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1. An R&D hiccup: Assessing the disruption
caused by TPO's new toxicity classifications. 

2. Gold diggers: How leading photopolymer AM
companies are responding. 

3. High concern: Emphasising the importance of
safety protocols in AM. 

On October 19th, 2023, the European Chemical

Agency confirmed Diphenyl(2,4,6-

trimethylbenzzoyl)phosphine oxide – better

known as TPO – had been hit with a

reclassification.

The chemical compound, used in photopolymer

materials for Digital Light Processing 3D

printing technologies, was now officially

considered a substance of very high concern,

owed to its new reproductive toxicity 1B (repr

1B) and skin sensitisation 1B (skin sens 1B)

classifications.

It raised some potential issues in the supply

and usage of what is one of the fastest growing

3D printing technology sectors. Are materials

with TPO safe to use? Will they be banned

entirely? What are DLP materials suppliers

doing about it?

Twelve months on, TCT Magazine has spoken

to a number of photopolymer 3D printing

experts to understand exactly what impact the

ECA’s reclassification of TPO is having on the

DLP sector.



The gold standard

DLP 3D printing emerged at the turn of the

millennium, with a technology traditionally

leveraged in the digital cinema and

entertainment industry now being used to cure

liquid resin into additively manufactured parts. 

Since the mid 1980s, those looking to print

polymer parts with high resolution and accuracy

would do so using a stereolithography system,

whereby a UV laser selectively cured the cross-

section of layers to produce parts. But, utilising

digital light processing technology instead of a

laser, EnvisionTEC was blazing a trail of

printing parts layer by layer in a smaller form

factor than most were used to.

The company filed its first patent in 1999,

released its first machine three years later, and

paved the way for the likes of Carbon,

Photocentric, Azul3D, Axtra3D, Origin and even

3D Systems with its Figure 4 technology to

follow. 

Though DLP technologies were promising

similar benefits to traditional SLA technology,

the chemical make-up of the polymers being

printed were different. In SLA, machines were

using a laser beam at 355-365 nanometres,

with cationic photoinitiators packed into the

material formulations. But upon the emergence



of DLP technologies, light was being emitted at

405nm, which required the materials to use

different photoinitiators. 

“The obvious ones were from a group termed

phosphine oxides and, although 405nm was at

the end of their spectrum of activity, they were

active and colourless,” Photocentric Managing

Director Paul Holt told TCT. “Phosphine oxides

such as 2,4,6-

trimethylbenzoyldiphenylphosphine oxide were

very efficient photoinitiators that absorbed in

the long wavelengths of between 380-410nm

and were being used industrially, particularly in

thick coatings where photobleaching leads to

good depth cure.”

Forward AM R&D Manager Marta Ruscello

describes the TPO compound as the ‘gold

standard,’ with it helping DLP to become a

bona fide production tool thanks to its high

initiation, no yellowing and moderate price. The

technology has enabled some of AM’s flagship

applications, such as hearing aids, dental

aligner moulds and footwear midsoles, with

market research firm Dataintelo suggesting the

DLP 3D printing market will become a billion-

dollar market by 2032, up from its current value

of 202 million USD. 

October 2023, however, presented a potential

spanner in the works. 
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Safety first

While DLP 3D printing has been enabling some

of the industry’s most notable applications, it

has become a technology proffered as an

office-friendly solution – one that is equally

adept at supporting product design iterations as

enabling the production of high-volume

applications.

And sure, it can fit through a doorway and its

footprint won’t take up too much floor space,

but it’s still chemistry you’re working with.

There’s a feeling that not enough users of the

technology are cognisant of that fact.

“It’s really important people understand that

they are handling liquid chemistry,” Daniel

Rothfuss, PhD, Global Head of Product

Development, 3D Printing at Henkel, said. “No

one would ever have a barbecue in their living

rooms with closed windows, but you can still go

on social media and see pictures or videos

taken with a 3D printer in an environment that

looks more like a coffee corner than a

production floor, with people not wearing proper

personal safety equipment. This is, for us, a

total no go.”

Henkel, like all suppliers of photopolymer

materials and the Photopolymer Additive

Manufacturing Alliance (PAMA), provide safety



data sheets and other guidance for free on their

websites. Of course, there is little these

organisations can do once products are in the

hands of the users, but developments like

those of last October only bring the importance

of safety into sharper focus.

