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1 GEN ERAL

f.]- BRITISH TECI{{ICAL COMMITTEE

Th.e nev statutes of the Corpus Vitrearumt
ad-opted- in Paris on 12 Septenber 1975, contain
in Clause IX the statement that each National
Comittee shoul-d- be associated vith the
organisation for scientific research in its
country. The British National Conmittee is,
of coursen already closely associated with the
British Acaileruy but the vay then became open
to seek a cl-oser association vith the Royal
Society.

This closer association vas velcomed. by
the Royal- Society and a nev joint connittee
has been set upn ca11ed TIIE BRTTISII NATIONAL

COMMITTEE FOR TIIE CONSERVAT]ON OF STAINED GLASS.

There are three representatives of the Royal
Society: -

Professor Nicholas Kurti, CBE FRS' of the
University of Oxford.1

Dr D.S. Oliver, Director of Research a^nil

Developmentr. Pilkington Brothers Ltd. t
Sir Gordon Sutherland-' FRS' Master of

Enmanuel Co11ege, Canrbrid-ge.

The represenbatives of the British Acadery
are: -

Dr Alan Borg, H.M. Tover of London, Ed.itor
for the National Cornmitteet

Mr A.R. Dufty" CBE, H.M. Tover of London,
Chairnan of the National- Qqnmjf'f,,ss'

W Dennis G. King, FSA, Stained glass
conservator and. restorer at Norr+ich,

Professor Roy Nevtonr OBE' Prdsident of the
Conit6 Techniquen and a Vice President
of the Corpus,

Dr Neville Wil-Iia^rns, Secretary of the British
Academy, and of the National Corunittee.

The o1d Comnitteen the Technical Sub-committee
of the British Qsnni 11qq of the CVMA, has now

been vound. up and. the members tha,nked for
their services. The nev Cor:m:ittee vil1 have
its first meeting in Septernber and it is
expected. that the support of the two premier
Societies in the U.K., one for the hr:manities
and the other for the natural sciences, vi11
greatty strengthen the technical. studies on
stained glass, not on\r of the British
National Connittee but also of the Coriit6
Technique.

7.2 THE loth CoLLoQUIIJM 0F TI{E CoRPUS

VITREARUM

It is expected that the 10th Colloquiluc
vil-t be held in Stuttgart, Bern, and Freiburg-
im-Breisgau between 23rd and 2lth May 1977.
Art-historical problens vil-l- be discussed in
Stuttgart on 23/2\ May" in conjunetion r^rith
the Staufer nxhibition. It is hoped that a
meeting of the Comit6 Technique can be heLd.
sinultaneously, but in Bern. On Z6/27 May
both groups may come together in Freiburg-
in-Breisgau for a general meeting. Full-er
d-etai"l s wi]l be given vhen the rather
conplicated financiaJ- arr:angements have been
finalised.

1.3 T]IE BLUE GLASS AT CHARTRES

The preclominance of the blue colour rn
the vest wind.or'rs at Chartres Cathed"ral was
d"iscusserl by Dr Eva Frod-l-Kraft in Section 2

of N.L. No.20 ancl I am grateful to Mr Dieter
GoJ-dkuhJ-e-, of Reston, Virginian USA, for
kindly drawing ry attention to a.n article by
Robert Sowers in the 1965 issue of rTkre Art
ru g_lte' (vot \8, 2l'8-222).
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The article is entitled- r'oN THE BLUES ]N
CHA*qTl-ttistf and the author states ttAs I stud.ied
the winoovs in detai.l .,rith binocul-ars I beca,ne

aware that .... it is the blue afone vhich
stands out in absolute clarity, clear a,nd

practicai-ly urrblenishedn vhile nearl-y all of
the other colors are rather heavily obscured
with patina.rr tt.... from the outside .... this
blue glass .... is practically free from the
ash-coloured patina that general-ly covers the
surfaces of mediaeval- glass .... Is it
possible then, that when this windov vas nevt
and all of the colors in it vere as cl-eal^ as

the b1ue, that it vas not a tbluet vindcry at
all ...., that it appears blue nov neither
because of the supelior radiation of bLue glass,
as Viol-let-1e-Duc thought (in about 1B5O), nor
for the reasons propose,l by James Johnson (in
his tFadiance of Chartresr 1955) but rather
because of the more advanced cleterioration of
the other glass?rt tt.. .. i.t is difficult to
r:riderstand hov just this blue glass end it
.,ilone throughout the vest wind-ovrs could' have
survived so singularly unravaged- by the marks
of time. rt.

Thanks to the help of M J.M. Bett';rnbourgt
Dr G.A. Cox of the University of York has been
able to analyse non-destructively some blue
glass from the west vindows at Chartres. The

resul-ts are given as ana\rses Nos 103 and. 105

ie the tables in Section ! of this News Letter'
ft can be seen that these piecet; of blue glass
(N.8. not a1-1 the blue glass at Chartres) are
a sod.aEas= (g.>% arrd L)+.3i1 of sod'a) and they
;"""= ioa"t"i" iirne content (T.g ana 8.r% caotr

They are thu.s quite rurlike the other salnples

of glass from Chartres analyserl by Pr Cox at
the same tine (Nos 1Ol+, 105 and 107) vhich are
potash glasses vith 19.8 fu 2a.2/" of lime'
(ltot"t it is the hiSh line content vhich
gives the 1ov durabilityn rather than the
potash contenf,") Tlus the very durable blue
gla,;s from Chartres is not unlike 'i,rie 12th
century blue glass fron York Minster (analyses
Nos 2 and 3 in the table ).

I.4 DOW-CORN]NG MATMIALS FON COTSIIRV.ATIO}I OF

STAINED GLASS

I.)+.1 ttProtective Rgsi.nsfr for coating gf aE

Thanks to the kind interest taken by
[{r Severn Joyce, Vice-President for Purchases
and Transportation of Owens-Corning Fiberglas
Corporation, in Toledo, Ohio, and his eoncern
for the restoration of Canterbury Cathedralt
some erperimental vork on possible frprotective

resin';tt nacle by Dov-Corning Ltd wi]-l- be under-
taken a-u their iaboratories in Barry,
GLamorgaJrr South Wales.

At present the stuclies ar:e exploratory
in nature but they vi1l i-nvolve SoxlLlet
extraction tests, sinilar to those usecl by ne

in Sneffleld in l-973, and by M Bettembourg in
Paris, a.Id i:he ,;imulated medieval glass vi11
be British Glass No.2., This proposed" vork by
Dow-Corning Ltd is greatly appreciated, as is
the interest taken by Mr Severn Joyce.

I.\.2 Siiicone sealants aqrla.AlsgE-on lead

Item 1.2 of N.L. No.2O contained a note

:abotr! a Dov-Corning oxime-curing sealant which
was recorunended becawe it vould not release
the objectionable acetic acid which has been
found io produce an attack on the leads ' I
have nov been tol-d that this material- is no

longer on the rnarket, but an even better
material is available and it has been given
some prelin-inary tests. Mr C. Naylorr of
Dow-Corning Technical Service and Developnient
department for Encapsulants and Sealants t
Parc Industriel, 8-6198 Seneffeo Belgium, has

vritten to say that he has carried out some

satisfactory tests on the fol1o'ring lines.
ilvr:r *ftrf

He believes that Dov-Corning Silastic
RTV (= Room Temperature Vulcanisinc) 31)+0
(c1ear) silicone sealant vil-l be preferable to
the acetoxy-types; it uses an alkoxy cross-
linker and cures on exposure to moisture,
liberating only a sma1I quantity of an
aliphatic a1cohol. He al-so pointeci out that
sirLtic RTIV 3l-40 is a 'rliquid.'r and it is
?rflovablett but if a viscor:s material- is
preferred,, then Silastic RW 3l-\\ is a "non-
ilr:mping" product. If a vhite product is
desiied, instead of a clear one, then Silastic
RTV T3B can be used.

