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Identify and Determine the Chemical and Physical Properties of

Dolomite by Near Infrared Spectroscopy
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ABSTRACT

Near Infrared Spectroscopy (NIRS) is a sample non-destructive measurement method. It can predict
chemical values quickly, accurately, saving time, reducing the cost of using chemicals and does not harm the
environment. Therefore laboratory is interested in studying this technique use for classification and predicting
the chemical value of soil amendment. Studied by preparing samples of dolomite and other types of soil
amendment. Identification by taking a sample to measure absorbance with Near-Infrared Spectroscopy (NIRS)
in a wavelength range from 800 to 2500 nm was identified from the spectra of each soil amendment. The PLS
calibration equations were created and improved and the chemical prediction equations were created. It was
found that the soil amendment identity can be distinguished from different spectra. The 1st Savitzky - Golay a
points (dg1) and to Unit Length (nle) cluster calibration equations were obtained that could accurately predict
the results for the cluster calibration every sample and was able to predict the presence of other mixes by
40.7%. Quantitative prediction equations that had a correlation coefficient (r) 0.6313, 0.8952, 0.9326 and 0.9180,
the standard error of calibration; SEC was 0.2483, 1.0904, 0.6292 and 3.4038, the standard error of predictions;
SEP were 0.3106, 1.3722, 0.8099 and 3.8764 for pH, CaO, MgO and CCE respectively. The Accuracy testing by
comparing the predicted results with the chemical analyses using paired t-tests. The pH, CaO, MgO and %CCE
values were te < tqr indicating that the NIR analysis showed no different results from the laboratory analysis.
In concluded that Near Infrared Spectroscopy (NIRS) techniques could be used to classify dolomite from other
soil amendments. The chemistry of dolomite can be predicted accurately and quickly, and equations can be
developed ‘and improved for better estimation by increasing the sample volume and consistency for the
spectra. good representative of the example and cover the actual usage This will make the prediction equations

more accurately.
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4.2 théheenddalalam 50 feens lUAwsznmemaia NIR Ing Scan fivasnus1inay 800 -2500 nm

4.3 vmhwawé’mﬁuéawiwﬁwm'ﬁqmﬂﬁuumﬁmmmm?{u (wave length) 800-2500 W1luLAS ®IDLAY
A (wave number) 4000-12500 MeLuRlLnT U pH, Ca0, MgO waw CCE Taglalusunsudiiagy
NIRCal 9991A5 89 NIR (Buchi NIRFlex N-500, Switzerland) LLMU‘E’UU@MMHI@MHU%’U WA
(Pretreatments)

a4 firsudonaunisiiaruduius /) ge marufianaiainasgulunisrhuereinquies19aIs
AUN"3UAALUTHU (Standard of Calibration : SEC) LLazﬁﬁﬂ3mrﬁm‘wa1mmmg’lﬂuﬂﬁﬁ’mwmmmjm
feensilalunisnaaeusauns (Standard of Error of Prediction: SEP) ¢ wnesannsanevauaslon

45 thaunsilaluuseiiumm pH, Ca0, MgO uay CCE Iuﬁaaéwgumuaau

FTUZLIA FuAU Loy nanAu 2562 Fuga Loy fugou 2564

A0UNIINISNAADY

[N

U URNINANUITESEUUATIR@DUAMAMAULAYYY NaXIdenynTAll nedlfemuidadunis
HEANINITINEAT NTUIVINITNYAT

NANNSNARBILAZIN5a]

1. maﬂqaﬂwné’wmﬂ
1.1 ﬁmsnaLUﬂm%’uﬁLﬂmaﬂé’ﬂwa}uamﬂﬂﬂ‘lahﬁ LLazgumﬁﬂSuﬁﬁﬂuLﬂm%uwmgm
nmsthieslalalun Yuam LLazyjum%a ﬁﬂmmmsﬁmmgm mi’mmmi@jmﬂﬁuumﬁmm
§1IAAY (wave length) 800-2500 u"lulung vSelauadu (wave number) 4000-12500 AOURILAT WU
draendlalaluvaieiados NIR s“haEhﬁfﬁimmmsﬁiﬁs{amﬂm%’maqmi@@ﬂﬁuumﬁmm?{u 4036, 4308, 4620,
5024, 5348, 5684 uag 7020 cm™ &4 Figure 1 uagiiofinrsanadnnduvoslalalum ‘Qumga wag Yun
WU anmsuiidnuazuanaeiy daduendnuaivesuunazaiia & Figure 2 uag Table 1

