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ELL, Bgfa49^SJ^ 7^it:fcW-5ffl^fS©ffig*#il§E£tti£^fc„ 0 1 -2

ii £ ©MPsl^KXISX^awlSilE-elTo T#fc®f5?;©gii*^ L tz b ©T?ab 5„

— 10 —





2. 9 yWDSi

5SriS*4 5 6 BKlTT. iM £ a-Itiffi&i&tr £.£#-?#

6£#x. 6n6 XARE® SSIE^t tzo

2 • 1 $*JSE©S3s

2-1*1 as-y-'f ^^*^SE©SF3E

(a) o Yy-fbl^Sin/X^SEE

l£®K{bSARE£fiJfflih6#Mfc^4 5 7v£flvA'1-/c86lt, *; 

-c®/\oy y{b#®)nzK6}#REit-3^-c@#M#M^lT-3 /cQ

5t£ltJ;ti, #RE®RE#^$ 

26 6—**x 5 □ -7 t- Y7 7 It«k

t)*lS'f"67j<*®e4-SS$K'3V 

T*t6/t„ —fj£ LT a <7 <bE(H)® 

iPTk^RiS ( S (4)) ©ISS&B 

2 — 1 lt/j\ L /t0 C ® ^l!5lt /o 16* 6 

7kS#.SA3$Kl410mgzmin"C'$)6o 

Fel2 ®it^ti587°C, #Ali 

827°Ce&5©-eB2 -1 It^Lfc 

5t,-?6®RJElt 

-dVT®IS$*tSLTV6o 7k*^ 

BK«^500"ClfST'AiiSE^^: LT 

V 6® 1455,™ HI RE^ 6 51 - SRtE

:±RiB£ L

3FeCl2 + 4H20 ^ FesCX + 6HC1 + h2 (1)

2FeCl3 + 3H20 --* Fe2 O3 + 6HC1 (2)

3FeBr2 + 4H2O - Fe3 O4 + 6HBr + h2 (3)

3FeI2 + 4H2O -* Fe3 O4 + 6 HI + h2 (4)

I 3F*l2 ♦ 4H20—> FegO^ ♦ 6HI * H2 
n Cal2 . H20—►CaO« 2HI

0 2-1 a 7 ffcin)@/JQ7k5>MEl£.

H2
m*/min

- 13



" 2®#<b#(E)(Dj!mzK^#%r 

o ^L/:3 9ib

#)OT&D.

2HI Hg + L

^ a 9{b^;i/^0 A(D^|]7K^#^j5K^o^"C%)ZK#^%^i"6 C 6^ 6##d"6fT,6o

£bt&lF 5 6^ = 9.6 keal/moK AG ^ ^= 23.1kcal /mol . AG ^ =19.2 kcal
Fe— Cl Fe — Br Fe — I

/mol ©ti* 5>7-filJ$ tl-S t *5 6 <h*x btlSo

(b) WVcMkb''' a /r/Xli^ a ¥ y-fbxKSKoKtS

2Fe3 O4 + 9CG -■ 6FeCl3 + rf
x O (5)

Fe2 O3 + 3CG - 2FeCl3 + V2 O2 (6)

Fe3 O4 + 8HBr 3FeBrz + 4H2O + Bn (7)

Fe304 + 8HI 3FeBrz + 4H20 + I2 (8)

KE(5)(6)(«<kE©iS*<fcKJET'6 D. ©f-'ti 

b FeCla 4-£g£ LE**&tij1-5„C. ©EH$S$%

02-2 KSLfcohHliSS^aCti^b 1 #IH 

lOXfflfiJ^"^ 1000°C 4"e#fiS*fciI-6'©#!E 

«5MF0T-& ^KJS(5)MRJE(6)JM*Affi©;B 

5„ ISfl-^-SfiKlceS L 

TtSKA'/^riSAL/ctE-aOlnS^rS L/=0/F'T 

g-e&^.Eibmmmn) (®E(5)) ©iiirRiBto 

S3lc*>©TS:Eag©E53-a©K{iS^^*tir© 

Sit MS© btlfco gfG^R%#©X mial#% if 

©$£SFez03 0#SM8©btl/M£;£pb. Jx.15 

(5)(Joggle9 tmfcRfot ixM'rt

6Fe3 04 l 3C13 * 2FeCl» + 8Fe3 03

8Fez 03 + 24C1Z -► 16FeCl3 + 120z 

-€-ii-BiitojxtStoStt-fb^ * £*©> Jx.tS

5 2Fe3Q4 ♦ 90% — GFeCl] * 402

6 Fe303 * 3Cl2 —-2FeCl3 ♦ 3/2 02

^bl&at&S-lbSJB

14



(5)©ElbiSEiiFe203©i£S{biasId EE S ti 6 Ci^bi'KLfc. E-igS$-9- 

4 E ;t/ |c t E 5FesO,©#EEfb6 LT 2Fe2O, + 3C12 + 12HC1 ©EtS/^fM$tl5 

C t-bi^-hi (fijx.if Ispra Mark - 9 ) , i£*j: i§E©SiHi A-tt^ESIdISffi L 

%W"©gijfK&^Aac % C i4-#x_5i, Elb(5) liEfbBE*%B#jicf ti5 

K %k#AEgiJElbMSfe5>hti:t>ftS„

Efb (7) (8) (iSiE v'Eft id fe SB ld«TE 5K SltiHb£#E 6£ ^©E

Etb(7)Id-uibTli 3 • 3ft#L <xG^5©ftC CT|£@%E5o 

EtE(8)©*®El6'Bfii± 100~ 200 °C-ei.5o c©Elb©#E©#JAlft Efi$(7)© 

iS^t)|5l»i7*5^\ ^figtre*S 3 *Mk6toSSRft©B$ftl4FeI2©*L^£$ 

K#%L%t,'C.6T&b. £ h^SlSESSEElb©—-d£ LTfiftEdlrnft #1

FeCk ©U^fl?© J; 9 fjiSJEEifeE < ,

•1*2 ^;u**sg©#%

(a) Beulah i£©i!IM

$E\ G E ti:J; D tS!|$ ftftBeulah 

i'£©S*Efbft&-5TIE© 3 g©Etb* 

iits l , m bMato

2Cu + 2HC1 ----->

2CuCl + H2 (9)

4CuCl ----->

2CuC12 + 2Cu (10)

2CuC12 ---- ►
2CuCl + Cl 2 (11)

Dry HCl

Moist HCl

132-3 sgtismoRie

EJE(9) ;£r'$fcil!kfeld E -o ■Ca§'f L /do IE! 2 — 3 li-%: ©Ih-IIE/JI L ft t> (D'C2b -Bo

lfctB£i4 550oC=k DEJEliilfrU EiSlftCuCl l±#4 id##E 

6= C©#AEJEl±gSAKmfr-#-&. L^L, SSi£-ft7kX;£ffltB6£ 600oC£LhT 

ElbeilfiiiiuSIdffiTES d £ EB&fco Beulah tilT! tMg C12© j][J7|cE,#!d ,_fc u T

at)W-c\ c © t t it ejei 9) i* rs toe# l tiv & © £

15



CuCl 7 6K jii) Al&LfcCuClg

Z^fUcMtO tHLXJPi>

A#i\ RJ£ttl)ii#KF=1@(i«V0 ZtDf&fiMMmi 

@2-4 (Dtis<0XSb2>o 450'CfJi£J;f3CuCl2©il 

/-AM-hihk-* h RnnT.*#f A®A^f,±F#i A-, r„ n

K JS B# R3ttffigU C0'S4-e(j;SS

(iilff €CT\ SgStlH^gstoL/tiSir

(coi'T^ftbfclSS, r y^e-rtoSS^SJE^il
02^ e<bS-S®iSi^ei

2CuI + 2NH3 + H20 + y202 -* 2CuO + 2NH,I 

Cul ©Tye-T/JcSE^nfiLtiAi'bSS^iKSjiMJ^K=k 9 CuO 

3')ltr«-?A®*»itit i-c-zr, c©KS£#MiA,v/e--y- 4 $ >© 

■51 tltt IC O ^ T^it ^ JlP X. fco

2*1-3 •€-©fif;©$*J5J£©t&lt

Sfui/xw^-y-^ gto"e, a^eHSK-ovTSttrotigiE^ffv, $
*KlE£ LrfiJffl-zr-S 6Ri6©SS^ff-^fc„ ttft L/cHfEtiASiJ-ra £&©£* D ■?*>

1 ) MI2 + H2O MO + 2HI

2) MI2 + 2NH3 + C02 + H2O MCO3 + 2NH4I

3) MCOs + I2 -* MI2 +r C02 + KO2

4 ) MO 4- I2 MI2 + */2 O2

5) MO + 2NH4I - MI2 + 2NH3 + H20

KlE 1) (i^*a -><bttj:7j<Sfli,©S;Slc Jz 9 a ^-(bzkX^BRS-tirSRKT'SD, M

16 -



0^®^J^gi2-5K^L

rW&6C6&ma6f:o T;i/X7V^#"e(iVf^A^

-7^'^y^A, ^7 71/^9

*c

1 Mg^ ♦ H2O —^ MgO ♦ 2HI

2 3Fel2 ♦ H2O—► Fe^C^ ♦ 6HI ♦ H2

3 Cal2 ♦ H20—►CaO ♦ 2HI

4 Li I ♦ H2O—+UOH + HI

5 Sri ♦ H2O —►SrO ♦ 2HI

6 K(Na)I*H20—►K(Na)OH ♦HI

2 - 5 3 ^

2) T;L/#V±#A#(Z)i&c]

^O^j^%^Ba<Sr<Ca<Mg(Djl|MKt#^;-#-6o

9 A(D#^TW#100#m?irLf:o T;i/^ F V 9A&|5|#KJ&L

/:o

3) 6o c

T;i/^7 F V OA^, T;i/^7 V±MA#T#/<V A

6 (D&-2 & -D /:o

Kj^4) ^^V9A, %Fayf^A&cX#

c 6&ma6f:o

Mj^5) (±^m#<k#639<bTyt-9A6(DKj[L;T&6o

— 17 —



£Lh©SI®IA^ V i''
©$*RS£ LTfiJB3L#Sfc©(«ti« 

t# < li#% 4 ?

6/:&©*#§#6 LT##f 

Z>Ctt>iX^tz.0 £l±©^tiiiLT3 

7#6&M±a 9-fb#0#aKol!T0# 

a ^XJiWtooDyylCoV 

T 4) S£$eIS:EJE ©ilfr^ ¥@1 "f" D

ifSCtmfco

2 • 1 • 4 fS-ft^+M-^©Jg* 

a±©%*EfG0##©K#:&glc LX 

Si'fb^-^ 4 d7 5 <1 i •$-|$«Sk

BtTK^1-=k -5«V< 0*10-9- 4 V A-&H

*-fSc: <h*s-e§fc„

(a) t&—/i a -y'y^-y- 4 4>

Cycle 1 6FeCL + 8H20

2Fes04 + 9CL

6FeCla - 6FeCl

12HC1 + 302 -

Cycle 2 Fe203 + 1

OCO

2FeCL + 3H20

6HC1 3C12

Cycle 3 3FeBr2 + 4H20

Fe3 O4 + 8HBr

H20 + Br2 -»

(b) 7 v -t — 7— a* 4 9 >v

1 Cu

3 MgO

NH4I ( S » )

02-6 A#mfk#6 NH4I ®R)E

2Fe204 + 12HC1

GFeCla + 402

3CL

6H20 + 6C12

2FeCls + O

> Fe203 + 6HC1 

3H2 m»)

Fe3 O4 + 6HBr + H2 

-* 3FeBr2 + 4H20 + Br2

2HBr + % 02

18 -



Cycle 4 2CuI + 2NH3 + H20 + X 02 - 2CuO + 2NH4I

2CuO + I2 "* 2CuI + O2

2NHiI-» 2NH3 + I2 + H2

Cycle 5 Bal2 + 2NH3 + CQ, + H20 - BaC03 + 2NH4I

BaC03 + I2 -* Bal2 + C02 +

2NHJ - 2NH3 + I2 + H2

Cycle 6 AssO, + 212 + 6NH3 + 5H20 -» 2(NH4)H2As04 + 4NH,I

2(NH4) HzAs04 As203 + 2NH3 + 02 + 3H20

4NH4I - 4NH3 + 212 + 2H2

Subcycle 1 MgO + 2NHJ - Mgl2 + 2NH3 + H20

Mgl2 + H20 - MgO + 2HI

2HI - H2 + I2

Subcycle 2 Fe304 + 8NH4I - ;3FeI2 + 8NH3 + 4H20 + I2

3FeI2 + 4H20 - Pe304 + 6HI + H2

6HI -*• 3H2 + 3I2

Subcycle 3 M + 2NH4I -» MI2 + 2NH3 + H2

MI2 - M + I2 (M : 2@##)

2 • 2 T>=E-T-

6—Tyt^-T—3

5 3 7<bTy tzLT^ &fi&(DM#Ko^TmTK#

6o

19 -



2*2*1 §@—7^€-7-a'SiSt'f 9)i
Cycle 4 ICSL/cH®(9jx.tE^bt£ -5tM ^

(a) Cul iNH3 i H2 O ©SiS

c ©KJSi47jc@EEiE-?<fc <0,80°C 4-C'®SEt?SBKBff^5o^iL, C©El6 

!4 Cul ®ibR6<)SSi§E4]'e®U Cul © 2.5 %I iS$*"ei490 % ©EJSWfS 

5 %!CuI #E©#AElG$1460 % ItffifF tSCi A# b *> t o 4c0 

LZcCuO©^S(4SST*5K a vikra®EUR©*;* tcliT# 6 4d'ti"iS)¥ 

iti$ £ t»sHJi±Wf'Ji«5o cL

»iH5i@T- h Z> b #x. b ti 6 o
(b) CuO £ I2 ©EfG

C©KJEI43IEK149;©4: o K 2 6. S 1 ®!4CuO ©i^Hic^oT,

Cu20 5R)6"C£> <0, Jg 2 fH4Cu20£ I2 £©ElSl!*3„
4 CuO —* 2Cu20 + 02 

2 Cu20 + I2 -> 2Cul + 2CuO

2 CuO + I2 ^ 2CuI + 02

luS®ixSi4800°C"C1iS:n'i"6^\ ixEiSStt*Di$< #B©EfGl4 200 °C 

ttlffi ± *3 iilT U Cul £ CuO ©me# £ L Tt# & ft 5 „ ElS £ 6001°C #E©SS"efi- 

9 C £lcj;!x ^ELdca 9{b«l4#£K##L. *jtiSI4€fflt £ £ iff 5 C £fr 

6*5gS54Sl4SSi?*5o ife^ia©RJSKi4<5Jf>

L*L, #%###©#%$# 4%-f C £ K % D?#114$ 'o

ss-C'EibS*6S»sfSK mnltfees-eEiss*

#f$©ESj:LT^Sti5„

2*2*2 T>tz:7—

Cycle 5 £ LT^Ldc+M £ 7i/-e£><9, C.tifc 3e®E®^bSESiLTV6„

(a) BaI2£NH3£ C02©EfE

7k'SE"e©EfS-C-<fc5oBaI2©7 y^-T7ki§Etz:%E*"x£tc£-o

9 A L 3 7ib7 y t JZ e; bfiSo C0E1GI4 3 9-fb7

y* —>l7Z,i#igtp7:kM'rfi~60 SEISS^H 2-7 icS'#',, a ^-ftr y * — >7 Afg 

InSE© lOOmlKBalz 15g©@lA"C@# L4:@fcES*(4lig 100 *-?<& o 4c„ 

mmSSiM ? )\yO% 1 SB ©EiEtoSSS^SflB L dcK c©l#A5^7k#E-ef

- 20
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J;9 LTt'5 t>© ift* Lfco

50 °C EJ.T

As203 + 2IZ + 10NH3 + 11H20-^ 2(NH,)3 AsO, • 3H2 O + 4NHJ

60 °ca±

As2a + 2I2 + 6NH3 + 5H20 -» 2(NH4)H2AsO, + 4NHJ

KI2-8%##g
1 Ty-e—TrK
2 mamm##
3 $£iut

s
6 — 7

As2 O3 112 t NH3 © K JB

AscOs: 5. 0g , 12:12. 2 g (0.95^#)

Na
7 y t ;=. 7 #' x BiB&gc

(X)

'$*'k
S)6$

m£'Sft(g)* ixiSR# mw)
1 5.98 31 H2 0 ,25 ml 16 — 30 —

2 5.10 26 H2 0 , 25 ml

91gg 98.4
3 4.14 21 H2O ,25 ml 42 —' 52 98.9
4 2.64 13 H2O , 25 ml 60-65 99.3
5 2.78 13.5 H2 0 , 25 ml 65-82 98.2
6 2.52 13 H2 0 , 25 ml 72-83 —
7 2.52 13 NHiimiWi, 25ml 70-81 —
8 2.77 14 NH4im#]#i%25mH- H20 25ml 60-70 —
9 # % — NH4I #§%##25ml+ H2 0 25ml 20-30 —

* NH3@t6ffi (NH,)H2As04 2.45g, (NH^^AsO, 4.09g

* * L 12 S & sRfe fco

— 22 —



©NO. 9 fa 5> B f, ij> t£ J; 9 }t,
112 — 2

3tfC -ftasiBV'Bgr y ^e- SK:20°c

T»"x ^ISIaS*6 j:x k#

(i^TCNHOsAsO, • 3H20 

|pTO<h LTtFftt} L, 'S®*K 

li 3 -MbT —

i> a c t ^ t> t> Kti S> ti6o 

*KSii a -Mbr y^e —-) a 

©#£# c ©KlE© r y * - r ?B*eicBg L ti i '«'*> D -eti <, RjC g #BWS ft

Na
13 # # #

As O43 
(^)

NH4I
m M

As O43
m

Z

6 82.9 11.3 13 17.1 88.7
7 89.1 55.4 17 10.9 44.6
8 84.1 — 21 15.9 —

9 100.0 3.8 41.4 0. 96.2

aci^si'fcfe, act^uBftWfyttia

(b) (Na)3 AsO, • 3H20 <D®ftM

ftfBKJEftijjJ; Lfctiry^-OA 

©#^#imm©#% -o /=. 112-9

i fcfc©-c-iba„

t®Ty--e-^A© t±$$|T\

fflteKT y^-ri^ccKctb^i)*), A

2oo°ct? a a (nh4) h2aso4 ica vfflgKK

tia. Gallaghert^K.fcfthft 260°C#S

ic
6 (NH4)H2As04 —*■

2(NH4)2H(As03)3 + 2NH3 + 6H20

(nh.) 2h(As03)3 ©£sre £> a .hSftft 

-tvatfti c ©BSfiS-eiiSg-eti < 

ttE-e # a ^ o tio 260 °c pm 475°cre 
©•aM!i&cs©K'ftjS7tic=ta t nftft

El 2-9 (NH, )3 As04 • 3 H2 OOjltoM 6B 
t7f6'±H7y/m

2(NH4)2H(As03)3 —3As203 + 2N2 + 9H20 

tl'5„ B2 - 9^t>fe*3^aJc5K, 480°ct'e©zUST'7j<©%^(taa4Sic ft 

tmm $ ft, t tz *"x ? □ &n;' tiBij©##?-a.4oo°cic^ vrs

A
 T



^ntz (02 -\mm 

b tz t£ IS C&ttfimsbiti, *'x ^o©##

£-f5t£ £*fj6LTIA50 tORfS^'t: 

JS©£'© i 9 %#{kK#©#fk#©:0#K

eat- a a^be-t 5 tzn>, tk<Dmm&ff-?
tzo AS2O3, 2As2 Os • 3Hz 0 + AS2O3 

RO' 2As2(V 3H20 ©##m@#&02- 

HICtS Lfco As2Os ip-te©i#1n (tiSA) 

it 200 °~ 400 °C T5cA K## L 3 A4

2As2a • 3H20 5As2O20#

02-11 AszOs, 2As2CV 3H20+As20g, SO' 
2 As2Os • 3 H20 fflSSSttS 
#B«g: 5°C/min 
+ 3* V 3* —3/x : Ar 180ml/min 

A : AS2O3

B: 2As20s"3H20+As2C%
C : 2AS2O5 " SHgO

K 600°CBLh"£ii& 

T600”C#ffiJ;DE*»s%

0 2-10 (N H,)H2 AsO,®iiW®$S 
TfflN2 A02 0fS£
( NH4)H2 As04 : 20g

A (fliiB) tt 460° ~ 580°C -C'^fLfc 

(CtltiH 2 — 9 ©b ~c MB 3) o ttz 

2As205 • SHzO©*©^ (ffiSC) 

li, 600° ~ 800°C L-30

ChliH2 - 9 ©c ~d ie—SI 

fco feif, (NH1)H2As04 0#^-#©## 

©ilghL Sff-T-5 As205 600°CRh©

SKX S» £%£ b U

LfcAszOs AifiMPf-5 iSS"?&•$><: 6 

b AMC A£ -7>tz0

(NH3)3As04 • 3H20 Xtt (NH4)H2 

As04 UTESSffl^chX 300°~
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,mol'"PS 0, AG pg°_Q = + 13. 4kcal/mol t±15bfcS-S-^rfbFfiJj;,B±tl6» 7k 

©±#K±#H 10^## b $ A b fl, CfflCilk 1 mol©**%-#5/:AKH44mol©

b^b, LiEb<WfiJti

AH, B4bSWeW)©B±KiST* 50 ®©A-fb^lH80°CH±77 tt*-fbME±

0^b«n)©±^$±H#S±-Sbi±a&5„ -tbT, &&±BE#lH±^T#:{bMm?& 

<0, Sb-S*Stc*©tFnlg-e& 6#{b#HD0#a#&&i © 9# -5 c t ic 

%5. 7k6**©RfSH(:©^4 ^7i/|ctH5K#^±6©9m#%Re±&3. 7ki 

S*©KS©AGH1200°K-b - 5. 2 kcal/mol tr* S ©Kjfr b, 7ki **©R®© AGfi 

13.9kcal/mol T&b, #:@R)G©#'^©RS#H#*&f 6b 13^#%, il»l 

©Mffi*© 5 b i K J; <9 255%;fS$©KSWS b ti/co C ©Ei5©#$±|6]±d-tir5fc 

feicii, ±B%#±&6^=±7k*&5©H#*©©'fti±±m*$Mic^'#±aciiczioT 

MfbbTt5i:i«Sitt50 m®±s<k9ic. BX56±EJSK©>©T87,b 

#{b#±b ^7U0a*SJS(t bT##)#4l/:Rj5±%±bki6±7'±4 f ;i/±a©±b, 

a © z>c o

2-4-2 BS%4SE-©5fcS 

(a) 7k<hS*®Bi$R®

■®ttT7Ui f &^M*900°C±1 #H#5%b±t©&M#b LtfflbJi, if if a 

S¥«KSWfi©e«S6b £ElBSS900"C±s*tit b 5 ~15{S 

©7k%@©±i#A, SX tit± £ EiS W If if 25% b ES* § # $> 4 >) i6 © b HS x.

— 35 —



#\ 7 ^©K^kEiS©—-3i ii±-e§fj:i'0
(b) ^*E-(btl*S#:i:'t6B'S

7kiS*®RJB^^©«k28©ES;0>6 7I3-U-7>4 7 vi/Tfr-5^ic-qvt 

MiLfzo
MO + Br2 - MBr2 + %02 ®

MBr2 + H20 - MO + 2HBr ©

i if, EfS®, ©ic*v 12>EfS lc £ fc * •, c $

ftio t>® £ lt»fr- 7*6)tt£> LT2j-2> £0 2 - 23

IC7F Ltz =k 7 IC^ — JG ZnO—ZnBr2, NiO —NiBr2,CoO—CoBr2,MnO—MnBr2©%& 

#bf&C 6^-C# 2>0 ASS*/c6ti^-ofc®'ell 2-23KI±tt*

TVtivKInzOs-InBra ©SI.S0E2. t £*E?§ 2>a 0+ s ,UgliZtlVtl&fc,

02-23*6, £©*7'+M 7 ^©JPTk^PEtEicdb-V'T

HI 2 -23 g x*;iz

(a) : ZnO + Br2 -----► ZnBr2 + 1/2 0%

(b) : MnO + Br2 ------► MnBr2 + 1/202

( c ) : CoO + Br2 ------>• CoBr2 + 1/2 02

(d) : NiO + Br2 ------► NiBr2 + 1/2 02

( e ) : ZnBr2 + H20 ------► ZnO + 2 HBr

( f ) : MnBr2 + H20 ------> MnO + 2 HBr

(g) : CoBr2 + H20 ------ > CoO + 2 HBr

(h) : NiBr2 + H20 ------► NiO + 2 HBr

imz -24

( i ) : 4 MnO + Br2 ------► MnBr2 + Mn304

( j ) : 4 CoO + Br2 ------► CoBr2 + Co304

(k) : 1/3 Mn304 + Br2 ------► MnBr2 + 2/3 02

( 1 ) : 1/3 Co304 -f* Br2 ------► CoBr2 4* 2/3 02

*EEB(i{gS*—JEfiWjiJ: ? KSxS,I4E«Sb« K l±SS^-ES iStlS *,

EffU 0 2- 23-C1i#*M ® C 6 t.' t> © £ L E*, SHKIi



Mn, Co ttt'OE'tbtififfiiSKfcO-tMnO.CoOJ; <9 fcMn304,Co304 t£t'&&&£ 

SX{bKELT(i®;b©ES"C(i:ti<. 02 -24lc^LfcJ;-5ic#c 

-& LT, ©SX4bl;£#

tltBiTe* £ c t t>®S$ ti5„

4MO + Br2 -» MBr2 + M304 ® (M : Co, Mn)

0 2-25It^LXSB^

fflv\ S^*E'fb®<hS*®EJEtt 

EJElcd; 5M$-fb£iSS 

®-5 iUBtlt, ^'77

tc =k b> %M*©EE*R-? fco 0 

2 -26ii MnO.CoO ©AXA#*K 

*5 «• 5 e»$-fbES®^S Lfc fefflt? 

sio c©mmgibm&a'EtGAia 

tieXEBltfrmlSS^b, licfi 

Lfci-oic, 300°CttE»MSEXS§ 

^ES-Ctiti <, 'tk<DRfc&f&c 5

50 mZ/min

100 mZ/min

02-25 mimtMMosj&ms

t tfimmztiKo

4Mn0(s) + Br=( g) -

MnBr2( g) + Mn3 04(-s ) @

4CoO(s)+ Br2(g) —

CoBi^c s) + Co304( s @ 

^SKLfc MnBr3 RU> CoBr2 Ititl 

fftiesOVRO1600°C #$»> b#P 

Lr,±IBEEK J; E

L fz Mn30414 900°CBlTK*5VT!i 

SX^Efb*-fXo304 (i 820°C#ffi 

* b StoP L TCoO ttlZ AK 850t 

Bt±lc*>vri^©ES(ia<b®^® 

jtL^'CZ: feflfl b^<ktio tto

Co0(s) + Brz( g)

a +2

3/4 CoO

El 2-26 a#fbK;S0m#^fi:@8K 
## : lOmg

: lOt/min

CoBrs^^ + Yz 02(g) (E)
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$/c, NiO li850°C121//##/ KElGf aAA li a 6 /6'%L ' 

C t IjlSAbtl/Co

Bt±©SlEI6$^e., MnO, CoO, Ni 01C -o V T ii 900°C 12LFTI±##6©ElGK 

Za##©#^/i#6T:@#/&ac 6A#6/)MC/j:^/c/c6, ##©*#6^61#^

Lfc o

/^©K-fmicBb#/a 6, ZnO,ln2Ch HZtiZ'timXRZfmT ttaiPbS 

JSAEfEL, ZnBr3, InBr3 © An%61 ©#W%$ 0, RltttliSWKiXfc, 

a IT, #"x7 0-7 1/57 KJ; aKX©SJSI6S* 5>9i© =k A /iES^^ESASil 

ff/a a jc^EETS/co

^n®( s) + ®r2( g) ~* ZnBr2f g) + V2O2, g j ®

‘Aln203(s; + Br2( g, —* 2/3 InBr3(-g) + V2 C/ (D

t/c, +e%#©N#^mi\ EEK#

7yS©'M»sSS®T'S aSBBT—SzS 
ST?©*e'®cl>iSS*SJS L, T©EtS

i86 A IB V: tt / )1 K © Kl 6 I -' 6 M/ A © 

@#{b%$;i/f-%$&a<L 700°~ 900 

“CfflSffiiSHZZnO Itoli'T +34kcal 

/mol, ImCX KcoVT + 38 k cal/mol 

©-(fi^tf btl/Co

0 2-27t±, BE 2 cm ©ESElES 

5 cm ©iSSfC^ET 

/ L, 7A/=fy #'x jiifelcSAStiaS 

XAEJES*, TKESMS^Sei"a a 

AICJ/), #A##KaE(G*t$ 

i6/dS$Tafeao

a ©*!•£, a A# #{k# !i g%#

#L%Alc|#^#ra/c&, A#Aik#©

+5/ timwutet a na iiEiG#©##^
-fklitiVo H 2 -27tcjb’VTZnOeliir

H2-27 ,t.TBSBksre
eESS

—°—: ZnO,—•— I n2 03 

4-if V-y—ifx (At) : 50 ml/min 

SSiftlaiSS : 22 mg/min

I112O3 o#



-it(i 10 ffil Hi t fi 5o ZnO ® iS-o-!<:-=> I' T©So 8 i ■*. 4-- ^*'■-Mt

0#^6%0M#&^©"C*%#ICjolt5?#RlE# (aim#) 

900oC#jfiT1i^it#i;®il'MMSltl'5. */A spStrotoKte-ffiStcfc^T

AG = -RTlnKp.

n n ^
_ ZnBr2’ 02 /_______L____________

'®~ nBr2 ''nBr2+nZnBr2 + n02+nAr

n : 10 6 t
+ + 'J rur = o

)
^2

* l

fciSvRj£*6W#T£ 6*s\ flMli£ < TE1 -? T * 9, SEEK(tKlE©

A©tz tiil-O-lc < VJxfS"?#>& iVx-50

In2Gj ©Jirati InBr3 ®ti£8 * w^-0#^B*/c bf-'EEtiVWRtEV*

It Si" 6 C. <h 14"? § o AK 0 2 -270$Bla$*b*6.tl6ch45l9, SS6®E 

{WA%nO0 #A6R#900°C#a-e%6 %5 C i^6, ®5C©KJ£»i 900°C 

6 5 6$x_ 5 6. ®A®AE 1 atmicfctf S^®gfc®#ti#:©£;&>e> 

K)9 xlO"2(at 900°C)):ti9. 86$ * A'4:'-S'fk®Sl4 + 5.6kcal/mol 6

tl &o

n
Kp InBn n 02

n Bn nBr2+nInBr3+n02+nAr

++ u ^-*'xati:t'i#£©VSeKS^£B#t5):MilO%^5„ 

&IC, ^8S-fttl®itazkfl-SKfSico Ar$!ltL tz„ tf-Si> L/iftSfi-fbtW 700

#8##%It7;|/3"y

S*. RjE*±»&^iA£tl57KSS«taE£*S;E:££SfflU #M=f 5## 

5C ticj: 068m{b#l(:*f 5RlE#t$6)Co I10MJ12 -

28ICA L Ao

* 1 4 9 >T?(±£j$tl tCDftmttVSm i: 5 A & * 1» 'Jt-#X0ffill tm

E6(n?tit\ f CT\ * * y V - »*x *8 t'ti vV«st6*»Itst"3 £,

ZnO ©*£■800 °CT37% 1«fc 0fit'#£ A’ 5„



MnBr2,CoBr2, NiBr2ti£'(i 800 ~ 900 

<'CT7(,vfttt>MnO, CoO, NiOA#mb. 

