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1 geneFalities
1.1- ilditorFhie of the News Letter

There were unexpectedly long delays in the
publication of News Letter No.2? a,nd in the
preparation of No.28, which will now be the last
issue to appear in 1!J8, a^ntl under the general
editorship of kofessor Roy Newton. At the
neeting of the Conitd Technique of the Corpus
Vitrearun, held in Paris in the middle of June,
it was d.ecided that the Fxl.itor should be changed
annually and that Dr Sruno l,lllhl-ethaler, of the
Schweizerisches Landesmusevm, Postf ach JZE,
CH-8O11 Zuticl. -2), should be the general editor
in 1979.

ft was also decided that, in future.years,
there should be only tuo j-ssues of the lelq
Letter per year. ihe subscription ratlli6r
these years has yet to be decided but, assuning
that only three issues will appear in 1978 (Nos.
26, 27 and.28) instead of the intended four
issues, there will be a credit of 2flo of t.be
1978 subscriptj-on for all, existing subscribers.

I.2 kojekteruppe rrGlasrr neeting. held j"n Bonn
on 11 l4arch 1978

Brief nention of this neeting, and of the
papers read at the neeting, vas nade in Section
L.J of N.1,. No.27. The abstracts of those
papers are now incl-uded as Abstracts Nos lJ4-
119 ir Section 7 of this News Letter.

At the meeting it was agreed that the
scientific discussions which hacl taken place
during the first (tuUrzburg, f4th September I!JJ)
meeti.ng had been very fruitful, nevertheless it
would be desirabl-e for all- concerned that cLoser
cot.tacts shouLd be nade with art-historians,
testorers and gl-ass teclmologists during all
future neetings (ttre third neetj-ng is expected
to take place in Ztbich betrrreen lJth a.nd 16th
rqarch 1979).

f.4 Silicone adhesivest sone second thoughts

In four earlier News Letters there was sorne
discussion of silicone seal-a^nts. Those which
release acetic acid duri.ng their hardening may
occasionally attack either the l-eads (N.L. tio.tO,
Section 1.8) or, apparently, some rnedieval gJ-ass
(N.L. No.25, Section l.!). Oxi-ne-curing
seaLants were therefore recomrnended as a replace-
nent (N.L. No.20, Sectlon 1.2; a.nd N.L. I'Io.22,
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Section-l.4). Some tj.ne has passed since these
discussions took place and no more examples of
difficufties have been reported. However, it
seems that some oxine-culng silj.cones harden
rather slowly, and this cal be a dlstinct
disadvartage. A11 in all, therefore, it
seems that the advatages of acetic-acici
curing silicones can outweigh the occasional
disadvantages.

f.4 hice reduction on certain Corpus Volunes

An important price-concession to Menbers
of the Corpus Vitrearum is set out in Section 6.5.

2 exteFnal pFcltective
glazing

2.1 IIi'IRODUCTi..li

Experiments are in progress in various
countrles (certainly in Austria, Sritain and
Gemany, and no doubt elsewhere also) to test
external protectlve glazing systems. Some of
the experinents (such as those on the soulh-
west transept window at Canterbury Cathedral)
are concerned rvith the important problern of the
visual appearance of the externa-I windorv, as
seen both fron the outside and fron the inside,
but these aesthetic problens, and afso those
concerning the width of the space between ihe
windows, vill not be discussed here.

We do not yet know enough about the best
way to instal such windows, and especially about
the best way to ventilate the cavity. I{oreover,
some oi'the experimental results appear to lead
to opposite conclusions and this aticle has been
mitten .in an attenpt to clrify the situation.

The obvious reason for installi-ng an outer
window of modern glass is to assist in protec-
'ting bhe nedieval- stained glass against the
corrcsive attack by the weather, especi.ally the
moislure resulting frorn rainfall, md from
matur.iafs such as pigeon durg, lichens and the
general dirt in the air. A second reason is to
protect the stained glass from dmage by stones
and other hard objects. A third reason .ls to

of the scieni



2.2 PLACES 
".IHI]RE 

COI{DENSAT]ON CAN OCCUR

In a doub]ed vindow there are fou air-
glass interfaces to be considered' Countlng
frorn the outside they are:-

tr'ace I = the outer face of the external Slazing

Face 2 = the inner face of the exLer'nal glazin9

Face J = the outer face of the medieval glass

Face { = the inner face of the medieval glass

We can ignore lace I because it will often
be wet, being exposed to rain, fog, snov, etc.
and j.s nade of modern glass. tr'ace { wi1} no
doubt be the one which could suffer most f.rom
condensation because it is the one which beans
;nost, or all, of the painted decoration, but it
is'not actually in the cavity, so the require-
nents will be sornewtrat different from Faces 2
and ).

Face I is probably next in importarce
because it often bears some pajnle.r decoralion'
especial-Ly in Austria. Even if there areno
brace fines on Face t lhere may '/e1l be scme

natting which cou.Ld be damaged by condensation.

Face 2 is probably the least importatt
because it ccnsists of modern glass and is
consequently more durablel moreover il can be

replaced if it does becorne danaged. 'lhe
presence of condensation on tr'ace 2 meals that
ihe.re is some water in the cavit.'1r thus
increasing the humj-dity of the air, but the
effect of this increase in humidity on the
nedieval glass is not cfear. Here mention
should be made of a donestic situation which
couLd cause nisr:nderstandings in the discussion.
,In domestic double-glazi-ng, if there is a break
in the sea] towards the inside of the house
condensation witl form on Face 2 during cold
weather. This is a nuisance to the people in
the house because it interferes with their view
to the outsidel Thus, in the home, condensa-
tion on tr'ace 2 causes the most troubl"e but thls
would. not be Lrue in poqathed.ral (r,he domesLic
problern car be solved\"i by drillinS holes from
the cavity to the outslde air because the outsiiic
air generaLJ-y contains less water than the insi(1c
air ).

In concfusion, therefore, condensation on
Face 4 is the worst case, followed by condensa-
tion on Face ). Such condensation will forro
when the ternperature of the glass fal1s below
the &g-@!. of the air in contact with it.
tn the case of Face { this air 1s 7}qqys Lhe

air in the cathedral (but see note\"/). In
the case of Face J the air under consideration
is thab vhich is in the cavity; it may have
come from the cathed.ral (jnternal ventilaLion)
or it nay have come from oulside the building
(external ventilalion); in either case the
hunnidity malr have been increased if there is
already some condensation on Face 2.

2.' EUI!]IDITY AiI! TI].?ERATURE OF THE AIR

It is importart to tiistinguish between the
hunidity of the air and its water content. The
water content of the air is the momt of rvater
actually present, measured either by its weight

keep the stained glass wamer by protecting it
frorn the very cold air of winter nights. A

fourth rea$on wh-ictr is put forward in some

qr,."b"""(1/ is that the oute-r windov can reduce
the attack on the medieval glass by sulphur
dioxide and the oxides of nitrogen, apparently
by reacting with those gases (especially if ar
atsorbing medim is introduced), but the evi-
dence for this befief has not yet been
pub-lished.

There seems to be little doubt that an
externaL window can afford great protection to
medieval 6lass because the glass in the little
German church at Lindena has had external pro-
tection since LB97 md the protected gl"ass is
said to be in a better statg^{han any other l)t}r
century glass in the D.D.R.\'/

The next question concerns the occurrence
of cond.ensation in the cavityr or the entry of
driving rain. An ideal situati.on would involve
conpJ-ete (trermetic) seafing of the space between
the two windows, and there have eveR been
suggestions that the space should be filled with
a dry inert gas. iloweverr practical experience
with cathedral- rvindows has denonstrated that suc:
hermetic sealing is probably inpossible. fhe
cement whi.ch holcis t,he vindow in 1ts leads wil-l
crack, movements of the sLonework occut, and
strong winds buffet Lhe outer window so thal jr
becomes leaky. Experi4gnus ar YorK llinsLer
usinn smoke fenerators\)/ have sltom Lhat smo*e
can enter every window tested. Thus it nust be

assmed that rain will- scnetimes get into the
cavity and hence ti're space should be ventilaled
so that moisture in the eavity can dry out.
lhe window at Lindena vas rloL deli\erately vcn-
tilaled but -Dr ilaercker's Gf,ort\t/ strows LhaL

enough exchani;e of air is likely to occur
';hrough the cracks whicb have deve\oned.

If the cavit.'l is ventilated, either to the
inside ol the buildin€i or to the outside air'
Lhere will be some occasions when condensation
wil} occur in the space between the gJ'azings

(see beJ-ow). liere it should be pointed oul +'il:"i'

irrere is as yet no unanbiguous evidence abcut thc

effect which repeated condensation may have on

nedleval stained glass. Until recently iL was

argrued on theoretical grounds that repeated con-
deisation would be particutarly damagin6 to
rnedieval g1assl the assrmption was that each

droplet oi water would produce sone al'kali-
cxt-raction; the alkali would attack the 81ass
as it becane nore concenlrated when the water
clried out; the next occasion for condensation
would produce droplets on the same places as

before because nucleation woul-d occur therel
more alkal-i would Lhen be extracted, etc' elc'
Thus condensation had been feared as being a

oarticularl:r' d4.45erous source of aclack on

nedieva-l- gl,ass\q / buL recen'' experimcnLal H rk
nas cither failed to reveal this expected
attack\f/ or has shovrn lhal it mary be ]?gq

severe Lhan the aLtack by hiSh hmidily'-"

Hovrever, lt should at present be assmed
that ttte presence ol condensation is likely to
be more harmful than the absence of condensation
,and external g]azrng systems shoufd be desigrLed
to have as little condensation as possible.
ilecent arguments have been concerned with
uhether it is better to ventilate the cavity to
the outsj,de air or to the.inside of the bui1di191
or even to install heating wires in the cavity
but .it is first necessary to define the double-
window situation rnore precisely.



(as g4ams of water per cubic netre of aiTr e.8.
Log/il) or !y its vapour pressure in millibars
(e.s. Iogfd is equivaient to ll*ml). The
retatjve hmidity (ru) of thc ajr is uhe ratio
of the weight of water which is present,
conpared with the wei6ht of vater which the air
could hold at that temperature if it were fully
saturgted wj-th water. Thus air which conlains
ioa/m' would have a RH value of tov/, at Iloc
(tis oew point); l8/" at l)oc; Jl/" at Zooci and
41% at 25oC. The RH value is the one which .is
usually quoted but it car be nisleading because
ajr outside a building during^the uinter couf/
'rave an RII value ot lQV. at OoC but its wacer
content wouLd be Jg/#,' o\Iy half the. water
content of the air described above which has
,)7% RH at 2ooc. Thus we have the paradox that
the outside air can have nearly twice the
relat.ive hmldity of the air inside the buildint
(and thus seems to be the wetter) yet the inside
air would have twice the water content of the
outside air (and is actually much better)l The
dew ooints of the two lots of air are: inside
air,'lIoCi oulside air, OoC; hence Face {
would forrn condensation if it were cooLed to
lIoC but an externally-vcntilated cav-it.v woufd
not contain any condelsatign (ra.e5?-a*i 3)
unless it were cooled to O"C.

. ?bf: in this case, and afso jn general
(see "'J, contlensation in the cavity is likely
to oceur less frequentLy when the cavity is
ventilated to the outside. I'levertheJ.ess, the
important laboratory experiments carriecl out in
Vienna, and reported.in Section I (pages 5;B of
CV News Ietter No.2/) led to the opposite con-
clusion, that condensation occurs more
frequently when the ventilation aiiE taken
frorn outside the building. This mexpected
resul-t requires futher consideration.

