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NIST I | Targets and Back-ground samples |

1 Carbonates  Organic materials
Pretreatment + *

|Physical pretreatment megascopically or microscopicallyj

\
\
\

| Chemical pretreatment (acid - alkali - (acid)) | Modal yield
lRoasted with a lid at 400°C in a electric furnace| Car:}?:f 5
A pretreatment
SrCO3 production
A Hydroly51s Pyrolysis |
Oxidation § <y
CO, production 81%
SrCO5 production Carbon 5.1 g
in
@ SrCO3 powder
CgHg synthesis
SrC, production 6%
4
C,Hj production Y
a Catalyst : C 6H6 42 g
Check by gas ||  CgHg synthesis PKN/D1 65¢ Carbon3.9g
chromatography
I 3
e . . Final yield
Liquid scintillation counting and data analysis 65 %

Mixture of sample CgHg and toluene based
DPO+DMPOPORP scintillator
I Measurement by Quantulus 1220 |
|Data evaluation and date acquisition]

1. BEHERREANEATRE

Fig. 1 Processes of radiocarbon dating.
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Organic
materials
pyrolysis
. [
Pyrolysis 4% KMnO4 liq.
| Purification
2N HCl liq. of gas
Carbonates
hydrolysis
a i | % =5
ﬁ E « T No' 1 NO. 2
4% Mag stir. Mag stir. HyO
NaOH liq. Carbonate Sample Ice . |—|

ca.150ml + pure H,O & salt NH4OH + pure HO liq.

Absorption ~ Absorption
of water of COy

Purification

of gas Hydrolysis

2NHClliq.  NHLOH liq.
Volume for 500+40ml, conc. 154ml, required
carbonates 50g

or Carbon 6g | NH4OH lig. '
practically No. 1 pure HyO 380ml + conc.200

No. 2 pure H,O 530ml + conc. 50

2N HCl liq. < pure HyO 750ml + 36%HCI 180ml, total 1000ml

4% KMnOy liq. < pure HyO 480ml + KMnO,4 20 g, dissolved at 60°C

4% NaOH lig. < pure H,O 150ml + 6g NaOH

SrCl, liq. < practically 80g required, for convenience' sake, 100 g used
No. 1 pure HyO 300ml + 80g anhydrous SrCl,
No. 2 pure HyO 200ml + 20g anhydrous SrCl,

dissolved at 60°C
SrCO3 100% recovery —> 73.8 g

2. BEEOBSMEL REBEOIKS R, RUOZEBLREZEDOEIL

Fig. 2 Pyrolisis of organic materials and hydrolysis of carbonaters, and recovery of CO,




Purification of CO, gas

4% KMnOy liq.
L

A lig. Blig. Clig.

4%

NaOH liq. -
ca.150ml 6N H,804 lig. NH4OH + pure HyO
Purification . Absorption  Absorption
of gas Hydrolysis of water of COy

6N H,S0, liq. 4% KMnOg4lig  NH,OH liq.

Volume 160 ml 550 ml conc. 194ml, required
for )

practically No. 1 pure HyO 330ml + conc.250
No. 2 pure HyO 480ml + conc.100
NIST + 6N H,SOy4 lig. < pure HyO 300ml + NIST 28g, dissolved at 60°C
+ 6N HyS04 160ml + CygH 1404 a few drops
4% KMnOy lig. ca.550ml < pure HyO 480ml + KMnOy 20g, dissolved at 60°C

6N H,50, lig. <pure HyO 400ml + 95%H,S0, 89ml, total 500ml -

4% NaOH liq. <—pure HyO 150ml + 6g NaOH

A liq. <= pure HyO 300ml + KMnOQy 4g, dissolved at 60°C

B liq. < pure HyO 300ml + AgNO;3 12g

Cliq. < pure HyO 250ml + K, Cr,0 6g, dissolved at 60°C
+ 95%11,50, 50ml

SrCl, lig. < practically 99g required,

for convenience' sake, 129 g used
No. 1 pure HyO 350ml + 99g anhydrous SrCly

No. 2 pure HyO 200ml + 30g anhydrous SrCl,
dissolved at 60°C

SrCO3 100% recovery —> 654 g

X 3. NIST BEEOIIKGH., R UOZELRFE DRI
Fig. 3 Wet oxidation of the ¥C NIST oxalic acid standard, and recovery of CO,



