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WE: "CHMAT 2% 6 B0 &7 5L S ERARC Imik B R#E(AMS) &6 X452, M T 62
RIS Fe ML F 4855 PR A TR Z B AR R0 22, A T IR R LT REATHAE 2R Kat
) # &AL E T L ek Zn - TiH,/Fe X318 % 7 R T 4269 CH, 5 9 8, % 35 6 2 6 09 A2 2 M For 45 %)
AEGALEZT AT In/Fe KIGHE R0 "CHBEALT 2% 6 28 &7 ik, @i ik In/Fe £ 4k Fo
Zn/Fe K K38 k3t B 2R AMREABARAEAG Hvh , K I Zn/Fe X 38 k484 Zn/Fe 228 3% 48 2 5Lk
KA P, EFRAEAIR(0.24 ~0.32pMC) , 42 & 7 i m) SF _EFR (47000 ~48000ya) , Fl B & 2 Rk
B AR, i —F A R AR R AR R T Zn/Fe XG5 20 R4 5, R % R AWkt
% BT (RSD =0.35% ,n =20, 474 OX 1) , /£ # & % (IAEA Z 3\ ARAfe9 M A AL EME T y =
0.9969x +0.0013 ,R* =1) , 52 3 K JRA&( T ALEE 46296 +271ya Fo Ay HLak 48341 +356ya) . Bk, % 6 BAE 5
HE& AT RGA In/Fe K EERRKELA B 20 RH A FRERARI A EFMEEHFHL, #H T
SR EARAJRC - AMS 0 6 BAE R BB K

K4 UC ik B, 62 H M Zn/Fe E4& ik In/Fe XG4 ik

TR

(1) Zn/Fe XIG3 & ke IR K SR A A AR @46 T Zn/Fe £& 0k,

(2) I THEN In/Fe KHHEE"CHELT RARA G EH T ik,

(3) Zn/Fe X }53+4 i 69 M 5 L [R A 47000 ~48000ya, 485 AR 4l £ 4 0.35% .,
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F3H XSEAE A N TS C HIARE LS R G S A B 4 AT %38 &
y ae 3 25 Z 5 ) ] 4

%W&?E%ﬁﬂ%ﬁ&ﬁﬁ;%ﬁﬁﬁﬂ%@o €O, +Zn(s)4500CCO<g> 700, ()
SCHRARGE P HEAG IR A B0 7 1 2 H,/Fe 550°C

BT Zn/Fe 370 DL R BRI Zn - TiH,/Fe 2€0(y=Fg Cim +COyy (2)

PR H O H,/Fe P2 Zn/Fe e R HAEL
W (R B 28 R0 bR s gk, B 25 s
AR SR TT HE 378 AL, AR 7 B0 T
7SR W S8 S R, (H R AR SR A TR R
AR (> 15mL) I a] (G5 8 ~ 12h) FE 4R [ b i)
BTN S L, TR ek
- (BUACHR L Fm 2409 1. 041410) Ik T A% i
BEEL (0 OX T A1 OX T Z56RE 5 ) L H 5 2 i T AS IS
R, SRR S 30 OXIT 25 B 5 1y 0 38 (A%
VAR, T 0T A JEERE i B 5 0 5 g ) 0, 2 B0 G
AR AR T SCRR AR (19 1E 7 T [ (45000 -
50000ya) ' 2717 53 A TR, AR A
A AL ERTT W 2 BRI RIE R R85, 7l ok
A 5B R AR AR 243 P A . Xu 250100 412 1 SR
JH Zn - TiH,/Fe KBS LT 0 8B4k, %07 1
LA WL 5N g K Z A AE TR E J5 R (Zn AN
TiH,) , 24 F H,/Fe 3: Ml Zn/Fe 3414, B v Mok
I S R R A S, IF LR & P R SR R A T
TR T 507 3 [ Bt 030 1 K B ¥ 7 £ S5 N i
SRR MR KUK o (H 2% 75 125 TR ARE A A — 26 [ B
FERIMN: O FIRRPAAAE HUR, KRBT
CH, A= BB AT BEPE , S B0 B AL 7= FAR AN ] 437 K 4%
o X TR T S X T o Y @ T
TiH, A PR , DR TG 1 % 3 0 A 7 v U 26
BB e b TR [ B0 18 0 T 2k 19 3 B B 35 e |
A&, AR FAAS IR i

KT A A BH SRR MR Z [, H
ASCHERT N BRI IR 3 T Zn/Fe MG HE
W HITEAMTIIR TG AEL Zn/Fe P RS
Vit 9 D 17 EL ol TAUTI R S 38 S0 B 4 T Zin
~TiH,/Fe JCEEE A L CH, IR . A SC
IR TEAESE Zn/ Ve FELRTL B HIE B2S R4 Lk T
Zn/Fe JHGEMEGERISSRITEFL TR, B 7EH5 d i
[ (AR TRORE & TERLRB R BILBRRE i 4 v PR ™
HlFE A RGN —FMIRAS A AR & Tk .

