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A simple method for measuring ethanol concentration using an alcohol checker

Koki OKAMOTO, Masatoshi TODAKA, Mikiji SHIGEMATSU
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Abstract
Ethanol concentration of a solution is typically measured by gas chromatography (GC) or high-performance liquid chromatography
(HPLC). However, these methods are expensive, making them less accessible for high school chemistry clubs and similar school
activities. In this study, we examined simpler methods such as density meters, refractometers, and alcohol checkers for measuring
ethanol concentrations. Results showed that all three methods worked well for ethanol-water solutions. However, density meters,
refractometers, and semiconductor-based alcohol checkers were not suitable for measuring solutions containing other substances such

as pre-distilled fermentation liquids. On the other hand, electrochemical alcohol checkers were able to measure ethanol concentrations

even in ethanol solutions with sugars and proteins.
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Hydrogen barrier property and its mechanism of various electroplated coatings
under high pressure gaseous hydrogen

Junichiro YAMABE

Department of Mechanical Engineering, Faculty of Engineering

Abstract
Hydrogen barrier properties of various electroplated coatings were investigated under high-pressure hydrogen gas. Five kinds of
coatings (Au, Ag, Zn, Cu, and Ni) with different hydrogen permeability values were deposited on all the surfaces of a cylindrical
specimen of JIS-SUS304 at a diameter of 10 mm and length of 50 mm. The coated specimens were exposed to 100-MPa hydrogen
gas at 270°C for 200 h and the hydrogen uptakes in the base steel were identified via thermal desorption analysis. Hydrogen diffusion
analysis of the coated specimens was also conducted via the finite element method (FEM) and then, a conversion equation to determine
the permeability ratio of the base steel to the coated materials, which became higher with a better hydrogen barrier property, was
constructed from the experimental hydrogen uptakes. Since experimental permeability ratios of Au and Zn were higher, Au and Zn
had excellent hydrogen barrier properties. The permeability ratio was also calculated with literature data, which was referred to as the
calculated permeability ratio. Although the experimental and calculated hydrogen permeability ratios were not consistent each other
at lower calculated permeability ratios, those ratios became nearly equivalent by considering a retardation of hydrogen uptake at the
interface between the base steel and the coated layer. This implies that the hydrogen barrier property of the electroplated coatings was
attributed to a combined effect of low hydrogen diffusion in the coated layer and the interfacial retardation of hydrogen uptake. The
hydrogen barrier properties were dominated by the low hydrogen diffusion in the coated layer at high calculated hydrogen permeability

ratios, whereas those were dominated by the interfacial retardation of hydrogen uptake at low calculated hydrogen permeability ratios.

Key Words : Hydrogen embrittlement, Coating, Electroplating, Hydrogen permeability, Hydrogen gas
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X 112, KBWHAATICH N ZET LV ERT. KRS
D FAERER R O R TT D 0 B IARFEMEAT D EUE
L, 2 () (R FI R R R O o f 2 A PR S
W&V fEbT L7z,

ac_D 62c+16c 1
ot or?2  ror 1

T 2T, clIKFERE, DIIKFILEALTHD. B
& B OKRFEREE ¢, ¢, & L, KFELHHEED
RKFBEEE S bRERICET. b, KFEZBRHREK QO
VKBRS D L KEEEE S Off (0=DS) TF
ED. WIHIKFEREE DL 7 OWREED 5 HEKEREEIC
Lo THRBANIZRAT 254 O0IMI&ME: & BER &0
L, UToXsickshs.

8 ~ (1n

i Permeability at 270°C .

Material 3o an 0/0, Reference
[molH, m™ s~ Pa "]

Au 638 X 10" 3.19 X 10* Begeal (1979)
Ag 9.87 X 107 2.07 X 10° Steward (1983)
Zn 7.54 X 107" 271 X 10° Moon (1971), San-Martin and Manchester (1989)
Cu 426 X 10 478 Hagi
Ni 1.77 X 10" 1.15 x 10" Hagi
SUS304 2.04 X 107" — Yamabe et al. (2017)

*Q,: Permeability of base steel; O,: Permeability of coated material.
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(CIELESED
¢ (r,0) =c¢,(r,0) =0 (2)
(R EA]
r=r BT
dey(r,t) - 0cy(ry, t)
Dy ar =D, ar ©
c1(ry,t) _ cz(1y,t) @
S1 S2
r=r+nlZBNT
o (r,t) = ¢ (5)
I, r XFAERB A O, R I TEEES, o X

