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Surface Characterization and Gas Desorption Measurements (II)
— Effects of Surface Treatment for Qutgassing Behavior of Type 2017 Aluminium Alloy —

Yuko HIROHATA, Masao HASHIBA, Tomoaki HINO and Toshiro YAMASHINA
(Received December 6, 1991)

Abstract

The surface characterization and outgassing behavior of a type 2017 aluminum alloy
were performed to examine their potentials for the use in vacuum devices from a view point
of vacuum engineering. Four different samples treated with milling (Sample A), discharging
{Sample B), chemical etching (Sample C) and mechanical polishing (Sample D) were examined
in terms of their surface morphology by surface profilometry, scanning electron microscopy,
and xenon adsorption. The surface roughness factor was obtained as 5.9, 42.8, 9.0 and 4.5 for
sample A, B, C and D, respectively. The thickness of oxide layer were measured by the
sputter-AES method as 4nm, 8nm, 7nm and 6.5nm for sample A, B, C and D, respectively.
Outgassing characteristics of these samples were measured by a thermal desorption method
heating up to 300 °C. H,O, CO and CO, were main outgassing components and maximum
desorption temperature was observed in the range between 110 °C and 160 °C. The amount
of all of desorbed species was large with increasing surface roughness and with decreasing
chemical etching time. But the desorption spectra from the surface after these samples were
annealed and exposed to the air can be characterized mainly by the effective surfae area
obtained from the SRF value and geometrical surface area. The surface roughness factor
and thickness of surface oxide layer were found to be important factors for outgassing
characteristics.
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AlE 4 Si Fe Cu Mn Mg Cr Zn Ti

<0.8 | <0.7 |3.5~ 0.4~ 10.2~ | <0.1 | <0.25
4.5 1.0 0.8

0.9~ | <0.35] <0.1 | <0.1 |0.45~ | <0.1 | <0.1 | <0.1
6063 0.6 0.9

2017
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Moo mi | GRS E | BRI BuraEs | MRS 0 MR BFIEE | B K
cal/g-°C| X107%°C | cal/cm s°C | kg/mm? | kg/mm? | Q/mm?-m | g/cm?
2017T4 513~ - 23 0.29 7500% - - 2.74
641
6063T6 6025 0.21 23 0.33 7000 2650 0.031 2.70
0
- L304SS 1400~ 0.12 17.3 0.039 19700 7300 0.600 8.0
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Moo it Sl e {Re® MEHg
kg, mm? kg, mm? (%) (10.7500)
2017T4 28.1 43.6 (22) 105
6063T6 21.8 24.6 12 75
304SS 23.0 59.0 60 145
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HELC ; BEB % 2 wt%NaOH BHdc, 5 HMOEAEEEL-H

LB I —REC Y VB, EBEORARSHAVoNED, NaOH O & 3 7 L% )
B7arsz=wAfERALT,

2A1+2NaOH+H,0 — 2NaAlO,+2H, (1)

DRIGEL, TVIVEY—F—bAkRERDIEBMOENTWVD, TNE =T AEECIZEL
RENTFET 543, NaOH 13 Z D% bS5, L7z23-> T, NaOH @REOBIED 4% 5
THEC AV NV RIFRTIE, NaOH BB T2 ZhEh 15, 34, 59HE
e E BB ER L, {LEOIERER & 7 A OBIR 2 72,

