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Mobile noble gas analysis

— Report —

Mobile noble gas analysis: A trial of on-site measurement of noble gas

elemental abundance

Hajimu Tamura'", Hidenori Kumagai', Keiko Sato', Katsuhiko Suzuki'

A vacuum sample crushing system equipped with a quadrupole residual gas analyzer was operated out of laboratory and
was proved to perform reliable sample analyses of noble gases and coexisting carbon dioxide, water, and nitrogen. Careful sealing
at disassembly and assembly maintained the apparatus under ultra high vacuum of 10 Pa that is comparable to the pressure in
usual operation. The analyses of a gas rich basaltic glass from East Pacific Rise, 6K834R4, represented minimum detection limit
down to 7 x 107 Pa as a partial pressure in the instrument; the value was determined as the difference between an apparent value
of change from a base line. The result demonstrates the potential of “on-site” gas analyses on fluids on research vessels or vehicles

when the sufficient electric power is supplied and the apparatus is treated carefully at transportation and assembly.
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WERBLED 2D O H AGHTIC BV TIE, Wkl
T B HENILLAAET 5. MEGE) L BE T 5 &
ZZONDEMEARLHEAKD L) RBHBIRTOR AT AT
FOGAERFEMAARILO LB, FERIGICD 2=/
b, ALK OB E T B WEITGE OB Z RIET 5.
) L7=Hm A AMBEOESOBILD-012, Bk
AR REL, EBRINTRMAHESEZ 5 L Tw
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DB, I AREHE, KA TORPUT X 2 Y%
Jond, REICLZ2ABOLIBELRTVE VS
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M@ E2HETT5 2, XY HELRE TS %
WEIZT A E W) FELD L. TR E2RET LY
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GHICEST A X > TR EFLIMAFZI THEETO
GMTRETH B, WA ARG S N5
TR RV E = AT et Al RIRENICES < o KRBT
B D72, WEIHEATA L EE L T2 LOHHc
FHBICRON D, 20X ) 2l rd 5 Eidwvz,
A OFEIIKE L, S5, HMTHRONZNE
HICD Lo X EEO R % ZOWTEYTH LT
FEBRETORBGMEZ LV AALZETIT) T LD
T HEWZ % %, 2 1F Zimmer and Erzinger (1995) TlZ F
AV ORERZIE 70y 22 b THAHKIBIZBWT
PHIRAR D D H AR, HHALEGAIEEE T
MEFTATTHERELZ Ty — L TWA. JEMIERSE
BERE (B - AL U 72 i P MR A I 58 & FE Mt
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Stroobant, 2002). 72, WA AILEDA F ¥ Dm/zilt
BN E L, KRAPICEINRLH N AR RL KRS
INDLHTAUNOWEDA F > Omiz L T %720,
INOLAETELROMY R 2DICHEENOLE %
KL BROLENDH L. 10°PallTOENI KD BB
DIIFZD=DTH DS, HiEEZ PR T HDART
ENENCREEO B EIERA TS, C0Xko%y
ARGHOBICHRB S NS L, TOHMTHAT AILE
kv mzE DL ICA F sz b oL, &Y
ATCHEDAF Y E—LEE - THRINEN, 50 21
FELTLED. HEEFHLIRLOOMET 52 & (-
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WOZ ENEETH 5.

BB A A GHTIC B VTR, EEOBI ORI
BEOEIEBXOGHEIT) 2 EZOLND. Hiljk
& O AER AN AESE AT BE AR IR O 2 2 AT
BT OEMERDL, POk BEREERL TR,
FEOBE}IME > CHEZEILR W LIESHT 54K
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9 5.

