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Executive Summary

All the non-hydrogen constituents analyzed are below the corresponding limits
listed in “TABLE 1 - HYDROGEN FUEL QUALITY SPECIFICATION of SAE J2719”.
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SAE
J2719

CSU LA
H70 H,

s Smart
Chemistry -
u m m a ry SAE J2719 Detection @Nozzle sampled on 4/27/2015 Concentration
Limits Limits
(umol/mol) (pmol/mol) (|.Im0|/m0|) Analytical Method
Water 5 1 1 -4 ASTM D7649
Total Hydrocarbons (C, Basis) 2 1 0.38 ASTM WK34574
Methane 0.001 0.020
Propane 0 074
Isobutane 022
Butane 0 025
Isopentane 0 . 04 1
Oxygen 5 2 <2 ASTM D7649
Helium 300 10 <10 ASTM D1946
Nitrogen, Argon 100
Nitrogen 2 11 ASTM D7649
Argon 0.5 <05 ASTM D7649
Carbon Dioxide 2 0.1 <0.1 ASTM D7649
Carbon Monoxide 0.2 0.0005 0.0076 ASTM D5466
Total Sulfur 0.004 0.000001 0'000038 ASTM D7652
Hydrogen Sulfide 0.000002 0 . 00001 7 ASTM D7652
Carbonyl Sulfide 0.000001 00000086 ASTM D7652
Methyl Mercaptan (MTM) 0.000008 00000090 ASTM D7652
Ethyl Mercaptan (ETM) 0.00002 <0.00002 ASTM D7652
Dimethyl Sulfide (DMS) 0.00002 <0.00002 ASTM D7652
Carbon Disulfide 0.000001 00000034 ASTM D7652
Isopropyl Mercaptan (IPM) 0.00002 <0.00002 ASTM D7652
Tert-Butyl Mercaptan (TBM) 0.00002 <0.00002 ASTM D7652
n-Propyl Mercaptan 0.00002 <0.00002 ASTM D7652
n-Butyl Mercaptan 0.00002 <0.00002 ASTM D7652
Tetrahydrothiophene (THT) 0.00002 <0.00002 ASTM D7652
Formaldehyde 0.01 0.001 <0.001 ASTM WK34574
Formic Acid 0.2 0.005 <0.005 ASTM D5466
Ammonia 0.1 0.001 <0.001 ASTM D5466
Total halogenates 0.05 <0.01
Chlorine 0.001 <0.001 ASTM D5466
Hydrogen Chloride 0.007 <0.007 ASTM D5466
Hydrogen Bromide 0.004 < 0.004 ASTM D5466
Organic Halides (32 compounds in red
and bold listed in "Other
Hydrocarbons™). Smart Chemistry limit is for each
it al craanic halide 0.001 < 0.001 ASTM WK34574
Particulate Concentration 1mg/Kg 0.0055 mg/kg ASTM D7651

Particulates Found & Size
(ASTM D7634-10) - Images
of particulates found is in
Table 1

Size # Found Size # Found

0.02mm 2 0.03mm 2

0.04mm 7 0.05mm 3

0.06mm 1 0.07mm 2

0.1mm 2 0.12mm 1
0.17mm 1

All particulates are found in the center of the filter.

Hydrogen Fuel Index

The hydrogen fuel index is the value obtained when the
amount of aggregate impurities, as, expressed as percent
(umole/umole), is subtracted from 100%. (Section 3.5 of SAE
J2719)

99.99868%
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Table | Particulate Filter, Concentration (ASTM D7651) & Sizes (ASTM D7634)

This is the 0.2um Teflon particulate filters after ASTM D7650 particulate sampling at H70 nozzle of
CSU LA hydrogen fueling station without any flow regulation. The particulate concentration of the

sample from H70 is 0.0055 mg/kg, in which an amount of 0.011 mg particulates is found in 2.0

kilogram H, with average sampling flow rate 4.2g per second. The Teflon filter shows no pinhole
damage after particulate sampling. Sizes and images of Particulates are shown in Table II.

