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CHAPTER

INTRODUCTION

1.1 Statement of the problems

Phthalate esters (PES) are widely used as plasticizers and additives in many
daily used products sucheas plasiics, pesticides, paints and cosmetics etc [1]. Leaching
and migration of plasticizer molecules from polymers is a critical issue that
determines a material’swsable lifetime. Plasticized polymers are often in contact with
stationary or flowing flaids, In course of time, plasticizers tend to diffuse out. The
leaching out rate 4s usually @ ‘functic;_l}l of temperature and initial plasticizer
concentration while the rate of migratiohI i a product of solubility and diffusion
coefficients. In addition, the plasticizers C(;ming out of the polymers often pose health
and environmental risk [2]. Certain PEs as'"‘\%/'ell-"as their metabolites and degradation
products can cause effects on human healthfi.ﬁ particular on liver, kidney and testicles
[3]. Due to their potential risks: for human l'ré'af_tliif‘ and the environmental, several of

them have been included in the priority liét?Qf pollutants of different national and

supranational organizations [3].

DimethyLiphthalate (DMP), diethyl phthalate (DEP), dibutyl phthalate (DBP),
di(2-ethylhexyl) phthalate (DEHP), butyl benzyl phthalate (BBP) and dioctyl
phthalate (DOP) are listed by US Environmental Protection Agency (USEPA) as toxic

substances [4].

Cellulose lacquers is one of the paint tsed in painting furnitur€ and automobile
composing of acrylic or alkyd resif, nitrocellulose,splasticizer, pigmentgand solvent.
Phthalate lestersvare ;used “as the  plasticizer in| Cellulose lacquers. ‘Fherefore the
determination of PEs in cellulose lacquers is needed. There are several methods were
proposed for the determination of PEs by gas chromatography (GC) and high
performance liquid chromatography (HPLC) [5]. The separation of PEs from
cellulose lacquer is usually performed by liquid-liquid extraction (LLE), especially

soxhlet [6]. However these methods require more time and large amount of toxic



solvent. Other techniques are ultrasonic extraction, microwave-assisted extraction,
supercritical fluid extraction, pyrolysis [7-10]. However these techniques require
special equipment. Solid-phase extraction (SPE) is considered expensive and time

consuming [11].

Generally, the solvent extraction 1s usedsas extracting solvent to extract the
interested compound from sample to exfracng selvent. To perform the solvent
extraction on the cellulose lacquers, whieh is 1 organic solvent as well, the choice of
organic extracting solvent  was crucial. Moreover, eellulose lacquers are viscous
liquid. The completes€ontact between the paint and solvent must be therefore

concerned in order to achieye suceessful 'extraction of the plasticizer.

In this study, the effects of high tenii)erature and agitation rate on the solvent
extraction were investigated to enhance -he extractlng performance in both solvent
consumption and extraction speed aspectd The increases in extraction temperature
and applying the agitagion can, enhance solubll,lty, diffusion rates and mass transfer

[12]. n )
il v i '

1.2 Objective of this work = 2

The objective of this study‘s to develop a Simple; convenient, inexpensive and

environmental fiiendly method for determination of PEs-in eellulose lacquer using

high temperaturefand agitation in the solvent extraction process..
1.3 Scope of this'work .

The gcoperof this, work i§ tofinvestigate ithe effectyofthightemperature and
agitation on [the solvent extraction in order to detezmine the  phthalate esters in
cellulose Tacquers. Furthermore, asconventional reflux method was also carried out

fot comparison;putpose:
1.4 The benefit of this work

To study an extraction method for the determination of phthalate esters in
cellulose lacquer that was easy, quick and energy save by using high temperature

solvent extraction and agitation by stirring.



CHAPTER 11

THEORY AND LITERATURE REVIEW

2.1 Background of Plasticizer [2]

The primary role of plasticiz ‘ 5 18 1 the flexibility and processability

of polymers by lowering. the Q‘ ‘ perature. Plasticizers can be

ylic acid esters such as triethylene

ol benzotaes

\.
ates such as tri nyl phosphate, tris (2-ethylhexyl)

ﬂﬂﬂ@%ﬂﬂﬁﬂﬁﬂ‘ﬁ

- Polyester of polémerlc plastlclzers such as poly(ethylene glycol),

ﬂW']Mﬂﬁwmﬁ*JWEl'm&l

- Special plasticizers such as dicyclohexyl phthalate, diphenyl

f tyl adipate, bis (2-

phthalate

- Extenders (hydrocarbons, chlorinated hydrocarbon) such as 1-

hexadecene, polychlorinated biphenyls



Phthalates are the most common, especially di(2-ethylhexyl) and diisooctyl
phthalate and, recently diisononyl and diisodecyl phthalate. Aliphatic dicarboxylic
acid esters (adipates, sebacates and azelainates) are used to impart good low-

temperature flexibility. Physical property of phthalate esters is shown in Table 2.1.

Table 2.1 Physical property of some phthalate esters [14-15].

