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Study on Performance and Improvement of Efficiency
for Reverse Running Pump Turbine
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Yasuhito NAKATAKE
Yuji KUMA

Akira MIYAO
Takeshi KUROKAWA

Considering an effective utilization of energy and environmental problems, it is useful for us to
make use of hydraulic power resources. This study purposed to provided the efficiency of volute re-
verse running pump as simple as possible moreover cheaply. So we suggested attaching a propeller
in place of the runner holding nut or a fin in place of the draft tube. Then we experimentally com-
pared and examined about the characteristic of reverse running pump turbine in case of without and

with the propeller or the fin.

As a result, as attached the propeller or the fin it was able to improve the efficiency in range
of high revolution. It was comparatively easy to attach their. It was able to improve the performance
as for turbine in addition nothing to existed volute pump.
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A Newly Designed Multiple-Effect Solar Still Coupled with Solar Collector

Hiroshi TANAKA
Kunio HIRAHAYA

We proposed a newly designed, compact multiple-effect solar still consisting of a heatpipe-type
solar collector and a number of vertical parallel partitions in contact with saline-soaked wick. The
solar collector and the partition section can be folded at the joint when it is carried. The solar en-
ergy from the solar collector is transported to the partition section where the energy is recycled to
increase the production rate of distillate. The performance of the still is analyzed theoretically, and
we found that the still’s productivity is much greater than that of conventional multiple-effect solar

stills.

Key Words : Solar energy, Desalination, Solar distillation, Solar still, Multiple-effect, Solar collector
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Abstract

In this paper, we introduce an auditory training system by audio-visual information. And the re-
sults of preliminary training by the subjects who have sensorineural hearing loss are shown. The
system we developed is constructed by integrating a speech visualizing system and a hearing aid.
First, as an introduction we have explained how to read visualized speech for the trainee, using a
textbook and a PC-display. In the training, the visualized speech has been presented together with
speech sounds and the Japanese characters as visual patterns. Succeedingly, the effect of training
has been confirmed by the test, using utterances of /VCV/ syllables or words. When the self-training
and the test were alternately repeated more than 10 times, results of the test showed possibility
that the hearing impaired persons notice correct phonemic cues naturally through the hearing aid
by the assistance of the visual patterns. The correct answer rates of hearing phonemes were im-
proved, after the training.

1. Introduction

To compensate the hearing impairment, various types of hearing aids have been proposed in
recent studies. As speech processing technique progresses, hearing impaired persons may receive
elaborate speech sounds, which is provided by those aids. We have proposed auditory training that
the hearing impaired persons combine the heard sounds with a phoneme sequence. The training
will especially be effective when the trainee starts to use new type of hearing aids (including
cochlear implant). The difficulty of this training is in how we can make them notice cues of pho-
nemes. We have investigated the possibility that the hearing disabled persons acquire the phone-
mic cues by training with visualized speech and speech sounds”. The visualized speech indicates
the image of word in which speech features are integrated naturally as a color picture?. We ex-
pected in this kind of training that the visualized speech could place the trainer and trainee on the

same platform too.

2. Auditory Training System and Training Method

We constructed the auditory training system by integrating the speech visualization system
and a hearing aid as shown in Fig. 1. For the system words and /VCV/ syllables are prepared in
a database. The visualized speech is produced from the speech signals beforehand, and stored in
a CD. In the visualized speech, vowels are represented by colors, which the lowest three formant-

R34 6 A2TH %H
*Mitsubishi Electric Co., Ltd.
**Kyushu Denshi Co., Ltd.
***Faculty of Engineering, Kumamoto University
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a color monitor ,
I—_—...._l
@ a trainee
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training database

and programs a audio mterface

Fig.1 Auditory training system using visualized speech.
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Fig.2 The flow to present images and speech sounds.