H70
Sampling
Filter

O

Particulate Sizes # Found. All particulates are found in the center of the filter.

2
2
7
3
1
2
2
1
1
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Table Il Particulate Concentration Calculation Sheet

Weight of Particulates Collected on Teflon Filter

WMF (Filter#88)
WMF (Weight Monitoring  (Weight Monitoring #155 Filter Weight (g) - Before #1565 Filter Weight (g) - After
Date Filter) Weight (g) Filter) Weight (g) Sampling Sampling
2015-03-23time 12.49.31 0.09616 0.09842
0.09844
0.09842
0.09841
0.09842
0.09843
0.0984
0.09841
0.09841
0.09842
2015-03-23time 14.17.10 0.09268
2015-04-29time 14.31.56 0.09608 0.09843
0.09842
0.09844
0.09844
0.09847
0.09842
0.09842
0.0984
0.09843
2015-04-29time 15.58.57 0.09261 0.09842
Number of Measurement 2 2 10 10
Average Filter Weight 0.09612 0.09265 0.09842 0.09843
Average Standard Deviation of Weight (g) 5.66E-05 4.95E-05 1.14E-05 1.85E-05
Relative Standard Deviation of Weight (g) 0.0589% 0.0534% 0.0115% 0.0188%
Average Weig_jht of Particulates (g) on Filter 0.000011
Sampling
Sampling Duration
Event (second) Sampling Flow Rate (g/sec) Hydrogen Sampled (kg)
Particulate Sampling 480 42 2.0
H, Sampled for Particulate (m?) 24.4

Particulate Concentration

Average Particulate Concentration (mg/kg) 0.0055 mglkg

Average Particulate Concentration (ug/L) 0.00045 uglLiter

SMART CHEMISTRY, 3401 La Grande Blvd,Sacramento, CA, 95823, (916)391-3300, jphsu@smartchemistry.com



weSMartChemistry com
Sampling Summary

The hydrogen sampling is performed on April 27, 2015 at CSU LA Hydrogen fueling Station.

The gaseous sampling by ASTM D7606 is to regulate the hydrogen fuel from the H70 fueling
nozzle to 1000 psi before flowing approximate 1 kg hydrogen fuel though a 1-Liter 1800 psi pressure proof
sample container to obtain representative gaseous sample. Three gaseous hydrogen samples are
collected from the H70 nozzle using the procedures shown in the following section - Gaseous Sampling
Procedure — ASTM D7606.

The particulate sampling by ASTM D7650 is implemented, in which the particulate sampling
assembly (PSA) with a pre-weighed 0.2um PTFE filter is employed to perform particulate sampling. A
total of approximate 2 kg of hydrogen from the H70 nozzle passes through the 0.2um Teflon filter of PSA
without either regulator or orifice in between. The particulate concentrations and size measurements
follow ASTM D7651 and D7634, respectively.

Table Ill Particulate and Gaseous Sampling Parameters

. : Hydrogen Hydrogen Inlet
Sampling Duration Flow Rate :
Event : Sampled (kg) Pressure during
Time (second) (g/second) : :
Sampling (psi)

Particulate

: 4/25/2015,
Sampling at 12:16 pm
H70 Nozzle '

1st Gaseous 412512015
Sampling at ¥ e 240 1 4.2 10000
H70 Nozzle

2nd Gaseous 412512015
Sampling at [y pm, 240 1 4.2 10000
H70 Nozzle

3rd Gaseous 4252015
Sampling at e pm, 240 1 4.2 10000
H70 Nozzle


http://www.smartchemistry.com/

wwSmartchemistry con

Gaseous Sampling Procedure — ASTM D7606

Assemble the gaseous sampling as above.

Attach the station suspensor nozzle to the receptacle. With the 1% valve closed and hydrogen fueling started by station
personnel, use a hand held hydrogen detector to check for hydrogen leaks around the connections from J2799 nozzle to
receptacle and receptacle to 1% valve. If no leak and 2™ valve closed, open the 1% valve and read the hydrogen pressure
from 20,000 psi inlet gauge.

