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Dissolution behaviour of biosoluble HT stone wool fibres
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The dissolution behaviour of two types of fibres, the biosoluble HT and the traditional MMVF21 stone wool fibres, in synthetic
simulated lung fluid (Gamble's Solution) at pH 4.5 was investigated in order to clarify the mechanisms, and the effect of the various
constituents in the liquid.

The Gamble's Solution contains various organic aeids and salts. The study showed that organic aeids which are able to form
complexes with aluminium (e.g. citric and tartaric acid) caused both fibres to dissolve at a high rate at pH 4.5. Organic aeids without
the ability to form complexes with aluminium (e.g. acetie, maleic, lactic and pyruvatie acid) have no (or minor) impact on the
dissolution rate at pH 4.5.

The presence of sodium chloride lowers the dissolution rate, especially that of MMVF21. The silica that remains when the silica
network has been depleted of aluminium ions (due to citric and tartaric acid) behaves differently in the two fibres. In HT fibres the
silica dissolves at a high rate, probably as a diluted sol. Thus the HT fibre has a high dissolution rate in Gamble's Solution at pH
4.5. For the MMVF21 fibre, condensation of the silica network as a gel results in a lower dissolution rate. It is assumed that the
different Al/(A1+Si) rados for HT and MMVF21 fibres explain why the fibres behave differently.

Auflösungsverhalten von biolöslichen HT-Steinwollefasern

Das Auflösungsverhalten zweier Fasertypen, der biolösliehen HT- und der herkömmlichen MMVF21-Steinwollefasern, wurde in
syntheüscher simulierter Lungenflüssigkeit (Gamble-Lösung) bei einem pH-Wert von 4,5 untersucht, um die Mechanismen und den
Einfluß der unterschiedliehen Komponenten in der Flüssigkeit zu klären.

Die Gamble-Lösung enthält verschiedene organische Säuren und Salze. Die Untersuchung zeigte, daß organische Säuren, die
mit Aluminium Komplexe bilden können (z.B. Zitronen- und Weinsäure), bei einem pH-Wert von 4,5 eine sehr schnelle Auflösung
beider Fasern bewirken. Organische Säuren, die nicht die Fähigkeit besitzen, mit Aluminium Komplexe zu bilden (z.B. Essig-,
Malein-, Milch- und Brenztraubensäure), haben keine oder nur eine geringe Auswirkung auf die Auflösungsrate bei einem pH-Wert
von 4,5.

Die Anwesenheit von Natriumchlorid verringert die Auflösungsrate, besonders die der MMVF21-Faser. Wenn die Aluminium-
Ionen aus dem Si02-Netzwerk herausgelöst sind (durch Zitronen- und Weinsäure), verhält sich das verbleibende Si02 der beiden Fasern
unterschiedlieh. In den HT-Fasern löst sich das Siliciumdioxid sehr schnell auf, wahrscheinlich wie ein verdünntes Sol. Daher hat
die HT-Faser eine hohe Auflösungsrate in der Gamble-Lösung bei einem pH-Wert von 4.5. Bei der MMVF21-Faser führt die Verdich-
tung des Si02-Netzwerkes zu einem Gel mit einer niedrigeren Auflösungsrate. Es wird angenommen, daß die unterschiedlichen
Al/(AI+Si)-Verhältnisse von HT- und MMVF21-Fasern die Erklärung dafür sind, daß die Fasern sich unterschiedlich verhalten.

1 . I n t r o d u c t i o n

The potential pathogenicity of a given fibre type is
mainly dependent upon the extent to which the fibres
can be inhaled and can persist in the lung [1]. In the
lung at least two p H environments exist which influence
the degradat ion of the fibres [2]: p H 7.4 (the extra-cellu-
lar environment) and p H 4.5 to 5 (the environment
found within the phagolysosomes of the macrophages) .