B o . Water solubility
Boiling point )
PEs Molectlar weight . Kow)"
i (mg/L at 20°C)
DBP 278.34 F 340 4.57 10
DEHP 89 140 _ 370 1.54 0.0026
DOTP 390.56 © 400 9.08 Insoluble
DIDP I (i 5400 8.8 0.0002
¥

*Octanol/water partition €onstant. sy
2.3 Plasticizers for the Nitrocelltlose lacquer [16]-

Nitrocelllose—is—the-commercial-name-foi-the-prodlct resulting from the
reaction of cellulose with nitric acid. Cellulose can be considered as a trihydric
alcohol, the structural formula for which is shown in Figure 2.1. Cellulose is thus
composed of a large number of anhydroglucose units in the molecule is several
thousand for most naive celluloses; it tanges-frotn 500 to 25000t chémically purified
celluloses. High nitrogen (11.8-12:2 per cent) nitrocellulose "is used chiefly in the
manufacture of wood and metal finishes. The medium nitrogen (11.3-11.7, per cent)
and low nitrogen, (10:9-11°2 pér cent)'types, because of their thermoplasiicity at lower
temperature, “are often chosen ‘for special coatings such ‘as"heat-sealing lacquers for
paper and cellophane. The low nitrogen type requires less complex solvent
combinations and is useful particularly where solvent containing a substantial amount
of low molecular weight alcohol is helpful controlling odor of al lacquer or in

assuring compatibility of lacquer ingredients.
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e with nitrocellulose to

some extent dependi solvents for nitrocellulose.

Nitrocellulose can di

transfer of a solute
from one solven@ ible solve@when two solvents are

brought into contact‘The advantage of this techmque is quick, easy, convenience and

no pro e parts, first is
AN S11K0 R 11TV 1R 411014 e Y

and the lg&lt is chemical 1nteract101?m organic phase There are three parameters that

WS AT e TR

oncentration of solute in organic phase divide by its concentration in aqueous phase.
The second parameter is separation factor, it is measure the ability of the system to

separate two solutes it defines as one distribution ratio divide by another and the last



is fraction extracted, this parameter demonstrate the possibility to increase the extent

of extraction.
2.6 High temperature solvent extraction [12]

Temperature raises increase solubility, diffusion rates and mass transfer,
whereas viscosity and surface tension of the solvents are less than at room
temperature. Furthermore at elevate temperaturc,the activation energy of desorption
is more readily overcome, and the kinejics of desorption and solubilization are also
more favorable.

2.7 Gas chromatography-flame ionization detector (GC-FID) [20-21]

|

Chromatography.is a physical me%_hqgi for separating components in a mixture.
The basis of the method lies within rthe sef)e;fation column, which normally is a small-
diameter tubing packed with a st_ationary?l,oed_.‘ of large surface area. A mobile phase
percolates through the stationary bed. The{dname “gas chromatography” denotes that
the moving phase is a'gas, The basic pro'césses responsible for separations by gas-
solid and gas-liquid chromatography are ad;ﬁrption and partition, respectively. In the
elution method of gas chromatography, a s'tr'éz.:lm'] of carrier gas flows through the
column. Separation of components that comprlse the sample results from a difference
in the multiple, forces by which“the column’ materlals tend to retain each of the
components. “Whether _the nature of retention is_adsorption,-Solubility, chemical
bonding, polarity, or molecular filtration, the column retains somie components longer
than others. When /in the gas phase the components are moved toward the column
outlet, but they are selectively retarded by the stationary phase. Consequently, all
componentspass sthrough thescolummn; at varying: speeds ;and.emerge in the inverse
order of their rfetention By the column materials. A detector senses the effluents from
the column and provides a record of the chromatography in the form of a

chrotatograny The détector” signals ére proportiondte to the [quantity ©fieach [solute

(analyte) making possible quaniitative analysis.

The FID is the most widely used GC detector, and is an example of the
ionization detectors invented specifically for GC. The column effluent is burned in a
small oxy-hydrogen flame producing some ions in the process. These ions are

collected and form a small current that becomes the signal. When no sample is being



burned, there should be little ionization, the small current (10'14 a) arising from
impurities in the hydrogen and air supplies. Thus, the FID is a specific property-type

detector with characteristic high sensitivity.

The column effluent is mixed with hydrogen and led to small burner tip that is
surrounded by a high flow of air to support combustion. An igniter is provided for
remote lighting of the flame. The collector electrode is biased about +300V relative to
the flame tip and the colleeted current is amplified by a high impedance circuit. Since
water is produced in the combustion process, the detector must be heated to at least
125°C to prevent condensation of water and high boiling samples. Most FIDs are run
at 250°C or hotter.

!
The FID responds tosall organie compounds that burn in the oxy-hydrogen
flame. The signal is approximately‘proporti'onal to the carbon content, giving rise to

the so-called equal per garbon rle.

2.8 Parameters in'Gas ¢hromatography [21]

Retention time ) /

e

* dd

This parameter is exptessed as-the igi;ér\‘}al of time between the instant of
injection and the detection-of component. It ‘Var"y - with the identity of the component

such as boiling point, polarity so it is utilized for qualitative and guantitative analysis.
Resolution

This parameter is described the separation of two solutes depends on their
retention _behavior, The degree to which two_chromatographic peaks_ are separated can
be characterized as' a function of the column. It can be expressed according to

equation2.1.
Riag = 2| (dr(B)-dr(A)/W(B)+w (A)] 2.1

Where Rpg is the resolution, dg(A) and dr(B) are the retention distances (time) of
each eluted component A and B, w(A) and w(B) are the respective widths of each

peak at its base.



