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Intrinsic radioactive backgrounds

Cryogenic distillation (current status)

Next generation: LowRad project
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Limiting backgrounds in xenon DM & Ovf33 detectors

Expected dark matter scattering rate:

cosmic radiation

 0(0.1) event per tonne and year
* Full profit from larger experiments only if the
experiment remains background-free

External background reduction:

* Underground laboratory
* Detector materials/design
* Extra (self-)shielding & muon/neutron Veto

Unavoidable backgrounds:

e (Solar) neutrinos
* Intrinsic radioactive noble gas contaminants:
85Kr, 222Rn and progenies, (3’Ar, 3°Ar, 13%Xe)

210pp plate-out (low energy searches)
214Ph for DM searches

214Bj for OvVBPB searches /
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Intrinsic radioactive backgrounds

Intrinsic noble gas contaminants &Kr, 3’Ar and 222Rn

* Leakage events from the low energy B-spectrum (ER) contaminate the ROl for NR DM searches
* Physics searches in the ER band only sensitive with low background levels

cosmic radiation

85Kr 222Rn

* Anthropogenic production (nuclear fission) e Continuous emanation from detector materials

* Originates from Xe extraction from air * Background from B-decay, y-decay (Ovf3B), plate-out
85Kr 0.43 % 2 X 10711 85Kr jn natkr * Main background in current and next-gen Xe experiments

« Commercial Xe: "atKr/Xe > 10~ (ppb)

99.57 % * Needs to be avoided (screening, selection, design, ...)
* Needs to be removed once e Mitigated by continuous removal d
* Kr can re-enter via (tiny) air leaks 38
v or due to operations/maintenance
Qp = 687 keV
* Monitoring: Coincidence analysis, RGMS, ... E—
85Rb .. . .
Requirements for "2tKr/Xe Requirements for 222Rn/Xe Further mltlgatlon by. dec.ay tagging

XENON1T: < 0.5 x 1012 (0.5 ppt) XENON1T: ~10 uBq/kg (10~24) ~ Monitoring: a-analysis, Bi-Po, ...

XENONNT: < 0.2 X 10712 (0.2 ppt) XENONNT: ~1 pBg/kg (1072°)
DARWIN/XLZD: < 0.1 x 1012 (100 ppq) | DARWIN/XLZD: ~0.1 puBqg/kg (10~2°) 3
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single distillation stage

o

condenser

Cryogenic distillation

Difference in vapor pressure of the noble gas elements
* Brought into our field by XMASS for Kr removal: Astropart. Phys. 31, 290-296 (2009) GXe
« Continued by XENON and enhanced to “online” Kr & Rn removal: | outlet
EP) C 77 277 (2017), EPJ C77 358 (2017), PTEP 053H01 (2022), EPJ C 82 1104 (2022), ...
: 1 10 inlet >
Relative volatility: @ = Py /Pxe (@ 178 K) g \JAV%C’“ — L) G S
C = Ar, Kr = &,
85Kr = 1035"; —— .9 E
o E - —
+ a=10.5 (@ -100 °C) N LT Rn 553
* More volatile Kr collected at the top g = — b S
q a "
* Extract Kr-enriched Xe from the top (off-gas) g - H__,,,.f—-ﬂ*“""# L E <
 Extract Kr-depleted Xe from the bottom 3 = P S 3
2 — Krypton S
0] h
* Xe off-gas considered as loss s - ] S
?22Rn 10350 455 160 165 170 175 180 185 190 195 200 LXe LELL
° a = 0 1 (@ _100 °C) Temperature [K]

_ . . outlet [ |[ww
e Less volatile Rn collected at the bottom X. Cui et al. (PandaX Collaboration, JINST 16 (2021) P0704 <_H
* Trap Rnin the reboiler until decay (¢, ,, = 3.8 d)

e [FradleslEed) SE the t Transition probabilities of single noble gas atoms reboiler
XHTatt Rn-aepieted e Trom the top from gas to liquid and vice versa: saturation vapor pressure 4
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Krypton distillation Radon distillation

e Offline distillation demonstrated
natr/Xe < 0.026 X 10712 (26 ppq)

e Online distillation @XENON1T
natkr/Xe < (360 £ 60) X 10-1> (ppa)

e Offline + online distillation @XENONNT
natkr/Xe < (56 + 36) X 101> (ppq)

*  Processed 6 t commercial xenon offline
e Additional 3 weeks of online distillation
* Further online distillation campaigns (Ar)

e Continuous online distillation in various modes
* Reached radon-induced background rate comparable
to the irreducible solar neutrino-induced background

* SRO - GXe-only: 1.8 uBqg/kg
SR1 — GXe + LXe: 0.9 uBg/kg (200 slpm GXe + 25 slpm LXe)

/ L

No RRS ’ 1
\ GXe —only RRS GXe + LXe RRS

4.

