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Against the background of the in t roduct ion of the new, low-alkal ine c o m p a c t d i shwash ing de tergents a n d the assoc ia ted glass 
damage dur ing au tomat i c d ishwashing a compara t ive test was car r ied ou t . Glasses of different or igin a n d c o m p o s i t i o n were subjec ted 
to a cont inuous dishwashing test with u p to 1000 cycles which c o m p a r e d the highly a lkal ine conven t iona l de te rgen t w i t h different 
new formulat ion var iants of low-alkaline compac t detergents ob t a ined from the m a r k e t as well as wi th water. Whi le the c o n v e n t i o n a l 
and carbonate-conta in ing c o m p a c t detergent did no t cause visible cor ros ion , the detergent wi th a h igh disilicate c o n t e n t a l r eady 
caused serious glass damage after 50 washing cycles in the form of c loud ing a n d iridescence. These p h e n o m e n a rende r t h e d r i n k i n g 
glasses esthetically unsuitable. A t the same time, on-glaze decora t ion of ch inaware which is n o t res is tant t o m a c h i n e d i s h w a s h i n g is 
protected by these las t -ment ioned detergents. 

Detai ls of the processes in the washed glass surface were examined by m e a n s of X P S d e p t h profiles u p t o a d e p t h of 300 n m . I t 
could be shown tha t dur ing washing with au tomat i c dishwashing de te rgents of a h igh disilicate con t en t silica f rom the w a s h l i q u o r 
separates in a similar s t ructure as the glass itself on the glass surface, which causes the cor ros ion p h e n o m e n a c l o u d i n g a n d iri
descence. Active substances a n d const i tuents of the wash l iquor can be inco rpo ra t ed in the depos i ted layer. 

Since the new, low-alkaline compac t detergents are gaining m o r e a n d m o r e i m p o r t a n c e o n the marke t , th is p a p e r w a s i n t e n d e d 
to clarify the causes of increasing glass corrosion dur ing machine d i shwash ing . 

Maschinelles Spülen von Glas im Haushalt 
Forschungsergebnisse zur Vermeidung von Glasschäden 

Vor dem Hin te rgrund der Einführung der neuen, niederalkalischen K o m p a k t s p ü l m i t t e l u n d der d a d u r c h in letzter Zei t b e i m m a s c h i 
nellen Spülen in der Praxis aufgetretenen Glasschäden wurde eine vergleichende U n t e r s u c h u n g durchgeführ t . Hie rbe i w u r d e n G l ä s e r 
verschiedener Herkunf t u n d Zusammense t zung mit klassischem, hocha lka l i s chem Reiniger im Vergleich zu versch iedenen R e z e p t u r 
var ianten marktgängiger niederalkalischer Kompakt re in iger u n d Wasser e inem Daue r spü l t e s t übe r 1000 Zyk len un t e r zogen . W ä h 
rend der klassische u n d der carbonatha l t ige Kompakt re in iger zu keiner s ich tbaren Kor ros ion führ ten , ve ru r sach te der hoch-dis i l ica t -
haltige Reiniger schon n a c h 50 Spülgängen gravierende Glasschäden in F o r m von T r ü b u n g e n u n d Irisieren. Diese E r s c h e i n u n g e n 
lassen die Trinkgläser für Zwecke der Gäs tebewir tung äs theüsch n icht m e h r to le r ie rbar erscheinen. Gleichzei t ig werden j e d o c h n i ch t 
spülmaschinenfeste Porzel lanaufglasurdekore durch die le tz tgenannten Reiniger geschützt . 

Einzelheiten der Vorgänge in der gespülten Glasoberf läche w u r d e n d u r c h XPS-Tiefenprof i le bis in 300 n m Tiefe u n t e r s u c h t . E s 
konnte hiermit gezeigt werden, d a ß sich beim Spülen mit dem hoch-dis i l ica thal t igen Reiniger aus der wäßr igen Spülf lot te Kiese l säu re 
glasartig auf der Oberf läche abscheidet , was zu den Korros ionsersche inungen T r ü b u n g e n u n d Irisieren führt . In die abge lager te 
Schicht können Wirkstoffe u n d Bestandteile der Reinigerflotte mi t eingelagert werden . 

