CONSERVATION
OF LEATHER




CONSERVATION
OF LEATHER

and related materials



Butterworth-Heinemann Series in Conservation and Museology

Series Editors: Andrew Oddy
British Museum, London

Consultants: Sir Bernard Feilden
Director Emeritus, ICCROM

Page Ayres Cowley
Conservation Architect, New York

David Bomford
National Gallery, London

John Fidler
English Heritage, London

C.V. Horie
Manchester Museum, University of Manchester

Sarah Staniforth
National Trust, London

Jeanne Marie Teutonico
The Getty Conservation Institute, Los Angeles

Published titles: Architectural Tiles: Conservation and Restoration (Durbin)
Chemical Principles of Textile Conservation (Timar-Balazsy, Eastop)
Conservation and Restoration of Ceramics (Buys, Oakley)
Conservation of Building and Decorative Stone (Ashurst, Dime)
Conservation of Furniture (Rivers, Umney)

Conservation of Historic Buildings (Feilden)

Conservation of Leather and Related Materials (Kite, Thomson)

A History of Architectural Conservation (Jokilehto)

Lacquer: Technology and Conservation (Webb)

The Museum Environment, 2nd edition (Thomson)

Radiography of Cultural Materials, 2nd edition (Lang, Middleton)
Tapestry Conservation: Principles and Practice (Lennard, Hayward)
The Textile Conservator’s Manual, 2nd edition (Landi)

Upholstery Conservation: Principles and Practice (Gill, Eastop)

Related titles: Contemporary Theory of Conservation (Mufioz-Vinas)
Digital Collections (Keene)
Digital Heritage: Applying Digital Imaging to Cultural Heritage (MacDonald)
Fragments of the World: Uses of Museum Collections (Keene)
Historic Floors (Fawcett)
Managing Conservation in Museums (Keene)
Materials for Conservation (Horie)
The National Trust Manual of Housekeeping
Natural Materials: Sources, Properties and Uses (DeMouthe)
Organic Chemistry of Museum Objects (Mills, White)
Pigment Compendium: Dictionary (Eastaugh, Walsh, Siddall, Chaplin)
Pigment Compendium: Optical Microscopy (Eastaugh, Walsh, Siddall, Chaplin)
Pigment Compendium CD (Eastaugh, Walsh, Siddall, Chaplin)
Restoration of Motion Picture Film (Read, Meyer)
Risk Assessment for Object Conservation (Ashley-Smith)
Structural Aspects of Building Conservation (Beckman, Bowles)



CONSERVATION
OF LEATHER

and related materials

Marion Kite e  Roy Thomson

Chairman, Former Chief Executive,
The Leather Conservation Centre The Leather Conservation Centre

AMSTERDAM « BOSTON ¢ HEIDELBERG * LONDON « NEW YORK ¢« OXFORD
E A PARIS « SAN DIEGO » SAN FRANCISCO ¢ SINGAPORE * SYDNEY « TOKYO
ELSEVIER Butterworth-Heinemann is an imprint of Elsevier




Butterworth-Heinemann is an imprint of Elsevier
Linacre House, Jordan Hill, Oxford OX2 8DP
30 Corporate Drive, Suite 400, Burlington, MA 01803

First published 2006
Copyright © Elsevier Ltd 2006. All rights reserved

No part of this publication may be reproduced in any material form
(including photocopying or storing in any medium by electronic means
and whether or not transiently or incidentally to some other use of this
publication) without the written permission of the copyright holder
except in accordance with the provisions of the Copyright, Designs and
Patents Act 1988 or under the terms of a licence issued by the Copyright
Licensing Agency Ltd, 90 Tottenham Court Road, London, England
W1T 4LP. Applications for the copyright holder’s written permission to
reproduce any part of this publication should be addressed to

the publisher

Permissions may be sought directly from Elsevier’s Science and
Technology Rights Department in Oxford, UK:

Phone: (+44) (0) 1865 843830; fax: (+44) (0) 1865 853333;

e-mail: permissions@elsevier.co.uk.

You may also complete your request on-line via the Elsevier homepage
(www.elsevier.com), by selecting ‘Customer Support’ and then
‘Obtaining Permissions’.

British Library Cataloguing in Publication Data
A catalogue record for this book is available from the British Library

ISBN-13: 978-0-7506-4881-3
ISBN-10: 0-7506-4881-3

For information on all Butterworth-Heinemann publications visit our
website at: http://books.elsevier.com

Typeset by Charon Tec Pvt. Ltd, Chennai, India
www.charontec.com
Printed and bound in Italy

Working together to grow
libraries in developing countries

www.elsevier.com | www.bookaid.org | www.sabre.org

ELSEVIER BOOKAID o0 Foundation




Contents

Foreword
Dedications
Acknowledgements

Contributors

1 The nature and properties of leather
Roy Thomson
References

2 Collagen: the leathermaking protein
B.M. Haines
2.1 The collagen molecule
2.2 Bonding within the molecule
2.3 Bonding between molecules
2.3.1  Salt links
2.3.2 Covalent intermolecular
bonding
2.4 Fibril structure
2.5 Shrinkage temperature
References

3 The fibre structure of leather
B.M. Haines
3.1 The structure of mammalian skins
3.2 Variation of structure between
animal types
3.2.1 Mature cattle skins
3.2.2 Calfskins
3.2.3 Goatskins
3.2.4 Sheepskins
3.2.5 Deerskins
3.2.6  Pigskins
3.3  Grain surface patterns
3.4 Suede surfaces
3.5 Variation in structure with location
in the skin
3.6 Directional run of the fibres

xi
xiii
XV

xvii

NN

S O 0

12

12
12
14
14
14
15
15
17
17

17
19

3.7 The influence of fibre structure
on leather properties, structure
and tear strength

3.8 Structure and leather handle

3.9 Fibre weave and movement

References

The chemistry of tanning materials
A.D. Covington
4.1 Introduction
4.2 Vegetable tanning
4.3 Mineral tanning
4.3.1  Chromium(III) salts
4.3.2  Aluminium(III) salts
4.3.3 Titanium(IV) salts
4.3.4 Zirconium(IV) salts
4.4 Oil tanning
4.5 Aldehyde tanning
4.5.1 Formaldehyde tanning
4.5.2 Glutaraldehyde tanning
4.5.3 Oxazolidine tanning
4.6 Syntans
4.6.1 Auxiliary syntans
4.6.2 Combination or retanning
syntans
4.6.3 Replacement syntans
4.7 Overview
References

The mechanisms of deterioration in
leather
Mary-Lou E. Florian
5.1 Introduction
5.2 Agents of deterioration
5.2.1 Introduction
5.2.2  Acid hydrolysis
5.2.3 Oxidation
5.2.4 Metals and salts

19
20
20
21

22

22
23
27
27
29
29
30
30
31
31
31
31
32
32

33
33
34
34

36

36
37
37
38
38
40



vi

Contents

5.2.5 Heat
5.2.6  Water
5.3 Collagen
5.3.1 Bonds in collagen: sites
of deterioration mechanisms
5.3.2  Peptides
5.3.3 Amino acids in collagen
5.4 Vegetable tannins
5.4.1 Introduction
5.4.2 Antioxidant ability of tannins
5.4.3 Analysis of tannins in aged
leather — deterioration
mechanisms
5.5 Other chemicals present due to
fabrication and use
5.5.1 Introduction
5.5.2 Fats, oils and waxes
5.5.3 Sulphur compounds and
their acids
5.5.4 Acids in leather due to
fabrication or use
5.5.5 Perspiration
5.6 Denaturation and shrinkage
temperatures as a method of’
assessment for all tannages
5.7 Summary
Acknowledgements
References

