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1.1 FRIFRYF=4E

__ History of Coke Ovens

————————————————————————————————————————————————————————————————————————

O FEESSHRERES. BENEOF—AE  SREFE4H2
HRERFEMN60%LLE | EEBKEREFMEMATFL, ;
» Coke production in China accounts for more than 60% of global !
production.
O 17358 , SERGERERIE TN , Tal TRETIW IR, S—EER
LN 1884F Rk, L300 E , FRIPEHNRRAHEZITMER

(Four stages) :

«  FiIEF{EE-(Carbonization by original method)
. FIENEENP-(Flame coke oven)

o« EHFLEENP-(Waste-heat coke oven)

o IUCAIES AT EENP-(Regenerative coke oven)

SCOPE21




1.2 FRGITIIRR
__ Coking Industry in China

China and global coking production
from 1992 to 2012
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SR> TRATE36 /i, FEMESAMVRLE RS R MGt T
*mm&maﬂwnmum

In china, coking production is 476.36
million tons in 2013

rhEIE R AT R L= A2k ;
The percentage of China accounting for |
global coking production keeps increasing.

| FEGERWERSE ;
. Coking plants operate all over the |
i country. |




1.3 £ EIRaIPEAE

Challenges in Coking Industry

________________________________________________________________________

BEGETVERFEDK | TERME - |
- 1)MHREREEREIS (Requirement of High-quality coal) : BREkITERRENS |
 BERGEAREMEATBERIRN ; i
| 2)i5HMEE (Heavy pollution) : BRI FEEXESBESYRIIRGIESFIR |
K, FEEREAXRBRINATING , BLE |
. 3)BEFER (High energy consumption) : BAEEIPHERTES0%LA L , BHI
 RRAFT0% , ERREREIS0% ; :
A)BEAE (High cost) : JPREZRAVEMIR T 2R HIESREEF SRS |
| IBITRRARS. |

TAFISRMLER: ST ST ( 20145E(21T ) 201453H3H

Ministry of Industry and Information Technology: coking industry accessible
conditions (2014 Revision) March 3, 2014

HERSE ( Coke production control )

FRESEE(EEN 215 &AL ( Coking structural optimization )
(BINRYER - E(LFBEERMR ( Energy saving and environmental protection)

AL ( Coking technological progress )




1.4 FRBYERIPRO

N Necessity of New type Coke Oven

O EEGEREARNHT

- @ ’E /D (Less investment) @ 1Z1TRANEE(Less cost)

' ® T 8E(Energy saving) @ IME(Environmental protection ) |
' B BENEMIEEE ARIBE (Coke intensity improvement) |
- ® ¥ ARRREEFEESERE(Coking coal diversification) ...... |

'O EEk , KBRS, BESR | FEBESEAETWHEFET |
. PHESE  HA1HCHEGET S, SENERGERMES | |
- EERTEMIER. BBRENEEBREE T 2SR I 2T |
- DR, (BEERREERRIFE T FERRAER. |
' (High capacity coke oven, Stamp-charging coke oven, :
Coke dry quenching, SCOPE21, Huge coking reactor,
' Non-recovery coke oven, Vertical continuous laminar coking process) .

O ElbiR "RAXTERER RIS |
Recuperative Two-step Coke Oven
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i chambers :

2.1 ARSURRERERIP-- ST

__ Structure of Recuperative Two-step Coke Oven

__________________________________________________________________________

CFETRE, RE, RIRE-RIECE—IMUEIIRE:

O, (Recuperative): AR E (Recuperators) U EREIFHNERE

OMER(Two-step): HTIEFUAZ= (Drying & preheating chambers) . 8=
(Carbonlzatlon chamber) FERS4EAK

(Regenerator);

1—FigfmE
Drying & preheating
chambers el
22—
Recuperators
3—WARE-IRILE
Combustion & coking :

o)
(=)t % 4’1 2 HF
Y Univi Science and Technology Beijing



2.1 AP --EiI0iRit

__ Structure of Recuperative Two-step Coke Oven

—4 1 1—FEFRE Drying & preheating chambers
___ iZ—}ﬁ?ﬂE Recuperators
_ — ~2 | 3—RIR=-R{EZE Combustion & coking chambers
— 4—EBIENEIE Metallic pipelines
A=A =1 ' 5—iERS} Coal funnels
2/4,4_ e e s 6—BRUKERE Coal valves
: i 7T—8S/=FKEE Air/ Gas pipelines
E N § 9 | 8—IEIEEE Coal pipelines
E § E ; . 9—RIRE  Combustion chambers
SR HfHH g LOTHRE Codngchambes
s—H HH Al HE




