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煤热解过程中
氮分配规律的试验研究

王 � 蓉,斯东波,池作和,岑可法
(浙江大学, 浙江 杭州 � 310027)

[摘 � 要] � 利用热重分析仪对煤的热解过程进行试验研究,考察不同终止温度和试样粒径对烟煤或无烟

煤中挥发分氮和焦炭氮转化率的影响。结果发现: 碳化程度深的煤热解时, 氮更多地保留在煤焦中, 反之

氮更容易随挥发分析出, 形成气态含氮产物; 高温有利于氮从煤焦中析出;煤的粒径对挥发分氮析出作用

明显,煤粉越细,挥发分氮转化率越高。

[关键词] � 烟煤;无烟煤;热重分析;热解;氮转化率;焦炭氮;挥发分氮

[中图分类号] TK16 � � � [文献标识码] A � � � [文章编号] 1002 3364( 2005) 11 0047 02

表 1� 试验煤样的工业分析和元素分析

项目

工业分析 元素分析

M ad

/ %
A ad

/ %
V ad

/ %
FCad

/ %
Cad

/ %
H ad

/ %
N ad

/ %
Sad
/ %

O ad

/ %

Qnet , ad, p

/ k J� kg- 1

贵州无烟煤 2. 96 19. 63 4. 36 73. 05 73. 89 1. 94 0. 51 0. 21 0. 86 26 243

铜川烟煤 � 1. 99 28. 80 26. 74 42. 47 55. 33 2. 96 0. 97 0. 72 9. 23 22 460

� � 煤中的氮来源于植物和细菌中含有的蛋白质、氨

基酸、生物碱、叶绿素等。氮在煤中主要以芳香环结构

存在。一般煤中的氮含量在 1% ~ 3%之间。燃煤过

程中排放的NO x 按其生成途径可以分为热力 NO x、快

速 NOx 和燃料 NOx ,其中最主要的是燃料 NO x ,一般

占总量的 80%左右。在一般的燃烧条件下, 燃料中的

氮有机化合物首先被热分解成氰( HCN)、氨( NH 3 )和

CN 等中间产物, 它们随挥发分一起从燃料中析出, 称

之为挥发分氮。挥发分氮析出后仍残留在焦炭中的氮

化合物,称之为焦炭氮。挥发分氮通过气相均相反应

生成 NO,焦炭氮则通过多相气 固反应生成 NO [ 1]。

研究煤热解过程中挥发分氮和焦炭氮的分配比例, 对

于深入了解 NO 的生成机理, 寻找降低 NO生成量的

有效措施都有积极的意义。

1 � 试验设备、参数及过程

本文选用可方便调节升温速

率和加热终温等试验参数的热天

平作为试验平台, 对无烟煤和烟

煤进行了热解制焦试验, 主要分

析加热终止温度和粒径对挥发分

氮和焦炭氮比例的影响。

试验采用 T GA/ SDTA851
e
热重分析系统, 电子

天平。试验参数: 氮气流量 40 mL/ min; 升温速率 30

� / min;加热终温分别为 700 � 、800 � 、900 � 、1 000

� 和 1 200 � 5种;煤样粒径范围,无烟煤选取 3种( d

< 43 �m, 74 �m< d< 149 �m 和 d> 271 �m) ,烟煤选

取 1种( 74 �m< d< 149 �m)。试验煤样的燃料特性

如表 1所示。

在高纯 N 2 ( 99. 99%)的气氛下, 将 60 mg 煤样由

室温 30 � 加热到设定的终温,让挥发分在不同条件下

析出。失重积分曲线和微分曲线以及相应的数据均由

计算机给出,最后将试验得到的剩余物质送元素分析,

测定其中的氮含量。