2.9 Literature reviews

Many determination methods of phthalate esters in water samples by using
liquid-phase microextraction (LPME) were developed. This technique provides
analyte extraction in a few microliters of organic solvent. It is inexpensive and there is
considerable freedom in selecting appropriate solvents for extraction of different
analyte. Since very little solvent is used, theré is minimal exposure to toxic organic
solvent for the operator [22]. LPME can be.preciormed by several modes such as
single drop microextraction (SDME), where the extractant phase is a microdrop of a
water-immisible solvent'Suspended on the tip of a conventional syringe and immersed
in sample solution [22]. Dymanic LPME is one mode that used microsyringe is
employed as a microseparatoryfunnel fo% extraction, which allow the mass transfer of
analyte between  the sSolvent microfilm ,.I.formed on the inner surface of the
microsyringe and the samplesolution by iEﬂhe repeated movement of the plunger [22].
Hollow fibre LPME this mode using poroﬁ-j hollow-fibre that connect at one of its end
of the needle tip of@ microsyringe while the other end is left suspended in the sample
solution [23]. From three modes" that had-:B'éefi" mentioned, LPME not suitable for
extraction of PEs from nifrocellulose lacquéiﬁ)e_cause it is paint and other component
such as resin, pigment can difftise-from samf)ié %’éﬂution into extractant phase. Solid-
phase extraction (SPE) was also used  to d,eternnne the phthalate esters in water
samples [24-25]. SPE uses the affinity of solute; dissolved op'suspended in a liquid
(known as the maebile-phase)-for-a-solid-through-which-the sample is passed (known
as the stationary phase) to separate a mixture into desired and undesired components.

This technique is.considered expensive and time-consuming-[11].

Ultrasonic,, extraction . has ,been developed. by..Xiwjuan. i et al. for
determination of phthalate esters'(DMP, DEP, DBP,/ DAP, DnOP, BEHP, DNP and
DDP) in plastic such as blood bags, transfusion tubing, food packaging and mineral
watery[25]. By, usingsmethanol=asextraction, selyent, and ,combine«with, solid-phase
microextraction (SPME) withcalix[4]arene/hydroxyl-terminated silicone las! fibre.
Limit of detection (LOD) of this research was in range 0.006-0.084 ng/L, relative
standard deviation was less than 10% and recoveries were in range 95.5-101.4%. In
2005, H.Y. Shen et al has been developed ultrasonic extraction combine with solid-

phase extraction for determination of phthalate esters (DEP, DPP, DIBP, DBP, BBP,



DCHP, DEHP and DOP) in plastic products for food [7]. These samples are sonicated
in n-hexane, treatment by nitrogen and clean-up by solid phase extraction (SPE) with
LC-C18 as cartridge this research show complicate of working and limit of detection
(LOD) of this research was 10 nug/Kg, recoveries were 82-106% and relative standard
deviation were in range 3.8-102%. This technique provides more efficient contact
between the solid and solvent than shake-flask method, usually resulting in a greater

recovery of analyte.

Microwave-assisted extraction is the technique that use microwave radiation
for treatment of solidvand liguid samples. This technique has been developed to
determination of adipate plasticizers (DMA, DEA, DBA, DIBA, DEHA and DIDA)
in plastics PVC [8] with methanol as ektraction solvent, 10 minutes extraction and
120°C of extraction temperatuge. This resealrch provided recoveries in range 75-98%

and relative standaid deviation were in range 2-7%.

Supercritical fluid extraction (SF;@) has become an important and useful
technique to prepare samples before analy;i§-. The use of supercritical CO, yields a
rapid and quantitative it also has been develg;gtzd for determination of phthalate esters
(DBP, DOP, DIHP, DINP and DIDP) in PVg-pquucts [9] at extraction temperature
was in range 90-100°C, pressufé-34 MPa, 8§ ﬁﬁu,tes extraction time and cyclohexane

as collection fluid. This research provided re'ci)'{i'eﬁés'in range 90-100%.

Ultrasoni€¢; extraction, microwave-assisted extractionvand supercritical fluid

extraction required'special equipment and expensive.

Soxhlet was also used to analysis the plasticizer mixtures in various plastic
sample sincluding svinyl=ehloride mplastics; [6]+1n"PV Crplastics ssuchras toys [26] and
food packaging [27]. However, this.method ¢onsumed both time andithe large amount

of toxic solvents such as chloroform:and carbon tetrachloride.

Due'.to the (viscosity of ‘the sample, many reported  sample' preparation
methods such as SPE and LPME is not suitable. In this study, the simple solvent
extraction, which do not require any special instrument, was employed as the sample
preparation method for nitrocellulose lacquer. Therefore, the aim of this study is to

increase the extraction efficiency of solvent extraction in aspect of both the shorter



10

extraction time and less amount of organic solvent by using higher temperature

solvent extraction and applying the agitation.
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CHAPTER III

EXPERIMENTAL

3.1 Instrument and apparatus

3.1.1 Gas chromatograph %) ionization detector (GC-FID)

system (Shimavdzr b
3.1.2  Auto injector AO

3.1.3 Capillary olysiloxane) 30mx0.53

mm i.d., 0.

3.1.4 Autosamplegsyringe 10ul (S.G.E ﬁ% N
3.1.5 Vial 1.5 mL gap and septun A ‘ pan)
. ahi.aald

3.1.6 Mechanical stigfer M cthai, Thailand)

3.1.7 Water bath Model: £ land)

3.1.8

i
F

Electronic balance _1 i‘j:' 3204 ( Switzerland)

319 Centrl ,‘_puml-l=;l;._-‘4-:-;lu:m;:l Tmany H
———————————————————————— \. ‘
k

3.1.10 Stopwatc 0 > T
i | . _

!

