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A B S T R A C T

Countering the supply of counterfeit and designer drug pills laced with fentanyl or its analogues has long been a 
challenge with the potency of the drug and the ease with which it can be obtained impacting greatly on families 
and the wider society. The introduction of legislative measures to restrict access to the machinery that allows the 
production of the pills has yielded considerable gains with numerous seizures of pill presses reported. However, 
the increasing availability of bench top milling machines and advances in 3D printing could render this a short 
term victory where the technology may be set to outpace the capabilities of conventional law enforcement. While 
pill presses were once born from high specification industrial machining, low cost mills and 3D printing systems 
are already at the stage of producing small format presses within the domestic home. Here, a spotlight is trained 
on fentanyl (and its analogues) from the perspective of pill manufacture and their supply. An overview of pill 
press mechanics and the approaches presently taken to counter distribution is provided and the potential in
fluence that both milling systems and 3D printing technologies could have in the future is critically evaluated.

1. Introduction

Opioid use disorder (OUD) presents many challenges to patients, 
their families and wider society [1–5]. In the US alone, it was estimated 
that the consequences OUD and fatal opioid overdose in 2017, in terms 
of increased health care provision, criminality and the inevitable impact 
on employment/productivity amounted to over $1 tn [6]. It must be 
noted, however, that this is a conservative figure, with the OUD 
epidemic casting a long shadow and will inevitably increase [7]. While 
prescription misuse is a large factor in OUD, the contribution arising 
from the illicit manufacture of synthetic opioids is of increasing concern 
to those in public health professions. However, despite many commu
nity initiatives and increased regulatory and legislative powers, the 
illicit material’s reach appears to have an unrelenting impact on society. 
Unintentional overdose mortality rates in the US have been steadily 
increasing with some 33,000 opioid deaths in 2015 being a mere prelude 
to the 100,000 deaths recorded in 2022 [8].

Fentanyl, the predominant synthetic opioid (SOp) associated with 
OUD, has garnered considerable notoriety as an illicit substance. How
ever, it is important to note that it is a licensed medicine which, under 
proper use, has clear medical efficacy and is particularly effective for 

anaesthesia and pain management [9–12]. Whilst its prescription was 
once the preserve of hospitals, it is now widely used in the community 
where transdermal patches have helped to revolutionise pain control – 
particularly for palliative purposes [13–16]. Fentanyl targets a series of 
receptors within the brain and nervous system but its interaction with 
the μ opioid receptor is particularly critical as this is the principal 
mediator of analgesia, respiratory depression and euphoria [3,17]. It is 
also a core mediator of dependency which has become a characteristic of 
the use of morphine and other opioids [18]. The benefits of fentanyl 
prescription for therapeutic purposes relate to its increased potency 
where, it has been estimated to be some 50–100 times that of morphine 
[3]. This increased potency results from its high lipid solubility −
allowing rapid transport across the blood–brain barrier and resulting in 
high concentrations at its site of action within the brain [19]. Somewhat 
ironically, Fentanyl, and its analogues, were chiefly developed as a 
means of acquiring a new class of drug that would be clinically safer. The 
intention was to allow lower doses that could achieve the desired degree 
of pain relief whilst reducing the risk of respiratory depression and 
hence reducing the risk of inadvertent overdose.

There have been many strategies aimed at reducing the impact of 
illicit fentanyl across nations but it within the US that its effects are most 
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acutely felt. As such, US legislative instruments have been directed at 
both international and domestic regulation of chemical precursors but 
also the equipment associated with pill production [20–22]. The re
striction and prohibition of pill presses has received considerable 
attention[20] and there have been many seizures of tabletting machin
ery which could be viewed as validation of the strategy. However, as 
many other nations ponder the adoption of similar enforcement policies, 
it is important to cast a critical eye over the fundamentals of the issue 
and potential impact that the increasing availability of bench top milling 
machines and 3D printing will have. While traditional pill presses are 
considered high value industrial machinery whose procurement and 
operation are far from trivial, 3D printing offers a facile entry point to 
the technology. The increasing availability and accessibility of computer 
numerical control (CNC) milling machines and 3D printers could revo
lutionise illicit pill production and jeopardise the effectiveness of leg
islative prohibition efforts. The aim of the present report is to provide 
context to the current issues relating to the production and supply of 
illicit fentanyl and its analogues in pill form and to critically appraise the 
potential impact of 3D printed pill presses.

2. Search Methodology

The threat of 3D printers impacting the production of illicit pill 
presses is very much an emerging topic and, as such, there is scant in
formation within the conventional scientific literature relating directly 
to the area. As such, this report is not a true review but rather aims to 
provide a critical assessment / perspective of the potential for the 
technology to be harnessed for such purposes. A narrative approach has 
been adopted where background scientific content has been obtained 
from the Clarivate ISI Web of Science using the key phrases associated 
with fentanyl (opioid, abuse, misuse) and those relating to 3D printing 
and CNC milling. The literature was scanned with a view to obtaining 
relevant contextual information and engineering performance data. The 
search process was supplemented with statistical information harvested 
from a variety of international governmental reports (principally from 
the US, Canada, China, Australia and the UK). The issues surrounding 
the illegal production and distribution of fentanyl and its analogues are 
placed in context and a critical examination of the translation of milling 
and 3D printing technologies to pill manufacture are considered in turn 
in the following sections.

