
Figure	
   4:	
   Photomicrograph	
   of	
   an	
   area	
   of	
   pink	
   sky,	
   in	
  
Aurora,	
   before	
   removal	
   of	
   the	
   grey	
   salt	
   crust	
   and	
  
shown	
  a;er	
  cleaning	
  in	
  fig.	
  5	
  

Figure	
   5:	
   A;er	
   removal	
   of	
   the	
   grey	
   salt	
   crust	
   with	
   a	
  
Pemulen	
  gel	
  at	
  pH	
  7.5	
  containing	
  0.5%	
  DTPA.	
  The	
  grey	
  
color	
   visible	
   in	
   the	
   thinner	
   areas	
   of	
   paint	
   is	
   from	
   the	
  
underlying	
  grey/green	
  ground	
  showing	
  through	
  

Development	
  of	
  an	
  Aqueous	
  Gel	
  Tes9ng	
  Procedure	
  
The	
   salt	
   crust	
   layer	
   was	
   completely	
   insoluble	
   in	
   organic	
   solvents.	
   In	
   order	
   to	
  
remove	
  the	
  inorganic	
  salt	
  crust	
  an	
  aqueous	
  cleaning	
  test	
  protocol	
  was	
  developed	
  
based	
   on	
   analysis	
   results	
   and	
   review	
   of	
   the	
   gel	
   cleaning	
   literature	
   by	
   	
   Richard	
  
Wolbers	
   and	
   Chris	
   Stavroudis.	
   The	
   desired	
   gel	
   would	
   allow	
   for	
   control	
   of	
   pH,	
  
conducMvity,	
   and	
   chelaMon	
   to	
   best	
   target	
   the	
   salt	
   crust	
   while	
   allowing	
  
adjustments	
  to	
  ensure	
  safe	
  parameters	
  for	
  the	
  paint	
  layers.	
  It	
  was	
  decided	
  to	
  trial	
  
three	
   chelators	
   that	
   would	
   target	
   the	
   main	
   components	
   in	
   the	
   salt	
   crust	
   and	
  
encourage	
   their	
   dissoluMon:	
   triammonium	
   citrate,	
   ethylenediaminetetraaceMc	
  
acid,	
   and	
   diethylenetriaminepentaaceMc	
   acid	
   (TAC,	
   EDTA,	
   DTPA).	
   These	
   were	
  
buffered	
   in	
   aqueous	
   soluMons	
   at	
   pH	
  of	
   5.5,	
   7.0,	
   7.5	
   and	
  8.5	
   and	
   gelled	
   at	
   0.5%	
  
concentraMons	
  (w/v)	
  with	
  two	
  different	
  gelling	
  agents,	
  Pemulen	
  TR-­‐2	
  and	
  methyl	
  
cellulose.	
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Figure	
  3:	
  Test	
  panels	
  prepared	
  with	
  the	
  saturated	
  soluMons	
  of	
  the	
  salts	
  that	
  were	
  idenMfied	
  in	
  the	
  grey	
  
haze	
  on	
  the	
  ceiling	
  painMngs	
  

Evalua9on	
  of	
  the	
  Effec9veness	
  of	
  the	
  Cleaning	
  Gels	
  
Test	
  areas	
  on	
  the	
  painMngs	
  were	
  evaluated	
  with	
  the	
  naked	
  eye,	
  UV	
  light,	
  and	
  with	
  high	
  magnificaMon	
  
under	
   the	
   stereo-­‐microscope	
   and	
   the	
  Dino-­‐Lite.	
   In	
   addiMon,	
   samples	
  were	
   taken	
   before	
   and	
   a;er	
  
tesMng,	
  and	
  analyzed	
  with	
  light	
  microscopy	
  and	
  SEM-­‐EDX,	
  in	
  order	
  to	
  evaluate	
  the	
  effect	
  of	
  the	
  gel	
  
cleaning	
  on	
  the	
  painMng	
  at	
  the	
  micro-­‐level.	
  Before	
  embedding	
  the	
  samples,	
  the	
  surface	
  of	
  the	
  paint	
  
samples	
  was	
   imaged	
  and	
   visually	
   examined	
  with	
  high	
  magnificaMon	
  and	
  BSE	
   imaging	
   (figures	
  6-­‐7).	
  
Cleaning	
   tests	
  undertaken	
  on	
   the	
  panels	
  and	
   the	
  painMngs	
   indicated	
   that	
  by	
  changing	
   the	
  chelator	
  
and	
   pH,	
   the	
   effecMveness	
   of	
   the	
   gels,	
   depending	
   on	
   the	
   major	
   salt	
   present,	
   could	
   be	
   opMmized.	
  
