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Identification of Optimal Tourmaline Powders for Filtration
Enhancement
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Abstract; The effects of different particle size purified tourmaline powder samples on the filtration
performance of air filter materials from Xinjiang, Hebei and Guilin were studied. Electrode
performance of various tourmaline powder samples was carried out by piezoelectric experiments
and pyroelectric experiments to identify the preferred polarization characterization. The results
show that the electrode of the 0. 074 mm pure grade tourmaline has the best performance. The
highest grade of three tourmaline powders is attached to the filter surface for the whole dust
efficiency experiment. The 0. 074 mm pure grade of tourmaline in Guilin has the highest filtration
efficiency. The most significant improvement is obtained. Using the Rietveld method, the XRD
pattern of tourmaline powder is refined to obtain the crystal structure. The calculation of the
intrinsic electric dipole moment proves that the electrostatic adsorption caused by the spontaneous
polarization of tourmaline is the main reason for improving the filtration performance of the filter
material.

Key words: tourmaline; spontaneous polarization; filtration efficiency; electric dipole moment;
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Fig. 1 Tourmaline crystal structure diagram
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Table 1 Ore grade at different particle sizes of
XJ,HB,GL tourmaline
w(B,0;)/%
HLEE/mm

XJ HB GL
0.074 8.33 8.26 7.66
0.044 7.85 4.23 7.23
0.038 6.78 4.40 7.61

F2 XJ,HB,GL (0.074 mm) #REREEE M REEIE XS B A fiL
Table 2 XJ,HB,GL tourmaline powder magnetic selection corresponding grade (0. 074 mm)

w(B,0,)/%
Wk /T - - - - - -
XT RS, XTKisEm,  HBMLBEMA,  HBAiEMNL  GL MIEMA,  GL Km0z
0.5 3.88 7.89 8.8 7.84 9.34 8.32
0.6 8.39 7.82 8.94 8.21 9.01 8.1
0.7 7.83 7.79 9.04 7.74 8.91 8.15
0.8 7.89 7.01 8.73 8.16 8. 64 8.18
0.9 8.36 8.06 8.26 8.4 8.88 8.37
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Fig. 2 Piezoelectricity test device schematic
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Fig. 3 Piezoelectricity test results of tourmaline (0. 074 mm) at rough separation
(a)—XJ H1#E 0. 074 mm; (b)—HB Ml 0. 074 mm; (c)—GL #l# 0. 074 mm.
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Fig. 4 Piezoelectricity test results of tourmaline (0. 044 mm,0. 038 mm) at rough separation
(a)—XJ 3% 0. 044 mm; (b)—HB H1¥E 0. 044 mm; (c)—GL ¥l 0. 044 mm;
(d)—XJ Hl#E 0. 038 mm; (e)—HB #l¥E 0. 038 mm; (f)—GL Hli 0. 038 mm.
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Fig. 7 Pyroelectric coefficients of XJ,HB,GL tourmaline with different particle sizes
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Fig. 9 Resistance comparison of filter samples covered with tourmaline
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Az SR e AR L AR AR R B A ORGSR M Ak 6 1
i U ) LA A AR . s TR AR AR AR 4l R
3 EPXYZ E’Jﬁﬂfﬁ(%ﬁr%ﬁ LX)

z Y = z 132 =%ZZ,'- (9)

EF'JL))E?'%JLWEPJU imA R Az=2Z-Z,.

B A LB AR AR E SO (10) , Hi p 7R B A
i ,C-m;q FoR B ZH A IE H a7 sl 5 H far BT
WL, Cyl FnIE R AL Z MR B FH Az R,
p=ql (10)

MG LR 1Y AR 254, B i P &
34X ZTHAK 9 A~ Y 21K 18 4> Z Z 1A (18
AT ZHARF 3 A B Z AR, O 8T 4058

Na,Fe/Mg,Al,Si, B, AR 4 H 0 Jil 7 4L & 4 i
i i, FL R AL B [ R A AR R p 13 HAR L =X
(11):

Ipl =[3x1 x(Az),+9%x2x(Az),+18 x3
X (Az), +18 x4 x (Az), +9x3 x (Az),] x1.6
x 107", (11)

