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Application Status and Prospect of lon Chromatography in
Hydrogen Detection for Hydrogen Fuel Cell Vehicles

WAN Wei', LIU Ya-qiong, YANG Meng-zhi, ZHANG Yi-wei, WANG Ya-min, XU Guang-tong
(SINOPEC Research Institute of Petroleum Processing, Beijing 100083, China)

Abstract: Trace impurities in hydrogen for hydrogen fuel cell vehicles will affect the performance of
hydrogen fuel cells. The limits of trace impurities have been strictly stipulated in domestic and for-
eign standards. Ion chromatography (IC) has the characteristics of simple operation, rapid analysis,
high sensitivity, good selectivity, and multi-component detection. The analysis of some indexs by 1C
were involved in ISO 14687 —2 : 2012, SAE J2719 : 2015 and GB/T 37244 —2018. At present,
IC has been widely used in the field of gas analysis such as ambient air, stationary source emission,
natural gas and flue gas. The analysis of hydrogen fuel impurities is still in its infancy. In this paper,
the analytical methods for total halogenated compounds, formic acid, ammonia and total sulfur in hy-
drogen fuel and other gas analysis fields are reviewed, and IC is compared with different analytical
techniques. Based on the application progress of 1C in other gas impurity analysis fields, its applica-
tion in hydrogen impurity analysis for hydrogen fuel cell vehicles is prospected.
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Table 1 Maximum concentration of individual contaminants in different standards

Maximum concentration/( wmol *mol ~")

Characteristics

1SO 14687:2019 ' SAE J2719:2015 "' GB/T 37244 - 2018 '
Total halogenated compounds( Halogenate ion basis ) 0.05 0.05 0.05
Formic acid (HCOOH) 0.2 0.2 0.2
Ammonia (NHz) 0.1 0.1 0.1
Total sulfur compounds (H,S basis) 0. 004 0. 004 0. 004

2 SRHFEmMAIREAN

FEE Tk BT, TSR IR BT B KA 5 DL AR SRASE DT 23 BTl
ARIRZ Rt R A P Aok 75 Ko WA R AT PR ML R H ) T e I8 7 R0 P 1 ) R i
W GRS AR IR . K WSCRI BRI A . T 18 v B R BT B K, I fb e Rtk
AR IR . B S RO, SRR BT (INE) n] R BRI o WA
Wi R i — S A U AR AL B A [ (A R R AR 8RBT, P KSR BOR TG 788 7 i
IR H B SRS SR DRI | R RUEIRIE . SRR . REACE . BOELTLEIRISE
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3.1 Exik

Sk EEARE AR HCD) . #A(CL) . AR HB) FIAENLE LY (R - X) & MBS
R . SR EE . FA . B EE LK B 2R & TSk e, ALk
ety £ ZER FAA R — Bl (GC - MS) LB TIE . GB/T 37244 — 2018 [ff 5% A HA% T EMREHH &
SN BTk, RS, RIEES 5 F SR 22 R38R ) A it 7 it ol . TehLe
W) oA TR RE e
3.1.1 S4&E HAWMESETK, 125 CHIIRIIET, ABUKTE#H 03 AR EMLE. TR
RN, SEEBGFIRE (EPA) . EEBLL %425 A (NIOSH) . 1SO Fl H 748 Tolkbrift
(JIS) 34 2R F B8 Ty g (DL32 2) . EPA 261" 0K [ i 15 YiE HE T R I8 5, R ARSRECR
P, TS SRR B ERN, TR B AR . EPA 26A" KRR E 15 YL IR Hh i IR P R 4 25
HERXSS BT I, 22 M RAEDER IR . EPA 9057 S - fe b 1 49 3% v B by 3 ko = A 1) S AL
WA, RHA/NY M ORI TR I E . NTOSH 79031 NTOSH 79074353 5% F Bl A e
R R N TR T ) B S AT 24 PR I SR SR, NaHCO,/Na,CO, Y it J5 34T 85 7 (0 38 I &2
1SO 21438 =2 : 2009 R F 14 A1 JELF4E PEREI TAES IR S 5P AL SR, REE 240 LESEKMT,
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AR 0. 01 ~ 2.5 mg, Nwaboh 557 5% M A7 e £ 4EIRAISC S AR W R e e I AL A,
R A AEDR T SR AN B R BE A 10% ~ 37% (k= 2)

