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Fig. 4.30 The relation between time, pressure loss, and pH in pressure loss measuring
element 1 in [CAN-8.
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Fig. 4.31 The relation between time, pressure loss, and pH in pressure loss measuring
element 1 in ICAN-8.
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Fig. 4.32 The relation between time, pressure loss, and pH in pressure loss measuring
element 2 in I[CAN-8.
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Fig. 4.33 The relation between time, pressure loss, and pH in pressure loss measuring
element 2 in I[CAN-8.
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Fig. 4.34 The relation between the pH of test water samples from the piping and eluting

elements in ICAN-8.

[(topl) --- pH in pressure loss measuring element 1 (top2) --- pH in pressure loss
measuring element 2 (left) Concentration (ppm) (bottom) Time (h)]

N 2

M

——lg Al = =O=K  =t=(
—e=fp =o=li =—o=(y —w—In ==
== ——[EREE o ——EREEE o

T T T

LN :

"JDC':'

{al -lﬂli!

i
L ]

200

_‘ -
L O] L
EHEEESEESEF ST SIS SGG GRS SE P oI o

L 2

400

LAk

5 {hr)

600

E00

Fig. 4.35 The relation between the pH of test water sampled from the tanks and eluting

elements in ICAN-S8.

130



/104

4.3.1.6 Test water analysis results and solubility of oxides and hydroxides of metal
elements

pH-solubility curves for aluminum hydroxide (Gibbsite, AI(OH)3), aluminum
hydroxide (amorphous, AI(OH);), quartz (SiO;), amorphous silica (Si0O,), iron oxide
(hematite, Fe;Os3), copper oxide (CuO), and zinc oxide (ZnO) employing
thermodynamics data are recorded in an appendix. In integrated chemical effect
assessment tests conducted thus far under PWR conditions, pH regulating agents in the
form of sodium hydroxide (ICAN-1, 2, 3, 7) sodium tetraborate (ICAN-4), and hydrazine
(ICAN-5, 8) have been employed. The approximate pH values when these various
regulating agents are employed are pH = 10 for sodium hydroxide, pH = 8.3 for sodium
tetraborate, and pH = 7.2 for hydrazine. A test (ICAN-6) under BWR conditions, in
which no pH regulating agent was employed, has also been conducted. The approximate
pH value in this test was pH = 5.7.

The analytic values for Al were, for hydrazine (pH = 7.2): 0.01 to 0.5 ppm, for
sodium tetraborate (pH = 8.3): 4.5 ppm, and for sodium hydroxide (pH=10): 2 to 6 ppm.
The solubility of Al, assuming Gibbsite as solid phase, for pH levels of 7.2, 8.3, and 10 is
0.0003, 0.003, and 0.17 ppm, respectively (Fig. A.1). The solubility of Al, assuming
amorphous aluminum hydroxide as solid phase, for pH levels of 7.2, 8.3, and 10 is 0.24,
2.9, and 145, respectively (Fig. A.2). The analytic values are close to the values assumed
for the presence of Gibbsite, but are higher than the calculated values. Al has not been
placed in a liquid phase portion under BWR conditions.

The analytic values for Si were, under BWR conditions (pH = 5.7): 2 to 2.5 ppm,
for hydrazine (pH = 7.2): 1 to 15 ppm, for sodium tetraborate (pH = 8.3): 10 to 15 ppm,
and for sodium hydroxide (pH = 10): 10 to 15 ppm. The solubility of Si, assuming quartz
as solid phase, for pH levels of 5.7, 7.2, 8.3, and 10, is 2.8, 2.8, 2.9, and 7.2 ppm,
respectively (Fig. A.3). The solubility of Al, assuming amorphous silica as solid phase,
for pH levels of 5.7, 7.2, 8.3, and 10 is 54, 54, 56, and 137 ppm, respectively (Fig. A.4).
The analytic values are close to the values assumed for the presence of quartz, but are

higher than the calculated values.
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With the exception of the test under BWR conditions, the concentration of iron
was 0 ppm, which is a suitable result when the solubility of hematite is considered (Fig.
A.5). In the BWR test, the concentration of iron reached 40 ppm at the end of the test.
This could not be explained from the dissolution of hematite. The dissolution of such a
high concentration of iron was attributed to the high solubility of iron oxide due to the
presence of chloride ions (CI).

