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““In-situ” Analysis of High Temperature Gases by Infrared

Spectroscopy and Its Application

Masafumi MAEDA, Noboru TAKAHASHI, Yoshikazu KUWANO, Minoru SASABE,
Kouichirou SHIBATA, Mikio DEGUCHI and Shinichi INABA

Synopsis :

A technique for the “in-situ” analysis of the high temperature gases containing CO, CO,, H,0 and SiO at
800-1 600°C was developed. The gas in the furnace was monitored by a newly developed infrared opti-

cal sensor with Fourier Transform Infrared Spectrometer (FTIR).

probe with various infrared light guide. .

The sensor was of a water cooled

The experimental results could be summarized as follows ;
(1) Partial pressure of CO, CO, and H;0 could be measured at 800-1 600°C by the infrared optical
sensor. The maximum sensitivity of this technique was as high as 0.000latm (100ppm) of CO gas with

optical depth of 200mm at 1 550°C.

(2) Infrared absorption spectrum of unstable SiO gas was measured by the infrared optical sensor
demonstrating the possibility of measuring the partial pressure of SiO.
(3) It was demonstrated that those gas species evolved during the reduction of cold-bonded pellet by CO

or H, gas was quantitatively analyzed.

(4) “In-situ” analysis technique was applied to the pilot plant scale combustion test furnace. Change of
gas composition with pulverized coal injection could be accurately monitored in the combustion furnace.
Key words : gas analysis ; infrared spectrum ; infrared light guide ; carbon monoxide ; carbon dioxide ; water
vapor ; silicon monoxide ; reduction ; cold-bonded pellet ; combustion furnace ; pulverized coal injection.
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Fig. 1. Schematic diagram of apparatus of “in-

situ” analysis technique by infrared spectroscopy.
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Fig. 2. Schematics of infrared optical sensor with
water cooled probe and infrared light guide

(KRS-5 fiber).
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Fig. 3. Water cooled probe with gas cell.
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3. KBER bLUEE

31 FARGEBRE O

FHRa— S EE 4200mm®D KRS-5 7 7 £ /¥—
DEBBER LRS-, Fig 3ICRLETu—7
WKENRENOFRIN G EEER L EE L, 800°C, Ar 5F
BRDOFIICIEA, FABEEEARE EE L - HOKRS}
KOBELFREL 2. TOEFREE Fig. 4 [IRT. K
FEREFRNGELEEE LTHRAR - T %, HEE
KRS-5 77 A N—%FHLIBEIIBONIHEETDH
. Flo—AEARE, ZRTORERESSOBEE N
#¥ (Background) TH 5.

EAKEI L, ThEh, KA R IT—7:3600~670
em™ Y, KRS-5 77 4 /%— :2800~670cm™ ! & #4t 2
D= TORNVILEHBE TN L (ZETRETHS. ElK
DFEELFN 2 a— T OHHHL, FIEIC BV TER
BENDLhwI Labhrol.

EHICHELT, BRXOEDOHMERIVWTLOBED
IV, REER R TV,

A=—log (S/R) eeceererrrrarrercrniciinciiniiciinn (1)
A:BEARY b, S: RBMES, R: BHES
L) HEHBIZ L2 TRDTWBDT, RAEDES %

BTN TESLD, BIEICTE 2 W,

100
a) Relay lens a)
| b) KRS-5 fiber Yy

¢) Back ground / /
D /
z sof v/
§ y
& P
£ "/

/
.--""w— /
o v

3000 2000 1500 1000
Wave number (cm™')

Fig. 4. Transmission intensity of infrared light
guide, KRS-5 optical fiber and relay lens type
mfrared scope.

