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UNIDO I TRIBENI IVA 

1. INTRODUCTION 

This project was initiated at the request of 

I TC Limited TRIBENI TISSUES DIV. 

and was carried out under the contract No. 94/028, Ul'JIDO Project DWGJIND. 2/316 
between 

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

and 

UNIDO, Vienna, AUSTRIA 

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

1. Conditions necessary to produce pulp from jute with the following processes: 
1. Kraft Pulping (Sulphate) 
2. Kraft AO Pulping 
3. Soda Pulping 
4. Soda AO Pulping 
5. Alkaline Sulphite Pulping 
6. Alkaline Sulphite AO Pulping 
to reach a Kappa of 13+- 2 with Indication of yield results. 

2. Selecting the optimum conditions of each process and repeating the cook, 

3. Physical properties of the pulp produced under the optimum condition. 

4. Bleachability of pulp produced under the optimurr. conditi.Jn. 

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

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

7. Physical properties of bleached pulp 
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UNIDO I TRIBENI IVA 

2. RAW MATERIAL 

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

Fibre analysis measured at CPPRI laboratory 

Proximate analysis of jute bast fibre 

Se.No. PROPERTY UNIT BAST FIORE 

LOWER TOP WHOLE 

1. Moisture % 7.7 6.8 9,1 
2. Ash % 1.7 0.6 0.3 
3. Water sol % 0.5 0.5 0.6 
4. Alkali sol % 15.5 10.7 14.5 
5. Lignin % 13.8 11.8 
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.n 2.33 
maximum 7.44 3.59 
minimum 1.02 1.18 

2. Fibre width µm 
average 11.9 
maximum 20.0 
minimum 3.9 

3. Fibre lumen µm 
average 4.9 
maximum 11.2 
minimum 1.0 

4. Wall thickness µm 
average 3.6 
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Length distribution of jute bast fibre 

Froquency distribution 
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UNIDO I TRIBENI IVA 

3. 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 pulping 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 tri2ls 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. 
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4. TESTING METHODS: 

The following main testing methocis have been used: 

- Total active and effective alkali in white liquor 

- Kappa number 

- Limiting viscosity number 

- Beating of pulp in PA-mill 

- Sheet fanning (Rapid Kothen) 

- Physical properties of sheets 

- Fibre fractionation (Bauer McNett) 

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

- Brightness 

-Brightness reversion 

-Dirt in pulp 

IVA 

SCAN N2:88 

ISO 302-1981 (E) 

ISO 5351/1-1981(E) 

ISO 526412-1979 

ISO 5269/2-1980 

ISO 5270-1979 

SCAN M6 :69 

TAPPI T 271 PM-91 

ISO 3688-19n (5) 

ISO 5630/1 

ISO 5350/2-1989 
TAPPI 213 

- COD (chemical oxygen demand) DIN 38 409, Teil 41 

- BOD (biochemical oxygen demand) DIN 38 409, Teil 51 

-AOX (Determination of adsorbable organic halogens) DIN 38 409, Teil 14 

- Analysis of black liquors 

- Viscosity of black liquor 
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UNIDO I TRIBENI 

5. PULPING EQUIPMENT: 

Used at Pulp & Paper Institute In Ljubliana: 

Digester: 1 O I rotating Digester with electric heating. 

Refiner: Sprout Wal ... ron Disc Refiner: 

Diam. of plates: 

Type of plates: 

12· 

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 

IVA 
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UNIDO I TRIBENI IVA 

6. 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. 

6.1. Kraft Pu'ping (Sulphate) and Kraft AQ Pulping 

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

AA Charge as Na20 % 10 12 14 
Heating up time min 90 
Cooking time min 60 120 240 
Temperature oc 150 160 165 
AO 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 AO were 
repeated to verify the cooking results. 

Details of cooks see table 1 to table 6 as well a& figure 1 to figure 4. 

Summery of the laboratory trials: 

All tests shows that the required AA-charge is about 12 % ( as Na20 ) to 
get a Kappa about 13. In case of Kraft-AO process the pulp yield was 
approx. 1 % point higher than without AO. 
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 final pulping test was selected: 

AA-charge 

Sulfidity 

Cooking temperature 

Cooking time 

AO-charge 

Final Test Report Phase 1 A 
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UNIDO I TRIBENI 

6.2. Soda and Soda AQ Pulping 

In total 18 laboratory trails were carried out in a 1 O I rotary digester with electric 
heating according to the Soda process and Soda AO process with following 
parameter: 

AA Charge as Na20 % 12 14 16 

Heating up time min 90 

Cooking time min 60 120 240 

Temperature oc 150 160 165 

AO 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 Na20 )to 
get a Kappa about 13. In case of Soda-AO process the pulp yield was 
approx. 1 % point higher than without AO 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: 

AA-charge 

Cooking temperature 

Cooking time 

AO-charge 

SODA SODA-AO 

14% 

1so0 c 

2 hours 

0,05% 

IVA 
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6.3. Alkaline sulphite and Alkaline sulphite-AO pulping 

In total 8 laboratory trails were carried out in a 1 O I rotary digesler \Yith electric 
heating according to the alkaline sulphite and alkaline sulphite-AO process with 
following parameter: 

NaOH Charge % 2 2,5 4 

502 Equivalent % 8 10 16 

Na2S03 Charge % 15,75 19,69 31,50 

Heating up time min 90 

Cooking time min 240 

Temperature oc 165 

AO 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 13 to table 14 as well as figure 9 to figure 10. 

Summery of the laboratory trials: 

8 

24 

47,25 

The tests shows that alkaline sulphite pulping process with an NaOH /S02 
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 num!:>er was 51,3 at a.1 Na2S03 charge 
of 47,25 %. With an addition Of 0,05 % AO 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 AC addition brought kappa down to approx. 19, it was 
decided that only Alkaline sulphite final cooks with AC-addition will be used 
for the final pulping test with the following parameter: 

Na2S03-charge 

Cooking temperature 

Cooking time 

AO-charge 

47,25% 

165°C 

4 hours 

0,05% 

IVA 

Final Tes~ Report Phase 1A Page 11 



UNIDO I TRIBENI IVA 

6.4. Final pulping tests for determination of physical properties and 
bleachability tests. 

In total 1 Q laboratory trails were carried out in a 1 O I rotary digester with electric 
heating according to following parameter: 

Process AA charge Heating up Digesting Temp. 
asNa20 time bme 
(Na2S03) 
% min min oc 

Kraft 12 90 120 160 

Kraft AQ 12 90 120 160 

Soda ~4 90 120 160 

SodaAQ 13,5 90 120 160 

Alkaline sulphite no final pulping tests 

Alkaline sulphitE' AQ 47,25 90 240 165 
(= 24 % as S02) 

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

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 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 2~ 
to figure 33 

Viscosity of unbleached jute pulp see figure 34 
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UNIDO I TRIBENI IVA 

6.5. 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 Soda Soda Alkaline 
-AQ -AQ -AQ 

Kappa number 3 2 4 1 5 
Chemical consumption 2 1 4 3 5 
Energy consumption 2 1 4 3 5 
Chemical recovery 2 1 4 3 5 
Yield unbleached 3 2 5 4 1 
Viscosity unbleached 3 2 3 4 1 
Bleaching chemical consumption • 4 2 3 1 5 
Dirt content bleached • 3 2 1 5 4 
Breaking length at 30 SR 2 1 4 5 3 
fibre length 2 2 3 1 2 
Fibre strength 3 2 2 4 1 
Slenderness factor 3 2 4 1 5 
Total 33 21 44 39 47 

•)From the bleachability test results 

Note: 1 = Excellent 
2 = Very gut 
3 = Gut 
4 = Sufficient 
5 = Insufficient 

From this matrix the pulping processes can be ranged as follow: 
1. Kraft-AO 
2. Kraft 
3. Soda-AO 
4.Soda 
5. Alkaline sulphite 

Final Test Report Phase 1 A Page 13 



UNIDO I TRIBENI IVA 

7. 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 prescnbed 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 earned o.Jt with the sequence C - E - H. 

For the Kraft and Kraft-AO 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 tesl~ 

Bleaching parameter: 

KRAFT KRAFT SODA SODA ALK.SULF 
-AQ -AQ .-AO 

C-Stage: 
Chlorine 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 oc 20 20 20 20 20 

E-Stage: 
NaOH charge % 1,5 1,2 1,2 1,2 1,2 

Consistency % 10,0 10,0 10,0 10,0 10,0 

Retention time min 90 90 90 90 90 

Temperature oc 60 60 60 60 60 

H-Stage: 
A.Chier. charge %- 1,5 1,5 1,5 1,5 1,5 

Consistency % 10,0 10,0 10,0 10,0 10,0 

Retention time min 150 150 150 150 150 

Temperature oc 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 

e Total active chlorine consumption see figure 36 
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Bleached jute pulp total yield see figure 37 

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

Fibre length of bleached jute pulp see figure 43 

Coarseness of bleached jute pulp see figure 44 

Slenderness 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 SO 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 
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8. 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. 

8.1. Kraft Pulping (Sulphate) and tcraft AO Pulping 

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

AA Charge as Na20 % 12 12 

Sulfidity % 20 20 

Heating up time min 90 90 

Cooking time min 120 120 

Temperature oc 160 160 

AO 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 AO pror;ess 
with following parameter: 

AA Charge as Na20 % 12 11.5 12 12 11.5 

Sulfidity % 20 20 20 20 20 

Heating up time min 90 90 90 90 90 

Cooking time min 120 120 180 240 120 

Temperature oc 160 160 160 150 160 

AO Charge % 0,00 0,00 0,05 0,05 0,05 

After cooking the pulp was blown in an blow tan!t and washed on an belt 
washer. 

Details of cooks see table 27 to table 32 
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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 

SuHidity 

Cooking temperature 

Cooking time 

AO-charge 

See figures 81 to 92 

20% 

160°C 

2 hours 

0,05 % in case of Kraft-AO Process 

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

IVA 

Additional trial was carried out at SHAMLI Paper Mill ( located near to Saharanpur ) in 
a spherical digester with soda-AO 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 I l I 
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9. 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 carried out ovith the sequences 
C-E-H 

C-Ep-H 

0-C-EO-H 

0-E-O 

0-0-EO-O 

0 -A - EOP - PI 0 -0 - EOP - P 

0 -A - Z - P I 0 -0 - Z - P 

During the execution oi the bleaching tests it was founded that !VA-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 = Chlorination 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 

0 = Oxygen delignification 

P = Peroxide stage 

Q = Chelation stage 

e Z = Ozone stage 
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9.1 C - E - H bleaching: 

The target brightness for this sequence was 78-80 %. 

In total 7 laboratory bleaching trials were carried out. 

The final results of brightness measurement was : 

82,8 % ISO absolute 
84,8 °.4 ISO relative 

Details of bleaching parameter and results see table 40 

9.2 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 absolute 
87,2 % ISO relative 

Details of bleaching parameter and results see table 41 

9.3 O - C - EO - H bleaching: 

e 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 absolute 
85,0 % ISO relative 

Details of bleaching parameter and resuits see table 42 

Final Test Report Phase 1 A 
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9.4 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 ausolute 
87,0 % ISO relative 

Details of bleaching parameter and results see. table 43 

9.5 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 absolute 
84,4 % ISO relative 

Details of bleaching parameter and results see table 44 

9.6 0 - A • EOP - PI 0 • Q - EOP - P bleaching: 

e The target brig'ltness for this sequence was 84-85 %. 

In total 3 laboratory bleaching trials were carried out. 

The final results of brightness measurement was : 

82,7 % ISO absolute 
84,7 % ISO relative 

Details of bleaching parameter and results see table 45 

Final Test Report Phase 1A 
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9.7 0-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 °k ISO 
86,8-89.3 % ISO 

Details of bleaching parameter and results see table 46 

9.8 Quality of unbleached pulp: 

IVA 

absolute 
relative 

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 lnstiMe 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. 
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9.9 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. 

IVA 

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 resl!lts in a brightness of 87 
%. Adding an oxygen delignification prior to the first chlorine dioxide stage improve 
the total 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 101to129 and the following table! 

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

TABLE 1 Kraft pulping at 165°C 

TABLE2 Kraft pulping at 160°C 

TABLE3 Kratt pulping at 150°C 

TABLE4 Kraft AC pulping at 165°C 

TABLES Kraft AC pulping at 160°C 

TABLES Kraft AC pulping at 1 so0c 
TABLE7 Soda pulping at 165°C 

TABLES Soda pulping at 160°C 

TABLE9 &oda pulping at 1 so0 c 
TABLE 10 Soda AO pulping at 165°C 

TABLE 11 Soda AC pulping at 160°C 

TABLE12 Soda AC pulping at 1 so0 c 
TABLE 13 Alkaline sulphite pulping at 165°C 

TABLE14 Alkaline sulphite AO pulping at 165°C 

TABLE 15 Final kraft pulping at 160°C 

TABLE 16 Final kraft-AO pulping at 160°C 

TABLE 17 Final soda pulping at 160°C 

TABLE 18 Final soda-AO pulping at 160°C 

TABLE 19 Final alkaline sulphite-AO pulping at 165°C 
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UNIDO I TRIBENI 

Jute pulping 

Laboratory: 
City: 
Country: 
Conducted by: 
Date: 
Client: 

Unit 
AMrlMterilll 

IOualitv d Fiber 
Size or fiber mm 

Ploiping mta 

Pulping Process 

CookNo. 

Type of diaester 

Size I 

!Hvdromodul 1:?? 

Raw malerial charge g 

gBD 

:0rv content % 

NaOHCharoe ,.~ 
-

Na2SCharae % 

Sulfidilv % 
S02Charge % 
Na2S03 Charge % 

Active Alkali charge as Na20 % 

Effective Alkali charge as Na20 % 

AOcharae % 

~linauplime min 

Cooking time min 

Cooking temp. •c 
H Factor . 
Yie:d unscreened % -Screen reieci % 

Yield ICIHned % 
IKaoo.a No. 

Final Test Report Phase 1A 

TABLE1 

Kraft pulping at t&s-C 

Pulp and Paper Institute 
Ljubliana 
Slovenia 
IV A, Unz AUSTRIA 1 DiplJng. Moharr:ed NAGA 
January-March 1995 
UNIDO, Vienna for Trlbeni Mill 

Jute .Me .Me 

250 250 250 

Kraft Kraft Kraft 

K01 11.02 K03 

Rocary, Rolaly, Rolaly. 
elect. elect. elect 

heated heated heated 

10 10 10 

3,00 3,00 3,00 

341 341 341 

300 300 300 

88,00 88,00 88.00 

14,60 12,51 10,43 

3,38 2.90 2,42 

19.20 19.20 19.20 
. . . 
. . . 

14,00 12,00 10.00 

12.66 10,BS 9,()4 
. . . 

90 90 90 
60 60 60 
165 165 165 

702.3 702,3 702,3 

59,50 58,40 61.20 

negl. negl. neg!. 

59,50 58,40 61,20 

11,20 12.50 27.20 

IVA 
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UNIDO I TRIBENI 

Jute pulping 

Laboratory: 
City: 
Country: 
Conducted by: 
Date: 
Client: 

Unit 
Raw INterial 

Quality al Fiber 

Size of fiber mm 

Pulping data 

Pulping Process 

Cook No. 

Type of diges!er 

Size I 

Hydromodul 1:?? 

•Raw material charge g 

gBD 

Ory content % 

NaOH Charge % 

Na2SCharoe •• 
Sulftditv % 

S02Charae '% 

Na2S03 Charge % 

Active Alkali charge as Na20 % 

Effective Alkali charge as Na20 "" AOcharoe % 

Healing up time min 

~nsilime min 

Cookino temp. •c 
H Ft1ctor . 
Yield unscreened % 

Screen ~eiec:t •k 

Yield screened •k 

Kappa No. 

Final Test Report Phase 1A 

TABLE2 

Kraft pulping at 1&0•c 

Pulp and Paper Institute 
Ljubliana 
Slovenia 
IVA, Unz AUSMA, OiplJng. Mohamed NAGA 
January-March 1995 
UNIDO, Vienna for Trlbenl Mill 

Jute Jute Jule Jute Jule Jule 

250 250 250 250 250 250 

Kraft Kraft Kraft Kraft Kraft Kraft 

K04 KOS KOSA KOSB KOSC KOS- K06 
K05c 

Rolary,e Rotary,e Rotary, Rotary, Rotary, Rolary. 
lect. lect. elect. elect elect. elect. 

heated healed heated heated heated heated 

10 10 10 10 10 10 

3,00 3,00 3.00 3,00 3.00 3.00 
341 341 341 455 455 341 

300 300 300 400 400 300 

88,00 88,00 88.00 88,00 88.00 88.00 
14,60 12.51 12.51 ~2.51 12.51 10,43 
3,31! 2.90 2.90 2,90 2.90 2,42 

19,20 19.20 19.20 19.20 19.20 19,20 
. . . . . . 
. . . . . . 

14,00 12.00 12,00 12,00 12.00 10.00 
12,66 10,85 10,85 10,85 10.85 9.()4 ,_ . . . . . . 

90 90 90 90 90 90 
120 120 120 120 120 120 
160 160 160 160 160 160 

859,6 859,6 859.6 859,6 85£."I 859,6 

56.40 61,00 60.20 57,80 61.00 60,73 60,60 
negl. negl. negl. negl. negl. negl. 

56,40 61,00 60.20 57,80 61.00 60,73 60,60 

I0,4CI 12,40 14,10 12,00 12.40 12.27 21,90 

IVA 
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UNIDO I TRIBENI 

Jute pulping 

Laboratory: 
City: 
Country: 
Conducted by: 
Date: 
Client: 

Unit 

Anmalerial 

IOuaitv cl Fiber 

Size cl fiber mm 

Pulpinamta 

Pulping Process 

CookNo. 

Tvoe of diaester 

Size I 

Hydromodul 1:?? 
Raw material charge a 

oBD 
Dry content '% 

NaOHCharge % 

Na23 Charge "' SiMicfitv % 

S02Charae "' Na2S03 Chara& % 

Active Alkali c:hame as ""a20 % 

Effective Alu~ charge as Na20 "' AOc:hame % 

Heatina up lime min 

Cookina lime min 

Cooking temp. -c 
H Factor -
Yield unscreened % 

Screen reiecl " Yield screened % 

Kappa No. 

Final Test Report Phase 1A 

TABLE3 

Kraft p.1tplng at 1SO-C 

Pulp and Paper Institute 
Ljubllana 
Slovenia 
IVA, Unz AUSTRIA, DiplJng. Mohamed HAGA 
January-March 1995 
UNIDO, Vienna for Tribeni Mill 

.Me .Me .Me 

250 250 250 

Kraft Ktaft Kraft 

K07 K08 K09 

Aolaty, Rotary, Rotary, 
elect elect elect 

heated healed heated 

10 10 10 

3.00 3,00 3.00 
341 341 341 
300 300 300 

88.00 88,00 88.00 
14,60 12.;;1 10,43 
3,38 2.90 2,42 

19.20 19.20 19.20 

- - -
- - -

14.00 12.00 10.00 
12,66 10.85 9,()4 

- - -
90 ~ 90 

240 240 240 
150 150 150 

688.2 688.2 688.2 
59,30 59,70 82,30 

negl. neg!. neg!. 

59,30 59,70 82,30 

11.20 13,50 'Z1.30 

IVA 
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UNIDO I TRIBENI 

Jute ptiping 

Uboratory: 
City: 
Coun1ry: 
Conducted by: 
Date: 
Client 

Raw IUterial 

Ouailv ol Fiber 
Size al fiber 

,_ . 
data 

!Puloina Process 

CookNo 

Type al diaester 

Size 

Raw .naterial chatge 

!Ort content 
NaOHCharne 

Na2SCharge 

Sulrdlv 

S02Charne 

Na2S03 Charge 

Ac:liYe Alkai ctiaroe as Na20 
EffecN8 Alkafi d'.arge as Na20 

NJcharae 
Heating up time 

Cool!ina time 
,_ 

temo. 
H Factor 
Yield unscreened 

Screen reiecl 

Yield ICfffnild 

Kappa No. 

Unit 

mm 

I 

1:?? 

a 
gBD 

"' 
"' "' "X. 

"' "X. 

"' 
"' "' min 

min 

·c 
-

"X. 

"' "' 

Final Test Report Phase 1 A 

TABLE4 

Kndt AQ pulping at 1659C 

Pulp 8nd P..,er Institute 
LjubUana 
Slovenia 
IVA, Unz AUSTRIA I Dipl.lng. lloh8med NAGA 
January-March 1995 
UNIDO, Vienna for Trlbeni lliU 

.... .... .... 
250 250 250 

Kraft l(qft Kraft 
AO NJ NJ 

KA001 KAQQ2 KAQ03 

Flolary, Rocaty, Racary, 
elect. elect elect. 

heated healed heated 

10 10 10 
3,00 3.00 3,00 

341 341 341 

300 300 300 
88,00 88.00 88,00 
14,60 12.51 10,43 
3,38 2.90 2.42 
19.20 19.20 19.20 

- - -
- - -

14,00 12.00 10.00 
12,66 10,85 9,04 
0,05 0,05 0,05 

90 90 90 

60 60 80 
165 165 1&5 

702,3 702,3 702,3 
59,70 61,80 61,llO 

negl. negl. negl. 

59,70 61,80 61,llO 

10,60 11,80 16.00 

IVA 
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UNIDO I TRIBENI 

Jute pulping 

Laboratory: 
City: 
Country: 
Conducted by: 
Date: 
Client: 

........... 
~dFiber 

Size al Iller 

.. 
cs.ta 

Pulllina Process 

CookNo. 

Type al CiQester 

Size 
HydrarnocU 

Raw rnarerial charge 

IDrv conrent 
NaOHCharve 
Na2SCharge 

ISIMickv 
S02Charge 

Na2S03 Charge 

Active Mali charge as Na20 
Effective Alkali charae as Na20 
AOc:harm 
Heatincr up time 

ICookino time 

lCoolcina remp. 
H Fac:ror 
Yield unscreened 
Sc:teen reiecl 
Y .. ld screened 

Kappa No. 

Unit 

mm 

I 

1:?? 

g 

aBO .,. 
.,. 
% 

% .,. .,. 
.,. 
.,. 
.,. 

min 

min 

-c 
. .,. .,. .,. 

Final Test Report Phase 1 A 

TABLES 

Kraft .:\Q pulping at 1&rC 

Pulp end Pllper Institute 
Llubliana 
Slovenia 
IVA, Unz AUSTRIA, DlpUng. llohamed NAGA 
January-llarch 1995 
UNIDO, Vienna for Tribenl llHI 

..... ..... ... .AR ..... ..... 
250 250 250 250 250 250 

Krall Kraft Kraft Kraft Kraft Kndl 
AtJ I AtJ AtJ AtJ KJ AtJ 

KA004 KKJ05 KKJ05 KKJ05 KKJ05 KAQ5. KA006 
A B c KAQ5C 

Rotary .. Rotary. Rdary. Racary. Ralary. Rocaly. 
elecl. I elect. elect. elecl.. elect. elecl. 

heated I healed heeled healed healed healed 

10 10 10 10 10 10 

3.00 3,00 3.00 3.00 3.00 3,00 

3'1 341 341 '55 455 341 

300 300 300 400 400 300 
88.00 88,00 88.00 88,00 88.00 88.00 
14,60 12.51 12,51 12,51 12.51 10,43 

3.38 2.90 2.90 2.90 2.90 2.42 
19.20 19.20 19.20 19.20 19.20 19.20 
. . . . . . 
. . . . . . 

14.00 . 12.00 12.00 12.CIO 12.00 10.00 
12,66 10,85 10.85 10,85 10,85 9,0C 

0.05 0.05 0.05 0.05 0.05 0.05 
90 90 90 90 90 90 

120 120 120 120 120 120 

160 160 160 160 160 160 

859.6 859.6 859.6 859.6 859.6 859.6 
57.40 62,00 61.00 61,60 62.00 61.65 61,90 

JM9. negl. negl. negl. neg!. neg!. 

57AO 62.00 61.00 61,60 62.00 61.65 61,90 

9,70 12,20 12.30 11,50 12.00 12,00 14,40 

IVA 
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UNIDO I TRIBENI 

Jute pulping 

laboratory: 
City: 
Country: 
Conducted by: 
Date: 
Client: 

.... IMlerial 

~dFiber 

SiZedli>er 

.Pulping data 

!Pulping Process 

CookNo. 

Typeol~er 

Size 

Hydromodul 

Raw material charge 

Oryconlent 

NaOHCharoe 

Na2SCharoe 

St.-otv 

5020\arm 
Na2S03 Charae 

Active Alkali c:haroe as Na20 
Effective Alkali charge as Na20 

All c;harge 

Heatina up time 
- time 
- temp. 

HFadof 

Yiald unscreened 

Screenr~ 

Yield screened 

lt<aooaNo. 

Unil 

mm 

I 

1:'?? 

a 
oBO 

"X. .,. 
"X. .,. 
"X. 

% 

% 

"X. 

% 

min 

min 

"C 
. 

% 

"X. 

% 

Final Test Report Phase 1A 

TABLE& 

Kraft AQ pulping at 150-C 

Pulp and Paper Institute 
LJubliana 
Slovenia 
IV A. Unz AUSTRIA , DiplJng. Mohamed HAGA 
January-March 1995 
UNIDO, Vienna for Tribeni Mill 

Jule ..... .Me 

250 250 250 

Kr.di Kr.di Kr.di 
AO AO AO 

KA007 KA008 KA009 

Rolary. Rolary, Rolary. 
elect. efec:l. elect. 

healed heated hellled 

10 10 10 
3.00 3.00 3.00 
3'1 3'1 3'1 

300 300 300 
88.00 88.00 88.00 
14.60 12.51 10.43 

3.38 2.90 2.42 
19_2r, 19,20 19.20 
. . . 
. . . 

14.00 12.00 10.00 
12.66 10.as 9.0C 
0,05 0,05 0,05 

90 90 90 
240 240 240 
150 150 150 

688.2 688.2 eau 
60.60 62.30 61.90 
negl. neg!. neg!. 
60,60 62,30 61.90 
8.70 12.40 18,30 

IVA 
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UNIDO I TRIBENI 

Jute pulping 

Laboratory: 
City: 
Country: 
Conducted by: 
Date: 
Client: 

Unit 

Raw material 

Quality of Fiber 

Sized fiber mm 

Pulping data 

Pulping Process 

CookNo. 

Type of digesler 

Size I 

HydromoOul 1:?? 
Raw material charge a 

gBO 

Orv c:onlenl % 

NaOHCharge % 

Na2SCharge % 

Sullidilv % 

502Charge % 

Na2S03 Charge % 
Aclive Alkali charge as Na20 % 

Effective Alkali charge as Na20 % 

AO charge % 

Healino up lime min 

Cooking lime min 
Cookino temp. •c 
H F.ctor . 
Yield unscreened % 

Screen reiect % 

Yield screened % 

Kappa No. 

Final Test Report Phase 1A 

TABLE7 

Soda pulping at 1&s-C 

Pulp and Paper Institute 
Liubllana 
Slovenia 
IVA, Unz AUSTRIA, DlplJng. Mohamed NAGA 
January-March 1995 
UNIDO, Vienna for Tribenl Miii 

Jule Jule Jule 

250 250 250 

Soda Soda Soda 

501 502 503 

Rotary, Rotary, Rotary, 
elect. elect elect. 

heated heated heated 

10 10 10 
3.00 3,00 3.00 
341 341 341 

300 300 300 
88,00 88,00 88,00 
20,65 18,06 15.48 
c.oo 0,00 0,00 
0,00 o.oo 0,00 
. - -
- - . 

16,00 14,00 12,00 
16,00 14,00 12.00 

- - -
90 90 90 
60 60 60 
165 165 165 

702,3 702,3 702,3 
56,90 56,10 57,80 
negl. n~. negl. 

56,90 56,10 57.80 
14,80 16.SO 37,70 

IVA 
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UNIDO I TRIBENI 

Jute pulping 

Laboratory: 
City: 
Country: 
Conducted by: 
Date: 
Client: 

Raw material 

Ouality of Fiber 

Size of fiber 

Pulping data 

Pulping Process 

Cork No. 

Tvoe ol digester 

Size 

Hydromoclul 

Raw material charge 

[)fYcontent 

NaOHCharae 

Na2SCharae 

Sulfidilv 

S02Charae 

Na2S03 Charge 

Active Alkali charoe as Na20 

Effective Alkali charge as Na20 

AO charge 

Heating up time 

Cooking time 

Cooking temp. 

H Factor 

Yield unscreened 

Screen reject 

Yield screened 

Kappa No. 

Unit 

mm 

I 

1:?? 

g 
aBD 

% 

% 

% 

% 

% 

% 

% 

% 

% 

min 

mir 
·c 
. 

% 

% 

% 

Final Test Report Phase 1A 

TABLES 

Soda pulping 91 1&ere 

Pulp and Paper Institute 
Ljubliana 
Sloven la 
IVA, Unz AUSTRIA, DipUng. Mohamed HAGA 
January-March 1995 
UNIDO, Vienna for Trtbenl 11111 

Jule Jule Jute Jule Jule 

250 250 250 250 250 

Socia Socia Soda Socia Socia 

504 sos SOSA 5058 S06 

Rolary. Rotary, Rolary, Rocary, Rolary, 
elect. elect elect elect. elect 

healed heated heated heated heated 

10 10 10 10 10 

3,00 3,00 3,00 3.00 3,00 

341 341 •54.55 •54.55 341 

300 300 "IX>.00 "IX>,00 300 
88,00 88,00 88,00 88,00 88.00 

20.65 18,06 18,06 18,06 15,"8 

0.00 0.00 0,00 0,00 o.oo 
0,00 0,00 0,00 o.oo 0,00 
. . . . . 
. . . . . 

