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Abstract

Project Code: IUG5080024

Project title: “Siam Gasohol Instruments: Development of Production-ready Prototypes of
Series of Instruments for Quality Control of Gasohol Fuels Suitable for Field/
Laboratory Uses”

Investigator: Assoc. Porf. Duangjai Nacapricha
Department of Chemistry, Faculty of Science, Mahidol University.

Email: scdnc@ahidol.ac.th

Project period: 28September 2007 to 27 September 2009

In this project, we developed 3 new techniques for quantitative analysis of ethanol in
gasohol as part of the quality control for the production of this biofuel. Gasohol is a mixture of
ethanol and based fuel. Ethanol acts as octane booster for gasohol and has been used to
replace MTBE to make the fuel more environmentally friendly. In Thailand, there are three
kinds of gasohol known as E10, E20 and E85 containing ethanol at 10, 20 and 85 %(v/v),
respectively. However, after production, these percentages of ethanol may change during the
transport and storage. Thus, close monitoring of ethanol content is strictly important.

We have developed 3 techniques for accurate and precise determination of ethanol in
gasohol. The first technique is a test-kit format with automatic colorimetric reading of
percentage of ethanol within 2 minutes. This mobile kit has been named ‘Siam Gasohol Kit’
(SG-Kit) and has been patent pending. The second technique is a flow technique with direct
injection of sample. Ethanol is extracted to an aqueous reagent phase for online colorimetric
detection of the product. This piece of work was also submitted for patent application. A
prototype namely ‘Innova Eth-06" was made. The third technique is based on use of
‘membraneless gas diffusion’ for development of a new technique for ethanol analysis in
gasohol. This work has been published in a journal with impact factor of 2.648. The concept
was extended to apply for direct analysis of calcium carbonate in cement.  This work was
published in a journal with impact factor of 3.290. From this project, we were able to produce
new researchers 8 persons, personals with Ph. D.s 5 persons and personals with M. Sc.

degrees 8 persons.
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Fig.12 Flow system manifold for ethanol determination in gasohol. Donor stream: standard ethanol or

extracted samples, Acceptor stream: 0.20 M K,Cr,O, in 4 M H,SO,, MGD: membraneless gas diffusion

unit, Pump; peristaltic pump.
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A1519% 3 Analytical features of the MBL-VP-C'D flow system for determination of calcium carbonate

Feature Value

. Linear working range 0.04-0.24 mmole CaCO,
(4-24 mg CaCO, (S))

. Equation; V, = (29.57+2.90)(mmole CaCO,) + (3.168 + 0.438); ' =
0.991

. Throughput (samples h™) 14

. Precision (% RSD) 5.3

(20 mg CaCO,, n=10)
. Detection limit (3S/N) 2.5 umole CaCO,
(0.25 mg CaCO;, )
. Direct analysis of sample as received? Yes
. Applicable with external calibration? Yes
(using CaCO, solution or CaCO, powder )
. Sample preparation - None (proximate analysis)

- Oven dry (accurate analysis)

) . a J . Y [ 1 < @ 1 ) [
1#711715 validate 35VUMIIATIEN calcium carbonate T HUAIDEVBITI 8 #I9819 TagTiinsia

[ . = = o v Y A J Y
52AU calcium carbonate 1ToUINIVAVNANITIAAIYIAT B carbon-sulfur analyzer WU Tviwams

ad 1 1 1 A W o @ d' 2 d‘ u'J d' 1 d'
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[ d? = .. s [ Y Y 2 v Aas A 9
WAIUIYUI precision AN Lag 69111 accuracy 1nd1ABIAVIT carbon-sulfur analyzer 1115913

11ATTIU ASTM BnAe
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A1519% 4 Validation of our method by comparing the results with the carbon-sulfur analyzer

% (w/w) CaCO; (mean £ SD, n=3)

Sample
The proposed method Carbon-sulfur analyzer
1. Limestone 1 89.02 £0.08 96.38 £0.48
2. Limestone 2 99.23 +1.95 99.62 +0.04
3. Chalk 1 93.05 +3.56 91.85+0.63
4. Chalk 2 93.11+2.43 93.47 £ 0.05
5. Mixed cement 1 33.49+£1.55 30.15+0.03
6. Mixed cement 2 41.64 £2.47 46.88 +0.05
7. Mixed cement 3 44.42 +0.52 46.89 +0.67
8. Mixed cement 4 49.71 £ 1.82 47.00 £ 0.47
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Abstract This work describes the development of a new
spectrophotometric flow technique suitable for monitor-
ing of ethanol content in gasohol fuel. Membraneless
gas-diffusion (MBL-GD) was applied with one-step
aqueous extraction of gasohol (1:2 gasohol/water). Seg-
ments of aqueous extract and color developing reagent
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were allowed to flow into two separate channels in the
MBL-GD device. Inside the device, ethanol vapor can
diffuse across a small headspace between the two
channels (donor and acceptor). Introduction of an air-
segment behind the zone of acceptor reagent to stop
dispersion of the colored zone greatly improves the
rapidity of analysis using this MBL-GD technique. Two
methods were developed for quality control of gasohol
by measuring ethanol content. Method I is suitable
for direct calibration of E5 and E10. Method II is
recommended for E20. These methods have high
accuracy with good precision (% RSD: 1 to 4.9, n=45)
and have a sample throughput of 26 samples per hour. E10
samples were compared with analysis using a standard GC
method.

Keywords Membraneless gas diffusion - Flow-based -
Ethanol - Gasohol

Introduction

Gasohol is a mixture of gasoline and ethanol with purity
from 99.0 to 99.5% (v/v). Ethanol is added to gasoline to
supplement use of the fossil fuel. This type of alcohol-
blended fuel has long been used in some countries such as
in, Brazil, USA and Sweden. Gasohol was initiated in
Thailand as one of the King’s projects in the substitution
energy program. Seventeen years later, after the beginning
of the project, gasohol became available commercially at
petrol stations throughout Thailand from 2002.

Ethanol is blended with gasoline at different percentages
designated by an E-number which gives the percentage in

@ Springer
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volume of anhydrous ecthanol that is blended with the
gasoline base-fuel. The numbers indicate the percentage in
volume of anhydrous ethanol that is blended with the
gasoline base-fuel. Common percentages are ES, E10 and
E20. For example, E5 contains ethanol at 5% and gasoline
at 95%, by volume. Most modern automobiles are
compatible with up to E10 without modifications. Some
vehicles with specifically designed engines were made
compatible with up to 85% (v/v) ethanol (E85).

In making gasohol, the former octane enhancer, methyl
tertiary butyl ether (MTBE), is no longer required.
Ethanol acts as the octane booster for gasohol in addition
to being the fuel substitute. Consequently, the ethanol
content must be monitored closely to keep the octane
number aligned with the standard. Generally in petrol
industry, the monitoring is carried out at the production
site and at the storage tanks, including the tanks at petrol
stations.

