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ABSTRACT

A Ti6AL4V powder management strategy for Additive Manufacturing (AM) is based on the analogy of 
systems used in the flour industry. Additive manufactured parts for medical and aerospace must 
adhere to quality standards. The need for a powder management system for titanium powder used 
in AM is identified. Flour management quality systems have been refined over many years by the 
flour supply chain and food industry. Both titanium powder and flour are very sensitive to exposure 
and requires an accurate traceability. Therefore, a titanium powder management strategy is
proposed based on existing systems within the flour industry. 
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1. INTRODUCTION

The flour supply chain industry has been around for years and has refined their quality management 
systems over this time. The issues identified from literature within the flour industry include 
insufficient suppliers, lack of inspection, storage of the flour to reduce mite infestation, employee 
health with regards to respiratory problems and the traceability of the flour in order to keep track 
of the origin of the flour when multiple batches are mixed.  
Five main quality parameters have been identified for this industry: Suppliers, Inspection, Storage, 
Safety and Traceability.
Each one of these parameters will be investigated and the management strategies associated with 
them will be extracted from literature. These items will be used to formulate management 
strategies for powder used during additive manufacturing. Ti-4AL-6V powder is used to manufacture 
medical implants using Selective Laser Sintering (SLS). Arguably the largest risk with titanium 
powder is the traceability thereof. To mitigate this risk a full quality management system must be 
implemented. This system must ensure the generation and storage of data relevant for traceability.
This paper suggests a full management strategy for the traceability of titanium powder based on 
lessons learned from and systems developed in the flour supply chain industry.

2. SUPPLIERS

Japan produces 4.5 million tons of flour a year, a third of that flour is used in the noodle industry. 
The Japanese flour milling and noodle industry is very large and rely on reliable and quality suppliers 
and implements various inspection test during the manufacturing process. The idea is to 
manufacturing noodles with a smooth surface. This surface texture is directly correlated with the 
quality of flour used. Great attention is thus given to finding the best suppliers and conducting in 
process inspection tests through the entire process. In the flour industry two predominant quality 
factors have been identified namely size of the grain and the percentage starch. These factors are 
focused on when selecting a supplier. The Australian Standard White (ASW) originating from Western 
Australia is the main Supplier wheat of the Japanese Food Agency (JFA) due to the suitability of this 
wheat to produce top-quality wheat [1].

The need to manufacture 3D printed parts using titanium powder is growing rapidly and with this 
growth more suppliers are entering into the market. The powder form different suppliers can have 
different quality grades same as different flour used for different products. The grade indicates 
what the powder can be used for [2]. Due to this, careful consideration should be given to choosing 
the suppliers of the titanium powder. Companies must ensure the powder is to standard for its 
intended use and that all the supporting documents for the powder are provided. The supporting 
documents should include the following [3]: Identification details, hazard identification, 
composition, first aid measure, fire-fighting measures, accidental release measures, handling and 
storage, personal protection, chemical properties, stability and reactivity, toxicological 
information, ecological information, disposal, transport and regulatory information. If the powder 
is delivered without the supporting documentation it should not be accepted. If there is an issue 
with the part, a company would want to prove that the powder used was to standard. Suppliers must 
also be validated before a company can fully commit to using their powder. This validation can 
include testing of a powder sample and comparing the results to the composition report provided by 
the supplier. The validation should test the AL, V, Fe, N, O and Ti weight percentage in the powder 
and compare that to the ASTM F3001 Ti6Al4V (ELI) standard [4]. The standards can be seen in the 
Table 1 below and are the standards that medical implants must adhere to:

Table 1: ASTM F3001 Ti6Al4V (ELI)

Aluminum Vanadium Iron Nitrogen Oxygen Titanium
5.5-6.5 3.5-4.5 0.25 0.05 0.13 89

The information regarding the suppliers of the powder must be stored onto a database that can later 
be accessed for traceability purposes. Each time a supplier delivers a batch the details about the 
delivery and the batch must be logged onto a system. This is the traceability origin of the printing 
process. Powders get mixed when a small amount is left over from a previous job. Ideally, we would 
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want to trace all powders in a mixture back to the suppliers.  A manufacturer must be able to 
identify all suppliers that contributed to a certain part. As seen in Figure 1 below the container has 
the name of the supplier, the batch number, the quantity per batch and the manufacturing and 
packaging date. All this data along with the data of the delivery must be stored for traceability 
purposes. In the case where there are multiple containers in one batch and there is no individual 
number on each container, we can assume that the powder in each container is homogenous. 