It vi11 be necessatlr to use a primer
(1.C. rZOO) in order to obtain the best
adhesion to both glass and lead vhen using
RTV 3140 or RW 311+)+. In the case of the l-ead

it viff be necessary to remove all surface
di.rt, the lead-oxide fi1m, and grease, if
necessary by abrasion (using emery paper or
glass paper), foll-oved by a vash vith acetone'
(nCtq --.""tone is highly inflasmable and if
substantial quantities are used- there may be

a fire-hazard". If it is desired to avoid' all
risks of fire, the I.C.I. solvent "Genklenefr
can be used instead. ) fhe glass may have to
be degreased. if it i.s not absolutely clean.
The priner D.C. 12OO needs at l-east f5 n-inutes
for drying in airn and the treated surfaces
shoufd- not be left exposed for more than
)+ hours before applying the RTV 3f\0.

I.5 DETECTION OF SULPHITES (NOT SULPHATES)

ON WEATHERED GLASS

In his interesting article on the part
which sulphur dioxide may play in the veather-
ing of medieval glass (see item 3 of N.L.
No.20), Mr N.H. Ray diseussed the possibility
that a;id sulphites (N.s. not sulphates)
might be present as an internediate step.
Those vho are studying the weathering of glass
may therefore vish to be abl-e to make tests
for the presence of sulphites. I{r Ray has
therefore kindly sent me the folloving note.

Sulphites can be detected- in the presence
of sulphate by their reaction vith ferric
ferrieyanide giving Prussian Blue. I nad'e a
d.ilute aqueoirs solution of potassium ferri-
cyanid-e and atl,ded a slight excess of aqueous
ferric chl-oricie. The resulting solution
should be reddish yellov; if there is any sign
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of a blue preci.pitate (vhien arises f'rom
ferrous ion inpurities in the reagents ) it
must be discarded and prepared again from
purer nFtel'ials. f next took a soda-glass
m'icroscope slide and- mad.e some scratches on it
vith a dia^nond.. I then immersecl the slide in
a^n aqueous sol-ution of soctium sdphite, alloved
it to drain, removed. surplus solution from the
surface vith fil-ter paper, and left it to d.ry.
I then poured- a solution of soclium sul-phate
over the sl-id.e so that the surface vas covered.
and alloved it to d.ry so that the vhole of
the sl-ide was coated vith sulphate, but in
the scratches there voul-d be a srnall- a.uount of
sulphite.

FinaILy I painted. the feric ferricyanid-e
solution on to the slide vith a small brush
and after 10 ninutes f.exanineil the slide vith

2 CONTRARY OPINIONS

Two articl-es have come to ny notice for
this issue, and it wil-l- be convenient to put
them both in this section, including a
contribution from me in section 3.2. My
contribution may appear to be a ttmisfitrf here,
but I have kept it here in the hope that
conservators and art-historians w-i1] take more
notice of it than they have in the pastl

3.1 THE PNINCIPLES OF CONSMVATION OF
MMIEVAL STAINM GLASS WINDOWS

This is an annotated translation of a
paper read by Frau Dr Eva Frodl-Kraft at a
neeting of cathedraf architects and cJ-erks of
works, held in Vienna fr6n 2nd to 5th June
a975.

Dr Wilhel-n Bauer, of Vienna, has kindly
..gent me the foJ.loving note: ttMr Col-ets
statement, in iten 2 of N.L. No.19, was the
first time I had known the fu].l- detail-s of
his experimental- technique, using hydrofluoric
acid for the so-caIled racid.-polishingr
process. Until that tinre I had kaovn only
the deseription given on page 5, l-ines 3 and
)+, of the German version of N.L. No.13, which
refers to the glass being trubbedt in \O/' W
for 10 minutes.

ItObviouslyn I4r Cole f s racid-polishingr
procedure is quite different, both in the
concentration of the acid" used, ancl in the
nanipulative technique employed.n whi-ch is
rel-ated to varj-or:s factors, such as the kinds
of glass used- and the types of corrosion.

ttThus it is quite possibl-e that his tacid.-
polishingr procedure could produce a polishing
effect, at least vith the so-called rpitted-r
glasses. I'urther studies shoul-d be carried
out to determine vhether harnful- effects
eventually occur. In the airbrasive treatment
of our glass ve useil povder No. L/27, vhich is

3 RESTORATIONS OF CATHEDRAL GLASS

a 1ov-pover nicroscope. Most of the slide vas
covered vith a yellov d-eposit, but in the
seratches there vere clear\r visible blue
zones. Gentl-e washing of the slide vith vater
qq.rrc;ged the yellov-d"eposit, leaving the bl.ue
pignent in the scratch marks. Ttris reaction
is only given by anions that can reduce FeIII
to Ferr in nildly acidic solution, and I
think it should be applicable to a stained-
glass vindov vith suitable adaptation of the
techni que d"escribed..

1.5 SODA-GLASSES FROM PIMYG]A

fn Section 5.3.1 of N.L. No.20 it vas
stated that Dr Bauer had analysed two pieces
of 12th century soda glass from Phrygia; the
analJtical results are nol,r given as Nos pJ
and 98 in the tables in Section 5.

based on ali:mina.tt

Note by RGN - I am defighted. to have this
contribution from Dr Bauer, because it cl-ears
up a nisund.erstand.ing and also shovs hov easy
it is to meet d-ifficul-ties vhen making trans-
lations from another languagel fhe English
version of N.L. No.13, pa€e 3, col.2, lines
18-20 discussed. tvo pieces of glass which had
bu"r. g"id-lgli5@ by l4r Co1e, using his
proeedure . -ttre ?errnan versi on (p. 5, 1ines 3
and )+) describes the sanples as being ttnit
Sbiure abgeriebenrr, rrhich could give the
impression that they had been rubbeil und.er a
sol-ution of acid. I should add that I'{r Cole
does not norr use hyd.rofluoric acid., partly
because some of the pieces of glass (especially
those vhich have a crust) are rapiilly attacked
and no polishing occurs, a.nd partly because
the acid is a d.angerous one to r.rse.

fhis section of the Nevs Letter has been
very usef\rl in clearing up misund-erstandings,
or in putting fonrard other points of viev.
I therefore urge other readers to use this
channel- to put forward their point of vien.

3.1.1 lntroduction

The author points out that ve are faced
vith an alarning situation regard.ing our
medieval- stained glass. In every country
nhere d.etaiJ.ed investigations have been
earried out (in practiee, this is vherever
such glass has survived-) conservation vork
has turned out to be a last-ninute operation
(at Canterbury, York, Chartres and Regensburg).
fn ad-dition, many old photographs shov that
there has been a frightening aeceleration in
the process of d.ecay, especially since the
l-ast var. There ard three reasons for this:-

(a) Natyral- v-eathering, vhich begins as soon
as .the vindolr has been instal-led. Some



r,rindovs
vind for
and they

(t) rhe
ment; the build-up of harmful substances r
the atnosphere, especially sulphur dioxidet
stimulates and intensifies the.weathering
process through the formation of sulphuric
acid vith vater. (ncu - more evid.ence is
appearing - such as item 3 of N.L. No.21 -
that sma11 a&ounts of sulphur dioxide and
sulphuric acid" in the atmosphere may actual\r
reduce the deterioration of the glass ! Tl:e
reason given is that acid. gases in the
atmosphere can neutralise the harnful alkaline
solutions producecl by attack on the glass by
water. Moreoverr the sulphur d"ioxide
concentrations in the atmosphere have been
tiecreasine since about 1953. Carbon d.iori'd.e
has certainly been increasing, a.nd. so have
hydrocarbons anci oxides of nitrogen but I
have not seen any eviiience that the last two
play any part in the veathering process. )

(c) Ugsatisfactory earli.er les-toration vork,
especially d.uring the last century, has
tended to break up the surface of the glass
so that there are marqr more points at vhich
weathering can start (as at Cologne Cathedral).
Some of the glass removed from cathedrals
d.uring the l-ast var, in order to protect it
from bomb d.n.mager was stored. under very wet
conditions and this has iaused deterioration.
TLre author poi.nts out a case in the
Historisches Museum in Vienna where peeling
of'the paintvork has been causeci by d.anp.
(nCU - Another example is the medieval glass
at Canterbury Catheclral vhich was stored in
very vet conclitions for 5 years and the
glass vas much damaged. )

Another bad practice is that of renev'ing
the l-eads at each restorationl if an unsuit-
able a1loy is used the vindov can bulge under
the influence of vind and sr:rr and the lrhole
structure can become loose, as in the vest
windovs of Chartres Cathedral.