2.4 COItr{.jIITS OIi THE AUSTR]AN I,ABONATORY

EXPJTRII/IEII'IS

In this Austrian work, exper.iments Nos 1-{
used temperatures for the outside air which were
representative of a very cold winter, .i.e. -l,5o0,
and these extrerne conditions clearly create
difficulties because the cold outside air cal
nake the stalned glass rather cold. The work
at York Ivli.nster, using variable apertures on
an externaliy ventilated wind.ow, showed that the
ventilation openings should be rnade as gp1l,l as
possible, preferably less than Im wid.e\'"/.
In the Austrian experirnent with external- venti-
Lation the openings for the air flow consisted
of two slots, each 1'/0rm long and lnun w1de, and
five holes 6rnrn in diameter; the resultant air
stream passint up the cavity had a velocity of
about 2Jcm/s with the result that the stalned
gl-ass at the @|!ry|!& wlndw becile very
cold. for example -I.2"C when LLre air "in Lhe

builiing" 
""= 

looc, anq -8.?oc when the
"internaf air" was 2.2"C. (nff of these tem-
peratures were beLow the dew point of the
'rinternal air" and hence condensaLion occurred
on bhis part of Face !.)

As the air passed up the window, however,
it rapidJ-y becane varner so that the stained
glass temperatures eit the top ol the window were
of the order of 8 degC varmer thm those at the
bottom. A slower air strearn would certainly
have produced relatively less chilling at lhe
bottom of ihe windowi only a €uess can at

present be rnade about the temperature of lhe
glass if the venti.lation slots were nade very
small, but it would probably be reasonable (for
purposes of thj-s discussion) to suppose that alj
the temperatures miShi at l-east be as high as
Lhose measured at the cop ol the window. The
LemperaLures at the Lop were: 9.1-"C in Erperi-
rnenl l. vhen Lhe,"cathedral ajr" tenperaLure

"as 20.ooc;- 1.ooc ip [xperiment 2 (;'inLerna,L
air" = I5.9"c); I.o"c in Experiment J ("ins-tde
alr" = 9.7"C); ard^4.0"C in Experiment {
("inside atr" = 2.2"C); in all thcse cases
,:xcept the last, Face 4 rould be above the dew
roint of the "carhedrat qin" (a.oPET-or
jxperiments I-, and -1.2"C for Expcriment 4).
(llere I woulci ask the question whether cathedral
services cag be hel"d when the air temperature
,is only 2.2oC, or whether this is too col-d for
:he congregation. )

The second general obsenation on the
Austrian laboratory experiments is that they
vrere not able to reproduce the j,mportart eflecis
:f solar radiation. At both Canterbuqy and
Iork, when the sun is shining the tenperatue
of the air in the space betyeen the windows can'
:Lot infrequently, exceed {OoC (on ll occasions
at York and l) occasions at Canterbury, in the
.i nonths of I'ebrua:y-l'1ay 1!18). But even when
ihe sun is not shining (no sunshine recorded at
rhe weather station) increases of 4 degC to
5 degC are not musual. Al1 these tenperatures
rvould ensure that ary condensation at night
irouLd be evaporated during the day. Thus there
seems to be lil,tle risk of condensation on
jrace 4 during dayllght hours ard we need. to
vorry only about what occus during the night.

An extremely interesting feature of the
records at present being mad.e at Ca:Tterbuqr and
York is the discovery that these rnassive stone
bulldings are mapped in a 'rskin'r of wam air,
even during the coLdest nights. 'ihe air
tenperatues measured on the siLl of a south-
facing window (close Lo the stonework at the
point vhence the curront oi air voufd be dram
for the external ventilation) remain distinctly
wanner tban the true air tenperatures (as
measured in a Stevenson Screen ip an open field
Jkm fron York I'linster). 'lhe avera6e irrcrease
in tenperalure (about lOu measmements) has been
1.) deg0 although sone cases have occurred where
the "stonervork air" is 6 degC warmer, even in
the nidd.le ol' a cold winter nighl urhen the true
ajr Lenperature has been -/oC.

l'resumably the reason for this increase in
ternperaiure is tlet the nassive stoneuork is
wamed u! during the day by solal radiation
(even vhen the sun is not shininll) anri it ggives
up some oi its heat again during the night,
warmin,t up a thin layer of air which envelops
Lhe s Lonewo rk . llowever i t is not yc t mLer-
stood why the tenperature dif-lerence is somebimes
as high as 5 degc but further study of, the data
will lake into account the solar flux over the
previous day (or days); the presence of a
"radiatjon nightrr; the wind speed, etc. It
shoulci also be renarked that these neasurements
at York I'linster were made on the south side urd
it is not yet knom what tenperature differences
will be found when the recording equipment is
transferred to windows on the north side, during
the vinter of I97B/'79.



ilowever, for pr:rposes of the present
discussion, I shall use the average temperature
increase found at 'tor.k (1.1 deg$) and apply it
to the Austrian data. In their jtxperiment I{o.4
I have assumed that' if the flow of vent.ilation
air was very slow, the temperature of Face 

"l
mighL be -4.0"C; if the Lenperabure of the
inJoning air were then raised by ,., deg0 (the
"stonework effect") the temperature of Face 4
(in a .Iarge caLhe{rat) night be as high as

-4.O + 1.) = -O.]"C, i.e. iust .g!ry..rhe dew

point of lhe "cathedrat .i"n (-1.2-C). There
is, of course, much speculation about my assmp-
tions conceming the effects of a very 1ov fLow
rate for the air a.nd the 'rstonework effectl but
there is at least a potentially interesting
situation to be explored in the next series of
studies.

The Austrian workers also found condensa-
tion on Face { in their llxperinents Nos 5-7'
when the dew Doint of the "cathedraf ai-r" was

about 8.5oC 4nd the^tenperature of the "outside
air'r was O:5oC to 2"C. If the same assumptions
are made about the effects of a very sLow air
strearn and the wam stonework, then no condensa-
tion would occur on Face {, except in
i!)cDeriment IIo.7. where Lhe ouLside temperatue

""= 
O.5oC and thc qathedral air was 9.0"C (wir,tr

a dew point or '/.1"C), where the teinperaLure
of Face 4 night have been 2.8oC + 1.1 = 6.toc,
stil-1 1.5 de$ below the dew point.

Some condensation was recorded in
Experiments ]O-IJ when the dew poj'nts of Lhe

"oiLside air" were I7-22uC and thq "internal
air' temperatures uere only 10-1loC but these
conditions must have been extremeLy uncomfortablc
ones, even with a rnist inside the 'rcathedraf'r'
I shoufd like to know how often suCtr conditions
actually occur.

2.5 COI{CLUSIOI'IS

This laborator;' experiment lras been

extremeJ-y profitable ard stimulatinS' ard I am

glad that the MBVA and the Bundesdenkmalamt
und.ertook it, if only because it has helped to
clarify ny own ideas. It has raised some

importlnt questions which wilf require (and are
receivi.ng) fuller consideration in Ergland by

some of those who are concerned with'the
problen.

It seems that Pace 2 is likely to have
condensation on it more frequently when
internal venti-lation is used because the de!
point of the cathedral air in the w.inter is
neayf,; always higher than Lhat of the outside
air\// and this raises the question of what
effect this might have on the hunidlty of the
air 1n the cavity.

Face !, which is al-ways exposeO to lfre
cathedral,air (unless, as is not urknown in

_ -(rrl ..Erglard\^-/ there is also some internal pro-
tective glazing) is sonewhat more likely to have

condensation on it when external ventilation is
used because the glass is likely to be colder
rvhen outside air is admitted to the cavity
although, at least in D:gland where the winters
are generally not severe, this chilling effect
ray,only o: 1":l_l9t$E9c "t'"" the venLilation
slots are very narrow'

It seems that Face J is not likely to have
condensation on it during the winter because the
glass i,s almost always warmer ihan the outside
air, and hence wil} be above its dew poi'nt.
There will be occasional situations where a
"warm front" fo-Ll.ows a period of sub-zero

"eath"r\t'l. 
The data being colrecLed at

Canterbury and York will help to show how often
this occus.

NOI'ES

(f ) trivate conmunication f"ot .]=.1f@!g!.

(2) H.J. Iulaercker, see Section 1.4 of CVIVIA News

Letter I'1o.7, p.B.

(1) See CYI,IA News Letter No.f 5, Section 2.2' P.7.

(4) f nave been responsible for making a
theoretical statement of this kj.nd' without
enough evidence, see the third paragraph on
page i of t'The deterioratj.on and conserva-
tion of painted gJ-assl a critical
bibliography", British Acadeqy OccasionaL
Papers r (tgll).

(5) See CV llews I€tter llo.22' Section 6, pp.!-10.

(6) See CV News Letter llo.2{, Section 4.J, p.I}'
and llo.25' abstract l'Io.258 (end of the
abstract, in the middle of col.1, p.lO).

(t) fire use of electrically heate<i wires, strung
in the cavity, to prevent con ensation
occurring has been suggested by .@].'
see CV News Letter llo.24, abstract No.2!J'
(cof.2 on p.-rl).

(e) see the discussion on p.50 of R.i1.11. Diamant'
The lnterna] Dxvironment of Dwellings,

(9) n.u. r,acv has calculated the frequency of
mndensation occurring mder four different
conditions and hi"s figmes axe given on
p.5 of CVI'IA llews Letter No.7; some data for
York Minster are given in CV llews Letter
No.2l, Section ).2.2; and s'mrnarised data
for trlelburg l4inster are in CV liews Letter
No.24, Section 4.2.

(rO)rrris conclusion is based on Table I of
' CVI'4A I'iews Letter No.I5, Section 2.I.), p.'1 .

(ff)for example in Bardwel-l Church in SuffoLk.
England, there is internal protective
glazing on the lbst Window.

(fz)see the discussion in CV I'lews Letter No.2lt
Section 1.2.1 Gol.f , on P.7).

Prof. R.G. Newton hat ]-971 als erster mit
theoretischen und experimentellen Untersuehugen
tlber die Wirksarokeit von Aussenschutzverglas-
ungen begonnen und seither d.ankenswerter Weise
auch clie Diskussion zu diesem Thena in Galg
gehalten. Seine Arregung, zu seinen Beitrag
rrA general d.iscussj-on of the scienti.fic aspects
of external protective gLazing" (2.:.-2.5, oten)
StelJ-r:ng zu nehnen, greifen lrir ger:ne auf, um
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r-m Anschluss an den Beitrag rrKlimatechnische
Versuchetr (News Letter No.27, 1.I, Seite 6f.)
f oJ-gendes fest zuhalten :

2.7 Die Aussenschutzverglasung ldst nicht das
Problern der Konservierung mittelalterlicher
Glasnalereien. Sie gevdhrt ausschliesslich
eine erste HiLfe, die uns die lvldglichkeit
bietet, auf risikoreiche Konservierogsnass-
na]uen zu verzichten md im I€,ufe der Zeit
vielleicht bessere i"lethoden zu entwickeln, un
den Verfall mittelalterli.cher Glasgem!.lde auf -
zuhalten. Wir dilrfen uns von eiher
Aussenschutzverglasung nicht nehr enarteri, als
sie zu leisten imstarde ist, was allerdings
nicht hindert, nach den praktikabelsten und
wirksamsten Konstrukt ionssyst emen zu suchen.

