12 14 3

12
BhRkZE & 0012 :
iﬁ?k PYATE B bR RIRE ¥ Y — OWFFEERZE

BRI AU FeR (BEKTZEN)
SRRIEE | Sk B (FEAE FEE)
ME 4 GEAE L¥E)

1. #E

K77 4 N—CKEBBE L EHREREEMELED
L ETKPEE B bRR AT R L, &
CF—ORERERITREE, [EFBE, #RETE
BB DR R UET SRR B N D TR L S EE IS %
WIh3, SEBEE, BEETEEOE VR
EHIZONTY I 2 b= 3 VEITVRR L,

2. Eoy—DREE

SEBEEEE U T CO, BHPRER (Mk) — R
o —7 N O HREEK (HPTS:1-Hydroxypyrene-3,6,8-
Trisulfonic Acid Trisodium Salt) &K L. @WEE
D COy HENRELL Rofz b TATEEIZR D,
Z D CO, Dk, EMRIC L 2HEFERKO pH &1L
(HPTS*-=H++DTS*~ BEI LTV 3) Ik L TH
SHREE (PTS A AV phiE LEXET D) REkL. &
DEKFREND CO, BEZTRETDIIENTE D,

3. BWEYIalb—ay

Tu—7 R EFRER. [EFRE, BEREREE
DIBTRLEZETNEE Fig.l ILRT, CO; DILE
WXEREE— 7 7 A S—REO—RTIB L L, 8K
YRR TO COy DWEIIE, HCOs—, HY ©
BEIRET BT COp. HCO3~ DHENZAZE
BT aLERDH D,

0Cco, 8%Cco, _

5 = DC0oit g T (1)
aCHCO— 82CHCO- .
o~ Duooys gz e ()

k
HyCOg CH"'CHCO; (3)

Too, = kco,Ccos —
A HyCOs

(C:REE, Dy Rs, K AREEES, (WM, o Rk
kCOZICOg-FHsz_—\HQCOg @Ejﬂfﬂ @ﬁmﬁfﬁﬁﬁ
kazcoa :COQ+H2 OV_ﬁHg coa @ﬁfﬁﬂ 0)&)'—5‘15};%&)

Fig.2 \ICKEFBEZ IR PTFE I (L& 1L.0ym, %
MR 0.80) 2BV T, XBES lmm KHAE LT
o—7 %RV, KPICEETS CO, PEREZ 015
598ppmv ¥ TREBRICE(L S0 HARERLE
BIE LR Erd, BIE L& d516nm TH
B, ERMIIEABEEONHESE —EICRoT
FEDEURED 95 % & 72 B ETORERT tgs & L2,

Fig2 k¥ Izl —varERerRy, I CRE

EORERUELRBED, Erh—FATERL

A UB#HEE TOBRROEMETICRBT HRAEME
FRE LREBORS ¥R L, §,=60pm., HPTS
DR E LT IR E pKa=7.2~78 T¥Ial—V3
Y EFV, pKa=7.8 DFF 100~598ppmv OFFHTE <
—FH L, FEEEERMIX PTFE BED CO, HiEfREK
Pco,=5.7x10"2mol'm™t-s71-Pa=t LLETIRIZE AL
TR, AR RERRBOR S KUK, FZ COq
D HCO; ~DEALEIIKE LKFT D Z LB A9 275

Optical
fiber
—x=8¢
Fluoxescence co42
indicator (f)
HCO3™
5¢ PIS* > pprs3——> it <—> H2003
Na*t OH™ Hg0 COg
x=0
Gas permeable l$
membrane (g
Sg COg
(¥ Liquid film (1) —jjl
TSample 7T -
(Water) COg
ot oH~ H2C03
HCOg5™
€042

Fig.1 Schematic diagram of carbon dioxide permeation
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Fig. 1 Schematic diagram of the chemical reaction in the probe of the optical fiber pCO, sensor

—134-



12 14 3

2.2 EE&
2.2.1 EHIREBROIRN

LU —ICHV A ENGHERE (HPTS) DBELRET 270, HPTS DEREEZ 104
WL, pH 2 E(L &€ %055, HYHER (Shimadzu Corp., RF-5300) % T 488
nm ORISR L. 516 nm (RAHEMERE) OEARE % BE L 72, '

