Printed in the Republic of Korea

ANALYTICAL SCIENCE
& TECHNOLOGY

Vol. 36, No. 6, 315-323, 2023
https://doi.org/10.5806/AST.2023.36.6.315

A study on quantification of a-quartz, cristobalite, kaolinite mixture
in respirable dust using by FTIR

Eun Cheol Choi* and Seung Ho Lee

Analysis & Evaluation Dept, Technology Research & Development Institute, Korea Mine Rehabilitation
and Mineral Resources Corporation, Won-Ju 26464, Korea
(Received September 5, 2023; Revised October 20, 2023; Accepted October 30, 2023)

FTRE 0|28t S5M BXIE a-quartz, cristobalite,
kaollnle EEE HE 2N o4

28> - 0l5&
BRI, EaTY, FEYAYY T
(2023. 9. 5. ©4=, 2023, 10. 20. &1, 2023. 10. 30. £21)

Abstract: This study is to quantify a-quartz, cristobalite and kaolinite using by FTIR in respirable dust generated
in the mining workplace. Various minerals in mines can interfere with peaks when quantifying respirable
crystalline silica by FTIR. Therefore, for accurate quantification, it is necessary to remove interfering substances
or correct the peaks that cause interference. To confirm the peaks occurring in o-quartz, cristobalite and kaolinite,
each standard material was diluted with KBr and scanned in the range of 400 cm™ to 4000 cm™ using by
FTIR. As a result of scanning the analytes, it was decided to use the peaks of 797.66 cm™ and 69525 cm™ for
o-quartz, 621.58 cm™ for cristobalite, and 3696.47 cm™ for kaolinite. When the above materials are mixed,
interference occurs at the peak for quantification, which is corrected by the calculation formula. The analysis
of the mixture of a-quartz and cristobalite shows the average bias (%) of 2.64 (corrected) at a-quartz
(797.66 cm™), 5.61 (uncorrected) at o-quartz (695.25 cm™) and 1.51 (uncorrected) at cristobalite (621.58 cm™).
The analysis of the mixture of a-quartz and kaolinite shows the average bias(%) of 1.79(corrected) at a-quartz
(797.66 cm™), 3.92 (corrected) at o-quartz (695.25 cm™') and 2.58 (uncorrected) at kaolinite (3696.47 cm™).
The analysis of the mixture of cristobalite and kaolinite shows the average bias (%) of 2.15 (corrected) at
cristobalite (621.58 cm™), 4.32 (uncorrected) at kaolinite (3696.47 cm™). The analysis of the mixture of a-
quartz and cristobalite and kaolinite shows the average bias (%) of 1.93(corrected) at o-quartz (797.66 cm™), 6.47
(corrected) at a-quartz (695.25 cm™) and 1.77 (corrected) at cristobalite (621.58 cm™) and 2.61 (uncorrected)
at kaolinite (3696.47 cm™). The experimental results showed that the deviation caused by peak interference

by two or three substances could be corrected to less than 6 % of the average deviation. This study showed
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the possibility of correcting and quantifying when various interfering substances that are difficult to remove
are mixed.
2 9o B A= it FAAAeA sk BT 4 = (a-quartz), 2] 2~E 20| E(cristobalite),
7}2ﬂ»}ol€<kaohmte)~ FTIRS 395071 A% A7l k) 01: TFE RS AR Akt
£ FTIRZ A ) 920 742 907 & ek Wb Fst 332 A Jeh2ae A
ASALG 148 doql szie] mAe] e st LA zaﬂz‘ﬂa}olE e duel=a g
3k ¥=e] YRE selsly] Y8 Zzte] EFEAE S KBrE -J“ 3o FTIRZ 400 cm’1°ﬂ1\1 4000 cm™
7R 2270tk 2 A3 a-quartza 797.66 cm 9} 695.25 cm™!, cristobalite= 621.58 cm™, kaolinite'=
3696.47 Cmfl vL]—;G‘_,] _43__ _E'_/ﬁl ] 1—1_9_01_7] o]—odl’/} O]Q,] %;GE.Q_ j_z‘sl—sl- 7:] [e] 24 T—')c_O_ O]-@_ yL]_ZPoﬂ
A "3 7Hdo] dASkEE o] AR S o]&dl KA ST a-quartze} cristobalite 382 1243
A} o-quartz (797.66 cm ol A1 2] BHH(%)ye 2.64(EARY), o-quartz (69525 cm )l 561 B EAZh,
cristobalite (621.58 cm ™) 1.51 (B12AZH7F U&hth. a-quartz9} kaolinite®] E3HE-2] HFH (%)= o-
quartz (797.66 cm™)ollA 1.79 (B, a-quartz (695.25 cm™)ollA] 3.92 (A7), kaolinite (3696.47 cm™)ol]
] 2.58 (A1 EA)3L, cristobalite?} kaolinite®] EFHE-2] ¥ (%) cristobalite (621.58 cm™)ollA 2.15
(EAZ), kaolinite (3696.47 cm™)ollA 432 BIEAHA Al 7K EFES A HF 533 AJH 4 2
I HaHE a-quartz (797.66 cm )l A 1.93 (RAZL), a-quartz (69525 ecm™)oll A 6.47 (A7,
cristobalite (621.58 ecm ™ )ollA 1.77 (B %)), kaolinite (3696.47 cm )9l 2.61( HIEA )|t} A& Az}

