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LANL Project Overview

Timeline Barriers
* Project Start Date: Feb FY09 * Barriers Addressed
* Project End Date: FY14 * Efficiency
* Percent Complete: 38% * Gravimetric Capacity
* Volumetric Capacity
Budget * Durability/Operability
*Project End Date: FY14 * H, Discharging Rates
* Funding: Start time to full flow
«2009: S578K *Transient Response
*2010: $712K * H, Purity
*2011: S600K * Environmental, Health & Safety

Project Timeline
Phase 1 Phase 2 Phase 3
2009 2010 2011 2011 2012 2013 2014
Q2(Q3|Q4(Q1|Q2(Q3|04(Q1|Q2|AG3|C4|Q1|Q2|Q3|Q4|Q1|Q2|Q3(Q4|Q1(AQ2
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LANL Management AccomBlishments/Highlights

» Technology Area Team Lead for:
 Chemical Hydrogen Storage Properties: Gathered pertinent thermo-physical properties and
identified missing property data for chemical hydrides and identified institution for
quantifying necessary data
* Sensors: Developed a first generation fuel gauge sensor that also monitors tank integrity
 System Design Concepts and Integration: Delivered preliminary design concepts
* Solid-phase chemical hydrogen storage (PNNL developed)
*  Fluid-phase chemical hydrogen storage (LANL developed)

» Chemical Hydrogen Storage Liaison
e Chemical Hydrogen Storage Researchers * Hydrogen Safety Panel
* Hydrogen Storage Tech Team * Hydrogen Production & Delivery Tech Team

» Chemical Hydrogen Storage System Architect & Fluid-Phase System Designer
v Monitored progress on chemical hydrides technology across the technology areas for needed
features to be advanced and to insure needed communication across groups and areas occurs

v’ Assessed system for ECoE Phase 1 to Phase 2 Transition:
» Assessment performed on solid AB (PNNL system design)
» Assessment performed on fluid-phase AB (LANL system design)
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LANL Engineering Tasks in Support of HSECoE

LANL Engineering Tasks (Presentation Order)

Task 7: Design, Build, and Demonstrate a Subscale Prototype System

Task7a: Design automotive-scale systems
Task 7b: Design and build bench-scale validation test bed

Task 2: Develop Fuel Gauge Sensors for Hydrogen Storage Media
(Ahead of Schedule)

Task 6: Identify Hydrogen Impurities and Develop Novel Impurity Mitigation
Strategies (On Schedule)
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Task 7a: LANL Fluid Phase System Designs

vRelevance: = e e e e e e — — — — — — — —

State-of-the-Art

* Automotive scale fluid-phase chemical CHSCOE =

hydrogen storage system

* Ultimate Goal of the DOE o phace | Ammonia [ oo

* 2015 DOE Targets Addressed: All sorane
I

v Expected Outcomes:

* System level design

* |dentified areas requiring novel R&D
approaches

* System design for modeling purposes

Solid Phase System Fluid Phase
System Designs | Designs |System Designs

v \L

System Modeling

(Down-Selected System Designs) i|

System Modeling Results

v

v'Task/Approach:
7a.1 Design fluid-phase CHS system
7a.2 When possible use off-the-shelf

|

Phase 1 ECoE System Down-Select
(Fluid Phase System)

|

BOP components Phase 1 Output

System > System > Simulink > Vehicle

I
I
I
I
I
I
I
I
I
| (referenced to DOE Targets)
I
I
I
I
I
I
I
I Design Model Framework Models

G S S B B B B B SSRGS BN BN B e e . ..
— — — — — — — — — — — — — —

s !7\9& Algmgg # Fluid-phase AB system down selected into Phase 2

EST.1943
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Task 7: LANL Fluid Phase System Designs