3. INSPECTION 

The unwanted presence of enzyme activity within the flour can affect the quality of the flour. There 
is certain quality test for flour to track the changes in the composition as its exposure to certain 
elements increases. This exposure is mainly due to the handling during usage within the factory.
One element that needs testing is the protein level of the flour and the amount of enzyme activity 
within the flour. Exposure can lead to more active enzymes within the flour and the potential 
infestation of mites. Within the bread manufacturing industry, the loaf volume is directly 
proportional to the protein content of the flour. Thus, the protein content is tested before the 
baking commences. This is a once off test. Using a sieve, the mites within flour can be detected and
this test is conducted using random samples on the factory floor, this is a continuous testing method. 
The mites grow in flour which is inadequately stored or left open for an extended time and makes 
the flour unusable for baking, strict guidelines are set out for the employees to ensure proper 
handling and storage of the flour to ensure minimal exposure. Bakeries do random sieving test of 
their flour to ensure the purity of the flower before it is used in the baking process [5].

Titanium powder used in additive manufacturing must adhere to the standards for its intended use. 
As an example, the manufacturing of medical implants will be used. The values of the composition 
of the powder can be seen in Table 1 above. A study was done in 2015 by H.P Tang et al that 
evaluated how the oxygen level of the powder increased after various cycles [6]. The study 
concluded that the oxygen level increased from 0,08% to 0,19% in 22 cycles. The article further 
states that there was no significant change in the Aluminum and Titanium levels of the powder after 
22 reuses. The powder is usually used for multiple cycles and with each cycle the oxygen content 
of the powder rises. The issue is that most manufacturers are uncertain about the oxygen content 
of the used powder. For medical implant manufacturing the operator needs to be sure that the 
oxygen level of the powder is below or equal to 0,13. A solution to this is having an in-house oxygen 
testing facility  to test the powder composition before use. This continuous testing will help 
manufacturers keep track of the quality of the powder and give an indication if a batch should rather 
be used for lower grade items. The oxygen level of a used powder can also be improved by mixing 
it with powder that has not been used yet. Thus, companies do not necessarily need to discard of 
powders that exceed the maximum oxygen level.

For traceability, the data from the tests can be stored onto a database. This will form a link between 
the quality of the powder and the supplier used for traceability purposes. This information can then 

Figure 1: Powder Container
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also be used to validate the quality of the final product. Once enough data is collected concerning 
the aging of powder it can be used to create a predicative model of aging. This will help companies 
identify and predict when powders will be unusable. If the composition test is conducted before it’s 
placed in the machine and that value is saved it can be used to prove that the printed part is to 
standard. This information can also aid in supply chain management and business decisions. 

4. STORAGE

The inadequate storing of flour can have a major impact of the baking properties of the flour. This 
is not an issue for domestic use of flour but once we start looking at big industries using flour storage 
becomes a concern. Flour is also highly flammable, when not stored correctly it can have devastating 
consequences.  Generally, flour has a moisture content of 14% and every time the container is 
opened this content decreases along with making the flour more susceptible to infestation and fungal 
growth [7]. There is a big need for visibility of flour within the storage unit without opening it. A 
solution for these issues is to use plastic containers with a visibility strip. The plastic is water 
resistant and keeps moisture out [8]. The workers in factories also receive adequate training on how 
to handle and store the flower to reduce exposure. 