MR TRACEN /30T 518 F A & k™ | RS 2E R SRR OBk i
B RIEMRIEH ORI O BE TR, PR, il SRR A M, RIEA S A0,
TEIRER A B R BT E . RS, AESIREST . Sk RgEE . Bk, HoRH
FAREN . GB/T 37244 — 2018 H4 1M E LA 500 mL/min 14 0888 N P47 25 B8 TR B AT VA TE R DU SR 2 0
(PFA) BRI, RAFREA 100 LIy, &l g f b EnkE R 47 0. 01 pwmol - mol ™' o X1 Bl 4
DIFG BRI SN AR 2 M T S WSO, #25H) OH - SR 247 0. 33 pumol, 78 500 ~ 800 mL/min [ SRAE
T, wHT WSS S R/NT 0. 1 pmol-mol ' W HEEE S . HJ 549 — 2016 FH K BBt S 43
MRS 25 S 2 15 G P AU A REE 60 LEMEZAS R EAARTUR 10 0 mLI, Jridfi bR
70. 01 pmol-mol™'; REE10 LIEEIGYFES . E2EER50. 0 mLIF, iR R 40, 12 pmol -mol ™',
i 57 R PR DRI R AR SR P I EAL S, DLESE TR gDT, & ikl e UL Em e
HFR /0. 007 pmol -mol '
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Table 2 Analytical standards of inorganic halides at home and abroad

Region or . . . .
.. Standard number Sampling mode Analytical method Sample source Analysis object
organization
US EPA 26, 26A H,S0,+NaOH IC Stationary sources HCI, CL,, HBr
9057, 0051 H,SO,+NaOH IC Stack gas emission samples HCI,CL,
collected from hazardous waste
and municipal waste incinerators
0050 Acidic particles: teflon IC Stack gas emission samples HCI, Cl,
or quartz filter membrane collected from hazardous waste
HCl or Cl,: H,SO,+NaOH and municipal waste incinerators
US NIOSH 7903 Alkaline silica gel IC Air sample HCI, HBr
7907 Quartz fiber filter IC Air sample HCI,HBr
impregnated with Na,CO,
6011 Silver membrane IC Air sample Cl,
1SO 21438 —2 : 2009 Alkaline quartz fiber filter IC Air sample HCI,HBr
membrane
Japan JIS K0107 : 2012 H,0 or NaOH IC/ silver nitrate titration Flue gas HCI
JIS KO106 ERRA- ABTs spectrophotometry Flue gas Cl,
TUM 1 : 2000
China GB/T 37244 — H,0 IC Hydrogen fuel HCI
2018 Appendix A
HJ 549 - 2016 H,0 or NaOH IC Ambient air and stationary HCI
source emissions
HJ/T 27 - 1999 NaOH Mercuric thiocyanate spectro- Stationary source emission HCI
photometric method
HJ 548 - 2016 NaOH Silver nitrate titration Stationary source emission HCI1
HJ/T 30 - 1999  Acidic solution containing ~ Methyl orange spectrophoto- Stationary source emission Cl,
KBr and methyl orange metric method
HJ 547—2017 NaOH Todometric method Stationary source emission Cl,
HJ 1040 - 2019 NaOH 1C Stationary source emission HBr

3.1.2 & &’ &RWIHETK, 7E25 CHII RRIET, ABUKaEM 2 BN E R . &K 55 T
W, SR N A R ARG T B AN SRR, EEESRAE FAsE e TRk
JEEEE . EPA 26 FIEPA 26A Ml SAL ST, H5 4 MRNURH B, — . Z RO TR
e, = PRI A AL IR, R B T 2 I bk 2 P liein . S R
RFACE S VTR ER ORI, e T, SUFERR PRI W P v A EE AR AR e e PR T i, A
— R T ARG, 1 SR BT ER BN 5 IR SRR N, TR IR T BEER
SRR 2 BE/R A T-o NIOSH 60117 R AR S SR, M NaS,0, Uil G #4715 1Sl & .
BT R0 LEK,, %7 EAIIFE R 0. 007 ~ 0.5 wmol-mol ™', Cassinelli™ 5% FAH [F] J7 v & 23K,
HEUR, BRI FRIERZE (RSD) A 7. 2%, W75 - 1. 3%,
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B2 o R AU, AR IR AR O bR, B iF s . b Rk i
SUAIFA R, BT ICERER BT T MR S, Bk B A S R AR E S R, K
BRRESE, AEAIR RS