Α number of in-vitro dissolution measurements in
artificial lung fluids at near-neutral p H ( ~ 7.4) and at
acidic p H ( ~ 4.5) have been performed to simulate the
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dissolut ion processes occurr ing in vivo [3 to 10]. F o r
some M M V F s the in-vitro dissolut ion rate at p H 7.4 can
be correla ted to the results of in-vivo s tudies [11],
whereas for o ther fibres the dissolut ion rate at p H 4.5
has to be t aken into account [10, 12 to 14]. T h e b ioso lu-
ble h igh a l u m i n a - l o w silica H T s tone wool fibres ( C A S
no. 287922-11-6) be long to the latter ca tegory [14 a n d
15].

T h e in-vitro dissolut ion rate at p H 4.5 of H T fibres
is approximate ly ten t imes higher t han tha t of t r ad i t iona l
s tone wool fibres [15], when measured accord ing to e.g.
the guidelines developed by the E u r o p e a n Insu la t ion
Manufac tu re r s Associat ion, Brüssels (Belgium) [16].
However, the measured dissolution rates have p roven



fibre type Si02 A I 2 O 3 Ti02 FeO CaO MgO Na20 K2O P2O5

HT 38.7 22.0 1.9 7.2 14.9 10.1 1.8 0.8 0.4
MMVF21 46.1 13.2 2.8 6.3 16.6 9.3 2.6 1.3 <0.1
HTmod 40.6 20.8 1.6 7.1 13.6 11.4 1.6 0.8 0.3
MMVF21^od 45.8 14.9 1.6 7.6 14.3 10.9 2.0 1.0 0.4

Table 2. Chemical composition of the modified Gamble's Solution (synthetic simulated lung fluid) [16]. HCl was added to achieve
pH 4.5.

Compound concentration in mmol/1

NaHCOs
NaCl
MgCl2 · 6H2O
CaCl2 · 2H2O
Na2HP04
Na2S04
H2NCH2CO2H (glycine)
HOC(CH2C02Na)2C02Na · 2H2O (sodium citrate)
Na02CCH(OH)CH(OH)C02Na · 2H2O (sodium tartrate)
CH3COC02Na (sodium pyruvate)
CH3CH(OH)C02H (lactic acid)

23.2
121.8

1.0
0.2
1.0
0.6
1.6
0.52
0.8
1.6
1.7

very sensitive to the test condi t ions , especially the flow-
rate/surface area ratio and the organic aeids present in
the synthet ic lung fluid [9, 10 and 12]. T h e dissolution
rate of H T fibres at p H 7.4 is m u c h lower than the dis-
solut ion rate at p H 4.5, and only slightly higher than
tha t of t radi t ional s tone wool fibres at p H 7.4 [10 and
12]. T h u s the ageing propert ies, i.e. the resistance
towards humidity, are comparab le for the two fibres [17].

Previous studies have shown the influence of organic
aeids on the dissolut ion of s tone wool fibres [18]. Also,
the dissolut ion of minerals with compos i t ions similar to
s tone wool fibres have been shown to be highly depen-
den t on the type and concent ra t ion of organic aeids [19
to 22], due to the varying ability to form complexes with
the dissolving Clements.

T h e present s tudy investigates the in-vitro dissolution
behaviour of H T fibres c o m p a r e d to t radi t ional stone
wool fibres at p H 4.5 with the a im of clarifying the rea-
son for the much higher dissolut ion rate of the H T
fibres. T h e exper imental work s tudied the effect of the
var ious const i tuents in the synthet ic s imulated lung fluid
while measur ing the dissolut ion of Silicon and alu-
min ium, observing the format ion of surface layers and
de te rmin ing the d iameter decrease wi th time. The im-
p o r t a n c e of the complex-forming ability of the organic
aeids and the effect of N a C l for the format ion of surface
layers is discussed.

2 . M a t e r i a l s a n d m e t h o d s

2.1 S t u d y d e s i g n

The in-vitro dissolution behaviour of the H T fibre and
the t radi t ional stone wool fibre ( M M V F 2 1 ) was investi-
gated using a modified Gamble 's Solution [16], which is
a synthetic simulated lung fluid.

