1S 58,70
| Third Stage EOP EOP EOP
NaOH N % 2,00 1,50 1,00
Peroxid applied . % 3.00 3,00 2.00
Residual peroxid % 0,00 0,01 0.21
Peroxid consumed % 3,00 2,99 1,79
OTPA % 0.20 0.20
EDTA % 0,03
. MgSO4 % 0,05 0.20 0,20
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[H2s04 %
Oxygen pressure kg/cm? 400 4,00 4,00
Temperature *C 95 85 85
Retention time min 15/150 15/150 15120
Consistency % 10.00 10,00 10.00
pH start 11,30 10,90 11,04
pH end 11,10 10,80 10.99
Kappa 3.00 5,10 6.60
Viscosity mlg 389 562 875
cps
| Brightness % I1ISO 69,10 79,20 72,30
Forth Stage P P P
NaOH % 1,00 0,50 1.00
Peroxid applied % 1,00 1,00 2,00
Residual peroxid % 0,65 0,02 1.04
Peroxid consumed % 0.35 0,98 0,36
DTPA % 0.20 0,20
. EDTA % 0.03
MgSO4 % 0.05 0.20 020
H2504 %
Oxygen pressure kg/cm?
Temperature *C 90 90 90
Reterntion time min 180 180 180
Consistency % 10 00 10,00 10.00
pH stant 11,60 9,80 11.50
pH end 11,20 10,10 11,40
Final Bnghtness % 1SO 78,20 82,70 75.90
Fina! Brightness corrected % 1SO 80.20 84.70 77.90
Brigtness revertion % 7.40
Viscosity mi/g 386 550 869
Classification of speks 1SO
>S5S mm?| speks/m? 0.0
1,0-4,99 mm?] speks/m? 0.0
0.4-0,99 mm?| speks/m? 87,0
0.15-0.39 mm?| speks/m? 361.0
‘ Dirt cont acc. TAPPI el 157.9
Fiber fraction Bauer McNeft:
retained on mesh 14 % 90,80
retained on mesh 30 % 4,10
retained on mesh 50 % 1,10
retained on mesh 100 % 0,90
going through mesh 100 % 3,10

* Bieaching tests at OHF., Vienna
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TABLE 45B
Sample: from test no. 3
Physical properties: Unit
with PFI mill
|Beating point - 0 1 2 3
[PFi revolution pm 1450 1450 1450 1450
fav. 0 5440 8080 12060 | 5440 | 9141
min 0,00 3,75 557 8.32
Freeness SR 15 30 46 61
CSF 706 428 257 14¢ |
Grammage gin? 7221 75.24 7548 | 7627 j 75.24
Thickness mm 0,159 0,122 0,117 0,111
Density kg/m® 454 616 645 687
Bulk mkg 2.202 1,623 1,550 1,455
Stretch % 1.6 3.7 4.0 44
Breaking length m 1929 6428 6687 7584
Burst strength kPa 69.60 322,60 326,50 356,00
Tearing resistance mN 692 994 886 880
MID double fold 3 1801 1834 1655
Tensile index Nm/g 18,92 63,06 65.60 74,40
Burst index kPam?3/g 0.96 4,29 433 4,67
Tear index mNm?/g 958 1321 11,74 11.54
Bengtsen porosity mi/min 3688 1188
Bendtsen smoothness mi/min 956.30 409 41 396,90 281,30
Scattering coefficient makg 23.01 22,92 23,12 2261 § 2292 § 2299
Opacity % 81.54 81,91 82,66 8282 || 8191 § s2.70
Zero beaten pulp: 1 2 3 average
Fibre length Arithmelic aserage mm 1,210 1,220 1,230 1220
Fibre length weighted average mm 1.63 1.65 1,66 1,647
Fibre diameter mm
Coarseness mg/m 0.120 0,113 0,115 0,116
Slenderness factor 13,6 146 143 14,2
Fibre 2er0 span tensile km 6.50
fibre zero span st-egth index Nm/g 63,8
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TABLE 46
Bleaching of kraft-AG Jute pulp
Laboratory: Pulp and Paper Institute
City: Ljubliana / Vienna*
Country: Slovenia / AUSTRIA®
Conducted by: IVA, Linz AUSTRIA , DipLing. Mohamed NAGA
Date: Mai-Jul 1995
Client: UNIDO, Vienna for Tribeni Mill
TABLE 46A
TEST NUMBER
Unit 1 P4l I
Pulping process Kraft-AQ| K:aft-AQ] Kraft-AQ)
{Kappa No. unbleached 102 96 96
Initial Brightness % ISO 4490 | 4490
‘ Viscosity ri/g 1029 1015 1015
ps
Bleaching Sequence: OAZP{OAZP|OQ2ZP
First Stage 0 o o
NaOH % 1,50 1,50 1,50
MgS04 % 0.50 0.50 0,50
Oxygen pressure kg/en? 6,00 6.00 6,00
Temperature *C 95 95 95
Retention time min 60 60 60
Consistency % 1000 | 10050 | 1000
pH stant 1200 | 1120 ] 1120
‘BH end 10,50 11,00 11,00
Kappa 7,40 7.30 7.20
Viscosity mi/g 953 935 932
cps
Brightness % 1SO 58,10 | 58,10
Second Stage A A Q
HCI Charge %
‘ NaOH %
EDTA % 0,50
MgSO4 %
H2504 %
Teinperature *C 70 70 70
Petention time min 60 60 60
:Consistency % 1000 | 1000 | 000
pH start 2,00 200 | 520
pH end 220 2,00 5,40
Kappa 6.80 6.50
Viscosity ml/g 929 968 |
°ps
Brightness % ISO 5580 | 6080 | 61.60
Third Stage Z Z z
HCI Charge %
NaOH %
O3 applied % €.50 0,61 0,88
03 Residual % 0,23 033
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03 consumed % 0,38 0.55
DTPA %

MgSO4 %
H2504 %
Temperature *C 40 50 50
Retention time min 5 5
Consistency % 20,00 { 10,00 { 10,00
pH start 2,00 2.00
pH end 2,00 2,00
Kappa 5,30 0,70 0.50
Viscosity miig 883,00 | 683,00 | 658,00
ops
Brightness % 1SO 5920 | 75,50 | 76,50
|Forth Stage P P P
InaoH % 150 | 150 | 150
Peroxid app'ied % 2.50 3,00 3.00
Residua! peroxid % 1.36 1,36 0,01
Peroxid consumed % 1,14 1,64 2,99
DTPA % 0.03 0.20 0,20
MgSO4 % 0.05 0.20 020
H2504 %
Temperature ‘C 90 90 80
Retention time min 180 180 180
Consistency %o 10,00 10,00 10.00
pH start 1090 | 10.10 { 10,60
pH end 10.40 10.60 | 10.70
Fina! Bnghtness % 1SO 76,10 | 8480 | 8730
Final Brightness corrected % 1SO 78,10 { 86.80 | 89,30
Brigtness revertion %
Viscosity mi/g 800 584 525
Classitication of speks ISO
>5 mm2| speks/m?
1,0-4,.99 mm?| speks/m?
0.4-0.99 mm2] speks/m?
0.15-0.39 mm?| speks/m?
Dirt cont acc. TAPPI mm‘/m?
Fiber fraction Bauer McNett:
retained on mesh 14 %
retained on mesh 30 %
retained on mesh S0 %
relained on mesh 100 %o
ing through mesh 100 %

