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A New Life for Pittsburg State University Surplus Plastics through Recycling

Joe Murphy, Taygen Bantz, Nicholas Clark, Connor Ramsey, Jeanne Norton, and Paul Herring

3 Y,

Pittsburg State University, Department of Engineering Technology — Plastics, 1701 S. Broadway, Pittsburg KS 66762

ABSTRACT MATERIALS AND METHODS RESULTS Flexural and tensile testing was performed on injection-
Recycling polymeric materials has become an area of concern worldwide Material preparation: DSC and FT-IR were used to determine the polymers that molded parts to characterize mechanical properties.
but may not be as .econ.omlcal as consumers believe. We examined the | « Soap dispenser disassembly was completed by hand. were used for each soap dispenser part. g
feasibility of recycling dlscgrded soap dlspepsers after changes were made in . Cleaning was performed to remove any adhesive residue. - - T
PSU bathrooms campus-wide. First, soap dispensers were deconstructed, Adhesive removal procedure: | = | v | in'ectior;-molded orts
cleaned, and granulated to reduce the size of the plastic parts to processable B _ —_— _ | | Push S J : S
dimensions. To achieve optimal granulation of material from the soap 1. Remove as much adhesive without any chemicals. | | | | | Pump Clip | | sample Material | Modulus
dispensers and aid in the processing of post-consumer regrind (PCR) for other 2. Soak in cleaner for at least one hour. 5 ) ' Window Push Pump (@) "oy cpriene | 579
projects, we installed a larger capacity size reduction machine. We then 3. Simple Green Degreaser " =\ (1| = —" | Wm_teug#e:nwaﬂ Polypropylene | 519
successfully determined the base polymer in each different part through infrared 4. Stoner Citrus Clean : —— - —_—/ m %“L_T.fiﬁ;gmﬂ covacon | 1901
spectroscopy and thermal analysis by differential scanning calorimetry and 5. Remove remaining adhesive with scraper and rags = S S R, | 3 - cove Clip Holder(gray)
thermogravimetric analysis. We determined that we had three different plastics 6. Use arag and degreaser to remove all adhesive left. F 7 DSC el o F 5. DSC fh o S e
I I . igure /. ermogram oOfr parts made r . I . ' iNi ion-
in one soap d!S_per)ser. pO!yProperne, polyacetal, and polystyrene. After Granulating, or size-reduction: frogm olvoroovlene > P frz,g; e0| acetal SR DT PRTS EEe rigure 15: Tensile modulus of injection-molded parts
polymer identification, we injection-molded test bars to produce samples for T Insert material into aranulator reasonabl i} p3_y1|9h Py it POy ' o | "
mechanical property determination. We also performed feasibility calculations to ' grat - . avie 9. 1Nerma’ ransiions in LElollz 45 Vinemel IEeiems [ palEessl buch Table 8: Flexural modulus of
determine if we reduced overhead by using recycled materials. In addition to 2. Run granulator for 2 minutes after all materials are inserted. polypropylene DSC DSC ' Pamp S injection-molded parts
) ! & & Flexural
material cost, we also examined the effect of man-hours and quantity of 3. Break down, clean granulator and hopper system. Samole Ter | Tea | Toy | o2 sampie | Tct | Te2 | T : 2 Window Glip | | sample Material | Modulus
dispensers to fully determine PCR feasibility. Our calculations determined that Plastic identification: co) | o | ey | Y c) | c) | o) ' : Window Fiting (ray) | POYPropyiens | 1377
small-_scale recycling was not optimally fgasible even with low-cost starting Analyses Included the following to identify the type of Pump 114 | 104 148 Blueclp | 86 | 146 [ 168 . - W Cave Polypropylene | 1249
materials. However, a total of 121 soap dispensers (23.11 ft*3 of waste lastic in each part: mf:fe”‘;*ﬂzg'r”ﬂ ::‘Iz — :;g g"F fitting gg :'Ij: :'Igg . . Spine (@ray) rovacem | 3653
products) were kept out of landfills, and new plastic parts were successfully P P o — Ll Sl Holder(aray)
made through recycling. We believe that large-scale application of PCR in new FT-IR spectroscopy: | 5 | Table 5: Thermal transitions in T L
parts and improved product design with end-of-life concerns focused on * Perkin Elmer Spectrum 2 spectrometer with ATR capability e | polystyrene DSC J ' J bars: Table 9: Yield strenath and
sustainability can improve the feasibility of PCR for consumer product. * Functional group identification by wavenumber identification Ll T | To | T | T T ultimate strength of?njection_
INTRODUCTION Differential Scanning Calorimetry (DSC): Sample {u,ﬂ} [n{::] {a?:, Q) molded parts
Plastic waste has been a controversial topic throughout the past several © IA Instrtémegts D.SC 250 £ 100G /min (fi ' ) Window 107 : Pump B | sapie Strengtn | Strength | Elongation