3.I.2 4hat should- be dongnov" a.nd vhat can
be jrchievecl rrsing current proceclures?

Both conservation and restoration are
essential- procedures but it must be pointed
out that the so-called- ttoriginal- conci-itionrr
can nov never be regained. Some of the glass
has become much d.arker owing to the forroration
of opaque cn:sts, a.nd some of the painted
decoration has disappeared.. Differently-
coloured glasses have behaved in quite
d.ifferent ways due to their distinct differ-
ences in chemical composition.

(a) Conservation. or r:rotection against
further decav#

TLre aim here is to sfov down, or perhaps
even stop, the veathering process ancl yet
make the ninimum anount of alteration to the
glass. The main attacking agent (RGw -
perhaps the only one! ) is vater and conserv-
ation techniques nust olininate future
contact v.ith vater, either as rain on the
outside face of the windov or (above al-l) as

have been erposed. to rain, frost and
eonsiderab\r more than )O0 yearst
are nolr beginning to fal-l to pieces.

cond.ensed moisture on the insid.e face.
Weathering is also promoted- by sharp changes
in temperature, as betveen niglrt and day on
south-faeing lrind.ows, so these should. be

.Ie]re..ll-ed out as much as possibl-e.

Moisture can be elininated, and the
temperature rarge can be red.uced, in tvo rraysl
for the vhole wind-ov by using external
protective glazing or, for parts of the
vindov, by using laminationr or protective
resins. Both approaches have advantages and.

disadvantages.

gtgrgaf grybeegige-Sfaa;ing: (nCn - this is
GoTrrErnar Erazlner-seJarso 3.2 belov.)

fhe principal advant$e of this approach
is that the vinciov need. not be aJ-tered in any
vay. It is simp\y moved invards, toward.s the
chureh, and. a modern second.ary vindov is put
in its place although, in practice, the
med-ieval vind"ov is usual\r restored in addition
to being moved-. (Onfy safety measures vere
und-ertaken at Regensburg. )

The disad.vantggg are that the aesthetic
effect orffi" inpaired, especially
when vieved. from outside the building, but in
particular\r bad cases the internal appearance
may be inpaired. Another disadvantage is that
no protecti-on is afforded against pollutants
fron vithin the church, sueh as soot from
candl-es. The outer protective glazing must be
properly maintained or it vil-l- develop cracks
and holes rshich destroy its protective firnction.

fhere is sonoe g.g!g!g!I about the true
long-term effect of external protective
glazing because it was developed onJy ern;oiri-
ea1\r and no exltop1e has yet been in existence
for an extended period of tirne, (nCtl - Ho.nr

effective is th,: v.:ptilahion? Hor,r near\r are
the rfisotherualrt conditions achieved? Hox
often does con,lensation occur? Are there any
other disaudvantages, such as entry of dustt
flies, etc? We d.o not even know how to r?

specify the rtbesttr inst,allation. ) but a small-
start has been mad.e in the systematic record-
ing of data.

t, ugi g"r i ge. gr-appl-y1ng grgt gcliae-rg.slng

These tr,ro approaches necessitate cleaning
the gJ-ass by thorougfr removal of the weathering
crusts (ttpatinatt) and consequently there i-s
som,e Itattacktr on the vindov, i.". more than
the minimum requireil. The ailvantages and
disa<lvani;ages of these tvo processes are
therefore quite ditferent from those considered
above. Larninating the panel vith a plastics
interlayer (RGN - such as polyvinyl butyral,
or the naterial used at Cologne in Jacobits
?tsafety-glasstt method) has the 4fqg!3gu- of
providing both i.nternal- ancl external pro-
tection, and. al-so greatly increased mecha,nicaf
stabi:-ity. fh" €"@g.o= are that the
panel- must be re-leaded (RGN - sometimes the
leais are even liscard-ed, to give a laminated.

'pane1 vhich is devoid of J-eading) anc hence
the ;nethod should never be used. if med.ieval
l-ead.s have survived.. There may be reduced-
rrreversibilityrr if the interlayer has become

crosslinked-; there is great increase i-n 
1
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weight (an,l hence load on the nullions). The
general- appeararce is changed (although this
is not as marked- as in the case of external-
protective glazing) and the panel has highly
reflective surfaces r increased brightness,
and a d.ifferent refractivity. There is still
uncertaintlr over hov the panels vil-1 behave
aftrer installation for many years (e.g.
discolouration of the interlayer).

Protqctirre_resln_ night vel} be satis-
?"Et6"f Tr-iioie;"TJpioTective fi rms coulcL
be used, such as are used- for coating optical
glasses. (nC}I - the serious tl-ifficulty here
is that medieval vinclow glasses have a
coefficient of therual- expansion vhich is
about tvice that of optical g1ass, and it
seens unl-ikeJ.y that durabl-e inorganic coatings
could have such a high expansion. fhe only
materials r,rhich are suitabl-e at the present
time are plastics coatings (epoxides or
acrylates).) n" adve.ntages are that appli-
cation is easy and it can be used selective\y
(i.e. it need not be put on the vhole .',riniiov

but only on the unweathered glass in the
.panels ) a^nd. it is not necessarJr to remove the
'g1ass from the leads. Th" 9jlg.{g!gg .""
that the original appearance of the glass
nay be altered (although J-ess so than vith
protective glazing or l-aninating); there is
sJ-ight brightening of the vindov and there is
some surfaee shine. There is uncertainty
regard-ing the behaviour of the plastics fitn
over long period"s of tine. (wi:-r it prevent
entry of moisture? Wil-1 it peel- or tear or
othervise separate from the glass? Wi.J.l- it
discofour?) Continua-l inspection of any
treateil windov vill- therefore be necessary
and in-situ tests have al-ready been started
in Austria.

eurr*9ry

There is no id.eal- method of protection.
If the presence of moisture on the glass can
effectively be prevented, the o1d controversyt
as to vhether to remove the ttpatinatt
(veathering crust) or to leave it, vil1 become
on\r second-ary in importance, or even be
reduced to the aesthetic probl-em of vhether
to recover any translucence of the glass
vhich has been l-ost. However, it shoul-d be
borne in mind that any process which involves
eleaning, or removal- of the veathering crustst
autonatically involves some risk. In the
case of mechanical- cleaning any d-a.rnage to
the surface of the glass may produce a nev
point of attack for weatbering to continue.
fn the case of chemical- -cleaning, the surface
of the o1d glass is always porous ancl the
cleaning fluid nay penetrate to tleeper layers
vhere its reactions cannot be controlled.

(u)

TLre original appearance of the glass has
been altered by weathering, for example there
may have been sone J-oss of transparency due
to the development of otrtraque crusts on the
outside surface (or even on the inside), or
by loss of paintecl d.ecoration. If the outside

crusts have mad-e the vind.ov very dark, and
perhaps have also al-tered the colour balance
if some colours have crusted. more than others,
caref\r1 a.nd. partial removal of these crusts
fron",ihe outside surface i^rill i.mprove the
appearance. If (a" in the Romanisque panels
at Regensburg) there is an opaque crust on
the inner surface of the glass, there is a
g.u.',;;;;uf6T-"emoving the crus t vithout
also disturbing the painted. clecoration.
Sometimes it is obvious vhere painted d-ecor-
ation is nissing but overpainting of the
medieval- glass mr:st definitely be ruJ.ed- out
(a vay around this is to do the replacement-
painting on a thin colourless modern gJ-ass).

3.1.3 Restoration at Chartres

A.l1 the problens discusseal above from a
theoretical. point of viev have recently been
solved in connection vith a very famous
monument, Chartres Cathed.ral. Ttre controversy
caused by the restoration of the three vest
vinciovs, which date from the rriddle of the
12th centurf,, has been taken up by the
European press vhere, as a result of lach of
unilerstanci-ing of the difficulties, it has
been handl-ed in a very inexpert ancl polenical
manner. For this reason (the wrfortunate
publicity) and also because the trChartres casett
shovs particularly clearly how complex the
problens can be vhen restoring painted g1ass,
Frau Dr Frodl-Kraft brief\y cliscusses it here.

