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THE SECRET of ELECTROLYSIS and MAGNETIC FIELD

Abstract

The flowing rate of Metal ion changes slightly in magnetic field. This influence is especially
remarkable while the magnetic force is very strong, that’s [ MHD (magneto Hydrodynamic Effect ),
which gives rise to ionic flowing all over the electrolyte. This flowing rate is superior to expanding
rate. Further, basing on the magnetic torque ’s vector trait, this research studies how electrolysis
velocity affects different metal ions (Na", K", Fe* , Al 3" , Mg2+) and MnO,4 under following

situations:

Some results are found through the experiment.
1. Begin with Farad Electrolysis First Law, and take the experimental analysis into account, then a

relative formula comes out as bellow.

Electrolysis Rate Rp=k x§ ( |H| x| cos@ | ) x| E |
(k:g/Ceweberes)

2. Electrolysis efficiency accelerates by the increasing price amount.

3. Active electrolytes get strong response to the magnetic field. For the same group, the more
active the electrolytes are, the stronger it responds to magnetic filed.
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S5 NaOH = 40,0
S # KOH= 56.1

PLET| NaNOs = 85.0

4 Mg(NO3); - 8H,0 = 256.4
Fegfl  AI(NOs)s - 9H0 = 375.1
ik Fe(NOs)s + 9H20 = 404.0
i KMnOg = 158.4

(Z) HEHR

~N R WD =
== M

LOWEERE 3 ml 23
35ml 2 3
60ml 4 3
- BB ) 3.5mm 2
.OEBTEN  [E 60mm 1 (i
4. WS A4 2.5cm javaiEl
#410.0 cm javaiEl
5. ”’Fﬁﬁ'ﬁﬁﬁ 250 ml jaralEl
6. ZFT 250 ml jaralEl
7. By 10 x10 cm 14
8. GE A 4 3
9. fEEIRT 1«F[
10. VKA 13
11. AR 1 ’F"[
12. PH i
13. i R ey 271
14. = P 27
ERES 13
16. S8l 4 i
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1.}%5{20\/ » NaOH 2M - KOH 2M 2?7’3{4& ’ Hﬁiﬂ%é‘ﬁ;@—?% 6000 ﬁ,'J:’?ﬁﬂJ‘ o

(1) #)%%f NaOH - KOH P~ iV jy - I1 > & [1]-

% [1] |EFTREERELY Y
=T (7

\Y EJJZEQ’? 0

NaOH KOH

20.0 0 0 490 460

20.0 6000 0 455 420

20.0 6000 45 470 435

20.0 6000 90 480 445

20.0 6000 135 465 435

20.0 6000 180 460 425

20.0 6000 225 465 435

20.0 6000 270 480 445

20.0 6000 315 470 435
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(2)E1% %} NaOH - KOH Bzt [ VY3 « i3 [2]

# [2) | FIREFEWRS TV

v oo ™

NaOH KOH
20.0 0 0 170.0 230.0
20.0 | 6000 0 185.0 250.0
20.0 | 6000 45 177.5 242.5
20.0 | 6000 90 175.0 235.0
20.0 | 6000 135 177.5 242.5
20.0 | 6000 180 185.0 252.5
20.0 | 6000 225 177.5 242.5
20.0 | 6000 270 175.0 235.0
20.0 | 6000 315 180.0 245.0
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(3)' 1% % NaOH ~ KOH sk /[ [V /2

ik (3] - i B Tl 250

F RS b | ST

MRS D 1y [P R =SSl > T ] /4 B~ g ] ]

% [3] | 6000 fEF™ EREPS sk Y
\% fF"J: 0 s
NaOH KOH
20.0 0 0 1.0000 1.0000
20.0 | 6000 0 1.0769 1.0952
20.0 | 6000 45 1.0425 1.0574
20.0 | 6000 90 1.0208 1.0337
20.0 | 6000 | 135 1.0537 1.0574
20.0 | 6000 | 180 1.0652 1.0823
20.0 | 6000 | 225 1.0537 1.0574
20.0 | 6000 | 270 1.0208 1.0337
20.0 | 6000 | 315 1.0425 1.0574
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Z.ﬁﬁZOV ~ NaNO3; 2M - Mg(NOs); 2M - AI(NO3)s 2M ~ Fe(NO3);2M - Kﬁiggq@—?g
6000 ﬁﬂji’?ﬁﬁ °

