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Abstract: A pilot test on digposal of wheat straw pulping black liquor by Coal‘W ater Slurry (CW S) combustion
technology as an alternative of traditional alkali recovery technique has been performed Experimental study on
combustion feature of several kinds of CoalB lackliquor Slurry (CBS) was carried out in a 6 5 t/h chain-grate
boiler. In the test flue gas, slag and dust were analyzed and the boiler’ s themal efficiency was measured The
results demonstrate that the co-combustion of CBSw ith granular coal increases the boiler’ s themal efficiency and
decreases poionous enission The successful combustion of CBS denonstrates itspromise as a key technigue in a
novel measure of comprehensive digposal of w heat strav black liquor.
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The mpact of continuous development of the
paper industry on the environment is getting serious
in China The conventional alkali recovery system,
however, works far less than satisfactorily in
handling w heat strav black liquor due to its inherent
drawv back s that lead to failure in the agpects of black
liquor extraction, combustion and
causticization But pollution caused by the paper
industry must be solved urgently.

To overcome the difficulties, viability of digposal
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of wheat strav black liquor utilizing QN S technology
as well as the effects of secondary pollution are
investigated in this study. CWS arose as an
alternative of fuel oil in the crucial oil crisis in 1970s
During the past wo decades, NV S technology has
matured in tems of preparation, trangortation,
atomization and combustion A s a substituent of the
conventional digposal of w heat strav black liquor, the
CW S technology possesses apparent advantages

Direct combustion of black liquor assisted by ooal

E-mail: kyuan @ imech ac cn



. 14.

may naturally avoid some difficulties met in the
conventional alkali recovery process
1 Exper mental

The system diagran for CBS preparation,
storage, trangortation and combustion is shown in
Fig 1 A double cone disc extruder was used to
obtain black liquor w ith a concentration up to around
21%. Subsequently the black liquor was diluted to
certain concentrations damanded by the test Coal
w aspulverized and mixed w ith black liqguor aswell as
additive in a vibrating ball mill

10y 11+

' Il

12 ¢l3 | |

7 6

9 5

1 extruder 2 ballmill 3 precombustor
4 boiler 5 air compresor 6 air blower 7. CBS tank
8 pulp 92 fiber 10 coal 11 additive 12 black liquor 13 CBS
Fig 1 Diagram of system

T he self-stabilizing type CB S precombustorw ith
is based on the method of flame
stabilization by use of nonsymmetrical jets The

eccentric jet

structure of the Eccentric Jet Burner and the inner
recirculation zone'™?, induced by interaction betw een
the primary air & CBS jet and ash-blow ing jet, is
show n schematically in Fig 2 A tomized CBS droplets
get ignited in the precombustor, forming a stable
flane at the exit of the precombustor and then burn
out in the boiler synchronously w ith granular coal on
the chain A kind of low-pressure, multistage CW S

nozzle (Fig 3) was applied in the test'*.
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Fig 2 Diagram of precanbustor
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Fig 3 Diagram of CBSnozzle

CBS

Contrary to the oonventional CW S which,
typically made up of about 70% coal, 30% w ater and
1% additive,w as prepared aming at amaximum coal
ocontent, CBS was prepared with a minmum ooal
content in order to increase the digposal output of
black liquor. On the other hand, the apparent
viscosity of black liguor, much higher than that of
w ater, increasing significantly with a higher solid
concentration, adds to difficulties in preparation of
CBS The rheologic characteristics of typical CBS is

shown in Fig 4
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Fig 4 CBSrheologic character istics

2 Reaultsand D iscussion
2 1 Boiler efficiency

The degree to which CBS combustion is viable
w as determined in the test The lute concentration
in black liquor varied between 3% 20%, and the
ooal concentration in CB S varied betw een 35% 51%
in the test The proximate and ultmate analysis of
the coal is shown in Tabh 1 Though CBS had a low er
heat value than that of CW S with the same olid
content, the result turned out that CB S meeting such
criterion that heat value > 9 M J/kg and apparent
viscosity < 2 000mPa- s (shear rate= 30 s *) could
burn successfully and form stable flame jet at the exit
of theprecombustor. T he efficiency of a typical chain-
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grate boiler burning granular coal is relatively low.

How ever, the setting of the precombustor enabled the
CBS flame jet to flow tow ard the head of the chain to
increase the temperature there and thus help the
ahead, favorable for
enhancement of the granular coal burn-out rate On

ignition of granular ooal

the other hand, the high-temperature environrment
caused by chain combustion compensated for the
deficit of the boiler inner gpace needed for burnout of
CBS The synergistic interaction between granular
omal and CBS worked effectively. W ith proper
operation, 1 ton of CBSw ith a heat value of 10 8M J/
kg oould supplant @ 8 t of coal with a heat value of
20 2 MJ/kg to maintain the stable boiler steam
output The boiler efficiency increased from 63 3% to
66 4%.

Tab 1 Proximate and ultimate analysis of coal
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2 2 :2and H:S enission characteristics of CBS
cam bustion

W ith the increase of ®lid content of w heat straw
black liquor in CBS, emison of SO2measured at the
rear port of the boiler decreased drastically, as show n
in Fig 5, due to its neutralization reaction w ith
ionized alkaliw hich originated from the slid content
of black liguor. The same reaon caused the H:S

content in the gas to become negligible
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Fig 5 SD:2@anission character istics

2 3 NO«x emission character istics of the eccentric jet
burner

TheNO«x content in the air vs CBS feeding rate

is shown in Fig 6 W ith the increase of CBS input

rate and smultaneous decrease of the feeding rate of
granular coal to maintain the stable boiler steam
output, the NOx content in the gas decreased due
primarily to the low-anission characteristics of
combustion in the eccentric jet burner But with
further increase of CBS feeding rate after that of
granular coal having been decreased to a lower Imit
to maintain stable combustion on the chain, NO«
content increased as a result of the increase of overall
fuel nitrogen The low NOx an ssion characteristics of
the eccentric jet burner originate from its particular
designation of reaction zones regponsible for both
efficient combustion and low NOx enission Certain
study show s that'®, in the upper part of the up stream
portion of the combustor high
tenperature and vigorous combustion,w hereas in the

is a zone of

upper part of the downstrean portion is a reducing

zone where NOx formed in combustion can be

converted to N 2
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Fig 6 NO«x anission character istics

2 4 Teamperature distr ibution in the precam bustor
Fig 7 presents the positions where themal
couplesw ere mounted Themal couplesw ere placed
in protecting cannulas and then inserted into holes
A, B regectively. W hen cannulas move horizontally
along the hole, the temperature distributions on the
track of the themal ocouple were measured The
resultsarepresented in Fig 8 TheR axisdenotes the
distance betw een the measured point and the central
axis of the precombustor The temperature on the
central axisof the combustor is relatively low due to
the evaporation of the CBS droplet in the central jet
The temperature on the inner boundary of the
precombustor is also low due to heat transfer. The
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Fig 8 Tenperature distr ibution in the precanbustor

highest temperature happens at about the edge of the
CBS jet where combustion has taken place But even
the highest measured value is about 150 less than
that of combustion of pulverized coal at the same
point'”? with the same burner, more favorable to
dminished production of themal nitrogen

3 Conclusions

1) Introduction of CBS combustion systam to a
6 5 t/h chain-grate boiler can enhance the overall
combustion intensity and thus causes increase of
boiler efficiency.

2) The amissions of both nitrogen oxides and
sulfur oxides oonfom to the environmental
regulation

3) Successful combustion of CBSmay introduce
a novel viable and econom ic measure to the digposal
of wheat strav pulping black liquor.
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