16,00 1•.00 1•.00 1•.00 12,00 

16,00 1",00 14,00 14.00 12,00 
. . . . . 

90 90 90 90 90 

120 120 120 120 120 

160 160 160 160 160 

859,6 859,6 859,6 859,6 859,6 

58,70 58,30 57,80 58,30 58,13 61,70 

negl. negl. negl. negl. negl. 

58,70 58,30 57,80 58,30 58,13 61,70 

14,10 12,90 17,60 12,90 14,47 33.20 

IVA 
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UNIDO I TRIBENI 

Jute pulping 

Uboratory: 
City: 
Country: 
Conducted by: 
o.te: 
Client: 

.... _.. 
lau.lilv al Fi>er 

Size al liber 

,_ 
data 

•NPno Process 

CookNo. 

Type al dioester 

Size 
Hydrorrloclll 

Raw material charQe 

,Orv content 

NaOHCharoe 

Na2S Charge 

SullOly 

S02Charge 

Na2S03 CharQe 
Active Alkali charoe as Na20 
Effective Alkali charae as Na20 

AOdlarae 
Halina up lime 

Cookino lime 
- temp. 
H Fac:IOr 

Yield unscreened 

Screen reiecr 

Yield screened 

KaooaNo. 

Unit 

mm 

I 

1:?? 

a 
gBO 

% 

% 

% 

% 

% 

% 

% 

"' 
"' min 

min 
-c 
-

% 

"' % 

Final Test Report Phase 1A 

TABLE9 

Soda pulping 81 1SO-C 

Pulp end .,..,. lnstllule 
LfubHana 
Sloveni6 
IVA, Unz AUSTRIA I DipUng. llohamed HAGA 
~1995 
UNIDO, Viienna for Trlbeni 11111 

.... .... .... 
250 250 250 

Soda Soda Soda 

S07 S08 S09 

Aolaty. Aolary. Rccary. 
elect. elect. elec:I. 

healed healed heated 

10 10 10 

3.00 3.00 3.00 

340.91 340.91 340.91 

300.00 300.00 300.00 

88.00 88.00 88.00 

20.65 18.06 15.48 

0.00 0.00 0.00 

O.OG o.oo 0.00 
. . . 
- - -

16.00 14.00 12,00 

15.00 14.00 12,00 

- - -
90 90 90 
240 240 240 
150 150 150 

688.2 688.2 S882 
sa.10 57.20 57.IO 

negl. negl. negl. 

58,10 57,20 57.IO 

17,20 20.30 4:!.80 

IVA 
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UNIDO / TRIBENI 

.Jute pulping 

Uboratorr­
City: 
Country: 
Conducted by: 
Date: 
Client: 

Raw..-ial 
~dFiber 

Sized fiber 

,_ 
dm 

PuloinG Pfocess 

CookNo. 

!Typed ciaest•r 

Size 
-

Raw marerial charge 

IDrv c:onren1 

NaOHCtlam. 

Na2S~ 

s..fdlv 
S02Ctlarae 

Na2S03 ChalUe 

Active Mai charge as Na20 

Ellec::ive Mali c:Nme as Na20 

AOchame 
.HealinQ up time 
- time 
- ..,,,.,_ 
HFactor 

Yield unscreened 
Sonnrm.c:t 

Yield sc:rNned 
l<aflmlNo. 

Unl 

nvn 

I 

1:'?? 

g 

aeo 
'lit 

% 

% 

% 

% 

% 

% 

% 

% 

min 

min 

"C 
. 

% 

% 

% 

Final Test Report Phase 1A 

TABLE10 

Soda AQ pulping at 1~ 

Pulp and Paper Institute 
Ljubllana 
Slovenia 
IVA, Unz AUSTRIA, DipUng. llohamed NAGA 
January-llM:h 1995 
UNIDO, Vienna for Trlbenl lliD 

.... .... .... 
250 250 250 

Soda Soda Soda 
AO NJ AO 

SA001 SA002 SAQ03 

Rocary, Rotary, Rotary, 
elect 9lec:l. elect. 
haled healed healed 

10 10 10 
3.00 3.00 3.00 

340,91 340,91 340.91 
300.00 300.00 300.00 
88.00 88,00 88,00 
20,65 18,06 15,48 

0.00 0.00 0.00 

o.oo 0,00 0.00 
. . -
- . . 

16,00 14,00 12.00 
16.00 14.00 12,()() 

o.os 0,05 o.os 
90 90 90 
60 60 60 
165 165 165 

702,3 702,3 702,3 

57.30 56,40 58.00 

~. neg!. negl. 

57.30 56.40 58,00 

10.30 10,60 28,10 

IVA 
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UNIDO I TRIBENI 

Jute pulping 

Laboratory: 
City: 
Country: 
Conducterl by: 
Date: 
a1ent: 

Raw......, 
l<lualllr d Filer 
Sized fiber 

,_ 
d8ta 

Pulping Process 

CookNo. 

Typed cigester 

Size 
Hydromoclil 

Raw mareria1 charoe 

'Ory conlenl 

NaOHCharae 
Na2SCharge 

•Surdtv 
502Charae 

Na2503 Chatge 

Active Mali charge as Na20 
Effeclive Alkali charge as Na20 

AO charge 

Heating up lime 

Cooking lime 

ICookina temp. 

H Faclor 

V'Mlkl unscreened 

Screen reied 
V'Mtld screened 

Kappa No. 

Unil 

mm 

I 

1:?? 

a 
aBI'\ 

."" 
'% 

'% 

'% 

'% 

"' '% 

'% 

"' min 

min 

·c 
. 

"' '% 

'% 

Final Test Report Phase 1A 

TABLE11 

Soda AQ pulping Ill 1&ere 

Pulp and Paper Institute 
Ljubliana 
Slovenia 
IVA, Unz AUSTRIA, DipUng. Mohamed NAGA 
January-March 1995 
UNIDO, Vienna for Tribeni Mm 

Jule Jule Jule Jule Jule 

250 250 250 250 250 

Soda Soda Soda Soda Soda 
NJ NJ AO NJ NJ 

SA004 SAOOS SA010 SA010 SA006 
A 

Rocary, Rocary, Rotary. Rotaly. Rotaly. 
elect. elect. elect. elecl- elect. 

healed healed heated healed healed 

10 10 10 1'i 10 

3.00 3.00 3,00 3,00 3.00 
340.91 340.91 454,55 454.SS 340.91 

300,00 300,00 400,00 400,00 300,00 

88.00 88,00 88.00 88,00 88.00 

20,65 18,06 17,42 17.42 15.48 

O.IJO 0.00 0,00 0.00 0.00 

0,00 0.00 0.00 o.oo 0,00 
. - . . -
- . . . . 

16,00 14.00 13,50 13,50 12.00 

16,00 14,00 13,50 13,50 12.00 

0,05 0.05 0.05 0,05 0,05 

90 90 90 90 90 
120 120 120 120 120 

160 160 160 160 160 

859.6 859,6 859.6 859.6 859.6 
59,40 58,60 6-1,10 60,10 60,10 60.90 

negl. negl. neg1_ negl. Mgl. 
59,40 58,60 60,10 60,10 60,10 60.90 

8,70 10,20 11,70 10,20 10,95 19,70 

IVA 
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UNIDO I TRIBENI 

Jute pulping 

Laboratory: 
City: 
Country: 
Conducted by: 
Date: 
Client: 

Unit 

Raw ....... 

Oualillr al Fiber 

Size of fiber mm 

Pulping data 

I Pu1Pno Process 

CookNo. 

TYOe al dges!er 

Size I 

~ 1:?? 

Raw malerial charoe g 

gBD 

IDrv content % 

NaOHCharoe % 

Na2SChame % 

SUficitv % 

S02Charge ... 
Na2S03 Charge % 

Active Alkali charae as Na20 "" Effective Alkali charge as Na20 % 

AOdlarae % 

Healina up time min 

ICookina lime min 

Cookinatemo. •c 
HFKtor . 
Yield unscreened "" Screen reject "" Yield screened % 

Kappa No. 

Final Test Report Phase 1A 

TABLE12 

Soda AO pulping at 1SO-C 

Pulp end Paper Institute 
Ljubliana 
Slovenia 
IV A, Unz AUSTRIA , Dipl.lng. Mohamed NAGA 
JanuEry-llarch1995 
UNIDO, Vienna for Trfbenl Mill 

Jule Jule .11..e 

250 250 250 

Soda Soda Soda 
AQ AQ AQ 

SA007 SA008 SA009 

Rolary, Rolary, Rolary, 
elect. elect. elect. 

heated heated heated 

10 10 10 

3.00 3,00 3,00 

340,91 340.91 340,91 

300,00 300,00 300,00 

88,00 88,00 88.00 
20,65 18,06 15,48 

0.00 0,00 o.oo 
0,00 0,00 0,00 
. . . 
. . . 

16.00 14',00 12,00 
16,00 1",00 12,00 

.J,05 0.05 0,05 

90 90 90 
24'0 2"0 2"0 
150 150 150 

688.2 688.2 688.2 
57,70 58,90 58,4'0 

negl. negl. negl. 

57,70 58,90 58,4'0 

9,90 13,20 16.10 
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UNIDO I TRIBENI 

Jute pulping 

Laboratory: 
City: 
Country: 
Conducted by: 
Date: 
Client: 

Unit 

Aalw materilll 

Ouaity of Fiber 

Size of fiber mm 

Pulpingdm 

Pulping Process 

CookNo. 

Type of digester 

Size I 

Hydromodul 1:?'! 

Raw material charge Q 

aBD 
Ory content "" NaOHCharge % 

Na2SCharge ."" 
Sulfiditv "" S02Charge "" Na2S03 Charge "" Active Alkali charge as Na20 "" Effective Alkali charoe as Na20 "" AOcharae "" Heating up time min 

Cookino time min 

Cookino temp. •c 
H Factor . 
Yield unscreened "" Screen rejed "" Yteld screened "" Kappa No. 

Final Test Report Phase 1 A 

TABLE13 

Alkaline sulphite pulping at 1ss•c 

Pulp and Paper Institute 
Ljubliana 
Sloven la 
IV A, Unz AUSTRIA , DiplJng. llohamed NAGA 
January-March 1995 
UNIDO, Vienna for Tribenl Miii 

Jule Jule Jule Jule 

250 250 250 250 

Mal. Mal. Mal. Mal. 
Sulphile Sulphite Sulphite Sulphite 

AS01 AS02 AS03 ASOC 

Rotary, Rotary, Rotary, Rotary. 
el act. elect. elect elect. 

hf'aled heated heated heated 

10 10 10 10 

3,00 3.00 3,00 3,00 

340,91 340,91 340,91 340,91 

300,00 300,00 300,00 300.00 

88,00 88,00 88,00 88,00 

2.00 2,50 4,00 8,00 
. . . . 
. . . . 

8,00 10,00 16,00 24.00 

15,75 19,69 31,50 47.25 
. . . . 
. . . . 
. . . . 

90 90 90 90 

240 240 240 240 

165 165 165 165 

2527,2 2527,2 2527,2 2527,2 

74,20 70,30 67,90 63.60 
negl. negl. negl. negl. 

74,20 70,30 67,90 63.60 
56,70 54,60 52,30 51,30 

IVA 
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UNIDO I TRIBENI 

Jute pulping 

Laboratory: 
City: 
Country: 
CoMucted by: 
Date: 
Client: 

Unft 

~material 

ICuaitY of Fiber 
Size of fiber mm 

Pulping ct.ta 

Puloina Process 

Cook No. 

Tvoe of dloester 

Size I 

H 1:'?? 

Raw material charge Q 

a8D 
Dry content % 

NaOHCharge % 

Na25Charge % 

Sulfidilv "' S02Charge % 

Na2503 Charge "' Active Alkali charge as Na20 % 

Effective Alkafi charge as Na20 "' AQc:harae % 

HeatinQ up time min 

Cookina time R".in 

Cookina temp. ·c 
H Factor . 
Yl8kl unscreened "' Scteen reject "' Yield screened % 

Kappa No. 

Final Test Report Phase 1A 

TABLE 14 

Alkaline sulphite AO pulping at 1&s·c 

Pulp and Paper Institute 
LJubliana 
Slovenia 
IVA, Unz AUSTRIA, DipUng. Mohamed NAGA 
January-March 1995 
UNIDO, Vienna for Trlbenl llDI 

Jule Jule Jule Jule Jule Jule 

2SO 2SO 250 250 250 250 

Allcal. Mal. Alcal. Mal. Alkal. Mal. 
Sulphite Sulphite Sulphite Sulphite ~- ~-

AO AO AO AO AO AO 

ASA001 ASA002 ASA003 ASAO~ ASAO~ ASAO. 
05A 

Rolary. Rotary. Rotary. Rolary. Rotary. Rotary. 
elect. elect. elect. elect elect. elect. 

healed heated healed heated heated heated 

10 10 10 10 10 10 

3.00 3.00 3.00 3.00 3.00 3.00 

340,91 340,91 340.91 340.91 4S4.S5 454.55 

300.00 300,00 300.00 300.00 400.00 400,00 

88,00 88,00 88.00 88.00 88.00 88,00 

2.00 2.SO 4.00 8.00 6,00 6,00 
. . . . . . 
. . . . . . 

8,00 10.00 16,00 24,00 24,00 24.00 

15,75 19,69 31,50 47,25 47,25 47.25 
. . . . . . 
. . . . . . 

0.05 0,05 o.os 0,05 0,05 o.os 
90 90 90 90 90 90 
~40 240 240 240 240 240 

165 165 165 165 165 165 

2527.2 2S27,2 2527,2 2527,2 2527,2 2527.2 
71,90 i1,60 64,50 62,10 62.00 62,10 

negl. negl. negl. negl. negl. neg!. 

11,90 71,60 64.SO 62,10 62.00 62,10 

46,80 41.90 27,10 18,00 21,30 19,00 

IVA. 

62.,07 

62,07 

19,43 
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UNIDO I TRIBENI 

TABLE15 

Jute pvlping 

Laboratory: 
City: 
Country: 
Conducted by: 
Date: 
Qient 

TABLE15A 

Rnr llldrial 

Oudlv ol Fibre 

Simolflbre 

Pulping cr.111 
PulDincl PIOCeSS 

CookNo. 

Type ol digester 

Size 

Raw material c:hame 

Orv content 
NaOHCharae 

Na2SCharae 

Sulfidilv 
S02Charge 

Na2S03 Charoe 
Active Alkali charge as Na20 

Effective Alkali charae as Na20 

AQ~rae 

HeatinQ uo time 
Cookina time 
Cooking temo. 

H Factor 

Yield unscreened 

Screen reiect 

Yield screened 
IKaooaNo. 

VllCOlilv 

Briohtneu 

Fibre fr1ctlon Bauer McNett: 

retained on mesh 14 

retained on mesh 30 
retained on mesh 50 

retained on mesh 100 
!noina throuah mesh 100 

Kratt pulping a11&0·c 

Pulp encl Paper Institute 
Ljubliam 
Slovenia 
IV A. Unz AUSTRIA , Dipl.lng. Mohamed HAGA 
January-March 1995 
UNIDO, Vienna for Tribeni 11m 

Unit 

Jule Jure Jute Jule 

mm 250 250 250 250 

Kraft Kraft Kratt Kraft 
K05 KOSA K058 K05C 

Rotary, Rotary, Rotary, Rolafy, 
::..-.a. elecl elecl eled. 

healed healed healed healed 

I 10 10 10 10 -3,00 3,00 3,00 3,00 

a 341 341 455 455 

aBD 300 300 400 400 

% 88.00 88.'."'° 88,00 88.00 

% 12,51 12,51 12,51 12,51 

% 2,90 2,90 2,90 2.90 
.,. 19,20 19,20 19,20 19,20 

% . . . . 
% . . . . 
% 12,00 12,00 12,00 12,00 

% 10.85 10,85 10,85 10.85 

% . . . . 
min 90 90 90 90 

min 1?.0 120 120 120 

"C 160 160 160 160 

. 860 860 860 860 

% 61,00 60,20 57.80 81,00 

% negl. nei11. negl. neg!. 

% 61,00 60,20 57,80 61,00 

12,40 14,10 12,00 12,40 

mva 1029 

%ISO 31.22 

% 88,40 

% 7,50 

% 2,00 

% 0.50 

% 1,60 

Aver. I0,73 

Aver. I0,73 
Aver. 12,27 

NOTE: Cook no. K 058 used for physical propertie test, K 05C UHd for Dleachability teats 

Final Test Report Phase 1 A 
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UNIDO I TRIBENI IVA 

TABLE15B 

PhYSiClll ,.:_s: Sample: from Cook No. IKOSB KAPPA- 12,00 

with PFl mil 

Beatina Doinl - 0 1 2 3 

PFI revoll:tion mm 1450 1450 1450 1450 

rev. 0 4J50 7250 11600 5141 8741 

min 0.00 3.00 5.00 8"0 3,55 6.03 
Freeness SR 17 27 38 30 50 

CSF 656 470 m 428 224 

Grammaae gfm' 76,96 73,46 74.41 73.25 73.72 74.01 

Thickness mm 0,174 0,128 G,119 0,106 0,126 0,115 

IDensilv kg/m' 440 575 625 690 589 647 

Bulic m'llm 2.273 1,739 1,600 1,449 1,701 1,548 

Streich % 1.7 2.8 3,3 3,9 2.9 3,5 

Breakino lenalh m 3745 6715 7010 10175 6795 8095 
Bursi strenalh kPa 146 320 350 398 328 366 

T earino resistance mN 1138 1067 930 776 1030 877 

MIO double fold 15 470 784 478 556 679 

Tensile index Nm/a 36,74 65,87 se.n 99,82 66.66 79,41 

Burst index kPam2/g 1,90 4,36 4.70 5,43 4,45 4.95 

Tear index mNm2/Q 14,79 14,52 12,50 10.59 13,97 11,85 

Bendtsen porosrtv A/B side ml/min - - - - 752 750 S7 56 - - 514 512 

Bendtsen smoothness A/B side mVmin 962 984 564 554 412 460 350 420 523 528 391 446 

Zero beaten DulP. 

Fibre length Arilhmetic average mm 1,27 

Fi:ire length weiCJhled averaae mm 1,69 

Fibre diameter mm 0,030 

Coarseness mg/m 0,104 

Slenderness factor 16,3 

Fibre zero span tensile km 1,13 

fibre zero span stregth index Nm/a 11.085 

Black liquor: 

ph 9,4 

Residual alkali as Na20 all 5.27 
Viscositv al RPM 20 50 100 

mPa.S 12 14 19 

Orv solids content of ora.liauor % 17.0 

Ort1anic content of dry solids % 63,8 

lnoraanic content of drv solids % 36.2 

HHV of dry solids kcallka 2889 

kJlka 12097 

Specific aravilv a/cm' 1,10 
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UNIDO I TRIBENI 

TABLE16 

Jute pulping 

Laboratory: 
Cly: 
Country: 
Conducted by: 
Date: 
Client: 

TABLE16A 

Raw nmteri.i 

Quality d Fibre 

SiZe of fibre 

Pulpina data 

Puloina Process 
CookNo. 

Type of digester 

Size ,. 
Raw material charoe 

Orv content 

NaOHCharae 

Na2S Chara-. 
Sutfodllv 

S02Charae 

Na2S03 Charae 

Active Alkali charae as Na20 

Effective Alkali charoe as Na20 

AOChatt1111 

Heatina UD lime 

Cooking lime 

Cookina temp. 

H Factor 

Yield unscreened 

Screen reiecl 

Yield weened 
KaDD8No. 
Visc:osi!v 

Briatltnetl 

Fibre fraction Bauer McNett: 

retained on mnh 14 

retained on mesh 30 

retained on mesh 50 

retained on mesh 100 

aoing lhrouah mesh 100 

Kraft-AQ pulping 811&0•c 

Pulp end .,..,.,. Institute 
Ljubli8nll 
Slovenia 
IVA, Unz AUSTRIA, DipUng. lloMmed HAGA 
January-March 1995 
UNIOO, V'aenna for Trfbenl 11111 

Unit 

Jule Jule Jute Jule 

mm 250 250 250 250 

Krah AC Krah ACl KraftAC KraflMl 

KA005 KAQ05 KA005 KA005 
A B c 

Aolary. flolary, Aolary, Rolary, 
elect. elect. elec:l. elect 

heated heated heated '-led 

I 10 10 10 10 

3,00 3,00 3,00 3,00 

!I 341 341 "55 455 

gBD 300 300 400 400 

% 88.00 88.00 88,00 88.00 

% 12,51 12.51 12.51 12.51 

% 2.90 2,90 2,90 2,90 

% 19,20 19.20 19.20 19,20 

% . . . . 
% . . . . 
% 12,00 12,00 12.00 12.00 

% 10,85 10,85 10,85 10,85 

'% 0,05 0,05 0,()6 0,05 

min 90 90 90 90 

min 120 120 120 120 

"C 160 160 180 180 

. 860 860 860 eeo 
% 62.00 61,00 61,IO 62,00 AWll. t1M 

% negl. negl negl. neg!. 

% 62,00 61,00 61,IO 62,00 

12,20 12,30 11,50 12,00 

ml/g 1045 

%ISO 35.32 

'% 84.30 

'% 11,20 

% 2,40 

% 0.70 

~.40 ~-% 

NOTE: Cook no. KAO 058 used for phylieal propal1ie 1811, KAO 05C uHcl for bleachabdily IUll 
Final Test Report Pha::.e 1A 
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UNIDO I TRIBENI IVA 

TABLE16B 

~ propetties: s.mple: frMI Cook No. KAQ058 KAPPAs 11,50 

wilh PA mil 

IButina pain! - 0 1 2 3 

PA~ 111111 1'50 1'50 1'50 1'50 

rev. 0 2900 43!!0 8700 '108 7411 
mm, 0,00 2.00 3.00 6,00 2.83 5.11 .._ 
SR 18 25 31 sa 30 50 

CSF 633 501 415 16C 428 224 
Grammage olrrt2 74,IC 74.30 76.00 74,'1 75.72 74.1111 

Thiclcness mm 0.159 0.131 0,1311 0,113 0,130 0.118 

IDensilv ko'm' 470 5&5 515 660 582 631 

Bulk ~ 2.121 1,710 1.709 1,515 1,719 1.572 

Stretc:h "" 2.1 2.9 2.9 3.6 2.9 3.4 

Breakina lenalh m 54311 &IOO 73tO 9070 72fi1 1557 

Burst strenath kPa 209 294 349 397 340 383 

Tearina resistance mN 1303 1118 1098 596 1101 745 

MID doutJfe fold 112 469 749 496 702 571 

Tensile index Nm/Q 53.27 67.69 7201 88,98 71 !)< 83.95 

Burst index kPam'/Q 2.79 3.96 4,59 5.34 4,49 5.11 

Tear index mNm2/g 17.41 15.05 14.45 8,01 14,5!' 9.9!i 

Bendlsen po<ositv AJB side ml/min - - - . . . 177 180 - - 197 195 

Bendlsen smoothness AIB side ml/min 862 878 6C2 568 516 502 376 392 537 513 417 425 

Zero beaten pulp: 

Fibre lenclh Anlhmelic averaoe mm 1,24 

Fibre lerialh we1Qhted averaae mm 1,68 

Fibre diameler mm 0.030 

Coarwness """"' 0.100 

Slenderness factor 16.8 

Fibre zero span tensile km 2.61 

Fibre zero span strl!alh index Nmlll 25.604 

Bleck liauor: 

pH 9.3 

Residual alkah as Na20 a.1 4,68 

VISCOSltv at RPM ltO so 100 

mPa.S 15 16 20 

Orv solids content of ora.liquor "' 16.3 

Organic content ol dry solids "' 67.5 
lnoraanic content of drv solids "' 32.5 
HHV of dry solids kcallka 2997 

kJ/k!I 12547 

Specific aravitv olan' 1,10 
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UNIDO I TRIBENI 

TABLE 17 

Jute pulping 

Laboratory: 
City: 
Country: 
Conducted by: 
Date: 
Client: 

TABLE17A 

Raw ..... 

Cualilv cl Fibre 
Size cl fibre 

PulDina data 

Pulping Process 
CookNo. 

Type cl cigester 

Size 

Raw material charae 

Orv content 

NaOHChatge 

Na2SCharae 

&Midlv 

S02Charae 

Na2S03 Charne 

Aclive Alkafr ct;arae as Na20 

Effective Alkali charoe as Na20 
AO charge 

Heatino UD lime 

Cookino time 

Coolcina temp. 

H Factor 
Yield unsaeened 
Screen reiect 

Yield screened 
KaDOllNo. 

Vsaisilv 

Brightness 

Fibre fraction Bauer McNett: 
retained on mesh 14 

retained on mesh 30 

retainf'd on mesh 50 

retained on mesh 100 

ooina throuah mesh 100 

Soda pulping .. 1&ere 

Pulp and Paper Institute 
Ljubliana 
Slovenia 
IV I., Unz AUSTRIA , Dipl.lng. llohamecl HAGA 
January-March 1995 
UNIDO, Y-.enna for Trlbenl 1101 

Unit ..... 
mm 250 

Soda 
sos 

Rocary, 
elect 
heat~ 

I 10 

3,00 

g 341 

a8D 300.00 

"'" 
88,00 

% 18,06 

"'" 
0,00 

"'" 
0,00 

% . 
% . 
% 14,00 

% 14,00 

% . 
min 90 

min 120 

•c 160 

. 860 

% 58,30 

"'" 
neg!. 

"'" 
58,30 

12,90 

mVg 
%ISO 

% 

"'" % 

"'" % 

..... 
250 

Soda 
SOSA 

~. 
elect. 

:ieated 
10 

3,00 

4!15 

'°° 88,00 

18,06 

0.00 

0,00 
. 
. 

14,00 

14,00 
. 

90 
120 

160 

860 
57,80 

neg!. 

57.80 

17,60 

1030 

78.00 

13,80 

2.50 
1.20 

4,50 

.... 
250 

Soda 
SOSB 
Rolaty, 
elacl. 

heeled 
10 

3,00 

455 

'°° 88.00 

18,06 

o.oo 
0.00 
. 
. 

14.00 

14.00 
. 

90 
120 

160 

860 
58,30 

neg!. 

58,30 

12.90 

37.31 

Avw. 51,13 

Avs. 51,12 
Aver. 14,47 

NOTE: Cook no. S 05A used for physical proper1ic test, S 058 used for bleachability tests 
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UNIDO I TRIBENI IVA 

TABLE178 

. 
: ~~. trom Coolt No. SOSA KAPPAs 11.IO -· 

lwilti PA mil 

iBaalina painl - 0 1 2 3 
PA~ rpm 1450 1450 1450 1450 ,..,_ 0 2900 4350 8700 4060 8483 

min 0 2 3 6 2,80 5.85 
Fnieness SR 21 26 31 51 30 50 

CSF 571 485 415 216 428 224 
- a/ml TT.BJ 75.69 75JIO 15:sT 75.116 75.40 
Thidlness mm 0.167 0.138 0,131 0.117 0,132 0.118 
,Dl!nsilv kdmS 465 545 580 645 573 &12 
Bulk ~ 2.150 1,835 1,72C 1.550 1.746 1.559 

511.u:h .. 22 2.11 3..3 3,7 3.2 3,7 

lenalh m 3930 5590 57'iO 7020 5726 6957 
Bini sb8'0lh kPa 158 250 274 323 269 321 

Tearina resistance mN 12fi7 1~ 1032 914 1036 920 

MIO double told 35 '16 871 1017 780 1010 

Tansie~x Nmla 38,55 54.84 56.51 68.87 56.1'l 68.25 
Bursrnte~ kPam2/Q 2,04 3.30 3.61 4.29 3.55 4.25 

Tearntex mNm21a 16.33 13.90 13.60 12.13 13.& 12.2C 
Bencls-., oorosilv AIB side mUmin - . . . . . 424 438 . . 439 448 

8erdsen smoocmess AIB side ntJmin 780 740 582 456 558 438 324 300 563 442 336 307 

Zero beaten nulD: 

Fibre leng!h Arithmetic averaae mm 1,Q2 

FitJre lenOtl'I wesohled averaoe mm 1,58 

Fibre ciamr.er mm 0.030 

Coarseness maim 0.106 

Slenderness factor 14,9 

Fibre zero siian tensile km 2.60 

Flbfe zero span srre.Jlh index Nmla 25.506 

Black liauor; 

pH 9.4 
Residual allcah as Na20 G'I 8.76 

VISCOSitv at RPM 20 50 100 
rnPa.S 10 13 19 

Ory solids content d Ol'Q.liquof .. 14,7 

Oraanic conrent ol dry SOiids .. 66.2 
lnoraanie Conlenl d drv sOlids .. 33.8 
HHV ol dl'I solids kcallka 3296 

k.llka 13799 

s-aric: aravilY gem' 1,09 
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UNIDO I TRIBENI 

TABLE18 

Jute pulping 

Uboratory: 
City: 
Country: 
Conducted by: 
Date: 
Client 

TABLE18A 

Raw meterial 

IOualilv of Fibre 

Size of fibre 

PulDina data 

IPubna Process 
CookNo. 

Type of CligeSter 

Size 

Raw material charoe 

Orv content 

NaOHCt-a,_ 

Na25Charae 
'~ 

S02Charoe 

Na2503 Chan. 
Active Alkali cha,_ as Na20 
Effedive ~.!«ali c:flarae as Na20 

AOdla.-

Heatina uo time 
lc-i.inn time 

ICookina iemo. 
H Fac:tor 

Yield unscraened -Setnnr....,. 

