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Fig.1 (a) Geological sketch map of the Kang-Dian region,
western margin of the Yangtze Block and (b) Sketch map of the
main tectonic units of China’s mainland™
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Fig.4 Structure and structure of ore and occurrence form of graphite under microscope
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Fe,0; 7l 2.71%~3.97% F1 1.12%~2.09%, T
BIE A A 3.48% M1 1.63%, KT I 527 )14
4.5%; FeO 43k 1.80%~2.68% F113.94%~5.87%,
SPEEAI N 2.29% F14.97%; K,0 3514 1.57%~
2.29% M1 1.32%~1.87%, “F-31E 5%l J 1.95% F
1.67%, & T bt 5e-F 3 1H 3.4%; Na,0 73 %5l h
0.45%~ 1.28% F1 1.65%~2.39%, “F¥J1H 2 5 K
0.69% 1 2.07%, & T 58 F3IMH 3.9%: K,0/

Na,O LLAE 5 54 1.73~4.24 1 0.77~0.87, “F¥
{54 3.19 F1 0.81, At AR AN E KT Nall
K. CaO 201k 2.69%~6.98% Fll 4.04%~7.83%,
S 3] 4.62% A1 5.44%; MgO 435114 0.64%~
2.54% F1 2.98%~4.22%, “F-31H 535l J 1.64% F
3.57%; CaO/MgO Ao 1.06~6.92 1 1.05~
2.63, “VFIYMET 4 3.58 F11.61.

F1 £ (%), BEMHBLITE x10° SHER

Table I Whole-rock major elements(%), trace elements and REE data(x10°) from graphite ore in Tongde Graphite Deposit

S VeE 1] RO A

TD-7 TD-8 TD-9 TD-10 TD-11 TD-15 TD-16 TD-17

Sio, 61.68 55.65 55.83 57.42 58.13 59.55 63.45 56.10
AlLO; 13.33 11.36 12.16 12.07 10.72 15.40 14.17 15.28
Fe,0, 3.61 2.71 3.58 3.55 2.09 1.12 1.69
FeO 251 2.68 2.05 1.80 3.94 5.11 5.87
CaO 2.69 6.98 3.57 443 7.83 4.04 4.45
MgO 2.54 2.48 1.19 0.64 2.98 3.52 422
K,0 222 1.57 1.78 1.91 1.32 1.83 1.87
Na,O 1.28 0.51 0.64 0.45 1.65 2.39 2.16
TiO, 0.37 0.43 0.21 0.23 0.68 0.63 0.97
P,0; 0.45 0.33 1.24 1.14 0.25 0.15 0.24

MnO 0.14 0.35 0.11 0.35 0.19 0.22 0.15

V,05 0.06 0.05 0.10 0.23 0.02 0.02 0.03
Mn 0.11 0.27 0.08 0.27 0.15 0.17 0.12
fedkiE 8.48 13.30 13.70 12.26 13.66 2.90 3.00 3.30
&t 99.47 98.67 96.24 98.85 97.51 98.96 99.82 96.46

[ 5 Bk 3.73 3.32 8.78 8.54 0.53 0.17 0.33
A/CNK 1.58 0.78 1.82 1.28 0.86 1.09 1.16
A/NK 2.96 4.48 4.08 3.82 3.72 2.40 2.74
Si0,/AL,0, 4.63 4.90 4.59 5.42 3.87 4.48 3.67

N,0+K,0 3.50 2.08 242 2.36 2.97 422 4.03
K,0/N,0 1.73 3.08 2.78 4.24 0.80 0.77 0.87

CaO/MgO 1.06 2.81 3.00 6.92 2.63 1.15 1.05
Rb 72.5 60.2 61.4 66.5 53.4 68.6 71.7

Ba 1200 1000 1700 2400 630 740 670

Th 9.72 11.39 14.99 9.79 6.45 8.79 6.99

6] 3.37 2.78 3.87 6.64 1.61 1.25 1.72

Nb 7.86 9.79 7.06 6.50 7.59 8.80 10.8
Ta 0.750 0.820 0.610 0.550 0.510 0.560 0.710 0.780

Sr 240 270 350 370 630 370 380

Zr 270 321 279 280 221 244 259
Hf 4.47 4.71 438 452 428 4.24 3.77

Cr 154 136 147 187 118 124 130

Co 322 29.7 31.2 41.6 24.3 22 27.2

Ni 235 185 342 536 33.3 554 57.9

Ni/Co 7.30 6.23 10.96 12.88 1.37 2.52 2.13
Rb/Sr 0.300 0.220 0.180 0.530 0.180 0.080 0.190 0.190
Sr/Ba 0.200 0.270 0.210 0.120 0.150 1.000 0.500 0.570
U/Th 0.350 0.240 0.260 0.550 0.680 0.250 0.140 0.250