Gas,; Electric furnace
mleti ectric furn, Ny Gas

{inlet

Gas
outlet

Fig. 5. Experimental apparatus for measuring
absorption spectrum of CO, CO, and H,0.
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Table 1. Wave number used for quantitative
analysis of CO, C02, H;0 and SiO.
Gas Wave number (cm ™ 1)
CO 2135
CO, 2377
H20 1559
Si0 1190
PHzO (atm)
(o]
04 ( o8 r 008
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-~ 7L
S |8 | @ A/
T o2l ©o04f © o004}
1 4 2 —0— co
—-—A— CO2
DA
/ -0 Hz0
O L o - | L

o] 04 o8
Pco,Pcoz (atm)

Fig. 6. Calibration curves for CO, CO, and H,O
at 1200°C.
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0. . A A A N
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Fig. 7. Absorbance of 100 ppm CO in “in-situ”

analysis technique.

Gas inlet ( CO-Ar gas, 0.5 Ni/min)

Probe for
“in-situ” analysis

Electric _furnace

Graphite tube
—

LR, emitter ( inner 23 : SiC
outer I:I Graphite

Fig. 8. Experimental apparatus for measuring

Si0.
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...... Experimental result
of Lovas etal.
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Fig. 9. Infrared absorption spectrum of SiO at
1510°C under pco of 0.4 atm.
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Fig. 10. Effect of partial pressure of CO on SiO
absorption spectrum at 1510°C.
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Fig. 11. Absorbance by SiO as a function of pco
at 1510°C.
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I Computer 7 Optical depth
2 FTIR spectrometer 8 Alumina radiation plate
3 IR fiber (KRS-5) 9 Thermo-couple
4 Water cooled probe 10 N2 gas intet
5 Resistance furnace Il Gas outlet
6 ZnSe lens 12 Gas inlet
13 Sample
Fig. 12. Experimental apparatus for monitoring

the reduction of cold-bonded pellet.

Table 2. Chemical composition of cold-bonded
pellet. (wt%)
T. Fe SiOg Ca0 Aly03 MgO S C. W
52.76 5.81 8.10 1.73 0.24 0.057 7.96

RETNAEDHWICAHTH D Lhibhror.
3-4 “FOH ORI

3-4-1 BALEOBTERIB~DIEH

“EFOW SHORICBET~OIH L LT, Bk
(Fey03) Ma— W FEY KLy b% CO, /i3 Hy
HAWLEODTCBRIELABECEET A CO,, 7041
H,O % @Bz 58T L 7.

REF, Fig. 121277, &4 —ik, Fig 20
A& 70— FI22E 1700mm » KRS-5 77 4 /8—%
EELLZLBOTHA. AL, EEH 0mm DbD%
#2.8~6.0g (1~21@) Hw/. XLy FOfbZEHK
iZ, Table 2 IZ/RY. ZOFEZIRE 1000°C, HFE
B 100 mm, CO # A& 25~100 ml/min TET %172
7:. HiEid, Ar PCREE ML, SHRESOHEL
TV, Z20% CO, 723 Hy ¥R B2 FEET
DHIE % LG L 7-.

HEE CO FRICLDOTETLLZBICHIES Rz,
FRAVRILZ = 27 b piZid, Fep,05 5 CO TERTE B
A L7 COp 282350 em™ ' fHE & Ho& LCTHATY
7o. F72 2140 em™ ISR B O CO DIRINAR,
bz, ZOBRE, ZODOH ADRIIAFEFIEEL T
WhzOIL, BREEORE R LTRE-EIEE
Hviz-. '

Fig. 13 3&¥— 7@ & X hkKo/z CO, CO, FED
BEELTH S, FUSEMNY Ar 75 CO KA Bk

1.0
°C0O, *CO2
08 |
‘E 0.6 - Temp. = 1000°C
K €O=25ml /min
a 04 |
oz |
o 1 1 A 1
0 40 80 120 160
Time (min)
Fig. 13. Partial pressures of CO and CO; for the

reduction of cold-bonded pellet by CO as a function
of time.

