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An ex sing a simple sample

geometry instead o it ‘can be classified into 5
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—1 1.) Materials Preparation —,— Melting Crucible and Purnace

- Containers, Support and Tweezer
- Control Chamber

—~ Control of the atmosphere

| 2.) Sample Preparation - Leaching conditions

. Wreparation of Solutions
&r Coating

Experiment -
3.) Sample Cha ‘iz ation == Chemical Composition EDX
gravimetry
SEM

fo | :
&) Corrosiwn Testing | : 5 Conditions™ (see 3.1.2)

— v/
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5.) Corrosion Characterization

Weight loss gravimetry

Morphology SEM

Fig 3.1 Experimental description flow chart



Fig 3.2 Flow chart of sample preparation and corrosion tests
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3.1.2 Scope of Experimental Work

3.1.2.1 Chip Sample Tests
The number of individual tests was determined
as follows: 8 glass compositions,

2 tests for each glass composition (double test)

without binder;
with binder;

without binder;
without binder;

without binder;

“a total of 320 individual tests.

Assuming a failure rate of #ﬁ;  -»_ ive number of samples has to
. s ==

be prepared. Eight .4 molten. The chemical

fad yien
composition was dete:

l by gravimetry.
|

The required numbe"hf samples was cut by a

.1ow—speed saﬂ Qﬂ ﬂ‘ é‘jW fwﬂ mted. With a sample

approximate suttface area of 10;12 cm® and a ratio of sample surface to
O

o) AR U TR AV INRL TR o

for eachl individual test. The leachate was renewed every 7 days.

In previous tests, dissolution velocities
at 379C ranged from 0.2 to 220 nm/d.AWith a density of p ~ 2.5 g/cm3
and a sample surface of 10-12 cm?2, mass losses ranging from
0.6 to 60 ug/d were expected. In order to resolve the extremely low ,
mass losses, more than two parallel tests were required for shorter

time intervals.
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3.1.2.2 Fibre Sample Tests.

The number of individual test was determined
as follows : 4 glass compositions, one time interval, 4 corrosion
conditions; original solution, Ny-bubble, pH 5 and phosphate-free’

solution.

Monosize fibres were prepared by remelting

//r ich had a small hole g = 0.5 cm
. ;&evice.

he same—patio of s = 0.1 cm™1, two

bulk glass in an alumina c

The fibres were drawn vi

types of experimental 3.2.3.2), The corrosion

time was only 7 days effect.

n‘; «- :
‘ tions were molten,

melting crucibles mere prepared and a meltm; furnace was modified.
¢ o g

Several = of tF‘ ﬁas mfﬂﬁplﬁaj, basalt and slag,

required melting p:a'a of “mor h 1400°C. It was very

¢ _
difficuxq Wfbra qﬂ ?ﬁf; gwﬁﬂay—tﬁ’ﬁh at 1400°C.
High alumina crucibles cou t be used 'v ecause their poor

o)
thermoshock resistance. Graphite crucibles could not be used because
of their infiuence on the redox state of the glass. So, 4 sizes of

clay crucible were desiged as shown in the following figure.
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i?"‘\ wvere selected as a
N ere ground in porcelain
NN

D) mesh

m). After that slip

body ‘was prepared” a d which was prepared by

using a plastef o . The clay crucibles were
dried in air for 2 d 120°C. Bisquit fired at

850°cC.

Table 3.1 Batch compos

*KZTTEJ
batch-composition, (%) O 1desm I(wt%) II(wt%)
Kaolin (Ram%)u Hloq qn ELV] . m&lq nﬁB 37.7
Ball clay 5 . M. s 59.0@/ 51.6
e AASN TN WINYINY .,
A1,504 o 3 Nay0 Jul b
K90 1.3 2.0
Fe04 0.5 0.5
MgO 0.1 0.1 |
EOT-: 7.3 » 8.0 l
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For checking a reasonable use, both these

bisquit crucibles and commercial crucibles were used to melt glass
batch at 1400°C for 5 h. The result show that ciucible type II was
easy to form and stronger than type I crucible. However, some
crucibles broke and glass melt strongly damaged the furnace.
Commercial crucibles always broke. So, type II crucibles were used; In

order to avoid damage of placed into a

commercial crucible whick However, slow
heating rate betveen

from quatz inversion at

Fig. 3.4 Clay crucibl

the top of commerciai c

T M o o) @;@‘J
= U 28N\
AU INYNINEINT —

PRI TUUMIEYAE

Fig. 3.5 High temperature gas furnace;
1: front door 2: venturi burner
3: crucible support 4: fire chamber _
5: flue gas chanel 6: shutter

7: crucibles 8: turning and lifting mechanism
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After the pre-tests, a sufficient number of

clay crucibles type II weré fabricated by weighing, mixing, grinding

in ball mill for 10 h, slip making, casting, drying and bisquit
firing at 850°C.

