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Study the tolerance from the uncertainty of quantification analysis of
calcium oxide, magnesium oxide, and sulfur in chemical fertilizers with

inductively coupled plasma spectrometry technique

WIFTIET 49y 55l viys 9367 29607
Pongpit Kaewsuk Wannarat Chutibut Jariya Wongtree
nauIdeLnyn LAl NI NRILITITYNTHANNINITNYAT
ABSTRACT

Study tolerance from the uncertainty of the calcium oxide quantitative analysis magnesium
oxide and sulfur in chemical fertilizers by Inductively coupled plasma spectrometry. Implementation
period from October 2019 to September 2021 at the Laboratory of Systemic Research of Fertilizer
Quality, Agricultural Chemical Research Group, Agricultural Production Science Research and
Development Division, Department of Agriculture. The objective was to find the error in the secondary
nutrient fertilizer analysis suitable for each sample concentration range from taking the uncertainty
value from the source of sampling (sub-sampling) from sampling precision and analytical precision using
ANOVA statistics and certified reference material (CRM) based on the source weight, dilution sample,
CRM precision, bias, factor, calibration curve, instrument and concentration calibration at 5 levels,
concentration range 0.02 < X < 1.0, 1.0 < X < 4.0, 4.0 < X < 10.0, 10.0 < X < 20.0 and X = 20. There are
tolerances for calcium oxide 29.9%, 22.0%, 16.8%, 12.3% and 6.4% magnesium oxide 28.1%, 23.19%,
12.8%, 6.0% and 6.7% and sulfur 30.8%, 25.7%, 14.7%, 9.7% and 9.6% which can assess the tolerance
of calcium oxide. magnesium oxide and sulfur belong to the secondary nutrient in fertilizers. According
to the concentration range of 15%, 11%, 7%, 5% and 3% which are lower tolerance ranges calcium
oxide, magnesium oxide and sulfur from this data can be used as a decision rule.

The magnesium oxide test item and sulfur at the last 2 concentrations had similar discrepancies,

possibly because most of the concentrations in the lower concentration ranges were straight fertilizers.

Keywords : Tolerance, uncertainty, calcium oxide magnesium oxide sulfur
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UNANED

nsAnuNuNAa1Ad suInA1AN L L YBNYeIN1TTIAS e US Iauaad seeanlen
wuniiFenoonien wazfuzdulujsednmemadadudniinddmdanaaunadalasium? sweznandiiuns
sﬁgum' WaUNAIAN 2562 f9 iRouAUEI8U 2564 ‘viyawﬁffﬁmma'mm?f{i’aivwmafﬂaaUﬂmm‘wﬂa
ﬂamwmwsmm NOIIVYNAUITITINITHAANIINITINEAT NTUTVINITNYAT IG]EJEJ’JG]OUEUEN?’]LWE]WIW]
Lmuemmmmaamaqwammmﬁﬂvmaﬁﬂmmmiiawmmvammsw,mawzmm’mLszijumaamamﬂ INN3
mmmmluLLuuaummmawaamiaumama (sub sampling) PNUA3 sampllng precision Wag analytical
precision Iﬂ&ﬂfﬁﬁmﬂ ANOVA u,a.vmimmaamammqaqwim (CRM) 21nunag vvelght dllutlon sample, CRM
precision, bias, factor, calibration curve, instrument wagconcentration calibration 7 5 SEAUYIIAIUT LT
002 < X < 1.0, 1.0 < X < 4.0, 4.0 < X < 10.0, 10.0 < X < 200 ua@ X > 20 fanurainndeuvewnaifeueanlan
29.9% 22.0% 16.8% 12.3% Waz6.4% AINA1IAU LL@JﬂULSUEJNE]E]ﬂIGU{ﬂ‘ 28.1% 23.1% 12.8% 6.0% Waz6.7%
AUEITU wariuziu 30.8% 25.7% 14.7% 9.7% wav9.6% AuERU Taiisen1madeukiniifeyeenlen
wazuzduRl sERUAITLYY 2 %aqqmﬁw finnumaaedeuiilnasisstuenaioananyasanuoney
eﬁ’aﬂénéau‘m@ﬂu@ﬂa mﬂsz?a;ﬂaﬁzjuw?ummiaﬂ3xmmmwmmmLﬂﬁau%aﬂLLﬂaL%auaaﬂiﬁﬁ wini@eueenlan
waziwedy Moglunqusinoimssedluye AINTIIALTUIUT 15% 11% 7% 5% uag 3% AUEIFY
Fatmuadupnueaaedeurianweaadousenlen winiideusenlen wazfuedy mm?agaﬁmmiﬂ%

