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D\ RI WUHDWPHQW

FRQVHFXWLYH WUHDWPH

XS WR

UHJRWLPRAIGDIOQ RFHOQRPRRUWDUYV IURP



'LVWULEXWLRQ RI DSSOLFDWLI

HORZ VXUIDFH \HDU
WKH ODVW DSSOLFDWLF




SHHOLQJ 7HVW

SHHOLQJ WHVW HYDOXDWHV WKH FRKH

GHJUDGHG PDWHULDO

PDWHULDO DQG LV XVHG WR DVVHVV W
VWUHQIJWKHQLQJ FRQVROLGDWLRQ DIJHQWY DSSOLHG WR WKH

KH



m(n)=A+B*exp(-C*n), where A=0,0083517 B=0.0088158 C=0.32618

| TINABTpC D) where A0 00061638 B0 03748 C-0 85786




SHHOLQJ WHVW UHVXOWYV RI XQWUF

DUHDVY WUHDWHG ZLWK GLITHUHQW
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Treatment mode - 1 reference, 2 E35, 3 MBN, 4 P1
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7(67$7521 LQVWUXPHQW FDSDFL[W!
IRUFH PHDVXUHG E\ IRUFH WUDQV|G}
FDSDFLW\ XS WR 1 EHQGLQJ PHD
VHQVRU ZLWK VXVFHSWLELOLW\ EJH(
PP 6SHHG RI PRYHPHQW PP PLQ

6DPSOH ZLWK DQG ZL
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&RPSUHVVLYH RWUWHGEDMWHG SODVWHUYV LOQFUHDVH
FRPSDULVRQ ZLWK WKH UHIHUHQFH D@GDYDU\ EHW

6WUHQIJWK LQFUHDVH ( '3 « 0

JOH[XUDO VRIUWQBWWHG SODVWHU LQFEIBHDKHG \ER
YDOXH RI IOH[XUD@®& Q/aW UH.QRIMKG YD U\ 3D

SHHOLQWMN KWRIZWG JRRG FRQVLVWHQF\ LQ SODVWHU
0%1 :RUVH UHVXOWYV EXW VWLOO SRVLWLYH UHY
E\ (

2SHQ SRURVMWYXH WUHDWHG SODNVRWHU WMOGORZHU E

SHVXOWNMWRHU DEVRKRYWMRKPWDODWWHU UHWDLQV WKI
ZDWHU DIWHU OMDNXWREQMDWH UHGXFWLRQ YDU\ E

SHVXOWVLRIOLQJ UHRQYVYWPRIGHWKH VOLJKW FRQVR
DIWHU DSSOLFDWLRQV



&RQVROLGDWLRQ RI PRUWDUV rH
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+,6725,& 0257%56

KLWH KD]J]H ZKLFK DSSHDUV VRRQ DIWHU DS
GLVDSSHDUV ZLWKLQ WKH WLPH LI HISRVHG

&RQVXPSWLRQ DSSUR] O P SHU ILUVW D
&ERQVXPSWLRQ FRQVLGHUDEOH GHFUHDVHYV I

2YHUDOO FRQVXPSWLRQ FDQ EH HVWLPDWHC
DSSOLFDWLRQV

&RQVXPSWLRQ GHFUHDVHYVY LQ WKH FRXUVH |

W FDQ EH HVWLPDWHG WKDW DSSUR]| DSS
UHDFK FRPSDUDEOH FRQVROLGDWLRQ HIIHF)

&ERQVROLGDWLRQ RI ZHDWKHUHG SODVWHU E
DV DQ HIITHFWLYH RSWLRQ ZLWKLQ UHVWRUD
FRQVLGHU OLPLWY DQG VLGH HIITHFWV RI WK



&ERQVROLGDWLR

6DOLQLW\ RI VDPSOHYV

6DPSOH &0

&RDUVH OLPHVWROQH

J)LQH OLPHVWRQH

/HVWLQJ DUHD ©6W -DPHV &KXFK LQ .XWQD +RUD FRE
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FRDUVH JUDWUGHIBUHQFH
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ILQH JUDLQHBIHUH