EPJ C77 277 (2017), EPJ C77 358 (2017)
PTEP 053HO01 (2022), EPJ C 82 1104 (2022)

* Xe recovery: 99% (1% off-gas)
* 1 day of Kr distillation generates ~ 0.7 kg off-gas

RRS improvements and restart
/f
} |
=
} |
2
2
=

222Rn activity concentration [pBqkg ']

Norm. res.
|
N
3,

* Need for online distillation
e Kr can re-enter
e 37Ar calibrations

A L . L ) / A A P .
Jul 01 Aug 01 Sep 01 Oct 01 Nov 017 7 Jun 01 Jul 01 Aug 01 Sep 01
2021 2021 2021 2021 2021 2022 2022 2022 2022

Radon Removal in XENONNT down to the Solar Neutrino Level
arXiv: 2502.04209

LowRad: < 0.03 x 10~'2 (30 ppq)
DARWIN/XLZD: < 0.1 X 10~12 (100 ppq)

DARWIN/XLZD: ~0.1 uBq/kg (1072°)
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._g 1 20 slpm |
GXe Purifier GXe Pump ! ;

Cooling Towers

: & Cables
200 slpm i 20 slpm.; .

1 ! Cryopipe
L N ] : i > N i1 Gaseous Xe (GXe);
* > | mm Liquid Xe (LXe)

Top Condenser:

—

Compressor

oquy, a8eyorJ

: CRY iFlow Configuration

: 5 =-----* L mm No RRS

: § | | mm GXe-only RRS |
: TR EE 1 [ SORTE AT | == GXe + LXe RRS |
Ledems il i?”Rn Source Type !

LXe Purifier L1l Type 1a

200 slpm

Reboiler
RRS

1000 slpm

Detailed description

Radon Removal in XENONNT down to the Solar Neutrino Level
arXiv: 2502.04209

EPJC 82, 599 (2022)

222Rn budget in XENONNT SE L e

(27%)

Cryostat
(7%)
Cable Pipe 2
& Feedthrough 2
(7%)
Cooling-Towers
(5%)
Cable Pipe 1
& Feedthrough 1
(13%)
LXe-PUR
(10%)
" GXe-PUR
(5%)
TPC
(26%)

Different Rn source types:

Type 1b: enters the GXe phase with a rate k;; from cables
or lines to the outside, can be extracted directly with a
fraction € to the RRS

Type 1a: enters the LXe phase in the detector with a rate
k44, can be extracted with a low effective flow f to the RRS

Type 2: enters the RRS with a rate k, before the LXe phase
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Eur. Phys. J. C82, 1104 (2022)

Reduction by continuous 2?22Rn removal

Different Rn source types:

Type 1b

Type 2

* Type 1b: enters the GXe phase with a rate k4, from cables
k, or lines to the outside, can be extracted directly with a
fraction € to the RRS

Radon * Type 1a: enters the LXe phase in the detector with a rate

Removal k14, can be extracted with a low effective flow f to the RRS
eky, + ky + f - N(t) System

* Type 2: enters the RRS with a rate k, before the LXe phase

Rirs RRS
)\Rn + f ktot
T(RRRS — 00, f, 6) — . ~ 22 =4 fora XENONNT at a flow of = 80 kg/h
ARn kia + (1 — €)k1p
\ J \ J
Y Y Online distillation:
LXe extraction GXe extraction reduction E. Aprile et al. (XENON Collab.)
reduction factor with total factor, typically Prog. Theo. Exp. Phys. 5 (2022) 053H01
LXe exchange time T: Texe = 2 (XENONNT)

Tixe = 1+ 'R0/ =~ 2 to 4
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Eur. Phys. J. C 82, 1104 (2022)

Radon removal system @XENONNT

Design parameters:
* Target flow: 72 kg/h (200 slpm)

e Requires 1 kW cooling power at top

GXe/GXe

* LXeinlet and outlet require 2 kW cooling power g

Thermodynamic concept:

* Clausius-Rankine cycle with phase changing medium xenon

Compressor

* Reboiler acts as heat exchanger to liquefy
Rn-depleted GXe with the stored Rn-enriched LXe

« Compressor acts as heat-pump @

* Reduce required external cooling power from 3 kW to 1 kW

» Drastically reduce nitrogen consumption and electrical heating power Reboiler

Radon-free compressor Radon-free heat exchangers
JINST 16 P09011 (2022), based on EPJ C78 604 (2018) JINST 17 P05037 (2022)
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x> 222Rn concentrations achieved so far:
100 C ‘Jg)éo é,\QQ ,\9"1&'
— %
ERC Advanced Grant LowRad of C. Weinheimer: T@ * A@%@Q &,&@
« Develop technologies for: =) o s & &
aa) NS SR
* Next-generation experiments with around 75 t of LXe S S
) . g 10¢ o« m—1/3 o S » S
* Continuous/online 8Kr removal (30 ppq "Kr) = : . *1"9*‘0 &%} @&@?’0 &
e Another factor 10 in 222Rn reduction (0.1 uBg/kg) = . ~e W7 ‘f@%ié‘ 5
q el . . SN W 4@
together with other Rn mitigation techniques @ Os§’° @*O (&
= o ° N4
. . < s
« R&D for novel purification methods 3 &
. _Ba 1 FEquiv. solar neutrino ER rate in XENONnT .JY'
* Methods for physics searches/analyses S '
. e o = o ©
e Pave the way for an all-in-one purification & distillation system 3 o Fa \ T
 Complete purification & distillation demonstrator A o <P g
N * No Radon Removal System 0.1 uBq/kg '
0.1+ * With Radon Removal System
’ o Planned with Radon Removal System [ 49
0.01 0.1 1 10 100

. Mt . ”
Reach: “less than 1 Radon atom in 100 mol of xenon Lot Temem g BEES i [

Rn background rate 10 times smaller
than solar neutrino contribution
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Key aspects of the LowRad project

How to purify 75 t of Xe from Rnin < 2d ?

Heat
* Full heat pump to achieve enormous cooling pump
throughput: 75 kg/h (LowRad demonstrator) LXe in cycle
1.7 t/h (final system) é
Demonstrator LXe out
 Radon-free heat exchangers

» 2ndXe heat pump cycle

* With online Rn decay monitor GXe

compressor

Final system

» Should be integrated with purification system R&D currently focusing on

* Kr-concentrator for an online distillation system

for removal of electronegative impurities _
 Demonstration of a Xe heat pump concept

* With online Kr removal system

* |nstalled in a water shield to avoid Xe activation * Rn-decay detectors for efficiency monitoring

e Purification system (purity monitor & cleany
10
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concentrator

>

off-gas 2

Online Krypton distillation system

Challenges of the XENON1T/nT system

* Initially not designed for continuous online distillation

e Limited to gas flows of up to 18slpm = 6.5kg/h

* Planned for an off-gas fraction of 1%

* Replacement of the off-gas bottle after ~ 60 days of distillation off-gas 1 Heat

Online distillation for DARWIN/XLZD pump
cycle

off-gas bottle

Assuming a runtime of 5 years for a 75t detector

distillation off-gas 1
speed fraction

\ 75 Xe out | GXe

5yrx8.3slpm x g7==x 1072 = 6kg/d off-gas 1 compressor
GXe in 1T/nT style column
/ ‘ (with heat pump)
detector X 10 =11.4kg = 6g/d off-gas 2
runtime mass = Can be easily compensated

scaling off-gas 2
fraction 11
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LowRad concentrator prototype

I: Krypton distillation column

* Design as a tool — “as simple as possible”

« Demonstration of high separation and the 103 off-gas
fraction for low flows (< 5 slpm)

Il: Xe heat pump

* Design and test of a heat pump cycle using a suitable
process gas (design for Xe)

I: distillation column

off-gas bottle

LXe out

heat

pump
cycle

heat

pump
cycle

ll: Xe heat pump
’“*Mj

compressor

Krypton concentrator prototype

—)
off-gas

off-gas bottle

compressor

7
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I: Krypton distillation column