The experimental work studied:

- the effect on the dissolution behaviour when remov-
ing individual components (e.g. phosphate , sodium
Chloride, organic aeids) from Gamble 's Solution;

- the effect on the dissolution behaviour of the individ-
ual const i tuents present in Gamble 's Solution.

2 . 2 Tes t f ibres : HT a n d MMVF21 f ibres

Table 1 shows the chemical composi t ion of the fibres
used in the investigation. The fibres were produced by a 
cascade spinning process, with no addi t ion of oil and
binden For practical reasons two batches of fibres were
produced and used for the experiments.

2 . 3 S y n t h e t i c lung fluid (Gannble ' s Solution)

The chemical composi t ion of the modified Gamble 's
Solution is shown in table 2.

Table 1. Chemical composition (in w%) of the HT fibre and the tradiüonal stone wool fibre (MMVF21). Fibres with a shghtly
modified (sufTix: mod) chemieal composidon are used for the optical setup. The fibres are without oil and binden



1.0 cm

Figure 1. Α cross-sectional view of the optical flow cell; Α
mount on which the fibres = Β were glued across.

2 . 5 S c a n n i n g e l e c t r o n n n i c r o s c o p e

For visual izat ion of the possible m o r p h o l o g y changes of
par t ly dissolved fibres, a Scanning Elec t ron Mic roscope
( S E M , C a m b r i d g e Stereoscan 360) was used. F u r t h e r -
more , selected fibres from the two dissolut ion se tups
were E D X (Energy Dispersive Spect roscopy)-analysed
to de te rmine their chemical compos i t ion . T h e fibres
were placed on double-faced ca rbon- t ape a n d ei ther
gold ( S E M ) - or ca rbon (EDX)-coa ted p r io r to be ing
measu red .

I

I

2 . 4 Disso lu t ion s e t u p

The two methods used in the study to investigate the
dissolution behaviour of H T and M M V F 2 1 fibres were
a stat ionary and an optical flow dissolution setup,
respectively. All experimental work was performed at
( 3 7 ± 1 ) ° C .

2 . 4 . 1 S t a t i o n a r y d i s so lu t i on s e t u p

The stat ionary dissolution setup comprised a Container
in which 300 mg fibres were mixed with 500 ml liquid
(e.g. Gamble 's Solution) and continuously stirred. p H
was kept at 4.5 (within ± 0.1) by adding 0.5 mol/1 HCl
using a Radiometer P M H 2 9 0 pH-STAT Controller con-
nected to an ABU901 autoburet te . Α Computer continu-
ously recorded the amoun t of HCl added. Samples were
taken at predetermined intervals and analysed for con-
tent of dissolved Silicon and a luminium. All concen-
trat ions were given in mmol/1. Each experiment was car-
ried out twice (average values used) except for the experi-
ments with sodium + citrate.

This method revealed detailed information about the
effect of the fluid on the dissolution behaviour (by meas-
uring the amoun t of Si02 and A I 2 O 3 dissolved).

2 . 4 . 2 Opt ica l flow d i s s o l u t i o n s e t u p

The optical flow dissolution setup was developed by Pot-
ter [23], and comprised a flow cell in which individual
fibres (typically 6 to 8 fibres) were fixed across a slot,
th rough which the liquid (e.g. Gamble 's Solution) was
pum ped at a constant rate of 0.3 ml/min (figure 1). The
liquid was kept at a constant p H of 4.5 ± 0.5. The dissol-
ut ion rate (in ng/(cm^h)) was calculated directly from the
reduction in fibre diameter over time. See [23] for further
details about the method.

With this method it was possible to measure the dis-
solution rate at well defined experimental condit ions
(e.g. no increase in p H , no Saturation effects, etc.).

3 . R e s u l t s

T h e influence of individual c o m p o n e n t s in G a m b l e ' s
Solution on the dissolut ion of H T a n d t r ad i t iona l
( M M V F 2 1 ) s tone wool fibres at p H 4.5 was invest igated
by excluding individual c o m p o n e n t s from G a m b l e ' s
Solution (e.g. organic aeids, p h o s p h a t e a n d s o d i u m ch lo-
ride, respectively).

