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IMPROVEMENTS IN IMPACT RESISTANCE PROPERTY OF METAL PLATED ABS AND NYLON6 THERMOPLASTICS Mithun V. Kulkarni1†, Elangovan K.2 and Hemachandra Reddy K.3



ABSTRACT This paper covers impact testing of ABS and Nylon6 thermoplastics under three different conditions viz., Normal, 24 hrs water absorbed and Electroplated conditions. Low and high velocity impact investigations have been carried out using a modified drop weight tower, which gives only the impact load values. The amount of energy absorbed by the material is the measure of impact resistance of the material in this research work. It has been observed that water absorbed samples have shown an improvement in impact strength over normal samples and the metalized plastics under investigation has not only given a good aesthetic finish but also has contributed for the improvements in the strength of the plastics. KEYWORDS: Drop Test, Nylon6, ABS, Impact, electroplating, water absorption. INTRODUCTION



The ABS and Nylon6 samples were also subjected to electroplating procedure. Electroplating of ABS plastics involves etching, activation process, electroless plating, Acid Copper plating, Acid nickel plating and finally chrome flash [8], whereas electroplating of Nylon6 samples involves, conductive painting on the surface of the samples, Acid copper plating, Acid nickel plating and finally chrome flash, thereby avoiding electroless plating. The specimens were then subjected to modified drop impact test. The drop impact test carried out in this research slightly differs from the ASTM D5628 standard. The drop impact test machine has been designed specifically to suit our requirements and testing conditions. The specially designed impact tester can be tested for both low and high velocity testings. The impact tests were conducted by dropping the hammer directly on the samples through different heights of 400mm, 800mm and 1200mm and by varying the drop weights of 0.89Kg, 1.395 Kg and 2.33 Kg.



The impact properties of the polymeric materials are directly related to the overall toughness of the material. Toughness is defined as the ability of the polymer to absorb applied energy. The area under the stress–strain curve is directly proportional to the toughness of a material. Impact strength is a measure of toughness. The higher the impact strength of a material higher is the toughness and vice versa. Impact resistance is the ability of a material to resist breaking under a shock loading or the ability to resist the fracture under stress applied at high speed [1]. There are many studies that have been performed in order to investigate the impact properties of thermoplastic and its composites [2-4]. Metallization of plastics actually creates hybrid composites and the requirement for metalized plastics in recent years has resulted in an exponential growth in markets in the India and around the world. The Automotive, Aerospace and marine industries have been in the forefront of that demand. Much of the growth is credited to the merits that plated plastics proffer fabricators who had habitually utilised plated metal products. The advantages of metalized plastics are numerous and well documented. The electroless nickel onto polymer increases properties such as electrical conductivity by maintaining light weight property and also high deformation properties. Electroless nickel deposition had also been done onto plastics such as ABS and also PTFE [5-6]. These metal plated materials are also often used in environments in which they will suffer from impact damage. Impact damage resistance is an important property for metalized plastic materials and the fabricators and the end users should understand the importance of impact resistance. There are several ways in which the impact testing’s are performed, evaluated and characterized. Impact testing can be classified into two types (1) low velocity impact and (2) High velocity impact. Charpy, Izod and Drop weight impact testing’s can be put into low velocity testing’s and Ballistic impact testing under high velocity impact testing. The aim of the present work is to investigate and compare the impact response of the metal plated ABS and Nylon6 samples under three different conditions viz., normal, 24hrs water absorbed and electroplated using modified drop impact tester. The amount of energy absorbed by the samples have been recorded and presented in the form of tables and graphs.



RESULTS AND DISCUSSIONS The data recorded during the test has been presented in the form of Tables and Graphs. The Tables 1 to 6 represent Impact testing data for ABS and Nylon6 samples under the different conditions as discussed in the previous section. It has been observed that Impact strength of Water absorbed samples have shown an increase in strength in comparison to normal specimens. The same has been observed in BASF Corporation research article, the paper discusses the issue of moisture absorption; it says that, any increase in moisture lowers a material’s strength and stiffness, but increases its total elongation and impact resistance [9]. The moisture in nylon behaves as a plasticizer that reduces the entanglement and bonding between molecules, therefore increasing their volume and mobility and thereby increasing the impact resistance. The moisture is known to affect a range of polymer properties, which in turn impact processability, dimensional stability, mechanical, acoustic, electrical, optical, and chemical properties, as well as performance of the products [10-11]. Therefore, the best way to reduce the absorption of water / moisture is to select plastics with low absorption rate or to design and fabricate products in ways to prevent excessive absorption. One such way is metallization of plastics or in other words plating on plastics. With Electroplating it has been observed that the impact strength of ABS and Nylon6 samples have increased tremendously. i.e., the amount of energy absorbed by the material ‘E3’ has increased (Figures 1 and 2). The impact strength of Electroplated Nylon6 samples has increased by 7.69% in comparison to electroplated ABS samples. But the same if compared with normal ABS and Nylon6 samples, the impact strength has almost increased by 30% and beyond and this shows that, with electroplating the impact strength increases. It is seen from the Table 3.6 that ‘E2’, energy due to impact load for Electroplated Nylon6 sample is 1524.47J, which is the highest recorded value among all the tested samples. E2 was calculated according to the relation (E2=0.5mv2, where ‘m’ is the mass of impact load and ‘v’ the velocity of the drop weights). Similarly, Energy due to falling drop, E1, was calculated according to the kinetic energy relation (KE=0.5mv2, where ‘m’ is the mass of drop weights and ‘v’ the velocity of the drop weights when dropped from the pre-specified heights). It is also evident from the tables that %E3, (percentage energy absorbed) has not shown an appreciable increase in any of the testing conditions.



