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ABSTRACT

Purpose: This paper addresses a case study of developing a flame retardant wood-plastic composites (WPC)
by adding tannic acid to the existing synthetic wood. The optimal mixing ratios of six components are explored
to minimize the burning time using two mixture designs.

Methods: In the preliminary experiment, six components are considered to find important components and
their ranges. Seven D-optimal mixture design points are generated. Two points are removed for the balance
of plastic components to be maintained, and the remaining five points are augmented with two basic
compositions. Four components are selected to be considered in the main experiment. In the main experiment,
pellets are extruded at the eight mixture design points. In-house testing of burning time is executed three
times. Specimens made of pellets from two promising flame retardant compositions are sent to the accredited
laboratories and tested.

Results: The test results are as follows: 1) The best composition (Wood flour, Tannic acid, PE, Lubricant)
= (25, 41, 10, 2) (wt%) shows the burning time of 1 second, which is 9-fold improvement compared to the
the burning time of 9 seconds from the existing composition (58, 0, 10, 2) (wt%). 2) The second best composi—
tion (41, 25, 10, 2) (wt%) results in the burning time of 2 seconds. This composition is inferior to the best
composition in terms of the flame retardancy, but more economical since it needs less tannic acid which

is 100-fold expensive than the wood flour.
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Conclusion: Flame retardant compositions are found by adding tannic acid to the existing WPC employing
optimal mixture designs. This case study will be helpful to practitioners who try to develop new products
with additional physical properties with as small number of experimental trials as possible. Future research

direction includes exploring conditions which satisfy both performance level and cost limitation simultaneously.

Key Words: Wood-Plastic Composites, Flame Retardancy, Burning Time, Design of Experiments,
Mixture Design
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Table 1. Preliminary mixture design matrix

Content (wt%)

Run Wood flour Tannic acid PE PP Lubricant Coupling agent
1 25.0 42.0 10.0 5.0 2.0 2.0
2 25.0 30.0 20.0 5.0 3.0 3.0
3 41.0 25.0 10.0 5.0 2.0 3.0
4 41.0 25.0 10.0 5.0 3.0 2.0
5 25.0 30.0 10.0 15.0 3.0 3.0
6 31.0 25.0 20.0 5.0 2.0 3.0
7 25.0 25.0 17.0 15.0 2.0 2.0
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Table 2. Extreme vertices design matrix for illustration

Content (wt%)

Run Dot X X, X,
1 D1 0.6 0.3 0.1
2 D2 0.6 0.1 0.3
3 D3 0.4 0.1 0.5
4 D4 0.2 0.3 0.5
5 D5 0.2 0.6 0.2
6 D6 0.3 0.6 0.1

Table 3. Optimal mixture design matrix for illustration — type 1

Content (wt%)

Run Dot X X, X,
1 D1 0.6 0.3 0.1
2 D3 0.4 0.1 0.5
3 D5 0.2 0.6 0.2

Table 4. Optimal mixture design matrix for illustration — type 2

Content (wt%)

Run Dot X; X, X;
1 D2 0.6 0.1 0.3
2 D4 0.2 0.3 0.5
3 D6 0.3 0.6 0.1
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Table 5. Revised preliminary mixture design matrix

Content (wt%)

Run Wood flour | Tannic acid PE PP Lubricant Coupling Physicg :
agent properties
Control 1 58 0 10 5 2 2 not bad
Control 2 29 29 10 5 2 2 not bad
1 25 42 10 5 2 2 good
2 25 30 20 5 3 3 very good
3 41 25 10 5 2 3 bad
4 41 25 10 5 3 2 not bad
5 31 25 20 5 2 3 not bad
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Table 6. Mixture design matrix and the first burning time test result

Content (wt%) Burning time(sec)
Sample Mean Range
Run | Wood flour | Tannic acid PE Lubricant 1 2

1 25 41 10 2 0.00 0.00 0.00 0.00
2 41 25 10 2 5.12 0.00 2.56 5.12
3 25 30 20 3 > 30 16.22 > 23
4 30 25 20 3 > 30 > 30 > 30
5 40 25 10 3 11.01 0.00 5.51 11.01
6 25 40 10 3 4.33 3.82 4.08 0.51
7 31 25 20 2 0.00 2.15 1.08 2.15
8 25 31 20 2 4.20 8.25 6.23 4.05

Figure 5. In—house flammability test
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Table 7. Mixture design matrix and the second burning time test result

Burning time(sec)
Content (wt%) Sample Mean Range
Run | Wood flour | Tannic acid PE Lubricant 1 2

1 25 41 10 2 6.25 5.92 6.09 0.33
2 41 25 10 2 7.31 3.62 5.47 3.69
3 25 30 20 3 6.11 54.17 30.14 48.06
4 30 25 20 3 4.52 7.88 6.20 3.36
5 40 25 10 3 13.20 1.89 7.55 11.31
6 25 40 10 3 4.12 5.11 4.62 0.99
7 31 25 20 2 23.72 83.12 53.42 57.60
8 25 31 20 2 3.22 63.11 33.17 59.89
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Table 8. Mixture design matrix and the third burning time test result

Content (wt%) .
Tanni Burning Mean Range
Run | Wood flour ;jgirclllc PE Lubricant | Crack | time (sec)
X 5.81
1 25 41 10 2 7.05 2.47
0] 8.28
X 7.92
2 41 25 10 2 7.98 0.11
0] 8.03
X 8.11
3 25 30 20 3 20.10 23.97
0] 32.08
X 29.61
4 30 25 20 3 31.62 4.01
0 33.62
X 6.82
5 40 25 10 3 11.64 9.63
0] 16.45
X 5.81
6 25 40 10 3 7.85 4.08
0] 9.89
X 16.11
7 31 25 20 2 30.65 30.07
0] 46.18
X 6.53
8 25 31 20 2 13.21 13.35
0] 19.88
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