
1



2



\

DEDICATION

To my extended family

3



TABLE OF CONTENTS                                                                  

TITLE PAGE NO.

DEDICATIONiii

TABLE OF CONTENTSiv

LIST OF TABLESXi

LIST OF FIGURESxiii

ACKNOWLEDGEMENTSxvii

ENGLISH ABSTRACTxviii

ARABIC ABSTRACTxx 

CHAPTER ONE  INTRODUCTION

1.1 Definition of tanning ……… ……………... ..1 
1.2                     History of vegetable tanning  ..….…………….…...6

1.3                   Vegetable tanning material and their properties... 9 

   1.3.1                Catechol Materials………………………………  10

   1.3.2               Pyrogallol Materials………………………........   18 

   1.3.3                Miscellaneous………………………………....       24

                                

CHAPTER TWO   Literature Review

1.2             Vegetable  tanning  in 

4



Sudan……………………………...30
2.2Acacia Seyal (Taleh)……….…………................

…….…31

   2.2.1 Brief 

description………….............................................

.31

2.3        The  chemistry   of  the  vegetable 

tannin………………….33

   2.3.1 Hydrolyzable  tannins  ………………………...

……….. 34

     2.3.1.1Hydrolyzable  Tannins,  Structural 

Chemistry………....38

     2.3.1.2 Gallotannins……………………..……………..

………..39
     2.3.1.3 Ellagitannins………………………………..

…….............43
  2.3.2 Condensed  tannins……………..…………………….

….45
     2.3.2.1 condensate   tannin,   structural  chemistry  ….

…… ….    54
     2.3.2.2 Anthocyanidin………………………….

………….....…..60
2.4 some Factors governing the vegetable 

tanning….…….…66
   2.4.1    Hydrogen ion concentration………………..

……….……67
   2.4.3   The  reaction  of    polyamides  with  vegetable 

tannins

..………………………………………………………… 

5



68     

   2.4.4The  participation.  of  the  basic  groups  of 

collagen in the                       fixation of 

tannins………………………………........…70

2.5 Resistance  towards  proteinase……….

………………...71

2.6       Resistance  of  vegetable  –tanned  leather  to 

water………72

2.7 
Theoretical  aspects   of   the  vegetable 

tannage...............75
2.8 

Leaching  …………………….…..…………….

………..85
   2.8.1 Conventional  Thickeners………………………….

……89

   2.8.2     Ultra-High Rate less Thickener……………………..

….92

   2.8.3      Deep  Cone  Thickener…….………………………..

……93
2.9 Evaporation  ………………..……...

…………………...97
   2.9.1 

Evaporators……………………..………………………

98
   2.9.3 

Type  of  Evaporators………………………………..

…….99

   2.9.4      Multiple-effect 

Evaporators…………………………...…99

   2.9.5Methods of Feeding………………………………….…101

6



      2.9.5.1 Forward 

Feed…………………………………….........102

      2.9.5.2 Backward  Feed……………………….….

……………...103

      2.9.5.3 Mixed  Feed…………………….…….……..

………….103

      2.9.5.4 Parallel  Feed………………………………..

…………...105

   2.9.6     Capacity  and  Economy…………..………….

………….106

    2.9.7   Boiling  Point 

Elevation…………………………….......107

    2.9.8  During  Rule………………………………………….…

107

2.10     Spray  drying…………………………………..

……....108

   2.10.1Typical  Spray  Drying  Systems………………..

……....111

   2.10.2 Typical  spray  dryer  ……………………………….

…..112

   2.10.3Atomization  ………………………………………...…

112

 

2.10.3.1 

Rotary  Atomizer…………………………….…………

113

7



 

2.10.3.2  

Two-fluid  nozzle,  co-current  mode 

Atomizer………….123

  2.10.4 Conventional  Two-Stage  Spray  Dryer 

………………114

    2.10.4.1Compact  Spray 

Dryer………………………………..114

    2.10.4.  

2 

Fluidized  Spray  Dryer  …………………………..

…….114

    2.10.4.3 Multi-Stage  Dryer 

…………………………………....115

    2.10.4.4The  Integrated  Filter  Dryer 

……………………………116

    2.10.4.5Tall  Form  Dryer…………….  ……….