Testing leathers and related materials
Roy Thomson
6.1 Introduction
6.2 Determination of raw material
6.3 Determination of tannage type
6.3.1 Ashing test
6.3.2  Spot test
6.3.3 Conclusion
6.4 Determination of degree of
deterioration
6.4.1 Organoleptic examination
6.4.2 Chemical tests
6.5 Conclusions
References

The manufacture of leather

Roy Thomson

7.1 Tanning in prehistoric and
classical times

7.2 Tanning in the medieval and
post-medieval periods

7.3 Tanning in the nineteenth century

7.4 Tanning in modern times
7.4.1 Pretanning

41
41
43

43
43
44
47
47
47

47

50
50
51

51

52
52

52
53
54
54

58

58
58
58
58
59
59

59
59
60
64
64

66

66

68
73
77
77

10

11

7.4.2  Tanning
7.4.3  Post-tanning

References

The social position of
leatherworkers

Robert D. Higham
References

Gilt leather
Roy Thomson

9.1

Production and art historical aspects

9.2 Conservation and restoration

Cuir bouilli
Laura Davies

10.1
10.2
10.3
10.4

10.5

10.6

The cuir bouilli technique

Leather moulding techniques

The origins of the cuir bouilli

technique

Changes undergone by the leather

in the cuir bouilli process

Conservation of cuir bouilli

10.5.1 Stability

10.5.2  Damage caused by old
treatments

10.5.3 Original treatments of
cuir bouilli leather

Case study of the conservation

of cuir bouilli leather

10.6.1  Analysis and use of non-
invasive xeroradiographic
imaging

10.6.2 Removal of inappropriate
surface coatings

Endnotes
References

The tools and techniques of
leatherworking: correct tools +
skills = quality

Caroline Darke

111

Leatherworking tools

11.1.1  The awl

11.1.2  The knife

11.1.3  The strop

11.1.4 The bone folder or crease
11.1.5 The steel rule

11.1.6  The dividers (compass)
11.1.7  The revolving hole punch
11.1.8 The hammer

11.1.9 The race

11.1.10 The clam

11.1.11 The edge shave

80
81
81

82

87
88

90
91

94

94
94

94

97
97
97

98

98

98

99

99
101
101

103

103
103
103
104
104
104
104
105
105
105
105
105



12

13

11.1.12
11.1.13
11.1.14

The crease iron
The stitch marker
The pricking iron
11.1.15 The needle

11.1.16 Thread

Adhesives

Reinforcements

Techniques

11.4.1 Skiving

11.4.2  Preparation

11.4.3 Sewing — stitch
formation
Decorative stitching
Machine stitching
Decorative machine
stitching

Seams and construction

11.2
11.3
11.4

11.4.4
11.4.5
11.4.6

11.4.7
Bibliography

General principles of care, storage
and display

Aline Angus, Marion Kite and

Theodore Sturge

12.1  Introduction

12.2  Objects in use

12.3  Display or storage

12.4  Levels of treatment

12.5  Handling by the public

12.6 The ‘finish’

12.7  Preventive conservation
12.7.1 Environment
12.7.2  Pests
12.7.3  Storage and display

12.8  Shoes

12.9  Gloves

12.10 Leather garments

12.11 Luggage

12.12  Saddles

12.13 Harness

12.14  Screens, wall hangings and
sedan chairs

12.15 Carriages and cars

12.16 Conclusion

Reference

Materials and techniques: past and
present

Marion Kite, Roy Thomson and Aline Angus

13.1 Past conservation treatments
13.1.1 Introduction
13.1.2 1982 Jamieson survey

13.1.3 1995 survey
13.1.4 2000 list

106
106
107
107
108
108
108
109
109
109

109
110
110

110
111
112

113

113
113
114
114
114
115
115
115
116
116
117
117
117
117
117
118

119
120
120
120

121

121
121
121
122
123

14

15

Contents

Vil

13.1.5 2003 Canadian Conservation

Institute (CCI) survey

13.2  Notes on treatments in use in
2004 — additional information
13.2.1 Introduction
13.2.2  Dry cleaning
13.2.3  Wet cleaning and solvent

cleaning

13.2.4  Proprietary leather cleaners
13.2.5 Humidification

13.3  Repair materials

13.4  Adhesives

13.5 Surface infilling materials
and replacement techniques

13.6  Moulding and casting materials
and techniques

13.7 Consolidation techniques

13.8 Dressings and finishes

References

Taxidermy

J.A. Dickinson

14.1 A brief history
14.2  Taxidermy terms
14.3 Birds

14.3.1 Methods
14.3.2 Problems
Mammals
14.4.1 Methods
14.4.2 Problems
Fish
14.5.1
14.5.2
Care
14.6.1
14.6.2

14.4

14.5

Methods

Problems

14.6

Light

Temperature
14.6.3 Relative humidity
14.6.4 Storage

14.7 Preservatives

References

Furs and furriery: history, techniques

and conservation
Marion Kite
15.1 History of fur use
15.1.1 Introduction
15.1.2  Background and history
15.1.3
15.1.4 Some fashionable furs
and dates
Structure, morphology,
dressing and making
15.2.1 Definitions and

terminology

15.2

Husbandry and harvesting

124

124
124
124

125
125
125
126
126

127

128
128
128
129

130

130
131
131
131
132
132
132
134
135
135
136
137
137
137
137
137
140
140

141
141
141
142
145
146
148

148



Vviii

16

17

Contents

15.2.2  Brief history of fur-skin
processing and dyeing

15.2.3 Hair and fur fibres

15.2.4 Keratin

15.2.5 Morphology of hair

15.2.6  Fur-skin dressing

15.2.7 Dyeing

15.2.8 Finishing

15.2.9 Pointing

15.2.10 Making up into garments

or accessories

15.2.11 Plates and crosses

15.3 Conservation and care
15.3.1 Introduction
15.3.2  Species identification
15.3.3 Damage
15.3.4 Conservation methods
15.3.5 Two case histories

illustrating methods

15.3.6  Freezing tests of adhesives
15.3.7 Care of furs

Endnotes

References

The tanning, dressing and
conservation of exotic, aquatic
and feathered skins
Rudi Graemer and Marion Kite
16.1 Exotic skins
16.1.1 Introduction
16.1.2  Origins and history of
exotic leathers
16.1.3  Uses of exotic leathers
16.1.4 Preparing the raw skins
16.1.5 Tanning and dressing
16.1.6 Conservation

16.1.7 Conclusion
16.2  Aquatic skins
16.2.1  Fish skin preparation
16.2.2  Structure and identification
16.2.3  Fish skin in ethnographic
objects
16.2.4 Conservation
16.3 Feathered skins and fashionable
dress
16.3.1 Processing
16.3.2  Conservation problems
with bird skins
Endnotes
References

Ethnographic leather and skin
products

Sherry Doyal and Marion Kite

17.1 Introduction

148
149
149
150
151
153
154
154

154
157
158
158
158
159
159

161
165
166
167
168

170

170
170

170
170
171
171
172
172
173
174
174

175
178

178
178

181

182
182

184

184

18

19

20

17.2  Ethics
17.3  Uses
17.4 Tanning methods
17.5 Construction techniques
17.6  Decoration
17.7  Conservation
17.7.1 Pre-treatment
examination
17.7.2  Poisons — health and
safety issues
17.7.3 Condition
17.7.4  Cleaning
17.7.5 Solvent cleaning
17.7.6  Reshaping
17.7.7 Mounts/internal supports
17.7.8  Mending
17.7.9  Repair supports
17.7.10 Sewing
17.7.11 Adhesives
17.7.12 Cosmetic repairs and
infills
17.7.13 Storage
17.7.14 Display
References
Bibliography

