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An experimental study on the preparation of continuous fiber from
basalt waste powder in Hainan Island
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Abstract: The basalt waste powder is a by-product of the crushing and processing of basalt stone. It has a fine
grain size and is difficult to sell, and there is currently no widely adopted method for comprehensive utilization on a
large scale. In this study, eight groups of basalt waste powder from different areas of Hainan Island were selected
for analysis. The chemical and mineral composition of the basalt waste powder was determined by inductively cou-
pled plasma emission spectrometer (ICP-OES) and X-ray diffractometer (XRD). The crystallization properties of
the basalt waste powder were analyzed by differential scanning calorimeter (DSC), energy dispersive spectroscopy
(EDS), and melting experiments. The surface morphology and crystal phase of the fibers prepared from the basalt
waste powder were examined by scanning electron microscope (SEM) and XRD, and their properties were com-
pared to those of standard fibers. The results revealed that the fiber prepared at a temperature of 1 450°C tended to

break frequently, and there was a significant presence of dendritic and acicular crystals on the fiber surface. These
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crystals were identified as wollastonite, quartz, melilite, and magnetite. After raising the temperature to 1 480°C

and maintaining it for 1 hour, continuous fiber was successfully obtained. However, the breaking strength of the

fiber was slightly lower than that of standard fibers. Melilite and magnetite were also detected in the fiber. These

results validate the feasibility of preparing continuous fiber from basalt waste powder from Hainan Island. This study

offers practical guidance and a theoretical foundation for the treatment of basalt waste powder on Hainan Island.

Key words: basalt waste powder; basalt fiber; wire drawing test; Hainan Island; crystallization; soild waste

utilization
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Fig. 1 Distribution and sampling positions of Cenozoic basalts in northern Hainan Island
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Table 1 Major composition and recommended value of basalt powder
B Si0, Al, 0, "Fe, 0, Ca0 MgO  Na,0+K,0  TiO, 58 is M,

SS 47.172 14.17 12.2 9.439 6.335 5.294 2.975 97.585 3.889

BR 46.423 13.46 12.5 9.748 9. 053 4.614 2. 680 98.478 3.185

RY 50. 502 14.58 12.9 8. 069 7.026 3.610 1.944 98. 631 4.311

MAC 51.626 14.72 12.5 8.425 6.073 3.905 1.842 99.091 4.576

MTC 53.939 14.03 11.9 8.434 5.722 3.604 1.658 99. 287 4.801

FL 52. 841 14.15 11.6 7.792 5.657 4.352 2.004 98. 396 4.981

BC 47.722 14.38 12.5 8.816 7.731 3.980 2.072 97.201 3.753

HX 50. 658 13.28 11.6 8.359 8.176 4.195 2.051 98.319 3.867

HEFAH (OSNOS 4, 2005) 45~60 12~19 7~18 6~15 3~7 2.5~6 0.9~2 4.2~6.5
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Fig. 2 XRD diffraction patterns of basalt powder
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Table 2 Mineral composition and content of basalt

wy/ %

powder

Hedl RHOA MA BB BELA A A
SS 47.3 44.7 1.1 3.5 - 3.4
BR 58.6 29.7 1.3 6.5 - 3.9
RY 76.6 17.5 0.9 5.0 - -
MAC 88.9 10. 4 0.7 - - -
MTC 86. 1 13.1 0.8 - - -
FL 84.5 9.5 1.7 - 4.3 -
BC 75.9 14.9 1.8 - 7.4 -
HX 75.8 18.5 0.9 4.8 - -
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Fig. 4 Surface morphology and crystals of basalt glass prepared from MAC and MTC powder
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Fig. 5 XRD diffraction patterns of basalt glass prepared

from MAC and MTC powder

TcAh

!

