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Characteristics of Mineralogy and Nanocrystals of Ingredient Materials
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ABSTRACT : Characterization of mineralogy and nanocrystals of ingredient materials of Lumilite®
used for water treatment was made using optical microscopy, XRD, SEM, FTIR, and XRF analyses.
Constituent minerals identified by XRD and microscope are clinoptilolite, illite, quartz, and albite,
characterized by dense and fine texture. The cross section of nanocrystals with the size 70~100 nm is
generally round or subround. Numerous spheroids with few nanometers in diameter are extensively
formed on the surface of nanocrystals. Bulk chemistry is SiO, 74.22~75.65 wt.%, ALO; 13.25~13.72
wt.%, CaO 4.23~5.15 wt.%, with other major elements being minimal. When heated to 7007, the
crystal structure was mostly destroyed, though it persisted to 500°C. It is likely that high capacity and
applications of Lumilite® for water treatment are originated from its structural properties such as
development of nanocrystals and various tiny pores.
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FAMNPA Lumilite® Q8722

Fig. 1. Photomicrographs of solid section u%ed for Lumilite
nicol at the same image. (¢) crossed nicol. Scale bars; (a) and (b) 0.2 mm, (¢) 0.05 mm.
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Fig. 2. Representative XRD reflections of solid
powder used for Lumilite® product and calculated

pattern
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Fig. 3. FTIR spectrum shows (OH) groups and

typical framework vibrations of clinoptilolite and
silicates.
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Fig. 6. SEM microphotographs showing nanocrystals. (a) x15,000, (b) x45,000, (c) x70,000. Arrows in

(a) denote enlarged points for (b) and (c).
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Fig. 7. XRD reflections with various temperatures.

Q denotes quartz and most reflections indicate

clinoptilolite.
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Fig. 8. SEM microphotograph of sample heated to
700C.
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Table 1. Chemical data of mineral mass used for

of Lumilite® product (analyzed by XRF)

mass-U mass-O mass-P
SiO, 74.223 75.580 75.652
ALO; 13.718 13.702 13.253
TiO, 0.246 0.247 0.238
Fe,03 1.645 1.556 1.466
MgO 1.157 1223 1.226
MnO 0.022 0.030 0.023
Ca0 4227 4152 4.179
K0 1.838 1.923 1.905
Na,0 1.093 1.103 1.092
P,0s 0.050 0.051 0.050
Lor 1.089 1.013 1.391
total (Wt.%)  99.308 100.580  100.475

‘L.O.I: Loss on ignition

-

FAsted AZ Fyoly %H
FATHTE 8). AFA FA

|= 0.1~0.4 ym HH7t 744 é
7t 78l e AeE Hol &
V7t %4_ S HAdes g4 R
Ak, JAEL A ME Do 9A
, 9 °‘x}7} ALk A A gt
AE o2t AAA B o), 320 47
AOoWA 71EY FE T2 B HY
A, o ERMESE YF2 G ARLS w
%9& she AZE ZAo FAIAUL. YA
golg Aojols B EA7) ggsten, 99
g2 Asty WAHEY FITLL A 2
Aog B & o

i Lo

oflt 1o
Mo lil o
ofl N, mlm

FE X0 il o & N oy
ok
o
T

o oot N
mlm_'L

}..

XRF &40 <8t atstxy

ANRY B8tz e T 13 2. Sio= 7}
A TR A %Q_EH 74.22~75.65 wt.%©] 3L
ALOsE 1325~13.72 wt.%, CaO+= 4.23~5.15
wt%1E o] F o] gRES XA %
Wit Aol B9 Fezyde gy
Si0, F&-E 60 wt.% o4, ALO; IJFL 13~
14 wt.% WA EAN 7129 g2 ey

_‘6]_\:1

294 9 YrAd9ge 57

0‘%%3?"1*4 AR
(=A%, 20032, b). & 73
E FA o vzt SlOz TS A T ALO;
Fe vl HY, CaO FFE 2T & F
Helok, d4gdAa9 Mg, Mn, Fe 53
Fo MRS dlesid. a8y A7 EHL.0))
< 1.013~13918 4 Ytz AgelolE U
ol ﬁlé}@l °Jcol e A E B XRD ¥
15 FelsdEgolE
o °1E} 1E7} ﬂJEAE—% 212 SHA v, A A 79
g3 @ B aAE F

SiO/ALO; &8 7L 71845 Na, K9 22
S %7 3 R
Q

ot ot
o of

o
rl

S A 320032, 2003b)l 2)Ete] B3 A zE w)
At 2 Ay AEA FRgAN YFE 2

Ge a4, 24 Wk 48 A ALY Al
A7 2 Aot &

3 AT AR B AN A
YA 245 BRAAE AW FH9Ia)
B297 Foe Aol ol +aEAe) @
4ol Belsheld @7o] Bxetn Ao T

b oar) e dEsA 2@ Wsr) &
7] ol
Lumilit®2 $AAHAAZ BL37] 95

= T

2% 3 55 $7% A2E YHRD W

A A HE Ade 9B Fv AR &

Asks AFA SR o7 A BE & £ Ao
=, AU 30

mQlH, T ) =2
BFEE Im WYE Bstod 15k Yol #9
el A71#E 6 ok 01 %4% Lumilite® 7]&
2 A Z S7F A A E

§7]f°ﬂ Age A
ME A4z -]%I:ﬂoﬂ Az
Eﬂ&]’ﬂ Lumilite® 7]&
ATHIEE HR, 2007).