Yllld scr""9CS 

IK8ooaNo. 

VIUOAltv 

I Briatllnnl 

Fibre fraction B1uer McNett: 

retained on meSll 14 

retained on mesll 30 
retained on mesh 50 

retained on mesh 100 
laoinn lhrouah mesh 100 

Soda-AO pulping at 1&0·c 

Pulp and Paper Institute 
Ljubliana 
Slovenia 
IVA, Unz AUSTRIA, Dipl.tng. Mohamed NAGA 
January-March 1995 
UNIDO, Yeenna for Tribeni um 

Unit 

Jule 

mm 250 

Soda 
AO 

SA010 

Rotaiy, 
elect. 

heated 

I 10 

3.00 

g 455 

aBO 400 

'JI. 88.00 

'JI. 17,42 

'JI. 0.00 

'JI. o.oo 
'JI. . 
'JI. . 
'JI. 13.50 

'JI. 13.50 

'JI. 0,05 

nin 90 

min 120 

"C 160 

. 860 

'JI. 60,10 

'JI. neg!. 

'JI. 60,10 
11,70 

mva 1002 

%150 

... 87,70 

"' 9.50 

'JI. 1,70 

"' 1.00 

... 0.10 

Jule 

250 

Soda 
AO 

SAQ10 
A 

Rotaiy. 
elect. 

heated 

10 

3.00 

455 

400 

88.00 
17.42 

0.00 

o.oo 
. 
. 

13,50 

13,50 
0,05 

llO 
120 

160 

860 
60,10 

neg!. 

60,10 

10.20 

40.87 

A,,.,. IO, 10 

A,,.,. I0,10 
A,,.,. 10,15 

IVA 

NOTE: Cook no. SAO 10 uMd for physieal propet1ie IHI. SAO 10A used for bleachabilily 1"11 
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UNIDO I TRIBENI IVA 

TABLE 188 

Ptnrslcal : S.mple: from Cook No. SAO 10 IKAPPAs 11,70 

wittl PAmil 

Baatint'I point . 0 1 2 3 
PA revolution rpm 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 50 
CSF 633 428 284 144 428 224 

Grammaae olm2 76,11 76.11 74,52 75.47 76.11 74,89 

Thidmess mm 0,163 0,130 0,119 0,113 0,130 0.117 
Density kQfml 465 585 625 665 585 641 
Bult m*g 2,150 1,709 1,600 1,504 1,709 1.563 
Stretch "4 2.2 3.4 3.7 3.8 3,4 3,7 

Breakina lenath m 3980 6070 6380 6720 6070 6512 
Burst strenarh kPa 180 306 341 378 306 355 
Tearina resistance mN 11n 1146 105~ 1059 1146 1059 
MID double fold 31 366 1853 1893 366 1869 
Tensile index Nm/Q 39.CM 59,55 62.59 65.92 59.5! 63.88 

Burst index kPam•tg 2.36 4,02 4.58 5.01 4.02 4.75 
Tearirdex mNm'/Q 15.46 15.06 14.21 14,03 15,()j 14,1• 

Bendtsen porosity AIB Side mvmin . - . - 710 708 2'6 206 - . 518 513 

Bendtsen smoothness AIB side mVmin 886 842 512 438 442 318 30'.<: 292 512 438 388 308 II 

Zero be1ten pulp: 

Fibre len!lth Arithmetic averaQe .nm 1,14 

Fibre lenath weiahted average mm 1.760 

Fibre diameter mm 0.030 

Coarseness mgtm 0.101 

Slenderness factor 17,4 

Fibre zero span tensile km 2.17 

Fibre zero span strealh index Nmto 21.288 

Black liquor: 

lpH 9.4 

Residual alkali as Na20 oil 6,44 

V1S<;OSitv .ill RPM 20 50 100 i 
mPa.S 10 13 19 

Ory solids content of org.liauor "' 14.2 

Oroanic content of drv solids "' 70.3 

lnoroanic content of dry solids "' 29,7 

HHV of drv solids kcallka 3388 
kJ/kg 14185 

'SMCific aravitv a/cm' 1,08 
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UNIDO I TRIBENI 

TABLE 19 

Jute pulping 

Laboratory: 
City: 
Country: 
Conducted by: 
Dale: 
Client: 

TABLE19A 

Rliw material 

,Oualilv ol Fibre 

Srze al fibre 

Putplngdm 

Pu!Clin!I Process 
CookNo. 

Type ol digester 

SiZe 
Hvdromodul 
Raw material ctlarge 

IDrv content 

NaOHCharge 

Na2SCharae 

I Sulfidillt 

502 Chaflll! 

Na2S03 Charae 

Active Alkali charae as Na20 

Elfedive Alkali charm as Na20 

AOdlarae 

Heatina UD lime 

ICookina lime 

Coolcino temo. 

HFador 
Yield unscreened 

Screen reiect 

Yield screened 
Kanoa No. 
Visc:olitv 

Briohtness 

Fibre fraction Bauer McNett: 

retained on mesh 14 
retained on mesh 30 

relained on mesh 50 

rel11ined on mesh 100 
IMinn lhrouoh mesh 100 

Alkaline sulphite-AO pulping m 1&s-C 

Pulp mnd Paper Institute 
Liubliana 
Slovenia 
IV A, Unz AUSTRIA , Dipllng. lloh8med MAGA 
January-March 1995 
UNIDO, Ytenna for Tribeni Mill 

Unit 
Jule 

mm 250 

Alkal-
SulphJI 

o 
ASAOO 

4 
Rocary. 
elecl. 

heated 

I 10 

3,00 

a 341 

aBD 300,00 

")(, 88,00 

")(, 6,00 

")(, -
")(, -
% 24.00 

% 47.25 

% -
% -
")(, 0,05 

min 90 

min 240 

"C 165 

. 2527 

")(, 62.10 

% negl. 

")(, 62,10 

18,00 

mVQ -
%ISO 

% 
")(, 

")(, 

% 
")(, 

Jute 

250 

Alkaf_ 
Sulph. 

AO 

ASAO 
05 

Rocary. 
elecl. 

healed 

10 

3.00 
455 

400 

88.00 

6.00 

-
-

24.00 

47.25 

-. 
0,05 

90 
240 

165 

2527 
62,00 

negl. 

62.00 
«1,30 

1302 

78,90 

13,00 

2,50 

1,10 

4,50 

Jule 

250 

Mat 
Sulph_ 

AO 

ASAO 
05A 

Rocary. 
elecl. 

healed 

10 

3.00 
455 

400 

88.00 

6.00 

-
-

24.00 

47.25 

-
-

0,05 

llO 
240 

165 

2527 
62,10 

negl. 

62,10 

Ul,00 
. 

38.73 

Aver. 12,f17 

Avw. l2,f17 

Aver. 11,0 

IVA 
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UNIDO I TRIBENI IVA 

TABLE198 

. 
Slnlple: from CDolt No. AS.AO 05 KAPPA- 21,30 .. : 

withPFI ... 

9-lina poinl - 0 1 2 3 
PFI~ mm 1'50 1450 1'50 1450 ..,,_ 0 4350 7250 10150 «186 8700 

min 0 :; 5 7 2.82 6.00 
Freeness SR 18 31 42 58 30 50 

CSF W3 415 293 164 428 224 
ofm2 80.89 74.94 75.47 78.55 74.89 77.01 

Thdness mm 0.168 0.115 0.109 0,107 0.116 0,108 
Oensilv lmfrnJ 480 650 fl90 735 646 713 

Buie m"l1cg 2.'50 1.538 1.449 1.360 1,546 1,405 

Slrefdl 'JI. 2.4 42 4.3 4,.11 42 4.6 
lenalh m 3880 6650 6870 8740 6630 7605 

Burst strenath kPa 161 366 418 486 361 452 

TearinQ n!Sistanc:e mN 1393 1295 1165 1165 1307 1165 

MID~lold 40 3317 3172 2735 3330 2954 

Tensile index Nrnta 38.(16 6524 67.39 85.74 65,04 76,!'i7 

6urstindex kPam"/Q 1,99 4,.118 5,54 6,19 4,82 5.87 -Tear index mNm>to 17.22 17.28 15,44 14,83 17,45 15.1~ 

Bendtsen POfOSl!Y A.'B side mVmin - - 1048 1016 310 308 102 102 - - 206 205 

Sendlsen smoothness A/B side ml/min 912 824 422 426 406 302 404 264 423 437 405 283 

Zero befttn pulp: 

Fibre leng!h Arilhmetic average mm 1200 

Fibre length weiQhted averaoe mm t.660 

Fibre diameter mm 0.030 

Coarsene!S mnlm 0,130 

Slenderness factor 12.8 

Fibre zero span tensde Ian 6.79 

Fibre zero span stre<Jlh index Nm/a 66,610 

BIKkliquor: 

lr:>H 8.8 

Residual alkali as Na20 G'I 4.49 

VISCOSitv at RPM 20 50 100 

mPa.S 15 16 22 

Orv SOiids contenr of org.liquor 'JI. 22.3 

Omanic content of div solids % 59.2 
lflOf\'lanic content of dry solids % 40.8 

HHV of c1rv solids kcal/ko 1821 

k.JAl:a 7626 

Specific aravitv ~cm' 1,18 
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UNIDO I TRIBENI IVA 

10.2 Bleachability tests 

TABLE 20 Kraft-jute-pulp 

TABLE 21 Kraft-AO-jute-pulp 

TABLE 22 Soda-jute-pulp 

TABLE 23 Soda-AO-jute-pulp 

TABLE 24 Alkali sulphite-AO-jute-pulp 
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UNIDO I TRIBENI 

TABLE20 

Bleachability test 

l8boratory: 
City: 
Country: 
Conducted by: 
Date: 
Client 

TABLE20A 

Pulping prucea 

Kappa No_ urtieached 

lnitialB~ 

Vismsilv 

BIUcllina Sequence: 

First Slacie 

HCICharae 

Sulfamic acid 

Active Chlorine applied 

Residual Chlorine 

Aclive Chlorine consumed 

Temperature 

Retention lime 

Consislencv 

pH start 

pH end 

Second Sraoe 
NaOH 

Peroxid applied 

OllVOen nreuure 
Temperarure 

Retention lime 

Consistencv 
pH start 

IDHlfld 
ThinlSiaae 

Sullamie ICid 

Active Chlorine anolied 

Residual Chlorine 

Active Chlorine consumed 

NaOH as Buffer 
Temperarunt 

Retention lime 

Consistency 

DH start 

loHend 
TOlal ActJve Chlorine aDlllied 

Total Aerive Chlorine consumed 

Fmal Briahtness al>Golute 

BriQlness rever1ion 

Visco&itv 

of kraft-jute-pulp 

Pulp and Paper Institute 
Ljubliana 
Slovenia 
IYA, Unz AUSTRIA. Dipl.lng. MoMmed NAGA 
March-April 1995 
UNIDO, Vienna for Tribeni Min 

lftl 
Kraft 

12.«> 
%150 31.22 
ml/a 1029 

CEH 

c 
'lfo 0,00 

"" 0,00 

% 3.00 
'lfo 0.80 

"" 2.20 
"C 20 
min 30 
'lfo 3,00 

2.40 

E 

% 1,50 

"" 0,00 

ko'c:m2 

"C 60 
min 90 

"" 10,00 

12,00 

11.80 

H 

"" 0,00 

"" 1,SO 

"" 0,85 

% 0,85 

% 0,00 

"C 40 
min 150 

"" 10,00 

11,80 

9,90 

% 4,50 

% 2,85 

•i1t1so 76,50 

% 2,21 

mVg 662 

Final Test Report Phase 1A 

IVA 

Page 50 



UNIDO I TRIBENI IVA 

% 1,02 

% 93,40 

% 60.73 
% 56,72 

>Smm" 

1,M,99mrn2 679 
0,4-0,99 mrn2 1903 

0, 15-0.39 mrn2 3807 

Fiber fraction B•uer McNett: 

retained !11'1 mesh 14 '% 67.00 

retained on mesh 30 % 21,90 

retained on mesh 50 % 3.40 

e retained on mesh 100 % 1,50 

th mesh 100 '% 6.20 

TABLE20B 

Physic.I properties: Unit 

withPFlmiH 

Beatina point . 0 1 2 3 

PFI revolution rpm 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 c'm2 n.39 76,33 75,90 74,41 76.21 74,41 

Thickness mm 0.163 0,134 0,123 0.118 0.131 0. 118 

Density kotm• 475 570 615 630 582 630 

Bulk m•lka 2,105 1,754 1,626 1,587 1,719 1.587 

Stretch % 2.4 2.9 3,6 3,7 3,1 3.7 

Breakina lenath m 3425 5547 5854 6278 5631 6278 

!!!!!!.. strengtn kPa 146 283 288 307 284 307 

Tearina resis1ance mN 1499 1353 1146 1118 1297 1118 

MIO double fold 29 275 568 1114 355 1114 

Tensile index Nm/Q 33,60 54,42 57,43 61,59 55.2~ 61,59 

Burst index kPam2/a 1,89 3,70 3,79 4,13 3.73 4,13 

Tear index mNm'/O 19,37 17,73 15,10 15,02 17,01 15,CY. 

Bendtsen porosity A/B lide mVmin . . . . 912 902 582 560 3000 3000 582 560 

Bendtsen smoothness A/B side mVmin 935 788 656 556 466 404 422 354 604 515 422 354 
Scatterill(I coelfiCient m21ka 25,1 25.9 24,7 25.0 25.2 25,1 26,1 24,7 24,8 25.0 26.1 24,7 

IOtiadtv '% 82.5 82.2 80.9 81.1 81,5 81,3 81.7 81,3 81.1 81.2 81,7 81.3 

Zero beaten oulo: 

Fibre lenath Arithmetic averaae mm 1.100 

Fibre lenath weiahted averaae mm 1.60 

Fibre diameter mm 0.030 

Coarseness maim 0,102 

Slendemen factor 15,7 

Fibre zero span tensile km 1,13 

fibre zero span slrealh index Nmto 11,1 
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TABLE21 

Bleachabtlity test 

Laboratory: 
City: 
Country: 
Conducted by: 
Date: 
Client 

TABLE21A 

Pulping process 

llCallDa No. unbleached 

Initial Briahtness 
Visi:ositv 

Bluchlna- : 

First Stage 

HCIChame 

Sulfamic acid 

Active Chlorine applied 

Residual Chlori; ie 

Aclive Chlorine consumed 

Temperature 

Retention time 

Consiste""" 
oH start 

IDHend 

Second Staae 
NaOH 
Perollid aoolied 

OJIVC<llfl pressure 

r~rature 

Retention time 

Consis""""' 
!oHstart 

loHend 

Third Sr-
Sulfamic acid 

Active Chlorine llmllHld 

Residual Chlorine 

Active Chlorir.e a>nsi.med 

NaOH as Bulfer 
Temoeratur9 

Retention lime 

Consistencv 

IDHstart 

loHend 
Total Aciive Chlorine aDOlied 

Total Active Chlorine consumed 

Final BriahtneH absolute 

Br1otne11 reve11ion 

v~ 

of kraft-AQ.iute-pulp 

Pulp and Paper Institute 
t..;ubliana 
Slovenia 
IVA. Unz AUSTRIA, Dipl.lng. Mohamed NAGA 
March-April 1995 
UNIDO, V'eenna for Tribeni Mill 

Unit 
Kraft-
AO 

12.00 
"JC.ISO 35,32 

ml/a 1045 

CEH 

c 
% 0.00 

% o.oo 
% 3,00 

% 1,90 

% 1,10 

-c 20 
min 30 

% 3.00 

2.40 
E 

% 1,20 

% 0.00 
kgfcm2 

-c 60 

min 90 

% 10,00 

11.SO 
11,00 

H 
~ 0,00 

% 1,50 

% 0,70 

% 0,80 

% 0,00 

-c 40 
min 150 

% 10,00 
11,40 

9.90 

% 4,50 

% 1,90 

%ISO 76,30 

% 2,14 

mva 743 
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UNIDO I TRIBENI IVA 

Ash .. ~ % 0.84 
,_ 

1vield % 93.00 

Urmlaadlecl vield a'4ef80e % 61.65 
Total vield bleached pulp % 57.33 
Classification ol speks 

>SmrnZ -
1.0-4.99 mrnZ spekslkgBD 384 

0.4-0.99 nun' 1119 

0.15-0.39 mrnZ - 2175 

Filler lnction Bauer McNeil: 

ralained on mesh 14 "' 81.80 

retained on mesh 30 % 11.00 

retained on mesh 50 % 2 • .a 
retained on mesh 100 % 1.10 

IQOinathrouQh mesh 100 % 3.70 

TABLE21B 

Physical properties: Unit 

withPFI mift 

Beating point . 0 l ! 2 3 

PFI revolution rpm 1450 1450 1450 1450 

rev. 0 4350 7250 14500 7250 11927 

min 0.00 3.00 5.00 10.00 s.oo 8.23 

Freeness SR 17 25 30 61 30 50 
CSF 656 501 428 144 4::'8 224 

Grammaae atrnZ 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 

Densilv katm> ~ 565 605 680 605 653 

Bulk m':'lcQ 2.272 1.no 1,633 1,470 1,633 1.523 

Stretch % 2.1 3.4 3,4 4,1 3,4 3.9 

Breakina lenoth m 2976 5283 5447 5964 5447 5793 

Burst strenalh kPa 117 242 276 313 276 300 
T earino re:ois1ance mN 1126 1451 1538 969 1538 1171 

MIO double fold 14 149 622 1427 622 1141 

Tensile index Nmln 29.19 51,83 53,44 58,70 53 ..... 56,83 

Burst index kPam2/a 1,57 3.22 3,59 4,19 3.59 3.98 

Tear index mNrnZ/a 15,15 19,::13 20.01 12.98 20,01 15.5: 

Bendtsen porosrtv Al'B side mVmin . . . . . . 171 168 3000 3000 171 168 

Bendtsen smoothness Al'B side mVmin 916 825 570 442 486 360 334 268 486 360 388 301 

Scatterina coefficient m2JkQ 24,7 24.1 23,7 24,2 24.1 24,3 24,2 24,2 24,3 24,3 24.2 24.2 

IOoacitv •4 81,3 81,6 80.1 80,7 80,9 81.2 80,9 81,0 80,9 81.2 80,9 81.1 

Zero beaten pulp: 

Fibre !enath Arilhmelic avoraae mm 1,21 

Fibre lenath weiohted average mm 1,71 

Fibre diameter mm 0.030 

Coarseneu mQlm 0.129 

Slenderness factor 13,3 

Fibre zero span tensile km 1,27 

fibre zero span slreQlh index Nm/a 12,5 
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TABLE22 

Bleachability test 

Laboratory: 
City: 
Country: 
Conducted by: 
Date: 
Client: 

TABLE22 

rutping prucua 

Kappa No. unbleached 

lnibal Briahtness 

VISCOSitv 
Bluctiina - : 

F11st Staae 

HCICharue 

Sulfamic acid 

Acf,ye Chlorine applied 

Residual Chlorine 

Active Chlorine consumed 

Temperature 

Retention time 

Consistencv 

pH start 

oHend 
Second Srage 

NaOH 
Pe"Oxid aoolied 

O:ir:vaan Dres<1ure 
Temperalure 

Retention time 

pH staJ1 

pH end 

Third Staae 

Sulfamic ICid 
Active Chlorine 80DINld 

Residual Chlorine 

Active Chlorine consumed 

NaOH •• Buffer 
TemDerllure 
Retlllllion time 

Consiltenc:y 

oH llart 

PH end 
.. -

Total Active Chlorine 110Dlied 

Total Active Chlorine consumed 

FJlal Br!i!!!ncss Absolute 
Briatne11revertio11 

Vi&CMitv 

of soda-jute-pulp 

Pulp and Paper Institute 
Ljubliana 
Slovenia 
IV A. L 'nz AUSTRIA , Dipl.lng. llohamed HAGA 
March-April 1995 
UNIDO, Vienna for Tribenl Mill 

Unit 
Soda 

12,50 

%ISO 37,31 

mVQ 1030 

CEH 
c 

'% 0,00 

'% 0,00 

% 2,60 

'% 1,31 

% 1.29 

"C 20 
m!n 30 

% 3,00 

2.30 

E 
'% 1.20 

'% o.ro 
kglc:m' 

·c 60 
min 90 

% 10,00 

11,70 

11,30 

H 

% 0,00 

% 1,50 

% 0,58 

% 0,92 

% 

"C 40 

min 150 

% 10,00 

11,23 

10,05 ... 4,10 

•4 2,21 

•.-1so 76.90 
•4 2,65 

mVg 660 
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UNIDO I TRIBENI IVA 

Ash content "' 0,52 

vield "' 93,60 

Unbleadlecl vield averaae "' 58,13 

Total vield bleached pulp " 54,41 

Classification of speks 

>5mm2 - -o -
1,o-4,99~ - -o m 
0.4--0.99 mm2 speks/kaBD 832 

0, 15-0.39 mm2 - 1197 

Filler fnctian Bauer McNett: 

retained on mesh 14 " 73.00 
retained on mesh 30 "' 16.20 

retained on mesh 50 % 3,10 

ietained on mesh 100 

""' 
5,40 

1aoino lflrouah mesh 100 
""' 

TABLE22B 

Phvslal properties: Unit 

with PFI ir.ill 

Bealina point - 0 1 2 3 

PFI revolution rpm 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 

Grammaae Qfm2 74,52 74,73 76,11 75.05 75,12 75,35 

Thid!ness mm 0,171 0,136 0,125 0,116 0.133 0,119 

Densilv kQ/m> 435 545 605 645 562 634 

Bulk m•/ka 2.299 1,835 1,65.1 1.550 1.783 1.579 

SI retch "' 1,7 2,7 3,1 3.3 2,8 3.2 

Breakino lenath m 2807 4126 4967 5135 4366 5087 

6ursl strenath kPa 104 192 233 247 204 243 

~~esist.tnce mN 765 890 694 659 834 fi69 

MID clout.le fold 5 26 33 100 28 81 

Tensile indu Nm/a 27.54 40,48 48,73 50,37 42.~ 49,90 

Bursi index kPam2ta 1,40 2,57 3,06 3,29 2.71 3.22 

Tear index mNm2/a 10.27 11,91 9,10 8.78 11, 1( 8,811 

Bendlsen 1)1",fOSitV A/B Side ml/min - . - . - . 652 648 3000 3000 652 648 
Bendtsen smoothness A/B side ml/min 936 890 612 500 518 374 428 310 585 464 454 328 

Sca!lerinQ -:oetlic:ient rn'lka 26,IJ 26,1 24,8 25,3 25,6 25,7 25,9 25,3 25,0 25,4 25.8 25,4 

IOoacitv "' 82.9 82,7 81,5 81,4 82,1 82,3 82,5 82.3 81,7 81,7 82,4 82,3 

Zero beaten pulo: 

Fibre lenath Anthmetie average mm 0,720 

Fibre lenalh weiahted averaae mm 1,460 

Fibre diameter mm 0,030 

Coarsenns mQ/m 0,109 

Slenderness factor 13,4 

Fibre zero span tensile km 1,83 

fibre zero span streath index Nm/a 18.0 
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TABLE23 

Bleachability test 

Laboratory: 
City: 
Country: 
Conducted by: 
Date: 
Client 

TABLE23A 

Pulping proc:eu 

Kappa No. unbleached 

Initial BriahtneSs 

VISCOSilv 
Blachina- : 

First S1aae 

HCICharoe 
Sulfamic acid 

Ac:IJve Chlorine applied 

Residual Chlorine 

Actiw Chlorine consumed 

Temoerature 

Retention lime 
,_ 

loH start 

pH end 

Second Slaae 
NaOH 

Peroxid applied 

Oxvoen pressure 

Temoera1ure 

Relention time 
Consistency 

oH llart 

oHend 
Third Sr-

Sulfamic acid 

Active Chlorine aoolied 

Residual Chlorine 

Aelive Chlorine consumed 

NaOH as Buffer 

Temoerllln 

Retention time 

Consist-

pH llart 

DH end 

Total Active Chlorine aoolied 

Total Aelive Chlorine consumed 

Final Briohtness absolule 

Sriatness revertiOn 
Vi~ 

of socla-A~;xdp 

Pulp end Paper Institute 
l.iubliana 
Slovenia 
IV A. Unz AUSTRIA, Dipl.lng. Mohamed NAGA 
March-April 1995 
UNIOO, V'1enna for Tnbeni Mill 

Unit 
Soda-

AQ 

10.20 

%150 40.87 
mVg 1002 

CEH 
c 

% 0,00 

% o.oo 
~ 2,04 

% 1,60 

% 0,4' 

"C 20 

min 30 

% 3,00 

2,45 

E 
% 1.20 

% 0,00 

kg.fem' 

"C 60 

min 90 
% 10,00 

12.00 

10,60 

H 
•4 o.oo 
% 1,50 

% 0,73 

% o.n 
% 0,00 

"C 40 
min 150 

•4 10,00 

11,55 

10,10 

% 3,54 

% 1,21 

•1.1so 74,40 

% 2,37 

mVo 801 
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UNIDO I TRIBENI IVA 

Ash conlenl "' 0,62 
-..... yield % 93,70 

l)ibleached viald averaoe % 60,10 

Total vield bleached pulp % 56,31 

Oassilication of speks 

::.5mm2 . -- . 
1,<M.99 mrnZ D 6eO 

0,4-0.99 mm2 1814 

0,15-0.39~ . -o 6596 

Fiber fraction Blluer llc:Nett: 

retained on mesh 14 "' retained on mesh 30 % 

retained on mesh 50 % 

retained on mesh 100 

""' aoina lhrouoh mesh 100 

""' 
TABLE23B 

Phvsical properties: Unit 

with PFI miR 

Beatina point . 0 1 2 3 

PFI revolution ipm 1450 1450 1450 1450 

rev. 0 4350 7250 I 11600 5961 10730 

min o.oo 3.00 5.00 ': 8,00 4.11 7.40 

Freeness SR 17 25 34 54 30 50 

CSF 656 501 378 193 428 224 

Grammac;:ie gfm2 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 kgtm> 435 550 595 655 575 643 

Bulk m•/ka 2,293 1,818 1,681 1,531 1,742 1,561 

Streteh % 1,7 2.6 3,1 3,7 2.9 3.6 

Breakina tenoth m 2737 4703 5043 5789 4892 5640 

Burst strell'Jlh kPa 101 199 234 272 218 264 

TearinO resistarice mN 844 949 981 757 967 802 

MIO double fold 5 52 91 183 74 165 

Tensile index Nmta 26.85 46,14 49,47 56,79 47,!IS 55,33 

Burst index kPam2/a 1,36 2,63 3,09 3,65 2.88 3,54 

Tear index mNm2/a 11,37 12,54 12,94 10,16 12,7E 10.r. 

Bendtsen porosnv AJB Side ml/min . . . - . . 536 530 3000 3000 536 530 

Bendtsen smoothness AJB side ml/min 942 922 608 510 562 388 428 370 582 442 455 374 

Scal1erina coefficient 1112/kg 25,4 26,2 24,6 24,6 25,0 25,4 25,3 25,2 24.8 25,0 25.2 25,2 

Omcitv % 82.9 83,3 82.1 82,0 80,3 82,7 83,0 82.8 81,1 82,4 82,5 82.8 

zero beaten nulD: 

Fibre lenoth Arithmetic averaoe mm 0,88 

Fibre lenmh weiahted averaae mm 1,54 

F"lbre diameter mm 0,030 

Coarseness maim 0,108 

Slenderness factor 14,3 

Fibre zero span tensile km 1,95 

fibre zero span slreoth index Nm/g 19,1 

Final Test Report Phase 1 A Page57 



UNIDO I TRIBENI 

TABLE24 

TABLE24A 

Pulping process 

~No. unbleaa.ed 
lnilial ~. 

-

- : 

FirSI~ 

HCla.arae 

Sulamic acid 

Active Chlorine applied 

ResQial Chlorine 
Active Olionne consumed 

Tempeqrure 

Relention lime 
-

pHSWI 

IDHend 

Second Slatll!! 

NaOH 
Peroxid a-d·Jd 

lo.-pressure 

T 

Retention lime 
,_ 

IDH start 

IDHend 
ThirdSC-

S..amic ICid 

Active CNorine llOOiad 

ResiCkJal Chlorine 
Active Chlorine consumed 

NllOH as aun ... 
t: 

Relenlion time 

Con~ 

oHsral'I 

DH end 

T Olaf Aclive Chlorine aoolied 

Tora• Active Chlorine con'umed 
Final BriMlness absolute 
BriatneH ntVer1ion 

of ebli sulphite-A~ 

Pulp end Pmper mtilule 
LiubUna 
Slovenia 
IV A. Linz AUSTRIA, DipU'lg. llot.-necl HAGA 
March-April 1995 
UNIDO, Y.enna for Tribeni -

lhl 
M;ai ·- - --
AO 

19.00 

%ISO 39.73 

1302 

CEH 

c 
% 0.00 

'% 0.00 
% 3.80 
% 1.26 
% 2.54 
"C 20 
min 30 
% 3.00 

2.10 

E 
% 1.20 
% 0.00 

kafc:m" 

"C 60 

min IO 

% 10.00 

11.IO 
11,40 

H 

" 0.00 

" 1.50 

% 0.84 

" 0.86 

% 0.00 
"C 40 

min 150 

" 10.00 

11.30 

10.00 

% 5.30 

% 3.20 

%ISO 83.40 

% 1.11 
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UNIDO I TRIBENI IVA 

mlkl 1051 

Ash CICllllenl "' 0.88 
- wield "' 94.10 

~viMt-- "' 62JJ1 
Total wield blNdled DUID "' 58.40 
Classification d spells 

>5rnm2 - -
1.<M.99 mm' - 691 

0.4-0.99 mm' - 1613 

0.15-0.39 mm' 4839 

Filler fl'Ktian .... llcNell: 

relllllted on mesh 14 "JI, 73.00 

ieranecs on mesh 30 "' 14.80 

lec.ined on mesh 50 "' 2.60 
lelained on mesh 100 "' 1.20 

aoina ltvouah mesh 100 "' 8.40 

TABLE24B 

-· : Unit 

With PFI mil 

BeabrlQ point - 0 1 2 3 

PFI 1eV01ution mm 1450 1450 1450 1450 

rev. 0 4350 7250 13050 6888 1204t I 

min 0.00 3.00 5.00 9.00 4.75 8.30 

Freeness SR 18 23 31 54 30 50 .P. 
CSF 633 535 415 193 428 224 

. 
~! 