1 SEEEE KTy ik
1.1 “CHIFEEA R

4T R R i A SR AR it (ko )
I3 S T A B iy L, A= 2R CHL 9 JRURS: , A SCH)
KM Zn/ Ve fEARIFEAE N A1 884 45 B L TT
PR A ORI AR SO -

WE 1 R, C AR RS R G R B th AR
9. SmmPLFEIEHE = HL A5 PG [] (Kimble, USA) 41
B, AT Y S 43 ] Ula — Torr A 85 4K 2 3k
(Swagelok, USA) 4%, i INAE £ 800 b H a5 4
FrRGE.CO AL B R S A o0, H
SYEHF RS (K 1A) i Hicube 80 H45 EAME &
H.251] PKR 251 ( Pfeiffer Vacuum, Germany ) $2{t 57
Fio AT ATIAE N T IR R 2, e 40 13
SO FiHERIGRAESER, CO, 4k 5% R (
IB) FL 4% JEMLB (R iR 45 ) FIAT BIL B (A58 45 A e
i) CO, BTG | CO, 2k 5ot (/K ¥ B FI LN, ¥
BF) .CO, & AFE FI CO, BUFE AT (CO, 55 B .7 C
WA RS ) . MESERGRITA 4 1
Zn/Fe 1EER A1 B AL T A5 B, B L5 oo (8]
LC) feff FH 5 B DU 3 e Sk 3 4 Zn SOV \Fe SO LA
Kk A% & 4% ( CMR361,
Germany ) , i 33 495 H i fa JE #% ( Hossoni Eletric,
HB17608SL 5A) fi{)H, J 45 il B 47 ( Watlow, 75W ) it
IR EE . B ) A% A i e B a5 & (TPG
256A Maxi Gauge, Pfeiffer Vacuum, Germany) Fli}]
AT 5, SC gt b iy PV Active Line -
{4 ( Pfeiffer Vacuum, Germany) R£E 10 5 (1 A& fL B
TR SR, G E Pl B A R G S8 LA 1]
1% 8 x 10 " mbar, 7£ 28 A1 B4k B 45 BT LE H I 107
mbar FLAZ5AF T, A PR IR I 18] AT 5 8h,
1.2 948575k

S v R BB A A S e E b gk
Frii 500°C 22 BRAk 5 YL b 3 Th, S AL FIER 22 1
PEAT il 900°C L BRI TT YALBE 2h . A HLERAE IR 5
80mg S AL 5 4 K ( Sinopharm Chemical Reagent, 5%
5 10008018 ) 1 0. lg 4R #£ ( Sinopharm Chemical
Reagent, 575 51023460 ) i 53 3 T A1 S AR N,
FEEA RS FHEZ 5] <1 x 10 7 mbar J5 K B
P T RE SR B R E T IR b ER
850°C 773 [ W 2 4= & A i CO, (G S W I [a]
>12h) . AL TE Y JERR R4 h ] 6mL @R
(85% V/V,Tianjin Kermel Chemical Reagent) 47
R SR B CO, o 23t CO, 4lifb B2 R Gialifh )
(1 COLHE AE 4 ([E 8 R FRYY 26mL) i 47 ik i
FE5E(TTmbar/1mg §% ) , I IR AL PHE £ 2 1mg
it Y2l CO, B BRI .
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Fig. 1 Sample preparation vacuum system for radiocarbon. (a) "
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sample preparation vacuum line rigs, consist of ( A) vacuum
ple prep. 25,

maintain system, (B) CO, gas handling vacuum line and (C) on — line graphitization vacuum units by Zn/Fe method. PT

denoted for pressure transducer. (b) Schematic diagram of Zn/Fe flame — sealed tube method

1.2.1 Zn/Fe frzkik:

LRI RE 2. Smg A HEILT (Sigma — Aldrich,
25 12310) % BAEPby OB (HME 9mm, K JE
15em) Hr BEH ROV S (HME Omm K JE 15em ) Hr
A 60 ~80mg £ (Alfa — Aesar, 785 13789 ) /E ik
J AR i A S 2 DU 3 3 TR R TR 20 SR AL BT
FREY N 15SmL, A7 546 SRR, 75545 50 R 2%
BRIV A R B R4 I 450°C F1 550°C 17
ZBRBRIGYAL I Th, A S AL B, Bk SO
EIMPE 450°CHSEE Th J& , FEX5 850y B2 LA
IAE 550°CHEAT I8 o0 A1 SR AL SO o 38 H S I ] 2
12h,