' A gas furnace suitable for 1400°C with big

chamber and atomatic up-down batch charging was .’ selected as shown in

Fig 3.5. In order to increas ’ the heating rate two new burners
(bigger than the old o % , and a nevw higher chimney
vas designed to incée d!b @reased the heating rate;
heating from room temf - \N@@ 3 to 4 h.

\ 1“-;

13.2.1.24 iner, -8 Tweezer
and Conradt, 1987, the
experiment system )y using polycarbonate materials and

the fluid was never

adversely influenced the resuits. Iz ‘this experiment, all container,
supportand ¢ materials. These
materials also needed to b checked in pre-test. Three types of

HDPE bottles , white HDPﬂbottles and white PP
bottles were t ‘@ i ei%gh loss ' r exposure with 1
molar NaCl aﬂ:ﬁtﬂd ﬁﬁﬂv a .ﬂhﬁﬂtﬁs showed that all
types W o ¢ 0. 05~ l‘j }]déf t had to be
excludeﬁn O:Iea ifijeﬂ{;‘él ﬁt]n fﬁﬂ:, br PE bottles

were selected for this experiment.

container; i.e, bro
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Table 3.2 Pre-test of container

Types loss at 37°C loss at 90°cC

Loss Loss

water% bottle% | water% bottle%

1.) HDPE - Brown bottle

'2.) HDPE - White bottle

for the sample was cut

from medicine bottles fx material was stable

against solutions. A shape of‘suppoFtiwas designed which allowed good
LI, < 2 ’ ;
access of the solution from—ail sis of the sample. The support was

S

s, J#? 1

put in a Bottle as TURE

‘é;:::::::::::TT___________’:jl

i
®ﬂﬂuﬂﬂﬂqﬂﬁﬁﬂﬂﬂi
IR? it

ANYIRNY

110
"

1
a b §
Fig. 3.6 Support(a), container(b) and tweezer(c)
1 = brown HDPE bottle : 2 = glass sample

3 = support
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3.2.1.3 Heating chamber
A big enough heating chamber was required to
keep ~ 40 bottles at the same time at 37 % 1°C. So, a 1 x 1.5 x 0.7 m3
chamber with blower was purchased . A cross section of this chamber is

shown in the following figure.

A :
[ / ¢
a A
1
A
-
%, :
O o© g
g
J]
g
i 1
adii 11
: g
- 1
A
ﬂ g
g
]
g s
# - :
Pt i
Fig. J= chamber.
_r'__‘.-.‘g_.-‘t}}-
- - g
This chamber is ' blower, and maximum

9 kW power. For m;e experiments, a highﬂ accuratev long—-term
temperature jr ’l{ mercial temperat-
ure controllﬁﬁ E]:l ﬁgm ﬂ:ﬁ 1}‘;]:13:10:15 of a NiCr-Ni
type th ﬁ ﬁ‘ . Firstly,
low temp‘zm gradﬂﬁm gmj I] mp a at 6 levels

were measured with the controller scale set to 100°C. The real

teniperatures were recorded by a pin recorder as a formation of time for
each level. The results showed that a high temperature gradient
occured. The situation was significantly improved after holes were cut

into the support metal sheets of each level. The results are shown in

table below.
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Table 3.3 Optimizing the local and temporal temperature homogeneity of

the heating chamber

Level from| Before cutting holes After cutting holes

the top mV Oc T signal mv oc T signal

3.754 92.0 < TN

1 4.345 106

e e Y

3 6.010 a7 "N oyl 98.0 ——— N\ ____

98.5 ‘/_\—
5 6.657 6 ‘—;-—L " ) 99.5 —/’//\——-/
5‘5 //\

RN Y LA NY WL, e

gradient was reduced by 8 times. According to the above data)llevels

s.D. (N-1)
0l

2 and 3 had the smallest effect. So, these two levels were selected.
Secondly, the absolute calibration to a temperature of 37 + 1 ©C was
performed by installing two junction thermocouples in the two selected

levels as shown in the following figure.
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Fig. 3.8 Temperature calibration system.