Regulate the pressure of hydrogen fuel at 1000 PSI. Check the hydrogen leak along hydrogen pass way from the 1%
valve to the 2" valve. If no leak is found, open all the valves downwards from 2™ valve, except the outlet ball valve
after sample container outlet valve. Check for leak from 2™ valve to the outlet ball valve, especially sample container.
Let approximate 1 kg hydrogen fuel flowing through the sample container by opening the outlet ball valve, record the
time duration and inlet pressure. Close in sequence the sample container outlet, inlet valves and the 2™ valve, while
the hydrogen fueling is ongoing. After sampling of a sample container, the high hydrogen pressure in the inlet end to

the sample container must be released through the inlet ball valve before a new sample container attached to the inlet
end quick connection.
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Partlculate Sampllng_ Procedure - ASTM D7650
| /2 ’ -

. 1. In Lab, a 47mm OD pre-weighed 0.2 Teflon filter is

installed into a 10,000 psi pressure proof filter

holder of a particulate sampling assembly (PSA)

inside a glove box.

N N 2. Before particulate sampling, the particulate

sampling assembly (PSA) is secured physically as
shown left; the fueling nozzle is then attached to the
PSA.

3. Make sure the hydrogen to be sampled passes
through the cooling unit.

4. Open the needle valve to allow approximate 2kg of

W) - hydrogen flow through. The nozzle is then removed
Filter Holder and the needle valve closed.
- R Transport the particulate filter to Smart Chemistry for
particulate concentration (ASTM D7651-10) and
SS Braided Hose particulate size measurements (ASTM D7634-10).

(3/4" tubing with
1/2" NPT Inlet and
3/4" NPT Outlet)

20,000 psi Check
Valve
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Analytical Data for Non-Hydrogen Gaseous Constituents

The analytical data is tabulated for each non-hydrogen gaseous constituent in
SAE J2719. The analytical data includes calibration standards, detection limit
study, sample analysis, spike, or duplicate.

Non-Hydrogen Gaseous Constituents

1. Water

2. Total Hydrocarbons

2.1 Methane

2.2 Non-Methane Hydrocarbons

Oxygen

Helium

Nitrogen

Argon

Carbon Dioxide

Carbon Monoxide

©® NG~ W

Sulfur

9.1 H,S, COS, CH3SH, CH;CH,SH, CH3SCH3; ,CS,, (CH3),HCSH,
(CH3);CSH, CH3 (CH,),HCSH, CH3; (CH;)sHCSH and
Tetrahydrothiophene.

9.2 Total Sulfurs — The sum of the concentrations of H,S, COS,
CH3SH, CH;CH,SH, , CH3SCH; ,CS,;, (CH3),HCSH, (CH3);CSH,
CH; (CH,),HCSH, CHj3; (CH,);HCSH and Tetrahydrothiophene.

10. Formaldehyde

11. Formic Acid

12. Ammonia

13. Total Organic Halogenates

13.1 Chlorine

13.2 Hydrogen Chloride

13.3 Hydrogen Bromide

13.4 Organic Halides (32 compounds in red and bold listed in "Non-Methane Hydrocarbons")
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Analytical Data

. H,0

ASTM 7649-10

Air Containation (uL)

H20 Sample RT or BAD RF H20 Sample Co-Injected Co-Injected while G1042 0.99% H20 CONC.
File Name, Sample, Sample Loop Pressure (psi) in Pink Area Peak RT Peak AREA N2& injected RF (ppmv)

15042800.D - PRAXAIR UHP H2;HEATED;OT=50C
3 20UL G1042 0.99% N2&02,
0.247;F1.5ML;ES0.02 0.00 0 109093 1266061 1.21 1.9E-09 0 0.00
160.2 92679 869576 1.03 1.8E-09

