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ABSTRACT

A simple analytical method was
developed for determination of chloride
content in polymeric materials. The procedure
comprises of two steps, the dissolution of the
polymer by alkaline fusion followed by indirect
spectrophotometric analysis of the chloride
based on the absorption at 460 nm of
Fe(SCN)?*, a product of the reaction between
chloride ion and a mixture of mercury (Il)
thiocyante and ferric ion. A non-linear

calibration curve was constructed from 0.5 to
20 ppm with R2 = 0.9991; the limit of detection
and quantitation were of 0.325 and
1.083 ppm, respectively. The recovery of the

whole  procedure was higher than
92.9 % with a RSD ~ 2.4 %. The developed
procedure was applied to animated

poly(divinylbenzene-co-vinyl benzyl chloride)
in order to investigate the extent of amination
of the base material.

Key words: Polymer, alkaline fusion, indirect spectrophotometric analysis, chloride ion,

mercury (l) thiocyante, ferric ion.

INTRODUCTION

Many polymeric materials containing active
chloride have been used as intermediate products
for introducing a number of functional groups for
various applications [1, 2]. Therefore, methods
have been developed to analyze chloride e.g. XPS
[3], combustion and colorimetric method [4].
However, they cannot accurately determine the
chloride content in a wide concentration range,
especially at low levels of chloride. In this work,
the chloride determination method was developed
including two steps, (1) the dissolution of the

polymer by alkaline fusion and (2) an indirect
spectrophotometric analysis of the chloride by
measuring absorbance of Fe(SCN)?* complex, a
product of the reaction between chloride ion and a
mixture of Hg(SCN), and Fe®*.

EXPERIMENT
Materials and equipment

Sodium carbonate, sodium hydroxide, nitric acid,
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ethanol, ammonium ferric sulfate, and mercury
(I1) thyocyanate were analytical grade and
purchased from Merck (Germany). Cross-linked
polystyrene materials which contain various levels
of chloride were synthesized based on the
procedure of our previous work [5].

Nickel bowl and furnace (Nabertherm) which
can heat up to 900°C was used in alkaline fusion
step. UV-1800 spectrophotometer (Shimadzu) was
used to obtain the absorbance of samples in
analysis step.

Sample preparation

0.1000 g of polymeric material powder
(particle size is less than 74 pum) was mixed with
0.50 g Na2COs and 1.00 g NaOH. The mixture of
sample and alkaline agents in a Ni bowl were
slowly heated in a hot plate for ~2 hours until the
powder mixture became dark brown and smoke
emission stopped, the fusion was continued at
300 °C for 1 hour in a furnace, and the temperature
was slowly increased to 450 °C (2.5 °C/min), held
in 1 hour, finally reached to 600 °C (2.5 °C/min)
and kept for 3 hours. The resulting white ash was
dissolved with water in 100 mL volumetric flask
adjusting pH to 2 by nitric acid.

In order to validate the sample preparation
process, known amount of chloride was added to
of the blank material (poly (styrene-co-divinyl
benzene)) and this mixture underwent an identical
analytical process.

Spectrophotometric analysis

Aliquots of sample solutions were pipetted to
25 mL volumetric flask containing 2.00 mL of
0.25 M (NH4)Fe(SO4)2in 9 M HNO3 and 2.00 mL
of saturated Hg(SCN). in ethanol. After 10
minutes, the absorbance of the sample solutions
was measured at the wavelength of 460 nm.

Method validation

To evaluate the method accuracy which
comprises precision and trueness, the chloride
standards with various levels were added to the
blank polymer before sample preparation step;
then they were processed and analyzed in the same
procedure [6]. The recoveries, H (%), were
calculated using equation (1):

H =1 x100% 1)
C,
Where: C; and C; are the added and the
found concentrations of chloride by the method.

The precision of the method was assessed by
replicate measurement of 3 samples having
identical chloride contents.

Limit of detection (LOD) and limit of
quantitation (LOQ) were determined by
measuring the absorbance of 21 blank samples and
calculated using the following equations:

Ao = 'Kblank +3.30; Ao = Kblank +100

)
LOD = _£+ (L]_m
2C 2c c
©)
-A
LOQ = _£+ (ij_u
2C 2cC c
(4)

Where a, b, ¢ are coefficients of the non-
linear calibration curve: y = a + bx +cx? and s isa
standard deviation of 21 blank samples.

Determination chloride content in real samples

The chloride levels of 11 cross-linked
polystyrene which were used in an amination
process were determined by the developed
method.
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RESULTS AND DISCUSSION

Investigation of fusion conditions

Alkaline fusion is one of the most popular
methods using for dissolution solid polymeric
materials in polymer additive analysis [7].
Mixture of NaOH and Na,COs; were used as
alkaline agents, the ratio of NaOH:polymer and
Na;COs: polymer were of 10:1 and 5:1,
respectively, while varying time and temperature
program of the fusion process. In the first attempt
the fusion was performed immediately in the
furnace at 600 °C (the temperature rate was
10 °C/min from room temperature). This approach
was failed since the condition was too

harsh to prevent the mixture from bubbling over
the Ni bowl. Thus, heating the mixture at a low
temperature (~300 °C) on a hot plate was carried
out for 2 hours before slowly increased to 600 °C
in the furnace.