D a die neuen, niederalkal ischen Kompakt re in iger im M a r k t i m m e r m e h r a n Bedeu tung gewinnen , sollte die vor l iegende A r b e i t 
zur Klarhei t über die Ursachen der Glaskorros ion beim maschinel len Gesch i r r spü len bei t ragen. 

1. Introduction 
Like the washing machine, dishwashing machines make 

a major contr ibut ion to saving work in the household. 

Al though dishwashing machines have been on the mar

ket for more than 30 years, the number of dishwashing 

machines used in households is still growing condnu-

ously. In Germany, the p ropor t ion in the former Western 

par t at present is approximately 43 % and in the former 

Eastern par t 4 % . The average value for Europe is ap

proximately 28 % with relative growth rates of approxi

mately 10%/a. 
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T h e consumer expects dishes washed in the 

d ishwashing mach ine first of all to be clean a n d shining. 

F o r a g o o d cleaning result , detergent , rinse a id a n d re-

generat ing salt are required. A p a r t from a g o o d c leaning 

result , the corros ion resistance of the washed dishes is 

highly i m p o r t a n t for the consumer . Acco rd ing to con 

sumer studies, glass cor ros ion is the m o s t c o m m o n c o m -

plaint wi th respect to cor ros ion in mach ine d i shwash ing . 

In par t icu lar the in t roduc t ion of the new low-alka l ine 

" c o m p a c t de te rgents" has led to cor ros ion p h e n o m e n a 

which have irr i tated b o t h the consumers a n d the glass 

industry. Therefore, this paper will present the re la t ion

ship between different detergent formula t ions a n d the 



cor ros ion p h e n o m e n a occurr ing dur ing machine 
dishwashing; it is based on an extensive comparat ive 
study. 

By m e a n s of surface-analytical tests (XPS depth pro-
fdes), the corrosive effect o f different detergent types on 
glasses will be demons t ra ted . 

2. Detergent 

2.1 Tasks and function 
T h e detergent is the mos t i m p o r t a n t e lement in machine 
d ishwashing. I ts m o s t i m p o r t a n t tasks are: 

- removal of soil from the dishes, 
- dispersing the soil in the dishwashing S o l u t i o n , 
- complex ing the residual water ha rdness a n d the hard

ness ions from food remains to prevent deposits on 
the washed dishes a n d mach ine par ts , 

- m a x i m u m possible pro tec t ion of all the pa r t s which 
are cleaned in the dishwashing machine . 

D u r i n g m a n y years the compos i t ion of au tomat ic 
d ishwashing detergents only experienced insignificant 
changes. However, for reasons of envi ronmenta l and 
consumer pro tec t ion numerous new deve lopments have 
been introduced in the last five years. Some of them have 
a t ta ined considerable commerc ia l significance. These 
new p roduc t s influence the corrosion of different mate
rials during washing in the househo ld dishwashing ma
chine in different ways. For example, at the beginning of 
1991 a new generat ion of phosphate-free a n d low-alka
line d ishwashing detergents was in t roduced , also called 
" c o m p a c t de tergents" . T h e corrosive metas ihca te was re
placed by lower alkal ine cons t i tuents such as disihcates 
and /o r carbonates , thus increasing consumer safety En
v i ronmenta l po l lu t ion is also reduced by subst i tut ing cit-
r a t e for t r i p h o s p h a t e in the bui lder S y s t e m a n d active 

oxygen for active chlor ine in the bleaching System. 

2.2 Composition 
Automa t i c d ishwashing detergents consist of u p to five 
funct ional c o m p o n e n t s : 
- alkal ini ty carriers, 
- complexing agents, 
- b leaching componen t s , 
- biological active substances, i.e. enzymes, 
- W e t t i n g a g e n t s . 