frequencies decide, and consonantal patterns appear as black-and-white textures whose brightness
is controlled by neural net outputs. The time axis of the pattern is toward from top to bottom so
that we can always see 2-second pattern on the display. As pitch frequency controls a horizontal
length of the color pattern, the vertical change of the length show intonation of a word. Thus, this
representation manifests phonemic and prosodic features of speech sounds. When the trainee no-
tice the mismatch between visual image and auditory one, we expect that they might acquire faint
cues by listening to the word more carefully. The flow of speech signals and the visualized speech
are shown in Fig. 2. Prior to the auditory training, one or two hours’ learning is necessary for the
trainees to understand fundamental visual images of vowels and consonants. We explained how to
read vowels, consonants and words using a textbook we made and the representative patterns on
the display. The trainee first listens to speech sound through the hearing aid once, and listens to
the same sound again looking at the visual image, which is represented in a stop motion on the
center of the display. The third presentation of the sound is conducted together with the visual
pattern and Japanese characters of the word. The trainee can choose the next presentation or the
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repetition of the same sound by clicking the mouse.

3. Experiments

In our preliminary experiments with the system, two types of subjects are introduced here.
The one is subject A (adult female) who trained by the sounds of a single resonant analysis type
hearing aid, which we propose as a new type of amplitude compression for telephonic speech?.
The subject A does not use hearing aids in daily life. Speech sounds are provided to her left ear
through headphone. The other is subject B (ten-year-old girl) who always uses her own hearing
aid in daily life. To the subject B, we presented the sounds from a speaker equipment, through
her hearing aid (left ear). An audiogram of subject A is shown in Fig.3. In the training, 50
words have been extracted from databases of 400 words : (a part of ATR Japanese important 520
word database) at random for each training. After every training the hearing tests for word sam-
ples (different in words and speakers from training samples) have been carried out. The results
are shown in Fig. 4. When the correct answer rate of training (No.1-4) is compared with latter of
the part (No.17-20), the rate of words are improved from 45.3[%] to 65.3[%], and likewise vowels
from 62.0[%] to 84.5[%] and consonants from 55.6[%] to 78.5[%]. Thus, all cases the listening
show improvements.

In case of the subject B, considering her age, we used 30 samples, which consist of words and
/VCV/ syllables, for one training. The HTL of subject B and the output levels of her hearing aid
which correspond to 60 [dB] and 90 signal inputs are shown in Fig.5. We considered the combi-
nations of the samples based on the result of listening tests conducted before the training. In this
series of training we decided the samples to train the listening of /t/, /s/, /h/, voiced and unvoiced
plosives mainly. In this case trainer operated the presentation of patterns. According to the re-
sults of /VCV/ listening test, improvements are observed as in Fig. 6. The scores are shown in
Table 1. Average score of listening tests (No.1-3) before training for consonants was 26.3[%], but
after the training are repeated the score rise up to 49.5[%] at last. Through the training, listen-
ing score of plosives and fricatives show much improvement. And the number of mislistenings to
#t/, M/ are decreased. The correct answers are not presented to the both subjects in every listening
test. Though the subject B was the youngest of persons who had ever read the visualized speech,
there was no problem in reading patterns. On the contrary, she showed a great interest for read-
ing them.
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Table 1 Correct answer rates of VCV tests (subject B)

