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Table 1. Performance data for early fluidised bed combustion processes.'®

Fluidised combustion process Xﬁéer- economic boiler
| PF firedChain-G-
. . E - . i . i -rat in-
Ignifluid zzkoya ?a(;man Lurgi Belglzu'l!i Czech | PFfired ;‘;(1;2 f;lll;—fg?eeﬁsx?rli-
} es ace tube
I | N P P
. anthrac-| ‘hard . . wash- .. . bitumin- (bitumi- {bitumin-
Coal type ite coal’ lignite [oil Shaleery i lignite |7 o nous ous
Heating value, M]J/kg |23.3-31.4|10.0-14.710.7-17. 4| 3.7-4.2 3.3—4.7“ 7.0-24.720.9-27.927. 9-30. 2\9" -32.6
Particle size, mm 0.-10.2! 0.0-10.2 0.0-10.20.0-10.2/0.1-10.2 0.0-3.0, 0.0-0.4 O.O—O.u.wi 0.0-12.7
ash,l% as-fired 10-35 | 55-67 | 18-48 88 88 | 562 | 14-19 | 510 | 7-15
<, 1
2tlgf?ir;gmsture, % | 30 23 | 10-32 — 10 1-38 3-9 3-9 5-13
e, !
fjlf“‘t%‘tsfl“gﬁ air, % | g0-83 | 1835 100 100 15-32 — — —
CO, at furnace exit, %| 12-16 | 13-14.5  9-19 — | 1012} 715 | 14-13.5 11-15 | 12-14
i‘{{*ffgf rating, | 3.8-4.6] 0.6-0. 82.36.0| — |0.9-1.7 — — | — | L3Lé
Heat release rate 0.18-0.21/0.10-0.140.75-2.39|  _ _0.18-0.8% 41_g 26‘0 30 0.59,0.83-0. 93
W/m? (a) (b) 1(b) (b) -2170-26 ¢ S
W 135.2-46.9| 6.4-8.2 7.3-23.7} 129 | 61.5- 3.7 14.7- 39 3-67. 26.4
. .. 117.2 i 14654 5
%ﬁb““"“eff‘“ency'} 75-82 | 95-98 | 63-89 - — | 96-99 | 95-97 | 95-99
!
Temp~b0f ~SEE(:O{.ldary j 1,2001100-1200/970~1, 150 — 1 1, 050630 1,170 — — §980—1,370
Bel Toeton, "¢ 350-900) 500-1000/ 760-620800- 1040 680-050 | — I
N dilute; = “ - —
Bed depth, m | >0.51 phase! 0.53 1.0 — ‘0.51—0.61~ —
* based on maximum area of fuel bed
+ deduced
== defined as : Heat in— (unburnt carbon loss+unburnt gas loss)
(a) based on volume of combustion space before H.T. surfaces
(b) based on total volume of combustion space
(¢) based on total volume of both furnace tubes
(d) based on half the furnace tube plus combustion chamber volume.
A R ATl e mlF, o = Aol A AL gl B0
Aol 5 E a7 9% 4m®, 85sMW o 43¢ ul 23l o F TuULe FE odAFES
s Aze dsl AR 35 wollel 4 Eelm vrl o9& Fole o Uk HE :41
Ag AARGe. @A AT 55 ddel o A A, whzs) S s
g A & & Babcock & Wilcox Ltd?¢] Renf- L AL woror}t AR eke] wgk o T uke ]
rew FAel] 17.6MW o] a3 Hode B )¢ ng 2 g+ AA o]},
= g EFshx U Ol 1"&31-4 EdES
9.29m*¢e 2 4 5.8kg/s9] 57 &¥oz A & 2. H| &AM &tgfo| MEte] HA
G5 e 488 TR THE Adshe
o Lag doleE Q= Hogx o] LHw 9 fro5% sl Fa AHFY WAe 6
o}, AR FEFo]l AV 8 EFAEY HEE
o 7le] b 3 RE wol Tisle Ak Z= Aukd A& e Aol =lF
& 243 A% dlo] g7} table 2, 36| FEA Aele] gk USBM 7 Zzte] 3ld 20%
el glrh | FeAE o]z 30MWe A8 o4} 5] 2 T3t Aete] Yo HE A=Y
3 5= ZAo] West Virginia®] Rivesville 5] 8.2 bed "=z 288 ¢ giokz g} P
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Table 2

fluidised bed combustor.?