Collagen products: glues, gelatine,
gut membrane and sausage casings
Marion Kite

18.1  Animal glues and fish glues

18.2  Skin glues and hide glues

18.3  Parchment glue and parchment size
18.4 Rabbit skin glue

18.5 Bone glue

18.6  Gelatine

18.7 Fish glue

18.8  Gut membrane

18.9  Sausage casings

References

The manufacture of parchment
B.M. Haines

19.1  Temporary preservation
19.2 Soaking

19.3 Liming

19.4  Unhairing and fleshing
19.5 Drying

Bibliography

The conservation of parchment
Christopher S. Woods

20.1 Introduction

20.2  Parchment production and use

20.3 Chemical, physical and
deterioration characteristics

20.4 Display and storage

184
184
185
185
185
186

186

186
187
187
188
188
188
189
189
189
189

190
190
190
190
191

192

192
192
193
193
193
193
194
194
195
197

198

198
198
198
198
198
199

200

200
200

203
209



21

20.5 Conservation treatments
20.5.1 Mould and fumigation
20.5.2 Cleaning methods
20.5.3 Humidification and
softening

20.5.4 Consolidation of weak
parchment

20.5.5 Consolidation of inks
and pigments

20.5.6 Repairs and supports

20.6 Conclusion

Acknowledgements

Endnotes

References

Conservation of leather
bookbindings: a mosaic of
contemporary techniques
21.1 Introduction
Randy Silverman
Binding solutions to old
problems
Anthony Cains
21.2.1 Introduction
21.2.2 Klucel G
21.2.3  Application of Klucel G
21.2.4 Facing degraded leather
21.2.5 Technique
21.2.6 Treatment of the boards
21.2.7 Adhesives
21.2.8 Offsetting
21.2.9 Board attachment
21.2.10 Helical oversewing
21.2.11 The joint tacket
21.2.12 Drills
21.2.13 Making the needle

drill bit
Leather Conservation —
bookbinding leather consolidants
Glen Ruzicka, Paula Zyats,
Sarah Reidell and Olivia Primanis
21.3.1 Introduction
21.3.2 ENVIRONMENT

Leather Project
21.3.3 Consolidants
Solvent-set book repair tissue
Alan Puglia and Priscilla Anderson

21.2

21.3

21.4

21.4.1 Preparation of the repair
tissue

21.4.2 Leather consolidation

21.4.3 Repair technique

21.4.4 Reversing solvent-set tissue
repairs

21.4.5 Conclusion

209
210
210

211

215

216
217
220
220
220
221

225
225

225

225
226
227
227
227
228
228
228
228
228
229
229

229

230

230

230
230
232

233
233
233

233
233

22

Contents

21.5 Split joints on leather bindings
Don Etherington

A variation on the Japanese paper
hinge — adding a cloth inner hinge
Bill Minter

Split-hinge board reattachment
David Brock

Board slotting — a machine-
supported book conservation
method

Friederike Zimmern

21.8.1 Introduction

21.8.2 The method

21.8.3 Treatment of the text
block

Treatment of boards
Reattachment of text block
and boards

The board slotting
machine

Scientific analyses
Dyeing with reactive
dyes

21.8.9 Conclusions

21.8.10 Acknowledgements

A variation on the board
slotting machine

Bill Minter

References

21.6

21.7

21.8

21.8.4
21.8.5

21.8.6

21.8.7
21.8.8

21.9

The conservation of archaeological
leather
E. Cameron, J. Spriggs and B. Wills

22.1 Introduction
22.1.1 The archaeological context
22.1.2  Leather technology and
material culture
22.2  Wet leather
22.2.1 Condition
22.2.2 Preserving wet leather
before treatment
22.2.3 Past treatments
22.2.4 Present-day conservation
treatments
22.3 Dry leather
22.3.1 Condition
22.3.2  On-site retrieval
22.3.3 Recording procedures
22.3.4 Present-day treatments
22.4  Mineralized leather
22.4.1 Condition
22.4.2  On-site retrieval
22.4.3 Recording
22.4.4 Treatment

X

234

235

235

236

236
237

237
237

237

238
238

239
241
241

241

242

244

244
244

244
245
245

246
247

248
251
251
253
254
256
257
257
259
259
259



X

23

Contents

22.5 Long-term storage of

22.6

2253

archaeological leather
22.5.1
22.5.2

Storage requirements

treated leather
Old collections/
retreatments

Purpose of treatment: a call
for clarity

22.7 Conclusion
References

Case histories of treatments

231

23.2

23.3

23.4

23.5

23.6

23.7

23.8

The Gold State Coach. 1762

23.1.1 Description

23.1.2 The problems and the
options

23.1.3 Treatment

Dog Whip — believed to be

eighteenth century

23.2.1 Description

23.2.2 Treatment

Fire Bucket

23.3.1 Description

23.3.2 Treatment

Fireman’s Helmet

23.4.1 Description

23.4.2 Treatment

Leather Lion

23.5.1 Description

23.5.2 Treatment

Sedan Chair

23.6.1 Description

23.6.2 Repairs

23.6.3 Cleaning

23.6.4 Gap filling and finishing

Jewellery Box

23.7.1 Description

23.7.2 Treatment

Dining Chairs

23.8.1 Description

23.8.2 The set of eight chairs
for reupholstering
The set of eight chairs
repaired without
removing the covers

23.8.3

Condition assessments of

260
260

260

260

260
261
261

264
265
265

265
265

268
268
268
271
271
271
274
274
274
276
276
278
279
279
279
283
284
285
285
285
287
287

287

287

23.9

23.10

23.11

23.12

23.13

23.14

23.15

23.16

23.17

Index

23.8.4  The four chairs where

the covers were removed

and conserved 289
23.8.5 Overview 290
Alum Tawed Gloves, having
belonged to Oliver Cromwell 293
23.9.1 Description 293
23.9.2  Condition 293
23.9.3 Treatment 293
23.9.4 Future care 294
Court Gloves 296
23.10.1  Description 296
23.10.2 Treatment 296
Mounting of a Collection of
Flying Helmets 297
23.11.1  Description 297
23.11.2 Mount instructions 297
Leather Components from
Panhard et Levassor
Automobile. 1899 302
23.12.1 Description 302
23.12.2 Condition 303
23.12.3 Treatment 304
23.12.4 Future care 306
Altar Frontal. 1756 307
23.13.1 Description 307
23.13.2 Treatment 307
Gilt Leather Screen 313
23.14.1 Description 313
23.14.2 Treatment 313
Gilt Leather Wall Hangings,
Levens Hall 315
23.15.1 Description 315
23.15.2 Treatment 316
Phillip Webb Settle. 1860 —65 325
23.16.1 Description 325
23.16.2 Treatment 325
Gilt Leather Wall Hangings at
Groote Schuur, Cape Town 329
23.17.1 Description 329
23.17.2 Condition 329
23.17.3 Conservation

treatment 331
23.17.4 Future care 333

335



Foreword

The first time I wished for a book like this was in
1957 when, as a member of the Victoria and Albert
Artwork Room, I was asked to conserve sixteenth and
seventeenth century gloves with beautiful embroi-
dered cuffs. I knew little about leather. It was essential
to learn about the methods of turning skins into
leather and how they could be recognized. Available
written information did not begin at the beginning.
It was then I met Dr Claude Spiers. Claude was
a senior lecturer at the Leathersellers’ Technical
College in Bermondsey and he invited me to visit.
There he showed me the vats in the floor where the
skins were held in suspension in the various process-
ing liquors and explained how tanning works. He
then arranged a meeting with John Waterer;
designer, antiquarian, author, historian and leather
craftsman. John guided me through the conservation
of the superfine tawed skins of the gloves and later
wrote the chapter on leather for Textile Conservation,

published by Butterworth in 1972. It was in the same
year that his Guide to the Conservation and Restoration of
Objects made Wholly or in Part of Leather was published
for the International Institution for Conservation.
These are still excellent introductions but The
Conservation of Leather and Related Materials widens the
scope to the benefit of collectors, conservators, cura-
tors and anyone with responsibility for the care of
leather objects. It outlines the history and develop-
ment of the different types of tanning and what
makes each type of skin and each type of tanning
suitable for particular purposes. Most importantly, it
describes how to recognize skin patterns and treat-
ments. Finally the case studies indicate the range of
treatments available for the preservation of this often
overlooked segment of our cultural heritage.

