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Abstract : Industrial furnace is a huge energy consumption industry in China,which accounts for about 1/4 of the total energy consumption
in China every year. In the increasing shortage of energy and environmental pollution today,the energy saving and emission reduction is
very urgent for the industrial furnaces and kilns. The production of industrial furnaces is a process of collaborative works of different equip-
ments and processes, including the conversion and transfer of material and energy between various systems. Therefore,the analysis of mate-
rial flow and energy flow for industrial furnaces and kilns is the basis of realizing high efficiency and low emission. The general method
is mainly analyzed from the perspective of energy or waste heat utilization of the furnace products,and the industrial furnace is not regarded

as a total system to investigate the material flow and energy flow status. In this paper,based on the node calculation method and starting
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from the whole system of industrial furnaces,a mathematical model of matching material flow and energy flow was established, and the ener-
gy balance of different parts of a typical industrial furnace was obtained. Meanwhile,the exergy loss of furnace system was studied by the
second law of thermodynamics,and the key parts of furnace energy saving were found. The material flow and energy flow of 3 200 t/d typi-
cal cement kiln were analyzed and calculated by this method. The results show that the heat loss of cement kiln mainly includes high—tem-
perature loss and low—temperature loss. The high—temperature loss is mainly the heat loss of the kiln’s walls and the carbon heat loss of
unburned coal , accounting for 6.84% and 1.95% respectively,and corresponding to the loss of exergy as 4.17% and 2.59% respectively,
which has a few energy—saving potential. The low—temperature heat loss includes the heat loss of flue gas at the tail of kiln and sensible
heat from the clinker out of the cooler. The heat loss of AQC furnace and SP furnace accounts for 3.06% and 6.19% respectively,and cor-
responding to the loss of exergy as 1.26% and 1.45% respectively,which is still worthy of utilization. According to the different reasons for
high temperature and low temperature heat loss,in this paper,the energy saving potential of furnace and kiln was evaluated and some new
technologies , such as advanced heat insulation of furnace wall,oxygen enriched calcination,and low temperature waste heat utilization were
proposed , which could further reduce the coal consumption of the kiln. In addition,some new technologies are recommended to reduce the
electrical power consumption of the equipment,such as the use of high—efficiency fans and permanent magnet motors, combined with the

technology of surplus steam—driven fan and energy—saving management, which is expected to achieve the goal of zero power consumption

of clinker sintering system.

Key words; industrial furnace and kiln;material flow;energy flow ; matching; principal of energy saving

0 51 7B

Tk S Tolk AR = v ) FE B T 25, A
FHBRAR B H BB A% Ak 7= Ak ) I | SEE R B8 T4 1)
BHE BB bedh Ak IHASE T, H RS2l 1 sk
T A F A E AR T, Tk 2238
FEBERE R T FHAEFERE S 5 2 [ ARERERY 174, 1
HRIE 2 70% , FoAth A SR R sl 7 450
HTIRE TP ML Foe K i SRS
D7 R ARFAXS I8 5, AT B 25 A REFE R IAIR
15 Y P A A )L PR A Tl A R R A R
Wi BER LT BE AT WP A e B S H R+

Tz 0 T2 R AR RS E S TriE
B R BT AL R SRR P A W R R A Y
TR, B HE S Y TR A TR S M AR A B
a7 A MAHE R 4™ AR e
FEIFRE R AL A AR A2 B 1 R A
TR E R3S Bl T B U 5 R RRL | F T AR R A
(AN R 2 BB R A A 7= I 1 45 b P L 2 43 T 0
B ey sh i S e RBE R . AR SCROK e
Z IR SR T U 43 B R 81, 0 5 Tl 2
REJECE, Az AT b 45 R RE R T R TR B DI E R
(ACHET S A 5 e HE oA BTk

IR S —Fh R A Tl P 78, B2 2019 4E
S, A AE K Je FREL ™ 405 23.3 2 ¢ F 15.2 42
t, FHERERE T 3K 22 ¢ ARvERETS ) IR UR I 7 A4 2
BEA K PN B i 5, KU BRLAE = 2 I 7K g
Tl A% 0o 2% D RE 2K A KA A 1 o i

12

RHEHIGE 24 He I RC ) AR, B R R, R
HITARAR (024 1, B o), — e ek R £ K Ul
PR B Y2 RO REIR =4 RERR AN R =4
FVERERIR DU | b2 i o A AS | — A rE A
DE AR RN AR R BCRMBRE E U FE
JEE A —E B (20% ~40% ) HIIR-ASF (CIne i K
WK A= M RERRER KR