3 TP PEREERARE S RS 18 I - A TR i A
R DL 3, 45 2R 3R W], GL AL 0. 074 mm
PEREER B WAk 7 A Y [ F AR A R W] e v T
XJ,HB FpEkEa , i — 2D R IR ER Y K B &
A7 A 1 A R R 2 B 1 e B SRR R B AR
) 32 A

%3 GL,XJ,HBHIE 0.074 mm #RMErER B Az R EIGRERE
Table 3 Az and intrinsic dipole moment of tourmaline ( GL,XJ,HB 0. 074 mm)

FEMAIE MR X Y z T B p/(10°®C-m)
GL Az/nm 0.164 -0.244 -0.244 -0.224 0.386 -36.4617
p/(107*C-m) 0.492 —-4.394 -13.182 -16.115 10.411
XJ Az/nm -0.414 -0.027 0.000 0.361 -0.185 30.780 15
p/(107*C-m) -1.988 -0.774 -0.032 41.556 -7.982
HB Az/nm -0.351 0.281 -0.399 -0.087 0.435 -19.403 1
p/(10°®C-m) -1.687 8.082 -34.507 -10. 067 18.775
P EE

5 4% 1w

1) & —WmmEH 451 XJ,HB,GL —#
R A R A TRDASE B AR i 28 0o e P S 31 S 5
IR [RIFp AR P Ay, b R 7 A R F MR A
[RRL E W MR R SRR A, A B A, 7= A i R
A, GL i MEREER Fe W PEREAL T XT HB Al Pk Ak
b e PR R S ) S0 R B R AR /N, XT  HB,
GL 3 P M fe kA PR rLME R BB BTG, &8
2R A A LA & B, B MORE BE 0. 074 mm A M

REER AL RE R AL

2) &l — PR BERE 25 Y XT, HB, GL R
0. 074 mm PP REER B AR b 0 40 ARE i [ 25 R
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0. 074 mm {37 9. 34% B Ak R A A X ek o
P REFE TR e
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H,E R EA 2) AIAR R AR Rk
KA KA A 0 A AR A GL Wl & T
XTI, HB FUERE il IR B & Bl 7 A 0 e E 2 R
VE R P RE R R AR R P2 R RL i IR PR BE A AL

[1] SongS H, Kang M. Decomposition of 2-chlorophenol using
a tourmaline photocatalytic system [ J]. Journal of Industrial
and Engineering Chemistry ,2008 ,14(6) ;785 —791.

[2] Rakesh Y R,Xu H F. Incorporating strong polarity minerals
of tourmaline with semiconductor titania to improve the
photosplitting of water[ J]. Journal of Physical Chemistry C,
2008,112(2) :532 -539.

[3] YehJT,Hsiung HH,Wei W et al. Negative air ion releasing
properties of tourmaline/bamboo charcoal compounds
containing  ethylene  propylene  diene  terpolymer/
polypropylene composites [ J]. Journal of Applied Polymer
Science,2009,113(2) :1097 - 1110.

[4] Dietrich R V. The tourmaline group [ M]. New York: Van
Nostrand Reinhold Company, 1985 :54 -57.

[5] Leonard DT. Antibacterial and superhydrophilic
electrospunpolyurethane nanocomposite fibers containing
tourmaline nanopaticles [ J]. Chemical Engineering Journal
2012,197(14) .41 -48.

[6] Nakamura T,Kubo T. The tourmaline group crystals reaction
with water [ J]. Ferroelectrics 1992 ,137(1) :13 =31.

[7] Lang S B. The history of pyroelectricity : from ancient Greece
to space missions [ J]. Ferroelectrics,1999,230 (1) :99 -
108.

[ 8] Brewster D. Observation on the pyro-electricity in minerals



FRAE L

I8 R A MM A 2 R A R i

437

[ J]. Edinburgh Journal of Science 1824 ,1(2) ;208 -218.
[9] Donnay G. Structural mechanism of pyroelectricity in
tourmaline [ J]. Acta Crystal Lographica,1977,33 (6):
927 -932.

[10] Hartley N P ,Squire P T ,Putley E H . A new method of

[11]

measuring pyroelectric coefficients[ J]. Journal of Physics E;
Scientific Instruments 1972 ,5(8) ;787 —789.

Hawkins K D, lan MacKinnon D R, Schneeberger H.
Influence of chemistry on the pyroelectric effect in tourmaline

[J]. American Mineralogist,1995,80(5/6) :491 —-501.

