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1.1 Process Si mu 1 a t o r

% & ^ ^ ^ %

1 CHEOPS Chem.Eng.Optimization System Shell Development Co. FORTRAN#—FAP

2 CHES Chemical Process Flow Simulator FORTRAN#

3 CHELM Chemical Process Flow Linear Model Simulator H n

4 Chevron System Generalized Heat and Material Balancing System Chevron Research Co. FORTRAN: FAP

5 CHIPS Chem.Eng.Informa tion Process Systems Service Bureau Co. FORTRAN

6 GIFS Generalized Interrelated Flow Simulation // FAP

7 Flexible Flow Sheet M.W.Kel logg Co. ASSEMBLER

8 JUSE-GIF8 Institute of Union of .Japanese Scientist 
and Engineers — GIFS B FORTRAN#

9 MAE BE Material & Energy Balance Exection Univ.of Tennesses FORTRANIV

1 0 PACER Process & Case Evaluator Routine Purdue Univ. & Daitmouth College PORTRANII
1 1 PAGER (MAD) // Univ.of Huston MAD

1 2 PEDLAN Process Design Language Mobil Oi1 Go. FORTRAN

1 3 PROSIM Process Simulator Scientific Design Co. FORTRAN

1 4 SLED Simpli—fied Language for Eng,Design Univ.of Michigan MAD

1 5 UOS Un i t Op e r a t i on Si mu 1 a t or Bonner & Moore Eng.
Assoc FORTRAN

1 6 Simu1 a t or FORTRAN

1 7 PROSLATOR-S Process Simulator for Static System B #uNivAc FORTRAN#

1 8 CHEP8 Chemical Process Simulator smmz# //

1 9 MICEST Mi t s ub is hi Chemical Engineering Simu 1 a tion
Translator //



1. 2. 2 7’ p -t X ^ X i> - 7 y y 7' K to it % X i =- X - 7 © * Sft

7' p -t x ©y ; =■ y -y a /Kit, E ©###©## k###©##%tf

ik#7 p t xtt4-B RME, SH-ffcSn, #®, $*, ^e£E*e*®k, 

EZJ, itctft t'jEV'lEffl Kfct, ESff£n& dx t: ©E#E p -t x©R# 

fttSSci. LEtt, # < ©#&#R ^ 7 h • E-<y-y 3 y) A'ffifKJ;

0 it*, (1*®^-^.^

-ygy (S@. RE, RE- ##, St Sc, -irffi, fl-K&i) ,
t2R6»m-E-e6R#, ■zvwm&mffmiz.^titut, buss 

#©E#EREE#L E 7* p -t: X • y s =. 7-^®iirip]i'ti'5ii'5 

thSt*f%t*fci)5o

Z O 7" P -te X • y i =- V — 9 <D‘& ## t£, 4- B (0E^7-7 y b ( 7’ P -te X )

Ofci'titV' £R© i 5 fttt£toffi#%r^£ t, % 6 R ft % o IP'S,

1) pf i/y’tJ'/C^HCftiLt, 7" p -fe xtiE ®tf Si ©i£;t t,

B#i. k ©m#^#*K3cmL E# <0tp*xMl'Kl*L, 5 

i'K»S%fcJc«ti 5Kftpti'?>o 7 p -b xcoetB, 7 p

-fc x©Ett, E©36E3 oE^SLftlj-Rtfft 6ft vBEA^Bkft 0 , 

z R ft @aft 6 ft A © 4- a to ffiitto ES (y x t a ) i&^t^fco

2) ##, RE, SE, ESIft i:"tOSEI^do%gh, itibrit^x'p 

-k xEtOEIBtotgZi A-5S#5Rfc^$,

KStoSFI-fk, EEftm*, iiutff5t4«:%l®t5tftollto 

JSSil'Si ft o E ^ ft o

3) $rLV7"p-texogi%, to Jctftttt®si'7 p -fe x^rSi'fflPiflE'E®; 

S4%£ij'S*SJittfco

4) 7‘p -tix©StiTEilfifeEft$#$RE£ftft*K:,

J;R'# < ©*ttSKftR-E<h $RE#fto

5) # ##, ##pg@ft#'*ft#Rtoftf^@fKftM Lftyx

t a gg$g, tttSfeltftdttfco

— 9 —



to## * % 6 h 5d-i^iL60S*KxfL-C, 3 y y t coys-fb, 

HS-ft, H'i7g®i’>|Bji;Lt#tfcfttc, BXtsti

fsits^^s^i-tfiEtosai^iiEoy P-t:xoga% • its, sit, am 

icSfflt;-^ t i t (etc 0 , £ tub ©K«^ tilffl L fc y ; =- u -t ©M^ytS,

•y i =. y — t y191% 5 titut, tKtSXbKfijmt'tz: k K t *) , y p-t 

y©9## « ftS, Sit tat It# p -t %####©%#tc it K bcvicS*© t 

Hit, 7 7 y h agftiiiotftoiftf ft

co{sets: t t-fe15 l, y 0 y t ^#©#m#^#y

HftHlffltbpiltJ: 0, y o T y Slt^ rn# t % % o tt 

y 5 ^ y - f K t 6 *#y(# 4tiy < t k, $rLi-y©yA##% t?u t p 

s> t- y © 11£ t’^gfito a » y - y g ygirJ: 0 l*tk(3-yy 

» - t K t %*#) Kt£ t y% t t L , yux-7 ©M#K t 0 , 

*S«0[Ri±y5*8#y'* to

1.2.3 HMk^ffiffREilfiKtal 11 y p-k y • y i ^ y -1 ©£'Stt, #%# 
»ftfi£|tib*i8S7Pkttt, —SOB#ff®, B#ik##Oib# 

y p -t © h 4S*6*)K(t, tg#ytc < , ixE, SbCrftS ^ toib k Lt#.®;## 

y^StoKiSt'L-fo tot-fe 5> o

LyLO©*X®jftyp-te©Ktsvytt, $IE 4 /cISB^rSjtStit: y 

p -c ©ytx < , s*oi*itt t/Hiiftreffottbiut, # < © Ffl 

ly*50 , #%##:, ##.#:©#*, y^tcoia*. ### 

offiSKtsvy ik + tttcttityosat 7tt o 

— uxojxEyt t/c-^yp^x (yy/n k L'tBgsytfcAictt, -y 
4 7/ixyj-A otg, y# < ©tt®ye#*,btu tt

b cornet ASfe y p y Kit, 3 y u =. -t ly y p -t

© • y J ^ y - ? ms < K l-tm°J|gy% % o 

ilffi, RKtt 7/UtOl'tli, Isora^ttC* k LK, #%«#, A#



#?-£-# < §§S$ii-tte 0 , fSEi f 7 7 yvSEOSffettE# ,

^ iOJ:5ftt'f ?;i'K»Lt. to

f- 7 7 % K % f i ^A07P-t7,/N0ig, 7" p -te X (C

*?» % ifegsOSttoItSS/£F5@0 , CftiSRI^aai 

K%af%fAK t 7 p -tz X • X i = 7-7 stf < t io-et47*^ftS; 

Stc45t*)% 5 o

#iLf i&K 1 % TkSSiiSSx" p -te x 0##K S 13 "Ot, * tc 7" P -te X • X 

; = 7-7 (D^-tl+»X~hZ> ktixzVSivf, /p-tx%E7ftKOWt

#*fif , siRf, mm

Koi>6 /if tiff

itilt?.#, CfitbO/p-trxO®trKtt, if # < ©Aiofli* 

ii’f artif Jii^XTA^aiUf ©tf1), S*li, tOxX T 

x |##%r § t§ Ltl'io

4 9 f Eft Jfio 7" p -te X • '7 i =-7 — 7 K *5 V t 'A, t ti?k §,f ^ <

o A f f % f, _h 13 fc t ^' 5 i. h i>11?

# % o

7 p -fe xfSfrK-tsv-ctt, #-'StS#p& x/te OK3c(i^lra€> i t. 

0lD?fcit|0f - 7 . foftK W<ih oi-ffti'lStc t©tf 0 , 

fSUi£. OffeJttx -7 zf 7 tteL/f afeJ'z =.7-7

1. 1 1C 7" p -te X -7 i 7-7



K
>1"X
X
A

riXm
X

!

X
V
"k
A

Q

(k
T

Q

#
'%-

# G. AJ

G A 
% d 
# ^

Q
°X
K?

y

# ^

K 
'! G

'X §2
x $
<\ g_?\ "~~

a
v

t$
y
K
•va

as-#

Xi«

V

>K
X
K
V

K
y

u
<u

iiS
id

was
#o
^ w

a
X4Xm ^ 
X # 

I . 
x IX 
Y W 
•k #K

^ a
o o 
<w <w

Q
<
G

g
#
■R

V
'K
x
K
KI
X

R ^ 
" K?» 
X ^

I #
x y 
x #i 
X # 
-^- K X X 
IX D. 
°X "X

°x
QA
X
V
k
d K
G ^
% #
G InXJ
^ Ro> -ofl)
x G

I I
i" a

X
^ K
x X

1 a
f" °X

s

m
S5
Q

x
ri

'>
K
■V
a

°tx

— 12



1.2.4 #ttSB##y X f A 

7" p -k x ft Hi,

^O-y ; =. y-7 "CmSteH f 2> o

il 56 L fc 4 5 K, Ct JoV't 4 5 o¥f J: If-? • 0 y 7 -y x
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(1) AIChE Physical Property Estimation Program
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 ^ 
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1.3.2 /olrX'7; a V-l1

7" p y a • y i » y - y a y y ' » y - 7 ©fFSl'U*

(1) 7 = y a • y ata tosss$lh => y f =. - y ^©ff

(2) y ; » y - y a y©ftJ?HfJ¥©$:£

(3) 3yty-i>A0iy7-^ jy t Vf^^nr 7 it"* t SS;

(4) 8tS56

Ac Jt ©t£ftt; + tt L tctttUftj; ibfcVo

7# k 7 p y a • y ; (fSi£)

tL-ttt, $*totctt, Ri0 2 7O3fti’>J,?io

(a) Zit ItHlt:

^ i • 7" p y a ©tout: Z?k 1 ■o-f'O^a&L'tfr 

S , ^ • 7'p-t7,^43HLt, 7" p y a :£■(* © y i =. y - y

a y trfits: 5 iot. 'Jt-fyy ahj - a L ,

&6#={4: (#10©

tts#s* «h ©ttib) Kit % t©“T?;fe5>o

c©^fet?t4. tse-t ^ s ^ a as # it ntt # w$ t* Exit # tcft=M as

m 6 Ay 7'f /y' / /Oist p>. ^ J, 1 • 7* p y A t* K

1 f) J±«toiEffl SiL-C

(b) |5] ^ It S iS

ttui, 7 p, y A & y t y 7 txitL, — IdfSSL i 5 t

%fc*K, y5@5t©SE%rf7/£y'OoSS*A£

XSSt:® < % □

t ©St#^ffi(cpl L'Ot(2)©ft*)II)¥©»:ghll*«a L , ttw^r=8 

A» < 7 p y*7 i y tA(##tc^@A^tt^Art)6Ay y -y-1 7 yv ztti, 

7 p -fz AOESJott^S^^E L -CttSEff trtfc*. t:ti Ktr-tt"CItS 

XsCtyXE-t^S tyfe-t 5 o
(a; 9S&-

t£js, ^BMLfcS^tf y-c-ft, Me-SWItS&tfSffl L fco



i.3.3
■OWK, 4-0o-y i ^ y 

5 o
(1) 7 p -t x -y i =. y - y

7’p-txv/;=.y — y fc it, y'p -fey%r#5%"T%## (#&##, E ^ 

7--ygyp--7b) ^ SlS:-^ tL "C , p y fe" =. - y ^ f 0 ffl L "C 
7 p -b 7ItS SIR5:) 7"p -t 6

4 <0 "C* *) % o

(2) *^y--y3yp--7 h (####)

* ^ y - -y g y p- - 7 1 k tt, £ k t*. —IS

(fiKtmm, ##, s@, @A-,

ftf 7P^7(i. #m, ##, Ay k?)7»

-fey it. #S## (p. jp 7 b • * -; y - -y a y) A^##*K*|#L"C±# 

&-7A7A%MLt<iOK:tff£i'o

t Z: -C4% k .

(a) RIB##..................

(•«•«. m • m, b • m, b**sej

- (b) SSbiifE................. -#%####

(S@. tttti. HiBB®, Bm»5ft)

r. s#s$, #m@@)

(c) a#*##-"......... she, #E##

(mm#)

#-& • #-###

(aPf. 4-S, A^ < frt A.)

SiSISfF

(E«. »«}

/$ tr K^gij-c# % -0$, 65o

—18 —



*-y i =. y - y t'f-t, 1b#R(5 i'a’fc'C, 7kMMM7'7'/t %

MWti'r&mbL. ^ti^fuom^<omn<o±tb<D7 p y? a 

^t'<i'-y3yi-^7p/7Ai;St50 Mt-It SIS, #3c#, 

Effi, ElR, -e-SSO 5 X>©E-< y -y a y^. ^ y b (OetS^nrSEtz-jb^At, 

-# ^, 14 © 4 X y — y 3 y p- — -„y b © ill. Ztl > "$o =t O' > 4 y y — y 3 ya~

- * b ©ft3tiffK©|6l± (%E©SES^:K:&*9-*fcetS%:i'%) A©^#

"0% % o

(3) 4 -< y - -y h y r - 7*>

#tj 15 E-<y_y * V^--y Y t ,

■i V 7 y b x -y # 4 t r, p y t8 =. - y -7 y 1kf %o @#©#

14 t it, ^ix^fuoir^ y --y 9 y^ - * b ©# • ##:+#©%RK@m 

%©7x fctx'-f. 7. Y y -a*S, RE®K (Kl5) . RES (5. 

is) • eh©k (EH) , ftWi.it (ftw.) tit:x~h%Q

(4) xt- y — a

x b 5-Aliti, #%©#^t7]<f t©y?*yy y b ^-©ge^KffiST

2> o

% L-C, X b y - at- y htt, i©t)*©!lK©^ll:fe^:-tx -x t:

®K, BEZI, ffi, SSDOSlOtttfcSo

(5) 1 - 7/V

^ ^ a - i- r-/y tii, tAb-v/a yii ? i- t'feLO, #%©# 

ir©SL vx b y - a <DM%t£77-$ t ©7?, y y 7 7 br-^UK3 

y ts =- — x P3 ”C” x — 7" x 1fc'f ?> o 

^n^Wt'bb-y 3 ya ^ y b ©ItSXfiKifefc 0 , 

b x - 7"/b%r % t K, x b y - Ay- y

% o

1. 3. 4 7 -f y • 7‘ p 7* 7 A ©*3S»a^;

1b# 7" P -t7©7P-bA*tf4*lt?ifSh L-Oi,



• [5] Kf j$l a 55 ife 

•ERtoa©s

© 2 % £ kttlflELfcA'i, % © i ii'-^Lttt,

4-#©#R#fy-txx©&5c, y -+M 7 x- • x y V - a r <£ % ifXjRft©^®

^^SL-C, ER4MSi£*Kffl Lteo

i ©5 5 x • 7* p 7"7 a Ktei'-C'-i, J5.T©S#^frfe 5 o

(1) 7"p -teX©SEx-7 ©BxS

(a) RE© — x ( V 7 7 X a X • X — 7 )

yP-t7-e»asti?)RBKo\,'t©t#%^t54©t*. res© 

JtfinfS!. RE#, RE^fiZ#^: £©#@, #% 25i;-#ERx - 7 ©', R 

E©#&#f$y-A, ©4-OCR 6 ©#$&%:% 0 (ULt®

af 6o

(b) #S##(@©*iKR - 7 (y 7^5 y • x - y )

E%%a%r%#TSfeSfE&iSilS (*7* 5 © 5 TriiSSiF ^

4zx&@#K#6%"C#%o

(c) SfeSfEx — 7 (t';y-v' a 2 • f-?)

x y y - a • y - y i itSU K, foA> 

© B % © x - 7 (RE#fPK#tt%RES##, RE*, $S5>5c £.') 

o, c©%-y maay##,y R% o

(d) x y D -AOftl'feStT-y' (x y y — a • x — 7 )

y -!M 7 x • x y y - a ©^jffliffit: is X O'fiK. 5©#©x y y -a 

©#%%r^Tx -7 0 . - y 7 a 5 y ©^ y 7 a ©sf*, ®K,

• HE ©, iR»R5*%*©®»S©S5gr«LyfiJfflSn%o

(2) #ffiSff©3 y y p - ;u

#,1ilS#x — 7 (i, 'fc©Ssfp© 0*x — 7 ^ -*y % h K- • SR#a©

JW& O 7 tut, t©yxx-y3 y . X - 7 ^ * E % 

a©##%r^-E 6 % ©y-, 7- X y - y g y . y - 7 E*Jg^5 $ Rtc

2 0 —



(3) -b y 7 S' b • y 7 <b) sb* ns s' y

£ = s' y a#H, Oi-( b • y - 7 K)fr-t% % ©-C, “SClgS

AkB%7 -b y (**, E*. y 7 a ) y p^b b • ; y x y

y-f 6 iotWo

y -b y • 7 p 7"7 a(i, £ K -b y 7 7 b • y - y €»%s%r 5 iot

$> %/b’i#SfFfi£-h‘0'@.SItt

(i) %-$Lftft<0&1tt>'l&M>tz £ i

(ii) -b y 7" 7 b • y — y jfi'&gjtz z h
(iii) ##y -y • a y 7 -y x y a tiSKliKt^ & e: t 

4B1KL, -Zdffle^SEL-C^ELfco

iOJ: y 7" p 7' 7 a co 7 p -7- -r - b £:

EMffl A> p y y b ^ o it ~t H 1. 3 cc wTo 

X, 1007 P-t70ftSK*S/lb '/7A bf-bOlitlt, y — 

y u x b^f^i.2iC75Lfco

— 2 1 —



OUTPUT

^ Wt Number

Operation Control

Operat ion Data

3 / y h
mem, ^-^y-ygyo

m, ma##me

^--<y-y3y@^%-y

y — y g

V-Mf/L-'yh v-AO%%# (^tMKEZD 

iyy^b'^V^A, Hz0(O#( // )

yb v—^(D^y^^ygy

y h p -/p

zK^,
y l' p -;P^T%

y ^ a i/ _y a y^l;07 ^ \ y y h

gll.3 /^y/py'^Ayp-^-^-b

— 2 2 —



^ 1. 2 "f "7 h % ^ h <D 1 m ( MHI Fe- Cl A6.
134 3
135 0 TEST DATA DECEMBER 5. 1974. •
136 0 STK -■ 2 MARK - 9 MODIFY. 4 :STEP 1REACTION
137 0 TAMAI , M.
138 lu 4 24 10 0 7
139 1 2 3 4 8 6 7 9 m 5
140 0. 0 ~4.0 1 . 0 0. 0 6.0 -3.0 1. 0 0. J n. 0 0.0

mmGCfS141 u 1 1 1 1 -1 -1 -1 1 1
142 u. u 0 .8 0 . u 2. 1 0.1 0 . 0 -1. 0 3.1 -4.5 0.0
143 0 1 1 1 1 -1 -1 -1 1 1
144 0.0 0.0 0 . " 0 . .0 1.0 0.0 0. 0 -3.0 1.5 0.0
145 0 1 1 1 1 -1 -1 -1 1 1
14b
147

0.0
u

3.0
1

3 . 0
1

-1 .
1

6.0
1

r.o
-1

0. 0
-1

0. u 3.0 
-1 1

0 . 0 
1

14 8 REACT A 6 1 2 5 6 8 111 1 0.9 65 0.0
149 REACT C t> 1 2 5 6 8 10 2 0.9 90 0.0
150 HEAEX B 4 1 2 6 7 410.0
151 - HcAE x I 4 1 2 6 7 100.0
15c HEAEX F 4 1 2 6 7 30 0.0
15 3 HEAEX C 4 1 2 6 7 40 0.0
154 HEAEX DC 4 1 2 6 7 420.0
155 REACT E 5 1 5 6 8 10 3 0. 9 450. 0
15o WATER G 3 1 6 7 70. 0
157 0 I VIN H 7 1 6 7 .83333
158 WATER J 7 1 6 7 30. 0
159 JOINT JJ 3 1 2 6
160 REACT K 2 1 6 4 0.9 40 0.0
161 HcAEX U 4 1 2 6 7 100. 0
162 WATER L 3 1 6 7 30.0
163 JOINT M 3 1 2 6
164 0 IV IN M 3 1 6 7 1 0.95 0.95
165 JOINT N 3 1 2 6
166 JOINT C 3 1 2 6
16 7 0 IV I N F 3 1 6 7 0.5
168 OTHSS G 4 1 2 6 7
169 OlHSS R 4 1 2 6 7
170 JOINT S 3 1 2 6
171 JOINT T 3 1 2 6
172 STREAM
173 0 1 30 .0 1 . 0 0.0 1 i,n
174 c 3 950 . 0 1 . 0 1.0 10 2 00.0
175 DC 1 50 .0 1 .0 1.0 1 500.0
176 END
177 EQATE
17 8 A 1 D 3
179 A 2 . E 4
180 A 3 C 6
181 3 1 N 3
182 B 2 C 5
183 C 1 B 3
184 C 2 A 5
185 0 1 F 3
186 0 2 B 4

7° p X (D # ^ ) 1/2

sTznoios^
ST200110 % - f ® ;
ST200115-J

ST20 0125 
ST200130 
ST200135 
ST200140 
ST2Q0145 
ST200150 '
ST200155 
ST 20 Q160 
51200165-^ 

T2nni70-^ 
T200180 
T200175 

ST 2 0 0 210 
T210195 
T200185 
T200185 
T200190 

ST 2 0 0 2 0 0 
ST200205 
ST200215

ST200220
ST200222
ST200225
ST200227
ST200230
ST200232
ST 20 0 2 35
ST200240
ST200245
ST 200 250
ST200255
ST200260^
ST20 0265\

CEX]
#(l)ms 3FeCl2 + 45.0

6 2

- 3. 0 - 4. 0

- 1 1

-r — $ © ; # ft ~r — ?

CEX] REACT A

F e304 

7
1. 0 

- 1

ST 2 0 02 92-^ 
ST200300^

+ 6HCI+H2 

8 3

6. 0 1. 0 

1 1

ST200310



i. 2 < x y ? f V y b (O 1 ( MHI 1 2/2h /

K>

187 03 2 D 4
188 1 DO 4
189 2 A 6
19 0 F 1 I 3
191 F 2 C 4
192 G 1 F 4
193 H 1 G 2
194 I 1 T 3
195 I 2 A 4
196 J 1 I 4
197 JJ 1 J 3
198 JJ 2 H 2
199 K 1 J J 3
20 0 L 1 U 4
201 V 1 H 3
202 V 2 L 2
203 u 1 M 2
204 ■J 2 K 2
205 11 1 L 3
206 N 1 E 3
207 N 2 M 2 u 3
20 8 0 2 M 3
209 P 1 0 3
210 Q 1 V 3
211 q 2 P 3212 R 1 J 2
213 R 2 P 2
214 S 1 Q 4
215 S 2 G 3
216 T 1 S 3
217 T 2 R 4
218 END
219 C 3 E 5 0 1
220 CHANGE 1221 C 3 950.0 1.0 1.0 10 150.0
222 CHANGE 1
223 C 3 950.0 1.0 1.0 10 300.0
22 4 CHANGE 1
22 5 C 3 950.0 1.0 1.0 10 400.0
226 CHANGE 1
22 7 C 3 950.0 1.0 1.0 10 5 o.o. n
228 CHANGE 1
229 C 31000.0 1.0 1.0 10 200 .0
230 CHANGE 1
231 C 31050.0 1.0 1.0 10 2 00.0
232 ENDSSS .

ST200350

ST200360 
ST 20 03 65 
ST200370 
ST 20 0375 
ST 2 0 0 3 80 
ST200385 
ST200390

ST 200 395 
ST200405

R 3 Q

ST200406 
ST200407 
ST200410 
ST200415 
ST200420 
ST200425 
ST20043P 
ST200435 
ST 200440 
ST 20 0445 
ST200450 
ST20Q455 
ST200460 
ST200465 
ST200470 
ST200475

(i^Ji^CasegO^AOy-^ )

Case 2Q<D1'cZb(0~f~9 

Case 21 <Otzib<01r— &

Case 220&#x0%-f 

Case 23<%*OT-jf 

Case

Case 7

ST200485e»^.a"^,<»ao«*eaD^«a -f y 7 y T 3 / y T 7 - ^

END OF LIST



1. 3. 5 7 7° p 77 A

%)67P77Af7r,

7tc^ZL6Z^Z^7^|W|C#^:0#t#:^2:^Z, ^J#K#]ALZ:#7r7 p 77 A

jb^mRUK#^, ^(D7Ry7A^#mf 
6^E%:, ^^f6Z5KL7:^<^^lE#7r^6o ^OZ5^, #\%Lfc

#^6^#^^fL't:^\,"!7^67P/7A^f-y7°p/7A^#L'1:, 7°

p 7^7 Af (0#^&Ab%c67 ^ 7 7°P 77 A Eg^iJLZio 

-7- 7 7° p 77 A ^Z, 7 7 y 7 p 7°7 A (Of5 Zi-& ^ E % 6 0 , Z Z:,

'ffe 01^ 7 7 p 7 7 A 7> f 7f jf 7 ft % ^ 'o’ % ^) % o

4'@f#6%L^;7;;LL/-yK3d\y'"Ot, y;^y-7^#j^-Z6(O^ZlA 

(D7iy7P/7A^18^:(O^77°p/7A'7r$)0, ^Zu6(0^#, Z^Z 

i. 3 z

^(Of-7/p/7A^, o^oz^K

^#^Zb6o

(a) 7° P 4: A ^#6%T % mt^T 6 "7" 7 7° P 7* 7 A

OTHSS, JOINT, DIVIN, WATER HEAEX, REACT

(b) #<&#fE^77°e7*7A(0f~0#K^:K6##-9-7*7e7*^A 

SRMASS, SRHEAT, SENTE, OROIN, SGIVE, 8KEY, PARAR

(c) ##T - 7 %: y I 7 T % "7" 7° 7° p 7 7 A

BLOCK DATA

(d) T — 7 (O ^ , T — 7 A (BTO K I# 'f' 6 "7" 7" 7° P 7' 7 A

EQUATE, CHANGE, PRINT, PRINK 

ypHzyiX; ±

#6 4 5 ^o(a)(C##:#f;^7 7 p 77 A (o^#7r^ 0 , ^ (O 7 p 77

A T/^%: Z 0 ^(OKf-^^^KZoT:, 7 P 4z y

6 ^ E^(E^6o ^y-yay^^Z

2K^m(0#%7:TZ, y;^.y-7^:#:(O^A#m^#^L, 7<7(0^^,

— 25 —



fi-mtT-f <D*> Ifbfz L VC <£ %1KSCttS®k W'iBftt
$)50t, ^'EH-fTE 7'7" p / 7 A o -CJo 0 , #^-K

7 7 7 7 e 7

*7Eg7>flTfeK:io vt, ^ co$*SS%:fFS-f'?) k V S B tottBESiiTk

o-c*. '5k Lt^-#^- / y p y 9

EE k L E%* L ftlttUi'fr fk^V'o

mTK, ^[Hlf^fiKLfc^tL^iLO-^ 7 7 p 7" 7 A OffIi7 P 7 - h 

^fSB-E-E) o

(1) EQUATE

fc% 7 --7 g 7 ©ftWK|& LX, <y^t7H-A, 'fti.bb 

E©XA v - -7 3 -7 KJftik if 7 k -7 Or - 7 («S, ®E, EXI, ffi)

it, S‘OSi$E'<7-v'3 y zL 6 86 it- l±i kb 7 T y, tkfckZ1) i- 7? b

OftSlC jbfcy X, C 7M 7 7 7 b A T y 
— A 7)'It E i/ — -y 3 y A io =t Lb B 7)

■f tibb, 0 7)®HA 7)®k , 4fcC7)©«B7y@7)y-7 k«itt:'i> 
0 , k Of 7 7 P 7* 7 A tint, k y 1/ 7 h 7. t- V - A 7) 'It$6 k L X , k 7)
t 5 %#mZ:A h y-A7)'|f$g»»6SlkELESS-tk.*{/F^e/£ 5o

Its 7P-f t-HtJCOkty X£> % O

(START )

(END )

RETURN

p 7 7 7 U-T)SltiSL

— 26



y p y 9 A %
C O 7' P y9A%;3

-/i-tsypyjA

HYDROG /■ -f y^p/5 a — < 7 y y hT-y%-ky h L \

~zi y i' p — %> o

EQUATE 9- -f -f. p 7" 9 a HYDROG 7. h V - A "-^<07t'-y-AO7-y (
7. h y - A#

OTHSS -y y y P y 9 A HYDROG 'i y V y h X h V — (T) y — # 1.4 # %

JOINT -y- y y p y 9 A HYDROG -f 7 y y ^7.^ V - A O 7 - y % 1.4 # M

DIVIN -4- y y p y ? ^ HYDROG -f 7 1/ y 1- 7. h V-A(T)T-y # 1.4 #

WATER ^ y y p y ? ^ HYDROG < 7 7 y H 7 h y - A O 7 - y # 1.4 #

HE AEX -9- y y p y 9 A HYDROG /f77yh7hy-A07-y # 1.4 # %

REACT -y y y p y 9 A HYDROG ■i 7 1/ y h 7 h 1J — A(Of-^ #

BLOCK + yyp y 9 a SRHEAT

DATA SENTL

SRMASS y y p y 9 A REACT EE^,

EES

SRHEAT -4- y y p y 9 A REACT EEX& EE%@(0%iR^:^#1-*:-r%o

SENTL -4- y y p y 9 A OTHSS 7. h y - A o T - y 7 h y-A02 5 t t L 7y

DIVIN /\ k:- &o

WATER y J

REACT

HE AEX

ORGIN y y p y 9 A REACT < 7 7 y h 7 s y - A oaR.A'## EE%@T?<Di.y y y h 7 h y - A^^gK

EEzKx EES

SGI VE -4- y y p y 9 A REACT EE%@<o#%iR^: EEZ@®&j&%k *EE%%B%^o*K:

%Ef%79 h^y t'7.t'y-AK:^,Q^,y'%

SKEY tyypy 9 a REACT EET@4 y i% ? UM-Ad EE©!fe®1R5!0 + -®^' ( JpIaftiii

EE^ t c ^ t %

PARAR -v- 7' y p y 9 A HYDROG EE%@«omgg@»^#e EET@(0EES%rEE#K<088#t L t

EEM& #t#T 6o

CHANGE -y- y y p y 9 A HYDROG E#MC^RL/:#t#<OT-yo5t., W--:

y-yayy-ytT-n y-^y-yo —

%o

PRINT -y-yy e y 9 A HYDROG 7-7a7a-^.y

7 9 h y y h f6 o

PRINK -y- y y p y 9 A HYDROG m%s<o@A'ib

RgatL y 7 9 t- y y h f%o

— 27



(2) OTHSS
220-77 7 p7*7Ati, ^J5%#70%#%:2f

p 77 A 7:^ 6^,

K^:, #tC7hv-A%-7co^d#^^_co7<^fj

L -71^60

(# 1. 4 #M)

(7 p — 7 -Y — h ^)

(3) JOINT

22 077 7 p /7 A 5^0 7r^) 0 , 2 7K07bV-

A^^^LT 1 ^:C0 7 h V - AK -f 60 2 ^^±07 b V -

22O#fP^<0^Lfr^^.^Z\,"o 2^0^77

^ i 7 h v -Aomm,

7 p — 7" -v ■— Ht C> h to 7r jb -?) o

(start)

A O p^ 7 7 yl^ k2i77yh7hV

7 7 y^ ki ^ RETURN

77h7yh7bV

i 7 7 yh 7 I V

Z 0 7 7 h 77 7 h 7 y h 7 h v - A CO 
zc77/^k.°-KZ D KO#

(RETURN)

(END)

28



1. 4 #- ilL # fp 4^ 7 7° p y 7 ^ ' K #

to
to



(4) DIVIN

El 56 (7) JOINT tttlr 1 *0 7. I- 'J - 

*o x i y - a tc#R#%S#OitW%r^;f5i“?> 4 otfc?) o

LfcA'ot. 1*0X6 y -A6 2*ti.-hO#B*K;3-|R$-t$*V:|§'8- 
Ktt, i; 0#;#%: < 0 Lfiftxtf.!: vQ 

16^7’ p -t xiciiif vto# tt-gliifEk L"Ot, ftoJ;

:# t 6 fl t o

(a) $B K =fc 2) # §|

B«»gi

s-$»gi

*###

(b) fiKfl- tC ,£ t :9"ill

#tti

(c) tO#, ®#B% A",

iOt77 p 7*7 XK JzgS#@Oa#JoZO(#mO##^#g 

Z 5 K&AL6# < !&%#&%#. $160 DIVIN t* 

T 150 eitgfe ##0 4 O -C*2b£ O

# iRtSScCD

-J y 7 y 6 X 6 !J “ A O jj£ :$6 6 > ^ K 4 X 7° 7 (■ 7 "7 O^K$

0*6 2 *07 7 6 y -y 6X6 V - A (Ci> •) fclf 5 o

7: o®|git, SuSil^oyjR, *)66yi*o6#% t, #■—fi2#o

X 6 6 - A O^Rr-ffiffl# % %06'fe t o

£H6t8tlB©

-$ y y 7 6x6 y - a oEfl-t, ykox 6 y - a t, **^ox 6 

i; -AK^yfcitSo

COftitt, 6omg©6%It*Bjtg6fc t o

30



hisses m®
■i V V y b 7. h !) — -7 0 fiK 7b 1 11S £0 |j§/£ 6% ;9-£0 7. b !J — A

k tedSfl-^T. b y -AK.^1? blf o 7 t

K±o, y y -Afrb^irztuDmfr^mo mf ^

fl-ESfg©*5 Iti^tcfcvx, fl-lBS%: l. 0 h-SliLK^^lcStgk’fc 

yr»iL, y>te*% i. o y,T oitr-tiui, * i xz?%(Of$,fr 4 

2 /K07 7 b 1/ S' b X b y - Ar^OklflbtL^o
?£ 5° , 7k%b?TjiP®#8L'C'ffe©#SE#@*"ybd16S"8l'r:5Sf^4 — li £Dbb B 

I: S 1 6 it 5. 4b, S6lRXet#Ab-£'.$t;% 0 , tfc, @mf %

ZfclcaS^%giJ®£D-y-7 7P 7*7 bhlfco

7 p — -7- ■y — b (X Zk69 ^ te 0 "C% % o

'£'$•< 
7 7 -y 
b T - 
7

fl-BS

£-B$

S-BS
IBSfiKSb



(5) WATER
yJcSfl-^'atr 1 *to 4* a ^ Uf y - a L

x, Tk^SSgS"*, *^zrf7kK##f 6my}<o#*A y y-At, *K 
iilfti', Mi'tigili0tt','*'7*a7 y V - A X»M-t2>ma&ik:ft 

Ot/^P ;'7Afi)5o
L X7kS k E*<0 2 ffi^ilSLy #s

o, ts-fbTk*. a;. 7k*. m.minnvi&frn-t^x, 7kvcmm-fz>

tL-okkraCAy y - AKHff^nsiltV'^o
%o t, * *<o ma-to #4# A t^7k*&%y A,mf a±$4 

Rfc 5 #4K#m L , it, 7k*is 4 V'E*4-t f t: v4 ar *f L XtS, 
t to a y y - a 4£>%BE 4 t: 4 ip-4 SIS #4 fit: ^S^Kffii'So

^BKfivit®6<)ffi@^fit:kiL%tO-t:-, ftSKi
o t tos^^p,to %sitt, z>^mMt3§k-x, y

p -t Art <O'tetogB4'efs0i&i~% 1 5 t: rtSiott; t fc, #

to/p/yAtit, - A-etoft* %rfit: 5 ot, 7k<oE*g
(4100 •C'C-jgt 5h L, ####(4 1 0 0 °CK:fctk%i$j6{il:%ffflv;6 o
7k*, B*jy4l<oi-'<y to^yy-tt, k a o s' y a y y - a rt to^i^vk 

icSSL y, 7k**5=tr>-E*‘OA m-a ic tt 0 # s tit: v t L y i ^ % A A 

EEr(4-t-<y toiSfl-KSSKt4*) 0 , ±§*<0 4 5 k, 7k* k 0 C©er 

L L^y"k<ot&%<oy, 4-#. t to 4 5 tSiSf- 7 4 ffl v' y
6&#AA&%o

4 fc, #%*#t#Kioy'y %, 4 *P ton**, is 4Ovk<os«ito®B<ota^

7 p — ^4 T — y (4^.tot is o 'tftfc-60



(start) -£- % f y 7" y h

A CD#

RETURN

1 0 0

A

"f %/l/y h ^ b V —

Ai o o °c ±

b V - A H # 

-A ^ ^
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(6) HE A EX

iot77p / 7 Ait, i *to;SiSx b y - a d> ib, 1 x b v
-Atcpsiti,

-f% 4 ct-fc 0 ,

a . 7 p-fc7 7 b y - A

b . M gkMikK- i?>7'p-fexxby-A (otm # o A: *&%###

c . 1 5 7 p -t XX b y - A

SR^e+s^&tt, e$i®E^EEa;%fflv%o ssMESAtt. ts® 

7b y - AAPfiftlfiAb y - AfBnfiiofiiiotitrfey, T

IMr^-ta 0 t-fc$ o

ftgt b y -Ate J; Lb'iSfiT. b V - a tDAOUm.it.