3. Therapeutic fentanyl diversion

It is possible to defragment OUD into a number of groupings where, 
at a high level, it can be seen that there is misuse of either legitimate 
prescription opioids or those that have been illicitly acquired. The latter 
can be further divided into pharmaceutically derived opioids (i.e. theft 
or diversion of medicinal supplies) or those produced from non- 
pharmaceutical sources. Historically, illicit access to fentanyl would, 
at least at the outset of its introduction, typically have been through 
theft from pharmacies by criminal entities or by healthcare staff with 
direct access to the drug preparations. Later, the increasing availability 
of transdermal skin patches provided a much more accessible route to 
fentanyl as well as more options for their deliberate misuse. It has been 
estimated that used patches can contain 28–84 % of fentanyl at the time 
of removal and hence can provide an economically exploitable avenue 
for illicit recovery and misuse [23]. However, extraction of the residual 
SOp and its administration by smoking, chewing, snorting, inhalation or 
injection can lead to unmetered dosing which will inevitably increase 
the risk of overdose [24]. A study by the Australian Institute of Crimi
nology (2019) sampling six darknet markets for illicit fentanyl found 
that patches were the predominant form and constituted 40 % of the 
listings (that included powders, tablets, sprays and solutions) [25,26].

4. Non pharmaceutical fentanyl

Although fentanyl originally destined for medicinal use can be 
diverted for abuse purposes, non-pharmaceutical fentanyl (NPF) pro
duced by illicit means has been increasingly found as a component in 
street drugs [27–30]. It is typically used to fortify existing drugs (i.e 
white powder heroin) as a means of increasing their potency but, where 
its inclusion has not been disclosed or the resulting strength is unknown, 
there will be a substantial risk of overdose [31–33]. The intentional 
combination of opioids with stimulants is also common where the 
stimulants are often taken to counteract sedation or to enhance its ef
fects [34,35]. A recent study by Hayahsi et al (2018) investigating a 
syringe service programme in Vancouver, Canada, found that the ma
jority (75 %) of users providing a urine sample tested positive for both 
fentanyl in addition to amphetamine or methamphetamine [36]. Wag
ner et al (2023) found fentanyl in both powdered methamphetamine 
(12.5 %) and cocaine (14.8 %) samples [37]. In contrast, they also found 
6.6 % of heroin in the powdered cocaine. The significance of this 
approach is highlighted by the work of O’Donnell (2021) where one 
third of deaths attributed to overdose were found to involve both opioids 
and stimulants [38].

5. Designer Drugs: Fentanyl analogues

The original synthesis of Fentanyl was attributed to Paul Janssen in 
1960 [39,40] but chemical manipulation of its structural components 
has led to an extensive library of analogues (from both established 
pharmaceutical and illicit sources) with different characteristics such as 
speed of onset, duration of effect and potency. It has been estimated that 
there are some 1400 fentanyl analogues of which 200 have been char
acterised pharmacologically [41,42]. Whilst some have resulted in de
rivatives with clear therapeutic use, others have been used as “designer 
drugs” and have arisen to avoid legislative controls on named variants or 
have evolved to overcome restrictive controls on the supply of the key 
chemicals need for the production of opioid analogues [21,22]. The 
sudden release of an untested opioid in the illicit supply market can be 
especially problematic where the unfamiliarity of its characteristics – 
particularly its potency – can be fatal [43,44]. Carfentanil is a particu
larly apt example, with a potency in the region of 10,000 times that of 
morphine, and while it is licensed for veterinary use as a sedative for 
darting large wild animals, it has also made its way into street drugs 
[45,46]. As the potency of the fentanyl analogue increases, there also 
becomes a point at which it becomes a direct hazard – not simply to the 
users but, also to the first responders where inadvertent contact with 
even minute amounts of the powder could be fatal [47]. The extreme 
potency of some has led to their recognition as potential chemical 
weapons. Support for such classification arises from evidence arising 
from analysis of the blood and urine of survivors of the 2002 Moscow 
Theatre siege where it was reported that Russian security forces used 
carfentanil in aerosol form to subdue the terrorists [48].