Grammaae Q/m2 77.49 75.05 76.00 76.00 75.88 76.00 

Thickness mm 0.166 0.125 0.1 18 0.110 0.119 0.1t1 ~ 
··II 

Oensatv k~ 465 600 645 690 639 682 __ _J: 
Bult m>lko 2.151 1.666 1.550 1.449 1.565 1.467 . (; 

Stretch "' 2.3 3.4 4.1 4,2 4.0 4.2 c 
Br.alono lf!nalh m 2713 5449 6955 7390 6767 7314 I I! 
Burst strenalh kPa 128 288 324 386 320 375 ~, 
Tearino resiS1anc:e mN 969 1668 1460 1315 1486 1340 

MIO~lold 14 2470 1981 2020 2042 2013 I: 
T ensi1e inde11 Nm/Q 26.61 53.45 68.23 72.50 66.311 71.75 i 
Burst indell kPam'~ 1.65 3.M 4.26 5.08 4,21 4.94 --1 
Tearindo mNm'/Q 12.50 22,23 19.21 17.30 19.511 17.6'.l• I 

Bendlsen norositV 1.18 side ml/min - - - . . . 224 211 3000 3000 224 0!1~· 
Bendlsen smoothness A!B side ml/min 860 838 804 451 464 394 456 322 482 401 457 • ~ 15 i 
Scanerina coefficient m'lka 25.1 25.6 21.4 21.5 22.4 21.6 21.6 21.9 22.3 21.6 21.7 t;i,r. i 

80.5 80.6 76.5 76.0 76.8 77.2 
-.,, 

IOoacilv 'JI, 77.6 n.5 77.5 76.7 77.3 "•7 ."..: 
Zero beaten DUID: 

Fibre lenolh Arilhme!ic averaae mm 1.15 

Fibre lenQlh weighted aver- mm us 
Fibre diam~er mm 0.030 

Coarseness maim 0,118 

Slenderness fador 14,0 

Fibre zero span tensile km 7.13 

fibre zero span streglh inde11 Nm/Q 69.t 
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UNIDO I TRIBENI 

10.3 Bench scale and pilot plant pulping tests 
atCPPRI 

TABLE 25 Kraft pulping at 160°C, 12 % AA, 2 h LAB, CPPRI 

TABLE 26 Kraft-AO pulping at 160°C, 12 % AA, 2 h LAB, CPPRI 

TABLE 27 Kraft pulping at 160°C,12% AA, 3h PIL. CPPRI 

TABLE 28 Kraft pulping at 160°C, 11,5% AA, 2h PIL, CPPRI 

TABLE 29 Kraft pulping at 160°C, 11,5% AA, 2h PIL, CPPRI 

TABLE 30 Kraft-AO pulping at 160°C 12% AA, 3h PIL, CPPRI 

TABLE 31 Kraft-AO pulping at 150°C 12% AA, 4h PIL, CPPRI 

TABLE 32 Kraft-AO pulping at 160°C 11,5% AA, 2h 

IVA 

TABLE 33 Physical properties of unbleached pulp produced in the pilot 
plant with Kraft-AO pulping process prepared for bleaching 
tests, Gut pulp sample 

TABLE 34 Physical properties of unbleached pulp produced in the pilot 
plant with Kraft-AO pulping process prepared for bleaching 
tests, Degraded pulp sample 
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UNIDO I TRIBENI 

TABLE 25 

Jute pulping 

Laboratory: 
City: 
Country: 
Conducted by: 
o.te: 

TABLE 25A 

Raw IMl9ft.I 

Oualilv ol Fibre 
Size ol lible 

Pulainadata 

Ptmno Process 
Cook No. 

T llJle of clige*r 

S.ze 

Raw material charge 

!Orv content 
NaOHCha""' 
Na2SCha ..... 

Sulfdtv 

S02Charae 

Na2S03 Charue 

Active Alkali charge as Na20 

Effective Alkali charm as Na20 
.'\Qchanll! 

Healln<I up time 

Cockin!l llme 

lCookino temo. 
H Factor 

Yield unscreened 

Kappa No. 
Visc:osilv 

Bnahtness 

Final Test Report Phase 1A 

Knrft pulping at 160·c. 12 "' AA. 2 h 

Central Pulp end P..,er Research Institute 
~ 
lndill 

18.4.1995 

Unit 
Jul'! Jute Jute Jule 

mm 75 75 75 75 

Krall Krall Krall Klaft 
1 2 3 Avg. 

Rotary, Rolary. Rotary. Rotary, 
elect. elect elecr. elec:t. 

hf'afed heated healK healed 

I 2.5 2.5 2.5 2.5 

3.00 3.00 3.00 3,00 

a 
nRr 200 200 200 200 

"' 
"' 12,39 12.39 12,39 12.39 

"' 3,02 3,02 3.02 3.02 

"' 20,00 20,00 20,00 20,00 

"' - - . -

"' - - . -
"' 12,00 12,00 12.00 12.00 
.,., 10,80 10.80 10,80 10.80 

"' 0,00 0,00 0,00 0.00 

min 90 90 90 llO 

min 120 120 120 120 

"C 160 160 160 160 

- 860 860 860 860 

"' 62.26 60,32 62,30 61,63 

14.30 14,90 15,00 14,73 

Ml/ft 1080 
,_ 56 

"' 29,4 

IVA 
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UNIDO I TRIBENI IVA 

TABLE 258 

""'*-' : Smnple: ..... Cook No. 1-3 KAPPA-

will! PA mil 

IButina P11in1 - 0 1 PR._._, .... 1450 1450 ..,,_ 0 «JOO 1500 3500 

lllin o.oo 2.76 1.03 2.41 

f'-'8SS SA 15 55 30 50 

CSF 706 fi56 656 fi56 ,_ ,..,. 64.40 63.50 64.06 sun 
In-av lmtml 470 740 571 706 

Slretch % 3.7 3.8 3.7 3.8 
Brealiina lerdl m 5097 10398 7085 9735 

Burst strenalh llPa 135 435 248 398 
TearinQ NSismnce .... 192 721 828 742 

Tensile index Nmln 50.00 102.00 &9.50 95.50 
Burst index kPam'la 2.10 6.85 3.88 6.26 
Tear index mNm'la 13.85 11.35 12.91 11.66 

Bencllsen nnrmilv mlflnirl 3000 140 1928 498 

Blacll liatxw: 
pH 11.S 

Residual alcali as Na20 G'I 8.ti 
I Orv solids content o1 nm.llQuor % 9.9 
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TABLE 26 

Jute pulping 

Uboratort: 
City: 
Country: 
Conduc:ted by: 
Date: 

TABLE 26A 

Raw ....... 

Ou.iilv of Fible 

Sizeoflblw 

IPulllin!I dmla 

IPulDina~ 
CookNo. 
Type of cigesler 

Size 

Raw material charoe 

Orv c:anlent 

Na<>H Cha,_ 

Na2SChaMI! 

Sulfdrv 

S02Chamit 

Na2S03 Cha.-
Active Allcafi cha,_ as Na20 

Ellecrive Alkali chlmit as Na20 
AOchame 

HealinQ up lime 
Cookin<i lime 

Cookino lemp. 

H Factor 
Yield unscrwned 

KaPC:a No. 
VISCOSilv 

Briahtness 

Final Test Report Phase 1 A 

Krd-AQ pulping at 1SO-C, 12"' AA. 2 h 

Cennl Pulp 8nd hper Resurch Institute 
s.twMpur 
Inda 

18.4.1995 

Unit ... ... ... ... 
nm 75 75 75 75 

Kraft Klaft Krall Krall 
Nl AO Nl NJ 
4 5 6 Avg. 

A*ly. Rotary. Rala'Y. Rotary. 
elecl. lied. eled. lied. 

Mated healed hNted healed 

I 2.S 2.5 2.5 2.S 
3.00 3.00 3.00 3.00 

g 

aBO 200 200 200 200 

'JI, 

'JI, 12.39 12.39 12.39 12.39 

'JI, 3.02 3.02 3.02 3.02 

'JI, 20.00 20.00 20.00 20.00 

"' 
. . . . 

'JI, . . . -
'JI, 12.00 12.00 12.00 12.00 

'JI, 10.80 10.80 10.80 10.80 

"Ye o.os o.os 0.05 0.05 

min 90 90 90 iO" 
min 120 120 120 120 

"C 160 160 160 160 

- 860 l60 860 860 

'JI, 60.39 62.05 61.19 61.21 

13.60 13.50 13.60 13.57 

mVo 1050 

"' 33.1 

IVA 
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TABLE 268 
Phr*8I : Smnple: from Cook No. 1-3 KAPPA- 13,57 

wilhPAmil 
Beating point - 0 1 

PA '"'*6liorl mm 1450 1"50 

-- 0 4000 1463 3415 

min 0,00 2.76 1,01 2.35 
~ SR 15 56 30 50 

CSF 706 178 a 224 
- ,,,,.,,. 66,60 62.20 &C.99 62.114 
In--. ....,,,,. 470 720 561 683 

Slrelch "' 1.8 3,9 2.6 3.6 ,_ 
· lenaltl 4C85 11111 6909 10141 m 

Burst strenalh llPa 120 476 250 424 

Tearinn resislance nfi 932 678 839 715 

Tensile index ......,., 44,00 109.00 67.78 99,49 

Burst index llPam"/Q 1,80 7,65 3.94 6,79 

Tear index mNrnl/Q 14,00 10,90 12.87 11.35 

Bendtsen DDnKifV mVmin 3000 60 15.?4 490 

BIKll linunr: 

pH 11,5 

Residual alkafi as Na20 all 8,99 

DfV solids conterl of am llQ-.JOI' "' 15.23 
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TABLE 27 

Jute pulping 

Pilot plant: 
City: 
Country: 
Conducted by: 
Date: 

TABLE 27A 

Raw~ 

Quality ol Fibre 

Srze of '°"' 
Pulping ct.ta 
Pulping Process 
Cook No. 

Type of dlgffler 

Srze 

Hvdromodul 

Ra .. matenal chame 

Orv content 

NaOHCharoe 

Na2S Charoe 

Sutlidity 

502 Charge 

Na2S03 Charoe 

Active Alkah charoe as Na20 

Effective Alkali charae as Na20 

AQcharqe 

Healino up time 

Cookinci lime 

Cook1n<1 temp. 

H Factor 

Kappa No. 
Viscosity 

Bnohtness 

Final Test Report Phase 1A 

Kraft pulping at 160-C, 12% AA. 3h 

Central Pulp and P.,- Research Institute 
Saharanpur 
India 

24.4.1995 

Unit 

mm 

m1 

ka 
ka80 

% 

% 

% 

% 

% 

% 

% 

% 

% 
min 

min 

·c 
-

mva 

""" 
% 

Jule 

75 

Krlfl 
PP01 

P*'« 
Plant 

11 

2.50 

560 

500 
89.29 

12.39 

3.02 

20.00 
. 
. 

12.00 

10.80 

0.00 

90 
180 

160 

1257 

10.60 

610 

29,6 

t.30 tested at no 

33,00 

38.10 

IVA 
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TABLE 278 
PhYsical : Sample: from Cook No PP01 KAPPA .. 10,60 tested at TTD 

with PA mill KAPPA- 9,30 

Beallno point - 0 1 2 3 0 1 2 
PFI revolUllon mm 1450 1450 1450 1450 1450 1450 

rev. 0 2000 4000 6000 2400 4696 7000 11000 7444 

min 0.00 1,38 2.76 4.14 1.66 3~ 4.83 7.59 5.13 

Freeness SR 15 27 42 65 30 50 18 47 74 50 
CSF 706 470 293 119 428 224 633 248 67 224 

Drainaoe time s 4.5 5.0 6.5 13.5 5.30 8.93 

Grammi'oe oJm2 68.30 62.30 65.00 62.40 62.84 64.10 75.00 75.00 75.00 

Thickness mm 
Densitv kalm' 460 610 100 750 628 717 590 650 597 

Bulk rn>lkg 

Stretctl % 2.2 2.6 3.1 3.7 2.7 3.3 2.86 2.67 2.86 

Breaking length m 3721 6830 7441 7085 6952 7317 6017 6777 6101 

8ufS1 strength kPa 99 212 270 253 223 264 272 288 274 

Tearing resistal!Ce mN 826 455 400 346 444 381 644 602 639 
MIO double fold 

Tensile index Nmlo 3t'.50 67.00 73.00 69.50 68.20 71.78 59.03 66.48 59.86 

Burst index kPam•/o 1.45 3,40 4.15 4.05 3.~ 4.12 3.63 3.84 3.65 
rear index mNm2/g 12.10 7.30 6.15 5.55 7.06 5.95 8.58 8.03 8.52 

Benmsen porosity mVmm 3000 2810 720 130 2392 515 1127 271 1032 

Bendtsen smoothness ml/mm 

Zero beaten pulp: -
Fibre length Anthmet1c averaoe mm ....!.:.!.!!... 
Fibre length we10hled average mm 1.61 -Fibre diameter mm -Coarseness mgfm 0.105 -
Slenderness factor 15.3 -Fit>re zero span tensile km -lib re zero span stregth index Nmlg -
Black liquor: 

pH 11.6 

Residual alkali as Na20 git 8.20 

V1scos1tv a1 RPM 20 so 100 

mPaS 2 I 
Ory solios content of erg llouor % 13.2 

Org:Jnic content ct dry solids % 35.4 

lnoroan1c content of drv sohds 04 64.6 

HHV of drv solids kcaVko 2478 

kJ/kg 10375 
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TABLE 28 

Jute pulping 

Pilot plant: 
City: 
Country: 
Conducted by: 
Date: 

TABLE 28A 

Raw material 

Oualitv of Fibre 
SiZe o! fibre 

Pulping data 

Pulping Process 

Cook No. 

Type o! digester 

Size 

Hydromodul 

Raw r.ialenar chal'Qe 

Orv content 

NaOH CharQf' 

Na2SCl\ame 

Sutf1d1tv 

S02Charcie 

Na2S03 Charae 

Active Alkali Cllarae as Na20 

Effective Alllali chara"!! as Na20 

AOcharae 

Hea11na up 11me 

Cooluna lime 

Cooking temp. 

H Factor 

Kappa No 

Viscosity 

Bnghtness 

Final Test Report Phase 1 A 

KrafJ pulping et 1&crC,11,5% AA. 2h 

Central Pulp and Paper Research Institute 
Saharmpur 
lncfaa 

23.5.1995 

Unit 

mm 

m' 

kQ 

kaBD 

% 

% 

'% 

"' 
"' "' "' '% 

'% 

min 

min 

"C 
. 

ml/g 

cps 

% 

Jule 

250 

Kraft 
PP05 

Pilol 
Plant 

11 

2.50 

300 

11.87 

2.89 

20.00 
. 
. 

11.50 

10.35 

0.00 

90 

120 

160 

860 

13.60 

1010 

13,00 1es1e<1 •• no 

62,70 

31.00 

IVA 
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T ens•le onde• Nl'!VQ 38.90 64.20 70.40 83.70 SU6 67.52 

Bu~t~a kP•,,,.IQ 2.16 4.76 S.25 S.76 4.00 S.0:? 

Tea•~• mN,,,.,Q !6.00 12.10 n.30 11 eo 13.25 11.67 

Be.,dlse., POros•tv "'11 ~ mvmtn 14C3 711 1111 S3 926 427 

Bendls.n StllOQ!h"f'SS A.1! ~ mt 1mtn 

Zero bHten pulp: -F 1b,. l..,()~'I Anlhtn•llC •tt,.CJt' mm 1.20 -F .::--. i.nClf" -.•Q"t~ awragc nvn 1.61 -Fob,. dtamet~ I nvn -Co;i•se..,.ss ma'm 0.148 -S1e~~ss tactor .o.9 -F1t>rc zero stian tens.re ktn -1.::.re zero span st,.!<ltl'I onde• Ntl\lg -0•'1 cont ace T APPi ~,,,,. 235 -BIKk liquor: 

rH 11.6 

Res'(!ua' a!'<ah as Na20 ~ 4.90 

Ory sol•ds content cl org llQuOr 'A:. 12.0C 

Organic content ol dry sol•ds 

""' 
30.9 

lnoroanic c:onte'lt or dry sol•ds .,.,, 69.1 

HHV ol di} SOiids kcal/kg 3200 

kJ.lk:;i 13398 
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TABLE 408 
sample: from test nc. 6 

Physical properties: Unit 
with PFI mill 

Beating point - 0 1 2 3 
PFI revolution mm 145C 1450 1450 1450 

rev. 0 5500 8008 11500 5500 10694 
min 0,00 3,79 5,52 7,93 3,79 7.38 

Frieeness SR 15 30 40 5'3 30 50 
CSF 706 428 313 200 428 224 

Drainage time s 

C:rammage G/m' 76,03 75,32 75,00 74,92 75,32 74,94 

Thickness mm 0,170 0,130 0,121 0,113 0130 0,115 

CJensity kgfrn3 447 579 620 66.3 579 653 
Bulk m3/kg 2.237 1,727 1,612 1,508 1,727 1,532 

Stretch % 1,8 3,5 3,9 4.2 3,5 4,1 

e -Breaking length 1n 2456 5355 5705 6726 5355 1)490 

Burst strength kPa 106,9 279,5 299,1 329.5 279,5 322.S 
"\J 

Teanna resistance mN 1114 1123 912 949 1123 940 . 
·• MIO dOuble fold 9 1212 1203 1047 1212 1083 

Tensile index Nm/a 24.09 52,53 55.97 65,98 52,53 63,67 

Bursi index kPam2/g 1,41 3.70 3,99 4,40 3,71 4,30 

Tear index .._ __ mNm2/g 14,65 14 91 12,16 12,67 14,91 12,55 

Benc1sen pcros1tv ml/min 59£.9 284,4 . 356,5 

Bendtsen smoothness ml/min 925,1 465.7 362.5 380.7 465,7 376.5 

Scattering coefficient m'/kg 24,6 24,1 24.9 24.9 24,1 24,9 

Opacity ,0 80,85 81.76 82,99 83.39 81,76 83,30 

Zero beaten pulp: 1 2 average 

Fibre leng!h Aritr.!"'let1c averaQe Mm .22 1,230 1,225_ 

Fibre lenath we1Qhte<1 average mm 1,66 1,67 ~ 
Fibre d1a"Tloter mm 0.030 0,01E_ 
Coi'•seness mg/ 0,105 0.103 

SlendemPss factor 16,6 15.e 16,3 

Fibre nro span tensile km 8,34 

' - F:br& zer:J <na1 I •frfthfk '"'""' ~·-·- '111 1:1 ' 

--



e Putpinamta 

Pul0tne Proc:.ss Krall 

Coolf. No PP06 

T~olo~r Piiat 
~ 

s.ze m> 11 

HV'3!'QITIC'dut 2.SO 

Ra ....... ~,,., cf'la~ k!I 

ka80 ·.~ 

o~ eon1..-i1 'II. 

NaOHO>a~ 'II. 11.87 

Na2SCha~ 'II. 2.89 

Sulhdt:v 'Ii. 20.00 

S020>a'Oe 'II. -
Na2S03 Charae "' .;__ 
Acti~ AJ11.11i. c;flara. as Na~ 'II. 11.:-<1 

!:.llKtive All<11li cf'larqe 115 Na20 'II. 10.35 

AQCharc» 'II. 0,00 

Hear.na up time _, 90 

Cook.ma time min 120 

())olung temp "C 160 e H Fac!Or - 860 

Kappa No 17.00 1C.70 tested at TTO 

V~CO$lhl mVo 1100 

cps 10:UO 

Bnghrness "" 
37.30 

e 
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e 
TABLE 40C 

5-mple: from Int no. r 
Physical properties: Unit 
with PFI ll"ill 

Beating point - 0 1 2 3 
PFI revolution rpm 0 1450 1450 1450 

r.av. 0 3500 7000 9000 3500 6300 

min 0,00 2,41 4,83 6,21 2,41 4,34 

Freenes.o: SA 16 30 55 72 30 50 
CSF 680 428 185 78 428 224 

~~ s 
Grammage o.'mZ 74,80 76,00 72,90 75,10 76,00 74,52 

Thickness mm 0,174 0,136 0,119 0,111 0,136 0,122 

Oensitv kQ/m3 430 560 610 680 560 600 

Bulk n'l3/ka 2.330 1,790 1,640 1,470 1,790 1,670 

Stretch 
°"' 

1,69 3.05 3,37 3,45 3,05 3,31 

e Breaking length m 2280 5240 6070 6'41.1 5240 5904 

Burst strenalh kPa 86.2 255,7 293,7 298.2 255,7 286,1 

Tearina resistance mN 743 799 6114 612 799 707 

MID double fold 4 203 500 550 203 441 

T ens1le index Nm/g 22.37 51,40 59.55 61.21 51,40 57,92 

Burst index kPam2/Q 1,15 3,70 4,03 3,97 3,36 3,84 

Tear index mNm2/Q 9,93 10,51 9.38 8,15 10,51 9,49 

Bendtsen ;Joros1tv ml/min 3000 2950 400 230 2950 450 

Bendtsen smoothness ml/min 900 450 315 240 450 342 

Scattering coett1c1ent f'ril/ko 26.22 29.14 29,38 30,01 29,14 29,33 

Opacity % 8 ... 06 83.n 83,42 85.74 83.n 83,49_ 

Zero beaten pulp: 

Fibre length Anthmet1c averaQe mm 1,090 

Fibre lenalh we1ohted averaoe mm 1,54 

Fibre diameter mm 

Coarseness mg/m 0,100 

Slenderness factor 15.4 

Fibre zero span tensile km 16,00 

e Fibre zero span srrea!tl 1nde_x Nm/o 157.0 



MtO dout!I• lolrl 

Titns.i. ino•• Nn\' 32.98 65.07 72.25 7920 55.07 7UO 

Burst mci.a 2.09 •.63 5.85 5.96 •.&3 5.7• 

T•ar indit• 15.16 H.65 13.E1 13.•6 105 13.70 
B.n-1!,..., poro~tv m1,.,,,.,, 3000 1U5 "1 121 1•25 530 
~~n~·~SS ml'm'" 

Z•ro beat~ pulp: 

~ob•• .. .,Qll'I A11!tlmetoe a~ """ 1.13 
Ft!l-. .. .,Q!!'I ~~ a~r """ 1.55 

"'"'• do.l,,,.,., r.vn 

Coars•"'•ss .,., 0135 

s1 • .,~,.,.,.ss factor 11.5 
Oort cont ace T APPi ,,,,.,.,.,,,. 1•9 
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e 
TABLE 41 

Bleaching of kraft-AO Jute pulp 

Laboratory: Pulp end Paper Institute 
City: Ljubliana 
Coun!ry: Slovenia 
Conducted by: IVA, Unz AUSTRIA , Dipllng. MoN::ned NAGA 
Date: Mai-Jul 1995 
Client: UNtOO, Vienna for Trlbeni Mill 

TABLE 41A 
TEST NUMBER 

Unit 2 3 4 5· 
Pulping proc:.ss Krall· Kraft· Kraft· Kraft· Kraft. 

AO AO AO AO AO 

e Ka 10,2 10,2 10.2 10.2 9.6 
%ISO 

c 
Bleach in 

First Sta 

°"' Sulfamic acid •;. 0,00 o.oo 0,00 0,10 0,10 

Chlorination factor 0,27 0.27 0.29 0.34 0,31 

Aellve Chlonne applied •;. 2,80 2,80 3,00 3,50 3,00 

Residual Chlorine % 0,99 'J.29 0,52 0,68 0,66 

Achve Chtonne c..,nr,umed •;. 1,81 2,51 2,48 2,82 2,34 

Temperature ·c 20 35 35 30 30 

Retention time min 30 30 45 45 45 

Cons1stenc •;.. 3,00 3.00 3,00 3,00 3,00 

2,30 2,10 2.00 1,80 2,00 

3,40 2,40 2,30 1,75 2,00 

'1.20 
ml~ '702 
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TABLE 30 

Jute pulping 

Pilot plant: 
City: 
Country: 
Conducted by: 
Date: 

TABLE 30A 

Rawm.ten.I 

Quality d Fibre 

Size ol fibre 

Pulping data 

Puloino Process 

CookNo. 

Type of Ogesler 

Size 
Hydn:imod\..~ 

Raw material c:harae 

Orv content 

NaOHCharoe 

Na2S Charae 

Sult.City 

502 Charge 

Na2503 Charge 

Actrve Alkah charge as Na20 
Effective Al1<.a1r dlarge as Na20 

AO charge 

Heatlf'Cl up tome 

Cookinolime 

Cookina temp. 

H Factor 

KaooaNo. 
.,,,~ 

8'10htnns 

Final Test Report Phase 1 A 

Kndt-AQ pulping at 160-C 12% AA. 3h 

25.4.1995 

Unit 

nm 

m> 

ka 

kgEID 

% 

"Y. 
"Y. 
"Y. 
"Y. 
% 

"Y. 
% 

"Y. 
min 

min 

"C 
. 

ml/a 

ms 

% 

... 
75 

krlll 
AO 

PP02 
Pilol 
Plant 

11 

2.50 

560 

500 

89.29 

12.39 

3.1>2 
20.00 

. 

. 
12.00 

10,80 

0,05 

90 
180 

160 

1257 

10,40 

&90 

29.6 

1,30 tested at TTD 

:.2.00 
38,47 

'-------------------------------- - -
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·e 
TABLE 308 
~ : SM!ple:...,. Coaoll No PP02 KAPPAa 1G,40 1...-:1 at TTD 
with PA mil UPPAzl,.30 

Beibng poinl - 0 1 2 3 0 1 2 
PA~ iprn 1450 1450 1450 1450 1'50 1450 ..,,_ 7000 11000 7462 

min 4.83 7.59 5.15 

Freeness SR 1.1 47 73 50 

CSF 633 241 72 224 

nr..-111ne s 
- olrri· 75.00 75.00 75.00 
ThodlneSs mm 

Oenszlv bll'm' 610 620 611 

Bult """"" Slretctt "JI. 2.111 2.67 2.79 

&eakina~ m 6049 6185 6065 

Bursi~ llPa 28C 266 282 

T eama resistance di 575 570 575 

MID double told 

Tensile irQs Nmm 59.34 60.611 534!1 

Burst l"de• kPam>:a 3.79 3.SC 3.76 

Tear inde• mNm2la 7.67 7.60 7.66 

Bendlsen DOmSllv "*""" 1016 235 !rdi 

Bend!~ smool!'lness ml.""-' 

Zero beaten pulp: -Fit>re lenQ!h Antllmelre averaoe """ 1.13 -
Fibre lenQ!h wetQllled a..eraae mm 1.60 -Coarseness mg/m 0.095 -Slenderness factor 16.8 -
Black liquor: 

pH 11.67 

Residual alkali as Na20 gll 2.60 

Ory sohds conrenl ol om llQuor % 13.7 

Qraan.c co.,renr of Orv SOl•OS % 36.3 

lnoroanrc oontenl of drv SOlrds % E3.7 

HHV of Orv SOhds kcal'ka 2469 

kJ/kQ 10337 

SpeClfoe aravitv G'cm> 
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TABLE 31 

Jute pulping 

Pilolplant 
Clly: 
Country: 
Conducted by: 
Date: 

TABLE 31A 

Raw mal9ri8I 

Quahlv d Fibfe 

SczeofMft 

Pulping ct.la 

I PultlinQ Process 

CookNo 

Type ol digester 

Size 

Hydromodul 

Raw matenal d\al'O' 

Orv content 

NaOHCharae 

Na2SChanie 

Sull~v 

S02Charae 
Na2SCJ Cnarcie 

Active All<ah Charcie as Na20 

EftectlVI! Alkah ctlarcie as Na20 

AOCharoe 

HeattnQ up time 

Cookrng11me 

Cookina temp 

H Factor 

Kappa No 

VtSCOSl1v 

BnQl'ltness 

Final Test Report Phase 1A 

Kndt-AQ pulping at 150-C 12% AA, 4h 

Central Pulp Md hper Rese1rch Institute 
SaMranpur 
India 

26.4.1995 

unit 

nm 

ml 

kg 
kgBD 

"' .,. 
"' .... 
"' 
"' 
"' % 

% 

mll'I 

""" 
"C 
. 

mUa 

""" 
% 

..... 
?-; 

Kraft 
AO 

PP03 
Pila( 

Plar1I 

11 

2.50 

672 

600 

89.29 

12.39 

3.02 

20.00 
. 
. 