The foll-owing situation confronted the
restorers:

(a) the panels vere loose because poor
modern leadrvork had been used-,

(U) serious crusting hail affeeted most of
the colourecl g1ass, except for the famous
trbleu d.e cieltt, and- hence tlre vindovs had
become pred.onina.ntly blue in colour.

Hence it vas necessary to carry out
mechanical- fixing; protection against further
veathering; a,rrd improverrent of the appearance
of the windov by restoring the translucency of
those glasses vhich had become opaque. The
clominant position of these three great
winclovs, in the architecture of the vest
facade, maile it inpossible to use external-
protective glazing and it was therefore
necessary to use a protective resin (vhich had
been selected as a result of laboratory
tests); the resin vas applied selectively -
i.e. only to the glasses vhich hacl crusted
bad1y.

As a resuft, the veIl-knovn image,
handed clcvn to us, has been changeci. By
restoring the translucency of the other
colours the windov has been macle much brighter,
the overal-l blue tone has gone, and- there is
a colour-balance again. Although this bright
anii colourful vind,ow contraclicts the romantic
idea of the staineci glass at Chartres it does
in fact come closer to the original appearance
intended by the meclieval- glaaiers.

Although the restoration vork carriecl
out is entirely justified from the point of
view of conservation of historic monuments,



and ind-eed. was the only course at p:'esent open
to the conservators, the id.ea of' a ttblue

Chartresrr had become so firnly fixed in the
public i-rnagination that it vas easy, by
skil-fuJ- propaganiia, to mobilise some public
opinion against the restoration, and
consequently to raise anxiety about conserv-
ation vork in general.

In the final analysis the success of eny
type of restoration vork, vhatever its aim,
depend.s on the relationship bet.ween scientific
unilerstand-ing of the background, and skilled
craftsma,nship. Ttrus an uaderstancling of the
nature of the weathering process is a
prerequisite for effective work. Sin-i1ar1yt
new method,s of cleaning, or nev materials,
should be adopted only on the basis of
reliable scientific arid technological tests.

flre responsibility for the success or
failure of a:ry conservation work cannot,
hovever, be laid vho11y at the. door of scj,ence
and technolory. Even a method- rrhich is
scientifically satisfactory can, if it is
carried out careless\r, rui.n a stained glass

':vindow. Moreover, some operations d.epend
almost entirely on the craftsmanship of the
restorer and his understa^ntling of the
aesthetics ancl ieonography of the vork. Tllere
are sone skil-ls, such as removal of the
veathering crusts vith the airbrasive, vlrich
should be entrustetl only to skill-ed workers.
When evaluating a restoration technique the
d-etermining factor is not its efficiency but
the degree of protection vhich it offers to
the original vork of art.

3.2 A RE-STATEMENT OF TiM CASE FOR,EXTERN;L
VM{T]LA,1'ION OF A DOUBLM WINDOW

3.2.1 Introduction

fhere are continuecl misr:nderstandi.ngs
about the ad.vantages of externalllr-ventll-ated
externally-protective glazings, antl I vant to
clarify the position in this note. For
examplen I have been in corresponclenee vith
Dr Eva Frod.l--I{raft about the translation of
her contribution in Section 3.1, and- f raised
the question of externally-ventilated. l'rinciovs.
Her initial reaction vas ttTtre aesl infortant
objective aimed at by protective glazing is
to heep the vindov d.ryn anil this ca,nnot be
achieved by alloving the wet external air to
penetrate into the cavityrt. Thus she was
under this all-too-com.on misconception ancl
she has agreed that I should prepare this
re-statement of the case for the benefit of
everyone.

I perfectly velJ. understand hov this
misunclersta^niling arises, because rain occurs
outside the buil-ding ancl you go inside it to
get out of the rain ancl be dry! A1so, if you
use t5rgrometers to measure the relative
fir:midity of the airo you find" that the
relative hunid.ity is higher outsid-e the
building than inside it! So vhy does
Professor Nevton keep s6ying that there is
less vater in the outside air?

3.2.2 ltry is the air outsiie the buildins
drigr than lhat !qsi*q?

ftte ansver is that during the w'inter the
€;rtside air is col-der than the air i-nside the
building, and- cold air can ttholdtt less vater
than varm air. It is not the relative
hunid"ity vhich is inpolilant, btr@ter
content of the air. Meteorologists knov this
ffiu,rt I an ind.ebted to Mr Peter Gibson,
of the York Gl-aziers Trust, for per:nission to
use some measurements vhich he made inside
York Minster (in the North Transept) anci
outsid,e the South Door, at 13.0O on each of
36 aays betveen 6th October a.nd 22nd- December
l-975, using a ttwhirling Psychrometertr. The
average values of his 35 readings !rere:-

Insid-e Outside
Tenperature (oC) f)+ .l-
Relative Hi:m:iaity (%) 70.1
Water content of the air (e/r3) 8.9
Water vapour pressure (mb) 11.\

On 3 of the 36 occasions it vas varmer
outside the Cathed-raf than inside, but the
average temperature vas 3.2 d.egC l-over outside
the building. On l-B of the 35 occasions, the
relative hunid-ity vas higher outside the
buil-ding, and the average outside reading vas
72.9%, compared vith only 7O.I% on the inside,
and- thus (at first sight) the outside air
would seem to be vetterl But air at 1,1+.1-oC

can hoffi maximum of l-2.3 grammes of vater
per cubic metre, and- a relative hrunidity of
TO.I/o vou:-d. represent 8.52e/rt for the insid-e
air. Ttre colder air outsid.e, at l-O.9oC, can
hold a manimum of only 10.1g/m3, and,72.9%
rel-ative hunid.ity rvould represent onItrr
7 35e/rL'3. So the outsicie air vould, on the
average, have less vater in it during these
autu:m months. Peter Gibson also cletermined
the water contents on these 35 occasions, and
on only 6 of then wa"s there more vater in the
outsid-e air than insiite the Minster. His
ayerage for the 35 indoor readings vas B.9g/m3
(conpared, with our cal-culated- figure of 8.5)
and his average outside value vas 7.\g/m3 (the
sarne. as our cal-culated figure). Thus the cold
outside air actually had 1)+% tess water in it,
anci less water vould be carried into the
cavity of the vindov by external ventilation
than would be carried there by internal
ventil-ation! It is clear that the difference
would be even more marked. during the vinter
in Austria and it vould be extremel-y interest-
ing to knolr vhether aJryone has information on
this point! The air inside a cathedral is
nade very wet by the breath of all the people
in the congregation and the visitors, ancl the
warmer air can holcl more of this vater.

3.2.3 vn1g|s it l"tt"" tS ""ntil@to gtr_outsid*

A fulJ. d.iscussion is conplicateal but there
is an effilent account ty n.l,t.u. Diamerit in
his boolc ttftre Internal Environuent of Dwel-lingstt,
published by Hutchinson Edueationaf (fTB-ZOZ
Great Portl-and Street, London W.l-) at S1.50;

10.9

72.9
T .l+

9.5



Ref. ISBN 0 09 l-07300 6. Everyone vho vants
to und-ersta,nd this question should- reaal this
book. But put very briefly the varnr vetter
air from inside the building (rrhen internal
ventilation is used) carries so mueh vater
into the cavity that condensation vill- occur
on face No.2 (the inside face of ihe uodern
graffi;ry occasions during the vinter,
and there must be a vide space (e.g. at feast
50 nn) between the tvo windows so that
condensation cloes not occur also on face No.3
(the outer face of the nrea:ieffgfass). rn
the experiment at Sheffiel-d it vas founcl that
a gap of more than 100 nm rrould be requirecl
to naintain face No.3 at least I degC varner
ihan face No.2 (see section 2.1.2 of N.L.
No.15 ) .

In the case of a eavity which is ventil-
ated to the exterior the reverse situation
exists, and. the space betveen the vind.ows
shoulal (for a nuuber of practical and aesthetic
reasons) be made as small- as possible. For
example, lOmrn voul-d be satisfactory if archi-
tects and glaziers can invent a nethod of
,nor:nting tvo vindovs so close together!