3.1.11 Round botto;i- flask 50 mL

mwasawmw g1

3.1.13 T ransfer pipette 2 ml and méasuring pipette Sl (HBG, Germany) »

ARIANNITN ANNYIAY
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3.2 Chemical reagents

1

-

3.2.1 Dibutyl phthalate ( = = )and di(2-ethylhexyl) phthalate ( ~ = )(purity
99.9%, 1.C.P. Chemical, Thailand)
L/\w )

3.2.2 Diisodecyl phthalate (“ 1 ’ Iyoctyl terephthalate (Ei;:) (Purity

3.2.3 n-Hexane (AC Pew ., R ILa'é illand)

324
3.2.5 Dichloromet‘ ' A“.  gtade , France)
3.2.6 Acrylic resin‘ lamrChen
3.2.7 Titanium Dio d e

3.2.8 Nitrocellulose (28 y‘

3.2.9 Helium gas (purity 99.999%, TIG, S -akarn, Thailand)

3.2.10 Hydrogen gas (purity 99.99% . TIG, ¢ prakarn, Thailand)

3.2.11 Air zero-(purity 99.99%, TIG, Samutprakarn, Thailand)

L\

3.3 Preparation oflir
|

a o

The 50 g/L of dioctyl tetephthalate (DOTP) as internal staﬂxd was prepared using
the studied solvents.” =9

B UEANENINGNT

, Cellu]ose lacquer was ‘performed following  formulation’ Jof paste
ARSI SR
qcrylic resin with titanium dioxide then, solvent was added for adjust the viscosity.
After that mixed until it is homogeneous. The nitrocellulose was added 26.06% w.
Finally, the DBP, DEHP and DIDP were added into this synthesis paint sample with
3.67%, 3.67% and 2.09% w of paint, respectively.
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3.5 Gas chromatographic conditions

Analysis of DBP, DEHP and DIDP was performed by using GC-FID. The GC

condition is shown in Table 3.1

Table 3.1 The gas chromatographic conditions for analysis of DBP, DEHP and DIDP

GC Parameters GC condition

Carrier gas, lineat.velocity ) Helium, 27.8 cm/s

Rix-5 (5% diphenyl-95% dimethyl
Columnh polysiloxane) 30mx0.53 mm i.d., 0.25um
film thickness

injector w Split mode; split ratio 1:10
Injectorgemperature ' 300°C

iSOO C for 5 min, ramped up to 320°C at

TemperaQg€ pgeergn rate 10°C/min and held for 5 min

Detegtor & FID
Detector temperature =3 320°C
Make up gas -l Helium, 3 mL/min

3.6 Extraction procedure of PEs from cellulose lacquer

The objective of this study was to study the parameters that can enhance the
extraction efficiency of solvent extraction by using smaller amount of extracting
solvent, higher_ extraction temperature and. dgitator for determination of phthalate
esters in cellulose lacquer. The/extraction procedure of PEs can be described as

follow:

In thisystady, the experiment was performed by weighing 3.0000£0.0005g of
spiked sample into the 50 mL round bottom flask. Then, the 3.00 mL of studied
solvent was added. The mixture of this solution (1:1 ratio by weight/volume) was
stirred by mechanical stirrer at 55 rpm for 10 minutes at 25°C for all experiments in
the optimization study section unless stated. The experimental set up is shown in

Figure 3.1. The joint was sealed with parafilm and aluminium foil to prevent the
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solvent evaporation and the extraction temperatures were controlled by water bath.
After the extraction, the solution was centrifuged and the liquid phase was transferred
into 5 mL-volumetric flask. The 2 mL of the internal standard, DOTP (50 g/L) was
added using pipette. Then GC analysis was performed by transferring solution into

GC vial and 1.0 pL of solution was injected to GC.

For solvj extraction, the choice of extracting solvent is quite crucial. In this

study, we chose theﬁnﬁlc solvent based 6h-Several considerations. First, cellulose

e RS SR L

1ssolvem organic solvents. Therefore, three organic solvents including n-hexane,

toluene, dichloromethane were useﬁ in this stud q The boﬂm@omt of three solvent

o kTl o s s b

‘Section 3.6.
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Table 3.2 The ratio of mixed solvent.

Studied extracting solvent Ratio (% v/v)

0/100

30/70

40/60

50/50

60/40

n-Hexane/dié oL
' - 70/30

0/100

30/70

Ll

Toluene/dichloromethane 40/60

. é—_: Ul VO

W,

-ll ' i P
A

After extraction procedure, the physical appearance of cellulose lacquer

”mﬁﬁﬁ?ﬂﬂﬂ5Wﬂﬁﬂﬁ

QW’lﬁ\ﬂﬂimﬁJWI’mﬂ’]ﬁB
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Table 3.3 Boiling point of studied solvent

Studied solvent Boiling point (°C)

parameter the ' ',- ed er 4 ’ 0°C, 50°C and 60°C
and extraction prﬁdur 7

3.7.4 Study 3f the effect of ratio oUmple to extraction solvent (w/v) on

‘heexﬁ“ﬂif“'ﬂWSWiWEJ"lﬂ‘ﬁ

ratlo between sample to extraction solvent is one parameter that affected

Ok PR FAERIY FIL AR TSt Y

QOlvent 1 mL); 1:2 (sample 1g+0.0005g and extracting solvent 2 mL) and 2:1 (sample
2g+0.0005g and extracting solvent 1 mL). The extraction was stirred at 55 rpm for 10
minutes at 25°C. After extraction the solution was performed that described in Section

3.6.
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3.7.5 Study the effect of agitation on the extraction efficiency

The agitations were applied in the study using mechanical stirrer. All
extraction were performed as described in the Section 3.6. The stirring rates were

controlled at O (no stir), 45, 55, 65, 110 and 220 rpm.