* Bleaching tests at OHFI, Vienna
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TABLE 46B
Sample: from test no. 3
Physical properties: Unlt
with PFI milt
Beating point - 0 1 2 3 4
PF1 revolution mm 1450 1450 1450 1450 1450
rev 0 4000 6000 | 8000 | 12000 § 2750 { 6235
min ©.00 2,76 4,14 5,52 6.28 1.90 4,30
Freeness SR 19 X 48 65 81 0 50
CSF 611 366 240 119 30 428 224
Grammage g/m? 73,60 75,10 73.20 7490 | 7350 § 7463 § 7340
Thickness mm 0171 | 0,136 | 0,128 | 0,123 | 0,122 § 0.147 } 0,127
Density ___kgim® 430 550 570 610 600 513 575 8
Bulk m/kg 2,320 1,810 1,750 1640 | 1,660 § 1969 § 1,737
Stretch % 29 3.85 357 3.65 388 § 356 § 358
Breaking length m 1543 | 4753 | 5405 | 5923 | 6153 § 3750 | S466
}Burst swength kPa 7496 | 25648 | 30257 | 329,24 | 320.76 § 199,76 § 305,71
. Tearing resistance mN 549 | 1052 | 81 784 | 647 )| 695 § 808
MID double foid 52 268 440 792 477 201 481
Tensile index Nm/g 15.14 46,63 53,02 58,10 | 60,36 § 36,79 § 53,62
Burst index kPam?/g 1,02 3,42 413 4,40 4,49 2,68 4,16
Tear index mNm?/g 7.46 14,01 11,08 | 1047 | 880 | 1199 § 11,01
Bendtsen porosity mi/min 3581 2954 1391 333 116 § 314991 429
Bendtsen smoothness mil/min 1158 453 423 439 422 453 425
Scattering coefficient ma/ikg 225 26,8 28,4 29.7 317 §f 262 § 286
Opacity % 774 82,0 82,7 83.7 856 § 81,7 § 828
Zero beaten pulp:
Fitre length Arithmetic average mm 1,020
Fibre length weighted avzrage mm 1.41
Fibre diameter mm
Coarseness mg/m 0,109
Slendemess factor 12.9
Fibre zero span tensile km
fibre zero span stregth index Nm/g 0.0
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TABLE 47

Summery of Bleaching tests for kraft-AQ Jute pulp

SEQUNCE | Lab | No. | Bright- | Bright-| Limited | Break.! Fibre |Coarse-|Siender-

of ness | ness | Viscosity | length| length | ness ness

TEST| absolute | relative at | weight. factor

50 SR| average
1ISO 1ISO mi/g m mm mg/m

Brown stock 449 449 1029 7814 1,65 0,125 | 13,20
C-E-H ICP| 1 77,90 | 79,80 499
icpr| 2 75,80 | 77.80 539
iIcp 3 7550 | 77,50 448
Icp 4 76,40 | 78,40 916
ICP| 5 77,40 | 79,40 817

ICP 6 79,70 | 81,70 811 6490 1,67 0,103 | 16,25

' OHFI] 7 | 8280 | 8480] 540 | 5904{ 154 | 0100 | 15.40
C-EP-H ICP 1 78,50 | 80,50 670
Icp 2 79,70 | 81,70 966
ICP 3 77,80 | 79,80 480

ICP 4 81,60 | 83,60 854 6459 1,66 0,106 1 15,61

OHFI] 5 85,00 | 87,20 517 5767 1,60 0,106 | 15,09
OC-EO-H]|ICP| 1 80,50 | 8250 756
iCP 2 79,00 | 81,00 583
ICP| 3 79,10 | 81,10 473

ICP 4 83,00 | 85,00 792 5963 1,62 0,146 | 11,10
D-E-D ICP 1 77,60 | 79,60 962
IcP| 2 73,30 | 75,30 642
iICP 3 77,20 | 79,20 973
ICP 4 78,80 | 80,80 941
ICP 5 78,00 | 80,00 936

D-E-D-D ICP 4 81,70 | 83,70 925 6688 1,62 0,109 | 1482
DED |OHFI| 6 | 8350 {8580| 935

D-E-D OHFI| 7 85,80 | 87,00 937 6490 1,56 0,106 | 14,72
’ O-D-EO-D | ICP 1 78,30 | 80,30 924

IcP| 2 77,50 | 79,50

ICP 3 82,40 | 84,40 821

0-D-EO-D-D] ICP 3 82,70 | 84,70 811 6637 1,61 0,123 | 13,09
O-A-EOQOP-P | ICP 1 78,20 | 80,20 386
OHFI} 2 | 8270 | 82,70 | 550

O-Q-EOP-P| ICP 3 7590 | 77,90 869 6926 1,65 0,116 | 14,17
O-A-Z2-P ICP 1 76,10 | 78,10 800
OHFI| 2 84,80 | 84,80 584

0-Q-Z-P |OHFI] 3 87,30 | 87,30 525 5466 | 1,41 0,109 | 1294

Total 32
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11. DIAGRAMS
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FIGURE 1
FIGURE 2
FIGURE 3
FIGURE 4
FIGURE 5

FIGURE 6
FIGURE 7
FIGURE 8
FIGURE 9

FIGURE 10

FIGURE 11

FiGURE 12

FIGURE 13

FIGURE 14

FIGURE 15

FIGURE 16

FIGURE 17
FIGURE 18
FIGURE 19
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11.1 Bench scale pulping tests

Correlation between kappa and AA charge, Kraft
Correlation between kappa and AA charge, Kraft-AQ
Correlation between yield and AA charge, Kraft
Correlation between yield and AA charge, Kraft-AQ

Correlation between kappa and AA charge, Caustic
soda

Correlation between kappa and AA charge, Soda-AQ
Correlation between yield and AA charge, Caustic soda
Correlation between yield and AA charge, Soda-AQ

Correlation between kappa and Na2S0O3 charge,
Alkaline sulphite

Correlation between yield and Na2SO3 charge, Alkaline
sulphite

Physical properties of unbleached jute pulp (Kraft
Puiping)

Physical properties of unbleached jute pulp (Kraft-AQ
Pulping)

Physical properties of unbleached jute pulp (Soda
Pulping)

Physical properties of unbleached jute pulp (Soda-AQ
Pulping)

Physical properties of unbleached jute pulp (Alkaline
Sulphite-AQ Pulping)

Fibre length (mm) weighted average of unbleached jute
pulp

Coarseness (mg/m) of unbleached jute pulp
Slenderness factor of unbleached jute puip

Zero span tensile (km) of unbleached jute pulp
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FIGURE 20
FIGURE 21
FIGURE 22
FIGURE 23
FIGURE 24

FIGURE 25

FIGURE 26

FIGURE 27

FIGURE 28
FIGURE 29
FIGURE 30
FIGURE 31
FIGURE 32

FIGURE 33
FIGURE 34

Tensile index (Nm/g) of unbleached jute pulp at 50 SR
Burst index (kPam?/qg) of unbleached jute pulp at 50 SR
Tear index (mNm2/g) of unbleached jute puip at 50 SR
Stretch (%) of unbleached jute pulp at 50 SR

Bendtsen porosity A-Site(ml/min) of unbleached jute
pulp at 50 SR

Bendtsen purosity B-Site(ml/min) of unbleacth.ed jute
pulp at " &R

Bendtser. smoothness A-Site(ml/min) of unbleached jute
pulp at 50 SR

. Bendtsen smoothness B-Site(mV/min) of unbleached jute

pulp at 50 SR

Tensile index (Nm/g) of unbleached jute pulp at 3¢ SR
Burst index (kPam?/g) of unbleached jute pulp at 30 SR
Tear index (mNm?/g) of unbleached jute pulp at 30 SR
Stretch (%) of unbleached jute pulp at 30 SR