1.2.2 Zn/Fe KIGFE

i 1b fs, Sesa i #E rp 2. Smg Bk AL
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FAE N SN (HME 6mm, K 25mm) , 4P
(HME 9mm K FE 15em) e A 15mg Bk E N TJE
Mo JIGEE R, VA K 10em, AT 3mL,
B RTE SRR X S I #4 300°C i 47
FBRBR TG e Ab B Th, JORE BHE TS TE T 9k b b ok
500°C [ v 3h, FETHE Z 550°C #E17 47 SR AL S v 4h
T E BRI RENL (TAEA) “C R BIARFE G
PUIAEFRE C1 2R, A HLA AR i TG [ bR
B A ot v 0 DR] 0 AR S 0y 2ok 8 vh (8 A AR ISR
KN J5 fif 41 (THEG Cal, Je L6k ) F1JC HH 45 (THEG
Coal , FHHLEK) ﬁ%ﬁ%1ﬂi%%?$ﬁffﬂﬂﬁfﬂ(*%
B ~520Ma) , &5 AR, Al B TR BT, A A
TEFHWERE TP 5 1% (V/V) AR BRIR 1 4h L)
ZERFRIZHMGR W, LB T K vkt T 05 15



3 XIEAE A5 RS B C IR s R G o i #5 r IREE %38 &
TCHABER S T LG IL KB & — A Rk 28K R )= 20 = ) T 5 2
(Z/— A F,250 ~355Ma) , ARG IS (TR 200 20170629-1
SIHT G E & B i 0. 36% ) , Wi I B4R AT 20170629-12 20170703-1

150 20170703-3

PRUERI R IRIRAL B, L5 F o HRbne o TAEA
() €2.C3.C5.C7.C8 A1 C9 LI K OX I, Irf ke dn s
BT,

1 BRHERENENL S DAL

Table 1  Certified and measured values of reference materials

B i Fm RSD
it | R |,

B el Wikl | (%)
HEG Cal |J7f#f1| 5 0 0.00365 | 18.4
IHEG Coal | JCHRIE 5 0 0.00302 | 12.3
OX 1T R 20 1.3407 £0.0019 | 1.3413 0.35
IAEA C2 | KA 3 0.4114 +0.0003 | 0.4105 0.10
IAEA C3 |44E% 3 1.2941 +£0.0006 | 1.2891 0.43
IAEA C5 | A3k 3 0.2305 £0.0002 | 0.2287 0.33
IAEA C7 | Hofg 3 0.4953 +0.0012 | 0.4934 0.04
TAEA C8 | Fifg 3 0.1503 +0.0017 | 0.1503 1.16
IAEA C9 | A3k 3 0.0012 ~0.0021 | 0.00307 | 11.3

R TN EUASE 34 OX LA PTA #f 5 ( H R
2B P IR AL 2= B 5 T S 56 5 1A HLAS IRAE )
TE) PN HBER AL W58 B o FH 1 3h R (AGE
-3, lonplus, Switzerland ) il %%, il 45 J7 1% H,/Fe
o WA A BFEM SRS 6 M HbERAL 2= BT T
AMS 525838 (0. 5SMV AMS, NEC, USA) Fil K H k2
AMS S22 (0. 5MV AMS, NEC, USA) #1733,
PSR 2 1KY /2 C RGBT 3%o. [ B
R OX 11 (4990C, NIST, USA) FfE—UKFRkEXT A
JHVRE SR B IR BE AT AR 2, 35 Sk C OB B
FES AR (BESL N, Fm =0. 6576 +£0.0042,3370 +
dya) FIFE Z R ARAER 4 S2 3 A T S . AMS
FELL AR 87 C F TS IEHIAE L AL AN AMS 3 5
FErp = A B TR 28 FEA Y C 5 LA Fm fl
w3 C AR B 2R TRGE -

2 g5

2.1 feBAET ik
ARSI AR B A, Zn/Fe £ELET5 H U 21 19

A1 SRS B0 Y H Bl 8] 28 4015 B0 4 P 2a

JIR , FEEALFE BB SR I 450°C I A2 4K

PRFZACIE AR (A BE) A AR O Th 948 318 [

P (B BE) (R KL AR S50°C I 52 B R et

+20170629-2
+20170703-2

FEJ) (mbar)
3

50 - 20170703-3
0 1 1 1
0 5 10 15
R R Bt E] (h)
100
b
80 |
S
M 60
'R
2]
o 40
20 |
0
n o 7 o 7
AN c'\ [se) [sa) [sa)
o o S (e (=]
o Nl o~ o~ ~
(=) (=) (=] (=] (=]
= = = = =
S & 8 & 3

Pl2  Zn/Fe {E2kidi: (a) oAb Iias STl i £, 5 vz ith
Zesy A Zn [P AE IR AS0°C Pesdi Bz I 7 (A BE) .
CO,HEAEIK CO BRyPi T SR B (B B) 2y IR W5
Ik 550°C PG FE (C BY) | A1 s AR SR IR W
WR(D Bo) LA R R W se B F (B Be) o R ] >
10h J AW B s i kads . (b) A%

