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FAb K F i FAET Abstract

Research of Cooling System of Continuous Electric Furnace for

Graphitization

Abstract

As a very high-quality carbon and strong reducing agents, high-purity
graphitized petroleum coke is widely used in metallurgy and metal alloy production,
but also is the main raw material for high temperature refractory material and mold. .

In this paper, the study of continuous graphite furnace is a new furnace, which
mainly raw material is petroleum coke and anthracite. It produces graphite coke |
through electric resistance heating. The center operating temperature of the new
continuous graphite furnace is about 2500 °C, after calcined petroleum coke
discharged from the abstichloch. Because of its high temperature, it is easy to be
oxidized. Therefore a cooling device is needed to make the graphite coke cooling to a
certain temperature, so that it will not be oxidized in the air. Cooling effect is a direct
impact on the quality of calcined coke, if not fit the request it would result in serious
oxidation, what’s more reducing the output and quality of calcined coke. The aim of
cooling graphitization coke is not only to prevent the oxidation, another important
goal is to utilize the heat, in order to realize the comprehensive utilization of energy.

At present, heating furnace and heat-treatment furnace's cooling method divides
into the water cooling and the evaporative cooling approximately. In this article, the
continuous-type graphitization electric furnace's cooling system will be designed and
the researched. According to the technological requirement and the actual operational
aspect, the reasonable cooling system is worked out, enables the high temperature
graphitization to be cooled. In addition, this paper will also study on the application of
the evaporative cooling technology into the new type of graphite furnace preliminarily,
and bringing forword a reasonable energy comprehensive utilization program of
continuous graphite furnace cooling system.

Key words: petroleum coke; Graphitization; cooling device; water; evaporative cooling
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Fig. 1.1 quality comparison between petroleum coke and pitch coke
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PEHEBRTEERRSE, —RAHNBEARDST 96h. #HHAEEBRA
HAGRGEAKAH . I TRERBMY, dTEERANE, 72X, —BEFRARA
HkAH. FIRKBEESHN, BHBISE. B, FE-REKESKR, PH
FK A JEREEA, DABI IR AL,

SMEPHRAHEER. W ERE, IPTHE, KeiE.

BB PR A AT . BB, AR KRR RGEST, BikE
SHKBNTEAT &, ERREREGE, TS, P,

24 FIRESEAAR|BUFBFETE

FECRA R, NEE. P ORISR, PREFLAERAME, FTEREN
B. i TRBAPREET, BRHERERS, JaEEUNE, Eitmk
B ECHR B o A I, R AE Bk e B SR B I BE MO M KO IR/ NI R TR R, (A
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R XFREFEAIL % 2% LRyt

HERHaRE. ASAPEEELNE 2.1,
F2.1 EEAABRPEEE

Fig. 2.1 temperatures of Continuous Electric Furnace for Graphitization

PFHLSNE il e il
HARHNE Y NERRE T REEY FREAE
Y PRE B PR
wE (C) B CC wBE (T e
() B (C)
2300 1720 1900 1600 150 20
BATE R HFE W, 1T

REA B EP SRR R 7R BAAERE R AT L U T ARt
it gl
Wiy =1000x[ (1250~1) Gy, +(1800~1250)x Ciy, +(2300-1800) Crog, /3600 (2-1)
Hepo |
Cen —IE SRRt JI/kg-K ;
AR LLHBERENFRETEX, EORRUT:
Crg =1.8586+1.2893x10™T +2.564T x10°T2 +4.5197x10" x T~ | (2-2)

A, T—HEIRE, K.
FZBMBGE BT A SRR LT, AP RERRBR T
YR, B
T =(1800+1250)/2+273 =1798K
WALARQ2)ITHE, B
Comp =1.8586+1.2893x10™ x1798+2.564x1798x10° x1798 +4.5197x10’ x1798™*
= 218J/kg-K

B, BC_,, =09J/kg-K, C_p=652J/kg-K

TAQ-DRF, B

-13-



LR B 2o 2% & Epyinsir

Wy =1000x[ (1250~ 1)C g, +(1800~1250)Cy., +(2300~1800) Cy, ]/3600

=1000x[ (1250 -20)x0.9+(1800 ~1250)x 2.18 +(2300-1800)x 6.52 | /3600
=1546 kWh/t |

B R RGELNA SRR B FE N 1546kWh/t. S5 BLL
LK, RABE LT T k.

