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SUMMARY

I . Project Title
Separation Process of Tritium Using Plasma method
II. Reasearch Objective and Background

For the management of heavy water reactor a primary issue 1S to
maintain the tritium concentration below the critical value. Tritium recovery for
heavy water reactors generally consists of two separation processes, the transfer
process that transfers tritium from tritiated heavy water to triated hydrogen, and
the concentration process that separates and enriches the tritium. Due to the
safety concerns with handling tritium isotopes, (DTO/Dz) system is replaced by
(HDO/H3) in this investigation.

This research is aimed at developing a new transfer method . using
atmospheric pressure plasma technique applied to a flowing system. The ultimate
objective of the research is to demonstrate the feasibility of the plasma-chemical
approach as a practical and efficient method for facilitating the transfer of
non-radioactive hydrogen isotope(deuterium) between water and deuterium gas.

IM. Outline and Scope of the Research

® Determination of optimized electrode configuration and discharge
conditions for stable electrical discharge through flowing gas mixture of (H,
D20) or (D2, H20) when pressure is maintained at atmospheric pressure.

® Design and fabrication of the plasma reaction chamber based on the
experimental conditions optimized. |

® Determination of energy efficient processing conditions.

® Preparation of standard (HDO/Hz0) solutions.

® Development of circulatory processing system for multiple treatments.



IV. Highlights of the Experimental Results

It was found that micro hollow cathode discharge(MHC) powered by
60Hz AC was able to sustain the plasma through flowing (D20, H2) system
maintained at atmospheric pressure. The electrode assembly was constructed by
placing a thin dielectric spacer between two thin metal electrodes through which
100/m dia meter micro holes are bored.

Since such electrode configuration enlarges the glowing plasma area by
more than factor» of two compared to that by needle-plane electrode
configuration, the size of the plasma reactor was reduced to less than one tenth
of that originally planned. With the flow rate of the gas mixture maintained at
around 350ml ® min™ , and with the power set at 0.5W, a stable discharge was
sustained in the 100ml reaction chamber.

The gas flowing through the plasma chamber undefwent an instantaneous
exchange between hydrogen isotope registering 30% advance of the reaction,
very close to the thermodynamic value. In such case the ratio of the volume of
the treated gas to the electrical energy was found to be near 250J/L or 4L/k].

With implementation of a circulatory treatment system in which the
treated water was condenced and revaporized with further hydrogen exchange
with Hz gas, a set of standard (HDO/H:0) solution were prepared. The extent of
the conversion of HDO into H)O was gradually decreased with addition of each
circulation step. The separation factor was calculated using the experimental
values regarding the rate of HDO/HzO system. '

V. Utilization of the Outcome of the Research

The methodology of the research can be directly applied to any exchange
reactions including the tritium isotope(T) with the aim of its separation. Direct
applications of the approach to the tritium separation of CANDU type of reactors
may not be urgent, because traditional catalytic methods are well established
even for large-scale process up to commercial package. However, the approach
can be utilized as a totally domestic technology for small-scale production of
trittum that has wide applications in the field of medicine and industry.



Futhermore, the plasma-chemical method advanced through the research can be
explored for its potential use in hydrogen generation for the next-generation high
temperature nuclear reactors. ’
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A 34 F=ul ey
1. Zd=v} 3o AA

o2t I FEALEC mE AL %3}?— Hcold plasma)¢} & Eh=nt
(hot plasma)2 FEET I FEEE A4 we a2y d Ef=ve BF
3000Ko] 49 2&& Zterh giR i 1%% zue] Zg w2 gHoA LE
B AR 2=/ g =1 UnAEAY 2E7 W] Wi v AP Egd=viz
dZoAg. 4 EFd=nte] AL A 229 dHAZAY 2 }7} el 819
%%%E}—Z—U}E‘r UG olF AL 2wty B¢ A ’&?ﬂol g7 eell wet
ALE vPPg g FAA ot AGAYg FFHA e G975 o 1
Ay A2 Egtzvprt BEA HFY A Fole AL oftie, 171

Fgtznrled AEd, 53 S=vte ¥ 54, g3 S8 #st
AME B2 2RSS FHAEC e FEHAAIAT. F3 H=A FAHAA
Ed AYE A ATz o]ge Tetzrly spF & $LEE AF7
A 7HE B2 A7 olFoiA . Uk 2y Fe=vie] g3t dojue eyt
9 BAGHAAY HAYE 79 Fol FRATE oHAE 2HAY dA A

1A Gl AZIE A7 TN HA AT AREo]l Ao ot JHEE
of AEFHY HgA FEol 9std BAEL 7] Hy AFAA Y ojAAE
B Toz Eg=veg tAst MY AL Eg=vie AS wg7A AA A
AAZF AAE F107 7 100)7F e Ho] Axde d 2EE BX oy 24
U o] 259 FALEH 7] WE Fof T AL flolk: WHEEEE Eole 2
3 7HA LA BoH18].

