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Irradiation Effect on the Reaction of

Mixture of Carbon Monoxide and Hydrogen, Part III

. -Radiation Chemical Reaction at Elevated Pressure under Gas Circulation-

Shun'ichi SUGIMOTO and Masanobu NISHII

Osaka Laboratory for Radiatiomn Chemistry, JAERI

(Received July 15, 1983)

A series of our studies on radiation chemical reaction of CO and Hp
mixture indicated that several organic compounds were produced by
electron beam irradiation and the amounts of the products increased with
increasing pressure and also increased when the irradiation was carried
out under c¢circulation.

The present study was carried out in an attempt to investigate
whether the amounts of the products increase when the mixture is
irradiated under circulation at elevated pressure. For this purpose, a
reaction apparatus, which can irradiated the mixture up to 10,000 Torr
under circulation, was built and the experiments were carried out on the
amounts of products as functions of pressure, irradiation time, gas
composition, temperature and dose rate.

G values of most compounds were found to increased with increasing
pressure under circulation.

Among the products, the reaction conditions giving high yield of
acetaldehyde were studied in detail, since this compound is considered
to be one of the most important intermediate compounds in C) chemistry.
The maximum G value of acetaldehyde was 2.9 which was obtained at 8,000
Torr, 55 CO mol%, 2x1019 eveg=l.gsec™!, 1.3x1020 eveg™! and 22 °C. The
selectivity favored this compounds in all organic compounds was 57 mol¥
at the conversion rate of 0.8 %.

In order to elucidate the rgaction paths of formatioq agd dis-
appearance of acetaldehyde, the amounts of products were determined for
the mixture with or without the presence of small amounts of acetadehyde.

The results indicate that acetaldehyde formed by irradiation from
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CO-H; mixture turned mainly to carboxylic acids and formaldehyde when

acetaldehyde was further irradiated in the mixture.

Keywords: Radiation Chemical Reaction, Electron Beam, Carbon Monoxide,
Hydrogen, Gas Phase Reaction, G-value, Hydrocarbon, Oxygen Contained
Compeound, Methane, Formaldehyde, Acetaldehyde, Acetic Acid, Methanol,

Gas Circulation, Elevated Pressure, Chemical Radiation Effects
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I. #& =

KERFETT (BISMITEF AR 1 L SRBRRETMESFFESN LI LiLLD,
ZRITHERS - TN — = DWEN LI b T, CO-H: DRIBIC B4 AR9EN s S oD
HEEE] 49 T H - 7o WEEOFHEATR, (a)l—FHERKE, bIF. T Kt xd 2 kAl
HAXES ok [T, COF— 703 Blalg—SHERORIGE, B2l GEARE LA
BOFISEN) | HAS LUTED 2 ANTIIEN LT, AT 02T v LA MEARRENE
wie e A A FNT 15 CO mole Bic S B, HHEAEOE RN, SHALH
L7,

g & 5 % ¢ B IC 5 - T & 72 IEF0S1 10 B IC IZ AR AE 0 9 bRl R RS T2 ETE=EA
sh 78S, BAS UM, oS v —TEOMAES TR EHEE Lz, TORRE, 0
534E 3 A $ TO 4 ERICEA, iR HEME S IS S AR, FEKBOERE, £, #
B, BEIENA VAL ARIBEES LA THENED SN TERKE T -7 2ERT 5T &0
T&E7.

ZoEE CO-H: RASKOSE THEBHEISTE, (URkES KUEBRILEMPTL &
LT A, H—SEEORETREBHLEMOERENS &, DERMICIE CO MR
i E IR AR LB VRIS S D, HCHO 75 &% { ot CORE DBV ADINENE
W2 &, o CHy CHO #® CO2 72 &1 COBENE W AMERICERT 5T &, B MRICTRER
REAHSBAIC Space— time yield BEEIT 5 C &, WEBELAVITERS S VEER
YD UENEERTNEN S B EREERHLTE. /20 NnETo CO-HiES
SRR BU L RS TR S T h » 72 Trioxane % Tetraoxane B AT £ O
pid B T b B Lite T 45 DFFIHE LB L

BAEIS2MEEE 5 id, A E TR LA L TRARIGESEERE LIJEL LT Space - time
vield #EHICT 7 dEET, BRSO EREIC S B AEE ST, EESRE A TR
LTRanciid s o — v B b 5 o TIUERO— AR L TETREHIITA Z A AR
NRIEEB A CNEHVEFEETIC LI Lz, COREFR, COFERRIAOK
A B % B L THRFIS2E 12 B A H554F 3 Alch ) THEH LAMRIC L0 BONRDRETH

3]

C®%g§mwkﬁ%€ﬁim%of,Cﬂgfwﬂ%%%é%&waiuﬁ%ﬁ%&ﬁé
ERME LT, T4 /-, 5Ly, EBRELSECOTEPARASFEERNGOALT T
L FICEAEE S, BRGKT S, Mk BESHART L0 ER TRERERT 5

Clir L, FOEREEAECATLAESGHER 29 (8000 Torr, 55COmol %, 25sec i}

) THoo
COOBIET, AR LT N T T FEBREFT TERLETSHD, BT

B B S LI -, ZOHCO-H BHSHd s o LR T T
e FARI LT, FRBHC ZAEMARIT AEREIT /0, CORREARTICITDHI,
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$4, TeMTUFTE FOERICE, CHaCO GBS LT0hA T LB HEREANADT,
CO—H, FRIGUHAIC 4 5 Y ARILT, 7%= b7 o7 e FERCRITTHRERHT 3ER
Tote COMBETEHALEVREREFEHTHICHEST BFETH S,

> TARBSICH L BAEE N, BT RO RISRE S A T > (REHE ), (24
o, (BESHEE, WHH, OHERORIRE X007« b7 L7 E SRR TS 5.

bE L DAPFRIERETEMC BN HEEERE LAbDTEEL, FRCO-HEAR
i & TRERVE T 5 BEAE URIBAE, HEHRISA &0 &> RREIE Rz T &0
BETH BHICONT, FIREFNE LA BIEIC 51 5 BIERRY S H - EREs 7 — 5 £ R4S
ZEEAHNE LTV D, COEES CO—HiRA T DRAHRILS: R IG O T A %m0 BFik
BTEBULFEAMELLTEOTHE,
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II. % B

. FRERERICER

O DIEB LRSS 10,000 Torr (133 x10° Pa, #8%iH) $T0 CO-H B8R EERELT,
B Y I LRSS eI IER LA IRE LV OB TRERA L, CO-H. Ba
GEROHEHEL S RBETET 5 BEWTaEffa i, BEOMIECY - T, FEMITORDG
IR LT S RSB S L UIE /S FRSEE OBREEE S L TRRLD
EGRAEE kTR D E D ICEALS

CNETOREEE 8 L IBSOREBOHBIZRD 2HTH 5, H 11}, BEBF [RL
'%%Jﬁiurmm%@%l@Z%%CﬁdkC&C@ﬁcFX\&%%J&LT@%%E%
EEEY 7, LEMEREES, EAiT ey -, REHevy - BLUATRASA o7 b
5 7 kiR PEEETERENENCHAGCESZE DT IHOF » 2y —HEICHAS, —
AR FOEEHEE, SEENPREORERE LUOITEE i O RERIH AL, TR A
2 saw bt 570 TCDH LU FIDAMERS SBHh&MARGMEE CEBOTERLLD
ﬁ@bt@ﬁ%%%@&%%%d%@#vzym+ﬁﬁwmﬁéfﬁﬁﬁmﬁj&LtoC@2
é®ﬁ$@u&—7wﬁﬁﬁbf,%%¢M%m&%%ﬁiﬁiﬁ%#@ﬁ@ﬁ$6Mﬁﬁﬁﬁ
&%6;6mtto%2@,ﬁ%%(%&V)ﬁxﬁﬁ%£77®§4&7ﬁA(%7u7)%
%éﬁﬂﬁ%&%@?é%ﬁmﬁﬁiZUEMﬁﬁ%f%Txfyux%(&B—%@%@%L
RO ETHB,

Fig 1% e AR L e BEEIRUARER F ¥ 7 O RIPRITHR L HEAERT
%, Table 1 IAEERMTOHE LA Lic, LIFICEH IR OREFRETA 5o

11 RIGEER

(2] WmEtAER BHAROAEN% Fig 210k L. BEEBOERI 5 LTHL, L
WIYBHEA R 5 v UT, BB 00 m EOF s VEEES 125 am OF YA F
74»L(DqunHEEMW,TmeH)ZW%ﬁX#vb&LTWHHtOEM@@3V7
S5 k5 URBE TR L BSRESNICER LBk EIE Uit D, ARAE R LT
NG5O TS ALK LTH S, EAEO 7 5 v YiE, BiCRohs &2 iEmE0h
R L TRBRAIEIC 280 125mmg DR T v L AMEAA TERBAL

55 1 ED A TR T 5 VOEEE TEENTEOTED, FREY I hoES
AT EFERSEOBADE L, &5 1 &R 7 7 v VIKEMNY L TRBEEDREN & Lis, &
GBI 5 v ¥ OBLE» S ICAREN AR A 72 RS 250 mm ORIV 7 2HFALT, 7
BRNHOBENNETES E2ICL,

HerH B AR, AFBemme, EX TmORT v LA, FEBRCLDIRDMNT L
RICIOEA R L TERABITES 2510 U, MAFEOMAA L L TREP A 7t - T

._3_
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A7 e—%— 2EWMDATIE . b= — LS THIRR OB % BRI ICH D i/,
FhBEFGRBCEIEHEN 77 vV EoBIE O, 77 v Y TFENCAE 6 mmd,
EE3mD AT YL RN TR TR TS ETR AR TS & L,

(bl EER 7 FEREC7EEERR S v 7 7 AR LT AEESRREATIC b EHS
TGRS AR L7,

L LEEDIHIEY A Y7 7 L HFRERDANT, EsfUcESAM S 1+ 7 5 LICHE
HEEXTHEHESREEY KOS A Y75 2 ORISR TE Yy FlIicBA LIS W E DT
L, $HWE RHLTESCR v 7OERE ST 2EeEE OO ATz, # Y 7 EEhD
WG DR~y FIKEE L ESICHEEREDZZWEHER -5 —ZEHL,
EHEE A AR RGEDET AR ERHRERE U BT E S S

(c) HmamiER 2 7 L AMREE BESSAIC S 7 e - s RUREHEHRIAALT
RENHEBEIL350CThH b, BENTEREZANTS 7287 27 AR TIT -7,

d) N BEEELtREESoRESS 2l (SRR KCEELED) 2O A
e WONGEHLURE— 7 — B ICEEASRENEID Jiof, BETE UEFRERg
JEFIEI~EA L 30 & 5 I ER A RRE & 7EMRT (Fig. 1, filter ) < pore size 60 #m DHE
HEB7 vy —FEHA L, $ARERENRA Y T BEHEBEHT O EREFTOfERES
FAMWN DL L O LT,

le) wE3FF BB LHc-7-BIUBERERO I, BREAERBRIERA 270N
ARz ST (Fig 1, Ve 2 FENC XD FTET L TIT 5o BIESRIEER & FEET B 050 - 7o RRE
THHEBOHEESSHER D X O CHEFEERC bRERTIT RO fi i,

Fig | OREHMIEERA L 3 Ve BL U Vo D3 7 EFREFTT /N4 /¥ R0 T Vyg 13 BIEEE
BUWFLFRIR O A T - 7o, RO IC L 2 EEERY TR S NI ICERICH
WS TH S C & - D THE LTI 7. BRHEBROBEICITERERYOA
BABT Do, REHENRE MY REREE L TRESRAERI S/,

{(f) dfcoirs Bt s i FESESERERREAEECA S —EE 2RI 55
EHRIEEE &, &W*ntaﬂ%%ﬁﬁéﬁm EEOD 2D EORS, AREHRIGEE O T EL S
SBHERI 6 FHF =y 7, AREBOTEER AR /o7 bS5 TRETH S, COHRIO= b7

FIEHRHEBTICHAT N TVT, BETAKCR FEL - THRHTE L, 2FETH288
ik, BERY IORESBIA-OBHEEHEEH OB L THEAT S,
PRI EEEERSGS LUV, BREELGET 2KFEE~7r—- 24— Fig 3iC

L ES 1,300mm, 111900 mm, B 1050mm D F + R ¥ —ffEHICEAALTERE & EFN
HERREMEGRICESHRS XL, BHELEREMZROEBE BT SLE LD
A ER L AEER N NEBREICT A0 LA FAMY, MIEAERER Y T hEEED 20
EONTT -t e KT S DR S 500 kg L0 w1, COHEBEOETL | ATTE
3T A, M od 2 AL EDBIBBRE LT -,

C DR SHSEE SRR IR s oBESiE, VCR Vs A ¥ bEfTRT v IAND
—X (X 1m) itdkdiT-"7,
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1.2 AIES|HEE

S0 B AIE e S 7L & DREGE, FRIGOENPRBORR LIRS S MHKE
AABRT B ICY - THESEEILE 0T, Fig 4icm L I HOGHEITHAAIL,

(2) EEHEE  cHoRBREBHAER 2AoRERILARE BE sEE/Erer
#— EFFEHE+ v+ & LUHET 2 /4 —DOMAREORTHTH S,

BRI OV =y FAREROTESEE L EORFEH L, ERSOERERRRBERE
T HEEERMCRSND, $HEAET (5 Vmax) bRATH Dkt Lick#Es DiRE %
T AL EbHES,

b) B - AEETTSLUBER 7THEG2 4 o7 S0 2BRHICEBELETE, EE
FE s & O REHOEREEM AL, BEE/TFHSREREL /4% 20,000 Torr (2.67 *
10° Pa, #@ELIFEL), 10,000 Torr % &TF 5,000 Torr @ 3 BFRITEID A THHATE S,
= FE MRS RIFEES 1,000 Torr (WA L) THbH, HEIHIRS T50N L/ minE TR
ETE 5B,

Fets L ORI s i FRB LU TRESM SR EERLT, FERICIEH D EEM
DEPFEACT N BOICER L ST AR Lk, $RENERT (3Vmax) oRITH n,
SERE LICF OEAERT ST LIRS,

Epe JEIEAE L TEREE A4 v F, MRS, BT AXEMEBRERENT B LUESN
E 37 A RN ARG IR E A E O FEURIER M v FEMTT 7,

(o) BREEFES L UHEHIIEEE 5 1~ — G AER ERTHE LSS OREDN
2EOEEIC R4 » FEVBA THERRS NS,

SEHRECEE v 4 = — B, AR o b7 7 AREEOERHGK ORI S LU
HFR L v k5 TOMEESFREN | PRETES 1005% THEMEL Ty vy 4~
S EDRETE B, HEIC DR LIREG O FERI G TEETH B 7 A v OFERRES X
CHREUR 6 2 v 7 OBEMEER RS

) SFEEAHAN =7 o= 73 7 RERERE w4 BRATIRSITEAT A2 o= 77 7OEE
Sib=. TCDEREORE, BLUH7 MERBORECHEEESEERET 20

F BT A RATEREBED | 5 THAKET =y — KR BMAALL

(e] TCDHLUFIDEMESE H5&HEKEAA7u~ 27 7HTCDEIY FIDHE
IEZE = MHAIAATH So

() g e T SEHIE3AD 3l (Recorder [, I, T) ZHAAT
& 7. B Recorder | EH R4 07/ 77007 HEEEORES FIDHR7 a7 77
4%, Recorder [IZE LA 7 £EESL TCDAHA T 3= b 45 4% % LT Recorder ITIE
F7, gL ORSESAE N IBHEENEORE LRI T,

E%%Em&m%ﬁmﬁé@ﬁ@,%K@Vmthaﬂmﬁﬂﬁg,Eﬁ,ﬁx?mvhi
571 EOBIMAD) B EU0TOs — 7 ERAY THRE, b -s MBS LEOETIM) AL
FIDEERD — F 1ARD 3ROy — T vDATERSN TV S, &7 - Tl ENTNET
TR A R F R ICIENAAIE S 20mD s - 70 TILERRERO S m® 7 — AR |
MH LD,
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1.3 B2 %8

HilE LA Se &M T, 10,000 Torr MES N2 150NLD CO-H BERAKE T &
LB ARNICHKIE LTEFH2BE T LB 20 CRETICERNES S IREICET
BEA N Z B ENEEEANS, CORHELWNRICEIESEET AL LT Lic, CTiKI~<5
EIE AR, KIBEBHHL CGHEREROCSNHICET S E THLPEICHEELERTT
ST AT Eie L,

(a) BarpHryamhide BEESEREROBEREDEEERTORTENIGE EICLD
RIGEBATOGEENSS SO UHREIALT L0 EENE TR LGS IE, SELES
ORI - EREB LU TROBLEZRE L TIhEkilEY, Fig 1 Ve O30 7
AEEERENIC L 0 BT O TEERORKEABNRE LTENEETS ¢, BHERO T
g VEDBBAS CESEETH L, COEBHRAKCEELS v ToRREl, ESTNESEOR
HEHY v v 7 — OMBEB L UVBHART2U SO —BORESHEINICIT S, SANEL
X O FERELAIRETS %o

(b) # 4+ 77 LFHEREETE  WEEYT7OBETLRNA LSEFM1 ¥ 7 7 L0OBEER
EILCHER S v T OERA S L, BHRE IUBERERT A2 STAE4EETH S,

(c) AFEx=r— FHGECRNEE/ETEOEETELLOHEETHLIPLOR
LR BIHREET =y - FBEHEEETICHRS, KESNERE LEBRTHETLHLIIC LI,
(d) BT LCREEND D TF ¥ YRR DA S THA SRR L AV LT L,

le) EBEHE, BH AR/ FERLTHES LCREMIEIAMGH L1

1.4 & B
CORBOMA THET LA TROEBRET» TERCHEHTE L L EREE LT
(a) BEEOHEZRE T OB ORI Y - TiHESEE F—B05iEa L U TLE LDl

A BEOREBICIED D 2EX 100 um OF ¥ YEOHETH L, BHEDT S Y EOME
WAHE P DI HIRORRE T -1, EREFELTVBEREEHETH S 10,000 Torr @ L 545
(15.000 Torr , 2 x10° Pa) il L BHRA A % MBI EFRAICHEE L 28R HKE LT
y EDEROGE b AN, COBRRERA YT v VLT 5 Y REORN TP 5D
b b, ThFsCROER () &P CLBItERTE LIS -7,

(b) BfEsiER 11,000 Torr THIBLEEZRA A BERE Y 7ORAKET 5 BEL LEE
NEEE LT, BERE, SHOEEMAOER [EbhBLUERSTHAAY YT 7 -0
RN CARBR (TEWICHERTE 5 C LT,

(c) HZERIHLER sEEE e LA ORI SR LT, 107 Torr DT CRAIEEL T &,
WA R LT 1 EELL L RE LT B EEES 0 Torr TR EFED T & RN DI

(d) BSEEERER BEFE#Evoniddrsio

Dl FORBETT - TREZHMD TH G L OEB L BHIERICHERN L, L, SoKKE
AREIR 2 72 01T [E A RE SRS 9.500 Torr 2 THA (1 [ADA) L7 3Babialid, #ail
HEHEL T & 755 8000 Torr (MExHE, 9.85 kg ent) @ T TFOE/TER L7,
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1.5 EBOHMHHSRE

PR REEEROIE (L4 2) Teili<ARig | OXBELHCTERERTFHOEBRET S L
%%mﬁm%w%écmﬁﬁg%éﬁt%/ﬁ% FEAEBIENE T &I RRRTERY
EBILERECHRAT S, ERHBREBREE AR XD BASHh T 5O THRESER IS @
diCH HEEBHS LN, ASHBHLEVLHERDIZIREA SRR INL G S BICIEE 7@
BT B, —HIEEEBB L CEECET LAARESEL, BHEREOEHHEETEEIIRT
TEDPETH B0, EHOBRARCELIRES JUBNARIIBENETIERMEELD
ﬁ+ﬁ%ﬁC%O%Eﬁ Hotre COREENYDEEICLSNEILED I SHIPIERT -7 RE
DRz LG P VEBERNE LN L L, FHROERETHE L,

D fe D EERETT - 1B » T LE -~ A, WERNEAUE LTH i, Fig 5w
Ltk BRI TR BE s LOBRBIC PAAIES LA L. THES SO TFRAE
TiE, LONGAR 125mme, BEXdmDRAF VL ZAHE YA 7AE 100mm DIEEICE S, 2
by TS TR NA N ZA NV TERD AT 6D T4 T e — 5 — B EOREAEES LM
AATE D,

Fisds LU TEBIEE AL RICIT - 2 REIREEESRFERE I 4 3 1ICd# L 7.

