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&  Optimization of NO; “red

Using Metal P

Summary

In recent years, nitrogen (mainly NOs ~) in various types of wastewater has been causing serious
pollution of natural waters. In this study, copper and various kinds of metal powders were used to reduce
NO:~ to NH.*, which can be easily removed. As a result of the experiment, it was found that the larger the
difference in potential between the copper and the iron, the higher the reduction efficiency. In addition, we
consider that NO: - was relatively often reduced to NH. * without passing through NO. "when we use Sn
and Fe.

Introduction

LAND-SYSTEM
CHANGE

ccccccccccccc

Environmental damage caused by nitrogen become more serious

¥

NO: - is contained in household drainage and agricultural drainage

Improved known method of reducing NO: -
1 “Biodiversity Intactness Index - Below boundary (safe)
tO more eaS”y remOV8b|e NH4 * **The extinctions per million species-years ; ;;;::Z2::(5:21'1::::?;:;:::

FRESHWATER USE

phosd

BIOGEOCHEMICAL
FLOWS

Preliminary Experiment Hypothesis
Add copper-supported Fe powder (Fe powder By changing the Fe powder used in the
with copper attached to its surface) to the previous study to a metal powder with a
aqueous solution containing NOs - higher ionization tendency, more reduction
= The reduction of NO:~ to NH. " in the reactions (more efficient reduction reactions)
aqueous solution was confirmed can be carried out in a shorter time

Main Experiment 1 Results 1

1) Immerse iron powder in 1 mol/L hydrochloric We did the experiment for three times

acid for 5 minutes = Remove oxides First experiment : Sn was not used and NH. * molarity was not

measured due to the availability of chemicals
Third experiment : We made a mistake and did not obtain any

2) Add 0.75 mol/L copper(ll) sulfate solution data for Sn

= Precipitating copper
on the iron surface 'YW A\ 10 may, The Average of Molarity of NO:~,NO:",NH.*

| j > E&F
3) Filter the powder in 2) 3.50

=»\Nash with pure water

= Add to 200 mL of 3.00
0.04 mol/L sodium nitrate solution = 2.50 ENO;-
> &4 ©
_ "0 2.00 = NO.-
4) Stir and leave 3) for about one day —
= Filter them 2 L 1.50 o NH.-
= Measure absordance ’ 1.00
= Calculate molarity of NOs:"and NO2" gy them 0.50
for one day '
Mg Zn Fe Sn

5) Measure the molarity of NH.* by indophenol
blue absorptiometry Metal Supported with Copper




Consideration 1
Metal with a higher ionization tendency : The red
solution

uction rate of NOs;™ to NO,” and NH,* in the aqueous
was high

= \We can reduce NO;~ more efficiently by metals with higher ionization tendency
Mg or Zn: The amount of NO,~, which is considered to be a substance in the process of reduction to

NH,*, will also be larger
NO," is more toxic than NO5;~ and is less easily re

moved as well as NO;~

= |t is also important to avoid NO,™ generation
Fe, Sn : The amount of NO,™ generated is small

Main Experiment 2

Preliminary Investigation

+ Using the data from the experiment 1 ,
we calculated the rate constants for
each reaction

- Reaction rate of NOs~ to NO. "~ : k,[NO3]
Reaction rate of NO:~ to NH+* : k,[NO, |

* pH is not taken into consideration

Experimental Method

Prepare Fe, Zn, Mg, and Sn powders by the same

method as in the previous study and add them into
400 X 1072 mol/L sodium nitrite solution

Examine the absorbance and calculate the molarity
of NO: -

Calculate the molarity of NH« "
absorption spectrophotometry

by Indophenol blue

Result 2
Preliminary Investigation

Main Experiment 2

(h) Reaction Rate Constants Calculated Molarity of NO2~,NH.*
from Experiment 1

(2} 4.00

E 2': 3.50

7] ’ 3.00

S o6 2

o 0.5 = 2.50 H [NO;7]

2 % 2.00

© 0.4 ] k1 E 150

X o3 =k - H [NH,*]

E 0.2 i I 2 1.00 I

© o041 0.50

8 0 | [ ﬁ . 0.00

4 Mg sn Zn Fe Sn Negattlvle

control
Iron Supported with Cupper Iron Supported with Copper
Consideration 2
Preliminary Investigati_on _ Main Experiment 2
= The smaller the ionization tendency, = The larger the ionization tendency,
the more efficient the reduction of NO."to NH:*  the more efficient the reduction of NO.~ to NH.*
In relatively more cases, NO:s ™~ is reduced to NH. * without going through NO: -