£ UM EE Y 2490 @ 9= o E WS ARE B B 6% ol 1Y T F U9
o) o AT A YE e Wl Rl EFHAS A9 nYH] AT F U P 3
19k,
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1. M B =4 5= "ol x, XRDE PVC ZE ol 93] A3 =
A& % tetrahydrofuran (THF)Z ZHE Hoqdl & 2
A F Aol A B sHE Exlo] He S35 ol Aol A F k] g3t WS AHE kS
o] BI7Fg ARl A3t Whgo g2 dAst= dste R FTIR &4 A 929 $3 =0 ¢S 7Hd& AAs
frElaat JA7E dRle] He FHFe] ol 23 7] fl5te] Wal=d & At 2 ool AlAGAY
thoH=, e 9% T AA A8 STl E ol® S WA g s 28E sha, 24 B2
A% FHH & Eol7] Al =F A A4S FA! I e UdeE o) 7 3 7] e
FEUEtlM T ZAGA B s 37 FoE & H &S &8st BEAYE 37 gt} o5 &9
9 7heet A3 A4St Ax(respirable crystalline silica) kaolinite®]] <]l 800 cm™ F-22] o] 7HIS WS
2 I8 FHAA G B9 A EFH(AE F 739 kaolinite®] 915 ecm™ 3¢ =9} 800 cm™'9]
4, olF AR A Y (quartz)s}t ZHA AT EED FABAE ol83te] BABLAL, calcite’t THF S
2}o] E (cristobalite)7} ©]ol] E 3t} ? AE Aoz T EAS Bste] AATGY £
9 & Fa] i3k 9] X3 (Fourier transform Aol shE FES A3 H8) FTIRE o] &3t
infrared spectroscopy, FTIR), XA 3] %A 9 (X-ray o T2 Akt e g B4 A= gk
diffraction, XRD), 734 & &3 W (Visible = AFE FTIRE ©| 88 A FAshtae] 24
absorption spectrophotometry) .2 #2413 4 9l=1| dr ddo g AFgH =9 7H4(interference)”’ S
F2 &85l WS FTIR £4 3 XRD #4 0|t} BAE 5 Qe iyl &gk Aol 538 Bt 29
FTIRY &3 B A= olojB=Z e} PVC ZE Y ¢ Zlol = kaolinite, muscovite, mullite 7S TS &
g AHE AEE Islst ¥ KBrE A1 HS Azt o] EA138}7] wiZ el a-quartz$} cristobalite 52 2%
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g Astas Ae] AsiMe Well =2 Al H
el olgt 9FE B 2ol Fasith ol 4
AR Asta B4 &l =29 da AF 45,
T 7 2l o7 YA TRE BAT A, Al 7t
A 2ol BF THEUS W EAT AHE vast
of, nAgel g AUAS Slelr ¥ B2 =42
o oJsl HA7F FHEAUE 73-F BAl o Aol
7Fe @A E AESIAT. ol fste] ARt de
S WE FHastely] S8 33 o F @Al A

AZEE FTIRS SA7MAE A9 M= g3l
NIOSH method 76029 A5 Wgez =439tk
T2 A NIOSH method 76029141 kaolinite®] ¥
A4S 93 AF 9IS 915 em ' OE o), B o
FolA = 3696.47 em 9] IS e, 2 ol
& & FE< muscovite, mullite 5ol &3l 744
S WS £ 9lE 915 em! 0] 99 S g A
wAgo] 7HEsHA] gRlstr] flsiAiolct.

