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Abstract: Considering that coal quality is a key factor affecting the performance of coal water slurry (CWS), in this research, the
composition and structure of five coal samples from the Xinjiang-Zhundong coal B2, B3, B5, Heishan coal (HS), Hongshaquan coal (HSQ)
and Naomaohu coke (XTJ)-were analyzed, aiming to investigate the influence mechanisms of single coals and coal/coke blending on
slurryability. The results showed that the HS, characterized by the aromatic carbon skeleton dominated by 2—3 rings, exhibited low oxygen
content and few hydrophilic phenolic hydroxyl, carbonyl, and carboxyl groups, which contributed to its superior slurry performance
compared to other coal samples. Even at a remarkably high slurry concentration of 70.98%, the apparent viscosity remained as low as
858 mPa-s. In contrast, B3 and B5 exhibited poor slurry performance due to their abundant oxygen-containing functional groups and strong
hydrophilicity, which reduced free water content in the slurry. Additionally, the high content of adsorbed water indicated a thicker hydration
film on coal particle surfaces, hindering dispersant adsorption. The addition of 20% HS/XTJ to B5 disrupted the three-dimensional network
structure formed by clustered particles and covered the oxygen-containing functional groups. This process not only released previously
encapsulated water but also reduced hydration layer thickness. Consequently, free water content increased within the slurry, enhancing
dispersant performance. These effects collectively increased coal slurry concentration by approximately 2.40% (reaching 59.00%), reduced

apparent viscosity by ~40%, and improved fluidity to an A" rating.

Key words: coal water slurry; slurry ability; composition and structure; rheological behavior; water distribution
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Table 1 Proximate and ultimate analyses of coal and coke samples
Proximate analysis w/% Ultimate analysis wg,/% Atomic ratio
Sample =, A, Vit FC . C H N S o o/C H/C
B2 10.73 5.11 33.06 66.94 76.36 4.30 0.75 3.62 14.97 0.15 0.68
B3 9.18 5.90 33.93 66.07 76.37 4.24 0.73 0.37 18.29 0.18 0.67
B5 9.76 5.21 33.71 66.29 74.31 3.53 0.72 0.47 20.97 0.21 0.57
HSQ 5.44 5.62 30.89 69.11 75.14 3.36 0.90 0.33 20.27 0.20 0.54
HS 2.55 10.26 39.00 61.00 78.01 5.06 0.92 422 11.79 0.11 0.78
XTI 3.83 11.11 12.94 87.06 86.52 1.48 1.27 0.77 9.96 0.09 0.21
ad: air dry basis; d: dry basis; daf: dry and ash-free basis; *: by difference.
x2 BIENIRBS S
Table 2 Ash composition analyses of coal and coke samples
Ash composition/%

Sample Si0, ALO, Ca0 MgO Fe,0, KO0  NaO SO, TiO,  others
B2 17.65 15.58 22.85 18.31 2.03 0.58 5.21 16.06 091 0.82
B3 14.52 9.23 15.81 13.35 27.24 0.29 5.67 12.31 0.36 1.22
B5 12.87 8.38 19.63 19.82 13.65 0.33 6.40 17.80 0.24 0.88

HSQ 25.17 15.92 17.03 12.15 5.86 0.49 4.51 10.08 0.78 8.01
HS 36.50 22.11 15.69 3.77 6.27 1.11 0.95 12.28 0.80 0.52
XTJ 17.92 15.03 28.65 3.82 11.67 0.25 2.81 13.35 0.40 6.10
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Table 3 Chemical shifts and molar contents corresponding to different types of carbons in BC NMR

Mol tent/%
Chemical shift Carbon type Symbol omar content
B2 B3 B3 HSQ HS XTJ
13-16 RCH; fa]M 5.56 3.09 3.43 6.04 7.90 1.72
1621 ArCH; falA 3.95 2.88 2.70 3.18 3.53 1.83
21-38 CH, falH 8.53 10.98 8.55 9.69 9.20 2.65
38-50 CH, C falD 7.00 8.03 8.42 6.60 11.41 7.43
50-100 CH,;0CH,— ﬁlo 4.36 4.58 5.92 4.13 7.35 5.86
100—-129 protonated aromatic carbon faH 31.92 36.84 34.24 35.85 26.54 37.56
129-139 bridgehead carbons faB 11.28 8.88 9.94 11.07 11.32 17.61
139-150 alkylated aromatic carbon fas 8.02 5.88 6.71 6.33 7.43 7.19
150-164 Ar-O J;P 5.59 5.37 5.73 5.72 8.05 6.68
164-190 COOH £ 2.76 4.19 4.67 1.89 - -
190-210 Cc=0 facz 11.03 9.28 9.69 9.50 7.27 11.47
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) ] - 4 “ Ty 1.87
1.6 1.53
I
% 33 127 124
200 Bosl Post Pocd P8O 1 L2r o
§ 40 — 0.8
Q
c . 1 1 1
20 - 4 - 04} 340.37
9.4 9.5 9.0, 9.6¢ - 9.4| 02s | b | oo 021 | %
0 1 1 1 1 1 1 0
B2 B3 BS HSQ HS XTI B2 B3 B5 HSQ HS XTI
K12 HEFERY PC NMR 251545
Fig. 2 Structural parameters determined by *C NMR in coal and coke samples
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Table 4 Relative content of each functional group in coal and coke samples