2.2 MR RERAEIP-- TEREIRIT

__ Process of Recuperative Two-step Coke Oven

SHBF

[

REES 4 gp1
low Loading
temperature | coal N
gas | v KES
?ﬁ%ﬁi#‘% water vapor
Drying & preheating chambers
I HEES |
middle I Figps
HSGas temperature | Drying

I gas I coal
EﬁAil’ |
4 |

L]
¥ $4 = Recuperators Coal caving
valves
I i
BRES
High |
I temperature
gas |
| I s
ol %%’Ei f)%’ﬂﬁ% Coke oven gas

Combustion chambers

Coking cAhambers'

Coke




2.3 IR MR -- T IR RS R

N Characteristics of Drying & Preheating Chamber

> FRMAZQETEMAZESE (Flue pipeline), $§ili(Coal
pipelines), BIEH}(Coal funnels), WENIREE(Coal valves)%,,
> TRMAESHEFREE—NM , FIRERRGUREEDMARK |
B,
v Drying & preheating chambers are correspondlng to and .
. coking chambers, the dried coal can directly mixed in coklng .
. chambers by gravity.

>>?$ﬁW2E&?ﬁMﬁﬂ$ﬁ fak, FEZ2EH. VSRS
B

v Uniform drying, Preheating, Safe transportation of dry coal,
Reducing pollution,

_______________________________________________________________________




2.4 IR RREREEIR - - IR =S =

N Characteristics of Recuperator

O SAEEESTIRE. ARE. KSARE. ESRESHIES;

O SAAREREPRRERBZIRKESE , —HXERFEMREKER
—NESKEER , BIFRRATIELGI

FRIFRSAENONIRAER | SIEREER | EREEES;

Simple structure, High heat exchange efficiency;

IFARFEAEEIRE@IE

Heating system can Work W|thout reversing arrangement;

PRI BRIAERE | RIE 7 SRR

A supplementary heating device on the bottom is to ensure heating
uniformity;

O SMERBREN—EXE , HERD;
>

Each heat exchanger unit is corresponding to a set of flue, easy to adjust.

»

vavoyamo

_________________________________________________________________________
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3.1 AR

N Technical Characteristics & Advantages

1, FXEEER. XKXBEEGERS

Expanding source of coking coal, saving cost of coke

O iEFiR = r S He SIFFRE 130-280°C ( SFIFRELYJ3200°C) |, (#HK7D
EARRERI0 , KKIRE T ANPENERZE |

»Drying & preheating chambers can preheat coal to 130-280°C, the moisture
can be reduced, that greatly improving the bulk density of coal;

ORTFIREGEEEAXIEN , BRFREERERE.

» The rate of dried coal Coking is increased significantly, which will improve
the quality of coke.




3.1 AR

N Technical Characteristics & Advantages

2, i5E Reducing pollution
ONPIEKR AT | TRV %TIRRVKE | BiFUSKRD=922= ;
»The moisture is almost zero, reducing amount of ammonia 85%, waste
water was reduced 2/3;

- OBHEKIERELI100°C , BH T ARAMEREERXE , AIfERIAREY |
ABITHEMORE ; |
. »The temperature of flue can be reduced by 100°C, solving the problem of
" excessive emissions of nitrogen oxides; |

DIIPZRIR | BT RIESR.

»Coal is in isolated system, reducing pollution of coke.




3.1 AR

N Technical Characteristics & Advantages

3, IRSIEEME  Improving coking efficiency
- OFERIEER , BFERTKS | EREER |, SERTET%EE6 Y

»Heat transfer rate is rapid, coking required time can be reduced about 6
hours;

ORFRRIELLEIRS, FEI81<25-30% ;

i »Preheated coal can increasing production by 25-30%;

OFR M EERMEBNERERES—IRTIIEM50%EA L , BI75F.6EE4PHE
HF 1008 7EEPIF==,

»When combined effect of two factors, coke production can increase over
50%b.




