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Fig 4.1 Results from hygrometer, warehouse 2 (WH 2), 29/06/95-06/07/95.

If the relative humidity exceeds 95 % and T drops, liquid water will occur.

The following drawings are meant for better understanding.
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In figure 4.1, t ondensation. For further records, see

appendix B. Data of s ura ! perature , C and absolute water content in
g/m3 can be seen in appe \

After investigation of 552‘;!_{;*" : it was found that the atmospheric
condition among " -—-———----: ------ imilar; condel sation Qccurs as isolated
event only. But in .r 8 ﬁ':;' :high causing condensation
i

which leads to the reactxon at the glass surface
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1 Etching tests

The aveérage dissolution depth calculated from weight loss as described in
2.2.4 of 8 glass samples from each step are presented in table 4.1. For comparison,

samples of a container glass (BG) from different origin are shown, too.



Tab. 4.1 Dissolution depth of glass samples in nm after intervals of 15 sec of HF

etching.
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Etch no. BI1213 BI1213 B1408 B1408 P0340 P0340 BG BG
NA A NA A NA A NA A
1 85 75 76 105 139 163 92 114
2 88 82 108 75 96
3 72 106 65 74
4 69 105 57 i
3 65 65 76 93 '
6 58 74 50 82
¢ 59 75 44 70

NA = non-annealed sa

B1408: forming.
P0340: formmg by press-press, mdlrect lehr,

) BRI T

W different glass co&nposmon

5 T 0 T BBV 114 B smoe o

press-pres‘!i machine) was highest. Concerning the annealing process, the dissolution

depths of the non-annealed samples secem to be smaller than for the annealed

samples. In factory BG, the contrary is the case.

Each sample yielded 7 liquid samples of etching solution which then were

measured for the concentration of sodium by flame photometer. The weight percent

7.
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of sodium oxide was calculated as described in 2.2.5. Table 4.2 below shows the

results.

Tab. 4.2 Amount of Na,O in etching solutions in nominal wt. % of the dissolved

glass layer.

Etchno.  BI1213 BI213 _ P0340 P0340 | BG BG

NA T NA A NA A

I 15.9 ' 53 107 119

2 13.4 9.2 11.7 i1:1

3 14.1 4.8 112 14.5

e 14.7 3.8 129 125

3 14.4 6.2 &7 9.4

6 16.2 5.4 16.3 10.7

7 15.8 33 133 14.4
As show ;::j““"f —_’—‘"*"**jjf“”‘”"ff: the surface of P0340 and
B1408 was extremel fiigh, . . od remarkably. B1213 had

the same tendency for llle outermost surf e zone. By contrast, The sample from

factory BG shﬁ %&@Wﬂvﬁ wrﬂz@ ﬂg‘é‘lmg, and no further

decrease during %nealmg

GITW disstan de ﬁwwqe%mm@md sl

analysis of each sample is plotted independently versus the etching time (time

interval = 15 sec). Profiles are shown in figures 4.2-4.5.
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Fig 4.2 Profiles of dissolution depth in nm and the amount of Na,O in etching

solution in nominal wt. % of the dissolved glass layers versus time of B1213NA

and B1213A.
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Fig 4.3 Profiles of dissolution depth in nm and the amount of Na,O in etching
solution in nominal wt. % of the dissolved glass layers versus time of B1408NA

and B1408A.



57

¢ = non-annealed

4 = annealed

diss. depth in nm

ﬂumwmwmm
QW']Mﬂ‘iﬂJM‘WTmEﬂaEI

Fig 4.4 Profiles of dissolution depth in nm and the amount of Na,O in etching

solution in nominal wt. % of the dissolved glass layers versus time of PO340NA

and PO340A
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Fig 4.5 Profiles of dissolution depth in nm and the amount of Na,O in etching

solution in nominal wt. % of the dissolved glass layers versus time of BG-NA and

BG-A.
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2. Extraction tests

The procedure of extraction tests was already described in 2.3.1. The

surface area and conductivity data are shown in table 4.3.

Tab. 4.3 Raw data of extraction test.

Sample Conductivity (LLS)
B0208 NA: 334
A: 345
B1213 NA: 18.0
A: 454
B1468 NA: 43.7
A: 31.5
P0340 NA: 33.9
: A: 39.8
BG T NAL 2526 NA: 13.4
Fl ol

* Conductivity of bla y /
1y

Calc ﬂ?ww El’lﬂ?rﬁﬁs of concentration of
edyin tab

Na are present

QW’WMﬂ‘iﬂJ UAIINYAY
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Tab. 4.4 Results of extraction test

Sample Umol equivalent of Na/cm2
B0208 NA: 33

A: 52
B1213 NA: 27

A: 50
B1408 *

BG

*
** = samplgirogT eSS Pl
..:y’f" B
55 e £ AN g the resulis of B0208, B1213, B1408,
the above table, amon; )

P0340, (samples fro; £ ]j ferent from the rest. The

results for annealed sam.ples were smaller than the non-annealed ones. The rest

showed the opﬂ um Wﬁ“ﬂ‘%ﬁ ﬁf}ﬂ ﬂﬁ finding that the SiO,

network of B1408 became stronger during annealmg, while it weakened for the
other saﬁ)]ﬁ'ﬁ?m ﬂ@ml&irﬁ q’}%ﬁq altElm depth, i, e.,
the surface of press-press samples was weak. As an interesting result, the samples
from BG factory, showed that the annealing process is designed well.