Fig.2 Zn/Fe on — line method; (a) the function of pressure
at graphitization unit with reaction time, consist of (A)
the process of gas rapid expansion with heating Zn
reaction at 450°C , (B) the process of contant pressure
with CO, turn into CO, (C) the process of gas rapid
expansion with heating Fe reaction tube at 550°C, (D)
the process of pressure decrease with graphitization,
and ( E) the contant pressure with graphitization
completement. However, a significant increase of
pressure in graphitization unit after 10 hours. (b)

Yield of graphite

AR (C Bo) FEIR A A O 1 A 2 647 47 24k
P A PP 3 P (D BE) R SR 5 18 9 1
TR (B B o OV &R AT & ko i ad 2
(9 s 1A AR, S5 SCRR [ 19 TR IEAI AT . i T 5]
AR A SRR,

pP.-P.,
E%F% — maxp min X 100%

max
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P o8 C B KIS, P, i D BEig e/
FET1.

B 2b Brzs ke dh B9 A1 857 3, 1 SR R
>80% , UESE I T2 A1 B Al 25 B Ot e U E il B C
A EBHE . (HUR AL 2a 7R S B 58 (> 10h) )5 fig
Wy S A s oo ) B W] B BT

A1 SR AL L AS BT TE A S B A 78 KA O 14 )
R, RN BN 38 1 DA% Joit A (A4 A 700 1A i
R B3 S ae g5 KR W, Zn/Fe FELL
Uy OX AR & I (Fm = 1. 3240 +£0. 0075) A
A AR F B (Fm =1.3407 £0.0019) , Tij H.%k
P WA (RSD =0.75% ) 5 Zn/Fe TR L5 il L
1 THEG — Coal 7% IS ££ & H" C 4E # (35475 =
243ya) B AR T N HUBER AL EF 58 Fr AR C 4RI
(45825 £255ya) , HAHE s B il Bt iR bRAe
SEER LRI FM Zn/Fe FEL L I A S AL B ITTAEAAE W
WA . 7Rl 2 i U R e RS
MIRIGAIRAEAE, T2 AT Bk B T i s
A B 3 A A s ok SR (R AR 3 3 O B AR AL AR IR, 5
FEEEREIR Zn/Fe JOIGEEHE Bl 45 09 OX I
oty , H B (Fm =1.3413 +0. 0035 ) 7£ 15 25 11
W5IAEM (Fm =1.3407 £0.0019) #HW) 4, B 55
2:(RSD =0.35% ) B /(8] 3a) . AJEFERL"C AR
#% (47182 +229ya Fl1 48341 +356ya) th 78 SCRR[ 10,
15 17 | B W IE W E AN, 5T MR 2= o
JITEHE (45825 £255ya) A1 (& 3b) o [ 4 iy
AMS fRENG 5] H 19" C ™ 85 F SR B e A I 1R 25 1k
Sk T A S5 R RETE L. MEl 4 tha] 51, B8R Zn/Fe
TEL I B B RO B2 18 T Zn/Fe JOIE AL (B
T PR 5o T 0 G ] s BT PR T R ) i
1 /5 25 AR AT R I AR AR . IR gE Rk
W5 Zn/FefELIEAH L, Zn/Fe KA BB BRIV B 52
R R A 1), 03 1 A A I R A IS, B T i
WAFE ERR . [RI Zn/Fe KOG EHEE IR A 85 400
PEREI I T Zn/Fe FELR L, A R T 3R BUS R " C
FIAL 2GR B S 22505 ¥R A Zn/Fe KA 3t
2.2 JiiER SRR
ASLIGEPEE PR AL OX IR PEAL 75 vk B K %
JE, AR FR i dw 22 (RSD) o o 18] 3a Jirzn A {f
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Zn/Fe KIGEETLBIIY) 20 ASAH Bk N7 /) OX T A
i P A . B s 20 AN FE L IR Y Fm P2
il 1. 3413 £0. 0035, HIXFiR 221U K 0. 04% , 5
OX T A EME (Fm = 1. 3407 £0.0019) 7EiR% 2% AL 14
TN —3, 20 DAY RSD 4 0.35% , KWy
PRE A BEWE A H B AMS MR, TN ER
AW 5T T Tonplus AGE -3 J& 4 A i {L Y H,/Fe
VERE AL AR R, B B T . 5
L, Zn/Fe KOG B8 1 S 2% BE A A — 5 1 ok
Z3 [

