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The chemical durability of glass: determination of iron in extract Solutions 

(A report by Sub Commhtee Α 2 of the International Commission on Glass) 

(Received the 5th January, 1978) 

Nine laboratories accurately determined Fe203 in a simulated 
durability extract Solution containing 1.0 ppm Fe203, 0.95 ppm 
AI2O3, 10.2 ppm KjO, and 10.2 ppm PbO by extraction with Chloro­
form and colorimetric determination with bathophenanthrohne. The 
method has greater sensitivity and probably greater freedom from 

interferences than the experiments demonstrate. Accurate results in 
Single laboratories were also obtained by a variant bathophenan­
throhne procedure, an orthophenanthroline procedure and atomic 
absorption spectroscopy using an air-acetylene flame. 

La durabilite chimique du verre: dosage du fer dans les Solutions. 

Neuf laboratoires ont fait un dosage precis de Fe203 dans une 
Solution de synthese de meme composition que celle d'un essai de 
durabilite, contenant 1,0 ppm de Fe203; 0,95 ppm de AI2O3; 10,2 
ppm de KjO et 10,2 ppm de PbO, par extraction au chloroforme et 
determination colorimetrique a la bathophenantroUne. Les essais 
n'ont pas permis de mettre en evidence toute la sensibilite de cette 

methode et de prouver a quel point ehe permet d'eviter les interfer­
ences. Certains laboratoires ont obtenu des resultats precis a l'aide 
des methodes suivantes: une Variante du procede a la bathophenan­
troUne, un procede a l'orthophenantroline, un procede de spectrogra-
phie par absorption atomique avec utihsation d'une flamme d'air et 
acetylene. 

Chemische Beständigkeit von Glas: Eisenbestimmung in Auslauglösungen 

In einer Modellösung der Zusammensetzung (Angaben in ppm) eher und weniger störungsanfälhg als es die Versuche zeigen. In ein-
1,0 Fe203; 0,95 AI2O3; 10,2 K2O und 10,2 PbO wurde von neun zelnen Laboratorien wurden auch genaue Ergebnisse mit Orthophen-
Laboratorien Fe203 durch Extraktion mit Chloroform und kolorime- anthrohn und Atomabsorptionsspektroskopie (Luft-Acetylen-
trisch mit Bathophenanthrolin bestimmt. Die Methode ist empfindh- flamme) erhalten. 

Sub Committee Α 2 reports on the determinations of 
boric oxide [1], silica [2], and calcium and magnesium 
oxides [3] have already been pubhshed. The programme 
of work to produce methods for the analysis of durabil­
ity extracts is completed in this issue of "Glastechnische 
Berichte" by further reports on the determinations of the 
oxides of aluminium [4], sodium and potassium [5], and 
lead [6]. In these documents the metals are reported as 
the corresponding oxides which is customary when re-
ferring to glass compositions, although in the extract 
Solutions they are present, primarily, in ionic form. The 
determination of individual elements in an extract can 
provide insights that are useful for some purposes 
beyond those afforded by the usual determination of 
total solids or total alkahne material. 

The members of the Sub Committee suggested in 
their preUminary considerations colorimetry using ba­
thophenanthrohne [7] or orthophenanthrohne, atomic 
absorption spectroscopy and emission spectroscopy as 
possible methods for the determination of iron. From 
their considerations the Sub Committee undertook a co-
operative study using the bathophenanthrohne colori­
metric procedure and from this the proposed method of 
analysis, working detaüs of which are given in 3. Appen­
dix I, has resulted. 

1. Discussion 

Smith, McCurdy and Diehl [7] State that a long hst 
of ions including chloride, sulphate, nitrate, acetate. 