before the training

the training period

No.l~3 Ave. No.22~24 Ave. No.40~42 Ave.
vCv 26.3% (49/186) 40.3% (75/186) 495% (92/186)
\'% 91.1% (339/372) 94.1% (850/372) 92.7% (345/372)
C 27.4% (51/186) 41.4% (77/186) 489% (91/186)
V+C 69.9% (390/558) 765% (427/558) 781% (436/558)
No.1~3 Ave. No.22~24 Ave. No.40~42 Ave.
a 81/84=96.4% 84/84=100.0% 84/84=100.0%
i 60/66=90.9% 64/66=97.0% 66/66=100.0%
vowel u 51/72=T70.8% 52/12="172.2% 50/72=69.4%
e 69/72=95.8% 72/72=100.0% 70/72=97.2%
o 78/78=100.0% 78/78=100.0% 75/78=96.2%
b 2/15=13.3% 3/15=20.0% 4/15=26.7%
voiced plosive d 4/9=44.4% 2/9=22.2% 4/9=44.4%
g 2/15=13.3% 3/15=25.0% 3/15=25.0%
o] 1/15=6.7% 4/15=26.7% 2/15=13.3%
unvoiced plosive | t 7/9=T718% 7/9=11.8% 5/9=55.6%
k 5/15=33.3% 8/15=53.3% 5/15=33.3%
africative tf 0/6==0.0% 3/6=50.0% 4/6=66.7%
voiced fricative z 0/15=0.0% 3/15=20.0% 4/15=26.7%
s 2/12=16.7% 2/12=16.7% 10/12=83.3%
unvoiced fricative| h 4/15=26.7% 8/15=53.3% 11/15="173.3%
J 1/3=33.3% 0/3=0.0% 2/3=66.7%
m 4/15=26.7% 6/15=40.0% 5/15=33.3%
nasal n 7/15=46.7% 8/15=53.3% 8/15=53.3%
N 0/0 0/0 0/0
flap r 4/15=26.7% 8/15=53.3% 13/15=86.7%
semivowel w 2/3=66.7% 3/3=100.0% 3/3=100.0%
y 6/9=66.7% 9/9=100.0% 8/9=88.8%
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4. Conclusion

The new type of auditory training system has been introduced. The system uses visualized
speech as an intermediary representations to combine the sound images and phonemes. The re-
sults of experiments for a girl who uses her own hearing aid and a female who use new type hear-
ing aid have been shown as the representative cases. Both subjects showed the improvements in
the listening ability. From the result of experiments for the girl we conclude that visualized
speech is very easy to understand and may be effective for the various aids.
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Kinetic Studies on Absorption Reactions of Heavy Metal Ions by
HAp Synthesized from Fish Scales

Abstract

Koki SHIGEMATSU
Mikio UMAKOSHI
Jinichirou = KUBO

Hydroxyapatite (Caw(PQOs)s(OH)z) or HAp materials synthesized from fish scales have been in-
vestigated with respect to reaction kinetics for absorbing heavy metal ions in aqueous solutions., in
each of which contains an individual ion of Cu®*, Cd**, Fe**, Mn®', Ni**, Pb**, Cr’*, Fe**, Cr*" and

Mn7 +

The absorbing reaction rate of HAp for any ion mentioned above was found to be given by the
following equation in the temperature range from 2 C to 40C.

log C/Co=kt"

In which, C/Co is the ratio of ion concentration at reaction time t to primary concentration and
k is an apparent reaction rate constant. The magnitude of k values obtaind in this experiments at
20C shows the following ranking of absorbing rate of HAp.

Pb** >Cd* >Cr** =Cu®* >Fe?* >Mn®* >Ni** >Fe’* >Cr®*, Mn"*

Furthermore, HAp used in this experiments was found to have no potential to absorb Cr®* and

Mn7+

Activation energy of ion-exchanged reaction for divalent ions were found to be very small be-
tween SkJ/mol and 7TkJ/mol, however, those for trivalent ions, Fe®' : 19kd/mol and Cr’' : 20kd/mol

showed relatively small values.

A little consideration from the standpoint of thermodynamics was carried out between k and the
standard free energy change accompanied with the following ion-exchange reaction (3) instead of a
reaction (2) for divalent ions and a considerable correlation was found to exist between them.

Can(PO4)s(OH): + 10Me** =

Ca:(POs): + 3Me?** = 3Ca**

10Ca**

+ Mew(POs)s(OH): 2

+ Mes(POs): (3)

Key words : Fish scales, HAP (Hydroxyapatite), Absorption, Heavy metal ions, Kinetics

1. Introduction

Our country, Japan was used to have a lot
of clear rivers and ponds and to be abundant
in underground water with good quality to
drink. These water, however, has been becom-
ing unfit for drinking due to the contamination
with heavy metal ions, toxyic ions like arsenic
or some organic substances with chlorine
mainly discharged from factories.

For these water pollution, water treat-

PR3 6 H26H ZHE

ments have been raised in importance because
of increasing concern about the environmental
issures and tighter regulation on the concentra-
tion levels of ions in water and therefore, many
treatments have been carried out to try to re-
move these harmful ions in natural water.

