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Selection of Calibration Approaches and Their Impact
on the Quantification of Unknown Samples:
Case Study on Reduced Sulfur Gases
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Abstract

In this study, different calibration approaches for reduced sulfur compounds (RSCs) were investigated by using
thermal desorption coupled with gas chromatography (GC) and pulsed flame photometric detection (PFPD). To
evaluate the effects of calibration procedures, gaseous standards of 4 RSCs(H,S, CH;SH, DMS, and DMDS) pre-
pared at 10 ppm level were analyzed at 7 loading injection volumes (40, 60, 80, 100, 160, 240, and 320 uL). The
results were then compared with calibration curves made with the Z (zero offset) and N (non-zero offset) method.
The concentrations of unknown samples were then quantified by using R (ratio) method in which the slope values
are compared between standards and samples. Secondly, in A (average) method, results obtained from a multi-point
analysis of unknown samples were also averaged to extract representative values for each sample. Results of both
experiments showed that analytical error of low molecular weight components (such as H,S and CH;SH) was greatly
expanded with the Z method. In conclusion, the combined application of N-A method was the more realistic
approach to reduce biases in the quantification of RSCs.

Key words: Reduced sulfur compounds, H,S, Calibration, Standard

3}8+E-E (reduced sulfur compounds: RSC)-2 317 3
.M £ 7b ARt EAE AAste] Be] F Fo oHHE
[e]
z'\_

Ao st o] 5 IFEES AEE] YA
H.S, CH;SH, DMS, DMDS 5-& =33l 313 2 gasis dAAG0IM ofF 3+ %= (ppb

)= EAFA G FEddAE oFe] Fast
EAS Ay g (Kimetal.,

*Corresponding author.
Tel : +82-(0)2-499-9151, E-mail : khkim@sejong.ac.kr HAolEAl =z 283

o

J. KOSAE Vol. 27, No. 2(2011)



134 zaA - 399 - 31718

~
AR} 53, AH-4719)

1999). RSC #48] Hol4& zetate], e 77
Eo Beh A AFPANRE Fuss] S5

2 Q7olAE RSCS] 40 glo] AAe] A
47170 we BAA) WARHE Srmela
AsaA seieh 90le) wre Al v
FEE A7) 918, et 2ol T A F
- (1) AR Y 7 2 () FEg A7)
Aoz Astg wmsigsh Ao (1o A
Aee Aol AAeA yER e 002 14
A TYeA ke WS JlEee sheid 1o

I (2] 71E olHE MAA RS FEAEE 9

do By

o J\—__; =
A% ¥, 72 2A%E Qe FYste] pEE T

BE FEGS B

T AFAAE 439 33
CH;SH, DMS, DMDS)e- 3 EAdjAbe s AdAshe]
o o5 FsttEEel AT APAaT =25 9
3}], Pulsed Flame Photometric Detector (PFPD: Model

k=) 7] 3 A 83| R] A 27 W A 25

5380, Ol Co., USA)S 23t GCA]AE) (ds 6200,
Donam Instrument, Korea)-& o] £-3}e] BAM 8 A A5}
AtH(E 1). Y BFEARE o83l T3 AA=
E 7|Eo 2 3lod, ol ANt 47FA] AAlE
g3t wXA8S] FxE ARESIACh oA &
Zre] Wl oz I3t $x FHES vlmsle] AW
2] Zolol w2 = o3k WAEAE 78l H.

2.1 AlAdle| 28 ¥ EE/EYUS Azl F|
3 sigtze] AU =2a] 99, 74K 24}
[} 3

W4 RSCE =57 FAlel 10ppm ¢=Fo2 A

2FA ARG E R o|E e 779
RSCE 7/f¥H o= 373 permation tube (PT)E o]
g3ted, gz A= (oF 40ppm o] )2 mAA=R
= zA5l99 5 (Black et al., 1978). PTE o] £-3F n]x|
Alge] Al 3t 712 AR = 1o A s
FEe] A8E ASTDAl AAHEAE7] 415},
Alae HyFIA (Kim, 2008) = A4 38kgdH.
W FgA 2 A=t ASTDe N5 W 4d7k~= 40
mL/min &0 2 187 E8FHA], 152 25
A B2 ASY multistream gFelAtel] FAl7|Z 40~
320uL F28) A8E Eukz FUsHc o, UE
Hol e H,S9) $4& Hases] gIs), 2A
F ¥ needied AHg3teinh o], 9 EFEARE 1%
474, 27 64, 33 TAo2 AR A4 W= A
Ao T ol A Ade I Fol moh
o e mEARe AR 96, 14 47 A
A 33 o= A E AaAsslnh 123 v
ANEE FYIE P WAz bE FuA
EFAEE AT A AR BASE (=
2). 4714 & 2B)e EASeRe], 1k #H A W
FEY92 FFE sle] DMSe} DMDSH 2ol 4] off
scale (0S)e] A71% Aol wHshelch. meby 27
Y e BE Qe FUS 45 ARE o]

sAa), Aepel S 9E 2Ystel L shaleh

2.2 AYI|H| g sZAEe Wy

A7l Aol we F=AAUe] ex1E
galslr] Sal], & ATl 2749 e
ggsldeh 1 A WAz kA y-dHE 91A
o2 09e Zabslirke] 7)%e] Wl Z (zero offset)
2} N (non-zero offset)d}2] 0 2 3319 c} (o37]4] Z



Fageigee] $A% 97 Al B bt

At

A 135

Table 1. Operation condition: GC/TD system for RSC analysis and basic information of permation tube used for the

unknown samples.