©©ElS^B t Jci Ash* tit: o 
1>U SiliSeJ; 7 fcaSibRSfcm 

-V-y-V-'t ^

4> 5>0

ZnBr2 RO'InBrsK-oVTeSEIS^

0 2-29(c^Lfco Sn/k^SPEiStiJlS
A©#A-tb#% 

SS"e46^\ #%©#Aa*-e4 5c 
iistii'60 El 2 - 30iijEI£}©tj§-a Ic-d

vr, gcic ^1-EjS© g 6 * * a-4 - S 
-ft©ti^ b¥«EB*£*i6fc 4 ©T4 S

0 2-28 i>H*<k!B®iD*5»WSS8g

a 2-29 ZnBr2, InBr3 ®6i#$l*4bW 0 2-30 ZnBr2 ffltJU'K*MKlt-fflf-BSlfc;-fs

__e— : ZnBr2 , : I nBr3

’J-f’—fi'x (Ar) : 50 ml/mi n 

: ^#020,50#
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7'->M 7 a-Id da VT (4 900 °C£©

■5 i6 v RjtvBK L fc K
frio5>tF> Z#©^EE#S©R 

Cdtldg©5 

#.#EO-fb#m!4.t|»E'a fc © > t£ 

6C. 

tidb\

EtE^^f Zfc;6s4 SWldldE L"C 

(4 ?-#6;mWJc{J5fi7:lT 3 ©ZZ©]

t-*6o tee, j;bevsss

RE$R H’BET K *5 v'

6 14$*©#:

9.0 Br,

9.0 Br,

■> S-3S-l

0.6 InBr,

9.0 H,0
2.0 HBr

9.0 H,0

1 mol

32 I n'g O3
0##

InBrg 7'-*f ^

S-e^S$*-$,££ZT£ti«; J;t)SV'EtE¥^S8#T'S. #g#m#©l#«ZoI

SE#x.bfi60 LZ L C ©l§£t4E®ltiS<EjE £ U 5 Z ©EEiSgZTS@ £ U 5

"e&dOo
ja±. $6aS$.OZ y©7©S©Z7>4 7©ldo©Td&14LT£4:»\ cft££ 

[5]li©fe0£ Lt, ?E®J:7tt»^'77 A$*#x5^ ^ fe-e£S7-8)o 

CaO + Br,- CaBr2 + V2O2 ®

CaBr2 + H20 - CaO + 2 HBr ©

EI&SI4EE©ida©*>0, 300°CK±^J:fcKW^fcitfi- 

Z-&&C tAK CaBn ©KKtiKe/diiEEagelfiTZ©*, E 5 U'„ S 

id, 500°C#®'eCaBr2 • CaO~2CaBr2 • CaO © ffijZSijliRiZtZZZfeKZ 6 Z©9£

c. © iaisibh id *; © r sayt® t-s* © ex s ^ o c <k t£ ^ t, o n 6 o lz

L„ EE@ld o©T14 900“Ctdfc-VTt)EE©@&14-©Z-$4t©W+20kcalZ 
mol J41±E'*I9, S©Tffll|f4EE-C*5o De Beni10,|4#1:EEId=k D 1000 °K , 20 

atm ©^#T"eE©EE©¥$SEKp= [HBr]2/[H20]2 <b LT^ 2 x 10"2 £©9

CaBr2 + 2H20 -» Ca(OH)2 + 2HBr ©
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&■ ±. A*£7k*bS/fb7k*RO'ES®*EIfSIcovtABE-fb#*##£f- 5 

* 7> t ? AJ1£ LTiiSiSK.tM 7-77A4ti5<:i)!i>'tl

-5*, Jx.fE^©fiii'MiS^#<7k 3E$6®i#A> ASHbJxJiiSlc fc*O' -E> AXsVIEfxJEV 

it 900 °C 1737%, AQ7k^#RfGKt3W'5Aib##8®€'tUtgm®7km*%mW:#A 
900°C"e5%, -f y-EO A©i§ir, 0|S©^Tl7^©€OalO%:&mo%£/to A„

c©0#tt. *at#*®##ait%o#< L*te©mit#±6fj:D.

7>t d7;i/®BK5;iiS»6TBE-C'*>9, 7k£ AS©E8KS £ ibli? LT#icWfiJ£ 

L#te*-o fc„

(c)

#t#^##:£f 5 AA'At £ vMi> ?A® =fc 7 & 2 ®®StE■?'*:*C. £*-?& 5„
h2so4 -> h2o + so2 + y2o2 ©

S02 + Bn + 2H20 - H2S04 + 2HBr © 

RfB©ttM®»^S?RtE'e*i9, #< ®M#Kr3©T#WLA#m, Pt, Pd, CuO, 

Fe203, V20B7t£'itJ:bKW)A©-fi®lEH^¥®^»^iCffi©e*1f btl, ##t: < ft 

©#5C.6&m©A. tfc, KtB©(i, ffiM*"xi**i7ki;DA^b7k*iffitE* 

5R&"e&0, 7kiS$*'efeSSi<:ie)t't6o At fMbA##* &£, 
®rei.5Mit-e#5*'0-S©lST\ L*i>, SibTkSittfx tirmz, c tfrU 
$"i766®T\ MlA *5 0" 5 KlE K -0 VTWf L AISS, RSES^ibASSL, 5 
)E©flrS7£iltT<kA)$tl®S-|lt)SBlc::(Tx5 C iAHISLA„ tbiSCgiKol' 
Tit*AS>bfc©ra!^5C. £lctS*\ RE@M©*6#iSft5t7'f 7 £ ;i/ 
*7k£ A*®SffiMtEicft b)#&*#)##% ©T'S 5 iflff L A0

2 • 5 ij£ II

ELt, #{b#At £ ;i/©###^,Ko©%®A#*&A6€©##^t-3T&A. t©0 

A, E$LAV < 7 #Rg@©7k/t©6$#L A#—A#^A

t £7MC®f&©*L&&t£.5c: iKLfco #—A#%At £ 0/|t%© 4 @©RB* b#B%£ 

©5o

3FeBr2 + 4H20 —* Fe204 + 6HBr + H2

Fe304 + 8HBr —> 3FeBr2 + 4H20 + Br2 

S02 + Br2 + 2H20 —* H2S04 + 2HBr
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h2so4 - so2 + h2o + y2o2

LT, tk—oTV?, ^Sx-btiSo

1) E<bEH)i*(n)®SS<b®RSl4x tSX<t ® i§ir 11±R L SS"e £> 6 „

2) e®#A®^m#l±m'fb#(n)®»-r6*3,Rje^#T-etiS{b^(l)ti£<(fcfiKLti 

v0

-e# 5o

4) -f C 16@4®K*RfGK (i tt 4 ? vi/'fbKKLT*#6%6

X 3 tigiMlKii^ < Sfcbtittv,

5) $—SXSfM y vi/|ct VTIi#Kg#T& 5 j: 3 %El&#l®6}#®M@l±'#$ tl 

ttVo

6) Mtm^)jPW.\'cWMmws.^ow^f^'kts^-A t>a#:®##&^f

KMfS $#5 5Ci »S5JEtrfc5„

# # X tt

1. P. K. Gallagher . Thermochimica Acta, 14, 131 ( 1976 )

2. ##, SI, 7j<ffi , S 1 P. 3 ( 1974)

3. *ffi, nm. *S, S 2 |s]HESS®F%%$S$g‘S P. 12 ( 1975 )

4. R. H. Wentrof, Jr, R. E. Hanneman Science, 185, 311 ( 1974)

5. $#, /MF> ill# , S 3 BHESSBf^gSSE'X P. 6 ( 1976)

6. 'JANAF Thermochemical Tables', Dow Chemical Company, Michigan ( 1967) 

'Thermochemical Properties of 65 Elements ', NBS, Washington ( 1963)

7. ±e, s#, sin, h^, mioism#±A#@#, p. 493 (1976)

8. HE, affl, H# » |E]± P 491 ( 1976 )

9. Prog. Rept., Na 2, J. R .N. C., Ispra, P.18 (1971)
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3.

3-1 m m

S2Sk*5Vt, SrW<£#Mb^tM j'>©SS<h:?EiiFe%ffo/c/j:^T\ -M#W

5 606 LT, 4#©ElE^6^5E-

3FeBf2 + 4H2O FeaOa + 6HBr + H2 (A)

Fe304 + 8HBr -* 3FeBr2 + 4H20 4- Br2 (B)

S02 + Br2 + 2H20 - H2S04 + 2HBr (C)

H2S04 - H20 + S02 + y202 (D)

cleD-tM 7;HEo^T, *#:69ti7°D-bx©|S£y> #fE*#icg-d'v'otztb 

icii> *#\ &#JSEStC7>VTEKSfflti<b¥toMi\ f@4 0#REEfGK© 
V'T, §6x*^4;'-E'ffc©f6j:MiiS'ti-tiA4bqZS?lmre«itS^fT'5 <h|3ia#IC, i$$

y Vk-ai. 5 c 6K j;-3T, 7 V -x%7 o

-x k • xa-bx^bf-; sesEi6K*y-64)Sti®^gi©iiaifflii^i^, 

-tM 7;Hb6. icDtztbKgs-fb^-l! by-tiiftt 6ti: 1.'„
$/c, #,<b#y-y 6EfE(i@&T#K%ElE$#T?i76^6 6©A^<,

Slffl-fbicK LT©^<£F=1@ii©—dAs'gSti'R®R5S7?i><0, s#(t(iKW©j®§£fc& 
-#*•5*§£•&£>So £ ©T=1E liE - SX5F1M 
f ce. E - AX^lM 7 5 fl7 ©ESOEEI^W x fO^ti

f 0REA., 6y"KSEys©F=1fiti t\ ctit T^lt^SaxTS fcSSS
icovrt <btofc©»s**T'S5„

3 • 2 #<bE(E)©W^# (S6 1SEtE)

3*2*1 SfEroaiftM#*

E-SX%->M 7 ^©H l l£EJS"e& -SS-fbECn)©fln*4>SK <k -5*X%£ ESKo 
I't, t-f.
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ft<tE(H)©fck#8IE£tt^©ffi^fc((mp 691°C> bp 934°C ) KJSDT,

»-St© S-SfflBita&lefc-VTTESftSKStt,

©a)&a'(2)A?&o, (3)5$;tt(2)5$;-e*i$L/c Feo
3FeBr2 ( s» l» g ) 4 4H20{g) — FesO-Ms) 4- 6HBr(g) + Hals) (1)

3FeBrz(i,g) + 3H20|g| — 3FeO (s) + 6HBr(g) (2)

3FeO(s) + H20|g) -» FeaOiis) + H2(g) (3)

•en€’n©ESK-3VT©£K=hg6^*^4:-E-fb©Bg#;£Eli3 - 1

mTm#@6©jt#0fc6, -H®EE

*1\ (DSic J; 5 in - ISES^x 5 

t 6 ©t\ +^u

4-»'"x (T43"y) 4MH'/tlfSuM7-!;

f CT. AE

1 atm (D t c* ^

Kp Hat"1" nH20 + nHBr Hh2

6^#, 900

% # ^ ^ j:

^rlfS^5 6, #3-1 LtzXoK

-So

|W|# K L T(2)^ K j; 6 M ^#

HI 3 — 1

M ^ (°K )

i ^ x ^ - 'Mit t MBEA#

( 1) : 3 FcBr, + 4 H,0 ------► Fe,04 4- 6 II Br 4- II*

(2) : 3 FcBr, 4- 3 11,0 ------ ► 3 FcO + 6 II Br
(3) : 3FcO 4- II20 ------> Fe,04 4- H,

3 — 1

Ar/HzO 0 1 2 5 10 20

9. 2 12. 0 14. 0 18. 2 22. 7 28. 0

X.66, 1000 °K^c;il00°K 

f'fl 11.8, 18.9
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&£, ( 1207 °K) Emcfc-VTfc AG (g) = -RT lnp

SftSI^feoTi'50^ -5c<h6„ c®tSir. ilk

x0##^#y-f, £E1 8^ici5y-5ES®¥®SEKpi , Kp2 fi&® j; -5 icfc < c.

<k*s-e# 5„

Kpi = ^HBr'" h2

n 3

FeBr2‘
n H20

Kpg
n2

HBr

n
FeBr2

. n
H20

tftfrb, 1000 °K SO- 1100 °K tc 

*5W5(lk (2)5$,^®£Ltz%-%M.&(D

tiki fctfc(n) l/t7kH»B:tf

Aimin)®RlG#&7°oV If6603 

- 2 ®<k-5Kti6o

Ua^b, spWifeWKIisHzO/FeBn

(2) D >

TkSxim^ < -t^KotlT (1) itOSJ’a

(a| xt,-@ES lb)9t-$KiS

H2O /FeBr2

03-2 SS(1), (2) K =k 3S-SWTllWK*5

y-B7ksa<bsik«!n)ffl5paiRs*

(clflv-SlElS

03-3 mmmm
1. ei£*l@tB8l 2. zk#%#*a# 3. x - 7" k - j7 -

4. SSUp 5. 6. 7A--i i-tf-JU

< 5fe®ifisfts0

3-2-2

libtoic. 0 3 - 3(b)®M-$ESSS 

700oC4-e®EJESSi7k*& 

a#ll:7K#®#Am®M#&$6/co t® 

3-4 ICTF-f o
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50

A*SS» K L TS-ffctM) As'*®!!

®K#7*6o *X®S66i4 490°Ciffi 

ip btet 0 , 620°CT#A^Sf"o SE 

# ■€ na± ic tt 4 i ft-fttt (n)&m it l 

$&&, ^nic#-,T7j<*o%±liS86:K 

Sd>L. 660°C bii/i < t£ 50

—5x S-fhTkSiiSfi® ±# t ifclc 

iiJpLx #KS<bE(n)©Hu5H±-ea 

StlcitJut" 5o

$/:x 620°C K10 3*,-BESEC/

7 0 0°C ic *5 O' 5 » - ffiES ®8?ft) © X 

E@ffr®ISSttEit^ FeaCh x ##&'

FeO tffeofco £tt,b©3 ifrb. St 

SEE^Kfcvrtt 620°C 4T©SE 

t?ES(1>K 660°C H±-ei4E®(2)^'€ 

tl-etugcz I,® jrlSSStlAo 

(a) St-llES

#]@®f#) 6K LTx I3-3(a|©8iiffll'. ESSE 620°C 

lctE3* + U -y-#%m®7k#^ES#lct 3®@B®ES

SBItg#25im®5^#7 %^ b% D x CtUcS-ftEd) 120g $ 150nnn®jSj$ K3tX 

a Lx v^f ? 07 4 - A-i^-s3iEA-#t|&$ti57k^aiES$-a-fco ++•;+■ 

- v •> i' -eft 9 )§£• f i, <fc b*L»Tvt/3'y*"x -eES5S ft ®^xi £B ft L

fc®-LES£!flfeLfco COck^KLrSEL/dSH^HS - 5 zkSxlES

+ u -L-*"x®iiAK-DnrAS < <£i)x •etid^^jt-e 3.4 

60%Kjai-6 C j:*SEA bh/c„ A fiiiatSeic < b^SiffiSHverafeD, 36 

<D—ot LTS-SES®d>tt^Sitx btL6o i’tito'Bx #6#(n)0 900°K lc*s 

O' 5Sxt£El4A G(g) = — RT lnp ip b 3.74 mm Hg £jjt)6 b tlx B3-lffl@ii|> 

JU^r — Eth/l^ b(l)i^® 900 K (C jo O' 3 St,™ xCES©^1'fiibloi'lr4j<26 3 <h i9,— HOES© 

<tU:0 i>0;3;M<:ffi< . St-St.ES®ff5fc^'$iS-eS 3„

*ES?®++ V •r-A'xcoSStix 6 £T'**x53-H©|Lia*6 LHE&tTOi/£i,'

( ml /hr)

03 — 4 UJl'MW) Wt'Srffl- K *; 0 6 
zkXKtfSjtzkSfflSS^
H20 : 0.25 g/hr 

Ar : 75 ml/ min
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A zk 12 -

(g/hr) (g • mol H2O /gemol FeBr2)

m- 5
4" V "i7 — Z7 x ©ft£HP 
H20 : 10 gzhr

: 620 °C

3 — 6 zK#^f&$M 3 - 7

FeBr2= 120g(=0.56gmol)
620 °C H2O#^m@E:20g/hr(l.llgrnol/hr)

^g:620 °C

3-6&CXEl3-7K^fo

g|3-6(ig|3-3(a)0^#m#T. AmmmAmm^l-30g/hr

18.3- 10.0^ 9.2^

ms - 7 #AmM®m&mm20g/hr

<m(n )& 6#<m(in)#(n (9 6 & % 9 (A^f 6#

AmMawdm<%-c&5 6

(b) x\ —

m3-3(b)®%-^KJ&##&m'T##^f]/f:o #{b#(n)100g
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yvy-g (B^b^RSSSA-S. 30m 0 x 150 ran) it Aft, 700 

°CKA0#@#6:#/ti i SICTvt/ ( (6mm0) IcJ; 7kMM£ T ■>1's'> *"x

ii l,lt^-7'>£*S;5'are*>S„ as - 8 ltgi@iSa$£7Ffto

S - $lxl6(D#Eti7kESijx.lE**iS 

I'trtso, 7kssifti&i$s*i 1 ~3o 

g/hr©i£ 52~18^ ©jt*^;L/t„ 

SftBUkJtSti ^#T T'®^ - ISlxlS 
©ZxtiWJ; 0 DBi'flTcbSo f 

/t, C ©tI£-©£jS»'x (iH 3-4 K*

L /t <k S KS-fc-kS© S-ft* D, 

(±FeO^£$-f 5o S0CiB, 3 

•2*1 ©3#&%##ft©^</t «k 9 It

%.M2W9.% L T i/'5Ci /to

l'S, (2)^®#,—SlxtBIt J; STkSiSVP 

Si, 4- + U ir - *"x 

700°C7#ll^i$6 

5>ftS/k, H##^i©#&A# < ±ts] 

^'Jcili, z.(DiM&t>M-MRlS

i£^LTl'S 

(II)/)## LTl'S i iMSfc 6ft/z„ ft ft

(g/hr)

HI 3 — 8 xl—ftktinyk-'frMfcfety -s>

= 700 T
T;i/3' y : 200 ml/min

E, Rl6#±#Plt^ft D ©m©mib#

FeOtfrffl©ftfeKlEMi&&Uf £>< LTffl^K tSfti, ##%KM#ltR-ft#SS 

iBB%B/ta#-e&So ZnBrz ftiOSISJ^JD l, *##©Al#lt j;

() ill £ R o^ti t£ £ IS T £ * 5 ft i'©^s t>i£rf L ft« HE, 7kmm#A@©Mf < 

«BB'®y-SSi/)St?S/t„ L/»L. #tSJ©'8SPKi DS<bto(n)(D^-mimUSft

SftJ6, S-*RS©±®*/iiti < ft 9, ISSreitTkSSRfEVfifiTL/to L/»fe

SS*SS iBB#T'*>S„

$ft, 5^ ft’ 7 x BigESIbE (n) It J; t) />> ft 9 ft £ ft, F e 2 S iO 4 Sft

i, 8Bt«4®BT'®FS51 afe So

— 50 —



(c) Si,-SIRS
H3 - 3(c)©gB4-ffll'T9l@a-ti„ RS«liT^ S{bB(n)S5g

SB<hSotKSj-SIRSSB* 6> ti 5, „ #{b#(E)liT;i/{ f #d<- 5 icAfi. —ESS'eSi, 

<b£*. r^3"y*'x <h*icRSSBK#t|a Ly.o c©t8£r©P;S£iSElis8@im© 

fijUn^b^fetio

800° ~ 900°c TlTotifeS©—- 2 lc^c-#-0 (ltoc^-BRS

6*6, (2)Si<:=k6RS*(i. S-fb;J<S®E*iiA^ bllJiblc =fc 6S 
l § u 'tzm& b tz0

fzfzc©i#-a, LtiH-fbEsASB^iiAkSSiSk§ttiLn©@IBic##LX^6

3-2 jyb «(!!)©«,# tin 7k#fW

# fa ^ gK #J 7k 1! xt $E it *
fi *

”C
FeBr2 H2O H20/

FeBr2
h2 HBr (1) 5$ (2) it If

( g/hr) '( g /hr) '(tvi/it) (ml/hr) '( g/hr) (^) (#) (*)

8 0 0 5. 2 0. 1 3

C
O

0

1. 4 0. 5 1 4. 0 4 4. 0 4 8. 0
8 0 0 5. 2 0. 2 5 0. 6 1 7. 8 0. 7 7 2 3. 0 1 9. 0 4 2. 0 .
8 0 0 5. 2 0. 5 0 1. 2 2 0. 7 0. 7 8 1 3. 0 8. 0 2 1. 0
9 0 0 3. 1 1. 0 0 3. 8 2 9. 7 1. 2 9 1 0. 0 7. 0 1 7. 0

Cii'b. i#-tiSffiRS»i$dC oTl'5 kiivv'„ Lfci^t, *SIEIS$* 

bE#ti#@^f ackliTAtik^ti -Sirlt®RS**S5 klilfEI 3 - 2 1C* 

AfcWRS^Kffiv-ll^SLT*!). ip. TkS

Sifflm^iit-fC Lfci^t (Diboilj^^'yk^ < t£^tl' < <®|S]fc—SLTl'5„ ti 

fc\ * IS® © X EBfJr fcEttStilc i$tf |5]a® Ltio

3SK. SjbE(H) ic^LT^ewit-e 1 ~lO(S*®7j<Exi,;£'fflWcS^®S'fbl*(ID 

©RS#li. KS'BK^ 800°C*b 900°C©IBffl-eii. MStcJ: 6Stm±^'^<. 

65-80% (7K#aRS*l±13-8%) ?■&otio 

3*2*3 J]n7k»»©RS©ffi(C=fc5P^SI££$>tfW«

$5*icjb-vr. #$ti#A#%#®##:ib&#a:EL. S-fbECn)©tiaTk^SPic j; 5 tK

bmmwtmx m-m. *-m©micm^#%
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3*2* 3 K*5VT(i,

ffoby-TTdbSo AYb# (n) ®T&a#{b#(m)#(n)

(FeO A%ay-5#Ali. 400° ~ 500°C -eSKxKSSiiREStirT7j<S5-%±§*> 

FezO&n&CtKUZ,) tiikoEtb. 250° ~ 500°C T’S-ftoX-hESS

*TJMt$!c(ll)£ff£'t %,% 2 g:i®JxtEfcffif&$ ti6 c t fc#S LTfc&teifft&ttt'o

xA'i'K AYm(E)l±^AK#'fb#(m)*(n)KK#L.

&6. 3 • 2 • 2(alfflSBtrtiSttSKn)^t,'tzfiK c®#^@#®#m6#A 

bti, ^SbUtoV-fhK&VTfcgg-fMSqJtg-^ifc^,,

ElSferefe-SFeO/SI'LFesOi *##:%% 6/c*X ESSfEtigATBil<h /S -S.„ fci 

x.(f SSS-ftE (n)41"x®7j<Sxi9^Si&4'KEE FeO 

65/:Am{b#(n)®Am&EfG@eac6ii-e&%0. n^u

tz FeO ^EK*SSiEJES-ti:T7k*^%^S*5fcAK(i, V ^/-cASI4S{btt(n)

C(DJzo /SSltJi^ @#®Sj-ll(4Si6TBl|/S#f|: 

Zt-£\ 400°CEtTT®Sl1-5i69J (ycix.«KBr-liBr* 
tt38^62®*^Jt-ea,^334°C®*l*t(^E)StS 2)) EE FeO ^ItgiJE

Fe304 £EE£ *5 <!:EiC7kX£§6E 

$*, OSE^atSli:®5>E*fr9 c £< S-fbTk*Ax^lAiSj^ASEB^BEf-5c

6 lau mmEK^mu

|S]±®7:*ic(iH b*® X A;t>S&g£ /£ 5 „ ##. St-SESKjbA'TliElSmS-ti-lSA5

EMS®atRK&/:^T®A&/S RBAx i <fe 5 „

Si - StESlc: *5 ® T HE® ESSE £*£$-#- 6 i: Etc B* A'¥S! $ ft 6 „ S 5 Sftj® 

^5SA^ro«fiK®ff#-<?«. Lt 1273 °K -e®Etb(2)lcj;5FeO ®EE,

700 °K T'®El6(3)lc J; 57kS®$&£6<E$ L/c=, Uf, ES(2)®RESS 1273 °K 

#5/A l'-fftKLTfc*-t- 0 A - AX £ IS I'/s 1' i^SEtt ( H) £ AX tttrE 

6iciimjb#(n)®#A 1207°K jy±®fis^si$txs„ tit, 

ilSKitHS - 2®E«ES*®lfS6&0'E3 - 2®SIE$SSKS:L7c«k9fc, SAS
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ti 5 S-fbEC n) 17kSxi©-e 7itihic f tRS(1) £ 5 S!l£-?|H|ff#l<: jiff f - 5 ti

6. © -o ti/b FeO ti tolcii7kmsyc*f Lii$J©S/fhE(n )*"'x £#!;$£ Lti ail If

tibti©c ti£tiif\ Tkmxitif l,T<-7itifcT 3 fS©S-fbE(n)*’'x^##6"#"fiH\ a if 

FeO 0 4## 6f© f 0#07kmmEfG#lf 45^## 6 % a Ati A{bE(n)0#]^66.ti 

RlE*If 15%@E©{6<<' IS £ ti 6 „ Lti^aT, 4f1S l ©fg@iiz:©^e©*SSS'(b 

E( n) A"x £S®ti" x LSHS1"SS'Sfr*. 50 #{bE( E) ©&{b^-#&#ti

ftlfk f ©mm## (,$30 kcal/mol FeBr2) ©@lKW5T«gii£ti-5„ L*i>, ^0 

E&^lfEa##lcj(f L"C@6-C@©###&#f 5C £ #S L T fs ti ti If ti If ti £, ti 

©„ fe-5—o©mii. 6 FeO ti© L Fe304ti'Rjt##ti£'lc##LT L$ 3 C

ifife 9, c ©iiEiiHSEB®iiEieeicE LTtiS tiSS£ ti 6„

£i±. *'fbE(n)©jiP7k^s?ro©Tft-@, m-m. 6t-s©3a©RtE®fSK:o© 

T0##%$ £ A5£%0f filctia.

•$■#•; «-f$E®i±ilSiJti£'^ffl©r^lit4^SSic U S2 8B©a*<b©Ifg££

HimS £ LTEBWS&C/S*

WtiStib, #LEg'fb%06%#rM6ti0J:^ti%glctia£*ti6.

*-*Em:TlfE(GaEti*:A © £ © ?#]Alf * 6ti\ ^i±D, EJSSSx tflfS&ti 

^SEtoidSSS titi y-tilf ti b ti © f9Bti^ ti ,fc 0, SSftiiB®iWir$ti5o Lti 

i>ti T, SSHT'if #ti^to#6£»s$T^U ic if ti 5 tik ###©^ti©, SJEJiftcii 

KMSS tim - @KJ6 T'ff :b £" 5 m ti © <k ¥« S ft -5 o 

tifc, ±IBES®il©fbR K *5 © T If, -JEStbECH) £7kmA4'SiJti KRSStiSA 
~t&C £-S-SSl Ltiti, Flamm £ 3) #5 MarK - 1 ©5flmic$>ti o T CaBrz ©jDTk^J

muGicjamutif-fie, m{bE(n)t7kic@#L. cfi&EiSgBKggemxif#Tf 

5S-$»s#x.btL6„ ttity*>, ©tEje(l)lc*y-S7km»EJE¥^10^i^-5i, jlfb

E(n) 1 t7©c#f 57kma###i±iof&s*© 13.3 ^ £ ti (h z: ti^TkiW® £ f-nif 

47wt %©A-(bE(n)7kS$Kigsf--E,„ c©7k#i&©##AEtm©ftif\ #mmA© 

fS]Sit±$T* < £ L"tti fa]—©RfBSIl£ffl©T, EtSfiS^$x6tiif "£*-gk si­

ft, sctkTsgSo titi, c<oismi,

f BiK/Cff 3©lffb#M@#ir*6ti, 7k®mm#^©#EJ6l©£'$ti#;£:Rl£%rtT'— 

glc-if-X-ffO-nifti£> ti© ti®, ASIfltiRtSEE'eifc©#©#l;l£;tii*tiT=1ffi£ti5o 
ffl i-' tzmmKmm « £"h bti©*fmti,.&g£ ti s £ jti?s n-s„
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3-2-4 %—

M-#m<b#(n)^M:#6LT, ^c;/v^m^TCoats

Arrhenius 0M#^(5)^r^^56, #^^(±^C©

d*/dt = k ( 1 — x )n (4)

__E_
k = Ae RT 

n f= 106#

In
1 -X

{1 — n)

T'(l-n)

A -R
In -----

B - E

/ N
2RT

1-------
E< /

n: mibrnoK^f 6^^#
X : ( 1 - %) , *^S|3^
B : dT/ dt ,

E

RT

(5)

(6)

g|3 - 9##^m&5°C/minT#i)gLf: 

Coats 7°a vH?^6o Cft^6^ = 0.3

%$;i/^-(i23-24kcal/molK 6^36 

^)fL5o ^rC-e. (4)^K^o^TM = 0.3- 

$/:(±M=0.5=^6*)<6#^^(±

n = V3 © t #
1 — ( 1 — x )2/3 = kt (7)

n = V2© 6 #
1 — (1 — %)^=kt (8)

ro
500 475 450 425 400

-13.0

n = 0.7
-14.0

-15.0

-16.0

-%r>= 10\K"')

El 3 — 9 Coats Y o y h
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tMibhtlZ„ C0(7), (8)S®5/c #> ic, ^tc—SSgSic<£ 9gfEBtHfli 

K£^©MHI£®JSL fc i C i>, 0 3 -10KSt"=k-5lcx KEiSgStTtoWtSI;(B)©g 
\YM* = 0~ 1.0 i «8)SttI!flS©aig^S L®£ Ltt

fr-otzo 0 3- 10A> b*^d'©Stt-fb^ *;i/f-£*s6:fci C. 5, Coats &©% 

a 18.5kcal/mol K MIC, SA*"x*©7kSxtZiA^$

{bS*/cHEISS0 3 -11 ^cmgaKlc^i-57k#M©RfG%m6 Lr 0.45 it'9

***'!# 6 ft/c„

03-10 aitSn)®E6SEKIM4"5(7ISffl 
18 o'f4
FeBr2 : 50 mg
#A#^ = HgOSB.Amol^,

Ar 61.6 mo 1 %
M@c(°o kf minb

g|3-n

FeBrg : 50 mg
: 520 °C

CHgoCmoi^)

(a) 480 1. 2 5 X 10-2 (g) 1 7.2 1.75 X 10-2
(b) 500 1.7 2 X 10-2 (h) 2 9.3 2.1 9 X 10-2

(c) 520 2.5 0 X 10-2 (i) 3 8.4 2.5 2 X 10-2
(d) 540 3.31 X 10-2 (j) 4 5.3 2.6 9 X 10-2
(e) 560 4.0 5 X 10-2

(f) 580 5.2 0 X 10-2
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C(D£ o K % - BixMSffljSKit; b L T (ilYM/ifil-jSlfrttSr/KX C htib c
©SSSlYHiStt* n )fi? ©er^SUS L. a#%ic#^j%/ca

ga:©^f ek\ &

m%mt l. lt. ^ic-q^toriess^iis

'tztm&itm&Ltsi'ct&mibbti-fc', ih^t, *sa*^«?Rje(±, hekse 

stoffl tztiKmtr-n im K#m5i#%%@#©m% -? /cisss-esb 

©£5$y Tit) 5„

f c-e. $f,RJE*fflHPIIC'3VT#x.S «h, LTU yRKm^mm^mivcc

tK£<d. RjEffl R5 * ©RE%@B# It 15. If—£ <b <%■ /£ t" C. i »s-e ^, ^FesOjg®* 

dfiS-fb^^lUt^J-rsiS.^'tS bV-rsiho V4, cmtmFesOjg^a^T©#^ 

J&StXttt t y©t£!b^#a-e*5 £®£-f Si, RieaESmXoifcMfliJXgfe£ ft 
5L£l<:tiS4)„

x2 = mt + const (9)

V£, H 3 -10iCfflt,'/cS8K£S$IC-Dt,'T 

(9)5£©it£tt£SS-sS£EI3 -12lt^L/c 

=fc S Kibn7k^<W¥40^, S<fctt

0.4£t±T'J:ViS^tt^* 

L, tt-4-*— fi 1 9.0

kcal/mol K <h3j<J6 bft/c0 

ccT\ /c6ximmm©Fe30#ta 

-O T0RjE^a'\©K#A#a-e&Sit 

tut, %©ao)ib^b&#am## Ko ic* 

■tS7kSaiz8S*Elt-^©(if'T?abS„

a 3 -i2 jytetffl)®K<si$$ km# som®s&tt
* : 12] 3—lOcDgEx?