Unit Operations of Fluid-Phase AB System BOP Components of Fluid-Phase AB System
* Dehydrogenation Reactor (Transport) * Pumps
* Gas-Liquid Separator (Enabling Technologies, Transport) * Storage Tank(s) (Enabling Technologies)
* Hydrogen Purifier (Enabling Technologies) * Fuel/Spent Fuel
* Heat Exchanger (Enabling Technologies) * Ballast Tank
Hydrogen
Purification

Fuel / \ 3/4" 55

Cell rss  \ )

Reservoir Tank

Toex = BOC, P= 6 atm

2/8" S8 Transfer Pump

Spent Fuel (liquid) + Spent Fuel (iquid)
S 3/8" SS Q_D%i

Tmax = 115C, P= 6 alm

AB Fuel (liquid)

Recycle Pump s s

™~

Tomx = 250C, P= 6 atm

3/8" 55 Reactor Bed L/_;;Alamos

38" 55 ‘\I 3/8" 55
J

? Feed Pump

A /
Est 1943 \) 5 H 0
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Task 7: LANL Fluid Phase Preliminary System Design

Gravimetric Ratio DOE 2015 Targets for Liquid

1
: : Ammonia Borane Flow Through System

2' V0|umetrlc De.nSIty NOTE: All metrics that exceed DOE targets are plotted at 100%?0 keepyt’he diagram scaling intact

3. Hydrogen Purity

4

5

Transient Response Wolumetric Density

. WTPP Efficiency? _
. Fill Timeb

*  9Not within the ECoE Research Scope
*  bTarget met if emptying and filling are performed Start Time to
simultaneously (2.7 min)

Start Time to Full Flow (-200C) o, Minimum Cperating Temperature

LIl Flowe (200C) N\ Maximum CQperating Termperature

Winirum Full Flow Rate Min. Delivery Temperature

« 13 DOE 2015Targets
Fully Met
» 4 Targets above 60+%

Max Delivery Temperature

Pacific Northwest % United Technologies tiin. Delivery Pressure (PEMFC)
NATIONAL LABORATORY nﬂsﬂa":h cellt.'

Win. Delivery Pressure (ICE)

. h%ﬁl}\aﬂmgg Well-to-Power Plant Efficiency
oo Jn Board Efficiency Max. Delivery Pressure
E e Note: DOE Targets Fuel Cost, System Cost, & Cycle Life
» Los Alamos were left off of the Spider Chart
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Task 7: LANL Liquid Phase Preliminary System Design

FLUID FUEL
FILLER/DRAIN
NOZILE

All Components Sized
to BOP Specifications

SPENT FUEL SECTION

80 kW PEM FUEL CELL
100 LITER VOLUME

INTERNAL BLADDER

pi
5 L/c‘)?; Alamos

NATIONAL LABORATORY
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H2 PURIFICATION STAGE 2

FLUID FUEL BLADDER TANK

H2 PURIFICATION STAGE 1————__

CYCLONE
GAS-LIQUID
SEPARATOR

T ———HYDROGEN

PRESSURE REGULATOR
AUTOMOTIVE RADIATOR
AND ELECTRIC FAN

AUTOMOTIVE PUMP
FUEL SUPPLY

AUTOMOTIVE PUMP
SPENT FUEL RECYCLE
TO REACTOR

AUTOMOTIVE FUMP

REACTOR SPENT FUEL TO TANK

CHECK VALVE
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Task 7a Summary and Future Work: System Designs

Summary

» Developed many system design concepts for fluid-phase chemical hydrogen storage media (surrogate
is fluid-phase AB)

* Provided preliminary system design to PNNL, NREL, and UTRC for modeling purposes
» Sizing, temperatures, pressures, conversions, etc.