2.4 Dle bisheri.gen Untersuchr.rngser6Jebnisse
zeigen, dass die verschiedenen Konstrarktions-
systeme (innenseitige bzv. aussenseitj-ge Be-
J-tlftug, ger-inger oder grdsserer Absta"nd md
luftaustausch bzw. Heizung des Zwischenraurnes,
etc.) verschiedene Vor- md Nachteile besitzen,
die es abzuw3gen gilt. Die Diskussion dieser
Fragen sollte magh:bxgig von den Aspekt rrto
prove a systernl das grmdsdtzllche Problen im
Auge behalten.

)o Es ist offensichtlich, dass wir tlber
die kLimatische Situation rnittelalterlicher
Glasgemtlde ini Verband der Architektur noch vieL
zu wenig wissen, um alle Faktoren, die zur
Kolrosion beitragen, richtig e j-nzusch.d.tzen.
Davon sind naturgemass auch unsere Vorstel--
lungen llber die Wirksankeit von Schutzver-
glasungen betroffen. (Die vor kr:rzem abge-
bchlossene Restauriermg der Glasgemelde von
St. E'rhard in der Breitenbau z.B. ergab fllr dj.e
Fenster nord II und stld II einen hochinteress-
anten, weil verschiedenen Befund des
Schadensfalles, tlber den noch gesondert zu
berichten sein wird: Die Fenster ar der lJord-
seite wiesen zwar eine auffellige pulvrige
Verwitterungsschichte auf , waren insgesarnt aber
weit weniger korrodiert als die Fenster an der
Slldseite, wo der Auffdsugsprozess der
Substanz weitaus sterker fortgeschritten war.
nie Veruittenrngsprodukte zeigten nach chemis-
chen Untersuchugen von Dr. Bauer in der
R0ntgendi.ffrdrtionsanalyse dieselbe Zusamen-
setzmg, fur das unterschied.liche Ausmass der
Korrosion der Aussenseite - a.n der Innenseite
war der Zustard gleicbwertig - kornmen afso nu
rrklimatische" Ursachen in Betracht, wie
sterkerer Regen md wind an der Nordseite'
grdssere Tenperatu-rmterschiede an der Sild-
seite, etc.

2.10 In I[ittelpunkt der Dj.skussion der
Aussenschutzvergl-asung stand in letzter Zeit
iruner wieder die F?age, welches Konstruktions-
systen die Schutzfunktion m besten erftlllt
(aussenseitige oder innenseitige Beltlftug,
Abstand der Schutzverglasung, Ausmass der
Belttftung, etc. )

Dazu ist grundslltzlich festzuhalten:
lie Tatsache, dass die mittelalterLichen Glas-
genalde an der Aussenseite durchwegs viel
stlLrker verwittert sind als an der Innenseite
weist eindeutigln die Ri-htug; vo die Schutz-
massnahme anzusetzen hat. Ursachen und Vorgangt
die zr:m Zerfall oer Gld.ser fllhren, sind sehr
kornplexer Natur. Wir wissen Uber diesen

proz:ei{ Liar in grossen Zllgen Bescheid., Kennen
aber kaum den Anteil der einzelnen Faktoren
( tr'euchtigke.it, Temperaturuterschigde,
SO"-C,€halt der Luft, etc.), Oie dazu beitragen.
Au5 der bereits eruelmten Tatsache, d.ass die
Korrosion in erster Linie die Aussenseiten der
Gl!.ser zerstdrt hat und die gegen das Imere
gerlchtete Seite immer viel besser erhalten ist,
ergibt sich zwangsl3ufig, dass die Korrosion j.n
erster Linie durch Angriffe von aussen, durch
den Kontakt mit der Aussenluft, eingelej.tet und
in Gang gehalten wird. Kondensfeuchtigkeit -
der die Glasgemlllde in situ llber all di-e Jahr-
hunderte ja auch an der Innenseite ausgesetzt
waxen - dUrfte hier offensichtLich die geringere
Rolle gespielt haben. (Auch R.G. Newton konnt
in seinen Beitrag zu d,hnLichen llberlegmgen. )
Aus diesen Grund erschei-nt uns das "Zurtlckver-
setzenfl der Verglasulg ins Kircheninnere mit
einer imenseitigen BeJ-llftung a1s die grund-
sEtzlich zweckmtlssigere Schutzmassnalme. Auf
einer zweiten Ebene der llberlegmgen sprechen
fllr dieses System dann auch die Ergebnisse der
Untersuchungen der lvlBVA fllr diese Variante, da
sie dj.e g{lnstigeren kU,natischen Bedingungen
gew3hrleistet.

2.II Zu einigen li:nkten in den neitrag von
R.G. Newton "A teneral discussion of the
scientj,fi"c aspects of extelnal protective
gJ.azing" stej.lt Dip1.Ing. G. Schuecker noch fest:

2.11.1 Zun PToblem der Schlitzgrdsse der
Schutzverglasmg siehe die Stel.lunghahne vom
]-O.IV.1978Q1undC1.

2.LI.2 Auf Sej.te d i.m Komentar R.G. Newtons
zurn Experiment J ist ein LesefehLer enthalten:
Auch im Versuch I der Variante A war die Ober-
fllchentemperatur m oberen Ende der Scheibe -
4-C, also unter[alb des rrnnassgebenden TaupunJ<-
tes" (T = + 1,A"C). Slehe auch die Ste.Llung-
na.hne vom 10.IV.197e zu C 2.

2.I7.1 Zum Problen der Sonneneinstrahlung
(Seite 4, vorletzter Absatz) si.ehe ebenso die
Stellungnahne von I0.IV.1978 zu C 2. Es ist
klar, dass d.ie Sonnenelnstrahlung unter anderen
die Gefahr der Kond.ensatbildung verringert, es
wurden bei diesen Bcperinenten jedoch bewusst
Extremsituationen untersucht, mit deren Auf-
treten auf Grund von Voruntersuchungen in
Osterre.ich gerechnet werden nruss. Die Sonne
ist in unseren Brei.ten relativ unverlgsslich.

Die prj.nzipielle Mdglichkei.t, trIrperimente ni.t
Sonneneinstrahlurrg duchzufllhren, h!.tte best-
anden. Die Speicherwirkmg der im allgemeinen
betrdchtlichen i{auernassen md die danit,
verbund ene Auf wemung der dartlberst{ei chenden
Luft ist sicher gegeben. Das Ausnass der
Aufwu.rmung wird jedoch sehr unterschi.edLich
sei.n uld abhdngen von: ner Dauer der Kg.lte-
periode, von der Orientierung d.er Fassade (Ost,
West, Nord, Sfld), vcih der i'lasse des G€beudes,
von der Windgeschwindigkeit, der Tageserwtrmurig
durch Someneinstrahlung, der'rlaufLenge'r der
ilber das I'lauerverk streichenden'Luft (Lage des
Fensters llber den Boden), von der Imentemper-
atur des Kirchenraunes (Ueneizt oder mbeheizt),
etc.

2.LL"4 Zum letzten Absatz auf Seite 6 siehe
die Stellungnahrne vom 10.IV.1.978 zu C 2.
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s kunckgl gliisclt

J.1 Vorwort: lie wichtifisten Iebensciaten und
Aufenthaltsorte Johannes,Kunckels

])ie Fa,nilie .lohannes (mckels staltrnt aus
Hessen, wo sj.e bereits in 15. Jaithmdert
anslssig ist. UrKundlich ist festgehalten'
dass d.er Urgrossvater Johannes in Wendebach bei
Kassel eine Glash{ltte betrieb. 1574 wandert
der Grossvater nach Hutten bei Rencisburg ud
erdffnet dort einen neuen Betrieb. Johames
wird 1610 in Hlltten geboren, wo sein Vater im
grossv5terlichen tsetrieb ubeitet. Um l-650
verlegt der Vater cien Betrleb nach Schirrensee
und Johannes Seht nach Rendsburg als Letul-ing
in die dortige Hofapotheke. Rund zehn Jalre
spdter wird dem dreissigjghrigen l{aime die
Verualtung der llofapotheke in Iauenbug a'nver-
traut. Es folgen l^lalderjatrre nach ilol-tand' wo

sich Kunckel intensiv mit Glastechnologie md
der Kulst der Fajence-Herstellmg befasst. Wir
vemuten, dass in iener zeit ein Zusamentreffen
Kuckels nit dem ita.lienischen Glasgelehrten
Anton lleri stattfand, dem bei der Arr}<mft
Johannes in Dresden, ist i.hm die llissenschaft
Nens beslens vertraut. In Dresden wird l(uckel
zm lirektor des Laboratorims des ii[fdrsten
Joham Georg II von Sachsen ernamt. lieses
Ant hat der Wissenschaftler von 15?O bis 1675

inne. Hler entdeckt md isoliert er den
phosphor, was ihn etwelchen RuJu einbr-ingt.

Die Aufenthaltsorte Johannes Kunckels
von 1630* bis 1703+

IiofintTigen' welche auf den Neid seiner Zeit-
genossen zurtlckzufllhren sindr zwingen Joharines
lresden zu verlassen und seine Wirkrmgsst8tte
auf die Annaburg, dem "Goldhaus der tr'llrstin
Anna" zu verlegen. Bei seiner Arlkmft f575
arrf der Amaburg beschliesst Kmckel das Buch
.;eris "Ars Vitraria" (f61e) lns Deutsche zu
llbersDtzen md duch eiSene Versuche, Komentare
und Anmerkmgen zu ergdnzen. Vier Jahre spdter
(t579) erscneint Kmckels Uebersetzwtg in seiner
Erstauflage. 1677 ]nAIr Johannes an der
Universitgt zu WittenbJrg Vorlesungen tlber
Experimentatchernle. Finanzielfe Schvierigkeiten
zwingen ihn in August 1578 nach Potsdam zu

- von J.C. Percazz\nL,
Denknalpfle6e der ir-lli' Zurich.

-iibersiedeln, 
wo ihn die Oberleiturg der Glashlltte

auf dem Hackendam mvertraut wird. Auf
wissenschaftlich Untersuchmgen fund.ierend
gel.ingt ihm dort die Herstellmg des Goldnbin-
glases. 1579 wid ihm zuden die I€itung der
1674 geertndeten Glashlltte zu Drewitz llbergeben.
ler Kurflbst und Protektor Kunckels' Johann
Georg II, schenkt dem erfolgreichen Wissen-
schaftler 1585 bei Serlj.n auf der Pfaueninsel
das Kaninchenwerder. Bis t6BB werden au'f
diesen Grmdstllck intensive Versuche zur
Verbesserrmg der Eerstel-lugsbedingungen von
Gofdrubinglas durchgeftltrt. loch trYledrich III'
der l{achfolger des 15BB verstorbenen Kurfllrsten
Johannes Georg II, ist Kunckel nicht wohlgesinnt.
1,689 muss Johannes sein liaus in Berlin verkaufen.
Im Seplenber 1692 bis ntn 22. 0ktober l-5!2 wird
Ku-nckel j-m Gef[ngnis in Spandau eingekerkert.
Im Ilrlljahr 1591 relst Joharmes auf Elnladung des

Kdni6;s Karl XI nach Stockholn, wo ihn an 14'
Aui'ust 169, der Titel 'rschwedischer Bergratrl
zuerkmt wird. E'r wjrd geadelt mo darf sich
inskllnftlg "von Ldwensteinrr nennen. L694 nac]n

|eutschlmd zurllckgekeirrt, enirbt Johamnes das

Filtergut ljreissishufen bei itenden. ScilikanEse
l,lachenscltaf ten aus ciern Hof j.n tserl in zwingen
l'unckef sein Domizil 1698 zt verkaufen md t70l
rei:;t der i{issenschaft}er zm zwei.ten liale nach

itockholn. Auf der RUckreise stirbt Joharotes

Irmckel m ?O. i'I3:rz I'lO). Sein i3egrabugsort
ist unoekarmt.