3.1 AR

Technical Characteristics & Advantages

o o . o — — — —

4, F5&EERE  Saving energy
IR MR R AT IRIREGRE | SRR 10%EGRKFTHNER |

PRENRESE,
»Using preheated coal to make coke, the effect of energy saving
is significant.

DEERAYEE , PREERERD  BERESIHERERY , BREASERER |
KRR, i
»>Coking time can be shortened, heat loss of gas can also be
reduced.

0% ESRYFERERILARE18 %L L.

»>The total heat consumption was reduced by 18%,




3.2 Wea 3t

N Efficiency Analysis

_________________________________________________________________________

O £ : 2011 FrREERF=E794.7(CHE , RIPIEKI310%, EERFEERT5%,
» Data: The production of coke in 2011 is 0.47 billion tons, moisture is 10%, |
rate of production is 75%.

O PReElFEED T : ISEEREIFK18.88% , AJT5HELD730.453(Ckcal , 1H
C HFFHLN0.10MZIEHRAEE,

. » Energy saving and consumption reducing analysis: Heat consumption is
reduced by 18.88%, saving energy by 73.0453 billion kcal ,which is equal
. tosave 10.4 million ton of standard coal ;

O MRS : BANRCERIESIKENO , Y0.571{ZIERIKFHNRILE
FIRFKERTRAEI0% , BRmiSIKRIRAES2/3,

» Environmental protection: moisture in coking chambers is 0, remaining
amount of ammonia can be reduced by about 90%, phenol cyanide waste
water can be reduced by about 2/3.

T e e e == ===




3.2 Wea 3t

N Efficiency Analysis

_________________________________________________________________________

O FHLIEE RS RIERAERA\ ETTH20%i252150% , AIHLAM
 EERRIELT12(ZI,

. » Resource conservation: the combination amount of low quality coal can
be increased from 20% to 50%; the amount of high quality coal can be
: saved by 0.1712 billion tons.

O IREERA - LRI EIRELS,

. » Investment can be saved by 1/3 when compared to conventional coke
: oven.

O E/=6EN : BIPGSEFRENIRE50%,

>

The comprehensive production capacity can be increased by 50%.

KAGRIARERERGELIZHaERHAEENEX | I IRAUmERE
%R, Al R S 42 5 N a W oo

Recuperative Two—step Coke Oven has huge potentiality of
energy saving and emission reducing, if we popularize

it , Environmental and economic win-win!
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4.1 TZ&#

N Operational Parameters

o ET?&JE%E“E*F*FW%MWI‘Z%E& '
i #ITHEEEHMREESTE %EIHQ,..‘.
' 'Wﬁﬁzﬁﬁ' TREHNIZSH,

§> Based on the structure and process ofi
: recuperative two-step coke oven, the massi
. balance and heat balance were calculated, the !
. process parameters of every node was:

obtained.

_______________________________________________________________




4.1 TZEH
N Operational Parameters
O RGWE-FETHE

» Mass balance of system

Im B #akg) B Im B

T 34200 38.20 =754
NPEBAK 3800 4.24 =S
BEPESE 26054.2 29.10 ¥

=58 25481.76 28.46 =l
RS
IND GV VN

(R A=ViS

WSE

ait 89535.96 100.00 ait

#{&(kg)
25650
1368
396.72
82.08
5902.92
3800
800.28

51535.96
89535.96

BoE(%)
28.65
1.53
0.44
0.09
6.59
4.24
0.89
57.56
100.00




4.1 TZEH
N Operational Parameters

O RGH-PEIHE

» Heat balance of system

I B HEWM) BO(%) I B HEWM) BHEH%)
IVESRE® 78738.660  91.92 fEREsHE  40398.750 47.16
IRVESTHANER  705.193 0.82 =i ARt 2761.445 3.22
WNTRESRR. 4427.707 5.17 FAFHE S 668.084 0.78

RS B 533.584 0.62 SEHmE 149.437 0.17
FEENER 939.218 1.10 EIESHEHRE 14074912 16.43
ko AER 317832 0.37 IKDEERE 6733.137  7.86

