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No. | Treatment Agent Application
Al Glycerin / Water soaking: 30 % 5d; 60 % 7d; 80 % 10d; 100 % 10d
A2 PEG 400 / Water soaking: 30 % 5d; 60 % 7d; 80 % 10d; 100 % 10d
A3 PEG 200 / Water soaking: 30 % 5d; 60 % 7d; 80 % 10d; 100 % 10d
Ad D-mannit / Water soaking: 5 % 9d; 10 %:; 16 %
AS5-1 | Phenol / Water (1% step) soaking: 90 % 5d
A5-2 | Formaldehyde (2" step) gas over solution (30 %) 10d
A5-3 | Acetaldehyde (3" step) soaking: 10d
A6 Triethanolamine dripping
A7 Gloyxal / Water 40 % dripping
A8 hygroscopic Salt: LiCl / Water dripping: saturated solution
A9 PEG 200 / DAP 80:20 dripping
A10 [ PEG 400/ DAP 80:20 dripping
All | PEG 1500/ DAP / Water 66:17:17 dripping
Al12 | 1,3-Propylammonium-dichloride (PAD+HCI) dripping
Al3 | MEG (ethylen glycol) / Water soaking: 30 % 7d; 60 % 10d; 80 % d; 100 % d
Al4 | pre-PMMA / Acetone, 50:50 dripping
Al5 | n-Hexadecylammonium-chloride / soaking
Acetone+ Water (20:80)
Al6 | Colophonium / Acetone 1:2 dripping
Al7 | Tetramethylammonium-hydroxide / Water drippiné
Al18 | Tungoil (300 C)/ Ethylacetate soaking
A19 | Tungoil / Ethylacetate soaking
A20 | PEG 1500 + Glycerin 1:1 soaking
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No. Shrinkage Prevention | Brittleness | Long Time Effect | Overall Appraisal Note
Al ++ + +/- J—

A2 ++ - i e

A3 == +/= + ++

A4 - +/- - +/-

AS5-1 + +/- - -

AS5-2 - - = &

AS-3 - +/- - N

A6 - +/- - + yellow
A7 i + + &

A8 - +/- - -

A9 +/- + - +/- yellow
Al0 +/- + - - vellow
All = . - - yellow
Al2 - +/- - =3

Al3 + - = +/-

Al4 + - - =

AlS - - - -

Al6 - = -

Al7 - + = =

AlS - - = =

Al9 - - - =

Table 3: Evaluation result: Al =A3 > A2>A7 > Al3.

GEHBTIHAER, TASHE TR B AICHMEMEN A, A2(PEG400) ¥k, A3(PEG200)A ¥, ANZ_EE40%
KIBHOFE, R A Z-BHEERIPER. HhRiFah A1 fA3, HIK A2, A7. Al3,

Table 4: Consolidation agents.

No. | Consolidation Material Solvent | PH | No. Consolidation Material Solvent | PH
C1 | Polyurethandispersion Water 5-6 [C12 | Buthylmethacrylatdispersion Water | 6-7
(Kremer 7680) (Motema WPC)
C1b | Cl in Ethanol 1:2 Water/ |7-8 |C13 | Bologna-Cocktail Xylene /
Ethanol Acetone
C2 | Colophonium + Acetone 1:2 Acetone C14b | Beeswax C14 (fine) / Dispersion Water | 7-8
(Ultrasonic)
C3 | Lagquergum + Glycerine Water 5-6 | C15b | Urushiol C 15 tBuOH
C5 | Polymethylmetacrylatdispersion | Water 7-8 |C16 | C14b + C13b/ Beeswax Water | 7-8
1:2 (Primal AC 33) (Ultrasonic) + Polyurethane
(in Ethanol) 1:3
C5b | Primal AC 33 in Ethanol / Water/ | 7-8 | C17 | Acrylkleber (48 %) + Ethanol 1:9 | Ethanol
Dispersion Thanol (Kremer 360 HV)
C7 | Polyacrylatdispersion 1:2 Xylene C18 | Plexisol P 550 40 % (42 %) + White
(Motema Finish) White Spirit 1:2 Spirit
C7b | Molema Finish + tBuOH tBuOH C19 Paraloid B 72 9 % + MTMOS 7 % | tBuOH
in tBuOH
C8 | Wacker Steinfestiger OH Ethyl- C20 Shellac (in Borax-solution) Water
Acetate
C9 | BCP (Bologna-Cocktail) organic C21 Water-based Epoxy-Resin- Water
+ PEG 200 Dispersion (Sikafloor 2520)
C10 | Polyacrylate-microparticle- Water
dispersion (from Sichuan)
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No. Rolling | Cracks Adhesion Colour Gloss | Conclusion
| + + ++ + + very good
'Cl1b +/ - + +/ - + +/- | good