91872 412312 1.02 1.9E-09
15042801.D - G1043, 1.6PPMV CO2&AR, 6.6PPMV|
N2&02;HEATED 3 20UL G1042 0.99% N2&02,
0.247;F1.5ML;ES0.02 0.00 0 132628 1387957 1.47 1.7E-09 0 0.00
174.2 119120 894869 1.32 1.8E-09

105841 433538 1.17 1.8E-09
15042802.D - G1043, 1.6PPMV CO2&AR, 6.6PPMV|
N2&O02;HEATED 3 20UL G1042 0.99% N2&02,
0.247;F1.5ML;ES0.02 0.00 0 129801 1380777 1.44 1.7E-09 0 0.00
169 97710 937117 1.08 1.7E-09

93702 436801 1.04 1.8E-09
15042803.D - G1043, 1.6PPMV CO2&AR, 6.6PPMV
N2&0O2;HEATED 3 20UL G1042 0.99% N2&02,
0.247;F1.5ML;ES0.02 0.00 0 113616 1352037 1.26 1.8E-09 0 0.00
162.6 87272 925701 0.97 1.7E-09

106644 430297 1.18 1.8E-09
15042804.D - G1049, 5.0PPMV CO2&AR, 20PPMV
N2&02;HEATED 3 20UL G1042 0.99% N2&02,
0.247;F1.5ML;ES0.02 0.00 0 96609 1349148 1.07 1.8E-09 0.00 0.00
106.1 2.6E-09 96013 603497 1.06

2.9E-09 103126 277248 1.14

15042805.D - G1049, 5.0PPMV CO2&AR, 20PPMV
N2&O02;HEATED 3 20UL G1042 0.99% N2&02,
0.247;F1.5ML;ES0.02 0.00 0 125169 1121793 1.39 2.1E-09 0.00 0.00
95.9 115227 867343 1.28 1.8E-09

115570 392900 1.28 2.0E-09
15042806.D - G1049, 5.0PPMV CO2&AR, 20PPMV
N2&02;HEATED 3 20UL G1042 0.99% N2&02,
0.247;F1.5ML;ES0.02 0.00 0 136287 1386330 1.51 1.7E-09 0.00 0.00
87.7 115675 968490 1.28 1.6E-09

112771 476092 1.25 1.7E-09
15042807.D - PRAXAIR UHP
H2;HEATED;OT=50CF1.5ML;ES0.02 3 20UL
G1042 0.99% N2&02, 0.247;F1.5ML;ES0.02 0.00 0 131659 1352650 1.46 1.8E-09 0.0
143.8 108093 907005 1.20 1.8E-09

119759 483558 1.33 1.6E-09
15042808.D - 15CSU008-
01#2;HEATED;OT=50CF1.5ML;ES0.02 3 20UL
G1042 0.99% N2&02, 0.247;F1.5ML;ES0.02 1.39 62993 137872 1449832 1.53 1.6E-09 1.13 1.31
148.4 128828 988891 1.43 1.6E-09

113368 456892 1.25 1.7E-09
15042809.D - 15CSU008-
01#2;HEATED;OT=50CF1.5ML;ES0.02 3 20UL
G1042 0.99% N2&02, 0.247;F1.5ML;ES0.02 1.44 72933 145980 1370489 1.62 1.7E-09 1.31 1.52
145.5 117624 943892 1.30 1.7E-09

121917 461501 1.35 1.7E-09
15042810.D - 15CSU008-
01#2;HEATED;OT=50CF1.5ML;ES0.02 3 20UL
G1042 0.99% N2&02, 0.247;F1.5ML;ES0.02 1.37 67703 148026 1385842 1.64 1.7E-09 1.22 1.41
142.3 105939 966693 1.17 1.6E-09

141074 428975 1.56 1.9E-09
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Date:
04/30/2015 -
File Name

Analytical
Datamjecﬂon

2.1 CH4

Standard Conc.
(PPMV)

CH4 Response
Volume of CH,in  Ret. Time (MIN) Factor or Conc in
Standard (uL) of CH, Area of CH, ppmv