……………….116

CHAPTER THREE   MATERIAL AND METHOD

3.1Materials used

3.2Equipments used

3.3characterization of Taleh as tanning agent…….………..119

   3.3.1       Qualitative Analysis of Tannins………………….……..119

      3.3.1.1Gelatin test……………………………………..……….119

      3.3.1.2 Iron alum solution test……….………………………….119

      3.3.1.3   formaldehyde – hydrochloric acid test………………….119

   3.3.2   Analysis of Tannin and non Tannins ………..……..…120

      3.3.2.1  preparation of sample for analysis………..……………120

      3.3.2.2 Determination of moisture…………………………..….121

      3.3.2.3 Determination of total solids…………………………...121

      3.3.2.4  determination of total soluble……………………..……..122

8



      3.3.2.5  determination of insoluble…………………..………….122

      3.3.2.6  determination of non – tannins..………………….…….122

3.4Experimental work ………………………………………124 

   3.4.1   Leaching experiments…………………….……………..124

   3.4 .2The factorial experiments ………….………………..…..125

   3.4.3Statistic analysis ……………………..…………………126

   3.4.4Design of thickeners ………..……………………………127

3.5  Design of a multi-effect evaporator……….………….…12 8

3.5.1   Design calculation of a triple – effect evaporators………134

3.6 Experimental aspect of spray drying   …………………...135

   3.6.1   Experimental  set-

up......................................................136

   3.6.2  controller adjustment of following parameters………...137

   3.6.3  Procedure………………………………………..……….138

   3.6.4  For Water………………………………..…………..…...140

   3.6.5.Data Processing……….………….……………..…….…141

   3.6.6  Moisture Analysis………………..………………...…….141

3.7   Chemical analysis of leather ……………………..……142

   3.7.1     Cr2O3 content in leather ……………………..…………144

   3..2
Moisture content……………………………..…………145

   3.7.3
Determination of oils and fats……………..….…….......146

   3.7.4  Determination of water soluble ……….………………...147

   3.7.5Hide substance …………………………….…………….148

   3.7.6 Determination of total ash content of the leather...........149

9



   3.7.7Determination of the insoluble ash of the leather……….150

   3.7.8  
Determination of the degree of tannage of the leather…...151

3.8
Physical analysis…………………………………………151

   3.8.1
Sampling……………………………..…………………..151

   3.8.2
Conditioning……………………..……………………….153

   3.8.3 Measurement of thickness………………..………….…. 153

   3.8.4Measurement of tensile strength and percentage Elongation 

…………………………………………….……..….……153

   3.8.5 Grain crack load and distention (lastometertest)…….…..153

CHAPTER FOUR  RESULTS AND DISCUSSION

Result ……………………………………….155 4.1

Acacia Seyal Bark Analysis…………….......……155   4.1.1 

Specific gravity vs Barkometer ……………….….156   4.1.2

The factorial experiments……………..….…..….157   4.1.3 

Statistical analysis……………………….....…...159   4.1.4

Determination of stages required for 90% extraction 

..……………………………………………………160

  4.1.5

Design of thickeners…………………..……….…162  4.1.6 

Design of a triple - effect evaporator…….….......163  4.1.7

Different conditions ………………….………..…165  4.1.8

10



Effect  of  different  feed  compositions  on  steam 

economy………………………………………..…165

.        4.1.8.1

Steam quality………………………………………167         4.1.8.2

Effect of feed location on steam economy……….168          4.1.8.3

Design of a triple – effect evaporator……………1694.1.9

Spray drying………….…………………………..1704.1.10

Data analysis of outlet temperature……………...170    4.1.10.1

Data analysis of yield………………………..……172    4.10.1 

Data analysis of water…………………………..….174    4.1.10.2

Outlet  temperature  vs  Pump  flow  rate 
varying  Inlet 
temperature……………………………………….

175

4.1.11 

Outlet  temperature  vs  Atomization  rate  varying 
Aspirator speed.……………………………………

4.1.12 

physical strength characteristic of crust leather……1854.1.13 

chemical  analysis  of  the  crust  leather  tanned 

with  Acacia  Seyal  Bark 

……………………………………………………187

4.1.14 

Discussion of results …………………………….1874.2

Analysis  of  tannins  and  nontannins  of  Acacia  Seyal 

Bark   ...……………………………………………187

4.2.1

                            Conclusion ..……..…………………..…………….193

                              Recommendation   for   further  work………..…....194 

                                 Reference………….……….……………..…..

……195

11



                             Appendix 

………………………………………………………202

LIST OF FIGURES

2.1                     Schematic diagram of a gravity thickener

High Rate Thickeners……………………………..91

2.2                     The EIMCO E-CAT clarifier thickener………….93

2.3                Schematic diagram of deep cone thickener……….96

2.4                Flow diagram of a triple-effect forward feed falling –

film……………………………………………101

2.5               Triple – effect evaporator (back word feed)…102

   2.6                Triple – effect evaporator (mixed feed). …………105

2.7Triple – effect evaporator (parallel feed)………..106

2.8Typical spray dryer………………………………112

2.9Rotary Atomizer………………………………….116

2.10Two-fluid nozzle, co-current mode Atomizer…..116

2.11Two-fluid nozzle, fountain mode Atomizer……..116

2.12Conventional  Two-Stage  Spray 

Dryer………………..116

2.13Compact Spray Dryer……………………………116

2.14Fluidized Spray Dryer……………………………117

12



2.15Multi-Stage Dryer………………………………..117

2.16The Integrated Filter 
Dryer………………………………………………………..117

2.17Tall Form Dryer………………………………….117

3.1press leach for vegetable………………………….125

3.2  Sample for physical testing………………....152

4.1calibration curve of BK vs composition…………156

4.2batch flux curve…………………………………..161

4.3effect of feed composition on steam economy. ….165

4.4effect of pressure on steam economy…………….166

4.5effect of feed location in steam economy………167 

13



LIST OF TABLES

3.1Factors and their levels ……… …………….126 
3.2                     Tanning process for pickled ship 

