Journal of Korea TAPPI
Vol. 41. No. 4, 2009
Printed in Korea

ARG - a7 - ol

(20099 8% 99! F<=:20091 109 152 =)

Study on the Quantitative Analysis Methods of Hexavalent
Chromium in Flexography Inks and Organic Pigments

—Alkaline digestion and Colorimetric Measurement—
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ABSTRACT

This study was performed to evaluate the hexavalent chromium content in flexography inks and
organic pigments used as colorants for the ink. The digestion of sample was carried out under alkaline
condition, and the content of soluble hexavalent chromium extracted from samples was determined by
UV-visible colorimetric analysis method after alkaline digestion. Duplicate sampling system to obtain
two digested samples, was applied in this study. To determine the hexavalent chromium content in the
flexography ink and organic pigment colorimeteric analysis was employed. Because the organic pigment
is the main ingredient of flexography ink it is important to remove the errors associated with the colorant
of the ink in colorimetric determination. The duplicate sampling system allowed us to correct the errors
associated with the colorimeteric measurement. The additional filtration was found an essential step to
exclude colorimeteric error derived from the various precipitates. The soluble hexavalent chromium
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content in flexography inks was generally less than 5 ppm. Yellow, violet and some magenta colors
showed higher soluble hexavalent chromium contents. The content of hexavalent chromium in organic

pigments was greater than flexography inks, and yellow, violet and some magenta pigments contained

greater amount of hexavalent chromium, which indicated that the hexavalent chromium in inks derives

from the colorants. The soluble hexavalent chromium content in linerboards were below 1 ppm, and no

hexavalent chromium was detected in UKP. Results suggested that flexography ink is the main factor

to cause hexavalent chromium in linerboard and organic pigments.

Keywords : Soluble hexavalent chromium, Alkaline digestion, Colorimeteric quantitative analysis,

Duplicate sampling, Flexography ink, Organic pigment, Linerboard
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Table 1. Flexography inks, organic pigments, and liner boards used as sample.

D Color D C.1. Number D Type
(Flexography ink) (Organic pigment) (Linerboard)
1-A Yellow P-A PY 14 L-A Jute liner
1-B Magenta - A P-B PR 53:1 L-B White jute liner
I-C Magenta - B P-C PR 112 L-C UKP
1-D Magenta - C P-D PR 49:1
I-E Magenta - D P-E PR 49:2
I-F Magenta - F P-F PR 63:1
I-G Cyan - A P-G PB 15:0
1-H Cyan - B P-H PB 15:3
P-11 Carbon black - A
I-1 Black
P-12 Carbon black - B
-] Green P-1J PG 7
1-K Violet P-K PV 3
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Sampling (0.25 & 0.5g) = Dried ink & Organic pigment . 0.25g / Board : (.5g
\ J = Buffering solution (1M KoHPO,; + KHaPO4 ) 0.5 mi

= MgCl:0.4g
' = Alkali digestion solution (Above pH 11.5) 50 mi

- Nonionic surfactant (3.5 % (0.D solid wt of sample) )

Stirming for 5 min without healing

' ™
Heating & Stirring for
70min (90 - 95T)

\ J

After cooling to room temperature (23 £1 %)
with continuous stimng

Filtering through 0 45pm

[ ) —_
! membrane filter
3 + 5M HNO;
Adjusting pH
to75x05
Lre-filtering * Dilution after removal of

Ap, ance of flocculent precipitate *

e nt precipitate

Filtering through
2.5 um filter *

Dilution
* : Additional procedure applied in this study

Sample digestate <
(100 £ 1 ml)

Fig. 1. Alkaline digestion procedure to analyze the hexavalent chromium

content.
.
Sample digestate Sample digestate
(9541 ml) {100 £ 1 mi)
= Diphenylcabazide solution 2 mi « 10% H2S0s « Diphenylcabazide solution 0.2~ 1.0 m!

— ¥
[ Adjusting pH ] [Ch[umiumreacticn]

©20% 05
- 10% H;S04 ‘ ‘J

-~

Chromium reaction - 10% H2S 04

2.5 um filter 1020+ 05
Adjusting pH Removal of flocculent I :
020+ 05 precipitate ‘ \l" : ‘
| —
Fil‘gn" ulmu h
Coloredf@rec-violet 10 100 mI w 2.5 um filter
Blank
’ :;":ir:)v':!a:,: flocculent
Measurement by R
u (] Measurement by
UV - Vis
Data
Standard (USEPA 7196A) Modified (Duplicate sample)

Fig. 2. Standard and modified procedures to determine the concentration of dissolved hexavalent
chromium using UV-Visible spectrophotometry.
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Added content of hexavalent chromium , ppm

Hg. 3. Galibration curve of UV-visible spectrophotometery
for hexavalent chromium content in deionized
water matrix.
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0.4 i RF=0.599
03 fre
0.2 et

0.1

Measured content by UV-Vis, ppm

0.0
0.0 0.1 0.2 0.3 0.4
Added content of hexavalent chromium, ppm

Fg. 4. Calibration curve of UV-visible spectrophotometery
for hexavalent chromium content in digestion
solution matrix.