6. Production to distribution

While clandestine laboratories producing fentanyl within the US 
arose periodically from the 1990 s through to the early 2000 s [49,50], 
NPF was, until late, sourced largely from China and India [51,52]. Both 
countries possess extensive chemical manufacturing industries from 
which the necessary precursors and the expertise needed to produce 
fentanyl are readily available. It has been postulated that some 70 % of 
illicit fentanyl arose from China and is regarded by the US government 
as the principal source of the SOp responsible for initially fuelling its 
opioid epidemic [21,22,51,53]. In the past, SOps were sent directly to 
the US. In recent years, China has been the world leading shipper of 
parcels (in 2022, China shipped more than 110 bn parcels) via air and 
sea cargo and through conventional mail services [54]. While the vast 
bulk of these packages has been attributed to e-commerce, it is easy to 
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appreciate the difficulty of identifying illicit packages in what could be 
an ocean of legitimate consumer items. This is a major issue and there 
have been substantive efforts incentivise the development of techno
logical solutions to aid detection within postal services. The US gov
ernment in particular allocated US$ 1.5 m through its Opioid Detection 
Challenge.

In contrast to heroin or cocaine, the high potency to weight ratio of 
fentanyl or its analogues means that it is much more amenable to be 
trafficked via conventional postal and courier services and can be 
directly mailed to dealers throughout the world [51]. This also means 
that the SOp samples being mailed are liable to be of far greater purity 
and potency than conventional “street” drugs. Data from the US 
Sentencing Commission found that in 2019, of those convicted of SOp 
possession, only 2.3 % had received fentanyl that had been shipped 
directly from China. In contrast, those possessing a fentanyl analogue 
shipped from China were substantially more prevalent (20.2 %) [55].

In response to international pressure, the Chinese government has 
since placed tighter restrictions on the manufacture of fentanyl, its an
alogues and several of the precursor materials necessary for its pro
duction [22]. However, it has been noted that the governance 
framework in China is complex with multi-agency conflicts leading to 
enforcement ambiguities and inefficiency [21,21,53]. Despite such 
measures, there are many alternatives, and it is perhaps little surprise 
that clandestine labs switched methods accordingly. It has been sug
gested that, as a consequence of the restrictive access to chemical pre
cursors along with increased scrutiny by Chinese authorities, drug 
traffickers responded by increasing output from India [22,51]. A study 
by Broadhurst et al. (2020) analysing the advertisements for fentanyl 
and analogues on the internet and darknet found that almost 15 % were 
for NPF and 36.4 % for 4-Fluoroisobutyr-fentanyl [25]. The US Drug 
Enforcement Agency (DEA) has since identified Mexico as an emerging 
production player and is evidenced by reports from Mexican law 
enforcement where approximately 1400 clandestine fentanyl labs were 
identified in 2022 [56]. It must be noted however, that any country with 
the required skill base, access to the appropriate chemical primers and 
production capabilities can, through the ready availability of efficient 
transportation and internet-based payment systems, easily become a 
source of supply.

7. Pill press mechanics

The synthetic processes required for the production of NPF or fen
tanyl analogues are typically much simpler and higher yielding than 
those associated with heroin and thereby provide a much more acces
sible and incentivised entry point for illicit manufacture. The prolifer
ation of SOps has been linked to the increasing availability of counterfeit 
(or “pressed”) pills [57–61]. These were originally designed to mimic 
the physical characteristics of authentic tablets. However, rather than 
the regulated active ingredient (i.e. oxycodone, alprazolam), they typi
cally contain an unspecified amount of NPF or other novel SOp as well as 
different fillers. A 2019 analysis by US Sentencing Commission (USSC) 
found that of 886 offenders, 275 (31 %) sold or advertised fentanyl as 
another drug – principally as heroin (89.5 %) with 10 % passed off as a 
diverted prescription [55]. Similarly, of 233 fentanyl analogue of
fenders, 100 (42.9 %) sold the synthetic derivative as another drug − 68 
% heroin, 31 % as a diverted prescription. In the case of both fentanyl 
and fentanyl analogues, the diverted prescription samples were coun
terfeit pills design to resemble oxycodone or alprazolam [55,58,59,61].

The extent of the pill problem is highlighted by figures from the U.S. 
DEA where 50.6 million NPF-laced counterfeit pills were confiscated in 
2022 − double that seized in the previous year [62]. The unregulated 
nature of the NPF/SOps component has led to increasing challenges for 
public health where, in recent years, there has been a substantial rise in 
the proportion of pills containing potentially deadly amounts of NPF. 
While pill seizures in 2017 found 7 % to contain lethal doses of fentanyl, 
the proportion had grown dramatically to 60 % in 2022. It has been 

postulated that 2 mg of pure fentanyl is sufficient to constitute a lethal 
dose, though it must also be acknowledged that a much lower amount 
could equally be fatal for new or inexperienced users [63]. It is note
worthy, that 30 mg of heroin is typically regarded as a lethal dose. The 
DEA Fentanyl Profiling programme found that of tablet samples seized 
in 2022, the concentration range of fentanyl varied from 0.01 mg/tablet 
to 8 mg/tablet with some 45 % of those sampled containing a minimum 
of 2 mg [64].

