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Our mission is to assure the utilization of modern and proven
technologies and the selection of high quality materials, while
being particularly attentive in complying with European
Standards concerning environmental safeguards.

We constantly pay attention to sustainability, which we believe is
essential to ensure economic and social growth without
jeopardizing our future

ABOUT MARSINA

Since 1997 Marsina Engineering SRL has been designing,
developing and supplying detergent plants 

ENVIRONMENTAL PROTECTION
ENERGY SAVING
MATERIALS AND WASTES

We help to obtain the best system performance with a view to
safety in Marsina plants and automation



HOW 1,4-DIOXANE IS PRESENTED?

The sulphate ethoxylated compounds have a key role in
detergent  industry

Dioxane is a byproduct of the reaction

A lot of process variables influence dioxane amount

SOURCE: 1 Getting the 1,4-dioxane out - Bettenhausen, Craig A. 2020, C&EN.
                 2 Sulfonation and Sulfation Processes - Norman C.Foster, Ph.D., P.E. Erst Marginal Way SW, Seattle, WA 98106, USA: s.n., 1997.

Chemical reaction involved in the production of SLES:



HOW 1,4-DIOXANE IS PRESENTED?
PHYSICAL  PROPERTIES  OF DIOXANE:

Synthetic cyclic ether
Liquid
Colourless
Faint, sweet odour
Flamable
Can form explosive peroxides by reacting with atmospheric Nitrogen

OTHER PROPERTIES OF 1,4-DIOXANE:

SOURCE: 3 cameochemicals.noaa.gov. [Online] NFPA, 2010.



WHY 1,4-DIOXANE IS FEARED?
The increasing attention in common contaminant consumers exposition by the scientific committes
let us investigate more and more about possible injuries that can imply:

IRRITATION
CANCER
TOXICOLOGY

INTENTIONAL USAGE OF DIOXANE AS REAGENT UNINTENTIONAL PRESENCE OF DIOXANE 

SOURCE: 4 Aspen Clean. [Online] https://www.aspenclean.com/pages/aspenclean. 
                 5 In Situ Webinar: 1,4 Dioxane - The forgotten emerging contaminant . Smith, Kayleigh. 2020.



INTERNATIONAL LIMIT 
PAST, PRESENT AND FUTURE

FDA SURVEY on 1,4 dioxane levels in cosmetics sold in US

European Commission Scientific Committee on Consumer Safety 

International Cooperation on Cosmetics
Regulations (a group of regulatory
authorities from the US, EU, Japan, Canada,
and Brazil) 50 ppm on

average1981
mainly less

than 10 ppm
 

2018

1,4-dioxane
level less than

10 ppm is
safe for

consumers

Indipendent risk
assessment -

2021

A group of
regulatory

authorities from US,
EU, Japan, Canada
and Brazil (2017)

 

10 ppm is
sufficient for a

transition
period

 

SOURCE: 6 SCCS, Scientific Committee on Consumer Safety. THE SCCS NOTES OF GUIDANCE FOR THE TESTING OF COSMETIC INGREDIENTS AND THEIR SAFETY EVALUATION . 2021 (11TH REVISION).
                 7 International cooperation on cosmetics regulation. The report of the ICCR working group:considerations on acceptable trace level of 1,4-dioxane in cosmetic products. 2017.



RECENT REGULATORY DEVELOPMENTS
Some states have started to take regulatory action to either inform end users of 1,4-dioxane presence
in products or restrict residual concentrations in finished products.

2005 - Warning on Dioxane in Proposition 65 List: Document
that lists specific chemical name and source of exposure in
order to inform population about chemical hazardous.

2017 - Cleaning product Right to Know Act (Senate Bill 258):
Distributors of consumer have to include 1,4 dioxane
information on their website (if >10 ppm).

2018 - Safer Consumer Products program: The state will
introduce further action on 1,4 dioxane.

Currently: Manufacturers of products with 1,4-dioxane are
required to conduct alternative analysis, reformulate the
product or remove it from the marketplace.