Yy

2. Al

I

T

I

21. Aot % 7|7
2 Ao A18H 7]7]= Fourier transform infrared

spectroscopy (Nicolet iS50, Thermofisher scientific,

Table 1. Specimen preparation procedure for calibration curve

Waltham, Massachusetts, USA)S AF&-3}9 o™, Al H
< AzsE7] 9130 15 ton 54 4=71(Specac, Orpington,
UK)E AH&3IRaL, A8 S35 918 v % A
<(UMX2, Mettler toledo, Greifensee, Switzerland)=}
u] 2 234 8(XPE 205, Mettler toledo, Greifensee, Swi-
tzerland)Z ARSI TE EFEZ-2 NIST SRM 1878b
(0-Quartz, National Institute of Standards and Technology,
USA), NIST SRM 1879a (Cristobalite, National Institute
of Standards and Technology, USA)S AF&-3}R 3L, Al
ok Kaolinite (Sigma Aldrich, Burlington, Massachusetts,
USA)¢t IR & HE3}EEF(KBr) (PIKE, USA) & A}
4319tk 7]+ 40 mm agate Mortar9} pestleS A}
&3l

22 AH Mz % 5F uy

A F4E BE=AAE A Zs] 918 Table 13
iT

mm dieoll %71 %
8.5 ton?] o2 4% Fo 49 AEFVE =8 AH
S A&slch £ AHS 2l

5L AR 02000 g KBre E3ste] EEAE 2
S uRlog trEQ L FTR &

Sample Concentrate (ug) Sample Concentrate (pg) Sample Concentrate (pg)
27.4 11.5 28.5
58.6 33.0 75.1
‘233333 784 Cristobalite 78.2 Kaolinite 99.6
121.8 113.8 119.2
161.9 167.7 160.5
Table 2. Mixed specimen preparation procedure
Sample a-Quartz Cristobalite Kaolinite Sample a-Quartz Cristobalite Kaolinite
Name (ng) (ng) (ng) Name (ng) (ng) (ng)
No.1 50.1 110.1 - No.11 - 60.6 101.0
No.2 109.8 106.6 - No.12 - 100.2 110.9
No.3 97.9 57.0 - No.13 57.2 51.0 66.1
No.4 63.7 57.5 - No.14 102.1 50.5 49.1
No.5 57.6 - 65.4 No.15 52.6 96.2 49.2
No.6 109.3 - 54.1 No.16 45.1 54.6 95.5
No.7 66.7 - 102.8 No.17 91.4 106.1 48.6
No.8 112.1 - 108.8 No.18 107.9 56.8 101.5
No.9 - 107.6 49.8 No.19 51.0 113.2 107.2
No.10 - 423 58.5 No.20 109.9 101.9 99.5
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Ballsg AL, 13 24 A 168 28 AT.
T3 ARE 90° Sk, F 48] S AT

Bl ALee Tz Aear] sl A 5a
AEE 28I, 718719t yaduE Fatr] Sl 5
ARA e ANFAT B2 8w ) ol A
g, weoF B4 232 A7k askom
BAAIAE ¥ egieh

(CfoZ(FxD+E))
B A
T= &AMl AHg3hs 3elx 2452 AF 274 (g
A= B4 AFESH SO 4B AR 7187)
%k (abs/ug)
B= Bl AMgshe Sgeld BABY A5RAe
7 k(abs)

C= Aol A3z FHgellA] £4154 §3 = Fh(abs)

D= B0 ARgshs oA Wl Ed 7] h(abs/
ug)

E= B0l ALgsls sbdelA dlelEd yAH Fh(abs)

F= 7Hde] §IAY BA =0 Alske BeElEd A Hk(ng)

o

s ()

343182
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31, ME m3 MEg 98t AWM A