ZOX) BEBOELBLOSMIIBVT, EHEN
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Turbo molecular
pump
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2. BEM B X UK

Al v 7o B 22 EORM A 2 1 (Fig. 1) 1%, BiZHE A
IR S 7oA 4 A & 50 BT 21 (Sato et al., 2005;
Tamura et al., 2005) D—# & LT, 20024FF & ) %2
B ONEZ BIIE L, 2003 4EBEICHLAN T E ATV, &
MERIB LD TH S, WA & U AR R
53 W7 & Stanford Research Systems 3 RGA200 % & o8 &
B 2245 (Fig. 1D B~D) SO E DDHEFIZIM-THED,
a4 VEIEB X TRGA200 O HIENEE 2 B &0 29 g
T AEEGHEBE LY VHEL TOEHDIETHS.
7Y A YR e AT R AT IR AN A S A7 TR O A
557 OWENTHE . KEFRO-O, HHTAERS
MEEPSYVEEL2) 2T, HERNEEIAVE
T8 @ H1H % Adtek System Science # AXP-P102 % JH \» 72
b DIZZ ¥ L 72. RGA200 I Stanford Research Systems
# RGA Software ver. 2.30 & JI\WCHIMI L, TNz @k
ERLE720ODTy Ty TMa s a—y—2HEL.
EEZEISIIB W T, WRoERRICT 7T v b
(ConFlat®) 7 7 » TV L LTHIGN A F A 7Ly YRR
IV —Iv7 T 2T (180, 1986; i PNIZ A, 2007) = H
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Fig.1. Schematic configuration of the vacuum crushing system modified from Sato et al. (2005). Squares and circles with cross are vacuum valves. Valves

marked with circle symbols are operated in the experiment. A - G symbols indicate parts of the instruments which are A; oil rotary pump, B; turbo

molecular pump, C; sample preparation and measurement part including the electromagnetic vacuum crusher and RGA200, D; sample purification

part, E; electromagnetic coil, F; coil and RGA200 control including PC, G; sample purification apparatus for isotope analysis.
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F RS ESEH 7S VE LTRLHWSRTWS.
FANT—=F1) =R T L7 —R5TRYTOERIZIL,
IAY Ay T TELTHLNE0) VT Y=
75 TR T T Y (HARBMEZ, 1988; BN
7,2007) ZHHLCTWS. ZOERDTS VDL,
ATy MAR—=VE—IZEE LZTLRO) VI x T = —

YIS YTTRHODIFAIET, BHITERTE, H
OEBERMRT L2010 v EeNnDs ik,
1994).

AWIEIC BT LRl oM 2 L7223 HNE, 23
ZbHLREOHHRE Z QEICBVWTEES A TW
7ol TH D, FHBRIIMEEICHEIRICHEGT 5 2 &8
VETH B0, HBED-DRHIZOWTIE,
L 7B A3k 2 TV 2 B8 RE & W 72 7 T A RE o i i
GHTE L7z, RWFRIEIEREI I NEREGH L LT
WA A EZHELTWEA, TNEIFHIIE, &
ABGHINHE L72ENICBET 57200 F ¥y ¥ 5 1) —
RV 2 OBMALEETH Y, »DORENDTG Y
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etal, 2007). A58 TIEEEHI R D I A DK T 9O ff
FICHMITELIEDNLET LD, 20X 2R
AL 7.

3. ARERTI

il R 0 B 2% SRl 1 3 8 & TAMSTEC A 28 8 A H R
WTEB L, BEHOHIZTHABOTAZ 5§52 LT
REEZ AT o 72, BENCE L CIIEE 2 UM o5 125
L, BEIBMAN. CTEAiTo72. MAV.THRIEGH O
WS REERPER Z AT 2 7208, XR=F v 73 b %o
72, FIHOFEMIZLLTOMEY) Th b, ¥iE % Fig. 1OD
& G OB T A7 A 8 53 HT 218 (G BB 2 5 1)
DEEL, ABEHgRECH AL F—FKpFRYTS
TIEMPEA L7z, KIZ200° C TEBEEARDON—F >~
7% 12BERATV, RIS H L CTHh S B O 58 &
1oz, Z0HK, TXTONVTZHD, HiEzsl
ot BEEZEE (Fig. 1 DB~D), ¥ ra—%1 —
AR 7 (Fig. 1D A), 24 )V (Fig. 1 ®E), M (Fig. 1
DOF)ZUFE L7 BEEERSOBENE, R
BLTWEF v AY—%HWT, EBRHSHICHB%E
BREP SRR ETO MR E T, @7 A7 7V b
BEXOEKEEL)BLOTLRN—7 —%2fH L TR
L L7z ZhDA o, FURECllEgE L7
BE%, KEOMALTEZITVY, £ va—%Y —K

