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Analysis of sulfur compounds with gas
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H,S emission #R{EKFZED KT ~D I H

WH,S comes mainly from human daily activities such as: &
EKRIEIEBEOEFNOEICHESND

W By-product of industrial processes
such as paper manufacturing, sewage
treatment LTE 7Ot XDEIERY
T. FIZIXRETIHZCT/KENE

W By-product in purification of natural
gas and refinement of crude oils X

RN A DFEOF AR OB

Wimpact REBIIHT H2E

W Environment
- Acidification of waters KD Bt 1E

WHuman Health A{KIZxtd 2425
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H,S measurement #fRIEKFDAITE

B A use of reliable calibration standard is a key to quantify

concentration more precisely E#ETTOIRERAFEENRZRALS
CEFLVBWVEETEET HHOICEETHD

B Improving measurements through consistent analysis system
with reliable standard gas {ERETZSFEENRAZRAVTRELES
MORTLTRHEZRLET S
® Calibration standards to meet regulatory needs (EEIZHEH L - IEZE

EHX
W Environment IRIEF
« Calibration mixtures for monitoring ambient air and stationary emission

sources ZTEROCHEETAPEZE=-FY U ITTAHHOREAA

W Transportation / Mobile Emission Sources REIMED HLHERME
« Calibration mixtures for exhaust measurement HHHRXZANTET 571=
HDEIEH X
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15t Objective: H,S analytical method development

® To develop GC method that can analyze trace levels of
organosulfur compounds in the presence of high level
(~20%) H,S EREHSHOMBERRELEMESHTEIENT
ERNHNAROAT NI ST 4 —FEDOBFR

W The resolution between H,S and COS (two closely eluting
compounds) should be sufficient to enable one to infer that COS is
quantifiable down to 0.1ppm or better. H,S&COSER AT 51=8 (R
mwwmwwﬁ_mﬂ_nﬁ LY) COSHO0.1ppmA FTEETES=OIZ+HATRITIIE
LMT 75 LY

W The GC method should be capable of detecting sulfur compound up

to at least C,, including thiophene. GCF&IZVG < {1 CAETORE
LEMEBRETHE (FATUEED)
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GC Columns For Organosulfur Analysis

Three commonly used GC stationary phases for sulfur
analysis BEFERAINSIWESID/ZHDGCCEEH

*Polydimethylsiloxane columns (PDMS)
v Separate compounds with wide range of boiling points. JA (Vi
SR DS B
v Adequate H,S and COS separation at ambient temperature. Z:m
TH,S & COSD 4 B

*Porous polymer PLOT columns
v’ Separate compounds with narrower boiling point range than PDMS

columns. PDMSA S ALY HIkWVHSFEHRDILESMD 75
v Much better H,S and COS separation at room temperature. Zia

[CLBH,SECOSDABEICITLNAT A

- GasPro Columns
v’ Separate compounds with limited range of boiling points [RE &

nN=h=oBETIEEYZE ik
v' Even more restricted boiling pointrange & U#IBRE /=< H




Analyzing Organosulfur Compounds By PDMS

PDMS , 30m x 0.32mm x Spm
4500 -
100ppb H2S and COS, iy, s 1 100 ppb H,S
40001 same response 2 100 ppb COS
3500 4 . °
Excellent H2S recovery Analysis 30°C
Detection PFPD
3000 +
Z
£ 2500 4
|4
@ 00 Co-elution C3=
1500 4 Leads to detector
1000 | Quenching
500 =
0 = Al e P
0 of 1 15 2 25 3 a5 4
Ret. Time

Adapted from Agilent Technologies’' Workshop Presentation by J. Kuipers

» At ambient temperature, the separation of H,S and COS is approximately 45 seconds.
ZRTIIH2SECOSDRIFIHMODEIE L F45HTT

* When the [H,S)/[COS] is 108, this small separation will not be able separate the two
components. H,S/COSDEEM106D L&, ZDODYHESRET A &I TEARN
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How about using a longer column?