Transforming the powder to pill format, at first glance, could be 
considered to be relatively easy as the dies, punches and presses are 
relatively inexpensive and there are few controls on their supply or use 
[20]. It must be noted however, that the production of robust pills is 
more complicated and will still require a degree of formulation expertise 
where binders are required to maintain mechanical integrity [65–68]. 
Presses are a central instrument of conventional pharmaceutical 
manufacturing processes employed for the supply of oral tablets. The 
first pill press device was patented in 1843 by William Brockedon 
[69,70] and, while the complexity may have increased since then, the 
basic principles remain unchanged. Their primary function is to 
compress powder, containing the active pharmaceutical ingredient 
(API) and suitable binders in a die (mold) which determines the size and 
shape of the tablet [65]. A series of punches are used to compress the 
powder within the die into the tablet form. The surface of the punches 
can also be patterned to imprint a specific identifier marking. The size of 
the pill press will vary depending on the scale of production – from 
simple handheld designs through to desktop devices producing 1000 s of 
tablets per hour all the way up to industrial scale systems providing 
anywhere between 100,000 and 1 million tablets per hour [71,72]. An 
example of a seized single station system [73] is shown in Fig. 1A and its 
step-wise operation is highlighted in Fig. 1B.

The single station system in Fig. 1A typically comprises a die and a 
pair of upper and lower punches where the rapid impact of the upper 
punch on the powder effects compression and pill formation. The bot
tom punch often remains stationary and serves to buttress the powder 
against the hammer action of the upper punch (Fig. 1B). The simplicity 
of the single punch system provides numerous advantages: its operation 
requires little expertise, it is mechanically robust, easily maintained and 
easily adaptable to different powders. Changing the die/punch 
arrangement is simple and can readily be exchanged to create custom 
pill motifs. The inexpensive nature of the equipment, small portable size 
and silent operation are particularly important from the perspective of 
small clandestine laboratories. Manually operated single station systems 
involving a lever assembly to lower the upper punch are widely avail
able at very low cost but their operation would be too slow and laborious 
for those involved in organised crime entities whose requirement is for 
volume production. A second issue relates to the vagaries of manual 
compression where insufficient force could yield thicker, softer pills that 
retain a granular texture which is liable to fall apart upon handling or 
storage [65,67,68]. The addition of a motor, as indicated in Fig. 1A, to 
automate the punch mechanism would standardise the compression 
force, improving yield and quality and would greatly increase output. As 
such, the motorised single station system could be considered as the 
entry level system for mainstream illicit SOp pill production.

Significant boosts to pill production can be achieved through the 
adoption of rotary pill presses where, depending on the system config
uration, 9000 to 234,000 tablets per hour could be produced. The pro
cess flow for a fully automated rotatory system (Fig. 2) is significantly 
more complex and, in contrast to the single punch operation detailed in 
Fig. 1B, both upper and lower punches are involved in the compression 
cycle. While the key benefit is a much greater output, the downsides 
relate to the expense of the system and the greater expertise needed to 
operate and maintain it. In contrast to the bench top system highlighted 
in Fig. 1A, the rotary system is less easy to conceal and is essentially an 
industrial device. Nevertheless, such systems have been employed by 
drug gangs where, in 2022, the US DEA, Department of Homeland Se
curity and US Postal Inspection service seized a rotary pill press with a 
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production capacity of 20,000 tablets per hour, trademarked dies, a 
range of bulk mixed powder and mixing equipment [73]. The automated 
systems (single or rotary) have the added advantage of providing precise 
control over the amount of powder applied (Metering) such that each 
tablet has a consistent weight. This is critical in pharmaceutical appli
cations but especially so in illicit drug manufacture where an inadver
tent excess of the active drug could easily be fatal should the pill be 
ingested.

It has been estimated that an illicit pill press converting 1 kg of 
fentanyl into pills (each containing 1 mg) would give rise to 1 million 
tablets which could easily translate to $20 m [52]. Depending on the 
accuracy of the embossing on the die, the resulting tablets can easily be 
formulated to resemble authentic prescription medicines, essentially 
being indistinguishable to casual inspection with their true identity only 
becoming apparent after chemical analysis.

Fig. 1. (A) Automatic single station (punch) pill press and (B) its mode of operation. Photograph of the pill press is courtesy of the US Drug Enforcement Agency 
Media Gallery.

Fig. 2. Process flow for a rotary pill press (
adapted from [72]).
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8. Counter measures

Countering the illicit production and distribution of NPF based pills 
has required a multiagency approach on both national and international 
stages. Most countries, however, have adopted two core strategies aimed 
at severing the material and machinery supply chains that lead to do
mestic pill production. As of May 2023, more than 30 fentanyl-related 
substances, including precursors, are subject to international controls 
[74]. U.N. member states first subjected fentanyl precursors to inter
national control in 2017. However, the manufacture of fentanyl and its 
analogues is not limited to a single pathway and traffickers have suc
cessfully used a number of synthetic solutions to refine the process −
easing production and evading attempts at precursor controls [63]. This 
is highlighted by a report from the International Narcotics Control Board 
(INCB) who noted there are over 150 substances that, while having no 
significant or legitimate use, could allow those with the required 
expertise to illicitly synthesize thousands of potential fentanyl analogues 
[74].

