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in ascension pipe of coke oven
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Fig. 2 SEM images of each coke layer in ascension pipe of coke oven

(a, b): 17 coke layer; (c, d): 2% coke layer; (e, f): 3% coke layer; (g, h): 47 coke layer
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BT, O TR E RN 5.58%, 5.42%, 4.39%
2.86% , BIFH PR REE, 17 —47 gi R E T C/0 4y
B 16,45, 16,96, 21. 12 F1 32. 87, 5 I Wi 7t &5 11 A 34,
SIBTIN 17 S5 48 5 2 W o J= 45 H v By . BE Sk C—
O, —COO—EFM AT . WiE 45 R 20 Mk i it
FErp, WIGOR)ZEM T AW BB C-0, —COO—
FATE AT S IR T R, B bR )24, It
— BT C/O AR BB Z 45 .

x1 EPEABTNESEERER XPS R4 R (At %)
Table 1 XPS test data of each coke layer in ascension pipe of coke oven(At. %)
No. C/% 0/% N Al Si Ca Fe S P Cc/0
1% gh g% )2 91.78 5.58 0. 66 0.63 0.32 0.32 0.29 0.25 0.17 16. 45
27 42 91. 95 5.42 1.12 0.45 0. 20 0. 30 0. 30 0.27 — 16. 96
3% g2 92. 74 4.39 0.99 0.55 0.26 0. 37 0. 23 0. 24 0. 23 21. 12
4 g R 94. 01 2. 86 1. 14 0.54 0. 31 0. 36 0.30 0. 24 0.25 32.87
HT =05 C L O i EAER)ZE T REASRE K | @ e BIO) il o
AL R XPS PEAKAL 8% XPS i C 6% BL K& 'l b | TN
O TEZHEAT AW L2 LD TH . Pl 4 S P e b A5 1 B 45 5 2 3% E g
JRH Cls Jil 4 W 004 45 R . Hork 284.7 oV XL T R J2 R 2 2
BLC—C M C—H RGN C L%, EEXMMTRETmA 2 2

BOREER s 285.5 eV XM T LU C—O R & C—N &I A7
1 Co X EZEX N T A 8 2R LR G D BEL WL
B C—N—O % 25 My 5 287.4 eV %R T 2 H L =0,

C=N XA C, X FEX N F A 8 7 )2 300 LKA
GBI | BRAL . BRI (D) L ERIL LU R VLIS /R I A WIE
REFTEM C, K2 2B LI ESEERED CURBEIT
KA X & &, 17 g fExr 2P C—C/C—H, C—0/C—N,
C=0/C=N %5ty 54> %% 80.42% , 10.22% F 9. 36 % ,
27 3T i EH C—C/C—HEMWAR T, C-0/C—
N, C=0/C=N gityH T LF, X EEEdH TR RN HK
H)ZRMEA —E M2 AL, B — 2 8O K5
F(H0), TR R 2B R#FT A, X —E BT LA
THRIBHIZ W BT C—0O, —COO—Z5 14 ity B BR 5
42 )EHh C-C/C—H & & EJ & 81.29%, X+
FREAMLET.C—0O0/C—N, C=0/C=N % &4 |

285 290 205 280 285 290 205
Binding energy/eV Binding energy/eV
(c) —=— Total (d) —=— Total
y ——C-C/C-H . ——C-C/C-H
3 —+-C-0ICN Z —~-C-0IC-N
s ——C=0/C=N s ——C=0/C=N
& E=
= i=
2 2
g g
o o
2 2
= =
& 2

280 285 290 295 280 285 290 295
Binding energy/eV Binding energy/eV

B4 EREAENERLEEREMN Cls XiE
(a): 174502 (b): 27 85 )2,
(o) : 3% AR (D2 47 5 IR )E
Fig. 4 Cls spectra of each coke layer in
ascension pipe of coke oven
(a): 17 coke layer; (b): 2% coke layes;
(c): 3% coke layer; (d): 4% coke layer



%11 4

Wik 2% 5 61 4 Hr 3337

9.3500F19.36% . AHXTT 3% AT FE. X EBRM T 17—
37 B JEH E AL BN B 20 W BT O2 L K a5 (H, O) 15 #E5R
Ro4% ez RAER FEEB. Mtk LS C-O.
—COO—45 ¥4 iy BB 52 B2 » AT 4% C—C/C—H 45 K4 Af X
FERER. C—0/C—N. C=0/C=N S#MxT 55T k.