Karen Finch OBE

xi
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Dedications

John W. Waterer R.D.I., F.S.A.,
F.I.I.C., 1892-1977

‘FITNESS FOR PURPOSE’

This book is dedicated to John Waterer. Although
John died in 1977, his lifelong involvement with
leather was such that, without the interest, influence
and enthusiasm he created it is doubtful whether
this book could have been written. Much loved and
respected, with an ever-ready smile, he epitomized
Chaucer’s words in the Canterbury Tales — “To any
kind of man he was indeed the very pattern of a
noble Knight.’

John was born in South London in 1892 and after
leaving school was invited in 1909 to join a well-
known leathergoods company as an apprentice in
their luggage department. Although John had very
considerable career prospects as a talented musician,

this proved, almost by chance, to be the stepping
stone to his lifetime’s work. After a break in the Navy
during the Great War he rejoined his old company
and became increasingly involved in the design and
creation of the new ‘lightweight’ luggage, being
increasingly demanded by the travelling public due to
the evolution of the small inexpensive motor car and
the slow but steady growth in air travel.

With the knowledge thus gained, in 1936 John
joined S. Clarke & Co., a well-established but progres-
sive travel goods manufacturer, as managing director.
John was then able to fulfil his design flair but always
with ‘Fitness for Purpose’ in his mind —a guiding prin-
ciple throughout this life. After three exciting years
came the Second World War. By then John was 47
years of age, happily married with a daughter and at
the peak of his professional skill and ability.

The war years had a profound influence on John
Waterer’s life. With all its attendant problems, includ-
ing bomb damage, S. Clarke & Co. continued mak-
ing luggage but with part of its production given over
to war work. With his ever-enquiring mind, John
found time — possibly during the long hours of fire
watching — to begin his research into the history of
leather and its early uses. This led to a well-received
lecture to the Royal Society of Arts in 1942 for which
he subsequently received their Silver Medal. At the
same time both the government and trade association
set up committees to consider the best way forward in
the immediate post-war years, little realizing that the
years of difficulty and austerity would linger on until
well into the 1950s. Here John preached his gospel: a
vision of a better future where design and fitness for
purpose would be paramount, overcoming the innate
conservatism of manufacturers, by encouraging them
to embrace the benefits that good design would bring
to the manufacturing process.

All this led to the publication in 1946 of Leather in
Life, Art and Industry. Although in later years John
wrote many further well-researched books, this book

xiii



xiv  Dedications

set him up as an outstanding leather historian and
authority and can truly be regarded as his magnum
opus. If that was not enough, John was then instru-
mental in setting up the Museum of Leathercraft to
enable others to see the use and evolution of leather
over the ages, thereby fostering design and craftsman-
ship in the years to come.

John was by now conducting a worldwide corre-
spondence on leather-related matters. In 1953 his total
virtuosity resulted in his being elected to the faculty of
Royal Designers for Industry. This appointment is
considered the highest honour to be obtained in the
United Kingdom in the field of industrial design and
shows the high regard in which he was held by his
contemporaries. In the same year he was also admitted
to the Livery of the Worshipful Company of Saddlers,
with whom he had a long, friendly and supportive
association in the years that followed.

John remained as managing director of S. Clarke &
Co. until the early 1960s, producing modern look-
ing luggage designs which have stood the test of
time. It was then by a turn of fate that Clarke’s was
acquired by the company he had joined way back in
1909! John was then 71 years ‘young but with
undimmed enthusiasm and no concept of the meaning
of retirement — it seems to have slipped his mind —
which enabled him to give his increasing free time
to further his research into leather history. This led
to his realization that although there were many
beautiful and historic leather artefacts there was lit-
tle or no knowledge as to how they might be con-
served for the benefit of future generations. After
considerable research this led to his writing his
Guide to the Conservation and Restoration of Objects
made Wholly or in Part of Leather, first published in
1972, and his election as Fellow of the International
Institute for Conservation.

His vision also led to the creation of the Leather
Conservation Centre in 1978. The Centre is now
housed in purpose-built premises in Northampton,
through the generosity of the Worshipful Company
of Leathersellers. John did not live to see this, but
together with the Waterer/Spiers Collection, it is a
fitting memorial to a very special and dedicated man
whose like will not come again. The Waterer/Spiers
Collection was the inspired decision of the Council of
the Museum of Leathercraft, taken after John’s death,
to commission each year an article in leather to show
the best in contemporary design, skill and workman-
ship. It was decided to conjoin his friend Claude
Spiers — a leather chemist — who had been instrumen-
tal with John in setting up the museum during the
Second World War. This annually growing collection
now provides an outward and visible sign that leather

design, excellence and workmanship, which John
spent his life preaching and encouraging, still prosper.

Peter Salisbury

Betty M. Haines MBE, B.Sc., FER.M.S.,
F.S.L.T.C., 1925-2003

Betty Haines, whose name is known throughout the
conservation world as a writer and teacher on all
aspects of collagen, skin and leather science, died
following a short illness while this book was being
brought together.

Betty graduated from Chelsea College of the
University of London in 1945 with a B.Sc. in Botany,
Chemistry and Zoology. She joined the British
Leather Manufacturers’ Research Association in 1946
becoming one of a line of eminent lady scientists
employed by them from its foundation in 1920 to the
present day. Working in the Biology Department she
applied her knowledge of protein science, bacteriol-
ogy and entomology in the fields of hide and skin
quality and the pretanning processes. In particular she
developed the field of leather microscopy first using
conventional light microscopes and later with the
new electron microscopes.

One application of this microscopical expertise
was with the identification of archaeological mate-
rial and Betty’s advice was sought by major muse-
ums throughout the UK. This led to collaboration
with Dr Baines-Cope of the British Museum
Research Laboratory which culminated in the pub-
lication of The Conservation of Bookbinding Leather
in 1984.

It was in 1978 while this work was being under-
taken that Betty was invited to join the Trustees of
the newly formed Leather Conservation Centre. She
was elected Chairman of the Technical Advisory
Panel in 1984, Chairman of Trustees in 1987 and
President from 1999.

During this period she contributed to summer
schools and wrote a series of monographs for the
Centre. She also lectured to students and gave papers
at professional conferences and seminars both in the
UK and abroad.

The chapters prepared by Betty for this volume
will, sadly, be her last written contributions in a
series of publications stretching over half a century.
Her deep knowledge of leather and its conservation
will, however, remain in the memories of those
who were privileged to know or work with her.