ARTREBKINESORTE LURMEL, DA77 o= TEFASEICEE L TIT- 72,

2. EBAFHIUVEEREH
la) EEBEF RIS F‘&ﬁ%b 10" Torr it 28RO MBEESR Uiz, BETERBET
AEESWCIE, TOERICHEEEZTES LT K%L,ﬂgl,“ﬁi@Vm@mw7§%Ct&

T, FRECHK L LUEELLES KHﬁﬂVihﬂﬁbﬁﬁ%COIhﬁ&®@ﬂﬁ%f
Vo NI TEBL TEFNFNOE Y SBSIEA LTz, RIT Vs /30 72 U TEE R E
SUIDEEL /o,

FAETIC 5T - T, HErldimiR e 25 PERICHE - £ F 2 EREA Y X D RSREE
BEXY FO—SEEESIFEEOHN RS a2 b 7T 70008 LTS R OEA
DEEEH T,

TSFHOBERIL, bS5 o TEREEFENLIERD, TR FTAUTE FUSERTEELCTO
A RN - BB S OBRNIESFROT, 2HOESRYRIEREERBEREN 74 T4 2A—
1&/—wﬁAﬁK&@—mtm%waiﬁ%®~%%ﬁﬁbﬁﬁ%énéC&%%wﬁo

SRR ERSESE S RAEE A ER L TANS L Y, BEESS LURESRE
mﬂiéz&a;@ﬁmbto%%ﬁﬁ%—wt&LtEA@ BRESBREMAN A4 T4 AT
BHTL o, ERGAROBREE, ChEEESFELATLTRERENOELEME LTREL /.
ERESAOHRBIISRRLE L TRESRNORENS IS 1 [ H T 52E (40 £/ min)
W Vs #5L ZIC ROFET L 7o,

B TE QORI ED F 73474 2—2 8 / - vERO T o RILEERAE
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Table 1 The part list of reaction apparatus for forced gas
circulation at elevated pressure

Part

Number

Specification

Irradiation vessel

Thermal insulation

cover

Circulating pump

Spiral tube type
trap for product

collection

Dewar's vessel

1

150¢ x 500(%) x 4(d) mm made of
SUS 304 stainless steel pipe.
203 mm flanges on both sides.
Irradiation window
4000 8) x 40(W) mm
" 100 um titanium foil with
Kapton H polyimide f£ilm.
Capacity 9.950 2
Annealing heater 100V 1.2ZkW

Thermosensor CA thermo-couples

700(8) x 300(W) x 150(h) mm made of
SUS 304 stainless steel

5G-2A-135 type diaphragm gas

compressor (Aoki Seisakusho Ca.)

Diaphragm Teflon

Pump head SUS 304 stainless steel
Inhalation pressure 10,300 Torr max.

Qutlet pressure Inhalation préssure
+735 Torr max.

Flow rate 33.3 ¢/min max.

Cooling water | 5 2/min

Moter 200V-3¢ 3.7 kWh

300 RPM

12.5¢ x 4,000(2) mm made of SUS 304
stainless steep pipe. _
1/2-Inch bellows type valves on both
sides.

Spiral coil diameter 100 mmg¢

Anneagling heater 100 Vv 600 W

Thermosensor CA thermo-couple

Made of pyrex glass
Capacity 52

Fig. 1

Fig. 3

Fig. 1

Fig. 1
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]
Part Number Specification ! Ref.
High pressure : 1 | 1151GP7E22B electrostatic capacitance !Fig. 1
meter type absolute pressure meter ‘Indicator
" (Ohkura-Rosemout Co.) . 2 spots
Range 0015,000 Torr(2x10° Pa) !

Accuracy Span x x0,25%

Sensor head made of SUS 304 stainless

steel

Low pressure meter 1 1151DP6E221IM electrostatic capacitance %Fig. 1
i type differential pressure meter |
{Ohkura-Rosemomnt Co.)

Range 01,000 Torr (1.3x10° Pa)

| Accuracy Span x *0.25%

Sensor head made of SUS 304 stainless

steel

Flow meter 1 . H-3M-AHL-25P mass flow meter Fig. 1

(Teledyne Hastings-Raydist Co.)

Range 00400 NI/min Indicator
| Accuracy  Span X 5% + 2 spots

Sensor head made of SUS 304 stainiess

steel
Automatic gas 1 GA~6 high pressure 6 way valve Fig, 1
sampler (Nihon Chromato Co.)

Operating pressure 5 kg/cmG on air |

Measuring pipe capacity 0.5 ml

Gas sampling timer; 1 + Manufactured by Nihen Chromato Co.

Sampling time  0v100 min.(arbitrary)
Analysing time 0v100 min.(arbitrary)f
Automatic repeated sampling |

Manual sampling

\

|

Gas chromatograph 1 KGC-5 gas chromatograph ;

(Nihon chromato Co.) ‘
Column oven temperature

Room temperature ™~ 400°C+0,1°C

Temperature program !

0.5~ 20°C/min. (7 ranges)

Columns 34 x 3,000 mm glass columns
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Part

Numberw‘ Specification

Ref.

Air compressor

Hy monitor

Recorder

Stop valve (I)

Stop valve (II)

Needle valve

VCR joint

Supplemented

spiral tube

Stop valve (III)

20

Ditector TCD-FID-series connection

Super bebicon (F) 0.2 kW type
(Hitachi Co.)

GD-Ay5-GP-131 A permeation type Hy gas
monitor (Riken Keiki Co.)
Range 0~ 100 ZLEL
Warming level 25 ZLEL

D3R-2M 3-channels recorder

(Ohkura Electric Co.)

Range 1mV~ 100V DC(16 ranges)
Chart speed  0.5%300 mm/min.

(9 ranges)

| 55.8BW-TSW stainless steel bellows

type stop valve (Nupro Co.)

Pressure range 20,000 Torr

§5-4BW-TSW stainless steel bellows

type stop valve (Nupro Co.)

Pressure ramnge 20,000 Torx

! §5-22R-S4 stainless steel needle type

valve {(Whity Co.)

VCR vacuum coupling (Cajon Co.)

' 12.,5¢ % 4,000(2) mm made of SUS 304

stainless steel pipe with 1/2-inch

| bellows type valves on both sides.

Spiral coil diameter 100 mm¢
Annealing heater 100V 600W

Thermosensor CA thermo-couple

SS-8BW-TSW stainless steel bellows
type stop valve (Nupro Co.)

Pressure range 20,000 Torr

Vi,V2,V5,V7,

: Vg,VesV1i0s

Vllrle:Vl3,
Vl7=V28sV29a
V30:V31:V32,

V33:V34:V35:
V36 in Fig.4

' V15:V19:V20

VerVZZ:VZBr
Vou,VagsVa7
in Fig. 1

V,5 in Fig.l

' Fig. 1

Fig. 5

Vi s V5, Vin,

l Vi5,V1s

in Fig. 5
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Table 2 Relative sensitivity of standard samples
obtained from Nihon Chromato KGC-5 type
gas chromatograph

Product Relative sensitivity
CHy, 1.24
CoHy 2.51
CoHg 2.53
CsHg : 3.33
CsHg 3.73
iso-CyHyg 5.40
n-CyHyg 5.11
CH 3CHO 1.00
CoHg CHO —
Cs3H+CHO —
CH,;COCH 0.23
C,HsCOOH —
C3H7COOH ; : —
CHA0H 3 g.51
C,HgOH —
(CH3CO) 2 —
HCOOCH 3 0.61
HCOOC2Hs —
CH3CO0CH3 1.44
Trioxane 0.30
Tetraoxane 0.35

Measurement conditions; 3 m¢x3m glass columms packed
with 80/100 mesh Porapak Q; carrier gas, He 40 ml/min;

ditector, FID; column temperature, 70%230°C (4°C/min).
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Table 3 Relative sensitivity of standard samples
obtained from Hitachi 163 type gas

chromatograph
Product Relative sensitivity
CH,, 1.00
CoHy, 1.91
CoHg 1.81
CgHg " 2.86
C3llg | 2.68
~1so-CyHig 3.53
n-CyHip 3.53
HCHO* 1.41
CH 3 CHO ‘ 1.00
CoH5CHO : 1.96
CqH7CHO 2.76
CH 5CO0H 0.35
CoH5COOH 0.69
C3H7COOK 0.74
CH30H 0.51
C,Hs0H f 2,13
(CH3CO) » 2,20
HCOOCH 32 0.80
HCOOCHs | 1.95
CH3COOCH3 1.83
Trioxane 0.29
Tetraoxane 0.38

Measurement conditions; 3mm¢x3m glass colummns packed
with 80/100 mesh Porapak Q; carrier gas, He 40 ml/min;
ditector, FID; column temperature, 70v230°C (4°C/min).

* HCHO was measured by methanation column technique.
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Table 4 Effect of cold traps in the circulating system on
the amounts of products

Cold trap l no ~72°C %2 | =72°C+196°C
(Torr) 8,030 8,050 8,090
Total pressure | (146 py) 1.07 1.07 | 1.08
Charge {mol) 4,32 4.33 4,35
Concentration | CO (mol%) 54.91 55.09 55,12
Irradiation | Time (sec) 200 200 200
condition Temperature (°C) 18.5 7.0 -48.7
Dose 102V ev/g , 10.04 10.03 16.03 |
Mrad 16.08 16.07 16.07
Product (umol/100% reactant NTP)
CHy 462 .61 271.13 223.03
CoHy 3.47 3.57 5.44
C,Hg 4,97 5,46 4,47
Calg
C3Hg 1.17 0.54
iso-CyH1g
n-C3Hyg 4.70 0.65 1.34
HCHO 1,249.07 {1,783.71 1,881.18
CH3CHO 945.48 |1,176.12 926.76
C-H5CHO 46.97 47.85 42 .48
C3H7CHO 7.85 15.40 34,08
HCOOH 73.14 80.78 113.98
CH3COCH 38.70 211.39 253.45
CoHg COOH
CaH7COOH
CH30H 146.36 228.13 258.40
CoHs0H
(HCO) 5 28.33 43,30 68.32
{CH3CO) o 11.88 16.03 9,31
HCOOCH 3 770.60 | 236.85 78.04
HCOOC Hs 33.63 40 .43 13.08
CH3COOCH 3 14.07 17.00 9.79
Calp 3.18 i 2.49 7.49
Trioxane 28.22 111.36 121.21
Tetraoxane i0.02 11.72 14.50
Total organic product| 3,450 4,355 4,095
Hs0 57.09 89.52 143.88
COp 496 .56 412.19 491,24

Conditions: accelerating voltage, 600 keV; beam current, 1 ma;
flow rate, 450 Nl/min.
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Table 5 Effect of improved cold traps in
the system on the amounts of products

T
Supplement trap ! no Precooling x 1
+ heating x 1
| (Torr) 4,005 B 4,080 -
: 2 ¥
Total pressure | (105 Pa) 5 34 U 5.44
Charge . (mol) 2,15 2,19
Concentration | CO (molX) 54,80 54,16
Irradiation | Time (seg¢) 200 , 200
condition Temperature (°C) 27.7 21.4
Dosa 1029 ev/g 10.04 10705
| Mrad 16.09 16.11
Product (umol/100 ¢ reactant NIP)
CH, | 404 .85 373.45 o
CoHy 9.31 11.05
C-Hg : 13.22 9.54
CaHg | 3.29
C3Hg 1.55 4,99
iso-CyHyg
n-CrH1g 5.62 13.08
HCHO 1,593.70 979,80
CH3CHO ' 1,061.90 1,218.49
C,H5 CHO ' 88.72 | 155.22
C3H7CHO 23.88 16.44
HCOOH 79.14 47.69
CH3COOH 153.49 41.84
CoHsCOOH 42,00 26 .42
C3zH~-CO0H 7.22 10.67
CH30H 265.89 798,21
C-HgOH 12,74 49.31
(HCOY 78.76 30.33
(CH5CO) » 17.23 12.62
HBCOOCH3 179.64 138.89
HCOOC;Hs 19,86 39.64
CH3COOCH 3 13.93
C30p 4,63 3.34
Trioxane 183,95 394,00
Tetraoxane 16.55 18,66
Total organic product| 4,240 3,980
H0 214.25 853.77
€03 : 244,51 480,98

Conditions: accelerating voltage, 600 keV; beam current, 1 mA;
flow rate, 220 N1/min.
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Table 6 Amounts and G values of the products Irom

CO-H, mixture by electron irradiation

Total pressure E{Sgr%a) 4,042.38

Charge (mol) | 2.17

Concentration 0 (mol%) | 54,95

Irradiation | Time (sec) : 400

condition Teggerature(°c) 14.9

10" eV/e 20.08

Dose ; Mrad 32.16

Product umol/100% reactant; G value
CH,, 952.48 0.39
CoHy 10.63 0.00044
C,Hg 29.65 0.012
CaHg
C3Hg 2.88 0.0012
iso-CiyHig
n-CuH1g
HCHO 1,005.49 0.41
CH3CHO 1,823.64 .76
CoHsCHO 82.56 0.034
C3H7CHO 24,38 0.010
HCOOH 74.70 0.03L
CH3COOH 317.86 0.13
CoH5COCH
C4H7COOH
CH 30H i 358.81 0.15
CoHg0H ‘
(HCO) » 40.06 0.016
(CH3CO0) » 28.24 0.011
HCOOCH 3 205.45 0.085
HCOOC,Hs 63.54 0.026
CH3COOCH 3 12.28 0.0050
G300 5.05 0.0021
Trioxane 540.94 ¢.22
Tetraoxane ) 35.67 0.014
Total organic product 5,600 2.3
H-0 ; 604 .40 0.25
CO» l 286.76 | 0.12

Conditions: accelerating voltage, 600 keV; beam current, 1 mAj;

flow rate, 220 N1l/min.

Two splral tubes were cooled by dryice-ethanol mixtures.
This experiment was carried out for the purpose of measurement

of water yield.
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Fig. 1 Diagram of the reaction apparatus for forced gas circulation

at elevated pressure; 1, Trradiation vessel; 2, Cooling pipe;

3, Refrigerant pipe; 4, Circulating pump; 5, Flow meter sensor;
6, High pressure meter sensor; 7, Differential pressure meter
sensor; 8. Filter; 9, Spiral tube for condensation of the
products; 10, Dewar's vessel; 11, Evacuation vent; 12, Reactant
gas inlet; 13, Automatic gas releasing valve in the case of
emergency; l4, Air actuator; 15, 6 way valve; 16, Sample gas
measuring pipe; 17, Gas chromatograph; 18, 1/2-Inch stainless
steel pipe; 19, 1/4-Inch stainless steel pipe; 20, 1/8-Inch
stainless steel pipe; 21, VCR joint; Vi, V2, Vg, V7, Vg, Vg,
V1g, V11s Vizs V13, V17, V2, Va9, V3g, V31, V32, V33, Vau, Vas
and V3g, 1/2-Inch stainless steel bellows valves; Vig, Vig, V20,
Vo1, Voo, V23, Vau, Vop and Vz7, 1/4-Inch stainléss steel bellows
valwves; Vs, 1/4=Inch stainless steel needle valve; Arrows in
figure indicate the direction of reactant gas flow.
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Reaction apparatus; 1, Caster; 2, Truck frame; 3, Dewar's
vessel; 4, 1/2-Tach stainless steel valve; 5, Thermal insulator;
6, Irradiation vessel; 7, Filter; 8, High pressure meter Sensor;
4, Differential pressure meter sSensor; 10, Flow meter sensor;
11, Evacuation vent; 12, Reactant gas inlet; 13, Gas releasing

vent; 14, Gas chromatograph; 15, Power connection box,; 16, Gas
Circulation pump
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Fig. 4 Measuring and control apparatus; 1, Heater controllers; 2, Pressure
meter indicators, flow meter indicator and circulating pump switch;
3, Gas sample timer and temperature indicator; 4, Gas chromatograph
temperature controller; 5, TCD amplifier; 6, ¥FID amplifier;
7, Recorder I; 8, Recorder II; 9, Recorder IIT; 10, Caster;
11, Truck frame.
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3

Fig. 5 TImproved spiral tube for efficient product collection;
1, Precooling spiral tube; 2, Preheating spiral tube; 3, Spiral
tube for product collection; 4, Dewar's vessel; 5, 1/2-Inch
stainless steel pipe; 6, Gas vent; 7, VCR joint; Vo, V4, Vg,
Ve, V7, Vg, Va, Vig, Vi1, Viz, Viz, Vi, Vis, Vig and Vig,
1/2-Inch stainless steel bellows valves.

RN e ——

N

! | J
0 ? 50 100 150 200

Distance (cm)

Fig. 6 The electron energy dissipation curves as a function of
total pressure; 1, 500 Torr; 2, 1,000 Torr; 3, 2,000 Torr;
4, 3,000 Torr; 5, 4,000 Torr; 6, 5,000 Torr; 7, 6,000 Torr;
8, 7,000 Torr; 9, 8,000 Torr; 10, 9,000 Torr and 11, 10,000
Torr. Electron energy, 800 keV; CO concentration, 25 molZ.
The transverse axis was plotted as a function of pass length
of electron beam in the wvessel, The arrow in figure
indicates the bottom of irradiation vessel,
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Fig., 7

Distance {(cm)

The electron energy dissipation curves as a function of CO
concentration; 1, 100 Hy mol%; 2, 10 CO molZ%; 3, 20 CO molZ;
4, 30 €O mol%Z; 5, 40 CO molZ%; 6, 50 CO mol%; 7, 60 CO mol%;
8, 70 CO mol%; 9, 80 CO mol%; 10, 90 €O mol¥% and 11, 100 CO
mol%Z. Electron energy, 800 keV; total pressure, 8,000 Torr.
The transverse axis was plotted as a function of pass length
of electron beam in the vessel, The arrow in figure
indicates the bottom of irradiation vessel.

1 !