For cross checking of the measurement, the results from flame photometer
and conductivity meter were compared in units of mol Na/cmz. For the flame

photometer, results of the etching step 1 and step 2 were selected and averaged.
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Tab. 4.5 Comparison between the flame pl;otometry and conductivity tests

Samplé FES test (Wmol Na/cmz) Extraction test
step 1 step 2 averages (pumol
Na/cm’)

B1213 NA 324 28.2 30.3 27

A
B1408 NA 47

A
P0340 NA 53

A 56
BG NA 21

A

Results shows that the (36 reasutenients Were compactible. The ratio of

1mol Na for the non-annealed | 22 #J@ Siand by the extraction test is 1.12 £

0.21. For the annea gl

AUBINBNINEINT

Like in tdble 4.2, the follown% results mcludmg leachmg test and extraction

SRR IR iaiie) 6 2
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Tab. 4.6 Dissolution depths of the reformulated glass in nm after intervals of 15 sec

of HF etching.
Etch no. Original glass NI13.5 N13.0 N12.5
1 135 115 123 135
2 105 80 95 105
3 95 ’,f e 82 75
4 # 74 75
5 Sé 83 80
6 70 60 60
7 71 50

The trend of the milar to the previous group of

samples.
The concentration o solution was detected by flame

photometry. Then the weig| e F 1N as calculated.

Tab. 4.7 Amount ¢ a,0 in etching ___- ...... nulated glass in nominal

wt. % of the dissolve --_ {

SN AT —

amaggﬂim uggnﬂmaa

4

5 14.8 124 10.4 8.7
6 L1:1 138 . 10.4 10.6
1

14.8 6.5 10.6 12.7
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At the first step of etching, the. results showed that the amount of Na,O in the
near surface zone of the glass was decreased as the wt. % of Na,O in the glass
formula decreased.

Similar to the freshly produced samples (see figures 4.6-4.9), the profiles of
the dissolution depth and the amount of Na,O distribution in the near surface zone

are presented versus the etching time.

AUEINENTNYIN
QRANTUNMING 1A
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Fig 4.6 Profiles of dissolution depth in nm and the amount of Na,O in etching

solution in nominal wt. % of the dissolved glass layers versus time of the original

formula.
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Fig 4.7 Profiles of dissolution depth in nm and the amount of Na,O in etching

solution in nominal wt. % of the dissolved glass layers versus time of N13.5.



160

140

120 1%

diss. depth in nm
3

408
20 ~
_ ‘
0
J o
50 -
46 =
-4
* | 9
B

Tt L
AUETYENINEINT
ARIANTUURRNY1AY

Fig 4.8 Profiles of dissolution depth in nm and the amount of Na,0O in etching

solution in nominal wt. % of the dissolved glass layers versus time of N13.0.
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Fig 4.9 Profiles of dissolution depth in nm and the amount of Na,O in etching

solution in nominal wt. % of the dissolved glass layers versus time of N12.5.
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The extraction test of the reformulated glass measured by the conductivity

meter had raw data as follows:

Tab 4.8 Data of the extraction test.

Sample Surface area (cmz) Conductivity (ULS)
Original glass | 135
N13.5 19.5
N13.0 239
N12.5 44.5

Conductivity g

Na/cm

ﬂWQ%ﬁlﬂﬁWEﬂﬂ‘i

N13.5

AR 67 30 341)1’1’329/]8’1& d

N12.5

As seen from table 4.9, the results very clearly followed the Na,O level in the
glass and supported the results from table 4.7. A regression analysis of the

mol % of total alkali versus the amount of leached alkali yield a square regression

coefficient of r2 = (0.998.
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Characterization of the Existing Bloom

The inspection of the existing bloom was carried out by SEM on samples
kept in the warehouse for a long time. PB2 and PB5 which had a different features
of bloom (seen by the naked eye) were examined. Figure 4.10 shows the

morphology of the glass surfaces.

(a)

(b)

20KV X288@8  B8BE6  10.8U PRS

Fig. 4.10 Illustrations of glass surfaces with bloom: a, = PB2 , b = PB5.
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The scattered dark phases and crystals located at their centres were found

both from PB2 and PB5. The chemical compositions of crystals on the glass

surface‘é were analyzed by EDX. Table 4.10 shows the results.

Tab. 4.10 Chemical analysis by EDX.

- ——————————————

bloom PB501
bloom PB502

glass PB502

bloom PB50

glass PB502"
Inlo-
“"molar" ratfos er Al

AU RENTNE R 8

bloom 502 high 0 7 - 1 00 0.44 0.2
Tow

RRAaef g U heARY

—————-————————--———————————————..__..___________._____........_.......—_
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The chemical analysis from the above table indicates that the composition of
bloom is similar to the glass composition itself, except for the molar ratios. In the
bloom, the ratios are close to natural minerals in cementic and feldspartic groups
such as CASH phases, NAS H,, C;ScH,,;, AS,H,, CAH,, (N=Na,O, C=CaO,
A=Al,0,, S=Si0,, H=H,0).

After the surfaces of PBS was observed, scratches with the dark phases were

y,

found as shown in figure 4.11.

-l
M ‘ 4
——

At a) ekt Rtie e
LA L LA L g

effort to ‘check whether the dark phases are oil depositions, the samples were
cleaned with tissue soaked in benzene and observed by SEM again. Oil should

dissappear under such treatment.
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(a)

(b)

QW']?N

Fxgq4 12 Glass surfaces after cleamng with benzene a = PB2 b = PBS5.

The dark phases were still there, but the crystallites had been swept away by

the tissue, leaving holes behind.
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