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LINING

Lining (or backing) the adhering of an overall secondary
structural support to the primary support of an original
work of art or artifact.

29.1 PURPOSE

29.2

29.1.1 To consolidate a damaged paper support (e.g.
artifact with multiple or severe tears.)

29.1.2 To strengthen a paper object which is in such a
deteriorated or embrittled condition, it would sustain
further damage without an additional support.

29.1.3 To effect certain esthetic considerations such
as flattening or removing of creases.

29.1.4 To place a barrier between the art object and
an auxiliary support (e.g. retaining an acidic historic
support with an alkaline interlining; or to facilitate
future removal or to prevent texture imprinting on the
primary support).

29.1.5 To provide for temporary support during overall
conservation treatment.

29.1.6 To provide a structural support after removing
a poor quality mount (e.g. acidic mounts, historic
mounts, strainers).

29.1.7 To stabilize dimensional and planar movement of
the support or media (e.g. cupping oil paint on a paper
support).

29.1.8 To provide an alkaline reserve behind an object
that can not be made alkaline itself.

29.1.9 To facilitate the handling, exhibition and

storage of works on paper (e.g. strip lining or false
margin technique used at the British Museum).

FACTORS TO CONSIDER

29.2.1 Necessity of the procedure

A. Structural need for the physical stability of
the artifact (e.g. object that is damaged,
deteriorated, creased, torn, excessively cockled).

B. The appropriateness of the lining based on
historic and artistic integrity of the artifact.
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The lining should not lessen the esthetic
importance of the object.

C. Alternatives to lining should be considered

1. Provide special housing (such as permanent
framing to reduce handling).

2. Provide local treatment or repair.

3. Limit handling and access due to
fragility.

29.2.2 The lining materials and the adhesive should be
reversible, when possible.

A. Consideration must be given for the method of
reversibility and the effect of the necessary
solvents or mechanical action to remove the lining
(e.g: a dry lining on water sensitive media may
successfully be applied but needs too much water
to be removed; solvents needed for removal of aged
non-agueous adhesives may react with the media;
friable objects may be successfully lined face-up,
but not able to be turned face-down for future
removal).

B. Some synthetic non-aqueous adhesives are not
reversible. Long range reversible studies have not
been done on many synthetic adhesives.

C. Lining materials, especially fabrics, may
leave a texture which is not reversible. Some
fabrics, such as silk, do not have good aging
properties especially in an alkaline environment.

29.2.3 Esthetic changes to art object that may result
from lining.

A. Changes to the media:

1. Bleeding or penetration of the media to
the verso of the sheet due to solubility in
adhesive solvent or water.

2. Changes in the opacity and refractive
indices of media (e.g.. compacting friable
media or regeneration of binder or saturation
by dilute paste).

3. Cracking or flaking of media due to
expansion/contraction of wet support, or
pressure during drying.
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B. Changes to the paper support:

1. Changes in the opacity and refractive
index of paper (e.g. darkening or greying of
paper).

2. Flattening of non-planar areas (e.g. plate
marks, embossed marks, impressions from
relief and Intaglio processes).

3. Changes to the paper surface, weight, or
texture.

4. Planar distortions or curl.

5. Staining of the paper from introduction of
‘water to unwashed object (or limited wash).

6. Movement of sizing or dye within paper.

29.2.4 The lining should not obscure notations,
documentation or other data on the verso of the
art object (See 29.4.7). A compromise is
sometimes necessary in order to save the object
physically. As transparent a lining tissue as
is appropriate to the object should be
selected. Some obscured notations etc. may be
read after lining using an infra-red viewer.
Full photo documentation of any data verso
should be made before lining.