* Provided off-the-shelf components to PNNL for BOP costing
» Developed novel reactor, gas-liquid separator, and hydrogen purification train (unproven concepts)

* LANL fluid-phase chemical hydrogen storage system design down-selected based on 2015 DOE
targets as the priority for Phase 2

Future Work

» Continue to refine system design (and models) as needed based on experiment validation
experiments

* |dentify, develop, and implement novel system components

» Update experimental setup and protocols as needed to ensure accurate data for model
development

A
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Task 7b: LANL Fluid-Phase Validation Test Bed

v'Relevance:

* Component validation (performance
and viability)

* System validation (system integration)
* Model refinement

* System refinement

v Expected Outcomes:

* Modular test bed for validating
individual components or systems

* Test bed for acquiring kinetics (Task 4),
impurities (Task 6), and reactor
performance (Task 5)

v'Task/Approach:

7a.1 Design fluid-phase CHS system

7a.2 When possible use off-the-shelf
BOP components

7a.3 Identify components that require
novel R&D approaches

» Los Alamos

NATIONAL LABORATORY

Phase 1 ECoE System Down-Select
(Fluid Phase System)

System Architect

Materials

L\ 4

[ = = e ] == - -
|
I A\ 2 v A J
| New Component Model
I Technology i Validation Refinement
: Development Perf system
I 210OF - errormance Model
! Simulin}
. . R Simulink

I | Identification Viability Refinements
|
| Vehicle
I Model
|
|
|
. A4 Y Y
: Phase 2 Output
| . X

Phase 3 Phase 3 Refined Refined
[ System < System < Simulink €«+» Vehicle
| Design Model Framework Models

Target
Development

Basis: Phase 2
System Design

Phase 2

Variables:
Kinetics &
Thermophysical
Properties

A4

Phase 3 Output

Bounds on Material Properties
that will meet DOE targets

EST.1943
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Task 7b: LA

 Fluid Phase System Component Validation Setup

> Deployed for Phase 2 Activities

1.

2. Validate and Refine

3. Optimize System

@

12

and Technology
* Reactors

» Gas-Liquid Separators

* H, Purification

System Models

Designs

ﬁg Alamos -

NATIONAL LABORATORY

Validate System Components

HX Coolant In

NL Fluid-Phase Validation Test Bed

» Los Alamos
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H: Quantification

......................................................

PR Reactor

Impurity Identification
and Quantification

Phase 2 Ready and Adaptable to any Fluid
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Task 7b: LANL Fluid-Phase Validation Test Bed

* Fluid Phase Chemical Hydride System Component Validation Setup

H, Purification

» Los Alamos

NATIONAL LABORATORY
T.1943

Gas-Liquid Separator

Heat Exchanger

Reactor » Los Alamos

NATIONAL LABORATORY
EST.1943

Modular Design Allows for Validating Individual
System Components or Integrated Systems
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Task 7b: LANL