, K„ c min-»)
(a) 1.68X10-2 (6)2.2 2x10-2 (c) 3.23x10-2 
(d) 4.3 2 x 10-2 (e) 5. 6 0 x 10'2 (f) 7. 2 2 x 10"2



m = 2 Kd = 2 DC 00)

kd : m m a g # #

D : ffi tfe M S 5£ »

C : S ffi fiR £)■ S 8E

Zt-£\ 0 3 -lllcfflV'/cS^SSS^b^ Kd lc%#-5 6 £ 1.0 J;

9f>M£i0/jN;$i,'0.4 ititzo Itzfii^T, #iS£ f<£ 5l*lS|5$£Et±7kSS®i

titzid^f£< , *)SHBr fflEKI£tSc*5i-'(i®S'f ^ y©K%%£' 6

ttl'o

%c, S-ftSi(E)©^t* 0.4 jyTeEJKfflffllc-oi'TsSgf-5£, ESfi-fb^E 

fS#j§£#x.bti, Sic, EtB6l$ilc*i--'Tli®Sia#:@EB#»i^oS*lcltrfiJS5£ 

£^T#^st>©£«?!(

1
In---------- = kt (ll)

1 - X

HE, 0 3 -lOsgll&BSic-DVTdDS 

©S£tt£S^5£, 0 3 - lSlc^-f-J:

•51c, Ift»(I)0fft$ 0.4BlTtT'S 

mmw.mmmz>titz0 ttz. »*o-

©Stt-fb^ 18.0 kca 1/mol

k, ic a ER%» i±a##

l. 0 icffit,' 0.9 £l"5fi^lf btlfco 

£<±, jyb«(E)©$-fb**»i 0.4J61

T©EtEtoffi icfcvT lid IK©—&EJS

tt(9)5R©ifcMIUMSfflT-£ 6„ ttit>

%, E(G©m#lc#^T, -ft^EJG 

#iS^bi£E#iSicE-fi:Lrv < »i, v 

•ftiolfi'a-1) ^^y'ffliStt'ftDl —

©11^18-19kcal/mol K £IMSL 

<, eSWlcS^O- 1.0 ©^ISffllc
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t>fcoTO><bo®iSEiOT WiMT"§ 6 t>©£#X- bflSo 

tils, b/c U yJttKoE'lbECE^Iffii Lfcii-nTfcS;^,
EE®KJEIg-e(4, 5 H 2 giEJEoESt-fbEiS-cl#biifciybECE)

tl#:±lc55i£$ FeaOjXii^^tt® FesOi* HBr 

ffx <hjXiBS*Tf#btlfcfe®"E?*6„ IttfoT, A{kE(E)$^f &*B£a-74*(4E 

JKSES® 9i$ ic 3 o r 14, EJE®itEf icff-5ElE%BB#®$'fb4£E'K:-Di,'Tfcsf 

mb%W-fWi%b%®. L^L, EEtdli, %©#TxE-<6 4;9lc, FesCMjrPoSX'fh 

EJSiifi^ch-bSBt-eiiilfTLti® (ESsplcLTSO^JitT) /;£>, teKWEtSicjolb 

Tfe, , cociii, EfEojSfflcff-5^

B©B;WE'fkl4/h£ v &©£#;£ 6 iu JtKm^tz u yE#^4©#-a'£l%#iC)gKib 

i b -rmiwam -e#5b®6#$ij$jT,a.

3 • 3 E<bE(ra)|* (n) ©sstbEJE im 2 ®S0)

3*3*1 %—SEJiEC cfcSHfiMb

SHbE(m)E(E)®SS<bE,6l4, S 1 SEjEffllg-eSfS, Ltz FesOji: S{b7KX©E 

l6T?SjbE(E)*S41"5<!:ii;lcA*^fg4S:-fi-5IgT«fc5„ Fea04 j:S<b7jc*®EtE 

(4. fBElct47jci§i&EJBE LT|t9 C 4„ L£>U smibEOE)

(FeBrs^WSiW** -5 © Iil6i§i7k€- fc -o fc#iS'ei4ibeto$£T'ife 6 /cSb, 

S*S4bE(E)j:1-5fci6fct4, FeBr2tiWktlE 5 S$, 250°Cffli@yctl

#LT^btid-tufti: bt£V„ Eic$ 5 ¥-eE-SX$^M £ ;^®#*#B#R%®#air 

#&L4:j:9K, *HX'(bE{E£7Kii§?&S(SE LTffifi-£fir9 t EI4, C0E&^*A% 

##E(GT<&5icfe^t)bffffC. 

b:®E{E*s®;S'S/il'JfflS.EEiS®ffif/Ptt^#x.5<t, ¥®iraBlc*i Eti btivto 

HT\ -e#54cy-B®R)E-SS-efll-llEiiSi LTffoe^'fimSx bti5o 

Ltibt, bHrli, Fe304<i:S'(b7K*®^-@EJ6K-DVT, $f\ 3ST/UiE,6

%lc, Fe304®7X*ii7Cl<:J;-3Tff btl4;Jt

EBEStt®SffttFe304®5|c*fflVTS*'fbES®jSSEB^M'*Bi-b Sic, S-fbE 

(E)©WkftMic J; <0 BS$ titz Fe3C>4ilfc@A®#mElE##icovr^ 

W*SPx.5 C Etc L/c„
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Fes04 + 2 HBr —* FeBra H-FeaOs + HaO (12)

FeaOs + 6 HBr 2 FeBra + 3 HaO +Bra (13)

Fes04 4- 8 HBr 3 FeBra + 4 HaO + Bra

-#fb©M# Lf: j; 9 K, EfS 

(12)

Fe304©Mt7j<**"

lii&M *"x tc J; 5 tSSS-ftEfS

ic jo l "* T I) pUjliic> © o tzA> FesOs

&&Mt2>Cb*W.#>X\'Z>o(2 • 1 

• Kb )%mm,)o

AE 1 atm fcjb-y-SElEtta, (13) © 

VWSlfc Kp (i2), Kp(i3)(±, + + U X 

-#"x£ LT7A-3"y£fflWd§£\ 

%©j:3ict< c i^xSSo

rS —40

m ^ (K)

(1) : 4 Fc304 + 8 HBr ---- > 4 FcBr2 + 4 Fc203 + 4 H2O
(2) : 4/3 Fc203 + 8 HBr ---- > 8/3 FeBr2 + 4 H20 + 4/3 Br2
(3) : Fe,0, + 8HBr ------, 3FeBr% + 4H,0 + Br%

Hh20
Kp (12) — •— 

IlHBr

1

nAr+nnBr + nH2o

Kp( 1 3
nH20 'nBr2 /

nHBr lnAr + Hhb r nH20 nBr2

(14)

(15)

t fz.

A (T = - RTln Kp (16)
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03 -i6©geg6x*^*:'-E-ft©e»>e.(i4), (i6)©M#E^mcT0 3

-i5©m^#-e©RE(i2), (i3) izxzmtymow-mmm cm##) sise

£*K0 3-17K^-£0 C CT\ S-f bTHSK-fb* © HE® liStE (12) K -bCT(i,KfS 

1053-RgKisHi*RtSS<b7kS©m* 6, KiS(13) Idol,'Tli.KJElBitngHO-SO)}KfcCT 

S*©%£i$®*i|3.ii—$£ <-©*Ee»>6*i6fcfe©"eab5„ 03 -17

* 40

200 250 300 350 400 450

KlSfiK CO
200 250 350 400 450

KtSfiE CC)

03—17 KS12),a$ KASFesOiSS-ffcffl
sit7kse<t-*

------: 5p8iiE<k*(ai^<B)
'■ MUfciii

HBr : 13.1 mol % , H20 : 66.5mol % 
Ar : 20.4 mol %

3 —18 Kfb (12), 0@ K ck 6Fes04 b0

+ + 1 A-Ax A A
a(12), a (13) : HBr Ax

b(12), b(13) : HBr

KtCT^#eiia#^#6 j:C*lE&^LTCao 0 3 -1813, T70 3*y#"x/££'© + +•

r$67kA<b7k* t/x^-bc i±4tS$flES<b7kSSS^%ftl^ L fell 

^-©f#$s{b#^^ L/:6©"e&5o cti*b, RS(13) (i7kSfll©z*EK=k 

£§y-. ssss^'E< %5£m%Kgfb*m&T^ac tt^LTca.ecir.FesOi 

®s*<bli, K7 a£ cx. §o
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3-3-3

####*##%a'x T c - 20 & m ^ m m * -r ® ^ A. %%#©—mm

lm(D^-bJU (-k7i/©la@P(4KfG*'%m^.gBK#&@#lcf 5A6. 

535**7 x©7 -c iv9-tti Lfc) KAti, ACfAK-k v h L, T^n'y ^'xStfSt^iSm 

©StGSSKIS:® Lfc® %. 3 -j ?©iU!9gSx.lt<fc-3T, 7^3'yj)'x ^S-fbTkXA'x® 

i@£»’X £, 3 Wi Cto^kKSt t> L < (iSX»”x £ Sir L A t, © £« A1~ 6Ctfc£ir
a<b^(n)©micj; 6ee®BesE-fb*«m lx stbTk*#x ti *■ y ^ a o ©
S^kS-fbTkX*'' x £ £| I, \ 7KSfli,*6©!4S**"X©/I^li, T7U-3''y7fxX —mss 

A7kafe6vi4S*4]fE:ys;"7"7i'S*T:ijo A„ ASIElctevrEffl L AiSiRlt. rp 

^©FezOsISA&CXc:4L^7k*SALTf#bn/cFesOj^A (B E Ti6SS®*SfflS»s 

5.5 nf/g gS©t>©) , XttFeBrz^DTk^SLTfS6tlfcFesO,$5pti60

(a) Fe203©Ai;M7k*{b7kJS*"X©KJS

FeaOa^A^l^iPi'ih L-XiS(13)©t&fhJ'^r-fTofc0 */X •. FeaOsl^mcbS-'fb

7k**"x©S-l3IxfG*$lil#:SSiab 

6i/-,f4i*iS|5%SiT-©Jx)E CixfSXx

tr) A#mx&5 6gmm5 6. 

FezOsfi?^*# 6 A# L f=##r© 

SlEiSSAi*, 9:©%®©®#$^ 
l/isot) -<?$*>$ ft3„4)

1 - (1 -*)w =~| • W,"1/3- t 

= k't (17)

% : FegOs 
t:

Wo: FegOs

El'3 -19(±Fe203^M:#K"3^T

b.ElSBt® t £*f LT 1 -(!-%)% 

J4d, h L/:&,©-e&6o C©#

j/y

H 0.3

$ ^ (sec)

EI3-19

Fe20g
(me) CO

C HB r 
(mol#) #, k'(sec 1)

(a) : 2.0 200 14.0 3.35 x 10"*

(b) : 2.0 , 200 25.0 7.15 x 10^

(C) : 2.0 350 14.0 3.70 x 10^

(d) : 2.0 350 25.0 7.97 x 10"^



£Fe2O3®#j70&#&£bRlEiSSliSSKfSTL, ftiEESWESS 

KiC^^fcb#{5ff80*mIm-?&-otZo -£LT, FezOaO^-fk^xjjt 0.7 ETFlc*> 

t-'TI4H3 -19©7°o.y hiiSi-'eHMS^SL, C©SBB"ei4—,6to®SB±-e©

ti*, gmgPS©##k'0#(4KI4tK##

*# 6 6 i> i c !H t tz. 64J <3 7? * 6 o

&lc, iSKSEk 5S'(b7kSSSteS^Ei±*0 (18) 5l>b 200°', 350°C,V 

■fit® IBS'fcto 1.3 cb*Abti7c„ —S', #:S&;<fx4JK:7kSxtjfe6W4SX47"x£

nlogCner = log V + const. (18)

1.0 ~ 10.0 mol$^ ?SS LrfiS fcHSes* b, TkSSttibOi'icSSic^M^iiKB 

14, 0.2&CF- 0.06 LS»ioT, (l7)SK*sO-6St£;iiE

SEk I4S8H5;6 LT9;©J; -flc* < ciiifg 5»

k = ko - C 1-3
HBr

p-0.2
^HgO c -0.06

Bt2 (19)

= + 0.4kcal/molK 6^26

6^1, fZo

l0gk' = 2. 30# Rf + COnSt' M

jy±©Ci^b, FezOa t8S©S*-fbEJ$:v (13) 14, MYM-hi 0 ~ 0.7 ©SEffl-ettSIf 

m@B#@±-e©R(GA#aT& 6 6f 6 C 6^7T&, Sic, 7kExlS.O'S*lc5:;f-i5 

%E^1414%lcatac6&itmf 6 6, ^©#ii*HSl4, il&HzO EOTrz OSK 
i@@-eafe6 6BSJ8n65)„ f LT, FSS|5%ffl±-e©KfS»s#i$65IBfflT(4, S 

6KS$©EKti6'ic J; D* L(/dETL;S'ii-5T©S'fb7j<**"x©F:,3S%iB^©S£S[l4J:b 

RtoSB-eafe.6 6itx.bn, RfG$^70^R±6SD, A{b#(E)m©*&^l@f 6 

RjbA'x0toSE-x©ffiE^'®iS6D, Sic 14, A{b#(n)0B©ltK#74 6'lc j:Q # 

xIfbft. RlB*80%#®-eRS»5#ihLTl4H©6tibti5„ tift, 

EJ6S$^' 150°CJ21T©1#S(4 S-ibSaC n) ©7MW4 6"»s*E L, 6®£EMJSIC 

=k fe>ElK*'x® AS'x®6£IScASlF L < ttlfbft64;i6. FezOafito©|gE©*. 

EtBLti^ofco



(b) FesOit^iM/Jcft'fb'k^A'xOISjS

0 3 -2OICFe3O4#$6#7K#'fb*##%0&&l(:joU'3@m^'(b###^Fe3O4

®^e»sa-fllE(E) iti6JSir®HI6tilia*5- I0096t LX^LtZo CC-eRl&tilWl 

tZti£X&-eitWiz>fricm£'>1zWMa>Rl&&1&c oTi'SC iMSfct»tu 3 • 3

Bf M ( sec ) ( sec )

0 3—20 Fes04 ©SS<bRSlcdotd"^

Fe304 : 4.0 mg

M^CC) CHBr(molff)
(f) : 2 00 1 4.0
(g) : 2 0 0 2 5. 0
(h) : 3 5 0 1 4.0
(i) : 350 25.0

0 3 —21 Fe3C>4 IzHbiSEsEi^dll"^(17)5^ CD

* : #2^(10 3—20©ejl,((:^
kXsec-i)

(f 13.70x10-3 (g) 6.90x10-3
(W 4.50x10-3 (1)8.10x10-3

®Fe30«#*M#®#Alc-o^T6. Fe203|&*®JS^illttiC. E6*70^Bt±"e 

E5aa^mmK@TL. »l$EJSW80^mjET'* fZo ttz, ^KSitoFesCb 

-^tb-oizo

f C-e. EfSB^fsJ t KjJifLT 1 -( 1 -x),/3£7°n .., btztms ~2Wn S>tl5o 

ti*>\ EiSsp % HFesOtCD^mfrRm 1121, (13) 4-ET5r£tcS-fl:i£(II) i
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*=l.£Lfco SI 3-21 Id*©T. x= 0.4 ~ 0.7 ©fami g.MM&t>mbtl6Ct 

^6, C ©r=fl"eRtb»S|*lSI5%ffi±'e©Hli5#i$ (Ctili, =k -5 IdKlE(13) »i

*iS £ t£ o r, RlS (12) £ SfK (13) f£B-M'ft L T t' 5 £ #*. ti 5) Til

ffLTV'5£#x.5t£^'T#So €Lt, Sl**m@;^^@*f 6 £t = 0 ©@jS 
iS60Cti(iSEgflteEfc/£*. KRJS(12) £ 9 li^$B(<:Fe20, W&fct Z> t>VTab 

5 »\ C®KS (12) ©#B(iSJ® (13) ©%B©rtfflijleiSS(E (13) Id ft LTttfcfS (21) 

ld£5Fe203 £sjy§e id < iiSS (17) Id * © T W0 = const.£ iittSCitSL

T©S„ •#-/<££>■&, mkRSt^-^6icbfrfrti b-fElK(13) litoa:LTSfliTS 6„ f 

*f-'H4|ld^:Lz,'cEES|5^®<@Sk,©tt*lB©6£, flfj3S£B®lcLTRlE:(13) 

Id ftt-5j|'fb7j<*©9(Btt 1.0 ,!>d'®Stt'ftI* A/* - (4^0.7 kcal/molK £$

tobilfco

(sec)
1 - ( 1

0 3 -22 *SlfcSlB^.ffl®S 112) iSJE 113) ffl 
@4®8lJ£

* : SIB^liE 3 -20®^nK*iHB 
- : KlE (12), *i 
...: SIS (IS, *2

x2) ^ = k't (21)

% (3M.FeBr2 )VlFe304)*x — (2MFeBr2i — M)Fe20s ) •-ig 
(MpeBr2 + MFe203 - MFe304)

x‘ ■ SS02)e$tfc^, *2 : SJE(13)fflg-(t^, M :

2^id, Rfl5(i2) ©ptff^fi® fc&idin 3 —2i© * £ t ©mmcmm#^©##'©

#%@©T,%0(21) 6 x = 0 ~.0.7 Id jo fc)-5)x)£ (13) ©g{b$ x2t^&,(x 0.4

jy±iri± x = x2£%6).g|dC ©B$®RS(21) ©$<b*xi& (22)S^6*©TB13 —22 

Id* Lfco SI 3 -22^S>, &JSHM&HmtW& (12) ©SB^BtS(13)®Sffildjfcfi-Lre 

?rt*ld|S]oTaif+5^ €©SfriSEliS-aidfiTL. 200°CT'li$ft*0.35# 

350°C'el40.45#fi-eSlE(13)©l?B*sSJE(12)©SBlciil''-d># ( Xi =x2t



mkliElE(13) tmisi:fj; oTKtS(12), E)E(13) £fefiif|H|-'^B±-ei»ttS 

fcOifx.5Ci#T#5.

*C-Z\ KfS (12) K*t LTti${yp x.ti 0.4 BtfCDii^lc-o^T, ?k©rtS|56£E#i$® 
aSS(23l4l*®EL, t^lcjftLT 1 - ( 1 - %)^%7°o y hf &£|g]3—23K^:f ±3

1—(1 — %i)^=k" %

CCf
k'= -(.2 PC)1/2

To

C : fiW*E#®zi$ D : #mm# r0 :

(24)

ttfc. c. c.T:'(23)SliEeoSff K#3E)tx%ffiBa©$-(b^#S L/caSS'eabS^;

*i & 0 ~ 0.4 IMJgfflSl’1

$6fflT-li^© (25) i$;©@(Wli] t> x

x2 = mt + const. (25)

m — 2Kd = 2 DC (26)

f LT. k"

f - 1.2 kcal/molK6^36

(3ti,yzo
3 —23 02) 6 03)

*= m2^(m3-2i0E-5fca#

y &A#

®#55kcaL

iT y ICiitm 24kcal i’6) ©

, kT( sec~? )
(f) 2.1 X 10"2 (g) 2.8 X 10'2

(h) 2.9 x 10^ (i) 3.8 x 10"^

^ 5#

cfc (9 ^ <S ^ <( x —

fcW:Lf*3#:?$£ifc© 1 ~ 3 kcal



tmu&x&60 ttz, t>tm 0.5 x&'om&’tm
Elfco Itzfii^X, ElEtoifilcjb-y SElEttaicyUTij;|*lSBi£E#i$©ji$ga:»$ii

x S, •€■ tUi®liTL^-ilT®S-fbzkS

H±®C.i^b, Fe304$)$^S^7j<**"x©ESjig(i,

B#a®*a?L&a-) r ®S<b7kX *'x©rts%®'\©8£lk»i#i$'eto^rt$^.[Ri -3 t 

itirtS, — IS, E6(l2)-e*fiS L tzFezOa £ jyfc7k$*"x i©ESm fc/i'^icm 

SET-eSSSiiSTli^rtSKiciS] o nffifft"6= € lt. Rfflmcjz-^xiiS-fbTkS 

#x®m@K^®&#K+^-%7k#$®*m?LA#/:lcH^b:%t,V:A. SSeiifTi# 
K c ®Rm2)#B®m^mgi±#aic@T L. ^{b$ 0.4 ttamiaa^B^sosia 

Sffilciiv-DS, c.®BS^l^bS^O-±RJE(i2)®jlSt)HO'*S <H<0, JilEliEiE 

(i3WfltiitH^T'Mftt6„ c©ciik m];®Fe203#$®#A6lRl#, Ej$ti3)© 

t6ic#5##©###. ISHSiStoE-fbtiji'lc SlE?L(iS{b7k*
#x ©E&#B^©K#^##Kf3 C 6 LT© 6. L^Lx EfBspWO^J/Lh 
til'd, teSFeBnJltoJSS *'£,5flg£l±Kti -5 j:, C©fMl£3oT®*jb7k*

Dx -DVKtiFeBr2|6SI©fiK$K#oT*'xt£|6:AS%^:

ictoo-btix <.ft5fe®ifisci«^ s„
(c) Fe304 <l ©ejs

El 3 -24liXMI$fi-S|5®T^Ka'fb7k*K©S5SS|S^I8y-x Fe304fex5|5£*S$! 
EA-fb7k*KSS i T71/3 y *'x ©S'a'flvSftchTSX'fb L /:#A©##g{b##*#% 

^Lfcfe©-efe5o Ctl*bE@12)©tli$Sii 200° ~ 300°C©Fifl-e(±x mFlill# 
KEfES-g^'S© ($£':*£ < %&#x *ftB(±©'BE-e(iiStz:/kS < 6 ^'6^

5„ CtUiBlS -17©sF$e-fb*6S^6 fcb»75 j; 9 K. E&#x*K#m®7km
< /s^, {b#EjG#at%

6/cAT&6o 4fcx EtS(13) 250°CJ3<±-e¥«EE©8yS^'/kS < f£ 9 x EJSiS
K»i®TLx 400°C-emat/L,6'i#^L7j:t7c -BLTx 400 °CK*
v& m o.5ss^o, mrig^o^^i-jKx ejs as as ^iguti©
i *tlKiiiEB^'F'jgg/xa^ Ltt© 21 £ *tR LT© 50
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3*3*4 W£F

lull & rfi FezOs LTfi b fitz

®$EIS$lc-o(l'T£K^/'Co 
E-S*S-y-^ ? A-lc&XTtt. #{b 

E(n)£*7k#jSLTfSbil-5Fe304© 

**fb£fTi> £ ilctiD, cfib—li© 
#fbli#i0g$fi6C6lc%6. 

ic, L/cFesOiHfi-^Vo

fc/vSS'fbL£:©*>, 7kSxlxV6itci1450°
~ 500°CTjD7k^»*lToTSiLte 

Fe304|»5k(i(iff b t ©HfiKjfil'RlS 
tt^L/cK SDSLEffl%fr-5Ko 

fir, R4S ti-E> Fe304l9^®ibSBE 
(iS.ilKzS^U tofcooMS'tbM® 

WXrtUcffiTLfco #3-3 

^^Lfrfeorafe *3, iSROOv^-ffli'T,

Fe304#$© 1.0 g £ LT,

k-%7k^#t# D m L fc#A, R

5.5 irf/a gs © Fe 3 04 is}3k ic o 13 r

5 3 —24 4tSfflsK*'(b*S®;£-fi3b5Fe304® 
ASlfcSEK fci;t5 Sfi$(fc4W8

FesOj: 4.0 mg

fltiSXxSgE : HBr6.0 mol*, H20 30.4 mol 
Ar 63.6 mol %

L
3 — 3 #^Fes04
it##*
S ( cd/g ) ^ ( - ) d^(cm)

0 5. 5 X104 0. 8 3 5 X10~6
1 3. 0 X104 0. 7 0 6 X10-8
2 — 0. 5 5 —

3 2. 0 X104 0. 3 5 4 X10-6
4 — 0. 1 5 —

5
•

0. 0 6
•

10 0. 2 X10* 0. 0 3 3 X10-6
Fes04 W; : 1*0 g, 250 °C, *^{k^0 3Og/hr

WkftM 550 °C, 13g/hr



4 LZ:Fe304©ifc$B#c!:S*'fbjxJE^©$-ffc5'S L/: titoTcbSo inIra, FeBrz®j)Q7j<

ftMte<fc *3 Si$1x5 FesOi©JtjSBlIti•€•©E)Ei6#tc

-= < *3 iSPTK^L/cJS^-ii 1 @©$i b> E L ric /dti" T' fc ibSBEriS 0.2 nf/g Eg

”F-S dL i ife ■i)o ri£ jo. ^ 3 — 3 iC/j\ LfcEJEiB©^;^ HFesOiLTi^— 

M?i«LT*6fcfe®T*,5o f %t%. itSBES(ci/g) &t/J±SMv(g/ci) 

©®*©ISbI67¥® r(i^©(27)3;T$t)Stl5<,

/0 : Eg (Fes04©#A 5.2 g/ci)

-e LT, SslittoEtB^*, C ©B#ES LfcFeaCUgtoilS * dxttit, dftbffl 

KH& ti&8R-?r* $ ti 5 0

r3 —(r — dx')3 
(28)

S 3 - 3 ri> 5>, it$B#®;k£ © i*. EJErisFeaOiiSilft

"Mlfig-BiSSti. Et5'figriS250°C<h — 5E©il^li. -tirO-lfi,' 500Af5gtTi$tr—ET 

<fc5C<hrist*5„

ifc, FesO.t9*©5cTA*^Jl©ri:»tiSLgjETIis 0 3 -15£ti%tit3. EfSSI 

%@#ri^bS*©%^riiE©biiStriictiO. EEMKfcli SEM^ffi tE®l3)fF 

B©Sfri$g©Eris®S$ ftti < 440 grift*. 3 • 3 • 3(b)|c 9 ic, EE

(imFesO.mmaitgBmritt:# < . IB?LS«ris*S©SSrttESiSlJ; <0 

-oT&ItgEriS, iffl?L©(i<hE,h"rij:ic' t>©ro©Tti®J&ri*EE(l3)ritfe#:0#;i§EE<h 

ri£ 6 t>© <h#x bti'Eio SlCv C©EEl3)ris{b#EE#a. griftt-cg^BrzECf'HzO© 

SIKris*iS i o TlSali rt SP^itEg S il $ ii * © -tf © aw A -e* (3, c ftt <3 ® §1* © 

EEtiHBr rifxogfiXFeBn g£8oT©rt®!mrii£*#iS<hri£-oT < 

b tl -E)o

fC-C. it$B*©/tS © Fe304fex5K©S*'ffcKE LT. SX<bEESp£± g61 ©K 

ti. i:D^i.'ESfigriS^Ech#Xbii5o EESg*S < g-5 C <h ti0 3-18©HBrfi 

^apT* L rii t ri KWIfttotc^FfiJ <h ri£ 5„ grixtS. *SttE® S<bk*ESS£ffli-'
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5 C t t ft 1' ft A, I' tz A,7k L tz M:4 bTk* if X &## LWnStibmv

0 3 — 25(i, JtgB# 0.2 nf/g©Fe3O4»5(510nis*iSI4i LTSRTKS-fbTKX^'X Sit *

•eA*<b^ffr,fc$S$ic-ovr, (23)5;©

ft asifisfcwii © ag5$;^©

/cfcfflT'&5„ CtlfaZ, FesOj ®$-ft

$ o.i ia±T€3)a;©7°a .y KiesH^i

^ss©i#e*$o-f'; sisas^sts

-£-e*.5Ci;£Siri'4o #

E-E-fb^ftSS^'Si.' &9, 

500°C*iii LrBOT6Ti-5o 

0 3-26(4, RjfrSKtFe3O4 0*f5

x 0.3

Tenp.('C)

g|3-26

Fes04 ISt^C S : 0.2 nf/g) : 10 mg 
#$o#x : HBr 50 mol 96, hr 50mol 96

500°C

0.50

- o.io

gis-25 Fe304mm<b^Amc^-#-a(23)^®

FesCUBMcCS = 0.2 nf/g) = 10mg
= HBr 50 md^, Ar50md#

SSibSS^IiS

< ts<o. RlE'SK475°

- 500°C-e@^#56^m#lcmf a. C 

©B#©S:Se©$S (4mIiE©(27), 68)5$* 

6 7000 AiSi*i!)bn, 250°C©$I 

A©10-20e6%6o tifc, 500°C£Lh. 