(1) 1% £ NaNO; - Mg(NO); - A(NO3)s - Fe(NOs)s Ferife™> s .V iy : 117 % [4] -

% [4] [FTRES R R

v L o = e R GF))

NaNO; |Mg(NO;), | AI(NO;); | Fe(NOs)s
200 0 | 0 | 1890 1770 3120 2640
200 | 6000 | 0 | 1590 1470 2700 2160
20.0 | 6000 | 45 | 1650 1530 2820 2250
20.0 | 6000 | 90 | 1740 1620 3000 2310
20.0 | 6000 | 135 | 1660 1530 2820 2240
20.0 | 6000 | 180 | 1580 1470 2710 2150
20.0 | 6000 | 225 | 1650 1530 2830 2230
20.0 | 6000 | 270 | 1750 1620 3000 2300
20.0 | 6000 | 315 | 1650 1530 2820 2250
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(2)#% %f NaNO; - Mg(NOs), - AI(NOs)s - Fe(NOs)s gt VB3 « {1 [5]

# [5) | FIREERANT VYR

Vo | e A
NaNO; | Mg(NOs;), | Fe(NO3)s
200 | 0 0 1125 110.0 105
200 | 6000 | 0 127.5 122.5 117.5
200 | 6000 | 45 122.5 117.5 112
200 | 6000 | 90 115.0 112.5 107.5
200 | 6000 | 135 | 1225 117.5 112
200 | 6000 | 180 | 125.0 125.0 117.5
200 | 6000 | 225 | 1225 117.5 112
200 | 6000 | 270 | 117.5 112.5 107.5
200 | 6000 | 315 | 120.0 115.0 112

# 1 P Al(NOs)s ™ BB A LB 7R > 25 PP (4) B3 -
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(3)#% £f NaNO3 - Mg(NO3), - AI(NO3); - Fe(NOs)s ~ sk~ | IV B/

ip# [6]-
=17 Jeono BT E R B ik Sy
R e
Vo8
NaNO; |Mg(NOs),| AI(NO3); | Fe(NOs)s

200 0 | 0 | 1.0000 1.0000 1.0000 1.0000
20.0 | 6000 | 0 | 1.1887 1.2040 1.1555 1.2222
20.0 | 6000 | 45 | 1.1455 1.1568 1.1064 1.1733
20.0 | 6000 | 90 | 1.0862 1.0925 1.0400 1.1429
20.0 | 6000 | 135 | 1.1386 1.1568 1.1025 1.1786
20.0 | 6000 | 180 | 1.1962 1.2012 1.1513 1.2279
20.0 | 6000 | 225 | 1.1455 1.1568 1.1064 1.1839
20.0 | 6000 | 270 | 1.0800 1.0925 1.0400 1.1478
20.0 | 6000 | 315 | 1.1455 1.1568 1.1064 1.1733
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(429t PREBES AINOs)s 2M Vi fiife : {14 [7] -

A UT | s pmeses ANOs): PTRFrIFHS = (mA)
AI(NO;);

v = HIRICD) s, | 6000Gauss
20.0 0 0 0 0
20.0 0 15 85.0 87.0
20.0 0 30 82.5 85.0
20.0 0 45 82.5 82.5
20.0 0 60 80.0 77.5
20.0 0 75 65.0 72.0
20.0 0 90 47.5 57.5
20.0 0 105 22.5 40.0
20.0 0 120 7.5 25.0
20.0 0 135 5.0 15.0
20.0 0 150 5.0 7.5
20.0 0 165 5.0 7.5
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(= VPR T RO S OB
1 .}%”EﬁZOV ~ NaOH 2M ~ KOH 2M ??T’?fﬁ ’ ﬁtfﬁﬁﬁl@ Fﬁ?w‘ﬁ 0~2000 ~ 3000 ~ 4000 ~ 5000 ~ 6000

ﬁﬂjiﬁﬁ °
(1) BHIFE 5 NaOH - KOH i TG RV B8 - U113 [(8]

A 8 | s st e R By

I ()
v =
NaOH KOH
20.0 0 490 460
20.0 2000 485 455
20.0 3000 475 450
20.0 4000 470 440
20.0 5000 465 430
20.0 6000 455 420
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il QED REBIE S T R %F:Jl'%ﬁﬁ%ﬁ'

)

500

490 ¢
480

470 \\

460 = \\
450

440 \

430

420

410

400 ] ] ] ] ]
0Gauss 2000Gauss 3000Gauss 4000Gauss 5000Gauss 6000Gauss

—— NaOH —=—KOH
AsL% (NaOH) L% (KOH)
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(2) RHIEEF NaOH - KOH i VRS - % [9]

* [9]

RIS SR By

mA
A% FFFQ’?