ASTM D 4815-03 by gas chromatograph (GC) [1] is
normally used for analysis of volatile ethers as well as
alcohols including ethanol in gasoline. In this standard
method, a complex arrangement of two different columns is
required. A liquid mixed-mode chromatographic method
(size-exclusion and affinity) with refractrometric detection
has also reported by Zinbo from Ford Motor Company [2].
In addition, infrared methods have been developed and
reported for quantitative analysis of ethanol in gasohol and
in fuel ethanol, by using attenuated total reflectance (ATR)
[3] and Fourier transform-near infrared (FT-NIR) [4],
respectively.

Rocha et al. reported an impedance technique, for
measuring ethanol content in ethanol-gasoline blends [5].
This system was strongly affected by the sample matrix.
Paixao et al. reported use of amperometric detection on
copper electrodes for the application in gasohol samples
[6]. This was formerly developed for use in determination
of ethanol in beverages [7]. Flow analysis techniques have
also been applied in method development for ethanol
analysis. Alhadeff et al. reported some enzymatic methods
using flow-based techniques for determination of ethanol
contents in gasohol fuels [8, 9] and in fermentation
bioprocess [10].

This paper reports the development of a new method for
quantitative analysis of ethanol in gasohol. The previous
design of a ‘membraneless gas-diffusion’” (MBL-GD) unit
together with the indicator stream for colorimetric detection
was adopted [11]. However, it was found that the unit and
the operating procedure must be more specific to this
gasohol application. Under new operating procedure with
a modified unit configuration, analysis with MBL-GD
concept is much improved in the terms of significant re-
duction in the signal tailing. In principle, the method in
this paper should be more robust than use of the enzymes

@ Springer

[8-10], and the method has a good potential in further
development for making a portable device for quality
control of gasohol.

Experimental
Chemicals and reagents

All chemicals used were analytical reagent grade. Solu-
tions were prepared by dissolving the chemicals in dis-
tilled water.

Potassium dichromate (0.2 M K,Cr,O5), employed as
the acceptor stream, was prepared by dissolving 29.4 g of
potassium dichromate crystal (Ajax, Australia) in 500 ml of
4 M sulfuric acid.

Preparation of working standard solutions

Method I: External calibration (suitable for E5 and
E10) Working standard solutions for Method 1 were
prepared in distilled water by appropriate dilutions of
standard ethanol (99.5% (v/v) ethanol; Lab Scan, Ireland).

Method II: Calibration with standard extracts (suitable for
E5, E10 and E20) Working standard solutions for Method
IT were prepared by adding standard ethanol into gasoline
base-fuel to obtain desirable concentrations. These standard
solutions were then extracted with water using separatory
funnel (1:2 gasohol/water is the optimum).

Sample preparation

Gasohol samples (5.00 ml) were used by extraction with
water (10.00 ml) prior introduction into the flow system.

Membraneless gas diffusion unit

The MBL-GD unit was made similarly to that described in
Choengchan et al. [11] using Perspex acrylic. However, the
device was modified to improve some characteristics as
described in results and discussions.

The flow system with micro-unit for MBL-GD

Figure 1 is schematic diagram of the flow system with
MBL-GD. The system was used for all experiments. The
peristaltic pumps (Ismatec, Switzerland) were used with
Tygon™ pump tube (1.02 mm internal diameter) for
propelling donor and acceptor streams. An Agilent diode-
array spectrophotometer (Model 8453, Germany), equipped
with a 40-mm flow-through cell (Hellma, Germany) was
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Fig. 1 The flow system with membraneless gas-diffusion (MBL-GD)
unit for determination of ethanol using colorimetric detection. DS
donor stream (water); A4S acceptor stream (dichromate in sulfuric acid
solution); SV1 switching valve for donor stream; SV2 switching valve
for acceptor steam; P/ peristaltic pump for donor stream; P2
peristaltic pump for acceptor stream; D Spectrophotometer

used as detector. The manifold in Fig. 1 was constructed by
using 0.5 mm internal diameter PTFE tubing.

Results and discussion
Previous design and modifications
Manifold

The flow injection system reported by Choengchan et al.
[11] was adopted with slight modification. The schematic
diagram of the system is depicted in Fig. 1. Unlike the
previous report, liquid sample was introduced to the flow
system by time-based injection. Instead, the six-port
injection valve was omitted as shown in Fig. 1, a switching
valve (SV1) was used for sample introduction.

Accumulation of vapor inside the MBL-GD unit

Initially, a membraneless gas-diffusion unit with similar
configuration to the one reported by Choengchan et al.
[11] was constructed and used in the flow manifold
(Fig. 1). The flow system was first tested using an
aqueous ethanol solution (10% (v/v) ethanol), and
employed a similar operating scheme as described in the
previous work. It was observed that with the present
dimension of the membraneless gas-diffusion unit (Fig. 2),
the signal had a large tailing (Fig. 3a). The tailing of
the signal like in Fig. 3a is a result of the increase in the
depth of the groove made for the acceptor stream (‘AS’ in
Fig. 2). For this work, the grooves of the membraneless
gas-diffusion unit were made slightly deeper than the
former unit [11]. Increasing the depth of the groove

provides greater ease of control of the levels of donor
and acceptor streams.

Modification of the MBL-GD unit for vapor release

In order to reduce the signal tailing, the MBL-GD unit was
re-designed to have a new cover lid that has one side attached
to the bottom piece containing the diffusion grooves or liquid
channels (Fig. 2a). Unlike the former design [11], the lid
can be opened or closed. While being closed, the MBL-GD
unit is locked tightly during the process of gas-diffusion
(from ‘DS’ to ‘AS’). The lid can be opened easily with the
new design to release the gas vapor from the unit.

Figure 3b shows the results obtained from the modified
unit with the open/closed lid. This demonstrated that signal
tailing can be reduced by releasing the ethanol vapor from
the headspace (the lid was opened after 3 min of diffusion
time as per Step 3 in Table 1). The lid was kept opened
until the signal returned to the baseline before it was closed
for the next analysis.

Introduction of air segment: effective troubleshooting
for the tailing

Although, the signal had less tailing with the release of the
accumulated ethanol vapor, the analysis time was still long.
Fig. 3b shows the analysis time was approximately 8 min
per injection.

One possible cause of the persistent tailing in Fig. 3b
could be the large degree of dispersion [12] in the ‘AS’
stream (Fig. 1). A change in configuration of the flow

a. Top view

E Latch

Rubber gasket

b. Side view

Headspace

 ——Lid
Latch . rRubber gasket (1 mm thickness)
g ] Barrier height (8 mm)
DS AS
Groove width, T,
(3.5mm) | Barrier width
(3 mm)

Fig. 2 The membraneless gas-diffusion unit employed for quantita-
tive analysis of ethanol in gasohol
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Fig. 3 Signal profiles obtained
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system, such as inserting a mixing coil may reduce the
dispersion of reaction zone in the dichromate ‘AS’ stream,
but may not be appropriate as this would unnecessarily

increase the complication of the system.