TPO’s reclassification is just one of a myriad

reclassifications made by the European

Chemical Agency last year. The ECA was set

up to drive the European Union’s chemical

legislation, covering the evaluation,

authorisation and restriction of chemicals, as

well as the classification, labelling and

packaging of substances and mixtures. It

constantly evaluates and reevaluates chemical

substances, communicating with the relevant

parties when a reclassification is under

consideration.

“This is not something completely out of the

blue,” Ruscello said. “The whole industry had a

few months advance of knowing this. And, at

the end of the day, when you’re talking about a

photoinitiator that promotes radical

photopolymerisation you know that it’s not

going to be an innocuous chemical, so there

was always a certain degree of risk

associated.”

Prior to October 2023, TPO was classified as a

Class 2 skin sensitisation and Class 2



reproductive toxicant, meaning there was

suspected human reproductive toxicant,

whereas now it is Class 1B – and therefore a

presumed human reproductive toxicant. These

classifications are typically based on data

procured from animal testing, with the next

category up (1A) determined by human testing.

It's important to note, here, that these

reclassifications don’t change anything about

the chemistry – it is, as Rothfuss points out,

“still as good or bad as before.” – but it does

change how manufacturers package and sell

them. New labelling is required, safety

protocols must be edited, and everyone who is

required to come into contact with the chemical

needs to be aware of the risks – and ideally

professionally trained to negate them.

Most chemical manufacturers have in-house

departments that can support these efforts.

Henkel has its Product Safety and Regulatory

Affairs (PSRA) team, Forward AM has its

Environment, Health & Safety (EH&S)

department, both of which work to keep across

changing regulations and ensure all products

are compliant. It is because of these

departments that the likes of Henkel and

Forward AM haven’t been caught on the hop.

“Several companies have been planning for

more regulatory scrutiny that covers initiators



for the last few years,” said Stephanie Benight,

President of Tactile Materials Solutions & PAMA

Board Member. “The best way to mitigate this

risk is to reformulate resins to include a

different initiator. This endeavour involves an

increased testing and re-qualification burden for

applications in medical or automotive

applications – which can include potential

resubmission for qualification given the level of

regulation those industries face. [But] safety is

paramount.”

Impending innovation

Benight is preaching to a choir of material

manufacturers if the response from Forward

AM, Henkel and Photocentric is anything to go

by.

In reasoning why Photocentric is responding to

the reclassification by placing a greater focus

on safety, Holt said simply: “We all breathe the

same air.” He continued: “We take particular

care to formulate with raw materials that do not

create health problems, avoiding any

monomers that are irritating by airborne

transmission.”

Since getting wind of the ECA’s reclassification

of TPO, Forward AM had the aim of being one

of the first AM companies to develop and

release TPO-free photopolymer materials. But



finding an alternative to a chemical compound

that has been a mainstay of DLP material

formulations for more than 20 years, matching

its properties and mitigating any unwanted

characteristics within the new formulation, is not

easy.

“You have this TPO, which you know works

very well, and now you need to reinvent the

wheel,” Ruscello explained. “Now, I will not

comment on what we’re using, but we have

devoted a lot of time to try and find a

combination to substitute TPOs in the

formulations and we have adapted our R&D so

that all our new products are and will be TPO

free.”

It might not be simple work, but it is necessary.

And it is a challenge that photopolymer material

manufacturers should want to take on. Forward

AM confirmed to TCT that it had been scouring

the market for off-the-shelf TPO alternatives

over the last 18 months, while Henkel’s activity

in this area stretches back three years.

Among the TPO alternatives available to

photopolymer companies are TPO-L, 819

(BAPO) and TMO.

Per Chinese light source specialist UVWave

Tek, TPO-L (Ethyl phenyl(2,4,6-

trimethylbenzol)phosphinate) is said to boast
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good absorption capacity and is less toxic than

TPO, but has a much lower initiation efficiency.

819 (BAPO) – Phenylbis(2,4,6-

trimethylbenzoyl)phosphine oxide – also has a

good absorption capacity, boasts a higher

initiation efficiency than TPO, but carries with it

a more severe yellowing problem. Meanwhile,

TMO – (2,4,6-trimethyl benzoyl)bis(p-

tolyl)phosphine oxide – is said to have a slightly

better initiation efficiency than TPO, yellows

much less, and has obtained the registration

certificate of the EU’s REACH regulation,

allowing it to be sold in Europe.