NaOH KOH
20.0 0 170.0 230.0
20.0 2000 172.5 232.5
20.0 3000 177.5 235.0
20.0 4000 180.0 240.0
20.0 5000 182.5 245.0
20.0 6000 185.0 250.0
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2 [0 5w - I [14]

[ [14] LTI T B

mA
260
250
240
230 =
220
210
200
190
o e 4
180 P——
//
170
160 1 1 1 1 ]
0Gauss  2000Gauss 3000Gauss 4000Gauss 5000Gauss 6000Gauss
—— NaOH
L% (NaOH )
A% (KOH)
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(3) BHIE Ef NaOH - KOH e~ e VY2 - I3 [10]

*[10]

RUBR S B sk VY

R sk
Vol

NaOH KOH
20.0 0 1.0000 1.0000
20.0 2000 1.0103 1.0110
20.0 3000 1.0315 1.0222
20.0 4000 1.0425 1.0454
20.0 5000 1.0538 1.0698
20.0 6000 1.0769 1.0833
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L 1s] [BEBFE 2 ek L iR

L1 T
1.08 /./"
1.04

1.02 /

v
0.98
0.96
0.94
0Gauss  2000Gauss 3000Gauss 4000Gauss 5000Gauss  6000Gauss
—— NaOH —=— KOH
A% (NaOH) A% (KOH)
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2. <20V ~ NaNO3 2M » Mg(NO3)2 2M ~ Fe(NOs)s 2M ik » REBFIE (55955 0 ~ 2000

3000 + 4000 ~ 5000 ~ 6000 FtH -

(1) REZ=FHET SR WHFE S NaNOs - Mg(NOs)o~ Fe(NOs)s Frife™ T LY SY4 -
Iz [11]

. [11) | BEBEL B TR YR

= T ()
V|
NaNO; Mg(NO;), Fe(NO;);
200( O 1890 1770 2640
20.0 | 2000 1760 1680 2430
20.0 | 3000 1710 1600 2370
20.0 | 4000 1670 1555 2300
20.0 | 5000 1620 1500 2230
20.0 | 6000 1590 1470 2160
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2800
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1800 N

1600
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(2) REHEFRT S8 BIRFIL E NaNO; ~ Mg(NOs);~ Fe(NOs)s R | IV 5y -
# [12]

. [12] | BB HFIRA VY

mA
V|
NaNO; Mg(NO;), Fe(NO;);
200 O 112.5 110.0 105
20.0 | 2000 116 115.0 107.5
20.0 | 3000 121 118 110
20.0 | 4000 125.5 120 110
20.0 | 5000 127.5 122 111.5
20.0 | 6000 127.5 122.5 112
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B 171 RS ] Efg el

mA

130

125 —

120 /
115 /
L

110 —

105

100 ——

0Gauss  2000Gauss 3000Gauss 4000Gauss 5000Gauss 6000Gauss

—“*—NaNO3 = Mg( NO3)2 —&— Fe( NOs)3
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CYRBEEBT SFRBTILE NaNO;s - Mg(NOs), - Fe(NOg)s Firife™ ity Jya - 1
* [13]-

*[13]

RLB S S oV Y

R ek
Vo R
NaNO; Mg(NOs), Fe(NO;);
20.0 0 1.0000 1.0000 1.0000
20.0 2000 1.0738 1.0536 1.0864
20.0 3000 1.1052 1.1063 1.1139
20.0 | 4000 1.1317 1.1382 1.1748
20.0 5000 1.1666 1.1800 1.1838
20.0 6000 1.1887 1.2040 1.2222
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1.3 r
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L
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oA

0.95

0'9 1 1 1 1 ]
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3.FEFHS20V - KMnO4 0.01M il » REHIFEIM%: (55343 0 + 6000 7 -

(1) RS SHRABHIS E KMnO, i [~V By -

Jk [14]

*[14]

THEL HEETR YR

e mA

vV ﬁ{J:’?
Ohr | 1° hr | 2° hr | 3 hr | 4™ hr
20.0 0 113 108 106 99 90
20.0 6000 116 110 108 103 95
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Abstract

The purpose of this study is to explore the effect of magnetic field
on the rate of electrolysis in various electrolyte agueous solutions.

