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Paper device and Ecofriendly Material Sciences — Toshiharu Enomae

BEKORE/IRAKCETLIUE e Paper-based sensors to detect Cu?* in drinking
DERMRZEZRHT S8 Y—%H ; water, is under development. The color of an
FELTWD, &> TRIEDLLIER quinone derivative dye on paper changes its
Z{ELN, 2 ppm (WHOASTE $H B 8k #4 7K £ R color by the jon with Cu2* y
E) D& Frrcu g, oAU HNREL despite the coexistence of Ni2*, Zn?* and Ag'.
THRRWITHOARIKRETES, # The detection limit is lower than 2 ppm, which is

WNAERETIHEED=HICBDOEHER the maximum amount allowed according to
BICh5, T UEBEERERINECESMEE) . 7T YKBRICLVER®) WHO. Filter paper with quinone derivative dye (L) changed its color by the reaction with Cu2* (R).

HOBRDHEZEBAICETRTIZEBREZMAKL Paper e Device for converting paper vibration to electricity, is

N e— TW3, BICKBMDEHHNTLY FLY + being developed. Paper vibration caused by sound or

(WESEHEEE) L EBMOEREEIL —

?Eill noise changes the distance between an electrode and

SE, BENELELD, SECAEO#SH Vi;\miml o electret (always with static electricity) to induce
LHET D, alternative current (AC) as an energy harvesting system.
KBNS DMLENBEEZTL D bLw MCHETHZVBLIZV L TRBEEDIEE (A&, TRADEE Power generator that makes an electrode approach and leave an electret (left) and Fourier transform of AC voltage
DNOREFZELE D~ TERT EMNOEBIREMIC—HT DbHzIcRALE — DD (6) change with time showing a peak at 46 Hz corresponding to specific frequency of paper (right)
> >

HE#E AR (Grouping) FE#E AR (Grouping)

= =fh R BB =k £5 = =fh R BB =Bl 5
R R5E HE KK =H %% R R5E HWE KK =H %%
LIEYNE il FFrh E70 ILIE #2375 LIEYNE il FFrh E70 ILIE #2345
EH B0 BEH Rk =H & EH B0 BEH Rk =H &
WEN LIJIE Xu Yufei Chen Zhuoran WEN LIJIE Xu Yufei Chen Zhuoran
> >

Fundamental Experiment for Environmental
Engineering by T. Enomae 1



B TR SRER LA

2016/5/6

BB FE R X A0 Bk & B L Water absorption rate of paper and paper
N—=N—T L Zru=2 2D electronics_fundamentals
[ No.| wep) |®H | | No.| Time |Whattodo |
_ . Automatic scanning absorptmeter (ASA) --
1 1345  BEEERKE (ASA) OFRHEEVS 1 1895 bicine and how o use
2 1420 SFHTHHITEER ASALPaper Electronics 2 1420  ASAand Paper Electronics after grouping
13 23 33 Group 1 Group2  Group 3
3 1500 PE(2D110) ASA  LR—h 3 1500- PE (2D110) ASA  Report etc.
15:40- l//‘l'f—f\ (2D110) PE ASA 15:40- Reporl (2D110) PE ASA
4 1620 LAR—MER(~17:00) 4 1620-  Writing a report (~17:00)
MO A DB Relationship between materials and liquids
» TRl » Wetting
mhu, BkoRmicHE | is a condition where a liquid is in LGS e XJ
PEMLTHWIRBOZL contact with a solid surface 24 u‘k}. ;
1) ‘ ¥
y A - R T RIVX— ; » Contact angle / surface energy ) L2y
B#EmEEEORED NROELOKH is the angle @where a liquid/vapor Waerop on '°‘“s
TT—EoAEaZL p interface meets a solid surface p
» YV IR » Young's equation
‘M—K+chosﬁ=0‘ . Y= ¥+ Y cos 6=0 7
; ¥ = ; ¥ =

MoRmIL 2Rt -2ma
Surface chemistry of paper-Contact angle
ERARL BB AT LB
= Comparison in contact angle change between
parchment and paper

FRHE # (PHEHEK)

,,,,,,,,,,,,,,,,,, Parchment  Paper (medium grade)

Surface chemistry of paper-Contact angle

= Comparison in contact angle change between
parchment and paper

Parchment Paper (medium grade)
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A& K Glik) o BER
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» ik £

» REATRIVF—
» WMAEDRE- - -

e RIRICK AR

EERE, BHEBRR

Interaction between paper and water (liquid)

» Wetting
» Contact angle
» Surface energy
» Liquid penetration <«
capillary force penetration
» Swelling ««
Volume increase by absorption

BEDRBER-EEBB0EFN

« BB (M8 NICTE3H
DA ZARIZERT

2nr
S=nr?