3.7.6 Study the lost of extraction solyent from high temperature solvent

extraction

Because the lost of extracting solvent during the extraction process under high
temperature was conceried; the study to investigate the solvent lost was conducted. In
this study, the samples‘prepared as described in Seetion 3.6 were divided into 2
groups. For the first ggoup, theextraction was conducted as described before without
applying the agitation. The ether set, the round bottom flasks were connected to the
condenser. The extsaction procesé was ﬁg:rlformed at 40°C, 50°C and 60°C for 10
minutes. After the extzaction, the volumes ofi extracting solvent of both groups were
measured. The lostiof extragting solvent iyas calculated based on equation the lost

volume divide initial volume aid multiply with 100.
o,

¥
3.8 Reflux method for extraction of PEs from cellulose lacquer
d e bt 'JJ-J

The aim of this segtrionr is.to comquz}qé extraction efficiency of this study
with conventional method tflﬁt performed at l;iqgh. temperatutr¢. In this study, the
3.0000+0.0005 g-of spiked-sampie-was-werghed="theny3-mi=ol the suitable extracting
solvent that obtained from the study in the Section 3.7.1 was.added. The temperature
was set at 80°C and refluxed for 20 and 60 minutes. Then, the extract was performed

as described in Section 3.6. Comparison the result that obtained from Section 3.7.2 at

20 and 60 minutes:

3.9 Method validation

From'_the ‘result in.Séction (3.7, {the Optimum/ extraction ‘conditions were

obtained. In this section, the'developed extraction and-analysis'method was validated.

3.9.1 Calibration curve

The calibration curves were prepared by weighing DBP, DEHP and DIDP

following Table 3.2. The PEs were dissolved using the suitable extracting solvent and
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transferred into 5 mL-volumetric flask that contained 2.00 mL of DOTP as internal
standard. The relative peak areas of standard and internal standard were plotted
against the concentration of each PEs standard solution. Calibration curve was shown

in the APPENDIX .

Table 3.4 Weight and working range concentration of each PEs for calibration curve.

Working cenceniration range (g/L)
Weight (+0.0005g) o
DBP DEHP DIDP
0.00500 1400£0:10 1.00£0:10 1.00£0.10
0.0100 2.00+0.10 2.00£0.10 2.00+0.10
0.0200 4.00+0.10 4.00£0.10 4.00£0.10
0.0400 8.000.10 8.00+0.10 8.00+0.10
0.0800 16:00+0. 10 < 16.00+0.10 16.00+0.10
0.1600 32.0(-)10-.10 i JI 32.0010.10 32.00£0.10

o
=1,

3.9.2 Study the effect of Matrix

g

Matrix calibration cuf;/;as were constrﬁc-ted to study the matrix effect. First, the
extraction of a biank fitrocellulose lacquer with suitable eéxtraciing solvent obtained
from the study in-the Section 3.7.1 was conducted as described in Section 3.6. Then,
the PEs standard-solutions were prepared as detailed in the.Section 3.9.1 using the
extract from the blank sample. PEs were weighed following Table 3.4. The results
were shewn“in Section 4141 jand comparison siope of edch standard PEs from both

methods..Calibration from matrix curve was shown'in APPENDIX.

3:9.3 Method.quantification limit/(MQI)

The method of quantification Timit (MQL) was defined*by the concentrations
of PEs in cellulose lacquer at 10SD of a blank signal [28]. The MQL was determined
by injection of extracting solvent of blank nitrocellulose lacquer sample into GC. The
results were shown in Section 4.4.2. If blank not show peaks of PEs, add PEs in small

concentration. Performed with optimum condition after that calculate standard




19

deviation (SD) of concentration of each PEs and MQL is equal to 10SD. In this
experiment was performed of high concentration so it not necessary to determine

method of detection limit (MDL).

3.9.4 Study of accuracy and precision

recovery. Precision 1

ity of M Precision is commonly

reported in the RSD). The accuracy and

precision was pekh e lacquer. The spiked

concentration level /0! _ {P-and D ." vere 4.30, 1.10 and 7.00 g/L,

The develo ; ‘ L app iec alyze P s i two brands of cellulose
lacquer selling in the markef. - he . \ nined following optimum
condition and repeated 3/timesfot each sample. The results were shown in Section

4.5.

ﬂ‘!JEI’JﬂEWl‘ﬁWEﬂﬂ‘i
’QW']Nﬂ‘iEU UNIINYIA



CHAPTER IV

RESULT AND DISCUSSION

The standard solution o P L i hexane was injected according to GC
condition in Table ST (08 @ of standard PEs were
shown in Figure 4.1 a able - i o,

Intensi
’."500(1)(1}:{

5000000

2500000

0 i 10

o f war&ww P B e,
g ma STAPYAIo TNy ISR ILIpr3 e

equence was DBP, DEHP, DOTP and DIDP, respectively. This separation is based
on the boiling point and the interaction between stationary phase and PEs. DBP was

eluted first based on its low molecular weight and low boiling point (340°C).
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However, the boiling points of DEHP, DOTP and DIDP are quite similar. Thus, the

separation of these compounds should follow the polarity of each compound.

Table 4.1 Retention time and resolution of standard PEs under GC condition in Table

3.1.