2.0 4.0 6.0 8.0 10.0 12.0

Time (min)

In order to further reduce the tailing and to limit the effect
of longitudinal dispersion, an air segment was introduced
at the end of the AS stream. Fig. 4 was drawn sche-
matically to present this scenario. As illustrated in Fig. 4,

Table 1 Operation of the flow system in Fig. 1 with MBL-GD for quantitative analysis of ethanol in gasohol

Step  Operation Pump Valve position Lid Duration
Py(DS)  Py(AS) SVI(DS) SV2(AS) (MBL-GD) (s)
0 Reagents filling (prior to analysis) ON ON H,O RE Open 60-90
1 Air introduction to AS OFF ON H,O AIR Open 10
2 Sample introduction to DS ON OFF S RE Closed 40
3 Gas-diffusion in stopped-flow mode OFF OFF H,O RE Closed Selectable ‘diffusion time’
(e.g., 60, 180, 300 and 420)
4 Vapor release and flushing ON ON H,0 RE Open 40

RE Reagent (dichromate in sulfuric acid), S sample or standard ethanol solution
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Fig. 4 Illustration of system
operation for one analytical cy- a
cle using a the continuous ac-
ceptor stream of dichromate
solution and b the non-continu-

=P t0 detector

ous acceptor stream with an air
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DS donor stream; SV1 switching
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A
7
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. =iy t0 Waste
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MBL-GD unit

there was no air segment in the initial system (Fig. 4a),
thus, the reaction zone is dispersed along the axis of the
flow direction. The introduction of an air segment (Fig. 4b)
resulted in limited dispersion of the reaction zone. With
the air segment introduced after the dichromate acceptor
(Fig. 4b), no dispersion could take place at the tail of the
acceptor zone (labeled as AC zone in Fig. 4). This resulted
in major improvement in the tailing and a more acceptable
signal profile as shown in Fig. 3c. A further benefit of
insertion of the air segment in between analytical cycles
was that the analysis time was reduced to 210 s per injec-
tion. For the calibration plot, a reading was taken exactly at
205 s from each profile (dotted area of Fig. 3c).

Figure 3c shows a sharp rise of the profile just after
210 s, most likely due to the air segment passing through
the flow-through cell. The sudden rise in the signal was
the cause of the lens effect at the boundary between
aqueous dichromate solution and the air.

Operating procedure of the manifold
In order to summarize the recommended operating proce-

dure of the flow system in Fig. 1, Table 1 was constructed.
The procedure described in Table 1 includes the steps of (1)

AS (0.2 M Cr,0,2" in 4 M H,SO,)
Trnrr] DS (standard/sample)
[ Air segment

vapor release and (2) the insertion of air-segment to stop
zone dispersion, which eliminate excessive tailing of signal.
This procedure was designed in conjunction with use of the
MBL-GD unit that has been modified to have the lid,
optionally ‘closed’ or ‘open’ (Fig. 2).

Sample handling
Simple extraction using water

A preliminary study, using direct injection of gasohol into the
manifold in Fig. 1 showed that the calibrations were not
linear. There was a non-zero blank signal. This is most likely
a matrix effect with volatile components from the gasohol
interfering with the reaction. Thus direct analysis of gasohol
is not appropriate using the MBL-GD described here. The
matrix effects suggest that ethanol should be extracted prior
to the analysis using the colorimetric flow analysis.

Studies were undertaken to determine percentage extrac-
tion of ethanol to water, of volume ratios at 1:1, 1:2 and 2:1
(gasohol/water). It was found, for synthetic E5 and E10 (5%
and 10% (v/v) ethanol in base-fuel), that the extraction of up
to 98+2% was obtained when using the volume ratio at 1:2
(gasohol/water). For gasohol samples, with greater in ethanol
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Fig. 5 Signal profiles obtained using three different volumes of
acceptor streams. Acceptor stream: 0.2 M K,Cr,0O7 in 4.0 M H,SO,.
Test solution: 20%(v/v) ethanol in H,O. MBL-GD: 7-cm path length.
Flow system: same as in Fig. 1

concentrations, percentage extraction (at the same volume
ratio) decreased to 93+£2% (E15) and 87+2% (E20). This
suggested, for gasohol containing <10% (v/v) ethanol, such
as ES and E10, that only single extraction step (1:2 gasohol/
water) is adequate and the extract is suitable for analysis
using direct calibration method (Method I). However, for
E20 or above, it is recommended that gasohol based
standards be use for increased accuracy (Method II).

In this work, extraction of gasohol, using distilled water
as extractant (1:2 gasohol/water) was used. For all gasohol
samples (nine companies), separation between the two
phases took no longer than 3 min after shaking in
separatory funnel. After extraction, a gasohol extract can
be analyzed by introduction into the donor stream (Fig. 1)
using the scheme in Table 1.

System optimization

The conditions of the operation scheme (Table 1) and the
flow system (Fig. 1) were optimized as described in the
following sections.

Selection of diffusion path-length

Physical property of the MBL-GD unit was optimized
by varying the length of the diffusion zone (AC zone in
Fig. 4). Path lengths of 3, 5 and 7 cm were trialed. It was
found that diffusion path-length at 3 and 5 cm provided
inadequate sensitivities, consequently 7-cm was selected
as the path-length since this length provided both satis-
factory sensitivity and analysis time. It was also found that
the levels of the DS and AS were controlled more easily
with the 7-cm length than the shorter lengths.

@ Springer

Optimization of flow rate

The flow rate of acceptor stream is an important parameter
which controls the sensitivity and sample throughput in flow
analysis. In this case, the flow rate of donor stream should
have a negligible effect on these two parameters. Neverthe-
less, the two streams were operated at equal flow rates for
ease of operation. Calibration slope dropped significantly
when the flow rate changed from 1.4 to 2.4 ml min~" which
equates to 14 samples h™' (at 1.4 ml min™") to 26 samples
per hour (at 2.4 ml min ). By considering sensitivity and
analysis time, the flow rate of 2.0 ml min~' was selected to
give a sample throughput of 24 samples per hour.

Diffusion time

Diffusion time is the interval time of step 3 in Table 1, at
which the zone of dichromate reagent (‘AC zone’ in Fig. 4)
was rested inside the MBL-GD unit together with the rested
sample zone. During this period, the flow was paused to
achieve adequate collection of the volatile chemical product
in the ‘AC zone’. Practically, the flows of donor and
acceptor are paused while gasohol extract is inside the
MBL-GD unit. In order to obtain the desirable sensitivity
and sample throughput, the diffusion time was investigated
at 1, 3, 5 and 7 min. As expected, the sensitivity
(calibration slope) increased with increasing diffusion time.
The longer the diffusion interval, the more colored product
was obtained from increasing in the quantity of diffused
ethanol vapor. For this work, 1 min was chosen as the
optimum time due to fast sample throughput (26 samples
per hour) and its satisfactory in the sensitivity.