# McCabe-Thiele calculator - O X
Distillation column Heat cycle
Development of a McCabe-Thiele calculator Loadtemplatevalues  — | Set parameters
* Versatile McCabe-Thiele calculator Save to file.. | toadfromie..
« Estimation for required number of distillation o e s Sy 10° r——————— .
Fluid name: Kr —— equilibrium line !
stages and expected performance Feed conc: 5 oot | 01— couc;ction I_inel_ :
. o oy ® - condensation line 1
e Arbitrary selection of conditions Out liquid conc: 0 ppa_— | L6 | — intersection line !
* Integration of TESPy and CoolProb tools Feedflow | 106164 kg 1|/ howr —i| i !
Out liquid flow:|  1.06057 kg —:|/ hour _'I 105’5 i i .
Requirements of the column G =l 3wl :
eed (gas-hiquid): 1 S 3 : : I
 1kg/h (3 slpm) xenon flow Mass eboile| 00 kg | s 004 e
s 1 | Ry 4 l
* 0.1 % offgas flow Decay constan |00 jourt1— | E L/ i
. . nat -12 Output: g I l
In: "Kr/Xe of 5 X 10 _(1I05pt) ro———— S o) . i
° OUt: natKr/Xe Of 50 X 10 (ppq) Out gas flow: 0.00107 kg —'I/ hour —l| 100; : : :
Relative volatility|  10.786 ] i i
. . Vapour flow (rectifying): 1.2851 kg — I/ hour —i I 10! 1 Y. : :
Theoretlcal calcu Iatlon Liquid flow (rectifying): 1284 kg -~ l/ hour — I o2 ! E i
® OffgaSZ natKr/Xe Of 10_9 (ppb) Vapour flow (stripping): 022343 kg —lll hour —JI : E i
 Requires 9 distillation stages e i!’pp“g: | O e e e T T T e
O ReﬂUX Of 1200 (lnternal CII’CUlatIOﬂ) Number of stages: 9 Xur [Ppt] (liquid phase)
* Requires 40 W of additional cooling power AECr» Q= -

/13
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I: Krypton distillation column

Top condenser

Bottom reboiler

off-gas bottle

LXe out Krypton distillation column
* Requires 40 W of additional cooling power
* Package height of 2.2 m (extension possible)

e Using a 2cm diameter package material (type EX, Sulzer AG)

Inlet: 1 kg/h (3 slpm) « Modular design to switch to heat pump concept
Reflux: 1200 (re-evaluate performance)
Theoretical stages: 9  Characterize separation and show 103 off-gas fraction

for low flows (few slpm)
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I: Krypton distillation column

Construction of the system started in April 2024
August: Installed and connected to main gas system
September: Baking and extensive cleaning
October: First xenon filling and thermodynamic tests
Currently: Characterization of the column performance
» Test various inlet/outlet flows vs off-gas fraction
« Demonstrate the 10™3 off-gas fraction

\
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Lutz A|thﬂser - 11062025 e Settings pane] Canvas
[ ] P e )
ll: Xe heat pump
3 D ﬁ IJLLI . Tooltip
e %) B o o
h e a t . 1 . 1 (,|o|; 3] tae \ :)- .....
1: compression 3: expansion O G T - R
pump 2: condensation 4: evaporation = o o
CyCIe v Componerits Component menu
10 T T T T T T
2 / #/ / I‘ JI{I / ‘J || Copwwrm = 5.3
1 [ / L COP,,, —43
[ f f | ’
[ (2] | | |
1 .
Compressor 78{ C ;%MH"II{'SIde P—{‘eatPll‘JmL ’ll ,I
| |
— F/ f / f
S / ’,' ,.‘ll j f‘l
i = / |
Design of a heat pump cycle S 93 C - T isde cotum)
. . . . a [ [
* Investigating several process gases including Xe g f /’ {.’ |
. . . l
* Need to supply the required heating and cooling power FF ." J.’ ff
at reboiler and condenser (roughly 10 W per 1 slpm) | / 4 [
. . . 1 - 108 °C - Prow side HeatPump:
e Design using custom numerical calculator for heat pump Pl b d |
I - °C - Tineir Xenon
concepts/heat cycles ‘| | |
- - (-

40 60 80 100 120 140
Enthalpy [kJ/kg]
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1: compression 3: expansion
2: condensation 4: evaporation

II Xe heat pump

Construction of the system started in April 2024
* September: First LXe filling and circulation