La 31.9 35.0 48.4 45.0 26.5 23.3 28.1

Ce 52.3 58.1 75.8 60.9 44.0 354 49.9

Pr 7.35 7.77 10.72 9.57 6.13 5.19 6.64

Nd 30.9 32.7 45 40.1 25.8 22.1 28.8
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WATH TD-7 TD-8 ETDE TD-10 TD-11 TD-15 .:TIF;-M}LI - TD-17
Sm 6.24 6.71 9.14 6.54 7.99 5.3 4.64 6.11
Eu 1.34 1.47 227 1.46 1.89 1.68 1.26 1.68
Gd 5.62 6.48 8.36 5.93 7.95 4.81 442 5.54
Tb 0.88 1.06 1.26 0.96 1.26 0.78 0.74 0.88
Dy 5.10 6.40 7.06 5.62 7.90 4.72 4.55 5.16
Ho 1.05 1.38 1.41 1.18 1.74 0.99 1.01 1.08
Er 2.80 3.80 3.56 3.12 4.80 2.70 281 291
Tm 0.460 0.620 0.550 0.500 0.770 0.440 0.490 0.480
Yb 2.78 3.96 3.37 3.17 478 29 3.29 3.01
Lu 0.410 0.590 0.510 0.470 0.720 0.440 0.530 0.470

Y 36.7 49.4 52.9 412 73.9 31.9 324 33.7
YREE 149.13 166.04 217.41 159.46 195.37 127.19 109.73 140.76
LREE 130.0 141.8 191.3 138.5 165.5 109.4 91.9 121.2
HREE 19.1 24.29 26.08 20.95 29.92 17.78 17.84 19.53
LREE/HREE 6.81 5.84 7.34 6.61 5.53 6.15 5.15 6.21
(La/Yb)y 8.23 6.34 10.3 7.81 6.75 6.55 5.08 6.70
5Fu 0.690 0.680 0.790 0.720 0.720 1.020 0.850 0.880
5Ce 0.840 0.860 0.820 0.830 0.720 0.850 0.790 0.900
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Fig.5 (a) Primitive mantle-normalized trace element patterns
(b) Chondrite-normalized REE patterns of graphite ore,
muscovite quartz schistin Tongde!"”
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KWRER LW E. A4 8CefiN T

0.72~0.86, ¥k 081, ZALIGEIA K, &M
i, SEu T 0.68~0.79, ¥k 0.72, &
fm, ARER T AR B A I AR ) A 2 DR B
B, (s AR R T R S A SR AT
L, H ZREE J} 109.73x10°~ 140.76x10°, ~F-3J
4y 125.89x10°, LREE 7% & 91.89x10°~ 121.23x
10°, SF¥{E K 107.51x10°; HREE 7 & 17.78x
10°~19.53x10°, F¥)E% 18.38x10°; LREE/HREE
FA o 5.15~6.21, “FHB{H N 5.84 H Lay/Yby bt
N 5.08~6.70, “F3MEHN 6.11, F B REE 15
RREER G, B IR ER L EE (K Sh)
SEu 8Lk 0.85~1.02, “FIME N 0.92, £
Sy A Bu S 8Ce ARALTE A 0.79~0.90,
SRR 0.85, RILK Ce i, Ui 5 S nlhE
TE BTSSR AR ) B AL 25 TR A A e

®2 FMEREN AEE A Re-0s FILRHE

Table2 Re-Os isotope data of graphite from Tongde graphite deposit
PG BT R) | Ri/(ng-g") :%Es/(ng-g") :18756/(ng~g") cm;Os(ng-g']) : ”iRe/‘gSOs c IZOS/‘“OS fgfﬁiﬁ'@\/Ma
WEM 1o WEM 1o WEM WEM 1o MEMH 1o WEM 1o WEM o
TD-1 0.5049 7981 036 149 0.16 4996 0.23 0.834 0.014 2527 7.6 4372 0.034 993 17
TD-2 0.5256 51.92 0.68 216 047 3250 043 0.567 0.070 1129 34 2.103 0.015 1038 128
TD-3 0.4979 27.66 021 059 003 1731 0.13 0.278 0.008 2225 6.7 3913 0.057 958 28
TD-4 0.5038 52.60 0.71 149 0.13 3292 044 0.599 0.055 1664 50 3.101 0.032 1081 98
TD-5 0.5167 52.80 0.79 1.65 0.18 33.06 049 0.588 0.019 1502 45 2949 0.025 1058 33
TD-6 0.5079 3885 052 052 003 2432 032 0410 0.018 3505 10.5 6.048 0.047 1003 43
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B 15 H 7 BB ) Re-Os FR45 IR AR 18 O 983+
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6 1 Re-Os Ff i AL AFE AT 993~1058 Ma, il
BOEIAEHRS H 998+36 Ma (MSWD=1.3) (& 6b) ,
TR ZE VTG N A5
[ S5 IR T8 F iR PE 2%, /i AR
FEJERCRH T A I 7 15T A, {852 Bl A £ )
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Research Status and Prospects of Converter Limestone Instead of Lime for
Slagging and Steelmaking

