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Abstract — In this study, we developed an optical-fiber sensor using cobalt chloride solution to monitor temperature in
real-time between long distance points unaffected by the electro-magnetic wave and the vibration. Cobalt chloride solu-
tions were made using 10% water and 90% ethanol (v/v) solution. The transmittance of these solutions was analyzed on
655 nm using UV-Visible spectrometer regarding temperature change. Also 30.8 mM cobalt chloride solution was gelled
by dissolving polyvinyl butyral and the transmittance of this was analyzed on 655 nm regarding temperature change.
The results of transmittance and optical power measurement showed decrease of both transmittance and optical power
with increase of temperature from 66.8% and 149.5 nW at 25 °C to 7.1% and 48 nW at 70 °C, respectively. These results
support the possibility of gelled cobalt chloride/polyvinyl butyral as an optical-fiber sensor to monitor temperature
change.
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Fig. 1. Optical fiber sensor to monitor temperature.
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dissolve in water

C0C12~6HZO

Co(H,0)s**(aq) + 2Cl(aq) (@)

CoCl (ag)blue) + 6H;0 = Co(H,0)s** (ag)(pink) + 4Cl'(aq) + AH

AH = - 24.9£7.9 kJ/mol (b)
Fig. 2. CoCl, molecular structure and its change with solvent.
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Table 1. Concentration of CoCl,-6H,0, D.I. water and ethanol for the
preparation of thermochromic solution

Molar concentration Ethanol D.I. Water CoCl,-6H,0
(mM) (mL) (mL) (2
154 0.2
30.8 0.4
46.2 90 10 0.6
60.8 0.8
76.2 1.0

L an
Fig. 3. Chemical structure of polyvinyl butyral.
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Fig. 5. Schematic diagram for temperature sensor system.

Fig. 4. Structure and real image of temperature sensor: (a) structure of temperature sensor, and (b) real image of manufactured temperature

sensor.

Korean Chem. Eng. Res., Vol. 52, No. 4, August, 2014



713 7k WA A 913} THFE fpolyvinyl butyrals: o83 25 7H4] BAG Ak A 439

3-1. QS|TUE /water/ethanol TAH| L 25 BiS|of| 2 Eal=
15}

Table 10 Wl 9l goE52] 2o upE 5yl HelE UV-
Visible spectrometers AR5l S4s8kaL, 9] 5744 &5 F i
21 30.8 mM FEE 7= S92 5o i FE 54 Ay
o}l Fig. 60l YERNSITH

Fig. 6ol B¥, &57} 585 g9 AAA] T
o= AeE YERA AL, 53] 500 nmellA] 750 nm H$1] THel
A AR FHashs 2le & 5 vk 899 FErt 250
E3R= o], A3tFHFET} water/ethanol 298 Lol A e 2
oM AN, 6uA), 2 2mollAE @S], 494
Hehll= 7 7] FEIE EAsk] diEelth o] QlEl] H 2
o= B AT sl 500 nmollA] 750 nme] W S
o] Fuperl v et Zlo g shakEn) vhd w2 oM
300~1000 nm®] A e AR = FHEE Hola AT 380
4 500 nm Ato]2] ghe R F54 4921 750 nm ]3]
20 3o ¥ =& TS Hols o]

25 Hsh= gl 22k0] S0} St E ) -3 W] ojet
AslTRES] gujshE AJullsh= 210 AeiA] It 14]. £9] 2
T7} &21714A Le Chatelier F12] ol & 719 ¥-g-olA], =314
Co(H,0),* = WHE 0= & A5 o] oA CoCl? 7} Hof
(Fig. 2(b)2] 9RES) &N FEAE YeRfA] ¥]a1, 257k 27t
™ Fig. 2(b)2] “gukgo] ¢-Alste] E34S = A Ht wba] 89
o] FEAS LR, wgo] 71 500~750 nme] F- A oo b}
e AR R Fstal, &) E3AE veRl|, shdo] ghe
380~500 nm&] FEA GoIo] sts Ao ® Fgehe Ale v
Epdict, FEgh Gulje] Aol Wb Y o) Thssk, ARk o®
E7} aleohol®] H] 5 E2] 0|7} F7F8HA Fig. 2(b)2] JHk-go] 94
slo] G2 TS UERE ZloE defA SiTH19].

Fig. 7 655 nm Jgox]2] 7f 5] o] uhs Foie s}
274 Avs vebd Zlolth 154 mM 8912 25°CellA] 80.4%,
75 °CollM= 37.8%0] TS 22t LERASITE. 154 mM &2
T 50 stadE gl vwals] 25 °CEHE] 75°C A &
T Gooll drid oz =& Foes el 2 g38iE A3t
FHFE O] ¢fo] A]7] wiFolt}, 25 °CS} 75 °ColA 9] FHE Afol=

i

lo 2 M

i1 o

ol
o

——25°C
——30°C
A —35°C
Y —40°c
——45°C
—50°C
—55°C
——60°C
——65°C
——70°C
—75°

Transmittance (%)

300 400 500 600 700 800 900 1000
Wavelength [nm]

Fig. 6. Transmittance of 30.8 mM CoCl, solution with temperature.
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