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Requirements for LS:

High light yield:  ~1200 p.e./MeV

Long attenuation length:  >20m

Low radio-impurity: 238U/ 232Th<101>g/g, 10-17g/g
40K<10-16g/g

LAB + 2.5¢g/L PPO + 3 mg/L BisMSB
The most important thing is the purification of LAB/LS

LS mass ~1000 t ~300¢t ~170t 20000t
Ener
e 6%NE 5%VE 7.5%IVE 3%NE
Resolution

Light yield | 250 p.e/MeV 500p.e /MeV 200p.e./MeV 1200 p.e/MeV
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V' AlL,O, column plant is based on the “absorption” technique to remove
optical impurities and increase the A.L. of LAB

® Distillation plant is to remove heavy metal of LAB
v PPO master solution acid /water wash
v' Water Extraction is to remove 222U, 22Th and «K .

® Gas Stripping plant remove the impurities : Ar, Kr and Rn.
Optical and radioactive purification

v" Ultra Purity Water (U/Th, Rn)
v' High purity N2 ( Rn )
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LS Mass Production flow chart

« 20kton LS will be purified by purification plants
* Filling time ~6months @ flow rate 7000 I/h

High pure water plant

From waterworks High pure water

Overground LS Hall Underground LS Hall FOC Hall

Ultra pure water plant

Water extraction plant

L Stripping plant

Alumina filtration plant

Distillation plant
k%ﬂT\ = Y S -
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QA/QC method

» Optical transparency

v’ absorption spectrum (UV-Vis)
v attenuation length measurement

» Radon

>

v Si detector

v" Enrichment system
» Rn/O, In LS

U/Th

v' HPGe

v' Particle counting

v ICP-MS (NAA by Italia)
» OSIRIS BHFHREITIRH,
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v' 20000MELABE A C 451, AREE = MLABIIE HIAEF= . HESE
> 500037 /7 FILABAZAi% B O 8 1%
> iaiE R e (2004 5€ § 48T 11 20Miso tank)
> CATAFER] 5 iso tank iz%#12000ELABE| L%

v TAPPOC AT, U/Th<0.1ppt
v FirbisMSBC e A, UITh<3ppt

v ORARIEMR N304 DL 54, il 50ppm BHT
A RIEERRT, FEf CIAR



Successful Joint Commissioning

e 15t:2023, 3-5H

vV RRBI—F IR T EREIEINET

AFP+Distillation+Mixing(LAB+PPO)+Stripping

« 2nd: 2023, 10-11

AFP+Distillation+Mixing(LAB+PPO+BisMSB)+Water Extraction+Stripping

v @7m3/h
v BmiRINRE
vV ZREIKE  20.3XK

—f——

> ZRFIE > f5HE
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3rd Joint Commissioning

W.E. After Stripping
March , 2024 Temp.

1. W.E. can running at high temperature
- Water Extraction plant
- Stripping plant
+ Ultra Pure Water plant
water can be controlled at 20ppm level

2. waste LS can be reused
- Alumina Filtration plant (AFP)
- Distillation plant

AFP can remove PPO until 20 BV
Distillation can remove some PPO though not all

18°
30°
40°
50°

60°

0.15 1

0.10 4

0
o)
g

0.05 4

0.00 1

C
C

C
C

112ppm  18ppm
123ppm  20ppm, 90° C

155ppm  89ppm, 70° C

140ppm  26ppm, 70° C
more N,

154ppm  21ppm, 70° C
more N,

Absorption of AFP purification LS

—— Feed tank 5000m3LAB20240309
— 5000m320230830
2bv
— 4bv
— 6bv
8bv
— 10bv
12bv
— 1l4bv
16bv
— 18bv
20bv

— 22bv

—— 1# recover Is
24# recover Is
3# recover s

300 400 500 600 700 800
Wavelength [nm] 9



4th Joint Commissioning

July, 2024 all LS purification plants
Alumina Filtration plant
Distillation plant
LS mixing with acid/water wash
Water Extraction plant
Stripping plant
Ultra Purity Water plant
High purity N2 plant

