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£9 Status of KRISS’s Hydrogen Safety R&D

£) KRISS System
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Workshop on Hydrogen Energy Safety Workshop on Hydrogen Energy Safety
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« H2 Safety Workshop: Information exchange & human network
- The date of exhibition: 2008/12/12, 2009/12/3, 2011/12/14
« H:2 Safety Research Laboratory Open
- Opened Date: 2009/12/3




Development of
safe storage and transportation of hydrogen

What ? How ?

<3. H, Leak Detection Tech 1. Mat. Damage Evaluation

- LH, System Design/Manuf
- LHe/LH, Mat. Properties
- cH, Mat. Properties

2. FFS Evaluation for Vessel

- Nondestructive H2 damage

- Defect Evaluation
- Vessel Integrity Assess

Fracture Parameter
o o o

0.2 04 0.6 0.8
Strength Parameter

3. Leak Detection Tech

- Sensor based on CNT T &

- Real time Dual
Monitoring System

% Improvement of Storage Efficiency of H, &
Guarantee of Storage Vessel Safety
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Materials Damaage Evaluation




G2520US rl2 KRISS

Ventilation fan

Hzgas
sensor

Testmachineroom

Autoclave —
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- Autoclave : 80 mm ID x 400 mm
- Design Pressure : max. 120 MPa
- Temperature : Up to 80 °C
- Force : 100 kN
- Tension, fracture toughness, LCF, FCGR, etc.

Tension (105 MPa cH,) A‘
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_ _ Fracture Toughness (105 MPa cH,)
Smooth tensile specimen L
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rl, KRISS

» Tensile Testing Factor in High Pressure H, Gas

Materials (ASTM A 240 Gr 316L)

Na Al Si P Cl V Cr Mn Fe Co Ni Cu Mo
ASTM A240Gr 316L 0.374 0.0434 0.541 0.0262 0.0658 0.0702 15.8 0.893 69.5 0.255 10.1 0.255 2.08
= Specimen Shape e T Autoclave
w) - =N ASTM A240 Gr 316L Steel, RT o
M2 5|R=112 =
[ 5 5 = =
N— N\ @ = =
N B L ————— .
AN \ - Z S Specimen
15 14 [7 15 i é— g =
GL:12mm o =w £ ¢ Ny r 4 lnner | aadcell
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6 Standard specimen = Material Properties
GL : 25 mm [= |

Tensile Properties depending on Specimen Shape

Force
» Experimental Equipment for Exposure time & Pre-strained specimen

st s

wid || KRISS Results KRISS Results
Specimen Pre-Strained Jig pre-Strai 9 9 : ! " ST T
- in (0.1 % & 4 %) Long Time Exposurei . .

( ° %) g P I Proficiency test results for 0.2% offset yield strength.  Proficiency test results for tensile strength.

(1000, 2000 h) |
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echanical testing cryostat with ad rerrigerator

’J_l_l Actuator
Load cell
Crosshead \ - /

O-ring seal

Relief valve v /
% Electrical feedthrough
To rotary pump d
<_| // ~ Pressure gage
Three way /
vacuum valve @ , ,
Compression cylinder

From He gas cylinder - | GM refrigerator
i Temperature sensor .
Electrical feedthrough\lﬁl — E / F:St o . “‘§'§94e » 55 go11
Vacuum chamber— | ' < 9 s Cﬁg'ﬁfd 30 « b %?‘3’4“1‘2 K
B ﬁl / . orioo oeia oela0 oio0 12ion a0 1630 1si0n 20ton | 200
Pu” rOd -—.~_~_a__e: [ 111 | /é/ nght angle Time(HH:MM)
Radiation shiell— | | |4 'I'I‘ vacuum valve
Heater block with Ir l—) To turbomolecular pump STS 304
temperature sensor . —— Heater
/ g \\
] A 1 \ 2nd stage
Compression column /_ [~ Charcoal
Specimen 7 Extensometer
4 K GM Refrigerator Discontinuous Yielding
- Manufacturer : SHI (F R Bt T %)
- Model : 415D