Investigation of spectrophotometric analysis

The reaction between chloride ion and
mixture of reagents consisting of Hg(SCN), and
Fe3* results in the formation of Fe(SCN)%*
complex, which has the maximal absorption at
460 nm (Fig.1).

HQSCN), +2F€* +2CI" — HgCJ + 2F(SCN?*
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Figure 1. Spectra of Fe(SCN)?* complex and the reagent blank

The standard curve performed from 1 to
20 ppm, every standard solution was carried out 5
times to get good reproducibility. The result was
2" order non-linear standard curve with R? =
0.9991 (5)

Y =0.01878+0.04107x —0.00075x*  (5)

Method validation

Limit of detection and quantitation (LOD and
LOQ)

The LOD and LOQ of the analytical method
were estimated by measuring the absorbance of 21

blank samples and calculated using equation 2 and
3 (Table 1).
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Table 1. LOD and LOQ of the method for determination of the chloride content

ALop

Rlank c

ALoo

LOD (ppm) LOQ (ppm)

0.0118 0.0061 0.032

0.073

0.325 1.359

The LOD concentration was of 0.325 ppm
that was lower than the lowest chloride
concentration of the standard curve (1.00 ppm)
and 10 times of LOD concentration was higher
than it, thus, according to 1SO 8644-2 these values
were accepted.

Precision
12.0
10.0

The standard solutions with various chloride
contents from 1 ppm to 20 ppm were prepared and
measured independently 5 times for each level. All
RSD % at different chloride levels were lower
than those required by AOAC International

(Fig.2) [6].
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Figure 2. Comparison of RSDs at different levels of chloride between our method and the AOAC regulation (n=5)

Trueness

To determine the recovery of the procedure
polymer samples were spiked with known
amounts of chloride and analyzed by the method.
The results showed that the recoveries of the
whole procedure including two steps alkaline
fusion and spectrophotometric analysis were over
93 % at three levels of chloride content (Fig. 3).

These values were in the range of 80-110 %
required by AOAC for analyte concentration from
1-10 ppm [6].

As a result, it can be stated that this method
was accurate since both trueness and precision of
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the analytical method complied with the
international regulations.
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Figure 3. The recoveries of the analytical procedure (n=3)

Monitoring the chloride content of the cross-
linked polystyrene in amination process

11 real samples denoted as NO to N10 were
the starting polymer (NO) and the products (N1-
N10) of amination with ethylenediamine at
various reaction conditions. NO was crosslinked
polystyrene containing methyl chloride groups.
After the amination process, the contents of

chloride in the products were decreased while an
increase of N % was observed. The sum of
residual chloride and the ones converted to amine
groups were somewhat lower than the chloride in
the starting material indicated that beside the
amination there were other reactions taken place
on the active methyl chloride group e.g. hydrolysis
to form hydroxyl.

Table 2. Result of the chloride and nitrogen content in real polymeric material

Sample No. CI (%) N (%)* Sample No.  CI (%) N (%)*
NO 13.4 0 N6 15 6.5

N1 7.2 3.8 N7 3.9 6.3

N2 2.4 54 N8 1.4 6.6

N3 4.6 5.2 N9 2.7 6.0

N4 2.0 5.7 N10 33 5.8

N5 51 55

(*) N % was determined by Kjeldahl method.

CONCLUSIONS

In this work, the simple and accurate
analytical method for determination of the content
of chloride in polymeric samples was developed
and validated. With high recoveries and low limit
of quantitation the developed method is a simple

and effective tool in studying modification
processes of chloride-containing polymers for
preparation of polymers with variety of functional
groups.
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Phéat trién va tham dinh phwong phap pho
hap thu phan t&¢ &ng dung dinh lwong

chloride trong vat liéu polymer
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TOM TAT

Mot phuong phap phén tich don gian
duoc phét trién dé xac dinh ham luong
chloride trong cac loai vat liéu polymer. Quy
trinh gém ¢6 hai buéc, dau tién mau polymer
duoc hoa tan bdng phuong phép kiém chay
tiép dé la long chloride duwoc xéc dinh théng
qua viéc do méat doé quang cua phirc
Fe(SCN)?* tai bwéc song 460 nm. Phirc nay
dwoc hinh thanh tor phan (ring gidka chloride,
thdy ngéan (ll) thyocyanate va ion séat (ll).

Puong chuén dang phi tuyén duoc xay dung
trong khodng néng doé tir 0,5 dén 20 ppm véi
hé sé R = 0,9991; gi¢i han phét hién va gidi
han dinh lwong lan Iuwot fa 0,325 va 1,083
ppm. Hiéu suét thu héi cua toan quy trinh lén
hon 92,9 % voi RSD 2,4 %. Phuong phap nay
duoc ting dung dé xéc dinh sw bién dbi ham
lwong chloride trong qua trinh amine hoa vat
liéu poly(divinylbenzene-co-vinyl  benzyl
chloride).

Ttr khod: Polymer khau mang, kiém chdy, phan tich phé hdp thu phén td gian tiép, ion

chloride, thdy ngén (ll) thiocyanate, ion sét (Ill).
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