EWASAEERLEEEDH,SECOSDSEE

-

1ppm COS

20%H,5— -

- The resolution of a column is not directly proportional to L, the length of the column.

Longer Column

e

WS LDRBEER AT LARSICEELFLEN
» The resolution of a column is directly proportional to JL
NS ADFREIREDFEARICEERLLHTS

+ Up to certain point, increasing L is of diminishing return.

NSALERLSTARILIEERERET EICKDS
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2-Dimensional Technique Z/&XRtGCi%

To Vent

-

1ppm

cos - - H,S
20%— ,—

H,S 1ppm COS

Switching _
Valve I

H

Cryo-
Focuser

Vent

i d
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Proposed GC Configuration

| e LN2 Microdet Cryo Trap

RX1-1 30m x 0 53mm x 4

i S )

ﬂ RXH1 30m x 0 53 x 4ut

injector bypass option to

i ¢ B
8
ol oy

oo

minimize band broadening

SCD was selected as the detector because of its lower

detection limit and higher selectivity #®RHETRTESWEREZH
DitEFE IR FEER L

q’;ﬂ:w).l”a ,
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Heart-cutting to analyze COS in H,S

N— Ay FZFALZH.SHEOCOST

W Heat-cutting is well known method for complex sample

W Disadvantage of heart-cutting with conventional mechanical
switch valve

W Based upon the retention time of COS in H2S, timing for heart-
cutting is known, otherwise precise cutting is impossible

B Multi-Deans switch is the way to maintain the pressure for 1st
column which keeps retention time of ellutants

szl p- AP < (DrEwaiuce

FRBLEL
S. Shibamoto, Chemistry & Chemical industry, 69-2, 123, 2016 s Lundlild.wh - e
RXFH T 7ARBLRATLOGCHITADEAR., t2ET | = —||1 =4 A
%. 2A%8. 2016 _
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Deans Switch #HX[E

Standby Mode

W 1sth 5 LBIDORT
M—kHy ko Valve
BEIZhADDHLY
"ET D (IsthT
LOEAFEALE
TIHVZ A3

EEE LLERY
EAENwﬁm

Pressure=pP

RAAYFUOTHAR

Pressure
=P

Pressure
(AP1)

Pressure =P-
AP1

1st Column
2nd Column Sample
2" DET —
1st DET
BAEFERSNAGADZANLARALY FINILTEERT, A[gFEMLSDHRA)—V %
MZ5ZENTES
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Deans Switch 7 REZZEZTHS LA~NRREZL R

Cut Mode
W 1sth S LTH+5HIZ

sEcEF o Valve
NS AETE=

w*m&:mh *%. 2nd
ASLTHEHT S

P—AP2 < P—AP1
Pressure=P-AP2

APC AAYFUHTHR

Pressure=P

Pressure=P—AP1
1st Column
2nd Column Sample

BEEAEDRLAYFUTHRIZ2nd HS5 L
~ANEFN S 1st DET

"
Pr A 38
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Frontier Cryogenic Trap K& k> v 7 EINEARE

Too__:i g Nz jet BHICKD bSwF
REBEZREFRANTHZLD—BERZE

Moisture in air e i _lm*m“\._uﬂm_._.mlm
’ \ icrojetiuoe S LEERIIHESSHEE 518
Nz gas m
® = \ \._Mu\ <O mEmpkEASICA S MEET

&5

Separation column  Section of column cooled

HEORE

Thermal desorption | MBALEEREA AN SEALT
Ramp rate al 800 °C/min - G X N/=E S £ 2RMEAT S

Heated air
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Sulfur Compounds on RT-UBond Column

methane
ethane 12,414 16
propane \[}
butane 7

pentane h \ _.

