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Abstract

Sulfur hexa-fluoride has been used as a etching gas in semiconductor industry. From the globally environmental issues, it is
urgent to control the emissions of this significant greenhouse gas. The main objective of this experimental investigation was to
find the effective catalyst for SF¢ decomposition. The precursor catalyst of hexa-aluminate was prepared to investigate the
catalytic activity and stability. The precursor catalyst of hexa-aluminate was modified with Ni to enhance the catalytic
activities and stability. The catalytic activity for SFs decomposition increased by the addition of Ni and maximized at 6wt%
addition of Ni. The addition of 6wt% Ni in precursor catalyst of hexa-aluminate improved the resistant to the HF and reduced

the crystallization and phase transition of catalyst.
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o] WS AT 4= Qlohs S 2l Qloi(Park
= 2004).

CFCs, HFC, PFC&} 72 327l 313180 Baj=
A8l B2 AFARE ] ¥-ALOs, zeolite 5-& E§dH=
=4 ABHE Sl Pt 5] AES BA S0, 4L <l
Ak QAL 59 4] ZaiE 28519t} Kashiwagi
E(2009b)S AIPOs, CePOu, Zrs(POs)s 52 metal
phosphate Zmfjof| 2|3t SFs Zulj &3] SA v} Zuff 1]
FEHA 2] A, S /7t S AHI=2] A, SFs
£l HAYS Tst ATE 5 2, SFe2
Sl ofgfe] F yhg o R FAHE L Barst
et

SFe + 2H,0 — SO,F, + 4HF (1)
SOF, + H,0 — SO; + 2HF )

Lee 5(2009)=> SFs S8l WH-3-oflA] Al Bl &
of o3t FaFa A1 918l ¥-ALO; ZHiE ]85t
Zhrasfiet *@}HPQOH Wt A5 pIsklen,
SFe& ¢t = o AR} 7B rt &
2ok YER St D}

E31 A4S B9 SFeE X33 2 sigtEe] &
UH*OHOH 3 71s S A Ay 2 S o] AR

< ALOsGItE Kanno 5-& F19] 243 4145
27 93 A12030ﬂ Ni, Zn, Ti, Fe 59] tjoFst =%

o} Aie Hrkstelen, S 4t e S48
A= Sl 5 ALOs 9 AARSE A5k 2ol &
Aol AlLOsof| Ni, Zn 5= H7IRE 53 AlehE2]
e} vt dah 202 WIS, ERF ALO:O| 3
AL, A o] A 22 B3t Zu) A5-S Hlshect
(KR Patent 10-2006-0086896). Kanno 52 F3t 7}
SH3)S o] 83k SF ] Frf £ A MAlEl= 7hA)
9] SOF, ] A& 913l Pdot La 5-& TAIRE &5n|

= 4851900, Pd, La | FFo) Zujs

sigpa0] 27 104 SO Hafaizd] asict

= AL 31015} tHKR Patent 10-0450853). Park %
2 HHEA] Az Abdoll A AR H7kA Fofl 23k

SFeE E33l= PFCs ] A2 913 ALOs 2| 270
O(P) AEL St & A3 o, 3T
1500 h™', 700°C A0 A 1% SFe2] AZHS-2 2F80%

= UEtiglen 750TC 2204 100%2] Hehes
HEF A THKR Patent 10-0461758).

AFu|Lte] e oy g Sl AFsAt w77k
A3}t 59 F - AE Fuldal] A=A g A
Q7 9o, YA EA] LdFu|il= 1000 ~ 1200C
Atolofl y(uh Aol Al a(d) o= AFHlo] Eof vl
W] 1 g 0|5t 7hAste] BHH 52 BA
8] ZH4A17IckBaekt} Kim, 1995). 53] eksujut
S o] 43t SFy S0 ool SFee] 2o 23]

