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Influence of Salts on Consolidation of Nebra Sandstone
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ABSTRACT Surface layers of stone cultural properties including the soluble salt need consolidation because they are
mostly very weak. There is a lot of research on the penetration depth of consolidant in stone and the effect of consoli-
dant on mechanical stability of deteriorated structure. But some conservation experiences show that consolidation
with silicic actd ester is not successful on salt contaminated stone cultural properties. In this study, in order to assess
the influence of soluble salts(CaSO: - 2H>O, NaNOs) on the efficiency of consolidation on the deteriorated stone cul-
tural properties(Nationalgalerie, Berlin, Germany) sandstone samples have been soaked with the salts solution. The
impregnation of consolidant based on ethyl silicate have been afterwards carried out on these samples. As a result, it
confirms that the soluble salts act as a preventer of consolidation. They fill up the pores in the stone and prevent that
sufficient amount of consolidant enter deeply into the stone. According to this result, if use silicic ethyl ester as a con-
solidant for the research object which is built by Nebra sandstone, desalination is necessary before the treatment with
consolidant. But it is also reported by other researches that some soluble salts improve the consolidation effect.
Therefore it should be necessary to pre-study about salt and its harmfulness before the consolidation treatment. In
order to consolidate without the aggravative damage in salt contaminated stone cultural heritage, we must first of all
study the relations among salt, stone and consolidant.
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(a) crust and efflorescence
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(b) back weathering and granular disintegration

Figure 1. Deterioration type in stone cultural properties, old Nationalgalerie building in Berlin, Germany.

Table 1. Content of water soluble salts in samples(wt.%).

Ca™ Mg K* Na* cr NOsz S04~
0.026 0.002 0.038 0.06
Surface zone ~ ~ ~ ~0.353 ~0.011 ~(.329 ~
Sand stone
8.380 0.091 0.173 21.547
Fresh zone ~0.038 ~0.003 ~0.021 ~0.005 ~0.005 ~0.022 ~0.021




Table 2. Physical properties of the samples. Table 3. Physical and chemical properties of the used consoli-
density(g/em3) | Porosity dant.
bulk  absolute | (Vol.%) Wacker BS OH 100
2n 2.60 18.37 content (%) 100% ethyl silicate
Surface zone ~ ~ ~ colour colourless to yellowish, clear
Sand stone 213 261 19.05 density at 25 0.997 g/om?®
212 18.26 water solubility/miscibility virtually insoluble
Fresh zone ~ 261 ~ viscosity approx. 1.6 mPa*s at 25°C
213 18.60 catalyst neutral
FAAE, S| 4340 AFEE F ¢ 1Y 71% 143t 3 7= (bending strength) #-&
o 222 ¢ FaliA ArHFigure 1). ozl &R st A Al $of 358 A2d 7<}§¥21H
£ EU9Fe] g0 e olFe 92 el Fe *e‘fé?}@l ol ZdstAe] AR Sof7ked
glom, SE go] F5Hd| met 20%71A AEHUS oA dge A EdT
(Table 1). 2139 A72] me2m o] J2F s}l
E CaSO: - 2He0 Fo] F:2 FAH o glom Aake
NaNOs= g-¢sle] 9lct? 4. H5Ant gl
AAg A 27 SsiA, A o] HxE3A9
#H G Fo| TSI Sl FEOl Akl 1 l” K SRS et o] AMEFEAT Hug
e B AEe B ARl o FRe) F5t doz dAeld & AvER AE dHe] HHdlA
A F @A AFE Az gol /\}%El.:_ AE € #oR o] AFE FAS AHE F %Mo, 2
ethyl silicate AG 2} 738HA & o] 88l A& sit). TR AEE AHY J—‘—Lﬁcﬂ AMe QAN 2 B