Fig. 8

! 50 100 150 200

Distance (cm)

The electromn energy dissipation curves as a function of CO
concentration; 1, 100 H, mol%; 2, 10 CO molZ; 3, 20 CO melZ;

4, 30 CO mol%, 5, 40 CO
8, 70 CO molZ%Z; 9, 80 CO
mol%. Electron energy,
The transverse axis was
of electron beam in the
indicates the bottom of

mol%; 6, 50 CO mol%; 7, 60 CO molZ;
mol%; 10, 90 CO molZ% and 11, 100 CO
6500 keV; total pressure, 8,000 Torr.
plotted as a function of pass length
vessel. The arrow in figure
irradiation vessel,
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M., EEREREFHE

. EHHR

1.1 HXEF 25CO0mol 4DHES

1,000 Torr #» 5 10,000 Torr @ FE H#FET CO #ik 25mol 0 CO—He iR A REDE L4
AR OBIE A H . 25 CO mol BTEREIT -1 DiE, COMBRTRILKES JUESBRE
HAMONENSAE DT ERBRSRE T LItk RAKKOES E FEESLYIUR & DB
%%, Table 7+ batch 40 DITE (2 mol “batch) T, 7/ Table 8 I GHTRL

(a) RALKZE
Fig 9 F N ERILKFRERGHE E OBFEER L. B LUK SHH0ELD WFEITA
AL ARTE A 5 v (LITFCHy &S8830) THY, 2OMiicbBTHIMNcF LY (CoHe), ©7
v (CHs), 70,5y (C3Hs) LU 77 v (CiHu) W EDEKGED 51170, 1.080 Torr
e 3 CHEROGHE (BIFG (CHy) EM35L) 2075 TH D, COBEETFEBEBRAAOKR
(25CO mol % 1,000 Torr ) B {l 0.68° & HEHIE ( —B L TV, FEH% 1,080 Torr
59470 Torr $ TRITAEG (CH) 1R 07555 068 £ THD L, CheBRSENHR
HETEFEIE AR OIER (15C0 mol %) THHED LN THY 450 4 5 1510 Torr DENEILIC &
DGl 0.75 5 5 0.50 ~ &b Lz
CoHe D Gl (G (C2Hs)) & 1,080 Torr £ 5 9,480 Torr ~FHEY 5 & 0.043 55 0.015
~NE, BIESBRDLT, ARADRE, FLERIROER (15CO0mol B THEHLHAT
B, 450 5 1.510 Torr $ THAET 3L G (C2He) 12 0.10 225 0.036 £ THE1 B L 7o
Cs Sl EOgbkFEDERGESETOEME & bicEd L1,
FHDEME & i IKZEOERGHEARDT 201, BILKEFERYORERESB LD E
10D EBALARBEDADERY, FLEERELESYOERDLHITHBINELDTHS I,
b) SEEMESY
(1) 7ruFe FEBIUMELEY
Fig. 10 L FAET A7 E FROERGHE LOMFREE, Fig L MIAFFY, T H745F%
v, I AFF—BLECT e FAOERGHEEETDOREEER LI,

{(l.a) a7 e F (HCHO) 1,080 Torr #» % 9,470 Torr = TOHRET G(HCHO)
LI 0 204~ &I Lo EERSMAHS RS DMV BRI TEIVA, COXIE
& e G (HCHO) H3tghnd 2 it s~ » ¥ REBHER (15CO mol %, 1,000 Torr
_oFCT 10, 5000 Torr—30°CT L7) % LU EEHERBYIES (1000 Torr T 18, 1500
Torr T 2.6 Ic bW bt 74, 1080Torr TH#G (HCHO) @ 114, JFER S F
RS ERT 1,000 Torr THEAE 10 SB—BL TV,

(1.bh) 777t F (CH:CHO) 5180 Torr £TG (CH; CHO) dF7)& #hichs
Lo &ICHRET B E 6490 Torr T 101, 9470 Torr T03B &EF LI, ZOG (CHem
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CHO) OE FEEO®—Hid 4. 1 EEKEHEOHIGR~3 X 51tG (CH; CHO) PIEDREIRTT
ﬁ%ﬁﬁz&,ﬁ;@&mme@%ﬁ@ﬁmﬁﬁﬁlrmﬁ?bfmtc&m;é&%ién
%o H-THERLEDG (CHICHODETFTEREBICRINRBERELLVTHA I, WHEIHE
o<, FAOERERS 6,260 Torr TG (CH; CHO) 43Il & fu7-4%, C0BE bR EAK
EBOTHAHD, 1,080 Torr TG (CHyCHO) & 058 1%, EEFHRAXOHEHERTE L
WA FVTER 052 SI3IZ% U<, 25CO mol BDEARIODEHRTD G (CH;CHO) #Z
OREEOETH LT MRV EEDNS,

(l.c) 7oE4 v 7u7k ¥ (CeHsCHO) B8LU7F 77 F (CyH,CHO)

WS HAREFETSEG (C2HsCHO) BLUG (CiHy CHOYRET Lics C DM TR
Nt Co LEOBALREERGEHSRE ERICETLTO (B & -H L THD, CO-H: B&
SROBESITEETTIE, BIKEENESEREED & CO LOREMBELTRSILER
BELTHWAEELZ OGNS

(L.dY byAEHY HCHO ®Ek 3& & ® Trioxane {2, 1,080 Torr #» 7,970 Torr
~DRFICEG, G (Trioxane ) (£ 0.36 %5 0.39 £ 72 =72, 3470 Torr HG (Trioxane ) 1B
0.56 & A% { 12> T A7h, Trioxane % L UIRICR~ S Tetraoxane O HRIKIGE AR
3 (7 (SR THRE L BADHASGENE AT &, 9470 Torr kB 3RIEH, 1°CTE
LT EbEETSE, PHDRFCLECHEOBLINE EELTRY . T OMEIRIERER
Ny FROEREREHL T A, |

(lLe) Froad+4+r HCHO I8tk 4 B T4 % Tetraoxane ® GEiL 1,080 Torr 4>
5 9,470 Torr ~OBEFEICHE-T 00255 026 ~EHEIIL oo FELIICG (Tetraoxane YhsE
¢ HBDE, FEREE~ S FARMEROEE (632Torr, 0.08 ¢ 6260Torr , 0.56) & &
LT0 5, FEE Ny FROFERERE HNE L T OEBROBEDGEMSELOE, REHEREDS
BN & GEER/N .y FAFEER—25°C, AFEE29~1C) &, Tetraoxane D EDUEAENV WD
i %y FRBHERIC AN TERBEAREVAKROEACHE TEOX BEBOBPICHE L
T, ERETEHENSRELCLIZLLEDTHA I,

Hmmnawﬁ,ﬁmmﬁbtiﬁﬂcowﬁ529—4iymowfﬁﬁyﬁﬁmﬁﬁmﬁ
PAIE~, CO (CO), 44~ (n=0 1, 285LT3) OHFEHAENCODEANCID FLIE
&?écaéﬁbhoitHnmmagﬁ,ﬁ@m%?&ﬁﬁﬁ?z&—4ﬁywomt,4¢
VR TERHAREL TS,

Co"(CO) ,_;+2CO = CO'(COY, +CO (1
H: (H2) ,-y +2H: & HM; (Hz), + He 2)

CO— T, A bBEICED CODI 525 —4 4 ¥ CO' (CO), pERL, ThIL
oD H B THAALTCO (CO), (Hy)  EFDENBY T AS— A4 VHERL, O
p 52— 4 A HRETEDTEER TS 3 HRE)0 & A EEIRENSKIL TS L FATY
7. (22 TMUEIERIGICET S 3GF A% LTV ) BATKDILSE (155 &HXBIDF
BICEN D 5AF—AF L ORESHHINL, 7 7R —4 % v Sl FOERS SR

COT(CO) oy (Hz) oy +CO+Hy + M
< COT(COY, (He)p +M (3)
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L BEEBEDSHE BIBA I & Trioxane L D Tetraoxane L& L B EFZONE, TOEE
DRSS EICIL A EEICHIE L, - |
(L)Y 7 )&+~ (HCO) HETLE, (HCO: DGEIMETL /. FBER Yy
F RS OEEIT & 996 Torr 5 6,260 Torr ~DRFITHENG (HCO )2 12 0.030 425 0012 ~&
ETL .
(lLg) £72F1 (CHiCO)2 EreFonEsd, BECEODGERBENL L,
2y hok B
Fig 12 B EDh LvE vBEE A /- B IO FBT 2T vOERGE S TDOREFRE
L7
(2 a) ¥% (HCOOH) HHELTHG (HCOOH) B, BEAEELEh -1, BE
FERARE LUEER Ny FHROEBROBEAELEHEMNIc XSG (HCOOH)Y oREMLE(LR
Ao hat,
(2b) B (CHsCOOH) 1,080 Torr 5 9470 Torr ~OFEIC &, G (CH:COOH)
20035 033 ~EMIML THYD, EHICEACGHEOENEL TEOX KIRWTREP 7,
8 FTwz—wn
(3a) A% /- {(CH;OH) FEHTEAGHEDIIL2EMAkE0Y, FRIZEEG
(CH3; OH) OB(Li/NESh - F2, FER Sy FRABFOESHG (CHsOH) O [E/KFH
(632 Torr T 0.23, 6.260 Torr T 0.22) (/&M » 700 WIEER MM EROBE S GCH
OH) FE&EFICE T L,
4 z=zFE
(4.a) ¥8 A+ (HCOOCHsz) EERABEMNAE N, HETSEG (HCOOCH:) i3
EPITIET L, BEREERSTAOEROBBE W GRERRITER 2ED 57,
(4 b) £BxF/r (HCOOC:Hs) # L URERE £ F /v (CHaCOOCHs ) WONGREET
524G (HCOOC: Hs) 3L G (CHs COOCH: ) IFE T L 7o
C IR LES R LS AL LS, 1.080Torr 59470 Torr F THIET S &, C2 LI LD
ALK ZED (HCO) D5 BHERL £ DERMTEOCHEHE -E»LRKFWML T S,
HoTHEMEBT ALy Space—time yield 4 K& T2 EMARRENT Do
DB LIEOERIT, KEBEZHAOWVTELCERTEZRELNITS % 8000 Torr (HEXS
F, 0 1kg cmf) TITHT &I LT,

1,2 HZME 55C0mol ZDIHFE

110 Ak 5 25C0 mol BORBEEREERE, EHOEWIH Space—time yield *
K& FBE EMTEDEC EEMDHIC Limo LirL CHs CHO W, 8000 Torr bl LICHES %
&G (CH3CHO) 26400 Torr THBHLABAEXID GETLA, I L TRLAXITHED
I E O L CRENREROBRN £ T- B COREHERE T 70 s, TLETR
FLTHEH -7 55CO mol BDENHMRAETRLIHITLDFEREIT- 120

55 CO mol % @ CO-H, BARAOES & EEAERSINE DA, Table 91T batch X0
DINE (#mol) T, F7/ Tablel0iCGETRLI,
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(a) RALKFE

Fg13K&ﬁ*$$ﬁ®Gﬁérﬁ&®ﬁ@%mbtoZ&Mﬂ%Q%A&HﬁK RETS
&G (CHy) BIET L#e A% 2000 Torr 425 8000 Torr £ TEL HED G (CH DK
Tit, 25COmMol BDOIBE S B TH-1DEHET S &, 55COmol BDEFIF21%B LU,
COBENDEVEESDAENG (CHy) OEFNEF L7,

g Do ss, CoHe, CaHs, CsHe BLU CaHs OGS EINEF S E 25C0O
mol BDHE LD bRELEEGTRAD L,

INLOERIE, L1 T~k dicpbkEERDERAL CO & DRI COBENSG

HoEo Bl EEFRLTV S,
{b) SEBFLBY
1) 77k FiER LUBEELESY .

Fig. 14 75t F¥E, Fig. 15 Trioxane, Tetraoxane, (HCO): LT (CHsCO)e
OHERGHEEETTEDBEFRE ENTHRLIS

{1 a) HCHO 2,000 Torr 7» & 8,000 Torr £ THET % &, 25C0O mol BDHE LA
iz G (HCHO) $5020%mL 72,

(1.b) CHsCHO 6.000 Torr £ TiEFEA & i G (CH; CHO) ML, ik
1174 FFTHG (CHsCHO) 2—EfEE 7D, 25COmol % DFAKR LN LI LGHDE
i@ SN ot

(1.c¢) C2Hs CHO 5 £ TFC3 H CHO 25 CO mol BDIEE & ZEN - THREITHE S Gl
DIEF RS 51T, G (CHs CHO) il fi{fm& 75 b, 6000 Torr £ TG (C:Hs CHO)
BLUG (C3sH,CHO) 33U 74s, £hULOFENTE-EEEL -1

(1.d) Trioxane 55 CO mol % MLZ, 2,000 Torr 45 8000 Torr £ TOHETG
(Trioxane ) 3 1 6fELil-7,

(l.e) Tetraoxane 2,000 Torr #» & 8,000 Torr £ THIET 5 &, 25 COmol % Dind
212 G (Tetraoxane ) i3 4 {511 F#8iNL 7253, 55 CO mol % DF&IE L 5 5DADHEME S »
-0 BE - Tetraoxane kit d 5 EARIE, FRTUSHMIC LD RUL L TEHH -7,

(1L f) (HCO): 25 COmol BDBE LERRICHET 2L G (HCO: BEF LA

(lLg) (CHsCOM 25CO mol BOWAS LHND, HET2EG (CH:CO): EEM
L7

2) AnE B

Fig 16 LA v BOEK GEEENOMEE R, ¥8&, BR, 7ot vBR(CHs—
COOH) 5 XX (CsH,COOH) @GRS & 4000 Torr £ TiREML, €Nl LFE
LThb—EBLEL T,

3 Foa—n#Es KU HCOOCH;

Fig 177 n2— U i$ 2 HCOOCH: AR G HEENDRMFEERL .

(3a) CHsOHE XU = F T3 —ib (C;Hs OH) I d 4,000 A 5 6,000 Torr &
TOGENELRLD, ERIDSEANBEVESS, AEVIBSCGREEETN L.

(3.b) HCOOCH;s G (HCOOCH:) i3 4000 Torrg THINL, THPLEEADE I
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B E RN & T

C TR LRI, 25 COmol BTOETORFERER L LAOHERBBE—H LT
B, L UG Co (L& E £ 4 Tin s CHs CHO OAERIC DV T, SERIRE MO ERER
(MS)K;&@%COmm%,&MﬂmrKﬁHéG(C%CHO)H%ZT%@,C@%ﬁ
CEoh G (CH CHO) D07 & HEA - T b, MEEEHENEBREF -7 55C0 mol%
8,000 Torr DEIREER TG b7 ERWIERA SEOFBOERE ET 2 &, HCHO, CHi-
(H@,C%OH,GEO%E&@(U%@NzEEM%@@ﬁﬁTiﬁ%ﬁ9<ﬂotﬂ,é
ﬁcm,CﬁﬁCHOH&ﬁC&COOHUE@@L%%H®%%®ﬁﬁ$ﬂ%ﬁ§<UﬂTV
By Tk ICE LEARE & OES T - e HRERICHT D A MR LN, SEOER
BRI CO-Hy BAGIKIC O £TEML R EBRER L8 -Th 5, CORHESEDERT G
(CHs CHO) HEF LA ERO—- & LTI, EHRICHEA LAEREEDO O, SR/, Rk
LTS EERERED bEVC E0ELSNE, L LEBSAPCHBIESENTOS Oy
BOTRIZT->TOH OO THRIHIETI A,
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Table 7 Effect of total pressure on the amounts of products from
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CO-H, mixture (25 CO mol%)

Total pressure (Torr) 1,080 {2,190 13,540 5,180 6,490 9,970 9,470
{10% Pa) 0.14 0,29 0.47 0.69 0.85 1.06 1.26
Charge (mol) 0.58 1.18 1.90 2.79 3.49 &.29 5.10
Concentration (mol?%) : 24,07 25.11 24 .85 25.86 25.57 25.84 25,55
Trradiation|Time (sec) L 400.0 400.0 200.0 200.0 200.0 200.0 200.0
condition  |Temperature(°C) 20,7 24,4 17,6 18.7 29.3 21.0 1.0
Dose 1(10%0 ev/g) 53.17 52,70 26.40 26.19 | 26.24 26.18 26.24
- [(Mrad) 85.18 84.43 | 42,30 | 41.96 | 42,03 41.97 42,04
Product umel/vessel in 200 sec irradiation
CH, © 159,11 782.51 518.64] 784.76 | 917.65| 1,098.64 | 1,305.11
CoHy 0.55 -0.98 4,05 4.78 4.56 9,28 4,90
CoHg 9,11 12,79 19.74 23,07 36,61 22,06 28.83
CaHg
CaHg 1.08 1.44 2.39 1.38 0.96 3,62 4,57
iso~-CyHig )
n-CuHip 0.96 1.79 1.43. 2.90 1.70 1.58 0.49
HCHO 736.50] 694.30 | 1,242.89 1 2,097.42 | 2,643.24] 2,231.63 | 3,921.89
CH2CHO 123.75 157.05 656,45 | 1,174.63 | 1,335.78 880.32 726.19
C5H5CHO 23.53 31.74 27.60 75.12 42.73 23.54 19.32
| €1 CHC 9.53 14.76 15,53 25,68 | 3%.35; 12,92 29,04
HCOCH ‘ 14 .88 84.35 | 60,61 96,97 | 146.67 123,21 196 .67
CH3CO0H 6,54 29.63 0  108.22° 36.32 219,80 336.47 636 .44
G, H5CO0H -
CiH 7CDOH ) ; -
CH3O0H 93,94 266.74 410.19 532,68 348,04 614.93 . 891.17
CoHgOH :
{HCO) 2 . 7.93 28.35 24,27 47.89 65.02 36,83 62.67
{CH3C0) 5 f 4,23 5.57 9,90 18.78 10,19 7.43 45,87
HCOOCES _ 75.90 159.81 63.68 339.56 113.13 203.94 154.36
HCO0C, 15 5.41 22.29 12.28 27,75 17.31 17.38 12.93
CH3C00CHS 2.93 21.28! 10.65 28.62 30.77 19.76 13.65
C304 , 5.06 31.99% 23,26 65.53 194.50 8.42 | 15.35
Tricxane ' 76.67 167.16 251.29 380.75 568.60 $31.00 | 1,071.46
Tetraoxane 4,24 27.03 23.16 78.45 :  127.53 237.24 501.19
| Total organic product 811 4, bhb 3,470 5,856 6,890 6,362 9,643 ]
0 88.37 230.75 109.56 129,32 128,37 208,G9 131.48
C04 47,24 52.93| 28.93 54,27 31.78; 69.79 117.73

Conditions: accelerating voltage, 800 keV; beam current, 2 mA; flow rate, 60 N1/min
at 1,080 Torr ~ 490 NL at 9,47C Torr.
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Table 8 Effect of total pressure on the G values of products from
H>-CO mixture (25 CO molZ%)

Total pressure (Torr) & 1,080 2,190 3,540 5,180 6,490 7,970 9,470
(105 Pa) 0.14 0.29 0.47 0.67 0.85 (1.06 1.26
Charge (mol) 0.58 . 1.18 1.90 2.79 | 3.49 4.29 5.10
Concentration CO (molX) 24.07 . 25.11 24.85 25.86 | 25.57 25.84 25.55
Irradiation |[Time (sec) ~_400.00 400.00 200,00 ; 20¢.00 240.00 200,00 200.00
conditien Temperature (°C) | 20,70 24.40 17.60, 18.70 29.30, 21.00 . 1.00
Dose {1020 eV/g) : 53.17 ¢ 32,70 26,40 26,19 26.24. 26.18 26.24
Lo (Mrad) _ % 85,18 |  84.43 42,30 51.96 42.03; 41,584 42.04
Product ‘ G value i
CHy 0,75 0.64 0.73 0.74 0.70 0.67 0.68
CoHy 8.0026 - 0.0022 0.0057 0.0045 0.0034 0.0057 0.0025
CgHg 1 0.043 0.029 0.028 0.021 0.027 0.013 0.015
C3Hg !
CsHg - 0,0051 0.0033 0.0033 0.0013 0.0007 0.0022 0.0024
ise-CyHip
n-CuHig . 0,0045 0.0041 0.0020 0.0027 0.0013 0.0010 0.0003
ACHO T1.11 1.58 1.75 1.98 2.00 1.37 2.04
CH3CHO 0.58 0.81 0.93 1.1l © 1,01 0.54 0.38
C2Hs5CHC - 0.11 0.072 0.039 | 0,071 ‘ 0.032 0.014 0.010
C3H7CHO B 0.045 0.033 0.022 .0.024 0.030 0.0079 0.015
HCOOH 0,070 0.19 0.085 0.091 0.11 0.075 0.10
CH3C00H 0.030 0.067 0.13 0.034 0.16 0.20 0.33
C2H5CO0H
C3H7C0O0H ‘
CH30H 0.44 0.63 .58 .50 - 0.26 0.25 0.46
CpHz0H . il ;
{HCC) 2 0.037 0.064 0.034 0.045 | 0,049 . 0.022 0.032
{CH3CO) 2 - 0,020 0.020 D.014 0.018 | 0.0077 | 0.0045 0.024
HCOOCH 3 c 0,12 0.36 0.090 0.32 0.086 0.12 0.080
HCOOC,Hsg 00,025 0.050 0.017 0.026 0.013 0.010 0.0067
CH3COOCH 3 0.014 0.048 . 0.015 0.027 0.023 0.012 0.007%
C30z2 E 0,024 0.072 . 0.033 0.062 0.015 0.0052 0.0680
Trioxane L 0.36 0.38 0.32 0.36 . 0.43 0.39 0.56
Tetracxane . 0.020 0.061 0.032 0.074  ©,097 0,14 0,26
Total organic product : 3.8 5.0 4.9 5.5 | 5.2 3.9 5.0
Hp0 T 0.61 0.52 i .15 0.12 C 0,094 0.13 0.068
C0z j 0.22 0,12 | 0.040 0,051 | 0.024 0,043 0.061
Conditions: accelerating wvoltage, 800 keV; beam current, 2 mA; flow rate, 60 N1/min

at 1,080 Torr v 490 Nl/min at 9,470 Torr.
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amounts of products

from Hy-CO mixture (55 CO molZ)