Antonii Neri [on ter O'nt S'unfl. 57

t.

€inf compcnilierG C..pofirion rrnD t cfr,infr6ed SrD,' 
iiotlcn'Olog tu utodr(ir.

.toglc\mm frtincn 6ilnb 0f rr lii6l;nq , 0uF brf uilb rtincftc Irtlre tir
t)\9"iitr i io. $funl, rut'$lgcLtiri:gtt'}tr'trni$e, Ico. iirlurrb,
rt^rcrDe ro. eltiunt , gutcn Sl;runftern 16. !6111. !,rfliit ,r! rr' n.ld) u1 n,
rrruibntrntlnttrri6iroubl untcrnnnntrtr qtnnifiht litrl,l.fihn:0 E:ll 3:bi
.in OIob, [u f.lrin otd sobl mrt lrl)cnfad)(r'.))]ril) In /\Ltor moJ t]rj
mod)r boben.

lruor trrig fi6 nudt lticr mcbrnrolcn irr, b*$ fad Qll'rfi ncbli6t
oter'Dunfcl oud trfln Strir frrmmt, ftc llrli4 fnlln tll lt,trtilm bie

.SrcrDe, turue ilcn ober bic <Drrnofrfc , ul$bnnc nonlit! tfulrle gcc:ri;
dct, ob(r n0(tbcmc fic D0n rinrr ?lrt ll0lB qsbrdnft morbcnl tDdnn

ioti rotdro ccidri$t ; f0 ruirb cd nur alc. iml ing g$otTcr gcf,bipffi,
bi. obrn b(m.lt'r; 11 rnon .d lcnn rurrDcr [$me lbt, toirbed frt]t fdini
bu0 gc[4i6td ou$ roobl, b,r8 bcr $lcbd tum (rllenInalni4tb000!
lDill, oldlmn muB mond nur nu6 eululol nudfruopttrn unD oi.bct
fdmdrcn; Dcnn bir $off UfOc Fobl unb gebribrli6 gercinigct, toub
birl:cd fslrcn D-oqndrb(n fcun: 98lnn mqn lic cbrr fo rubc nimmt,
srrb mcn.6 fcfl otlrmal rbun mrrifrn.

eeispiel eines von Kunckel Ubersetzten
Rezeptes von A. Neri.

t.? labl-ikat.ionerl von Johanes Kmckel:

:s i.f , 1 ra-r, a t, I 67 9,t 6e9,I'!4_j, t?55 ) ( V i er,Auf I asen')

I'llltzlicne Observatiolles oder Bemerrmgen von den
fixen und flllchtigen Sal-zen Auro et Argento
potabile, Spiritus mmdi uncl delgleichen (1576)

Chymische Amerkungen darin gehandelt wird von
den i'rincipij-s c\rmic.i.s ... Q611)

OelfentLiche Zuschrift von dem Phosphoro
mlrabili md dessen feuchtenden hrtmderp.illen
(I57S) (Niese VerUffentlichmg zeugt.vom
phamazeutischen Interesse des Autors).

Epistola contra Spiritm vini sine aciao (1681)

Probierstein d.e Acido et Urlnoso, Sale salido
et 1-rigloo (158))

Collegim physico-chymicm experinentale seu
teboraioriun cnymicun (1715) (post hurnen)
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ARS VITRARIA

Das Titelblatt der 3. Auflage des Hauptwerkes
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noilbrg / rn Enkglt ehrlorD $ndrl tr!4ta!!!!, !!tr !r! E.l0 r;1r.

Johannes Kunckefs ARS VITRARIA

).1 Die theoretische ErnittlurA der Zusammen-
setz'mf, von Gltsern anha"nd von
ilerstel I mgsreze r.ten :

. Johannes l'imckel hat in seiner Verdffent-
lichung AnS r'ITRARIA zahlreiche Rezepte ftLr die
Glasherstellmg beschrieben. lis heute hat
nE Zschimer den Versuch unternomen die
theoretische Bereclmmg der Zusamensetzug von
Kunckel ' schen Glesern zu emitteln (l). Der
Autor trifft Lrier Annahmen, welche unseres
hachtens neu zu tlberdenken sind. So ist die
von Kunckel angefll]lrte iielgabe von l{nochenasche
nach ihrer Zusanmensetzung auf zuschlilssel-n und
als Zugabe von Calcim-, Phosphor- und
l"'lagnesimoxiden in die ErmittLugen einzubez-
iehen. Bei Arsenikbelgaben ist der
Rej.nheitsg:cad und die Sublimationstendenz dieses
Oxides zu ber0cksichtigen. Als Salpeter
benutzte Kmckel- wohf das Kali- md kaum das
Natrimsalz.

ALs wichtigste Voraussetzung fllr die
rechnerische Emittl,ung der Glaszusarnrnensetzung
aus Herstel]mgsvorschriften sollte dj.e
Mdgllchkeit der Standatisierut der Sunne der
liauptkonponenten auf einen i{ritte}wert herange-
zogen werden, Aus I17 Analysen mittelaltelicher
Waldglllser haben wir ftr die Sume der
Bestmdteile Quarz, Kaliun- und Calciunoxid
einen aritmetischen f,Littelwert von 89,I1 Gew./t6

e::rriiteJ-t, diese bei einer Sta^ndartabveichung
von 1,75. lie nicht berllcksj.chti.gten Glas-
bestarrdteile verteiLen sich im Durchschni.tt aul'
d.ie verbleibenden 10,8J Gew.'/.

Als Grudl-age fflr die Berechnung der
Itcalc.iumfreien Borosilikate'r nach Kunckel

(f ) e. Zschiumer, der Goldrubin. Sprechsal
61, 642-644 Q91o).

haben wir entsprechende GISser aus den I'U,tteI-
alter filr unsere Berechnungen herangezogen.

Auffallend an den Gl8sern von Johannes
Kunkel ist ih.r hoher Quaxzgehalt von 60 bis
7 5 Ge,,r.7l, sovie die Kalimoxidkonzentration
zvischen Ij md, )O Gew./.. Erstaunlich tief.
liegt der Calciumgehalt' er betreS:t stehts
weniger al-s 5 Gew.fo.

r86 Sobonn SunScld ionbcrScrt $rgiirci

2tsre ,
pDntrflt ltnD {ulrlffitflc!1 lcticn t0ll.

98ann birrtr €ui' ,ultlurtr 9lcrTrn ruobt unb gcnF ltrbril bil
rcita rli , irl lio$c tit Conrl'.tirioncs sllq:

&cu. Qi51 trfirn t'cinen 6onb el
t$$i'n ae;rirrtiltcn galp{tc! 2.\

Itorrcr r.itblit.
Artdnrcum ein bslbj

€in onb$d.
. Di.frd ganb.dt 

3.19aluctr :.rt$eil.
Eorror r. ricrtcll
€in onber!.

Dcrgld{cn t$onb :.1
6crg 0erciniqte €rrtlinllinifdc ttottr I

flfrlcotcr9$cinftcingalfi r.)tbci[.
Eorro[ r. bolbj

$lo6 ein nnbrr6,
Obigrn eonD d6t brlblt[ciL

$(ingsl'iutcrtcDfit'qirf. r.J
Dt'er

€nnt 6. cinbol6l
€qlp*er z; tin rictcll
E,rrrop cin a0telltbeiLArllnic dn ocbtcll
9Brinflcin ' r.l

Oicfcd fcnnb allfd qniltur$t, bie i6 fclter pto6irrt, ffib $i,
$tl rine ctnrd lrirbtfliilger ift al6 bic onbcrc, fo fcunb lic ttor$ nltr

lufqmntrn lid !,i*cr , old fi3 Anthonius Nri lrbrct , obnr lof nurf
lum tlSrrflLrs, bie $11inq, f0 bicr aridirfdni$(n. ni6rfrt liifmrr
unb filririq-r'rln1 dld brc g,;tnr0cn z iurienrlir0 $irfc, bo Slrrt
ut0mmt $lun folgt:

lSrl
Belspiel eines "Original-Rezeptes'l
von Kunckel.



1.4. Folqende Annahmen vjurden f.iji*d'i.8 Berechnungen der Glaszusamrnen-

setzunq aus den Hersteffunqsvorschriften getroffen:

1.4.I UmrecllnunqFf.-lktorcn als lolqe chemischer Reaktioncn:

t. 4.2 Nonnienng der berechneten Drozentualen Zusarnnensetzung :

Zschinner nomiert die Srrnne der berechneten Komponenten auf loOc,,l.

Wir haben die Sunme des Si0.-, K"0- und Ca0-Gehal-ts a$ a)rI)/' normiert'
Die verbleibenden LerBT% si6O ei6 berechneter Durchschnlttswert fllr
stsntliche restLichen Oxide des Glases. .Fllr diese Serechnuns basj'erten
wiraufdieSumederSiO.-,K"0-undCaO-Konzcnlrationenvonll7analysier-
ten, mittela).terlichen watag]e6ern. Iiese Betrege erftl]len..die^Bedingungen
fllr dj.e l,lonnalverteifung. Der aritmetische Mittelwert betrgSt 89rl-J die
Standartabwei cht:rlg t rT S.

trUrdie,'Borosj.likat''-GltservonKunckeldientenanderealafysielte
tifaser zur Berechnung-der Referenzwerte. Ilier betragen die Parameter der
Gausschen Vertej.lung V = 9lrri C,ew."/"t s= J,B2 fllr die Summe d"er Si02' K20t

Na^O-, B^0,- und As"O,- Konzenlrationen.
z 1) -)

,.4.a It{athenatische ErmiLtlmp' der zusaffenselzmA der "Kuckel-Gleser" :

I(unckels
Be imen.tunc,

5and, XieseI
F 1 intsbein
Pot tasche

Sa lpe te r
Kreide
Knochenasche

Braunstein
Borax

Arsen ik
!{e inste in sa } z

Z sch immers

Re inhe i t

I00'Pd SiO2

B5? K2CO3

90t CaCol

100? "Knoc

100i rln203 lf ,0
I00?, Na2BaoT 10,4.I0 ll2r)l0,2

.100? As2o3 lI ,0

Ferrazzinis
Reinheit

100? sio2
1<o, v ad^t )n L\a, 't
r5s K;so4

95t KNOI

96? CaCo3

801 Ca2C'o4)3
6,6? CaCO3
0,5? CaF2
I,4% t'lq3PO4)3

I00% l1nO2

52,7% Na2B4O1

95? As2o3

100? Kooc-
(CllOH)2-COotl

Annahmen

Faktor
n nnahmen

lr.kto,:
I

ll,o nin-,

ln,u ^rn'
I

l0,4 uaro

ln, 
t ..o

hcnasche "

l\ln2O3

B2O3
Na2O

As 2O3

sio2

K20

Kzo

CaO

Cao
P.O-

IlgO

MnO2

B203
Na 2O

As203*

K;O

1,000

0,,538

0,445

0,538

0,485
0,373
0,007

r,000
0,347

l0, 
rs4

lo,oes
I

lo,2so

I

i
I

I

I

*) J01 Sublim.ILior)sv('rl.tl:;t w;llrend des Schmelzvorganqes

qezeptur aus der 3. Auflaqe
der ins vrrRARrA von Kunckel

Berechnunq durch

zschimrner I rerrazzini

l. Rezept auf Seite 55 i

I

50 Pf. SanC oder Kiesel I siO2

40 Pf . Poltasche I *t,n

5 Pf. Krcide I cto

69 ,4
27 ,7

10

6r,91
24,44

2.78

2. RezepL auf Seite 55 
I

60 Pf. Sand oder Kiesel I a,o,t-
45 bis 50 Pf- Pottasche* | 

*rO

5 Pf. Kreide I Cao

*) Zschimmers Berechnungcn basieren auf die zug

rechnet nt|L 47,5 Pf. Pottasche. '

| 64,e

I tz ,,t
I

| ','
abe von 50 Pf asche. Ferrazzini'