35 >\<
» BEANEEROX
7P|'4 I EERX
Q_

= r EEFE

gl | W AR DR
Q IRE (HBEBE
(Hagen-Poiseulled=)

= Hagen-Poiseulle®d=iz A E

P=F/s=2)cos@r
F=2nxr )cosé

DEAEERATBLLucas-

y WashbumoR &5 5,

Liquid absorption theory - Capillary model

= Force developing around
a meniscus of a liquid in

P=F/s=2ycos@r

a capillary (pipe) F=2xr )cos6
= Steady flow in a pipe >\< ot
Pr 4 S=nr2
Q_
&l

I: Capillary length
r: Capillary radius
77 Liquid viscosity
Q: Volumetric flow rate
(Hagen-Poiseulle equation)
»

REDRBHER-£EZB0EFN

Lucas-Washburn 34, & & (7.

Q. EIC & B B{%3 Z Hagen-Poiseulle DTUICEA L .

s N=HV-RPXM1FN

Q:7.Pr4 p= 2ycosé
ol v,
Ceaa T = W

s =HA-DAYYIN=-V K

| = rycos@d
\/ 2n

Liquid absorption theory - Capillary model

Q. Substitute the relation represented in the figure into
the H-P equation and develop the Lucas-Washburn equation.
= Hagen-Poiseuille flow
4

o 7Pr| |p=2ycost

a7l av
L = ()

ubstitutes| dt

= Lucas-Washburn equation

| = rycoséd
\/ 2n
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KR EE - TVA ik Water absorption rate - How to measure
TNVAM—RE = Bristow’s apparatus (.
BRVOHE ANIAYFE, & A liquid supply head filled with
Ev(aZE) cm L2EE T3, a liquid of volume V scans |
1 mm (b) paper at various speeds V. 1 mm (b)
15 mm (w) E’EE 15 mm (W)
MR t=b/v » Contacttime t=b/v
A \ Scan speed "
ARYshfE b Slitlength b
» BAEBER V=Vi(wl) » Transfer Vol V,=V/(WL)
WOKE o
AYyMiE w Liquid volume ~ V
MN=ZE L Slit width w
> Tracelength L
AR - BESHE Water absorption rate - How to measure
o BEBLEDOKOEGRABVETER L, = Calculate transferred volume per unit area V,

VEMBEE t=bv HIEBER V=V/(W) »Contacttime t = b/v  »Transfer Vol V,=V/(wL)
EEEE Vv WO V Scanspeed Vv Liquid volume V
ZYyhEX b ZYoME W Slid length b Slit width ~ w
F—ZF L . Tracelength L
AR DWPINZEE - ke A1 Water absorption rate - Water and oi
« 7YR—Fayh / AL A «Forwate, = Vt /
= 257 MR J V, =V, +K L T-T, & J
« KOHE w @ / A8 P vIE ey
= V; Roughnessindex & /
‘V =V A KT - T, mi— /" - T Contact time E /" -
v, Ak 3 ‘O'lx / T, Wetting delay o ‘O'i /
T EEEE ) K K, Absorption coeff. Z < Water
noomem o ] / e B N / e
Ka  BIRGRE & 2f, Y = For oil, T, =0. S 9
N O Lo Then, g K
= A4V TRT,=0 Vr' T (FHBRAT—N) v, :‘ (©) ‘ g V. T Sqaure root scale
EIG ‘ 001 0102 05 1.0 1.5 20 00l 0102 05 1.0 1.5 20
b3 LY 1 ) — Contacttime,s T
> » Bristow’s plot of kraft paper =
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REAREE - 7IR L —FoK B

»HEIEEWRIET (ASA) SHAEER
HOAWEMECERL Ay B2, BEAET
MEETEET 3.

AZRAhRE YA

Water absorption rate - How to measure

To meniscus
detector

» Automatic Scanning Absorptometer
(Spiral-scan Bristow’s apparatus)
» Scanning speed changes stepwise during

measuremen/

Water supply
head

|

o
Yoy B
“5mm~™

Infrared sensor
Glass capillary

[B= =

Step motor

Meniscus

W R A R 2% I - Uk

WREOEE

o IaE—FK
VH A ZI100% ., =FRER

@ v bPyR—=/N—
A TIdA { M DHERHE100%, Southworth
HR

@ TVvy—IitRK
A9 TJ=zy b, V=HF—=F) Vv H—
Fi. Plus #8

Water absorption rate - Samples

» Type of paper samples

@  Copy paper
100% recycled (Mitsubishi paper mills, Japan)

@  Cotton paper
Not from wood fibers but 100% cotton fibers
(Southworth, USA)

® Paper for printers
Specifically designed for printers such as ink-jet,
laser and so on (Plus, Japan)