0.5 —
0.4
03

0.2

<
-
\
[\

W

Measured content by UV-Vis, ppm
o
w
=

<
o

0.0 0.1 0.2 0.3 0.4
Added content of hexavalent chromium, ppm

HFg. 5. Calibration curve of UV-visible spectrophotometery
for hexavalent chromium content in after
alkaline digestion process.
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Table 3. Effect of filtration and reaction sequence on
the hexavalent chromium content in yellow
organic pigment (PY14). ppm

. . Chromium reaction
Chromium reaction after

. before
the first filtration the first filtration
10.1 -10.8 12.2-13.0

® Organic pigment (PY14): 025 g

® Addition ratio of wetting agent :
O.D. sample wt %)

® All procedures were carried out at pH 2.0.

® The evaluation was carried out after the first
filtration.

2.0% (based on

Table 4. The difference of hexavalent chromium
content in yellow organic pigment (PY14)
by order of chromium reaction with
diphenylcabazide. ppm

1A= 671 AE

. . Chromium reaction
Chromium reaction after

e before
pil adjustment to 2. pH adjustment to 2.0
12.0-12.6 13.3-14.5

® Organic pigment (PY14):0.5 g

® Addition ratio of wetting agent :
0O.D. sample wt%)

® All procedures were carried out before filtration.

® The evaluation was carried out after the first
filtration.

2.5% (based on
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—e—Not Filtrated

2.0 —a—Filtrated

e

0.0% 1.0% 2.0% 3.0% 4.0%

Distorted numerical value by UV-vis, ppm

0.0

Addition ratio of dispersant (0.D Pigment weight), %

Fig. 6. Effect of filtration on the measurement
of chromium content.

Table 5. Concentration of hexavalent chromium in
yellow organic pigment (PY14) with the

sequence of filtrations ppm
Ist filtering 2nd filtering 3rd filtering
14.2 13.8 13.0

® Organic pigment (PY14): 025 g

e Addition ratio of wetting agent :
0O.D. sample wt%)

® Procedure : Chromium reaction = adjustment to
pH 2.0 = Filtration

0.2% (based on
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Addition ratio of wetting agent (0.D solid weight), %

Fig. 7. Effect of the wetting agent addition on the
hexavalent chromium content in yellow organic
pigment (PY14)
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Table 6. Error ranges of hexavalent chromium
content and compensated hexavalent
chromium content in flexography inks.

ppm

Error range of
ID  hexavalent chromium
content

Compensated
hexavalent
chromium content

I-A 0.79 - 0.97
I-B 0.81-0.99
I-C 0.77 - 0.80
I-D 7.84-8.13
I-E 6.31-6.57
I-F 5.52-5.70
I-G 0.25 - 0.40
I-H 0.41 - 0.65
I-1 0.41-0.50
I-J 0.00 - 0.16
I-K 2.56 - 2.64

2.12-2.34
1.34-1.97
0.54 - 0.65
2.64-3.40
1.77-2.04
1.11-1.18
0.54 - 0.58
0.59 -0.63
0.46 - 0.74
0.31-0.39
4.56 - 4.88

e All data of these samples were measured after 1st
filtering.

® All data are presented by ranges between maximum
and minimum values.
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Table 7. Enor ranges of hexavalent chromium
content and compensated hexavalent
chromium content in organic pigments.

ppm

Error range of Compensated

ID hexavalent hexavalent
chromium content chromium content

P-A 0.64 - 0.96 24.19-27.17
P-B 9.79 - 10.18 2.58-2.71
P-C 0.78 - 0.94 1.68 - 1.82

P-D 11.78 - 13.14 10.78 - 12.33
P-E 13.05 - 13.59 3.53-4.47

P-F 30.90 - 31.64 16.45-17.91
P-G 0.11-0.27 1.02-1.13
P-H 0.40 - 0.45 0.60 - 0.71
P-I1 0.00 - 0.26 1.15-1.28
P-I2 0.40 - 0.53 1.08 - 1.48
P-J 1.60 - 1.92 0.96 - 1.28

P-K 6.07 - 6.56 24.50 - 25.64

e All data of these samples were measured after 1st
filtering.

® All data are presented by ranges between maximum
and minimum values.
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Table 8. Enor ranges of hexavalent chromium
content and compensated hexavalent
chromium content in linerboards. ppm

Error range of Compensated
ID hexavalent hexavalent
chromium content chromium content
L-A 1.29-1.40 0.10-0.29
L-B 0.21-0.94 0.37-0.51
L-C 0.00 -0.20 ND

- Total chromium content of UKP : 0.9 - 1.5 ppm
(0.D solid wt)

(below detection limit of ICP-AES)

o All data of these samples were measured after 1st
filtering.

o All data are presented by ranges between maximum
and minimum values.
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