Dolomite

5684

0.85

e 5024

0.80

0.75

0.60

0.55

0.50

045 - T T T T T
10000 9000 8000 7000 6000 5000 4000

Figure 1 Original spectrum of standard dolomite
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Figure 2 NIR spectrum of standard dolomite marl and lime

Table 1 The absorbance of standard dolomite, marl and lime

Absorption band Dolomite Marl Lime
GO Absorption (cm™) J)
1 4036 4000 -
2 4308 4272 4172
3 4620 4500 4496
4 5024 5232 5112
5 5348
6 5684
7 7020 7068 7084
8 7260

1.2 Anwanadiuvesyunas Tnensuasyulalalim wazyuviadu
121 wasnulalalam Auyuansa
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anawudasaveddalaluniiiud (Figure 3a) wazSumuiendnuaivedlalaluvdl 4308 cm™, 4620 cm
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308



Dolomite : Marl wart o
09 — DOM1
o.s
s Dam2
o7m3 0.8
08
. —— Dema 0.7 %
o7 ¢ ——D5MS =
075 ——DaME 0.7 E
2 —D3M7 0.6
06 ——D2M8
06 ——D1M9 o-6
| 05 Marl o.s
10000 9000 8000 7000 6000 5000 2000 Detomite 5000 4800 2600 4400 4200 4000
wave number {cm) wave number (cm™t)
(@ (b)
22 0.9
o.8 D
o8 / 0.8
0.7 % ﬁ/__/ . %
p=1
0.7 § 0.7 g
o.6 o.6
0.6 0.6
o.s o.s
5500 5400 5300 5200 5100 5000 7500 7300 7100 6900 6700 6500
wave number (cm-1) wave number (cm?)
(0 (d)
Figure 3 The original spectrum of dolomite and marl mixture
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Figure 4 The original spectrum of dolomite and lime mixture.
(a) 4000-10000 cm™ (b) 4000-5000 cm™ () 5000-5500 cm™ (d) 6800-7500 cm'™*
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123 wau‘ialum%auawusun
mnm’mﬁué’n@émﬁuiﬂiﬂuﬁ AuyuY? fonT1aU 1.9, 2:8, 3.7, 4:6, 5:5, 6:4, 7:3, 8:2
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Figure 5 The original spectrum of marl and lime mixture.
(a) 4000-10000 cm (b) 4000-5000 cm™* (¢) 5000-5500 cm™ (d) 6800-7400 cm’™

mﬂmiﬁﬂmalﬂﬂm%’mﬁL‘U?{UuLuJaql‘Umﬂmsmammiﬂ%’Uﬂqqﬁﬂuﬁmﬂﬁauwﬁa6] wuan awnadudadu
lendnwavesjurndaauiian Tasamzd 7084 cm’ G'Tfﬂlﬁ,ii1%mamﬁugmﬁﬂﬁlumﬂﬁﬂ@ﬂjﬁﬁqm%’mauma e
dlofinsanainaduiivanisganduuas 4176 cm? Afimsgandunasanas wasiisdufieng 4272-4305 cm®
fagmslanfyueriindunauegfuyurm aunswauiussmisunsaiulalalim aunduiidwendnualves
Yusnsafiazdaaunilalalimwuientu uniefinsanaunaduiivamsganduuadil 4232 cm? uay 7068 cm’!
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2.1 mia;'mammﬂwuﬁ'ﬂﬂfju (Cluster calibration)
nmsihiiesdlalalin Yuwn wasuina siaeg 50 feee Wianevaaeimaia NIR Tng
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(Figure 5b, 5c)
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Figure 5 Creation and improvement of equations to predict soil amendment classification
@ Pretreatments spectrum of dolomite marl and lime
(b) 2D clustering equations of the pretreatments spectrum