D 5SRO LEMIE BT - SR C %, ALO, /S ¥ — CHIRIE LEE 2B, 2 hr s
ERRE LT,

HEOBREWTNHIEIZ6 X6 X10mm® ODEARET, il L) 7urzFvy, 7
hy, I, BEAKDIBEZ ZEh 15 50 OBEEES ST 12, BofEsE, 3
DOFETIT o7, OREO MM flEHE & 5 CHIE L, O ERE OB REREHE I EERE
W (SEM) 2RV, OFBOEOREE (EXRER) &, MEICHREL M/ FER
EEBICLVIToN, BREREBEETCBI 25/ vOESTFERER (V) 2HEL, BE
TREHOTEHEEHERD 2. & 5 W CREHE S R4 (S R F ; Surface Roughness Factor)
PRYFEHE & SBAENERFTFOLE LTRD T, REOREAMCEA —Y BTk (AE
S) 2R, BaAROHEBAHIET VI A4y F 7 (3 keV, 8 uA/em?) HEHEDA
ESHFIC L VITol, 2ROy 7 FHERR Al THEY 2 L 1 nm/min TH o7z, AW
HUERME D AT I FLIEDIEERE (TD S ; Thermal Desorption Spectroscopy) & & D 4T - 72,9 kst
B v THR L D EEHE 20°C/min TEBRAIC 300°CE TRV L 72 i HH S0 BIE 12 12 U ER
HESHET (QMS) BAWVRY
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10 mm
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LS, £, (EFIEL 7B C T MM
POBITATEI ST, S E LTHEShRAS WWMVW
RMMERSTWE I RSB, B4 L0 Oum |

FEMBI X TREMIE 2D & o T Y, 10 mm

Ruax WHE DT, REZMDEZDE & SWMEC
FEIE>TW5BE I E80Mh5,

B2 wizsaEA, BELXUCOREDSEM
BERT, ARBOREICIIEEMNTIC X 28
BEBBD oD, B BOREIZFEENTC
EBBIRMEL T, EEICER LR Opm |
BRoTEY, BARHROMSHY 71— 5 — Omm
RISy IHEELWVS, INLDKEINTIZ ®1 EELEST- 7 2017A1 &0 EEMDY
FEMTKL2HEEHID B 1EEZD Y F
TEERARE LA, I ociE—IgEicE s n A4 EREMHEEHC L A FKEMEY
TORNIEERLTWS, 2o lcfbmms | Res || FURER, | BERER., | BAHE Rua.
= = - s . (pm) {pm) {(pm)
T2y 73R VBATEN, 71— " 10 5 "

S REERE S TVWE I MDD, it B 69 160 293
gto7a7740 (1) OERERERUCTH S, C 5.51 3.90 24 0
H3E st/ YRERK L I3ENREELRD
TeRERO—FlERT, BEESEAERZT-> 2
HEDThHhD, a IRBZEFT, bEIBET uy FThs, BZROBESEGST, KR
HEDOE A CRE L RESRR» cBHEDRESERPELI Lo TkD N3,
HEDOADTESZEMIBETRIEL>TBY, KADOBE TRAOEL L MNE (Pe/Ps) %
Tuy MABET 7wy ), ZOHAEE VB F»h o B FERSE*ROEERELEET
%,

P. 1 ,(C=1) P.
V.(P,—Py =~ V.C T7V.C P, (2)

ZZT, Pe, Py, Vo R ZNVEE, BEERBECBT 53/ v OfEMELE, Pk
JAWERTHL, CAERLEESRIC L > THREZETHS, ML) DRBOEMERERIT
17.6cm? k2 D, SAZMREEMN3.9cm? THALAZ brs, EEHESHEESRFIZ4.5 k-
Teo ~MRCHEEMEBOSRFZEFIZLISBETHL I tps, BREDRKENTIS X MEEAL
HHROREM™NE, BB L > TINTRVBRPATEWRL - 2 L8905, fIOR
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AL REMTALBE | BoFEESE Ve, | RIS | BMS09RER | REHLE M
(X10*ccSTP) (cm?) S¢ {cm?) SRF
A Tedgin I 7.5 22.0 3.72 5.9
B BENT 31.4 182.0 4.26 42.7
C fbaehnsg 9.6 35.9 4.00 9.0
D YW 2.6 17.6 3.90 4.5

