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Abstract: Okamoto cavity was modified to generate high power (2.45 GHz, 2 kW) He, N, and Ar plasmas
with WR-340 waveguide. Many factors which influence to the plasma generation were optimized and
investigated for the spectroscopic properties of the He plasma generated. Some of the important factors are
the diameter of the inner conductor, the distance between the inner and outer conductors and the distance between
the tip of the inner conductor and the torch. After optimization for the He, two torches (a commercial mini
torch for ICP and a tangential flow torch made locally) were compared and showed similar results for the
helium plasma gas flow of 25 L/min~30 L/min. A tall torch (extended) was used to block the air in-flow and
reduced the background intensity at 340 nm region (NH band). Emission intensity was measured for
determination of halogen element in the aqueous solution with power and carrier gas flow rate. Electron number
density and the excitation temperature were on the order of 3.67x10'"/cm® and 4,350 K, respectively. These
values are similar or a bit smaller than other microwave plasmas. It has been possible to analyze aqueous samples.
The detection limit for Cl (479.45 nm) was obtained to be 116 mg/L and needs analytical optimization for
the better performance.
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Table 1. The differences between Okamoto cavity and the one developed in this experiment

Okamoto cavity Cavity
Type WR-430 WR-340
Waveguide-type Height(inner) 54.6 mm 43.2 mm
Width(inner) 109.2 mm 86.4 mm
Discharge tube Double concentric Triple concentric
Height 6 mm 6.4 mm
Cavity Outer conductor(i.d) @ 40 mm ® 36 mm
Inner conductor(i.d) @ 16 mm @ 14.8 mm

2.4 ¥
2 A AAE WR-340 typee] E3}#-S o] &3o]
annular 2 Fe] ET=uE WA £ A|2H9] &

2931319 2 AFEE ICPE 2 X9} low-gas
flow EXIE ARSI TR Aol HRkAl A& v}
o|AR T} A|2H, cavity B ERX|, AREYEA], F
2 o] AH R v At

2.1. Olo|3 20t F2f=0F A|AH

210 AurA el JNeE Fig. 19, Aule] A
< Table 20 YERATE. WA mfo] a2 vp W%
2Rl ZY AR A wlo] AR 7} B Eo] =akd
< e} cavitydl A ETE &3 A (circulator)=
load¥l €7 3749 wlo] A2 F}(forward power)E
YA ZIA R HEoF = WhALIH(reflected power)=
R HABAA mpo]laRs HAAFXE HEdte o
gt-g 3lt}. Directional coupler= &3 A7} A2 =
o] A =FAS Ave AT wiAbgke] 3
718 <& £t} Three stub tuner= Flo] A2 37}
cavity®] FAlol JFHESE A2 F 79 (tuning)°]
753k, tapered waveguides =32 =ol(h)E
432 mmollA 6.4 mmZ E¢ cavityd] JAHEE
=g

Table 2. Experimental apparatus used in the experiment

e

Fig. 1. Schematic diagram of the MIP system used in this
experiment. [1: microwave power supply, 2: microwave
generator, 3: circulator, 4: directional coupler, 5: three-
stub tuner, 6: tapered waveguide, 7: monochromator,
8: high-voltage power supply, 9: computer, 10: printer,
a: He-gas, b:nebulizer, c: discharge tube, d: cavity,
e: plunger, f: lens and skimmer]

2.2. Cavity2}l torch

Cavity®] BHEE Fig 20014 YeRNAt). diFie
A Z-L brassZ A 2= 5L WHFH =A (inner conductor)
o} 9] B = (outer conductor)s= beryllium-copper =
A 2= JAk, Ak ISR R of22 7IAE A
S A Eet=ukE F4S the 71 A B A
29t AFo FH=vE Y F AUt or=22 E
zu7t 4= 50 W Fx=9] RkALTrF Ex) 84| v
dAF SRR A WA tg= AL g i
zF =t} Okamoto cavity9} Bl nldf BH E o Joj A
AFEE ZA] A2 cavitys ARGz Zg 42Fo)

Specification

Model

Power supply 0~2.0 kW SM745 Power Supply

Generator 2.45 GHz UWHEAD 2.0WC-SM

Circulator Water cooled style Industrial Isolator 2722 162 10311
Directional coupler Power meter attached SAIREM S.A