R TR Zn/Fe KOIAEETE M HER T, A S5
K Zn/Fe JIGEEHEHIIT — R 5] Fm (HARFE
(AJEFRAE IHEG Cal F1 THEG Coal . Fm I (B 7 £
TAEA C9.Fm s {H Fr#f TAEA C7 DA K B A 5 A
OXII , PEAIFE A (5 B LR 1) , B b i i JRUAH H
S 3 R BS IR BRI S e (E
KA, A R S AR I B I R FEx Mgk b, 3R
I PR B 2 (S5 A e (E A — 3, MG e
Jy=0.9969x +0. 0013, L PEL S A E R BN 1,
g R R W 5 vk S T BUOAAR R C vk
(Fm=~0) F|HAC" C W E (Fm > 1) UFERD
2.3 ARG ARRE

THEG Cal #1 IHEG Coal 43-5I/E R TCHLER A HL
TRAS AL i, FIEAG 7 75 AL 22 TR AR AR IS S AT
M 3b H1 201709 - 201711 #L¥4lE k&, i &l
HLBRAEE (" C 4T 47182 +229ya) if J&: TEHLER A IS
("“CAEWY 43365 = 151ya) 4 5 sz gy 5207
A2 A E R m RS ], it otk KOG
AR ANEIE RN T A RGE , f2# R A S 730 b 6
BB 0.32 £0. 01pMC FIA HLEK 0. 24 £0. 01pMC, H:
XA C AR 53501 A JCHLER 46296 +271ya FIA5 HL
T 48341 = 356ya, 3k A% T 5 7 M Bk £k 2= 0F 58 Bt
Tonplus AGE -3 H,/Fe JEAH 2 A1, 1 5 K HB
S B BRI A7 5206 2 A0 2S00 g A TR 4 AMS
I AR 4R AR T C R 4E R RR
50000ya AYAS G/ o ASJIC AR AR 2038 14 J IR vl fig &
B IGEEHRRRAR T B4 2 B0 2 R v A J B
[E] 6 40 o (B A5 45 A9 02, PR it 50 56 S8
(201709 —201711 F1 201712 - 201801 ) ¥4 & /% To L
BRAIG & F A ML AS IS, ISR 4 5 2 5500
(ALK B eat ABA Ab B R A A be i 7
M TCHUBRAE TS T T2 %, 3 T 00 A ML AS IS 25



F3H XSEAE A N TS C HIARE LS R G S A B 4 AT %38 &
(a) OXI &
1.365
1.355F '|' ]
1 Lo 1T
1.345
bty 3, SIS TSI
. SRR I IR SRRy
Z 13351 % Tl [
E GIG
AV.=1.3409+0.0017 J. STM J'
1325 RSD=0.17% :} AV.=1.3413£0.0035
'{3 B RSD=0.35%
AV.=1.3240+0.0075
=0.75%
1.305 RSD=0.75%
(b) ZEHE
[16153382 E E E E
50000 - [17]11227 E i 150302 E 8 49975
[17]48457 [10]?002(3&7030: ! . = | #7973 o ]
[21]44400 e ' 44742 ! s ® 46251
45000 . 18 44680 1 L Y L °e L ¢ STM IHEG Coal
\_ | GIG PTA | " e ® °® ° N X AV.=48341+356
[22]44354 | Av.=458254255 o ° 43650 1341780 Rsp-2.9%
& 40000 F | RSD=2.3% 39450 X ° ® 479 STMIHEG Coal | STM IHEG Cal
) ! ! o ! 12254: 1:3*33" ' AV.=46296+271
o | .- | SD=4.8% | RSD=5.2%
%’ 1 1 m 1 1
- 35000 - X . B ' .
Q 1 1 32300 |
= | I & |
1 1 OLM IHEG Coal 1 |
30000 - : | AV.=35457£243 | |
: : RSD=7.7% : :
25000 : : : :
Sk S B E 201707-201708 201709-201711 201712-201801
PI3 ARSIk g m. (a) OX I AN, Zn/Fe KA ENE TEREEIE T Zn/Fe R8T, Zn/Fe KA EHE LI RSD =
0.35% ,n =20, WEEMERFFRE OX T ATIAEN Fm =1.3407 £0.0019, (b) 4 FIRER, BE KBNS I ik B AN B 2
R, Zn/Fe KIGEETER A AR R 13 2U0E , 53 1 A JCHLiR 46296 + 271ya AT LAk 48341 = 356ya, SCHK[ 10 ] 24 Zn -
TiH,/Fe KIGEHE T, ARICARET ~ 50000ya; SCHK[ 16 124 Zn — TiH,/Fe KIAEHE T, A JREAREY 53382 +7676yas; SCHK[ 17 ]
4 Zn - TiH,/Fe Ml Zn/Fe KIAENE 1, A REARRY 48457 ~ 51227 ya; SCRK[ 21 124 Zn/ Fe IEEHE 15 , ANIRAREY 44400ya; SCHR
[22]12% Zn - TiH,/Fe KIGEHE 3, A BARRE 44354ya., GIG Jh)" JHLERAL 2A0F 58 F lonplus AGE -3 H,/Fe {%;0LM 4
RT3 i/ Fe ALl STV ARSI 7o e IO B
Fig.3  Effect of graphitization methods on the results. (a) OX II sample, the stability of sealed tube method is better than on — line