T h e results of b o t h the s ta t ionary a n d opt ica l se tup
(figures 2a and b and table 3) showed tha t citrate, so-
d i u m Chloride and phospha t e were the m a i n c o m p o n e n t s
influencing the dissolut ion behaviour of H T a n d
M M V F 2 1 fibres. T h e absence of sod ium chlor ide a n d
p h o s p h a t e resulted in a significantly higher d isso lu t ion
rate, whereas the absence of citrate (and par t ly a lso ta r -
trate) resul ted in a significantly lower d issolut ion ra te of
H T a n d M M V F 2 1 fibres at p H 4.5, comparab l e to the
dissolut ion rate in Gamble ' s Solution at p H 7.4.

T h e effect of the citrate concen t ra t ion on the dissol-
u t ion of H T a n d M M V F 2 1 fibres was further investi-
gated using the s ta t ionary setup. It was also invest igated
whether the effect of citrate was due to its buffer p rope r -
ties (pKa = 4.7), mean ing the abihty of ci trate to m a i n -
ta in a cons tan t p H ( p H 4.5) at the minera l surface. Ace t -
ate was used for compar i son due to its similar buffer
proper t ies (pKa = 4.7).

T h e results (figures 3a and b) showed tha t a d o u b l i n g
of the ci trate concent ra t ion only caused a m i n o r increase
in dissolved a lumin ium and Silicon for the M M V F 2 1 fi-
bre, whereas for H T fibres it doubled the a m o u n t of dis-
solved a lumin ium within the first 4 h. T h e a m o u n t of
dissolved Silicon increased by 60 %. T h e presence of
aceta te caused n o (or only a modera te ) d issolu t ion of
H T fibres.

T h e effect of citrate in combina t ion with p h o s p h a t e
and sod ium chloride was investigated in o rder to clarify
the in terac t ion between these c o m p o n e n t s on the dissol-
u t ion behaviour of H T and M M V F 2 1 fibres (figures 4a
a n d b a n d 5a and b).

Α ra ther ab rup t t ransi t ion in the a m o u n t of dissolved
Silicon a n d a lumin ium was observed for the M M V F 2 1
fibres, when the concent ra t ion of sod ium chlor ide in-
creased from 68 to 94 mmol/1 (figures 5a a n d b) . T h e



40

c

8

to

δ
CO

ο

I

30

20

10

• Gamble without phosphate
α Gamble without NaCl
ο Gamble
X Gamble without glycine/lactate/puruvate^
Δ Gamble without tartrate ^ ^ - ' '
• Gamble without citrate

, - - = " : ' · 

a)

Time in h 

15

10

" D

δ

ο

α Gamble without NaCl
• Gamble without phosphate'
ο Gamble
X Gamble without glycine/lactate/puruvate
Δ Gamble without tartrate
• Gamble withoyt'citrate

b)

• Time in h 

Figures 2a and b. Effect of excluding individual components from Gamble's Solution on the dissolution behaviour of HT fibre
(figure a) and MMVF21 fibre (figure b). Stadonary setup, pH 4.5 and 37°C.

Table 3. Calculated dissolution rate from the optical flow setup at pH 4.5 and 37 °C. Published results from similar measurements
at pH 7.4 [23] are included for comparison.

soluüon

dissolution rate in 10^ ng/(cm^h)

HT fibre (r^) MMVF21 fibre (r^)

Gamble 28.0 (0.992) 1.4 (0.839)
Gamble without phosphate 41.2 (0.990) 1.4 (0.640)
Gamble without sodium chloride 63.6 (0.996) 40.0 (0.993)
Gamble without organic aeids 0.7 (0.999) 0.2 (0.974)
citrate 42.4 (0.884) 116.7 (0.977)