. (Torr) 2,110 4,060 6,050 8,080
Total pressure| (156 py) 0.28 0.54 0.81 1.08
Charge {(mol) 1.13 2.18 3.26 4.35
Concentration CO (mol%) 55.35 53.69 54.0¢4 55.25
Irradiation | Time (sec) 100,00 100.00 100.00 100.00
condition Temperature (°C) 16.70 12.10 16.80 15.60
Dose (1029 ev/yg) 5.01 5.03 5.03 5.01
i (Mrad) 8.03 8.07 8.06 ! 8.03
Product (ymol/vessel)
CHy 59,92 118,05 127.37 % 179.50
CoHy 2.18 3.55 3.54 | 5.53
CoHg 2.34 | 3.15 2.57 2.46
CqHe 0.31 | 0.79 0.75 | 0.42
C3Hg 0.24 | 2.57 2.48 3.17
iso-CyHigp ;
n-CyHyg 0.19 0.64 3.33 2.46
HCHO 85.73 | 204.20 265.90 412.50
CH3CHO 18.51 | 172,49 328.15 429.10
C2HsCHO 3.64 | 24,52 43.80 53.67
C3H7CHO 1.21 2.09 2.16 6.86
HCOOH 2.46 9.55 12.71 19.68
CH 3COC0H 1.87 19.00 35.11 ¢ 55.20
C,H5COCH 1.71 4.26 4.26 6.80
C3H7CO0H 0.28 1.15 0.76 | 1.69
CH30H 15.22 51.44 ¢ 78.38 64.71
C,H-0H 0.52 1.71 2.06 1.41
{(HCOY 5 2.59 7.52 .63 10.37
(CH3CO) 1.13 4.22 6.64 11.40
HCOOCH 5 1.32 25,53 33,06 55.96
HCOOC,Hsg 0.26 6.04 5.57 7.83
CH3COO0CH 5 0.12 1.70 2,10 2.67
C30 0.18 0.70 1.07 0.25
Trioxane 16.01 65.00 | 55,01 88.86
Tetraoxane 0.68 3.63 3.02 3.91
Total organic product 230 743 ¢ 1,043 1,440
H,0 233.94 165,06 269,09 208,76
CO» 194.40 206 .70 151.00 295.30
Conditions: accelerating voltage, 600 keV; beam current, 1 mA;

flow rate, 110 Nl1/min at 2,110 Torr ~ 440 Nl/min at 8,080 Torr.
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Table 10 Effect of total pressure on the G value of
product from Hy-CO mixture (55 CO mol%)
Total pressure (Torr) 2,110 4,060 6,050 18,080
(10° Pa) 0.28 0.54 0,81 1.08
Charge {mol) 1.13 2.18 3.26 4,35
Concentration CO (molZ) 55.135 53.69 54.04 55.25
Irradiation | Time (sec) 103.00 100.00 100.00 100.00
condition Temperature{°C) 16,70 12.10 16.80 15.60
Dose (10°Y ev/g) 5.01 5.03 ! 5.03 5.01
| (Mrad) 8.03 8.07 | 8.06 8.03
Product G value
CHy 0.38 0.40 .29 .30
CoHy 0.014 0.012 0.0081 0.0093
CoHg 0.015 0.010 0.0058 0.0025
CsHg 0.0019 0.0027 G.0017 3.0007
CsHg 0.0015 0.0080 0.0056 0.0053
iso—-CyHig
n-CyH1q 0.0012 0.0021 0.0076 0.0041
HCHO 0.50 G.70 0.61 0.69
CH4CHO 0.12 - 0.59 0.75 0.72
C,H5CHO 0.023 | 0.084 0.10 .090
C3H,CHO 0.0078 0.0071 0.0049 0,011
HCOOH 0.015 0.033 0.029 0.033
CH3CO0H 0.012 0.065 0.080 + 0.057
C,H;COOH 0.011 0.015 0.0097 : 0.011
C3H7CO0H 0.0018 0.0039 0.0017  0.0028
CH30H 0.098 0.18 0.18 0.11
C,Hs0H 0.0033 0.0058 G.0047 0.0023
(HCO) » 0.017 0.026 0.022 0.017
(CH3CO) » 0.6072 0.014 0.015 0.019
HCOOCH 3 B 0.0085 0.087 0.075 0,094
HCOOCHg 0.0014 | 0.620 0.012 0.013
CH3COOCH 3 0.0007 ° 0.0059 0.0048 0.0040
€305 0.0012 0.0024 0.0024 0.0004
Trioxane 0.10 0.22 | 0.13 | 0.15
Tetraoxane 0.0043 0.012 0.0069 0.0066
Total organic product 1.45 2.54 2,38 2.42
H:0 1.44 0.56 0.61 0.35
CO» 1.25 0.71 0.34 , 0.50
Conditions: accelerating voltage, 600 keV; beam current, 1 mA;

flow rate, 110 Ni/min at 2,110 Torr ~ 440 Nl/min at 8,080 Torr.
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Fig. 10 G values of aldehydes as a function of total pressure;
CO content, 25 mol%; accelerating voltage, 800 keV,
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Fig. 11 G values of cyclic ethers, glyoxal and biacetyl as a function
of total pressure; CO content, 25 mol%; accelerating voltage,

800 keV,
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Fig. 12 G values of carboxylic acids, methanol and methyl formate as
a function of total pressure; CO content, 25 mol%; accelerating
voltage, 800 keV,
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Fig. 13 G values of hydrocarbons as a function of total pressure;
CO content, 35 mol%; accelerating voltage, 600 keV.
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Fig. 14 G values of aldehydes as a function of total pressure;
CO content, 55 mol%; accelerating voltage, 600 keV.
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Fig. 15 G values of cyclic ethers, glyoxal and biacetyl as a function
of total pressure; CO content, 55 mol%; accelerating voltage,
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Fig. 16 The G values of carboxylic acids as a function of total
pressure; CO content, 55 molZ%; accelerating voltage, 600 keV.
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JAERL —M 83— 126
2. REEEEL

2.1 HZMm 25COmol NS
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FEET I & BEENRIA 100 £ NTP 30 £k iE & ©3E% Table 11 (&, amol) &
U8 Table 12 (Gvalue) R LA,
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(HCO )% £ LT (CH: CO): iR & BHEHOBERE T AT R LT,
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(HCO): HLT (CH3CO)p 3 HEH ISR ME (S EERBROBEMBIRE T Lo BT L
TE LN ERY RS S OB E L AR LD T ERHTHAS S, —A
Tri oxane (1 800 B & TORE T, R BEIICE L TEHCHEML T,

ECQOH, CH;OH # &8 HCOOCH; DA RE & BT OB HRE Fig 211mL 7z,
HCOOH #5 £ F HCOOCH; i BH M 0 R A #INE XM L 7. CHa OH 3 BBST R fTIC] L
THEERECERBE AL 7.

2.2 HZMM 55C0mol %DHE

4F 8.000 Torr , CO #15% 55 mo! %Iz & 2 BETHM & RPN DM RE, BREE 25
Boip 5 800 #p & TEALL TR~

B iR & A IR & DBE A Table 13iCIERIEE 100 £ KD DILE (£mol) T, &7
Table 14 i GIETH L,

(a) BRALKFE

BRG] & AL KRR IR & DBEfEE Fig 22 10R L7,

S SB35 h75 & 9 i, CHy o ERE 2 MEERTAS 200 FPLL RIC7E 5 SIREIC level —offl F
LIETIAE T Lo CoHs 50 CaHs ARKER, 25 mol % Tk 5 KEREER & ERICIBR
RO BEOHARE IS -7, UL, REMEIKETH S Co He DIERBII & » & SEALDE
L<, BETEERD 100 AL ETRIBE—EME LD EREDRINE L » 1,



JAERL —M 83— 128
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Bk toOTEA I

G (UCHO) 8LUG (Trioxane ) HERETH 8000 Torr DHE XY HET L7z, HCHO,
£ & o Trioxane 2 L1 & BESED TNV E G MoEINT ST &R DLRATSL 5
DT, BRSEOFHDEN L EOEENHLONTVHEDEER 515,
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Table 11 Effect of irradiation time on the amounts of
products from H,-CO mixture (25 CO molZ)

Total pressure (Togr) 7,920 7,970 7,960
{10° Pa) : 10.56 10.62 10.61
Charge fmol) 2 4,26 4,29 4,29
Concentration C0 (mol%) 25.37 25.09 25,37
Irradiation | Time (sec) : 203,00 400.00 800.00
condition Temperature (°C) 12,90 14.70 14.40
Dose (10<Y ev/g) 13.33 | 26.34 52.56
(Mrad) 21.36 42 .20 84.20
Product . (umol/100% reactant NTP)
CIl,, 498.49 | 1,027.69 | 1,937.98
CoHe, 7.42 10.81 33.06
CoHg 29.27 62,67 131.52
Callg
C3Hg 3.78 12,66 29,70
iso-CyHyg
n—-CuHygp 0.40 5.25 4.31
HCHO 2,529.61 | 3,599.44 | 6,346.85
CH3CHO 477.31 988.06 | 1,251.85
C,HyCHO 24,68 34,28 62.93
C3H7CHO 13.45 36.58 50.35
HCOOH 68.98 148.22 548,19
CH3COO0H ;
CoHsCOOH f
C3H7COOR
CH ;0H 335.89 | 1,119.98 | 1,251.80
CoHs50H B
{HCO) 5 37.87 96.54 103.95
(CH3CO)» 7.84 17.54 21.03
HCOOCH, " 99.47 223.85 548.87
HCOOC,Hs 9.67 26,06 61.78
CH3COOCH3 14.72 15.37 28.90
Ca0yp 4,87 12,74 26.61
Trioxane 546.71 | 1,057.59 | 2,212.46
Tetraoxane 90.31 228,46 315,27
Total organic product 5,070 9,120 15,640
H,0 } 131.51 262.58 472 .26
COs | 87.18 113.34 242 .69

Conditions: accelerating voltage, 800 keV; beam current, 1 mA;
flow rate, 450 N1/min.

a— 43i



" Table 12 Effect of irradiation time on the G values of
products from Hp-CO mixture (25 €O mol%)

| (Torr) 7,920 17,970 7,960
Total pressure | (156 py) 1.05 1.06 1.06
Charge {mol) 4.26 4,29 4,29
Concentration CO (mol¥%) 25.37 25.09 25.37
Irradiation | Time (sec) 203.00 400,00 800,00
condition Temperature (°C) 12.90 14.70 14,40
Dose (104V eV/g) 13.33 26.34 52.56
| (Mrad) 21.36 42 .20 84.20
Product G value
CHy, ' .58 T 0.61 T0.58
CoHy, ‘ 0.0087 0.0065 . 0.0098
CoHe . 0.034 0.037 0.039
C3Hg :
C3Hg . 0.0044 0.0076 0.0088
iso-CyHyg :
n-CuHig ©0.0005 0.0030 0.0012
HCHO 3,97 .16 1,89
CH3CHO L 0.56 0.59 0.37
C,HgCHO 0.029 0.020 0.018
C3H7CHO 0.015 0.022 0.015
HCOOH T o0.081 0,089 0.16
CH 3CO0H
C,Hs COOH
C3H7COOH - o o N
[ CH30H 0.39 0.67 0.37
C,Hs0H
(LLCO) > 0.044 0.058 0.031
(CH3CO) 5 0.0092 0.010 0.0062 |
HCOOCH 3 T 0.11 6.13 0.16
HCOOC;Hs i 0.011 0.015 0.018
CH3CO0OCH 3 P 0,017 0.0092 0.0080C
C305 0.0057 0.0076 0.0079
Trioxane 0.70 0.63 0.66
Tetraoxane 0.10 0.13 0.094
Total organic product 5.9 5.5 4.7
,0 0.15 0.15 0.14
C0z 0.10 0.068 0.072

Conditions: accelerating voltage, 800 keV; beam current, 1 mA;
flow rate, 450 Nl/min.
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Table 15 Effect of irradiation time oun the amounts of
products from H,-CO mixture at 4,000 Torr

(55 CO mol%)

flow rate, 220 Nl/min.

(Torr) 4,080 4,060 4,040
Total pressure | 1g6 pg "Us.ah | 5.41 5.38
Charge [ (mol) 2.19 2.18 2.17
Goncentration CO {(mol%) 54.16 54.43 54.95
Irradiation | Time (sec) 100.00 200.00 400.00
condition Temperature (°C) 21.50 _12.60 14.90
Nose (10°Y ev/g) 5.03 10,05 20,08
(Mrad) 8.05 16.10 32.16
Product (umo1/100% reactant NTP)
CHy 186.73 409.68 952 .48
CoHy 5.53 9.10 10,63
CoHg 4,77 1i2.57 29,65
CqHg 1.65 1.75 1.78
C3Hg 7.49 1.89 2.88
iso-CyHyg 1.64
n-CyH1g 6.54 6.20 3.94
HCHO 489,90 808.50 1,005,49
CH3CHO 609.25 1,249.21 1,823.64
CoHs CHO 77.61 238.12 135.28
C3H5CHO 8.22 11.52 24.38
HCOOH 23.85 137.00 74.70
CH4CCOH 20,92 155.02 317.86
C,H5COCH 13.21 21.53 25.75
C3H7COOH 5.33 3.45 9.75
CH30H 149,11 302.90 358.81
C-HgOH 24,66 36.94 18.56
{HCO) , | 15.16 | 47 .41 %0.06 |
(CH3CO) » ! 6.31 - 5,27 28.24
HCOOCH3 o ] 69.45 173.90 205.45
HCOOC»Hs 19.82 34 .47 63.54
CH3COOCH 3 6.96 12.83 12.28
C300 1.67 4 .44 5.05
- Trioxane o 197.00 475.18 540,94
Tetraoxane _ 9.33 27.08 35.67
Total organic product 1,990 4,190 5,785
H70 426.88 | 2,170,08 379.70
CO2 240.49 410.68 286.76
Conditions: accelerating voltage, 600 keV; beam current, 1 mA;
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Table 16 FEffect of irradiation time on the G wvalues of
products from Hp-CO mixture at 4,000 Torr
(55 CO mol%)

(Torr) 4,080 4,060 4,040
Total pressure | (196 pg 5.44 5.41 5.38
Charge (mol) 2,19 ¢ 2.18 2.17
€oncentration CO (mol?%) 54.16 54.43 54,95
Irradiation | Time (sec) 100,00 200.00 400.00
condition Temperature (°C) 21.50 12.60 14.90
Dose (1047 eV/g) % 5.03 10.05 20.08
i (Mrad) L 8.05 16.10 32.16
Product | G wvalue
CH, - 0.31 - 0.34 0.39
CoHy 0.0092 | 0.0075 0.0044
CoHg 0.0079  0.010 0.012
C3Hg 0,0027 0.0014 0.0007
CaHg . 0.012 0.0026 0.0012
iso0-CyHig : 0.0007
n-CyHyg | 0.010 {.0051 0.0016
HCHO I 0.81 0.67 0.41
CH3CHO b1.01 ¢ 1.03 0.76
CoH5CHO 0.13 I 0.19 0.056
C3H7CHO 0.014 | 0,0096 0.010
HCOOH 0.040 0.11 0.031
CH3COOH 0.034 0.12 0.13
C2H5CO0H 0.022 1 0.018 0.010
C3HyCOOH 0.0089 | 0.0029 0.0040
CH30H 0.25 - 0.25 0.15
CoHsOH 0.041 0.030 0.0077
(1ICo) » 0.025 0.039 0.016
(CH3CO) 2 0.010 0.0043 0.011
HCOOCH3 0.11 0.14 0.085
HCOOC2Hs 0.033 0.031 0.026
CH3COOCH 3 0.011 ~0.010 ¢.0050
C30; 0.0028 ; 0.0037 0.0021
Trioxane 0.33 - 0,39 0.22
Tetraoxane 0.015 0.022 i 0,014
Total organic product 3.3 3.5 P 2.4
H20 0.71 ¢ 1.80 i 0.15
co; 0.40 | 0.34 L 0.12

Conditions: accelerating voltage, 600 keV; beam current, 1 mh;
flow rate, 220 N1/min.
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Fig. 18 Time-conversion curves of hydrocarbons; CO content,
25 mol%; total pressure, 8,000 Torr.
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Fig. 19 Time-conversion curves of aldehydes; CO content, 25 mol%;
total pressure, 8,000 Torr.
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Fig. 20 Time-conversion curves of trioxane, tetraoxane, glyoxal
and biacetyl; CO content, 25 mol%; pressure, 8,000 Torr,
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Fig. 21 Time-conversion curves of formic acid, methanol and
methyl formate; CO content, 25 mol%; pressure, 8,000 Torr.
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Fig. 22 Time-conversion curves of hydrocarbons; CO content, 33 molZ;
total pressure, 8,000 Torr.
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Fig. 23 Time-conversion curves of aldehydes; CO content, 53 molZ;
total pressure, 8,000 Torr.
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Fig. 24 Time-conversion curves of trioxane, tetracxane, glyoxal
and biacetyl; CO content, 53 mol%; total pressure, 8,000 Torr.
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Fig. 25 Time~conversion curves of carboxylic acids, methancl and
methyl formate; CO content, 55 moli; total pressure, 8,000 Torr.
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Fig. 26 Time-conversion curves of hydrocarbons; total pressure,
4,000 Torr; CO content, 55 molZ.
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Fig. 27 Time-conversion curves of aldehydes; total pressure,
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Fig. 28 Time-conversion curves of trioxane, tetraoxane, glyoxal
and biacetyl; total pressure, 4,000 Torr; CO content, 55 mol%.
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3. MERIREH

AFF4 8000 Torr & —Fic LT, COMES 5mol %h 5 Tdmol B & TELI 7B DK
B & AR E BB A RET L.

Table 17 12 CO B & [BESE 100£34 0 OERINE & OBEF, £/ Table 18 i COEE
EGIEEDMIRER L,

CO s &4k S #7130 ENE OER AL T 2008 - -/, 1203 He: BE
DENESCNESEINT 2EMY TH-T, K CHsCHO M E 2 3D&DAkr /- HCHO,
HCOOH KX &£ oasBiitah s kFEEIEE b, 5 —2RCOREDHFVIHEICN
AT 5 60T, CHCHO, CoHs CHO, CHsCOOHH &£ (CHsCO)2 TH 3 ,CHs—
CHO, CHsCOOH & LT (CH;CO)2 2 EDHERM® CO Mt ¢ 2B BHABL TN ST
LiE LR O DEROREENE —THY, CHiCO AAYTHELEEIpHDE Do LT
R EERMIC O WTORERER L
{al mAIbKFE

Pig, 30 ALK FEOERGHEE COREDBERZE/R LI,

CHelZ COMEE 15~35mol it TG (CHy) wA SN, ZoMlikd s CORBREDE
WBA L, BOEAHG (CHO D LA, COBERN, SEERIROBIERE 8
53F,

memﬂia)&Whﬁ%ﬁ%®@%ﬁﬁ%@ﬁb?}CH4@@@*$%?&CO®EEK
FORAD EHSICHELEEHEL T D,

He - H; (1)
H; + CO —HC+0H (2)
HC + Hz —CHs (3)
CHi+ H; = CHs + H (4)

W7, COMEAENBAICRRRDRIEIEEDIC Winic G (CH) Blbd 20TH
A5, —F, B COBEOBRSCH, HEFORLOLHRVORIGSEDIC (AD, 7t
HRADKIEL D SRBORIEHED SN L bH »>TG (CHy) MEC LS EFL N5,

CH; +CO —CH;CO {B)

G (CHs) 2 G (CHe) M2~ 3%RETHD, BERERIAOEBDEEICG (CaHe)
HG (CHy) OFINOBTH » 12D EFE TS LR ONSEHEET -7, THd, L LEHR
DT hilk~fz k5T, FET 2 & REDRIESEEINICH - TH 5 EE S pbE b,

G (CiHs) bEIERARNOFERER L LETH LWL OENI -,

G (C2Hs) {2 COMEE 55mol % & THINL 7

(b} SEEFE/ILEW

(1) 77 FiEs JUBENLSY

Fig. 31ic7 w7t K, Fig 324 Trioxane, Tetrazoxane, (HCO): B L (CH3CO )2
O GiEE COEEEOEEEENTATRLI

(1a) HCEO G (HCHO) 2 COEE 5~25mol % TE< 70, COEBES 25mol %
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ST AD L BRI 0 C OEAIESTICRE LB/ Sy 7 B EREE WEER
RuEsERG R 5L ORE S, FRERET OLThOBE S bEEL T 5,

(1b) CHsCHO G (CH;CHO) iZ CO R 55~ T5mol % TE < 1 - 7ro FIRRISHR)
S, FRREERERTLED ST B, Lnl, BE/Sy 7 RIBRERDEECHE,
G (CHsCHO) #E A& fA2m (3 COBE 25~35mol % & {KBEMIICBEN L Thicds, BER
A A0 CE - LI LB EDEEL AL, 7% R T 36750 Torr T -7 CO—CHs
BASEDRHEEROES (. G (CH CHO) it COBE 5 mol % + THIL 7.