Importantly,	
   the	
  concentraMon,	
   type	
  of	
  chelaMng	
  agent,	
  pH	
  and	
  conducMvity	
  of	
   the	
  gels	
  used	
  were	
  
determined	
  not	
  only	
  by	
  the	
  solubility	
  of	
  the	
  salt	
  but	
  also	
  the	
  sensiMvity	
  of	
  the	
  paint	
  beneath.	
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Figure	
  6:	
  Paint	
  surface	
  of	
  a	
  pink	
  area	
  in	
  
the	
  sky	
  before	
  cleaning,	
  refer	
  to	
  fig.	
  5,	
  the	
  
red	
  arrow	
  shows	
  the	
  salt	
  crust	
  and	
  the	
  
blue	
  arrow	
  shows	
  an	
  area	
  were	
  the	
  crust	
  
has	
  chipped	
  off	
  the	
  surface	
  showing	
  the	
  
underlying	
  original	
  paint	
  for	
  comparison	
  
to	
  fig.	
  7,	
  	
  SEM-­‐BSE	
  image	
  1000x	
  

Figure	
  7:	
  Paint	
  surface	
  a;er	
  cleaning	
  
with	
  Pemulen	
  gel	
  pH	
  7.5	
  	
  0.5%	
  DPTA	
  ,	
  
refer	
  to	
  fig.	
  5-­‐6,	
  	
  SEM-­‐BSE	
  image	
  1000x	
  

Figure	
  8:	
  Lower	
  le;	
  corner	
  of	
  Aurora,	
  during	
  
removal	
  of	
  the	
  grey	
  salt	
  crust.	
  The	
  lower	
  le;	
  
side	
  of	
  the	
  painMng	
  has	
  been	
  cleaned	
  showing	
  
the	
  pink	
  color	
  of	
  the	
  clouds	
  

Iden9fica9on	
  of	
  the	
  Grey	
  Surface	
  Haze	
  
A;er	
   varnish	
   removal	
   the	
   three	
   ceiling	
   painMngs	
   exhibited	
   a	
   grey,	
   dull	
  
appearance,	
   unlike	
   the	
   anMcipated	
   bright	
   palege	
   associated	
   with	
   the	
   work	
   of	
  
Pellegrini	
   of	
   this	
   period.	
   Paint	
   cross-­‐secMons	
   revealed	
   the	
   presence	
   of	
   a	
   thin	
  
discrete	
  grey	
  surface	
  layer	
  of	
  between	
  1-­‐	
  3	
  µm,	
  containing	
   	
  Mny	
  dispersed	
  black	
  
parMcles.	
  (figures	
  1-­‐2).	
  In	
  order	
  to	
  characterize	
  the	
  nature	
  of	
  this	
  layer,	
  SEM-­‐EDX,	
  
FTIR,	
   and	
   DTMS	
   analyses	
   were	
   carried	
   out	
   in	
   the	
   laboratories	
   of	
   Shell	
  
Netherlands.	
  Analyses	
  indicated	
  that	
  a	
  complex	
  inorganic	
  salt	
  crust	
  rich	
  in	
  Pb/K/
S/Ca	
  had	
   formed	
  on	
   the	
   surface	
  of	
   the	
  painMngs,	
  most	
   likely	
   the	
   result	
   of	
   past	
  
environmental	
  condiMons	
  when	
  the	
  painMngs	
  were	
  sMll	
   in	
  an	
  unvarnished	
  state,	
  
and	
  when	
   the	
  galleries	
  were	
  heated	
  by	
   coal	
   stoves.	
   The	
  major	
  elements	
  of	
   the	
  
crust	
   layer	
   were	
   likely	
   present	
   in	
   the	
   form	
   of	
   lead	
   (II)	
   sulphate,	
   potassium	
  
sulphate,	
  and	
  calcium	
  oxalate.	
  The	
  composiMon	
  of	
  the	
  salt	
  crust	
  layer	
  was	
  found	
  
to	
  vary	
  slightly,	
  depending	
  on	
  the	
  composiMon	
  of	
  the	
  paint	
  layers.	
  	
  

Test	
  Panels	
  &	
  Tes9ng	
  on	
  the	
  Pain9ngs	
  
Test	
   panels	
  were	
   prepared	
   to	
   gain	
   informaMon	
   regarding	
   the	
   solubility	
   of	
   the	
   salts	
  
(figure	
  3).	
  Three	
   salts	
  were	
  chosen	
  based	
  on	
  analysis	
  and	
   included:	
   calcium	
  oxalate	
  
hydrate	
   (CaC2O4�H2O),	
   lead	
   sulphate	
   (PbSO4),	
   and	
   potassium	
   sulphate	
   (K2SO4).	
  