Band position Functional

Relative content/%

Ratio (AFunctinnal group/AC:C)

/em group B2 B3 B5 HSQ HS XTJ B2 B3 B5 HSQ HS XTIJ
3525 OH-n 22.24 14.50 16.52 20.43 33.95 2438  0.14 0.13 0.13 0.15 0.24 0.19
3390 OH-OH 38.48 45.68 44.71 12.45 20.42 3594 024 042 035 0.09 0.14 028
3293 OH-O 16.24 15.81 17.18 31.52 24.39 16.47  0.10 0.14 0.13 0.23 0.17 0.13
3173 cyclicOH  19.23 19.53 18.1 31.51 18.37 2096  0.12 0.18 0.14 0.23 0.13 0.16
3050 OH-N 3.81 4.48 3.49 4.09 2.87 2.25 0.02 0.04 0.03 0.03 0.02 0.02
Total -OH 0.62 091 0.78 0.72 0.70 0.77

1710 COO 4.17 6.66 6.8 5.7 1.24 0.22 0.16 032 031 025 0.05 0.01
1698 Cc=0 6.41 7.87 6.87 7.13 3.80 1.51 025 038 032 031 0.15 0.25
1589 c=C 25.38 20.54 21.59 23.24 26.05 19.59 1.00 1.00 1.00 1.00 1.00 1.00
1442 CH,, CH, 9.77 14.41 10.08 6.82 10.06 9.19 038 0.70 047 029 039 0.23
1380 CH,-Ar,R  12.00 10.42 12.97 14.11 8.57 7.32 047 0.51 0.60 0.61 0.33 033
1330-1030 c-0 31.35 28.81 30.27 32.19 29.02 30.10 124 140 140 139 1.11 0.54
1005 Si—O 10.92 11.29 11.42 10.81 21.26 3207 043 055 0.53 046 0.82 142
Total oxygen containing functional groups (—OH+COO+C=0+C-0) 227 3.02 281 266 201 1.57
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Fig. 4 XPS diagram of coal and coke samples: full spectrum (a), C (b) and O (c)
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Table 5 Forms and relative contents of C and O in coal and coke samples

Element form Chemical

shift

Molar content/%

B2 B3 BS HSQ HS XTI

C C=C/C-C/C-H 284.6 73.78 65.57 67.14 69.09 75.85 79.74
Cc-0 285.8 13.44 19.60 18.68 17.29 12.50 8.18

C=0 287.1 8.09 8.81 7.43 8.00 6.91 7.69

0-C=0 289.0 4.69 6.02 6.75 5.62 4.74 4.39

o Cc-0 532.6 55.35 53.65 49.70 60.17 55.63 58.45
C=0 5314 23.50 26.11 29.36 20.62 26.73 27.78

0-C=0 533.8 21.15 20.24 20.94 19.21 17.64 13.77
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Fig. 5 Concentration of each oxygen containing functional
group in coal and coke samples
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Fig. 6 The relationship between concentration and apparent viscosity: single coal (a), mixed ingredients (b) and relationship between
the dosage of HS/XTJ and concentration (c)
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Table 6 Experimental evaluation of pulpability in CWSs produced from different raw materials

Sample Viscosity/(mPa~sfl) Liquidity . . Stbility/(45 b) - -
water separation ratio/% sedimentation state

B2 528 A L.11 B, a small amount of soft sediment

B3 1353 C 0.15 C, a large amount of hard sediment

B5 1332 B 0.19 B, a large amount of soft sediment
HSQ 951 N 0.48 A, no sediment
HS 77 A 4.80 A, no sediment
85B5-15HS 993 A" 0.04 A, no sediment
80B5-20HS 769 N 0.09 A, no sediment

85B5-15XTJ 977 A 0.03 B, a small amount of soft sediment
80B5-20XTJ 855 A 0.02 A, no sediment
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Fig. 7 Rheological properties of coal water slurry: apparent viscosity-shear rate curve (a), (b) and shear rate-shear stress curve (c), (d)

% 7 Herschel-Bulkley 2B & CWS iR T SHE
Table 7 Rheological parameter values of CWS fitted by Herschel-Bulkley model

Sample 7,/Pa K/(Pa's") n R

B2 0 1.00 0.86 0.998

B3 10.29 1.55 0.95 0.999

B5 25.94 0.45 1.19 0.994

HSQ 0 2.03 0.84 0.998

HS 0 0.28 0.72 0.993
85B5-15HS 4.88 1.60 0.89 0.997
80B5-20HS 0 2.00 0.80 0.996
85B5-15XTJ 8.63 0.68 1.06 0.999
80B5-20XTJ 0.24 1.40 0.89 0.999
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Fig. 8 Contact angles of coal and mixed samples: without dispersant (a) and with dispersant modification (b)
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Fig. 9 Transverse relaxation time (z,) spectrum (a), (b) and water fractions by state in CWS (c¢), (d)
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