29.2.5 The lining material and adhesive should be
compatible with the object.

A. Expansion and contraction ratios of the object
and the lining should be matched to accomplish
the specific lining intention and to prevent
distortion. When two different papers are lined
together with an aqueous adhesive (or subjected to
the affects of heat in thermoplastic linings)
distortions can result. This is generally due to
unequal expansion when wet and thus unequal
contraction during drying. The composite of the
lining, adhesive, and object will generally curl
towards the side which expanded and contracted
most. This curling can be minimized or eliminated
by matching the expansion and contraction
characteristics of the lining paper to the object
to be lined, and by controlling the degree of
wetting of the lining and object. A good
indication of match between the paper object and
lining paper would be to take measurements from
both papers at three locations along the two
directions (with grain, and cross grain) when dry,
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fully wet, and dry again. Some general and
arbitrary observations of expansion and
contraction behavior seen in some types of paper,
but not necessarily true consistently, are:

1. Contemporary machine-made papers can have
strong expansion and contraction across the
paper grain.

2. Degraded papers, can show less dramatic
expansions and contractions.

3. Waterleaf paper can show greater expansion
but not as much contraction.

4. Fiber type and length influence expansion
and contraction. Linen papers show different
expansion/contraction than ground wood pulp
papers.

5. Japanese papers have a wide variety of
characteristics that influence expansion and
contraction such as: type of fiber, type of
cooking, beating, drying. (See 29.3.1)

6. Cotton and linen fabrics shrink when
wetted and expand on drying. Paper has the
opposite response, so that fabric lined paper
is at war with its lining.

B. Paper Grain: the orientation of the paper
fibers in most cases are made to be parallel on
both the lining and the object when they are
joined. Cross grain orientation can result in
severe distortions. However, cross grain linings
have been used effectively as primary and
secondary linings to counteract severe curl in an
object.

C. Strength, weight, and flexibility of the lining
paper should compliment the object and not
dominate (e.g. a lightweight object generally
should have a lightweight lining paper).

D. Opacity and color of the lining paper should be
matched, (e.g. a transparent object should not be

lined with an opague paper; a white object should

not be lined with a darker paper that darkens the

look of the object).

E. Chemical characteristics such as sizing, dyes,
overall pH, or any additives need to be considered
(e.g. with a low pH object perhaps the lining
paper should be buffered; some sizings or
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additives in modern papers prevent good adhesion
with agueous solvents; dyes may bleed with water
or change color with solvents).

F. Choice of adhesive (aqueous or non-aqueous) and
viscosity should be compatible with the object.

1. Agqueous or organic solvents used as diluents
of the adhesive should be compatible with the
media.

2. Viscosity of the paste (bibliography no. 9,
10). Wheat starch paste as prepared by Japanese
scroll mounters 1s diluted to a wide range of
viscosities, each appropriate for certain types
of papers and lining procedures. The adhesive
properties of the paste are still effective,

at very dilute mixtures on appropriate papers.
Some general and rather arbitrary observations
on different viscosities may be made, but need
to be evaluated in conjunction with the
application technique:

1. thin paste (skim milk) is better for
delicate papers. It also dries faster,
(when brushed out over a blotter) which
may be appropriate for water sensitive

media.

2. medium paste (heavy cream) provides
better adhesion to porous, textured or
coated papers.

3. thick paste (sour cream) is necessary
for adhering heavy boards or paper
materials. The physical bulk of thick
paste restrains the contraction of the
paper and may cause bulges around areas
of different paper thicknesses.

G. The drying method should be compatible with the
object and the intentions of the lining procedure.
(See 28. Drying).

1. Friable media may require drying without
pressure on the surface.

2. Objects with distortions may need
differential drying to help offset the curl.

a. The side facing out on a drying board
(unless humidity is high) will dry faster
that the side facing into the screen.
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b. A suction table or hair dryer can be
applied to specific areas on an object which
are drying at a slower rate that the rest of
the sheet and so are out of plane. These
areas may be contracted by faster drying
(local use of hairdryer, etc.) to equal the
rest of the object.

3. Hysterisis phenomenon: during the first
complete wetting the paper will undergo the
most movement and subsequent expansion and
contraction will be less dramatic. Lined
objects that have undergone considerable
expansion in the lining process may eventually
flatten better and more safely if first air
dried-on a felt or blanket before drying under
restraint or pressure.