Conclusion

In terms of reduction efficiency, Mg is suitable
In terms of the burden on the environment, Fe and Sn are suitable

Challenges and Prospects
1.Search for a reduction method with high reducti
2.Confirm whether the reduction to NH. * without

on efficiency and low environmental burden
NO: " is really occurred in the reduction using Fe and Sn

3.Consider from more perspective to make this study practical
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Optimization of NO; Reduction Using Metal Powder

Kawaguchi Yui Yoshioka Yuri

Nishimura Haruto

Sasanuma Ryota

ABSTRACT

In recent years, nitrogen (mainly NOs’) in various types of wastewater has been causing serious pollution of natural waters. In this

study, copper and various kinds of metal powders were used to reduce NO, to NH,", which can be easily removed. As a result of the

experiment, it was found that the larger the difference in potential between the copper and the iron, the higher the reduction efficiency.

In addition, we consider that NOs™ was relatively often reduced to NH,* without passing through NO,  when we use Sn and Fe.

Keyword : NO; NO, NH{'

1. Introduction

We focused our research on the pollution of natural
water by nitrate ions (hereafter referred to as NO;3"). The
Planetary Boundary (Figure 1), which shows the critical
value for each environmental problem, indicates that the
environmental destruction caused by nitrogen is critical (4],

Since NOs" is abundantly contained in domestic and
agricultural wastewater, and this amount is expected to
increase with population growth 31~ 101 this study aimed
to improve the known method of reducing NOs™ to
ammonium ions (NH4"), which can be more easily
removed.

BIOSPHERE INTEGRITY

LAND-SYSTEM
CHANGE

CLIMATE CHANGE

FRESHWATER USE

NOVEL ENTITIES
[Notyet quantified)

o

BIDGEQCHEMICAL
FLOWS

/ OCEAN

ACIDIFICATION

STRATOSPHERIC
OZOME DEPLETION

ATMOSPHERIC
AEROSOL LOADING
(Mot yot quantified

Below boundary (safe)

*Biodiversity Intactness Index
Im zone of und

**The extinctions per million species-years
B Beyond zone of unce:

Figure 1, Planetary boundaries 2014

2. Hypothesis

In previous studies, it has been confirmed that NOs™ in
aqueous solution is reduced to NH4" by adding copper-
supported iron powder (iron powder with copper attached
to its surface) to an aqueous solution containing NO5 (112,
We hypothesized that by changing the iron powder to a
metal powder with a higher ionization tendency, more
reduction reactions (hereinafter referred to as "efficient
reduction reactions") could be performed in a shorter time
than with copper-supported iron powder, and conducted the

cupper-supported iron powder reduction

following experiments.

3. Experiment 1
3. 1 Preliminary Experiment
3. 1. 1 Method

To confirm the reduction of NO3™ by copper-supported
iron powder, the following procedure was used to
reproduce the previous study.

(1) 4.00 g of iron powder was soaked in 1 mol L!
hydrochloric acid to remove surface oxides.

(2) The powder was immersed in 0.75 mol L' copper(1l)
sulfate solution for 5 minutes to support copper on the
surface. The surface was then washed several times
with deionized water.

(3) The copper-supported iron powder prepared in step (2)
was added to 200 mL of a 0.04 mol L' aqueous
sodium nitrate solution, and the mixture was left
stirring for approximately 8 hours using a magnetic
stirrer together with the aqueous sodium nitrate
solution of the same concentration.

(4) The absorbance of the filtered aqueous solution was
measured using a spectrophotometer (Hitachi U-1900
Spectrophotometer).
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3. 1. 2 Results
The results of the Preliminary Experiment are shown
below. (Figure 2)

(Abs)

0.35
0.30
0.25
0.20
0.15
0.10

0.05 \
0.00

Absorbance

O = N N < IO O M~ 00 OO0 O 1 N M < O

00 O O+ N M < 1O O~ 0 O +dF NN M <

N N MO 0 N M MO MO O 00 0O F < < < <
Wavelength (nm)

= (asethat the powder is not added
Case that the powder is added

Figure 2. Preliminary survey Absorbance of each solution

3. 1.
The results showed that the addition of copper-supported

3 Consideration

iron powder decreased the absorbance around 300 nm and
increased the absorbance around 350 nm.

NOs™ absorbs light with a wavelength around 300 nm and
nitrite ion (hereafter NO;"), which is thought to be formed
in the intermediate step of reduction from NOj;™ to NH4",
absorbs light with a wavelength around 300 nm. This result
confirms the reduction of NO;™ by the copper-supported
iron powder.