In this paper, HAp synthesized from fish
scales was used as an absorbing material, well
known for the potential, to get rid of heavy
The data obtained
in this experiments were analyzed for mainly

metal ions from solutions.

the ion-exchange reaction kinetics.
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2. Preparations of HAp

Fish scales obtained from a fish market
were wash out with water and were dried with
a flowing hot wind in a box. A 5 grams of
dried fish scales was immersed in 60 grams of
KOH solution, which was kept at 60°C for 24
After
cooling KOH solution, the filtrations were car-

hours to solve the collagen in scales.

ried out to collect the sediments, which was
rinsed with pure water until filtrated water
showed pH 7.
in a box at 100C in air for 2 days and were

Collected materials were dried

finely ground down under 200 mesh by an
alumina mortal and a pestle. HAp powders
(HAp-KOH) were
utilised as an absobing materials and were also

prepared by this method

used for an examination of the crystallinity
grade by X-ray analysis, the gravimetric analy-
sis and the SEM observation.

2-1. Results of X-ray analysis
Fig. 1 shows the result of X-ray diffraction
analysis (XRD) (CuKa, 30Kv, 15mA) for the

prepared in KOH solution

prepared by firing at 500

Intensity

O : Ca1o(PO4)s(OH)2
prepared by firing at 700TC
OO

10 20

30 40 50
2 0 (degree)

60 70 80 90

Fig.1 X ray analysis of HAP prepared by
immersing scales in KOH solution
at 60°C for 24 hours and by firing
scales at 500 and 700°C in air for 24
hours.

HAp-KOH powder synthesized from fish scales
and prepared by firing dry fish scales in the
electric furnace in air at 300C (HAp-300) and
700C (HAp-700) for 24 hours. XRD patterns of
HAp-700 are in good agreement with those of
hexgonal Caw(PO:)s(OH): shown in ICCD file
No. 9-432. On the other hand, some peaks of
both HAp-KOH and HAp-300 are not clearly
séparated, especially between 30 and 35 degree
The fact indi-
cates the grade of crystallinity are not suffi-

and between 45 and 55 degree.
cient as to these two synthesized HAp.

2-2. Thermogravimetric analysis

Thermogravimetric analysis for the HAp-
KOH and the HAp-300 was conducted in air in
the temperature range below 1200°C to clarify
the reasons for its insufficient crystallinity. As
is shown in Fig. 2, HAp- 300 lost the weight in
the temperature range from 230 to 530°C be-
cause of the burning of the collagen, which im-
plies the insufficient crystallinity of HAp- 300
is due to the collagen. On the other hand, in
the case of HAp-KOH, a little weight loss is
obserbed,
crystallinity of HAp-KOH is not because of re-

which means the insufficient
sidual collagen, even these two HAp have simi-
lar XRD patterns. The result implies HAp-
KOH has originally amorphous-like structures. .

3. Experimental Procedure

Heavy metal ions to be absorbed by syn-
thesized HAp in this experiments are Cd*',
Cu”, FeH, Mn”, Ni“, Pb2+, Cr“, Fe“, crét
and Mn'". Each of the solutions containing the
individual ion with the same concentration of
1.0 X 10*mol/¢{ was prepared by adding the
reagnts of nitrides of metallic elements., One
liter of solution containing the individual ion in
a beaker set in a water bath was stirred with
a magnetic stirrer while the experiment. The
absorbing experiments were carried out at con-
stant temperature of 2, 10, 20, 30 and 40C.
The pH of the solutions was monitored by a
pH meter and was recorded on a chart while
After reach the

experiments. solutions
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HAp: KOH treatment

o » A 0 O
|

Weight (mg)

HAp: fish scales fired
at 300TC

-10

1 1t 1 ¢ 11111
400 600 800 1000 1200 1400

Temperature (K)

Fig.2 Thermogravimetric analysis of syn-
thesized HAp in air

C/Co

1.0
0.9 B
0.8
0.7 f
0.6
0.5
0.4 f

0.3
0.2 F \
0.1F
0 E
0 10

—0— KOH treated
-~ 300 Cfired
—A— 700Cfired

‘i\

20 30 40

Reaction time (min.)

