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Table 1 Comparison among analytical results of sulfur in biomass ethanol obtained by ICP-OES, microcoulometry,
ultraviolet fluorescence and oxyhydrogen flame combustion methods

Biomass ethanol sample

Concentration/mg kg~ !

ICP-OES Microcoulometry Ultraviolet fluorescence Oxyhydrogen flame combustion
Lot No. 6070717 52 8 7 9
Lot No. 6071017 51 8 7 9

8000 B LT, BBICL 2BHEOHBEMZMIEL 7.

ICPS-8000 TOHELMFIIXRTHH. WEKRZ
180.731 nn T, MUBIILEFHEEHIXNTHE. =¥
J =ik, AEEEEARN—FL ATy MSF v ¥
N AL TEBEALL. 79 A%E&BE, 79X<
B 1400W, 7 —5 Y FPHA: 20 L/min, 77 A
A: 1.4L/min, ¥*¥ ¥ —4F2Z: 04~0.5L/min TH
5.
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EHLZ. Thbb, MEBOKER (MERCK Sulfur ICP
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Table 2 Effects of sulfur species and ICP instruments on the analytical results

Instruments used Sulfur-containing substances used Sulfur added/mg L ™" Sulfur found/mg L™ Recovery, %

CIROS120-EOP Sodium sulfate 5.0 5.07 100
Dimethyl sulfoxide (DMSO) 5.0 6.0V 120
Dimethyl sulfide (DMS) 5.0 28.07 560

ICPS-8000 Dimethyl sulfide (DMS) 1.0 21” 2100
Dimethyl disulfide (DMDS) 1.4 1.1” 79
Dimethyl sulfate 2.5 2.5 100

a) Determined by a calibration curve with standard solutions prepared from sulfuric acid; b) Determined by a calibration curve with

standard solutions prepared from sodium sulfate

Table 3 Recoveries of dimethyl sulfide (DMS) form-sulfur in four acid decomposition procedures using a PTFE

closed-vessel with a stainless-steel jacket

Condition of acid decomposition

Recovery of DMS form-sulfur, %

5mgl 'Y W0mgL™"®  20mgL™?
Sample taken/mL Acid used Temperature Standing time/h n= 2 n= 2 n=1 2
0 b) 0.5 120 118 140 123 108 92
10 30% HzOz, 1 mL RT 3.0 82 88 77 80 84 84
30% Hy0q, 1 mL + , -
10 6% HNOs, 0.5 mL RT 3.0 ) 88 86 80 82 80 83
% H,0: +
10 30% H.0», 1 mL RT 3.0 102 100 99 98 9% 93

CH3;COOH, 0.46 mL

a) Prepared as 10 mL ethanol solution ; b) Room temperature

KEFFHREOERIZICP-OES X H T H B s Twi
W ERLWMEFO LR, B bMEAPLETDH L.
Table 1 @ ICP-OES Ofi%, CIROS120-EQP T® DMS H&
MEOBRITFMOEE 5.6 TH-oTABE, 93¢ 9.1 mg
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Omgkg ) LXL—FF 5. L7zA> T, Table 1 TD
ICP-OES & #RJEE (JISHE) L OHROAL—TDFER I,
ICP-OES T® DMS B E O E L FbMEEARL 2%
BliaholzlzotBbhlz, TORELZINL, BEOE
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L CTEMA RN TO DMS At OB b/ L % fE) L
7z.
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—A&L, WEREEISERTHRIELL. $hbb, RELH
ML %/ — VI DMS BRI CHRE LA 3 fEE (5,
10, 20mg L") OWHEBRERMO TS / — VEHE 10 mL
% T2 PTFE |ALRICHY, 2212 30% #ERLKFE
1 mL, 30% #E{LKE 1 mL & 6% A58 0.5 mL, 30% B
B bk FE 1 mL & BB 0.46 mL % ZNEARIN L 7235HE1C