The materials manufacturers willing to speak to

TCT for this feature would not disclose which

TPO alternatives they are using, but Forward

AM and Henkel both confirmed they are looking

forward not backward. To go back and

reformulate existing products would be even

more complex and time-consuming, and since

materials using TPO can still be sold – with the

right labelling and safety provisions – the focus

has been on new formulations.

“The best way for a company like Henkel to

respond to changing regulation is by

continuous innovation,” Rothfuss said. “That’s

the best way to respond; looking forward,

breaking the mould, thinking outside of the box,

being ahead of the game, and taking this very,



very seriously. We are responsible for our

products, so innovation is the key part here.”

At RAPID + TCT earlier this year, Henkel

released the Loctite 3D MED3394 medical-

grade resin. The resin was TPO-free but still,

according to the company, exhibits robust

resilience against sterilisation methods,

preserves mechanical properties and

dimensional stability after up to 25 autoclave

cycles, and boasts high feature accuracy and

low solvent absorption. Its label only carries an

exclamation mark, meaning it still bears a

potential health risk, but not the same level of

risk as a material using TPO.

That the material is TPO-free doesn’t even get

a mention in the official press release.

Because, since 2022, every photopolymer 3D

printing material Henkel has launched hasn’t

used the photoinitiator.

“We were very proactive,” Rothfuss said. “This

is an opportunity to make this fit our general

strategy to have the safest products we can

offer whenever possible to our customers.”

Assessing alternatives

While the reclassification of TPO presented

companies with an opportunity to place safety

at the core of their corporate strategies, it has



also provided an opening for researchers to

assess the alternatives.

Jacques Lalevee is a chemist working at the

Institut Universitaire de France. Last year, he

led a research effort that explored safe

phosphine oxide photoinitiators with good

cytocompatibility for the 3D printing of

thermoplastics. The research study

commenced prior to the ECA’s reclassification

of TPO, but Lalevee was one of the many in the

field who saw it coming. He and his colleagues

took on the research effort with that mind,

noting: “It’s interesting for chemists to try to

develop a chemical structure with similar

reactivity or even better, if it’s possible. It’s

exactly what chemists want to do, to play on

the structure of the molecule, the geometry, and

so on, and to be able to replace such a

structure. TPO is a very, very good

photoinitiator, so it’s not easy to find.”

Through the study, Lalevee and his colleagues

synthesized and characterised four phosphine

oxide photoinitiators – ADPO-1, CPO-2, CPO-3

and FPO-1 – before measuring their absorption

properties and their efficiencies in

photopolymerisation under LED irradiation at

405nm.

All photoinitiators showed promise, according

to the research paper, with ADPO-1 considered
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to be the best performing in many aspects. This

photoinitiator was more efficient in terms of

polymerisation kinetics, showed excellent

stability during storage, and had a relatively low

cytotoxicity compared to TPO.

But, because of its weak absorption at 405nm

and a low intensity of irradiation, ADPO-1 could

not generate enough initiating radicals to

consume the oxygen present in the resin,

meaning obtaining a 3D printed object was

considered an ‘impossibility.’

CPO-2 did allow the researchers to obtain a 3D

printed object – requiring short irradiation time

(≈15 s per layer) using a very low intensity

irradiation source but showed degradation after

two months of storage.

The research also confirmed that ADPO-1 was

the only photoinitiator studied that was found to

have relatively low cytotoxicity compared to

TPO – proving Ruscello’s point that “not having

TPO doesn’t make the resin suddenly super

safe, it’s still radical photopolymerisation, so it

has a chemical risk.”

For this reason, though, it is seen by Lalevee

as the most promising of all the photoinitiators

assessed in the study.



“If you look at the ADPO-1 compound, the

performance is very similar,” he said. “If you

look at the polymerisation rate, the speed of the

polymerisation, the productivity you can have,

it’s very similar [to TPO]. We have synthesized

a lot of derivatives based on this idea, and

published only some of them. And, for the

structure, I think it’s possible to be closer to a

pretty good alternative to TPO.

“They have the same reactivity, and we test that

in many different monomers or representative

photosensitive resin. I think the most difficult

step now is to obtain potential synthesis and

production that could be cheap enough to be

really competitive.”