Fluid-Phase Validation Test Bed

» Kinetics Results from Using Fluid Phase  Axial Temperature Profiles Observed
AB as a H, Source from Using Fluid Phase AB as a H,
Plot of H, Equivalents produced as a function of Reactor Setpoint Sou rce
Temperature (°C) and Space Time (min)
30 1 " " T 1 " Axial Temperature Profiles within Heated Reactor Length
@ r =0 for Space time = 0.6 min
2597 S—tau=06min 200 T T T T
——tau =1.04 min / ] /ll’\
£ 204 ——tau=2.78min / 1804 —
2 —o—tau = 10.42 min / e 1601 Axial Temperature Profiles within Heated Reactor Length
= 15 / ] @ = 0 for Space time = 2.78 min
hi] / / —~ 140 - 200
o ] ]
S 1.0 / / o 1204 180 L
§ / 4__ /T/ * 2 q00] 160 - -
£ 05 — ] o 1 ] Axial Temperature Profiles within Heated Reactor Length
Plot of Hydrogen Volumetirc Flow Rate as a function of g 80'_* 140 @r =0 for Space time = 1.04 min
0.0 f 50 Reactor Setpoint Temperature (°C) and Space Time (min) 2 so-f &) 120.] 200 . . : .
: 1 T T T T ] 404 2 1 1 = S (i W
8 9% 135 —+—tau =0.6 min * »l B 180+ A ———
T .. —i—tau = 1.04 min T 8 8ol 160 A Y
E 120 ——tau=2.78 min 0o £ 1 . L
2 105 —o—tau = 10.42 min A ] O 60 ~ 1404 Axial Temperature Profiles within Heated Reactor Length
£ 1057 ~ S} 1201 @r = 0 for Space time = 10.42 min
2 g0 / 01 T 200
6': 75 ] 204 B 107 4] =
2 60.] /jj/// 1 01— g 80—_— 1 i S e
O /Y GEJ 160 g T
g« g - R A +
3% ] / o g_f S 120 — 7
= 15 1 / — 1 T g 100 1 v/ /qr/\n\\ 1
3 V4 R I o e
0 —9= — i i i i i i i L 80 /I .
80 90 100 110 120 130 140 150 160 170 180 190 g 1 ../
. ~ 60 —m— Tstpt=90C
Temperature Setpoint (C) 0] —e Tstpt=110C
—a =130C
: p . ) L AI m ] Tstpt =
Zeolite Scrubber used for H, Purification NA(T?OSN ALL ,QOR Ag% 20 D@
EST.1943 0 ; ; l ; l ;
0 1 2 3 4
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Axial Distance (in)

Fluid-Phase Reactor Test Bed Validated
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Task 7b Summary and Future Work: Test Bed

Summary

» Designed, built, and validated bench-scale fluid-phase chemical hydrogen validation test bed
 Modular approach to validate individual components or integrated systems
» Validate and refine system level models

Future Work

» Begin validating (via experiments) system-level modeling assumptions

« Validate novel component designs for performance and viability
* Provide system modelers the necessary experimental data for system-level model refinements

» Update experimental setup and protocols as needed to ensure accurate data for model
development

*Test bed fixture directly aligns with Task 4, Task 5, and Task 6
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Task 2: LAN

L Fuel Gauge Sensor Development

v'Relevance:

* DOE targets addressed: Safety
* All commercialized vehicles necessitate a fuel gauge sensor
* Health monitoring of high pressure tanks

v’ Expected Outcomes:

* Fuel gauge sensor for solid- and fluid-phase hydrogen storage

media

* Containment vessel health monitoring

v'Task/Approach:

2.1 Identify first generation fuel gauge
sensors

2.2 Demonstrate fuel gauge sensor
technology on candidate hydrogen
storage media

Phase | Deliverable Description Delivery to Date
’:’ Del Ive rables Phase 1 D1 First generation fuel gauge sensor (DEMONSTRATED) |DOE Q4 FY09
Phase 2 D20 Working fuel gauge sensor capable of monitoring H2 levels within +/- 5% DOE & ECoE Q2 FY12
Phase |Go/No-Go Description Criteria* Date
/ _ tei _ 5o,
o GO/N O-GO Phase 1 G1 Go/No-Go Decision on fuel gauge sensor (Go) |+/- 5% of H, Stored Q4 FY10
* all Go/No-Go decisions will be based on the most current DOE Technical Targets; the components or designs that most favorably compare to the DOE Technical Targets will be chosen
. . Phase | Milestone Description Dependencies Date
*» Milestone :
Phase 2 M2 Fuel gauge sensor development and demonstration TASK 2.1 Q3 FY11

=
5 fojs Alamos

NATIONAL LABORATORY
EST.1943
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Task 2: Acoustic Fuel Gauge Sensor Proof of Concept

