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ABSTRACT

The fibrous raw materials in packaging-grade paper production in Korea were mainly obtained from
waste paper. The use of recycled paper has both positive and negative impacts in papermaking process.
The primary positive impacts are the environmental protection and manufacturing cost reduction, and
the negative impacts are the quality reduction in paper quality and the accumulation of heavy metals and
other pollutants in wet- and dry-end process.

This study was carried out to consider the optimum acid decomposition system with the highest recovery
rate for the analysis of heavy metals in packaging-grade paper. The open digestion system using Kjeldahl
apparatus and the closed digestion system using microwave oven for decomposing the organic materials
in paper were compared. In both open and closed digestion method, the combination of nitric acid, hydro-
chloric acid and hydrogen peroxide showed higher recovery rate than using only nitric acid alone because
the presence of Cl ions in hydrochloric acid stabilizes ligand formation with metal ions. KOCC was ob-
served to have the highest heavy metal content among the recycled paper samples. The heavy metal con-
tents decomposed with the closed digestion system were relatively higher than with open digestion

system.
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Table 1. Decomposition method of organic materials in packaging paper13)

System Dissolution Temp(C) Pressure(psi) Remarks
Dry ashing 400~800 760 -
Oxidizing :
HNOs3, HCIOs,
Open HNO3+H,0,
digestion system  Wet digestion < 338 760 HNO3+H,S04
HNO3+HCIOs,
H>SO4+H,0,
HNO;+HCIO4+H,SO4
Closed Microwave Oxidizing :
digestion system digestion 100~250 100~1200 HNOs, H,SO,, HCI, HF, H,0,
Cr& v|%a Fe, B 59 daGol 2UE AR W A PHL wASch EA AL o §3 54 B
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Table 2. Paper samples used for heavy metal

analysis
Class Constituents

White duplex board virgin pulp + coated broke

Kraft sack paper virgin pulp + recycled fiber

AOCC mainly virgin pulp
Top-layer : virgin pulp

KOCC Medium-layer : KOCC
Back-layer : AOCC

Newspaper 100% recycled old

newspaper
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Table 3. Specification of reagents used for acid digestion

Reagents Concentration(%o) Density(g/mL) Boiling Point(C)

Water - 1.00 100
Nitric acid 69-70 1.41 83
Hydrochloric acid 35-37 1.18 110
Sulfuric acid 98 1.84 338
Hydrogen peroxide 35 1.10 126
Perchloric acid 70 1.66 203
Sodium Hydroxide - - -

Table 4. Specification of standard solution

Concentration

(ul/g)
10 5% Nitric acid

Reagents Matrix

Multi-Element
Standard

AR s e B s glom, of F A
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2.2.3 Closed digestion AMESEH ZX|

Closed digestion®]| 2]+ A2 2] = 2| 222 1000
W 9] microwave oven & 2 4| & v &72] 9} oHA X} |
o] ZA2FE T jit-2] Q15 Sample Preparation system-=
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Fig. 1 open digestion©f| &3t | F3EA}A] 2] A A

Table 5. Specification of microwave and vessels

Items Specifications
Pressure of vessel 800 psi
Temperature of vessel 250°C
Volume of vessel 100 mL
Number of vessel 7 ea
Quality of vessel durable Teflon
Maximum power 1000 W

2 T2 heb A ol e, 250 mL ] A &
grA o Y F e AlE 1£0.01 g2 ¥ 31 Table 39 L}e}
W ARS o] §:51e] Table 60l 4o} o] AF 231 ALA|GH
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T

| Weigh paper sample 1.0£0.01g |

| Place into a glass vessel |

|

|Pul various acids into the vessel(HNO;, H,O,, HCI, HC10, and H,SO,) |

| Digest sample in Kjeldahl digestion apparatus (< 250°C) |

| Dilution (volume up to 100 mL) |

| Filter using 0.45 #m micro-syringe filter |

ICP-OES analysis

Fig. 1. Pre-treatment procedures by open digestion.