The analytic values for copper were, for hydrazine (pH 7.2): 0 to 0.01 ppm, for
sodium tetraborate (pH = 8.3): about 0.1 ppm, and for sodium hydroxide (pH = 10):
about 0.8 ppm. The solubility of copper oxide, for pH levels of 7.2, 8.3, and 10, is 0.01,
0.0002, and 0.0007 ppm, respectively (Fig. A.6). The analytic value was greater than the
calculated value, but qualitatively matched from the perspective of low solubility in the
alkaline range. The solubility at a pH of 5.7 under BWR conditions was about 10 ppm.
However, in ICAN-6, since no copper was placed in the liquid phase portion, the actual
concentration of copper in the test water was about 1 ppm.

The analytic value of zinc was, under BWR conditions (pH = 5.7): 7 to 15 ppm,
and for hydrazine (pH = 7.2): 4 to 13 ppm. Zinc steel was only placed in the liquid phase
portion in ICAN-6 and ICAN-8. In the other tests, the analytic value of zinc could not be
compared to the calculated value. The solubility of zinc oxide at pH levels of 5.7 and 7.2
is 28,000 and 87 ppm, respectively (Fig. A.7). The analytic value under BWR conditions
was much smaller than the calculated value, which was probably due to the fact that only
a single test piece of zinc steel was placed in the liquid phase portion. The solubility of
zinc oxide at pH levels of 8.3 and 10 was 0.33 and 0.01 ppm, respectively.

The analytic values of Al, Si, and Cu matched the calculated values rather well
when the fact that the quantitative addition was 0.001 or 0.002 ppm is considered. When
just oxides were considered, Fe did not match the calculated quantity; it was necessary to
take the anions that were present into account. The solubility of Zn increases in the acid
range, but in the test under BWR conditions, the quantity of Zn decreased and was
thought to reach equilibrium.
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In the calculation of the solubility of Cu and Zn, the solubility of copper oxide

and zinc oxide at pH levels varying from 4 to 10 is extremely low. Thus, large amounts
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of copper oxide and zinc oxide were thought to precipitate out (Fig. A.6, A.7). Although
hydroxides of Al precipitate out under similar conditions, the degree to which they do so
is less than that of copper and zinc (Fig. A.1).
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4.3.2. The appearance and change in weight of test coupons
4.3.2.1 ICAN-4

Fig. 4.36 and 4.37 are photographs showing the appearance of the metal test

pieces placed in the gas phase portion. Red rust thought to be FeOOH or Fe,O3 formed
on the carbon steel (Fig. 4.36). A white corrosion product thought to be Al(OH); was
observed on the aluminum (Fig. 4.37). Figs. 4.38 to 4.40 are photographs showing the
appearance of the metal test pieces placed in the liquid phase portion. Reddish brown
rust thought to be FEOOH or Fe,O3; formed on the carbon steel to a greater degree than in
the gas phase portion (Fig. 4.38). The aluminum in the liquid phase portion was much
more corroded than the aluminum in the gas phase portion (Fig. 4.39). Although
exposure or the like of the base (carbon steel) due to corrosion was not seen in painted
sample strips, a white corrosion product thought to be ZnO formed (Fig. 4.40). Table
4.25 and Fig. 4.41 show the change in weight per piece of metal coupon before and after
the test. A large amount of powdery substance adhered to the coupons; the change in
weight was measured after the removal of this substance. The weight of all the metal test
pieces increased due to oxidation. The corrosion (oxidation) of carbon steel and paint

material in the liquid phase portion was found to be particularly severe.

fa) ELEEH (b} B

(a) Before test (b) After test
Fig. 4.36 The appearance before and after the test of carbon steel that was placed in the
gas phase portion in an integrated chemical effect assessment test (ICAN-4)
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(a) EREEAD (b} EHE

(a) Before test (b) After test
Fig. 4.37 The appearance before and after the test of aluminum that was placed in the gas
phase portion in an integrated chemical effect assessment test (ICAN-4)
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{a) DR {b) HEEiE