*ULQGLQJ WHVW FRQILUPHG RQO\ VXUIDFH
FRQVROLGDWLRQ 6FKPLGW KDPPHU WHVW XQ



JLQH OLPHVWF

[WHQW RI ZKLWH KI
FRQVROLGDQWYV DIW
DSSOLFDWLRQV DQG
GU\LQJ

SKRWR 'HFHPEHU

$SSHDUDQFH RI WKF
EHIRUH WUHDWPHQV

3KRWR -XQH

3$57/< 3527(&7(" $5($




&RDUVH /LPHVW

(IWHQW RI ZKLWH KI
FRQVROLGDQWYV DIW
DSSOLFDWLRQV DQG
GU\LQJ

SKRWR 'HFHPEHU

$SSHDUDQFH RI WKF
EHIRUH WUHDWPHQV

3KRWR -XQH

Calculated consumption was
roughly 1,5 | per square meter

$6+(" $5(9







/HVWLQJ DUHDYV \HDU DIWH
WKH ODVW DSSOLFDWLRQ RI QL




6WR Q

/IDERUDWRU\ WHVWYV
6WRQH 3URSHUWLHYV &RORU
XWQ@RUD | 6DQ®@LPHVWRQH ODUJHU JUDLQV| DIQIGVKLIJKHU|SRUR"
TR LEH 6DQGVWRQH ZLWHKRQMW BIKXQ VLIH DQE QRZHUY

SRURVLW\

ILPHVWRQH . XWQD KRUD

6WRQBIPSOHV 171
'ULHG WR FRQVWDQW ZHLJKW C
1DQR VXVSHQVLRQV DSSOLHG F
(DFK VLGH SDLQWHG
@ F\FOHV DW OHDVW
@ :HLJKW FKDQJHV REVHUYHG LQ

@ (YDOXDWLRQ RI SHOHWUDWLRQ
SKHQROSKWKDOHLQ RQ FURVYV

FP
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WLPHV L
KRXUV E



SHVXOWYV

1DQR| FRQF 6XUIDJFH
6WROH "HSWK RI SHOHWUDWLR >
VXV SH( J / Q Q Q YDLOLQJ
( XWOQHRUD WR
+R LFH 2Q0\ VXUIDFH
o XWOOHRUD | WRONBURVY VHFWLRQ
+R LFH W R
6 XWOQHRUD | WRWDRVY VHFWLRQ
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+R LFH WR
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QXPEHU RI F\FOHV

QXPEHU RI F\FOHV




WUHD

6 XUIDFH EHIRUH WUHD

6 XUIDFH DIWHU
&URVV VHFWLRQ DIWH

JLPHVWRQH .XWOQi




'HSWK RI SHOHWUDWLRQ LQ FUR"

VWDLQLQJ E\ SKHQROSKWKDO

Al
4

/ILPHVWRQH

6DOQGVWRQH +R LFH



ILPHVWRQH . XWQI +
PDFURSKRWR FURVV SRODU

'LVWULEXWLRQ RI AQLP ¥~
V\VWHP 5

SHQHWUDWLRQ RI QDQR
0%1 IURP VXUIDFH LQWI
FUDFN




XWQD +RUD OLPHVWRQH

. XWQD +RUD OLPHVWRQH 0%1 FURVVWXRD +RUD OLPHVWRQH 0%1 FU
SRODUV PDJQLILFDWLRQ [ SRODUV PDJQLILFDWLRQ [



&ERQVROLGDWLRQ RI VWRQH Tl
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KLWH KD]J]H DSSHDUV VRRQ DIWHU DSSOLFDW
D WLPH LQ VKHOWHUHG DUHDYV

&RQVXPSWLRQ XS WR O P

&RQVROLGDWLRQ HIIHFW UHFRJQL]DEOH DOUL
/JRRVHG VXUIDFH SDUWLFOHV Rl VWRQH DUH Y
&RQVROLGDWLRQ LV HIIHFWLYH RQO\ RQ WKH
QWHUQDO KXPLGLW\ SUHYHQWY FRQVROLGD\

'5< 6721(

OHU\ SURPLVVLQJUHVXOWYV
OHWKRG HIIHFWLYH RQO\ LI VWRQH LV DEVRO

SHFFRPHQGDEOH IRU LOQGRRU VFXOSWXUHV Q
DUFKLWHFWXUH



/HVWLQJ DUHDV IRU FRQVROLGDWL

60OLNRYVN\ SDODFH 3UDJX




aOLNRYVNé SDODFH
XQFRYHUHG IUDJPHQW RI WKH ZDOO SDLQWL
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JUDJPHQW GDWHG KDV QHYHU EHHQ WUHDWHG HYHU
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f &RQVROLGDWLRQ WUHD
UHSHDWHG WLPHYV
f KLWH KD]JH DSSHDUHG V(
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6OLNRYVN\ SDODFH LQQHU FRXU
UH GLVFRYHUHG SDUW RI ZDOO SDLQWLQJ = O

i e o TR

=4
-

E35 5g/I

6PRRWK SODVWHU ZLWK ORZ DEVRUEHQF\ VKR~
HITHFW SDUWLFXODUO\ LQ FDVH RI 3
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SUHPRQVWUDWH ORQDVWHU