DEBRTRoIEBYZBRESEL-0121 | 1 O THEOEWEEL TV IT Y 2B Xl L
Rt &€5, COERELI0EIIMEYET, ZL T, 200C T THEEXHRLLALEIL, 1110
HOMEDBVAKERLE T VT T2 EGRET 5, M2 NV ¥ U ERORIICARICHN S 2V,
LV, AREREHE L THEOR T A Tl LAl & SR Tmgk L 7o mic, IR
RPHEORTHEL LS L) hZRBR SN 2o/, TEFL 0.4~6.0Y v PVIZHFL, fil
H%230~100g A LTV %, 7+t F L 330mbar DRIE T—BE, filEFIERT, 7EF LUK
BRI, V) —AREDIy 7R FRAL TS, 7)) —AWERBICREPLTH L, N¥
YHIH D712, fEE % 3EERI100C THEL TW B,

NYEY 2l L2 RICHEIR - - WEIZ. FEREWELLIE 7=V y v, €72
Db, TN TRERNL2Ng THb, FRLLLT7TEF LV LEIOREDHED O
PCEICENELTBY, SRIEHALPIEMEIIERT, LRV, ZoREHHE SN
CEVENLTHLLETHY ., XYY OFHIEE L EERERFEE 2 F o TER~NOFE L
FHIES % &, 0.22~0.4%2Fh, 4 ~THFIIEHEL LD EVI,

(5) NELDS KLERH S OEEE

Mestres et al. (1991) DOFET, RV EVEIND7HIZ—196C DWHAEER TIiE R { —80CH
BERBZRL TNV I-VORBRAEIS ZEHEHEENOPIRENTVARY, LA L., Mestres
et al. (1991) ¥ Hood et al. (1989) DERIZEITVWTIDFEZRALZDDOLIERE NS,
Hood et al. (1989) (212121000 DHABDMERROBIA P OROEELZHLPIZL TS, &
BENTZRVELIZIET VT L™ Ra (CERBIL600E) BEIT TRV L, TT7 ADIEBHE
THBET RV RuEFFATARETNVI—VEEAY ) — VIREBET8C TRV EV % b
5y 7 LEZES|T5 L, REOBECERECIPDLT, BLIKRETELIL, Thb, b
T AR BRI 7 O A LB LN T DY AOWE DA E TV B,

7 FYO¥EHIZ3.2HTHY), XV EVERBFEEZTEINT 2HEI1IE, BE Y FL—¥
ayAY VY —CORBORIC0H OB, RETILENDH S, B, Hood ef al. (1989) DE
112i3, FA—DHOEAERVEr &2, REBROBW IEORBLHTETERENNAT
VEED TR v F L— ¥ a VIETEHII L2 ARS PSR ERTV S, TFETOREER
PHMBICHAL )BT FYDARZ PVERLTWE S, Zhw i, RVEVOH—80CTD
BURZZTTIE R, WA TUNANDED, BEROBRFEREL 25, HTEPHRRDEVT Y
7)—FOBYODOT FUVBEEIEL, XVEVENDHS B INLITEEND D, RV EV %
TN ICHBHBERIN TR WASICHN S5 2 LB E L2 5,

V BEEXZEON € ERBE

(1) R

FTTIRR-FAEEE T, BRERET -3 RBEY R T 73K SE L CREEX b
VFY A (BEK) BEETE, B — U — Ky OE#ESRENIST 1123t LTIk @ @(L)
Thoe RIZIDEHZLTHBLREA MOV F I LBRKELEB /A TV ILAIBETCA by F



TAH—=NAF (B 2EEL, 20BMNIFILT7)—KEMATTEFLY (G 2%
A, MEXFERALTIRVEY ) 2687 %5, RGBRIERLIRT, ZORERER
WCELDTRT, BB, XVE /*‘H&%%@lﬁlﬁli Omoto (1983) 2> T\ 5,
1. ARERROBGE c+oz—+cmt
1. REBEOMAS R CaCo, + 2HC1 = CaCl, + H,0 + CO, t
1”. NIST HERR DK 5(C,H,0,2H,0) + 5(0) + 2KMnO, + 3H,S0, —