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2 � 试验结果与分析

氮转化率定义为焦炭氮或挥发分氮的总量占参与

反应的原煤中氮元素总量的质量百分数,挥发分氮的

转化率与焦炭氮转化率的总和等于 100%。

2. 1 � 温度对氮转化率的影响
无烟煤和烟煤在不同终止温度条件下的试验数据

见表 2 和表 3;无烟煤和烟煤的氮转化率随温度的变

化曲线如图 1和图 2所示。

表 2 � 不同终止温度条件下无烟煤的试验数据

终止温度
/ �

原煤的氮含量
/ %

焦炭氮转化率
/ %

挥发分氮转化率
/ %

700 0. 51 66. 94 33. 06

800 0. 51 64. 70 35. 30

900 0. 51 64. 66 35. 34

1 000 0. 51 62. 58 37. 42

1 100 0. 51 62. 22 37. 78

1 200 0. 51 60. 00 40. 00

� 图 1� 无烟煤焦炭氮转化率和挥发分

氮转化率随热解温度的变化

表 3 � 不同终止温度下烟煤的试验数据

终止温度
/ �

原煤氮含量
/ %

焦炭氮转化率
/ %

挥发分氮转化率
/ %

700 0. 97 75. 47 24. 53

800 0. 97 65. 38 34. 62

900 0. 97 56. 90 43. 10

1 000 0. 97 52. 01 47. 99

由图 1可见,随着热解终止温度的升高, 无烟煤的

热解程度加深[ 2] ,燃料氮转化为挥发分氮的比例(挥发

分氮/燃料氮)增加, 即挥发分氮转化率增加, 相应地焦

炭氮的转化率减小[ 3]。这种变化趋势说明, 以热稳定

� 图 2 � 烟煤焦炭氮转化率和挥发分

氮转化率随热解温度的变化

性较高的杂环类有机结构存在的氮,温度是影响其析

出进入挥发分的重要因素之一。另外由试验结果可

见,热解后大部分氮仍残留在焦炭中,这是由无烟煤自

身特性决定的, 因为吡咯型氮易以焦炭氮的形式留在

焦炭中。

由图 2可见,烟煤和无烟煤挥发分氮的析出随温

度变化的规律相同,都是随热解终止温度的升高而增

加。对比图 1和图 2可以看出,随着热解终止温度的

增加,烟煤焦炭氮转化率的变化比无烟煤更加明显, 这

表明焦炭氮转化率随煤种、温度变化的关系与原煤中

氮的有机形态分布有关。一般情况下, 挥发分含量越

高,其热解也越容易, 热解程度越深, 相应的挥发分氮

转化率也就越高 [ 5]。

吡咯型氮和吡啶型氮是煤中主要的含氮官能团,

含氮结构稳定,在 1 000 � 以下时, 不会发生明显的裂

解。随着煤碳化程度的提高, 吡啶氮和吡咯氮的含量

均增加,因此无烟煤中这两种含氮官能团的含量要大

于烟煤。在无烟煤热解过程中,氮元素更多地留在焦

炭中,即试验中无烟煤挥发分氮转化率明显低于烟煤。

2. 2 � 原煤粒径对氮转化率的影响

原煤粒径对氮转化率的影响见表 4和图 3。

表 4� 原煤粒径对氮转化率的影响①

原煤粒径
/�m

原煤氮含量
/ %

焦炭氮转化率
/ %

挥发分氮转化率
/ %

> 271 0. 51 60. 80 39. 20

149~ 74 0. 51 60. 00 40. 00

< 43 0. 51 55. 83 44. 17

① 加热终温为 1 000 � 。

由图 3可见,煤粉越细,挥发分氮转化率越高, 也

(下转第 53页)
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通风量不得小于吹扫风量(大于 30%额定风量和小于