(a) Before test (b) After test

Fig. 4.38 The appearance before and after the test of carbon steel that was placed in the
liquid phase portion in an integrated chemical effect assessment test (ICAN-4)

(b) EEE:
(a) BRERRN

(a) Before test (b) After test
Fig. 4.39 The appearance before and after the test of aluminum that was placed in the
liquid phase portion in an integrated chemical effect assessment test (ICAN-4)

o) RUERAT (b} Bk

(a) Before test (b) After test

Fig. 4.40 The appearance before and after the test of paint that was placed in the liquid
phase portion in an integrated chemical effect assessment test (ICAN-4)

Table 4.25 The change in weight (g) per coupon

Gas phase portion Liquid phase portion
Carbon steel Aluminum Carbon steel Aluminum Paint
0.31 0.05 6.60 0.05 11.40
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[(left vertical) Weight change (g) (bottom left) Carbon steel in gas phase portion (bottom
second) Aluminum in gas phase portion (bottom third) Carbon steel in liquid phase
portion (bottom fourth) Aluminum in liquid phase portion (bottom right) Paint in liquid
phase portion]
Fig. 4.41 Change in weight of metal test pieces in integrated chemical effect assessment
test (ICAN-4).
4.3.2.2 ICAN-5

Figs. 4.42 to 4.44 are photographs showing the appearance of metal test pieces
placed in the gas phase portion. A tea-brown rust formed on the carbon steel (Fig. 4.42).
This was thought to be FeOOH or Fe,O3. Black CuO was observed on the copper sheet
(Fig. 4.43). White Al,O3 adhered to the aluminum, but the degree of corrosion was not
great (Fig. 4.44). Figs. 4.45 to 4.48 are photographs showing the appearance of metal test
pieces placed in the liquid gas portion. The carbon steel was covered by reddish-brown
rust thought to be FeOOH or Fe,O; (Fig. 4.45). The red rust was readily removed by
washing with water. The copper was covered with black CuO (Fig. 4.46). Tea-brown
and white corrosion products adhered to the surface of the aluminum (Fig. 4.47).
Reddish-brown iron rust adhered to the paint sample strip, but corrosion of the paint itself
was not marked (Fig. 4.48). Table 4.26 and Fig. 4.49 show the change in weight per
coupon before and after the test. The weight of the coupons in the gas phase portion
increased due to oxidation, while the weight of the coupons in the liquid phase portion
was reduced by corrosion. In particular, the weight of the carbon steel in the liquid phase
portion decreased more than 18 g; the corrosion was more severe than when a pH

regulating agent in the form of sodium hydroxide or sodium tetraborate was employed.
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{a) SAERT (h) EEe

(a) Before test (b) After test

Fig. 4.42 The appearance before and after the test of carbon steel that was placed in the
gas phase portion in an integrated chemical effect assessment test (ICAN-5)

u

(a) BERW (b R

(a) Before test (b) After test
Fig. 4.43 The appearance before and after the test of copper that was placed in the gas
phase portion in an integrated chemical effect assessment test (ICAN-5)

(b) Stk

iz} BLERAT

(a) Before test (b) After test
Fig. 4.44 The appearance before and after the test of aluminum that was placed in the gas
phase portion in an integrated chemical effect assessment test (ICAN-5)
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{a) BEAR (b} Bk

(a) Before test (b) After test

Fig. 4.45 The appearance before and after the test of carbon steel that was placed in the
liquid phase portion in an integrated chemical effect assessment test (ICAN-5)

(a) BLERHET ) BB
(a) Before test (b) After test
Fig. 4.46 The appearance before and after the test of copper that was placed in the liquid
phase portion in an integrated chemical effect assessment test (ICAN-5)
i ;

A T e e e

() ELEEHY (b) FiERdE
(a) Before test (b) After test

Fig. 4.47 The appearance before and after the test of aluminum that was placed in the
liquid phase portion in an integrated chemical effect assessment test (ICAN-5)
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(a) Before test
Fig. 4.48 The appearance before and after the test of paint that was placed in the liquid
phase portion in an integrated chemical effect assessment test (ICAN-5)