Tsfrb, ES L fc^SSESlc J; <9 *®7 b y - AioffiofiEWI 0 ,
L tzi-^X, BSx b y - A OiitttiS*d’5#7)ibii% o % L t C 0m#K 
i 0 ffi® 7 b y - AA^o#$j7% A It, 16® 7 b y -A©(iso®E^*

gtW'Dt %#A-KA, m#. Slgrt; fc'O'SB^ti-SLb y 
-AaDOSSteJ;tf#%ftst?)o

tzti L, llffi, £ 07" P 7"7 A iff*
#gtOAt:% 0 , 7 tut, mjiSOWATER A |B]«, 1 0 OttiSt Silt
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vSo ft h ffco#ig

FeCA (@) -> FeC-6 (50

m J: 5 ft ffl Eib -«<o EG k jlft L t, fiotZ/p /?a react 

ick-v-tStSSrUfj-t^o

eSSESEEiSioetStrtt, iSS ic ?/f C % % o

-fftfcft, EB Lfcf^BESftSa-Cft VS-S-baX, igxMJ-A

^%y##ft#-f b y -Atom PgIJ51fi^ b y - a«AQ

BE 1 ns<&5£ H'4?)o ft m 1 *> ft $|S(«*EK (XE C ftft v ft 

A ft, t ixffiB a b y - a my nBE^MBx b y -ArnxnB

EK#L < fc?r, #E*m%r##+#Lft, MBa b y - Amy nBE^tt 
WSrfift S o ft m#AKtX#BLB#@BEm(lA*^#B

ft < & 2> o

y p — ft -v — b ^Xi%mA3o 0 ft jb % o

— 3 5 —



(START)

—p cn#-&

A h v - A com a%#,
mm,
<#ST6o

RETURN

^^bu-Acomomm^,

#m^ b v-A m omm^e

#=m A h v - Am omm

t& m y^ b v A m o m m s m a

— a m pfiit oj

7 7 b t/ ^ b 7 b V - A

RETURN
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(7) REACT

c. y7-y-7'7 P y7 A(t, EESfflSxfcit^feWiKE:. BiKSi^ttS 
t5t«tfc5o

7'7y^S|KLfc7'p-tA7; » y - 7 1C *5 

V'Xte. EESfNtib 4 0 S$yS£iiX v/£ vdX #{b#&7 e -c AXtt 

7k^mmm^ib#EiXKz 5t»st4 o. 77 y b t*EEst%:
iKltaOSoifiSo LtfyC, i: myy y b Sff77fc»77*7‘ 
e -k a y 5 =. y - y r #s v X i , EEUfEt % o t i, Iftfe 0 . ttz, 

#® iRE, h #*X*)6o
£7)t77P 7*7 A EE-S#tott*77fc»r-i9.X -A7t,

EE*. ####. EEfil. EESX*, D . 

fc J: Vitff XiSttxf« k *5 0 X*ib S o

(a) y 7 y •> a y t - ^ t - 7" x

y 77 y 3 yf-7r-7Aitt. EET7*a yyftSrfiftcf'- 

7 », 7 7 7 xy b T-7 X % h7tMLfct«t-, §tS 77 fgfi K fc 
5Xli, 7 77 7 - 7 77 ffl $ tb % o

£ (7) y 7 7 y a y A - 7 T - 7 7bSE7)E&77EE*7)y( 7^, b X

i£t*. fch EtfSES—^77j)D7k»SEE%:fiJr k % t Rx z 5 6 o
3 FeC6 + 4 H2O > FesOt + 6 HCZ + H-

H2O (e) H20 (g) h2 o2 HCZ FeC62 FesOt

0. 0 - 4.0 1.0 0.0 6. 0 - 3.0 1.0

0 1 1 1 1 - 1 _2

(I)

(ii)

(i) EE77#m#» 

-7 7 X A#-# 

7 7 7|ff-
m#=..............

EE# (EE*77fea7)fRy>)

XBK# (EE*7)XfaAB%^)

EE#»



(ii) 7 /

1 .................*" A ffi

o.............m#

- l............Sffi

(b) E fS 7) X — IK 5$ 77 W: 35

EiGt) a -ffittEH. t>:*6lto

x 4 o E 4 A v ® tt X fc 0 , RfS£n;i)®iR3:tiico +

LttSt^o

xx p x? a s k e yxxm^Xo

(c) El£-n»«iK$»t*8i

> X X p 7' 7 A S RMA SS#ffi

(d) ElB^^iRSf+S'ffi

t7 7 p 7* 7 a S RHEAT #1

(e) I- 7? M -AinSlbS

7 y 7 y UMJ-a 7)g a 7> Bg 4t 74 E IE L X , t^EIES), ElE^BR

#, fe % V'ttElEK 4 7 tc < Rij-L tsX'ftj*/£ X;X7 7 I y y 171 y

-AA^m%kltX'%6A", 7 7 h 7 y I 7 I y - A 

t77 I y — a ;X 4> X 7> b2 tt tX tfl ?> X17 IS 35 L X to <C JG -H 4> E> o 

X 7), #gtt tmi'? Mf y-Ai 7>XtlB‘t-X 7" 7" p 7" 7 a 

SGIVE 4ffl7Xfi&5o

UftTcy-X7’p 7*7 a REACT Xtt l -o7)g;i$;sic84^6iREItSLA» 

iMf, LE^oXBUEE^#/£ 5 S-Sr tcct, 2 oi,57ttEIiJH±« 

REACT %rg7iJxa#T% X X K 1 0 ft#A^E#X4) 6X, XSBt. ## 

7iEE\^R#X%af o

ifc, EtE«Kie%:5iS L , $EKEl£>S@ftY#ifI

y 7 y 17 h y -A77*g-fiK4i-5Mb g IfiKISE, SJElEX jitftL XJRE 

ftHXtrft 5 15
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~7 P — 7. -Y

(START

S GI VE

S K E Y

S RMAS S

RETURN

S RHEAT

A 2: ^3%

X 7 y h
f-7

####
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(8) BLOCK DATA

int7 7'p/7A(t, m&. ? tR-fr t > 7° P -k 7@t#Kto#&####

X -7 to IB it £ to to to < k <ototo 0 , $16 B, $ l. 5 KL^-f J; 5 K 2 3 <o

L to, tof#, 6###k. x t- 7
L to v & 0

gt#co%^rictoto c to B, xt ft 7" p -t 7to%#toto%B%6coyLto# 1. 5

K6tox-7 x - tti l yemi-6 o

feto, 7* p -k x co — S ty. to to 0 H ® Kl ts; i> @ 6 to §■ < , to co B# ic (i it

»jR6s+#Kisi%si:?)S$iu?)A',

C com#Btog < $jl $to& to7 * B h to to F^ to to 6 to V i: 5, to ii to o

7' p -t x -7 ; =- 7-7 <ofLffl&B. vtoto# < co j$; 6 6 ft tc L "Cat#

%)ttx-7 StoSSSiitotototy, toe 7" 

p*7cogtSBDlfg7;%6cot:, 6#B, SBti 5 * to Efl-coiSjm^ fito 5 

to f tfibio

£ tor, ^;t#6%%gto% totoKB, ##K, ###,

*?#, toK, #6#K, Sf, $zS66to to, $16r>SB i: 0 Stor # 

< <o$SB totoS-Cto 0 , Ctubco^i.icg|LX4rtil£;v,'PSktocox-77 

t to /v {B to to 5 "C to -5 o

— 4 0



1.5 ##/' - ^

it### (Cp=A+BT+CT2)

g
g—mo 1 g—mo 1 A BXl 0% Cxi 06

g-mo 1
1 H2 0 (b i q) 18.0 16 - 6 8.3 2 1 8.0 0.0 0.0 9.717

2 Hz 0 (gas) 1 8.0 1 6 - 5 7.8 7.2 5 6 2.2 9 8 0.2 8 3 9.7 1 7

3 Hz 2.0 1 6 0.0 6.9 5 -0.2 0.4 8 1

4 Oz 3.1 9 9 8 0.0 6.14 8 3.10 2 -0.9 2 3

5 He 4.0 0 3 0.0 4.9 6 8 0.0 0.0

6 FeCZz 1 2 6.7 5 3 - 81.7 1 8.9 6 2.0 8 0.0

7 Fes CL 2 3 1.5 3 9 -2 6 7.8 4 1.1 7 1 8.8 2 0.0

8 HC/ 3 6.4 6 1 - 2 2.0 6 . 6.7 3 0.4 3 3 0.3 7

9 FeC/s (sol) 1 6 2.2 0 6 - 9 5.5 1 4.9 2 7.5 0.0

10 Glz 7 0.9 0 6 0.0 8.7 6 4 0.2 7 1 0.0

1 1 CaBr2 1 9 9.8 8 8 -16 3.2 1 3.9 6 7.8 6 0.0

1 2 Ca OH 2 7 4.0 9 5 -2 3 5.8 2 5.1 7 2.8 6 0.0

1 3 HBr 8 0.9 1 2 - 8.6 6 6.5 7 8 0.954 9 0.1581

1 4 HgBr2 3 6 0.3 9 8 - 4 0.5 1 5.9 1 7.0 0.0

15 HgO 2 1 6.5 8 9 - 2 1.6 8 8.6 14 7.0 8 3 0.0

1 6 Hg (lig) 2 0 0.5 9 0 0.0 7.2 6 -2.7 4 0.0

1 7 FeCZs (gas) 1 6 2.2 0 6 - 6 0.5 1 9.8 3 0.0 21 0.0

1 8 MgC/z 9 5.2 2 0 -1 5 3.3 1 8.9 0 1.4 2 0.0

1 9 Mg (OH) 2 5 8.3 3 0 -2 21.0 1 1.2 3 2 45 8 1 0.0

20 Fe 5 5.8 4 7 0.0 3.3 7 7.1 0 0.0

21 Fe2 Os 1 5 9.6 9 0 -19 7.3 2 3.4 9 18.6 0.0

22 Hg (gas) 2 0 0.5 9 0 14.5 4 4.9 8 6 0.0 0.0

23 n2 2 8.0 0 0 0.0 6.6 6 1.0 2 0.0

Cp ; m/%-mo l.°C) t ; ( °k)



(9) SBMAS8

^ cny y p y 7 A 6o

y-7 7°py7A8KBY 4 B

LT,

R^s’-?:g7S«7xE,E*
Mk. % 4 cot;', 4. mE^Kig-BKS-^sBmSS^S'f'titt*, ^rix^tunfiZS-
mREK J: %jt«^/L-®dt|t*;Sti?)o

Lfc^oX, #E5hin Etti^ /^Elt- SA^^ttSEnfS^^IA' 

EttSS it, 4 AiKEn CIS-5- L/£ v®»tt$-fk L A: vQ 
RnliiKLtAffiKl^Jo

A , a i A ? a 2
B ; bi B j b 2
c ; ci K c ; eg
D j d i 15 D ; d2
E ; ei # E ; e2

fE >

•KtBS a.A+b.B -----* c . C + d . D

A~B ; j®;friE-f 

a

a,~ e,

a2~ea m^A

d ; #5%^^###:

.f77V/7ASKEYKiJlA, SlEtO A 1C A; o tc t1~Z>

h. KEAiSit k (AiAS; A Ac 6 o

k x r
b

a ; a 2 
b2

a i + 
b i +

a k 
b k

— 42



c 2 — Ci c k

d2 = d i + d k
e 2 = e i

SUgiCtt, h a. *5 J: O'b, d'^ R JS K li>m
t7/p/7AREACTta^#:±?c, s

CT'tt®*<>HCJ:5K®a^t45t^?>o

( S TART)

4d SRHEAT
i«t77'p/7A(i, REittKfcl'ti y7j- h L/cKtSiBEtejs

tLt, i 6##, teltiM y !/ * h x b V - A£n©Ek

t 7" 7 p /7 a REACT I'C'CfjTz

5 o

RlBfiKTr °C 1C is It % KfSffft Qr KcatKlAT <n
15Kft*t5o

— 4 3



n i • A + n2 • B — n 3 • C + n4 • D 

SlSfi Qr =^Hf «2 5°C + ZX a { (Tr+ 2 7 3.1 5) -2 9 8.1-2 9 8.1 5

tit:* AHf *2 5 °C, zxa, ^b, Z\G Strl+Sf ?> % <r> *Cfe %

/aH f 2 5 °C = (ARc + /AH d) — (AH a + AHb)

tc ti L . a , b , c a&mfrm
lit-g -a*, -^-77'p

7*7 a BLOCK DATAtCBESS-tb'CvS^n^iL'OT-7 o

(77—— biH B§)
(11) S ENTL

i «t 77 7 7' 7 A It, & % A b y - A m, t m##, ® K !C *5 It %
2 5 °C Hfciy^/ie' -%8tXi"t> % 7)tr, #t#A'Ao^ to h *?

0 trfe% o

iitbrnj ; j

Op j; j bt mo 1 • °C)

(7 7 — iP — b ^ B§)

(13 ORGIN

. tK*#® 7" 7 -te 7 7 - X K 7' 7 -t A tr, 7° 7 tr A^SlAi" %

A b y - AttjifiinAhSDBEttT) 2*. 7"7-teAA6Etti'"t";57. b y - 

a ($7k*, E* t 3 *A*t) o , stuil a b y - a L

XffibtiZ k a> -7% £ A 6 > itIKi'fftt b y - a ’ItlBH* Abfi 2 * A* 
& 6 O Lfl'Ltefrb. @#*M%-7 tan#*#ADA,%-7



/o-t^wenSitiKtigjhf, t77'o /5areact 

cofct&co^ - ? t L “CRfSKli#;5 5 V-, yjOzl ft l/c 5Llti<r> IS. $■ k ?£%><$> W 

A»7£ V- m-C-&EI+ **'5*fr$ o
7'p-txranttImS*K, ^M-Af

-7 i LtafflfiEfife'f y?s> b L, < 0 Lgt#Mx7 - y icfefc

o-t. 5 JAM % b HZ>&, C y 7' 5- h

t - 7 m*^tSSn L t. 0 , 4 fciSS L/C®Sift*1*S-C'/xv,'

t7 7P/7A0MIN It KE

Sfp^f+jt-t % Kfefco -c. £'Sa:«»«®if% 7P/7 ABf g»6^i

Ktgt54«t*$i?)o IS. 5 V 7 7 7 3

'/f - ^ f - 7"7t'4it, R)5#M##i%##!%r7 7 7'y b L/cRlSst "C 

S!j-3fciii.Kfflv;5;58;t:, tcttchi, - 7 9 f-7 7

KM l 5 icfjR ? o

•7 7 7 7 X R B

R)5(a) 3 FeCZz + 4 Hz 0 ------ > Fe 30* + 6 Hyz + Hi Rt5^$* A

R jt5(b) Fes O4 + ^ G& + 6 HCZ—> 3 FeCZs + 3 H2 0 + ̂ -0% " Tz

R 15(c) 3 FeCZ----->3 FeCZ2 + |cZz » n

wt sniff

lx 15(a) -> Rl5(b) -> Rf5(c)5:+S^m&6#^

R 15(a) Fee* ;

h2o ;

R 15(b) FesO* ;

czz ; 

HOI ;

3 / ( n x 7-2 x 7-3 )

4 / ( 7-1 x 7-2 X 7-3 )

1 / ( 7"% X 7"s )

^/ (Tz XT's)
6 / ( 7-2 X rs )

Fe% ; 3/7-3

4 5 —



6C^KLT^6^,

c g #^K#gL yi y 7 y b % - 7

(7 p — 7" -Y — b ^ ffl§)

(13) S G I V E

*^15#, ###

7 b y y b 7 b V - A

i? tf

-7 7 7 ? /7 A SGIVE 7,^7:, J^TT, Z 5 5 o

-77 7 p 7'7 A REACT Kl5#f;7)i 7 1/y h 7. h v -

A^dZ%7 7 7 b y y b 7 b V - A7)##^C^(n%MIJ%r#^^6o 

7b V - A#-# ; N

1 5 N 5 5 ...................... i 7 1/y b 7 b V —A

N=1 ...................... ^ 7 ^8 i yyy b 7 b V - A

N = 2 ......................@ # f

N = 5 ......................^0###:-< yyy b 7 b V - A

6 5 N = 10...................... 77 b yy b 7 b V - A

N = 6 ......................#' 7 # 7 7 b yy b7 b V - A

N = 7 ......................# # ^

n = 8...................m # "

N = 9 ......................@##^8 //

N = 10......................M###:7 7byyb7bV-A

U 77 y 3 y%- 7 T-77^ (7 ^^7:% ^<7 7 -7 7rS

4 6 —



#L AU6MA, _h$x b y - A # # h , y / -? feSESt

%A ttc X >) , #a-t% X b y 

At 5>c

L A 8p 13 A , 4 y 7" S' b A - X fE E B$ A C4 , RESfpnx b ) -At-t

&5£li?5 *S48:fc % o

(14) SK BY

lx E SHA <n %) 3{ iR3b%,Btll"(l“;5_hA', EE ^ A — Ei^ %7 E &, A A> E 44

t/y'p/bASKEYtt, c m^EA t m-efc o ,

KE«1-f&fcibEEtiK^g L A, EE® mil A

m%:Em####A# L , ilAmm#### AMA3 

vE4b A A -E44ixf % o

< 0 L MiRTg#t#:&RA: ?jl@A, #E4bmiiA#H^ibA6mA 

A m A - EflAtBE L Ate < A hit At"f. EEa#mgt* A t 

*S*5fc?)o

(X p - A -Y - b ^$8)

(15) PA BAR

-IgiCbb^S E«REiS@tBS<nmA* 9,Lt4te-(, EESE&Ei"" 

5Hyni-5KfiS%ilj5Cii''tt5o

— A, A p -k xA#EA%EEmEE$AA p -k xm#%EE, SIR5:

0 . p -t x m#'|4, fchi

t£A p -t x*S$i«[cG±k Eml 5 ESMAE-E^TAi; v 5 , vfct^^S 

%##*%## 4 E8EA& 0 , IE$%fiI«lii LtSEiI^'7 

/ - x ALAX-XXXtN 4 PIS4$ V,& A% % o t «-t7 7' P / 7 a tt, 

EE^&i§KM$tEA#E£ i 5 KL Ai4 m A. ilffi, il.4KStl 0 

AmEBE^lBSS-AAteO, 84* m $fj a $, A ^ A i»t, 

t5 8 t tt i A RE$%f*5()nt-i)5o

A#'A, 4 6 A44 a J; <o , RES A EESe-nrse-e^SE, L , S

4 7 —
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# 7 p 4: 7, A ; a.l/-7%:#K'7:^#L^7-AA7f4 ^

1. 4. l7-AA7T4^)^f#

#t # ^ # 2: L7^7°p 4: 7 ,

i A 7° 7 Ma rk - 1 7° p 4: 7 1 )

^ A 7" 7 Ma r k - 7 7° e 4: 7 1 )

^ A 7° 7 Ma r k — 9 7° ^ 4z 7 1)

MHI-Fe-C 1 -No. 1 7 p 4z 7

GE Agnes 7° e -% 7 2)

7-^X%^:Fe-Cl7°p4:7. 3)

(H 6 @#^>7° P 4: D, 7 ^ 4: 7^#^^" — ^

#^#1.6 ifC/jK'^' q

7° p 4z A^l#^K# < C) "C

4;,L^L^7p4:7^m'#'n%#^L^o {t#^^7

n-k7^LT<A77Mark-7,Mark-9,7------' X%7:^ 7^4: A%:^%7,

^ (H p# 7r# 3 7C# 7:'^) 6 -? 7° c 4: 7

h LT, GE Agnes 7P4z7^m/uf[:o o/c <

- -%K#^ ^) i A 7° 7 Mark

-1 7°e4:7.%m/v7fo

L'"Ci"6iF4' 7 A-(Hi c7r^)6Noil 7° p 4: 7^ 2: D±(f, Z 0#&@%:7-A 

A7A4 ^^^7" p4z7^%#KLT:#t#:^^yZ:^7^o 

^ALAiy-AA^T^^^'bTr, #7r##(n-A:26K:, AfD

C ^ 7 p 4: 7.%## ^ L "C , A - 77 7 A6 D , #

1. 4 7-AA7%/f<L

— 5 0



1.6

7° P 4: 7, ^ & $ 5% StKiUE
fcl

Ma r k 1

1 ) OaBr2 + 2Hz 0 ------- > C a (0H)2 + 2HB r

2) 2 HBr + Hg —^ HgBra + Ha

3 ) HgBr2 + Ca (0H)2 ^CaBr2 + HgO + H20

4 ) HgO ------- > Hg + "2 02

730

250

200

600

Ma r k 7

1) 3 FeC.li + 4HzO   » FeaO* + 6HCZ + Ha
2) FeaO* + \ 02  » | Fe2Os

3) | Fe2 03 + 9HCZ  » SFeCZa + | H20

4) SFeCZs  » 3 F e CZa + § CZa

5) |H20+|CZ2  » 3H3Z + | 02

650

3 50

120

320

80 0

Ma r k 9

1 ) 3 FeCZ2 + 4H20 ------- > Fe3O4 + 6HCZ + Ha

2) Fe,Ot +| C/a + 6H ------- » 3FeCZ> + 3Ha0 + ^02

3) 3FeCZ, ------- ► 3FeCZa + §-CZa

650

200

400

MHI No.l

1) 3FeC U + 4Ha 0 ---- —> F esO* +• 6HCZ + Ft
2) FesO. + §-CZa ------ » 3FeCZs+20a

3) 3FeCZs ------ » 3FeCZ* + |cZa

4 ) 6HCZ + | Oa ------ » 3 Cl , + 3HaO

650

90 0

450

400

Agnes

1 ) 3FeCZa + 4H20  > Fe30, + 6HCZ+ Ha

2) FesOt + 8HCZ  » FeCZa + 2FeCZs + 4HaO

3) 2Fe CZ3  > 2FeCZa + CZa

4 ) C/2 + Mg (OH)2 ——> MgC/2 + 2 O2 + H20

5) Mg CZa + 2HaO —-» Mg (OH) a +2HCZ

650

90

320

90

350

Aachen

1) 3FeCZa + 3Ha -—* 3Fe + 6HCZ

2) 3Fe + 4HaO ------*FesO*+ 4 Ha
3) FeaO* +8HCZ + \ CZa —-» 3FeCZa + 4HO

4) 3FeCA ------» 3FeCZa+ |cZa

5 ) H20 + C/a ——> 2H C/ + 2 02

700

1050

580

430

630



1. 7 f - # Cl/2 )

^ % 7. ^
% 4 #-f]

# # 7° e 4: 7. <0 ^ O #

Case 1 Mark 1 ft iK&fNl)

Case 2 i K 15 * ft 12) ^lR&i4=(2l c Ei i. 5 #m)

Case 3 Mark? KB*ft(l>

Case 4 i KB* ft (2) ^lK&f#(2l c m i. 6 #m)

Case 5 Mark 9 K 15 * ft (1) a-tt*ftd)

Case 6 i K 15 * ft (2) »6$*ft(2) c E i. ? )

Ca se 7 MHI No 1 K 15 * ft (1) c Ei i. g )

Case 8 i K 15 * ft (2) #g&&fN2) c Ei i. 9 #m )

Case 9 i 100 % 9 0 % 1

Case 10 8 0 % 1 l
Case 11 i 6 0 % 1 l
Case 12 i 4 0 % 1 i

Ca se 13 •i 2 0 % 1 i

Case 14 i K 15 * ft (1) ^lK#:f#(l)

c Eli.i o#m)

Case 15 i 1 i

( i 1.1 i #i)

Case 16 Agne s K 15 * ft (1) e-tt*ftd)

Case 17 i M 5 & f# (21 ft!R*ft(2) C El 1. 1 2 )

Case 18 Aa chen K 15 * ft (1) ftlR*ft(l>

Case 19 i K 15* ft (2) ^^^#(21 ( lH 1. 1 3 ## )

100%

MJ5&W21 ; * 9 o % /^

1 o 0 % Kg&^

" —gBO /y 95% // c^otsioo#)

— 52 —



1. 7 2/2 )

y — ;%. 7. y 
f y e -k X ^ 15 0 # ^ % 0 #

Case 20 MHI F e —Cl
No. 1 K15 & #■ lK#:#(2) ^70^##:A CM

poootH

Ca se 21 i i i // 105 0%:

Ca se 22 i 1 j %n 15 0mol/H2

Case 23 i 1 i 300

Case 24 i i i 400

Case 25 4 500

M 0 ^ J:

— 5 3 —



(a) EE##ltS±.tOjifii6

:tl b<r>7v-£*it. I1.6KSt}n<«REKi') 3g, 4g, 5

m^*mmx#m5#6 5itx$)6A", #toEEKMi-6##, tc
k x.(i'RESf. EEAfMt^i kfK@5#Xt,'E^ %tOA^ek E kX-;fc

0 , 56 k, *

ffift7,£EE#14*'!5Gg5Hfck Lt 4. ftfc i U'jSKte

%##tk, i'i'ft5»S;nRKSS4:fflt'5J'icJ:, t4*f <

If 6 %tOX'$)6o

k E 6 to SB» S' $1$?,& E-alg -t 6 k ktkEWffit:

#> 0 , ^-®:<niPf9SK; 1 0 llbfrcJtifcWt-, - 7 %-te 9 ktr i

<r>t LX, Sffiti, m 1.6 tn§t/p -i:7.^SI$ft-a'?iJ;*7-^ ic 

^#to#%i^g9%:##S;)nE, EiiE'iitosSJxEit, fc5-g«S£,g 

fKfci't, *> 6 fitnRE~S't:*EEA'iil:fT-t6 %tok^5##to%k'c;t

5 6 ic, EEicia#-t6#)*tnffiicovE 4, # k # M -ft fete h'« k
5 K.mmt.V>-Y9s-'{C&% bfrvcts. o 4 £0 4 6*6 k toAcotoX

%#a$AXkk##X6 k k k L Eo

(b) khSIS,l/F8t#EC)|fjj5

* 7 c -te X to k 5 K 5c#: 7 p - X F'ft%J|i]t5 7 P^^CteV'tlt,

##%«to^KT% k V 5 ^6 i, #E*%Kk 6#### 

S^B <*it*#6 4), t&@#%to^.#, aiRSfFti7P'fe7Kt,t#gK 

®«ft$!#x*fc % o

5 6 K, flAtoscfl-co^gl^r, x=ir -#> 6 vtk@$#6<3pL5x=3r

-'%’, I •) #4 < Lt, 5 ± < A-#T 6*^*^, 7" p -b xS#;to%tiS

K%E#<##LE<6%tokm5E%o

L /c*_i ip XASISfPtk, S S /$ St#% fi fa 5 -jS S*-i 6 *6 EE## k 

|W|«lC*kn/£Skh^#v/cik, &6#mkMR$X6rki6:kic,^kF*^#f

6 k L X It S L , # g|S # to fc sb K jk gfa gB to & 6 Wk##tofapp5x#'
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-ttSfJjELtvfj; Vo 

fcisi (14- 1. o t-tj-tifLi'f,

LX, ffliEfl-xx b y -Aiot[W]#$:H4:v4v9 aSto/tltS^-tS 44 

l. 0 4lTx#4#B% 4 ttcic-t, Bn4?HxEb44Xh$ vbbStifitiE 

A-xx b y - a tt 4 P]fr$ii4> 4v 9 S+W 4 =rfgt;% 4> o 

(c) 7" p -x x x p - fE E _b x> ffi £|

7 p -b: x it, -4-EH4EL, # 1. 4 6

Ki5tiIS4?i4«tL, l^7Vb A7; =.7-7 X) ftp; tc a4r-f- 

6 1 9 K, 7"p-tx7'ffif9&'ftL'C7p-'7-y 4fbEi"% 4> o

Ltzip-^X, |i"Se$ 4 L-C#fbii%#)*EE, BKEtc 4 4#RA-G'

4 x> XL frtz.y.'-igi'n 4 fe ?>44 1. 3. 3 iCxE^x/c^rtv€'47X1^6; 

® 1-t -y 7" 7 p 7" 7 a x> 5fc 6., feitf, $r L v*E#f4StS%-iSSrt % ^ 4 

KiO. flffl 7” p -t t 5 icB-dl4T^ (cttl

fc y' o

/£#oX iJ£B#Bx> 7* p -b XX ; = 7 - 7 Kto vX 4 . ijRfS<r>m®y', A 

Sffi-fk^xi^ggi'fb, 4) % ixtx b y - a x> ?% ip, inBfe 44 7

7‘p / 7X^IflKa4l)fc*5C 917" p -ti XIX J4#%Bv

7P--7-bic44 73'< «+%%bftic 9 4 4 4 BJtg tib 5. 74

^ jx XI 14-y- 7 7" p 7' 7 A (X Its 5 S *5 4 O5 S %xt-9tic a® L

fcinit^*S-tr4, 0 . t fc 4 y / * b x - 7 x# 4 # < 4: ^ t 6 «

Bt#M#xi%#'fk 4 4 4 K, b'< od'Xi^.fiLjtf^X'ftS^inffi 

4$)4)44x,,<7 - y4r l ox 7 p s' 7 4 LtS 9 4 4 Kt % 4 7 74 b x 

- 7 x @J« fx 4* 4 # M X % 4b * # fe 4> o

1.4.2 ftitef

0 1. 2 X) 7" P -b X -y i =7-7 Sty 7 p -7 7 ~ b K4Lfci 9 K, 7" P 

bX7 P - K*-44x-7 , S*SElCI«i"4) X-7 . ##X b 5-AKl 

-t%x-7 4b 4 77 S' b x — 7 4 LtftI Lfc*4r4:Xiie*4 LX, X p b
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7A#7##iRE, S«£K|il-f %-lf o
k T,#t#*##7, 7 7 b 7" s' b 'J 7 b <7 1 fflJ^E 1. 8 ~E 1. 1 OC^fo 
il.8 It 7" p ■t7%iist5ft»f'bt , ft7,#+###m-K*ft&%o 
t 7 7 S' b tstw'7 ■> b 7 S' b 7>8tS#S$ k L ftit, 41*

cox b V - A 7>s§-j$ftE:*-, 7 b V -77©|g, Eft, 7 p

— '7 b K#6n%o S 1. 9 It Case 8 7>H(l)Kfc « K

tGSlicili-^e+se* y 7 b ft-ifc 0. 7 b 7,#%r7 P - -7 - b

±Ki'tCAT^<;iKJ:5t, 6 ft k ft % o

k 7 y x b tk-tev-ft , ftS*7>Bcf:B, TSi>

'tp/yASKilLfcl-eiic 4ft, #EEftltgt#:E#mLfty'ftft 

7)7:-, f+#rfe*7) 5 %7)Eft7B#:lt#l#AftltA*7fty' 4 7,-ft$,6o 
|1.5~|L1 3 ft, A- [15tt #* k L fz 6 O 7> 7" P -t 7 CO 7* P 7 7 7* 7 ft 7* 