Gamble - pH 7.4 - 1 « 1

Note: r = regression coefTicient.
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Figures 3a and b. Effect of citrate and acetate on the dissolution rate of HT fibre (figure a) and MMVF21 fibre (figure b). [citrate]
[acetate] = 0.52 mmol/1. Stadonary setup, pH 4.5 and 37°C.

presence of sod ium chloride h a d n o effect on the
a m o u n t of dissolved Silicon a n d a l u m i n i u m at low con-
cent ra t ions ([NaCl] < 68 mmol/1), bu t reduced the
a m o u n t by 40 to 50 % at high concentra t ions (up to

122 mmol/1, corresponding to the sodium chloride con-
centrat ion in the modified Gamble 's Solution). The ad-
dition of phospha te (results not shown) had no (or
minor) effect when sodium chloride was not present.
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Figures 4a and b. Effect of sodium chloride in combinadon with citrate on the dissoluüon of HT fibres; determined by Si in Solution
(figure a) and AI in soludon (figure b). Stationary setup, pH 4.5 and 37 °C. Citrate ([citrate] = 0.52 mmol/1) with increasing amounts
of sodium chloride added ([NaCl] = 0-122 mmol/1).
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Figures 5a and b. Effect of sodium chloride in combination with citrate on the dissolution of MMVF21 fibres; determined by Si in
Solution (figure a) and AI in soludon (figure b). Stadonary setup, pH 4.5 and 37 °C. Citrate ([citrate] = 0.52 mmol/1) with increasing
amounts of sodium chloride added ([NaCl] ^ 0-122 mmol/1).

However, when sodium chloride was present, the ad-
dition of phosphate made the transit ion less pro-
nounced, and the amoun t of dissolved Silicon and alu-
minium decreased with increasing concentrat ions of so-
dium chloride.

For the H T fibres (figures 4a and b), varying concen-
trat ions of sodium chloride had no effect on the total
amoun t of dissolved Silicon and aluminium, but the dis-
solution rate decreased with increasing concentrat ions of
sodium chloride. N o transit ion was observed.

Figures 6a and b show the fraction of silica dissolved
( A S I O S ) divided by the fraction of a lumina dissolved
( « A I 2 O 3 ) (calculated from data from figures 4a and b and
5a and b). It is seen that the abrupt transit ion observed
for M M V F 2 1 exposed to citrate/sodium chloride is

linked with a change from a silica depleted ( o ^ S I O Z / ^ A B O I

> 1) to a silica-enriched surface (pL<^\oJoip^x
similar change was observed for H T fibres.

S E M / E D X investigations of M M V F 2 1 fibres ex-
posed to ci t ra te/sodium chloride or c i t ra te /phospha te / so-
d i u m chlor ide revealed the format ion of fairly th ick sur-
face layers (figure 7). T h e layers seemed qui te p o r o u s
and cracks were formed dur ing drying. T h e surface
layers apparent ly became denser as the sod ium concen -
t ra t ion increased, and the addi t ion of p h o s p h a t e caused
a further densification. E D X analysis showed tha t p h o s -
pha te was adsorbed o n t o these layers (3 to 7 w t % P2O5) ,
and tha t the layers were enriched in silica at h igh s o d i u m
concent ra t ions ([NaCl] > 94 mmol/1). N o layers were
observed on H T fibres.
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Figures 6a and b. The fraction of sihca dissolved ( « S I O I ) divided by the fraction of alumina dissolved ( « AISCO versus time (calculated
from data from figures 4b and 5b); HT fibre: Citrate + NaCl (figure a), MMVF21 fibre: Citrate + NaCl (figure b).

a) ^5μm

Figures 7a and b. SEM pictures of a MMVF21 fibre exposed
to citrate + phosphate + 34 mmol/1 NaCl; secondary image
(sensitive to surface contour) (figure a), backscatter image (sen-
sitive to atomic density variations) (figure b).