(h)

(b) After test

Table 4.26 The change in weight (g) per coupon
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Carbon steel

Copper

Aluminum

Carbon
steel

Copper | Aluminum

Paint

-0.04

0.16

0.05

-18.53

-0.10 -0.67

-1.00

200

0.00

" -z200

W

=400

600 [
00 |

1000 |

—12.00

=14.00

=16.00

1800 |-

=20.00

S e THED S NEE s

g |
A [ E I reregraryn

HAa0n A

[(left vertical) Weight change (g) (top left, 3 items) Carbon steel in gas phase portion,
Copper in gas phase portion, Aluminum in gas phase portion (bottom) Carbon steel in
liquid phase portion (top right, 3 items) Copper in liquid phase portion, Aluminum in
liquid phase portion, Paint in liquid phase portion]
Fig. 4.49 Change in weight of carbon steel and copper in integrated chemical effect
assessment test (ICAN-5)
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4.3.2.3 ICAN-6

Figs. 4.50 to 4.56 are photographs showing the appearance of metal test pieces
placed in the gas phase portion. Tea-brown rust, thought to be FEOOH or Fe,0s3, formed
on the carbon steel (Fig. 4.50). Black CuO was observed on the copper sheet (Fig. 4.51).
White ZnO,; adhered to the zinc steel (Fig. 4.53). Figs. 4.54 to 4.56 are photographs
showing the appearance of metal test pieces (coupons) placed in the liquid phase portion.
The carbon steel was covered by reddish-brown rust thought to be FEOOH or Fe,Os (Fig.
4.54).

Brown iron rust adhered to the zinc steel and paint Figs. 4.55 and 4.56). Table
4.27 and Fig. 4.57 show changes in weight per coupon before and after the test. The
weight of coupons in the gas phase portion increased due to oxidation, and the weight of
coupons in the liquid phase portion decreased due to corrosion, with the exception of
paint. In particular, the weight of the carbon steel in the liquid phase portion decreased
59 g, indicating that the acidic test water, which contained hydrochloric acid, caused

severe corrosion of iron.

(a) RLERAT b) BBt
(a) Before test (b) After test
Fig. 4.50 The appearance before and after the test of carbon steel that was placed in the
gas phase portion in an integrated chemical effect assessment test (ICAN-6)

a ] ar

(a) BECERWT . (b} Wb
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(a) Before test (b) After test

Fig. 4.51 The appearance before and after the test of copper that was placed in the gas

hase portion in an integrated chemical effect assessment test (ICAN-6)
T — — R BN e e b

la) HAER

(a) Before test (b) After test
Fig. 4.52 The appearance before and after the test of aluminum that was placed in the gas
phase portion in an integrated chemical effect assessment test (ICAN-6)
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(a) SUERRT ib) EERE
(a) Before test (b) After test
Fig. 4.53 The appearance before and after the test of zinc steel that was placed in the gas
phase portion in an integrated chemical effect assessment test (ICAN-6)

(a) EBAERA (b)) Rk
(a) Before test (b) After test
Fig. 4.54 The appearance before and after the test of carbon steel that was placed in the
liquid phase portion in an integrated chemical effect assessment test (ICAN-6)

!
E
!

Pl

(a) HEEED (b} ELERH

(a) Before test (b) After test
Fig. 4.55 The appearance before and after the test of zinc steel that was placed in the
liquid phase portion in an integrated chemical effect assessment test (ICAN-6)
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(o) ELERW

(a) Before test
Fig. 4.56 The appearance before and after the test of paint that was placed in the liquid
phase portion in an integrated chemical effect assessment test (ICAN-6)

Table 4.27 The change in weight (g) per coupon

(b B

(b) After test
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Gas phase portion Liquid phase portion
Carbon steel Copper | Aluminum Zinc steel | Carbon Aluminum Zinc steel | Paint
steel
2.90 0.05 0.05 0.52 -59.00 -0.67 -1.70 3.30
000 -

[(left vertical) Weight change (g) (top left, 4 items) Carbon steel in gas phase portion,
Copper in gas phase portion, Aluminum in gas phase portion Zinc steel in gas phase