DA B AR e/ 8 -0 3 v 8 GURB AT AR, H H 549 — 20167 721 8 PR5E 25 R ok i 5 15 YL Uit
A EARR, SR T AN EAENE N T, B EPA 26, il IR WSO H B
WEISCRCRAE S I S BRI GER, 0T BB T, RS 0 T S SR &L S NE, 4558
FEUH Y ] 5 75 YL R SR SRS BRI, EHER HAKERIORCR EEEAL SR, REA SRS
T YRS EEEN, R - 0B RGC R BN E 5 YRR, M A EE A, XTHE
T ] B PR

A SN G ALK T e B RSO A ], 36 Jm 3 (0 2 iR 22 5 . 7RI E Sk

WS KR, A S . TSR B i Lk T, RS L TR X SRR
FERMFTNRE, RRE T 8Tkt .
3.1.3 RS RMAEZETK, =il FIRALEIRARI TR0 69%, X TSN WA
HEAEAEL, EPA. NIOSH RSO ¥R & F Sk E . EPA 26X T REE 60 LIESR . &R
150 mLIEF, 7R A 0. 1 pmol-mol ™', EPA 26 A" % F %41 000 LIES, . ERAEF A 300 mLE},
J7 1A PR 47 0. 04 wmol-mol ™. NIOSH 7903 5% H SR it ik A i B IR AR AR T BR M 0. 9 pgo
NIOSH 7907 R H BB 4E DI & SRR, R REE 240 LEA, TRzl 47 0. 000 3 pumol-mol ™',
Nonomura %5 % FH G AL ANVE AW, T 1ok o] [R] BRI Boph S i i R0 S A B Sk .

TRAL S N AT bR 2 SR B s, HI 1040 — 2019 FBREWRA IR 2 i 1] 5 15 il i < Fl 28
SRR . A TOREE 20 LAALHERURS . BB 50. 0 mLEY, J5ikk iR 470. 01 wmol -mol ',
HoFF R4 30 LA HER I 2R B ARFU A 10, 0 mLBF, J7iKE R >4 0. 002 pmol - mol ™', HH
BEAEDORANT T B TS I E B S SRR P R E N i, Y OREE 60 LN SRR, KRR
0.000 6 wmol-mol™'; 4 R4 10 LIEH, #HFE 40,003 wmol-mol ™', & IIFRENLZE A 95. 6% ~
102%, F AR N FH kD i R B2 1 5 15 YLl S R IRAL AL, IR 4 93. 0% ~ 105. 0%, 1% J5 i Akt
PHEE, REED, RSO ER, skAIA 2 | ahdb e B, FIH S Ttk g
AR IIRAL A, JTERER 47 0. 003 wmol-mol ™', RSD A 0. 165% ~ 0. 266%, H.H 4745 w5 i lul
gz
3.2 H [

R 51 F K. 180 14687 — 2 1 2012 " " HEXE R AL AMEIEE (FTIR) . GC - MSiE B0k E
SRR A EE (WL 3) . 1SO/DIS 21087 : 2018 (E) ™ Bk — 4 ML 1 H R A /3 A b 35 B4 ASTM
D7653 — 10(£L4M% ) FJIS K0127 = 2013 (&5 F-fai%i%) . El N FRiE GB/T 37244 - 2018 L) ASTM D7653 —
10 M3 T77% . ASTM D7653 — 1044 9 pom BRHL ARG 2 AT 16 wm AR RN 85 EAT LA, &
ARG ) 25000 52 SRR H B R A B 344 0. 02 wmol mol ™', ¥ & BRI FR(EZESR . AHIL T4t
%, S aakkalE s IR, RRIRAK, REVEE . JIS K0127 : 2013k & @i 43 41 id
W, SRS b H I 000 5 M AR AE . NIOSH 2011 R bR 3 S5 R, /KBS T 11
TEME o T REE 24 LA, %5 IEIREITERE 4 0. 13 ~ 12 wmol mol ™', Gibson 25 & T —Fhk 5h
P HUEBRERS, WS E TS T ISR S SR QIR BRI E , WERTR RIS KSR
T R BE Iy 2R I