2.5 B ESR RSN AP RS

FRAESLBEPFETTRA:
(1) EHEGEREF

BADEKR, AFR. BEFRERmtalt, XNEPEE. mERSRE
EE.
(2) 7%= & B FEAR

HERABUTIFNEELFEARE. FREEA B ap 58
L ERFER(R, BEEISIR. HEARES SEA B HFEEER 4000~
5500kWh/t, TOHRELA A B HFELE 1800 kWhit 5.
FEX

HECE BRI DURE AR R B R ERAT R L. ButRR-BE
A= 800,
@) HEREER ,

P FHERRHERE 0.7, FEASABPIIERHTER 091 BLE,
DEEBEERS. ‘
(5) = Fh L B EAE

HTFHFEABLPERS, UARLBEEELR, HalEEEK 17%E5.
HFHLERAR, BB T .
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b K FME FEH T F 3% #8X 5 R e it

S 3 s/ 7y 1 A
35 EEXNAELBRPRAARFIRIT
3.1 AENEE RSt
3.1.1 &8
BEPERASTRIGAE, YIRS HER IR BEXHEH, XER
FFEEEHZ S, HiHEERERERBRERSEREEEFRFES A=
BR. ¥ ER, SBUKES R 19, 20, 19 WHHTHHE,; AEkiE, 8

FEMFASRKEKERLECY 1m; AEFANIEONE, VIEBELAH
BEA 300C.

3.1.2 [Fia iR
Ykl OB ¢'=1800C; PR OEE: 1,"=300C;
AHKERE: 442 70mm ; ‘%%memn;

KESHEE: 922W/m-K
A BALEYE MY s P09,

F=8: G=15t/d = 625kg/h=0.174kgls be#: ¢, =2.83k) /kg-K
EE: p, =662kg/m’ BHE: ¢,=08
PRBE: £,=06 RERY: 0, =10
BRHAFRH: 4, =TW/m-K HUEE: E=6.07x10°Pa
FHMBLR: b=15mm SHEAEK: A=65W/m-K

3.1.3 ¥MERER

RBERPEITHER. WRER, UERMPEREEER, RESKREE
B HKBET
BB

-15-
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£121800~590C, AWHIKIKIADEEE,'=20C , REKHIHO®R "=407T;
FXR&:
£H6.590 ~380C, AHIKMADEE,'=20C, WHKHKHOBE: "=32C;

FEXE:

ELE.380 ~300C, AHKBADEE =20C, AHKMHOBRZ "=30C.
32 EHERKRENIHE

321 F—RX&

AHKMADRBE:'=20C  AHKKIH D@ "=40C

HHEE:
£+t
st
t, =—— 3-1
g’ 3 G-1)
_20+40
2
=30C

30°C Kt axM, 8
p, =995.6kg/m*, C, =4.174k]kg-K, A =0.618W /m-K,

v, =0805x10%m*/s, Pr =542, n,=1628x10"kg/m-s,
f f w

A EZYEEMRXNT:
(—@E, C;
P——ﬁgy kg/m3 H

Cp——l:t??!&, kJ/kg-K ;
A—8HEE, Wim-K;
EEREE, m’ls;
n—BNSIKE, kg/m-s;

Pr—EBAFFEL

\4
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KA T4 f RRORRGOWER, THIwUETRKERTNYEE.
BT
ATRERE: By, =098
PIEA HIA TR 0.25m/s, NIBINHAHKSHHEHE:
®=npyZaic, (t-1)n, (-2)

4
=19x995.6x0.25x 3:4 x 0,057 x 4174x (40 —20)x 0.98

= 759571W
HEAHKRE:
@

M'= —Cj(t—'—_{_) (3-3)

759271
4174x20
=9.10kg/s
T 58 YK -

Ml
np A’

V=

(3-4)

9.10
3.14x0.05?