10C0,t + K, SO, + 2Mn SO, + 5(0) + 10H,0

2. ZBAMLREDORIL CO, + 2NH,OH — (NH,), CO, + H,0
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BEHT, RRREPSBRED T — 31 FHIERG% B ETHLNA TS, ZEREIIFICH
BhAhnwe ZICERIE & b,

a, —ERRE

TCERSE,) 3. KISHEZ o089 5% 5, EBOFNVY —idwbIiIZE$I ) T, 20N
BOBETEIENE A, RROBENDHY, ChICRBRED L) ZRELIF I VHOF A
F DR T —TFTRDOERIZT | oo TELRWVE I IZEoTW5, e, S M- EREMRS
BANT —DF 2 —TRE S % @o T, EHICHIBMLTVBE)FILERELT, LGA T
E2LVWIHIBEICEo TV,

F 4 F—hOFEHIR L T1X350~650C, EZRD Y F 7 Ak L Tid650~850C DIREEFALIA*
WL 2B X ICRETEN TS, T4 F—EWFEEHT 5 FEIEFHICIRENTHRVD,
SHE LV FY LI L THA ICBERSFTEL L), ROLEFRENTVDS, 1) T4 F—,
EVANTKINVY — %, (AR VFvaroBENREESTETCE, 2) dVY—HGTD
BLSJIFIZ furnace jacket EEBENTVADT, Vv 7 v DX ICHYEL LI ERDODD
B h, B REAREROL I CTERGEICEY FT 5,

BEEEREASEENIC S AR, B8 S 23R SIERMERS T 545, ZOREIZ0.1~0.25%
ETHREND, ZORET TIIENEED O FTFROBVARY OIEEAHEMS 5 L, #5H
B AERE L TRBE IR ET 0B o TORIBED T —/34 FEBSERIEL ., 21



Y. KEMEY. B AT L CEREN S,

DL LBGE/ AFETRINOKTIZ, AV —BIH 2BMR — V DREISRAME (600-
650C) IZZELZZEFT, TRIEREN0.05RFEKCHELLZ L THITE 5, 20, KEILY F
T A, BIL) FY LADNEEERT B0 PK, JUSEORSBEL T 5, 0%k, BHOE
FTERFTHRT,

ROBEREE LT, 94 F—Ro N ERURERBORETH 5, BRPAMD L) 1TITL
ACERET, B BE 2 EOERERI VPP RVREE, BoRIIFSEDETRICBE S €5,
KISEXBEY —VvE&RT, BEZR5[ S, EHTO0CEFTLITFS, ThTRo ZRITH — N
1 Fick 5,

REBHEMEDE Do - VRE SN - BEEAORKOBHE, BREOZEBb~Y Y 2R 2 12R
DORBHINZ B0 REHIESICBEIC T EBO RN T — 2580 S\, HSEEEEY -V
LT, EEEEILC, BE., RENLRMALERT S, ZBIb~ v AU B3 LIEZLS T, 530C

Hole for a
thermocouple of
tubular electric
furnace

Pressure gauge and
gas valve, Oto 1 atm,
precision 0.01

Valve for intake

of 3H free water Valve for exhausting

] o gas and intake of CO,
Observation window

Liner for a sample, Thermocouple

volume of 400cm3 ﬁ — Water cooling jacket

3~5mm apart from e - Tubular electric
aat T furnace available

i at 350~800C

""" with thermostat

tWater cooling jacket

tubular furnace  solid HH:
sample H:

6 bosses supporting liner /_ﬁ

Cone reactor
area of base of 120cm?