TMS3> ©litis FeBrz ©

•>v7 y y^; iss,-fb©as^S: < ti<o. 

StijcSt'x ©A@B"\©K#A#W'64i. 

Z>tztb bti5o
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^-S*5StM 41 zHcjb-VTti, C ©8 3 SEJS'Cl# btiSHBr Ax(i 8 2 SixjE© 

FesOi coS*<fc®I@K#la* tlZ>CtKUZ>0 LAAsAT, A© HBr *"X tiARlB. 

S02£^/vTi-'TtiAbAv„ SAAA, *EfESC>2©zIAft#:©J; oUM£ L < Al'giJ 

ES®ISH t t&6fr £>-£$> 6 „

Fes04+4HBr+SO2 - 2FeBrz+FeSC>4+-2H20 (30)

C©E<#O)©@#@6^*^f-g'fb0#l±. 500°K A - 34.7 kcal/mol, 8 0 0 °K A 

-5.9kcalA&5o C©#-^, V o AAS® L A FeSOi (Td = 6 7 1 °C) It FeBrz© tD

6AA -y-4 W

mztltz FeSOt IttA AABrtiilS-iiA^OsA L, W1§mtZ> C t b aSI&T’iSb £0 L 

AA, <l©J:-5 A3WtAI@£Ati2A ili, 4 4 4©v18®±E;£ UA tAWti-V

AST-It, tSmAEJSS^fflibAiegWtHBr Ax©%SAi&©?#M#M^1t 

l\ ©VA SCABS'* HBr *'%©K@&8%6 LT, HBr**x^«aft$-g-t:Br2 - 

Hzso4-H2ogm±©sozA}E0giim&c;e©#*"x®A}Kc^T0##%m-#4z#M 

^©fiiJS^ffofco Sic, Br2 Hits HBr 6Sto7kS$*-,©S02©Ei|XiiElc-3VTt, 

©Wtt-tnAAo

3-4-1 3ETA,®@Z?iF£fflG'A HBr **X©a6cSS

SOz, Brz&a'HzO ©iiScBESlcJ^HBr *"^&t>'g«©S®lill 3 -28 KSL

f 10-20 A r>affl4V74 h ^ fiE

2.0cm ©#"7 xflc 14.0cm ©KS Ic^ETA L A fc ©^ESSISi: LA„ TAlcitsTFLT 

< 5%#©##6t©*lc#4ti5$ElEBrz, SOz ©Bl'ttlL^ftci/cto-vy hvi/b- 

4* — A 200° - 250°Clc<Sjf Lfc77X3*ffiio#H-tCo KEi§TSI5A> b tiBr2&.U?SC>2 

*a*ia®T#A u ±$a> b ittt*«©ftft7j<*K*H200#mm#m©E&®4}0 

%1.3 @6A6t;Alc#ALA. At, *B#S®©a<b**®^ffli,'A©lt, E-S*3S 

44 4ov®81 SEjS, FeBr2©JP7K4t»IfS, A#bt&#ib7k##©-#;&#mf a 

^ i^SSLAtcA-e*!), untie, HzO i HBr ©AtS^ff 7 A»T$. 60

ElSicE ISSTAggBAttoSSSWIi^cftibJt A A A', 56TA)STS|5®'@Slt%E 

El6©AfcE4t±#L, ± Stogie HBr Ax ©Wb® A*^ip S ft5„ ‘gSfcfkft tmWp

->M ? btiAEJETikiAVelzen b^lc4 ©Ai-iR?##'IS&E'#A#
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6 ® SEtti *"x ® $1*$ 3 -

4 tCTFto tcf, 4 + U4-#x®#m

«4>£4tiS, S02e-fb*^fiT$*5o 
H® HI&Na 2 jfa&Bfl bMJJ; 9 ft, g|^ 

®#t (i{b#RfG @*ft 

<0 c tifit>ipi>0 ’i"tit>~t>, 

HBr*"x*lcE*^'^t tiTfc S Lo 

SI4StixS©$EK®,#ii 

6f# btiSSOz 60;®#A

It, 4-t- V 4 —#'x.;g:fflt,'</j;vtf:nr-3 ft No. 

3 Itfcl'Tii, #AHBr#X*®S02# 

K(i l.Omol^i&O, ttifiSOz E-ffc 
W^lcffiS^-60 tit, 56£L/t

47.5 wt

3 — 4

CD

^7 7

#$a #:

A 2. 0 cm 0 X 14. 0 cmh

47.5wt^#{h/K## : 9.8 ml/h
HB.r .............................. 0.085 mol/h

HgO .............................. 0.423 mol/h

SOg : 3.54^ (N.T.P)/h ................... 0.158 mol/h

Brg : 25.3g/h      0.158 mol/h

4- + D 4 — No. 1 : Ng 6.0 ^/h ..... 0.268 mol/h

Na2 : Ogl.8^/h ...... 0.080 mol/h

Na3 : ................................
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(n)

No.. 1 No. 2 No. 3

g/h 2 8.1 3 2. 1 3 2. 4
HBr mol/h 0. 3 4 7 0. 3 9 6 0. 4 0 0

mol ^ 8 9. 0 9 5. 4 9 7. 2

g/h 1. 3 1 0. 7 7 0. 2 6
SO2 mol/h 0. 0 2 0 0. 0 1 2 0. 0 0 4

mol ^ 5. 1 2. 9 1. 0

g/h 3. 6 5 1. 0 8 1. 0 8
Br2 mol/h 0. 0 2 3 0. 0 0 7 0. 0 0 7

mol % 6. 9 1. 7 1. 8

HBr ®« 0.400 mol/h liffl&e 0.41 mol <h M—& LT® 5o C ©HI&HBrf&felii 

SO2chBrz ©EJSlz:J:54fi£ef<:^StL'5*SE6K*-ffc*SE»16^-8l$tiT< 5 HBr 

«£jDx/cfc©-e£><9. ElSilHlBtfc^Sfc-i* < V< ct^iLTi'So tite. KSlc

Sx.if, crummy

m/zfy rilmflSTFSlc J; 5 ® £ ffifcti 5„

t/c. T6I5® 7 7X3 * jcfif*£ wt %©KKT?$> 9. HBr. SO. Brz 0

V -ftl I) ^ f tlT I' ?£ ?5> o tZo

£ © J; 7 !c, ^TAgElES^fflt'ft HBr »"xRcXg®5E®teK(j;Fqr»lciSfTt 5 C 6 

fe/i', %4HBr *”x cfitc#4 tiS^ESSOz ©toiltigiJiS^S LtiO’ilif 

6t£l'o f ce. E)®29)®i¥lEft«~-®¥«M#*Si|$L, SO2 ^86$toKIS±t-6fci6

©SttKoVTl^Sf L/„
3-4-2 S02/Br2/HBr/H2S04/H20$®S—ill2?®!'!®

HBrSSft Br2—H2SO4—H2O '®$±©xi-'$sPlrM^liH3 -29K^Lfc$E;Srffli-' 

¥®SST/Sy±T25°CTti/ fc„ SSstiitg 4 cm. 6£ 13cm©RiW®© fc©£fflV. C 

ftK HBr 7 ^7 -(*-,1,7., ,1,7- Nod). Br2 REiitlEaS Affl. iflltfl

3 *0 PTFE @f 7", I'/tlfertS 1.0 mm©fe®*®l3#fd-fco StsiiSS 

41ICS L, 25°C—'/dv/d L Z:l0
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a^it L, mofi&Mt s t «ffl <p ® s o2 & xs b r 2 mis. it a a n <0 e« k at s0
C®8$^A®-3//HBr/x®#A%±6. SvB «#$*&$/6 AAlcMSW^S® 

U ^(OiWmfx^a^tz„

s8Hi±$OT® H2 SO4 SE 0.0 ~80 wt%&a'Br2'®E0 ~ lOwt/©IeHTItO Jto 

#3-5 li<-®$E$5$®-ST*5o A C.T'«IS®ffl(S'ftglc4,AoT(i, f®*K## 

LT^aSO; Aih,(i#3 - SRffl*® SOz^EWE
UlcES < . l>i>. Bi^U W'ISK AEKtoEK*12^© S02®zS<@St- 5- * 5>.

♦SESBffl-mSffi*®SO2z*$(i 0.1

3-5 SO2—Br2—HBr-H2S04-H20*®25“Clcfcy-§E«

0 m xt #

Br 2 Hz SO 4 HBr H2O Br2 SOg

wt # mol % wt # mol 0 wt 0 mol 0 wt ^ mol 0 mol 0 mol #

1
2 6. 8 1. 7

6 7. 5

6 2. 7

3 1.6

3 0.8

3 2. 5

3 0.5

6 8. 4

6 7. 5 1.7
3 8. 6 2. 2 7.8 3.3 5 4. 6 2 7.8 2 7.0 6 6. 7 3.2 0.0 4

4 7. 8 2. 0 1 5.8 6.8 4 8.3 2 5. 2 2 8. 1 6 6.0 3.8 0.0 7

5 3. 8 1. 0 2 8.7 1 2.5 3 9.9 2 1.0 2 7. 6 6 5. 5 3. 5 0.2 1

6 3. 0 0.8 3 9.2 1 7.8 3 1.8 1 7.4 2 6.0 6 4.0 4.6 0.3 1

7 4. 0 1. 1 4 5.6 2 1. 1 2 5. 3 1 4.2 2 5. 1 6 3. 6 9.6 0. 1 9

8 1. 7 0. 5 5 5.0 2 6. 7 2 0.2 1 1.8 2 3. 1 6 1.0 6.9 0.4 7

9 0. 7 0. 2 6 2.7 3 1.2 1 4.4 8.6 2 2. 2 6 0.0 7.0 1.0 6

10* 1. 6 0. 5 67.7 3 4.6 9.3 5.7 2 1.4 5 9.2 2 8.0 0.3 8

(a) HBr®z§fW$

#3 - 5ffl^iU (±7KK*f 6HBr®##g®#mtf 5AAKlT^A&®-e&()

IQ)

Ccomt Haase b Lfcfi 66.0 wt / J; 0'J> LA# < 67.5 wt % 15'* o

OT® H2S04 SEAiaft HBrSS®m^0 3 -31lc^-t„ CC?\

*Sl±ffi^-t7i/«S ( (mol]/ [mol] ) XttffiftBlSS ( (wt]/ (wt] ) T?
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7F Lfco (mol) TkXf (wt) HZtl-€mol/SU* wt /TStbL/: fe

©?&&. H;SO40#*#mi±%®8i)a:'e&6 $ ti,

tUi>o

H2S04ffl*fai(CH2so4) [H2SQ4]
[H2S04]+[H20] 

[mol]/[mol] Xli [wt ]/[wt]

(31)

H3 -31*6?gffi*^CDHBr 

<DiaftSSSttH2so4 #® 

0.0 & b 0.40 (mol)/ (mol)
[H2SOu] + [h20] ([mol]/[mol])

0.1 0.2 0.3 0.4

4o y-

yi/43-^-egt) L 

/;!>©-?* -5„ 0 3 -32K(i 

M©H2S04 «®iHBr K

[pf. t©0*>i/ HBr©@SS(4 H2SO4 zS S K 36 < fiSc#/ &Ctbit>fr<0. ®t

3—31 Br2~ H2S04—H20'/B'aW/x©HBr ©

= 0~10wt#
^ @E : 25 °C

1^6
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H
j a

tm
/w

t/w
t

tidb\ C 0#^-®$#*® BrziSEti 0 ~10wt 9 ,a©gE©Br aOSStt.

HBr©Eli£A6'##Ll'C t ftt>5„

(b) Bra ©Z§SE

%fg*-,0Br2©(##EliHBr#EK#<##f a. H 3 -SSiciiBn

iCtttZ^y') -$E*HBr'i*$©HE<!: LT^Lfco & CT\ ®*i©HBrZ*ffi 

0.06- 0.31 (mol)/[mol] itftfS/a HaSCVigEliEI 3-31*>b*J6 btu 0.40- 

0.0 (mol)/(mol) -e*a a i^'t^ao

a 3 -33Kjo0T Velzen b L/55°CKt E a ^ y ') -SE©ttli*SI®©25

°CKis<d t J; < — icLTl'So Velzen 5, fcjzHTib a <t: *//

U -SE©fiti25°Ci55°c-C'(i(a(S^L<„ fiS©»S(±/h$i'a

atlii, #7k*^0i§#£S%O. Bra", Brs- %£'©BT##f a / 6 £ #/ b fl

a„

o Velzen, at 55°C
Velzen

g)3—32
(25°C)

El 3—33 Br2K##-6^y;-^#6HBr 
(25 °C)

= 0.40 -> O.OCmol]/ [mol]
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Okie, 0 3 -34lc|i$fl4i©H2S04

SS»SS< > LfciioT, HBrSS*'

®viiirKjoy6M4:i^©Br2 ©ffi

C©i@A. S

BrzWSSU 5W9*©Br2^ffii 

$#:Br2©<-nic^U'0 f
aS 3 - 5 ©H^NalOK^x L/c=k 9 IC25 

°C"e0.2 8atm-e*5o

(c) 5vffi4>®S02 S4E

m*©so2#mi4?mir&6. l*l

SI H © MiSS S £ II b- *T 5 Id fi» 
#*©so2sp«s>ff^to5/'fy-e+s4 

E#6T#K,«lc&6*m*

©S02^E«, E#*©H2S04#g6
Br2SSK5$<ttSL/c„ -6LT\ E 

ffi® t S02ftE<oMmtfk®‘MWiA-v

El 3 —34 HBr 6§toH 2 S04 - H 2 OS&zS®* 

^0Br2©g«¥S (25°C)

8tESS: 0.43 — 0.34 [mol]/ [mol]

E 10

X 5 I---------- L--------- 1______ I......-1----------- 1---------- 1---------- 1______ I
^ 0 0.2 0.4 0.6 0.8

C,HlS04/[wt]/[wt3

^3-35 03

^ 0.06

o 0.04

—- 0.08

Cii,so4/[mol]/[mol]

gi3-36 Mm*os02^m6%m*oH2S04
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Psc>2 = K
XHBr * XH2SO4 (33)

XBrg

C C -e, X L /: 6 & O K

®fili,^7 x10'4T$.'3/'Co 0 3 - 35K z: ©(33)3;®S Lfco 4Z, 

t^@a&5^litvi/^-$-C#to K®fili8 Xl0“4-efeo^:0 0 3 - 36K

l#3K®M#A&a0 3 -31® H2SO4 M&t HBr#g©N#&m'T. #**©f 

SjSOaZia^$«*© BnR0i'H2SO4SS®9fli: j: LTltS U f

#1/ im© z -o % * - % )f o c t

»5-eS5„ k'4*5j£SC>26#ir HBr »"x £ H2SO4 RO'Erz ®

0.03S.O' 0.07 (mo 1) / (mo 1) © HB r SSft®S <hgto^SB^H"?© 

Stfi*®S02gSliH3 -36/6 0.01molZ^'*86btl.6„ 4*, 0 3-31 /614 

#g@H2S04**#a O.OSIC^JEZSHBr fi^t/Sa 0.30 (mol)/(mol) /$4 

D , C. ®B#© Bra icy# 5 ^ y U — 7E$to0 3 — 33/ 6 1.2 at m/mol/mol <h to/ 

•5„ L//ZT. %**® Brz maii#^^©###*©#/ 6 4.9 mol / 6

tl6i$>x.' ±#S^y 0 — 3E#©@&@/5 6^ Mffi4>®¥«Br2(iatt 5.9mol/ £

7£ -E>0

C® j; O 3*4- 1 TxlZ'ZciilreEJESE/ b)4| 6il5 HBr *"xc(i®^a6 

SOa t±, liiiJ®Br2^#tf HBrtSfD®&£®M$#5ttltJ;-,TiR!K&iT-#'5fc 

®£SMn7iS, ZL ©RE® £ VStC ty 5^6 SKffi HBr/X *® SO2 ^Br2®z6aii± 

#S®Z-o%#llgK#r:T$65Z: £/^*5.

(d) S02®RiKi$a

HBr/x*K lmol/ea#4fl3S02®RiRaa&$&57:6©?#%7j:mi'6

lt, 03 -29K(SL/se^igi-\ «'7''j ymfieifco mms

®Br2&t>H2 SO4 t#tr HBrtaftiS®*!-: SO2 ® 0.6- 1.2 mol HBr/x

% /f 7®,/ $ * a C 6 ic j: ^ T SO2 0 L 7=0 7<£fc\ C.®^#(4. tf-^7

x ^7 -®ch/SZb%M4 7r© S S (iS 4 cm £ —S 1C lTfi/Z0 

—#K%/%RE#K 4/7 5/% ##S#©#R###&# Noe (49:©64)S;T'S 
to$ tUE> 14) o
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(34)Nog / dy
y -y

In yi -y
y2 -y

*

*

y6#@E^^fo

*% El3-36K^)6/:^(D-e&6o

. #4%#K& y 55 6NOG y $ /:(3%T#6 ^ fl 6o

Kc :

a : ^ 

Z :

G =

s = #wma#

%6f6 6. ^a0KGj2!^(if-<T^6^<C6^#6o

Noe = k - Kc (36)

f LT. m^^^#4%#mKGy#x##K^y5#@###m. kc .

#3-6 kL 0.6- Umol^OSO2^^HBr#x^/<7';i/^^./:^0SO2m^

CCTNoc

(,'c (37)5^(c^^T^#K#oy6%tn:. i/R. y#%-e&6y6'/j\^^c.6

a%>&6o ^®c6y. ^mKjoy5{b#M^®m^^+^A#<.so2(D#iR^
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3 — 6 so2
Ch2S 0 4 CbT2 yi Yz y*

Nog

[mol]/[mol] [mol]/[mol] mol/mol mol/mol mol/mol

1 0. 0 0. 0 4 0.6X10 0.2X10 -2 0. 0 1. 1

2 0. 0 3 0. 0 4 0.8X10 -2 0.3X10 0.02X10-2 1. 0

3 0. 0 6 0. 0 4 1.1 xio 0.4X10 0.03X10-2 1. 1

rntzctzifiLnst). ^#® so2#emEi±*m mm *@so2®a$%B^

®SJ«i$Klc51BStiTV5l)®iitESti5o L/c^T, HBr*'x*®M® 

S02®#iRI#*^ff3^*Kli, ^ET/U#%^6%W"

iL(f ti Jtil'Ci z)st)^ r> tZo

c CT-iE^/tSSSfi, S,#*® SQzziE^SK/hs D , SO2S
6^®< ttiilf, S^zSffllcfcy-s-ft^SfE®^*^# < fiot< 4®„

3 • 5 m.w<Dm&ftm (m 4 see-)

%K®m}m±#<®R#m#{b#-v-'f 7*u •> kim 7^ic#mLtE#

^EiS^ife-Bo CtibO-tM' 7 a-K *517TfS6n-5®EE(i& ± A£"^7jc8#E®®T1S6

tl5®lcy LT, Ik-SS^iM 7 Afcjb-t,'T(i, 3 • 4 3 1C, $ 3 ®EfB*

6 90wt ^@E®m#A#^ StlBo
«E®E^<Wic-3VTi±, Spewock f>15) ic J; o T80s »*x ® jgfttojStc-di,' riSES

teE®-fk^a&OiSE(iBfl5,^(cStiTVfj:vv ^cx\ 98wt^ 

©StE^Blc. L-c##%'fb#a®@$tfT9

tz „

3-5-1 m#*#$

6itE®:9i¥ti9c® =k 7 % 2 J5®E(Slc J; otlfttS t>©i#x. Gti-Bo

H2SO4 - H20 + S08 (38)

SO3 -» SO2 + (402 (39)



T (°K) 6 0 0 8 0 0 10 0 0 12 0 0
A G(38)(kcal/mol) + 2.289 - 4.931 - 11.985 18.895
A G(39)(kcal/mol) + 10.129 + 5.639 + 1.189 - 3.222

SUgltEEtoSSP^fr? 7 50 °CJil± It jsl.'TiiES(38) tiIM1 OO^iSfT L T* D, SJS (39)

®S03^SHclHLTIi*S'j-5*SS,tt¥«i^tolc(i^'Stt*"x<!:^fj:LT#lcSL$x. 

litiVjrSxbtlSo + V ft-ftx t LTr<'i/3"y£fflWci#£'©S03©

S#lt5J; -) Itfc < C £#-??# So

Kp Tisoz * no 2y2
nS03

1
nSo3 + nSo2 + n02+ nAr

(40)

» : VEttSlt *5 y- s #J$S©

HI 3 -37li, S®5FE£Ej:«Slt3x*

1 atm . SSSSS

it *>• ^ t^s a ft x 43 © s Os ^s-fb $ -a-

/:#^r® S03®T*gfk#%:t# L tz t> O'? 

SSo Sl5fiS«<ft5ai', 4/c, S03

#

<%SC6^W^So %%6-lt. OSwt^EE* 

OSOsSKIi^mol^T-JbSo 

T. *%#ltt^T#A*'^*®S03$q#g 

40 mol % TfioAIgSltoV'Tfi, SlroS

#Blt +

-c V 98wt % EE%

20

O'---- '------ '------ '----- '------ '-------
0 20 40 60 SO 100

S03 tlffl'S®, C°so3(mol%)

0 3-37 SO3t0ieS$i¥Wfctfc^

©as

toai-s^iritsg-esso

3*5*2

0 3 -38it@ffl L/cgmEss^iho o.ss« ©s^witmi t
£10cm. toS^ 5 cm, Hlt-&©±g|3lt;(fxi®i|t <k Stt«®W^K±^S AfeltS^*"

7 xf££ 5 cm©SSIt56rA LA fceS-KSWi: LA:. ssasffl ©se^iito#)



0 3-:

lz:gtoS*ia$Lfc„ 98wt/ y/et't 2~80 ml/hr-gam7rE#L
fco fflt® (AH fg§|5T?J?Uk L ¥ «Uf 1C Jb-11T a if S 03 £ H2 O tc L /#### i<:8A8ti

ftft'ti btttv Ei£WT8M>b©7^3"y/% a. ElSSR-e©Rrticfi** 
5fci6®fe®Ti5^ SO3 0^#A##t#AnE&T* 19. ?@##% £©#-&ltlc j:«)

6/6. #A/7g©SO3@m^6mol^&661A40mol%£-gK

Hi&oZ©SteamsLtZo Ef6#±@BA^b!A##*'% ©MW, iSVitiL&Ma, #tlr%
#ic**x Jnvf A 7 7 ^x© *"x 85t84- R'® |c frb *6/6, TJ*b®7;Wy*7 £ 
©Mf*' 400 ml/min £ —£/ / 6 =k 7 /p/gl© 7JU=i"yjfx L /„

SO3 ©e##(A%© A: 7 1C LT$6/. tt. (3 7-fb* V 7A® 1
molTHiSS/p/ge:© a 7$E* u 7 ARa'SE^Sn/, 3 7 X*Z8I $*/!)©) ft— 
©stFeliil, «*$ti/S02*3 9lSSttT'$tLfc. *LTSSIA. g«J»"x-9-y/
7 - & C/7° n / 7 t- - *$E# L / Kil *" x 7 P-7 h 7*7 7£ffl6TEX£7MlrL/o C©

##© t°— 7 B»«i sos (D^m^&mmt 3 7*i@gt£ ± 6 so2©7>wt£*tiS$ *r
sftto/o
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t£jb\ mxffxmmmtpicisid-
$>&i)i4\ *H@tlc*5i,''Tii 1 BtFSSDe^A*"^#:# (SOs + HsO + Ar t LT 

##K#lc &#&##) ^#@$TA### O x 0.442 X 5 cd )TS L fce^SFME 

tl, i Lfc,

ASSHicffifl L/ctoSlii^cDck -5 lc LTS6 L/c„ 10—20/ v y^®7;i/ ( f ( 

i j-KDG - 814 * 1000 0CE1±"51 5 l-IFelSaSlh6 & A 1C J; <0A8|5# 

LT, «igtti'©7j<it?g

^L»l&$-Wr. 800°CPJ.±-?mi&tZ>tttz£<9, &**/'cliSMbtieBT'1 , 5SfflO 

wt (A#6 LT®###) t)®SiliW:o

SOs @^1Sti@fi-e©RST-&6 K *>»>»>*> 6#'. #S® ATfi,K)EjSg»5/M < . KlS 

< ##* 5 /c lc(ite®(Dffiffl^^TATafe 50 *#i&K®gl3!e£Bro

A LT, &@A#&3L'i±A#E'fb#'&7;t/( A@#±;c 1 wt 0 ##£*-/: feeic-ov 

T® A*"X 41® SOstoSg 6mol SFeliSS 4400 hr"1 1C * O’ 5 SOs^iPIl® Sgg-ft

■SrlgH/C,,

03 -39ic, —lE®ll6S86$»sStebtiAtstQlcoisrtolSS^Pt N Pd, 

CuO, FesOs. Vs Os ic -o I,' T£ f SefflTH 3 - 37 lc * i6 IC&V -fctiS# 5> ft

tz0

cca pt, Pdicot'Tii, t, s t< ^ 5 % A Tmw & ft 5 A #-

X.bft6<, —D?, CuO, Fe20stii'®^btl*®tt«lcotsT(jS03i®SfSKj;SM 

ffis^eS^RJSBCiSgiBH-e*io. c®*#%®cb& • ^P®*S*'to#'®ttic|ia«lt 

V5/ci6i#Abtt6/cj6> BtTlcSTVmto^^S^SAfCo 

Sf\ 0 3 -40lcCu. Fe , Zn &MIC A D. ^©SStSffi&CXS-fbSIE^S^iSIc-DV 

TVSttffilc ft -5 %£ *" x E (Pso3 + Pso2 + Po2 )®Sgg{fc£ySL/c„ ACT. #■ 

Pso3 > Pso2 Z&tPP02 b^#-) btl&o

Ki

K2

Pso3

Pso2 • Po2/2 
pso3

P S02 — 2Pq2

(41)

(42)

(43)



I’d. Pt

AlsOj
(carrier)

Mn —

gi 3-39
mm#:wt^
SOsWmm:: C°gOs= G mol % 

4400 hr^

1W 1100 1200

o -4

Ei 3-40

1 : FezCSO^) 3 2= C11SO4

3 = CuO- CUSO4 4=ZnS04

5 : ZnO° ZnS04

c c-^KitiZtUrtilklCTTsi-^ 3 tiEE>®¥E5£E171 ?&0, KzfiSOsS^IWEJEoTE 

$EE-*-5„
VsFezCSOi) 3 — MsFft 03 + SO3 (44)

2CuSO, - CuO • CuSO, + SO3 (45)

CuO • CuS04 - 2CuO _|_ SO3 (46)

3ZnSO, - ZnO • 2ZnS04 SO3 (47)

’/2 (ZnO • 2ZnS04) - 3/2ZrO + SO3 (48)

sos&¥m%m k2 ^?SM-i5»jsrso21 

O2 ItfiM l-amtz> t>(Otmuili, £ftb^fttl©MISfffl©-o£ LTSOsiOE
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So itT, H3 -39©SE$SS*SE1"S<b> —SEES*St-'(iE-fbBES^IWL 

^ 6 0 a #^@|S)t^:LT^So L^U Fe203. CuOtiji'cbmL

T ZnO ©Stt*s'/h$^S"S C. to tfz, Fe203 Ki,-VT 750°C6ilK{SS$ijT'SS K 

< %SC 6 (^©St4»ifiTLteteS'BE!i*A*"xch©so3 tyfflz6E*'B 

< ttfttfSiEjgfifljic-fns) tit'n. be^©*js • ^mcom<oM

f CT\ Hie Eh6E<bti$MK® ElEtSW<h LTSiJb bl8)»sco RcISOz ©SteE-fb 

K-oi,'TS$L/'c©chlRlStiE'fbj*7cES®SDigL6#.45i^E»5*So 0

3 -40*bBflb*tiJ;-5(c 700°CR±TI±m##KFesOs&CfCuO MSSRTt^iBEii 

*3, E©Fe203 £CuO (col'TR© J: 9 tiE'fbS7r,JxS©Sl9iB L*#x5„

3Fe20s -*• 2 Fe303 + V2O2 (49)

2Fe303 + S03 -» 3Fe203 + SO2 (50)

S03 -» S02 + V2O2

2CuO -~ CuaO + V2O2 (5i)

Cu20 + S03 2CuO + S02 (52)

S03 -» SO2 + V2O2

SrnSf’n©ES©g¥9fi I $ ;t/f-E'fb0#(i%© t is <01£> So

T (°K) l 0 0 0 I 1 0 0 12 0 0 13 0 0

A G(49)(kcal/mol) + 24.0 + 20.7 + 17.4 + 14.2

A G(50)(kcal/mol) - 22.8 - 21.7 - 20.6 - 19.6

A G(5i)(kcal/mol) + 8.7 + 6.5 + 4.3 + 2.1

A G(52)(kcal/mol) 7.5 7.5 7.5 7.5

ttifri, CuOlc^i,'r(iEl5(5l)S.Oi62)©St3SL7)SqJ|gTabS/()k Fe203 IcoVTSi 

KfcMO^jg Uc < V j:V 9$S$K7£50 -e ETSKFe203 ic ot,' TiiieS:&J*E'fb#l¥

##6 LT{b#:mm*aR%^60ffi,A#mK:iSCD#SC6^6. &OJ; 9 ftlS'hE'fbfiTn
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l/dxFeaOs -» /^%F6203 - dz + V2O2 (49')

VdxFe2 0s -dx + SO3 -*• V/djcFe2 03+S02 (50')

SO3 -* SO2 + V2O2

x

K#LTFeO. Fe304&UfFe203 %(%%®##^@A:c$;i/f-(D#:&7°n.y hL
fcAG- ^ = 3 lc*5 0-5ffiE©<iS*b*i6bn18\

'ZtbhbK 1000°KT?M9kcal/mol , 1300 °K T 5kcal/mol E@t©<l£^5 A «h 

Ifc/iGr, Fe2Os 1C -a VT I, (49')&^'(50')© j: O tia/J^-fbSTC^*X.tl 

H>©4l5ti+fl-°riB"e$l <0, SOs ©#8?lcfcf U#-5 feoilgmStiSo £

fc, V2O5 lcovTt>|q]S©A <h»n'x=k-5„ SIC,

R%^6©#@^'ec 0IC< ^ tjfflicol'Tlittffii LT©SilS^6i' c. t boU-Jif^o

a±, ®ftti*«sicoi'T©#^«-f i*si, zmmim 

SBE* b©WMi «££;!; 16/cSHkSEKfSmil 0 E Lie J; 0 , AtUcEES*

^^li*ltE*lg©S)5R-^»^'llPlft$tlfcfe©i#X.SAi*S-C!§5o t£jb\ FezCbIC

*;y- 61fi'Sili|-e©S',86;titoS'®tt©(fiTl*. ±IBSM«^iIERE;6iEEi6©3iElcJ; <o

3 " 5 - 3

V2Os(i 690°C

Pt . CuO &CXFe2O3(CD^T#A#X[#(DSO3#]#m^40mol^6 LTM^#

IB ■fe'FS ^ tZ.o

(53)

6 6 Arrhenius

c. 6^-e&5

In { In -^3 }
1 C so3 ^

(54)
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03 -41(1, Pt , CuO&CJi'FeaOa*# 
1 wt % ##$-t4A6©lc-7©T, 

MRlSiSSSKlSSlc *§i#^.6nsa 
fiSiSS ISOOOhr 1K$5ldZ> Arrhenius 7° 

o v h-e* 5o Ptlc-Dl'Tii^SSIBH

— a\ cuo
FezOs 1C tA ' T ii SS ffil T (4 P t i: t$t£l§A

(4TL. Arrhenius 7°n -y h lijLlCfl®® 

Bttl6o CtliiESTxE^/'cJ; 7 icto# 

ffitt^'SHfcSAKlEIc 15fe0^5it 

tin;

*9, #lc, FeaOa fc-3VT<©toS/Sttic 

* =k (fihSAAx *©SOa #^0#@^A

Sic, ffitW&oy^. 

fig • 640%#AA(4, *SIII$S$i4SAA" 

x*©SOa i*E lc 24 L Tffi#: lc ##■ L T i' 

5 CuO, FeaOa LT© ■§ C. i L

T^5.