Perchlorate, lithium, sodium, potassium, calcium, mag­
nesium, barium, cerium, chromium, boron, aluminium, 
lead, arsenic, copper, thanium, and manganese do not 
interfere in the determination of iron with the batho-
phenanthroline-extraction procedure and their success­
ful apphcation of the general procedure to raw, treated, 
and sea water indicate that moderate amounts of sihca 
do not interfere. Cluley and Newman [8] describe a pro­
cedure similar in many detaüs to that of 3. Appendix I 
and affirm the general absence of interferences. Tetlow 
and Wüson [9], who used reduction by hydroxylam-
monium chloride and extraction with isopentanol, dem­
onstrated the absence of interference from 10 ppm of 
"Silicate", 10 ppm of calcium, 10 ppm magnesium and 
10 ppm of "orthophosphate" simuhaneously present on 
the determination of 0.025 ppm of iron. 

It appears that the method is apphcable to extract 
Solutions obtained from a much wider variety of glasses 
than the present experiment sufTices to demonstrate. The 
procedure given in 3. Appendix I wih detect O.Ol ppm 
F e 2 0 3 and h can be readily modified to enhance the 
sensitivity. Bacon, Russeh, Baumgartner et al. [10] used 
such a procedure to measure the iron extracted by water 
and/or 3% acetic acid Solution from 300 to 350-ml bev-
erage bottles in 60 minutes at 121 °C. The glasses con­
tained 0.052 to 0.23% F e 2 0 3 (total iron). The concentra­
tion of iron in the extracts ranged from 0.002 to 
0.024 ppm F e 2 0 3 and amounted to 0.02 to 0.39% ofthe 
total extracted sohds. 
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Table 1. Determination of FejO, in simulated extract Solution 

Laboratory ppm FCjOj found by 

bathophenanthrohne orthophen­
anthroline 

AAS 

Α 1.0 1.0 
Β 0.98 0.98 1.00 
C 1.10 1.16 
D 0.98 0.98 
Ε 1.07 1.04 1.04^ 
F 1.01 1.00 1.01 

1.01 
G 1.00 0.98 
Η 0.95 0.95 0.96 

0.95 0.93 0.92 
J 1.14 1.08 0.94 

1.04 1.05 1.04 
Κ 1.02 

Overall mean 1.01 
Range of 
results 0.92 to 1.16 
Standard 
deviation ± 0 . 0 5 

1.00 

0.99 OS 

0 This laboratory extracted the color complex with hexanol instead of Chloroform 
essentially following the procedure of Smith, McCurdy and Diehl [7] . 

Table 2. Resuhs for the determination of Fe203 by AAS in simulated 
durability extract Solutions 

Solution 
in μg/ml in μg/ml 

1 0 0.02 O.Ol 

2 0.1 0.10 0.10 0.12 

3 0 0.00 0.03 

4 0.5 0.49 0.51 -

As an example of adaptation of this principle to a 
higher sensitivity, Bacon et al. [10], transferred 250 ml 
of aqueous (water or 3% acetic acid) extract Solution 
into a separating funnel and reduced with hydroxylam-
monium chloride. Bathophenanthrohne was added, the 
pH adjusted to 4.5 to 5.0 and the bathophenanthroline-
ferrous ion complex extracted with 20 ml of n-hexanol. 
The optical denshy of the hexanol Solution was mea­
sured at 533 nm in 50 mm cehs. 

In determining trace amounts h may be necessary to 
purify some of the reagents by extraction with batho­

phenanthrohne in order to keep the blank low relative to 
the concentrations being determined. 

Table 1 shows that ah co-operators obtained con-
cordant resuhs. In Nordberg's laboratory the atomic ab­
sorption determination was made using an air-acetylene 
flame with the nitric acid content of Standards and simu­
lated extract carefully matched. No one reported diffi­
culty with the recommended procedure but several 
pointed out the need for immaculate technique in work­
ing at low levels of concentration. 

In a later cohaboration to investigate some possible 
interferences in the determinations of soda and potash 
Mayaux prepared and distributed Solutions containing 
the following: 

Solution 1: between 8 and 10 μg NajO/ml, 
0 μg Fe203/ml; 

Solution 2: between 8 and 10 μg NajO/ml, 
1 μg K^O/ml, 
10 μg CaO/ml, 
5 μg MgO/ml, 
1 μg Al203/ml, 
0.1 μg Fe203/ml; 

Solution 3: between 0.4 and 0.6 μg Na20/ml, 
0 μg Fe203/ml; 

Solution 4: between 0.4 and 0.6 μg Na20/ml, 
0.5 μg K20/ml, 
25 μg CaO/ml, 
0.5 μg MgO/ml, 
15 μg Al203/ml, 
0.5 μg Fe203/ml. 