FHZ OV T HEOBEERT o BR, TRTOEHEBWIBETRICR S TESERE -
Bol. TOFERERLWCRT,

TRTCOBEDOSRFDEIZ, M CREL o7 7AV»5RDIZSRFME (~2.0) 1k
NREEFBICRKEWIFCEBRBOSREFZ 42.7 ThlgtHEHTHE TS 2w X 5 R AVHEAY
FEORBIUVNEBARABPEELTWE I ENHEEESNE, SRFOBRER 2 WRTEMENES
EMEGOBES L UR 1 Ofigtsfric L 2R~ T2, &8, REOMESE,

DEH<ARH < CHEE<BEE (3)
DBEEFHENTHWE I LR 5,

3.2 REBOTRERIWN

INTNORBC OWTREEL AAOTESTET o eER 2K 4 D a~d R d, M
BREOAESOY —7FEERLTWE, LIONORBIEB LT HEREICIX Al oxide t BHR &
BEOADBEFEELTHWEY, HH0o7vTrzyF 7T Almetal O3y 79, Cule UMt
FTRIENDPE, £, ICETRLTOROEEERRTH 2 S, Zn BT R TOEMIOIWT
HIEL, EEEEGInmy» S s nmizELL Twiz, 72, S, Ca, P LU Cl RO
FTELVELVEOTED SN, ALDEETIX Al oxide E OD7u 7 7 A VHIEE ICHELIL 72
EECH 258, B CEETEMY 7 e bREEFERNMERR D707 74V Ek> T
%, Aloxide D ¥ 7 F DL T BHERIE, A, B, CBIUDRHTCIZFNF, 20nm, 40
nm, 30nm, 10nm TH2, 72, Almetal L O DRELEOEI 2 BEBIYEL T2 L, A,
B, CBIUDHEMNTCIZFNFN, 4nm, §8nm, 7nm & 6.50m &% -7, ¥4 ¥EVFE
HBANT 6063Al &R B CRETBRILEDEX # Al oxide & Almetal OFES TR - 7208, ®
FOESZIOMmM THol b r2EL 2L 207TAIEGE0BIESELLE T3 I L2845 Hh
3, (FFRLBUHETHRILELZRES &, 8.3nm &% 5,) BEEHESBREIAE » o ZIF#8L
BOES LEINT 2EECH 2P, REHEIIELSOBERD NV, £z, DERLHISEE
EEZHmL-RETh s, REHS VEBEBOES LHEBINTHE L K& 2EVERD Shizho
Tz B O R RER S RED 42.7 LIEB RN HEEE T A REMNTED, ZOFEO M
WHARTBIEMERICEL R WI e ThD, £z, TITREFRLEVA, wIhoREIes
WT T % L RERLE Mg, Si, P, CuMEiiL, b H» Tl H 2 0BLBIEL o> Tw
2, EEORZFIEB, CRENIH L AN DBEVEIDETHEEL TV Z EdSbholz,

3.3 HRinBiBtR~o L
Gz & b o T 2017AL &0 S H T 2 [E 0@, Fic H.0, CO, CO: TH 5, K5
Da~ciiFERA, B, CBLUD2»SKHET 5 H,0, CO B LU CO, DFEBHEHEA <Y bV
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(a)

] (b)
Depth (A) Depth (A)
0__100 200 300 400 500 600 700 £ O__100 200 300 400 500 600 700 80O
ol Somple A | HO_Sample B |
A|68
O g 100+ 1

Auger Peak -1o- Peck Height {(mm)
Auger Peck -to-Peak Height (mm )

0 10 20 30 40 50 60 70 96" 10 20 30 40 50 60 70 60
Sputter -etching Time  (min.) Sputter - etching Time (min.)
(d)
(c) 0
Depth (&) Depth (A)
0_100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 BCO
T T T T
ol Sample C | o L Sample D N

100 100

90 90
80 80
70 704
€0

50 |

60,

Auger Peak -to-Peak Height (mm )
Auger Peck -to- Pedk Height {mm)

