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Principles and Procedure of conservation intervention for painted objects

Observation
Assessment of status of conservation
Diagnosis of deterioration and original materials/techniques

Documentation

Testing

Design for intervention

Pre-consolidation(facing, backing)..for handling
Cleaning
Consolidation

Adhesion

Intervention

Grouting/edging/filling for lacunae

Presentation (Reintegration, mount making...)

* Pre-consolidation(facing, backing) Necessary? or Not Necessary?
¢ Cleaning Necessary? or Not Necessary?
* Consolidation Necessary? or Not Necessary?
* Adhesion Necessary? or Not Necessary?

* Grouting/edging/filling for lacunae Necessary? or Not Necessary?

If it is not necessary, do not insist to execute any step of intervention
Do not insist on initiating any unnecessary steps of intervention

Principles:
Minimum intervention

As little as possible to mitigate later contamination (conservation materials,
modern materials)




Before starting any intervention...

For what reason do you wish to undertake interventions?

- To make it look better?

- To prove to yourself or the museum, “I made it!”

- To maintain the shape?

- For display purposes? (why is it not good to exhibit as it is??)
- To slow down the on-going deterioration?

Can’t you find any alternative solution?
Any preventive measures?
Any copies for display?

Keep in mind...
You are dealing with ancient original objects. Irreversible action!!

Intervention is the most visible action
... therefore dangerous

Routine work is also dangerous
Each case should be carefully examined

Where to stop?

Cleaning: Keep your cotton swabs and
- Original surface check with your colleagues
- Patina

- Later treatment

Consolidation:
- Which degree?

Reintegration/retouching?
- Toning? Often conservators tend to do
- Image reintegration? more than necessary



Preconsolidation

Preconsolidation:

(1) “Temporary consolidation measurement” before handling, cleaning, further
conservationaction.

Often it is removed afterwards

Rayonsheet

Polyester sheet

Thin Japanese paper (kozo)
Non-woven fabric

Linen (for backing)

Facing
Backing

Methyl cellulose solution (water soluble)
Gelatin (water soluble)

Funori (water soluble)

Paraloid B72 (solvent soluble)

(2) It provides good surface preparation for further stages.

(3) It works as a temporary water impermeable layer/area, and protection.

ie.
Cyclododecan (C,,H,,) with hexane + IR heat
(sublimation)



Application methods

* Spraying: Kuramata spray, ultrasonic humidifier (extra small water particles)

* Injecting: capillary effect
consolidants + i.e. ethanol (to reduce surface tension)

* Brushing: with/without heating

*  With a sheet: with/without heating
i.e. silicon sheet

Example: Earthen wall painting (outdoor)

- Tocreate an impermeable layer
- To stop powdering of the rock surface

Preconsolidation ofthe cracks and
edges using Primal E330S in
ethanol before edging/grouting.



(3) Deposits to be cleaned

A

- Flatten curled surface
- Soften the deposits

' - Permeable consolidant?
- Diluted? Thick solution?

Fragile painting structure

Thin solution (diluted)... deep penetration, weak adhesion
Thick solution... retaining of the surface material, rather strong adhesion



Cleaning

What should be removed from the painted surface?

Each case requires different methods and materials

Accumulation

* Dust

* Soot

* Biologicaldeposits
* Organicproducts (i.e. fatty acids, proteinous materials)

Crystalised on the surface
» Salts (soluble salts/insoluble salts)
* Whitening of varnish

Later intentional addition (past intervention)
= Varnish

* Inpainting

= Filling

Others
* Alteration/darkening of pigments .... (not easy)

* Mechanical

Concerns
* Chemical Brushes Damage
Erasers Speed
* Biological Scalpels Cost
Ultrasonic scalpels Controllability

Laser

Basically dry methods
(sometimes soften/moisten
with minimum amount of
water vapor)




Cleaningtest prior to actual cleaning intervention

* Scientific observation (thickness, surface condition, chemical components...)
* Solubilitytest (i.e. TEA's triangle)

Case study: Bamiyan Cave F - wall painting (dark deposits on water soluble painting)

Cleaningtest for materials and application methods

No. [ Cleaning agent | Application method Contact
time

@ | DI water Cotton swab 5 mins
@ | Emulsion Cotton swab, white spirit (rinse) 5mins
@ | Dl water Cotton swab 12mins
@ | Emulsion Cotton swab, white spirit (rinse) 12mins
@ | Dl water a) intervention layer (Japanese 5mins

paper #500) +carbogel, (a)

b) Cotton swab

+ DI water
® | Emulsion a) Intervention layer (Japanese 5mins

paper #500) + carbogel (a)

b) Cotton swab

+Emulsion

) white spirit (rinse)
@ | Emulsion a) Intervention layer (Japanese 5mins

paper #500) +carbogel (a)

b) Cotton swab

+ Emulsion

) white spirit (rinse)




Sol-gel: gelling agent + solvent

i.e. Carbopol

Controlling contact/evaporation speed
* plastic covering to slower evaporation
* RH control of the working space
+ using absorbents (i.e. Arbocel)

Intervention layer (rayon, Japanese paper, etc.)