0 3 — 42(4, T viz ; 4-jfl#:|cPt , CuO 

ROFeaOa^#5wt % 6®lc

o0r©$FSiaS-5>S*6SA&6„ 

CuOlcol'TIlPt £S4(£[h]—©54SW5® 

E±IC©z,T*5 9, 5 wt % ##$*41,(4 

18fi« lc 45 0" 5 teiSIE® ffiT t> 3c# A S 5 

Ci^LTt'So f AFeaOalcol'Til 

800°Cei±^Bm&OiAi& < 

toB6g©®T(4ey-850° ~ 

900°CA'(4CuO, PtiHS*©^*^ L 

tl'5„

0 3—41 SO!aifflTlz-(iX7'D, t 

• : Pt-Al 20, (1 wt %')

▲ : CuCHAlj03 (1 wt %)

■ '. Fe304-Al203 ( 1 wt %')

Sv •• 1 5000 hr"1 

Cso 3 • 40 mol%

Pt ,Cu

>, 800
: 40mol%

20000 3000010000

(hr )

gis-42

### = 5 wt ^



$FMK 10000 hr 1 LlTTii. 

i'-f tioMKtc; o i 'T b u a ff-$

WkTkti.'>K^I3, C©<S(±03 — 37fc 

$ L ic—3. tt£t>*>.

LTS Lo^x-tiVo

0 3 -43110 3 -42©Pticfca S^fS

64

Arrhenius 7°o y h Lyz#)(DT2b3o 
ilg 20000 hf1 PJ.±-£fiMW)Xl£oIS 

i L ^ (9 ^ Arrhenius 7°# y h (i

% 6 LT 16.9 kcal/fnolK^ ^7

SBTA t LT 4.2 x loVhr k
1 R)

iiitZo T Spewock £> iifPIS

©S£S fflEiiOflb^lcSfiTV

fiv)

17.46 kcal/mol °K, t ygEB-pi: LT 

2.45 x 108/hri©9fi*lfTi,'5„

#C(t, iBffcICfti-6toE#Wm5-10wt^ 

£ L/:#AK"3©T%#%f7-3l:AL Pile 

ol'Til5wt* ©#^-£a£/0£#6L 

CuO&O’FezOs KoVTliiSIc 

LfZo CfUiCuO^ Fe20s

#mT&6/ca6#mi?^T®7 77 u 7

(9. <%&/:&

6#x.

3 " 5 - 4

|g| 3 -44(±Pt - AI2O3 ( 5wt ##

o
T3

G

25000

800CC)

0.85 0.90 0.95

lxl03(«K-‘)

IH 3—43 Pt — A1203 ( 5 wt 96)
SO3 Arrhenius 7°o y h

(hr)

EI3—44 Pt-AlgOgCB wt

90



IC-DOTaSA*'x*©SC>3z*®40mol5K, 'SEIBH 800° ~ 950°C (^^©SJSli 850 
°C, SfelSS SOOOhr™1 T'fTo/:) Kfcl.'TEEtoK'Effl Lfcii^©SAm®$SS-ei!b 

!), 500hrSST'!4t4t^<fc(4Ei6 6nfj:^^fc„ 44:, CuO-AEOsCs wt

%) , FeaOs- AI2O3 ( 5 wt %) IC-DVTl,|5l#IC 500 atrB1gS-e(4!SK%-fbi4E<s6 6tlfj:
O fco

3 • 6 -WfvHbC&U&BmA

*-#%*:44 75{@4©®*^jBKi4#K|%aa6 

< , tMJlpKBfnh-E, z: <h^Ete/:0 #-A#^44 7;i/^@

(RlK(A) <h (B)) =bvi/-7° (6U£(c) <h (D))fc^|iJ LrEE-ffc 

£HD, 44 7Mfcicfcy-5Ftgg|*fflffittlis <®Mz*i$K-3VT^I4LA„

3*6*1 y©#w

(a) 7k*%^vi/-7°®SE'ftf<:*5 0'5S*6<]#AA'

#{b#4 4 5SIBI4, St{**®A®S

6KJ:b^T^E»sSSTS SJCa*^a<, BS#®##&# 7®@* 

SFWA*^i) K6 C <h$ ft, A § 5 4: O'IS*® M# 14417 4 4 7 7i/A#4 

LV' i#A btiTl'Ao

*-a#m44 ^vi/®*mmA;i/-7°®#A. a{b#(n)&av44#{man)*(

n) ©40 %@l#:A##45Rg-e& 0,
m'tlJF-m(44 to 4*444 C <k l<44 -5 „ f Cf, IS*4M#467K#mt7^-7°®# 

*{tlc|^LS*&!4Lfcgf, ®AW«#AAiLT, &5@0@#:icm4b#(n)& 

##LT4ETAj#K7STAL, Stb*"74^4)4,, 7j<ESi65V14 Si t7kS4"x 

SlctOjlS* 5 <: iK4it, S#OiK#Ki«<, RjBS45Ait»#$L4<, 

m 3 -45 (44©«i:^4:L-fct>®T'fc5o 44, 0*®A, B, C(4 SX-fhKtBil 

£, E, F, G(4ia7K54PSJBiij:45o #iJ/U4', #%{b©#T LA14, flD 

7m#©RfG@@4-eAnma:#4:#, j)D7K54fFS)Bt§il®lc@if§Sti5 (07r 

(4H-e4:Sii4teB) o ISW^S"?, %07k9#aB©#T L A^.jB#E 14, I'ofc

a. AXiLBLeKSt-5set -(??#»s n, MmmR&mommm (m-con-e*; 

Stifctitii) Kii#6Sti6o
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300 - 500’C

Bromination
heating cooling

Hydrolysis

g|3—45

(b)

Su:STj&^fcS*to^;#X-S'fi:X-d©T, gfc-^JlEfKiSK X €>7]<X3§£^- 7°©

SBtra-ettmfj: < mU.SM'M'ati>i)K «D£Lo(5I»^*fe5(to 

tiTFe304©S*'ffc®ES‘tt*iilrS L. EiE^fcfiTLfco c ©#©EiGi§@t#% 

6* FeBrz ©iD7k^SEJt»£ €®StEfE"T:&6 FesChtoJIS'ftEJElc-Dl'T

^®ISH(co©T(±ffilc 3 • 3 • 4 let 

©TiltolCKE^/cfflTTC. CT-iiSlBSf-S^x i$#cEJE©S 1 SEtS (E#2)) %@»s

tiD, «to^b$2®Eli> (ElE(i3)) *s»8 

ift-pfco L»>t>, S 2SESlifiWfc^E-efltiiT?*o tzk><DtK fiMIMtiSi 

fiSCiii'ltii'iftTfco C©#[S]|i, #@®3n7k^'#Ef6tW'-3 <

L < , 5Fea04®J:tSffi«^'l:L<'«^ (#% 5.5 x 10'cd/g

L10®mi 0.2 xl04ciZg, $3-3 SM) LT© 4 C t tltZo S*

^EJ£sMST©)SHli, Fe304©#6aBB-fk©ieff-^ti:$ffi#©S/>^EFeBr2 $K



<DM®ibit J; i) HBr A'X ©flSKKCDBlg'ffc £ fig £ ixfZo

E{bB(H)E(H)©SX<bEJE(i¥WlBroitfi$©TWW<£EiET'*>-5lt 

b-f, ^©RfKilSiiKS'SE 200° ~ 250oCK*VT,J:b$B«*S 5 xio'crf/g

FSt$WBT©fb^EiE#i$®:i$.ES:itosiMT:§. Fes CL ©SX-fLJxtB^littSO^IcB 

X6K itSBE*5 0.2 xl04cij/gi#1Sic/h$©Fe3O4«©a*'ftfc(i, 7K^^ 

«6L/:S'fb7j<*^fflv5S^, 450° ~ 500X©EfSSa^gT<fcb>. XEUJert 

t£S5c#iS©Eti>3;itEt-T FesOitoSS-fbEJE^tt^so^gSiT^) o tza

L/d^T, EfStoSDigLtcfftioTS^SiLSFesOitolSSjtosilffL. #ijx 

H'FfcSBa*55 0.1 Xl04/g gg £ *# K X £ Cj: 10 5 £. 250oCT«£a

EAtokXESin^fflV' 5i. FesCL © FeBr2^©g{b$l±/:z)X:A#^ £# 3 C £ 

ictiSo -ecT, ^BK*l*l^©S<b7XX»"'x©f£$i$s*X* < ih-B/cidlt. EtS 

Sa&fRff 500°C£S< t5i, %aa£\ ElB*©|S]±ld;*6tl5»s\ XEf 5 

A'fb#(n)^##^#ac6.

7kX%4vi/-7°©S*Mjti#xS£ LT, L

T©5bO"e*5K S-fbE(H) ifig-Wlr 6 £ % 6 £ ##©##&# 3 C £ K % lo 

^E©#ft±^'J£ti6„ f CT. L ti b © M jS&X 6 X&© X £ o ©14* £

LT. KBr -LiBrXittlSttTKElS*frfo-ti-SS'Slc-D^T^If LX„ 

FeBr2&#m#t*IC@#£*5C £Kj;l)mma%@Ta*&£#K. SXibEflST' 

(4XEf 5 F e B r2*|cg#$ *5 L £ It £ D . FeBr2$B£Elt|3Bf" 

&ElGaa©@T&KT3£#x./:^W-T&5.

(c) KBr - LiBr 4LI*^SSTT©S/fbE(II)©SF7K£}#SEJE£B£EfK

c©gtoic-EfflTS5*liti(i. SaTK^ftfXfSa^mXftlg^aSLT. *## 

S*SD7K^«*S0-tiV L £ £. mAA%< . *-3FeBn(D-m»mi±# © L £»Sji 

R©*#£%a. €CT. KBr -LiBr*^mW:#^0FeBr2©##a£ga©M 

b-&«©XE®W*$£'&W b*KX5XtoIC. KBr-LiBr . LiBr - 

FeBn . KBr -FeBn & Cl KBr -LiBr -FeBn *iC-3©Ti¥iffl^^ff*ffoX„ 

H3-46(4KBr -LiBr -FeBn HE^$¥«tt®HT'£> <9. EteKBr -LiBr 

TE^©##A (325°C) T£> b>, C0#a#*^.©FeBr2©##a(£ 500°C T 

50mol 600°CT68mol %£*Z6btlfc„
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fetzt SS-fbEfSfcti#yA0^<bzKS*' x £ i, \ A
J%tZMM&3 t/-ft* u 9 MMtZ a Mi- h <) V a

gPSE^fflvrSSf"5C <hKJ;i)$*L/-Co

E 3 -48 StfcBIIDmtmKWKS

KlSHtFS (hr)

Pe304 + 2IIBr— FeBr2 + Fe203 + ll20
2FeBr2 + 3H20 + Br?

Fe-,0,: 0.027 mo
HBr: 0.13 mo I/hr

m (hr)

HHfcRlS

IE 3 —48ttSn7k^#PEJE©EtEsp£5; L/C i©-e£> <0, 650°~ 700°C ©SKtE 

EliRrlKSn L> mg 6 B$RT#{b#( H)©{±jA»m©L/Co L^fc, 

c©-am##Tiirn'fk#(n)0##mA<hkesse^s&s

iSTM^Daifrgfcbhf:, ti*5, tok^jWESWiM; L/cS'fbTkS© 

9d<:Ja7kWlc<k oT4E L/;Fe= 04©S*'ffcES©l5S^IH 3 — 49K^: Ltz0 c

nt±, ss©%^e^b*s)/cFe=o<©Eji6*©e#rBm'fbT*,6c, sssibEsm 3 •

3 • 2 g 9 K 2 m©g^EfG (0 3-49©±IS(C7jUEc) trii^So S*

©#AA#LStfS^EiMLfc©*>fcISfcbftSOli, EfKtofflic&vrii±©ES»s

ififrts c t So c ©0^66)3 b*ti=k 9 ic, as<bfc(i 500°C£1±©
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<3, FesOi tijb\

a f 3 #4 b# (H) ©## |± A < IS*

Et±®^#9lil"C1ik|iiW4]"Tr©Sn7k43-S&oi'S*'fb®ilR)6/i)ivf fi^RrSiciaff

f 5C 6*IS*/:©-C\ Eh^OSM^Omol^*650mol%Ki|j)DS *fc t

ffl£, 61%#®^ K j;«% flaTk^S^ 700°C, S*4L* 500°CT'10 @

®#D& ZL ®i#-aS4bib(II)®'&ltlm 50mol%ii, ##4bK^#%

SKi LTISSL/: 500°acislrjr i>o

80

60
CD

ib AO
$

20

----- •_-----|---- ♦.-----•_.

KBr/LiBr/FeBr2=i9/3l/50
FeBr,: 0.17 mol

it

700'C 
500'C

10

3-50

-si

(hr)

im 3 -50(±# (9 m KMm;KaFe 3 o4 u

64 [g|J2#0^70^^-^ LTMjKGK&f 36^ TL' 6 & 6#W>6o 

ecr. —4@B^T0^O7K^#M^^2'(Dj;'5K#fTfa^ 

3 — 51 L/:#)0T^5o 0K^L/:k% h



7 AAicjb"y-57ksa®1 2 0 © £ S©S-fbTkS^bfe**bb- 

tzLtz^(D!z&<o^ElblOffllc*V'TI413htitz0 *A> 

SAT'iLfc fc©i47kX%?tmA <3, tOfflElSTliffilc/k

Stie^^LT®-5o COCill |g®±#K^LA£ ©K. AAFeO

f 5A6£#A6A5. Rfoffltemofifr £> 2 B#Hfl©IS-C 8 ~ 9 ^©Klb^'

Ifbti/co £eii*sES'SS ( 700°C) T-®¥®ESi|5|c$iJjiLT®5^S^fc-ov 

Titai&to WIHSI6 tibR Ly tltt'ti 6V»k FeBn LA»i%£

ib^ESSSAS 100°CS< tioT®-S,KlB|gS®7j<SSte'(b¥*f#-5.C

#-e&6£#AT®5.

£l±, z§ME*"e®to7j<^&a'SS'fbEi£:'K-Di,'T®^lt#SS^iE^fco £©A

Mitmvnmk-ecom'o&L'M^mai^titz, mn-fboE 

lE^^ffiT-r5£I-'35S«L^#fco £®*&®nJiBti£SFfflih 
Sfcfeicii, 7j:t+3}%#M^#£#AT©3^, #xEf 

$ tb/c—M LAtM £ 7i/,fb^i^^'fT*/-B —"J6© §(&: AfS £> 4i/60 

3-6-2

(a) ##%t;l/-7°®##'fbKty-a**M%#X.^

ElS(c) £El6(Di® 2#©El6^mAAA-&B££l£4ii)##%A7i/-7^#R%f 

5*7ti"e*5K e®;i/-7°l±#m 1 mol ©##£ 1 mol ®7k£El6 LTS-tokS© 

2 mol £ 0.5 mol ©®X££EA5 &©-£$, <0 . HzSO^EO'SOaii £ ©7i—7“l*l£fli 

B££K%5.

»SSf[Lt(4, Efblc^g%7Kli#6#%7k-e% < , ^<bE(E)©flD7k^SEl5 (E 

16(A)) Tl#bft£«ff*#flfiS®JMb7j<*le£ffl©'S£ t;65HBr£H20©£li©B 

A6ATt#*£4(6. f A. K#©#m^#El6. =k 9 IE# ic 14 SOa © #<#El6 ii 

23 kcal /mol©R#El6T& & ©?, M1g<D3tT

&£ £A##Tr&&. f £"£, mShWj^UM-tiZ-tKLiZo —36,802 

£ Br2 ©ElbitSTBStt^W LT* <3, ^fi8S{b7kS*K(4S02®SA(4Sy 6tl 

%©. S02©itSi-5S'fb7k*l4Fe304©S*'fbK*5VTliJEl6;S-^$g^-6®H£4i 

(3#%©T\ C4l^m*f6 4:A®R#t#mLAo SO2 5#Xl4, SO2

£Br2 ©El6lcELT#KtoW£ti5£ £!4ti< (S 3 — 4 fflUSfc Na 2 #M) . #L 

3Ex4£VJS^fc£>6^\ £ vi/T14^(4 95c£l££)#L Wftii'&btiOo AS

- 97



soz 102t $ n§ t#*. &n

6fiK/4 7 Mtumstmomac3-^TliMWlc =kL0c„

fiLt©@jt*#{*Uj;^b. memo lmol E

*3§£^-7°©iM 7 7i/{b5(##@ t 5 C 61C L/:o 

(b) -tM 7 vt/blSHSB

3 • 5 • 2T%B^/c±7ic, u/a Ft, cuo. Fe2o3 %

£'6fftmeStt£*ihA/ giffli/iSiB/ltMto/v *>©**£?i]/£,51 

Fe203&acf\ 0.6 mm 0 ©$#:77i/ 5 /fB#;fc; Fe2C>3 £®li LfcAhOa-Fe2Os ( 3 

wt SC.££ Ifco

Fe2O3&m#lcm©0:#^0SO3W*^. H 3 -42;/ C,t>fr2> <t 7 K/ EfESS 

850 °c, SUMS 5000/hr®T'eli85:*/*St t;/b, E*56^14- 1 mol /hr

2.35mol <hlt*Stl6o H 3 -52©aE0}##g® 

©TSB^bEE 2.35 mol ;/90wt« ©®5E£ LTftf&StlSi. 850°C©WJ1£S 

j®'#" 5 t i lc <t -iXtrtffi L, O2 lmol > SO2 2.00 mol jr^lXlE SO3 0.35 mol #»# 

(tiSh^C <h»k tcr,mfri>M%-ttl6o

^jxlE®tE5'®l6$®T'55'li L 0; Si i ©SO2 +02#^// a®©#@0}A#^/SO2

S-MblT^UlhSA/ SO2 ^Ef$©EX*iai$fl©S02MBA't6®T\ Cft 

5 BM/S02miRl#®©T§;ic#*, MX^gE/iomStiSjlX

0.29 mol %#// 16.7 mol / ©a{b7k%#@#K <t -3 / SO2 liE A/#* $ ft,, #

^tiES^sis/ioftbiiSo #e#®/#6A5S02#iR#©mmmii. *esii 

* 0.18 mol £#tr 19.7mol*©jyb7kStEi 0.1 lmol©»@?fe©iIA?§«£ UT 

f^btlSA/ ESBlh6/7K, S02/Br2/H20SJS±f©/!f^&tl5HBr //*©

SO2Hi©tzJ6ic» SO2 EJR1S®/*5hi5®JR$<h LTfiJfflStiSC j:icfj:60

S02/Br2/H20 El6^©©TSB«fcb), FesO-i ©A*-fb/)# bit, A: 1.8 9 mol ©S 

*ib S il/c SO2 1.89 mol 6###^®/!)##$^, SB;/

bit. ** O.lOmoliffltE 0.81 mol 25.0 mol % ©S<b7k*E'®$^«l§S

ns„ ElESISS/ El6i§©©ESR/i3|i|83wt /, ©®tE£SB/b> *506802$-^ 

ir 3.92mol ©S'fbTkS*"*//'!® bil-5o

EKfe£E-i0c<h*/9, CC-efSbti6S<bj<*!E 7k*^7i/ - 7°£S)£i- 6 E<bto 

(H)E(n)©a*'fbEt6/Effli-5/'c86l<:e®$ti5,^, <: ©iftASOzfim&tZ £



SO, 0,11 0, 1.00

SO, 0.35 SO, 2.00
H,0 6.23H,0 3.81 0, 1.00
HBr 1.25

HBr 5.25'

HBr 3.92
HBr 6.42

Br, 0^80

---^

HBr 1.54 HBr 2.64 HBr 1.47
Br, 1.89

® H,SO„

® H,S0. ####

© H,S0»,

© 0,/S0,

© so, KfiSSSs

© so, R«i$

© S0,/Br,/H,0 

© S0,/Br,/H,0 

© SO, WX#

(SO20#*)

^ 3 -52 - y® ^ ^
: 1 grml/hr)
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Brz/mOORfG#® TSOz&gcAKB^f 5 CiKSSo Aten'S, KiSS©®!# 

@«k0yPtijSfl5 0.70mol®SC>2 £ 0.80mol®Brzt#tr&fW##x 3.92mol* 

KlSS® ®TS|5K»AU KTO® =kD#S&$ti60.28mol©Br2 £ O.llmol ® 

H2SO430.5mol% ®S'ffc7k*E*^fi"e®SS-ti:5C jrlC^oT+^SSS 

•a--So £®®@77lfJlA®:i:* 0.28mol £AAAjyt7klt#'x® 6.42mol 

ICgFUdSftT. &®MXi§® ICtoSStl-B—A, 0.10 mol ©Ml £ O.SlmolOEK^ 

#tr 25.0mol^®S'fb7k*ES$(d:S:S©®iSHlc:®iSSti-6„

E«i#® iix ft'ft7k**"xc)n(c#-ttl5S02lli®tt±«I'iHBriH20®^if* 

SWiLTfc®, KSiS® ©Sm 9 toSSnsAX^AirStokSAx £, ElK# 

® d^WnSt!® 0.18mol©AX£ 0.1 lmol®E®-$r#tr 19.7mol% ©S'ftTKXH

S02*#t 5.25mol( 0.18mol©J|*£

Atf)A##6Al5o

KjSS© *6f#bti-5^83wt%® E® (A ®S$®TSB$'fbLAAKlBE 
#£#K#B#g ©?% 90 wt^ i t?zEB$ tl, By^KlbliKSlcftla $ ilSC i:Kti5o

03-52 i® Hc-ax*^ 7 ^©kxh^-7”®im ?Mmmmm&tfi 

A fe ®-e* 6 „ S1B1S ® ® HSRSSIi5^ »" 7 X x ^ ©{-161i®'XT@e *" 7 X TS 

fFLrfc®, ±@;^®E#m(iT7oy#&emLT^5. E#®m%@B&a##m 
Risi§©6®®m@im?xt'7^k-7-7\ -enen 8so° . 200°ck

tiuMh-egi <£ Vic Lite E#&CP'A#&##®a/:AK(i#%gg^T7 O y#®Sl

4-”x7\ afk7k##i#&®@#Kli|5| U: < %7 o y#©@m^ y7°^@m LA. AS 

g®3$E##K

3 • 7 gfc—AX$-tM £;uDSEt«4

K#z©AA##0 6&3@]Al±@&'CA& < ,

#5 £#A TK^Ois-ft^WKSSlcfc^Tl) L*®

SMk^th-i 7 7U4-A5 i, 6'®7-4 /\o AyjbTkX. il^nyyftft

H2SO4, SO2 % £'lg Att©S: L I-1' SiSA^'a £ A £T'£> 5„ £ ®<fc 9 ti

^ii A4 -£©-fb^I*©mt;£-li 5 Mcti x -5 fc ©Tafe ® EBBti^ES©**® H
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fcaf-e^i'o B-fbpiM f ;i/@m%@g#6|W|#ic 
#S##K^©tz&tl/vb fr®HW-iUzLt-^gT-afe5 i:fx5„

^^nc4b-v>rfefJ^1.T?litt<, S-fbTkSli. ft-fbTkXtfx, ##, S-fb 

E(n\ Kt#, «7k®iE«f;£a^©SS^#Trffiffl't6 Ctlctiio %

t?\ cnb*#T-eEfflT#5SBti'S^@$'t6BtoT\ #4©AW&CfAA, -fe7 

5 y ? x, 7° 7 x f- .y 7 ##% £'tt ot,'TitAStB^T o 4c„

3 • 7 • t »Att©fFffi

(a) ##, mmcm*#fb

/zyktemf +

^-Tkgbx ®®©^-fb*aiJS LfSBflj©-etliitl8 L4c„ tfc, B

Z»£E$L4c0

(b) JWA£J$$l©iilI

ISE^©ISfiJt$fflKBESti5SEK-D^r(4XE[Hl$TSK <k^T-fb^ti®|Hl$

S-fTo 4c o

(c) MA^#0##K j;5

#Att©ff«
AW 4j £'©ifA'tt;tffffi't~ 5 iz fi S* © 

1S&1fi&Zi>K *fc=fc<?OT£ftSMS 

9zKm-3<um:&mmt&ttti, as 

- 7 K/k-r =k -5 4£*»^e vrBAttotS 

#0''&fT o 4c19)0

3-7-2

(a) AW&cfAA^#

3-7 EAK0M

$&## mdd *

A # 0 — 5

a 5 '— 10
B Rf 10 —100

C > 100

* mdd=mg-per s.q-dm per day

L tzAJB&bfAA©#!! t$ f4#C©£*5 <07?* S, 

(D f y f ;i/ : ^^/oAHK 10mm x 20mm x 1 mm 0#$) o

(2) f y^X-fy, tvyTy:^'f^,%)S#aa"e^ 13mm ^ X 3 mmo 

(D f- 9 -=- # A : @||pnT\ 10mm x 20mm x 1 mm (j# $) 0

(4) /fy^^vi/—825, /fyn^vi/— 600, /fyn$;i/— 625, —y^rvi/—200,

j'-.Ji'/ 9 )\s—400 : Huntington Alloys tiM(^)T\10 mm x20 mmx
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1 mm (IP S) o

(D aXto-IB, A7fo'(G: KXSS"C\ 10mm x 20mm x 1 mm OPS) 0

© /nxteM C, SUS 304, 4 ynSA'—600 : 10mm x 20mm

x 1 mm (IP S ) o

© 1398 (HK- 40) , HO, Ni -Cr - 3, Ni -Cr-7, Ni-Cr-10 : V©

tlfcWPSiSPjTSfflji'tttjfi’S'e, 10mm X20mm x 4 mm (IPS) ICtiJ Dtiti L"d£

ffl L/I0

© Durichlor , Duriron, /'XfDlD : Kbp^'A^TT^ tifr-, jt©-£\
M©***3-8 (B) ©ffi® (e*W^)20)^S^L, ? 7* U 7 HtfigM 

L/:©%, 6'SMftiiirKfflTliitiSSXS'Seif5*ffl© T^rl- d: Lfct>©£^© 

liifflLfc,

m±©Am&a'AA©{b#*ag%&m 3 - s (ahb)^©,,

^ L /Co

(b) 4z 7 3 7 :Z ^

#3 — 9 teTFLfz&M't 7 i "J 9 Ltz.o X 20mm X 3 mm ( J?