In winter, during the day, face No.3 vifl
be at J-east 3 degC varmer than face No.2 even
vhen the sky is cl-ouded over (see Table f on
p.7 of N.L. No.l-6) because the medieval glass
contains more iron ancl manganese than the
mod.ern glass and d.aylight varns it up more
than the outsid"e vinciov (see Fig.6 on p.p of
N.L. No.16). If there is some swrshine,
face No.3 vill be much lrarurer (see section 2.2.h
on p.9 of N.L. no.16f, During the night face
No.3 will still be rrarmer than face No.2 (by
at least 1.) degC - see section 2.1.\ on p.7
of N.L. t{o.15) because (a) tire stonevork wil-l
have retained heat from the previous day (see
section 2.2.2 af N.L. No.l-5) ana (l) ttre
cathedral may have been heated..

Thus cond-ensation vitt haraly ever occur
on face No.3, provided the cavity is ventilate9
to the outsidei Let us consid-er the vorst
;G-EE. ".ather conditions are steady),
vhen it is raining ancl the outsid.e air is
conpletely saturated with vater (1OO% relative
hunidity). But the air r^.i11- be saturated with
respect to its orrn temperaturel face No.3
vil-l- be 3 degO varmer; it vil-l be above the
d-ew poi.nt and condensation wifl not occur!

We must not forget that there vill be
the occasionaJ- situation when conclensation
will- occur on the meclieval glass (both faces
3 and )+ ); suppose there has been a period of
very cold veather (e.g. sub-zero) a.ncl the
temperature of the cathed.ral (its val1s and
contents al-so) has fatlen to zero, or belov.
If then a ttwarm fronttt arrives, and rain falls
vhen the outside air is much varmer than the
build-ing, then the meclieval glass woulcl have
a temperature below the dev point and conclens-
ation voul-cl oceur on both faces. But ve
must remerber that, under those weather
cond.itions, cond-ensation woulci al.so occur on
both faces of internally-ventilated glass;
the rrarm wet air fron or;tsid.e vould enter the
building through the cloors and. other gaps and
cond,ensation vould occur ever;rwhere.

As soon as the sr:n shines, hovever, face
No.3 vould varm up very quickly and a current
of d.ry air voul-cl pass up the interspace so
that the conclensation nould be d"isperseci

" 
thralgfr the externa-L ventilation. In the case
of internal- ventilation the process .would be
slower because there vould. be the mass of
condensed- moisture throughout the building.

In a]-l of this il-iscussion ve must
remember that condensation must occur on the
med.ieval glass on some occaffis each rrinter
wliether we use internal ventilation (isotherrnal
glazing) or vhether the space is ventilated to
the outside (unless heat is supplied to the
cavity by the use of heating viresr and then
there lrouJ-d probably be less use of electrical
enerry if external ventilation were used with
1nm gaps insteacl of the lOnn gaps needed vith
internal ventitation). Ttre number of times,
during each winter, vhen conclensation must
occur vith either system (without heating
vires) vil1 depend- on the geographical location
of the cathedral, and the various national
meteorological offices may already have the
necessary infornation.

Anslrers are required as follows:- (a)
for isothermal glazing, the water content of
the air inside the buildine (ana hence its
der.r point) and hov often the outside temper-
ature is more than 3 degC belor,r the dev point,
(l) for externally-ventil-ated. glazing ve need
to knov how often weather conclitions lead to
the arrival of warm vet air vith a dev point
at least 3 degC above the temperature of the
building on the previous fev clays.

If these ueteorological d.ata are not
avai1able, then measurernents should be made as
in section 3.2.1+ belov.

3.2.1+ What measurements shoul-d be _col-lected
in the future

Ideally, ve need to knov hov often
condensation occurs on the meclieval glass vith
both systens of ventitation. Ttris can be
d-etermined in a clirect manner by using an
incipient condensation gauge and a chart
recorder (see iterns QrRrSrT in Figs. I and 2
of N.L. ito.13). Tnis wou].d probably cost about
t5OO but an integrating contiensation recorder
can be naiie by connecti.ng the contlensation
gauge to a self-starting synchronous cfock
(these pieces of equipment rdil-l be discussed
in N.L. No.22).

If this cannot be done, then the vater-
content of the air shoul-d be cletermined as
Peter Gibson did at York Minster, using a
ttl'lhirling Psychrometerrr. fhat is the best
instrument to use but if one cannot be
obtainecl, then a good double-thermometer
should be used., one vith a ttdrytt bulb and the
other with a ttvettt bu.l-b; vhen readings are
taken the air must be fanned vigorously irntil
the Itvetrr bulb tenperature ceases to faIL.
ft should be possible to read the thernometers
to 0.1 degC.

Hair hygrometers are not sufficiently
reliable for this purpose, ancl- care should be
taken when using a recording hygro-tJeermograph



to ensure that j.t is calibrated frequently'
at least once Per Year'

I greatly hope that arrangenents can be

made in several cathedral-sr or l-arge churchest

io coffect data like those given in section
1.2.2 above.

3.2.5 Aesthetic problgrns vith externally-
protective glazings

The general aesthetic problerns have been

pointed oit itt N.L. No.J, section 3'- The

iwo vhich I shal-] discuss here are the appear-

ance of the vindow frorn inside, and the
appeararlce of the Gothic faqade from the
outside.

Isothermal glazing usually (uut not
necessarily, see Santa Croce Church and Prato
;;;;";J,- in N.L. No.l, section 9'2) involves
ro"i"g the medieval vind'ow invards and naking
i.t vider and longer so that J-ight does not
penetrate around the vindov at the mullions
La tn" uitr. with externall-y ventifated
windovs the medieval glass is left in the
glazing groove and hence there are no problens
iiir. rleilt passing around the edgesl. it is
ii."= iaE"r ior ttre=cte conservation''

With isothermal glazing there is no foss

of depth of the nullions on the outside,
becar.iie the modern windov is placed in the
glazing groove. But the use of external
ientiration rea1ly d'emand's the modern windov

to be placed on the outsi"d'e and there vill
then be some l-oss of the depth of the roullions
(see the note on page 5 of N'L' No'T)'
Hovever, the interspace caJr -be made much less

than it is at York Minster (65mtt) and lOrnm

"""i4 
be j-deal if architects and glaziers can

invent a vay of-fixing two vindows so close
together.

3,2.6 Other questions

In my correspondence vith Dr Eva tr'rod'I-

Kraft she raised tvo other questions' She

".y",- 
(a) ttthe exterrral- air necessarily

cairies more dust and this wil-l- collect in
;;-;;;";; ana (b) the external air is "not
so bal-anced as to temPeraturett'

As regard.s (a) trre ventilation gaps at
the top tnd bottoto of the lancets should be

quite 
-narrov; the experiment at York lr4inster

shoved that Inn gaps ioul-d be adequate (see

section 2.1.5 on P.7 of N'L' No'16) thus there
i= fittf" risk of vind bloving dust into the

cavity, although gauze should be,used to
fr.,runi ilj-es iron getting int- Hgre it should
i"-poi"tua out that the ttventilationtt is in
facl quite a sl-ov process because it takes
ptace-ly thermal- convection as the window

;;t" l;p in ciaylight' As to.vhether dust may

collect in the spacer very little dust va's

found. in the spa-e at Bern l'{inster after 20

yearsr and afl the d'ust vas on face No'2

ipresuraabt-y because it vas colder than face

lff .:). l"br guess is that very little dust
vould enter an externally-ventilated space

having l.:llr sl-ots, but an ansver should

eventually be obtainable from the vindovs at
York Minster.

As regards (U), the external air being
16ss-'uniform in temperaturer I an not sure

hov significant this would be because south-
i."iog-*i"dovs in sunlight reached' \6'5og io
arri l lQT5 in York }4inster (section 2'l-'3 of
U.l. fgo.f6) a.nd this vill- certainly not be

the highest temperature to be reached' fhus
t havelet to be convinced that a chtnge of
a fev degC will be significant' Moreovert
the cost of heating oil ha^s risen so greatly
that the major cathedrals carl no J-onger be

heatecl continuously in the vinter, and the
future differences in tenperature ranges (as

betveen internal and external ventilation)
may becone smaller.