Roy Thomson
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The nature and properties of leather

Roy Thomson

Man and his early ancestors have exploited the unique
properties of skin and leather for millennia and almost
all human cultures have developed specialist tech-
niques to utilize this readily available raw material for
a wide variety of purposes. Indeed, tanning has been
described as man’s first manufacturing process. But
what are the properties which make these skin-based
products so special?

To begin with, leather is a sheet material with the
area of each piece ranging from tens of square centi-
metres to six, seven or more square metres depend-
ing on the animal from which it was obtained. Until
the development of woven textiles it was the only
material available in sheets of this size.

Then there 1s the complex physical structure of
skin and materials made from it. A close examination
of the make-up of a piece of skin shows that it consists
primarily of long thick fibres and fibre bundles
interweaving in three dimensions within a jelly-like
‘ground substance’. Other features such as hairs
and hair roots, muscles, blood vessels and fat cells are
present but it is this intricate, three-dimensional,
woven structure that predominates and gives skin-
based materials many of their unique physical qualities.

These properties include flexibility, a relatively
high tensile strength with particular resistance to
shock loads, resistance to tearing, puncturing and
abrasion, low bulk density, good heat insulation and
water vapour transmission. They also include
mouldability, resistance to wind and liquid water,
and an ability to be stretched and compressed with-
out distorting the surface.

Many of these characteristics are common to
both leather and other skin products but linguistic
studies suggest that the various materials such as raw
hide, oil-tanned pelt, alum-tawed skin and vegetable-
tanned leather were differentiated from each other

from early times. It was not until the late eighteenth
century though that the actual nature of the tanning
process was examined and the question posed as to
how leather was different from these other materials.

A number of criteria have been put forward in an
attempt to define what is a true leather (Bienkiewicz,
1983; Covington, 2001; Lollar, 1958; Reich, 1999).
These will be considered.

A fundamental property of leather is that while a
raw skin is subject to rapid bacterial degradation due
in the main to the action of proteolytic enzymes,
leather is resistant to such microbiological attack even
if it is kept wet. There are, though, a number of tech-
niques such as salt curing, drying, solvent dehydra-
tion and acid pickling which will impart temporary
preservation against bacterial attack. This resistance
to decay, however, is lost if the fibres are allowed to
become wet. Similarly the effects of the treatments
involved in the preparation of parchment or alum-
tawed skins, both renowned for their longevity, are
reversed by repeated immersion in water.

Skin-based materials are prepared by many
indigenous peoples around the world by thoroughly
impregnating the raw hide with fatty materials and
then allowing it to dry out under carefully con-
trolled conditions. The fats coat the individual skin
fibres and fill the spaces between them. Even if the
treated hides are then immersed in water, the pres-
ence of these water-repellent fats ensures that the
fibres remain too dry for bacterial attack to take
place. They therefore appear to satisfy the criteria
of resistance to microbiological degradation. These
products, which are found widely in ethnographic
collections, have been termed pseudo leathers.

These pseudo leathers should not be confused with
oil-tanned skins which are not treated with stable,
water-resistant fats but with reactive, oxidizible oils
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2 Conservation of leather and related materials

often obtained from marine animals. These undergo
various chemical changes during processing to liber-
ate compounds with true tanning actions. Examples
of these oil-tanned products include chamois wash
leathers and the buff leather employed widely in the
sixteenth and seventeenth centuries to make protect-
ive jerkins for the military.

Another characteristic attributed to leather is that
whereas if a raw skin is allowed to dry out it is
expected that it will become hard, horny, brittle and
translucent, a true leather is said to dry to give a soft,
flexible, opaque product.

It is true that if a raw skin is allowed to dry in an
uncontrolled manner it is likely to give a product with
the properties described. If, though, the rate of drying
is regulated as with the production of the pseudo
leathers described above, a soft opaque material
results. Similarly if a dehaired skin is dehydrated by
immersion in successive baths of a polar solvent such as
acetone or one of the lower alcohols and the residual
solvent evaporated, the resultant product will be
soft, white, opaque and flexible. This flexibility will
be enhanced by working the skin mechanically while
it is still only just damp with the solvent. It will
look and feel very similar to an alum-tawed or
formaldehyde-tanned leather. These characteristics
of solvent-dried skins are utilized in the solvent dehy-
dration methods employed to conserve waterlogged
archaeological leathers.

Parchment and vellum which are prepared by
drying unhaired pelts under tension also exhibit
many of the physical properties of a true leather.

The different properties of the various untanned
products made in the past depended on the amount
and type of oil used to treat the unhaired skin and the
rate of drying. These properties enabled these mater-
ials to be used for such diverse purposes as mallet
heads, textile machinery parts and the protective cor-
ners of basketwork skips. A modern successor to the
latter is the use of rawhide to protect the corners and
bottoms of baskets used by hot air balloonists. It is the
unique combination of impact and abrasion resist-
ance together with an elastic resilience which makes
this age old material ideal for its modern purpose.

‘While leathers produced for gloving and clothing
are soft and supple, those made for shoe soleing are
firm and resilient. In the period when the technique
of chrome tanning was being developed during the
last quarter of the nineteenth century it was found
that while a stable product could be made, this new
type of leather was liable to dry out to give a hard,
cracky, inflexible material, in many ways similar to
untanned skin. It was only with the introduction of

the fatliquoring process, which coated the tanned
fibres with oils, that a material could be manufactured
with the properties required for it to be recognized as
a true leather.

If a piece of wet skin, tanned or untanned, is heated
slowly it will reach a temperature at which it shrinks
dramatically to about one third of its original area.
This phenomenon has been likened to melting but is
fundamentally different. The hydrothermal shrinkage
of skin is irreversible and rather than being caused by
a single physicochemical change is the cumulative
result of a number of intermolecular processes.

The temperature at which this change takes place
is termed the shrinkage temperature and the
amount by which any process increases the shrink-
age temperature of a skin has often been considered
as a measure of its leathering ability.

The shrinkage temperature of a given sample of
skin will depend on a large number of factors. These
include the species and age of the animal from
which the skin is obtained, what pretanning and
tanning treatments the skin has undergone, the
moisture content of the sample and the exact pro-
cedures employed in the determination. If, however,
care is taken to carry out the measurement in a stand-
ardized manner, duplicate results within 1 or 2°C
can be obtained. Using methods described in inter-
national standards, the following shrinkage tempera-
tures are exhibited by typical commercial products:

Raw mammalian skin 58—-64°C
Limed unhaired cattle hide 53-57°C
Parchment 55-64°C
Oil-tanned leather 53-56°C
Alum-tawed skins 55-60°C
Formaldehyde-tanned leather 65-70°C
Alum-tanned skins 70—-80°C
Vegetable-tanned leather (hydrolysable) 75-80°C
Vegetable-tanned leather (condensed) 80—-85°C

Chrome-tanned leather 100-120°C

Most of these results confirm that tannage enhances
the shrinkage temperature. There is, however, an
anomaly with oil-tanned skins such as chamois-
tanned wash leathers or the brain-tanned ‘elk skins’
produced by Native American and other cultures. In
these cases the stabilizing process does not increase
the shrinkage temperature. These products exhibit
all the characteristics of true leathers and what is
more they retain these after frequent washing and
drying in use. Oil-tanned leathers also exhibit another
significant difference in their hydrothermal properties.
When other skins and leathers shrink in hot water
they turn into a rubbery material which dries to a



hard, brittle, product. When oil-tanned materials
shrink they retain their leathery handle and when
dried retain their softness and flexibility to a signifi-
cant extent. In addition, if a wet oil-tanned leather is
heated above its shrinkage temperature and then
immersed in cold water it can be stretched back to
nearly its original size.