7 7 ti 1. 7 kftTb'Ttift^^f^ft^ft -777 7 y
k tl k> 7> 7* p s' 7 7" -f ft 7* 7 7 1C ft V ft , 'g-EftTiB^ttTkllBfe®*: 1 7

/^IlKLt, Bk ft
k'^ES-tt/hB^y-T 1 firft'4%*ftft, ##m##ftft1"ft*k, ftiiy. 
T«'l'S7g?K07tiBALto 4 ft, s&Efti7tgft-#BS^<oft v 4 

<mt, 0* 0 , / p^^ratiBUt^iecLtSfSin
# k #ft % 47kcy'ftitfttifti7x b y - a ftEfe L ft0

56 k:7 b y -7 _k, ft- t (^) 7>B^(t®KfC)E"i>2> o

7 7, 0 K t 0 , ttb'SETsgtS^^cogStt^t- * S' 7 ft

t, 77b74#n|S4l!llt:, ip.-fiilifimjSSlI, |]i&i’7Pbs77 

p -T^Eftfift^ ftZX^x -777 7 y ftfrft 5 7 kftEtgkftk>o 
k 7) <&#.'KtSfb7> X b y - 7 k' k 7 7 — 7ft, 4 k* ft #7% 7? b 7" s' b 

y 7 b ftE 1. 1 0 ftft 0 , 7 tlft Case 8 7|tS$S:$:flJ ftfc % o 

El. 1 0 <n 5 ft A 7>®*Ht, ©S, ft

ft7 ffi, Sffl, Bffift k K*lt Lft 7

/i BftEft L ft 4 7 ft% % o
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o

EXTERNAL ............... D-¥ %. 6 *l % S m

INTERNAL ................ft SB*# h'fc L ”C*£&-t %

WASTE ........................ ISSfPK J; 0 , ffiSTrlMsg-t c&fslt

S l. l 0 m B cogs^nt, 5 t, Sn lit fit I**5 HI4 co^y;

fit e: zS "t" o

t L "C , C. LUq tnfS^.W^§g|+ L , <h L "CltS L fcxlft

7" p -ti a (71 SAW Sl.1 0 <n C cogB^-r-, iSffiE'66Bkffi-6ISSW!i^% 

ii^:tiicS1li"?)fBI: L"t7" 9 y I Sit%0 

£ co J: ^ 8+3$ $§* J: 0 ,

c5 r t^nTtgt & 5o
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7 sis (Q 1 ffil ( Case 8 01^ )

OPERATION TABLE

1.8 x — iX

REACT A 6 1 2 5 6 8 1C -0
REACT A 6 1 2 3 4 5 6' 0
REACT C 6 1 2 5 6 8 10 -0 -
REACT C 6 7 8 9 10 11 12 0
HEAEX B .4 1 2 6 7 -0 -0 -0 -
HEAEX B 4 13 14 15 16 0 0 0
HEAEX I 4 1 2 6 7 -0 -0 -0 -
HEAEX I 4 17 18 19 20 0 0 0
HEAEX F 4 1 2 6 7 -0 -0 -0 —
HEAEX F 4 21 22 23 24 0 0 0
HEAEX 0 4 1 2 6 7 -0 -0 -9 -
HEAEX 0 4 25 26 27 28 0 0 0
HEAEX 00 4 1 2 6 7 -0 -0 -0 -
HEAEX DO 4 29 30 31 32 0 0 0
REACT F 5 1 5 6 8 10 -0 -0 -
REACT E 5 33 34 35 36 37 0 0
WATER G 3 1 6 7 -0 -0 -0 -0
WATER G 3 38 39 40 0 0 0 0
01 VIN H 3 1 6 7 -0 -0 -0 -0 -
OlVIN H 3 41 42 43 0 n 0 0
WATER J 3 1 6 7 -0 -0 -0 -0 -
WATER J 3 44 45 46 0 0 0 0
JOINT JJ 3 1 2 6 -0 -0 - 0 — 0
JOINT JJ 3 47 48 49 0 n 0 0
REACT K 2 1 6 -0 -0 -0 -0 -0 —
REACT K 2 50 51 0 0 0 0 0
HEAEX U 4 1 2 6 7 -0 -0 -0 -
HEAEX U 4 52 53 54 55 0 a 0
WATER L 3 1 6 7 -0 -0 -0 — 0 -
WATER L 3 56 57 58 0 0 0 0
JOINT V 3 1 2 6 -0 -0 -0 -0 —
JOINT V 3 59 60 61 0 0 0 0
DIVIN M 3 1 6 7 -0 -0 -0 — 0 —
OlVIN M 3 62 63 64 0. 0 0 0
JOINT N 3 1 2 6 -0 - 0 -0 — 0 -
JOINT N 3 65 66 67 0 0 0 0
JOINT 0 3 1 2 6 -0 - 0 -0 -0 “
JOINT 0 3 68 69 70 0 0 0 0
DIVIN P 3 1 6 7 -0 -0 -0 -0 -
DIVIN P 3 71 72 73 0 0 0 u
OTH5S Q 4 1 2 6 7 -0 -0 -0
OTHSS Q 4 74 75 76 77 0 0 0
OTHSS R 4 1 2 6 7 -0 -a -0 ~
OWHSS R 4 78 79 80 81 0 0 0
JOINT S 3 1 2 6 -0 -0 -0 -0 —
JOINT S 3 82 83 84 0 0 0 0
JOINT T 3 1 2 6 ”0 " 0 -0 "0 —
JOINT T 3 85 86 87 0 0 0 0

-0 -0 1 -0 -0 .90 650.00 -0.00
0 0

-0 -0 2 -0 -0 .90 900.00 -0.00
0 0

-0 -0 -0 -0 -0 400.00 -0.00 -0.00
0 0

-0 -0 -0 -u -0 100.00 - 0. 00 -0.0 0
0 0

— 0 -0 -0 -0 -0 300.00 -0.00 -0.00
0 0 *

-0 -0 * -0 -0 -0 400.00 -0.00 -0.00
0 0 *

-0 -0 -0 -0 -0 420.00 -0.00 -0.00
0 0 ¥

-0 -0 ¥ 3 -0 -0 .90 450.00 -0.00
0 0 *

-0 -0 -0 -0 -0 -0.00 30.00 -0.00
0 0

-0 -0 -0 -0 -0 .83 -0.0 0 -0.00
0 0

-0 -0 —0 -0 -0 -0.00 30.00 -0.00
0 0

-0 - 0 -0 -0 -0 -0,00 -0.00 -0.00
0 0

-0 -0 4 -0 -0 ¥ .90 400.00 -0.00
0 0 *

-0 -0 * -0 -0 -0 ¥ -0.00 100.00 -0.00
0 0 ¥

-0 -0 -0 -0 -0 ¥ -C.00 30.00 -0.00
0 0

-0 - 0 -0 — 0 "0 ¥ -0.00 -0.00 -0.00
0 0

— 0 ~ 0 1 -0 -0 ¥ .95 .95 -0.00
0 0

=■ 0 -0 -0 -0 -0 ¥ -0.00 -0.00 -0.00
0 0

-0 - 0 -0 "0 -0 ¥ -0.0 0 -0.00 ' -0,80
0 0 ¥

-0 ~ 0 ¥ -0 - 0 -0 .50 -0.00 -S.00
0 0 ¥

-0 -0 ¥ “0 -0 "0 -0.00 -0.00 -0.00
0 0 ¥

-0 -0 ¥ -0 -0 -0 ¥ ”0.00 -0.30 -0.00
0 0 ¥

-0 -0 ¥ -0 "0 -0 ¥ -0.00 -0.00 -0.00
0 0 ¥

"0 — 0 ¥ —8 — 0 -0 ¥ -0.80 -0.00 -0.00
0 0 ¥

0
0
0
0
0
0
0
0
a
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0



1. 9 Ib y y 1 >) X VO l M ( Case8 OS 1 K fK K M -f £ ff * ife * )

cn
to

OPERATION NAME REACT CODE A

STREAM ( 1) ( 21 ( 5) C 61 ( 8) ( 101

( 1) ( 2) ( 31 ( 4) C 5) { 61

1 H20(L) 0* 0000 0.0900 0.0000 0 .0 000 0.OOOO 0.0000
0.0000 0.0900 0.9000 0.0 coo 0.0009 9.0000

2 H20{G) 4«44 46 0.0900 9.0000 .4 445 0.0000 0.0 00 0
. 0 801 0.9900 0.0000 .0080 0.0000 0.0000

Jj
3 H2 0.0000 0."90 0 0.0000 l.ocon 9. 00 00 o.ooootr

0.0000 0.0000 0.0000 .0020 0.0000 o.oooox

4 02 0.0000 0.9 99 0 0.0009 0.0 C90 0.oooo 0. 0000
0.0000 0.0 000 0.0000 0.0 COO 0,0000 0.0000

5 HCL .6677 0.0000 0.0000 6.6679 0.0000 0.000 0
.0243 0.0 000 0.0000 .2431 0.0000 0.0000

6 FECL2 0. 0000 5.1362 0.0090 0.0 COO 2.1361 0.0000
0.0009 .6519 0.3000 0.0000 .2708 0.0000

7 EE 304 0.0030 .1111 0.0090 0.0000 1.1111 0.0000
0. 00 00 .0257 0. 9000 0.0 COO .2573 0.0000

6 FEGL 3(S 0.0000 .3333 0.0000 0.OCOO .3333 0.0 00 0
0.0090 .0541 0.0000 0,0 coo .0541 0.0000

i CL2 .7881 0. oooo 0.0090 .7881 0.0000 0. oooo
.0559 0.9900 0.0000 .0559 0.00 00 0.0000

10 HELIUM 0.0000 9.0000 2U0.9000 0.0000 0.0000 209.0000
0.0000 O.OuOO .8006 0.0£90 0.0000 .8006

TEMFlRATIRE 812.99 450.00 882.70 650.00 650.00 781.57

PRESSURE 0.00 0.00 0.00 0.00 0.00 0.00
1
1.00PHASE 1.00 -1.00 e.oo 1.90 -1.00

■Xnl K ( k^Z ^ 'bH.2 )

■M.M ( ty/ -t> Hi )

Fed: 5.1 362 
Fe3Ot 0.1111 (6)

450.00°€{2)

He 200 

7 81.5 7 °C (l(f

/ft 0(0 0.4445
ft 1.0000
Hd 6.66 79

lei: 0.7881

650.001

He 200

650K

(5) 88270"C
[Fed: 2.13 61

, Fe,0, 1.1111
iFeCls 0.333 3

(8) 650.0 Ot
(1)

S1 299°F [ft 0(&) 4.444 6»i2.yyc HC1 0.66 7 7
[Cl: 0.7881

SFeCl: +

65 0 "C 
00 %

(°C )

X h i; - A t *5 0
1.0 0 #x#
1.0 o~ o.o o 
o.o o

-1.0 0 
1 0.0 0



1/2^ 1. 1 0 h 7 ^ h V ^ h €) 1 0J ( Cas e8 )

NAME CODE EX. HEAT TEMP(C) COMMENT GAS LIQUID SOLID \

REACT A .10048E+06 650.000 EXTERNAL 5. 90 0 0. 000 5.581

REACT C . 6536 4E +0 5 900.000 EXTERNAL 9.482 C. 000 0.000

HEAEX B .17993E+05 INTERNAL 6.152 0. 000 5.581

HEAEX I . 44381E+04 INTERNAL 8.900 6.169 0.000

HEAEx F ' 10802E+04 INTERNAL 7.981 1.590 0.000

HEAEX D .481562+05 INTERNAL 6.028 . 141 5.581

HEAEX CD .28249£+05 INTERNAL 500.000 0. 000 5.581

REACT E .30H04E+05 450.000 EXTERNAL 0.000 0.000 5.581

WATER G 11440E+05 30.000 WASTE 3.401 0.000 0.000

OIVIN H *. 2.000 0. OuO 0.000

WATER J 110C1E + 05 30.000 WASTE £>.900 C. 000 0.000

JOINT JJ *, 1.667 7.900 0.000

REACT K 1613 2E+0 5 400.000 0. 000 9.5b7 0.000

HEAEX U . 14786E+0 5 INTERNAL 12.719 0. 000 0.000

WATER L -•46742E+05 30.000 WASTE 8.067 0.000 0.000

JOINT V *. .500 0. 000 0.000

OIVIN M 0.000 7.900 0.000

JOINT N *. 5.905 0.000 0.000

JOINT 0 *. 0.000 4.495 0.000

OIVIN P *. 0.000 4.495 0.000

OTHSS Q 0. .50 0 2.248 0.000

OTHSS R 0. 1.000 2.248 0.000

JOINT S *. Ot 000 3. 649 0.000

JOINT T *. 0. MO 5. 896 ago
♦TOTAL* •19635E+06 

-•6 9183E+05 
• 10454E+06

EXTERNAL
WASTE
INTERNAL

589.104 56.298 27.903 y



2/21. 1 0 ttSCiteST b y’ 7 h y X h O 1 ^I| ( Case 8 <D|B-q£h$ )

HEAT DUTY FROM HELIUM

NAME CODE 

REACT A

REACT C

REACT E

♦TOTAL*

EX. HEAT 

.10048E+06 

• 65 864E+05 

.30 Q04E+Q5 

.19 735E + 06

05 THERMAL EFFICIENCY (HIGH) 

THERMAL EFFICIENCY (LOW)

TEMP (C ) Flow rate

882.701 -- 781.575 200. 0 00

950.COO -- 883.712 200.000

731.575 -- 751. 378 200. 000

950.0 08 -- 751.378 200.000

34.610 (PERCENT)

29.289 (PERCENT)

200.000 ,

at*#*®

at*#*©



CT2
to

(30)

OTHSS

(207} RE AC

(2%^B#)
<

(%#}

HgW 1.0

0, 0.5
Hg(g) 1.0

(m)

■CD
CaBr2 0.0 5
CaCCH), 1.7 
HgBr2 0.00 5 
%0 0.0 6

CaBr2 0.1
Ca(CH), 2.8 
HgBr, 0.01

CaBr, O00z| 
Ca(CE),

0.0 9 
%Br2 1.1 
HgO 0.003

REACT®

(RIGS )

X 2x IB

® CaBr!(SHm!ag)-> Ca(CH)2(s)+ 2HBr(g) 

® 2HBr(g)+ Hg(ti-> HgBr, (s)+ H.Jg)

® %Br j() + Ca(GH)j[s)—>CaBr2(S)+HgO(s) 

+ H20(g)

@ HgO(s)—> Hg(g) + j 02(g)

® Hg(g)—> Hg(Z)

(900)

CaBr2 0.00 3
Ca(CH)2 0.1

| Fy$i^ 0.006

HgO 1.1

(900}

!aBr2 1.1 

O 1.1

{ l HgO(XI

H20(g) 1.0 (200}

REACT®

( RIBS)

CaBr, 0.0 0 3 
Ca(CH)2 0.1 

I HgBr, 0.0 0 6

(HgO 0.1

<D)

1. 5 MarklT" p -fe 7* p y ? $ 'f (Case 2 )
( ) : O

A(^0}

U



H„ O 0.2

REACT©HCZ 4.23FeCZ2(s) + 4H,0(g)

—»FesOt(s) + 6HC/(g)+ H,(g) HEAEXWATER

© |Fe20,(s)+9HC/(g)

-^3FeCZ,(s)+|^0(g)

@ 3FeCfcs (s)-> 3Fe CZ,(,)+ § CZ,(g)

© \ H20(g)+ J- C4(g)—» 3HC4g)+ J 02(g)
HEAEX HEAEX

WATER

CZ, 0.0 0

H,0 0.01 
HCZ 0.7 
CZ, 9.7

H,0 0.5
(370) HCZ 6.1

0.001
HE AEXHEAEX

HCZ 0.0 5
CZ2 0.0 01 [HjO 0.2

HO 0.5
HO 4.8
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(2f FeCZ,(,)+ 1 CZ,(g)-> FeCZ,(g)
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®Mg(0H)2(s)+C4(g)

®MgC/,(s)+2H: 0(g)
Mg(0H),(s)+ 2HCAg)

H.0 0.3
FeC/, 3.3
Fe,0, 0.0 7
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CD : iBK, "C

gj i. 13 7 —— y Fe — C7° p -fe 7 7 p — 7— b ^ Z ( Case 19 )



(1) p -te X

Si.6«67>«7P-t7KfflLt, -z> tcQ

*ft(i) 1 0 0 0 k L , o^-#s

i o o % k Lrctikr

*ft(2) -f^'Co5*RE,(ORES%r 9 o %k L,

9 5 56, % 9 %r 1 0 0 56 k LrcS-B-

ciuk5 ib, p -k a 7 p ■> 7 /k -v /5 a tmfr

8ftm, SKC01i"#S5:lC'7,lvN'C, Mark — 1 7)^-fl:(2)%; H 1- 5 , Mark — 

7 7)*fH'2)%0 1. 6 K, Mark- 9n*fr|2)^Bl.7»C, MHINain* 

ft(lfeil.8K, RC <*ft(2)VH 1.9 K, Agnes 2

VC, Aachen7)^f£(2)?k0 1. 1 3 1C tF-?- o

0 1. 8 k 0 1. 9 JtR-f tV'i, SS/»-t7tt, kiJCMHIINal "Cfe 

9, 7 p * 7 / k 7 7' 7 2k % [B] C -Cfc % Ak 0 1. 8 "f R

E$. fl-teSdti'"<'C 1 o 0 % k v 9 aSto7j:S'6-^e+S$S$t:$) 9 , #

RffLtvftvdk |i.9n*fr(2)in@^i, RtSS. fl-ESicE$B6%:
k< t,

0 l. 8 vc < ik^-tltllfeSRiKSLteiRkfeo "C v % o

fHilrifc^k, kSaSitS^ffiTi-k)^ kd'i^S 5ti%0

kr C. X*. 7 p -t % k A#(2)M#'&-K-o# , *

5%$%%### 4 kftfcintii. 1U2KtfTo

*a$K05'ty p-teAffl5L7)^^^-f-%k, #fcfr(l)(OS-B- k^fr(2)(7) 

#frk ^H|969 Ktta k Ay k|fl]C ArMark - 1 5 0 %■&€>($ Akt, #-

k ^ 3 0 KkriLj^T k 7c?/Zo

7" p -t aS58)S«. fe < 4 tr%0 l. 5 ~0 1.1 3 CtS 

L fz 7 "C'tOIS^; 7;, 7 P -te A 7 P -

k K z 9 , sn i m



#

G

&
y

C4
X CO xf O CD Xf LO
A
~x CO 00 LO tX CO xf
y
\

m CO co rH CO rH O-

A
*x
y w LO 03 CO LO P

CD rH CD LO O LO

<□ CO CO LO CO CO
mjm)

rH

#
$

*
p CO rH p O;

G
w

K to
CO

o
LO

CD
xf

CD
00

CD
LO

LO
LO

rH rH

co
M

«§
xh
CO

LO
LO

CD
CD

CO
CD

CD
CD

LO
CO

* # LO CO CO CO CO CO

CO xf LO 00 (H- CD

K Q|D rH rH

K # cu 0) <D CD CD CD
1 V

in in in in in in
i

03 03 o os O 03

A> iS o o O O O O

X

A

W o LO o o O CD
LO LO oo LO GO O

y

\

A

E CO rH rH rH LO

f W p P LO CO GO GO
o LO xf xf (X CO

<D rH CO CO Xh rH rH
Dljffil *

rH

m
$ HA

. p oo LO CO oq P
G W K H

CO
CD
rH

o
xf

CO
LO

CD
LO

CO
CO

JP rH rH

rH

#:
M

rH

LO
00
CO

xh
r-H

o
xf

CD
CO

CO
to

€ # LO CO CO CO CO CO

s\ rH CO LO LO oo
K Q|T rH rH

K # 0) CD <D (D CD <D
,

V
in n in in in in

' 03 03 03 03 03 03
^ iy O O O o o O

K
41 | rH

□l
rH t>* CD V . 0

in CD
°N A3 A3 A: CD 03

# H u, Vh 1— C3 CD
03 cti w HP CUD 03

& s < <

v

y>

y
AJ

K

g
G

K?

'G^

K

<
e

^ 0 

G G 
4^- ^ 

42

4^ -J

*v ^

<H
r\J ^

EM <W 

# K

% CL

— 7 2 —



%kw-a-t %kkit^R 

|g-e$) EttfiKftinj;5ft£Hs:flJft4o

(i) Mark - 1 7 p -t 7k <T> & %J <n' 7 p -t X K it« L-fH V C/£

5-a'4IiiL-Oi, SE^'^ t 9 LtV'5 t k k ,
7k S 1 -e/i-o^fiZlCx'JL'C. 7k^##A^a#A K it 1 

k ® fo R -6 o

ftin/p-kxKOl'-OtMark 7 ft 4. 5 -t A-, Mark 9ti3CA,

MHI FeO£ No. 1 It 3 X ;v , Agnes it 5 -t /l^. Aa c h e nit 4 -t A k 

V 5 t *> K 3 ~ 5 47/^m7kA'##L , k m7k btmm. 0 JIL X

ExrSSttikSttBSx'/zAic, ii$fT«tt&SBift5o

(ii) Aachen 7’ p A X -%*% 7^715 % # *M& 7' ® B

« 1 oii, 7" p -k X k #tt 0 , C (0 7" P -te X (t,
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#1. 13 Case8^Casel5

<>"-7 77 
f 4##

K IS i£ #%$
(4)

Case 8

® 3Fe C/.2 (S) + 4HzO(g) ---------> FesO^ls) + 6HC/(g) + Fk (g)

® FesO^ts) + ^CZz(g) -------- > 3FeCZa(s) + 2 0% (g)

0 SFeCZsW  > 3FeCZz(s) + 7 CZ2 (g)

0 6Hc/(g) +'| 02(g)  5. 3Cl2(g) + SHaOg)

2 9.3

Case 15

® 3 FeCii (s) + 4HzO(g) -------» Fe30*(s) + 6HCZ(g) + H2 (

® FeaOtls) + | CZz(g) -------> 3FeCls(g) + 202(g)

©' FeCZ2(s) + g Cl 2 (g)  > FeC/stg)

® 3Fe CZs(g) ------ » 3FeC/,(s)

0 3Fe CZ.(s)  » 3FeC/2(s) + \ CZa(g)

© 6HC/ig) +| 02(g)  * 3C£2(g) + 3H20(g)

g)

2 5.8

77 —



XX b X, Case 8 t Ca se 1 5 M X p ^ X * X /MM & ft ft. M ,4 "0 £>

do

(0 Case 8t1i, ® SI M MRlB X(4 4 o X < K#

If5A'. Case 1 5 ttl g®IE M* 5(5 F eCA ii, S5DSEM 

II SIS i LX, iS©'S)Sx J; 0 i£ S <k $ X X FeCBi&5o

(ii) H©SJXMR|S^^, Cases Xti. 90*, Case 1 5 XX4 100*

t I'd o

XXXX, Case 8 X7tFe,04 X —gB*S)£M4 4SI©SJSmX <X, 

Case 1 5 XXASJSM FesO*(4XMd v- S^fFXfcdo

(iii) #©SSMXm#X& d FeCA tt, Case 8 tliBS, Case 15 

t-ttAXfl ietdo

(IV) Case 1 5 X t£, ffi©SlSM £)$; Fe CA t4, SS©S)£X 4 0 0-fbL 

X mx> , ^£>-$?Sl6 Mjg'P) L X d o

(V) LtiXX, SjKSlSlxSit. Case 8ftt4g, Case 1 5 XXi 6 

KXfcdo

&L±<n 4 5 x, EeLStSMitfiL M§8)S-ft, LXffFeCL M#%% 

if SXAtlX Case 8 « 7 p t x^fl L , MUgiK jfixJttX t MX 

Case 1 5 X* 4> d o

i(i2on^-x^^fa«7'pxXt/7Ai#%Sli, SK 

M|t*#S*(td:iLd:ti0 1. 9 , 0 1.1 1 X?SX L fc 0 X% d o 4 X, X ft 

11 3 XfLXJ; ‘i K, Ca se 8 M#XrX, 2 9.3ft,

Ca se 1 5 M#-&X 2 5. 8 # L X so XXL X tU4 , Fe CA M#^{k%# 

M X v' XX X * t ® b tl d o 

4ti* 2)7Ltxnitt^iM^ <«-&, 

xtrxio, sis^ifi, ss$, -7

7’p-tx7p-'7-iXM^Mi, % K#x L XXd:t#ARX? X^ < 

X X A X d o



(5)

6 wt —ZK.M]'^# h #i^C#L 7° p 4: 7. ^^0

^#K 5 7 P 4: 1 -0(T)#a K

%o

7(70#!##: K: §#"f 6 7" - % 7, 7 T'^f B h L

o ^o#m#:^7 p

o L7Z#T)7''p 4z7,(€^JmT^^i&
7P4:%m^m^ik^, #

T6#'#^&%c -h^yz##^"Cr

n^m^^°7 7 - 7 ^ Lyz^^&K:, 7 p4:7.^6m6^mm#:^mm^^
^ K^ikT6^^#t#:Lyzo

1. 1 4 3d Zffgl 1. 1 5 K^To

-79



1.14 toSBi*--" 7 7

% # 7" p -7 X ; MHINal 7" P -te X

RE, A-###: ; *ft(2)

A### ; ^ y y? a *' x

^ ^ traS®fi= 
An® Ere) # m * tti n@EfC)

Case 20 9 5 0 1 5 0 6 8 5

Case 8 i 2 0 0 7 5 1
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ftTkXSiS: 7" D -k X K## 6 * . ffMft M. 7" a -k 7ggji> £

O'. Bfl--B6-h©itS-t"<tSJl* i^Lfco

#^K 6 66K*-c , ±15 6 o©t£ —it**7" n -k X K xf -f * fg*— & iff® 

*##L. (sB!M,&©fsa}£;f7*^Bi£©w?e:<ti>7’n-kx**,&#g;m^±

& c.

MTtc##BEfEFl3W*Ei6't&# . fl—j£** Ei® fctf . *#%©$0# %

*lk©±J6©x x-7 = 7 V x ©%,#### B . 4
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2. 2 f

#A:, MABK-9%^#^T6^^j

^^4 8^10 L T

,u^c , iz;

— "7 2: LT ^ Z 1^# h 'T

2: ZiT^o

2. 2. 1

*<om{%####?) ") ^ ^ 2: L I8PRA

#%Br€) MARK-7, 7 A, 7B, 9, G.E. OAGNES, I.G.T.cOIGT-
2 A#@^ ^ /Ix^^Pg^^L'lZL^o

icc^L/co cced,

2. 1 ^ & 15 —

m 1% 16
K16^

Zmzk^#Mi6
oFeQi.2 + 4H2O  -----—> F 6364 + 6HCZ + H2 (2.1)

(2.2)

(2.3)
(2.4)
(2.5)
(2.6) 

(2.7)

##M16

2FeC4 ----------------> 2FeQ4 + 04
2Fe04 (a q .) ----------------> 2Fe 04 (a q .) +04

(2.8)
(2.9)

&16 2H0Z + 0.5 O2 —----- -----—z’- H2O + 0Z2

HzO + 04 -----------------> 2H0Z + 0.5O2
(2.1 0) 
(2.1 1)

IklRE
F e 3O4 + 
F e 3 O4 + 
F e 3O4 + 
Fes04 +

2FeOO^
2FeOOZ

6HOZ + 15 OZ,

4.504 -----------
8HOZ-------- - - - - - - - - - - - -

4HCZ------------
+ 2 04- 

+ 4HCZ

3Fe04 + 3H2O + 0.50a
3Fe04 +20z

-^Fe04+ 2Fe04 + 4H%0 
^ Fe04 + 2Fe00Z+2H20
-> 2 F e C Z3 + O2

^ 2FeOZ. + 2HzO
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C
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ca
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0. 
5

r-\

o
4

\
M

O

°c ]
Ei2. s ms(2.2)omc^4mgm^

m^rnm c %: ]
0 2.4

FeaCX + 4.5 CZa 3F eCls + 20% (2.3)

2.5 , g| 2. 6

RBmm c °c ]
02.5 ms(23)oKjm"4

c %: ]

g|2.6
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c . fflHgHta ii£®'®'ffi©RE

Fe3Ot + 8HO£ (aq.) -> FeCZ2 (an.) + 2FeO l, (aq.)

+ 4H20 (2.4)

* RE £ ft SS» RE E- fc 0 , -EimtcttREEK^ffiT S-EE E 

0 , g 4^*^=?3e<fc(i 2 5 0 °C KT "C*^ t ft 6 o RE# - 

®K, g & ^/u^gE-ffc -SjOlfg B 2. 7 , 111 2.8 KyLto

H2.7 ®s (24 )®sES-ae*

500 1000
SJBBK [ -c 3 

@2.8 HIS ( 2.4 -8m

. SEzkSRA k ©RE

Fe3Ot + 4HCI -> FeCl2 + 2FeOC-£ + 2H20 (2.5)

*RE teitRWEi 4IISK-e| 0 , ip, #EU;

g Efe^EA-^'SEECt 3 8 0 EferFE’^ift %o REB-iS

g 2. 9 , 2. 1 0 1C E L re O

HJEBEC -C 3

0 2.9 0 2.10 ( 2.5 )<Di
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C
 K

ca
l/ 

l -
^y

i/F
eC

A
 ] 

a
H

 [ K
ca

l/ 
l

e

2FeOCZ + 2 0 A, -» 2FeCZ, + O2

&R.*SJxEtrfe 0 , f#toKM:%]#, icffi L fcEA'^fy 

-e, 6 6^-*1200 °cjy._h-e6.h&% 0 KiGS-©K, B

da^/l^'gSHb-®*© Ifel2.1 1, 8 2.1 2KSlfco

2Fe0CZ + 4H0Z -> 2FeCZ, + 2H,0 (2.7)

*RE>tt/h5 A£f|BRE.t:fe 0 , W to K(*@E T If % ~HA-5k 

Ac 9 , g 1 3 0 "CJilT^^.h AcEo ElSi-fil, B

Adr^ib-fiEOM#^ Jil2J_3 , 82J4KSLto

KEfiE C "c ]
0 2.13 MS (2.7) ©MEWHSEIWS

MISUSE Ct ~i 
El 2.1 4
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[K
az

g/
i ^

e/
i/F

eC
^,

(3) gftSrtofl-SSE

a . (@») os»»se

2FeOZ, (s) -> 2FeCZ, (s) + 0Z2

*EE,($/hS/5RBREt:% 0 , EWMtO*#®,

T?, g Ei3^-^>42'$-(btt. 3 9 0 "CK±t:tt/j;5o SKS-SI, g

^l»#^B 2. l 5, 12.1 6 ic 7p L fc o

___ i___ i___ i___ i___ i___ i___ i___ i___ i----- 1----
0 500 1000

wmmct ]

im2.is ms(2a)cwcm-mg#&
c ^]

El 2.16

b . mfc%-fr®m<onm.frmRfb.

2Fe0Zj (aq .) -» 2FeOZ, (a q) + CZ2 (2.9)

2. 2. 2 *RE;ciEEx#tttoJi'e56^<% o

(4) t" i — =■ y jxE t'M'f't - 3 y&E 

a . tN - =■ y SE

2HCZ + 0.5 02 -> H20 + CZ2 (2.10)

■*SEtt/b3fiSiIEt*i,»), EWtofrmS®. JoEL m

-e. g 6 0 0 °CE(Tt:@.t/£5>o SEA-SI, g 6

^'SE-ffc - ®E © gl#^r 2. l 7 , B 2. l 8 ICE L fco

b . )Mx 1-3 y £B

H20 + OA —> 2HCZ + 0.502
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2. 1 8 K % ^ -=»

u

H*

UV
o
<

^mm c t ]

EI2.17 MG(2.10)(2.11)oK^k

500 1000

Kfsmm c t ]

|g2.18 ^5(2.10)(2.11)O^6^^4f
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2.2.2

E :: -era,

i*±w%i LtOSiMWM, #l£BK^i't, ^OKEMKf 

i: k k-f %o

(1) iS-ffcS—ECZnyk^-RKE

3 F e 012 + 4HaO -> FesO* + 6 HO l + H2 (2.1)

C . F . RAMMELSBERGC J; iUi, ^

t^lIL-Cl'So &*5. H.PRBCHT k B . PREIFFBR 6 it - Rib. (2. 