BOD il -
00 1 RN LN B

5,00

-10.00 I—
~15.00 —
e

B A e S

=G6.00

e

portion (bottom) Carbon steel in liquid phase portion (top right, 3 items) Aluminum in

liquid phase portion, Zinc steel in liquid phase portion, Paint in liquid phase portion]
Fig. 4.57 Change in weight of carbon steel and copper in integrated chemical effect

assessment test (I(CAN-6)
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4324 ICAN7

Figs. 4.58 to 4.60 are photographs showing the appearance of metal test pieces
placed in the gas phase portion. A tea-brown rust thought to be FeOOH or Fe,O; formed
on the carbon steel (4.58). Black CuO formed on the copper sheet (Fig. 4.59). Figs. 4.61
to 4.64 are photographs showing the appearance of metal test pieces (coupons) placed in
the liquid phase portion. A white corrosion product adhered to the carbon steel and
copper (Fig. 4.61 and 4.62). The aluminum appeared black, but there was little corrosion
(Fig. 4.63). The paint also appeared black, but underwent little corrosion (Fig. 4.64).
Table 4.28 and Fig. 4.65 show the change in weight per coupon before and after the test.
There was little change in weight of coupons in the liquid phase portion. When a pH
regulating agent in the form of sodium hydroxide was employed, little corrosion of metal

was found to occur.

fa) RELERRET (b} HEEik

(a) Before test (b) After test
Fig. 4.58 The appearance before and after the test of carbon steel that was placed in the
gas phase portion in an integrated chemical effect assessment test (ICAN-7)

(a) ELERAY b) EE®
(a) Before test (b) After test
Fig. 4.59 The appearance before and after the test of copper that was placed in the gas
phase portion in an integrated chemical effect assessment test (ICAN-7)
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(o) EEEMI

(a) Before test (b) After test
Fig. 4.60 The appearance before and after the test of aluminum that was placed in the gas
phase portion in an integrated chemical effect assessment test (ICAN-7)
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(a) ELERHET (h) EE:
(b) After test

(a) Before test
Fig. 4.61 The appearance before and after the test of carbon steel that was placed in the
liquid phase portion in an integrated chemical effect assessment test (ICAN-7)

=AH

b AEERE

(a) GI%EEY
(a) Before test (b) After test
Fig. 4.62 The appearance before and after the test of copper that was placed in the liquid
phase portion in an integrated chemical effect assessment test (ICAN-7)
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ta) EERWT

(a) Before test
Fig. 4.63 The appearance before and after the test of aluminum that was placed in the

liquid phase portion in an integrated chemical effect assessment test (ICAN-7)

(a) Before test
Fig. 4.64 The appearance before and after the test of paint that was placed in the liquid
phase portion in an integrated chemical effect assessment test (ICAN-7)

(a} GURGE

) EEE

(b) After test

(b) After test

Table 4.28 The change in weight (g) per coupon

i) e
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Gas phase portion

Liquid phase portion

Carbon steel

Copper | Aluminum

Carbon steel

Copper

Aluminum

Paint

-0.09

0.14 -0.11

-0.63

-0.97

-0.44

0.60

BRI

0.80

0.60

040

020

ooo

~0B0

=1.00

445 BRI

—— iR

HHE 73

AR B

R <A
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[(left vertical) Weight change (g) (inside graph, from left) Carbon steel in gas phase
portion, Copper in gas phase portion, Aluminum in gas phase portion, Carbon steel in
liquid phase portion, Copper in liquid phase portion, Aluminum in liquid phase portion,
Paint in liquid phase portion]

Fig. 4.65 Change in weight of carbon steel and copper in integrated chemical effect
assessment test (ICAN-7)
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4.3.2.5 ICAN-8
Figs. 4.66 to 4.69 are photographs showing the appearance of metal test pieces

placed in the gas phase portion. Tea-brown rust thought to be FeEOOH or FeO; formed on
the carbon steel (Fig. 4.66). Black CuO was found on the copper sheet (Fig. 4.67).

