
A BS T RAC T

Leather is one of the earliest manmade products. Its use
has been documented in archeological sites from early
Middle Eastern civilizations. In the earliest years of tan-
ning, many processes were developed such as vegetable,
brain, and smoke tanning, and later, alum tawing—the
only pre-industrial mineral process.1 In the late nineteenth
century, chrome and other mineral tannages and combi-
nations of mineral and vegetable tans were perfected. This
paper explains what chrome tanned leather is and how it is
processed, why it is so stable, and gives some suggestions
for alternative methods to traditional leather working.

I N T R O D U C T I O N

Leather is a strong, supple material that can be a plea-
sure to work, but due to acids that are created as most
leathers age, it can deteriorate and cause the deterioration
of adjacent materials such as paper, sometimes penetrat-
ing through several layers. Leather produced since the
early nineteenth century tends to deteriorate at a faster rate
than older leather, leading some to believe that either the
tanning processes since the nineteenth century were faulty
or the animals were inferior. Therefore, some have
expressed the opinion that the use of leather in conserva-
tion should be eliminated. 

Experience in working with chrome tanned leather
shows us that it is difficult to manipulate using traditional
methods. Chemistry, however, shows us that properly pro-
cessed chrome tanned leather is stable. This stability is
illustrated by the book, Report of the Committee on Leather for
Bookbinding, in which many samples of leathers from var-
ious animal sources and tannages were placed in the inside
covers of the book itself (Cobham and Wood 1905). The

leather samples embedded in the covers were placed there
in 1905—a naturally occurring aged leather sample. The
chrome tanned leather is the only sample that has not dis-
colored the paper adjacent to it.

An important question that needs to be answered is:
why use leather in book conservation at all? Structurally
sound treatments have been developed for board reattach-
ment and spine repair. Paper and linen cloth can be toned
and coated to match the color and surface qualities of the
object. These treatments can be flexible, aesthetically
pleasing, chemically stable, and relatively inexpensive.
Why bother with such a problematic material as leather in
general and chrome tanned leather specifically? This is
perhaps not a treatment that should be applied to every
leather repair, but because of the remarkable stability of
chrome tanned leather, it should be viewed as viable
option in book repair. As conservators, we look for stable,
sympathetic materials for repairs. If using chrome tanned
leather requires more work or different techniques, but
will result in a long lasting treatment, it is worth consider-
ation as a material used in conservation. 

What was hoped for in experimenting with chrome
tanned leather samples was to find methods that worked to
the strengths of the material. Experiments on samples of
chrome tanned leather that had various characteristics
were performed in order to achieve the ultimate goal of
completing a leather reback.

H I S T O R Y O F C H R O M E A N D C H R O M E TA N N I N G

The discovery of the element chrome came in 1766,
and it was used in the preparation of red, yellow, orange,
violet, purple, maroon, and green pigments. It was given
the name chromium, from the Greek word for color.
Robert Warington patented a process for the use of chrome
in leather production in 1841. Several similar patents were
granted in various European countries, although none was
a commercial success until 1878. In that year, Christian
Heinzerling patented a leather tanning process using alum
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and zinc salts, chromic acid, potassium ferrocyanide, and
barium chloride. Augustus Schultz, a salesman for a
dyestuffs company, became aware of a problem in the man-
ufacture of women’s corsets. Because of cost, whalebone,
the traditional material for making corset stays, was giving
way to steel. The acids in the leather that cover the stays
reacted with the steel and made ink. Chamois smells of
fish, and the alum salts wash out of tawed leather with per-
spiration. How Schultz came to be interested in and able to
create chrome tanned leather remains a mystery, but he
took out a patent in 1884 for a two-bath chrome process
that most consider the foundation of chrome tannage
(Thompson 1997).

M E T H O D S O F TA N N I N G

Modern methods of tanning begin with the same pro-
cess—pretanning. The goal of pretanning is to rid the skin
of undesired elements and “opening up” the skin, leaving
only the corium or middle layer of the skin. The process of
opening up creates interstitial voids between clusters of
collagen molecules that allow the tannins to work
(Erickson 1998). The skins are cured through air drying or
more commonly through salt, either dry or in a brine
(OMRI 2000). The skins are dehaired in an alkaline bath,
usually sodium sulfide (NaSH), washed, and degreased;
then deliming takes place to neutralize the alkaline sub-
stances (OMRI 2000). Fi n a l l y, the skin is bated using an
enzyme preparation that rids the skin of the last of the
undesirable elements. After these processes, what remains
is mostly collagen—a tough, tightly coiled protein chain.
From this step, the tanning processes differ, but after tan-
ning, the finishing stages are often similar. Lubricants are
added in a process called fatliquoring for the desired soft-
ness of the leather and surface coatings further alter the feel
of the leather. Common surface coatings are nitrocellulose
and vinyl polymers.