1 2) % C. h i tzikm&SfcfcUg.A'i&^'&fo

(2.1 3) C. t iftHbfltd'S,

6 Fe Cl? + 3H? 0 ~> 4 F e Cl? + Fe?Os + 3H2 (2.12)

FeCl2 + 2H?0 -> Fe (OH)? + 2HCI (2.13)

0 2.1 9 KgLtfttSEgf^ffli't, # b#8—E@%EAnzka- 

fiy fcSSIF:, SEfif 6 0 0 -C~ 6 5 0 "Cf, ,

KEi$Ettffi{kSI-E<0-i£KE £ Ltiat:^, KORESfgS^

#fco

K = 2. 5 x 1 015 . exp ( - 5. 8 x 1 04Z R T )

K : EESIEI C l/lir)

B ■ A XES C Kcol/ty.mo 1 . °K)

T : SEEK C°K )

/£ js, ISP RASf%0r©l8-S-K:2:titf, SESI 6 0 0 - 6 5 O’C T- 

9 5 - 9 8 SBSit LtftRBS: (2.1

4 ) ( 2. 1 5 ) OiftRE-e

■ SE (2.14) Stf#Stl)5kfI Lti'Z

F e C l2 + H20 -> FeO + 2HCI (2.1 4)

3FeO + H20 -► Fe304 + H2 (2.15)
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FesOt + 4.5 CI2 -> 3FeC4 + 20, (2.3)

H.DABYK itUf, frtz 0 k
LtfeO. W.KANGRO k R.FLUGGE fj’c IhtfSlEfif 1 0 0 0 °C 

SE^fH 2 7 O^ffliL Tt^KUS-ffc* 9 9. 4 $ -e*, ofc k

S'&L'Cb'^o

til 150 2. 2 0 kR-«*###%

SEfiS 600—800 °c

OlSHE'lt, B B'BH

K ! 2. 4 Xl 0°exp 

x 1 04/RT)

( 1/h r )

r : *• a e a

( Kc^/K^'mo 1 *°K)

.*fb8e©**(tSJE K fc-tt %

2. 2 1

C E L /c Q

c . BHEEIftktgESEORE

F e 3 04 + 8HCZ -> FeCZ, + 2FeCZ, + 4H2O (2.4) 

tx c , Lti < to tbtiX v E> o
12.2 2CSLfcatt*5;ffli,'t*iL/;e*, REtt, REBI 

8 0 °c, eekjr 5 — 30 fi-x*. iitf£4it #^fack%mmL

/: o
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SE

F e 3O4 + 4HG6(g) —»

FeOA + 2FeOCZ + 

2ftO (2.5)

IzbTz^' i'1, EEE (2.4) Jo 

Z l/REE ( 2. 1 9 ) (OlftR 

E h # E 6 i 6 o

Fe304 + 8HCZ -> FeOA 

+ 2FeCl, + 4H20 (2.4) 

2FeGZ, + 2H20 ->

2FeOGZ + 4HCZ ( 2. 1 9 ) 

IdiStoB 2. 1 9 t R— 

ii'IESS2 1 5tt*HiL 

—a 2. 2 3KSL

fc o

foiS , REfiltf 2 0 0 °CIH 

ETEtitiJiSLaiSE ( 2. 2 7)

(2.28) njfge

t O STIRNEMANNis Iff 
6)

fiiS6<0#Eg!jB$:C liLtf, 5;

EiUK 2 5 0 °Cti.±-C-EEE 

(.2.2 7) % %

<OhifE6n%o 0 2.2 4 K| 

mb<o** -7SftS»SSE*

HCZ -*

- 7

Fe,0.+HC/+

KJSSK 2 1 5 -c

# P»1 («■)

0 2.2 3 ( Fe804 iHCI ( ? ) ©HI®* )
KE*2iSEerifloS#

0 2.2 4 FeOC/ efl-WC

-112—



(3)

a (@*) ©»»sre

PFe.C/.

2FeCZ3 (s) -> 2FeCZ2(s) + CZ2 (2.8)
7),8), 9), 10)

t hit# < nm%^b ia-j t ^ (b £ ttfe 0 , 

p]Bf i:*S)EO*ftT (300—400 °C) trttKlS ( 2.2 5 ), ( 2. 2

6 ) hit (2. 2 9) j?CS£itj@'t4 t i£*L bfiX^'b o

Fe2CA -> 2 F e CZ2 + OZ2

( 2. 2 5 )

Fe2CA ^ 2FeCZ,

( 2. 2 6 )

2Fe GZ,(s) -> Fe2GZ,(g)

( 2. 2 9 )
11)

o o°c

( 2. 3 0)
1^2.2 5

FezO^(g) —> 2FeO/s

2. 3 0

2.2 5

500

fL 5. 6

2. 2 6 Z 5 ^
^ 2. 2 6
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1/ ’SrffifflL-t,

jg*. KEIf 2 0 0 ~ 4 0 0 °C, KEn85M3 0 EtOSftTTMt, &it 

E—Eofl-ffFStt i o # MTo tco it jy, 7 ---y EEtosHI-Mic 

S|-I#ORES»5:ftfflLt, REIf 3 2 0 ~ 3 4 0°CK 

ESffS 1 B§fW "C-5 0 #

b . m.itmr.mmw.ionm.frMB.m.
2FeOZ, (aq .) .. JLgL, 2FeCZ2 (aq.)+ CZ2(g) (2.9)

*S£coi't

E^ajRttKBfiS-tir% 7 EWKiolt % iiSt-OS

EttKES ( 2. 3 1 ) , ( 2. 3 2 ) k ( 2. 3 3 ) ErEStlSo

liSB F e 3 + + e -> F e2 + (2.31)

IISSE CZ~ "> ^CZj + e ( 2. 3 2 )

Fe 0/a (a q.) -> FeQ/g (aq.)

+ ~2 c 12 ( 2. 3 3 )

(2.3 3) ##%

ftlfi B° ( J CZ, /0Z~), E° (Fe21>Ee3+) ii

E1^ E°( ^OZ, ) /CZ" -E°(Fe2+/Fe3+) (2.34)

E ft E ft 1. 3 5 8 # * V , 0. 7 7 1 * ^ 1 T? £ 5 *■ &, $SI6*SEEE0 

(± ( 2. 3 5 ) SZ#c<tl5o
E^= 1.358- 0. 771 = 0. 587 (*7b 1 ) ( 2. 3 5 )

*-l»FRE©iimE(tEBJ3-e$,%d'i, (SO KETia*

SkBB'H-l© 6 0 % k T£ k, ffi-fhlS—i£ 1 7 ^htc 0 OifffiiW 

(tTS'CE^Hk.o

W = 1 X 2 6. 8 X 0. 5 8 7/ 0. 6 = 2 6.2 wh (2.36)

SDOiia$5;3 O^iSfEtlrt,

QliTiCik^o

Q = W/ 0. 3=87. 4 wh = 75. 2 Kml/FeCZ, 1 7 7 ( 2. 3 7 )

Tite, IfgClISKKOH 3 0 LrcS-S-tOTkmS©

EiE^/i-^*3)6 2 2 0 Kffli-c-fe?) o
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(4)

a . f 4 - ^

2HG^ + O.50z H2O + OA (2.10)

B (#T'H)~OC) Z ^ 0 , —^I#<b

^ ft-1:^6 ^
i . j^fkzK^ (0#&#K Z 5 #<b 1 2) ' 13), 14), 15), 1 6), 2 5)

P . MmMit^K.i %JS-fk7k*©ESE-fb 1 31 1 1 7)

- . S-S-C-SEifi-fkife^aESL , ^ n^$m4-fc«E*-G'E'ffc-f
g, 1 8) , 19), 2 0), 2 1)

- . 1 7) • 22) • 23) • 24)

i © 5 -tbC>H)ic#T% snif-^KJ:?it, iS'fkzk**'a 6 8 0 4

Ton/Hr, SS 5 0 5 0 NM3/Hr Olfi^ftgLt, SfS©K 3 6 0°C 

SEEB 0.5 4 % » Q L -C 4 8 9 0 Ton/HrOiS*

^ L T L ^ o

b . 2: - A (0^15

H2O + C£2 2HCZ + 0.5 O2 ( 2. 1 1 )
26)

M.K.SHELUDKO

27)
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2.2.3 SIS £«;#)£-$£)£©${ IK

jy.-tms.iZ-comTj#*##tsts«ek-ov-cm-//cae * ke &si-s-* 

■t, KEvE-i1 / /t^SE' < E Jcicis vX, BEE^jSt^OS-imill.AX #E 

EE 4 4 eA'^eTEA1 L/c^A^K±#/c#7#%:#E%k#K:7k*k#*K: 

^^-SlteK^SAEiUf y 07? EA^E, ?*

E E Xit, - y ^ 4 k »/Co

(i) SEtH* k 7k* ® S'#

*St^5SI*iSii. SES-«®in*^l#KEE-©,EE3EE%i. 

TfeSEft® ©fl-Sttka-teffi: k L Et$T!e<0HflSA'5sf EEtiS o

a . tKSS-EE

t&E A* k 7k* ©7k KEkT £ it

MS (0 2. 2 7 )3£SE U, I 

lE*"x^7k’56LE, 7k* k iSE* 

* % E #E E E * A & 6 o

#/£ v©X, fi$7k* A"y.^7k’5fe 

f 5£'fiSib50

1 400

[B 300

02.2 7 HCi, H, ©*—©**« 28)29)

47c, mE7k*%*K@#)S*Ejg*#mk-f 2 5 °C 1C#514

ES*'SS*U4iSE** 1 C/yS o-l 7. 9 6 0 &* 30) ©%#k/c% o 

Oi*;1$SeK©S®@'E®®i#SAa<»E ICttH 2. 2 8 , H 2. 2 9 31) 

?flLt*)6?)C tkEA, Wl&ji 3 0 wt ^ ©## k/c E#AKt£ 

- 1 5. 5 K«ze ©ISiSk/t E 4 k A'feA'Eo 12.2Kik05)ii»tS 

L /Co
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x > 9 n-t* — (kcal/kg)

8 8

108.58*0
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*sn, c b^mm^tzum^h o,

^ll®KK 1 0

'f . ses (2.4) nos °c *si)

FesO* + 8HCZ (a q .) > Fe CZi (a q .) + 2F eCZs (a q) + 4Hz0

P . KES ( 2. 5 ) - ( 1 0 8 0cy._k) ( 2.4 )

F e,C>4 + 4HC4g) -> FeOZ2 + 2FeOOZ + 2HzO 

“ o ftff#SS*lSo 

£02 '0<D^5feK'D\'-XtKK.'j&'<'&o

— 119



OZT —

O *T

I'f 2 2 9 12 9

9 0 2 2 0 8 0 2 (#1*1181

[ 8 Hmm ) ( 8 ymm ) ( S Hm ] si?oh

0%j ^OHaa^oH 4l 5^

'o. 9 z )
70H' I o^T/^?H9 6 '2 T- 
(^Hmo 9 2 '0.0 2 ^ ) 

O'H "^001/^229

^meO'x.O'HG) 70H€) 

3g^#G)^0'HC) 70HG

f#m (0ZH)

(l# X U-

(#98^) SIS'

d^3If«

ssH'SG-s^j-m ■*>? z-zm



•'f .sis* (2.4)

iJiBL fctia-ffcTk*^* 

ftl teiiiil, k ©SEiW 

m k EHSEE*%RE£-6% KE 

(2.4) 5c^i^-litf-gli 

k , ££ (2.4) SOftfKftTrJfc

—' * k )m E)ll_. * © 4k |IB

^fj/£ 5 SrezLSk^ibtcSo 

l-siSKoi'taiiLt 

ot*$rsieitoi'ta^5o 

*I@Kfc©-m. JSESI—*k 

is-fksr(ft07ks«ic>y-r% ss 

K©#A%r#m LE, 7k#m%# 

|l, j&EB—1*8#^ 

-6% i© •©$, 0 , a 2. 3 0 Ktait 

IS-*, S-fbS—E©7kKx4-r% 

##m 32) El 2. 3 1 KUSESI 

-EktSES —5>B^Ci

ffiS.®)SK^^ L fco

fiJEt-mESS-ft kiSES-it;

©«K^ a %*##%#%

FeC/,

0 2.3 0 FeC/, f FeC/, 0*^0 
BSW

100r

\ 60 -

Fe Cl3 ##EC ?/l 0 0?]

0 2.3 1 FeC/2, Fe Cl8 OliESMB

Sfr-fE tOt, a->bIiltU
iSiBSk, b ^ c %@K Z Eltiot," {BBS*? ktk

'H#f@SKfclt?)#^®Kk, 7k©S^SBte 60^JSES--*©ij§iiE 

Ik'MkiiJo iftH§B©®K^ 9 4 °c k L 7c#^©Tk©###mti7k

1 0 5 4 2 Kcal ©BfB"t:% 0 , HfrSOtSK^: 6 0 °C k L fc»4r©
7k©S%®S«* lkfctO, 5 6 3 Km<33)-efck>o iSESI —*© 6 0 
°C VC felt % ISsHE* S£E 53 S*fc % 1 8 °ClC*5lkk) 1 ^ A-©JSESg —
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EBTktS^zk 4 0 0 f 5IS* - 2. 7 5 K<rf © ft L fc

£ t in * ft T T' 1 *^©il7jciS<bS-E®'/SPStt- i 7. 9 Krf f, 

i ©ft srfijffi L -C. fgfbm—E©B7kf@%#zkfgKT

* t L t O a 2. 3 K Jif ±© © £ & t t tb -C tS L re o



2.3 zk*. JS-fkzkXcofl-SliS'

»»Ig7P

# 6

®FeC4©ftO^®iSf 4 8.7 wt% (at 10(fC)

@ FeCA® H^O^xOSSE 8 4.3 wt* fat lOCfC)

©FeCZz® "1 7. 9 W/lmo l FefiZ,

fat 18C 400mol HaO)

©FeC^s^HaO^©'^** -3 1.7 mVlmo 1 FeCZs

fat 18C 400mol H2O )

©FeCZ2 , FeCZsOHzO^tOfflB.SISKK'OV-um 2.3 1

©HCZOHzO^iO jgffi, I2,2#I

2.21jsii:
(I-SIS)

sic.izn@tt s

(Buffi, ifrsii)

l.s—STSitJrk^toSl, (g 2. 2 SE)

2.iZSIgtOi*SOft*i^tl'o (#(BFeCft©i
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P . KE ( 2. 5 ) 6#A-

RE (2.5) iSlISiEtWC kEffiJfflL'tiS'ftxk**" 

x k mx#EE%REg-&k k tKiO iS-fk/k**'xEE^Ttf 

-Iii, MiKLryiSE/kS^/ki^K'TkXSk, Sg-XStkEiffi 

'Tkffi'fkSg-EkEff-yt6-(l;EE;9-:ii-f kSHXSXkffko

s —, SXXSKo^EttlfiELEaO X% 0 . IHlSttgif

-EkEff-yffiXEkiy y / LXfl-

KMitEion% o fckf L y y z —/McffTkiS'fkli —E k X# -y&it 

momM^-tzbtf K-mmf&. ei,xB<oz- y Etc zz)x*Kffxk

# # T - y ^ (£ffl LX ft ML tea
XX ySfti® 7k it t k i§ S¥E ti, y x WfEiffolS o' 34) K 

z ff tf ^ @ k X i' X t * ^ ff ^ @ E © @ e llfl X B k A, k" 4= ti X # k k 

Lt^So

x X x )S XE k )S ESS—E<os-petty y / -A-9:#tc X 0 3%%#Jk 

@«fljics-6|nj|gx% 0 , iSEtlttoBTk k k tv y / -x kiSXS 

— EK A-#x# k o

i2.4Kt(J:Okt?ik»'CSLto
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2.4 7k*.

FeOCZ

® HGZCi 

©FeOZztOCHsOH

c f .FeC£ 2Oa0^-C)#)6{t^fEffl (it 2. 3#H)

2. 2 #m
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(2) zkoEH

)SE@Ea^ib@:® Lrctg<b7k**'x^a-ST5>I@t:%5> o &
JsjgEii k < £niiE 1 5 ###-%:'o .

lit 51-SIS, tg-fb***" A 

?sst5srgii,

-f%„ SHisiet^b/xSo

12.3 2 t$, 3gE0# A%"E L 7Z

iotrfcO. S-SISlii 2.2 8 ,

II 2.2 9

irsist-a, usosiK 

Sofcig-lbxkX^aC 5CiKi>), 

tS-fb7j<**0 7kS5i»«lEEKRJR 

5ii% o 0 2.3 3 i£Mi§m±®l8 

liESBfl) 9 36),#iJ;U£ 9 8 f 

OEEKiS-lbTkSS^aLx; 9 o k LfcH$0#E±<O7kmm

k@tE©BSmE(£ 4 0 °C t:' 0. 0 3 s»Hg t;% 9 8 2.3 4

R#E0#K#k #K0I## 37) 9 , PRlf 9 8* «#E% 8 5 * ifC

E6 ftE 1 Xr/Hg 9 sc- 6. 5 Karf t?fe5)o

IHSISttt, @#K0#E%m@T%k k K 1 9BIIOl®k x 

f--Ak KE#E%o 0 2.3 5 tt#E7k@*EC>!t® k x^ - a C>S9LE 

E#0 381 t:% 9 , S@SKk#E^'«:E-rtitfS91EE^'S:t 9 , #E 

2. 3 4 A^bSAiktiSo

12.5 icy,±(0 k k ^ £ tfttsito 

(3)

(2.4)

80 100
HC^ [ wt %]

g|2 . 3 2
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le

H2 S04 C wt %D

n

^ 2. 3 4 2:



m
am

R
Jb

om
m

E
 c «#H

 y
 ]

95.06wt%PH2 SO
95jQ6wt%P Ho 0
91.26wt%PH« S 0
9126wt%P H2 0
8925wt°/cPH?SO.

C r J

El 2. 3 5 S O4 2: Hg C
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2.5 SBd^otg-fkzk*, zk© 3-818;—

#SIS

7 P -

SIS 5HIIS

cone

®SE©S,^tt@ 2.3 2 #m 

©KE©#S*i - 1 7.7 5 Kro^lmo I

H2SO4 (H2O : 2 0 0 mol )

C“Hg )

( wt$ ) ####: C wt#]

®K ( °C ) urn re)

las 9 8.0 8 9.3
2 5 0 1 8 0 2 5 0 1 8 0

PII, SO, 1 9.0 1.2 5 5.2 0.4 7

PftO 3.0 0.1 2 4 0 0 7 0.0

1. %## (E—SIS)

2. %## (EISIS) 

3.3E«S (EISIS)
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Witmtm,-m<omms.<om

iti -r/wffi £E—sis,

it -ft H - tfc(O m H *T fa ffi £ ■% 5> SI = @* I8 i frb tSi 5 o 

^-glS'C'it, E^^-yv^- -f/l^tca-T ^it-fbS—E, it-ftfSi:8£<o 

«»K, «#*, - T-yi^ffi^xOit-ftS—

%iUbtOT«$IS>FMtrfe5,o

irgiittt. itibE—Etosn-fkB, ^-7-ywo###mo»%a( 

feStfcf). %t>-> *#(t3

iii-^if /y 1 6.3 3 %cd 3 9) © B B k ft % o

E HSlStt 15 56 L fccD -C-SIJ .$> v-r $ *s, v

/c», 'y-Bilf'EtttEEOit&ttift vQ 12. 6KJii._k©b:i%-~£<?-

fZo

(4) itibErESm. it* £ s 3 **x©a-E

*i£tt, EtSsS; (2.3) , KES (2.6) k RSS (2.8) ©^Eft a 

te iffJKE**x« 3 Ey-toS-BS'C*) 0 . E 3 #* a t L-OlEiSS ( 2. 

3) , SEE (2.6) t?(i®*, EEsS (2.8)

Fe304 + 4.50 A -> 3FeCA + 2ft ( 2. 3 )

2Fe0Cl + 20A -> 2Fe0A + 02 ( 2. 6 )

2FeCA>(s) -» 2Fe 0A(s) + CA ( 2. 8 )

s—it-ftSEE^ 1 7 5 

"cmT-mta b. A, %

od, #A%%a##-e%aL-ot(bE 

o S-SCESmt-ftS

- m k. r # § ti ?) # ip m (* %•»ta »j -cm

#T 0 . EHiSdSttit-fbS

,t ft a) gy © » bis -efe % o

itibEc*A(&5 (2.2 9) s©j: 5 8 2.3 6 S-fbSAi
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2.6 iS-ttSS—S t tS-lbS—E© 9-SIS

5)" SIZE©

7 n —

.. SlI© $7glg fHHKI©
(^ — t /w tt Hi) (i-r/wH?7) (B^iBfr)

# & # 0FeC£i © (C2H5)20''-©?§PS^©tlttffl*l3 

©FeCZa , FeC/a . H20 , 3 fR »© fettfl KO \,'X «.* 2. 3

!B (I-SIS) 

©##*, SSHS (irgli)

©*£gffi. (SHSiii

1. FeCA - (C2H5 )2 0 2 0

2. gHei@tt# 2.3 #m
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K#ff5£

2Fec 1 s(s) -> Fe2 G£e (g) ( 2. 2 9 )

J .DABYA'SR'S 40) JS-ftSI—'

m 2.3 6 KiikirsoiaE*g

@?8 2.3 7 ICJS-fblS —sftofflVW

0 %• ZF'T o

12.3 7 5

°CS.~F<LTiiM;J: tfrhfr's O 8 2.3 7 MkS~

/■£*=, SlbSI—EOA'A^ifi-lbS —

tsibss-E i -e/v-^ o - 3 5.5 w 42)

<Ommt.ts.7s o 3 %###:© L-Ot,

t. 1 7 5’COfif fi&SLftl'tt, iKtSL&k' h d'3 *

3H "tk A) o

%##*©—fija l o. t ©#AA 1 3 8 °C , »

ifilii 300 °cy.±-e*, 9 , -t/hc^st? * a „

A-Slxkts A"x:§f ftiPStt'C'friP'fiLtfJS*,

111 <h tS-ftSuaoB^fliJ t %o ft is. JSXk S
HA"x©a-Kko vXttSe^T^ o

irsiitt. —Sib—ES©^3-

a 2. 7 K jy.±© £ i. V t i ibX7!< L fc.0
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(5) iSSEX

*SEt, ItHgS —eiSEO-- ©E a .ERIE (2.1 0) fcliEREE; 

(2.1 l) © X ffi E x tc 61>' k: * R E E x X% 5 IS S, B*;fe 5, vi-tirc 

%*Ex©E#I^6o

2 HCX + 0.5 0? -» H20 + C4. (2.10)

H2O + GA -> 2HCX + 0.5 O2 (2.1 1)

*XS(i, Eitog;ExE©iaSEEE,« viRic, E'XEESiT^ii 

icz 9iS*^'EXL, Ex E©t£*EE:6'TtjE>SS —SIS E> it* Ex 

^RKf ?>II?r®o IS? * % % ©ti^St %• Eif-fX SrSIS i. it* E 

a £ K.1R L R® JS* %• ESI! & * H© IS i. E P> tc 5> o

12.3 8 «iS**"A©SaE|g@-C#) 0 , f!l;HfiS5lEx©EEE 0. 6

aE©%#Ex%r 1 8gE£Eit- 

fLEltO. 4 5 MEtft 0 EJtfctftE 

xE©jSS© 9 SiJ;dEH"%o 

fefc, Sg —SIStEtiSSExE 

iif ^blttri?)*5, E ©### 

«iS* 1 X AS 0 - 4,8 7 8 Km( ©

tic, I'SIltlSSISt 

tHS*©0jS'ER#^©®#E:kl

©i £6E«ti>5o

S2.8 1OiECit?ii»t* 

Lto

5 0‘CK^at 5t, IS* EX©#

0 2.3 8 tgS®SS,E

135



S2
.8

 is
* A

'X
 mi

lf
lS

mS
*®

 A-
gi

i£
"x

s

lilo

H T

1 O

Oo

o

CO

■4£

O
©

O
CD

C

oo
oo

4

S
K-
jW

Q

Q

o ¥

oO o X
00 Q 'K
CO X
CD o
t>* «

ti

Tt<

Dlx
# X

°x w
o 4"o X
o o n
© @ © © ©

H H H
^ ^

1 11 III
W

JO

4@

G

#
#

oo

o

o
4G

# G 
G #

o

X

t iH
o ^ 
o BK
h c<i

#
H

<k x

M

m

#

13
6



Q
A
v

I*

<N

id

m id^ IBS ^Kid ^|id
' id id M IBS X X

* 1 % 11 n n
id SIR <% # * 1 l
i* ^ -& # AJ # v ?H

# & (K ^

137 —



f
 0 a je

2. 2. 4 KEnIM 9 /V©#®

S 2. l t t K J; 0 EEt-f

% o 12.9 (t#*RE©ti^--6K: =£ 0 , EEt4 ^ a-^SET?# % C & 

L/C^wt*, y.T@ 2. 3 9 ~ 2. 4 5 Ki&t-f ^^©7"p ? ^'-f t /7 A? 

tS L fCo

(1) -4 X 7 7 • — 9 9 12" -f ? )\s
*7"p-k xOSEt-t ^ /HiRO 3 0©*KE'C'*)S$ti%o 

© 3FeC^ + 4HzO 6 5 0 °C> FesO* + 6HGZ + Ha 

© Fe30t + 6HCZ + 1.5 C4 15 0-2 0 0©,, 3FeC/.s + 3H,0

+ 0.5 Oz

(E) 3FeO^ > 3FeQ^2+ ISGZz

f 2. 3 9 K^Ly^o

(2) M.H.I.Nal 7°p4z %

^7 pH: 7 /Ml, 4

© 3FeOA + 4HzO 6 5 0°C --------- > Fe 3O4 + 6HGX + Hz

© F e 3 0* + 4.5 0 A 9 0 0°Q——-— 3FeGA + 20z

3 F e 0 JL% 3 0 0°Q 3FeOA + 1.5 0 A

0 6HOZ + 1.5 O2 3 6 0°Q-------—$» 3H20 + 3 CA

7 gl 2. 4 0(€/^Ly^o

0. 5 O

6HC^

4.5 (M

1.5C^

El 2. 3 9 "7- 7. 9 1M ^/y(D7'D y 7#EI El 2.4 0 M ' H * I * Nal 7"a -t^oyo y 7#EI
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(3) M H I - Na 2 • 7' p -k x

*7'p*^OSKtO/Hi4
6 r or3Fe0^z + 4HzO ---------^ Fe^O^ + 6HO^ + Hz
9 0 or

F e 3 O* + 4.50^2 ----------> 3Fe Cls + 20z
© 3FeGZs (aq.) ---- »-S.-> 3FeGZ2 (a q .) + l.SCZz

3 6 0°C
® 6HCZ + 1.5 O2 ------------> 3H20 + 3 GZ

7 A-0 #)*##«# A a El 2. 4 1 K 77 L 7c O

(4) M H I - Na 3 • 7’ p -fe 7

* 7" p -ti 7 £ORfS-7 4 7/HiR©4 -DOXIxJS'eSiSSiLS 0

(D 3FeQ^2 + 4HzO 6 5 or------------- F eaO^ 4- 6 HO/' + Hz
9 or

0 F e3U4 + 8HO^ -------------3* FeO^g + 2Fe OA + 4HzO

(D 2FeG^g ( aq. ) 2F e 0^2 (a q J +OZ2
so or

@ + HzO -------------=» 2HOZ + 0.5 o2

*£f5t -4 7 77®#l%#a€i#3gB%-E 2. 4 2 (7 77 L 7c o
O.SOg

FeC^2+ 2 FeC^2+

El 2.4 1 MHI»Na2 7"o-k^7'o y^#E El 2.4 2 MHI "Na3 7"o-k^7'ov^#EI
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(5) MHI - Na 4 • 7"p-tex

*7" p -k ^©R lSR-f ? /Ht, ik© 5 00*SIBA> E # fiSc $ R E ©% o

3 F e C Z2 + 4H20 6 5 0°C Fe 3O4 + 6HCZ + Hz

© F e 3 O4 + 4HCZ 2 0 0°C FeC^ + 2FeOC^ + 2HzO

2FeOC^ + 2C4 8 0 0°C 2FeCZs + 02

® 2F eCI,(sl 3 0 0°C. 2Fec 12 (s) + CA

2HC^ + 0.5 O2 3 6 0°C. HzO +

RR, *RE-k-! f /l-©#)%##©t#*a%r!2l 2. 4 3 ICzkIKo

(6) MHI — INa 5 7'p-fex

#7'ptxoS)EtOMt 5 ootEEi'ibitStit^^o

3 F e C JL<i + 4HzO G5 0°C. FesOi + 6HCi. + Hz

© FesO^ + 4HCZ 2 0 o°c. Fee/, + 2FeOCZ+ 2HzO

2FeOCZ + 2C 8 0 0°C. 2Fe C/j + Oz

2FeC^s (aq J m m 3FeC^ (aq .) +

© 2HC^ + 0.5 Oz 3 6 0°C. H2O + CA

*SEti ^ /ix©#i%####;igi%a 2.4 4 C/Fifco

H2 0.5O2 Hj 0.5O2

FeCl23 FeC/,+H,0

02.4 3 MH I -Ni4 • 7= -t^.T'n -y 7WB @2.44 MH I-Na5 7'b-fe^7o y 7S0

o •
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4H
C

^
(7) M H I -Nd 6 7 P 4: %

® 3FeC4 + 4H2O 6 5 0°C. FesOi + 6HCZ + Hz

© F esO* + 4HCZ 2 0 0°Q------------$*• FeC^g + 2FeOCz + 2HzO

(B 2FeOCZ + 4HC^ 9Q:c^ 2FeC^g + 2H%0

@ 2FeC/, (aq .) m m 2FeCZ2 (aq .) + CA

© cz, + HzO 8 0 0°C 2HC^ + 0.5 O2

7;ix€)#%##(D#^:IEI%|gl2. 4 5 K/]<L7^o

H2 0.5 0%

3 FeC^, + 4H.0

2F e C^g +2HgO

02.4 5 MHI-Na6 7o't^7oy7#EI
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2. 2. 5 £ h tb

^ EtE#tt, a-m#

aiiSLrcJ: *> KSc-JSS^-tM 7 yi- Kis vX t£, g#

t~? ua'L <, @smik*0ts#ibKz %#*#^E(G

kffi-fbS—EC>a-)PEE;gBS-dtE^ 7 e#®;±> i A'i

ffl X o

fiRw:, ^-nto^os^fi), itai?titi,'5HgEE-e(i, 

»##AkEEKP»gmA^6 b#E5E6o #^X, 

m-c&aai. #e@*gEE^%K-m*%E4- 7 

vX&ES-tM 7 o

S2.1 0 — 2.1 3K, #*EE.©EE>#ttte 

nJfgttOfcSEtBKXvX JifttSLto XI 2. 1 4 KttSttt-S*lt 

lEMHINal — No. 6 X p -tr xOEKt-f ^v^SLto

Sti:X-jS$LE±iE 6 7P -ti xtt, E {£©£>§« 58®

SEX *5 0 , X&Mt%fE±frb i> — JSoj#g't:*fc?>©t:*,

7 p-tx^sf tit. 7‘ p -fc t. i e ti

tto
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2. 11 * & 5 # ^ —

f # S IE I S
##,mm a# 

m ^

a m a, a- * m

t % #
Hr &

Fe304 (s) + 8HC/( aq_)
10 0t JW.T

=» FeC/2 Caq)+2Fe C/3 ( aq.) +4H20 W 

(24)

0 2 5 0 -c jy,Tt-^G^O

° 1 0 0 t 6LT

» 0
maRa#L a o t -c 5 - 3 o 
RE$i 0 0 $

SBSSrSlE (-59 KoUmo 1 eFe304)
at 90t)

Slf So

HQ/. HzO S-S-A'x

He/. FeC/g . Fe CZ3
%% K Z a 0

H2 . HC Z. H2 M -a if x

FeCZ, . FeCls . H20

FeC/, O(CzH,)z0~O

-C. FeC/z

t a
FeC/2 tHzO ItFeCtz 

« &$TK Z 6

0 XSE-tt L
» ©B%#K |5)ff- 5 tr- a

HC/%#&g 
(FeC/z . FeC/, #)

F »OC/(s)+CZ2 (g) — Fe CZ3 (g)+ \ 02 (g) ( 2.6 )
aE^&E(g%&E? ).........TEoao
®FeOCZ(s) -» ^ Fe CZ3 (g) + 5 Fe203 (s)

®r§e
®FezO,(a) + 3 C/z W

2 FeC/, (g) + § 02 W

°
« 1 2 0 01

z^G<0
» am#

= L
0 3 0 01 %

30IWlmole Q, )

; at 800t 
®FeOC/

*&T &„
® c/%^^^ a^y-amK 

a

a .

