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Abstract 

 

      One of the major issues the plastics industry 

is trying to solve today is the lack of a circular 

economy. Plastics do not biodegrade fast enough 

to keep up with the waste being generated, and 

therefore present ecological and environmental 

problems. To take discarded plastics and 

continuously give them new life in a variety of 

applications is the goal of many plastics 

industries. However, to reprocess recycled 

plastics has shown many challenges. iMFLUX’s 

Auto-Viscosity Adjust (AVA) technology has 

made doing so easier with their low, constant 

pressure injection molding process. This 

technology enables the injection molding process 

the ability to independently adjust parameters in 

real time. This research focuses on comparing the 

dimensional and mechanical integrity of virgin 

ABS and PCR ABS in the conventional and 

iMFLUX processes. It was determined that the 

conventional process had better mechanical 

integrity with the virgin ABS than iMFLUX, and 

the iMFLUX process had less deviation overall 

between dimensions and material transition. 

 

Introduction 

 

iMFLUX, a wholly owned subsidiary of 

Procter and Gamble, is non-traditional in the 

injection molding industry due to its ability to 

successfully mold plastic parts by using low, 

constant pressure to fill an injection mold. The 

conventional injection molding process quickly 

fills an injection mold and uses high pressure to 

pack out parts. This new technology has made 

significant advancements in sustainability due to 

its ability to use less energy, material, time, as 

well as process more challenging materials.  

Post-consumer resins (PCR) are among these 

more difficult materials to process. PCR is the 

technical term for recycled plastics that can be 

reprocessed into new parts. PCR is affordable, 

abundant, and what consumers love to see in their 

products, but have been a challenge to mold 

similar in dimensional and mechanical properties 

to that of virgin resin. 

      iMFLUX’s AVA technology is what enables 

PCR to be processed. AVA recognizes any 

change in material viscosity and automatically 

modifies the driving pressure while maintaining 

identical flow rates. This technology adapts in 

real-time to make running highly variable 

materials like PCR possible and allows for 

consistent part weights. 

This research is a sustainability study that 

compared iMFLUX’s AVA part performance to 

the conventional part’s performance across a 

viscosity shift of ABS resins. No process 

adjustments were made when a new resin was 

introduced. 

 

Materials and Methods 

 
Materials 

 

Two acrylonitrile butadiene styrene (ABS) 

resins were used for the experimental work, and 

were manufactured by Chase Plastics. CP 

PRYME® ABS A100HI, a virgin ABS resin, is 

referred to as ABS 100 in this report. CP 

PRYME® ABS A300 BK, a PCR resin is 

referred to as ABS 300 in this report. These 

materials were dried for 3 hours at 75°C (167°F) 

prior to processing.  
 

Injection Molding Process 

 

      FANUC ROBOSHOT α-S150iA, an electric 

injection molding machine, was used to process 

these materials in Axxicon’s AIM Quick Change 

mold featuring a tensile bar insert. This mold 

contains two cavities, referred to as Cavity 1 and 

Cavity 2 in this research, produces two tensile 



 

 

bars as parts that comply with ASTM’s D638 

standard.  

      The conventional process and iMFLUX 

process underwent process development using 

ABS 100 to assure that acceptable parts were 

being molded prior to collecting them for 

dimensional and mechanical testing and analysis.  

 
Process Development: Conventional  

 

      A rheology study was done initially to 

determine an appropriate injection speed. 

Various injection rates descending from 11 in/s 

were tried to determine the lowest pressure 

necessary at which parts were packing out. The 

following figure shows this graph where 

viscosity is on the y-axis and shear rate is on the 

x-axis. 

 
Figure 1 Rheology study graph.  

The injection rate encircled is 7 in/s. 

     A gate seal study was conducted with this 

injection rate where hold time was gradually 

increased until part weight began to stabilize. The 

following figure displays where part weight is 

stabilized at an eight second hold time. 

 
Figure 2 Gate seal study graph. 

Part weight in grams is on the y-axis and hold 

time in seconds is on the x-axis. 

       A nine leg Design of Experiments (DOE) 

was developed using the Minitab software. The 

new injection rate and hold time were input as 

constants while pressure and cooling time were 

variable. Three shots were pulled for each leg. 

 
Process Development: iMFLUX 

 

      A method iMFLUX refers to as the Largest 

Empty Corner Rectangle (LECR) is used to 

develop their process’ optimal process window. 

Lowest time, highest time, lowest pressure, and 

highest pressure are all points that make this 

window. In this developed rectangle, where time 

and pressure are variable, full parts should be 

possible. The following is a depiction of the 

LECR process window that was developed for 

this study. 

