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Abstract: A p ilo t test on dispo sal of w heat straw pulp ing b lack liquo r by Coal2W ater Slu rry (CW S) com bustion

techno logy as an alternative of tradit ional a lkali recovery techn ique has been perfo rm ed. Experim ental study on

com bustion featu re of several k inds of Coal2B lack liquo r Slu rry (CBS) w as carried ou t in a 6. 5 töh chain2grate

bo iler. In the test flue gas, slag and dust w ere analyzed and the bo iler’s therm al efficiency w as m easured. T he

resu lts demonstra te that the co2com bustion of CBS w ith granu lar coal increases the bo iler’s therm al efficiency and

decreases po isonous em ission. T he successfu l com bustion of CBS demonstra tes its p rom ise as a key techn ique in a

novel m easure of comp rehensive dispo sal of w heat straw black liquo r.
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水煤浆燃烧技术用于造纸黑液处理的研究

原　鲲, 陈丽芳, 吴承康
(中国科学院力学研究所, 北京 100080)

摘　要: 对水煤浆燃烧技术用于造纸黑液处理进行了中试研究。多种不同组成的黑液煤浆在改造过的 6. 5 töh 的链

条炉上进行了燃烧试验。对黑液燃烧产物如烟气、烟尘及灰渣进行了成分测试, 对锅炉混烧水煤浆前后的效率进行

了分析比较。结果表明, 黑液煤浆与层燃煤混烧提高了锅炉效率并降低了污染。水煤浆燃烧技术在该领域的成功应

用为造纸黑液的处理提供了新的思路。
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　　T he impact of con t inuou s developm en t of the

paper indu stry on the environm en t is get t ing seriou s

in Ch ina. T he conven t ional a lkali recovery system ,

how ever, w o rk s far less than sat isfacto rily in

handling w heat st raw b lack liquo r due to its inheren t

draw back s that lead to fa ilu re in the aspects of b lack

liquo r ex tract ion, evapo ra t ion, com bu st ion and

cau st iciza t ion. Bu t po llu t ion cau sed by the paper

indu stry m u st be so lved u rgen t ly.

　　To overcom e the diff icu lt ies, viab ility of d ispo sal

of w heat st raw b lack liquo r u t ilizing CW S techno logy

as w ell as the effects of secondary po llu t ion are

invest iga ted in th is study. CW S aro se as an

alternat ive of fuel o il in the crucia l o il crisis in 1970s.

D u ring the past tw o decades, CW S techno logy has

m atu red in term s of p repara t ion, t ran spo rta t ion,

a tom izat ion and com bu st ion. A s a sub st ituen t of the

conven t ional d ispo sal of w heat st raw b lack liquo r, the

CW S techno logy po ssesses apparen t advan tages.

D irect com bu st ion of b lack liquo r assisted by coal
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m ay natu ra lly avo id som e diff icu lt ies m et in the

conven t ional a lkali recovery p rocess.

1　Exper im en ta l
　 　 T he system diagram fo r CBS p repara t ion,

sto rage, t ran spo rta t ion and com bu st ion is show n in

F ig. 1. A doub le cone disc ex truder w as u sed to

ob ta in b lack liquo r w ith a concen tra t ion up to around

21%. Sub sequen t ly the b lack liquo r w as dilu ted to

certa in concen tra t ion s dem anded by the test. Coal

w as pu lverized and m ixed w ith b lack liquo r as w ell as

addit ive in a vib ra t ing ball m ill.

1. ex truder　2. ball m ill　3. p recom busto r

4. bo iler　5. air comp resso r　6. air b low er　7. CBS tank

8. pu lp　9. fiber 10. coal 11. additive 12. b lack liquo r　13. CBS

F ig. 1　D iagram of system

　　T he self2stab ilizing type CBS p recom bu sto r w ith

eccen tric jet is based on the m ethod of flam e

stab iliza t ion by u se of non symm etrica l jets. T he

structu re of the Eccen tric Jet Bu rner and the inner

recircu la t ion zone [1, 2 ] , induced by in teract ion betw een

the p rim ary air & CBS jet and ash2b low ing jet, is

show n schem atica lly in F ig. 2. A tom ized CBS drop lets

get ign ited in the p recom bu sto r, fo rm ing a stab le

f lam e at the ex it of the p recom bu sto r and then bu rn

ou t in the bo iler synch ronou sly w ith granu lar coal on

the chain. A k ind of low 2p ressu re, m u lt istage CW S

nozzle (F ig. 3) w as app lied in the test [4 ].

F ig. 2　D iagram of precombustor

F ig. 3　D iagram of CBS nozzle

　 　 Con trary to the conven t ional CW S w h ich,

typ ica lly m ade up of abou t 70% coal, 30% w ater and

1% addit ive,w as p repared aim ing at a m ax im um coal

con ten t, CBS w as p repared w ith a m in im um coal

con ten t in o rder to increase the dispo sal ou tpu t of

b lack liquo r. O n the o ther hand, the apparen t

visco sity of b lack liquo r, m uch h igher than that of

w ater, increasing sign if ican t ly w ith a h igher so lid

concen tra t ion, adds to diff icu lt ies in p repara t ion of

CBS. T he rheo logic characterist ics of typ ica l CBS is

show n in F ig. 4.