Aspirated volumes of acceptor stream and of sample extract

It is recommended that introduction of an air segment
behind the ‘AC zone’ (Fig. 4) is necessary to limit the zone
dispersion in the dichromate-acceptor stream. The length of

Table 2 Recommended condition of the MBL-GD flow system in
Fig. 1 (operated under the scheme in Table 1) for quantitative analysis
of ethanol in gasohol by single aqueous extraction

Parameter Selected condition

Diffusion path-length 7 cm

Flow rate of donor and acceptor streams 2.0 ml/min

Diffusion time 1 min

Aspirating volume of dichromate per cycle 1.78 ml

Aspirating volume of sample 1.33 ml
(aqueous gasohol extract) per cycle

Concentration of dichromate in AS 02 M

Concentration of sulfuric acid in AS 4 M
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Table 3 Analytical performance of the developed flow system with MBL-GD unit for selective determination of ethanol in gasohol using single

aqueous extraction (1:2 gasohol/water)

Feature Performance Remark
Method I: External calibration
Recommended calibration 3 tol2 Calibration is made from

range (% (v/v) ethanol in gasohol
Example calibration and
correlation coefficient
Method II: Calibration
with standard extracts
Linear calibration range
[% (v/v) ethanol in gasohol]
Example calibration and
correlation coefficient

3 to 80

Limit of detection (3SD of blank/slope) 0.9
[% (v/v) ethanol in gasohol]
Throughput (sample/h) 26

Precision (% RSD of 10% (v/v) e
thanol in gasohol n=45)

1to 4.9

Y =5.60 x 1072(£2.13 x 1073)X
+1.14 x 1072(42.46 x 1072)(s2 = 0.996)

Y =7.72 x 1072(£1.00 x 1073)X
+3.80 x 1073(£1.15 x 1072)(r> = 0.996)

aqueous standard
Suitable for E5 and E10 by
single aqueous extraction

Calibration is made from
aqueous extraction

Suitable for E5, E10 and
E20, all by single aqueous
extraction

Method I and 11

Method I and IT
Method I and 11

air segment determines the length of the acceptor stream or
the total volume of acceptor solution in one cycle. The
length of acceptor stream was investigated to find the
optimum value.

The length of acceptor stream is a measure of the length of
dichromate solution (in the tube), starting from the front of air
segment to the position of flow-through cell. Lengths of 69, 80
and 88 cm were investigated which resulted in the volume of
dichromate solutions of 1.78, 1.87 and 1.94 ml, respectively
(each includes the volume inside the MBL-GD=1.22 ml).
This was done to minimize the length of dichromate solution
in the lines leading to the detector unit and subsequently
minimize the extent of dispersion in the stream.

Figure 5 illustrated that the signal height increased as the
length of dichromate acceptor was shorter. The analysis
time decreased significantly (peak became narrower) with
decreasing in the length of acceptor. 69 cm was chosen as
the optimum length giving an acceptor stream length of
approximately 1.78 ml per cycle.

The volume of sample (aqueous extract of gasohol) that
is introduced into the system should not be critical so long
as there is enough sample to fill the full 7-cm length of the
MBL-GD unit. According to step 2 in Table 1, 1.33 ml of
sample extract was introduced for each analysis.

The optimum condition and performance

The selected condition for the flow system in Fig. 1 used in
this study has been summarized in Table 2. Performance of
the developed method was examined accordingly to the
features appearing in the Table 3.

Table 3 shows the two methods developed for the flow
system. For E5 and E10 samples, method I is strongly
recommended due to its convenience from direct calibration
with aqueous standards. Only one step of aqueous extraction
is required for this method since percentage extraction for ES
and E10 were close to 100%. For users that have types of
gasohol including E20, method II (Table 3) is preferable due
to the decreased percentage extraction when the ethanol
content is greater than 15% (v/v), with 1:2 extraction ratios
(gasohol/water).

The developed method provides a reasonable throughput
of sample with acceptable precision. The method provides a

Table 4 Comparison of the ethanol concentration in gasohol samples,
determined by the MBL-GD coupled to flow system and by the GC
method (ASTM D 4815-03 [1])

Sample Ethanol concentration (% v/v)
MBL-GD (mean+SD, n=5) GC (mean+SD, n=3)

S1 9.7+£0.3 9.7+0.1
S2 9.8+0.3 9.2+0.2
S3 9.4+0.5 9.5+0.4
S4 8.9+0.4 9.0+0.4
S5 9.2+0.3 9.0+0.3
S6 9.6+0.1 9.1£0.3
S7 8.9+0.4 8.6+0.5
S8 9.2+04 8.9+0.5
S9 8.7+0.3 8.8+0.3
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detection limit for ethanol down to approximately 1% (v/v)
in gasohol.

This method has been compared with the ASTM
method [1]. Table 4 shows the comparison between the
analyses by the MBL-GD method and the ASTM method.
Using paired #-test the results of the two methods are not
significantly different (fy=2.26, tritica=2.31 at 95% con-
fidence) [13].

Conclusion

This work presents new and alternative technique for
measuring ethanol in gasohol. The technique is simple but
providing equivalent accuracy and precision with the GC-
ASTM method [1] (Table 4). Based on the developed
technique, two methods are available and method selection
depends upon the degree of ethanol that is blended to
gasoline base-fuel. Above 10% (v/v), such as commercial
E20, it is advisable to carry out extraction of samples as
well as the standards (Method II). However for more
common blend, such as E10 (or below), extraction is
necessary only for samples, with external calibration with
standard ethanol prepared in water (Method I).

Compared to GC, the technique is simpler and more cost
effective than GC. Although the colorimetric detection
method is not specific for ethanol vapor, the selectivity of
the technique is ensured by liquid-liquid extraction with
distilled water. This method also has the advantage of being
more portable than the GC method and has the potential to
be used on-site.
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This work presents a flow analysis method for direct quantitation of calcium carbonate in cement without
pretreatment of the sample. The method is based on online vaporization of CO, gas following acidification
of the sample inside a small chamber that has a flow of acceptor solution passing around it. Solubilization
of the CO, gas into the acceptor stream changes the conductivity of the acceptor solution causing an
increase of signal at the capacitively coupled contactless conductivity detection (C*D) placed at the outlet
of the vaporization chamber. This chamber is an adaption from previous work reported on ‘membraneless
vaporization’ (MBL-VP).

The method can be used in the quality control of production of mixed cement. These cement materials
usually have calcium carbonate contents at high concentration range (e.g., 33-99% (w/w) CaCOs ). Analysis
of samples by this method is direct and convenient as it requires no sample pretreatment. The method
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is low-cost with satisfactory accuracy and acceptable precision.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Calcium carbonate plays an important role in the property of
cement and cement products. The content of calcium carbonate
required in the calcareous raw materials such as limestone and
chalk must be at least 80% (w/w) [1]. After calcination to pro-
duce cement clinker, the content of calcium carbonate must not
be greater than 3% (w/w) [1]. However, in the production of mixed
cement, Portland cement (finely ground mixture of the clinker and
5% (w/w) of gypsum) is mixed with calcium carbonate to obtain
certain specified properties and with controlled contents of calcium
carbonate (usually from 30 to 50% (w/w)).