 
Figure 3 LECR process window. 

Pressure is on the y-axis and time is on the x-

axis.  

      A DOE was developed where time, referred 

to as Step Time, and pressure, referred to as Step 

Pressure, were inputs and Process Factor A 

(PFA) and cool time were variable. Upon 

deciding on an acceptable PFA and cool time the 

AVA technology was introduced for future 

material transitions from ABS 100 to ABS 300. 

AVA was set to adjust once material reached the 

cavity and meet a set target cavity pressure 

necessary to fill a part. 

 
Collecting Samples 

 

      Beginning with the ABS 100, three shots 

were collected every 2.4 min for an hour before 

ABS 300 was introduced without any process 

changes. Five shots from transition of material 

were collected. The same procedure was applied 

for ABS 300 where three shots were collected 

every 2.4 minutes for an hour. This procedure 



 

 

was done for both the conventional and iMFLUX 

processes. 

     
Dimensional Study  

 

      For dimensional testing, a Gage R&R was 

developed on a coordinate-measuring machine 

(CMM) measuring tensile bars to assure that 

variance was being measured from the parts and 

not from the process. All collected tensile bars 

were measured for length. The mean and 

standard deviation were analyzed for each 

material in each process. These values were 

further differentiated by which cavity they were 

molded in, cavity 1 and cavity 2. 

 
Mechanical Study 

 

      For mechanical testing, Shawnee State 

University’s Intron 5969 tensile testing machine 

was used to measure force at maximum load with 

a 50 kN load cell. 25 specimens were pulled for 

each cavity, at each material, for each process. 

This data was analyzed to compare mean and 

standard deviation of the cavities, materials, and 

processes. 

 

Results  

 
Conventional Process Development  

 

      The optimal process parameters for the 

conventional process was determined as follows: 

eight second hold time, 177.8 mm/s (7 in/s) 

injection velocity, 37.9 MPa (5500 psi) hold 

pressure, and a cooling time of 13 seconds. Parts 

at these parameters had a cycle time of 25.4 

seconds, a peak pressure of 91.5 MPa (13,273 

psi), and an approximate part weight of 17.723 

grams. 

 
iMFLUX Process Development 

 

     The optimal process parameters for the 

iMFLUX process was determined as follows: six 

second step time, 46.4 MPa (6725 psi) step 

pressure, a PFA of -1, and a cooling time of 14.5 

seconds. Parts at these parameters had a cycle 

time of 24.22 seconds, a peak pressure of 50.29 

MPa (7294 psi), and an approximate part weight 

of 17.348 grams. 

      When analyzing these process development 

results, the iMFLUX process has a shorter cycle 

time, requires 55% less pressure, and has a 2% 

part-weight reduction. All of which is expected. 

 
Dimensional Analysis 

 

      Upon collection of ABS 100 and ABS 300 

specimens from both processes, they were all 

measured for length on a CMM. These values 

were further differentiated by which cavity they 

were molded in, cavity 1 and cavity 2. To be 

considered to have an acceptable length, tensile 

bars had to be approximately the ASTM D638 

standard’s length of 165.5 mm. The following 

table displays the dimensional mean results 

collected from 25 tensile bars:  

 
Table 1: Dimensional mean data analysis.  

Process Cavity Virgin 

Length 

Mean 

PCR 

Length 

Mean 

Mean  

% 

Change 

Conventional 1 165.42 165.47 0.03% 

Conventional 2 165.59 165.60 0.01 % 

iMFLUX 1 165.44 165.49 0.03% 

iMFLUX 2 165.46 165.46 0.00% 

 

      The following table displays the dimensional 

standard deviation results collected from 25 

tensile bars: 

 
Table 2: Dimensional standard deviation data  

analysis.  

Process Cavity Virgin 

Length 

SD 

PCR 

Length 

SD 

SD 

% 

Change 

Conventional 1 0.089 0.087 2.25% 

Conventional 2 0.146 0.114 21.92% 

iMFLUX 1  0.050 0.064 21.88% 

iMFLUX 2 0.036 0.047 23.40% 

       For ABS 100, virgin, the samples made 

conventionally exhibited statistically significant 

differences in length for both mean and standard 

deviation between cavities. The samples made 

with iMFLUX were statistically similar in both 

mean and standard deviation between cavities. 



 

 

The iMFLUX samples are closer to the target 

dimension and improved the standard deviation 

for both cavities. 