CO-Hz RS S/ HIBEHC X CHy CHO A3 sk 4 2 SRS I3 IH & A Tiaiin b8, SEER(E
LT CHsCOT A4 v AR LTV A EEET B 5, £ CHCO " 44 vniBmahs
CEREELE D, A4 YO HCO 44 VEMDIES L IZRENCO BEMSET
SERIE B HED COBEMETERE, CHiCO A4 BROKMKTSS CH, 1 4
S KL 10, CHs CO' A4 v HRRRRICAE - TLE 9, COME 55~T5mol % HFiEiC
G (CHs CHO) Mg Kllinis 5 DI FIGR~ATRENBRE SR 5THS o

(le) C:HsCHO ikt &S, EABEOERMKEHESETIZ T LER
BT, G (CHs CHO) CHE LT G (CoHsCHO) L biih -7z, G (C2Hs CHO)ODIR
KEA G 25 COBEREIE5~TSmol BTH -7,

(1.d) CsH,CHO  CH;CHO £ X0 Cy Hs CHO & 138710 G (C3 H, CHO) {24& CO
BRI RAMED & - foo

{1 e) Trioxane ¥ LT Tetraoxane G (Trioxane ) # £ ¥ G (Tetraoxane )
Shb T, BEOEBASICRAEE TR U, COEEEE S, KR FEERFER
BLORE N FREBOVTHOERERL b —HL TV 5,

(1£) (HCOJ: M, BEAEGEIIC G (HCO), DEKEHS -7,

(Lg) (CH;COD: CORE 55mol BT G (CHs 0Oz BAIE &1 -7

Q) AnFErEBELIUTOMOERY

Bk UL CHy OH 45 £ 0 HCOOCH; © GiE & CO #EF & dBIf%% Fig. 33 i0/R L7,

(2 a) HCOOH  HCOOH W, H,BEHEESICGESHEML A, HCHO, (HCO):
45 £ 08 HCOOH 04 M.G fE & CO £k dBIG A3 ST UMM £ 7d 02, 7 Ui HCO ™ 4
A Vv AEERKE L TOBLDTHES D,

(21) CHs COOH  GEDE b2 &AKEMm i, G (CHs COOH) i COBE 45 ~
Tsmel% TE{EaT,

$EI et £ 5ic, CH; CHO, (CH;CO)s &0 CHs COOH @ G i COHRY & DB
i1, RIFE—OfERE T L.

(2.¢) CH; OH

CHs OH i e BEARE G E T A G (CHL OH) OBAMEAH - o CDRERIZHL /Yy 73
EEtER STIRRARNES S LORT Ny FREHNERO O ITNOXRBRER T L TR
W HITV S,

Kollner = 14 CO—Hz iEASHAE L7 Ru- Al, O 88 70 CH; OH SREIETIE L
T L ORERRESSEOHSICKELTED, T.600Torr THy /CODMMLEE 1053 T

)56 a—
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2ot 5 & CH: OH DERGRENH 2 b A& B AT &EFH LA, £/, CO-H, RaXE
1 CHs OH 08tEmid 201k, C= OBAMUNFT 5 &1, ChIiTAROMINY & XBDK
LB EELTO A,
+H H +H H. +H Hi +H
C=Q —= C=0 —=>-C-0 —=C -0 —CH;0H 6)

e IC k5 CHy OH OERKIG S, Ru—Aly O Al [0 RISICEM L7 B98I L DE
ﬁ?%tmm,;<meh§Emﬁ@%%¢@@%ﬁnmwoC%OH%@&E@~%@,
IEHO@K%%M&EK£oT%ﬁUC&ﬁ%i%h%oC®EE%&%E®%wﬁﬁﬁﬁT
H5H e

(2.d) HCOOCH;

G (HCOOCH:) i, COBE 55 mol ¥ TlR—ETH YD, SLKCOREDEL H5 LRE
CHEF L de C OHERIREE Sy 72X, EEERRBLORE N FRENTNOERERLS
—F LT b,

=i bkt ko, REERIAOBHEREITHCY > THEENO—DELT, ¥
I%Lﬁ%ﬁ%%%%%@ﬁw(hm%%TﬁéC&CHO@E%KgéiﬂKEELTE%W
2l S 5T NE T~ EBRE D T 2145, T IOR L Bk ERORBRFERD ©
CO R 55~ 75 mol %43 CHs CHO A RICH AT BETH B T & -7z, £ TTUTICE~S
ERERGIE L S DEERIE, COBESmolBTITHI L ENEYTHS EHFA .
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Fig. 30 G values of hydrocarbons as a function of CO concentration;

total pressure, 8,000 Torr.
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Fig. 31 G values of aldehydes as a function of CO concentration;

total pressure, 8,000 Torr.
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Fig. 32 G values of trioxane, tetraoxane, glyoxal and biacetyl as

a function of CQ concentration; total pressure, 8,000 Torr.
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Fig. 33 G values of carboxylic acids, methanol and methyl formate

as a function of CO concentration; total pressure, 8,000 Torr.
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(b} =ERILEY )
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LI SRENERM~E - TV 5,

Fic 1.2 /BB AHOBEThIE LI L DI, FSIFEFERAFROEREE* HV CREKEEOER
AFHES T, ERSERBEREEORDICS BERTHERREC I > TRESNLDT,
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ChAER- TERSRETIEORE TR Y 2 o0, BER L URHESCRELFERED
BELONANE R - TEBRET- T3, TORHIREMETIE, BERSEIIKELI2 5
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HOA RIS ABRERELECEREL L THOLAEDTHS I 4 1 IEICHB~/55C0moi %
DEBHEBETEERLILPE-THALEEDNS,

4.3 4000 Torr — 55CO mol % (EBHER)

8,000 Torr . 15COmel % LU 55COmMol % TIiT-» RINREKEEDFERIE, § T
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Table 21 Effect of temperature on the amounts of products
from Hp-CO mixture (8,000 Torr - 15 CO mol%)

flow rate, 450 N1/min.

—_ 68_

Total pressure | STOFT) 7,980 7,980 8,020 7,980 17,980
(108 Pa) 1.06 1.06 1.07 1.06 1.06
Charge (mol) 4,30 4.30 4,32 4,30 4.30
Concentration CO (mol%) 15,28 15.28 15.33 15.41 15.72
frradiation | Time (sec) 200,00 200.00 201.00 200.00 200,00
condition Temperature (°C) -50.30 -2.10 21.50 36.70 65.50
{1027 ev/g) 12.84 12.84 12.90 | 12,82 12.76
(Mrad) 20.58 20.58 20.66 20.54 | 20,44
Product (ymel/100% reactant NTP)
CH;, 265.48 280.91 296.69 | 313.59 | 297.37
C,H, 1.39 | 1.27 ¢ C.88 1.26
C;Hg | 6.44 5.21 4.34
CsHg ‘
CgHg ‘
iso-CyHyg | i
n-CyHygp 0.35 0.54 0.83 2.57 .10
HCHO 1,677.46 1,515.87 .2,575.10 | 1,795,97 1,474.61
CH3CHO 01,112.91 | 440,32 703.30 . 753.22 424,01
C,Hs CHO 1 54.72 18,16 47,17 60.02 36.07
C3H7CHO ‘ 21.15 14.77 14.03 . 55.79 58.46
HCOOH ] 38.61 117.71 19.04 - 93.72 |  86.16
CH3COOH 99,01 9.46  85.52 . 81.82  38.77
CoH5 COOH ' |
C3H7COCH !
CH30H 393.18 413,86 385.23 566.74 | 364,99
C, H5 OH :
(HCO) » 45.72 36.39 ©  29.33 53.73 | 73.23
(CH3CO) 4.52 3,90 | 12.71 11.57 17.51
HCOOCH 3 73.69  104.26 84.19 = 112.99 55.81
HCOO0C,is 7.33 7.32 8.54 | 9.74 ' 10.89
CH3COOCH3 1.51 7.01 3.16 ¢+ 10.53 4,48
C30; 10.49 16.98 | 6.34 11.75 6.86
Trioxane 195.03 | 237.13 251,32 328780 | 34.72
Tetraoxane 85.86 32.80 57.36 52.60 : 15.71
Total organic product | 4,120 3,270 4,615 4,350 12,980
H,0 ’ T 165.28 | 108.13 80.43 | 203.99 208.39
CO2 217.96 : 382.71 282,05 | 394.36 , 717.15
Conditions: accelerating voltage, 600 keV; beam current, 1 mA;
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Table 22 Effect of temperature on the G values of products

from Hy-CO mixture (8,000 Torr - 15 CO mol%)

{Torr) 7,980 7,980 8,020 7,980 7,980
fotal pressure & (105 Pa) " 1.06 | 1.06 1.07 1.06 1.06
Charge | mol) | 4,30 4,30 4.32 4,30 4,30
Concentration J CO (mol%) - 15.28 15.28 i 15.33 15.41 15.72
Trradiation | Time (sec) 200.00 200,00 201,00 1 200,00 | 200,00
condition | Temperature(°C) -50.30 ! -2.,10 21,50 36,70 | 65,50
Posc (10°Y ev/g) 12, 84 12.84 12.90 12.82 12.76
| {(Mrad) 20.58 20.58 20.66 20.54 20.44
Product .G value
CHy 0.46 0.49 0.51 0.55 0.51
CzBHy 0.,0024 0.0022 0.0015 0.0022
Collg 0.011 0.0091 0.0075
CsHg
C3Hg
iso—-CyHig
n—-CyHig 0.0006 0.0010 0.0014 0.0045 0.0002
HCHO B 2.94 2.66 4,47 3.14 2.56
CHzCHOC 1.95 0.77 1.22 1.32 0.73
CyHsCHO 0.060 0.032 0.082 0.10 0.062
CaH7CHO 0.037 0.026 0.024 0.097 .10
HCOO0H 0.068 0.20 0.033 0.16 0.15
CH 4COCH 0.17 0.016 0.15 0.14 0.069
C,Hs COOH |
C3H7COOH
CH30H 0.69 0.72 0.67 0.99 0.63
CoHs0H
(HCO) » 0.078 | 0.046 0.051 0.09%4 0.12
(CH3CO) » 0.0079 | 0.0068 0.022 0.020 0,030
- HCOOCH 3 0.13 £ 0.18 .15 0.20 0.0986
HCOOC2Hg 0,013 0.013 0.015 0.017 0.01%
CH3COOCH3 G.0026 0.012 0.005 0.018 - 0,0078
€30, 0.018 | 0.030 ¢.010 0.020  : 0.012
Trioxane - 0.34 P0L.41 0.44 0.57 : 0.058
Tetraoxane 0.15 0.057 - 0.099 0.092 | 06,027 |
TTTotal organic product | 7.2 1 5.7 8.0 7.6 5,2
H,0 0.29 . 0.19 0.14 0.35 0.36
Co» . 0.38 | 0.67 0.49 0.69 1.24
Conditions: accelerating voltage, 600 keV; beam current, 1 mi;

flow rate, 450 ¥1/min.
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g. 34 G values of hydrocarbon as a function of temperature;
total pressure, 8,000 Torr; CO content, 53 molZ.
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-Fig. 35 G values of aldehydes as a function of temperature;

total pressure, 8,000 Torr; CO content, 55 molZ.
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Fig. 36 G values of trioxame, tetraoxane, glyoxal and biacetyl;
total pressure, 8,000 Torr; CO content, 55 mol%.
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Tig. 37 G values of carboxylic acids, methanol and methyl formate;
total pressure, 8,000 Torr; CO content, 55 molX.
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Fig. 38 G values of hydrocarbons as a function of temperature;
total pressure, 8,000 Torr; CO content, 15 molZ.
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Fig. 39 G values of aldehydes as a function of temperature;
total pressure, 8,000 Torr; CO content, 15 molZ.
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Fig. 40 G values of trioxane, tetraoxane, glyoxal and biacetyl
as a function of temperature; total pressure, 8,000 Torr;
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42 G values of hydrocarbons as a function of temperature;
total pressure, 4,000 Torr; CO content, 55 molZ.
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43 G values of aldehydes as a function of temperature;
total pressure, 4,000 Torr; CO content, 55 molZ.

i76_



JAERT —M B3 — 128

()
275 300 325
T T T T T T
QO
0.3
N Trioxane
O
g 0-2 — O
e 4 0.05
S L
o -1 0.04
0.1 0.03
" g (CH3C)2 9 R
0_#_;’_#ﬂ,_ﬂﬂ-—~*"“' 40.02 ”*
- \;>.—\v S
- v : etracxane -4 0.01
: | ] °0 io%oh-w"]"‘g‘}
G
0 10 20 30 40 50 60

Temperature (°C)

Flg. 44 G values of trioxane, tetraoxane, glyoxal and biacetyl
as a function of temperature; total pressure, 4,000 Torr;
CO content, 55 mol%.
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Fig. 45 G values of carboxylic acids as a function of temperature;
total pressure, 4,000 Torr; CO content, 55 mol%.
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Tig. 46 G values of alcohols and esters as a function of temperaturej
total pressure, 4,000 Torr; CO content, 55 molZ.
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5. RBERIREH

CO—H, oS H% EFHEH LT RIEETHE 288K, BFREE LI THAKES ) OR
ST L G T & USRI ICER TH 2, THABRS T A7nic, 8000Torr, 55COmol%
TG EE (MERLDOETEHE % 1mA 5 6mA £ TELL T, AiE &£ OBk
L, BBRATZ THREERS -FiEoonic, BHERE 1mA - 00#»s 6mA
— 16 TEFEFACL U CELS S,

BTG & AR & OME 4 Table 25 (&, #mol, 100£ reactant NTP) & XU
Table 26 (G{E) iR L o

(a} mRibKE

Fig. 47 CRALKFZ OB FRAM & ERIEDBEGE R L

Abk#E (CHy, C:Hy, CoHs, CiHe B LU CsHa) B dhdBTEMELEMsEL L
GERE A7,

(b} ZEEED

1) 7are FEEEE{LEY

Fig 8ic77Ee N, Fig 49 CEELSmOERGHEEBFEAEOMFRE ENTARL
1o

G (HCHO) i, BTEMEMNETLE5E 75,

G (CH:CHO) 3, EFEfiEsEmd s LEFL.

G (C:HsCHO) 8XUG (C:H;CHO) i, WO bEFRAMED2 mAE TEHEmMmL
X SICEREERETEMECET

G (Trioxane ) ¥ £¥ G (Tetraoxane ) 12, EFBinEAEINT 5 &K L7, EEENY
™5 5 Trioxane % £ Tetraoxane @ GEADETENS »& bmP -7

(HCO)s BE (CH;CO) ® G, WINbETHBREFHMT HLEL -,

2y HoaF i CH;OH &8 XU HCOOCH;

Fig. 504 # 4 B, CH;OH% k0 HCOOCH: DB FEfEL FK GEOMGRE ENEN
el

G (HCOOH) %LU G (CH; COOH) &, BT BRMEDOEVHBE L -7

G (CH:0H) 8L05G (HCOOCHs) 13, W bETEHHMAKT LET L,

7O LI RO Gl S SRR OBIRIE, By FRESEEEH O T CORRZISmOI%
Tl ERER X RRE - T B, By FREBERCINE, REFTELEOC
i4 Tri oxane @4 GIEAE FL, HCHO ® CH; CHO fs Kt D GER 3E—E LT -
Joo AEIOEREREEE S, FAERER L OER IS (LY (8000 Torr & 800 Tore prsi
FTF COHRE (55mol % & 15mol %) Mgl & 72 ERIBTHEE-> T 3 RO REDE LI
FEDTEA D,

Reference

1) S. Sugimoto, M. Nishii and T. Sugiura; JAERT-M 7898, 57 (1978).
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charge of reactant, 4.33 mol.