= am
a/, % z a amam/):# 
&-ra 

° A-#

C/, , Oz , Fe CA,
*"

a . 1 5 0 t 61TK*# 
LFeC/,%#i|@g*a 

b . C/2, 0: (ZgR4r A-# 

&at'tZC/z<0 8zC/z 
-'ORIR a

Zia

^5 x_ a Zi a

t't a©Si ^SfiSSijK Aii a iK' $ z); $> a
FeC/, (g) Fe C/, (s)

C/z, 0, — CZz +0z

®Fe30t (s) + 4.5 Cz2 (g) —» 3FeC/3 (g) + 202 (g)

( 2. 3 )
© Fe203 (s) + 3Ci,(g) -» 2FeC/3 (g) + 1-5 02 (g)

ilRlE

® ° RHk&B

0 2 2 0 0 t

° m "Pi 'W ^0

© =
° nootait

° am##%

®° 0

m*^a*|-CV = K (Fe,Q, )
A:24x10^[l/hr]

E : 3.2X1 04 (Km/Ag-mo 1 e )

0 ^SScVznz-?^-c*'x
®, ®t«#mct#a_e):h.5o

Rm&EFe^)* (33IW/lM9g^)

Fe203 (4lKaz#/lmole0b )
*&#*&;

© F e 304 . F e203 ^ "Tr a A lr)‘ r!6 
m Kfa

©, © ; FeOC/ o#A-KRC

m ± 0 i5l5JifolSijS5#'.' 
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"i
c

-h ^ y h ^ ###E 65K 
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ZK, StEibJl. tOpyygt:, tidKOt-f ^ pyiOSBJ'hSo 

REtJ«H2OttRE«®)I IV (KEEibia 1 Kx^fL t*S) (D 

TSi^aiH, ASKSEestifcVSttS^-^ilSHfcL-C, iji 

OimJti, ->M 7 p y KA% o in TfxttRfEttftJS m , -ti 7 p y

............ KEKttJi l , top y ^®ti tb $ *x% o

4/c, £BI#i i*tKft%l:#«®Ji'-eit, *" x s'® t 0 I1®^

%-#*ikL, topv®, #rf##

mmm o #&%####» Kit is## o,

k t 23 K, Sn#Sti%o
itmafkamK t ^ -t, m y $ /t v ss » * u t: t? 9,

?%####?-###Kto-t,

9 7 MliKio % o % f y -Y *"X k L -c it, ##%##

III ttEfitttf X. RBIftgIII itH2.0

SKIlS-efci H20 t FeC/2 It, ##E%%##mft 0#%Slt 

E, KBL, »2, HC£i FejO.Ktltt?). 

y.±©t s K.mm.it, tsyr/witsti^tyKto-cRot 5

A3##$tL6 o

(7) ####f#0g##itiK@lR#A# % K # ti-f, W te K Kb'-C <D P>9
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*mma,5ooN^/Hr

Em, ty/Hr

HgO : 2420
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(2) Fe.O* ©KS&S-ftK X % FeC/., , 02 4)SIg

SJS ( 2. 3 ) ; FesOt + 4. 5 C/2 v 3FeCl, + 20,

(a) terries 4

K) Sli-^r©Mc>©KiEH'-m, *#$#

©emK46£, ffi*tSgi£0TS3HftJ:© l o-fges ( 9 o 0°c ) -G-gETS

(p) ^JEL g FeCZa @ftfli|ll'ft5iLfc*^E

it L , *S*tf'3 5.5 KOlf/niol FeCZs 4 vQ L ;E L , SfrflJ

C& vfc*. @*fi rteKS^triEj: vQ 

H FeCZa ©#¥, o2,czz ©SMifl-E, C/2 (DMftmw^frMWSHi 

■sitgtrfc?)^, vg»K, Vo

(-) 7F%

vttFe.O* a ^ if'Ii L V*s, fifi
*■:*:# < £ft&v<Dt:*, «saxi, <±#Vo

« E x ipSiS tilR tii 5 ti % ic A, E © @ Xi B 13 E (#K±##a©?

(b) s:Ese©as;©as

m 2.3 2 K^-f. EffittfBffisa-ssEEBS^a 

Elto iiiKfci'tli, EfSttSSoA’-fc 0 (C FeaOtd'i Stitts 

vg*####£ L E# 5 i: £ t E# % Av «e%mv%#A-, ##K 

Sd'iib Ct) *ISOltli Lt(t, FeCZ2©»n7k»SlCffl

vrcsEz®aa©j#*"x£ 

ftziEiasmiZStBB (Sfii*i>5v«ii?ij#®-^^ 7 p y) vm 

vxfiic S CiKL, 4tiig*©E*(K(tik©BE£Ei£lc 1 o yto 

H) 4-f, EEliliiAt^SttaitftJnlfe-r?>o Stilt

V%o

(p) ('-fl'Ctrafte 5 tL/cE'SttSiESzE £ tSS £ iqJiffijEtoS -6T,
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teifc, FeCZa (*'z) b (X , CZ2 i: tO»gB(t^eft'EEK «t %-<y 

7- ^ IJ 07 7 '<tr©?t£P, #$@K 1 0 m#, i&mvfrML, ot’KTF 

'SttBEi. FeCZsOfl-5l|tt1l#4 • rSiKUo 

(c) 7 p-fmttegiKs,

@ 2. 49, 2. 5 00*0 o FegOtORESSriWSTfcibtC,

1 oe%±Ojg*%-##LEvx%Ct, FeCZs O0SL OffiggEW^zk 

* 5 0 0 N 0 2. 3 8 x 1 #KC4 c£2 £. 02 045-SI0/CJ60 CCZt

^ O###^ 5.5 l x 1 o6Kcal t M< , iK-Elttri, *»®©Hie 

##0 5. 2 fgifc 0 . Fe3C>4 O^atgsg-f7 

® ICBS-Ofe % o
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# (5.0)

HM (5.0%

N%: 3720

Clg = 86250

Clg: 86250

Cl2: 79130 

BOW?): 10860

Clg: 79130 

fbCls(y): 10860

(^); # &

El 2. 49 ,Mj^( 2.3 ) 3^7*0

500N^/5r

/%/Hr

°C

( ) : # # # xl 0^ Kcal/Hr
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(3) FeaO* 1 % FeCZ2 , FeCZs/feJKIES

RE ( 2. 4 ) : Fe304 + 8HCZ^ FeCZs + 2FeCZ, + 4H2 0

(a) ^ts.^'&ts.bWK.Mt
K) |ISEti)5o

(p) 10 4, f'PKlSLfciftt^^i.

£: Jr E $ -lb, #;:9-0 7kS"K:k>/j:vO

H o, eeiiojis, gmmogm, m@%,

J«O*|]ft-tCtltv5Jif7.?)0 &te. fOIgt-FeCZ2 t 

FeC£i FeCZs #-6% Ktt, to

EE/5sSfflE-^%o

(b) R£S1IS®IE

S2.3 3 ©Ig^ffe* i 0 ESSS^A'A^aS^SSL Eo

(c) 7 P -fF® LB, #%1R$
0 2.5 1K*IS®7P?7 #Bk#% • zSEtt,

FeCZs , FeCZs # K|fj ^ O i§ JSR %-5|Jt L /c ± E*#E|S i. -f % (FeCA

1 6.6 % , FeCZs 4 2. 4 wt# ) o t /c ?§«. E K HCZ*5S @ -f % © ^

glt%/c*, Fe304 /LilSlk/tS J: S-ftiBL, o

*7 p - Efi@S#x#k L/co

Ztfc, 7ko##K 1 % mm, A4-EI#W2F&

fefliRSkk ~
B2.5 1K/TfJ:5K, 4 7 7 5- t- k L 7Jt FeCZs 0*7k^HPE©

=fc 0 O Fe304 ( 3 5 0 °C) , H2 , HCZ, BO S-6-//X ( 3 0 0 °C) #6 1 

O'HCZOiftlSJ: 9 O HCZ, BO (30 °C) 9 . 7!>f7-2tt

Lttt.ft <t//FeCZs , FeCZs *## (FeCZs Olim^SCES^
%)/»$)% o

miR^RPesO., B , HCZ, BO //zSrSfiOf t^ALt^BOf,
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vfB*As7kit 5 0 0 Ni'SD 4. 4 5 x 1 o6K«z< h 

/£ %o %d 5 t, 1. 3 2 X l 06Karf(^tf PeC/2 , FeCZa <OM

##) HCZd®», H20 2. 6 8 X 1 0 6 K«* ir> l) ,

f# 6 kL % SH$ 9 0 °C i. W MS 1/ ^ /i- -e, FeCZa , FeCl, <0@SB,HCI 

d###,HzO 0 ,

*d##K Z % ##, ig-fktidff o

U-^<t OISC7 P-7dV|2.5 2 K^-T0
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(4) Fe30* <D<&U%L3tncmmvc X 5> FeCZa . FeOC/ tKIS

( 2. 5 ) ; Fe, 04 + 4HCZ -► FeC/a + 2FeOCZ+2H2 0

(a) Lt'Jft

(-f) iMEIEBd"^ < , 10 0— 2 0 0 ttrti6t5o PeOC/, ©SifiJm

-E^ELfcFeCZs ©An*43-f#K i % |6]«g

)$£•£. FeC/3 ICi. £ %Rlt6t:*fc 0 , FeC/i

2F5-c-2fen«,

(p) FeC/,2 ©AD7ka'#I@©^g%*'/.%## , &K[SfrfrX 

|3]0lSi BfiHa hMtt^'xo^SS'SSic-ts <D-t-E4

t, ^ ' o

H ftiroi'tit, Fecz= vtiaTkftMxnmm. m

riititfltLi'c

(-) FeC/i tt/ ^ / -yt-KSlf FeOCZ It ft ^© “t*il^f©

(b) EESEa^cDSE

12.3 ioie#It6*kU^^ FeCZa <oiH7k»MK!Xtmm. 

^SttEffi#ss#SE®e^aeLfc0

(c) 7 p -Mtftfiti,

@ 2.5 3 K*I80 7P y 7l0ti« • B l& $ © M * ^ tS 1~, »8I 

fflSS'-t-SSfiKLfc FeC/a a FeOCZ 5f »8£L , FeCZa ttAnzk^-SF

is^. tfcPeOc i tt^©Hci@.aiSA», cz2 vc xzmiMkxm^

gil?eft5ti'5o FeCZa , FeOCZ %-/ f / -/HC* $ $FeCZa 

%##. ttttif %TS, FeCZ 2 / ^ / - A-SE k FeOCZ 3

Sffl/ ^ / -/b$fil$g L , FeCZa ^frttiS-6 

Z>fr, ^ / -/b^9t©E#gHliK3:SA'ib®3ko-Cte 0 ,

#kPb1««&>-'o

iflRSlil 2.5 3 KSt i 5 K, 4 '/ 7‘ ? 1 t L "C tt FeCZ 2 ©An 

Tkfi-MXfeX 0 © FeaO-t ( 3 5 0 °C) , a, HCZ, HaO © $-£ ft A (30 0
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°C) 7%%, FesOt^ FeCl2b FeOCZ KgitS fc&K « FeCZ2 © 

SPTk^-WIS-C-^ffiLfcHc^tiiflJ-C'fc 0 , RE~gs±Sl 0 , a , HCZ 

*$ tttaot*. AkrnA- o

7 7 t- 7’ x (- b L-m^J&L OcFeCZo k FeOCZ "C'fc 0 , 

StrfEfctltc^mcO/ 7 / L t 5 o

teSlR^E-Sl^^a^ h L X'-$ FeCZ2 ©flPTkfrPISi: 0 ©HCZ

*7 iojaaKJ:5t3»o2ftfflstt. at hcz. h2o c>^g| ©^a

7 b . E*<0/ 7 / -)V (as 0 0 Nm%fc 0 9 9 5 0 «#)

O'^FeCZo . FecZs Ofc Aflgi" % 7 tt*fe?>o

L 7A Fe»04 , HCZ REfs 7:<0 ffl, ###(0#

as o o n mas o 1.1 4

X 1 06Km< (5E 0. 7 8 X 1 06K«ze , SIB 0. 3 6 X 1 06K«j< ) b
< fUSHOj: s E S 7" *) % o LA'L, 7 7/ - 7 <0 *g WbB, F eCZ 2

0 0 Nl’S 0 2 7 0 X 1 06Kml , 0.4 7 X 1 06 YM

ztm/ 7 / < , Site —EE&ttft V

ox u, %%k-tatf

7 CO <£ 0 L t*Igc07P-/-b?8 2.5 4 17 77
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Me OH nyfyf

(-2.70)(-1.14)

(-0.47)

FeOCi: 4800

FeCl2 : 28 0 
MeOH: 9950

cap

MeOH: 9950

dg>

FeOCi : 4800

HC1 : 1630

FfeOCi: 4800 
FeCl2 : 2840 
MeOH: 9950

^2 53 , Kj^( 2.5

m# : 500Ni7f/Hr
&9/Hr

(2) : m m c
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(5) FeOCZ cOjeSiSSUblC 2; % FeCZs , 023eEX@

SIB (2.6) ; 2FeOCl + 2CJU -» 2FeCZs + (X

(a) L©##

K) FeOCZ ttflB ( 2 0 0 °CJi(±) Nf, Fe203 i: FeCZs

F e 0 Cl © tl*{b © Fe 203 ,

Fe,0, 1 0 t ## b #S5tl6o 

(p) ^©ftE* Fes04 ©it*^ i lEUfKStAlbUi .£ ©o

(b) RExEe©SS*S

##AmmmAA Fe3o4©m*ibm#KaL A©%o

(c) 7 p -fF@c «h#)®E3: • BEE

12 2. 5 5 K*IiO 7 p y 7 #2 t #% " S E5)ttS^ tS"!-o C 

^ A* Hi; Fe304 ©SAHCAC 1*) t^Ztz FeOCZ (2 0 °C ) h FeCl3 © 

»»»!©. HCZOE-fklS J: 0 ©CZa (2 0 °C) JSAO. ®SJ©CZ2 , 

t® Lfc 02 , FeCZs ©SEA X A * -f #E tti 3 tl (8 0 0 °C ) $5 K, 

-/i-6-*'©i,t?%sp5nx (i 2 o°c) . Feci,

KtBSi 9 ©j#*'xt$Fe304 ©B®ig*<b©*i^a: |Bj#, tSSl

2 S©i6)5itS:iam*%#E« (mf #TA, 7

p y, fc % ©n© 7/i-1 - 7 ) EiPSii % o

##EE©p^e^',t):©&m©f<e<. #muAm* 

©i OjHA'SE-Sf, e*©#l$AsifttH,'b 

iKiKO^'-CttSEfiE^l < , i§® Ax-FlfclKi. OMISAM'5 

< , ?@#*,#©### % P^@K A, EBt i: L "C-E-Sts: FeCZs A 

AxEEMStti L , itip-f %fc»©B©ttiAd* Ha5 0 0 N 9 2. 5 6 X 

1 06Kcd h A# < , RE.#,©## 2. 7 8 x 1 06K«zt , FeCZ= E«I$A 

©|i##A 2. 5 6 X 1 06Kcal t S3E9Wt, Sg^teK^tFISff'feSo

ia, ##m#kAbmo2©#-#n, cc£4 risir, m^mib#© 
B©m©mAA# 2. 8 x i o6k«2< fe 9 . #rEi©i©B» 2.0x1 o6
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Kcal (i® 7J k L "t#6 $ ilfc k © trS) 0 ,
0 $ 5 KB 5 %% o

*I@C>7 p-7-^02.5 6 K?Si"o
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C-M.
(2.78) (-2.56)

500 N%f/Hr

Clg : 31700

PeOCl: 4790

Clg : 28530

ftCls : 7250

: 28530

(22); mg "O

( ) ; # # #
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(6) FeOC Z©S5£HCZ (MIC X. % FeCZa ©SEJSZCS

EE (2.7) ; 2FeOCZ + 4HCZ -» 2FeCZa + 2H20

(a) ##,

Fe,Ot ©@5SHCZ®akBB'|W]SkitE 6tl5>o

(b) SESifiSOIS

FesO* ©sjchczms t mfrasti) o, EEsese»trEB€BS 

■f So

(c) 7 p -fFliK i. • B!R5:

0 2. 5 7 K*Ilt)7'p y 7 HH itt* • o FesO. ©S

S HC£* a i B i t fc ?) O

Fe304 OK*HC*iK i o E £ C/c FeOCZ, (HCZH20,

Hj , #5 - h2o EE is -eg; c e hcztK iSE*141 y/s> b-efc
0, H2, FeCZ»7k®t£AsT <7 bEy bE&Eo FeCZs E © HCZ ©# 

S^toE-t^fcAFeDCZ^SlCiiSllCtoEteEi"?) t itt^o

#KE(EEEgf©#m#B 2. 3 4 X 1 06KC0( (EE 5. 4 x 1 06Kcat, 

HCZ, H20 gi|g 1.8X1 06K«*■) Efc 0 , FesO. OlSjlSIg© 4. 4 5 

x 1 06K<a< Lt«ii5o

ft Jo, *ES© E p -t x 7 p -14, 0 2. 5 1 ©EE ( 2. 4 ) I@E p 
-fc x 7 p - t(ii. 9 % o
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PtOCl: 4800

FeOCl

( —2.34)

L- % 0:3780
HC1 : 1620

%Oa: 2400

rtoci : 2400 
fbClg : 7240 
% 0 : 6980

O s. Jt
( ) ;

El 2. 57 ,W&( 2. 7

500 N%f/Hr 

/#/Hr
°c

x 10°Kcal



(7) FeCZa <Dm»MK. 1 & FeCZa . CZa ftfpftrg 

5E (2.8) ; 2 FeCZa -> 2FeCZa + Of2

(a)

K) *|tciwi Feczs (iiftoitt-tt, REifti'o

FeC/s ftftC * ft & 15ESSBt* FeCZa

(OSStEOfiv, fiSfiJ ftftftftO, Lfrti»-CSi'Of, *RJE 

©FeCZa 0##$% 9 # ( 3 0 0 °C) o

(p) FeaOtftHiBiSSfttOZnSmflftiKftft J: S K, FeCZa <0 ##© 

SB#-*?! < , L<a^"C.kKj:6tn#!, i%£p

*ftft# P'o

h Fecza (omfi-Mx-ittsmt (aft, mft. E#©ftm) )

o-c, Eft, iftoBoi'softi,

FeCZa ©ft$ttE#^©E1ft, iP*t> vtlE-SemS

A ftft©###^#, Eft, BftliAiSLft v% J; S

(b) SESfioSSoSg

a 2. 3 4 Roi ) ftftfSttB®ft©E1Kft7 y
KJ;5iSf%:*£Lto SfEiczn'ft, 0 2.58

K^Lfco -rftfcft, 0%#, Tft«RlgB J; 0 »n

BTS 1 S left 7 ft is 9 , ftS6B%lcfttfc£ftfc FeCZa 

©ft!$IT-f %P SS©SnBgBt:-Fecz= ftMSftft, BAftft'Tftft 

51ft 5 ft, Lft, FeCZa t CZaftftfiKTSo FeCZa

llB#ft&%A^, E k#K|#T L , #ftftft%©FeCZa

ft 1 If CZa (WKfttfl); D»A5Kfc^ffifti*ftUift5) 

% ft, ft* © # £pgBft\t. # Sft, FeCZa % O

frtti L ft FeCZa itTREKft#, *If Anm, ft ft ft 5 ft % o ft ft, # 

ipgsft^Tft LftftapftFeCZa lit. #0ft ft & #K-< y ft ^ y ft z 7 ft 

KaSlift, me Eft*#, #£P5ft, fcftKFeCZa ftEIBJ K#tt# 

K'lhftft?# fi|-f%, ft yft =• y ft Z ft ftftMS SftftftlC FeCZa
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7 4 - K> 7 7 K3Hn, #L

t tei§fir/c4 ©FeC/2

(igl-K-ty y-7 Kl«n, rnt»M£ti%o

iOitOfSli. £E*A'v>J<, LA^% *"7ik-f % FeCZa ’j'-C* 

^ %tf»/h5 vEllB-eSg L , S£Oi^^#<lt:^?>£iJ:. #, 

«, @ k*g^E-fk-f ^iHjflKxy-L-ctt, -e££*ft3\ ll^lHtfti 

Kit, *32

©"CliML Ac $e B <h 3| x_ 6 tv & □

(c) 7 p --f^EhtegiR^ • B1R5;

8 2.5 9 K7p

w-mtcm-rz t l-z. m^LtcFecz* oi o so

OTy SElfi© FeCZ= roSglUFesO*&tg£ 

ifCi&M'ltL tcm&, H25 o o N maiS 010 8.6 y/il( ^tSfcl 

-f % o 5 b K^rtL^fl-tSvr %fc»<07F#Stt'ESi0»(t FeCZ^ SKA4 

l/3tlti, 2xl0 8.6fyiS£-Iti,5o

»«iKyH't, ##. -y X'ZtlZtl 2 2. 1 X

1 , 2 2. 5 x i "0& 0 , %:5o

p-^g|2. 60K^Ly^o
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SSSEbx Rt5( 2.8 ) ; FeCf
#2.3 4 2.8 PeC/z + ^Cfz

^ ? v 0 GP a # m ^ fSi 3§ S ^

SI5 © SIS ffi ( it 7 )

" C @ £ tc (i WL )

.|FeC^3 <0#9%

^ 'J&*

C1̂
 R £

C)
cj W S . C1

R &

CJ '

c
R tE

C I

A

B ; FeC^g ©#9t

&e
.%«#### B B B A A A

e*K MgM;m©## B ; ##K z 

an#
A;f(a 
t A: ) ^Em

A ; R £ c ; R tE c ; R tE A

B ; B ; B ; B ; B ; A

V- /WO## A C ; Ute^fc 9 A A A A

ae©##( #]%x #*&x #m ) A C ; FeC£ 3 <Di&U
-COK*r)$ 9

c ; R £ ; c ; R tE c ; R tE A

a ; A A A A A

##©%&## - - - - - -

##©MK( ) A A A A A A

' ( EA ) - - - - - -

" (a#) A A c ; *#* A A B ; ##©%(&

# # ( 3 7. h ) B B B ; R ± A A BorC ; 7. 'r - iv /.

V y t- it L
( #3= ) B A B ; A A B ;

B ;#KMB% L c ; #apn$?)#<oBa C ; R t c ; R £ c ; R tE A

^ A- B vc c c B

____________

cOFeC£3

#> D , 'FiH

A ; masr, B ; am^^a#x c ; ams#
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(22.1)

N% : 4370

PbClg: 8480

PtCWs): 108600 PbClsfs): 10860

Clg : 2370
97740

#3= : &9/Hr

CZ) ; a: "ci

( ) ; # # #

B3 2. 59 , J5U& ( 2. 8 ) 2 do % 7n y -#4X3:

X 10°Kcal/Hr
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(8) FeCl, cOMMfi-MVC £ % FeC£2 . Ctt
L 2FeCl= (a q) + Cl*KB (2.9) ; 2FeCZs (a q) JSSJt

(a) 3E.Tc %#6 (f K S $ L i'##

ffi-f ?> o .Sro EISmEtt, 0.5 8 7 E/v h -c% B> »'i,

i 0 < T& & 5 o VcfcL'EmE

%-< L-rar% &,

-f % o

ElE^iOmfSEEt:-'/*, ?£ viSEll—EE^SE

ELfcO, mib*-#cL/c 0 T% /c*. EE^5E#SS-tir

^ O

Z#i# K < L T 5 2: ^ 5

H

6 o
3 + 2 +Fe" <om{hm7C^%##liT 5fc

% f- /t, h y#3& «>

mm=Tgr^ T:'(D Fe + e

'T ^ % o

(b)

(c) 7 p 

7 p -f;j0c

g|2. 6 1, gl2. 6 2K$:%^(07P^7#EI^#g'

% h ) (D#^26, ^{b

^ibm—mib#—
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o

$ 5 0 <k 11£ %

iB $T $ ## %#%##"* % E'

&iR3E©tfeWtio^© ifc 9 -C*;fe?>o -f'fxfe'fe, 

mse, ssiEtrjS'fbs-Eyffth l/xv*frTt?sfiHr% 

<07k^«$5-66 9 , €»*%#%#

1J5 8.8X1 oV/Hr (** 5 0 0 Nm‘fcfcl)) fill/

# ^) o

mibm—

^ €)%#(D7'' p 4: 7. 7 p 2. 6 3 K^To
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H- M.

HgO : 4820

H%0:12090

FeCl2'4HzO: 13310

HgO : 3330 ,

HgO : 7000

l^Cls : 14480 
HgO : 10330

H. M.« 
(3.61)

El 2. 61 , KJE ( 2.9 ) tfriyyn y •MO?
## ; 7kSSiam 500 N^/Hr

( FeCl2 SAffliiS-S-) #/Hr
0 “0

( ) ; x 10^Kcal/Hr
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# (3.10)

(4.89)

Hz 0: 8460HgO: 4690
HzO : 6980

: 3330

FeClz = 6370 
FeCls = 7240 
HgO : 15000

H. M. 
(1.88 )

500 Nnf/Hr

ty/Hr 

“0
x lO^Kcal

2.62, ^(2.

( FeClg
## ; A#

(2) ; # &

( ) ; # # #
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0) ncmmitK.x £ h2o , cz 2 ©4«ig (t ^ ™ = yKE)

EE ( 2. 1 0 ) ; 2HCZ + 0.5 02 -ftO + CZ2

(a)

K) % i -p yffit L E £n 6 it s 7 p -t x -ea*WKiE?*it4©t’

6 0 , Et-|)5 (§6*tEE) o HCZOSBErtta-fita

StSf CZ2

V ?> o

(p) HlKifi, HCZiDEEfciBKa ±U ■ H20. HCZcO»ll<OS.a^e 

ititt, L, BrStoKEES^, #m*oaa

H #lS«Fe203 EflEE%rot:', EE^®c0f5$lC'9^'-Ctt{ii]ib^$E 

feVo IZ-DV'-Otx@K© j% —-fb, %# t

S<ij7"j:iE®J1dsSL'C^'5)o 

W EE it (tin iEOll?,

E$)%o

(b) EEStlifllE

a 2. 3 5 ©sefl-frte*ic fititStriELrc J: 5 KMSail

(c) 7 p-fPfiSci %@JR5: • &J&3L

12.6 4 K^Tm 0 -efcfc O £ HliHCZ. 02 E#-&

fi)?.o O^iiSJKJnEt, Hczir*/hPSK;-r% z: ktt*g|f»«o±E 

?>eiUE£f.fc?)Ot*. «tt?Sf5o

7 P-V^0 2.6 5 tC^L , 5IS

■7 SIT- Z Aj~tc~7 p — y — b a H3 2. 6 6 tC TT'E' o
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Cl2:1980

g|2. 6 4
m# ; sooN^/Hr

A#/Hr

2:%% - # (2); mm "o
X lO^Kcal/Hr



A
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do) c^2 (OHaO&gK X % HCZ> 02 Otffill (If^^ySB)

RIB (2.1 1) ; H2O + CZ 2 -> 2HCZ + 0.5 02

(a)

asy£toS4-i#6tLntf,

L < /£l'o

(p) v-fiLd^—%/c»k, SE^-iiSJKjraEfce

<0 m % ft 0 jg m n * m wt % * s a* fc $ 0

5 o

(—) fi ft'X 0i Wh ~£9 > ;fr©SSift(£'ftfe^^icD)"E % tC. £. tc )E (Si"E

6 5 o

(b) SB8fiaS:oiS

12.3 6 dSEfl-tfrSS^Kife k-d#- 

ELfco #f*'Z(iFe304 OlHki |B)it, JIfl-*"XCi^EKflJmL'fco

(c) 7 p - m#*%3c

0 2. 6 7 tcsiti1) 7:%5> o itittHCZ. 02 ^ min it triSi'a Ltl 

A0#* E% 9 Hczib S W* 02© v-fild1 —E ^ ilSJtC L 

wm#, ti□estdt^'fbl, 4/c»iiiosii5ctK/i?)o 

#aibOfc*0##A'A#E'& 6 o

p -'7-1^0 2. 6 8 K^fo
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#2. 3 6 ( 2. 1 1 )
2tSREx RE- ( 2. 1 1 ) 2H20 + 2C e2 — 4HCl+02 ( i8 7 -< - = 7RE )

e ^ S it W’ 9} HI ^ •
c ) ( # & a ) Hi iM @ ^ * # m a

( a"?- ) B B B B B B

' ( @t ) - - - - -

mia<o* - %«#**& - A A A A A

A B ; a-azm*]):#.# A B ; ESttS^cofla A c : #

A A A . A A

y- /no A A A A A

a$s<o«^ c #*&, ) A A A A A

c m#%m) A B ;
it

A A B

- - - - -

me) C A cO A A A

' (5% ) C
1? =■ 7 h t ifli

' **&#&
K#

A c
1 H =■ 7 v t ftHHi

’ ai <o#A-K#

A A A

' UKA) c A c A A A

S ® C ^ ^ h ) c A c A A A

C ) c A c A A A

as A c B c A A A Ticmma—#
ilira-f -

-

A ; mmsr, B ; am-e-f s#, c ; ams#



(0.44)

HC1: 6110

2. 67 , WS ( 2. 11 ) $^(0 07 p v ^

#4X3:
m#;

(2)' ^ &
( ); # # #
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2.4.2 t k »

sens, 7p-^i, m

t tub2.3 7010 k?£Z>o zrufcx ti'-f,

(1) T^tOKlS^jgL, ^ti7Etucx4LSeaS;SE, 7 p -fp«7,SoI

tg-e&>&o
(2) Fea(X ©iSBiSS-fbtj:, iS©*'XiFO®ElEHrti:*nS*y$ 1© cl* 4r

6-£^5^$> 0, Pec^a ©GStB^SitgoiSB^TkcOv;: <h=|A»b, B 
to K « 4 % 6 A,, SBtotC 4,

(3) FeOCZ ©SBjSlUk'*, FesOt K.&L, $ T F=1 @ 6MS S S il 5 „

(4) FeC/i ©Bb}#H?#toKgg#g^# < , RlGlcEL t: FeCZs »SSL

^ ki%b . ##©/t*©BI#^#,#©#BAP#L < ±tr& 0, B

toK7FiitfOBr3H?)©tr, S @ R JS6 ^ 5f £. % £-$ A'5-fc 5 o

(5) Fe,(X © HCZ®$Slc3 tp-CH, 7j<»^ tr t £ ti it S C , FeCZa . FeCZ,

)££■£?> £.

(6) HCZ©#ik. HzO -HCZg:t6H5:Epc#SK^|6l±S-!t%fc»lc v-ftLA^

— ^©Kiswe^iisJt.T % c k, s-Sft$o:@^^a-ft'T% c t vc%n 

TZ>

(7) FeCZs ©##K©©-CA, IiOa$t77-/l-i7i7 P VC

It dP £>%*'£ 7 /P^^0c$4i?)/c*©—0©7bi® i It#
ft K fET % o
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2.5, SB#iSti-*4o#i6SS

tliE© i 5 K Fe-Cl ? A'I/C)S\i'XIi'Z. "C% 6 Y£,e, G& #

©ci 5##a&©mga^#L <*<%%. lb^o-c

a^ii, |XftK3,i:4, fe*sf IJ i,

— #K###SK^O"C©Sf ( #KLJWt6 ) t£ZX©3 0 ffc5o

(1) #mi^##©##©%#, B#

(2) pH ii*

(3)

(4) <*8$.B©*J£,

(5) BE, E*©EB, EE©®®

(6) mm

(7) ##©##E, Si#It©S#ofi

(8) Ef 63

(9) ®8K'fe«©Mtii7C % #fe

aT####t%©im###. wntMoittKov'-c,

E 7" 7 > t- , IliSE^E vy, mm.fi btlK XHfc^frbT - 9-

al, $^K#sgotfi©iess*R'9tfe*K'7'-'i;i^5.

2.5.1 m#K 1 6R*

(i) s*^x-a*oigAii

EASSB©S* KST6 t, ( 2. 4 0 ) S©EJSA’5S6o

Fe (s)+Cl2 (g)=FeO& (s) (2.4 0)

C. © FeC.mStiE^/hS V© "C'EStEKit* FeCl2©il6<, 

7X(C, t ©Fecm ( 2. 4 1 )SKi ) Ofi iEKLtFeC £%his.Z>ifi, 

FeClattSiRE^*# < , FeC&OMilA'l^^**

t5o

2 FeC€2 (s)+C& (g)=(FeOl3 )2 (g) (2.4 1)
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0.5 -

CALCULATED FROM 
MASS TRANSFER 
EQUATIONS

2+0.6 Re'^ Sc"3
Rate of chlorinization of iron spheres (d = 1.5 cm) 

at 923 K in He-0.5 pet Cl2 mixture.

2. 7 l1-*

ffl. L,

Re Reynolds number

S e ! Schmidt number

(2) s,

- S' % t ( 2. 4 3 ) S€>Rf5d’5fi%0

Ni (s)+Ol2 (g)=NiCl2 (g) (2.4 3)

CONiCWil 0 4 l°KO # A & # L , %CDMUE.it ( 2. 4 4 ) SX" 

$ ft % o

log P (ran Hg) =-----13^°° 4-2.6 8log T -<-2 1.8 8 (2.4 4)

HkKlkL- s' SMEds/J'Svz

5> o

KAsSEiZCla Cl2 SS^/Js5 vl^-ctz, H 2.7 2

©6n < EASEtZ Cl2 zSEKEfll L-CiSdn-f Cl2 x

b K7x?> t H 2. 7 3 , 0 2.7 4OK Cl2 #E#A i; A K EASEtZ 

t5„ gE^it-fk «K4>©Ni Cl2i£1&i$E^/hS
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239 K
1209 K
1174 K

Rate of the Ni-Cl2 reaction as a function of chlorine 
concentration in He-Cl2 mixtures at a flow rate of 4£ STP/WiZfi

= -7 J:

( tS*SE l “/.HTOS-& )

1073 K

1043 K

Rate of the Xi-CU reaction ns a function of cr.;on‘-n- 
concentration in He-Ch mixtures at 10 43 and 107.". K 
121 fSTPi /minl.

|g| 2. 7 3
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e FROM VAPORIZATION OF NiCl;

VOL. % Cl;
Rate of the Ni-Cl2 reaction as a function of chlorine 

concentration in He-Cl2 mixtures at 969 K (u = 7.5 cm/s).