D%, Table 3 IZRTHRETE2BITOEML 2. Ak L
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(BB AKISIR 2 ) OFNHEE 2 AWV TR L7 g
MoERLTRINEZ KD 72, Table 3IERENSL LI,
SRR L E NI 77~140% 7Y, BHARTO
AL A X - T, B DMS B E o B
560% (Table 2) b RESHFES N BESIN/%
BARATO n oL VR TIED H25, BRLLT,
30% B LKE 1 mL & FEER 0.46 mL DR E AT,
FRC3RMEEST 2 FESR D RIF24E (HIEE: 93
~102%) G SN, MO ODMWEMT T RELE
B Z RWZE 500 LGS, TRICELTIEER
LREAPLETH L. KRIZ, I OLBAOREREO L
R A 72012, DMS BHE & B4 F BmELRAL,
FOWEEREZRERERNOZY ) - VERE 3D
PR L, #h#FN 10mL % PTFE #ARICWY, Edo
OB STE (80% BEELAKE 1 mL & BEEE 0.46 mL DR A
M, ZFIET3REFHE CTRELT, Toalfi#Es LTH
EiXEZKD, Tz ZBAf b3 OoERLHERE
Table 4 1278 T, TR, RFLHEREHER L. K
HTiX, WMEEL D LEERBRAZREZITIVPRVER (DMS
BT O CREIHRRA + Y EREOZTES L) &F
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Table 4 Effect of mixing ratio of sulfate and dimethyl sulfide on recoveries in the acid decomposition procedure
using 1 mL of 30% hydrogen peroxide and 0.46 mL of acetic acid

Total sulfur 10mgL™"?
Mixing ratio
Sulfate form 1
Dimethyl sulfide form 1
Recovery of total sulfur, % n= 2
109 103

—1a)

BmgL™"? 15mgL

n=1 2 n=1 2
97 95 99 99

a) Prepared as 10 mL ethanol solution

Table 5 Comparison among analytical results of sulfur in biomass ethanol obtained by ICP-OES and ICP-OES com-

bined with acid decomposition

Concentration/mg kg_l

Biomass ethanol sample o ICP-OES ICP-OES combined with acid decomposition using
Not corrected” Corrected” hydrogen peroxide and acetic acid”
Lot No. 6070717 52 11
Lot No. 6071017 51 10

a) Values listed in Table 1; b) Values calculated using the recovery (560%) of DMS-sulfur listed in Table 2; ¢) 30% H:Oy, 1 mL +

CH;COOH, 0.46 mL

LR DR e AL R ST, EBEONA F Ly )
— V2 H M BNELZERE Table 51278, F72,
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Remarkable Emission Intensity of Dimethyl Sulfide Form-Sulfur on the
Determination of Sulfur in Biomass Ethanol by Inductively Coupled
Plasma-Optical Emission Spectrometry
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Inductively coupled plasma-optical emission spectrometry (ICP-OES) was applied for the
determination of sulfur in biomass ethanol and compared with three conventional combustion-
based methods of microcoulometry, ultraviolet fluorescence and oxyhydrogen flame combus-
tion. The three combustion-based methods gave similar results. However, ICP-OES with stan-
dard solutions prepared from sulfate form-sulfur caused a serious overestimate due to the pres-
ence of dimethyl sulfide (DMS). The emission intensity of DMS form-sulfur was much higher
than that of sulfate form-sulfur due to its high introducing efficiency to a plasma. Consequently,
DMS form-sulfur caused a 6 to 2]1-times overestimate, depending on the ICP instruments used.
In order to suppress this phenomenon, it was recommended to carry out PTFE closed-vessel acid
decomposition with a mixture of hydrogen peroxide and acetic acid prior to an ICP-OES mea-
surement.

Keywords : biomass ethanol; sulfur; ICP-OES; dimethyl sulfide ; PTFE closed-vessel acid decom-
position.
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