-I5SW@42K/45W @ 50K




—— Crosshead

LoadCell

0.5mm

Spiral Washer

Punch

Pressure Gage Lower Die
" Pyas = 10 MPa
Valve
P, =0.1 MPa
Die Holder —— _| Quick Coupling Area = 1(4/2)2 mm?2 = 12.6 mm?
Fgas =124 N
— Base
Fcorrected = Fmeasured = Fgas

+ 0.005 mm

WTTTLTLJTTTF

)
& gas
2.5 mm

T

100

g

T

P gas

Sintech 5/G

858 System

(Inside Number means after pressure correction)

‘1w'l‘l'l'!"'l""l'l"""'l"' L0 P R e R A
AP1 X70- Parent- "2. 10 MPa AP| X70- Parent- “2~ 10 MPa
1000
o 947 0.004 mm/min 7 0.004 mmi/min
---'-".-A. oA "
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80F  1oNm  |15Nm| 30Nm [1snmq _ ane
-3 7 " o 3 200 L JONmM '] Nm
s Tk Fiat-Ended i i Hemisphenical-Ended § %
2 Compression Column Compression Column
- 600 |- ] = seof
Effects of 0“:.* Test Mathine Effects of 0o4-’: vnd e ‘-I.nl:ﬁuh;::
500 I . Tightening Torque x| tndrement 0y fSetech | w52 | 00 I - Tightening Torque Sirensmens 00 § "5
- Duration under H, n . L 19} - Duration under H, :: : o
| - . 4 e | o J 400 | . Machine Type -
400 Machine Type x = 2 - ine Typ = R
- Compression Column «
300 " 'l 'y 1 4 Y i n i i i i ' L 300 A A A A A etk - A A A "
0 1 2 3 4 S5 6 7 8 9 10 11 12 13 14 18 0 1 2 3 4 § & 7 & 9 10 1t 2

Test Sequence

Test Sequence

Peak 0.1 MPa 10 MPa Fruvgronen/ Far
Force (N) Air Hydrogen yerd

X70 1,529 887(763) | 58% (50 %)

X65 1,438 794 (670) | 55% (47 %)

X42 1,394 712(588) | 51% (42 %)

— Validity Proof of SP Test
as Simple Test
for Hydrogen Compatibility
Evaluation of Materials
9
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| FFS Evaluation for Vessels
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Dzirmnmzage Evaluation oy Ulirasonic KRISS

» Equipment for Measurement of Material Properties in Gaseous
Hydrogen Using Ultrasonic Wave

Design Drawing for Material
Properties Measurement

Nondestructive Testing Equipment
X Main Components
Housing, Base, Sensor Insert, Ultrasonic Sensor, Gas Supply Valve, Automatic Gas Exhaust
Valve, Pressure Gauge, Pressure Sensor, Ultrasonic Measurement System etc.
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) E FAIL

1.0

= POSCM13 - Donga
® 82BC

JS. Lee et al. POSTECH (2011)

82BC: 1480 MPa (0.9o+s)

\\ POSCM13: 1184 MPa (0.9c,g)
1000 <

5 Failure assessment
081
‘aE'S curve (EAC) <
2
© 532
T 06 S28
a S 2
/ @
9 / ©]
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/ wn 1500
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Strength Parameter 2
S
(2]
. . I
» Development of FFS Evaluation diagram for H2 Vessel He: 0.42 mass ppm
Ho: 0.29 rhass ppm
Using Strength/Fracture Parameter 500 ey .
o 1 2

» Application of FFS Diagram for Evaluating
the integrity of Vessel Damaged by Hydrogen

3 4 5 6 7

Diffusible Hydrogen Content (mass ppm)

» Residual Life Assessment Based on Failure Modeling &
Physical/Chemical Limit Life
» Establishment of Failure Criterion & Damage Change Route

12
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relilability msmet for Infrastruceur