—y

8

L.\_w

moowz

hydrogen sulfide
carbonyl sulfide

methyl mercaptan 7
ethyl mercaptan
dimethyl sulfide
carbon disulfide
2-propanethiol 6
2-methyl-2-propanethiol
. 1-propanethiol

10. ethyl methyl sulfide
11.1-methyl-1-propanethiol 5
12.thiophene
13.2-methyl-1-propanethiol 2 | 4
14.diethyl sulfide ; 2 T & . = R 3 = =
15. 1-butanethiol [ o E B A e e
16.2-methylthiophene _ ¢

17.3-methylthiophene
18.tetrahydrothiophene

7  f o —— —y %—IEI)....JJ{II

Hydrocarbons

—_ S Compounds

|
|
4 S
fes o =
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Two Ways to do re-focusing on the 2" Column (2)
PLOTHS AZ{EEBTERAL. Focuser& LT:EA

H,S, COS and Methyl mercaptan in Propylene matrix

on Conditions:

Column; Selsct Low Suffur,

BarrroeB.02mm
Ca. 500 ppb 4538_1%
Carrier Gas. Halium, conslant
flow 2 mLimin
Injector: 200°C
'_ Detector:  PFPD

H,S

inj Volume: 1 mL, spiit 1:20

« The PLOT column has a higher retention for H,S and COS.
«When it is used in the 2"d dimension with lower column temperature,
it will act as a focuser.

Adapted from Agilent Technologies’ Workshop Presentation by J. Kuipers

™
R.d#., .
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Final GC Configuration GC X7 A

. === LN2Z Cryo cooling
”~ ../\

. - * " U-PLOT 30m x 0.32mm x
h u e 10uf
- ..I\Jl.\fr. N

RXI-1 30m x Q. 32mm buf

Cryo-focusing is not used in the final method development.
B HSALAZEBNERETERTEIIETIIAFAT7+—hRERL LD 5EE)

ERTEDBD oD, V5AFEDalb—adERLAEWNI EIZL
7=

lnd
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GC - Hardware

Y

Shimadzu 2010 GC with Deans Switch, FID and TCD.

Agilent 8355 Sulfur Chemiluminescence Detector (Dual Plasma).
Frontier Cryogenic Focuser

Valco 6-port Gas Sampling Valve (Sulfinert 1mL- Loop)

i._,u..dﬁ
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GC Program

e Columns:

v’ 1st Dimension: 30 meters 0.32mm RTX-1 with film thickness 5

microns
v' 2" Dimension : 30 meters 0.32 RT-UBond with film thickness 10

microns
Sampling Valve Temperature: 100°C
Injector Temperature: 150°C, Split Ratio: 5,
Gas Sampling Valve Temperature: 100°C
Carrier: He, Flow Rate: 2.73mL/min

GC Oven Program: 30°C hold for 6m, ramp at 10°C/m to
170°C, hold for 29m

oy

fes » .
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Cut Program H,SZhvy T34 LATAIZ A

H,S

————— = |
AWW MVul[ Deans 8 MMV|||
A D Switch SCD
coSs

/ TCD +FID
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Separation of COS from 20% H,S {Z2#4 X & [E U{R 5

- ﬂ _, -

w | 20%H2S

. after cut MeSH CS: | EsH

s. 1ppm Mix in |

m N, after Cut ' Me,S

ol COS | | E

=

2] H,S |

10 i

. L1 :
2as 5 = TS 7s T 10e *

The CS, peak height is approximately twice of that of the others

|
ey
o
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5-Component Mixture (1ppm) Injection Repeatability

Injection 1 | Injection 2 | Injection 3 | Mean %RSD
COS 162609 160468 160347 161141 0.7
MeSH 158638 151143 154108 154630 2.4
CS, 337670 338113 338113 335023 0.5
EtSH 147460 148571 146789 147607 0.6
Me,S 161313 159082 159937 160111 0.7

21} 7018 _
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11-Component Mixture (20ppm) SP =5

. EtS
iy = e L
o] Oﬂwm Omn :v—.m
1 MeSH Me,S H
800
a?m iPrSH Thiophene
o0 |
i h | i
s _ sBuSH "BuSH =
“ |
300
m ‘Bus | :
20 _ 7 H
] _ f
w ] \ | |
4 | -
n. :_I . _L (N _r.|_ kl__._ .__rrr.:r..l .__ __.J|[|_ - m
Y 50 75 ] 125 150 75 20 s Fry ] 78 50