A series of electrolyte, such as KOH, NaOH, NaNO, Fe(NOy), Al (NO,)
5. Mg (NO,) , and KMnO, were used in this study. The major equipments were
graphite bar, the tube with switch, hypodermic syringe and T-shape
aqueduct. They were designed by the ideal of micro chemical experiment.
The rate of electrolysis reaction were measured by the volume of cathode
gas (H,) produced in the 2M aqueous solution while KMnO,4 in 0.05M.

The flowing rate of Metal ion changes in magnetic field slightly.
The influence of magnetic field is especial ly remarkable as in a very high
field strength, name as Magneto hydrodynamic Effect ( MHD ), which gives
rise to ionic flowing all over the electrolyte. This flowing rate is
super ior to expanding rate. Further more, basing on the magnetic torque’ s
vector is the trait of this research.

The results of this study found:
First, A relative formula of the rate of electrolysis reaction was
formulated as following,
Ro=k x§ ( |H|x|cos@ | )x|E| (k:g/CeWeberes, H: Weber,
E:C)
Second, electrolysis reaction could be accelerated by increasing the
electronic change of ions. This study also found that the strong

electrolytes got the strong effect of magnetic field.



1. Introduction

Recently, electrolysis has been used to produce many kinds of merchandise,
though the slow rate of electrolysis reaction is the critical problem. Thus, many
studies try to find effective ways to promote electrolysis rate. However, these
researches neglect the effect of magnetic field. Compare with some current
electrochemistry researches, this study run the electrolysis reaction in a magnetic field,

and concern the change on the rate of the reaction.

1.1 Aims of study:

A.  The magnetic field can produce “magnetic moment ” that give this study an
idea that from changing the electrolysis rate could be changed weather the whole
“ electrical resistance .

B.  Changing the angles 0 between the ions flowing way and magnetic poles
may have some relationship with changing the electrolysis rate. ( angle 6 shows
in figure 5 .)

C.  Under the constant angle 6, what is the relationship between electrolysis
reaction and magnetic field.

D.  The different metal ions (Na", K™, Fe’", Al *", Mg*"and MnO, ) in
electrolyte solution might have some relationship with electrolysis rate in

magnetic field.
1.2 Equipments and Chemicals:

A.  The equipments :

Hypodermic syringes, 3ml, 35 ml, 60 ml.
Electronic balance.

The T shape tube.

The tube with switch.

The Graphite stick

The Strong magnet

The iron board in L shape.

S oo e oo

The pH meter.

—

The Volt and Ampere meter.
The magnetic meter.

The DC power supplier.
The cylinder in 250 ml

—_ = T



B.

Chemicals :

NaOH (MW =40.0)

KOH (MW=56.1)

NaNO; (MW =85.0)

Mg(NO;), » 8H,0 (MW =256.4)
AI(NO3); * 9H,0 (MW =375.1)
Fe(NO3); * 9H,0 (MW =404.0)
KMnO; (MW =158.4)

R

2. Theories :

2.1

2.2

23

24

2.5

The “magnetic moment” is a “vector”. Based on to the explanation of
quantum mechanics, the magnetic moment comes from “electron spin” and
“the motion of electron”. The experimental evidences show the positive
relationship of the magnetization material in magnetic field.

The Ohm’s Law: V= 1R, (V:Volt,I:Ampere, R:Ohm)

The Faraday First Law of Electrolysis : M=ZQ=ZIT,(M:gram,Zisa
constant of electrochemical equivalent , Z = E / F and unit of measurement :
g/C, T:second)

The explanation of MHD ( magneto hydrodynamic ) effect : The flowing rate
of metal ions change slightly in the magnetic field, and this influence is
especially remarkable under a very strong magnetic force, which will raise the
ionic flowing all over the electrolyte. This flowing rate is superior to
expanding rate.

The Chemical Equation :

(electrolysis )
20H +2H" — 2H, + 0,
(electrolyte )

3. Experimental Procedures:

Step 1. Get the suitable graphite stick from dry cells, the T shape tube and the

tube with switch and 35 ml hypodermic syringes and assemble the

electrolysis cell, as the figurel and 2.



B

electolty solution electrolty solution

. GI&P]‘IitE stk GI&II]'L‘i.tE-‘ stick

Ty

hypodermic syringes hopodermic syringes

—

A

Figure 1: The side graph of cell A Figure2, The front graph of cell A.