2.2.2 pCO, NHEIE

Fig. 2 WEBEBRA S —0 70— 7%RT, BEALEOT VTV L —3F—
(IL5000, Ton Laser Technology Corp.) #*5 ®@3id. FhEIEEETHYET 7 4 /Y— (NIPO1-085,
Meteor optics, inc.) %8 ) 7’0 — 7O EEIIREBRBICIBE L, F LABGIIREELEY
7AN—%BY, 52 (Spectra Pro-300I, Acton Research Corp.), CCD #1288 (NTE/CCD-
1340/100-EMB, Princeton Instruments, inc.) 12 & o‘“Ol‘ﬁH:': SN v¥a— & —MEEITHBAN
O PV EBD, BIEARY FIVIE 510 nm HEIC T — R ¥—2 & LTHEAS A, 516 nm
DENBEARKTH 5720, 516 nm D EIGIEE & HILHRIF @O BAFREE & L7z,
7U~7ﬁ2ﬁ£@%%%@@tt(mgmo774N—®%*’%l—fﬂwvuz—
VEBEE A T, EHETRESREHA L, KEEE 10mm & L2b 0, FEERE
EEE LS LTI T, BT EAREHAL, XEEY 1 mm & L7 0—70 2 8
TH b, HERENARITHAT ITHE pCO, DEREZEN— ) ENTY V7 L THE L,
ZTLTTu—=72HABEEP ISV, FHEEN—EIZ %0725, pCO, DE 2 B HIOREHA
WA ANEL, BARES—FI 5 T TORNGEEL/LR I ERRE 2 ME L, HIE
IHIRAE 298 1K TIT o720

Probe

solution
Membrane

Tubular membrane Flat membrane

1 Personal computer 8 Stirring bar

2 Controller . 9 Sample solution

3 Ar laser (Pure water)

4 Spectrophotometer 10 Thermostatic bath
5 Thermometer 11 Stirrer

6 Glass ball filter 12 Trap

7 Probe . 13 Gas cylinder

Fig. 2 Schematic diagram of CO, measurements with sensor based on fluorescence
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Fig. 3 Relation between relative fluorescence intensity and pH in fluorescence indeicator
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Table 1 Conditions and results of response time measurements

Membrane pCO, [ppmv] Response time t,, [min]

Tube type Silicone (Dense)” 0—100 80
(1.d.Xo0.d.: 4.5X5.2 mm ) 100—202 45
202—407 35
Flat type 40wt% Silicone (Dense) ¥ 0—100 55
Thickness: 80 x m 100—-202 40
202—407 _ 30
Flat type PTFE (Porous)? 0—100 40
Thickness: 85 4 m 100—202 25
Pore diameter: 1.0 x m 202—407 12
Porosity: 0.80 201—301 11
301—401 10
401—598 12
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= 2.5 [ __ Theoretical |+

g ) _ 202ppmv estimate _

z 301ppmv ]

§ n 1.5 | 401ppmv -

= 598ppmv 1

5 B E

= &8sk 3

&5
0 |||| L Lol oo by b s L1
0 30 60 90 120 150 180 210

Time [min]

Fig. 4 Comparison between measured response and calculated response for the optical fiber pCO,

sensor (Membrane: Porous PTFE (NTF-1124))
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Fig, 5 Relationship between relative fluorescence [/lsg,ny and pCO, for the probe type sensor.

(Membrane: Porous PTFE (NTF-1124)) Solid line is the theoretical estimate.
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Fig. 6 Effect of CO, transmission rate R¢o, of gas permeable membrane on response time.
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Fig. 7 Effect of thickness of indicator layer on response time.
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Summary

Recently, the global warming with the increase in the artificial CO, emission
becomes serious problem. Ocean is a largest storage of carbon, however there are
many unclear points on carbon cycle in the ocean. One of the causes is the difficulty
of CO, measurement in ocean. Since the conventional method for measurement of CO; -
in seawater required considerable time and high skill, therefore knowledge of the
distribution of CO, is limited. To clarify the carbon circulation in the ocean, the
development of the method for measuring of the CO, is required, which can be
measured conveniently and continuously. An optical fiber sensor for pCO, in sea
water was developed and the behavior of the sensor was studied experimentally and
theoretically. The sensor consists of optical fibers, a gas permeable membrane and a
fluorescence indicator solution. Since CO, molecular moves between seawater and
fluorescence indicator through a gas permeation membrane, and pCO, in the
fluorescence indicator becomes equilibrium ‘to that of sea water. A fluorescence
indicator is HPTS (1-Hydroxypyrene-3, 6, 8-Trisulfonic Acid Trisodium Salt) having a
pH dependency. When the CO, dissolves to HPTS solution, pH changes. Therefore, it is
possible to detect of pCO, in sea water as a change of the fluorescence.

A theoretical model for the pCO, optical sensor was considering CO, transmission
rate of gas permeable membrane, diffusion of CO, and HCOs, reaction rate of CO,
hydration and the electroneutrality in the indicator solution. The model accurately
reproduced the behavior of the sensor required experimentally. As a result of the
model, it was clarified that the transmission rate of a gas permeation membrane and
the diffusion of CO, in the indicator solution limited the response time of the CO,
sensor. Therefore, the response time within 5 minutes was achieved when the

diffusion length of the indicator solution was less than 0.2.
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