PEs Retention time (min)* Resolution®
DBP 10.782+0.01 19.88+0.06
DEHP 16.230i0.02 15.17£0.03
DIDP 18.7l24i0.01 3.10+0.03
ab_3 ‘ N

The GC condifionin Table 3.1 can bé“used to separate three PEs because the
resolutions of each pealgin Table 4.1 are gf_éz_lntler}han 1.5. However, the DIDP showed

the grouping peaks be€ause there are the other isomers.
o

4.2 The solvent extraction optimization fof i’Eé'.*extraction

4.2.1 Study of the extracting solvent _. - N

The extracting solvent is the key in solvent extraction techniques. The
challenge in this ;tudy 1s that the cellulose lacquer 1s in organic solvent. There are
many desired properties of a suitable extracting solvent for extracting PEs. First, it
should be able to dissolve PEs. Second, the boiling point should be high so we could
work at high extraction temperature. Importantly, it should not dissolve with the other
components in.the nitrocellulose lacquer sample, which are resin, nitrocellulose, and
pigment.“In this study, n-hexane, toluene, dichloromethane were chosen due to the
their low. polarity that should dissolye PEs. The results were shown in Table 4.2.
From Table 4.2, the physical appearance of the sample indicated that 100% n-hexane
exhibited better phase separation between sample and extracting solvent, while 100%
toluene could dissolve the sample. On the other hand, the sample was coagulated

when 100% dichloromethane was added.
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Therefore, the reaction of each component with each extracting solvent was
investigated. Three solvents were added in the paste (resin+ titanium dioxide) and

nitrocellulose separately. The physical appearance was observed. We could see that

the hexane could not dissolve paste and nitrocellulose resulting in the 2 phase

Toluene coulddissa )th paste and nitrocellulose due to the aromatic rings
which can interact swith sthe @ 1 ngs " > sample ({- interaction).

Dichloromethané ¢« 1S5¢ ¢ 2N :‘ llulose.

The mixed ént of the cey nts were also studied. For any mixing

ratio of n-hexane/ an hase separation was still

observed. However, for any mixin \ n\ ane/dlchloromethane and
. : sV Lat i

toluene/dichlorometha .. 3

._. -
-ﬂ.-l' o

From the observation of of —physica nce with different types of solvent

and mixed solvents in Ta J—ﬁé e s uita acting solvent in this study is to

|
F o, ™ 4
| b

create two phases af ve PEs. Therefore, pure n-
= r e

hexane and aﬁgr’ XU f he:  toluene ne & ios ranging from 40

0% e i
ﬂﬂﬂ’) ﬂﬂﬂﬁ'ﬂﬂ'ﬁﬂ'ﬁ

QW']%WﬂiﬂJ URIINYIA




Table 4.2 The physical appearance

solvents.

23

of cellulose lacquer sample mixed with organic

Solvent

Observation

HUS’ME

Dichloromethane

QRSN 3 04




|

n-Hexane/toluene (30/70)

n-Hexane/dichIoroni ; —|
(50/50) =0ty 4 2l)

n-Hexane/ djehléigi.;ietlfﬁﬁ'é vl
60/40 :

To

ne/dichloromethane (40/60)

24
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Area ratio
0.7

0.6 -

-
="
=
-

0.5 -

0.4 -

03 27 | A --a-- DIDP

0.2 -

0.1 -

' g‘ﬂ - ;
Figure 4.2 The extraction erfoMp_‘;’ £ lifferent % n-hexane in toluene.
(Experimental condition: 1:1 fatio of extraction solvent, 10 minutes

From Eigbre 4.2, area ratio was defined as area of each standard PEs divided
by area of in _ s enhanced with the
increasing in the centa o o the increa s in the percentage of n-
hexane in the more rec1p1tate Then, PEs was extracted out more into the studied

extracti is.n-hexane.

u y of the e ect 0 extractlon time og][e extraction efficiency
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Area ratio
0.7
0.6 -
0.5 4 —e— DBP
0.4 1 --a-- DEHP
03 - - 4-- DIDP

2
01 -

0 |

90 Time (minutes)
Figure 4.3 The extraefic ion times. (Experimental

condition: Solvent'was fi-hexane, 1: Tratl ' tion solvent at 25°C with

stirring rate of 55 rpu

From Figure 4.3, the extraction effic s increased with the increasing in

@ e

extraction time till 20 minutes: where w rved the plateau. Therefore, the

extraction time of 20 minute: S\ Was ¢ ' o [0 tudies.

402.3 ‘ m:;|l_ﬂ;m:."‘.f}‘."‘..ﬂ"|||' I L GALULL § P jJ e eXtracthn
efficiency v Y )

The effe f extractio D on the ext@ion performance was

examined from 25- 60 C. The results were shown in Figure 4.4. From Figure 4.4, the

extract s from room
temper ure H ﬂh Wlﬂ:]:ﬂ gnducing better

SOlublllt)Mnd mass transfer rate agd decreasing the surface tension and V150031ty of

TWTANN I URIINYIA
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Area ratio

0.9
08
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

Figure 4.4 Effect, of extraction performance

(Experimental condition: ra , extraction time: 10 minutes ,

stirring rate:55 rpm, n=3)

From igure " 40°C and 5 ion > iciencies were not
significantly. yT {.‘ {‘possible that at this
temperature, the ':-» 4 -I_Tf rapped the PEs within
the crosslinked -"! ymer more. Furthermore, performing t -'ﬂ xtraction at 60°C risks
to the loss of extr.'bt'g solvent as obtaiw at 60°C showing the large standard
deviation. Theref re, the lo 01 studie t '6;.after testing the
result sﬂrrntﬂ(g tﬂﬂmjw‘ﬂ EJE/SITIS C and 60°C the
losts of solvent were 16.7 and 20%, respectively. /Fherefore, to prevent the lost of

%ﬁ‘ﬁﬂ‘ﬁﬂﬁwgwwm B
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4.2.4 Study of the effect of ratio of sample to extraction solvent (w/v) on
the extraction efficiency.