Bendtsen smoothness A-Site(ml/min) of unbleached jute
pulp at 30 SR

Bendtsen smoothness B-Site(m/min) of unbleached jute
pulp at 30 SR
Viscosity (ml/g) of unbleached jute pulp
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CORRELATION BETWEEN lVA

KAPPA AND AA CHARGE - KRAFT
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CORRELATION BETWEEN |VA
YIELD AND AA CHARGE - KRAFT - 7
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CORRELATION BETWEEN !VA

KAPPA_AND AA CHARGE - CAUSTIC SODA
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CORRELATION BETWEEN Lv.-Aa

YIELD AND AA CHARGE - CAUSTIC SODA
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PHYSICAL PROPERTIES OF IVA

UNBLEACHED JUTE PULP [KRAFT PULPINING]
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PHYSICAL PROPERTIES OF !VA

UNBLEACHED JUTE PULP [SODA PULPING]
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PHYSICAL PROPERTIES OF UNBLEACHED VA
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o
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ZERO SPAN TENSILE [km] lVA

OF UNBLEACHED JUTE PULP
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BURST INDEX [ kPam2/g ] IVA

OF UNBLEACHED JUTE PULP AT 50 SR e
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TEAR INDEX [ mNm2/g ] IVA
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STRETCH[ %] !VA
OF UNBLEACHED JUTE PULP_AT 50 SR
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BENDTSEN POROSITY B-SIDE [~.1/min] IVA
OF UNBLEACHED JUTE PULP AT50 SR
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BENDTSEN SMOOTHNESS B-SIDE[mUmin] IVA
OF UNBLEACHED JUTE PULP AT 50 SR
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BURST INDEX [ kPam2/g ]
OF UNBLEACHED JUTE PULP AT 30 SR
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STRETCH[ %] L\!A
OF UNBLEACHED JUTE PULP AT 30SR
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BENDTSEN SMOOTHNESS B-SIDE[mUmin] !VA
OF UNBLEACHED JUTE PULP AT 30 SR

POOPTORGeTroenAF met Report 18! Fgure 32 JUTE PULPING [t

VISCOSITY [ml/g] OF UNBLEACHED JUTE PULP LVE:A-
2004
Do Promkie TroeniF mal Repor 18\ Fgors 34 _??UTE PULPING 3+ faad

Final Test Report Phase 1A Page 124




UNIDO / TRIBENI

IVA

FIGURE 36
FIGURE 37
FIGURE 38
FIGURE 39
FIGURE 40
FIGURE 41
FIGURE 42

FIGURE 43
FIGURE 44
FIGURE 45
FIGURE 46
FIGURE 47
FIGURE 48
FIGURE 49
FIGURE 50
FIGURE 51
FIGURE 52
FIGURE 53
FIGURE 54
FIGURE 55
FIGURE 58
FIGURE 57
FIGURE 58
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11.2 Bleachability tests

Total active chlofine consumption

Bleached pulp total yield

Physical properties of bleached jute pulp (Kraft Pulping)
Physical properties of bleached jute pulp (Kraft-AQ Pulping)
Physical properties of bleached jute pulp (Soda Puiping)
Physical properties of bleached jute puip (Soda-AQ Pulping)

Physical properties of bleached jute pulp (Alkaline Sulphate-AQ
Pulping)

Fibre length (mm) weighted average of bleached jute pulp
Coarseness (mg/m) of bleached jute pulp

Slendemess factor of bleached jute pulp

Zero span tensile (km) of bleached jute pulp

Tensile index (Nm/g) of bleached jute pulp at 50 SR

Burst index (kPam?/g) of bleached jute pulp at 50 SR

Tear index (mNm?2/g) of bleached jute pulp at 50 SR

Stretch (%) of bleached jute pulp at 50 SR

Bendtsen porosity A-Site(ml/min) of bleached jute pulp at 50
gzndtsen porosity B-Site(ml/min) of bleached jute pulp at 50
g:ndtsen smoothness A-Site(ml/min) of bleached jute pulp at
g.;r?d?sen smoothness B-Site(mlU/min) of bleached jute pulp at
ggastgring coefficient A-Site( ) of bleached jute pulp at 50 SR
Scattering coefficient B-Site( ) of bleached jute pulp at 50 SR
Opacity A-Site(%) of bleached jute pulp at 50 SR

Opacity B-Site(%) of bleached jute pulp at 50 SR
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FIGURE 59
FIGURE 60
FIGURE 61
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Tensile index (Nm/g) of bleached jute pulp at 30 SR
Burst index (kPam?/g) of bleached jute pulp at 30 SR
Tear index (mNm?/g) of bleached jute pulp at 30 SR
Stretch (%) of bleached jute pulp at 30 SR

Bendtsen porosity A-Site(ml/min) of bleached jute pulp at 30
SR

Bendtsen porosity B-Site(ml/min) of bleached jute pulp at 30
SR

Bendtsen smoothness A-Site(mlU/min) of bleached jute pulp at
30 SR

Bendtsen smoothness B-Site(ml/min) of bleached jute pulp at
30 SR

Scattering coefficient A-Site( ) of bleached jute pulp at 30 SR
Scattering coefficient B-Site( ) of bleached jute pulp at 30 SR
Opacity A-Site(%) of bleached jute pulp at 30 SR

Ogacity B-Site(%) of bleached jute pulp at 30 SR

Viscosity (ml/g) of bleached jute pulp
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kappa No. of unbleached kraft jute pulp
Brightness (%) of unbleached kraft jute pulp
Viscosity (ml/g) of unbleached kraft jute pulp

Tensile index (Nm/g) of unbleached kraft jute pulp at 50
SR

Burst index (kPam?/g) of unbleached kraft jute pulp at
50 SR

Tear index (MNm?/g) of unbleached kraft jute pulp at 50
SR

kappa No. of unbleached kraft-AQ jute pulp
Brightness (%) of unbleached kraft-AQ jute pulp
Viscosity (ml/g) of unbleached kraft-AQ jute pulp

Tensile index (Nm/g) of unbleached kraft-AQ jute pulp at
50 SR

Burst index (kPam?#/g) of unbleached kraft-AQ jute pulp
at50 SR

Tear index (mMNm?/g) of unbleached kraft-AQ jute pulp at
50 SR
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11.4 Bench scale bleaching tests

Physical properties of C-E-H bieached pulp
Physical properties of C-EP-H bleached pulp
Physical properties of O-C-EO-H bleached pulp
Physical properties of D-E-D bleached pulp
Physical properties of O-D-EO-D bleached pulp
Physical properties of O-Q-EOP-P bleached pulp
Physical properties of O-Q-Z-P bleached pulp

Fibre length (mm) weighted average cf bleached jute
pulp

Coarseness (mg/m) of bleached jute puip

Slendemess factor of bleached jute pulp

Zero span tensile (km) of bleached jute pulp

Tensile index (Nm/g) of bleached jute pulp at 50 SR
Burst index (kPam?/g) of bleached jute pulp at 50 SR
Tear index (mMNm?/q) of bleached jute pulp at 50 SR
Streich (%) of bleached jute pulp at 50 SR

g;ndtsen porosity (m/min) of bleached jute pulp at 50
?gnsdésen smoothness (ml/min) of bleached jute puip at

