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I t  l s  known tha t  the  sens i t i v i t y  to  co r ros ion  o f
h i s to r i c  g lasses  i s  h igh ly  a f fec ted  by  the
chemica l  compos i t i on ,  espec ia l l y  by  S iO '  K2O,
a n d  C a O  c o n t e n t  1 3 ,  4 1 .
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|  -  Int roduct lon

Dete r io ra t i on  and  co r ros ion  o f  ou r  h i s to r i c
s ta ined-g lass  w indows  have  obv ious ly  i nc reased
w i th in  the  pas t  few  decades .  There fo re ,
measures for  their  protect ion had to be found
and  taken  even  when  the  re l i ab i l i t y  and  long
term ef fect iveness in some cases could not  be
checked  ou t  comp le te l y  and  sys temat i ca l l y
be fo re  app ly ing  them to  the  endangered  works
o f  a r t

The  todays  usua l  me thod  fo r  p ro tec t ing
h is to r i c  A lass  w indows  l s  the  cons t ruc t i on  o f
e x t e r n a l  p r o t e c t i v e  g l a z i n g s .  D i r e c t  c l i m a t i c
s t r a i n s ,  e .  g .  r a i n  w a t e r ,  a r e  s c r e e n e d  a w a y
f rom the  o r ig ina l  g lasses  and  a  reduc t ion  o f
the  co r ros ion  p rog ress  can  be  observed ,
compared  w i th  non-p ro tec ted  w indows .

Never the less ,  the  sc ien t i f i c  know ledge  o f  the
pr inc ip les  o f  g lass  co r ros ion  mechan isms
con f i rms  tha t  such  measures  canno t  p rov ide  a
comp le te  p ro tec t ion  on  the  long  run .  The
pro tec t i ve  p roper t i es  o f  t he  va r ious  d i f f e ren t
t ypes  o f  cons t ruc t i on  o f  doub le  g laz ings  mus t
be  inves t iga ted  in  more  de ta i l  f o r  op t im isa t ion .
For  reason  o f  t ime ,  the re fo re  new and  more
sens i t i ve  ana ly t i ca l  me thods  a re  requ i red  wh ich
enab le  us  to  recogn ize  and  compare
quan t i t a t i ve l y  the  p rog ress  o f  de te r io ra t i on  and
the  e f f i c iency  o f  doub le  g laz ings .

l l  -  G lass  co r ros lon  and  l t s  cha rac te r i za t i on

The  bas ic  p rocess  o f  g lass  co r ros ion  l1  I  can
be  desc r ibed  by  the  mechan isms  in i t i a ted  by
t h e  a t t a c k  o f  H r O  (  F i g .  I  )  .  T h e r e  i s  n o
necess i t y  fo r  l i qu i i l  wa te r ,  t he  wa te r  vapour  o f
na tu ra l  a i r  humid i t y  ,  t oo ,  s ta r t s  and  p romotes
the  de te r io ra t i on  as  desc r ibed .  l t  a l so  can  be
approved  tha t  gaseous  a i r  po l l u tan ts ,  e .  g  .
S O ? ,  c a n  i n t e n s i f y  t h e  p r i m a r y  s t e p s  o f  i o n
exc l range ,  and  no t  on ly  the  secondary  e f fec ts
o f  b u i l d i n g - u p  c o r r o s i o n  c r u s t s  / 2 / .

F ig .  I

Corrosion Pr incip les of  Co-K-Si l icote Glasses

Even  fo r  sma l l  d i f f e rences ,  e .  g .  be tween  the
M l  a n d  M l l l  m o d e l  g l a s s  w h i c h  a r e  b o t h  w i t h i n
t h e  t y p i c a l  r a n g e  o f  m e d i e v a l  g l a s s e s  ( F i g .  2 ) ,
d i s t i nc t  va r ia t i ons  concern ing  the i r  wea the r ing
behav iou r  can  be  observed  12 l .  M l - t ype
g lasses  reac t  ve ry  sens i t i ve l y  and  show severe
c rack ing  and  p i t t i ng  w i th in  weeks  when
exposed  to  ou t -door  cond i t i ons  in  modera te l y  to
h i g h l y  p o l l u t e d  a r e a s .  M l l l - t y p e  g l a s s e s  s h o w
very  s low co r ros ion  p rog ress  and  the  A  E
va lues  o f  ou t -door  exper imen ts  cou ld  be
cor re la ted  to  the  SOr -po l l u t i on -s i tua t ion  o f  the
loca t ions  even  a f te r  

- l onger  
pe r iods ,  when  the

M l  r e s u l t s  a l r e a d y  w e r e  n o n - r e p r e s e n t a t i v e  d u e
t o  m a t e r i a l  l o s s e s  b y  c r a c k i n g  a n d  p i t t i n g .
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F ig .  2