years. However, to the advantages plastic materials provide to the = iieanito 500 C with a temperature ramp o 100 C/min (first heat) . === | NoT,orT, were observed for : B dow S PR E
manufacturing and transportation industries, plastic materials are here to stay. * Coolto -80 OC W'th a temperature ramp of 10 OC/ min (cool down) " s " . the window because PS is an Filing = HEEr | (gray PR i '
Many consumers believe that most plastics should be recycled to keep the ) Hea’F to 250 °C with a temperature ramp Of 10 °C/min (second heat) Figure 9: DSC thermogram of parts made amorphous polymer. White | ierry % % 196
world cleaner. The feasibility of recycling is an area that could stand as a major ) Meltlr]g temperature and per(_:e[]t Cry./stalllnlty were reported 1) SO EYIETE cayer Chp Holder 109 | 2% 98
roadblock. Soap dispensers throughout campus at Pittsburg State University Analysis performed after injection molding: = " _ 19 g
were replaced. Rather than throwing them away, senior students have been Melt flow rheology: W a ke EE uw 8 Figure 17: Yield Strength and ultimate (M)
tasked with recycling the soap dispensers in a productive, feasible manner. In a « Ceast MF20 melt flow analyzer ® ﬂ | ) 5 s U . strength of injection-molded parts
preliminary examination, each dispenser was found to contain various types of « ASTM D 1238 Testing Standards = 1376
: ey s i . : .y . i . _ 40 - CONCLUSIONS
plastic. Students were tasked with identifying the plastics and finding an efficient Mechanical characterization:
thod t le th . . 20 N Challenges:
metnod 1o recycle them. * Tensile testing: G : . Adhesi ¢ the back blate of th di
The overarching problem when recycling plastic waste is the feasibility  |nstron 34TM-30 4000 3500 3000 2500 2000 1500 1000  s0o 4000 3500 300 2500 2000 1500 1000 500 16 tstsal?/ren;enn;@/ars rs(|)3r2nt reemaoc 'npgaaZf?eS' eesoap Ispenser
c . . . 0 . cm-1 cm-1 o U VI IV
SENIE FRByEllg, Uil I & ieey [EHue Welt ol el teees, @ welll by * ASTMD 638 Figure 10: FT-IR spectra of parts made  Figure 11: FT-IR spectra of parts made Achi ts-
factors play into the feasibility of recycling plastics, such as: amount of  Reported values: e et o pellEectEl cnievements.
recyclable material, cost of recycling, and cost of repurposing. These factors all « Tensile modulus . _ « Successfully deconstructed, cleaned and granulated the soap
play major roles in the feasibility of recycling. Additionally, the design of a « Ultimate elongation e .Blue clip (polyacetal) and dispensers
product may inhibit that product’s ability to be recycled. Plastic assemblies that . Flexural testing - « Window (polystyrene) parts * ldentified the material used for each dispenser part.
utilize common materials and snap together lend themselves nicely to recycling. « Instron 64TM-R » were not used to make test « Characterized each material for its tensile, flexural and impact
Assemblies that utilize chemical adhesion or plastic welding are difficult to « ASTM 790 . bars or clothes hangers due to properties
recycle and quickly become unmanageable. This study sets out to answer: Is it . Reported: Flexural modulus ., lack of sufficient quantities to »  Successfully molded parts from PCR
feasible to manufacture reliable products from a small batch of waste products? . Impact testing: , Mmeet minimum material  Tensile bars
First, this study will discuss materials that were identified after * Instron Ceast 9050 T requirements. » Clothes hangers . . .
disassembly of the soap dispensers. Then, investigate the material and physical « ASTM D 256 (lzod) Figure 12: FT-IR spectra of parts made * Saved 121 pounds of material from going into a landfill
properties of those materials. The major issue of feasibility is then discussed to « ASTM D 6110 (Charpy) from polystyrene.
determine whether it makes sense to continue with the recycling process. . . . g | Table 6: Peak assignments with functional group analysis for soap dispenser parts FUTURE WORK
. . . Once materials were identified, _. . o
Whether or not deemed feasible at the start, the disassembly and recycling ) Figure 4: Flexural testing configuration. Wavenumber . Det i bility of I | p _ H
process will continue to create a total study of feasibility. This process includes the following parameters were Sample (cm™) Functional Group Polymer type edermltnlr.\gl eas:{' Ly sl Fsezls reeyialing Baine el IR
disassembling materials, reducing their size, molding test bars for mechanical used for injection molding of . and material cos
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