19x995.6x

=0.25m/s
PR ETE:

At =t ~17=1800-20=1780°C
At =ty ~1,=590-40=550C

. A — AL
Ar,, =—sS o —ER (3-6)
ln max
At

min

1780550

T 1780
(550)

=1047°C

#RY, 8



A X FAEFERT F 3% #4 X5 EAPAHRGRT

BIERE @=0.995

MFHBER: At =¢-Ar, =0.995x1063=1042"C

BRI I E S L HE:
¥R R
GEEERITELER, YIRK =140W /m*-K
FERMEH:
. @
A= Ko (3-7)
_ 759271
7140 (1042 +273)
_ =4.12nm"
HEREES BBESEREERHERK, TLEFIE.
BEKESH:
y
n ——7;21-.- (3-8)
412
T 3.14%x0.07x1
=18.8
Hep
I — iR E K.
B 1918,
3228 -XE

AHAMAOREE, =20C  AHKKHLOBEE, =32C
FFHERE:
BHARG-), &

=Ll L =""""=26C

26C kMg, B, B
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R X FHMEFEAL # 3% 25 XEEb L ELLT

p;=997.6/m>, C, =4.174kJkg-K, A, =0.591W /m-K,

p

v, =0.8854x10°m*/s, Pr,=7.11,, n,=923x10%kg/m-s

B ENEER 140C, BXRY, 7, =186.4x10"kg/m-s
fEHERHE

kR, M =098
BMPOKGHHRRE:
BAR (32, B

U ’
D= npr—4-d,.2cf (t} —t,)nL

=20x996.7x0.1xij—4x0.052x4174x(32—20)x0.98

=192028W
HE A HKTRE:
HARG-3), B

@ 192028

M=—" -
Co(f-f) 4174x(32-20)

=3.83kg/s

8 I
HARXG4), B

o M 3.83
np A' 3.14x0.05

= =0.1m/s
20x996.7x

FHRETH:
' Al =t —£9=590~20=570°C
At =t —1,=380-32=348C

HAKG3-6), B/
At —Af,  570-348

At, = - = 1n(ﬂ) =450C
At . 348

R, @
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KAk AL R B 3% #SXE Rl A A%t

BER¥ @ =0.995

WFEHEER: A, =¢-AL, =0.995x450 =448C
fREAERE R H S L HE:

bt SE

ZABPWE, MWK =110 /m* -K

W e Fe AR :

HAR G-7), B

@ 192028 2
=— = =2.4m
K'Ar, 110x(448+273)

4

BEKESE:
HAK (3-8), B

A 24

- = =11.02
mdl 3.14x0.07x1

n=

BB 1248,

323 =K

BHAKMAD®RE, =20C  AHKKIHOEEL, =30C
ML -
aak3-1), B

t,+t,
2 2

25°C Kt X, B
p;=996.9kg/m’, C,, =4.176k] /kg-K, A, =0.60W /m-K,

v, =0.9055x10°m* /s, Pr, =622, 1,=259x10"kg/m-s
BREERER 120C, BXRM, 1, =903x10%kg/m-s
PRI |
HEKRFE 1,=098
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FXFREFLERL F3F #4858 bkt

FEmPK BB R AE.
BHARG-2), &

” ” ’
= "PszdiZCpf AN

=19%x996.9x0.1x 3":4

x0.05> x 4176 x (30 —20)x 0.98

= 76063W
HERHKAE:
Haé}itc-;), B ,
=2 ____ 76063 =1.82kg/s
Co(f -f) 4176x(30-20)
T 78 K -
HARG4), B
= MA'= 1.83214 0057~ oomls
P4 19%996.9x 214X 005

FERETE:
At =1, —17=380-20=360C
Aty =ty —1,=300-30=270"C
HAXE-6), B

At —At.  360-270

Af, = —mex ma =313C

e 00
At 270

aBxb), B
BIER# ¢ =0.995
WEERER: A, =-Af, =0.995x450=311C

EEARBE R IR S 23
VIEHBHRE

SEEEIVE, YIRK =70W/m*-K
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e AR
HARG-7), B8

__@ 76063 )
A = n = =19m
KA, 70x(311+273)

BEKESA:
HANGE-8), B
A 1.9

n= - = =8.64
xdl 3.14x0.07x1
EEH I B.
3.2.4 ING
lé\ﬁ#‘\‘iz
O=Q, +D,+0,
=759271+192028 + 76063
=1027361W
Hif 4 kiR