3. 2 Main Experiment 1
3. 2. 1 Method
The experiment was conducted three times according to
the following procedure. In the first experiment, the tin test
section and the NH4" concentration measurement described
in step (7) were not conducted due to the availability of
chemicals. In the third experiment, the procedure was not
followed correctly and no data were obtained for the tin
experimental area.
(1) 4.00 g of iron powder was prepared along with 4.68 g
of zinc powder, 1.74 g of magnesium powder, and
8.50 g of tin powder to match the amount of
substance.
(2) Each was immersed in 1 mol L! hydrochloric acid for

5 minutes to remove surface oxides. The surfaces were

then washed several times with pure water.
(3) Each of the samples was immersed in 0.75 mol L'!

copper(Il) sulfate solution for 5 min, and copper was
supported on the surface. The surfaces were then
washed several times with deionized water.

(4) 1000 mL of 4.00 x 10"2 mol L"! sodium nitrate solution
was prepared and divided into five 200 mL portions.
The metal powder prepared in step (3) was added to
four of the five, and one was used as the control
experimental area.

(5) Each of the five experimental sections was left stirred
for approximately one day under the same conditions
using a magnetic stirrer.

(6) The absorbance of the filtered aqueous solution was
measured using a spectrophotometer. The
concentrations of NO3™ and NO; were calculated from
the measured absorbance. (See 8.2 for detailed
measurement method.)

(7) The concentration of NH4" was measured using
indophenol blue absorbance spectrophotometry. (See
8.3 for detailed experimental procedures.)

3. 2. 2 Results
In all experiments, no reaction was observed in the
control area.
(Ionization trends were in the order of Sn < Fe <Zn < Mg.)
The results of experiment 1 are shown below (Figure 3-
5, Table 1-3). (Figure 3-5, Table 1-3)

(102 mol/L)  Molarity of NO, and NO,"
c 4.00
02
©
= 3.00
o
(]
(@]
S 2.00
(@)
(_oB 100 NO;3~
=
0.00 - . HNO,
Fe Zn Mg

Metal supported with copper
Figure 3. Molarity of NO 3 “and NO, "in Exp. 1-1

Table 1. Experiment 1-1 Molarity of NO3 ~,NO,~ (1072 mol L")

NO; ™~ NO2 "~
Fe 3.31 0.11
Zn 3.29 0.58
Mg 0.003 1.46
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generation of NO»'. Therefore, we conducted the following

(10Zmol/L)  Molarity of NO5 -, NO, and NH,* experiments to investigate the reason why the amount of
4.00 NO; produced by iron and tin was small compared to that
S of NH".
T 3.00
§ 200 NOs™ 4. Experiment 2
§ mNO,- 4. 1 Preliminary Experiment
s 1.00 . 4. 1. 1 Method
g 0.00 _ L I. [ | e Using the data obtained in experiment 1, the respective
sn Fe 7n Mg reaction rate constants(k;, k,) were determined assuming
Metal supported with copper that the order of each reaction was 1. In this case, pH was

assumed to have no effect.

. . a - i
Figure 4. Molarity of NO3 ~, NO, and NH,;" in Exp. 1-2 Reaction rate of NOs reduction to NOy™ * kl [N03_]

Table 2. Experiment 1-2 Molarity of NO5; ~,NO, ,NH;* (10 2>mol L) Reaction rate of NO» reduction to NH4* < k, [NOZ_]
NO;~  NOy~  NHi' |
Sn 3.80 0.01 0.05 4. 1. 2 Results
Fe 3.64 0.06 0.09 The results of the Preliminary Experiment are shown
Za 127 0.82 0.24 below. (Figure 6)
Mg 0.23 1.61 0.47

107

—~
=

(10 mol/L)  Molarity of NO5~, NO, and NH,*
4.00

3.00

constants

2.00

0.6
0.5
0.4
0.3
NOs~
1.00 B NO, 0.2
B NH;* 0.1
0.00 — . -
Fe Zn Mg 0 o .
Sn Fe Zn

Metal supported with copper Mg

Average value.of reaction rate

Molar concentration

Metal supported with copper

. . - a v
Figure 2, Molarity of NO3; ~, NO, and NH4 " in Exp. 1-3 NOs">NO,- B NO,<>NH,*

Table3. Experiment 1-3 ~ Molarity of NO3 ~,NO, ,NH," (10 >mol L")