BESHERE 13683.547 15.97

TeebRang 1204797 141

WPRRERFURA  5996.354  7.00

B A 85662.194  100.00 IS 85670.463 100.00




4.1 TZ&#

N Operational Parameters

O R = - R E PR THE

» Heat balance of combustion & coking chambers

= BEM) BEDL(%) In B #EM) Both(%)
NPFBUESRH  10625.550 7.84 R ENE 40398.750  29.79
ESTHARNEH 20934690 1544 EHTEENRE 2761.444 2.04
SSBANNEH 20885720 1540 MR ENHRE 668.084 0.49
MRS R 78738.660  58.06 R elINE 149.437 0.11
Fﬁ)\%ﬁﬁw’% 4427.707 3.26 EESTENE 14074912 10.38
KISBEFERE -1845.819  -1.36
WS ENE 74119.235  54.66
FREMFRIREK  1204.797 0.89
BURIRE 4068.369 3.00
B 135612.316  100.00 [SW 135599.209  100.00




4.1 TZ&#

N Operational Parameters

O AT RBMAE R E

» Heat balance of recuperator & Drying & preheating chambers

In B #HIE(M)) Both(%) In H #HIE(M)) Both(%)
HSENER 705.193 0.94 ST HRE 20934.687 27.78
TEHAER 533.584 0.71 SEHEHAE 20885.716 27.72
HSHENAE 74119.235 98.36 WS ERS 32030.450 42.50

BRRK 1507.160 2.00

= 75358.012 100.00 S| 75358.013 100.00

D N = - 1 - H

In B HEM) BDH(%) In H #HUEM) Botb(%)

EE N E R 939.218 2.82 I HAE 10625.547 31.92
EHKDTBARE 317.832 0.95 KsHARE 8578.956 25.77
HSHENAE 32030.450 96.22 ST ERE 13683.547 41.11
BRRR 399.450 1.20

= 33287.500 100.00 =R 33287.500 100.00




4.1 TZ&#

N Operational Parameters

RS Gas
THAIr

S Gas
TKAIr

y

RS

low

temperature

0.517 kg/s
20°C
0.506 kg/s
20C

0.517 kg/s
710C
0.506 kg/s
710°C

gas

1.023 kg/s
250°C

PR
Loading
coal

RRES
middle
temperature
gas

BinfS
High
temperature
gas

1.023 kg/s
570°C

1.023 kg/s
1250°C

FrRIE
Drying
coal

&

Heat transfer

0.754 kag/s
20C
0,
10% KES
water vapor
0.075 kg/s
150°C
0.679 kg/s
203°C
0%
hEE
Coal caving
valves
wRES
Coke oven gas

0.509 kg/s
1050°C

0.170 kg/s
667°C

University of Science and Technology Beijing



4.2 RIRE-RECENGESEHTR

__ Parameters in Combustion & Coking chambers

O RASEEB TS, FRTRESE-RILEN
C AATHERTR, FEFETIKEHPHSIE
- BRI ERERN S ERE. |
. » Feasibility Analysis on combustion & coking
. chambers have been studied by numericali
simulation, mainly investigated gas outlet:
temperature of flue and coking required time :
of coking chambers. |




4.2 RIRE-RECENGESETR

__ Parameters in Combustion & Coking chambers

EIPIRRE - RIS
Physical model of Combustion & Coking Chambers

Crossing pore

L

» 1300
225,000 . 6%
. (abii
R N BT KIE
Coking descending .
Chambers channel FPESAE RN
LT KIE
i
Furnaclzzé f—‘l—?
Wall ==
ks (R
SLKIE Cycling pore
Ascending z yelng p B B U K
channel "3 7 F B&SL kG
aatagn| Y.
if!;l‘/:/'f?/:)\ | EJE L ) T
e Gas exit v b I S Y.
(a) ZEE (b) {FRE
profile chart Vertical view

CIEEEER ¥




4.2 RIRE-RECENGESEHTR

__ Parameters in Combustion & Coking chambers

O #&#|5#2 Governing equation

O kel IEHE. BEHE. SHREERME
SRR, RRIBAMRER-ERRETTE

O BUEKBHE L. AT (Parallel decoupling algorithm)

1400 -
1200 -
.
1000 1
o i < FERK M
= 80075 1] ot e
fz'“g 600 f || = EEEE B 0,112.5mm
—e &L
400 -
200 -

0

SEEEINTR] /h

FiTBERETERRAE (1BRRAR) RERS SRR
Relationship between the temperature of Coking chamber (constant heat
flux boundary) and coking time using parallel decoupling algorithm