40%的额定风量) ,以保证起动和低负荷时有足够的风

量将未燃物稀释并排出炉膛外。炉膛吹扫作为点火的

必要条件,每次吹扫规定不小于 5 min,严禁随意取消

吹扫或者缩短炉膛吹扫时间进行短路点火。若锅炉由

于烟风系统故障跳闸后,运行人员应严格按照程序进

行自然通风和等待时间清扫, 禁止用短接信号的办法

越过自然通风时间和程序等待时间, 以免炉膛内可燃

气体聚集,点火时发生爆炸。

( 4)加强油枪的检查、使用和维护。燃烧器的起停

要用自身的点火器和油枪稳燃, 不可用其它燃烧器或

炉膛内热烟气引燃。加强点火油系统、点火可燃气系

统的维护管理,消除泄漏, 防止燃油、可燃气体漏入炉

膛发生爆燃。对油枪油阀、点火枪可燃气阀、燃油跳闸

阀、可燃气跳闸阀要定期试验,确保动作正确,关闭严

密。锅炉停止运行后,应及时关闭油枪和点火枪可燃

气的手动门。

( 5)严禁随意解除锅炉保护。炉膛压力高低锅炉

跳闸保护和火焰故障锅炉跳闸保护在锅炉起动时应投

入运行。机组运行期间,若需要临时解除炉膛压力保

护进行维护工作时, 运行人员必须做好事故预想,根据

其它表计综合判断炉膛压力的变化。锅炉运行期间,

禁止采用插火焰钥匙的办法模拟火焰扫描器的信号。

严禁随意退出火焰探头或联锁装置,因设备缺陷需退

出时,应经总工程师批准,并事先做好安全措施。运行

中临时解除保护进行维护应尽快恢复。

( 6)注意以下运行操作。1)锅炉起动、停运和低负

荷运行及煤种改变时, 加强对运行工况参数变化的监

督,注意燃烧和风煤比的调节; 2)锅炉运行期间, 运行

人员除根据有关表计对燃烧工况进行监视调整外, 还

应根据火焰扫描器和火焰电视的指示, 结合到就地看

火对燃烧情况进行综合判断,仔细调整; 3)锅炉点火要

求用点火器点燃油枪, 油枪点燃煤粉。禁止采用隔层

或隔角引燃的办法进行油枪点火。投停磨煤机必须按

规程规定投助燃油。磨煤机停用时,应将系统内剩余

煤粉吹扫干净; 4)起动磨煤机时必须进行充分暖磨后

再起动,以免冷粉进入炉膛使燃烧不稳定或加剧燃烧

恶化;起动跳闸磨煤机必须按运行规程规定进行抽粉。

运行中投油助燃时应先投入运行磨煤机相邻的油枪助

燃,起动磨煤机时必须投入将要起动的磨煤机相邻的

油枪助燃; 5)锅炉停止运行后,应及时关闭油枪手动门

和点火可燃气手动门,检查制粉系统各挡板、闸板、点

火可燃气系统和点火油系统各阀门状态正确, 切断全

部燃料供给。严禁燃料进入停止运行的锅炉。

(上接第 48页)

� 图 3 � 无烟煤焦炭氮转化率与挥发分氮

转化率随原煤粒径的变化

即煤粉越细,其在热天平中的加热速度越高, 燃料氮转

化为挥发分氮的比例越大。

当煤粉颗粒较大时, 靠近煤粒中心处产生的热分

解产物要向外迁移而逸出。而在迁移过程中, 它们可

能裂解、凝聚或聚合而发生碳沉积。煤粒越大,沉积量

就越大,因而逸出的挥发分就越少。所以煤粉越细, 越

有利于燃料氮转化为挥发分氮
[ 4]
。

3 � 结 � 论

随着温度的升高, 无烟煤和烟煤的挥发分氮转化

率都增加,焦炭氮转化率相应减小,其中烟煤受温度的

影响更明显;对于无烟煤,煤粉越细, 挥发分氮转化率

越高。
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f ectiveness of pa rt icles� cross m ix ing on surface o f the bed layer is bet ter than t ha t of particles inside t he bed layer, but the effectiv eness of particles� cross mix ing is relat-
ed t o t he apparent ga s velocity . U nder high gas velo cit y, the eff ectiveness of particles� cross m ix ing in central reg ion o f t he bed layer is bet ter than that in t he two side re-

g ions; under low gas velocity, t he bed lay er can only realize partial fluidizat ion, the ef fectiveness of particles� cross mixing in the side regions is bett er t han t ha t in central

reg ion of the bed layer .
Key words:picture tracking algo rithm; f luidized bed; particles; cro ss mx ing ; fluidizat ion

PERFORMANCE ANALYSIS AND MODULARIZATION TEST OF FLOW RATE IN THE SECONDARY AIR DUCT OF BOILERS

JIAO Jian, XIAO Jing hong, LIU Xin zhi et al( 39)⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯
Abstract: T he secondary a ir duct of boilers is a g roup of larg ediamet er short duct s in parallel connect ion, having inlet air flow condition wit h inner po sit io ned resist ant pieces.