method, the reproducibility of STM is RSD =0.35% , n =20. The blue solid line is the certified value of OX I (Fm =
1.3407 £0.0019). (b) Blank sample, the background of sealed tube method is as low as GIG PTA. Results show that with
the modification of flame sealed tube technology, the radiocarbon ages (or blank of chemical procedure) of blank samples were

improved , 46296 +271ya for inorganic carbon and 48341 +356ya for organic carbon. Ref. [ 10] refers to Zn — TiH,/Fe sealed
tube method, the background '*C age is ~50000ya; Ref. [ 16] refers to Zn — TiH,/Fe sealed tube method, the background
“C age is 53382 +7676ya; Ref. [ 17] refers to both Zn — TiH,/Fe and Zn/Fe sealed tube method, the background '*C age is
with a rang of 48457 —51227ya; Ref. [21] refers to Zn/Fe septa — sealed tube method, the background "*C age is 44400ya;
Ref. [22] refers to Zn — TiH,/Fe sealed tube method, the background " C age is 44354ya. GIG are the samples prepared with
lonplus AGE -3 H,/Fe method in Guangzhou Institute of Geochemsitry AMS lab, OLM are samples prepared with Zn/Fe on
— line method, and STM prepared with Zn/Fe sealed tube method in this study

— 275 —



HoO

et

w3 http: // www. ykes. ac. cn 2019 4
Y OXI 7 0 A AR AR B R 0 R SRS 7 R
120 F ¥
_ i(l)g BAR Zn/Fe TEL AT T B0 H ) thZetsi= A
< g0} A1 877 R T 80% (HJR R ST HIZ L & OX 1T ARG
% 80 - (RN 25 SR 25 R Zn/ Fe TEZRTE A S5 AL BAOTHAAE—
2 ol R KA. T Zn/ Fo GBI 925025
& st B, 2T EAMUA SRR LT Zn/Fe 2K
‘3‘3 i 2, HA AR o WG % BE AT MERA R o o DRI, AR

P4 AN S2E6 5 ok SRR i (3min/88 ) . GIG 2k
PR RS )T M ER AR A WF 58 B Tonplus AGE - 3
H,/Feili; OLM Ay AR 928558 Zn/Fe {ELk1k; STM A
Jeulas Zn/Fe KIGEHE

Fig.4  Effect of graphitization methods on the beam current
performee of graphite, 3mins per each run. GIG are
the samples prepared with lonplus AGE - 3 H,/Fe
method in Guangzhou Institute of Geochemsitry AMS
laboratory, OLM are samples prepared with Zn/Fe on
- line method, and STM prepared with Zn/Fe sealed
tube method in this study
1.4 > OXH

P4 TAEAC3, °
1.2
- -
HEG Cal -
1.0 {AEA C9 -
Eou THEG Coal P
i 0-8 5 =0.9969x+0.0013
= 0.005 0. Or 0" R =1
g 0.6 -
= o
04l o TAEACT
~~®IAEA C2
02/} _#1AEACS
- IAEA Cs
0 1 Il 1 1 1
0 02 04 06 08 1.0 12 1.4
Fmik & {8

PIS  Zn/Fe JIGERE 150 BT B BB HERE i 0 M 1/ 55 A
SEfEIRREEE

Fig.5 Comparison of measured values with certified values of

different reference materials prepared by Zn/Fe sealed

tube method

E T IHUBRAE ™) AR & , JLJ5 5 T A
ea AT ORI LA TR Bk 25 Gt

JEAFE IR

3 e

IR I REE I S R 58, R E S
7 8 x 10 "mbar, £1 AL FICH YR 10 " mbar £51F T
PRES K3k 8h, 2R W R A5 vk 1 SR o e
— 276 —

FITHE ) A1 BRI RE L8 R G SRS Zn/Fe KOG
PEEIE L LR C - AMS £ SBRHIFETT R, AR
T Zn/Fe FE 245 v iy KA T 9] 80, 08 fig e T
H,/Fe:al, TiH, — Zn/Fe 1 577 4 CH, 3% i 7 2
72 R A TG ) ME L, X i 4k %FH%THQ%JE TR AL
il HARWE & B A A

4 ZE

[1] Chung I M,Kim S H. Biological and biomedical "“C -
accelerator mass spectrometry and graphitization of
carbonaceous samples [ J ]. Analyst, 2013, 138 (12) .
3347 -3355.