Table 1 shows a compar i son of the two different de
tergent generat ions. T h e convent ional detergents contain 
phospha te s as complexing and d i s p e r s i n g agents in order 
to b ind the water h a r d n e s s . T h e alkal ini ty carriers 
mainly c o n s i s t of highly alkal ine metasil icates, which ad
jus t a p H value of 12 to 13 in a 1 % S o l u t i o n . T h e bleach
ing c o m p o n e n t comes from the salts of the trichloroiso-
cyanuric acid; they form hypochlor i te when dissolved in 
water. T h r o u g h o u t E u r o p e the convent ional detergents 
are largely similar with respect t o their composi t ion. 
However, in the U S A the less a lkal ine disilicates are used 
instead of the highly alkal ine metasilicates. 

Opinions differ strongly as to the opt imal formu
lation basis for low-alkaline "compact detergents". 
Some products available on the market are formulated 
exclusively with the complexing agent citrate. Other 
manufacturers use a combinat ion of citrate with poly-
carboxylate, sometimes adding phosphona te as a further 
dispersing agent. Apa r t from these there are products 
with high quanti t ies of t r ipolyphosphate instead of 
citrate. 

Α comparable variety of c o m b i n a t i o n s is used for the 
alkalinity carrier S y s t e m s of the new detergent gener
ation. There are S y s t e m s which contain exclusively disil
i c a t e s or exclusively c a r b o n a t e s or a combinat ion of 
both . Disilicates are dried water glasses (hydrated so
dium Silicates with a Si02/Na20 ratio of about 2:1). Car
bonates are sodium carbonate and bicarbonate. The al
kalinity carriers determine the p H value. In most of the 
products of the new detergent generation the p H value 
is between 9 and 11. 

The low-alkaline detergents were launched into the 
market at the end of 1990. This new segment has experi
enced a particularly positive development in G e r m a n -
speaking countries. Meanwhile the new detergents have 
also gained a considerable share in the European market 
and their impor tance is growing continuously. Corre
spondingly, the impor tance of the conventional products 
decreases, and in a few years ' time they will have disap-
peared completely from the G e r m a n market , not least 
for reasons of consumer and environmental protect ion. 

3. Tests 

3.1 Application tests 
In the application tests the cleaning Performance and 
the prevention of lime deposits on the washed dishes are 
most impor tan t . Fur the rmore , the interaction of the for
mulat ion with the dishes during the washing process is 
also an impor tan t test and quality criterion. Therefore, 
during each development process for a new cleaner, a 
large variety of different materials, e.g. glass, porcelain, 
stainless steel, silver and plastic, are examined thor-
oughly with respect to their behavior in the dishwash
ing machine. 

3.2 Corrosion tests 
The corrosion tests are used to investigate the behavior 
of dishes towards new detergent formulations as well as 
to examine detergents on the market with respect to ad-
vertised propert ies and to increase one's own knowledge. 
The tests also provide useful arguments when dealing 
with customer complaints about the corrosion of washed 
dishes. Fur the rmore , the results from corrosion tests 
help to optimize the current product ion. 

3.3 Cverview of corrosion test methods 
The G e r m a n Standard D I N 50275 [1] defines a process 
for testing the behavior of dishes in household dishwash-



Table 1. C o m p a r i s o n of convent ional with low-alkaline formulat ions for de tergents 

convent ional formulat ions ingredients low-alkal ine fo rmula t ions 
c o m p o s i d o n in w t % c o m p o s i t i o n in w t % 