—level -2

Nicr O —F—m  1® ©®
®

—level-3

LA

o bt 0o
Point ©C poifit ff £ 1 Point c
5 -
L | :
1 37.1-37.8 ' 36.5-37.5 4 36.8-37.4
2 37.7-37.6 |/ -38:1 | 5-37.1 | 5 37.3-37.8
N B e 745 6 37.8-37.5

-1

‘o 'Y v .

F:J]u EJ: thyl‘ﬂm imﬁt’lﬂiint at each level

-1 R TR TV igiah 113
accuracy 0.1 K) was used.

3.2.1.4 Np-CO9 Gas Saturation
A Nyp-COg9 gas mixture in a ratio 95:5 by
volume was prepared. The gas flow was bubbled into the containers,

thus providing COg saturation at an activity equivalent to 0.05 bar



63
COy and a constant pH value of 7.6 % 0.2 . In other experiments, only
Ny gas was bubbled into the containers, and the pH value assumed

8.5 + 0.2. The following figure shows the N9-COjp flow system.

Iﬂ < 7
AU
e AR AR T

had to be determined. The amount of gas had to be controlled carefully.
Therefore a regulator valve with flow meter which can control small
amounts of gas was selected. A Np : COp ratio of 95:5 was set up.

The following table shows the calibration data for the flow meters.
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Table 3.4 Regulator calibration data.

metal ball on a middle ' volume (cm3/s)
of scale no. COp regurator Ny regurator
0.5 15 -
1.0 | 25
2.0 NNWae ’ 38.
2.5 : :::::::;h 50
3.0 . 58
AN
/ F\
,I
From the above tabley vi dt 2 at scale no.l, a 25

em3/s of CO, gas wasfeg diffcult to adjust the

was set at scale no. 2 and

v 'ﬂ\'

COy regulator scale. JSog ‘N3 regulator
=

"“ 3

g Lo
»

the COy regulator was ope eg ';?_e 10 seconds was received.

The setting was re—checked over To find a time requirement for

gas saturationm, wid_,u_n.______: 777;,-ecorded as shown in

i

the following figul

The chang1ng of

when bu.bble th N2—-Co2

°
°
5 - ° * - P 4
'y a 4
& g % a
.
T T T T Gl T T T T e T T
40 80 80 100 120 140 180 180

Time (min)

Fig. 3.10 Decreasing of pH with gas saturation time.
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Conclusively, time requirement for gas bubbling was ~ 30-40 seconds.
However; each bottle had not the same amount of solution. So, N2-COy
gas saturation was continued until the selected pH was reached. The
éther important thing was the change of pH with time due to the COy

release in the heating chamber at 37°C. This shown in the following

figure.

Changing of p r leave in oven

Fig. 3.11 Increase of p Xpo: i Ze heating chamber,

. 1gureﬂ] the pH could be kept

within a range ﬁ + 0.8 for the original solution, and
A3

8.5 £ 0.2 for@ua ﬂms wﬂ&mﬁling was repeated
" IWIAY NIARAINYNEY

Gunarathna and Robert, 1991, etched glass
samples by wusing 2% HF plus 2% HpS504 for 30s to remove the hydrated
surface layer. For this experiment, HF and Hﬁ03 vere used instead in
order to alvoid calcium sulphate prec1p1tat10n on the surface of the
Ca r1ch glasses. A new etching procedure wvas designed by etching

in 3 different conditions with varied times. Each condition was
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characterized by weigh loss, and morphology (by using a balance,
optical microscope and SEM respectively). After that a suitable
condition were selected.

The 3 different condition were :

1. 5% HF + 5% HNO3 with 3 times interval 30s, 60s, 90s
2. 2% HF + 5% HNOj with 3 times interval 30s, 60s, 120s
3. 2% HF + 2% HNO3 vi imes interval 30s, 60s, 120s.

the morphoiogy before and

'@ble below. (JM glass)

The weight loss upon di
after etching was obse

Table 3.5 Etching

condition optical
%) morphology™
4 [
5% HF + 5% HNO3 45 X
5% HF + 5% HNO3 /
7
5% HF + 5% HNO3 - ¥ J
2% HF + 5% HNO3 | | 25 X
’u'mamwmrﬁ “
2$ HF + 5% 2 . J
./
2 1 N n‘;mmmgwmaﬂ
2% HF + 2% HNOj 60 : v
2% HF + 2% HNO3 120 56 iy
*x = spot of light scattering can not be accepted when compared.

with untreated samples

acceptable

N
]
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From the above table, some samples were selectedvfor inspection by

SEM. The results are shown in the figure below.