fvuadulnumnsindula

AN : ANUAANAAADY, AU luLuLaY, LAaR RN lYn wunTiluuaantyn AUy

AN

Tumsvageumaeiianedeuunaieneenlen wundifeusenlen uaziuzdy (NAES, 1987) ilynosu
Msnsaapunlelavesianaaey Eurachem, 2014) IngAstuliadpsiotanselufinim nesszifiuaia
TyuuyeuTeIManIIIAday (NATA, 2018) Fsazyielunisdndulalunanisvaaeuinazeeusunieluseusuly
nAnSaumtl msUszdiuannaliuyueuresn e ey (measurement uncertainty) dumuanauiifalufuna
MSATIEN (NATA, 2013) ‘17iLLﬁGNﬁQmSﬂSBﬁ]’IEJ?JEN%E)ZA\JENNENmﬁLﬂi”lzﬂ/; ImaﬁmimmﬂéuﬁmLuummgmsuaqma
MIAIEN iaﬂﬂﬁﬂhmﬁ'aaLuummgmﬁlgmﬂéﬁmwﬁ %’%aﬁgaagaﬁlmﬁLﬂuaaﬁﬂizﬂaﬂluﬂizmumﬁmezﬁ
(AOAC, 2019) s?fﬂLﬂummaﬁﬁﬂﬁLﬁmmmbLﬁLLﬁuaumaamamﬁmeﬁ (Eurachem, 2016 ; ISO/IEC 17025, 2017)
wiaswaselunuuey watu 2 ﬂfcjm el mwmmmmﬁauuvuzﬁu (random errors) 1uwmawem i uLLey
AReTunAuanasiuvesailnanmsiaunayads ﬁﬂﬁ%@;ﬂaﬁmiﬂizmaﬁﬂﬂsam anade Tngluaninsg
muaﬂ&t@mﬁmﬁaﬂﬂg TupraemamsaiuusluaveseunaaeasuazdunuINEesay Usinamsosysu
msaanwnasuiiailuuuteunsanaunanAa eulssLaniansailalae s usuauEieens wasvhns
maaaez?mmw ﬂ%ﬂ (precision 0! repeatability) ANLAAIALAR DUUBITZUY (systematic error) Juaanunae
deuivssdiulnennudssuuissruuanaumass (bias) 3slumsinunazasainanunanaaasutulade
LUUAALAE BUINNNINANT3 13BTIBENIATUARNAWAABUNISUIN (positive determinate error) WiaRaaLARaY
UBBNIIATD3I M3 BT 158N 1ANINAATINLAG BUNNIAU (nesative determinate error) Wi uAUARIALAG DULUY
aensalla sauunlassdl AuAaRLAEaUIINIEIASIEN (method error) Wi Bs91nia3Asenansiaulont el
nsTUUMTRT et Uy Fdlulpasiunoud e mszjmﬁaaéw (sub-sampling) Lﬁuluéhaémﬁeiuhﬂmytﬁu
FUNUTBIENSHI0ETISEUY mmumwﬁwaqgﬂ%w gun Ymedn w%aahmuéhaéwﬁzﬁuﬁa&JLLaquU'%Lamﬁaﬂa
Wumsﬁmﬂ,w%mmqamﬂw%ﬁ’aamn (Eurachem/CITAC, 2019) LAENSATELAIBE (sample preparation)
o910 33n1swspufeeai odssnvesasiiaula (SO 14820-1, 2016) unasviauwanaisiusenluniy
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333uA51291 (IS0 21263, 2017) answpiinlalunsinieon lwunsazaIefiee1s MIEPEAIBAINLIOU N15LTNS
warn15n57930 (measurement) iiasa1nn1svnaes ﬁmﬂ%qﬂﬂizﬁw%am%mhyﬂumﬁ%’a 9 0 LU Le3eed
yaniaUsuns Jua wWuau (IS0 21748, 2017) AuAAIALAABUTLAR1NLAS 95a3AT1ZY (instrumental
error) ﬂ’mmamﬂ?{aummﬁmwﬁ (personal error) LﬂuﬂmmamLﬂ?ﬁlauﬁtﬁmmﬂpﬂl}mam ANUAAIALARDY
LL‘UUﬂ’JU@N‘lG’{ annsavilananeis LGZJIUﬂ’l’ﬁLﬁEJUQJ’mig’mLﬂ%@x‘iﬁ@ﬁgﬂixUU w%mﬁmwﬁima’lﬁgmimmgmﬁ
gymﬂmgmjyuuﬁﬁﬁ (certified reference material, CRM) UM19n15U53naiAAslailuuou Ly bottom-
up approach IﬂaﬁmmwmmhiLLu'uaumnmLméqﬁﬁmaﬁiamﬁ@ (Eurachem, 2012) Tnai3ununisussana
mmml:uLLuuauﬁuaqmwmaaumau,mm'ﬁaumama (sub-sampling) FeUsznaune sampling precision kA
analysis precision vfuaa1uAaIALAE amwua 1 waUsuiduatnulyuyusulaelyad i ANOVA
(Eurachem/EUROLAB/CITAC/Nordtest/AMC, 2019)