i
Proximate analw sis Scotish coall Irish coal

Moisture, 2 ; 6.5 | 2.0
Volatile matter, % 20.7 | 13.3
Fixed carbon, % 45.8 i 25.9
Ash, ¢ | 18.0 | 58.7
Heating value, i - oq |

MJ/’kgb 25.28 i 1142

Table 3 Performance data for the Renfrew flu-
idised bed combustor.?

i Scottish coal | Iish coal
Steam generated at p N
28 barand ETDQC,kg/S 276‘ 440 279
Coal fired. kg/s 0.345,  0.556 0.851
i
Air to bed, kg/s 3.635 5.48 4,091
Excesz air. 9% 27. 4 14.3 19.7
Iz:}lverage bed temp.,°C 93 877‘ 930
uidising velocity, ! o
/s > 1.34i 1. 82 1.38
Heat Etalance: |
to steam, % | 79.2 79.8 70.5
to dry gas loss, %5 | 6.3 7.0 5.6
i
to HsC in stack gas, % 4, 5i 4.3 5.4
to unburnt C, ¢ 3.7 4.0 10.5
to hea: transfer pro- |
be in hed. 2. 1.9 0.6 1.7
to blowdow n, % 1.71 1.5 1.5
to radiation and un-
accounted % 2 73 2.8 4.8

Ash retentione] Hg dFE 23 5R el

Renfrewd] 5& d4&73 Ea 8z g,
£ZEREY 8% I EE 2E A A

1.3m/s8] f53L &2} 959%<3mme] 9=}z

7|2 55 % & £ ashe] 30%7F bede] o

o, %3 £2F 2m/s, gty =27]E 95%
<6mrmnZ 35 A% & ashe]l 25%7} bede]
doros, 60%9 3Eg T el odA =9
PEpIN- 1,3m/s.°4 53 £59} 95% <3mme
A= 2 d 47| E ashe] 35%7} beds)
A = et 0’: FE 2] retention o] = W ofal

W= ek ashe] £3s R
Eoivle 49 1.4%% A=A sA =k, Ashe
retention® Z7lA7lvtE= 732 ashe] o ek

dHTL

Analyses of coals fired in the Renfrew

O

FES 9L

x P

L 27 ADE e, o] deq
TN B Agsted Al ashE WA OB
A= 4 glvh, Bed® Fal 4o uEo] 4o
#e Folsbe do] Vel drv wobek ¥

=¥ 1,700° C 014} o]—"é*—ii 7b5sl, 85%
9] 1gge Tasle ASeE 1,000°C HE2
o5 437} sb5sbet. (Fig. 3)™

a1x¢] Central Fuel Research Institutes]
Bae) ok FTAe TFHL el o bed
9 =
o AEke] 32
4)1® 3] ko] 80%
Lx 800°CE  &3bEh
t}. (Fig. 3)

% 900~950°CR FA & 4 sl Aud
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ol Ak s
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.
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Fig. 3 Effect of inerts on furnace temperature
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B 7] E3 AAdFelsh. o] FAxdE 1,250
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2 A8 el g8 A%
& 4 a8 A Fgn e 23
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f % 3 0.45
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@ =z
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Table 4. Comparison of Renfrew fluidised bed
boiler performance with that obtained
with original spreader stoker.?