Fig. 3.12 SEM morphology of a) un-etching sample, b) etched with

5% HF + 5% HNO3 (30s), c) etched with 5% HF + 5% HNOj (90s),



ot

e

foas A Ak -
T et HE

kT e P
/\\"17\‘,4(; o SasT Ik (

Fig. 3.13 SEM morphology of etched sample;
a) 2% HF + 5% HNO3 (30s),
b) 2% HF + 5% HNOj (120s),
c) 2% HF + 2% HNO, (30s),

d) 2% HF + 2% HNO3 (120s).
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The results shown that both conditions 1, 90s,

and 2, 120s, can be used. Condition 3 can be used at 120s but this may

take more time. So, strong etching followed by light etching was used.

The etching step was selected like this:

S%HF + 5%HNO; (30s) —> 5%HNO3 (15s) ——> 2%HF + 5%HNO3 (120s)

/
ethanol (10%{2;52: vater (15s)

i

9 =t
already etehed were inspected by SEM as

Four types of samplzﬂzzzggf
shown in following figuret .« //

Fig. 3.14 SEM morphology of etched sample with selective conditionmns;

a) JM1 glass, D) B4 glass.
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Fig. 3.15 SEM morphology of!etehed gé@ﬁfe with selective conditions;

il 'qa‘l":rl -
a) 81 glass.q b) El glass =

A
T 4153
v,j: '-._J]

The condition of the surface is not perfect; the geometrical surface

—

is smaller than thef surface actually exposed to the solution.

3.2.1.6 Preparation of Solution
A (Gamble's solutién‘és shown+in/the following
table was prepared Dby weighing the substances with a precision
0.0001 g and mixing them in a brown bottle. Note that phosphate and
carbonate were not mixed until the another compositions were mixed
already. This is nescessary to prevent precipitation in Gamble's

solution.
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Table 3.6 Composition of the simulated extracellular lung fluid used
in the in vitro glass chip corrosion experiment in mg/l; CO, saturated

at P(COp) = 0.05 bar.

Component | PH 7.6 + 0.2 pH 5 + 0.2%
MgCl,.6H0 \ 212 106
NaCl ' - V//‘é} 3208
CaCLy. 4H30 — ) . 159
NaS0y . 10Hz0 90
NagHPO, 74
Na,HCO3 -
(Nay tartrate 90
(Naj citrate). 5213
Na lactate 88
Glycine 59
Na pyruvat:' 86
HCl aq**

pr:ent A ﬁﬂ Eﬁ 1) ﬂnj:ﬁ Eﬁ ﬁ ﬁs added in order to
-V et TR E

3.2.1.7 Binder Coating
The conditions for coating the chip glass
samples with binder were determined by experiment, too. A commercial
binder from Microfibres Co, Ltd., was used. The composition is shown

in the following table.
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‘Table 3.7 Composition of binder.

component amount
Ho0 1000 ml
Phenolic resin 25 g
(NHy) 2804 0.75 g
- 0.05 ml
0.15 ml

These raw materials Kept ir girator. Only phenolic

resin had 2-3 weeks

3.2.2.1 'selection of
‘:-—" .“;"&‘J‘ :'l‘n" A :
T “types ' © vere selected correspon-

ss Composition

ding to typical | HMMF compositions . 13‘ before. (Scholze and
Conradt, 1992), i.e, JM g ass, E S, asalﬂand slag. For each type,

two different compositions were molten. Variations in composition were
crosen 1n. skl v Sl bl bichaloBfeckT o o cemonstenee.
Thermodﬁaﬁ calculations ¢ (Conradt,«»1992) had ashown that the

edebd LT | sdutde dol &l dordobib benablof bt sivres are

related to their MgO and CaO contents. Thus, a noticeable variation

differen

of the MgO and CaO content was envisaged.