An alternative approach, at least to countering supply, has been to 
remove the capability of illicit drug gangs to produce the pills. The 
availability of counterfeit pills that mimic legitimate products has been 
seen as a key strategy to hook potential users on drugs that they may 
never otherwise have considered. Restricting the supply of pill presses, 
dies and punches has garnered considerable interest, not least in the 
media, as a means of disarming traffickers and has led to numerous 
legislative measures aimed at rendering possession of such equipment 
illegal [20]. This has certainly been the route adopted by the US and 
Canada with import bans and sanctions but, while many other govern
ments have noted their concern, this has seldom translated to firm action 
beyond briefings and committee musings.

The US Treasury Department imposed sanctions on a number of 
Chinese organisations in June 2023, for the alleged distribution of pill 
presses and associated equipment in Mexico and the U.S [75]. The 
prevalence of the pill press problem is highlighted through numerous 
domestic seizures across the US with data from the US Department of 
Homeland Security (DHS) highlighting the seizure of 3600 pill presses in 
2023. In September 2023, U. S. Customs and Border Protection (CBP) 
under “Operation Artemis” seized 14 pill press die sets (from 5 ship
ments) at John F. Kennedy International Airport that arrived from China 
[76]. Examples of individual law enforcement successes include: two pill 
presses, 130,000 pills and 3 kg of fentanyl (New York, 6th April 2024); 
an electronic TDP 5 pill press with M− 30 oxycodone dies and large 
quantity of counterfeit M− 30 pills containing fentanyl (Louisville 31st 
January 2024) and two pill presses and over 80,000 fentanyl pills 
designed to mimic Xanax, oxycodone and MDMA (Mississippi 18th 
January 2024)[73]. Similar reports of pill seizures have been reported in 
the UK [77,78].

US Federal law requires any transactions relating to the sale or 
purchase of pill presses (or encapsulating machines) to be reported to 
the DEA. It is an offense, under the remit of the Controlled Substances 
Act (CSA) to possess, distribute, manufacture, import or export pill 
presses, encapsulating machines, chemicals or associate equipment with 
the knowledge, intent or even having a reasonable cause to believe that 
it could be used for the manufacture of a controlled substance [20]. The 
darknet has been accredited to the supply of precursors yet, the supply of 
pill press equipment has been in full, unrestricted view for many years 
and systems continue to be advertised on the internet and within com
mon online retailers. However, eBay®, the premier internet auction 
platform, recently fell foul of the CSA and was fined $59 m where it was 
alleged that the site failed to comply with the CSA by allowing the sale of 
thousands of pill presses – many high capacity systems – along with 
counterfeit dies and punches [79]. It should be noted that it is still 
possible to purchase manual pill press systems from various online 
retailers.

9. Custom pill presses – Bypassing traditional supply Lines

Lassi (2023) has provided a detailed overview of US government 
approaches to pill presses and has recommended that pill press control 
should receive more legislative regulation and greater law enforcement 
attention in the U.S., China, and Mexico [20]. Such measures have 
already given rise to a considerable number of pill press seizures [73,76]
and, it could be envisaged that they would help curb the import of 
commercial tableting machinery. However, the rise of domestic pill 
presses from non-registered sources could serve to undermine conven
tional restrictions and shipment surveillance. Previously, the production 
of pill presses, dies and punches would have been prohibitive from the 
perspective of the high degree of engineering expertise and metal 
machining / milling equipment infrastructure required. However, there 
has been a marked change in the nature and cost of manufacturing 
equipment in recent years where the need for fast prototyping has given 
rise to a new generation of bench top systems. This is perhaps best 
exemplified by the increasing the availability of lost cost, yet high 
specification computer numerical control (CNC) milling systems tar
geted at smaller enterprises and hobbyists [80]. Some of these are 
highlighted in Table 1.

It must be noted that CNC systems are a subtractive technique where 
the shape is milled from a solid block [80–82]. While this process can 
generate a lot of waste material as the molds, punches and gears are 
shaped [82], it is unlikely that this would be of much consequence to 
members of the illicit drug trade. The main drawback associated with 
the adoption of this approach is the expense associated with the starting 

Table 1 
Specifications of benchtop CNC milling machines.