Edzutdd Ao v PP F 7HA gnE Zded AA= JAAS 2AE
SEATE BARGE EolH, EA Jnje Eg=vt 49U EAEY FAE
BIHEZAA Hojdrie ZAolth o|s} o] Fet=w AHdA orld 2AE
I UK R4 obF & wEAE VAT E 2 o e ZHNA ok 7]

Lo

¥ (= P o orle [
_x.dqoizsgmm:fdﬁ

n7be) Eolg olgatt oAl £ AFINE Eehzehiwe olgsel 4F
RE0se SUE EraRc od® AL EAxNE FLEANE 5P
o ol Fvule A flol= WBWLS ALAAM Wi APAY
A,

DTO +D; — D20 + DT

FTE FAALY .4-5}0:1 DTO7} A4H® m@wge] 9ste] DTOZ
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DTZ o|$A77 8t & AFNAE 99 25994 ngngo] Feh=vl 3
Ee Asele] 1 584 ATHE AL TR agT 2y dgE A7
o9 AR PAEL RE AF 548 35 A

Of

N
A
T

DO + H, — HDO + HD---(1)
HO + D; — HDO + HD---(2)

o 2L F52E o84d W -a— ATsd AEFaolNe THRS AEHL
BRSAEYT HO $} Dol Wgo22E HDOF A4EE 2 A4NY £33
HEEA 4%}04 Qe HEH Hzonmog-f%ea Az FsAAH o BES
A3} Hyo)

H,0/HDO + H; — H,0/HDO + Hy/HD---(3)
S2RY FF2 dANAY WG

D;0/DTO + D — D:0/DTO + DyDT---(4)
o] AL Z458A. a8y Dy 7h2sh 99 1vtels] WEe H 7hAE FE A
€39 H:0/D:0/HDOEE &N & Axdty o] ZEELAH Hpof WHEo2RE 9 5
At g (3)9 EAF A4te]l st5de 3% 3- AAS MEsAT. =

*ﬂ:’-wvw ol g5te] o ¥E¢ HO/HDO EZ§4L Azt tEA ol
og LBELe WHE ZAAYT.
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2. 714 E=vt

A, AA, 71Ae o] A 49 AHQ Za}=niE o] &3 ATE gl
A BHER LR o] RololA Bws Ao g} o]F AL EFazni: g
AHog AFd 7i7ke gAML PPN F Y= Aoz A U} o
2 A%t Fatznto] dF AFE FA 22 ATAYAN BASE Sezulo] o
st F2 ATHYUY ole Zelznlrae F S4HoR WEA Hobd EWA Y
7t Egzvle] d7E FEd $7] otk o]k o] ool e HAWNSS
2T s Ad FaSA 9. 2@y AFdA e Fezekg BHAT)Y] dHdE
n7bel AFEY)}h AFARI esth £F sheubso] AFY BAHAN o
U7] dfEe] wertae WEs} us wol ¥ S AYEA 2R =
Aol 9ot 74 AYdE Bgo] ArEE 7h29 7 URE Ho] 588
Jxa: vAe 74 A @8l

g2t 7| A WAE dogy] Yo dojFE ALG-AFY SAd w
2} dark discharge, glow discharge, arc discharge® A AFE o3 dth

r
A
F

ruﬁoéﬁ,

Dark discharge Glow discharge Arc discharge

Voltage (V)