High capacity high pressure hydrogen gas infrastructure durability measurement
LPG, CNG, cH, gas tank, valves infrastructure durability measurement
1000 L Vessel reliability measurement (70 MPa, 0.5 Hz)

| Measurement System
|
e | — oo
ar T Strain T Pressure
Pressuremm’ 120 MPa

GAS Cylinder

Compressor

Max. pressure 100 MPa

0.8 Mpa
16 L/min

z ™ slope | 0.5031 MPakN




| Hydrogen Leak Detection

14
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rlydroyzn Sansing Proper

» Hydrogen sensing

or R

L | - 2 point prove measurement
MWCNT sheets

H,

I, or RIR, - The electrical resistance of sheet was measured

during hydrogen adoption/desorption process

- Nitrogen was introduced in the chamber at the

desorption process.

E-Beam deposition

= Commercial sensor vs Pd coated CNT sheets
-The response time of MWCNT sheets sensor is comparable with that of the commercial sensor

850.6 ——

LERLNL L BB L B AL I B B L LU 1.15
—_ H, 10 sccm
£ 8504f 2 X
5 {11.10
w5 850.2 [ <
3 o
[ -
8 s500f 11058
2 [
] Commercial Hydrogen sensor ‘2
Pd—coated CNT sheets o 8498 Pd coated on MWCNT Sheets 1100~
849.6 -
Commercial sensor L L L L L L L 0.95

0o 2 3 4 5 6 71 8
Time (min)

15
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KRISS System
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* Custom vessel
« Servo-hydraulic test frame

« Dedicated support equipment
— hydraulic power unit
— chiller
— Located in a test cell




Tensile/fracture Fatigue
Max. Design 1200 bar 1200 bar
Pressure (120 MPa) (120 MPa)
Temperature | 80degC 80 deg C
Inner Force 50 kN 50 kN
Displacement | 25 mm Tension/Tension

Tension/Compression

Test control

0.025-25 mm/s : tensile
1 minute—1 day : Fracture

0.001-10 Hz

18



Vessel
Mat’l: SNCM 439

Specimen

O-ring

Inside
Pull Rod

Balance
Chamber

External
Load cell

450 mm

Custom
Load Cell

GAS Inlet




rz1c: Growen Tase 3




FCG

Pressure 1200 bar

(120 MPa)
Temperature Room Temperature
Force 100 kN
Displacement 25 mm
Max. No. of Specimen | 10
Test control mode Inner Load

External Load
COD gage




Vessel
Mat’l: SNCM 439

Inside Volum : 0.01626 m3

Inside
Pull Rod

GAS Inlet

920 mm

External
Load cell

:

Balance
Chamber

Custom
Load Cell

Specimen
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Transcucar

Strain gaged
Load cell(100 kN) for FCG test system

25




Gas Managazment

* Design Pressure : 120 MPa
« Computer controlled

Monitor (PC)
—_— 120 MPa Hydrogen Environment
|—m Seae |t.-ozm Materials Testing System
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- [ E [ E[E [ E [ |
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Conducting a1 Ta

Crack Length History

Software :

: MTS
Tensile/fracture > Testworks 4

3000 4250 5500 8750 8000
Cycles

Fracture Toughness

MTS
Fatigue Crack Growth

Fatigue

27
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* ASME rated vessel
* Explosion proof test cell ~ * Material: SNCM 439

- Secondary containment ~ * BPV Sect VIil, Div 2
- H, sensors * Main seal vent ports

* H, interlocks
* Limited H, volumes

vetstack [0 Ventilation fan
H:zas
CCD s ’?} Test maciing rpom 0 i
=
v _ L 8 e
i ro——— N
#ﬁun sor ’ —Fm -_‘;,j“' f‘
g F - [ | : 5 L g v . U
L .
= q = tro nﬂzé . -'L "é\g
- : Hydrogen compatible \j Tl S
HydraullC DOWEr ro (17
Hydramic  Heater S