EXPERIMENTAL WORK The ABS and Nylon6 thermoplastics were used in the investigation. These thermoplastics were injection molded into rectangular plaques of 50mm x 50mm x 4mm specimens. A total of 64 samples were used in the test. The samples / specimens as told in the previous literature were subjected to three different test conditions namely normal, 24 hrs water absorbed and electroplated conditions. The reason behind conducting Water absorption test was to make sure that the samples do not absorb water during electroplating and also to have knowledge as to how the water affects the impact strength of the samples. For the water absorption test, the specimens were dried in an oven for a specified time and temperature and then placed in a desiccator to cool. Immediately upon cooling, the specimens were weighed. The specimens were immersed in water at 23°C for 24 hours. Specimens were removed, patted dry with a lint free cloth, and weighed using an electronic balance [7]. 1JNTU
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Table 1. ABS (Normal) Sample No S1 S2 S3 S4 S5 S6 S7 S8 S9



Drop Height, mm 400 400 400 800 800 800 1200 1200 1200



Mass, Kg 0.89 1.395 2.33 0.89 1.395 2.33 0.89 1.395 2.33



Impact Speed, m/s 8.86 8.86 8.86 12.53 12.53 12.53 15.34 15.34 15.34



E1, J 2.8 4.4 7.3 5.4 8.5 14.2 8.7 13.7 22.8



Impact Load, Kg 1.05 2.75 4.6 1.7 2.85 6.35 2.05 2.95 6.41



E2, J 41.20 107.91 180.50 133.42 223.67 498.35 241.33 347.27 754.59



E3, J 38.40 103.51 173.20 128.02 215.17 484.15 232.63 333.57 731.79



% E3 93.20 95.92 95.96 95.95 96.20 97.15 96.39 96.05 96.98



Table 2. ABS (24 hrs Water Absorbed) Sample No S10 S11 S12 S13 S14 S15 S16 S17 S18



