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Combustion Qualities of Waste Tire Oil as Substituting
Light Qil for Greenhouse Heating
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SUMMARY

This study was initiated in order to find an alternative fuel substituting for light oil, the most common
fuel for heating greenhouse. The tire oil used in this research was produced by pyrolysis process, one of the
final products besides steel string and carbon black, in which waste tires, as a form of chopped pieces
broken by shredding machine, are heated up to 200~300C with maximum restraining of oxygen supply. In
order to justify light oil equivalent qualities in tire oil combustion characteristics were defined in the way of
comparing kinetic viscosities in the wide range of temperature, flame sizes and exhaust gas components in
the various combustion conditions. We found that kinetic viscosity of tire oil was lower than light oil by 1
to 2 ¢St in the temperature range showing better flowing mobility in the fuel line of the burner and no
significant difference in flame size between the two oils in the all combustion treatments. However. much
more NO and SO were detected from the exhaust gases of tire oil than light oil combustions. In fact, tire
oil contains more nitrogen and total sulfur, by 25 times and 40 times respectively, than light oil, according
to the composition analysis. Tolerable limit for SO, discharge amount defined by the national air pollution
standards is under 540ppm. so tire oil combustion satisfies the requirement though. It is desirable if sulfur
and nitrogen filtering process shall be added in the tire oil production line. Except the exhaust gas
components, all greenhouse heating qualities of tire oil including hot air temperature are very identical to
those of light oil.
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Table 1. Experifents conducted to figure out the combustion characteristics of waste tire

oil and light oil
Checking items Equipment Condition Remarks
Airflow rate: 4 levels (7.5
= Gun type
3
o Length and . 1147, 1388, 20.46 m'/min) |\ 014175
Dimension of flame diameter Digital camera injection pressure: 5 levels ¢ /hr)
(588, 784, 980, 1176,
1372KPa)
. Hot air and
Hot air exhaust gas T type Same as above
temp. thermocouple
temp.
- | Components 0,, CO,, CO, Exhaust gas
Combustion of e}:(haust NO, 50, air analyzer S as above
performance as ratio, Tess, Tair , (eurotron ame
& Smoke scale greenline)
Fuel Fuel consumption Electronic Same as above
consumption rate(kg/hr) balance

[

exhaust gas -~ ¢ Si i oil
detection . ©~ . container
K burner ‘
‘ *S3
electric
balance
o —— e
-— - exhaust ;
| ; . temperature
[ analyzer | ! recoraer
Fig. 1 Measurements of combustion related parameters in the hot air heater.
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Table 2. Compositions and calorific value of the waste tire oil and the light oil

ftem Compositions Calorific Water content Specific
oil Carbon | Hydrogen | Nitrogen | Total sulfur value (W, %) gravity
(Wit%) (Wt%) (W1%) (%) (kcal/kg) (25C)
Waste tire oil 83.70 11.20 0.25 0.38 10,400 3.04 0.9
Light oil(B Co.) 85.9 13.85 0.01 0.09 9,200 0 0.83
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Waste tire oil

Tire oil

Light oil

Fig. 3 Flame size of light oil and waste
tire oil at injection pressure of 980
kPa and air supply amount of

11.47m%min.
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Fig. 4 Flame size of light oil and waste
tire oil at injection pressure of 588
kPa and air supply amount of
7.5m*min.
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Table 3. Flames dimensions of waste tire oil and light oil at the different combustion

conditions
L. Dimension of flame (mm)
Injection Ai i
pressure T suppYy Waste tire oil Light oil
(kPa) rate(m'/min) .
Length Diameter Injection Length Diameter Injection
rate(kg/hr) rate(kg/hr)
7.5 800 200 680 160
11.47 600 150 520 150
588 112 10.1
13.88 550 140 500 130
20.46 520 120 480 120
7.5 700 160 680 160
11.47 620 130 560 150
784 12.5 11.2
13.88 600 140 520 140
20.46 580 120 510 110
7.5 880 170 870 180
11.47 600 210 620 140
980 14.4 12.7
13.88 580 160 600 120
20.46 570 130 510 120
75 880 180 980 180
11.47 760 160 650 160
1176 15.5 13.8
13.88 700 150 620 150
20.46 650 140 560 110
7.5 1050 190 880 220
11.47 810 200 950 150
1372 16.4 15.0
13.88 700 140 620 140
20.46 650 130 600 130
HE XUy MzAcM AA BAIZRAL o Belq UF xuan 2 ok wEAM & Al