It� s resistant coeff icient is ser iously smaller , and the air damper has st rong vort ex, thereby, result ing in strong pulsa tion of t he secondary air. T est Data show that t he pu-l

sa ting amplitude o f seconda ry air can reach 40% under some special conditions, af fecting mo re greatly the flame stabilit y. In addt ion, ana lysis shows that t he air dampers of
same st ructure installed in different air ducts would havedifferent perf ormance of f low rate adjustment, the secondary air damper with common linear or equal percentag e ad-

justing character istics isn� t ex isting , unique design wit h indiv idualit y must be made f or concrete secondary air duct structure. Increasing orig inal resist an coef ficient of the

secondary a ir duct can improve t he adjusting performance of air damper, and inhibit pulsat ion of the flow rate.

Key words:boiler ; secondary air duct ; air damper; resistant co efficient; pulsation; adjustment of the flow rate

PRESENTATION OF A PROJECT SCHEME FOR ONE UTILITY BOILER ADOPTING SCR TO REDUCE NOx EMISSION

LI Zhong, XU Dang qi, WEN Jun ( 43)

⋯⋯⋯

⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯
Abstract: At present , the selected cataly st reduction ( SCR) denitr ifica tion tehno logy is compara tively matured one on the world, t he said technolo gy can g reatly reduce t he e-

m ission o f nitrogen oxides from thermal power plant , but the application of it in our count ry is fewer . T he SCR denit r if icat ion t echnolog y ha s been briefly presented, and
combined with concrete situation of one power plant in our country, the t echnical scheme for implementing retrof it project of the orig inal SCR sy stem in said power plant be-

ing expounded.

Key words:SCR; denitr ification; 100 MW pow er plant; bo il er ; NOx emission

TEST STUDY ON NITROGEN DISTRIBUTION PATTERN DURING THE COAL PYROLYSIS PROCESS

WANG Rong, SI Dong bo, CHI Zuo he et al( 47)

⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯

⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯
Abstract: T est st udy on the coal py ro lysis process has been carried out by using thermog rav imetr ic analyser . T he influence of diff erent t erm inat ed temperature and part icle
size o f t he coal sample upon conversion rate o f vo latile nirrog en and coke nitrog en in bit uminous coal o r hard coal has been invest ig at ed. It is found f rom t he results t hat the

more nit ro gen retention existing in t he chars when py ro lysis of deeply ca rbonized coal; on t he contrary, the nit ro gen is more easily to separate out along with volat ile, forming

gaseous nitrog en contained product s; high temperature is helpf ul fo r nitrog en to be separated out from t hechars, and t heparticle size of co al ha s obv ious ef fect fo r v olatile n-i
t rogen t o separate out . The more finely pulv erized coal has more higher conversion rat e of vo latile nitrogen.

Key words:bituminous coal; ha rd coal; t hermogravimet ric analy sis; conversion ra te o f nitrog en; coke nitrog en; vola tile nit ro gen

ELEMENTARY ANALYSIS OF MECHANISMS FOR FURNACE EXPLOSION OF BOILERS AND MAIN METHODS FOR EXPLO-
SION PREVENTION LIU Qiang ( 49)⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯
Abstract: Accident o f f urnace explosion may be occasionally occurred in operation o f utility bo ilers. The mechanisms o f furnace explosion and main causes leading t o said ex-

plosion have been analysed in deta il, and prevent ive measures, such as f urnace has t o be ventilated and purged bef ore ignit ion, preventing t he furnace to be out fire, and allo-

ca ting reliable protect ion device etc. , being put forward, pro viding certa in experiences for reference to prevent furnace explo sion.
Key words: thermal power plant; boiler ; furnace; preventing explo sion

ANALYSIS ABOUT INFLUENCE OF COAL� S FOULING PROPERTY UPON HEAT TRANFER OF HEATING SURFACES

FAN Quan gui, FAN Zeng quan ( 54)

⋯⋯⋯

⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯
Abstract: Based on pract ically measured data from several boilers, t he rea l fouling coeff icient of dif ferent coal quality and of different heat ing surf aces, as w ell as real heat

transfer coeff icient o f v ar ious heat ing surfaces have been calcula ted. Result s o f calcula tion show t ha t the inf luence of different coal quality upon f ouling coefficient of the heat-

ing surface has comparativ ely large difference, and af fecting mo reobv iously upon the operat ion performance of bo ilers. T he listed influences o f coal quality upon fouling coef-
f icient o f heating surfaces have comparatively larg e dif ference with recommended values in some st andards currently in eff ect at abroad, needing t o accumula te da ta from bo i-l

er test, design, and operat ion for co rrecting the said influences.