4.2 RIRE-RECENGESEHTR

__ Parameters in Combustion & Coking chambers

O =5 7772

O frEk-emmRE ., shEFRE. BEFE. SHRREIAE
AR, EEMRAEER-ERNREIRTE

O BUEKRBHEE: BT E % (Serial decoupling algorithm)

1400 -

N ———

1200 -
1000 ‘::9:,¢:=:°"""'.,:" -
SO
g 800fsee 1| Rk
il —— fREE AL E
mg 600 1| —=— BEE&EMN,,112.5mm
e I
a00l A -
200 -

geoa8d

0 2 4 6 8 10 12 14 16 18 20
ZEIS[E] /h

RITFHEERTENRCERENZNEH RS ERES S AL
Relationship between the temperature of Coking chamber & Flue and
coking time using serial decoupling algorithm




4.3 IS8

N Optimization of Structural Parameters

OFFRT THRMARESEHB, BFSERR
- RBBREY, I/ TERARENEMALRS
- MSHRBREBRRGNTZEMRT.
. » The structure design of drying & preheating !
. chambers has been Carried out, the Suitable :
type of heat exchanger was chosen , finally the
parameters of optimal heat transfer structure :
and process structure size of heat exchanger :
have been obtained. |




4.3 S8
N Optimization of Structural Parameters
O FEmHMERELEHRT
» Optimal structure size of Drying & preheating chambers

220mm
| 75mm 60mm 5mm

>SREEHRERY : 100x60(mm?2)
> TEAFLANSEFLEE : 100x60(mm?2)

SR ke >IFEERY : @20, h=100mm ,
Metal heat exchanger

X=75mm

SRR e G/_:L'ﬁ:ﬁlﬁ it SHRRTE >\@EF§:&M§U% : ®35mm

Symmetry as channel

plane channel channel plane
> JREEEEE150mm
> & BHRAEEEEE S mm

& JE Hh A RE
Metal heat
exchanger

> BN LA ERTTEEFR /9220 % 210 (mm?)
> ER/INRTTRIRE : 79.17kg
>TFETAESE : 3.35m

Z
BAAM ¥ memn

Gas entrance Gas exit

|
|
|
|
|
|
|
|
|
|
|
Coal Coal Symmetry : >\@j§]’ﬁ;&5{§u% - ®100mm
|
|
|
|
|
|
|
|
|
|




4.3 FIISEUR
N Optimization of Structural Parameters

O FHEmMAE AR T

» Optimal heat transfer of Drying & preheating chambers
’ 2y > ZEFEED T =E

5.70e+02

5.48e+02

5.25e+02

5.03e+02

Metal heat exchanger 4 orenoz
4.59e+02

4.36e+02

e 4. 14e+02

B Gas channel o kil S
Symmetry 3.70e+02

channel plane 3.47e+02

3.25e+02

3.03e+02

2.80e+02

EREAE ‘ 2.58e+02

Metal heat L | 2.36e+02

exchanger I 2.14e+02

1.91e+02

. 3 1.69e+02

BEAO BEHO 147e+02
Gas entrance Gas exit 1.24e+02

a)z=0 b) z—75mm c) z-80mm d) z—110mm

' >MEl(@)RT LAY | IEHEIRRREEN124°C , iRBERERETIE

I
1
| > MEl(b)ATLIEY , Rl SeBEREREIRE384.51°C , REERSHMEINTHAINE |,
| IEBINT R |




4.3 IS8

N Optimization of Structural Parameters

O #AERMTE

» Optimal calculation of recuperators

O EFEEHRTHHHELERIIR

HRRE 0.144 kg/s ERRKRE 1936.00 mm
HERE 0.076 ke/s IR E 600.00 mm
EERE 0.068 ke/s EHOE 60.00 mm
BS/ZSHORE 20 °C S FERRAR I AL L B 100.00 mm
B/ HOBRE 710 °C FREHHEK 1676.00 mm
BN DEEZ 1250 °C B 80 i
S H DR E 570 °C BEEH 8 R
BETE Wb hiE BEREH 10 R
BEFH3 5K EF % T Mz 1000. 00 mm
BHNRE 30.00 mm EIEERE 3036.165 Pa
BEE 5.00 mm TR 0.102 Pa
B 40.00 mm