1400
. 1200 0.00g II \\\
LANL Novel Acoustic 0.47g i .
~ 1000 0.80g ; .
Fuel-Gauge Sensor 2 1089 . ; .
. — 800 1.23g 1 ! \
Capable of Tracking 3 /
Metal Hydride State-of- s ) LA |
Charge and Cycling < 400 N[ 'J! N R
200 S i AN AT N L AR S
Effects Lo ol ) W TR U, BR
I RPEE SRR ) il Y W Ve b 0 W LA A
Pt 50 717100 150 200 250 '\ 300
- ’ B I N \
g 11 Frequency (kHz) .
600 - ’ I :' ! 1 \ \
® B5 kHz : 1400 ® 193kHzp::eak
00+ i IR 200 ® 153 kbt Repeat”
. ~ 400 - oo
> Non-evasive fuel z . | E 1000 e
1] A I %
gauge sensor § 300 . - ¢
£ " I 2 800
£ r B
< 200 ;
. . 600 e
100 S *
o 400 *
0 |
0 02 04 06 08 1 1.2 1.4 0 0z 04 06 08 1 12 14
Measured Hz’ g

» Los Alamos

Measured Hz’ g

NATIONAL LABORATORY
EST.1943

17

UNCLASSIFIED

(t]) HSECOE



Task 2: Acoustic Fuel Gauge Sensor Proof of Concept

# LANL Acoustic Sensor Capable of Monitoring
Containment Vessel Integrity

With Scotch Tape
—— Scotch Tape Removed

g
B
E
2
<

Excitation Signal =1V
2.462 2.463 2.464 2.465
Frequency (MHz)

ax
» Los Alamos

NATIONAL LABORATORY

Scotch &

L —
&
P
- M
= T
: g ¢
P
= e
4 T
AT

Kl ook

ENGINE

CHECK
TANK
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Task 2 Summary & Future Work: Fuel Gauge Sensor

Summary

» Demonstrated acoustic fuel gauge sensor proof-of-principle on various metal hdyrides

« Patent Submitted

» Demonstrated acoustic fuel gauge sensor capable of tracking state-of-charge for metal hydrides

» Demonstrated acoustic fuel gauge sensor capable of monitoring the structural integrity of
containment vessels (e.g. adsorbent and metal hydride systems)

Future Work

Finish proof-of-concept experiments for metal hydride system.

»  Permanently affix transducers to cylinder so that system may be moved for tracking state-of-
charge by direct mass change measurements.

»  Cycle charge of cylinder to determine how well change in acoustic signature tracks actual H,
mass changes. Measure reproducibility between charge/discharge and intermediate states.

« Start hydrogen level sensor studies for liquid AB sources.

»  Start sensor studies for cryogenic adsorption hydrogen sources. Investigate methods/options
available.

A
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Task 6: Hydrogen Impurities and Mitigation

v'Relevance: v'Tasks:
*DOE Targets Addressed: 6.1 Identify impurities demonstrating fuel cell
*Cost degradation
*Durability and Operability 6.2 Determine adsorbate-adsorbent interactions
*Environmental, Health and Safety 6.3 Quantify and model hydrogen impurities
*Fuel Purity demonstrating fuel cell degradation
v Expected Outcomes: 6.4 Identify novel impurity separation/mitigation
*Impurities demonstrating fuel cell degradation for strategies
all candidate storage materials vGo/No-Go Decision Criterion:
Phase | Deliverable Description Delivery to Date
R . Phase 1 D11 Identify fuel cell impurities DOE, HSMCoE, & ECoE | Q4 FY10
** Del Ive rables ase D12 Quantify minimum fuel-cell impurity level for safe operation DOE & ECoE Q4 FY10
D16 Determine fuel cell degradation via impurities DOE & ECoE Q4 FY11
Phase 2 D17 Update on minimum fuel-cell impurity level for safe operation DOE & ECoE Q4 FY11
D23 \Working Impurity mitigation device with low cost, low volume & low mass |DOE & ECoE Q2 FY12
RN . Phase |Milestone Description Dependencies Date
¢ M I IeStone Phase 2 M4 Impurity mitigation strategy development [TASKS 6.1 and 6.3 Q1FY11
. Phase |Go/No-Go Description Criteria Date
** GOI NO-GO Phase 2 G2 Go/No-Go Decision on viable impurity mitigation/separation strategies |mass, volume, cost, purity | Q4 FY11
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Task 6: Hydrogen Impurities and Mitigation