1010 10° 1 10,000
Current density (Amp/Cm?)
[29 2-1] %E}Z\—UM]HQ] AF-AY &4
A di7|¢ BAe A$ dark discharge®} arc discharge -4 F g F
2 dA77t o]F9o Ao 238y glow discharged A$ SR wAE Y §A7} o
Hi Arc29 Wol7l 49 2 AT} o]FX A ¥& AAo|t} Dark discharge
©] 7§ corona discharge®@ #ol2 © & ¢dalAd gon F2 o0& QAU F
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719] Aol $&=Ho AL 2 o]FgY A o3 &o] UF o}
3l8hitg-& dod)|7]d FEI AUAE AFsA RIve TH .o
S22 arc dischargeZ7} W7I¢ol A A&z gloey F2 129 EAL o]&% &
Holv Aee A m:8 Fol A&z ¢tk 23y arc dischargeE 33159l

oo oF

AET AS 1 AR 275 AP 287 am AT S 9@ FA
A= oAt 59 BARE AR At

; T 19903 Furo] glow discharge® 71t 7404 tAFH o R FAA|

71e 97 A3 23892 A7 glow discharged 43 &8 disiA U
« QoA a3 77 AFyFo|tk, AE Shopia e Kogoma ZEFAAE FH
o] Fu AFAle] R A (dielectric barrier)E A YAl A= &7t~ 2 Hed At
£33l g7l AR ez WAL dodled AFSIIAT [2¥ 2-20FE
Dielectric barrier discharge(DBD)8] 7% th7|d WAool dA 7HF Bo] AL
qem ol WAZAL O&Fg 2o AA, syl FEAE HAFAoldd A<
3tnj, &4, He, Ne, Ar 59 234 7|Ad wE712E Hulsted AR&3HH. whA %
o2 IkH o449 nFHE /e Ad9 Aot [2¥ 2-3 #Z]. DBDY 4%
AR WAL A FANZE F dou 99 A MR 2AE BoAUY™E AAH
WAo] oHANgE dAS 7HX 3 9 v20-21].

T EE Y
b o R s s v
s s o A . ol
b, e B ke
EWES S LR
i gk L
ST
Low s a  —
b N
T

e P o e B B

(a) b)
[29 2-2] Kogoma LE9] (a) 8719 (b) glow plasma FA AR

"] =9 Roth ZFoAE 7|t DBDoIA ¢ mechanism®] 73 B2 AT
g A8 Fojr}, EF TP A9 Massines ZENAE MY Eldo] v wE CCD
E o] &3 WA Ay e Wil we WiEs #Fe] ui7|$k DBDY WA
mechanisme ¥olEE 77 o] Fox 1 AcH[22-24].
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[Z2¥ 2-3] 94t3 ¢l DBDH A A Z9] &)

W e n3e] Schoenbach 1EA = DBDHEH S AFE AL
micro hollow cathodeMHC)2t& A9 FRE o83t 1 F¢ ACHA
7hestd diZ7lg HdE DCHYS AHE3te A A glow discharged 434
(298 2-4 #A=x]. o] WA EAL 1 F49 U7|¢¢ plasmadl] v s Z2}
dx7l ofF 21 FL JUAFW)E ALl E ¢HAZQ EF=nE Y/T F
A= Aot[25, 26].

(a) (b)
[Z¥ 2-4] MHCY A9 ()9 (WLAES
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tg&oez 29499 BardosZEANAE 9 mme HEFEHY  hollow
cathode€ °|&3te] ¢4AAQA 7l WAL TANIIEY AFsAer[a1d 2-5
FZ] ol 49 /] HEE JdFdd ZEzv #AAIFY FHE MALE AST
Z& MY 3o FZHA S&3tn JH27]. 9714 stk FLE A2 hollow
cathodeE AFoE ALL3 7]t Egtzvle] 29 DBD9 €& He, Ne, Ar &
o] 7h&E AMEEHA] aE A WA A o] shEditte Aelth W7t glow
de A9 A Yol 248 AZ9 Fu JoE dYFd AF FeE ol &3
AAE WAL dodlE 77 AEHT vk 28y ofF kA WH FA
od FH& Fol AdFH o}F gr|ggA e setutgd W AFE AAFHL
2& o3 ZHEvl dA ol

(a) (b)
(19 2-5] Bardos 18] Sisted AR AP (@) B AFFehst o1& )