* October: Further tests of the Xe circulation (with LXe) cold head
* December: Test stability and cooling performance
e January: Demonstration of - sufficient cooling power
* Currently: Preparation for publication of the results
*  Future: Combination of the column and heat pump condenser
vessel
2
expansion
valve
3

reboiler heating elements
vessel (simulating a
4 column condenser)

17
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Conclusion — The LowRad project

* Develop technologies for:

* Continuous/online &Kr removal (30 ppg "3Kr)

* Another factor 10 in 222Rn reduction (0.1 uBg/kg)

* Online concentration monitoring
* Design of a purification & distillation demonstrator (75 kg/h)

with heat pump concept ongoing, construction in end of 2025

e Other LowRad R&D at Miinster not shown today:

* Kr- and Rn-decay monitoring systems

e Ultra clean gas and liquid xenon pumps

* Xenon gas purity monitoring systems

Heat

pump
cycle

compressor

GXe % ‘

This research at University of Munster is funded by

Bundesministerium
fiir Bildung
und Forschung

Krypton concentrator prototype
I: Krypton distillation column
- Performance measurements @design speed
Il: Xe heat pump

- Demonstrated sufficient cooling power

- Installation at the distillation column

BRI 18

------
. - .
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Krypton distillation column for XENON1T/nT

Phase-2 DST column (design parameter | @XENON1T)

* Feeding flow rate: 8.3 slpm (3 kg/h)

Eur. Phys. J. C 77 (2017) 275 Reboiler
PhD M. Murra (2019)

Eur. Phys. J. C77 (2017) 275
PTEP 5, 053H01 (2022)

Thermodynamically stable up to 18 slpm (6.5 kg/h) Bl | : N v
- offgas bottle § , ’j ,

* Separation factor: 10% - 10° 2l 1 ' . 7
Measured separation of 6.4113 x 10° at 8.3 slpm Gas feed :{

* Kr removal: "tKr/Xe < 0.2 X 10712 (0.2 ppt) Package tube I -
natkr/Xe < 0.026 X 10712 (26 ppq) (Phase-1) (multiple cycles) %. il v A :
natkr/Xe < 0.048 x 10712 (48 ppq) (Phase-2) (single cycle) = RS

; I 34 § , -.El

e Xe recovery: 99% (1% offgas) Input ;,}

condenser 4w livas

* Performance sufficient for XENONNT and DARWIN/XLZD .,i A ;

PhD S. Rosendahl (2015) oo b
/
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XENON

Online krypton removal for XENON1T

Requirements for 8°Kr removal system:
* Needs to be removed once
e Kr can re-enter via (tiny) air leaks

Reality check @XENONLIT:
e Estimated 3-4 weeks distillation for 3.2 t Xe

* Filled TPC without distillation to test functionality
[a few weeks of commissioning]

* Need to apply 8Kr removal! But without re-filling!

* Development of the online Kr removal method

Idea: S. Lindemann, M. Murra, G. Plante
PTEP 5, 053H01 (2022)

Online Kr removal method

* Make use of the TPC as single stage DST
 Remove Kr from GXe, disturb equilibrium

e Kr migrates from LXe to GXe

* 1% offgas (0.85 kg/d | 6 kg/week), T xr = 6 d

m— All configurations

== Configuration 1

= (Configuration 2

Configuration 4

Configuration 5

| — Configuration 6 |

PTEP 5, 053H01 (2022)

Configuration 7

X31F3

PTR 2

Feed-

PTR 1

=
|
FCOII

D
Xe , Fg = Fp

X0 , FD— FID

w2

T offgas

Xl:FDA XDJFD ~

X1, 1

X , Fo

)

*- ,

PUR
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PTEP 5, 053H01 (2022)

% XENON

= All configurations Configuration 4 Configuration 7
= Configuration 1 Configuration 5

= Configuration 2 I == Configuration 6 I P
° X3, I's
Online krypton removal for XENON1T -

. . . . PTR 2 xo_ Fp- Fp
* Online Kr removal in configuration 4/5/6 e e || e Dm
eed- 2 |o gasl
F XG,’FG:FD LE

* Reached a Kr conc. of "tKr/Xe < (360 + 60) x 101> (ppq) throughs | ]
’J%

* Online Rn removal in configuration 7 m_ .