White Al,O; adhered to the aluminum, but the degree of corrosion was not great (Fig.
4.68). White ZnO; adhered to the zinc steel (Fig. 4.69). Figs. 4.70 to 4.74 are
photographs showing the appearance of test metal pieces (coupons) placed in the liquid
phase portion. Reddish-brown rust lumps, thought to be FeEOOH or Fe, O3, formed on the
carbon steel (Fig. 4.70). This was in contrast to the rust in ICAN-5, also a test of water
quality, which adhered uniformly. Bluish-white Cu(OH), adhered to the copper (Fig.
4.71). Cu(OH); is said to dehydrate at 60 to 80°C and convert to CuO. However, in
ICAN-8, in contrast to ICAN-5, a portion remained as Cu(OH),. White corrosion
product adhered to the surface of the aluminum (Fig. 4.72). The zinc steel underwent
severe corrosion, and was covered in white ZnO (Fig. 4.73). A white corrosion product
was also observed on paint test pieces (Fig. 4.74). Tables 4.29 and 4.75 show the
changes in weight per coupon before and after the test. With the exception of aluminum,
the coupons placed in the gas phase portion increased in weight due to oxidation. With
the exception of copper, the coupons placed in the liquid phase portion decreased in
weight due to corrosion. In particular, the weight of the carbon steel and the zinc steel in
the liquid phase portion decreased by 9.5 g and 12.5 g, respectively. This was more
severe corrosion than when a pH regulating agent in the form of sodium hydroxide or

sodium tetraborate was employed.

{a) HEEm b) EEik
(a) Before test (b) After test
Fig. 4.66 The appearance before and after the test of carbon steel that was placed in the
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gas phase portion in an integrated chemical effect assessment test (ICAN-8)

e 2 ; =

() Hﬁ!ﬁ
(a) Before test (b) After test

i) EEEk

Fig. 4.67 The appearance before and after the test of copper that was placed in the gas
phase portion in an integrated chemical effect assessment test (ICAN-8)
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(a) BrERET (b) HEEi
(a) Before test (b) After test
Fig. 4.68 The appearance before and after the test of aluminum that was placed in the gas
phase portion in an integrated chemical effect assessment test (ICAN-8)

(a) BEEERT (b} HEEE
(a) Before test (b) After test
Fig. 4.69 The appearance before and after the test of zinc steel that was placed in the gas
phase portion in an integrated chemical effect assessment test (ICAN-8)

L) ELEEED ta) ELEEED
(a) Before test (b) After test
Fig. 4.70 The appearance before and after the test of carbon steel that was placed in the
liquid phase portion in an integrated chemical effect assessment test (ICAN-8)
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ta) BUERRT
(a) Before test (b) After test
Fig. 4.71 The appearance before and after the test of copper that was placed in the liquid
phase portion in an integrated chemical effect assessment test (ICAN-8)

(a) Before test (b) After test
Fig. 4.72 The appearance before and after the test of aluminum that was placed in the
liquid phase portion in an integrated chemical effect assessment test (ICAN-8)

(o) DUEERY (b) EAEiE

(a) Before test (b) After test
Fig. 4.73 The appearance before and after the test of zinc steel that was placed in the
liquid phase portion in an integrated chemical effect assessment test (ICAN-8)
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(a) EXEEWI
(a) Before test (b) After test

Fig. 4.74 The appearance before and after the test of paint that was placed in the liquid
phase portion in an integrated chemical effect assessment test (ICAN-8)

Table 4.29 The change in weight (g) per coupon

Gas phase portion Liquid phase portion
Carbon Copper | Aluminum Zinc steel | Carbon | Copper | Aluminum Zinc steel | Paint
steel steel
0.35 0.20 -0.02 2.68 -9.50 0.47 -0.02 -12.47 0.30
400 : _
s B
200
S EER samm =158 7 1L A A
ane i ik e e e ——
=200 |
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i
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[(left vertical) Weight change (g) (inside graph, from left) Carbon steel in gas phase
portion, Copper in gas phase portion, Aluminum in gas phase portion, Zinc steel in gas
phase portion, Carbon steel in liquid phase portion, Copper in liquid phase portion,
Aluminum in liquid phase portion, Zinc steel in liquid phase portion, Paint in liquid phase
portion]