Table 6. Acid compositions of open digestion by
single and mixed acids

Single acid Nitric acid
Nitric acid + Perchloric acid
Sulfuric acid + Nitric acid +
Mixed acids Perchloric acid

Nitric acid + Hydrogen peroxide +
Hydrochloric acid




| ‘Weigh paper sample 0.5£0.01g |

| Place into a Teflon vessel |

}

| Put various acids into the vessel(HNO;, H,0,, HCI and HF) |

| Digest sample in microwave oven(400W, 25min) |

| Dilution (volume up to 50 mL) |

| Filter using 0.45#m micro-syringe filter |

ICP-QES analysis

Fig. 2. Pre-treatment procedures by closed digestion.
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Recovery rate (%) = Total uKp
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(ppm)
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Fig. 3. Calibration curve of cadmium.
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20 20
R* —0.9998/ R* —0.9958/
= 40 40
£ 30 30 /
20 /
10
0/

contentl

Heavy metal content
measured by ICP-O0ES (ppm)

me
[=]

0 10 20 30 40 aC 0 10 20 30 40 30
Heavy metal content (ppm) Heavy metal content (ppm)

Fig. 4. Calibration curve of chromium. Fig. 5. Calibration curve of lead.
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Table 8. Recovery rate of heavy metal content by acid decomposition conditions among HNOs, H,0;

and HC1
Nitric acid Hydrogen Hydrochloric Recovery rate(%)

(mL) peroxide(mL) acid(mL) Cr Cd Pb
30 0 0 85.1 71.8 76.2
20 10 0 92.0 84.4 116.0
20 0 10 101.3 94.3 101.2
20 2 8 99.5 93.5 97.7
20 4 6 100.8 92.6 100.9
20 6 4 100.9 89.9 98.6
20 8 2 99.2 90.2 101.3
20 3 3 99.1 97.6 99.9
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Table 9. Recovery rate of heavy metal by acid decomposition conditions in closed digestion system

HNO3 H,0, HCl HF Recovery rate (%)

(mL) (mL) (mL) (mL) Cr Cd Pb
10 0 0 0 86.5 80.0 91.3
9 1 0 0 97.5 88.7 107.1
8 1 1 0 105.4 97.1 102.7
7 1 2 0 90.7 95.1 94.0
6 1 3 0 88.5 86.8 91.3
7 1 1 1 94.6 94.3 99.3

* Operating conditions of microwave : 400 W, 25 min
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Table 10. Heavy metal content in white duplex
board

Detection range

Analyte Pre-treatment (me/ke)
cd Open digestion n.d
Closed digestion n.d
Cr Open digestion nd
Closed digestion n.d

b Open digestion 8.0-8.6

Closed digestion 8.8-94

Table 11. Heavy metal content in kraft paper

Zol7]& 43(1) 2011

Table 12. Heavy metal content in ONP

Detection range

Analyte Pre-treatment (me/ke)
cd Open digestion n.d
Closed digestion n.d
Cr Open digestion 1.8-23
Closed digestion 1.9-22
b Open digestion 10.1-10.6
Closed digestion 11.0-12.5

Table 13. Heavy metal content in KOCC

Detection range

Analyte Pre-treatment (me/ke)
cd Open digestion 04-0.6
Closed digestion 04-0.5
Cr Open digestion 82-9.1
Closed digestion 10.1 - 10.6
Pb Open digestion 19.0-22.5
Closed digestion 20.1-22.6

Table 14. Heavy metal content in AOCC

Detection range

Detection range

Analyte Pre-treatment (me/ke)
cd Open digestion 0.1-0.2
Closed digestion 0.1-0.2

Cr Open digestion 24-32
Closed digestion 24-27

b Open digestion 35-58
Closed digestion 4.0-55

Analyte Pre-treatment
Y (mg/kg)
cd Open digestion n.d
Closed digestion n.d
C Open digestion n.d
r
Closed digestion n.d
b Open digestion 9.8-10.2
Closed digestion 94-11.6
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