Flat electric furnace
available at 500 to 999°C
with thermostat

7. ERRE - COMAD LiClER - CHEERISE
Flg. 7 Li,C, and C,H, common reactor for both solid sample and CO, gas.



R EBELRFHLUTC—BILREZESHEA LR, ShEESICHLBERLZY F7 4
ERAD &I ITRKIET B, 4Li + 2CO0 — Li,C, + 2Li0,

REESBOBEIZL, CO_ENSERPHICIYA I VERTAZILTRY 5, REEZ#
L T500~560C Tid. KRN T & ZELREVFELET 5, CaCO, = CaO + CO, LTI D
RIS AHE &, EHBTid750~800TC T Z D _BILRFEARAIHE > TRINEN S, CO,+ 10Li —
Li,C, + 4Li0s ZNW ZBEDN ) F 7 AHWMEL 2 BH, Ca # E LT 5 FHMWAT Li,C,DER L
FEICHRR L 22\,

b. PISERSE

IhiE, ZBMLRFLVFVLALORSETH S, TOFRIL, 1) VFYLrORERELKE
(Tt A7z, EEE#Z100em e T2, 2) B¥HHe ER2BERS 23572012, 2mn
EVWHEWIF UYL ARER, 3) M1y PVORBEICT S, ThTI7.5) v MVOZEME
BE (REICTHLI.50) ORIEHTEE, KISDEEIC505%2EL 2V,

c. BERMEPORSE

MODIZBT-HESERVBR ASENRNIRLZLDTH B, BIdDLHIZ, VFT A
FIBEIIE X ) =R RIHEREN TV EDOT, HEROKSETEICIE 2 mm ED T IV I{LE
N72304L A7 Y VA ZERAT 5, ZOMEIFI600C T TRILLZ V., BRIV F YL R2BDAZ
DRSE DR THOKE & AEMISERE T, BYARICT S, L) DI, BEHIBRTHE
ENTRETATRMESDEDLTH S, VF 720 TARCEERIZ, 2mm ¥ —J DA
TYVATTETCVRSI2D, BHARHRL EHZBEHNHITETIAERT I —F —1d,
Skripkin and Kovaliukh (1998) 2 X+if, KEHDE0T v PE#HIITED 5,

Skripkin and Kovaliukh  ZFEDKSEIXFREEIC L o TEWHITARICRoTWAE, L2 L
Bho, ZERBETOIAFT—FORBPOBET L BLEEZ L G EE 5 OICH#EE L[
BOEVERESLEDIITTH S, L IHVFERNSEDEIIR Y, 22T, ZBORE%
BRI DUEND 5,

FISBIRIEREIC & o2 TR D TO.01RUERE CRERIIOFED S IREIZ LD B/ME 2
REETDPRLEL 2D, ANVF—EH L I— Y DEDREREIMIL L TV ELENDHLDOT, R
BER - REFTELT —I AT — L LB IRV T —EHIE350C ~650T 12, EEBIZ550TC ~
850C ICIREREN TE L BEFIVLEL L,

I, FUBHET Licde, MIFUATY —KEZORBEICTHT Z &A5TEMIREE
B R ), HROBRID R 2B, RERSOLD, I—-VERGRTOOMES
YA —F—NAZHABLTVE,

VM sbHUIC

AHETIE, UHECHRHAF TR LTE-SHOBAE, S RV ¥ U ARICE S BRZICD
WTEELRESER LT REEREN S OTIZEND, WIEHEIHAPHFOKEIZEL
TWb, S BRO-DDERETHAT LI 2T LRERIINP L YKL DDEL-TEY .,
SR LTW AL, bbA A, BRENRVEUVOMERHEEY v FL— 3 VHIEBRENEA



DARY MR EEBLTHADT, RVEVEBRDOHEEISHLPICRADTHEH, Thbilo
WTIIHEEBOHE L. RETHRET 5, KHEDO—ERIE, 19984 8 ARICHF/IE L EWE (B
R) EGORE - HMIKIEWE CRE S N BRFIUCELI998ERE T, THTEARFELFMBELEE
£ (93— F%& (KU) OBsERERERAIEBE W) BBETRERL .,

AR ER R (EBE A, FEEF08401014) (BTEHMREK) BHEAL,
BREORERTLERER L LTI, YRBEERNFRE (B KREfTAE. HHER
Sk, BEKEEBROF 2 ICKEBWEIC R0/, T2 NVEVEREBOEZENRER
TYEZTKICE B ZEBMLRERINOBEICOWT, BARFIEBORECEMELES L UHE
REFOEBRTHEICTHEE 2, PEMMEMNUEAEOHEKSER, HHBERE, —H4
DEIBEF S AITIIRVE VABBRICEEL TIHATE 2,

X ®

Arslanov, Kh.A., T.V. Tertychnaya, T.V., and S.B. Chernov, 1993. Problems and methods of dating
low activity samples by liquid scintillation counting. Radiocarbon, Vol. 35, No. 3, p. 393-398.