The two main concerns associated with powder storage is the workers’ exposure to the powder and 
the degrading quality of the powder. Titanium powder is usually stored in a plastic container. These 
containers vary in size depending on the need of a company. Every time a container is opened it is 
exposed to oxygen and other elements that can degrade the quality of the powder. Every time the 
powder is opened small particles are released into the air. These particles stick to surfaces and can 
also impact the safety of the workers. These containers are sometimes only opened to check the 
amount of powder inside. This issue can be resolved by collaborating with the suppliers for 
alternative storage containers that can clearly indicate the level of powder, the same concept used 
with the visibility strip used in flour. For example, in Figure 2 below is a container that stores powder 
between uses but the operator can’t see the amount of powder leading to the container being 
opened unnecessarily. This makes it safer for the worker and keeps the quality of the powder stable.
Also, companies must determine the exact amount of powder needed and look at alternatives in 
terms of container size. The smaller the container the less powder is exposed every time the 
container is opened. Fewer containers can help with not only reduction in floorspace used but also 
decreasing the probability that the powder gets exposed to oxygen due to employees accidentally 
opening it. Supply chains should be customized to ensure ha the exact amount of powder needed is 
available. This is to ensure minimal handling of the powder.

One traceability element that can be introduced to the storage system is employees logging when 
they have opened the container and the reason for opening and the location of storage. If there is 
a quality issue with the completed part, it can be traced back to the container it came from and 
show the amount of times the container was opened to locate the root cause of the faulty part.  This 
data can be used to validate the results of the oxygen tests conducted on the powder and refine a
prediction algorithm that can possibly be developed. The data related to the quality tests and the 
storage data can be used to develop a digital twin of the aging process of the powder.

Figure 2: Metallic 
container for titanium
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5. EMPLOYEE SAFETY

Not only is flour in the air flammable but it also poses great risk regarding the respiratory health of 
workers. Workers who are diagnosed with asthma due to airborne flour dust can only safely return 
to their work after 6 years [9]. This left many factory workers unemployed. The only way to make a 
measurable difference in the lives of the workers is to reduce the exposure of the particles 
significantly. Multiple interventions have been formulated to improve the working environment of 
the workers. In a case study done in a Supermarket Bakery in South Africa the following solutions 
were tested: Redesigning the lid of the mixture tub. Thus, when the flour is dispensed into the mixer 
the lid will reduce the particles exiting the mixer. The second intervention is training workers to 
adequately handle the bags or using an industrial vacuum with a high efficiency air filter. Another 
intervention is equipping the workers protective gear and training them on how to effectively use it
[9]. All these intervention methods were tested and have proven very effective in improving worker 
safety. 

The titanium powder used during manufacturing is a very fine powder with particles that can stay 
in the air and results in respiratory problems for the workers. The hierarchy of controls defines a set 
of steps to follow in order to remove or reduce the hazard within a certain working environment.  
When looking at the hierarchy of controls for resolving the powder exposure issue we will start with 
seeing if we can’t eliminate or substitute the hazard, this is not practical considering the powder 
can’t be taken away or substituted. The next step is looking at engineering controls. Engineers 
control includes anything that can be done in the environment around the hazard to reduce it. A 
possible solution could be to install an air flow system within the printing room. Air will be blowing 
into the room from the ceiling and this will force the powder particles within the room to the floor. 
A grid structure floor can then be installed for the powder particles to accumulate under the floor. 
The next step is administrative controls. This includes training the employees on how to work with 
the powder in such a way that minimal particles end up in the air. Further administrative controls 
include training employees to use an industrial vacuum correctly to minimize exposure. The last 
option is using Personal Protective Equipment (PPE) like masks and gloves when working with the 
powder. Although PPE is mentioned as a last resort it should be used even if one of the other solutions 
are implemented to reduce the number of “invisible” particles a worker is exposed to. Adequate 
cleaning systems should also be put in place. A surface might look clear but when wiped with a damp 
cloth powder is still present. 

6. TRACEABILITY

Understanding and monitoring the steps of the flour processing system is very important to ensure 
safety and traceability.  Because flour is not just a main food but also a component to make 
numerous other food items with, the quality and safety of flour is a worldwide concern. There is 
thus a need for a decent traceability system to ensure safety and reduce the amount of recalls that 
the industry experiences. ISO 22005 Food Traceability Standards states that companies must hold 
information regarding their suppliers and their customers on the principle of one-up and one-down 
at least. All identities and transformations of traceable units must be recorded. The development 
of such a traceability system is important for the supply chain management and the quality assurance 
of the flour.