Scattering coefficient ( ) of bleached jute pulp at 50
SR

Opacity (%) of bleached jute pulp at 50 SR
Tensile index (Nm/g) of bleached jute pulp at 30 SR
Burst index (kPam?/g) of bleached jute pulp at 30 SR
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FIGURE 122
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Tear index {mMNm2/g) of bleached jute pulp at 30 SR
Stretch (%) of bleached jute pulp at 30 SR

Bendtsen porosity (ml/min) of bleached jute pulp at 30
SR

Bendtsen smoothness (ml/min) of bleached jute pulp at
30 SR

Scattering coefficient ( ) of bleached jute pulp at 30

SR

Opacity (%) of bleached jute pulp at 30 SR
Viscosity (ml/g) of bleached jute pulp
Correlation between absolute and relative ISO

Bench scale bleaching tests at TTD
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BLEACHED JUTE PULP AT 30 SR

D-E-D

O-C-EO-H

PP TR AT TR F e T2 JUTE PULPING
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UNIDO / TRIBENI IVA

STRETCH [ % ] OF IVA
BLEACHED JUTE PULP AT 30 SR o]
3
3
ol T Fgee 123 . JUTE PULPING
BENDTSEN POROSITY [ml/min! OF IVA
BLEACHED JUTE PULP AT 30 SR
il
3] 2
TERRTeTT v ~JUTE PULPING 1o
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UNIDO / TRIBENI IVA

BENDTSEN SMOOTHNESS [mU/niin] OF IVA
BLEACHED JUTE PULP AT 30 SR

JUTE PULPING

SCATTERING COEFFICIENT[ ]OF 'VA
BLEACHED JUTE PULP AT 30 SR

D-E-D

" JUTE PULPING
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UNIDO / TRIBENI IVA

OPACITY [% ] OF IVA
BLEACHED JUTE PULP AT 30 SR A L]

JUTE PULPING
VISCOSITY [ ml/g ] OF IVA
BLEACHED JUTE PULP AT 30 SR R
900
600
5004
400
3004
2001
1004
TR : WUTE PULPING
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UNIDO / TRIBENI IVA

CORELATION BETWEEN ABSOLUTE IVA
AND RELATIVE ISO BRIGHTNESS

JNFFIBRRBER

RETATIVE BRIGHTNESS TO
ISO STANDARD 98,88 %

|

’ 70 72 74 76 78 8 82 84 36 88 90
ABSOLUTE BRIGHTNESS, 1SO STANDARD 80,2 %

Messured at OHFI, Vienna sept. 1995

JUTE PULPING  iouuu

POl TOeRIen T rbent D Fgure

Final Test Report Phase 1A Page 169




UNIDO / TRIBENI IVA
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UNIDO / TRIBENI IVA

FIBRE DISTRIBUTION AND ANALYSIS

OF
UNBLEACHED JUTE PULP
WITH
o KAJAANI FS-200
o
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DISTRIBUTION %

UNIDO / TRIBENI IVA

KAJAANI FS-200 [KRAFT 02-03-95 {2: 01
WEIGHTED DISTRIBUTION

SAMPLE TITLE N/14/95 P 3B JUTA SAMPLE FILE NO 006
SAMPLED 01-03-95 UPPER LIMIT  6.00
ANALYSED 02-03-95 11: 57 LOWER LIMIT  0.00
TOTAL FIBERS 24908 WEIGHT 3.07 mg
20 100
L / 2e
16 Bo
12 Ly 60 3
i / \
/ i
8 ’ ‘ A0
; \
| / \
/ \
4 7, \ 20
0 ¢ 10 2.0 30 40 50 60 7.0
LENGTH / My
ARITHMETIC AY 1.27 mm COARSENESS 0.104 mg/m
L WEIGHTED AV 1.69 mm WOOD SPEC 0.0 %
W WEIGHTED AY 2.09 mm CUSTOM /L VALUE OUT OF TABLE

_ENGTH 0.20 mm P= /.02 % w= 0.45 %
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DISTRIBUTION %

UNIDO / TRIBENI IVA
KAJAANI FS-200 [KRAFT-AQ 02-03-95 12: 14
NEIGHTED DISTRIBUTION
SAMPLE TITLE N/14/95 P 48 JUTA SAMPLE FILE NO 007
SAMPLED 01-03-95 UPPER LIMIT  6.00
ANALYSED 02-03-95 12 12 LOWER LIMIT  0.00
TOTAL FIBERS 27041 WEIGHT 8.80 ng

20 _ 100
- . 4
16 B &
i =
2
12 VA 60 o
7/
! / \
8 i \ 40
/ \
- / ‘\.
4 I3 \ 20
L/ \
/‘/’ \'\-\__\::;
0 4 10 2.0 30 40 50 60 _ 7.0
LENGTH / MM
ARITHMETIC AV 1.24 mm COARSENESS 0.100 mg/m
L KEIGHTED AV 1.68 mm WOOD SPEC 0.0 %
W WEIGHTED AV 2.07 mm CUSTOM /L VALUE OUT OF TABLE
ENGTH 0.20 mm P= B8.90 % W= 0.57 %
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DISTRIBUTION X

UNIDO / TRIBENI IVA

20

-
o

—
rn

KAJAANI FS-200 [SODA 02-03-385 09: 16
WEIGHTED DISTRIBUTION

SAMPLE TITLE N/14/95 P21B JUTA SAMPLE FILE NO 008
SAMPLED 01-03-95 UPPER LIMIT  6.00
ANAL YSED 02-03-95 09: 10 LOWER LIMIT  0.00
TOTAL FIBERS 32792 WEIGHT 9.12 mg
100
L /////’/””’#~'—‘ﬂ— -
80 &
/ =
- / =
>
A 50 =
[/ \
/ '/ \
/, !/ : A0
/ [/ \
- / 1
J 7\
- 20
/"’ \
A M
s \
0 1.0 2.0 3.0 40 50 _ 6.0 7.0
LENGTH / MM

ARITHMETIC AV 1.02 mm COARSENESS 0.106 mg/m

L WEIGHTED AV 1.58 am WOOD SPEC 0.0 X

W WEIGHTED AV 1.99 mm CUSTOM /L VALUE QUT OF TABLE
LENGTH 0.20 mm P= 18.36 X W= (.54 %
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CUMJLATIVE %

UNIDO / TRIBENI IVA
KAJAANI FS-200 [SODA-AQ 02-03-95 10:58
WEIGHTED BISTRIBUTION
SAMPLE TITLE N/14/95 P228 JUTA SAMPLE FILE NO 010
SAMPLED 01-03-95 UPPER LIMIT 6.00
ANALYSED 02-03-95 10: 33 LOWER LIMIT 0.00
TOTAL FIBERS 20236 WEIGHT 9.1 mg

20 — 100
ae L
= - ’/
= .
®: B0
2|
n /
a e /’/X\’ 60
// \
L / /'
8 [ \ 40
l'l //’ \
A / \\\ 20
0 //// - e —— T —
0 1.0 2.0 3.0 4.0 5.0 6.0 /.0
. LENGTH / MM
ARITHMETIC AV 1.14 mm COARSENESS 0.101 mg/m
L WeIGHTEC AV 1.76 mm W00D SPEC 0.0 %
N WEIGHTED AV 2.20 mm CUSTOM /L VALUE OUT OF TABLE
LFNGTH 0.20 mm P= 19.42 % W= 1.34 %
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DISTRIBUTION %