Sogut 25" g7 BeFAR AL itk K e A 1
REm PRI T /0T, 15 2] [0 4% 2 045 B Y A 2 R
ROR FERREIEAT T AR5 B W B A AT, 25 SR B
AN RS A AR B, b A AR G R B O
49%., Sui 45" HFE T R A S v i AT K R A 7
I FR BT, HL Ak S 2 B R SOR AS RE B ek
RGERRE LA M RCR AT MER 38, Atmaca
0TS I R BE AR R A BT T KR A A A
TR, 45 0 T ML 2 FE R HL BE R i A S
A RIS RIF ST 1 v TR T RG2S R
BH 7 e T A HIGEA 5 B RB LI 11.3%

P Sk 7 R IR A R Bk ra g T 3R B B R
Jeit, Wang 261 S F oK PR 00 725 A A & HLR R B
INZE ST ZEEAGH  ORC 16 B L Bz SR 15 37 45
EAT T IR RN, 25 SR, B A A 2 i U
FRVRAE B0 A LB 50 0RO 24.9% , BIRCR 1] 36
40.7%, ZEARam " AT T K PRI AT AR S8 RERLSY
BT PR BOP AT S I, S0 HT T RS
SyfEdn Bl B R HLR L RERE M i TR ik
kA FTEEARMED B S TR E RS
HRTRAARS o0k ORI R 2 ) S ST RN A Y
TR ARE TR RGPS EEA SRR E R,



BL/INBRAE Tl 7 7 ) SO R B 3L D B 1) RE S B3 A

www.chinacaj.net

2020 455 5 H

D ET R A RT3 T B A RE

£ b, xR YR A B P BOR S BE R AT
BEOCTE B TR & o0 A | e A A A R HL AR
GeLT KT AR S AT 43 BT, AT R TR
FORM TR R GE . A SCAE LR b S 1 —Ff ]
Tl 7 0 T U -5 R 3L 0 A B T T A
B WSS T A& AR AP (AQC ) VEEVR AL [n]
s oy | TR TR WA A R AR I (SP
B) AURHE R G5 EEARE AR R E RYRE
VS M o A R O, 19 31 1 BE S M K Y 3
37, X RETE JIREAT TV DK Ve Y RBP4
ARAEHE T HIB R

1 IZRESHFERE

1.1 ITEZRE

X5 F H R A B Tk K TR OB A PR TS R
U WAL EA R BRE L P R RN, i
FEARHEE RS R XML w5 E RS I KL B
MUAMLAE FEAE R 5, FEBVRA ™ i K U 2R B
LA R TAGS RN, 90% LA b 55 R 45 5E B 43
fife ORI HEA [5G 250 — 2 THIER B, AE IR B 3k
1 400 °C 1 e i 20k, 78 3k R ok itE AR AILIS |
F 110 CLAT, Tk 2 BB ; MK <53
B, SWPROE s 1 sl , B e A SR e R iR AT
Feat ARARIRBEIRE K 1 700 C2idty, a5
BRI SAE A BT &, R ARe TR B E 900 °C 72
A, S R B AR AR TSR TR RS AR
SR AE 300 °C LA L, #EASP B, SP O Y
180 C AR Bk A A RLEE RIS | Tkl % 2
70 CJa e, HAN, WE A HLE R B e 1 L as
K(900~1 000 °C) 73 P, #E A7k () Nz
& (=R RU) B R T A 8 2 BIR X 1T LEE ¥4 AL
H AR H R 1 A 25 (350 ~ 400 °C) #E A AQC

TR |/

AR PR

B1 FETEARAMEFETLRE

Fig.1 Flowchart of new dry process cement clinker production line
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Fig.2 Flow network diagram of cement furnace and kiln
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Table 1 Main nodes in the cement process and the material and energy flow
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Table 2 Chemical composition analysis of raw meal and clinker
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Table 3 Proximate analysis of pulverized coal
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Table 4 Operation parameters of main nodes of furnace and kiln
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Table 5 Calculation and test data of main operation parameters of furnace and kiln
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Table 6 Calculation and test data of heat budget in main nodes of furnace and kiln
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BT B B A7 S o 88.95% , X I 12 b A Y
FHRBCAEAH 21 1, 3 DR Ay o A R A, LA
AZi