} spreader‘I fluidised bed

Boiler output at

28 bar and 270°C, kg/s 5.06 4.43
Coal fired, kg/s 0. 689 0. 556
Proximate analysis

Moisture, % 17.7 5.2
Volatile matter, % 26.0 28.6
Fixed carbon, % 43.6 44.5
Ash. % 12.7 21.4
Heating value, MJ/kg 23.6 24.6
Grading through 6mm, % 68 90
Gas analysis at econ-

omiser exit

CO., % 11.2 ) 12.7
0w, % [ 8.2 6.5
Na % i 80.6 80.8
erard o bed, oo 0.27 7.45
Grit collection :

Economiser hopper, 1 ! NIL
kg/n

Interceptors, kg/h Refired ’ 142
glarf)q??lxel precipita 98 1 9%
Stack, kg/h 17 80
Heat balance ‘

To steam. % 77.5 | 79.8
;I‘Cokvd'rqg' gas loss at st- | 8.2 7.0
r’tl;oszvz:;tlzr%apom loss 5.9 4.3
To unburned carbon, % ‘ 4.4 E 4.0
3/?1 r;;dxatlon. blowdo 4.9 4.3
‘To heat transfer probe,

% — i 0.6
otz aloh @ £4.¢ bedsl LE5} Soha)
o HJFAL gol ¥n, $53} $55b
2™ burn-outd RolslAl o g rAsA =
cl

CFRIS| o F-o] Slabad dxgo] =
24l2 entrained carbone)] »}qlgttia ¥
od EE AR FFE £46 B

(=]
'IT%

& 92 [

i el 2re 1~5% FAAE 3B gy
non-coking coal& 10% 3|8 o] E2 by-
producte 156~25%¢] 2&tm g} ® CFRIx
e A Agotd 242 Folna 59
2} o2’ el oigk AHe e x| el

Renfrews] 5% o34 A4 88 =
HERNEG 18% EE THsE A iz
£Ale] 3.5~4%el 23b=] grite] 93t refiring
Wol= L dd TS dx sl Aok D

et oA EAL 58.79%9] 3]2g T el
A o B B{ sl 4L 10% o4
H3 ek ¥ 344 bedd 255 &
T lom £48 Folx A9E gL 4 gl
o] %% A4t 279 254 stokersle] A
& dlol el 7} table 44 5‘-—/‘]5]"1 slek,

Laedel 9ol due £23 455 da
of 2 A4 ol FL At A
o ne#e] 45 Fdstey 2 4+ gl

S

O

4. FAMD 3

*
o

e
s
At
e

Ao Lo

]

161419 ash 42 wms
ogﬂ 7] Ede] &3 o =
AEEL] F|F e JalElE Al
oﬂ ol X diH 800~900°Col
BFEE 1, 400~1,600°Col 3 B o= 2 2 4]
22 Vel s el F49) PAlds) QAsiEe
STIqke] Al whof o2k @ ssle Ao
3l Bl Hol gt T4y AL vy om
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g 4 §E Aol

Renfrews] Sl 5% 47l A3k 3,000
A7k Eoke] S A} FAe A AL HE
WA A Fk

]9 e AL oyt Fo| beds] e 23
o} tlejard] & F43 AP dFYel T
Axgeh, M Ao ot 242 table s
oF ZEri.

NCB¢] Coal Research Establishment®] =

2

A S8R HEFlAY ERE B FAE
Aedz gE Ao ¢dd AhY A%

2. Newstead blended small (ash 18% sul-
phur 0.7% chlorine 0.26%)

3. Humphrey No. 7 (ash 149 sulphur
2.89% chlorine 0.1%)

AN FTEake] AT AEEA ] table 6o
EAH Sl

=& 559 A9

Ag AAR +E A F4
[e]
O

Table 5 Analysis of boiler tube deposits at the

%8, Az, d4zA, 98 5 ARHAe - N
4l W $E3 £z} e Jars oA Renfrew fluidised bed combustor,*
Az W] g3t EHe] A 7 EA Silica (SiOs), % 24.0
8 od4ue RARAE LA L8 0.3mY Iron oxide (Fe:0s), % 3.0
AAAHY ALz AT BE AT7E FHH Aluminium oxide (Al:0s), % 23.0
oAtk Calcium oxide (Ca0), % 1.0

w]ai FAA] Fell wis] 400~850°C H$jelA Magnesium oxide (Mg0), % 1.0
100~1,000hr 2 oh-&3h Z& Aukd A4 A¥ Sulphate (SO, % 1.0
] o1 o} Carbon (determined), % 35.0
= 9t . o