UNIDO / TRIBENI

IVA

KAJAANI FS-200 |ALKALINE SULPHITE-AQ
NEIGHTED DISTRIBUTION

SAMPLE TITLE N/14/95 P 40 § JUTA

06-03-85 08: 31

SAMPLE FILE NO 092

SAMPLED 06-03-95 UPPER LIMIT  6.00

ANALYSED 06-03-95 08: 25 LOWER LIMIT  0.00

TOTAL FIBERS 202355 WE TGHT 9.00 ag
20 — 100

| — "
16 L 4/ e 80 =

L / ff

~ 2

2 AR I 60 3

I /o |

\
8 l / \"\. — 40
H ; A
i \

S / \

4 L\ 20
/ / \,
S ~—
- —— T e
0 19 2.0 30 40 50 60 7.0
LENGTH / W

ARITHMETIC AV 1.20 mm COARSENESS 0,130 mg/m

L WEIGHTED AV 1.66 mm WOOD SPEC 0.0 %

W KEIGHTED 4V 2.07 am CUSTOM /L VALUE OUT OF ;ABLE

LENGTH 0.20 mm P= 9.09 % W= 0.60 %
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UNIDO / TRIBENI IVA

@
FIBRE DISTRIBUTION AND ANALYSIS
BLEACHEI()) SUTE PULP
WITH
) KAJAANI FS-200
BLEACHABILITY TEST
ONLY
o
@
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UNIDO / TRIBENI IVA
® KAJAANI FS-200 17-03-95 11: 16
WEIGHTED DISTRIBUTION " KRAFT, BLEACHED
SAMPLE TITLE  N14/95 P3 BELJ SAMPLE FILE NO 005
SAMPLED 17-03-95 UPPER LIMIT  6.00
ANAL YSED 17-03-95 11: 12 LONER LIMIT  0.00
TOTAL FIBERS 30575 WEIGHT 9.06 mg
20 100
»e - i
% - , /" ; *®
% 16 ' ! 80 ‘E“
. E - / : g
=g /S | 60 2
[ i
: . i
8 [\ 4G
/ \ 1
S A
4 / ’ \\.\ ﬁ 30
/. ~
0o L T :
0 1.0 2.0 3.0 4.0 5.0 6.0 7.0
LENGTH / MM
@ ARITHMETIC AV 1.10 mm COARSENESS 0.102 mg/m
L WEIGHTED AV 1.60 mm WOOD SPEC 0.0 %
W WEIGHTED AV 2.03 mm CUSTOM /L VALUE OUT OF TABLE
LENGTH ©€.20 mm P= 11.61 % W= 0.91 %
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IVA

UNIDO / TRIBENI
. KAJAANI FS-200 17-03-G5 11:32
WEIGHTED DISTRIBUTION KRAFT-AQ, BLEACHED
SAMPLE TITLE N14/95 £4 BELJ SAMPLE FILE NO 012
SAMPLED 17-03-95 UPPER LIMIT 6.00
ANALYSED 17-03-95 14:30 LOWER LIMIT  0.00
TOTAL FIBERS 21993 WEIGHT B.90 mg
20 , _, 100
e | // i
= £ Y 4
e i
5 16 /.__/ 1' 80 g
~ - ¢
®: | b3
a ' i =
a 12 | ~/ L6032
A n k
! ’ \ |
8 L S | 4C
s 7 |
L / N \\ ;
| oy ' ,
4 !L / \* } 20
1 ./ / \
} // ,/ \\\_\’\ '
g L=zl . ;
0 1.0 2.0 3.0 4.0 5.0 6.0 7.0
LENGTH / MM
. ARITHMETIC AV 1.21 mm COARSENESS 0.4129 mg/m
L WEIGHTED AV 1.71 mm WOOD SPEC 0.0 %
W WEIGHTED AV 2.5 mm CUSTOM /L VALUE OUT OF TABLE
LENGTH 0.20 mm P= Q.47 % W= 0.64 %
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DISTRIBUTION X

UNIDO / TRIBENI

IVA

KAJAANI FS-200

WEIGHTED DISTRIBUTION

17-02-95 12: 52

" SODA, BLEACHEG

SAMPLE TITLE  N14/95 P21 BELJ SAMPLE FILE NO 014
SAMPLED 17-03-95 UPPER LIMIT  6.00
ANALYSED 17-03-95 12: 04 LOWER LIMIT  0.00
TOTAL FIBERS 41422 WEIGHT 8.80 mg
20 100
e L
+ T -
6 | , g0 &
i —
i ' =
12 | /A\L;T 4; 60 g;
| /A |
! 4 \
8 L / \ AC
f A ; B
/ \ !
:!F // g \
4 .L —~ \ _;_';
L : “\/“\‘ ,
0 ¢ 1.0 2.0 _ 3.0 40 50 _ 6.0 7.0

ARITHMETIC AV
L WEIGHTED AV
W WEIGHTED AV

LENGTH / MM

0.72 mm COARSENESS 0.109 mg/m
1.46 mm WOOD SPEC 0.0 %
1.93 mm CUSTOM /L VALUE OUT OF TABLE

LENGTH 0.20 mm P= 36.16 X W= 4.08 X
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UNIDO / TRIBENI IVA

DISTRIBUTION X

20

16

12

KAJAANI FS-200 17-03-95 {2 32

NEIGHTED DISTRIBUTION ™ "~~~ SODA-AQ, BLEACHED

SAMPLE TITLE N14/95 P 22 BELJ SAMPLE FILE NO 016
SAMPLED 16-03-€5 UPPER LIMIT 6.00
ANALYSED 17-03-95 12: 26 LOWER LIMIT  0.00
TOTAL FIBEAS 36072 WEIGHT 8.72 mg
100
/’-’"" l
“ e -
./' j 80 g
\ =
/A 60 3
/o !

[ . 40

// / \\/¥ ’ cQ
' : T —— e~ !
0 1.0 2.0 3.0 4.0 5.0 6.0 7.0
LENGTH / MM
ARITHMETIC AV 0.688 mm COARSENESS 0.108 mg/m
L WEIGHTED AV 1.54 mm W00D SPEC 0.0 %
N WEIGHTED AV 2.00 mm CUSTOM /L VALUE OUT OF TABLE

LENGTH 0.20 mm P= 25.93 X W= 2.45 %

Final Test Report Phase 1A Page 181




LISTRIBUTION %

UNIDO / TRIBENI IVA

20

[
[=2]

—
N

KAJAANI FS-200 17-03-95 {2 47
WEIGHTED DISTAIBUTION

ALKALINE SULPHITE-AQ, BLEACHED

SAMPLE TITLE N14/95 P 4¢ BELJ SAMPLE FILE NO 017
SAMPLED 16-03-95 UPPER LIMIT 5.00
ANALYSED 17-03-95 12: 46 LOWER LIMIT 90.00
TOTAL FIBERS 24070 WEIGHT 8.50 mg
100
b ?
/’/, : L
L e
/ f —
L . ; ég
AR ;8¢ 3
i '
- ’ \
; \
L Lo N 4
' / 3 !
- I \\
/ .
7 \x — a0
A AN
p ' \\__\\\_‘\_ﬁ\\‘
L7 s . )
0 1.0 2.0 3.0 4.0 5.0 6.0 7.0
LENGTH / MM
ARITHMETIC AV 1.15 mn COARSENESS 0.118 mg/m
L WEIGHTED AV 1.65 mm W0OD SPEC 0.0 X
W WEIGHTED AV 2.08 mm CUSTOM /L VALUE OUT OF TABLE

LENGTH 0.20 mm P= 10.96 % W= 0.80 %
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UNIDO / TRIBENI IVA