« CS,signalis > 1V

« CS, signal is only 1.5 times that of the other components CS2MD & FJLiZfth
DT ELER L T1.58TH S
[
u
Mtf--.mn?”..,.
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11-Component Mixture (20ppm) Repeatability (SP=5)

Injection 1 | Injection 2 | Injection 3

COS 4160255 4171818 4176752 4169608 0.2
MeSH 3812580 3847939 3870028 3843516 0.8
CS, 6386295 6343197 6352268 6360587 0.4
EtSH 4146715 4153297 4144108 4148040 0.1
Me,S 4122630 4175762 4157308 4151900 0.6
i-PrSH 4433500 4401518 4402391 4412470 0.4

n-PrSH 4536365 4508138 4504972 4516492 0.4
t-BuSH 3989669 4016170 3970073 3991971 0.6
Thiophene 4604101 4550418 4580132 4578217 0.6
s-BuSH 4477849 4448040 4471274 4465721 0.4
n-BuSH 4194990 4133386 4173382 4167253 0.8

- 3
nﬁhﬂ,ﬂf.., - -
_ AIR LIQUIDE

/1. .
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Chromatogram of 11-Component Mixture (SP =10)

v Max ntensty | L5200

soe-ELl Tme 3607 Wien o .
708 Less than 1V
” cs,
i
mn.?” EtSH
] MeSH
. cos Me,S
] ! n-PrSH
300
1 i-PrSH Thiophene
2004 . s-BuSH n-BuSH
100 : t-BuSH ‘f
N _,[ ——— %c - m
75 R T 125 150 1758 M0 "

L ¥

CS, signal is approximately twice that of the other components.
C2D L T F IO F ELERTELE2ETH D
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Injection Repeatability of 11-Component Mixture (SP=10)

Compound

COS
MeSH
CS,
EtSH
Me,S
i-PrSH
n-PrSH
t-BuSH
Thiophene
s-BuSH
n-BuSH

25 2016

Injection 1

1736286
1695913
3546708
1719654
1739288
1748213
1738230
1568936
1781909
1746550
1603879

bos »

Research & Development

Injection 2

1746884
1687858
3569154
1724227
1768915
1754162
1755671
1556628
1783797
1758388
1617320

_ Air Liquide, world leader in gases for industry, health and the environment Eh&n— LIQUIDE |

Injection 3

1736572
1689160
3554184
1722248
1736630
1738786
1732619
1555749
1777419
1735523
1611757

1739914
1687644
3556682
1722043
1748278
1747054
1742203
1560438
1781042
1746820
1610985

RSD (%)

0.4
0.1
0.3
0.1
1.0
0.4
0.7
0.5
0.2
0.7
0.4

-




2]

Conclusion

Two dimensional GC using Deans Switch interface, with PDMS in the first
dimension and PLOT-U column in the second dimension, is effective in

removing 20% hydrogen sulfide interference on COS.5 4 —> XX A wF 5% h
WA ZZRILGCERS Z & TCOSHIRICH T B20%H2SDIHFEER < T DR T
Hol

The method is capable of baseline resolution for common organo-sulfur
compounds. COAEITBEOEERBEEILEYMOIBELZRIFTADICELTES

Common organo-sulfur compounds have highly symmetrical peak shapes by
this method. BEDE#A A VLEMIZOFETENHHFEDH B E—sRICH S

The method is capable to detecting sulfur compounds well below 1ppm. =
DFHZEF1ppmEU T ORBILESVDREICET S

The method repeatability is typically ~ 2%. B8R (3 H L 22%Icx 5

The method is capable to detecting sulfur compounds up to C, with
reasonable retention times.C,£ TOWHELEMEEVRIFBETRETE S

The method may not be able to detection organic poly-sulfide compounds.
RUBIT 74 RILEYORBIIRTETH S
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Objectives: Reliability of H,S calibration standard

W 2 Objective is to produce H,S standard gas and then verify
stability of H,S standard gas even at low pressure in the
cylinder