2)

3 — 9 -k 7

.......  UK#
S94 ....: sio2 m AI2 O3 (%) Zr02 m MgO (%) y20s m

NC 4 7 4 8 — — —

HB 4 1 5 5 — — —

Zr —M — — 9 5 5 —

Zr—Y — — 9 5 — 5
S S A-H 4 9 5 — — —

S S A— S 0. 1 9 9.5 — — —

(c) 7°7Xfvf%:(H'

ek 7 /I##^rl0mm x 20mm x 1 mm(j#$)(Z)^;# $ t. <t L tzQ

, 7v#^A (/</f by) ,

h (PC) , ^ V yo C y y (P P ) f/f yy, 7 (4 F&CX6 F),

7^V;L/ (MA), ^U^XTVI/, ^bk'-;i/(PVC), ^UT4z7-;i/(^
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^3—8

(A)

Mi 14
C Mn

#
Fe S

%
Si Cu

#
Ni Cr Mo Ta f 0 #

A y u o A ~ 825 0.01 0.25 28.36 0.003 0.22 1.79 43.2 22.21 3.04 — A10.07,Ti0.85
A y ^ A )\/ — 600 0.02 0.19 8.44 0.002 0. 1 0.38 74.7 16.17 — — —

4 y 3 $V1/ — 625 0.02 0. 1 4. 5 0.003 0.21 — 61.59 21.38 8.38 —
A1 0.2, Ti 0.22 
P0.11,
Ta+Nb 3.39

"j *T )\s 200 0.08 0. 2 0.02 0.002 0.06 0.01 99.57 — — — —

;i/— 400 0. 9 0. 7 1.92 0.008 0.13 32.16 64.99 — — — —

^Xjo^ B 0.005 0.54 4.73 0.005 0.18 — 66.91 0.18 26.87 — Co 0.21, V 0.37 
P<0.005

/\XTCM G 0.03 1.56 19.77 0.005 0.23 2.02 45.43 21.58 6.34 —
Co 0.41,P 0.005 
W0.32,
Ta+Nb 2.3

f y ^ ;i/ 0.003 — 0.001 — 0.002 0.001 0.001 — 0.003 99.96
Ti 0.001,Co 0.01 
Nb 0.006

C 0.05 0.75 — — 0. 4 — 67.72 15.39 15.69 — —

S U S — 304 0.05 0.98 70.65 — 0.55 — 9.38 18.39 — — —

yf y 3 — 600 * 0.04 0. 4 9.82 — 0.2 — 73.86 15.68 — — —

1 3 9 8 (HK-40) 0.39 0.51 52.26 — 1.14 — 20.77 24.93 — — —

HO 0. 5 1.05 41.71 — 1.28 — 28.4 27.06 — — —

Ni—Or—3 0.45 1.15 48.21 — 0.98 — 18.74 30.47 — — —

Ni—Cr—7 0.45 1.16 43.19 — 0.94 — 18.35 35.91 — — —

Ni—Cr-10 0.43 0.86 28.71 — 0.99 — 34.24 34.77 — — —

(B)

Fe W c m si m Mo m Mn W Ni m cu m Ai m

Durichlor 81.3 0.85 14.5 3.0 0.35 — — —

Duriron 84.35 0.80 14.5 — 0.35 — — —

D — — 9.5 — — 86.5 3.5 0.5
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7 n y) , 7 7 ij il/i 5 l) 7l/7"7 -7^ y X t U V (A B S) , # 'J if X y, 7'7 

7 7 4 h (S^HbH, ISfi-M'ttlSmm x 15mm x 1 mm(J|E$) )e

3*7*3 HBr — H20

^ *6S^(iEj£»"x<h LT, t/:&5#Ali

ElE^Jjgtli IXMI)WifrnztK fiS^fe-E-Ooi'S/ioTl'So s<b7jc*

s<tE (n) cd ad thesis. Fe304oa*'fbig©ss(i^ne'iv i2o°c,
650°C, 500°CiSoTfcb), ^©JS^-togHSlI)7j<*6*§£■t>ife il«'AX©i§ 

-6;ft5.IcS-tSSEMiRSSSti5<: tl5o

(a) #*#lJi!LBtokXK*'e©BiKISil

© A A# 7 7 x 3 ic 47wt ^ b/KXK 300 ml ££t), ziiileiSaft^SPfs^jt

EL, aSM^ffofco c©i*£!$Wm%4iKiB8L,

■IS-fb^SilSL/Co C©#^7773f*|©$-a(i 124°C-C&7/:o ISS&S3-10 

let ifefco

#%024#f@T, -yTvl/- 200, ^7^7714-400, SUS - 304, Ni-Cr-3, Ni-Cr 

-10 li5r£lczS£, HO, Ni-Cr- 7 ltilvMA£StfT$R LMXtBT1* o A„

4 y n y,7i/- 600 fc'®AAfl?, 4 y 3 n 4 - 825 , 4 7 3 171/- 625 ,/'X

T n 4 C, 7 7*3" >3 (DMlk&Stf & C

-fe 7 Z 7 7 xljiti^ti: DH'fttt'SrTS LA*5, $771/ i tRTrife 6 S S A — S

ttK5.LV|S$*s'fSbtiy'C^ iitiSAT'cfeyfco 7°7 Xt 7 7E&a'7"5 7 7 41 Hi

L A#*, 2g^©c xf 7

Tl'Sfflt, 'SSietoTOTS^SW'St tKU&o 

7X771/, 7 y 7"x x v, t V 7'7'y%£'©AR, -fe 7 S 7 7 x (NC, HB, S

5 A-H) A<h"l4$i*Ber«fl 534 $5 M tD SEAitS 5 ^ j:^ E>

*>£ A o A<,
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3—10 HBr-HgCm (f&m)

Miwmmfs *0100 # H #(2)100#^ *®310 B# fS
mdd mdd mdd mdd

4 y 3 n 4 -800 976 1990 — — c 5
^ y 3 $;i/-600 4 290 0 — — — c S
d 7 ^ ^.;i/-625 1 0 2 1 1 7 — — c 5

B 1 5.2 4. 1 2 2.4 5. 7 B rT
f y f ;i/ 0 1. 6 0 0. 7 A #
yxX "T n >f C 234 284 — 328 C
/f y 3 ^;i/-600 3 7 6 0 0 — — — C 5
7 y y% % y 0 0. 6 0 0 A #
t u y% y 0 3. 1 0 0 A #

NC 5. 2 1. 2 2. 1 0. 4 A #
HB 1 3.8 3. 3 2. 1 0 A #
ZrM 5.2 4 9. 7 2.9 0. 5 B rT
Zr—Y 0 — 4 1.8 4 B

S S A—H 1. 7 0. 4 0 0.8 A #
S S A-S 2 9.3 3 5. 6 6 2. 1 6 7.7 B rT

7 v# n" A — 1009 — — C S
^ u yo L°y y — 1. 6 0 0 A #
7 -ylf© 11(6 F) — 0. 5 0 0 A #
7 y*©BI(4F) — 0. 5 0. 5 0 A #
^ 7 7 7 d h — 0 0 0. 6 A «
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650°C) (tisijr&m(b) HBr-Hz-HzO SfflSH, (Stffl, 

tt-n*^w©si

SSJE-eii, 650°CTmik# 

(n)cDiinfcftM&rr o *\ c 

®*§-£®£J3£,$Iii HBr -Hz 

-HzO-e&So ?nr\ c®

$$EL/c„

3 -531c# L/cA 9 lc, #g9 

EH if y x SiRfc/f |*| KISI4 

/t'iS#, C®SI2#£-650°C 

L/Co 7 7 x n (C47* 

HBr 450 ml£AtUl)=k D 5 

%®7kS;6Sti7-'V 3- y #"x

5- 100 ml/min ®#jA7T& 0

7773*111*1,

(2) 3,i>
*7 y h yi/ t — $ ~

E3-53

AL/:o

L 7 7 % ^ ^

L/:o

# 3

/:o 7

c /:o 7 y y^ f y !o

— 1 7 "j

f##ALf:o tv y^yfi

3-11 HBr-Hg-HgO (M8.65O°C)-C0!m 
^ ^ : 310 # ^

Bit $4 mdd # # #

7 y 7' % T y 2020 C 5

-t v 7 % y 107 C

N C 3.1 A #

H B 4.1 A #

Zr — M 0.3 A #

Zr - Y 2.5 A #

8SA -H 3.3 A #

88 A—8 / 0.3 A #

^ 7 7 7 ^ h 5.9 A S
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t U #3-13 HBr-Br2-H2O(14O°C)T0W

K##L/:o

6 ft

/Zo /^%Ta4B(±^M#^:^|

(5W#8 : 100^^)
mdd *& # #

7 y % T y 2.5 A #
f y f ;i/ 0 A #
yx X y- □ yf B 6010 C

^,/:o ^ % -e% < a j; ? #

(#3-13 #M)o

(a)

3 —14 91 SffiJSHBr tp'M'{ms£
(M^ : 20 °C, ^#^^208#^)

« m mdd # # #
yf y n d 4 - 825 0.3 A #
4 y 3 9 ^  600 2.5 A #
4 y 3 625 0 A #
— "j 4r yiy- 200 4.3 A #
14^;^/ ^ ;R- 400 2 9.8 B rT
y\% y- 3 4 B 0.3 A #
/\%%o4 C 0 A #
4 y 3 ^/l/- 600 * 4.6 A #
f- $ ;=. r> A 8.6 A #

M-I^©ln^:^# 3 — 14&CX#

3 — 15 # # 4^ # % Mi #
(m^20°C. ^#8#^170B#^)

BS # mdd % j4 #
y\X -y D 4 B 332 C 5
f y ? ;i/ 0 A #
7 y 7'% y y 2.9 A #
t o 7'% y 69.1 B Rf
1398 (HK-40) 17.9 B Rf

HO 20.1 B Rl
Ni-Cr- 3 77.9 B Rf
Ni-Cr- 7 22.9 B Rj
Ni-Cr-10 3.8 A #

7 y#3'A * 121 C
# U 7°o H y y * 7.1 A m
7 (4 F) 0 A #
7 y *6flg (6 F) 0 A #
d! 0 m f y y * 8.9 A

7 y 7 y 4 5 * 197 C

* : #at#t0K4;5^©

3-15T&^).

C /:o
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4N
\N

\f\
b

— 601 —

9 wmmumwu'zn'i'xiE^mm&mmwv^B 1 a yz-wm^w m®a %

Y 6i xq-.fiW-v-0,.?!/ uojuna'jomouna :/V9 £ IS

°9lf $^*2!#%^? ^ S > 1 °Y

1 t - 8 MfcGS £ - 8*

BSSWg®Ji4i@58SW t-S-8

HS±B@5$?W

#:®#W#)S®0 knXXxz

^flSWM)1S2!LBJ

k □ ® Xxz 'QJ'OXyv/ kO 

kaxXxz $3

$82191- 8&AWSS- 8I1 

ycxx x "1 

q>$QT2l?^5»5EE-$SI 

®S?i?)x.#:nq>tf: v^@f®:2

$ E

SZWnff ''l»«2)43®^?l«a 

xfY%lm0S®W^i62!M c x 
xx

8B

#*@##®a.*#m#% (b)

°5 ?/ ?gWHSl®^^c.2)S/ (0o008 '#W) OzH-zO-£OS 

- zOS vO„008 'm%) OzH + eOS'(Oo088 '#%) *ME- 'f)%l

°9U<i'¥^Q)^9^X1HM%00l flSa-TKTDoOSZ ¥ia,H®¥(I)

(Z) zoy, + zos - EOS

(I) =OS + OzH *- fOSzH

* • l • e



( # H'J )

4

Durichlor (2)
D u r i r o n (2)

m-56 c 320 °c)
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-zil-

^0OoOO8'^)^O^H-^OS 89—8^

(^) ^ #
oos oo v ooe 002 ooi o

(S)JO]ipunQ o
(Stu)

<u
m
Q>

■iq P9Z (81 uoauna 

jq toS (fi.qoiqouna

■iq 868 o

s D 8SA (8) ucmjnQ

s 0 (8) jo%qoiJRQ

Jk 9 09 0 > n X X vz

piym ppm M 8

8jS®O.008' BW)80ZH-E0S L1-8

0.008 Wuo-,!Jna : to!)
^5Sc»*SBSOzH- eOS iS-80

(jq) W #
oov ooe ooz ooi o

°(if#zi-es ‘Z9-SH)

son Sfia-ywoOoOos 

'?) ucuunao^S y -CtV.-l

caozs)

°z/ne^2!aoo8a-viB-5fE#w

*3^38® Z>

----- 1 wg2i ((T) *11) sl§3f^f)*

MSI
iS!@a. (0,008 WfflifWozH-£os (q)



htltzs'X t n 4 GZfct^Durichlor (CoOtIMIhffi 

-58^^>5o

C 0#A-e##f 6 C 6 6 6#^^ ^L/:o

z\% f D ^ G0#^ 5J^mKoT(±, X #-o /: 6

C 6^ ^1 3 — 59 (D (2) leaf'd; 3 KFesCk "%?& 5 C 6^##^7T# /:o

so3-H20^#@m^Tm±#^f c6(i

(c) SO2 — SOs — O2 — H2O y^SElxl (JUffi, 800°C) 7:<D|£||

NaOH

Ar(g)

AI2O3 -CuO

^7 7 ^ y H2SO4



(3) SO2-5O3-O2 - ^0(700 *0)

(4) 502 -503-02 -^0(800*0)

2 8 (deg)

m-59
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*SJE©S03iS03© ftffiit J; 5SO2iOsSOORfSa© 4J&5}gHE

©Efraitesjeoss^ sootutRjtgs©-?. stg^Rfc-s 8oo°c kissl

fco

*3E@ilt-@ffl LABE (ill 3 -60 Kg LA <k -5 ic, #^#Bg 6A < |W| Uffifcfr f, 

laSMbXiSSffflTSKMIi LTCuO-AhOs (1 

wt %) *gTA(gTA#:» 20cri) L, C ©±SK!$*4Jt*6#S£ffl VT-Rf# L g„ 

97%H2S04(4 0-7^7° Tilly'? 7 7 ^ y^StMitiiOiXilG tit ioTHzSO* 

(lOmlHsSOVhr) U SS6$T6yfb £ ih 7A-n'ytfx £it(t, fi 

E 800°C (0*(1)) RO? 700°C(H*(2))KR)tL/'c6$;iP4S%aaS*go SfiSlc 

jsO'6 A"7|ig£li$ 3 -18lcgLfcifc*97!S5o

18 SO2- SO3- O2-H2O S*'xffljj£

SA*"7 g©
SOs # E SO3 + H2O + Ar 35 mo1 ^

# A #' % ^ 11.7 X 10s ci/hr (NTP)

MKJl*©
SUHiSE

g1'7 X 103 = 600 hr _1

sos smtijssp 7 8^

^ # g|3

^7 % #

SO 3 0. 0 4 0 (mol) 6.7 m

SO 2 0. 144 2 4.2

H2 O 0.20 5 3 4.5

Ar 0. 1 34 2 2. 5

O2 0.072 1 2. 1

A It 0. 5 9 5 100

S3 -Mli/'Xfoj G&a'@7X £ At:&©T65o

xxdX jsWAttS-gb. H3 -61©m#E'fb@mgG%7

IG SiSSJffl (#R©24#fg) KSEBsSg'HS £ ?f x 5> ii -5eet|Sn»5EA biifc, 

C®EKi4XElflltfr®ISm^ 700°C7?iiCr2O3, SOOTreiiCnOs, FeaOa
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3 —19 S02 — SO3—02—H2O H' CD B5I

'BE : 800 ”C * 700 °C 
B#Rg ax f o 1 G 620hr ; -t ©{til 416hr

mdd
yx X T D vf G 1. 2 A #

y\X T O d G* 4.0 A #

Durichior (1) 1 5.2 B Rf

Duriron (1) 7 5.2 B hj

0 3-si so2-so3-o2-h2o suram (5ti®
t n ^ G©jSn")

® Durichior <n
o D u r i ro n n>

gi3-62 SO2-SO3-O2-H2O
( Durichior , Duriron CDiSA)
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t4KW-!g-LTV5 fccoi:}tl$$ft3„

H 3 -62(4H4-f 0. Durichior

3 • 8 e m

M^©SSjrT-EWffffl^fr-=/■:<£»>7?—SSEtoKwrtEW<fc D, ## 

*©B^b*T 5 /■;«• ®«fiz)iab 5 £*#£ ti/ci4-S*$-44 7 ;t/0

MifiSEfSicoi'T, -*M 7 mltij: LfcJ;

# im®#{bm(n)©an;K6}#R&li, sFE^Bfc^LrWfiJtiES^liSxtivK 

mgiABKiiFeBnim©mmicM#%< n-mzM'at&o cwceu m2m©##{b 

ESiiVESnBtcStiTWfireEtSTifcZ>-hK Ssl-fkESiSEiiFesO,,

< $esn, ii'®fSafflJ:t^B«*ltoFe304^)!g^S^I<:

< Wo^ C t&Bfl e,&ic Lfco S 3 ©©S-flykS^iiEElSi$ 4 B©##©@#7}

j$Efi> fc O © T fi, l' -f ft fc # IC F4 j® & t± j| a fcft *4 0 tz „

fc © +M 7 vl/%@S±7k*%^ 7 V - 7° ik E*%±71/- 7° 1C ^SlJ L.

©^rf^Bofco ##%^7i/-7lcMLTIi#lcR#ilifc: < , 7 A4cj8 0-,E>®

*%*7V-7°<h LTgfcTflh/cfce.kslfcLfcil/Co t fcT\ #6 A/c*#f - 7 tglc 

E3R%4tE*£ LT 1 B#Fb3^D 1 gmol £f§£"fcS 5SB£S(fFU 

^*i65fc86©SE^ilter©5o —7k*%^7i/-7”(±, SE1GE&5

<dz\ u, iwisisfroi:

ISS. SDSL@E©tlin^:*KFe304©**

^©EStt^E'S U EJEiSSEO'ft^EJE^lcfiTLfco €©HH£jS¥#r LfcfeJH, 

SS-fkBlSWsffiTir5(i, Fes04©ISal-lk®itn-^itSBSoiaik'^^® FeBr2# 

E©@@Mklc X 5 HBr*"x©rt8|5$tS©B*-ffc7?* 5 tMIm'ltftzo *-fk7k**"x©ElS 

^B^©K&A#a-fc&6©-fc. SE^iSto -5 fc £ ic j; D6£Ei$E(±*S < % Q**{kE 

lE(i{E]H£ti6 fc 5AS, SB, 5 F e B r2©###%0" fc , fc©4

$-fcliB#:©##*#fc fc £ lc% D #fF±?$U 6 % 5. Z tZ\ FeBr2 ©Stiff ^{fiTS 

#T&m*®Uir&—'J5, FeBr2©SMifig(cJ;SEfEiiEfflfiT*K5<"gBT\ ti
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i: C 6, VfftOES <k l> R'/S 

KiSfibx »<0&b[B]*$!£*teT&x FeBrz m&VtM&Z-ZtltzJ: ? tiSS-fbElE^Sifi 

T©ilgU±£< Abtvfx b^fe> F eB n ©## t * <" C 6 ^17 #, @##@^##6* 

5Citt<, #lcElG*'% D *A 5 5 6 ^ 3 mm b%#5 C 6mr#7t.

C®A?£©3im©Rltgtt£F(Ilh5/:i6K ti. 5»b TkSSI

Zfe7iy-7°®-®®m^*iP'ft-eS 5 BS^IS bft, Sicfi. E*%47V-7°ilS^rS* 

7bx #-##-#-*M 7 71/©—ILfct'l 7 7l/-fbl$®$'ffx. 5 $ "CKlE.o tzC h. It, —d(D 

-E> i^x btlSo

##K, E-SSS7-7 7 7i/©SS®EJE^#T-ei$ffl-eS 5BM

T, 7 V --7 7" • tX ^®IS$, V-fil®

^ &$4#^-At^f:f C 6 liT# %^-3 7:o SEtffl-lcig* £ 

m$mt lt. (D+s^sAtt^-wb, m#im®#mKRA#5c6x oss^tiASt-c

tzt§£, ««W3iK(c7^LTKffl^7j:©cix (3)iDltt^E»7r*5Cix (4)S«-eA# 

bS© C<bti£’»i*0i'bti6o 5C6(±@&T#^®^^6 C £

-e&D, #*&mabTeti%D®7#&3ZT5'<AT&&6#A&.

S # 5t tt

1. D. R. Stull , " JANAF Thermochemical Tables" , Dow Chemical Company, 

Michigan ( 1967 )

2. ” Physical Properties Data Compilations Relevant to Energy Storage. I 
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4. 4 7" IJ 7 KIM ?

4 • 1 m W

A#^7 4 ^ vi/|±%*%KI4%® j; 9 %Z.c0RjE^ 6% T® 5.

H20 + Bra - 2HBr + xh02 (D
2HBr - H2 + Bra W

ttet>t>, (I )iCT^Sn6S*%*ES<h1 Cn)ST/TS*5*3^46®!^61®^ 

fiTMo

CCT\ ElS( I )iiHaO-Cl2»©® Deacon KlB<hSfHeRSTife 6fiK ElSWiffi 

< , ttz. *'msK mu<£> 6 %0j=3%z:m®»7'7^ ^vt/(l')

MO + Br2 ^ MBr2 + I/202 l
r o')MBra + H20 - MO + 2HBr J ( M : Zn , In , Ca )

Bra + S02 + 2H20 ^ H2SO4 + 2HBr 1
\ cn

H2S04 - H20 + SOa + V2O2 J

MLtztc6, (l')©77"-tM '7Jum'-Ftie>%J&b$)i®&<'M'at2>t tfrb,

-e(4*S®S'S<hitx.6ii/:„

(klcEjECE)®^^**®^^ =k67k*®%4l4EgB5>Mld;^oJtg'eifei91 Cftfe 

*® <4 7 ti—®®77>4 ? ai'TrKr 7 £ i4#x.fc«

3FeBra+ 4H20 - FeaOj + 6HBr + H2 1

00
FesOj + 8HBr ~^3FeBra + 4H20 + Bra J

(I") MB') ©7 7*tM ? A^tt^ibWcmStoESK SuSSTICjE^/cE-SS^-t)-
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So A<bi*(n)©Sa7k^WESoSS^»s{6^ctAK E-SX%

icn\ (no ©EO-tM ^7^WEj£lcS§^x.65i6^'#x.biL5„ 7

2HBr - H2 + Brz ( M% &M ) (1)

ms>S8t®eEiKE£+ESI6 U ^SitSfF-ejr’Ct 

"C0#E©0E^IZI btl'5 fr&fa}S'ES^Ofe So H'fbTkXlSOIlSIlc 7H iT!4Schuetz ifi 
1.0A™2©*StS@©^#-ee«E 1.0 VHT®fel5SSLTV'S# m#lcgf 5

x * vi/f- *fF«E 6 lti&gtt;(i*E® «EJR3£;6^ Sti.riVj:v0 

-)5\ EM)I4*®i£EJ$T?<fc5TkX - SXiiiFM'/tili $M6*E -5 4 i K J; 0. 

©mmme&iio ->xta<h Lreffisgstirfco. veo 6 k jyB^iS^EesE*
ffl l' S>UP'&dkiSSttltz*i2)o c©i§^fe, SER$©ffSBlijz!y bilTt-'ti vQ 

7k*b©7k*s@icS'fb7ks^®*sp^^jffl^6iu4, sufftiT©tz 

#-C©#W#KS7k6Ea^\ Ccom^-WSmftMmE, HBffiSoiieEti£'©S 

#f-7 SCT, Cflb©?lS^)Tl-V S

jb7k##m#^igi'^*7i/f-a$-e(T0 4:A©5I##lc-3^T##f 6 6|5|#lc, EX

%^Etsicy y yj -y kim ?

~>tz0 ^tlb©IS$4-4 <k©/':©^S4*-e*6„

4 • 2 *ft7kXE©llSi5)iP

¥«i*t4©?l$!4, 7k#«@K6A###aA#@, *;t*SK¥rl6&E*S*ffly 

7k**ffii#M*S, MlliilSlfflli^fiS, /ckib©ig*4!**A5S'ttT- 

5-3 tzo #E*gK I4MDKC1* I v 5„

S3-@#-6©rSEl404 - 1 KSLfcSE^fflVTfTofco fpmm@Kli#B&4 7 O y 

#"?**>-3 fc 1 cmx 1cm ©##6A#&o (i. 3cmx 3 cm©30%/f V 07 A-6A

E£EfflL/Co R@®*'7xE-fevi/©ilg6B©i*iS#lt 80ciiit;*S,K ffl>E*©ESE<t:ld; 

SdbkXT? 0.1 mol l’1, SXT 0.05 mol B‘EtTT-*l9.

rtT'&ofco t y -y 3 x 7 y h (HA-201) <k 7 r y y> 3 y o ^ *
lx-7- (HB-103)&Cfxy7 5 ay-f- (HE - 101A)(l'-f n fedtEIES)
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G9##g^ma) (3HS'SA)A9g'T^ 

TO— ^^2)##^$}^##^ 0 mra x

i • z • v
°-4

^ gr#m A

(#mo3v-^v)#mm#: 6
8 Z ^yf)>^: 9

m#:s ^ #### = g
g^maan : g (##9^)##^ : I

mswmom### x-^ig

0o% :
t_3siXOui 0*1 : 2-iam

T_S>notu g-QI : J9HUX

OHS'SAA) ?xm 

O'T S'O 0

b'0-

Z'O-

^ (V)

m
z'o #

b'O

9*0

?##

#^WSseNNI'0

%-^Dfjr^ v 0 0 0:qM E
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2 lc*o—0J£jSLfc<fc-5lc, 0.1 Ji 0.75 VoUHtf-fi, ASSEtolSlm, ##&®^# 

t if, «teSSiSS®ii*Kj;i) i#Anf 5 ###@^0 5aSmmA%4t,

7k## A14 0.1 VtmfrbMteLiZo 0.85 

fi, 1sftttt4 1.25 VtT'SlilCiljmL/Co

4*2-2 7j<E*S2F$«B

Fait a b L"CV -5 Jvo Ic, §6^J <ES-E> 4 molkg k-l_L® SEEtK

SKlCifSHhkS/cto, LTffll'SCi^lSl'. f CT,

u mmie«*^;+#:icj;i)l*„

Pt / Ag / AgCl / sat • KC1 // HBr / H2 / Pt (2)

)8e*ti305Mrt!<:$Sii8£SU <-®B$tttt#S$, zSSlcjotbT ±5mV£lTT$>o 

fco #1%#^#®S#B(4, ?$-EI^-Elc =k -5 fc ® <kllto i>ti/c0 

7K*«S¥«*ffi E„214

E„„ = E:2 + (RT/ F) In (r«Br mHBr/^) (3)

"C'^g-X-btL-Eio E „2 <k 1® (2) ® IM* V „2 6®HlC!4%®NW%D±-bo 

Vh2 = Eh2 - EAg / Agci + Ej (4)

CCTS\ E„2 (4gip7kS«Smti, Rt4in#v6E, T(4B>rffiE, Ft* Faraday £$fc, 

rHBriiTKSd1 mHBr!4#jb7k###tvi/#gg, pH2 i47kX;54H:, EAg/.gd

(tiato KC1E-Wb®es*ti:, E; 14 HBr 6 KC1 P„2®til

l4S<b7k*EzS$®SSvET- ? 4l5l*bflWL4c„ EA6/AgCi (4 25, 35, 50°C r-zn? 

ft 199, 189, 173mvT*6o -6 ft b 4 - 1 IC^-ft, Ej ©1114 Henderson ®

i^bUSE, V„2^bE„2 Sic, (3)iS>b7"HBr£*ii4:„

25°C"el4'$JPS-fb7k*K®BA^T- ^ *51-' < -3*%Sc?ftTV5 A86, fftb&M® 

T3ftJ64cE„2 6*^#ICZ5 25°C®EH2 ®#6&B4 - 3 K4b#Lft. 0*®egil4, 

Haase b bJkfe A fner t'(3)iS> b E„2
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4 — 1 * O' S/kSESVEIti

mHBr
(mol kg"1)

Temp.
CC)

y»n
(mV)

Eja>
(mV)

CH,"
(mV)

7II Qr

(kg mol"1)
T HBrmIIBr 

( — )
10.7 25 - 80 -35 154 37.0 396
10.7 35 - 70 —34 153 29.2 312
10.7 50 - 51 -32 154 22.8 244
10.5 25 - 82 -35 152 34.6 363
10.5 35 - 73 — 34 150 26.4 277
10.5 50 — 53 -32 152 21. 6 226
9.3 25 —101 -33 131 17.8 165
9.3 35 - 9*0 -32 131 14.9 139
9.3 50 - 72 -30 131 11.7 108
9.0 25 -102 -33 130 17.6 158
9.0 35 - 91 -32 130 14.8 133
9.0 50 - 75 -30 128 11.1 99
7.5 25 -116 -31 114 11.3 85
7.5 35 -104 -30 115 10.1 76
7.5 50 - 88 -28 113 7.5 57
6. 5 25 -131 -30 98 6. 9 45
6.5 35 -121 -29 97 5.8 38
6.5 50 -105 -27 95 4.5 29
4.9 25 -144 -.27 82 4.9 24
4.9 35 -135 -26 80 4.0 20
4.9 50 -118 -24 79 3. 5 17

( a) Henderson bs+H (d) mV vs. SHE

4)5)
Thb r £§+;Wl\ E„2 £*©/diTi>

So i>*i6/cEh, liHaaseblc =kS6ck J; < —BtL/'c*i> 6$6/c@

j: QLto c.tin*#®®* 5>© rHBr/kSxtK-fi* 6® rmar (c

< < ^oTl'S/cA'e&So

Eh2 ©*<k7j<*»ggttSttt4S< , EH2{i*£; <*Sftlc${tL

/Co #%.«', *ft7k*E48wt* ©AiMEXrfi. E„2 fii 150mv *iSxTl'S„ Cil 

(i. AibTkmEma/i^t/k St^KrHBr /)4©t e & L</c6%S/c6-e6D. Sfb 

7k»E«S¥©Sfin5}jS?«J£t±Hft7k*Ei#g©iiSD i*lt®Tt S b © i ¥MS ftSo 

25° ~50"C©i®@SBffl|*l-et±o E„2 iiiUS©^®ii(5 <k A,SfSti-ti/po/cc

*1 /iH+ + ABr"+RTln (r„Br m„Br)2 = /^Br + RT1 n P„Br 

CCT. /fHBr

1?^) i9> 25°C*m, /!°h+=0J mor1, /Br- =-102.751 J mol"1, /HBr=-53237
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g|4-3

kO

32

2k

16 £

Ik# t S<k7k3
(25 °o

........ :

e o
Haase 6®# ®m □

A A

l^(D

4-2-3 mmmmw-'MmiiL

SS®7k^©®SS(i/hS <-'K SlbkSSEIc(4 J; < 5 C ^ ASto btir V 6o t

(D-mM&&nmitztt6, H4-4©

<t9(c, Sib7kSESS^Sx5J

Br2 ^Br-iKfEU Bn

ic, 0.7 *2 l.i v icfcvr

aTiitoT—D© t°-^©6-^r^-^1rl-

t ©A#am@t 

30%4 y yy7A-a^EK$x.rfc$'fb 

*f\ s—ESSS^'gC-oT^&tk 

*s'^^Sti5o 

ft®ti0|3**l£^ 6,

¥»EffiEB2

Pt / Ag / AgCl / sat • KC1 // HBr + Br2 / Pt

4 — 4

"- : 20 °C ..... = 30 °C

(5)

«@Et6© Nernst S&y? C ©StoOgl* VBr, k EBr, 6©M#li
RT

Efir2 EBr2 p 111 ( \Jqsv2 / tifBr ) 

VBr2 = EBr2 - EAg / AgCl + Ej

(6)

(7)
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r-SktoZtiz,o e°b,2 25" , 35" , 50"c-? i087.1082.

1075 mV aBrz tiSXSe. aBr" tillfbtH * y?SM^i> %o WA

Br\ Bn , B n ©SI <k d * y M'S * 5 * A €tlbli

^77*5fcfc» Br-O^ffSEid * y^BET'ftffl L, Hende'rson iSttJ;i9Ej &

## L

VBr2 £(7)SlcfU< IT# bitA EBr2 ©##%#4 - 2 tc^Ao ^tib^SM 

H 4 — 2 SX^StrS-lb'kXStiSi'*©
(nafl®)

W%IIUr
(mol kg~l)

mBr2
(mol kg-1)

^»r,

25°C

(mV vs.
------ A

35"C

SHE)

50°C
10. 4 0. 10 837 831 810
10.5 0. 45 859 853 835
10.5 1.15 865 861 840
10.4 1. 88 875 864 849
9. 5 0. 54 878 876 850
9.5 1.02 880 870 852
9.5 1. 49 884 876 858
9. 5 1.86 887 888 860
7.6 0. 10 882 873 851
7.6 0. 24 893 885 866
7.4 0. 74 910 902 884
7.3 1.24 919 912 892

£(6)S©Nernst SilMSU Esr2 ©S^1"6 /: & lc (d. jg$*T© 

Br' 6 Br20#E6@#^-%] b AHTC b 7^©o Bn6Br 6E(5 L. Bn t,Brs~ h&HirfZir 

S©T\ €tlb©'®EtiiXSaLAHBr, BntoilE m„Br , mBr2 tt'50 t

c-e, %©ama-e%©^\ #bs^se

[Bn] . [Br"] . (Bn") „ (Bni ©«** 25°C Kbl'T^OSiSC J; ->Tt£^fc„

[Br“] + [Br3_] + [Brs ] = mHBr (8)

[ B r2] + [B rs~ ] + 2 [ B rs~ ] = mBr2 (9)

(rBr3^CBrs-])/ (r«sr[B r >Br2 [ Bnl) = K3 (io)

CrBrs EBrs 1)/ (rHBrEBr ]r Brg [Br2]2) — Ks (ll)

EfefiSSEK3 = 16.9 tKs = 18.3 ti&jS#©to£gti**A'X'-E-ffc*b*»/c6)oBr
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bilfco jz6##&|g|4- 5 K#-WrT7p-f.