YT RAE, 300%ICY — KT RY 7 (Fig. 1B %
EE L, 1B TRTONV T 2B L Ol
WOOPERZBMG L2, 12BNV 7 V8 Z o T
BEGOSHT 21T 72, BEIZOIE N, X—F 7
T rb Loz,

SHTICER L CUE, B O DY F AR I AT R
TxVIZHOTHIEBREL L, WExTwo2o)
BEgids2eT, WEEOLE)%2BI% L7z 5
R DR AE % Table 112", WEEAT I mzid, #AFt
SHHC X W SRR S T AFE Ny 7 75
VRICHRT LWL S DL T AR EL L ) Ilmz:
4, 14, 18, 40, 44 L7z, 3 %bbH, EH» 5
ENTHADIEL LTHHTATLEDONY T L ET N
TUERY, bobdMWE—r 2 BohbEE2D
NDm/z: 4 (‘He B LT, 40PAN 2 llET LI &L
oo Ny Z7I2 Y FIZHRL) AL L TIEK,
BR, RBITALZRD, ThZhumsz: 18 (H,0), 14
(14N+ I ARA DI 14N22+)’ 44 (12C1602+) FHIE L7, 2EIT
m/z: 28 (NN DSHh o LA EDVLWEEZ OND DS, il
F L 72 RGA200 Tl A4 5o —FE b i 3 (2C10") 25mv/z
WIZAROLND 20D, THEOLLZWEEZONDm/z:
EHW FE2RCHKRTE2mz: 1404+ »iF
UNT W LI N O DD 5%, oWE TR S
BR Y M3 L 72 RGA200 TO Al £ F+ AR E L %
W, A F VETERDFVPIMIND I EILD
UNTHFERTH D EEZSNL. SN2 RGA200
X7 7 77—k & X 0 EKEE @ Continuous Dynode
Electron Multiplier(CDEM) 1 11 % O —flifH D # H #F & fif
ZTCWAEY, Edos bbb 2amibirnet#
ZAHNBANY Y LDACDEM B ZZ v, iz 7 7
I 7 — kg% M L72. CDEMMH 3313 R E 1- 3

Table 1 Operating setting of RGA Software in this experiment. Target
rows contain target materials and the specific settings for each
target material. CDEM and Faraday in the detector column
specify the detector type to measure the material. See text for
difference in detection mechanism between them. Integration
row denotes integration time of a measurement in second, and
display style row denotes the mode of measurement and style

of partial pressure display.

| Material m/z Detector
| Helium 4 CDEM
Nitrogen 14 Faraday
TarQEt . Water 18 Faraday
. Argon 40 Faraday
| Carbon dioxide 44 Faraday
Integration 1 second
Display style Pressure vs. Time, logarithmic
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5% @ —HTdH % (Stanford Research Systems, 1996). —-
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FIMEZ T 2 BEE— FEFoTnh. ZOBfEE—
FEMHWT, @z DL, WE M2 Wi sdmL
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il L, 2otk MEHOEEHIER SN % o723
FERBERHOBREATAOWEME LTHWZ, 724
AREIT X o TUIZEZREEE N OWE DI 57290,
WEMOY — 7 OHE ZWHHEOWEME Lz, 2D
WEBEDOPSEDFMIZ O VTR KRR T 5.