30 to 70 metasihcate/disi l icate 
0 to 10 soda ash 

alkalinity carriers 
s o d a a sh 
b i c a r b o n a t e 
disilicate 

0 t o 40 
0 t o 40 
0 t o 40 

15 to 40 t r ipo lyphosphate 
sequestering agents 

+ 
dispersing agents 

' c i t rate 
p h o s p h o n a t e 
po lycarboxyla te 

. t r i po lyphospha t e 

O t o 45 
O t o 5 
O t o 15 
O t o 50 

0 to 2 active chlor ine carrier bleaching agents 

bleach activator 

active oxygen carr ier 3 t o 20 

-

bleaching agents 

bleach activator T A E D 0 t o 6 

- Wetting agents Surfactants 1 t o 4 

- bioactive agents enzymes 0.5 t o 6 

< 0 . 5 paraffm oil 
additives 

f ragrance 
paraffm oil 
si lverware p ro tec t ion a id 

< 0 . 5 
< 0 . 5 

O t o 5 

12 to 13 p H value (1 % S o l u t i o n ) 9 to 11 

ing machines; however, at present it is only available as 
a draft. Within the framework of the European 
Standards, th is Standard is p lanned to be developed and 
published as E N (European Standard) [2]. Conflicüng 
opinions of the individual member states about the in
corporation of a Short test (table 2, Ceram Research) 
into the E N have so far prevented a consensus. R A L -
R G 604 [3] describes a me thod for testing the suitabihty 
of cutlery for dishwashing machines. The Ceram Re
search Institute, Stoke-on-Trent ( U K ) , has developed an 
Immersion test which examines the resistance of por
celain decorat ions to machine detergents [4]. The Henkel 
me thod resulted from the practical product development 
and is suitable for all materials commonly used in private 
households. The test me thod used by Henkel has to a 
large extent already been published [5 to 7] and is par
tially also used by other test Institutes. 

A n overview of the known test methods for the de
terminat ion of dishwashing machine resistance of house
hold dishes as well as the detailed test condit ions are 
listed in tables 2 and 3 [8]. Α compar ison of the test 
condit ions shows the mos t impor tan t differences: 

a) In the D I N me thod [1] the temperature in the cleaning 
step is only 60 °C. This is not practice-related since al
most every European type dishwashing machine is 
equipped at least with a 65 °C program. 

b) The Henkel me thod in addition defmes the water 
quantity per washing cycle and the load of soil in the 
dishwashing Solution. This soil is dosed automatically at 
the beginning of the cleaning cycle (after the prewash 
cycle) and corresponds to the quant i ty of food remains 
which is to be expected in a fully loaded dishwashing 
machine. After each wash program the door is kept 
open for 30 min for the wash load to cool down and 
get dry. 

Table 2. Overview of m e t h o d s : cor ros ion tests of w a s h e d d i shes 
in the househo ld d i shwash ing m a c h i n e 

m e t h o d appl ica t ion 

every k ind of t ab leware 

cude ry 

porce la in 

D I N 5 0 2 7 5 (draft, June 1985)i> [1] 
- d y n a m i c cor ros ion test of table

ware in househo ld d i shwash ing 
mach ines 

R A L - R G 604 (June 1983) 
- d y n a m i c test of d i shwasher 

safety of cut lery 

C e r a m research 
- Stat ic Immers ion test for the de

t e rmina t ion of the resis tance of 
glazes to alkal ine de te rgent at
tack ( M a r c h 1990) 

d y n a m i c test of Henke l K G a A [4] every k ind of t ab leware 

>̂ Sdll in discussion by C E N . Brit ish C e r a m Resea rch , L td . , 
S toke-on-Trent ( U K ) . 

U p to 1000 washing cycles are defmed for all cor
rosion tests. Accord ing to consumer statistics this co r re 
sponds to an average life of 5 to 8 years. 

After 50, 125, 250, 375, 500, 625, 750 a n d fmally 
1000 washing cycles the wash load is being evaluated for 
damages and opt ical changes, where a scor ing of 0 
m e a n s n o change, 1 and 2 m e a n s m i n o r acceptable 
changes and 3 a n d 4 m e a n s heavy, esthetically n o t ac
ceptable damages . 

4. Glass damage 
4.1 General aspects 
Glass accounts for the largest p r o p o r t i o n of dishes 
cleaned in dishwashing machines . In spite of its chemica l 



Table 3. C o n d i t i o n s for cor ros ion tests 

p a r a m e t e r R A L - R G 604 [3] D I N 50275 (draft)^) [1] Henkel test m e t h o d 
( con t inuous test) 

t empera tu re in °C 
- c leaning 65 60 65 
- r insing 68 65 65 

a m o u n t of water - 81 per fill 51 per fill 

res idual water h a r d n e s s - 0 to 1°d 3 t o 4 ° d 

de tergent 
- a m o u n t in g 30 30 30 
- type D I N 4 4 9 9 0 4 ) [8] D I N 44990^) [8] different types of 

detergent + water 

soil - - 50 g hquid soil 

wash ing cycles 1000 1000 1000 

Still in discuss ion by C E N . Replaced by l E C 436 reference detergent formula Α [9]. 

resistance, in the course of t ime glass can already be at-
tacked by pure water or aqueous Solutions [10]. There
fore, possible changes in the glass surface due to ma
chine d ishwashing were soon recognized. 