A4 o F2 2HAFE 0, HE, CO; HE,
CO %%, NO, SO, W7|7}28% £ 183ly
A3te 4 A A$ 0, 5% B&, CO, 11~
12% AE7l 71F0] Hrh oo 7b¢ A{E £
Z70] 980kPast 11.47m*min, 1372kPas} 13.88m®
min ¢] 8 4 UrhKim, 1999a). 18j\} 1372kPa,
13.88m*min®) wj7)7}A 25 (270~280C)e ¥AMSE

Holl A ALRE F7C HEg BAzRTE
980kPa, 11.47m’/mino] %2 olat & 5 Ut} o
Z7dA HEloloje Yt AR CO, HE&E
118, 11.5%2 Jehgtx gt sHEelojojede] NOE
422ppm o2 A% 42ppmoll B3] 9uj} ESto
o 49 SO, Oppm, HEle]o] UL 185ppme
2 AZHUY. o] £AE £ v driedg A
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Table 4. Compositions of exhaust gas in tire oil and light oil combustions in the furnace
situated in the hot air heater

Lo Compositions of exhaust gas
L?:;t:zz Air supply Tire oil and light oil (italic char.)

(kPa) rate(m’/min) 0 (%] €O | €O: | NO | SO, | air Teas Taie smoke
(ppm) | (%) | (ppm) | (ppm) | ratio | (C) ©) scale

75 2.5 193 13.7 302 169 | 1.14 177 27 8

33 | 8 13.1 36 0 118 181 33 9

11.47 85 0 9.2 321 125 1.68 237 27 6

538 9.2 9 8.7 27 0 179 235 33 3

13.88 10.4 38 7.8 244 47 1.97 250 26 4

11.0 | 1346 7.4 6 0 | 209 246 33 3

20.46 12.8 | 7514 6.1 125 31 2.54 253 26 5

15.9 | 3599 37 22 68 4.10 187 32 5

75 1.3 | 8982 14.6 222 180 1.06 172 26 9

1.2 {11523 | 14.7 27 327 1.06 169 33 9

1147 6.0 4 11.1 433 154 1.39 242 25 5

284 6.9 0 10.4 40 0 149 243 33 2

13.88 9.2 10 8.7 329 48 1.77 259 24 3

9.5 0 85 34 0 182 257 33 2

20,46 11.4 194 7.1 194 16 2.18 272 22 4

11.8 | 2101 6.8 4 0 2.28 270 33 4

. 1.2 off 14.7 252 off 1.06 158 30 7

0.6 off 15.1 317 off 103 164 32 8

1147 5.1 0 11.8 422 185» 1.32 254 30 2

980 5.4 ] 115 47 0 1.34 251 3] 1

13.88 7.5 0 10.0 393 171 1.55 273 28 4

11.0 21 7.4 28 0 2.1 284 33 2

20,46 10.2 0 8.0 291 95 1.94 286 27 2

10.6 off 7.6 31 off 2.02 285 32 I

75 1.5 off 14.5 221 off 1.08 139 29 8

1.1 off 14.8 36 off 1.06 156 32 9

1147 4.0 3 12.6 391 273 1.23 252 29 4

1176 4.1 0 12.5 5] 0 1.24 256 32 2

13.88 6.5 3 10.7 386 238 1.44 274 28 2

6.5 0 10.7 48 1.44 281 33 )

20.46 9.0 18 8.9 315 130 1.74 295 27 2

9.6 0 84 38 1.84 295 31 2

75 1.2 off 14.7 252 off 1.06 141 27 8

’ 13 off 146 33 over 107 151 31 8

1147 1.9 21 14.1 348 252 1.10 268 26 6

1372 2.6 0 13.7 52 0 114 267 31 3

13.88 52 0 11.7 429 243 1.33 285 28 4

6.0 0 11.1 49 0 1.39 273 28 1

20.46 8.3 0 9.4 356 169 1.65 308 29 2

85 0 9.2 49 0 1.68 306 29 ]
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