Monochromator Czerny-Turner 2400 groove/mm Spex 1000
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Fig. 2. Cross section of cavity used in the experiment. [A:
tapered waveguide, B: outer conductor, C: inner
conductor, D: discharge tube, E: plunger]

e . Bl

Plasma tube

(a) (b) Insert orifice
Threaded insert
— O-ring
|___ Tangential plasma
gas inlet
— Torch base
Carrier gas inlet
(a) ICP small ( ic) (b) low-gas-fl (( ic)

Fig. 3. Schematic diagram of two torches used in the
experiment. a) is a commercial ICP small torch b)
is manufactured in the lab.
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Zg=nyl EXo) gE AL WA gt 4 (o.d=
2.0 mm, i.d=0.6 mm)& F3 AE7F RE7|A ) o)
Zetzrte =Y Enh B9, 2 AP AN A3
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= A Al FELE vro] FAH] on EX
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(machinable ceramic; Corning Glass Works, Corning,
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Fig. 4. Schematic diagram of the interface system [A: MIP,
B: cavity, C: torch, D: cool block, E: lens, F: masking
plate, G: direction to monochromator, H: water cooling,
I: cut-off gas inlet]
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Table 3. Operating conditions for the high power helium
MIP of the modified Okamoto cavity

Range
Generator Power, W 600-1,000
Coolant gas, L/min 25.0
Auxiliary gas, L/min 3.0
Torch . .
Carrier gas, L/min 1.0
Cut-off gas, L/min 1.0
Nebulizer L/min 1.0

st 2 EAHES 7ds] ARtk Ar ZEkRvle
=83 71319 frEol ¥ FARlel 4A A3t o) %
o]zt 400 Woll A ol22& 3 L/min~5 L/ming &
B3 AN 7|A g4A o2 ZE=vlrt PA o]
=™ Fig 5914 Be Z3 o] Fgzute EX 9]
W 207 25t PAHET. ay A4 o] F=
vl g8 annular FE|7} ol oA R FEL A
s 97 JoengE F AU dFOR 7)A A
8 Fojof sl B AoM e dFe JFsden
2 Ar Zgzvbe ol E4Hoz o)f /e Ak

2 Fs] AFE At ofdth 5] A7E 53t
o] AH2AL Fohw =13 ALo] 715 St

Ho Fetxnprl AQHER EA &o]d A=
Holt) A ZEulE Ar ICPSE= TS viErS H
o3 53], AFEAHNA = Are] s} o
7Hdo] glom 2 &) ICPMSIIA AFRE T Ut &
F Zg 2l B A9 B4 AMgE A e
ZgtzntE xS0l & 7 mm~P 9 mm F x| =
g P &80l SUHETE Fg=vte A&
2 7 N7IA O] 93] EEtzute FARE
ARE =4 = Qo) B ApoMe dF Zgk=u}

He N, Ar
"% - n

Fig. 5. The shapes of He, N,, Ar plasmas observed.
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71| uhet E}EU% 21739l @A77t 45 =t
02 EF HYUA 7oA EHT°ﬂ A Ae-d
ATk 2 AT = @ 13.3 mmolA T2 HHA
HoF3Rlon g o8 A sl ARE-815T
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ol 7ol kgt &Y dF ZEhzvie] AA
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2AHEHS ZALS @4 Fig. 63} 7ro] mj-$-
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Fig. 6. Molecular band shown in He MIP without a tall torch.
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Wave length(A)

Fig. 7. Molecular band of He MIP with a tall torch.

with tall torch

Intensity

ARE-ate] 9 F7lek Zetzute] HES AT 3
55 3 A3} Fig 79149 7ol HWEARI i o]
vrolx] 7 7ihghe H e w, £3] NH (336.0 nm<} 337.0
nm) A= @3] Hol g E 4 Uk