Saturated	
  soluMons	
  of	
  these	
  salts	
  were	
  prepared	
  in	
  the	
  context	
  of	
  the	
  PAinT	
  research	
  
project,	
   and	
  applied	
  onto	
  painted	
   test	
  panels	
   (figure	
  3).	
  Based	
  on	
   solubility	
   results,	
  
the	
  most	
   effecMve	
   gels	
  were	
   then	
   tested	
   in	
  discrete	
   areas	
  directly	
   on	
   the	
  painMngs	
  
(figures	
   4-­‐5).	
   Considering	
   the	
   composiMon	
   of	
   the	
   salt	
   crust	
   layer	
   varied	
   slightly,	
  
different	
   gels	
  were	
   tested	
  depending	
  on	
   the	
  area	
   and	
  painMng	
   in	
  quesMon.	
   For	
   the	
  
pink	
  sky	
  of	
  Aurora,	
  for	
  example,	
  the	
  most	
  effecMve	
  gel	
  was	
  found	
  to	
  be	
  a	
  Pemulen	
  gel	
  
pH	
  7.5	
  with	
  a	
  0.5%	
  DTPA	
  chelator.	
  

Conclusions	
  
From	
  the	
  test	
  results	
  we	
  were	
  able	
  to	
  tailor	
  the	
  gels	
  to	
  the	
  needs	
  of	
  our	
  painMngs.	
  A	
  range	
  of	
  gels	
  
were	
   prepared	
   and	
  modified	
   during	
   cleaning,	
   by	
   adjusMng	
   the	
   pH	
   and	
   conducMvity	
   levels,	
   type	
   of	
  
chelaMng	
  agent,	
  and	
   its	
  concentraMon	
  and	
  applicaMon	
  to	
  again	
  the	
  most	
  efficient	
  removal	
  possible	
  
while	
  reducing	
  the	
  risk	
  of	
  swelling	
  of	
  the	
  paint	
  surface.	
  This	
  research	
  enabled	
  us	
  to	
  come	
  to	
  a	
  beger	
  
understanding	
   of	
   the	
   nature	
   of	
   the	
   salt	
   crust	
   and	
   the	
   underlying	
   original	
   paint,	
   and	
   make	
  
scienMfically	
   supported	
   treatment	
  decisions.	
   Through	
   the	
   removal	
   of	
   this	
   grey	
   salt	
   crust	
   layer,	
   the	
  
painMngs	
  regained	
  their	
  intended	
  and	
  spectacular	
  bright	
  pastel	
  paleges	
  (figure	
  8).	
  	
  

Figure	
   1:	
   Cross-­‐secMon	
   sample	
   from	
   the	
   pink	
   sky	
   in	
  
Aurora	
   	
   #1136x01,	
   dark	
   field	
   illuminaMon:	
   the	
   arrows	
  
indicate	
   the	
   thin	
   grey	
   layer	
   that	
   has	
   formed	
   on	
   the	
  
surface	
  of	
  the	
  pink	
  top	
  paint	
  layer	
  

Figure	
  2:	
  Same	
  cross-­‐secMon	
  as	
  fig.	
  1,	
  	
  SEM-­‐BSE,	
  20.0	
  kV,	
  	
  
the	
  arrows	
  indicate	
  the	
  grey	
  layer	
  that	
  shows	
  up	
  as	
  a	
  
highly	
  scagering	
  (light	
  grey)	
  layer	
  in	
  the	
  BSE	
  image	
  due	
  
to	
  the	
  presence	
  of	
  lead,	
  a	
  high	
  atomic	
  weight	
  element	
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Treatment	
   of	
   a	
   Decora9ve	
   Ensemble	
   of	
  
Pain9ngs	
  by	
  	
  Giovanni	
  Antonio	
  Pellegrini	
  	
  
In	
   2012-­‐2014	
   the	
   decoraMve	
   ceiling	
   and	
  
chimney	
   painMngs	
   by	
   the	
   VeneMan	
   arMst	
  
Antonio	
   Giovanni	
   Pellegrini	
   (1675,	
   1741),	
  
commissioned	
   for	
   the	
  Golden	
   Room	
  of	
   the	
  
Mauritshuis	
   (The	
   Hague)	
   c.	
   1718,	
   were	
  
studied	
   and	
   treated.	
   The	
   presence	
   of	
   a	
  
disfiguring	
   grey	
   haze	
   below	
   the	
   discolored	
  
varnish	
  posed	
  quesMons	
  about	
  its	
  formaMon	
  
and	
  treatment	
  opMons.	
  	
  Aurora,	
  ceiling	
  pain9ng	
   inv.	
  no	
  1136,	
  oil	
  on	
  canvas,	
  

191.6	
  X	
  236	
  cm,	
  before	
  treatment	
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Aurora	
  during	
  treatment	
  	
   Aurora	
  aZer	
  treatment	
  	
  