The following page  shows the 8 glass

compositions which were selected.
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JM1 = JM glass JM2 = JM glass W

El = E glass E2 = E glass $ vary MgO and CaO
B4 = Basalt glass B3 = Basalt glass content

81 = Slag glass 82 = Slag glass

Table 3.8 Glass Composition in vt% oxides

oxides JMl B3 B4
8109 63.81 46.56 | 46.14
TiOq 0.06 2.91] 2.93
21,04 5.14 13.71} 13.58
B903 4.84 - -
Feq03 0.06 12.52 1§ 12.40
MgO 3:X3 9.31| 4.22
Ca0 6.25 10.66 | 16.45
Naj0 15.72 2.91| 2.89
K90 1.0% 1.4 1.39

AUEINENINGINT
RN TLIEL N A L. e

compositions were calculated. The batch compositions are showed in the
following table. Along with,this, the viscosity levels Tg, T(3.0),
and T (1.5) for viscosities 10*13, 10*3, and 10*1-5 dpPas, respectively,
are given. These data are needed to properly process the glass

melt.
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Table 3.9 Batch Composition and Properties.

component JM1 JM2 El E2 s1 - 82 B3 B4
sand 405.21 408.82 415.57 419.86 292.25 294.92 364.52 244.16
feldspar 202.50 203.60 = = = = = 207.53
A1(OH) 3 - - 63.98 171.29 172.77 162.15 102.79
borax penta 84.59 I = = - -
dolomite  117.43 ~ 0.99 —===="143.46 -  255.93 156.26
limestone 19.04 ) .82 511.97 9.14 144.05
soda ash 160.06 - ' ok 15.48 - 38.76 5.49
potas 11.16 22 AR\ \%\\\\§.48 15.60 16.05 15.44
boric acid - '.?;:l :1 78 - - -
titania - AT 4.69 4.73 22.37 23.56
iron red " - - 97.25 100.T71
MgCO3 — - 33.82 -
Tg 550.5% 4562, ~790.0 675.5 719.1
(3.0} 1067.4 3436 1198.3 1161.7 - 'B1.%
7(1.5) 1461. 540.4 57.0 Il}i;ﬁ?lwlo 1281.2 1160.3

AN IHININAY

Procedure of glass melting

15t melt

1.5 kg of batch which was already

weighed and mixed from the selected composition wvas charged into the

crucible, then put into gas furnace and heated up step by step from

room temperature to 1400 °C (time demand ~ 3 hrs), after that kept at
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1400°C, for 1:30 h, cast into a copper mold, and cooled down in
ambient air.

20d gelt
Glass sample from 15t melt was crushed
(¢ ~0.5-1.0 cm), charged into medium size clay crucible and put into

gas furnace, then heated up with the same condition as 15t melt, after

2

G@ssﬂﬁ'om 214 pelt was crushed

that cast and cooled down in "

-

electric furnace and

400 °c 30 min
500 °C 60 min
600 °c 90 min
700 °C

after that cast g + 50°C, ( time demand

184 down in the annealing

U
AUE MRS e,
Y WG M aRi DY wieh T e

or bubbles were selected. Then the surface area of these sample was

1 h per 1 cm thigki

furnace over nightm

measured, and they were etched by HF and HNO3 (see 3.2.1.5). The
leachaﬁt had to be changed every 10 pieces of glass. Some samples were
coated with binder. Some chip samples of each type of glass were
selected for checking the chemical composition by EDX and morphology

by SEM.
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3.2.2.4 Fibre Sample Preparation

Three types of bulk glass, JMl, El and B4,
 were molf.en again at approximately 1200°c, depex}ding on each type of
glass. The fibrization was done by using a pull machine at the speed

%~ 50 rpm as shown in the following figure.

s
-

% WAL VEF

, ';?,
Y

o
glass was “ﬂumﬁgﬁiﬁﬂjﬁﬁ of JMl, El and B4
RN TR L

corrosion testing. The surface area A of each individal fibre in cm?

pull machine.

vas calculated by the equation of A = wdl, d = diameter in um,

measured by using an optical scale microscope Nikon model, and

1 = length of fibre in cm.