NO3 ™ NO, ™ NH;*
Fe 376 0.05 030 Figure 3. Average Values of Reaction Rate Constants
Table 6 Reaction rate constants (ki, k2) calculated from experiment 1 (h™!)
Zn 1.48 1.92 0.28
h™! ki k2
Mg 0.48 1.85 1.75 Mglst 0.29 0.05
3. 3 Consideration Mg2nd 0.12 0.05
The results show that the reduction rate of NO3  to NOy Mg3rd B e
and NH4" in aqueous solution is higher when a metal with a Znlst 0.01 0.02
large ionization tendency is used. This suggests that, as Zn2nd 0.05 0.10
hypothesized, the use of metals with a large ionization Zn3rd 0.04 0.02
tendency allows more efficient reduction reactions to occur. Felst 0.01 0.25
On the other hand, when magnesium and zinc are used, Fe2nd 0.004 0.25
the amount of NO,", which is considered to be a substance Fedrd 0.003 0.21
in the process of reduction to NH4", is also found to be Sn2nd 0.002 0.68

higher.

Since NO," is more toxic than NO;™ and is not as easy to
remove as NOjz", we considered it important not only to
increase the reduction efficiency but also to prevent the
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4. 2 Main Experiment 2
4. 2. 1 Method

The same procedure as in experiment 1 was followed by
changing the sodium nitrate solution of 4.00x102 mol L*! to
the same concentration of sodium nitrite.

4. 2. 2 Results
The results of experiment 2 are shown below. (Figure 7,
Table 4)

(102 mol/L)  Molarity of NO, and NH,*

< 4.00

Kol

S 3.00

C

()

g 2.00

o

(&)

5 1.00 I o

o mNO,”

= 0.00 — | l mNH,*
n

Sn Mg
Metal supported with copper

Figure 4, Molarity of NO, and NH," in Exp. 4
Table 4. Experiment 2 Molarity of NO, ,NH," (102 mol L")

NO,~ NH4*
Sn 3.82 0.05
Fe 3.60 0.29
Zn 2.85 0.58
Mg 2.67 1.41

4. 3 Consideration

The reaction rate constant of NO,™ to NH4* was obtained
from the results of Experiment 1, and the smaller the
ionization tendency, the larger the value. On the other hand,
in Experiment 2, the reduction efficiency of NO,™ to NH4*
was higher the larger the ionization tendency, a result that
is contrary to the Preliminary Experiment.

From these results, we hypothesized that iron and tin
may have relatively more reactions in the reduction of NO3
that directly reduce NOj;™ to NH4* without going through
NOz'.

5. Conclusion

From Experiment 1, metals with a large ionization
tendency such as magnesium are overwhelmingly superior
in terms of reduction efficiency, but from Experiment 2,
iron and tin are also considered superior in terms of
environmental burden.

6. Future prospective
* We will search for a reduction method with high reduction
efficiency and low environmental burden.
* We will check whether reduction to NH4" without through

NO:"is actually taking place.
+ We will consider more perspectives for practical use.
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8. Reference
8. 1 About the biological harm of the metals
For the metal powder used in this study, the semi-lethal
doses for rats administered orally are as follows [*1,
Mg?* :
Sn* : 14 mmol kg!

40 mmol kg!

Fe** : 18 mmol kg'!
Zn** : 8.1 mmol kg’!

8. 2 About Methods for Measuring Molarity of
Nitrate Ion and Nitrite lon

Let A

of ¢y mol L)i’concentratlon of X. where the concentration

be the absorbance at a nm of a solution

of X is denoted by cy.
Let gx, 2 be the molar absorption constant of X at a nm
and 1 be the cell length, and from Lambert-Beer's law

A, cx a) = Ex )l

The absorbance of Na*, NH4*, and CI" are assumed to be
negligible. Let M™ be the ion that is considered to be
generated from the metal powder used. If the absorbance of
the sample at a nmis Ay, the absorbance of the sample can
be considered to be the sum of the components

A(a) = A(NO{,CNOE,a) + A + A(M’”’

(NOZ_,cNoE,a) Cyn+s a)

= &woya)lcnos T Ewoyaylcnoy + Eunta)leunt @
Here, M™" corresponds to Fe’" when iron is used, Sn*
when tin is used, and Mg?*" when magnesium is used, but
when zinc is used, but the following is considered to be true
when zinc is used, since it is thought to be mainly Zn?*" and
[Zn(OH)4]*.