Table 25 Effects of dose rate on the amounts of products
from Hy-CO mixture (8,000 Torr - 55 CO mol%)
Total pressure (Torr) 7,890 8,010 8,130 8,110 8,050
(10% Pa) 1.05 1.07 1.08 1.08 1.07
CO concentration| (mol%) 56,02 54.80 55,22 55.85 | 54,90
Irradiation [Current (mA) 1.00 1.00 2.00 4.00 6.00
condition Time (sec) 100.00 100.00 20.00 25,00 16,00
Temperature (°C) 5.10 19.30 10.80 15.7C 18.50
(102V ev/g) 5.00 5,02 5.01 5.01" 4,82
(Mrad) 8.02 8.04 8.03 8.02 | 7.72
Product {ymol1/1008 reactant NTP in 100 see irradiation)
CEy 157.71 135.27 137.40 166.62 175.87
CoH, 4.39 5.65 6.36 6.76
CoHg 3.78 4.15 5.05 5.04
CaHg 0.35 0.63 !
C3Hg 0.27 | 0.41
iso—-CyHyp
n-CyHig 0.71 1.60 0.10 0.75 0.78
HCHO 544,44 11,567.09 624,64 738.07 780.84
CH 4 CHO 1,166.67 :1,274,34 |1,067.54 855.63 814.56
C,H5CHO 27.19 41,48 57.00 37.42 36,74
CsH,CHO 7.01 11.94 16.10 8.40 7.37
HCOOH 42 .65 23.52 @ 110.80 64.18 | 72.25
CH4COOH 11.49 26.53 88.81 111.53 79.00
CoHy COOH
C3H~COOH
CH30H 84.73 | 141.45 137.71 115.40 81.78
CZHSOH
(HCO) » 33.79 29.81 28.28 30.21 22,20
(CH3CO) » 18.03 28.99 7.70 9.35 8.47
HCOOCH 3 130.17 | 137.44 130.13 111,98 98.75
HCOOC,Hg 15.04 17.92 22.63 14,76 13.32
CH3COOCH 5 5,16 9.11 11.77 14.65 14,70
C30, 4.78 | 26.13 4.27 4,44 | 4,28
Trioxane 33.13 42,16 34,12 23.35 21.24
Tetraoxane 3.26 | 22.69 19.55 | 6.89 5.33
Total organic preduct 2,287 3,532 2,030 2,340 2,262
H,0 194,03 60.31 148.92 109.55 108.91
CO5 170.85 363.94 501.71 217.49 284.48
Conditions: accelerating voltage, 600 keV; flow rate, 450 Nl/min,




JAERI — M 83— 126

Table 26 FEffect of dose rate on the G value of products from
Hy-CO mixture (8,000 Torr - 55 CO mol?)

|
{Torrx) 7,890 8,010 ' 8,130 8,110 8,050
Total pressure (106 Pa) 1.5 | | 1.07 1.08 1.08 1.07
CO concentration | (mol%) 56.02 54,80 55,22 55.85 54.90
Irradiation] Current {(mA) 1.00 1.00 2.00 4.00 6,00
[ condition Time (sec) T 100.00 100.00 53.00 25.00 16 .00
Temperature(°C) | - 5.10 19.30 10,80 15,70 18.50
Dose (1020 av/g) 5,00 5.02 5.01 5.01 4.82
{(Mrad) 8.02 8.04 8.03 8.02 7.72
Product G value
CH,, T0.25 0.22 | 0.23 0.27 1 0.29
CoHy, 0.0072 0.0092 0.010 | 0.011
Colg - 0,0062 0.0068 0.0082 0.0083
CsHg . 0.0006 0.0010
CaHg | 0.0004 | 0.0007
iso~CyH g
n-CuH1 g 0.0011 0.0026 0.0002 0.0012 0.0013
HCHO 0.88 2.59  1.02 1.20 1.29
CH3CHO 1.90 2.10 | 1.75 1.39 1.34
C,HsCHO 0.044 0.068 0.093 0.061 0.060
C3H7CHO 0.011 0.020 | 0.026 0.013 0.012
HCOGH 0.069 0.038 | 0.18 0.10 0.12
CH3COOR 0.018  0.043 | 0.14 0.18 . 0.13
CoH5COOH , ! i
C3H,COOH 5
CH,0H 0.14"~ 0.23 T 0.22 0.19 G.13
CoHs Ol : }
(HCO) » 0.055 0.049 | 0.048 0.049 0.036
(CH3CO) 5 0.029 0.047 ¢.012 0.015 0.014
HCOOCH 3 0.21 0.22 0.21 0.18 0.16
HCOOC5Hs 0.024 0.029 0.048 0.024 0.022
CH3COO0CH 3 0.0084 0.015 | 0.019 0.024 0.024
C30; 0.0077 0.043 | 0.0070 0.0072 0.0071
Trioxane 0.034 0,070 0,056 | 0.038 0.035
Tetraoxane 0.0053 0.037 0.032 0.011 0.0088
Total organic product 3.72 5.84 4,16 3.81 3.73
H,0 T 0.31 0.10 0.24 0.18 0.18
COs | 0.28 0,60 0.82 0.35 | 0.47

Conditions: accelerating voltage, 600 keV, flow rate, 450 Nl/min,
charge of reactant, 4.33 mol.
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Fig. 47 G values of hydrocarbons as a function of dose rate;
total pressure, 8,000 Torr, CO content, 55 mol%.
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Fig. 48 G values of aldehydes as a function of dose rate;
total pressure, 8,000 Torr, CO content, 55 mol%.
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Fig. 49 G values of trioxane, tetraoxane, glvoxal and biacetyl
as a function of dose rate; total pressure, 8,000 Torr,

CO content, 55 molZ.

Dose rate (1019 eV.g~l-sec™!)

0 1 2 3
[ I ] ] I [
~A
Hcoocng\ 29 CH ,0H
0.20 |-
Fal
A =
=
0.15 |-

G value
[an )
=
[

0.05 +

0.00 ] ] I | i |
0 1 2 3 4 5 6

Beam current (mA)

Fig. 50 G values of carboxylic acids, methanol and methyl formate;
total pressure, 8,000 Torr; CO content, 55 molZ.
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6. CO—H:BESH8EAOT7t F7IAFE FOEMHE

6.1 FTEMPILFEFRNBEOEE

611 COIBE 55mol% DEH

AL IRNT & 42 CO-H BASHOE—SHERHERTE, BETEULEEROEN
D 5 b TH A E L OBBKIC R ATIRES Co LAWTH 5 CH:CHO 2 COMAILET 5
T EHNERSE LTEHL, 7 OEREEBFREHEOERSERED, [UAER, BHE
B OEERNEOES LR LTER, Lnl, 22 BERIE(LOIET b~ k5, CO-—
H, BaSEmic AR L7 CHs CHO RARKETH U, BEEMAL LR (LI ERBLTLED
R GREAML A T MBS MITH w7, T, CO—Hy IBERUADPICHE L/ ED CHs
CHO OEFEREc L ARIBEFECMICT 52 &1k, CHsCHO OF P EREHEZ ML 720
CHETHLEEZOTIOERBREIT- 75

EESIT AT 4000 Torr , CORBE 55mol % CO-H iBA&R&IC, CH,CHO % 0.04mol %
5 014mol ZETHERNL TEBHL, CH:CHO REMOBRES & L TARNEDE AN
~Tos

CH; CEO ofing & £k E & OEFE4+, Table27 (N&E, #mol,/ 1004 reactant
NTP) L Table 28 (GfE) TR L7

{a) ALK

CH; CHO iRInE & kG i & OMFE Fig 51 KR L7z,

G (CHy ) {3, CH:CHO DRMENSIET LT gl 7o

G (CoHe) idEEE N L7z, CHyCHOZRML WA, G (CoHa) 3 0007TH
n, G (CHi) D2 HTH 105, CH;CHO % 0. 14mol BT 5 & G (C2He) i 0065
150 G (CHe) OF520% 100 L7,

G (CeHs) 12, CHsCHO % 0.14mol %ML ZIBE&E, RIRNOBEITH~T LT FiT
=7

G (C3Hs) (3 CILCHO ZHMLTHIZEAEEALLED T,

{b) EERIEY

Fig. 52(a)ic CHs CHO D& & G (CHs CHO) @ B DR/ & DBAfRE, (b)ic CHs—
CHO O#EME & HCHO, CpHs CHO, CsH; CHO 8 £ U HCHO O =&1{x, MBATH D
Trioxane , Tetraoxane O Gl & OREEER L. %7 Fig 53ich vk v BB LT HCOO—
CHs, Fig 5412 (HCO):, (CH3CO) B8LUTwa— DG L CHs CHOEME & DB
HEENFNRL

Fig 52(a)iz/R L CHs CHO 0P &it, WML CHsCHO & & Ms#E - Tl 4 CHs
CHOBEDE (AhTOEDLR) THLHL TS, BEICIEHEIC L - TCOHEa XK
A5 CH; CHO #32ERE LT 207, BHEE - TV 5 CHy CHO @it iZBAHC LD B L7t
BALEFNATVATLICLH, BEEICLEERBOWTN L 2D LD TRMTORDETSH
L Lt, BE-C, HEOCH;CHO DBDBRIRC CIUREALELD b RENVTLITE L,

G (CH;CHO) OBm g oR/ &1, CH:CHODRMENHA L L& 75
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G (HCHO) 14, CH;CHO OIS EY &i5< b, CH; CHO % 0.14 mol BIRIT 5 &
FRMOBAICHAT 1L 82 & » 2o

G (C,H:sCHO) 1, CH;CHO % 0.07mol BiEiNs 5 % TIHEL - 785, MBI 0. 14
mol Bictid &, SicthUmlid-7e

G (Cs H;CHO) {1, CHsCHO QB AHET &&< - 7o

G (Trioxane ) £X UG (Tetraoxane ) id, CH; CHO DERIMEMEZ S LK -7,
hoLE O G (HCOOH), G (CH; COOH), G (C:HsCOOH) # k108G (CsHr COOH)
2. L ohd CHy CHO ORINB A8 @< - 7o

G (HCOOCH;) {3, CHyCHO GBI L DIETFL 7,

(HCO)s 547 (CH;CO): @G EiF, CHs CHO OB EH YT &E {170

G (CH, OH) iz, CH:;CHO g s s SR 7,

G (C,H: OH) it CHy CHO QIRIESHT & 8 < 7 57

Blace: 201k CH:CHO ORGBERE LT, Al~BNCRTRIGHES L &AHE L
Fo LABIOE RN, 253 nm DIFOEmEOEMAEAERELESICOAED L LTV o

CH;CHO + hv — CH«+ CO h)
— CH; + CHO (2)
— H +CH:CO (3}

CH, CHO %70 L THE L8 & s HCHO, (HCO): 8£U (CH;CO DG EDHE
4L 0N Fig 53 125 L f HCOOH & £ 0 CHs COOH OMINa L5 b, (2% & 3£
AR EATGHERA OB LED, TofRED PR S TS o RN X 0 ERRG
MLt EELOND, Morris 52, CH;CHO &OH 7 ¥A vORIGICEWVT,
CHsCOOH R # oAERYD 1 2TH LT EEMELTL 5o

g7 Sui HRDI - THEELE CH 5 5,

CIL + 3CH;CHO ~CH;COCH: +C2Hs OH+CH: CO (4

2CH; +3CH: CHO— 2CH; COCHs +C:Hs OHF 5)

CHs +2CHsCHO —CH;CH (OH) CHs +CHCO 6)
), BB LUBGORGIZL »TCHs COCH;, C:H;OH®& LU CHsCH (OH)Y CH; &84k
AL EAEELS

HAOEBROBSICE, ABRYOTAT o7 N3 IC 50T CHa COCH; @ retention time
5 CoHs CHO @& L & —B LA fad il Lic Ctpm toti, CoHs CHO @ GiEA CHs CHO#M
5007 mol #AEE TEF L, CHsCHOiRME A (135 mol %755 ESF i UNELRED
4 CH; COCHs DiEREHG D LTHWEDPBERIL, G (C.HsOH) #, CHs CHO o#sin
ELHiIcEm AN, s £ B EEE T RITIT K NAELZC HsOH B EENT LY
RV EA AR

CH; CHO &ML T& G (CHa OH) P Aot CHiOH o&rkicid, CHs CHO @
SET T AEEBRESE T, S BRI Tt & 5 IRISIC £ - TR B HTHA I,

Trioxane & U8 Tetraoxane (3, LEFROBTRLALDIK, 7727 — A4 EDE
4 44 CHs CHO@ERMIE, CO7 73RS~ 4 F v OEREGT L, ERENETL
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bDEEZSNS,

Fig. 51 ikl &k9ic, CH3CHOZHEML TH G (CH) iddh T DEL LK, #E-T,
gHEREEH OB ERLOKIGR ST DE SO H HEITIE D,

Ce Hy B oM, R EEBAERIGICE > TER LA CH; 7 YA vd—&A, CHs 7
IHURIEEES LTRMORNT LDk L cbD EBbhs,

2CH; > CaHs —=—=Co Hy + H2 (7
i o 11, CHiOBS I & 3RIKEDERKEEHRLT, Co H 0P MARGEE, I %
EOGEIRROTECE (G=22) &RACLERE L, TOLHCLTERLL CoHdEE
SICBEISNT, KEMNEMDTLIRER), QDI ED CoHe~EENT 5,

CeHs+ H ——== Cy Hs (8)

CoBs+H ——== C:Hs (9)

T, CHyCHO £ ML - IBA I RS hi Co Hy O#IE, RUTNC L DAL CoH
45, CH; CHO OFEED 20 K8)8 LU0 RIS s TE/AET, C:H D THAL
b &EEZ SNG,

512 COBEE15mol%DES

611 TRLT 55mol BDEEEH~T, CHy, HCHO, Trioxane 7 &EhdEpk L7 1L
ETdh D 15 mol % oEESA I CHy CHO % 8300 L CTABMING DEALE#~I,

Table 29 1c CHy CHO SiRNOES 5 L0 0.07 mol #® CHs CHO %10 U 72 B ED Lk
WA #mol,” 1004 reactant NTP BAr T, Table30 D GE %R L7, ‘

(a) LK |

15mel DA S, CHi@GE CH; CHOBRMOHFERE SN -7, C2He BIU
C,He i CH: CHO @IEMIC X 0 GUEMEIM L, BEE&ADO He B, 55 mol ZOHEIT
s TE ¥, CoHe S B LT CoHe H% CHERRL T,

(b) ESEERLEY

G (HCHO) i CHa CHO A& 5 S B L7 5bmol B igE EEHKIC, G (C:HsCHO)
i CHs CHO @@ KD {E< 13 - 7o

CH; CHO #iEm4 3 &, G (HCOCH) &< EoT,

G (CH; COOH) i3I L7725, 55mol % OIBE & L2 EBIMBEMEDEN- 72, 35
T DER S ELZAhE 5, Ho BEDOSVES IR, CHiCOOHRAR LILC W& DIC
Hbh b,

(HCO)2 84U (CHaCO) 2 0 G{EIF, CHsCHOZRMT B LFZ{ M ~70

CH; OH, HCOOCH:, HCOOC,; s, Trioxane & &I Tetraoxane DGR, 55mol %
DIESLEEIC, CH:CHO@FEMMK LKL 27,

COEE 15mol DI CHy CHO 2N LA #5E13, 55COmol % @ H & DR R & KK
AR —E L e

6.7 ERSHEmRETERFILFE FRMDHER
CH, CHO miEinEs—Ed LT, CO-H BeSED COBES 045 100mol % £ TEAL



JAERI — M 83— 126

Lt e nBEEA e U, BHERNO CH; CHO BRINE% IR - DT, FEZE
they CH; CHO @ mol 5 1E, COERF 045 55 mol % ToIBa £/ 4000 Torr 3 0.07%,
COMEE 100 %DIES (77 2.000Torr ) 0.13% &0 o7,

CH, CHO %5 L7- CO~Hy IR A SE DM &, ERYINE s OBEG% Tabledl  (IE,
umol /100 £ reactant NTP ) 350 Table 32 (G{E) iC£hZThm Lo

la) ALK E

Fig. 5517 COBE & RbKFBERGEE DEFEZ R LIS

G (CH¢) i3, Ho 100mol ZDOBAHRHELE S, CO 100mol% OE&It&RbELYH, CO-
H RS REOEER T ORI OME &8 -7

G (C:He) 13, CO-H: BAKED COBEMNSALERETHL-T, CO 100mel %
DB EEME L 7,

G (CaHe) iz G (CH:) *RLHEEERLT, H 100mol $THESE <, CO100mol%T
FHIE T -1

(b) SEFLOY

Fig 56 (i3, COME&LAEINLE CH: CHORDO BRI DGEL ORFEE RUCORE LT
AFe FEEE L5 Trioxane © Gl & OMFE%E, Fig 571iE, #0RYBOGHE CORED
BE{%%, Fig. 581213 (HCO):, (CHsCO)2 BLUT wo —EHD GiELCOREDMEZE=L
NFNRL I

G (CH; CHO) © B o/ Eid, He 100mol T 4.89, CO100mol T 361 &40
CO-H:BEEMATIE L1~21 &1,

G (HCHO) (3, COEE 16mol B THREE -7 He 100mol %6 LU CO 100 mel %
TIZHCHO @FidLAFERLIEP -7,

G (CyHs CHO) B LUFG (CaHy CHO) (3 Ho 8 100mol % THE LML 50, COREAHE
FTEET U,

G (HCOOH) i4, 16COmol BTHHEE - e

G (CHs COOH) i3, 16 COmol % TRvME, 55C0mol % TRAMENL ~7, Lin L He
100 mol %, HLUCO 100mol BOBSITEHL DD GHE (FNEF 0108 LT 0.13) 580
% 29l

G {C:HsCOOH) iZ, 18COmol B THRHEHHD, CORE it R EIC R Lo Te

G (C3H; COOH) 13, H; 100mol %5 LU CO 100 mol H#OEEITHE L, CO-Hy BARE

BEEEL L=,

G (HCO): 14, Ha 2 100 mol BOBE RS &S (AN COBELET LB -1,

G (CH:CO)z i, H B 100mol THROEL Y, COBEMHT LE (I 700, Co®
E100 mol B ThHIiUm o7,

G (CH:0F) 3 16COmol #THLE LD, CORBENEIMBELET L,

HRRGEIHERCASG (C Hs OH) &R CHEER LT

ERSAL T, it CO 100mel % & LEESICE, FRSE & CHs CHO AR 571
L B T DB, B LS EO CH; CHO BAMENB NS L LT b, JOfERE He

. 87‘ o
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100 mol BOHE G=— 489, CO 100mol HDEL —3.61 £7id, BHBHPENLELD
WS SRS R AL 7 7 01T BT b 13 R 75 Vs, He 100 mol B DA T T CO 100 mol %
DIBED G ((,H3CHO) OREMESEO DR, CH;CHO ORBTH U/ CH EPHFTCO &
515 LT CHy CHO 2 FA sk B - b EIU8V . G (CHy CHO) ORDER, D Amk#
OGREELETAERNSHHEENA D,

CO100mol ZDBLD G (CHe ) 110054 L{EM - Fr, COFERIE, $TRE L1 ThHlN
# X5, CHsCHO opmBREIETRE N 320Rm 535, (1o CH; COA3 CHy £COIT
SEE AR, FREEETHEN VT EESOICEHTARATS S LMD L, -
T H. BE 100mol BDEBED CHy % C He AR, HEERICOSHED I )& B REIS R IGD
KON 12 RS & BRI BIE ORANTE LR 7 2 F VEOHME (R12) THEEK LI CHs #7435, K
F N CHERETHIGLIEDBDTHS D,

CH; CHO am—= CHs; + HCO (10

ANV H +CHsCO an
CH:CO Aawvw— CH;+CO (19
CH;+H ——= CH 13
CH:; +H; ——= CH:i+H (14
CH; + CHy—— CsHs—= C:Hd«+ He (7
CoHe+ H ——== C2H; (8)
CeHs + H Cz Hs (9)

COERF 100 mol BOEEK, G (CoHe) & Ea0HE, RNTHEMLC He s, RITiZ
EAE KBS LSENAEBICCo He D EEEL TR LDTHA I, F72 Ho AL 100mol%
DIEL I, RMORETHELT CoHe B2 TARBRERET S0, CoHe AT L
b0 EBbN D, |

H, i 100 mol BDIES K, G (HCHO) A& C EHHEES b, RIWDRIGHE»TL
Z7 &3, CHy 1o ERALAEDERD (HCO): DERNP DHSHTH S5, ZORIGTER L
- HCO thisifkis, Zoic/KRENEFICHENAT S bbb HCHO EmlA~EHEE LW T E
i HCOBETRE LT (HCO e ~NEELL T A KD iCEPHN DL, £ HCOOH HxDIE
B Lo fre L LRICCOMEATSE, G (HCO): HAMTHED LT, HCHO X HCOOH
R LT &,

HODE D 5&E Ui CH CO i, £ o—HidRua~ L@, &3 He 100 mol % DFEE

21k, HCO mE& & ERic CH: CO FREABUR L T (CHs COJ2 Al & RIS & D IC
s, Linl CH;CODIESE, Zo—iiEClCOOHKHET £, it CO100mol %
DIESICIE, CH; COOHRFEAEEMTH S, CHiCODIFASL, RPILCO P HIEH T B
(CHs CO)p AR LT

H, i 100 mol 0IEa1c, C:HsCHO B LU CaHy CHOMRPIC COBFET 5 Ba
N TEN GETER L A0 E, 7 CH CHO SO i L8 CH, CHO®&O, &
uicRaneugcH U7z CHs Ho—H A WIE AR TARE L 72 Co Hs £ O —# R ATcd LB

CH;CHO+H —=CH; CHO+ H» 49
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s,

Ho #4100 mol %45 & 08 CO#EE 100 mol #D A CH:OH B XU C: Hs OHD G E MR
VLooid, 6 L 1T~ kAT, T —vERiE:, CHaCHO @S L T0HEnaHT
HAHI

AL 72 CHs CHO O BN KB HDR &, FSERYOIE & DWERSCER 1.