As content of calcium carbonate plays a crucial role in cement
production and in the property of mixed cement, there is a need to
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10400, Thailand. Tel.: +66 2 201 5127; fax: +66 2 201 5127.
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monitor calcium carbonate contents at several steps during pro-
duction. In the literature, there are many methods reported for
analysis of carbonate and carbon dioxide but mostly for water or
liquid mixtures [2-6]. There are some methods available for deter-
mination of calcium carbonate in soil [7-11]. For cement, there was
a FT-IR spectroscopy, based on making pellets of KBr containing
cement samples, presented in 2001 [12]. However, this method is
tedious as the sample must be carefully ground to a certain micron
size to avoid light scattering [13]. As far as the authors’ knowl-
edge, methods available in the literature for direct detection of
calcium carbonate in cements are limited. There are more infor-
mation in some websites of commercial instruments, known as
‘carbon-sulfur analyzer’, for direct and rapid analysis of carbon and
sulfur [14-16]. The content of calcium carbonate can be obtained
from the result of the carbon analysis. In principle, cement sample
is heated with gaseous production of CO, CO, and SO, which can
be detected by IR spectroscopy.

Foraqueous samples, a popular method for analysis of carbonate
has been a membrane-based technique often called ‘gas-diffusion’
(GD) [2] or ‘gas-permeation’ [3]. Anionic species such as carbonate
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and its related form are acidified on-line to give gaseous CO,, which
then diffuses across a hydrophobic semi-permeable membrane
into an acceptor solution. Detection of CO, in the acceptor stream
can be carried out using various techniques, such as photometric
detection of acid-base indicators [2-4], potentiometric detection
using a tungsten oxide electrode [17], thermometric detection [18],
piezoelectric-impedance detection [19], acoustic wave-impedance
detection [20], traditional conductometric detection [3], and con-
tactless conductivity detection [5,6].

However, for solid samples, pervaporation is more suitable than
gas-diffusion. Pervaporation (PV) is similar in its concept to GD but
differs in the design of the sample chamber. PV chamber has an
air gap between the donor solution and the membrane [21]. This
narrow air gap prevents direct contact between sample and the
membrane and thus prolongs the life-time of the membrane. Selec-
tive permeation of CO, vapor across the non-wetting membrane to
the acceptor can still occur with this arrangement. As with GD tech-
nique, non-specific detection like conductivity is applicable with
the PV technique [7].

In the recent years, we have been focusing on the design of some
membraneless (MBL) devices, which allows diffusion or vaporiza-
tion of the gas from a donor to an acceptor stream, where it can
be detected by photometry [22-24]. The concept of membraneless
vaporization (MBL-VP) is similar to the GD and PV techniques, and
is based on conversion of the analyte into a gas. In this technique,
the configuration of the vaporization section (donor) and the accep-
tor flow is side by side in a closed chamber. In this way, the air space
inside the chamber becomes a virtual membrane. For MBL-VP tech-
nique, it is not necessary to use a hydrophobic membrane like in
GD and PV technique. The membraneless design has been shown to
provide a better mass transport of the gas than the conventional GD
technique, as reported for ethanol analysis [22]. In the latest design,
a MBL-VP unit was developed for accommodating direct analysis of
solid calcium carbonate with pH colorimetric detection using the
cresol red [24].

This present work describes a low-cost system that utilizes the
membraneless vaporization (MBL-VP) technique together with a
contactless conductivity detection for determination of calcium
carbonate in cement products by flow analysis. Analyses require
no sample pretreatment. The concept of selective vaporization
and the transfer of CO, gas into the acceptor stream is employed.
Detection of the acceptor is based on changes in its conductiv-
ity, which is related to the amount of absorbed CO,. We employ
a ‘capacitively coupled contactless conductivity detection’ or C4D
as detector. This is the first time that C*D has been used with the
membraneless technique. In the past, C*D has been used mostly in
separation techniques like capillary electrophoresis (CE) and high
performance liquid chromatography (HPLC) [25]. Although a group
of researchers has presented the use of a similar detector to C*D
with gas diffusion technique for analysis of carbonate in model
water sample, the flow cell was not easy to construct [5,6]. Here
we employ the simple axial design of C*D, commonly used for
CE, for detecting the change in the conductivity of the acceptor
stream from the MBL-VP unit. The C*D system is applicable for a
wide detection range and is suitable for the monitoring of calcium
carbonate content in cement samples.

2. Experimental
2.1. Standards and reagents
All chemicals used were of analytical reagent grade. Deionized-

distilled water was employed for preparations of standard and
reagent solutions.

AC Pre-amplifier & | .
- | |Rectifier for v, %

Acid port . f
1 \\\ x
- “MBL-VP unit;

~

Acceptor - s waste

Fig. 1. The MBL-VP-C*D manifold for direct analysis of calcium carbonate in
cements. MBL-VP unit: membraneless vaporization unit, SV: sample vial, A;,: accep-
tor in, Aoyt acceptor out, P: peristaltic pump. Note: the acceptor was 1 mM Tris and
1 M KCL.

In optimization, it is more convenient to use solutions of sodium
hydrogen carbonate as representative of calcium carbonate. For the
optimization studies, the stock solution was prepared by dissolv-
ing 3.4 g (accurate weight) of sodium hydrogen carbonate (Merck,
Germany) in water and made up to 50.00 ml. Further dilutions were
made from the standard stock solution using water. For calibra-
tion and analysis of cement samples, calcium carbonate powder
Carlo-Erba, Italy) was used as the standard.

The acceptor stream (Fig. 1) was prepared by mixing 10.0 ml
of 100 mM Tris(hydroxymethylamino) methane (Merck, Germany)
with 20.0 ml of 50 uM KCl with subsequent dilution to 1000 ml with
water.

2.2. Manifold set up

Fig. 1 is a schematic diagram of the flow manifold for deter-
mination of calcium carbonate content, with the MBL-VP unit for
formation and separation of the CO, gas and the C*D for detec-
tion. Similar to that described in the previous work for the calcium
supplement tablets [24], cement samples were accurately weighed
(30 mg) into vials. The vial, followed by a clean magnetic bar, was
placed inside the MBL-VP unit for subsequent vaporization and
detection of CO,. The flow system was operated using ‘continuous
flow mode’ accordingly to the procedure shown in Table 1. PTFE
tubes (0.75 mm i.d.) were used for all the flow lines, except in the
detection cell of C*D. An Ismatec peristaltic pump (model IS7610,
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Table 1
Operating procedure of the MBL-VP-C#D flow system (Fig. 1) for analysis of calcium
carbonate.