o e Rwsq HFS} Fool] of) we} e 25l
700 ~ 900 ColA apitoz waElo] vEH Lol
o

MPEA] Hob ulE SF, 720] Zujie) 714 7
e z3sle] A QAR E AT Ao A Ab
23fe]o] gz Aleolu, 2 Al whE] Abatlel
ol A= o8 StollA viE = SFs 7kAE 7F 3o
k] ez AT 4 s 34S AAlIs)H
I Q= Aol 97] wiiZol| 3FFofli= SFe2| o8
A 7]9] 7o) Fashe, ofof & AtofAl= vt
EA| FAoNA viEEl= 2A7FAQ] SFe9] Lag Y
& 225 913t gy T slo|He|E AAH
(A 2+ AP+ 54 2) o] 7H-S 913t 7]
20 A=A Fulf 2/ vitdo] Fojd S
£ st 91t A5 stk FulE o83t
SFe2] Ae]ol| A& 7P EAI7F == Alo] Faje] Wi+
JolEm & Aol A= FA o] S-St BlAk
Fun]d|o| E(hexa-aluminate) ALA|E A Z35}e] SFe
A Zofj A 0] 28 7Fs/d= Bkl

)14
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2, Mz 3 diy

21, &0 M=

sljeRyo| =t Rat
0.2 A|zT} 7R B Ao A= opAke T EEle]
stk AR oz Axel] 9] WS olgsiol 4
Z31ek Z0jj9] Al Z+= AI(NO;); - 9H,0, Ba(NOs),,
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AlE A7Fsto] 85 TolA] 12417 Wk}t A2 W 2
B 95 Coll 4] A23}L 650 Coll 4 6AIZF A4deh
o] BaMnAl; 010 SARRIE 00| E A 1A 20 E A
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Z38tgc] AR u]y|o|E A LA Zufjo]] AENi7}t
218k Sje] AlZ= AINOs); - 9H0£} Ba(NO;),
= Z7H50] &0]3, Mn(NO3), - 6H,02F Ni(NO3), -

6H:05 Ni®| 7o) Afu] = 0 ~ 10wt%7} 5=
2 23173 pH 2HAIE H715}0] 85Tl A 124]
2k RISEIL AA Bl BER 5 95TollA st
650 Cofl 6A17F 235t SiS Al 23}9lc).
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Fig. 1. Schematic diagram of reaction apparatus.
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3.1. SFe TgtE HIt A

SFeo] Fuhsa] whgolA] 7Hbs whgo] 1se)
Ao | A] Zpol 7t & 29| & 7= AP
ol Wkg-o] otk Al Zu 5 Ni 10 wt% 7 =
U ol g Bto] Sbak wisjo] uhe SF, LS B}
slieh AlE-2 SFs 0.1%, H.0 5%, 37H% 6,000
M/gea * hr, Zf WEE-H 252 700 CollA] 455 0%,
1%, 5%, 10% 2704 =38kl o™ 21 A3E Fig.
20f] YepiQITh SFeo] ksl Whe-2 SFetefEA]
© 2 water vapor/SF2] EH|7} 3¢] W&o} 85 &
wol S7ketel Wt SFeo] Aehso] A et e
], 5%01/de] 4= FaollAl SFs Aeke-o] YAsH
A9,

Nie] 7heo] epul= 0 ~ 10 w7t 171 &
o] SFs Aeha2 Fig. 3of UGt SFs 0.1%,
H>0 5%, 37155 6,000 me/gey * hr, Sl ¥h3-5 &
L= 700 Cofl A =383t A9 A3} Nid| Hd7ige] S7t
Sholl wet SFe 2] Aehgo] S7kghke & o= 22w, Ni
O] 7ol 6 wt%l 10 wt%d wf 97%0]/de] gt
9 UERfoich Nig H715H) 952 BaMnAliOn
sixjersnlilo]= 17| Znfe] A% At Ao &
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Fig. 2. Effect of H>O vapor on SFs conversion
(SFs 0.1%, SV 6,000 ml/gey - hr, 700 C).
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Ni&] H7}Fo] 0 wt%, 6 wit%, 10 wt% Zuj& o|-&
sto] BhS- 2ol w2 SFe2] A2 7kt
SFs 0.1%, H,O 5%, 7% 6,000 ml/ge « hr 271
oA FujFe] &= Wt w2 A Hrlshel
o, 71 AIE Fig. 4] eIk Nio] H7legol
Al 600 Colsle] oAl = -2 SFs AT
< Uetiiglon, Suj 7k [dgkgo] Hake 4] kgt
o} Ni 37F Z0) 9] 74-9- 650 To] 2] 2 =0 A] SFe 9]
AekEo] F7P7F F3lsHA Uehgan, ddides
Ni 271 6 wt% Zvlj o] 2Hdo] 10 wt% Zulj=et -
4515k