##t©NiGA©##itmm©##^E#- < , 0 2, 7 5 );B2, 7 6© to

%K, ®K©l/#St ( 2. 4 4 ) N i Cl2© KME/c /.*%■
0 , H 2. 7 7 ©to < Arrhenius ©E.KB * —8 L

-rv5>0
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993 K

969 K

939 K

917 K

—Rate of the Ni-Cl2 reaction in a 10 pet Cl2-He mixture 
as a function of gas velocity.

B92. 7 5 ^

969 K

917 K

, (cm/sec.)

—Rate of vaporization of NiCi; in He as a function of gas 
velocitv.

0 2. 7 6

= s-
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N
i or

 Ni
C

l

900 K

CALCULATED RATE

Rate of the Ni-Cl2 reaction in 10 pet 
'Cl^-He at a velocity of 25 cm/s as a 
function of temperature.

2. 7 7 '

= 5- KcoSEiSS'B
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(3) iUH&OIMlkcO data

urn&&svs**'x«, -rxtt xmsmi; lx

# < 0 , #(C 3 0 0°F ( 1 4 9°CMT0iB#m#*'^K*L-[

< fl!VibiiX*i v , M6fB«£:£i:xv/£V0 * 2. 3 8 «g 

#%rAn* Lf=###a##(D#mi#^iaK%rxT. 4*;. S2. 3 9(iiB

mE%L.'o5sxEfbx%c

ExE<Ok*?0 X&6AX * 2. 3 9 CD= y 'rjuCD data% «H-fft % t IS 2.7 8 

»M16iL%o L cOS^fbSK^ 4 9 3 ‘Cfrb 5 8 8 °OK±#X% L ( ®K

* 9 5 °0 ) , KAiSEd' l OfgKitSn-tSiii »s«16iL, $ 4 it A14® 6.

., 4^X4 5 5 0 °ClM±tO®ffltt^nIlgk^Xibn5>„ h L

X<DE#A^AK&^XB#(X/J^lx 

E-, X, 5 5 o ‘Ctil±<o®KX*tt»*'BE©5n 

%o T^V 5 x-BE, -y V ^ X 4 b-EE,

iooo'o tsnxv^c ztu%»'JcB?L%Ma.-f%<ksmik!t%tiM.mt 

oEixmEa^sEt*K#AT%E*x$,6. ikmmik®tmmvK

(ESEtt, $1184, mik-* X* -y ■? A ,

3 — 9 a , #fb 7 A' i -!)aC «i K/J' $ < t£ 5> i $ iiXi'% o 

6£oX, iit*'®Et3:l*eEE^%#*L»V't©^s < , ^3® -y t 

-t .y t- EEttX#%(OEtb#A^{L#h% X tf ^{LL , SifteStiS, k*
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*2.38 ^

# # sviss»-x

R*S* 14 9%

xTxx^#, 3 0 4, 3 1 6 3 1 6 "0 H

Duriron 14 9% H

Durichi or 1 4 9% 3 8%

^ X ^ VI/ 1 4 9% 14 9%

f- ^ X 9 3%

Hastelloy C 5 3 8 % 9 3%

— y VV 5 3 8%

^ $ VI/ 4 2 7% H

y\ y u % vi/ 5 3 8% H

9 3% 9 3%

SB, SB-S-# 2 0 4%

# 9 3% 3 8%

6# 3 16% 9 3%

y; y x 9 3—1 4 9% 9 3%

y/ x x.p^##g 2 0 4—3 16% 9 3%

##§ 9 3% 9 3%

6 6%

s S WEI 6 6% 6 6%

it tf#E 6 6% 1 0%

t) — A b 17 7% 1 0%
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*2.3 9 X Z>fMi£

X^l^/tnon^'
ffi»J Pi KlBi K «v.' -C 4 *. b n * ft A K % E-t «»■* CO

«SS$®±K
(C)0.0 0 2 5 0.0 0 5 0.0 1 0.0 5 0.1

V y ^ 5 1 0 5 38 5 9 3 6 4 9 6 7 7 5 3 8
4 v n ^ ;v 5 10 5 3 8 5 6 6 6 4 9 6 7 7 5 3 8
yx^^-nyf B 5 1 0 5 3 8 5 9 3 6 4 9 — 5 3 8

// C 4 8 2 5 38 5 6 6 6 4 9 — 5 1 0

» A 4 8 2 5 3 8 5 9 3 6 4 9 6 7 7 4 8 2

i7 n > ;v A 4 2 7 4 8 2 5 3 8 6 2 1 - 4 5 4

t ^ ;i/ 3 9 9 4 5 4 4 8 2 5 3 8 5 3 8 4 2 7

^f-yi/^#3i6 3 1 6 3 4 3 3 9 9 4 5 4 4 8 2 3 4 3

" 304 288 3 1 6 3 4 3 3 9 9 4 5 4 3 1 6

6 A 4 8 2 5 1 0 5 3 8 5 6 6 5 6 6 2 6 0

4 D 2 0 4 2 3 2 2 8 8 - — 2 0 4

k * m 1 7 7 2 3 2 2 6 0 2 6 0 2 6 0 2 0 4

# # 1 2 1 1 7 7 2 0 4 2 3 2 2 3 2 2 0 4

* * 9 3 1 2 1 17 7 2 3 2 2 3 2 17 7

*E®ES.

±©©E-et*S:^tS*^^, #EJaTE-S';ffi**'^t Lt®i5o 

S 0 ffiilKM LEtt, 7‘7 x*f- y 7 , FRP, =*A , ^*7^7 4 'S 7’friz 

< is 0 , AB Titf- ^ - £ A KT Cii/cEAti^S-fo

(S2. 4 Of|)

— 234 —





4)am. ^ /J /£r jE3

s # * * $ Mi 1 s/year
M. t n C :? n V ^ y h 3

1 1 4 6 — 3 2 3 8
2 0.0 3 9 4 - 3 1 4
3 0.4 > 9 0 9 8 3 2 6
4 0.0 2 2 9 - 4 4 15 6
5 0 > 15 0 1 5 8 15 5 1 8 6
6 0.0 0 2 - — - -

7 0 > 2 9 — 2 5 9 7

2.4 o < -efc^o

M. n * fit m °c B
1 MM#?-, -KftK**=-iO''SB7/^VMDL7cl®S® 2 6.7 2 2
2 9 3 1 4
3 ' * #/K 9 5 6 3
4 ^ 2 o % 6#y< 8 8 2 8
5 // II 9 6 4 0
6 II II 9 0.5 4 6
7 II H 9 3 2 0 4

2.5.2 mfb%k*K Z

(i) S{k7k**"^-iR3%ciKA®#

6 t (2.4 5 )S©ElE»se%0 

Fe ( s )-*-2 HC£ ( g )=FeCfe ( s)4-ft (g) (2.4 5)

c ©iS(k7k$©$-£-tstssos-s-o ( 2.4 l )5^(7)E)$t$S6tc Vo ap-fe, 

FeO&A^FeGAK#ib$kvtKAA^mij-(DT'(t% < , ( 2.4 5 )5$CORfECD

«t-R^k>g5i', FeC^2(DSStEAVJx$ vkc»KASEt3:iS*-i(^ Z

9 4 7)Vx 0 E $ V0

I*MttHC.aSKi 9 i?#sn% AV 1 o 5 0°K ?)E*

-C#%K#T %o
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1046 K

965K

VOLUME, % HC1
The rate of chlorination of iron in HCl-Ar mixtures 21 

(STP/min).

0 2.79 5)

<o JS -ft * S ^ frt i:

f ecz2 m^mE#mK^'fbT%

A-Cib^t:, EAj$E«)(f xiia KJ: 938

02,8 o«,

titf LfctOC-J)?)AC SSttBj®, V S. < —ScL-rv^o FeC&R# 

SK@{*4 L < LX&& t5A>. MttJ: V ® jmi" % $1

tt/£ VJ: 5 Trjfe&o

2. 8 0

800 K

PREDICTED
CONSTANTS

Rate constants for the formation of FeCl2(£) (k') and 
vaporization of FeCl2 (s or l) (k) in HCl-Ar mixtures at 2Z 
(STP/min).

5)

coffi-fkyjcSA'^K X %KA®Eo®EtoStt
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SAiSEttNiC^SfllEh £ n & <, E-pt,

i&Ui&xmHClitK©i;#tt/hS v„

-^, 1 o 0 0°K \>l±nmum.x'\t, 0 2. 8 2 ©£n < , J%A$KttHCl 

t*ifiSolit&5= £ ©Htj'ttEBErE ( 2.4 6 % z

5 K X x. % AV JsitfAr W«tHe #JR

■tr^ct A- tfrb, SI^oftS#iUtV'f0t*fe5o

111 2. 8 3 «NiCA©SfitEk j*E©®*SSd»6tfSLfcB*S$%r*

<-f LtiE„
1300 1200 MOO 1000 900 800 K

PREDICTED RATE 
CONSTANTS

Rate constants for the formation of NiCl2(g) (&') and 
vaporization of NiCl2(s) in HCI-Ar mixtures at 21 (STP/min).

(3) J: Z>tf®<DmiHCO data

BASXttiEEES Vo # 2. 4 1 ($* 2. 4 0 t
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^2.4 1

rBiK»K *sv1?> ftfcft** * ^-r*MB* CC)

ct)
0.0 0 2 5
(i n/mo)

0.0 0 5 
(i n/tno)

0.0 1 
(i n/tno)

0.0 5
(in/mo)

0.1
(i n/mo)

6 ^ 1,2 6 0 — - — — 1,2 0 4
"J >T } 1/ 4 5 4 5 1 0 5 6 6 6 7 7 7 0 4 5 0

-4 y 3 ^ ;i/ 4 2 7 4 8 2 5 3 8 67 7 7 32 4 8 2
y^/C/ B 3 7 1 4 2 7 48 2 6 4 9 7 0 4 4 5 4

« c 3 7 1 4 27 4 8 2 6 2 1 6 7 7 4 5 4
» A 3 4 3 3 9 9 4 8 2 6 2 1 6 7 7 4 2 7

" D 2 8 8 3 7 1 4 5 4 6 49 — 4 2 7

^fyy^#316 3 7 1 3 7 1 4 8 2 5 9 3 6 4 9 4 2 7
Nb // 309 3 4 3 3 9 9 4 5 4 5 6 6 6 2 1 4 2 7

// 304 3 4 3 3 9 9 4 5 4 5 9 3 6 4 9 3 9 9

» » 2 6 0 3 1 6 3 9 9 5 6 6 6 2 1 2 6 0

;=. 1/ i? :% h 2 6 0 3 1 6 3 7 1 5 3 8 5 9 3 2 6 0

t ^ 2 3 2 2 6 0 3 4 3 4 8 2 5 6 6 2 3 2

^ . S£ 2 0 4 2 6 0 3 16 4 5 4 5 10 2 0 4
f-.3. u ? n y 1 7 7 2 0 4 2 6 0 3 4 3 399 1 7 7

// 17 7 2 0 4 2 6 0 3 4 3 3 7 1 17 7

m 9 3 14 9 2 0 4 3 16 3 7 1 9 3

#2. 4 2 data O 1 #| -? & % *
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6)
2

RECOMMENDED MAXIMUM TEMPERATURES FOR USE OF 
VARIOUS METALS AND NICKEL ALLOYS WITH HCI OR 
CHLORINE

Ma terial
Indicated Maximum Temperature 

for Use in Contact With :
Hydrogen Chloride Chlorine

°C op °C °F
Nickel 540 1000 540 1000*
Ni, 13% Cr, 6.5% Fe (Incone 1) 540 1000 540 1000
Ni, 30% Mo, 5% Fe (Hastelloy B) 450 850 540 1000
Ni, 20% Mo, 20% Fe (Haste 1 loy A) 370 700 540 1000
Ni, 17% M4 15%Cr, 8%Fe(Hastelloy C) 510 950
Ni, 30% Cu (Monel) 425 800 450 850
Silver 425 800 425 800
Carbon steel 225 450 200 400
Copper belov625 450 below260 500

* In dry chlorine, a t 31 5°C (600°F) , n i eke 1 is sup.e ri or to Incone 1, 
Mone 1, or any of the Haste 11 oys

i%K, *2.4 3iS2.4 4* 

2.4 3 Z V L <

*2.4 4

A'Cti, 86s£itik#ti; ioo o°0 4 trfiJl njfgfc 4 gift#

t 1- x ^ 7" >• (3. 6 0 0 °C "C 4 ft A $ # -S

lot, ftL, 3tti!SftttALfcSai

BURKE 1:14, ftf* v 7 a, * + x ^ J; %###%(!

■WS6 4:%^0
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7 )
2. 4 3

0 * 2# mm / year
HC A 5 0 % HC/ 5 0 % HC / 5 0 % HCl 5 0 %
o2 1 0 % o2 • 1 0 % o2 1 0 % 02 1 0 %

\#aa n2 4 0 % n2 2 0 % n2 3 0 % n2 1 0 %
cz, — cz„ 2 0 % c/2 — C/ 2 2 0 %

# % H, 0 — h2 0 — H„ 0 1 0 % Hg 0 1 0 %
6 0 0°C 4 0 0°C 6 0 0°C 4 0 0 °C 2 0 0°C 6 0 0°C 4 o or 6 0 0 °C 4 0 0 °C

8U8 2 2 2 1.7 0.1 8 3 5 8 1 4.3 0.0 7 1 2.4 0.1 8 4 9.6 1.3 5
" 2 4 1 2.3 — 4 4 5 — — 4.7 5 — 6 2.1 —
// 2 7 1 0.9 0.1 1 1 8 9 0.7 7 0.0 4 3.6 5 0.0 7 2 2.6 0.0 5
// 3 2 1 2.0 0.1 I 1 1 3 1.3 8 0.0 7 5.1 1 0.0 2 1 7.5 0.0 4
// 3 3 4.3 8 0.0 7 4 1.8 0.4 7 0.0 4 2.1 9 0.0 2 1 7.5 0.0 4
// 3 5 2 3.7 0.0 7 6 1.3 1.2 4 0.0 7 5.1 1 0.0 5 2 1.2 0.0 7

Has tel 1 oy B 4.8 9 — 4.0 2 — — 1 1.0 — 6.5 7 —
" C 3.3 9 — 5.8 4 - — 0.7 3 — 4.7 5 —

Carpenter 20 7. 1 9 - 1 1.0 — — 4.0 2 — 9.8 6 —
316T(8U829) 7.7 9 — 9 5.3 — — 6.9 4 — 2 9.9 — '

NL 6.4 2 — 9.4 9 — — 6.9 4 — 1 4.6 —
TAC 522 5.4 4 — 5.8 4 — — 5.8 4 — 8.0 3 —
Mo n e 1 2 9.2 — 3 6 7 — — 2 5 5 — 2 7 1 —
ML 18 5 — 7 5.9 — — 2 0 4 — 7 7. 0 —
8 8 4 1 1 6 9 4.2 6 3 3 8 6 2 3 1 7.0 4 5 7 2.6 3 2 0 5 1 4 6
Cast iron 9 5.4 2 5 8 — — 2 3 4 — 4 4 9
A/ 4 1.6 — 1 0 7 — — 1,5 4 0 — 1,3 4 0
T i 1 0.8 — 2 4.4 — — 1 1 3 — 1,4 6 0
Ta ## ( 0.4 ) 1,0 1 0 12 5 4 3 8
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7 )
2. 4 4 ( 1/2 )

^r~7~~~-—^-+++ m: ft: $ ( m/y ) E # 2 'K?/c%r
i 2 3 4 # 8U K m m

X7 7 7 7 ^ 7 mfb*#M^ft:##W - 0.0 3 3 + 0.1 2 5 + 0.0 4 9 + 3.5 5 1,0 0 0+ 1 2 0 1,4 4 0 + 2 2 0
+ + 7 7 y ^ 7 A ^ ft: # m w - 0.0 7 3 + 0.3 8 0 + 0.0 1 8 + 1.4 9 620+ 30 500+130

// D + 0.0 5 5 + 0.0 3 3 + 0.0 1 8 + 1.1 6 1,0 7 0 + 5 0 1,0 5 0 + 1 2 5
A P 7 7 y ^ 7 # # A + + h + 0.0 2 8 + 0.0 4 4 + 0.0 2 6 + 0.2 0 9 650+240 250+ 65
7 P 7 + y X 7 K f# m 7 /L- ^ 7 - 0.0 2 2 + 0.0 0 9 + 0.0 0 2 - 0. 4 2 1 910+ 40 8 7 0 + . 2 5
M — 1 -e /L ^ /L- Na zK # 7 7 W -0.2 5 1 -0.0 2 2 + 0.0 0 4 - 3:1 4 2 8 5 + 5 277+ 24
H F R -e /i^ ^ K zK +' 7 7 W - 0. 3 3 2 - 0.3 5 7 - 0.0 9 4 - 3.8 0 480+ 30 380+ 45

HW x u + M + 0.0 2 2 + 0.0 1 3 + 0.0 3 3 + 0.1 4 9 9 9 0 1,5 7 0 + 1 0 0
+ — + xf$ 3C m #q * — — — — - -
h — + — ^< + h /)% 1 1 E m a # m #& — — — — - -

/% 1 3 — — — — — —
+ X X h Pg x v + M + 0.0 1 9 + 0.0 0 4 + 0.0 4 9 + 0.0 2 6 405+200 6 8 0 +2 1 0

P3 " + 0.0 0 8 + 0.0 0 3 + 0.0 0 3 5 7 0 + 6 5 420+ 45
— + 0.0 0 4 + 1.2 7 - 0.0 7 1 -3.2 6 125+ 20 10 6+ 25

+ y 7 + y X 7x CFG — - 3.8 2 + 0.9 8 4 + 0.1 2 1 -5.3 5 180+ 17 150+ 25
v<--7^r^7^7'/^ Mg- 16 -? y / x 7 w + 2.8 5 — — — 1 2.5 —

// C R- 1 6 X P A ^ + 2.0 9 + 1.7 0 + 0.0 8 6 — 1 4 0 2 3+' 3
X V X + — X + — + 0.0 2 9 + 0.0 7 4 + 0.0 4 3 - 0.1 2 8 310+170 7 8 0 +2 8 0
7 X7)i%7 7+ h F - 2 -t/LX — - 1.7 4 + 0.0 3 0 + 0.0 7 8 — 1 1.6 12 0+ 10 2. 6 0 ± 5 0

// F-3+^7X7/ # ^ -k 7 X + -0.2 2 2 + 0.0 8 3 + 0.0 2 0 -4.1 9 7 0 8 5+ 11
// F - 2 " ” - 2.8 9 - 0.0 6 7 + 0.0 3 3 - 8.3 5 140+ 15 14 0+ 11

it i) m: ft: # 365X24 (hr)
(hr) ( mm/ y )

2) 4 4#^
3) + - + xm3C,

4)
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2.5.3

(l)

§ tl%o

- y + -ftUi 2. 4 7iC"C^

Ni + 2HC£-> NiCA ( 2.4 7 )

JlO( 2.4 7 ( 2.4 8 ), ( 2.4 9 ). ( 2. 5 0 ) 3£ t

Ni

2 H

Ni* + 2 e

2Hth 2 e 

: +

( 2.4 8 ) 
( 2.4 9 )

Ni11- + 2 C l~ f^Ni C/2 (2.50)

( 2. 4 7 ) iWSfiSc 0 A( 2. 4 8 ) 5ti ( 2.4 9 ) 5t €> 1 #. $ )£

<£ ot:^t%755. 2.4 i7)s-e#

% o

# 2.4 5 S^Ub¥*?l|

Eh (volt )

Au2 + + 2e«=t An + 1.7
%02 + 2H%2e s=* Hs 0 + 1.2 3
P t2 + +2 e Pt + 1.2
Hg2 + +2e =S*Hg + 0.8 5
Ag + + e Ag + 0,8 0
Cu2 + + 2e s=Z Cu + 0.3 4
2H+ +2e 0.0 0

Pb2 + +2e Pb -0.1 3
Ni2 ++2e ^ Ni — 0.2 5
Cd2++2e ^rCd -0.4 0
Fe2 + +2 e ^=5rFe -0.4 4
C r3 + +3 e C r -0.7 0
Zn2 + +2 e i£=2r Z n -0.7 6
T i2 + +2 e -=»Ti - 1.6 3
A13 + +3 e —fe-^* A1 -1.6 6
Mg2 + +2 e =*Mg — 2.3 8
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■ASSESS t-mSE 2. 4 50^^/Mr'-*, zkSM * y

II, SEK3tEStLArrhe ni uSCD5$;teti£5 **,

@E©E.m# ( MAtfNiCA ) ©»»E ktelME, ©7K»@WE, ©A 

#teK<OEM5Etitg, ©X E y#E##T, % E# < ^SHKS;rdSttt 

##K##%##%rT6o IgA## data sheetiS*©!*

€>)$*** 2 E;* Si k k 4S© L <

- 7 E/l-K#© 6#©BjcO#mQ 1 W£B 2. 8 4 CO k *? 0 t;'2fe?> 0

a

r*

&
XI
ti

2o3
03

Temperature in Degrees Centigrade 
68 86 104 122140 158176 194 212

Temperature in Degrees Fahrenheit 
Effect of temperature on corrosion of nickel and 
Monel in 5 % hydrochlori c acid.

El 2.8 4 7

^ 7 ^/I'tOSA^E^SIWEcOWm 2.8 5 CO k *5 0 ©% 0 , NiCA 

k)S#WE«. HCliSEk m 2. 8 6 fcfti'tHC/ itE if ink

5tt; KS Assail in 4k-f, tr L L cott NiCA cossEteT
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d SOLUBILITY OF CUPRIC 
CHLORIDE, CUPROUS 

CHLORIDE. AND NICKEL 
CHLORIDE IN 

HYDROCHLORIC ACID

Concentration of HC4 Per Cent by Weight 
Solubility of cupric chloride, cuprous chloride, 
and nickel chloride in hydrochloric acid solutions

8 )
.8 5

1000 0.16 0.CORROSION RATES
\ OF HASTELLOY 
\ALLOYS A AND B" 0.14 4 
\ IN AERATED 
\HYDROCHLORI C - 0.1 28

9 00 -

0.1 1 2

- 0.0 9 6

- 0.0 8 0

0.0 6 4

- 0.0 3 2

0.01 6

>>ft

>-<

&
X3
e

ti

Concentration of HCt, Per Cent by Weight 
Corrosion of Haste Hoy A and B in aerated hy~ 
drochlori c acid solutions at 70°C. ( 1 5 8 ° F)

8 )
81 2.8 6 Q#

rv%0

ttc,

mX'ktts; <

fctoic it 1 LX

& 2)0 ^ p a , y.

2 y?

b'b-h'y 5 %#

C t &&\'0 ffl 

x_«*, i&Mtei. 

y X

vex oml < wpx%

iXte, AA-fk K J; 0

£ t %0

1 8 — 8 y T y u yM

— X t' a ^

y^ ^ 3 0 %K±#

247-



S*vt V%G AA^A$/(#p X h &m.K

ttAg J: V % Ag#%%R@a ( 7-y y7*0%#,

##EA)##<,#%%#*%RA&.

(2) iSEzKSiSic J: %#SOEAOdata

SK/KSSttSAfEJi^vt. kA-a<to6iiA*$ o,

#S k L Alt, x-'i'i h, =>'a, #t,FSP#Si(ni,-ci,'50 

I2.46-S2.4 8, la 2. 8 7 ligi^ ipift L fci® tttS S A data h L 

xtabtcx^'Z

l^, *s©x*7 P-b ( fji

7>s jb 5> o ( B 2. 8 3 3 p !) A, $S, Durichlortp?7/t

i |sl#lc E-ftiKIKJ: 0 EASE** it A (02.8 8 #(S ) z%, ^ ^ y($£ ti 

a A@Kmfb#x*K Z 'iitMiif L <«A'A%0 7 y^/Hi Ag# 

*4©A A'*4 SfifiEEAtt^A <"ti A is 0 , t*MI

# «- ^5 ft JB A # 2i x ffl 0T K <£ J1 § ti, IS ffi A (i h 2> i> 5 ri ft fiic I* *5# 6 ft

AV%0

col 5lt, ##%;#& $ ####(&##(&, Ag##AMft% (*# A&, 

0, ®Sg#SISIf©EfceESE, K**S, Agi<p a, Frp, 75 7 

^ y ^ S, A 7 7 7 < 7'%AoMKi5#K#mA6A^ => 7. t DtjfclS 

%imaAK% %c
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( 1/2)
9 )

2.4 6

C 2. 4 7 %#89 )

# By

Class A Materials

Weight
At Room Temperature 

Only (up to 30°C, 85°F)
Up to Intermediate 

Temperature Indicated
Up to Boiling Point at 
Indicated Concentration

Up to !3A 13q and 24a uP "to 50°C 
(120°F); 24% up to 65°C
(150°?); 2$A, B, 0, D,

% up to 80°C (180°F)

13%; 19; 20&, %, 22^^

B, C; 23A, %, c, D; 24B,
0, D

1 to 5# l^A, C 24A up to 50°C (120°F); 
24% up to 65 °C (150°F); 

25A, B, C. D, E UP "to 
80°C (175^F)

13%; 19; 20A, %, C; 22A,
B, C; 23A, B, C, D; 24%,

C, D

5 to 10# 13A, C 13% up to 70°C (160°?); 

24A up to 50°C (120°?); 
24% ? Q 5 up to 100°C 
(120°?); 24% up to 65°C 

(150°?); 25A, B, 0, D,
% up to 80°C (175°?)

2°A, B, C; 22A, B, C;
^3A, B, C, D.

10 to 20# 13A, C 13% up to 70°C (160°?); 
24A up to 50°C (120°?); 

24% q % up to 100°C 
(2l6°?); 24s up to 65°C 

(1500?); 25A, B, C, D,
E up to 80°C (1750?)

20A, B, C; 22A, B, C;
23A, B, 0, D

Over 20# 13A, C 13% up to 70°C (160°?); 
24A up to 50°C (120°?); 

24B, C, D up to 100°C 
(120°?); 24% up to 65°C 
(150°F); 25A, B, 0, D,
E up to 80°C (175°F)

20A, B, C; 22A, %^ %.
23A, B, C, D

& class A : (W it ti it £P "C critical parts.K%#^of#, A## # 

MA^J^O.0 0 5 inch/yeari^To 

class B : S it ^ it- W S tl%> non - critical parts Q

0.005^0.05 inch/ yearo
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9)
2.4 6 ( 2/2 )

C 2. 4 7 *#JSO

# By
Weight

Class B Materials

At Room Temperature
Only (up to 30°C, 85°F)

Up to Intermediate 
Temperature Indicated

Up to Boiling Point at 
Indicated Concentration

Up to 1A, B, c*j 2*> 8B; 17a, 
B, C, D; ISA, B

4A, B, 0 up to 50°C 
(120°F); 9a, B, C up to 
80°C (175°F); 13c, 14A 
up to 70°C (160°F); 15 
up to 60°C (140°F); 16A 
B, C up to 50°C (120°F); 
24A above 50°C (120°F) 
up to 75°C (165°F)

3A, B; 10; 11; 12; 13A; 
18C

1 to 5# 8B> 15; 16a, B, C; 17a,
B, C, D; 38A, B

3A up to 70°C (160°F);
4A B C up to 40°C 
(l65°£); 9a, b, C up to 
45°C (115°F); 10 and 11 
up to 55°C (130°F); 12 
up to 75°C (165°F); 13A
C up to 70°C (160°F); '
14A up to 45°C (115°F); 
24A above 50°C (120°F) 
un to 75°C (165°F)

3B; 18c

5 to 10# 9a, B, C; 10; 11; 12;14a; k; 16A> b, C; 17A, 
B, C, D; 1&A, B

3B; i3B; 18C

10 to 20# 10; 11; 12; 15; 16^ g
c; 17a, b, c, d

3a up to 50°C (120°F); 
13A up to 70°C (160°F); 
13c up to 50°C (120°F); 
18a, B up to 80°C 
(175°F); 18c up to 100°C 
(210°F); 19 up to 70°C 
(160°F); 24a above 50°C 
(120°F) up to 75°C 
(165°F)

3s; 1%

Over 20# 10; 13c; 19 13a up to 70°C (160°F); 
18a, B up to 30# up to
80°C (175°F); 24. above 
50°C (120°F) up to 75*0
(165°F)

3B; 13b
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9 )
2. 4 7 ### ( 1/3 )

C * 2. 4 6 % O )

Type Nominal Composition

1. Aluminum and Aluminum- 
Base Alloys

(A) Commercially pure aluminum. Not more 
than 1% total impurities, mainly iron 
and silicon.

(B) High-purity aluminum, containing up to 
99.85% Al.

(C) Al-Mn alloy, containing 1.2% Mn.
(D) Duralumin-type alloy; containing 4.0%

Cu, 0.5% Mn, and 0.5% Mg.
(E) Al-Mg silicide alloy; containing 0.7%

Si, 1.3% Mg, and 0.25% Cr.
(F) Al-Si alloys, containing 5 to 12% Si.
(Or) Al-Mg alloys, containing 3.8 to 10%

Mg.

2. Iron and Steel Includes commercially pure iron, wrought 
iron, low-alloy irons, mild steel, low- 
alloy steels, gray cast iron (with and 
without small alloy additions), and 
malleable cast iron.

3. High-Silicon Cast Irons (A) Not less than 14.25% Si.
(B) Not less than 14.25% Si; approximately

3% Mo.

4. High-Nickel Cast Irons (A) 13.5 to 17.5% Ni; 5.5 to 7.5% Cu; 1.5 
to 2.5% Cr.

(B) 18.0 to 22.0% Ni; nil to 4.0% Cu; 1.5 
to 3.0% Cr.

(C) 28.0 to 32.0% Ni; 2.5 to 4.5% Cr.

5. 4 to 10% Chromium Steels 4 to 10% Cr; 0.5 to 1.5% Mo or W; 0.15% C 
(max.).

6. Stainless Steels (Marten
sitic )

(A) 11.5 to 14.0% Cr; 0.15% C (max.).
(B) 11.5 to 14.0% Cr; 0.35% C (max.).
(C) 16.0 to 18.0% Cr; 0.65 to 0.75% C.

7. Stainless Steels (Ferritic) (A) 15.0 to 18.0% Cr; 0.15% C (max.).
(B) 3.0 to 28.0% Cr; 0.25% C (max.).

8. Stainless Steels 
(Austenitic)

(A) 18.0 to 20.0% Cr; 8.0 to 10.0% Ni;
0.08% C (max.).

(B) 17.5 to 20.0% Cr; 10.0 to 14.0% Ni;
2.0 to 4.0% Mo; 0.10% C (max.).

(C) 22.0 to 24.0% Cr; 12.0 to 15.0% Ni;
0.20% C (max.).

(D) 24.0 to 26.0% Cr; 19.0 to 22.0% Ni;
0.25% C (max.).
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Type Nominal Composition
9. Special Fe-Cr-Ni Alloys 

(Austenitic)
(A) 19 to 20# Cr; 22 to 24# Ni; 2 to 3#

Mo; 1.0 to 1.75# Cu; 1.0 to 3.25# Si;
0.07# C.

(B) 20# Cr; 29# Ni; 2# Mo; 4# Cu; 1# Si; 
0.07# C.

(C) 25# Cr; 35# Ni; 5# Mo; 0.20 - 0.50# C.

10. Nickel Commercially pure nickel.

11. Ni-Cr-Fe Alloy 79.5# Ni; 13.0# Cr; 6.5# Fe; 0.2# Cu.

12. Ni-Cu Alloys (more than 50#
Ni)

63.0 to 67.0# Ni; 29.0 to 30.0# Cu; 0.9 
to 2.0# Fe; 0.10 to 4.0# Si; nil to
2.75# Al.

13. Ni-Mo-Fe (Or) Alloys (A) 55.0 to 60.0# Ni; 15.0 to 20.0# Mo;
15.0 to 20.0# Fe.

(B) 60.0 to 65.0# Ni; 25.0 to 35.0# Mo;
5.0# Fe.

(C) 55.0 to 60.0# Ni; 15.0 to 20.0# Mo;
6.0# Fe; 12.0 to 16.0# Cr; 5.0# W.

14. Ni-Cr-Cu-Mo Alloy (A) 56.0 to 57.0# Ni; 23.0 to 24.0# Cr;
8# Cu; 4# Mo; 2# W; 1.0# Si or Mn.

15. Ni-Si Alloy 85# Ni; 10# Si; 3# Cu; 2# Al.

16. Cu-Ni Alloys (more than
50# Cu)

(A) 80# Cu; 20# Ni.
(B) 75# Cu; 20# Ni; 5# Zn.
(C) 70# Cu; 30# Ni.

17. Copper and Copper-Base
Alloys

(A) Commercially pure copper. Not more 
than 0.1# total impurities.

(B) Cu-Al alloys; containing 8.5 to 11.0#
Al and nil to 4# Fe.

(C) Cu-Si alloys; containing 1 to 4# Si; 
nil to 1# Mn; nil to 1.75# Sn; and nil 
to 1# Zn.