(© 3D clustering equations of the pretreatments spectrum
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ﬁmEJmiaa“mﬁLLuﬂ%ﬁmJjulﬁygﬂéTamﬂéﬁ’aaéw Anidusesaz 100
222 mugeuiuiesunauaeslialy 9 Sasandneyiinns vamedou 27 feens wumn
mmiav‘hm&qumsﬁguﬁuwamagﬁ $1un 11 feens Ancduseray 40.7 fall
- mswanlalalimiuyuan Aasiaulalalam : Yuen 1:9 - 8 : 2 aumsviunedy
Yuv12 §119u 8 M99 anansaviiuenumsiyudunaiuyurn Sy 1 feeng
fignsnailalalam - Yuwn 9 : 1 Andusesar 11.1 Wediuuasyurniussnimie
wniusesay 10 (Table 2)
- msuauTalaluniuyuinsa aunsviuneduyuinga $1umu 2 dewns ihau
Talalun : Yusnsa 1: 9 - 2 : 8 awnsavihunewunsiyudusauiuyuinga $1uau 6
fa0819 Adamarlalalun - Yussa 3 : 7 - 8 : 2 uazviunenumsiiyudusiaiy
Tolalam 1 deene Saanlalalam : Yusnsa 9 : 1 uanmn aumsanusavieny
nswanyula $1um 7 faeens Anudusesa 77.8 Wefiuunslalalimunnnavide
wnusesaz 30 (Table 2)
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- mswanyuIsaduYued aunisviuerduuun $1uau 6 faeens Asnsnaiu
Yusa - Yur1a 1:9 - 6 : 4 aansaviiunenunsdiyud unauduyurii sy
3 {10873 AidnTIEIUYULNTA : Yuen 7: 3 -9 ¢ 1 AncTusesay 33.3 Woflusunmsyu
yussnviemfusesay 30 (Table 2)

Table 2 Verification of cluster calibration equations with two mixed samples

Ratio Dolomite + Lime Dolomite + Marl Marl + Lime
1:9 Lime Marl Lime
2:8 Lime Marl Lime
3:7 Lime Marl* Lime
4:6 Lime Marl* Lime
5:5 Lime Marl* Lime*
6:4 Lime Marl* Lime*
7:3 Lime Marl* Lime*
8:2 Lime Marl* Lime*
9:1 Lime* Dolomite* Lime*

Remark : * msv‘hmawuguﬁumam

3. mMyaTzmdiing
3.1 aéywLLamJ%fUUqaammsﬂizLﬁuwaﬂ'wmqmﬁ
Pnmsthiaeedlalalun 50 feens lnmzinaemeiia NR Tag Scan Tlvisrmaeninay 800-2500
nm thanasuilaasaunisussunanmaeiiinglaadnasuuiuuns (Pretreatments) Weuifuraiinsizan
manfivoddalalumn laun pH, Cao, MeO uay CCE lananssnifiuay fil
1) aunsUszdiunan pH
B\IamiLﬁa‘LjﬁaLUﬂm%ﬂJL%ZJ(;IIUVLU&%INLLaBU%J‘U‘UEQﬁZJﬂWS A ETLS SIS ANFLILAS
waz Audunsa-ne (pH) fMurna833 PLS calibration Usuuasailnniuuazidenisusuunsadnn sy
(Pretreatment) ﬁmauauaﬂﬁﬁqﬂﬁ? Standard Normal Variate (SNV) (Figure 6 a) fia1aanuduius () waiu
0.6313 ﬁwmmﬂmwmmmmgmmaaﬂﬁmﬁaaéwqﬁiﬁgaéuwamms Calibration (SEC) w1ffu 0.2483 wagA1AINY
ﬁmwammmgmmaﬂﬂéuﬁaaéﬂaﬁﬁmmaauammi Validation (SEP) iy 0.3106 (Figure 6 b)
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Figure 6  Creation and improvement of pH prediction equations
(@) Standard normal variate (SNV) pretreatments spectrum
(b) Correlation between the pH value that was analyzed by the laboratory and predicted by the

NIR using standard normal variate (SNV) pretreatments spectrum

2) aunsUszdiunaa Cao
namadiethawnasuiuaulanuassulssaums AUFITLS T VNAINSA ANA LA
way Ca0 Fuamnaeds PLS calibration USuunsannsunasidenisusuunsaunady (Pretreatment) fimeuanos
ﬁ‘ﬁ'qmlmy 2nd Savitzky Golay 9 point (dg2) (Figure 7 a) A AuduRus () WU 0.8952 A1AINAANEIA
1ATgIUTEINANFI8E T lvas3aus Calibration (SEC) WU 1.0904 wazAIANRANAIALIATEILTOINGL
fhegnilamnaousuns Validation (SEP) winifu 1.3722 (Figure 7 b)
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Figure 7

Creation and improvement of CaO prediction equations

(@) 2nd Savitzky Golay 9 point (dg2) pretreatments spectrum

(b) Correlation between the CaO that was analyzed by the laboratory and predicted by the NIR
using 2nd Savitzky Golay 9 point (dg2) pretreatments spectrum

3) aunsuseiliunanl MeO
{ o v a > ¥ [ o o ' !
Hanslethanasusueuluas e USuUTEunTs ANNdNTusIEmMmINAINISRANAULAS

way MgO AWIaAIEId PLS calibration Usuuasaiunasunaziaonisusuunsaiunmasu (Pretreatment) N1naUaUDS