4*2*4 TkS^t/xfCtoiSSE

H 4 — 6 !i, *7S#flliEA'(t,7j<*Elc*5VT, ?#6A##@"^©#@©^#A#T&3. 

50 mAcm-2£lT©«»KSe'e(±, ft 30mV/decade ©##&&)%. Tafel S

J? = a + b log i (12)

imoykmmmEy/^m^o t ©^°?y -f a t ©##m&&4-
3 ic^0 fftbOlli, ©6^*S©7k*iieE7) iSff-t

S^bkiSE K Is v r fc to© EttiSEr ©1SRE j: IBBtoillS, ■i'ttt’t., ®#7kStH? 

©B i ftSS ft So

@4 — 6
mHBr : 10.5 molkg-1

\ : 25 °c ^ : 50 °c

1 10 100 1000 
(mAcm-2)

Zk##&KJ&(DTafel /'f 7 / - f -
@ m
CC)

a
(V)

b
(V)

J0X 104 
(A cm"2)

25 0.105 ±0. 005 0. 028 ±0.002 2. 0±0. 5
35 0.110±0. 003 0. 030 ±0. 002 2. 7±0. 5
50 0.108 ±0. 002 0* 030 ±0. 001 2.6±0. 5

4*2*5 SS§££J£E'(DiraE

^ (± ^ ^ - 7 7T ^ ® ^36 /:o
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^4-7
(25 °o

gg : = 10. 5mol kg”1, ntllr, = 0. 2mol kg"'
i

A - mnBf 3mol kg"1, tnBri — 0. 2mol kg 1

mHBr fii Q~ 10.5 mol kg 1 T mnr2 ±i 1.5 mol kg 1 HTO'SKISHtr. 25. 35, 50 °C 

fflfilKol'tilLfco C ©5!lfc8;ffT"ra, m=r2 *5 0.05 mol kg”1 J21"F

@4 - lOOmAcm"2 ©mSBE*-?

UbtitZo 1000 mA cm"2 HTTl£l£ffiJ?*^BE(iii*ft*i;6^ tz0 

04 - 7 SS%*Sl6©jS1EK(iEEfg'EEtt#tt^SttL, -e©3

lEtt, #*#E©1#%K M;*X'/*E©i|flnj:*li:ti4>

LfCo Mxli, rnHBr ijifti 6 molkg"'®®S?S'C!±, 1000 mAcm"2 ©eStSET 75 ± 10 

mVHII^L^mHBi iji 10.5molkg"1®Jt#|fflES-fb7k*E;£ffll-Vcii^-fi 50 ± 
10 mV KS^LfCo t/c, @#E©@Ea#liC©#a-e(±/j)$ < , •etoEfbtiSBKS

BSM<i®Sg&y'Sg 

---- :25°C ....... = 50°C

# : WnBr — 10. 5mol kg-1, m»ri<0. 01 mol kg-1 
H : m„nr = 10. Omol kg"1, »HUrj = 0. 15mol kg"* 
A : wnDr~ 10. 4 mol kg"*, = 00mol kg"1
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H 4-8 li.^-ftTkilKiSK—5t® t> © t -CSSSiSE £SE £ Ei:l§i§ieo0-c,

9*UK =fc-E>E-AflefijES-SaxTSi-o S 

*z6S»iStoTev^{4;'rt±ii6SJS®WjF^/h* vfcte, ^gSSicTafel© M#iP'tIS(l 

Sft. L t), 6; VfgsMM&.%:7Fto L^Lx ccr,^^mm<6iti6cr>(i mBr2 ft 0.05 

molkg- BTFTabDx ^iLBi±®S*SETlii$SJE®8#)$*Sii*)fixB4 - 7 ®J:5SS 

ie&. l#@#@li###E©#tm£#K0 4 - 8® jziticg'fbf 5o 

04 - 7 £04 - 8 j; -5 it, ^jSH^KJSIcWfSiME 14, 7k*ii*E

iifcKLTfe/J'Si'fcJ6, t@«Elc&gf ^#liE#%/L6® £**6AS. Sic, US 

*e®«SP'®SK^SS^#lc J: 5,EEli, i@*E© ^6 ti 6= lc J; 5 Etb J; t), ¥««fi£® 

Etblc#-ji''i: t,®7& t), ®S1fiC-£"{fiTSEfME®tid>-S’B15Kti, JUSIIS5?®

U'o

4*2*6 $<fc7k$E—*$—7k$®*SES$

S*Ezl;£ffl©®E£ LTIi, -J® KSAJitteeS^isMSti5„ Li»L,

H-fbTkXSticSF^ffi'-Eii:®, lcm ©5P?ltiii®lMi;£-W'#~3**7 x-fe yaffil', fiij

E£S< 165S4-ffll'TiS#4'S«6i*«$L, CtUz DUSE^E****: 

tali. tN v^vu-LCRy -^£JIV, 120Hz , lKHz , lOKHz ©Jl'SE"<7ffi;£ Liciii 

^##-e®-b7i/%#&KCl.HCI $,5t'li HBr7kS®Vi£-*^eSEEftl®zS$-(7Stiti 

Lie. -bA-$E®HSiEE'fbli 2 %BtTT'*> <3, 1 %Hfi®$S^T7"@EfS6itos*ti bta 

fto

#tb7k##®#mmt,i/#g mHBr KtiiS25°c, 35°c, so"c-e®«SESE®SJ$IS 

S£$4 - 4 IC^Lie. iifc, $*ICit, mHBr^TkASietolcSISi] Lic25°CT-®Sm^7U- 

Z0ECner i&E^HBr L>Tie Lie.
S-fb7k*®®*aESEli, Haase b 8) ftj; -o T-20°C~50°C©iSE, 0.5 ~ 8.5 

molkg1 ©SSIBffl-LilyEiFfti:. TkSHTIi'/SEIBB* 10.7molkg-' ®4t'S$M4'eiA 

bfXM1$LLiz.o #:#]%# 6 Haase b(D\tL t\kM LTHJ4-9 f£> -£
©MtSlco^Tfe, *SiJ$li££8M8)9>££EIS:LT04-lOltEL/c. 0-f'iife, M 

SefflStglcSBii—&Mgi6 6ti5o 04 - o^bflJtbAVj^-oK, S-fb7kXK©eSi, 

E#Eli# e.Smolkg'T-ftAlc'iD, -eiii#%@T LTt' < .

©Ale. #{b7k*#K##&tm^., StiESKicRift-izIP^ii^ico

©*g**7kLie©A#4 - 5T-*5o 19—EEojt'fbTkXSEKSX'SSnxTilKL/ezSE
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#4—4

a)
CHBr

(mol dm-3 )

„ a,)
P HBr

( g cm"3 )
mHB r

(mol kg"1 )

(8 cm- 1 )

25 °C 35 °C 50 °C
2. 1 4 4 1. 1 1 5 6 2. 2 7 6 0. 5 9 7 0. 6 7 5 0. 7 8 9
3. 2 4 0 1. 1 7 6 4 3. 5 4 5 0. 7 4 0 0. 8 3 9 0. 9 8 2
4. 2 0 4 1. 2 3 1 8 4. 7 1 5 0. 8 1 1 0. 9 1 7 1. 0 7 7

4. 9 2 6 1. 2 6 8 1 5. 6 6 5 0. 8 3 4 0. 9 4 1 1. 1 0 2

5. 7 8 5 1. 3 2 0 3 6.7 88 0.83 4 0.9 43 1. 1 0 8

6. 4 4 0 1. 3 5 6 5 7. 7 0 9 0. 8 1 8 0. 9 2 5 1. 0 8 6

7. 4 6 8 1. 4 1 7 3 9. 1 8 5 0. 7 8 0 0. 8 8 2 1. 0 3 5

8. 5 1 5 1. 4 7 4 8 1 0. 8 3 6 0. 7 2 7 0. 8 2 2 0. 9 6 8

a)
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"TT'OfeSIW:, bic LTiit) LTV i>o 0 4 — il£0 4 — 12(i,

14-5©eM5W£SSSE£®M®£SLfcfc®-e*tX einfiS®iiSSS® ©H

JPiftiCjl^WICfgTLTt'Xo f LT, 1.0molkg'#®##&*&6%5^®@

Ti^So BSic*6*se»S©$-fbi±*§ <, #@®Af*T"e. 25°c650°c-e

5 6, ®:S-liES<k 9M)30^ilinLTV5„

4-5 sxswjt-fbzKSK'/s® ® eaess

a) c (a) b)
VHBr

(mol dm-3 )

=,„"

(mol dm 3 )

p b)

(g cm™3 )

mHBr

(mol kg™1 )

mBr2

(mol kg 1 ) 25°C 35°C 50°C

A-0 4.204 1.2318 4.714 0.811 0.917 1.077
A-l 4.154 0.230 1.2553 4.707 0.260 O'. 800 0.907 1.064
A-2 4.103 0.407 1.275 4.672 0.463 0.787 0.895 1.050
A-3 4.045 0.606 1.297 4.633 0.695 0.779 0.884 1.039
A-4 4.002 0.785 1.319 4.600 0.902 0.768 0.872 1.026
B-0 5.785 1.3203 6.788 0.834 0.943 1.108
B-l 5.705 0.171 1.3382 6.718 0.202 0.823 0.931 1.097
B-2 5.633 0.402 1.363 6.681 0.477 0.816 0.923 1.086
B-3 5.578 0.572 1.381 6.653 0.682 0.805 0.913 1.074
B-4 5.491 0.802 1.406 6.587 0.963 0.794 0.900 1.060
C-0 6.472 1.3572 7.764 0.820 0.926 1.086
C-l 6.446 0.194 1.3765 7.824 0.236 0.809 0.916 1.07 8
C-2 6.400 0.394 1.340 7.818 0.481 0.803 0.909 1.066
C-3 6.360 0.482 1.409 7.783 0.590 0.793 0.900 1.060
C-4 6.324 0.588 1.417 7.791 0.724 0.790 0.896 1.052
C-5 6.263 0.839 1.442 7.822 1.048 0.781 0.886 1.043
D-0 7.468 1.4173 9.185 0.780 0.882 1.035
D-l 7.427 0.217 1.439 9.243 0.270 0.768 0.869 1.024
D-2 7.362 0.420 1.460 9.233 0.527 0.760 0.861 1.017
D-3 7.275 0.662 1.483 9:229 0.840 0.754 0.854 1.006
D-4 7.215 0.762 1.493 9.162 0.967 0.747 0.848 1.003
E-0 8.515 1.4748 10.836 0.727 0.822 0.968
E-l 8.445 0.242 1.499 10.871 0.311 0.718 0.814 0.960
E-2 8.427 0.455 1.525 10.935 0.590 0.710 0.814 0.950
E-3 8.406 0.551 1.533 10.997 0.721 0.704 0.798 0.944
E-4 8.330 0.755 1.553 10.977 0.995 0.698 0.793 0.936
E-5 8.221 0.995 1.576 10.932 1.323 0.690 0.784 0.927

(a) I°II;t^7 t ^yhLfcSfl-B—S@$ffl*-fk/kSRK*S*SlDurasLfc,

(b) CHBr . CBr2 , t£ £'f±25°C'e9J5£ 1
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1.10

K 1.00

mar, (molkg*1) mB,2 (molkg"1)

4-11

(25°C®#^)

^4-12 HBr-Brg-HgOm^mme#

(5O°C0#&)
* aEJ^rh'&M 4 — 5 ^pco^tlicM^

4*2-7 EE4X£

700 -

(mA cm 2 )

El 4-13

w:
(s): zKmmmE 
(c): mmmms

1.0 mol kg 1,25°c
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ir, -S*#Tt@EEiK5:^SL, c 66

&wr-&it3f?LZtiz o

ec-e, 04-13IC. es^icitss-fbkXE^ffli-x 6###*% 1.0

mol kg-1 il, L/-c25°C-e©efii|c-ovr, m#6}##E 6

0l®«E4-lia:Wle;/f;^o C.©*fti?©$lS^i8eEfi 715mV -xrhitK jybkSK'S 

Silito, SXSEti(U>, 'SK±#KJ:t)SU>L, fR«\ 50”CT'685mV gE6ti5 = ZK 

X%£lxJE 6SX%£KlG6©SHE^EIxLtzWia, ##^'I±3^K±AL 

Tfc-D, e8$B©t!*ti£'lc J; D7kXHeE®i$!E£H16 C 6»s\ IIEWH?

AT'##6#'X. 6 A5o

4 • 3

4 • 1 -vm^tzXoK , E4 7^6145$ lgStiX f S-fbEIH)

©SD7j<^<i©ssipMgvc6c©-9-4 7;k©#^ma$^@TkE5ma6%^T

i'5„ ft?, 6/wct#67k#^7i/-7°(n')*#{bk*#©##-Mt

#"66 6 

T A 6o

:Xli%+M' 6;W±%K7p-#-j;9%: 7'1 7* 'J -y a C 6^’

fit
2HBr 

SO2 + Br2 

H2S04

h2

2Hg0

H20

Br2

> H2SO4 + 2HBr 

SO2 + ^Og

(1)

> (D

C0-7-4 7 ;i/* (I") •ASSii5H7>4' 7 A-li;iEXSI£^-7°6 Lr®ti/;RST'*10 

SSS-eE^fck-olc. EKSE'ffc6ZE$$E5-l$TLTV6„ 4/:. (DStSLfcS<b 

;k##©##i%6 4 • 2-eKE^/-:j:7lc, t/-c^ffl-ft©fcfc©W??l±^oT^5 6©©, 

7kXS6£KfB6 LT#tiri' 5 6fl®r LTV 60 !£@, -hlHSSTfb^ 7*'J -y K • tM 7x/ 

liElB-fb©i5JfEtt©*A 6 © 6Sx -So L*U £ ©W 7* 1 -y K • -"M 7 ;t/14Ispra 7r 

if * S tltz Mark -136 fs]—Vi> S „

t C7T. ?^<omm%fT-?tz0 *4

— 6 ld/j\"<h =k 7 ti 7 4 7°©'9" 4 7 71/5-IETj., #7l#f— 7 -SrfOffl LT, J21T

©%#© 6 A fco

1) **, SSXianx., KfEtUfA LT^SS£<T©7i;»£{sOTU RlESEli 3 g£l
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Tif-Zo

2) SSS6(T)!i 298°K <T<1300°K

3) B-f bylKE©g6^*vi/^-E<b (AG° )(i AG° < 0.0 kcal

4) aB4MHE(V)li, 298°KX?V< 1.23 V

4 — 6 S #4 — 7

2H+ + 2 e -» H2 (A)

M+H20 —>MO+ 2 H++2e (A 1 - 2)

MO—»M+% Og (A 1 - 3)

MQ2 - +Hg 0-»M02~+2H++2e (A 2 - 2)

H2 MO2 —^H20+M+1/2 O2 (A 2 - 3)

2 X--^ 2 X+ 2 e (A3 - 2)

M+2X+H2 0^M0+2HX (A 3 - 3)

MO^M+% Og (A3 - 4)

M+2X-—>M2++2X"+2e (A 4 - 2)

MX2 +H20—»MO+2HX (A4- 3)

MO—^M+^ Og (A 4 - 4)

2H20+2e—->20H" +H2 (B)

M+20H- —>M0+H20+2e (B 1 - 2)

MO—»M+‘/= 02 (B 1 - 3)

M,X : 4 * y
MO : MfflE-fb#

Ag20—-*2Ag+1A 02 (B 1 )
As2 05 —* As2 03 +02 (A2,A3)
C03 O4 —>3CoO~\-1/2 O2 (A3)
CrOg —^-Cr02 +1/2 02

2Cr02- >Cr203 -f!4 02

2CrOg-—Cr203+ 1 % 02 (A 1 )
HgO—>Hg+1/2 02 (B 1 )
2MnOg —^MnaOg -\~V2 02

3Mn2 0: »2Mn304 +/4 O2

3Mn02 —>Mn3 04 +O2

N#0 y~-■^Nj + % 02

3Pb02 - Pb3 O4+O2

PbOg--PbO+% O2 (B 1 )
2PrOg-—>Pr203 +% O2

Re2 O7 ~~—2Re03+% Og
SOg—SO2 02 (A2,A3)

P -»ti2o+o2

7=’- f ©$6ih5M;ti® 9 ±E«6# 2)i3)^iS®-r§ i©*# 4 - 7 ictSLEo

->M ? A^ffitrc ch^'T-SfcREIi, SSJK^oSESS^S LE„ Ch 

G©x -^£Stc LT#WLE6 C5, fRBt4 ? ,ut 9ti-o

©ff Uo-tM
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7"y «j k • im 1

2H+ + 2Br" - H2 + Br2Mi (A)

(V= 1.087V, 25 °C)

y^AsaOsisi + Br2(aq>+5-4H20 -* H3AsC>4(aq)+2H~+2Br" (B)

(AC? = - 23.5 kcal, AH° = - 22.2 kcal, 25°C ) 

H3As04is) -*■ ‘AAsaOsi s) + 3/2H20(g) (C)

*A AsaOsIs) ^ z'S As20;; -g;, + V'iOz (D)

t(•t-fi'A 2

HAsOafaq) + 2H2O -* H 3ASO4(aq) + H2 (E)

(V = 0.560 V, 25°c)

H 3 ASO4 ( s) ^As20s(s) + %HgO(g) (F)

V2 As 2O5 < s > “*• V2 AS2O3<g) -f- V2O2 (G)

(AG — — 0.1 kcal, AH = 39.3 kcal, 1000°K )

7'y ~J K • -IM ?7U- 2 fllitl (HsAsOs) Ei6(E)T7kX£>

aD. -im 7;i/&##fa^ 

(E^2Si(J>4'< . £ @S £■-.&$ i L l' A <k »- b—msa i # x 6 hfc„ € AT 

RlGlE)©# k #©##|C -3C \T#W L ?: 6 A 5 , AsaOa ©Tk^OjgPg (AsaOs^TklAig 

PLTHsAsOs iifl&t 6©T) »s 100 °C K fcVT t, OgAszOa/ 100gH2O£@idT/k$ 

y^HaAsOs <£>&&.& o t < , W.MK!£frM< tia„ EaftSS^liftlSti-a <h* 

L < S < , @8T©®X?S:££ff 7 A £ icti D, SIRtolc A ©IfffKtSititoT^

7"ij .y K . -y-4 7 A/- 1 (i, 7KX%£lxtblc:S'fb7kXE®1MIXtE<ki$XSI 

iRfEi LTti?©|ft5?jiP^biSD*oT®aoKJE(A)RaH)S(cUD)(<:oiAT(iIJIc4 

• 2&Oi2 • 2 • Slbllcib-VTffxBLfco J; < ®b?i/cHlET* D

7kiSE4]'ASSlAiSn:1-a^, A©RiG^#f aW%©?:6, <k7j:

5i5I*4AbLTl'5„ •?■©—3®Sai LT7 7 T — 7 Lfci@-a\ ti: a a £'

&B%#©E#li#^ 6 % a T y^-70i®Jn^'glJ©JLfST3M;t'ta A tKt£r>tZo
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(2 • 2 • 3(b)BE)o LT!Sbti5Ji^Ofl-®ScD$ISz55S8

£#± Ztl&o

ESlB)lc-oVT8£©^lf£Sti±;^\ f ©i#@±7k©#A##lc#m L.
5^#cDafe6c<h^Bi.'ttiL/-c, c 14 2 fc% xli 0ti

fco Sffiic-oVT^tfrL/cISS, * y a T# I4#jb b #(m), ±1114 bggz§$

r-S6C tmmLtZo <1 © C. £ (4, ElB(B)© J;o tcilfif-6©±ti < . j; 3

tifr LI'EJB*'±$5LTO a fe © £ 16S L±„ C0#A# 6A±b#©@K(4

% As 2 Os + Br2 

%AsBrs + H20

3<H,0giigw HsAsOs +2/3AsBr3 (BO 

• ‘AAsiOs + 2HBr (H)

75^##©##%7K#%T& a C £ feHffl±|cKLWS£ti5o 

C © <4 -7 lc, *©«£/>< ±5C£icj;-or, ±Etl©5>EttffiATSB£ti 0KlS(B) 

Tzk$ Hg@A©—c(4#%T# 4:o EJS(B0 ££gffl±a £EJS(H)T±± J; 0 tiS-fb t
Sm)®to*^S©±@^S£ ti 5o H-fbbX(H) ©Sd*S-SEj6 (4ii$iJ©7k£ffloa £

SSlcfrO c £^'TS a„ L^L, T§ afc^kto^H'miTfiZ c £*^##'#J£%
a. fc-e, £#-±T±0. ri>5„

4 • 4 #£ B

Mb**#©#*^#ic -o 1 ^ T#W L. ##©%#%##*% 6 A4c L±o -f-t&fr'&, 

mjb7k###E^±& < % a £#ic$j#@a#m# l< < %a/:&, **«sv« 

*&i±*ic, ***S¥«stot4^ic^)fL, am^##E 14 # u < ± a.

S$t4 S-tokSEIc <4 < z§0\ !4£±£'^BnX!4Bri £ LTff4±a±to, EgElG 

ic^#±aA*ffi*(4gfcT±$l'„ X©±J6, ####?##& 14$ £ % 0, as^sp 

*ff*s±£tiao

6:&W$±T'©7kS§itoKiSi4, <-©iieE»s'30mVZdecade ©«££jfoTafel 3,

ic$£t,\ #KfR#±©#A£|n|#%^@#at7]7±. *±S*%4El6®iieffI4SSI 

®2gStc#c#L. S-fbTkXEzSElc-oor^ E®tljm£*icS*E^S±±a„ *z$S

<b7k*K±!4, 1000mAcm2 ©eSt$E±t)$£MS$®eitSE65'

ig±±±\ f 0l##E(4 50mV±10mV T&0, 7kX%±El6®i8eE £ i£iR L±$ & 

#±&a##&#LT^ao
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lt, se£S<i-s> a^*s

ES$£ 6.5 molkg g® j; 1" 6. tsEf 6AX#g^@< -*-oC 6A6. L^L

SX'/iK*5 1.0 molkg£lTT-!j:SX©^Wlc<k6iS$ffi6t^®$®ii/hSi-'„ £fc, S# 
5>PSEiftX%3iRS©ia*ff»S/hS < fi$**«jyk7ki!tE£ffiVTfc* i&Wf'l 

-tlZ£'A£ < iieSSSSAWbTkXEiSSoiiiaicJ:9i&TLtiiv 

KX^^KtSlcE^btioiifl-S*» 7> J z ^cDMm&'a o /cism. tX-S

7"'J 'y K*1M -y-J ^7i/%#BEf 5S*ElG, #K. #k# —#X

—7k ® esic oorsttw^if^ fciss, 7k©&%a###KB@ L. 7k®&;jom% 
y;%< uzm&. Am#©^m#m%#L^EfG*miv:Lyc. tx-AXsivM 7*y

•y K • iM ?>1/ & £'B< %i\ )W6t4^< %©%6''##t#LT0 5

ttfci,, 5ISE^E%^6eO-6^*T-afeScbVJELfco
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5. %

t Lrwistia/cfcicii, -*m

(DfrUit, EtstifE, 5>es^. #»!$$&, m.wvswmoMt^^mmm*, ek$ 

A*, 6tiv„(g| 1 -

l S-fb^'ft©FP«^S©8ittiHSE) „ -6©±, -%%$ ;t/f-©7K#^©E*%$, ir
L, x^;i/4;'-wa?ijffl©^-effi©7jc*MSi*ii«^t?# a 

a^e^& %. i(Ditmmmt L-c7X©mm^#&©R#mm&mmf a
4-b«\ c©m#r##$©g#m$±aaRf##©*a#{b#»-f ^#m©mfc 

<t is^tc i> tz o x i #/t e> n a „

*EI*S®l$E§r K *> © T tt, St L < *7Kco©r±ISI§*

at. ^mwmm^'noct^st^ttr, mAm#©m# 
tiE**6$a-^o € it, ^vi/mA#a$©##a©#A6. a^©#-##
%->M T7 7t/©FFfl|§$£> TkmeSS'iSSS.CX.Wb^ESieSi.'fb^ElES'.IS^^-ti-ti'y:
©*3i»a^^ 7*u 'y KffiiifcRLfco EIT(4€©$5$^4 <h*fct)®Tifeao

5 • 1 S®©m<h Ute^k^EE

7k&#fb#MlC7K*6##ic^#f a^*6 Lt, m*^EfBK#6f a#{&#»4 T7 

$2$, USST'iHfcJ^liE 7kX%£ElS £ LTS-fbOT@5Q7j<^> 
jHEfE*?OT U ##67kmm©EfG^##m^EfGKm*A6*/:*-m#^m#:-44 
^7U*SfL<ffiSL/c„

4 77 71/
SFeBrz (S)+ 4 H2O (g) --> Fe304(S)+ 6 HBr^gj+H2(g) (A)

Fes04 (S) + 8 HBr (gj 3FeBr2(Sj+ 4 H2O (g) + Bn (g) (B)

Bn(g) + HzO^ 2HBr(g) + !4 02(g) (C)

SfcN ±15**44 7^©gsj|£§ift± Lt, ES(A)*S'ffcgen)®ffiE'ffcKS IE ES
(D)i(E), i,ai'(±, E®F), ig), mttftMtict&u.&tzo

3 FeBn jS| —> 3FeBr2(jj (DJ
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3 FeBf2^ y) + 4 H2O (-gj -*' Fe304(g)+6HBr^^ + H2(g) (E)

3 FeBr2 q ) ' 3FeBr2(gy (F)

3 FeBr2(g) + 3H20(g)-^' 3 FeO(S) + 6HBr^g) (G)

3 FeO(s) + H20(g) -»' Fe304 (S) + H2 (H)

ZnO(s) + Brz(g) ZnBr2(g) + !602(g) in

ZnBn («) + H2 0(g) ZnO(s) + 2HBr^ in

1/3ln2 03 (S) + Bf2(g) -> 2/3lnBr3(g| f %0:(g) (K)

%InBrs(g) + HzO(g) i/sImC^s) + 2 HBr (L)

CaO(S) + Bl-2 (g) -> CaBr2(s) + !402(g) M

CaBr2(g) + HzC\g) CaO(s) + 2 HBqg), (N)

H2S 04 (g)

S02(g

H20(gj + SO2 (g) + V2O2 (g)

+ Br2(g) + 2H20(g) H2SO4U) + 2 HBr |gj

(O)

(P)

5 - 2

5-2-1 #^###(7)^#

ccTfi. ^^E®zK^^y^;L/b°-
^k(-Am,H20(l),298 = 68.3kcal/inol) ^m#6f^Funk^®^#'^#m

L/:o % 6 -AH°f,H20(l),298

%=-AH*f,H20(l),298/ IQH + QWH) (1)

A C ~C\ Q H (kcalZmol H2) : QwH (kcal/molEb)

X 4]®#^ qai (kcal/molFh) „
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wi (kcal/molHaX &CX%Hj^4l6#^qdi (kcal/molHz) <Lf~6 6 — AH°f,H20(i),298 

6 0) ^ K 5 o

-AH°f,H20d), 298 =i;,qai + ^wi - 2"qdi (2)

QH 6Q wH(±f

Qh = 2qai — 2qdi V ri

= HgOd), 298 + ^qdi(l-W)- ^wi (3)

QwH=2wi / ri wi (4)

v = -AH°f, H20 (0, 298/ (—AH°f, H20 (i), 298 +2,qdi(l-)?ri) + ^wi (V^wi-l)) (5)

tti<o, ctifr5>7k*@srn-bxhct-hi-e^ho

5 • 2 • 2 9 JUDMtl^M&Vi

(a) R a-®®E
Funk L, Schreiner b2)(ix y h o t°-

3)
£fc, i#fbli7k#M@yo-bX(Dm^#M##&#L 

< ISIS LTV 5„ Lve, Ltib^S^-lc L, IMb^-fM i? 3i/©S4:6gtiS)S^rf 

U£»Sb.

#fb#tM #6 LT, E®a), ib), (0, &a'7k«*#*"\0##fb(Q)%m

^b*fcE-A*SX*-9-^f R 3t/*i ijabtr, y h n t°-fiS0£0 5 - 1

(CTBLfco 7b4 ii7 vu-fblc-ii'^fj^tbtirVii. H|7?®Sgf®i y h o t° — gSj'fbA S £ 

SKTO«lcJ;oT*a6bti§o SlSSiM £3i/(i, ElE® @g 6 * * vu- ^ - ${b 
AG°r, i, T ^3b&#L, ^®ffl#li-AH°f, H20

111, 298 lc#LV. —S, ^T^L/A^-f ^7Ki*5 - 2t'SU:^ttTt'fflS)S 

-9-4 i7 7b^-$t7L/cL®Tdb5o RlEffliy i D f-fft A Sr, i, T ^-^SlTsSto

L /: A S°r, i, T £ , ± v ## T#6 L /= A H°r, i, T/ T - A S°r, i, T £ T;k L /=. f f! b
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icejssktm
J&E ilffS *5 T

AS°r,i,T itt(fAG°r,i,T|c|?Ll''o

S-fb^-lM V Mi. iBSffltr-©®*!! 