Chemicol  composi t ion of  nodel  g/osses Ll l  ond
H I  I  I  (hotched oreo :  vor iot ion of  nedievol
g losses |  6/  )

F o r  c h a r a c t e r i z i n g  t h e  v e r y  f i r s t  s t e p s  o f
c o r r o s i o n ,  t h e  n a t u r e  o f  t h e  l e a c h e d ,  h y d r o u s
g e l  l a y e r  g i v e s  u s  t h e  p o s s i b i l i t y  t o  u s e  a n
l R - s p e c t r o s c o p i c a l  m e t h o d  / 5 / .  T h e  i n c r e a s e  o f
e x t i n c t i o n  (  A E )  a t  3 3 5 0  c m - l  ( O H - U o n d )  c a n
represen t  the  amoun t  o f  i on  exchange  and
t h e r e f o r e  b e  u s e d  t o  q u a n t i f y  t h e  e a r l i e s t ,  s t i l l
n o t  y e t  v i s i b l e  e f f e c t s  ( F i g .  3 ) .  C o m p a r e d  t o
u s u a l  c r i t e r i o n s  o f  i u d g e m e n t  (  F i g .  t t )  t h e
d e t e c t i o n  l i m i t s  a r e  m u c h  l o w e r  a n d  t h e r e f o r e
i n f o r m a t i o n s  c a n  b e  o b t a i n e d  w i t h i n  m u c h
shor te r  observa t ion  t imes .

F o r  m o d e l  g l a s s e s ,  e .  g  t y p e  M l  (  F i g .  5 )  ,
changes  o f  the  th i ckness  o f  the  ge l  l aye r  i n
t h e  r a n g e  o f  0 . 2  u p  t o  a b o u t  4 . 0  p m  c o u l d  b e
a n a l y s e d  l 7  |  w i t h  a n  e s t i m a t e d  a c c u r a c y  o f  t
O . l  t r m .

Accord ing  to  these  exper iences  quan t i f  i ca t i on
o f  co r ros ion  i s  poss ib le  l ong  be fo re  any
a l t e r a t i o n s  c a n  b e  o b s e r v e d  m i c r o s c o p i c a l l y .
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F i g .  3

I  R-Method for  chorocter iz ing the
proces s
(  A E  =  0 . 1  e q u i v o l e n t  o b o u t  I  v m )

F i g .  4

Ronges of  observot ion methods

Fig.  s

Correlot ion of lR-Doto

Unfo r tuna te l y ,  t h i s  me thod  canno t  be  app l i ed
to  h i s to r i c  o r ig ina l  g lasses  due  to  d i f f e ren t
factors :

-  f o r  lR  measurements  pa r t s  o f  t he  pane l  a re
to  be  removed  and  re leaded  tw ice  wh ich
means  h igh  work  cos ts

-  l ow  t ransparency  o f  s ta ined  g lass

-  sca t te r ing  e f fec ts  due  to  na tu ra l  su r face
roughness  o f  wea the red  h i s to r i c  a lasses

-  no  poss ib i l i t y  to  compare  the  ind iv idua l
resul ts because of  the di f  ferences of  the
g lasses  concern ing  chemica l  compos i t i on ,
phys ica l  h i s to ry  and  su r face  cond i t i ons .

Due  to  these  res t r i c t i ons  a  d i f f e ren t  concep t
had  to  be  deve loped  wh ich  was  poss ib le  by
us ing  d i f f e ren t  mode l  g lasses  and  spec ia l
p repara t ion  fea tu res .

Based  on  the  know ledge  o f  the  wea the r ing
behav iou r  o f  mode l  g lasses  and  the  lR
charac te r i za t i on  o f  ge l  l aye rs  a  me thod  can  be
proposed  to  mon i to r  the  e f fec t  o f  ex te rna l
p ro tec t i ve  g laz ing  on  the  p ro tec t ion  o f  s ta ined
g l a s s e s  i n  a  p r a c t i c a l  a n d  e a s y  w a y .

l l l  -  Mode l  g lass  tes t  sensors

l f  s m a l l  m o d e l  g l a s s  s a m p l e s ,  p r e p a r e d
accord ing  to  the  bes t  app l i ca t i on  o f  the  lR
method ,  easy  hand l ing  and  h igh  rep roduc -
t a b i l i t y  1 2  |  ,  a r e  c h a r a c t e r i z e d  b y  l R
spec t roscopy  and  then  exposed  a t  the  su r face
o f  h i s to r i c  a lass  w indows  to  the  loca l
wea the r ing  cond i t i ons ,  they  can  ac t  as  re l i ab le
ind ica to rs  o f  t he  co r ros i ve  s t ress  a t  the
spec i f i c  chosen  p lace .  The  AE va lue ,  measured
a f te r  a  we l l  de f ined  (and  compared  to  up  to
now usua l  observa t ion  t imes  ve ry  shor t )
p e r i o d ,  e . 9 .  s i x  m o n t h s ,  d i r e c t l y
charac te r i zes  the  in -s i tu -s i tua t ion  concern inc t
g l a s s  c o r r o s i o n .