FIBRE DISTRIBUTION AND ANALYSIS
BLEACHEI())SUTE PULP
WITH
KAJAANI FS-200

BLEACHING TRIALS
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DISTRIBUTION %

UNIDC / TRIBENI IVA
KAJAANI FS-200 13-07-95 08: 14
WEIGHTED DISTRIBUTION
SAMPLE TITLE N/14/95 {E C-E-H SAMPLE FILE NO 045
SAMPLED 13-07-95 UPPER LIMIT 6.00
ANALYSED 13-07-95 08: 10 LOWER LIMIT 0.00
TOTAL FIBERS 21817 WEIGHT 7.83 ng

en __ [ 100
Pm——
| e -
16 ! ;80 %
/ ; =
| ! 5:
/ . =
12 f \\ . 60 3
y ) \ j
! [ 3
/ \
8 L } ji' \l . . (-0
7 i ‘-,\
4 ] L _ 20
/o \
L \
[~ . \\\_’_\
c e — N — —— - — =y —e- B
0 1.0 2.0 3.0 4.0 5.0 6.0 7.0

Final Test Report Phase 1A

LENGTH / WM

ARITHMETIC A7 1.23 mm COAASENESS 0.105 ng/m
L WEIGHTED AV 1.67 mm 4000 SPEC  0.u %

W WEIGHTED AV 2.08 m

LENGTH 0.20 mm P= B8.45 % W= 0.57 %

CUSTOM /L VALUE OUT OF TABLE



DISTRIBUTION X

UNIDO / TRIBENI IVA
KAJAANI FS-200 13-07-95 08: 29
WEIGHTED DISIRIBUTION - B
SAMPLE TITLE N/14/95 1 C~E-H SAMPLE FILE NO 046
SAMPLED 13-07-95 JPPER LIMIT  6.00
ANAL YSED 13-07-95 08: 24 LOWER LIMIT  0.00
TOTAL FIBERS 23270 WETGHT 7.83 ng

20 . I . 100
- |
[v / P ee
. t |49
6 . Y
| ! <
/ .2
12 [ \ _ 60 3
C 0 1
! // ) ;
8 \ - 4
F ] \ 7 %0
} / /] \ ;
¢ 7 N +
L / \ ,
d ‘/
Li}/ ,/' . . . \’\‘\-k—. )
0 o 10 2.0 30 40 50 60 7.0

ARITHMETIC AV 1.22 mm
L WEIGHTED AV 1.66 mm
W WETGHTED AV 2.06 mm
LENGTH 0.20 mm P= 7.9: % ¥

final Test Report Phase 1A

0.52 %

LENGTH / MM
COARSENESS 0.100 mg/m

WOOD SPEC 0.0 %X
CUSTOM /L VALUE OUT OF TABLE
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UNIDO / TRIBENI IVA

KAJAAMI FS-2G0 21-09-95 15:20
WEIGHTED LISTRIBUTION

SAMPLE TITLE C-E-H SAMPLE FILE NO 026
SAMPLED 21-09-95 UPPER LIMIT  7.20
ANALYSED 21-09-95 1F: 18 LOWER LIMIT  0.00
TOTAL FIOERS 24569 WEIGHT 5.67 ng
50 100
- i l////’//’/”—’———f ae
o }
® =« B =
Z / -
37 ( : =
P 7 jJ 80 S
/
z / ] 40
A /N 4 2

| / \ 1

- /"/ \

. /’/ ) \_\ _ ' Jl

o .0 0 . £ £.0 7.C
LENGTH / MM

(38}
b~
(38}
ny
-

(s
<D
ot\
e

e =Ter g1 ~rnEEoe .
Al TRY=TIC AV o o CCARSZNESS 2,400 mg/m
SRR
LowmcaCHTED AY A,
Wor=IRRTRS AY Y

LeaETH 0.0 mm

N wmo
fad (O
2
=3

.
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DISTRIBUTION ¥

UNIDO / TRIBENI

IVA

KAJAANI FS-200
WEIGHTED DISTRIBUTION

13-07-95 09: 13

SAMPLE TITLE  N/14/95 2C C-EP-H SAMPLE FILE NO 048
SAMPLED 13-07-95 UPPER LIMIT  6.00
ANALYSED 13-07-65 08: 53 LOWER LIMIT  0.00
TOTAL FIBERS 19255 WETGHT 7.64 mg
20 - —, 100
| // e
6 L v B0
+ 3
} =
oL /™Y L6 3
1 [ }
/ \ :
8 [ 1 N S . 4U
/ | ]
- f , :
.’ [ i
/ \ 1
4 . e _ - 20
O o7 {0 2.0 3.0 40 50 60 7.
LENGTH / MM
-RITHMETIC AV 1.23 mm COARSENESS 0. 117 mg/m
. WEIGHTED AV 1.65 mm W00D SPEC 0.0 %
H WEIGHTED AV 2.03 mm CUSTOM /L VALUE OUT GF TABLE
LENGTH 0.20 mm P= 6.90 % W= 0.47 %
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DISTRIBUTION %

UNIDO / TRIBENI

IVA

KAJAANI FS-200
NEIGHTED DISTRIBUTION

13-07-95 08: 44

SAMPLE TITLE N/14/95 2C C-EP-H SAMPLE FiILE NO 047
SAMPLED 13-07-95 UPPER LIMIT 6.00
ANALYSED 13-07-95 08: 44 LOWER LIMIT 0.00
TOTAL FIBERS 20819 WEIGHT 7.64 mg
20 100
/ ]
L - i
/_1"’ ] t o4
4 | 8 1]
16 ve Ai 80 EE
L f\“/\/ f gé
ie 1/ i) —] 60 8
7 '
! b
[ \
8 [/ By 40
./ ,/ \\
4 L [ . hY 20
}' hi
N / P
l/ \—\
V= — T : -
0 1.0 2.0 3.0 4.0 50 _ 60 _ 7.0
LENGTH / MM
AAITHMETIC AY 1.24 mm COARSENESS 0.106 mg/m
L WEIGHTED AV 1.65 mm WO0D SPEC 0.0 %
W WEIGHTED AV 2.04 mm CUSTOM /L. VALUE QUT OF TABLE
LENGTH 0.20 mm P= 6.79 % W= 0.46 %
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DISTRIBUTION X%

UNIDO / TRIBENI

IVA

RAJAANT F5-200
WEIGHTED DISTRIBUTION

SAMPLE TITLE N/14/95 2C C-EP-H

13-07-85 0926

SAMPLE FILE NO 049

SAMPLED 13-07-95 UPPER LIMIT  6.00
ANAL YSED 13-07-95 09 23 LOKER LIMIT  0.00
TOTAL FIBERS 21163 WEIGHT 7.64 ng
20 _ e 100
— ]
L _ // ; e

16 7 ;80

! / 1 -
. i -y
- i =3
12 /A 60 2
R !
- ! '

8 - - 40
;L "i / \ :

4 L J \\ - — 2
Lo N -
- N |
L’ e

0 1.0 2.0 3.0 40 50 6.0 _ 7.0

LENGTH / MM
ARITHMETIC AV 1.24 mm COARSINESS 0.405 mg/m
L WEIGHTED AV 1.66 mm WOOD SPEC 0.0 %
W WEIGHTED AV 2.06 mm CUSTOM /L VALUE NUT OF TABLE
LENGTH 0.20 mm P= 7.29 % W= 0.50 %
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UNIDO / TRIBENI