SFeE 2E3F6h= PFCs A 2jof Zuff 2af2] 4 A
71 583 1A F9 sh= S 9] WHdsolt
FAa7goll AR Sl Sl Edat Aol
SahAA e, BABPE e Sl o] FE3
Zojof st A|x3t Zuj o] St A Ert i
A& S5t FES A7t Bt SujRA Aol
FA = =] o7 E gelsjof $trh(Jeon} Seo, 2002).
o] Yt SX1S 8l B2 AAES oo
o 25 S H7IsHAY AR E] e 2185
Row, Wads B7F A - 30 Zujo] g Frhet

2004).
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Fig. 3. Effect of Ni loading on SF¢ conversion
(SFs 0.1%, SV 6,000 m¢/gy; - hr, 700C).
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FHld[o]E A4 Zi(0 wtte Ful)et NiE 6 wt%
A7¥sE Zui(6 wt% Zrf)e] W-Hds B7F Ade
epdict Y545 H7H= SFs 0.5%, H0 7.5%, 57t
£ 6,000 ml/gey - hr, Z0f| HRSH 2= 700 C ol A]
48 A7 Fot AL A o' st 3ol wet A)
ol ot HHeA| F oA viEE= SFe2] T
0.1% “<=o|w, A A2 e} Axp] A2 & Fuj 34 o
2 90l SF 71A9] = 0.02 ~ 0.03%E dAF
=, & 71k s B7HE HlEl =2 =9
SFeE Y8t om, TG E AubaQl iy &
ZJoll 4] SFe Zulf A 2] A|HTh =2 20| 4] =353
o} = Sl B 48AF 5ot eyt s Bt
of|A] AT A s W 4= glglen, Bk 4

100

=z —-—0 wi%

£ g

= —i—6 Wi%h

.E 60 4 —®# 10wtk

@

z

o 40 ~

[& )

w20 -

0 T T T T T T T
400 500 600 700 800

Temperature (°C)

Fig. 4. Effect of reaction temperature on SFs conversion
(SFs 0.1%, SV 6,000 m/gcy - hr).
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Fig. 6. SFs conversion of fresh and aged 0 wt% catalyst
(SFs 0.1%, SV 6,000 ml/gcq: * hr).
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71 A= Fig. 63} Fig. 701 YR ik

0 wt% Zufe] 739 HE 2% 270l A] fresh Sf
of Hsl} 48217t W35 B7HE AZl Fufe] Zuf &
‘go] AATES & 4= Ao 6 wi% Ful o] -
HE 2% 2704 48412 U5 B7F & a9
2o S7hslH: Aging £ o] B4 F7h= A
A S dukgow EEls dAfou
SFs A 2]-&- Zufjoll A= 1 |7} =&t} Kashiwagi 5
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Fig. 5. SFs conversion as a function of time (SFs 0.5%,
H,0 7.5%, SV 6,000 ml/ge: - hr, 700C).
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Fig. 7. SFs conversion of fresh and aged 6 wt% catalyst
(SF6 0.1%, SV 6,000 ml/gy * hr).
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(2009b)->- Zry(POs)s Zui2} AIPOs ZUHE ©]-8-5F
SFs A 2] AtollA] Zr(POs)s i) -9 3587}
S15=9] F7te] whet Fufe] E/do] HashE YEh
L}, AIPOs Z1j9] 79 13] Ag Akt 23] AH Al
S| /o] S7FeE UEtligleE 18y o] Ae==
A a9l el ulg- 22 7 vEglo 2
Aol A= 600C 20X s 5 Sl &4do]
3uf] o] F7FsF o, o] = A APH LIS HolA
= Alo|H, REEAS Foll 2l sklov v
P 7S et sich 3% o A7 5eke] W+