* Mechanical

* Chemical Solvent based Concerns

* Volatilesolvents Stains
* Polarity Redeposition
Whitening, blanching

* Biological

Aqueous based

* Non-volatilesolvents

* Acids/Bases Stains

+ Surfactants Redeposition
+ Detergents Buffers

* Emulsions

* Chelates Residues

Clearance issues

TEA emulsion




* Mechanical

* Chemical

* Biological

Protein produced in living cells, capable of catalytic activity

Enzymes
Y! (Metzler 1977)

Examples

* Oxido-reductases: glucose oxide + oxygen

* Transferases: transaminase + vitamin B6

* Hydrolases: papain + cysteine

* Lyases: pyruvic decarboxylase + thiamine pyrophosphate and Mg+
* |somerases: glyceraldehyde isomerase

* Ligases: glutamine synthetase + Mg*?

temperature, pH effect

Lipase: catalytic effect to fatty acid and glycerol compounds: hydrolysis

Volatile solvents

Polarity
Evaporation speed
Toxicity

Non-volatile solvents

Water (de-mineralised water: DI)

Hydrogenperoxide (H,0,) | Toxic <<< Less toxic material '
Acids iNeutralisation:precipitation,salts

Bases —

Toxicity

i.e. Buthylamine, Triton X100 ...

- Environmental/health issues

—> How to deal with wastes

—> Conservator’s work environment



Surfactants R N i

Lower surface tension hydrophobic group hydrophillic group
a soap

Non-ionic detergents
* Triton X100

+ Aerosol OT

¢ NonaidetP40 ~

* Tween 80 1

Agqueous solution
é

4

+ dionised water, gelling agents
(CMC, HPC, MC, carbopol [polyacrylic
acid] micell

categories In water (hydrophilic head) *
Anionic (-) Anion: negative charge W
Nonionic Possible to balance between

hydrophilic/hydrophobic properties of surfactants

Cationic (+) Cation: positive charge
Amphoteric (+/-) both: mixed with other surfactants
Emulsions

* Adispersion of two mutually immiscible or insoluble liquids (i.e. oil and water)
+ Usually it contains a surfactant (emulsifying agent)

w/o type (water-in-oil) o/w type (oil-in-water)

\}.Q/\ A2
A2 s s

’, US U

i.e. butter/margarine i.e. mayonnaise
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Chelates

Form complexes with metal ions in both aqueous and non-aqueous environments

-> Catch certain metallicions
(i.e. Al, Ba, Ca, Cd, Co (1), Cr (1), Cu (1), Fe (1), Hg (I1), Mg, Ni, Pb, Zn)

Effective in removing certain salt crystals, inorganic deposits, stains, etc.
However, use risks losing original metallic pigments

H H
Ca++

H—C-COO H+ +H'OOC7;fH 0. OH
|

| Ca++ 0 o
OH-C-COO H+ *H'00C-C —~ OH
HO' OH

|

‘ - | Catt |- ‘ OH
H—C-COO H4+— " H OOC-C—H

‘ ‘ Citric acid

H H

o}
HO. o}
\i OH
N
N/\/
HO\H) Chelate agents + gelling agent/poultice

O OH
o (CMC, MC, microcellulose pulp)
Ethylenediaminetetraaceticacid
(EDTA)
HOOC-CH CH=COOH

N—CH_;~CH;~N:
HOOC-CH; CH;-COOH

structure of EDTA
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Clearance issues

Residues

Risks:
* Re-distribution of dirty deposits to wider/deeper areas
* Blanching problem = fast evaporation rate of organic solvents

Evaluation of surfaces before/after cleaning

* Residue materials

* Surface condition (roughness, etc.)
* Colourchanges

* Property changes

UNCLEANED AREA

BLAGK DEPOSIT

Important:

Scientific observationand monitoring

(i.e. FTIR, SEM, microscopes...) possible changes in
molecular levels

On-going oxidisation process (i.e. oil paintings):

- Even old works of art are not completely “dried” yet

- Aggressive cleaning materials may influence the
original materials

12



Desalination (soluble salts, insoluble salts: crusts)