IVA

50

40

DISTRIBUTION X

30

20

KAJAANI FS$-200 22-09-85 09: 59

WEIGHTED DISTRIBUTION

SAMPLE TITLE C-£P-H

SAMPLE FILE NO 027

SAMPLED 22-09-95 UPPER LIMIT 7.20
ANALYSED 22-09-95 09: 54 LOWER LIMIT 0.00
TOTAL FIBERS 24295 WEIGHT 6.30 mg
100
— =
- / :
7 80
{ / .
, ! 360
i 7 ]
L : ;
: / :
i ;o
i .
f /{"“\ :
{ 4 120
f / \ !
4
L S — j
0 1.0 2.0 3.0 4.0 5.C 6.0 7.0
LENGTH / ¥
ARITHMETIC AV 4.5 mm COAASENESS 0.4C6 mg/m
L WEIGHTED AY 4.60 mm
W WEIGHTED AV 2.0! mm

a®

m
8.32 % k= 0.64
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UNIDO / TRIBENI

® —wmresw
NEIGHTED DISTRIBUTION

13-07-95 10:01

SAMPLE TITLE  N/14/95 3C 0-C-E0-H SAMPLE FILE NO 052
SAMPLED 13-07-95 UPPER LIMIT  6.00
ANALYSED 13-07-95 09: 59 LONER LIMIT  0.00
TOTAL FIBERS 15411 NEIGHT 7.43 ng
20 . N . 100
=z s | Pt ' v
= 16 i ' gy W
@ 7 L=
— , e
o {2 /N ' 60 3
/ I/ “. ‘
1 ro .
8 [ 7\ :
i -\ - - 4
! ] N x
- | ’ \ |
4 l ; e e 20
i / ; \\
O o100 7270 " 30 40 50+ 60 70
LENGTH / MM
() ARITHYETIC AV 1.21 mm COARSENESS 0. 144 mg/m
L WEIGHTED AV .62 mm WOOD SPEC 0.0 &
W WEIGHTED AV 2.0 mm CUSTOM /L VALUE OUT OF TABLE
LENGTH 0.20 mm P= 6.50 & W= 0.45 %
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DISTRIBUTION X

UNIDO / TRIBEN!

IVA

RAJAANI FS=20U
NEIGHTED DISTRIBUTION

3-07-95 0950

SAMPLE TITLE N/14/95 3C 0-C-EO-H SAMPLE FILE NO 054
SAMPLED 13-07-95 UPPER LIMIT 6.00
ANALYSED 13-07-95 09: 48 LOWER LIMIT 0.00
TOTAL FIBERS 15233 WEIGHT 7.43 mg

20 _ 100
r == 1
L // .

16 7 — 8 =
g /‘ ; |

//\\_; : £
/ ;
}' ]

8 | / S ;40
T " i} !
- \

e — i
: , ! N
L // J \\_\

t/"’” . - ——— \\_\ :
0 {0 20 30 40 50 60 7.0
LENGTH / MM
ARITHMETIC AV {.21 mm COARSENESS 0.146 mg/m
L WEIGHTED AV 1.62 mm W00D SPEC 0.0 %
W WEIGHTED AV 2.03 mm CUSTOM /L. VALUE QUT OF TABLE
LENGTH 0.20 mm P= 6.20 % N= 0.44 %
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DISTRIBUTION ¥

UNIDO / TRIBENI IVA

—KAJAANT FS=200 13-07-95 0% 38
NEIGHTED DISTAIBUTION 0 T -

SAMPLE TITLE  N/14/95 3C 0-C~EQ-4 SAMFLE FILE NO 050
SAMPLED 13-07-95 UPPER LINIT  6.00
ANAL YSED 13-07-95 08; 36 LONER LIMIT  0.00
TOTAL FIBERS 14990 NETGHT 7.43 ng
20 _ e 100
/”’_—‘-
l. // | we
/7 i w
1 7 1% 2
A/ i =
o . ! D
/™ 2
12 /4 ‘ /r\ _, 60 (3]
' /o :
[ ] :'
; Ly 0
ST
\ |
4 /,f : N —
- / ~ ;
/. ~___
LZ-, ) - -t
0 o 1.0 20 30 40 50 60 70
LENGTH / MM
ARITHMETIC AV 4.21 mn COARSENESS 0. 149 mg/n
L WEIGHTED AY 1.63 mm WOOD SPEC 0.0 %
N WEIGHTED AY 2.04 mm CUSTOM /L VALUE OUT OF TABLE

LENGTH 0.20 mm P= 6.65 % W= 0.46 %
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Q® W T2=07-95 U8 32

DISTRIBUTION X

UNIDO / TRIBENI IVA

20

16

12

WETGHTED DISTRIBUTION

SAMPLE TITLE N/14/95 4C D-E-D-D? SAMPLE FILE NO 054
SAMPLED 14-07-95 UPPER LIMIT 6.00
ANALYSED 14-07-95 08: 29 LOWER LIMIT 0.00
TOTAL FIBERS 21634 KEIGHT 71.88 ng
I o ey 100
,/" :
- - : oo
// ! L\L
- - — . —_— 80 =
| Ao ' 3
\ ¥
) 3 ' b
VAN P
4
R N
\
L / \
N - ‘\_ ———— e 20
! /
] /" ‘ \,\V\
s ;

0 1.0 2.0 3.0 4.0 5.0 6.0 7.0

LENGTH / MM
ARLTHMETIC AV 1.49 mm COARSENESS 0.110 mg/m
L WEIGHTED AV 1.60 mm KOOD SPEC 0.0 %
N WEIGHTED AV 2.02 mm CUSTOM /L VALUE OUT OF TABLE

LEKGTH 0.20 mm P= 6.84 % W= 0.50 %
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DISTRIBUTION X

UNIDO / TRIBENI

20

i6

i2

KAJAANT FS-200 14-07-95 08: 19
NEIGHTED DISTRIBUTION ' -

SAMPLE TITLE N/{4/95 4C D-E-D-D2 SAMPLE FILE NO 053

SAMPLED 14-07-95 UPPER LIMIT 6.00

ANALYSED 14-07-95 08: {7 LOWER LIMIT 0.00

TOTAL FIBERS 21967 WEIGHT 7.88 mg

- P— . } 100

} ,///”f 3 >

S i B Y

i ' g

. /‘ : =
N =)
/ \ iy

- T T e - 60 O

7

? \

T S W — S

i ] \

| .‘ i \\

R S

0 1.0 2.0 3.0 4.0 50 6.0 7.0

LENGTH / MM
ARITAMETIC AV 1.20 mm COARSENESS 0.108 mg/m
L WEIGHTED AV £.63 mm A00D SPEC 0.0 %

W WEIGHTED AV 2.06 mm CUSTOM /L VALUE OUT OF TABLE

LENGTH 0.20 mm P~ 6.67 X W= 0.50 %
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UNIDO / TRIBENI

IVA

KAJAANI £S-290

24-09-85 15: 06

WEIGHTED DISTRIBUTION

SAMPLE TITLE D-€-D

SAMPLE FILE NO (25

SAMPLED 21-09-95 UPPER LIMIT 7.20
ANALYSED 21-09-95 15: 04 LOWER LIMIT 0.00
TOTAL rIBcRS 22924 WEIGHT 6.39 mg
50 — : 100
S | 7 ;
= 40 L _/ —j 80
T ;
*— i .
g /
= 3 L o - 60
N — i —j 40
{ i ‘
: TN
I S | 20
1- K/ Y
C Lé_--_ M gyn— H
¢ 1.0 2.u 3.0 4.0 £.0 6.0 7.¢
LENGTH / Wy
ARITHUETIC AV 4.4C mm COARSENESS 0.106 mg/m
L. WEIGHTED AV 1.56 mm
W WZIGHTED AV 1,490 mm
LENGTH 0.20 mm P= 8,69 % W= (.78 %
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UNIDO / TRIBENI

