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Functional Forms of Carbon and Chlorine in Dust Samples Formed in the Sintering Process of Iron Ores

Naoto TSUBOUCHI, Eiki KASAL, Katsuya KAWAMOTO, Hidetoshi NODA, Yoshihiro NAKAZATO and Yasuo OHTSUKA

Synopsis

: The chemical forms of the carbon and chlorine present in dust samples obtained from windboxes of the iron ore sintering machine have been

studied with X-ray diffraction (XRD) and X-ray photoelectron spectroscopy (XPS). The chlorine in the dust samples is present as KCl with

the average crystalline size of 40-50 nm and covalent C—Cl bonds in condensed aromatic structures of unburned carbon surface. The propor-

tion of chlorinated aromatic structures increases almost linearly with increasing that of surface oxygen complexes on unburned carbon,

strongly suggesting that active surface sites of the carbon formed in the sintering process work as reaction sites with HCl and Cl,. Model ex-

periments using a coke show that HCI reacts with it at 500°C to form several types of Cl-functional forms, from which the HCI desorption

takes place at the wide range of 500-900°C upon reheating. Such a profile for HCI formation is almost unchanged after washing of the HCl-

treated coke by water. These observations indicate the formation of organic chlorides. It is therefore likely that HCI and Cl, evolved in the

combustion process react with active sites of unburned carbon surface to form organic chlorine compounds.

Key words : iron ore sintering; dust; coke; unburned carbon; chlorine forms; carbon forms; organic chlorine compounds.
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Table 1. Temperature, flow rate and dust concentration of
outlet gas from windboxes.

Windbox  Temperature (°C) Flow rate (Nm*/h) Avemgecmmenﬁaﬁonofdust(mg’Nm})

A 85 34400 260
B 175 48800 1290
C 355 53000 3270

Table 2. Analyses of dust and ash samples used.

Content (mass”o(dry))
Sample
C Na N Cl K Ca Fe
Dust-A 0.3 39 04 03 39 4.6 5.5 46.0
Dust-B 0.2 43 04 04 5.1 52 3.6 48.8
Dust-C 0.1 3.0 0.1 0.7 1.7 09 4.6 558
BTA - 34 48 1.5 1.5 1.8 13.5 38

2500um LI T CTh D, ERFEFFEINL L T LTH T2,
RFESFEOEGHEIL, ThEN3.0~43mass% (dry)&
1.7~5.1mass% (dry) D&EHIZH D, 7L H ) EELLLH
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Fig. 1. XRD profiles for dust and ash samples.
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Fig. 2. Deconvolution of Cl 2p XPS spectra observed for
dust and ash samples.

Table 3. Chlorine distribution estimated by XPS.

Sample Inorganic-CT (mol%) Organic-C1” (mol%)
Dust-A 50 50
Dust-B 7 29
Dust-C 27 73
BTA 10 90

“Binding energy of 198.5+0.1 eV.
"Binding energy 0f200.5=0.1 eV.

Table 4. Surface and bulk compositions of dust samples
determined by the XPS and elemental analysis.

XPS results Elemental analysis
Sample R —
CIc Cle e Clke
Dust-A 0.035 130 034 039
Dust-B 0.064 00 040 041
Dust-C 0053 22 0.19 025
BTA 022 — 0.15 42
UTable 4 K0, filsHidd 54, &4 A P2 BTAD KMIZAF

T AHEDL ITHRMIKE LA L IKETHIET S Z
EMG, SO DOBERS R HEEM OBEAE ISR LT S HCIX
Cl,O—ERIZ R FRWEE 4+ &L LT, SR 57 & ks
Gloinffi X B LRI N5, 22 TULRTIE, AR E
DIEEIRNT 51T - 72,

Fig. 312, RImMERMD % < ARG TEfET 5 4
2 M-BE, HENLMAFTHELL D S5 NZBTADC s
XPSZARY FILAERT, WIRDRKEHIHB W TS, XRD
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Fig. 3. Deconvolution of C ls XPS spectra observed for
Dust-B and BTA samples.
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Fig. 4. Relationship between chlorinated aromatic struc-
tures and oxygen functional groups for dust and

ash samples.
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Fig. 5. Rate and amount of HCI reacted during HCI treat-

ment of coke for 30 min.
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