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Optimization of Color Sorting Process of Shredded ELV
Bumper using Reaction Surface Method

SHoon Lee

Korea Institute of Geoscience and Mineral Resources

HAzEA W s AES fste] AAMEEE =sidth. ARAEHE 718 vF QE zlolo] o3k Mo] ojze
E4E A Aol & o]&3t FhElel ¥ EAHe g HeElshe Adyeltt. B dAydie vHEHY F BBD (Box-Behnken
Design)s 283l] A3S AYsia #HF 20e =&340 &‘iﬁﬂd@i, HeFEdT 2 ?Jx}ﬁﬂ«l FEFE 2o, 39
2z} BAZQ] Hhel| 7]1%31e 23} vk BdS B35tk B2 2 pvalues k7t 956%, < 0.0012 Efgsialon, 44 Zl

3l
228 AANIE 32%, IEFY 200 ke, Y4271 33 mm 2Z0A 94.1%2] 8)Fgo] U o oS5t A4 49
E23} 3|58 93.8%=2 Ueh) s o] HASS Belsign)

mlo o r

Ty

=]

FHO| : AR, ABE, FesG W, A, vk

Abstract

An color sorting technique was introduced to recycle End-of-life automobile shredded bumpers. The color sorting is a innovate
method of separating the differences in the color of materials which are difficult to separate in gravity and size classification by
using a camera and an image process technique. Experiments were planned and optimal conditions were derived by applying
BBD (Box-Behnken Design) in the reaction surface method. The effects of color sensitivity, feed rate and sample size were ana-
lyzed, and a second-order reaction model was obtained based on the analysis of regression and statistical methods and R* and
p-value were 99.56% and < 0.001. Optimum recovery was 94.1% under the conditions of color sensitivity, feed rate and particle
size of 32%, 200 kg/h, and 33 mm respectively. The recovery of actual experiment was 93.8%. The experimental data agreed
well with the predicted value and confirmed that the model was appropriate.
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Fig. 1. Crushing process of used car bumper samples for
color sorting test.



Table 1. Size distribution of crushed car bumper samples and
proportion of painted particles in each size interval

Size, mm Weight % pamtrl;ltigo’paﬂl/ljs of
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Fig. 3. Basic structure of color sorting machine.
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Fig. 4. Photo of the color sorting machine used in the study
and component explanation.
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Fig. 5. Grade and recovery with various color sensitivities.

(feed: 600 kg/h, feed size: 31 mm)

100 & & ® ® ®
© 0 O O e}
X 80+
>
5}
3 60
(&)
o}
x
o3 40
3
© —&— Grade
6 20- -0~ Recovery
0 | | | 1 |
0 200 400 600 800 1000 1200
Feed Rate, kg/h
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(sensitivity: 40%, feed size: 31 mm)
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Table 2. Quality and recovery according to color sorting test conditions
Exp. Values Coded Values
Run sens(l;;ivity, feidg/ Ealte, fee;dn rjlize, Pl I P3 R, % G % R*, %
1 10 200 31 -1 -1 0 91.9 97.4 90.7
2 70 200 31 1 -1 0 55.2 99.1 54.1
3 10 1,000 31 -1 1 0 80.0 99.4 81.1
4 70 1,000 31 1 1 0 52.4 99.9 53.6
5 10 600 22 -1 0 -1 80.8 97.6 80.9
6 70 600 22 1 0 -1 48.6 98.7 48.6
7 10 600 44 -1 0 1 823 98.0 82.3
8 70 600 44 1 0 1 50.5 99.5 50.4
9 40 200 22 0 -1 -1 82.0 98.4 83.2
10 40 1,000 22 0 1 -1 80.1 99.7 78.8
11 40 200 44 0 -1 1 84.2 99.4 85.4
12 40 1,000 44 0 1 1 80.8 98.1 79.7
13 40 600 31 0 0 0 86.6 983 87.9
14 40 600 31 0 0 0 88.1 97.4 87.9
15 40 600 31 0 0 0 89.2 98.9 87.9

R*: Product indexol] ¢J&l dl=¥ 3)4&
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Table 3. The result of variance analysis by BBD experiment design method

Source DF Seq. SS Adj. SS Adj. MS F-value p-value
Regression 9 3280.2 3280.2 364.4 125.7 0
Linear 3 2112.6 2112.5 704.2 242.9 0
P, 1 2057.6 2057.61 2057.6 709.8 0
P, 1 50.0 50 50 17.3 0.009
Py 1 5.0 49 4.96 1.71 0.248
Square 3 1146.3 1146.3 382.1 131.8 0
P 1 1043.2 1087.1 1087.1 374.0 0
P; 1 1.0 3.22 3.22 1.1 0.34
P: 1 102.1 102.1 102.0 352 0.002
Interaction 3 213 213 7.1 2.5 0.179
PP, 1 20.7 20.7 20.7 7.1 0.044
PP 1 0.1 0.04 0.1 0.1 0.911
P,Ps 1 0.6 0.56 0.6 0.2 0.678
Residual Error 5 14.5 14.5 29
Lack-of-Fit 3 11.1 11.1 3.7 2.2 0.331
Pure Error 2 34 3.4 1.7
Total 14 3294.7
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