Step Duration time (s) Operational step Pump Lid

A 0-4 Place the vial containing On Open
solid standard/sample into
the MBL-VP unit

B 5-10 Close lid and prepare for On Close
acid injection

C 11-90 Inject acid into sample vial On Close

D 91-240 Open MBL-VP lid to release On Open

residual COyg)

Switzerland) was used for the liquid flow. A magnetic stirrer (Hytrel
HTR 8068, Germany) was employed continuously and set at a fixed
speed for reproducible mixing of carbonate with hydrocholoric acid
for both standards and samples.

2.3. Detection by C*D

The flow cell of C4D is schematically shown in the dotted area of
Fig. 1. The cell was made from PEEK tubing (1 mm i.d. and 1.6 mm
o.d.). The total length of the tubing was 150 mm. However the
length of both electrodes were 10 mm each and were made by
painting the PEEK tube with silver paint varnish [26], and with a
gap of (0.2 £0.05 mm), separating the electrode. An AC signal was
introduced to one of the metallic painted electrode from a function
generator (GW Instek, SFG-2104, Taiwan). The AC-current from the
second electrode was amplified, rectified and digitized, as reported
by J.AF. da Silva and C.L. do Lago [26], but using an in-house detec-
tion unit, coupled to a personal computer.

3. Results and discussion
3.1. Configuration of the C*D cell

In 2005, the group of F. Opekar reported an approach of mak-
ing a contactless conductivity detection cell [5,6], called ‘thinly
insulated wire cell’ (TIWC). They coupled this cell to gas-diffusion
for determination of total inorganic carbon in liquid samples by
flow injection analysis. This TIWC is based on the same concept
of C*D and was made by inserting thin insulated wires through
four punctured-positions of a PTFE tubing with 0.25 mm i.d. and
1.56 mm o.d. The insulation of the wire isolates and prevents direct
contact between the metal wire and the solution. This TIWC design
gave a significantly higher sensitivity than the axial configuration.
However, the TIWC design has high risk of leakage and it is not
simple to make.

In this work, we selected to use the design of axial tubular elec-
trodes for the C4D flow cell. In order to enhance sensitivity, larger
tubing with 1 mmi.d., instead of the capillary (~50-75 pmi.d.), was
chosen. For the MBL-VP technique, there is no chromatographic res-
olution to be concerned with. Thus, the i.d. of the C*D cell may be
increased even wider than 1 mm if desirable. PEEK or PTFE mate-
rial may be used. A PEEK tubing was selected for making the cell
because painting of the silver varnish on PEEK material was more
convenient than the PTFE.

3.2. Optimization of the C*D

Prior coupling the C*D with the MBL-VP unit, the detection
condition was optimized. A single line flow injection system
(not shown) was assembled for this work. The buffer (mixture
of 1TmM Tris and 1M KCl) was pumped through the tubu-
lar C*D cell. Repetitive injections (2.5ml) of 0.02mM sodium
hydrogen carbonate solution were made at the input voltage

A+B C D
— 12.0
>
= 80
=
=]
w 40
a
© ool
100 200 300
Time (s)

Fig.2. Example of signal profiles obtained from the developed MBL-VP-C*D systems
for analysis of solid sample: profile of 0.24 mmol CO32~ with acceptor flow rate at
2.4mlmin~'. Note: the capital letters refer to the operating procedure in Table 1.

(Vp-p) of 20V. The signal increased as the AC frequency was
increased from 10 to 25 kHz. Beyond 25 kHz (50-100 kHz), the sig-
nal decreased. Therefore, we selected 25 kHz at 20 V,_; as the input
signal.

The length of silver bands painted on PEEK tube of 10 or 20 mm
did not give significant difference in the sensitivity, and 10 mm was
chosen as the electrode length. In order to maintain the same sen-
sitivity, the gap between the two silver bands was always fixed at
0.20 +0.02 mm for every C*D cell constructed.

3.3. Signal profile

As shown in Fig. 2, the signal is not a symmetrical peak. With
the employed operating procedure (Table 1), which is a continuous
flow mode, the signal typically reaches a plateau during the acid
injection step C. The signal then drops to baseline as the lid was
opened after 91 s in step D. In this work, we used the height of the
signal taken at 80 s for the calibration.

3.4. Final operating condition

Optimization can be divided into two parts, that involving C*D
detection and the other including the flow system. Optimization for
the highest signal was described in Section 3.2. Table 2a lists the
C4D parameters, which are employed for the analysis of cements.
The various parameters and the final selected values, for the flow
system, are given in Table 2b.

3.4.1. Sample size
Cement samples usually contain relatively high content of cal-
cium carbonate (from 25 to 100%, w/w). Due to the high sensitivity

Table 2
Recommended condition of the MBL-VP-C#D flow system for determination of cal-
cium carbonate.

Parameters Studied Selected
C*D sensor
1. Applied frequency (kHz) 10-100 25
2. Applied voltage (V;.p) 10-20 20
3. The tubular cell
3.1 inner diameter (PEEK) (mm) 0.25-1.00 1.00
3.2 length of silver paint (mm) 10-20 10
MBL-VP and the flow condition
1. Sample size per analysis 5,10,20,30mg  30mg

2. Acceptor stream

2.1 components Water, x Tris+y ~ 1mM

KCl Tris+1 wM KCl
2.2 flow rate (mlmin—') 0.5-3.0 2.5
3. Volume of 3 M HCl per analysis (ml)  0.5-1.0 1.0

x:0.1,0.5, 1 and 3 mM.
¥:0,0.1,1and 5 uM.
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Table 3

Analytical features of the MBL-VP-C#D flow system for determination of calcium carbonate.

Feature

Value

1. Linear working range

2. Equation; r?

3. Throughput (samplesh1)

4. Precision (%RSD)

5. Detection limit (3S/N)

6. Direct analysis of sample as received?
7. Applicable with external calibration?

8. Sample preparation

0.04-0.24 mmol CaCOs (4-24 mg CaCOs())

Ve =(29.57 +2.90) (mmol CaC0O3)+(3.168 +0.438); r> =0.991
14

5.3 (20mg CaC0s3,n=10)

2.5 wmol CaCOs (0.25 mg CaCOs(y))

Yes

Yes (using CaCOs solution or CaCO3; powder)

- None (proximate analysis)
- Oven dry (accurate analysis)

of our C*D, an appropriate amount of solid sample must be selected
in order not to exceed the linear working range of the system. For
cement and related materials, we found that 10-30mg is suffi-
cient. Finally, 30 mg was chosen as the optimum sample weight
(Table 2b). Each sample must be weighed using five-digit micro-
balance for ensuring the mass precision.