001F0101.D

001F0201.D

001F0301.D

001F0401.D

001F0501.D

001F0601.D

G0991,6.0PPMV CO & 4.8PPMV CH4
(SYSTEM:29MTORR) [1L:36 TORR] [R20]

[FCTV=37, TT@20=126SC]] (AT=761.38)(OT=80C)(5TH
2M GS TRAP IN LIQ. N2)(CF=7.0,RP=38PSI)

G0900,0.24PPMV CO & 0.20PPMV CH4
(SYSTEM:24MTORR) [1L:26 TORR] [R20]

[FCTV=27, TT@20=104SC]] (AT=761.38)(OT=80C)(5TH
2M GS TRAP IN LIQ. N2)(CF=7.0,RP=38PSI)

G0986,0.018PPMV CO & 0.014PPMV CH4
(SYSTEM:21MTORR) [1L:34TORR] [R20]

[FCTV=37, TT@20=127SC]] (AT=761.38)(OT=80C)(5TH
2M GS TRAP IN LIQ. N2)(CF=6.5,RP=38PSl)

15CSU008-01#2, RS150427, R150415
(SYSTEM:20MTORR) [1L:172TORR] [R20]
[FCTV=189.1, TT@20=595SC]|
(AT=761.38)(OT=80C)(5TH 2M GS TRAP IN LIQ.
N2)(CF=6.5,RP=38PSl)

15 4-23-15, 11:00AM, 220 PSI@70 F,

H2 SAMPLE (SYSTEM:19MTORR)
[1L:36TORR] [R20] [FCTV=39, TT@20=155SC]]|
(AT=761.38)(OT=80C)(5TH 2M GSTRAP IN LIQ.
N2)(CF=6.5,RP=38PSl)

G0986,0.018PPMV CO & 0.014PPMV CH4
(SYSTEM:20MTORR) [1L:35TORR] [R20]
[FCTV=38,TT@20=145SC]] (AT=761.38)(OT=80C)(5TH
2M GS TRAP IN LIQ. N2)(CF=6.5,RP=38PSlI)

4.8

0.20

0.014

0.226980 5.58 650452 3.5E-07

0.006830 5.586 64772 0.66

5.593 89156 0.697

5.594 12749 0.020

5.606 12475 0.092

0.000644 5.608 91515 0.69
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13.3 H BI’
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Analytical Data

Date of Analysis 05/04/2015

Volume Injected Volume of HBr

(uL) of HBr (uL) Injected in Response Factor or HBr Spiking
Volume of Standard @ 0 Standard & Spike RET TIME OF Sample Conc in ppmv, Concentration
FILE NAME Injection Hydrogen (mL) PPMV Analysis HBr HEIGHT OF HBr Spike Recovery (ppmv)
0.5UL G1038 (0.36% HBR IN H2)+500ML 15CSU008-
001F0101.D 01#2,SR150427. N-PROPANOL. CF=22.1ML/MIN.MUF=118
: ML/MIN. SPLIT FR=28.3ML/MN. 5M 0.3MM ID 0.6MM OD
PTFE TUBING.INJT=250C.H MODE.PS:MEDDLE. OT=50C.
500 0.5 0.0018 0.431 5.87E+05 4.4E-09 0.0036
500ML 15CSU008-01#2,SR150427. N-PROPANOL.
001F0201.D CF=22.1ML/MIN.MUF=118 ML/MIN. SPLIT FR=28.3ML/MN.
: 5M 0.3MM ID 0.6MM OD PTFE TUBING. INJT=250C.H
MODE.PS:MEDDLE. OT=50C.
500 0.308 1.81E+05 1.6E-03
0.5UL G1038 (0.36% HBR IN H2)+500ML 15CSU008-
001F0301.D 01#2,SR150427. N-PROPANOL. CF=22.1ML/MIN.MUF=118
. ML/MIN. SPLIT FR=28.3ML/MN. 5M 0.3MM ID 0.6MM OD
PTFE TUBING.INJT=250C.H MODE.PS:MEDDLE. OT=50C.
500 0.5 0.0018 0.408 3.72E+06 5.1E-10 0.0036
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