(A) GC system®
1) Injector 3) PFPD
off Model 5380, Ol Analytica (USA)
detecter ten 250°C
air (1) flow: 10mL/min
2) Oven air (2) flow: 14mL/min
initial temp: 80°C
rate: 20°C/min 4) Column
final temp: 200°C BP-1, SGE (Austraia)
initial hold: 4.5min film thicknes: 5um
final hold: 9.5min length: 60m
total run time: 20min diameter: 0.32mm

2GC (DS 6200, Donam Instrument, Korea)

(B) Thermal desorption conditions of AS/TDP

cold trap: Carbopack B+SilicaGel=1.5: 2.5(Volumerratio)

split ratio: 10:1 trap (low): -15°C
split flow: 15mL/min trap (high): 250°C
hold time: 5min flow path ter: 80°C

5TD (UNITY, Markes International, Ltd., UK)

(C) Basic information of RSC permation tube

RSC MW (g)  Size(cm) PO?(ng/min) Degree(°C) KP F¢(mL/min)  Time(min)  Concentration (ppm)
H,S 34.1 15.0 11925+ 15% 40.0 0.75 180 55.6 50.0
CH,;SH 48.1 20.0 17100+ 15% 40.0 0.53 174 57.5 52.5
DMS 62.1 20.0 32000+ 15% 70.0 0.45 287 34.8 50.5
DMDS 94.2 20.0 15800+ 15% 90.0 0.32 92.5 108 54.0

3P=permation rate (ng/min), ’K=molar constant (RT/MW), *F=flow rate (mL/min)
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Calibration Z
method Zero offset (y=0) Non zero offset (y #0)
— y=ax y=ax-+b
I
v v v v
Determination of R A
unknown samples Slope ratio between Average of multiple point
:> unknown sample and standard analyses of unknown samples
Fig. 1. Information of 4 different appoaches for the quantification of unknown RSC samples.
Table 3. Comparison of correlation strengths between two calibration approaches Z method and N method.
(A) Calibration results of RSC standard
Z N
RSC No. of run PD? (%)
Slope r Slope Offset r
1st 895.25 0.9716 1137.3 —58099 0.9992 2.76
H,S 2nd 1565.5 0.9781 1872.5 —66358 0.9991 2.10
3rd 1542.1 0.9748 1875.2 —69941 0.9973 2.25
1st 1042.7 0.9584 1398.5 —85398 0.9980 3.96
CH,SH 2nd 1574.8 0.9579 2014.9 —95145 0.9952 3.76
3rd 1531.4 0.9616 1956 —89158 0.9953 3.39
1st 3527.5 0.9855 3947.9 —100884 0.9923 0.68
DMS 2nd 3481.8 0.9941 3779.6 —64390 0.9989 0.48
3rd 3126.1 0.9935 3424.2 —62596 0.9988 0.54
1st 6853 0.9647 8145.7 —310230 0.9796 1.52
DMDS 2nd 6841.3 0.9963 7254.1 —89244 0.9988 0.25
3rd 5724.5 0.9904 5986.3 —54970 0.9917 0.13
(B) Slope vaues of unknown sample
z N
RSC No. of run PD?(%)
Slope r Slope Offset r
1st 5875.4 0.9881 5975.1 —23927 0.9883 0.02
H,S 2nd 6755.8 0.9657 8901 —165483 0.9981 3.25
3rd 7417.3 0.9905 8475.2 —81609 0.9990 0.86
1st 3726.3 0.9609 4877.2 —276220 0.9947 3.40
CH;SH 2nd 2418 0.9093 3947 —117948 0.9953 8.64
3rd 2590.6 0.9454 3755.9 —89892 0.9999 5.45
1st 15084 0.9950 15457 —69645 0.9953 0.04
DMS 2nd 14952 0.9944 16617 —128426 0.9999 0.55
3rd 13984 0.9959 15205 —94178 0.9994 0.36
1st 32323 0.9718 41644 —621449 1 2.82
DMDS 2nd 30210 0.9906 29819 30163 0.9907 0.01
3rd 28565 0.9929 29681 —86144 0.9936 0.08

#PD (Percent difference)=[(r (N) —r (Z))/r (N)* 100 (%)]
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Fig. 2. Comparison of calibration results between standard and unknown sample based on Z type calibration approach
(offset=0).
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Fig. 3. Comparison of calibration results between standard and unknown sample based on N type calibration approach

(offset#0).
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Table 4. Derivation of RSC concentration by 4 different
types of calibration approaches.

Concentration (ppb)

Order
H,S CH,SH DMS DMDS
[1] Z-R
1st 65629 37524 43189 50940
2nd 43154 16122 43373 47691
3rd 48099 17762 45180 53892
Mean 52294 23803 43914 50841
RSE (%) 13.0 28.9 14 35
[2] N-R
1st 52538 36618 39544 55214
2nd 47535 20569 44405 44395
3rd 45196 20162 44849 53548
Mean 48423 25783 42932 51052
RSE (%) 45 21.0 4.0 6.6
[3] Z-A
1st 63984 31513 43008 47266
2nd 40014 13785 42234 47695
3rd 46546 15863 44260 53319
Mean 50182 20387 43167 49427
RSE (%) 14.3 274 14 39
[4] N-A
1st 53692 27670 40400 47477
2nd 39139 18728 41666 47113
3rd 44261 20097 43368 52578
Mean 45697 22165 41812 49056
RSE (%) 9.3 125 21 3.6
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