RIZBIT 2 KFRETHD. AR TIE, BRT5HE
Bt s DB U7 YRR Dot/ = 02 (D, 2 FEAF
DIRFEIERAREL, 1y AR O, ¢ IR RRD)
DFT, REREES, KEILHAREES L OUKE BB 2 I8
WEIPH A b S Z & XD RHE #FHE L7,

z (axisymmetric line) 7 Flux
¢ : H-concentration

Coating (D5, S;) " ° Radius of specimen
J=0 M ’ r, : Thickness of coating

Base (D), S,) S, H—S(.)lubi.]it.y of base steel
¢ D, :H-diffusivity of base steel
n r| ™ S, :H-solubility of coating
» D, :H-diffusivity of coating
O J=0 ¢, : H-concentration at boundary

Fig. 1 Analytical model for FEM

3. RBRERBIUEER

3.1 RELGZULHABRARDOKRRARG

212, Felsre Uikl KR AR & R OB
a9, KFBRARCY, &1X, B OKERERD
KFE Cy EAIMIKSER C, D7 (Cy =Cy—-C,) THD.
Fo, KFEEEITHBRHROVFEPRKBRETH Y, KFE
gk*?(&%};%ﬁﬁi (C) L/hF () TRAIT S.

275, KERAREC, ITRBEHENELS 2DI1EL
KREL RV, WEEEBER TAKENMEAL TS EEX

LD, 22T, FERMEENX(6) IR TEEZ LB A
DAFRACET DI RO P L Lz, =
ZTC, Co IRM OERKFER, r 3B B, 2013
BRI RS, D (=D) 3R OKBILHRE, B, 135

2n + 1)*m?Dt
o exp{=C )

—1_ zi
=1 Z (2n + 1)2

Cin }

Csq

_Co_
_Co_

!
C'm

!
C'sq

» exp(—7—

2

0RO THD. 72, C 1L Cy=Cy, —
C, CEZRIND. KFENEHRERF 285 b0
MHERRLTWS 728, KFITIIRM OKBILHARE D
ERMEEL, n=5mm, z ZWERKEL, C=1068
wtppm, C,=4.2 wtppm (C’, = Cs, — C, = 102.6 wt.ppm)
ELT, EBT—2EX (6) OREED ZFMMAHNE
725 LR/ N FERI LR b R LTV D

B 31T, 135 KRR EE SGikT — 2 1V L
BLEbOERT. SUS304 2 & Teflix 0 300 24— A
TFA RRAT VLV AMDOKKBILRARE DT L= AT
0y hEXHT =% & L ORLTWS. AIFETHE LI
ToORFILEARE ISR T — & LR —8 L Qe F 7z,

D, =688 X 10 m%s, SBRA 5 r =5 mm, MRFEIEH]
1,=200h 725, FEUE(LIER] D/’ = 0.2 B3 Bz

100
.90 | [J Experimental data |
g
g 80
E g
= 70
O 60 Fitted curve
g 50 (D=6.88 X 10"2m%¥s)
=
S 40
§o 30 ® exp{ —(2n+1)2 2Dt, . e D[:,Z,.z)
o Ty
3 20 Z @n+ 1)2 L
o

10 z =00, = 5mm,C’s; = 102.6 wt.ppm

0&E )
0 50 100 150 200 250 300
Exposure time [h]
Fig. 2 H-uptake behaviour of the non-coated SUS304 steel

charged in high-pressure gaseous hydrogen.
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Fig. 3 Comparison of the determined hydrogen diffusivity and
literature data. "
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3.2 RIEEE EREMDKRRAEL RHE

AR E S L — OB X ok ik
(SEM/EDX) % FHVNC Rkt 0 B2 IR S A L7z,
412, SEM/EDX |2 X 2 o Wrim B2 Rz 4. ¥
BEEXOBEX 10 um TH o 7208, M T L1 K
BT E o> Tniz, RFFETHWZBEO T, Ni
Db (48 pum) AuixbIE-7= (133 um).