2 d7AdA e drI B 3 £d3e dFE T U W
e o A T2E ol &dtd dAAA dVY HAE HTARLH °]E o83t

Fetzvlslggtgo FHE Fol AFE I Folvh 53 7ANY 33
ZBzelH S ol &3ln o B dFoME 25 —f‘*-‘.—?—‘%% tHﬂ?Jr

o]- &3t 1997 de] & AFHAA P e ‘F
Fa& BHUY e B3t 452 Eg=v 1YY E}%“é:?_— 3 &
AgAe 9= FaBgz AR

of
L
oib Loz
N
)

M ot
s

)
lN
o
E
N
i

o

ole
=
ool ot a £ &
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M3 dgdsd g ¥ 2o

Al Ad g S=0 A

W% Beavke UHOE ofF BAFT 42 LA Jov WA
A A P4 Astel BE AT AW Folth G BHY FAAL FA

T8% 8Rlo2E AF e, AY, W IAFE & 4“— ATk B AdAE g7
4 AL FAENLL TS o] 887 st B AT AL AT P
o} Hd, gy, a8n ZgZnEEures B 6}7H 3t R GAR o #35}o]

B dFdAE gi7iyg E5=2etE o83 F4AFY 94ndNse 584
S FUAII7] st 1rte] B84 71A<Q He, Ar, NeS S AME3HR &3 57]
st FAILAETE WA ALEE Y AL éié’d‘:‘r. EEA 71AE A AL
A gornsg Fgzag 3T w9 wgriAY % A FUhsth =8 71E9]
71 HA A AL EHY RF, Pulse, Mid frequency powers9 HAZXE Al&3}

A &3 1AL 60Hz AL transformerE o] &3t ALY de3ls: B2 4t
ot di71q WA dAoA e BERE 7t AEstd oo 2o

@ #3719 2% o145 AFd dr1g FA9 JA
@ 60Hz9 7138 AAE ol §3td AL d g $d IA

7171 S8t F#=2 AHEH
HAE doAor o=
th. DBD® 3% F H=S
o Aojg 7A€ ¥olFo A
ot o] WY Af AL glowdHE W FHo H4A 4o
AL EepzulR AT ¢ 7§§}% HE}"% 37+e] He,
°?J‘j’k°] a°1‘al°ﬂ

A4 ‘3H7<l o 13}%7}_. J TF
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719] <ol ZF71%tol wiel WAo]l A¥HE A4S #F E & AU

olgl EAHE FEd dste B A7 HIZ Schoenbach 1F| 9
3t 742E micro hollow cathode (MHC) #¥& o] &3l FF7ImAle A2 o7
Ao ¢tAE =Rt Micro hollow cathode discharge W< A2 7]
AUAE ALE3d di7|gold A Ze=vlE LRI E WHeRE A5 4
AAE 7IEXNEE 9 um¢ micro hollow &dlA Z2vtE TAA T o] #
He e duR (5 WE ol &3tax Aoz g7|gdA Se=vE A A
F k. =3 & EJ=2vl 4 IGE 2E hollow cathode BdoAE A
YEAA 12859 ETgF2uiyt YAHEZ O ZTg=Rvo H|sle] wrgAdol &
< 7}A 3 9t} o] # & micro hollowE o2 7 HEZ WA A B ©4
zv} JAo] 715sA Hol dAld B g9 FAE AHIHFoEA Y
3L 49 393 A e EE FU Al F AT B 7EY
gzul AAolA "Hag aurte] AFFE 7L Bdadives & FHES Zdn

Md oft S oX

¥2

Sz e A AL 200 pm FA F LFUFE AFAbold lmm
T AAAE AR 300um=27]¢] micro holeg 43 7} HE IFHE A
. We "o ZgzntE AN 38tY Ilmm HE 22 49709 micro hollow
holeg A= WHET MHC Ehzrt A& [2¥ 3-1]9 YT

Plasma

Electrode
Dielectric AC power
material Supply

Electrode

ARER

Gas in

[2¥ 3-1] Micro hollow cathode Z&}=u}d=

—

A3t 7144 60Hz, 220V AL $719 eo|FaE Agste] Fehzv}
JRdoz ALAAT o2 Adke] AA A o8 A A=gY AE 2

2 AT M= 7|29 17}e] RF, Pulse® o] &% TatzuhtAdde dof
A Aokss ETHE AL 99 Ao oate] Sehznlday tAFste] e
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AR AFE FFogoen 1 2AL A2 AFX(Tekronix TDS 380)¢} current
probe(Tekronix TM 502A)E& o] &3l F3sc). Zal=xvl A Y Aga AF
£ &3s7] 98 AAE [29 3-2]9 BAFY '