BSR4 T as 7 AR RGE MR
BERRISRR B T 2 v T RE T AR (B, ) FURRRL
AIAN 52 R RBE (Ex,, ) , 7351 o5 HH0 R 1 4.179% Fil
2.59%; ¥ A AL 2R B A B Ex, ) b
1.32% ;SP J* (Exg, ,,) B HABKA T L 180 °C) LA
L AQC 11 (Ex gy, ) H FVBEATCIRLEE 110 C) I —
SERIHIRJE , 4350 R 1.45% 1 1.26% , M5 RE fA JEE
K LA A W R AR, B K ey a1y
RET IMLAFE AR

5 & TATEREEIIRN S H A
Fig.5 Comparison of exergy income and expense of

7 nodes system of furnace and kiln

2.4 PENTEENTHERAREK

AP ST B B O] DL, IR BE O | R
P 2 Je R AH 2 IR 2% T 220 kl/kg G, 55
Ab, TR B AR AR R R 63 k)/kg, X 2 T
PR FAVER 2 57 5 B g o ol S8R 1) s M S AV DU A >4
F49.7 keg/t, HTX 2 BAHURIE TV EREN
EE S R R R R AL EIRIRA
T, BT R HIHLAVR A T e e, LA A T
L ¥ HOL R X, 3 R H 25 50%, B A
79 kJ/kg W RREE 4 X F SP Jr s Y 180 C Al
LB TR TS, U5 51 ki kg B JE AR
ATLAF] X T ¥ LG A XU (208 C), A
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E A g B K 5526 %

69 kJ/kg 1A X SEAIR IR A (B 58  Bg ok Y
FRUESMEAE ) MY T 6.8 ke/t, #57E S FR TR fE
(75 e T 55 KR A S 20 S8R T s/ S
5 kg/t LIE,

AT REEE AR TG, X [l 7 R — Uk RUAE 55 o Tl
R TAT YRR, T R P 1 S 400 A8 5 4 e ] i 4
I (A AR 20 R R e I SR IR AR | bk
o FHN XA SR B % B AR R v,
TR B A AR G, X T RRE G R ARl A
AR B AR SRR 32 = (BT A A R
KIGFE KIRE SR SR

XFT SP AP AR R T BRETIE A 1/3 /2
A R TR AR R AT B BRI, R I TR B AR
FEWRT I SR T Rl S IR A HE A SP
PR ZIZEIR . T AQC I 110 CHER,
AR ARG ER )5 30, 110 C AR A R LAY
T AR B B v AL A XU B T [R] B S
B AQC H i PR LA S A HIHLAG IR A KU AR H

VL Ay B BB XA B AE R RE i, R IR
#&, — AT K b 25 L AFELE 60 ~ 65 kWh/t (55
SRR R FE) . H AT, AT — 2 R R
AHUFE EEXT 3 200 tv/d [ RRHE PR 350k B AR
JE R R R AL AT LA /D 5 kWh/t; SR FH & 8
BILLA B K fils FL ML S5 AR 1T 20 3142 R 80R 10% L 1
FHY T/ R 10 kWh/t, 454 8 A 28 V546 3 XUAL
DL REE R R IR HOR G, 5 RO T
=N A R (RS T 35~38 kWh/t) , AT
TR AR L F AN Bir,

3 F ®

AR SCHEST T — R T S0k 0y Tl 25 ) B
e v n] R AR A T B 00 NI 4k
it LA R ff b, PN e 7 1) 0 B U e e R L )
1 B VB R N [ Y A 1 T T PO R e A
AQC Sl VBV ML, M5 75 A3 TR TR
i SP Sl AR 2R 40 A S R i LK Ui A
WA RIS P A, 15 B e S AR
BB, VAN T TR T

1) e i b BE B SR A PR B R R, 1A
6.84% , HAHMTIIR 4.17 % ; J5H5y 19 A MRS Al T4 401 2% A
XK 5 1.95% , JH 2R 34 2.59% ,3X 2 T J&§ T
R BEIRIR 2%, BA BRI AT T,

) w5 E R RHELH AQC K
(Qaoc.s) FTSP B (Qgp ) Wee, iz AR A I3 53] o L 5
I 9.27% F1 6.83%, {H AQC FI SP &4 Hi 1
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HHSIRIE A>3 110 °C 1180 C | & TSR | ik
H—E Rk

3) SR AR SE ik 0 PRI A, nT s/ e L BE
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PRAEHAR SR RO E s X TR AR IR A 2K, 7T
KA REAEER , [FAS2EE AQC 7 M AR L I %
HIHLAGIR A KU AR

4)BTSF K YR HL R it FE R FH i AR R
PL L= ORBL K LSRR 45 6 B R 78RS
WHLLA S5 e B S W U 3 i AR
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