11

3.2.3 Characterization of Prepared Samples

3.2.3.1 Appearance of glass melting.
Eight different glass types were compared in
each step of melting, (chip samples and fibre samples). Color differen-

ces, homogenity, amounts of bubble and the melting behavior in general

were observed. This may helnﬁ' , some clue to-what happen during

glass sample preparatio % 7) ‘

3.2. 3?2' |
/ iffer \gﬁqomposn:mns vere molten

following the leachifig des i} in 3.2.1.5. After

leaching, these samples w gam} sed ‘chemically by XFA. Six standard

to check the accuracy of ¢ >
s-’;-“i.'&#j{-',-‘_/ 3

fluorescence anal.,yﬁi.s using the ene: discrimination mode

(EDX) was used. The evaluati on ount per second (cps)

of each element i | ach sample. The internalﬂstandards of the XFA
apparatus a ﬂ § internal evaluat-
ion program are usuall ﬁﬂm‘jﬁﬁwlni glassy materials.
YW a\m'ﬁm URIANYAY
] 3.2.3. Density Determination..

The density is a Kkey property to calculate
the. rate of corrosion (see 3.2.3). With an analytical balance, it
can be determined to at most 2 x 1074 g by underhook weighing.
This method is based on Archimedes' principle. First, the balance

was calibrated by using the manual in the annex. Then 0.5 1 of D.I.

water were adjusted to the temperature of the balance room. Eight
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chip samples of glasses vwere submitted -  to at least 10 underhook
weighing cycles per sample. A transparent- plastic was used as air
shield around the apparatus to prevent errors due to air movement.

Finally, the densities were calculated by using the following equation.

plglass) =  p(water)/[1-m2/ml]

for, ml:
- m2:
f.(water) :

plglass):

PRk ik
QRIAYN ERBE

Fig. 3.17 Underhook weighing method.
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3.2.4 Corrosion Tests

3.2.4.1 Chip Samples
1. The glass samples which were already
leached were weighed by 5 decimals balance®.

. A pieces of glass sample which was cleaned

by ethanol was put into HDPE tle.

as put into the bottle by
pipetts. The volume 7 : .-__-F tle was limited by the
factor of sample surf:ss,lﬂ"'fr’ l ‘Ri’ = 0.1 cm™L,
mixed ga 0y ~ 95:5 was bubbled
into fhe bottle until for original solution
and phosphate—free sol . 'i j"‘  & ’Qly Ny gas was used; the
pH would reach 8.5 3_ fered at pH 5, there was
no need to bubble gas.
1e ; were kept at 37°C + 1°C for

usually 2 months; for Some montt equired.

thermometer every 2

E.I ﬁ ﬂ:ﬂwﬁﬁffgwﬁ 2 days, and the

solution was reqfwe every ays

AN naEuwTINg iy -

42 and 56)days. (112 days for some tests).

* 5 decimals balance : Weighing 5 times; the standart deviation
should not be exceed + 0.00002 g. The balance was calibrated every
time befor use. To make sure that the balance was stable, the dispaly
0.00000 g had to prevail for 10s befor weighing. The sample weight was

read 50s after placing the sample on the balance.



80
9., For studing the microstructure of glass
surface, some samples was selected for SEM investigation.
10. The corrosion rate in each condition was
calculate from the equation R = w / Apt while w = weight loss in g,

A = surface area in cm2, P = density in g/cm3 and t = time in day.

3.2.4.2 Fibraf;ﬂ\‘_ﬂ

VWO

eriment were designed as

ﬂugﬁﬂﬂﬂgﬁgaﬂi

RN T UM TNk

Fig. 3.18 Two types of experimental design

A number of fibres; (number depending on
s = 0.1 em™l) and 1 =5 cm, V~ 140 cm3  for type a, V ~ 160 cm3 for
type b; were weighed by 5 decimals balance, cleaned by ethanol and

then put into HDPE brown bottle.
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The experiment was performed for 7 days vith

4 conditions, i.e. original solution, Ny - bubbled solution, pH 5 and
phosphate free solution. After the test, some types of fibre were

selected for inspection by SEM.

3.2.5 Corrosion Characterization

1 Jmi& and scanning electron

microscope (SEM) we \ : face of glasses. Firstly,

this was used as a gudde [£C .'\,_\'L condition. Secondly,

3.2.5.4

it served as an illu on glass corrosion.

‘: ~ pology by SEM, the chip
samples were dried 2 dihour, ‘broken into small pieces, so
£

as to make them fit iI o He SEM

support, sputtered with gold
‘ }‘J ‘JJ #

and inspected by SEM. :
V;T-—“———~” e

of chips and fibres

sample vwere detemined from weight loss. Tﬂs is the main purpose to
re-check a p ﬁﬂﬁﬁﬂ:ﬂ m pl ﬁ , ca'rbonate, binder,
buffer soluthl al n stlgated :
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