2. o7y ‘ﬂim aiait}. z}i}zﬂ% ‘Mf:f_ ﬂ% 3T5°Poﬂ 7“01

g9 Frxo WE Ao]E AR 93l 0.5%, 1%. 7‘] s —?—Oﬂ% -"d%‘g] Ago ﬁ%ﬂﬁiﬁl‘ﬂ "321?4
3%, 5%, 10%9) NaNOs&43} ¥3} CaS0s - 2H0 Zrele ool A WalE A 4 gl
LA A2F F 8mm FAY FHANRE Bt
Glo]] F7o] ¢-goo] el RZ 3| Eojrte 41. 282
2 H2)3lATh o) 0] 83k AL Aol v H At
oz 1 E8]2] A& Table 20 At} 942 E g SAAHe] AT A A 5 A=E 53
T FA] bt glojd wrkA] AzAZ & FAE S 3 A2 Figure 20 £A81%0}

At gAo)) it Aol T Al v A "301 Aelg A &89H5.05~5.95N/mm?) 1A ¢
2 & AA o] gi3ln = 9ol 0.5%, 3%, 10% 2 A 84 (5.05~5.35N/mm’) 5% 2= gk & W
7} H =& EHlslsitt. ﬂ—e‘ HolA ghgrot, AWtH o g o] FRH A%

A Eo] AzE HAIHLE ethyl silicate® 71 glo] dAeE Al BellA] 282 ¥ Algd His) ozt
uko 2 & 738k (Wacker BS OH 100)& oz S GE BAn ol Fol 9] a2 Ager 3
= Hlol) AR Zaxjglsiaon, dgd) AEE A A Eolt Hu gajor] v]2E o7 & 4 Qi
o] Akl AL Table 3¢ ViERRSITH NaNOs2 AH2)d Az F9%4% ko] CaS0s -

TOE AL A7 Ay A Fof) AR AE 2H:02 A2 A8 vls) e g2 AT, e



92 | BEZEIEEIX| Vol. 18, 2006

— 54
£ ONaNO3
g B CaS04.2H20
=
£ 53t
o)
c
2
»
o 52
c
2=
c
)
om
51 ! 1
0 0.5 3 10

Concentration of salt(%)

Figure 2. Bending strength of samples soaking with various salt concentrations by capillary rising.
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Figure 3. Bending strength of samples, consolidated by ethyl silicate basis consolidants(Wacker BS
OH 100) after soaking with various salt concentrations.
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Figure 4, Porosity of samples soaking with various salt concentrations by capillary rising(vol.%).
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Figure 5. Porosity of samples, consolidated by ethyl silicate basis consolidants(Wacker BS OH
100) after soaking with various salt concentrations(vol.%).

o] A & A8 A BANE A E st S
) Z718 38 A% #E Bolu(6.85~7.55N/mm?),
Qo) FE7F A8 et A=Y ST =7} A oA
g9 7t 10% ol2dA e #4385 FAEUT
(5.35~5.85N/mm). 53] CaSOs - 2H205 10%°1¢

et e gAY ZEe(5.35N/mm’) ZdEkA)
& A2skA] &% W(5.38N/mm’) st A9 FrAkEE gk
£ Btk o] A7dde AEESAVL g g @
8l Sl ., 2ol A Azt st
AHE A FEAYE vt



94 | E&E3Eks|X| Vol. 18, 2006

A2H Aol 2 MMES] FFEY HFE
Hg-porosimeter2 733l 3. 43E Figure 40
eI, d3e vl E 98 A gfslA| ge Alge H]
3 G5 A3 AR tiEidE FF 8] Bol 748t
£ A3E BT (18.5vol. %A 15.1vol. %2 ).
Fol FiEA] P2 AR AgAE Aside | F
ZE-2(18.5v0l. %A 12.3vol. %2 74) A @
opzl whd, FxE) | A|Fe] Z4AE HT HS F9
FE F3EY H3ge 452 Figure 5
F JHEE= 10%, 15.2vol. %04
13.1vol %% 7). ol AzE3A7t e 9 Tfr