Fig. 4.75 Change in weight of carbon steel and copper in integrated chemical effect
assessment test (I(CAN-8)
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5. Conclusion

Corrosion tests were conducted on insulating materials in sodium tetraborate
solution, hydrazine solution, and a solution of hydrochloric acid added to pure water
under BWR conditions with the objective of obtaining basic data to examine integrated
chemical effect test results. For rock wool insulating material, the concentration of
elements that dissolved increased with the pH. In the calcium silicate corrosion test, the
pH of the hydrochloric acid solution rose to 9.2 in the three hours following the start of
the test, making this the test in which the highest pH was reached in the test solution. For
calcium silicate insulating material, the concentration of dissolving elements decreased as
the pH increased.

In pressure loss tests, the status of debris and the effects on pressure loss on
simulated colloids of corrosion products were examined. Colloid particles had a greater
tendency to increase the pressure loss than calcium silicate. In particular, iron hydroxide
and aluminum hydroxide had a greater tendency to increase the pressure loss than copper
oxide. In a test employing sodium tetraborate as a pH regulating agent, the pressure loss
tended to rise. In a test employing hydrazine, the pressure loss tended not to rise. In a test
employing the test solutions of integrated chemical effect tests, the use of wet rock wool
rapidly produced an increase in pressure loss.

Tests were also conducted in sodium tetraborate solution, hydrazine solution, and
a solution of hydrochloric acid added to pure water under BWR conditions in integrated
chemical effect tests in an environment simulating the containment vessel of a PWR.

The solubilities of Al, Si, Fe, Cu, and the like roughly matched the solubilities as
calculated from thermodynamics data of the oxides and hydroxides of the various
elements. Changes in pressure loss reflected the various test conditions and were
complex.
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A. pH-solubility curves of oxides

The following are pH-solubility curves of hydroxides and oxides at 25°C,
considered necessary throughout the study. The crystals of aluminum hydroxide were in
the form of Gibbsite and were stable at room temperature. At about 90°C, they formed
Boehmite. In the U.S. test, ICET, the possibility of the presence of amorphous aluminum
hydroxide was also pointed out. In the same manner as aluminum hydroxide, silica (SiO,)
was accounted for in crystalline (quartz) and amorphous forms. Iron oxide was
calculated as thermodynamically stable hematite (Fe,O3), but Goethite (FeO(OH)) was
also observed at room temperature. The thermodynamic data and calculation methods
employed were as given below. K is the equilibrium constant of the various equations.

A.1 Aluminum hydroxide (Gibbsite, AI(OH)s)

. AL(OHY, + 3" = AL + JHD

logh, = 8. 392

logl41™] = B 392 -3pH {1
CALM & H0 = ALOHM + B

logk, = -6, 720

loglAlOH™] = 2663 - 2pH (2)

<AL+ 2 = ALGOHD + 2HY
logh, = ~11. 674

Log[AL{OH),*] = - &, 286 - pH (=)
= &l + 3H0 = Al {OH), + 3H*

loghy, = -17. 785

Tog[Al{0H) ;] = —B. 403 ()
< A1 + dH0 = AL{OH) " + 4

logh, = —23. 506

log[AL (0H) 7] = -15.203 + pi {B)

The various concentrations were calculated and added using (1) to (5) above to obtain the
solubilities. The calculation results are given in Fig. A.1. The red line is the solubility.
A.2 Aluminum hydroxide (amorphous, AI(OH)3)

The thermodynamic data recorded in HSC Chemistry 6.1*" were employed.
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. AL{OHY, + 3K = A1 + 3H0
loghy; = 11. 318

log[Al®] = 11,218 - 3pH (]
« A1+ WD = ALOH™ + 1T

loghy = =6, 729

log[ALON*] = 5. 589 - 2pH (2}

=417+ 2H0 = A1(OH) ;" + 2H°
logh, = -11. 674

log[AL{OHY '] = -0. 63 - pH (3
« AT+ S0 = ALOH), + 3

loghy = -17. 785

log[AL(0W),] = <6, 477 {4

/125

S ALY+ dHD = ALCOHD, + 4R
logk, = -23. 595
log[AT(DH),"] = -12. 277 + pH {5}

The various concentrations were calculated and added using (1) to (5) above to
obtain the solubilities. The calculation results are given in Fig. A.2. The red line is the
solubility.