4. R

BT A 53T IR D RGA200 D Y I ZE B O 6l % Fig. 212
IRT. B XD KBTI ANV BT T .
MDORFEOFEAD IZEELTIX, NV TABLY
TN T NZOWTUT PO E H 7z, PHEENICAL
SO RFAFRIZ D W T Id Tamura et al. (2006) 12 THZ 7 —
WMELTnaE, EBREKIELICLE LS, 1058
JEDOGHTCIEFHE S L 3K 2 S Nk h o7z,
COHT— Y OREEEREME LTEY, #ANGF
oW d H 5. RKEFATIZILDS L>TE—2
R L72%, MEEZRLTVWDS, ZHNEHTAGTH
AF V= ATHIRT Db EZ bNb. ZODldE—
7 by TOMERREME LTHW, ERKEKRORD)

Table 2 Comparison between pre- and post-relocation states of the
instrument.

a. Helium 106 Pa

Partial pressure
N IS

0
b. Nitrogen

104 P
T

Partial pressure
o N B~ O @

c. Water 10 Pa

n
w

5 20

Partial pressure
- -t
o o o U,

A
d. Argon 106 Pa

15

Partial pressure
-
(&) o

(]
a0
oo
x
&g
@ 3

102 Pa

Partial pressure
o N B O ®

(=

500 1000 time
(sec)

Fig.2. Typical snapshots of gas release. Time scale of each graph
is same. a; helium, b; nitrogen, c; water, d; argon, e; carbon
dioxide.

Pre-relocation (Pa)

Post-relocation {Pa)

Total Pressure (blank) 4.5 % 10° 3.2 X 108

Before crushing (Pa) Released (Pa) Before crushing (Pa) Released (Pa)
Helium 2.0 x 108 1.2 x 107 2.6 X 108 4.2 x 107
Nitrogen 4.7 x 106 16 x 104 2.5 % 108 3.1 x 10°
Water 8.4 x 10°® 59 x 10° 3.2 x 10° 1.1 X 105
Argon 2.2 X 10° 1.2 X 105 2.7 X 10° 4.8 X 10°
Carbon dioxide 3.0 X 10 8.5 x 103 2.0 X 10 8.3 X 1073
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BHOLRIIANY YA, ATy, B bRFEERL S,
W otmaw S MEBEVZ ERSRE» ST 2
B EREZEZIZL VDT, £ F VIETOREEN R LK
FORISN & 5~ bk FE L AKROERZ FLCT\w % ] hE
HddHsb. _BILKFEOLVEHTOHHIZOVTIE,
PR PDLETHAH ). FBEELET LT UICO
WTIE, AL ZIROE =7 HBRHELTWDL. TDAIN
£ 7RE=271%, MoOPETIEFANS Z7IRE =27 Tl
T HERIROBHKE LTRATWAEZ LD B, F
FTA I VEBED TV ¥ MLOBE OB LD B L Bt
7eH, KOS R CTHIREEL TV LG DH S
DTHRLZDLIHGLEZONL. AL ZIRTH 5B &1
WE IO RREMB L TW BB TH L7720, BEAMNER
MEELEZIZL W, A+ MEORRETHNE, =
ELTIRARBET, E0A4F L2 vwAy 7 A
FROEN DA H > T LNBEREEEZLNDLD, ZD
I BRBGRBEINT RV, AT LARLKTHERS
NEnwZ enbEZTH *¢®&T$Lé§®fu
Tl, Flmiz 40w LI TEVWERZ RO A F v
TYAr LD ZRBIHFAET DL DIFEZITLVWOT, B
BAOMAED/ NIV EICE MmO F v E—L2Hh 5D
EELyEbhiw, ZI2TIE BFEIZOWVTIZA
A7 RE=2ORKfti%E, 27 VIT VIOV TIEE
WO P2 RFME L L7z,