HSEZEARZHEL-DE, VA —FOEANTN>TEH,SD A
sm_#_ummm ﬁ\.ﬂﬁ/@&/mmﬁuﬁ»q@

wm.ﬂ.%w_s_ums SYUE—FENTHSEEDLAMNEZ S (IMPaTIIHE
fxmmhﬂu&/l_ﬂwn_.d\@v

B H,S concentration during cylinder depletion ') X —DENZET
mnﬁﬁ,&:u FNFhODEATHSEEZAEL. EEHADIEHE
HEENDD

i
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Concentration stability over time

150 ppb H,S
Passivated with 5,000 ppm and heated at 80°C for 3 days. Subsequently
vacuumed for 4 hours and filled to 150 ppb H,S

(KRBEH2SEEHN A DEIERE ,
5,000ppmH2SD H A #80°CTIAM > ) & —ICHA L, EETAREIRVUKRE, &K
1ZI12150ppbH2SZFIE L TEEOLREMZHEE L=

200 -
150 /
S 100 + -

Time (days)

W To eliminate from the effect of shelf-life on cylinder depletion
study, a use of reliable H,S standard gases play an important
role ) oA —ENRTHBR CRELEHOEEFHRT 510, 58
TEORENREFERTHICELITERELGRINZR-LET

o0 Py

oo » ¥
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Standard gas with long shelf-life

Long shelf-life in H,S standard gases is necessary for
cylinder depletion study
EHRRE LE-HSEEEHAEFHAT A EEF LY U A—EHETHRERZT
S ETCHETHS 100 & 50 ppb H,S / balance N,

120 — —

/

—
.

' 4
0 \ 500
2

Vacuum / Baking + Chemical Treatment + Passivation

300 4 600

Elapsed Time (days)’

200

Vacuum / Baking + Chemical Treatment
" a
Vacuum / Baking + passivation with 5000 ppm | |
20 I H,S for 3 days at 80°C A Lok




H,S standard gases evaluated by NMIJ

W H,S standard gases are produced, which they have long

shelf-life over elapsed time (for a year) —EEEARETH S
CEEMRELEH2SSEEIRZFZRAWNWTY) A —ERBTHEET T
B 8MPa as initial pressure in the cylinder 8MPa#JHAEHD ) 4 —

H>S in N,
= y 2 T
|
1.00 + 5% 5.05 + 2% 101 + 2%
ppm ppm ppm
fas » ¥\
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Analytical platform for measurement

W Sample supply lines are chemically deactivated to avoid
adsorbing BEZH CEOIEZMICTEFREINY U TILBBES 1 >

W 10ppm SO, traceable standard gas labeled with JCSS is

used for H,S quantification NMIUA\##EY 5ICSSIREH X(SO,) &
AL =H,SOEENH

LT TP

. H,/Air

Sulfur compounds —— SO
verit 3
hw ™ o : - . .r. A w
mo_ + Ow i MON* + Ow T ll - ........ freerecatranemanrssessnnsnnened

SO,*— SO, + hy for __Hs@ Sempla g2 .
- |
Vo wel
o
bos
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SCD/GC used for H,S quantification
W Gas sampling (splitless) b EERHES

W Sample loop: 250uL

® Sample loop temperature: 100 degree C
W linner treatment: Skyliner (Restek)

® Injection temperature: 200 degree C

W Separation 5 Ef&4
B Oven temperature: 40 degree C
® Column: HP-1 (J&W, Length: 60m, ID: 0.32mm, Liquid phase: 5um
W Linear velocity: 30 (cm/sec)
W Utilities
BH,: 55 (ml/min), Air: 63 (ml/min)

[
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Concentration tends to be increased at low pressure

W Concentration of standard gas tends to be increased when

cylinder pressure became at 3MPa E AR TFIZfFEL. U 5—
DENHIMPaft ML EENERT HERNH S

B Molecule species desorbed from inner surface cylinder

appear at low pressure as main reason >!) U4 —RNEEIZIRE L
TWSRFINMBEVWERNICHEL LTI ENETLRRATH D