These exceptions to the various criteria proposed
to define what is and what is not a true tannage have
led to attempts to explain the conversion of skin
into leather according to the mechanisms involved.

For many years it has been accepted that the cohe-
sion of skin fibres is a result of the structure of the col-
lagen protein molecules from which these fibres are
formed. These have been shown to be held together
by a combination of a few, relatively strong, covalent
bonds and many weak hydrogen bonds. It has been
thought that hydrothermal shrinkage occurs when
the disruptive energy introduced by heating the sam-
ple exceeds the cohesive strength of the bonding
within and between collagen molecules. Tannage has
been thought to introduce extra chemical cross-
linking bonds between adjacent collagen molecules
which are resistant to microbiochemical attack. The
nature and strength of these crosslinkages vary consid-
erably depending on the type of tanning material
employed. Vegetable tannage for instance is thought
to introduce many extra hydrogen bonds between
free amino side groups of the collagen protein and
hydroxyl groups from the polyphenolic tannin
molecules. Chrome tannage on the other hand is a
result of side chain carboxylic groups on the protein
molecule co-ordinating with the multinuclear
chromium complexes present in chrome tanning
liquors. The differences in the increase in shrinkage
temperature brought about by the different tanning
systems has been thought to be related to the com-
bined strength of these crosslinking bonds.

Recent work has shown that the energy associated
with the hydrothermal shrinkage is similar for all the
different tannages irrespective of the temperature at
which the shrinkage occurs. This has led to the con-
cept of the formation of a supramolecular matrix
around the collagen molecule during tanning and
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that it is the size and complexity of this matrix which
determines shrinkage temperature. This mechanism
does not preclude the presence or importance of
crosslinking reactions occurring during tanning but
it does explain why oil tannage can be considered to
give a true leathering effect without increasing the
shrinkage temperature.

Although indicating the complexity of the prob-
lem, the question of what exactly leather is has not
been fully answered by the above discussion. How-
ever, a definition which appears to take into account
the points raised is as follows.

Leather is a material produced from the skin of a
vertebrate, be it mammal, reptile, bird, fish or amphib-
ian, by a process or series of processes which renders
it non-putrescible under warm moist conditions. A
true leather retains this property after repeated wet-
ting and drying. Leather usually dries out to give a
relatively pliable, opaque product but it can be hard
or soft, flexible or rigid, stiff or supple, thick or thin,
limp or springy, depending on the nature of the skin
used and the process employed.

It has been the aim of the tanner throughout the
ages to manufacture a product with just the combin-
ation of properties demanded by the end user.

It should always be borne in mind that in a similar
way to ‘metal’ or ‘wood’, leather is not a single mater-
ial but a group of related products having many
characteristics in common but each varying in its
properties and reaction to conservation treatments.
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Collagen: the leathermaking protein

B.M. Haines

Collagen is the major protein from which skin is
formed and its unique structure is fundamental to the
leathermaking process. A knowledge of the nature of
this protein is therefore required if the properties of
leather are to be understood. The chemical and phys-
ical nature of collagen have been reviewed, among
others, by Bailey (1992), Bailey and Paul (1998),
Kennady and Wess (2003), Reich (1995), Ward (1978),
and Woodhead-Galloway (1980).

2.1 The collagen molecule

The collagen molecule, like all proteins, is formed
by the linking together of naturally occurring smaller
units, amino acids.

All amino acids contain a carboxyl and an amino
group, with a side chain denoted as ‘R’ (Figure 2.1).
Amino acids differ only in the nature of their side
chains.

With the simplest amino acid, glycine, the side
chain is a single hydrogen atom (Figure 2.2). With
other amino acids the side chains may be short or
long, non-polar and therefore chemically inert, or
polar and chemically reactive.

Non-polar side chains contain only carbon and
hydrogen atoms. Polar side chains on the other hand
contain oxygen, present as hydroxyl or carboxyl end

R
/
H,N - C - COOH
\
H

Figure 2.1 The structure of amino acids.
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Figure 2.2 Structures of amino acids showing the dif-
ferent sizes of common side chains.



groups and therefore acidic in nature, nitrogen, pre-
sent as amino or amide end groups and therefore basic
in nature, or sulphur, present as mercaptan groups.

The amino acids are linked by covalent peptide
bonding between the carboxyl group of one amino
acid and the amino group of an adjacent amino acid.
This formation of peptide bonds involves the loss of
water in a condensation reaction (Figure 2.3). In this
way numerous amino acids are linked to form a long
chain, or protein backbone.

All proteins have identical backbones: the distinct-
ive character of each protein lies in the particular
sequence of amino acids along the chain.

Collagen is composed of about 20 diftferent amino
acids, linked to form a chain 300 nm long containing
approximately 1000 units. Collagen is characterized
by a high proportion of glycine (30%) and by the
presence of the imino acids proline (10%) and
hydroxyproline (10%) (Figure 2.4). Hydroxyproline
is formed from proline after the backbone chain
has been synthesized. Hydroxyproline is found only
rarely in proteins other than collagen and so it is used
to identify the presence of collagen in a sample or to
determine the collagen content of a sample.

Many segments of the backbone chain of collagen
consist of simple tripeptide repeats of glycine, X, Y,

Water molecule eliminated
in condensation reaction

Side-chain |E| H 0
| I
P C
N n
| l
H (0] R’ | Side-chain
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where X is frequently proline or hydroxyproline.
The spatial shape, the ring structure, of proline and
hydroxyproline twists the chain into a helical coil, a
left-handed helix with three amino acids per twist
with glycine occupying every third position along
the chain (Figure 2.5).

The collagen molecule is made up of three such
helical chains, which is the reason for the molecule
being termed the triple helix. These three chains twist
together to form a right-handed coil (Figure 2.6).

Single
polypeptide
chain of
tropocollagen

Figure 2.3 The reaction between two amino acids to ~ Figure 2.5 Single helical polypeptide chain of
form a peptide. tropocollagen.
__CH, | cn
'|* H20| N\ #C00H  Ho — 0~ 7 ,cooH
0, fe)
—C— H,C s ",
H C|) COOH 2L\ / H,C —N / "H
NH, | |
H H
Glycine Proline Hydroxyproline

Figure 2.4 The structures of the most common amino acids present in collagen.
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residues per
turn.

Figure 2.6 Three tropocollagen helices coiled together
to form the collagen molecule.

2.2 Bonding within the molecule

The coiling holds the three chains together but the
triple helix is further stabilized by chemical cross-
links between the three backbone chains.

Hydrogen bonds form between the NH and the
CO groups of adjacent chains (Figure 2.7). Hydrogen
bonds are electrostatic and their stability depends
on the distance separating the reactive groups, the
greater the distance the weaker the bond. The three
chains need to be closely packed within the molecule
to allow hydrogen bonding to take place. Glycine has
the smallest side chain and is present at every third
position along the chain. The alignment of adjacent
chains needs to be such that the small side chain of
glycine projects into the centre of coiled molecule,
the larger side chains projecting out.

In order to bring glycine into the required
internal position in the helix, molecular models have
shown that to achieve the maximum number of
hydrogen bonds and to minimize the hindrance of
larger side chains, each chain of the triple helix needs
to be staggered by one amino acid with respect to its
neighbour.

Side-chain

C C N
N NS

=0

Hydrogen
bond

O------I—2Z

Z—TI------0

(@)

7NN
N C C

Side-chain

Figure 2.7 Hydrogen bonding between adjacent
peptides.

Backbone Backbone
| + - |

C = (CH, )n — NH, 0,C—(CHy)n—C
) i

Figure 2.8 Salt links between adjacent peptides.

