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Long-Term Stable Operation of Petroleum

Coke Firing Boiler
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Masuo NISHIKAWA

As petroleum coke has the excellent burning characteristics and low ash content compared with coal, many

existing oil-fired boilers in Japan have been modified to petroleum coke firing.

In 1985 Yokkaichi Power Station No. 2 boiler of Tosoh Corporation was retrofitted to petroleum coke firing

from heavy oil firing for the purpose of reducing fuel cost. During early periods after the modification, the

plugging of heating surfaces due to ash deposit formation often resulted in unscheduled outage and required

the removal of adhered hard ash every half a year. Therefore, based on the study of the causes of plugging

due to ash deposit, various countermeasures were taken to prevent the plugging and a stable operation

throughout the year was successfully achieved in 1989.
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Table 1 Boiler specifcations

Ttems Original specification retr%%igiiéigc?rtlit%n;ét?iiing
Boiler type [HI-FW single-drum, radiant type
Evaporation at MCR (t/h) 430
Design pressure (kgf/cma?) 145
Main Steam pressure (kgf/cm?) 124.6
Main Steam Temperature (°C) 543
Feedwater Temperature °C) 200. 8
Air Ambient Air (°C) 20
Temperature | A outlet (°C) 250 270
Gas ECO outlet (°C) 340 360
Temperature | AH outlet (°C) 163 171
Piring rate Heavy oil (kg/h) 29,100 6,000
Petroleum Coke (kg/h) 0 29, 100
Excess air ratio (%) 5 10
Fuels Heavy oil firing Combination firing with PC and Heaby oil
Heat liberation rate (kcal/m?hr) 197, 200 197, 200
Draft system Forced draft

PC:Petroleum coke
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Fig. 1 General arrangement of boiler

(102)




Y kRS

H36%& H1%5 (1992) 103

TWHERNATE Ny 77 5 2DOFEE LT B,
AFETIE, ZheOBITAE, SHEARR L OSERRK
PN THRE T 5,

2. RAS-—HERNT

KA F—SoE RO ERILE & Table 1 IK7=¥, £
T — 7 ABREER, WABEN-RT80%EL, Y
0% L IEREF S OE A — 7 R DYEIREED 12 OB
PR E LCERE R & T AR E Lic, ARERITIE
%t 430 T/H &HMEFFT 251 E L1

Fig. 1 284 7 —AK@EDEERT 2R T A—F—
19 BARE Y Bz, TEBERESMEROF— =
7 — K- bEEE L, KFHRADORT7 Y —F =—
TRIFN~RD - L, BRIED 2 0 K7 PR I & 3%
M, BBENREECTED RO LIS, AT

FOFa—TE T RIS, RITERRICEZFa—-7
MoOMEZOHN T 285 L L, RARC ZKRBHR
(Secondary Super Heater:2SH) ¥ = — 7' &°y F $ JAlT
oo XBIAZ Y — RIS A—Y T r— 187 L1,
g A nPEy A EE 2 330°C Ll LicHiss+ 21
W, ==a /24 ¥ — (Economizer:ECO) oF =2 — 7%
—ERAIER L 7o

3. Ama—7 A0

25KRA T —CHEA LAl —7 A0k E Table
2 lFET, HEo»ER EEBICOWTERERCR
L1,

IR LS, TiH=— 7 AER D25 LUT THREE
PEDSTEL Y, RGN0 D 1 LUF Th %t BIRME SR
S 5= S AMT— 7 ZRBEA~OUE T HLENE 5 TH

Table 2 Property of petroleum coke

Actual value Reference
Items Design Value
MIN~MAX value Bituminous coal Heavy oil
Surface moisture 8.0 6.33~10.08 — ==
Inherent moisture 1.0 0.10~1.28 2.5 ==
Proximate Fixed carbon 90.0 84.19~88.97 52.8 —
analysis Volatile matter 10.0 10.52~15.5 31.6
(We%) Ash content 0.6 0.07~1.10 13.1 0.017
HHV (kcal/kg) 8,500 8, 500~8, 900 6,920 10, 440
C 88.4 82.37~90.65 71.9 84.6
H 3.9 3.46~4.07 4.5 11.4
0] 0.2 6.5 2.0
S 5.5 1.03~5.6 0.5 1.8
N 2.5 0.35~1.59 1.6 0.20
Si 0.001~0.102 == 0. 0006
Ultimate Fe 0.002~0. 263 = 0.0008
analysis
(Wt%) v 0.007~0. 206 — 0. 0061
Ni 0.007~0.078 — 0.0021
Al 0.001~0. 06 —
Ca 0.001~0. 057 =
Mg 0.001~0.012 —
K 0.0001~0.02 —
Na 0.001~0.013 — 0.0013
Coal size (mm) more than 25 —
HGI 60 44~105 50
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Fig. 2 Operating records of petroleum coke firing boiler
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in Table 5,
Fig. 3 Operating results of petroleum coke firing

boiler
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Fig. 5 Macroview of a deposit formed in 15H
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Fig. 6 SEM and EDAX examinations for 1SH deposit

Table 3 Chemical analysis of deposits formed by petroleum coke firing

Location Furnace rear wall screen 2SH 1SH
Furnace Wall
Compounds Tube side Fire side Tube side Fire side Tube side Fire side
) Si0, I 54.9 2:1 39.3 i 20.3 48.2 13.7 20.4
A0, | 161 | 0.9 10.2 664 8.19 198 | 516
Fez0s [ 14.3 B 4.92 o ;2 | 14. 4 i 16.9 i 6. 50_ | —9.94 o
Ca6 | 3.61_ | 4.50 T 1.23 5.74 1.99 B T 36 I 3.42
- MgO—_ 2._57 ."—4. 50—_. 2.17 3.24 T 5 1-9 1. ';8 3.02 B
Na0 {21 16. 2 N 0.67 1.53 0.47 5.—5 [ 1.72
K,0 0.01 267 0.16 . 0.83 0.10 o 1.58 o 0. 42—
—VzO5 | 8.30 R 9._38 14.7 22.7 10. 8 o El — 42.5
NiO L. 17_ | 3.05 [ EO 10.2 12.2 4._!;) i 6. 60
SO; < 0.01 57 3.91_ 3.54 0.06 - 11.3 I 4.76—
C | O._09 | 0_.02 e 0.05 | 0.07 ' -0-.-05 — 0.10
Free S N.D. _16.3 hN_.D. N 5.46 N.D. 1 9.0— “ _-T\I.D. B
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Fig. 9 Mechanism of fouling formation

Table 4 Countermeasures for long-term stable operation

Items

Details

Modification of
operating conditions

(1) Lower excess air operation
(2) Adjustment of Gas injection and Bias air rate

Control of petroleum
coke property

Limitation of ash, vanadium, Si contents in petroleum coke within control values

Extension of

1SH tube pitch ing

Extension of tube pitch from 82.5 mm to 165 mm to obtain larger free gas spac-

Improvement of

sootblower in 1SH 1SH

Increase of atomizing steam pressure and operating time of sootblower located in

Change of chemical
additive

Change of chemical additive type and injection point from Mg-base additive into
oil to Fe-base additive into petroleum coke
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