mu‘i%’aiﬂumﬁﬂmLﬂmsﬁﬂmmmﬁlauﬁuaqmam‘miiaqo;aamwﬁﬂ@uﬁﬂﬁwﬁﬁwLﬂawmamamﬂimmw%
(Boss and Fredeen, 2004) ’Luﬂamﬁﬂizmwmﬁm LAEsERUTIIMNLLY Ny anaaaliuLeues
A3IATIENA Imﬂﬁwénﬁ'mLuummgmmmmﬁmiwﬁﬂﬂmﬁﬁmmmiiaqmmméaﬁLﬁms?]yuiumzmumi
AipsvmnTiy warfiansananueainedey Tnsanunsaluludunamnssaaulalunsmenunanis
31A3129 (Eurachem, 2015) mmha@mﬁwmzLawwuamuﬁaam%usgaﬁmwamif;%qLﬁulﬂmm%aﬁmuww
11M5INeN specification zone (ISO 14253-1, 2017 ; Eurachem, 2007) W3pU29M58015U Tolerance interval
(BIPM, 2012 ; ILAC, 2019)

sAIUNT

gunsal

1 wdes inductively coupled plasma— optical emission spectrometer (ICP-OES) f9e : Perkin-Elmer
5U : Optima 8300 DV
\3pedafene Ny 4 fumug
LANTELNE
wdowunmuaranduillalunsufoinsiesem
n9p9NeU Fiaudavdnniemiu 99.995%
nelulnsiou AiauIaniinnvdewniu 99.999%
nsalumsn 69-70 Waskiun (HNO3) NIATATIZN (AR grade)
nsalelnsmaesn 36-38 Wesiiun (HCL) NIATATIZN (AR grade)
A139AN8UINTFIULARLTEY mmwmu 1000 uaaﬂimaam
10. ansazangnIgIUINTdey ALY 1000 Sadniunedng
11, @59angaInTgIUANLOU ALY 1000 fadniunedns

O 0 N o LR W
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AIATUNISHUIRRNLTY 3 TunaU AD
LHUNINISNAEU

Homogeneity or sub- sampling l CRM

Weight Sample

v

Digestion
Dilution Prepare calibration
v Y
ICP-OES Determination ICP-OES calibration
\4
Factor »  Calculation of Result
Result

Funouil 1 Uizmmﬂ'wmmmLLﬁuaumﬂmimaaui’aqgwaa%’maﬂ (CRM)
1.1 AnwinameaiandeuannaaaliuiueuaInnIsvagey CRM
1.1.1 iﬂ?mimmsgmgwaﬁusmﬁizé’fummLsgu%u LOQ s naa WAZE
1.1.2 UizmmﬂlwmmiﬁLLu'uaummma'q weight, dilution sample, CRM precision, bias,
factor, calibration curve, instrument Wagconcentration calibration
Fupeudt 2 Uszmnameanaluuuueuainms sub-sampling
2.1 AnwnnaumAAIAARELAINAIAY ILLLEUIINMS sub-sampling
211 demdesrsyounaiden uiniiBon fazdu 5 v Wosiurauauu oy 3 10819
AETIENTVIAGRU
2111 WosdurmnuauTy 1nnseifu 0.02 uAtesnan 1.0

v '