T h e following cor ros ion damage can occur: 

- Scratches a n d cha ted spots caused by scouring two 
glasses against each other, 

- Scratch, pin-pr ick a n d fluff-like variations, 
- cracks, 
- streaks, 
- c louding (irreversible, over the whole surface, on one 

side, Symmetrie, r ing-shaped) , 
- iridescence, 
- Strange odour , 
- stickiness. 

4.2 Mechanical glass damage 
Mechanica l d a m a g e to glasses is either due to the manu
facturing process or t o the a r r angemen t in the crockery 
basket of the d ishwashing machine , i.e. it is no t influ
enced by the d ishwashing detergent used. This damage 
appears in the form of Scratches a n d cha ted spots due 

to the friction between adjacent glasses, enhanced by the 
temperature change. F u r t h e r m o r e , there can be Scratch, 
pin-pr ick and fluff-like var ia t ions of the surface resulting 
from the manufac tu r ing process, which are aggravated 
by repeated washing. These p h e n o m e n a have already 
been described in detai l in several publ ica t ions [6, 7, 10 
to 12]. Streaks hint at irregularities in the glass melting 
process, i.e. the glass compos i t ion was n o t mel ted and 
mixed correctly. 

4.3 Corrosion due to the dishwashing process 

4.3.1 Clouding 
A l t h o u g h glass is considered as a chemically resistant 
substance, it is co r roded by acid a n d caustic Solutions 
a n d even a t tacked by pure water. This effect is enhanced 

by high temperatures. Depending on the condit ions in 
the dishwashing Solution, e.g. p H value, type and quan
tity of dissolved ions, there are different types of cor
rosion. In the acid to neutral p H ränge, there is mostly 
gelation in the glass surface [13 and 14] and leaching of 
a lkah ions. In the alkaline p H ränge in addit ion the Sili
cate structure is destroyed by the hydrolytic cleavage of 
S i - O - S i bonds by means of O H " ions. Scanning elec
t ron micrographs reveal that the highly siliceous glass 
surface resulting after leaching of the alkali ions from 
the glass structure is porous, with holes of 1 pm in diam
eter [15]. The scattered light can lead to a turbid appear
ance of these surfaces. Glass surfaces washed with highly 
alkaline detergents usually appear as optically intact be
cause of the homogeneous surface removal. A n uneven 
temperature distr ibution at the glass surface during glass 
product ion or cooling can lead to the diffusion of alkali 
ions from the warmer regions into the colder areas of 
the glass surface. This occurs for example during round 
smelting of a glass at the edge or the subsequent at tach
ment of a handle or a stem. Α massive base can also 
lead to an inhomogeneous temperature distribution dur
ing cooling and thus to alkali diffusion in the glass sur
face. Al though these surfaces appear to be optically per
fect after the manufactur ing process, washing in the 
dishwashing machine can cause characteristic clouding 
in areas of high alkali ion concentrat ion. In the case of 
round-smelted t op edges or at tached stems, clouding is 
mostly Symmetrie and ring-shaped. Clouding can also 
occur over larger more or less regulär areas which can 
be structured and are presumably due to the temperature 
regulation during the product ion or cooling process. 
Figure 1 shows an example of this type of glass damage. 

4.3.2 Iridescence 
This phenomenon has been known for a long time, but 
it has only started to gain impor tance in the past three 
years, in part icular after introduct ion of the new "com-



pact detergent" generation. In this case the surface de
velops a nacrous appearance where either brownish, 
golden, greenish or bluish tones can predominate . It is 
assumed that this phenomenon is caused by the forma
tion of thin layers with different refraction. For a long 
time the reason for this interference effect could no t defi-
nitely be explained. O n the one hand , it was assumed to 
be a corrosion effect, where glass const i tuents are 
leached from the surface, producing layers with different 
refractive indices. O n the other hand , the phenomenon 
could be due to the deposit ion of const i tuents of the 
wash l iquor on the glass surface resulting in the same 
effect. A n example of a glass with a mult icolored iri
descence is shown in figure 2. 