ﬁﬁ'qmlm 2nd Savitzky Golay 9 point (dg2) (Figure 8 a) §AAMUANWUS () WU 0.9326 AIAIIUAANATA
UINTTIUVDINA U208 19971 LT 19auN1T Calibration (SEC) iU 0.6292 kaEAIAIUAANAINNINTIIUVDINAY
FpynlanadaUaNN1T Validation (SEP) Wiy 0.8099 (Figure 8 b)
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Figure 8

Creation and improvement of MgO prediction equations

(@) 2nd Savitzky Golay 9 point (dg2) pretreatments spectrum

(b) Correlation between the MgO that was analyzed by the laboratory and predicted by the NIR
using 2nd Savitzky Golay 9 point (dg2) pretreatments spectrum

) dunsusziliunan CCE
Hansilethanasus e ulUas e USuUTEunTs ANNENTLSIEM AN SAANAULAS

way CCE muanmeds PLS calibration Usuwmsaiunssunazidanisusunnsaiunmsy (Pretreatment) Nnauauas

Ananla

2nd Savitzky Golay 9 point (dg2) (Figure 9 a) T AMUANTUS () WU 09180 AIAINEANETN

UINTFIUVBINA U208 1997 Lyas19auN1T Calibration (SEC) iU 3.4038 WAEAIAIUAANAIANINTZIUVDINAN
FpenlanasauaNn1g Validation (SEP) Wiy 3.8764 (Figure 9 b)
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Figure 9 Creation and improvement of CCE prediction equations

(@ 2nd Savitzky Golay 9 point (dg2) pretreatments spectrum
(b) Correlation between the CCE that was analyzed by the laboratory and predicted by the NIR
using 2nd Savitzky Golay 9 point (dg2) pretreatments spectrum
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Table 3The correlation (r) standard error of calibration equation (SEC) and the standard error of the

validation equation (SEP) of created equation

YNNI GEUaNE) r SEC SEP
pH Standard Normal Variate (SNV) 0.6313 0.2483 0.3106
Ca0 2nd Savitzky Golay 9 point (dg2) 0.8952 1.0904 1.3722
MgO 2nd Savitzky Golay 9 point (dg2) 0.9326 0.6292 0.8099
CCE 2nd Savitzky Golay 9 point (dg2) 0.9180 3.4038 3.8764

3.2 weasvaunsuarUiUUTsAINsUsElluRammMaed]
thiegnayulalalun 50 819 lUAeTevinaemadia NIR Ty Scan fiwasaanueiniu 800
nm-2500 nm Tunmaeurwenanmaailinglaunisuiuwns (Pretreatments) ém%’u pH, Ca0, MgO wazii
mmmwm CaO ua MgO A nenlanleieios NIR 3nfiuanen %CCE wu afdinsedlalagly
1309 NIR TA13LAs189 pH og1uv29 9.04 - 9.88, CaO ogTuva 32.04 - 38.58%, MgO aglunas 2330 -
27.82% uay %CCE oglutns 115.43 — 138.13% Senainsenilaineglunamuinsgiuresasusulssiu

FRAlAlakunye 50 AI0819 seTauay 100 Wand Table 4

Table 4 The results of pH, CaO, MgO and CCE analysis by laboratory method and NIR method

parameter Lab NIR Predicted
pH 8.62-9.92 9.04 - 9.88
CaO (%) 30.80 - 40.37 32.04 - 38.58
MgO (%) 22.43 - 28.03 23.30 - 27.82
CCE (%) 110.82 - 141.30 115.43 - 138.13

Uiumumwmmum‘lﬁﬂaLﬂsﬂumaumamimmaﬂumamﬁmmqmm Tnely paired t-test wuan pH,
Ca0, MgO @z %CCE A1 toq < ot u,ammmnLﬂﬁmmmmaq NlRIwwaluL,Lmﬂmamﬂmiamﬁvww
mwgummiammuamﬂm mmmumﬂmqammm (Absolute different) 115U pH A1 %recovery Lag
%RSD 193 Ca0, MgO iy CCE aaiummsmm aam‘uiﬂ (AOAC, 2016) memmmaﬂmm W UEN 109N
ATEnmeLAies NIR smmmmmewwimmeﬂummmmm3§msuaqmiﬂiwqqmsuumimiaiwm 50 Fe879
vidasesay 100 (Table 5)
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Table 5 Accuracy and precision of dolomite prediction equation

Accuracy Precision

parameter Paired t-test Absolute

% recovery . % RSD
text. terit, Evaluation different
pH 1.51 2.01 non significant - 0.05-0.77 -