(D) Cu-Sn alloys; containing 4 to 12# Sn 
with not more than 0.25# of either Pb 
or Zn.

(E) Cu-Sn-Zn alloys; containing Sn up to
20#; Zn less than 17#; and Zn less than 
Sn. With or without Pb.

(F) Cu-Sn-Zn and Cu-Zn alloys; containing
Zn less than 17# with Sn less than Zn. 
With or without Pb.

(G) Cu-Zn alloys; containing more than 17# 
of Zn.

18. Lead (A) 99.9# Pb; 0.08# Cu (max.); 0.005# Bi
(max.).

(B) 99.85# Pb; 0.08# Cu (max.); 0.005# Bi 
(max.); 0.05# Te.

(C) 4 to 10# Sb; remainder Pb; additions as 
in (A) or (B) above.



2. 4 7 ia### (3/3)

Type Nominal Composition
19. Silver ’’Fine” silver; 99+ %
20. Noble Metals and Tantalum (A) Tantalum.

(B) Platinum and platinum alloys.
(C) Gold.

21. Magnesium and Magnesium- 
Base Alloys

22. Ceramic Materials (A) Glass.
(B) Porcelain.
(C) Chemical stoneware.

23. Carbon and Graphite (A) Carbon.
(B) Graphite.
(C) Impervious carbon.
(D) Impervious graphite.

24. Plastics (A) Vinylidene chloride-type resin.
(B) Phenolic resin, asbestos-filled.
(C) Phenolic resin, graphite-filled.
(D) Furane resin, asbestos or graphite- 

filled.
(E) Polyvinyl chloride-type resin.

25. Rubbers and Synthetic Elas
tomers

(A) Natural rubber: (l) soft; (2) hard.
(B) GRA (butadiene-acrylonitrile):

(1) soft; (2) hard.
(C) GRS (butadiene-styrene): (l) soft;

(2) hard.
(D) GRI (butadiene-isobutylene).
(E) GRM (chloroprene).
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2. 4 8 iftf-#
10 )

( 1/2 )

E

(D
Chlorimet 2 
Hastel loy B, C, F 
Has telloy D ( 1 4 0 
Dur ichl or

Fit:)

4^/^ ( )
- y )

A, Low Zn
Ni - Resist ( 1 20°Fit: )

2 0 alloy (10%i t:, max. 175° F)
4-° y =*-=$- w
/ 7 7 7 4" h 

PVC( 1 20°Fit:)
Haveg 41
=f A
#7 y (i25Tit:)

S'ft: 7t-: v — t" yv 
^ 4=- v

^ i; 7. T /ix

Hastelloy B 
Hastel loy C ( >5 % )

( max. 120 T)
Durichior

s%it:)
)

7' 7 7 7 < t 

Haveg 41

PVC ( 120°Fit:)
rf A

4; V 7. T />

Au ,Pt,Tk........HCI%^

i>> 3 ^ A...... 0~3 0 %
H C I K%fL 3 7 5 "Fi t:
S.SF o
Mo, W........ 3 7 5 TJ^ft:

V 7-/lx

^V^T/L-(210 Tit: )

Chlorimet 2 
Hastelloy B 
Durichlor 
#& ( 8b )
# ( 5 %i t:)
7' 7 7 7 4" h 

Haveg 41(210°F'it:)
V ^ — T/ix^

4~° ) 7. 7" /lx

#7 7

Has telloy B 
Durichlor
#&(Sb)(212°Fit2)
0&(Gr)(l75°Fitr)
/ 7 7 7 < h 

Haveg 41 ( 210 Ti t: )
#7 7

4^ V Ec - % /ix

Hastelloy B
Duricholor
#&(Gr)(175°Fit:)
7 7 7 7 xf h

Haveg 41(210 Tit:)
#7 7

Hastelloy B 
Chlorimet 2 
Durichlor 
m (Or)
7 7 7 7 4" t
PVC (120 Tit:) 
Haveg 41
3" A
#7 7

# 7 x (125 Tit:)
tfiMt 4-° ) EE. >— 7- ;v
4; 1; jn 7. 7- /l'

®
Hastel loy B, C, F. 
Durichlor

)

Fit:)
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2.4 8 10) ( 2/2 )

|<O^X'3 7 0

±^Haveg 4 11t^
21 o °r -^7X7^ %o 12 o°F

f-7^, ^^7< = x^#gti50°F^T'"C

#2#% ah/v < %:%o
f 2 3 o "F -e 3 7

zk#4f\.'#§( Hydrogen emblittemmt 3 0%W:O#gol

Haste Hoy
—AS:K:lmpy^T'C^)%o

jwiWiLt'^oDurichior 5 %^, m^#2K <

Durichlor^
Hastel loy B ^iR4~"SiE$t'£fflVib fri%>M'p{'X:3b £0
Durichlor^2 0 0°F %«
Hastelloy El20#j%^#|g

2 3 0°F "CM:&#S 0. SmpyKZig^^t'o

%^^27s
mpy fab 2 mpy K &Q 3 tc^f-2 s f^fO^' 7 & t? ^

^ An ^ h g# < %: %o

Duriron, Hastelloy F, — y ^ // 40 0, Has tel loy
D, Duriron^ 10%JWT^#K
1 5 0°F Hastelloy Fl^^#
#5a'-C^$8mpy^T'r^D, Hastelloy D# 15%
KF"CAMK*;\,'"C i o mpy WT"C^%o #8= ? f ;W3j^

Hastelloy Dhm#L^i#^m%r#To ##5#%*:
h %(
#-A,yt:^^K:NLTlj:2 8mpyT^%o

^m-c#m2o%a'c%'7 5mpymT%:<o'?,
m# ( Cn - Zn t^^4 0 0tS, 8 6 °F "^r#^ 1 0 %jWTF
<Dh#10mpyOl%^^fo 4%^TO#g^,

Ni-0-nel 825,

T B n ^ 0

1#;% K# L T: t f
^h^.^l.OOO^F'-C, 37mpy^%^#%r^fK:m^f. 0.25%(Dzl(^
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0 10 20 30 40

Hcz m m %

gi 2.8 7
11)

^p Vy y b 2.^7 7x, Ag, Pt, Ta.^T-P-TB. 
%,.V^p-^(FeCls T^L),

y^yypyX(^M^L), Cu(^m:
L), Ni(^^cL), Zr,W,
Ti (AK 10 %HCI )

# 2
^p V / y b 2.X7%, Ag, Pt, Ta,^%%p<B, 
f\, V^P-^(FeCl3^L),^-<-X, -9-7X, 
p'A. yV^yXpyX(^^^L), Zr, Mo,

# m 3
y p V y y b 2,#77^. A g, P t. T a. p B,
(%#7tc L ), p—/>(FeC lg 7^ L), ^

-t^y. Mo. zr,
# # 4

y P V y y h 2,#7X Ag, P t, Ta, P B,
(##7^ L ), vy p—/i- (FeC 1,7^: L ), 
-f$/>(^%;L,0.5%HCI±'"C), Zr,

w
# # 5

yp uy y b 2^77.. Ag, Pt, Ta, ^^7.T< pB. 
(#L#7^L ), Zr,

( 0.0 2 0 i n c h./ year j^lT )

^ 2.8 8
(y)

1 2 )
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/v/, fiS^iiS < ( ME® ) / % t 6nzk frBRlt-te X 0

it,St;iJ£ C tittt//"t <£ 5 iC7i %„ Se, 11 In, 7/i^ t ^ ft

MKmtoMMtteZo SAfctolitStSfl: 2.4 9 © *lt^JfSK /*& -= "C, //

#6 L / vaf ttx 7 y y%«

2.5.4 z% m*

2.4 9 egifi/j^SSSSEKW^® AS/61
1 3 )

Stv. inch/year

# # TEST A
TEST B

^ % a #

^ # 0.0 0 8 0. 2 2 0.2 2

0. 0 0 7 0. 1 3 0,1 6

Sn IS Affl/ lits* Si/8/
- y h 0. 0 0 0 5 0. 0 0 2 0.0 0 1
^TXI/% 30 4 0.0 0 0 2 0. 0 0 0 8 0. 0 0 0 4

y T X 1/ y 316 0.0 0 0 2 0. 0 0 0 4 0.0 0 0 4
^Er ^ 0.0 0 0 3 0. 0 0 0 9 0. 0 0 0 3

0. 0 0 0 2 0. 0 0 0 3 0. 0 0 0 3
-f y zr ^ 0. 0 0 0 2 0. 0 0 0 6 0. 0 0 0 4

TESTA - CCA 99.6# Ml 7 0 °F, 1113 3 day 

TEST B -SaC/ 983# CCA 0.1 3%, FeC A 0.0 1 % 

SE 2 8 0 °F, Jfi H 1 3 3 day

2. 5. 5. iftEEK 1 % #A

nx*3<), .m&itkffiMKtt L-zitmm, < n v6tixv%0 l/

L, A/* < , «AEJEifiE%fiSoiH»i L-C±i/-r^/ciA®

L < EEStl^o El 2. 8 9 ttftS697i:MSSSH A It
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M < %UbtlX\'Z> 4C)-C%60 H 2. 5 0 O da ta frb % ’mbtlbUu < ^

A-iiie^Sv t3$ < ®*SiL%o

1 5 )
E 2.5 0

fi $ °F
M ^ ^ ^

mils/ year

6 6 —• 7 9 0.0 0

2 9 7 0.0 0 3 4 6

3 4 7 0.1 2 3

3 9 2 1.5 3

4 8 2 2 8.8

5 7 2 3 4 4.0

a. SEzSStt Concentrated H3 80, i

t A# (ft5o
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CORROSION RESISTANCE OF MATERIALS TO SULFURIC ACID

CORROSION RATE LESS THAN 0.020 INCHES PER YEAR

14)
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CODE FOR SULFURIC ACID CHART

Materials in shaded zones having reported corrosion rate
less than 0.020" per year

Zone 1 Zone 3 Zone 6

10% Aluminum Bronze 
(Air Free)

Illium G 
Glass
Hastelloy B and D 
Durimet 20 
Worthite 
Lead
Copper (Air Free) 
Monel (Air Free)
Haveg 41
Rubber (up to 170°F 
Butyl (up to 170°F) 
Impervious Graphite 
Tantalum
Gold
Platinum 
Silver 
Zirconium 
Nionel 
Molybdenum 
Type 316 Stainless 

(up to 10% Aerated)

Zone 2

G1 as s
Silicon Iron 
Hastelloy B and D 
Durimet 20 (up to 150°F) 
Worthite (up to 150°F)
Lead
Copper (Air Free)
Monel (Air Free)
Haveg 41
Rubber (up to 170°F)
Butyl (up to 170°F)
10% Aluminum Bronze 

(Air Free)
Ni Resist (up to 20% at 75°F) 
Impervious Graphite 
Tantalum
Gold
Platinum
Silver
Zirconium
Nionel
Molybdenum
Type 316 Stainless (up to 25% 

at 75°F) Aerated

Glass
Silicon Iron 
Hgstelloy B and D 
Durmet 20 (up to 150°F) 
Worthite (up to 150°F) 
Lead
Monel (Air Free) 
Impervious Graphite 
Tantalum
Gold
Platinum
Zirconium
Molybdenum

Zone 4
Steel
Glass
Silicon Iron 
Hastelloy B and D 
Lead (up to 96% H2SO4) 
Durimet 20 
Worthite 
Ni Resist 
Type 316 Stainless 

(above 80%)

Impervious Graphite 
(up to 96% H2SO4) 

Tantalum
Gold
Platinum
Zirconium

(up to 80% in 
aerated acid)

Glass
Silicon Iron 
Hastelloy B and D
(0.020" to 0.050")
Tantalum
Gold
Platinum

Zone 7

Glass
Silicon Iron 
Tantalum
Gold
Platinum

Zone 8

Glass
Steel
18 Cr-8 Ni
Durimet 20 
Worthite 
Hastelloy C
Gold
Platinum

Zone 9

Glass
18 Cr-8 Ni
Durimet 20 
Worthite
Gold
Platinum

Zone 5 Zone 10

Glass
Silicon Iron 
Hastelloy B and D 
Durimet 20 (up to 150°F) 
Worthite (up to 150°F)
Lead (up to 175°F 

and 96% H2SO4)
Impervious Graphite

(up to 175°F and 96% H2SO4) 
Tantalum 
Gold
Platinum

Glass
Gold
Platinum

— 2 6 0 —



2.5.6

\>1 7 Jo X ^'IB® "C'#7i\,'y Fe-C/

7 7bO±g#^Oft##S&fj%:l% t ©*##%;% 2. 5 1 ~8; 2. 5 8 K^-to 

IFittROA, B , C © 3 Mmx-ftti: O to

A : <#mx#s, g#o#:tEg

B : -{EiSfllHJ'tgtEx.StlS*, ® ffi E* & S * A 4- E tl 1* * &.WX-& 

S o

C : ISS Tfix $ flX V' S Mfl-lcti, hT IE 4> © * & < , 7* p -b x |$ |f

©gjEts: t$*6tj»^lt^^S-C-2fc 

4*, ±EW«lc EOMS.S'I*^^(0 J; 5 KSLfc0

B - 1 : E6I6§Z£ t'©E##*&: 1 0 0 %t E$pTS0 5-6IS6*fc =t O X 

«fUtftE*strife So 

B - 2 : S$t*"x FBE##© 5fl5§# *„

B - 3 : *"x*S , h , f&fiftJt*, E A # 3 fc X4S 0 tt IS fc /£ S t E til 

5FIB, K#«S;Xt:m@/3: <EtilX# S0

B - 4 : 7k** E# L /£ V 4 © t EE , 7kO*iC =£ -o *OtS^lt%f g-fS o

b - 5 : 7 y **om^*tcEkut:Ra@% < ejux-e sc

B - 6 : 70 ; *SEr§ttf±tfc 4 SS«%rE«-tS-Ag*^S0 

B - 7 : SR © e y * - 7b* & l' 4 © k -f S o 

B - 8 : tOftfe

C - i : EA, SSOlSIf^E^gEL /3:tkii«'ii#*t$:v„

C - 2 : © •> * y*EE- b % E —@P©##Ka#*%*o 

C — 3 : m*#, Etiltitt, *S{l:7lEOE¥6tSHK8: t vsg@*,feSo

C - 4 : toft
/£ js, #5f 4 X'K XH ©fiX ©VXPSBJOc Elti *E p X<X S0

Ef B - 3 i*o i kit l*m, fffiiistess 3 0 0 tones - h2 os-e

* X * E ft 5 ##*& So 3 0 0 t © % # HCS - XxKEL X«. SUS3 0 4 

*#Ek#til X# S© X, t ©IBEX-tt, ioii&tftittKMLSUS 

3 0 4 isnto l*l, Ms*om*ix«#@a*mAmToagK%
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% x-ry yxS|tt®Bt B t-RAilftS

ti%o Z.<D$tm<r)?3!tm®.%£<Dmi&t»lK<D%:ftX'8iiZ>$><D'T:&<) . g,Bf

&-m m m ire $ tix \y f£ <o t;*4-m ai # ^ t *t it -r % && % 0

Ate, C - 2 II7> 1 Eli L Tit 3 0 0 °C © Si ig #£>%<, 3 0 0 "CO

9 5■% H2 SO4 tt, eri» 7 yte /v, a, 6A, ii 7 x , i!ijiy y*, $0

m####(tm#gt', 7 y ^ /HtifAtt 

K7$**;fc 0 , A, f" 7 x, #Ey y*", IlttSIt*

%o t 'tit#(*#*#'# y y#mm 

0 Lfc^, y y*"-0)RS7)5S%

< FSS h y -i co^S^/i, § 16 #*4 (t$i B# £ tit $ 3 ft i 3 6 6 v0 

it, IBS, Ay A, -y'yi, 7", p 7 -Q##}tm##fta#*#*, m 

■tmiWt^xLibiiftV*', 7 ii6<0MStt#»KS!liil, < iSKEOEttl«

6sc**sye%ifi$n5o 6mmo#m(t%#%

K:tt^nrigi:-$)?)0

4 ft, LtliB - 2 IIO if* #*4 h B - 7 m<D

**'&&c

$16, fffiOrtESi Lt^fv y, ESXBft ftexMftte fili'btir 

i'2>tntHK40, i y => P i ft Z>&, tii6c>##4(t»

if 1, 0 0 0 °CJa±t'(tBa@^i> 0 , $16 *# JHty %iSil*-x ip Jf itift-A

AS€>Pe5IE?E^$$l7Lfcie,i±i.'t:'#*4%fft£-f % C t KLfcV0 1%, C. co* 

#SttRj$#g^#%##f 6 7 A- i ^6^ jnB-f%cOt:%

2>t5s, 7/H 7ftcDS®#ftt51177 A- i yfik * 1C $tf tit * % 61© 

CA , HC7 Kt%RA%l^@Kft%o

Zkfc, iWESfi ( ^iJAtt 2 0 0 °C, 2 0 fy/cnl) 5

mx#@@ftitEA©Aft'7 --<i $ 7):@if T-#f y h y => - 7 „ y AMft-te 

i£if BJIg/ti ®^7tv0 LftL, y*-/^ 1 h 47 7

y $ <9*fe#?Utg^/t i!QMft%#Sftm6M#ft'#6Ay 6#©

= it, ffiifPfiSfiEtoEvy h y©863SitlltK»Kftb 50
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264

2. 5 1 EtK ( 2. 1 ) lg£0± ia## V A h ( 2/4 )

K ISR-101D HO :HCZ:H =50:5:1 (vol) 
fSSSK 2 m/sec 
FeCZ; : 8 5 ton /Hr

B - 515-14
B - 6

FeCZ* ? Fe.O, 45 a AZ,0, 500a

SUS347 B - 3
3,6 00 ton/Hr, @ ft it 5 6K$/K? 
HOES 10m/sec (ffiWft) 
HOES 20m/sec dry 
Z aES lOm/sec dry 
HO :HCZ:H =50:5:1 (vol)

^ A^
-Ot,

mass B - 6

=■ y 7 y - h

y =» p i
HK40

A-10 1 D N, 04. 3m/sec
fiS He 2 0 m/ sec

N, 3m/sec
AAjOs E### 500a

HES 10m/sec BStifc 3 5K?A? 
AZ2Os ®S1 3,600 ton /Hr
H ES 20m/sec

B - 6
He^=—7

B10lDKlS#&R-#aB - 1
B - 6

B - 6

R— 1 0 l A HO:HOZ:H =2:6:1
2m/sec

FeCZ2 : 7 64 ton/Hr

12-1 SUS304
B - 6

Z a E S' 2 0 m/sec dry 
HO:HCZ:H =3:12:2 
Z A ES lOm/sec dry 
H0:HCZ:H =2:6:1
FeOZj : 7 64 ton/Hr

C- 1 0 l m *H z< 7p y B - 1

2. 4 8 OAP-y-h ##
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2.5 1 BUS ( 2. 1 ) HO±: V 7 1 ( 3/4 )

S' (
JS S',

(°c)
E

( Ky/oi!) # # ffp

E- 1 0 1 

B- 1 0 1 

E-10 2A-C

0-1 0 2D

HCf
h2
H,0

nee
h2
h2o
Fe304

0-1 0 2 A

HC^

HCf
h2%0
Fe304
FkCA

R;C&
Fe30*

F- 1 0 1

N, ^ — 7 

N, 7 P 9 - 

N, t -f

^ p y

^ p y

/ 7 ^

# %

(Bo » (S/)
tti □ " (0#;)

AnK#
two * (#7.)

Na
He

H,0:H0^:H, =50:5:1 
Fe,0,-k/<y—: 5 1 8 ten/Hr 
dry

10m/sec
n 2 0 m/sec

Fe304 : 5 1 8 ton /Hr TrJJitft L

H,0:HC2:H, =2:6:1
FeO/2 , Fe304 -b.y‘U —7 

FeC/,: 7641on/Hr, FeO-&, : 52ton/Hr 
dry'e^#(OS6Uo H.0 Fyy%%^ 

HOA&O:FeO^,
1 0 m/sec 
20 m/sec
FeO/, : 764ton/Hr, Fe304 :52ton/Hr

^ p y# ( AO )
( AO )

y—wet"0
FeC4tsa#e&<;

E^O:HO/:H, =2 : 6 : i
dry FeCZ, , Fe304
wet -OHtHO^(aq) FeO/, 4H.0

100

100-600
800-700

650

650
650
650

300

350
300

300

11-15

15
40

14—14.5

14
145

11—10.5

105
12

10.5

TT-yyr.,
<yppy,HK40

? 7, f 7/1^

5U 8 3 0 4

8U8 3 0 4

B - 1

B - 1 
B - 6

B - 3 WET Z ^
% o

B - 3

refill 2.4 8 o 7 p — -y
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2. 5 1 KIS ( 2. 1 ) y X b ( 4/4 )

# g # #
& s #% ^ #) 

ma, a*
m m E 11

Ift 9a W -¥4 #? m <1 ## 35 (°C) (Ky/cd)

BS- 1 0 1 y ^ » V 7 f 7 /< X P — h
m ee ® HO/ : 4 89 ten /Hr wet 300—100 105- X, 3 Ayxf | B - 8|

HgO : 81 ton /Hr ## y y
Hs : 4.5 ton /Hr

T -10 1 HL 8CROBBE8 m as H, : 4.5 ten /Hr 20°C **
HO/(dil)^%_^ HO/(cwe)^^ 8*R 3&yxf^y/t L <ttFRP 1 A 1

=f- -y 7 , FRP

P - 1 0 2 HO/ ^ y / HC/(aq)^^ 3300M'/Hr 100 10-10.5 ## 3 A 7 x( jz y / |C - 3 |
(P=l.l 4) 7 y y K 3^ y / |B-f,8|

E — 1 0 4 HO/ f - y - V ^ /lx H.0 20 —10 1 A |
— 7' HO/(aq)^^ 2m/sec 100-20 10.5 M**/ hy3-xr^y/ | B — 7 | V

E -10 5 HO/ ^ - y - y »/> H.0 — 10 ra ± | B ~ 7 |
HO/(aq)^^^° 2m/sec 150-20 1 0.5

###### El 2.4 807P-v/—
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2. 5 2 (2.3) V X h ( 1/2 )

#F @

|B-5|

! B — 6 |
I C — 4 j

| B — 5 I

|B-6|

1 C - 4 |
! B 6 |

| B — 5]

|B-6|

CO
 
j

1

1 B - 5|

B - 1
B - 2
B - 6

SB A-
aa, #( _ „ . m) ro

E %
( K?/cd )

# jS # #

E - 2 0 l

E - 2 0 2

-y-x^yy, y/yk-f

-t+x^yy , y/yk-f

E - 2 0 3

R- 2 0 1

-o-x^yy, y/yk —^

M is

A - 2 0 1

■*M 9 py-rtSB

2 & / y

-+4 9 p yf*3SB

2 S / y/<

-T4 9 p yrtSB
2 #y y^<

F*3 SB

AZ,0,4/»yf
X p — h 

CZ, Aog#
mag#

%Afk/ X/i/

m m

Hefa-7'

SEto-ft/ XyL- 
APEf 
tin » .

N,&U(AZ,0, (aA*"xagElOm/sec)
#Ti

AZ,0. (N.
dry

i8t, dry )

CZ, : O, : FeOZ, =50:2:3 
dryCZx.mL, 320T6lT-eHFeOZ, 
^@#>^V#tof%o FeCA%®^A, 
FeOZ, - 6%0 -ett V
FeOZs (solid),#®. 3" A, 77 p yli

yv^y, j&kii
t &> £$> 4o„
Ax#m 10m/sec, AZ,d$###
AZ,C, (OZ, , FeCZ, SfflSS, )

CZ, OAdry 
AZ,0,, CZ,

# x 1 0 m/sec

2 m/sec
CZ, :0, : FeCZ, =50:2 : 3 
CZ,K:Z%, FeCAiOf(m@[^
CZ, (K#f*3 10m/sec)

CZ, 2 0 m/sec
#x#gE I0m/sec
CZ, : O, : FeCZ, =50:2:3
cz, mm

N,&#AZ,Q, (
AZ,0, 5 00m

e#3B8E 2 m/sec
Hemm 20m/sec (AZ, 0,5ft tttb to )
l^M 2m/sec (AZ, 0,5ft SHb to )
N,#B8A
N, 2 0 m/ sec
N, 10 m/ sec

1000
300

300-900

900-300

2000m$Aq
SOOmnAq
^P^50

7000®®Aq 
—500s*Aq

y y

)y y-#N%9I
500°C4-Qi;SUS304

88+
1t A y y A x 4 = y y

; x^
/y 350°Ct^8U8304

300-800

25 -300

900

25

700-800
900

900-
1050

1050
900—1050

100
100
900

50GM$Aq 
—2000ss&i

S-W & 0

—2000»8sAq

2000naAq

2000smAj
laOOHUAq

2000MSA}

4 0Ky/7fQ
2000b^A}
2000n^q
2000mAq
lSOOsnAq

SUS304

88+
it A y y if 7-f-y/

^Tx4 F**

4 y p / y+

®*f£ ffitA y y Ax-4
- y y

®An*# ###

2. 5 oy»7p-y-F#m
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2. 5 2 RfE ( 2. 3 ) Igd/ESSSSM#- V X 1 ( 2/2 )

V - 2 0 1 8,04 HSU8304

It 8U8 3 0 4 -e OK

10 m/S
SUS304

Cl, : Oa : FeCZg =50:2:3 
P Fed, o at 1 2 0°C
01, :0, = 2 5 : 1
Fed, (soW........... 8,04 ig#

120°C

2 0 4
8U8304 B - 41000-1500120-100

8,o/, it%i7ka'#T%(o-e8,o/,

2. 5 0O7P-^/-



269

$ 2. 5 3 RfS ( 25 )ie<0£$«£gs#je#*4 V X t- ( 1/2 )

^ m

B - 3
B - 6

] B - 3 |

| B — 3 |

| B - 6 |

| B - 6 |

|B-6|

B - 3
B — 6

m a-
(**'* «)

ro
E *

(Ky/cW)
m # #

R-201D E fS

A-2 0 1 D %

R-2 0 1 A E IS

A P SE1

A/,0, ^x^.^

5fc ft-ft / x'x
mag#

Aag# 
A @B

mag#
A/,C\d"x/^^

A/,0,< x/^^f

HO/ :Ha :HjO = 6 : 1 : 2 dry 2 0m/s 
HO/ H» :H0 =28:5:11 

2 m/sec
FeC/2 4HjO : 450a

FeOO/
Fe304 45/i

FeOC/## 
at 2 0 0°C 0 ®®Hg

30 0°C 10 *
40 0°C 4 0 0—6 0 0mmHg

3FeOC/—>F e203 + F eC/g 
HO/:H, :H,0 = 6:1:2

lOm/s Fxx#m%

A40, 100-1 50°C

HO/:H, :HgO = 2 8 : 5 : 1 1 
1 0 m/sec dry ( E L K X y )

2 0m/sec 
N, 2 m/sec
A/,0, 50 0^
maim#: H,o

#8B " N, , A/,0,
2 m/sec , HO/ F 1/ X nJlMBA 

N2 wet 5 m/ sec 
N, 10 m/sec wet (40°C)

HO/ : Ha :H,0 =2:1:4 
wet (HC/) 2m/sec
HO/:Hg :H20 =2:1 : 4 
1 0 m/ sec we t
HO/:H, :H,0 =12:5:17 
wet (HO/) 12m/sec

300
200

100
100-120

200

200

200

1 1 
1 0.5

1 1

1 1
1 0.5

9

8.5

SUS304 , ####

SUS304

8U8304
SUS304

m ±
R ±

R ER E
8U8304 X X# h

x (0: .7 i = X/

2. 5 4CD7P-X - h#RG
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2. 5 3 RfE ( 2. 5 ) IgO±fi»*gtiS D X t- ( 2/2 )

# @ # #
£ # 5%^, * a x

(^C) ( K f/ci )
# # # fP ffi # #

# @ # & $EX

0202-A~D ■y- 4 7 p 7 m s HC/:H, =%0 = 2:1:4 ® 200

3I

8U8304 B - 3 mm KM c
HC/ :H, :^0 =28:5:11 © B - 6

HO/-# Ki/ 7

FeOO/ 300'CJW.±-C##
FeOC/ 200 z^P SUS304 B - 3 aK&lSA'C dryK#-t%OA'
FeC/, • 4H,0 450* 2500m»Aq B - 6

Fe,04 45*
wet &. 6
2^P= 5 0 Omm Aq "C' £ A

D - 2 0 1 FeO/,### m # Me OH + FeC/,## 40 0 SUS 31 6 [ B — 41
FeOC/

mpie® FeOC/ 7.7 V 3m/secJW± 40 0 SUS 3 1 6 | B — 4|
M# H,0 40 0 SITS 3 16
## MeOH + FeC/, (sol) 40 0 SUS 31 6

E—2 0 4"-5 FeC/, -MeOH ### m u Me OH + FeC/, (sol) 65 SU S 3 1 6 1 B — 41 -
Baiie.MeOH

E - 2 0 3 MeOH^yfyt m u MeOH 20 KXH ! B — l|

#@##(10 2. 5 4 0 7 e -7-



3a## V ^ h

R - 3 0 1 Cl, : FeCl, :0, =18 : 2 :
2 m/s dry Cl, ( 4" f ^ 7 /1' )

A, T7 p y&g&Kj

Cl, ( gRA 1 Om/sec) itlk 1/ y /
B — 6

Cl, 2 0 m/sec
*" 7 SSiE 1 Om/sec
Cl, :FeCl, :0, =1 8 : 2 :
ci,%a^%

Cl, A □ 65:

it A i/ 7 a L < it A-B - 3 0 1 7 7Vt — 7 B - 5800-320
> FeCla X ^ 7 + = 7 /® FeCl,

1 Om/sec, #&

B - 6

B - 53 0 1
R-l>l^— (A-20 1 ) B - 6

8 U 8 3 0 4V - 3 0 1 B - 4

P FeCl, = 0 sjtHg 
10‘‘«*Hg at 17 5°C

8,01, +FeCl, X7 y 5m/s

8,01, -3 Q0 Q> 28+01,

SUS 3 0 4
3 0 3

R-l, E-204t

2. 5 6«7p-'7
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m##y x b2. 5 5 Rib (2.8)1

4 y =i ^ yL- (-(51® —TS HE) 
SUS30 4C // ±SHE) 

*#:S U S 3 0 4

B - 3R - 3 0 1

: 2 0m/sec SUS304 B - 3
2 0 m/sec

SUSS 0 4 B - 3V x f 9 /BS-3 0 1
10 0 m/s

2. 60(D7P-^-b
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2. 5 6 K[B (2.10)Ig©i: ■is V X b ( 1/2 )

# g # # £
m* (ea. «=*>

m St

("C )
E A

( Kp/ait)
# la # # F ffi # #

4* g sb a

R - 4 0 1 & IE g m sb ^0:0, :CZ, :HCZ= 8 : 1 : 8 : 4 360 0.5 4 B - 5
2 m/sec

(&#) = CuCZ, + rCZ, y yp (-yy 7 P y ) B - 3
CuCZ, SifcttA
CuCZ, 3 5 0°C 2 8**Hg rCZ, ^
Ajr-CmaE^@Tg^-C\.'%o

A □ g® HCZ: Ob — 4 : 1 dry 1.5 afkmk: A
2 0 m/sec

ttiag® H,0:0, : CZ, :HCZ = 8 : 1 : 8 : 4 360 0.5 4 B - 5
1 0 m/ sec dry /yygf%yya_&ig

t^O : 1 0 m/sec 300 0.5 y y p yyi- B - 8
% c >

T - 4 0 4 HCZx b y y ✓ ' m SB HCZ , H.0 WET 151 3 y y if t p* x to C - 2 b y d -y^ - b
AQg® HCZ(aq) 30wt% 2m/s 25 3 ■f

mog# HCZ a x 5 9wt% wet 146 3 7" 7 x 7 d - y 7/):#
(HCZ, ^ 0(g)) 5 m/ sec
iti □ (HCZ(aq)) HCZ(aq) : 20wt% 2m/^ 151 3

AOSS (aq) HCZ : 2 0wt% 2m/s 200 3

B - 4 0 7 HC Z - y y/bp yry-y m SB IN HCZ(g) 5 9wt% WET 151 3 j] — b 4) U 0$ ^ b C - 1
5 m/ sec y p - T < y / B - 7

OUT HCZ (g) 86wt% dry 10%/sec 50 3 m/, PR?
OUT HCZ(aq) 48wt% vret 50 3

2%/sec

E - 4 0 8 HCZ (aq) V A d' x y ^ /i- HCZ(ag) 20wt% 2m/sec 250 3 ....... jp C - 1
/ » - 7 HCZ 300 40 •fa—vf •••••• / y K/U

g 3 <f%o

T - 4 0 3 HCZ SB HCZ (g) , H, SO, (98wt%)-H|S04 ( 8 6#) 30—40 * - ##y yac&SG') C - 2

7 — 7 — ~y »/i- (H,0)
/= -7 (aSOJ-98wt% 2m/sec 25 E 4 1OKiC C - 1

2. 6 5 o 7 p - -y - b #m
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2. 5 6 ( 2. 1 0 ) V ^ h ( 2/2 )

H^80, (86wt%)-» 98wt% 
wet

4 0 7 0-2t/ y if >200-300

B - 4 1 0 He
H,80, (98wt%) c -1

v -9- ^ ? A, # y y 0-3

T4o 3ga^ y y

!. 6 5€»7p->/-h
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^ 2.5 7 (2.1 V X h ( ##> i##?)## )