Fig. 12 FTIRZ 400 cm™ oA 4000 cm™'7}A] 2270
3 A2 (1)S e-quartzS (2)E cristobaliteS (3)
kaoliniteS (4)= 3714 EE& T3 AEE 20 4
o]t} 1022-800 cm™, 695 cm™, 600400 cm ol A Si-
O stretching@} bending®ll ]3¢t 3 A7} WAy 3}3L 798—
780 cm oA Si-O-Si intertetrahedral bridging bonds
3=, 913 cm oA = AI-OH bending ¥ =, 3750
3400 cm™ oAl = O-H stretching®ll ]3+ 3 =7} WAy
A2 797 em! oA 9] 9= =7} 695 cm '] I
A= Hrh ofF 4¥] T Eo} o-quartzZ} P Fo] A
o] gS u &840 =37, wkek thE F 39 9
gk o] BT A 695 em oA 9] HAE &
= At} cristobalitet= 795 cm™'9} 621 cm'ol A
Ao At 9 327F WA=, a-quartzel] B3|
93 Zhe] FF=e] ZHel7h ALt kaolinite=
795 em™, 913 em™, 3696 cm™ T2 W AE A H
A1 4 S, gE B 93 14 rHeAd el

¢
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Fig. 1. FTIR spectrum of (1) a-quartz specimen, (2) cristobalite specimen, (3) kaolinite specimen, and (4) mixed specimen

of a-quartz, cristobalite, and kaolinite.
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Table 3. Calibration of specimens of a-Quartz, Cristobalite, and Kaolinite

Compound Wavelength (cm™)  Correlation of Determination, R? Regression equation
a-Quartz 797.66 0.9999 y = 0.001 285x — 0.000 904
a-Quartz 695.25 0.9992 y = 0.000 304x + 0.000 755
Cristobalite 621.58 0.9992 y = 0.000 762x + 0.000 950
Cristobalite 797.66 0.9993 y = 0.000 852x + 0.000 029
Kaolinite 3696.47 0.9993 y = 0.001 362x + 0.001 800
Kaolinite 797.66 0.9970 y = 0.000 102x — 0.000 018
Kaolinite 695.25 0.9984 y = 0.000 308x + 0.001 225
Kaolinite 621.58 0.9930 y =-0.000 129 — 0.001 367

AH oz 2L 3696 cm'e] FIE A ko] A3}
ATk Fig 1. ()5 BH a)] 3pgeA 24 | ga=
Z}7} o-quartz, cristobalite, kaolinite®l] 4] WA E ] 37}
2E ZH = YElY L, b)E o-quartz (695 cm™)7}
kaoliniteol] ©J3}| ¥ F-3 o] FAYE M, ¢)2] THgol
A& cristobalite (621 cm™)7} kaolinited]] 2]&] @2
baseline®] *J53t] o] HQ3I3th & AGoA=
7 B o] a3AE Thetetr] 918l 37HA ERolA
= A= 795 cm’1 9] 343} o-quartzol] H I
F AE 695 cm™ I, cristobaliteo] A H] w g
e 621 ecm™ 3, kaoliniteo| A Bl 4= &=

gepol Abg-steTt.

Ao H:I

3696 cm™! TS %

32 EEAE ZHEIM An

AFS 8 A AT A4S 2 o-
quartz (797.66 cm™)E 0.9999, a-quartz (695.25 cm™)
£ 0.9992, cristobalite (621.58 cm™)E 0.9992, cristobalite
(797.66 cm ™)+ 0.9993, kaolinite (3696.47 cm™)E
0.9993, kaolinite (797.66 cm™)E 0.9970, kaolinite (695.25
em ™ )E 0.9984, kaolinite (621.58 cm™)= 0.99307} 7
A= A A 4(Correlation of determination)Z *3-2+
gol Table 3914 ER1Fct.

3.3. a-Quartz®} Cristobaite E8E HEZ

Fig. 1914 o-quartz$} cristobalite 7F2] 7H4
e 942 797.66 cm o] a2, 7HAd o]
695.25 cm'9} 621.58 cm'o|t}. Tuble 40| w=w
Table 22] No.l HE No.47kA|2] A|HE st 23,
o-quartz (797.66 cm ™ol gk HA R zhe] s Ho
(Bias, %)= 2.64, HIRAE ko ﬁéﬂ A (%)= 78.77,
a-quartz (695.25 ecm ol A A e Azt HF A
(%)= 5.61, cristobalite (621.58 cm’l)oﬂ/ﬂ At A3
o] W+t W (%)= 1.51°] vttt 9 AFelA gl

o
=
=

ic]

L
i)
ol

0

I

KR
=

52

wo= e

mﬁlm
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g 4 J59] a-quartz (797.66 cm )ollA HHE| &
AR zhe Aggle] RO = Qs Wt W7t 5%

Sl
ol E ZUSS stk 2 B W] &
FH 2} (Standard deviation, %)l a-quartz (797.66 cm™)

o] ¥R ARt Hg Hoof tigh FFAXT
£ 56,56 %= A Uged o] 3 5% o2 K
Aol HUT.