skin……………………………………………..142

3.3                   Retanning  process  for  ship 

skin…………………………….………………..143

4.1Tannin s analysis of Acacia Seyal 

Bark…………………………………….………155

4.2 calibration  curve  of  BK  vs  composition……….

……………………………..156

 4.3            Design of experiments and compositions after each 

treatment…………………………..……………158

4.4statistical analysis………………………………159

4.5Determination of stages required for 90% 

extraction…………………………………………160

4.6Experimental  height, velocity and batch 

flux………………………………………………..161

4.7Design parameter of thickeners…………………..162

4.8mass balance gave the total evaporation………..163

4.9Temperature ,Enthalpies, and Flow rate…………164

4.10effect of feed composition on steam economy…...165

14



4.11effect of pressure on steam economy…………….166

4.12effect of feed location on steam economy……….167

4.13Design parameter of a triple – effect evaporator…168

4.14Variation  of  outlet  temperature  with 
respect  to  inlet 
temperature………………………………………

……………….169

4.15Variation  of  outlet  temperature  with  respect  to 
aspirator speed…………………………………..169

4.16Variation of outlet temperature with respect to pump 
flow rate…………………………………………..169

4.17Variation  of  outlet  temperature  with  respect  to 
atomization rate…………………………………170

4.18Variation  of  outlet  temperature  with  respect  to 
concentration of solution…………………………171

4.19Variation of yield with respect to inlet temperatur.171

4.20Variation of yield with respect to aspirator speed..171

4.21Variation of yield with respect to pump flow rate171

4.22Variation of yield with respect to atomization rat.172

4.23Variation  of  yield  with  respect  to  concentration  of 
solution…………………………………………172

15



4.24Variation of outlet  temperature with respect  to inlet 
temperature……………………………………….173

4.25Variation  of  outlet  temperature  with  respect  to 
aspirator speed………………………………….173

4.26Variation of outlet temperature with respect to pump 
flow rate…………………………………………..173

4.27Variation  of  outlet  temperature  with  respect  to 
atomization rate…………..……………………173

4.28Outlet temperature vs Pump flow rate varying Inlet 
temperature……………………………………..174

4.29Outlet temperature vs Pump flow rate at varying Inlet 
temperature……………………………………….175

4.30Outlet temperature vs Pump flow rate at varying Inlet 
temperature……………………………………….176

4.31Outlet temperature vs Pump flow rate at varying Inlet 
temperature……………………………………….177

4.32Outlet  temperature  vs  Atomization  rate  at  varying 

Aspirator speed………………………………….178

4.33Outlet  temperature  vs  Atomization  rate  at  varying 

Aspirator speed…………………………………..179

16



4.34Outlet  temperature  vs  Atomization  rate  at  varying 

Aspirator speed………………………………180

4.35Outlet  temperature  vs  Atomization  rate  at  varying 

Aspirator speed…………………………………181

4.36Outlet  temperature  vs  Atomization  rate  at  varying 

Aspirator speed…………………………………182

4.37Outlet  temperature  vs  Atomization  rate  at  varying 

Aspirator speed…………………………..……183

4.38Outlet  temperature  vs  Atomization  rate  at  varying 

Aspirator speed…………………………………..184

4.39physical properties of crust leather tanned with 

Acacia Seyal Bark ……………………………..184  

4.40chemical analysis of the crust leather tanned with 

Acacia Seyal Bark ………………………….185  

17



ACKNOWLEDGMENTS

   I wish to thank Allah for enabling me to finish my research work.

  I would like to thank Dr. Grashi Abdelaa Gasmelssed. For his valuable 

guidance, scholarly suggestions, and constant encouragement throughout 

this research work .

   I take this opportunity to thank the  Center of Leather and Industrial 

Research which sponsored this research . 

     I am grateful to my husband for his patience and endurance while 

working in this research.

   And  lastly,  my  sincere  thanks  to  my  family  for  support  and 

encouragement. Without their blessings and good wishes, I would not be 

to finish this work. 

