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Trace Analysis of Hydrogen in Aluminum and Its Alloys
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Table 1.

Methods for hydrogen analysis of alumium and its alloys.

Sample

Method for analysis

Molten aluminum (1)

(4) Telegas method

Visual examination of the bubbles in the solidified section
(2) Reduced pressure solidification test
Straube-Pfeiffer-Probe method
Quantitative vacuum gas test
(3) First bubble method

(5) Electro-chemical method

Aluminum Products (1)
(Solid aluminum)

(2) Chemical method
(3) Physical method

Hot extraction method
(Extraction method)
@ Vacuum hot extraction

(Analytical method)
(D Absolute pressure reading method

(2 Vacuum fusion extraction (@ Volumetric method
@ Inert gas hot extraction ® Thermalconductivity method
@ Inert gas fusion extraction @ Gas chromatography

® Mass spectrometry
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Fig. 2. Dissolution and removal of hydrogen in
99.99% aluminium melt at temperature of 830°C*”.
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Fig. 1. System of SLM hydrogen determinator®”.

Fomt, (3)660°C LLETIZHANTICHEL T
FILOBHIC X BFTFIRAKFEOMME, v L5 IRk
Ko T3BRMOBREEEL L ER LA HEK
600°C TOMBMNL TIX, HBPROTIBROKT IR
WICELTWA TV AOERTKEDOHEEE, TN

Iy LANOER, YL, AEHE2 SO~ DR L
VBB RED ORI T A0 CRERLE L T
2L L7 Ouraw?® S REBDOHLEMET IV
3oy ARBEHAVWCHEL LS b EFzHE LT
L. BTN I =Y LOHEAREABEOWMEERTH
BOENDHDII L EERICHVRBOBEBEEDE
v, $bb, BB TORR (BFRKEOAGFET
%) EREPTOER (REPFHEETSH) LOENICDH
L LHE LT S0k LR 2 & 2 BT
WaHbnEBbhA.

InERdmEEE I, Bk, KiBoREESME, FHTOM
HWHEEIBEVWEOBEBISAF E ST, EET
i, (1)EEYT 2 3 TITI3IE 80% DAEAHH & no),
B R I VAR E & 2 EEN R W3O, (2)H
AR SRV LEEULEEERXT VLAY 2H® 0
HTEVHICEE R LAD LI EICXDEBEDOH RS
LA ulTED, (3)AMMBNETHEL 2 BB
ONFDOPEH ABVESAEICR Y, 72, AP L OREI
IABEYIILALERLLZLTLVIO, (4)5H1E
SR & K —F T A3, SoBEA, HiER
MHHEL VAR ETHERIE V.

3-2 HHERE
IEdmEE OB IRE A7 VI =Y 2 0GERAE



TN I =y LME TR OMBRRIATIEOBIR 399

¢ D 600°C~640°C TiibMTWwA. Al-Mg REE£R,
Al-Zn-Mg ZEEIZOWVWTIE, =737 AR HWEHDOE
RILBEBOBENE, RIS SHTHEEOKT 25/
B sht, Bamatahsi, 927 7VAK
HE LB A LTS A HETIR T Y TVHEAD
2R ARHOEFENT L AFE oKL EIK
T4 AHDT 450°C LT AFE L4849 gk 7FE %
AF v VAATENVERWEEAEIT 550°C~600°C T
BWA®_ 3 2 RS0 F ARBUEEE L ) Bk
REERFFOEER Y T EMZIE, 560°C THH L T
LMD T 122 V19, 520°C DL EiC %% & 7 A
BRECREI AL OFEENH VTV IZR S 720 500°C
TH275PY b H 5.

AR HTE Td 700°C~800°C @ M434750 0 i B 3 4
V., AEBEAT A F 2 ) THETERESBERTAEELIC
M IED AL IO TVBEA, 1000°C { HWET
MBEND LD THAED, CoFETETTLATY
LB X AYEERD LRV,

3-3 EREXEORR

T oy sk EEM R TE R Tw
BHABEDL RIS, BFICKREN 2O REE
WKELGEEYS52A. $4bb, ABKREOHBR, K
EHA, WEHEHE FHESOBRELKEISDENTR
A ABIEIT S, 20701 2 HREERO AR
HEAHFIE & 729298 4| Tk, —REICERY B
THPEW, 73, TLUI—-VEBALTHETORT
WHEITHAH P, HL KR TS AL R,
37, {LEESCERTELANTH S, RELMHED S
B, FATEL A P bR Twb,