BEni b L OBE%OGHTR R % Table 2173, B
B ORI O SERER, KRBT R, Koflz
EICKERBMEZRL, L LASERER K ¥
fERFIZOWVTIERA LTS, ZHIEBEH O¥EE
DEHWP 5Tl ol L ZRIBT 570, —HTE
BRI X D KEAD/NZ AT ol EZ DS,
PR AT A DWEME D BB ORI THML TW2RWwaT,
TENEFA VT =5 ) =R T7OMD LD A
ST EoTHEREINR TV REWEEZ SRS, B
DBEILEDOIETNL, 45X 10°PaTH -7z, Fik
DB E 22 K@Fﬁ@,%%@%&?uﬂmﬁ’%t
N7z, 72, NUVTVIORKIZE - T, MEEZEHNS
DEIZ 10 PaHIZeg s L7z, _®Eﬁi%ﬁxma
GINTEEEE 2 B A EES A i O MR B 22RO T L A
ThY, LkoiEh) 121 PRI ;ofé%_ﬁ¢
L, 32x10°Pak 2o 7. BHORIHICBT L0
OWPEEIL, NI AETNTARIFITE L VDS, EHE,
J TR R EAREICHI LTS, BENICHES

BEEICRNDE L 2O THNET RTOH AHH
%Liﬁbﬂﬁ“é«%f‘%éﬁﬁo, ENNELENZVE N
) ERRNEREL T ARDot b ) T ENTE S,
—HZITHALTWA T AZRRICHRKL, R

Table 3 Partial pressures of measured gases in the experiment.

Numbe;r of | Helium Nitrogen = Water Argon giﬂﬁg
e 10°Pa 10°Pa 107Pa 107 Pa

1 41.9 30.6 10.6 479 83.4
2 37.0 66.3 283 454 83.9
3 36.8 78.0 88.7 43.8 83.9
4 297 91.9 185 4338 81.6
5 29.7 95.0 21.9 326 79.4
6 20.9 63.8 9.8 374 62.1
7 213 60.6 10.1 39.8 63.1
8 329 19.8 11.3 33.0 66.6
9 203 326 9.0 19.6 62.8
10 18.3 54.9 15.8 18.6 65.0
11 4.0 8.9 223 20.1 8.2

12 12.7 17.4 8.8 34.6 64.3
13 138 40.5 94 358 103.5
14 10.7 15.3 6.4 23.0 50.0
15 10.1 222 154 346 56.4
16 11.5 24.1 9.7 18.6 60.3
17 13.7 33.7 29.9 32.6 76.4
18 10.3 311 26.5 137 66.4
19 10.4 239 27.5 394 66.4
20 122 26.5 134 234 67.3
21 10.4 22.0 24.5 31.0 62.0
22 112 30.6 227 326 66.7
23 11.0 294 259 31.0 66.2
24 10.1 229 26.3 342 69.8
25 10.1 20.8 222 193 63.5
26 8.8 21.1 23.0 25.8 62.0
27 9.2 215 28.0 20.0 525
28 10.6 21.1 21.4 20.0 42.8
29 10.7 25.0 744 25.0 62.5
30 11.0 20.0 75.9 25.0 63.5
31 9.8 18.4 185 209 50.4
32 10.4 24.1 19.6 18.5 473
33 10.9 19.4 16.4 112 17.6
34 122 23.1 172 15.0 394
35 9.3 19.3 15.6 14.4 29.0
36 10.9 23.0 16.3 112 234
37 11.5 153 15.6 14.4 29.1

38 11.3 237 18.8 15.0 30.1
39 11.8 164 154 15.0 323
40 12.3 18.7 11.0 11.8 27.1
41 8.7 17.7 139 12.6 16.8
42 10.8 14.4 13.5 12.6 18.3
43 10.0 17.1 16.9 11.8 225
44 10.6 17.1 17.7 11.8 285
45 9.9 16.3 14.0 10.2 222
46 8.9 14.0 13.9 11.2 21.0
47 8.3 14.4 13.6 3.0 14.3
48 8.7 13.8 14.1 6.4 12.6
49 8.2 14.7 11.9 5.6 9.0