OOXVLYH OLPH ZDOO SDLQWLQJ ZLWK DGY
SDLQW OD\HU



20 cm

20cm

[

MBN 5g/l
5x

9LVLEOH ZKLWH KD]H HIITHF®%HWWHDW YHRYXOW LQ FDpMfh RILE QRW VKRZ DQ\ WUDF
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8§ 2SWLFDO WHVWY ZHUH FDUULHG DSSUR[LPDWHO\
§ &RORU FKDQJHVY ZHUH PHDVXUHG E\ SKRWRPHWU\

LOQWHQVLW\ /XPLQDQFH
8§ 7TKH PHWKRG DOORZV WKH DQDO\VLV RI WKH FROR

XQGHU WKH VWHS RI QP

SRLQWYV IRU 6SHFWURUDG LR P&HSNHFWRHBE\FOWH P HQ WV



I &RQVROLGDWHG DUHDV ZHUH FRPSDU

I &,( VWDQGDUG ZDV XVHG IRU FRORU Fj

f 7KH UHVXOWY VKRZ GLIIHUHQFHV EH |
DQG UHIHUHQFH DUHD PHDVXUHG ZLW K
ILHOG




Spectral Reflectance
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5HVXOWV FRQILUPHG WKH UHVWRUHU+*V YLVXDO UHV.
FRORU LQ FDVH Rl WUHDWPHQW E\ 0%1 7KH KLJKHV
UHDFKLQJ WKH DYHUDJH QXPEHU RI ZKHUH WK
OQDNHG H\H



 SHIOHFWHG OLIKW LQWHQVLW

Spectral  Photometry | Radiomety | Chromaticty | Setup | Custom |

REF3 € | eie | rerr | wen | REF1 | P

Observer:
2 degrees

Luminance
(cd/m2)

2,741e+000 3,584e+000 2,536e+001 3,991e+000 4,486e+000 1,762e+000 3,541e+000

Luminance
(fl)

8,001e-001 1,046e+000 7,401e+000 1,165e+000 1,309¢+000 5,142e-001 1,034e+000

Pho. Reflect. (%) |1.6129+001 2,107e+001 1,491e+002 2,347e+001 2,638e+001 1,036e+001 2,082e+001

f OHDVXUHPHQW RI UHIOHFWHG OLJKW VKRXOG KHOS LQ H
E\ GLIIHUHQW FRQVROLGDQWY DQG KDYH GLUHFW FRQQH

f 3IKRWRPHWU\ UHIOHFWDQFH VKRZV FOHDU GLIITHUHQFHYV

‘LITHUHQFH LQ UHIOHFWDQFH EHWZHHQ UHIHUHQFH




&ERQFOXVLRQ WR WKH FRQVROLGDW

f 7UXH IUHVFR SDLQWLQJ VKRZ YHU\ JRRG UF

f 0%1 ZDV HYDOXDWHG DV WKH EHVW DSSOLF
1IDQRUHVWRUH (

t 1IDQRUHVWRUH 3 ZDV HYDOXDWHG DV YLVX
RI YLHZ RI WKHLU RSWLFDO SURSHUWLHYV

tf :KHQ WUHDWHG VHFFR SDLQWLQJ WKHQ FRC(
WR WKH SDLQW OD\HU ZLWK QHJOLJLEOH DQ

t 3DLQWLQJ VHSDUDWHY IURP WKH VXEVWUD)
FDQ EH DIIHFWHG E\ OLPH VXUIDFH FRDWLQ.



*HQHUDO FRQFOXVLRQ WR WKH FF

I 'THVWHG SURGXFWYV VKRZ LQVXIILFLHQW VWD

f 7KH VHGLPHQWDWLRQ LV UDWKHU IDVW ZLW

¥ /DUJHU SDUWLFOHY VWURQJO\ LQIOXHQFH D
FRQVROLGDQW ZLWKLQ WKH VXEVWUDWH

I 6HGLPHQWDWLRQ FDXVH ILOWHULQJ HIIHFW
GHSWK RI SHOQOHWUDWLRQ OHDYLQJ ZKLWH KD

I 3URPLVLQJ UHVXOWY IURP WKH ODERUDWRU)
DXWKHQWLF REMHFWYV LQ HIWHULRUYV

I +XPLGLW\ RI VXEVWUDWH PD\ FRQVLGHUDEO'