4 . D I S C U S S I O N

T h e R E S U L T S W I T H T H E V A R I O U S M O D I F I C A T I O N S of Gamble 'S
S O L U T I O N ( F I G U R E S 2a A N D B A N D T A B L E 3) S H O W T H A T T H E

D I S S O L U T I O N R A T E D E P E N D S S T R O N G L Y O N T H E E H E M I E A L C O M -

P O S I T I O N of Gamble 'S S O L U T I O N . T h e A B S E N C E of S O D I U M

C H L O R I D E from G a m b l e 'S S O L U T I O N C A U S E D A S I G N I F I C A N T I N -

C R E A S E I N the D I S S O L U T I O N R A T E of E S P E C I A L L Y M M V F 2 1
F I B R E S (—28 T I M E S ) A N D a slight I N C R E A S E F O R H T F I B R E S

( ~ 2 T I M E S ) , R E S U L T I N G I N C O M P A R A B L E D I S S O L U T I O N R A T E S F O R

H T A N D M M V F 2 1 F I B R E S I N this S O L U T I O N . The dissol-
U T I O N R A T E of M M V F 2 1 F I B R E S I N C I T R A T E W A S A P P R O X I -

M A T E L Y T H R E E T I M E S H I G H E R T H A N that O F H T F I B R E S . Thus
T H E S E R E S U L T S are S T R I K I N G L Y D I F F E R E N T F R O M the RESULTS I N

Gamble ' s S O L U T I O N .

Both F I B R E S W E R E H I G H L Y S O L U B L E I N C I T R A T E ( F I G U R E S 3a
A N D B A N D table 3) A N D TARTRATE ( R E S U L T S N O T S H O W N ) . At
p H 4.5, A L U M I N I U M is K N O W N to F O R M C O M P L E X E S W I T H

C I T R A T E I N 1:1 R A T I O [24]. This C O R R E S P O N D S V E R Y W E L L W I T H

the R E S U L T S I N F I G U R E S 3a A N D B , W H I C H S H O W S that T H E

D I S S O L U T I O N C E A S E S W H E N this R A T I O has B E E N R E A C H E D

([AI] = 0.52 M M O L / 1 A F T E R 4 H ( [ C I T R A T E ] = 0.52 M M O L / 1 ) F O R

both F I B R E S ) . For the H T F I B R E , a D O U B L I N G of the C I T R A T E

C O N C E N T R A T I O N also D O U B L E D T H E A M O U N T of A L U M I N I U M

D I S S O L V E D A F T E R 4 H , W H E R E A S F O R the M M V F 2 1 F I B R E , O N L Y

a M I N O R I N C R E A S E I N the A M O U N T of A L U M I N I U M D I S S O L V E D

W A S O B S E R V E D , possibly D U E to S A T U R A T I O N E F F E C T S W I T H R E -

S P E C T T O S I L I C A .

The O B S E R V A T I O N T H A T bo th F I B R E S W E R E H I G H L Y S O L U B L E

I N C I T R A T E (figures 3a A N D B A N D T A B L E 3) A N D TARTRATE ( R E -

SULTS N O T S H O W N ) I S I N good A G R E E M E N T W I T H a N U M B E R of
S T U D I E S that H A V E I N V E S T I G A T E D the W E A T H E R I N G of A L U -

M I N I U M S I L I C A T E S I N the P R E S E N C E of O R G A N I C Compounds
at acidic p H . It has B E E N S H O W N T H A T especially P O L Y -

V A L E N T H Y D R O X Y A E I D S C A U S E a S I G N I F I C A N T I N C R E A S E I N the

D I S S O L U T I O N R A T E [19 to 22]. This E F F E C T is D U E T O the ability
of H Y D R O X Y A E I D S T O F O R M C O M P L E X E S ( L I G A N D S ) W I T H A L U -

M I N I U M . In W E A T H E R I N G of A L U M I N A Silicate M I N E R A L S the
D I S S O L U T I O N R A T E is O F T E N M O D E L L E D as [25]:

^ T O T - + RI (1)

where 7?TOT is the net dissolution rate observed, R^ is the
pro ton-promoted dissolution rate, and RY^ is the hgand-
promoted dissolution rate. In case of minerals the li-
gand-promoted dissolution is believed to involve adsorp-
tion of ligands on to surface sites and subsequent release



of cations to the Solution. The Ugand-promoted dis-
solution has been shown to depend strongly on the
Al/(A1+Si) ratio (increasing dissolution rate with in-
creasing Al/(A1+Si) ratio) [19 and 26].