18



ABSTACT

             This study was undertaken to utilize Taleh bark (Acacia Seyal 

Bark  ) as  a  retanning  material  for  production  of  upper  and  garment 

leathers. The Talh bark was collected from Gezera area and analysed for 

tannins, nontannins and solubles. The tannins content of Taleh bark was 

found   to  be20.4%   and  therefore  it  was  promising  and  would 

successfully be used as retanning and tanning materials.

The Taleh bark was crushed into small particles and leached at various 

conditions  of temperature, solvent :  solid ratio, degree of mixing and 

time of extraction.

    A two - level factorial experiments were designed and the level of the 

above factors were determined according to the statistical analysis.

  It was found that a solvent solid ratio of 6:1, speed of  agitation of 250 

rpm, temperature of 30Ċ and time 2 hours were the optimum conditions. 

The extract produced was concentrated in triple – effect evaporator which 

was designed here in this work with the following dimensions  : Tube 

outside diameter  = 0.0254m,  Tube inside diameter  = 0.0186m,  Tube 

19



length  =  7.0m,  Heating  surface  area  =  70m2 ,  Number  of  tubes  = 

125tubes, Pitch = 0.138m, Tube bundle diameter  = 0.358m and Shell 

diameter  = 0.448 and steam economy of 4.3.

The thick liquor from the evaporator was spray –dried and the powder 

that produced was analysed for tannins content which was found to be 

36.2%. The powder was used for retannag of upper and garment leather. 

The physical properties were determined and compared quite well with 

the standard specifications, the chemical analysis was in agreement with 

chemical standard .

  In  conclusion it is clear that Sudan can produce tannins extract from 

Taleh bark which can be used for pretannage, tannage and retannage. It is 

recommended  that  the  Taleh  bark  and  similar  acacia  seyal  can  be 

analysed and leached to give tannins powder  extract to replace imported 

Mimosa extract.

            

         

20



لرحيم    ا الرحمن له ل ا بسم

ARABIC ABSTRACT

الطروحه  ملخص

الوجه             جلود لإنتاج دباغة كمادة الطلح أشجار لحاء استخدام إلي الدراسة هذه  تهدف

المواد,              نسبة لتحديد تحليلها وتم الجزيرة منطقة من الطلح أشجار لحاء جمع  والملبس

       . لحاء       في الدابغة المادة نسبة أن وجد الذائبة الكلية والمواد الدابغة غير والمواد  الدابغة

تعادل    الطلح الدباغة%        20.4أشجار وإعادة الدباغة مواد من اعتبارها يمكن  وعليه

الناجحة .

متباينة             عوامل تحت الدابغة المادة ُاستخلصت و صغيرة جزيئات إلى الطلح طحن  تم

 . الستخلص           وزمن التحريك وسرعة الصلبة المادة إلى المذيب ومعدل الحرارة كدرجة

إحصائي           لتحليل ًا وفق السابقة العوامل وحددت مستويين على مضروبى تحليل  ُصمم

 : يلي   كما فكانت

      , الأفضل       الصلبة للمادة المذيب نسبة وان ساعتين يعادل الأمثل الستخلص  زمن

تعادل       1:6تعادل الحرارة درجة إن وجد تعادل,     30كما المثلى الخلط سرعة وان  م

250          . ُصمم   ثلثي مبخر خلل من الستخلص منتج تركيز تم كما الدقيقة في  دورة
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      -: يعادل      للأنبوب الداخلي القطر كالأتي أبعاده فكانت الدراسة  متر 0.0186بهذه

يعادل    الخارجي يعادل      0.0254والقطر الأنبوب طول بينما السطح   7متر ومساحة  متر

الخطوة       70 تعادل كما ًا مربع يعادل       0.0318متر الحزمة قطر و والقطر  0.385متر  متر

يعادل    للحزمة يعادل.      0.448الحاوي البخار اقتصاد أن .4,3ووجد

على                 التحاليل وأجريت الثلثي المبخر من عليه المتحصل الثقيل السائل  ُجفف

تعادل          فكانت المسحوق في الدابغة المادة محتوى لتحديد . 36.2المنتج  ُاستخدم% 

للجلود           الفيزيائية الخصائص ُحددت و والملبس الوجه جلود دباغة إعادة في  المسحوق

      . كانت      الكيميائية التحاليل مواصفات إن كما المعايير مع مقارنة جيدة فكانت  المدبوغة

. الكيميائية   للمعايير مطابقة

أشجار                لحاء من دابغ مستخلص ينتج أن يمكنه السودان أن الختامية البيانات  أوضحت

. الدباغة           وإعادة الدباغة وعمليات الأولية الدباغة عمليات في استخدامه يمكن الطلح

لإعطاء              ُتستخلص و ُتحلل أن يمكن المماثلة والفصائل الطلح أشجار لحاء بان  نوصي

 . الميموسا      مسحوق محل يحل دابغ مسحوق
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