EfS t ffiSffl]'^©fljSfcEfS Id J: -7 T® 

E$tlTiA-5„

&<0, i-rsumsns„

m{b#E& < frbe a k a

1 150

$ 100 IB) i IB

OSSicx %iiS6T'ii«kO<6SlcE 6'U'

iS»(cJ;-pTPI 500 2000
IC(±N siJElScdei^EiE

^ lyhae-MB

vu'|j;4/'d'S$Stiri.Vj:i,'.©»sgi#tT*ao #-#%%%*»d ^ ->nci>-©r fe#* 

SS t S-fbEtHitozSIii-SS L % *s" GEtSSES;*5#;® S ti fc0 

lb) ElBE

EJSIcfc-y-aSP^y^^f-S-fbAH r, i ,T 6##% y h □ b°-E-fbASr,i,T 

©SK^-fbit, EfStioffl^fb*C6(£i'i^, *5S®To ©%$#lc*LT % 

©Sitr-S-x. btl^o
AH°r,i,T = AH°r,i,To + /^o (ACpi) dT (6)

AS°r,i,T =AS°r,i,T0+ (A.Cpi/T) dT (7)

ACp i l4EStl©EEe yi/J±^®toi7*&B^Sffl#SfBBT?(iAH°r,i ,t=

AH°r,i,To , AS°r,i,T= AS°r,i,'Tot#^f 6 A 6A#6fia C©{SE©$3tt

(i05 - 1 T\ ->M ($ I? qzff E* 6 Sl& S tlT © 4 A i * £> t> #S S tl 4 „

SMb^lM ^yi/fflx^yi/+'-iR3E*SEHt-Slca-,T, ElE#0#l#Slc#9@m 

m{b©mm^'«g$-e*o, EJE#6E)E#©@m©#%^-AH°f, %o ©x 298 m
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A aifrlElA, ciiE>©-K£=k

(c) #j#{±#

SEKJE^StolcilfTS*^6*, CfeJ&tltKKWI^LA#c#T*#K%6. 

+M ^Mt^5fctoic(±^n&©^a^ST4><9. Lts:y-ntfti5)

#{c AG°r,i,T>0 ®^#TT(i, mSASSmiciStlf AH°r,i,T 5

#&AnATf±#^EA%W-fWf%GA©.
Funk 5>1}(iRtS t:8-B#fE AiSIS$ fl A7° □ -fe x £$|$ L*

65>EttVl Wsep,i &$AA. ® GliMA#®®^ 7 h o h°-£|fS LT, 

Wsep.i |CAG°r,i,T *M#©'«-T4s t) . 1 Sffi'e(4^®Si A ao

Wsep.i = AG°r,i,T - (1 / <*) RT (Svi In Xi) (8)

CCA a : ElS*, R : vi : KtStl i ©{I#####. Xi :RiS#i ©

A & -Bo

±S(iEiS t (bJ LiBEAAr p #A"C% 3 *5, 7° o -fe x mi A ti G £Sti

aamAiTP c6A#©6#AGAao msfiETt^Bssts A#%a#A©^

EttMli, fJiJLA AS°r,i,T = AS°r,i,Ts ©EE^fflAa A <kK<£ <9

Wsep,i =AG°r,i,TTs/T-(ya)RTs tivilnXi) (9)
2 AG°r,i,T'Ts/T

ASESStlSo
5-2*3

#{b#*A##0EiSt-#A, ^«AAAa^7°n-fexAG8ESfiaAi6, fiMi© 
S*iCca #J*tK3£ iic- vvf-4X^&7° n -fe x t> tz -o T#N"f 5C i liSSTti

©o las, sssftA.wtfTM

- 7 iEEto/Xib^EiSA GliAAT Gtia A A A G, €©Wffi(tAti 9 ©*«$$*£ 
^tfS©is:oTi'a„ fct, a a t ic j; D,

7 ,v©#^ 6 mmib© A##- $ ti a. A©E$SK-3VTI±,
IS©A©®titiSAE$£tirjo 0, 4tJLiG4)A€tiG©'£ ii6Siriti'5„ fCT, # 

6(5)a%#m LT, « T©E6£z» Aiha <C i K J; 9, EMtiftSa;©
A Ao
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2) B£#llc isrt SBfl^ttl L, KffiB A H°r,i, THfflSI qai £ -qdi ©
MifSo £A> ES^®SB£E®Bt LTBit()&'5o

3) UBESBti ^ ft .£ IMS'S © ® BES ic © A WSPJffi A' # 5 t> ® 11 -5=

4) ^ItSfFiiSSftfTftftx AG°r, i,T>O©#^EfG©0-%D#l\ f
®#± AG°r,i,t Ts/T tt6o -e®5ST@CbtiSti6B®WS6fiJffltt^'x.fj:v„

5) E(S#g%@mft aKAECff ©#ftd £ vHb© A ©g$ $ ft 5 % ^ ;k f -1d 

t"5o
Aftb®(S$©2gAlcj;iM B<b^-tM £ vi/#A-B%#®##:a%%a:® j: 3 K%# L 

tz0

V = -AH°f,H20<H298/ (-AH’f.aOdl 298 + ^-AH°r,i,T(l^ 7/ri)
+ I’CaG't ,i ,TTs/T)/ J?wi) ft0)

AH°r,i , T <0, AG°r,i,TX)

±S*®^°7wf ®#t*@-e#av ii^w±*

## ?wi |c*#f 6 C £lcA6. _fcS)i±, @^EfG©m#ftBA#% A- f AH°r,i,T, 

AG°r,i,T,®.t>’T =fc *9 7 5 A t & g W£ LXis <0, S6ft6 ”z®l§$(i. Bib#

+M t vi/®BA^toSBK^aElcFfl L ft t> ® £UZ>o

5-2-4 7k%a7kmm®mm^#&

yk&MMftMt 61 £, «SE)£©jl«±£«i¥®©fBit©fti6, HEfciiBA^Ic

-i^Etitt*-AG°f,H2oii), t ± o A#%e®#m]:*^f-^m##KaaA6fi5c tic
?ed , %«#$% 7ele tt&t, ^StiS/SBli

QwH = -AGof,H20H),T/(??ed ??ele) (H)

-es*i$n5o assTKeM'S-rii, c®a#n«^j:^7i/f-®^#icj= 6B#

^"BA^KIc^gtiBlJ; D#V Ai6. ^.gSBS^i&gt Lftfto UdGt, QH = 0

■eafeD, $g^-BS6^li^S"51Sl±ISii-5„

7 =(-AHf, H20(i),298/-AG5f,H20(H,T ?ed 7ele (12)
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nu
n

q'h = o <&&%.&*£<otztz

*£Ia0 ic-e, &©£ o&KElQIilRl^bttS-iS:©/^ 7"'J 'V kim ? Ji't&tS.L,

H2OI1) — H2O (*) IQ)

H20(S) -» H2W + VtOz M (R)

tktStSsl GES^SfflihtitiX 5 c ta*-?#
'T

0 v — — AH°£,H20 (11,298/ C— AH% H20 (11,2.9 8 +

AGXHaO.T a/i?ed ??ele)- 1)) 031

5-2*5 /\<yu v K&

7*y .y < fih, ftwmmmmttiz,.

■m 7 s ESHKe <h a© <

7-|J -y K i£ ttSfA'J K Me L AA iS5 =k V o

€ AT\ 7"U -y K-9-0 7 a Ka T T &. Wb#&©#A6

PlGEE^SfflL, ElceS7MP®ff«®ttW©il£SA't6 4:i6> ?A©E5t*tty-Jjnx. 

fco

6) 1ia^lS£W6#)SKE(i)lcfc-©-C, E)S(j)KJ;<9^M 7 *

AG°r,j,TiL, AG°r,j,T/(?edj ?ele) 3o A CT\

1? edj C®@g"eEttiStl6B©WSiWffll±'eSti© t,® <h-i-5o

AtiAoESKcfctA ilSi^AS'eseeA-E.o

V = -AH£,H20(i),298/ A AH°f,H20(H,298 + J'-AHr.i, T(l- J?ri)

+-£’(AG°r,i,TTs/T)/ 77wi + 2,AG°r,i,T(l/Oedj 7?ele ) — 1) (14)

5•3

5-3-1 7k®*S5»S$

#S7km#*©m#rma* ?&«#%$ ?ed tmma* Sde £%'*y*-*icit 

tsu mi5-2i^u;0 #7©mm@©*m-*@®j:bgKe*$

© i?ed 14 0.6gST*5A $T L vS@Wi«)StlTfi 0.7 ~ 0.8 lets, otl' -So 4 7:,
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$x @7Mp® sele 0.3flgr*6^\ 0.5

fi?#-. =k D 0.4 — 0.5 KlajJz"^
„ 0.4

LtfiT, *®E

Sift® 05 - 2®^At?^Lfc^20 ^ o.3
%g®>b, #$li##®#@A®#K|S] 
ilTO < fe© iW.$tl5o °'2

#®#kL ,Wb^S^te®*SSSS^fF

5 • 3 • 2

(a) KS%4SlE®F«

l&-SXSX^-tM ^ (10) S;icj;

■•’t!«IU ##*0 5 - 3 tc^Lfco #-0-4 ?;Hig5 - 1 K 4A/cSfS(c

J;D#58Stirjb-f9x -e ti6®KS'@E<t:ilto^$K®ttfiS 5 - 2 (cOkLOc t is 
tyisfc&o %jy, Jxi&$)©tiE{t*fe# jS Lfc„

1+, ±oB®@liRfG#^H°r, i,T® ?^.®##*#< x OMEttVOtr-6?-* II < F

53-HfiSTs *Sfi® 298 °K fcta^L ’?*#*!>*: fe© TifeSo T®

V. (-)

5-3
Fe — Br 36^th -f ^ ;i/ 

Ee — Br — z n 

Fe —Br —Ca 

Fe -Br -S(s)

5 — 1
IF 'f ^ J\y ffi ® K B

Fe - Br S^vtM A, B, C, Q
Fe- Br- Zn A, B, I , J , Q
Fe-Br-Ca A, B, M, N, Q
Fe-Br-S (s) A, B, P, S, T, U. Q
Fe-Br-S (1) D, E, B, P, S, T, U, Q
Fe-Br-S (g) D, F, G, H, B, P, S, T, U, Q
/\xC y IJ .y ^ P, S, T, U, V, Q
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5-2 t

E JS
T

( °K )
AH°r,i,T
(kcal/mol)

AG°r.i.T
(kcal/mol)

(A) 9 2 3 9 1. 5 2 6. 2
(B) 6 0 0 - 6 4. 4 - 2 1. 1
(C) 10 7 3 3 3. 5 1 6. 0
(D) 9 6 4 3 6. 0
(E) 10 0 0 5 4. 7 2 2. 1
(F) 12 0 7 9 1. 2
(G) 12 7 3 - 3 2. 1 8. 1
(H) 7 0 0 - 1 2. 6 0. 3
( I ) 12 0 0 2 2. 9 - 0. 1
( J ) 12 0 0 1 0. 9 1 4. 0
(M) 10 0 0 - 1 7. 2 - 8. 8
(N) 10 0 0 5 0. 7 2 5. 0
(?) 4 0 0 - 3 1. 3 - 2. 6
(Q) 3 7 3 9. 7
(S) 6 0 9 1 3. 4
(T) 7 0 0 2 3. 9 - 1. 3
(U) 110 0 2 3. 2 - 1. 0
(V) 6 0 0 2 5. 2 2 7. 5

14, lilt, MX6 fcid, Ts XKSSKT itESyE U

)?*»HaL tZo ^EttW86* ?? wi ^'0. 5 6 <4 X. 6 ?? ©F«(4*S*sf4© «hfflE U H 

IU4, ?,i am. 5g(T©6#©##m&$L4:. 

fSbtlfci?ffl$S$l4, E-XXS-tM ?

©W#**# < $0'fcifc©<!:4£oTV6o 7kS$§X.El5(A)©AG°r, A 9 23 *526. 2 

kcal/mol•£■■£> <5 A i, HXIxJE(B)® AH°r, B, 400 *5- 64. 4 kcal/mol AX& 

ffi-£<fc-5tiMii/ioti'So KSFIXEtSS£ LT$5tS$-i47>^

^i/^ijlti OJtRXtlif, 4#fiSEfi>(0)£(P)ffl AG°r,i,T(4ln?i>*3, %#EfbP0 

AH°r, p, 400(4- 31.3 kcal/mol-e*S„ ^©/ta6, v (DMZ&kCD6 A 

t I4gg-ei4% < , C C T?(4®*mSJE*|g)t4Wlcifffi-r S Ki i'i*S0
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0.3-0.35

6$i#^^5o fWf ^ fq]±f 5C 6^#^6fl6o

##)"#" C 6 6-^: ^ fk

5o (2 (Z) Fe —Br —SW ’V’J ?

y wi & 0.15 © 7j fii 0.4 (Ciljji L

fitted Fe — Br — S (s) tM ^ ;i/6#

^;i/

Euratom Ispraffl^uPJr'Trfl!=H£tlfz^

aw^^Mark-i

45 Mark - 158)*2M'J t LTttfllSi’e

?Z*s'*tSKf9±L. #a$0A"C.

0.1 0.2 0.3 0.4
Ywi (—)

5-5 Wb#f-4 ^

## L/: ? (D^^EI 5-5 K:7]\L/:o 

Mark — 1 E Fe — Br — S (g)^'^M^J

Mark -15 W

o##
----------- Ispra Mark-1
----------- Ispra Mark-15
----------- Fe — Br — S(g)

* 1
Mark — 1 if 4 9 ^

7 3 0°C
CaBr2 (s) + 2H2 O ^g) -*• Ca(OH)2(s) + 2HBr^

250°C
2HBr(g) + Hg(1) HgBr2(s) + H2^

2Q0°C
HgBr2 (s) +Ca(OH)2(S) -*CaBr2(s) + HgO(s) 

HgO( s) -» Hg( gy + V2 02 |g)

*2

Mark — 15 If A V )V
650°C

3FeCl2 (s) + 4H2 0(g) -* Fe304(s) + 6HCl(g) 

+H2 /g)
800°C

Cl2 (g| + H2 O (g) 2HCl(g) +y2 02 (g,
250°C

Fe304 (s) + 8HCl(g) -> FeCl 2(S) +FeCl3 (S)

+ 4H20(g)

2FeCl3(g)^L^FeCl2 + Cl2 ^
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Fe -Br -S(g)i±/^77

j2A±. Fe-Br-SW^#-##^

MK. m#89/iyo-k

5 " 3 " 3 /\<yj v 1^

IE) 5 — 6

th 7**y 'i 7 Jl'&M&a’fclitz yN>f 7*V v K • 

-th^f -Er®

(14

2HBr (g) -> H2 (g) + Br2 (g) (V)

g)5-6CDmA(±. |El5-2K^:L/:7K

CD/\^ 7*V v K *

%dv ^O.G^git^:

^edv (—)

El 5-6 /\/f7'iJyK'lMf;wZ)

AG°r,v,600 = 27.5kcal/tnol i: ty »

0.597 v6^«9. m#^#o.6m±. i

schuetz^i±8Am@^T*

100— 1000mA/cd 1 V

J21T'e&-3f:6#'&L%l''6o 4 - 2-e^/:j:7it,

6 LT^6o

a it##- a ^ a 6 6 # a«
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5 • 4 $B Ip

%m^ck(9^^30^^Ex.6l)(D6?m^^5o fOfcafx #o#

Wif 0#Kg#f 6^^6C6K^6o

(±40^#^$ ^/:o MKM#:8g/iy o -h % < #m

v\yf yi; ,y

#<b%6#^LT#^f 6^^m36 6fL6o a#^^d 7'U v F^d a<b

# # ^ #

1. J . E. Funk and R. M. Reinstrom : "System Study of Hydrogen Generation 

by Thermal Energy", Allison Division , General Motors , Rept. EDR 3714, 

Vol.n , Suppl. A ( 1964 )

2. B. M. Abraham and F. Schreiner : Ind. Eng. Chem., Fundam., 13, 305(1974)

3. NdlO, pi ( 1975)

4. mm, m#, m, 541 (1975)

5. J . E. Funk and R. M. Reinstrom , Ind. Eng. Chem., Process Des. Dev., 5_, 

337 ( 1966)

6. J . CfM. Bonkris , "Energy — The Solar —Hydrogen Alternative"

7. "Hydrogen Production from Water Using Nuclear Heat", Progress Report No. 2 

Joint Nuclear Research Center ,Ispra ( 1973)

8. A. Broggi , G. DeBeni and D. Van Veljen , : "Conference Proceedings for 

1st World Hydrogen Energy Conference, March 1976, Miami Beach Florida 

8A-69 ( 1976)
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9. G. H. Schuetz , ibid ., 8 A —49 ( 1976)
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6 • 1 » —36H*1M£JWCO©T

s i 4 -9-4 * 7k

ft£EE4 L^SDSL^EolSSSttiShfc, 7K*H£^-7°©KtBif{gTKfc b>, € 
0»^*H5-s<»**(iffiLT§/'c„ €©iB$. a#©#m^#i,c6%<m$-e#5

4 © *#—#**-9- 4 4 7k©##*^7 C 4 % < , Lfrfe, KfSttoST£ t>te<"S'i$ 4 

LTx iSitti*® i' -BSr LV'-'EiS^S^SS L fcc iiffiSUSSfStcis©Tli±IBf=lil,£, 
£@iE-c£ 4> jE.il L£f#T©$o C0^&©##&#mL. SW6& £ til a fc(4 fc 7 *> L ae Rfl 

£ (4 T+44 SI4 L W ft (4'ti b f4 © 4 S x. -5 K C0^&0#a©#:g4, EX?§±7i/ 

-7"4£&£4*fcJi-<ft E-a*$-9-4 7 7U0—*Lfe@#ESE*fT7 cttcx^rm

ioT7K*Wji?±i L T®SHlT^iS© oJtbtt
5 C 4*4 88ft56Dtet SH2fflic*y-^#A©SI@i#aT©So ftA,4tift(4'

—SX^-9- 4 7 7t/©W5S&Ei7f 5%# fc-t C. it IE©/d’-t 4 4 &'£# 6„

6 • 2 SiUUiHfc^-tM ^;u©®E

j;37k*#mR*li, tyg^itgfjft-rsfcsa K©Bir

##*##?# 5 4 LrSH-eHoTif^lfl^sbTbti, #0- < ©Ht?t^ 7 7i/*iE$ 

Stifco L*>U ##*#ftK-bftTRg@A*#b*4c% ift ^EStitii't4?lSLfc 

&©*#<. tfc, KElcffl©bti5ft^afc^ST*-ofc^\ 4ft6%*lc#^mL. 

Kit • E • S* • a 7* • Tvk* u±g/j:<h"E-3^©7r;*KiKS:LT4T©6o
4XtK®^fcJ;9 ft. #ft#E(4^Aft7 O -X K • +M ^jui:&^iLXWfHiU b

-r. R(G8bi&#t©5}m&a%*©#mT&& 4 3%m*R^©mR^ftA#i0eft^m 

5 4 4©%©4 7 ftf & 4 4*##7&&. m 1 *8©E%iSeicjoVr, @4©S*RfG 

IcoV'Tlit&So^iS^a©/; Lfc*s\ -7 4 7 7ki LT%-t:i§-&!&-fL fc3fc#4 (4te bf 

*>x. o Tff L©f^@A*^#fta5 4 V 7 fiJ^S-D^HS L Tl? tz„ —*97/40-©®! L"4 

(4-9-4 7 7k^#:©0(a414% bf. S*Sj6©ilE*si-' frlcMSZt> 6&&£> b tz 16ZM
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HS-ti-biifco

,IMb¥& K 57k*SiSS#jliitmw.mK * 9, c©*£itJ;■5*5g*!ii)£#SgJHt 

®nrtBtt»i65^5^©$SI«l±, ff«lcifx#5/'d'0'©#i'ffc^-9-^ ^yv (#m©{b##% 
£#J6T) tmt,V:LT%6TTg#-S''&5 6#*5. C0/:AKIi. Slffl-eS#LT§

ti 511 l xm% l % vtuxu 6 m'estisii-e&s t#* -b,

6 • 3 /vf"7U V K • tH ^Jl-

'M 7" IJ ,y K*lM7yi-'K:fcV''TPn'3Ii£&S©(±, .isx ^yi/^'-fi> 0 T-ft < SSl^ 7 )\s

f3AK6^. 7K©##6}#*6i:bRLTmLT##T&6Ay6^7AK65

£#x_ bii-50

mMt, if*ffl7K*sigi*i Lx<Dm&mtm¥ts.mt¥-mx$>z>tg,t>tiz>tix %n

As'$6*StiSic%^i9oTV6<!:S, iS'S^IC(i^4 7"U -y K • iM 7 yi/K<g b $'S 

tiv j:#x.5 L> btlTt-'S+M1 7 yy©!S£/kif#'W 7"'J -y K$"e*6

ci^&feeioci^-p^-fW-So ifc, —j:V-5,iS^5>7i.

Tfe, y\-f 7*U'y K'-y-'f 7yi-ii^!ii3if^li^©Sffli#X.5o

6 • 4 EEi$E©ES£

Ejb^Slc^SykSSSSEttvt—D©SK^safcoTV5i:ebnTi,'5„ «.{t 

#&0§@^li. #7: $yt/f-&7k%£ l' 7-fb^^*yt/f-'''©ff H'iiyi/f-^#K# 

©smicaWjibf. S iy iAtf-&$©$> 5 <: £ *'^S,S ii/:„ ¥H, ,1Mb

^©E^Ktevrii, £iS#i©7M • iSISSI#* +M 7 yKb*fjHi 

S©§Sfg£ *©S«jb«£'©##g*K#0#%?)%5-£& ac£^filttfco #{b 

jl® L T1/y 5 c. ti bKir7f-'-oj?-ft LTi,'frtuf f£ b fti' c 

£ ^)IE^©—btiSo

e•5

^ti^xSSM^tixx oiM'&x 4 o > ^5t, £'©+M 7 A'fefJTI-ft < ap 

7‘y, ''Dyytti, ^e/Noyy-fbtJ. EK, SEE A"*ti =b’M6tt©aLt'M*i 

SB-9- L r fc 0. L^fe, RrfiTMEffl 1~ -5 © tt> 9 "e * 5 0 tcDJij ftS#t*^-* T-o-fb
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t6t£<^^jtb«hSor|)jSE'etiv0 EEMS-®lfl^®fci6®«A-bAxD^m&ma:

6 <h # x 5 o
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7 & t> *) K

res 49 e. Baa 55 44® 4 x\ *Exsmm k & v t r -o r § X'
K4 37k##mKMx&E%' © 7#im®E%*gm%4 4©x6®^*%##x&a.

B<k^Sic4 5**E®K®(X SfiM* B8SUB X # 5X ©S1 xlftSW^fflftX6 

-5 i Stifco t LTlMt^&KHXSE^iiSWii^JlmlllrtXiy/SSI

KfrXtlXo LXL, E3EAS;S© bfl6ic$fxt\ K

fiotifco

XKXXtofiISSEX(i*E%©5Bje©=9iM D. <fc STkSSSJjltffi^fgjg^

© ojf gti*** 6X5;6>©S£lro* /i'X fc © K tX SffiKSxS-Bti'O-toSUh^D-^ ^

©/ff ®fi**s80i«siot^

*0 B*5 toKE^fr O T # XB—SXSSth 4 ^ ^»5®S© fc © 4 liB L T#xT © ti ©

Xy cX4xE%©rnBtmxx©X—-3©m#A©#*KE3LX^Xb:K #,##© 

f^HtiS!!£ LT. —* LXtM £ ^SB^R-Vf#5 4XKBJgXS 5 BS^otJfccili

#{k#Bli^47i/X-®#©$@T%K#£#XXX©&o E^'iSif4SK84- ©BE 

IcESXSC. ^i+^XSSXS C £X4>5XX K#%7" 1/- f % A—%B 0 6. * 

afiE^*S9-S-s^/-fi#x.T©5o SaiiEKSLtr^SX$> £> ■) =

*E%gfl%©:imz:3/toT^< ©**®®5:#®ta*£#fco #K. $&3U0®#E& 

vXX'iXcXSKEKx y •> + 4 ylfB$iS*S®Eit©7k*^ * ^X-fiyug^gsato' 

K§fi%Stt®X£, zKXStiSv-X y£" • X7i/-7°©S$a©X7?K®^L=|3 LXX-5, 4 

/X 8^vE%«£ LTWSti®®) a ®I4I» £ i'tzt£\'XSlto^X^SWIgS-groifc 

&K* LT$X£ <0 !SE©SX$ L 4 Xo
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8 & 3ZKS U

(68^49^7 fl-56^3 fl)

1. # rF

(1) B * # FP 19 ft

(2) ft a # fp (* H) 3 ft

2. SF%5§SE

(1) li E

0 , # # A
3 ^7{bT yt — 52 - 10 BJH,*8, 5# 

EH, =L%
0 *lb#AB No. 10
P. 1457 ( 1977)

52 " 12 SHI, $8, B# 
EH, Hsg

0*-fb#AR: Na 12
P. 1817 ( 1977)

J; 57K*®K®S
* —

LT

52 " 2 #]# Elii— i-x Vol.21 
Na 2 ( 1977 )

#{b# (n) 53 « 4 BJH, Eft, EH 
*8, Hsg

B *lb##a* Na 4
P. 530 ( 1978)

S* t ;R^ ©S-fbxkSjo =fc 
tl'E* © ifiKKlK K fc 5 & 
*EE#©#m

53 " 8 E)ll,*8,Eft 
EH, Hsg

B*lb#A#g Na 8
P. 1087 ( 1978)

S-fbTkSE—SB—7K5£©5i 53 " 8 BHU +8, Eft 
EH

0 EEEEiS Na 8
P. 1156 ( 1978 )
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j;
0##

53 " 4 ±®,5#,5)H
*®,

Vol.29
Na 4 P.302 ( 1978)

a ^{bT y t^-9 AZ&Qfa 9
<bzK#^6®zK#6 a ^#0

53 " 4 BHI,*®, 5#
±m,

Vol.29
Na 4 P.327 ( 1978)

53 * 4 Sill,*®, 5# 
_L®,

Vol. 29
No. 4 P. 333 ( 1978)

#{b#(n)0^zK^# 53 ' 4 Sill, *®,5# 
±1C,HE6

*1!&m% Vol.29
Na 4 P.340 ( 1978)

m<b#(m)#(m6m^ 
zK#®^, —

54 " 7 5)11,5#, ±® 
*®

Na 7
P. 817 ( 1979 )

b#—Tyt —T —
^th d ^ Vi/K j; 6zK#0#ib

54 * 3 5#,5)ii,±m
*s

Vol. 30
Na 3 P.167 ( 1979 )

Catalyzed thermal deco­
mposition of H2S04 and 
production of HBr by 
the reaction of S02 with 
Br2 and H2O

55 0 6 5)11,5#, ±1) 
*®

Proceeding of the 3rd 
World Hydrogen Con­
ference .
Vol. 1 P. 297 ( 1980)

Hydrolysis and prepara­
tion of FeBr2 and elec­
trolytic decomposition of 
HBr.

55 " 6 ±1®, 5#, 5)H 
*®

Proceeding of the 3rd 
World Hydrogen Con­
ference.
Vol. 1 P. 477 (1980)

LT0ZK# 55 " 4 *® §S6¥i$#J 34 # 4 # 
P.361 ( 1980)

ZK^ 6®zK^®^%a 55" 1 *® x^.;l/+* —jgjg 1 #
Iff P.23 (1980)
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Vapor Liquid —Equilibrium
for Sulfur Dioxide—Brom­
ine—Hydrobromic Acid-
Sulfuric Acid—Water
System.

55 8 9 Sin. e#, ±m 
*8

Bulletin Chemical So-
city of Japan.
Vol. 53
Na9 P.2510 (1980)

7k»-b©7k*EiS 55 8 7 rpU TKiivMifre Na 266 
( 1980) 7 ^-f-

.Wb^Slcj:67j<*©Eii 56 * 1 *8, s#,sin
±E

^ y y ^ 4 y * 'J -t* — 4~ 
Vol. 2 10 (1981)

56 8 2 ±n, s#,sm 
*8

B *###:# Na 2
P.221 (1981)

(2) o m

^ , # # A ^

SStia
ES

50 8 4 S#, *8. Sill 
H^S

B*{b##m32 ####

50 * 4 SJH,*8,S#
H.sg

B*-fb^SS 32 ####

8ri*,u4-*-2®£ LT©7k*
©JSjaftffi

50 8 9 LT2)

H 1 [nj-b ^ i~ —

b#—3 j; 51 8 4 S#,SIII.±H
*8,

B*##Am34####

3 9{bT y-t —9 51 ® 4 Sill. *8,5#
±E,

B##### 34####
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? Men#z

iS-fbS—EoBW

51 • 4 ±H,E#,EJH 
44B, S#

B*ib##* 34 #$##

E—SSS-y-'f

#®m{b#%#m-m
51 * 8 SJH.E#, ±n 

4=®, STB

BTMb### 35 %###

!£—SXSSlM ? MC&iJk 

S®,#Mb#64Eigi£

51 • 10 ±H,S#,EJH 
4#, S#

ib#s#m## 10 mm 

X#

ft-~SX$-tM ^vi/K j:5zK 
X®SMb#m$tiS&

51 • 11 4>®, E#,SHI 
_hlE, S43

7k X a ^ ju^f' — y x x a

m%£ * 3 0#%###

#&—##;&tM j;6zK
*®#{b#m#m&— s
{b#(n)®)07k^#

52 ' 4 S#, 445, SHI 
_tE, STB

B*ib### 36 #$##

^;i/K j;6zK
X®.#Mb#&4$a®&—E 
E®8M^SP

52 - 4 Sill, 448, E# 
±je s#

BXib### 36####

<h7jc©ES 52 • 11 E#,±H,SHI 
41®, STB

7kX I7*f-'77fi

#%# * 4 mw%sm.£:

!MK5EfFffi&

52 ' 11 ±m, E#,EJH 

41®, STB

tKS i7wi/4'-->xf a

#gs# $ 4 ia*%mm#

HBr — H2SO4 — H2OH1E5J 53 ' 4 SHI, 445, E# 
#JS, S #

B*ib### 37 ####

Mb 4 yy^A (i) tm.m. 

»"xXtt7kmi®KJ6

53 • 4 Sit, 4>®, El II 
_h®, S#

B*{b##* 37 ####

53 * 9

@■B
- *83 B@#S#W%#

^bE(H)E(Jl)<i:*<b7j<S
*"x®SS

53 ' 10 sni.stt, ±m
*$8

B /Mb### 38 %###
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54 • 1 d3©
A

*11* K is H 6 7j<* X *JU +* 54 " 4 d3©
AS

55 " 4 ±E, 5#,5JH 
441

''4 7*V -y KiM' 7 ;i/|c j; 6
7j<S$ti§S©@$

55 • 4 ±E, 5#,5)H 
4# S 47

Catalyzed thermal decom­
position of H2SO4 and 
production of HBr by the
reaction of SO2 with
and H2O

55 " 6 5)11,5#, ±E 
4#

Proceeding of the 3rd 
World Hydrogen En­
ergy Conference

Hydrolysis and prepara­
tion of FeBr2 and elec­
trolytic decomposition of
HBr

55 - 6 ±E,5#,5)H
4ffi

Proceeding of the 3rd 
World Hydrogen En­
ergy Conference

frU'TOi LrexKS 55 • 6 d3© BtiSSipSMBStSB
S§ 87 BBSS

•y- y ^ ^ yifgKfcy'SxK 55 * 3 /J\©
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