12.00 

10.80 

0.05 

90 

240 

15C_ 

688 

11.ISO 

880 

t,30 lestecl at TTO 

47J)(J 

43.20 

IVA 
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UNIDO I TRIBENI IVA 

TABLE 318 
Physical properties: SM!ple: from Cook No PP03 KAPPAs 11,IO tested al TTO 
Wllh PFI mdl KAPPAz 9,30 

Beating poon! - 0 1 2 3 0 1 2 
PA reVOlullOr. mm 1450 1450 

rev. 7000 11000 8120 
min 4,83 7.59 5.60 

Freer.ess SR . 43 68 50 

CSF 284 100 224 

Orainaoe lime s 
Grammaoe nlm" 75,00 75.00 75.00 
Thickness mm 

DenSl!y kafm3 570 610 581 
Buik rn>Acg 

Stretch 'II. 2.99 2.95 2.98 
Sreakina len!llh m 6537 £511 6530 

Bursi strenQth kPa 290 396 320 

Teannq resistance mN 726 689 716 

Ml[' double told 

Tensile rnde• Nmtg 64.12 63.87 64.05 

Burst Index kPam•tg 3.87 S,28 426 

Tear index mNm'ig 9.68 9.18 9.54 

Bendtsen porosity ml/min 1 t!>1 190 846 

Bendtsen smoothness ml/min 

Zero beaten pulp: -Fibre lenc:ith A!!!hmetic averaqe mm .....!.:.!!... 
Fit>re len(lth we1c:ihred averaoe mm 1.63 -Fibre d:ameter mm -Coarse~s mQ/m 0.104 -Slendemess factor 15.7 -Fibre zero span tensile km -
fibre zero span streath 1nde• Nmtg -
Bl:ock liquor: 

pl'f 

Res1d..,al alkali as Na20 WI 2.6? 

V1scos1rv at RPM 

mPaS 

Ory soi:ds conrenr ol orQ liquor 'II. 13,7? 

Organic Cl)n!ent of dry solids '% 

lnorga•"c content of dry sohds ~ .. 
HHV Of dry SOhdS kcallka 

kJ/ka 

Spec1hc gra\llty a/cm' 
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TABLE 32 

Jute pulping 

Pilot plant: 
City: 
Country: 
Conducted by: 
Date: 

TABLE 32A 

Raw material 

Quality ol Fibre 

SiZeot hbre 

Pulping data 

PulDin<I Process 
Cook No 

Type of digester 

Size 

Hydromoctuf 

Raw matenat ctlaroe 

Ory eontent 

NaOH Charge 

rJa25 Cha roe 
Sulfodrt\I 

502Ctlarae 

Na2503 Ctiaroe 

Active Alkali eharoe as Na20 

Effective Arkah charoe as Na20 

AOetiaroe 

Heatina up lime 

:OOkino 11me 

Cookino temp 

H Factor ---Kappa No. 

Viscosilv 

Bnohtness 

Final Test Reoort Phase 1A 

Kraft-AO pulping et 1t;a•C 11,5% AA. 2h 

Central Pulp and Paper Research Institute 
Saharanpur 
India 

27.4.1995 

Unit 

nm 

m> 

kg 

kgBO 

% 

% 

% 

% 

% 

% 

% 

% 

'% 
min 

min 

"C 
. 

mVo 
CDS 

% 

Jule 

75 

Ktalt 
AO 

PP04 

Pilot 
Plant 

t1 

2.50 

448 

400 

89.29 
11.87 

2.89 

20,00 
. 
. 

11,50 

10.35 

0.05 

90 

120 

160 

1257 

14,10 

1010 

12,IO tested 11 TTD 

78.00 
41,80 

IVA 
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TABLE 328 
Physical prapetties: Smmple: from Cook No PP04 tesled at TTO 

KAPPAa 14,10 ICAPPAa 12,IO 

with PR mill 

Beabn<i PQlnt . 0 0 1 2 3 

PR revolution mm 1450 1450 1450 1C50 

rev. 2769 5263 0 4000 8000 12000 4667 9053 
min 0.00 2.76 5.52 8,28 3.22 6.24 

Freeness SR 30 50 18 27 45 64 30 50 

CSF 428 224 633 4i0 266 125 428 224 

Drainaae llme s 
Grammaae - 60.00 60.00 75.00 75.00 75.00 75.00 75.00 75,00 

Thickness mm 

IDensitv ""'"" 610 680 410 540 590 630 548 601 

Bulk m'/ka 

Stretch '% 2.6 2.9 1.35 U8 3.42 3.87 2.97 3.54 

Breakma len<llh m 6524 7238 2723 6244 7279 7916 6417 7447 

Burst strenolh kPa 408 330 95 290 347 407 300 363 

Tearina resistance mN 660 696 825 991 894 848 975 882 
MIO double fold 

Tensile index Nm/Q 64.00 71.00 26.71 61.26 71.40 n.66 62.95 73.05 

Burst index kPam'/a 6.80 5.50 1.26 3.87 4.63 5.43 4.00 4.tM 
Tear index mNm•ta 11.00 11.60 11.00 1321 11.92 11.30 13.00 11,76 

Bendtsen poro.;itv ml/min 3000 3000 629 1n 2605 510 

Bendtsen smwrtiness ml/mm 
Zero beaten pulp: -:=rbre length Anlhmelic averaae rr.m ~ 
Fibre length we1Qhled averaae mm ~ 
Frbre diameter mm -
Coarseness mnlm 0.125 

Slenderness factor 13.2 -Dirt cont acc. T APPi mm>tm• ~ 
Brack liquor: 

pH 11,95 

Resrduat alkah as Na20 all 6,24 

Orv solrds content of org lrQuar °4 11,62 

Organic content of drv solids °4 33.7 

lnoraanrc content of drv solids % 66.3 
l'iHV of di'\' SOhds kcaL'ka 2944 

kJ/kQ 12324 
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TABLE 33 

Phpic.r properties of unblw:lwd pulp pnllduc:9d In .. plat ........... Knft.AQ 
pulping .,,_ pnpmNd for lllucllilig .... 

llen&nd •: Pulp Md Peper Institute, llubliana. Slowenla 
....... from Piiot pin tlll No. PP04 

with PA mil 

8-tino point . 0 1 2 3 

PA revolution """ 1450 1450 1450 1'50 ..,,_ 0 2120 6850 8880 3971 TrlO 
min 0,00 1,46 4,72 6,12 2.74 5,32 

Fn!eness SR 15 21 44 58 30 50 

CSF 706 571 275 164 428 224 
- Mn" 79,30 75,95 74,84 74.20 75,52 74$7 "" 

Thickness nwn 0,174 0,142 0.124 0,118 0,135 0,121 

IDf!ru:ilv kalm' 456 535 604 629 562 615 

Bulk m>ikQ 2.193 1,869 1.656 1,590 1,786 1,628 

Stretch ,., 1,8 3.2 4,1 4.0 3.6 4,1 

Breakino lenalh m 2752 6(175 7818 7800 fH57 7814 

Bursi S:renoth kPa 104 264 364 386 303 374 

TearinQ resista.ioe mN 1260 1233 919 922 1HO 920 
Tensile index Nmlg 27.00 59.60 76.69 7E.60 66.29 76,65 

Bursi index kPam'Jg 1,31 3,47 4.87 5.20 4.01 5,01 

Tear index mNm'fg 15.89 16.23 12.28 12.43 14,70 12,34 

Zero tK.aten auto: 

F"tbre lenQlh Arithmetic averaae nwn 1,30 

Ftbll! teflCJlh weighted averaae nwn 1.65 

Ftbre diameter mn 
Coarseness mQlm 0,165 

Slenderness factor 10.0 

Fibre fraction 1!1uer McNett: 
retained on mesh 14 % 90.8 

retained on mesh 30 % 2.0 

retained on mesh 50 % 4,9 

retained on mesh 100 % 1,5 

001nQ throucm mesh 100 ... 0,8 

''•scositv mVo 988 

Final Test Report Phase 1A 
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UNIDO I TRIBENI 

TABLE 34 

Phystc.i properties of unbluched pulp~ In ... plot pllnl """ Krmft.AQ 

pulping~ pqp8r9d for blwllllig .... 

lleuur9d •: Pulp and hper Institute, Llubllana, Slowenia 
&.nlple from Pilot plant_. No. PPCM 

with PA mil 

Beatina point - 0 1 2 3 

PA lftOllltion llJITI 1450 1450 1450 1450 

ntY. 0 4350 7250 11600 6CM2 9860 

"*' 0,00 3.00 5,00 8.00 4.17 6.80 

fnle!M!SS SR 16 23 35 eo 30 50 

CSF 680 535 366 151 428 224 
Grammaoe ~ 73,45 75,45 7'Jl7 73.56 73.42 72.C2 
Thickness mm 0,183 0,137 0,119 0,158 0.127 0.142 

o..nsitv kl>'m" 434 515 605 681 56' 651 

Bulk ""'1tg 2.304 1,810 1.530 1,468 1.647 1,493 

Stretch "" 1,1 2.5 2.9 3.3 2.7 3,1 

Breakino lef1Ql'1 m 1497 3862 4525 4612 4249 4577 
Bursi strength lcPa 56 177 198 214 189 208 

T earina resistance mN 838 871 643 562 738 594 

Tensile index Nm/g 14.69 37,89 44,39 45.24 41.68 44,90 

Burst ir.dex kPam'/!1 0,76 2.35 2.75 2.91 2.58 2.85 

Tear index rnNm'l!I 11,41 11,54 8.93 7.64 10.05 8.15 

Bendtsen DOtDSilv AIB side ml/mn 363 0 218 

Bendtsen smoothness A/8 side mllmn 575 428 325 489 366 
Scatterina ooelflcienl 237 216 217 214 217 215 

()pacifv % 97.80 98.10 97,70 97.14 97.87 97.36 

Zero beaten pulp: 

Fibre lenath Arithmetic average mm 1.13 

Fibre lenath wei!lhted average mm 1.55 

Fibre diameter mm 

Coarseness maim 0.172 

Slenderness factor 9,0 

Fibre fraction Bauer McNett: 

retained on mesh 14 % 85,1 

retained on mesh 30 % 6.4 

retained on mesh 50 "Jr. 2.0 

retained on mesh 100 ')(, 1.3 
1ooing lhrou!lh mesh 100 % 5.4 

Viscosity rnUa 669 

Final Test Report Phase 1A 
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10.4 Bench scale bleaching tests 

TABLE40 

TABLE41 

TABLE42 

TABLE43 

TABLE44 

TABLE45 

TABLE46 

TABLE47 

Final Test Report Phase 1A 

C-E-H 

C-EP-H 

0-C-EO-H 

D-E-D 

0-D-EO-D 

0-A-EOP-P 

0-A-Z-P 

Summery of Bleaching tests for kraft-AO Jute pulp 

IVA 
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TABLE 40 

laboratory: 
City: 
Country: 

Bleaching of kraft-AO Jute pulp 

Pulp and Paper Institute 
Ljubliana 
Slovenia 

Conducted by: 
Date: 

IV A, Linz AUSTRIA , Dipl.lng. Mohamect ~AGA 
Mai-Jul 1995 

Client: UNIDO, Vienna for Tribeni um 

TABLE 40A -
TEST NUMBER 

Unit 1 2 3 4 ·- 5 
Pulplni:I process Kraft· Kraft· Kraft- Kraft. ~~-

AO AO AO AO AO 
Kappa No. unblem:hed 10,2 10,2 10,2 10,2 10.2 
Initial Brightness %ISO 
Viscosity ml/g 1029 1029 1029 1029 1029 

cps 

Bleaching Sequence: CEH CEH CEH CEH C~H 

First Stage c c c c _c 
HCI Charge % 

Sulfamic acid % 0,00 0,00 0,00 0,00 0,00 

Chlorination factor C,27 0,27 0.29 0,29 0,34 

Active Chlorine app:;ed % 2,80 2,80 3.00 3,00 ~.50 
Resid1 •al Chlorine % 1,05 0.24 0,43 0,06 0,14 --Active Chlorine consumed % 1,75 2,56 2,57 2,94 3,:36 
Temperature "C 20 35 35 30 30 
Retention time min 30 30 45 45 45 

Consistencv % 3,00 3,00 3,00 3,00 ~.00 
pH start 2,10 2,00 1,80 1,60 

pHend 3,30 "·30 2.24 2,25 1,ISO 

Kappa 

Visc:osity ml/g 

cps 
Briahtness 0.4 ISO -
Second Stacie E E E E E 
NaOH % 1,20 1.20 1.20 2,00 2,00 
Temperature •c 60 60 60 70 70 
Retention time min 90 90 90 90 120 
Consistencv % 10,00 10,00 10,00 10,00 10,00 
pH start 11,90 12,10 12,10 12,50 'L<.45 
pH encl 11,60 11,20 11,50 12.00 11.10 
Kappa 1,60 1,70 1,10 1,00 
Viscosi1v mVg 632 556 951 10()8 

-
cps 

Briahtness %ISO 53,70 54,00 57,80 51.60 
Third Stage H H H H H -· 
Sulfamic acid % 0,00 0,00 o,no 0,10 0,10 

Active Chlorine appli8'1 % 1,00 1,00 1,50 1,00 1,30 

Residual Chlorine •4 0,26 0.26 0,60 0,49 Q,71 

Active Chlorine Cl. 'Sumed % 0,74 0,74 0,90 0,51 Q,59 

NaOH as Buffer % 

Final Test Report Phase 1A 

6 .,. 
Kraft. Kraft· 
AO AO 

10.2 9,6 

"4,90 
1029 1015 -
CEtt CEH 

c c 

0,10 0,10 

0,34 0,31 

3,50 3,00 

0,49 0,83 
3,01 2,17 

30 30 

45 45 
3,00 3.00 
1,80 2.00 
1,80 2.00 

1.20 
702 

60,70 

E E 
2.00 2.00 
70 70 -120 120 

10,00 10,00 
12,SO 11,40 
11,40 11.20 
< 1,0 0,90 

998 646 

56.70 62.80 

H H 
0.10 0,10 

1,30 1,30 
0,70 0,90 ·-0,60 0,40 
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UNIDO I TRIBENI IVA 

Temperature -c 38 42 42 40 40 40 40 
Retention time min 180 180 210 120 180 180 150 

Consistencv % 10,00 10,00 10,00 10,00 10,00 10.00 10,00 

pH start 10,40 10,90 10.70 10,80 10,20 11,40 

pH end 7,70 8,90 9,20 9.30 10,13 9,10 10,90 

Total Active Chlorine applied % 3,80 3.80 4,50 4,00 4,80 4,80 4,:-0 

Total Active Chlorine consumed % 2,49 3,30 3,47 3,45 3.~5 3,61 2,57 

Final Brightness %150 n.90 75,80 75,50 76,40 n.40 79,70 82.80 
Final Brightness corrected ,.~ISO 79,90 n.80 n.so 78,40 79,40 81,70 84.80 

Briatness revertion % 8,30 

Viscositv ml/g 499 539 448 916 817 811 540 

ClaSSification of speks 

>5rnm2 speksfm2 0,0 

1, ()-4 ,99 mm" speksfm2 57,8 

0,4-0.99 rnm2 speksfm2 101,0 

0.15-0.39 mm2 speks/mZ 231.0 

Dirt cont acc. TAPPI rnm2/m2 305.68 

Fiber fr;:ction 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 

QOing through mesh 100 % 6,70 

•Bleaching tests at OHFI, Vienna 
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Residual Chlorine "" 0,67 0.00 0,40 0.73 1,03 

Active Chlorine consumed % 0,33 0,70 0,30 0.57 ozr 
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 start 11,50 10,30 10,60 10,00 11,30 

pH end 11,30 8.60 9,20 9,15 10,80 

Total Active Chlorine applied % 3,80 3.50 3,70 4,80 4,30 

Total Active Chlorine consumed % 2,14 3.21 2.78 3,39 2.61 

Final BriQhtness %1$0 78,50 79.70 77,80 81,60 85,00 

Final Brightness corrected %1$0 80.50 81.70 79,80 83,60 87,20 
_:_¥ __ revertion % 6.80 

VISCOSity ml/g 670 966 480 854 517 

Classificatioo of speks ISO 

>5mm2 speksfmZ 0,0 

1.G-4.99 mm2 speksfm2 43.0 

0.4-0.99 mm2 speks/m2 43.0 

0.15-0.39 mm2 speksfm2 535.0 

Dirt a..ot acc. TAPPI mm2/m2 303.1 

Fiber fraction Bauer McNett: 

retained on mesh 14 % 81,70 

retained on mesh 30 % 1.70 

retained on mesh 50 % 1,90 

retained on mesh 100 % 0.70 

!going through mesh 100 % e.oo 
·Bleaching tests at OHFI. Vienna 
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TABLE 418 
Semple: from test no. 1 

Pllysal swoperties: Unit 
with PA mill 

BealinQ paint . 0 1 2 3 
PA l1Mllution rpm 1450 1450 1450 1450 

rev. 0 4980 8015 11900 5694 9715 
min 0.00 3,"3 5.53 821 3,93 6.70 

Freeness SA 15 26 C3 59 30 50 
CSF 706 485 284 157 429 224 

GrammaQe Q/rn2 75.16 75.95 nn 76.35 7625 76,85 

Thickness mm 0,161 0,131 0,123 0.112 0.129 0.118 

Density kalm3 467 580 628 682 591 652 

Bulk m3/kg 2,141 1.724 1.592 1,466 1,693 1,537 

Stretch % 1,7 3,1 3,5 4,3 32 3,9 

Breaking length m 2212 5158 6035 7004 5364 6459 

Burst strengi:l kPa 102,0 254,0 305.0 323.f 266,0 313.1 

Tearing r~-sistance mN 1138 1085 1050 92€ 1077 996 

MIO doubie fold 7 829 1438 1046 972 1267 

Tensile index Nmta 21.70 50.60 59.20 68,71 52,62 63,36 

Burst index kPam%/a 1,36 ~.70 3,95 424 3.49 4.07 

Tear index mNm%/g 15,14 1429 13,60 12,13 14,12 12,96 

Bendtsen porosi!y m:tmin 493.75 15625 . 346,09 

Bendtsen smoothness mUmin 918,75 568.75 493,75 312,50 551,10 414,45 

Scatterina coefficient m%/ka 25,06 24,47 25,37 25,37 24,68 25,37 

Opacitv % 80,67 80,98 83.S3 84,19 81,58 83,82 

Zero beaten pulp: 1 2 averaae 

Fibre :englh Anthmet1c average mm 1.240 1,240 1240 

Fibre length weighted averaqe mm 1,65 1.66 1.66 

Fibre diameter mm 0.030 0,030 o.o:;o 
Coarseness maim 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 

Ptiyslcal properties: Unit I 

with PFI mill 

Beatina point . 0 1 2 3 
PFl tlMllUlion rpm 0 1450 1450 1450 

rev. 0 3'.:JO 7000 9000 3500 6192 

min o.oo 2,41 4,83 6,21 2,41 4,2.7 

Fraem!SS SR 16 30 56 72 30 50 
CSF 680 428 178 78 428 224 

Orainaoe time s 

Grammage Qfm2 72,40 73,10 72,30 73,60 73,10 72.72 

Thickne!.... mm 0,165 0,128 0,117 0,111 0,128 0.120 

'Densitv ka/l'n3 440 570 620 660 570 608 

Bulk m3Jkg 2,2.70 1,750 1,610 1,520 1,750 1,642 

Stret.:h % 1.64 3.04 3,49 3,15 3,04 3.39 

Breaking length m 2180 5090 5970 5800 5090 5767 

Burst strenath kPa 79.5 245.2 278,1 292.3 2452 270,5 

Tearing resistance mN 513 649 588 529 649 602 

MID double fold 4 186 320 248 186 289 

Tensile index Nmtg 21,39 49,93 58,57 56,90 49,93 56.57 

Burst index kPam1/g 1,10 3,70 3,85 3,97 3,35 3,72 

Tear index mNm1/Q 7.09 8,88 8,13 7,19 8,88 8.28 

Bendtsen porosity n1~/min 3000 2730 400 220 2730 468 

Bend~ smoothness ml/min 915 525 325 235 !;25 371 

Scattenno coefficient m2/kq 22.4 27,4 29,6 29,0 27,4 29.11 

~acity % -,~.99 82,70 l.3,13 85,19 82,70 83,03 

Zero beaten pulp: 

Fibre length Arithmetic average mm 1,150 

Fibr~ .c?ngth weighted average mm 1.60 

Fibre diameter mm 

Coarseness mg/m 0,106 

Slenderness factor 15,1 

Fibre zero span tensile km 1620 

Fibre zero span streoth index Nm/g 158.9 
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TABLE 42 

Bleaching of kraft-AO Jute pulp 

laboratory: 
City: 
Countf}': 
Conducted by: 
Date: 
Client: 

TABLE 42A 

Pulping process 

Kappa No. unbleached -
Initial 8.:w·--·--
Viscosity 

Bleaching Sequence: 

FirstStaae 

NaOH 
MgS04 
OXVQen pressure 

Temperature 

Retention time 

Consistency 

pH start 

pH end 

l•;appa 

•Viscosity 

Bnghtness 

Second Staqe 

HCI Charge 

Sulfamic acid 

Chlorina11on factor -
Active Chlorine applied 

Residual Chlorine 

Active Chlorine consumed 

Temperature -
Retention time 

Consistency 

pH start 

pH end -.. .,npa -
Viscc.silv 

Bnghtnes" 

Third Stage 

Na OH 

Oxv~en pressure 

T emperatu;e 

Reiention llme 

Pulp and Paper Institute 
ljublian., 
Slovenia 
IV A. Linz AUSTRIA , Dipl.lng. Mohamed NAGA 
Mai-Jul 1995 
UNIDO, Y-menna for Tnbeni Mill 

TEST NUMBER 
Unit 1 2 3 4 

Kraft-AO Kraft-AO Kraft-AO Kraft·AO 

102 10.2 10.2 10.2 
%1SC 

mvg 1029 1029 1029 1029 
cps 

OCEOH OCEOH OCEOH OCEOH 

0 0 0 0 
% 1,50 1,50 1,50 2,00 

% o.sc. o.so 0,50 0,10 
kc/crn2 4,00 4.00 6.00 6,00 

·c 90 90 95 95 
min 60 60 60 60 

% 10.00 10.00 10,00 10,00 

12.00 12,10 12.20 12,40 

10.90 11,00 10,50 10,90 

7,80 7,80 7,80 7,80 

mVg 

cps 

%ISO 

c c c c 
% 

% 0,00 ll.00 0.00 0,10 

0,20 0.20 0.21 0,25 
•,4 1,56 1,56 1,64 1,95 

""' 
r,,14 0.14 0,30 0,39 

% 1,42 1,42 1,34 1,56 

"C 20 35 35 30 
min 30 30 45 45 
•,(, 3,00 3,00 3,00 3,00 

2,00 2,10 2.10 1,80 
l,11) 2.40 2,50 1,80 

;nVg 

cps 
0.4150 

EJO E/O E/O E/O 

~. 1,00 1,Ql'J 1,00 1,50 

kg/cm' 2,50 2.50 2.50 2,50_ 
•c 90 70 f3I\ 70 

min f)() 90 60 t.O 

Final Test Report Phase 1A 

IVA 

Page 88 



UNIDO I TRIBENI IVA 

Gonsistenc:y % 10,00 10,00 10,00 10,00 

pH start 12.10 12,00 12,10 12,20 

pH end 10,30 11,00 10,70 11,20 

Kappa 0,70 0,34 

VISCOSitv ml/a 591 903 
cps 

Briahtness %ISO 68,90 68,00 73,20 

Forth Stage H H H H 
Sulfamic acid '% 0,10 

Active Chlorine applied % 1,00 0,70 1.SO 1,00 

Residual ChloriOi '% 0,73 0.28 0,81 0,51 

Active Chlori.,.. ,.;onsumed % OZT 0,42 0,69 0,49 

NaOH as ~uffer '% 

Temperature "C 40 42 42 40 

Retention time min 180 180 210 180 

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

pH start 10,10 10,40 10,70 9,90 

pH end 8.90 8,9C 9,50 8,90 

Total Act·•e Chlorine applied - •4 2.56 2.26 3,14 2,95 

Total Active ·:;tilonne CQnsumed 04 1,69 1,84 2,03 2,05 

Final Bnqh~SS %ISO 80,50 79,00 79,10 83.00 

F•nal Brightness corrected •,;.1so 82.50 81,00 81.10 85.00 

Brigtness revertion % 4,3..1 

Viscosity mVg 756 583 473 792 -
Classification of speks ISO 

>5mm2 speksml2 o.o 
1,0-4,9~ mm2 speks/m2 72.0 

0.4-0,99 mm2 speks/m2 43,0 

0.15-0,39 mm2 .. peks/ni2 376,0 

Dirt cont acc. TAPP! mm2/m2 34i,O 

Fiber fraction Bauer McNett: 

retained on mesh 14 % 92.40 

retained on mesh 30 % 4,40 

retained on mesh 50 •4 1.40 

retain~d on mesh 100 % 0.20 

ao•na th·ouah mesh 100 % 1,60 

Fina! Test Report Phase 1A Page 89 



UNIDO I TRIBENI IVA 

TA6L'E 428 
Smnple: from Int no. 4 

Physical propenieS: Unit 
with PA mill 

BeaiinQ point - 0 1 2 3 
PFI revolution rpm 1450 1450 1450 1450 

rev. 0 5000 7960 1147') 6184 11470 

min 0.00 3.45 5,49 7,91 4,26 7,91 
r-reeness SR 16 24 39 50 30 50 

CSF 680 517 323 224 428 224 

Gram.-naae Qfm2 n.62 76,75 76,19 76,19 76,53 76,19 

Thickness mm 0,176 0,136 0,122 0,117 0,130 0,117 
Oens;ty kg/m3 441 564 625 651 588 651 

Sulk m'lkg 2,267 1,773 1,600 1,536 1,704 1,536 

Stretch % 1,6 3,3 3,9 4.0 3,5 4,0 

Breaking lenQth m . 2028 5083 5613 5963 5295 5963 

Burst strength kPa 82,4 247,1 300,5 312,8 :oe.5 312,8 

Tearing resista 'lee 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 51,94 58.50 
Burst index kPam2/g 1,06 3.70 3.94 4,11 3,51 4. 1 

··-
Tear index mNm2/g 12.37 13,94 12.55 11.81 13.39 11,61 

Bendtsen paro::ity mVmin 715.65 281,30 3000 281.30 

Bendtsen smoott-.ness ml/min 956.25 478,15 387,50 362.50 441,89 362.50 

Scanering coefficient m21kg 26.10 24.74 25,.20 25.41 24,92 25,41 

Opacity % 80,44 '?'l,31 82,12 --e2.76 ii a1.oo 82.76 

Zero beaten pulp: 1 2 3 average 

Fibre length Arithmetic average mm 1.210 1.210 1,210 1.210 

Fibre :ength weighted average mm U:2 1,62 1.63 1,62 

Fibre diameter mm 0.030 o.oc:o 0,030 0.030 

Coarseness mgtm 0,144 0,146 0.1~9 0,146 

Slenderness factor 11,3 11,1 10,9 11,1 I 
r1bre ze~o span tensile km 521 

fibre zero span streyth index Nrr.lg 51.1 
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UNIDO I TRIBENI 

TABLE 43 

Laboratory: 
Cit}r: 
Country: 

Bleaching of kraft-AO Jute pulp 

Pulp and Paper Institute 
Ljubliana 
Sloven;a 

Conducted by: 
Date: 

IV A, Linz AUSTRIA I Dipllng. Mohamed NAGA 
Mai-Jul 1995 

Client: UN:oo, Y-1enna for Triben; Mill 

TABLE 43A 
TEST NUMBER 

Unit 1 .... 3 4 5 .. 
Pulping process Kratt- '<raft- Kraft- Kraft- Kraft-

AO AO AO AO AO 
Kappa N:>. unbleached 1C,2 10,2 '0.2 10,2 10,2 
ln"tiaf BriQhtness %150 

Viscositv ml/g 1021' 1029 1029 1029 1029 

Bleaching Sequence: DED DED DED DED DED 
First Stage DO DO co DO DO -
HCICharge % 

Sulfa'Tlic acid % 0,00 0,00 0,00 0,10 0,10 -c,.,IOrination factor 0,27 0,27 0,34 0,25 0,25 
.u:tive ChlOrine ap?lied % 2,80 2,80 3,50 2,55 2,55 
Residual Chlorine % 0,22 0,27 1,74 Cl,70 0,93 
Active Chlorine consumed % 2,58 2,53 1,76 1,85 1,62 
Temperature •c 65 60 60 60 60 
Retention time min 35 35 60 60 60 
Corosistency ."' 10,00 10,00 rn.oo 10,00 10,00 
pH start 2,00 2,00 3,50 

~Hend 2,10 6,50 2,36 2,15 2,82 -
Kape>a 

Viscosity mVg 

cps 

BriQhlness •1.1so 

Second Stage E E E E E 
Na OH % 1,20 1,20 1,20 2,00 2.00 
Temperature ·c 60 90 60 70 70 
Retention time min 90 60 90 120 120 
Consistencv % 10,00 10,00 10,00 10,00 10.00 
pH start 12,30 12,10 12,10 12,30 12,25 
pH end 11,90 11,80 11,80 11,50 11,90 

Kaooa 4,80 

Viscority ml/g q12 973 961 
cps 

Briaht!'lesa %150 59,80 63,50 69,00 70,30 
Third Stage D1 D1 D1 D1 D1 
Sullamic acid •t. 0,00 0,00 0,00 0,10 0,10 
Aclive Chlorine applied •4 1,00 1,00 1,50 2.00 2,00 
Residual Chlorine •1. 0,16 0,12 0,24 0,03 0,30 
Active Ch'orine consumed •4 0,84 0,88 1,26 1,97 1,70 
NaOH as B:Jffer •4 
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6" r 
Kraft- Kraft-
AO AO 
9,6 9,6 

44,90 44,90 

1015 1015 

DED DED 
DO DO 

0,00 0,00 
'\31 0,31 
3,00 3,00 
0,01 0,01 
2,99 2.99 
60 60 
60 60 

10,00 10,00 
3,00 3,20 
2,60 2,40 
3,40 3,20 
1013 10~0 

68,80 70,70 
E E 

2,00 2,00 
70 70 
120 120 

10,00 10,00 
11,60 11.30 
11,30 11,00 
3,20 2,90 
989 982 

70,80 71,80 
D1 01 

0,00 C',00 
5,30 2.50 
0,09 0,08 
5,21 2,42 
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UNIDO I TRIBENI IVA 

Temperature -c 70 70 70 75 75 70 70 
Retention time min 150 180 210 210 210 180 180 

Consistencv % 10,00 10.00 10,00 10,00 10,00 10,00 10.00 

pH stall 3.00 3,40 3,78 3,80 4,3C 6,00 

pH end 3,30 7,20 3,90 2,33 2.60 2,60 3,80 

Total Active Chlorine a;JPlied % 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 5,41 

Final Briahtness %ISO n.60 73,30 n,20 78,80 78,00 83,50 85,80 

Final;:;.:~··-·-- corrected %ISO 79,60 75,30 79,20 80,80 80 I}() 85,80 87,00 

Brigtness revertion % 

Vl$COSitv ml/g 962 642 973 941 936 935 937 
Fourth Stage D2 

Sulfami: acid % 0,10 

Active Chlorine applied % 1,00 

Residual Chlorine % 0,53 

Active Chlorine consumed % 0,47 

NaOH as Buffer % 

Temperature '"C 75 

Retention time min 150 

Consistency % 10.00 

pH Slan 3,70 

pH end 3.56 

Total Active Chlorine applied % 5,55 

Total Active Chlorine consumed ."' 4,29 

Final Brigh1.1ess %ISO 81,70 

Final Brightness corrected %ISO 83.70 

Brigtness revenion % 3,30 

Viscosity mVg 925 

Classification of speks ISO 

>5mm2 - spekstm2 o.o 
1,0·4.99 mm2 spekstm2 32.0 

04·0.99 mm2 spekstm2 127,0 

0,15·0.39 mm2 spekstm2 382,0 

Din cont acc. TAPPI mm2/m2 287.2 

Fiber fraction Bauer McNett· 

•etained on mesh 14 ."' 87,50 

retained on m1:~h 30 % 4,40 -
retained on mesh 50 % 2,40 

retained on mesh 100 % 0,10 

1going through mesh 100 % 5,60 
.. 