Vegetable Ta n n i n g
During the preparation of the skin, carboxylic acids on

the proline and hydroxyproline side chains of the collagen
molecules become deprotonated creating carboxylates. The
resulting carboxylates bind with the phenol groups on any
number of tannic acids. This process, tanning, creates a
strong skin that is resistant to decay. Gallotannins are the
most traditional tannins used and come primarily from oak
and chestnut trees (Erickson 1998).

Alum Ta w i n g
Alum tawing is not a true tanning process. The inter-

stices between the collagen fibers are packed with microbe
inhibiting salts such as aluminum sulfate (Erickson 1998).

Chrome Ta n n i n g
One of the benefits of chrome tanned leather is that is

can be processed quickly. Sulfuric acid (H2SO4) is gener-
ally used. The acid creates carboxylates by deprotonating
carboxylic acids on the side chains of the collagen. The
trivalent chrome bonds with the resulting carboxylates on
the collagen fibers (Erickson 1998). This bond is stronger
than the bonds with the tannic acids and is the reason for
the stability of the leather.

Chrome Retan and Combination Ta n s
A combination tan uses two or more tanning processes.

A retan is a more specific term applied to leather that is
completely or partially tanned by one process and followed
by a second, usually different, process. A chrome retan is
tanned by the chrome process first and followed by veg-
etable or synthetic tanning agents (Roberts and
Etherington 1982).

The chrome forms strong bonds with carboxylates on
the side chains of the collagen molecules. The result is a
supple greenish-blue skin. In vegetable tanning, the large
gallotannin molecules allow for movement in the inter-
stices of the collagen fibers. There are no residual tannins
in the chrome tanned skin (Erickson 1998). The chrome
ions are much smaller than the gallotannin molecules and
become tightly bound with collagen. This is the cause of
both the desirable and undesirable qualities associated with
chrome tanned leather: its chemical stability as well as its
tough, spongy quality. It may prove possible, however, for
the tanning processes to be altered to create more desirable
qualities for conservation purposes. 

E X P E R I M E N T S W I T H S A M P L E S

I experimented with two samples of calf and one of
deerskin. Each of the calf samples had a different character
and finish. Sample A was calfskin, dyed brown, and quite
thick. It had a great deal of body and a shiny, hard surface
coating. Sample B, also calf, was dyed green, was very soft,
and had a light surface coating. Sample C was a very soft
and pliable deerskin with no apparent surface coating and
dyed a light creamy yellow. I tried different ways of thin-
ning the samples overall, edge paring, and application of
different adhesives. In addition, I tested stamping. The
results varied, but with patience, I achieved the results I
was looking for.

Paring and Thinning Overall
For thinning overall I used a spokeshave, a Scharf- fix

machine, sandpaper (120-grit ruby sandpaper), and an
orbital sander. For edge paring, I experimented using an
English leather paring knife and a hand held rotary tool,
such as a Dremel tool, fitted with an angled grinding
attachment. The leather quickly dulled my knife. Fr e q u e n t
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stropping and occasionally taking the knife back to a sharp-
ening stone was necessary. 

Sample A worked well on the Scharf-fix machine and
with a spokeshave. After thinning the leather overall, I
pared the edges with a knife, which gave a feathered edge.
Sample B also responded well to both the Scharf-fix and a
spokeshave, as well as edge paring with a knife. 

Sample C, the deerskin, did not respond well to either
the Scharf-fix or to the spokeshave due to the sponginess
of this particular leather. The Scharf- fix machine scored
the leather and the spokeshave gouged it. In order to avoid
gouging, tiny amounts of material had to be shaved with
each stroke. Instead of the familiar curls of shaved leather,
copious amounts of leather dust resulted. This method
proved to be far too slow and tedious. Sanding the leather
with a 120-grit ruby sandpaper was fairly quick and gave
even results. An orbital sander was even quicker. After the
skin was even overall, I pared the edges. Paring was diffi-
cult and it dulled the knife. I started with a very sharp
knife, stropped the blade after every four to five cuts, and
had to take it back to a stone several times. The action of
cutting is not the same as in traditional leather working. A
long cut was almost impossible. Short, biting cuts seemed
to work the best. Because of the sponginess of the materi-
al, the cut resembled a tiny ragged cliff—the edge was
feathered and there was a steep angle upwards resembling
a shelf. This is not peculiar to chrome tanned leather, but
means that the material must be pared in stages. The
“shelf ” that is created can be taken down in two to three
passes of the knife. Because long cuts are difficult if not
impossible, the process of shaving this down can be
tedious. Another method is to use a hand held rotary tool
with an angled grinding attachment to sand the edges to
the desired thinness and then to pare the edge with a knife
to feather the edge. This is an unorthodox method, but
the result is an even slope from the body of the leather to
the feathered edge. Overall, if power tools are used, the
process is not much more difficult or time consuming
than when working with traditional methods on vegetable
tanned leather.

