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1) IA| 2 EXTHA R X X], Proton Exchange Membrane Fuel Cell

2) Joint Research Center

3) Centre for Solar Energy and Hydrogen Research Baden-Wirttemberg (ZSW),
4) National Physical Laboratory (NPL) (g=9] =23 &=&7]H)

5) Pressure Swing Adsorption
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Source of Hydrogen
impurity Delivered Hj; Electrolysis SMR By-product
; GH
constituents ) ’ ) Natural ) Chloro
without LH, Alkaline | PEM Bio Gas | CH3;OH CxHy
. Gas Process
certificate
H,0 X X X X X X X X
Total HC X
0, X X X X
He X
N,/Ar X X X
CO, X X X X X X
CO X X X X X
Total S X X
HCHO X X X
HCOOH X X X
NH;3 X X X X
Halogenates X X X
Particulates X
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Process equipment

Impurity compressor Hydrogen purification

constituents Cr‘yopump Desiccant Pd
Diaphragm [onic Piston PSA
dryer membrane

H,O X*

Total HC X X X

o))

He

Nz/AI‘

CO;

CO Xk X*

Total S X X X

HCHO

HCOOH

NHj;

Halogenates

Particulates X X X X X X X
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Table C.1: Hydrogen Fuel Quality Specification

) Laboratory Test Methods to Minimum
Constituent iﬁmmu‘;:l Limits ® Consider 2 mﬁ % ml'::
' and Under Development Limit
Hydrogen fuel index Ha >99 97%
Total allowable non-
hydrogen, non-helium, 100
non-particulate pmol/mol
constituent
Acceptable limit of each individual constituent
5 _ 012
Water® Ha0 pmolimol ASTM D7653-10, ASTM D7649-10 pmol/mol
Total hydrocarbons® 2 0.1
(C1 basis) pmolimol ASTM D7675-11 pmob/mol
5 1
Oxygen 02 pmolimol ASTM D7643-10 pmol/mol
: 300 100
Hetum tie pmol/mol ASTM D1945-03 pmol/mol
: 100 5
Nirogen, Argon Na. AT pmaolimol ASTM D7643-10 pmaol/mol
- 2 _ _ 0.1
Carbon dioxide CO; pmot/mol ASTM D7649-10, ASTM D7653-10 pmol/mol
_ 0.2 0.01
Carbon monoxide co irroliicd ASTM D7653-10 ool
c 0.004 ) 0.00002
oy pmol/mol ASTM D7652-11 umol/mol
0.01 0.01
FoRTenE: HERHD pmol/moal ASTM D7653-10 pmol/mol
- 0.2 _ 0.02
Formic acid HCOOH pmolimol ASTM D7550-09 , ASTM D7653-10 pmol/mol
. 0.1 0.02
Ammonia By pmol/mol ASTMD7653-10 pmol/mol
d 0.05 0.01
Total halogenates sl ASTM WK23815, WK34574 umolmol
Particulate 1 : 0005
spaari® mgikg | ASTMD7650-10, ASTM D7651-10 iy

* Dme to water threshold level the following constiments shonld not be found, however they shonld be tested for if

there iz a question on water content:

Sodinm (Na+) (@ <0.05 pmole/mole H or <0.05 pg/liter

Potassinm (K+) {@ <0.05 pmole/mole H> or <0.08 pg/liter

or Potassinm hydroxide (KOH) (@ <0.05 wmole /male Hz or <0.12 pg/liter
* Tnclndes, for example, ethylene. propylene, acetylene, benzene. phenol (paraffins, olefins, aromatic componads,

alcohols, aldehydes). THC may exceed 2 micromoles per mole dne only to the presence of methane, in which case the

snmmation of methane, nitrogen and argon is not to exceed 100 ppm.

a o

™

Includes, for example, hydrogen sulfide (HS), carbonyl sulfide (COS), carbon disulfide (CSz) and mercaptans.
Includes, for example, hydrogen bromide (HBr), hydrogen chlonide (HCI), chlorine (Cl;) and organic halides (R-X).

Limits are upper limits except for the hydrogen which is a lower limit. All limits are subject to revision

after additional testing under operational conditions and improved standardized analytical procedures.

Gaseous sampling uses procedures in ASTM D7606-11

(Rt At=: Multi-year Research, Development and Demonstration Plan, 2012 (USDOE)
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CO (200ppb) FTIR,GC,CRDS | 10~100 ppb 10ppbv
HCHO (10ppb) CRDS,GC-PHID | 10~100 ppb 10ppbv
GC-SCD without concentration: 1ppm
Total S compounds with concentration: 4 ppb
. ) 0.02ppbv
(4ppb) GC-PDHID with concentration: 10 ppb
IC 1 ppb
NH3 (100 ppb) IR, TDLAS 1~100 ppb 20 ppbv
Halogenates IC, GC 5~50 ppb 10 ppb
, ~ pp ppbv
(50 ppb)

(89} FTIR: Fourier transform infrared spectroscopy, GC: Gas chromatography, CRDS:
Cavity Ring-Down Spectroscopy, PDHID: Pulsed discharge helium ionisation detection, SCD:
Sulphur chemiluminescence detection, IC: Ion chromatography, IR: Infrared [spectroscopy],

TDLAS: Tunable diode laser absorption spectroscopy )
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6) Dennis D. Papadias, Shabbir Ahmed, Romesh Kumar, Fred Joseck, “Hydrogen quality for
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fuel cell vehicles - A modeling study of the sensitivity of impurity content in hydrogen to
the process variables in the SMR-PSA pathway’, International Journal of Hydrogen
Energy, Volume 34, Issue 15, August 2009, Pages 6021-6035
(doi:10.1016/j.ijhydene.2009.06.026)

7) European Association of National Metrology Institutes (previously known as EUROMET)