Α fuh report on this work wih be issued in due 
course but Bouhgaud, Nordberg and Linzander took ad-
vantage of the opportunity to measure the iron contents 
of those Solutions by atomic absorption spectroscopy. 
All used an air/acetylene flame and their resuhs are 
shown in table 2. 

The Sub Committee did not proceed with a com­
plete cohaborative investigation of this method for mea­
suring smah concentrations of iron because h was con­
sidered that the bathophenanthrohne colorimetric proce­
dure was sufflciently sensitive and more widely apphca­
ble. However, the resuhs do indicate that the AAS tech­
nique could be equally suhable and a description of the 
procedure adopted by Bouligaud is given in 4. Appen­
dix II, for Information. 
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3. Appendix I. Determination o f ferric oxide in extract Solutions 

3.1. Principle 3.4. Procedure 

A s c o r b i c acid is added to reduce iron 
to the ferrous State. Bathophenanthrohne 
(4 : 7-diphenyl-l : 10-phenanthroline) is added, the Solu­
tion is buffered between p H 4 and 6, and the resulting 
tris (4 : 7-diphenyl-l : 10-phenanthroline)-ferrous iron 
complex is ex trac ted into Chloroform. T h e optical density 
o f the Solution is measured at 533 n m using 40 m m 
cells. 

3.2. Reagents 

Analyt ical grade reagents must be used through­

out. 

A m m o n i u m hydroxide Solution: approximate ly 5 N . 

A m m o n i u m ferrous sulfate: ( N H 4 ) 2 S 0 4 · F e S 0 4 · oHjO. 

A s c o r b i c acid: 10% w/v, freshly prepared. 

Bathophenanthrohne (0.001 M ) : Dissolve 0.0332 g o f 

4:7-diphenyl- l : 10-phenanthroline in 100 ml o f ethanol. 

Chloroform. 

Ethanol : absolute. 

Hydrochlor ic acid: d = 1.18. 

Perchlor ic acid: 60% w/v. 

Sodium acetate , tr ihydrate: C H j C O O N a · 3H2O. 

3.3. S tandard Solutions 
3.3.1. S tandard iron Solution 

Dissolve 0.4911 g o f a m m o n i u m ferrous sulphate in 
water and add 10 ml o f hydrochlor ic acid. Transfer to a 
1 Utre Volumetrie flask, düute to the m a r k and mix thor­
oughly. 

1 ml = 0.1 mg F e 2 0 3 (100 μg). 

3.3.2. Dilute Standard iron Solution 

Pipette 10 ml o f the Standard iron Solution into a 1 litre 

Volumetrie flask, dilute to the m a r k and mix thoroughly. 

This Solution must be freshly prepared. 

1 ml = 1.0 μg F c j O j . 

Determine the blank value concurrently with the sam­
ple value by foUowing the procedure exactly but using 
distihed water instead of the extract Solution. 

Transfer a measured volume of extract Solution to a 
100 ml conical flask, dilute if necessary to about 25 ml 
and add 2.5 ml of perchloric acid. Add 5 ml of ascorbic 
acid Solution, 10 ml of bathophenanthrohne, 0.5 g of so­
dium acetate and mix thoroughly. Adjust the pH to be­
tween 4 and 6 by addition of ammonium hydroxide as 
necessary, using a glass electrode, cover the flask and 
allow to stand for 20 minutes. 

Transfer the Solution to a 150 ml separating funnel, 
add 5 ml of Chloroform and shake the mixture vigorously 
for 30 seconds. Allow the layers to separate, then run the 
Chloroform layer through a glass wool plug in a smah fiher 
funnel into a 25 ml Volumetrie flask. Extract the Solution 
again with a further 5 ml of Chloroform and collect the 
Chloroform layer in the same 25 ml Volumetrie flask. 
Dilute the combined Solutions to the mark with ethanol, 
mix thoroughly and measure the optical denshy of the 
sample Solution at 533 nm using 40 mm cehs against the 
blank Solution. 