2.1.1.2 LUBSL%UG\Q?WNL"UWUU UINNMUTBNIAU 1.0 WaueenIT 4.0

v '

L3 L3 v ' o (7 1
2.1.13 LU@?L%UWF’]’]’WL%WUU UINNMATBNMIAU 4.0 WauenI 10.0

v '

2114 WosldunmIuianmy 3nnn WAy 10.0 usuasn 20.0
2115  wWoadunmnuusy snnmweniu 20.0

212 wisuies1esfl 5 ¥9AnuTNTY F88190y 1 kg ST 2 03 WAATOILUINUNTIHAT
Ay (1 99 wvadu 4 au 2wl 8 ArunafieE1e) UAFIEEINTILA 15 FapEns
ADIIINTNAADY

213 AWpseviesajmeisnmnuinauenden uiniiden waeugdulusuiovmelag
nseesfiosamensanalunin lelnsaasin (1: 3) uaztharsazaneiilannielades
ICP-OES (UszmAnsu3snisinenas, 2560) nadouiiog1sosia 120 @aupesenis

nazeu tngluniins1en 2 AU AUNTINIT Sampling (Eurachem, 2019)
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214 Suiinadeseuaadeneenlen wundloueenlyn muzdy
215 UixmmﬂlﬂmmiﬁLLﬁuauéauLﬁ'&NLuummgmﬁ’mﬂjﬁ/]ﬁ‘ (Ursp) sampling precision Lag
anatytica precision Imal%aﬁa ANOVA ‘?i;ﬂLLG]I68ﬂ’l’]llL%MsguﬁWU’lmLﬂuﬁ’Iﬂ’ﬂﬁLﬂj WLUBUAI
Lumwummi%mauwmsw (Ursp (poot)) (Barwick and Ellison, 2000)
Fupoud 3 'iamma&mmlmuuauwLmauwamwuﬂmamm%ﬂmﬂLﬂaau wazUszanaesiiun
AUARIAPEDY
3.1 Uszifiumnunannndeu 910 sub-sampling WagN15NAARY CRM
3.1.1 ﬂlﬂmmiﬁLLﬁuau?ﬁuLﬁ'mLuummgmﬁ'ﬂﬁwé (Ursp) VBN sub-sampling I1NWNAS
sampling precision &% analytical precision lLagzn1snagay CRM NUVAS weight,
dilution sample, CRM precision, bias, factor, calibration curve, instrument Wa ¥

concentration calibration Figure 1

t
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Figure 1 Fishbone diagram measurement uncertainty
ﬂﬂmmmhiLLﬁuaumﬂwmméqmsmﬁu (uo)

AN specification zone (4 x uc) WPREA I

3.1.1.1 LU’e]iLGU‘LJG]ﬂ']WlILGUZ,J“U‘LJiﬂﬂﬂ’NWiE)WHﬂU 0.02 LLG]UE]&Iﬂ’J’] 1.0

v

3112 WosduaAuLILLINNIYRaAU 1.0 WAvesnIN 4.0
3113 WesunmuLtLINnnREI AU 4.0 uatesnIn 10.0
3114 WesunAuELILINNNMREIAU 10.0 uAtesnIn 20.0
3115 WosdunAuLILLINNIYSAU 20.0

312 MusnaIAaInAEeY A specification zone (4,,)

3.1.3  Uszanaasiunmnurainmasu (%tolerance; 2,0

STOZLIAN GuAu aNAN 2562 AuAn fueeu 2564

= o ' aw al av o Y} a
SATUNNINIINAADY NRUIYLINBATLAL N9TYNAIUIUIIUAITHAR NN AT
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unaudl 1 Ussdiumanuluwuueuainnsmegeuiane1sdeuses (CRM)

ANUIUNE weight, dilution factor, CRM precision, bias, factor, calibration curve, instrument wag

[ Y]

concentratlon cal|brat|on ﬂ’J’]EJLWJ“UULLﬂﬁL‘UEIEJ@E]ﬂI‘m Table 1 LLmuLf*ﬁ&maaﬂiEzjm Table 2 wagnuzau Table 3

NANISNAABILAZAR50]