2.3 Bonding between molecules

Many molecules pack together to form the fibril,
which 1s the smallest collagen unit seen under the
transmission electron microscope. The stability of
the fibril depends on crosslinks formed between
adjacent molecules, i.e. intermolecule bonding.

2.3.1 Salt links

Polar side chains project out from each molecule.
When acidic and basic end groups of these side
chains become aligned, electrostatic salt links can
form (Figure 2.8).

The sequence of amino acids along each chain of
the triple helix has been determined and this has
shown there to be distinct alternate grouping of
amino acids with either polar or non-polar side
chains giving rise to domains along the chain that
are either only polar or non-polar in reaction
(Figure 2.9). When the collagen fibril is immersed in
an electronoptically dense metallic stain for several
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Rich in polar
residues

Figure 2.9

NN
MRV IRVAVAVY

Rich in imino acid
and non-polar residues

Rich in polar
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Idealized scheme showing domains rich in polar or non-polar amino acids.

Figure 2.10 DPositively stained collagen fibril revealing reactive polar domains.

minutes (positive staining) the charged end groups
of the polar side chains react with the metal. This
enables their location to be revealed under the trans-
mission electron microscope. Fibrils stained in this
way exhibit a series of fine striations (Figure 2.10)
which indicate that in fibril formation molecules are
so aligned as to bring together those regions where
polar side chains predominate. This allows the max-
imum salt links between adjacent molecules.

2.3.2 Covalent intermolecular bonding

If collagen fibrils are immersed in the metallic
stain for only a few seconds (negative staining) this

allows the stain to merely outline the surface fea-
tures of the collagen such as cavities. A fibril stained
in this way exhibits a regular dark banding at
intervals of 67 nm (Figure 2.11). The collagen mol-
ecules are 300 nm long, that is 4.4 times that of the
banding.

Since the sum of the band spacing does not coin-
cide with the length of the molecule, a gap must
therefore exist between the end of one molecule and
the beginning of the next. Such gaps are accessible to
the stain, hence the dark banding.

This banding has also led to the theory that
adjacent molecules are displaced relative to one
another by one quarter of their length, as shown
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Figure 2.11 Negatively stained collagen fibril showing characteristic dark banding.

| |
70nm} ll J|'“

Tropocollagen /'“ ®

molecules
\ ) °®

Collagen
fibril
Figure 2.12 Diagram showing ‘quarter stagger’ align-
ment of adjacent collagen molecules.

b{&\m%{%

Figure 2.13 Diagram showing covalent bonding in the
telopeptide region.

diagrammatically in (Figure 2.12). This alignment
has been described as the ‘quarter stagger’ of the
molecules, with overlaps of 27 nm.

It is at these overlaps that another form of cross-
linking occurs. At each end of the triple helix there
is a short non-helical region called the telopeptide.
Covalent bonds form between the telopeptide
region of one molecule and the helical region of an
adjacent molecule (Figure 2.13). Such an array leaves
no weak point along the fibril which could give way
under stress.

2.4 Fibril structure

There have been various theories as to the spatial
arrangement of the aligned molecules within the
fibril. Some indication of the internal structure of
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Figure 2.14 Swollen fibril showing subfibrillar helical structure.

the fibril has been seen when collagen fibrils, highly
swollen with alkali, were examined under the trans-
mission electron microscope. The swollen fibril
exhibited longitudinal striations with a helical twist
(Figure 2.14). Therefore the fibril would appear to
be made up of a series of helical coils, alternating
in direction, beginning with the backbone chain of
the molecule, then the triple helix and finally the
grouping of molecules within the fibril. Such
repeated coiling imparts strength to the fibril.

The collagen fibrils are remarkably consistent in
diameter, irrespective of animal type or location
within the skin. It is only at the extreme grain surface
where fibrils smaller in diameter have been found.

Under the transmission electron microscope
there appears to be a distinct grouping of fibrils into
larger units or elementary fibres. The fibrils are held
in these groups by helical coiling of the fibril.

The elementary fibres are in turn grouped into
fibre bundles which then interweave through the
skin in the manner already described.

2.5 Shrinkage temperature

One property of collagen is that it exhibits a sudden
shrinkage in length when heated in water. Mammalian

skin collagen that has received no chemical process-
ing shrinks at about 65°C. There is little variation in
this temperature with different mammalian species
or different regions of the skin.

The reason for this shrinkage is that the backbone
chains of the molecule exist in an extended form,
held in this form by hydrogen bonding. When
collagen is heated a point is reached at which the
energy input exceeds that of the hydrogen bonding.
There is then a sudden release from the extended
form and the fibre shrinks to a rubber-like consis-
tency. Only the remaining covalent and salt links
hold the collagen molecules together and prevent
the shrunken collagen from immediately going into
solution.

Prolonged exposure to alkali, such as in the lim-
ing process, causes changes to certain amino acids;
these changes in turn reduce the degree of hydrogen
bonding within the collagen molecule. As a conse-
quence, the shrinkage temperature of skins that have
been limed falls to 60°C or even 55°C.

Ageing conditions that bring about hydrolytic
or oxidative degradation of the collagen cause
breaks in the backbone chain of the molecule and
changes to the chemical composition of the side
chains. These both lead to a reduction in shrinkage
temperature.
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Figure 2.15

Chemical cross-links introduced into the collagen
by tanning agents raise the shrinking temperature
depending on the type of tanning material and the
nature of the process employed.
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The fibre structure of leather

B.M. Haines

In making leather a raw, putrescible animal skin is
converted into a dry, non-putrescible material with
the handle and degree of flexibility required for its
specific end use.

The skin of any vertebrate animal can be made
into leather, and the one common characteristic of
these skins is that they are primarily composed of the
protein collagen. The molecules of collagen are
extremely long in relation to their cross-section, and
during their formation they become naturally orien-
tated into fibrils and bundles of fibrils (Figure 3.1),

which interweave in a three-dimensional manner
through the skin.

This natural fibrous weave is preserved in the final
leather and it is this fibrous structure that gives its
unique physical properties of handle and ability to
accommodate to the stresses and movement imposed
during its use.

However, this fibrous skin structure varies con-
siderably between skins of different species and types
within species, thus giving the leather industry a
wide variety in raw materials from which a careful

Figure 3.1 Fibrils and fibril bundles of collagen.
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selection has to be made in order to achieve the
combination of mechanical and aesthetic properties
required for specific end uses.

The diverse structures of skins and the effects on
the properties of leathers made from them have been
described by British Leather Manufacturers’ Research
Association (1957), Haines (1981, 1984, 1999) and
Tancous (1986).

3.1 The structure of mammalian skins

Although the skin of any vertebrate animal, be it fish,
reptile, bird or mammal, can be made into leather.
The most commonly used skins have been, and are
at the present time, those from cattle, calf, goats, sheep
and to a lesser extent pig and deer. These being
mammalian in origin they are covered by hair.

The mammalian skin has distinct layers (Figure 3.2):
the layer which extends from the outer surface to
the base of the hair roots is termed the grain layer
and contains the hairs, sebaceous and sweat glands
and numerous blood vessels. The collagen fibres
become increasingly fine as they pass through this
grain layer to the outer surface, which in life is
covered by the epidermis.

Sebaceous
Gland

Epidermis

_——— s ——— i ——

Erector Pili
Muscle

In the underlying corium the fibre bundles are
considerably larger and interweave at a higher angle
relative to the skin surface. Towards the inner or flesh
surface the fibres become finer and run in a horizon-
tal plane to form a limiting or flesh layer, separating
the skin from the underlying muscles.