* 20% reduction, no Kr conc. increase observed L x.Fel  x.Fos %p 5 Fp i
[l Kr dominated ' I l l xi Fi S Sy
10 . b Xier * HE PUR

— ~ t Xerems | -~ o W e

e \*0. o = IOF5 5 F3 Sl

3 " Rn dominated S < :F '11
vy 10_2 - -.~+' auterts <

T LT .| — | XENONIOO .

ENE | e ”’“I‘“E*';';'ﬁ """"""" LXK T J10° &

& iy &

= 3L Bt PandaX-11 2

> 10 - S -1 *“‘f%iﬁq}‘; """""""""""""""""" E Event Rate in TPC (ER): Data give direct ,,online” insight
- . ol « - H‘"’erfH}HHJff‘ - Wﬁfm'ﬂ} ~10' € to innermost 700 kg of LXe (FV)

=o't 5 8 & § B g "0

: E E § E E : g Radon further

o 5 5 el & £ } Z o B Rare Gas Mass Spectrometer (RGMS): Samples extracted
0 = = 0= = % reduced by 20% 10 _ ) .

sl 8 8 § 35 g g from LXe for off-site analysis at MPIK Heidelberg
10°F © © Q O O O :
1 1 I 1 1 1 Eur. Phys. J. C (2014) 74:2746
6 8 o o A\ 4
QY QY ) QY ) o
%eﬂ?% OO{L 2o 060‘1 \@ﬁ‘% Qe‘ﬁ’m

Eur. Phys. J. C 81 (2021) 337
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% XENON

Online Argon removal method for XENON1T

37Ar calibration source:

» A gaseous 3’Ar source was deployed in XENON1T in October 2018
Eur. Phys. J. C 83, 542 (2023)

* ER calibration at 2.8 keV and 0.27 keV (from EC)
* Half-life of 35 days — too long for regular use

175 7——
1+ I Configuration 2: Configuration 6:
] : | Evaporated-liquid- Standard purification with
1501 ¢+ . only purification upgraded gas-volume-only
1: : I without distillation distillation
SRV ! -
PO E
= 1009 i I
= { . 1 I
= 1 - |
(5] 1: 1 .
FEE |
1+ .
< 1: ! I L
= 50 1 P | oo Injection 1
] | === Injection 2
259 1 Fu : .
170 | —-— Injection 3
] " .
&% ] I |
3] 5 3
~ 1 * o . - . 3 ° °
G o
o —
Z. r z L z L T - - u z T z z v g T - : v v T
0 5 10 15 20

Time since 22 Oct 2018 [d]

= All configurations
= Configuration 1
= Configuration 2

PTEP 5, 053H01 (2022)

Configuration 4 Configuration 7

Configuration 5
I == Configuration 6 I

x3, I3

[ &=

X0 , FD_ FID

H

PTR 2
Feed- [[PTR 1| [| [ LN,

GXe

€

| DST |offgas|
xg , Fg = Fp

* Online Ar distillation in standard Kr removal
configuration mode

* Reduction of the 3’Ar event rate with effective
time constant of Tegr or = 1.7 d

* Enabled 3’Ar as calibration source in XENONNT

23



—___ Universitat
Miinster

Lutz Althtser — 11.06.2025

i XENON

Radon removal system for XENONNT

Top Condenser

Custom bath-type LN,/GXe heat exhanger

Package Tube

Large surface package material

Auxiliary

Commercial GXe/GXe heat exchangers. |

Compressor

Custom four cylinder magnetically-

coupled piston pump

Reboiler

Custom bath-type Xe/Xe heat exhanger

24
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Radon removal system for XENONNT

Top condenser JINST 17 P05037 (2022)

* Custom bath-type LN,/GXe heat exchanger

e Large surface OFHC copper fins

* Cooling power: > 3 kW (required 1 kW)

* Xe liguefaction rate: > 113 kg/h (300 slpm) (required 36 kg/h)
* Cooling efficiency: 0.98

* LN, consumption: 660 kg/d @ 1 kW cooling power

Compressor JINST 16 P09011 (2022)

wo 8°99

* Magnetically-coupled piston pump based on XENONI1T
prototype: EPJ C78 604 (2018)

* Four piston pumps in parallel operated phase-shifted

* Flow: 170 kg/h (474 slpm) (required 72 kg/h or 200 slpm)

Compression: 1.8 bar (required 1.5 bar) /
25
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