4.4 BjTirtis

Unit Experiments
___

= o o e i il o o

ORBTRAAER TSR EER, B2
 FRFWASWAL ISRFE, FRETIR
W& e B K%, ?ﬁ!ﬂﬁﬁ??ﬁ%fﬁﬁ&%ﬁiﬁ&&ii
R AT BRI i

> According to the designed and optimal results :
of drying & preheating chambers, a one-to-one
scale experimental setup was established,
experimental and data processing was carried
out , the effects of heat transfer and device’s :
operability has been tested. i




4.4 BjTistis

Unit Experiments
___

O sEi0de B

> Introducing of experiment device

@ fn # &R 4 (Heating {EE
system); Chimney
@@t RS (air supplying 3
system); P =
@4 (valve group): 2T - ‘
@FHRMHPELB \ N
(Drying & preheating i
chambers); Sl R =
® #H #n T A & % R L
(Recuperators); __Recuperators ¢
@MW & & 4 (measurement Drv *Eﬁ?ﬁ;i . R

rying & preheating #
system)ZE4H A . chambers hot blast 4




4.4 BjTirtis

Unit Experiments
___

O =5

» Recuperator

A H A

VA= ] 2 A=
RSN Flue exit

Gas & air entrapce

HAN
Flue entrance




4.4 BTl
Unit Experiments

¥

BRI E 45

» Drying & preheating chambers

O+




4.4 BjTirtis

Unit Experiments
___

O FRMAZELRER

» Experimental result of drying & preheating chambers

40 0.1
m
0l 0.08 -
)
) O )
£ o o 0.06f B o O
o O K O O
£ 20 o ~
o C
© o 2 0.04 o
)
10
0.02 o
[} )
0 r n] r r r r 0 r r r r r r
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12
F gt /h F & HfE] /h

SR COS 2R AR

SR CHAS ERERTIEEE L

Relationship between CO content and time Relationship between CH4 content and time

_________________________________________________________________________

O XS A0 B SRR R 2247 1

» We use Gas composition analyzer to monitor generated gas content:

O MEETERAEPES, IwHSEFCORCHINSEREKEH KBS, AF
BRI, BTEFY, WHENETRIETERFSHIAEUIAR.

O As the time increasing, gas content of CH4 and CO have an increasing tendency ,but all the
content is very low, indicating that there is coking phenomenon during the drying process.

SRR ESX ]




4.4 Bjoitis
N Unit Experiments
O FHEIAEERER

» Experimental result of drying & preheating chambers

O1 503 B T 3 B AT [0 S P

320

300 [| — &UEH=0.5m | ‘ fhs
ol o AR 5 b JEFHE, REREARE R
soll ° SBir-osm i EIE20°CES, XRBTHSR
2ol o apzem FIFBER M, S8 “ EA T
220 R o MARHIKE.

/.

200

» Temperature on the wall of coal

e channel first decreased, then

160 oo’ 4 increased with drying time,

ooy temperature difference of

. . different heights in channel wall
0 2 4 6 8 10 12 14

TR Eh

SEENEE(EEN) AR S ELEERETEEREL
Relationship between temperature at different heights of
metal heat exchanger wall (side of coal channel) and drying
time

was about 20 °C, which is
because structure used for flue
gas will lead to phenomenon of
nonuniform heating.




4.4 BjTirtis

Unit Experiments
___

O FRMAZELRER

» Experimental result of drying & preheating chambers

e e — — — — —

O BT R O T8, i
O FETE RN R LR EEAREE |

—— BIIEH=05m o STEG{EH=0.5m
- - {&DEH=15m o SW&{EH=1.5m
-------- BEH=2.6m - S3&{EH=2.6m

10 12 14

0 2 4

of water evaporation process;

» Drying later stage: the water is completely
evaporated, the temperature heats up, the
model calculated values are in good
agreement with the experimental results.

6 8
THEH AN

EF O ESELNEERE TSR AR
Relationship between temperature at different heights of
middle of coal channel and drying time

200 v s 1
180 [ 102 100°C, %TET7K5}EE$£*§§%IE :
160+ 9% .~ Eﬁ‘lﬁ; :
140} o)/ O TREM K EEEER, FERHERS
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