Key words:U tility boiler; heating surface; fouling coef ficient; heat transfer behav io r

CO FIRING MSWWITH COAL IN FLUIDIZED INCINERATOR AND POLLUTANT EMISSION CHARACTERISTICS THEREOF

CAO Yu chun, YAN Jian hua, LI Xiao dong et al( 57)⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯
Abstract: T he technical f eatures of fluidized bed incinerator , including structural features, pollutant control, and advantag es of co f ir ing municipal solid wast e (M SW) with

coal, have been syst ematically analy sed. Co firing MSW wit h coal can ef fectively inhibite and reduce t he format ion and emissio in of diox in. T est and analysis of the emission
charact eristics f or a 300 t / d CFB boiler of co fir ing MSW with coal have been carr ied out . T est results show the pollut ant emission from co firing MSW w it h coal in fluidized

bed can meet t he requirements t o national st andard.

Key words: fluidized bed incinerator ; MSW; co fir ing of MSW wit h coal; emission charact eristics; pollutant control

TEST STUDY ON ULTRASONIC DETECTION OF MATERIAL LEVEL IN BALL MILLS

DONGWen zhong, GUO Xiao long, TANG Sheng li ( 61)

⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯

⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯
Abstract: A comparison study on t wo sit uat ions, with and without co al load on a st eel plat e, has been carr ied out by using audio and ultrasonic f requency. Results show that
the peak amplitude o f received signal, signal level, as well as waveform in time domain and amplit ude spectrum have very g reat dif ference under sa id two sit uat ions. Based on

the said dif ference, judgement of whether coal load ex ist s on t he st eel plat e or not can be made. T he ult rasonic att enuat ion t hrough coal is very g rea t, ultrasonic frequency a-

bove 250 kHz is difficult t o penet rat e through coal lay er o f 35 mm thickness. T his conclusion has certain guiding significance in aspect of applying ultrasonic f requency t o de-
t ect mater ial lev el in ball m ills.

Key words:ball m ill; t hin steel plat e; co al load; audio ultrasonic frequency ; ult rasonic penet ration; mater ial lev el

DETERMINATION OF FUEL LAYER THICKNESS IN CFB BOILERS SHI Shuai jun, ZHU Hong bo ( 64)⋯⋯⋯⋯⋯⋯⋯⋯⋯
Abstract: T he calculat ion method o f av erage fuel detained time in the f urnace of circula ting fluidized bed ( CFB) boilers has been approached, T he mut ual relat ionship among

three indices, namely average det ained time, carbon content in bot tom fly ash, and t he fuel t hickness, being analysed, and suitable fuel la yer t hickness being det ermined.

T est result s fo r many times show, it is compara tively suitable f or selecting f uel la yer thichness t o be 350~ 500 mm in operation.

Key words:CFB boiler ; fuel layer t hickness; av erage detained t ime; carbon cont ent in the bo tt om ash

AN APPROACH TO SEVERAL PROBLEMS ABOUT THE DRIVING TURBINE OF FEED WATER PUMPS HAN Zi jun ( 66)⋯
Abstract: An approach to several problems about t he driving turbine of feed wat er pumps, such as st eam admission mode, lubricating oil and gland seal sy stems, as well as

load switching etc. , has been made, and t he rela tionship among them being analy sed.
Key words:driv ing turbine of feed wa ter pump; steam adm ission mode; lubricating o il system ; gland seal syst em ; load switching

STUDY ON POWER CORRECTING CALCULATION FOR PERFORMANCE DEGRADATION OF REHEAT STEAM TURBINES

SHI Yan zhou, YANG Shou min, AN Min shan ( 70)⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯
Abstract: T he rela tionship bet ween effect s of reheat st eam t urbine� s performance degradation upon pow er and heat rat e has been est ablished, and method of power correc-

t ing calcula tion fo r performance degradation being given. When assuming t he degradation degree of the int ermediat e pressure cylinder t o be one ha lf of that o f t he high pres-

sure cylinder , and adopting low pressure cylinder� s degradation deg ree given by ASME PTC 6 Report 1985 t o be one half of that o f the int ermediat e pressure cylinder , it is
found f rom calculation f or dif ferent load conditions and different units that t he power co rrecting coeffidient o f reheat st eam t urbine� s performance degrada tion to be about