K2 BEPEAERNEREERET CIREARAGE
Table 2 Bonding state content of C element of each

coke layer in ascension pipe of coke oven

C—C/C—H  C—0/C—N C=0/C=N
HifE )R
284.7 eV 285.5 eV 287.4 eV
1% 80. 42 10. 22 9.36
2% 78.00 11.93 10. 07
3% 75.50 13.54 10. 96
4% 81.29 9.35 9.36

Bl 5yl A P RES g5 2 1 OLs il a1 0l &
gL, Hod, 531.5 eV XN Tk 2 DA B BRI, BRR
(R | PRALSEAEEN =0 4545, 532.6 eV X B F % J2 i LU
BE. W BEEH IO 4549, 533.7 eV X R F DL 41
(O FK(H OO TR RAF R L. R 3 BED LI E &4 E R
B O n®Z#AE WA MY & &, 17 ®REH =0, —0—,
0, /H, 0 = Fh &5 & 143 H K 20. 40% . 24. 60 % Fl 55. 00%
AL 17 R R O 2 DA B 4 L BOK I SR e, 27
BEF O /H O RGEHE O SR THE 49.99%, 5t
P =0 fM—O—JE=NMFEM O TR /4 LT+ & 22.21% M
27.80% , X EEREH TRIZEAEFFXT Ll e, BRE
W O./H0 2 5 8]k Jz= i S A o B 7 LUA 0k
=0 M—O—Z5thy& i, FBRIZAERMAEH T B TFHRE.
PR, RER (D) | R =O S5 FEL. M. BEC—-O— 45

—=— Total
——=0

—=—Total
—— =

=0

(a) (b)

-0
—vH;0,0,

Relative intensity/a.u.
Relative intensity/a.u.

525 530 535 540 545 525 530 535 540 545
Binding energy/eV Binding energy/eV

(©) —=—Total (] —=—Total
)

Relative intensity/a.u.
Relative intensity/a.u.

525 530 535 540 545 525 530 535 540 545
Binding energy/eV Binding energy/eV

5 B EAENBREEEREMN Ols kL
(a): 1F85EIR)Z; (b): 2% SR
(o) : 3G (D 47 i fER)2
Fig. 5 Ols spectra of each coke layer in
ascension pipe of coke oven
(a): 1% coke layer; (b): 2% coke layer;

(c): 3% coke layer; (d): 47 coke layer

S8 =0 M—O—45# & & 5 AL 37 ZEH O0,/H.0
EAGFEO GRS THE48.72%, 5ILFK =0 B
RXEEN O FR/THER 19.93%, MU—O0—ENIFEED O
FRIEE 31.35%, Ul 37 w2 LHAY O, /H, O 4ks: %
HRBWE, ER =0 M—O0—254, A2 TR
(). BREZMBREE R EREREFEM. NS =0
SEAE LR 47 RE LR 37 RZM A, O./H, O Al
=0 BRI O & ik— T E 43. 8200 M1 18. 36 %, Tiii
P—O—Z5MATEM O & — 4 L& 37.82% . LU L4
WL, RZHEMERAEE R E— ST, ¥
KB O, /H, O Xt )2 M E AL, KK —0, —O— 45y
MR, A fliAR LI —O— 85 721 O Jo K (B2, B b
i b3 .

R3 EFLEAENESEERETORREEGHKXEE(X)
Table 3 Bonding state content of O element of each

coke layer in ascension pipe of coke oven( %)

s g )2 =0 —0— 0,/H,0
531.5 eV 532.6 eV 533.7 eV
1% 20. 40 24. 60 55. 00
2% 22.21 27.80 49. 99
37 19.93 31. 35 48.72
4% 18. 36 37.82 43. 81

2.3 GEREMAHTERBELIE

Wit SEM LA K XPS 2 #r, v LIS £ b S R B A
PN B 25 £5 O 2 A T L B AR AL . AL 6 TR« AR R
SR 2B LI TR A YA BN 5 T S BURLIR (0. 1~
L0 pm) IR )2 G, MR )2 EA 2L, 7T LA
FEMEA RO MK F(HO) 5 TR MW gk 2 i T
Te B R 2 3 55 AL B W RORE G VE S RS B b T A R
SRR (B Fe 8T8 %) W14k 2 WURL 5 0 H A3 Hk 2
FREL . RIRGE) (5 —O M) LI KB, B, By, BECY
H—O—458), ¥ 9 & 50k 3 00 75 A 1N P E RE
—COOH, —COOR, —OH % 5. 5 v {& 78 41 9% Ik J2 kL
WG B 1. 0~3. 0 pm WY R B2 S50 . #2528 T
B, O TRBUNE BT R =2 H I &< O
K F (Ho O TE S il 1T 5 0% )2 & A S Ak R v AT
MmuEd O, /H, O & F . IRy =0 M—0—4i#
HIsEG O, T 58 B O JT 3K 76 5¢ 2 45 4 b R ) B 5 R A4 1 A2
1 SR, ek 48 TR FERl & Fe TEOMEHT
HOBURL T MR EE . BRIL . R (B (FF =0 g UK
BE. BE. By, BECEA O S5 G50 & LWL BR L, 75 A
=0 M—O0—45# & & EAL, R =0 45t T
—O— 5B GWbR, HERA RN AR AHERZF, &0
FEMKAL, O,/H,O UK =0 M Bl A%, —O—454 5
e EFF.