This is a challenge – in addition to yielding the

same properties and characteristics that end

users have become accustomed to – that

Lalevee and his colleagues will take on as they

further their research into this area. To assess

reactivity, Lalevee can deploy molecular

modelling; to assess toxicity, he can lean on his

biologist colleagues to conduct animal studies;

but this work will all be in vein if the end product

is too costly to make an impact. At the end of

the day, manufacturers want to work with the

safest products they can, but they also have

businesses to run.



For that reason, though, Lalevee is calling for

manufacturers to get involved with ongoing

research. The work going into finding TPO

alternatives is an important area of focus for the

likes of Lalevee and Institut Universitaire de

France, but key to success is collaboration.

“It’s an important topic and I think [we need]

more research by the user also, taking care of

the building of the product they use; they

[could] put some pressure to find an

alternative," said Lalevee. "It’s a hot topic and

we will continue to work in this area, but

[ideally] with other groups. If people are to

overcome this issue of TPO, it would be an

important step for safe photopolymerisation

processes.”

'Time is ticking'

There is no question that there is a will to

identify, develop and productise the TPO

alternatives that can deliver a minimal amount

of variance in properties and performance, but

what impact is that work having?

According to some, the reclassification of TPO

has caused ‘supply chain and manufacturing

issues’, while materials using TPO-L, for

example, are said to have led to reductions in

cure speed.



Henkel says it hasn’t experienced much of

these concerns, pointing to another new TPO-

free product set to be launched at Formnext.

According to Rothfuss, this material will have a

‘unique combination of heat deflection

temperature and elongation at break’ and a

print speed that is twice as high as ‘some

benchmark resins that are using TPO.’

Rothfuss believes innovation will chart a path

through this challenge, but that can take time.

Forward AM, for example, has acknowledged

the reclassification of TPO has caused a few

ripples in the development and delivery of

photopolymer products.

“From the R&D perspective,” Ruscello said, “it

is a hiccup in the sense that it takes time. You

sometimes need to postpone other projects in

order to fix this problem as fast as possible; it

can pose surprising scientific questions in the

sense that the photoinitiator is not a small part

of this system and reaching exactly the same

properties is not trivial. It’s something that

required attention. It was not a little side

project.”

Forward AM Business Development Manager

Meisam Shir Mohammadi added: “The main

challenge from the commercial perspective is

the uncertainty for some customers. The

market is not a market where the first day you



come out with a new material you start selling

tons and tons, and unless you have a fully

resolved solution for their problem – a TPO free

[material] that surpasses their requirements – it

just gives them some uncertainty.”

The good news, however, is that when it comes

to the TPO issue, it seems to have been a

priority for photopolymer material

manufacturers. And those R&D projects that

were deemed less urgent over the last two

years were A) likely under wraps anyway and

B) should soon be bumped back up the to-do

list.

Those continuing to use products with TPO in

them, should also be rest assured that they still

can do so, as long as they have undergone

professional training and adhere to the product

safety guidelines. It is no bad thing, Rothfuss

believes, that safety is high on the agenda. In

fact, it's an opportunity. 

“I hope this will raise the awareness of product

safety in 3D printing,” he said. “I hope there’s

this mindset shift because when you want to go

into serial production, a printer needs to be set

up in an industrial environment, people need to

read the safety data sheet and [companies]

need to provide proper personal safety

equipment. The potential goes beyond TPO,

with other raw materials being replaced



wherever possible; we are already proactively

advancing this effort. Raising awareness across

the industry could make a real difference."

The ECA’s reclassification doesn’t, at this

stage, prevent companies from selling or using

TPO, it only affects how a product is labelled

and the safety measures that should be

followed before and during its usage.

It also only currently affects the sale of

materials using TPO in Europe, but there is an

expectation for US and APAC regulations to

swiftly follow suit in their classification of the

photoinitiator. And this is only part of the

domino effect. Now that TPO is officially

classified as Repr 1B and Skin Sens 1B,

manufacturers can make their own mind up as

to whether they want to buy materials that use

the photoinitiator.

“What we have already heard from some of our

partners, is that in the future, since it’s been

reclassified in Europe, TPO might no longer be

used or allowed on an industrial level,”

Rothfuss said. “It still might be used by some

customers in R&D labs, but when we go from

prototyping to real serial production, the time is

ticking for TPO. They might get an exemption to

use this for another one or two years, but they

are being asked by their higher management to

proactively screen for TPO-free alternatives.



This is something we already know from

industrial users."
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