F ig. 4　CBS rheolog ic character istics

2　Results and D iscussion
2. 1　Bo iler eff ic iency

　　T he degree to w h ich CBS com bu st ion is viab le

w as determ ined in the test. T he so lu te concen tra t ion

in b lack liquo r varied betw een 3%～ 20% , and the

coal concen tra t ion in CBS varied betw een 35%～ 51%

in the test. T he p rox im ate and u lt im ate analysis of

the coal is show n in T ab. 1. T hough CBS had a low er

heat value than that of CW S w ith the sam e so lid

con ten t, the resu lt tu rned ou t that CBS m eet ing such

criterion that heat value > 9 M J ökg and apparen t

visco sity < 2 000 m Pa·s (shear ra te= 30 s- 1) cou ld

bu rn successfu lly and fo rm stab le flam e jet a t the ex it

of the p recom bu sto r. T he eff iciency of a typ ica l chain2
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grate bo iler bu rn ing granu lar coal is rela t ively low.

How ever, the set t ing of the p recom bu sto r enab led the

CBS flam e jet to flow tow ard the head of the chain to

increase the temperatu re there and thu s help the

ign it ion of granu lar coal ahead, favo rab le fo r

enhancem en t of the granu lar coal bu rn2ou t ra te. O n

the o ther hand, the h igh2tempera tu re environm en t

cau sed by chain com bu st ion compen sated fo r the

deficit of the bo iler inner space needed fo r bu rnou t of

CBS. T he synerg ist ic in teract ion betw een granu lar

coal and CBS w o rked effect ively. W ith p roper

opera t ion, 1 ton of CBS w ith a heat value of 10. 8M J ö

kg cou ld supp lan t 0. 8 t of coal w ith a heat value of

20. 2 M J ökg to m ain ta in the stab le bo iler steam

ou tpu t. T he bo iler eff iciency increased from 63. 3% to

66. 4%.

Tab. 1　Prox imate and ultimate analysis of coa l

M ad ö% A d ö%V daf ö% S d tö% Q qr, ar

ö(M J·kg- 1) C daf ö% H daf ö%N daf ö% O daf ö%

6. 28 6. 89 31. 79 0. 42 20. 2 80. 59 3. 64 1. 54 15. 24

2. 2　SO 2 and HzS em ission character ist ics of CBS

com bustion

　　W ith the increase of so lid con ten t of w heat st raw

b lack liquo r in CBS, em isson of SO 2 m easu red at the

rear po rt of the bo iler decreased drast ica lly, as show n

in F ig. 5, due to its neu tra liza t ion react ion w ith

ion ized alkali w h ich o rig inated from the so lid con ten t

of b lack liquo r. T he sam e reason cau sed the H 2S

con ten t in the gas to becom e neglig ib le.

F ig. 5　SO 2 em ission character istics

2. 3　NO x em ission character ist ics of the eccen tr ic jet

burner

　　T he NO x con ten t in the air vs. CBS feeding ra te

is show n in F ig. 6. W ith the increase of CBS inpu t

ra te and sim u ltaneou s decrease of the feeding ra te of

granu lar coal to m ain ta in the stab le bo iler steam

ou tpu t, the NO x con ten t in the gas decreased due

p rim arily to the low 2em ission characterist ics of

com bu st ion in the eccen tric jet bu rner. Bu t w ith

fu rther increase of CBS feeding ra te after tha t of

granu lar coal having been decreased to a low er lim it

to m ain ta in stab le com bu st ion on the chain, NO x

con ten t increased as a resu lt of the increase of overa ll

fuel n it rogen. T he low NO x em ssion characterist ics of

the eccen tric jet bu rner o rig inate from its part icu lar

designat ion of react ion zones respon sib le fo r bo th

eff icien t com bu st ion and low NO x em ission. Certa in

study show s that [3 ] , in the upper part of the up stream

po rt ion of the com bu sto r is a zone of h igh

temperatu re and vigo rou s com bu st ion,w hereas in the

upper part of the dow n stream po rt ion is a reducing

zone w here NO x fo rm ed in com bu st ion can be

converted to N 2.

F ig. 6　NO x em ission character istics

2. 4　Tem pera ture d istr ibution in the precom bustor

　 　 F ig. 7 p resen ts the po sit ion s w here therm al

coup les w ere moun ted. T herm al coup les w ere p laced

in p ro tect ing cannu las and then in serted in to ho les

A , B respect ively. W hen cannu las move ho rizon ta lly

a long the ho le, the temperatu re dist ribu t ion s on the

track of the therm al coup le w ere m easu red. T he

resu lts are p resen ted in F ig. 8. T he R ax is deno tes the

distance betw een the m easu red po in t and the cen tra l

ax is of the p recom bu sto r. T he temperatu re on the

cen tra l ax is of the com bu sto r is rela t ively low due to

the evapo ra t ion of the CBS drop let in the cen tra l jet.

T he temperatu re on the inner boundary of the

p recom bu sto r is a lso low due to heat t ran sfer. T he
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F ig. 7　Placemen t of thermal couples

F ig. 8　Temperature d istr ibution in the precombustor

h ighest tempera tu re happen s at abou t the edge of the

CBS jet w here com bu st ion has taken p lace. Bu t even

the h ighest m easu red value is abou t 150 ℃ less than

that of com bu st ion of pu lverized coal a t the sam e

po in t [2 ] w ith the sam e bu rner, mo re favo rab le to

dim in ished p roduct ion of therm al n it rogen.

3　Conclusion s

　　1) In troduct ion of CBS com bu st ion system to a

6. 5 töh chain2grate bo iler can enhance the overa ll

com bu st ion in ten sity and thu s cau ses increase of

bo iler eff iciency.

　　2) T he em ission s of bo th n it rogen ox ides and

su lfu r ox ides confo rm to the environm en ta l

regu la t ion.

　　3) Successfu l com bu st ion of CBS m ay in troduce

a novel viab le and econom ic m easu re to the dispo sal

of w heat st raw pu lp ing b lack liquo r.
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