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Schematic of ferrofluid seal
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: Flux of e*
- —>CcLicc

SLC CLIC ILC LHeC
(3 TeV) (RDR)

Energy 1.19 GeV 2.86 GeV 5 GeV 100 GeV
e*/ bunch at IP 40 x 10° 3.72x10° 20 x 10° 15x10°
e*/ bunch before 50 x 107 7.6x10° 30 x 10° 15x10°
DR injection
Bunches / 1 312 2625 20833
macropulse
Macropulse 120 50 5 10
Repetition Rate
e* / second 0.06 x 1014 | 1.1 x 1014 | 3.9 x 1014 | 31 x 1014

ILC requires HUGE number of positrons.

POSIPOL 2010 workshop
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2rd June 2010
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L. Rinolfi



3OI Dose Estimation
FY2014

d = 40 cm with radiation shield

200 165 T. Takahashi (Hiroshima)




Energy Depotit(MeV)/2mm/5x10/5e-

Dose Estimation
Re SUltS FY2014

d = 40 cm with radiation shield
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Peak 1.5MGy/year

(2630bunch 5Hz 2e10/bunch 1 year = 1077s) N, = 2600




Test in 2014

Systematic study of the ferrofluid

We made the test of the ferrofluid up to 4.7 MGy in 2014.

We used irradiated ferrofluid (4.7 MGy) in a small rotation target.

Takasaki Advanced Radiation Research Institute
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TEST: Radiation

Takasaki Advanced Radiation Research Instltute
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TEST: Radiation Tolerance
Takasaki Advanced Radiation Research Instltute
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Takasaki: One of most famous homes of
Daruma dolles




TEST: Radiation Tolerance FY2014

Takasaki Advanced Radiation Research Institute, JAEA
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TEST: Radiation Tolerance FY2014

Takasaki Advanced Radiation Research Institute, JAEA

November 2014
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TEST: Radiation Tolerance FY2014

-Ray
_5 ___________________________________________________ Source
em$ 1 ®0 @0 | € 1.30x10% Gy/h Co 60
X Set#6  Set#9 i Bottle Stand#1
30ecm | | " 3.1 A7
MGy MGy
A T e O e0 e0 | € 0.607x10* Gy/h
oo SetHS __ SetH/ _ Set#lO0 . i Bottle Stand#2
90 cm 1.0 1.5 2.1
MGy MGy MGy
v:"'"6'6"""""""""66 _____________________ } € 0.205x10% Gy/h
| Set#d  set#g | Bottle Stand#3
0.098 0.49
MGy MGy November 2014
Putin * * * *
All Bottles Out Out Out Out @ bottle: ferromagnetic fluid
Oh 48 h 168 h 240 h 360 h O bottle: base oil
Nov/10 Nov/12 Nov/17 Nov/20 Nov/25 1R=8.77 MG
Mon Wed Mon Thu Tue =S/ by
<€ >

16 days of Exposure



FY2014
November 2014

Leading With Innovation

TEST: Radiation Tolerance
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TEST: Radiation Tolerance

Systematic study for ferrofluid

Viscosity as a function of dose
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Viscosity

53 [mPa-s]

TEST: Radiation Tolerance November 2014
Systematic study for ferrofluid FY2014

Viscosity as a function of dose
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We used irradiated ferrofuluid
(4.7MGy) in a small rotation target.

Rotation : 0-600 rpm.

No leak was found.



Test in 2015

Irradiation on a small off-the-shelf rotation target.

TR D EIEES—7 v 2 KRS

Takasaki Advanced Radiation Research Institute
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Conventional (E-driven): Target
TEST: Radiation Tolerance Mar 2015
Irradiation to the small (d=10 cm) off-the-shelf rotation target
Radiation test of the whole system: motor, bearing, ferrofluid,,,

0.6 M Gy irradiation on the motor.
corresponds 1 ILC year | N, =2600

Before Iradiation | | After Irradiation

After irradiation, we made rotation and vacuum test.
T. Omori We found NO problem



Test in 2018

We made the test of the ferrofluid up to 4.7 MGy. (as same as 2014 test)

HHERAEREEA—IFMILIZH LT 4.7 MGy ETO EXFE R BB 5T
(2014&EC)

Study possible change of molecular structure of the base oil and

ferofluid by using GPC (Gel Permeation Chromatography).