B y  u s i n g  n o t  o n l y  o n e  s i n g l e  g l a s s  t y p e ,  b u t  a
rep resen ta t i ve  spec t ra  o f  chemica l  va r ia t i ons ,
th i s  can  lead  to  a  sensor  sys tem by  wh ich
in fo rmat ions  fo r  a  w ide  range  o f  app l i ca t i ons
can  be  ob ta ined  :

-  a r r a n g e d  b e h i n d  ( e .  g .  o n  t o p  o f  t h e
or ig ina l  g lass )  and  in  f ron t  o f  a  doub le
g laz ing  (F ig .  6 )  the  p ro tec t i ve  e f f i c iency  o f
the  spec i f i c  p ro tec t i ve  measure  can  be
judged  d i rec t l y  by  compar ing  the  AE resu l t s
a f te r  a  chosen  t ime  o f  exposure

-  sp read  ove r  the  fu l l  a rea  o f  a  h i s to r i c  g lass
w indow w i th  doub le  g laz ing  p ro tec t ion ,  a  se t
o f  such  sensors  can  supp ly  i n fo rmat ions
abou t  d i f f e r i ng  cond i t i ons  a t  d i f f e ren t  spo ts
o f  the  s t ruc tu re

-  compar i son  o f  the  resu l t s  ach ieved  w i th  these
sensors  a t  d i f f e ren t  cons t ruc t i on  t ypes  o f
g laz ings  can  he lp  to  choose  those  w i th  the
bes t  p ro tec t i ve  p roper t i es

-  i ns ta l l a t i on  a t  d i f f e ren t  spo ts  a t  one  spec i f i c
h i s t o r i c  b u i l d i n g  m a y  a l l o w  t o  d i s c r i m i n a t e
d i f f e r e n t  s m a l l - s c a l e  s i t u a t i o n s ,  e .  g .
m ic roc l ima t i c  cond i t i ons  due  to  a rch i tec ton ica l
reasons  o r  i n f l uence  o f  ra in  wa te r  a t tack ,
and  may  he lp  on  dec id ing  the  p roper
p ro tec t i ve  measures .
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Positions of the Test Sensors
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F ig .  6

Exonple for  oppl icot iön

The  app l i ca t i on  o f  such  tes t  sensors  i s  easy
and  causes  near l y  no  loca l  e f fo r t s  and
inconven iences  :

-  t he  ma in  work  i s  done  in  the  labora to ry
( p r e p a r a t i o n  a n d  t R  m e a s u r e m e n t s ) ,  n o t  a t
the  h i s to r i c  bu i l d ing ,  where  on ly  two  t imes
s o m e t h i n g  i s  t o  b e  d o n e :  i n s t a l l i n g  a n d
remov ing  o f  the  sensors  a f te r  the  tes t  pe r iod

-  t h e  s e n s o r s  a r e  s m a l l  ( l e s s  t h a n  l 0  c m  l o n g
a n d  5  c m  b r o a d ,  I  m m  t h i c k )  a n d  l i g h t -
we igh t ,  so  they  can  be  f i xed  to  the  w indows
w i t h o u t  e s t h e t i c  d i s t u r b a n c e  o f  t h e  w o r k  o f
a r t

-  t h e r e  a r e  n o  p r o b l e m s  b y  i n s t r u m e n t s ,  c a b l e s
o r  o the r  i t ems  b rough t  i n to  o r  on to  the
h i s t o r i c  o b j e c t .  O n l y  t h e  s m a l l  s e n s o r s  h a v e
to  be  t ranspor ted  wh ich  eas i l y  can  be  done
b y  m a i l .  T h e r e f o r e ,  s u c h  i n v e s t i g a t i o n s  c a n
b e  a r r a n g e d  w i t h o u t  h i g h  r u n n i n g  c o s t s .