M=M+M,+M,
=9.10+3.83+1.82
=14.75kg /s
=53.1t/h

BEHmER:

A=A+ A4+ 4,
=4.12+2.40+1.90
=8.42m*

HEEKREKE:

19+124+9=40m .
33 MM ABIITE
3.3.1 $—XE&

HEPESHRHED. 6SW/m-K
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R AFRESFEAT F3F #8X 5 RhpAiELiLit

BAHE R
R AR
Q=K-F-At 3-9)
T\ ‘
iio} - %) (3-10)
K=C
T,-T,

Hep

C— P TRARHEREG SREATH, V/m b K

_ 20435, [+, (-5, ) 3-11)
g, +lpmG‘3gl‘9M +8g(1—gM)]

T, — AU TSR

Te— kb MBI,

&g

o
En——fprpl B

Prn ——JBER P S R
BRLAENIES .
g, O =08

g g, % =0

L Prr =1.0
Ty b =15mm
HANXE-11), &

204385, [1+04,(1-5,)]

N £, + Py (1—88)[8M +&, (1—81;,)]
_20.43x0.8x0.6x[1+(1-0.8) ]
" 0.6+(1-0.8)[ 0.6+0.8(1-0.6) ]
=11.95kl/h-m* - K
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= tM +1‘Ml

T = +273 (3-12)

_ 1800+ 590 +273

=1468K
pshEaR .

In(—)®

i 3-13
27Al, (3-13)

ln(0—0—7) 759271

2x3 14x 42.2x19
=51C

IKESHBERBE -
1, =t, +At (3-14)

W

=168+51
=219C

T, =1,+273 (3-15)

=219+273
=492K

_ T; y T, 4
hr(Tz-Tw)=C|:(l_0—o) —(m) } (3-16)

0

332 (1468) (492)
100 100
1468492

A 156W /m*-K
B TR HK SRR, TERYEK SR, EHEYES5KE RS
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¥, BUAZBEATE.
HZl, B-KEUE ST RIRNRRRECH156W /m*-K
BEAXNRBRIRE A

Re, L (3-17)
Vs
_0.25x0.05
0.000000805
=15528

Re, >10*, WshAMHR, WEUTAKIH

N, =0.036(R,)**(P,)" (Z—f)“‘(%va (-18)

8015 0., 0.05

=0.036(15528)°%(5.42)"
( ) (5.42) (1628 7

=149
B E AR 170C, EXR", n, =801.5x10°kg/m-s

AT

H

(3-19)

0 05

=1843W /m*-K
ThRERNERRE:

' (O]
t) =t +

T hrdl,

(3-3)

759271
1843x3.14x0.05x19
=168C
SHEREIT0CHEEAEREREZA, FRESH.

B BREERARECA:
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ALK FREFHHL F3F &4 XE BMeb P ddp & Gkt

K= (3-20)
1d d (d J 1 .
——2+—2In| -2 |+

1 0.07 + 0.07 +_1_
1843 0.05 2x422 155
=134W /m*-K

E5REME140W /m* - K HERE AV ERHE.

3328 X

XEMERBTHEESE —XBRAHER, ¥ RS £ Hid
AW, XIXFSBATHERN, ZEBER RN R k.
AEWH SRR 65W/m-K
BHFARE-9)~ (3-16)
RANBEWEHE, §
20436, [1+0g, (1-2,)]
&g+ P (1-8, ) 84 +5, (1-&4)]

_20.43x0.8x0.6x[1+(1-0.8) ]
" 0.6+(1-0.8)[0.6+0.3(1-0.6)]

=11.95kJ/h-m* - K

7 tatha 73 59042-380

e = +273=758K

WSMERR 2

1n(—~)<1> ln( ) x192028

= =12TC
27L’/'Uz 2x3 14x42 2x20

IKE SRR :
t,=t, +Ar=130+12=142C

Ty =t,,+273=142+273 = 415K
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ARXEREFHEAL F 3% &4 X0 SRRkt

HA

R EANES)

BT LASE S R 4 AL R BN -

f a0

100 100

h, =— = 2
7;_-];