A d h e s i v e s
Because I ultimately decided to use the deerskin for the

rebacks, I tested adhesives only on the deerskin and not
the calf. To test adhesives, I used two different approach-
es. I first adhered chrome tanned leather to binder’s board.
S e c o n d l y, I adhered chrome tanned leather underneath
degraded vegetable tanned leather to simulate a leather
repair. I used three different adhesives: precipitated wheat
starch paste, PVA emulsion, and Lascaux 498.

For the first method, I applied adhesives to the samples
and affixed them to binder’s board. All three adhesives
worked well, but the wheat starch paste had to be thickly
applied and therefore a long drying time was needed

before proceeding. A light coating of either PVA or
Lascaux had the strongest adherence of chrome tanned
leather to binder’s board. 2

For the second method, I adhered chrome tanned
leather to binder’s board underneath degraded vegetable
tanned leather, mimicking an actual repair. I used five
adhesives with water content varying from very high to
anhydrous: precipitated wheat starch paste, PVA emulsion,
Lascaux 498, a 50/50 solution of B72 dissolved in ethanol,
and a 50/50 solution of PVAYAA dissolved in acetone. 

The wheat starch paste predictably darkened the more
degraded areas of the old leather. In addition, the water in
the paste collapsed the space between the collagen fibers in
the leather, creating a pocked look. Coating the underside
of the degraded leather with Klucel G in ethanol can min-
imize this darkening. Polyvinyl acetate emulsion contains
some water, but worked well in adhering the chrome
tanned leather to the board and to the old leather. Slight
darkening could be observed along the edges where degra-
dation was the highest. Lascaux adhesive contains less
water than PVA emulsion and worked as well as PVA. Less
darkening was observed along the edges but occurred in
one spot of higher degradation. B72 resin in ethanol
worked well as an adhesive, and because it is anhydrous,
left no darkened areas. The ethanol, however, penetrated
from the back of the old leather to the surface causing
noticeable tidelines. PVAYAA resin in acetone at first failed
as an adhesive. The acetone penetrated the leather from
back to front, drew the resin through the leather on to the
surface, and caused staining. I allowed the acetone to
volatilize under a fume hood until the resin was quite
thick. The results were that the resin adhered the new
leather to the board and the new leather to the old leather
without staining or penetrating to the surface. 

Wheat starch paste without the previous application of
Klucel G in ethanol is unacceptable due to staining and
pocking. The resins dissolved in solvents produced very
smooth transitions between leathers and no darkening of
the leather. There is, however, a lower open time for the
resins. Ethanol can move degradation products leaving
tidelines. Acetone is tricky—too much acetone can move
the resin into the leather eventually causing the leather to
become brittle, which is especially risky in the joints. The
best results were achieved using wheat starch paste, PVA
emulsion, or Lascaux. Although the synthetic adhesives
are not water soluble, they are mechanically reversible, do
not risk damaging the old leather, and are more flexible
and reliable than pure resins. They are most useful where
strength is a concern

S t a m p i n g
Gold stamping could be accomplished using a stamp-

ing machine. The best results were at a low temperature,
200° F.
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U S E O F C H R O M E TA N N E D L E AT H E R I N A
T RA D I T I O N A L R E B AC K

The book I chose for rebacking was covered in light
brown calfskin that had been pressed to a smooth refle c t i v e
surface. It was a tightback and the boards and most of the
original spine piece had become detached. 

The leather I chose for the reback was deerskin. The
light yellow color allowed for dyeing the skin to achieve
different effects. The major difficulties with the skin were
that it was stretchy and spongy, causing difficulties in thin-
ning and paring, and that it quickly dulls the knife. 