•Bleaching tests at OHFI. Vienna 
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UNIDO i TRIBENI IVA 

TABLE 438 
Sample: from lllst no. 4 

PhYSical properties: Unit 

with PFI mill 

Beating point - 0 1 2 3 

PA revolution rpm 1450 1450 1450 1450 
rev_ 0 5400 &JOO 11300 6050 11300 

min o.oo 3,72 5.52 7,79 4,17 7,79 

Freeness SR 14 27 39 50 30 50 

CSF 733 470 323 224 428 224 

Grarnmaoe g/m2 73,96 73,96 74,52 73.88 74,10 73,88 

Thickness mm 0,165 0,125 0,118 0,114 0,123 0,114 

Density kglm3 448.2 591,6 631,5 648,1 601,6 648,1 

Bulk m3/kg 2,231 1,690 1,583 1,543 1,663 1,543 

Stretch % 1,5 3.3 4,0 4,0 3.5 4.0 

Breakina lenath m 2100 5142 6523 6688 5487 6688 
Burst strength kPa 74.5 2n.5 312,8 319.7 286,3 :?19,7 

Tearing resistance mN 790 1172 1066 990 1146 990 
MID double fold 3 1223 1279 1463 1237 1463 

Tensil~ index Nm/g 20.60 50,44 63,99 65,61 53.83 65,61 

Burst index kPam2/g 1.01 3.70 4,20 4,33 3,86 4.33 

Tear index mNm2/g 10,68 15.85 14,30 13,40 15,46 13,40 

Bendtse~ porosity ml/min 638 400 - 400 

Bendtsen smoothness ml/min 918,50 488,00 406,50 350.00 467.63 350,00 

Scan~rir.g coefficient m'/ka 23.26 23.86 24.28 24,45 23.96 24,45 

Opacity % 78,88 81.30 82,08 82.54 81,49 82,54 

Zero beaten pulp: 1 2 averaae 

Fibre length Arithmetic average mm 1,190 1,200 1,195 

Fibre length weighted average mm 1,60 1,63 1,615 

Fibre diameter mm 0.030 0,030 0,030 

Coarseness maim 0,110 0,108 0,109 

Slenderness lacror 14,5 15,1 14.8 

Fibre zero span ten~~:e km 6,36 

fibre zero span stregth index Nrn/g 62,4 

• Bleaching tests at OHFI, Vienna 
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UNIDO I TRIBENI IVA 

TABLE 43C 
s.ntple: from test no. 7" 

Physical properties: Unit 
withPFlmill 

Beatino point - 0 1 2 3 4 
PFI revolution rpm 0 1450 1450 1450 1450 

rev. 0 3500 7500 12000 14500 4731 9750 
min 0,00 2,41 5.17 8.28 10,00 3.26 6,72 

Freeness SR 16 26 39 61 71 30 50 
CSF 680 485 323 144 83 428 224 

Drainage time s 

Grarnmage glm2 71,80 72,00 72.00 71,70 72.30 72,00 71.85 

Thickness mm 0,1153 0,129 0,118 0,112 0,108 0,126 0,115 

IDensitv kQlm' 440 560 610 640 670 575 625 

Bulk m3/kQ 2.270 1,790 1,640 1.560 1,490 1,744 1,600 

Stretch °"' 1,87 3,01 3,31 3,67 3,&4 3,10 3,49 
· 6'eaking length m 2130 4850 6320 6660 7000 5302 6490 
Burst strength kPa 81,05 244,96 326.40 343.61 356,30 270,02 335,01 

Tearino resistance mN 868 1071 883 864 795 1013 874 

MIO double fold 4 237 1317 1046 1502 569 1182 

Tensile index Nm/a 20.90 47,58 62,00 65,33 68,67 52,02 63.67 
Burst index kPam'/g 1,13 3,70 4,53 4,79 4,93 3,75 4,66 

Tear index mNm'/g 12.09 14,88 12,26 12.05 11.00 14,07 12,16 

Bendtsen porosity ml/min 3000 3000 1320 305 160 2483 465 

Bendtsen smoothness ml/min 920 475 390 300 270 449 345 

Scattenng coefficient rn21ko 24,08 23,46 27,55 29,97 29,16 24,72 28,76 

Opacity % 80,57 79,18 81.78 83,87 85.35 79,98 82,83 

Zero beaten pulp: 

Fibre length Arithmetic average mm 1,100 

Fibre length weighted averaoe mm 1,56 

Fibre diameter mm 

Coarseness mg/m 0,106 

Slenderness factor 14,72 

Fibre zero span tersile km 17,00 

Fibre Z*'''' span streoth ir, :Jex ------· Nm/a 166,8 
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UNIDO I TRIBENI 

TABLE 44 

Laboratory: 
City: 

Bleaching of kraft-AO Jute pulp 

Pulp •nd Paper Institute 
Ljubliana 

Country: 
Conducted by: 
Date: 
Client: 

TABLE 44A 

Pulping process 

Kappa No. unbleached 

Initial BnQillness 
Viscositv 

Bleaching Sequence: 

F'ntStage 
NaOH 
MQS04 

IOxvoen pressure 

T emperatJre 

Retention time 

Consistency 

pHstan 

pH end 

Kappa 

Viscosity 

Brightness 

Second Stage 

HCIChar11e 

SuHamic aeid 

Chlorinatlon factor 

Active Cnlorine applied 

Residual Chlorine 

Active Chlorine consumed 

Temperature 

Retention time 

Consistency 

pH stan 

oHencl 
KaD08 
VtSCOsitv 

Brightness 
Third Stage 

NaOH 
Oxvaen pressure 

Temperature 

Reten1ion time 

Consistency 

Slovenia 
IVA, Linz AUSmlA , Dipl.lng. Mohamed NAGA 
Mai-Jul 1995 
UNIDO, Vienna for Tribenl 11111 

TEST NUMBER 
Unit 1 2 3 

Kraft-AO Kraft-AO ' Kraft-AO 

10.2 10.2 10.2 
%ISO 

mVg 1029 1029 1029 
ODEOD ODEOD ODEOD 

0 0 0 .,,. 1,50 1.SO 2,00 
% 0,50 0.50 0,10 

ka/cm2 6.00 
-c 90 90 95 

min 60 60 60 
% 10,00 10,00 10.00 

12,00 11,90 12.40 
10.60 10,60 11,00 
7,80 7,80 7,51) 

m!/g 953.00 
cps 

%150 

DO DO DO 
~ 
.,,. 0,00 0.00 0,10 

0.20 0.20 0.26 .,,. 1.56 1,56 1,95 
.,,. 0,48 0,38 0.73 
•,4 1,08 1,18 1.22 
-c 65 60 60 
min 60 60 60 .,,. 1Ci,OO 10,00 10,00 

2,00 2,00 2,00 

3.20 3,10 2,18 

ml/g 

COi 

•1.1so 

E/O E/O E/O 
% 1,00 1,00 1.SO 

ka/cm' 2,50 2,50 2,50 
•c 90 70 70 
min 60 90 60 
% 10,00 10,00 10,00 
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UNIDO I TRIBENI IVA 

pH slart 12.00 11.90 12.30 
pH end 10.60 10.70 11.40 
Kappa 3.30 5.20 
VISCOSitv ml/q 616,00 915.00 

cps 
- - "Jr.ISO 

,, __ 
66.00 68.00 74.30 

Forth S1aCI@ 01 01 01 
Sulfamic acid "Jr. 0.10 
Active Chlorine applied % 1.00 2.00 2.00 
Residual Chlorine "Jr. 0,10 0.13 0,00 

Active Chlorine consumed "Jr. 0.90 1.87 2.00 
NaOH as Butter "Jr. 
Temperature -c 70 75 
Retention lime min 150 210 
·- % 10.00 10.00 
pH slart 4.00 4.03 
pH end 4.10 2.40 
Total A:tive Chlorine applied % 2.56 3.56 3.95 
Total Active Chlorine consumed % 1.98 3,05 3.22 
Final Brightness %ISO 78,30 77.50 82,40 

Final BriQhtness corrected %ISO 80.30 79.50 84,40 

Briotness revertion % 

ViscoSitv ml/g 924 821 
cps 

Fourth Stage D2 
Sulfamic acid % 0.10 
Active Chlorine applied % 1.00 

Residual Chlorine % 0.50 -Acti·Je Chlorine consumed ."' J -NaOH as Buffer ."' 
Temperature -c 75 
Retention time min 150 
Consistency % 10,00 
pH start 3,80 
pH end 3,70 
Tntal Actrve Chlorine applied ."' 4,95 
Total Active Chlorine consumed 3.72 
Final Briahtness % 1<;0 82,70 
Final Brightness corrected 0klSO 84,70 
Brigtness revertion % 6.50 
Viscosity ml/g 811 

Classification of speks ISO 

>5 mrn2 speks/rn2 0.0 
1,0-4.99 mrn2 speks/rn2 48,0 

0,4·0,99 mrn2 spekslrn2 96,0 

0, 15-0,33 mrn2 spekstrn2 303.0 
Dirt cont acc. T APPi mrn2/rn2 292.3 
Fiber fraction Bauer McNett: 

retained on meSh 14 ."' 91.70 
retained on mesh 30 % 5.20 
retained on mesh 50 ."' 0,80 

retained on mesh 100 % 0.20 
aoina lhrouoh mesh 100 ."' 2.10 
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UNIDO I TRIBENI IVA 

TABLE 448 
Sample: from test no. 3 

Physical ... -~--=--= Unit 

wilh PA mill 

Beating point - 0 1 2 3 
PA revolution rpm 1450 1450 1450 1450 

rev. 0 4900 6680 9500 5968 9688 
min 0,00 3,38 4,61 6,55 4,12 6,68 

Freeness SR 15 24 34 49 30 50 
Cff 706 517 378 232 428 224 

Grammage g/rrtz 74,60 76,11 76,03 68,/9 76,06 68,31 

Thickness mm 0,166 0,132 0,123 0,106 0,127 0,105 

!Dansitv kCJ/'m3 449 577 618 649 602 551 

Bulk m31ko 2227 1,733 1,618 1,541 1,664 1,536 

Stretch '% 1,5 3,4 3.7 3,9 3,6 3,9 

Breaking length m 1917 5300 5994 6597 5716 6637 

Burst strenath kPa 81,4 253,7 305,2 319,5 284,6 320,5 

T eafin~ resistance mN 776 1267 105~ 825 1137 810 

MIO double fold 3 933 1053 1093 1005 1096 

Tensile index Nmto 18.81 51,99 58,80 64,72 56.08 65,11 

Burst index kPam2/g 1,09 3,70 4,01 4.64 3,74 4,69 

Tear index mNm2/g 10.40 16,65 13,82 11,99 14,95 11,86 

Bendtsen porositv mUmin 944 338 3000 298 

Bendtsen smoo!hness ml/min 866.00 600,50 431,50 313,00 499,10 305,10 

Scattering coefficient 1112/kg 24.03 24,54 25,01 22,11 24.82 21,91 

Opacity ."' 78.56 80.43 81,74 80.23 81,21 80,12 

Zero beaten pulp: 1 2 8VI'~ 

Fibre length Arithmetic averaae mm 1,200 1,200 1~.'!?-
Fibre length weiahted average mm 1.62 1,60 1,610 

Fibre diameter mm 

Coarseness mg/m 0,121 0,125 0,123 

Slenderness factor 13.4 12.8 13.1 

Fibre zero span tensile km 5,97 

fibre zero span streolh index Nm/a 58.6 
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UNIDO I TRIBENI 

TABLE 45 

Laboratory: 
City: 
Counby: 

Bleaching of kraft-AQ Jute pulp 

Pulp and Paper Institute 
L;ubliana I Vienna• 
Slovenia I AUSTRIA• 

Conducted by: 
Date: 

IVA, Linz AUSTRIA, Dipl.lng. Mohamed NAGA 
Mai-Jul 1995 

Ciient: UNIDO, Y1e1111a for Tribeni Mill 

TABLE 45A 
TEST NUMBER 

Unit 1 2" 3 

Pulping process Kraft·AQ Knlft-AQ Kratt-AO 

Kappa No. unbleached 102 9,6 10.2 

Initial Brightness %150 44,90 

VISCOSitv ml/g 1029 1015 1029 

cps 

Bleaching Sequence: OAEOPP OAEQPP OOEOPP 

First Staae 0 0 0 
NaOH % 1,50 1,50 1,50 

MgS04 % 0.50 0,50 0,10 

Oxygen pressure kg/cm2 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 mVg 953 944 

cps 

Brightness %150 56,60 

Second Stage A A Q 

HCICharge % 

OTPA "" o.oo 0,20 

H2S04 o· 
10 

Temperature "C 70 70 70 

Retention time min 60 60 60 
Consistency % 10,00 10,00 10,00 

pH start 2,00 2,00 5-5.S 

pH end 2,20 2,20 5,32 

Kaooa 
Viscosity mVg 

cps 

Brightness %150 58,70 

Third Stage - EOP EOP EOP 

Na OH % 2,00 1,50 1,00 --
Peroxid applied % 3.00 3,00 2.00 

Residual peroxid •4 0,00 0,01 0,21 

Peroxid consumed % 3,00 2,99 1,79 

OTPA " 0.20 0,20 

EDTA % 0,03 

MaS04 % 0,05 0.20 1),20 
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UNIDO I TRIBENI IVA 

H2S04 % 

Oxvnen pressure kQ/c:m2 4,00 4,00 4,00 
Temperature -c 95 85 85 
Retention time min 151150 151150 151120 
Consistency % 10,00 10,00 10.00 
pH start 11.30 10,90 11,04 
pH -.cl 11,10 10,80 10.99 
Kappa 3,00 5,10 6,60 
VISCOSitv mllg 389 562 875 

cps 

I Brightness %150 69,10 79.20 72.30 
Forlh51age 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 0,96 
DTPA % 0.20 0.20 
EDTA % 0.03 
MgS04 % 0.05 0.20 0.20 
H2S04 % 

Oxvoen pressure kg/c:m2 

Temperature ·c 90 90 90 
Retention time min 180 180 180 

Consistency .,. 1000 10,00 10.00 
pH start 11,60 9.80 11.50 
pH end 11,20 10,10 11,40 

Final Bnohtness 0.41SO 78.20 82,70 75.90 
Final Brightness corrected %!SO 80.20 84.70 n.90 
Brigtness revertioo % 7,40 

Viscosity mVg 386 550 869 
Classification of speks ISO 

>5 ml112 speks/1112 0.0 
1, 0-4 .99 mm2 speks/m2 0,0 
o.4-o.gg mm2 speksfm2 87,0 

0,15-0.39 mm2 speks/m2 361.0 
Dirt cont acc. TAPPI mm2/1112 157.9 
Fiber fraction Bauer McNett: 

retained on mesh 14 % 90.80 
retained on mesh 30 •,4 4,10 

retained on mesh 50 % 1,10 
retained on mesh t 00 % 0.90 
QoinQ throuah mesh 100 % 3.10 
• Bleaching tests at OHF:. Vienna 
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UNIDO I TRIBENI IVA 

TABLE 458 
Sample: from tnt no. 3 

PllysiClll properties: Unit 

with PA miD 

Beatina point - 0 1 2 3 

PA roMllution rpm 1450 1450 1450 1450 

rev. 0 5440 8080 12060 5440 9141 

min 0,00 3,75 5,57 8,32 3,75 6.30 
Freeness SR 15 30 46 61 30 50 

CSF 706 42l! 257 144 428 224 
- g/rn1 72.21 75,24 75.48 7627 75,24 75,69 ·-
Thickness mm 0,159 0,122 0,117 0,111 0,122 0,115 

Densitv k!im> 454 616 645 687 616 656 

Bull m3lko 2.202 1,623 1,550 1,455 1,623 1,.525 

Stretch ~ 1.6 3.7 4.0 4,4 3,7 4.1 
,_ 

•lenoth m 1929 6428 6687 7584 6428 6926 

Burst s1renoth kPa 69.60 322.60 326,50 356.00 322,60 334,37 

T earil"IQ resistance mN 692 994 886 880 994 884 

MID double fold 3 1801 1834 1655 1801 1786 

Tensile index Nm/a 18.92 63.06 65.60 74,40 63.06 67,95 

Burst index kPam2/a 0,96 4,29 4,33 4,67 4,29 4,42 

Tear index mNm"/g 9.58 13.21 11,74 11.54 13,21 U,68 

Bencltsen porosity ml/min 368,8 118,8 3000 302.1 

Bendtsen smoothness mUmin 956.30 409,41 396,90 281,30 409,41 366,07 

Scattering coefficient 1112/kg 23.01 22,92 23.12 22.61 22.92 22,99 

Opacity % 81.54 81,91 82.66 82.82 81.91 82.70 

Zero beaten pulp: 1 2 3 average 

Fibre lenQ1h Arithmetic a\ eraae mm 1,210 1,220 1,230 1.220 

Fibre length weighted average mm 1,63 1.65 1,66 1,647 

Fibre diameter mm 
Coarseness maim 0,120 0,113 0,115 0.116 

Slenderness factor 13.6 14.6 14.3 14,2 

Fibre zero span tensile km 6.50 

fibre zero span st~eg1h index Nm/g 63.8 
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UNIDO I TRIBENI 

e TABLE 46 

Laboratory: 
City: 
Country: 

Bleaching of kraft-Aa Jute pulp 

Pulp and Paper Institute 
Ljubliana I Yeenna• 
Slovenia I .,USTRIA • 

Conducted by: 
Date: 

IV A. Linz AUSTRIA I Dipllng. Mohamed NAGA 
Mai-Jul 1995 

Client: UNIDO, Ytenna for Tribeni Mill 

TABLE 46A 
TEST NUMBER 

Unit 1 2" 3" 

Pulping process Kraft·AO l(;aft.AQ Kraft·AO 

Kappa No. unbleached 10,2 9,6 9,6 

Initial BriQhtness %150 44.90 44,90 

VISCOSitv nl/Q 1029 1015 1015 

:ps 

Bleaching Sequence: OAZP OAZP OQZP 

F'irst Stage 0 0 0 

NaOH "!. 1,50 1,50 1,50 

IMaS04 % 0,50 o.so 0,50 

;Oxygen pressure k(lfcm2 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 12.00 11,20 11.20 

pH end 10.50 11,00 11.00 

Kappa 7,40 7,30 7,20 

VISCOSi1v mva 953 936 932 
cps 

Brightness %150 58,10 58,10 

Second Staae A A Q 

HCI Charge % 

NaOH % 

EDTA % 0.50 

IMoS04 '%> 

H2504 % 

Temperature ·c 70 70 70 

Retention time min 60 60 60 
' 10.00 10,00 ·,o.oo jConsisteney % 

pH start 2,00 2,00 5,20 

pH end 2,20 2,00 5,40 

Kaooa 6.80 6.50 

Viscosity mVa 929 968_ 
cos 

6riahtness •,4 ISO 55,80 60,80 61,80 

Third St•ae z z z 
HCI Charge % 

NaOH % 

03applied % 0,50 0,61 0,88 

0:1 Residual % 0,23 0,33 
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UNIDO I TRIBENI IVA 

03consumed "" 0,38 0,55 

DTPA "" IMaSOI "" H2S04 "" Temperature "C .co 50 50 

Retention time min 5 5 
-

"" 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 

VISCOSitv ml/g 883,00 683.00 658,00 

cps 
,_. 

%ISO 59.20 75.50 76.50 

Forth Sa.ge p p p 

NaOH "" 1,50 1,50 1.50 

Peroxid arp'ied "" 2,50 3,00 3.00 

Residual peroxid "' 1,36 1,36 0,01 

Peroxid consumed "' 1,14 1.64 2.99 
DTPA •,4 0.03 0.20 0,20 

IMoS04 "' 0,05 0,20 0,20 

H2S04 "' Temperature "C 90 90 90 
Retention time min 180 180 180 

ConsiSlency ..,. 10,00 10.00 10.00 

pH start 10,90 10.10 10.60 

pH end 10.40 10.60 10.70 

Final BnQhtness %ISO 76,10 84,80 87,30 

Final Brightness correcte:1 %ISO 78.10 86.80 89,30 

Briatness revertion "' Viscosity ml/g 800 584 525 
Classification of speks ISO 

>5mm2 speks/m2 

1,0·4.99 IM'I" speks/m2 

0.4·0.99 mm2 speks/m2 

0.15·0.39 mm2 speks/m1 

Dirt cont acc. TAPPI rnm'/m2 

Fiber fraction Bauer McNett: 

retained on mesh 14 ·~ 
retained on mesh 30 % 

retained on mesh 50 % 

retained on mesh 100 •,4 

'aoing throuah mesh 100 •,4 

• Bleaehing tests at OHFI. Vienna 

Final Test Re!)ort Pha:;e 1A Page 102 



------------------------- - - - - ----- --

UNIDO I TRIBENI IVA 

TABLE 468 
Smnple: from .... no. a-

Physical properties: Unit 

with PA min 

Bealino point - 0 1 2 3 4 

PA nMllution rpm 1450 1450 1450 1450 1'450 

rev. 0 4000 6000 8000 12000 2750 6235 
min o.oo 2,76 4,14 5,.52 li,28 1.90 4.30 

Freeness SR 19 ~ 48 65 81 30 50 
CSF 611 366 240 119 30 428 224 

GranvnaQe gfmZ 73,60 75,10 73.20 74,90 73,50 7.C,63 73,40 

Thickness mm 0,171 0,136 0,128 0,123 0.122 0.147 0,127 
:Density kglm> 430 550 570 610 600 513 575 
Bulk m3/kQ 2,320 1,810 1,750 1,640 1,660 1.969 1,737 

Stretch % 2,91 3,85 3,57 3,65 3,88 3.56 3,58 

-~"Ylengt!\ m 15-43 4753 5405 5923 6153 3750 5466 
Burst strena1h kPa 74,96 256,48 302,57 329,24 329,76 199,76 305,71 

TearinoresiStance mN 549 1052 811 78" 647 895 808 

MID double fold ~ 268 440 792 4n 201 481 

Tensile index Nm/g 15,14 46,63 53,02 58,10 60,36 36,79 53,62 

Burst index kPanl2/g 1,02 3,42 4,13 4,40 4,.C9 2.68 4,16 

Tear index mNm2/Q 7,46 14,01 11,08 10,47 8.80 11,99 11,01 

Bendtsen porosity ml/min 3581 2954 1391 333 116 3149,9 429 

Bendtsen smoothness ml/min 1158 453 423 439 422 453 425 

Scattering coefftcient m2/kg 22.5 26,8 28,4 '29.7 31.7 262 28,6 

Opacitv •,4 77.4 82,0 82.7 83.7 85,6 81,7 82.8 

Zero beaten pulp: 

Fibre length Arithmetic averaae mm 1,020 

Fibre length weighted av2rage mm 1,41 

Fibre diameter mm 
Coarseness motm 0,109 

Slenderness factor 12.9 

Fibre zero span tensile km 

fibre zero span stregth index Nm/g o.o 
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UNIDO I TRIBENI IVA 

TABLE 47 

Summery of Bleaching tests for kraft-AO Jute pulp 

SEOUNCE Lab No. Bright- Bright- Limited Break. Fibre Coarse- Slender-
of ness ness VISCOSity length length ness ness 

TEST absolute relative at weight. factor 
SOSR averaae 

ISO ISO ml/Q m mm mg/m 
Brown stock 44,9 44,9 1029 7814 1,65 0,125 13,20 

C-E-H ICP 1 n.90 79,90 499 
ICP 2 75,80 n,80 539 
ICP 3 75,50 n,so 448 
ICP 4 76,40 78,40 916 
ICP 5 n,40 79,40 817 
ICP 6 79,70 81,70 811 6490 1,67 0,103 16.25 

OHFI 7 82,80 84,80 540 5904 1,54 0,100 15,40 
C-EP-H ICP 1 78,50 80,50 670 

ICP 2 79,70 81,70 966 
ICP 3 n.80 79,80 480 
ICP 4 81,60 83,60 854 6459 1,66 0,106 15,61 

OHFI 5 85,00 87,20 517 5767 1,60 0,106 15,09 
0-C-EO-H ICP 1 80,50 82,50 756 

ICP 2 79,00 81,00 583 
ICP 3 79,10 81,10 473 
!CP 4 83,00 85,00 792 5963 1,62 0,146 11,10 

0-E-D ICP 1 77,60 79,60 962 
ICP 2 73,30 75,30 642 
ICP 3 77,20 79,20 973 
ICP 4 78,80 80,80 941 
ICP 5 78,00 80,00 936 

O-E-0-0 ICP 4 81,70 83,70 925 6688 1,62 0,109 14,82 
0-E-O OHFI 6 83,50 85,80 935 
O-E-0 OHFI 7 85,80 87,00 937 6490 1,56 0,106 14,72 

0-D-EO-O ICP 1 78,30 80,30 924 
ICP 2 77,50 79,50 
ICP 3 82,40 84,40 821 

O-O-E0-0-0 ICP 3 82,70 84,70 811 6637 1,61 0,123 13,09 
0-A-EOP-P ICP 1 78,20 80,20 386 

OHFI 2 82,70 82,70 550 
0-0-EOP-P ICP 3 75,90 77,90 869 6926 1,65 0,116 14,17 

0-A-Z-P ICP 1 76,10 78,10 800 
OHFI 2 84,80 84,80 584 

0-0-Z-P OHFI 3 87,30 87,30 525 5466 1,41 0,109 12,94 
Total 32 
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UNIDO I TRIBENI IVA 

11. DIAGRAMS 
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UNIDO I TRIBENI IVA 

11.1 Bench scale pulping tests 

FIGURE 1 Correlation between kappa and AA charge, Kraft 

FIGURE 2 Correlation between kappa and AA charge, Kraft-AO 

FIGURE 3 Correlation between yield and AA charge, Kraft 

FIGURE 4 Correlation between yield and AA charge, Kraft-AO 

FIGURE 5 Correlation between kappa and AA charge, Caustic 
soda 

FIGURE 6 Correlation between kappa and AA charge, Socia-AO 

FIGURE 7 Correlation between yield and AA charge, Caustic soda 

FIGURE 8 Correlation between yield and M charge, Soda-AO 

FIGURE 9 Correlation between kappa and Na2S03 charge, 
Alkaline sulphite 

FIGURE 10 Correlation between yield and Na2S03 charge, Alkaline 
sulphite 

FIGURE 11 Physical properties of unbleached jute pulp (Kraft 
Pulping) 

FIGURE 12 Physical properties of unbleached jute pulp (Kraft-AO 
Pulping) 

FIGURE 13 Physical properties of unbleached jute pulp (Soda 
Pulping) 

FIGURE 14 Physical properties of unbleached jute pulp (Soda-AO 
Pulping) 