H, 2R 100 mol BOESR, HINL A CHy CHO MIAMCREB LV T S, Y Os
i34 T CHy CHO k4 AT Ll B, CHe, CoHe 7 ERALKFEEMES, C2Hs CHO,
CaH; CHO % X CsH, COOH L ED BRI BEE N CHh ESIUC H: B 650 T CHs
CHO HTHOBDE UTHET S S, GEICHRELT-208 L7, EBRELHHOS S
HCHO 2 ( HCO)2 15 & R N0 R e & 2 JAbAGR £ iz 5 CHy CHO - FEDRb D e
AENTVAOTIAERE, FERWICL S CH CO R BEDPRAEE T 2 bDICD0TEHR
+7&. CHs CHO S FHOBAI GRICHRE LT —1.25 L5t BIF 5 SHRMERRR,
CIL CHO 5 FHOm/DbO GEIHEE L T-333 &40, Eillani CH; CHOBRAD GIE
—ABO D BRE LB, C A3 He 100 mol % D&, Bl CHs CHORBAHC L DALY
Shit O ERI IR Lo T EER LT D

COBE 100mol ¥ BES I bEBOHELITH &, AmAELER, CH CHO 2 TE D&
B OCREITHRE LT 0T4END, EMEN/ZCH CHORBAD GIE-3.61 DX TH-> 7

H, B 100 mol ¥DIEE 6, COEE 100mol DB, GRYAERCES L -7
CH; CHO O5F1£ CO & Hy Xid COp £ Ho QL HRENLDTH A, '

6.3 REERIOIEE

CO-HqiBR&SiEic CH; CHO #ifhn Lt 3EERE, FITIESIL 0.6 MeV, il 1mA,
900 FOEBEYTIT - T & - 65 MR OEEL, 15 COmol D CO—H BE&RAKIC, CH:CHO
% 0.07Tmol BiRh L IBAEICOOTRHBITHE T,

WEHERRE A 200 BB & 400 FHic LS W8 a0 EH ARG & BARR] £ ORfRE Table33
(98, amol ~ 100£ reactant NTP) £ &£ Table3d (GE)ICENENRL o

ta) BRALKZER

CH, DRGSR AR WA D E 15 - 7o [ARRICG (CoHe) &BHEHHORVITH
Bl eti, G (CoHe ) I—TEfELE -7

(b) SEEFRLEE

CHs CHO 23i/bs 2 Bt @ Gigik, BEEBLAECANSH -7 £ 8BR1EMmI,
G (CH: COOH) iEBEEMMSE 155 &G0 EERR Licts, €Al 200 BREDIHEED G
S 00 WBH LAgel oS ELd- 70

CH, CHO B/bo GREAPEBREBEOANAE VT &ns, BEICL- TEM LA CH CHO
L ERRENETENT B0 EBbnb. T, COBRE, CH CHO B&EkRRS
2 SRS I R B I LTI B EDH BT AR LTS EEA L5,

— 89,._,
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8.4 EXERBBRRCLIBHERMOIH

CO- I BASEEI CH; CHO 25N L THETd 2 &, CO-H BARADAZEE LGS
2bEs LT PEARYOBEE S 0, ENFROERBICEN D OErR ol ©
D F- ML 72 CH: CHO O 5% & S LT 5 row &, RETERYO-— D KU
icoWTHIRAEZ BT, BHSEE CO-H itRATCO-D: & LTRHL, ERMOH
B ATV, EARHOLSEEED CRIGREERTT 22 L 26lH T,

55 COmol % — 45 D2 mol % DR & %Aic CHy CHO 0.077Tmel % iR L7 E, BLUIN
b HEEe B Fowhic CHs CHO 2RI 3R D CO- D RARAKD &% BH L5 a DER
IS ORE% % Table 35 (V& , #mol,/ 100 £ reactant NTP) # LU Table36( G ITENT
v 4% N ‘

CH, 75 EOlkER, #rs o= b7 708%FOTHTLHRIUKETOERERL
OB Sk SR o, 2RSBRRLAYS, LM e 254 HEROBKRIHH

2 LNAIEEHH o, F ST CERMESET D CERIThEh T,

CO—DyRESEAH NS Lickd, CO-H, BAREDBE LT, 1B EA ZDERY

UIS{ T OIE T A8 L, £OME, HEAFCH THH #H0 BACHE LT D 248
7 &I 380% iz, HCHO T T %WCE&T L,

m&ﬂ$®$m$w%®? FRBONTVRLDT, FHREBEMAEDCOV TORREFLEN Do
» ~CORAEEE LUD: -COREGR %CCHAHKHaﬂmLt%é®711~7hw@—

%%nggmﬁﬁbfTbtoﬁ?*NUé:% (DCDO)™ % K (100) E LR T

H5Ho Mol ohiiLdic, CO-DREGARD 722 ~7 bk, Ciuc CHy CHO Z¥M

st =227 b ricidEESRR o5, UE, M= 84103, TrioxaneD B KLY T

A0, CH;CHO Ziaehic @3 EALHELEL BT,

Fig 6013, M/e =455 65 £ TO7 A NS F vD—H%ECO-D2iBE SHREB LU T
CH, CHO £ L7880 F nFhic> 0 TR L fz, sE Fig 50 &[HU { M/e=32 &K
I L A RE TH B, COROES S, CO-D RS Fkd T CHs CHO 23U 7ok
B LD RASY B UG, FREROE — 7 OFEMEELICEC S 5 CEHFROLNE,

%K@&ﬁ&ﬁm,M/H:%éDCM)T%%OCOIh&mﬁ%%ﬁ%bfﬁ% i,
CO-—H, B&SAEDBHcs % HCBO ik &6 UEREH T DCDO E L bDEEA LR
%, CO-DRASHERH LB LRET DL, (HhCHO%ﬁWDgééDCDO®§§&G
oL -, ZOENGOE U, RDRIIC L5 CHy CHO D4 §h B0 CHO O A
4 rAEMEERELTVWEE0EEZ 615,

CH; CHO AMW—== CHj; + CHO (e
s OCHO A4 v 8, BESHOD, ENET 5E, BRICLD M =31 D% AANT b
T DIEIN A Ebm%ﬁf%éo Lis L Fig 58 25 bEHGEHMLOED ol /o TR
CHO +Ds —= DCHO+D (18)
& CHO A4 F v DKRFE B IE BEEPTVRDIC, THSDoEARELEHBMLTDCDO
(M,e=32) EELIADHTHASD
BB kLT £ D, M/e = 46 (FICOOH), 47 (HCOOD” i DCOOH ) 5 & ¥

— 90 -
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18 (DCOOD™) o4 # v S hAETH B,

M = 46 icid, HCOOH A & YRSz 757 4 v 4 42 ®DCOO! COOD™ & LUF
CDsCO A4 vHELBENGC LITHDOTHIRERTS 575, 14 v BREEEBLLE
FEREEIEIL &7 5 HCOOH BB E AR LD -2 EEL TV B,

£Ee—d 113, Table 35 % £ 05 36 4> & CHy CHO £ 70 L - st T BT L 72 L ENT Ho~T
ML D ERBRAEINL T E, ¥ —d, odfkizit, wofan, @sEZLo6nb, CHsCHO %
RINLEASO RV LT ATE FERTRLEE ST CHO OAZHABIC BRELLHELT
CDO £ 5EEZ LN EHDTRINORIGEEETRELH AN,

CHO + mD:0 —— HCOOD + D" (D20) mey an
CDO ™+ n H: 0 —= DCOCH +H' (H:0) 1oy a8

BEESAES CO—D: THEH H O RS TBESEBERCRELELLVETHEN, EB
TR R v 7 SRR L THRR R OIS 65 570D H O BRENICHFELT NS, C
DT FEERATHE L TONT 2L, FAETAKOPTHHOMRGERTH D CEMEHH
L Té s (Table35), M-TROORIEEEV BV EELNL, $HFR-d1 DHIBIKIE
HICR~ZRBIC L O ER LA d:. O KBEOKRSKFEELB|LEZBDEEENTY
LHLELELOND,

FH-ds 2, ROOORIGICX ERSFHENG,

CDOT + mD20 ——ae DCOOD + D' (D20) m_y 19
M. e =481iCi3, CO—D: HERADFTELRMBEERD 1 >THLT T ITE F—di A
A YDA PG ELL 0 DCOOD BIEDEKESEDL S L LHRETS 5, L L,
CO-D: BEGHRICARLTL AT 77T F—dsEH, 0077 mol % DEHNL CH:CHO
FEINC £ - TEALLWERET 2451, CHiCHO BRI X5 M. e =48 DIED BN D
£< 12 DCOOD I LB EEA LT EMH#EL I,

IKERIEHED ARG H 2 oo, CH; CHO #FMmUAE &SI BT 5 A RE DO
RiEd, ENICH; CHO 7 5M CHO A4 v 0% LAt FHICKkY 5 T LEHREh -7
A5 FEEROBIIEOLZ REMNCHCHOMEE LTHWEEEATEINTHSL 2,

BepR 12 B KT ALEIT k> T Me = 60 (CHs COOH ), 61 (CH; DCOOH X2 CH; COOD )
62 (CHD» COOH™ %13 CIL, DCOOD™), 63 (CD: COOH" X i3 CHD: COOD' ) # k15 64
(CDsCOOD ™) £5% %, COWEDIBEICE, M e = 624 1063 DESMIIHEDER L
s BN A,

Bt DU RITIGIIE, CO- D2 BASEDBEIC 20 AR LA CDCOT A4 D BRLAR
90 £ CIORE &, RN CH: CHO B IHIC £ RANTAR L7 CH: CO™ 4 A4 YD L1
RBBITBOREHTFEENS,

CHaCHO  aywn e CH;CO + T i
CDsCO 4+ m D20 — s CDsCOOD+D (D:0) 20
CD;CO +n H:0 . CDsCOOH+H (H:0),, 2
CHiCO +m D20 — = CH;COOD+D (D20) g 22
CHsCO™ +n H,O _— o CHsCOOH+H (HzQ), 4 23
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M/ e =602t (DCOY, ¥ — 2 EH - TEHMEND, 6 1 1HETHLECO-H, —CHs
CHO BLSAOERERIC L5 & 007 mol % CH; CHO 2HINT 5 & WBIRMODIGEC AT
(HCO): BIZ 44510135, CO- D BREKAKDESS, CO-H BRXADEHES L (DCO):
B B B B LA S RET 5 &, CO—D. —CHy CHORASEICR 503 M e = 60 D
e G 0.052 © 5 BH0.02 13, VRN CHy CHO DRIEA B4 Uiz CHs CO'T 4 4 ¥/ 70 5 R B0
RIETHEL CHyCOONTH B LA TH LV EEDNB,

BB d, (M.e =61, CH;COOD ) it CHs CHO AR L/ 3kHE OB iR Lico T
CH, CHO OB IET s CHsCO' 44 v i RROKBICL D ER L bDEFEL LN,
SN CHs CHO BB ERGICES LT A T &R LT %,

BB —ds (M/e =63, CD;COOH ) i3, CH; CHO ZFML M- 758 (G=0.043) %
FRIL 75 (G=0.040) HEEHLNGETHER L, HEDO CILCHOZHFNL TS, CO—
D, BAGED HELTL B CDiCO 44 Y ORICEREAEHEELEZROEDTHAS,

W —ds (CDsCOOD’ ) 1M/ e =64 &15%, UL Mse=641zid, CaDsCDO™ # 4
FDCOOCD: 4 # v —2 6 Ei - CHME N5, 6 L 1 i<t CO- H BASIAT
CHs CHO AR L+ EE &R L g, CoHsCHO 5 & &8 HCOOC Hs iR L1 2 - 715
Az~ CH; CHO 2RI 2 & ERBE AL D RDT 5. — L6 —ds DEBREERIE, CDs
COOD D& C CH; CHOBMDFBED DO EEZ GNDHL LAERL TS, E->TM%e
= 64 43 CHy CHO RIS ( G =0030) OEAK, BINLAN -8B (G=0047) DT h X
N & mishbisdiE, CD:COOD DEREBMWEMLADTERE( T o4 » Tt ~1~" -
de 5 LU FEEA 7o dy DEEMARD LIchn B 5N 5,

XY iy, A8 S —m—dy (M e=35 CDsOH ) BEU2 %/ —nw—di (M/e =
36, CDsOD ) ARk L, 6 1.1 Til~fodk Hic, 73— bAEaRic CHs CHO BRIZRD
NG S AFMLT, A8/ —w—dyiid CHy CHO SRIMOEENRED S NED - T LinL A
57— n—deid, CH; CHOREIMEEO GIE (G=0.018) i, HIMLIEH-»BE0ZN(G=
0.040) DERETIIE %0

25 s —n—de (M/e=52, C2DsOD ) 12id, CHs CHO RIS RIZRM SIH - Fos

75 o, EAEE D M/ =86 ((CH; COJy ), 89 (CEaCO-CDaCO ) %k
00 ((CDsCOY) &75%, BRStoEEEERIC, I CH: CHO X0E5 LA CHCO A
;USRI EE L o s EA 5ND (CH CO)z (G=0.0079) # &0 CH; CO-CD; CO(G=
0.013) TS b CHs CHO 2 L stkbizo ks Lo, (CHyCO)p iKHAT CHs CO-~
CD: CO 538 ¢ s 5oid, MBS CD;sCO™ 44 v % (AT AT EERLTY
%. (CDsCO)» it CHs CHO HINE L UEEME 5 50 EEHT S ER L 7,

Trioxane & £ 0¥ Tetraoxane ld, CH;CHOBRMEE T, L KORITE~T Gl A3
TLie
CeArE L EERIL, CO— D EAEMICAN L CHsCHO R BRICLDRIELTHA LA
kSRl Lt CEETR LTS, EEERIGE, BYHiC X0 CO-HBRARMERITARL
b CHs CHO IC 50T MR - T B C EAELBNEOT, BEERmE LTCH;CHO %
T B, AEEEHISER 72 R RATEALCIRG LT ERRH S L5 b T L
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BSETHA D

KizeTic 1— 2k AT b~k k5, BENC X - TER Y 2RCMCRBARBEAHTS
50, BREGBETA-TL B3KEEN, CORHERDIETHEL L XS LOEEIISEN
Bt otes LIl CO-Dr i kT CO— Dy —CHs CHO IBASARD S S IC FIE T 5 D20
(M/e =20) 12, KEEICIHEEACHEEL RV ADIEREN L OBARERTE, WoAC
BABHAE M &2 A SR B, DO, CH; CHO 2R L AEET I, I L73% » fsRhT
T oL PR E T » T, SHEDO—BIZ, D OhDERENIKE ERMBIGE Lo
R L e EA S HDO OB b CHs CHO RIMEE D/ I L 780 - 7 REHC T 2
Erltr o foy COT Eid, CHs CHO ML &I, REERLOTOREME- TS
7o EFRBRE N B, '
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Table 27 Effect of addition of acetaldehyde on the amount
of products from the 55 molZ% CO-Hy; gas mixture

charge of reactant, 2.19 mol,

(Torr) 4,070 4,050 4,005 4,100 4,060 4,440
Total pressure; (196 pg) "sa2 | 5.40 | 5.3 5,46 | 5.41 5.92
Comcentration .CO (mol%) 54.79 54,81 53.93 54.63 55.17 55,85
| CH3CHO(mo1%) 6,00 0.042 0.070 0.073 0.078 0.135
Irradiation| Time (sec) 200,00 200.00 200,00 200.00 200.00 200,00
condition Temperature{C) 31.70 30.00 31.50 12.30 32.30 25.30
Dose (1020 ev/e) 10,09 10.03 10.05 10,03 10.01 9.98
(Mrad) 16.17 16.07 16.09 16 .07 16,04 15.99
Product {(umol/100¢ reactant NTE)
CH,, 368,44 374.34 373.98 344,33 391.41 393.02
CoHy, 9,10 27 .42 29,71 26,88 40.72 80.31
CoHg .53 18.97 13.90 13.26 15.08 17.76
Calg 0.24 (.40 0.30
CaHg 1.95 G.40 0.15
iso-CuHyg
n-CuHjip
HCHO 923,19 | 1,121.17 §1,513.13 1,510,93 1,066,81 | 1,684.07
CH3CHO 744,64 -719.09 H,319.72 |-1,610.80 |~1,351.10 2.085.67
CoH5CHC 104.43 52,05 26 .54 37.43 34.29 93.23
C3H7CHO 5.80 24,59 25.45 33.07 27.04 52.13
HCOOH 12.76 57.50 64.37 58.59 51.96 107.26
CH3COOH 50.31 355,58 204.25 295.15 261.44 455,85
CpHg COOH 16.50 51.52 52.51 88.12 64,99 1 157.40
C4H7COCH 4,90 6,48 5.60 3.14 3.26 | 9,92
CH30H 241.28 226,35 158.64 245 .53 309.56 144,47
CoH50H 6.92 ¢ 19.68 4,94 10.89 12.06 24,93
{Hco) . 23.59 88,52 91,33 96 .57 84.66 142,90
{CH3CO) » 2.44 10,92 3.47 8.69 7.00 18.23
HCOOCH 3 87.35 15.38 7.51 5.41 4.81 7.72
HCOOC2Hs 7.43 3.03 2.09 | 1.03 1.57 8.15
CH3C00CH 28.54
C302 2.69 7.24 6.56 25.32 7.00 7.41
Trioxane 90.50 28,07 7  22.43 11.04 14,06 15.50
Tetraoxane 14.62 6.25 |, 4 .81 1.72 4.49 1.68
Total organic product 2,485 2,520 2,640 2,845 2,470 3,455
H 0 535.12 096,35 857.32 440,92 613.32 636,90
COsp 764.77 854,53 |1,158.56 450.10 570.52 553,90
Conditions: accelerating voltage, 600 keV; beam current, 1 mA; flow rate, 220 N!l/min;




JAERT — M B3 126

Table 28 Effect of addition of acetaldehyde on the G value of
products from the 55 molZ CO-H, gas mixture

charge of reactant, 2.19 mol.

(Torr) 4,070 4,050 4,005 4,100 4,060 4,440
Total pressure| (156 py) " 52| | 5.40 | 534 | 5.46 5.41 5.92
Concentration CO {mol%) 54,79 54.81 53.93 54,63 55,17 55.85
CH3CHO(mo1%) 0.00 0.042 0.070 0.073 G,078 0.135
Irradiation | Time {sec) 200,00 200.00 200,00 200,00 200.00 200.00
condition Temperature (°C) 31,70 30.00 31.50 12,30 32.30 25.30
Dose (1062V eV/g) 10,09 10.03 10.03 10.03 10.01 9.98
(Mrad)} 16,17 16.07 16.09 16,07 16 .04 15.99
Product G value
CH, 0,30 0.31 0.31 0.28 0.32 0.32
C,Hy, 0.0074 | 0.022 0.024 6.022 0.033 0.065
CoHg 0.0078 0,015 0.011 0.011 0.012 0.014
C3ig 0.0002 0.0003 0.0002
C3Hg 0.0016 0.0003 0.0001
iso-CyHyg
n-CyHyg
HCHO 0,76 0.93 1.26 1.25 0.88 1.37
CH3CHG 0.61 -0.59 -1,10 -1.35 =-1.1L -1.,70
C,H5CHO 0.085 0.043 0,022 0.031 0.027 0.075
C3H7CHO 0.0048 0.020 0.021 0.027 0.022 0.042
HCOCH 0.010 0.047 0.054 0.048 0.043 0.087
CH3COOH 0.041 0.29 0.17 0.24 0.21 0.37
C2H5COOHE 0.013 0.042 0,044 0.073 0.053 0.12
C3H7CO0H 0.0012 0.0053 0.0046 0.0057 0,0027 0.0080
CH30H 0.20 0,19 0.13 0.20 0.25 .0.12
CoH50H 0.0056 0.016 0.0041 0.0090 0.0094 ¢.020
(HCO} » 0.019 0.073 0.076 0.080 0,070 0.12
{CH3CO)» 0.00620 0.0090 0.,0029 0.0072 0.0057 0.0013
HCOOCH3 0.071 0.012 00,0062 0.0044 0.0039 0.0063
HCOOCoHs 0.0061 0.0025 0.0017 0.0008 0.0013 0.0066
CH 3COOCH 3 0.023
C3z00 0.0022 0.0060 0.0055 0.021 (.0050 0.0060
Trioxane i 0.074 0.023 0.01% 0.0091 0.011 0.013
Tetraoxane { 0.012 0.0052 0.0040 0.0014 0.0037 0.0014
Total organic product | 2.3 2.1 2,2 2.3 2.0 2.8
Ho O 0.44 0.57 0,71 0.36 0.50 0.5z
CO2 0.63 0.71 0.97 0.75 0.47 0.45
Conditions: accelerating voltage, 600 keV; beam current, 1 mA; flow rate, 220 Nl/min;
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Table 29 Effect of addition of acetaldehyde on
the amount of products from the 15 molZ
CO-H, gas mixture

Total pressure Eiggr%a) 4’0?2.36 4’05;’40
Concentration CO0 (mol%) 16.04 15.70
| CH,CHO(mol%) 0.00 0.074
Irradiation Time (sec) 401,00 _400.00
condition Temperature (°C) 33.60 26.30
Dose (1047 ev/g) 25.48 25.61 |
(Mrad) 40,81 41.02
Product _ {(ymo1/100L reactant NTP)
CH, [ 330.63 307.93
CoH, 2,23 5.22
Collg 6.68 10.32
CaHg 0.12 0.17
C3Hg 1.12 1.60
iSO—Cquo |
n~-CyHig E 0.73 0.10
HCHO I 716.16 §29.54 |
CH 5CHO | 234.38 -788.79
C»H5CHO | 52.25 22 .85
C3H5CHO 9.67 11.79
HCOOH 8.00 23.18
CH3CO0H 46.83 49,85
CoH5 COOH 22.37 19.02
C3H7COOH ) 2.08 4,20
CH30H 150.55 109.62
CoEs OH ) 1.63 | 4.25
(HCO) 5 ' 20,65 | 29,82
{CH3C0) 2.74 10.61
HCOOCH 3 h 45.60 h 1.91
HCOOC,Hg 0.96 0.54
CH3COOCH3 ‘
€30, 9.63 6.70
Trioxane N ) 153.87 | 5.91
Tetraoxane 15.63 3.13
Total organic product 1,860 1,483
H,0 . 783.14 423.01 |
COyp 66 .40 62.23

Conditions: accelerating voltage, 600 keV; beam current, 1 mA;
flow rate, 220 Ni/min; charge of reactant, 2.17 mol.