50 8.3 16.8 144 6.4 9.0

51 9.5 15.1 12.9 8.0 17.0
52 8.3 17.0 144 6.4 9.0

53 8.2 15.1 12.9 8.0 17.0
54 10.8 15.6 137 112 25.6
55 33 18.5 8.0 10.5 14.0
56 6.8 16.2 12.6 3.0 115
57 6.9 205 12.6 3.0 11.5
58 8.6 14.1 11.8 112 154
59 104 294 203 14.4 30.6
60 10.4 29.4 20.3 14.4 30.6
61 5.1 19.5 13.5 6.4 10.1
62 6.7 14.2 10.4 6.4 10.8
63 8.3 14.6 12.8 112 14.9
64 8.1 15.8 134 8.0 134
65 6.5 17.8 10.3 112 119
66 7.0 145 114 8.0 11.9
67 8.0 239 14.0 6.4 7.9

JAMSTEC-R IFREE Special Issue, November 2009, 41 — 50

47




BBy A5 A A 53HT VAT T

Mobile noble gas analysis

10!

Pressure (Pa)
S
=9

10

1070

1077

1 10 20 30 40
Number of crushing

& Helium

=&~ Nitrogen

V" Water

=" Argon

= Carbon dioxide

50 60 70

Fig.3. Variation of partial pressures of gases according to number of crushing. Nitrogen and water data are out of order in initial 11 times crushing.
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HEMEDSD 5. BEIZOWE I IBEH O ME DR S
#E), AV TEHREFIZISATIARBRARERMEL C
LHATbNTEY, XY EESTHHEHINT
DS, BERBRICOGLARAT AR TS L)
WCRZBHHEEZOND. 779 F—HgETHN—
AT 4 Y HCDEMMIEFIZHRTEH VO, WHREL
TWB T ADREBEOREDII)D, BB LH127 7
57— X B ENDIE BT OB L W) A
FOBRFIZES.
REOGHRERIE, BENC X > THEEO SRS
XEPEL TRV LEZRL TS, BEIOHI#£T
AN AR, AR FEDSS R, Mo AL -
TWwh, ZHNERBOFT A BB OBEmIZ L 225 Eb
N5, ZOBIIEkE 6THGW Z2IT - 72205, KO
I CTIEEFERKIIKE LB %2R L TW5 (Table 3, Fig.
3). 67 B TOWIIEANY 7 A%38.0 X 107 Pa, 7T
6.4 x107PaTH Y, A L H T v T TN
CDEM M #R3L 12107 PafREEO F A 2 i ¢ & ¢
WBHEE)TENTES,
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Wb, 12720, SGhxge Lz Ao 58 % B
LT A0, HIEBEBICEBEEAONR=—F VT E
179 BT v,
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TOIHAERABOEACH o THIR=F V7 E L
BLlLZww, #YLHIFREELHVD 2L
T, HEEHBABICOMEHDDL ZLDTRETH 5.
Erzinger et al. (2006) (2 & % BT O FHH1 ¢k, UE
TR AR AT BT AN A VB R & R IS EATTRE T
52 EEFML, #HEMICEILEMEITIRL 25
TWBH, MAAMBAIAEH LG, WEHE AR
AT TEMEA A ZRE L TORENEESNT b A L
EZD., AT U EAN) T LR T VT R T S
CETHADORBFIZOVTOHERIEOND D, *F
YDOGHITBWT, ®Ne' & 'H,*0/H,0 B X FAr** D
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IBERSEIH L. 2020, RSy ¥ —
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DHRELEBTELIKER N v 7B ) 7T
CEBRELEZTNEGONTAIENTE LRV, HAD
K 2479 &, 2 oimia 23, BB 254
DR E LTT—= WO N5 T LIZHR DD 0.5~
1RFRIZD & 1RRB oG THITEIWEETH 5 & it
EEIND.

F i Fas
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BUF Y B EIR Wt % 450 & 3 5 R ZE B 58
B HERNER A B £ > & — BRI BRI T — & 0 #r i
WIEZE 70 275 Ao &h, B & O HIER N SR B2 &
Y —MREERO TN R IR FRRER
11, REE OB O 2 TRHE 2720,
IR F AT OB RS H0%, Al LB X O
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