Sun Huakang, Li Chenxiao, Wang Shuhuan, Tong Shuai, Xue Yuekai, Zhang Kaixuan
(College of Metallurgy and Energy, North China University of Technology, Tangshan Key Laboratory of
Special Metallurgy and Material Manufacture, Tangshan, Hebei, China)

Abstract: Research status and development trend of limestone instead of lime for steelmaking and slagging
technology are systematically analyzed. Through comparative analysis, it can be seen that the current
converter limestone slagging and steelmaking technology simplifies the entire slagging process, improves the
slag dephosphorization effect, and reduces steel slag. The production volume has increased the economic
benefit per ton of steel. On the whole, the limestone steelmaking slagging process is a high-efficiency, low-
consumption, and environmentally-friendly new slagging method, which is of great significance to
promoting energy conservation, emission reduction and sustainable development of steel enterprises.
However, the decomposition of limestone requires a large amount of heat, which affects the slagging rate.
Therefore, in order to further optimize the limestone steelmaking slagging process, a limestone powder
spraying slagging technology is proposed, which can effectively solve the heat caused by the direct
limestone slagging process. Slagging and CO, utilization problems caused by high consumption .

Keywords: Converter slagging; Limestone; Efficient dephosphorization; Less slag; Energy conservation
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Geochemical Characteristics and Re-Os isotopic dating of Tongde
Graphite Deposit, Sichuan Province

Chen Chao'?, Kong Decai'?, Tian Xiaolin'?, Liu Zhicheng’, Guo Yuheng’, Wu Degiang'?,
Wen Zhenzhen', Long Bo'?, Zheng Yi'

(1.106 Geological Team of Sichuan Geological and Mineral Exploration and Development Bereau, Chengdu,
Sichuan, China; 2.Sichuan Research Institute of Strategic Mineral Resources Exploration and Utilization,
Chengdu, Sichuan, China; 3.Sichuan Institute of Land Science and Technology, Chengdu, Sichuan, China)
Abstract: The Tongde Graphite Deposit in Panzhihua is located in the accretionary zone on the western
margin of the Yangtze plate. In this paper, the whole rock geochemical analysis, C isotope determination and
Re-Os isotope dating of the ore in Tongde graphite mining area are carried out, the original rock of the ore is
restored, and the metallogenic environment is discussed. Research shows that the ore SiO, is 55.65~
61.68%, Si0,/Al,0; ratio is 4.59~5.42, and Ni/Co ratio is 6.23~~12.88. It is rich in Ba, Rb, Sr and other
large ion lithophile elements and Nb, Zr, Hf, Th, U and other high field strength elements. Total rare earth
elements of ore TREE is 149.13x10°~ 195.37x10, with weak Ce negative anomaly and Eu negative
anomaly, representing the anoxic marine sedimentary environment. The Carbon isotope 8"°Cy, ppp in ore is
-25.0 %o ~ -23.5 %0, which is within the range of biogenic organic carbon, indicating that the ore-forming
carbon mainly comes from organic matter. The Re-Os isotopic age of graphite is 983 + 72 Ma (MSWD=1.7),
belonging to the early Neoproterozoic, earlier than the intrusion age of magmatic rocks around Tongde. The
content of re is between 27.66x10°~ 79.81x10”, the contents of ordinary Os and '®’Os are 0.52 x10°~
2.16x107, 0.28 x 107~ 0.83x10” respectively ,it is significantly enriched relative to the abundance of Re
and Os in the crust. The ""re/'®os ratio is 122.9~ 350.5, and the initial Os isotope ratio '*’Os/'®*0s=
0.31+0.21. Combined with the field geological survey, the original rock of ore and ore bearing mica quartz

schist in Tongde area is restored, and it is concluded that the original rock is sedimentary rock.

Keywords: Graphite; Re-Os isotope; Geochemical characteristics; Carbon isotope; Western margin of the
Yangtze Plate