_96 —
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Table 30 Effect of addition of acetaldehyde on
the G value of products from the 15 molZ
CO-Br, mixture

Torr 4,020 4,055
Total pressure ElOg %a) ! s 36 ? 5 .40
Concenttation CO(mol%) 16.04 15,70
! CH3CHO(molX%) 0.00 0.074
Irradiation | Time (sec) 401.00 400,00
condition Temperature{°C) 33.60 26.30
b (102° ev/g) 25.48 25.61
ose
(Mrad) 40,81 41.02
Preoduct G value
CH,, 0.56 0.53
C,yHy 0.0038 0.0090
CoHg 0.011 0.018
CaHg $.0003 0.0003
CaHg 0.0019 G.0017
iso-CyHig
R_Cqug 0.0012 0.0001
BCHO 1.23 1.44
CH,;CHO 0.40 ~1.37
CoHgCHO G.089 0.039
C3H7CHO 3.016 0.020
HCOOH 0.014 [ 0.040
CH3COCH 0.080 i 0.086
C>Hs COOH G.038 0.033
C4H5CO0H 0.0036 0.0073
CH30H 0.26 0.19
C;HgOH N 0.0028 0.0074
(HCO) 5 0.035 0.052
{(CH2C0O) » 00,0046 ¢ 0,018
HCOOCH 4 0.078 . 0.0033
HCOOC,Hy 0.0016 0.0009
CH3COOCH3
C302 0.016 0.012
Trioxane 0.26 0.010
Tetraoxane 0.027 0.,0054
Total organic product 3.2 2.6
Ho O 0.48 0.73
COo | 0.11 0.11

Conditions: accelerating voltage, 600 keV; beam current, 1 mA;
flow rate, 220 N1/min; charge of reactant, 2.17 mol.

__97Q_



JAERI — M 83126

Table 31 Effect of acetaldehyde addition on the amounts
of products as a function of CO concentration

{Torr) 4,190 4,090 4,005 4,100 4,060 1,995
Total pressure (1455 pg 5.58 5.45 | 5.36 | 5.46 5.41 2.66
Concentration | COmO1Z) 0.00 15.57 53,93 54 .63 55.17 99,875 |
CH 3CHO (mo1%) 0.069 c.073 - 0.070 0.073 0.078 0.125
Irradiation | Time (sec) 400.00 200.00 200.00 200,00 200.00 100.00
condition Temperature (°C) 27.40 24.40 26 .50 12.50 32.40 33.30
Dose (1047 ev/g) 40,27 12.73 10.05 10.03 16.01 4,67
(Mrad) 68.45 20.39 16 .09 16.07 | 16 .04 7.49
Product ! (umol/100% reactant NTP in 200 sec irradiation)
CHy 320.86 239.80 373.98 [ 344.33 391.41 | 105,42
CoHy i 5,18 29.71 26.88 40.72 118,30
CoHg ? 38.10 5.79 ! 13.90 | 13.26 15.08 14,45
C3Hg : : 0.40 3.98
C3Hg 4,09 ’ 0.40
iso-CyuHig
n-CyHig 0.67 0.71 1.22
HCHO 13.53 | 1,020.42 | 1,513,13 [1,510.93 | 1,066.81 123.20
CH3CRO -1,792.64 -1,187.00 |-1,319.92 +1,610.80 -1,351.10 \-7,014.85
C2H5CHO 97.15 , 57.89 26.54 37.43 34.29 82,24
C3H7CHO 87.22 23,01 25,45 33.07 27.04 50.94
HCOOH 14.05 48.56 66,37 58.59 51.96 §1.45
CH3COOH _ 39,10 9.58 204,25 295.15 261.44 251.90
C,HsCOOH ‘ 3.70 60. 82 52.51 |  88.12 64.99 24,52
C3H7COOH : 40.08 8.89 5.60 3.14 3.26 69.59
CH30H : 10.93 245 .47 158.64 | 245.53 309.56 | 71.35
CoH50H : 3.08 11.26 4.49 | 10.89 12.06 | 2.22
{HCOY , T 11875 46,72 §1.33 36.57 84 .66 95.79
(CH3C0) : 92 .49 20,48 3.47 8.69 7.00 106.32
HCOOCH3 ) - 0.06 1.01 7.51 S.AL7 4.8 0.33
HCOOC,Hg : 2.09 1,03 1.57 0.51
CH3COOCH3 : 1.48 0.28 i
€302 0.82 7.30 ! 6.56 1.65 6.10 1 101.02
Trioxane 5.24 2T 27 .43 T11.04 14.06 4. 787
Tetraoxane 2.90 4,200 4,81 1.72 4.49 2,06
Total organic product 925 1,845 2,640 | 2,845 2,470 1,275 ]
Hz0 - N T 267,59 456.46 |  857.32 L50.92 613.32 1 526,72
€02 6.99 89.96 | 1,158.56 | 450.10 570.52 716 .47

Conditions: accelerating voltage, 600 keV; beam current, 1 ma; flow rate, 220 Nl/min;
charge of reactant, 2,19 mol.
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Table 32 Effect of acetaldehyde addition on the G values
of product as a function of CO concentration

Total pressure| (TOFT) 4,190 4,090 4,005 4,100 4,060 1,995
(105 pa) 5.58 5.45 5.34 5.46 5.41 . 2.66
Concentration (Co{mol%) 0,00 15.57 53.93 54,63 55.17 | 99.875
CH 3CHO(mo1%) 0,069 0,073 - 0,070 0.073 0.078 0.125
Trradiation | Time (sec) 400,00 200.00 200.00 200.00 700,00 100.00
condition Temperature(°C) 27.40 24,40 26.50 12.50 32,40 33.30
Dose (10°Y eV/g) 40.27 12.73 10.05 10.03 10,01 | 4.67
| (Mrad) 5 68.45 20.39 16,09 | 16.07 16.04 7.49
Product G value
Cy 0.87 0.41 0.31 0.28 0.32 [ 0.054
CoHy | o 0.0090 0.024 0.022 0.033 | 0.061
CsHg 0.10 0.010 0.011 0.011 0.012 0.0074
C3H6 0.0003 F0.0020
C3Hg 0.011 0.0003 f
iso~CyH1g '
n-CyHig _ 0.0018 0,0012 0.0006
HCHO 0.037 1.78 1.26 1.25 0.88 0.063
CH 3CHO -4.89 -2.07 -1.10 -1.35 -1.11 -3.61
CoHs CHO 0.26 0.10 0.022 0.031 0.027 0.043
C3H7CHO 0.24 0.040 0.021 0.027 0,022 0.026
HCOOH 0.038 0.085 0.054 0.048 0.043 0.042
CH 3CO0H 0.10 0.016 0.17 L 0.24 0.21 , 0.13
CoHgCODR | 0.010 0.10 0.044 0.073 0.053 | 0.012
C3H 7CO0H P 0.11 0.015 0.0C46 0.0057 0.0027 0.036
CH 30H T 0.030 0.43 0.13 0.20 0.25 0.037
CoHsOH i 0.0084 0.019 0.0041 | 0.0090 0.0094 0.0011
(HCO) - T0.32 0.081 0.076 : 0.080 0.070 0.049
(CH3€0) » 0.25 0.035 0.0029 | 0.0072 0.0057 0.055
HCOOCH3 0.0002 0.0017 §.0066 0.0044 0.0039 | 0.0002Z
HCOOCHg 0.0017 0.0008 ., 0.0013 ¢.0003
CH3CO0CH3 0.0040 0.0005
C302 0.0022 0.013 0.0055 0.021 0.0050 0.052
Trioxane 0.014 0.C047 G.019 0.0044 : 0.011 : 0.0026
Tetraoxane 0.0080 0.0073 0.0040 0.0008 0.0037 | 0.0010
Total organic product 2.51 3.22 2,21 2.35 2,03 0.65
H,0 0.73 0,79 0.71 0.36 0.50 0.27
COp 0.019 0,16 0.97 0.75 0.47 1 0.37

Conditions: accelerating voltage, 600 keV; beam current, 1 mh; flow rate, 220 Nl/min;
charge of reactant, 2.19 mol,
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Table 33 FEffect of irradiation time on the amount

of

products

Total pressure Eiggr;a) 4’092.45 4’052'40
Concentration CO(mol1%) 15.57 15,70
CH3CHO(mol%) 0.073 0.074
Irradiation Time(sec) 200,00 400.00
condition Temperature (°C) 24.40 26.30
' Dose (1022 ev/g) 12.73 25.61
{(Mrad) 20,39 41.02
Product (umol/1008 reactant NTP)
CHy 239.80 615.86
CoHy, 5.18 10.44
Collg 5.79 20,64
CqHg
C3Hg
iso-CyHyg
n-CyHig 0.71 0.20
HCHO 1,020.42 1,659.08
CH3CHO -1,187.00 -1,577.57
CoH5CHO 57.89 45,53
C3H7CHO 23,01 23.58
HCOOH 48.56 46 .37
CH3COOH 9.58 99.71
CoH5COOH 60.82 38.05
C3H7COOH 8.89 8.41
CH30H 245 .47 219.24
CoH50H 11.26 8.50
{HCO) > 46.72 59.65
(CH3CO) » 20.48 21.23
HCOOCH 3 1.01 3.82
HCOOC »Hss 1.08
CH3C00CH 3 0.28
C30;, 7.30 13.40
Trioxane 2,72 11.81
Tetraoxane 4.20 6.27
Total organic product 1,845 2,965
H,0 456 .46 846,02
CO» 89.96 124 .46
Conditions: accelerating voltage, 600 keV; beam current; 1 mi;

flow rate, 220 Nl/min; charge of reactant, 2.19 mol.

— 100 —
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Table 34 Effect of irradiation time on the G value
of products

| (Torr) 4,090 4,055
Total pressure (105 Pa) 5 .45 5 .40
Concentration CO(mol?) 15.57 | 15.70
CH3CHO(mo1%) 0.073 | 0.074
Irradiation Time (sec) 200.00 400,00
condition Temperature (°C) 24.40 26 .30
(102U eV/g) 12.73 25,61
Dose (Mrad) 20.39 41,02
Product . G value
CH, 0.41 0.53
C,oHy 00,0090 0.0090
CoHg 0.010 0.018
CqHg 0.0003
C3H8 0.0017
iSO—CL{,HIO
n—Cqu 0.0012 0.0001
HCHO 1.78 1.44
CH3CHO -2.07 -1.37
C,H5CHO 0.10 0.039
C4H5CHO 0.040 0.020
HCOOH i 0.085 0,040
CH3CO0H | 0.016 0.086
C,HgCO0H 0,10 0.033
C3H7CO0H 0.015 0.0073
CH30H 0.43 0.19
CoHs OH 0.019 0.0074
(HCO) » 0.081 0.052
(CH3C0) 5 0.035 0.018
HCOOCH 3 0.0017 0.0033
HCOOC,Hs ! 0.0009
CH3CO0CH; 0.0005
C309 0.013 0,012
Trioxane 0.0047 0.010
Te traoxane 0.0073 0.0054
Total organic product 3.2 2.6
H,0 ’ 0.79 0.73
CO» 0.16 0.11

Conditions: accelerating voltage, 600 keV; beam current, 1 mh;
flow rate, 220 N1/min; charge of reactant, 2.19 mol.

— 101 —
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Comparison of product yields between CO-D,

gas mixture and CO-D,-CH3CHO gas mixture

Total pressure (Torr) 4,025 4,000
CO concentration {(mol%) 52.04 55.00
CHzCHO concentration (mol%) 0.00 0.077
Irradiation time (sec) 200.00 200.00
Irradiation temperatur30(°c) 24.50 29,30
(10 eV/g) .53 9,52
Pose _ (Mrad) 15.26 15.25
M/e Product (umol1/1002 reactant NTP)
CDy ) : 271.88 346,03
C,Dy 6.44 34.24
C»Dg 5.60 13.65
C3Dg 1.93 0,80
32 DCHO 313.90 1,081.05
44 CH3CHO -1,024.30
48 CD3CDO+DCOOD 105.76 138.12
47 DCOOHA+HCOOD 17.67 84.15
61 CH4CO0D 0.00 54.63
63 CD3COCH 49 .66 48.37
64 CD3C00D+Cy D5 CDO+DCOOCD 3 55.24 35.98
80 C»D5CO0DHC 3D7CDO+CT3CO0CD 5 8.07 6.43
95 C4D4CO0D 3.26 1.32
35 CD30H 37.90 41.62
36 CD50D 47.21 21.44
51 C,Ds0H
52 C,D50D | 1.68 | 1.43
60 (DCQ) ,+CH3COOH 8.77 | 63,58
86 (CH3C0) 5 0.00 i 9.64
89 GH 4C0-CD 300 0.00 | 15.62
92 (CD3C0) 2 1.77 6.21
68 C302 1.98 1.30
(94> Trioxane-dg 49,92 3.69
(983 Tetraoxane-dg 9,32 6.53
| . _Total organic product 1,025 2,040
18 Hy0 317.21 544.60
19 HDO 352.27 707.07
20 D20 73.66 185.70
44 Co2 1,317.70 1,283.46

Irradiation conditions: accelerating voltage, 600 keV; -

beam current, 1 mA; flow rate, 220 Nl/min; charge of reactant,
2.16 mol; total pressure, 5.35%10° Pa.
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Table 36 Comparison of G values of products between
CO-D, gas mixture and CO-Dyp-CH3CHO gas mixture

Total pressure (Torr) 4,025 4,000
€0 concentration {mol%) 52.04 55.00
CH,CHO concentration {mol%) ' 0.00 0.077
Trradiation time (seec) 200.00 200.00
Irradiation temperature (°C) 24,50 29.30
Dose (1020 ev/g) 9.53 9,52
(Mrad) 15.26 15.25
| M/e Product
) CDy 0.23 0,28
Gy Dy 0.0055 0.028
Co Dy 0.0048 0,011
C3Dg _ 0.0016 0.0007
32 DCBO 0.56 0,89
44 CH3CHO ~1.75
48 CD3CDO+DCOOD 0.091 0.11
47 DCOCH+HCOCD 0.015 0.069
61 CH;COOD 0.00 0.045
63 CD'3CO0H 0.043 0.040
64 CD3000D+C; Ds CDO+HDCOOCD 5 0.047 0.030
80 Gy Dg COODH+C 3D7CDO+CD 3C00CD 3 0.0069 0.0053
96 C3D+CC0D 0.0028 0.0011
35 CD30H 0.032 0.034
36 CD30D 0.040 0.018
51 C,Dg0H 0.00 0,00
52 C>D:0D 0.0014 0.0012
50 (DCO) 5 +CH 3COOH 0.0075 0.052
86 {CH2CO) » 0.00 0.0079
89 CH3C0~CD3CO 0.00 0,013
g2 (CD3CO) 5 0.0015 0.0051
68 C309 | 0.0017 00,0011
(94) i Trioxane-dg 0.043 0.0030
(98) ! Tetraoxane ~dg 0.0080 0.0054
| Total organic product 0.9 1.7
18 H,0 ‘ 0.27 0.45
19 HDO 0.30 0.58
290 D50 0.063 0.15
44 €O, 1.13 1.06

Trradiation conditions: accelerating voltage, 600 keV;
beam current, 1 mA; flow rate, 220 Nl/min; charge of reactant,
2,16 mol; total pressure, 5.35x10° Pa.
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Fig. 51 G values of hydrocarbons as a function of acetaldehyde
concentration; total pressure, 4,000 Torr; CO concentration,
55 mol%; dose, 1x102! eV/g.
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Fig. 53 G values of (HCO),, (CH4CO), and alcchols as a function of
acetaldehyde concentration; total pressure, 4,000 Torr;
CO concentratiom, 35 moli; dose, 1x1021 ev/g. .
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Fig. 54 G values of carboxylic acids and methyl formate as
a function of acetaldehyde concentration; teotal pressure,
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Fig., 55 G values of hydrecarbon products as a function of CO
composition; acetaldehyde content, 0.0740.13 mol%;
total pressure, 2,00004,000 Torr.
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Fig. 57 G values of carboxylic acids as a function of CO concentration;
acetaldehyde content, 0.07%0.13 mol%; total pressure, 2,000V
4,000 Torr.
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Fig. 58 The G values of glyoxal, biacetyl and alcohols as a function
of CO concentration; acetaldehyde, 0.07v0,13 molZ;
total pressure, 2,00074,000 Torr.
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Fig. 59 Mass spectra of (a) products from CO-D; gas mixture and
(b) products from CO-Dy,-CH3;CHO gas mixture. The ion intensities
are normalized to such a way that DCDO(M/e=32)=100.
Total pressure, 4,000 Torr; CO content, 55 molZ; CH3CHO content,
0,077 mol%; charge of reactant, 2.16 mol; dose, 9.5x102Y ev,
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Fig. 60 Mass spectra of (a) products from CO-D; gas mixture and
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Table 37 Selectivities of products under the most favorable
reaction condition for acetaldehyde formation

Product G value Selectivity {(molZ%)
CH, 0.20 5.7
HCHO 0.66 18.8
CH 3CHO 1.98 | 56.6
C,Hy CHO 0.06 1.7
HCOOH 0.05 1.4
CH3COOH 0.12 3.4
CH30H 0.15 4.3
HCOOCH3 0.13 3.7
Others - b
H,0 0.22

o 0.34

Trradiation conditions: accelerating voltage, 600 keV;
beam current, 1 mA; dose, 4.9x10%9 eV/g, CO concentrationm,

64.4 mol¥%; total pressure, 8,000 Torr.

Table 38 Selectivities of products under the most favorable
reaction condition for formaldehyde formation

Product G value Selectivity (mol%)
CH,, 0.49 8.1
HCHO 3.18 53,0
CH;CHO 0.51 8.5
HCOOH 0.20 3.3
CH40H 0.68 11.1
(HCO) » 0.07 1.2
HCOOCH 3 0.16 2.7
Trioxane 0.43 7.2
Tetraoxane 0.07 1.2
Others _ 12.2
Hp0 0,19

€Oz 1.42

Irradiation conditions: accelerating voltage, 600 keV;
beam current, 1 mA; dose, 11.5x102% ev/g; CO concentrationm,

25.4 mol¥%; total pressure, 8,000 Torr.
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Fig. 61 Temperature — CO concentration ranges for favorable
yields of product formation
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