15t batch LS (26m3) was filled into OSIRIS
2"d batch LS (45m3) was filled into FOC
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LS screened by ICPMS

B EukilGE « Sampling point

2024.07 LS syst

Master solution *| Acid extraction Eniickeant
‘
LAB tank o+ AlLO; < » Distillation [~ll—| Mixing
ps. the mixing sample should have El]Jh I;C',_;f)ol?of)q_
been contaminate, since we found iy RRg
one black dot in the enriched sample.  J,_, St
Ground 45Pb: 0.0640.01 ppt

238 J. 0.25+0.03 ppa
232Th: 0.47+0.06 ppg
*6Fe. <13 ppb

208ph; <0.01 ppt

“38); <0.09 ppa
Z2Th. 0.11+0.02 ppa
%Fe: <17 ppb

“98Ph. <0.02 ppt

2381J; <0.29 ppa
232Th: 0.37+0.06 opa
BFa. <52 ppb

208ph: <(0,05 ppt

FOC
storage tank

v

Production tank

__[

38YJ; 0.23+0.03 ppg
18 krTJiDe

Underground

Fe; 26+4 ppb
08Pk 0.05+0.01 ppt

“2Th: 0.33+0.04 ppa
Water extraction Inlet tank

]_I_.

v U/Th ~ 101 g/g
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Bi-214 (2nd plateau)

Results by OSIRIS
Rn < 1mBg/m®, U/Th<1.5x10-15 g/g

® [mm)

X-Z

 imm)
1 jmm)
7immj

1000 1500 2000
» [mim| 3 {mm) ¥ jmm)

Current Data: BiPo-214 rates total/inside FV @E\

—EOO 1500 1000 500 0 500 1000 1500 2000 ©

hrates
— Entries 45
'g 30— +|+ il Mean 1.728e+09
= - Std Dev 4. 751e+05
% n n %2 / ndf 27.16 /25
< o5 + Prob 0.3478
& £ const 2.731+0.130 i
© — + exp_norm 13.82 + 0.39 = overall rate of 2.7 mBq in 20m?3
& o0 hrates_fv : roughly corresponds to 104 g/g U
- ++ +|+ Entries 45
= Mean 1.728e+09 . . L
=i A Std Dev 4.49e+05 = Fiducial Volume definition:
— r x2 / ndf 236.2/25
- : <
- Brob 5 70036 o rho < 100cm —2 no AV walls
10— const 0.4691 +0.1079 o |z]<50cm —=> center layer
_ exp_norm 16.31 +0.36
- o y<0 — no thermorod
s = Total volume: 1.6m?3
- = Based on rad source calibration,
B | 1 H . 3
0 T SOE e FT volume under-estimated: 2.4m

time (date) = constant term ca. 1.5x101° g/g U!
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5th Joint Commissioning

Nov, 2024 all LS purification plants
Alumina Filtration plant
Distillation plant
LS mixing with acid/water wash
Water Extraction plant
Stripping plant
Ultra Purity Water plant
High purity N2 plant

15t batch LS (30m?3) was filled into repaired OSIRIS

2"d batch LS (25m3) is stored for later test .
1
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o KWNENE (4+1) (A ZIUNO. BESEEENE )
1. Detector upgrade for 222Rn concentration in high purity nitrogen measurement
JINST 19 (2024) 10, P10004

2. Determination of Henry’s law coefficient of oxygen in LAB for JUNO,
JINST 19 (2024) 03, P03011

3+ JUNO high purity nitrogen plant
Appl.Radiat.Isot. 208 (2024) 111305

4 . Study of the concentrations of Kr and Ar in high-purity nitrogen of JUNO
Radiat.Detect.Technol.Methods 8 (2024) 3, 1359-1365

5. A practical approach of measuring 238U and 232Th in liquid scintillator to
sub-ppq level using ICP-MS

Submitted to NIMA

. R
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