Resin

(a) Au (13.3 pm)

Resin

(d) Cu (10.4 pm)

(b) Ag (12.3 pm)

F7-, SEM/EDX #7256, WP o RIEIC BT b 22/
7R IR ST, BB R RIERTER STz,

502 FE A @ RHE % 7% 3°. RHE (= C'yopued /
% 0.84 (Ni), 0.79 (Cu), 0.05 (Zn), 0.15
(Ag) BX10.02 (Au) THY, EKFEES IR L0,
Au P b EN T KEEWTSREZ R L T,

’
C H,non-coaled)

Resin Resin

(¢) Zn (6.4 pum)

Resin

(e) Ni (4.8 um)

Fig. 4 Coated layers observed by scanning electron microscopy/electron X-ray diffraction

(SEM/EDX).
1.0
H-exposure condition: 0.84

E 100 MPa, 270°C for 200 h 0.79

0.8
E:
5 06
5
&
3
= 0.4
[
]
=]
£ 02 0.15
o~

0.02 0.05
0 ||
Au Ag Zn Cu Ni
(13.3 pm) (12.3 pm) (6.4 pm) (10.4 pm) (4.8 pm)

Fig. b Ratio of hydrogen entry for various coatings with exposure to 100-MPa hydrogen gas at
270°C for 200 h.

3.3 RIEHYREBRFDKRBABHIEE

FEME(LIE I D/ = 02 1281 % RHE %, RIRE S &
B AT D K FEIEHORFE UK SEERR B0k 2 VA E e
L) 2B EETEHELEL M6 (a) 12, S/, =0.001
~ 1, Dy/D, =0.001 ~ 1000, r,/r, =0.001 ~ 0.25 (28 S

log((Q2/Q1)/(rz/11)) — 0.30

RHE = 0.5+ 0.5 -tanh{ 070

(4)

}

% RHE & (Q/O)(ry/r) OB ERT. JRWRIETFIZE
W, RHE X (Q)/0)/(ryfr) W T LS EH T, &
ATBBLEIEITET.

(7)
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6(b) 12, HEBRIZ X #5572 RHE 7 5 /KFEFEiER
Bt 0/Q, R % kA7, RHE &3 (7)) O A
BT D (OO0 DIE (4) 226, 0/0, Z LT D

Lok nTED.

RE, 0/0, 1Tk 7R £ DKFEE R A IV CEFR
THZLHHRETHY, ZOXHITEHESNLEEME
K@) ZHWTERIELRD LN DHEE XIS D70,
X Q) IZE - THELINTE 0/0, % (0/0), EFEFT 5.

o _1in o
QZ A T,
Dltl/rlz = 0,2
12
Ho f@%@'%o-&«
038 4
25 >
T 06 g
Eq.(7) &
o \g D,/D, =0.001 ~ 1000
02 5 |8,/8,=0.001~1
g rolr, =0.001 ~0.25
O
0.0 ¢ I

10° 102 107 1 10 102

(Q,/O)/(ryfry)

10 10

(a) Relationship between RHE and (Q,/Q,)/(r,/r)

determined by FEM

10°

(Q/O)/(ry/)

(b) Determination method of (Q5/Q))ex,
from RHE

Fig. 6 Prediction method of hydrogen permeability ratio of coated SUS304 steels.
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OHFTIE Au & Zn DEN T KFIERHEEZ R LZ. F
72, Au=C Zn D L 912, (01/Q,)ew VR E WIAITIE, (O)/
D)oy & (0O 1T WA R LT, —J5C, Ni% Cu
DE DI, (O /NS WVHEITIE, (Q/Dy)exy > (O
Qe & 72072 KRFEDEM E TEET DM 1, OKFE
BIERERH]) 2B 225 &, KFBERERITKSE D A B
W92 ] 4, OKFZEMR) & 2SO FI2L D
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(010 R E WAL, KFBBEFNEL 2572
W, ty>> it L7220 KFBIFEREM & OKFEERREM 2 13I1E
BLWERRTZENTED (=t + 1l =1y, 1y >> 1)
=07, (0D /DS WIEEITIE, KFEZIERFH 2 <
BT, t DA EHETERRD (t, # 1)
DD, FRIEDIKBILHA B O DR R AR BN
BERRIC B L 5.2 503, NI CIEEBIc& 220, K
FHLELSMOKRFEN T RIE S8 2D D[R 1 K T W7
FEREICBI - LTRY, ZORER, (0/0)w BN/ EWEH
1, (010> (0O E72 0Tz N R 5.

-
—

(5)

105 z
H-exposure condition: R
10t 100 MPa, 270°C for 200h | Zn .*
| Ag Q T e
Y 1 03 . ’ o e Au
5 Ni C L
o u L
Q 102P g
& ST
N’ ’ y 7 ’ “
10 it
1 p 71 z <> Without interfacial layer
L7 @ With interfacial layer
10-14
10! 1 10 102 103 10* 10°
(Ql/ Qz)cal

Fig. 7 Relationship between experimental and calculated
hydrogen permeability ratios of various coatings.
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Fig. 9 Introduction of interfacial layer to reproduce practical hydrogen uptakes.
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