The first step in the reback was the preparation of the
new leather spine piece. First I thinned the leather using
120-grit sandpaper. I soon moved to an orbital sander for
speed. I dyed the leather to match the color of the books.
The two types of commercial dyes that I considered were
from Asco and Leather Conservation. Asco dyes were eas-
ier to use, but contain organic solvents. Dyes from the
Leather Conservation Center are water-based, a bit tricky,
but less toxic. I used the water-based dyes and colored the
leather to match the original and placed the damp leather
under blotter paper with boards and weights to dry
overnight. In the morning, the dyes had run to different
areas of the leather, each with a corresponding tideline.
After some fretting, I managed to restore a good color and
then quickly dried the skin with a hair drier. This gave even
results. Because I was trying to mimic calf leather, I
crushed the skin with a very hot iron on a hard surface
using a piece of waste paper between the iron and the skin.
On one edge, I pared the leather with a paring knife in sev-
eral passes to achieve a thin, feathered edge to sit under the
old leather. On the other edges, I used a hand-held rotary
tool to thin the edges and then pared with a knife to achieve
a feathered edge. 

I removed the spine covering and cleaned the spine
using a poultice of methyl cellulose, then lined the spine
with Japanese paper. I cut compensation strips on the
boards and then lifted approximately one inch of leather
on the boards. The leather separated easily due to adhesive
failure. After I had prepared the volume for rebacking, I
applied a thin layer of Lascaux to the underside of the lift-
ed leather and the boards, inserted the new leather under
the old leather of the boards, turned in the caps, nipped in
a press, and boned to smooth. I coated the spine and the
new spine covering with Lascaux and inserted the volume.
I then applied SC 6000 wax to the new leather and buffed
with a lint free cotton cloth. The results resembled the
same sort of light brown, smooth, reflective calfskin as the
original. I finished by applying the old spine covering to
the new leather with Lascaux. Unfortunately, after applying
the spine, I realized that I should have made the leather
thinner as it is on the bulky side in the caps and along the
joints. This can be avoided by more careful sanding and

measuring. Chrome tanned leather does not mold as easi-
ly as a vegetable tanned leather, so thinness is important.
Other than the fact that the leather was too thick, the result
was a satisfactory reback. The color and sheen of the new
leather matched the old and the adhesive did not darken
the old leather. The new leather was pared thinly enough to
blend in unobtrusively under the old leather.

C O N C LU S I O N

Chrome tanned leather can be used for the repair of
leather volumes. It can be successfully thinned, pared,
dyed, and safely adhered to both binder’s board and to
original materials. It provides another material from which
a conservator can choose. It is sympathetic to the original
material and, if processed correctly, is a chemically stable
alternative to vegetable or combination tanned leather. It
may prove that the processing of chrome tanned leather
can be altered to suit the needs of conservation, which
would require experimentation in tanning and finishing
techniques. Perhaps a combination of older, less aggressive
techniques of pretanning could be combined with chrome
tanning to provide a skin with good working qualities and
chemical stability. For now, available materials can be uti-
lized by employing a combination of unorthodox methods
and traditional leather working techniques.

N O T E S

1. Alum tawing is not a true tannage since the alum salts used
to preserve the skin can be washed away with water, leaving the
hide subject to putrefaction.

2. The difficulty with wheat starch paste is water. Application
to new leather works well. Degraded leather, to which the new
leather will be adhered, reacts with water often giving unpleasant
aesthetic results. Water can collapse the space between the colla-
gen fibers giving the leather a pocked look, or it can “burn” the
leather, darkening it by oxidizing the degradation products.

R E F E R E N C E S

Cobham, Charles G. L., and Henry Trueman Wood, eds.
1905. Report of the Committee on leather for bookbinding.
London: G. Bell & Sons for the Society of Arts.

Erickson, Hal. 1998. Unpublished work, Chapter 11.
Organic Materials Review Institute (OMRI). 2000. Le a t h e r

m e a l . National Organic Standards Board (NOSB)
Technical Advisory Panel (TAP) Materials Database,
updated November 5, 2000 <http://www. a m s . u s d a . g o v /
n o p / N a t i o n a l L i s t / TA P R e v i e w s / L e a t h e r M e a l . p d f >
(accessed 15 Feb 2003).

Roberts, Matt. T., and Don Etherington. 1982. A dictionary
of descriptive terminology. Washington D. C.: Library of
C o n g r e s s . < h t t p : / / p a l i m p s e s t . s t a n f o r d . e d u / d o n / d o n . h t m l>

102 The Book and Paper Group Annual 21 (2002)



(accessed 15 Feb 2003).
Thompson, R. S. 1997. When did chrome tanning start?

Leather Conservation News 13.1.

ANN LINDSEY
Assistant Conservator
Francis Bacon/Arensberg Collection
The Huntington Library
San Marino, California
alindsey@huntington.org

Lindsey  Conservation Experience in Working with Chrome Tanned Leather 103