Step 2.

Step 3.

Drilling two holes about 3 cm distance on the acrylic board and put two
suitable graphite stick into that holes, this is named as the electrolysis

cell B, as figure 3.

Figure 3: The vertical section of cell B

Adjust the DC power supplier with suitable voltage by the Volt and
ampere. Preparing the following solution There are kinds of solution
NaOH 2M, KOH 2M, NaNO; 2M, Mg(NO3); 2M, AI(NO3);
2M, Fe(NO3); 2M, KMnO,4 0.01 M. Keep those solutions from the
air over ten minutes and let it as cool the room temperature of the room
about 25°C ~ 30°C. Then use the 60 ml hypodermic syringes to inject
the solutions in the cell A and the KMnQy solution in the cell B. Let the
cells A and B stand in the magnetic field 30 minutes then open the
switch of DC power supplier. The ordinary designed photo as figure 4,
and the angle 0 as figure 5.



The DC power suppliex

The Volt and &mpere measure meter

Figure 4 : The ordinary designed photo. Figure 5 : The angle 0 graph

Step4. Run a contrast experiment without the strong magnetic field. Record the
voltage, ampere and the reaction time at the hypodermic syringes of H;
gas reaching a defined volume. Then calculate the electric resistance
and the rate of electrolysis from the equation,

*

reaction rate = weight of production /time , (ml/s)

Redefinition of the rate of reaction:
This study defined the electrolysis rate as follows.
* R'=DR/NR=NT/DT

The symbols NR and NT in this equation indicate the rate and the
reaction time of natural experiment, and the symbols DR and DT in this
equation indicate the rate and the reaction time of designed experiment.
Because of NR and DR measuring the same volume of production, this
study renewed the definition to calculate the R* with NT and DT.
Besides, the change of the rate can be easily observed. Then the values

exactly reflect the promotion percentage of the rate.



Controlling the experimental factors:

A. The effect of “0 ” on the rate of electrolysis:  Changing the angle

“0”as0°,45°,90°,135°,180° ,225° ,270° ,315° with a constant
strength of magnetic field about 6000 Gauss. 30 minutes latter, switch
on the DC power supplier. In these study, set the ending of the reaction
as the volume of H, in KOH, NaOH tube at 15ml; NaNO; Mg(NOs),,
Fe(NOs3); tube at Sml and AI(NOs); 2M tube of H, at 1ml, because it is

not easy to run that the rate of production lower than the above for us.

. The effect of strength of magnetic field on electrolysis rate: ~ Set up

the magnets to product the strength of magnetic field that there were
about 2000, 3000, 4000, 5000, 6000 Gauss. When the 6 fixed in 0°,
this study repeat the same process as the last act in A instead of the
strength of magnetic field.

In this experiment, stand the solution KMnOQOy that the concentration
was 0.01M in the strength of magnetic field about 6000 Gauss then
turn on the switch of the DC power supplier. Recording the Ampere

every one hour and ended the experiment after four hours.

4. The Tables and Figures of The Results :
4.1 The Experiment of A :
Table 1 : the reaction time ,electrolysis current and the R* of NaOH and KOH solution,

at constant voltage 20 V ,and changing factor “ 6 ” and all .

reaction time .

Gauss!| 0 ( Second ) mA R
NaOH | KOH | NaOH | KOH | NaOH | KOH
0 0 490 460 170.0 230.0 | 1.0000 | 1.0000
6000 | 0 455 420 185.0 250.0 | 1.0769 | 1.0952
6000 | 45 470 435 177.5 2425 | 1.0425 | 1.0574
6000 | 90 480 445 175.0 235.0 | 1.0208 | 1.0337
6000 | 135 | 465 435 177.5 2425 | 1.0537 | 1.0574
6000 | 180 | 460 425 185.0 2525 | 1.0652 | 1.0823
6000 | 225 | 465 435 177.5 2425 | 1.0537 | 1.0574
6000 [270 | 480 445 175.0 235.0 | 1.0208 | 1.0337
6000 | 315 | 470 435 180.0 245.0 | 1.0425 | 1.0574




Figures 6-8 were calculated from the data in Table 1.
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Figures 6 : the relationship between 6 and reaction time .
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Table 2: The reaction time, electrolysis current and the R* of NaNO3;, Mg(NOs), and
Fe(NOs)s solution, at constant voltage 20 V and changing factor “ 6 ™ .