PRI 20 BT 7 vk B S ik A RS . GBZ/T 300. 112 — 201742 S 7KK
R TR R, IRV R G R, A5, G E TR 28480
MTREE4 5 LER, A ERN A IR 4 0. 58 wmol -mol ™' . HJ 1004 — 2018 % J & a3l ik
W E B R , AHA TR SO KA K . AR IRAT ] N AR i Hp e 2 88 - o B AR BRI 7 i, B
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SALHHIBEHE, RAERA 40 LI, & @A E HIRA AL IR 4 0. 005 wmol -mol ™' SEZLEE ™ H
ST A I RE Tl AP R I 0 AT 7, SRR B R 20 LIREH R B R HEBR 470. 01 pmol -
mol ™', MIARIETUSZR A 93. 0% ~ 103. 5%, Fil e R F 2 RAE — 5 1 € i i G D) 1o 0 e B 03 b B TR
PRI, 5 E3RAEE bR IEBATARE BRI 25 R BEAT 1 HLES, R BLMRh 7 ik m R 48 R A —
Hok o H T A IR ARk g £ R R AR R BEATARUEAR R ST, 0 R SR B4 1
W75 %% o

3 [ SR ERE) S AT b

Table 3 Analysis standards of formic acid at home and abroad

Region or organization Standard number Sampling mode Analytical method Sample source

US ASTM D7653 - 10 Direct injection FTIR Flue gas
US NIOSH 2011 Alkaline silica gel IC Air sample
ISO 14687 -2 : 2012 Direct injection or preconcentration FTIR, GC-MS, IC Hydrogen fuel
China GB/T 17068 — 1997 Alkaline silica gel GC Workplace air
GBZ/T 300. 112 - 2017 Alkaline silica gel GC Workplace air
HJ 1004 - 2018 Direct injection 1C Precipitation
3.3 &

ZARBHET K, 1625 CHILREIET, VEBUKAT R 700 R . SUREH b ik 2 2
BAAMNEEES | &k OB E %1% (CRDS) (WL 4) . HEEGERHNA NSRS E
A G, RN R, KUY, HBERER I R R (291 h), H 552 31 H A A% R
T, BTG ENSERICTHEE KB (2~4h), XA, HAEW [ B E 245 .
ASTM D7550 — 09">% H e BN & AR I, AKUEEHITE F ke, RIsEFEmENA
], %7 iE0) REETER 4 0. 001 ~ 1 pmol *mol ' AN &0 A Hofth /3 B brife 4N 4 Bir 7R . NIOSH
6016 IR VERE IR AT RAER, BT AL 40 b7 30 L2, al K i (9 385 6l 4 24 ~ 98 wmol - mol ™',
1SO 23919 : 2020 R HIBR RSO R MSCE I AP 92, RIKERFGERERVENE, 28 7 (it ik nT Al
BB AR A 1~ 30 pgo JIS K0099 : 2004 LUIR R M W R I, 4RI AR AR
350 mL I, 5o vk RS IS A 1.6 ~ 15.5 wmol-mol ™', Asada 25 5% H 500 ‘C Fifb i 2 FLI%
B R AP I T 3 Ak g, RSB0 1T mol - mol ™ B P24 NS AN RSD (n = 5) 43511
$397. 0%F13. 5%,