59

27

2

I9
29

65



qezeptur aus der 3. Auflaqe
der ARS VITRARIA von.KuncKeI

Berechnung durch
Zschimmer I nerrazzini

l Rezept auf .Seite 57

'50 Pf . Sand oder Kiese.l-

100 Pf. Pottasche
2C Pf. Kreide
J-0 Lot Braunstein*

*) Ferrazzini rechneL hier mit einem

s iO2

K20

CaO

lln2O3

)fund gleic

6d,16
27 ,20
4,50

0,L4

32 LoL.

60,78
23 ,99

4 ,36
I{nO2 0, t3

2. Rezept auf Seite 57

60 I,f. Sand oder Kislinq
40 Pf. Pottasche
10 Pf. Knochenasche

S iO2

K2o

Knoch

asche

63,9

10,6

60,38
23 ,84

CaO 4 ,9I
llqo 0 ,07
PzOs 3,76

Rezent fiir a) milchvreisses und
b) opales Glas auf Seite 58 der
3. Auflage der ARS VITIiARIA von
Johannes Kunckel

h) Ia)

Berechnung durch
Zschimmer I nerrazzini
dtb)la)lb)

130 Pf

Pf
Pf

t,f
Pf

Pf

70

t-z

12

5

5

70 Pf

12 Pf.

l2 Pf
5Pf

12 Pf.

I3O Pf lxistincl octer

lrtint=t.irt
lsa rpeter

leoro*
lvleinsteinsal z

lr.senir.
jKnochena sche

I

I

Sj-o2

K2o

CaO

Na2O

B2oJ

As2o3

Knochen
asche

lIgO

Pz05

1?

15 ,7

2,6

7.8

68,6

,:u

16,1
2,5

2,6

6e,s6 
168,r8

1.8 ,26 | 17 ,90
r,3i I 3,os
0,ee I o,e7
2 ,22 | 2,I8
L.7i I r.74

0,r8 | 0,42
r.0o I 2.3s

4 RezeDte fiir "Borosilikat--
GlAser" auf Seite 186 der
3. Auflage der ARS VITRARIA von
Johannes Kunckel

Glas-Nr.

rlrrlrrrl.rv
r lints tein
Salpeter
a) Pottasche oder b) Sleinstein
Borax

Arsen ik

3

.,2

1

rlz

3

2

L/ q

2

1

, 
r_r"

6r/ z

^ 1,z /4
I

7/e
It

Tei le
Teile
TeiI
Teil
Teil

Jurch
Zsch

' I rr

Berechnunq
immer 

I

l"'l'u | '
Ferrazzini

I tt lrriulrrrul ru

s io2
K20

Na 2O

B203

As2O3 *

6L,-2

20 ,4
812

r0,2

76,0

2t ,5
?q

69,0

20 ,7
3,4

6,9

'19,3

7 ,3

rt,2
U,b

1,,6

5tJ,95

17,66

3,38

6,81

6.53

69,76
20,68

0,88

2,0r

65

I9
2

67

44

53

bv

74,50

9 ,4I
2,90

6 ,52

76,57

L4,7r
Irdl

0,50
0,14

*) Zschinmers Berechnunqcn basieren auf As2O5
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a polyehnornatie glasst"
The Corning glass conparry has recently

publicised al .inportat new glass, one which
can rrphotographicall-y" be made to assme any

cofou fron the spectrm (or even any pattern
of colours) in d. pemanent manner.

This developnent may provicie a future
means o.f replacing pieces of stained gfass
with a desired non-uniforn colou of 611ass' or
(if tfre colour-range car be inproved) 1;erhaps
even of "copying" medievaf parels so that the
orlginals rnay be placed in a safe place in a
museum.

The glass is given its colour by first
exposing it to ultraviolet ('W) f iShl' then . .

giving it a heat treatment, I'ollowing thet with
another UV exposue a"d then another heat treat-
ment. Thus the teclnique is far fron s.inple'
an(t it is even possible that it may never come

within the reacii of the craftsman' but lhe
new development is so interesting thaL everyone
should know what has been achieved everl thou€jh

there nay be difficul'ties in using it'

In addition, tile cofoured design can be

devel-oped within the thickness of a lmp of
glass, so that the 61ass-artist may find that
he has aI exciting new procedure available to
hin.

At the noment little scientific inlormation
has been published, but a detailed iraper, by
S.D. Stookey' G.ii. Beal,f ed J.L. Pierson, has
been submitted for publication in the Journal
of Applied Physics and its appeararice wil-L be

awaited with interest, especially if it gives
nore detai]s about the composition of the glass'
its treatment and, above all, its du-rabllity -
will it suvive exposue to the efements for
more than 800 years?

In the meantj-me this note' prepared by
Roy NewLon, smarises sone of the information
which has been made available, i.e. in the
follow i ng "documents" :

(l-) "Polychromati"c Glass", an i1]ustrated folder
of infomation, produced in fulf eolours,
availabl,e from Mr Archer N. I'iartin' of the
Corporate Conrmrnlcations Divisionr Corning
Glass Works, Coming, I'{ew York I48r0' U.S.A.

(2) "ruf-cofou Pholosensitive Glass", being
Report L-1!85, available frorn Dr Pascal A"

Jo1y, llanager' Product Orgineering and Develop-
ment, Sovirel, 77157 Bagneaux-sur-Ioing' France.

(1) "Microstncture of gLass cer€ni_c-s a{19

photosensitive glassest' by G'H' Beall' Glass

iechnologr, f97e ]2 fo9-1]l (Folvphotochronic

olasses are discussed on pp'IIt-r./'

(4) e sanple of polycLromic glass,' bearj-ng the
vords "Folychromatic Glass'r produced i4 a ranSe

of colours and the worcl t'C0Rl'iII'lGrr produced in
a two-cofou li.ne-pattern, the red lines being
0.O1nm wide and the STeen ones O'}m wide; thus

the 'tphotographic colour resol-ution" of the
gl,ass is excellent. There is c good range of
:;;;;"-;.i;;;= u't (in mv sanPre, at 'reast)
there is not a "good" redl the "yrr is a

purplish red and the "1rr is an orange-red' The

sanple can be obtalned free of charge from l'ir
lenjamin J. Garbowski, l4arketing levelopment
Specialist, at Corning (address given in (1)
above ).

The new glass is said to be a sodim, zinc
almlno-si.Licate, containing L-5/" of fJ'uorine,
tcgether with another hali-de (chlorine, bromine
or iodine) an,f traces of sifver (foo p.p.m.)t
cerim, tin and antimony, as sensitisers.
being a true glass, it car be fomed into various
snapes using alry of the converltional Slass-
forning teclmiques.

The first exposure to W light is given at
a wavelength of JOO nn. The leng:bh of this
exposu-ae is said to determine the colour which
wifl eventually be prod.uced; exmples are given
where a fO-second exposure leads to a STeen
colourl JO seconds to a blue colourl and l-05

seconds gives a red-orange. Thus the production
of a full colour-pattern would seern to require a
complicated procedure for giving different
lengths of lfV exposure to d.ifferent parts of the
g1ass, but grad.uations in one colou woul-d

presmably be easier to obtaln. 'lne erposed
g-lass is Lhen heated for I hou at 450-C which
produces a photoSraphic image containing photo-
nucleated si-Lver parLicles,^and a furt'her-
heating is Siven at 100-550-C to 6Tow sodrm
fluoride crystals upon these nucl-e.i.

A second exposrlre to W light is then g.iven'
and this one detemines the intenslty of the
colours. and a second heat-treatnent (this time
at JOO-4looc) develops the desired colour
pattern.

The "optical'r mechanisn for producing
the col-or is interesting because the particles
of silver are d'escribed as beinli'isub-coLloidaft'
and too smalL to scatter light. The colours
are therefore due to selective absorption of
light by randonty orlentated particles'
.ont".ia,i.g sone silver, and having controlled
anisotropic shapes. The speck of silver is
only 50 nm long and the particle of sodiu'm

rtuoriOe (having the silver at its tip) is in
the shape of a long narrow pyra.nid, Iess than
0.2!pn (ress than 250 rxr) long.

The colours axe stable up to 400oC and
hence it woutd not be possible to rtfj-reI a
painted d.esign on to glass which had already
been "coloured"; there is no infornation as
to wheLher the coloured desigr could be
d.eveloped in polychromatic Slass which had

already had a trace-line fired on to it.

1C'



s Fecent bnitish rnronk

5.I Studies of the s!4u1ated nedieval glasses

Ten simulated medieval glasses were
nade by Pilkington Brothers, with a Grmt from
the Nuffield Formdation as part of the European
Science Eoudation prog?me of research into
the conservation of medievaf stained glass (see
News Letter IIo.2l, pages J-!). These were nade
up into sets of J.0 glasses and about 20 such sets
have already been distri.buted in the UK and the
USA. Workers in trYarce ed Northern E\rrope
can.obtain sets of these glasses from fr. J.M.
Betternboug, I€.boratoire de Ilecherche des
I/ionunents }listoriques, Chiteau de Champs-sur-
llatne. 7742O Chmps-su-Manne, Iyance. Workers
in Gerrnany, Austria, Switzerlmd, ad Southern
Europe, cm obtain sets from .Dr J.C. Fer:razzini,
lnstitut fllr DenkrnalpfLege, CH-80!2, Zthich,
witzerland.

5.1.1 Chenicalanafyses

Although sets of saml.1es have been
sent to many laboratories, only two have yet
supplied infomation about the results of their
chernical anaLyses. The veight-percentage
figures are given in the tables below and, in
order to rnaintaln anoru,Tdty, the .Laboratories
have been labelled A arrd B. Neither laboratory
anal-ysed all the oxJ-des present in the glass.
For exa.nple, Laboratory B did not detemine
the si-lica or the alumina, and hence their

totiii'iie always much less than |oeo, ranging
fron J!.Jl; to 5J.7% (see Table 2). t tor"io.|
A carried out computer-processing of their
analytical results a.nd, in order to do this,
they assu&ed as correct tbe values obtained
by Pilkington Brothers for MgO, TiO., Mn0, CuO,
ZnO and PbO, but values for p^0_ se6m to he.ve
been ignored entirely. Thusatte totals for
this l-aboratorX. range fron )O.B/. to 98.)% (see
Table I).