34. o-Quartz?} Kaointe EEE Al#Mol HZ

Za

Fig. 19] W2 a-quartz} kaolinite2] &350} A]
= oquartzE A ‘j’kﬁ}ﬂ et FFl 797.66 cm™,
695.25 cm oA B 13 3 o] WAIEY | kaolinite
=2 A7) 98 369647 cm M E HAERA] e
Table 59| W2, Tuble 22] No.5 FE] No.87}A|
E AHS A A3, a-quartz (797.66 cm ol
HAE g Ha HY(%)E 1.79, vy A
B H (%)= 9.88, a-quartz (695.25 cm™)ollA]
A8 e Ha B(%)E 3.92, BB ARghe]
Ha Hol(%)= 106.45, kaolinite (3696.66 cm ™)l A]
et Axte] Ha WY (%)= 2.587F Uk, o-
quartz®} kaolinite 7Fe] EFEAA FH o oJg HH
Hol7} WA ]3] 5% o|3t= HUL, H Hele]

EERA G ZEALE HAT F U

&rlq._ﬂm

1o o
\~

1
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3.5. Cristobalite2} Kaoiinite
P

Fig. 1914 cristobalite®} kaolinite7+2] 7+43-2 cristo-
baliteE 7 k7] 915k 22l 621.58 cm ol A HA
31, kaoliniteZ g &3l7] 93t 369647 cm oA+ &
AR Feth Table 69 WEW, Tuble 22 No.9
No.127tA 9] &35 AlHS FHs 23 cristobalite
(621.58 cm™yol] i3k BAE kel HF A (%)E

EEE AlEHe F¥
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Table 4. Quantification of mixed specimen of 0-Quartz and Cristobalite