# g # -# #
SB A-

(■•*• * «>
B8I, fiESE (°C )

BE t)

( K9/cti) i S It 8 m

T - 4 0 1

T - 4 0 2

E - 4 0 6

K - 4 0 1 

E - 4 0 1

CZ, 0UR#

CZ, 7. h V »

ccz4 y f -i ->

GZ, =i y 7° v y -th

CZ, y yi

m SB

m a

f- = - 7

m %

m sb

CCZ, , CZ, , 'f -f- h
CZ, :-f ±- h =: 1 : 4 (ifill 20m/sec)
CCZ, K1CZ, H##

±SB CZ, if x
TSB CCZ, (z)

He
CCZ, 2 m/ sec

CZ, :-f h =■-! : 4

CZ,,<f±-l (CZ,:M###)
CZ, :N, =1 : 4 0 ( (g) : (Z)=l :9 (CZ,)

35

40
200

300
250

-50

40

torn 8 

18

8US304

SUS804

SUS304

B - 4

B — 4
B — 4

B - 4

B - 4

B - 4

12.6 6 O 7 p - 7 - t-
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2.5 8 RE ( 2.1 1 i; x h

# #* (^ #) . m m E *
# iS # #1 i I ’J

rc) (Kg/M)
sf ffi # #

am

R- 4 0 1 m is # m # H,0:HC/:C4 :0, = 1 : 8 : 1 : 2 800 2-3 S s k. B A y y if S B - 5
2%/sec

%#&#* A/,0,
APR# CZ, :H,0=1 : 1 670 2 — 3 KAyy*% y'/i^ B - 5 y y ? V

dry if x 2 0m/sec
A/,0, 4/.^^ Cz, :H.O= 1 : 1 700 *Ayy*% | B -5|

dry if x jgjg; 1 Om/sec 1 B - 6 |
Vt%bibs X/l- if x CZ, :H, 0= 1 : 1 400—500 4 y = / /u A 1

# xmm
tan see H,0 :HGZ : CZ, : 0, = l : 8 : l : 2 800 — 2 8 8 + 4" ^ x^ B - 6

dry 1 0 m/ sec

A — 4 0 1 $ # ^ ' m ae N. 2m/sec 800 2 — 3 # A y y B - 5
A P SB# 2 Om/sec 200 2-3 8 8# B - 5

N, 1 Om/sec 700 BAyy*"#;, B — 6
He 15=5 #He20m/sec 1000 4 0 B -1

^.N, 2om/sec 950 2 — 3 n B - 2
B - 6

0-4 0 1 A D" 4 ^ p y m m Ns dry 950 2 #f A y y B - 5

AO 1 Om/sec

C-4 01 B f'-f ^ p y m % H,0 :HOZ : CZ, : 0, =1 : 8 : 1 : 2 800 2 gfAyy#^, 4^1-xf yOi/ 1 B - 5 |

API Om/sec B — 6 |

dry

E-4 0 l f-x-tyy, y/y^-9 ^ a H,0:HCZ :CZ, :0, = 1 : 8 : 1 : 2 800-250 -2 A y y 1 B - 5 1
dry 4" x ^ 1 B - 6

2. 6 8E)7p-^-h0#



2.5.7, ####€» ± k *

Kl±, 7 /vlc-oV'-CMS©«l«SS$%:R/j: o fcd'i, S9@*s

STfc^o 'ffck'h,

(1) 4-: y?w ) tc«#dsti:v0

(2) HCl ©nliR, laiSKfeltS^y?', ( SI it,
$g§ ( * --<4 h , / i- y =■ - T -f y / ) tcTFSe^tSSo

(3) f KZ 6 %o

(4) HzaeEBHc/, cz2 0

^■Cfe5>o

LfaL, £ tub (c ou-aiUBf ,£, t:;: tiPJ.±©^tlt;fe^41^) tc fife 5 £ t

itm, 7" p -t r ii'lftfe 0 , j&gKfSC-t, t

<D#pg##tT%

-2 77
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2.6. Sff-:6S%7 p 7 7 0iBMrFfl

M$0XM±M0#M*n#X%tM#", Sfiifi0 6 7" p 7 7 XO>#" E, # W 

iRSlM k 0 , ^:WH%t2.59~f 2.6 4KSlfc. XflSfi-WhLt:, 

/l£6 7P-t^(D7'py?|8f0 2. 9 0 Xg L tc0 

HT, %7'p77lC7i't, ##ffF«M%o
(1) /K 1 7* P -7 7

tjltt, FeCZ8 tO jM7X4>«, Fe,04 Olfifilft, FeCZ3 0 EMfS, 

HCZ0SMI2 0 4)716X8 to-fife, MMfM0g##m.X8 1 0E4o XVX„

(a) Fe804 0it*g, FeC/s 0 E MS X BiXM X „
=A.5m(b) Fe,0, 0m#gXft7k%m@m#R 5 0 ONm'X©# 8 6,2 5 0% (a 

#0io#mx.) tv-- 5 #itoc z8®WMt@-c,M:hM 02to5-#toiifid^#v<

(c) FeCZ, ©EMSXftFeCZ, <0 0 - g® OffiSftK M 5 3S
( siiixYg ) %iL.^oi6«tti6t-fc5 (aMitoi oK)„

(d) #fi-0$f®EX7>VXtt, Fe304 0 Hfi ifi * g X is g X ft Eg Efi©

X t x t,0/2, 08 Agiotiftxffiffl

M X5S ®0iSS60fcM, g E1 ® 66i>% £> 0 , Mfl0S£^B*g%

x x x#0fmag&%.

(e) t7'p-feXXff5Eia7Xi 5 0 0»‘»COt 3 6.8 8 X 1 0' KCaZ

0 , a #m#0 2 8.6 gxtc X.

(2) M 2 7 P -7 7

F e CZ 3 <0 E 9s » % * M % » X E X fc M 0 X h X o

(a) l£ FeCZ3 tfzKSE t gX X t 0itik6it$)X 6)X m 

SiMSXMBS.LMFeCZ, 04tl|0fc»0, eSSOiftfilft, BEAMS < , 

gEA^IJRX'#, 64tfiftM60o

(b) Htti LM FeCZ3 ft 4 g-g0MSi7k%: gtkM M80M-SI0XA0 

It A' 5.4 2 X 1 0 0 KG aZ ttE'«

(c) Mfl-0 nf SHE X 7>I' X ft, /S 1 x t 7 /[-• <k ft fi [WJ C "CM Mo

(d) g 7° p 7 7 X EM" X E*tt 2 4.4 5 X 1 0 " KGaZt/« 1 t-f 7 7t 1

- 2 7 9 -



$ Vd\

(3) M. 3 y p -t 7.
ttltt, FeCZ2 (OtHlzkAP, FesO, OSSHC/iia, FeCZg zkiSEcO

met^-p. cz21 h3o t ©KfE0 4 zti^tuofrmmmx

8 1 0 &o "Cl' 5)„

(a) < FeCZ, • 4H2 0 ©ExX © ik % jfi ifi 3.6 1X10*

KCaZ ( rt 1.5 8X1 06 KC aZ H£ in* % ft? ^ flj fS X't % ) t /£ 0 « A tS

A' ?> i& 1? £> % o

(b) ESS-SlcEi-iB SS:;^ 3.1 0X1 o’ KCaZ fe 0 , to© IMt: ¥KlE © SS

k: J; 0 , o

(c) lEteoi'tii, cz,,h2o ©isU$;ggr*5it5,iS)-a*"xFBE

Am-f em@©m#ef±f %mm#*$©?ga^% c x, cz2, o2

(d) Bassett 1 3.2 2X 1 0” KCaZti% 0 , ## 9.7 6 $ X 7l %o

(4) /K 4 7 p -t 7,

JOft-tiFeCZ, ©JjlxKAP. Feg0, ©KlSlHCZ ®a, FeOCZ ©HSU 

St-ft, FeCZsO»^P, HCZ ©§?<t© 5 Jz IS I g © fill ^ H H © ^ II It 

8lgJ:!)iSioti'5o

(a) Fes04©$fc^HCl ®a«, (2.1) S_ C A HCZ , H2 , HO©^®

A —

(b) FeOCZ ©HSiSSEtiJOS^eS^ Fe,0, ©i§ ir fc it L © H < , 3 

USO^^BCI, 1; 4 T k: /£ 0 , 800*0 ©tsit 2> flUS» 3 1, 7 0 0 k?

z y y l life2)0

(c) ( 2.1 ) ©jm©9.Hcz ictt^icoao^^-evso-efRzKlfctitc
H2S04 CO ift fil €> fc A €>Ed'i 5.6 2X1 06 KC aZ tA^O'o

(d) iol FeOZ, (Dmfrmi-tZ1 7 p -t X IfC it L % t «t£ o 

{£$1 t L © M < , A HBBlkt 2 5.7 7 X 1 06 KCaZ t /£ 2>„

-2 80



(5) 4 5 7" p k X

£. iltt, A6. 4 7 P-kX0 5'feFeC/s D ,^r Xl

/cltElAM&SL-tl'S, (17. 48X10' KCaZ)»44,45 /p-fe7jt,

a so, ©is-HE^ear % %„

(6) M 6 7" p k X

•Xtltt, FeC/2 0*7X44 ». Fe„ 0, »S, FeOC/ ©gift

hoi %a, Fee/, 7X»s©«*^», cz2-h2o Kfcn 5 is

0 44M SHIS Jl 0BS.O "Cl'^o 2: © 7 p k XtX«Sa.54P, FeGi, • 4H20

om%KK, Jiitfc t) ,

1 0.9 7 X 1 0 ' KCat t ts. *) , $jj* 1 1.8 % *% % , © X Pj 

$^ % © i) p X4)i#57'7°PkxXMx,'&i)^, 43 7 p^X^H, 1ESll:54$ii

(7) 4 t & ( * 2.6 5 #fS )

(a) FeaO,©lfi*'ft%-#t©lM 7 77, FeW,0(Si**%itr7’p4 7

(xnasA'i# <,

(b) /K 3 7 p k X , /K 6 7 p k X tti4 © [8 t*RSJ j@te t

v©-e, ^OIlOMSft, Ee^tt©lnl±, 4f3(/fcFeC/B0tM(}
( aiaUZfE%-#ts- ) 2: t Ki^fS D ,

(c) siM^Koott, sggid'k>'<* v©-e, 3ft

K., ^SlciEC-CSSESE^fi-Gj:) i&Eiftib %»

Uii, ai±*’i5tfr6!3(c1;ift:-p t tfca-it***S)ki±rtMift©iaXE4t:- 
©B$tt , SftWfJZt L "GtOSB, i^7 5 x/fitM

^rfr* 5 £ X K J; 0 , 4 7 77 1c ii ^ % 7° p k x • 7711 (to

iSS^ifl® icftc o fc„

t©2:X«, B^©Rtt**vfii7#vX 3!x: 6ii,

*E%©6K$X LtSMISiiS^t X 6.
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2. 59 MHI/S1 7* e -ti X W • SIRS:

(1).. 3FeC^,+ 4 HO Fe304 + 6HCt + Hg 5 0 ONm^/Hr g 0

(2). F e304 + — C£2 ^^a —*• 3FeC^, + 2Q, A ^ s m m

0X0000to00 KcaZ/Br
(3) . 3FeC/,

(4) . 6HC^ + jOa _y

3FeC^,

3HgO

+ 2
+ 3C^g m a# 4.1 3 %

3.5 0 %

m m arsma mm^a ^ m m a i&ma a F*9 #R( X!(fKca</Hr) CO ) CO ( X10*Kca4/Hr) CO) CO)

# 1 K fC 1.1) 20 8 65 0 750-700 3.7 5 35 35-
1.2) 0.2 9 65 0 700-690 mm Fecy 8.01 4 0 40-
1.3) 1.5 8 200 300-250 mmq,o 0.4 0 4 0 40- HsSO,-H,0#m
14) 1 1.5 9 1 50 250-100 HC67. h V y y
1.5) 1.9 0 300 400-350 HgSCXf - HO ^ 1 y y 7

m 2 K 21) 5.0 0 900 1050-943 afc - (%mm 4.7 6 120 320-120 &C4 - c%,
2.2) 5.1 1 200 300-250 CC4-(%a## 5.5 6 10 10—
2.3) 6.3 1 1 0 10- 5.5 1 25 25- cc%,-c6,#4%#m

0.7 5 25 25- C4@p#mm
# 3 K fC 3.1) 2 2.5 0 300 500-350 FeC%,## - KfC 22.1 0 150 350-150 Fecx, mm

3.2) 0.2 6 0 0- C4#m 0.2 3 — 5 0 -50-
3.3) 0.2 3 20 0 300-250 CC^-CYgX 1 v y/ 0.2 4 25 25-

0.0 3 20 20-

B 4 a 4.1) 4.3 5 150 250-180 HCZ^ l- V y y .0.9 0 360 360- atcrnm*
4.2) 0.3 9 300 400-350 H8Q,-HO^ h v yy 0.3 3 95 150-95 Hc^mm

3.4 8 3 5 35- no mm
1.9 2 40 40- HC^ //
1.2 9 4 0 40- H80,-HO#m

o 6 t O ( 1.3 , 1. 4 , 2.3 ,4.1 ,4.2 )

o t o c 2.3,3.2)
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% 2. 6 0 MH I /I 2 7 p -b ^ 1 I 0 ^

(1). 3FeCZ2 + 4HgO -* Fe3 04 + 6HCZ + H2 5 0 ONm'/Hr ^ 0
(2) . Fe,0, + j C^2
(3) . 3Fe C^3 (aq.)

3 FeCls + 2(\
—* SFeC-^faq.) +

A ,& g m m 2 4.4 5X 1 06 KcaZ

(4). 6HCZ + -f 02 3H,0 + 3 C6g 6.2 3%
5.2 8 %

% && &

( Xl(PKa4/kr)
m i^am

CO)
&ma m

CO)
F3 # % & a

( X106Kca4/kr )
mtca m 

CO
# mam 

Co)

# l KfC 1.1) 20 8 6 50 750-700 3.73 3 5-— 35-
1.2) 0.2 9 650 700-690 8.0 1 150-
1.3) 1.5 8 200 300-250 0.4 0 4 0 40— H^SO.-HgO
1.4) 1 1.5 9 150 250-200 hczx i v * y
1.5) 1.9 0 3 00 400-350 HgSQ —H^O x h V y 7°

# 2 m fG 21) 5.0 0 9 00 1050-943 4.76 12 0— 320-120 Fe(%, (%,

22) 5.1 1 200 300-250 cc^-(%,xi v?/ 5.5 6 10— 10~

23) 6.3 1 1 0 10~ 5.5 1 2 5— 25-
0.7 5 2 5— 25-

3 3.1) 4.6 5 - - 212 90 90- FeC4^#

3.2) 7.3 4 60~90 100-60
33) 5.4 2 250 350-300 Fe(% • 4lfO —►FeC^-HftOig

4 K fE 4.1) • 4.35 150 250-180 HG£x 1 y y 7° 0.9 0 3 60— 360- KfC

42) 0.3 9 300 400-350 H,SQ4 HiO x !- V y 70 . 0.3 3 95 150-95

3.4 8 35 35- H,o
1.9 2 40 40— net "
1.2 9 40 40—

% t<D ( 1.3, 1.4 , 3.2, 4.1 , 4.2)

°0moamm#mawT?)to (23)
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2.61

(1) . 3FeC^% + 4%0
(2) . F%04 + 8HC^
(3) . 2Fe C-£3 ( aq. )
,4). C-A + H%0

—► Fe3 O4 + 6HC£ + H2
g- FeCA + 2FeC^s + 4H20
—*■ 2 Fe CA (aq.) + d2
—» 2 HC-£ + 4" O 2

/XS 5 0 ONm%Hr ^0

A ^ g m 1 3.2 2X 1 0= Kca^/Hr

^ 1 1.5 %

9.7 6%

% ^ #
( X10*Kca(/Ar )

K & & 
CO CO) # #R % ^ m

( XlO^KcaAhr )
K i&a m 

CC)
?tj ® a $

(C)

m i K i& 1.1) 2.08 6 50 750-700
1.21 0.29 650 700-690 FeCA
1.31 1.5 8 2 00 300-250 %o

# 2 K rs 1.3 2 90 90-
268 9 0 300- HCAHgO

#( 3 Kl& 3.1) 3.10 - -

3.2) 6.9 9 60 100-80
3.3) 3.61 250 350-300 Fe C-A ' 4H20 "^FeC^ +4H2C

m 4 KfC 4.1) 0.4 0 800 1000-850 Kg 3.5+@6.5 0.7 8 30 250-30 HCAH20
4.2) 0.2 4 200 300-250 ccA- CA ^ ^ v ? y 0.0 3 25 25- CC6*-C62#*
4.3) 0.0 4 30 30- CA 0.2 7 3 0 200-30 c^m. cA,#m

1.3,3.2^50%)

(0(4.3)
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2. 6 2 MH ^ 4% ^

(1). 3F e CI2 + 4%0 FegO^ + 6HCZ + h2
(2). F eg 0* + 4HCZ —> Fe C/-2 + 2FeCX%+ 2 H%0
(3). 2FeOC/ + 2 C-fc 2 -» 2FeC/s + Ok
(4). 2Fe

+ i °2
-» . 2FeC4z + %

(5). 2HC^ HgO + 04

zK# 5 0 ONm'XHr ^ 0
A ^ g ^ m 2 5.7 7X10= Kca//Hr

5.92%
5.0 1 %

# # 
(xl(fKca(/br)

m m m
CO

# m m
Co) # #R % #

( Xl(f Kca^/Ar )
m i&mm

('C )
# m mm

( C ) m #R

# 1 K 1.1) 20 8 650 750-700
1.2) 0.2 9 650 700-690 mm,##:,

m&rHeO ^1.3) 1.5 8 2 00 300-250

^ 2 K 2.1) 3.0 2 65 150- 90 ##& (MeOH) 1.14 200 200- JytiS + RAA
2.2) 283 1 50 200-180 HC6 X b V y 7° 0.4 7 40 40- Fe%
2.3) 5.6 2 300 400-350 Hz SOi-GO## 27 0 20 20- MeOH

29 2 2 5 25- HC6 ##
1.1 8 40 40- H-SOi + HzO ##

# 3 K ^ 3.1) 27 8 800 .1000-850 2.5 6 120 320- FeC4(g)-^(s)
3.2) 0.6 6 200 300-250 CC64-C6, ^ b V y y 2.00 0 0~ cA
3.3) 210 1 0 10~ 0.81 2 5 25- CC64-C4 .=»

m 4 4.1) 1 5.0 0 300 500-350 FeC4,## + Kf% 14.7 3 1 5 0 300- FeC4,
4.2) 0.1 7 0 0~ CA . 0.1 5 -50 —50~ C4
43) 0.1 5 200 300-250 C% - C4. X h V ? y 0.16 25 25- C^-C^z

0.0 2 20 20- C4=;yyy^

# 5 K tG 5.1) 1.4 5 1 50 250-180 HC£- 7 b V y 7 0.3 0 360 360-
52) 0.1 3 30 0 400-350 H.SO*-HzO 0.1 1 9 5 150-95 Hc/m

1.1 6 3 5 35-
0.6 4 4 0 40- Hczmm
0.4 3 4 0 40— %sa-HzOf&#

° t % c 1.3,21 ,3.2,4.3,5.1,5.2)
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# 2. 6 3 MH I/%5

(1). 3Fe,CA + 4 H2 0 -> Fe 3O4 + 6HCZ + h2 7XS 5 0 ON iri/Hr g 0
(2). Fe304 + 4HC^ -> FeCA + 2FeOC6 + 2H20 A ^ ^ m 1 7.48X1 0° Kca-l/Hr
(3). 2FeOC6 + 2 Cl2 2FeCA + o2
*4). 2FeC^a ( aq. ) MM* 2Fe CZ2 (aq) + C^2 i#S(& 8.7 2%
(5). 2HC/ + J 02 -* H20 + C/2 7.3 8%

# m m
( X10*Kca//4lr)

m (Sam
CO)

#&m am 
( c)

% m m
( xl0»Kca/ybr)

jx. tc.' a m
CC )

# mam
( G)

# 1 1.1) 20 8 650 750-700
1.2) 0.2 9 650 700-690 KSFeC4
1.3) 1.5 8 200 300-250 fBi&HzO

^ 2 K 21) 3.0 2 65 150- 90 (MeOH) 1.1 4 200 200-
22) 283 1 50 200-180 HCt 7-HJ? 7° 0.4 7 40 40- FeC4 (MeOH)
23) 5.6 2 300 400-350 HzSa-HzO 2.7 0 20 20- MeOH

29 2 25 25- H(%
1.18 4 0 40- H2804-H20%^

# 3 & fS 3.1) 27 8 800 1000-850 2.5 6 1 20 320- FeC4(g)-»W
3.2) 0.6 6 20 0 300-250 200 1 0 10- C4
3.3) 21 0 1 0 10- CA 0.81 25 25- CC64-C4#R,CA ^xVx

^ 4 KfS 4.1 ) 3.10 - - 1.4 1 90 90- Fe%
4.2) 6.9 9 60 100- 80
4.3) 3.61 250 350-300 FeC4 - 4HO^FeC4+4I20(g)

5 K tc 5.1) 1.4 5 1 50 250-180 HCt 7x h v -y 7° 0.3 0 360 360-
5.2) 0.1 3 3 00 400-350 HgSOk-HzO x h V v / 0.1 1 95 150-95 Hc^ m#&

1.16 35 35— H2o
0.64 40 40- HC6 //
0.4 3 4 0 .40- HgSOi-W)

o miMrtaliKf & t €) C 1.3,21 , 3.2 , 4.2 , 5: l , 5.2 ^

o 0(23)
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#2.64 MHI/%6 7 P Hz ^ ^ ^

(1). 3FeC% + 4H%0 Fe,0i + 6HCZ + h2
(2). Fe3 O4 + 4HC6 Fe% + 2FeOC6 + 2H%0
(3). 2FeOC6 + 4HC^ ## 2FeC6, + 2HgO
(4). 2FeC4(aq.) —► 2FeC6% (aq.) + %
(5). % + 4HgO ^ 2HC6 + i°2

zK#
^ i& 5 %i H

5 0 0Nm3/Hr

1 0.9 7X1Q» Kc&^/Hr

$ a# 
#{&

13.9% 

11.8%

K(SIA ^ # # 
(xi(f Kca/4lr)

m (&m m
CO

m# mm

CO) m #R % m m
(xi(fKca//hr)

& ts^ m m
CG )

ft fi s
( c) (4 gR

# 1 K g; 1.1) 20 8 65 0 750-700
1.2) 0.2 9 650 700-690 FeC4
1.3) 1.5 8 200 300-250 HeO

# 2 K (G 21) 3.0 2 65 100- 80 MeOH 1.1 4 200 200-

0.4 7 40 40- FeC4 +Me OH etc
2.7 0 20 20- MeOH gH

^ 3 K (G 1.8 0 9 0 90- HC4H2o mm

0.5 4 90 90-

m 4 Kts 4.1) 3.10 - -

4.2) 4.9 8 9 0 100- 60
4.3) 241 2 50 350-280 Fe%- 4%0->FeC4+4HgO(g)

^ 5 K (C 5.1) 0.4 0 800 1000-850 0.7 8 30 30- Hc^HgO mm
5.2) 0.2 4 200 300-250 CC6*-C6z x t V y 7 0.0 3 30 30-
5.3) 0.0 4- 30 30- 0.2 3 3 0 30-

0.0 4 30 30-

o 6 t <0 ( 1.3 , 2.1 ,4.2(050%)

o 6 4) O ( 5.3 )



to
00
00

£ JS S * K (5 ® SFeCZ, + 4 HjO -* Fe,0t + 6HCZ + H2
Fe30« + 4HCZ -» FeC62 + 2FeOCZ + 2 HzO

@ 2FeOCZ + 4H«. (act)^ 2FeCZ3(a<i) + 2H20
@ 2 Fe CZ 3 (aq) 2FeCt2(aq.) + CZ2
@ CZ, + h2o -► 2 HCZ + 0.5 Oz

HCZ
H20 (g) %
Hz

*%*B
H.M.

sss
6-------

z «> A

(g)

bTuko

(£5)

SIES(ao6«)
,©

(^oT)
cz2
H,0

FeCA 
FeCZ, (ag)
H,0

a

S tb$(WM)

: o «2 (g)

HzO (g)

( S* )
*#B

%0 (g)

€---%=[

Sttou

HCZ

HCZ HjO 1

*#B
C.M.

I

CZ2
h2o

cz, (g)
I—

|**$

B:

l»*B
M.

m*B
H.M.

@2.90 MHI.
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3. remits©AE$

SMk^StC £ 3*##ia 7" n -b 7" G -b X "T'{r± £> 3 ;#$ , #*© Z 9

K&* *m-cm#©{b#7'n -bx ittii^twso

to@#©«isi. g.

a,### . 7" a -fe X -y ; ^ V- -y g ygftl ■ SaSSit L t W 3 ^ , #

% , ## < ©®mi*BiW 9 £ j) .

"f 3o

l£—ISS^iM 7 >©iSS:©i3Ifgt§. ( #ik#&%k##j&&©g%a:©"Bl#e

na-cs, ]),

StftJ#, 3x7-7 ^j)>4JaB4f 5MLt

fr<^i*3it>t 9 K % titt

3o

^© I 5* 11 i'C'SjS-tftfcfi: <=]> B5fetc^t

©itRtx**■, #%:tm©A 

SK-©V^-CttZ«-C8E5S"t3o . g%t©*R%K*f 3 A#I±, H©9f

7 ^©#m#± 6 L-C-y- 4 iyx(c|t 3W9E3rHfc t^3© 

(c>f} ft. 7* a -fex©**, ##{k, t L-c x y .7 - ^ y 7'K:

B-t3ff%^jifc3t1k&30 i5t, m©m%#MT©m%t©M#% 

Ififr <9 Uti L-c#ib#:i*©%mK#m 

3. i Sf?eBB©ffi5tti

±m©Z 9 K, F9SBB*6^Kt3 C i ttiitl>3#, ## 

toKP*-t3 ##. R

ib, mm, yy-fA, L-c»3o

3. i. i fff A- St 

(1) #####

, em ms lass* bid. m#K©wt % ,

2> tyu&K'O^x % , SW'Siv^v^'t 4 "C iffltiyB. i> 30 L , ^ 

7" o *x KP-t 3E!) , #* 3if£ig©■©»**!^gwoi -t'iSfe3 Ktt..
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i>i i) o 4 ^7-D

ti. *$a®Srs5o i * njtg*i® j?, %#

©6##I !)$(#, 1st. $F-h»© i©tt- LTff <

‘j&W&£>2>0

(2) -9- -1 7 © S )$

$164 6*, t-1 LX i> .
4M 7 ^tti* UJ5^i$7fct tte6*^0 ife. 20SIEK J: & £ i## 

*-c#s#a-%&So titai^x. 6#%m#©6#, ##t#

, tii>'7^f AftSItaj), 6S61M 4 ^©$16*Etd" S

Jo

(3) ip-ffiMIE.

66HB6WSS.{6;##©Sra , -t©ESt^Si©S6

^em^K^y-s-t-© #*©*#. sii^ii, -t©Eit^s©S6. 

tti bl/i'f * * > x y 7 = •? V x T'tCjb'td" S (6u-&dfEX'C t> S0 ## , # 

#©#M , SIS^ . j) ©gp^-14^" 7 — y& ^4 , -t-fL

L6L , e#, i«fi, K####*##©64^#,R , R£, SfE/e^ic , 

#E . yf^'n L-£M'fc'tkS?i& £ 5 *#* 4MiI4©^i#$6 

4 J>o

#K 4 a - X* K'y x -T a -eS S tW K . #@^-###/):%#"C& SQ

(4) yp-xrftfi*

A'x , 7ktoS , #$%>®©?5Sfe%ft;toik , B4f . 7 a - X* F-fbtCff &

5tti;jp»iitt. ft-ffiSka'Sfflv^feiiSTcS^So-c^s %©©, 

4>i. < 4 © 6 #6 6i$So

(5) 8tE ■ ###©6#R#

#, B®. fcS;asi&6 i ytSfc'CijffispB'ig'et) So

4 f , $IS©$S6 , t6tti©'BJ§ - ^<^7'##fpgp©#^#^@t#©±6 

6R@K* 5 ) , 4 ^##K% LT % , 84—tS**lM 7 wtt#* W@S*
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ctitimws&'cmm-tz x Lft&. * mg-h

7? i) h0

(6) 7‘o -fe^cDKffifflffi. UPrttffPf®

* 6f irommugiit lt7-n -bxossFFfi, & a^

# K MM 7" a *(Rl* i£> , -4

%*«tu0 ifffittsato* ioa-ci 
L . a'&#^& i> . t ft. <f-x- ? f # 4 ^ y ,

fti, a 11. §iftta t. -et>a^. m

g;|5gfttH®* t £-cs>a0
(7) '' -1 O J, h 7’ 7 7 h , ZES'lktS®

aSUKSfiH , tott^* I) ®(biLa©-r , 

Rm%RR%*K#*m*at#^ao &m&mm. ago##,, see, 

. I =£18: ft©r-^lSf cogflttt. <,
S'6rtt*S6sE;»s 0 5rS 5 tittiio

M±(D~(v)(ca-<^ £ £ *

Sfc-ffiXjSiM ^A'KISSLT, W9E»@, f 3. ^ ^ *M y h , Mtk®

ms^tsatna, snonttss, ^met

ES U-Ci,' D , to D -rs-a#.
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3. 1

If % si S # & M fS , 2 )

B # # m m #

mfu m-e-; h

±#so#, mm. BE%, ##. m#, mm, m,

w ##

; (D*^# (i^^KK#A!) #- b^m, w&Mz

%%m, mm^#j%........... (a), w, w^mm)

$ $,&^a#tmA, #m , %o#, mm^#^, ^ mm

mm........... (w, (i)Kmm)

u f- y, 6wr, MK;* ^ ^ mmeu#

............(a), w, w, WKmrn

®7 7 ^ a — 2 (i^g^K##^AfL, ^2 mm, #m

^spzjpmmmij#...........

®m##( #, mmmij^............WKmm) , OD&B##

##(D, (DoaE^S'K#

o ##T
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X
X
%-

Si 1
m
ih$

<n X2 1^ X
X # % X

••R N
9 # oH IN
E $< # N

m % <rn
N 9 a tKX d± # Si %

V 35 *» $ ck M %
% ,-. 9
a Hlx K) #

IT 4 ■M # %
Si t B& u

M S %
# E #

e -=- a m if 6 N "N #
% # X X B w a\ V I S

V * Si * .
. IX % # 0 *N # ‘N

X mK N 8 # '< ±K m I
# O M N 3% IN 9 < # -sti

A
R?
a

k
m & N % i? Si *

* a iK K s—" u s H 9 # IN

Q m %E % s 8 <D A < K
E & 35 lid dlx # # % pH m k# 8 -*—' - # 9 g&

% 9 Si %5 9 illx
IT

RK d#: --- -

£ V 1® a # 9 AJ 9 E E
a %

5% 0 8 a 8 fcl KX # AJ • •• 9 9 l
& $< # # m 8 HI $g 4 IN

13 M <Q ■E 9 9 # AJ (& # 3 # n o X
4 •w => # AJ % # 0> 9 # k US
<\ $ IN d|x X % IN E #; Pm a k Pm a @ @
V N X E •-R AJ X 9 Q * a dlx * H m #

sf- S' j£ ft Si # jgg AJ ™n 4" w. E 4 ■a- m 9 • e.

% as # X i# m 8 # # % U •- ti O' K % k 0
S $ m ‘•R # E m M % e *“ pH pH % S PH “•R 9 E # m
O $h •» 8 • r K? « <r Si1 K? • •* @ # 9 * •* * M m K
pH 4i #( # % ti S=l
ti +H # # m E m # 3 3
E ,
S cy HD

# H[H <J R\ df
K(R Eg $g 0 V ifc

a # k # 4* i^
m m w s

8 35 S_x tw m
u (& % % BQ %

m % t M ck a m d»
% •W m # E & )W dix <k % m W %

S % 9 # E df* <e 9 tg 9 9
Si 9 2 8 mg # '— # ti m a # Si # k *

# # # as s fH E K m E a k
& % # 8 # * <k K> m # EM % m Si a fc # ilic

an —« r-~" 9 3 # M m # $ % # InM
$ # ti « # m RJ '—' X ti dS 9

$ $h # # E *4 -On B a lug 3 3 # m 3 3 3
#

HD
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3. i ffl s <d -$ m £ s w #r (s)

# % m m

B % * % m #

###* ; ^ ^ ^4ri^, &7C##f, %#MU, y 7 x h ^X^[, 1/ -f / V,y#r, y y ^ — 7#,

^ 7 hm, am, mm, %##,

#&WS, R%##

%$c; #m0UR,
m#, ^yi/-#. 7/',

###, =P#, $ y h#k, i/< / ^y#,

m@; #m@, *#m@, #mmm

m##, ###, ^#jt, mm?#, #%$, #*R#
I> - t:' y y , #, HTU, ny^yf-, U*'^7

S% ; Raoul t OiSlIJ t Duhring IS® , S ,&_!:#, y y — t ES-ih

#^7777^#^^,

##; m##m, *#&###&

$%#; mxk&io:##, m@(iB&)
RriR, ##, iE#, #*

o%l^. 5m ; ^rn( @^:. ) &TA,,

0##;##, ^,|L', %#, -to#

o^<W:Xy;me, ##, @#q,
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