7tet &4 Ade E9fl aging - S B4 ¥
o}o] yhzto] QA 0 & of| =L, Nio] 7bof| wh
E Wt 7hA 7HsAS B flel sdxAd
oA T Hds Bkl Nis H7lskA] o2
BaMnAl; 019 SAAFRH|O|E ALA] Zul(0 wt%
Sool) ek i 6 with 742k k(6 with S}
50l =k UER SIT

3.2 =0 EM 2M Znt

Table 1->Ni®] 7] 0 wt%, 6 wt% ZlE o]
§3to] 48417 W4 7 A - Fo) Sof) Wl
Z)(BET surface area)2 LFERHTE 0 wt% )i o] 7-$-
W4S sH7t 291 fresh AFeof 4] 138.0 m/g2] H|3E
HAE e, 48417 WA B7E 5 v
o] 11.5 m/g& 7F43k9oH, 6 wi% Sl W4
H7F A - 3 2F2F160.3 mYg, 51.6 m/go] B|EHAL:

ok ]

ox,
o, oot

-
]

o
lo 1

o

* o-Al203
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o AY-AI203

0 wt% 10

Intensity(A.U.)
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Fig. 8. XRD patterns of 0 wt% catalyst calcined at 650 C
and 1200C (a: 1200°C, b: 650C).

Table 1. BET surface area of fresh and aged catalyst

BET Surface area(m’/g) Ratio of
Catalyst P
Fresh Aged reduction(%)
Owt% Catalyst 138.0 11.5 91.7
6wt% Catalyst 160.3 51.6 67.8

;

et et dFmuh Safol Ni 5] 552 313 Al
o= 540 ol S7FE5 vl Alo] s}
= Zlo] dutAolut i Aol A= fresh AEolA 0
wt%o Zo T} 6 wt% Zuf o] H|EHA] o] =] Lhebit
ch B Lo A A|Z3E 6 wi% S0 wi% 1S
Az FNig A Zl7F ohd 2t Zuf o] gHd o
A A EE NiZ 2H71510] A =51a0h =, 6 wi% =
=0 wt%e et ThE $70] G H|upol B Hli
A4 7] F&5EA S S WEA G
t}. 6 wt% Zufe] B]EHA 0] 0 wt% SRt =2
o]fr+= Fig. 89} Fig. 9°] XRD A4 7ol A] Lehd
Sl o] S/ 2fol] ogh A 0R o AZIT) 48417 U]
T B7F = S o) vl HA FAES 6 W% =
7} 67.8% 2] aE-a YR 2lou, 0 wtve Svll=
91.7%°] 785 UEhl Tk o= Znt Nig g4
3t y-ALO;o) &3t CFy #|2] Ao A Zn} Ni2] &
Aol ofe §Eg- - Fufj o vl A Zrago] AshE
Xu 5(2007)¢] Ael Fslr}. Kashiwagi S
(20092)2 AIPOs Zfio]l 3| EF F4-5 7Rt Sl
£ ©]-83t SFs A 2] AollA W& A - 59 Zuj u

6 wt% =0} * 0-Al203
o=y
* ® Hexaaluminate
b & Y-Al203
kg ®
- >
=] = . b
d L ]
E *
@ & L
E &
=
@
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Fig. 9. XRD patterns of 6 wt% catalyst calcined at 650 C
and 1200C (a: 1200C, b: 650C).



ZlE o83 Wh=A)) 37 SFe 2ol Wt A 1025

FHAT; W EH A A2 SFe A2 aa) Akt
A7F e HERI AT 12U ol A Fig. 69}
Fig. 70] Yebdl U535 71 5 o] Z/dof| A vl
FHA Fago] 20wtk Fil= W B7F S
w4 YA A AT A o= WS
| 3o v A o] 12 6 wt% FHuj 2] -9 E/o]
71t 23S v )ik