A system developed to increase the traceability of the entire manufacturing process includes the 
use of RFID tags and barcodes. Flour has many origin points and its quality is subjective to time and 
exposure of which relevant data must be captured. The National Engineering Research Center for 
Information Technology in Agriculture in Beijing developed a Wheat Flour Milling Traceability System 
(WFMTS) that uses RFID technology and QR codes to trace the origin of the flour manufactured. 
Traceability can be defined as the ability to consistently track the physical location of a product or 
retrieve the history of that product throughout the supply chain. RFID and QR codes are both 
technologies used for identification and data collection [10]. The flour supply chain in China was 
analyzed and the following traceability solution was designed.
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Raw Material encoding: A serial number with 14 digits is generated at this stage. Where the first two 
numbers indicated the origin of the wheat, next two is associated with the raw material depot 
followed by 6 digits related to the date of receival. The next 2 digits is the product category and 
the last 2 is connected to the batch serial number. 
Processing batch encoding: For this process, a 16-digit code is generated. First 2 digits is linked to 
the raw material depot (this code links to the above-mentioned Raw material encoding) then 
followed by 1 digit that identifies the process assembly line. 3 digits identifies the processing weight 
and the next 6 identify the date of processing. 2 digits describe the category of the product 
associated with the category code specified in the Raw material code. The last 2 digits is the 
processing serial number. 
Traceability batch encoding: This code contains information regarding the raw materials and 
processing. This code has 20 digits. 6 digits to indicate the date of packaging, 12 digits indicating 
the compressed processing batch, 1 digit for the grade and one digit for the check code. 
The traceability code then gets saved in a QR code that is placed on the packaging. Other relevant 
information regarding the product is also saved in the QR code like the testing parameters and 
composition of the product. A Uniform Resource Locator (URL) website link is also stored on the QR 
code so that consumers can see the full history of the product. The QR code can hold up to 150 
characters of information including numbers, letters and Chinese characters. The flour gets stored 
in bins containing multiple packets. RFID tags are used to label the bins and they hold all information 
regarding the packets inside [10].

During the additive manufacturing process powder from one batch can be used or the batches can 
be mixed. This calls for a traceability system that can track the exact origin of the powder used. 
With a few adjustments the bar-coding system developed for the flour industry can be used to for 
additive manufacturing as well. It creates a traceability barcode that can be placed on the packaging 
of the final part and tells the entire life story of the completed part. The above-mentioned quality 
management strategies contain information that must be logged onto a system. All the information 
associated with suppliers, tests and storage can be saved using QR codes that link that information 
directly to the product.

7. RESULTS

With certain adaptions the tracebility system design for the flour industry a basic tracebility system 
for additive manufacturing can be seen in Figure 3 below. There are 6 basic data tables that contains 
information regarding suppliers, operators, machines, mangement, storage and test results. These 
ID’s are used to formulate the  handling, testing and processing code for each printing job. This is 
then combined in a tracebility code that can be saved to a barcode that is then placed on the part. 

The tracebility barcode links directtly to all the data in the data tables above and gives all the 
information regarding the products. This system has the capability to store a lot of data due to the 
fact that the barcode can save numbers, letters and chinese characters.  
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Figure 3: Traceability barcode

8. CONCLUSION 

The flour supply chain industry was used to identify five areas of risk within its quality management 
strategies. The three areas focused on are: supplier selection, inspection and traceability of the 
flower. Certain principles used in the flour industry that could be applied to the additive 
manufacturing industry were identified and discussed. Although quality strategies for suppliers and 
inspections were discussed the main aim of this paper was to create a traceability strategy for 
additive manufacturing that incorporates data from these two aspects. The data associated with the 
suppliers, testing and storage can be used, along with other relevant processing data to create a 
traceability strategy. Similarities in the data were used to develop a traceability system using 
barcodes. With industry specific adoptions the barcode system developed for the flour industry can 
be applied to a powder management systems.
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