[Z28 3-2] E8 =29l power A& oscilloscope &

we7tne] ARHoln AAAY U Astel FHe Fa7t2F e
7b22l F94L& MFC(Mass Flow Controller, MKS 1179A & 247D) ¢} MFM(Mass
Flow meter, Sierra series 820 top-track )& AI&33 Y. 5719 AL 34
H0, D:0% 80T 743tk H:0, D0 7149 §4& 71d7]e) exd 9t
238 & A (29 3-31d £37] FF A Lx2PFANE Jehhdoh
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(28 3-3] DO & H:O 57 ZAZX S} 22547

whgy] WRe ¢HEAL 918t 92 A(Baratron 268A)8 A&tk [
A 340l a9 f23 Qe 2P 9% FAAS nlFUTt
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[2F 3-4] 52 fF2AFA G 44

2 AT BEFadFTY LTS d7|dEHEeE o] &3] Y
e 7oA dFAReF wAol B HEXE WA ol gttt uisE ¥
ATAA AbEstE FA7MEE ZAF7)AE AL A AR EAH ] A
7] dEolth. HA 7|l Ezt=wl Aol 4@ Hert2g ol8sle HAH &
ghznl YH2AE 2L F B AGAA AT 71220 He, Dy, HoOvap, D2Ovap”t2=
o] Ag AHEYY oo ZASY wHNkgo] dad FA AF € AFAT
S SHNAL T AR EF2vE @G HEF wE AP
U AR 2/E €Y F AAT Glow HA] 23t dAHHAME tlH A g
Eg=urE A A7 B2 AddA ERuld 93 AgFe FUist &7t
o g4 ojn] AF ¥ micro hollow cathode(MHC) Z&t&w} WE& A& st
MHCE# &l o}F ZFAL micro(100~500um) holeg ol 4l Eet=v} vt ;ﬁ.ol ot
7] WE AAHQA glowZgl=vle]l Aol 715 d| At} Micro hollow holeg o8
N HE2 AZdso AHEYF F71E =239 wWEA needled FE& AL A S
259 Et=vl GG Hste 100w 'O]”‘“’i Ly FRe F7H7 7ML
W old AR 4 AFPD 1LA7| 9 WHEEE VI0Z FANI|1E ML Fe
158 &2 5 JAd. _

He 7}2& ARE3IY oiy]ebddel A9 7k F3F3 A7 S-S WA



HA HHZAL FolH kTt Micro hollow cathode ETet&ulE HAH o Z AAA]
7171 §1& QA7AY 238 & [F 3-1]4] YeEld A

[£ 3-1] MHCPE #AA 7|7 918 =2

Hole size(um) A % (Vims) A 5 (mArms) flow rate(cc/min)
300 500V 0.5mA ~5mA 50scecm~300sccm
500 700V 0.5mA ~5mA 50sccm~ 300sccm
700 1000V 0.5mA ~5mA 50scem~300sccm

Holed] 2717} AR wel Eetzutg @A 771 A% A7bAde] EobA
T AL & F Ytk MHCY A5 A5329 A9 holed] A7|E 5L -2 B
ol Furaith. ol tiVItel Y AFTHe] A 4 F(pd)H* EZ=vE 2
AAAN 7 At A7tEE AH(Vs)E YERNE paschen’s curveE EH 4 (p)ol
A% 74 breakdown voltage(Vs)$} AF7ke] A(de AY AFAHA vl BA
£ B49F7] fFolt} [2F 3-5]9 Paschen’s curve® YEF AT

o] Aol st FAAA WAL

10

[2¥ 3-5] Paschen’s curve

10° mm Hg cm




& 5mA ol4oz AtE A% Fakzvhe AZE Frbshd BAHE @GR
AF9) £49 e dAT #4542 UP 59 A9E He WA AgAY
gehzvel wqol Y s B ATAAE 300me £ b Fepzol

_|_4

g o8] F25AUL RBNE A AT

[Z2¥ 3-6] He 712 & ¢|43% MHCPHAESF

[28 3-6]2 He 7I~& FF7|AZ AE3 7 9o micro hollowE ¥
i x) 3t Ao ZEzRulPAPA kA H o7 HEe We g whhol PAE
AE BAFEY, olule HAZAL [¥ 3-2]d K9F&5t.