When these results axe conpared with
those from Pilkington Brothers (see Table lV
on pa€e ! of N.L. No.25) it will be seen trat
lhe CaO figures fron Laboratory A are al,wavs
smal-l.er Lhan those frorn piJ-kington", tI6--
average difference being 0.81. ().)% of the
roeat value) and this is believed to indicate
that there is sonething usatisfactory about
the vafues for line frorn La.boratory A (because
Laboratory B agreed with pilkingtons whereas
A was always smaller)

5.I.2 Other scientific work on the siJnul-ated

T\o .Laboratories have reported the
resuLts of scientific studies made on these
slmulated medieval glasses. The Physics
Department of the University of York have
canied out Auger El-ectron Spectroscopy (AES)
on glass No.144, see Abstract l,lo.J{O in Section
7. The l,,laterial-s Engineerin8 Departnent of the
University of Florj-da has canied out Infra-red
Reflectlon Spectroscopy (fnnS) on gla.sses Nos.
145 and J.{J, see Abstract No.J!Z, in Section l.

Tabl-e 1.

0xide

si02

I'larO

Kzo

Ca0

o'ro1

Table 2. I!\BOn]ITORY "Bn

r44

4t.7
0.08

29.0

19.8

t.7
2.2

I4'
4r.,
0.10

24.6

28. I

0. 04

Code nrmberq of the simulated slasses

r47 148 L4g r5o 15f* r5g 77 /11
48.1 JJ.4 ,7.o 55.8 ,u.o 41.8 49.0
0.04 0.04 0.05 9.4 4.8 o.ot 2o.8

14.6 I4.7 14., 1.5 7.4 r4.2 o.06
29.0 2r.2 20.5 2L.' LB.5 11.g 22.0

1.9 4.0 t.9 4.) t.B 4.0 4.2
a.q o.fi o.o3 o.28 o.2g 0.14 2.4

Code nmbers of the si-mulated slasses

Totals 98.5 a8.l 95.7 97.7 96.t 92.8 9O.B q5.1 98.q
*Sample llo.l)B was not tested. because its durao-ility was too
Low to allow its surface to be sputtered satisfacttrily

0xide

Naro '
Kzo

Mgo

Ca0

!uzo,
Mn0

CoO

Ni0

Cu0

r44. 14'
0.1

)o.o 24.2

0.04 0.06

20.6 29.?

o.or 0.1

- 0.1

147 148 r49 150 15r
0.r 0.1 u.I 8.I 1.7

L5.2 14.6 74.6 r.6 5.9

0.06 0.07 - 6.5 1.0
1o.2 26.0 2L.2 22.1 Lg.g

- o.4 - 0.7 0.4

- o.2 1.4 - o.1

o.25 0.09

- 0.08

l,.B 0"08 0.82 - 0.1

158 r59 77/t)
22.2

21.2 rt.9
0.I0 0.08 0.05

28.8 14.0 2?.8

- nl aa

t:t o:' o-oo

0.t
- 0.5

rota-fs ,1.2 ,1.7 47.4 4I.5 )8.4 19.4 34.j >2.1 49.2

- = too srnall to deterrnine
47.9
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Many durabj-lity tests on all" ten Sfasses '
bave been carrj-ed' out in the lepartment of
Ceramics, Olasses and Polymers of the University
of Sheffield, but the results have not yet been
published.

5.2 Clirnatic monitoring in cathedrals

The recording equipment has now been
moved to a north-facing window in York Minster
(the norttr window of the Chapter house;
window I,lo.!6 in the I{inster series; window nIII"
Chapter Houser in the Corpus nurnbering) and air
taken fion close to the stonework is sti-1}
wa:ser than the air2l0rn from the Minster wall
by an average of 1.1 degC, even dur.ing the
night, and varner than the air in an open field
Jkm to the east, where the meteorological
station is sited., by abbut ).5 dee0. Thus the
unerpectedly high tenperature of the 'rexternal
ventiLation airrr, found for sou.th-facing windows
a-nd reported in Section 2.4 ahove, is found
afso on north-facj-ng windowsi It will be
interesting to see what happens on a cold
winterrs night.

5.1 The Ballidon burial experiment

As paxt of a long-terrn "durabilityrl
experinent in an afkaline environrnent, sanples
of nine different glasses (inc-Luding sinuLated
Rotranrand. nedieval gtasses) were buried in a
finestone nound. at 3allidon, in nerbyshire, in
I!10 (see J.GIass Studies' L972, M, I49-I}J').
Samples were removed after I and. 2 yeaxs, and
those which hail been buried for 8 years were
recovered on l-st i'loverober 1978.

e book Fevierntsi
6.1 by

J. Scholze, 2nd llditiont 142 pp., Springer-
ferlas (19?7)" DM98, usg45.10.
fhis second. editlon of Professor Scholzers

book, on the nature, structure and properties of
6laqs, has been conpletely revised from the 1964
edition. Many recent developments are discussed
such as the important one of phase separatio4
which is now real-ised to occur nore widely than
had previously been thought. In fact the whole
section on structure (tfre first 122 pages) pro-
vid.es a good insight into wliy the properties of
glass can seen so variable, and almost elusivet
to those who encounter them for the first time.

The properties of glasses are discr:ssed in
nine sections (the remaining 220 pages)z vis-
cos.ity, thezrnal expansion, densityr chemical
durability, surface tension, and optlgal-,
reecha;nica1-, electrical- and therrral-properties.
In each of these sections there are sub-sections
on methods of measuring the propertyr its
d.eperidence on temperature and on the conposition
of the glass (and there are usually useful sub-
sections on methods of calculatj.ng that property
of the glass from the chemical conposltion).

There are about 200 clearly-drawn diagra.rns
(161 nunbered diagrarns, many of which consist

I'here was easily-noticeable iridescence
on two smtrJes, a lead-opLicar glass (i4.2i.'
SiO^, tJ.6i.FbO, 8.q; Na"O' {.I1. K.,0, etc.) and a
simi]ated meoieval etass'(50.t7" sib), 18.6i: Cao'

I5 .Tdp K^|) , 4 .1% Al 
^o , , eLc. ) .' z z)

'lhe sampte which was in nuch the worst
condition was the simulated 1oorly-duabte
nedievaf srass (45.r% sio., 21.67; cao, I6.4F K)a,
4.6"/- P"ar, ecc. ), where the flme-f injshed
surfac6s/shoued marKed crazing. Sar'ples
have been sent to Professor }tench, so that he

can cilry out tests simild to those described
in Ab:LracL no. 542, ln Sect.ion 7.

The next opening of lhe burlaf nomd is
expected. to take place in 1!86, if we can
arrarge for someone to remember to do it:
The one after that is due in tbe yeat 2OO2,

but no plils have yet been rnade for that
excavat ion.

Of the nine types of g1.ass whj-ch had.

been buried in ar alkaline soil (pH=!"l) for
ei.ght years, two rnodern, highly-durable'
glasses seemed on visual inspection to be
quite unaltered ("E-glass" a:td "ryrex")'
Occasional irio.escent spots, lm dianeter, had
appeared on the sinulated Ronan glass. Sone

slight iridescence had appeared on plate $lass
which had been 6gound and polished' ild on sone
soda-lime optical CIass (7C.1'i" SiQ.' 9.t'): CaO,

I0.6i, IlarO, J.I',. Kro, eLc. ) but thEre was.rngre
i;i;;=;;fr;; ;;-'i;'z;i";; siass sampres whiEr
had been buried in the "as ijroduced" conditj-on.
Thls is interesting because it suggests that
the improved riurabi.J-ity of a flane-finished
surface cices not last for nore than eight
yeaJs in an alkaline enviroment.

or tuo parts) and nearly !00 references. It is'
in fact, an important encyclopaedic book on
glass to have on your shelves. (Review by Roy
Newton).

6.2 Readines in Glass Historv. No.8r by Anita
&rg1e, 8lpp, Phoenix Publications

' Jemsalem (1977); Priee 97.00 for indi-
viduals.
This book is devoted to a sr:.runary of the

atternpts to unraveL the inter-rel-ationships
between the Ehglish gfassnaking falnilies in the
Elizabethan period. The basis for E:glish
glassmaking in the sixteenth century 1ay in the
large numbers of skilled workers who ca.me to
England as refugees in the second and third
decades of the reign of Elizabeth I. The maru-
facture of window glass was established by irmi.-
gra^nt glassrnakerg from NornaJrdy and Iorrainet
and that of crystal glass (@ & IIg!g.) ty
Italian craftsnen, but it is paracloxical that
Iittle is known of Jea.n Carre of Anas and Jscob
Verzeflni. This book has chapters about eac.h
of. these gentlenen (No.I about Ca.rrd and Nos.
J-! about Verzelini) and there are lppendices
with copies of their wills, and other relevant
d.ocunents such as the 'r0ontract by Aliens to
Introtluce Glaesnakingt (1558), etc., The other
chapters in the book are about related -tanil.ies.
(Review by Roy Newbon).



6.1 neadinss in GIeELEIE!9IX, Io.!, by Anita
Eng1e, Jlpp., Phoenix Ptrblicatlons,
Jerusalem (f977), price /7.00 for indj"-
viduals.
This book is descrlbed as ar 'rlndex to

Nos.l-8rr but it is much more thal that, being a
use.lul reference book in its own right. tr'irst,
there is a seven-page swary of the first 8
issues, followed by a l'l-page general index to
those volumes. Next (Chapter J) is a seven-
page specia.l index of alf the refer8nces to
'rglassrr itself urder 29 headints, such as "glass
artefacts rt r'r glassmaking centres'r, rrglassroaking
toolsrr, etc. Chapter 4 is a lJ-page "Ilegister
of Glassnakers and Glassmaking Families" (with
dates), for example from &rni.on (lst cdntury AC)
to Richard EnseLl in IB11 Q,o choose almost
consecutive entries in one colunn); this
chapler contains 550 nafles. Chapter ! is a
bibliography in its own right as well as bei.ng
an author-i-nd.ex to the other volmes; it
consj.stS of 2! pages a;rd contains about 1200
entries. fn all, the book is al invaluable
one for the gJ-ass historian. (Review by Roy
Newton).

5.4 Gotische Glasnalerei in der Stejermak by
E. Bacher, in Austellulgskatal-og Gotik in
der Steiemark, Stift St. Ie.mbrechtrl!/8,
pp. r51-171.
The exhibi-tion rrC,othic art in Styria"

(the south-east province of Austria) ctntained
28 stained. glass pa"nels fron the Iate lJth cen-
tury to the nj.ddle of the llth century. panels
were taken from rnusems ( Landesrnuseum Joanneun
Gtazi 0sterr.Musem fllr algewaldte Kunst, Wien)
and others were taken from those churches where
the Br:ndesdenkroala.mt had instal-l-ed external pro-
cective glazing during the Last few years, thus
making it nuch easier to remove panels. The
il.lustrated catalogu.e of the exhibition contalns
art-historical information about the different
paJrel"s, together with a comprehensive swey
of Gothic.stained glass in Styria. (Review by
E. Sacher).

6.5 The Museum Eeviroment by Garry Thonson,
Butterworths (rcnaon) t97e.
rsBN 0 408 70792 

' 
115.00. usfi1z.oo.

This book of 2JO pages is the fj.rst of a
serics to be published by Butterworths on Con-
servation in the Arts, Archaeologr and Architec-
ture. It is divi.ded into two parts: part I
(pp.2-f54) being written for :onsewators and
museum curators to erpfain how light, hmidity
and air pollution ca dannage the exhibits in a
museum, aJrd how to Teduce aqr darnage to the
minirnm. Part If (pp.fr6-246) deats t+ith the
sarne three harnfuf agents but in a much nore
technicaf manner; it is written for the benefit
of research workels and gives the scientific
background to the statements made in part f.