Becker-Heidemann, P., A. Hiller, and J. Hofmann, 1995. Influence of chromium endowment and sur-
face area of silica-alumina catalysts and of reaction conditions on benzene synthesis. Radiocarbon,
Vol. 37, No. 2, p. 717-725.

Craig, Harmon, 1954. Carbon 13 in plants and the relationship between carbon 13 and carbon 14
variations in nature. Jour. Geology, Vol. 62, No. 2, p. 115-149.

Enerson, T.B., H. Haas, K. Zarrabi, and R.L. Titus, 1998. Comparison of vanadium oxide catalysts for
synthesis of benzene: Benzene purity, yields and reconditioning methods. Radiocarbon, Vol. 40, No.
1, p. 167-175.

Fox, Brian W. ed., 1976. Techniques of sample preparation of liquid scintillation counting. Laboratory
Techniques in Biochemistry and Molecular Biology, North-Holland Publishing Company, Amster-
dam-Oxford, Vol. 5, Part 1(/2), p. 207-253.

Goh, K.M.,, 1978. Removal of contaminants to improve the reliability of radiocarbon dates of peats. J.
Soil Sci., Vol. 29, p. 340-349.

Goh, K.M., 1991. Carbon dating. In David C. Coleman and Brian Fry eds.. Carbon Isotope Techniques.
Academic Press, Inc., San Diego, p. 125-145.

Gupta, SK., and H.A. Polach, 1985. Radiocarbon Dating Practices at ANU. Handbook of Radiocarbon
Laboratory, Research School of Pacific Studies, ANU, Canberra, 173p.

Gurfinkel, D.M., 1987. An assessment of laboratory contamination at the isotrace radiocarbon
facility. Radiocarbon, Vol. 29, No. 3, p. 335-346.

Hesse, P.R.,, 1971. A Textbook of Soil Chemical Analysis. John Murray Pub., London.

Hood, D., R. Hatfield, C. Patrick, J.Stipp, M. Tamers, R. Leidl, B. Lyons, H. Polack, S. Robertson and
W. Zhou, 1989. Radon elimination during benzene preparation for radiocarbon dating by liquid

scintillation spectrometry. Radiocarbon, Vol. 31, No. 3, p. 254-259.



HEZ, 1992. RERUERBIEE — PERBORFUERBE. BARHE, H64£. p. 103-113.

Mestres, J. S., J. F. Garcia, and G. Rauret, 1991. The radiocarbon laboratory at the University of
Barcelona. Radiocarbon, Vol. 33, No. 1, p. 23-34.

R g - ARHEFM, 1998, RAGEE L Li 8 OEEFUS % F v 72 C ERBE D 720 O FAREL
H . Radioisotopes, Vol. 47, p. 212-215.

Neftel, A., H. Oeschger, and H. E. Suess, 1981. Secular non-random variations of cosmo- genic carb-
onl4 in the terrestrial atmosphere. Earth and Planetary Science Letters, Vol. 56, p. 127-147.

Noakes, J. E.,, S. M. Kim, and J. J. Stipp, 1965. Chemical and counting advances of liquid scintilla-
tion dating technique. Proceedings of the 6th International Conference on Radiocarbon and Tritium Dating.
Washington D. C., NBS, p. 68-98.

ANTEACR, 1980, BUERFEFRBEEROMY H\7. #E, Vol. 25, No.5, p. 25-37.

ATEALLRK, 1982, 1997. BUAHERRFRUEER =27V WY FL—va YHIEE). BHE
REFICEFEER, 28p.