Gauss| 6 reaction time ( Second ) mA R
NaNO;|Mg(NOs),|Fe(NO3);| NaNO3 [Mg(NOs),|Fe(NO3);|NaNO3 [Mg(NOs),|Fe(NOs);
0 1890 1770 2640 | 112.5 110.0 105 |1.0000| 1.0000 | 1.0000
6000 1590 1470 2160 | 127.5 | 122.5 117.5 [1.1887| 1.2040 | 1.2222
6000 | 45| 1650 1530 2250 | 122.5 117.5 112 |1.1455] 1.1568 | 1.1733
6000 |90 | 1740 1620 2310 | 115.0 | 112.5 107.5 |1.0862| 1.0925 | 1.1429
6000 |135| 1660 1530 2240 | 1225 117.5 112 |1.1386| 1.1568 | 1.1786
6000 |180] 1580 1470 2150 | 125.0 | 125.0 117.5 [1.1962| 1.2012 | 1.2279
6000 |225| 1650 1530 2230 | 122.5 117.5 112 |1.1455] 1.1568 | 1.1839
6000 |270] 1750 1620 2300 | 117.5 112.5 107.5 [1.0800| 1.0925 | 1.1478
6000 |315| 1650 1530 2250 | 120.0 | 115.0 112 |1.1455] 1.1568 | 1.1733

Then the data in Table 2 were used to produce Figures 9-11.
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Figures 9 : the relationship between 6 and reaction time .
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4.2 Experiment B:

Table 3: the reaction time, electrolysis current and the R* of NaOH and KOH solution,
used the voltage always 20 V and changing factor “strength of magnetic field”.

reaction time .

Gauss ( Second ) mA R
NaOH KOH NaOH KOH NaOH KOH
0 490 460 170.0 230.0 1.0000 1.0000
2000 485 455 172.5 2325 1.0103 1.0110
3000 475 450 177.5 235.0 1.0315 1.0222
4000 470 440 180.0 240.0 1.0425 1.0454
5000 465 430 182.5 245.0 1.0538 1.0698
6000 455 420 185.0 250.0 1.0769 1.0833

Then the data in table 3 were used to produce the Figure 12-14.

second
500

490 ==

480 BN
470 e

460
450

430
420

410

400 1 1 1 1 1
0Gauss 2000Gauss 3000Gauss 4000Gauss 5000Gauss 6000Gauss

—e— NaOH —=— KOH

Figure 12: the relationship between the strength of magnetic field and reaction time.
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200
250
240
230
220
210
200
190

180 ——
170 ="

160 1 1 1 1 ]
0Gauss 2000Gauss  3000Gauss  4000Gauss  5000Gauss  6000Gauss

|  —e—NaOH —=— KOH |

Figure 13: the relationship between the strength of magnetic field and electrolysis

current.

—_
—_
1

0.98

0.96

0.94 1 1 1 1 J

0Gauss  2000Gauss 3000Gauss 4000Gauss 5000Gauss 6000Gauss
| —e—NaOH —=— KOH |

Figure 14: the relationship between the strength of magnetic field and R".
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Table 4: the reaction time, electrolysis current and the R* of NaNOs, Mg(NOs3), and
Fe(NOs3)s solution, under the constant voltage 20 V and changing factor

“strength of magnetic field ”

Then the data in table 4 were used to produce the Figure 15-17.

G reaction time ( Second ) mA R’
auss
NaNO; Mg(NO3)2 Fe(N03)3 NaNOs3 Mg(NO3)2 FG(NO3)3 NaNO; Mg(NO3)2 FC(NO3)3
0 | 1890 1770 2640 | 112.5 | 110.0 105 |1.0000| 1.0000 | 1.0000
2000 | 1760 1680 2430 116 115.0 107.5 |1.0738| 1.0536 | 1.0864
3000 | 1710 1600 2370 121 118 110 |1.1052| 1.1063 | 1.1139
4000 | 1670 1555 2300 | 125.5 120 110 |1.1317| 1.1382 | 1.1748
5000 | 1620 1500 2230 | 127.5 122 111.5 |1.1666| 1.1800 | 1.1838
6000 | 1590 1470 2160 | 127.5| 1225 112 |1.1887| 1.2040 | 1.2222
Second
2800
2600 ’\\‘\
2200 —
2000
1800
1600 \\‘\‘x—l
1400 : : : :
0Gauss  2000Gauss 3000Gauss 4000Gauss 5000Gauss  6000Gauss
—~ NaN0s ™ Mg(NOs). * Fe(NOs)s

Figure 15: the relationship between the strength of magnetic field and reaction time.
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115
110 — "
105 /
100 : :
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—+— NaNOs = Mg(NO;:). = Fe(NOsz)s

Figure 16: the relationship between the strength of magnetic field and electrolysis

current.