4 4
s (128) - (22)
100 100

758—-415
=29.1W /m*-K

R TESBRARERD, BHHRER, WEABBRAT.
BB

A AR AR AR, ZEHRAh ST LT A S A . B PE R A E
2 TH O RELRE FEE £ B e T e R e R AR 01 B AR 8k o b, BRATET 2 4F
HIE RS (] 2y R RAEE BRI IAEWME[SH) M EH. REEX D5
i T K A LA R L R RERE L B & AL 7 AR (BT B P R B RS R R oK
B E VP A TR AR EST O, BRBEEFIINERIE,
TRBLB AT EOSEE. AR/MEMAM, R TRER: (DIXFAYFE
R ALRE S, AR E LRGBS REFEMER, UENER, MR
R, QEXAHLN E—#FRRAESGE—#E “F8R". LEREWH, RE
R A RS R /N, AU BHUER PAMIROR -
Pefb AR,

K2 (3-21)
Eavay

h e 5 ST
a—— B A R ;

A BaERH,
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R R FREFLEAL % 3F #4X5 BMbypddpiiikit

P —BMAERT, REMSERSEELEZLY HEY, ©nFERHM
alb R R, TR, TP,
A0 PR B SR DTS, S EARR:

_ 4Kda
PTT5T, a=Vab (3-22)

X
Pi— i B
d— g SHTEER;
E—#iigE (GRER.
BRG-21)H(3-22), &
33,1, 3
2X(Z) bisx‘spi
b = 7 (3-23)
Elg

BB R, RS SR MELR s EAER, Hithar <87

IR R b KA D, . 4

1
31 3.1
2x —) b3A, 2x(§)’b3xs
4 4
k= 1 B -1
Eg Eg
|
1

h = kpi (3-24)

WEMAAN, DEBAHEBE hE RS

N 1 1
h==k:£:pf ==kﬁfp3
i (3-25)

BB ANEHEFBRRERNMIEEAZLL,

1
1 %\3 21
h=kN(7)s “""’[ﬁ) =KV p® (3-26)
.28 -



Rtk FMEFLEHT F3% &4 X5 EbPdipiaitit

THEEM AR, KR SERROE U ERTERRL, ) B AR kBN -

1

314 0.0152
4

N=13x =7360/m*

kR E

1
3) 3
2x z x0.015% x 65

(9.5x109)%
=0.014
ESip:

F=pVg=622x3.14x4.97x9.8=95199N

4 3.14x0.6

HBAARG260F,
21
h=kN3p?
1

2
=0.014x 73603 x 842173
=232 Im®-K

GE, BRBYHSERZ ANGAREN

S
A

[+

24, d

o

h (3-27)

hC

1
1 +°'°71n°'24
232 2x7 0.07

 =96W /m*-K

BT
R\EAKRE-17),

-29.
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v,  0.0000008854

B4 2300<Re, <10*, FTUABER RS ARALEK .

2
Nu, =0.012x (Re*™ —280)x Pr,** {1+(§)3] (3-28)

2
=0.012x (5647°" —280)x7.11°* X[l+ (0-?5)3]

=47
WBAKG-18)EANFRBEHR RN

=549 I m*-K
RBARG20), BoREERAREN:

=71 007 007 , 007 1
—=X + In +—
549 0.05 2x422 0.05 96
=T6W /m*-K

YHER 110, BEEFRTE.
EYHES KB mii:
BE\EAKXGE-HHE-),

A=-2
K At,

192028
76x (448 +273)

=3.5m?

A 3.5

] - = =15.97 16
P adl 3.14x0.07x1 =

-30-



A kZFmEdF56 % 3% 548X 5 B HERikit

KESE N 16 15 = X Bk

M
VvV =
np A’
3.83 _
- 2
16x995.6x >:14%0.05°
=0.13m/s
333 =Kk
SESHE IR

RE AR (GE-9)~(3-16),

4 4
L) (T
100 100
K=C-

T, -Ty

20.435,8,, [ 1+ 04, (1-2,) |

e ""Pm(l -£ )[8M+8 (1- eM)]
_20.43x0.8x0.6x[1+(1-0.8)]
~ 0.6+(1-0.8)[0.6+0.8(1-0.6)]
=11.95k)/h-m* - K

4

Shuth o
2

_380+300

+273
—613K
WM RER 2=
ln(—)CD m(w) 76063
- 27:/{12 2x3.14><42.2x19—
KESMNERE

Ly =t, +At=120+12=132C
T, =t,,+273=132+273=405K
E3p]
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,,,@-w[(%}‘-(%)‘}

B LUBS A KRR EOD -
(L) -
100

[(6“) (ﬂé)}
100) 100/ |
 613-405
=21W /m*-K
EHRHERDS, HEATTULZBEAT.
21

h=kN3p?