. Wt % ( SD) AB powder Decomposition, 30/10 30-200 @ 0.1 C/min
Material Onset T (°C)
NH, Borazine Diborane
AB 95 25 0.7 3.8 0.7 1.8 0.35
Powder AB 82 27 042 22 021 0.99 0.0077
AB/MC 77 46 1.0 20 0.35 0.85 0.071 . 1 %
wi% = species mass 100 i vl
initial mass of AB
Adsorption Media Tested
. TGA Experiment Diboran
1. Ammoniasorb Il 3. Carbon ,
2' Selexsorb CD 4 ZeOIIteS + Others 2-3mg AB Decomposition, RT-200 C, 3°/min

%51 120C . 200cC

# v’ Impurities can be scrubbed via adsorption media s

but.......

Borazine

In order to reduce mass, volume, maintenance
# costs, etc.. We need to address the reaction et e
selectivity

Batch Reactor Experiment

@A'amos
@ HSECOE
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Task 6: Hydro

gen Impurities and Mitigation

40 ppm Diborane
Impedence at S0A, 100% RH and 28.7psi

~+100h baseline

10hr with 40ppm

~#-20hr with 40ppm

VIR with 40 ppm Diborane for 20 hrs

0.2
o 018
* Fuel Cell Tolerance Test with Diborane ;o
Sup T
VI-Curve: 1 - e —
* Losses (~“20mV) were observed after £ 006 i
20h of exposure Ei "
AC Impedance: E e ] § z:
* CTRincreased with time R % o5
* HFR and MTR remained constant during E "
exposure s
Cyclic Voltammetry: " A
* No effect on catalyst surface area 2
2
Additional long term testing is required to accurately U

=

A

)
» Los Alamos

NATIONAL LABORATORY

22

assess FC tolerance level and degradation
mechanism

0.015

0.01

0.005

0
-0,005

-0.01

AlC:

—breakin
—after 40ppm for 20hr

CV after breakin

\
0 0.2 0.4 (I.K 9"’8 1 1.2 1.4 1.6

Voltage vs HRE

0.1/0.4 mg Pt/cm2, 100% RH, and 25 psig back
pressure using 83 and 50% utilization.

# Preliminary Test Indicate Diborane Affects the
Charge Transfer Resistance

EST.1943
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Task 6 Summary & Future Work: Impurities & Mitigation

Summary

* Amount of impurities is a function of temperature and heating rate; mitigation strategies
include increased control of reaction (i.e., thermal management, reactor design)

« Ammonia borane in current ionic liquid demonstrated a decreased production of borazine and
no diborane

e Suppression of impurity generation may be achieved via catalytic routes of hydrogen release
from fluid phase ammonia borane

e Borazine can be scrubbed using various adsorbents

* Preliminary fuel cell tolerance test with diborane indicate performance degradation

Future Work
* Quantify impurities using fluid-phase bench-scale validation test bed (TASK 7b)

* Examine impurity mitigation strategies (i.e., catalysts, temperature control, conversion, space-
time, etc.) on reaction selectivity

/\
5 IR Alamos

NATIONAL LABORATORY
(1) HSECoE

23 UNCLASSIFIED



Task 4: Reaction Rate Models for AB/IL Systems

* Fluid Phase AB Hydrogen Release Kinetics "1 lonicliguid 251 10 T matnt
(Avrami-Erofeyev) 3 : AB
351
1.00 - 142kl (l] 21 B
(7,)],, =1-5] (226056x107 e # |(1~a)[~In(1-a)]>) £ W