Funoudl 2 Ussfiumenalauuueuan sub- sampling

wradeneonlonfivasUesiduneiuunyy 002 < Cao < 10,10 < CaO <4.0,4.0 < CO < 10.0,
10.0 £ Ca0 < 20.0 , Ca0 = 20.0 1@@1 sampling precision La¥ analytical precision ity 2. 70, 0.67, 1.11, 0.16,
0.00 way 2.44, 4.34, 2.42, 2.27, 1.05 gUaMU Table 4 winildeueenleniivasUesiiunanuiwney 0.02 < MgO <
1.0, 1.0 « MgO < 4.0, 4.0 <« MgO < 10.0, 10.0 < MgO < 20.0 , MgO = 20.0 191m sampling precision ey analytical
precision 11177U 1.51, 0.45, 0.00, 0.00, 0.21 W@z 2.72, 4.6, 1.4, 1.03, 1.16 au&1siu Table 5 fuzduii 979
WesfunALILTY 0.02 < S < 1.0, 1.0 <5< 40,40 <5< 100,100 <5 <200, S > 20.0 laa1 sampling
precision L& analytical precision L‘Vll”lﬁ' U 0.00, 0.29, 0.52, 0.12, 1.02 ag 6.31, 3.62, 3.37, 1.76, 1.80 @119 U

Table 6

Table 1 Calcium oxide measurement uncertainty in certified reference material

RSU?
Component Symbol | 002<c0< 40<Ca0< 100 < Ca0 <

" 10 < Ca0 < 40 100 - Ca0 < 200
Factor F 0.000000 0.000000 0.000000 0.000000 0.000000
Precision CRM Pre 0.000169 0.000004 0.000062 0.000047 0.000010
Weight of sample Msample 0.000000 0.000001 0.000001 0.000001 0.000001
Dilution factor Dsample 0.000001 0.000001 0.000001 0.000003 0.000003
Calibration curve Dt 0.000046 0.000046 0.000046 0.000048 0.000048
Concentration of Ca Co 0.003782 0.000686 0.000526 0.000269 0.000015
ICP-OES ICP-OES |  0.000004 0.000004 0.000004 0.000004 0.000004
bias B 0.000246 0.000364 0.000422 0.000062 0.000069
ZRSU 2 0.004247 0.001105 0.001061 0.000433 0.000148
\/Z RSU? 0.065173 0.033245 0.032574 0.020798 0.012183
Uc 0.001427 0.107047 0.157331 0.316026 0.632885

Ucam 5.52% 3.32% 3.26% 2.08% 1.22%
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Table 2 Magnesium oxide measurement uncertainty in certified reference material

RSU?
Component Symbol | 002<MgO< | 10<MgO< 100 < MgO <

0 00 4.0 < MgO < 10.0 200 MgO < 20.0
Factor F 0.000000 0.000000 0.000000 0.000000 0.000000
Precision CRM Pre 0.000006 0.000001 0.000007 0.000006 0.000004
Weight of sample Msample 0.000000 0.000001 0.000001 0.000001 0.000001
Dilution factor Dsample 0.000001 0.000001 0.000001 0.000003 0.000003
Calibration curve Dsta. 0.000047 0.000047 0.000047 0.000047 0.000047
Concentration of Mg Co 0.003866 0.000370 0.000022 0.000043 0.000046
ICP-OES ICP-OES 0.000004 0.000004 0.000004 0.000004 0.000004
bias B 0.000028 0.000727 0.000733 0.000017 0.000034
> RsU? 0.003951 | 0.001150 0.000814 0.000121 | 0.000139
,/Z RSU? 0.062858 0.033913 0.028523 0.010980 0.011793
Uc 0.001628 0.101400 0.170569 0.141251 0.580994

UCRM 6.29% 3.32% 2.85% 1.10% 1.18%

Table 3 Sulfur measurement uncertainty in certified reference material
RSU?
Component Symbol

002<5<10 10<5<40 40<5<100 | 100<5<200 $ <200
Precision CRM Pre 0.000091 0.000019 0.000012 0.000012 0.000025
Weight of sample Msample 0.000000 0.000000 0.000001 0.000001 0.000001
Dilution factor Dsample 0.000001 0.000001 0.000001 0.000003 0.000003
Calibration curve Dsta. 0.000021 0.000021 0.000021 0.000023 0.000023
Concentration of S Co 0.001700 0.000963 0.000116 0.000201 0.000058
ICP-OES ICP-OES 0.000004 0.000004 0.000004 0.000004 0.000004
bias B 0.000122 0.001817 0.000730 0.000030 0.000030
> RsU? 0.001939 0.002824 0.000185 0.000273 | 0.000143
JZ RSU? 0.044033 0.053143 0.013595 0.016520 0.011965
Uc 0.000876 0.096985 0.123173 0.299335 0.361460