[® 3-2] He 7}&& o]&3% MHCPHAZA

Total pressure (torr) 760torr
He flow rate (cc/min) 100sccm
Discharge voltage(Vims) ) : 500V rms
Discharge current(mAms) 1mA s
Discharge power(W) . 05 W

2 AT79d94 % He, Ar59 Z8t&vl ZAlo] & 7I2§ AlgstA &1
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371 FA2TE FF/NAR ol &3 AARHA Fehzvte YA JF3A He
S ol & AAAA BA A& 712Z &4 He 7t29] AHE §lo] 5719 A
4oz AAAA FAg FAo| e ol AAFHLE A A& HE
TAYOZ 300me] £ 7k MHCE ol &3te A o] 7bssiia o8

[ZE 3-7]e] Y.

2 849 wdo| n=

3-3 Jol aofsk

T5718 o]4T WA B¢ Hed o] 88 HAxn &
= R
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[E 3—3] DZOvaD 7]'-{\—'% o]%‘—"ﬂ' MHCPHJﬁ—%Zj.

Total pressure (torr) 760torr
Dy0ysp flow rate (cc/min) 250scem
Discharge voltage(Vims) 500V ims
Discharge current(mAims) 1mAms
Discharge power(W) 05 W

X, 7t~ 2 FF7) F4EA, 282

g7 =
w3 FAHL A% EFFAHE 9% FT-IR JAGA 2", 7HA 34 E3F247]
2 FAEY

Quartz Lens

Pressure

_? gauze

Gas out
CaF2Lens
IR Beam < <« IR Bea .
AC power | D20 Vaporization
Supply % e tank
Dielectric L@’ H20 Vaporization
material ga tank

[2¥ 3-8] Eg}=v} n&uleA A8 AHAX

71 dFnEeR AAFez A Arle ¥

a712 ARk BBV E EFSAS 9D 43¢

Eetzvl T
mm 2

150mm, %] 100
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gt Hhg7tA FPE A §FEE FAEHY gn B#YET] FZH micro hollow
o

cathodeZF &tZvl QS AF AFol HAstn Nlt}. BER=AE g 4F5 ot
Zo= FT-IREA L 98 CaF: 327 A&tz Ja AZode S22t TFEH
< 913 Quartzd 27} 9X5HA Foh wErY RE AZREAE FAY A

= °‘3’3° 7] 98t O-ring® AHEstich [293-9]0) E=vl ABWEA 2
o A& e

[2¥ 3-9] E&t=v FH9LAENET]

ZgzulegL 9T AZL G HoA oju] dwgnle}l Ze] 200 um FA
o] &2nlE AZAlolo] Imm A HAAME 9Xs 1 300um= 7] micro hole&
ImmAOE 497) BEO] W wWHe Zgzrs YHNAT ol T qEA &}

Zobe ZPWLL A%E YosT HErIAY AgFE Eoled AAHY 4T
& 87 9ok
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& 299 22

A Ae HO + D 2 DO + Hy 7H2E8EY] FUE
AR e ¥Ee- AAE<Q HDOS /&30l '3! 7&5
HE WY AEE FAH{IY. ndns
QYo A7 2HY DHAESE
HEE AT & o F9 AAT ﬂ%"‘?}o—q &S %0}37] ks
Zu} ‘?—:1‘5’3“3)“”?3% AR T, EERet g EFAYE o] &3t W #A
AEdts RS @3t £4 sk [2¥ 3-10]o £38AHY 49 FAE
IZiea=2

O
Ol
-

£ 2 82 M0 > 8 [

off mH R fo

Electrode

AC power
Supply

Dielectric
material

Electrode

[111

D20 + H2
(2% 3-10] £FEHA 2

B AgoA ALE3 FT-IRAHE Nicolet Magma-IR 2 9ol 05 ~
16cm™ 7449} Eq5P e 21 YUt FT-IRS Al438td 425994 ngwge
ZEEH AAHE 2R HAYHdGGiM 2 EJAEREY FHEE ZAIY
o 2 dFoA AL EFSAHAZAES [F 3-4]9 Yo (29 3-11]9 A
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E3718 o|&¢ n@wg £4 43 FAE et