[2]  Kutschera W. Applications of accelerator mass spectrometry
[J]. International Journal of Mass Spectrometry, 2013,
349 -350(1) :203 -218.

[3] Fink D. AMS - 11 in Rome, 2008 Past achievements,
current and future trends[ J]. Nuclear Instruments and
Methods in B: Beam
Interactions with Materials and Atoms, 2010,268 (7 -
8):1334 - 1342.

(4] BN, R, B0 aE0E, 5F. nid &5 B SR M A
HERBL = R B [T ] 5w Ik, 2005, 24 (4) -
41 -47.

Guan Y J, Wang H J, Ju Z P, et al. Acclerator mass

Physics  Research ~ Section

spectrometry and its applications in geosciences [ J ].
Rock and Mineral Analysis,2005,24(4) .41 -47.

[5] Synal H - A. Developments in accelerator mass spectrometry
[J]. International Journal of Mass Spectrometry, 2013,
349 -350.192 -202.

[6] Vogel J S,Southon J R,Nelson D E, et al. Performance of
catalytically condensed carbon for use in accelerator mass
spectrometry [ J ]. Nuclear Instruments and Methods in
Physics Research Section B: Beam Interactions with
Materials and Atoms,1984,5(2) ;289 —293.

[7] Jull A, Donahue D, Hatheway A, et al. Production of
graphite targets by deposition from CO/H, for precision
accelerator " C measurements[ J ] . Radiocarbon, 1986 ,28
(2A) :191 - 197.

[8] Slota P, Jull A T, Linick T, et al. Preparation of small



XA A N g T C R LA R G A AR A R AT

%38 &

(9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

samples for " C accelerator targets by catalytic reduction
of CO[J]. Radiocarbon,1987,29(2) :303 —306.

Ertunc T,Xu S, Bryant C L, et al. Progress in AMS target
production of sub — milligram samples at the NERC
radiocarbon laboratory [ J ]. Radiocarbon, 2005,47 (3) ;
453 —464.

Xu X, Trumbore S E,Zheng S, et al. Modifying a sealed
tube zinc reduction method for preparation of AMS
graphite targets : Reducing background and attaining high
precision [ J ]. Nuclear Instruments and Methods in
Physics Research Section B: Beam Interactions with
Materials and Atoms,2007,259(1) ;320 -329.

Khosh M S,Xu X, Trumbore S E. Small — mass graphite
preparation by sealed tube zinc reduction method for
AMS "C measurements [ J ]. Nuclear Instruments and
Methods in B:. Beam
Interactions with Materials and Atoms, 2010,268 (7 -
8):927 -930.

Macario K D,Alves E Q,Oliveira F M, et al. Graphitization

reaction via zinc reduction: How low can you go? [J].

Physics Research  Section

International Journal of Mass Spectrometry, 2016, 410
(1) .47 -51.

Ding P,Shen C D,Yi W X, et al. Small — mass graphite
preparation for AMS '“C measurements performed at
GIGCAS, China [ J ]. Radiocarbon, 2017, 59 (3):
705 -711.

Cheng P, Zhou W, Burr G S, et al. Authentication of
Chinese vintage liquors using bomb — pulse “C[J].
Scientific Reports,2016,6:38381 —38388.

D’ Elia M, Calcagnile L,Quarta G,et al. Sample preparation
and blank values at the AMS radiocarbon facility of the
University of Lecce [ J ]. Nuclear Instruments and
Methods in  Physics B: Beam
Interactions with Materials and Atoms,2004,223 —224 .
278 -283.

Research  Section

Marzaioli F,Borriello G, Passariello 1, et al. Zinc reduction
as an alternative method for AMS radiocarbon dating:
Process optimization at CIRCE[ J]. Radiocarbon, 2008,
50(1) 139 - 149.

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

Orsovszki G, Rinyu L. Flame — sealed tube graphitization
using zinc as the sole reduction agent: Precision
improvement of environMICADAS ' C measurements on
graphite targets [ J ]. Radiocarbon, 2015, 57 (5):
979 -990.

Xu X, Gao P, Salamanca E G. Ultra small — mass
graphitization by sealed tube zinc reduction method for
AMS "*C measurements[ J ]. Radiocarbon,2013,55(2 —
3):608 -616.

Krajcar Bronié I, Horvatinéié N, Sironié A, et al. A new
graphite preparation line for AMS "“C dating in the
Zagreb Radiocarbon Laboratory[ J |. Nuclear Instruments
and Methods in Physics Research Section B: Beam
Interactions with Materials and Atoms, 2010,268 (7 -
8) :943 -946.

Wacker L, Némec M, Bourquin J. A revolutionary graph-
itisation system: Fully automated, compact and simple
[J]. Nuclear Instruments and Methods in Physics
Research Section B: Beam Interactions with Materials
and Atoms,2010,268(7) :931 —934.