C2 + +/- =+ + - good

c3 - - - + + bad

Cs +/- = + b - bad

C5b +/ - - “+ + + /- |ordinary

G - + +/ - + +/- good
| C7b +/- + - + +/- |good

C8 +/ - - - +/ - - very bad
| C9 - + /- +/- e + good
[C10 + - +/- + - ordinary

Ci2 + - + + - ood

C13 +/- - - - + ordinary

Cl4b +/- - + + (some white)* + good

C15b H + -- . - very bad

C16 +/- - + *+ + bad

C17 - + - + - bad

C18 + + + + + very good

C19 +/- - + + +/- | good

C20 - - - +/- -- very bad

C21 - +/- +/ - slowly** + % bad
Table 5: Comparsion tests on the separate ground layer flakes.

* : The colour of the laquer flake was slightly white.
**: The epoxy-resin hardens very slowly.
H ERATLARH: SSKIRER AT Z C1>C18>CTb
Table 6: Conclusion of the experiments on damp Table 7: Conclusion of the experiments
terracotta pieces. on glass pieces.
C3>Cl=C5b=0C9=Cl13=Cl4b=C20

AL cl=C2=C5b=C12=C19

No. Colour Gloss No. Appearance

C1 L i C1 +

Clb +/- +/- Clb <

C2 - = Cc2 - (not dry)

C3 +=+ ++ C3 -

C5 +/- +/- C5 -

C5b + + C5b

C/7 +/- +/- C7 -

C7b - +/- C7b + / - (brittle)

C8 C8 -

C9 + + C9 +/ -

C10 - +/- C10 +

Ci12 +/- +/- C12 +

C13 + + C13 -

Cl14b + + Cl14b -

Cl15b - + C15b --

C16 i + C16 -

C17 +/ - C17 + /-

C18 - - C18 + /-

C19 - + C19 +

C20 + + C20 =

C21 - + Cc21 -+
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Fig. 1. This set of five photos shows the movement of the lacquer layer during the drying process. This lacquer layer (has peeled off from the terra
cotta) was taken from a box (100 % RH) to an open room (60 % RH). It happened in four minutes. (Photos: Cristina Thieme)

1: The phase of the beginning: 100 % RH: 2: The phase after 1 minute, under 60 % RH; 3: After 2 minutes; 4: The phase after four minutes; 5: After
five minutes

1. X4 S g 1 R AR AR R BB 2 A A R P R A B E . BOREE R (AP LIS MAHIGHEEE 100 %4715

HhEGE, B3] 60 %(RHAENIREEP, RIVESER 4280, (B HH)

1) {2 100%(RH)F PR 2) 8 60 %(RH) b, —48EHARE: 3) Maea: 4) WarEHE: 5) a8 RIRE.
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Zhou Tie

New Developments in the Conservation of the Polychromy of the

Terracotta Army

This paper (see colour plates II, 11I) is on the progress of re-
search on the conservation of the polychromy of the terracotta
warriors which was carried out by the Museum of the Terracot-
ta Warriors, and the Bayerisches Landesamt fiir Denkmalpflege.
A large amount of work has been done on this project:

(1) The structure of the paint layer was investigated.

(2) The components of pigments were analysed. Chinese lac-
quer was considered the main component of the ground lay-
er.

(3) The key reasons for the polychrome damage were discov-
ered: the adhesion of the pigment particles to one another is
very weak; especially the ground layer is very sensitive to
the loss of water. It shrinks extensively when drying, causing
a detachment of the ground layer from the terracotta base
and a rising of the pigments.

(4) Several physical drying-methods were tested, but were
proved not fit for conservation.

(5) Various methods of consolidation were tested, but not found
appropriate.

Based on previous research, the key to the conservation of the

paint layers is to steady the ground lacquer layer. The conserva-

tion methods for the polychromy of the terracotta must include

30

two aspects: the paint layers should not shrink and must be con-

solidated.

Applying a monomer to penetrate into the ground layer, so
that a polymerised reaction can take place, the consolidation be-
tween the lacquer layer and the terracotta base ensues.

The following two experiments were carried out from 1996-

1998.

(1) 21 consolidation agents and 19 agents preventing shrinkage
were tested and evaluated. Polyurethane dispersion (PU) and
PEG 200 (anti-shrink) were considered as better conserva-
tion shrinkage prevention agents. Some original fragments
with polychrome layers were treated stepwise with PEG 200
and PU dispersion after application of the last treatment step
(100 % PEG 200). The fragments could be exposed to the
environment for two years and the stability of the preserved
polychrome layers did not change.

(2) 20 monomers were tested. By means of these experiments,
suitable monomers were determined. Various polymerising
methods were tested (such as starter UV, etc.) The EB poly-
merisation method was finally selected, the fragment was
treated with the monomer PLEX 6803-20 (water-soluble
acrylic ester) and EB polymerised. It showed perfect results.