1400 +—— - 7

>

1200 +———— - —

1000

800

600

400 - — B

Cylinder Pressure/ psi

>
Concentration/ arbitrary number

200 1 - rf-l-..-_
|

0.0 0.1 03 23 3.0 3.1 3.8 7.9 8.0 8.3 8.9 9.1 89 100

E woém Mmmmmﬁoswcmé_ocama _ m—mUWQQ time/ Qm<m _nmmmmﬁolsncmn?:mm::m:aﬂzomziqosam:. E}—_# rﬁﬂ-ﬂm



Consistency of Concentration vs. Pressure

Minimum molecules adsorbed on cylinder wall is necessary
ATEEGERY S U A —REECIRET S0 Fax/MRIZT S

This is an ideal curve that concentration is not influenced by
cylinder pressure even at low pressure

DU —FENANMETFLTHLREF—ETHAZENERETHS

-
N
o

|

I

|

- =

o N

oo
L

0
o

=2
o

NN
o

Concentration {(ppb)
N
o

o

0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200
Cylinder Pressure (psia)

L)
o
Ly
M.u-{,__.n.m \ )
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Evaluation methodology

W Cylinder pressure decreased at reasonable rate down to
1MPa from 8MPa + 1) o #—[£ 1% 8MPah b 1MPa®E TRRIZMET
T3

B H,S concentration at different concentration is determined as a function
of cylinder pressure TNZNDEHNTHSEEZRET S

B 0.23MPa/hour (0.17psi/hour, 380mL/min) as pressure descending
rate U A —EHDETEREL0.23MPa/ksf & T 5

B Cylinder was kept for certain period after cylinder pressure
was decreased EHZERTEEHEIT—ERBFET D

B Gas temperature tends to be lower than ambient because of adiabatic
expansion during descending pressure ENZ#BE TS H L& FITREIS
bR AR CREN TN SERNH S

B ANOVA for liner regression to verify the stability of
concentration, SMAMTREREMZHRET S

Mﬂ_-oqu_-.. " . 3 |
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Cylinder depletion of 10ppm H,S

9 — ——r 0.04

: T o | 0.03

N — ——— —— a—
/ ©0.02
6 ; - ..

1]
o
M e
D ) 0.01
—
3
0 5 — - o =
o _ 5
A
& A 1 i -1E-162
=g - - | °
) >
o “ QD
£ | L0010
Py
O 3
- -0.02
2 = i
|
1 = + -0.03
] —— — = -0.04
t 2 3 4 5 6 7 8 g 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
=
2013 o T Elapsed time/ days
hes » ¥ _
e
E 2016 _ Research & Development _ Air Liquide, world leader in gases for industry, health and the environment Eh._ﬂ LIQLHDE |



Cylinder depletion of 5ppm H,S in N,

Cylinder Pressure/ MPa
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Cylinder depletion of 1ppm H,S
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Stability judged by F-test (FO: 10.13)

W 10ppm H,S/N,

Degree of freedom | Square in total | Square in average F value
Regression 1 3.77x10-6 3.77x10-6 0.65
Residuals 3 1.74x10-5 5.81x10-6
Total 4 2.12x10-5
W 5ppm H,S/N,
Degree of freedom | Square in total | Square in average F value
Regression 1 8.33x10-6 8.33x10-6 0.71
Residuals 3 3.52x10-5 1.71x10-6
Total 4 4.36x10-5
W 1ppm H,S/N,
Degree of freedom | Square in total | Square in average F value
Regression 1 1.78x10-4 1.78x10-4 1.51
Residuals 3 2.35x10-4 1.18x10-4
Total 4 4.13x10-4
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Conclusion

W Based upon F-tests, FO value is larger than that of F
regardless of initial H,S concentration F#&EMN 5. FOEIXH,S
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W Inner surface treatment may play an important rule to
minimize H,S molecular adsorption on interior surface of
cylinder >\ U2 —RNEIZxT HibPREALEIL. HSHFDREZ
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Thank you very much for your attention

CHEEHYDPEDTETNELE

Please contact me if you have any questions
jun.sonobe@airliguide.com
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