3.4.2. Acceptor line

3.4.2.1. Type of acceptor solution. We observed that plain water
(deionized-distilled water, pH 6) may be used as the acceptor
stream for the system in Fig. 1. Nevertheless, we still prefer to use
a weakly buffered solution for absorbing the CO, vapor. In some
work, reporting the trapping of CO, via membrane-gas diffusion
[19,20], solution of Tris (10 mM) and KCI (0.5 or 1 mM) was reported
as a suitable acceptor stream. However, these concentrations of
Tris and KCI were not suitable for our C*D system, due to the high
conductivity. Therefore, the concentrations of Tris and KCl were
reduced using 1 mM sodium hydrogen carbonate as the test sam-
ple. Fig. 3 shows that 1mM Tris and 1M KCI gave the highest
sample signal but with suitable baseline values. Thus a mixture of
1 mM Tris and 1 uM KCl were selected as the acceptor solution for
both systems in Fig. 1.

3.4.2.2. Flow rate. In a flow system with incorporation of a gas-
trapping device, flow rate of the acceptor stream is a key parameter
that determines sensitivity of the system. Results showed that
as the flow rate was increased from 0.5 to 3 ml/min, the signal
decreased by 50%. As a compromise between sample throughput

** ()

3.0

1.5

C4D signal (V)

0.0

0.0 1.0 2.0 3.0
[Tris], {(mM})
4.5 (b)

3.0

1.5

C*D signal (V)
@

0.04 v v v T
0.0 20 4.0 6.0

[KCI], {nM)
Fig. 3. Effect of concentrations of (a) Tris and (b) KCl in the acceptor solution on the

signal. The experiments were carried out using repetitive injections of 1 mM sodium
hydrogen carbonate.

and the detection limit, the flow rate of acceptor stream was set at
2.5 ml/min for the system in Fig. 1 (Table 2b).

3.4.3. Donor

In order to generate CO, gas stoichiometrically from cement
sample, the acid was injected into the sample vial through the acid
port situated on the lid of MBL-VP unit (Fig. 1). The results show
that 1 ml of 3 M hydrochloric acid was excess enough for complete
solubilization of the samples of cement and raw material.

3.5. Analytical feature

The final analytical features of the MBL-VP-C*D system are sum-
marized in Table 3. Linear calibration (12 > 0.99) was obtained from
4 to 24 mg CaCOs3(y. The throughput of 14 sample h~1 is notable
since off-line sample preparation is not needed. Vaporization of the
analyte to form CO, vapor before detection allowed use of external
calibration method, which is very convenient. With the external
calibration, the recovery is from 85 to 103%. Our method is very
precise with %RSD of 5.3.

3.6. Application, validation and comparison to commercial
instruments

The flow system in Fig. 1 was applied to eight cement materi-
als (Table 4). Sample numbers 1-4 are the raw materials. Sample
numbers 5-8 are the commercial mixed cement products. The
low values of SD in Table 4 show that the developed method is
precise and suitable for using in the quality control of cement indus-
try. We also employed a commercial ‘carbon-sulfur analyzer’ for
comparison. By means of statistical paired t-test [27], the calcium
carbonate contents, determined by the MBL-VP C*D techniques,
are not significantly different from contents given by the method of
carbon-sulfur analyzer at 95% confidence (tstar = 0.764, tojt = 2.447).
This shows that our developed methods are accurate and reliable.
Our system is lower cost than the commercial carbon-sulfur ana-
lyzer instruments, which are based on temperature programmed
combustion of the sample to generate CO, gas followed by infrared
detection [14-16].

Table 4
Validation of our method by comparing the results with the carbon-sulfur analyzer.
Sample % (w/w) CaCO3 (mean +SD, n=3)
The proposed Carbon-sulfur
method analyzer
1. Limestone 1 89.02 + 0.08 96.38 + 0.48
2. Limestone 2 99.23 £ 1.95 99.62 + 0.04
3. Chalk 1 93.05 + 3.56 91.85 + 0.63
4. Chalk 2 93.11 £ 2.43 93.47 + 0.05
5. Mixed cement 1 3349 + 1.55 30.15 + 0.03
6. Mixed cement 2 41.64 + 2.47 46.88 + 0.05
7. Mixed cement 3 4442 + 0.52 46.89 + 0.67
8. Mixed cement 4 49.71 + 1.82 47.00 + 0.47
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4. Conclusions

This work describes a new flow system consisting of a so-called
‘membraneless vaporization’ unit and a flow-through tubular cell
based on the concept of capacitively coupled contactless conductiv-
ity detection or C*D. This flow system is capable of measurements
of calcium carbonate contents in cement samples. The method is
direct and requires no pretreatment step. Sample is introduced
directly into the system followed by acidification of the sample
to generate vaporization of the CO, gas inside the membraneless
vaporization unit. Subsequent solubilization of the CO, gas causes
the conductivity of the acceptor stream to increase, resulting in the
rise in the voltage signal at the C*D detector. Utilizing vaporiza-
tion with subsequent trapping of the CO, gas is not dependent on
the form of the standard (solid or liquid). Therefore, this allows us
to conveniently use external calibration method. The system and
procedure have been successfully applied to commercial cement
products.

The tubular flow cell of the detector is much simpler than the
‘thinly insulated wire cell’ [5,6], which was made by using a capil-
lary tubing (0.25 mm i.d.) with four punctured holes. The flow cell
used in our work employs a PEEK tube with no punctured holes and
therefore there is no chance of liquid leakage to occur. The i.d. of
the PEEK tubing is 1 mm, and will not produce any back pressure.
Linear range of our C*D detector covers the wide range of calcium
carbonate contents found in the cement samples. In our previous
study using dye indicator, the linear range of detection was more
limited [24]. Thus, for analysis of calcium carbonate with vaporiza-
tion of CO, with trapping of the gas in an acceptor solution, C*D
has been shown to be a detector of choice.
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APPLICATION
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measurement of ethanol in gasohol

SPECIFICATION

LED photometric technique for
measuring absorbance at a specific
region of wavelengths.

98%

measuring ethanol contents in gasoline fuels

(gasohol). SG-Kit consists of a handy colorimetric Detection Method
instrument, a set of apparatus and a dispensing bottle

of reagent. Performance
Ethanol analysis by SG-Kit is carried out by simply Accuracy
aliquoting 200 L of the fuel into a reaction vial and Resolution

+ 0.3 %(v/v) ethanol

placing the vial inside chamber of the colorimetric Precision (%Rsp)

3%

instrument. Extraction and reaction will take place -
Measuring range

automatically inside the chamber. Readout of ethanol

5 — 20 %(v/v) ethanol

Sample size

content will appear as %(v/v) in 2 minutes. With SG-

200 L

Kit, machine calibration with a reference is enough. Analysis time

2 min

Analysis & Results
SG-Kit has been specifically designed to offer a

Single standard calibration.
Result in value of %(v/v) ethanol.

simple method to users.

SG-Kit provides high Weight 8 kg for Exclusive class
. o [ i
precision (small %RSD) and accuracy (>98%). High Display 5 line LCD
resolution of the SG-Kit (+0.3 %(v/v) ethanol) allows
Power supply 220V

differentiation of concentration levels of 9.7, 10.0 or

10.3 %(v/v) ethanol in gasohol.

SIMPLE and ACCURATE detection

- Accurate results in 2 min

‘ Bangkok High LAB Co.,Ltd.