In this section, the effect of the mass over volume ratios of sample to

extracting solvent (g/mL) is one of | =s i ant factors on the extraction efficiencies.

reased when increasing either the

w
g z
P
T =
o Z
£ g
e 8
(¢}
T 2
- Pk
e 5
sy
2 0
X =
g =
o
N
o .

Area ratio

016
014 v 4 Y
012 | - as |
01 - ‘ 5 (=

008
0.06 |
0.04
002

)

—e—DBP
-—&-- DEHD
—a&— DIDP

F .

ent (W/v)

Figure 4.5 The mt of ea ratio of area of standard PEsaa of internal standard

against different sanrle mass to volume of hvne ratios. (Experimental condition: 10

P SIRENTNEINI

From Figure 4.5, the increase in the extract& volume of hexanwsulted in

RS RITIBNATRE

might be that the precipitation of resin and nitrocellulose with adding hexane was not
affected by the increase in the extraction volume from 1 to 2 mL. Therefore, the
extraction performances were similar. The decreasing in the extraction performance

of DEHP and DIDP should be further investigated.
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With increasing the ratio of sample weight by factor of 2, the smaller
extraction performance comparing to 1:1 ratio was obtained. This should be that the
increasing in sample weight with the same extraction volume might cause more

precipitate to trap PEs when contact with n-hexane. The extraction performance also

,}/ne ratio of sample mass to the volume
- 4

4.2.5 Studpirri 2 rate%acﬁon efficiency

The effect Figure 4.

decrease. In this study, we chose 0

of hexane equals to 1:1.

Area ratio

0.5 4
0.45 4
0.1 -
035 -
0.3 -
25 4
0.2 -
0.15
0.1 -
0.05

0 -

II Q
Figure 4.6 The Qtraction performance with different stiffing rate (Experimental

condition: solvent V‘asﬁuhexane, ratio san‘mé: extraction solvent 1:1, 10 minutes
RN T

FI:)Im Figure 4.6, the extragion efficiency was enhanced with iMasing the
CE G T Gl Uil ra e
‘tesulting in the enhancement of \diffusion rate between PEs from sample to héxane.
However, the decrease in extraction efficiency was observed when the stirring rate
larger than 55 rpm. This observation might be due to the viscosity of sample, when

stirring rate was increase the sample was attached to the blade. Moreover, increasing

of stirring rate it might crate the thermal energy that raised the temperature higher
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resulted in the crosslink of cellulose lacquer. Therefore, the suitable stirring rate was

45 rpm.

4.3 Reflux method for extraction of PEs from cellulose lacquer

The aim of this section is to compare £ -‘ extraction efficiency of this studied
method with the conventional method. Refl a standard method established
by American Societ esting 1 D to analysis PEs in vinyl

action efficiency between

sults were shown in Figure 4.7,

chloride plastic [6]. Heresthe comparison s
reflux and studied meth A AT AN h‘

4.8.

Area ratio
0.6 -

0.5 -

0.4
O Studied metliod

OReflux

Phthalate esters

B U NN TN HD T e e

the stud1£ method and reflux. Ex&actlon condltlon 1:1 ratio of sample n-hexane,

AR T whisjerhile
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Area ratio
0.7 ~

0.6 -

05 4

O Studied method

ORetlux

Phithalale esters

Figure 4.8 Comparison ex aﬁﬂ%‘ T BP, DEHP and DIDP between

the studied method and reflux. :1 ratio of sample: n-hexane,

* = 1
60 minutes extraction time at. -4‘"' i-h:_ (1 e of 55 rpm, n=3. Reflux: 1:1 ratio

of sample: n-hexane, temper -'* of };q’ ( f6r 60 minutes, no stirring, n=3.
= ks _

e

This fr reflux method
‘f&t-'v'* of reflux method for

generally was pe fi
all PEs at 20 and l minutes were 60-80% smaller than -11! udied method. For the

reflux method, the rlgrature was raisedwre than the boiling point of hexane,

70°C. wﬂ ? m’ rﬂﬂdj ﬂsdﬁwhlch is around
60-80° the' curi cess 'began teract with this

painttr and were trapped inside the crosslinked Wmer resulting inﬁye smaller

LV N o
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4.4 Method validation
4.4.1 Calibration curve and matrix effect

The calibration curve and matrix calibration curve were established in the

concentration range from 1-32 g/L. The slopes obtained from matrix calibration curve

1
and normal calibration cu we “ins Table 4.3. Linear equation and

correlation coefficient (R %) of matrix 2 ' tion was shown in Table 4.4.

Table 4.3 Slope from ma alibration and r@n curve.

7 ///l S
///mm\\Q\\

DEHP
DIDP

Table 4.4 Linear equatig an’d ';F ¢ 1€ ient ( %) from matrix and normal

calibration curve.

Correlation
coefficient (R?)