Acetie acid is not able to form complexes with alu-
minium, and the results from the compar ison between
citrate and acetate (figures 3a and b) showed that the
buffer properties (pro ton-promoted dissolution) have in-
significant impact on the dissolution rate as compared
with the ability to form complexes ( l igand-promoted dis-
solution) with aluminium. This means that the dissol-
ut ion of H T and M M V F 2 1 fibres at p H 4.5 is mainly
hgand-promoted , and it thus explains why previous in-
vestigations [12 and 18] have found the measured in-
vitro dissolution rate to be sensitive to the experimental
condit ions (i.e. citrate concentrat ion and flow rate).

The addit ion of sodium chloride to the citrate
Solution (figures 4a and b and 5a and b) caused a 
radical change in the dissolution behaviour of
M M V F 2 1 fibres, whereas the dissolution behaviour of
H T fibres remained relatively unaffected. Figures 6a
and b demonstra te that the abrupt transi t ion is linked
with a change in the dissolution behaviour of the fibre

I (from a silica-depleted («si02/^Ai203 ^ 1) to a silica-
enriched surface (asiOs/ck^Abo^ ^ 1))· The results from
the optical flow dissolution setup (table 3) confirm
that the presence (or absence) of sodium chloride has
a major impact on the dissolution rate. The dissolution
behaviour of bo th fibres in citrate + sodium chloride
([NaCl] > 68 mmol/1) resembles the dissolution behav-
iour observed in Gamble 's Solution ([NaCl] = 
122 mmol/1) with respect to a!si02/<^Ai203-

The presence of sodium chloride is reported to de-
crease the dissolution rate of a luminium Silicate minerals
and SILICATES in general at acidic p H . Stillings and
Brantley [27] studied the effect of sodium chloride on
feldspar (aluminium Silicate) dissolution rates and hypo-
thesized that the decrease in dissolution rate with in-
creasing sodium chloride concentrat ion was due to com-
petit ion between N a ^ and H ^ for adsorpt ion on feld-
spar cation exchange sites. Schweda [28] hypothesized
that the presence of sodium chloride resulted in a porous
layer on the dissolving feldspar surface, which reduced
the t ranspor t of pro tons to the surface, and thereby re-
duced the dissolution rate. Α similar result is reported
by H E R [29], who S T U D I E D T H E F O R M A T I O N of silica gels A N D
their stability in the presence of sodium chloride. Ac-
cording to Her the stability of the surface silica gel de-
pends on the presence of sodium ions. The negatively
charged sites at the surface of small silica gel particles
may be neutralized by sodium ions, and thereby stabilize
the gel. The negatively charged silica gel particles would
otherwise turn into a sol and be transferred to the Solu-
tion.

Our observations seem to be in line with the obser-
vations made by Her, in the sense that stable silica-rich
surface layers/gel are formed on M M V F 2 1 fibres at so-

d i u m chlor ide concent ra t ions similar to the concen-
t ra t ion in the fluid (e.g. Gamble ' s Solution) in the body
(136 to 146 mmol/1) [30, 31]. T h e format ion of such
layers causes a significant diffusion barr ier a n d ulti-
mately protects the surface, l imiting further d issolu t ion .
T h e chemical compos i t ion of the surface is in g o o d
agreement with the observed dissolut ion behaviour , the
surface layers being enriched in S I 0 2 at h igh s o d i u m
chlor ide concentra t ions .