3t 9E o= AT E slriets Ui F34

A7} FE8] Bol7kA] 2 AdE dsEE

4.3. M0 M| 2=tHlel &

FE ol de HEEsAd A o o
npetge) A7 GAUFR Sol7ke 71 doliT)
sl AAzE AlE AT A E G ZdEkAd AR
F FAE Aol SAHE S0I3t Al & Alndst
ATk,

AE=e Hol(~0.5%) = A& Ao, 23t
Aje] A2l glof d& FratAl e G} Ew A
o7} §iA Uebdth(6-6.5%). elvk 99 F=rt Eot
A5 AelH e doAe Fol £ EER U
< Figure 6914 2 AHE 4= it} o] AAH Hol
DRUFR ke ZAES Adste 2ol kXl 35
U2 o] =3l Bol= AL wlasls AL ojn|sit), o
AERFHolM 2RE7E dojube NaNOse= Hel &
of AR5 i AUaA A3k o] sz}
WF2e] ZeEol7ke AS v Adse q4Ee
Aoz ¥Qlt}, 2 dgFolg= CaS0s - 2H0
= Az /‘liﬂl H|g] 7FEpa o] A Fe] AL A o
o} 22 o] & AHHM, CaS0: - 2H02 A2jd Al
BollX= g9 l=E7P ARTE TS | B2 350l
doz A ZsA7E B2 A7t oA v A
gZe 2 Vel e Aoz A 4 )

A7AT & @7e) el HzBeA Fost

Lo o
% ol

I‘F_I

[4)

S AFOR A kAt
F#9) Sol7H Rohe PDW g Ao
/\

15 2 99 B4 olke Faoleb)
The, o) @5l B4olA sladita ¥ 4 Ut
o glES 71 BAge BErh AaArS Iel
ER AR HRTR AR BARE %
oF ZEAZH Y2 0|5 AL Y

2 el 43E e 2ot guge
2 99 5ol Pe] B ol 50
F3I4 2RDE olgh. ol=id AL e
o s AAE AL ANSA e vl
4 el 33 oln) A4t gloiA gl Bl
255, o BAIRE o) Sol& st Bojz
F2e 3700] golA7 Bk ge el EAolE U]
RE ol NENS AN sl FHAH WFE

oX

ol
+
o
A

9 r 2

g Hdr o
:Ql_‘,

n}r e 2 o

_L;drlo

g AL Walsle Anpdo 2 g
E9E AgAickn & ¢ 3}, Grasseggers 978
E3to] oukA 0 2 go] ethyl silicate A1Q 23 4
<3141 A, ‘3]*75"/‘39] 7‘3‘3 ?_%"“"]71b Rog B

7t FERRE A S F Pﬂo}@] F-g)9|
BWAEANE 7HAE 5 qirk oleidt A2 A3k A
2 IE ol os)A BlE 4

% H AR ol 23N ® dojd
°§°1 7‘2‘63"&% AAAFI 02 QJEM, e FA
P2 olA] 73l A Haldithe A+
£ ‘F AT ojgt Zo] & AFEAE
G2 Rk e Yol ethyl silicate AIE 2] 72314
Z Aelapd, A2 dAE SiOegeld] A A4

Ao Astetha B8l gick, v HEAS]
ARERE EH3tn 3 Sander Schilfsandstone®
Ebenheider SandstoneS W/ge 2 vhaket T/ %
A2 AEI APl dola] AZH dFAT=
aZol 7t e A2 E =ZE349 .Y Sander
Schilfsandstonesl A& ethyl silicate A€ Z&kA1<] 7
812 do| RAARI e A& ATt EEHA

p
o
xo



H22} Aol Zstaialof ojxl=s o) g8 =T | 9%

Amount of consolidant(wt.%)

—o— NaNO3
- CaS04.2H20

| ! !

O L 1
0 2 4

6 8 10 12

Concentration of salt(%)

Figure 6. Amounts of consolidant in various salt concentrations(wt.%).
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