Omoto, K., 1983. Radiocarbon dating using a low-background liquid scintillation counting system. Sci.
Repts. Tohoku Umiv., 7th Ser. (Geography), Vol. 33, No. 1, p. 23-43.

ITEAIZRK, 1993, 1996. BUMBERFEMNPEER =27V (V-2). BAKRZECEZER, 102p.

Polach, H.A.,, 1989. "“CARE. Radiocarbon, Vol. 31, No. 1, p. 422-430.

Polach, H.A., 1969. Optimisation of liquid scintillation radiocarbon age determinations and reporting
of ages. Atomic Energy in Australia, Vol. 12, p. 21-28.

Radnell, C. J. and A. B. Muller, 1980. Memory effects in the production of benzene for radiocarbon
dating. Radiocarbon, Vol. 22, No. 2, p. 479-486.

Skripkin, V. V., and N. N. Kovaliukh, 1998. Recent developments in the procedures used at the SSCER
Laboratory for the routine preparation of lithium carbide. Radiocarbon, Vol. 40, No. 1, p. 211-214,

Starik, I .E., Kh. A. Arslanov, and I. R. Klener, 1963. Improved chemical procedure of sample treat-
ment for radiocarbon dating by means of scintillation technique. Soviet Radiochemistry (Radiok
himiya), Vol. 5, No. 2, p. 198-205.

Starik, I. E.,, V. A. Shamov, Kh. A. Arslanov, A. P. Zharkov, and G. M. Murashov, 1961. Scintilla-
tion technique of natural e counting and its use for age determination. Soviet Radiochemistry
(Radiokhimiya), Vol. 3, No. 1, p. 101-113.

Stuiver, M., G. W. Pearson, and T. Braziunas, 1986. Radiocarbon age calibration of marine samples
back to 9000 Cal. Yr. B. P. Radiocarbon, Vol. 28, p. 980-1021.

BT - AT 1983, NUE VAL Y FL—Ya Y Ic kB CERBIEE HERENAR,
Vol. 34, No. 10, p. 513-527.

ERETF - AARET, 1988, WY VFL—Ya ik s 4 — 5 HFEDCERNE. BERERA
#|®, Vol. 39, No. 8, p. 525-535.

Valastro, S. Jr.,, L. S. Land, and A. G. Varela, 1977. An improved procedure for wet oxidation of the
“C NBS oxalic acid standard. Radiocarbon, Vol. 19, p. 375-382.



[&]

2

©

13

1

15

16

17

Processes of radiocarbon dating at the Department of History and Geography, Kansai University
(code name: KU) I - from sample pretreatment to benzene synthesis

BESHERRO S 7 ¥ PRI, FRALBIEHIE, ®ES v F L - a Vi, EFEERSES
HY, ZOMHIAREOIRFICHIG L, MEBEIMEL TV, Lidvwi, B FL-—varviE
BBEL o LBERL TV EEMTEEEIRIBT VLT R 5,

W. F. Libby 31949 IZBUHMREEXRR L. Shifo TILADERRUEPTRETH L Z L 2T
L7z (“Radiocarbon Dating”, 1952), Libby D Z DFERLIE, A EL KB ENTE ),

BAROBHMEREZEOFEMIT, FREORRL IR L o TRELH L T 505, ERPOBGHER
ROFEESORD D Z LATE B, Neftel ef al. (1981) 12 X AITHETCRISS004E D HATTE5004E F T
RN L BT RFEER DZEIIB0E D S-1004F & /N & { %2 ), KEITE5004E 2 519504F F Tld—
100D 5 0 ENE K E L o T B, BEHMERFES conventional age % FHBEFAY; calendrical age
R BIDDT -y N— AZBEREL T 5, BMIZETHTRT, |

REORERMAILIIERET S 0T 1 FMEDHER Peedee RBE DFIA belemnite(PDB lime-
stone) RERIE CHEEILE B, Thbb, 8°C%)=(C/"Cop—"C/"Copssiorn) / C/ Commsmatoon <
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BRBRIIFEHD SERSWBEIHEREEZEE 20O T, RERORSHERZRE 2 80 2 Tk
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