Ucrm 4.40% 5.31% 1.36% 1.65% 1.20%

Gﬁgumauﬁ 3 i?ﬂJLma‘\‘iﬂ’J’]ifL‘liLL‘Li‘L!E)u‘K]ﬂLL‘MﬁIﬂ Lﬁaﬁmummmm%ﬂmmﬂﬁau LLﬁSUi%lI’]mL‘UagL%‘UG;
mwmmmmﬁau
iam‘ﬂmmim‘ LLu'uaummma‘a weight, dilution sample, CRM precision, bias, factor, calibration
curve, instrument, concentration calibration, sampling precision W& ¥ analytical precision (Figure 2-17) Tunns
ﬁmumhuﬂm%ﬂaml,ﬂ?{au Iﬂﬂi%ﬁ?ﬂﬂﬁml’lﬁij 4@, i’IEJﬂ’Iiﬁ/maE]‘ULLﬂaL%EJMEJEJﬂDLGM; LL%JﬂﬁL%EJiJ@E]ﬂIGZJ(ﬂ‘ Ly

fAuzdu NY28U5H UAAUR NI ULINAIAT BNIAU 0.02 wAussnd1 1.0 Taa1 wadu 29.9, 28.1 kag 30.8
AUARU UINNIVTBNINY 1.0 WaUasNT 4.0 IA1 m1AU 22.0, 23.1 4ag 25.7 MUAIRU UINNIVsmnU 4.0
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WAUBENIN 10.0 a1 w1y 16.8, 12.8 kay 14.7 AUEIRU INNNIWSewNU 10.0 wausenI1 20.0 taa wiu
12.3, 6.0 kaz 9.7 AudIwU 11NN 20.0 LA AU 6.4, 6.7 kaz 9.6 auaIsU (Table 7) wazUszunaddasidun

AILARIALAR DUVDULUAAIU

(Figure 18)

=
ananuaen nglua

factor 0.000059
precision cgy 0.012996
weight of sample 0.000098
dilution factor 0.000725
calibration curve 0.006808
concentration of Ca 0.061500
ICP-OES 0.001905
bias 0.015679
Precision ... 0.024359
Precision ., oiing 0.026995

v

Uncertainties in determination of calcium oxide (002 < CaO< 0

Precision sampling
Precision Anal

bias

ICP-OES
concentration of Ca
calibration curve
dilution factor

weight of sample

precision CRM

factor

0.000 0.010 0.020 0.030 0.040 0.050 0.060

Figure 2 Histogram of calcium oxide measurement uncertainty, 0.02 < CaO < 1.0

factor 0.000059
precision gy 0.001964
weight of sample 0.000968
dilution factor 0.000725
calibration curve 0.006808
concentration of Ca 0.026183
ICP-OES 0.001905
bias 0.019089
Precision .. 0.043360
Precision g, mpiing 0.006687

Uncertainties in determination of calcium oxide (1.0 < CaO <4 0)

Precision sampling I

Precision Anal

bias IEEEEE—
ICP-OES
concentration of Ca |IEEEEEEEE—
calibration curve |
dilution factor
weight of sample [l
precision CRM [l

factor

0.000 0.005 0.010 0.015 0.020 0.025 0.030 0.035 0.040 0.045

Figure 3 Histogram of calcium oxide measurement uncertainty, 1.0 < CGa0 < 4.0

factor 0.000059
precision gy 0.001964
weight of sample 0.000983
dilution factor 0.000725
calibration curve 0.006808
concentration of Ca 0.026183
ICP-OES 0.001905
bias 0.019089
Precision .. 0.024174
Precision . oing 0.011076