Matrix Normal

ARSIy A

& DIDP y=0.0358x-0.0052 y=0.0374x-0.016 0.9999 0.9994
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From Table 4.3, the slopes obtained from these two calibration curves were
statistically tested by t-test, where the t-test.y was 0.3350 and t.i at 95% confidence
is 2.9200. Therefore, the matrix of sample had a minor role on the calibration curve.

The normal calibration curve with hnear equation and correlation coefficient (R ) that

orrelatlon coefficient (Rz)

0.9997

DEHP — PRy 1.0000
. i am i - ‘

0.9994

Linear r

a‘m semd in range 1.06-32.07,
1.07-32.03 and 1.08-32.07 (g/L), respectively. Three PEs h

(R?) greatjr than 0.999 ¢fiat shown good lineatity.

WELAILEL RN E 113

Method quantification hmlf (MQL) is the lowest concentration lével at which

R AROR AR LR SR A S BT =

Q1gna]/n01se ratio. If the noise is approximated as the standard deviation of the blank,

MQL is (10xSD blank) [28].

correlation coefficient

From optimum condition to be determined the performance of this technique,

the method of quantification limit (MQL) of three PEs were shown in Table 4.6
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Table 4.6 Method of quantification (MQL).

MQL (g/L)"

\\’ 043

MQL of DBP, d 0.70 g/L respectively.

PEs contents normally 0ncentrat10n about 20-30

g/L s0 MQL of thi be applied (o determine content of PEs in this paint.

\

In this work, ac e ;. iati the known value. It was estimated
as the deviation of the mean from the k walue in this work. Accuracy was

reported by % recove:

il r——————————————————————

- -
Precisi _n"--:g d by the error. An

estimation of thiError 1 wh nge the true value or

known value may lie and this is done by repeating a measurement several times [28].

he Ytelative standard deviation (%RSD) of

Precision were re oﬁeﬂy calculatin
R T L

sample spiked with PEs at 10 tlmes of MQL. The spiked concentration of DBP,

patiataita AN T Y
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Table 4.7 Concentration, recoveries and % relative standard deviations of PEs spiked

cellulose lacquer.

PEs 7 ] a i Recoveries % RSD (n=7)

DBP 12.64
DEHP 15.08
DIDP 13.97

% Recoveries of this te ;-,-v was ange 63.68-90.34% and % RSD was in
range 12-15%. DBP provided the 1'-" ‘ﬂ 'y because it is low molecular weight
and more polar comparing to the 6 . Therefore, it might form stronger
bond in cellulose lacquer than B :.;.:.;: "This studied method can be applied

4.5 The ; tion of PEs in ¢ l:"u er.

i “two brands of cellulose

The studﬂlme
lacquer selling 1 market. The result was shown in Table A.

ﬂUEI’JVlEWIﬁWEI’]ﬂ‘i
’QW’W&NﬂiﬂJ UNIINYIA
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Table 4.8 Concentration of PEs in cellulose lacquer from two brands in the market.

l' pncentration (g/L)

Cellulose lacquer
DIDP
Brand No. 1 ND
Brand No. 2 ND

ND-= not detected at

This studied :“*"-%__ because the content of it
may be lower th L. Gontent DE brand | 2 is not still reliable because

this studied provide for DBP with high % RSD.

ﬂ‘UEJ’JVIWITWEﬂﬂ‘S
ammmmumawmaﬂ



CHAPTER V

CONCLUSION

High temperature solvent extraction followed by gas chromatography- flame
ionization detector (GC-FID) was developed.and applied for sample preparation and

determination of phthalate esters (PEs) n} celluloserlacquers.

The parameters thataffceting to this study such as type of solvent, extraction
time, extraction temperature, ratio of sallmple to extracting solvent and stirring rate
were investigated. nsHexane was found té) be the suitable extracting solvent because it
made other components such as resin, nitrocellulose precipitated out. The optimized
extraction time was found to be 20 minFI'tes whereas the suitable temperature was
40°C with the stirring raté of rnechanicaltilstijr“fer of 45 rpm. The optimized ratio of
nitrocellulose lacquer:n- hexane was found to be I:l. In this study not only
temperature but stirfing €an also enhance extractlon efficiency. However, this
technique faced with problem of toss of extrilctlng solvent at high temperature higher
than 40°C. Furthermore, the cellulose lacquer_ca;l be cured at temperature about 60-

80'C. Therefore, the extraction temperature cajn;nog be higher than 60°C. Moreover, the

low stirring rate.was more suitable condition compared to the ﬁigh stirring rate due to

viscosity properfy of this paint. The comparison stn(iy Betweén_uthe reported method
and reflux method was also conducted. The reflux method caused the paint to be

cured and showedlow extraction efficiency.

This ftechnique swas ‘shown' to havesgood' linearity (R*highér:than 0.999) and
low MQL.: The'recoveries of DBPDEHP and DIDP in spiked sample were 68.68%,
90.34% and 83.30%, respectively. % RSD of DBP, DEHP and DIDP were 12.64%,
15:08%" and 13197 %, tespéctively.

This method can be applied to determine PEs content in commercialized
cellulose lacquer in the market. The result shows that DBP, DEHP and DIDP could
not be detected in some brands due to low concentration of MQL, and one brand

showed some content of DBP.
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It can be concluded that this technique could applied to determine PEs in
cellulose lacquer with small amount of sample, extracting solvent at temperature of

about 40°C and less time for saving.

Future work :
Improvement of the by A' < 1ing experiment set up and study

of the leaching of PEs {ro fiture th ._vm.\;.m.,;. d on.
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Figure 2 The calibration curve of DEHP by condition in Table 3.2.
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