Α recent publ icat ion demons t ra t ed a g o o d corre-
lat ion between Al/(A1+Si) rat io and the d isso lu t ion rate
at p H 4.5 of a ränge of fibres, wi th an increasing dissol-
u t ion rate with increasing Al/(A1+Si) rat io [32]. T h e o b -
served difference in dissolut ion rate between H T a n d
M M V F 2 1 in Gamble ' s Solution at p H 4.5 can reason-
ably be related to the Al/(AH-Si) rat io: the h igher AI/
( A l + S i ) rat io for H T fibres results in a significantly dif-
ferent dissolut ion behaviour (as c o m p a r e d wi th
M M V F 2 1 ) due to the absence of stable si l ica-enriched
surface layers. O the r studies [19 and 21] have also found
the dissolut ion rate at acidic condi t ions to increase when
going from albite (resembles M M V F 2 1 wi th respect to
Al/(A1 + Si) rat io) to anor th i t e (resembles H T wi th re-
spect to Al/(A1+Si) ratio). T h e Al/(A1+Si) ra t io for al-
bite, anor th i te , M M V F 2 1 and H T is 0.25, 0.50, 0.25 a n d
0.40, respectively.

T h e a lumin ium in b o t h fibres is in a t e t r ahedra l eo-
o rd ina t ion with a s t rong preference for co -o rd ina t ion to
Silicon t e t rahedrons [33]. This means tha t an increase in
Al/(A1+Si) ra t io results in a m o r e hydrated a n d less con-
t inuous remain ing silica ne twork as a l u m i n i u m is re-
moved from the glass by citrate (and ta r t ra te) present in
Gamble ' s Solution. This may reduce the ability to form
dense surface layers and thereby result in a d issolu t ion
rate approximately ten t imes higher for H T as c o m p a r e d
with M M V F 2 1 fibres, which is believed to be the reason
for the significantly increased biosolubil i ty of the H T
type of fibre [15].

5 . C O N C L U S I O N

T h e m o s t i m p o r t a n t c o m ponen t s in Gamble ' s Solution
at p H 4.5 for the dissolut ion of H T a n d M M V F 2 1 fibres
are the citrate and the sodium chloride. Ci t ra te is able
to form l igands with a lumin ium and thereby deplete the
alumina-si l ica ne twork of these ions, and s o d i u m chlo-
ride is able to stabilize the remaining hydra ted silica net-
work . Therefore, when sod ium chloride is no t present in
the Solution, the remaining silica is readily dissolved.

T h e presence of sod ium chloride lowers the dissol-
u t ion rate, part icular ly the dissolution rate of M M V F 2 1 .
Tentat ive suggest ions explain this effect. T h e silica tha t
remains when the silica ne twork has been deple ted of
a lumin ium ions behaves differently. In H T fibres the
silica dissolves at a high rate, probably as a di luted sol.
In the M M V F 2 1 fibres, condensa t ion as a gel results in



a reduced dissolut ion rate. It is a s sumed that the differ-
ent Al/(A1+Si) ratios of the H T a n d M M V F 2 1 fibres
explain why the fibres behave differently.

O u r investigation shows tha t the dissolution behav-
iour of the M M V F 2 1 fibres in Gamble ' s Solution at p H
4.5 is significantly different from tha t of H T fibres. This
means tha t the M M V F 2 1 in Gamble ' s Solution will dis-
solve at a lower rate, whereas the H T fibres will continue
to dissolve at a high rate as the fluid is renewed. These
dissolut ion characterist ics are believed to explain the
higher biosolubihty of the H T fibres.

T h e fact tha t H T fibres have a m o d e r a t e dissolution
rate at neut ra l p H ( p H 7.4) explains their resistance
towards humid i ty (ageing), mean ing tha t the fibres to a 
h igh degree ma in ta in their initial p roper t ies after expo-
sure to humidity. T h e ageing resistance being similar for
H T a n d t radi t ional s tone wool fibres is of high import-
ance for the appl icat ion a n d pract ical use of the biosolu-
ble H T fibres in all areas where previously traditional
s tone wool fibres were used.

Pia Nielsen and Birgit Jensen are acknowledged for their assist-
ance with the experimental work.
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