R"
137
1.25
- /7/’@/‘
1.15
1.1
1.05
1

0.95

09 1 1 1 1 J
0Gauss  2000Gauss 3000Gauss 4000Gauss 5000Gauss 6000Gauss

—— NaNOs = Mg(NO;) +~Fe(NO3)s

Figure 17: the relationship between the strength of magnetic field and R".
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Table 5: The electrolysis current changed with time in AI(NOs); solution under the
constant voltage 20 V and changing factor “strength of magnetic field
Then the data in table 5 were used to produce the Figure 18.

(mA) 1{!!)!%_
Time( Second ) 05
0Gauss | 6000Gauss | o
0 0 0 8 %\
15 85.0 87.0 I N
30 82.5 85.0 & A
45 82.5 82.5 3 o
60 80.0 77.5 2 \
75 65.0 72.0 e =
90 475 575 5 X S
105 225 40.0 1 \
120 7.5 25.0 ) E————— D
135 5.0 15.0 0 15 30 45 60 75 90 105 120 135 150
150 5.0 7.5 pae——— N G [
165 5.0 7.5

Figure 18 : the change of electrolysis current .

Table 6 : The electrolysis current changed with time in KMnOjy solution under the
constant voltage 20 V and changing factor “strength of magnetic field

Then the data in table 6 were used to produce the Figure 19.

mA

A 120 L

115 ]
Gauss 0hr 15t [ ond | 3rd [ gth 110 %
hr | hr | hr | hr 105

100 s
95 \\-

0 | I13 [108|106| 99 | 90

6000 | 116 | 110|108 | 103 | 95 90 \

85
80 1 1 1 ]
0 hr Ist hr 2nd hr  3rd hr 4th hr

—&— ()Gauss —— 6000Gauss

Figure 19: the change of electrolysis current.
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5. Discussions and Conclusions:

5.1 The effect of the electric resistance in the solutions with strength of
magnetic field:

The electric resistance of the solutions follows the Ohm’s Law: V=1R
that provides the same concentration of solution and the similar surroundings factors .
Suppose that the electric resistance of the solutions is fixed. Under the constant 6, 0°,
the Table 3, 4 and Figure 13, 16 reveal that the changes of ampere as much as the
strength of the magnetic field. The different solutions in magnetic field displayed the
similarly linear functions that do not pass by the origin point.

Then we know that “the electric resistance of the solutions has a
positive relationship with the strength of the magnetic field.”

5. 2 The effect of the angle “8" on electrolysis rate:

The angle “0” is defined as the degree of ion flowing and the magnetic field. In
last discussion 5.1 the 6 was controlled at 0°, as the stronger strength of the magnetic
field, the higher the rate of electrolysis reaction. Suppose that direct of ion flowing is
parallel to the magnetic field, the electrolysis rate is highest whenever the only factor
is 0. Then the some messages from the Tablel, 2 and Figure 6, 9 that reaction time
changed with 6, and then the rate changed also with 6. In Figure 8 and 11, the
electrolysis rate is highest at 0°and 180°, and lowest at 90°and 270 ° that are still
higher than natural electrolysis. Further more, the rate at 45°, 135°, 225°, and 315°
are among parallel and vertical. This study mentioned before, that magnetic field has
the character of vector when it is parallel the magnetic moment is largest and it is
vertical the magnetic moment is smallest. However it may still has some other effect
of the magnetic field that let its rate still higher then the natural experiment. The

figures reveal the shape of cos 0 function.
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5. 3 The effect of the strength of magnetic field and the angle “06” in solutions
KOH and NaOH :

In Table 1 and 3, the rate in KOH is higher than the rate in NaOH. But the mass
of K" is a little higher than Na'. In the experiment to measure the pH of solutions, the
pH value of solution KOH is 12.60 and NaOH is 11.85. So when the reactions were
run under the strong magnetic field, it just likes to add the some extra power moving
the ions faster. The results found that in 6000 Gauss and the 9 is parallel the rate at
both solution are fastest. And also the ions in strong magnetic field has an effect
“MHD”, the more the ions, the higher the rate. So the concentration of ion calculated
from the pH. And the rates of the KOH and NaOH solution have an effect of “pH”
and “MHD”.