50 60

Fig.3 Cr'" concentration change by ab-

sorption reaction at 30°C with time
using HAP prepared by KOH and
firing treatment

Table 1 pH variation with reaction time in solutions of 30°C, each of solutions contains the indi-

vidual ion (1.0X10 "*mol/2)

Only cd 2t Cu ?* Fe 2* Mn 2* Ni 2t Pb 2+ Cr3* Fe 3" Cr ot Mo 7+
HAp
pH at
t=0 5.88 5.64 5.59 5.3 5.8 5.78 3.0 4.22 3.5 5.3 5.87
min.
pH at
t=10 8.35 7.67 7.49 7.08 7.89 7.95 4.78 6.93 6.81 7.68 8.46
min.
pH at
30 8.39 7.92 7.71 7.82 8.0 8.08 8.12 7.19 6.81 7.79 8.38
min.
pH at
60 8.45 8.0 7.8 © 798 8.04 8.13 8.13 8.13 6.9 7.85 8.38
min.

experimental temperature, 0.5g of HAp powder
was added to solutions and 50cm® of solutions
was withdrawn every 10 minute up to 60 min-
utes, however, first withdrowal was done at 5
minutes because the quick ion-exchange reac-
tion might occur.

The pH of the initial, at the reaction time
of 10, 30 and 60 miniutes of each solutions at
30°C are shown as well as the pH of solution
containing only HAp-KOH with no ion in Table
1. In the case of Pb**, ion-exchange reactions
would not occur” in the pH region over 6, the

initial pH, therefore, was adjusted at 3 by add-
ing the nitric acid, even if HAp may dissolve
into the solution. Sollutions collected by
filtrations were available for chemical analysis

using an atomic absortion spectrometry (AAS).

4. Results and Disscusion
4-1.
rates
HAp-KOH, HAp-300 and HAp-700 were
used for absorption of Cr’* ion at 30C to com-
Fig. 3 shows that the

Comparison of absorption reaction

pare the reaction rates.
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(a)

)]

(c)

Fig.4 SEM photographs of HAp powder.
(a) :Dried fish scales were im-
mersed in KOH solution
(b) : Dried fish scales were fired at
300°C
(c) :Dried fish scales were fired at
700°C

most rapid absorbing reaction took place in the
case of using HAp-KOH.
carried out to clarify the reason is shown in

SEM observations

Fig. 4 SEM micrographs show those three kinds
of HAp similarly have grains under 30 xm in
size. The HAp-700 looks well crystallized with
a smooth surface, whereas in the case of HAp-

KOH and HAp-300, a lot of small pores were
observed on the grains with smaller particles.
Consequently, the reason of the faster absorp-
tion by HAp-KOH may be due to small pores.
In this experiments, therefore, HAp-KOH was
mainly used for removing heavy metal ions in
solutions from this results.

4-2.
ture on absorbing reaction rates.

Dependence of solution tempera-

A solution containing Cr*" ion was used for
investigating the effect of solution temperature
upon the ion-exchange reacton rate. The result
is shown in Fig. 5. The C/Co means the ratio of
Cr®" concentration at reaction time t to the ini-
tial one in solutions. As is clearly shown in
Fig. 5, the ion-exchange reaction occurs rapidly
within 5 minutes and the reaction rates in-
crease with an increment of the temperature.
The similar tendency was found for all of other
ions used in this experiments.

In order to analyse the results from the
viewpoint of reaction kinetics, attempts were
made to find the linear relationship between
C/Co and the reaction time and to describe an
equation.

The following equation was found to be
available for all of ions and at any temperature
within 60 minutes of the reaction time in this
experiments,

logio (C/Co) =kt (1)

where k is an apparent reaction rate constant.
The plots in Fig.5 were arranged according to
the equation (1) to the plots shown in Fig.6
indicating that the relationship between logu
(C/Co) and t"” almost satisfies the equation (1).
In the reaction time range over 60 minutes, the
plots have a tendency to deviate over lines at
any temperature.