Uncertainties in determination of calcium oxide (4.0 < CaO < 00

Precision sampling
Precision Anal
bias

ICP-OES

concentration of Ca

calibration curve
dilution factor
weight of sample

precision CRM

factor

0.000 0.005 0.010 0.015 0.020 0.025

Figure 4 Histogram of calcium oxide measurement uncertainty, 4.0 < CaO < 10.0
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sampling

factor 0.000059
precision gy 0.006868
weight of sample 0.000943
dilution factor 0.001675
calibration curve 0.006895
concentration of Ca 0.016392
ICP-OES 0.001905
bias 0.007862
Precision ,,. 0.022665
Precision 0.001574

Uncertainties in determination of calcium oxide (10.0 < CaO < 20 0

Precision sampling
Precision Anal

bias

ICP-OES
concentration of Ca
calibration curve
dilution factor
weight of sample
precision CRM

factor

0.000

0.005

0.010

0.015

Figure 5 Histogram of calcium oxide measurement uncertainty, 10.0 < CaO < 20.0

sampling

factor 0.000059
precision gy 0.003104
weight of sample 0.000951
dilution factor 0.001675
calibration curve 0.006895
concentration of Ca 0.003825
ICP-OES 0.001905
bias 0.008323
Precision ... 0.010487
Precision 0.000000

Uncertainties in determination of calcium oxide (CaO < 20.0)

Precision sampling

Precision Anal

0.020

bias
ICP-OES |
concentration of Ca  |IEEEEEGEG_————

calibration curve

dilution factor | IEEEE—
weight of sample [

precision CRM I

factor |
0.000 0.002 0.004 0.006 0.008

Figure 6 Histogram of calcium oxide measurement uncertainty, CaO > 20.0

factor

0.000038

precision gy

0.002442
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Figure 7 Histogram of magnesium oxide measurement uncertainty, 0.02 < MgO < 1.0
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Figure 9 Histogram of magnesium oxide measurement uncertainty, 4.0 < MgO < 10.0
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Figure 10 Histogram of magnesium oxide measurement uncertainty, 10.0 < MgO < 20.0

factor 0.000038
precision cgy 0.001926
weight of sample 0.000952
dilution factor 0.001855
calibration curve 0.006881
concentration of Mg 0.006769
ICP-OES 0.001905
bias 0.005851
Precision na 0.011629
Precision gmpiing 0.002124

Uncertainties in determination of magnesium oxide (MgO < 20 0)

Precision sampling

Precision Anal

bias

|
ICP-OES I
concentration of Mg I
calibration curve I
dilution factor ~IEEEEG—_G—
weight of sample
precision CRM N
|

factor

0.000 0.002 0.004 0.006 0.008 0.010 0.012

Figure 11 Histogram of magnesium oxide measurement uncertainty, MgO > 20.0
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Figure 12 Histogram of sulfur measurement uncertainty, 0.02 < S < 1.0
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Figure 13 Histogram of sulfur measurement uncertainty, 1.0 < S < 4.0
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Figure 14 Histogram of sulfur measurement uncertainty, 4.0 < S < 10.0
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Figure 15 Histogram of sulfur measurement uncertainty, 10.0 < CaO < 20.0
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Figure 16 Histogram of sulfur measurement uncertainty, 10.0 < S < 20.0
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Table 4 Tolerance of calcium oxide concentration (%) 0.02 < CaO < 1.0, 1.0 < CaO < 4.0, 4.0 < CaO < 10.0,

10.0 £ Ca0 < 20.0, Ca0 = 20.0

Sub-sampling

Sample (%CaOmean) ) » CRM
sampling analytical
Ursp (N=8) Ugsp (N=16) Ucrm
0.12531 3.99 3.15
0.65906 299 2.29
0.93094 0.38 1.95
URSD (pool) Z((Tl — 1)u2)
= W 2.70 244 6.52
Verification of conformity if the width of the specification zone is (4 x uc) 29.9%
1.36156 1.18 2.04
3.05250 0.37 1.15
3.22156 0.00 7.39
URSD (pool) _ 2((71 _ 1)u2) 067 13 330
X(n-1)
Verification of conformity if the width of the specification zone is (4 x uc) 22.0%
5.72875 0.00 2.08
5.98719 2.05 2.97
8.14375 0.00 2.36
URSD (pool) Z((n _ 1)u2)
= ,W 1.11 242 3.26
Verification of conformity if the width of the specification zone is (4 x uc) 16.8%
13.16688 0.00 3.53
15.33594 0.00 1.45
19.52438 0.29 1.38
URSD (pool) Z((n _ 1)u2)
= Z(n——l) 0.16 2.27 2.08
Verification of conformity if the width of the specification zone is (4 x uc) 12.3%
26.30281 0.00 1.03
38.28406 0.00 0.72
39.83281 0.00 1.39
URSD (pool)
= 0.00 1.05 1.22