3 45 ®

VUER I T8 N BE 2 (R IR JZ N BEFE X 42 0 H f 0 LA



3338 i 2% 5 61 43 Hr %39 %
L]
P o0
® o0 °
[ J
e’
Adsorption

0e 0®
0% %%°® o 650-850C
> )

° °

() 0 o, o
L] ... ... 0® Feetal m“.‘.‘ Fe, et al
® %’ HHER .

Polycyclic Aromatic Primary Coke Layer

Hydrocarbons
[ J
etal
L]
° 0,

’.‘ ‘o o’ ~850°
” "“::‘ 650~850C

o) 650~850°C R
feetal ﬁ

Intermediate coke layer Ultimate Coke Layer

HO
HOOC “
650~850°C O +( ] + co,
Fe, et al ‘
OR

(0] COOR

6 EFEAENEEEREAMTEHRRBELIE
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Research of Texture Structure for Coke Layer in Ascension Pipe of Coke
Oven Based on SEM and XPS
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Abstract In this work, the coke layer on the surface of ascension pipe is investigated, and scanning electron microscope (SEM)
and X-ray photoelectron spectrometer (XPS) are applied to research microscopic appearance, elemental composition and bonding
state of different coke layers, and further analyze texture formation and evolution law of the coke layer. SEM analysis displays
that: coke layer on the surface of ascension pipe presents different microscopic appearance, 1% coke layer presents porous
structure with 0. 1~1.0 pm carbon particle loosely stacked; 27 and 37 coke layer show enhanced compactness with 1.0~3.0
pm carbon particle stacked; 47 coke layer displays lots of compact patterned structure. The phenomenon indicates the formation
process of the coke layer as follows: the polycyclic aromatic hydrocarbons react to form primary coke layer with particle size of
0.1~1.0 pm; primary coke layer react with each other to form compact intermediate coke layer with particle size of 1. 0~3.0
pm in catalysis of metal element (Fe, et al) of dust in raw gas; intermediate coke layer further to form ultimate layer at high
temperature. XPS analysis displays that, 17 —4% coke layer present C element content of 91.78%, 91.95%, 92.74% and
94.01% s O element content of 5.58%, 5.42%, 4.39% and 2. 86% , corresponding to the C/O ratio of 16. 45, 16. 96, 21.12
and 32. 87, indicating at the same time of structure change for the coke layers, oxygen-containing groups in coke layer conduct
removal reaction under the condition of metal element (Fe, et al) of dust in raw gas, resulting the macroscopic increase of C/O
ratio. Furthermore, peak fitting for bonding state of C element shows that 17 —4% coke layer present C—C/C—H structure
content of 80.42%, 78.00%, 75.50% and 81.29%, C—0O/C—N structure content of 10.22%, 11.93%, 13.54% and
9.35%, C=0O/C=N structure content of 9. 36 %, 10.07%, 10.96% and 9. 36 %. Peak fitting for bonding state of O element
shows that 17 —4% coke layer present =—QO structure content of 20.40%, 22.21%, 19.93%, 18.36%, corresponding to
—O— structure content of 24.60%, 27.80%, 31.35%, 37.82% with O,/H,O structure content of 55.00%, 49.99%,
48.72% and 43.82%. The above phenomenon indicates that the following chemical process are conducted on the coke layer: the
porous structure of primary coke layer absorbs oxygen gas (0,) and water molecule (H, ), which oxidizes coke layer at high
temperature. The oxidation reaction and removal reaction result in significant change of microscopic bonding state of O element in
coke layer, decreasing content of O,/H;O and =—O structure and increasing —O— structure. The above research reveals
texture formation and evolution mechanism of coke layer on the surface of ascension pipe, providing experimental and theoretical
basis for solving coke problem of ascension pipe, enhancing heat exchange efficiency and decreasing energy consumption of coking

enterprises.
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