A.3 Quartz (Si0;)
The thermodynamic data recorded in HSC Chemistry 6.1*" were employed.

logh, = =4, 000

leg[si oy, = -4, 000 (1)
- §iC0H), = SiDGORY, + H'

logh; = -9, 811

log[5i000H) ] = - 13811 + pH 3]

- S{{0H), = Si0,(0H) " + o'

logh, = —23_143

log[Si0, (06,1 = - 27. 143 + 2pil {3
- Si{0H), = Si0,(0H)" + 3’

logh, = —32. 822

log[3idy (D™ = - 36,822 + 3pH (4}
« Bi0060, = Si0," + 4

loghy = =48, 197

log[810,%] = - 53.197 + 4pH (5%

The various concentrations were calculated and added using (1) to (5) above to
obtain the solubilities. The calculation results are given in Fig. A.3. The red line is the
solubility.

A.4 Amorphous silica (Amorphous, Si0O,)

The thermodynamic data recorded in Table 14.3 of Reference A2 were employed.

156



Logh, = <2 7136

logl5i (0#),] = -2 7136 {1)
- &ify + L0 = 51{0H, + B

lagk; = —12, B3GR

leg[5i0(0H) ;] = -12. 5368 + ph (2

The various concentrations were calculated and added using (1) and (2) above to
obtain the solubilities. The calculation results are given in Fig. A.4. The red line is the
solubility.

A.5 Tron oxide (Hematite, Fe;O5)
The thermodynamic data recorded in Table 14.3 of Reference A2 were employed.

logh, = 0. 14706

log[Fe™] = 0. 14706 = 3pll (1
* (1/2 Fegly + 217 FalOH)® + (1/21H0

logd; = =2, 0GED

/126

log[Fe(O0H}*"] = -2. 0660 - 2pH ()
» (1/2)Fe0, + (3/2)I0 = FeloH),

logk, = ~11. 3660

log[FelOl},] = =11, 3553 e
* (178 Fegly + {5/20H0 = FelOH);~ + H

logh, = -20. 9664

loglFe(0H) 7] = ~20, 9669 + pi n

The various concentrations were calculated and added using (1) to (4) above to obtain the

solubilities. The calculation results are given in Fig. A.4. The red line is the solubility.

A.6 Copper oxide (CuO)
loghy = 7. 6749
log[Cu™] = T.6748 - ZpH (0

« Cul + H' = CulOH)*

logh, = =Z. 1568

log[Culoi)*] = =2 1668 - pil {2
= Cul + Hd = CulH),

loghy = =8, 6620

loglCu ] = -8, GE20 {3)
= Cul + #L0 = CuloH), + H

laghky = —18. 04208

log[Cuili) ] = —18. (4298 + pH (4}
s Cul + 3,0 = Col0H) > + 2H

legh, = —31. 6701

log[Cuf0H} ] = =31. 6701 + ZpH (5}

The various concentrations were calculated and added using (1) to (5) above to
obtain the solubilities. The calculation results are given in Fig. A.5. The red line is the

solubility.
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A.7 Zinc oxide (ZnO)

The thermodynamic data recorded in Table 14.3 of Reference A2 were employed.

loglZ=®"] = 11 1600 - 2pH {1}
< ind + W = ZndOH)"

logh, = 2, 4076

log[In(OH)*] = 2, 4078 - pil 2y

« Ind + B0 = Zri{0H)

logK, = -7, A506

log[Zn{0H},] = -7. 3506 [E)]
+Ind + 2HO = In(CE), + H'

logh; = =16, 9340

/127
log[Zn{0H) g1 = <16 9340 + pl (4}

The various concentrations were calculated and added using (1) to (4) above to

obtain the solubilities. The calculation results are given in Fig. A.6. The red line denotes

solubility.
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Fig. A.2 pH-solubility curve of aluminum hydroxide (Amorphous, AI(OH);)
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Fig. A.7 pH-solubility curve of zinc oxide (ZnO)
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