0.10
Temp. =1000°C
~ 008 Puz=0.22
‘E‘, Ha+Ar=94.5ml/min
%
P 4
a

0 40 80 120 160
Tirme (min)

Fig. 14. Partial pressure of H,O versus time for
the reduction of cold-bonded pellet by H,.
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BEBEERETAE, FFEICRC—BLTEBY, Ao
HEDHEERTIEEEILONSD.

Fig. 14 i, CO BT LMULMHT, a—VFKRVF
NLy b2 H XD BILLABEICERT S H,0 D
FEOBBEILERLIZLNDTHS. Hy BILTHEREL
7z HoO FHEZEALX, CO BILOBFED CO, THEEILE
1A LR UMEmZR L.

DL, BILHKOBTRIE®, “Z0%” HEE
WL THTATERTH A Lisbhor.

3:4:2 I— 7 ABRBIFE~OILH

Fig. 15 &, 22— 27 AFHEBBRBEIFIC, “Z 0¥ HE
EBYEALBAOEBOBMERLELDTH S,
PRBEYR 1 PIEE 900 mm, &5 & 1450 mm O FfE#ERIE T
HY, HEBmm OFO1EREHF LTS, BREEFH
BiZ1E 10~20mm (CERI Lo —Z XA EFKEL, SO
DS DIRBEHE T AR RN L 2 BB, (R -
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< 900 ——|
Hot blast I Fre analysi
o as 2] Coke (10< “in-situ” analysis
(1100°C, 20°%02,160Nn ) [ e ::20""") ; (Cell; BN)
[.]Race  Fpead L OQ
'} FT-IR

)
Q®

~~° PCl lance

PC=15kg/h
(VM=34.2%,Ash=10%) Tuyere

Other condions;Gas velosity < 200 m/s
PC injection period = 60min

1. Cooling water inlet
2. Lens cleaning gas
3. Cooling water outlet
4. Sample gas

Fig. 15. The pilot plant scale combus-
tion test furnace.

0.15 018
]
T T
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< E <
O[™Bn 2l "W, 159 o o .
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Wave number (cm™1)
a) all coke
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b) PC injection (15kg/h)

Fig. 16. Infrared absorption spectrum
* measured in combustion test furnace.

Table 3. Gas composition of combustion test furnace measured by “in-situ” analysis technique.
Pco, Pco PHy0 Psio TFT-obs. Temperature at
(atm) (atm) (atm) (atm) °C) measuring point (°C)
All coke 0.024 0.436 0.015 =0 1763 1330
PC injection 0.011 0.477 0.008 =0 1647 1315
PCR=15kg/h

1100°C, FEFMERE .20 %, %EE :160 Nm®/h) %
OXDIKERAA. 72, “FO8 SHHAOKE 70—
Tk, L—RAY cAERLY 70mm LHFOFEEAIC
BALZ. EBRTIX, BRBEFPICTIOX )AL KA
A, FREENEEIGELLC & 2HRE, FAFYAD
“EFOW s xfTol. 1HOJIEICEL KRG,
7— ) LHENE L EHH 45 s THol T 2RNR
INARZ FVEBERTHDOICLELSRBETIX, Ar &
ARFOESFATREE L /2.

BREIFRCOBRT ZAD “FOH” FHICEL2THEDS
NRARILA ~ 7 P VO—fF% Fig. 16 ISR L7z, B
WA RZ M VIZIEMTIRTZ 200N >~ FH 8 &
hi-.

(1)2400~2149 ecm™ ' i2B1F 5 COy F I X I
Ny R ‘

(2)2300~1941 cm™ L 2B 5B CO # 212 X BHRIL
NV F

(3)2130~1300cm™ ! i2B1F 5 HO #H A2 X BT

AR AN -

ZFhEFNRORINS > B, COp HRIZDWTIX 2377
em™ Y, CO FRIZDWTit 2133 cem™ !, H,0 HRIZD
Wit 1559em ' DE— I BEDSLEFTADHFTELK
W1z, FOER% Table 3 1278 L 7. CO, H0 H R
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