      For ABS 300, PCR, the samples made 

conventionally exhibited statistically significant 

differences in length for both mean and standard 

deviation between cavities. The samples made 

with iMFLUX were statistically similar in both 

mean and standard deviation between cavities. 

The iMFLUX samples are closer to the target 

dimension and improved the standard deviation 

for both cavities.  

       Regardless of the process approach, ABS 

300 had a limited impact on length. 
 

Mechanical Analysis 

 

      The following table displays the tensile tested 

mean results collected from 25 tensile bars: 
 

Table 3: Force at max load mean data analysis.  

Process Cavity Virgin  

Force 

at Max 

Load 

Mean 

PCR 

Force 

at Max 

Load 

Mean 

Mean  

% 

Change 

Conventional 1 420.45 400 4.86% 

Conventional 2 410.32 394.4 3.88% 

iMFLUX 1 409.22 398.48 2.62% 

iMFLUX 2 410.51 400.92 2.34% 

 

      The following table displays the tensile tested 

standard deviation results collected from 25 

tensile bars: 
 

Table 4: Force at max load standard deviation data 

analysis.  

Process Cavity Virgin 

Force at 

Max 

Load 

SD 

PCR 

Force at 

Max 

Load 

SD 

SD 

% 

Change 

Conven. 1 3.74 4.29 12.82% 

Conven. 2 5.96 5.06 15.10% 

iMFLUX 1 5.62 4.62 17.79% 

iMFLUX 2 6.17 3.52 42.95% 

 

      For ABS 100, the conventional samples 

exhibited statistically significant differences in 

force at max load both in the mean and standard 

deviation. The samples made with iMFLUX were 

statistically similar in both mean and standard 

deviation between cavities. Cavity 1 in the 

conventional process exhibited a statistically 

higher force at max load over the other cavities 

and processes by approximately 2.5%. 

      For ABS 300, individual cavities made both 

conventionally and with iMFLUX demonstrated 

differences between the cavity means. Individual 

cavities made both conventionally and with 

iMFLUX demonstrated statistically similar 

standard deviations. Cavity 2 in the conventional 

process demonstrated a force at max load 

statistically significantly lower than the other 

cavities and processes. 

     When looking at the mean data, the 

conventional samples saw a reduction in force at 

max load by 4.37% when switching from ABS 

100 to ABS 300. When looking at the mean data, 

the iMFLUX samples saw a reduction in force at 

max load by 2.48% when switching from ABS 

100 to ABS 300. iMFLUX’s cavity 2 improved 

its standard deviation by 43% in the PCR material 

compared to the virgin.  The other cavities and 

processes remained similar.  

 

Discussion  

 

The data shows that the standard deviation 

between materials and cavities is smaller with 

iMFLUX AVA. This behavior is a result of the 

nature of each process. Conventional velocity 

filling greatly shears the material and orients the 

molecule strands in the direction of flow. The 

same is true for the iMFLUX process. However, 

not to the same extent.  

iMFLUX’s part consistency in this particular 

study knowing that a processor could certainly 

design a process to maximize tensile strength if 

needed. superior to conventional with changes in 

resin   

iMFLUX produces statistically similar parts 

across resins and cavities. Their parts 

outperformed the conventional parts regarding 

less of a standard deviation between materials 

and cavities. The conventional parts experienced 

a larger drop in performance when transition 



 

 

from the virgin to PCR resin. A difference 

between both the conventional process’ cavities 

was seen in both the dimensional and mechanical 

analysis. 

 

Conclusions 

 

       Today, the plastics industry is trying to 

normalize the processing of PCR. To take 

recycled, post-consumer plastics that have been 

collected, cleaned, and reprocessed into new 

products is ideal for a circular economy. 

However, these materials are difficult to process. 

iMFLUX’s AVA technology has been able to 

make processing PCR’s not only consistent and 

possible, but more sustainable with less energy 

use, pressure needed, and material needed.  

      To look at the dimensional and mechanical 

performance of these parts is this team’s new 

interest. This research focuses on comparing the 

dimensional and mechanical integrity of virgin 

ABS and PCR ABS in the conventional and 

iMFLUX processes. It was determined that the 

conventional process had better mechanical 

integrity with the virgin ABS than iMFLUX, and 

the iMFLUX process had less deviation overall 

between cavities and transition of material. The 

conventional parts experienced a larger drop in 

performance in the transition from ABS 100 to 

ABS 300.  

       Future interests include additional 

mechanical testing consisting of flexural and 

Charpy impact testing. Replicating this study 

with different materials, particularly a semi-

crystalline material like nylon, is of interest.  

 

 

 

 

 
 