29.3 MATERIALS AND EQUIPMENT

29.3.1 Japanese Paper. The nomenclature of Japanese
papers is very general and arbitrary. There are
often different grades of the same type of paper
by the same maker, varying widely in quality.
Middlemen may invent names for papers and large
distributors may substitute inferior papers
without notice. If given specific directions
reputable suppliers of scroll mounters' papers are
usually reliable. Good guality handmade papers by
well known papermakers are more expensive due to
the time and care given to every aspect of their
making. Generic '"Japanese'" papers may be machine
made and are often made with a mixture of wood
pulp, are chemically processed and bleached, and
may have additives such as fillers and resins. It
is therefore difficult to be specific about types
and characteristics of the various papers, and
conservators must make their own careful
observations aided by an understanding of the
ramifications of various factors in manufacturing.

A. There are three main Japanese fiber types
from which papers are made.

1. Kozo papers have qualities often appropriate
for a lining paper. They have the longest
fibers and depending on the numerous ways of
processing, can be very versatile. Compared to
mitsumata and gampi, they are porous,
absorbent, and have an uneven surface.

2. Mitsumata papers have shorter, weaker
fibers than kozo papers; these fibers produce
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denser papers which are less absorbent

and expand and contract more. They are not
often used for lining. However, some mixtures
with Kozo can be useful.

3. Gampi papers are the shortest fibered and
are very responsive to moisture, and expand and
contract so strongly that they are rarely used
for linings. However, their transparency,
smoothness, and strength may make them an
appropriate choice in some cases [e.g. tracing
papers. They have also been used effectively
for secondary linings to reduce curl (L.K.)].

B. The type of processing has a major effect
on the quality of paper both in terms of
behavior and longevity. Reputable suppliers
will make this information available on
ordering. Variations that produce weaker or
stronger papers can be used to advantage,
depending on lining requirements:

1. Cooking in alkali solutions:

a. Traditional wood ash (KOH) or (KZCO3) is
the gentlest and does the least damage™to
fibers, making papers 'stronger' or more
responsive.

b. Lime (CaOH,) and Soda Ash Na CO are
intermediate In strength of cook ana
breakdown and lightening of fibers.

c. Caustic Soda (NaCH) is the harshest cook
and is used to prepare fiber for bleached
papers. It degrades the fibers, which makes a
softer, more pliable paper.

2. Bleaching is traditionally done in the pulp
preparation stage while water washing in the
sun, but some pulps are also bleached with
harsh chemical bleaches that leave chlorine
residues, and degrade the fiber.

3. Beating method and degree affect the
relative fiber strength and degree of bonding.
Compared to Western fiber preparation, the
minimal beating of Japanese fibers, along with
gentle cooking, accounts for much of its
superior aging characteristics.

4. Drying can be done on a traditional wooden
board that produces a very different paper than
one that is dried on heated metal dryers.
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a. Board-dried papers generally have a
natural tone, rougher surface, but less
internal stress, (e.g. there is less
expansion with rewetting).

b. Papers dried on heated metal have a
smooth, firm, uniform, surface. Quick, forced
drying tends to dehydrate and create internal
stresses 1in the sheet so that it will later
expand and contract more dramatically. Papers
may contain metal (iron) impurities due to
the heating surface. These papers should be
pre-washed and air-dried to relax the
built-in drying stresses.

5. Fillers in Japanese papers can be calcium
carbonate, clays, or talc. Fillers can impart
the following characteristics:

a. Limits the expansion/contraction. Fillers
are believed to interfere with fiber bonding
and yield a 'weaker' sheet.

b. They act as a 'cushion' due to the bulk.

c. They can act as an alkaline or inert
buffer.

C. Evaluation of Japanese Papers. Since precise
and reliable specifications about available
Japanese lining papers are difficult to obtain, a
general idea of an unknown paper's characteristics
may be gained by the following subjective tests:

1. Pre-wash and air-dry the papers to remove
discoloration products, built-in stresses from
drying, and to gain a better idea of the
overall responsiveness of the paper. [A.D.]

2. Curl or spring: feel the spring of a sheet
curled over on itself in both directions. A
stiffer curl in one direction will reveal grain
(usually parallel to the chain lines). A strong
spring indicates less processed, denser fibers
and possibly higher hemi-cellulose content
(i.e. a stronger paper and possibly one that
tends to expand and contract).

3. Snap or rattle: this may indicate the type
of fiber (mitsumata or gampi) and
hemi-cellulose content or green bark content,
thus more expansion/contraction.

4. Tear. Ease of tear indicates relative fiber
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