A@ = E(nog. a)lN0s F oy, o)lN0s F E(gnze, o) lCan?+

+ g([Zn(OH)4]2_, a)lC[Zn(OH)4]2‘

The A for each 1 nm at 280 nm<a nm<415 nm
for X=Na 03, N)aN02, FeCl;, SnCl,, MgCl,, ZnCl,,
Nay[Zn(OH)4], ¢x=0.01 mol L' were measured using a
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» a)l were obtained

spectrophotometer and the values of & (
(Note: When tin is used, Sn*" is also considered to occur,

but for experimental reasons, the value of A when

Sn*" is used could not be measured, so it was notXco‘;1)51dered
in this study).).

The value of Ay was then measured using a
spectrophotometer, 1 nm at 280 nm<a nm<415 nm.

Transforming (D
A ~ Ewozwlenos — Ewoz.mlenoy — Emmt g)leyn+ = 0
0 < (Aw) ~ &wos.a)leno; ~ &wos,a)lCno; — S(M"*.a)lCMT”)Z =0
Therefore

2
0 < Z (A(a) i g(NO;,a)lCNOQ - S(Noz_,a)lCNOZ_ i E(Mn+’a)lCMn+) =0
280=as<415

(Note that the unit for a is nm.)

YA

NO3, a
L, into the above equation and calculating cyoy3

Therefore, substituting the values of A, €
g(M"”, a
Cnoy» Cun+ such that the second side approaches zero, we
obtain [NOs] and [NO;]. This calculation was performed
using Excel.

However, when zinc is used,

2
(A(a) - E(Na;,a)lczva; — &noz @) lCNo; - S(Zn“,a)lCZn“ - 5([2"(01‘1)4]2_,&)lc[Zn(OH),,]z‘) =0
280sas415

Here, using the calculated cyo;, Cnoys Cyn+, the graph
lenoy +

chn+ is the sySthe51s graph.

represented by a and the function of a ¢
€ NO;, a

lenoy + €(yme
Figure 8'shows a comparlson of the synthesis graph with

the graph measured in Experiment 1-1, the case with
magnesium, and it can be seen that they are indeed in good

agreement.
0.40
7R
0.30 4
/// \
0.20 y
~
0.10
0.00 S
O 0 O I N O 0 O F N O 0 OW T N O ©
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— |\ g Synthesis graph

Figure 8. Reconciliation of graphs based on actual measurements and

graphs based on calculations

8. 3 About indophenol blue method
Ammonium ions undergo a Berthelot reaction with
phenol in the presence of hypochlorite ions to produce

indophenol.
7 NH—oH .
HCIO = cl

RSl S Wes

(Scheme is quoted from [12])

Since the blue color of the sample depends on the amount
of ammonium ions, the concentration can be determined
from a calibration curve by measuring the absorbance at 630
nm.

Figure 9 : Liquid treated by reacting Zn, Sn, Mg, and Fe copper-
supported powders (from right to left)

The following is a description of the specific procedures
used in this experiment. In considering the experimental
procedure, JIS K 0102 was used as a reference P13,

(1) Preliminary Operations

In the case of liquids with iron, zinc, and tin, 1 mL of
ZnSOsq solution (10 g of zinc sulfate heptahydrate to 100 mL
with water) was added to 100 mL of sample, stirred well, and
about 0.5 mL of sodium hydroxide sodium carbonate mixed
solution (30 g sodium hydroxide and 25 g anhydrous sodium
carbonate to 200 mL with water) was added, stirred well
again, and left for a while. The supernatant liquid was
filtered, about 25 mL of the initial filtrate was discarded, and
the remaining 10 mL of filtrate was diluted to 100 mL and
used.

In the case of liquid with magnesium, 1.5 mL of the above
sodium hydroxide sodium carbonate mixed solution was
added to 100 mL of sample, stirred well, and left for a while.
About 25 mL of the initial filtrate was discarded, and the
remaining 10 mL of filtrate was diluted to 100 mL and used.

(2) Preparation of 1 % Sodium Hypochlorite
Solution
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Sodium hypochlorite solution used in this study is easily
decomposed, so it was prepared as follows each time it was
used.

Take 10 mL of sodium hypochlorite solution (effective

chlorine 7-12%) in a 250 mL volumetric flask, and add water
up to the marked line. The 10 mL was taken to a 300 mL
Erlenmeyer flask with a stopper, and approximately 100 mL
of water was added.
Potassium iodide 1 g and 6 mL of acetic acid (a mixture of 1
volume of acetic acid and 1 volume of water) were added,
tightly stoppered, shaken well and left for about 5 minutes,
and then titrated with sodium thiosulfate solution (6.30 g
sodium thiosulfate pentahydrate and 0.20 g anhydrous
sodium carbonate diluted to 1 L with water using a
measuring flask).