D 10 20 30 40 50 60 70 80

028 20 3046 56 60 70 80
Sputter -etching Time (min.}

Sputter-etching Time (min)
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BT, MEIQMS DY I F VEREREERMATED L Tw5, MEWEEERDS 200CE T,
20°C/min OFIEHEE TEBMICIER L 72, W IOROEEBIZB LT 100°0CH» 5 160°CIcliiED
E—7x2HLTWwb, £, 2REFERTCBEBOMNBEE I ZROREL, C, A, DOFEICE -
Twb, Zhid (3) ROEXEHES OERIC—HLTw3, 72, HOD Y 7+ LVBE oS
ICHARTIHbAREL, QMSOBERESRY 7OHSEEE2E 2 Ty, OSMEITERT
HZEWNHHEL T 2085905, HLOOREO Y —27EEZA, B, D& 1 131F 110~120°C
WECH B, CRER7O—RRE—2 R THBVEEANZY 7 P LTWw3, (~140°C)
7z, AN 200°CUTBIC Y 2 VY — D CIREEE — 7 BEEL T3 XD ICR 2 5, (RIBFEE T
BT % HoO 53 1 ROBBER R L 2 3 D ERET % &, BBEOFEMEL T 21 ¥ —1d Redhead
DY —7J/E(Tp) LEMEAAZ AN F — (E) OBBRREER L 2kA L DR 2 enTE 2,

&:Rnﬁn“ﬂﬂHn 1 } (4)
B e gp
2

T, RIEWER, PRRBEETHL, v B—RORIEEHT, 1 X10%* L5 L H,0
DOFEEDE ML T 30 ¥ —13131F 106~109k]/mol ¥ %2V, CHE TH 115kJ/mol L7z 1,
6063A1 &€ dD 120 kJ/mol & iFIEF—2 L7z, CO MEBEIK T (<150°C) —2DE— 27 2 b,
BRIC R D L IREBICHENRINT 5, ZOMEEIR CO kb R ohiz, COB LU CO, DHHED X
HEZRLELTIE, REH 2 VGIENEICEET 5 RENMBUC L b 2 WEEICHEL, BELE
BLTHRHT 23D EEZONE, Lo TREAFICKS, BEPSBUGEETIRANEC SR
T 5, REEIK 4 DES FRAOTESTTHD 25 L5112, RERSBICHEET 20K
[HWCEREBEL TW BB THELTLOTHD, WEE CEET S H O IIRELEDBRE
T, REBRKEBALLLDEEZONS, RABKB T 5 REEERZD, A, C, BOIEI%L
2oTBY, COBIVCO, DHAMHEELFEUCEEIC2-TED, REEIZUTRELET
THDECHCIER COERMRBCHHEINLI D LEZONS,

BEEED S HADPEREBEHCRE L2 b0 ThIE, BOSAELI Y b ELVEEHIOFE

=

(a) (o)

10° —r———1— SR O e T .
= E H : Fco ] .
g . ’E " ; 4
e 15 15 .
< -4 g 4L -
~— 1 < I < n
- 12 12 ]
I > Fa ]