The values of slope of each line in Fig.5
were obtained by method of minimum least
squares for Arrhenius plots between logek and
1/T and the result is shown in Fig.7. The
plots show the good linear relationship and the
activation energy calculated from a tangent of
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Fig.6 Relashionship between loguw (C/Co)

and t'" in solutions containing Cr*"

ion between 2°C and 40C

the line, using the minimum least squares
method, is about 20 kJ/mol which indicates the
effect of solution temperature on ion-exchage
reactions is relatively small. In order to make
sure whether or not the equation (1) can be
applicable to other ions, logi(C/Co) obtained at
the temperature of 20°C solutions were plotted
aganst t'’. The result is shown in Fig.8, in
which the plots of each ion fairly hold the lin-
ear relation. No ion-exchange reaction was ob-
served for Cr’* and Mn'" at any temperature.
The values of an apparent reaction rate

Reaction time (sec.1/3)

Fig.8 The relationships between logi (C/
Ci) and t"° for all of ions used in
this experiments at 20°C

constant, k for each ion were evaluated from
the slope of each straight line in Fig. 8 and are
listed along with k obtained at 30C solutions
in Table 2. From these values in Table 2, the
rank of the rate of ion-exchage reactions might
be determined as follows.

20C: Pb** >Cd* >Cr’* =Cu®*" >Fe** >Mn®"
>Ni** >Fe’* >Cr** =Mn'" =0

30C: Pb* >Cd* >Cr** = Cu®* >Fe?* >Mn?*
>Fe’* >Ni** >Cr®*=Mn""=0

The above order at 20C and 30C are almost
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Table 2 Values of an apparent reaction rate constant of each ion at solution temperature

of 20°C and 30C

Cd 2+ Cu 2+ Fe 2+ Mn 2+ Ni 2+ Pb 2+ Cr 3+ Fe 3+ Cr 6+ Mn T+
~k(20C)| 0.171 0.124 0.108 0.082 0.054 0.373 0.133 0.052 - -
~k(30C)| 0.188 0.128 0.118 0.088 0.057 0.395 0.186 0.067 - -

Table 3 The values of the standard Gibbs free energy of formation for divalent ions,
trivalent ions, compounds and of free energy change of reaction (3)

AG” f for AG” f for AG’ f for .
divalent ion trivalent ion compound (re§3G) (k) logek (20°C)
(kJ/mol) (kJ/mol) (kJ/mol) ’
Cus(PO4) s 65 —2051.4 —22.1 —2.09
Cas(PO4)3 —553.5 —3884.8
Cds(POs) s —T71.7 —2456.4 1 —1.766
Fes (PO4) 2 —84.9 —2515.8 —36.8 —2.22
FePO+ —11.6 —1133.9 —20.3 —2.96
Pbs(PO4)s —24.3 —2432.6 —135.4 —0.98
Niz(PO4) 3 —45.6 —2353.1 8 —2.92
Mns(PO4)s —227.6 —2912.5 —5.4 —2.50
CrPO4 —215.5 —1266.1 123.1 —2.02
the same, however, Fe’* becomes faster to be -0.5 T T Y T
absorbed than Ni** at 30C. Pb’" ion was rap- @ : divaleat metal fou
idly absorbed in low pH region, however, Ca’* -1.0 'P.;;:_ W : trivalent metal ion
ion, leaving from HAp by an ion-exchange reac- 15
tion with Pb**, quickly increased and made pH p @ cazt
of solutions higher as is shown in Table 2 and 2 -2.0 C“: -
consequently, the absorption reaction stopped 3 Felf@ Mn2+ Fe3*
over reaction time of about 15 minutes. The -2.5
order of the reaction rate shown above was oNizH
found not to be directly related to the size of -3.0 Cp3+
each ion nor to the electronegativity of atoms. 3.5
Those which have similar ion size to Ca’", have -150-100 -50 0 50 100 150

an advantage for the fit to the absorption sites
and are easier to be ion-exchanged, however,
Pb** (ionic radius=1.28A) is faster than Cd**
(ionic radius=0.97A) which is the most closest
to Ca®" ionic radius. In the case of multivalent
ion like Cr** and Mn’", the electric charges of
3 or 4 Ca’* ion sites in HAp should be compen-

sated by only one multivalent ion, hence it

AG® (reaction (3))(k])