When the yellow color of the solution faded, 1 mL of starch
solution (10 g L!) was added as indicator and titrated until
the blue color of the resulting iodo-starch disappeared. The
effective chlorine content N was calculated by the following

equation.

NI %] = ><0000887><250><100
w/v %] =a . 10 10

a - Titration volume [mL]

0.000887 : Chlorine equivalent of 1 mL of sodium thiosulfate
solution [g].

2" : Dilute 10 mL to 25x

1% : 10 mL of sodium hypochlorite solution is converted to

10
100 mL
Note that 1 w/v % means 1 g in 100 mL.
Then, % mL of sodium hypochlorite solution was added
to a 100 mL measuring flask, and the solution was filled up
to the marked line to prepare a 1 % sodium hypochlorite

solution.

(3)Main Operations

Take 25 mL of the sample pretreated in (1) in a 100 mL
Erlenmeyer flask, add 1 mL of EDTA solution (5 g of
disodium dihydrogen ethylenediaminetetraacetate dihydrate
dissolved in water to make 100 mL) and 10 mL of sodium
phenoxide solution (11 g sodium hydroxide dissolved in
water to 55 mL, 25 g phenol melted on a hot plate, dissolved,
allowed to cool, 6 mL acetone added, made up to 200 mL
with water) was added and mixed well. Next, 5 mL of the
sodium hypochlorite solution adjusted in (2) was added, and
water was added to make 50 mL. A portion of these solutions
was transferred to an absorption cell, and the absorbance at
a wavelength of around 630 nm was measured using a
spectrophotometer.

(4) Calibration Curve
The absorbance was measured at a wavelength of around

630 nm using 25 mL of water as an empty test solution. In
addition, 10 mL, 5 mL, 2 mL, and 1 mL of NH4" standard
solution (2.97 g of ammonium chloride to 1 L with water
using a measuring flask; 10 mL of this liquid diluted to 1 L
using a measuring flask) were diluted to 25 mL with water,
respectively, and the absorbance was measured in the same
operations as in the main experiment. (Note: Each mL of
NH4" standard solution contains 0.01 mg of NH4")

Since the volume of the NH4" standard solution used and
the absorbance value at 630 nm show a linear relationship, a
regression analysis was performed using Excel to obtain an
approximate equation.

(5) Calculation of the concentration of ammonium
ions
Using the approximate formula obtained in (4), the
amount of NH4" per 2.5 mL of sample was determined from
the absorbance of the liquid obtained in this operation, and
the molar concentration of NH4" in the sample (102 mol L")
was calculated using the following formula.

NH} ions[1072 mol L71]

1000
= (NHj quantity obtained from absorbance[mg]) x 5
-3 2
. X 18.04 X 107° x 10
Y : Convert 2.5 mL sampleto 1 L
1 .
oo Convert mg to mmol with respect to NH4*.

1073 : Convert mmol to mol

8. 4 Calculation of Reaction Rate Constants

Assuming that NOs™ is reduced to NO, and NH4" in that
order and that the order of reaction of each is first order,
using the constants k;, k,, the reaction rate at which NO3
is reduced to NO,™ can be expressed as k,[NO3 ] and that at
which NO, is reduced to NHi" as k,[NO;] , the
concentration changes for each ion can be expressed as
follows [OI8IL,

(d[N03_]

i = —k;[NO3]

d[’;fz] = k,[NO3] — k,[NO;]
| d[NH}

k[mlzhww]

Solving the above differential equation and substituting
the initial conditions (at t =0, [NO;] = [NH}] =0 and
[NO3] = [NO3],), we obtain the following.
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[NO3] = [NOzlpe ¥t - (2

kit _ p—kat
0 k, — ky (e e ) ®

k kit _ k —kot
@wm=m@h1—ze &
Ky — Ky

[NO;] = [NO5]

Equations 2) and 3 are transformed to obtain the two
equations below.

( 1, ([NO3]

[NO3] ko\ INOZ] — he _ 0
(o, (1% gy~ =0 @

Data from Experiment 1 were substituted into equations
@ and &), respectively, and k;, k, were obtained by
solving the equations. This calculation was performed using
Excel.

(Note that t=24h, [NO3],=4.00%x10"3mol L,
and[NO3], [NO;] are the concentration of NO; and NOy
at t =24 h).