Y SOV OOOSOS 0O 0 00O 0 0SS0 0 O 0O 00O 0000 00O 0O 0O 0 S 0O0 0 S0O 0 O 0O 0 0O 0O 0 00O 00000

(L% 401 W)

4.0 - — - — —4.0

3.5¢ —a—e(p,=3 kPa) 13.5

3.0 —e—e(p,=4 kPa) 13.0
—— e(p,=5 kPa)

2571 12.5

2.0 P,,,./-’—"—" -2.o§°
Q
15 o —e—* " 415
1.0} 11.0
0.5+
0

e/(kJ-m™)

-60 -40 =20 0 20 0
s/mm

B7 AEEETe,p. EHEHAME sHXFR
Fig. 7 Relationship among e,p, and s under different p,

F15 kPa I} e,p, SWIHEE O E s IR, 51
WA A, 4 s AN - 60 mm 3 K #|
20 mm I, e 38K BB SR U g I3 .
3 45 iR
Wil 25 W 2R T LA S0 AR d SR A = A
FE 0 BB/ a4 B s GRS T B
W SRJ 457 W S 10 48K T RS AR FR AR BT B e 3G K
ZEVRM SR PUT IR AR IR, 2 d, 0 S s AR ARAT,
e ATV VAR ZE R SR BT T R B T ABRAE.

S E 3k
[1] EBe& 3,565, 5. AU REWOES T4

PR SRR T T]. ARAU R 224 4 (3 AAFRLE ) ,2017,38
(12) :1744 - 1747.
(Wang Xiao-dong, Fu Qiang, Yi Shu, et al. Experimental
investigation of operating characteristics of ejector in steam
jet refrigeration system [ J |. Journal of Northeastern
University( Natural Science) ,2017,38(12) ;1744 —1747. )
[2] Chen J,Jarall S,Havtun H,et al. A review on versatile ejector
applications in refrigeration systems [ J ]. Renewable and
Sustainable Energy Reviews,2015,49 .67 —90.

[3]

(4]

[8]

(9]

[10]

(1]

Huang B J,Chang J] M, Wang C P,et al. A 1-D analysis of
ejector performance [ J |. International
Refrigeration ;1999 ,22(5) :354 - 364.
SRR 2T IR N U 7 M B 5 B A P RE ORI 5E
[D]. M ARALK2%,2018.

(Zhang Guang-li. Investigation on the typical structure of

Journal  of

internal flow field and pumping performance of steam ejector
[D]. Shenyang :Northeastern University,2018. )

KB AN, Eigak, . ZEIRBTET AR I CED U &40 K
FOMERE[T]. AR R =222 ( HARBI 2R ,2010,31(3)
398 —-401.

(Zhang Qi, Huo Jie-peng, Wang Ru-wu, et al. CFD-based
numerical simulation of steam ejector and its performance
[J]. Journal of Northeastern University ( Natural Science) ,
2010,31(3) :398 —401. )

Pianthong K, Seehanam W, Behnia M. Investigation and
improvement of ejector refrigeration  system using
computational fluid dynamics technique [ J ].
Conversion and Management ,2007 ,48(9) :2556 —2564.
Allouche Y ,Bouden C,Varga S. A CFD analysis of the flow

structure inside a steam ejector to identify the suitable

Energy

experimental operating conditions for a solar-driven

refrigeration system [ J ]. International
Refrigeration ,2014 ,39(1) ;186 - 195.

Mazzelli F,Little A B,Garimella S, et al. Computational and

Journal  of

experimental analysis of supersonic air ejector; turbulence
modeling and assessment of 3D effects [ J |. International
Journal of Heat & Fluid Flow,2015,56(1) ;305 -316.
Croquer S, Poncet S, Aidoun Z. Turbulence modeling of a
single-phase  R134a supersonic ejector: part 1: numerical
benchmark[ J]. International Journal of Refrigeration 2016,
61:140 - 152.

del Garcia V J, Sierra-Pallares J, Garcia C P, et al. An
experimental and computational study of the flow pattern in a
refrigerant ejector ; validation of turbulence models and real-
gas effects [ J]. Applied Thermal Engineering, 2015, 89.
795 -811.

Han Y, Wang X, Sun H, et al. CFD simulation on the
boundary layer separation in the steam ejector and its
influence on the pumping performance [ J]. Energy, 2019,
167:469 —-483.