3-4 B

HERMHEORBBEIKES 5L, (1)
MBSHHFR, (2) 7 AWER, (3)EEHKRO=HS
Moih. SHEEOFMICIO VTR RmMERE RS R
WOT I TRt ws, B0, RISk
< 7 U EBOELIC o WTHRNS. BidD XS,
B DBRYF APEN S, HABEEHOREIC L B4
MREEOmE EElRA SR, Z RISl &8 3
EHrMAALEOT AR TN, —FKRKER
ZElL I EBEFOEEE T, #£kiz 1073~107*Pa L
RV THD 74 1076~10"8 Pa L X)L 3D 73040 jape
BB TR E N, FRIHEY, FIRRDE
BF 2 v N—IZKbO T, HEFBIERIZAT VLR
2T Iy A8 o N &R, TS
DOFEM 2 T FE 1Ll A 2 D EERE D & K H ARG D5
FEMENLEERY, WEBRTAT AN 2 FOE
BEOMEPY AREEGICRAS T2,

3:5 REMHRAX+ VT

B, BAEHOTVIZ g A ERIIBTRLILLH

WHENTWBLEERDLREAERET R Fx ) 7T

N,)Carrier gas

'-K-a_t-l;z;;;n-n-s Integrator
3 1

Calibration

MC : Mass

A : Amplifier
compensator VFC : Voltage frequency connecter C:Pump to
atmosphere

Fig. 3. Working scheme of the ithac apparatus®®.

HF : High frequency furnace
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(3)FWE & 2 133E % 400°C T 10~30 s fELLE %
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BRETES.
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EROEZEMHEOE L L —HKT 5.

PeRD B & B L 72354 D NCF FEoHf
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Table 2. Comparison of precision between NCF method and vacuum extraction method.
(ml/100 g)
Alloy NCF method VHE™ method VFE** method References
1199(99.99%Al) 0.14+0.02 0.14£0.02
A-G7(Al-7%Mg) 0.32+0.04 0.31£0.02 35)
2014 0.19+0.03 0.18%0.02
7075 0.181+0.03 0.17+0.03
1100 0.209(10,0.009) *** 0.224(10,0.011)
5052 0.454(10,0.016 0.424(10,0.020; 53)
7075 0.153(10,0.009 0.156(10,0.012
1235 0.2240.03 0.20
2014 0.078 0.08
0.125 0.12
0.101 0.076 51)
0.246 0.29
7075 0.067 0.09
0.08 0.08
0.113 0.10

Pure aluminum (Al : 99%up)

0.218(8,0.0149) ***

0.216(10,0.0207) ***

59)

:* VHE method : Vacuum Hot Extraction method
VFE method : Vacuum Fussion Extraction method
*** (Number of determination, Stardard deviatlon)
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Fig. 4. Kinetics of hydrogen liberation from a
specimen of alloy AMg6 (Al-6%Mg)>*.
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T AE1IC, BEZed-C 400~750 nm O & O M R
KEHEREI OV ABE L, REOEEKEKRET S
HETHDH, ZoFEICINE, Fig 5a X ) CFR
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a : Without treatment with light pulses b : With treatment
Fig. 5. Kinetics of hydrogen liberation from a
specimen of alloy AMg6 (Al-6%Mg)3?.
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RP : Rotary Pump (260 1/min)
NEG : Non Evaporable Getterpump
(1301/s for Hy)
C : Alumina Crucible
IG : Ton Gun H : Heater (Tantalum)
BAG : Bayard-Alpert O : 6¢mm Orifice (3.31/s for Ng)
Gauge ECF : Electric Current Feedthrough
QMF : Quadrupole Mass VLV : Variable Leak Valve
Filter T : Trap (Liquid Ny)
LV : L-Valve
TMP : Turbo Molecular
Pump (330V/s)

Fig. 6. Schematic diagram of vacuum chamber for
analyzing gases in aluminum®.

S : Sample

M : Manipulator

CMA : Cylindrical Mirror
Analyzer
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Fig. 7. Auger spectrum of aluminum without
cleaning®.
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Fig. 8. Thermal desorption curves of gases from
high purity aluminum (no discharge cleaning)>®.
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Fig. 9. Thermal desorption curves of gases from
high purity aluminum (discharge cleaning on the
condition of 3X10'8 jons/cm?)3%,
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Fig. 10. Relation between amount of hydrogen de-
sorbed and dose®?.
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Fig. 11. Relationship between Auger peak-to-
peak height and dose in helium Dec discharge
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