8. 5 Reaction rate constant when the direct
reduction of NO3™ to NH4 " is considered(reference)

Assuming that the reactions in which NO;™ is reduced to
NO; and NH4" in that order and the direct reduction of NOs"
to NH4" occur in parallel and that the order of reaction of
each is first order Assuming that the order of reaction of each
reaction is first order, using the constants k;, k,, ks, the
reaction rate of reduction of NO3™ to NOy is k;[NO3] and
that of reduction of NO; to NH4" is k,[NO;], and the
reaction rate at which NOj is directly reduced to NHa" can
be expressed as k3[NO3]. Using the constants ky, k,, ks,
the reaction rate at which NOs" is reduced to NO, can be
expressed as k;[NO3], the rate at which NO;" is reduced to
NH4" as k,[NO;], and the rate at which NOs™ is reduced
directly to NH4" as k3[NO3]. Now calculate ki, k,, kg
when k, is calculated from the data of Experiment 2. The
change in concentration of each ion can be expressed as in
the following three equations.

d["c’ﬁos’_] = —(k; + k) [NO3]
d[IZtOZ_] = Iy [NO3] — k,[NO3 ]
d[IZII] = k3[NO3] + k[NO; ]

Solving the differential equation above yields.

[NO3] = [NO3]oe~tatkadt ... (§)
kl
1t (p—(katk3)t _ ,—kat
e e
0 k, —k; — ks ( ) @

kze_(k1+k3)t - (kl + k3)e_k2t
NH;]=[NO7]o|1—
k[ 4] [ 3]0( kz_kl_kg

[NO;] = [NOs]

Let the NO>™ concentration in experiment 2 be [NO5]',
and since the NOs™ concentration is 0, the change in [NO; ]’
can be expressed by the following equation.

d[NOs]

=l [NO;T

Solving the differential equation above yields.
[NO7]" = [NO7]pe 72 -

In using the data from Experiment 2, we decided that it
would be more accurate to use the data on ammonium ion
concentration rather than nitrite ion concentration, so we
transformed Equation into Equation (9 using
[NO5] + [NH[] = [NO3]',. Note that [NH;]" isthe NH4"
concentration in Experiment 2.

[NO; Yo — [NH{ = [NO;T e 2t (3

Let t =24k, [NO;], = [NO;]'s = 4.00 x
1073 mol L1, and first obtain equation from equation

.

1 ([N0§]o — [NH]

k,=—=In
2 t [NO; ],

) @

[NH}]" is the concentration of NH4" at t =24 h in
Experiment 2.
Next, equations @) and @2 are obtained from equations

©® and @.

( k1+k3=—%ln<[N03_]> - (1D)

{ 05 Ty
1 (VO3] [NO31o — INHZTY
U‘l‘t([NO;]o—[NH:]'—[N051>l”< [NO; ] ) ®

[NO3], [NO3] are the concentrations of NOs” and NO,
at t=24 h in Experiment 1, respectively.
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Substituting the data from Experiments 1 and 2 into

equations 10, D, and @), k,, k,, ks were calculated.
The results are shown below.(Figure 10, Table 6)

(h™Y 0.16

0.14
0.12
0.10
0.08 my,
0.06 Wk

0.04 ka

Reaction rate constants

0.02

Mg

0.00

i-l o
/n Fe S

Metals supported by copper

n

Figure 10, Reaction rate constants (ki,k,ks) calculated from

Table 6. Reaction rate constants (ki,k2,ks)

calculated from experiment 1, 2 (h™")

h! ki ke ks
Mg in Exp.1 0.156 0.018 0.138
Mgin Exp2 |  0.069 0.018 0.050
Mgin Exp.3 |  0.062 0.018 0.027
Zn in Exp.1 0.007 0.007 0.001
Zn Exp.2 0.016 0.007 0.032
Zn inExp.3 0.035 0.007 0.007
Fe in Exp.1 0.001 0.003 0.007
Fe in Exp.2 0.001 0.003 0.003
Fe in Exp.3 0.001 0.003 0.002
SninExp.2 | 0.0001 0.001 0.002

Although the values vary greatly from experiment to
experiment, the general trend is that the larger the
ionization tendency, the larger the reaction rate constant for
all ki, k,, ks.Forironandtin, k3 is relatively larger
than k;.
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How Do We Imagine Faces?

Zeze High School
Kohyama Sora Nishino Yoshiki Hamada Kaho Yamaguchi Nanari

Abstract

We studied the regularity between unmasked and masked faces. We did a survey and
collected data to find a tendency. We expected that there might be some regularities or
characteristics, but we have not been able to reach a definite conclusion.

Introduction

Since we started wearing masks for COVID-19, we have often felt that the face of another
person without a mask is different from “image” we had imagined. We wondered what “image”
was, and decided to research about it.