B ROBEREEN—ATAILD T FIHENDEILZE. GCP (7 ILiREIDO
RS04 g EERVTHRNS

Takasaki Advanced Radiation Research Institute
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Samples in test tubes

BHUTINETIROy T ICBEELI-HBREILTICHRE.
HORRBHRFICRETIHANIKTELIIZT S0,
HEDHRETIILATILNS,

a piece of thin wire to make possible gas escaping

h=22.5cm

2018/02/08 Positron source meeting 19
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Viscosity as a function of dose 2018
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1)

2)

3)

4)

5)

Results of 2018 Test

Viscosity of ferrofluid samples increased significantly by radiation.
But almost NO change of viscosity of base oil only sample.

GPC results showed that larger macromolecules were produced by
cross-link (Z245). Number of larger macromolecules increased as dose
increased. But, NO chemical decomposition observed.

GPC results showed that majority of base oil molecules (in both base oil
only samples and ferrofulid samples) stayed unchanged even after

4.7 MGy of irradiation. We guess this is the reason that ferrofulid is

still functioning as vacuum seal after 4.7 MGy of irradiation.

No significant difference is observed in molecular weight distributions
(9 FE 4% 7h) of base oil samples and ferrofluid samples. The existence of
iron powders does not accelerate cross-link or chemical decomposition.

Together (1) and (4) suggest that cross-link (2245) is not primary cause of
viscosity increase.



Test in 2019

We made the test of the ferrofluid up to 4.7 MGy. (as same as 2014 and 2018 tests)
BEREER—ZFA AL ILIZHLT 4.7 MGy ETOERRSAOE ST (2014, 2018 FIL)

® Samples were in the vacuum tubes. (The tests so far were "in air")

® We corrected produced gas and analysis by gas chromatography (GC).

® We observed the surface of iron powders after irradiation by FT-IR (Fourier
Transform Infrared Spectroscopy, 7—') TE# KRN 57 ILiE).

® Study possible change of molecular structure of the base oil and ferofluid by
using GPC (Gel Permeation Chromatography). (as same as 2018)

Takasaki Advanced Radiation Research Institute 3 tﬂst tube with
S & & Fic AR 37V ERTE breakable seal.



Radiation Test of Ferrofluid
2019/Feb.

® Samples were in the vacuum tubes. (The tests so far were "in air")

® We corrected produced gas and analysis by gas chromatography (GC).

® We observed the surface of iron powders after irradiation by FT-IR (Fourier
Transform Infrared Spectroscopy, 7—!) TE # R4 52 IEi%).

® Study possible change of molecular structure of the base oil and ferofluid by
using GPC (Gel Permeation Chromatography). (as same as 2018)




Radiation Test of Ferrofluid

2019/Feb.

Samples were in the vacuum tubes. (The tests so far were "in air")

We corrected produced gas and analysis by gas chromatography (GC).

We observed the surface of iron powders after irradiation by FT-IR (Fourier
Transform Infrared Spectroscopy, 7—!) TE # R4 52 IEi%).

Study possible change of molecular structure of the base oil and ferofluid by
using GPC (Gel Permeation Chromatography). (as same as 2018)

a test tube with |
breakable seal.




Radiation Test of Ferrofluid
2019/Feb.

Preparation

Idesaki-san (HIFSA/), QST Takasaki




Results of 2019 Test

* Results of GC analysis

— Compare to polyethylene, G-value of ferrofluid (and base oil) was
significantly small.

— The result of the GC analysis (= small G-value) was consistent with the result
of GPC analysis (= no significant chemical decomposition observed).

* Results of Viscosity measurement.

— The results in 2018/2014 and 2019 were the same.
— "In air" or "in vacuum" made no difference of viscosity change.

* Results of GPC analysis.

— The results in 2018 and 2019 were the same.

— "In air" or "in vacuum" made no difference of molecular weight (5*F )
change.



Next Steps 1
® What happen on Surfactant (R & E1EHF])?

— We tried to observe surface state of iron powders by FT-IR (Fourier Transform
Infrared Spectroscopy). But it was failed. It seemed sensitivity was not high.

— We are planning to apply a new way to observe the surface of the iron
powder.

Next Steps 2

® Neutron?

— We have started to study effect of neutron. (Miyamoto-san)