Only a very smalJ. part of the book deaLs
directfy wj-th stained glass windousl neverthe_
fess there is much ln the book which is of
great importace to those who want to conseme
stained glass and who wish to controf the
possibly hamfuf agencies (condensation and air
pollutlon) and to reduce tireir effect on the
lrindows.

Much attention is gj.ven to the effects of
light on nusem exhibits (]04 pages, 51 in part I
and 4J in Part II) because it ca:r be so hamfuL
to na.in1il*", textiJ.es, leather, feathers etc.

',. : /' '*:
Although light i.s not directly harmfuL to stained
glass (except for pxoducing some solarisation)
this chapter is neverthel-ess of great lntexest
to those who want to neasure the coloul values
in stained glass windows (pp.51-e ad 187-19e).
A few years ago Lhere was sone feeting j.n the
Corpus Vitrearm that ultraviol,et light should
be excluded from windows, but anxiety here seems
now to have diminished; however, if anyone
wishes to neasue the amomt of W radiation
falling on his windows, and to remove it,
pp.I5-21 tel"1 him how to do it.

Hurnidity (85 pages, !B in Part I and- 27
in Part II) and condensed moisture ca certainly
be dartaging to medieval windows mci this book
gi"ves a good account of how the relative hmldi.ty
alters with tenperatue, whereas the water con-
tent of the air does not (pp.64-79). Ior
anyone who wants to make measurernents of the
humidity, there is nuch helpful advice includi.ng
a \ygronetrlc tabJ.e (pp./2-71) and several hygro-
metric charts (pp.75-BO and n-J-?22). The
pemeation of water vapour through resin films
j-s discussed \pp.22)-6) and there are maps which
show how the annuaL hunidity vafues are affected
by cl].mate (pp.e7-90).

Air pollution (51 pages, j1 in part I and
22 in Part II) is d.iscussed and fj.gues are
given for the pollution levels j.n vaxious tolryrs
in Eruope (pp.LZ6-t1Z) but most of these secti.ons
(Parts I and II) are d.evoted to the d.amage which
occurs to stonework (pp.Ul-154); in aaditi.on to
the photographs showing how buildings deteriorate
there is one (fig.55, p.i.J/) which shows how a
book can be da.naged by air pottution.

_f was very glad to see that nention is
made (p.l{8) of the damage r+hich can be caused
Lo the leading of windows by orgaic ac-ids(especially acetic acid) released into the atrnos_phere by uaseasoned oak.

There is a good general index and 260
references to the literatme, but it is a pity
that these are not j.n al-phabetj-caf order, nor
is there an author indexl thus j.t is not easy
to locate in the text the resuLts of a particular
authorrs work. (Review prepared by Roy Newton).

6.6 Corpus Vol.u.nes at reduced. prices

fhis is an impoitant notice to aII-
l,lembers of the Corpus Vitrearum. The pubLlshing
house in Viema, Verlag Herrnann Bdhlaus l{achfg.,
Ces.n.b.H., A-1051, Wien, Postfach 16J, has
kindly offered a special discount to al-L tlegters
of the Corpus Vitrearun, on the retail p"G-o-F
CVlvlA Volunes published by thern.

- (t) A reduction in price of Ze/o is offered.for the foJ-lowing volu-nes:

E. IYodl-lfuaft "Die mitteLalterlichen
Glasgemdlde in l,Jien'r, Wien (f952).
The retail price i.s I 2JB AustrianSchillings, or nl,Il8B. (It should.be
noted that the Volune on Vi.enna, of whichonly a very few copies rernain, can.be
offered only at the full retail price.)
E. Ibodl-Kraft r'!ie mittela]terlichen
Glasgem!.lde Niederdslerreichs. I. Tei-l.
Albrechtsberg bi s l(Iosterneuburgr, i./ien
\1915). ?he retait price is S.I5ZB, or
DM248.

t3



E. Bacher "Die nittelalterl-ichen
@tgra. der Steiernarkr.l. Tej'lt l

' GTaz und Strassengel-" wien (19?B)' The

retail price will be about S.I550, or
DM. about 240.

(Z) fn a simil-ar maJlner' a price reduction
of JTy"'i's offered on the following two CWIA

VoLumes if they are obtained through Verlag
BdhLaus:

Frmtisek l4atous "Mittelal'terliche
Gl"=tna-e-i itt der Tschecho s lowake j''r,
b"s G97r)

ctrGC S"htidt'Di. mitteralterri-chen
Ciareeffid" 1" der Ordenski.rchen lnd,in
ereu;"=."t zu Erfurt'rr nerfin (r9?5)'

The retail price of these two vol-mes is, for
the tine bein8, Sl-420, or about lM20!'

In all cases, where aPProPriate, the
costs of packing and postage must be addetl'

The entire Menbership of the Corpus

Vitrearum, throughout the wor1d, is entitled to
benefit from these reductions, a'nd orders must

therefore be placed through the Austrian Institute
for Care of l4onuments, their ad'dress bej-ng:

Institut fllr Osterreichische Kunstforschung
des BunCesdenkmalamtes r A-1010 Wient Hofbur8t
Austrla.

z abst!.actsi
The first six abstracts (Nas. 'fi4-119)

are of papers presented to tho Second Ue9line of
Proiektmuppe "Glas"' heLd in Bonn on llth March

ft6.,,ffi-if of this News letter, and

also Section I.) of i'lews Letter No"27'

1r4. IERRAZZINI . J.c. (19?S) ilvorschlag zu.
theoretischen Ermittlung der zusamenset-

zung der Gldser von Johannes iunckel (f0;O-r7Or)"
(SuaAestion for the theoretical investigation of
the conpositions of Johannes Kunckelis glasses
(r6jo-17or)).

Johannes Kunckel set out nulnerous recipes
for naking g)-ass, in his book Ars Vitrea but so

Itr only E. Zschimrner has dealt vith the problem

of the actual conpositions of the Kunckel
glasses in his arlicle Der Goldrubin (Spiech-
saaL p) (r91o) 642-544).

EerrazzirrL found that assumptions had been
made which could usefully be reconsidered.
Thus the addj.tion of bone ash nentioned by
Kunckel ought to be distinct from the additj"on
of Iime, phosphoius and nagrresia. As far as
arsenic is concerned, consideration must be

given to the puity of the added material and
lts volatility fron the melt. There are also
doubts as to whether Kunckel reaLly used sodim
nitrate ald not potassiurn nitrate.

A first step in the mathenatical study of
Kunckelrs recipes for glass batches is to
standardise the sum of the main ingredients at
some average value. A study of l1J analyses
of meclieval 'iforest-type" glasses shows that
89.Lt% by weiSht is nade up from silica, lirne'
and potash. Al-L the renaining oxides are
re;rlsentecl j-n the balarce of IO.F|% by weiglrt.

These values from the 11? ana-Iyses are nornally
dj-stributed wj.th a stardard deviation of t'7'%'
Medleval glasses woulal fols al1 approprj-ate
basis for the calculation of Krnckel's rrcaLcium-

free borosilicate".

The resul-ts of this work were presented
to the meeting in pictorial fosn and it was

rernarkabl-e that the sifica content was so high'
from 60 to 75/"bV weiSht, the potash content was

b fo 1@. by weight but the line content uas

""t""t"ufv 
io", teing al-ways less tinati r%.

fn the discussion, in which Drs Beinannt
Hierl, Scholze and Schulze participated, it was

pointett out that these glass compositions would
sornetj-nes have produced. glasses having very
poor alurability. By liroiting the basis for the
calculat.ions strictly to "Kunckel glasses[ it is
probable that a more signlficant lesult night be

lxpected. As regards the statistical distri-
bution of the conpositions of the forest-type
glasses, it was rrnornalrr according to all the
statistical criteria' and the double-maxina'
which could be seen in some of the histogra:ns,
coulal have anisen accidentally as a result of
ite grorping chosen.(See aLso Section I above')

11r. NAUEIR, G. and IC'Iy. E. (1978) "Zur
numerischen l0assi-fikation rdmi"scher
GIEser aufgrmd ibrer Elementgehalte'r
(A nurnerical system for classifying
Roman glasses on the basis of their
chemical conPosition. )

The successfuf application of methods of
numerical classificatlon depends on the avaiLa-
bility of a significant selection of samples.
For this purpose, 1]7 samples of glass from the
lst a.nd 2ntl centuries A.D. were availabl"e frorn
Regensburg, together with 74 blue gl"asses of
the l-st centurlr A.D., but from various places.

As the basis for the nr.rnerical classifica-
tion, the contents of lJ (or 1{) chemical
eleme4ts were dete::nined spectrographically and

the values ilere used in heirarchical and non-
heirarchieal cluster programs j-n the FORTRAN

system MINT (u/ni-tlTsys) and the progran
K-I"leans in a version specialty adapted for the
actual problen. The data-rnatrix for the
initia] entTies was standardised before bei'ng
used for the classification procedrlres.

' An essenti-a1 conclus.ion of the results
from the Regensburg glasses was that they coul-d
be at.vided j-nto two groups whi.ch differetl
sigrrificantly in their contents of additj-ve
materiafs (nanganese a.nd antinony)' one group
being attributable to the mi.litary precinct
whereas the other group' atrd i.ts three sub-
groups, were characteristically from civif areas.

A.nong the blue glasses, the existence of a
"stantiard. gfassrr could be discerrled whereby two
regional production centres couLd be distin-
guished, one'around Ikain and the other around
iurin. O: the other hand it was found that
glasses whieh were chenically closely related
cou]d be distributeal over wide distances 8eo-
graphicalty, perhaps because they had been

articLes of trade, either as cullet or as

finished articles. Small groups showed high
contents of trace eleroents in whicb they
deviated distinctty from the formula of the
sta,ndard glass.



CobaLt was predoninant as the colouring
elenent and the variable conientrations of the
accompanying elenents suggest that different
ore d.eposits bad been used. tr\:rther investi-
gations which are in progress are concerned with
the Regensburg glasses and with closeJ-y-dated
Eg4rtian gfasses.

In the riiscussion, in which Drs Canaxa
and Schulze participated, it was pointed out
that the rtclear glassesrr had a lighf blue colour
typical of Roman production. The existence of
four separate glass furnaces in the Regensburg
area can be decluced, not only by ttris numerical
cl-assj-fication but al-so from the--archaeological
discoveries of glass s1agP.

tt6. SCHOLZE. H. (1q78) 'tCharakterisierungrkralkerr GlU.serrr (The characterisation
of I'sickrr glasses.)
Sone glasses fron the .17th andlSth

centuries weather very rapidly owing to their
high contents of potash and l-ow llme contents,
leading to the fomatj.on of an aLkali-deficient
hydrated gel layer on the surface. The actual
conpositj-on and condition of this surface 'ayer
depends upon the hunidity of the environnent.
The dete::nination of the water contdnt can be
caxried out non-destructiveLy by using an
isotope-excha.nge technique, and the condition of
the surface can be exarnj.ned by using the
scanning electron nicroscope on repU-cas talcen
fron the sruface.