Target Wavelength ~ Theoretical Corrected Uncorrected N
Sample No. Compound (em™) Value (pg) Result(ug) Result (ng) Bias (%) SD (ke)
a-Quartz 797.66 50.1 49.35 121.44 1.49(Corr.) 0.87(Corr.)
No 1. a-Quartz 695.25 50.1 - 4491 10.4 0.97
Cristobalite 621.58 110.1 - 108.71 1.26 2.07
a-Quartz 797.66 109.8 104.14 175.94 5.16(Corr.) 1.20(Corr.)
No 2. a-Quartz 695.25 109.8 - 106.45 3.05 1.99
Cristobalite 621.58 106.6 - 108.29 1.58 2.86
a-Quartz 797.66 97.9 94.52 131.34 3.45(Corr.) 1.09(Corr.)
No 3. a-Quartz 695.25 97.9 - 92.63 5.38 1.34
Cristobalite 621.58 57.0 - 55.51 2.62 0.92
a-Quartz 797.66 63.7 63.41 101.77 0.45(Corr.) 0.43(Corr.)
No 4. a-Quartz 695.25 63.7 - 61.37 3.67 1.80
Cristobalite 621.58 57.5 - 57.84 0.59 0.89
797.66 cm™' Average Corr. Bias (%) = 2.64 797.66 cm™' Standard Deviation of Corr. Bias (%) = 2.09
797.66 cm™' Average Bias (%) = 78.77 797.66 cm™! Standard Deviation of Bias (%) = 56.56
695.25 cm™ Average Bias (%) = 5.61 695.25 cm™' Standard Deviation of Bias (%) = 3.31
621.58 cm™ Average Bias (%) = 1.51 621.58 cm™' Standard Deviation of Bias (%) = 0.84
% Corr. = Corrected Result
Table 5. Quantification of mixed specimen of o-Quartz and Kaolinite
Target Wavelength ~ Theoretical Corrected Uncorrected e
Sample No. Compound (cm™) Value (ng) Result (ug)  Result (ng) Bias (%) SD (ke)
a-Quartz 797.66 57.6 58.18 63.01 1.00(Corr.) 0.74(Corr.)
No 5. a-Quartz 695.25 57.6 53.22 119.13 7.60(Corr.) 1.71(Corr.)
Kaolinite 3 696.47 65.4 - 60.98 6.76 0.59
a-Quartz 797.66 109.3 112.29 116.56 2.73(Corr.) 0.60(Corr.)
No 6. a-Quartz 695.25 109.3 108.20 166.93 1.00(Corr.) 1.38
Kaolinite 3 696.47 54.1 - 5391 0.35 1.91
a-Quartz 797.66 66.7 68.29 76.39 2.38(Corr.) 2.55(Corr.)
No 7. a-Quartz 695.25 66.7 69.13 176.80 3.64(Corr.) 5.66(Corr.)
Kaolinite 3 696.47 102.8 - 102.15 0.63 4.33
a-Quartz 797.66 112.1 113.27 122.12 1.04(Corr.) 0.96(Corr.)
No 8. a-Quartz 695.25 112.1 108.26 225.51 3.42(Corr.) 1.85(Corr.)
Kaolinite 3 696.47 108.8 - 111.58 2.56 3.00
797.66 cm™ Average Corr. Bias (%) = 1.79 797.66 cm™' Standard Deviation of Corr. Bias (%) = 0.90
797.66 cm™' Average Bias (%) = 9.88 797.66 cm™' Standard Deviation of Bias (%) = 3.33
695.25 cm™' Average Corr. Bias (%) = 3.92 695.25 cm™! Standard Deviation of Corr. Bias (%) = 2.73
695.25 cm™ Average Bias (%) = 106.45 695.25 cm™! Standard Deviation of Bias (%) = 46.01
3696.47 cm™' Average Bias (%) = 2.58 3696.47 cm™' Standard Deviation of Bias (%) = 2.96
% Corr. = Corrected Result
2.15, M| B st A3kzhe] Ha H(%)= 19.81= =} 36. o-Quartz, Cristobaite, Kaointe =&H2 A|EHQ|
ot Yee X 5 A, Wit Aol EEAAE F MY B
o= Fig. 1914 o-quartz, cristobalite, kaolinite7+2] 7+4d
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Table 6. Quantification of mixed specimen of Cristobalite and Kaolinite
Target Wavelength Theoretical Corrected ~ Uncorrected e
Sample No. Compound (ecm™) Value (ug)  Result (ug)  Result (ug) Bias (%) SD (ke)
No 9 Cristobalite 621.58 107.6 110.31 100.67 2.52(Corr.) 0.39(Corr.)
' Kaolinite 3 696.47 49.8 - 46.05 7.52 2.63
No 10 Cristobalite 621.58 423 43.20 32.14 2.13(Corr.) 0.95(Corr.)
' Kaolinite 3 696.47 58.5 - 54.44 6.94 3.09
No 11 Cristobalite 621.58 60.6 62.08 42.80 2.44(Corr.) 0.63(Corr.)
' Kaolinite 3 696.47 101.0 - 102.64 1.63 2.00
No 12 Cristobalite 621.58 100.2 101.69 80.78 1.49(Corr.) 0.55(Corr.)
' Kaolinite 3696.47 110.9 - 112.23 1.20 0.66
621.58 cm™ Average Corr. Bias (%) = 2.15 621.58 cm™' Standard Deviation of Corr. Bias (%) = 0.47
621.58 cm™' Average Bias (%) = 19.81 621.58 cm™' Standard Deviation of Bias (%) = 9.80
3696.47 cm™! Average Bias (%) = 4.32 3696.47 cm™' Standard Deviation of Bias (ug) = 3.38
% Corr. = Corrected Result
2 o-quarzE B F3H7] $g A 797.66 cm,

69525 cm’!, cristobaliteS g F3t7] $13
621.58 cm™'o|A] B 2SI | kaoliniteS 7 W3}17)
213 3696.47 cm oM = WA EA et Table 70
w2, Tuble 29 No.13 HE No. 20748 EFE Al
He A3 A3, a-quartz (797.66 cm™)ol| thdk BF
H ke HE Ho|(%)E 1.93, v|BA ARzke] H
HO(%)= 84.25, a-quartz (695.25 cm™)ollA12] RAE
7 Fa H(%)E 647, IR AZge Ha #H
9](%)= 113.40, cristobalite (621.58 cm™)ol T3k 2.4
A zke] HF A (%)= 1.77, WA Adgre] HF
H| (%)= 2149, ZHdo] 1= kaolinite (3696.66 cm™)el]
A ek gre] HF Wo(%)= 2.61°] . cristobalite
(621.58 cm™)ol| A1 9] B3t A=t o2}, o-quartz
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Table 7. Quantification of mixed specimen of o-Quartz, Cristobalite, and Kaolinite