-Light weight, compact, convenient and portable design

- Fast, easy to use by non-technical personnel

For additional information: Asst. Prof. Duangjai Nacapricha (Ph. D.)

Flow Innovation-Research for Science and Technology Laboratories (FIRST Labs.)
Department of Chemistry, Faculty of Science, Mahidol University, Rama 6 Road,Bangkok 10400
Tel: 081-8303771 and 02-2015120

E-mail: dnacapricha@gmail.com and scdnc@mahidol.ac.th

Website: www.firstlab-mahidol.com

Feb 28, 2008}
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Innova-Eth06: An Ethanol Meter for Gasohol

Thitima Bhusn’som"z*, Phoonthawee Saetear"z*, Jirayu Simnurak"z*,_

Duangjai Nacapricha'”, Natchanon Amomthammarong '?, Juwadee Shiowatana’,
Nuanlaor Ratanawimamwong ', Piyada Jittangprasert'” , Nathawut Choengchan "7,
Sasithom Muncharoen 7, Kamonthip Sereenonchai'?, Warawut Tiyapongpattana'”,

Weerawan Waiyawat '7, Patidta Sastranurak'?, Saowapak Teerasong'”,

Thitirat Mantim'? and Veerasak Srisukanimit'

'Flow Innovation-Research for Science and Technology Laboratorieé (FIRST Labs)
2Department of Chemistry, Faculty of Science, Mahidol University, Bangkok 10400 Thailand
’Department of Chemistry, Faculty of Science, Srinakarinwirot University, Thailand ‘
“Institute for Innovation and Development of Leaning Process, Mahidol University,
’ Bangkok, Thailand
Mahidol Wittayanusorn School, Mahidol University, Salaya, Nakom Pathom, Thailand

*Corresponding authors: oicaom@hotmail.com, psaetear@gmail.com, jsitanurak@gmail.com

Abstract

Like in some countries, a mixture of gasoline with ethanol is used in Thailand as
automotive petrol to reduce the amount and cost of imported gasoline. For Thailand,
ethanol is mixed with base-fuel gasoline to contain ethanol at 10 % (v/v). This is known
as ‘gasohol E10°. Gasohol E!0 is available both with octane numbers of 91 and 95.
For gasohol, ethanol also acts as an octane booster and therefore is employed to replace
the traditional compound called ‘methyl-tertiary-butyl-ether’ (MTBE). Supplement of
ethanol into gasoline also reduce cost for imported MTBE, since ethanol can be produced
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locally, from natural resources of the country.

Since gasohol has just been recently launched to Thailand, there are still doubts about the
quality of gasohol as compared to the conventional gasoline 91 or 95. One suspicious is
that ethanol may be lost during the storage of gasohol and that might cause drop in the
gasoline quality, due to lowering in the octane number. Also there are some fcars from
customers that gasohol might be greater than 10 % (v/v) and their engines might not be
supportive to higher level of ethanol than the labeled value.

According to the customer needs in the quality control, we thus developed a prototype of
a mobile meter for measuring ethanol in gasohol. This meter is named ‘gasohol meter’,
model: Innova-Eth06’. Innova-Eth06 is very suitable for on-site analysis both at
production sites and at gas stations. Innova-Eth06 offers automatic sample preparation
with direct introduction of gasohol into the meter. The meter is suitable for mobile
laboratories belong to oil industry and the government sector, which are involving in
monitoring of the quality control of gasohol.
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In-line solid phase extraction/pre-concentration-capillary electrophoresis: comparison between
polymeric-based monolithic and silica-based packed-particle phases

PATCHARIN CHAISUWAN*'? DUANGJAI NACAPRICHA'™, PRAPIN WILAIRAT"2, ZHENGJIN JIANG?,
NORMAN W. SMITH?

'Flow Innovation-Research for Science and Technology Laboratories (FIRST Labs)
*Department of Chemistry, Faculty of Science, Mahidol University, Bangkok 10400, Thailand
'Micro Separations Group, Pharmaceutical Science Research Division, King\'s College, London. SE1 9NH.
United Kingdom

Sohd phase extractions (SPE), based on monolith and packed particle, were investigated for in-line pre-concentration of
capillary electrophoresis (CE). SPE sections of polymeric monolith and silica-based packed-particles were prepared in
situ at the inlet end of separation capillary. Terbutaline (TER). 4-hydroxy-3-methoxy-methamphetamine (HMMA) and
henzyl alcohol (BZYEOF marker were used as model compounds for investigation of SPEs’ performance. CE separation
was carried out using 100 mM tris-buffer in methanol, pH 8.2. Pre-concentration and elution test showed that of two
monolithic SPEs, polymeric based, gave imreproducible results for pure-aqueous medium, but the reproducibility was
mproved by addition of 10%(v/v) organic solvent such as methanol or acetonitrile. However, irreproducible results
(migration time and area) persisted when coupling polymer-based monolithic SPE with the non-aqueous CE. In contrast,
the silica-based in-line SPE exhibited a remarkably reproducible CE system for TER and HMMA with %RSD (n -20) of
<0.3 and <4.5 for migration time and peak area, respectively. Pre-concentration factors for TER and HMMA were
«atisfactorily achieved at 333 and 1,000 respectively. Acknowledgements Scholarship of the TRF RGJ-Ph. D. (for PC via
PW) is gratefully acknowledged. Financial supports of this research from the Center for Innovation in Chemistry:
Postgraduate Education and Research Program in Chemistry (PERCH—CIC) Commission on Higher Education,

Ministry of Education is also appreciated
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A Continuous-Flow for Extraction and Colorimetric Analysis of Ethanol in Gasohol Fuels

JIRAYU SITANURAK '2, THITIMA BHUSRISOM'* PHOONTHAWEE SAETEAR'?, NATCHANON
AMORNTHAMMARONG"2, JUWADEE SHIOWATANA?, SASITHORN MUNCHAROEN!2, PIYADA
JITTANGPRASERT'?, NUANLAOR RATANAWIMARNWONG'"?* . NATHAWUT CHOENGCHAN'*

'Flow Innovation-Research for Science and Technology Laboratories (FIRST Labs)
2Dept, of Chemistry, Facuity of Science, Mahidol University. Bangkok 10400, Thailand
*Dept, of Chemistry, Faculty of Science, Srinakarinwirot University, Bangkok 10400, Thailand
‘Dept, of Chemistry, Faculty of Science, King Mongkut’s Institute of Technology Ladkrabang, Bangkok 10520,
Thailand
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This work presents a continuous-flow system for quantitative analysis of ethanol in gasohol. The flow system
provided the following multifunctions, i.e., (i) extraction of ethanol from gasohol, (ii) mixing the extracted ethanol
with reagent, (iii) separation of gasohol and (iv) removal of bubbles from the colorimetric detection. Linear calibration
(r2 = 0999) was obtained from 0 to 20 % (v/v) of ethanol in gasoline. Analysis time was 6 min/sample.
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