FIGURE 15 Physical properties of unbleached jute pulp (Alkaline 
Sulphite-AO Pulping) 

FIGURE 16 Fibre length (mm) weightad average of unbleached jute 
pulp 

FIGURE 17 Coarseness (mg/m) of unbleached jute pulp 

FIGURE 18 Slenderness factor of unbleached jute pulp 

FIGURE 19 Zero span tensile {km) of unbleached jute pulp 
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UNIDO I TRIBENI IVA 

FIGURE 20 Tensile index (Nm/g) oi unbleached jute pulp at 50 SR 

FIGURE 21 Burst index (kPam2/g) of unbleached jute pulp at 50 SR 

FIGURE 22 Tear index (mNm2/g) of unbleached jute pulp at so SR 

FIGURE 23 Stretch (%) of unbleached jute pulp at 50 SR 

FIGURE 24 Bendtsen porosity 1\-Site(mVmin) of unbleached jute 
pulp at so SR 

FIGURE 25 Bendtse11 JNrosity B-Site(mVmin) of unbleact.ed jute 
pulp at~~~ 

FIGURE 26 Bendtser. smoothness A-Site(mVmin) of unbleached jute 
pulp at SO ~R 

FIGURE 27 . Bendtsen smoothness B-Site(mVmin) of unbleached jute 
pulp at SO SR 

FIGURE 28 Tensile index (Nm/g) of unbleached jute pulp at 30 SR 

FIGURE 29 Bu!'st index (kPam2/g) of unbleached jute pulp at 30 SR 

FIGU:1E 30 Tear index (mNm2/g) of unbleached jute pulp at 30 SR 

FIGURE 31 Stretch(%) of unbleached jute pulp at 30 SR 

FIGURE 32 Bendtsen smoothness A-Site(mVmin) of unbleached jute 
pulp at30 SR 

FIGURE 33 Bendtsen smoothness B-Site(mVmin) of unbleached jute 
pulp at30 SR 

FIGURE 34 Viscosity (mVg) of unbleached jute pulp 
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UNIDO I TRIBENI 

CORRELATION BETWEEN 
KAPPA AND AA CHARGE· KRAFT 
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UNIDO I TRIBENI 

CORRELATION BETWEEN 
YIELD AND AA CHARGE - KRAFT 
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UNIDO I TRIBENI 

CORRELATION BETWEEN 
KAPPA AND AA CHARGE· CAUSTIC SODA 
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CORRELATION BETWEEN 
YJELD AND AA CHARGE - CAUSTIC SODA 
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UNIDO I TRIBENI 

CORRELATION BETWEEN 
KAPPA AND Na2S03 CHARGE 
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UNIDO I TRIBENI 

PHYSICAL PROPERTIES OF 
UNBLEACHED JUTE PULP [KRAFT PULPININGJ 
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UNIDO I TRIBENI IVA 

PHYSICAL PROPERTIES OF 
UNBLEACHED JUTE PULP CSODA PULPING] 
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UNIDO I TRIBENI 

PHYSICAL PROPERTIES OF UNBLEACHED 
JUTE PULP [ALKALINE SULPHITE-AO PULPING] 
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UNIDO I TRIBENI 

COARSENESS [mglm] 
OF UNBLEACHED JUTE PULP 

O.tcr---------------------
u:int-----------------m 

-

SLENDERNESS FACTOR 
OF UNBLEACHED JUTE PULP 
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UNIDO I TRIBENI IVA 

ZERO SPAN TENSILE [km] 
OF UNBLEACHED JUTE PULP 

JUTE PULPING 
-----~---

TENSILE INDEX [ Nm/g ] 
OF UNBLEACHED JUTE PULP AT 50 SR 

IVA ••• 
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BURST INDEX [ kPam2/g] 
OF UNBLEACHED JUTE PULP AT SO SR 

~UTE PULPING 
-------

TEAR INDEX [ mNm2/g ] 
OF UNBLEACHED JUTE PULP AT 50 SR 

IVA 
EP'B B 

11.0 --------------------, 
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STRETCH[%) 
OF UNBLEACHED JUTE PULP AT 50 SR 

s.a---------------------

BENDTSEN POROSITY A-SIDE [ml/min] 
OF UNBLEACHED JUTE PULP AT 50 SR 

IVA ••• 
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BENDTSEN SMOOTHNESS B-SIDE[ml/min] 
OF UNBLEACHED JUTE PULP AT SO SR 

.JUTE PULPING 

TENSILE INDEX [ Nm/g ] 
OF UNBLEACHED JUTE PULP AT 30 SR 

IO.O ..------------------------, 
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BURST INDEX [ kPam2/g ] 
OF UNBLEACHED JUTE PULP AT 30 SR 
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TEAR INDEX [ mNm2/g ] 
OF UNBLEACHED JUTE PULP AT 30 SR 
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STRETCH[%] 
OF UNBLEACHED JUTE PULP AT 30 SR 
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BENDTSEN SMOOTHNESS A-SIDE[mllmin] 
OF UNBLEACHED JUTE PULP AT 30 SR 
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BENDTSEN SMOOTHNESS B-SIDE[ml/min] 
OF UNBLEACHED JUTE PULP AT 30 SR 

-. 

JUTE PULPING 6 ---- -----

VISCOSITY [ml/g] OF UNBLEACHED JUTE PULP 
IVA •nm 
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11.2 Bleachability tests 

AGUA~ 36 Total active chlorine consumption 

AGURE 37 Bleached pulp total yield 

IVA 

AGURE 38 Physical properties of bleached jute pulp (Kraft Pulping) 

AGURE 39 Physical properties of bleached jute pulp (Kraft-AO Pulping) 

AGURE 40 Physical properties of bleached jute pulp (Soda Pulping) 

AGURE 41 Physical properties of bleached jute pulp (Soda-AO Pulping) 

FIGURE 42 Physical properties of bleached jute pulp (Alkaline Sulphate-AO 
Pulping) 

AGURE 43 Fibre length (mm) weighted average of bleached jute pulp 

AGURE 44 Coarseness (mgfm) of bleached jute pulp 

FIGURE 45 Slenderness factor of bleached jute pulp 

FIGURE 46 Zero span tensile (km) of bleached jute pulp 

FIGURE 47 Tensile index (Nm/g) of bleached jute pulp at 50 SR 

FIGURE 48 Burst index (kPam2/g) of :>leached jute pulp at 50 SR 

FIGURE 49 Tear index (mNm2/g) of bleached jute pulp at 50 SR 

FIGURE 50 Stretch (%) of bleached jute pulp at 50 SR 

FIGURE 51 Bendtsen porosity A-Site(mVmin) of bleached jute pulp at 50 
SR 

FIGURE 52 Bendtsen porosity 8-Site(mVmin) of bleached jute pulp at 50 
SR 

AGURE 53 Bendtsen smoothness A-Site(mVmin) of bleached jute pulp at 
50SR 

FIGURE 54 Bendtsen smoothness 8-Site(mVmin) of bleached jute pulp at 
50SR 

FIGURE 55 Scattering coefficient A-Site( ) of bleached jute pulp at 50 SR 

FIGURE 56 Scattering coefficient 8-Site( ) of bleached jute pulp at 50 SR 

FIGURE 57 Opacity A-Site(%) of bleached jute pulp at 50 SR 

FIGURE 58 Opacity 8-Site(°lo) of bleached jute pulp at 50 SR 
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FIGURE 59 Tensile index (Nm/g) of bleached jute pulp at 30 SR 

FIGURE 60 Burst index (kPam2/g) of bleached jute pulp at 30 SR 

FIGURE 61 Tear index (mNm2/g) of bleached jute pulp at 30 SR 

FIGURE 62 Stretch (%) of bleached jute pulp at 30 SR 

IVA 

FIGURE 63 Bendtsen porosity A-Site(mVmin) of bleached jute pulp at 30 
SR 

FIGURE 64 Bendtsen porosity 8-Site(mVmin) of bleached jute pulp at 30 
SR 

FIGURE 65 Bendtsen smoothness A-Site(mVmin) of bleached jute pulp at 
30SR 

FIGURE 66 Bendtsen smoothness 8-Site(mVmin) of bleached jute pulp at 
30SR 

FIGURE 67 Scattering coefficient A-Site( ) of bleached jute pulp at 30 SR 

FIGURE 68 Scattering coefficient 8-Site( ) of bleached jute pulp at 30 SR 

FIGURE 69 Opacity A-Site(%) of bleached jute pulp at 30 SR 

FIGURE 70 ~acity B-Site(%) of bleached jute pulp at 30 SR 

FIGURE 71 Viscosity (mVg) of bleached jute pulp 
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BLEACHED PULP TOTAL YIELD [ % ] 
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PHYSICAL PROPERTIES OF 1.V.A. 
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PHYSICAL PROPERTIES OF 
BLEACHED JUTE PULP [SODA-AO PULPINING] 
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ABER LENGTH [mm] weigthed average 
OF BLEACHED JUTE PULP 

ON. V BlEACHABlllTY ..... ST 

JUTE PULPING 
-------

COARSENESS lmg/m] 
OF BLEACHED JUTE PULP 
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SLENDERNESS FACTOR 
OF BLEACHED JUTE PULP 

ZERO SPAN TENSILE [km] 
OF BLEACHED JUTE PULP 
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TENSILE INDEX [ Nm/g ] 
OF BLEACHED JUTE PULP 

BURST INDEX [ kPam2/g ] 
OF BLEACHED JUTE PULP 
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TEAR INDEX [ mNm2/g] 
OF BLEACHED JUTE PULP 

STRETCH[%] 
OF BLEACHED JUTE PULP 
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BENDTSEN POROSITY A-SIDE [ml/min] 
OF BLEACHED JUTE PULP AT 50 SR 

a.IUTE PULPING 
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BENDTSEN POROSITY B-SIDE [ml/min] 
OF BLEACHED JUTE PULP AT 50 SR 
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BENDTSEN SMOOTHNESS A-SIDE [ml/min] 
OF BLEACHED JUTE PULP AT 50 SR 

BENDTSEN SMOOTHNESS B-SIDE [ml/min] 
OF BLEACHED JUTE PULP AT 50 SR 
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SCATTERING COEFFICIENT A-SIDE [ m21kg] 
OF BLEACHED JUTE PULP AT 50 SR 

SCATTERING COEFRCIENT B·SIDE [ m2/kg] 
OF BLEACHED JUTE PULP AT 50 SR 
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OPACITY A-SIDE [ % ] 
OF BLEACHED JUTE PULP 

_JUTE PULPING 

OPACITY B-SIDE [ % ] 
OF BLEACHED JUTE !'ULP 
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TENSILE INDEX [ Nmlg] 
OF BLEACHED JUTE PULP 

BURST INDEX [ kPam2/g ] 
OF BLEACHED JUTE PULP 
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TEAR INDEX [ mNm2/g] 
OF BLEACHED JUTE PULP 

STRETCH[%] 
OF BLEACHED JUTE PULP 

Jal--~ .. """":;:::J:::::-tM~~==:r=== 
: .• _ ••. , ~~-.....- ICOll -a.M). 

-
oal--_J~·:,~' ::.::,· ~-":::·~~ifllai;i. ___ .JL __ 

Final Test Report Phase 1A 

IVA 

LYA 

illlUTE PULPING 
-------

IVA • • 

Page 140 



UNIDO I TRIBENI 

BENDTSEN POROSITY A-SIDE [ml/min] 
OF BLEACHED JUTE PULP AT 30 SR 
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JUTE PULPING 
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BENDTSEN POROSITY B-SIDE [ml/min] 
OF BLEACHED JUTE PULP AT 30 SR 
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BENDTSEN SMOOTHNESS A-SIDE [ml/min] 
OF BLEACHED JUTE PULP AT 30 SR LYA 

BENDTSEN SMOOTHNESS B-SIDE [mVmin] 
OF BLEACHED JUTE PULP AT 30 SR 

IVA .... 
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SCATIERING COEFRCIENT A-slDE [ m2/kg ] 
OF BLEACHED PULP AT 30 SR 
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SCATTERING COEFFICIENT B-SIDE [ m2/kg] 
OF BLEACHED PULP AT 30 SR 
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VISCOSITY [ ml/g ] OF BLEACHED PULP LYA 
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11.3 Bench scale and pilot plant pulping tests 
at CPPRI 

AGURE 81 kappa No. of unbleached kraft jute pulp 

AGURE 82 Brightness (%) of unbleached kraft jute pulp 

FIGURE 83 Viscosity (mVg) of unbleached kraft jute pulp 

IVA 

FIGURE 84 Tensile index (Nm/g) of unbleached kraft jute pulp at SO 
SR 

FIGURE 85 Burst index (kPam2/g) of unbleached kraft jute pulp at 
SOSA 

FIGURE 86 Tear index (mNm2/g) of unbleached kraft jute pulp at SO 
SR 

FIGURE 87 kappa No. of unbleached kraft-AO jute pulp 

FIGURE 88 Brightness (%) of unbleached kraft-AO jute pulp 

FIGURE 89 Viscosity (mVg) of unbleached kraft-AO jute pulp 

FIGURE 90 Tensile index (Nm/g) of unbleached kraft-AO jute pu:p at 
SOSA 

FIGURE 91 Burst index (kPam2/g) of unbleached kraft-AO jute pulp 
at SO SR 

FIGURE 92 Tear index (mNm2/g) of unbleached kraft-AO jute pulp at 
SOSA 
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KAPPANR.OF 
UNBLEACHED KRAFT JUTE PULP 
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3RIGHTNESS [ % ]OF 
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VISCOSITY[ mUg ]OF 
UNBLEACHED KRAFT JUTE PULP 

TENSILE INDEX [ Nm/g ] OF 

JUTE PULPING 

UNBLEACHED KRAFT JUTE PULP AT 50 SR 
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BURSTINDEX[kPam2/g]OF 
UNBLEACHED KRAFT JUTE PULP AT 50 SR 

..JUTE PULPING 
-------

TEAR INDEX [ mNm2/g ]OF 
UNBLEACHl.:D KRAFT JUTE PULP AT SO SR IVA ·== 
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KAPPANR.OF 
UNBLEACHED KRAFT-AQ JUTE PULP 

1..oo+---

I.OU+----

4.00•---

BRIGHTNESS [ % ]OF 
UNBLEACHED KRAFT-AQ JUTE PULP 

TDD --

IVA ..... 

---

Final Test Report Phase 1A 

IVA 

Page 150 



UNIDO I TRIBENI 
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UNBLEACHED KRAFT-AQ JUTE PULP LYA 
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BURSTINDEX[kPam2/g]OF 
UNBLEACHED KRAFT-AO JUTE PULP AT 50 SR IVA 
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11.4 Bench scale bleaching tests 

FlGURE 101 Physical properties of C-E-H bleached pulp 

FlGURE 102 Physical properties of C-EP-H bleached pulp 

FIGURE 103 Physical properties of 0-C-EO-H bleached pulp 

FlGURE 104 Physical properties of D-E-0 bleached pulp 

IVA 

FlGURE 105 Physical propertie& of 0-0-EO-D bleached pulp 

FIGURE 106 Physical properties of 0-0-EOP-P bleached pulp 

FlGURE 107 Physical properties of 0-0-Z-P bleached pulp 

FlGURE 108 Fibre length (mm) weighted average of bleached jute 
pulp 

FIGURE 109 Coarseness (mwm) of bleached jute pulp 

FIGURE 11 O Slenderness fador of bleached jute pulp 

FIGURE 111 Zero span tensile (km) of bleached jute pulp 

FIGURE 112 Tensile index (Nm/g) of bleached jute pulp at SO SR 

FIGURE 113 Burst index (kPam2/g) of bleached jute pulp at SO SR 

FIGURE 114 Tear index (mNm2/g) of bleached jute pulp at SO SR 

FIGURE 115 Stretch(%) of bleached jute pulp at SO SR 

FIGURE 116 Bendtsen porosity (mVmin) of bleached jute pulp at SO 
SR 

FIGURE 117 Bendtsen smoothness (mVmin) of bleached jute pulp at 
SOSA 

FIGURE 118 Scattering coefficient ( ) of bleached jute pulp at 50 
SR 

FIGURE 119 Opacity(%) of bleached jute pulp at SO SR 

FIGURE 120 Tensile index (Nm/g) of bleached jute pulp at 30 SR 

FIGURE 121 Burst index (kPam2/g) of bleached jute pulp at 30 SR 
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FIGURE 122 Tear index {mNm2!g) of bleached jute pulp at 30 SR 

FIGURE 123 Stretch {0k) of bleached jute pulp at 30 SR 

FIGURE 124 Bendtsen porosity (mVmin) of bleached jute pulp at 30 
SR 

FIGURE 125 Bendtsen smoothness {mVmin) of bleached jute pulp at 
30SR 

FIGURE 126 Scattering coefficient ( j of bleached jute pulp at 30 
SR 

FIGURE 127 Opacity{%) of bleached jute pulp at 30 SR 

FIGURE 128 Viscosity {mVg) of bleached jute pulp 

FIGURE 129 Correlation between absolute and relative ISO 
brightness 

Bench scale bleaching tests at TTD 
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PHYSICAL PROPERTIES OF 
0-C-EO-H BLEACHED JUTE PULP 
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UNIDO I TRIBENI 

t IQ 

I.IC 

uo 
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PHYSICAL PROPE TIES OF 
0-Q-Z-f' BLEACHE JUTE PULP 
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UNIDO I TRIBENI 

COARSENESS [mg/m] OF 
BLEACHED JUTE PULP IVA . -

o.1&0,..----------------------T 
z: 
0 
Ill 

i 

ppf\Pro;ekfe\ I r&n1\Finai RiPOO la\ F.gure 109 

Cl 
iii 
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SLENDERNESS FACTOR OF 
BLEACHED JUTE PULP 
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UNIDO I TRIBENI 

ZERO SPAN TENSILE [km] OF 
BLEACHED JUTE PULP IVA 

E! II 

1•..-----------------------. 
12 

10 

AllEAAGEDATA 

ppf\PrOlikie\ I rlbif.1\hnal AePOf1 la\ F"igure iii 

TENSILE INDEX [Nm/g] OF 
BLEACHED JUTE PULP AT 50 SR 
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UNIDO I TRIBENI 

BURST INDEX [kPam2/g] OF 
BLEACHED JUTE PULP AT 50 SR 

5.001---------------------. 

4.ooi------..r--:~:-1 

! 

PPf\Pro;eKfe\lnseH1\t'naiHiP011 ia\i!tgt1re ~13 

TEARINDEX[mNm2/g]OF 
BLEACHED JUTE PULP AT 50 SR 
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UNIDO I TRIBENI IVA 

STRETCH [ % ] OF 
BLEACHED JUTE PULP AT 50 SR IVA 

8 II 
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UNIDO I TRIBENI 
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BLEACHED JUTE PULP AT 50 SR 
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UNIDO I TRIBENI 

OPACITY [ % ] OF 
BLEACHED JUTE PULP AT 50 SR IVA • • 
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UNIDO I TRIBENI 

•. 
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2 

BURST INDEX [kPam2/g] OF 
BLEACHED JUTE PULP AT 30 SR 
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UNIDO I TRIBENI 

STRETCH [ % ] OF 
BLEACHED JUTE PULP AT 30 SR IVA .,. 

•.00---------------------
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UNIDO I TRIBENI 

BENDTSEN SMOOTHNESS [ml/nain] OF 
BLEACHED JUTE PULP AT 30 SR IVA ••• 

a .. 
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SCATTERING COEFRCIENT [ ] OF 
BLEACHED JUTE PULP AT 30 SR 
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UNIDO I TRIBENI 

OPACITY [ % ] OF 
BLEACHED JUTE PULP AT 30 SR 
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UNIDO I TRIBENI 

CORELATION BETWEEN ABSOLUTE 
AND RELATIVE ISO BRIGHTNESS 
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UNIDO I TRIBENI 

RBRE DISTRIBUTION AND ANALYSIS 
OF 

UNBLEACHED JUTE PULP 

WITH 

KAJAANI FS-200 
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UNIDO I TRIBENI IVA 

KAJAANI FS-200 I KRAFT 

lfEIGHTED DISTRIBUTION 

02-03-95 12: 01 

SAMPLE FILE NO 006 
lJPPER LIMIT 6.00 
LOWER LIMIT 0.00 

SAMPLE TITLE 
SAMPLED 
ANALYSED 
TOTAL FIBERS 

N/14/95 P 38 JUTA 
01-03-95 
02-03-95 11: 57 
24908 WEIGHT 9.07 mg 

20 100 

16 BO 

I' 
12 60 I 

I " \ I a I 11Q 

I \ 
I I 

20 

0 0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 
LENGTH I ~M 

4RITHMETIC A'/ 1. 27 rnm COARSENESS 0 .104 rng/rn 
L WEIGHTED AV 1. 69 rnm WOOD SPEC 0. 0 i 

iN' 

w 
> ........ -~ 
-5 
~ 
....:> 

W WEIGHTED A'/ 2. 09 rnm CUSTOM /L VALUE OUT OF TAB~E 
~ENGTH 0.20 mm P= /.02 ~ w= 0.45 i 
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C> -t-e :::> m -er 
t-
en .... 
Cl 

UNIDO I TRIBENI IVA 

20 

16 

12 

B 

4 

0 

KAJAANI FS-200 IKRAFT-AQ 

WEIGHTED DISTRIBUTION 

02-03-95 12: 14 

SAMPLE FILf ~O 007 
UPPER LI~rr 6.00 
LOWER LI~IT 0.00 

SAMPLE TITLE 
SAMPLED 
ANALYSED 
TOT4L FIBERS 

N/14/95 P 48 JUTA 
01-03-95 
02-03-95 12: 12 
27041 KEIGHT 9.80 IQ 

BO 

60 

I 

/ 
/~ _,., 

0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 
LENGTH I MM 

ARITHMETIC AV 1.24 mm COARSENESS 0.100 mg/m 
L WEIGHTED AV 1.68 mm wooo SPEC 0.0 s 

~ 

U-J 
> ._... ..._ 
< 
_J 
::> 
::F: 
:::> 
u 

w WEIGHTED AV 2.07 mm CUSTOM /L VALUE OUT OF TABLE 
t..EtlGTH 0. 20 mm P= B. 90 i W= 0. 57 ,; 
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::z 
CJ ....... ..._ 
~ e m -er ..._ 
en ...... 
0 

UNIDO I TRIBENI IVA 

20 

16 

12 

B 

KAJAANI FS-200 !SODA 

WEIGHTED DISTRIBUTION 

SAMPLE TITLE 
SAMPLED 
4NALl'SED 
TOf4L ~IBERS 

N/14/95 P21B JUTA 
01-03-95 
02-03-95 09: 10 
32792 

02-03-95 09: 16 

SAMPLE FILE NO 008 
UPPER LIMIT 6.00 
LOWER LIMIT 0.00 
WEIGHT 9 .12 mg 

100 

ao 

60 

i t--~-+--'~-+~~~~~~~~~-~~~-~----1 ~o 

\ 

0 0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 
LENGTH I MM 

~RITHMETIC AV 1.02 mm COARSENESS 0.106 mg/m 
L WEIGHTED AV l.58 ~m HOOD SPEC 0.0 i 

~· 
u.. 
::-....... -< _J 
:::> 
~ 
::::> 
u 

W WEIGHTED AV 1.99 mm CUSTOM /L VALUE OUT OF TABLE 
LENGTH 0.20 mm P= 18.36 i W= 1.54 i 
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m -cc ..._ 
tl'J -Cl 

UNIDO I TRIBENI IVA 

l(AJAANI FS-200 ISODA-AQ 

~EIGHTED BISTRIBUTION 

N/14/95 P22B JUTA 
01-03-95 

02-03-95 10:58 

SAMPLE FILE NO 010 
UPPER LIMIT 6.00 
LOWER LIMIT 0.00 

SAMPLE TITLE 
SAMPLED 
ANALYSED 
TOTAL FIBERS 

02-03-95 10:33 
30236 WEIGHT 9.11 ~g 

20 100 

-------/,,...-
,· 

16 " I 80 
I 

: 

12 

~ 
I 

/"./ - 60 

8 

( /\ 
I : \ 

i / \ I , 
I ' ~o 

; \ I I 

I / \ 
' \ 20 

J ,' 

~ . I __;./ 
___ ,,.. ... 

_., 

0 0 2.0 4.0 5.0 6.0 1.0 1.0 3.0 
LENGTH I L1M 

ARITHMETIC AV 1.14 mm COARSENESS 0 .101 rng/rn 
L WEIGHTED AV 1.76 mm WOOD SPEC 0.0 ~ 

~ 

u.. 
> 
~ 

< 
_J 
-:> 
::F 
"."'.) 
Ll 

W WEIGHTED AV 2.20 mm CUSTOM /L VALUE OLlf OF TABLE 
LFNGTH 0.20 mm P= 19.42 i W= 1.34 ~ 
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:z 
0 

UNIDO I TRIBENI 

20 

KAJA4NI FS-200 IALKAUN_E.~~LPHITE-AQ 

WEIGHTED DISTRIBUTION 

SAMPLE TITLE 
SAJ.f PLED 
AN4LYSEO 
TOTAL FIBERS 

N/14/95 P 40 B JUTA 
06-03-95 
06-03-95 08: 25 
2?355 

_..-------­----

06-03-95 08: 31 

SAMPLE FILE NO 092 
UPPER LIMIT 6.00 
LOWER LIMIT 0.00 

IVA 

WEIGHT 9.00 mg 

100 

.... 
~ 16 

-~ 

/---
t=---------J'------ - ---------------BO ~ 

a: ...... 
en 

..__ 
-r 
_J 
--:> ..... -

~ 12 
r~/ 

~--~-------- 60 3 

8 

4 

/ I '., 
\ 

\ 
\ -+- -------\---- -----

/ I \ 
F----1 _.[ ____ '..,___ ________ _ 

/ / 
/ 

/ / 
/ /,/ 

__ -----~ -lO 

20 

0 0 1.v 2.0 3.0 4.0 5.0 6.0 7.0 
LENGTH I ~M 

ARITHMETIC AV 1.20 mm COARSENESS 0.130 mg/rn 
L WEIGHTED AV 1.66 mm wOOD SPEC 0.0 S 
w WEIGHTED AV 2.07 mm CUSTOM /L 14LUE our OF iABLE 
~ENGTH 0.20 mm P= 9.09 ~ W= 0.60 i 
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UNIDO I TRIBENI 

FIBRE DISTRIBUTION AND ANALYSIS 
OF 

Final Test Report Phase 1A 

BLEACHED JUTE PULP 

WITH 

KAJAANI FS-200 

BLEACHABILITY TEST 
ONLY 
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UNIDO I TRIBENI IVA 

~ 

z 
Cl -t-:::::> 
m -er 
t-
(/) -CJ 

20 

KAJAANI FS-200 

SAMPLE TITLE 
SAMPLED 
ANALYSED 
TOTAL FIBERS 

N14/95 P3 BELJ 
17-03-95 
17-03-95 11: 12 
30575 

17-03-95 11: 16 

SAMPLE FILE NO 005 
UPPER LIMIT 6.00 
LOWER LIMIT 0.00 
WEIGHT 9.06 mg 

100 

i 60 
1 

~ i \ 
B -1 ~--/~--\~~~~~~~~~~--40 

1 I \ 

4 t J \ 
~ / j \ 

I / ; --------

Q o 1. o 2'-.-0 --3 ...... o-~4=.':=o::::::.;:;:=:::::5::::;::0=~=6-. 0--1-.~o 

2C 

LENGTH I MM 

ARITHMETIC AV 1.10 mm COARSENESS 0 .102 mg/m 
L WEIGHTED AV 1.60 mm WOOD SPEC 0.0 i 
n WEIGHTED AV 2.03 mm CUSTOM /L VALUE OUT OF TABLE 
LENGTH C.20 mm P: 11.51 ~ W= 0.91 % 
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UNIDO I TRIBENI 

KAJAANI FS-200 

WEIGHTED DISTRIBUTION 

M 

:z: 
C> 

20 

~ 16 
::> cc e ~ en 
c; 12 

8 

4 

I 

SAMPLE TITLE 
SAMPLED 
ANALYSED 
TOTAL FIBERS 

I 
I 

L I 
i I 

I I 

i ./ ' 

~ // / 
: / / 

o ~ .c < 1.'o 

I 

Nf.4/95 fl4 BELJ 
17-03-95 
17-03-95 t 1: 30 
21993 

I 
; 

I 

\ 
I 

\ 
I 

\ 
\ 

\ 

• .~ 
2.0 3.0 4.0 

I 

IVA 

H-03-95 11: 32 

KRAFT-AO, BLEACHED 

SAMPLE FILE NO 012 
UPPER LIMIT 6.00 
LOWER LIMIT 0.00 
WEIGHT B.90 mg 

100 

i 

---i 80 

I 

I 60 

40 

20 

4 • 

5.0 6.0 7 .0 
LENGTH I MM 

ARITHMETIC AV 1.21 mm COARSENESS 0.129 mg/m 
L WEIGHTED AV 1.71 mm WOOD SPEC 0.0 X 

~ 

tu 
> ...... -<r 
_J ...... 
~ 
LS 

W WEIGHTED AV 2.!5 mm CUSTOM /L VALUE OUT OF TABLE 
LENGTH C.20 mm P= 9.47 % W= 0.64 % 
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ARITHMETIC AV 0.72 mm COARSENESS 0.109 mg/m 
L WEIGHTED AV i.46 mm WOOD SPEC 0.0 S 
W WEIGHTED AV 1.93 mm CUSTOM /L VALUE OUT OF TABLE 
LENGTH 0.20 mm P= 36.16 SW= 4.08 ~ 
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UNIDO I TRIBENI IVA 

KAJAANI FS-200 17-03-95 12: 32 
l'ltIGHTED DISTRIBUT100-- -- -- --- .. ----- -- -- --sooA--Aa-:-el.EACtii:O 

SAMPLE TITLE N14/95 P 22 BELJ SAMPLE FILE NO 016 
SAMPLED 16-03-rs UPPER LI~IT 6.00 
ANALYSED 17-03-95 12: 26 LOWffi LUHT 0.00 
TOTAL FIBERS 36072 WEIGHT B.72 mg 

20 
I 

100 
;t4! 