< 42 k=
€1 -4 &1 4 & -
_ 1l e 1e ]
8 - 4 -
oh i (e} ] o] B

i 5 5
n! 1 »l o 0o =
= 1 0 1! N T
< = 12 1
1 G 10 i

10 | 1 i L ! L 1 | 1 | 1 I 1 L
] 100 200 300 0] 100 200 300 6] 100 200 300

Sample Temperature (°C) Sample Temperature (°C) Sample Temperature (°C)
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A EEEIN T B BENTHE C ; (LB D ; SiEEE
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HEHC A TIREERB A E {, ZOMEmIERS
DOFERE—HT 2 0EBHOEIRS L, Z
N& Y EREUEEZIT-72 % 2OEETIE, RE
LT TRAAREFEIFMTCE LIk
BT, TOERRENEC L BB
DEIPTHY 2 CRABORERBIZLZ b D
YEZ5ND, BT ITE—E 300°CE THIE
HA LT, 1000 Pa D R&GHFIC 1 BRTg® L7
BICHIE U BEBRBEA 7 bV ERLURE (2
H) ¥ RTOBECTH ABMHERBAL T3
EBHIND, Fle, REBEOKE VBEEN
BLSBIAEZHELTWBR I EBS05, B
W& LI BiBEA R bV R ESRER CBET
5L, bROE S, REBAITRELAS
FEEMTEO ARBOFHE L, BRETRIZ
EAEIEREBIRKERENRLRYD, FR
THEENREHS CHETE 2 2 8590 -
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QMS Signal Intensity Normalized with Surface Area  (Arb. unit)
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(b)

(a) (c
< Ho - 10} io* cé' C ’
= | ~  |co _ ~ L ]
= g ' = t=Omin (Sample 8) e 2 L Omin (S
2 t=Omin (Sample B) | 3 o 5 min {Sample B)
% 10% £ .3 £ 4
S - <ot 1< 10°F N
2 1z T 1= T t=2min
2 G =
253 t=lmin 5 2 & 2 t=5 min
€ 10%1 g 2l R . |
- T ¢ , £10 (Sample ©)
Q r S - t=5min 415 L ]
& 5 (Sample C) g
wo, » )
(/2) 107 | - g 10 - g 10 F N
=4 1 1c 15 —
i
1
10 0 ' |C|)O : ZCI)O * 3(130 I.Oo ) IC!)O I 2JOO I 360 I,OO L L T . !
100 200 300
Sample  Temperature (°C) Sample  Temperature (°C) Sample  Temperature (°C)

8 ALFALEEERR & 4 A B EO B R
(a) ;H.O0 (b)) :CO  (c);CO,

B 8 i i3 LA  RRAEONBEREEREL L b DO TH 5, BRIIHREMTE (BEE)
% NaOH KBWEh e B A3 DTHh S, BERZWLER(t=0)EBERTHY,
S5AHRLRABIICEB LT 2, WIONUEFNERMANREWIEEA ARHEN D2 k>T
w3, i, H,O 0BE b EIFE I U CRBERAEZ CRI L T On89h s, IR
BB L > CTEEHIBEAS L TukbEEZ6N3, CORCO, IREOEELET K
FBIUVBEOES L UFOLMEEICRET 20T, EMESAOESR b NSRS s
EZTwab0eEZHNE, WIhIZLTH, REMTAER I GELEERTH &, REANF
B OO ARHELHLT %,

4, & B

4EEORFUEZT 727N =2 7 A 2017 BERICDWT, £ OSERLRE & REMHE S 7
B, REMEKS L UBIYIBOSHERE LIER, UTOZ 28872,
(1) BBET 2 KK FEICKkE COECO, THD, WINDEAEE L & BRI EM T E &
BEHEETRLRE Y,
(2) REMOBLURARE» SFEINZREHSFRELI DS, ERER» S KO ED
FKE D,
(3) WEMLHECIEANEE TADEALRP 7 OB THED SN2 n L 5 /&R
BEBEELTHBLDEELS S,
(4) RELEEToHEBOr ARERFE R, REMSOATEFHETE T, REBILIES
L URERHY S EORERE S [UEBRHER R RE 2B 521 Twa,
(5) —ERAALBEEHEESE L, REEEE L R LD, £, REMHSKI->TH
AMHBEMNRE B Z LB,
(6) REDOHS®FMFT 2 LT, SEMPMEHIHZEDY 7 0h b 0 iE—E50BETE
FMET & WA 2%, $v/ VIBREREI > TEVETHETE 3 2 Li¥bho iz,
(6) MEMT LD AlGE&FRE R HI D B- 71, NaOH i CILSEAE T 2 &, B T
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