Verification of conformity if the width of the specification zone is (4 x uc)

6.4%
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Table 5 Tolerance of magnesium oxide concentration (%) 0.02 < MgO < 1.0, 1.0 < MgO < 4.0, 4.0 < MgO < 10.0,
10.0 < MgO < 20.0, MgO > 20.0

Sub-sampling
Sample (%Mgomeam) . CRM
sampling analyses
Ursp Ursd Ucrm
0.55250 2.56 2.52
0.77406 1.12 1.43
0.90063 0.00 391
URSD (pool) Z((n _ 1)u2)
= |~ 1.51 272 6.29
X(n—-1)
Verification of conformity if the width of the specification zone is (4 x uc) 28.1%
1.49969 0.00 6.81
1.80125 0.00 4.36
2.86531 0.84 1.86
URSD (pool) 2
n—1u
= Z—(( u?) 0.45 4.64 3.39
X(n—-1)
Verification of conformity if the width of the specification zone is (4 x uc) 23.1%
4.14188 0.00 1.56
9.59219 0.00 1.67
9.95625 0.00 1.20
URSD (pool)
= 0.00 1.44 2.85
Verification of conformity if the width of the specification zone is (4 x uc) 12.8%
11.94656 0.00 0.72
14.30094 0.00 1.15
16.65781 0.00 1.24
URSD (pool) 2
n—1u
= M 0.00 1.03 1.10
X(n—1)
Verification of conformity if the width of the specification zone is (4 x uc) 6.0%
25.83650 0.39 1.20
25.03250 0.00 1.25
33.96156 0.00 1.14
URSD (pool) n —1u?
= M 0.21 1.16 1.18
X(n—1)
Verification of conformity if the width of the specification zone is (4 x uc) 6.7%
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Table 6 Tolerance of sulfur concentration (%) 0.02 < S < 1.0,1.0 < S<4.0,4.0 <S<10.0, 10.0 < S < 20.0,

S >20.0

Sub-sampling

Sample (%Smean) - CRM
sampling analyses
URsD UrsD UcrRm
0.21125 0.00 4.82
0.74813 0.00 2.99
0.84875 0.00 9.76
URSD (pool) n—1u?
= 27(( ) ) 0.00 6.31 4.40
X(n—-1)
Verification of conformity if the width of the specification zone is (4 x uc) 30.8%
1.49594 0.00 5.80
2.17844 0.53 1.43
3.66844 0.00 2.49
URSD (pool) 2
n—1u
= 72(( ) 0.29 3.62 5.31
X(n—1)
Verification of conformity if the width of the specification zone is (4 x uc) 25.7%
4.30656 0.00 3.50
5.64469 0.96 1.13
9.15313 0.00 a.77
URSD (pool) Z((n _ 1)u2)
= 0.52 3.37 1.36
X(n—1)
Verification of conformity if the width of the specification zone is (4 x uc) 14.7%
11.25063 0.00 0.92
11.71281 0.00 2.84
13.97438 0.23 0.96
URSD (pool) 2
n—1u
= M 0.12 1.76 1.65
X(n—1)
Verification of conformity if the width of the specification zone is (4 x uc) 9.7%
20.86750 1.88 2.05
21.21688 0.00 2.31
24.03344 0.25 0.91
URSD (pool) 2
n—1u
= M 1.02 1.80 1.20
X(n—1)
Verification of conformity if the width of the specification zone is (4 x uc) 9.6%
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Table 7 Specification zone to estimate tolerance 2uc (NATA, 2013)

specification zone (%) (4u.) Estimate
concentration range tolerance
Cao MgO S
((yO) (ZUC)
002<X<10 29.9 28.1 30.8 15
1.0<X<40 22.0 23.1 25.7 11
40 < X< 100 16.8 12.8 14.7 7
10.0 £ X< 20.0 12.3 6.0 9.7 5
X > 20.0 6.4 6.7 9.6 3
CaO, MgO, S y =-3.106In(x) + 13.641
18
16
8
_ 14 |e
Lm0
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Figure 18 Chart of estimate tolerance
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