Zoppi U, Crye J,Song Q,et al. Performance evaluation of
the new AMS system at Accium BioSciences [ J].
Radiocarbon,2016,49(1) ;171 - 180.

Ve SCAR AT A LR, 45 6 /IR B AR e 4% 3%
T CARE S AR I]. T RERM S HOA
2017,51(10) ;1866 - 1873.

Pang Y J,He M, Yang X R,et al. *C sample preparation
for compact single stage AMS [ ] ].
Science and Technology,2017,51(10) ;1866 — 1873.

Yuan S, Wu X,Gao S,et al. The CO, preparation system

for AMS dating at Peking University [ J ].

Atomic Energy

Nuclear
Instruments and Methods in Physics Research Section B
Beam Interactions with Materials and Atoms, 2000, 172
(1-4).458 -461.

Aerts — Bijma A T,Meijer H A J,van Der Plicht J. AMS
sample handling in Groningen [ J]. Nuclear Instruments
and Methods in Physics Research Section B: Beam
Interactions with Materials and Atoms, 1997, 123 (1 -
4).221 -225.

— 277 —



53 1] E N R ==+

2019
http; // www. ykes. ac. cn F

'* C Sample Preparation Vacuum Line and Graphite Preparation Method
for '* C - AMS Measurement

LIU Sheng —hua', YANG Yu —zhen® , XU Sheng” , ZHANG Hui', JIANG Ya —xin' , SHI Hui —xia""
(1. Institute of Hydrogeology and Environmental Geology, Chinese Academy of Geological Sciences, Shijiazhuang
050061, China;
2. Central South Geo — Exploration Institute, China Metallurgical Geology Bureau, Wuhan 430081, China;

3. Scottish Universities Environmental Research Centre, Scottish Enterprise Technology Park,

East Kilbride G75 0QF, UK)

HIGHLIGHTS

(1) Compared with Zn/Fe online method, Zn/Fe sealed tube method was more suitable in overcoming air leakage
and low background.

(2) A novel sample preparation vacuum system and graphitization method based on Zn/Fe flame sealed tube
method were developed in this study.

(3) Higher ultimate radiocarbon age (47000 —48000ya) and good precision (RSD =0.35% ) have been achieved
by Zn/Fe flame sealed tube method.
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ABSTRACT

BACKGROUND: The technical keys of high — quality "*C — Accelerator Mass Spectrometry ( AMS) analysis with
low — background is the sample preparation method and the vacuum line rigs. However, the development of the
graphite target preparation method is impeded by exiraneous source carbon contamination, unsteady graphitization
yield and isotope fractionation.

OBJECTIVES: To reduce the requirement of the traditional on — line method on the long — term statical vacuum
performance of the sample preparation line, solve the problem of CH, produced in the Zn — TiH,/Fe sealed tube
method, while improving the stability of graphitization, and control carbon contamination.

METHODS ; "*C sample preparation vacuum system and graphite preparation method based on Zn/Fe flame sealing
method was established. The effects on the beam current and values of graphite ( prepared from OX I and blank
samples) between the Zn/Fe on — line method and the Zn/Fe flame sealed tube method were compared. The
precision of the Zn/Fe flame sealed tube method was checked with OX I as the unknown sample. Two ‘in —
house’ blank standards IHEG — Cal and IHEG — Coal were used to evaluate the chemical procedure background of
both methods. The other ‘ known — value’ reference materials of IAEA C2, C3, C5, C7, C8 and C9 were used to
validate the accuracy of the Zn/Fe flame sealed tube method.

RESULTS: Zn/Fe on — line method can obviously overcome the air leakage, which yields a lower chemical process
background (0.24 -0.32pMC) and higher ultimate radiocarbon age (47000 —48000ya) observed in Zn/Fe flame
sealed tube method with long — term stable beam current output. It was demonstrated that Zn/Fe sealed tube
method was more suitable for graphite target preparation than Zn/Fe on — line method. The results illustrated that
the Zn/Fe flame sealed tube method had good reproducibility (RSD =0.35% , n =20, OX1I ), and high accuracy
for a variety of natural samples ranging from dead carbon samples to modern carbon samples (linear fitting formula
y=0.9969x +0.0013, R* =1) with a low background (radiocarbon age of blank 46296 +271ya for inorganic
carbon and 48341 +356ya for organic carbon).

CONCLUSIONS ; The graphite sample preparation vacuum system and the Zn/Fe flame sealing method have the
characteristics of excellent graphite quality, low chemical procedure background, high accuracy and high precision,
and meet the sample preparation requirements of high — precision and low — background '*C — AMS determination

for graphite.

KEY WORDS: "C - Accelerator Mass Spectrometry ; graphite target preparation; Zn/Fe on — line method ; Zn/Fe

flame sealed tube method
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