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Fig.1 Scheme of compression test
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Fig.2 Temperature change profiles of gypsum hardening
process with different thickness at the ambient

temperature of 15 C
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Fig.3 Discoloration of the silica gel layer

(to determine water existence )
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Fig.4 Temperature profiles of gypsum hardening process
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cast gypsum at the ambient temperature of 25 C

2.2 MREENABENEIERRENSE

IR GETE AT A 20 WA B TR I A A A T
il o Y A T ] TR P )RR o (B T 2 e s
PSR SHE , ZRBER T 2R B2 AT
SEE N R, SEBTRNE . Sy 1 IS AR, P T
ARG T LT A B PTRRE

G 6 i 7s, S em 1 oy = UCHE TE AU B9 A1
B TR BT De v AT He 4 A 41 A PSR
JE 13. 84 MPa, i F— U GETE R A0 7 A BT IR 98
JE(12.15 MPa) o JXJ2 R A0 8 i ol SRR EL AL i



128 SR S5 AR

33 %

I A ) e N S T REAT ML, DT ™ AR R
AVERBBOR, BRFE 2 T2 Uk e T AT Lsi A<
YL A S, ROVl R 1477 2, DT i 17 A 95
JE o A0 B RO B R U T SR ) B R T, R
T AT B AR G R R EE M . R Ged
W, B2 R RS R Z AR B T8
WEAESAT FHEE I i 7 [ AT 1 4 25, S

16

14 |
12 | /
g 10 |
= 8
J
Q
6 |
41
2L
0 %
TR 3B
B 6 ZREEEAE SRR

(IRGRT7 1] 45 e Thi i 1)

Fig.6 Compressive strength after hardening of the cast gypsum

(the compression direction is perpendicular to the pouring surface )

3 WA S AR 2 A R E SR U P Y
SEBRRH]

S R R A R R A A 5, e A4
PIZERIRLAS B RPE AL, R AN R, UG T B RCR o
TE S P i B2 R 15 RO AR L A9 45 2R, LRI 95 s 2
FIAA B TIRUE . B G W 3 e s LA3E
Jeetn g 3, AR R R e AR G 2 3 e B 5 3D
BRI 0w TR EREER T X
— BRI B e o R g U s
Bt DX, A RT3 K 52 9 I 2 bRt XA 1

Y (1 : 2
(a) WEFREERHE 4R E A

(b)) AEMEME

GERILIE 7 S5 RTE AT T 080 M AT e 4 i
S AR A PTR IR AL 14,75 MPa, [A]RE & T — K
GO AT AU SR . R W T A RIS
&I, AR NG R TSR TR . B
AR IR GETEAE AN R MR A1 5tk BE AR B0 T W] AT 35
AR A KA PR [ IR AL TRLE 38 e m] 30 25 B
J2 I [ R R BrOR

16 ~|‘
14
12
C-SE 10
g
Q
6 -
4
2 L
0
kg 3Rk VEHH
BT SRS AR RIS (0T R

(FR4RT7 1045 GEE A7)

Fig.7 Compressive strength after hardening of the cast gypsum

(the compression direction is parallel to the casting surface)
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Fig.8 In situ extraction of Hami pterosaur fossils by menthol/gypsum technology
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Abstract; The extraction and transport of complex and fragile cultural relics or fossils is the most encountered
technical problem in archaeological and paleontological excavation sites. Gypsum is one of the mostly commonly
used consolidation materials on - site and plays an important role in the extraction and transportation of complex and
fragile cultural heritage objects or fossils. However, gypsum contains a certain amount of soluble salts, and a large
amount of water is always required during its heavily exothermic application process. All these are potentially
harmful to cultural relics or fossils. Furthermore, gypsum is also very difficult to remove completely. In recent
years, volatile temporary consolidation materials such as menthol and cyclododecane have attracted great attention
and are more and more widely used in excavation sites. Their biggest advantage is that the material can be easily
removed by sublimation without leaving a residue, and thus will not affect the subsequent archaeological research
and protection work. However, the mechanical strength of organic compounds is normally weak, so that they are
not suitable for extraction of large and heavy cultural relics or fossils.

In view of the demand for the extraction and transport of complex, fragile, large, and heavy cultural relics or
fossils at excavation sites, we propose a novel technical approach of composite application of menthol and gypsum.
In this paper, the compatibility of gypsum and the organic small molecule, menthol, is examined. The laboratory
results show that menthol can not only realize effective consolidation, but also can quickly form a dense hydrophobic
isolation layer on the sample surface, which can effectively prevent the entry of water and soluble salts during the
gypsum applying process. The heat generated by gypsum conversion will not affect the hydrophobic function of the
menthol layer. The experimental results show that menthol and gypsum complement one another, and are expected
to meet the extraction and transport needs of large and heavy cultural relics or fossils at excavation sites.

Taking the consolidation and extraction of pterosaur fossils in Hami, Xinjiang as an example, a 20 kg fossil
sample was consolidated and extracted on site. The results confirm that the gypsum and menthol composite
technology can well consolidate and extract large and heavy samples while avoiding the damage of water and soluble
salts to the fossils. Due to the existence of the menthol isolation layer, the gypsum can be removed completely. The
overall outcome is satisfactory.

Key words: Excavation site; Heritage; Temporary consolidation extraction; Gypsum; Menthol
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