CNC Milling Machine Brand Materials Price

Twotrees TTC-450 CNC 
Router Machine

Twotrees Aluminium  

Brass 
Copper

£ 576

3030-PROVer MAX Genmitsu Aluminium  

Brass 
Copper

£899

PROVerXL 4030 V2 
Desktop CNC Router

Genmitsu Aluminium  

Brass 
Copper

£1,064

STEPCRAFT D.420 STEPCRAFT Aluminium  

Brass 
Copper

€ 
1,399

CNC Router Machine 
Vasto

FoxAlien Aluminium  

Brass, Copper 
Low Carbon Steel

$1,999

Ghost Gunner 3-S Ghost 
Gunner

Aluminium, Low 
Carbon Steel (1008, 
A36)  

Stainless Steel (304, 
17–4) 
Chromoly 4140 
Brass,Copper

$2,500

Nomad 3 − Desktop CNC 
Mill

Carbide3D Aluminium  

Brass, Copper

$2,800

Bantam Tools Explorer™ 
CNC Milling Machine

Bantam 
Tools

6061 Aluminium  

Brass, Copper

£3,047

Shapeoko 5 Pro Carbide3D Aluminium  

Brass, Copper

$3,750

Pocket NC V2-10 Pocket NC Aluminium  

Low carbon Steel 
G5 titanium

£7,500
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block and the expertise needed to programme the cutting tool. It must 
also be acknowledged that is not simply a case of acquiring a suitable 
digital design that can be fed to the CNC machine, successful translation 
to a high specification product (necessary for repeated mold/die oper
ation) requires an engineering background with knowledge and expe
rience of how the cutting tools interact with materials. The CNC 
machines can be defined by their axis number where, for a 3-axis system, 
the cutting tool can move in the x, y and z directions in order to mill. 
Such configurations are common to the lower cost instruments and 
could require considerable manipulation of the base material in order to 
create complex geometries [80,81]. A 5-axis system, however, can also 
rotate the material and, while this removes the need for manual repo
sitioning and is more appropriate for rapid prototyping, its use comes 
with a higher cost and expertise overhead [81]. It could be argued that 
the creation of a simple single die mold/punch press via CNC machining 
is relatively straightforward but, the development of a multi-die or ro
tary system requiring gears with complex geometries would be much 
more demanding. This is a critical point, where there is a vast library of 
online resources available to the 3D printing community, CNC produced 
materials will invariably need to be designed from the bottom up.

In contrast to CNC machines, 3D printing has made considerable 
inroads to the domestic home. This can allow the latter to become the 
base of a highly versatile machine shop capable of yielding a spectrum of 
products without any requirement for the user to have a background in 
mechanical design or engineering. Designs can be readily downloaded 
from a large variety of internet sources, in most cases free of charge, and 
simply printed. While the capital outlay and steep learning curve asso
ciated with CNC milling machine could be seen as prohibitive for all but 
the largest gangs, small 3D printers can retail for very little (less than the 
cost of a smart phone) and hence are readily accessible. Moreover, their 
ubiquity as a hobby purchase is unlikely to register any alarms of 
nefarious intent. Current estimates suggest that manufacturers shipped 
2.2 million 3D printers in 2021 – though it must be recognised that the 
number of users is liable to be smaller where individuals (or organisa
tions) have more than one printer [83].

Third party models produced in computer aided design (CAD) soft
ware can often be rendered in 3D and translated to a stereolithography 
(STL) file which can be processed by the software used to control a 3D 
printer. It is perhaps little surprise that there are already many STL files 
pertaining to pill presses. Once the files are downloaded, the designs are 
transformed into a physical form through the printer and are assembled 
layer by layer. There are many different types of printers and a detailed 
description of the operation of each is beyond the remit of the present 
report. However, to summarise, they can be broken down into three 
broad categories – fused deposition modelling (FDM), stereolithography 
(SLA) and selective laser sintering (SLS) [84]. The first, FDM, heats a 
filament (typically a polymer though it can also be a metal) and extrudes 
it through a nozzle (sub mm diameter) which is moved in the horizontal 
x-y plane to trace the desired pattern. The baseplate (or nozzle) is then 
incremented in the vertical (z-axis) direction and the x-y processes 
repeated to build up the structure layer by layer. The SLA method in
volves immersing the baseplate in a bath of photopolymerisable resin 
which, when irradiated with light of a suitable wavelength (typically 
405 nm) polymerises to leave a solid deposit. Instead of a movable 
nozzle, the pattern is determined by the position (pattern projection of 
an individual layer) of the light on the substrate/baseplate. As with 
FDM, the structure is built by incrementally raising the baseplate to 
allow layer by layer construction. While the SLA method operates on a 
liquid starting material, SLS systems use a higher energy laser to create 
parts from a finely powdered matrix. In this instance the laser energy is 
used to fuse the particles (polymer or metal) together with the resulting 
structures tending to be much stronger than their FDM or SLA 
equivalents.