IVA

o —KAJAANT FS=200
WEIGHTED DISTRIBUTION

SAMPLE TITLE  N/14/95-58-0-D-EC-0D

407-95 0% 23

SAMPLE FILE NO 056

SAMPLED 14-07-95 UPFER LIMIT 6.00
ANALYSED 14-07-95 08: 54 LOWER LIMIT 0.00
TOTAL FIBERS 18945 WEIGHT 7.67 mg
0 - e = 100
ae : — j
=z IL /’// ! a®
o e H
= 16 L : ; L
2 1 ' =
o L ; =
’ g : /'i\\ » : ??,
a 2 | Y i 60 3
E ¢ |
;. / ; 3
: B A _ 40
. \
4 ’_7;’____ e 20
P/ N
0 . — B —
0 1.0 2.0 3.0 4.0 5.0 6.0 7.0
LENGTH / MM
. ARCTHMETIC AV 1.20 mm COARSENESS 0.121 mg/m
~ WEIGHTED AV {.62 mm W00D SPEC 0.0 %
W WEIGHTED AV 2.06 mm CUSTOM /L VALUE GUT OF TABLE
LENGTH 0.20 mm P= 6.78 X W= 0.49 %
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DISTRIBUTION X

UNIDO / TRIBENI

IVA

KAJAANI FS-200
WEIGHTED DISTRIBUTION

14-07-95 08: 57

CUMULATIVE %

SAMPLE TITLE  N/14/95-58-0-D-E0-OD SAMPLE FILE NO 055
SAMPLED 14-07-95 UPPER LIMIT  6.00
ANALYSED 14-07-95 08: 43 LOWER LIMIT  0.00
TOTAL FIBEAS 18498 WETGHT 7.67 ng
20 ;100
/’-“,—_—f '
! o |
/ :
o £ ——e ; 80
i ay¥ :
12 / - 60
}» /: "‘\ i
8 T U . 40
}’ / / \\
4 YA 20
N \ N
/ N
! /,/ ) \\\
0 o7 10 20 3.0 40 50 60 7.0
LENGTH / MK
ARITHMETIC AY *.20 mm COARSENESS 0.125 mg/m
L WETGHTZED 4V 1.60 mm OOD SPEC 0.0 &
W WEIGHTED AV 2.00 mm CUSTOM /L VALUE OUT OF TABLE
LENGTH 0.20 mm P= 6.48 & W= 0.48 %
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KAJAMNLES-200
®

DISTRIBUTION ¥

UNIDO / TRIBENI IVA

20

12

Final Test Report Phase 1A

407950938
WEIGHTED DISTRIBUTION " ' i
SAMPLE TITLE N/14/95-6C-0-Q-EQP-P SAMPLE FILE NO 057
SAMPLED 14-07-95 UPPER LIMIT 6.00
ANALYSED 14-07-95 09; 35 LOWER LIMIT 0.00
TOTAL FIBERS 18535 WEIGHT 7.49 mg
—_ - — e , 100
/’,” '!'
L 7 ; e
e _—
. ' 80 =
J 1 :
L /' : le
JN | 2
b ; S
‘f ‘\\ — 60 o
L ] ! e
/‘ / “\ 1
i nh
| / 7 ) :
o g
; e ., &0
;o \\
- /I J —
s 4 \
0 1.0 2.0 3.0 4.0 5.0 6.0 7.0
LENGTH / MM

ARITHUETIC AV 1.21 mm COARSENESS 0.420 mg/m

L WEIGHTED AV 1.63 mm WOOJ SPEC 0.0 %

W WEIGHTED AV 2.04 mm CUSTOM /L VALUE OUT OF TABLE
LENGTH 0.20 mm P= 7.00 X W= 6.50 %
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DISTRIBUTION X

UNIDO / TRIBENI

IVA

KAJAANI FS-200

14-07-95 09: 50

SAMPLE TITLE  N/14/95-6C-0-G-EGP—+P SAMPLE FILE NO 058
SAMPLED - 14-07-85 UPPER LIMIT  6.00
ANALYSED 14-07-85 09: 47 LOWER LIMIT  0.00
TOTAL FIBERS 19486 WETGHT 7.49 ng
20 o 100
| — |
e A
' L
16 _ 80 ¥
5
AN b2
12 VAN . 60 O
A |
i / \ _
8 [ . 40
/ ! i
- i \
4 /- \\ 2
/ / ;
b’///’/ \‘\\\\-_—,—__—N_‘
0T TI0 TzZo T30 i 50 6% 7.0
LENGTH / MM
LRITHMETIC AV 1.22 mm COARSENESS 0. 113 mg/m
L WEIGHTED AV {.65 mm WO0D SPEC 0.0 &
N WEIGHTED AV 2.07 mm CUSTOM /L VALUE OUT OF TABLE
LENGTH 0.20 mm P= 7.15 % %= 0.50 %
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UNIDO / TRIBENI IVA

DISTRIBUTION X

[
ro

KAJAANI FS-200 14-07-95 10: 01
WEIGHTED DISTRIBUTION - -

CUMULATIVE X

SAMPLE TITLE N/14/95-6C-0-Q-EOP-P SAMPLE FILE NO 059
SAMPLED - 14-07-95 UPPER LIMIT 6.00
ANALYSED 14-07-95 10: 00 LOWER LIMIT 0.00
TOTAL FIBERS {9195 WEIGHT 7.49 mg
T —— { 100
| e |
- Ag 80
] ~
Al :
e S
- ?
L 7 3 _ 40
| [ ‘
— - —— 2 20
! 7 H \\ .
b N
l L \‘:\f::—‘-mﬁ_
0 1.0 2.0 3.0 4.0 5.0 6.0 7.0
LENGTH / MM
ARITHMETIC AV 1.23 mm COARSENESS 0.416 mg/m
L KEIGHTED AV 4.66 mm W00J SPEC 0.0 %
H WEIGHTED AY 2 08 nm CUSTOM /L VALUE OUT OF TABLE

LENGTH 0.20 mm P= 6.78 & W= 0.48 %
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UNIDO / TRIBENI IVA

KAJAANI FS-200 09-08-95 16: 15
WEIGHTED DISTRIBUTION

SAMPLE TITLE IVA(0GZP) 3 SAMPLE FILE NO 016
SAWPLED 07-08-95 UPPER LIMIT 7.20
ANALYSED (3-06-95 16: 13 LOWER LIKIT 0.00
TOTAL FIEERS 23162 KEIGHT €.28 mg

50 100
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= / i ae
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Poet i : ! pan
— i ] : -
o L / 3
C o ' e 2
o 30 L + . —_ ___.--.___._.___.,____--__1‘ 60 ©
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26 / i 40
— —— . f— . — % G — —— —— — . e e e — ———--'———-1
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-~ l ? N ' K
DRV N S — — .20
;’/ 1
L N
; 74 -
> B i
e e e e T T J
C f: 7 - < r N .o e
- - e - Al \ t- [ P
ENCTH /' Ly,
ARITHMETIZ &V 4,078 s COARSENESS €. 10% ma/m

S e o ar s ae
CoRbabrind AV .41 o
Rk dal U a fer) v, -
WoRoIzHTED AV 2 84 on

LENGTH (.20 mn v= e.% X W= (7€ 2
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