808.234871, 14.07448

B AR B - 7oy Kk

'ABBEERMEETDOT—F  DExcel THRARAS (2R EI)
»papert.txt Q@ F—20 (EMFEE)2FHRIC
ASA @ H: B (Vms ) LIRS ARk
Date:Fri June 30 14:38:58 2012 & (m/m?) oB1R %7571k
Contact Time (ms), Absorbance Per Area (ml/m2) 20

1004.175075, 17.456291
904.294391, 15.533211

| EBER (M)
s

20.589775,7.410033
12.840465,7.1144

3563350 0 10 20 30 40
BMBEE (/s )

34.956779,7.687096 }

808.234871, 14.07448

Water absorption rate - How to plot

»ASA data (D Load to Excel as a CSV file
»papert.txt (2 Contact time to a square root
ASA (3 Plot Absorbance per area (mi/n¥)
Date:Fri June 30 14:38:58 2012 vs contact time(\/ﬁ )

Contact Time (ms), Absorbance Per Area (ml/ m2) 20

1004.175075, 17.456291
904.294391, 15.533211 —_—

20.589775,7.410033
12.840465,7.1144

m 0 10 20 30 40
FEMEER (Vs )

34.956779,7.687096 }

Absorbance per area(ml/m?)
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BEREBEAY 72y MR KEE)

40
HNo.l A

e *No2
2 L | ANo3 A A
e A, 4% genbpe .
s AAAM‘ ‘:‘i..". (1 7]
= A ,A *n
$ A e
g 2 o v
g A® 0
= A
£ A
S
©
E 10
S n"

0 .

0 5 10 15
Square root of contact time, (ms)?

Water absorption rate of ink jet paper -~ASA

40
mNo.1l A

+ *No2
= ANo.3 A A
=" e L T
T N .“ll‘ n
E A \A *u
o A ]
2 A L=
g0 o Do
£ A,
< A
z A
5
2 10

0 . .

0 5 10 15

Square root of contact time, (ms)¥2

R—N—TlZha=2 2D

» BFRIBOERKRIE, HZR, 253y

Basics of paper electronics

» Substrates of electronics are shifting

B Circuit Marker ?
] \ —

B2 TSRAF 9 IHBIEAN EXIQ?E Iglass, ceramics, plastic to
NR—=N—TV7ta=J ADER Basics of paper electronics

Silver nano-ink

B Circuit Marker ?

Ag nano-particles {
ca. 10 nm in diam. #
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R—N—TlZha=2 2D

Basics of paper electronics

Green to Oside

R—=N—TLZra=2 2D

1.0 ~2.0mm

% tOoF-7TEE
2 :

<

AE$3HHE

OF 1] =57
i DBafR
@ #yE KL iEH
o EEOBR
Q@ HELEHEE
| DBIR

JE—HRE 172y bR

=) [

EBREORNE

(D Width of lead
vs. Resistance

j i i | ® Overdrawing times

5 10 15 Twice vs. Resistance
mminwidh) dewn 77 3) Materials
vs. Resistance

Measure resistance

Copy paper Ink jet paper

) [
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[GE R EE S

RESEEDIER

REDEL

Simple circuit making

Different widths

I ]
Different lengths
[ Lok

BRIEDRBHER-£EZB0EFN

= H-P R g
o Pt P:L(;OS
&l | v _d

[Cen o "

= Lucas-Washburn

7% 2ycost 4

3
\ cos
PZH- Pz ft L. Q= r Sy 4
EH-PRICKAT S L. Q | |
Q=ﬂ2—:|t7‘;0)'6\ LA S U R L el

Liquid absorption theory - Capillary model

@

O

dl 7?dtQ
dVv =|zrdl

= Lucas-Washburn equation |

|
% 2yoosl9x 4

r 3
Substitute PintoH - Pequation.Q= r - /T ycos6
anl anl

dl rycosé . ) rycosé
ApplyQ=rr?—.1dl = dt.Integration gives,| = t
pply Q at ™ €J g 2

AR DBIREE T - ke A1

« TYAL—TFask / WA
= 757 MR J
- KOBE « 9 / A48
V=V, +KT-T, E ] -
A
v OEEER & Y I/ /
T ek By ) » 7k
T mhmmo 2 ] / e
~ m Yy
Ka  BIRGRE ® b :\ K,
< A4V TIET,=0 v [ ™ (FHRRS—1)
v :Vr+Kaﬁ 0.01 0.10.2 0.5 1.0 1.5 2.0
: ‘ EARSRT B

4

Water absorption rate — Water and oil

Bristow plots / Oil A
= Kraft paper board

u Liquid: Water

V=V, + KT,

V; Roughness index

T Contact time
T, Wetting delay
K, Absorption coefficient

= For oils, T,=0

V.=V, + KT

4

Volume of water transferred, ml/n?
&
\,‘\‘
<
Q
3
1

w (Square root scale)
. . L

001 0.10.2 05 1.0
Contacttime, s

1.5 2.0
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