Drop Height, mm 400 400 400 800 800 800 1200 1200 1200



Mass, Kg 0.89 1.395 2.33 0.89 1.395 2.33 0.89 1.395 2.33



Impact Speed, m/s 8.86 8.86 8.86 12.53 12.53 12.53 15.34 15.34 15.34



E1, J 2.8 4.4 7.3 5.4 8.5 14.2 8.7 13.7 22.8



Impact Load, Kg 1.95 3.7 8.2 2 4.2 9.2 2.45 4.55 10.9



E2, J 76.52 145.19 321.77 156.96 329.62 722.02 288.41 535.63 1283.15



E3, J 73.72 140.79 314.47 151.56 321.12 707.82 279.71 521.93 1260.35



% E3 96.34 96.97 97.73 96.56 97.42 98.03 96.98 97.44 98.22



E3, J 93.34 168.26 445.92 288.90 348.58 896.17 473.95 574.90 1425.16



% E3 97.09 97.45 98.39 98.17 97.62 98.44 98.20 97.67 98.43



Table 3. ABS (Electroplating) Sample No S19 S20 S21 S22 S23 S24 S25 S26 S27



Drop Height, mm 400 400 400 800 800 800 1200 1200 1200



Mass, Kg 0.89 1.395 2.33 0.89 1.395 2.33 0.89 1.395 2.33



Impact Speed, m/s 8.86 8.86 8.86 12.53 12.53 12.53 15.34 15.34 15.34



E1, J 2.8 4.4 7.3 5.4 8.5 14.2 8.7 13.7 22.8



Impact Load, Kg 2.45 4.4 11.55 3.75 4.55 11.6 4.1 5 12.3



E2, J 96.14 172.66 453.22 294.30 357.08 910.37 482.65 588.60 1447.96



Mass, Kg 0.89 1.395 2.33 0.89 1.395 2.33 0.89 1.395 2.33



Impact Speed, m/s 8.86 8.86 8.86 12.53 12.53 12.53 15.34 15.34 15.34



E1, J 2.8 4.4 7.3 5.4 8.5 14.2 8.7 13.7 22.8



Impact Load, Kg 1.7 2.85 7 2.5 3.6 8.05 3.7 7 10.9



E2, J 66.71 111.83 274.68 196.20 282.53 631.76 435.56 824.04 1283.15



E3, J 63.91 107.43 267.38 190.80 274.03 617.56 426.86 810.34 1260.35



% E3 95.80 96.07 97.34 97.25 96.99 97.75 98.00 98.34 98.22



Mass, Kg 0.89 1.395 2.33 0.89 1.395 2.33 0.89 1.395 2.33



Impact Speed, m/s 8.86 8.86 8.86 12.53 12.53 12.53 15.34 15.34 15.34



E1, J 2.8 4.4 7.3 5.4 8.5 14.2 8.7 13.7 22.8



Impact Load, Kg 1.99 3.85 8.95 2.7 4.55 9.4 3.9 7.4 11.05



E2, J 78.09 151.07 351.20 211.90 357.08 737.71 459.11 871.13 1300.81



E3, J 75.29 146.67 343.90 206.50 348.58 723.51 450.41 857.43 1278.01



% E3 96.41 97.09 97.92 97.45 97.62 98.08 98.11 98.43 98.25



Impact Speed, m/s 8.86 8.86 8.86 12.53 12.53 12.53 15.34 15.34 15.34



E1, J 2.8 4.4 7.3 5.4 8.5 14.2 8.7 13.7 22.8



Table 4. N6 (Normal) Sample No S38 S39 S40 S41 S42 S43 S44 S45 S46



Drop Height, mm 400 400 400 800 800 800 1200 1200 1200



Table 5. N6 (24 hrs Water Absorbed) Sample No S47 S48 S49 S50 S51 S52 S53 S54 S55



Drop Height, mm 400 400 400 800 800 800 1200 1200 1200



Table 6. N6 (Electroplating) Sample No S56 S57 S58 S59 S60 S61 S62 S63 S64



Drop Height, mm 400 400 400 800 800 800 1200 1200 1200
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Mass, Kg 0.89 1.395 2.33 0.89 1.395 2.33 0.89 1.395 2.33
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Impact Load, Kg 2.6 5.2 12.55 3.95 6.2 12.85 4.8 7.8 12.95



E2, J 102.02 204.05 492.46 310.00 486.58 1008.47 565.06 918.22 1524.47



E3, J 99.22 199.65 485.16 304.60 478.08 994.27 556.36 904.52 1501.67



% E3 97.26 97.84 98.52 98.26 98.25 98.59 98.46 98.51 98.50



www.fonscientia.com/journals/jenggres



[9] BASF Corporation, research article. Mechanical Performance of Polyamides with Influence of Moisture and Temperature – Accurate Evaluation and Better Understanding, http://www2.basf.us//PLASTICSWEB/displayanyfile?id=0901a5e1 80004880 [10] Aharoni, S., “n-Nylons: Their Synthesis, Structure and Properties”, John Wiley & Sons, New York, 598 pages, 1997. [11] Kohan, M., “Nylon Plastics Handbook”, Hanser / Gardner Publications, Inc., New York, 631 pages, 1995.



Figure 1. Impact Load values of ABS Samples in different conditions



Figure 2. Impact Load values of Nylon6 Samples in different conditions CONCLUSIONS Coatings of copper, nickel and chrome on ABS and Nylon6 parts result in increases in Impact strength. The improvements in impact strength by electroplating on ABS and Nylon6 parts should lead to the development of functional prototypes and end use products. The effect of moisture on Impact strength of Nylon 6 and ABS were studied and was concluded that the impact strength increases with increase in moisture / water content. The water absorption rate can be reduced by electroplating for certain applications like sanitary and bathroom fittings which are usually exposed to moisture and water. The use of Conductive paints on N6 samples eliminates the electroless plating procedure, thus saving time and money. REFERENCES [1] Vishu Shah, Handbook of Materials Selection, Edited by Myer Kutz, ISBN 0-471-35924-6 © 2002, John Wiley & Sons, Inc., New York [2] Naik, N.K.; Meduri, S. Polymer matrix composites subjected to low velocity impact: effect of laminate configuration, Compos. Sci. Technol. 2001, 61, pp: 1429–1436. [3] Bigg, D.M. The impact behavior of thermoplastic sheet composites. J. Reinf. Plast. Compos.1994, 13, pp: 339–354. [4] Cantwell, W.J, Morton, J. The impact resistance of composite materials – a review. Composites 1991, 22, pp: 347–362. [5] Q.Zhao and Y. Liu, Electroless Ni-Cu-P-PTFE composite coatings and their anticorrosion properties. Surface & Coatings Technology 200(2005) pp: 2510-2514. [6] Xuejiao Tang, Meng Chao, Chengliang Bi, Lijuan Yan and Baogui Zhang, Research on a new surface activation process for electroless plating on ABS plastic. Materials Letters 62 (2008) pp: 1089-1091. [7] Mithun V Kulkarni, Elangovan. K, Hemachandra Reddy. K, Prakash J N, “Influence of Moisture Content on 3-Body Abrasive Wear Analysis Of ABS Plastic, i-manager’s Journal on Mechanical Engineering, Vol. 1 .No. 3 . May – July, 2011, pp: 36-40 [8] Mithun V Kulkarni, Elangovan. K, Hemachandra Reddy. K, “Development of electroplating setup for Plating ABS plastics”, iManager’s Journal of Mechanical Engineering, Vol.2, No.3, May-July, 2012, pp: 52-57
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