* Dry mechanical method

* Chemical method
* Aqueous
* lon-exchange resins (anion/cation)
« Transformingto surface consolidant
+ CaSO, + Ba(OH), -—> BaSO, + Ca(OH),
+ CaS0, + (NH,),CO; —> (NH,),50, + CaCO,

poultice

Substrate + salts

Need careful examination... agueous treatment is always intrusive

Poultices: clays (sepurite, etc), cellulose powder (different fibre lengths)
+ ion exchange resins
+ methylcellulose (binder)
+DI

Longer contact time: better penetrationand absorption

13



Further reading on cleaningissues:

Richard Wolbers (2000) Cleaning Painting Surfaces: aqueous methods, Archetype Publications,
London

Dusan Stulik, David Miller, Herant Khanjian, Narayan Khandekar, Richard Wolbers, Janice Carlson,
and W. Christian Petersen (2004) Solvent Gels for the Cleaning of Works of Art: The Residue
Question (Research in Conservation), Valerie Dorge (ed.) Getty Conservation Institute, Los Angeles

Talarico, Fabio; Caldi, Cristina; Valenzuela, Marisol; Zaccheo, Carla; Zampa, Alessandra; and Nugari,

M.P.,, Applicazioni dei gel come supportanti nel restauro. (Some application of gels in conservation.),
Bollettino ICR no. 3 (2001), pp.101-118
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Adhesion and Consolidation

Original material > adhesives

_ e

Materials for adhering paintlayer(s)

Water soluble: funori, gelatin, hide glue, starch glue (wheat flour)...
methyl cellulose (MC), hydroxyl-propyl cellulose (HPC), Krucel G

Solvent soluble: Paraloid B72, Plexsol...

Application
With syringe, brush, spatula (heated spatula)

Consolidation 2 Surface Consolidation

Materials for consolidating paint layer(s)

Water soluble: funori, gelatin, hide glue
methyl cellulose (MC), hydroxyl-propyl cellulose (HPC), Krucel G

Solvent soluble: Primal E330 dispersion (in ethanol)

Application
With syringe, brush, spatula (heated spatula) over silicon sheet

15



Often excess/unnecessary surface consolidation isfavoured

To prevent/protectfrom ???

* Surface powdering?
+ Wind?

* Human contact?

* Vibration?

* Ultraviolet?

+ Biologicaldamage?

Most surface consolidants cannot be chemically/mechanically removed

Negative impacts

* Interfere with future organic analysis on the original material
+ Alter to darker/yellower colour tone
* Saturatecolour

Consolidation for friable/crumbling/powdering
lime-based plaster or ground

Consider possible inorganic/mineral options
instead of synthetic organic binders

IBZ-Salzchemie

-
Example of lime-based consolidant -|,
oI}~ GmbH & cCoKG

Technical Leaflet

CaloSil®

Colloidal nano-particles
of lime for stone and plaster
consolidation

Colosil® in different concentrations

Properties

CaloSil® contains nano-particles of lime hydrate [Ca(OH):] suspended in different
alcohols. Typical concentrations are between 5 and 50 g/L. The average particle size
is 150 nm. The extremely fine size of the synthetic nanoc-lime results from its prepara-
tion, which is based on chemical synthesis. Ethanol, iso-propanol or n-propancl serves
as solvents. Due to the low parlicle size stable sols are formed that means the solids
do not sediment for a long time.

16



Adhesion and Evaluation

Adhesion

* Mechanical bonding
¢ Chemical bonding
« Dispersion bonding

gas——=

P
Spread and harden up
- Mechanisms of hardening
*Polymerisation
*Chemical reaction (hardener)
Evaporation of solvent (water, organic solvents)

Some kinds of glue melt base materials with organic solvent to be glue. In this
case, the amount of glue in between base materials should be be minimised.
- Styrene glue

P E——

Interface

17



Classification of Glues

Solid

Emersion

Solvent

Non-solvent

Classification of Glues

Hot-melt type

Dry type

Heat the solid glue when usingit. Hot-melt type.

Water based glue with colloidal resin particles . Volume will
shrink upon the evaporation of water.

Solvent based glue such as acetone, toluene, etc. Volume will
shrink upon the evaporation of organic solvent. Cellulose
based resin, synthetic rubber resin, etc.

Non-solvent glue. It hardens with chemical reaction. No major
shrinkage. Epoxy resin.

Melting with heat and returning to a solid at room temperature. Wax and
animal glue.

Harden upon evaporation of water or organic solvent. Acrylic emersion,
syntheticrubber glue, etc.

Moisture curing type Harden with water vapor in air. Super glue, cyanoacrylate adhesive.

2-liquid reaction
curing type

Resin and hardener react chemically and harden. Epoxy resin.