$17F =27] wEelth g
o] 370 nm~380 nmol| AZ Z3F(371.994 nm,
373.487 nm, 373.713 nm, 374.826 nm, 374.947 nm,
375.824 nm)3l| S1ojA o] wE EFr]e 2F
o] H8 U WHEAY AAFFVE ke 5AES
ZFA AL 7] WEeltt s B3] AsATIE &
HEHE 53 SAst] WEA] M7E AR
tfste] ZAISHA -1KT o sldste 71&71%s 4
T Q3L o] & o] &3t FEEule 225 1
ATh AU = (n)E Saha-Eggert H (4718 H)®&
Al Fe 1000 mg/L &N A-8-3}] Fe 1(252.285
nm)<} Fe 11(258.588 nm)<] YAA 3} o] 24 9] H]
2 =2A3ro 7R LT}

AHE W90 EEoA SHE Tex(EF 25)= %
T 4,350 K] Tl o] Okamoto ©] He-MIP'¢ol] H]
'SH 500 K 7((—)157} %57} 7<\_ 40]1:::] o]‘— o],xl -&M—]
H Egz=nt BE Zlo] HAsE dele ohgtaL
Hlt}, Eghznte] 37 LRI E AuR7] 95k
271w o] F4lo A7 1 mme| FAEE ARt 2%

Ay o

24 @ A3, FHINRE o ozl sl
£ Aolv} gloith 29 Wse] e BF ext
Table 514 B vk} o] A H 0= SHo) whe

EEE Ubehs Ao Hlnh

Saha-Eggert Holl 93 =48 AALE== 3.7x10"
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Table 4. Plasma length change with end-plate hole diameter
and power (ICP-small tube)

Plasma length(cm)

Power(W) 400 500 600 700 800 900

127 02 04 07 12 13 1.5
133 04 07 10 15 20 25

Mm) 100 13 20 25 35 40

Table 5. Excitation temperature change with the power
Power (W) 500 600 700 800 900
T(K) 4,140 4240 4390 4,500 4,430

fem® 0] At} ©] & ThE He MIP'S9} vl s B
(10%/em*~10"/cm’® g =) W s AAUE ghe
Zh gl ol & ATeld AR He 1EY S

o}

=l 71A)8] BE ol AN Behzve] AErt
7] Wit oZ Azt

33. & Zt=0le] EMY 53
dF STh=vke] 244 sHS &
HA EHF WA F3F st mE Az A7
& A g ustel] nhe AE A= Fig 8
A Bz mpel o] Sl wet AsA7E ST
ok SRITE 600 W ool e 2388 AE7t 7hast
= 2 olfrE w2 g"fﬂoﬂ}ﬂ” U B2 Seh=vt
71AI7F 7= AL ool w2t Al Hashs Jow
Hlth A&k 714 9 % °ﬂ e ASA7=
Fig. 99} 7¥o] 0.36 L/minoll A A Z5A 717} 714 2m
Z1AEFo] B AA™ AZAH7]7F DojA =l o=
SRR 8] EEEHETF U WEW dojz2Ee] E
zupel 83| HESHA Xel] mEo s Azt
KCI 1000 mg/L& AH&sto] Cl P29 o] 244

oh7] Ashel

2600 1 600
E. 2400 ,'“ 400 ’g
7 : o
£ 2200 e 200 O
—O— Intensity
@ DL
2000 ! ! . : 0
400 500 600 700 800 900
power(W)
Fig. 8. Change of signal and detection limit with power for

I
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[72]

1100 0
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carrier gas flow rate(L/min)
Fig. 9. Change of signal and detection limit with carrier gas
flow rate for CI(II).

2500 4794.54 A
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Wave length(A)

Fig. 10. Characteristic of three Cl lines in He microwave
plasma.

479.454 nm, 481.006 nm, 481.946 nm<S =73} A}
(Fig. 10). A1719] ¥l= zb2 1.6:12:12 S HAL
olo] 71 A&7t E Cl I (479.454 nm)& A&l 5lo]
AZAAE 73 Bk Gho) A9, AZAE o
116 mg/L A ZA o}F HkEE wdl AYE HoF
3 QA B3} o] o}F He vlolmZ = u} Zalxzn}
+ et ol 31 g2 e S 33
AN Y

=
B e
=]

WR-340 =39S o] &3l of2] 7]Al thate] 1
kWi &8 Eghznts WMV‘ - °‘°1EP Cavity

o] ofe) WMps HHsh AA AF, A, oL vlo]

S Fehaole 2alT 5o 4E Fehxoke ot
4 2o AL nAlth Aot BYY Sezne
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