4.3.3 Results of corrosion tests 
Α comparat ive corrosion test over 1000 dishwashing 
cycles was carried out under the condit ions represented 
in table 3 (Henkel method) with dishwashing detergents 
of different composi t ions obtained from the market . The 
test was carried out with a conventional detergent ac
cording to table 1 as well as three representatives of the 
new low-alkaline compact detergent generation. One of 
these compact detergents was formulated on the basis of 
carbonates, the second on the basis of disilicates and the 
third on the basis of disilicate/carbonate mixtures. As a 
reference, the so-called "water value" was also deter
mined (without detergent and soil). The tested samples 
were s o d a - l i m e - s i l i c a glasses, potass ium crystal as well 
as lead crystal glasses (>24 % PbO) of different supphers 
which were known to be relatively dishwashing-resistant. 
Figures 3 and 4 show the clouding effects for the above-
hsted glasses and the iridescence after 125 washing 
cycles in the form of bar diagrams. Only the disilicate-
containing detergent already shows clear effects, which 
could be observed with the naked eye and, thus, would 
be considered esthetically unacceptable^\ 

The final result after 1000 washing cycles is rep
resented in figures 5 and 6. The water value and the car
bonate-containing detergent showed hardly any cor
rosion effects. However, the disilicate-containing prod
ucts caused extremely strong, unacceptable clouding and 
iridescence. The glasses are optically unacceptable. 

4.3.4 Corrosion in relation to the water value 

It is now interesting to compare the detergents in their 
effect on further dishes, with part icular emphasis on 
delicate porcelain on-glaze decorations, which were also 
included in the comparat ive corrosion test. It should be 
ment ioned that dishwashing just with ho t water already 
causes a considerable corrosion at tack on delicate on-
glaze decorated china. Therefore, the "net effect" of the 

T h e evaluat ion of the washed tableware was performed under 
defined light condi t ions in a black cabinet. Damages , which 
were visible outs ide the black cabinet, were scored with 3 or 4 
and would be for the purpose of guest enter ta in ing esthetically 
inacceptable. Beginning changes, which were only visible in the 
black cabinet , were scored with 1 or 2. 

F igu re 1. Symmet r i e c loud ing . 
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Figure 2. Ir idescence. 
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Figure 3. C l o u d i n g effects of different de tergents o n t h r e e glass 
samples after 125 wash ing cycles; 1: s o d a - l i m e - s i l i c a glass, 
2: p o t a s s i u m crystal glass, 3: lead crystal glass. 

detergents independen t of the corrosive effect c aused by 
the hydrolytic power of h o t water a lone is of great in ter
est to the p roduc t deve lopment of au toma t i c d i shwash -
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Figure 4. I r idescence o f th ree glass samples after 125 washing 
cycles wi th different de te rgents ; 1: s o d a - l i m e - s i l i c a glass, 
2: p o t a s s i u m crystal glass, 3: lead crystal glass. 

Table 4. Condi t ions for the X P S measurement 

device E S C A L A B 220 
(Fisons, Eas t Gr ins tead (UK) ) 

pressure - 1 . 2 · 1 0 - ^ m b a r 
(after a rgon int roduct ion) 

area (500 X 500) P M 2 

t ime ~ 5 M I N 

measur ing paramete rs 1 5 keV, 20 m A , magnes ium anode 

sput ter ing paramete rs 3keV, lOOOOpm 

sput ter ing t ime 60 min 

1 2 3 
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Figure 5 . C l o u d i n g effects of different de te rgents o n three glass 
samples after 1000 wash ing cycles; 1: s o d a - l i m e - s i l i c a glass, 
2: p o t a s s i u m crystal glass, 3: lead crystal glass. 
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Figure 6. I r idescence o f th ree glass samples after 1000 washing 
cycles wi th different de tergents ; 1: s o d a - l i m e - s i l i c a glass, 
2: p o t a s s i u m crystal glass, 3: lead crystal glass. 
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than water _̂  1 

conventional disilicate 
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Figure 7. C o r r o s i o n of glasses a n d delicate on-glaze decorated 
China washed wi th different de tergents in re la t ion t o the water 
value; 1: glasses, 2: dehca te on-glaze decora ted ch ina . 