[£ 3-4] FT-IR &A=z

IR range 4000~800 cm
Resolution 2cm

Scan number 1

Windows CaF2(400~1000cm )
Detection methode |Single beam

[29 3-11] A&H 23718 ol &8 n@gus B4 43 3

7WA B8P 7)1= Optic fiber, monochrometor(Model DM 702)%} Andor

CCD camera (Model DB401-UV)E TA=0ojglon | 200~1000nme] g % llA 9
E&o] 71%53t3 1200 gr/mm$} 2400gr/mme] F7HA ¢ gratingg AHEFLE 74z
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0.05nm$} 0.01nm¢] £HFE& 7t Aot [2¥ 3-12]d 7HARHER7E
o]-§% mENrE B4 4y FAE YA # AFeAME Hy D HoOwp,
DOwpAtoldl A dojutes 45044 @3NS HYH 2493 o= %

EHUE o435t BRI

] Monochrmator

[23 3-12] 7HNBAER7E o] 8T a@He 4 48 FA
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[E 3-5] 4944 F+H

HyO(cm ™) D:0(cm™) HDO(cm ™)
1457.1 V 1125.6 ‘ ' 2719
1507.2 1076.2 : 1402
1558.8 1023.1 : 3363
1653.6 1309.5 _ 1434
1696.1 1260.1
17729 1206.3
3629.7 2874.0
3744.7 2778.9
3854.4 2630.4

H08 DO%AS] HeH F4me (29 3-1318 [2F 3-1419 deug
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nce

%T

4000 0 W0 20 0 200 BO )

(2 3-13] H:0 §429EH

% Transmittance

wo Bm 00 2500 20 1500 1000
- Wavenumber(em-1)

[2% 3-14] DO E529EY
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| Y

3699.1 (HDO)

1434 § (HDO)

2721.2 (HDO)

% Transmittance

T v T T T v T d T v T d T
4000 3500 3000 2500 2000 1500 1000

W avelength (cm D)

=2
Lo
ret
O
[>
A,
[m
o

[Z2¥ 3-15] HO/Dp 2l &ih-g-

99 [29 3-15]2 di7|dell A Ek=vtE FHAD F vz ST HgAd
sd ot} WA Hele @& HA ¥d HDOZHEH ] WA F F HE YE
e e ¢ 5 Ao °l 23z dridtde ©1483t9 DO + H: — HDO + DH
agghge] dojdg & & Ytk thF o R DO + Hy EF7E2C A7l HAE 7}
HqFo] HFWFES #AFEHAT. WA F HDOY 54 F5uE 94 3699, 2721,
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3699.1(HDO) 2721.2 (HDO)
1434.8 (HDO)

% Transmittance

T v T T T T T v T v T Y T
4000 3500 3000 2500 2000 1500 1000

W avelenth(cm™)

jaliA

[2¥ 3-16] D.O/Hpw 3ukgo] 9% HDO ~HER

d

[Z2¥ 3-16] D:0 + H» — HDO + DH m#ugo] Ezt=wtE o] &3}
Yehd HDOS 2~FEfS Yehlfie. di7ly E2=vtE o83 DO + Hp -
HDO + DH m&g A dojds & & Ut olwje] BHdxHE oy [&
3-6]°1 e A |

lﬂl

O

[# 3-6] DO + Hy 23ukg Wz

Water vapor temperature(C) 80°C
Water vapor flow rate (cc/min) 250sccm
Total pressure (torr) 760torr
Hydrogen flow rate (cc/min) 100sccm
Discharge voltage(Vims) - 500Vims
Discharge current(mAms) 1mAms
Discharge power(W) 05 W

Reactor temperature(C) 100°C
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vhdtg EAYE o]f3le FEtERvl WdA B E
sl (H:0/D2) & (D:O/H)A Y F vb-g-7

[E 3-7] n3dwr&Az

AA s H,0 + D; — HDO + HD
O — OH+H
B2 W D, __— D
o D + OH — HDO
| D + H — D
AA NS DO + H, — HDO + HD
DO — OD+D
H- — H
e
T e H+OD — HDO
D+H — HD
qH BAYow @wnge] 442 HDOE SAdd mnge &
g B2 ¥+ AT 1Y F0 AN 223 AAUSS Topus] 9lato]
Felzel wFEANE ALSAT. Foxoh 9 BAYE ogad W AH 3
o Al EAEY #3o A g WA H0, DO, Hy, D:Z 27 WAAIA
A4S 290EYS YHUT. HO09 A3 Evzsie) A He OHZ obr
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Water vapor temperature(C) 80T
Water vapor flow rate (cc/min) 250sccm
Total pressure (torr) 760torr
Discharge voltage(Vims) 500V rms
Discharge current(mAms) 2mA rms