In the early stages of leather processing the epi-
dermis, together with the hair, is removed chemically.
This exposes at the surface the compact interweaving
of extremely fine fibrils that create the smooth, aes-
thetically pleasing grain surface of the leather.

3.2 Variation of structure between
animal types

Each species has a distinctive skin structure: the skins
vary in total thickness, dimensions of the corium fibre
bundles and in the proportion of the total thickness
occupied by the grain layer.

3.2.1 Mature cattle skins

The skins of mature cattle are generally between
4 and 6 mm thick with a proportion reaching 8 mm
in thickness, and measuring 3.3 to 4.2m? in area.
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Diagrammatic representation of structure of a typical mammalian skin.



The grain layer occupies about one sixth the total
thickness (Figure 3.3). The hairs are straight, relatively
coarse and spaced equidistant through the grain layer.

The corium fibre bundles are relatively large
(0.1 mm in diameter) and interweave at a fairly high
angle relative to the surface.

Such a skin is highly suited for sole leather, harness,
saddlery, or mechanical belting leather but it is far
too thick for shoe uppers or upholstery unless it is
split into two layers. The upper or outer layer con-
sisting of the grain layer and part of the underlying
corium, the grain split, is used for shoe uppers or
upholstery or case leather. This outer layer can be
split to 1 mm thick for upholstery leather or from
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1.3 to 2mm for shoe uppers. Due to the coarseness
of the corium fibres and the compactness of their
weave, the leather tends to have a heavy handle and
to lack drape. Consequently cattle skin is rarely used
for clothing leather.

After splitting, the remainder of the corium form-
ing the flesh split is used in various ways. Some splits
are taken in the untanned state for the production of
sausage casings, but most are used for making coarse
suede leather, the split surface being abraded to form
the suede nap. Due to the large size of the corium
fibres the nap raised is coarse and less suited to fashion
footwear or clothing. Generally flesh splits are made
into coarse suede shoes and boots or industrial gloves.

Figure 3.3

Cross-section of leather made from mature cattle hide.
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Figure 3.4 Cross-section of leather made from young calfskin.

3.2.2 Calfskins

A calfskin 1s a miniature version of the adult cattle
skin. The proportion of grain layer to total thickness
is similar (approximately one sixth) but the skin
thickness and fibre bundle size are dependent on the
age of the animal, both increasing with age.

The skin of a young calf aged 1 month (Figure 3.4)
is about 1 mm thick and 0.5 to 0.7 m? in area. The
corium fibre bundles are fine and interweave com-
pactly at a medium angle.

The skin of an animal aged 6 months is about
1.3mm thick and 1m?® in area, the corium fibre
bundles are thicker and interweave at a higher angle
than in the younger animal.

At 12 months, when the calf is almost fully grown,
the skin will be about 3 mm thick and with an area
of 2.7m?. At this stage the fibre structure closely
resembles that of the mature animal.

A young calfskin yields a leather which although
only 1 mm thick, is strong due to the compact inter-
weaving of the fine corium fibre bundles and the
grain surface is extremely fine. This makes the
leather ideally suited to fashion footwear, handbag,
bookbinding and fine case leathers. Calf leather is
unsuitable for clothing as the weave is too compact for
the softness and drape required from clothing leather.

3.2.3 Goatskins

These skins range between 1 and 3 mm in thickness
and measure 0.5 to 0.7m? in area. The grain layer
occupies about one third the total thickness (Figure
3.5). The hairs are a mixture of coarse and fine
straight hairs widely spaced through the grain layer.
This spacing allows for the smooth interweaving of
the corium fibres into the grain layer and there 1s no
discontinuity between the two layers. The corium
fibre bundles are relatively fine and interweave com-
pactly at a medium angle. This structure makes
goat leather highly suitable for shoe uppers and par-
ticularly for bookbinding. The compactness of the
fibre structure makes the leather less suitable for
clothing leather as it lacks softness and drape. It is
only with very young kid skins that the fibre struc-
ture is sufficiently open for the leather to be used in
gloving.

3.2.4 Sheepskins

There are several types of sheep, each with a differ-
ent skin structure.

The hair sheep, indigenous to tropical countries,
is a relatively small animal, yielding thin skins
(0.8 mm) of 0.4 to 0.5m? in area. The fine corium
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Figure 3.5 Cross-section of leather made from goatskin.

fibres interweave fairly compactly with no looseness
between the grain and corium layers. Such skins are
ideally suited for gloving.

In woolbearing sheep, native to Britain, the skins
are thicker (2 to 3mm) and 0.5 to 0.6 m? in area. To
accommodate the density of the wool fibres the
grain layer occupies at least half the total skin thickness
(Figure 3.6).

The density and curl of the wool fibres within
the grain layer limits the space through which the
corium fibres can interweave into the grain layer
and there is a tendency to looseness at the junction
between the two layers. In addition, natural fat tends
to be stored in a layer of fat cells at the junction
between grain and corium. These fat cells interrupt
the fibre weave still further and after the fat has been
removed during leather processing, the collapsed fat
cells add to the looseness in this region.

The corium fibres are fine and less compactly
interwoven than in the goat or calf skin. This allows
the leather to be softer and drapeable; qualities
required of clothing leather.

The coarse-woolled domestic hill sheep has a lower
wool density with less tendency to looseness at the
junction of grain and corium. These skins are primar-
ily used for grain or nappa clothing leather.

The fine-woolled sheep is best suited to the pro-
duction of woolskin clothing where the wool is
retained and the flesh surface of the skin is sueded.

For the production of chamois leather the grain
layer is split off and only the underlying corium layer
is used.

3.2.5 Deerskins

These skins range between 2 and 3mm in thick-
ness and measure 0.9 to 1.3m?2 The shallow grain
layer occupies one sixth the total thickness. The
corium fibre bundles are somewhat coarse and
rather loosely interwoven, yielding a leather that
tends to be stretchy. This property was well suited
to the production by oil tannage of buft clothing
leather.

3.2.6 Pigskins

Pigskins differ in structure from the other skins
described in that there is no distinct grain layer, the
hair penetrating the full thickness of the skin
(Figure 3.7). Throughout the skin the fibres inter-
weave in a particularly compact and distinctive bas-
ket weave type of pattern, yielding a tight-structured
leather best suited for case leather and bookbinding.
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Figure 3.6 Cross-section of leather made from woolled sheepskin.

Figure 3.7 Cross-section of leather made from pigskin.



The rather coarse grain surface pattern makes pig
leather less suitable for fashion footwear.

3.3 Grain surface patterns

‘When in processing the hairs are removed chemically
from the skin, the empty hair follicles at the grain sur-
face can be seen to be arranged in distinctive patterns,
characteristic of each animal type. For example, in
calfskin the follicles are of equal size and arranged in
regular rows (Figure 3.8). As the animal matures, while
the sizes of the follicles and the distances between them
increase, the overall pattern is maintained (Figure 3.9).

In goatskin there are regular alternating rows of
large and fine follicles (Figure 3.10) whereas in
woolled sheepskins the fine follicles are arranged in
groups (Figure 3.11).

Such follicle patterns can be used to identify the
animal origin of leather artefacts.

3.4 Suede surfaces

The fineness of nap that can be raised is determined
by the size of the constituent fibre bundles of the
skin. If the grain surface is sueded then the fine
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fibrils of the grain surface yield a particularly fine
nubuck nap. Where the nap is raised on the split
corium surface of cattle skin the large corium fibre
bundles give rise to a coarse open nap. The naturally
finer corium fibre bundles of a goat or sheep permit
a finer nap to be raised at the flesh surface.