Once an appropriate STL file has been obtained, the structure can 
usually be printed irrespective of the type of printer available. The as
sociation of 3D printing with crime is increasingly recognised and has 

received high profile exposure with the creation of printed guns [85]. 
The original report quickly spawned many replicas and there is a STL 
library of designs. The same is true of pill presses and some examples of 
the designs which are readily available on internet forums or STL re
positories are highlighted in Fig. 3. In most cases, the design relates to a 
simple manual die-punch assembly (similar to the first design proposed 
by Brockedon (1843)) with the pill output determined more by the 
number of dies than the speed of the operation. The significance of such 
designs is not restricted to the hobbyist drug producer, and it must be 
noted that illicit pill production does not need the larger single station or 
rotary press systems to yield economically viable counterfeits. Fig. 4A 
details a manual – 9 pill die and punch assembly seized by US law 
enforcement in 2023 [76]. A similar 3D printable design obtained from a 
readily accessible STL repository, is compared in Fig. 4B. The key ele
ments are the same and, while the stainless steel structure of the illicit 
press will undoubtedly last longer, it must be noted that replacing the 3D 
printed parts after signs of wear will come at a very small cost (few 
dollars) and will be achievable within a very short timeframe (minutes 
to a few hours depending on the printer). It is also important to 
emphasize the fact that, while the machined metal die is fixed in size, the 
dimensions of the 3D printed system can be rescaled and printed within 
minutes and thus can readily adapted to mimic different pill forms.

One of the core limitations in the pill press designs highlighted in 
Fig. 3 and Fig. 4 relates to the use of manual compression to form the 
pill. As noted previously, this will inevitably lead to variations in the 
applied force which could result in the production of soft/powdery 
tablets which will readily disintegrate on handling or storage 
[66,67,70]. In the case of the 3D printed polymer systems, it is also 
possible that the pressure, especially across the larger pill plates, will be 
uneven and the punch component could buckle reducing the quality of 
the final yield. In many respects, the designs highlighted in Fig. 3 are the 
first iteration and it is likely that the sophistication of the design will 
evolve. Evidence for this is already present where a much more robust 
pill press (Fig. 5) constructed from 3D printed parts is freely available 
online. The ready availability of such designs again contrasts the limited 
resources available to CNC systems. The assembly allows the production 
of 4 pills with fine control of the applied force and its distribution. At 
present, the system is still manually operated, however, it is worth 
noting that the first single station pill presses were also manual – but 
their automation followed swiftly and the same could easily be true of 
this design or its subsequent iterations.

The design obtained from the 4 pill STL file highlighted in Fig. 5 is a 
computer render with the material chosen to simulate metal. Printing 
the latter is more difficult than polymer systems and the printing 
equipment is more expensive as a result but, while such systems would 
once have been out of reach for all but large industries, advances in 
printer technology has seen the purchase costs of both metal FDM and 
SLS systems fall considerably. This is highlighted in Table 2 where entry 
level FDM printers capable of producing steel structures would clearly 
be a minor outlay when considering the vast sums that arise from the 
sale of the subsequent pill products. Metal 3D printed parts are regularly 
used to produce specialist components for the automotive and aerospace 
industries – providing mechanically robust parts designed to operate 
under demanding conditions. It could be anticipated that their appli
cation to the production of pill press systems would easily produce du
rable components that can also withstand the repeated punishment of 
the powder compression cycles. While the higher specification systems 
come at a cost, there is arguably little need for their enhanced resolution 
when it comes to a pill press and, therefore, systems at the lower cost 
scale could be more than sufficient for the purposes of producing 
equipment for illicit tablet manufacture.

While the design and production of the press via 3D printing could be 
viewed as relatively facile, could the durability of the structure through 
repeated compression cycles be a limitation? The answer to this lies in 
the design approach taken and the material employed. There is a sig
nificant contrast between CNC structures and those created via 3D 
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printing when considering the density of the model. In conventional 
model making, a 3D printer will typically print the “outside” of the shape 
with the mechanical integrity of latter supported by an internal frame 
(“Infill” or “hatch”) rather than having solid blocks of polymer [86,87]. 
This provides a significant economic advantage over CNC methods [82]
and can greatly lessen the time needed to print the structure but, it is 
easy to appreciate why a solid block milled from a CNC machine is liable 
to be stronger – especially where the powder is liable to be compressed 
under the action of the punch. The degree of infilling however can be 
adjusted to 100 % solid at the design stage through simple manipulation 
of the software and, in terms of a simple mold/die/punch configuration, 
can be comparable to that of a CNC product from similar material.

The surface of the final printed structure using FDM or SLS methods 
is typically rougher than that found with CNC milling [88,89] and it is 
inevitable that there will be frictional contact as the punch is inserted 

into the mold to compress the powder. While the consequences could be 
relatively small for small scale manual pressing, the impact of heat and 
wear would be greatly exacerbated under the high frequency recipro
cating motion common to rotary systems (Fig. 2). There have been 
numerous studies on the wear characteristics of 3D printed materials 
(polymer [86–89], composites [90–93], alloy [94–96] and metals 
[93,97–99]) and their comparison with conventionally machined parts. 
As could be expected, the degree of wear is dependent on multiple 
factors (material and design and machine configuration) but, perhaps, a 
more immediate example of the wear resistance capability of composites 
is the increasing use of 3D printed materials in production of dental 
prothesis. The latter are regularly subject to compression and shear 
forces and it is notable that the the 3D printed systems have shown 
comparable or superior performance to the ceramics produced using 
conventional milling processes [100,101]. While metals may appear to 
be the material of choices it is important to note that there are many 
high-performance polymer/composite systems [86–93] that are readily 
accessible for domestic printing and, while wear is inevitable, their 
replacement could be relatively facile and simply a case of loading a file 
and printing the new component.