1

2 -—
=0.014x7360° x93787°
=241W /m*-K

B, BSREME SRR FRRARE Y

1
1 d, d
—4—2 In-3
h, 22, d,
_ 1
1007 024
241 2x7 007

=97W Im*-K

h=

BEANSTRITE:
*E%E/Ait(s-m

Re, =2 - _00x005__ 5

v,  0.0000009055

B4 2300<Re, <10*, FTEAERHBIER AR #X .
#EEEM, SRRBEHEARWT:

-32-
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2
Nu, =0.012x (Re** —280)x Pr,** [1 + (-‘li)3 ] (3-29)

o .
=0.012x (2761° —280)x 6.22% x[l+ (__0‘105)3}

=20
BN RERARER

A

_f

hi ———;Nuf

=g-5_9x20 *
0.05

=263W/m*-K

F=BRGEERRRLN:

1 0.07 007 , 007 1
—X + n +—
263 0.05 2x422 005 97
=63W/m*-K

VIRBHARECH 70, WEESHREMERK, HRLEFITHE.

3.3.4 INGg

LB EREBRBMENE3.1~33:

3.1 B-RBEEHSHHHEE

Fig 3.1 calculated values of the parameters of the first section

HBAER, n’ KEHHE, R AHKKE, kg/s RTEE, m/s

4.12 19 9.1 0.25

32 BE-RKEEmSHTEE

Fig 3.2 calculated values of the parameters of the second section

&ﬂﬁf}j\, mz 7&%& H, # BHIKKE, kg/s 7Kﬁﬁg’ w's

3.5 16 3.83 0.13
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33 B=KBREMSHHHEA
Fig 3.3 calculated values of the parameters of the third section

BHER, m’ KEHH, B AHKKE, kg/s KEEE, m/s

19 9 1.82 0.05

BRAKE: 14.75kg/s, B 53.1th.

KERRBKER 4 K.
3.4 BATHRITE
REBAEAR:
p=Knr, (3-30)
B hE AR,
P=p-4 (3-31)

WA BN B MATIE, HEIERERNT.
B— K BRARTERSNIIE p,

P, =KAt, =138x1042 =143739W / m’
BHAHER:
B, = p.4,'=140.605x 4.12 = 592783W
SR BB EBRBRIATIE p,
p, =KAt, =110x448 = 49280W / m’
BB |
P, =p,A4,'=49280x3.5 =172480W
FEXBAMEHRRMBIE p
ps = KA1, =85%x120 =10200W / m*

BTN P,

-34-
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P, = p,4,'=10200x2.10 = 21420/

:E'\y&??“\']?j$=

' P=PB+P,+P
=592783+172480+21420
=786683W
=787KW

3.5 &gt 5itit

3.5.1 Z5¥&it

ER32R3IIMEH, #TERENE BIARGENSH, WT:
LEBAEIHE: T87KW
2HEBERMER: 9.52m
3IFHRBERER:

2
A=nxA4 =44x7tx0‘(;5

=0.086m"

4ERRFKRERIRAE: 53.1/h.
5. &8 BUKHiH:

BE—XB: 026m/s

FXB: 0.14m/s

CE=XB: 0.05m/s

6B EK: 4m

3.5.2 it &R HE

BIEABOYEMR, &246BE 1000CU THREENK. 2084 T
BRI A BIESEELE 800CAA . AL A EEETRHERER 1800
CHABULEAWEI0CES, ALBETABAESSEEL, THLERE
T, ARUEESSTERAHIZREERR, AHEMBTHREKEERE
Yt B RAHTT A A ERGHERE . B —MEARABUELAHE, BEARE,
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Fig.3.1 structure of graphite of cooler of graphited furnace(a)
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Fig. 3.2 structure of graphite of cooler of graphited furnace(b)
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