UV curingtype UV curable resin

Anaerobictype Resin hardens when oxygen is cut from atmosphere

18



*Starch glue

*Methyl cellulose, carboxyl methyl cellulose
*PVA

*Vinyl acetate emulsion

*Silicone bond

*Animal glue

*Casein glue (lime + protein)
*Cellulose-based adhesive

*Epoxyresin

*Super glue, cyanoacrylate adhesive

Monomer -> Polymer

Solvent type resin (water, organic solvent)

Evaluation of bonding strength -> mechanical testing

Tensile strength l
Shear strength
Peel strength Tensile shear strength

Tensile strength

%

Compression Shear

Peel strength



Grouting, Edging and Filling

Grouting spaces due to
delamination, detachment, etc.

* Material compatibility with original materials

«  Fluidity

* No shrinkage (reduction of volume)

+ No stainingto original area

¢ Enough adhesion power to hold substrate and plaster layer

* Colour compatibility with original

*  Weight (light weight)

« Possibility of removalin the future (mechanically or chemically)

Materials:

Binding materials + inert fillers

Binding material

Inert material: does not change
volume and will not chemically
react with bonding materials

(i.e. microbaloon, crushed pottery Better to use varioussizes and

sherds, brick powder, tuff powder, shapes of fillers
volcanic ash, sand...)

20



Water (aqueous binding material)

[—
l’ e RERRBRRRE
————— 1
t 1 R R
Unexpanded Clay
Expanded CI
©m i Giny

Usually clay minerals and soils (containingclay) are not suitable as grouting material

ww du/~sanelson/images/clays.gif

Applications:

* Injection (specifically designed high-pressure syringe for mortar grouting, syringe)
* Narrow tubes (flexible)
* Spatula

21



A soft grouting mortar was injected
between the rock support and the
earthen rendering.

Detached area (5-7cm) of the top of
niche, Cave |. Before intervention.

22



ed by looters: Cave C (a) front room

¥
|

hment from the rock fab

YS'}
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e ;
Completion of grouting and edging

Often ugly edging/filling mortars are
Edging (for exposed edges) re-treated within some decades
Filling (to voids/lacunae)

I A Ml

+  Material compatibility with original materials

* No shrinkage (reduction of volume)

+ No stainingto original area

* Physically/chemically weaker/softer bonding material than original
* Colour compatibility with original (recognisable as a later addition)
*  Weight (light weight)

* Possibility to remove in the future (mechanically or chemically)

* Horizontal level (slightly lower than original surface)

24



Applications:

* Injection (for micro-voids, micro-lacunae)
* Spatula

* Pre-treatment for exposed edges (chemical coverage/protection)

+ Dry-method + capillarity (for micro-cracks)

Before grouting/edging

After grouting/edging

25



7 types of mortars for
grouting/edgingwere prepared.

26



Cave D

Front Room : Ceiling

Before Conservation

LEGEND
B Mural Painting
NN Loss

Detachments
v Exposed edge
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Cave D LEGEND

_ X Mural Painting Consolidation
- After Conservation
Front Room : Ceiling ~v Edging Mortar2 Grouting Mortar5

Gypsum

Hemihydrate gypsum reacts with water, and becomes gypsum (gypsum dehydrate) and solidifies.
CaSO4. 1/2H20+3/2H20—> CaSO4.2H20

Less water shortens the working time (mixing time).

Less water facilitates greater expansion and strength.

Lower water temperature causes longer working time (mixing time), and greater expansion and
strength.

Longer mixing time causes less working time, and greater expansion and strength.

The filler will change the properties of gypsum (expansion, strength, working time).

Retarder of gypsum

In order to modify the working time, gluconate, citric acid, tartaric acid, malic acid can be utilised.

28



These organic acids contain a hydroxyl group (-OH) and carboxyl group (-COOH) which combines with
gypsum to retard the hydration.

Gluconate > citric acid 2 tartaric acid > malic acid

The mechanism for retarding the hydration of gypsum by oxy-carboxylic acid is related to the stability

of the calcium complex.

[Experiment]

How does the working time change through the use of a retarder (sodium citrate)? Measure the

working time with different concentrations of retarder.

Comparison of glues

Fish glue (sturgeon glue)
Cow skin glue
Cow bone glue

Rabbit skin glue

vk N e

Funori
. Colour

A
B. Bond strength, properties
C. Materials to be glued

D. Concentrations

E. Historical/regional differences

Preparation
Soak it in water (ion exchange water) for 2-3 hours ~24 hours. 100 g of water and 10-20g of glue.

Warm it at low temperature (lower than 60°C to avoid denaturing the protein). Filter the solution.

How to use
Warm the gluing area with a dryer in advance. Use a soft brush to spread the glue on the surface to
be glued.

The solution should be kept in a refrigerator.

29
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Properties
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