At present, those with an intent to produce pills are reliant on the use 
of relatively inferior/simple press designs similar to those highlighted in 
Fig. 3 and Fig. 4 which will restrict production considerably. It could be 
postulated that the acquisition of industrial rotary presses (small or 
large), despite the many advances in 3D printing technology, would be a 
much more reasonable option for organised crime. This is presently true 
as one critical factor is missing. The absence of the digital blueprint that 
allows the printing of a functioning rotary press is probably the main 
impediment to the efficient exploitation of 3D printing for illicit pill 
manufacture. However, it has already been noted that the four pill press 
specified in Fig. 5 represents a step change in design sophistication and, 
while it is not automatic, it is easy to speculate that this could be ach
ieved in subsequent iterations. There is a possibility that a fully auto
mated rotary system could arise not as a consequence of drug cartel 
influence but, rather from an enthusiastic hobbyist. A similar device 
design evolution has been seen with 3D printed weapons (knife or 
firearm). The danger is that once a rotary STL file has been created, 
preventing it is dissemination through a multitude of web repositories 
would be extremely difficult (cf. 3D printed guns). Once its practicality 
had been validated, this could markedly change the focus of the drug 
trade.

Fig. 3. Design available for 3D printed pill presses.

Fig. 4. (A) Manual pill press seized by US law enforcement in 2023 [76] and 
(B) A computer render of a readily available 3D printed manual pill press.
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10. Conclusions

There has been great concern over the influx of counterfeit and 
designer drug pills with increased regulation of the drug precursors and 
pill making equipment having some successes. However, the illicit drug 
trade is counter responsive and clandestine laboratories are quick to 
adopt new chemicals and synthetic routes and methods of manufacture. 

The rise of 3D printing has been a boon to the hobbyist interested in 
design, however, it also offers a serendipitous opportunity for organised 
crime gangs to overcome current governmental bans on the supply and 
distribution of pill making equipment. While once only obtainable from 
industrial sources, a pill press can now be fabricated in the domestic 
home and there is an abundance of pill press designs available for 
download at no cost. At present, such designs are in their relative 

Fig. 5. Computer render a freely available 4-pill press STL file – before and after assembly of the component printed parts.

Table 2 
Specifications of 3D printers capable of printing metal structures.

Metal 3D Printer Brand Technology Printing Media Materials Price

Anycubic 4Max Metal Anycubic FDM Filament 316L Stainless Steel $899
Zortax M300 Dual with Full Metal Package Zortax FDM Filament 316L Stainless Steel £4,310
Ultimaker S5 with Metal Expansion Kit Ultimaker FDM Filament 17–4 PH Stainless Steel £7,884
BCN3D Epsilon W27 with Metal Pack BCN3D FDM Filament 316L Stainless Steel  

17–4 PH Stainless Steel

£7,540

Raise3D Forge1 Raise3D FDM Filament 316L Stainless Steel  

17–4 PH Stainless Steel

£8,278

Markforged Metal X Markforged Bound Powder Filament Bound Powder Filament 17–4 PH stainless steel  

Copper 
H13 Tool Steel 
Inconel 625 
A2 and D2 Tool Steel

£108,000

One Click Metal Mprint+ One Click Metal Laser Powder Bed Fusion Powder M300 Tool Steel  

316L Stainless Steel 
17–4 PH Stainless Steel 
Ni-718 
AlSi10MG 
TiAl6V4

£110,000

HP Metal Jet S100 HP Binder Jetting Powder 316L Stainless Steel  

17–4 PH Stainless Steel

$400,000
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infancy but, it is clear that the field is evolving and could render a 
strategic law enforcement measure redundant. While the possession of a 
pill press (irrespective of origin) can still, in many countries, be 
considered illegal, preventing the domestic production of 3D printed of 
CNC milled systems is logistically impossible. Given the prevalence of 
hobbyist systems and an existing library of digital pill press designs, 
domestic production is clearly possible and probable. As these could be 
manufactured using off the shelf consumer filaments (i.e. PLA, ABS) it 
would be difficult to consider any means of enforcement. Fortunately, 
adoption is limited by the simplistic nature of the available design 
rendering their commercial (albeit illicit) production impracticable. The 
production of more sophisticated, high volume presses, however, will 
require a step change in expertise but, is still feasible and it is here that 
more cautionary measures could be implemented. While sales re
strictions or registration regulations on 3D printers would be unwork
able, especially where there can be legitimate second-hand sales, the 
metal printing system are much more niche as is the metal filament/ 
powder. Key to the entire process however will be the availability and 
accessibility of the STL blueprint that can lead to the subsequent pro
duction of the press. While surveillance of the printer hardware or 
consumables may be unworkable, efforts to restrict or monitor the 
dissemination of the digital file (when it arises) may be more 
worthwhile.
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