48.81°C

MTC

1228.01°C |

% 66.53°C HZ:UK(/ \/
=

< ” o
2] 3 9201 398.76°C
=

= 1019.96°C

1135.19°C
1323.55°C

o
1036.75°c '1°141°C

0200 400 600 800 1000 1200 1400
170
E 6 MAC Fl MTC £ #8589 DSC 2k
Fig. 6 DSC curves of MAC and MTC powder

B 0 AR M T DA KE T 3 3 YRR A IR R R A
W, I AT R — s FREE b S MBI 45 5 (R ME &) R B (4%
FRLrE, 1994) , SEE M AT(K) 5 B WS40k
FIEBE SRR EE , Hoh AT BB A 25 ol 4R IR
JET (K) 5P MR T,(K) 1 215 ; fLE 2
BH=(T-T,) /T,. AT 5 H {EBORR, [ Bk
R E ML (TSR, 2014) , LA 6 T E
B EAS H MAC BEAL Y AT =445.37 K, K =
0.624; MTC FE5L ) AT =400. 74 K, H’=0. 526, ¥4
W] MAC H AR r 2 A B R E PRy AR
SRR TR A RS XRD 45 AT,
Wil Bt 2 SE A3 MAC A3 Ky EA T hi 22 5256

3 Preg St LAk

3.1 XBTR

ZRAOMIEBR LR T8 @R LR AL
AR SE . FIH SYN-T BICHLAE 4 8 S 22
ISR A R LN S S IR AT, (K
VPR IR ) R 458 5 R ), £ 4 AR A
% ¥ 200 H MAC A& BRE A IE NE R Z 3 h
FHEZE 1 500°C FHP-IR 3 b J5 HURE, 13 8 R mEOE T
F14) S € 21 375 Y B 308 U 5 W T R i 1 S s sl s e
Bk, NEIRZ 4.5 h FHEZE 1 450°C J5 iR 2252
55, 223 FE 4 500 m/min,
3.2 WKk

LR YEPERR A I T3 1 A L i A 4R 5% i
fit T ARG 50 T TE

LR YL T AR T T BRI TR 2 Bk B A 2
B X SR i AT 58 52 50 % 58 8, B A AE DTS & 200
H# ok 5, {28 #1%5 h Bruker D8 ADVANCE
B X SFERAT AN, M S5 4 TAE L 40 kV, TAE
FL I 40 mA |, 135l 100 ~45°  FHiRfR] 15.0 s, i
JH 2.0 mm [EEPLE,

LR Y DY SOUER T BRI TR 2 b Bk B} 2 2
B4 1 FL B8 S 3 & 58 B, X A% A5 h FEI Nova
NanoSEM 450 %37 % 54 o+ s .
3.3 #£R5iHi8

1 450°C Fx M FHizzad fErh 20 Bl 2 4
TCk % S Y 22 4 I T B 0 R e 0 5 304
MG KA WAL A 2500 1 BB P BT S 8, K iR
T2 1 480°CIFRTE | h JG PR PLLL AR 22 4k
PR 2L 60 min UL EJCHESL IS |

MAC AR TE 1 480°C Z5 4 N i oy il £ 3% 28 X ik
LY, AN B Sk, T R 2B (E 7)),
AL IHAR 7.8 wm, WIALGR R 0. 45 N/tex,

WA 2F 4 578 1 d B ko 2 4 53 =
Jor A e O B R AR 2 £ A L A Sk
PRI e R S R RE AT X B (R 3) L B K
B, R ORI A5 S 1 4 Jr A R i o H 9 A8 S R A
FERREE L 22 P, {F B 285 ) ) D0 B AIG . AR IR
P22 K S AT T EAT IS S0 5E R B T A7 4k 1 ) 25
fig, LA gbr i

FERTE 1 450°C S5 T4 Z Wi 225 1 480°C
R C R DAL 2 i (PR Erct B e i 2



555 M Z

PRAE: Mg p 5 2 B CA A R R ] 5 SR AT SR 5

669

I{.I.I,Ilﬂﬂl A0 11

B 7 MAC A1 45 il 15 64 1 2 21 4
Fig. 7 Continuous fiber prepared from MAC powder
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Table 3 Comparison of the performance of the fiber prepared at 1 480°C with other basalt fibers
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