Fig.9 The relationship between standard
free energy change of reaction (3)
and logarithm of apparent reaction
constant, k at 20°C solution

seems to be very difficult for their ions to fit

into Ca’" sites in HAp structure. None of the
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correlation were found between ion-exchange
reaction rate and the electronegativity of each
ion”. The activation energy calculated from
the data shown in Table 2 and the values of k
obtained at other temperatures were found to
be very small in the range from 3kdJ/mol to
7kL/mol. in the case of divalent ion, whereas in
the case of trivalent ion, Fe’* and Cr®" show
19kJ/mol and 20kJ/mol, respectively. The fact
indicates that the mechanism of ion-exchange
of divalent and trivalent ions with Ca®" in HAp

may be different.

5. Thermodynamic consideration for
ion-exchanged reaction.

Ion-exchange reaction rate is not necessar-
ily related to the ionic radius nor to the
electronegativity, thermodynamic consideration
has been carried out to learn other correlated
factors to the apparent reaction rate constantk.

First of all, an attempt was made to find
out the relationship between standard Gibbs
free energy change, AG" (298K, latm) accom-
panied with the following ion-exchange reaction
(2) and the apparent reaction rate, k of each
ion obtained in this experiments.

Can(POs)s(OH),+ 10Me’* =Meun(PO4)s(OH):+10Ca* (2)

where Me®" is divalent metal ion. However,
because of the lack of thermodynamic data
about Cam(POOs(OH)z, Cas (POs)z compound
was used as the following equation (3) instead

of Caw(PO4+)s(OH): for the cnsideration.
Cas(PO04):+3Me?" =Mes (PO4) 2 +3Ca®"  (3)

The values of AG’ f for each compound and
ion®¥ are listed up in Table 3.

Fig.9 shows the relationship between AG’
In the
case of divalent ions, a slight correlation seems

(reaction(3)) and log.k for each ion.

to exist wthout Cd’*, that is, logek increases
with a decreament of AG’® (reaction(3)), in
case of trivalent ions, however, an analogous

relationship was not obserbed.

6. Coclusion

Hydroxylapatite (HAP) was synthesized by
immersing fish scales in KOH solution at 60C
for 24 hours and was used for absorbing heavy
metal ions in the solutions containing Cu®*,
Cd“, Fe“, an+’ Ni”, P 2+, Cr“, Fea+, Crt
and Mn'"".

Main results obtained in this experiments
are as follows.

(1) HAP prepared from fish scales showed a
high capacity for ion exchange with ions
mentioned above without Cr®* and Mn'" in
the temperature range from 2 C to 40C.

(2) Absorbing reaction rates was found to be
given by the following equation for any
ions and in any temperatures of solutions.

log C/Co=Lkt" (1)

(3) The values of apparent reaction rate con-
stants k in the eqation (1) at 20C ob-
tained shows the following ranking of rates
for being absorbed.

Pb* >Cd** >Cr** >Cu®** >Fe’t >Mn**
>Ni** >Fe** >Cr®*, Mn™"

(4) Arrehenius plots showed good linear rela-
tionships between k and reciprocal num-
bers of temperatures and the activation en-
ergy was found to be very small between.
about 3kJ/mol and Tkd/mol for divalent
ions and 19kJ/mol and 20kJ/mol for Fe**
and Cr’', respectively.

(5) Themodynamical considerations between k
values of each Cu*", Cd*", Fe*', Mn’",
Ni**, Pb*" and the standard Gibbs free en-
ergies accompanied with following ion-

instead of (2)

showed a considerable correlation.

exchange reaction (3)

Can(PO4s)s(OH): + 10Me* =

10Ca** + Mew(PO4)s(OH): (2)
Cas(PO4)2 + 3Me™ =

3Ca* + Mes(POs)2 (3)
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