5. 4 The effect of the strength of magnetic field and the angle ™ 6 ” in NaNOs.,
Mg(NOs),. Al(NOs)s. Fe(NOs)s solutions :

The ions in these solutions do not have an exactly definite generalization of
their valence changes. However, the generalization had been discussed in 5.1 and 5.2.
In the Table 6, AI(NOs)s has a special reaction that the electric current sharply down
faster and faster in Figure 18. This study speculates that it has a serious polarization
effect. Based on the equation,

AP +6H,0—Al(H,0)s

The hydration causes the electrolysis happening hardly. But this study had not
performed further experiment outing to the lack of instruments to proof it. However,
it is a potential researching question it in the future. The solution Fe(NO;); has been
tried to as a pilot study. By the definition of R* , we can found the trend of the rate of
these solutions has an relationship that is  Fe(NO;3); >Mg(NOs), >NaNOs3 asin
Figure 17.

5.5 The effect of electric current in KMnQO4 solution in strong magnetic field:

Because of the concentration of KMnQy solution 0.01M is the almost saturated
solution. So the constant voltage 20V was used to induce the obvious reaction. In
Figure 19 and Table 6, the electric current changed and decreased with time. And the
source of electric resistance is that product MnO, .The Figure 19 shows that the

electric current is higher in the strong magnetic field.
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5.6 Questions and Answers :

Q1. Why use the magnet instead of electromagnetic field:

Answer:

Although the strength of electromagnetic field is precise, but it has three
disadvantages. First, the volume is large and the weight is heavy; second,
electromagnetic field requires high-voltage power; third, it consumes power
again.

The author considered it has some way of instead of electromagnetic
field which waste two times power. The first, alternate is to use
superconductor, but it should run under a very low temperature; the second
choice is to use the magnet which has advanced advantage from power
supply to keep its steady magnetic field. Finally, its volume is small, and the
weight is light and convenient for us to handle it. So magnet is suitable to
this study.

Q2. Why stand the solutions in magnetic field for 30 minutes before starting

electrolysis experiments:

Answer:

In this study, there is a very important theorem from“MHD” effect that
the flowing rates of metal ions change slightly in the magnetic field. This
influence is especially remarkable while the magnetic force is very strong
which rises to ionic flowing all over the electrolyte. This flowing rate is
superior to expanding rate. Similarly, the longer the solutions stand, the
higher the electrolysis rate. So this study emphasized standing to put the
solutions in magnetic field over 30 minute before to starting electrolysis

experiments.

Q3. Why measuring the reaction time only at 15 ml of produced in H; tube, why not

Answer:

using O, ?

The hypodermic syringe on the electrolysis cell has the volume about 35
ml. Because the liquid surface during electrolysis cannot low than the
surface of the T shape tube, the safe volume range is about 20 ml, the
reaction time only measured at 15 ml of the hypodermic syringe. If we
defined the reaction time at some volume of O, rather than 10 ml H, will
only most at of the hypodermic syringe, so the suitable reaction time was
defined by the tube of Ho.
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5.7 The critical factors of electrolysis rate are the strength of
magnetic field and &:

In this study, the solution NaOH and KOH are used as the regular experiment and
also the two of the usually used electrolyte in electrochemistry factories. Both of them
show the obvious relationship of electrolysis rate to the strength of magnetic field as

following formula,

* R*— NR has a linear relationship with H .
Defined the symbol H is the strength of magnetic field.

As discussed in 5.2, there also is a relationship of R* and cosf value. So the

relationship was formulated as

* R’ — NR has a linear relationship with Hx | cos0 |

As discussed in 5.2 we know the lines of magnetic force are not all vertical with the

direct of ions flowing. So I add it an symbol “ [ > is added, then the formula is

* R’ — NR has a linear relationship with JH | coso |
Then this formula could be not contradict with logic that when cos 90° = 0
In The Faraday First Law of Electrolysis: M=ZQ=ZITand M=R x t
Finally the formula is,

* R=Z1I1

Then the equation as following,

R=k><j<|H|><|COSO|>><|I| (k:g/C e Weberes)
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