3.2.'(
matter?

One iuportant question has as.yet been

ignored, urid tttu.t is vhether occasiona]
cl.rdensation actually d'oes harm to medieval
glass! It has been assumed (and I have

iiou"urv been the voffi-this respect! )

ihat repeated condensation is dangerous

1""*rrffitetica11y) it proiluces 
- 
a strongly

.fto.fi-n" sol-ution just before it dries, and

that this c"n cats. serious attack; but does

i.t? I asked M Bettembourg to ceoperate in

"ot" 
u*p""iments vhere 3 kinds of simufated

nedieval glass vere exposed' to roany cycles of
r"p."t"a londensation a:rd drying, in his
.n'oi "o.rt"ttt 

a1 cab j-ne t . The s e experiments
have not yet been reported but M Bettenbourg
and I agrle that the samples shov sr:rprisingly
iittr" Eanag.! ttrus it is possible that
repeated condensation (with complete drying
in betveenJ ls nolhing like as harnful as f
naa alvays betieved! More vork must be d-one

vhen the new serles of ten sinulated' med'ieval

glasses are available'

?-2-B Comments pfeasel

I hope this rather long account vill not
oniy ctarify the situation but vi'Il spur

other read-ers to contribute to the discussion
in one vaY or another'

3.3 Tffi RESTORATION OF ANCIn{T }rINDOWS

An interesting editorial entitl-ed ttLa

restauration d-es vitragx- gEgieqsx has appearei
RevYe de lrArt'

T} i" Jaitotiat is vide-ranging a'nd it starts
by pointing out that the study of stained
giq". it"" recently suffered' the loss of three
Javants:- Jeal Lafond', Hans Wentzel and'

Hans Hahnl-oser, but the inpuJ-se given by these

three mastet" i" ,to* bearing i'ts fruits; in
the last 5 years I Corpus vol-umes have been

ad.ded to the 10 vhich existed in 1970 vhen

nevue ae f tArt last revieved the situation'
It then refers to the series of ttpre-Corpusrt

vofumes which are being prepared in !'rance
in view of the rlrgency of restoration vork
because rnuch nedieval glass is disappearing
before ou-r eyes.



4 RESEARCH FACILITIES IN EUROPE _ PART 3

Ttrere is then a.n inforned discussion of
the process of lreatheri-ng and of eerlier
restoration techniques vhich have had harnful-
results, incluciing scratching, scraping anct the
use of acid-s; sone of these vere denouncecl
3O years ago but were still in use until-
recently. the ctiversity of compositions of
the glass and the presence of painted ciecor-
ation inpose great restraints on the methocls
of conservation which can be used.. Hovever,
in the last 20 years the approach has been
entirely tlifferent and. the combination of the
expertise of historians, scientists ancl
craftsnen, under the guiclance of the Corpr:s,
is altering the whole approach.

Reference vas then made to the recent
conservation of the vest vindows at Chartres,
ttre outcry in some qua?ters, and the press
conference he1d. by tlie Secretary of State for
Culture. There is a section about the na.ny
earlier changes in these vinclovs, from their
escape from the fire of 119\, the many

Ite;n No.4 in Nevs Letters Nos 19 and 20
has now been extenled. by the inclusion of an
organi-sation, No. )+.11, thus eontinuing the
numbering of the tvo earlier 1ists.

_!,+_ggryroI Institut National du Verre,
Boulevar,l Defontaine, fO, 8-60CC _CHARUERqI,
Belgium. Tel. 71-3r.00.41 Terex 5l-.430 b
INAVER.

This institute was for:nd.ed in 19\5 to
carry out co-cperative research and d"evelop
ment work for the Belgian glass industry vith

5 CHEMICAL ANALYSES OF

PART 1

Througlrout the Nevs Letters there has
been much discussion about the chenical
analyses of medieval glasses and- there is norr
abundant evidence that the weathering
characteristics of the glasses are closely
rel-ated to, if nct whol\r d.epend-ent upon, their
chemical composition, especially the silica
content, the amount (and perh_qps the nature)
of the al-kali, and the amount of line.
Several laboratories have nov been analysing
glasses for the last fev years and I nor,r have
pernrission to reproduce 1?|_gfJS_eS which
are set out i.n the tables on the next five
pages .

5.I TI]E KINDS OF ANALYSIS

Each page contains 25 gpgtlse_l but a few
of these are repeat analyses (by different
laboratories) on parts of the same piece of
gl-assi in the J.i.st of sanples, these dupli-
cated, analyses are ind.iq,ated by the two
numbers being bracketed. together, e.g. (Zr3);
thus there are fewer than IZJ gLalses_.

replacements in the l3th century, the great
restoration of 1\20, other restorations in
the l6thr lTth and 19th centuries, a.ncl the
restorati.ons of l-892-l-903, 1918 and 19\5, so

, thatr.the only remaining genuine l2th century
heacl is that of the Prophet Jesse.

In 1973, vhen the wind.o-,r hacl been
seriously corroaled and vas in urgent neeal of
re-leading, it was found that the external
patina coulal be removed by a solvent technique
(see N.L. No.11, Ref.UO and N.L. No.20, Ref.
220) and the cleaned winalov was protected by
a coating of synthetic resin rrhich coulal be
removed. at any time.

Ttre next section d.escribes the now velI-
known new col-our bala.nce of the lriniiovs and.
enphasises that the clecrease in the predornin-
ance of the blue colour cannot be attributed
to the resin coating because it was not applied
to the blue gtass (vhich hail already resisted-
atmospheric attack for BO0 years).

financial support from ti:e industry a.nd a
grant from the Ministry of Econonic Mfairs.
It can unCertake private R & D vork for
Belgian and foreign glass nanufacturers, and
it i.s an official testing house for many
national stand.ard.s orge,nisations for glass
tests. The research facilities include aI1
modern physical and chemical analytical equip-
mentg electron rricroscopy; X-ray fluorescence
ana\rsis; atomic absorption spectroscopy;
accelerated weathering cabinets; and equip-
$ent for measuring the chemical durability of
glass. Further information can be obtained
fron the Director, Pierre Gilard.

MEDIEVAL WINDOW GLASSES -
.Each analysis is reported in three

d.ifferent ways, first as the 
""-i_gtf! rye$?tr-

of the various oxicles (the usual- kind of
analysis). Seeond, the figures have been
converted to mol-a! percentages (and rounded to
1oO%) becauseTTs the nolar proportions
(rather than the proportions by veight) which
control the chenical and physical properties.
Third., the ittriangular co-cr,linatestt have been
calcul-ated because these seem to be particular-
Iy inportant in unclerstanding the durebility
characteristics of the glasses (see Ref.2O5
in N.L. No.17). In the case of high-lead
glasses (e.g. Nos 57 ana 58) ttre triangolar
co-oralinates were not calculated.

5.2 THE PARTICIPAT]NG LABORATORIES

Tnese l-25 analyses have been contributed
by the following six laboratories (for con-
venience, the key numbers have also been
quoted from Section l+ of Nevs Letters Nos 19
and 20.
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vienna (\.9)
York (l+.\ )

Paris (l+.7) 23
Sheffield (\.8 ) 13
Pilkington Brothers,

St. Helens 4

Oxford ()+.2 ) 2

Notes : -

J
f
(not fron
Minster) x

d

I these analyses were carried. out by trWetrl

cheni stry.
* York has also carried. out large nrunbers of

arialyses on glasses from York Minster, but
they are not included here because they
vil1 forn part of a PhD thesis; they vil1
become available i.rhen the r,rork is complete.

d these analyses were carried out by X-ray
fluorescence but they vere not corrected
for inter-element effects r except for
$os )+l, !C and 99 which vere determined by
rrwettr chemistry.

All the participating laboratories are warrnly
thanked for their co-oPeration.

Dr R.II . Brill, of Corning l'{useii^m of Glass
()+.5), has carried^ out many anal.yses of
nredieval glasses, and- 19 of thern (8 from Yor'lt,
! fron Ui.ro and 5 frorn Avignon) have been
publisheci in the Journal of Glass Studies
rg7o, 9" r95-t92.