&/($1,1*

OLFUR HPXOVLRQV XVHG IRU

($3&

, </

0(%

Water 82%

Water 85%

Water 85%

Surfactant SDS* 4%

Surfactant SDS 4%

Surfactant Brij L4 6%

1-pentanol 4%

1-pentanol 8%

2-butanone 3%

Propylene-carbonate 5%

p-xylene 3%

Ethylacetate 3%

Ethylacetate 5%

Butylacetate 3%

FC



([SHULPHQWDO DUHDV DQG VLV4

‘DOO SDLQWLQJ FOHDQLQJ
IJUHVFR VHFFR SDLQWLQJV LQ YD

IR L

6WRQH FOHDQLQJ

OLPHVWRQH WRPEVWI
20G -HZLVK &HPHWHU{




'DOO SDLQWLQJ *UDE&WHMC

Gothic castle of Grafenstein founded in the 13th century.
Rebuilt in 1566 - 1586 in Renaissance style
Chapel of St Barbara decorated with murals in fresco/secco technique

VY WUHDWPHQW
IL[DWLRQ ZLWK DFU\OLF GLVSHUVLRQ

WUHDWPHQW
Removal of fixatve: DFHWRQ HWKDQRO LQ $SUERFHOO
Removal of overpaints: toluene- HWK\ODFHWDWH LQ SUERFHOO
New fixative: : .OXFHO O SULPDO $&



= e

‘'HWDLO

RI W

6 XUIDFH RI PXUDOV LQ 89 OLJKW



SHVXOWV RI LGHQWLILFDWLRQ RI RUJDQLF
E\ )7,5 $QDO\VLYV

-
e ﬂ
b I l {] e \‘
| | | “'-}y ‘
| =17
J_ | * RV ‘
Before treatment
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(FTIR Analysis Protocol by K.Bayer, 2013) After treatment

PDWHULDO H[SRVXUH SHULRGIIILFLHQF\ HvwW GDPDJH WR SDLQWLQJ
</ PLQXWHYV GRHV QRW RFFXU
($3& PLQXWHYV PLQRU GDPDJH

0(% PLOQXWHYV ODUJHU GDPDJH



:DOO SDLOQWLQJ &ORLVWHU RI %HQHG

!
1‘
_»
|
i

§ 7KH EHVW UHVXOWYV VKRZ ;</ ZLWK H[SRVXUH SHU|I

8§ 7KH ILIDWLRQ OD\HUV ZHUH UHPRYHG XS WR DSSU
YLVLEOH GDPDJHV WR WKH SDLQWLQJ

8§ ($3& DQG O0(% VKRZV DOVR VDWLVIDFWRULO\ U
GDPDJHV RI SDLQW OD\HU REVHUYHG XQGHU GHWLI



&OHDQLQJ HIIHFW RI ;</ DQG 0(%
RQ KHDYLO\ FRYHUHG VXUIDFH ZLWK DF

WRWK SURGXFWYV SURYH
VDWLVIDFWRU\ IRU WKH
DFU\OLF GLVSHUVLRQV

'Q FDVHV RI WKLENHU O
PHFKDQLFDO FOHDQLQJ
DSSOLFDEOH

I\IUU.—A




'DOO SDLQWLQJ 7UDQVIHUUH
6W (OLVDEHWK &KXUFK LQ

G S
'R X

FKXUFK GHPROLVKHG LQ -V ZDOOV GHFRUDWHG ZLWK P

@ /KH GHVLJQDWHG LQWH
IL[HG ZLWK 'LVDSRO OR
DFU\OLF HPXOVLRQ

@ 6XEVHTXHQWO\FRYHUH(
RlI JDX]H OLJKW IDEULF
| WKUHDGYV SHU FP

@ $ PL[WXUH RI /RYRVD N
DQG 'LVDSRO LQ WKH UI
ZDV XVHG DV JOXH

ULRU
' FDOC

5 E\ W
ZLW K

LOG F
DW LR




/KH OHDVW LPSRUWDQW SDQHO ZDV JLYHQ IRU WHYV
7KH PDMRU GDPDJH ZDV FDXVHG E\ WKH LQVXIILFLH
SRZGHUHG SDLQW OD\HU ZDV FRPLQJ RII LQ PDQ\ F