CaO (%) 0.80 2.01 non significant 92.08 - 106.76 - 0.29 - 3.35
MgO (%) 0.62 2.01 non significant 91.70 - 107.95 - 0.34 - 3.48
CCE (%) 0.77 2.01 non significant 94.81 - 107.51 - 0.29 - 3.35

ajunan1mnaakazdalauanuy/Amuuzln

wpdnanlnsalnddunsnsaeiulng (Near Infrared Spectroscopy-NIRS) Tymannnsamudusius
fusansinosnsUszdunieaansianunsaindunsnieniudeddunsisasulng nedsnisasnounas
(Reflection) AnantiFlunaganduuasvesaasialumitu vilunafiuansoonuivenisnruuanaidla Se
ﬁ'wmﬁ@@ﬂﬁuummﬂszmama‘imeﬁﬁgqL%Q‘LJ‘%mmLLazL%aqmmwﬁgmmﬂﬁy Tnelguasiinuenindu (wave
length) 800-2500 w1luLums WiLauAAL (wave number) 4000-12500 ABLELALIAT A1U1SORNLONENYAITDS
arsUfuUssAulannanaduiiuanansiula lanisdaduunsiayuiuuinng (Cluster calibration) wuu
Lst Savitzky - Golay a points (dgl) uag to Unit Length (nle) ﬁaﬂmmﬁ’]mﬂmaﬁm%’umi%’ﬂﬁﬂLLUﬂ%ﬁ@QULLUU
§anau (Cluster calibration) lagnaasnniis 1@ MUy uiinTuALmMLIATEIU uaransaviTuenum sty
Sunaegdmiuyunaxlasesay 40.7 TnsagviunenulaAdmiunimanszmidalaluvuagyuunsa
AINAADUANNITIUIBNAAININAT A1115005 UI8AINUAINITNVOIANNTTUARLUTT UL UUUT UUASANNNS
(pretreatment) n28A1 R Araadunsn-n1e (pH) A1 R = 06313 dansadausndaosnsla s Iﬂziyiumimwgm
aunmlaunnudiusdsluine uaaduusenlen (Ca0) a1 R = 08952 aunsadauendaesndlasendos
Vuneralussiudiunalaemunie screening wundideusenlan (MeO) LLazﬁwauyjmmaﬁwmguamm
(CCE) 1A R = 0.9326 uay 0.9180 audsiu annsadauensesndlasemdoy annsaleihuenalunuide
u%amuﬂ"ﬂﬂi@? mﬂmiﬂivLﬁummLL;iusTwIﬂ8LU%EJULﬁwmamiﬁmwﬁ’uﬁﬁmﬁ wmaadl Tnely paired
t-test #U pH, Ca0, MgO uaw %CCE f1A tog < ter LLﬁm’Mﬂﬁ'ﬂLﬂﬁ ‘mmmmaa NIR Tnnaluuanansan
N33LATIZ e uRnisessddeddy ANALUANA TNy T (Absolute different) d1v§u pH
A %recovery uaz %RSD U9 CaO, MgO uay CCE aﬂumm%maamu% LAAITIAINGNADS ULET U
M153LATIZNAI8LA3 0 NIR ezmsmmmms%wlmﬁmaqiummmmmgm%amiﬂsw§ammmm1m1a1wm 50
fae819 wiososay 100 U wmadlaanlnsalnddunsnsnenulng (Near Infrared Spectroscopy-NIRS)
annsolrdasuunlalalimanansuiugsiusindula uavannsovhnesanmaaiveslalalinlaessusug,
LazTIns) uaransaauLasUsupsaimaiodulsssduaimraulsenmafiuGmasesdnnniusas
faruasiauetuiielnanesududunuiiivesions uazaaunqumslanuaie awvhvaunmsyieiany
gm;aa WA 1N
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asuwauIeluTduslevd

ansadumaiia NIR Spectroscopy lulvluntsdseifiuainisdaduunvdayuuuudanas (Cluster
calibration) faeg9lalalun Yuuisa uaguud uagdiasevanudunia-ans Usinuueaideusenlen
wunfliBeueenlen uae Calcium carbonate equivalent (CCE) lusheendlalalum iteidumadenlunsiasien
Fausendn warsaaia Tngluvhanedaosns annisleanaadfidusunsisuas Uaeadofuglinsen ua
m‘miaﬂ’@umNamﬁ%’sﬁiumimwaau@mauﬁﬁ?ﬁmaaﬂfaﬁ“}’amimﬁsmwmﬁl,ﬂwwialﬂ
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