1. Welbeck untreated small (ash 24% Ignition loss at 800°C % 47.0 ]
sulphur 1.3% chlorine 0.65%)

Table § Nominal compositions of iron alloys used in NCB corrosion tests. (Iron to 100%)%

Allo Carbon |Chromium| Nickel Molybdenum Manganese | Vloblum

Alloy Max.% % 2 % % | %
Medium Carbon Steel 0.25 }
1% Cr, 1/2% Mo Steel 0.15 1.0 0.5 | 0.7max.
2395 Cr, 1% Mo Steel | 0.15 2.25 1.0 ' 0.7max.
12% Cr Steel 0.15 12 © 1.0max.
Type 316 0.09 17 12 2.5 ! 2.0max.
Type 347 0.08 18 11 ' 2.0max. 0.8
Esshete 1250 0.15 15 10 1.0 . 6.0 1.0
Nimonic P.E. 16 0.10 17 43 3.0 | |

1.5mmel] 2et o] Y3k ash-typed] 3 S ulxz] oo} 500~1, 000hr ZHEe] 23 A A%
A& 400°C £ 500°C2 W& o RIS o FAL dsbh 2E dehdA g
A% FY3BAA & + deh Al EFe 2AAD ash Aol T scou

0.3m 14718 ¢ e gl s W By ring actiong ASel g AL Ll FEA
2 Fstm = ATk ash 449 314 Ze] FA oo Aoz Wtk F Aol Adel wet
35 AA L ash QabE B ke YT S FAo] Fasld FRFage] FEE AL
o o]}, AAR 29 Frk Az & dg  abdR Azt ¥4E vehddn £ 7 8l
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Table 7 Analyses of prodct ash and deposits in NCB corrosion tests.®

Test Sample | Carbon Sulphur | Chlorine| CaO | Na,0 | K,0 Fe 05
Le description % % % % % % %
1000h, Newstead Product ash 0.2 2.2 0.0 104 1.0 13 8.8
Coal (oxidising . Deposit A * 2.2 0.0 6.9 1.7 1.5 *
conditions) J‘ Deposit B * 3.9 0.1 8.0 0.9 1.7 6.7
485h, Newstead coal | Product ash L4 0.3 0.0 31 L2 20 59
(substoichiometric Deposit A 24.8 1.6 0.1 4.9 0.7 1.3 7.2
conditions) Deposit B 30.3 * * 6.2 0.5 1.0 4.6
500h, Humphrey coal | Product ash ; 0. 5; 2.8 0.0 8.1 0.6 1.4 11.8
(without limestone) Deposit A * | * % P % * *
Deposit B | 3.9 0.0 76 o6 1.7 180
465h, Humphrey coal | Product ash : 0. 4] 8.0 0.0 35.8 0.5 0. 6} 3.7
(with limestone) i Deposit A f * * * 14. 0' 1.5 1 lf 13.0
Deposit B l 1.8 8.5 0.0 37.0 0.5 0. 4{ 9.7
100h, Welbeck coal | Product ash j 0.3 0.9 0.0 4.3 2.6 3.2E 5.0
(Oxidising conditions)| Deposit A | * 2.4 0.1 4.5 3.9 3.0 11.0
Deposit B ! *[ 1.3 0.1 4.0 2.3 1.9J‘ *

Deposit A—taken from tubes, at 400°C, near coal feed nozzle
Deposit B—taken from tubes, at 400°C, above the bed

* Insufficient sample
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