$IWHU PLQXWHV 7
OD\HU ZDV UHPRYH
PLQRU IUDJPHQWYV

,PDJH LQ GD\OLJKW DIWHU DSSOLFDWLRQ ,PDJH LQ 89 OLJKW DI

6 XUIDFH EHIRUH D
GLVSHUVLRQ UHPR
ODFUR LPDJHYV
$ GHWDLO EHIR
% GHWDLO DIW
RI WKH JOXH




6 XUIDFH DIWHU GLVSHUVLRQ UHPRYDO E\ (

:KLOH LQ FDVH RI XVLQJ ($3& DQG 0(% WKHUH ZHUH GDPD

, </ PDWHULDO ZLWK H[SRVXUH SHULRG RI PLOXWHY SURY

$OWKRXJK WKH FRORU OD\HUY %F o P H
RII LWeV FOHDU EHFRXVH WFLI? 'ﬁe%\%\ﬁgﬁ\%V EHHQ UHPRYH
G

KDG QRW EHHQ SURSHUO\ IL VW VXUIDFH 8




ODWKHPDWLFDO HYDOXDWLRQ RI WK
E\ 1LNRQ ,QVWUXPHQW VRIWZDUH 1,6 (OHPHQW

/HVW DUHDV EHIRUH
WUHDWPHQW HI[DFW
UHTXLUHG

ODWHULDOV :</ ($3¢&
0(% LQ FHOOXORVH D
RQ WHVW DUHDYV

/HVW DUHDV DIWHU
WUHDWPHQW E\
PLFURHPXOVLRQV




)DU ULJKW LPDJHV VKRZ WKH EDODQFH DIWHU PDUNLQJ
ODWKHPDWLFDO FDOFXODWLRQ GHFODUHG WKH UHPRYD




PDWHULDO WLPH RI HIILFLH|QF\ GDPDJH WR SDLQWLQJ
DSSOLFDWLRQ

</ PLQXWHNV PLQRU GDPDJH RQO\ RQ VHFFR O
($3& PLQXWHV PLQRU GDPDV H MCRO VIHF F B
0(% PLQXWHNV ODUJHU GDPDJH WR ERWK OD\H

KH WDEOH VKRZVY WKH EHVW SRVVLEOH UHVXOWY DIWHU WK

&RQFOXVLRQDRQSHLQWLQJIV FOH

f $00 W\SHV RI PLFUR HPXOVLRQV VKRZHG YHU\ JRR
WKH UHPRYDO RI DFU\OLF GLVSHUVLRQV WLJKWO\ F
PXUDO SDLQWLQJV

f 7KH HIIHFWLYHQHVV LV KLJKO\ GHSHQGHQW RQ W
EULQJ GLIILFXOWLHY LQ WKH FRQWURO RI WKH WU

f 9HU\ JRRG UHVXOWVY ZHUH REVHUYHG DOUHDG)\ DIW

f 7KH EHVW UHVXOWV VKRZHG :</ SURGXFW LQ DOO

f (IIHFWLYLW)\ RI VDIH FOHDQLQJ LV KLJKO\ GHSHQG
SDLQW OD\HUYV




6WRQH &OHDQLQJ
7RPEVWRQHY LQ 7KH 20G -HZLVK @&H

ILPHVWRQH ZLWK ZDJ[ V

HHHHHHHHHHHHH

)7,5
+ VXUIDFH OD\HUYV
EHHVZD]




SHVXOWY RI SUHOLP

/

e

'"HWDLO RI RQH RI FOHDQHG D
PROQWKY DIWHU FOHDQLQJ




7JRPEVWRQH ZLWK ($?3& FOHDQLQJ
FRPSUHVYV

EHIRUH DSSOLFDWL/I‘?Q RI QDOR
HPXOVLRQ

DIWHU DSSOLFDWL_R)Q RI QDQR HPXOVLRQ




OLFURVFRSLF SKRWR
DUHD FOHDQHG ZLWK
HPXOVLRQ

EHIRUH FOHDQLQJ

DIWHU FOHDQLQJ




WHVWHG DUHD EHIRUH FO

WHVWHG DUHD DIWHU FOH

QHZ WKLQ OD\HU ZDV XQF




&RQFOXVLRQ RQ VWRQH FOH

I 'HWDLOHG GRFXPHQWDWLRQ FRQILUPHG H]
DJHG RUJDQLF OD\HUV IRU DOO WHVWHG QD

I OCFURVFRS\ LPDJHV VKRZ YHU\ JRRG DQG VH

¥ 3URFHVYV RI UHPRYDO FRQILUPHG WKH DELO

t 7LPH RI DSSOLFDWLRQ ZDV H[WHQGHG XS W
RUJDQLF OD\HUV UHTXLUHG PXFK ORQJHU W

t :</ SURGXFW ZDV HYDOXDWHG DV WKH PRV
WHVWLQJ

In case of tombstone the first layer was washed away by rinsing while
the other layer became softened to make the mechanical cleaning easily
workable.
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