4 BN TR

Table 4  Analysis standards of ammonia at home and abroad

Region or . .
.. Standard number  Sampling mode Analytical method Sample source
organization
US ASTM D7550 - 09 Nylon filter IC Hydrogen fuel
membrane
D7653 - 10 Direct injection FTIR Hydrogen fuel
D7941M - 14 Direct injection CRDS Hydrogen fuel
US NIOSH 3800 Direct injection FTIR Ambient air and combustion gas
mixtures
6016 Acid silica gel IC Air sample
ISO 23919:2020 Acid solution IC Cigarette mainstream smoke
Japan  JIS K 0099:2004 Acid solution IC Flue gas
China  GB/T 14669 - 93 Acid solution lon selective electrode method Air
HJ 533 -2009 Acid solution Nessler's reagent spectrophotometry Ambient air and exhaust gas
HJ 534 - 2009 Acid solution Sodium hypochlorite-salicylic acid spectrophotometry Ambient air

HJ 1076 — 2019

Acid solution

IC

Ambient air

] P 2B S AT 5 TR AN ERGR R 43 O BE TR L IREIR AN — KRS B TED . B ik Bk
EUTHE AR . B3RO E TSR, BB, WELHRSZIE . pH{EDI A X5
YLEE P R 5 1O E I E S B A SR kM, fEE RS2 N . HY 1076 -
2019 R EREE S S AR SR RN U8, SR B PRSI, P BH B - i AR A 3oy 5, HL SR
ORG24 SREE 30 LIS ZS S, Wi R A A 10 mL IS, 200K HFR 470 004 wmol-mol ™', ZSLTAEZE
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HBEIR W CRCREE TAE I 2 SO M, & a2 B B TR W SO W MSCRL 8 R 1 99%, RSD /)
T 5%, WS T PP LR BRER 1V A RSCHCRAY , ] S s S S P A i,
WRCR R T 98%, 540 Fia Ao 0 B 1 I 8 25 5 — 3K
3.4 B W

SUREH I SRR B B R AR B 2, B IR S R BRI i R R AT I S R, SRR A R
e B BAR AL (HS) . BEER(COS) . HIHRE(CH.SH) FIHALBR (€S, % . E AV iy
BT ik R A A SR R W IR SR RO RO Rk A
PEATE S (FES) . Bk RS . ZIRHTBLE R IOEHA I . SME S E A TR
BT, AMETE R S eV R, L AE A PARE R ARG 5 0T LU R BT
PR, H TR TIRAEEL &S A AR — Siib2s & EREES (GC — SCD) " RIS A RS — KIEE R %S
(GC — FPD) " & il A A 32 30347 77 i

%5 E AT S AT R

Table 5 Analysis standards of sulfur compounds at home and abroad

Region or . .
L Standard number Sampling mode Analytical method Sample source
organization
US ASTM D7652 - 11 Liquid nitrogen GC-SCD Hydrogen fuel
preconcentration
D5504 - 12 Direct injection GC—-SCD Natural gas and gaseous
fuels
D6228 - 19 Direct injection GC -FPD Natural gas and gaseous
fuels
US NIOSH 1600 Solid sorbent tube GC-FPD Air sample
6013 Solid sorbent tube IC Air sample
2542 Glass fibre GC—-FPD Air sample
ISO 14687 —2:2012 Oxidative combustion IC Hydrogen fuel
14687 —2:2012 Direct injection GC Natural gas
} Oxidative combustion IC Hydrogen fuel
Japan JIS K0512:1995 . .
Direct injection GC—-FPD Hydrogen fuel
China GB/T 11060 - Todometric titration method, methylene blue method, lead Natural gas

acetate reaction rate dual photo path method, oxidative

microcoulometry method, etc

NB/SH/T 0919 - 2015 Direct injection GC-SCD Natural gas and gaseous
fuels
GB/T 37907 - 2019 Direct injection IC Reclaimed water
GB/T 39305 — 2020 Direct injection 1C Reclaimed water
L . Crude petroleum and
DB21/T 2974 - 2018 Oxidative combustion IC

liquid petroleum

* indicated that each method in GB/T 11060 had its own sampling mode, which was not repeated one by one

1SO 14687 — 2 : 2012 F1 JIS K0512 : 1995 747 R ke Ak — 257 o iy e SRRk if i
g [ R ISA h  BRAE TAE EE EI B TGS, IR B KRR b iR, SRS
HATE TSP, ATaERLLSO, it Mt TARA AL, Al - & T bk Efig . s
ko Fung ZE g MRBEEAL — & F @A H TR YUR Y 228 FE 007, ZePETE I ik 3 M
%, EEEINT 2%,