ASEANS: Brunei, Cambodia, Indonesia, Laos, Malaysia,
Myanmar, the Philippines, Singapore, Thailand and Vietnam
 

no more
than 25

ppm

19 June
2020

 

evidence of
conformity in

shampoo (max 10
ppm dioxane)

 
 

from 1st
June 2012

 

 SOURCE: 8 Ritch, Elizabeth. Cleangredients. cleangredients.org. [Online] 20 November 2019. https://cleangredients.org/14-dioxane-contamination-in-cleaning-and-personal-care-products/.

California - way to act

no more
than 10

ppm

19 June
2023

 

Qatar (QGOSM): New requirements for clearance of two
types of cosmetic products



NEW YORK STATE BILL 
THE MOST PRESSING LIMIT FOR THE NEAR FUTURE

New York State focus on the estabilishment of
severe limit on dioxane

NY promulgate last year a bill that have just
passed senate and assembly opinion

Other states may soon follow suit

no more
than 2 ppm

by 31st
December 22

 

 SOURCE: 9 Development of Antidandruff Shampoo from the Fermented Product of Ocimum sanctum Linn. Chanun Punyoyai, Sasithorn Sirilun, Panuwan Chantawannakul, Wantida Chaiyana. Chiang Mai : Cosmetics, 2018, Vol. 5
                10 Formulation of a Herbal Shampoo using Total Saponins of Acanthophyllumsquarrosum. Aghel, Nasrin e Eskandar Moghimipour, Azadeh Raies Dana. Ahwaz : Shaheed Beheshti University of Medical Sciences and Health  Services, 2006, Iranian Journal of Pharmaceutical Research, Vol. 6.  
                11 Joseph, Varco. European patent application. EP 0456 079 A1 US, 30 04 1990
                12 Hitchen, David Andrew. European patent application . EP 0463 780 A2 GB, 02 01 1992.

no more
than 1 ppm

by 31st
December 23

 

by 1st May
25

 

review of
this limit
every 2
years



PROCESS DESCRIPTION 
ISENTHALPIC FLASH OVERVIEW

1

2

3

4

Isenthalpic flash is the core unit operation for dioxane removal.

It consists in a sudden decrease of pressure of the
inlet feed that immediately establishes a two-phases
system in the tank.

No variation in overall enthalpy content occurs. 

Separation between vapour and liquid phases
depends on the enthalpy content of the inlet feed.

High enthalpy content of inlet liquid promotes higher
vapour amount and lower residual liquid amount.



PROCESS DESCRIPTION 
DIOXANE REMOVAL THROUGH ISENTHALPIC FLASH 

1 2

1,4-dioxane has a high solubility and affinity for water

Water has higher tendency to evaporate so it mainly
constitutes the vapour phase in the flash tank.

Liquid phase becomes more concentrated in
SLES (because of water loss) and residual
dioxane content in liquid phase is very low.

SLES has a higher theoretical boiling point with respect to water

Focusing on dioxane removal process, we underline that:

Dioxane tends to move preferentially to the vapour
phase, as it has strong affinity with water. 



PROCESS DESCRIPTION 
PRELIMINARY OPERATIONS TO SLES ISENTHALPIC FLASH

Before isenthalpic flash, SLES should be produced at concentration lower than 68% wt.

SLES feed processed in the flash tank must have high enthalpy content (as it enhances the separation)
and low concentration (as the following water evaporation has to be considered).

SLES is typically used within certain limit
values of concentration, as physical state
and viscosity depend on it. 

Focusing on the higher concentration
region, SLES should range between
65%wt and 73%wt in order to be
pumpable. 

High accuracy is mandatory before and
after flash operation, as it influences the
concentration.



PROCESS DESCRIPTION 
PRELIMINARY OPERATIONS TO SLES ISENTHALPIC FLASH

In order to manage all these critical conditions, Marsina’s
technology includes a further unit operation before
flashing: DIRECT-ISOBARIC MIXING OF SLES AND
MEDIUM PRESSURE STEAM.

Steam condensates and releases heat       higher enthalpy
content of the mixture.