~ 
' 

:z .... 
CJ / ....... 16 i 80 U,; 

e t- / > 
::> ! -CD ...... 
....... I 4 
a: ~ 

_J 
t- ~ 
(/) ~ ....... 12 ,'\ : 60 :::> 
Cl L.) 

I . \ ! 

r 
/ 

\ i , 
8 I ; 40 

I 

\ 
l 

! I 
I 

J 
4 I I 20 

,,? 
I 

~-~ 

0 0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 
LENGTH I MM 

ARITHMETIC AV 0.88 rnm COARSENEqs 0.108 mg/m 
L WEIGHTED AV 1.54 mm WOOD SPEC 0.0 ,; 
W WEIGHTED AV 2.00 mm CUSTOM /L VALUE OUT OF TABLE 
LENGTH 0.20 mm P= 25.93 ~ W= 2.45 ,; 
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UNIDO I TRIBENI IVA 

KAJAANI FS-200 17-03-95 12: 47 

WEIGHTED OtSTRIBUTION -· ---- -- -----ALKALINE SULPHITE-AO, BLEA-CHED 

SAMPLE rITLE 
SAMPl_EO 
ANALYSED 
TOTAL FIBERS 

N14/95 P 4U BELJ 
16-03-95 
17-03-95 12: 46 
24070 

SAMPLE FILE NO 017 
UPPER LIMIT 6.00 
LOWER LIMIT 0.00 
WEIGHT B.50 ~g 

20 ...... f ---·-------~============--, iOO 
~ 

~ . I 
-1--
<I:: 
_J 
".:) 
::::E° L . 

' -A- 60 3 
I : \ l ; \ 

I , i 

s · I \ ~ . 

~ / \ 
~ r i 

0 

J ~ / 
I/ 
l ....... ./ ' 
0 1.0 

I 

2.0 

1.0 

-. 20 

I -::::::0 

3.0 4.0 5.0 6.0 7.0 
LENGTH I Mii. 

ARITHMETIC /,'/ 1.15 mm COARSENESS 0 .118 mg/m 
L WEIGHTED AV 1.65 mm WOOD SPEC 0.0 ~ 
H WEIGHTED AV 2.08 mm CUSTOM /L VALUE OUT OF fABLE 
LENGTH 0.20 mrn P= 10.96 ,.; W= 0.00 ,.; 
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UNIDO I TRIBENI 

KAJAANI FS-200 

WEIGHTED DISTRIBUTION 

13-07-95 OB: 14 

SAMPLE FILE NO 045 
UPPER LIMIT 6.00 
LOWER LIMIT 0.00 

IVA 

SAMPLE TITLE 
SAMPLED 
ANl.LYSED 
TOTAL FIBERS 

N/14/95 1E C-E-H 
13-07-95 
13-07-95 OB: 10 
21817 WEIGHT 7.83 mg 

l;Q 

I 
.r- ' 

4 ~-Li--------\,\ 
, I / \, 

L~ I ~===-----==--· ---· . 0 0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 

------~ 20 

LENGTH I MM 

ARITHMEHC ~'/ ! . 23 mm co:,RSENESS 0 .105 r.Ig/m 
L WEIGHTED AV 1.67 mm ~OOD SPEC O.o i 
W WEIGHTED AV 2.08 m.~ CUSTOM /L '/ALUE OUT OF TABLE 
LErlGTH 0.20 :nrn P::z 8.15 ~ W= 0.57 i 
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UNIDO I TRIBENI IVA 

KAJAANI FS-200 13-07-95 08:29 
--·------- - . -- - - - - -·-·· - . -·- - .. - . - - .. -

WEIGHTED DISTRIBUTION 

SAMPLE TITLE N/14/95 1E C-E-H SAMPLE FILE NO 046 
SAMPLED 13-07-95 :JPPER LIMIT 6.00 
ANALYSED 13-07-95 08: 24 LOWER LIMIT 0.00 
TOTAL FIBERS 23270 WEIGHT 7.83 mg 

20 r--- 100 
M 

:z .... 
0 

~ - 16 80 UJ 
I- > 
::.t I ....... 

e m 

~ 
-- <f a: . 

I-

/\I 5 
en :::E' - 12 60 ::J o 

fl\ 
L) 

~ , \ i I 
L \ 

8 
. 

I .:o f I I 
---i 

I I 

~ I j \ 
/ \ 

4 ~ I 20 
I ' \ 

~ ./ I 

I \ 

' ~---. / .' L/ ,/ 
0 

_ _,,, 
-:::::::.= F ---0 LO 2.0 3.0 4.0 5.0 6.0 7.0 

LENGTH I MM 

ARITHMETIC AV 1.22 mm COARSENESS 0 .100 mg/rn 
~ WEIGHTED AV 1.66 m~ WOOD SPEC 0.0 ~ 
W WEIGH'.ED AV 2.06 mm CUSTOM /L VA~UE OUT OF TABLE 
LENGTH 0.20 mm P= 7.9; ~ W= 0.52,;; 
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UNIDO I TRIBENI 

KAJAAn: FS-2(,0 

WEIGHTED DISTRIBUTION 

IVA 

21-09-95 15:20 

SAMPLE FILE NO 026 
U??ER LIMIT 7.20 
LOWER LI~IT 0.00 

SAMPLE TITLE 
SAM? LED 
At.;ALYSED 
TOTA! FI1-"'c.' • • ~ ._c:n_, 

C-E-H 
21-09-95 
2!-09-95 1E: 18 
21569 KEIGHT 5.67 mg 

5(\ 

z 
0 

~ 40 
~ :c 

! 
L--------1--~-~------------~ 

f...J ...... L i-= 
;:,:; 
•...J -·- ~-- -------;-______ ________. 

I . 

100 

i --i 40 

I 
, - ~~._--_°"'_· ..... \_\ _________________ _ 

, \ 

" /1'' ~ 
r ~ --- .. ·---~~---~~"".:"'"..=-....:=; ~ . .._..._.---------" 

~ . :· 2 • C ~ . 0 ~ . C· :: • C· 

A~:TH~ETiC AV 1.09 ~m 
~- ii'i:iG~TEr: AV L 54 mm 
\; f;:~G~!EJ ;..V ~. 33 mm 
' -. '"T:.i " 2~ ..,_ 9 9~ ,. L'-.. r:.•:.::... ~·. \.. mr.: ,,,_ • ..: le n-
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UNIDO I TRIBENI 

KAJAANI FS-200 
WEIGHTED 1Jfsrni8UTION ... - . -- --- - . -- -

SAMPLE TITLE 
SAMPLED 
ANALYSED 
TOTAL FIBERS 

N/14/95 2C C-EP-H 
13-07-95 
13-07-95 OB: 53 
19255 

20 .-------------. 
I ~-

13-07-95 09: 13 

SAMPLE FILE NO 048 
UPPER LIMIT 6.00 
LOWER LIMIT 0.00 

IVA 

WEIGHT 7.64 mg 

1100 
~ ~ ~ /"/ 

~ 16 L----~----~---~--~~-~~-
- ~ I 

BO g; 
I -..... <t 

_J 
:::::::> 
:::E: • ~-- I .. ~1 

8 12 ~--- I \ 
I I ,.-

__ 60 u 

r I • \ 

: ' 
I \ 

I I I \ 

ff ~ / I \--------

~ r i; ~ -----

~/· \___ ! . I "'-...._ 
/ ./ ~ 

0 ~o,....-._~1-.o~---2.-0~--3-_~o---4-_~o::::::::-~-~5~.o=-~--__.,.,,_6~.-o--~1-:~· 

~li 
1 

__ ____, 20 
I 

LENGTH I MM 

~RITH.V.ETIC AV 1.23 mm COARSENES~3 0.117 mg/m 
L WEIGHTED AV 1.65 mm WOOD SPEC 0.0 ~ 
w WEIG:;TEO AV 2.03 mm CUSTOM /L VALl.iE OUT Gr TABLE 
LENGTH 0.20 mm ?= 6.90 ~ W= 0.47 ~ 
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UNIDO I TRIBENI IVA 

20 

16 

12 

B 

4 

0 

KAJAANI FS-200 

WEIGHTED DISTRIBUTION 

SAMPLE TITLE Ni14/95 2C C-EP-H 
SAMPLED 13-07-95 
ANALYSED 13-07-95 08:41 

13-(17-95 08: 44 

SAMPLE FILE NO 047 
UPPER LIMIT 6.00 
LOWER LIMIT 0.00 

TOTAL FIBERS 20819 WEIGHT 7.64 mg 

r- ------L ----
100 

I 
/ ,,. 

/ 

~ 
/ 

I ----------- BO g: 

~ .~/ f I 

t 
i !\ 

I ; \ 
I I 

.. ' \ I i 

' 
I 

~ 

\ 
I ' \ I , 

~ --11-·· ---\;. 
i/ J 
L/ 

·-------~ 20 

--0 1.0 2.0 5.0 6.0 7 .0 
LENGTH I MM 

ARITHMETIC AV 1.24 mm COARSENESS 0.106 mg/m 
L WEIGHTED AV 1.65 mm WOOD SPEC 0.0 ~ 
H WEIGHTED AV 2.04 mm CUSTOM /L VALUE OUT OF ;ABLE 
LErJGTH 0.20 mm P= 6. 79 i W= 0.46 i 
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UNIDO I TRIBENI 

KAJAANI FS-200 

WEIGHTED DISTRIBUTION 

SAMPLE TITLE 
SAMPLED 
ANALYSED 
TOTAL FIBERS 

N/14/95 2C C-EP-H 
13-07-95 
13-07-95 09: 23 
21163 

13-07-95 09:26 

SAMPLE FILE NO 049 
UPPER LIMIT 6.00 
LOWER LIMIT 0.00 

IVA 

WEIGHT 7.64 mg 

20 r------ ----------=:..:-==~~~-~ 

l ,,-----------
100 

16 -~ ______ /_" ___ _ 
I 

~ 
' 

,---,.. I 

12 -L __ _ 1_,~---·---
~ I . ' 
i 

l 
8 ~--' -----------

• 
L 

i \ I 
I j ~ l \ 

I \ j 

I / 
4 -L--'-· -~~------~-

~ / 
~ / 
j / / 
l /. / 

0 b ,/. 1 .'o ' 2.0 

~ 

BO ~ ._. 
1-­
< 
- J 
:::l 
::E' 

_________ Go a 

40 

----·---., 20 

I I I ' 

5.0 6.0 7.0 
LENGTH I MM 

ARITHMETIC AV 1. 24 mm COAASf:NESS 0. ms mg/m 
L WEIGHTED AV 1.66 mm WOOD SPEC 0.0 i 
w WEIGHTED AV 2.06 mm CUSTOM /L v.~LUE 'JUT OF TABLE 
LENGTH 0.20 mm P= 7.29 i W= 0.50 I 
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UNIDO I TRIBENI IVA 

KAJAANI FS-200 

WEIGHTED DISTRIBUTION 

SAMPLE TITLE 
SAMPLED 
ANALYSED 
TOTAL FIBERS 

C-EP-H 
22-09-95 
22-09-95 09: 54 
21295 

22-09-95 09: 59 

SAMPLE FILE NO 027 
UPPER LIMIT 7.20 
LOWER LIMIT 0.00 
WEIGHT 6.30 mg 

=~:z 5

4

o

0 

r ~---=~=-=-----__,, 100 .. 

~ t (-----------~j eo ~ 
I- I I ~ 
~ 30 L---~~;_______ s ~ " I ------4 60 (..) 

l I I 
l : 

; 

20 I 

/~ 
10 l // \ 

! I \ 

0 tL --~·-\_._ ..... _______ :,._::~:::=-:=----~-w--•---•...---•-i! 
0 LO 2.0 :LO 4.0 5.0 6.0 7 .0 

LENGTH I fl.M 

L 
' 

·---------1 20 

ARITHMETIC AV 1.15 rem COANSENESS 0.106 mg/m 
L WEIGHTED AV 1.60 mm 
W WEIGHTED AY 2.0i mm 
LENGTH 0.20 mm P= 8.32 ~ W= 0.64 ~ 
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UNIDO I TRIBENI IVA 

20 

KAJAANI FS-200 

WEIGHTEo DISTRIBUrIO.'l-

SAMPLE TITLE 
SAMPLED 
ANALYSED 
TOTAL FIBERS 

N/14/95 3C 0-C-EO-H 
13-07-95 
13-07-95 09: 59 
15411 

13-07=95 10:01 

SAMPLE FILE NO 052 
UPPER LIMIT 6.00 
LOWER L:MIT 0.00 
WEIGHT 7.43 mg 

,------- -----=---~--=~~=-=--=-.,.__--,, 100 

~ ~/_, ; 
16 ~ BO ~ 

I 

I 

'""'I 
/_--+'~~-----~--~~~--~~-~~----.' 60 --T I' 

I I \ 

B ,~ __ / _/_· _\ --
j \ 

I ! \ 
----------- 40 

4 I - . -----: +---- ."' 
J ; '\ 

/ I ~~ 

/ , Lo 2.0 3.o ~ ro--· • -6.o · 1.0 

---------- 20 

0 

LENGTH I MM 

1'RITH1iETIC AV 1. 21 mm COARSENESS 0. 144 mg/111 
L WEIGHTED AV ! . 62 mm WOOD SPEC 0. 0 ~ 

-~ < 
..J 
::J 
x 
=> 
LJ 

W WEIGHTED AV 2.01 mm CUSTOM /L VALUE OUT OF TABLE 
LENGTH 0.20 mm P= 6.50 : W= 0.45 S 

' 
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UNIDO I TRIBENI 

i\AJAANI FS-200 

lfEIGHTED DISTRIBUTION 

SAMPLE TITLE 
SAMPLED 
ANALYSED 
TOTAL FIBERS 

N/14/95 3C 0-C-EO-H 
13-07-95 
13-07-95 09: 48 
15233 

20 -, ------ ---

13=o7::g5 09: 50 

SAMPLE FILE NO 051 
UPPER LIMIT 6.00 
LOWER LIMIT 0.00 

IVA 

WEIGHT 7.43 mg 

100 

~ 16 
r /"_,,,- -- I 

~--~-----~~~~---~--------1' BO ~ :::::> 
m 
H 

-~ ~ 
~ !2 

/\,/ 

t 
l ' I 60 
I ' ' \ 
I \ 
I ' 

e 
I I I ; 
I \ 
f I 

~ 
; 
I 
I 

I I \ 
I . 

k __ ____.... 4 
I 

t
. I . 

I I 
_I " 

/ ;" 

0 ~--------0 1.0 2.0 

-1 

------

----

'--. 

------==:;::::=:~-~~~--~-----3. 0 4.0 5.0 6.0 7.0 
LENGTH I MM 

ARITHMETIC AV 1. 21 mm COARSBJESS 0 .146 111g1 m 

40 

20 

L WEIGHTED AV 1.62 mm WOOD SPEC 0.0 ~ 
W WEIGHTED AV 2.03 mm CUSTOM /L VALUE OUT OF TABLE 
LENGTH 0.20 mm P= 6.20 : ~= 0.44 S 
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UNIDO I TRIBENI 

KAJAANI FS-200 

WEIGHTED DISTRIBUTION 

20 

SAMPLE TITLE 
SAMPLED 
ANALYSED 
TOTAL FIBERS 

------

N/14/95 3C 0-C-EO-H 
13--07-95 
13-07-95 09: 36 
14990 

= 

13-07-95 09: 38 
--- . - - - - - - -

SAMPLE FILE NO 050 
UPPER LIMIT 6.00 
LOWER LIMIT 0.00 

IVA 

KEI6HT 7. 43 mg 

-- 1 

100 

~ 16 
::::> 
m ...... 

/~ ! .. 
---------/-~----------~----! 80 ~ 

-~ " I 

8 12 
I ."'l, 
! ,. 

e 

4 

I ·' \ I . ~ 

i I \ 
1::::---~- ---+----------------~ 40 

i \ 
, 

I 
I 

1 
I \ 

T I 

/ I ~ 

i 

; 20 
I 

I 

. //' \....~ 
L~/ - I 

0 ·====--~·--·----•>-------------~--===~~""""""~·~--...__c,. 
0 1.0 2.0 3.0 4.0 5.0 6.0 7 .0 

LENGTH I MM 
ARITHMETIC AV ~.21 m~ COARSENESS 0.149 mg/m 
L WEIGHTED AV 1.63 mm WOOD SPEC 0.0 ~ 
H WEIGHTED AV 2.04 mm CUSTOM /L VALUE OUT OF TABLE 
LENGTH 0.20 mm P= 6.65 ~ W= 0.46 S 
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UNIDO I TRIBENI 

KAJAANl FS-200 

WEIGHTED DISTRIBUTION 

SAMPLE TITLE 
SAMPLED 
ANALYSED 
TOTAL FIBERS 

N/14/95 4C D-E-0-02 
14-07-95 
14-07-95 OB: 29 
21634 

14=o 7-95 oe: 32 

SAMPLE FILE NO 054 
UPPER LIMIT 6.00 
LOWER LIMIT 0.00 

IVA 

WEIGHT 7.88 ng 

.. 20 l------
iS I 

~ 16 ~------·---r~"'___________ __......,' 80 ~ 

e ~ r /', / i 
t; 12 ~ ~---------------------_J 60 3 

I .. 

B 

4 

0 

~ \ 
\ 

j 
I 

~ I 
\ 
\ 
' ' 

------ --------·----------··----- -----; !.O 
' 

\ 
·-r

1 

--------------------------- 20 

.._____._____~ 
~---/ 

r 
I 

) 
/ 

' / 
•/ ' 

0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 
LENGTH / MM 

AR~T~.METIC Al 1.19 mm COARSENESS 0.110 mg/m 
L WEIGHTED AV 1.60 mm WOOD SPEC 0.0 s 
W WEIGHTED AV 2.02 mm CUSTOM /L VALUE OUT OF TABLE 
LEt:GTH 0.20 mm P= 6.84 i W= 0.50 ~ 
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UNIDO I TRIBENI 

KAJAANI FS-200 

WEIGHTED DISTRIBUTION 

SAM?LE TITLE 
SAMPLED 
ANALYSED 
TOTAL FIBERS 

20 r--

N/14/95 4C D-E-0-02 
14-07-95 
!4-07-95 08: 17 
21967 

14-07-95 08: 19 

SAMPLE FILE NO 053 
u'PPER LIMIT 6.00 
LOWER LIMIT 0.00 

IVA 

WEIGHT 7.88 mg 

=--~---., 100 

~ ~ 
~ 16 -~--

----- f 

m 

-~ en 

i 
~ 

_______ ,' ____ -------------------~ 80 ~ 
, -..._ 

4 
I 

? 
~ 12 

: -'"\_ I 

~--------+--\-------- --- ------------- -- ------------- 60 ~ 

l I . 
I \ 

I ( : 

~ I i I 

8 ~-- __._ ----l---------- ---- ------- -- .:o 
' i . ~ i 

\ 

\ 
\ I I 

4 ~ ------- - - ------------------------- -------. 20 
I ,· ! \ 

: J ' 

~'::. ·. ~ 0 0 !.O 2.0 3.0 4.0 
~ 4 ... 

5.0 6.0 7.0 
LENGTH i M~ 

AR::-~~!E;"IC AV ~. 20 rum COARSENESS 0 .108 mg/rn 
~ WEIGHTED A'/ L63 mm WOOJ SPEC 0.0 ~ 
W WEIGHTED A'./ 2.06 mm CUSiOM /L '/ALUE OUT OF TAB: .. .E 
LEUGTH 0.20 mm P-= 6.67 i W= 0.50 I 
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UNIDO I TRIBENI IVA 

M 

z 
C> -1--
::::::! 
a! ..... ..... 
i== 
er, -c 

50 

40 

_,._ 
~~~ 

KAJAANI FS-:'.t}O 
·----WEIGHTED DISTRIBUTION 

SAM?LE TITLE 
SAMPLED 
ANA!..YSEil 
TOTAL FIBERS 

l 
I 
I 

i 

D-E-D 
21-09-95 
21-09-95 !5: 04 
2292! 

21-09-95 15: 06 

SAMPLE FILE NO 025 
UPPER LIMIT 7.20 
LONER LIMIT 0.00 
WEIGHT 6.39 mg 

100 

M 

---- ·----------' 80 ~ --~~~~-!--~~-~ § 
I ~ 

' ' I 
L 

60 ~ _ ___ _J____ --------·----- -------
' ,,_ 

' 
I 

-~ ! / c1.: ...__ _____ _ --------
' l-

. 
I 

I 
! ,--...... 

~o L____j/ \ 
!- /-7 ,, 
; ~ "----

Q ~ ------------~___.- ____., _ ____:.-:~~-----------..._. 
C LO 2.U 3.C ~.G 5.0 6.0 7 .0 

AH!TH~ETiC AV i.10 mt 
!.. ~EIGHTEO AV 1.56 m~ 
i.· • ·--~··'9'En ~1· " og " Vl::!l.i:?l u l\Y • ••· inl!! 
' -•"'T'. 0 2r. 'II p 9 c.g <!' L' L.t.1~\:. r! • V I!;,., = • u it n= 0.78 ,; 

• -NGT'· ' uu Lt: • r. i r-.r-. 

COARSENESS 0.106 mg/m 

20 
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UNIDO I TRIBENI IVA 

KAJAANI f'S-200 
-- -

WEIGHTED DISTRIBUTION 

N/14/95-58-0-0-EO-OO 
14-07-95 
14-07-95 OB: 54 

14-:07=95 09: 23 

SAM?.£ FILE NO 056 
UPr'"'ER LIMIT 6.00 
LOWER LIMIT 0.00 

SAMPLE TITLE 
SAMPLED 
ANALYSED 
TOTAL FIBErtS 18945 WEIGHT 7.67 mg 

20 
~--- -------· ·--- ----· ----------·---------- - ·---- -i ------~ ---_,.,...-
I ,, 

~ 
/ 16 

I 

L / 
' ! ........ 

' I ' !2 ~ f ), 
I I 

\ i ' 
I- i 

I i I 

8 ~ I \ 
I 

I 

~ j; - ' 
4 r-,'~-------- "'-----------------

' I ' ~ , I '., 

O (' !.'O 2~0 3? 4.'0 - 5.0 6.0 :.o 
LENGTH I MM 

AR:TP.METIC AV 1.20 mm COARSENESS 0.121 mg/m 

100 

BO 

60 

.ciO 

20 

~ WEIGHTED AV i.62 mm WOOD SPEC 0.0 S 
w WEIGHTED AV 2. 06 mm CUSTOM /L VALUE OuT OF ; ABL..E 
LENGTH 0.20 l!ll!! P= 6.78 i W= 0.49 i 

~ 

I.LI 
> --4 
- 1 ::> 
:£ 
::> .._, 
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UNIDO I TRIBENI 

KAJAANI FS-200 

WEIGHTED DISTRIBUTION 

SAMPLE TITLE 
SAMPLED 
ANALYSED 
TOTAL FIBERS 

Ni14/95-58-0-D-EO-OO 
14-07-95 
14-07-95 OB: 43 
18498 

14-07-95 OB: 57 

SAMPLE FILE NO 055 
UP?ER LIMIT 6.00 
LOWER LIMil 0.00 

IVA 

WEIGHT 7.67 mg 

20 r-- - ==-===::::::;:::::==~====ti too 

i 16 ~---~-"/,,,,,-___ ___ ---------·-~ BO ~ 
-~ ~ ~I ~ 

~ , I ' :2:' 

CJ 12 r ... T----------------------- so a 

r / , \ 
B ~--,----· .. ,--.-- ----. . \ 

~ ;· I \ 

' . \ 4 ~J_7 _______ \ __ _ 

~ f "' l / ' '-
0 7/ /I/ I 0 ~ • ~ 

0 1.0 2.0 3.0 4.0 

------- 40 

20 

6.0 7 .0 
I 

5.0 
-. 

LENGTH I Ml-! 

ARITH~~ETIC AV !.20 mm COARSENESS 0.125 mg/m 
L WEIGH-raJ AV 1.60 mm WOOD SPEC 0.0 S 
w WEIGHTED A'/ 2.00 mm CUSTOM /L VALUE our OF TABLE 
LENGTH 0.20 min P= 6.48 i W= 0.49 I 
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UNIDO I TRIBENI 

KAJ4ANI fi aoo 
~EIGHTED DISTRIBJTION 

20 

SAMPLE TITLE 
SAMPLED 
ANALYSED 
TOTAL FIBERS 

N/1-4/95-6C-O-Q-EOP-P 
14-07-95 
14-07-95 09: 35 
18535 

t4""67 gs o~ 38 

SAMPLE FILE NO 057 
UPPER LIMIT 6.00 
LOWER LIMIT 0.00 

IVA 

WEIGHT 7.49 mg 

- -- - -------------- --- 100 

~ 16 L // ------- i 80 ; 

~ ' ' ~ ~ ~ ~1· ~ eE 1 / \ · ~ 
Cl 12 _l ----+-'--+\-________________ 60 a 

r / , \ 

8 ~ / I 

! I 

~ / J 

' i 
\ 

\ 
\ 

' 
\ 4 I I 

r-/,--,/---· .--,_1~--~~""-
1 <, /. '----0 • - - I I I I I~ 

0 1.0 2.0 3.0 4.0 5.0 

2C 

• 
6.0 7 .0 

LENGTH I MM 
ARrTiiMETIC AV 1.21 mm COARSENESS 0.120 mg/m 
L WEIGHTED AV i.63 mm WOOD SPEC 0.0 S 
W WEIGHTED AV 2.04 mm CUSTOM /L VALUE OUT OF TABLE 
LENGTH 0.20 m~ P= 7.00 ~ W= 0.50 1 
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UNIDO I TRIBENI 

KAJAANI FS-200 
--- ·--- -· 
WEIGHTED DISTRIBUTION 

SAMPLE TITLE 
SAMPLED · 
ANALYSED 
TOTAL FIBERS 

N/14/95-6C-O-Q-EOP-P 
14-07-95 
14-07-95 09:1,7 
19486 

14-07-95 09: 50 

SAMPLE FILE NO 058 
UPPER LIMIT 6.00 
LOWER LIMIT 0.00 

IVA 

WEIGHT 7.49 mg 

: 20 ~ _;,.-=--=-·:.::-~===""'"'=----._.,l 100 

0 ~ I 

~ 16 / ______________ -1. BO ?:,__w 

~ I I : 

eE ~ r,1 ~ 
...... 12t.1 ;6oa a r :\ 

I 1 ; I ·. 
I I I 

B __ I · \ 40 r \ , \ 

i / \ 
4 

I 

I I 

/j 
/ ' 

/ / 

0 0 LO 

------- 20 

~ ......___ __ 
---- • ~ 0 • 2.0 3.0 4.0 5.0 6.0 7.0 

LENGTH I MM 
ARITHMETIC AV 1.22 mm COARSENESS 0.113 mg/m 
L WEIGHTED AV 1.65 mm WOOD SPEC 0.0 I 
K WEIGHTED AV 2.07 mm CUSTOM /L VALUE OUT OF TABLE 
L8,GTH 0.20 mrn P= 7 .15 i 'A= 0.50 ' 
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UNIDO I TRIBENI IVA 

KAJAANI FS-200 

WEIGHTED DISTRIBUTION 

SAMPLE TITLE 
SAMPLED · 
ANALYSED 
TOTAL FIBERS 

N/14/95-6C-O-O-EOP-P 
14-07-95 
14-07-95 10:00 
19195 

14-07-95 10:01 

SAMPLE FILE NO 059 
UPPER LIMIT 6.00 
LOWER LIMIT 0.00 
WEIGHT 7.49 mg 

20 i r----- ------~-
~ 15 ...... ! -------~-------------------- BO ~ 

100 

m ! I ~ 
~ ~ ~ I ~ 
~ 12 ...... i -----'-(-'-:~· - ---1 60 3 

1 ' I ! 
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-------~ 40 
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" \ 
--------, 20 

1--- _.,,/ • < • 

~-~ 
_______ ,._ _____ , ----+--.-........----...-- ----e-.----+--==::::;::.-: ~=--'"=-----
0 1.0 2. 0 3.0 4.0 5.0 6.0 7.0 

~ENGTH I MM 

ARITHMETIC A"I 1. 23 mm C0!.NS8~ESS 0. !16 mg/m 
L WEIGHTE~ AV i.66 mm WOOD SPEC 0.0: 
H WEIGHTED AV 2. OB mm CUSTOM /L VALUE OUT OF TABLE 
LENGTH 0. 20 mm P= 6. 78 ~ :~::: 0 . 48 ~ 
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lJNIDO I TRIBENI IVA 

KAJAANI FS-200 

WEIGHTED DISTRIBUTION 

SAMPLE TITLE 
SAMPLED 
ANALYSEU 
TOTAL FIEERS 

IVA (OGZP) 3 
07-08-95 
09-06-95 16: 13 
23162 

09-08-95 16: 15 

SAMPLE FILE NO 016 
UPPER LIMIT 7.20 
LOWER LIMIT 0.00 
WEIGHT 6.28 mg 
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