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Abstract

Coal bearing cryptocrystalline graphite generally refers to a special mineral formed from coal and
carbonaceous shale under the action of magma heat and formation pressure. However, the dispar-
ate impact of inorganic minerals on the mineralization of coal bearing cryptocrystalline graphite is
still unclear, which limits the exploration and development of coal bearing cryptocrystalline graph-
ite and the comprehensive utilization of coal resources. The anthracite coal from Rujigou Coalmine
in Ningxia Hui Autonomous Region of China was selected as the research object, and FeS, FeCls, and
CaCOs as mineralizers. By using test methods such as Raman spectroscopy (Raman)and scanning
electron microscopy (SEM), the effect of mineralizers on coal graphitization under high tempera-
ture and high pressure conditions was studied. The results showed that under high temperature
and high pressure conditions, FeS, FeCls, and CaCOs had significant catalytic effects on the conver-
sion of coal to graphite, and the catalytic effect was FeS > FeCl3 > CaCOs.
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Table 1. Raw materials and reagents for research
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JEURE B 44 K 2 AR

LA TRIEWY) - TR ENER
HIRHCI) St A AR X L k)
FTRIR(HF) St IS TA PR A F
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AR (FeCls) St [H 258 HA IR AR

T SR S T AR T A 200 HFRHESR (R 508 WY)o iR 1 AR TCHLE R0 A B
ez, A2 RR A SR A TEA U K A B A sh R 2:3 LU IR, BINEEA 75 um TEEHE
FES R IUS CIm Rt b, EAE R KIS B 7840 B2 3 h,  THIR KR IR B 60°C, NS G
WM , ERRUE S AR R A K, B EVEREEIE, EEMHERES pH W4T 7 RIS
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FaH 12 h, OB 60°C, HEKAERE, 15 BIBRTS RS S . BT S EERR S WY X
R 5 I TC R SR AL 2R (FeS) . BRIERES5(CaCOs) S S AR (FeCla) 7 Hil % 5:1 #HTIR A, WM 565
L ERA% 5:1 RGP A 59 WYX-FeS, MRIRFEHERER S A @A B EE 70 3l 5 TR BHR A A F 5 M4 5
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FIXHBREAT SRALRE A o
2.2. MR

I by & 61 (Raman) -5 5 FEBE(SEM) SR M TF BOS A A0 77 04 s e S % ML EAT RAEFD 404, W
FUIEAT A T T2 A A TR BT SR Ak B (5

(1) Raman M

I oG B A TEE T R4 A F(INVIA), 515.0 nm SR80 N R SR, Fl& IR & 234, 50
%8s, VAN 500~3000 cm™!, FAH AN 30 S,

(2) SEM il

AR 3 BB o H A H 32 A 71(SU8200), Nk 15V, LA 4 mm.

3. RE AIRAFEATIEFEERESH
3.1. B AFTBER TR R T 34

N T NS SIS BR B BT 3O SRR HEAT L A BE o AR5 0 ™ T I A
fr Il ar frAnse R o, sk 2 fidk 3.

DOI: 10.12677/ag.2025.154049 487 HOBRBL 2RI


https://doi.org/10.12677/ag.2025.154049

(ZER

Table 2. Industrial analysis table of experimental samples

2. IWARBEE R TR

FF i [i] 52 ik ER Ay Y ix Ko
TR R T AR 90.63% 5.47% 3.39% 0.51%
R I TR 94.78% 4.23% 0.51% 0.48%

Table 3. Element analysis table of experimental samples

F 3. LHEATMEHERTRINR

P fb C H ¢} N S
AT AT T 95.62% 2.13% 1.65% 0.54% 0.06%
BH™ S5 TC R 95.99% 2.11% 1.62% 0.23% 0.05%
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Figure 1. Raman spectrum characteristics of Rujigou anthracite before and after demineralization
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Table 4. Raman spectroscopic parameters of anthracite before and after demineralization

4. BRAAIABRE BRI 2ES MR

. D U G &
i - — - — ID/IG
122 &= (ID) g7 & =(1G)
WYX 1340.47 1281.55 1592.43 1514.93 0.84
WY 1320.24 463.91 1590.58 553.42 0.83

i 2. B3 A4, WYX A WY IR T B0 2, HEWAT RN, HEW% A HEA
b, VB R WA X T RV BV TE IR P B S R R . SO IDAIG BOK HERPE AT G A R AR B T
A, SR S R 5
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Figure 2. WYX scanning electron microscope

2. WYX B EE

10.0pm -

Figure 3. WY scanning electron microscope
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Figure 4. Raman diagram of the effect of ferrous sulfide, ferric chloride and calcium carbonate on graphitization of anthracite
at high temperature
4. SRFHETHRULEK, SHKMIRELEX TTRE A EUFZ A Raman

Table 5. Raman spectrum parameter table of the influence of ferrous sulfide, ferric chloride and calcium carbonate on graphitization
of anthracite at high temperature

S5 BRFHTRMALSK. SRS TR ASHEMBR EXIESHR

D g G &
F i N — : — ID/IG
[E2A U4 = (ID) EZiv &= (IG)
WYX-1050°C 1355.85 208.44 1582.25 196.82 1.06
WYX-1050°C-FeS 1343.37 283.47 1583.18 242.69 1.17
WYX-1050°C-FeCls 1341.45 246.99 1602.62 227.19 1.09
WYX-1050°C-CaCOs 1345.29 247.13 1594.30 229.60 1.08

HHIE 5 AL 6 nlg1, GUEH I ID/IG fEIAS AR B 264~ BB, W B oA Sk T /5
WIS R B 9 T WF SRR it A SR Ak S IR B (R4S S BORZMA, A e i AT AR R A
TEIRIERE S HEAT B E 6 5) AT %0, WY X-1050°C-1GPa-FeS. WY X-1050°C-1GPa-FeCl; il WYX-1050°C-
1GPa-CaCOs # EBLA B G (45 ), T A MR L5 WY X-1050°C-1GPa $i7 = K3 &7 Gl T
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SEERRCIR B 2, VKON FeCls, WYX-1050°C-1GPa-FeCls ) ID/IG 4 0.75, #2iE WYX-1050 C-1GPa-FeS
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Figure 5. Raman diagram of the effect of ferrous sulfide, ferric chloride and calcium carbonate on graphitization of anthracite
under high temperature and high pressure
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Table 6. Raman spectroscopic parameter table of the effects of ferrous sulfide, ferric chloride and calcium carbonate on graph-
itization of anthracite under high temperature and high pressure

6. mmmETHRUIES. SUKMRERISY TREABUE MRS IES TR

D I G g
Ff it ‘ - - — ID/IG
UG A7 &= (ID) VA7 & 5(1G)
WYX-1050°C-1GPa 1351.86 1723.79 1578.39 980.84 1.76
WYX-1050°C-1GPa-FeS 1349.94 1197.46 1578.39 1603.30 0.74
WYX-1050°C-1GPa-FeCls 1347.05 632.30 1579.32 838.14 0.75
WYX-1050°C-1GPa-CaCOs 1349.94 911.11 1582.10 1091.94 0.83
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30.0pm I

Figure 6. Scanning electron micrograph of anthracite without mineralizer under high temperature and high
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Figure 7. Scanning electron micrograph of anthracite with FeS under high temperature and high pressure
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Figure 8. Scanning electron micrograph of anthracite with FeCls under high temperature and high pressure
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Figure 9. Scanning electron micrograph of anthracite with CaCO3 under high temperature and high pressure
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CaCOs.
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