5.3 THE VARIABILITY OF THE RESULTS

As vou1d, be expected. from the ttnorrna,ltt(! 
)

variation betveen the results from different
laboratories, there are marked variations
betveen the results from tests on the salre
samples. fhe analyses also differ in the
various vays in which the weight-percentage
totals differ fron tOO%. If the total is
greater than IOO/,, the difference represents
the cumulative error of measurement. If the
total i-s less than 1OO% the difference repre-
sents these errors of measurement, pJ-us the
possibility that certain oxides vere present
but they vere not analysed. Hovever, a totaJ-
of exactly tOO% is not necessarily a guarantee
of accuracy in the anafyses; for examplet
the results from York (\.\) are obtained fron
a computer which automatically brings the
total to l-00%.

In the tables the symbol rt-rt mea.ns trnot

looked forrrl the synbol tt?tt means that the
oxide is known to be present but it wa,s not
measured (for exanFle the X-ray fluorescence
ana\rses from Sheffield (\.8) shoved the
presence of copper and zinc but there were no
??stand-ard.srt avail-able for determining the
arnounts of these oxides ) i the word |tniltt
(analysis No.5) shovs that these oxides, if
present, were be-lov the level of d'etection.
In analysis No.l+] the l4no and the TiO2 con-
tents are incl-uded in the 2.2% for A1e03; in
No.5O the TiO2 i.s incl-ud.ed. in the I+.0% tot
A1203. The Paris labora.tories (It.7) generally
determined the :mounts of CoO, NiO arrd Cr203
but the other laboratories did not do so,

al-'bhough many of them recordecl- the presence
of trtrace elementstr lrhich have been ignored
in the tables.

5.1+ THE WARNINGS:

I think f should incl-ud-e two varnings:
(r) that the col-our of a piece of glass is
not necessarily any guid"e to its composition
even if the pieces come from the same wi.ndovl
for exanple, it is only a smal1 proportion of
the l-2th century blue gJ-ass from York Minster
which is a sod-a gfass (see section 5.2 of
N.L. No.20) arid sinLilarly tvo of the three
pieces of l-2th century blue glass from Chartres
(Nos 103 and 105) were high-sod.a glasses
vhereas the other (tlo.fO\) vas a potash g1ass.
Similarly, all the 12th century green glasses
reported in Ref.129 of the British Acaclergr
Bibliography could- not have been mel-ted in
the sarne crucible, although all four pieces of
pink glass night have come from the same

crucible. gr own opinion is that the old
glaziers chose their pieces of glass for their
colour-match only, and. the pieces need not
have been nade in the same crucibler nor by
the same glass-maker, nor in the sane countryr
nor even in the sa.ne century if (as now) glass
vas re-used and (re-)painted at a later date.

(z) W second ttwarningtt concerns the very
d.urable hi-gh-soda glasses which have recently
attracted so much interest. f fear tbat there
may be a tend-ency for readers to associate
rrgood durabilityrr vith r?high sod.arr, but it
shou.ld be kept in mind. (at least for the
present) tnat al-l- of these glasses also have
only a moderate amount of 1ime. Thus it
seems tc me to be nore 1ike1y that the good
d.urability may be the result of the moderate
lime content, rather than the soda content.
There are eight glasses in the tabtes vhich
have more 'Ehan l-O% by veight of soda (Nos 2,
57, 93, 97, 98, 105' 110 and 1l-l-) and- their
lime contents range from 7.9% to 8.7%. I
realise that in sinrple glasses, such as those
which Professor El Shalry used-t potash
glasses are much l-ess d-urable than sod-a glasses
but .I stil-l have reservations as to vhether
that comparison can be extended to complex
glasses such as our medieval ones.

5.' THE DURAB]LITY OF TJ{E GLASSES

The arra.ngement of the glasses in tbe
tables should" be explained- because Nos 1-59
are those vith the same nunbers d-iscussed in
Fig.2 on p.32 of Verres et R€fractaires,
Volrune 30, 1976, In the later tablesr e.g.
Nos 101-l-25, they are arranged in groups from
the seme laboratory. fn most cases it has
been possibte to indicate the general veather-
ing characteristics of the glass by means of
three synbols:- ttofr = shiny surface, appax-
ently unaltered; rtArr = pitted. surface;
#= crusted. surface.

,.6 TIIE SOURCES OF THE GLASSES

T'he samples were d.erived. from five
countries, as follovs:-

57
26

ana\rses
??

York
ll
tl

w



AUSTBIA - 50 saq'les

Georgskirche, Wiener-Neustadt: 7Ir72 rT3
Kremsmunster:66
Lechkirche : IJ r2O
f,il-ienfeld: 81r82 rB3
St Leonhard: ?O
St Maria-a.pGestade|. 3213\r77 rTBr79r80
st Martin Muhlkreis : 6L,62r63r6\r65
St Michaetskirche, Vienna: 89r90r9f
speyer: B19 r19 rz5 r33r35r39 rl+orl+2r\5
stift. i{eiligenkreuzt 60 167 r5Br92 r11?r118'119

(Nos 11711181119 are frcm the ornamental
choir vinclov N.I, r29O)

Strassengel, Wallfahrtskirche z 69 r7\ r75 t76,
10B,109 r11o,111-,l-12,113,11)+ r 115 r 115
(nos tO8-ft6 are from the christ cycle
vindov, choir No.1, nid 1\th century)

Wienhausen: B)+, 85, 85, B?, BB

An undesigrrated, acid-soluble sanple: \l

FRANCE - 31 sanples

Amiens t 2'l r3L 136 r\3 r5I r52 r5I+ 156'58
lfAube: \r30r57
Chartres : lO3rl-O)+ r1O5rl-O5r1OT

6 NEW ABSTRACTS

227 . ADAMS,. .P.-8. ( rgfl+ ) "Crack propa-
gation in annee,Led glass d.uring exposure to
vaterrt. Proc. l-Oth Int. Cong. G1ass, Kyotot
July 19?\, f1-16 to 11-23 and 15-100.

The possibility of stress-corrosion
occurring in glass vas first proposed in 1958
and it is nov generally accepted that glass
can crack lrhen exposed to vater because the
vater l€acts vith the glass to break the
chemical- bonds at the tip of the crack. In
the past it was assumed that the glass had to
be under tensionl if the applied tension was
great enough, the crack vould grow and the
glass vould break but if the tension r,ras not
high enough the attack by the rrater vould
cause rormd.ing of the tip, crack growth vould
not occur, and the glass rnrould be strengthened.

The author shovs that this statement is
not always true and that vater can cause
cracks to propagate in certain glasses even
though there i.s no pre-existing tensile stress.
It appears that these glasses can hyd.ratet
causing them to svel-J. so that 1ocal stresses
are produced a,nd. cracks can form and gro'w.

fhis paper should be consulted by anyone
who is proposing to und.ertake research on the
spontaneous cracking of medieval. glasses,
because the author describes exact\r the same

phenomenonn i.e. the d-evelopnent of conchoidal-
iractures frorn nhich a clrip of glass is dis-
lofued. Having mad.e that statenent it is
nevertheless quite d,ifficutt to drav any
inmediate conclusions from this report which
are of direct value to persons concerned rrith
the conservation of surface-fractured glasses.
Aflrns feqrlfl that glassds r,ihich have poor
durability d.id not crack, apparently because

Evreux: 22 r23 rl+\
Houclun: 1T
Le Mans l 53
Mo..... . 59
Ojsei 26
Roueh: 1r1Or11r18r29, 37
St Denis: 55

GERMANY - l- sarele

Uhr: 24

TURI(E! - 2 sanples

Phrygia: 9'(,98 (fron Ugak-Selgikler)

UNITED KINGDOM - 3I sa"nples

Ca.rnbrid-ge, Kings ColJ-eger 101t102
Coventry, St lrtichaels Cathedral: l-2Or1,2l
ELy Cathed.ral, LaSr Chapel: 50 tl-22rJr23rA2\t:-25

(Nos l-22 and. 123 are adjacent pieces from
the same panel; I22 is heavily crusted and
l-23 is uncrusted )

Stourbridge, Dennis Hall: 99rf00
York Minster: (a,s)5, (6rt )t2,.(13,tl+)16,2:-,28,

38,\1')+6' \B r)+9 r93,9\,95,96

corrosion of the surface then proceed.s more
rapidly than cracking. Some glasses vhich
were tested at 50oC in vater, and- also in an
atmosphere vit}- 98% rel-ative hun:id.ity, cracked
more rapidly in the 98% hunidityn perhaps
because some solution (remova1 of flavs ) nay
have occurred. in the vater. Thus any attempts
to keep such glasses free fron liquid water
may not necessarily be successful in stopping
the cracking. Ttre author states ttA flaw is
absolutely necessary to initiate cracking.rtl
if this is true, and the cracks occur onl-y on
the outer surface of the gl-ass (i.e. on the
r:npainted- surface of stained glass ) there
night be the possibility of polishing the
surface to remove flavs but a high degree of
polishing vould probably be required (the
author actual-ly tried polishing vith )+-rricron
d.iamond paste, and fowrd- that no cracking
occurreal, vhereas coarser techniques did-
cause cracks ); even then one coulcl not be
sure whether flaws night be re-created- during
further exposure to the veather.