Method

1. Collect photos of 6 faces from “gettyimages.co.jp”

2. Edit them with a photo editing app called “SNOW”
(make their noses and mouths larger and smaller)

3. Survey
Send the survey site of “Google Forms™ on “LINE”
[Jsubjectl] more than 300 students at Zeze High School
[datel[Jin late November
[Jtool[Igoogle forms
1) look at a photo of a masked face
i1) look at 6 photos of edited faces
i11) choose one that is closest to their “image”

4. Analysis
Comparison of length ratios
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Four graphs (Graphsl,2,3 and 5) showed no tendency. However, the other two graphs
(Graphs 4 and 6) showed tendencies.

Consideration

According to the result, we thought that the face under the mask we imagined is based on
each person’s experience and the people we have met. For Graphs 4 anfd 6, we analyzed the
ratio of face parts, but we couldn’t find out why there was a tendency.
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A Study in the Effects of Communication Between Al

Yu Hirayama

Ayano Michiwaki

Abstract

Kennya Kawazoe

Kagura Miyamoto

We studied whether Al acting in a pair that can communicate with each other

has any specific effects. We found a model which shows that there somehow

was an effect caused by Al acting in a pair. However, we have not confirmed

whether the effect comes from communication or not.

Introduction

When an Al solves any problem, it is normal for
it to calculate with a single “brain” (which means
single AI). However, we thought of the need for
“cooperative Al” that can act in human society.
Therefore, we aimed to design an Al that

cooperates with other Al by communicating.

Method

1. Game Workflow

First, we create a pair of Al. In a 2D field, the
pair will carry food to their nest at the corner. Each
piece of food is placed randomly in the field, and
there could be more (or less) pieces than the
amount the Al can hold in each spot. The mission
for them is to bring back the determined amount
of food to their nest.
2. Reinforcement Learning

In this game, each Al is given -1 reward
(which means penalty) by default at each step.
When they bring food to their nest, regardless of
the amount, they are given +1 reward. Also, when
the amount of food brought meets the quota, the
Al which did not bring the last piece also gets +1
reward.

Each Al gets 15 parameters of state! to decide
in the action. Using Double DQN, the Al
estimates the value of each action in the current

state. There are 10 types of action?that Al can choose.

Four of them are actions to move 1 square, while

the rest of the actions are to send pieces of

information to the other AI. Since the AI can

choose either type of action at 1 step, it is

important for it to choose the optimal way.

1.states 2.actions
PROGRESS UP
MY_PLACE_ROW DOWN
MY_PLACE_COL LEFT
MY_PLACE_FOOD_NUM RIGHT
MY_HOLD_FOOD_NUM SEND_PLACE

MY_FOOD_TIMER

SEND_PLACE_FOOD_NUM

MY_FOOD_TASTE

SEND_HOLD_FOOD_NUM

MY_FOOD_COLOR

SEND_FOOD_TIMER

BUD_PLACE_ROW

SEND FOOD_TASTE

BUD_PLACE _COL

SEND_FOOD_COLOR

BUD_PLACE_FOOD_NUM

BUD_HOLD_FOOD_NUM

BUD_FOOD_TIMER

BUD_FOOD_TASTE

BUD_FOOD_COLOR

XData in colored boxes are dummy data.
2023-02-01 17:09:45.589951+09:00

size...10 goal...50 hold...10 appear_per...20 disappear...
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*Image of the game field.
Analysis
To analyze the Al's learning, we used this

formula.

(Average steps when played in a pair) x 2

E (Average steps when played alone)

E comes from “effect”, and when £'<1 is true, it
means that there somehow was an effect that
made the Al bring food more efficiently. This time,
we found a model that turned out to be lower than
1. In this case, according to the scatter plot, we
guessed that the Al which acted in a pair tended
to choose moving and communicating with less
randomness. However, this was not true in all

models. In some model £was higher than 1.

10 50_10_20 100 _alone A 10 50_10_20 100 pair A

communicate/steps
communicate/staps

qames

games

L, 1050 10 30_100_pairt2/alans 10 50_10_20 100 _pair B

L
L

———

ratie

communicateisreps

\N
~T000 mean “games”
¥ Versions of the program

Python 3.10.5

keras 2.9.0

numpy 1.22.4

pandas 1.4.2

tensorflow 2.9.1

pyinstaller 5.7.0

(Using pipenv==2022.12.19 to create exe file)
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Outlook

In this study, we still have not found a general
tendency. Since there are many parameters to
adjust, we are thinking of producing more models.
Also, we will collect more detailed data to analyze
the relationship between each action.
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