In the discussion in which trbau Dr.
Marsclmer, tr?au Strurk artd nrs Carnara aJrd
Ferrazzini participated, it was pointed out that
the stoichionetry of the water within the gel-
14yer is detemined by the conpositj.on of the
glass. The gel layers have a very 1ow rricro-
ha:clness. Glass samples which have weathered.
in the atnosphere do not have the lamellar
surface crust which carr be found on glasses
which have been excavated fron the ground.
Frorn the point of view of the HoO 1!:loO
exchange, between the gel layer'and the'atnos-
phere, a distinction roust be made between the
exchange of llydrogen ions and. the excbamge of
water rnol-ecuIes.

117. scHULzE. G. (1q?8) rrltntersuchungen ar
Rublnglas aus Ra;tattil (Researches on
ruby glass fron Rastatt.)
The great charaielier at Favorite CastLe

is attributed to Bohemian glassrnakers. Many
of the pieces are of a red colou-r and the use
of Vls-Spectroscopy, .AAS a,nd Neutron-Activation
analysj-s showed. that gold ruby glass was present.
At that time - based on J. KunckeLrs discovery -
the highl-y-developed procedure of mal<ing gold
ruby glass was a carefully guarded secret of the
Potsdan glassworks.

The Rastatt gold ruby glass ca.n be
distinguished fron the original- Kunckelrs
glasses in its contents of silica, potash, Line
and nagnesia. This nay be an indication that
the Potsdarn monopoly had been broken. This
assunptj"on nay well be confiroed by a renark
found in Kunckelts records, where he nentioned
that a glassrnaker froro potsdan had been
recruitecl by the Duke of lauenburg.

In the discussi.on, i-n r+hich -fhau. Dr.
Spitzer-Aronson and Professor Scholze parti-

cipated, it was pointed out that a striking fea-
ture of the Rastatt gold ruby glass was the
hornogeneity of the red colou.r. Variations in
the colour could be due to variations in the
lead content. The rel-ativeLy tLigb leaal
content might enable the source of the Lead to
be investigated by'the use of the lead-isotope
rat io.

318. SEI,LNER. C. AJId CAMARA. B. (1978)
rrUntersuchungen von l,Ialdg}4sern (f7. Jahr-
hundert) u::it der W - VIS - NIR
Spektroscopic und der Elektronenspin-
resona.nz (rsn)' (rrie use of W - vrs - NIR
Spectroscopy and. Electron Spin Resonance
(nSn) for studying llth century forest-
type g'lasses )

Forest-type glasses excavated fron sites
at Glashorn (Biberquelle/Spessart), flilsborn
(ni.ls/t. Grllnenplan) altl Ederkreis (oberhessen)
have widely d.ifferent colours. The naj-n
colourj,ng agents are iron arid nanganese but a
few gld,sses afso contain sone cobaLt. By trsing
ESR they were able to sholr that the widely
different colours were deri.ved. as a result of
clgrtqes in the reciox eouilibriun
FezL p"1+- Mez+-p;l+. This equiribriun
itself depends on the partial pressure of
orygen in the furnace atroosphere, and these
concl-us.ions will involve reconsi-deration of the
technolory by which these glasses were nelted.

In the discussion, in which trbau Dr.
Marschner, and Drs Ferrazzini, Heinanr:, I{:ro11
and SchoLze participated, it was pointecl out
that the very 1ow partial pressures of o:rygen
in the furnace atroosphere, produced by rerlucing
conditions in the fJ-a,me, axe controfled by the
Soudouard.-Equi.libri.un which deternines the
process of the inconplete conbustion of the car-
bon present as charcoal. Va,riations in the
partial pressure of o:rygen, produced by vaJlring
trhe supply of conbustion air, which cal be used.
for altering the colour of fired pottery,
couLd be supposed. to have a conpa,rable effect
on a glass raelt" (}ut it would take much
longer in the case of a glass neLt - connent
by Roy Newton. ) A comparison of the analyses
of approxinately 200 medieval glasses fron York
Minster showed that a wide range of colours
were found in glasses rrhich differed LittLe in
their iron ancl na^nganese contents. This also
raj-ses the question as to whether there was
cleliberate addition of these colouring elements
or whether their presence was &ore or -1ess
accidental- (se" ai.o Abstract no. l4l.) The
relatively largg separalion between the ESR
signals for Mrn-' and Fe'' enabl-es some distinc-
tion to be rnad.e of signal-splitting due to the
presence of anisotropic naterial.

519. SPITZ.m-A.RCHS0N. Maxtha (tq78) "Titan
a1s mdgli.cher fndikator mittelal.terlicher
genalter Gltserrr (fitaniun as a possible
indicator of nedieval stainda eLass)
The titaniun content of rnerlieval stained

glass tend.s to be variabl-e due to the presence
of inhomogeneities. I'levertheLess tbe author
concl-udes that the deterrrination of tne titalim
content of the glass provides the means of
locating the glassworks, of deciding lrhether
the coloured and col-ourl-ess parts of the uind.ow
have the sarne or different origins, discrimini-
nating between glasses in one cathedraL a^nd
detecting cha,nges in the coropositions of the
sa,nds used. throughout the centuries.



These results, although not al-wal's very.
ai-st.ncl, .o"r."pond with the results of ea'rlier
i""""iieitt""s, irsing ciifferent physical methods'

;i;; #;" been used to establish correilation
;;;;;. These show, a1on6 certai"n defined
fin!* on the sa.npfe, and with a resolution of
i--. tft" distritution of the elements' ol the

r"ToL, and of some other p\rsical properties'
T;;-;; or tni" technique was demonstrated for
r.rry--sf""u.=, particularly red glasses of
different origins.

hofessor Scholze then rernarked that the

reduction in titaniun concentration in the
vicinitv of the coloured laJers (in the early
r"t"-*i""."="") supports the probability that, 

-
;;;"""-i;;;t"' wer-e- produced bv nlxing sepanatelv-
t"ttua .otollred glass vith a coLourless base

gfass.
(Eilitorial Note : Nos. 114'1)9 vere oriSinally

prepared in Ge nan bY I
iirJ".oo"t" on the discussions, as part of his

"rii.iur 
rbport (Protokoll) of the meeting'.

and they have been translate<I into Lhgrrsn oy

arrt"- ftfti,r"trl.rer and Roy Newton' )

14o. DAwsoN. P.T.. HEAUENS.-0'S" altd PqL!4Rn'
l.tt".-G?afief"ss surface analysis by

Iiffi,"on sPectroscoPY", LB5g4-
aoitu st.te rhvs. , 1978, 4, pp'2r81-2]-91'

Specimens of dlass with cornpositions

"."=";;;il;;'Io-l"i-'oa'* 
bottle sLass ana (u)

;;ai.;;l window giass have been exa'nined bv

1"e"" E i""i.n Sfectroscopy' The chenically
clEaned sr:rfaces initially show tbe !1"::tte
oi crrlott, which <tecreases vith irradiation
i;t;. Ciciru, si€nafs increase to a steady

;;;" "" 
the attenuating effect of the carbon

decreases. Alkal"i metal signals Senerarl-y -

;;;;;;;; antl thep subsequentlv decrease steaditv'
i"al""ii"S a losii nechanisn.for these-i'ons from

the surfaie regions. The'results indicate
iir" fitit"tions of eS as a metbo'l for glass

=I"ai.". (Authors' abstract)'
Additional connentar;r by Roy Newton: in

their introduction the authors state: nThe

rnotivati-on for these studies stems from the

"u.J 
to devise methods ol protecting the zncient

gi""" i" our nediaeval buildin5;s' Some of the

luoples studied, therefore, have -c-ompositions

"i.-"" 
t" those of typical medj-aevaL glasses'r'

The medieval g-lass used for the tests was

No.I44, fron lne European Science l'omuabion
o"ii" p""p""ud by I'ilkington i3rothers Ltd' ' see

llews l,ettlr I'1o.2!, pages ]-1 (see also
ie.tio. 5.L.2 , above). The work has not yet

i"acfrea ihe stage where the resu-lts are useful
lo-"on".*rto"u, utt the group at the Universit-y

of York is intending to make progress in that
f i.e1d.

14r. 
""

J. ilon-Crvst Solids , 1978, 4., pp'B'-I05'

Comentary by Roy Newtcn: This paper has

Lhe sane title as in AbstracL li0'268 (see paf,e

Iu of N.L. iio.25, and page 1l of N'L' 'lo'21)
but lhere is now an addjtional author (!'E'
Clark). Much of the text, a:rd the illustra-
iiott", 

""" 
the sarne but there is now a discussion

of the dlrability of those Slasses which are
used for the storage ("encapsulation") of waste

nuclear material, and of the pernanence ol the

organic coatings used..'to cover the gJ-ass fibres
ir"ia tor optical connimicbtions systens'
Fig.lO shows how the corrosion pattern of a

gLi=s 
"a. 

differ depending on whether a freshly-
fractured suface is used, or one which has been

iielttfv grourd and polished. The "rnixed-alkali
efiecti' is now discussed much more comprehen-

si"vely ttran in the previous paper' a'rd lig'Il-
shows how the position can be very.complicated'
There is afso a useful discussion (Fig'I'.,l ol
the improvenent in durability which takes place

when alunina .is added to a glass'

142. HEllCH. L. L. . I{El{IOii' R.G. . -?nd. PE'RrllSTEIli'S''
T1q78) liuse of infrared reflection
i!ffio""opy in analys.is of durabilitv of
medleval glasses, with sone cor[nents on

conservation procedures. Glass Technol'ogr
in the press)

Infrared reflection spectroscopy (IRRS)

is used to obtain a non-destructive surface
analysis of the structural chalges associated
with the aqueous corrosion of two simulated
medieval glasses. Variatlons .in aqueous

coirosion time and temperatrlret and dj'fferences
in glass composition, appear as changes in the
IRRS "fingerpointtr of the glass surface'
Sequential polishing renoval of two d'ifferent
types of glass surface danage, e.g. silica-
rich skin fonnation and pitting corrosion, were

able to be fol-l-owed' using the IRRS iiethod'
Applications in conservation proced-ues are

"reeestea. 
(Authors' abstract).

Additional commentarlr by Roy Newton: the
two sinulated raedieval glasses were l{os'145 and

l-47, from the Europeai Science Founoat.ion melts'
prepared by Pilkington Brothers Ltd. 

' 
see llews

ietter No.25, pages 1-5, (see also Section 5.1.2
above). The authors shorv that the IRRS spectra
of the surface weabherint can be correfated with
mechanical- properties of the danaged surfacet
and a surface abrasion index could provide a

technj-que for conservators to use in diagnosing
the corect restoration procedure to be erployed'

345. NL\rIcI{. R.G. (1978) "colouring a6ents
u"ed by tedie"al glassnakers" GLass

Technofory r97e D 19-60.

Thj-s sbudy of 4nalyses available in the
Literature is intended to provoke discussion
by suggesting that the Sreat variety of colours
iiuneJievat stained glass were not produced by

deliberate colouring agents to the glass
(except in the case of redr and perhaps also of
Utue, glass) but were produced nore or less
accidentat-ly. Any control' over the colour which

glassinakers might have exercised woufd have been

Ihroogtt al-terat.ions in the furnace atmosphere

and b] prolonging the melting time' A careful
reading-of Theoplrilus supports this viewpoint'
(Author's abstract).

144. PLuL. A.. ?nd IOIJSSEFII A:-(12?BJ^-+^
iLa.lkaline durability ol sone slrlcaLe
glasses containing CaO' l'eO 1d^llttg'l-
i.uaterials science, L978, yL' 97-ro7'

'lhis paper, originally abstracted.in
N.L. No.2) as'lto.Z?2, has now been published'

1t