Steam condensates and dilutes the stream   lower
concentration of SLES in the mixture.

Pay attention in maintaining a short-lasting contact in
order to avoid SLES thermal degradation. 



PROCESS DESCRIPTION 
SLES ISENTHALPIC FLASH

01 02

First step of flash unit: diluted and heated
liquid SLES coming from the mixing with steam
is subject to sudden pressure reduction down
to deep vacuum in the flash tank. 

Second step of flash unit: liquid phase thermodynamically
changes from subcooled liquid to saturation condition. As the
system pressure decreases, the temperature decreases as
well, reaching equilibrium conditions. Consequently, part of
the liquid evaporates.

VAPOUR STREAM

High vapour flowrate in the tank
made of water and dioxane.

High dioxane removal from SLES.

Vapour stream can be easily
condensate using cooling water. 

The product is water enriched with
dioxane to be disposed.

LIQUID STREAM

Has been achieved a residual
amount of dioxane strongly lower
than the initial content.

Deeper reduction can be
achieved with more than one de-
dioxanization stages applied in
series. 



PLANT UNIT DESCRIPTION AND CONTROL 
SLES/STEAM MIXING SYSTEM

to ensure deep direct contact between SLES and steam in
an isobaric equipmentAIM

Temperature and pressure of SLES mixture outlet is controlled by
appropriate instruments.

SLES enters at some bars pressure and neutralization temperature

Medium pressure dried steam enters in saturation condition

SLES flowrate fed to the mixing device is constant and corresponds to the
design flowrate of the plant.

Steam flowrate feeding is variable and affects both the enthalpy content and
the temperature of the mixed stream, so it is related to the dioxane removal. 



PLANT UNIT DESCRIPTION AND CONTROL 
SLES FLASH EQUIPMENT

to provide flashing of heated SLES mixture in vacuum
conditionAIM

Is sucked from the top of the flash
tank towards the condenser by the

vacuum generation system. 

The stream enters sideways and immediately
flashes and separates into two different phases 

Liquid is collected in the bottom-conical
side and continuously discharged by a
transferring pump, under level control

 Vapour moves upwards into the
flash tank

LIQUID STREAM

 Is conveyed to the eventually present second
de-dioxanization stage and final downstream

treatments (buffering, bleaching and
deareation)

VAPOUR STREAM

1

2 3



PLANT UNIT DESCRIPTION AND CONTROL 

to condensate vapours from flash tanksAIM

VAPOURS CONDENSER 

VACUUM SYSTEM

Counter-current configuration, shell and tube type in which
vapour moves through the tube side and cooling water
circulates in the shell side. Operating under vacuum.    

Liquid condensate is composed by water rich in dioxane. Two
level switches at the bottom of the condenser enable the
discharging by the extraction pump.

AIM to generate vacuum required for flashing

The vacuum pump sucks vapour incondensables (mainly air)
from flash tank and conveys incondensables towards a
separator, which entraps any possible drop of water rich in
dioxane. 
Incondensables are finally discharged to the atmosphere.

A pressure transmitter installed on the top of the condenser
measures continuously the vacuum degree. Vacuum degree
is automatically controlled.



UNIT AUTOMATION 

Complete automation makes earn
safety, efficiency and flexibility.

The unit is automatically managed by
control system

PLC (Programmable Logic Controller)
continuously monitors the state of input
devices and makes decisions to control
the state of output devices.

SCADA allows to monitor the system, to
record events, to process real time data
and interact with plant devices and
machinery.



RESULTS

The unit has been successfully started-
up by Marsina and it is regularly in
operation.

Marsina technology is a plant scale
process developed and tested in
industrial scale, is not a pilot plant

This technology has been applied
successfully in a sulphonation plant
complete of SLES production.

Two de-dioxanization stages in series
have been set up.

Results showed in the table above are testified by chemical analysis performed and formally
certified by “Royal Scientific Society” (Jordan) and “Politecnico di Milano” (Italy).



THANK YOU 
FOR YOUR ATTENTION 