] PR o i v AR bR, A R R A KT R AR e Y, B
TSR AL 0 & G o MrbnifE . FF T RS R AR LS 8 SRR R S A K b fE R
g, CREEARR0. 1 LI, %7 MR R 24 0. 07 wmol -mol ™' RIJFEET H AT S A AL AN
R 22 LB R AR TAE I S S AL &, R 0l — 2Rl gstaill, SRAERBUA
7.5 LI J5 A PR 47 0. 003 pmol*mol ™' XUMRZESE ™ 4 B00 Eim M P ik E& S H A& . &
RN, & ZRERBTIA IR IR SRS, R &8I 05 — Pkoh RGN A 7007, Jrikm
R B I I Wi R A o [ P AR 5 - i o A SRR R A S S ki i . R . AL AL
YIS T3 6.
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#6 AR TSk o b SO R LA SR P B ik . R . SR e 5T
Table 6 Researches of total halogenated compounds, formic acid, ammonia and total sulfur compounds in hydrogen fuel and

other gases by ion chromatography at home and abroad

Sampling mode Sample source Analysis object Reference
Alkaline quartz fiber filter Biomethane HCI [22]
Na,CO, + NaHCO, Hydrogen fuel HCI [26]
Alkaline filter Air sample HCI [27]
Silver membrane Air sample Cl, [30]
H,S0, + NaOH Stationary source emission Cl, [33]
NaOH Fuel gas HBr [34]
H,0 Ambient air and stationary source emissions HBr [36]
Na,CO, + NaHCO, Stationary source emissions HBr [37]
NaOH Ambient air and stationary source emissions HBr [38]
KOH + glycerine Ambient air HCOOH [43]
KOH Hydrogen fuel HCOOH [46]
Na,CO, + NaHCO, Industrial waste gas HCOOH [47]
K,PO, + NaNO, + glycerinum Corrosive gases in museum HCOOH [48]
Porous carbon Air sample NH, [54]
Methanesulfonic acid Workplace air NH, [59]
H,S0, Air sample NH, [60]
Oxidative combustion Fuel and wastes Sulfur compounds [68]
Alkaline solutions and H,0, Natural gas Sulfur compounds [72]
NaOH Workplace air Sulfur compounds [73]
NaOH + sodium acetate + ethylene diamine + ascorbic acid Cigarette mainstream smoke Sulfur compounds [74]

4 R E

FCV HEA IR B A 20 SR E b O PERE , BT & 38 & BRI B AR S T E A 174G
o BRI R . b . REUE S ML TRASN, W& T ER K
k. Wig. @RS T, HENE FERHEERE SR B RIFEESR . KRR, WA
SRS IZ N, AR SRR AT B ) I AE RS P I B . R E SRR bR GB/T
37244 - 2018 A ki Ak . W . RS BRAL N E AR IBFR S &3 S IS0 14687 — 2 1 2012 il &,
Pl b R S iAok B -0k, KRR 1 B - e S0 B v i N B . Bk 2 1
WEAE SRR A T ) e AV Y

(DX T IAL e, M TRIRIRA 2% mERRSOEEE . WA Mt
Bk, ETOEREUER . BB, aTEBE SR . SRR A, GB/T 37244 - 2018t %
A RA2E T EUREH P RALE R T, SRR SR AN E T

()X THERMME , ML TLasEREE . KA - Fukik . SRS, B aifkrsd s
WeE WS, SAFEARMR tHPR . 870 i 0 i SRRt SO SR SUR P I IR A K EHGE, H
PRI T B — PR

OXTTFEME, PRAZSFOFTEIAR, &7k b B RS B0 2 s sz 20
2R ERNER bR C AR MRS S T nk, SRR ) & T B N A I bR

(4) X T BB e, BREA — & T aifE B AR R 7 (8 . SRR/ o pr il )RR
A, COINERREH SEAE I 7%, AR PR EREIY, R — & TR R IR
AR AP S s RS AR BT A BN, B TR AR T GE . B b AL -
B AR B, v DALY U AR P IR B SRR 2 B AT b

Sk
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