Comp i l i ng  a l l  t hese  fea tu res  o f  the  mode l  g lass
tes t  sensors  and  the  lR  method  used ,  one  can
s t a t e  t h a t  w i t h  t h i s  n e w  c o n c e p t  a d d i t i o n a l
i n fo rmat ions  on  the  p roper t i es  o f  doub le
g laz ings  o r  o the r  p ro tec t i ve  measures  may  be
ach ieved .  The  method  can  be  used  w i th  ra the r
l o w  e f f o r t s  a n d  m a y  s u p p l y  r e s u l t s  w i t h i n
per iods  less  than  one  year .

i v  -  p i to t  s tud ies

T o  i n v e s t i g a t e  t h e  s u i t a b i l i t y  o f  s u c h  s e n s o r s ,
p i l o t  s tud ies  fo r  one  year  had  been  ca r r i ed  ou t
l 2 l  w i t h  m o d e l  g l a s s e s  M l  a n d  M l l l  a t  t h r e e
d i f f e r e n t  l o c a t i o n s :  S t .  L o r e n z / N ü r n b e r g ,
S t .  J a n s k i r c h e / G o u d a ,  a n d  Y o r k  M i n s t e r .  T h e
r e s u l t s  a r e  g i v e n  i n  T a b l e  1 .  T h e  c o m p a r i s o n
o f  the  bo th  pos i t i ons  r rO i l  and  r r J ' r  ( see  F ig .  6 )

shows  tha t  a  reduc t ion  o f  co r ros ion  by  the
d o u b l e  g l a z i n g s  w a s  g i v e n .  8 u t  i t  a l s o  p o i n t s
o u t  t h a t  s t i l l ,  e v e n  w i t h i n  t h e  s h o r t  p e r i o d  o f
t ime ,  the  rema in ing  co r ros l ve  s t ress  resu l ted  a
non-neg lec tab le  p rog ress  o f  l each ing  wh ich  w i l l
p roduce  fu r the r  de te r io ra t i on  on  the  long  run .

F ig .  7

Resu/ts of  p i lot  s tudies

V  -  B ib l i og raphy

/ l  /  S C H O L Z E  H .  ,  H E L I I I R E I C H  H . ,  a n d
B A K A R D J  I E V  J .  :  U n t e r s u c h u n g e n  ü b e r
d a s  V e r h a l t e n  v o n  K a l k - N a t r o n g l ä s e r n  i n
v e r d ü n n t e n  S ä u r e n  .  C l a s t e c h .  B e r .  4 8
( 1 9 7 5 ) ,  2 3 7  -  2 4 7 .

l 7 l  F U C H S  D . ,  P A T Z E L T  H . ,  a n d  T U N K E R  G .
l m m i s s i o n s s c h u t z für h is to r i sche
Glas fens te r  -  I n te rna t iona le  Un te r -
suchungen  neuer  Me thoden .  Fo rschunds-
b e r i c h t  U F O P L A N - N r .  1 0 6  0 8  0 0 5 / 0 2 ,  1 9 8 7 .

/ 3 /  N E W T O N  R .  C .  :  T h e  d e t e r i o r a t i o n  a n d
conserva t ion  o f  pa in ted  g lass  :  A  c r i t i ca l
b i b l i o g r a p h y  -  C o r p u s  V i t r e a r u m  M e d i i
A e v i ,  C r e a t  B r i t a i n  -  O c c a s i o n a l  P a p e r s  l l ,
O x f o r d  U n i v e r s i t y  P r e s s ,  N e w  Y o r k ,  1 9 8 2 .

/ 4 /  S C H E R E I N E R  M .  a n d  S C H O L Z E  H .  :
Ko r ros ionsmechan ismen  an  h i s to r i schen
C l a s f e n s t e r n  ( L i t e r a t u r s t u d i e ) .  F o r c h u n g -
s b e r i c h t  U F O P L A N - N r .  1 0 6  0 8  l 0 q ,  1 9 8 5 .

/ 5 i  T U N K E R  G . .  P A T Z E L T  H . ,  S C H M I D T  h . ,
a n d  S C H O L Z E  H .  :  N e u e  W e g e  z u r  E r h a l -
t u n g  h i s t o r i s c h e r  C l a s f e n s t e r .  C l a s -
t e c h .  B e r .  5 9  ( 1 9 8 6 ) ,  N r .  9 ,  2 7 2  -  2 7 8 .

/ 6 i  I L I F F E  C .  J .  a n d  N E W T O N  R .  c .  :  U s i n g
t r i angu la r  d iag rams to  unders tand  the
b e h a v i o u r  o f  m e d i e v a l  g l a s s .  V e r r e s
R 6 f r a c t .  3 0  ( 1 9 7 6 )  3 0  -  3 t l .

aE -Volues for  the Model  Gloss M I
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P o s i t i o n ' 0 P o s r t r o n  " I

Eocl- 'rda o, Protlcr!.  Glr:ng
(  w l  -  doo t  c6d r t i on i  I

Bcc l - t r da  o ,  H rs to . t c  G lo tng
(  - p ro tac lad -  

o t r r 3poc .  I

Sl .  Lorenz

Nürnberg

0,07 0,03

St .  Jons

6  o u d o

0,07 0,01

H in  s te r

York

0 t l 0,02