Target Wavelength Theoretical Corrected ~ Uncorrected N
Sample No. Compound (ecm™) Value (ug)  Result (ug)  Result (ug) Bias (%) SD (ke)
a-Quartz 797.66 572 55.91 94.89 2.25(Corr.) 0.36(Corr.)
No 13 o-Quartz 695.25 57.2 51.55 123.32 9.87(Corr.) 0.93(Corr.)
o5 Cristobalite 621.58 51.0 50.78 37.62 0.43(Corr.) 0.70(Corr.)
Kaolinite 3 696.47 66.1 - 66.76 1.00 1.48
a-Quartz 797.66 102.1 100.25 137.49 1.81(Corr.) 0.50(Corr.)
No 14 a-Quartz 695.25 102.1 98.21 152.86 3.81(Corr.) 2.01(Corr.)
o Cristobalite 621.58 50.5 50.17 39.88 0.65(Corr.) 0.50(Corr.)
Kaolinite 3 696.47 49.1 - 49.89 1.61 0.65
a-Quartz 797.66 52.6 51.50 120.43 2.09(Corr.) 0.56(Corr.)
No 15 a-Quartz 695.25 52.6 46.93 100.86 10.78(Corr.)  0.48(Corr.)
o Cristobalite 621.58 96.2 98.07 87.90 1.95(Corr.) 0.95(Corr.)
Kaolinite 3 696.47 49.2 - 49.17 0.05 1.19
a-Quartz 797.66 45.1 45.20 89.79 0.22(Corr.) 1.33(Corr.)
No 16 a-Quartz 695.25 45.1 43.62 144.22 3.28(Corr.) 2.36(Corr.)
o Cristobalite 621.58 54.6 55.85 37.85 2.29(Corr.) 0.81(Corr.)
Kaolinite 3 696.47 95.5 - 95.17 0.34 0.88
a-Quartz 797.66 91.4 88.45 161.90 3.23(Corr.) 1.50(Corr.)
No 17 a-Quartz 695.25 91.4 105.46 96.08 11.45(Corr.)  4.83(Corr.)
o Cristobalite 621.58 106.1 116.79 243.15 0.61(Corr.) 1.13(Corr.)
Kaolinite 3 696.47 48.6 - 44.53 8.37 0.74
a-Quartz 797.66 107.9 109.67 155.03 1.64(Corr.) 1.84(Corr.)
No 18 a-Quartz 695.25 107.9 105.96 209.47 1.80(Corr.) 1.07(Corr.)
o Cristobalite 621.58 56.8 56.67 38.18 0.23(Corr.) 4.36(Corr.)
Kaolinite 3 696.47 101.5 - 98.04 341 3.09
a-Quartz 797.66 51.0 52.63 132.02 3.20(Corr.) 1.96(Corr.)
No 19 o-Quartz 695.25 51.0 48.05 155.00 5.79(Corr.) 1.97(Corr.)
o Cristobalite 621.58 113.2 107.60 88.53 4.95(Corr.) 5.73(Corr.)
Kaolinite 3 696.47 107.2 - 101.43 5.38 5.04
a-Quartz 797.66 109.9 108.77 182.11 1.03(Corr.) 1.33(Corr.)
No 20 a-Quartz 695.25 109.9 104.42 208.73 4.98(Corr.) 3.36(Corr.)
o Cristobalite 621.58 101.9 98.78 80.16 3.06(Corr.) 0.56(Corr.)
Kaolinite 3 696.47 99.5 - 98.83 0.68 0.29
797.66 cm™ Corr. Average Result Bias (%) = 1.93 797.66 cm™ Corr. Average Standard Deviation (%) = 1.02
797.66 cm™ Average Result Bias (%) = 84.25 797.66 cm™' Average Standard Deviation (%) = 42.46
695.25 cm™' Corr. Average Result Bias (%) = 6.47 695.25 cm™' Corr. Average Standard Deviation (%) = 3.72
695.25 cm™' Average Result Bias (%) = 113.40 695.25 cm™ Average Standard Deviation (%) = 65.47
621.58 cm™ Corr. Average Result Bias (%) = 1.77 621.58 cm™ Corr. Average Standard Deviation (%) = 1.64
621.58 cm™ Average Result Bias (%) = 21.49 621.58 cm™ Average Standard Deviation (%) = 8.83
3696.47 cm™' Average Result Bias (%) = 2.61 3696.47 cm™' Average Standard Deviation (%) = 2.94
% Corr. = Corrected Result
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