ing detergent formulations. In figure 7, the results of the 
corrosion test with different detergent types for glasses 
and delicate on-glaze decorated china are displayed no t 
in relation to the initial value of unwashed dishes, but 
to the corrosion effects caused just by the hot water. 

The carbonate-containing detergent shows no ad
dit ional influence on the removal of pigments from deli
cate porcelain decorations. Its behavior is comparable to 
that of pure water. The conventional detergent produces 
less favorable results on porcelain. Detergents with a 
high disilicate content show a more favorable corrosion 
pat tern, i.e. their corrosion effect on porcelain deco
rations is contrary to that on glass. However, in practice 
this is only of minor impor tance since most porcelain 
manufacturers offer decorations which are resistant to 
machine dishwashing. This leads to the conclusion that 
corrosion protect ion of dehcate on-glaze decorated 
china which is actually no t resistant to machine 
dishwashing can only be achieved at the expense of in
creased glass corrosion. 

4.4 Surface-analytical tests 

4.4.1 Silicon content on non-silicate surfaces 
Surface-analytical tests were carried out for the further 
clarification of the observed effects. First it was to be 
clarified whether the effects observed with the disilicate-
containing detergents are deposits or dissolution 
phenomena . For this purpose, non-silicate materials 
(plexiglass and stainless steel) were washed 500 and 625 
times, respectively, with disilicate-containing detergents 
and examined for silicon by means of XPS. The result 
shows that compared to the initial value of unwashed 
material bo th in the case of plexiglass and of the stain
less steel blade there is a significant enrichment of silicon 
C O M P O U N D S in the surface. This I N D I C A T E S a D E P O S I T I O N of 
Silicon C O M P O U N D S from the D I S H W A S H I N G Solution onto 
the washed surfaces. 

4.4.2 XPS depth profiles 
Samples of a lead crystal glass of high quahty were taken 
from the corrosion tests shown in figures 3 to 6 and X P S 
depth profiles were prepared to determine the element 



distr ibution in the glass surface (table 4). In the sample 
washed 1000 times with the disilicate-containing com
pact detergent even at a depth of approximately 2000 n m 
the basic composi t ion of the glass could not be deter
mined. Therefore, a glass which was taken out after 50 
cycles was examined by XPS. The dep th profües of lead, 
sodium and potass ium for the glass samples that are un
washed, washed with water, conventional detergent and 
carbonate-containing detergent (in each case 1000 
cycles) as well as with disilicate-containing detergent (50 
cycles) are shown in figures 8 to 10. Figure 8 reveals that 
the lead content in the surface remains rather compa
rable with the first samples, while in the case of the disilic
ate-containing detergent appreciable lead quanti t ies are 
only found from approximately 200 n m of depth; at ap
proximately 280 n m the value approaches that of un
washed glass. O n account of the results with the various 
other samples which were washed 1000 times it can be 
excluded that lead from a depth >20 n m is removed from 
the surface by the dishwashing process. Thus , the sample 
washed with the disilicate-containing detergent must be 
coated with a Si02-containing surface layer which grows 
with every washing cycle, finally leading to the pre
viously ment ioned refraction effects. 

The dishwashing process has the strengest influence 
on the sodium content of the glass (figure 9). Of the 
examined glasses, the glass washed with the conventional 
detergent resembles the unwashed glass since here - as 
ment ioned above - alkali ions are leached out and the 
silicate-based matr ix substance of the glass is dissolved 
due to the high alkalinity. The carbonate-conta ining de
tergent leads to stronger leaching of sodium, up to a 
depth of approximately 120 nm. The disilicate-contain
ing compact detergent also leads to the leaching of so
d ium from the base mass; however, THERE is no ADDITIONAL 
INCORPORATION of sodium from the SOLUTION INTO the sur

face coating. Strong leaching of sodium was observed in 
the glass washed with water (depths of >300 nm); how
ever, this does no t cause optical problems. 