228. ANON (1976) "La restauration des
vitraG-an"G-ujt (the restoration of ancient
vind-ows). An eclitorial on pages 5-B of No.31
of Revue d.e lfArt. This is abstractecl as
iten 3.3. above.

229. ENGLE, Anita (rSf:)'rA semantic
.pp"offi to-[ffiry". Readings in glass
history, No.1, pages Bf-Bl+.

TLre author points out that the early
glassmakers formed- cl-ose craft cornmrurities
lrhich used special te::ns, and these may have
l-eft their trace in the places vhere glass-
naking was practised. Glassmakers along the
Phoenician coast in the lst to 5tfr centuries

15



were using terns sinilar to those used in
Babylonia in the fth century B.C. A study of
16th century ltalian glassmeking texts makes
it seem possible that scme of the ear\y glass-
naking fenilies of Europe may have originated.
in areas vhere Aranaic vas spolcen. ftre au+Jror
al-so lists some Itrebrev gla,ssmaking vords vhich
have Aramaic or Syriac origins.

23o. ENGLE. Anita (rgfS) rrsome aspects-
of trad.e with Syriain tne crru,sading period.rr.
Readings in Gfass History, No.2, pages 36-\f .

Between 1098 and 1L10 Genoa sent six
naval exped.itions to Syria in support of tlre
Crusad.es and., in return, were granted. colonial
holclings along the coast of Syria. Exports of
glass from Acre and from Tlrre (both places
vere regard.eci as one unit) were in the hancls
of the Genoese. Colonies of Levantines were
also present j-n Genoa and the article lists
sone of the many trading relationships up to
1189.

23I. GASPASETTO. A. (1974) "Verres
v eni tFns dfMo;"ovenrc ( ue ai e v at v e ne t i an

,gIass). Proc. 10th Int. Cong. Glass, Kyoto,
'July 197\, )-2r Lo 9-29 and.15-90.

This article is primarily conceraed vith
portions of Venetian tablevare vhich have been
found- in excavations in Bohenia, Corinth,
Ho11a.nd., Hrrngary, Svitzerl-and, Yugos lavia,
etc, Medieval winclov glass is not mentionecl
but there is a d-iscussion (on pages p-2J and

9-28) of clevelopments in tracle after the
conquest of Constantinople in l-2d+ and their
bearing on clesign of glassrrare founcl in nany
places, incJ-uding OJ-d Sarum and l(naresborougir
(in Britain), LiCge, Rouen, Stargebov (norfana).

232. I{gNC.H, L.L. (rSfh) 'fBiomedical
applications and glass corrosiontt. Proc. lOth
Int. Cong. G1ass, I(yoto, July l-pJl{, 9-30 to
9-)+t and r5-9o.

This articl-e is main\y concerned- vith the
d.evelopment of special glasses which are conF
patible with human body tissues but, as part
of the need to gain an uclerstanding of those
problens, there is a general reviev of
corrosion processes on glass surfaces, and. of
nethod.s of ttcharacterisingrt glass surfaces
vhich have been irr contact with hunicity, or
a liquid environment. ft vas found possible
to al-ter the surface eomposition and nicr'o--
l:trncture of glasses ty r,rsing suitable
surfa.ce treatnent.

The na.ture of the corrosion fil-:rr vas
first studied using highly sophisticated
techniques (n'l-PA, srxlt, xRF, AES, etc. ) vhich
have disadvantages vhich he lists on p.9-35.
Horever, recer:t studies have shovn that infra-
red refl-ectior: spectroscopy can be userl to
ana\rse the surface filns formecl ou glass
during corrosion (presr:mably includ-ing
veathering), and it vould. seern that thj-s
technique should be considered in pla"nning
f\rture vork in University-type laboratories.

Some of the glasses useil in these stu&ies
are reminiscient of rnedi'eval high-linre, lov-
sil-ica glasses, except that tbey contain sod,a

instead of potash. for example, tto.\555
contains L+5/, sitica, 2\,5% soda, 2\.5% I:rme,
ana 6"0% phosphorus pentoxide (e205). ne
clains that sufficient P205 has been add.ed rtto

BTen€.nt rapid deterioration of the chain-like
Efasd structurer!. In the presence of vater a
silica-rich ge1 filn is produced- on the surface
due to the loss of sod"iun ions, ancl this is
fo}loved by a layer rich in calcium plrosphate
which Itclevelops within and on top of the
silica-rich layertt.

43. JovANovrc. M.A. and ZALAR. R. (rgftr)
"EiniE-M6s r
chemischen BestHndigkeit cter GlasoberfJ-d,chert
(Some possibitities of improving the chenical
resistance of glass surfaces). Proc. l-Oth
Int. Cong. G1ass, Kyoto, Jul-y lpJl+, 9-100 to
9-10h.

The authors discuss the fornation of the
silica-rich layer on weathereii glass surfaces
a.nd consid-er that it should be a rrprotective
layertr against further weathering. Hovever,
they founcl that it va.s porous and. hence d.oes

not prevent alkali ion-exchange in the r:naltered
glass belorr it. Ttrey found., horrever, that
they coulcl consolidate the sitica-rich layer
by heating it und.er pressure in an autoclave,
for t hour at 3OOoC and 50 atmospheres. The
resultant skin was then 2O times more durable
than the untreated one, and its rnicro-hardness
had also increased ry \5%.

(Note uy RGN - this interesting con-
clusion, althouglr usel-ess as a conservation
teehnigue, underl-ines some of the probJ-ems in
producing a trprotective layertr by sirnple trrcarls.
It is frequently stated that flame-finished
glass surfaces have a trprotective shinrr on
the surface. This nay be true for a year or
tvo but there seerns to be no evidence that
such protective skins have a vorthvhile long-
term effect on the resistance of the g1ass.)

H. anti rsoBE, s. (.r97\L
d.uring electron nicroprobe

a.nalysis of gla.ssestt Proc. lOth Int. Cong.
Glass, Kyoto, July 1971+r p-l to 9-6 and I5-1,

TLre authors drarr attention to sone
d-angers vhich may be encor:ntered. vhen using
some of the moclerrr itnon-destructivett metbods
of chenical- analysis of glasses, using trbl-ack-

boxestr. When r:sing the electron mieroprober
the inpact of the electrons neecled for
analysing glasses can cause the results to be
wrong. This inpact of the efectrons produces
some evolution of non-bridging oxygen ators
and the electric field proclucecl by the
electrons causes alkali ions to move away fron
the surface. As this tech::ique ana\rses only
the surface layer of the glass, the nigration
of alkal-i ions from the surface can have
serious consequences on the analytical resul-ts.
In some cases an opposite effect seetis to occur
but, ir: either case, there is a risk of obtain-
ing wrcrng results. Another conplication, of
a rather techni.cal nature, is that the silicon
J..6 fiuorescence line can charige its position,
vhich shovs that the structure of the glass
becomes d-enser as a resul-t of the electron
bombardment.

23\. YAj"1AM0TO...
ttcompositional cha^nge