AUF - FE - 2L
AT g e 9f 9EQ dxe xz WP FHAT Lumilie®7 FAAAAS
298 Aoz wad v gk & W, A ¥l Holuw L Fo|2XAF5EE 7}
v @& 20069 89 %#—%57} 9.5 NTU, A= A& L]-‘—%]x].—«o] F @gsy, 94
A FFE 39 pgols, s2PMo] e Ao

ANEE A Lurmhte 40 mg/LE A
#, 24 h ¥ HFEF 023 NTU, %9l
LE NAEHAY. Frde F:Fﬂ
oldl, 20061 9% 50 NTUOH %
ol M Lumilite™ 30 mg/LZ A 2l & 734,
TA Bl L= 0.98 NTUR ZA AMEQ9Y,
2005&21 99 1495 3¥7el ZA sty
o hate FTEALDTA FALA TS
i T Jar Test ¥ AZAFHNA =
4338 AXNEL FAstdT 454¥
15 cm, %“O] 200 cm2 YF7)|5E o
I, AEE $L& 30C, 528 52 4T
2 Z}EH%% AAZAE ALsEAT ojE o
PR FFRAA vEUE ALBFAME
SHAA Fgo] A&H R FAHEAE
AF7) AFoIAT e dojy SHY g2
B2 o 2R S22 Fn FHEA A
sts7h2l 2 AAEo d¥Y AR A

T

Rt R o S o 2
il

&n&t m

o rfo AT O rio
wlion
o}‘u”“’

olt
Ln
§R

l

el A v S R R o

E ARY AL CEC XA E A8d o
o5t 210~280 meq/100 g HUE Hof Y
HAQl FEF HEH L Holth o)A
FAMNAAZA EF] S8 olFE AEF
Hiel Zo] A Wy UnZAAe EA #y
He Aoz E"’E’r U2y Ee Fuydol
BE 52 vEAAL RRE § glod, nj
L ok F5o) & BEEy) fEo)n).

z =

%%%%izﬂa o) &3} ALY FAHRNA
Lumilite®e] #E4e Zexdaalols, Yg
olE, Ay, AAHoE FAHY, 13%4_4 A g
g 242 7HAE o] EAoY. Z¥xdry
oJE YxZAAY IJE 70~100 nm WY}
8, Hud FHA YA Hedd gz
ARG, AATAHOZ 500C7HAE A
4& FAEY, 700CAHHE AY BE FZI}
BAAT, AAEY FgstxHL S0, 74.22~
75.65 wt%, ALO; 13.25~13.72 wt%, CaO
423~5.15 wt%ol®, 1 9 FARI RO

= wAsa dd F50 F ]
!

Ab A

XRD 3 FESEMEAH S #7124 Ud T
H(KBSI) U T7AH, FTIREA S ZAE5dda F¥F
AEPAEH, XRFEA L B 58w A A8 3}of A

FHEHAT, =FAANSE F3to AL AN =
AAE aedd Aed GAAA AA A E
F 3t
FS
A (2()03a) AdA&eolEe F8A AL
Ve 2AEY g B AFID): TN
A&eo|EL dol& NFEAH. FFFETLS
x], 16, 135-149,
=AF (2003b) AAASHIEY £ AAE

AsA 2AR ool B A7) B
AEeo)EY FF& o] 2FAEY FFFEF
34, 16, 201-213.

e HE (2007) 20079 129 23U Y& Far.

SAZ, oled 200D AT FFdsFy B
F7129Ed, 2F 2 FUARTEAY AAE
A3 DAF §8&E. F4THIA, 19, 42-49.
olg, 2¢E (1998) A¥E FEF AMAF,
AR BARAATAE, 6, 33-49.

olAd7l, Wel=, BYd, AFH, 774K (2006) =
A 27 EgEd1ZRE Py ALHoE
. FHEFIHA, 19, 7-14.

FFL, ARA, oJ-Z (2007) ZHAFN 44 F
el HFEYH FHZET|EY HE,
AZZEIA 17, 187-19.

Loan, M., Richmond, W.R. and Parkinson, G.M.
(2005) On the crystal growth of nanoscale
schwertmannite. Jour. Crystal Growth, 275,
1875-1881.

Rustad, J.R, and Felmy, A.R. (2005) The influence
of edge sites on the development of surface
charge on goethite nanoparticles:- A molecular
dynamics investigation. Geochim. Cosmoc- him.
Acta, 69, 1405-1411,

Wang, Z.B., Wang, H.T., Mitra, A., Huang, L.M.
and Yan, Y.S. (2001) Pure-silica zeolite low-k



FAAAA Lumilite® 923Ee] F29H ¢ yradPgao 54
dielectric thin film. Advanced Materials, 13, Commun., 2000, 781-782.

746-749.

Zhang, B.J.,, Davis, S.A., Mendelson, N.H. and
Mann, S. (2000) Bacterial templating of zeolite
fibers with hierarchical structure. Chemical

2008 29 25¢ 1A, 20089 3€ 124 ARE

.