In the case of the depth profiles for potass ium (figure 
10), the leaching is considerably less p ronounced than 
with sodium. The conventional detergent resembles the 
unwashed glass. Unlike sodium, with pure water even 
after 1000 washing cycles, potass ium is not completely 
leached from the glass surface. The surface content of 
potass ium reaches the lowest value in the glass washed 
with the disilicate-containing detergent because of the 
formation of the surface coating, a l though a potassium 
diffusion from the base mass into the surface coating 
can be observed up to a depth of 100 nm. 

In the depth profde of the lead crystal glass washed 
with the disihcate-containing detergent impurities like 
nitrogen, magnesium and a luminum could be identified 
additionally. Figure 11 shows this dep th profile at first 
wi thout these incorporated impurities. Wor th men-
tioning is the cont inuous transit ion of silicon and oxygen 
contents in the surface Coming from the base material to 
the surface coating. Apparent ly a glass structure similar 
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Figure 8. X P S d e p t h profiles for lead of a lead c rys ta l glass, 
washed wi th different detergents . 
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Figure 9. X P S d e p t h profiles for s o d i u m of a lead c rys ta l glass, 
washed wi th different detergents . 
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Figure 10. X P S d e p t h profiles for p o t a s s i u m of a l ead crys ta l 
glass, washed wi th different detergents . 
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Figure 11. X P S d e p t h profiles for different m a i n e l ements of 
the bas ic c o m p o s i t i o n of lead crystal glass, washed 50 t imes 
wi th the dis i l ica te-containing detergent . 
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Figure 12. X P S d e p t h profiles for different e lements incorpo
ra ted from the wash ing l iquor in to lead crysta l glass with the 
dis i l icate-containing de tergent . 

to tha t of the basic subs tance is being formed dur ing the 

dishwashing process by the silicate-based componen t s of 

the detergent formulat ion dissolved in the aqueous wash 

liquor. F igure 12 shows a dep th profile of the non-sil-

iceous cons t i tuents of the wash liquor, which were incor

pora ted from the Solution into the surface coating. The 

surface coating contains organic Compounds (high car

b o n content ) a n d C o m p o u n d s of m a g n e s i u m (up to 

— 50 nm) , of a luminum (—320 n m ) as well as of nitrogen 

(up to 320 nm) . T h e ni t rogen Compound could stem 

from organic ni t rogen heterocycles, which were probably 

added to the examined disi l icate-containing product to 

Protect silverware against t a rn i sh ing dur ing the 

dishwashing process [15]. T h e magnes ium a n d a l u m i n u m 
C o m p o u n d s are layer Silicates (due to X-ray powder dif

fraction analyses of i n so lub le residues) which were pos

s ib ly formulated in to the p roduc t as additives. 

4.5 Weight losses 
T h e average weight loss for different glasses was deter

mined on the test glasses washed in the described test 

p r o g r a m u p to 1000 cycles. 

As was expected, the weight loss is wi th 600 mg 

higher in the case of the convent iona l detergent because 

of the degrada t ion of the silicate-based glass framework 

due to the high alkalini ty of the wash hquor . The values 

for water a n d the ca rbona te -con ta in ing detergent are 

clearly lower (58 a n d 140 mg , respectively). The lowest 

weight loss is achieved wi th the disil icate-containing de

tergent (32 mg). Apparently, the removal of material is 

almost compensated by the formation of the surface 

coating dur ing the dishwashing process. 

T h e au tho r s wish to express their t hanks to Mrs . K. Bitt igau 
and Mr. L. K i n t r u p of the Surface Analyt ical D e p a r t m e n t of 
Henkel K G a A for measur ing the X P S dep th profiles and to Mr. 
W. Steger of N a c h t m a n n Bleikristallwerke G m b H , Riedlhüt te 
(Germany) , for valuable discussions. 
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