-1 46%0 / 3 j 0 100 200 300 400

() jzz = 2.5[(1.09026x1017)e K7 ](1—0{)[—ln(l—a):|(5

T 2

Kinetics Used for System Modeling |
s

14

50:50 wt% AB : BmimCl T
0

1l 1200
6.5 wt% H, (@ 2.002%" 22 )

mol AB =

7.6 wt% H, [@ 2350l H, j 3

mol AB T

0 50 100 150 200 250
» Los Alamos

Time (h)
NATIONAL LABORATORY
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Collaborations

External Collaborators

Effort

Contact

H, Production & Delivery Tech Team

Forecourt Requirements

S. Weil (DOE)

H, Codes and Standards

General Guidance

C. Padro (LANL)

[Chemical Hydrogen Storage Researchers

Materials Updates

L. Sneddon (U. Penn)

T. Burrell (LANL)

LANL Fuel Cell Team

Fuel Cell Impurities

T. Rockward (LANL)

R. Borup (LANL)

H, Safety Panel

General Guidance/Concerns

S. Weiner

SSAWG

Technical Collaboration

G. Ordaz (DOE)

H, Storage Tech Team

General Guidance

Ned Stetson (DOE)

Argonne National Laboratory Independent Analyses R. Ahluwalia
ECoE Collaborators Effort Contact

Ammonia Scrubbing B. van Hassel

UTRC Simulink Modeling J. Miguel Pasini
Safety J. Khalil
MOR E. Ronnebro

PNNL System Modeling K. Brooks/M. Devarakonda
BOP K. Simmons

NREL VVehicle Modeling M. Thornton

* LOO AlAlTIOS

NATIONAL LABORATORY
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Task 7: LANL Liquid Phase Preliminary System Design

Calculated System

Gravimetric Density 147.85 kg .0378 . . kg/kg 82.6%
Volumetric Density 163.3L .0344 : . kg/L 122%

Overall System Gravimetric BOP Overall System Yolumetric BOP
H2 Pressure Sensor [0%) Contingency [3%)] H2 Pressure Sensor [0%)
Contingency [9%] Ammonia Bed [124]

Bladder Tank [113q) Manual Valve [0%g]
Wetted ILJAB lines [1%]
Reactor Bed w Fast Start [1%
H2 Wetted Tubing [134)
Flow Controller [0%5]

Borazine Scrubber [425]
Fan [10%4)
Radiator [13%)]

Ammonia Bed [22]
Borazine Scrubber [524)

H2 Wetted Tubing [4%g]
Flow Controller [125]
Manual Valve [226)
Wetted IL/AB lines [224)
Reactor Bed w Fast Start [126)
Fan [1%4)
Radiator [224]
Check Yalves [024]
Automotive Fuel Pump [624)

Spent fuel tank [424)

Check Yalves [1%)]
Automotive Fuel Pump [0%]
Spent fuel tank [122g)

Need to Address Gravimetric Density

- LosAlamos  Results are for Fluid-Phase System Shown on Slide 7

NATIONAL LABORATORY
(1) HSECoE
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Task 7 Future Work: Fluid Phase System Projections

Gravimetric Ratio =0.067

Assumptions:

% of SS tubing

*80 wt% solubility

*No H, purification train

*Cut 10% contingency

*36 kW radiator

*No performance degradation
*All unit operations work as
“designed”

There may be other mass and
volume savings that have yet to be

identified or addressed

» Los Alamos

NATIONAL LABORATORY

kg H,

g System

volumetric capacity (g/L)

100

80 -

60 -

40 -

20 -

Volumetric Density =0.053 —=———+ kg H,

System

Cryo-adsorbents and :
chemical hydrides are Ultimate
currently closest to achieving targets

the 2010 targets

27 2015 targets

Chemical HygTide

LiquidppB 1
-; O * L 2010 targets
______________ 4 28

GM ?00 bar
TiCrMn
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Task 7 Future Work: Fluid Phase System Projections

PathAto B
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Big Picture
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