AR HY 0] E A% 1000 T o] 4Fe] a1g-of A
Aa7gol =] ARl A A Uek (Sohni}
Woo, 2007). A|z3k Z 2] SIAIEFH||o] E A 2]
S Zelshz] f1sll Niel H7ke] 0 wive, 6 wt
S 242} 650°C, 1200C 2=oflA] 6417 24
XRD &2 43131t Fig. 82 Ni& H715HA] &
< BaMnAl; 1019 SAGFHH[O|E A Zufj 2]
XRD &g Lepdlict. 650 C2 293 Al=oflAd &
AREFROYO|E ARL ofA AGEA Rten,
1200 C 2 /g3 Jufjof| A SAttRu]yjo] £ HHY
Al 8 935 el ow, AR a(duh o
2 Aold dRuuE W 4= ASIth Fig. 9=
Ni& 6 wt% FH7}eF Zujo] XRD sjgle& 650 C=
2R A=Al y(HmhAde] dFoy v =7 e
], 1200 C2 2443 FZfollAd a-ALOs &} JAFLF
ujdjo|E9] w27} ¥ XRD 24837 0 wt%
A7F Fe] A5 LR UYO|E AA S-S
F/AEO R stal AR ulAA o] AR U 23
Aoz 2IElom, 6 wt% H7F Sl Z-- SAL
AR E M7 Fo2} ¥-ALOs7F 3EFh= A
oz ZolE ek

0 W+ds B7F A - & Sulje] 24 HekE
ZAFsE7] ffste] 48417 WHds Bk A% S
S XRD 4] 23E Fig. 100 YERH T 0 wiv% 3
7k Zm et 6 wt%e H7F S 2] W+ds 7t $- XRD
HEof| A = Fff B a-ALOs 2] /o] BHelE %l
™, BaSO4 2 o3 == w27}k 2R = it 6 wi% 3
7k ZHoll Bl 0 wt% H7F Sl 7F W=-ds H7F &
AA7do] SR, W4 B7F 5 6 wi% 3
7t Sfoll A = a-ALOs 2] peak 7} FEELE y-AlLOs 9]
Y35 AL e SRS

Table 2= 1200°C 24 Zxo} 48 A]7F U4 % 7}
5 Zie] a-ALO; o] Zdf| ¥ 5(20=43) Z3(intensity)

4

N
£

2 et gitk 1200C 224 F 0-ALOsS] At} 321
7T 6 with S0)7) ) Lehbs uh, SFe )
£ 59 S B F S019) 0-ALOs el 3=
7 6 with Sk A ekt ol 6 wih 5
B/ 0 wive Sruhol sl SFe %12 4] Suhe] Qb
o] & 2 Uik o} 3 SFo 7k A2 Al 6
with Zue] thAo] 0 wite Sojiict $4g Ao
oAk

i

=]

* a-Al203

. * A Y-AI203
5
S
Iy
w
c
3
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A
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Fig. 10. XRD patterns of aged catalyst (Aged condition :
SFs 0.5%, H20 7.5%, SV 6,000m¢/gc. * hr, 700 C).

Table 2. XRD results for 0 wt% and 6 wt% catalyst

Peak height of Maximum intense
Catalyst peak(26=43)
1200C Calcined 48hr Aged
0 wt% Catalyst 41 132
6 wt% Catalyst 128 67
4 2B

B AT WHER] BN s 2}
201 SFe9) MEE W hEF NS 913 A8 5
3 stolne = Alsge] e 913t 12T AT
24, Fu) BAI 0] Hold SuiS psty]
Sfat ATE sk, AL olgte] slajer
Fuldlo]E A} SAetFulo)= ATA Sl
o Nizk 2|2 Zuh2 Ax3hg0n, mo7hAg of
B SF, A AT Soje] 54 £4S 59 ohe
I} ke ARG oloir)

ET 212 ©
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1) Nio] &7lgFo] A=) 0, 2, 6, 10 wt% 7} 7}
H Fu o] SFe Hehe ARollA Nio] 7ol S7F
of wke} SFee] o] Z7RHS o 4 9low], Ni
H7FeHA] 92 BaMnAl 019 SAIFH] 0] E 2
TA| Foe] 79 diF ez Zujo] S0l WaS
o 4 231k

2) ¥hg 2o w2 SFe2] Aehs H7foll A Nig]
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