Discharge power(W) 1W

Reactor temperature(C) 100°C

- 44 -



Intensi

Intensity

1150 - 308.9nm (OH)

/

1100 -
307.8nm (OH)

1050 \

1000

950

—T v T ——— [ T v T Yy
3070 3075 308.0 3885 3090 3095 3100 3105 311.0

Wavelength(nm)

[Z% 3-17] H:0 Aol ¢& OHztt o] ~HEHY

1150 ~ 656.3nm (H )
1100
1050 ~
T T T iy T d T v L
645 650 655 660 665 670

Wavelength (nm)

[2¥ 3-18] H:0 WAl o3 HYA e 29 EF



H09 BAe] & HdAY 2¥EYPL H, Hy, B2 YEdT & 49
Mt 3% Ha(6563 nm)9x 2 EHS & ‘—8}9515} D09 -+ H09 7

°] DU OD 2o g ~AEHS 42 & 5 Yot D= He FAdxo
2 159 2dEYL H£et) (219 3-19]¢] ODrigdl & ~9

At.

35000 -
309.1 nm(OD)

308.2 nm (OD)
30000 -

Intensi

25000

— T 1 ' 1 T T T T 1
307.0 307.5 3080 3085 309.0 3095 310.0 3105 311.0

Wavelength (nm)
[Z29 3-19] DO WA ofg oDz AHEFY

opatd el 7§ OHel H]3yo 307.8nm(OH)€_— 308.2nm(OD) &
3089nm(OH)& 309.1nm(OD)2 okzte] o] Fe] dodg & % ok [2¥ 3-20
DAA] 9% BE2YEFL Yt

_46_



656.1 nm (D, )

440 ~ /

Intensity

T v T ' T 1 T
645 650 655 660 665 670

Wavelength(nm)

[2% 3-20] DO Ao 9o DAR A=EH

D09 WAl 9g DYUxte ~2"9Ed E3 HO Z$9 Zo| D, D, DvE
UERGT. B AYdME I 5 D661 nm)eA ~HEDL BRI Hs D
o WA 9§ Tazul P& AHEFE HO09 D09 WANAYG 2o HYR e}
DAY WE WE 2FEPS #FE & Yok HY DYRY 2HELDS wwsto
[ 2 3-211e) Yehigich DEAY HAAE ¢ 02nme) AolE 71de & £ 9
o},

- 47 -



1250 ——1——1——1—

656.1nm (D ) 656.3nm (H )

1200 - \ / 7
1150

1100

Intensity

1050 ~

654.0 654.5 655.0 655 5 656 0 656 5 657 0 657 5 658 0 658.5 659.0

Wavelength (nm)

[2¥ 3-21] HDYA & &I EH

go2 HO + D} D0 + He® m@t3olxe Eetzvl ELHEH
o] W3E FolER Y. HO + D9 i’-%t&woﬂfﬂ OHett 29 4 EHS [1¥

3-22]e Yetiict olwe] HAxAE [® 3-919 YEhH

[£ 3-9] HO + D; ul3uhg dzxx

Water vapor temperature( ) ‘ 30T
Water vapor flow rate (cc/min) 250sccm
Total pressure (torr) ‘ 760torr
Deuerium flow rate (cc/min) 100sccm
Discharge voltage(Vims) 500V ms
Discharge current(mAms) 2mAmms

Discharge power(W) 1W

Reactor temperature(C) 100°C
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Water vapor temperature(C) 80°C
Water vapor flow rate (cc/min) 250sccm
Total pressure (torr) 760torr
Hydrogen flow rate (cc/min) 100sccm
Discharge voltage(Vims) 500V rms
Discharge current(mAms) 2MArms

Discharge power(W) 1W

Reactor temperature(C) 100°C
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Water vapor flow rate (cc/min) 250sccm
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Discharge voltage(Vims) 500V 1ms
Discharge current(mAms) ImAms
Discharge power(W) 05 W
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