3.5. Calibration graph 

Pipette aliquots of the diluted Standard iron Solution, 
to Cover the ränge 0 to 20 μg F e 2 0 3 , into separate 100 ml 
conical flasks, düute each to about 25 ml and proceed as 
described in section 3.4. Plot the calibration graph of 
optical density against weight of F e 2 0 3 . 

3.6. Results 

Subtract the blank value from the sample value and 
calculate the concentration of ferric oxide ( F e 2 0 3 ) in the 
extract Solution. 

4. Appendix II. Method for the determination o f ferric oxide (Fe203) in durability e x t r a c t 

Solutions by a tomic absorpt ion s p e c t r o s c o p y 

4.1. Principle 

In the determination of iron by atomic absorption 
spectroscopy the sample Solution is atomized into the 
flame of an air/acetylene burner and the absorption at the 
wavelength 248.3 nm is measured. 

4.2. Reagents 

Analytical grade reagents must be used through­
out. 
Hydrofluoric acid: 40% w / v (d - 1.14). 
Perchloric acid: 65% w / v (d = 1.61). 
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Hydrochloric acid: 36% w/v (d = 1.19) and 1 + 9. 
Ammonium ferrous sulfate: ( N H 4 ) 2 S 0 4 · F e S 0 4 · 6H2O. 

4.3. Standard Solutions 

4.3.1. Concentrated ferric oxide Solution 
Dissolve 4.911 g of ammonium ferrous sulphate in 

water and add 10 ml of hydrochloric acid (d= 1.19). 
Transfer to a 1 litre Volumetrie flask, düute to the mark and 
mix thoroughly. 
1 ml = 1 mg F e 2 0 3 . 

4.3.2. Dilute ferric oxide Solution 

Transfer a 10.00 ml ahquot of the concentrated ferric 
oxide Solution to a 1 htre Volumetrie flask, dilute to the 
mark and mix thoroughly. This Solution must be freshly 
prepared. 
1 ml = 10 μg F e 2 0 3 . 

4.3.3. Reference ferric oxide Solutions 

PipetteO; 1.00; 2.00; 5.00 and 10.00 ml ahquots ofthe 
diluted ferric oxide Solution into separate 100 ml Volumet­

rie flasks. Add 5.0 ml of hydrochloric acid (1 h- 9) to each 
flask. Dilute to the mark and mix thoroughly. 
1 ml = 0; 0.1; 0.2; 0.5; 1.0 μg F e 2 0 3 respectively. 
Note: Ah of the reference Solution, the sample Solution and 
the blank must be of the same acidity, 0.5% in hydrochloric 
acid ( d - 1.19). 

4.4. Preparation of a calibration graph 

The reference Solutions are successively atomized into 
the flame of an air/acetylene burner and the corresponding 
absorptions noted. Several measurements are made for 
each Solution, the mean values of the readings calculated 
and used to prepare the cahbration graph of absorption 
versus F e 2 0 3 concentrations. 

4.5. Determination of the ferric oxide concentration of the 
extract Solution 

Determine the blank value concurrently with the sam­
ple value by fohowing the method exactly but using distihed 
water instead of the extract Solution. 

Pipette an ahquot of the durability extract Solution, 
containing not more than 25 μg of F e 2 0 3 , into a platinum 
dish; add two drops of hydrofluoric acid and one drop of 
perchloric acid and evaporate just to dryness. 

Add to the residue 1.25 ml of hydrochloric acid 
(1-1-9) and digest thoroughly with 10 ml of hot water. 
When Solution is complete and cool, transfer to a 25 ml 
Volumetrie flask, dilute to the mark and mix thor­
oughly. 

Determine the ferric oxide concentration of the Solu­
tion as described in section 4.4., then, using the calibration 
graph, subtract the blank value from the sample value and 
calculate the F e 2 0 3 content of the sample Solution. 
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